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序文 
 
本報告書は平成 23 年度に採択された私立大学戦略的研究基盤形成支援事業プ
ロジェクトにより５年間にわたり実施された研究成果の最終報告書です。課題
名は「慢性炎症性疾患の再生医学を応用した革新的予防法・治療法創成の拠点形
成」であり、臨床医学と基礎医学の異なる分野の研究者が横断的に討議しながら
慢性炎症性疾患における病態解明とその治療法創成を目指す研究活動を実施し
てきました。研究成果は本報告書に記載されておりますが、博士課程大学院生が
さらなる研鑽を積み重ね、将来の発展のため研究活動を継続させることは本事
業の大きな成果の一つと考えられます。 
 この 5 年間に本プロジェクト主催の事業報告会を５回実施し、中間年度であ
る平成 25 年 11 月には講演会「再生医学と組織リモデリングによる治療法開発
の最前線」を開催しました。ここでは慢性炎症と再生医療の第一人者である真鍋
先生と梅澤先生をお招きして貴重な講演を拝聴しました。学内の異なる分野の
先生方にも多数出席して頂き、興味深い講演内容に活発な討論が交わされ有意
義な講演会となりました。博士課程大学院生には、第一線で活躍される

、自分の研究を発展させる上で大きな刺激になる機会でした。 

  本プロジェクトの目標の１つは慢性炎症性疾患で不可逆的な機能障害を惹起
する組織リモデリングの制御分子を創出し慢性炎症性疾患の進展予防法に役立
てることでした。本書に示したように、動物実験において間質線維化の抑制期で
誘導される非翻訳RNAが選定されたのが大きな収穫でした。今後、本分子によ
る間質線維化に対する影響を in vivo で多角的に検索することで、制御分子とし
ての機能や有用性を検証するのが本プロジェクト終了後の重要な課題と考えて
おります。もう１つの重要な目標は不可逆的な機能障害の臓器を再生医療から
再建する方法の開発でした。当初から動物実験で iPS 細胞から機能細胞への分
化誘導を計画してましたが、均一な細胞分化誘導が極めて困難である問題面に
直面しました。この研究成果を今後達成するには再生医療分野との緊密な連携
による情報交換による継続的な実験解析が必要と思われました。今回のプロジ
ェクト遂行のため臨床医学と基礎医学の異分野における協力態勢が５年間継続
し有機的な研究組織が形成されました。今後さらに継続せることで、本プロジェ
クトの到達目標以外の新たな成果に展開されれば本望です。 
 折しも本事業が採択された平成 23年は東日本大震災を被災した年であり、事



業採択の通知を受け取った頃も余震の続く日々であったような記憶があります。
この不安定な時期から開始されたプロジェクトを無事に終えることができたの
は各班のメンバーの協力の賜物であることを痛感しております。また 5 年間に
わたる大規模な事業は大学の全面的な支援なしでは遂行不可能であり、高松研
医学部長や
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P  
R

 1) 8/90 gi 9 a R SATB1ノックアウトマウスを用
いて T細胞分化異常による m を見出した*1  **1～5。これによ
り SATB1遺伝子制御による新たな T細胞の分化機構を示唆した。また Effector T細胞
分化異常による e e を示唆した*2,3 **6。 <達成度 60%>

 2) Yil m rn Rヒト滑膜細胞では IL-8 等
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の炎症性サイトカインによりl m 誘導が確認された*1~6  **1~21。慢性炎症
の増悪機構におけるケモカイン産生刺激による a の関与を示唆し
た*7  **22,23。<達成度 60%> 

R

  1) 「 gi R 環境内非病原真菌による肺高血圧症動
物モデルで Dishevelled segment polarity protein 2 (DVL-2)遺伝子変異を明らかにし*1,2、
肺組織リモデリングにおけるWNT pathwayの関与を示唆した**1,2。<達成度 60%>

 2)「 k i 」Basic fibroblast growth factor (bFGF)
刺激による瘢痕抑制期の線維芽細胞に発現するmicroRNA (miRNA)を した
*1, **1,2。選定miRNA146b-5pはPlatelet derived growth factor receptor alpha (PDGFRα)の蛋
白発現を抑制し、PDGF発現低下による組織リモデリング抑制の可能性が示された
**1~10。 <達成度70%> 

( gi R  
 1)「p38 t gi l a 」p38 タンパク質 (p38)に
よる脊髄ミクログリア活性化により e が促進され、神経再生に有効な
環境形成に有用であることが判明した*1,2 **1~12。従来の幹細胞移植による神経再生と
は異なる がはじめて示された。<達成度 80%> 

2)「 k ] 」bFGFで誘導された骨
髄間葉系前駆細胞(Fibrocyte)に直接的な を見出した*1~3  **1~9。bFGF を
用いた人為的制御から新規の血管新生療法開発の可能性が示された。<達成度 70%> 

3)「 Yi 」bFGF投与により高血圧性心不
全ラットの が であり TIMP-1発現増加の関与が示された。
よって bFGF投与は心筋リモデリング抑制効果により慢性心不全の に有用
であることが判明した*1 **1~6。<達成度 60%> 

) gi R  
 1) [ gi ] 超小型ミニブタを用いた病態モ
デル開発に着手し、完全房室ブロックと心筋梗塞による を
し、薬理学・外科的な治療法の有効性を で評価できた*1~5  **1~24。<達成度
70%> 

 2) [ iPS gi ] 慢性心不全の再生医
療法開発の予備的実験として、 iPS を樹立し*1~4 **1~7心筋細胞へ
の分化誘導を試みたが、移植による慢性心不全改善に有用な心筋細胞は誘導できなか
った。<達成度 50%> 

] ] P  
 1) 「SATB1 gi T a 」SATB1遺伝子による免疫寛容
の成立や自己反応性 T細胞を介した m e の一部が
初めて明らかにされた*1~3  **1~6。慢性炎症性の臓器傷害における SATB1遺伝子によ
る T を介した Effector T細胞の関与を示唆した。 

 2)「 Yil m rn 」ヒト滑膜細胞における
によるMMP-3産生増加や による IL-6産生増加を認め*1~7  **1~23、慢性炎

症増悪因子としてのl m の関与を初めて示した。 
 3) 「 k i 」探索された miRNA146b-5pは

PDGFRα から過剰な組織修復反応を し組織リモデリング抑制に効果的
と考えられた**1,8～12。 これにより慢性炎症性疾患の予防に siRNAとは異なる
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microRNAの有用性が示された。 

 4)「p38 t gi l a 」p38 による脊髄内ミクロ
グリアの細胞外活性化を証明した*1,2  **1~10 。慢性脊髄損傷マウス髄腔内の p38タン
パク質連続投与から が確認され、この環境活性化は神経再生を促進し

の回復に有用であることを実証した。 
5)「 k ] 」Fibrocyteの にお
ける を初めて明らかにした*1~3  **1~7。 bFGF誘導性の Fibrocyteの人為的
制御により難治性創傷皮膚炎の への有効性が示された。 

 6)「 Yi 」bFGFによる心筋リモデリング
抑制効果を で実証し*1 **1~6、bFGF単独投与により慢性心不全の
の可能性が示唆された。 

 7）「 gi 」 に開発された
e を立ち上げ、超小型ミニブタを用いた慢性心不全の

開発に成功した*1~5  **1~23。 
 8)「 iPS gi 」超小型ミニブタ線維
芽細胞にセンダイウイルスベクターでOct4, Sox2, Klf4, C-mycを導入し iPS s

、in vitroで が確認できた*1~4 **1~7。 
a ] P  

 1.「SATB1 gi T a 」胎児器官培養系を用いて胸腺内
positive selectionを解析するため、SATB1欠損マウスと OVA特異的 TCR遺伝子改変
マウスの を施行した。しかし o の維持が困難であることが判
明し、別方向からのアプローチが必要となった。 

 2.「 Yil m rn 」アディポカイン分子
相互作用によるアディポカイン産生の制御機構が検出できず、 における
従来の炎症性サイトカインやケモカインの関与を新たに解析する必要性が生じた。 

 3.「 k i 」miRNA146b-5pによる PDGFRα蛋白
の標的メカニズムや in vivo組織リモデリングの を検証する必要性が生じた。 

 4.「p38 t gi l a 」細胞外投与 p38蛋白質に
よるミクログリア活性化機構のシグナル伝達経路を解析する必要性が生じた。 

 5.「 k ] 」新生血管形成における 
Fibrocyteの 、成熟した血管形成に関与する Fibrocyteの の解析が必
要となった。 

 6.「 Yi 」線維化を促進する Transforming 
growth factor (TGF)-βや下位シグナル伝達分子 Akt, ERK1/2, JNK(c-Jun N-terminal 
kinase)の関与を検討し、心筋リモデリング抑制の を解析する必要性
が生じた。 

  7.「 gi 」超小型ミニブタでは完全房室ブ
ロックにより慢性心不全誘導は不十分であり前下降枝結紮術の有効性が判明した。こ
の を用いて薬物・外科的治療効果が超小型ミニブタで判定可能となっ
た。 

 8.「 gi 」ヒト Oct4, Sox2, Klf4, C-myc遺
伝子導入による超小型ミニブタ iPS細胞は多分化能に乏しく、多分化能の誘導には

Oct4, Sox2, Klf4, C-mycの遺伝子導入が必須と考えられた。 
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a P  

① 所属教室の s 3ヶ月ごとに実施し、研究の進捗状況から問題点を検討
し、より効果的・効率的な研究計画の策定・改善を続けた。 

② を毎年度末に実施し、重複研究整理による軌道修正や共同研究の立案
から次年度へ向けた研究計画を策定し、研究の最適化を図った。各研究班の自己
評価による具体的な改善例は以下の通りである。 

1.「SATB1遺伝子による T細胞分化と慢性炎症機構」遺伝子改変マウス交配実験では予
想と異なる結果が得られたので、当初の計画とは異なる遺伝子改変マウスを用いた

を実施している。 
2.「慢性炎症性疾患におけるアディポカインネットワークの関与」慢性炎症におけるレ
ジスチンの役割が判明したので、慢性炎症の増悪機構を滑膜細胞で している。 

3.「組織リモデリング抑制の分子探索」当初予想した標的蛋白 Smad4は反応特異性を欠
くので、標的蛋白の検索を PDGFRαに し miRNA146b-5pとの相互関係を

から検討している。 
a P

J事業報告会で  [本橋 新一郎教授（千葉大学大学院医学研究院免疫発
生）、斧 康雄教授（帝京大学医学部微生物学）]と  [西脇祐司教授（東
邦大学医学部社会医学/衛生学）、瓜田純久教授（東邦大学医療センター大森病院総合
診療）]の評価を受けた。この評価をもとに p （赤坂喜清、
高松 研 医学部長、川合眞一 副医学部長、事務・会計担当の ）は 評価
者 4人の評価、 論文 Impact factor、 研究の進捗状況・発展性を総合的に評価し費
用対効果を査定し、各グループの維持・研究資金配分等を決定した。 

P

1.「SATB1 gi T a 」 
① SATB1標的遺伝子の解析から同遺伝子による の発現機構を検討する② 同
遺伝子群異常による免疫寛容破綻と慢性炎症発生の相互関係について o

を用いて細胞・臓器レベルで検討する。 
2.「 Yil m rn 」 
① レジスチン作用機序を解析し、従来の結果との総括からt u

全体像を解明する② 慢性炎症性疾患におけるl m rn 関与を明確にする。 
3.「 k i 」 
①皮膚への miRNA146b-5p Inhibitor から miRNA146b-5pの組織リモデ
リング効果を in vivoで検証する② miRNA146b-5pの PDGFRα発現抑制と組織リモデリ
ング抑制との相互関係を で検討する。 
4.「 (- t gi l a 」 
細胞外 p38タンパク質の細胞内シグナル伝達経路や神経細胞の再生能を検討し、慢性
脊髄損傷における脊髄再生の促進効果を in vivoで検証する。 
5.「 k ] 」 
bFGF刺激による CD34+/pro-collagen I+ fibrocyte の Ex vivo を試みる②増幅
CD34+/pro-collagen I+ fibrocyteの移植実験により修復組織の血管新生能を in vivoで検
証する。 
6.「 Yi 」 
① から心筋リモデリング抑制効果が予想される miRNAを選定する②この
miRNAの遺伝子導入実験から標的蛋白の候補を選定する。 
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7.「 A68 gi 」 
①ブタ Oct4, Sox2, Klf4, C-myc遺伝子導入実験から三胚葉に分化する超小型ミニブタ
iPS細胞を作成する②iPS細胞から移植可能な心筋細胞を分化誘導法する③この心筋細
胞を超小型ミニブタ慢性心不全心に移植し慢性心不全の治療効果を検証する。 

P  
1.「SATB1 gi T a 」T細胞分化における SATB1遺伝
子の解析から T の新たな知見が期待できる。 

2.「 k i 」修復組織の増殖を促進する PDGFが
bFGF誘導性 miRNA146b-5pで抑制されることが判明すれば、経時的に炎症期・増殖
期・瘢痕期と発現消退する r が解明できる。 

3.「p38 t gi l a 」p38MAPキナーゼタンパ
ク質がミクログリア以外の に対して を促進することを見出した。ま
た神経幹細胞の遊走能促進因子として が効果的であることも見出し、こ
れら新規作用による再生医療への展開が期待できる。 

4.「 k ] 」従来の血管内皮細胞前駆
細胞による血管新生メカニズムとは異なる メカニズムが発見され、

e が展開できる。 
. 5.「 Yi 」心筋リモデリング抑制性 miRNA
の探索は慢性心不全の病期決定を目的とした n r が期待できる。 

6.「 gi 」 (特 2013-019723)を行
い、同時に超小型ミニブタの が得られた 。ĳ
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8/90 gi 9 a R
Ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Tsuchiya Y, Naito T, Tenno M, 

Maruyama M, Koseki H, Taniuchi I, 

Naoe Y 

ThPOK represses CXXC5, which induces methylation of histone H3 

lysine 9 in Cd40lg promoter by association with SUV39H1: 

implications in repression of CD40L expression in CD8+ cytotoxic T 

cells. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Leukocyte Biology ĳ ĳ �ĳ 	 ã

ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Kondo M, Tanaka Y, Kuwabara T, Naito SATB1 Plays a Critical Role in Establishment of Immune 
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T, Kohwi-Shigematsu T, Watanabe A Tolerance. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Journal of Immunology ĳ ĳ �ĳ - 	 ã ) )

Ŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Toyota H, Sudo K, Kojima K, Yanase N, 

Nagao T, Takahashi RH, Iobe H, 

Kuwabara T, Kakiuchi T, Mizuguchi J 

Thy28 protects against anti-CD3-mediated thymic cell death in 

vivo. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Apoptosis ĳ ĳ �ĳ (	 )ã ((( ()(

ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Guo X, Tanaka Y, Kondo M 
Thymic precursors of TCRαβ(+)CD8αα(+) intraepithelial 

lymphocytes are negative for CD103. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Immunology letters ĳ ĳ �ĳ 	 )ã ( (

Łĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Okumura S, Fujita T, Cai W, Jin M, 

Namekata I, Mototani Y, Jin H, Ohnuki 

Y, Tsuneoka Y, Kurotani R, Suita K, 

Kawakami Y, Hamaguchi S, Abe T, 

Kiyonari H, Tsunematsu T, Bai Y, 

Suzuki S, Hidaka Y, Umemura M, 

Ichikawa Y, Yokoyama U, Sato M, 

Ishikawa F, Izumi-Nakaseko H, 

Adachi-Akahane S, Tanaka H, 

Ishikawa Y 

Epac1-dependent phospholamban phosphorylation mediates the 

cardiac response to stresses. 

ĩć6ĳ ƿƱƙƽǃ

�«ĳ

Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Clinical Investigation ĳ ĳ �ĳ ( 	 (ã )

łĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Kuwabara T, Imajoh-Ohm S 

T Augmentation of Lipopolysaccharide (lps) Receptor Expression by 

Interferon gamma correlates with susceptibility to lps-inudced 

apoptosis in human monoblastic cell line U937. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Immunology and 

Immunotechniques 
ĳ ĳ �ĳ 	 (ã -

Ńĺĳ ĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Mishima Y, Wang C, Miyagi S, Saraya A, 

Hosokawa H, Mochizuki-Kashio M, 

Nakajima-Takagi Y, Koide S, Negishi M, 

Sashida G, Naito T, Ishikura T, Onodera 

A, Nakayama T, Tenen DG, Yamaguchi 

N, Koseki H, Taniuchi I, Iwama A 

Histone acetylation mediated by Brd1 is crucial for Cd8 gene 

activation during early thymocyte development. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Nature communications ĳ ĳ �ĳ ) 	 (ã )

ńĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ
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Naito T  Epigenetics in T-cell development and function. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Advances in Neuroimmune Biology ĳ ĳ �ĳ ) (ã

Ņĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Tanaka H, Naito T, Muroi S, Seo W, Risa 

Chihara R, Chizuko Miyamoto C, 

Kominami R, Taniuchi I 

Epigenetic Thpok silencing limits the time window to choose 

CD4+ helper-lineage fate in the thymus 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The EMBO Journal� ĳ ĳ �ĳ Ŀľĳ ľļĽĿ Zĳ 1183 -1194ĳ
Ǌļĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Li J, Koike J, Kugoh H, Arita M, Ohhira 

T, Kikuchi Y, Funahashi K, Takamatsu K, 

Boland CR, Koi M, Hemmi H 

Down-regulation of MutS homolog 3 by hypoxia in human 

colorectal cancer.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Biochimica et biophysica acta� ĳ ĳ �ĳ ĽńľĿĳ ľļĽľ Zĳ 889 -899ĳ
ĽĽĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Fujita K, Akasaka Y, Kuwabara T, Wang 

B, Tanaka Y, Kamata I, Yokoo T, 

Kinoshita T, Akishima-Fukasawa Y, 

Ishikawa Y, Kondo M, Ishii T 

Pathogenesis of lupus-like nephritis through autoimmune

antibody produced by CD180-negative B lymphocytes in 

NZBWF1 mouse.

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Immunology Letters� ĳ ĳ �ĳ Ľŀŀĳ ľļĽľ Zĳ łĳ

Ľľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kuwabara T, Tanaka Y, Ishikawa F, 

Kondo M, Sekiya H, Kakiuchi Tĳ

( CCR7 ligands up-regulate IL-23 through PI3-kinase and NF-κ 

B pathway in dendritic cells. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

JOURNAL OF LEUKOCYTE BIOLOGY� ĳ ĳ �ĳ Ņľĳ ľļĽľ Zĳ 309-318ĳ

ĽĿĺĳ ĳ
÷ê6ĳ ĉz�Įĳ

Chung E, Hsu C.-L, Kondo Mĳ
Constitutive MAP kinase activation in hematopoietic stem cells 

induces a myeloproliferative disorder. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

PLoS One� ĳ ĳ �ĳ łĳ ľļĽĽ Zĳ e28350ĳ

ĳ

Yil m rn R
ĳ

Ľĺĳ ĳ

÷ê6 ĉz�Į 
Sasaki S, Asahara D, Kaneko K, 

Komatsumoto S 

Successful Combination Therapy with Rituximab and Glucocorticoids 

for Autoimmune Optic Neuropathy. 
ĩć6 ƿƱƙƽǃ�« V ÃüZ Ƶǃƥ 
American Journal of Case 

Reports 
ĳ ĳ � - 	 )ã )

ľĺĳ ĳ

÷ê6 ĉz�Į 
Fujimoto M, Serada S, Suzuki K, 

Nishikawa A, Ogata A, Nanki T, 

 Leucine-rich α2 -glycoprotein as a potential biomarker for joint 

inflammation during anti-interleukin-6 biologic therapy in rheumatoid 
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Hattori K, Kohsaka H, Miyasaka 
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glycoprotein: studies in patients with breast cancer and 

patients with chronic inflammatory disease. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

International journal of clinical 

pharmacology and therapeutics 
ĳ ĳ �ĳ ŀŅĳ ľļĽĽ Zĳ 415-421ĳ

ľŁĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kawai S, Takeuchi T, Yamamoto K, 

Tanaka Y, Miyasaka Nĳ

Efficacy and safety of additional use of tacrolimus in early 

rheumatoid arthritis patients with inadequate response to 

DMARDs - a multicenter, double-blind, parallelgroup trial 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Modern Rheumatology� ĳ ĳ �ĳ ľĽĳ ľļĽĽ Zĳ 458-468ĳ

ĳ

( gi R
Ľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Suzuki T, Shimada H, Ushigome M, 

Koike J, Funahashi K, Nemoto T, 

Kaneko H 
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Asp299Gly and Thr399Ile in Japanese Patients with Invasive 

Aspergillosis. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Japanese Journal of Infectious 

Diseases 
ʴ ʴ ņ (	 )ã

Ľŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Nakamura Y, Hata Y, Koezuka S, 

Makino T, Otsuka H, Sato F, Sasamoto 

Tracheal leiomyoma resected with endobronchial electrocautery 

snare. 



̯Ůï 2̰ 
 

Ɔ�Ƹ| 131061 
̞̪̊̀̄̔Ƹ| ˆʺʺʹʺʹʺʿ 

 
S, Okubo Y, Shibuya K, Iyoda A 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Bronchology and 

Interventional Pulmonology 
ʴ ʴ ņ 	 )ã - -

ĽŁĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kawachi H, Eishi Y, Ueno H, Nemoto T, 

Fujimori T, Iwashita A, Ajioka Y, Ochiai 

A, Ishiguro S, Shimoda T, Mochizuki H, 

Kato Y, Watanabe H, Koike M, Sugihara 

K 

A three-tier classification system based on the depth of 

submucosal invasion and budding/sprouting can improve the 

treatment strategy for T1 colorectal cancer: a retrospective 

multicenter study. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Modern Pathology ʴ ʴ ņ 	 (ã -

Ľłĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Yamamoto Y, Nemoto T, Okubo Y, 

Nihonyanagi Y, Ishiwatari T, Takuma K, 

Tochigi N, Okano N, Wakayama M, 

Igarashi Y, Shibuya K 

Comparison between the location and the 

histomorphological/immunohistochemical characteristics of 

noninvasive neoplasms of the ampulla of Vater. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Human Pathology ʴ ʴ ņ () -	 (ã - -

ĽŃĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Isobe K, Hata Y, Tochigi N, Kaburaki K, 

Kobayashi H, Makino T, Otsuka H, Sato 

F, Ishida F, Kikuchi N, Hirota N, Sato K, 

Sano G, Sugino K, Sakamoto S, Takai Y, 

Shibuya K, Iyoda A, Homma S 

Clinical significance of BIM deletion polymorphism in non-small-cell 

lung cancer with epidermal growth factor receptor mutation. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Thoracic Oncology ʴ ʴ ņ - (	 (ã ( (

Ľńĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Koezuka S, Hata Y, Sato F, Otsuka H, 

Makino T, Tochigi N, Iyoda A 

Malignant peripheral nerve sheath tumor in the anterior 

mediastinum: A case report. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Molecular and Clinical Oncology ʴ ʴ ņ 	 (ã - --

ĳ

ĽŅĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Sasaki Y, Fujii T, Shiono N, Katayanagi 

T, Okuma S, Wakayama M, Shibuya K, 

Watanabe Y 

Interrupted aortic arch with massive saccular collateral aneurysm 

in an adult. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Annals of Thoracic Surgery ʴ ʴ ņ - 	 (ã

ľļĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Natori K, Ishihara S, Nagase D, Sakai A, 

Kato M, Kuraishi Y, Arai K, Sibuya K, 

Izumi H 

Case report Case of Double Cancer Consisting of Granulocytic 

Sarcoma and Hepatocellular Carcinoma. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Ĳȹˬȫæ ʴ ʴ ņ 	 (ã

ľĽĺĳ ĳ
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÷ê6ĳ ĉz�Įĳ

Izumi H, Nagase D, Ishihara S, Sakai A, 

Kato M, Kuraishi Y, Arai K,  Sekiya H, 

Shibuya K, Natori K 

Chronic Myelomonocytic Leukemia-Induced Overt Acute Leukemia 

with Impairment of Mastication due to Leukemia Cell Infiltration in 

the Tongue that was Improved by Chemotherapy. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Ĳȹˬȫæ ʴ ʴ ņ 	 (ã )

ľľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Muramatsu Y, Isobe K, Sugino K, 

Kinoshita A, Wada T, Sakamoto S, 

Takai Y, Sato F, Hata Y, Wakayama M, 

Sibuya K, Uekusa T, Iyoda A, Homma S 

Malignant pleural mesothelioma mimicking the intrapulmonary 

growth pattern of epithelioid hemangioendothelioma. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Pathology International ʴ ʴ ņ ( 	 (ã )

ľĿĺĳ
÷ê6ĳ ĉz�Įĳ

Takada K, Ito Y, Matsumoto K, Sato Y, 

Nishio M, Tadano Y, Kamei Y, 

Takemura Y, Inoue N, Akasaka Y, Ono I. 

Usefulness of Basic Fibroblast Growth Factor (bFGF) Loaded 

Dissolving Microneedles for Local Therapy of Skin Wounds 

雑誌名 ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biomaterials and 

Nanobiotechnology 
ĳ ĳ �ĳ ŀĳ ľļĽĿ Zĳ ľŁłĹľłŀĳ

ĳ ĳ ĳ ľŀĺĳ

÷ê6ĳ ĉz�Įĳ

Ishikawa Y, Akasaka Y, 

Akishima-Fukasawa Y, Iuchi A, Suzuki K, 

Uno M, Abe E, Yang Y, Li CP, Mukai K, 

Niino H, Tanaka M, Kawahara Y, Sugiura 

H, Shinagawa T, Morinaga S, Ogata K, 

Onuma J, Yanagida-Iida M, Taki K, 

Komatsu A, Satoh H, Yamada K, 

Shimokawa R, Shibuya K, Takahashi K, 

Ishii T 

Histopathologic profiles of coronary atherosclerosis by myocardial 

bridge underlying myocardial infarction. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Atherosclerosis� ĳ ĳ �ĳ ľľłĳ ľļĽĿ Zĳ 118-123ĳ
ĳ ĳ ĳ ľŁĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Iuchi A, Ishikawa Y, Akishima-Fukasawa 

Y, Akasaka Y, Ishii Tĳ

Association of variance in anatomical elements of myocardial 

bridge with coronary atherosclerosis. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Atherosclerosis� ĳ ĳ �ĳ ľľŃĳ ľļĽĿ Zĳ 153-158ĳ

ĳ ĳ ĳ ľłĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Sasai D, Okubo Y, Ishiwatari T, Sugita 

T, Kaneko T, Murayama SY, 

Shimamura T, Shinozaki M, Hasegawa 

C, Mitsuda A, Tochigi N, Wakayama M, 

Nemoto T, Shibuya K 

Histopathological evaluation of the efficacy of antifungals for 

experimental Trichosporon bloodstream infection. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ
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Japanese Journal of Infectious diseases� ĳ ĳ �ĳ łłĳ ľļĽĿ Zĳ 133-9ĳ

ĳ ĳ ĳ ľŃĺĳ

÷ê6ĳ ĉz�Įĳ

Takahashi H, Wada A, Terajima F, 

Yokoyama Y, Inoue Y, Shibuya k, Sasai 

D, Sekiguchi Mĳ

Solitary Lumbar Spinal Osteochondroma Arising from the L3 

Articular Process.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Case Reports in Medicine� ĳ ĳ �ĳ ľĳ ľļĽĿ Zĳ 1-4ĳ

ľńĺĳ

÷ê6ĳ ĉz�Įĳ

Hata Y, Yuasa R, Sato F, Otsuka H, 

Goto H, Isobe K, Mitsuda A, Wakayama 

M, Shibuya K, Takagi K, Watanabe Yĳ

Ciliated muconodular papillary tumor of the lung: a newly defined 

low-grade malignant tumor with CT findings reminiscent of 

adenocarcinoma. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Jpn J Clin Oncol� ĳ ĳ �ĳ ŀĿĳ ľļĽĿ Zĳ 205 -207ĳ

ľŅĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kinoshita T, Fujimoto S, Ishikawa Y, 

Yuzawa H, Fukunaga S, Toda M, 

Wagatsuma K, Akasaka Y, IshiiT, Ikeda 

T 

Coronary arterial complications after percutaneous coronary 

intervention in Behcet's disease.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Reseach Reports in Clinical Cardiology� ĳ ĳ �ĳ ŀĳ ľļĽĿ Zĳ 9 -12ĳ
ĳ ĳ ĳ Ŀļĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Koezuka S, Sato F, Hata Y, Otsuka H, 

Yuasa R, Kiribayashi T, Sasai D, 

Shibuya K, Takagi K, Watanabe Yĳ

Video-assisted thoracoscopic surgery for ectopic middle 

mediastinal thymoma in a patient with myasthenia gravis.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Ann Thorac Surg� ĳ ĳ �ĳ ŅŁĳ ľļĽĿ Zĳ 67 -68ĳ
ĳ ĳ ĳ ĿĽĺĳ

÷ê6ĳ ĉz�Įĳ

白坂健太郎, 船橋公彦, 小池淳一, 栗原聰

元, 塩川洋之, 牛込充則, 赤坂喜清, 澁谷

和俊, 金子弘真ĳ

急速に増大しイレウス症状を呈したMesenteric inflammatory 

veno-occlusive disease(MIVOD)の1自験例. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本大腸肛門病学会雑誌 ĳ ĳ �ĳ łłĳ ľļĽĿ Zĳ 95-100ĳ

ĳ ĳ Ŀľĺĳ

÷ê6ĳ ĉz�Įĳ

間崎和夫, 釘宮剛城, 青木千津, 田邊なお

み, 三宅洋子, 澁谷和俊, 大村 剛, 森田

峰人ĳ

神経外胚葉分化を伴った子宮癌肉腫の１例.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本臨床細胞学会雑誌� ĳ ĳ �ĳ Łľĳ ľļĽĿ Zĳ 128 -133ĳ

ĳ ĳ ĿĿĺĳ

÷ê6ĳ ĉz�Įĳ

三塚幸夫, 金澤真作, 緒方秀†, 丸山憲

一, 八鍬恒芳, 久保田伊哉, 齊藤芙美, 根

本哲生, 澁谷和俊, 金子弘真ĳ

乳癌術前化学療法の効果と Sonazoid 造影超音波所見の検討ĳ
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ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

超音波医学� ĳ ĳ �ĳ ŀļĳ ľļĽĿ Zĳ 167 -174ĳ
ĳ ĳ ĳ Ŀŀĺĳ

÷ê6ĳ ĉz�Įĳ

Fujita K, Akasaka Y, Kuwabara T, Wang 

B, Tanaka Y, Kamata I, Yokoo T, 

Kinoshita T, Akishima-Fukasawa Y, 

Ishikawa Y, Kondo M, Ishii T 

Pathogenesis of lupus-like nephritis through autoimmune 

antibody produced by CD180-negative B lymphocytes in 

NZBWF1 mouse. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Immunology Letters� ĳ ĳ �ĳ Ľŀŀĳ ľļĽľ Zĳ łĳ

ĳ ĳ ĳ ĿŁĺĳ

÷ê6ĳ ĉz�Įĳ

Takahashi S, Hata Y, Sasamoto S, Sato 

F, Tamaki K, Sato K, Mitsuda A, 

Shibuya K, Takagi Kĳ

Recovery of lung perfusion after sleeve resection for tuberculous 

bronchial stenosisĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Annals of Thoracic and Cardiovascular 

Surgery�
ĳ ĳ �ĳ ŅĿĳ ľļĽľ Zĳ 2041 -2043ĳ

Ŀłĺĳ

÷ê6ĳ ĉz�Įĳ

Isobe K, Hata Y, Kobayashi K, Hirota N, 

Sato K, Sano G, Sugino K, Sakamoto S, 

Takai Y, Shibuya K, Takagi K, Homma Sĳ

Clinical significance of circulating tumor cells and free DNA in 

non-small cell lung cancer.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Anticancer research� ĳ ĳ �ĳ Ŀľĳ ľļĽľ Zĳ 3339 -3344ĳ

ĿŃĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Isobe K, Hata Y, Sakaguchi S, Sato F, 

Takahashi S, Sato K, Sano G, Sugino K, 

Sakamoto S, Takai Y, Mitsuda A, 

Terahara A, Shibuya K. 

Pathological response and prognosis of stage Ⅲnon-small cell 

lung cancer patient treated with induction chemoradiationĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Asia -Pac J Clin Oncol� ĳ ĳ �ĳ ńĳ ľļĽľ Zĳ 260-266ĳ

Ŀńĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Sakamoto S, Kikuchi N, Ichikawa A, 

Sano G, Satoh K, Sugino K, Takai Y, 

Shibuya K, Homma Sĳ

Everolimus-induced pneumonitis after drug-eluting stent 

implantation: a case report.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

CardioVasc Intervent Radiol� ĳ ĳ �ĳ Ľļĳ ľļĽľ Zĳ 012 -0477ĳ

ĳ ĳ ĳ ĿŅĺĳ

÷ê6ĳ ĉz�Įĳ

Takahashi K, Oharaseki T, Yokouchi Y, 

Yamada H, Shibuya K, Naoe Sĳ

A Half-Century of Autopsy Results-Incidence of Pediatric 

Vasculitis Syndromes, Especially Kawasaki Disease 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circulation Journal� ĳ ĳ �ĳ Ńłĳ ľļĽľ Zĳ 964-970ĳ

ĳ ĳ ĳ ŀļĺĳ

÷ê6ĳ ĉz�Įĳ

Sugino K, Gocho K, Ishida F, Kikuchi N, Acquired hemophilia A associated with IgG4-related lung disease 
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Hirota N, Sato K, Sano G, Isobe K, 

Sakamoto S, Takai Y, Hata Y, Shibuya K, 

Uekusa T, Kurosaki A, Homma S 

in a patient with autoimmune pancreatitis. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Internal medicine ĳ ĳ �ĳ ŁĽĳ ľļĽľ Zĳ 3151 -3154ĳ

ŀĽĺĳ

÷ê6ĳ ĉz�Įĳ

Shimamura T, Kubota N, Shibuya Kĳ Animal model of dermatophytosis.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biomedicine and 

Biotechnology 
ĳ ĳ �ĳ ĳ Ľļĳ ľļĽľ Zĳ 2231-2234 

ŀľĺĳ

÷ê6ĳ ĉz�Įĳ

Hata Y, Yuasa R, Sato F, Otsuka H, 

Goto H, Isobe K, Mitsuda A, Wakayama 

M, Shibuya K, Takagi K, Watanabe Yĳ

Ciliated Muconodular Papillary Tumor of the Lung: A Newly 

Defined Low-grade Malignant Tumor with CT Findings 

Reminiscent of Adenocarcinoma. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Japanese Journal of Clinical Oncology� ĳ ĳ �ĳ Ľļĳ ľļĽľ Zĳ ĳ

ĳ ĳ ŀĿĺĳ

÷ê6ĳ ĉz�Įĳ

Shinozaki M, Okubo Y, Sasai D, 

Nakayama H, Ishiwatari T, Murayama 

S, Tochigi N, Wakayama M,Nemoto T, 

Shibuya Kĳ

Development and Evaluation of Nucleic Acid-Based Techniques 

for an Auxiliary Diagnosis of Invasive Fungal Infections in 

Formalin-Fixed and Paraffin-Embedded (FFPE) Tissues. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Medical Mycology Journal� ĳ ĳ �ĳ ŁĿĳ ľļĽľ Zĳ 241 -245ĳ

ŀŀĺĳ

÷ê6ĳ ĉz�Įĳ

Wakui N, Takayama R, Matsukiyo Y, 

Mukouzu T, Kanayama M, Takahashi 

M, Nagai H, Watanabe M, Maruyama 

K, Kaneko M, Shibuya K, Sumino Y 

A case of poorly differentiated hepatocellular carcinoma with 

intriguing ultrasonography findings.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Oncology letters� ĳ ĳ �ĳ ŀĳ ľļĽľ Zĳ 393-397ĳ

ŀŁĺĳ

÷ê6ĳ ĉz�Įĳ

Shimodaira K, Okubo Y, Ochiai E, 

Nakayama H, Katano H, Wakayama M, 

Shinozaki M, Ishiwatari T, Sasai D, 

Tochigi N, Nemoto T, Saji T, Kamei K, 

Shibuya K 

Gene expression analysis of a murine model with pulmonary 

vascular remodeling compared to end-stage IPAH lungs 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Respiratory Research� ĳ ĳ �ĳ ĽĿĳ ľļĽľ Zĳ 103ĳ

ĳ ĳ ŀłĺĳ

÷ê6ĳ ĉz�Įĳ

新井典岳, 五十嵐良典, 鎌田 至, 岸本

有為, 三村享彦, 伊藤 謙, 渡邉 学, 住

野泰清, 久保田喜久, 金子弘真, 笹井大

副乳頭カルチノイドの 1 例ĳ
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督, 澁谷和俊, 石川久木 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Progress of Digestive Endoscopy� ĳ ĳ �ĳ ńļĳ ľļĽľ Zĳ 154-155ĳ

ĳ ĳ ŀŃĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 佐村優, 高田啓介, 倉田武徳, 

澁谷和俊ĳ

ICU における挿管呼吸管理患者に対する複合的 VAP 防止策の有用性に

関する検討ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本化学療法学会雑誌� ĳ ĳ �ĳ łļĳ ľļĽľ Zĳ 306 -306ĳ

ĳ ĳ ŀńĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 岩渕聡, 澁谷和俊ĳ
パラフィン包埋組織を用いたISH法およびPCR法による深在性真菌症に

対する分子生物学的診断法の現状. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本外科感染症学会雑誌� ĳ ĳ �ĳ Ņĳ ľļĽľ Zĳ 343 -348ĳ

ŀŅĳ

÷ê6ĳ ĉz�Įĳ

磯部和順、秦 美暢、佐藤敬太、佐野 剛，

杉野圭史、坂本 晋、高井雄二郎、澁谷

和俊、高木啓吾、本間 栄ĳ

上皮成長因子受容体（EGFR）遺伝子変異陽性非小細胞肺癌患者におけ

る耐性獲得時の T790M 変異検索の有用性ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

肺癌� ĳ ĳ �ĳ Łľĳ ľļĽľ Zĳ 279 -283ĳ

Łļĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 藤本吉紀, 石原 晋, 澁谷亜紀

子, 豊田幸樹年, 大塚隆文, 加藤元浩, 長

瀬大輔, 倉石安庸, 澁谷和俊, 和泉春香ĳ

悪性リンパ腫完全寛解後、早期胃癌が発見され内視鏡的粘膜下切除が

施行された異時性重複癌.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 381-383ĳ
ĳ ĳ ŁĽĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 石原 晋, 長瀬大輔, 澁谷亜希

子, 豊田幸樹年, 藤本吉紀, 梅田正法, 加

藤元浩, 倉石安庸, 澁谷和俊, 和泉春香ĳ

当初腎細胞癌が疑われた non-Hodgkin's lymphoma diffuse large B 

cell lymphomaĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ ĳ ńŅĳ ľļĽľ Zĳ 384-386ĳ

ĳ ĳ Łľĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦、石原晋、長瀬大輔、澁谷亜希子、

豊田幸樹年、藤本吉紀、高橋正義、平野直

樹†、大塚隆文、梅田正法、加藤元浩、倉

石安庸、石川由起雄、澁谷和俊、和泉春香 

多発性骨髄腫と胃癌による同時性重複癌の治療経験ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨床と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 95-97ĳ

ŁĿĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 和泉春香, 長瀬大輔, 澁谷亜紀

子, 豊田幸樹年, 藤本吉紀, 加藤元浩, 倉

石安庸, 澁谷和俊, 石原 晋ĳ

腎癌治療後に治療関連骨髄異形成症候群を発症した異時性重複癌.ĳ
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ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 510 -512ĳ

ĳ ĳ Łŀĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 石原 晋, 長瀬大輔, 澁谷亜

紀子, 豊田幸樹年, 藤本吉紀, 加藤元浩, 

倉石安庸, 澁谷和俊, 和泉春香ĳ

二次性骨髄線維症による巨脾に対する放射線照射の経験ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 525 -527ĳ

ĳ ĳ ŁŁĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 和泉春香, 長瀬大輔, 澁谷亜

紀子, 豊田幸樹年, 大久保洋一郎, 藤本

吉紀, 山本賢史, 安田真美子, 加藤元浩, 

倉石安庸, 枝松秀雄, 澁谷和俊, 石原 

晋 

甲状腺乳頭癌とnon-Hodgkin's lymphoma diffuse large B cell 

lymphoma からなる異時性重複癌ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 647 -649ĳ

Łłĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 長瀬大輔, 石原 晋, 澁谷亜紀

子, 豊田幸樹年, 藤本吉紀, 加藤元浩, 梅田

正法, 倉石安庸, 澁谷和俊, 和泉春香 

鼻ポリープより診断され、急速に増大し眼球突出を呈した

non-Hodgkin's lymphoma diffuse large B cell lymphoma 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 650 -653ĳ

ŁŃĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 和泉春香, 長瀬大輔, 澁谷亜紀

子, 豊田幸樹年, 高橋政義, 藤本吉紀, 大塚

隆文, 密田亜希, 加藤元浩, 倉石安庸, 澁谷

和俊, 石原 晋 

胃原発 non-Hodgkin's lymphoma diffuse large B cell type の治療経

験ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńŅĳ ľļĽľ Zĳ 799 -802ĳ

ĳ ĳ Łńĺĳ

÷ê6ĳ ĉz�Įĳ

猪股直美、赤坂喜清、今泉りさ、岡田恵

美、丸山優、石川由起雄、石井壽晴ĳ
皮膚創傷治癒におけるFibrocyteの発現誘導とその微小環境の解析. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

瘢痕・ケロイド治療ジャーナル� ĳ ĳ �ĳ łĳ ľļĽľ Zĳ 25 -28ĳ
ĳ ĳ ŁŅĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 澁谷和俊ĳ
DPC データを用いた脳神経外科領域における深在性真菌症治療による

医療経済効果.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

感染症学雑誌 ĳ ĳ �ĳ ńłĳ ľļĽľ Zĳ 277 

łļĺĳ

÷ê6ĳ ĉz�Įĳ

太田宏樹, 佐藤敬太, 磯部和順, 秦美暢, 

澁谷和俊, 本間栄ĳ
肝転移を契機に診断された線維形成型悪性胸膜中皮腫の1例 
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ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本呼吸器学会誌� ĳ ĳ �ĳ Ľĳ ľļĽľ Zĳ 251-255ĳ

ĳ ĳ łĽĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 澁谷和俊ĳ
DPC データを用いた脳神経外科領域における深在性真菌症治療による

医療経済効果.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

感染症学雑誌 ĳ ĳ �ĳ ńłĳ ľļĽľ Zĳ 277 
ĳ ĳ łľĺĳ

÷ê6ĳ ĉz�Įĳ

磯部和順，秦美暢，佐藤敬太，佐野剛，杉

野圭史，坂本晋，高井雄二郎，澁谷和俊，

高木啓吾，本間栄 

EGFR 遺伝子変異陽性患者における耐性獲得時の T790M 変異検索の有

用性ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

肺癌� ĳ ĳ �ĳ Łľĳ ľļĽľ Zĳ 279 -283ĳ

łĿĺĳ

÷ê6ĳ ĉz�Įĳ

Akishima-Fukasawa Y, Yoshihara A, 

Ishikawa Y, Watanabe N, Hiroi N, 

Akasaka Y, Sasano H, Ishii T, Yoshino Gĳ

Malignant adrenal rest tumor of the retroperitoneum producing 

adrenocortical steroids.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Endocrine Pathology� ĳ ĳ �ĳ ľľĳ ľļĽĽ Zĳ 112-117ĳ
łŀĺĳ

÷ê6ĳ ĉz�Įĳ

Akishima-Fukasawa Y, Ishikawa Y, 

Akasaka Y, Uzuki M, Inomata N, Yokoo T, 

Ishii R, Shimokawa R, Mukai K, Kiguchi H, 

Suzuki K, Fujiwara M, Ogata K, Niino H, 

Sugiura H, Ichinose A, Kuroda Y, Kuroda 

D, Ishii T. 

Histopathological predictors of regional lymph node metastasis at 

the invasive front in early colorectal cancer.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Histopathology� ĳ ĳ �ĳ ŁŅĳ ľļĽĽ Zĳ 470-481ĳ

ĳ ĳ łŁĺĳ

÷ê6ĳ ĉz�Įĳ

Nonaka T, Inamori M, Kessoku T, Ogawa 

Y, Yanagisawa S, Shiba T, Sakaguchi T, 

Gotoh E, Maeda S, Gotoh E, Nakajima A, 

Atsukawa K, Takahashi H, Akasaka Y 

A case of rectal cancer arising from long-standing prolapsed 

mucosa of the rectum.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Internal medicine� ĳ ĳ �ĳ Łļĳ ľļĽĽ Zĳ 2569-2573ĳ

łłĺĳ

÷ê6ĳ ĉz�Įĳ

Yamamoto K, Taketomi Y, Isogai Y, Miki 

Y, Sato H, Masuda S, Nishito Y, Morioka 

K, Ishimoto Y, Suzuki N, Yokota Y, 

Hanasaki K, Ishikawa Y, Ishii T, 

Kobayashi T, Fukami K, Ikeda K, 

Nakanishi H, Taguchi R, Murakami M 

Hair follucular expression and function of group X secreted 

phospholipae A2 in mouse skin. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biological Chemistry� ĳ ĳ �ĳ ľńłĳ ľļĽĽ Zĳ 11616-11631ĳ
ĳ ĳ łŃĺĳ
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÷ê6ĳ ĉz�Įĳ

Sato H, Isogai Y, Masuda S, 

Taketomi Y, Miki Y, Kamei D, Hara S, 

Kobayashi T, Ishikawa Y, Ishii T, 

Ikeda K, Taguchi R, Ishimoto Y, 

Suzuki N, Yokota Y, Hanasaki K, 

Yamamoto T, Tamamoto K, 

Murakami M 

Physiological roles of group X secreted phospholipase A2 in 

reproduction, gatsrointestinal phospholipid digestion and neuronal 

function. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biological Chemistry� ĳ ĳ �ĳ ľńłĳ ľļĽĽ Zĳ 11632-11648ĳ
łńĺĳ

÷ê6ĳ ĉz�Įĳ

Nakanishi K, Nagai Y, Piao H, Akimoto 

T, Kato H, Tanakieva-Georgieva N, 

Ishikawa Y, Yoshihara K, Ito 

K,Yamanaka N, Oite T 

Chenges in renal vessels following the long-term administration 

of an angiotensin II receptor bloker in Zucker fatty rats 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Renin-Angiotensin-Aldosteron 

System�
ĳ ĳ �ĳ Ľľĳ ľļĽĽ Zĳ 65-74ĳ

łŅĺĳ

÷ê6ĳ ĉz�Įĳ

Tomibayasi A, Sasaki S, Nakayama H, 

Yoneyama S, Ishii T, Watanabe Tĳ
Adenomyoma of the Small Intestine in an Adult: Report of Case. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Surgery Today� ĳ ĳ �ĳ ŀĽĳ ľļĽĽ Zĳ 1101-1105ĳ
Ńļĺĳ

÷ê6ĳ ĉz�Įĳ

Saito T, Kimura S, Tateda K, Mori N, 

Hosono N, Hayakawa K, Akasaka Y, 

Ishii T, Sumiyama Y, Kusachi S, 

Nagao J, Yamaguchi K 

Evidence of intravenous immunoglobulin as a critical supportive 

therapy against Clostridium difficile toxin-mediated lethality in 

mice. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Journal of antimicrobial 

chemotherapy�
ĳ ĳ �ĳ łłĳ ľļĽĽ Zĳ 1096-1099ĳ

ĳ ĳ ŃĽĺĳ

÷ê6ĳ ĉz�Įĳ

山本慶郎, 木村隆輔, 土門 薫, 大塚隆

文, 竹内 基, 菊池由宣, 中野 茂, 五十

嵐良典, 住野泰清, 蜜田亜希, 根本哲生, 

澁谷和俊 

Linitis plastica 様の形態を示した乳癌の胃転移の 1 例.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Progress of Digestive Endoscopy� ĳ ĳ �ĳ Ńńĳ ľļĽĽ Zĳ 102-103ĳ
ĳ ĳ Ńľĺĳ

÷ê6ĳ ĉz�Įĳ

後町杏子、坂本 晋、笹本修一、澁谷和俊、

高木啓吾、本間 栄ĳ

3D-CTにより診断し、異常血管のみの切除にて治癒した肺底動脈大動

脈起始症の1例. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日呼吸会誌� ĳ ĳ �ĳ ŀŅĳ ľļĽĽ Zĳ 221-225ĳ
ŃĿĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 佐村優, 澁谷和俊ĳ 市中病院における腸腰筋膿瘍の実際ĳ
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ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本化学療法学会誌� ĳ ĳ �ĳ ŁŅĳ ľļĽĽ Zĳ ľļŃĳ

Ńŀĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 篠崎稔, 職珠玉, 大久保陽一郎, 

笹井大督, 若山恵, 根本哲生, 村山そう明, 

岩渕聡, 澁谷和俊ĳ

外科感染症における分子生物学的研究 パラフィン包埋組織を用いた

ISH法およびPCR法による分子生物学的診断法の現状 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本外科感染症学会雑誌 ĳ ĳ �ĳ ńĳ ľļĽĽ Zĳ ŁĿĽĳ

ŃŁĺĳ

÷ê6ĳ ĉz�Įĳ

大久保陽一郎, 大野秀明, 篠崎稔, 宮崎義

継, 根本哲生, 若山恵, 笹井大督, 石渡誉

郎, 中山晴雄, 田辺公一, 金子幸弘,山越

智, 梅山隆, 澁谷和俊 

Cryptococcus gattii 気道感染マウスにおける肺の病理組織学的解析ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本病理学会会誌� ĳ ĳ �ĳ ĽļĽĳ ľļĽĽ Zĳ 395ĳ
ĳ ĳ Ńłĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 長瀬大輔, 石原 晋, 澁谷亜

紀子, 豊田幸樹年, 加藤元浩, 藤本吉

紀, 梅田正法, 倉石安庸, 荒井一歩, 澁

谷和俊, 和泉春香 

舌癌部分切除前後に放射線療法をうけ、短期間に発症した

therapy-related leukemiaの1例 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńńĳ ľļĽĽ Zĳ 1305-1308ĳ

ŃŃĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 長瀬大輔, 石原 晋, 澁谷亜紀

子, 豊田幸樹年, 梅田正法, 加藤元浩, 倉

石安庸, 藤本吉†, 澁谷和俊, 和泉春香 

汎血球減少を初発症状に診断された急性混合性白血病（Biphenotypic 

Acuteleukemia）ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńńĳ ľļĽĽ Zĳ 1309-1312ĳ
Ńńĺĳ

÷ê6ĳ ĉz�Įĳ

名取一彦, 和泉春香, 長瀬大輔, 澁谷亜

紀子, 豊田幸樹年, 藤本吉紀, 梅田正法, 

加藤元浩, 倉石安庸, 澁谷和俊, 石原 

晋 

救命できなかった急性前骨髄球性白血病の経験.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨牀と研究� ĳ ĳ �ĳ ńńĳ ľļĽĽ Zĳ 1570-1573ĳ
ĳ ĳ ŃŅĺĳ

÷ê6ĳ ĉz�Įĳ

中山晴雄, 篠崎稔, 職珠玉, 大久保陽一

郎, 笹井大督, 若山恵, 根本哲生, 村山そ

う明, 岩渕聡, 澁谷和俊ĳ

外科感染症における分子生物学的研究 パラフィン包埋組織を用いた

ISH法およびPCR法による分子生物学的診断法の現状 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本外科感染症学会雑誌 ĳ ĳ �ĳ ńĳ ľļĽĽ Zĳ ŁĿĽĳ

ńļĺĳ

÷ê6ĳ ĉz�Įĳ

大久保陽一郎, 大野秀明, 篠崎稔, 宮崎

義継, 根本哲生, 若山恵, 笹井大督, 石
Cryptococcus gattii 気道感染マウスにおける肺の病理組織学的解析ĳ
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渡誉郎, 中山晴雄, 田辺公一, 金子幸弘,

山越智, 梅山隆, 澁谷和俊 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本病理学会会誌� ĳ ĳ �ĳ ĽļĽĳ ľļĽĽ Zĳ 395ĳ

ĳ

) k i R 
ĳ ĳ

ĳ Ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Hamanoue M, Morioka K, Ohsawa 

I, Ohsawa K, Kobayashi M, 

Tsuburaya K, Akasaka Y, Mikami 

T, Ogata T, Takamatsu K. 

Cell-permeable p38 MAP kinase promotes migration of adult neural 

stem/progenitor cells. 

 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ˆˈˊʴ˅ˉˍ ĳ ĳ �ĳ 	 ã 10.1038/srep24279.
ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

安東賢太郎, 中村裕二, 星合清隆, 岸江

拓也, 柏木克彦, 曹新, 小原浩, 中瀬古

（泉）寛子, 高原章, 赤坂喜清, 杉山篤 

正常犬 と正常ブタ間でのジピリダモール負荷後の心電図変化の差異—

側副血行路が冠盗流（coronary steal）の原因か？. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心電図 ĳ ĳ �ĳ
)

4 9 	
)ã -

ĳ ĳ Ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Ishii T, Ishikawa Y, Akasaka Y. 
Myocardial bridge as a structure of double-edged sword for the coronary 

artery. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Annal of vascular disease ĳ ĳ �ĳ 	 (ã --

ŀĺĳ

÷ê6ĳ ĉz�Įĳ

Matsukura S, Nakamura Y, Ohara 

H, Cao X, Wada T, Izumi-Nakaseko 

H, Ando K, Akasaka Y, Sugiyama 

A. 

Feasible induction of coronary artery vasospasm occurred during 

cardiac catheterization in a micromini pig. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

 J Vet Med Sci.ʴ ĳ ĳ �ĳ ã Epub ahead of print 
Łĺĳ

÷ê6ĳ ĉz�Įĳ

Takada K, Ito Y, Matsumoto K, Sato Y, 

Nishio M, Tadano Y, Kamei Y, 

Takemura Y, Inoue N, Akasaka Y, Ono I. 

ĳUsefulness of Basic Fibroblast Growth Factor (bFGF) Loaded 

Dissolving Microneedles for Local Therapy of Skin Wounds 

ĩć6 ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biomaterials and 

Nanobiotechnology 
ĳ ĳ �ĳ ŀĳ ľļĽĿ Zĳ ľŁłĹľłŀĳ

ĳ ĳ ĳ łĺĳ

÷ê6ĳ ĉz�Įĳ

Ishikawa Y, Akasaka Y, 

Akishima-Fukasawa Y, Iuchi A, Suzuki 

K, Uno M, Abe E, Yang Y, Li CP, Mukai 

Histopathologic profiles of coronary atherosclerosis by myocardial 

bridge underlying myocardial infarction. 
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K, Niino H, Tanaka M, Kawahara Y, 

Sugiura H, Shinagawa T, Morinaga S, 

Ogata K, Onuma J, Yanagida-Iida M, 

Taki K, Komatsu A, Satoh H, Yamada 

K, Shimokawa R, Shibuya K, Takahashi 

K, Ishii T 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Atherosclerosis� ĳ ĳ �ĳ ľľłĳ ľļĽĿ Zĳ 118-123ĳ
ĳ ĳ ĳ Ńĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Iuchi A, Ishikawa Y, Akishima-Fukasawa 

Y, Akasaka Y, Ishii Tĳ

Association of variance in anatomical elements of myocardial 

bridge with coronary atherosclerosis. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Atherosclerosis� ĳ ĳ �ĳ ľľŃĳ ľļĽĿ Zĳ 153-158ĳ

ĳ ĳ ĳ ńĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kinoshita T, Fujimoto S, Ishikawa Y, 

Yuzawa H, Fukunaga S, Toda M, 

Wagatsuma K, Akasaka Y, IshiiT, Ikeda 

T 

Coronary arterial complications after percutaneous coronary 

intervention in Behcet's disease.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Reseach Reports in Clinical Cardiology� ĳ ĳ �ĳ ŀĳ ľļĽĿ Zĳ 9 -12ĳ
ĳ ĳ ĳ ńĺĳ

÷ê6ĳ ĉz�Įĳ

Fujita K, Akasaka Y, Kuwabara T, Wang 

B, Tanaka Y, Kamata I, Yokoo T, 

Kinoshita T, Akishima-Fukasawa Y, 

Ishikawa Y, Kondo M, Ishii T 

Pathogenesis of lupus-like nephritis through autoimmune 

antibody produced by CD180-negative B lymphocytes in NZBWF1 

mouse.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Immunology Letters� ĳ ĳ �ĳ Ľŀŀĳ ľļĽľ Zĳ łĳ

ĳ ĳ ĳ Ņĺĳ

÷ê6ĳ ĉz�Įĳ

猪股直美、赤坂喜清、今泉りさ、岡田恵

美、丸山優、石川由起雄、石井壽晴ĳ
皮膚創傷治癒におけるFibrocyteの発現誘導とその微小環境の解析. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

瘢痕・ケロイド治療ジャーナル� ĳ ĳ �ĳ łĳ ľļĽľ Zĳ 25 -28ĳ
ĳ ĳ Ľļĺĳ

÷ê6ĳ ĉz�Įĳ

Akishima-Fukasawa Y, Yoshihara A, 

Ishikawa Y, Watanabe N, Hiroi N, 

Akasaka Y, Sasano H, Ishii T, Yoshino Gĳ

Malignant adrenal rest tumor of the retroperitoneum producing 

adrenocortical steroids.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Endocrine Pathology� ĳ ĳ �ĳ ľľĳ ľļĽĽ Zĳ 112-117ĳ
ĳ ĳ ĽĽĺĳ

÷ê6ĳ ĉz�Įĳ

Akishima-Fukasawa Y, Ishikawa Y, 

Akasaka Y, Uzuki M, Inomata N, Yokoo T, 

Ishii R, Shimokawa R, Mukai K, Kiguchi H, 

Suzuki K, Fujiwara M, Ogata K, Niino H, 

Sugiura H, Ichinose A, Kuroda Y, Kuroda 

Histopathological predictors of regional lymph node metastasis at 

the invasive front in early colorectal cancer.ĳ
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D, Ishii T. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Histopathology� ĳ ĳ �ĳ ŁŅĳ ľļĽĽ Zĳ 470-481ĳ
ĳ ĳ Ľľĺĳ

÷ê6ĳ ĉz�Įĳ

Nonaka T, Inamori M, Kessoku T, Ogawa 

Y, Yanagisawa S, Shiba T, Sakaguchi T, 

Gotoh E, Maeda S, Gotoh E, Nakajima A, 

Atsukawa K, Takahashi H, Akasaka Y 

A case of rectal cancer arising from long-standing prolapsed 

mucosa of the rectum.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Internal medicine� ĳ ĳ �ĳ Łļĳ ľļĽĽ Zĳ 2569-2573ĳ

ĳ ĳ ĽĿĺĳ

÷ê6ĳ ĉz�Įĳ

Yamamoto K, Taketomi Y, Isogai Y, 

Miki Y, Sato H, Masuda S, Nishito Y, 

Morioka K, Ishimoto Y, Suzuki N, 

Yokota Y, Hanasaki K, Ishikawa Y, Ishii 

T, Kobayashi T, Fukami K, Ikeda K, 

Nakanishi H, Taguchi R, Murakami M 

Hair follucular expression and function of group X secreted 

phospholipae A2 in mouse skin. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biological Chemistry� ĳ ĳ �ĳ ľńłĳ ľļĽĽ Zĳ 11616-11631ĳ
ĳ ĳ Ľŀĺĳ

÷ê6ĳ ĉz�Įĳ

Sato H, Isogai Y, Masuda S, 

Taketomi Y, Miki Y, Kamei D, 

Hara S, Kobayashi T, Ishikawa Y, 

Ishii T, Ikeda K, Taguchi R, 

Ishimoto Y, Suzuki N, Yokota Y, 

Hanasaki K, Yamamoto T, 

Tamamoto K, Murakami M 

Physiological roles of group X secreted phospholipase A2 in 

reproduction, gatsrointestinal phospholipid digestion and neuronal 

function. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Biological Chemistry� ĳ ĳ �ĳ ľńłĳ ľļĽĽ Zĳ 11632-11648ĳ
ĳ ĳ ĽŁĺĳ

÷ê6ĳ ĉz�Įĳ

Nakanishi K, Nagai Y, Piao H, Akimoto 

T, Kato H, Tanakieva-Georgieva N, 

Ishikawa Y, Yoshihara K, Ito 

K,Yamanaka N, Oite T 

Chenges in renal vessels following the long-term administration 

of an angiotensin II receptor bloker in Zucker fatty rats 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of 

Renin-Angiotensin-Aldosteron System�
ĳ ĳ �ĳ Ľľĳ ľļĽĽ Zĳ 65-74ĳ

ĳ ĳ Ľłĺĳ

÷ê6ĳ ĉz�Įĳ

Tomibayasi A, Sasaki S, 

Nakayama H, Yoneyama S, Ishii T, 

Watanabe Tĳ

Adenomyoma of the Small Intestine in an Adult: Report of Case. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Surgery Today� ĳ ĳ �ĳ ŀĽĳ ľļĽĽ Zĳ 1101-1105ĳ
ĳ ĳ ĳ ĽŃĺĳ

÷ê6ĳ ĉz�Įĳ

Saito T, Kimura S, Tateda K, Mori Evidence of intravenous immunoglobulin as a critical supportive 
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N, Hosono N, Hayakawa K, 

Akasaka Y, Ishii T, Sumiyama Y, 

Kusachi S, Nagao J, Yamaguchi K 

therapy against Clostridium difficile toxin-mediated lethality in mice. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Journal of antimicrobial 

chemotherapy�
ĳ ĳ �ĳ łłĳ ľļĽĽ Zĳ 1096-1099ĳ

ĳ

* p38 キナーゼによるミクログリア活性化と脊髄再生促進R

Ǌĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Hamanoue M, Morioka K, Ohsawa 

I, Ohsawa K, Kobayashi M, 

Tsuburaya K, Akasaka Y, Mikami 

T, Ogata T, Takamatsu K. 

ʷʺʸCell-permeable p38 MAP kinase promotes migration of adult 

neural stem/progenitor cells. 

 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ˆˈˊʴ˅ˉˍʴ ĳ ĳ �ĳ ã 10.1038/srep24279. 
ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Tamaru T, Ikeda M 
Circadian adaptation to cell injury stresses: a crucial interplay of 

BMAL1 and HSF1. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Journal of Physiological 

Sciences 
ĳ ĳ �ĳ ã

) ( )

Ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Miwa N 

Protein-carbohydrate interaction between sperm and the 

egg-coating envelope and its regulation by dicalcin, a Xenopus laevis 

zona pellucida protein-associated protein. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Molecules ĳ ĳ �ĳ )ã -( -(

ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Tamaru T, Hattori M, Honda K, 

Nakahata Y, Sassone-Corsi P, van 

der Horst GTJ, Ozawa T, 

Takamatsu K 

CRY drives cyclic CK2-mediated BMAL1 phosphorylation to control 

the mammalian circadian clock. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

PLOS Biology ĳ ĳ �ĳ )ã 7 -

Łĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Miwa N, Ogawa M, Hanaue M, 

Takamatsu K 

Fertilization competence of the egg-coating envelope is regulated by 

direct interaction of dicalcin and gp41, the Xenopus laevis ZP3. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Scientific Reports ĳ ĳ �ĳ ) )ã

łĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Miwa N 
Dicalcin, a zona pellucida protein that regulates fertilization 

competence of the egg coat in Xenopus laevis. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Journal of Physiological ĳ ĳ �ĳ ) )ã ) ) (
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Sciences 

Ńĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Hamanoue M, Ikeda Y, Ogata T, 

Takamatsu K 

Predominant expression of N-acetylglucosaminyltransferase V 

(GnT-V) in neural stem/progenitor cells. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Stem Cell Research ĳ ĳ �ĳ ( )ã

ńĺĳ

÷ê6ĳ ĉz�Įĳ

Kobayashi M, Hamanoue M, Masaki T, 

Furuta Y, Takamatsu Kĳ

Hippocalcin mediates calcium-dependent translocation of 

brain-type creatine kinase (BB-CK) in hippocampal neurons. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Biochemical and Biophysical Research 

Communications 
ĳ ĳ �ĳ ŀľŅĳ ľļĽľ Zĳ 142-147ĳ

Ņĺĳ

÷ê6ĳ ĉz�Įĳ

Lim YA, Giese M, Shepherd C, 

Halliday G, Kobayashi M, Takamatsu 

K, Staufenbiel M, Eckert A, Gotz Jĳ

Role of hippocalcin in mediating Aβ toxicity. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Biochimica et Biophysica Acta� ĳ ĳ �ĳ Ľńľľĳ ľļĽľ Zĳ 1247-1257ĳ

Ľļĺĳ

÷ê6ĳ ĉz�Įĳ

Li J, Koike J, Kugoh H, Arita M, Ohhira 

T, Kikuchi Y, Funahashi K, Takamatsu K, 

Boland CR, Koi M, Hemmi H 

Down-regulation of MutS homolog 3 by hypoxia in human 

colorectal cancer.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Biochimica et biophysica acta� ĳ ĳ �ĳ ĽńľĿĳ ľļĽľ Zĳ 889 -899ĳ

ĽĽĺĳ

÷ê6ĳ ĉz�Įĳ

Kim KS, Kobayashi M, Takamatsu K, 

Tzingounis AVĳ

Hippocalcin and KCNQ channels contribute to the kinetics of the 

slow afterhyperpolarization. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Biophysical Journal� ĳ ĳ �ĳ ĽļĿĳ ľļĽľ Zĳ 2446-2454ĳ

Ľľĺĳ

÷ê6ĳ ĉz�Įĳ

Iketani M, Iizuka A, Sengoku K, Kurihara 

Y, Nakamura F, Sasaki Y, Sato Y, 

Yamane M, Matsushita M, Nairn AC, 

Takamatsu K, Goshima Y, Takei K 

Regulation of neurite outgrowth mediated by localized 

phosphorylation of protein translational factor eEF2 in growth 

cones. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Developmental Neurobiology� ĳ ĳ �ĳ ŃĿĳ ľļĽĿ Zĳ 230 -246ĳ

ĳ ĳ ĳ ĽĿĺĳ

÷ê6ĳ ĉz�Įĳ

Hanaue M, Miwa N, Takamatsu Kĳ
Immunohistochemical Characterization of S100A6 in the murine 

ovary.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Acta Histochemica et Cytochemica� ĳ ĳ �ĳ ŀŁĳ ľļĽľ Zĳ 9-14ĳ
Ľŀĺĳ ĳ
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÷ê6ĳ ĉz�Įĳ

Tamaru T, Hattori M, Honda K, 

Benjamin I, Ozawa T, Takamatsu Kĳ

Synchronization of circadian Per2 rhythms and HSF1-BMAL1: 

CLOCK interaction in mouse fibroblasts after short-term heat 

shock pulse.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

PLoS ONE� ĳ ĳ �ĳ łĳ ľļĽĽ Zĳ 24521ĳ

ĳ

6.ĳ ű難治性創傷皮膚炎の骨髄前駆細胞を用いた血管新生療法Ųĳ

Ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

M Nakamich, Y Akishima-Fukasaw, T 

Mikam, K Onish, Y Akasaka 

*1. Basic fibroblast growth factor induces angiogenic properties 

of fibrocytes to stimulates vascular formation during wound 

healing 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

 In submiited ĳ �ĳ ĳ ĳ  

ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Nakamichi M, Onishi K, Ogino A Bilateral transposition flaps for vaginal atresia reconstruction.   
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

European Journal of Plastic 

Surgery 
ĳ ĳ �ĳ 1 ľļĽŁ Zĳ ĽĹŀĳ

Ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Onishi  K、Okada E、Hirata A 

 

The Rintala flap:a versatile procedure for nasal reconstruction.  American 

Journal of 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Otolaryngology ĳ ĳ �ĳ ĳ Zĳ  ĳ

ŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Ogino A、Onishi K  .   

 

Vascular waveform analysis of flap-feeding vessels using color Doppler 

ultrasonography 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

61 52 0 43 -7 3 71 58716� ĳ ĳ �ĳ ĳ Zĳ ĳ

ĳ ĳ ĳ ĳ Łĺĳ

÷ê6ĳ ĉz�Įĳ

上野佐知, 大西 清,平田晶子, 山田哲郎,

丸山 優ĳ
後天性爪囲被角線維腫の１例.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本形成外科学会会誌� ĳ ĳ �ĳ ĿĿĳ ľļĽĿ Zĳ 183 -188ĳ
łĺĳ

÷ê6ĳ ĉz�Įĳ

Inomata N, Akasaka Y, Imaizumi R, 

Okada E, Maruyama Yĳ

Fibrocyte Behavior Relative to Blood Vessels under Skin 

Wound Healing.
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本形成外科学会会誌� ĳ ĳ �ĳ Ŀľĳ ľļĽľ Zĳ 645 -659ĳ

÷ê6ĳ ĉz�Įĳ

Utsunomiya M, Nakamura M, 

Nakanishi M, Takagi T, Hara Hide, 

Impact of wound blush as an angiographic endpoint of endovascular 

therapy for patients with critical limb ischemia. 
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Onishi K, Yamada T, Sugi Kĳ ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of vascular surgery� ĳ ĳ �ĳ ŁŁĳ ľļĽľ Zĳ 113-121ĳ
ʴ ʴ

÷ê6ĳ ĉz�Įĳ

上野佐知, 大西 清, 平田晶子, 山田哲郎, 

丸山 優ĳ
高張ブドウ糖液の血管外漏出により皮膚障害をきたした幼児の1例. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

創傷� ĳ ĳ �ĳ ǌĳ ľļĽľ Zĳ 94 -98ĳ
ńĺĳ

÷ê6ĳ ĉz�Įĳ

山田哲郎, 大西清, 平田晶子, 宇�
宮誠, 中村正人, 丸山優ĳ

重症下肢虚血に対する当院の治療戦略：循環器内科、形成外科を中心とした

取り組み. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本下肢救済・足病学会誌� ĳ ĳ �ĳ ŀĳ ľļĽľ Zĳ 185-191ĳ

Ņĺĳ

÷ê6ĳ ĉz�Įĳ

上野佐知, 大西 清, 平田晶子, 山田哲郎, 

丸山 優ĳ
顔面骨骨折手術におけるスクリュー牽引補助手技.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本形成外科学会会誌 ĳ ĳ �ĳ Ŀľĳ ľļĽľ Zĳ 562 -565ĳ
Ľļĺĳ

÷ê6ĳ ĉz�Įĳ

加藤景一, 福田英嗣, 大西清, 神川知

之, 向井秀樹ĳ
動脈皮弁にて再建した耳甲介舟部基底細胞癌の 1 例.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

皮膚科の臨床� ĳ ĳ �ĳ Łŀĳ ľļĽľ Zĳ 1269-1272ĳ
ĽĽĺĳ

÷ê6ĳ ĉz�Įĳ

猪股直美、赤坂喜清、今泉りさ、岡田恵

美、丸山優、石川由起雄、石井壽晴ĳ

( 皮膚創傷治癒における Fibrocyte の発現誘導とその微小環境の解

析.
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

瘢痕・ケロイド治療ジャーナル� ĳ ĳ �ĳ łĳ ľļĽľ Zĳ 25 -28 
Ľľĺĳ

÷ê6ĳ ĉz�Įĳ

縄田麻友, 大西 清, 神田憲吾, 岡本康, 

荻野晶弘, 丸山 優ĳ
進行癌に対する Mohs 法を応用した quality of life 改善.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

外科� ĳ ĳ �ĳ ĿŃĳ ľļĽĽ Zĳ 879-882ĳ

÷ê6ĳ ĉz�Įĳ

Ogino A, Onishi K, Maruyama Yĳ
Vascular waveform analysis of vascularized flaps using color 

doppler ultrasonography.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

日本シミュレーション外科学会会誌� ĳ ĳ �ĳ ĽŅĳ ľļĽĽ Zĳ 133-143ĳ

 
Yi R

Ľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Katagi J, Nakamura Y, Cao X, 

Ohara H, Honda A, 

Why can dl-sotalol prolong the QT interval in vivo despite its weak 

inhibitory effect on hERG K+ channels in vitro? Electrophysiological 
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Izumi-Nakaseko H, Ando K, 

Sugiyama A 

and pharmacokinetic analysis with the halothane-Anesthetized guinea 

pig model. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ňŗŧŚşťūŗŨřŪŢŗŧĳŔťŬşřťŢťŝŭĳ ĳ ĳ �ĳ Ľłĳ ľļĽł Zĳ ĽĿńĹĽŀłĳ

ľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Ohara H, Nakamura Y, Watanabe 

Y, Xin Cao, Yamazaki Y, 

Nakaseko H, Ando K, Yamazaki 

H, Yamazaki J, Ikeda T, 

Sugiyama A 

Azithromycin can prolong QT interval and suppress ventricular 

contraction, but will not induce torsade de pointes. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ňŗŧŚşťūŗŨřŪŢŗŧĳũťŬşřťŢťŝŭĳ ĳ ĳ �ĳ Ľłĳ ľļĽł Zĳ ľĿľĹľŀļĳ

Ŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Honda A, Nakamura Y, Ohara H, 

Cao X, Nomura H, Katagi J, 

Wada T, Izumi-Nakaseko H, 

Ando K, Sugiyama A 

Effects of a prostagrandin EP4-receptor agonist ONO-AE1-329 on the 

left ventricular pressure- volume relationship in the 

halothane-anesthetized dogs. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŊŪŧťŦśŗŤĳŠťŪŧŤŗŢĳťŜĳŦŞŗŧţŗřťŢťŝŭĳ ĳ ĳ �ĳ ĽŁĳ ľļĽł Zĳ ĽĿļĹĽĿŃĳ

ĳ ŀĺĳ

÷ê6ĳ ĉz�Įĳ

Koike H、Fujino T、Koike M、

Sinohara M、Kitahara K、Kinoshita 

T、Yuzawa H、Suzuki T、Sato H、

Fukunaga S 、Kobayashi K 、Ikeda 

T  

Obesity Is Associsted With the Development of Interstitial Pneumonia 

Under Long-Term Administration of Amiodarone in Refractory Atrial 

Fibrillation Patients. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

� ĳ ŎŤũśŧŤŗũşťŤŗŢĳōśŗŧũĳŏťŪŧŤŗŢĳ ĳ ĳ �ĳ ŁŃĳ ľļĽł Zĳ ĿļĹĿŀĳ

Ņĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Wada T, Nakamura Y, Cao X, 

Ohara H, Izumi-Nakaseko H, Ando 

K, Nakazato Y, Sugiyama A 

Antiviral drug vidarabine possessing cardiac type 5 adenylyl cyclase 

inhibitory property did not affect cardiohemodynamic or 

electrophysiological variables in the halothane-anesthetized dogs. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŔŞśĳŏťŪŧŤŗŢĳťŜĳŔťŬşřťŢťŝşřŗŢĳœřşśŤřśŨĳ ĳ ĳ �ĳ ŀĽĳ ľļĽł Zĳ ĽĽŁĹĽľľĳ

Ľļĺĳ ĳ
÷ê6ĳ ĉz�Įĳ

Merchant FM, Salerno-Uriarte JA, 

Caravati F, Falcone S, Molon G, 

Marangoni D, Raczak G, Danilowicz- 

Szymanowicz L, Pedretti RFE, Braga SS, 

Ikeda T, Calo L, Martino A, Erciyes D, 

Piancastelli M, Maury P, Cohen, RJ, 

Armoundas AA 

Prospective guidance of primary prevention Implantable  

Cardioverter Defibrillator therapy by microvolt T- wave alternans 

testing. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

CIRCULATION JOURNAL ĳ ĳ �ĳ ŃŅĳ ľļĽŁ Zĳ ĽŅĽľĹĽŅĽŅĳ

ĽĽĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Shunsuke Kiuchi, Shinji Hisatake, 

Muneyasu Kawasaki, Osamu 

Addition of a renin-angiotensin-aldosterone system inhibitor to a 

calcium channel blocker ameliorates arterial stiffness. 
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Hirashima, 

Takayuki, Kabuki, Junichi 

Yamazaki, Ikeda T 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ňŢşŤşřŗŢĳőŞŗŧţŗřťŢťŝŭņĳ ĳ ĳ �ĳ Ńĳ ľļĽŁ Zĳ ĿŅŁĳ ĳ ĹĿŅŅĳ

Ľľĺĳ

÷ê6ĳ ĉz�Įĳ

Fujino T, Yamazaki Y, Yamazaki 

A, Kabuki T, Kikuchi S, Kobayashi 

K, Yamazaki J, Ikeda T 

Efficacy of Dabigatran for Dissolving Deep Vein Thromboses in 

Outpatients with a Deteriorated General Condition - A Single Center 

Experience 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŎŤũśŧŤŗũşťŤŗŢĳōśŗŧũĳŏťŪŧŤŗŢĳ ĳ ĳ ĳ ĳ �ĳ Łłĳ ľļĽŁ Zĳ ĿŅŁĹĿŅŅĳ

ĽĿĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Fujino T, Yamazaki Y, Tsubota T, 

Ikeda T 

Early-Morning Type Ventricular Fibrillation with J Waves, Effectively 

Cured by the Oral Administration of Long-Acting Disopyramide. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŎŤũśŧŤŗũşťŤŗŢĳōśŗŧũĳŏťŪŧŤŗŢĳ ĳ ĳ �ĳ Łłĳ ľļĽŁ Zĳ ŀŁŅĹŀłĽĳ

Ľŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Ikeda T 

Use of oral anticoagulants according to the degree of renal 

impairment in Japanese patients with atrial fibrillation: Which 

non-vitamin K antagonist oral anticoagulant to select?. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ňşŧřĳŏĳ ĳ ĳ �ĳ ŃŅĳ ľļĽŁ Zĳ ĽŀŀĽĳ ĳ ĹĽŀŀĿĳ

ĽŁĺĳ

÷ê6ĳ ĉz�Įĳ

Kazuhiro Matsuo, Itsuki Kimura, 

Maki Kitahara, Shinobu Hirayama, 

Takuya Yokoo, Yuki Hanai, 

Takaya Tsubota, Katsunori 

Yoshihara, Takayoshi Kosugi, 

Kenji Nishizawa and Takashi 

Yoshio. 

A practical high-performance liquid chromatography-based assay for 

assessing ciprofloxacin blood concentrations that can be performed 

in hospitals: Application to pharmacokinetics- pharmacodynamics 

analysis for infectious patients. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŔŞśĳŏŗŦŗŤŨśŨĳŏťŪŧŗŢĳťŜĳŔŞśŧŗŦśŪũşřĳ ĳ

ŉŧŪŝĳŐťŤşũťŧşŤŝĳ
ĳ ĳ �ĳ Ŀľĳ ľļĽŁ Zĳ ĽĳĹĽļĳ

Ľłĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Yamazaki-Hashimoto Y, Nakamura 

Y, Ohara H, Cao X, Kitahara K, 

Izumi-Nakaseko H, Ando K, 

Yamazaki H, Ikeda T, Yamazaki J, 

Sugiyama A 

Fluvoxamine by itself has potential to directly induce long QT 

syndrome at supra-therapeutic concentrations. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŔŞśĳŏťŪŧŤŗŢĳťŜĳŔťŬşřťŢťŝşřŗŢĳœřşśŤřśŨĳ ĳ ĳ �ĳ ŀļĳ ľļĽŁ Zĳ ĿĿĳĹŀľĳ

ĽŃĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Yuzo Katayama、Tsukasa Ozawa、

Atsushi Iga、Shinji Hisatake、

Yoshinori Watanabe 

Sugical Repair of Aorta-Right Atrial Tunnel in an Adult. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ
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ňşŧřŪŢŗũşťŤĳ ŠťŪŧŤŗŢņĳ ťŜŜşřşŗŢĳ ŠťŪŧŤŗŢĳ ťŜĳ

ũŞśĳŏŗŦŗŤśŨśĳňşŧřŪŢŗũşťŤĳœťřşśũŭĳ
ĳ ĳ �ĳ ŃŅĳ ľļĽŁ Zĳ ĽľļŃĳĹĽľļńĳ

Ľńĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Dobashi S, Fujino T, Ikeda T Use of apixaban for an elderly patient with left atrial thrombus. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

BMJ Case Rep 2014 ĳ ĳ �ĳ ĳ ľļĽŀ Zĳ ĽĹľĳ

ĽŅĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Takigawa M, Takahashi A, 

Kuwahara T, Okubo K, Takahashi 

Y, Watari Y, Takagi K, Fujino T, 

Kimura S, Hikita H, Tomita M, 

Hirao K 

Long-term follow-up after catheter ablation of paroxysmal atrial 

fibrillation: the incidence of recurrence and progression of atrial 

fibrillation. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circulation Arrhythmai and Electrophysiology  ĳ ĳ �ĳ Ńĳ ľļĽŀ Zĳ ľłŃĳĹľŃĿĳ

ľļĺĳ ĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kinoshita T, Ishikawa Y, Arita M, 

Akishima-Fukasawa Y, Fujita K, 

Inomata N, Suzuki T, Namiki A, 

Mikami T, Ikeda T, Yamazaki J, 

Ishii T, Akasaka Y 

 Antifibrotic response of cardiac fibroblasts in hypertensive hearts 

through enhanced TIMP-1 expression by basic fibroblast growth factor 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ňŗŧŚşťūŗŨřŪŢŗŧĳőŗũŞťŢťŝŭĳ ĳ ĳ �ĳ ľĿĳ ľļĽŀ Zĳ ŅľĳĹĽļļĳ

ľĽĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Fujino T, Takahashi A, Kuwahara 

T, Takahashi Y, Okubo K, 

Takigawa M, Ikeda T 

Assessment of Clinical Factors Associated with a Successful Catheter 

Ablation Outcome in Younger Patients with Atrial Fibrillation.   

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŏĳňŗŧŚşťŢĳ ĳ ĳ �ĳ łĿĳ ľļĽŀ Zĳ ŀĿńĳĹŀŀĿĳ

ľľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Yamashita T, Watanabe E, Ikeda 

T, Shiga T, Kusano K, Takahashi 

N, Takahashi T, Nozaki A, Kasao 

M, Fukatsu T, Kawamura Y, 

Komatsu T, Matsumoto N, 

Arakawa T, Sugiura A, Iwao T, 

Ooie T 

Observational study of the effects of dabigatran on gastrointestinal 

symptoms in patients with non-valvular atrial fibrillation. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŏťŪŧŤŗŢĳťŜĳŇŧŧŞŭũŞţşŗĳ ĳ ĳ �ĳ Ŀļĳ ľļĽŀ Zĳ ŀŃńĳĹŀńŀĳ

ľĿĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Fujino T, Takahashi A, Kuwahara 

T, Takahashi Y, Okubo K, 

Takigawa M, Ikeda T 

Assessment of clinical factors associated with a successful catheter 

ablation outcome in younger patients with atrial fibrillation. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

� ŏťŪŧŤŗŢĳťŜĳňŗŧŚşťŢťŝŭĳ ĳ ĳ �ĳ łĿĳ ľļĽŀ Zĳ ŀĿńĳĹŀŀĿĳ

ľŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ
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Iga A, Wagatsuma K, Yamazaki J, 

Ikeda T 

Transradial versus transfemoral coronary intervention for acute 

myocardial infarction complicated by cardiogenic shock: Is transradial 

coronary intervention suitable for emergency PCI in high-risk acute 

myocardial infarction? 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

 Journal of Invasive Cardiology ĳ ĳ �ĳ ľłĳ ľļĽŀ Zĳ ĽŅłĳĹľļľĳ

ľŁĺĳ ĳ ĳ

÷ê6ĳ ĉz�Įĳ

Ogawa S, Ikeda T, Kitazono T, 

Nakagawara J, Minematsu K, 

Miyamoto S, Murakawa Y, Iekushi 

K, Yamanaka S, Yamada T, 

Inuyama Y 

Present profiles of novel anticoagulant use in Japanese patients with 

atrial fibrillation: Insights from the rivaroxaban post- marketing 

surveillance registry. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŏťŪŧŤŗŢĳťŜĳœũŧťšśĳŗŤŚĳňśŧśŘŧťūŗŨřŪŢŗŧĳ

ŉşŨśŗŨśŨĳ
ĳ ĳ �ĳ ľĿĳ ľļĽŀ Zĳ ľŁľļĳĹľŁľłĳ

ľłĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kuwahara T, Takahashi A, 

Takahashi Y, Okubo K, Takagi K, 

Fujino T, Kusa S, Takigawa M, 

Watari Y, Yamao K, Nakashima E, 

Kawaguchi N, Hikita H, Sato A, 

Aonuma K. 

Incidences of esophageal injury during esophageal temperature 

monitoring: a comparative study of a multi-thermocouple 

temperature probe and a deflectable temperature probe in atrial 

fibrillation ablation. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŏťŪŧŤŗŢĳťŜĳşŤũśŧūśŤũşťŤŗŢĳřŗŧŚşŗřĳ

śŢśřũŧťŦŞŭŨşťŢťŝŭņĳŗŤĳşŤũśŧŤŗũşťŤŗŢĳ

ŠťŪŧŤŗŢĳťŜĳŗŧŧŞŭũŞţşŗŨĳŗŤŚĳŦŗřşŤŝĳ

ĳ ĳ �ĳ ĿŅĳ ľļĽŀ Zĳ ľŁĽĳĹľŁŃĳ

ľŃĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Watanabe I, Koizumi M, Tatebe J, 

Ikeda T, Morita T 

Vascular Senescencein Chronic kidney Disease; Association of Aryl 

Hydrocarbon Receptor Activated by Indoxyl Sulfate. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

ŒśřśŦũťŧŨĳĴĳňŢşŤşřŗŢĳŎŤūśŨũşŝŗũşťŤĳ ĳ ĳ �ĳ Ľĳ ľļĽŀ Zĳ ľŁńĳĹľłĿĳ

ľńĺĳ

÷ê6ĳ ĉz�Įĳ

Hoshida K, Miwa Y, Miyakoshi M, 

Tsukada T, Yusu S, Yoshino H, Ikeda Tĳ

Independent and complementary utility of ambulatory 

electrocardiogram-based T-wave alternans and heart rate 

turbulence for predicting major cardiac events in patients after 

myocardial infarction. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circulation Journal� ĳ ĳ �ĳ ŃŃĳ ľļĽĿ Zĳ Ľļńłĳ

ĳ ĳ ĳ ľłĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Hoshida K, Miwa Y, Miyakoshi M, 

Tsukada T, Yusu S, Yoshino H, Ikeda Tĳ

Simultaneous assessment of T-wave alternans and heart rate 

turbulence using Holter electrocardiograms as predictors for 

serious cardiac events in patients after myocardial infarction. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circulation Journal� ĳ ĳ �ĳ ŃŃĳ ľļĽĿ Zĳ ŀĿľĳĹŀĿńĳ

ľŃĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Hoshida K, Miwa Y, Miyakoshi M, T-wave alternans and heart rate 
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Tsukada T, Yusu S, Yoshino H, Ikeda Tĳ turbulence in patients after myocardial nnfarction.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circulation Journal� ĳ ĳ �ĳ ŃŃĳ ľļĽĿ Zĳ ńĿļĳ

ĳ ĳ ĳ ľńĺĳ

÷ê6ĳ ĉz�Įĳ

Nagai R, Kinugawa K, Inoue H, Atarashi 

H, Seino Y, Yamashita T, Shimizu W, 

Aiba T, Kitakaze M, Sakamoto A, Ikeda 

T, Imai Y, Daimon T, Fujino K, Nagano 

T, Okamura T, Hori M 

Urgent management of rapid heart rate in patients with atrial 

fibrillation/flutter and left ventricular dysfunction: Comparison of 

the ultra-short-acting β1-selective blocker landiolol with digoxin 

(J-Land study). 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circulation Journal� ĳ ĳ �ĳ ŃŃĳ ľļĽĿ Zĳ ŅļńĳĹŅĽłĳ

ĳ ĳ ľŅĺĳ

÷ê6ĳ ĉz�Įĳ

鈴木健也, 池田隆徳ĳ 頻脈性心室不整脈ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

レジデントノート� ĳ ĳ �ĳ łĳ ľļĽĿ Zĳ łŁĳĹŃĿĳ

Ŀļǈĳ

÷ê6ĳ ĉz�Įĳ

原田 昌彦, 煙草敏, 藤井悠一郎, 原文

彦, 池田隆徳, 山�純一ĳ

高血圧治療患者におけるオルメサルタンの左室拡張能改善効果；Color 

Kinesis法による検討 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

循環器内科� ĳ ĳ �ĳ ŃĿĳ ľļĽĿ Zĳ ľĿŀĳĹľŀļĳ

ĳ ĳ ĿĽĺ 
÷ê6ĳ ĉz�Įĳ

小林建三郎、阿部敦子、湯澤ひとみ、佐

藤秀之、藤野紀之、福永俊二、岡野喜史、

山�純一、池田隆徳 

心室性心室性不整脈患者における心室 late potentials の長期再現性と

経年変化に関する検討.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心臓� ĳ ĳ �ĳ ŀŁĳ ľļĽĿ Zĳ ńĹĽĽĳ

ĳ ĳ ĳ Ŀľĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Ikeda T, Yusu S, Yokoyama Y, on behalf 

of the J-TWAICD investigatorsĳ

Various patterns of intracardiac electrogram T-wave alternans 

prior to ventricular tachyarrhythmias in implantable cardioverter 

defibrillator patients. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Heart rhythm� ĳ ĳ �ĳ Ņĳ ľļĽľ Zĳ ĽļĿĿĳĹĽļĿŃĳ

ĿĿĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Merchant, FM, Ikeda T, Pedretti RFE, 

Salerno-Uriarte JA, Chow T, Chan PS, 

Bartone C, Hohnloser SH, Cohen RJ, 

Armoundas AA 

Clinical utility of microvolt T-wave alternans testing in Identifying 

patients at high or low risk of sudden cardiac death. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Heart rhythm� ĳ ĳ �ĳ Ņĳ ľļĽľ Zĳ ĽľŁłĳĹĽľłŀĳ

ĳ ĳ Ŀŀĺĳ ĳ

÷ê6ĳ ĉz�Įĳ

Kobayashi K, Ikeda Tĳ
Irregular wide QRS complex tachycardia without structural heart 

disease. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ
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Journal of Arrhythmia ĳ ĳ �ĳ ľńĳ ľļĽľ Zĳ ĿļŃĳĹĿļŅĳ

ĿŁĺĳ

÷ê6ĳ ĉz�Įĳ

Verrier, RL, Klingenheben T, Malik M, 

El-Sherif N, Exner DV, Hohnloser SH, 

Ikeda T, Martinez JP, Narayan SM, 

Nieminen T, Rosenbaum DS 

Microvolt T-wave alternans testing has a role in arrhythmia risk 

stratification. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of the American College of 

Cardiology�
ĳ ĳ �ĳ ŁŅĳ ľļĽľ Zĳ ĽŁŃľĳĹĽŁŃĿĳ

ĳ ĳ ĳ Ŀłĺĳ

÷ê6ĳ ĉz�Įĳ

Kinoshita T, Fujimoto S, Ishikawa Y, 

Yuzawa H, Fukunaga S, Toda M, 

Wagatsuma K, Akasaka Y, IshiiT, Ikeda 

T 

Coronary arterial complications after percutaneous coronary 

intervention in Behcet's disease. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Reseach Reports in Clinical Cardiology� ĳ ĳ �ĳ ŀĳ ľļĽľ Zĳ ŅĳĹĽľĳ

ĳ ĳ ĳ ĿŃĺĳ

÷ê6ĳ ĉz�Įĳ

Ashihara T, Haraguchi R, Nakazawa K, 

Namba T, Ikeda T, Nakazawa Y, Ozawa 

T, Ito M, Horie M, Trayanova NAĳ

The role of fibroblasts in complex fractionated electrograms 

during persistent/permanent atrial fibrillation: implications for 

electrogram-based cather ablation.
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circ Resʴ� ĳ ĳ �ĳ ĽĽļĳ ľļĽľ Zĳ ľŃŁĹľńŀĳ

ĳ ĳ ĳ Ŀńĺĳ

÷ê6ĳ ĉz�Įĳ

Shizuta S, Ando K, Nobuyoshi M, Ikeda 

T, Yoshino H, Hiramatsu S, Kazatani Y, 

Yamashiro K, Okajima K, Kajiya T, 

Kobayashi Y, Kato T, Fujii S, Mitsudo K, 

Inoue K, Ito H, Haruna Y, Doi T, Nishio 

Y, Ozasa N, Nishiyama K, Kita T, 

Morimoto T, Kimura T, For the 

PREVENT-SCD Investigatorsĳ

Prognostic utility of T-wave alternans in a real-world population 

of patients with left ventricular dysfunction: the PREVENT-SCD 

study.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Clin Res Cardiolʴ� ĳ ĳ �ĳ ĽļĽĳ ľļĽľ Zĳ ńŅĹŅŅĳ

ĿŅĺĳ

÷ê6ĳ ĉz�Įĳ

Shizuta S, Ando K, Nobuyoshi M, 

Ikeda T, Yoshino H, Hiramatsu S, 

Kazatani Y, Yamashiro K, Okajima 

K, Kajiya T, Kobayashi Y, Kato T, 

Fujii S, Mitsudo K, Inoue K, Ito H, 

Haruna Y, Doi T, Nishio Y, Ozasa 

N, Nishiyama K, Kita T, Morimoto 

T, Kimura T, For the 

PREVENT-SCD 

Investigatorsĳ

Prognostic utility of T-wave alternans in a real-world population of 

patients with left ventricular dysfunction: the PREVENT-SCD study.ʴĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ
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Clin Res Cardiol� ĳ ĳ �ĳ ĽļĽĳ ľļĽľ Zĳ ńŅĹŅŅĳ

ŀļĺĳ

÷ê6ĳ ĉz�Įĳ

Yusu S, Mera H, Hoshida K, Miyakoshi 

M, Miwa Y, Tsukada T, Yoshino H, Ikeda 

Tĳ

Selective site pacing from the right ventricular mid-septum: 

Follow up of lead performance and procedure technique.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Int Heart J� ĳ ĳ �ĳ ŁĿĳ ľļĽľ Zĳ ĽĽĿĹĽĽłĳ

ŀĽĺĳ

÷ê6ĳ ĉz�Įĳ

Miwa Y, Yoshino H, Hoshida K, 

Miyakoshi M, Tsukada T, Yusu S, Ikeda 

Tĳ

Risk stratification for serious arrhythmic events using 

nonsustained ventricular tachycardia and heart rate turbulence 

detected by 24-hour Holter electrocardiograms in patients with 

left ventricular dysfunction. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Annals of noninvasive 

electrocardiology�
ĳ ĳ �ĳ ĽŃĳ ľļĽľ Zĳ ĽĳĹńĳ

ĳ ĳ ĳ ĳ ŀľĺĳ

÷ê6ĳ ĉz�Įĳ

Abe A, Kobayashi K, Yuzawa H, Sato 

H, Fukunaga S, Fujino T, Okano Y, 

Yamazaki J, Miwa Y, Yoshino 

H, Ikeda Tĳ

Comparison of late potentials for 24 hours between Brugada 

syndrome and arrhythmogenic right ventricular cardiomyopathy using 

a novel signal-averaging system based on Holter ECG. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circ Arrhythm Electrophysiol ĳ ĳ �ĳ Łĳ ľļĽľ Zĳ - -)

ĳ ĳ ĳ ĳ ŀĿĺĳ

÷ê6ĳ ĉz�Įĳ

福永俊二、岡野喜史、湯澤ひとみ、佐藤

秀之、藤野紀之、小林建三郎、山�純一、

池田隆徳ĳ

血行動態の破綻をきたす先天性心疾患術後の心房頻拍stormに対して

静注用β1遮断薬ランジオロールが奏功した1例. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心臓� ĳ ĳ �ĳ ŀŀĳ ľļĽľ Zĳ 203 -209ĳ
ĳ ĳ ĳ ĳ ŀŀĺĳ

÷ê6ĳ ĉz�Įĳ

池田隆徳ĳ 心房細動治療におけるβ遮断薬の魅力：レート＆リズムコントロール.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心電図� ĳ ĳ «ĳ Ŀľĳ ľļĽľ Zĳ 199 -201ĳ
ŀŁĺĳ

÷ê6ĳ ĉz�Įĳ

池田隆徳、阿部敦子、三輪陽介、星田京

子ĳ
J 波を有する特発性心室細動患者のリスク評価と薬物効果ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心電図� ĳ ĳ «ĳ Ŀľĳ ľļĽľ Zĳ 305 -310ĳ
ĳ ĳ ĳ ŀłĺĳ

÷ê6ĳ ĉz�Įĳ

Verrier, RL, Klingenheben T, Malik M, 

El-Sherif N, Exner DV, Hohnloser SH, 

Ikeda T, Martˏnez JP, Narayan SM, 

Nieminen T, Rosenbaum DSĳ

Microvolt T-wave alternans: Physiologic basis, methods of 

measurement, and clinical utility: Consensus statement by the 

International Society for Holter and Noninvasive 

Electrocardiology.ʴĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

J Am Coll Cardiol� ĳ ĳ �ĳ Łńĳ ľļĽĽ Zĳ 1309-1324ĳ
ĳ ĳ ĳ ŀŃĺĳ
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÷ê6ĳ ĉz�Įĳ

Miwa Y, Miyakoshi M, Hoshida K, 

Yanagisawa R, Abe A, Tsukada T, 

Ishiguro H, Mera H, Yusu S, 

Yoshino H, Ikeda Tĳ

Heart rate turbulence can predict cardiac mortality following myocardial 

infarction in patients with diabetes mellitus.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

J Cardiovasc Electrophysiolʴ� ĳ ĳ �ĳ ľľĳ ľļĽĽ Zĳ 1135-1140ĳ

ĳ ĳ ĳ ŀńĺĳ

÷ê6ĳ ĉz�Įĳ

Ikeda T, Miwa Y, Abe A, Nakazawa Kĳ
Usefulness of heart rate turbulence for predicting cardiac 

events in patients with nonischemic dilated cardiomyopathy.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

J Electrocardiolʴ� ĳ ĳ �ĳ ŀŀĳ ľļĽĽ Zĳ -

ʴ ʴ ʴ ʽˁʴ

÷ê6ĳ ĉz�Įĳ

Haraguchi R, Ashihara T, Namba T, 

Tsumoto K, Murakami S, Kurachi Y, 

Ikeda T, Nakazawa Kĳ

Transmural dispersion of repolarization determines scroll wave 

behaivior during ventricular tachyarrhythmias: A simulation 

study.ʴĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Circ J� ĳ ĳ �ĳ ŃŁĳ ľļĽĽ Zĳ

ʴ

- gi R 
Ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Katagi J, Nakamura Y, Cao X, 

Ohara H, Honda A, 

Izumi-Nakaseko H, Ando K, 

Sugiyama A 

Why can dl-sotalol prolong the QT interval in vivo despite its weak 

inhibitory effect on hERG K+ channels in vitro? Electrophysiological 

and pharmacokinetic analysis with the halothane-Anesthetized 

guinea pig model. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Cardiovascular Toxicology   有 	 ã (

ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Honda  A, Nakamura Y, Ohara H, 

Cao X, Nomura H, Katagi J, Wada 

T, Izumi-Nakaseko H, Ando K, 

Sugiyama A 

Effects of a prostagrandin EP4-receptor agonist ONO-AE1-329 on 

the left ventricular pressure-volume relationship in the halothane- 

anesthetized dogs. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

European journal of 

pharmacology 
ĳ ĳ �ĳ ) ã

Ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Wada T, Nakamura Y, Cao X, 

Ohara H, Izumi-Nakaseko H, Ando 

K, Nakazato Y, Sugiyama A 

Antiviral drug vidarabine possessing cardiac type 5 adenylyl cyclase 

inhibitory property did not affect cardiohemodynamic or 

electrophysiological variables in the halothane-anesthetized dogs. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

J The Journal of Toxicological 

Sciences 
ĳ ĳ �ĳ ( 	 ã )

ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

杉山篤, 中村裕二, 曹新, 和田剛, 中瀬 イヌ、サルおよびブタの房室ブロックモデルを用いた薬物の心臓安全
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古（泉）寛子, 安東賢太郎 性評価. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心電図 ĳ ĳ �ĳ 4 9	 ã -( -

Łĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

安東賢太郎,中村裕二, 曹新, 小原浩,中瀬

古（泉）寛子, 杉山篤 

覚醒下にあるイヌの自律神経機能評価におけるヒト用検査装置の応用

性に関する検討. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

動物の循環器 ĳ ĳ �ĳ ( 	 )ã )

łĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

安東賢太郎, 小原浩, 中村裕二, 曹新, 中

瀬古（泉）寛子, 杉山篤 

ヒト用呼吸バックでの用手的換気が原因で緊張性気胸を発症したマ

イクロミニピッグの1例. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

動物の循環器 ĳ ĳ �ĳ ( 9	 )ã )

Ńĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

安東賢太郎,中村裕二, 曹新, 小原浩, 中

瀬古（泉）寛子, 杉山篤 

ヒト用呼吸バックでの用手的換気が原因で緊張性気胸を発症したマ

イクロミニピッグの1例. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

動物の循環器 ĳ ĳ �ĳ ( 9	 )ã -

ńĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Cao X, Lu S, Ohara H, Nakamura Y, 

Izumi-Nakaseko H, Ando K, 

Bingmei Zhu B, Xu B, Sugiyama A 

Beneficial and adverse effects of electro-acupuncture assessed in 

the canine chronic atrio-ventricular block model having severe 

hypertension and chronic heart failure. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Acupuncture & 

Electro-Therapeutics Research 
ĳ ĳ �ĳ ( 	 )ã --

Ņĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Watanabe Y, Nakamura Y, Cao X, 

Ohara H, Yamazaki Y, Murayama 

N, Sugiyama Y, Izumi-Nakaseko H, 

Ando K, Yamazaki H, Sugiyama A 

Intravenous administration of apomorphine does not induce long QT 

syndrome: experimental evidence from In vivo canine models. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Basic & clinical pharmacology & 

toxicology 
ĳ ĳ �ĳ )ã ( ( )

Ľļĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Ohara H, Nakamura Y, Watanabe 

Y, Xin Cao, Yamazaki Y, Nakaseko 

H, Ando K, Yamazaki H, Yamazaki 

J, Ikeda T, Sugiyama A 

Azithromycin can prolong QT interval and suppress ventricular 

contraction, but will not induce torsade de pointes. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Cardiovascular  toxicology ĳ ĳ �ĳ ) 	 )ã (

ĽĽĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Nomura H, Nakamura Y, Cao X, 

Honda A, Katagi J, Ohara H, 

Izumi-Nakaseko H, Satoh Y, Ando 

Cardiohemodynamic and electrophysiological effects of a selective 

EP4 receptor agonist ONO-AE1-329 in the halothane- anesthetized 

dogs. 
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K, Sugiyama A 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

European journal of 

pharmacology 
ĳ ĳ �ĳ )ã )

Ľľĺĳ ĳ ĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Lu S, Cao X, Ohara H, Nakamura Y, 

Izumi-Nakaseko H, Ando K, Liu W, 

Sugiyama A, Zhu B 

*1. Common parameters of acupuncture for the treatment of 

hypertension used in animal models. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Traditional Chinese 

Medicine 
ĳ ĳ �ĳ ) 	 )ã ( (

ĳ

ĽĿĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Matsuo J, Nakamura Y, Izumi 

-Nakaseko H, Ando K, Sekino Y, 

Sugiyama A 

*2. Possible effects of inhibition of IKr and IKs on field-potential 

waveforms in the human iPS cell-derived cardiomyocytes sheet. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of pharmacological 

sciences 
ĳ ĳ �ĳ )ã - -)

Ľŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Yamazaki-Hashimoto Y, 

Nakamura Y, Ohara H, Cao X, 

Kitahara K, Izumi-Nakaseko H, 

Ando K, Yamazaki H, Ikeda T, 

Yamazaki J, Sugiyama A 

Fluvoxamine by itself has potential to directly induce long QT 

syndrome at supra-therapeutic concentrations. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

The Journal of Toxicological 

Sciences 
ĳ ĳ �ĳ ( 	 )ã (

ĽŁĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Izumi-Nakaseko H, Nakamura Y, 

Cao X, Ohara H, Yamazaki Y, Ueda 

N, Ando K, Sugiyama A 

Effects of selective IKr channel blockade by E-4031 on ventricular 

electro-mechanical relationship in the halothane-anesthetized dogs. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

European Journal of 

Pharmacology 
ĳ ĳ �ĳ ( (ã

Ľłĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Okumura S, Fujita T, Cai W, Jin M, 

Namekata I, Mototani Y, Jin H, 

Ohnuki Y, Tsuneoka Y, Kurotani R, 

Suita K, Kawakami Y, Hamaguchi 

S, Abe T, Kiyonari H, Tsunematsu 

T, Bai Y, Suzuki S, Hidaka Y, 

Umemura M, Ichikawa Y, 

Yokoyama U, Sato M, Ishikawa F, 

Izumi-Nakaseko H, 

Adachi-Akahane S, Tanaka H, 

Epac1-dependent phospholamban phosphorylation mediates the 

cardiac response to stresses. 
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Ishikawa Y 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of Clinical Investigation ĳ ĳ �ĳ ( 	 (ã )

ĽŃĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Nakamura Y, Matsuo J, Miyamoto 

N, Ojima A, Ando K, Kanda Y, 

Sawada K, Sugiyama A, Sekino Y 

( Assessment of testing methods for drug-induced repolarization 

delay and arrhythmias in an iPS cell-derived cardiomyocyte sheet: 

multi-site validation study. 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Journal of pharmacological 

sciences 
ĳ ĳ �ĳ ( (	 (ã (-( )

Ľńĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Yagi Y, Nakamura Y, Kitahara K, 

Harada T, Kato K, Ninomiya T, 

Cao X, Ohara H, Izumi-Nakaseko 

H, Suzuki K, Ando K, Sugiyama A 

Analysis of Onset Mechanisms of a Sphingosine 1-Phosphate Receptor 

Modulator Fingolimod-Induced Atrioventricular Conduction Block and 

QT-Interval Prolongation. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Toxicology and applied 

pharmacology 
ĳ ĳ �ĳ (ã - (

ĳ ĳ ľļĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

中瀬古（泉）寛子, 中村裕二, 曹新,小原浩, 

安東賢太郎, 杉山篤 
超小型ミニブタの開発経緯と病態モデル・評価系として の応用例. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

心血管薬物療法 ĳ ĳ �ĳ 	 (ã ( (

÷ê6ĳ  êĳ

杉山 篤ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

不整脈に対する薬理作用. 不整脈概論ĳ ľļĽĿ Zĳ Łĳ

ľľĺĳ

÷ê6ĳ  êĳ

杉山 篤ĳ 厚生労働省ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

*4 ĺĳヒト由来幹細胞の安全性薬理試験への応用可能性のための調査研究 ー

ポストQTとしてNa+チャンネル抑制作用ー ヒト由来幹心筋の安全性薬理実

験のプロトコールの提案. 医薬品・医療機器等レギュラトリーサイエンス総合

研究事業平成23年度総括研究報告書 

ľļĽľ Zĳ Łĳ

ľĿĺĳ

÷ê6ĳ  êĳ

杉山 篤ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

Torsades de pointes（Tdp）のモデル. 不整脈学ĳ ľļĽľ Zĳ Łĳ

ľŀĺĳ

÷ê6ĳ  êĳ

杉山 篤ĳ 厚生労働省 

�6ĳ ÃüZĳ åƵǃƥxĳ
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*5. ヒト由来幹細胞の安全性薬理試験への応用可能性のための調査研究：ヒ

ト由来幹心筋の安全性薬理実験のプロトコールの提案. 医薬品・医療機器等レ

ギュラトリーサイエンス総合研究事業平成22年度総括研究報告書 

ľļĽĽ Zĳ Ŀĳ

. 超小型ミニブタ iPS 細胞移植による慢性心不全の治療法創生R 

Ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Hirata H, Hinoda Y, Shahryari V, Deng 

G, Nakajima K, Tabatabai ZL, Ishii N, 

Dahiya R 

Long Noncoding RNA MALAT1 Promotes Aggressive Renal Cell 

Carcinoma through Ezh2 and Interacts with miR-205. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Cancer research ĳ ĳ �ĳ )̯ ̰ )ã

ľĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Shimizu T, Shinohara M, Tai T, 

Nagao K, Nakajima K, Kobayashi 

H 

*1. Derivasion of integration-free iPSCs from a Klinefelter syndrome 

patient. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Reproductive Medicine and 

Biology 
ĳ ĳ �ĳ ) )ã ) (

Ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Taniguchi H, Iwamoto T, Ichikawa T, 

Nagai A, Okada H, Fujisawa M, 

Tsujimura A, Shiraishi K, Hibi H, Nagao 

K, Iwasaki A, Kamba T, Tomomasa H, 

Takada S,  Matsuda T 

Contemporary outcomes of seminal tract re-anastomoses for 

obstructive azoospermia: A nationwide Japanese survey. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

International Journal of Urology ĳ ĳ �ĳ ̯ ̰ )ã

ŀĺĳ ĳ ĳ
÷ê6ĳ ĉz�Įĳ

Kobayashi H, Tai T, Nagao K, Nakajima 

K 
*2. ĳThe Minipig - A New Tool in Stem Cell Research. 

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Pluripotent Stem Cell Biology ĳ ĳ �ĳ (ã - -

ʾʸʴ

÷ê6ĳ ĉz�Įĳ

Kobayashi H, Nagao K, Nakajima Kĳ
*3.Therapeutic advances in the field of male infertility: Stem cell 

research 
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Advances Studies in Medical Sciences� ĳ ĳ �ĳ Ľĳ ľļĽĿĳ 39 -54ĳ

łĺĳ

÷ê6ĳ ĉz�Įĳ

Kobayashi H, Nagao K, Nakajima Kĳ Genetic factors of male infertility.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Infertility� ĳ ĳ �ĳ ĳ ľļĽĿ Zĳ 95 -106ĳ

Ńĺĳ
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÷ê6ĳ ĉz�Įĳ

Kobayashi H, Nagao K, Nakajima Kĳ Focus Issue on Male Infertility. ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Advances in Urology� ĳ ĳ �ĳ 2012 ĳ 2011Zĳ 1-6ĳ
ĳ ĳ ĳ ĳ ńĺĳ

÷ê6ĳ ĉz�Įĳ

Utsumi T, Ueda T, Fukasawa S, Komaru 

A, Kobayashi M, Sazuka T, Suyama T, 

Kawamura K, Imamoto T, Nihei N, 

Suzuki H, Ichikawa Tĳ

External validation of a pre-operative prognostic nomogram for 

renal cell carcinoma in two patient populations: A retrospective 

cohort study.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Japanese Journal of Clinical Oncology� ĳ ĳ �ĳ 41 ĳ 2011Zĳ 1147-1151ĳ

ĳ ĳ ĳ ĳ Ņĺĳ

÷ê6ĳ ĉz�Įĳ

Hu J, Nagao K, Tai T, Ozaki Y, 

Kobayashi H, Nakajima Kĳ
Experiences in treating idiopathic scrotal drooping.ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Jpn J Sex Med� ĳ ĳ �ĳ 26 ĳ 2011Zĳ 261-267ĳ
ĳ ĳ ĳ Ľļĺĳ

÷ê6ĳ ĉz�Įĳ

Kobayashi H, Nagao K, Nakajima Kĳ *4. ĳStem cell research for male infertility. ĳ

ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

Reproductive Medicine and Biology� ĳ ĳ �ĳ 10 ĳ 2011Zĳ 171-174ĳ
ĳ ĳ ĳ ĳ ĽĽĺĳ

÷ê6ĳ ĉz�Įĳ

永尾光一, 小林秀行, 田井俊宏, 尾崎由美ĳ 陰茎彎曲症とペロニー病の治療 保存的治療と観血的治療.ĳ
ĩć6ĳ ƿƱƙƽǃ�«ĳ Vĳ ÃüZĳ Ƶǃƥĳ

臨泌� ĳ ĳ �ĳ 65 ĳ 2011Zĳ 409-415ĳ

ʴ

̿�Ń̀ʴ

ĳ

 8/90 gi 9 a R

ĳ ĳ Ľĺĳ
÷ê6ĳ  êĳ

内藤 拓ĳ 日本臨床社ĳ
�6ĳ ÃüZĳ åƵǃƥxĳ

Ikarosファミリータンパクと白血病：ゲノムワイド解析から分子標的へ: 分子

標的薬がんから他疾患までの治癒をめざして 
ľļĽľ Zĳ 4 

 Yil m rn R

ĳ ĳ Ľĺĳ
÷ê6ĳ  êĳ

川合眞一，尾崎承一 監訳： 川合眞一，

尾崎承一［監訳］ĳ
メディカル・サイエンス・インターナショナルĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

Part15. 関節および隣接組織の疾患. ハリソン内科学 第4版（原著第18版） ľļĽĿ Zĳ 184 

ĳ ĳ ĳ ľĺĳ ĳ

÷ê6ĳ  êĳ
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川合眞一ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

8. 免疫抑制薬 9. 副腎皮質ステロイド 10. 鎮痛薬（非ステロイド抗炎症薬

など） 11. 抗リウマチ薬（DMARDs）. 今日の治療薬 解説と便覧 2013 
ľļĽĿ Zĳ 4 

ĳ ĳ ĳ Ŀĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

関節リウマチ. 反応性関節炎. 疾患・症状別 今日の治療と看護（改訂第 3 版）ĳ ľļĽĿ Zĳ 2 

ĳ ĳ ĳ ŀĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 文光堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

抗体医薬. 基本薬の選び方と使い方のコツĳ ľļĽĿ Zĳ 3 

ĳ ĳ ĳ Łĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 新興医学出版社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

3 ステロイドの種類. ポケットサイズのステロイド診療マニュアルĳ ľļĽĿ Zĳ 7 

ĳ ĳ ĳ łĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 診断と治療社 

�6ĳ ÃüZĳ åƵǃƥxĳ

膠原病・リウマチ疾患治療薬の効果と副作用. EXPERT 膠原病・リウマチ」(改

訂第 3 版)ĳ
ľļĽĿ Zĳ 7 

ĳ ĳ ĳ Ńĺĳ ĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

診療ガイドライン．18. 関節リウマチの診療マニュアル 診断のマニュアルと

EBMに基づく治療ガイドライン（2004）. 今日の治療指針2013年版 
ľļĽĿ Zĳ 5 

ĳ ĳ ĳ ńĺĳ ĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

膠原病および類縁疾患. ベーチェット病（内科）. 今日の治療指針 2013 年

版ĳ
ľļĽĿ Zĳ 3 

ĳ ĳ ĳ Ņĺĳ ĳ

÷ê6ĳ  êĳ

川合眞一ĳ メジカルレビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

Ⅲ. くすりで痛みをコントロールする 3 NSAIDs外用剤はどのように使用す

ればよいですか？. 運動器の痛みをとる・やわらげる−現場で使えるペインコ

ントロール− 

ľļĽľ Zĳ 3 
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ĳ ĳ ĳ Ľļĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ メジカルレビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

Ⅲくすりで痛みをコントロールする 4 NSAIDsの薬物相互作用について教え

てください. 運動器の痛みをとる・やわらげる−現場で使えるペインコントロ

ール− 

ľļĽľ Zĳ 3 

ĳ ĳ ĳ ĽĽĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医薬ジャーナル社 

�6ĳ ÃüZĳ åƵǃƥxĳ

ステロイド内用剤とは？. 正しいステロイド剤の使い方 1. 内用剤編 改訂

3 版ĳ
ľļĽľ Zĳ 4 

ĳ ĳ ĳ Ľľĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医薬ジャーナル社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

6. 生物学的製剤の効果判定はどのように行うか？〜薬効評価〜. 正しい生物

学的製剤の使い方 関節リウマチ（改訂版） 
ľļĽľ Zĳ 9 

ĳ ĳ ĳ ĽĿĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 西村書店ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

関節リウマチ. 内科学ĳ ľļĽľ Zĳ 7 

ĳ ĳ ĳ Ľŀĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 総合医学社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

鎮痛薬の使用指針. 運動器診療 最新ガイドラインĳ ľļĽľ Zĳ 5 

*

÷ê6ĳ  êĳ

川合眞一ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

診療ガイドライン．18. 関節リウマチの診療マニュアル 診断のマニュアルと

EBMに基づく治療ガイドライン（2004）. 今日の治療指針2012年版 
ľļĽľ Zĳ 5 

Ľłĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

膠原病および類縁疾患. ステロイドの副作用と対策. 今日の治療指針 2012 年

版ĳ
ľļĽľ Zĳ 2 

ĳ ĳ ĳ ĽŃĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 南江堂ĳ
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�6ĳ ÃüZĳ åƵǃƥxĳ

8.免疫抑制薬 9.副腎皮質ステロイド 10.非ステロイド抗炎症薬，鎮痛・解

熱薬，総合感冒薬 11.抗リウマチ薬. 今日の治療薬 解説と便覧 2012 
ľļĽľ Zĳ 4 

Ľńĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医歯薬出版株式会社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

低分子DMARD中止は可能か. 別冊・医学のあゆみ：関節リウマチ−“治癒をめ

ざす”最新治療コンセンサス 
ľļĽĽ Zĳ 5 

ĽŅĺĳ

÷ê6ĳ  êĳ

Kusunoki N, Kitahara K, Kawai Sĳ CRCĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

Adiponectin enhances inflammation in rheumatoid synovial fibroblasts 

and chondrocytes. Adipokines
ľļĽĽ Zĳ 13 

ĳ ĳ ĳ ľļĺĳ

÷ê6ĳ  êĳ

川合眞一ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

抗炎症薬・抗リウマチ薬. 臨床薬理学（第 3 版）ĳ ľļĽĽ Zĳ 5 

( Yi R

ĳ ĳ Ľĺĳ
÷ê6ĳ  êĳ

池田隆徳ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

検査総論：遅延電位、T 波交互現象. 今日の循環器疾患治療指針ĳ ľļĽĿ Zĳ ŀĳ

ľĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 医学書院ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

検査総論：自律神経機能検査／指標. 今日の循環器疾患治療指針ĳ ľļĽĿ Zĳ ŀĳ

Ŀĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

検査編：加算平均心電図・T wave alternnans. 不整脈概論：専門医になるた

めのエッセンシャルブックĳ
ľļĽĿ Zĳ ńĳ

ŀĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

治療編：抗不整脈薬（チャネル・受容体遮断薬）. 不整脈概論：専門医になる

ためのエッセンシャルブックĳ
ľļĽĿ Zĳ ńĳ
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ĳ ĳ ĳ Łĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

不整脈概論：専門医になるためのエッセンシャルブックĳ ľļĽĿ Zĳ Ľĳ

ĳ ĳ ĳ łĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 診断と治療社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

神経内科的な訴え：失神. 診断と治療：主訴から診断ĳ ľļĽĿ Zĳ łĳ

Ńĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 中外医学社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

心電図スマートブックĳ ľļĽĿ Zĳ ľńľĳ

ńĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

これでわかる心房細動の診かたと治療—内科医のためのガイドラインに即し

た手びき：改訂第 2 版ĳ
ľļĽĿ Zĳ ĽŀŁĳ

Ņĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

特発性心室頻拍と遺伝性の致死性心室頻拍：遺伝子疾患としての Brugada 症

候群. 不整脈学ĳ
ľļĽĿ Zĳ Ŀĳ

ĳ ĳ ĳ Ľļĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 羊土社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

疾患編：発作性心房細動. 改訂版：循環器治療薬の選び方・使い方ĳ ľļĽĿ Zĳ Ńĳ

ĽĽĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 羊土社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

疾患編：慢性心房細動のレートコントロール. 改訂版：循環器治療薬の選び

方・使い方ĳ
ľļĽĿ Zĳ ŀĳ

Ľľĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 羊土社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ
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改訂版：循環器治療薬の選び方・使い方ĳ ľļĽĿ Zĳ Ľĳ

ĽĿĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 羊土社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

薬剤編：抗不整脈薬（Na チャネル遮断薬）. 改訂版：循環器治療薬の選び方・

使い方ĳ
ľļĽĿ Zĳ Łĳ

Ľŀĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 羊土社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

薬剤編：抗不整脈薬（K チャネル遮断薬）. 改訂版：循環器治療薬の選び方・

使い方ĳ
ľļĽĿ Zĳ Łĳ

ĽŁĺĳ

÷ê6ĳ  êĳ

久武真二, 池田隆徳ĳ MEDICAL VIEW社 

�6ĳ ÃüZĳ åƵǃƥxĳ

強心薬・カテコラミン・hANP・PDEIII 阻害薬. 循環器治療薬ベストチョイスĳ ľļĽľ Zĳ Ľńĳ

ĳ ĳ ĳ Ľłĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

連携して痛みをコントロールする：循環器疾患を見逃さないコツはなんです

か？. 運動器の痛みをとる・やわらげる 
ľļĽľ Zĳ Ŀĳ

ĳ ĳ ĳ ĽŃĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 医学出版ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

心電図検査の基本：心電図の原理. 臨床医のための心電図レッスンĳ ľļĽľ Zĳ łĳ

Ľńĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 医学出版ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

臨床医のための心電図レッスンĳ ľļĽľ Zĳ Ľĳ

ĽŅĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

特発性心室頻拍と遺伝性の致死性心室頻拍：Brugada 症候群の診断と治療. 不

整脈学ĳ
ľļĽľ Zĳ ŀĳ

  ʻʹʸʴ
÷ê6ĳ  êĳ

池田隆徳ĳ 医学書院ĳ
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�6ĳ ÃüZĳ åƵǃƥxĳ

循環器薬：Ⅰ群抗不整脈薬. medicina 増刊号：いま、内科薬はこう使うĳ ľļĽľ Zĳ Ŀĳ

ĳ ĳ ĳ ľĽĺĳ

÷ê6ĳ  êĳ

小林建三郎, 池田隆徳ĳ 文光堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

突然死のハイリスク症例をいかに見つけ出すか. Medical Practiceĳ ľļĽľ Zĳ łĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 中外医学社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

早期再分極症候群（J 波症候群）とは何か？どのように対処すべきか？.ʴ ＥＢ

Ｍ循環器疾患の治療 2012-2013ʴĳ
ľļĽľ Zĳ Łĳ

ĳ ĳ ĳ ľĿĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メディカ出版ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

序文.ʴ 不整脈のアブレーション・デバイス治療マニュアル：ベーシックからプ

ロフェッショナルスキルまでĳ
ľļĽľ Zĳ Ľĳ

ĳ ĳ ĳ ľŀĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

心室期外収縮.ʴ 循環器疾患最新の治療 2012-2013ĳ ľļĽľ Zĳ Łĳ

ĳ ĳ ĳ ľŁĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

ステップアップのためのベースライン：不整脈の分類と発生メカニズム.ʴ ステ

ップアップのための不整脈診療ガイドブックĳ
ľļĽĽ Zĳ ńĳ

ľłĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

実践！不整脈別診療スキルアップガイド：徐脈性不整脈：房室ブロック.ʴ ステ

ップアップのための不整脈診療ガイドブックʴĳ
ľļĽĽ Zĳ Ľľĳ

ľŃĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

症例の実際：β遮断薬間で違いはありますか？.ʴ ファーマナビゲーターβ遮断

薬編改訂版ĳ
ľļĽĽ Zĳ Łĳ

ĳ ĳ ľńĺĳ

÷ê6ĳ  êĳ
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池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

術中管理：不整脈出現時.ʴ 外科医のための循環器必須知識ĳ ľļĽĽ Zĳ łĳ

ľŅĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

序文.ʴ ステップアップのための不整脈診療ガイドブックĳ ľļĽĽ Zĳ Ľĳ

Ŀļĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

術前にチェックしなければならない循環器疾患：頻脈性不整脈、徐脈性不整脈、

致死性不整脈.ʴ 外科医のための循環器必須知識ĳ
ľļĽĽ Zĳ łĳ

ĿĽĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

各種血栓性疾患の病態に応じた抗血栓療法をいかに考えるか？：不整脈疾

患.ʴ そこが知りたい抗血栓療法ĳ
ľļĽĽ Zĳ ĽŁĳ

Ŀľĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ メディカルレビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

T 波交互現象（T-wave alternans）.ʴ Medical Topics Series 不整脈 2011ĳ ľļĽĽ Zĳ Ľńĳ

ĳ ĳ ĳ ĿĿĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 医歯薬出版ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

非侵襲的検査指標による心事故の予知.ʴ 医学のあゆみ：ここまで進んだ不整脈

研究の最新動向ĳ
ľļĽĽ Zĳ łĳ

Ŀŀĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 医歯薬出版ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

失神.ʴ 症状からアプローチするプライマリケアĳ ľļĽĽ Zĳ Łĳ

ĳ ĳ ĳ ĿŁĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 朝日新聞出版ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

各種血栓性疾患の病態に応じた抗血栓療法をいかに考えるか？：不整脈疾

患.ʴ 新名医の最新治療ĳ
ľļĽĽ Zĳ ĽŁĳ

Ŀłĺĳ



̯Ůï 2̰ 
 

Ɔ�Ƹ| 131061 
̞̪̊̀̄̔Ƹ| ˆʺʺʹʺʹʺʿ 

 
÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

すべてがわかる不整脈診療エッセンスʴĳ ľļĽĽ Zĳ ĽľĿĳ

ĳ ĳ ĳ ĿŃĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

抗不整脈薬服用中の失神—どうする！？.ʴ 不整脈診療のトラブルシューティ

ングĳ
ľļĽĽ Zĳ ŀĳ

Ŀńĺĳ

÷ê6ĳ  êĳ

池田隆徳ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

心房細動の心拍数はどこまで下げる！？.ʴ 不整脈診療のトラブルシューティ

ングĳ
ľļĽĽ Zĳ ŀĳ

ĳ ĳ ĳ

) gi R

÷ê6ĳ  êĳ

杉山 篤ĳ メジカルビュー社ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

不整脈に対する薬理作用. 不整脈概論ĳ ľļĽĿ Zĳ Łĳ

ľĺĳ

÷ê6ĳ  êĳ

杉山 篤ĳ 厚生労働省ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

ķŃĳヒト由来幹細胞の安全性薬理試験への応用可能性のための調査研究 ーポ

ストQTとしてNa+チャンネル抑制作用ー ヒト由来幹心筋の安全性薬理実験

のプロトコールの提案. 医薬品・医療機器等レギュラトリーサイエンス総合研

究事業平成23年度総括研究報告書 

ľļĽľ Zĳ Łĳ

Ŀĺĳ

÷ê6ĳ  êĳ

杉山 篤ĳ 南江堂ĳ

�6ĳ ÃüZĳ åƵǃƥxĳ

Torsades de pointes（Tdp）のモデル. 不整脈学ĳ ľļĽľ Zĳ Łĳ

ŀĺĳ

÷ê6ĳ  êĳ

杉山 篤ĳ 厚生労働省 

�6ĳ ÃüZĳ åƵǃƥxĳ

ヒト由来幹細胞の安全性薬理試験への応用可能性のための調査研究：ヒト由来

幹心筋の安全性薬理実験のプロトコールの提案. 医薬品・医療機器等レギュラ

トリーサイエンス総合研究事業平成22年度総括研究報告書 

ľļĽĽ Zĳ Ŀĳ

ʴ

ʴ
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̿´!ǃɁ̀ʴ

ʴ

�ɍ˔̵̵ʵ̸ʶˮɍɥˤ˧ǑǠĒŗˮÃā˥˸˴˯ˮ˰ʴ ʴ ʷʷʴ ʴ ˻�ˤ˧˕ʴ

ʴ

1. 8/90 gi 9 a Rĳ
Ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okada Y, Ishikawa F, Saito F,  Ogata H, 

Kondo M 

Study of signal molecules and CXCR4 expression related with bone 

metastasis from breast cancer. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 44th Annual Meeting of The Japanese Society for 

Immunology 
Sapporo, Hokkaido ĳ )ã Ņ

ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

MatsuiY, Naito T, Tanaka Y, Kondo M 
Eed affects the differentiation of CD8aa+ TCRab+ intraepithelial 

lymphocytes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 44th Annual Meeting of The Japanese Society for 

Immunology 
Sapporo, Hokkaido ĳ )ã Ņ

Ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Naito T, Tanaka Y, Taniuchi I, Kondo M Role of Eed in TGFb-induced Th subset differentiation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 44th Annual Meeting of The Japanese Society for 

Immunology 
Sapporo, Hokkaido ĳ )ã Ņ

ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Akiba Y, Kuwabara T, Tanaka Y, Naito 

T, Kondo M 

 Nuclear protein SATB1 is required for development of 

experimental autoimmune encephalomyelitis 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 44th Annual Meeting of The Japanese Society for 

Immunology 
Sapporo, Hokkaido ĳ )ã Ņ

Łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Tanaka Y, Inoue A, Kondo M CD4+ effector T cells produce both IFNγ and IL-4. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 44th Annual Meeting of The Japanese Society for 

Immunology 
Sapporo, Hokkaido ĳ )ã Ņ

łĺĳ

Ãþê6ĳ Ãþ�Įĳ

田 中 ゆ り 子 , 桑 原 卓 , 秋 葉 靖 , Terumi 

Kohwi-Shigematsu, 近藤元就 
SATB1 欠損による自己免疫疾患発症機序の解析. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Kyoto T cell Conference 第 25 回学術集会 京都, 日本 ĳ )ã )Ņ

ĳ ĳ Ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okada Y, Ishikawa F, Saito F, Ogata H, 

Kondo M 

Study of signal molecules and CXCR4 expression related with bone 

metastasis from breast cancer. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

43rd Annual Meeting of Japanese Society for Immunology Kyoto ĳ (ã Ņ

ńĺĳ ĳ
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Ãþê6ĳ Ãþ�Įĳ

Kuwabara T, Akiba Y, Tanaka Y, Naito 

T, Kondo M 

( SATB1 is required for development of experimental 

autoimmune encephalomyelitis. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

43rd Annual Meeting of Japanese Society for Immunology Kyoto ĳ (ã Ņ

Ņĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Naito T, Muroi S, Taniuchi I, Kondo M Role of Eed in T-cell lineage decision and maintenance. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

43rd Annual Meeting of Japanese Society for Immunology Kyoto ĳ (ã Ņ

Ľļĺĳ ĳ ĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fujita K, Kuwabara T, Bing W, Tanaka 

K, Akasaka Y, Mikami T 

Difference in radio-sensitivity between CD180-positive and 

-negative splenic B cells. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

43rd Annual Meeting of Japanese Society for Immunology Kyoto ĳ (ã Ņ

ĽĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Tanaka Y, Sotome T, Kuwabra T, Akiba 

Y, Kondo M 

) The function of SATB1 in a mouse model for sogren's 

syndrome. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

43rd Annual Meeting of Japanese Society for Immunology Kyoto ĳ (ã Ņ

Ľľĺĳ

Ãþê6ĳ Ãþ�Įĳ

早乙女壮彦, 渡邊美砂, 正田八州穂, 小峰

由美子, 田中ゆり子, 郭向華, 近藤元就, 

佐地勉 

* SATB1 遺伝子欠損マウスにおける自己免疫疾患の病態解析. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 26 回 日本アレルギー学会春季臨床大会 京都, 日本 ĳ (ã )Ņ

ĳ ĳ ĳ ĽĿĺĳ

Ãþê6ĳ Ãþ�Įĳ

内藤拓, 室井佐和子, 谷内一郎ĳ
細胞系譜特異的な遺伝子サイレンサーの機能は周辺クロマチン環境に

影響されるĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

日本分子生物学会ĳ 福岡市ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   14. 
Ãþê6ĳ Ãþ�Įĳ

有田通恒, 児井稔, 久郷裕之, 近藤元就, 

逸見仁道ĳ
DNA ミスマッチ修復遺伝子 MSH3 による EMAST 腫瘍発生の分子機構ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 35 回日本分子生物学会年会ĳ 福岡ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   15. 
Ãþê6ĳ Ãþ�Įĳ

Taku Kuwabara, Motonari Kondoĳ Acetylation modulates interleukin-2 receptor signaling.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 35 回日本分子生物学会ĳ 福岡ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

16. 
Ãþê6ĳ Ãþ�Įĳ

直江吉則、内藤拓、久保久美子、土

屋由加子、原恵子、古関明彦、谷内

一郎ĳ

ĳ Cxxc5, ThPOK target gene, suppresses CD4+ helper T cell functions 

during CD8+cytotoxic T differentiation.ĳ
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

日本免疫学会ĳ 神戸ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

17. 
Ãþê6ĳ Ãþ�Įĳ

逸見仁道, 有田通恒, 柴田祐充子, 岩崎維

和夫, 黒岩実, 中川原章, 近藤元就ĳ
神経芽腫における低酸素下での MAPK 経路による N-myc の活性化ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 54 回日本小児血液・がん学会学術集会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

    18. 
Ãþê6ĳ Ãþ�Įĳ

岡田弥生, 石川文雄, 齋藤芙美, 緒方秀

昭, 近藤元就ĳ
Proreferation of ZR-75-1 was controlled by RANK.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 71 回日本癌学会学術総会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   19. 
Ãþê6ĳ Ãþ�Įĳ

石川文雄、桑原卓、田中ゆり子、有田通恒、

垣内史堂、近藤元就ĳ
実験的自己免疫性脳脊髄炎に体するエタノール作用について 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

日本生体防御学会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   20. 
Ãþê6ĳ Ãþ�Įĳ

谷内一郎、内藤拓、田中宏和、室井佐和子ĳ ThPOK 遺伝子座のシス制御領域の相互作用の解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Kyoto T Cell Conferenceĳ 京都ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   21. 
Ãþê6ĳ Ãþ�Įĳ

岡田弥生, 石川文雄, 齊藤芙美, 緒方秀

昭, 近藤元就ĳ
乳癌転移機構に関与するシグナル因子の解明ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第20回日本乳癌学会学術総会 熊本ĳ ĳ ĳ ľļĽľ Z ļł �ĳ

22 
Ãþêĳ6ĳ Ãþ�Įĳ

Yayoi Okada, Fumio Ishikawa, Fumi 

Saito, Hideaki Ogata, Motonari Kondoĳ

Study of signal molecules related with bone metastasis from 

breast cancer. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Annual meeting of the Japanese society of Immunologyĳ Kobeĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   23. 
Ãþê6ĳ Ãþ�Įĳ

田中ゆり子, Guo Xianghua, 桑原卓, 向津

隆規, 石川文雄, 近藤元就ĳ

ķķłĺĳ SATB1 is necessary for the establishment of immne 

tolerance. ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Proceeding of the Japanese Society for Immunologyĳ 神戸ĳ ĳ ľļĽľ Z Ľľ �ĳ

   24. 



̯Ůï 2̰ 
 

Ɔ�Ƹ| 131061 
̞̪̊̀̄̔Ƹ| ˆʺʺʹʺʹʺʿ 

 
Ãþê6ĳ Ãþ�Įĳ

Hiromichi Hemmi, Michitsune Arita, 

Junichi Koike, Yoshinori Kikuchi, 

Kimihiko Funahashi, Takahito Ohira, 

Hiroyuki Kugoh, Motonari Kondo 

Hypoxic down-regulation of DNA mismatch repair gene hMSH3 and 

genetic instability of colorectal cancer. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 71 回日本癌学会学術総会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

ĳ ĳ ĳ ĳ ľŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kondo Mĳ
Functions of cytokines in lineage commitment during 

hemato/lymphopoiesis.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

2011 FASEB Summer Research Conference 
Snowmass Village, 

Coloradoĳ
ĳ ĳ ľļĽĽ Z ļŃ �ĳ

ĳ

ĳ ĳ ľĺĳ ű Yil m rn R 
ĳ Ľĺĳ

Ãþê6 Ãþ�Į 
Tanaka Y, Takeuchi T, Umehara 

H, Nanki T, Akama H, Yasuda N, 

Tago F, Kawakubo M, Hojo S, 

Kawano T, Imai T 

Safety and Efficacy of E6011, an Anti-Fractalkine Monoclonal 

Antibody in a First-in-Patient Phase 1/2 Study in Rheumatoid 

Arthritis. 

H�6 ģ�> ÃþZ� 
2015 ACR/ARHP Annual Meeting San Francisco, USA )ã Ņ

ĳ ĳ ĳ ĳ ľĺĳ

Ãþê6 Ãþ�Į 
川添麻衣 ステロイド性骨粗鬆症における Wnt シグナルの臨床的意義. 
H�6 ģ�> ÃþZ� 
TROIS 懇話会 東京 )ã -Ņ

ĳ Ŀĺĳ

Ãþê6 Ãþ�Į 

Kawai S 
Low molecular weight immunosuppressant therapy of autoimmune 

diseases. 

学会名 開催地 ÃþZ� 

12th World Congress on Inflammation Boston, USA    )ã Ņ

ĳ ĳ ĳ ĳ ŀĺĳ

Ãþê6 Ãþ�Į 
川合眞一 炎症とアディポカイン. 
H�6 ģ�> ÃþZ� 
第 36 回日本炎症・再生医学会 東京    )ã Ņ

ĳ ĳ ĳ ĳ

ĳ Łĺĳ

Ãþê6 Ãþ�Į 
Fujio N, Muraoka S, Shikano K, 

Kaburaki M, Kawazoe M, Shindo 

E, Sato H, Masuoka S, Tanaka N, 

Kaneko K, Yamamoto T, 

Kusunoki N, Hasunuma T, 

Kawai S 

Suppression of adrenal function is obvious when compared to that of 

pituitary function in patients with systemic autoimmune diseases 

after glucocorticoid therapy. 

学会名 開催地 ÃþZ� 

European League Against Rheumatism (EULAR Rome, Italy    )ã Ņ
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2015) 
łĺĳ

Ãþê6 Ãþ�Į 
Sato H, Muraoka S, Kusunoki N, 

Kawazoe M, Masuoka S, Shindo 

E, Fujio N, Shikano K, Kaburaki M, 

Tanaka N, Kaneko K, Yamamoto 

T, Hasunuma T, Kawai S 

**2. Resistin directly stimulates chemokine gene expressions in 

rheumatoid synovial fibroblasts: DNA microarray analysis. 

学会名 開催地 ÃþZ� 

European League Against Rheumatism (EULAR 

2015) 
Rome, Italy    )ã Ņ

Ńĺĳ

Ãþê6 Ãþ�Į 
Takahashi Y, Fujimoto M, Serada 

S, Ogata A, Nanki T, Hattori K, 

Takeuchi T, Tetsuji Naka S 

Leucine-rich alpha-2 glycoprotein (LRG) as a potential disease activity 

marker during IL-6 blockade in autoimmune arthritis. 

学会名 開催地 ÃþZ� 

European League Against Rheumatism (EULAR 

2015) 
Rome, Italy    )ã Ņ

ĳ ńĺĳ

Ãþê6 Ãþ�Į 

村岡成, 楠夏子 
( 関節リウマチ患者由来滑膜線維芽細胞におけるレジスチンの作用に

関する研究. 
H�6 ģ�> ÃþZ� 
第 146 回東邦医学会例会 東京    )ã Ņ

ĳ Ņĺĳ

Ãþê6 Ãþ�Į 
南木敏宏 関節リウマチに対する生物学的製剤の使い方. 
H�6 ģ�> ÃþZ� 
膠原病マネジメントセミナー 東京    )ã Ņ

ĳ ĳ ĳ Ľļĺĳ

Ãþê6 Ãþ�Į 
Saji BT, Takatsuki S, Kenmotsu 

Y, Naoi K, Ikehara S, Nakayama 

T, Matsuura H, Kusunoki N, Kawai 

S 

**4. Midkine, a new functional cytokine, increased after IVIG may 

protects from vascular injury in acute Kawasaki disease. 

学会名 開催地 ÃþZ� 

International Kawasaki Disease Symposium 2015 Honolulu, Hawaii    )ã Ņ

ĳ ĳ ĳ ĽĽĺĳ

Ãþê6 Ãþ�Į 
Kaburaki M, Kaneko K, Shikano K, 

Kawazoe M, Shindo E, Sato H, 

Hasunuma T, Fujio N, Muraoka S, 

Tanaka N, Yamamoto T, 

Kusunoki N, Kawai S, Masuoka S 

**5. Changes in serum soluble RANKL and osteoprotegerin levels 

after teriparatide administration in rheumatic disease patients with 

glucocorticoid-induced osteoporosis. 

学会名 開催地 ÃþZ� 

2014 ACR/ARHP Annual Meeting Boston, USA     (ã Ņ

ĳ Ľľĺĳ

Ãþê6 Ãþ�Į 

Kawazoe M, Shikano K, Kaneko **6. Significance of serum marker levels of Wnt/β-catenin signaling 
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K, Masuoka S, Sato H, Shindo E, 

Fujio N, Muraoka S, Kaburaki M, 

Tanaka N, Yamamoto T, Takagi 

K, Kusunoki N, Hasunuma T, 

Kawai S 

pathway in patients with systemic autoimmune diseases under 

glucocorticoid therapy: a prospective study. 

学会名 ģ�> ÃþZ� 

2014 ACR/ARHP Annual Meeting Boston, USA    (ã Ņ 
ĳ ĽĿĺĳ

Ãþê6 Ãþ�Į 
Shikano K, Kaneko K, Kawazoe 

M, Masuoka S, Sato H, Shindo E, 

Fujio N, Kaburaki M, Muraoka S, 

Tanaka N, Yamamoto T, Takagi 

K, Kusunoki N, Hasunuma T, 

Kawai S 

**7. Significance of serum sRANKL and osteoprotegerin 

concentration in patients with rheumatoid arthritis. 

学会名 開催地 ÃþZ� 

2014 ACR/ARHP Annual Meeting Boston, USA    (ã Ņ 
ĳ Ľŀĺĳ

Ãþê6 Ãþ�Į 
Shindo E, Hasunuma T, Masuoka 

S, Kawazoe M, Sato H, Fujio N, 

Shikano K, Kaburaki M, Muraoka 

S, Tanaka N, Kaneko K, 

Yamamoto T, Takagi K, Kusunoki 

N, Kawai S 

**8.Midkine, a growth factor, may play a pathophysiological role in 

patients with rheumatoid arthritis. 

学会名 開催地 ÃþZ� 

2014 ACR/ARHP Annual Meeting Boston, USA     (ã Ņ 
ĳ ĽŁĺĳ

Ãþê6 Ãþ�Į 

Kawai S, Yamamoto T 

Gamma-giutamyi hydrolase gene polymorphisms provide for 

intracellular methotrexate concentration on patients with rheumatoid 

arthritis. 

学会名 開催地 ÃþZ� 

17th World Congress of Basic & Clinical 

Pharmacology 

Cape Town, 

South Africa 
   ĳ (ã Ņ 

ĳ ĳ Ľłĺĳ

Ãþê6ĳ Ãþ�Įĳ

進藤恵実子, 蓮沼智子, 楠芳恵, 楠 

夏子, 増岡正太郎, 川添麻衣, 佐藤

洋志, 藤尾夏樹, 鹿野孝太郎, 北原

加奈子, 鏑木誠, 村岡成, 山本竜大, 
金子開知, 高木賢治, 遠藤平仁, 川

合眞一 

. 血清ミッドカイン濃度は RA の疾患活動性と相関する 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 58 回日本リウマチ学会総会・学術集会 東京 (ã (Ņ

ĽŃĺĳ ĳ

Ãþê6 Ãþ�Į 
川合眞一 DMARDs の適応と使い方. 
H�6 ģ�> ÃþZ� 
第 58 回日本リウマチ学会総会・学術集会 東京 (ã (Ņ
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Ľńĺĳ ĳ

Ãþê6 Ãþ�Į 
鏑木誠, 蓮沼智子, 増岡正太郎, 川

添麻衣, 進藤恵実子, 佐藤洋志, 鹿

野孝太郎, 藤尾夏樹, 村岡成, 田中

菜穂子, 北原加奈子, 山本竜大, 金

子開知, 高木賢治, 楠夏子, 遠藤平

仁，川合眞一 

関節リウマチによる胸膜炎では胸水中レジスチンとレプチン濃度

が増加する. 

H�6 ģ�> ÃþZ� 
第 58 回日本リウマチ学会総会・学術集会 東京 (ã (Ņ

ĳ ĽŅĺĳ

Ãþê6 Ãþ�Į 
高松諒, 楠夏子，川合眞一 iPS 細胞由来血管内皮細胞のプロスタノイド産生能の検討. 
H�6 ģ�> ÃþZ� 
私立大学戦略的研究基盤形成支援事業 平成 25 年度報

告会 
東京 (ã Ņ

ĳ ĳ ĳ ľļĺĳ

Ãþê6 Ãþ�Į 
Kusunoki Y, Okano Y, Kusunoki N, Fujio 

N, Kawazoe M, Shindo E, Shikno K, 

Kaburaki M, Muraoka S, Kitahara K, 

Kaneko K, Nahoko T, Yamamoto T, 

Takagi K, Hasunuma T, Endo H, Kawai S 

**11.Midkine is novel prognostic factor in patients with 

vasculitis syndrome. 

学会名 開催地 ÃþZ� 

2013 ACR/ARHP Annual Meeting San Diego, USA  ã Ņ

ĳ ĳ ľĽĺĳ ĳ

Ãþê6 Ãþ�Į 
Yamamoto T, Kawazoe M, Shindo 

E, Fujio N, Shikano K, Kitahara K, 

Muraoka S, Kaburaki M, Nahoko T, 

Kaneko K, Kusunoki N, Kusunoki 

Y, Takagi K, Hasunuma T, Endo H, 

Kawai S 

Intracellular concentration of methotrexate is influenced by 

polymorphisms of gamma-glutamyl hydrolase gene in japanese 

patients with rheumatoid arthritis. 

学会名 開催地 ÃþZ� 

2013 ACR/ARHP Annual Meeting San Diego, USA    ã Ņ

ľľĺĳ ĳ

Ãþê6 Ãþ�Į 
Muraoka S, Kusunoki N, Shikano K, 

Kaburaki M, Kitahara K, Tanaka N, 

Kaneko K, Yamamoto T, Kusunoki Y, 

Takagi K, Hasunuma T, Endo H, Kawai S 

**12. JAK2/STST3 is a major pathway of leptin-induced 

interleukin-6 production by rheumatoid synovial febroblasts. 

学会名 開催地 ÃþZ� 

European League Against Rheumatism Madrid, Spain     ã Ņ

ĳ ľĿĺĳ

Ãþê6 Ãþ�Į 
Shikano K, Kaneko K, Muraoka S, 

Kaburaki M, Kitahara K, Tanaka 

N, Yamamoto T, Kusunoki N, 

Takagi K, Hasunuma T, Endo H, 

Kawai S 

Menetetrenone (vitamin K2) partially restores the suppression of bone 

formation by glucocorticoid therapy in patients with systemic 

autoimmune diseases. 
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学会名 開催地 ÃþZ� 

European League Against Rheumatism Madrid, Spain ã Ņ

ĳ ĳ ĳ ĳ ľŀĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Endo H, Kusunoki N, Kusunoki Y, 

Kaburaki M, Kawai Sĳ

The role of IL-25(IL-17E)/IL-17RB in patients with 

ANCA-associated vasculitis. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The Asia Pacific Meeting of Vasculitis and ANCA Workshop 

2012ĳ
Tokyoĳ ĳ ľļĽľĳZ ļĿ �ĳ

ľŁĺĳ

Ãþê6ĳ Ãþ�Įĳ

Matsuura H, Kemmotsu Y, Saji T, 

Kusunoki N, Tanaka N, Nishimura C, 

Ishiguro A, Kawai Sĳ

IVIG modulates adipokine profiles in the treatment of acute stage 

kawasaki disease.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The Asia Pacific Meeting of Vasculitis and ANCA Workshop 

2012 
Tokyo,ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   26. 
Ãþê6ĳ Ãþ�Įĳ

Kawai Sĳ
ķķĽĿĺĳ Recent development of biologic agents for systemic 

inflammatory and autoimmune diseases.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 10th International Kawasaki Disease Symposiumĳ Kyotoĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

   27. 
Ãþê6ĳ Ãþ�Įĳ

Kemmotsu Y, Saji T, Kusunoki N, 

Tanaka N, Nishimura C, Ishiguro A, 

Kawai Sĳ

ķķĽŀĺĳSerum adipokine profiles in kawasaki disease. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 10th International Kawasaki Disease Symposiumĳ Kyotoĳ ĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

進藤恵実子, 北原加奈子, 鹿野孝太郎, 鏑

木 誠, 村岡 成, 田中菜穂子, 金子開知, 

山本竜大, 楠 芳恵, 高木賢治, 蓮沼智子, 

遠藤平仁, 川合眞一 

関東リウマチにおけるタクロリムスと他の抗リウマチ薬の併用療法の

実際〜東邦大学大森病院リウマチ膠原病センターにおける8年間の解

析〜. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 23 回日本臨床リウマチ関東支部学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ľŅĺĳ

Ãþê6ĳ Ãþ�Įĳ

進藤恵実子，金子開知，鹿野孝太郎，鏑木 

誠，村岡 成，北原加奈子，田中菜穂子，

山本竜大，楠 芳恵，高木賢治，蓮沼智子，

遠藤平仁，川合眞一ĳ

混合性結合組織病（MCTD）として経過中に抗リポソーム P 抗体陽性

NPSLE を発症した 3 症例の臨床的検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 27 回日本臨床リウマチ学会ĳ 神戸ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   . 
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Ãþê6ĳ Ãþ�Įĳ

金子開知, 楠 夏子, 蓮沼智子, 川合眞一ĳ
ステロイド性骨粗鬆症に対するテリパラチドの有効性：骨密度と各種

骨代謝マーカーの変動 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 33 回日本臨床薬理学会学術総会ĳ 沖縄ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   . 
Ãþê6ĳ Ãþ�Įĳ

山本竜大, 遠藤平仁, 瓜田純久, 川合眞一ĳ
13C酢酸呼気試験およびラクツロース水素呼気試験を用いた全身性強

皮症の消化管障害評価と治療効果判定 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 33 回日本臨床薬理学会学術総会ĳ 沖縄ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   . 
Ãþê6ĳ Ãþ�Įĳ

萩原宏美, 山田健人, 菅谷真紀, 藤原由季

子, 頭金正博, 川合眞一ĳ
日米韓におけるスタチン類の処方量の比較ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 33 回日本臨床薬理学会学術総会ĳ 沖縄ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   . 
Ãþê6ĳ Ãþ�Įĳ

太田宏樹、杉野圭史、後町杏子、佐藤敬太、

菊池 直、鏑木教平、村松陽子、石田文昭、

廣田 直、佐野 剛、磯部和順、坂本 晋、

高井雄二郎、冠木敬之、久武真二、中山智

孝、佐地 勉、遠藤平仁、川合眞一、本間 

栄ĳ

間質性肺炎・難治性肺高血圧症を合併した全身性硬化症の 2 症例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 1 回びまん性肺疾患と肺高血圧ĳ 東京ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   (

Ãþê6ĳ Ãþ�Įĳ

川合眞一ĳ 関節リウマチに対する生物学的製剤の特徴と注意点ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第61回日本感染症学会東日本地方会学術集会・第59回日本化学療

法学会東日本支部 
東京ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   )

Ãþê6ĳ Ãþ�Įĳ

金子開知, 川合眞一ĳ
ステロイド治療による血清可溶性 RANKL、OPG の変動に関する前向き

臨床研究ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 14 回日本骨粗鬆症学会ĳ 新潟ĳ ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

川添麻衣, 鹿野孝太郎, 金子開知, 楠 芳

恵, 高木賢治, 蓮沼智子, 遠藤平仁, 川合

眞一ĳ

好 酸 球 増 多 を 伴 い 、 肺 胞 出 血 を 合 併 し た Granulomatosis with 

polyanggiitis（GPA）の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 590 回日本内科学会関東地方会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ
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Ãþê6ĳ Ãþ�Įĳ

村岡 成，楠 夏子，鎗田利香，勝呂 徹，

川合眞一ĳ

* レプチンは JAK-STAT 経路を介して関節リウマチ患者由来滑膜

線維芽細胞の IL-6 産生を増加させるĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第33日本炎症・再生医学会 福岡ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

遠藤平仁，楠 芳恵，鏑木 誠，山本竜大，

楠 夏子，川合眞一ĳ
全身性強皮症消化管病変における血清 FGF19 測定の有用性の解析 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   -

Ãþê6ĳ Ãþ�Įĳ

遠藤平仁，楠 芳恵，鏑木 誠，楠 夏子，

川合眞一ĳ

ANCA関連血管炎におけるIL-25(IL-17E)/受容体IL-17RBに関する解

析 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   (  
Ãþê6ĳ Ãþ�Įĳ

金子開知，楠 夏子，田中菜穂子，北原加

奈子，山本竜大，鏑木 誠，村岡 成，鹿

野孝太郎，楠 芳恵，高木賢治，蓮沼智子，

遠藤平仁，川合眞一 

ステロイド性骨粗鬆症における血清 RANKL および OPG の意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   ( . 
Ãþê6ĳ Ãþ�Įĳ

高木賢治，川上美里，秋元貴美子，鹿野孝

太郎，鏑木 誠，村岡 成，北原加奈子，

田中菜穂子，金子開知，山本竜大，楠 芳

恵，遠藤平仁，川合眞一ĳ

ステロイド治療下でのニューモシスチス肺炎予防に対する ST 合剤の

連日および週 2 回投与のランダム化前向き比較試験ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   (
Ãþê6ĳ Ãþ�Įĳ

山本竜大，北原加奈子，鹿野孝太郎，村岡 

成，鏑木 誠，金子開知，田中菜穂子，楠 

芳恵，高木賢治，遠藤平仁，川合眞一 

全身性エリテマトーデスにおける難治性血小板減少症 2 症例に対する

経口トロンボポイエチン製剤治療の試みĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   (
Ãþê6ĳ Ãþ�Įĳ

鹿野孝太郎，村岡 成，鏑木 誠，北原加

奈子，金子開知，田中菜穂子，山本竜大，

楠 芳恵，高木賢治，遠藤平仁，川合眞一 

関節リウマチに対する生物学的製剤の種類による好中球減少症合併の

違いに関する観察研究ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ
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   ((
Ãþê6ĳ Ãþ�Įĳ

川合眞一ĳ Meat the Expert: ステロイドの使い方ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   (). 
Ãþê6ĳ Ãþ�Įĳ

村岡 成，楠 夏子，鎗田利香，鹿野孝太

郎，鏑木 誠，北原加奈子，金子開知，田

中菜穂子，山本竜，楠 芳恵，高木賢治，

遠藤平仁，勝呂 徹，川合眞一 

ķķĽłĺĳLeptin は滑膜細胞の IL-6 産生を増加させるĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ľļĽľĳļŀĳ�ĳ

   (
Ãþê6ĳ Ãþ�Įĳ

鏑木 誠，楠 芳恵，鹿野孝太郎，村岡 

成，北原加奈子，田中菜穂子，金子開知，

山本竜大，高木賢治，蓮沼智子，遠藤平仁，

川合眞一 

各種リウマチ性疾患における特定疾患制度と医療費構造ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   (
Ãþê6ĳ Ãþ�Įĳ

田中菜穂子，楠 夏子，楠 芳恵，金子開

知，山本竜大，北原加奈子，村岡 成，鏑

木 誠，鹿野孝太郎，高木賢治，蓮沼智子，

遠藤平仁，川合眞一ĳ

ķķĽŃĺĳ膠原病患者の血清 resistin 濃度は動脈硬化とは関連せず、炎症

病態と関連したĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   (
Ãþê6ĳ Ãþ�Įĳ

楠 芳恵，鹿野孝太郎，鏑木 誠，村岡 

成，北原加奈子，金子開知，田中菜穂子，

山本竜大，高木賢治，遠藤平仁，川合眞一 

内科的合併症が関節リウマチと強皮症に及ぼす影響ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京ĳ ĳ ľļĽľĳZĳ ļŀ �ĳ

(-

Ãþê6ĳ Ãþ�Įĳ

北原加奈子，鹿野孝太郎，鏑木 誠，村岡 

成，田中菜穂子，金子開知，山本竜大，楠 

芳恵，高木賢治，蓮沼智子，遠藤平仁，川

合眞一 

関節リウマチ患者における臨床的アウトカムと抗リウマチ薬に関する

7 年間の検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本リウマチ学会総会・学術集会ĳ 東京,ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

    )  
Ãþê6ĳ Ãþ�Įĳ

Kawai Sĳ

Is there any ethnic difference in pharmacokinetics studies among 

Japanese, Chinese, Koreans, and Caucasians when conducted by 

the same protocol?. 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

JSCPT-KSCPT-ASCPT Joint Conferenceĳ Hamamatsuĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

   )
Ãþê6ĳ Ãþ�Įĳ

Kawai Sĳ
Is there any ethnic difference in pharmacokinetics among east 

Asian countries ?ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

3rd Global Quality Assurance Conference Kyotoĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   )
Ãþê6ĳ Ãþ�Įĳ

Endo H, Kaburaki Y, Kusunoki Y, 

Kusunoki N, Kawai Sĳ

ķķĽńĺĳChemerin/ChemR23 expression and proinflammatory 

effects in synovitis of patients with rheumatoid arthritis.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

75th. American College of Rheumatology Annual Scientific 

Meeting 
Chicago, USA,ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   ) . 
Ãþê6ĳ Ãþ�Įĳ

Kaneko K, Kusunoki N, Tanaka N, 

Yamamoto T, Kusunoki Y, Takagi K, 

Endo H, Kawai Sĳ

Changes in serum receptor activator for nuclear factor kappaB 

ligand and osteoprotegerin after glucocorticoid therapy reflect 

regulation of their expression by glucocorticoid in osteoblasts in 

vitro. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

75th. American College of Rheumatology Annual Scientific 

Meeting, 
Chicago, USA,ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   )(
Ãþê6ĳ Ãþ�Įĳ

Muraoka S, Kusunoki N, Endo H, Suguro 

T, Kawai Sĳ

ķķĽŅĺĳLeptin stimulates interleukin-6 production via 

phosphorylation of signal transducer and activator of 

transcription-3 in rheumatoid synovial fibroblasts. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

75th. American College of Rheumatology Annual Scientific 

Meetingĳ
Chicago, USA,ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   .55 
Ãþê6ĳ Ãþ�Įĳ

Yamamoto T, Urita Y, Kaneko K, 

Tanaka N, Kusunoki Y, Takagi K, Kawai 

S, Endo Hĳ

Evaluation of 13C-acetate plus lactulose breath test, a new 

examination to measure intestinal absorption in patients with 

systemic sclerosis. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

75th. American College of Rheumatology Annual Scientific 

Meetingĳ
Chicago, USAĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   56. 
Ãþê6ĳ Ãþ�Įĳ

Muraoka S, Kusunoki N, Yarita R, Endo 

H, Suguro T, Kawai Sĳ

ķķľļĺLeptin induces interleukin-6 production in rheumatoid 

synovial fibroblasts. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 4th East Asian Group of Rheumatologyĳ Tokyoĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

   57. 
Ãþê6ĳ Ãþ�Įĳ
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Takagi, Kawakami M, Akimoto K, 

Shikano K, Muraoka S, Kitahara K, 

Kusunoki Y, Endo H, Kawai Sĳ

A prospective comparative study of 

trimethoprime-sulfamethoxazole prophylaxis regimen against for 

prevention of Pneumocystis jiroveci pneumonia in patients with 

autoimmune connective tissue diseases under glucocorticoid 

therapy. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 4th East Asian Group of Rheumatologyĳ Tokyoĳ ĳ ľļĽĽ Z Ľļ �ĳ

   58. 
Ãþê6ĳ Ãþ�Įĳ

Yamamoto T, Urita Y, Kaneko K, 

Tanaka N, Kusunoki Y, Takagi K, Kawai 

S, Endo Hĳ

Evaluation of 13C-acetate plus lactulose breath test, a new 

examination to measure intestinal absorption in patients with 

systemic sclerosis.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 4th East Asian Group of Rheumatologyĳ Tokyoĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ŁŅĺĳ

Ãþê6ĳ Ãþ�Įĳ

山本竜大, 遠藤平仁, 鹿野孝太郎, 鏑木 

誠, 村岡 成, 田中菜穂子, 金子開知, 楠 

芳恵, 川合眞一ĳ

13C-呼気試験を用いた全身性強皮症の消化管障害評価と治療方針ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本リウマチ学会総会ĳ 神戸ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

川合眞一ĳ ķķľĽĺĳアディポカインとリウマチĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本リウマチ学会総会ĳ 神戸ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

川合眞一ĳ
RA 治療薬としての MTX の歩み−承認から公知申請、そして用量増量

へ−ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本リウマチ学会総会ĳ 神戸ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

村岡 成, 鹿野孝太郎, 鏑木 誠, 田中菜

穂子, 金子開知, 山本竜大, 楠 芳恵, 遠

藤平仁, 川合眞一ĳ

関節リウマチにおけるトシリズマブ治療に伴う好中球減少の検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本リウマチ学会総会ĳ 神戸ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

鏑木 誠, 遠藤平仁, 柴田俊子, 山田秀

裕, 楠 夏子, 川合眞一ĳ

ķķľľĺĳ関節リウマチの滑膜病変における Chemerin/ChemR23 の作

用の解析ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本リウマチ学会総会ĳ 神戸ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   (

Ãþê6ĳ Ãþ�Įĳ

楠 芳恵, 遠藤平仁, 川合眞一ĳ 内科的合併症が関節リウマチ（RA）治療に与える影響．連携をふまえ
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内科が果たす役割ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本リウマチ学会総会ĳ 神戸ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   )

Ãþê6ĳ Ãþ�Įĳ

鏑木 誠, 遠藤平仁, 柴田俊子, 山田秀

裕, 楠 夏子, 川合眞一ĳ

ķķľĿĺĳ関節リウマチの関節病変における Chemerin/ChemR23 の解

析ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 32 日本炎症・再生医学会ĳ 京都ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

  
Ãþê6ĳ Ãþ�Įĳ

川合眞一ĳ 日中韓米の同一プロトコールによる健常者 PK 試験の比較ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 18 回 HAB 研究機構学術年会ĳ �
ĳ ĳ ĳ ľļĽĽ Z ļŁ �ĳ

   
Ãþê6ĳ Ãþ�Įĳ

川合眞一, 西本憲弘ĳ わが国の成功例：抗 IL-6 受容体抗体トシリズマブの基礎と臨床開発ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 28 回日本医学会総会ĳ �
ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

 
( gi R
Ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kanazawa S, Ogata H, Nemoto T, 

Shimada H, Kaneko H, Kato R 

Clinical efficacy of Neoadjuvant chemotherapy with trastuzumab 

analysed by contrast-enhanced breast ultrasound. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 74th Annual Meeting of the Japaneses Cancer 

Association 
Nagoya ĳ ĳ )ã Ņ

ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

澁谷和俊 病理解剖と動物モデル-実験動物から見えてくる臨床病態-. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 回日本医真菌学会総会・学術集会 札幌 )ã Ņ

Ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Wakayama M, Shimondaira K, Ochiai E, 

Okubo Y, Shinozaki M, Aki K, Ejima K, 

Ishiawatari T, Nihonyanagi Y, Tochigi N, 

Mitsuda A, Nemoto T,  Murayama Y, 

Kamei K, Shibuya K 

ķķĽĺĳPathological study of WNT/PCP signaling system inducing 

pulmonary arterial remodelling in mice by intratracheal injection of 

Stachybotrys chartarum. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

19th Congress of the International Society for Human and 

Animal Mycology 

Melbourne, 

Australia 
ĳ ĳ ĳ ĳ )ã )Ņ

ĳ

ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Tochigi N, Ishiwatari T, Okubo Y, Ando 

T, Shinozaki M, Aki K, Gocho K, Hata Y, 

Murayama Y, Wakayama M, Nemoto T, 

Hori Y, Shibuya K 

Histological study of chronic pulmonary aspergillosis. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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19th Congress of the International Society for Human and 

Animal Mycology 

Melbourne, 

Australia 
ĳ ĳ ĳ )ã )Ņ

Łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Isobe K, Hata Y, Tochigi N, Kakimoto A, 

Mikami T, Kaburaki K, Makino T, Otsuka 

H, Sano G, Sugino K, Sakamoto S, Takai 

Y, Shibuya K, Iyoda A, Homma S 

BIM deletion polymorphism is not associated with BIM RNA 

expression or BIM immunohistochemistry intensity in epidermal 

growth factor receptor mutationA positive nonAsmall cell lung 

cancer. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

50th Annual Meeting of the American Society of Clinical 

Oncology 
Chicago, USA ĳ ĳ ĳ )ã )Ņ

łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

若山恵, 下平佳代子, 大久保陽一郎, 石渡

誉郎, 二本柳康博, 栃木直文, 密田亜希, 

根本哲生, 澁谷和俊 

肺動脈性肺高血圧症における WNT/PCP pathway 関連遺伝子の

発現に関する免疫組織学的検討. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 104 回日本病理学会総会 名古屋 )ã )Ņ

Ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

谷島聡, 島田英昭, 澤口悠子, 松本 悠, 

竹山照明, 鈴木 隆, 名波竜規, 大嶋陽幸, 

鷲澤尚宏, 根本哲生, 金子弘真 

新規胃癌バイオマーカーとしての血清 p53 抗体と組織アレイを用い

た免疫染色の意義.    

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 115 回日本外科学会定期学術集会 名古屋 )ã (Ņ

ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Haga Y, Nakazawa A, Okamatsu 

C, Thakahashi H, Jyriuwa M, 

Shibuya K, Saji T, Ohhara A 

Infant Stage4S Neuroblastoma with MYCN Amplification. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Advances In Neuroblastoma Research 2014 Cologne,Germany (ã )Ņ

Ņĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ota H, Sugino K, Hirota N, Nakamura Y, 

Furuya K, Gocho K, Kaburaki K, 

Sakamoto S, Shibuya K, Saji T, Uekusa 

T, Takemura T, Homma S.A 

An Autopsied Case Of Sarcoidosis Associated With Severe 

Pulmonary Hypertension. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

2014American Thoracic Society International Conference San Diego, USA ĳ ĳ ĳ (ã )Ņ

Ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Isobe K, Hata Y, Tochigi N, Kaburaki K, 

Makino T, Otsuka H, Ishida F, Kikuchi N, 

Hirota N, Sato K, Sano G, Sugino K, 

Sakamoto S, Takai Y, Shibuya K, Iyoda 

A, Homma S 

Quantifying the T790M mutation in EGFR-mutant lung 

adenocarcinoma with nanofluidic digital PCR arrays. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

49th Annual Meeting of the American Society of Clinical 

Oncology 
Chicago, USA (ã )Ņ

ĽĽĺĳ ĳ
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Ãþê6ĳ Ãþ�Įĳ

Sugino K, Gocho K, Nakamura Y, Isshiki 

T, Isobe K, Hata Y, Tochigi N, Uekusa T, 

Homma S 

Clinicopathological characteristics of carcinogenesis of lung 

cancer and postoperative acute exacerbation in patients with 

CPFE/UIP and IPF/UIP. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

World Conference for American Thoracic Society San Diego, USA ĳ ĳ ĳ (ã )Ņ

Ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hata Y, Sakamoto S, Otsuka H, Sato K, 

Sato F, Makino T, Sugino K, Isobe K, 

Shiraga N, Tochigi N, Shibuya K, 

Homma S, Iyoda A 

Complication related to EBUS-TBNA in patients with tuberculous 

lymphadenopathy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

18th World Congress for World Association for Bronchology 

and Interventional Pulmonology 
Kyoto ĳ ĳ (ã (Ņ

ĳ ĳ ĽĿĺĳ

Ãþê6ĳ Ãþ�Įĳ
Fujita K, Wang B, Kuwabara T, Kamaka 

I, Tanaka K, Y, Ishii T 
X-ray irradiation suppresses SLE-like morbidity in NZBWF1 mice.

´!�ʴ ʆ<�ʴ ÃþZ�ĳ

15th International Congress of Immunology Milan, Italia   ľļĽĿ Zĳ ń �ĳ
ĳ ĳ ĳ Ľŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

Akasaka Y, Ono I, Inomata N 
The mechanisms of fibroblast apotosis induced by basic fibroblast 

growth factor during scarless repair process.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

23rd Annual meeting of the wound healing society SAWC 

spring/WHS joint meeting 
Denver, U.S.A ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ł �ĳ

ĳ ĳ ĽŁĺĳ

Ãþê6ĳ Ãþ�Įĳ

Ono I, Akasaka Y, Takata K 
Administration of basic fibroblast growth factor (BFGF) through 

self-dissolving microneedles for local therapy of skin. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

23rd Annual meeting of the wound healing society SAWC 

spring/WHS joint meeting 
Denver, U.S.A ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ł �ĳ

Ľłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、石川由紀雄、小野一郎、深澤由

里、井内亜美、小竹遥香、木下利雄、藤田

和子、石井壽晴 

創傷治癒の線維芽細胞アポトーシスによる組織修復促進のメカニズム.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 102 回日本病理学会総会 札幌 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ ĳ ł �ĳ

ĳ ĳ ĳ ĽŃĺĳ
Ãþê6ĳ Ãþ�Įĳ

横尾智子、赤坂喜清、石川由紀雄、木下利

雄、猪俣直美、井内亜美、深澤由里、小竹

遥香、石井壽晴 

悪性リンパ腫における MALT1 と BCL10 蛋白の核内発現の意義. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 102 回日本病理学会総会 札幌 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ ĳ ł �ĳ

ĳ ĳ Ľńĺĳ
Ãþê6ĳ Ãþ�Įĳ
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小竹遥香、赤坂喜清、石川由紀雄、木下利

雄、深澤由里、井内亜美、藤田和子、猪俣

直美、石井壽晴 

ケロイド線維芽細胞における TGF-βReceptor と Smad の発現異常. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 102 回日本病理学会総会 札幌 ĳ ĳ ľļĽĿ Zĳ ĳ ł �ĳ

ĳ ĳ ĳ ĽŅĺĳ
Ãþê6ĳ Ãþ�Įĳ

小林紘, 高木啓吾, 大塚創, 佐藤史朋, 後

藤英典, 秦美 暢, 石渡誉郎、澁谷和俊 
ステント留置後に気管京成術を行った挿管後気管狭窄の 1 例. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 144 回日本呼吸器内視鏡学会関東支部会 東京 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ ĳ Ŀ �ĳ

ĳ ĳ ĳ ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

佐々木雄毅、藤井毅郎、塩野則次、片柳智

之、大熊新之介、澁谷和俊、若山 恵、小

澤 司、小山信彌、渡邉善則 

多発性胸腹部動脈瘤を合併した成人大動脈離断症の１例. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 161 回日本胸部外科学会関東甲信越地方会 高崎市 ĳ ĳ ľļĽĿ Zĳ ĳ Ŀ �ĳ

ĳ ĳ ĳ ĳ ľĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

尾作忠知, 山 有浩, 谷島聡, 大嶋陽幸, 

名波竜規, 伊藤正朗, 根本哲生, 澁谷和

俊, 島田英昭, 金子弘真 

胃領域リンパ節転移にて発見された原発不明癌の 1 例.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本胃癌学会総会 大阪 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ĳ ĳ ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

根本哲生, 山本慶郎, 島田英昭, 伊藤正朗, 

大嶋陽幸,名波竜規, 谷島聡, 山 有浩, 鷲

澤尚宏, 菊池由宣, 金子弘真, 澁谷和俊 

 HER2 陽性胃癌の臨床病理学的検討. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本胃癌学会総会 大阪 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ĳ ľĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林康次郎、菊池由宣、池原 孝、三村享

彦、木村隆輔、松清 靖、吉 

本憲介、五十嵐良典、住野泰清、大津秀一、

澁谷和俊、根本哲生 

化学療法にて改善を認めた胃癌骨髄癌腫症の１例.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本胃癌学会総会 大阪 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀ �ĳ

ľŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

根本哲生, 山本慶郎, 島田英昭, 伊藤正郎, 

大島陽幸,名波竜規, 谷島聡, 山 有浩, 鷲

澤尚宏, 菊池由宣, 金子弘真, 澁谷和俊 

 HER2 陽性胃癌の臨床病理学的検討.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本胃癌学会総会 大阪 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀ �ĳ

ľŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林康次郎, 菊池由宣, 池原孝, 三村亨彦, 

木村隆輔, 松清靖, 吉本憲介, 五十嵐良典, 
化学療法にて改善を認めた胃癌骨髄癌腫症の１例. 
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住野靖清, 大津秀一, 澁谷和俊, 根本哲生 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本胃癌学会総会 大阪 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ĳ ľłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

尾作忠知, 山 有浩, 谷島聡, 大嶋陽幸, 

名波竜規, 伊藤正朗, 根本哲生, 澁谷和

俊, 島田英昭, 金子弘真 

胃領域リンパ節転移にて発見された原発不明癌の 1 例. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本胃癌学会総会 大阪 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀ �ĳ

ľŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

Izumi H, Nagase D, Ishihara S, Shibuya A, 

Fujimoto Y, Kuraishi Y, Shibuya K, Natori 

K 

non-Hodgkin's lymphoma after living-donor kidney 

transplantation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI Word Congress of Internal Medicine,ĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

ľńĺĳ

Ãþê6ĳ ĳ Ãþ�Įĳ

Izumi H, Nagase D, Ishihara S, Shibuya A, 

Fujimoto Y, Kuraishi Y, Shibuya K, Natori 

K 

Synchronous double cancer that was diagnosed as 

enteropathyassociated T-cell lymphoma during lapatomy for 

colon cancer. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI Word Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

    29. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

Therapy-related acute promyelocytic leukemia in the treatment of 

small cell carcinoma and prostate carcinoma. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI Word Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

    30. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

Study of double cancer with hematologic malignancy and breast.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

    31. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

A study of therapy-related leukemia/myelodysplastic syndrome.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   32. 
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Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

Experience in the treatment of IgD λ type multiple myeloma.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

33. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

A case of Asian-variant intravascular lymphoma that diagnosed by 

liver biopsy during an exacerbation after spontaneous remission. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   34 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

A case of overt acute myelogeneous leukemia with leukemia cell 

infiltration to the tongue. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   35. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

The case which diagnosed with non-Hodgkin's lymphoma diffuse 

large B cell type that resected as atheromatosis. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ľļĽľĳZ ĽĽ �ĳ

   36. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Nagase D, Ishihara S, Yasuhiro 

Watanabe, Shibuya A, Fujimoto Y, 

Kuraishi Y, Shibuya K, Izumi H 

Pyothorax-associated lymphoma our experiences of 3 cases. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ľļĽľ Z ĽĽ �ĳ

37. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

Review of multiple cancer patients including malignant lymphoma.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   38. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Case of double cancer consisting of granulocytic sarcoma and 

liver cancer. XXXI World Congress of Internal Medicine 
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Izumi H 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   39. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Fujimoto Y, Kuraishi Y, Shibuya K, 

Izumi H 

Pyothorax-associated lymphoma(PAL) that started transverse 

spinal code symptomsĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

XXXI World Congress of Internal Medicineĳ Santiago Chileĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

40. 
Ãþê6ĳ Ãþ�Įĳ

Kanazawa S, Ogata H, Mitsuzuka Y, Saito 

F, Magoshi S, Kubota Y, Ito T, Shiraga N, 

Terahara A, Nemoto T, Shibuya K, 

Kaneko H 

PREEMINENCE OF THE CONTRAST-ENHANCED ULTRASOUND FOR 

THE CONTRAST-ENHANCED MRI ON PRACTICE OF THE BREAST 

CANCER. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

23th Annual Meeting of Asia-Pacific Endocrine Conference 

(APEC)ĳ
Bangkok, Thailandĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

41. 
Ãþê6ĳ Ãþ�Įĳ

Shinozaki M, Okubo Y, Sasai D, 

Nakayama H, M rayama SY, Ide T, 

Wakayama M, Nemoto T, Shibuya Kĳ

Diagnosis of fungal infections by molecular techniques from 

formalin-fixed and paraffin-embedded (FFPE) tissues: A 

retrospective autopsy analysis of 49 cases. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

18th Congress of the International Society for Human and 

Animal Mycology, 
Berlin, Germanyĳ ĳ ĳ ľļĽľ Z ļł �ĳ

42. 
Ãþê6ĳ Ãþ�Įĳ

Okubo Y, Makimura K, Shinozaki M, 

Nakayama H, Wakayama M, Nemoto T, 

Sasai D, Ishiwatari T, Shimodaira T, 

Yuzhu Z, Ide T, Takahashi R, Shibuya K 

Biological, histopathological, and genetic analyses of mice 

infected with Cryptococcus gattii.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

18th Congress of the International Society for Human and 

Animal Mycology 
Berlin, Germanyĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   43. 
Ãþê6ĳ Ãþ�Įĳ

Takagi K, Yuasa R, Hata Y, Takahashi S, 

Sato F, Otsuka H, Goto H, Tamaki K, 

Mitsuda A, Shibuya Kĳ

Granulation formation after placement for airway stenosis. ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

17th World Congress for Bronchologyĳ Ohio, USAĳ ĳ ĳ ľļĽľ Z ļł �ĳ

    44. 
Ãþê6ĳ Ãþ�Įĳ

Wakayama M, Shimodaira T, Nakayama 

H, Shinozaki M, Okubo Y, Sasai D, 

Age-related analysis on the prevalence of invasive fungal 

infections from autopsy records in Toho University. 
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Ishiwatari T, Yuzhu Zhi, Tochigi N, 

Hasegawa C, Mitsuda A, Nemoto T, 

Shibuya K 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

18th Congress of the International Society for Human and 

Animal Mycologyĳ
Berlin, Germanyĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   45. 
Ãþê6ĳ Ãþ�Įĳ

Isobe K, Hata Y, Sato K, Sugino K, Sano 

G, Sakamoto S, Takai Y, Shibuya K, 

Takagi K, Homma Sĳ

Circulating tumor cells and T790M in metastatic non-small cell 

lung cancer patients with EGFR mutation and acquired resistance 

of TKI. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

47th Annual Meeting of the American Society of Clinical 

Oncologyĳ
Chicagoĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   46. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Toyoda Y, Fujimoto Y, Kuraishi Y, 

Shibuya K, Izumi H 

The multiple neoplasms consist of colon cancer and hematological 

malignancy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESMO 14th World Congress on Gastrointestinal Cancerĳ Barcelona Spainĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   47. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Toyoda Y, Fujimoto Y, Shibuya K, 

Kuraishi Y, Izumi H 

The double cancer consist of gastric cancer and hematological 

malignancy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESMO 14th World Congress on Gastrointestinal Cancerĳ Barcelona Spainĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   48. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Toyoda Y, Fujimoto Y, Kuraishi Y, 

Shibuya K, Izumi H 

Study on 34 cases with primary malignant gastric lymphoma.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESMO 14th World Congress on Gastrointestinal Cancerĳ Barcelona Spainĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   49. 
Ãþê6ĳ Ãþ�Įĳ

Natori K, Ishihara S, Nagase D, Shibuya 

A, Toyoda Y, Fujimoto Y, Kuraishi Y, 

Nemoto T, Shibuya K, Izumi H 

10 cases of non- Hodgkin's lymphoma that caused 

gastrointestinal perforation experience in our department. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESMO 14th World Congress on Gastrointestinal Cancer Barcelona Spainĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   .50 
Ãþê6ĳ Ãþ�Įĳ

Sue M, Nagase D, Yamabe F, Sasai D, 

Willenberg H, Kamimura S, Hiroi N, 

Shibuya K, Yoshino Gĳ

A case of pheochromocytoma which represented multiple 

myeloma like change.ĳ
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

15th International Congress of Endocrinology Florence, Italyĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

    51. 
Ãþê6ĳ Ãþ�Įĳ

Gocho K, Sugino K, Sato K, Kikuchi N, 

Ishida F, Sano, G, Isobe K, Sakamoto S, 

Takai Y, Mitsuda A, Shibuya K, Uekusa T, 

Kurosak A, Homma S 

A Case of microscopic polyangitis with preceding interstitial 

pneumonia diagnosed by surgical lung biopsy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The Asia Pacific Meeting of Vasculitis and ANCA Workshop 

2012ĳ
Tokyo Japanĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

Łľĺĳ

Ãþê6ĳ Ãþ�Įĳ

Naoi K, Saji T, Uchino Y, Ikehara S, 

Shimada H, Nakayma T, Ohara A, Kanto 

H, Shibuya K, Matsuura Hĳ

A case of classical polyarteritis nodosa presenting with severe 

epididymitis in a boy with a history of Kawasaki disease. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 10th International Kawasaki Disease Symposiumĳ Kyoto, Japanĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

   53. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清, 小野一郎, 木下利雄, 小竹遥

香, 石川由起雄, 井内亜美, 深澤由里, 猪

股直美, 石井壽晴ĳ

創傷治癒の線維芽細胞アポトーシスによる組織修復促進のメカニズムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ĳ ĳ ĳ Łŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、石川由起雄、鈴木健

也、井内亜美、猪俣直美、深澤由里、池田

隆徳、石井壽晴ĳ

bFGF による心筋間質細胞外マトリックス制御と高血圧性心不全リモ

デリングの抑制機序ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   55. 
Ãþê6ĳ Ãþ�Įĳ

小竹遙香、赤坂喜清、石川由起雄、木下利

雄、深澤由里、井内亜美、藤田和子、猪俣

直美、石井壽晴ĳ

ケロイド線維芽細胞びおける Smad と MMP の発現異常とその意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   56. 
Ãþê6ĳ Ãþ�Įĳ

Inomata N, Akasaka Y, Imaizumi R, 

Okada E, Onishi Kĳ
Fibrocyte expression relative to blood vessels during skin healing.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会 (WHS-JSWH Joint Symposium).ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ĳ ĳ ĳ ŁŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ
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土屋勝, 新井賢一郎, 吉田公彦, 岡野直

樹, 藤塚宜功,土方一範, 河田兼光, 密田

亜希, 澁谷和俊, 田村晃, 石井淳、前田徹

也, 久保田喜久, 片桐敏雄, 大塚由一郎, 

金子弘真 

腹腔鏡下脾臓摘出にて診断に至った孤立性脾結核の一例.   

学会名 開催地 ÃþZ�ĳ

第 25 回日本内視鏡外科学会総会 横浜 ĳ ĳ ĳ ĳ ľļĽľ Zĳ Ľľ �ĳ

ĳ ĳ ĳ ĳ Łńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

黒澤武介、杉野圭史、卜部尚久、伊藤貴文、

太田宏樹、石田文昭，菊池直、廣田直、佐

藤敬太、佐野剛、磯部和順、坂本晋、高井

雄二郎、朴理絵、澁谷和俊、秦 美暢、高

木啓吾、本間栄 

心嚢液貯留で発症し生前診断し得た原発性悪性心膜中皮腫の 1 例. 

学会名 開催地 ÃþZ�ĳ

第 165 回日本肺癌学会関東支部会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ Ľľ �ĳ

ĳ ĳ ĳ ĳ ŁŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

栃木直文、吉田朗彦, 長谷川千花子, 密田

亜希, 土谷一晃, 後藤英典, 大塚創,佐藤

史朋, 秦美暢, 高木啓吾, 澁谷和俊 

診断に苦慮した類上皮肉腫肺転移の 1 例. 

学会名 開催地 ÃþZ�ĳ

第 165 回日本肺癌学会関東支部会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ Ľľ �ĳ

ĳ ĳ ĳ ĳ łļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

臼井州樹, 須江麻里子, 石川真由美, 伊東

俊英, 三宅洋子, 大久保陽一郎, 若山恵, 

渡邊奈津子, 筒井英光, 坪井久美子 

 バセドウ病の甲状腺偶発乳頭癌. 

学会名 開催地 ÃþZ�ĳ

第 55 回日本甲状腺学会学術集会 福岡 ĳ ĳ ĳ ľļĽľĳZĳ Ľľ �ĳ

ĳ ĳ ĳ ĳ łĽĺĳ ĳ

Ãþê6ĳ ĳ Ãþ�Įĳ

吉原彩, 小田健三郎, 須江麻里子, 宮城匡

彦, 廣井直樹, 久保田伊哉, 緒方秀昭, 笹

井大督, 澁谷和俊, 弘世貴久  

巨大甲状腺腫をきたした 1 型糖尿病合併 T3 優位型バセドウ病の一例. 

学会名 開催地 ÃþZ�ĳ

第 55 回日本甲状腺学会学術集会 福岡 ĳ ĳ ĳ ľļĽľĳZĳ Ľľ �ĳ

ĳ ĳ ĳ ĳ łľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

須江麻里子, 吉原彩, 小田健三郎, 岡美江, 

久保田伊哉, 大久保陽一郎, 根本哲生, 

緒方秀昭, 澁谷和俊, 廣井直樹, 弘世貴久 

甲状腺機能性結節に微小乳頭癌を合併した一例. 

学会名 ģ�>ĳ ÃþZ�ĳ

第 55 回日本甲状腺学会学術集会 ǗÑĳ ĳ ĳ ĳ ľļĽľĳZĳ Ľľ �ĳ

ĳ ĳ ĳ ĳ łĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

渡邊 美砂, 早乙女 壮彦, 小峰 由美子, 

佐地  勉, 柴田 祐充子, 岩崎 維和夫, 黒

岩 実, 根本 哲生, 澁谷 和俊 

新生児消化管アレルギーにおける病理組織の診断的意義.   
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学会名 開催地 ÃþZ�ĳ

第 62 回日本アレルギー学会秋季学術集会 大阪 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ĳ łŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

鏡哲, 船橋公彦, 栗原聰元, 小池淳一, 塩

川洋之, 牛込充則, 新井賢一郎, 白坂健太

郎, 鈴木孝之, 松田聡, 甲田貴丸, 石川由

起雄, 澁谷和俊, 島田英昭, 金子弘真 

経腟的アプローチが有用であった直腸平滑筋腫の一切除例.   

学会名 開催地 ÃþZ�ĳ

第 74 回日本臨床外科学会総会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ĳ łŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

齊藤芙美, 緒方秀昭, 久保田伊哉, 馬越俊

輔, 金澤真作, 密田亜季, 澁谷和俊, 金子

弘真 

線維腺腫との鑑別が困難であった若年性乳癌の１例.   

学会名 開催地 ÃþZ�ĳ

第 74 回日本臨床外科学会総会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ĳ łłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

金澤真作, 緒方秀昭, 齊藤芙美, 久保田伊

哉, 馬越俊輔, 根本哲生, 澁谷和俊, 金子

弘真 

造影超音波で観察した非浸潤性乳管癌の進展範囲. 

学会名 開催地 ÃþZ�ĳ

第 74 回日本臨床外科学会総会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ łŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

甲田貴丸, 船橋公彦, 小池淳一, 栗原聰

元, 塩川洋之,牛込充則, 白坂健太郎, 鈴

木孝之, 松田 聡, 鏡 哲, 澤口悠子, 木村

和孝, 水津 優, 金子奉暁, 根本哲生, 澁

谷和俊, 金子弘真  

痔瘻癌の 2 例.   

学会名 開催地 ÃþZ�ĳ

第 67 回日本大腸肛門病学会学術集会 福岡 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ łńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

須磨崎真, 澤口悠子, 木村和孝, 鏡 哲, 松

田 聡, 白坂健太郎, 牛込充則, 塩川洋之, 

栗原聰元, 小池淳一, 船橋公彦, 平野孝幸, 

羽鳥努, 澁谷和俊, 島田英昭, 金子弘真 

S 状結腸癌の手術創部に発生した腹壁反応性腫瘤の 1 例. 

学会名 開催地 ÃþZ�ĳ

第 67 回日本大腸肛門病学会学術集会 福岡 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ łŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

水津 優, 船橋公彦, 須磨崎真, 澤口悠子, 

木村和孝, 鈴木孝之, 鏡 哲, 松田 聡, 白

坂健太郎, 新井賢一郎, 牛込充則, 塩川洋

之, 栗原聰元, 小池淳一, 島田英昭, 金子

弘真,若山 恵, 深澤由里, 赤坂喜清, 澁谷

和俊  

肛門管癌の術後に Pagetoid spread の診断を得た 1 例. 

学会名 開催地 ÃþZ�ĳ
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第 67 回日本大腸肛門病学会学術集会 福岡 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

Ńļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

大久保陽一郎, 大野秀明, 篠崎稔, 宮 義

継, 根本哲生, 若山恵, 栃木直文, 笹井大

督, 石渡誉郎, 中山晴雄, 下平佳代子, 田

辺公一, 金子幸弘, 梅山 隆, 山越 智, 

職 玉殊, 北原 加奈子, 山本慶郎, 澁谷

和俊 

マウス肺クリプトコッカス症モデルを用いた感染防御ならびに肺構築

変換の解析. 

学会名 開催地 ÃþZ�ĳ

第 56 回日本医真菌学会総会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ĳ ŃĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

若山 恵、下平佳代子、中山晴雄、篠崎 

稔、大久保陽一郎、笹井大督、石渡誉郎、

職 玉珠、栃木直文、長谷川千花子、密田

亜希, 根本哲生, 澁谷和俊 

東邦大学病理剖検例を用いた過去 56 年間の侵襲性真菌症発生動向と

加齢の及ぼす影響について 

学会名 開催地 ÃþZ�ĳ

第 56 回日本医真菌学会総会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ĳ Ńľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

今泉りさ、大西 清、岡田恵美、岩倉 敬、

猪股直美、荻野晶弘、平田晶子、堀江和幸、

栃木直文、根本哲生  

耳下腺筋上皮腫の 2 例.   

 

学会名 ģ�>ĳ ÃþZ�ĳ

第 30 回日本頭蓋顎顔面外科学会学術集会 大阪 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ĳ ŃĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

磯部和順, 小林紘, 鏑木教平, 廣田直, 坂

本晋, 高井雄二郎, 密田亜希, 澁谷和俊, 

秦美暢, 本間栄  

EGFR 遺伝子変異陽性非小細胞肺癌における EGFR-TKI 耐性獲得時の

肝細胞増殖因子（HGF）染色陽性例の検討.   

学会名 開催地 ÃþZ�ĳ

第 53 回日本肺癌学会総会  岡山 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ńŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

磯部和順, 秦美暢, 鏑木教平, 小林紘, 坂

本晋, 高井雄二郎, 澁谷和俊, 高木啓吾, 

本間栄  

EGFR 遺伝子変異陽性非小細胞肺癌における循環腫瘍細胞と血清遊離

DNA 検出の関連性の検討.   

学会名 開催地 ÃþZ�ĳ

第 53 回日本肺癌学会総会  岡山 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ŃŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

磯部和順, 秦美暢, 鏑木教平, 小林紘, 石

田文昭, 菊池直, 廣田直, 佐藤敬太, 佐野

剛, 杉野圭史, 坂本晋, 高井雄二郎, 澁谷

和俊, 黒埼敦子, 高木啓吾, 本間栄  

Combined pulmonary fibrosis and emphysema (CPFE) 合併肺癌に

おける抗癌剤関連急性増悪の検討.   

学会名 開催地 ÃþZ�ĳ

第 53 回日本肺癌学会総会  岡山 ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ńłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ
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磯部和順, 秦美暢, 鏑木教平, 小林紘, 石

田文昭, 菊池直, 廣田直, 佐野剛, 杉野圭

史, 佐藤敬太, 坂本晋, 高井雄二郎, 篠崎

稔, 密田亜希, 澁谷和俊, 高木啓吾, 本間

栄  

原発性肺癌における院内での ALK 免疫染色と FISH 法の比較検討. 

学会名 開催地 ÃþZ�ĳ

第 53 回日本肺癌学会総会  岡山 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ŃŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

石渡誉郎, 大久保陽一郎, 和泉春香, 佐藤

史朋, 篠崎稔, 笹井大督, 中山晴雄, 栃木

直文, 根本哲生, 名取一彦, 秦美暢, 若山

恵, 澁谷和俊 

侵襲性肺接合菌症における reversed CT halo sign 描出部の病変構築. 

学会名 開催地 ÃþZ�ĳ

第 56 回 日本医真菌学会総会 東京 ĳ ĳ ĳ ĳ ľļĽľ Zĳ ĽĽ �ĳ

Ńńĺĳ

Ãþê6ĳ Ãþ�Įĳ

猪俣直美, 赤坂喜清, 今泉りさ, 岡田恵

美, 石川由起雄, 石井壽晴, 大西 清ĳ

創 傷 治 癒 に お け る 血 管 構 造 に 関 連 し た 血 球 由 来 間 葉 系 前 駆 細 胞

（Fibrocyte）の発現性ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本形成外科学会基礎学術集会ĳ 猪苗代ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

ĳ ĳ ŃŅĺ.ĳ
Ãþê6ĳ Ãþ�Įĳ

Wakayama M, Okubo Y, Shinozaki M, 

Tochigi N, Ono H, Miyazaki Y, Nakatani Y, 

Kamei K, Murayama S, Nemoto T, 

Shibuya K 

HISTOPATHOLOGICAL DIAGNOSIS OF HUMAN HISTOPLASMOSIS 

USING IN SITU HYBRIDZATION TECHNIQUE. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

International Union of Microbiological Societies Congressĳ Sapporoĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   80. 
Ãþê6ĳ Ãþ�Įĳ

Kanazawa S, Ogata H, Magoshi S, Saito 

F, Mitsuda A, Hatori T, Shibuya K, 

Kaneko Hĳ

The predictive precision of the effect of neoadjuvant 

chemotherapy for the breast cancer by CEUS, comparison 

between MRI.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

International Surgical Week ISW2011ĳ Yokohamaĳ ĳ ĳ ľļĽĽ Z ļń �ĳ

   81. 
Ãþê6ĳ Ãþ�Įĳ

Kanazawa S, Mitsuzuka Y, Ogata H, 

Saito F, Magoshi S, Mitsuda A, Hatori T, 

Shiraga N, Nemoto T, Shibuya K, 

Kaneko Hĳ

Which Contrast Enhanced Imaging Modality Is More Useful for 

Breasts: Contrast Enhanced Ultrasound or MRI?ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

13th World Congress of Ultrasound in Medicine and Biologyĳ Vienna, Austriaĳ ĳ ľļĽĽĳZ ļń �ĳ

   82. 
Ãþê6ĳ Ãþ�Įĳ

Isobe K, Hata Y, Sakaguchi S, Sato K, Circulating tumor cells and detection of EGFR mutation in cell-free 
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Sugino K, Sano G, Sakamoto S, Takai Y, 

Shibuya K, Takagi K, Homma S. 

tumor DNA in blood plasma in metastatic non-small cell lung 

cancer with EGFR mutation (#80513). 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

2011ASCO Chicago USAĳ Chicago, USAĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

   83. 
Ãþê6ĳ Ãþ�Įĳ

Isobe K, Hata Y, Sakaguchi S, Iwata M, 

Ota H, Gocho K, Ishida F, Sato K, Sugino 

K, Sano G , Susumu S, Takai Y, Shibuya K, 

Takagi K, Homma S 

Circulating Tumor Cells as A Prognostic Factor for Metastatic 

Non-Small Cell Lung Cancer with EGFR Mutation 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

46th Annual Meeting of the American Society of Clinical 

Oncology 
Chicago, USAĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

ńŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、小野一郎、石川由起雄、深澤由

里、木下利雄、井内亜美、猪股直美、石井

壽晴ĳ

創傷治癒の線維芽細胞アポトーシスにおける組織修復の実行メカニズ

ムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回日本創傷治癒学会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

   85. 
Ãþê6ĳ Ãþ�Įĳ

猪股直美、赤坂喜清、今泉りさ、岡田恵美、

丸山優、石川由起雄、石井壽晴ĳ

皮膚創傷修復における血球由来間葉系前駆細胞(Fibrocyte)の誘導メカ

ニズムの解析ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回日本創傷治癒学会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

ĳ ĳ ńłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

牛込充則, 船橋公彦, 鈴木孝之, 澤口悠

子, 木村和孝, 松田聡, 竹山照明, 塩川洋

之, 小池淳一, 赤坂喜清, 澁谷和俊, 金子

弘真  

低侵襲に治療を完遂しえた腸重積をきたした S 状結腸癌の 1 例. 

学会名 開催地 ÃþZ�ĳ

第 24 回日本内視鏡外科学会総会 大阪 ĳ ĳ ĳ ľļĽĽ Zĳ Ľľ �ĳ

ńŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

秦美暢, 湯浅玲奈, 密田亜希,  若山恵, 

後藤英典, 大塚創, 佐藤史朋, 高橋祥司, 

田巻一義, 笹本修一, 澁谷和俊, 高木啓吾   

 Ciliated muconodular papillary tumor の 2 切除例. 

学会名 開催地 ÃþZ�ĳ

第 163 回日本肺癌学会関東支部会 東京 ĳ ĳ  2011Zĳ Ľľ �ĳ
ĳ ĳ ĳ ĳ ńńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

中山晴雄, 篠崎稔, 職珠玉, 大久保陽一

郎, 笹井大督, 若山 恵, 根本哲生, 岩渕

聡, 澁谷和俊  

パラフィン包埋組織を用いた ISH 法および PCR 法による分子生物学的

診断法の現状. 

学会名 開催地 ÃþZ�ĳ

第 24 回日本外科感染症学会総会 三重 ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ľľ �ĳ

ĳ ĳ ĳ ńŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ
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山 有浩, 島田英昭, 谷島 聡, 大嶋陽幸, 

鈴木 隆, 名波竜規, 鏡 哲, 皆川輝彦, 土

屋 勝, 田村 晃, 大塚由一郎, 鷲澤尚宏, 

羽鳥 努, 澁谷和俊, 金子弘真  

Stage 3 胃癌に対する S-1/CDDP 術前化学療法の検討.  

学会名 開催地 ÃþZ�ĳ

第 73 回日本臨床外科学会総会 東京 ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ņļĺĳ ĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

石井 淳, 田村 晃, 酒井隆光, 今村茂樹, 木

村和孝, 鏡 哲, 久保田喜久, 片桐敏雄, 前田

徹也, 土屋 勝, 大塚由一郎, 大久保陽一郎, 

澁谷和俊, 島田英昭, 金子弘真  

腹腔鏡下膵尾部切除を施行した solid-pseudopapillary tumor の 1

例.   

学会名 開催地 ÃþZ�ĳ

第 73 回日本臨床外科学会総会 東京 ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ŅĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

馬越俊輔, 緒方秀昭, 金澤真作, 齊藤芙美, 

金子弘真, 笹井大督, 澁谷和俊  
乳癌胃転移の 1 例.   

学会名 開催地 ÃþZ�ĳ

第 73 回日本臨床外科学会総会 東京 ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ņľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

澤口悠子, 船橋公彦, 小池淳一, 塩川洋之, 

栗原聰元, 牛込充則, 白坂健太郎, 松田 

聡, 鈴木孝之, 鏡 哲, 大久保陽一郎, 澁谷

和俊, 金子弘真  

虫垂癌の術後に手術創部に発生した腹壁デスモイド腫瘍の 1 例.   

学会名 開催地 ÃþZ�ĳ

第 73 回日本臨床外科学会総会 東京 ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ ŅĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

金澤真作, 緒方秀昭, 馬越俊輔, 齊藤芙美, 

澁谷和俊, 金子弘真  
組織信号を抑制した造影超音波でみた乳癌術前化学療法の経過. 

学会名 開催地 ÃþZ�ĳ

第 73 回日本臨床外科学会総会 東京 ĳ ľļĽĽ Zĳ ĽĽ �ĳ

Ņŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

甲田貴丸, 小池淳一, 栗原聰元, 塩川洋

之, 牛込充則, 白坂健太郎, 鈴木孝之, 船

橋公彦, 赤坂喜清, 島田英昭, 金子弘真ĳ

化学療法が奏功し、切除可能となった切除不能 S 状結腸癌穿孔性腹膜

炎の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 73 回日本臨床外科学会総会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

ŅŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

�Ǝë�, ȬűIõ, ƛwĈ±, ƴƲɝ�, 
ʂ  � , ʀŊ²� , œƲ  Ȋ , Ǆ�9¬ɶ , 
ƣɪAY, £ØƉ�, şrȋ@, Æſƒ�, 
ƚɚ�1, ÔƲȴĺ, ɾ±ðǎ ĳ

S-1*ƱĦÅǾh´ǀƆ˞ȸdˤ˧ȎʅǪėâ�Ǉǁ˯ 1,.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 73�Ķōȫæ¨ǚ´!Ǽ!ĳ Œ�ĳ ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ Ņłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ
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ǒɷ�ʟ, Ǜȃŀ, ¬Ʋ¹Ű, ǐƲįĺ, 
ȵſǋ, íƲǋ, 'Ⱥĭ¬, 'ɽ\, ŏɽ
�z, �ōĽ, ʬ�ʔ�ɶ, ƚɚ�1, ʬ
Ŋ��, ōʇ ŝ 

EGFRɵ"±§ƹʏąĉȈˮ˜ˡ˸ȉąɵ"±ŪǴ˯ņƱą˯ŪɌ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 52�Ķōȓǁ´!Ǽ!ĳ ªʉĳ ĳ ĳ ĳ ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ŅŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǒɷ�ʟ̲Ǜȃŀ̲ǐƲįĺ, ȵſǋ, í
Ʋǋ, 'Ⱥĭ¬, 'ɽ\, ŏɽ�z, �ō
Ľ,ʬ�ʔ�ɶ, ƚɚ�1, ʬŊ��, ō
ʇ ŝ  

ʇɞąȓƝ~*ȓǁˮ˜ˡ˸ƁǀùĄą��ʓ¾˯ŪɌ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 52�Ķōȓǁ´!Ǽ!ĳ ªʉĳ ĳ ĳ ľļĽĽ Zĳ ĽĽ �ĳ

Ņńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ʰƛŵ�, ǒɷ�ʟ, Ǜȃŀ, ǐƲįĺ, 
ȵſǋ, íƲǋ, 'Ⱥĭ¬, 'ɽ\, ŏɽ
�z, �ōĽ, ʬ�ʔ�ɶ, ª¡_, 'Ⱥ
zŇ, ʬűǖ}, ƚɚ�1, ʬŊ��, ō
ʇ ŝ  

IIIŉʛÆǵȗȓǁˮ˜ˡ˸ induction therapy˯ŪɌ.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 52�Ķōȓǁ´!Ǽ!ĳ ªʉĳ ĳ ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ŅŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǐØǎƳȃ, ʄƜªɦ,  Œ1ǘ, ǧ�ª
Ǐ, ƑƛƳɻ, ʠžʯɻ±, í�ǋŰ, �
�
ȃ±, �u�õ, ƚɚ�1, Ȱɽ r    

ƴƥȣŋRhǁˬ˯ʃUˮȳĐˤ˧ƴƥȣĊą̨̛̬ȟ˯�,ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 54�Ķōƴƥȣ´!´ȿʖ!ĳ ªʉĳ ĳ ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ľļļĺĳ

Ãþê6ĳ Ãþ�Įĳ

石井 壽晴ĳ 心筋架橋を基盤とした心筋梗塞の発生機構ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 52 回日本脈管学会総会ĳ 岐阜ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĳ ĳ ĳ ĽļĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

金川武徳, 菊池由宣, 高山竜司, 塩沢一

恵, 和久井紀貴, 篠原美絵, 永井英成, 渡

邊 学, 石井耕司, 飯田和成, 五十嵐良

典, 住野泰清, 深澤由里, 赤坂喜清 

経皮的肝腫瘍生検にて診断された肝原発神経内分泌癌の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 49 回日本癌治療学会学術集会ĳ 名古屋, 日本ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĳ ĳ ĳ Ľļľĺĳ

Ãþê6ĳ Ãþ�Įĳ

ɾƛǎ), ǽĳǘĺ, �¡ä˔ ʧɢ1
ɦ,  ʱȺȮȃ,  Œ1ǘ, ÀƲ�Þ, Ȇ
ʭc, ǄǕ%�,  ƚɚ�1, ɾ±ðǎ 

ȣɭöɡʝƇˮ˵˸ĻʇɧéŁǾ˝˶ɊŔˤ˧ȣȟƿąƽ§˯ȭĊ

ąʃU. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 49�ĶōǁƁǀ´!´ȿʖ!ĳ �xÌĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽļĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ª
2ʴ ʏ�ɶ, ǮÖʴ ǝ, �Ïʴ ľʔ, Ȳ
Ïʴ ć, ǧ�ʴ ªǏ, ǐƔɓɶ, ƚɚʴ �1  ĳCryptococcus gattiičŚƾˮ˜ˡ˸ƽĎɊŔ.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 55�Ķōkǎȶ´!Ǽ!ĳ Œ�ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĳ
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Ľļŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ɾƛǎ), ǽĳǘĺ, ƚɚ�1, ɾ±ðǎ ĳ Ƕȁ3|˻ęWˤ˧ȣɭöɡʝƇ. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 70�Ķōǁ´!´ȿǼ!ĳ �xÌĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽļŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ñʴ Õ, OŊĭ�, 'Ⱥªɦ,  Ⱥʴ m, �
Ʋɝ� , �ŕʴ � , ů¼ƏŰ , Ţō�ư , 
ƚɚ�1, ō©ʴ Ɩ, �rDY  

Ȃż¢Şƾˮ˵˸Āȓ8ųŷȖFƾ7Ȅ˞ʈ�ˤ˧ˬă˺˹˸ 1ĩ�,.   
ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 39�ĶōĩĄk´!Ǽ!ĳ Œ�ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

Ľļłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǒɷ�ʟ, Ǜȃŀ, ǐƲįĺ, ȵſǋ, í
Ʋǋ, 'Ⱥĭ¬, 'ɽ\, ŏɽ�z, �ō
Ľ, ʬ�ʔ�ɶ, ƚɚ�1, ʬŊ��, ō
ʇŝ 

EGFR ɵ"±§ƹʏąȓǁˮ˜ˡ˸ CTCs ˬȽƓɱʘ 
DNAƳő EGFRɵ"±§ƹŪQƨ˯ʈ/.  ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 49�ĶōǁƁǀ´!´ȿʖ! �xÌ ĳ ľļĽĽ Z Ľļ �ĳ

ĽļŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ʄƜªɦ , �ƄĹʦ , ƚɚ�Ǳ± , ōɸʴ
ć, ǐrʴ Ľ, Ⱥō�Ǳ, ǧ�ªǏ, aȺ
@Ə, 6ǐ¶ì, ƚɚ�1, �u�õ  

ȢȞMȪ�ˮåǬˤƐƙˤǻĄǅȔSʍ̭ȿùh´ǀƆ˻»Ĵˤ˧Ċ

ą̨̛̬ȟ˯ 2,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 49�ĶōǁƁǀ´!´ȿʖ!ĳ �xÌĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

Ľļńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

�ƄĹʦ , ʄƜªɦ , ƚɚ�Ǳ± , ōɸʴ
ć, ǐrʴ Ľ, Ⱥō�Ǳ, aȺ@Ə, ŤƲ
ŴƆ, 6ǐ¶ì, KʢƉ�, ÀƲ�Þ, ¸
ĔƓ�ɶ, ǌØʴ q, ƚɚ�1, �u�õ ĳ

ȝǜũùˮǃưˤ˧ǜũų̛̬̀¤ŸąƼĉ˯ 3,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 49�ĶōǁƁǀ´!´ȿʖ!ĳ �xÌĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽļŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ƚɚ�Ǳ± , �ƄĹʦ , ʄƜªɦ , ōɸʴ
ć, ǐrʴ Ľ, Ⱥō�Ǳ, aȺ@Ə, ŤƲ
ŴƆ, 6ǐ¶ì, ÀƲ�Þ, ƚɚ�1, �
u�õ  

ƗȽąɛȽˮ˪ǃƾˤ˧ȽǪMªǵȗ� Bǵȗą̨̛̬ȟ˯ 1,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 49�ĶōǁƁǀ´!´ȿʖ!ĳ �xÌĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽĽļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǮÖǝ, �Ïľʔ, ª
2ʏ�ɶ,ǧ�ª
Ǐ, ȲÏć, �Q Ă, ŐÏƮĸ, Ţō�
ư, ƚɚ�1  

FFPE ɑİ˻Ʊ˚˧ɵ"±ɂbɏıƆ˯ʆǃˬɐ-. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 55�Ķōkǎȶ´!ĳ Œ�ĳ ĳ ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽĽĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ ĳ

�Ïľʔ, ǮÖ ǝ, ª
2ʏ�ɶ, ǧ�
ªǏ, Ȍƫ Ʃ, ȲÏ ć, �QĂ, Ţō�
ư, ŐÏƮĸ, ƚɚ�1  

̢̨̟̩̬�º̧̛̜˽̬g�Ƕȁ˻Ʊ˚˧ƽrɺŹ˯ɵ"±´ǅɂbɏ

ıƆ˯ʆǃ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 55�Ķōkǎȶ´!ĳ Œ�ĳ ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽĽľĺĳ ĳ
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Ãþê6ĳ Ãþ�Įĳ

ǧ�ªǏ, ŏƲʐ, ª
2ʏ�ɶ, ǐƔɓ
ɶ, ÔŐ\, ǮÖǝ, ȲÏć, ƚɚ�1  ˼̮̩̎ȉą̨̡̪̬̔̇̋ˮÃ˥˸/invivo/˫˯ L-AMB˯ņdąŪɌ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 55�Ķōkǎȶ´!ĳ Œ�ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĽĽĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

�¡ä , ɾƛǎ) , ʧɢ1ɦ , ǽĳǘ
ĺ, ʱȺȮȃ, ƚɚ�1, ɾ±ðǎ  Sonazoid ɭöɡʝƇ˫ȟƿ˯å˞˷˻ġºˤ˛˧ǁ˯�,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 19�Ķōǁ´!´ȿǼ!ĳ �yĳ ĳ ľļĽĽ Zĳ ĳ Ņ �ĳ

ĽĽŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ɾƛǎ) , ǽĳǘĺ , �¡ä , ʧɢ1
ɦ, ʱȺȮȃ, ÀƲ�Þ, Ȇʭc, ƚɚ�
1, ɾ±ðǎ  

ĕɭöɡʝƇ˫ɉÁˣ˹˧ȟƿ¨ŚöˬƽƭĖɆ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 19�Ķōǁ´!´ȿǼ!ĳ �yĳ ĳ ľļĽĽ Zĳ ĳ Ņ �ĳ

ĽĽŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ʱȺȮȃ , ǽĳǘĺ , ÑƲñư , ʧɢ1
ɦ, ɾƛǎ), żƊ ?, ȲÏ ć, ƚɚ�
1, ɾ±ðǎ ĳ

ǁǜũě̢̬̂˿̋ˮÃ˥˸PǸǀƆˮ˵˸Ěȟƿdŗ˯ŪɌ.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 19�Ķōǁ´!´ȿǼ!ĳ �yĳ ĳ ľļĽĽ Zĳ ĳ Ņ �ĳ

ĽĽłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

nɷÇ
, �ōʴ Ľ, ǒɷ�ʟ, ŏɽ�z, 
'ɽʴ \˔'Ⱥĭ¬, íƲʴ ǋ, ȵſʴ ǋ, 
ǐƲįĺ, ʬ�ʔ�ɶ,ÆÏ¥�, ʀŊ�
ɀʦ, ÝØĬ®, ¦Ɩ˙˷ˣ,'ȺzŇ,À
Ʋ�Þ˔ƚɚ�1, ʬŊ��, ōʇʴ ŝ ĳ

CT ̂˾̕�ưŪ˫Ɲƾą:ȟƿ˻ƺ˺˹˔̪̋̒˾̕ȹ˫dŗ˭ˠ{�ȷ
SʍŪ(˫ȓĦǾȶƾˬɏıˤ˧�, 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 138�Ķō���MɈʂ´!ʈŒĤɷ!ĳ Œ�ĳ ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ņ �ĳ

ĽĽŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Æŕʴ ǳ,¬Ʋ¹Ű,ǐƲįĺ,ÝØĬ, 
Ⱥɝį̲ÒƲ�ǘ,ȵſʴ ǋ,íƲʴ ǋ,'ɽʴ
\,'Ⱥĭ¬,ŏɽ�z,ǒɷ�ʟ,�ōʴ Ľ,
ʬ�ʔ�ɶ,�ƄĹʦ,�u�õ,µŅˑŊr
ȃ�,ƚɚ�1,ōʇʴ ŝ  

̠̩̣̝̒̎ˮ˵˸ȹ]ąȓƝ˯ 1,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 138�Ķō���MɈʂ´!ʈŒĤɷ!ĳ Œ�ĳ ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ņ �ĳ

ĽĽńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ȓ¡Ŀ, 'ȺzŇ, ʬűǖ}, Ǜȃŀ, ª
¡_, ƲÜ �ȅ, ƕƌƪ¯, ʀŊ�ɀʦ, 
ʬƛʐǱ , ǧ�ªǏ , ƚɚ�1 , ţŕ²
Ɓ, ʬŊ��  

�Ȁʑˮǃưˤ˧ɼƾǩƟ`ƾ~*șȣȟ˯șȞʂ�Sʍ˯ 1,.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 138�Ķō���MɈʂ´!ʈŒĤɷ!ĳ Œ�ĳ ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ņ �ĳ

ĽĽŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ʈŢɝ±, ʇÖ�, ɿ½\�, ŨÏť, 
ʄÔD, ǗƲʔ�, ʚŊlƊ, ªŐ\, Ʋ
�ħ3, ŨƲÓ�, âɽ²ä, Ȇʭc, ƚ
ɚ�1  

±½ʣɷƹĖąǁȍȟ˯ 1 ,.  ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 50�Ķō°�ǚȟƿ´! Ŏáĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ń �ĳ
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Ľľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǗƲʔ�, ʇÖ�, ɿ½\�, ŨÏť, 
ʄÔD, ʈŢɝ±, ʚŊlƊ, ªŐ\, Ƣ
ţƳɠ± , Ʋ�ħ3 , ŨƲÓ� , ǧ�ª
Ŀ, ȲÏć, ƚɚ�1, ŽƲʕ� ĳ

ȸĸ˭ȢżɜƶˬȢȞM˯ī�ąǸǫƽ§ˮ˵˷pÙĊąȟƿ˞ƺ˺˹

˧ȝǵȗǁ˯ 1,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 50�Ķō°�ǚȟƿ´!ĳ Ŏáĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ń �ĳ

ĽľĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

三浦康之, 塩川洋之, 尾作忠知, 吉田公

彦, 鈴木孝之, 松田 聡, 白坂健太郎, 新

井賢一郎, 牛込充則, 栗原聰元, 小池淳

一, 船橋公彦, 赤坂喜清, 金子弘真 

虚血性腸炎が併存し診断に苦慮した S 状結腸癌術後再発の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 36 回日本外科系連合学会学術集会ĳ 浦安ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

ĳ ĳ ĳ Ľľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

�Ïľʔ, 'Ő?, ƚɚ�1ĳ Ý�ƽʌˮ˜ˡ˸ȡȠǩȩƿ˯»ʒ, 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 59�Ķōh´ǀƆ´!Ǽ! ĳ Ŏáĳ ĳ ĳ ľļĽĽ Zĳ ł �ĳ

ĽľĿĺĳ

Ãþê6ĳ Ãþ�Įĳ

ɹ�ʐC, ZƲÿ�, ª¡Ƴ�ɶ, ƛwĈ
±, ŊŐ�², 
2Ʋ�
, ǐ�ƒ, �Ì
f, ÔƲȴĺ, ƚɚ�1, ɾ±ðǎ  

·G�ȨǪǂ~�G˻#˩˧Ȩ̭ȕǪ~Ƌƹà˔B«ąȕɲĝòƾ˯ 1
,.   
ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 23�ĶōȏȕȨ¨ǚ´!̭´ȿʖ!ĳ Œ�ĳ ĳ ĳ ĳ ľļĽĽ Zĳ ł �ĳ

Ľľŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǐ�ƒ , �Ìf , ª¡Ƴ�ɶ , 
2Ʋ�

, ƢţĨʔ, ZƲÿ�, ƲŐļ, ÀƲ�
Þ, ƚɚ�1, ÔƲȴĺ, ɾ±ðǎ 

Ąɬˮ¤ª˥˸ȿùȏɤǜ˻˟˧ˤ˧ȕ�ǪȣMRƅǵȗǁ˯ 1,.  ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 23�ĶōȏȕȨ¨ǚ´!̭´ȿʖ!ĳ Œ�ĳ ĳ ĳ ĳ ľļĽĽ Zĳ ł �ĳ

ĽľŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ZƲÿ� , ª¡Ƴ�ɶ , �Ìf , ǆØɧ
õ, ǐ�ƒ, 
2Ʋ�
, ƲŐļ, ÔƲȴ
ĺ, ǧ�ªǏ,  ƚɚ�1, ɾ±ðǎ   ĳ

S-1/GemcitabineǀƆˮ˵˷Sʍˤ˛˧Ȩ(Éɷǁ˯ 1,.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 23�ĶōȏȕȨ¨ǚ´!̭´ȿʖ!ĳ Œ�ĳ ĳ ĳ ĳ ľļĽĽ Zĳ ł �ĳ

Ľľłĺĳ ĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

�Őƈõ, 'Ⱥĭ¬, ¬Ʋ¹Ű,ʰƛŵ�,
Æŕʴ ǳ,nɷÇ
, ÆÏ¥�,ʀŊ�ɀʦ, 
¦Ɩ˙˷ˣ ,ÝØĬ ,  Ⱥɝį , ÒƲ�
ǘ , Őœʏ± ,ȵſʴ ǋ , ǐƲįĺ ,íƲʴ
ǋ , 'ɽʴ \ , ŏɽ�z ,ǒɷ�ʟ , �ōʴ
Ľ, ʬ�ʔ�ɶ, âɽ²ä, Ȇʭʴ c, Ţ
ō�ư, ƚɚ�1, ōʇʴ ŝ  

ĳ  
PTTM(pulmonarytumor thrombotic microangiopathy)˻~*ˤ˧Ȁ
ʑ�ȓėâ�Ǉǁ˯ 1[Ū,.   
ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 161�Ķōȓǁ´!ʈŒĤɷ!ĳ Œ�ĳ ĳ ĳ ĳ ľļĽĽ Zĳ ł �ĳ

ĽľŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

ƕƌƪ¯, ùȺȴL, ʬűǖ},'Ⱥ
zŇ ,ƲÜ�ȅ̲Ǜȃŀ , ʬŊ�� , 
Ȇʭc, ÀƲ�Þ, ƚɚ�1  

ƴƥȣǁˮ˵˸ŻǪƦǡˮÃ˥˸ƁǀēƷ̳ 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 34�Ķō���MɈʂ´!´ȿʖ!ĳ ƍœĳ ĳ ĳ ĳ ľļĽĽ Zĳ ł �ĳ

ĳ ĳ ĳ Ľľńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ɾƛǎ) , ǽĳǘĺ , �¡ä , ʧɢ1
ɦ, ʲȺȮȃ, ǄǕ%�, ƚɚ�1, ɾ±
ðǎ  

ȣʡ�ˮ˜˚˪ɭöɡʝƇ˰ɭöMRI ˻ɡ˛˶˹˸˝. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 84�ĶōɡʝƇk´!´ȿʖ!ĳ Œ�ĳ ĳ ĳ ĳ ľļĽĽĳZĳ Ł �ĳ

ĽľŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

�¡ä , ɾƛǎ) , �Ïđ� , HʁĆ
Ȱ, ǽĳǘĺ,ʴ ʧɢ1ɦ, ʲȺȮȃ, Ţō
�, ƚɚ�1, ɾ±ðǎ 

SonazoidɭöɡʝƇŪŜˮ˵˸ǁȿZh´ǀƆdŗTº˯ŪɌ.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 84�ĶōɡʝƇk´!´ȿʖ!  Œ�ĳ ĳ ĳ 2011Zĳ ǎ�ĳ
ĳ ĳ ĳ ĽĿļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ʬű˷˛, ǮÖʴ ǝ, '˖Ŋ
ȃ±, ª

2ʏ�ɶ, ÀƲ�³, Ȇʭʴ c, ȲÏʴ ć, 
Ţō�ư, ƚɚ�1, Ïɩz�ĳ  

ȤȘrǃÆǵȗǁ˯ 1,.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 52�Ķōȫæǵȗ´!ĳ ǗÑĳ ĳ 2011Zĳ ǎ�ĳ
ĽĿĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ʬűǖ}, ǧō5�, Ǜȃŀ, Ȓ¡Ŀ, ù
ȺȴL, 'ȺzŇ, ƲÜ�ȅ, ƕƌƪ¯, 
'Ⱥĭ¬, ÀƲ�Þ, ƚɚ�1, ʬŊ��  

șʪŴ�ʆș̭Û	ŻǪĤ 6ɣʪɨSʍ̭Ǥ˖�~˻ĴȾˤ˧ŻǪĤǸš
˯ 1,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 28�Ķō���¨ǚ´!Ǽ! Uèĳ ĳ 2011Zĳ ǎ�ĳ
ĳ ĳ ĽĿľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ǜȃŀ, ǧō5�, ƲÜ�ȅ, ʬűǖ}, 
'ȺzŇ,ʴ ùȺȴL, Ȓ¡Ŀ, ƕƌƪ¯, 
ÀƲ�Þ, Ţō�ư, ƚɚ�1, ʬŊ��ĳ

ªȡǁȓɤǜˮ˜ˡ˸Ǹǫąʎö˯ńªøˬǶȁɏı.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 28�Ķō���¨ǚ´!Ǽ!ĳ Uèĳ ĳ 2011Zĳ ǎ�ĳ
ĽĿĿĺĳ

Ãþê6ĳ Ãþ�Įĳ

宇月美和，窪田綾子，澤井高志，勝呂 徹，

赤坂喜清，猪股直美，中村卓司，宮崎芳安，

石井壽晴ĳ

生物学的製剤投与前後での滑膜組織の変化ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ ʺʹʹ �Ķōƽƭ´!Ǽ!ʴ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   134. 
Ãþê6ĳ Ãþ�Įĳ

深澤由里, 吉原 彩, 石川由起雄, 赤坂喜

清, 廣井直樹, 笹野公伸, 石井壽晴ĳ
後腹膜に発生した異所性副腎皮質癌の一剖検例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ ʺʹʹ �Ķōƽƭ´!Ǽ!ʴ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   135. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、小野一郎、石川由起雄、猪股直

美、宇月美和、深澤由里、藤田和子、石井

壽晴ĳ

サイトカイン制御による創傷治癒線維芽細胞アポトーシス発現の意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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Ǧ ʺʹʹ �Ķōƽƭ´!Ǽ!ʴ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

ĳ ĳ ĽĿłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ª
2ʏ�ɶ , ira¯± ,  ǧ�ªǏ , 
âɽ²ä, ʄɚØlȯ±, ÀƲ�Þ, Ȇʭ
c, ȲÏć, ůƜĿ�, Ţō�ư, ƚɚ�
1 

ĳGangliocytic paragangliomaˮ˜ˡ˸̟̩̦̬v¿(˯Čȅ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
ĳ ĳ ĽĿŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ȲÏʴ ć, ǮÖʴ ǝ, ƚɚ�1  ƽƭŪ(˻Ʊ˚˧ɵ"±ɏıˬùĳɈǅǃưe�.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
ĽĿńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

¶ȺàƏ, ƚɚ�1 ĳ Ƶ>˝˶ȇ˛˸ƽĎ.  ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!,ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
ĳ ĳ ĽĿŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ƚɚ�1 ĳ Ƒ�ąǎȶƾˮ˜ˡ˸ƽƭɏı˯Ƭƥˬɖʤ.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!,ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
Ľŀļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǐØƳɠʔ, ɟ��Ɠ, ʀŊʬǔ, Ⱥrȃ
ć±, ��Ɠ, Ĳɽz, Ʋ�ɲʔ, ŨŽŴ
�ɶ , ÆƂǲ± , �Ø$± , ǽĳɘ¬ɶ , 
Ørǟ, ŏƎ �, �Ø1�, ƘōÄɶ, ʥ
Ʋ (śƲ)ǎÐ, ƚɚ�1, ʬű�, µŅȃ
�, ƑƛƳɻ, ǐ�¦ľ ĳ

ĀǩŦ¢˯ǃư˯Ųçˬ˭˸Āǩřű˞ÛOƥețZ�ʋŘ˯MȦƽ

§˯ɯÍˮt˲˥Čȅ.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!,ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
ĳ ĳ ĳ ĽŀĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

½Öȅǹ, ƲɩI�, ŤÏʴ ʐ, Ïɢʴ Ŀ, 
ƚɚ�1, ªɽǘĸ Ƒ�ąǎȶƾˮ˜ˡ˸ȫæǅɖʤ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!,ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ

(  ű k i R
ĳ

ĳ ĳ Ľĺĳ

Ãþê6ĳ Ãþ�Įĳ

赤坂喜清, ďąƝƾ˯ǶȁNĥǭ˻Wû˥˸ ˋˊˈˎˌ˅˃˂ ˯ĠǴ 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

no sy us S  東京 ĳ ã Ņ

ĳ ĳ ǋĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

中道美保, 赤坂喜清, 大西 清 
bFGF 誘導性骨髄間葉系前駆細胞(Fibrocyte)の同定と血管新生メカニ

ズム(イノベーションセミ ナー）. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 45 回日本創傷治癒学会 Œ� ĳ )ã Ņ

ĳ ĳ ĳ ǌĺĳ

Ãþê6ĳ Ãþ�Įĳ
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中道美保, 赤坂喜清, 岡根谷哲哉,今泉り

さ, 荻野晶弘, 岡田恵美, 大西清 
血管増殖因子による骨髄間葉系前駆細胞の発現誘導と血管新生. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 24 回日本形成外科学会基礎学術集会 ǈÑ ĳ )ã Ņ

ĳ ĳ ĳ Ǎĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

赤坂喜清, ʴ ďąƝƾ˯ʇɞ̨̨̦̬̓̅˻Wû˥˸ ˋˊˈˎˌ˅˃˂ ˯ɊŔ 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

no sy us S  東京 ĳ )ã Ņ

ĳ ĳ ǎĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Akasaka Y, Kinoshita T, Nakamichi M, 

Akishima - Fukasawa Y, Suzuki T, 

Ohnishi K, Ikeda T, Mikami T 

Basic fibroblast growth factor inhibits fibrotic response of cardiac 

fibroblasts in hypertensive hearts through enhanced TIMP-1 

expression 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

2015 WHS Annual Meeting 
San Antonio, 

Texas、USA 
ĳ )ã (Ņ

Ǐĺĳ

Ãþê6ĳ Ãþ�Įĳ

中道美保，赤坂喜清，今泉りさ，岡田恵美，

三上哲夫，大西 清 

創傷治癒期の血管増殖因子による血管新生メカニズムと骨髄間葉 系

前駆細胞の関与 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 44 回日本創傷治癒学会 �y ĳ (ã Ņ

ĳ ĳ ĳ ǐĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Inomata N, Nakamichi M, Akasaka 

Y 
Fibrocyte behavior relative to blood vessels under skin wound healing 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The Wound Healing Society's 2014 Annual Meeting 
Orland, Florida, 

USA 
ĳ (ã (Ņ

Ǒĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nakamichi M, Kinoshita T, Inomata 

N, Fukasawa Y, Mikami T, Ohnishi 

K, Akasaka Y 

(  Enchanced MMP-9 activation during the process of scar-less 

healing regulated by apoptosis in granulation-tissue fibroblasts. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The Wound Healing Society's 2014 Annual Meeting 
Orland, Florida, 

USA 
ĳ (ã (Ņ

ĳ ĳ ǒĺĳ

Ãþê6ĳ Ãþ�Įĳ

Fujita K, Wang B, Kuwabara T, Kamaka 

I, Tanaka K, Akasaka Y, Ishii T 
X-ray irradiation suppresses SLE-like morbidity in NZBWF1 mice.

´!�ʴ ʆ<�ʴ ÃþZ�ĳ
15th International Congress of Immunology Milan, Italia   ľļĽĿ Zĳ ń �ĳ

ĳ ĳ ĳ Ǌǉĺĳ

Ãþê6ĳ Ãþ�Įĳ

Akasaka Y, Ono I, Inomata N 
) The mechanisms of fibroblast apotosis induced by basic 

fibroblast growth factor during scarless repair process.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ
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23rd Annual meeting of the wound healing society SAWC 

spring/WHS joint meeting 
Denver, U.S.A ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ł �ĳ

ĳ ĳ ĳ ǊǊĺĳ

Ãþê6ĳ Ãþ�Įĳ

Ono I, Akasaka Y, Takata K 
* Administration of basic fibroblast growth factor (bFGF) 

through self-dissolving microneedles for local therapy of skin. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

23rd Annual meeting of the wound healing society SAWC 

spring/WHS joint meeting 
Denver, U.S.A ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ł �ĳ

ĳ ĳ Ľǋĺĳ

Ãþê6ĳ Ãþ�Įĳ

ɟ��Ɠ˔ǐØƳǱʔ˔Æɽ�ɶ˔ƑƛƳ

ɻ˔�M�ȃ˔Æǥɳʦ˔Ŋ�Vʔ˔ȺƲ

�±˔ǐ�¦ľ 

_=Ɓǂ˯ǾǺȱǵȗ˼̡̮̔̉̋ˮ˵˸Ƕȁ5ü0ɯ˯̥̗́̌

̤. ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 102�Ķōƽƭ´!Ǽ!ĳ Ŏáĳ ĳ ĳ ĳ ĳ ľļĽĿ Zĳ ĳ ł �ĳ

ĳ ĳ ĳ Ľǌĺĳ
Ãþê6ĳ Ãþ�Įĳ

ůÉĿ±˔ɟ��Ɠ˔ǐØƳǱʔ˔Ŋ�V

ʔ˔Ƨ4ǋȃ˔�M�ȃ˔ƑƛƳɻ˔Æǥ

ɳʦ˔ǐ�¦ľ 
Ċą̨̛̬ȟˮ˜ˡ˸MALT1 ˬ BCL10ȼǄ˯šMǃƬ˯Čȅ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 102�Ķōƽƭ´!Ǽ!ĳ Ŏáĳ ĳ ĳ ĳ ĳ ľļĽĿ Zĳ ĳ ł �ĳ

ĳ ĳ ĽǍĺĳ
Ãþê6ĳ Ãþ�Įĳ

Æǥɳʦ˔ɟ��Ɠ˔ǐØƳǱʔ˔Ŋ�V

ʔ˔ƑƛƳɻ˔�M�ȃ˔ȺƲ�±˔Ƨ4

ǋȃ˔ǐ�¦ľ 
̪̆˾̕ǾǺȱǵȗˮ˜ˡ˸ TGF-ːReceptor ˬ Smad˯ǃƬƹà. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 102�Ķōƽƭ´!Ǽ!ĳ Ŏáĳ ĳ ĳ ľļĽĿ Zĳ ĳ ł �ĳ

ĳ ĳ Ľǎĺ  ĳ
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清, 小野一郎, 木下利雄, 小竹遥

香, 石川由起雄, 井内亜美, 深澤由里, 猪

股直美, 石井壽晴ĳ

ĺ創傷治癒の線維芽細胞アポトーシスによる組織修復促進のメカニ

ズムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ĳ ĳ ĳ ĽǏĺĳ

Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、石川由起雄、鈴木健

也、井内亜美、猪俣直美、深澤由里、池田

隆徳、石井壽晴ĳ

bFGF による心筋間質細胞外マトリックス制御と高血圧性心不全リモ

デリングの抑制機序ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   1̻. 
Ãþê6ĳ Ãþ�Įĳ

小竹遙香、赤坂喜清、石川由起雄、木下利

雄、深澤由里、井内亜美、藤田和子、猪俣

直美、石井壽晴ĳ

ケロイド線維芽細胞びおける Smad と MMP の発現異常とその意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   1̼. 
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Ãþê6ĳ Ãþ�Įĳ

Inomata N, Akasaka Y, Imaizumi R, 

Okada E, Onishi Kĳ
ĳ Fibrocyte expression relative to blood vessels during skin healing.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会 (WHS-JSWH Joint Symposium).ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ĳ ĳ ĳ Ľǒĺĳ

Ãþê6ĳ Ãþ�Įĳ

猪俣直美, 赤坂喜清, 今泉りさ, 岡田恵

美, 石川由起雄, 石井壽晴, 大西 清ĳ

創 傷 治 癒 に お け る 血 管 構 造 に 関 連 し た 血 球 由 来 間 葉 系 前 駆 細 胞

（Fibrocyte）の発現性ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本形成外科学会基礎学術集会ĳ 猪苗代ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

ĳ ĳ ǋǉĺĳ

Ãþê6ĳ Ãþ�Įĳ

 ȺŴň,  ɚÔʴ Ȋ,  ÔƲȴĺ,  Ïʳņ
Ə ,  �Ƈǣɇ , ª×ʏä ,  ZƲÿ� ,  
ʮƛÇ¹,  ÀƲ�Þ,  ɟ��Ɠ, Ţō�
ư,  ƚɚ�1,  ɾ±ðǎ  

ȿZh´ǀƆ̯S-1/CDDP̰˻ 1̈˾̩̄ĴȾˤ˔CR ˞ú˶˹˧ɯȾȔǁ
˯ 1,.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 50�ĶōǁƁǀ´!´ȿʖ!ĳ ůƍĳ ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ľļ �ĳ

ĳ ĳ ľǊĺĳ

Ãþê6ĳ Ãþ�Įĳ

井内亜美、石川由起雄、赤坂喜清、深澤由

里、下川伶子、木下利雄、小竹遙香、石井

壽晴ĳ

左冠状動脈前下行枝の内膜病変に与える心筋架橋被覆部の解剖学的環

境の影響 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

   22. 
Ãþê6ĳ Ãþ�Įĳ

横尾智子、赤坂喜清、石川由起雄、木下利

雄、猪股直美、井内亜美、深澤由里、石井

壽晴ĳ

悪性リンパ腫における BCL10 核内異常発現と意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

   23. 
Ãþê6ĳ Ãþ�Įĳ

下川伶子、石川由起雄、井内亜美、深澤由

里、赤坂喜清、木下利雄、猪股直美、石井

壽晴ĳ

膝窩動脈の外膜嚢腫の一例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

   24. 
Ãþê6ĳ Ãþ�Įĳ

石川由起雄、下川伶子、井内亜美、深澤由

里、赤坂喜清、石井壽晴ĳ

子宮体部内膜癌に伴った骨盤内及び大動脈リンパ節のvascular 

leiomyomatosisの一例 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

   25. 
Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、鈴木健也、石川由起 Basic Fibroblast Growth Factor(bFGF)による高血圧性心不全の心筋
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雄、深澤由里、井内亜美、藤田和子、横尾

智子、猪股直美、山�純一、石井壽晴 

リモデリング抑制機序ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

   26. 
Ãþê6ĳ Ãþ�Įĳ

鈴木高祐、宇野美恵子、楊楊、阿部江利子、

李治平、石川由起雄ĳ
重傷感染症に心筋炎を合併し心破裂を来した屠考えられる一剖検例 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

   27. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、石川由起雄、小野一郎、木下利

雄、深澤由里、井内亜美、藤田和子、猪股

直美、石井壽晴ĳ

- ĳ創傷治癒期の線維芽細胞アポトーシスによる組織修復の実行メ

カニズムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ŀ �ĳ

ĳ ĳ ĳ ľńĺĳ ĳ ĳ  
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、小野一郎、石川由起雄、深澤由

里、木下利雄、井内亜美、猪股直美、石井

壽晴ĳ

. ĳ創傷治癒の線維芽細胞アポトーシスにおける組織修復の実行メ

カニズムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回日本創傷治癒学会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

   29. 
Ãþê6ĳ Ãþ�Įĳ

猪股直美、赤坂喜清、今泉りさ、岡田恵美、

丸山優、石川由起雄、石井壽晴ĳ

皮膚創傷修復における血球由来間葉系前駆細胞(Fibrocyte)の誘導メカ

ニズムの解析ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回日本創傷治癒学会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

ĳ ĳ Ŀļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ƣɪAY, ȬűIõ, ʀŊ²�, ƛwĈ±, 
ŊŐ�², œƲȊ, ǥÏƠĸ, £ØƉ�, 
Æſƒ�, ɟ��Ɠ, ƚɚ�1, ɾ±ðǎ ĳ

&.ɃˮƁǀ˻·ɰˤ˛˧ȡɼǞ˻˟˧ˤ˧ SƥǸȡǁ˯ 1,. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 24�ĶōMɈʂ¨ǚ´!Ǽ!ĳ ªʉĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ľľ �ĳ

ĳ ĳ ĿĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

甲田貴丸, 小池淳一, 栗原聰元, 塩川洋

之, 牛込充則, 白坂健太郎, 鈴木孝之, 船

橋公彦, 赤坂喜清, 島田英昭, 金子弘真ĳ

化学療法が奏功し、切除可能となった切除不能 S 状結腸癌穿孔性腹膜

炎の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 73 回日本臨床外科学会総会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

ĳ ĳ Ŀľĺĳ ĳ ĳ ĽļŁĳ

Ãþê6ĳ Ãþ�Įĳ

金川武徳, 菊池由宣, 高山竜司, 塩沢一

恵, 和久井紀貴, 篠原美絵, 永井英成, 渡

邊 学, 石井耕司, 飯田和成, 五十嵐良

典, 住野泰清, 深澤由里, 赤坂喜清 

経皮的肝腫瘍生検にて診断された肝原発神経内分泌癌の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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第 49 回日本癌治療学会学術集会ĳ 名古屋, 日本ĳ ĳ ĳ ľļĽĽ Z Ľļ �ĳ

ĳ ĳ ĳ ĿĿĺĳ

Ãþê6ĳ Ãþ�Įĳ

宇月美和，窪田綾子，澤井高志，勝呂 徹，

赤坂喜清，猪股直美，中村卓司，宮崎芳安，

石井壽晴ĳ

生物学的製剤投与前後での滑膜組織の変化ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ ʺʹʹ �Ķōƽƭ´!Ǽ!ʴ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   34. 
Ãþê6ĳ Ãþ�Įĳ

深澤由里, 吉原 彩, 石川由起雄, 赤坂喜

清, 廣井直樹, 笹野公伸, 石井壽晴ĳ
後腹膜に発生した異所性副腎皮質癌の一剖検例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ ʺʹʹ �Ķōƽƭ´!Ǽ!ʴ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   35. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、小野一郎、石川由起雄、猪股直

美、宇月美和、深澤由里、藤田和子、石井

壽晴ĳ

サイトカイン制御による創傷治癒線維芽細胞アポトーシス発現

の意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ ʺʹʹ �Ķōƽƭ´!Ǽ!ʴ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

ĳ ĳ Ŀłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ª
2ʏ�ɶ , ira¯± ,  ǧ�ªǏ , 
âɽ²ä, ʄɚØlȯ±, ÀƲ�Þ, Ȇʭ
c, ȲÏć, ůƜĿ�, Ţō�ư, ƚɚ�
1 

ĳ Gangliocytic paragangliomaˮ˜ˡ˸̟̩̦̬v¿(˯Čȅ. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
ĳ ĳ ĿŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

ǐØƳɠʔ, ɟ��Ɠ, ʀŊʬǔ, Ⱥrȃ
ć±, ��Ɠ, Ĳɽz, Ʋ�ɲʔ, ŨŽŴ
�ɶ , ÆƂǲ± , �Ø$± , ǽĳɘ¬ɶ , 
Ørǟ, ŏƎ �, �Ø1�, ƘōÄɶ, ʥ
Ʋ (śƲ)ǎÐ, ƚɚ�1, ʬű�, µŅȃ
�, ƑƛƳɻ, ǐ�¦ľ ĳ

ĀǩŦ¢˯ǃư˯Ųçˬ˭˸Āǩřű˞ÛOƥețZ�ʋŘ˯MȦƽ

§˯ɯÍˮt˲˥Čȅ.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 100� Ķōƽƭ´!Ǽ!,ĳ ůƍĳ ĳ 2011Zĳ ŀ �ĳ
ĳ ĳ ĳ ĳ

5.ĳ űp38 キナーゼによるミクログリア活性化と脊髄再生促進Ųĳ

Ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

tg a

 
ķķĽĺĳc rMI ri A 9 .,  

H�6ĳ ĳ ĳ ĳ ĳ ģ�>ĳ ĳ ÃþZ�ĳ

e n  �X ã Ņ

ĳ ľĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

 ķķľĺĳ P i MI ri l  
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

no sy us S  p ĳ ĳ ĳ ã Ņ

Ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hamanoue M, Morioka K, Ohsawa I, Ogata T, 

Takamatsu K 

**3. Cell-permeable p38 MAP kinase promotes migration of adult neural 

stem/progenitor cells 

 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

in   ĳ ĳ )ã -Ņ

ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Miwa N, Hanaue M, Takamatsu K 
Reversible changes in the orientation pattern of ZP filaments in the 

extracellular coat of Xenopus egg by dicalcin. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

e n n  東京 )ã Ņ

Łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Miwa N, Hanaue M, Takamatsu K 
Structural plasticity of the mature egg-coating envelope accompanied by 

the extrinsic control of fertilization success in Xenopus laevis. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

e n  つくば ĳ ĳ ĳ ĳ )ã (Ņ

łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hamanoue M, Hayakawa K, Morioka, K, Ogata 

T, Nakajima K, Takamatsu K 

Functional recovery from chronic spinal cord injury by the reactivation of 

endogenous microglia. 

学会名 開催地 ÃþZ�ĳ

Nanosymposium, Neuroscience 2015 Chicago, USA ĳ ĳ ĳ )ã Ņ

Ńĺĳ

Ãþê6ĳ Ãþ�Įĳ

浜之上誠, 緒方徹, 高松研 神経幹細胞遊走能活性化因子としての p38MAP キナーゼ. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 57 回日本神経化学会大会 奈良 ĳ (ãʴ -Ņ

ĳ ĳ ńĺĳ

Ãþê6ĳ Ãþ�Įĳ

Kawamura G, Hattori M, Tamaru T, 

Takamatsu K, Ozawa T 

Investigating a role of heat-shock response pathway in the UV 

light-mediated synchronization of circadian clocks. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 30th Anniversary Meeting of Sapporo Symposium on 

Biological Rhythm 
Sapporo ĳ (ã Ņ

Ņĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Miwa N, Hanaue M, Takamatsu K 
Identification of the interactive region on gp41, Xenopus 

orthologue of ZP3, for its target Xenopus dicalcin. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

47th Annual Meeting of Society for the Study of Reproduction Boston, USA ĳ (ã Ņ

  10. 
Ãþê6ĳ Ãþ�Įĳ

Tamaru Tĳ
CK2-orchestrated circadian signalosome regulates mammalian 

clock system.ĳ



̯Ůï 2̰ 
 

Ɔ�Ƹ| 131061 
̞̪̊̀̄̔Ƹ| ˆʺʺʹʺʹʺʿ 

 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第90回日本生理学会大会 東京ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

  11. 
Ãþê6ĳ Ãþ�Įĳ

Hamanoue M, Ikeda Y, Takamatsu Kĳ
Specific expression of n-acetylglucosaminyltransferase V in mouse 

neural stem cells. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 90 回日本生理学会大会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   12. 
Ãþê6ĳ Ãþ�Įĳ

Miwa N, Hanaue M, Takamatsu Kĳ
Identification of binding regions on Xenopus dicalcin for its target 

glycoprotein in the egg-coating envelope. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 90 回日本生理学会大会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

  13. 
Ãþê6ĳ Ãþ�Įĳ

Kobayashi M, Takamatsu Kĳ
Hippocalcin protects hippocampal neurons, against 

MLK3-mediated excitotoxin damage. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 90 回日本生理学会大会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

ĳ ĳ ĳ ĳ Ľŀĺĳ

Ãþê6ĳ ĳ ĳ ĳ Ãþ�Įĳ

三輪尚史, 齋藤善雄ĳ 受精調節タンパク質ダイカルシンの作用機構の解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 141 回東邦医学会例会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļľ �ĳ

ĳ ĳ ĳ ĳ ĽŁĺĳ

Ãþĳê6ĳ Ãþ�Įĳ

田丸輝也, 服部 満, 小澤岳昌, 高松 研ĳ 概日リン酸化オシレータによる翻訳後修飾系の統合制御ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第19回日本時間生物学会学術大会 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

    16. 
Ãþê6ĳ Ãþ�Įĳ

田丸輝也, 服部 満, 小澤岳昌, 高松 研ĳ ヒートショック応答系による概日リズムのリセットĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第35回日本分子生物学会年会 福岡ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   .17. 
Ãþê6ĳ Ãþ�Įĳ

浜之上 誠, 森岡和仁, 緒方 徹, 中嶋一

行, 高松 研ĳ

ķķŀĺĳ慢性脊髄損傷に対する内在性ミクログリア活性化療法の基礎的

研究ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 35 回日本分子生物学会年会ĳ 福岡ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   18. 
Ãþê6ĳ Ãþ�Įĳ
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浜之上 誠ĳ
ķķŁĺ内在性神経幹細胞遊走活性促進作用を利用した損傷脳機能再生治

療法の開発ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 66 回東邦医学会総会ĳ �
ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

    19. 
Ãþê6ĳ Ãþ�Įĳ

Miwa N, Hanaue M, Takamatsu Kĳ
Characterization of Mouse Dicalcin in the female reproductive 

tissue.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 45 回日本発生生物学会大会ĳ 神戸ĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

   20.ĳ
Ãþê6ĳ Ãþ�Įĳ

三輪尚史, 花上まゆ, 高松 研ĳ マウス生殖器におけるダイカルシン類似蛋白質の特性解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 89 回日本生理学会大会ĳ 松本ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

ľĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

浜之上 誠, 中嶋一行, 高松 研ĳ ķķłĺĳ細胞外キナーゼによるミクログリア活性化機構の解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 89 回日本生理学会大会ĳ 松本ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   22. 
Ãþê6ĳ Ãþ�Įĳ

浜之上 誠, 原科純一ĳ ķķŃĺĳ内在性神経幹細胞遊走能活性化分子の機能解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 139 回東邦医学会例会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

ĳ ľĿĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hamanoue M, Morioka K, Ogata T, 

Nakajima K, Takamatsu Kĳ

ķķńĺĳSecretion of growth factors from spinal cord microglia are 

enhanced by p38 MAP kinase. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Neuroscience 2012, SfN's 42nd annual meetingĳ New Orleans, USAĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

ľŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okazaki R, Hayakawa K, Morioka K, 

Imamura O, Takishima K, Hamanoue M, 

Endo S, Tanaka S, Ogata Tĳ

ķķŅĺĳ Erk2 regulates proinflammatory gene expressions in 

demyelinating disorders.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Neuroscience 2012, SfN's 42nd annual meeting New Orleans, USAĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   25. 
Ãþê6ĳ Ãþ�Įĳ

Kobayashi M, Hamanoue M, Takamatsu 

Kĳ

Binding profile and intracellular colocalization between hippocalcin 

and creatine kinase B subunit. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 11th Biennial Meeting of the Asian Pacific Society for 

Neurochemistry, The 55th Annual Meeting of the Japanese 
Kobe, Japanĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ
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Society for Neurochemistry, The34th Annual Meeting of 

Japanese Society Biological Phychiatry 

   26. 
Ãþê6ĳ Ãþ�Įĳ

Hamanoue M, Morioka K, Ogata T, 

Nakajima K, Takamatsu Kĳ

ķķĽļĺĳp38 MAP kinase enhances secretion of GDNF and VEGF 

from rat spinal cord microglia. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 11th Biennial Meeting of the Asian Pacific Society for 

Neurochemistry, The 55th Annual Meeting of the Japanese 

Society for Neurochemistry, The34th Annual Meeting of 

Japanese Society of Biological Phychiatry 

Kobe, Japanĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

ĳ ĳ ĳ ĳ ľŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hamanoue M, Ikeda Y, Takamatsu Kĳ
ķķĽĽĺĳThe roles of n-acetylglucosaminyltransferase in adult 

mouse neural stem cells. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Neuroscience 2011, the 41th Annual SfN Meeting 

Neuroscienceĳ

Washington DC, 

USAĳ
ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

ľńĺĳ

Ãþê6ĳ Ãþ�Įĳ

Miwa N, Hanaue M, Takamatsu Kĳ
Characterization of Mouse Dicalcin, a Potential Suppressive Factor 

of Fertilization, in the Mouse Female Reproductive Tract. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

45th Annual Meeting of Society for the Study of Reproduction Portland, USAĳ ĳ ĳ ľļĽĽ Z Ń �ĳ

ĳ ĳ ĳ ĳ ľŅĺ 
Ãþê6ĳ Ãþ�Įĳ

田丸輝也, 服部 満, 本多弘輔, 小澤岳昌, 

高松 研ĳ
ヒートショックパルスに同調する哺乳類概日リズム発現系の解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 18 回日本時間生物学会学術集会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

    30. 
Ãþê6ĳ Ãþ�Įĳ

三輪尚史, 花上まゆĳ ダイカルシンによる受精調節機能の解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 65 回東邦医学会総会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   31. 
Ãþê6ĳ Ãþ�Įĳ

浜之上 誠, 池田義孝, 高松 研ĳ ķķĽľĺĳ神経幹細胞における糖転移酵素の発現と機能解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 34 回日本神経科学大会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   32. 
Ãþê6ĳ Ãþ�Įĳ

小林正明, 高松 研, 浜之上 誠ĳ
ヒポカルシンを介する脳型クレアチンキナーゼ（BB-CK）のカルシウ

ム依存性膜移行ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 34 回日本神経科学大会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   33. 
Ãþê6ĳ Ãþ�Įĳ
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三輪尚史, 花上まゆ, 高松 研ĳ 受精阻害因子ダイカルシンによる卵保護膜内糖鎖分布制御機構の解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 43 回日本結合組織学会学術大会ĳ 別府ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

ĳ

 6. ű難治性創傷皮膚炎の骨髄前駆細胞を用いた血管新生療法Ųĳ

Ľĺĳ

Ãþê6ĳ Ãþ�Įĳ

山田哲郎、遠藤剛史 、平田晶子 、上野佐

知 、長島義宣 、林 典行 、中村正人 、

田中友里 、大西 清  

ɼƾ �ȑȻȽˮ˜ˡ˸ŌŧȽȾNîƆ˯ŪɌ−_=ˬȽǪɭöĖɆ˝˶
−(	ʤ̰ 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ 45�Ķō_=Ɓǂ´! �
ĳ ĳ ĳ ĳ ľļĽŁ Z ĽĽ �ĳ

ĳ ĳ ĳ ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

 中道美保、赤坂喜清 、大西 清  
ķķ1.bFGF 誘導性骨髄間葉系前駆細胞(Fibrocyte)の同定と血管新生

メカニズム(イノベーションセミナー） 

学会名 ģ�>ĳ ÃþZ�ĳ

第 45 回日本創傷治癒学会 �
ĳ ĳ ĳ ĳ ľļĽŁ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

中道美保、赤坂喜清 、岡根谷哲哉 、今泉

りさ、荻野晶弘 、岡田恵美 、大西 清  
ķķ2.血管増殖因子による骨髄間葉系前駆細胞に発現誘導と血管新生 

学会名 ģ�>ĳ ÃþZ�ĳ

第 24 回日本形成外科学会基礎学術集会 ÅTĳ ĳ ĳ ĳ ĳ ľļĽŁ Zĳ Ľļ �ĳ

ĳ ĳ ĳ ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

中道美保、上野佐知 、縄田麻友  ķķ3.骨髄間葉系前駆細胞による組織修復と血管新生メカニズムの解析 

学会名 ģ�>ĳ ÃþZ�ĳ

第 146 回東邦 医学会例会平成 26 年度プロジェクト研究報告 �
ĳ ĳ ĳ ĳ ĳ ľļĽŁ Zĳ ł �ĳ

ĳ ĳ Łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hayashi A, Nawata M, Okaneya T, 

Nakamichi M, Okada E, Onishi K, 

Shinya M, Shiraishi M 

Scoring for the Qualitative Evaluation of Smiles in Patients with Facial 

Paralysis 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 16th Congress of International Society of 

Craniofacial Surgery 2015 
Tokyo, Japan ĳ ĳ ĳ ĳ ľļĽŁ Zĳ Ņ �ĳ

łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ogino A、Onishi K、Okada E、

Yamada T、Hayashi A  

Intraoperative repositioning assessment using navigation system in 

facial bone fracture 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 16th Congress of International Society of 

Craniofacial Surgery 2015 
Tokyo, Japan ĳ ĳ ĳ ĳ ľļĽŁ Zĳ ĳ Ņ �ĳ

Ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Y. Akasaka, T. Kinoshita, M. 

Nakamichi, Y. Akishima - 

Fukasawa, T. Suzuki, K. Ohnishi, 

ķķ) Basic fibroblast growth factor inhibits fibrotic response of 

cardiac fibroblasts in hypertensive hearts through enhanced TIMP-1 

expression. 
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T. Ikeda, T. Mikami 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

2015 WHS Annual Meeting 
San Antonio, 

Texas, USA 
ĳ ĳ ĳ ĳ ľļĽŁ Zĳ ĳ ŀ �ĳ

ĳ ĳ ĳ ńĺĳ

Ãþê6ĳ Ãþ�Įĳ ĳ

中道美保、大西 清 ķķ5.骨髄由来間葉系前駆細胞による組織修復と新規血管新生メカニズム 

学会名 開催地 発表年月 

私立大学戦略的研究基盤形成支 援事業プログラム 平成

26 年度事業報告会 
東京    2015 年 03 月 

ĳ ĳ ĳ Ņĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

中道美保、赤坂喜清、今泉りさ、岡田恵美、

三上哲夫、大西 清 

ķķ6.創傷治癒期の血管増殖因子による血管新生メカニズムと骨髄間

葉 系前駆細胞の関与 

学会名 開催地 ÃþZ�ĳ

第 44 回日本創傷治癒学会 仙台 ĳ ĳ ĳ ľļĽŀ Z Ľľ �ĳ

ĳ ĳ ĳ Ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hayashi A、Nawata M、Hashimoto M、Okada E、 

Ogino A、 Onishi K 
Lengthening temporalis myoplasty without nasolabial incision. (Sympo) 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

12th International Microsurgical Symposium Sao Paulo, Brazi ĳ ĳ ĳ ĳ ľļĽŀ Zĳ Ņ �ĳ

ĳ ĳ ĳ ĽĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hayashi A、Nawata M、Nakamichi M、Okada E、 

Onishi K、Shinya M、Shiraishi M 
An evaluation method focusing on smile quality employing scoring (Sympo) 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

12th International Microsurgical Symposium Sao Paulo, Brazil ĳ ĳ ĳ ĳ ľļĽŀ Zĳ Ņ �ĳ

ĳ ĳ ĳ Ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Inomata N、Nakamichi M、Akasaka Y ķķ Fibrocyte behavior relative to blood vessels under skin wound healing. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The Wound Healing Society's 2014 Annual Meeting Orland, Florida, USA ĳ ĳ ĳ ĳ ľļĽŀ Zĳ ŀ �ĳ

ĽĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nakamichi M, Kinoshita T, Inomata N, 

Fukasawa Y, Mikami T, Ohnishi K, Akasaka Y 

Enchanced MMP-9 activation during the process of scar-less healing 

regulated by apoptosis in granulation-tissue fibroblasts. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The wound healing society annual meeting 2014 Orland Florida, USA ĳ ĳ ĳ ĳ ľļĽŀ Zĳ ŀ �ĳ

ĳ ĳ ĳ Ľŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

Akasaka Y, Ono I, Inomata N 
The mechanisms of fibroblast apotosis induced by basic fibroblast 

growth factor during scarless repair process. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

23rd Annual meeting of the wound healing society SAWC 

spring/WHS joint meeting 
Denver. USA ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ł �ĳ

ĳ ĳ ĳ ĳ ĽŁĺĳ

Ãþê6ĳ Ãþ�Įĳ

ƧȐǋȃ˔ªɄƓĳ ơ=ˮÃ˥˸ż�ï̖˾̜̯̮̈̊̀̑̔̚ ˆ̰˯+ƱǷʩ̳ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ǧ ʼˁ �Ķōơ=´!Ǽ!ĳ ƀǿĳ ĳ ĳ ľļĽĿ Zĳ łĳ�ĳ
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ĳ ĳ ĳ Ľłĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hirata A, Okada E,Saze M,Hayash 

A,Onishi Kĳ

NON-INVASIVE EVALUATION OF ULTRASONOGRAPHYGUIDED 

REDUCTION OF NASAL BONE FRACTURE.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

24th International Conference of the Society for Medical 

Innovation and Technology (SMIT 2012)ĳ
Barcelona, Spainĳ ĳ ĳ ĳ ĳ ľļĽľ Zǒ�ĳ

ĳ ĳ ĳ ĽŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hayash A, Ogino A, Arai M, Okada E,  

Onishi K, Saze M, Shinya M, Shiraishi Mĳ

Database construction system of the cranio-maxillo-facial bones 

using feature points from 3-dimensional CT data. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

24th International Conference of the Society for Medical 

Innovation and Technology (SMIT 2012) 
Barcelona, Spainĳ ĳ ĳ ĳ ĳ ľļĽľ Z Ņ �ĳ

   18. 
Ãþê6ĳ Ãþ�Įĳ

Okada E, Onishi K, Hayash A,Hirata A, 

Saze M, Maruyama Y 

Three-Dimensional Facial Simulations and Measurements:Changes 

Associated with Facial Expression. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

24th International Conference of the Society for Medical 

Innovation and Technology (SMIT 2012)ĳ
Barcelona, Spainĳ ĳ ĳ ĳ ĳ ľļĽľ Z Ņ �ĳ

   19. 
Ãþê6ĳ Ãþ�Įĳ

Utsunomiya M, Yamada T, Onishi K, 

Nakamura Mĳ

Relationship Between Improvement of Skin Perfusion 

Pressure, Clinical Outcomes and Wound Blush After Successful 

Endovascular Treatment.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th Congress of the World Union of Wound Healing Societies Yokohamaĳ ĳ ĳ ĳ ĳ ľļĽľ Z Ņ �ĳ

   20. 
Ãþê6ĳ Ãþ�Įĳ

Yamada T， Onishi K， Hirata A， Ueno 

S ，  Nakanishi Y ，  Utsunomiya M ， 

Nakamura M， Maruyama Yĳ

Treatment Strategy for Critical Limb Ischemia in Our Hospital.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th Congress of the World Union of Wound Healing Societies Yokohamaĳ ĳ ĳ ĳ ĳ ľļĽľ Zĳ Ņ �ĳ

   21. 
Ãþê6ĳ Ãþ�Įĳ

Hirata A, Onishi K, Yamada T, 

Maruyama Y, Nawata Mĳ

PALM BURNS ON BOTH HANDS CAUSED BY ROPE 

FRICTION.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th Congress of the World Union of Wound Healing Societiesĳ Yokohama, Japanĳ ĳ ĳ ľļĽľ Zĳ Ņ �ĳ

   22. 
Ãþê6ĳ Ãþ�Įĳ

Utsunomiya M, Yamada T, Onishi K, 

Nakamura Mĳ

Impact of Dialysis on Clinical Outcomes in Patients with Critical 

Limb Ischemia After Successful Endovascular Therapy. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th Congress of the World Union of Wound Healing Yokohamaĳ ĳ ĳ ľļĽľ Zĳ Ņ �ĳ
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Societiesĳ

    23. 
Ãþê6ĳ Ãþ�Įĳ

Hayashi A, Ogino A, Arai M, Nakamichi 

M, Nakahashi Y, Okada E, Onishi Kĳ

Smile evaluation after reanimation of facial paralysis using scoring 

method. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 11th Japan-Korea Congress of Plastic and 

Reconstructive Surgeryĳ

Awaji Island, 

Hyougo, Japanĳ
ĳ ĳ ľļĽľ Zĳ Ł �ĳ

    24. 
Ãþê6ĳ Ãþ�Įĳ

Hayashi A,Ogino A, Arai M, Nakamichi 

M, Nakahashi Y, Okada E, Onishi Kĳ

A comparison of one-stage muscle transfer and temporalis 

myoplasty procedure for facial reanimation using scoring method. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 11th Japan-Korea Congress of Plastic and Reconstructive 

Surgery 

Awaji Island, 

Hyougo, Japanĳ
ĳ ĳ ľļĽľ Zĳ Ł �ĳ

   25. 
Ãþê6ĳ Ãþ�Įĳ

Hirata A, Onishi K, Yamada T, Ueno S, 

Nakahashi Y, Maruyama Yĳ

Evaluation of ultrasonography-guided reduction of nasal bone 

fracture. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 11th Japan-Korea Congress of Plastic and Reconstructive 

Surgeryĳ

Awaji Island, Hyougo, 

Japan 
ĳ ĳ ľļĽľ Zĳ Ł �ĳ

   26. 
Ãþê6ĳ Ãþ�Įĳ

Hirata A, Onishi K, Yamada T, Ueno S, 

Nakamichi M, Okada E, Maruyama Yĳ
Nasal reconstruction with Rintala flap.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 11th Japan-Korea Congress of Plastic and Reconstructive 

Surgeryĳ

Awaji Island, 

Hyougo, Japanĳ
ĳ ĳ ľļĽľ Z Ł �ĳ

ľŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

中道美保、平田晶子、遠藤剛史、上野佐知、

大西 清ĳ
超音波断層装置を使用した鼻骨骨折整復位確認法の検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 18 回日本形成外科手術手技学会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

ľńĺĳ

Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、石川由起雄、鈴木健

也、井内亜美、猪俣直美、深澤由里、池田

隆徳、石井壽晴ĳ

bFGF による心筋間質細胞外マトリックス制御と高血圧性心不全リモ

デリングの抑制機序ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   29. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清, 小野一郎, 木下利雄, 小竹遥

香, 石川由起雄, 井内亜美, 深澤由里, 猪

股直美, 石井壽晴ĳ

創傷治癒の線維芽細胞アポトーシスによる組織修復促進のメカニズム.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ
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   30. 
Ãþê6ĳ Ãþ�Įĳ

荻野晶弘, 林 明照, 大西 清, 岡田恵美, 

岩倉 敬, 今泉りさ, 猪股直美, 片柳智之, 

小澤 司, 渡邉善則ĳ

胸骨骨髄炎・縦隔炎に対する V.A.C ATS�治療システムの有用性ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   31. 
Ãþê6ĳ Ãþ�Įĳ

平田晶子、遠藤剛史、上野佐知、中道美保、

大西 清、山田哲郎、縄田麻友ĳ
多血小板血漿局注療法による慢性皮膚潰瘍への治療効果の検討（主題）.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   32. 
Ãþê6ĳ Ãþ�Įĳ

佐瀬道郎, 山田哲郎, 遠藤剛史, 岩倉 敬, 

岡田恵美, 大西 清ĳ
“Reading man flap”のデザインに対する検討と臨床応用ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 22 回日本シミュレーション外科学会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   33. 
Ãþê6ĳ Ãþ�Įĳ

遠藤剛史、平田晶子、上野佐知、中道美保、

荻野晶弘、大西 清ĳ
眼窩底骨折の骨移植に対するナビゲーションシステムの応用ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 30 回日本頭蓋顎顔面外科学会学術集会ĳ 大阪ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   34. 
Ãþê6ĳ Ãþ�Įĳ

橋本麻衣子, 林 明照, 荻野晶弘, 大西清ĳ 麻痺性兎眼に対する上下眼瞼同時再建の経験ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 30 回日本頭蓋顎顔面外科学会学術集会ĳ 大阪,ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   35. 
Ãþê6ĳ Ãþ�Įĳ

平田晶子、遠藤剛史、上野佐知、中道美保、

大西 清、山田哲郎ĳ
超音波断層装置による鼻骨骨折整復位確認法の検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 30 回日本頭蓋顎顔面外科学会学術集会ĳ 大阪ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   36. 
Ãþê6ĳ Ãþ�Įĳ

林 明照、荻野晶弘、新井麻衣子、岡田恵

美、大西 清ĳ
顔面神経麻痺における島状側頭筋移行術の適応に関する検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 30 回日本頭蓋顎顔面外科学会学術集会ĳ 大阪ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   37. 
Ãþê6ĳ Ãþ�Įĳ

猪股直美, 赤坂喜清, 今泉りさ, 岡田恵

美, 石川由起雄, 石井壽晴, 大西 清 

**8. 創傷治癒における血管構造に関連した血球由来間葉系前駆細胞

（Fibrocyte）の発現性 

学会名 開催地 ÃþZ�ĳ

第 21 回日本形成外科学会基礎学術集会 猪苗代, ĳ ĳ ľļĽľ Z Ľļ �ĳ
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   38. 
Ãþê6ĳ Ãþ�Įĳ

遠藤剛史, 佐瀬道郎, 永崎真理子, 鈴木

さゆり, 岩倉 敬, 平田晶子, 大 西 清ĳ
大転子部褥瘡に対する"The modified reading man procedure"の適応ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 14 回日本褥瘡学会学術集会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   39. 
Ãþê6ĳ Ãþ�Įĳ

横尾智子、赤坂喜清、石川由起雄、木下利

雄、猪股直美、井内亜美、深澤由里、石井

壽晴ĳ

悪性リンパ腫における BCL10 核内異常発現と意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   40. 
Ãþê6ĳ Ãþ�Įĳ

下川伶子、石川由起雄、井内亜美、深澤由

里、赤坂喜清、木下利雄、猪股直美、石井

壽晴ĳ

膝窩動脈の外膜嚢腫の一例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   41. 
Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、鈴木健也、石川由起

雄、深澤由里、井内亜美、藤田和子、横尾

智子、猪股直美、山�純一、石井壽晴 

Basic Fibroblast Growth Factor(bFGF)による高血圧性心不全の心筋

リモデリング抑制機序ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   42. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、石川由起雄、小野一郎、木下利

雄、深澤由里、井内亜美、藤田和子、猪股

直美、石井壽晴ĳ

創傷治癒期の線維芽細胞アポトーシスによる組織修復の実行メカニズ

ムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会ĳ �
ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   43. 
Ãþê6ĳ Ãþ�Įĳ

荻野晶弘,大西 清,岡田恵美, 岩倉 敬, 今

泉りさ, 猪股直美, 中橋佳大, 丸山 優ĳ
超音波カラードップラーを用いた腹直筋皮弁の血管波形解析ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本形成外科学会総会学術集会ĳ �
ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   44. 
Ãþê6ĳ Ãþ�Įĳ

大西 清ĳ 本年度の診療報酬改定について手術ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本形成外科学会総会学術集会ĳ �
ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   45. 
Ãþê6ĳ Ãþ�Įĳ
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平田晶子、大西 清、山田哲郎、上野佐知、

中道美保、丸山 優ĳ
鼻骨骨折に対する超音波補助下整復術の有用性ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本形成外科学会総会学術集会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   46. 
Ãþê6ĳ Ãþ�Įĳ

山田哲郎, 大西 清, 平田晶子, 上野佐知, 

宇都宮誠, 中村正人, 丸山 優, 縄田麻友ĳ
創傷を伴う重症下肢虚血における多血小板血漿療法の経験ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 55 回日本形成外科学会総会学術集会ĳ 東京ĳ ĳ ľļĽľĳZ ļŀ �ĳ

ʴ ʴ 47. 
Ãþê6ĳ Ãþ�Įĳ

Inomata N, Akasaka Y, Imaizumi R, 

Okada E, Onishi Kĳ

ķǇǑĺĳFibrocyte expression relative to blood vessels during skin 

healing. ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会 (WHS-JSWH Joint Symposium).ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   48. 
Ãþê6ĳ Ãþ�Įĳ

縄田麻友, 稲見浩平, 神田憲吾, 大西 

清, 山�滋考ĳ

炭酸水素ナトリウム（メイロン）の血管外漏出により皮膚障害を生じ

た１例ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 270 回日本形成外科学会東京地方会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

ĳ ĳ ĳ ŀŅĺĳ

Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、小野一郎、石川由起雄、深澤由

里、木下利雄、井内亜美、猪股直美、石井

壽晴ĳ

創傷治癒の線維芽細胞アポトーシスにおける組織修復の実行メカニズ

ムĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回日本創傷治癒学会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

   50. 
Ãþê6ĳ Ãþ�Įĳ

猪股直美、赤坂喜清、今泉りさ、岡田恵美、

丸山優、石川由起雄、石井壽晴ĳ

ķǇǒĺ皮膚創傷修復における血球由来間葉系前駆細胞(Fibrocyte)の誘

導メカニズムの解析ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回日本創傷治癒学会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

   51. 
Ãþê6ĳ Ãþ�Įĳ

平田晶子、大西 清、山田哲郎、上野佐知、

縄田麻友、荻野晶弘、丸山 優ĳ
ナビゲーションシステムを用いた頬骨骨折整復の術中評価−第 2 報−ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回日本頭蓋顎顔面外科学会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

   52. 
Ãþê6ĳ Ãþ�Įĳ

鈴木 琢, 大西 清, 上野佐知, 梅木由

紀, 大川李絵, 杉本英樹, 向井秀樹ĳ
クロイツフェルトヤコブ病に伴う難治性褥瘡患者の一例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 13 回日本褥瘡学会学術集会ĳ 福岡ĳ ĳ ĳ ľļĽĽ Z ļń �ĳ

   53. 
Ãþê6ĳ Ãþ�Įĳ
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山田哲郎、大西 清、平田晶子、上野佐知、

縄田麻友、中村正人、宇都宮誠、丸山 優ĳ

局所陰圧閉鎖療法と多血小板血漿療法の併用が奏功した重症下肢虚血

開放創の 1 例ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 3 回日本創傷外科学会総会学術集会ĳ 札幌ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   54. 
Ãþê6ĳ Ãþ�Įĳ

上野佐知、大西 清、平田晶子、山田哲郎、

縄田麻友、丸山 優ĳ
高張ブドウ糖液の血管外漏出により皮膚障害を来した幼児の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 3 回日本創傷外科学会総会学術集会ĳ 札幌ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   55. 
Ãþê6ĳ Ãþ�Įĳ

平田晶子、大西 清、山田哲郎、上野佐知、

縄田麻友、丸山 優ĳ
褥瘡・下腿潰瘍に対する多血小板血漿療法の臨床経験ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 3 回日本創傷外科学会総会学術集会ĳ 札幌ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   56. 
Ãþê6ĳ Ãþ�Įĳ

山田哲郎、大西 清、平田晶子、上野佐知、

縄田麻友、中村正人、宇都宮誠、丸山 優ĳ
フットケアにおける多血小板血漿（PRP）療法の臨床経験ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 3 回下肢救済・足病学会学術集会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŁ �ĳ

   57. 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、小野一郎、石川由起雄、猪股直

美、宇月美和、深澤由里、藤田和子、石井

壽晴ĳ

サイトカイン制御による創傷治癒線維芽細胞アポトーシス発現の意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本病理学会総会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   58. 
Ãþê6ĳ Ãþ�Įĳ

山田哲郎、大西 清、平田晶子、上野佐知、

縄田麻友、中村正人、宇都宮誠、丸山 優ĳ
形成外科、循環器内科を中心としたフットケアへの取り組み.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 54 回日本形成外科学会総会学術集会ĳ 徳島ĳ ĳ ľļĽĽ Z ļŀ �ĳ

ĳ

Yi R
ĳ ĳ Ľĺĳ

Ãþê6ĳ Ãþ�Įĳ

Inada S, Harrell DT, Haraguchi R, 

Ashihara T, Aiba T, Yamashita F, 

Shibata N, Ikeda T, Mitsui K, Makita N, 

Honjo H, Nakazawa K 

fñī�²ČƈEĦRÄ³āĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ŅĿ :~�µ³H�F�ĳ �Xĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Dobashi S,Watanabe I, Wada R, Fujii T, 

Oka T, Kitahara K, Kabuki T, Kiuchi S, 

Hisatake S, Ikeda T 

Comparative Effects of Milrinone and Olprinone in Patients with 

Congestive Heart Failure. 
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H�6 ģ�> ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai, ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Sakurai M,Koike H, Kobayashi K, 

Shinohara M, Fujino T, Fukunaga S, 

Ikeda T 

Heart Rate is the Most Significant Factor to Estimate Efficacy of 

Oral Amiodarone Used for Arrhythmia Management. 

H�6 ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai, ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Suzuki T,Shinohara M, Koike H, 

Kitahara K, Yuzawa H, Fujino T, 

Fukunaga S, Kobayashi K, Ikeda T 

Medium-Term Experience of Japanese Patients with 

Intra-Ventricular Septal Pacing Using the SelectSecure™ Lead 

System. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yabe T,Toda M, Saito D, Watanabe I, 

Okubo R, Nakanishi R , Amano H, Ikeda 

T 

Prasugrel can Inhibit Myocardial Dysfunction in Acute  Coronary 

Syndrome. 

H�6 ģ�> ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hashimoto H, Fukushima Y, Kumita S, 

Tomiyama T , Kiriyama T, Imai S , 

Sugihara Y 

Feasibility of Myocardial- flow-reserve Estimation Using Static 

Image of 13N-ammonia Myocardial Perfusion PET. 

H�6 ģ�> ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Koike H、Fujino T、Koike M、Shinohara 

M、Kitahara K、Suzuki T、Yuzawa H、

Fukunaga SYuzawa H、Kobayashi K、

Ikeda T  

Left Ventricular Diastolic Dysfunction Predicts Late Recurrence 

over One Year after Catheter Ablation Procedure in Patients with 

Atrial Fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ńļ :~�d´9H�HýĨ�ĳ �2ĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Matsumoto S, Fujino T, Yano K, 

Yamazaki A , Watanabe I, Kabuki T, 

Ikeda T 

Heart Rate after Resuscitation from Out-of-Hospital Cardiac 

Arrest Due to Acute Coronary Syndrome is an Independent 

Predictor of Clinical Outcomes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ņĺĳ ĳ
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Ãþê6ĳ Ãþ�Įĳ

Shinohara M, Fujino T, Koike H, 

Kitahara K, Yuzawa H, Suzuki T, 

Fukunaga S, Kobayashi K, Ikeda T 

Assessment of Triger-targeted Catheter Ablation in Patients with 

Paroxysmal Atrial Fibrillation Originating from the Extra-pulmonary 

Vein. 
H�6 ģ�> ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Wakakura S、Hara F、Yamazaki A、Ohara 

H、Kabuki T、Harada M、Ikeda T  

Comparison of NOACs and Warfarin in the Treatment of chronic 

Deep Venous Thrombosis: A Large Single-Conter  Observational 

Study. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

ńļ :~�d´9H�HýĨ�ĳ �2ĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĽĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Koike M、Koike H、Fujino T、Shinohara 

M、Kitahara K、Suzuki T、Yuzawa H、

Fukunaga S、Kobayashi、Ikeda T  

Heart Rate is the Most Significant Factor to Estimate Efficact of 

Oral Amiodarone Used for Arrhthmia Management 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ńļ :~�d´9H�HýĨ�ĳ �2ĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H、Saitou D、Yabe T、Watababe 

I、Okubo R、Toda M、Ikeda T    

Plaque composition and embolization during PCI of ulcerated 

plaque and attenuated plaque. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ľŀ :~�fûÚƘǁƩǃƴǁƤƻǁ ÁH�ĳ ÐTĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ ĽĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yabe T、Toda M 、Saitou D 、Watababe 

I、Okubo R、Amano H 、Ikeda T  
Importance of implantation of a different DES for DES-ISR. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ľŀ :~�fûÚƘǁƩǃƴǁƤƻǁ ÁH�ĳ ÐTĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ Ľŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Koike H、Fujino T、Yuzawa H、Shinohara 

M、Kitahara K、Suzuki T、Abe A、

Fukunaga S、 Kobayashi K、Ikeda T  

Serial Transition of the Left Atrial Dimension after Radiofrequency 

Ablation for Atrial Fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø Ŀļ :~��yîH�HýF�ǂØ Ŀľ :~�fīH�HýĨ�ĳ 
ğĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĽŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H、Saitou D、Yabe T、Watababe 

I、Okubo R、Toda M、Ikeda T  

Efficacy and Safety of Triple Therapy with Novel Oral 

Anticoagulants for Ischemic Heart Disease with Atrial Fibrillation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ľŀ :~�fûÚĳƘǁƩǃƴǁƤƻǁ ÁH�ĳ ÐTĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ Ľłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okubo R、Toda M、Saitou D、Watababe 

I、Yabe T、Amano H、Ikeda T  

Usefulness of MDCT- detected Napkin-Ring Sign and 

IVUS-detected Lesion Feature for Predicting Slow Flow during PCI. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ľŀ :~�fûĳÚƘǁƩǃƴǁƤƻǁ ÁH�ĳ ÐTĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ ĽŃĺĳ ĳ
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Ãþê6ĳ Ãþ�Įĳ

Saitou D、Toda M、Watababe I、Yabe T、

Okubo R、Amano H、Ikeda T  

The lmpact of Coronary Shrinkage on the Occurrence of in−

StentRestenosis foiIowing Percutaneous Coronary lntervention for 

Acute Coronary Syndrome. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ľŀ :~�fûÚƘǁƩǃƴǁƤƻǁĳ ÁH�ĳ ÐTĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ Ľńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yabe T、Toda M、Saitou D、Watababe I、

Okubo R、Amano H、Ikeda T  

A study on the long-term patency of jailed side branch: 

1st-generation DES vs. EES implantation for ISR with side branch. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ľŀ :~�fûÚĳƘǁƩǃƴǁƤƻǁ ÁH�ĳ ÐTĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĽŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yuzawa H、Fujino T、Asada T、Koike H、

Shinohara M、Kitahara K、Kinoshita T、

Suzuki T、Abe A、Sato H、Fukunaga S、

Kobayashi K、Ikeda T  

Comparison of the Procedure Time and Success Rate for the 

Different Rhythms during Catheter Ablation of Atrial Fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø Ŀļ :ĳ~��yîH�HýF�ǂØ Ŀľ :~�fīH�HýĨ�ĳ 
ğĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kinoshita T, Fukunaga S, Kitahara K, 

Koike H, Shinohara M, Yuzawa H, 

Suzuki T, Abe A, Sato H, Fujino T, 

Kobayashi K, Ikeda T 

Comparison of the ambulatory ECG-based T-wave alternans and 

the exercise microvolt-TWA under simultaneous recording. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø Ŀļ :~��yîH�ǂØ Ŀľ :~�fīH�45HýĨ�ĳ 
ğĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ ľĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hideyuki Sato、Fujino T、Koike H 、

Kitahara K、Kinoshita T、Yuzawa H 、

Suzuki T、Shunji Fukunaga、 Kobayashi 

K、Abe A、Ikeda T  

Changes of Heart Rate Variability after Cather Ablation Procedure 

to Paroxysmal Atrial FibriIiation：Comparison of Acute  Phase and 

Chronic Phase. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø Ŀļ :~��yîH�HýF�ǂØ Ŀľ :~�fīH�HýĨ�ĳ 
ğĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Suzuki T、Koike H、Kitahara K、Kinoshita 

T、Yuzawa H、Sato H、Abe A、Fujino T、

Fukunaga S、Kobayashi K、Yamazaki J、

Ikeda T  

The lncidence of Subclavian Venous Thrombosis in Patients 

Receiving Antithrombotic Agent Foilowing lmpiantation of 

permanent Pacemaker or ImpIantable Cardioverter Defibrillator. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø Ŀļ :~��yîH�HýF�ǂØ Ŀľ:~�fīH�HýĨ�4

5HýĨ�ĳ

ğĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ

ĳ ĳ ĳ ľĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fujino T、Koike H、Kobayashi K、Yuzawa 

H、Asada T、Kitahara K、Kinoshita T、

Suzuki T、Abe A、Sato H、Fukunaga S、

Ikeda T  

Questionnaire Survey on the Actual Conditions of Antithrombotic 

Medications in a Cardiology Outpatient Clinic of a Medical Center. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø Ŀļ :~��yîH�HýF�ǂØ Ŀľ :~�fīHĳ�HýĨ�ĳ 
ğĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŃ �ĳ
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ĳ ĳ ĳ ľŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H, Ikeda T, Toda M, Okubo 

R, Yabe T, Watanabe I, Saito D 

The Usefulness of NOACs for Triple Therapy with Dual Antiplatelet 

Therapy Comparing to Warfarin. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese  Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ľŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H, Ikeda T, Toda M, Okubo 

R, Yabe T, Watanabe I, Saito D 

Relation between Angiographic Coronary Calcification and Plaque 

Composition in Virtual Histology Intravascular Ultrasound. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese ĳ Sendaiĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ľłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Watanabe I, Toda M, Saito D, Yabe 

T, Okubo R, Amano H, Ikeda T 

Comparison of the Efficacy between First and Second Generation—

Drug Eluting Stent for Coronary Bifurcation in Patients with Angina. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese ĳ Sendaiĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ľŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yabe T, Toda M, Saito D, 

Watanabe I, Okubo R, Nakanishi R, 

Amano H, Ikeda T 

Non-final Kissing Balloon Technique Using the Second-Generation 

Drug-Eluting Stent is Effective for In-Stent Restenosis Lesions with a 

Side Branch. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese ĳ Sendaiĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ľńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Inada S, Aiba T, Haraguchi R, Ashihara 

T, Kusano K, Shimizu W, Ikeda T, 

Nakazawa K 

Non-invasive risk stratification of ventricular arrhythmias 

initiated from right ventricular outflow tract: A simulation study 

for the Brugada syndrome. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Ø ńļ :~�d´9H�HýĨ�ĳ �2ĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ľŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kiuchi S, Hisatake S, Kabuki T, Oka 

T, Dobashi S, Fujii T, Ikeda T 

Addition of Azelnidipine to Standard Heart Failure Therapy Improves 

Cardiac Sympathetic Function in Patients with Hypertensive Heart 

Failure. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese ĳ Sendaiĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ŀļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H, Fujino T, Ikeda T 
Efficacy and Safety of Novel Oral Anticoagulants with Antiplatelet 

Drugs Comparing to Vitamin K Antagonists. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese ĳ Sendaiĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĿĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T, A. John Camm, Ogawa S, 

Kitazono T, Nakagawara J, Minematsu 

K, Miyamoto S, Murakawa Y , Ohashi Y, 

Okayama Y, Iekushi K, Sakaguchi T, 

Yamanaka S 

Xarelto Post-Authorization Safety & Effectiveness Study in 

Japanese Patients with Atrial Fibrillation (XaPASS): An Update and 

a Comparison with XANTUS. 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Society 
Sendai ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ Ŀľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Ogawa H, Atarashi H, 

Inoue H, Uchiyama S, Kitazono T, 

Yamashita T, Shimizu W, Kaikita T, 

Kamouchi M, Fukuda K, Matsui K, 

Shimokawa H 

Effectiveness and Safety of Rivaroxaban in Patients with 

Non-Valvular Atrial Fibrillation -The Second Report from the EXPAND 

Study- 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 80th Annual Scientific Meeting of the Japanese 

Circulation Societyĳ
Sendaiĳ ĳ ĳ ĳ ĳ ľļĽł Z ļĿ �ĳ

ĳ ĳ ĳ ĿĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Predictive value of T-wave alternans as a risk stratification marker 

for sudden cardiac death. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

K- REDEFINE Study Workshop Seoul ĳ ĳ ĳ ĳ ľļĽł Z ļľ �ĳ

ĳ ĳ ĳ Ŀŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fukunaga S、Kitahara K 、Shinohara M、

Koike H, Suzuki T、Yuzawa H、Abe A、

Fujino T、 Kobayashi K、Ikeda T  

Evaluation of Conventional Short-term Recording Late Potentials 

Analysis in Risk Stratification of Sudden Cardiac Death in Various 

Diseases. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Asia Pacific Heart Rhythm Society Scientific Session 

2015 
Australia ĳ ĳ ĳ ĳ ľļĽŁ Z ĽĽ �ĳ

ĳ ĳ ĳ ĿŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Watanabe I、Toshosuke M、Tatebe J 、

Yabe T、Okubo R、Amano H、Toda M、

Ikeda T  

Indoxyl Sulfate Predicts the Presence of Polyvascular Disease in 

Patients with Coronary Artery Disease. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

American Heart Association Scientific Sessions 2015 Florida ĳ ĳ ĳ ĳ ľļĽŁ Z ĽĽ �ĳ

ĳ ĳ ĳ Ŀłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T Ethnic differences in stroke risk: Are they real ? 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

APHRS (Asia-Pacific Heart Rhythm Society) 2015 Melbourne ĳ ĳ ĳ ĳ ľļĽŁ Z Ľļ �ĳ

ĳ ĳ ĳ ĿŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Status of MRI for stroke diagnosis: Insights into management of 

atria fibrillation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

APHRS (Asia-Pacific Heart Rhythm Society) 2015 Melbourne ĳ ĳ ĳ ĳ ľļĽŁ Z Ľļ �ĳ

ĳ ĳ ĳ Ŀńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kinoshita T, Fujino T, Koike H, Kitahara 

K, Yuzawa H, Suzuki T, Sato H, 

Fukunaga S, Kobayashi K, Ikeda T 

Higher amounts of heparin use with oral factor Xa-inhibitor 

compared to oral vitamin K antagonist and thrombn-inhibitor 

during ablation procedure for atrial fibrillation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESC (European Society of Cardiology) 2015 London ĳ ĳ ĳ ĳ ľļĽŁ Z ļŅ �ĳ
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ĳ ĳ ĳ ĿŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okubo R, Yabe T, Watanabe I, Saito D, 

Amano H, Toda M, Ikeda T, Harada M 

Significance of epicardial adipose tissue thickness ratio as a 

predictor for coronary plaque vulnerability measured by 

multidetector computed tomography. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESC (European Society of Cardiology) 2015 London ĳ ĳ ĳ ĳ ľļĽŁ Z ļń �ĳ

ĳ ĳ ĳ ŀļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H, Ikeda T, Toda M, Ohkubo R, 

Yabe T, Watanabe I, Saito D 

Efficacy and safety of triple therapy with novel oral 

anticoagulants for ischemic heart disease with atrial fibrillation in 

Japan. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESC (European Society of Cardiology) 2015 London ĳ ĳ ĳ ĳ ľļĽŁ Z ļń �ĳ

ĳ ĳ ĳ ŀĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kinoshita T, Fujino T, Koike H, 

Shinohara M, Kitahara K, Yuzawa H, 

Suzuki T, Abe A, Sato H, Fukunaga S, 

Kobayashi K, Ikeda T 

Higher Amounts of Heparin Use with Oral Factor Xa-Inhibitor 

Compared to Oral Vitamin K Antagonist and Thrombin-Inhibitor 

during Ablation Procedure for Atrial Fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

European Society of Cardiology congress 2015 in London United Kingdom ĳ ĳ ĳ ĳ ľļĽŁ Z ļń �ĳ

ĳ ĳ ĳ ŀľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T Combined use of noninvasive risk stratification tools. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

42th ICE (International Congress on Electrocardiology) Bahia, Brasil ĳ ĳ ĳ ĳ ľļĽŁ Z ļł �ĳ

ĳ ĳ ĳ ŀĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Ambulatory electrocardiogram-based T-wave alternans 

monitoring. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

16th ISHNE (International Symposium of Holter and 

Noninvasive Electrocardiology) 
Lyon ĳ ĳ ĳ ĳ ľļĽŁ Z ļł �ĳ

ĳ ĳ ĳ ŀŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kinoshita T, Fukunaga S, Koike H, 

Shinohara M, Kitahara K, Yuzawa H, 

Suzuki T, Abe A, Sato H, Fujino T, 

Kobayashi K, Ikeda T 

Comparison of the Ambulatory ECG-based T-wave Alternans and 

the Exercise Microvolt-TWA Under Simultaneous Recording. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

16th International Society for Holter and Non- Invasive 

Electrocardiography (ISHNE) 
France, Lyon ĳ ĳ ĳ ĳ ľļĽŁ Z ļł �ĳ

ĳ ĳ ĳ ŀŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hisatake S、Kiuchi S 、Kabuki T 、

Dobashi  、Yamazaki J、lkeda T  

Seriai Changes in serum ACE2 and plasming (1-7) concentration 

of acute heart failure Syndrome patients with standard therapy. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

HEART FAILURE 2015 SEVILLE, SPAIN ĳ ĳ ĳ ĳ ľļĽŁ Z ļŁ �ĳ

ĳ ĳ ĳ ŀłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fujino t、Kobayashi K、Fukunaga S 、 High-Dose isopPterenol infusions to Confirm the Necessity of 
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Sato H、Yuzawa H、Suzuki T、Kinoshita 

T、Koike H、Ikeda T 

Supenior Vena Cava Isolation for Eliminating 

Atrial Fibnillation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Heart Rhythm Society 2015 ƶƦƭǁůƖƹƽƜĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŁ �ĳ

ĳ ĳ ĳ ŀŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara T, 

Ohkubo K, Abe A, Fukunaga S, 

Kobayashi K, Ikeda T 

Long-term outcome of catheter ablation in patients with atrial 

fibrillation complicated with apical hypertrophic cardiomyopathy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

HRS (Heart Rhythm Society) 2015 San Fransico ĳ ĳ ĳ ĳ ľļĽŁ Z ļŁ �ĳ

ĳ ĳ ĳ ŀńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Y. Akasaka, T. Kinoshita, M. Nakamichi, 

Y. Akishima - Fukasawa, T. Suzuki, K. 

Ohnishi, T. Ikeda, T. Mikami 

 Basic fibroblast growth factor inhibits fibrotic response of 

cardiac fibroblasts in hypertensive hearts through enhanced 

TIMP-1 expression. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

2015 WHS Annual Meeting 
San Antonio, Texas, 

USA 
ĳ ĳ ĳ ĳ ľļĽŁ Z ļŀ �ĳ

ĳ ĳ ĳ ŀŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Uchiyama S, Ogawa H, Atarashi H, 

Inoue H, Kitazono T, Ikeda T, Kaikita K, 

Kamouchi M, Fukuda K, Matsui K, 

Shimokawa H 

Effects of rivaroxaban for secondary  prevention on long-term 

outcome in patients with atrial fibrillation: results of EXPAND, a 

multicenter cooperative registry in a nationwide cohort. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESOC (European Stroke Organisation Conference) Glasgow ĳ ĳ ĳ ĳ ľļĽŁ Z ļŀ �ĳ

ĳ ĳ ĳ Łļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yabe T、Toda M、Amano H、Ymasaki J、

Ikeda T  

Treatment to ISR with a side branch is enough in single stent 

without KBT: A study including assessment of side branch blood 

flow. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

64th American College of Cardiology (ACC) ƢǁƬƗƚơůƖƹƽƜĳ ĳ ĳ ĳ ĳ ľļĽŁ Z ļŀ �ĳ

ĳ ĳ ŁĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Current strategies using noninvasive techniques in risk 

stratification for sudden cardiac death.  PolandAToho Joint 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Seminar on Medical and Pharmaceutical Science �
ĳ ĳ ľļĽŀ Z ĽĽ �ĳ

ĳ ĳ ĳ Łľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yabe T、Toda M、Amano H、Ymasaki J、

Ikeda T 
A diffbrent DES should be reimplanted for DES-ISR. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

64th ACC (American College of Cardiology) ƢǁƬƗƚơůƖƹƽƜĳ ĳ ĳ ĳ ľļĽŁ Z ļĿ �ĳ

ĳ ĳ ĳ ŁĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Abe A, Fujino T, Fukunaga S, Kobayashi 

K, Inada S, Ashihara T, Nakazawa K, 

Ikeda T 

Prevalence of J waves on 12-lead electrocardiogram in patients 

with syncope and no organic disorder. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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CardioRhythm 2015 Hong Kong ĳ ĳ ĳ ĳ ľļĽŁ Z ļĽ �ĳ

ĳ ĳ ĳ Łŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Role of risk markers using exercise testing in clinical workup for 

arrhythmias. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

CardioRhythm 2015 Hong Kong ĳ ĳ ĳ ĳ ľļĽŁ Z ļĽ �ĳ

ŁŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Yoshizawa S, Ato M, Ikeba T, 

Fukui Y, Tsubota T, Honda M, Ishii 

Y, tateda K 

Streptococcal Toxic Shock Syndrome due to 

Beta-hemolytic Streptococci: Clinical Features and Cytokines/ 

Chemokines Analysis of the Cases. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

IDWeek 2014 USA ĳ ĳ ĳ ĳ ľļĽŀ Z Ľļ �ĳ

Łłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fujino T, Kobayashi K, Kinoshita 

T,Yuzawa H, Suzuki T,Abe A, Sato 

H, Fukunaga S, Okano Y, Ikeda T 

Survey of General Practitioners on the Actual Conditions of Atrial 

Fibrillation Treatment, Including Anticoagulation Therapy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ECS (European Society of Cardiology)2014 
ưƾƧǀƮĸƦƵƘ

ǁĳ
ĳ ĳ ĳ ĳ ľļĽŀ Z ļŅ �ĳ

Łłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Amano H, Yabe T, Ohkubo R, Toda 

M, Yamazaki J, Ikeda T 

VH-IVUS analysis of attenuated plaque and ulcerated plaque and the 

relation between the plaque composition and slow flow/no reflow 

phenomenon during PCI. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

ECS (European Society of Cardiology)2014 
ưƾƧǀƮĸƦƵƘ

ǁĳ
ĳ ĳ ĳ ĳ ľļĽŀ Z ļŅ �ĳ

ŁŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okubo R, Kuwahara T, Nakashima 

K,Yamao Y, Nakajima J, Takagawa 

M,Fujino T, Takagi K, Takahashi A 

The rapid mapping for atrial tachycardia using multi-electrode basket 

catheter. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ECS (European Society of Cardiology)2014 
ưƾƧǀƮĸƦƵƘ

ǁĳ
ĳ ĳ ĳ ĳ ľļĽŀ Z ļń �ĳ

Łńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kabuki T, Fujino T, Kiuchi S, 

Yuzawa H, Sato H, Fukunaga S, 

Hisatake S, Kobayashi K, 

Yamazaki J, Ikeda T 

Prevalence of functional dyspepsia in patients under antithrombotic 

therapy and efficacy of esomeprazole: a single center large- scale 

trial in japan. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ECS (European Society of Cardiology)2014ĳ
ưƾƧǀƮĸƦƵƘ

ǁĳ
ĳ ĳ ĳ ĳ ľļĽŀ Z ļń �ĳ

ŁŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Okubo K, Kuwahara T, Nakashima 

K, Yamao Y, Watari Y, Nakajima J, 

Takigawa M, Fujino T, Takagi K, 

Takahashi A 

The rapid mapping for atrial tachycardia using multi-electrode basket 

catheter. 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

ECS (European Society of Cardiology) 2014ĳ
ưƾƧǀƮĸƦƵƘ

ǁĳ
ĳ ĳ ĳ ĳ ľļĽŀ Z ļń �ĳ

Łńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Inada S, Harrell DT, Ono T, Shibata 

N, Haraguchi R, Ashihara T, Ikeda 

T, Mitsui K, Dobrzynski H, Boyett 

MR, Makita N, Nakazawa K： 

Investigating excitation conduction in the atrioventricular node and 

Purkinje network using computer simulation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

9th Tawara-Aschoff Symposium �
ĳ ĳ ĳ ĳ ĳ ľļĽŀ Z ļŃ �ĳ

ŁŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Noninvasive Electrocardiology: Combination of tests in risk 

stratification. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Cardiostim & EHRA 2014 ƯǃƦĸĳ ƱƼǁƦĸĳ ĳ ĳ ĳ ĳ ľļĽŀ Z ļł �ĳ

łļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fukunaga S, Kinoshita T, Akitsu K, 

Koike H, Abe A, Yuzawa H, Suzuki 

T, Sato H, Fujino T, Kobayashi K, 

Okano Y, Ikeda T 

Synthesized posterior right sided chest lead electorocardiograms are 

useful for detecting right ventricular myocardial infraction. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 41st International Congress on Electrocardiology ƲƼƫƗƦƼưĸĳ Ʀǀ

ưƝƖĳ
ĳ ĳ ĳ ĳ ľļĽŀ Z ļł �ĳ

łĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Morita T, Tatebe J, Koizumi M, 

Watanabe I 

Indoxyl sulfate Promotes Endothelial Senescence Through Aryl 

Hydrocarbon 

Receptor. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 25h International Society of Hypertension Athens Greece ĳ ĳ ľļĽŀ Z ļł �ĳ

łľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara 

T, Ohkubo K, Abe A, Fukunaga S, 

Kobayashi K, Ikeda T 

Long-Term Outcome of Catheter Ablation in Patients with Atrial 

Fibrillation Complicated with Apical Hypertrophic Cardiomyopathy. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Heart Rhythm Society2014 ƢĳǁƱƼǁƤƦƠĳ ĳ ĳ ľļĽŀ Z ļŁ �ĳ

łĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nakamichi M, Kinoshita T, Inomata 

N, Fukasawa Y, Mikami T, Ohnishi 

K, Akasaka Y 

 Enchanced MMP-9 activation during the process of scar-less 

healing regulated by apoptosis in granulation-tissue fibroblasts. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The wound healing society annual meeting 2014 Orland, USA ĳ ĳ ĳ ĳ ľļĽŀ Z ļŀ �ĳ

łŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hisatake S, Kabuki T, Kiuchi S, 

Ikeda T, Yamazaki T 

Long-term Administration of Tolvaptan Decreases BNP and Total 

Bilirubin Rate 
H�6ĳ ģ�>ĳ ÃþZ�ĳ
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The 7th Asian-Pacific Congress of Heart Failure, Bali, Indonesia ĳ ĳ ĳ ĳ ľļĽŀ Z ļŀ �ĳ

ĳ ĳ ĳ łŁĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hisatake S, Kabuki T, Kiuchi S, 

Watanabe I, Kinoshita T, Fujii Y, 

Fukunaga S, Toda M, Ikeda T, Yamazaki 

Jĳ

ķķĿĺĳ Additional administration of low-dose hANP for acute 

myocardial infarction make chronic phase of left ventricular 

remodeling progress.

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese 

Circulation Societyĳ

Yokohama, 

Japanĳ
ĳ ĳ ľļĽĿ Z ļĿ �ĳ

  łłĺĳ
Ãþê6ĳ Ãþ�Įĳ

Kiuchi K, Hisatake S, Kawasaki M, 

Kabuki T, Yamasaki J, Ikeda Tĳ

Therapy to lower non-HDL and inhibit the progress of 

atherosclerosis in hypertensive patients.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

19th Asian Pacific Society of Cardiology 2013 Congressĳ Thailandĳ ľļĽĿ Z ļľ �ĳ

ĳ ĳ ĳ łŃĺĳ  
Ãþê6ĳ Ãþ�Įĳ

Hisatake S, Kabuki T, Fujii Y, Fukunaga S, 

Watanabe I, Kinoshita T, Toda M, Ikeda 

T, Yamazaki J 

Acute effect of additional administration of high-dose nicorandil 

for patients with acute myocardial infarction after successful PCI. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

9th Asian Pacific Society of Cardiology 2013 Congress Pataya, Thailandĳ ĳ ĳ ľļĽĿ Z ļľ �ĳ

 
68.ĳ
Ãþê6ĳ Ãþ�Įĳ

木内 俊介 、久武 真二 、斉藤 大雅、小

原 浩、藤井 崇博、池田 隆徳、山崎 純一 
長期間診断が困難であった不明熱、肺水腫を契機に感染性心内膜炎と

診断された症例. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific 

Meeting of the Japanese Circulation Societyĳ
横浜 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ ĳ Ŀ �ĳ

ĳ ĳ łŅĺĳ
Ãþê6ĳ Ãþ�Įĳ

山崎有希子 , 中村裕二 , 本川佳幸 , 北

原健, 小原浩, 赤羽悟美 , 池田隆徳 , 山

崎純一, 山崎浩史, 杉山篤 

Fluvoxamine の電気薬理学的作用：ハロセン麻酔犬モデルでの評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会 ʴ 福岡 ĳ ĳ ĳ ĳ ľļĽĿ Zĳ Ŀĳ�ĳ

ĳ ĳ Ńļĺĳ
Ãþê6ĳ Ãþ�Įĳ

小原浩, 中村裕二, 曹新, 山�有希子, 本

川佳幸, 上田直也, 北原健, 赤羽悟美, 山

崎純一, 池田隆徳, 杉山篤 

アミトリプチリンの電気薬理学的特徴. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会 福岡    ľļĽĿ Zĳ Ŀĳ�ĳ
ĳ ĳ ŃĽĺĳ
Ãþê6ĳ Ãþ�Įĳ

中村裕二, 北原健, 長坂智, 曹新, 福田尚

司, 惠木康壮, 赤羽悟美 , 杉山篤 

ヒト内胸動脈スパズムモデルに対する臨床使用可能な血管拡張薬の作

用の比較. 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会 福岡    ľļĽĿ Zĳ Ŀĳ�ĳ
ĳ ĳ Ńľĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

北原 健, 中村裕二, 恒岡弥生, 赤羽悟美, 

田中光, 山崎浩史, 高原章, 山崎純一, 池

田隆徳, 杉山篤 

オセルタミビルの心血行動態および電気生理学的作用.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会  福岡 ľļĽĿ Zĳ Ŀĳ�ĳ

ĳ ĳ ŃĿĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

本川佳幸, 中村裕二, 曹新, 小原浩, 山崎

有希子, 北原 健, 原田拓真, 矢來幸弘, 

赤羽悟美, 山崎浩史, 杉山篤 

Dronedarone の電気薬理学的作用：amiodarone との比較.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会   福岡     ĳ ľļĽĿ Zĳ ĳ Ŀ �ĳ
ĳ ĳ Ńŀĺĳ
Ãþê6ĳ Ãþ�Įĳ

Nii H, Wagatsuma K, Saito D, Wakakura 

S, Uchida Y, Amano H, Toda M, 

Yamazaki J, Ikeda T  

Significance of Microalbuminuria in Chronic Kidney Disease 

Patients in the Era of the second-generation drug-eluting Stent. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific 

Meeting of the Japanese Circulation Society 
Yokohama    ĳ ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ĳ ŃŁĺĳ

ĳ ĳ Ńłĺĳ
Ãþê6ĳ Ãþ�Įĳ

Watanabe I, Tatebe J, Koizumi M, Ikeda 

T, Yamazaki J, Morita T 

Indoxyl sulfate accelerates vascular senescence through 

activation of aryl hydrocarbon receptor.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama    ĳ ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ĳ ŃŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

Ashihara T, Haraguchi R, Inada S, 

Nakazawa K, Ikeda T, Ozawa T, 

Nakazawa Y, Hattori T, Itoh H, Ito M, 

Horie M 

A theoretical study on the mechanism of complex fractionated 

atrial electrograms with continuous deflection during chronic 

atrial fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the 

Japanese of Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ Ńńĺĳ
Ãþê6ĳ Ãþ�Įĳ

Amano H, Wagatsuma K, Toda M, Nii H, Are There Differences in Plaque Composition n the Angiographic 

Ãþê6ĳ Ãþ�Įĳ

Uchida Y, Wagatsuma K, Yabe 

T, Nii H, Amano H, Toda M, 

Yamazaki J, Ikeda T   

Late Outcomes in non-bifurcation Lesions of Small Vessels: Comparison of 

Sirolimus, Everolimus and Biolimus-eluting Stents. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the 

Japanese of Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ
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Uchida Y, Yamazaki J, Ikeda T Definition of Eccentric Plaque and IVUS Definition of Eccentric 

Plaque? 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the 

Japanese of Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ŃŅĺĳ
Ãþê6ĳ Ãþ�Įĳ

Amano H, Wagatsuma K, Toda M, Nii H, 

Uchida Y,Yamazaki J, Ikeda T  

Analysis of T-wave morphology in patients with Brugada syndrome 

using eighteen-lead synthesized electrocardiogram. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the 

Japanese of Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ńļĺĳ
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Abe A, Kobayashi K, Miwa Y, 

Hoshida K 

An overview of current risk assessment using electrocardiographic 

markers for sudden cardiac death. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ńĽĺĳ
Ãþê6ĳ Ãþ�Įĳ

Kobayashi K, Sakurai M, Abe A, Fujino 

T, Fukunaga S, Suzuki T, Yuzawa H, 

Sato H, Okano Y, Yamazaki J, Ikeda T  

Early repolarization characterized by J wave on the 

electrocardiogram is highly detected in diagnostic epilepsy 

patients. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ńľĺĳ
Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara T, 

Ohkubo K, Yuzawa H, Suzuki T, Abe A, 

Sato H, Fukunaga S, Kobayashi K, 

Okano Y Yamazaki J, Ikeda T  

High-dose isoproterenol infusion to confirm superior vena cava 

isolation for eliminating atrial fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ �ĳ

ĳ ĳ ńĿĺĳ
Ãþê6ĳ Ãþ�Įĳ

Watanabe I, Tatebe J, Koizumi M, 

Ikeda T, Yamazaki J, Morita T  

Activation of aryl hydrocarbon receptor mediates indoxyl 

sulfate-induced monocyte chemoat-tractant protein-1 expression 

in HUVEC. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ĳ ĳ ĳ ńŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara T, 

Ohkubo K, Yuzawa H, Suzuki T, Abe A , 

Sato H, Fukunaga S, Kobayashi K, 

Okano Y, Yamazaki J, Ikeda T 

Long-term outcome of catheter ablation procedure in patients 

with atrial fibrillation complicating apical hypertrophic 

cardiomyopathy 

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ĳ ĳ ńńĺĳ
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Yoshino H  

 

Current pharmacological strategy for preventing sudden cardiac death 

due to ventricular tachyarrhythmias in patients with reduced cardiac 

function. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ĳ ĳ ńŅĺĳ
Ãþê6ĳ Ãþ�Įĳ

Toda M, Wagatsuma K, Wakakura S, 

Uchida Y, Nii H, Amano H, Yamazaki J, 

Ikeda T  

The impact of living-alone-lifestyle risk to the outcomes of PCI. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ĳ ĳ Ņļĺĳ
Ãþê6ĳ Ãþ�Įĳ

Nii H, Wagatsuma K, Saito D, Wakakura 

S, Uchida Y, Amano H, Toda M, 

Yamazaki J, Ikeda T  

Clinical Outcomes of Coronary Stenting in Hemodialysis Patients 

with Respect to Nutritional Status. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ŅĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

Fukunaga S , Abe A, Suzuki T, 

Yuzawa H, Sato H , Fujino T , 

Kobayashi K, Okano Y, Yamazaki 

J, Ikeda T 

Prevalence of short QT syndrome: Analysis of twelve-lead 

electrocardiograms stored in single medical center. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the 

Japanese of Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ĳ ĳ Ņľĺĳ
Ãþê6ĳ Ãþ�Įĳ

Hara F, Nanjo S, Hisatake S, Namiki A, 

Yamashina S, Wagatsuma K, Ikeda T, 

Yamazaki J, Hara H, Sugi K, Takahashi 

M, Noike H, Shirai K 

TOHO-Lipid Intervention Trial Using Pitavastatin (TOHO-LIP) in 

patients with high-risk hyper-cholesterolemia: 96 weeks reports 

chronic kidney disease sub-analysis. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 77th Annual Scientific Meeting of the Japanese of 

Society 
Yokohama     ľļĽĿ Zĳ Ŀ � 

ĳ ĳ ŅĿĺĳ
Ãþê6ĳ Ãþ�Įĳ

岡  崇, 伊賀 淳, 藤井悠一郎, 久武真

二, 池田隆徳, 山崎純一 

繰り返す慢性心不全増悪状態に対してトルバプタム投与が有効であっ

た一例.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 227 回日本循環器学会関東甲信越地方会 東京    ľļĽĿ Zĳ ľ � 

ʴ  94. 
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Ãþê6ĳ Ãþ�Įĳ

Inada S, Harrell DT, Ono T, Haraguchi R, 

Ashihara T, Dobrzynski H, Honjo H, 

Shibata N, Ikeda T, Mitsui K, Kodama I, 

Boyett MR, Nakazawa K 

Functional properties of complex fractionated atrial electrograms 

during atrial fibrillation can be explained by structural remodeling 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

A computational study. 84th AHA (American Heart 

Association) 
Los Angelesĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   95. 
Ãþê6ĳ Ãþ�Įĳ

Tsubota T, Ikeda T, Itou H, Yoshihara K, 

Yonemoto N, Nonogi H, Kimura T, 

Nagao Kĳ

Appropriate frequency of defibrillation for ventricular fibrillation in 

cardiogenic out-of-hospital cardiac arrest patients. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

84th AHA (American Heart Association)ĳ Los Angelesĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   96. 
Ãþê6ĳ Ãþ�Įĳ

Tsukada T, Ikeda T, Uechi T, Nomura H, 

Yoshino H, Matsuda T, Yamaguchi Y, 

Yonemoto N, Nonogi H, Kimura T, 

Nagao Kĳ

Weekly variation in out-of-hospital cardiac arrests in a nationwide 

Japanese patient population: Analysis of a nationwide 

population-based registry. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

84th AHA (American Heart Association)ĳ Los Angelesĳ ĳ ĳ ľļĽǋZ ĽĽ �ĳ

   97. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Non-invasive markers in risk stratification for sudden cardiac 

death.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society) Taipei,Taiwanĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   98.  
Ãþê6ĳ Ãþ�Įĳ

Abe A, Kobayashi K, Yuzawa H, Sato H, 

Fukunaga S, Fujino T, Okano Y, 

Yamazaki J, Ikeda Tĳ

Comparison of late potentials for 24 hours using a newly 

developed signal-averaging system between Brugada syndrome 

and arrhythmogenic right ventricular cardiomyopathy. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society) Taipeiĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   99.  
Ãþê6ĳ Ãþ�Įĳ

Fujino T, Yamazaki J, Yuzawa H, Sato 

H, Abe, Fukunaga S, Kobayashi K, 

Okano Y, Ikeda Tĳ

Characterictics of ''mitral annulus flutter''newly generated after 

catheter ablation of atrial fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipeiĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   100. 
Ãþê6ĳ Ãþ�Įĳ

Kobayashi K, Abe A, Okano Y, Fujino T, Long-term reproducibility of late potentials in patients with 
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Fukunaga S, Yuzawa H, Sato H, 

Yamazaki J, Ikeda Tĳ

ventricular arrhythmia.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipeiĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   101. 
Ãþê6ĳ Ãþ�Įĳ

Tsukada T, Soejima K, Yoshino H, 

Matsuda T, Yamaguchi Y, Ikeda Tĳ

Rotational anisotropy prevents transition of tachycardia to 

fibrillation in ventricles under the large transmural dispersion of 

repolarization. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipeiĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   102. 
Ãþê6ĳ Ãþ�Įĳ

Okano Y, Kobayashi K, Suzuki T, 

Yuzawa H, HSato H, Fukunaga S, Fujino 

T, Ikeda Tĳ

The Effect of Single Circumferential Pulmonary Vein Isolation for 

Persistent Atrial Fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS Asia-Pacific Heart Rhythm Societyĳ Taipei,ĳ ĳ ľļĽľĳZ Ľļ �ĳ

   103. 
Ãþê6ĳ Ãþ�Įĳ

Fukunaga S, Yuzawa H, Sato H, Fujino 

T, Kobayashi K, Okano Y, Yamazaki J, 

Ikeda Tĳ

Prevalence, population and prognosis of short QT interval 

patients.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipei,ĳ ĳ ľļĽľ Z Ľļ �ĳ

   104. 
Ãþê6ĳ Ãþ�Įĳ

Hoshida K, Miwa Y, Miyakoshi M, 

Tsukada T, Yusu S, Sato T, Soejima K, 

Yoshino H, Ikeda Tĳ

Risk stratification of sudden cardiac death and ventricular 

tachyarrhythmias using T-wave alternans based on 

modified moving average method and heart rate turbulence 

in patients after myocardial infarction. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipei,ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   105. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Depolarization abnormality and autonomic imbalance in Brugada 

syndrome.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipei,Taiwanĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   106. 
Ãþê6ĳ Ãþ�Įĳ

Noro M, Itou N, Enomoto Y, Kujime S, 

Hashimoto H, Sakata T, Sugi K, Okano Y, 

Ikeda T, Fukamizu S, Sakurada H 

Evalustion of defibrillation safety with the increased number of 

sensing to reduce sgicks for Ventricular fibrillation in Japanese ICD 

patients.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ
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5th APHRS (Asia-Pacific Heart Rhythm Society)ĳ Taipeiĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   107. 
Ãþê6ĳ Ãþ�Įĳ

Watanabe I, Tatebe J, Koizumi M, 

Yamazaki J, Ikeda T, MoritaTĳ

Indoxyl Sulfate Mediates Endothelial Inflammation Through 

Activation of Aryl Hydrocarbon Receptor. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 8th Asian-Pacific Society of Atherosclerosis and Vascular 

Disease 
Phuket, Thailandĳ ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   108. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Prognostic value of T-wave alternans in risk stratification for 

sudden cardiac death.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

39th ICE (International Congress of Cardiology) Beijing,Chinaĳ ĳ ĳ ľļĽľ Z ļń �ĳ

   109. 
Ãþê6ĳ Ãþ�Įĳ

Abe A, Kobayashi K, Yuzawa H, Sato H, 

Fukunaga S, Fujino T, Okano Y, 

Yamazaki J, Miwa Y, Yoshino H, Ikeda Tĳ

Comparison of late potentials between Brugada syndrome and 

arrhythmogenic right ventricular cardiomyopathy using 

signal-averaging system based on 24-hour Holter 

electrocardiogram. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

33th HRS (Heart Rhythm Society)ĳ Bostonĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

   110. 
Ãþê6ĳ Ãþ�Įĳ

Ashihara T, Haraguchi R, Inada S, 

Nakazawa K, Ikeda T, Ozawa T, Ito M, 

Horie M, Trayanova Nĳ

Theoretical basis of optimal strategy for CFAE-targeted ablation 

during chronic atrial fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

33th HRS (Heart Rhythm Society)ĳ Boston,U.S.Aĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

   111. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ Prognostic value of T-wave alternans.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

8th ECAS (European Cardiac Arrhythmia Society)ĳ Munich,Germanyĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

ĳ ĳ ĳ ĽĽľĳ

Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、石川由起雄、鈴木健

也、井内亜美、猪俣直美、深澤由里、池田

隆徳、石井壽晴 

ķķ4  bFGF による心筋間質細胞外マトリックス制御と高血圧性心不全

リモデリングの抑制機序． 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回創傷治癒学会 札幌      ľļĽľ Zĳ Ľľ � 

ĳ ĳ ĽĽĿĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清, 小野一郎, 木下利雄, 小竹遥

香, 石川由起雄, 井内亜美, 深澤由里, 猪

股直美, 石井壽晴ĳ

創傷治癒の線維芽細胞アポトーシスによる組織修復促進のメカニズムĳ
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ĳ ĳ ĳ 114. 
Ãþê6ĳ Ãþ�Įĳ

小竹遙香、赤坂喜清、石川由起雄、木下利

雄、深澤由里、井内亜美、藤田和子、猪俣

直美、石井壽晴ĳ

ケロイド線維芽細胞びおける Smad と MMP の発現異常とその意義ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 42 回日本創傷治癒学会ĳ 札幌ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

ĳ ĳ ĽĽŁĺĳ
Ãþê6ĳ Ãþ�Įĳ

鈴木銀河, 小林建三郎, 藤井悠一郎, 福永

俊二, 池田隆徳, 山 純一, 片柳智之, 藤

井毅郎, 渡邉善則 

陰嚢静脈瘤からの出血を契機に発見された内腸骨動静脈瘻の 1 例. 

H�6ĳ ģ�>ĳ ĳ ĳ ĳ ĳ ĳ ĳ ÃþZ�ĳ

第 226 回日本循環器学会関東甲信越地方会   東京      Ľľ �ĳ

ĳ ĳ ĽĽłĺĳ
Ãþê6ĳ Ãþ�Įĳ

久武真二, 冠木敬之, 木内俊介, 藤井悠一

郎, 木下利雄, 池田 隆徳, 山 純一 

急性心筋梗塞に対する PCI 成功例への高用量ニコランジル投与追加の

急性効果. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 16 回日本心不全学会 仙台     ľļĽľ Z ĽĽĳ�ĳ

ĳ ĳ ĽĽŃĺĳ
Ãþê6ĳ Ãþ�Įĳ

鈴木健也, 坪田貴也, 吉原克則, 山 純

一, 池田隆徳 

A case of gastric cancer suspected pulmonary tumor thrombotic 

microangiopathy.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 16 回日本心不全学会 仙台     ľļĽľ Z ĽĽĳ�ĳ

ĳ ĳ ĽĽńĺĳ
Ãþê6ĳ Ãþ�Įĳ

山崎有希子, 中村裕二, 本川佳幸, 北原

健, 小原浩, 赤羽悟美, 池田隆徳 , 山

純一, 杉山篤 

Fluvoxamine の電気薬理学的作用：ハロセン麻酔犬モデルでの評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 127 回 日本薬理学会関東部会 東京   ľļĽľ Zĳ Ľļĳ�ĳ

ĳ ĳ ĽĽǒĺĳ
Ãþê6ĳ Ãþ�Įĳ

小原浩, 本川佳幸, 中村裕二, 北原健, 山

有希子,原田拓真, 矢來幸弘, 赤羽悟美, 

池田隆徳, 山 純一, 杉山篤 

Dronedarone および amiodarone の心房・心室有効不応期に対する作

用：ハロセン麻酔犬モデルでの比較. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 127 回 日本薬理学会関東部会 東京   ľļĽľ Zĳ Ľļĳ�ĳ

ĳ ĳ Ľľļĺ ĳ
Ãþê6ĳ Ãþ�Įĳ

芦原貴司, 原口 亮, 稲田慎, 中沢一雄, 

池田隆徳, 小澤友哉, 伊藤 誠, 堀江 稔 

慢性心房細動における Complex Fractionated Atrial 

Electrogram は機能的か？：シミュレーションによる理論的検討. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回日本心電学会 千葉    ľļĽľ Zĳ Ľļ �ĳ

  121ĺ 
Ãþê6ĳ Ãþ�Įĳ
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福永俊二, 阿部敦子, 湯澤ひとみ, 佐藤秀

之, 藤野紀之, 小林建三郎, 岡野喜史, 山

純一, 池田隆徳 

J 波判定自動解析 

ソフトの開発. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回日本心電学会 千葉 ľļĽľ Z Ľļ �ĳ

  Ľľľĺĳ
Ãþê6ĳ Ãþ�Įĳ

原口 亮, 芦原貴司, 稲田慎, 池田隆徳, 

中沢一雄 

心筋繊維走向ねじれは心室較差増大による催不整脈性を抑制する：3

次元心室壁モデルによるシミュレーション研究.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回日本心電学会 千葉 ľļĽľ Z Ľļ �ĳ

  ĽľĿĺĳ
Ãþê6ĳ Ãþ�Įĳ

三輪陽介, 星田京子, 宮越 睦, 塚田雄

大, 柚須 悟, 佐藤俊明, 

副島京子, 池田隆徳, 吉野秀朗 

心電学的指標を用いた致死性不整脈の予知：24 時間ホルター心電図

で測定された T-wave alternans と heart rate turbulence による心筋

梗塞後患者におけるリスク層別化. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回日本心電学会 千葉    ľļĽľ Zĳ Ľļ �ĳ

  Ľľŀĺĳ
Ãþê6ĳ Ãþ�Įĳ

Okano Y, Kobayashi K, Suzuki T, 

Yuzawa H, Sato H, Fukunaga S, Fujino 

T, Ikeda T 

Analysis of T-Wave Morphology in Patient with Brugada Syndrome 

Using Eighteen-Lead Synthesized Electrocardiogram. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

77th Annual scientific meeting of Japanese Circulation 

Society  
横浜    ĳ ľļĽľĳZ Ľļĳ ĳ�ĳ

125ĺ 
Ãþê6ĳ Ãþ�Įĳ

関崎 亮, 湯澤ひとみ, 進藤恵美子, 篠原

正哉, 久武真二, 山科昌平, 池田隆徳, 山

純一 

ミオトニー症候群による二次性心筋症と診断した一例.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 225 回日本循環器学会関東甲信越地方会 東京     ľļĽľ Z Ņ �ĳ

  126ĺ 
Ãþê6ĳ Ãþ�Įĳ

木内 俊介, 平島 修, 川崎 宗泰, 新谷 陽

道, 新津 勝士, 池田隆徳, 山 純一  
ĳ

CKD stageⅡの症例では non-HDL に留意し診療を行うことは動脈硬化

の抑制に繋がる可能性がある.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ �ĳ

  127ĺ 
Ãþê6ĳ Ãþ�Įĳ

久武真二, 冠木敬之, 山科昌平, 池田隆徳, 

山 純一  

急性心筋梗塞に対する PCI 成功例への高用量シグマート投与追加の急

性効果. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ľĳļĽľ Zĳ ĳ Ņ �ĳ

  128ĺ 
Ãþê6ĳ Ãþ�Įĳ

天野英夫, 我妻賢司, 戸田幹人, 新居秀郎, 冠動脈造影上の病変形態と VH-IVUS 上のプラーク性状との関連. 
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内田靖人,矢部敬之, 池田隆徳, 山 純一 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ �ĳ

  129ĺ 
Ãþê6ĳ Ãþ�Įĳ

天野英夫, 我妻賢司, 戸田幹人, 新居秀郎, 

内田靖人,矢部敬之, 池田隆徳, 山 純一 
冠動脈 Small vessel のプラーク性状についての検討. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ľļĽľ Zĳ ĳ Ņ �ĳ

  130ĺ 
Ãþê6ĳ Ãþ�Įĳ

内田靖人, 我妻賢司, 若倉真吾, 矢部敬之, 

新居秀郎,天野英夫, 戸田幹人, 池田隆徳, 

山 純一 

Crush technique の臨床成績における病変部位による検討‐Classic 

Crush および Mini-Crush の比較を含めて.  

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  131ĺ 
Ãþê6ĳ Ãþ�Įĳ

新居秀郎, 我妻賢司, 若倉真吾, 内田靖人, 

天野英夫, 戸田幹人, 山 純一, 池田隆徳 
両側橈骨動脈を用いた慢性完全閉塞病院に対する PCI の治療成績. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  132ĺ 
Ãþê6ĳ Ãþ�Įĳ

久武真二, 冠木敬之, 伊賀 淳, 木内俊介, 

池田隆徳, 山 純一 
慢性糖尿病をともなう心不全患者への tolvaptan の効果. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  133ĺ 
Ãþê6ĳ Ãþ�Įĳ

原 英彦、中山智孝、吉川尚男、原 文彦、

鈴木真事、原田昌彦、我妻賢司、並木 温、

松裏裕行、佐地 勉、池田隆徳、山 純一、

中村正人、杉  薫 

成人症例に対する AMPLATZER septal occluder 植え込み時の上方兼

前方リム欠損の特徴：経食道超音波法を用いた検討. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  134ĺ 
Ãþê6ĳ Ãþ�Įĳ

戸田幹人, 我妻賢司, 若倉真吾, 矢部敬之, 

内田靖人,新居秀郎, 天野英夫, 池田隆徳, 

山 純一 

急性心筋梗塞に対して一人暮らしというライフスタイルが 3 年長期成

績に与える影響.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  135ĺ 
Ãþê6ĳ Ãþ�Įĳ

戸田幹人, 我妻賢司, 若倉真吾, 矢部敬之, 

内田靖人,新居秀郎, 天野英夫, 池田隆徳, 

山 純一 

糖尿病罹患期間が急性心筋梗塞の長期成績に与える影響. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  136ĺ 
Ãþê6ĳ Ãþ�Įĳ

木内 俊介, 平島 修, 川崎 宗泰, 新谷 陽

道, 新津 勝士, 池田 隆徳, 山 純一  

レニンアンギオテンシン系抑制薬はカルシウム拮抗薬 

により増加した cardio ankle vascular index 低下させる. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ľļĽľ Z Ņ � 

  137ĺ 
Ãþê6ĳ Ãþ�Įĳ

戸田幹人, 我妻賢司, 若倉真吾, 矢部敬

之, 内田靖人,新居秀郎, 天野英夫, 池田

隆徳, 山 純一 

急性心筋梗塞に対して一人暮らしというライフスタイルが 3 年間長期

成績に与える影響. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  138ĺ 
Ãþê6ĳ Ãþ�Įĳ

矢部敬之, 我妻賢司, 内田靖人, 新居秀郎, 

天野英夫, 戸田幹人, 池田隆徳, 山 純一  

MDCT における冠動脈石灰化指数と患者背景、全身の石灰化及び冠動

脈病変との関連について. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  139ĺ 
Ãþê6ĳ Ãþ�Įĳ

池田隆徳 
不整脈治療におけるβ遮断薬の役割：心室性不整脈でβ遮断薬をどう

使うか？. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

ʴ 140ĺ 
Ãþê6ĳ Ãþ�Įĳ

木内俊介, 平島 修, 川崎宗泰, 新谷陽道, 

新津勝士, 池田隆徳, 山 純一 

レニンアンジオテンシン系抑制薬はカルシウム拮抗薬により増加した

cardio-abkle vescular index を低下させる.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  ĽŀĽĺ 
Ãþê6ĳ Ãþ�Įĳ

小原 浩, 我妻賢司, 内田靖人, 矢部敬之, 

新居秀郎, 天野英, 戸田幹人, 池田隆徳, 

山 純一 

糖尿病合併女性に対する薬物溶出ステントの臨床成績. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  142ĺ 
Ãþê6ĳ Ãþ�Įĳ

新居秀郎, 我妻賢司, 若倉真吾, 内田靖人, 

天野英夫, 戸田幹人, 山 純一, 池田隆徳 

薬物溶出性ステントを留置した慢性腎臓病患者における微量アルブミ

ン尿の臨床的意義について. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  143ĺ 
Ãþê6ĳ Ãþ�Įĳ

矢部敬之, 我妻賢司, 内田靖人, 新居秀郎, 

天野英夫, 戸田幹人, 池田隆徳, 山 純一 

中期の LDL-C/HDL-C ratio が及ぼすエベロリムス溶出性ステントの中

期成績について. 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ĳ ľļĽľ Zĳ ĳ Ņ � 

  144ĺ 
Ãþê6ĳ Ãþ�Įĳ

新居秀郎, 我妻賢司, 若倉真吾, 内田靖人, 

天野英夫, 戸田幹人, 山 純一, 池田隆徳 

薬物溶出性ステントを留置した慢性腎臓病患者において慢性期に

high sensitivity CRP を計測する意義について.  
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ľļĽľ Z Ņ � 

  145ĺ 
Ãþê6ĳ Ãþ�Įĳ

天野英夫, 我妻賢司, 戸田幹人, 新居秀郎, 

内田靖人, 矢部敬之, 池田隆徳, 山 純一  

SES ステント留置後の新生内膜増殖速度に影響を与える因子につい

ての検討. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 60 回日本心臓病学会 金沢 ľļĽľ Z Ņ � 

  146ĺ 
Ãþê6ĳ Ãþ�Įĳ

Kiuchi S, Hirashima O, Kawasaki  M, 

Shintani Y , Niitsu K , Ikeda T, Yamazaki 

J 

Calcium channel blocker increased cardio ankle vascular index, 

however addition of inhibitor of renin angiotensin aldosterone 

system ameliorated this result in hypertensive patients.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 44 回日本動脈硬化学会 福岡 ľļĽľ Zĳ ĳ Ń �ĳ

  147ĺ 
Ãþê6ĳ Ãþ�Įĳ

Amano H, Wagatsuma K, Toda M, Nii H, 

Uchida Y, Yabe T, Ikeda T, Yamazaki J 

Differences between restenosis with stent fractures and 

restenosis without stent fractures after SES implantation.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń �ĳ

  148ĺ 
Ãþê6ĳ Ãþ�Įĳ

Amano H, Wagatsuma K, Toda M, Nii H, 

Uchida Y, Yabe T, Ikeda T, Yamazaki J 

Are there differences in plaque compostion in the angiographic 

definition of eccentric plaque and IVUS definition of eccentric 

plaque ?. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  149ĺ 
Ãþê6ĳ Ãþ�Įĳ

Uchida Y, Wagatsuma K, Yabe T, Nii H, 

Amano H, Toda M, Ikeda T, Yamazaki  

Late outcomes of nondialysis patients receiving DES following 

rotational atherectomy in severely calcified lesions: SES vs. PES 

vs. EES.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  150ĺ 
Ãþê6ĳ Ãþ�Įĳ

Yabe T, Wagatsuma K, Uchida Y, Nii H, 

Amano H, Toda M, Ikeda T, Yamazaki J 

The effect of mid-term LDL-C/HDL-C ratio on mid-term 

outcomes of Everolimus-Eluting Stent. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  151ĺ 
Ãþê6ĳ Ãþ�Įĳ
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Uchida Y, Wagatsuma K, Yabe T, Nii H, 

Amano H, Toda M, Ikeda T, Yamazaki J  

Late outcomes in non-bifurcation lesions of small vessels: 

Comparison of sirolimus, paclitaxel and everolimus-eluting 

stents. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  152ĺ 
Ãþê6ĳ Ãþ�Įĳ

Toda M, Wagatsuma K, Yabe T, Uchida 

Y, Nii H, Amano H, Ikeda T, Yamazaki J： 

Impact of Living Alone On The 3 years Long-term Outcomes Of 

Acute Myocardial Infarction. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  153ĺ 
Ãþê6ĳ Ãþ�Įĳ

Nii H, Wagatsuma K, Sakurai M, Yabe T, 

Uchida Y, Amano H, Toda M, Yamazaki 

J, Ikeda T  

Therapeutic outcomes of PCI chronic total occlusions using both 

radial arteries. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  154ĺ 
Ãþê6ĳ Ãþ�Įĳ

Sakurai M, Wagatsuma K, Ohara H, Yabe 

T, Uchida Y, Nii H, Amano H, Toda M, 

Koike H, Ikeda T, Yamazaki J 

Comparison of clinical outcomes of first-generation drug-eluting 

stents (DES) and everolimus-eluting stents in very elderly 

patients. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  155ĺ 
Ãþê6ĳ Ãþ�Įĳ

Toda M, Wagatsuma K, Yabe T, Uchida 

Y, Nii H, Amano H, Ikeda T, Yamazaki J  

One of the factors associated with women in long-term prognosis 

of patients with AMI. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

ʴ  156ĺ 
Ãþê6ĳ Ãþ�Įĳ

池田隆徳 持続性心房細動の管理 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本心血管インターベンション治療学会・学術集会 新潟 ľļĽľ Zĳ Ń � 

  ĽŁŃĺ 
Ãþê6ĳ Ãþ�Įĳ

柚須 悟, 米良尚晃, 星田京子, 宮越 睦, 

三輪陽介, 塚田雄大, 佐藤俊明, 副島京子, 

吉野秀朗, 池田隆徳  

房室ブロック患者に対する右室中位中隔ペーシングの心房性不整脈と

心機能への影響：長期フォローによる評価.  

 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 27 日本不整脈学会 横浜 ľļĽľ Zĳ Ńĳ�ĳ

  158ĺ 
Ãþê6ĳ Ãþ�Įĳ

芦原貴司, 小澤友哉, 伊藤 誠, 堀江 稔, 

原口 亮, 稲田 慎, 中沢一雄, 池田隆徳 

持続性心房細動における complex fractionated atrial 

electrogram 領域の電位的特徴に関する理論的研究.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 27 日本不整脈学会 横浜 ľļĽľ Zĳ Ńĳ� 
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  159ĺ 
Ãþê6ĳ Ãþ�Įĳ

岡野喜史, 小林建三郎, 湯澤ひとみ, 佐藤

秀之, 福永俊二, 藤野紀之, 山 純一, 池

田隆徳  

甲状腺機能亢進症により頻回の心室細動発作を起こした特発性心室細

動の１例. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 27 日本不整脈学会 横浜 ľļĽľ Zĳ Ńĳ� 

  160ĺ 
Ãþê6ĳ Ãþ�Įĳ

小林建三郎, 阿部敦子, 湯澤ひとみ, 佐藤

秀之, 藤野紀之, 福永俊二, 岡野喜史, 山

純一, 池田隆徳  

心室性不整脈患者における心室 late potential の長期再現性と経年変

化に関する検討.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 27 日本不整脈学会 横浜 ľļĽľ Zĳ Ńĳ� 

ʴ ʴ ĽłĽĺĳ
Ãþê6ĳ Ãþ�Įĳ

西川健太, 小原 浩, 高村和久, 湯澤ひと

み, 藤野紀之, 久武真二, 池田隆徳, 山

純一 

急性心筋梗塞後遅発性に発症した収縮性心膜炎の１例. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 224 回日本循環器学会関東甲信越地方会 東京 ľļĽľ Zĳ ĳ ł �ĳ

ʴ  162ĺ 
Ãþê6ĳ Ãþ�Įĳ

矢部敬之, 我妻賢司, 戸田幹人, 天野英夫, 

新居秀郎, 内田靖人^, 池田隆徳, 山 純

一 

AMI に DES を留置し SAT を来した症例に対する PCI で、一部ステント

ストラットに crush を来たし、バルーンにて内腔を確保した１例.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 224 回日本循環器学会関東甲信越地方会 東京 ľļĽľ Zĳ ł � 

  163ĺ 
Ãþê6ĳ Ãþ�Įĳ

伊藤 博, 坪田貴也, 鈴木健也, 佐藤大輔, 

一林 亮, 横田京介, 本多 満, 池田隆�, 

吉原克則  

下壁誘導に J 波を有する心室細動蘇生後の 1 例. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 15 回日本臨床救急医学会総会 熊本 ľļĽľ Zĳ ĳ ł �ĳ

  164ĺ 
Ãþê6ĳ Ãþ�Įĳ

井内亜美、石川由起雄、赤坂喜清、深澤由

里、下川伶子、木下利雄、小竹遙香、石井

壽晴 

左冠状動脈前下行枝の内膜病変に与える心筋架橋被覆部の解剖学

的環境の影響． 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会 東京 ľļĽľ Zĳ ĳ ŀ �ĳ

  165ĺ 
Ãþê6ĳ Ãþ�Įĳ

下川伶子、石川由起雄、井内亜美、深澤由

里、赤坂喜清、木下利雄、猪股直美、石井

壽晴  

膝窩動脈の外膜嚢腫の一例． 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会 東京 ľļĽľ Zĳ ĳ ŀ � 
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  166ĺ 
Ãþê6ĳ Ãþ�Įĳ

石川由起雄、下川伶子、井内亜美、深澤由

里、赤坂喜清、木下利雄、横尾智子、石井

壽晴 

右総腸骨静脈から右外腸骨静脈に及ぶ静脈内平滑筋肉腫の一切除

例． 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会 東京 ľļĽľ Zĳ ĳ ŀ � 

  167ĺ 
Ãþê6ĳ Ãþ�Įĳ

木下利雄、赤坂喜清、鈴木健也、石川由起

雄、深澤由里、井内亜美、藤田和子、横尾

智子、猪股直美、山崎純一、石井壽晴 

ķķŁĺĳBasic Fibroblast Growth Factor(bFGF)による高血圧性心不

全の心筋リモデリング抑制機序．ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会 東京 ľļĽľ Zĳ ĳ ŀ � 

  168ĺ 
Ãþê6ĳ Ãþ�Įĳ

赤坂喜清、石川由起雄、小野一郎、木下利

雄、深澤由里、井内亜美、藤田和子、猪股

直美、石井壽晴  

創傷治癒期の線維芽細胞アポトーシスによる組織修復の実行メカ

ニズム.  ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 101 回日本病理学会総会 東京 ľļĽľ Zĳ ĳ ŀ � 

  ĽłŅĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

北原健, 中村裕二, 恒岡弥生, 鈴木早苗, 

赤羽悟美, 田中光, 高原章, 山崎純一, 杉

山篤 

オセルタミビルの生体に対する電気薬理学的作用. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会 京都  ľļĽľ Zĳ Ŀĳ�ĳ

ĳ ĽŃļĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Kabuki T, Yamazaki J, Ikeda T, Namiki A, 

Nanjo S, Harada M, Hisatake S, Fukunaga 

S  

Improvement of cardiac function in patients with chronic heart 

failure by autoset CS. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会 京都    ĳ ľļĽľ Zĳ Ŀĳ�ĳ

ĽŃĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nanjo S, Ishikawa Y, Hisatake S, 

Takamura K , FujimotoS, Nakanishi R, 

Namiki A, Ikeda T , Yamazaki J 

Hypertension enhances risk of acute myocardial infarction in 

patients with myocardial bridge in the left anterior descending 

coronary artery. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ�ĳ

  172ĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

天野英夫, 我妻賢司, 戸田幹人, 新居秀

郎, 内田靖人, 池田隆徳, 山�純一 

Differences between Restenosis with Stent Fractures and 

Restenosis Without Stent Fractures after SES Implantation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ�ĳ

ĳ ĳ ĽŃĿĺĳ ĳ
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Ãþê6ĳ Ãþ�Įĳ

Amano H, Wagatsuma K, Toda M, Nii H, 

Yabe T, Ikeda T, Yamazaki J 

Differences between restenosis with stent fractures and 

restenosis without stent fractures after SES implantation.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽŃŀĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara T, 

Takahashi Y, Okubo K, Yuzawa H, Sato 

H, Fukunaga S, Kobayashi K, Okano Y, 

Yamazaki J, Ikeda T  

Clinical factors associating successful catheter ablation 

procedure for atrial fibrillation in a younger 

Japanese patient population. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽŃŁĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Kabuki T, Yamazaki J, Ikeda T, Namiki 

A, Nanjo S, Harada M, Hisatake S, 

Fukunaga S 

Improvement of cardiac function in patients with chronic heart 

failure by the autoset CS. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽŃłĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

内田靖人, 我妻賢司, 矢部敬之, 新居秀郎, 

天野英夫, 戸田幹人, 池田隆徳, 山崎純一 

Outcomes of Nondialysis Patients Receiving DES Following 

Rotational Atherectomy in Severely Calcified Lesions: 

Comparison of Sirolimus, Paclitaxel and Eeverolimus-eluting 

Stents.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese 

Circulation Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽŃŃĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Ashihara T, Haraguchi R, Nakazawa K, 

Namba T, Ikeda T, Ozawa T, Nakazawa 

Y, Ito M, Horie M 

Theoretical studies on the machanisms of electrogram-based 

catheter ablation for chronic atrial ablation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽŃńĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Miwa Y, Ikeda T, Hoshida K, Miyakoshi 

M, Tsukada T, Yusu S, Sato T, Yoshino 

H：  

 

T-wave alternans using the modified-moving-average method 

measured from Holter electrocardiograms during daily activity can 

predict life-threatening events following myocardial infarction. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽŃŅĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ
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Hara H, Nakayama T, Matsuura H, 

Harada M, Hara F, Yoshikawa H, Ikehara 

S, Naoi K, Shimada H, Wagatsuma K, 

Suzuki M, Nakamura M, Saji T, Sugi K  

Impact of Co-morbidities among Adult Patients undergoing 

Percutaneous Atrial Septal Defect Closure at Japanese 

Cardiovascular Intervention 

Therapeutics Institution.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ Ľńļĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara T, 

Takahashi Y, Okubo K, Yuzawa H, 

Sato H, Fukunaga S, Kobayashi K, 

Okano Y, Yamazaki J, Ikeda T  

Improvement in left ventricular hypertrophy after catheter 

ablation of atrial fibrillation. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽńĽĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nanjo S, Ishikawa Y, Hisatake S, 

Takamura K, Fujimoto S, Nakanishi R, 

Namiki A, Ikeda T, Yamazaki J 

Hypertension enhances risk of acute myocardial infarction in 

patients with myocardial bridge in the left anterior descending 

coronary artery. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ Ľńľĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Mera H, Miwa Y, Yusu S 
Pharmacological management for life-threatening ventricular 

tachyarrhythmias complicating severe heart failure.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ ĽńĿĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Kuwahara T, 

Takahashi Y, Okubo K,Yuzawa H, Sato 

H, Fukunaga S, Kobayashi K, Okano Y, 

Yamazaki J, Ikeda T 

Characteristics of twelve-lead electrocardiogram in differentiating 

right from left atrial tachycardias generated after catheter 

ablation or cardiac surgery.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ĳ ĳ Ľńŀĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Miwa Y, Ikeda T, Hoshida K, Miyakoshi 

M, Tsukada T, Yusu S, Sato T, Yoshino 

H 

Combination of heart rate turbulence and nonsustained 

ventricular tachycardia facilitates predictive power for 

identifying patients at risk. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 76thAnnual Scientific Meeting of the Japanese Circulation 

Society 
Fukuoka   ĳ ľļĽǋZĳ ĳ ǌ� 

ʴ ʴ ĽńŁĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ
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木内俊介、川崎宗泰、平島修、新津勝士、

新谷陽道、池田隆徳、山 純一  

植え込み型ループレコーダー記録から意識消失発作が心外性と診断し

得た一例.   

 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 223 回日本循環器学会関東甲信越地方会 東京     ľļĽľ Zĳ ĳ ľ �ĳ

ĳ ĳ Ľńłĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

櫻井牧子、藤井悠一郎、小林建三郎、山

純一、池田隆徳 

α-Streptococcus による化膿性脊椎炎発症から 4 年後に感染性心内

膜炎を発症した一例. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 223 回日本循環器学会関東甲信越地方会 東京   ľļĽľ Zĳ ĳ ľ � 
  Ľńńĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

矢部敬之, 我妻賢司, 内田靖人, 新居秀

郎, 天野英夫, 戸田幹人, 山 純一, 池田

隆徳 

MDCT における冠動脈石灰化指数と患者背景及び冠動脈病変との関連

について．.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 25 回日本冠疾患学会学術集会 大阪     ľļĽľ Zĳ ĳ ľ � 

189. 
Ãþê6ĳ Ãþ�Įĳ

Miwa Y, Ikeda T, Hoshida K, Miyakoshi 

M, Tsukada T, Abe A, Mera H, Yusu S, 

Sato T, Yoshino Hĳ

Risk stratification for sudden cardiac death and serious arrhythmic 

events using heart rate turbulence and nonsustained ventricular 

tachycardia from 24-hour Holter electrocardiogram in patients 

with impaired left ventricular function.ʴĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

AHA (American Heart Association) 2011ĳ Orlando,U.S.Aĳ ľļĽĽ Z ĽĽ �ĳ

ĽŅļĺĳ

Ãþê6ĳ Ãþ�Įĳ

Shimizu W, Ikeda T、Takahashi Nĳ
Strategies for patients with atrial fibrillation and congestive heart 

failure.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

AHA (American Heart Association) 2011ĳ Orlando,U.S.Aĳ ľļĽĽ Z ĽĽ �ĳ

    191. 
Ãþê6ĳ Ãþ�Įĳ

Tsukada T, Ikeda T, Mera H, Yoshino H, 

Matsuda T, Ymanaguchi Y, Yonemoto 

N, Nonogi H, Kimura T, Nagao Kĳ

Circadian variation in out-of-hospital cardiac arrests in a 

nationwide Japanese patient population: A difference between 

survivors and nonsurvivors.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

AHA (American Heart Association) 2011ĳ Orlando,U.S.Aĳ ĳ ĳ ľļĽĽ Z ĽĽ �ĳ

    192. 
Ãþê6ĳ Ãþ�Įĳ

Abe A, Tsukda T, Hoshida K, Miyakoshi 

M, Miwa Y, Mera H, Yusu S, Sato T, 

Yoshino H, Ikeda Tĳ

Pharmacological Assessment in Young Patients with J-Wave 

Variation and Idiopathic Ventricular Fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Fukuokaĳ ľļĽĽ Z ļŅ �ĳ
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Electrocardiologyĳ

   193. 
Ãþê6ĳ Ãþ�Įĳ

Fukunaga S, Okano Y, Yuzawa H, Sato 

H, Fujino T, Kobayashi K, Yamashina S, 

Yamazaki J, Ikeda Tĳ

Assessment of 123I-MIBG Scintigraphy as a Diagnostic Tool for 

Neurally Mediated Syncope.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   194. 
Ãþê6ĳ Ãþ�Įĳ

Sato H, Okano Y, Kobayashi K, 

Fukunaga S, Fujino T, Yuzawa H, 

Yamazaki J, Ikeda Tĳ

A Young Case of IntraFascicular Ventricular Tachycardia with 

Narrow QRS Complex.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiology 

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   195. 
Ãþê6ĳ Ãþ�Įĳ

Yanagisawa R, Abe A, Miwa Y, Yoshino 

H, Ikeda Tĳ

A Case of Breast Cancer with Chemotherapy-Induced Arrhythmias 

and No Cardiac Dysfunction by Trastuzumab, a Highly Effective 

Anticancer Agent.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   196. 
Ãþê6ĳ Ãþ�Įĳ

Yusu S, Mera H, Hoshida K, Yanagisawa 

R, Miyakoshi M, Miwa Y, Tsukada T, 

Ishiguro H, Sato T, Yoshino H, Ikeda Tĳ

Effect on Cardiac Function of the Right Ventricular Mid-Septal 

Pacing Procedure with Narrow QRS Complexes in Patients with 

Permanent Pacemaker Implantation.ʴĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiology,ĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   197. 
Ãþê6ĳ Ãþ�Įĳ

Yuzawa H, Okano Y, Kobayashi K, Sato 

H, Fukunaga S, Fujino T, Yamazaki J, 

Ikeda Tĳ

High Incidence of Inappropriate ICD Therapies in Young Patients 

with Catecholaminergic Polymorphic Ventricular Tachycardia.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ
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(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

   199. 
Ãþê6ĳ Ãþ�Įĳ

Ando K, Shizuta S, Ikeda T, Goya M, 

Kimura T, Nobuyoshi Mĳ

Mortality Rate of Japanese SCD-HeFT or MADIT-II Criteria 

Population: Sub-Analysis from the PREVENT-SCD.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   200. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Abe A, Miwa Yĳ
An Overview of Current Strategies of Risk Assessment for Sudden 

Cardiac Death.ʴĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   201. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Sakaki K, Miwa Yĳ T-wave alternans for identifying patients at risk.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   202. 
Ãþê6ĳ Ãþ�Įĳ

Okano Y, Kobayashi K, Yuzawa h, Sato 

H, Fukunaga S, Fujino T, Yamazaki J, 

Ikeda Tĳ

Single-Ring Isolation Connecting Four Ganglionated Plexi of the 

Posterior Left Atrium as an Alternative Procedure for Eliminating 

Atrial Fibrillation.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   203. 
Ãþê6ĳ Ãþ�Įĳ

Fujino T, Takahashi A, Yuzawa H, Sato 

H, Fukunaga S, Kobayashi K, Okano Y, 

Yamazaki J, Ikeda Tĳ

Assessment of the CHADS2 index and the Prevalence of Coronary 

Artery Disease in Patients with Atrial Fibrillation Desirable Ablation 

Procedure.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ
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Electrocardiologyĳ

   204. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Noninvasive Risk Stratification for Sudden Death in Patients with 

Asymptomatic Brugada-Type Electrocardiogramsĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   205. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Antiarrhythmia Drug Therapy for Atrial Fibrillation: Lessons from 

the JCS Guidelines.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   206. 
Ãþê6ĳ Ãþ�Įĳ

Kobayashi K, Okano Y, Fujino T, 

Yuzawa H, Sato H, Fukunaga S, 

Yamazaki J, Ikeda Tĳ

Optimal Dual-Chamber Pacing Therapy Improves Cardiac Function 

in a Patient with Complex Congenital Heart Disease and 

Bradyarrhythmias.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   207. 
Ãþê6ĳ Ãþ�Įĳ

Sato H, Miwa Y, Hoshida K, Abe A, Yusu 

S, Kishino T, Yoshino H, Watanabe T, 

Ikeda Tĳ

No Circadian Changes of Heart Rate Turbulence Parameters in 

Patients with Myocardial Infarction.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ľļĽĽĳZ ļŅ �ĳ

   208. 
Ãþê6ĳ Ãþ�Įĳ

Uesugi Y, Miwa Y, Miyakoshi M, Hoshida 

K, Tsukada T, Ishiguro H, Abe A, Mera 

H, Yusu S, Sato T, Yoshino H, Ikeda Tĳ

Effects of Age and Gender on Heart Rate Turbulence in Healthy 

Population.ʴĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ
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Electrocardiologyĳ

   209. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Relationship between Hypertension and Atrial Fibrillation: 

Epidemiology and Clinical Outcome.ʴĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   210. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Yuzawa H, Sato H, Fukunaga S, 

Fujino T, Kobayashi K, Okano Y, 

Yamazaki Jĳ

Current Status of Rate Control for Clinical Management of Patients 

with Atrial Fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   211. 
Ãþê6ĳ Ãþ�Įĳ

Kimura G, Miwa Y, Hoshida K, Taguchi 

H, Miyakoshi M, Kataoka M, Mera H, 

Yusu S, Sato T, Sato T, Yoshino H, 

Ikeda Tĳ

Assessment of Relationship between Heart Rate Turbulence 

Parameters and Hemodynamic Indices in Patients with Pulmonary 

Hypertension.ʴĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   212. 
Ãþê6ĳ Ãþ�Įĳ

Miyakoshi M, Yoshino H, Hoshida K, 

Miwa Y, Tsukada T, Mera H, Sato T, 

Nishiyama K, Shiokawa Y, Ikeda Tĳ

Evaluation of Risk Factors in Elderly Patients with Cerebral 

Embolism Due to Nonvalvular Atrial Fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th APHRS (Asia-Pacific Heart Rhythm Society) & 7th APAFS 

(Asia-Pacific Atrial Fibrillation Symposium) & 26th Japanese 

Heart Rhythm Society & 28th Japanese Society of 

Electrocardiologyĳ

Fukuokaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   213. 
Ãþê6ĳ Ãþ�Įĳ

Turpie AGG, Hirayama A, Ikeda T, 

Murohara Tĳ

Paradigm sift on anti-coagulant therapy: Clinical benefit of factor 

Xa inhibitor.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESC (European Society of Cardiology) 2011ĳ Paris, Franceĳ ĳ ĳ ľļĽĽ Z ļń �ĳ

   214. 
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Ãþê6ĳ Ãþ�Įĳ

Coelho OR, Kaul U, Horowitz J, Ikeda T, 

de Poala AA, Ogawa H, Ma C-S, 

Sanchez CJ, Avezumĳ

The Results of ARISTOTLE trial for stroke prevention in atrial 

fibrillation.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

ESC (European Society of Cardiology) 2011ĳ Paris, Franceĳ ĳ ĳ ľļĽĽ Z ļń �ĳ

   215. 
Ãþê6ĳ Ãþ�Įĳ

Yusu S, Ikeda T, Mera H, Miwa Y, 

Yoshino Hĳ

Effect of the Right Ventricular Mid-Septal Pacing Procedure with a 

Narrow QRS Complex on Cardiac Function in Patients with 

Permanent Pacemaker Implantation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

EHRA EUROPACE 2011ĳ Madrid, Spainĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

   216. 
Ãþê6ĳ Ãþ�Įĳ

Merchant FM, Zheng H, Ikeda T, 

Pedretti RFE, Salerno-Uriarte JA, Chow 

T, Chan PS, Bartone C, Hohnloser SH, 

Ruskin JN, Cohen RJ, Armoundas AAĳ

Clinical Utility Of Microvolt T-wave Alternans Testing In Identifying 

Patients At High Or Low Risk Of Sudden Cardiac Death.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

32th HRS (Heart Rhythm Society)ĳ
San Francisco, 

U.S.Aĳ
ĳ ĳ ľļĽĽ Z ļŁ �ĳ

   217. 
Ãþê6ĳ Ãþ�Įĳ

Abe A, Yoshino H, Tsukada T, Ishiguro 

H, Hoshida K, Yanagisawa R, Miwa Y, 

Miyakoshi M, Mera H, Yusu S, Ikeda Tĳ

Comparison of Late Potentials for 24 Hours Using a Newly 

Developed Signal-Averaging SystembetweenBrugada Syndrome 

and ArrhythmogenicRight Ventricular Cardiomyopathy.ʴĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

36th ISCE (International Society of Computerized 

Electrocardiography)ĳ
San Jose, U.S.Aĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   218. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Heart Rate Turbulence and Late Potentials Related to Autonomic 

Nerve System.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

36th ISCE (International Society of Computerized 

Electrocardiography)ĳ
San Jose,U.S.Aĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   219. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ
Autonomic Nerve System and Electrophysiological Risk 

Stratification Indices: Overview.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

36th ISCE (International Society of Computerized 

Electrocardiography)ĳ
San Jose, U.S.Aĳ ĳ ĳ ľļĽĽ Z ļŀ �ĳ

   220. 
Ãþê6ĳ Ãþ�Įĳ

Ikeda Tĳ QT measures and T wave alternans.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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60th ACC (American College of Cardiology)ĳ New Orleans, U.S.Aĳ ĳ ľļĽĽĳZ ļŀ �ĳ

  ľľĽĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

小原浩、高村和久、並木温、池田隆徳、山

純一、吉 

原克則、伊藤博、坪田貴也、仲村敬和、岩

崎泰雄 

膝窩静脈瘤を合併し、肺塞栓、膝窩動脈塞栓症を発症した奇異性脳塞

栓証の一例.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 222 回日本循環器学会関東甲信越地方会 東京     ľļĽĽ Z Ľľĳ�ĳ

  ľľľĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳 明日からの診療に実践できる心房細動の診かたと治療. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 48 回日本臨床生理学会 東京     ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ľĽĿĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳 心臓突然死のリスク層別化：世界レベルでみた有用な指標を知る.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 39 回日本救急医学会 東京     ľļĽĽ Zĳ Ľļ �ĳ

ĳ ĳ ľĽŀĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳 不整脈治療におけるβ遮断薬の魅力を探る.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 64 回日本胸部外科学会 名古屋    ľļĽĽ Z Ľļĳ�ĳ

ĳ ĳ ľĽŁĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

酒井浩多、我妻賢司、矢部敬之、内田靖人、

新居秀郎、天野英夫、戸田幹人、池田隆徳、

山 純一  

分岐部病変のプラーク部位による臨床的予後に関する検討.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 25 回日本心臓血管内視鏡学会  京都    ĳ ľļĽĽ Zĳ Ľļ �ĳ

ĳ ĳ ľĽłĺĳ
Ãþê6ĳ Ãþ�Įĳ

Hisatake S, Iga A, Sakai K, Saito D, 

Nanjo S, Yamashina S, Ikeda T, 

Yamazaki J 

Efficacy of PDE-III inhibitor, olprinone,for acute heart failure: 

Study on clinical scenario.   

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 15th Annual Scientific Meeting of the Japanese Heart 

Failure Society 
Kagoshima   ľļĽĽ Zĳ ĳ Ľļ �ĳ

ĳ ĳ ľĽŃĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Ikeda T 
Pharmacological Treatment in Patients with Heart Failure: 

Upstream Therapy. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 15th Annual Scientific Meeting of the Japanese Heart 

Failure Society 
Kagoshima   ľļĽĽ Zĳ Ľļ �ĳ

ĳ ĳ ĳ ľĽńĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Okano Y, Kobayashi K,Fujino T, Yuzawa Single-Ring Isolation Connecting Four Ganglionated Plexi of the 
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H, Sato H, Fukunaga S, Yamazaki J, 

Ikeda T 

Posterior Left Atrium as an Alternative Procedure for Eliminating 

Atrial Fibrillation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 28th Japanese Society of Electrocardiology  Fukuoka    ľļĽĽ Zĳ ĳ Ņ �ĳ

ĳ ĳ ĳ ľĽŅĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Ikeda T, Abe A, Miwa Y  

 

Risk Stratification and Pharmacological Management in Patients 

with Idiopathic Ventricular Fibrillation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 28th Japanese Society of Electrocardiology  Fukuoka    ľļĽĽ Zĳ ĳ Ņ �ĳ

ĳ ĳ ĳ ľľļĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Nakamura Y, Kitahara K, 

Adachi-Akahane S, Sugiyama A 

Oseltamivir lacks torsadogenic potential leading to the onset of 

torsades de pointes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 28th Japanese Society of Electrocardiology  Fukuoka    ľļĽĽ Zĳ ĳ Ņ �ĳ

ĳ ĳ ĳ ľľĽĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

久武真二、伊賀淳、佐藤秀之、湯澤ひとみ、

南條修二、山科昌平、池田隆徳、山 純一  

回収可能型下大静脈フィルターを超えて右心房付近へ著名な浮遊血栓

を認めた一例.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ �ĳ

ĳ ĳ ĳ ľľľĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

高村和久、藤本進一郎、坪田貴也、伊藤博、

冠木敬之、並木温、池田隆徳、山 純一、

吉原克則 

心原性ショックおよび心電性心肺停止症例におけるプロカルシトニン

と予後との検討. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ � 

ĳ ĳ ĳ ľľĿĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

久武真二、伊賀淳、鈴木健也、湯澤ひとみ、

南條修二、山科昌平、池田隆徳、山 純一 

PDE-Ⅲ阻害薬オルピリノンの急性心不全に対する有効性：Clinical 

scenario による検討. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ � 

ĳ ĳ ĳ ľľŀĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

戸田幹人, 我妻賢司, 藤井悠一郎, 内田靖

人, 新居秀郎, 天野英夫, 山 純一  
緊急 PCI 施行した急性心筋梗塞例の予後に性差が与える影響. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ � 

ĳ ĳ ĳ ľľŁĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳、塚田雄大、吉野秀朗、山口芳裕 

全国急性冠症候群コホート研究シンポジウム：日本における心原性院

外心停止発現の概日リズムの評価. 

 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ � 

ĳ ĳ ĳ ľľłĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳、湯澤ひとみ、佐藤秀之、福永俊 心房細動への最新のアプローチ：リズムコントロール治療とレートコ
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二、藤野紀之、小林建三郎、岡野喜史、山

純一 

ントロール治療の意義. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ � 
ĳ ĳ ĳ ľľŃĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

高村和久，藤本進一郎，坪田貴也，伊藤 

博，冠木敬之，並木 温，池田隆徳，山�

純一，吉原克則 

心原性ショック及び心原性心肺停止症例におけるプロカルシトニンと

予後との検討. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 日本心臓病学会 神戸,    ĳ ľļĽĽ Zĳ Ņ � 
ĳ ĳ ĳ ľľńĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳 
不整脈のトータルマネージメント：Ⅲ群薬の使い方から 

脳塞栓の予防まで.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń �ĳ

ĳ ĳ ĳ ľľŅĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

池田隆徳  
心臓突然死（致死性不整脈）の予知：どの指標が有用 

か、今のトレンドは？ 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 

ĳ ĳ ĳ ľĿļĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Abe A, Ikeda T, Tsukada T, Hoshida K, 

Miwa Y, Miyakoshi 

M, Mera H, Yusu S, Yoshino H 

Long-term prognosis of elderly patients with paroxysmal atrial 

tachyarrhythmias showing Brugada-type electrocardiogram by 

class IC antiarrhythmic drugs. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 

ĳ ĳ ĳ ľĿĽĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Miwa Y, Ikeda T, Hoshida K, Yanagisawa 

R, Miyakoshi M, Abe A, Tsukada T, 

Ishiguro H, Mera H, Yusu S, Yoshino H 

Clinical value of deceleration capacity of heart rate as a predictor 

of cardiac mortality in patients after myocardial infarction. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 

ĳ ĳ ĳ ľĿľĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Yanagisawa R, Ikeda T, Hoshida K, Miwa 

Y, Miyakoshi M, Abe 

A , Ishiguro H, Tsukada T, Mera H, Yusu 

S, Yoshino H 

Prognostic value of T-wave alternans using the modified moving 

average method in post-myocardial infarction patients with a 

reduced cardiac function. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 

ĳ ĳ ĳ ľĿĿĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Yusu S, Ikeda T, Hoshida K, Miwa Y, 

Miyakoshi M, Abe A, 

Tsukada T, Mera H, Yoshino H  

Effect on atrial function of right ventricular mid-septal pacing as 

physiological pacemaker procedure: A long-term study. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 
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ĳ ĳ ĳ ľĿŀĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Ashihara T, Haraguchi R, Nakazawa K, 

Namba T, Ikeda T , Ozawa T, 

Nakazawa Y, Ito H, Ito M, Horie M 

**6. Roles of fibroblasts/myofibroblasts in the mechanisms of 

CFAEs during chronic atrial fibrillation and CFAE-targeted catheter 

ablation: A simulation study. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 
ĳ ĳ ĳ ľĿŁĺĳ ĳ
Ãþê6ĳ Ãþ�Įĳ

Miwa Y, Ikeda T, Hoshida K, Yanagisawa 

R, Miyakoshi M, Abe A, Tsukada T, 

Ishiguro H, Mera H, Yusu S, Yoshino H 

Heart rate turbulence can predict cardiac mortality in 

post-myocardial infarction patients with type 2 diabetes 

mellitus. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 75 回日本循環器学会 横浜    ĳ ľļĽĽ Zĳ ĳ ń � 

- gi Rĳ
Ľĺĳ

Ãþê6ĳ Ãþ�Įĳ

山崎大樹, 安藤博之, 吉永貴志, 山本渉, 

朝倉圭一, 谷口智彦, 宇田宗晃, 諫田泰

成, 長田智治, 林誠治, 宮本憲優, 葛西智

恵子, 田渋弘行, 犬塚隆志, 杉山篤, 澤田

光平, 関野祐子 

ヒト iPS 細胞由来分化心筋細胞を用いた TdP リスク評価-JiCSA60 化

合物を用 いて-. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 89 回日本薬理学会年会 横浜 ĳ ãʴ Ņ

ĳ ĳ ĳ ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Wada T, Ohara H, Nakazato Y, 

Sugiyama A 

Impact of Precordial Percussion on the Cardiac Standstill: 

Comparison with standard chest compression and ventricular 

electrical pacing in microminipig.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 80 回日本循環器学会 学術集会 仙台 ĳ ãʴ Ņ

Ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Izumi-Nakaseko H, Nakamura Y, 

Wada T, Ando K, Sugiyama A 

The characterization of the conduction property of human iPS 

cell-derived cardiomyocytes sheet. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 7 回日本安全性薬理研究会学術年会 東京 ĳ ãʴ Ņ

ŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

杉山篤, 中村裕二, 岸江拓也, 曹新, 

和田剛, 中瀬古（泉）寛子, 安東賢太

郎 

超小型ミニブタ心筋梗塞モデルを用いた慢性 心不全病態モデル開

発：iPS 細胞由来心筋シート移植の有効性と有害作用の評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

平成 27 年度私立大学戦略的研究基盤形成支援事業報告

会 
東京 ĳ ãʴ Ņ

ĳ Łĺĳ

Ãþê6ĳ Ãþ�Įĳ

和田剛, 中村裕二, 曹新, 中瀬古寛

子, 安東賢太郎, 杉山篤 

The efficacy and limitation of microminipig as an experimental model 

for assessing the drug-induced change in QT-interval. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ
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第 7 回日本安全性薬理研究会学術年会 東京 ĳ ãʴ Ņ

ĳ ĳ ĳ łĺĳ

Ãþê6ĳ Ãþ�Įĳ

中瀬古（泉）寛子, 安東賢太郎 ( iPS 由来心筋細胞シートの病的心筋モデルとしての特徴づけ.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 147 回東邦医学会例会 東京 ĳ ãʴ Ņ

Ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Sugiyama A 
Drug-induced QT prolongation:from ion channels and cardiac 

arrhythmia to regulatory guidance. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

12th Annual meeting DIA Japan Tokyo ĳ )ã Ņ

ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Tanaka K, Izumi-Nakaseko H, Li W, Cao 

X, Nakamura Y, Okamura M, Kishie T, 

Azjargal E, Wada T, Ando K, Koike K, 

Sugiyama A 

In vivo and in vitro analysis of cardiac safety profile of a Mongolian 

medicinal plant Adonis mongolica with guinea pigs. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

9Th Joint Seminar on Biomedical Sciences 
Chiang Mai, 

Thailand 
ĳ )ã Ņ

Ņĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Cao X, Nakamura Y, Wada T, 

Izumi-Nakaseko H, Ando K, Zhu B, Xu B, 

Takahara A, Saitoh M, Sugiyama A 

Comparison of anti-ischemic effect of cilnidipine with those of 

nicardipine and nifedipine in the vasopressin-induced angina 

model of rats. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

International Experimental Biology and Medicine Conference Chengdu, China ĳ )ã Ņ

Ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Sugiyama A 
Current situation and future plan in Japanese activity of Kirishima 

Meeting. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

Safety Pharmacology Society 15th annual meeting 
̧̞̙ , ̐̀̇J�
� 

ĳ )ãʴ Ņ

ĽĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

杉山篤 
ķķ) 薬物性致死性不整脈の発生をいかに予知し回避するか−iPS 細胞由来

心筋の実用化例−． 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 10 回医療連携学術セミナー 東京 ĳ )ãʴ Ņ

Ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Ando K 

Paradoxical use of rodent as an animal model of drug-induced 

emesis - Assessment method for supplemental study of 

gastrointestinal system in ICH S7A safety pharmacology. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 4th International symposium in Chinese Safety 

Pharmacology Society, 

Guangzhou city, 

Guangdong 

province, China 

ĳ )ã )Ņ

ĽĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ
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Ohara H, Takahara A, Kitahara K, 

Murakoshi N, Satoh A, Aonuma K, 

Ikeda T, Sugiyama A 

Characterization of antiarrhythmic potential of renal denervation in 

the chronic atrioventricular block dogs: Comparison with that of 

amiodarone. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 79 回日本循環器学会学術集会 大阪 ĳ )ãʴ (Ņ

Ľŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Izumi-Nakaseko H, Ando K, 

Sugimaya A 

ķķ* Electropharmacological characterization of the conduction 

property of a human iPS cell-derived cardiomyocyte sheet. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 88 回日本薬理学会年会 名古屋 ĳ )ãʴ Ņ

ĽŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nakamura Y, Ando K, Sugiyama A 

ķķ Relationship between mechanical contraction and field 

potential in the human iPS cell-derived cardiomyocyte sheets: by 

using motion-vector method. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 88 回日本薬理学会年会 名古屋 ĳ )ãʴ Ņ

Ľłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

中瀬古（泉）寛子, 中村裕二, 安東賢

太郎, 杉山篤 

ķķ Effects of class I antiarrhythmic drugs on the electrical 

excitation and conduction in the human iPS cell-derived 

cardiomyocyte sheet. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 6 回 日本安全性薬理研究会学術年会 東京 ĳ )ãʴ Ņ

ĽŃĺĳ

Ãþê6ĳ Ãþ�Įĳ

曹新, Shengfeng Lu, 小原浩, 中村裕二, 

中瀬古寛子, 安東賢太郎, Bing-Mei Zhu, 

Bin Xu, 杉山篤 

- Evaluation of efficacy and safety profile of 

electroacupuncture assessed in the chronic atrioventricular block 

canine model with severe hypertension and heart failure. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

SAR-CAAM International Symposium of Acupuncture 

Research 2014 
北京, 中国 ĳ (ã )Ņ

ĳ Ľńĺĳ

Ãþê6ĳ Ãþ�Įĳ

中瀬古（泉）寛子, 安東賢太郎 ķķ. Na＋チャンネル装飾薬を用いた iPS 由来心筋細胞シートの特徴付け.   
Ľńĺĳ ģ�>ĳ ÃþZ�ĳ

第 68 回東邦医学会総会 東京 ĳ (ãʴ Ņ

ĳ ĳ ĳ ĽŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Sugiyama A Overview and raising issues. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 5th DIA cardiac safety workshop in Japan Tokyo ĳ (ã Ņ

ľļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Sugiyama A The current trends and issues on integrated cardiac safety. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 5th DIA cardiac safety workshop in Japan Tokyo ĳ (ã Ņ

ľĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

安東賢太郎, 中村裕二, 星合清隆, 

岸江拓也, 柏木克彦, 曹新, 小原浩, 

正常犬と正常ブタ間での dipyridamole 負荷後の心電図変化の差異：側副血

行路が coronary steal の原因か？. 
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中瀬古（泉）寛子, 高原章, 赤坂喜清, 

杉山篤 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 41 回比較心電図研 究会 東京 ĳ (ãʴ -Ņ

ĳ ĳ ĳ ĳ ľĽĺĳ

Ãþê6ĳ Ãþ�Įĳ

Adachi-Akahane S, Izumi-Nakaseko H, 

Sugiyama A, I shikawa Y.ĳ

Crosscommunication between the L-type Ca2+ channel and β

-adrenergic receptor/adenylyl cyclase/cAMP pathway in mouse 

ventricular myocytes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 90 回日本生理学会大会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

ĳ ĳ ĳ ĳ ľľĺĳ

Ãþê6ĳ Ãþ�Įĳ

横山浩史, 中村裕二, 秋江靖樹, 斉藤裕

之, 永山幸利, 星合清隆, 杉山 篤ĳ

ハロセン麻酔マイクロミニピッグを用いた薬物の臨床心血管反応性の

予測. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   23. 
Ãþê6ĳ Ãþ�Įĳ

Maruyama H, Sugiyama A, 

Adachi-Akahane S.ĳ

Molecular mechanism linking the lipid metabolism and the cardiac 

pacemaker activity. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   24. 
Ãþê6ĳ Ãþ�Įĳ

山 有希子, 中村裕二, 本川佳幸, 北原

健, 小原浩, 赤羽悟美, 池田隆徳, 山 純

一, 山 浩史, 杉山 篤ĳ

Fluvoxamine の電気薬理学的作用：ハロセン麻酔犬モデルでの評価.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   25. 
Ãþê6ĳ Ãþ�Įĳ

小原浩, 中村裕二, 曹新, 山 有希子, 本

川佳幸, 上田直也, 北原健, 赤羽悟美, 山

純一, 池田隆徳, 杉山 篤ĳ

アミトリプチリンの電気薬理学的特徴.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   26. 
Ãþê6ĳ Ãþ�Įĳ

赤羽悟美, 中瀬古寛子, 杉山 篤ĳ
心筋興奮収縮連関における L 型 Ca2+チャネルの Ca2+依存性調節機

構.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   27. 
Ãþê6ĳ Ãþ�Įĳ

中村裕二, 北原健, 長坂智, 曹新, 福田尚

司, 惠木康壮, 赤羽悟美, 杉山 篤ĳ

ヒト内胸動脈スパズムモデルに対する臨床使用可能な血管拡張薬の作

用の比較. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ
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   28. 
Ãþê6ĳ Ãþ�Įĳ

北原健, 中村裕二, 恒岡弥生, 赤羽悟美, 

田中光, 山 浩史, 高原章, 山 純一, 池

田隆徳, 杉山 篤ĳ

オセルタミビルの心血行動態および電気生理学的作用ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   29. 
Ãþê6ĳ Ãþ�Įĳ

本川佳幸, 中村裕二, 曹新, 小原浩, 山

有希子, 北原健, 原田拓真, 矢來幸弘, 赤

羽悟美, 山 浩史, 杉山 篤ĳ

Dronedarone の電気薬理学的作用：amiodarone との比較.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   30. 
Ãþê6ĳ Ãþ�Įĳ

泉康雄、川口博明、田和正志、渕上淳一、

岡真優子、塩田正之、杉山 篤、岡村富夫、

岩尾洋ĳ

内皮障害モデルの作成と心血管機能評価.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 86 回日本薬理学会年会ĳ 福岡ĳ ĳ ĳ ľļĽĿ Z ļĿ �ĳ

   31. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤, 中村裕二ĳ 安全性評価から偶然見つかった新しい薬効についてĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第４回日本安全性薬理研究会学術年会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļľ �ĳ

   32. 
Ãþê6ĳ Ãþ�Įĳ

中村裕二, 北原健, 小原浩, 矢來幸弘, 曹

新, 山�有希子, 赤羽悟美, 杉山篤ĳ
Fingolimodの心臓電気薬理作用：ハロセン麻酔犬モデルでの評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第４回日本安全性薬理研究会学術年会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļľ �ĳ

   33. 
Ãþê6ĳ Ãþ�Įĳ

矢來幸弘, 北原健, 中村裕二, 原田拓真, 

赤羽悟美, 杉山 篤ĳ

S1P受容体修飾薬の安全性心臓薬理試験：ハロセン麻酔モルモットモデ

ルでの評価. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第４回日本安全性薬理研究会学術年会ĳ 東京ĳ ĳ ĳ ľļĽĿ Z ļľ �ĳ

   34. 
Ãþê6ĳ Ãþ�Įĳ

Maruyama H, Izumi-Nakaseko H, Ito M, 

Sugiyama A, Adachi-Akahane Sĳ

Contribution of fatty acid metabolism to the regulation of cardiac 

pacemaker activity. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回国際心臓研究学会ĳ Fukuoka, Japanĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

ĳ ĳ ĳ ĿŁĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hayashi T, Matsumoto S, Sakaguch Yi, 

Sakamoto K, Morikawa H, Sato S, Hombo 

Assessment of clinical proarrhythmic risks of bepridil,verapamil 

and tolterodine using the chronic atrioventricular block monkey 
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T, Sugiyama A model. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

Safety Pharmacology Society 12th Annual Meetingĳ Phenyx, USAĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

ĳ ĳ Ŀłĺĳ

Ãþê6ĳ Ãþ�Įĳ

Sugiyama A.ĳ
False positive and false negative results of QT effects based on 

non-clinical data.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

3rd DIA Cardiac Safety Workshop in Japanĳ Tokyo, Japanĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

   37. 
Ãþê6ĳ Ãþ�Įĳ

Sugiyama A.ĳ
Assessing the drug-induced electrophysiological effects on the 

heart.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

3rd DIA Cardiac Safety Workshop in Japanĳ Tokyoĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

ĳ ĳ ĳ Ŀńĺĳ

Ãþê6ĳ Ãþ�Įĳ

Chiba K, Takasuna K, Sanbuissho A, 

Sugiyama Aĳ

Which pathological condition is the most critical for druginduced 

torsades de pointes? 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

11th Safety Pharmacology Societyĳ Innsbruck, Austriaĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

ĿŅĺĳ

Ãþê6ĳ Ãþ�Įĳ

Sugiyama Aĳ
**10ĺĳProarrhythmia in vivo model of microminipigs: Comparison 

with those of other animal models.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

4th Asia Pacific Heart Rhythm Societyĳ Fukuoka, Japanĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

ĳ ĳ ĳ 40. 
Ãþê6ĳ Ãþ�Įĳ

山 有希子, 中村裕二, 本川佳幸, 北原

健, 小原浩, 赤羽悟美, 池田隆徳, 山 純

一, 杉山 篤ĳ

Fluvoxamineの電気薬理学的作用：ハロセン麻酔犬モデルでの評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 127 回 日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   41. 
Ãþê6ĳ Ãþ�Įĳ

小原浩, 本川佳幸, 中村裕二, 北原健, 山

有希子, 原田拓真, 矢來幸弘, 赤羽悟

美, 池田隆徳, 山 純一, 杉山 篤ĳ

Dronedarone および amiodarone の心房・心室有効不応期に対する作

用：ハロセン麻酔犬モデルでの比較.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 127 回 日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   42. 
Ãþê6ĳ Ãþ�Įĳ

矢來幸弘, 北原健, 中村裕二, 原田拓真, 

赤羽悟美, 杉山 篤ĳ

Fingolimod（FTY720）の心臓電気薬理作用：ハロセン麻酔モルモッ

トモデルの有用性. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回 日本心電学会学術集会ĳ 千葉ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ
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   43. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ 薬物性 QT 延長症候群の予知と予防.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 29 回日本心電学会学術集会ĳ 千葉ĳ ĳ ľļĽľĳZĳ Ľļ �ĳ

   44. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ 薬物性心機能毒性：基礎と臨床ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第61回日本感染症学会東日本地方会学術集会 第51回日本化学

療法学会東日本支部総会 合同学会 
東京ĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

   45. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ
**11. 薬物性心毒性：動物からヒトへのトランスレーショナルリサー

チ.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 2 回レギュラトリーサイエンス学会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   46. 
Ãþê6ĳ Ãþ�Įĳ

長 茂, 山田陽一郎, 深瀬広幸, 杉山 篤ĳ
日本人および白人健康成人男子におけるモキシフロキサシンの

QT/QTc間隔への影響の検討. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

医療薬学フォーラム 2012ĳ 福岡ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   47. 
Ãþê6ĳ Ãþ�Įĳ

伊藤雅方, 山梨義英, 豊田優, 中瀬古寛

子, 杉山篤, 鈴木洋史, 高田龍平, 赤羽悟

美ĳ

脂質転移タンパク質STARD10の胆汁酸調節への関与. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 126 回日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   48. 
Ãþê6ĳ Ãþ�Įĳ

上田直也, 中村裕二, 北原健, 本川佳幸, 

山�有希子, 赤羽悟美, 杉山 篤ĳ
選択的IKrチャンネル遮断の生体心に対する作用. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 126 回日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   49. 
Ãþê6ĳ Ãþ�Įĳ

本川佳幸, 中村裕二, 北原健, 原田拓真, 

矢來幸弘, 赤羽悟美, 杉山 篤ĳ
Dronedaroneの電気薬理学的作用：ハロセン麻酔犬モデルでの評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 126 回日本薬理学会関東部会,ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   50. 
Ãþê6ĳ Ãþ�Įĳ

三森義崇, 中村裕二, 北原健, 上田直也, 

山�有希子, 本川佳幸, 赤羽悟美, 福田尚

司, 杉山 篤ĳ

選択的IKrチャンネル遮断薬E-4031およびクラスⅢ抗不整脈薬の心血

管系に対する電気薬理学的作用：ハロセン麻酔犬モデルでの評価. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ
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第 27 回日本不整脈学会学術大会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŃ �ĳ

   51. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤, 上田直也, 中村裕二ĳ **12.ĳ薬物性致死的不整脈予測モデルĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 59 回日本実験動物学会総会ĳ 大分ĳ ĳ ĳ ľļĽľ Z ļŁ �ĳ

   52. 
Ãþê6ĳ Ãþ�Įĳ

伊藤雅方, 中瀬古寛子, 杉山 篤, 赤羽悟

美ĳ

Steroidogenic acute regulatory protein-related lipid transfer 

(START) domain containing 10 (STARD10) is involved in the 

positive modulation of PPARα mediated gene regulation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 35 回日本分子生物学会年会ĳ 福岡ĳ ĳ ĳ ľļĽľ Z Ľľ �ĳ

   53.ĳ
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ
**13.ĳ動物からヒトへのトランスレーショナルリサーチ：薬物性QT延

長症候群モデルおよび慢性持続性心房細動モデル 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 153 回日本獣医学会学術集会ĳ 埼玉ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

ĳ ĳ Łŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

中村裕二, 北原健, 佐々木梨江子, 赤羽悟

美, 田中光, 高原章, 杉山 篤ĳ
オセルタミビルはQT延長症候群を誘発しない 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会ĳ 京都ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   55. 
Ãþê6ĳ Ãþ�Įĳ

北原健, 中村裕二, 恒岡弥生, 鈴木早苗, 

赤羽悟美, 田中光, 高原章, 山�純一, 杉

山 篤ĳ

オセルタミビルの生体に対する電気薬理学的作用ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会ĳ 京都ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   56. 
Ãþê6ĳ Ãþ�Įĳ

丸山 博子, 中瀬古 寛子, 伊藤 雅方, 杉

山 篤, 赤羽 悟美ĳ
心房の自動能制御に脂肪酸が及ぼす影響ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会ĳ 京都ĳ ĳ ľļĽľĳZ ļĿ �ĳ

   57. 
Ãþê6ĳ Ãþ�Įĳ

秋江靖樹, 斉藤裕之, 永山幸利, 星合清

隆, 中村裕二, 杉山 篤ĳ

**14.マイクロミニピッグの安全性薬理心血管系評価ツールとしての

可能性 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会ĳ 京都ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   58. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤, 中村裕二, 北原健, 斉藤裕之, 

秋江靖樹ĳ
**15.「マイクロミニピッグ」を用いた薬物性心電図変化の総合的評価 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会ĳ 京都ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   59. 
Ãþê6ĳ Ãþ�Įĳ

斉藤裕之, 秋江靖樹, 中村裕二, 星合清

隆, 永山幸利, 齋藤明美, 杉山 篤ĳ

ķķĽłĺĳBepridilの心血管系に対する作用：*（マイクロミニピッグ）を用

いて 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 3 回日本安全性薬理研究会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

   60. 
Ãþê6ĳ Ãþ�Įĳ

中村裕二，北原健, 赤羽悟美, 杉山 篤ĳ ķķĽŃĺĳOseltamivir の電気薬理学的作用：In vivo モデル動物での評価ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 3 回日本安全性薬理研究会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļľ �ĳ

   61. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ QT 延長誘発薬の非臨床試験における成績ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

瀬戸内国際臨床試験カンファレンスĳ 愛媛ĳ ĳ ľļĽĽ Z Ľļ �ĳ

   62. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ ķķĽńĺĳ日本発超小型ミニブタ：医学研究ツールとしての有用性ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 13 回応用薬理シンポジウムĳ 千葉ĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   63. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ 心毒性をいかに回避するか：臨床試験および非臨床試験の果たす役割ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

安全性評価研究会 2011年八ヶ岳フォーラム 長野ĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   64. 
Ãþê6ĳ Ãþ�Įĳ

桑野康一, 松下大輔, 平山知子, 本門忠

文, 軸薗竜也, 亀之園剛, 和泉博之, 洲加

本孝幸, 福崎好一郎, 永田良一, 川口博

明, 泉康雄, 杉山 篤ĳ

ķķĽŅĺ薬物性 QT 延長評価モデル動物としてのマイクロミニピッグの有

用性ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 38 回日本トキシコロジー学会学術年会ĳ 横浜ĳ ĳ ľļĽĽ Zĳ ļŃ �ĳ

   65. 
Ãþê6ĳ Ãþ�Įĳ

安東賢太郎, 中村裕二, 斉藤裕之, 秋江靖

樹, 桑原正貴, 杉山 篤, 局博一ĳ
ķķľļĺĳマイクロミニピッグのおける心電図パラメータの日内変動 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 38 回日本トキシコロジー学会 学術年会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   66. 
Ãþê6ĳ Ãþ�Įĳ

秋江靖樹,斉藤裕之,星合清隆, 永山幸利 ,

中村裕二, 杉山 篤ĳ

ķķľĽĺĳマイクロミニピッグを用いた心毒性評価ー心電図解析における

イヌ及びサルとの比較 
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H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 38 回日本トキシコロジー学会 学術年会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   67. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤, 中村裕二, 斉藤裕之, 秋江靖樹ĳ
ķķľľĺ「ブタを用いた非臨床毒性試験」マイクロミニピッグを用いた慢

性房室ブロックモデル（薬物性致死的不整脈予測モデル）の開発 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 38 回日本トキシコロジー学会 学術年会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Z ļŃ �ĳ

   68. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ
交感神経からみた降圧治療 − N 型 Ca チャネル遮断薬の魅力に迫る

ーĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 54 回日本腎臓学会学術総会ĳ �¤ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

  69. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ
ķķľĿĺĳ循環薬理における動物からヒトへの外挿：薬物性 QT 延長症候群

モデルおよび慢性持続性心房細動モデルĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 124 回日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

   70. 
Ãþê6ĳ Ãþ�Įĳ

中村裕二, 北原健, 赤羽悟美, 杉山 篤ĳ
Oseltamivirおよびd-sotalol hydrochlorideの催不整脈作用 −慢性完

全房室ブロック犬を用いての評価− 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 124 回日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

   71. 
Ãþê6ĳ Ãþ�Įĳ

北原健, 中村裕二, 赤羽悟美, 山 純一, 

杉山 篤ĳ
Oseltamivirの電気薬理学的作用：ハロセン麻酔イヌモデルでの評価 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 124 回日本薬理学会関東部会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ļł �ĳ

   72. 
Ãþê6ĳ Ãþ�Įĳ

田邊思帆里, 伊藤雅方, 中瀬古寛子, 佐藤

陽治, 杉山 篤. 赤羽悟美ĳ
Stard10/PCTP-Lノックアウトマウスを用いた機能解析 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

日本ケミカルバイオロジー学会 第 6 回年会ĳ 東京ĳ ĳ ĳ ľļĽĽ Z ļŁ �ĳ

   73. 
Ãþê6ĳ Ãþ�Įĳ

中瀬古寛子, 杉山 篤, 赤羽悟美ĳ

Uncharged amino acids at ascending limbs of the pore region are 

involved in the Ca2+ selectivity of the L-type Ca2+ channel 

CaV1.3. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 89th Annual Meeting of the Physiological Society of 

Japanĳ
Matsumotoĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   74. 
Ãþê6ĳ Ãþ�Įĳ
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Izumi-Nakaseko H, Sugiyama A, 

Adachi-Akahane Sĳ

L-type Ca2+ channel (LTCC) activity and the response to beta-AR 

stimulation are negatively regulated by Ca2+-induced 

Ca2+-release (CICR) in cardiac myocytes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 85 回日本薬理学会年会ĳ 京都ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

   75. 
Ãþê6ĳ Ãþ�Įĳ

Maruyama H, Ito M, Izumi-Nakaseko H, 

Sugiyama A,  Adachi-Akahane Sĳ

Involvement of lipid binding protein in the modulation of 

parasympathetic receptor signaling in atria. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 28th Annual Meeting of the International Society for Heart 

Research Japanese Section 
Tokyoĳ ĳ ĳ ľļĽĽ Z Ľľ �ĳ

   76. 
Ãþê6ĳ Ãþ�Įĳ

Izumi-Nakaseko H, Sugiyama A 

Adachi-Akahane Sĳ

Cross-regulation between Ca2+ and beta-AR signaling of LTCC in 

atrial and ventricular myocytes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 7th Joint Seminar on Biomedical Sciencesĳ Hatyal, Thailand ĳ ĳ ľļĽĽ Z Ľļ �ĳ

   77. 
Ãþê6ĳ Ãþ�Įĳ

Kitahara K, Nakamura Y, Yamazaki J, 

Adachi-Akahane S,  Sugiyama Aĳ

Electropharmacological effects of oseltamivir assessed in the 

halothane-anesthetized in vivo canine model. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 28 回日本心電学会学術集会ĳ ÐTĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   78. 
Ãþê6ĳ Ãþ�Įĳ

Nakamura Y, Kitahara K, 

Adachi-Akahane S, Sugiyama Aĳ

Oseltamivir lacks torsadogenic potential leading to the onset of 

torsades de pointes. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 28 回日本心電学会学術集会ĳ ÐTĳ ĳ ĳ ľļĽĽ Z ļŅ �ĳ

   79. 
Ãþê6ĳ Ãþ�Įĳ

杉山 篤ĳ 高血圧治療薬としてのカルシウ拮抗薬の進化と分類ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 76 回日本循環器学会学術集会ĳ 福岡ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

ĳ

. ĳ ű超小型ミニブタ iPS 細胞移植による慢性心不全の治療法創生Ųĳ
Ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Kobayashi H, Tai T, Nagao K, Nakajima 

K 

Genome-wide DNA methylation analysis of testis tissue from 

azoosprmic men. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

2118 3874 A I IAF IA * FBF ĳ )ã (Ņ

ľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Tamura K, Nagao K, Tai T, Kobayashi H, 

Nakajima K 

Microsurgical excision of urethral hair rots inpatients with a 

history of surgical treatment of hypospadias during childhood. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

IFFS/JSRM international meeting 2015 Yokohama ĳ )ã (Ņ
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Ŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

小林秀行, 田村公嗣, 松井幸英, 齋藤雅

亨, 中西雄亮, 笠原瑞希, 田井俊宏, 永田

雅人, 山辺史人, 鈴木九里, 中祝江, 永尾

光一, 中島耕一 

ķķĽĺラインフェルター症候群由来 iPS 細胞からの拍動性心筋細胞 の

誘導. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 103 回日本泌尿器科学会総会 金沢 ĳ )ã (Ņ

ŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林秀行 ķķľĺ精子幹細胞の制御機構. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 103 回日本泌尿器科学会総会 金沢 ĳ )ã (Ņ

Łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Matsushita K, Tai T, Nagao K, Mulhall J 
Penile rehabilitation following radical prostatectomy is not 

common among Japanese. Urological Association members. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

16th World Meeting on Sexual Medicine Sao Paulo, Brazil ĳ (ã Ņ

łĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nagao K, Tai T, Saigou R, Tanaka N, 

Kobayashi H, Nakajima K 
Effectiveness of surgical treatment for Peyronie's Disease. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

16th World Meeting on Sexual Medicine Sao Paulo, Brazil ĳ (ã Ņ

Ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Tai T, Nagao K, Kobayashi H, Tanaka N, 

Nakajima K 

Controlled clinical study of effectiveness and adverse effects of 

imipramine and amoxapine for treatment of retrograde 

ejaculation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

16th World Meeting on Sexual Medicine Sao Paulo, Brazil ĳ (ã Ņ

ńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Nagao K 
Role of varicocele repair for male infertility in the era of assisted 

reproductive technologies. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

GTAUF2014 and APSMHA2014 conference (lecture) Beijing, China ĳ (ã Ņ

ĳ ĳ Ņĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Suzuki K, Oka Y, Tai T、Yamabe F, 

Takasugi K, Kamimura S, Kobayashi 

H,Tanaka N, Nagao K, Nakajima K 

Clinical Investigation of Severe Upper Urinary Tract Infection 

(Excluding Acute Obstructive Pyelonephritis due to Urolithiasis). 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

32th Congress of the Societe Internationale d'Urologie Fukuokaĳ ĳ ĳ ľļĽľ Z Ľļ �ĳ

Ľļĺĳ

Ãþê6ĳ Ãþ�Įĳ

Nagao K ， Kimura M ， Shimura S ，

Kobayashi H，Tai T，Baba S，Chikano Y，

Kano Mĳ

Profiling Characteristics of Men Who Use Phosphodiesterase 

Type-5 Inhibitor Based on Purchasing Patterns-Data from the 

Nationwide Japanese Population. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ
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The 15th World Meeting of the International Society for 

Sexual Medicineĳ
Chicago, USAĳ ĳ ĳ ľļĽľ Z ļń �ĳ

   11. 
Ãþê6ĳ Ãþ�Įĳ

Nagao K ， Kimura M ， Shimura S ，

Kobayashi H，Tai T，Baba S，Chikano Y，

Kano Mĳ

Exploring the Factors Influence a Man's Confidence in his Ability to 

Satisfy a Partner during Intercourse - Data from Web-Based 7710 

Japanese Cohort. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 15th World Meeting of the International Society for 

Sexual Medicineĳ
Chicago, USAĳ ĳ ĳ ľļĽľ Z ļń �ĳ

ʴ ʴ ʴ Ľľĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hu J, Nagao K, Tai T, Ozaki Y, 

Kobayashi H，Nakajima K  

A randomized crossover trial of amoxapine and vitamin B12 in the 

treatment of retrograde ejaculation. 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 5th Greatwall Translational Andro-Urology Forum, Haikou, China ĳ ľļĽľ Zĳ ĳ Ŀ �ĳ

ĳ ĳ ĳ ĽĿĺĳ

Ãþê6ĳ Ãþ�Įĳ

Hu J, Nagao K, Tai T, Ozaki Y, Kobayashi 

H，Nakajima K  
Experiences in treating idiopathic scrotal drooping. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 5th Greatwall Translational Andro-Urology Forum, Haikou, China ĳ ľļĽľ Zĳ ĳ Ŀ �ĳ

ĳ ĳ ĳ Ľŀĺĳ

Ãþê6ĳ Ãþ�Įĳ

Nagao K, Hu J, Tai T, Kobayashi H, Ozaki 

Y，Nakajima K  
Microsurgical varicocelectomy at Toho University. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 5th Greatwall Translational Andro-Urology Forum, Haikou, China ĳ ľļĽľ Zĳ ĳ Ŀ �ĳ

ĳ ĳ ĳ ĽŁĺĳ

Ãþê6ĳ Ãþ�Įĳ

Nagao K, Hu J, Tai T, Ozaki Y, 

Kobayashi H，Nakajima K  

Microsurgical excision of urethral hair roots in patients with a 

history of surgical treatment of hypospadias during childfood.   
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The13th Biennial meeting of Asia-Pacific Society for Sexual 

Medicine 
Kaohsiung, China ĳ ĳ ĳ ľļĽĽ Zĳ ĽĽ �ĳ

ĳ ĳ ĳ Ľłĺĳ

Ãþê6ĳ Ãþ�Įĳ

Kobayashi H, Nagao K, Oka Y, Nagata 

M, Yamabe F, Takasugi K, Kamimura S, 

Suzuki K, Tanaka N, Nakajima K 

ķķĿĺĳIntroduction of VASA, DAZL, DAZ3, and BOULE in the direct 

reprogramming of germ cells from fibroblasts derived from adult 

testis tissue.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

The 106rd Annual Meeting of American Urological Association Washington ĳ ĳ ľļĽĽ Zĳ ĳ Ł �ĳ

ĳ ĳ ĽŃĺĳ
Ãþê6ĳ Ãþ�Įĳ

小林秀行，田井 俊宏、尾崎 由美、永尾 

光一、中島 耕一ĳ
男性不妊症および性機能障害患者における性交回数の検討 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 23 回日本性機能東部総会ĳ 仙台ĳ ĳ ĳ ľļĽľ Z ļĿ �ĳ

Ľńĺĳ

Ãþê6ĳ Ãþ�Įĳ
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小林秀行，田井 俊宏、永尾光一，中島耕

一ĳ
非閉塞性無精子症患者に対する HCG 療法の試みĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 57 回日本生殖医学会学術講演会・総会ĳ 長崎ĳ ĳ ĳ ľļĽľ Z ĽĽ �ĳ

   19. 
Ãþê6ĳ Ãþ�Įĳ

松井幸英，田井俊宏，尾崎由美，小林秀

行，鈴木九里，中島耕一，片桐由起子，

永尾光一ĳ

男性不妊外来で偶然発見された精巣腫瘍 3 例ĳ

ľļĺ 
Ãþê6ĳ Ãþ�Įĳ

尾崎由美，永尾光一，田井俊宏，小林秀行，

澤田喜友，竹内康晴，黒田加奈美，関戸哲

利，中島耕一ĳ

不妊症を契機に発見された 47, XYY 症候群の 1 例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 57 回日本生殖医学会総会ĳ 長崎ĳ ĳ ľļĽľĳZ ĽĽ �ĳ

   21. 
Ãþê6ĳ Ãþ�Įĳ

田井俊宏，永尾光一，尾崎由美，小林秀行，

中島耕一，片桐由起子ĳ
尿道狭窄に対する口腔粘膜移植術の検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 14 回関東アンドロロジーカンファレンスĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   22. 
Ãþê6ĳ Ãþ�Įĳ

木村将貴，志村 哲，小林秀行，田井俊宏，

千鹿野 裕，馬場志郎，狩野宗英，永尾光

一ĳ

薬剤購入パターンによる PDE5 阻害薬使用者の特長に関する検討：イ

ンターネットによる全国調査データベースよりĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 23 回日本性機能学会総会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   23. 
Ãþê6ĳ Ãþ�Įĳ

尾崎由美，永尾光一，胡 剣麟，田井俊宏，

小林秀行，澤田喜友，竹内康晴，黒田加奈

美，関戸哲利，中島耕一ĳ

女性性機能外来の実践と現況，鼎談、女性の健康と社会活動ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 23 回日本性機能学会総会（ワークショップ）ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļŅ �ĳ

   24. 
Ãþê6ĳ Ãþ�Įĳ

田井俊宏，永尾光一，胡 剣麟，尾崎由美，

笠原瑞希，岡 祐輔，山辺史人，高杉啓一

郎，上村修一，小林秀行，鈴木九里，田中

祝江，中島耕一 

治療に良好な反応を示した 47XXY モザイクの一例ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 31 回日本アンドロロジー学会総会ĳ 神戸ĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   25. 
Ãþê6ĳ Ãþ�Įĳ

中島陽太 ，青木 洋 ，齋藤雅亨 ，清水

俊博 ，中西雄亮 ，松井幸英 ，笠原瑞希 ，

IDC コイルおよびマイクロコイルによる塞栓術を行った多発性腎動静

脈瘻の一例ĳ
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岡 祐輔 , 田井俊宏，山辺史人 ，高杉啓

一郎 ，上村修一 ，小林秀行 ，田中祝江 ，

鈴木九里 ，永尾光一 ，中島耕一 ，白神

伸之 
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 609 回日本泌尿器科学会東京地方会ĳ 東京ĳ ĳ ĳ ľļĽľ Z ļł �ĳ

   26. 
Ãþê6ĳ Ãþ�Įĳ

鈴木九里、笠原瑞樹、岡祐輔、山辺史人、

高杉啓一郎、上村修一、小林秀行、田中祝

江、田井俊宏、永尾光一、中島耕一 

重症上部尿路感染症（結石性腎盂腎炎を除く）の検討ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本泌尿器科学会総会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

  27. 
Ãþê6ĳ Ãþ�Įĳ

笠原瑞希，岡 祐輔, 田井俊宏，山辺史人，

高杉啓一郎，上村修一，小林秀行，鈴木九

里，田中祝江，中島耕一，永尾光一 

当院で経験した精巣腫瘍腎腫瘍ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本泌尿器科学会総会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   28. 
Ãþê6ĳ Ãþ�Įĳ

小林 秀行ĳ
ķķŀĺ幹細胞研究を基盤とした男性不妊症のメカニズムの解明および新

規治療の開発ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本泌尿器科学会総会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

ʴ ʴ 29. 
Ãþê6ĳ Ãþ�Įĳ

小林秀行、胡 剣麟、田井 俊宏、尾崎 由

美、永尾 光一ĳ
精索静脈瘤手術と補助的生殖医療ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本泌尿器科学会総会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   30. 
Ãþê6ĳ Ãþ�Įĳ

小林秀行，笠原瑞希、岡祐輔、山辺史人，

高杉啓一郎，上村修一，田中祝江，鈴木九

里，永尾光一，中島耕一ĳ

非閉塞性無精子症患者に対する HCG 療法による高 FSH 値の改善ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本泌尿器科学会総会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

   31. 
Ãþê6ĳ Ãþ�Įĳ

胡 剣麟 ，田井俊宏 ，尾崎由美 ，小林

秀行 ，中島耕一 ，永尾光一ĳ
尿道内発毛に対する顕微鏡下尿道内毛根切除術の考案. 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 100 回日本泌尿器科学会総会ĳ 横浜ĳ ĳ ĳ ľļĽľ Z ļŀ �ĳ

ʴ ʴ ʴ ʼʻʸĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林秀行, 笠原瑞希, 岡祐輔,  山辺史人, 

高杉啓一郎,上村修一,田中祝江, 鈴木九

ķķŁĺĳ精巣組織由来繊維芽細胞への VASA, DAZL, DAZ3, BOULE 導入

によるダイレクトリプログラミングの試み.ĳ
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里, 永尾光一,中島耕一ĳ ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本生殖医学会学術講演会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Zĳ Ľľ �ĳ

ĳ ĳ ĿĿĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

永尾光一, 小林秀行, 田井 俊宏,尾崎 由

美, 中島耕一, 吉田 淳, 三浦一陽ĳ 日帰り顕微鏡下低位精索静脈 瘤手術における精管静脈結紮.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 56 回日本生殖医学会学術講演会ĳ 横浜ĳ ĳ ĳ ľļĽĽ Zĳ Ľľ �ĳ

ĳ ĳ Ŀŀĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林秀行, 岡祐輔ĳ
ķķłĺĳ293FT 細胞への OCT4, SOX2, NANOG, LIN28 の導入による ES

様細胞の誘導.ĳ
H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 70 回日本癌学会学術総会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Zĳ Ľļ �ĳ

ĳ ĳ ĿŁĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

Hu Jian-Lin, 田井俊宏, 尾崎由美, 小林秀

行, 中島耕一, 永尾光一ĳ 尿道内発毛に対する顕微鏡下尿道内毛 根切除術の試み.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 22 回日本性機能学会ĳ 倉敷ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ņ �ĳ

ĳ ĳ Ŀłĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林秀行, 笠原瑞希, 岡祐輔, 田井俊宏, 

山辺史人, 高杉啓一郎, 上村修一, 田中祝

江, 鈴木九里, 永尾光一,中島耕一 ĳ
男性透析患者における性機能障害の検討.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 22 回日本性機能学会ĳ 倉敷ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ņ �ĳ

ĳ ĳ ĿŃĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

永尾光一, 田井俊宏, 小林秀行,尾崎由美, 

中島耕一, 三浦一陽ĳ
当科における日帰り顕微鏡下低位精索静脈瘤手術.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 30 回日本アンドロロジー学会総会ĳ 東京ĳ ĳ ĳ ĳ ľļĽĽ Zĳ Ń �ĳ

ĳ ĳ Ŀńĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

小林秀行, 笠原瑞希, 岡祐輔, 山辺史人, 

高杉啓一郎, 上村修一,田中祝江, 鈴木九

里, 永尾光一,中島耕一 ĳ

ķķŃĺ生殖細胞発現因子導入によるダイレクトリプログラミングの試

み.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第8回泌尿器科再建再生研究会ĳ
京都ĳ ĳ ľļĽĽ Zĳ ł �ĳ

ĳ ĳ ĿŅĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

鈴木九里、岡祐輔、石渡誉郎、神戸茂樹、

永田雅人、山辺史人、高杉啓一郎、上村修

一、小林秀行、田中祝江、原啓、永尾光一、

女性急性単純性膀胱炎患者の生活環境調査.ĳ
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石井延久 

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 99 回日本泌尿器科学会総会ĳ 名古屋ĳ ĳ ĳ ľļĽĽ Zĳ ŀ �ĳ

ĳ ĳ ŀļĺĳ ĳ

Ãþê6ĳ Ãþ�Įĳ

神戸茂樹, 永尾光一, 中島耕一,田井俊宏, 

尾崎由美, 石渡誉郎,岡祐 輔, 永田雅人, 

山辺史人, 高杉啓一, 上村修一, 小林秀

行,鈴木九里, 田中祝江, 原 啓,  石井延

久 

陰茎海綿体自己注射と PDE5 阻害薬の併用治療の 2 例.ĳ

H�6ĳ ģ�>ĳ ÃþZ�ĳ

第 21 回日本性機能学会東部総会ĳ 札幌ĳ ĳ ĳ ľļĽĽ Zĳ ŀ �ĳ

ĳ

ʴ

ʺʽʸʴ̿ǑǠĒŗ˯Iʆƥƃ̯̀�ɍ�¨̰ʴ

ʴ

○ S 5F -T 膜透過型蛋白質を用いて神経幹細胞 遊走能を直接増強

させることに成功 - 脳が持つ自己再生能力を活かした神経再生医療へ 応用に期待 - 浜之上 

誠 (平成28年4月13日) http://www.toho-u.ac.jp/press/2016_index/036188.html	
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１６　施設・装置・設備・研究費の支出状況（実績概要） （千円）

※　最終年度は予定額。

設 備

平
成
2
4
年
度

共同研
究機関
負担

年度・区分

研究費

支出額 法　人
負　担

私　学
助　成

設 備

76,273 25,290

32,500

施 設平
成
2
5
年
度

施 設

法人番号

寄付金 その他（　　　　　　　　　　）
受託

研究等

プロジェクト番号 S1101016

11,000

平
成
2
3
年
度

施 設

装 置

装 置

施 設

施 設

装 置

研究費

設 備

研究費

総 計

総

額

装 置

研究費

研究費

装 置

施 設

設 備

研究費

平
成
2
6
年
度

設 備

装 置

設 備

平
成
2
7
年
度

8,999

20,000

0

101,563

65,000

72,754

19,999

0

0

25,648 47,106

32,500

10,000 10,000

10,018 10,000

10,011 10,000

0 0

10,001 10,000

0 0

32,500 32,500 0 0 0 0

76,273 25,290

48,999 0 0 0 0

25,648 47,106

51,030

0

20,011

0

0

0 00 0

0 0

0

0

0

20,018

0

0

65,000

72,754

100,029

339,346

0

0

20,001

101,563

185,451 153,895 0

内　　　　　　　　　　　　　　　　　　　　　　訳

備　考

131061
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法人番号 131061

１７　施設・装置・設備の整備状況  （私学助成を受けたものはすべて記載してください。）
（千円）

㎡ 2 私学助成

㎡ 7 私学助成
㎡ 14 私学助成
㎡ 43
㎡ 2 私学助成
㎡ 15
㎡ 13
㎡ 14
㎡ 8
㎡ 29

※　私学助成による補助事業として行った新増築により、整備前と比較して増加した面積
㎡

（千円）

ｈ/週

ｈ

ｈ/週

ｈ/週 私学助成

ｈ/週

ｈ/週

ｈ/週

ｈ/週

ｈ
ｈ

ｈ

解析ｼｽﾃﾑ

（研究設備）

整備年度 事業経費 補助金額

事業経費施　設　の　名　称

（研究装置）

研究室等数 使用者数

稼働時間数装置・設備の名称 台　　数型　　番

《装置・設備》　（私学助成を受けていないものは、主なもののみを記載してください。）

研究施設面積整備年度

ﾏｲｸﾛﾌｫｰｶｽX線CT画像 H23 InspeXio SMX-100CT

《施　　設》  （私学助成を受けていないものも含め、使用している施設をすべて記載してください。）

補助金額

1

1

33,589 20,996

8,964Amersham Imager 600 H26

共焦点ﾚｰｻﾞｰ顕微鏡 H23 AIRsi Ti-E

ﾌﾛｰｻｲﾄﾒｰﾀｰ

5,5301 30

（情報処理関係設備）

補助主体

私学助成

補助主体

ﾏｲｸﾛﾐﾆﾌﾞﾀ実験飼育
施設

H23 73 200 人/週 41,662 8,657

RI施設 H23 145 5 人/週 59,901 16,633
研究基盤センター H21 450 100 人/週 147,000 73,500
実験動物センター S57 1,510 200 人/週 - -
中型動物実験区域 H23 66 40 人/週 41,239 8,429
総合研究部実験センター H16 614 200 人/週 52,866 -
生理学講座（細胞生理学） S47 272 34 人/週 - -
薬理学講座 S47 272 28 人/週 - -
免疫学講座 S47 272 28 人/週 34,000 -
病理学講座 S55 586 45 人/週 - -

FACSAAriaⅢｾﾙｿｰﾀｰ H23 FACSAriaⅢ 1 25 65,000 32,500 私学助成

30 私学助成

30 39,165 26,110
システム

FACSCanto Ⅱ H20 FACSCanto Ⅱ 1 20 16,800 11,200 私学助成

自動細胞分析分離ｼｽﾃﾑ H10 1 25 39,900 26,600 私学助成
Real-time PCR ｼｽﾃﾑ H21 1 30 7,245 4,830 私学助成
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法人番号 131061

１８　研究費の支出状況 （千円）
  平成 年度

  平成 年度

計

通信運搬費

年　　　度

印刷製本費
旅費交通費

0

23

研究支援推進経費

17,782

光　熱　水　費

0

教育研究用機器備品

人件費支出
（兼務職員）

教育研究経費支出

小  科  目
主　な　使　途

消　耗　品　費
0
0

金　　額

17,782

教育研究経費支出

計

（兼務職員）

ア　　　ル　　　バ　　　イ　　　ト　　　関　　　係　　　支　　　出

人件費支出

計 19,316

報酬・委託料 1,500 委託費用 1,500 中型動物飼育・検体検査（RNAｱﾚﾝ解析）ほか

（　　　雑費他　　　） 82 雑費用 82 論文掲載料･英文論文校正・諸会費・備品修理ほか

印刷製本費 90 報告書・ポスター　作成 90 報告書印刷製本・報告会ポスター作成

旅費交通費 400 学会参加費等 400 日本分子生物学会・日本不整脈学会・ｱﾝﾄﾞﾛﾛｼﾞｰ学会　他

通信運搬費 44 送料 44 検体搬送費・物品送料

図　　　　書

リサーチ・アシスタント

（　　　　　　　）
報酬・委託料

主　　な　　内　　容

教　　　　育　　　　研　　　　究　　　　経　　　　費　　　　支　　　　出
牛胎児血清・ﾌｨｰﾀﾞ細胞試薬・実験動物・細胞株・液体窒素・文具類

支　出　額

試薬・実験機器・実験材料・文具

学会参加・海外共同研究打合せ 677

18,459

677

1,540

計

計

1,540

実験用機器1,540

0

設 備 関 係 支 出（１個又は１組の価格が５００万円未満のもの）
遠心器・冷凍冷蔵庫・PCRｻｰﾏﾙｻｲｸﾗｰ

研　　　究　　　ス　　　タ　　　ッ　　　フ　　　関　　　係　　　支　　　出

ポスト・ドクター

ア　　　ル　　　バ　　　イ　　　ト　　　関　　　係　　　支　　　出

光　熱　水　費 0

0

教　　　　育　　　　研　　　　究　　　　経　　　　費　　　　支　　　　出

消　耗　品　費 17,200 試薬・実験機器・実験材料・文具 17,200 ｸﾞﾗｲﾅｰ・電気泳動槽・試薬・実験動物・細胞株・液体窒素・文具類

積　　算　　内　　訳

日本癌学会・米国心不全学会ほか

年　　　度 24

小  科  目 支　出　額
積　　算　　内　　訳

主　な　使　途 金　　額 主　　な　　内　　容

計 0

設 備 関 係 支 出（１個又は１組の価格が５００万円未満のもの）

教育研究用機器備品 684 実験用機器 684 メディカルフリーザー・チタンライトルーペ 

図　　　　書
計 684

研　　　究　　　ス　　　タ　　　ッ　　　フ　　　関　　　係　　　支　　　出

リサーチ・アシスタント

ポスト・ドクター

研究支援推進経費

計 0
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法人番号 131061

  平成 年度

  平成 年度

計 0

ポスト・ドクター

研究支援推進経費

研　　　究　　　ス　　　タ　　　ッ　　　フ　　　関　　　係　　　支　　　出

リサーチ・アシスタント

図　　　　書 冷却遠心機、スイングローター

計 2,803

設 備 関 係 支 出（１個又は１組の価格が５００万円未満のもの）

教育研究用機器備品 2,803 実験用機器 2,803 皮膚粘弾性測定装置、リコーダーWR3320A-4H、

教育研究経費支出
計 0

人件費支出
（兼務職員）

計 17,208

ア　　　ル　　　バ　　　イ　　　ト　　　関　　　係　　　支　　　出

報酬・委託料 332 委託費用 332 データ解析　ほか

（　　　雑費他　　　） 206 雑費用 206 諸会費・公租公課・雑費　ほか

印刷製本費 9 報告書・ポスター　作成 9 公開講座ポスター作成　ほか

旅費交通費 191 学会参加費等 191 CBI学会　ほか

光　熱　水　費
通信運搬費 12 送料 12 商品送料（MMPペレット ほか）

教　　　　育　　　　研　　　　究　　　　経　　　　費　　　　支　　　　出

消　耗　品　費 16,458 試薬・実験機器・実験材料・文具 16,458 MMPﾍﾟﾚｯﾄ・液体窒素・試薬・研究機材・文具類ほか

年　　　度 26

小  科  目 支　出　額
積　　算　　内　　訳

主　な　使　途 金　　額 主　　な　　内　　容

年　　　度 25

小  科  目 支　出　額
積　　算　　内　　訳

主　な　使　途 金　　額 主　　な　　内　　容

教　　　　育　　　　研　　　　究　　　　経　　　　費　　　　支　　　　出

消　耗　品　費 11,825 試薬・実験機器・実験材料・文具 11,825 rno-miR-350･液体窒素・試薬・実験動物・細胞株・文具類

光　熱　水　費
通信運搬費 13 送料 13 商品送料（MMPペレット・実験動物 ほか）

印刷製本費 19 報告書・ポスター　作成 19 公開講座ポスター作成　ほか

旅費交通費 489 学会参加費等 489 APSS学会　アンドロロジー学会　ほか

報酬・委託料 2,067 委託費用 2,067 英文校正・検体検査・データ解析　ほか

（機器備品修理費他　） 153 雑費用 153 備品修理・諸会費・公租公課・雑費　ほか

計 14,566

ア　　　ル　　　バ　　　イ　　　ト　　　関　　　係　　　支　　　出

人件費支出
（兼務職員）

教育研究経費支出
計 0

ｸﾘｰﾝﾍﾞﾝﾁ卓上型

設 備 関 係 支 出（１個又は１組の価格が５００万円未満のもの）

教育研究用機器備品 5,452 実験用機器 5,452 小動物用麻酔装置・フリーズ超低温槽

図　　　　書 NDｺﾝﾊﾞｰﾀ付入力BOX、皮膚粘弾性測定装置、

計 5,452

研究支援推進経費

研　　　究　　　ス　　　タ　　　ッ　　　フ　　　関　　　係　　　支　　　出

リサーチ・アシスタント

計 0

ポスト・ドクター
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法人番号 131061

  平成 年度

計 0

ポスト・ドクター

研究支援推進経費

研　　　究　　　ス　　　タ　　　ッ　　　フ　　　関　　　係　　　支　　　出

リサーチ・アシスタント

図　　　　書
計 2,003

設 備 関 係 支 出（１個又は１組の価格が５００万円未満のもの）

教育研究用機器備品 2,003 実験用機器 2,003 リコーダーWR3320A-4H、ｻｰｼﾞﾄﾛﾝ･ﾃﾞｭｱﾙDualEMC

教育研究経費支出
計 0

人件費支出
（兼務職員）

計 18,010

ア　　　ル　　　バ　　　イ　　　ト　　　関　　　係　　　支　　　出

報酬・委託料 1,436 委託費用 1,436 データ解析、委託検査代　ほか

（機器備品修理費他　） 704 雑費用 704 諸会費・公租公課・雑費　ほか

印刷製本費 40 報告書・ポスター　作成 40 研究報告書　ほか

旅費交通費 679 学会参加費等 679 創傷治療学会、循環器学会　ほか

光　熱　水　費
通信運搬費 52 送料 52 商品送料（細胞送料 ほか）

教　　　　育　　　　研　　　　究　　　　経　　　　費　　　　支　　　　出

消　耗　品　費 15,099 試薬・実験機器・実験材料・文具 15,099 実験動物、細胞株、試薬、文具類　ほか

小  科  目 支　出　額
積　　算　　内　　訳

主　な　使　途 金　　額 主　　な　　内　　容

年　　　度 27
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ABSTRACT
We reported previously that the production of IL-23 is
impaired in DCs from mice that lack expression of the
chemokines CCL19 and CCL21, which share the recep-
tor CCR7, suggesting that these chemokines are re-
quired for IL-23 expression. However, the molecular
mechanism of CCR7-mediated IL-23 production in DCs
is unknown. We found that CCL19 and CCL21 stimu-
lated DCs through CCR7 and induced transcription of
IL-23p19 mRNA and IL-23 production in splenic and
BMDC. Stimulation of DCs with CCR7 ligands induced
phosphorylation of MAPK family members and of Akt,
but only a specific PI3K inhibitor, LY294002, not inhibi-
tors of ERK, JNK, or p38, decreased IL-23p19 tran-
scription and IL-23 production. In DCs stimulated with
CCL19 or CCL21, I!B" was degraded, and NF-!B was
translocated into the nucleus. Prevention of NF-!B acti-
vation blocked chemokine-mediated IL-23p19 tran-
scription. A PI3K inhibitor abolished NF-!B activation
and IL-23 production. Based on these findings, we con-
cluded that PI3K and NF-!B signaling pathways play a
critical role in CCR7-mediated IL-23 production in mu-
rine DCs. As IL-23 contributes to Th17 cell generation,
and Th17 cells are pathogenic in autoimmune diseases,
precise elucidation of these mechanisms would con-
tribute to the development of strategies to control au-
toimmune diseases. J. Leukoc. Biol. 92: 309–318;
2012.

Introduction
Chemokines are small chemoattractant cytokines that are best
known for their role in directing immune cell migration [1].
We previously identified a spontaneous mutation in mice char-

acterized by a defect in homing of naïve T cells to the LN,
Peyer’s patches, and splenic white pulp (plt/plt mice) [2, 3].
This defect is a result of loss of expression of the chemokines
CCL19 and CCL21 in secondary lymphoid organs, and plt mu-
tation is localized at 24.7 cM from the centromere on chromo-
some 4 [3, 4]. The receptor for these chemokines, CCR7, is
expressed on naïve T cells, central memory T cells, B cells,
and DCs [5–8]. plt/plt mice also show abnormalities in the
localization of DCs within lymphoid organs and in the migra-
tion of DCs to LNs [9]. Similar to plt/plt mice, CCR7!/!

mice demonstrate disrupted homing of naïve T cells to T cell
zones, an abnormal distribution of T cells in secondary lym-
phoid organs, and decreased migration of activated DCs from
skin to LNs [10]. As plt/plt mice demonstrate impaired migra-
tion of naïve T cells and activated DCs into T cell zones, it
might be expected that T cell responses would be reduced in
these mutant mice. However, plt/plt mice respond well to con-
tact sensitization [11] and show robust and prolonged expan-
sion of antigen-specific CD4 T cells in draining LNs and in in
vitro recall responses [11, 12]. We reported previously that
CCL19 and CCL21 promote apoptosis of antigen-specific CD4
T cells [12], and altered antibody production is observed in
plt/plt mice [13]. These findings suggest that CCL19 and
CCL21 play a critical role, not only in the migration of T cells
and DCs into the secondary lymphoid organs but also in the
regulation of the biological function of immune cells in vivo.

A recent study identified IL-23 as a heterodimeric cytokine,
which is comprised of the p40 subunit of IL-12 and a specific
p19 subunit [14]. The p19 subunit is expressed in various tis-
sues and cell types in response to inflammatory stimuli such as
LPS. However, the p19 subunit per se has no biological func-
tion and is not released from producing cells [14]. Following
the formation of a complex of p19 and p40 subunits, IL-23 is
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Medicine, 5-21-16 Omori-nishi, Ota-ku, Tokyo 143-8540, Japan. E-mail:
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2. Current address: Department of Advanced and Integrated Analysis of In-
fectious Diseases, Toho University School of Medicine, 5-21-16 Omori-ni-
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Abbreviations: BM"bone marrow, BMDC"bone marrow-derived DC,
CCR7!/!"CCR7-deficient, EAE"experimental autoimmune encephalomy-
elitis, NP-40"Nonidet P-40, plt/plt mice"paucity of LN T cell mice,
Pyk2"proline-rich tyrosine kinase
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secreted in an active form. IL-23 is important for the develop-
ment of Th17 cells [15, 16]. Mice lacking the IL-23 p19 sub-
unit are resistant to collagen-induced arthritis, EAE, and in-
flammatory bowel disease, as the generation of Th17 cells is
impaired in the absence of IL-23 [17–19], and Th17 cells play
a critical, pathological role in these diseases. Thus, IL-23 could
be a promising target for the development of treatment strate-
gies for various autoimmune disorders that are caused, or
worsened, by Th17 cells.

We reported recently that in CCR7!/! ligand plt/plt mice,
IL-17 production is reduced, as IL-23 expression is much lower
in DCs derived from C57BL/6-plt/plt mice than in those from
WT mice [20]. In fact, CCL19 and CCL21 stimulate DCs to
express IL-23 [20]. However, the molecular mechanisms
whereby CCR7 ligands stimulate IL-23 expression are not fully
understood. In the present study, we explored the molecular
mechanism involved in CCR7 ligand-induced IL-23 production
in DCs. The results indicated that CCL19- and CCL21-medi-
ated activation of the PI3K/Akt pathway is essential for IL-
23p19 gene expression. We also found that activation of PI3K
by CCR7 ligands up-regulates the activity of NF-!B, leading to
the regulation of IL-23p19 mRNA expression.

MATERIALS AND METHODS

Mice
C57BL/6 (WT mice) and BALB/c mice were obtained from Charles River
Laboratories Japan (Atsugi, Japan), and C57BL/6-plt/plt, C57BL/6-
CCR7!/!, and DO11.10 mice [10] were bred and kept at the Toho Univer-
sity School of Medicine (Tokyo, Japan) animal facility [11] under specific,
pathogen-free conditions in accordance with institutional guidelines. All
animal experiments were approved by the Institutional Review Board. Mice
were used at 8–12 weeks of age. Where indicated, mice were immunized
with OVA in CFA at hind footpads.

Reagents
Anti-I!B" was purchased from Cell Signaling Technology (Danvers, MA,
USA). MG-132 was from the Peptide Institute (Osaka, Japan). rCL19,
rCCL21, and anti-CCL19 were from R&D Systems (Minneapolis, MN, USA).
Anti-IL-23p19, anti-IL-10, anti-IL-21, anti-IL-17, anti-IFN-#, and anti-mouse
DO11.10 TCR antibodies were purchased from eBioscience (San Diego,
CA, USA). PTX was purchased from List Laboratories (Campbell, CA,
USA). Anti-Akt, anti-phospho-Akt, anti-p38 MAPK, anti-phospho-p38 MAPK,
anti-JNK, anti-phospho-JNK, anti-Erk, and anti-phospho-Erk antibodies were
from BD Biosciences (Franklin Lakes, NJ, USA). Anti-actin, U0126,
SP600125, SB203580, LY294002, OVA, wortmannin, and BAY11-7082 were
purchased from Sigma Chemical Co. (St. Louis, MO, USA).

Cells
Splenic DCs were positively purified from collagenase-digested spleen
(CD11c# $90%) using the anti-CD11c (N418) magnetic selection kit mag-
netic beads and MACS (Miltenyi Biotec, Auburn, CA, USA). BMDCs were
prepared from BM cells, as described previously [20]. For detection of in
vivo IL-23 production by DCs, DCs were prepared from draining LN cells 4
days after immunization with OVA in CFA at hind footpads. For detection
of IL-23 production in vitro by DCs, the DCs, at a density of 2 % 106 cells/
ml, were cultured for 18 h with the indicated stimuli. The supernatants
were then analyzed for IL-23 using an ELISA kit (eBioscience). For in vitro
induction of Th17 cells, BMDCs were incubated for 20 h in the presence
or absence of CCL21 (100 ng/ml). DO11.10 CD4 T cells were stimulated
with these BMDCs in the presence of 100 $g/ml OVA and IL-6 (10 ng/ml)

plus TGF-% (100 pg/ml). After incubation for 72 h, the cells were stained
with the anti-mouse DO11.10 TCR (KJ1-26) antibody and fixed and perme-
abilized using BD Cytofix/Cytoperm, followed by intracellular immuno-
staining of IL-17, IL-21, IFN-#, or IL10. These cells were analyzed on a
FACSCalibur flow cytometer (BD Biosciences).

Measurement of chemotaxis
Chemotaxis, in response to chemokines, was determined by measurement
of the number of cells migrating through a polycarbonate filter (5 $m
pore size) in a 24-well transwell chamber (Costar, Cambridge, MA, USA).
The upper chamber included 105 DCs in 100 $l medium, and the lower
chamber contained 600 $l of the medium, with or without chemokines
(100 ng/ml). After 120 min incubation, DCs, which had migrated to the
lower chamber, were counted. To examine the effect of inhibitors, the cells
were pretreated with PTX (100 ng/ml), U0126 (5 $M), SP600125 (10
$M), SB203580 (20 $M), or wortmannin (10 nM) for 1 h. The treated
cells were then added to the upper well.

Immunoblot analysis
DCs were stimulated or not with the indicated chemokines for the indi-
cated period. Stimulation was terminated by solubilization of the cells in
ice-cold lysis buffer [20 mM Tris-HCl (pH 7.5), 120 mM NaCl, 1% NP-40,
10% glycerol, 1 mM sodium pyrophosphate, 20 mM sodium fluoride, 1 mM
sodium orthovanadate, plus a protease inhibitor cocktail (Sigma Chemical
Co.)]. Supernatants were mixed with SDS-PAGE sample buffer [50 mM
Tris-HCl (pH 6.8), 0.05 mM sodium orthovanadate, 0.5 mM EDTA, 3%
SDS, 2% 2-ME, 5% glycerol], boiled, and then fractionated by SDS-PAGE
and transferred to PVDF membranes. After blocking with 3% BSA in TBS,
pH 7.5, filters were incubated with the indicated antibodies in TBST buffer
and visualized with the appropriate HRP-conjugated secondary antibodies
and an ECL substrate detection system (GE Healthcare Bio-Sciences, To-
kyo, Japan).

Analysis of transcription factors
Nuclear extracts were prepared from DCs using the Transfactor extraction
kit (BD Biosciences), according to the manufacturer’s instructions. After
centrifugation at 20,000 g for 5 min at 4°C, supernatants (nuclear extracts
fraction) were assayed for NF-!B p50 and RelA content. Nuclear translo-
cated transcription factors were detected using the BD TransFactor kit (BD
Biosciences). For the gel-shift study, detection of transcription factor-oligo-
nucleotide complexes was performed using the LightShift chemilumines-
cent EMSA kit (Pierce, Rockford, IL, USA). Briefly, nuclear protein (5 $g)
was incubated with 20 fmol biotin-labeled oligonucleotide for 20 min at
room temperature in binding buffer consisting of 10 mM Tris, at pH 7.5,
50 mM KCl, 1 mM DTT, 2.5% glycerol, 5 mM MgCl2, 50 ng polydeoxyade-
nylate · poldeoxythymidylate, and 0.05% NP-40. The specificity of the DNA
binding was determined in competition reactions in which a 200-fold molar
excess (4 pmol) of unlabeled oligonucleotide was added to the binding
reaction. Complexes were then separated on a 6% acrylamide nondenatur-
ing gel and transferred to a nylon membrane.

Real-time PCR
Total cellular mRNA was isolated from cells using EASYPrep RNA (Takara
Bio, Otsu, Japan), according to the manufacturer’s instructions. RNA was
reverse-transcribed using the high-capacity cDNA archive kit (Applied Bio-
systems, Foster City, CA, USA). For quantitative analysis of gene expression,
real-time PCR was conducted using TaqMan@gene expression assay kits
(Applied Biosystems); Mm00518984_m1 was used for IL-23 analysis using
an ABI Prism 7000 sequence detector system (Applied Biosystems).
GAPDH was used as an endogenous reference for normalization. Quantita-
tive real-time PCR experiments were repeated twice in triplicate. To analyze
the expression of IL-23 mRNA in DCs, CD11c# cells were enriched using a
magnetic selection kit (Miltenyi Biotec).
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Statistical analysis
Student’s t test was used to analyze significant differences. P values &0.05
were regarded as significant.

RESULTS

CCR7 ligands induce the expression of IL-23 in
DCs
We reported recently that the plt mouse is resistant to the in-
duction of EAE, because of deficient IL-23 expression in DCs
[20], suggesting CCR7 ligand-dependent IL-23 expression by
DCs. To examine the dependency of IL-23 expression on
CCR7 ligands in vivo, we compared IL-23 expression in DCs
from WT, CCR7!/! ligand plt, and CCR7!/! mice after im-
munization with OVA/CFA. IL-23p19 mRNA expression in
CD11c# cells from draining LNs was much higher in WT mice
than in plt or CCR7!/! mice (Fig. 1A). IL-23p19 protein ex-
pression was also much higher in WT mice (Fig. 1B). These
findings suggest the involvement of CCR7 ligands in the in-
duction of in vivo expression of IL-23 in DCs.

We next focused on the role of CCR7 ligands in IL-23 pro-
duction. As IL-23p19 expression is the rate-limiting factor for
IL-23 production [14], we first examined the transcription of
IL-23p19 mRNA using real-time PCR. We prepared CD11c-
positive splenic DCs from WT mice and stimulated them with
CCL19 or CCL21 in vitro. This stimulation increased the level
of IL-23p19 mRNA expression (Fig. 2A). As shown in Fig. 2B,
CCL19 also increased IL-23 secretion into the supernatants in
a dose-dependent manner, as assessed by ELISA. Treatment
with CCL19-neutralizing antibody or PTX significantly antago-
nized chemokine-induced increases in IL-23p19 transcription
and IL-23 secretion (Fig. 2A and B). CCL19-induced increases
in IL-23p19 mRNA transcription and IL-23 protein secretion
were not observed in DCs from CCR7!/! mice (Fig. 2C and
D), confirming that CCL19 stimulates DCs through the CCR7
receptor. CCL21, as well as CCL19, increased IL-23 production
from the DCs (Fig. 2B). As DCs from WT mice possibly pro-
duce CCR7 ligands and/or have been stimulated with these
ligands in vivo, an additive effect of endogenous CCR7 ligand
might induce IL-23 production. To examine this possibility, we
examined IL-23 production in splenic DCs from C57BL/6-plt/
plt mice. Similar to splenic DCs from WT mice, splenic DCs
from plt/plt mice exhibited increased levels of IL-23p19
mRNA expression and IL-23 protein secretion in response
to exogenous CCL19 or CCL21 (Fig. 2C and D). These find-
ings suggest that CCL19 and CCL21 induce IL-23 expres-
sion in DCs.

Involvement of the PI3K/Akt signaling pathway
in CCR7 ligand-mediated up-regulation of
IL-23
Several studies have reported that MAPK and PI3K/Akt signal-
ing pathways, which are triggered by CCR7 activation, modu-
late DC functions [21–25]. We therefore investigated the intra-
cellular signaling pathways involved in IL-23p19 mRNA tran-
scription triggered by CCL19 or CCL21. Similar to previous
studies, stimulation of splenic DCs with CCR7 ligands resulted

in the activation of Erk1/2, JNK, p38 MAPK, and PI3K, as de-
tected by immunoblot analysis using antibodies against their
phosphorylated forms (Fig. 3A). We then analyzed the roles of
these kinases in IL-23p19 mRNA expression in DCs using spe-
cific inhibitors. The increased mRNA transcription that was
stimulated by CCR7 ligands was markedly antagonized by the
PI3K inhibitor LY294002 (20 $M) but not by the MEK inhibi-
tor U0126 (20 $M), the JNK inhibitor SP600125 (10 $M), or
the p38 MAPK inhibitor SB203580 (20 $M; Fig. 3B). As ex-
pected, accumulation of the IL-23 protein in the culture su-
pernatant was reduced only in the presence of LY294002 (Fig.
3C). To examine the off-target effect of these inhibitors, ly-
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Figure 1. Expression of IL-23 in DCs in vivo. B6 WT, plt, and
CCR7!/! mice were immunized with OVA/CFA at hind footpads.
Four days after the immunization, CD11c# cells were prepared from
draining LNs. (A) IL-23p19 mRNA expression in these cells was ana-
lyzed using real-time RT-PCR. Transcription levels of IL-23p19 mRNA
relative to GAPDH and to those from control cells [Day 0, control
(CTRL)] were analyzed. The results are mean ' sd from three differ-
ent experiments. Statistical analysis was conducted using Student’s t
test. *Values significantly different from control condition (P&0.05).
**Values significantly different from WT cells under the same treat-
ment conditions (P&0.05). (B) The levels of IL-23p19 and %-actin in
CD11c# DC lysates were analyzed by immunoblot analysis with the re-
spective antibodies. The results are representative of three indepen-
dent experiments.
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sates from DCs were subjected to immunoblot analysis. Prein-
cubation of DCs with LY294002 prevented phosphorylation of
Akt but did not block activation of Erk1/2, p38, or JNK (Fig.
3D), supporting selective inhibition of Akt phosphorylation by
LY294002 at the concentration used. MAPK inhibitors did not
reduce Akt phosphorylation induced by CCR7 ligands (Supple-
mental data). Thus, we concluded that inhibition of Akt phos-
phorylation by LY294002 was not a result of its off-target ef-
fect. In contrast to IL-23 expression, the ability of DCs to mi-
grate toward CCL19 or CCL21 was blunted in the presence of
MAPK inhibitors but not in the presence of the PI3K inhibitor
(Fig. 3E). These combined data strongly suggest that activation
of the PI3K/Akt pathway is required for up-regulation of IL-
23p19 mRNA expression and IL-23 protein production, which
are triggered by CCL19 or CCL21 in murine DCs, but not for
migration toward CCR7 ligands. Thus, CCR7 ligands stimulate

IL-23 production and migration of DCs through different in-
tracellular signaling pathways.

Involvement of NF-!B in CCR7 ligand-induced
production of IL-23
PI3K/Akt activation is known to induce NF-!B activation [26],
which is required for IL-23p19 transcription in DCs stimulated
with LPS [27–30]. As CCR7 ligands activate the PI3K/Akt sig-
naling pathway in DCs, as described above, it was possible that
NF-!B activation was also critical for CCR7-mediated IL-23 ex-
pression. To examine this possibility, the levels of the NF-!B
inhibitory protein, I!B", were determined by immunoblotting.
We found that I!B" protein levels in DCs decreased rapidly
within 10 min after CCL19 or CCL21 treatment and then in-
creased 30 min later (Fig. 4A). This rapid recovery is consis-
tent with a previous report, indicating that I!B" is a target
gene of NF-!B [31]. As activated NF-!B translocates from the
cytoplasm to the nucleus [32], we analyzed whether stimula-
tion of CCR7 with these chemokines induced translocation of
NF-!B. We used an ELISA-based assay to detect nuclear trans-
location of NF-!B, which measures NF-!B binding to NF-!B
binding elements in a nuclear lysate. As expected, stimulation
with CCR7 ligands elicited the DNA binding of NF-!B p65 and
p50 (Fig. 4B). We also performed EMSAs. As shown in Fig. 4C,
stimulation of DCs with CCL21 caused an increase in the
DNA-binding activity of NF-!B. Excess, unlabeled oligonucleo-
tides disrupted the interaction between the probe and nuclear
extracts (Fig. 4C), indicating that NF-!B was activated in DCs
stimulated with this chemokine. Moreover, Wortmannin-in-
duced inhibiton of PI3K activation also abolished chemokine-
mediatad NF-!B DNA binding (Fig. 4C), indicating regulation
by PI3K/Akt signaling. In contrast to the PI3K inhibitor, pre-
vention of Erk, JNK, and p38 hardly reduced the DNA binding
of NF-!B (Supplemental data). Pretreatment with the protea-
some inhibitor MG-132 (10 $M) and the I!B" phosphoryla-
tion inhibitor BAY11-7082 (3 $M) significantly reduced the
levels of IL-23p19 mRNA and IL-23 protein (Fig. 5A and B).
Similarly, MG-132 and BAY11-7082 abrogated elevation of IL-
23p19 mRNA levels and IL-23 protein production induced by
CCL21 (Fig. 5A and B). These inhibitors did not reduce CCR7
ligand-dependent activation of Akt (Fig. 5C) but inhibited
CCR7 ligand-induced translocation of NF-!B into the nucleus
(Fig. 5C), suggesting no off-target effect of BAY11-7082 and
MG-132 on PI3K/Akt pathway. To analyze whether PI3K/Akt
could regulate the levels of I!B", we pretreated DCs with PI3K
inhibitors and examined I!B" protein levels by immunoblot
analysis. LY294002 and wortmannin prevented the reduction
in I!B", which was induced by CCR7 ligands (Fig. 5D). These
combined data suggested that PI3K/Akt signaling contributes
to CCR7-dependent NF-!B activation.

DCs, which were stimulated with CCR7 ligands,
induced the development of Th17 cells
Finally, we examined the ability of DCs, which were stimulated
with CCR7 ligands, to induce the development of Th17 cells.
BMDCs from plt mice were treated with CCL21 for 20 h and
then cocultured with CD4# T cells from DO11.10 mice in the

0

20

40

60

80

0 30 10
0

30
0

10
0

10
0

+A
b

IL
-2

3 
(p

g/
m

l)

CCL19 CCL21

0

10

20

30

40

50

( -
 )

C
C

L2
1

C
C

L1
9

C
C

L1
9

plt/plt CCR7-/-

0

1.0

2.0

3.0

0
C

C
L2

1

C
C

L1
9

C
C

L1
9

+A
b

1.0

2.0

3.0

0

( -
 )

C
C

L2
1

C
C

L1
9

C
C

L1
9

plt/plt CCR7-/-

ex
pr

es
si

on
 o

f I
L-

23
 p

19
A

B

C

D

(R
el

at
iv

e 
ar

bi
tra

ry
 u

ni
ts

)

10
0

+P
T

C
C

L1
9

+P
T

W T

W T

* *
* *

* *

*

* * *

** **

** **

Figure 2. CCL19 and CCL21 induce IL-23p19 expression in DCs. (A
and C) Splenic DCs prepared from WT, plt/plt, and CCR7!/! mice
were activated with CCL19 or CCL21 for 6 h. Total RNA was used for
analysis of IL-23p19 mRNA expression using real-time PCR. (B and D)
Splenic DCs, as described above, were activated with CCR7 ligands for
20 h, and supernatants were assayed for IL-23 using an ELISA. Values
represent the means ' sd of three experiments. *Values significantly
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**Values significantly different from vehicle-treated DCs (P&0.05). PT,
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presence of OVA for 3 days. OVA-specific KJ1.26# T cells were
intracellularly stained for IL-17, IL-21, IFN-#, or IL-10. As
shown in Fig. 6, CCL21-treated, but not untreated, DCs in-
duced IL-17# T cells, which were also observed following the
coculture with CCL21-treated DCs. The majority of the IL-17#

T cells was IL-21#. DCs stimulated by CCL21 also induced
IFN-## T cells, but there were only a few IFN-# and IL-17 dou-
ble-positive T cells. The induction of IFN-#-producing cells
suggests that CCL21 treatment of DCs induces production, not
only of IL-23 but also of IL-12, consistent with previous reports
of IL-12 production in DCs stimulated with CCR7 ligands [20,
33]. Consistent with the published report of a role for IL-23 in
the induction of IL-17# T cells and IL-10# T cells [34], the
appearance of IL-17# T cells was higher in the DCs stimulated
with CCL21 than control DCs. To confirm that IL-23 produc-
tion in response to CCL21 plays an important role in IL-17# T
cell generation, OVA-specific KJ1.26# T cells were cultured
with CCL21-treated BMDCs in the presence of an anti-IL-
23p19-neutralizing antibody. The addition of the anti-IL-23p19-
neutralizing antibody inhibited the induction of IL-17# T cells
but not IL-10# or IFN-## T cells (Fig. 6B), suggesting that
DCs incubated with CCL21 produce sufficient IL-23 to drive
Th17 differentiation.

DISCUSSION

IL-23 is a heterodimeric molecule composed of a p40 subunit
and a p19 subunit. The p40 subunit is secreted, not only as a
homo- or heterodimeric form but also as a monomer. In con-
trast, the p19 subunit is not released unless it forms a het-
erodimer with the p40 subunit. Thus, biosynthesis of the p19
subunit is important for the formation of a complete IL-23
protein molecule. Our results in this study indicate that the
transcription factor NF-!B plays a major role in the signaling

triggered by CCR7 ligands, which results in IL-23p19 mRNA
expression (Figs. 4 and 5). Consistently, it has been shown
that the transcription of IL-23p19 mRNA, which is triggered by
LPS, is regulated by the NF-!B [27–30]. CCL19 or CCL21 in-
duced the degradation of I!B" (Fig. 4), a NF-!B inhibitor,
whose levels are inversely correlated with the activation of
NF-!B [35]. CCR7-dependent degradation of I!B" was pre-
vented by inhibition of PI3K/Akt signaling (Fig. 5C). Two
NF-!B inhibitors blunted the ability of CCL19 or CCL21
chemokines to induce IL-23 production by DCs (Fig. 5A and
B). Activated NF-!B has been shown to translocate into the
nucleus [35]. In the present study, NF-!B was detected in the
nucleus of DCs stimulated with CCL21 (Fig. 4C), suggesting
that stimulation through CCR7 induced activation and translo-
cation of NF-!B into the nucleus. These combined results sup-
port the hypothesis that CCR7 on DCs activates NF-!B, which
induces IL-23 expression.

In the present study, we showed, as reported by several
other groups, that CCL19 and CCL21 activate intracellular sig-
naling pathways mediated by MAPK family members and
PI3K/Akt in DCs. MAPK activities elicited by CCR7 stimulation
have been shown to regulate cytoskeletal rearrangements,
which are important for chemotaxis, dendrite extension, and
endocytosis [21, 22, 24, 25, 36]. These functions are important
for DC migration and effective antigen presentation to T cells.
However, apart from these cellular functions, IL-23 expression
appears to be triggered through other signaling modules, in-
cluding the PI3K/Akt pathway. Stimulation by CCL19 or
CCL21 through CCR7 induces activation of the PI3K/Akt
pathway. Inhibition of PI3K activation by specific inhibitors
severely decreased the expression of IL-23 but did not inhibit
CCR7-triggered migration. Very recently, LPS-triggered IL-23
production by DCs has been shown to depend on Erk and/or
p38 but not on PI3K [37, 38]. Thus, IL-23 production might
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Figure 4. CCL19 and CCL21 activate the
transcription factor NF-!B. Splenic DCs were
prepared from plt/plt mice. (A) DCs were
stimulated with CCL19 or CCL21 for the in-
dicated minutes. The levels of I!B" in cyto-
plasmic fractions prepared from these cells
were assayed by immunoblot analysis. The
data are representative of three similar exper-
iments. (B) After stimulation with the chemo-
kines for 30 min, the nuclear extracts were
assayed for DNA-binding of NF-!B p65 or
p50. Values represent the means ' sd of
three experiments. *Values significantly dif-
ferent from control DCs (P&0.05). (C)
Splenic DCs were activated with CCL21 (100
ng/ml) for 60 min in the absence or pres-
ence of the PI3K inhibitor wortmannin, and
nuclear protein was extracted for analysis of
DNA binding by a gel-shift assay using an
EMSA kit. Each nuclear extract (N.E.; 5 $g)
was incubated in the absence or presence of
a 200-fold molar excess of cold competitor
and was analyzed by gel-shift assay that
probed NF-!B. Similar results were obtained
in at least two independent experiments.
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be triggered by CCR7 ligands and LPS through different sig-
naling modules. It has been consistently reported that activa-
tion of the PI3K/Akt pathway is not associated with the che-
motaxis of DCs toward CCL19 or CCL21 [25] and that CCR7-
mediated chemotaxis is regulated by the MAPK family
members Erk, p38, and JNK [25, 36].

Several reports support the possibility that CCR7 ligands
trigger IL-23 production and other DC cellular functions
through different signaling pathways. CCL19-induced migra-
tion is prevented by blocking the MKK4/JNK pathway with the
specific inhibitor SP600125 [24]. The induction of the endo-
cytic function of DCs by CCL19 and CCL21 involves members
of the Rho family GTPase proteins (small GTPases), cdc42 and
Rac [22]. CCR7-mediated control of migration speed also de-
pends on activation of the small GTPase, Rho, and the Pyk2
[25]. CCR7-mediated activation of MAPK family members is
sensitive to PTX, indicating that the G protein subunit Gi is an
upstream activator of the MAPK family and initiates CCL19-
and CCL21-mediated chemotaxis of DCs [36]. The Gi subunit
also stimulates cdc42 and Rac activities, which mediate FITC-
dextran uptake and chemotaxis, and is sensitive to PTX [22,
24]. In contrast to endocytosis and chemotaxis, CCR7-medi-
ated modulation of migration speed and Pyk2 activation is reg-
ulated in a Gi subunit-independent and Rho-dependent man-
ner [25, 36]. These findings suggest that Rho is not involved
in the Gi-controlled cascade. In the present study, we demon-
strated that IL-23p19 mRNA transcription was prevented by
PTX, indicating that signaling through the Gi subunit pre-
cedes IL-23 production. Although endocytosis, chemotaxis,
and IL-23 expression are commonly inhibited by PTX, CCR7-
mediated IL-23 expression was not blocked by U0126,
SP600125, or SB203580. Based on these findings, we conclude
that the intracellular signaling pathway mediating IL-23 ex-
pression, which is initiated through CCR7, is distinct, at least
in part, from that which mediates cytoskeletal rearrangements
and endocytosis, regulated by activities of the MAPK family,
and that which mediates control of migration speed, which is
Gi subunit-independent.

In the present study, migration of DCs toward CCL19 or
CCL21 does not depend on the PI3K/Akt signaling pathway.
With the use of mice lacking the catalytic subunit p110# of
PI3K (p110#!/! mice), however, Del Prete et al. [39] have
shown the dependency of DC migration on PI3K. These mice
have no p110# subunit and no PI3K# kinase activity. In con-
trast, PI3K inhibitor treatment does not affect DC migration
(Fig. 3E) [24], in which PI3K activity is blunted, but the p110#
subunit is present. The discrepancy might be explained by the
presence or absence of the p110# subunit, as it has been
shown by Costa and Hirsch [40], using kinase-dead PI3K mu-
tant mice, that PI3K# acts independently of their kinase activ-
ity, likely as adaptor proteins [41].

As discussed above, stimulation of CCR7 with CCL19 or
CCL21 induces IL-23 expression in a PI3K/Akt-dependent
manner. Activation of PI3K triggered by CCL19 and/or CCL21
also plays a pivotal role in DC survival, as antiapoptotic activity
triggered by CCR7 ligands is almost completely abolished in
the presence of PI3K inhibitors [23]. This cell survival mecha-
nism in DCs involves activation of the transcription factor NF-
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Figure 5. NF-!B activated by CCL19 or CCl21 is critical for IL-23p19
expression. (A and B) Splenic DCs prepared from plt/plt mice were
pretreated for 30 min with BAY11-7082 (BAY; 3 $M) or MG-132 (MG;
10 $M) and activated for 6 h with CCR7 ligands prior to RNA prepa-
ration for analysis of IL-23p19 mRNA expression using real-time PCR
(A) or for 20 h prior to IL-23 ELISA assay (B). Values represent the
means ' sd of three experiments. *Values significantly different from
DCs under the control condition. (P&0.05). **Values significantly dif-
ferent from vehicle-treated DCs (P&0.05). (C) To confirm the specific-
ity of BAY11-7082 and MG-132, DCs treated with or without inhibitors
were stimulated with CCL19 or CCL21 for 10 min. Whole cell lysates
(pAkt and Akt) or nuclear extract (NF-!B p65) were analyzed by SDS-
PAGE and immunoblotting with antibodies against phospho-Akt, Akt,
and p65. (D) Splenic DCs were pretreated with the PI3K inhibitor
LY294002 or with wortmannin (Wor), followed by stimulation with
CCL19 or CCL21 for 10 min. Whole cell lysates were immunoblotted
with the anti-I!B" antibody. The data are representative of three simi-
lar experiments.

Kuwabara et al. CCR7-mediated IL-23 expression

www.jleukbio.org Volume 92, August 2012 Journal of Leukocyte Biology 315



!B, indicating that activation of PI3K/Akt and NF-!B is critical
for CCR7-triggered survival of DCs. Thus, these survival mecha-
nisms appear to use a similar signaling pathway to that which
regulates IL-23 expression in DCs. An antiapoptotic effect on
DCs will contribute to stable antigen presentation to T cells,
suggesting that up-regulation of IL-23 expression and cell sur-
vival through activation of PI3K/Akt and NF-!B is favorable to
Th17 cell induction. In addition, as CCR7 ligands have been
shown to induce expression of IL-12 and costimulatory mole-
cules on DCs [33], CCL19 and CCL21 probably support not
only Th17 cell generation but also the development of Th1
cells. Thus, elucidation of the molecular mechanisms, which
underlie activation of the PI3K/Akt pathway, and NF-!B activa-
tion, which is triggered by CCR7 ligands in DCs, will provide
an important basis for the development of immunological
strategies to manipulate DC functions.

Thus, in the murine DCs, the stimulation of CCR7 triggers
the PI3K/Akt signaling pathway to induce IL-23 production
through NF-!B activation. Also, in human DCs, although the
mechanisms for CCR7 stimulation to induce IL-23 production

are unknown, the stimulation of CCR7 has been shown to trig-
ger similar signaling pathways. CCR7 stimulation on human
DCs activates MAPKs, such as Erk, p38, and JNK, and PI3K/
Akt [25, 36, 42, 43]. CCR7-induced migration of human DCs
depends on MAPKs but not on PI3K/Akt [25, 43]. Antiapo-
ptotic effect of CCR7 on human DCs is mediated by the
stimulation of PI3K/Akt signaling pathways through NF-!B
activation [23, 42]. Taken all together, it might be a possi-
bility that human DCs are stimulated by CCR7 ligands to
produce IL-23 through similar signaling pathways to those
in murine DCs.

In conclusion, our study has outlined for the first time the
molecular mechanisms by which CCR7 ligands trigger IL-23
expression in DCs (Fig. 7). CCL19 and CCL21 increase IL-23
expression by binding to CCR7, which results in activation of
the PI3K/Akt signaling pathway, leading to I!B" degradation
and activation of the NF-!B transcription factor. CCL19 and
CCL21 play a regulatory role in IL-23 expression by DCs, in
addition to their role in cell survival and other cellular func-
tions. A precise understanding of the factors that control IL-23
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expression on DCs will contribute to the development of strat-
egies for controlling the induction and progression of autoim-
mune diseases.
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Y Chromosome–Linked B and NK Cell Deficiency in Mice

Shu-lan Sun,* Satoshi Horino,* Ari Itoh-Nakadai,† Takeshi Kawabe,* Atsuko Asao,*
Takeshi Takahashi,‡ Takanori So,* Ryo Funayama,x Motonari Kondo,{ Hirotomo Saitsu,‖

Naomichi Matsumoto,‖ Keiko Nakayama,x and Naoto Ishii*

There are no primary immunodeficiency diseases linked to the Y chromosome, because the Y chromosome does not contain any
vital genes.We have established a novelmouse strain in which all males lack B andNK cells and have Peyer’s patch defects. By 10 wk of
age, 100% of the males had evident immunodeficiencies. Mating these immunodeficient males with wild-type females on two
different genetic backgrounds for several generations demonstrated that the immunodeficiency is linked to the Y chromosome and
is inherited in a Mendelian fashion. Although multicolor fluorescence in situ hybridization analysis showed that the Y chromo-
some in the mutant male mice was one third shorter than that in wild-type males, exome sequencing did not identify any
significant gene mutations. The precise molecular mechanisms are still unknown. Bone marrow chimeric analyses demonstrated
that an intrinsic abnormality in bone marrow hematopoietic cells causes the B and NK cell defects. Interestingly, fetal liver cells
transplanted from the mutant male mice reconstituted B and NK cells in lymphocyte-deficient Il2rg2/2 recipient mice, whereas
adult bone marrow transplants did not. Transducing the EBF gene, a master transcription factor for B cell development, into
mutant hematopoietic progenitor cells rescued B cell but not NK cell development both in vitro and in vivo. These Y chromosome–
linked immunodeficient mice, which have preferential B and NK cell defects, may be a useful model of lymphocyte development.
The Journal of Immunology, 2013, 190: 6209–6220.

Most primary immunodeficiencies are inherited dis-
orders. For example, mutations of the common cyto-
kine receptor g-chain (Il2rg) gene, which is located on

the X chromosome, cause X-linked SCID, which is characterized
by T and NK cell deficiencies and functionally impaired mature
B cells. Mutations of the recombinase-activating genes Rag1 and
Rag2 induce T and B cell deficiencies while retaining functional
NK cells. These immunodeficiencies are caused by gene muta-
tions on an autosome or an X chromosome (1, 2). No hereditary
Y chromosome–linked immunodeficiencies have been reported in
humans.
The Y chromosome is one of two chromosomes that pair with

the X chromosome and determine sex in most mammals. The mouse
Y chromosome is 16-Mb long and contains 54 genes; the human
Y chromosome is 58-Mb long and encodes 86 genes. It is appar-

ent that Y chromosomes do not contain genes essential for life, be-
cause females do not have the Y chromosome. Only two studies
showed the male mice–specific disorder that is Y chromosome linked.
One is Yaa (Y-linked autoimmune accelerator). Yaa mice develop
a disease similar to systemic lupus erythematosus, and the inci-
dence and onset are much higher in males than in their female
littermates in certain mouse strains, including BXSB and MLR (3).
Recent studies have shown that in Yaa mice, the part of the X
chromosome pseudoautosomal region containing the TLR7 gene is
translocated onto the Y chromosome. Therefore, the duplication of
TLR7, which may render B cells hypersensitive to self-Ags con-
taining RNA, contributes to the BXSB strain’s Y-linked autoimmune-
prone phenotype. However, the Yaa mutation alone is not sufficient
to induce autoimmune disease in C56BL/6 male mice; additional
genetic mutations are required. In this context, the autoimmune dis-
ease associated with the Yaamutation is not a Y-chromosomalMende-
lian disease. Another study showed a mouse strain in which Va14i
NKT cell is absent in the male mice (4). However, they did not
analyze the Y chromosome, so the mechanism of Y chromosome–
linked NKT deficiency is still unknown.
B cells are lymphocytes that play a large role in humoral im-

mune responses. Murine B cell development is initiated in the fetal
liver cells and relocates to the bone marrow after birth. B cell
development requires the coordinated efforts of transcription factors
and cytokines, particularly IL-7 (5). IL-7 regulates early B cell tran-
scription factor (EBF) expression in the adult bone marrow (6).
EBF is a B cell–specific transcription factor that regulates crucial
genes affecting B cell development, such as l5, Vpre B, and mb-1
(7, 8). EBF cooperates with E2A to positively regulate Pax5 ex-
pression. These transcription factors, along with PU.1, are indis-
pensable for B cell development (9–11).
NK cells are a distinct lymphocyte subset with a central role in

innate immunity (12). Early studies suggested that NK cells, like
B cells and myeloid-lineage cells, develop primarily in the bone
marrow. NK precursor (NKP) cells derived from hematopoietic
stem cells (HSCs) give rise to immature NK (iNK) and then
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mature NK cells. Several transcription factors, such as Ets-1, Id2,
PU.1, Ikaros, T-bet, E4BP4, and Irf-2 are required for NK cell
maturation (12–14). Among these, PU.1, Ikaros, and Ets-1 are
critical for generating NKPs, and the other factors become in-
volved after cells are committed to the NK cell lineage. For ex-
ample, Id22/2 mice have normal numbers of NKP and iNK cells
but significantly fewer mature NK cells (15). However, these
factors are not necessarily specific to the NK lineage, because
their individual deletions sometimes cause defects in other he-
matopoietic cell lineages.
In this study, we established a novel immunodeficient mouse

strain characterized by Y chromosome–linked hereditary B and
NK cell deficiencies. B and NK cells gradually diminished after 3
wk of age and disappeared by 10 wk of age in 100% of the males
of this strain. B cell development was arrested at the prepro-B cell
stage, and NKP cells were almost undetectable in these mutant
mice. Although intensive genomic analyses failed to reveal the pre-
cise molecular mechanisms of this Y-linked lymphocyte deficiency,
the mouse phenotype suggests that a mutation of one gene may cause
B and NK cell deficiency without affecting T cell development.
Therefore, this novel mouse strain may be a useful model for dis-
tinguishing the developmental processes of B, T, and NK cells, which
are thought to derive from common lymphoid progenitor cells.

Materials and Methods
Mice

B cell–deficient mice on a C57BL/6N background were bred and main-
tained under specific pathogen-free conditions. Unless otherwise indicated,
age-matched (3–20 wk old) and female littermates were used as con-
trols. All procedures were performed according to protocols approved by
Tohoku University’s Institutional Committee for the Use and Care of Lab-
oratory Animals.

Flow cytometry

Single-cell suspensions were prepared and cells immunostained as previ-
ously described (16). Dead cells were positively stained by propidium
iodide and excluded from analysis. Lymphocyte suspensions from the
spleen, bone marrow, peripheral blood, and fetal liver were incubated with
a CD16/32 mAb (2.4G2) and stained for 30 min on ice with a combination
of the following mouse-specific Abs: FITC-CD19 (6D5; BioLegend, San
Diego, CA), PE–anti-IgM (eB121-15F9; eBioscience, San Diego, CA),
PE-CD3 (eBio500A2; eBioscience), Pacific Blue-CD4 (RM4-5; BD
Pharmingen, San Diego, CA), allophycocyanin-CD8 (53-6.7; BioLegend),
FITC-CD11b (M1/70; BD Pharmingen), PE–anti-NK1.1 (PK136; BD
Pharmingen), allophycocyanin–anti-B220 (RA3-6B2; BioLegend), FITC-
CD90.2 (53-2.1; BD Pharmingen), FITC-CD43 (S7; BD Pharmingen), PE–
anti-Ly5.1 (6c3; BioLegend), Pacific Blue-CD24 (M1/69; BioLegend), FITC-
CD34 (RAM34; BD Pharmingen), allophycocyanin-CD117 (2B8; Bio-
Legend), PE/Cy7–anti-Sca-1 (D7; BioLegend), Biotin-CD127 (A7R34;
BioLegend), Biotin-CD122 (TM-b1; BioLegend), PE-CD5 (53-7.3; BD
Pharmingen), FITC–Gr-1 (RB6-8C5; BD Pharmingen), PE-Ter119 (TER119;
BioLegend), FITC-CD71 (RI7217; BioLegend), allophycocyanin-CD3 (145-
2c11; BioLegend), and PE–anti-IgM (eB121-15F9; eBioscience). Biotinylated
Abs were visualized by BD Horizon V450 streptavidin (BD Pharmingen).
Samples were analyzed with an FACSCanto II or LSRFortessa system (BD
Biosciences); data were analyzed with FlowJo flow cytometry analysis
software (Tree Star).

Radioactive proliferation assay

Splenic T cells were first separated by CD90.2Microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany). A total of 1 3 105 cells was then seeded in
the wells of a 96-well plate precoated with 10 mg/ml anti-mouse CD3e mAb
(145-2C11) in a RPMI 1640 containing 10% FCS, 200 U/ml streptomycin,
200 U/ml penicillin, 50 mM 2-ME, and 1 mg/ml anti-mouse CD28 mAb.
After 48 h stimulation, 1 mCi/well [3H]thymidine was added, and the in-
corporation of [3H]thymidine was measured by a g-scintillation counter.

Real-time PCR

Prepro-B (B220+CD432CD242Ly512) cells were purified from bone
marrow cells using an FACSAria II cell sorter (BD Biosciences) and lysed

with 1 ml TRIzol reagent (Invitrogen, Carlsbad, CA). Total RNA was pu-
rified from the cells. The cDNA was then synthesized with SuperScript
Reverse Transcriptase and Random Primers (Invitrogen). The cDNA was
then amplified over 40 cycles on a 7500 Real-time PCR system using
SYBR Premix EXtaq (TaKaRa Bio, Shiga, Japan), ROX Reference DyeII
(TaKaRa Bio), and primer sets. All samples were normalized to GAPDH.
The PCR primers for E12, E47, EBF, PU.1, Id2, Ikaros, and GAPDH were
as follows: E12 forward, 59-GGGAGGAGAAAGAGGATGA-39 and re-
verse, 59-GCTCCGCCTTCTGCTCTG-39; E47 forward, 59-GGGAGGA-
GAAAGAGGATGA-39 and reverse, 59-CCGGTCCCTCAGGTCCTTC-39;
PU.1 forward, 59-GAACAGATGCACGTCCTCGAT-39 and reverse, 59-
GGGGACAAGGTTTGATAAGGGAA-39; EBF forward, 59-CTACAG-
CAATGGGATACGGAC-39; reverse, 59-TTTCAGGGTTCTTGTCTTG-
GC-39; Id2 forward, 59-CTCCAAGCTCAAGGAACTGG-39 and reverse,
59-ATTCAGATGCCTGCAAGGAC-39; Ikaros forward, 59-TGTGTCA-
TCGGAGCGAGAG-39 and reverse, 59-GGAAGGCATCCTGCGAGTT-
39; and GAPDH forward, 59-CCAGGTTGTCTCCTGCGACTT-39 and
reverse, 59-CCTGTTGCTGTAGCCGTATTCA-39.

Adoptive cell transfer

Bone marrow cells were extracted by a pressurized flow of sterile tissue-
culture medium through femurs and tibias dissected from donor mice.
Fetal liver cells were taken from female or male mice at embryonic day (E)
17.5. Recipient Il2rg2/2 mice were irradiated with 5 Gy, and on the fol-
lowing day, 4 3 106 adult bone marrow cells or fetal liver cells were
transplanted into recipients via the tail vein.

Purification of hematopoietic progenitor cells from bone
marrow and fetal liver

Hematopoietic progenitor cells (HPCs) were purified from adult bone
marrow or E17.5 fetal liver cells by staining with the following mouse-
specific, biotinylated lineage markers: CD3, B220, TER119, Gr1, DX5,
and CD11b. HPCs were negatively separated by anti-Biotin MicroBeads
with auto MACS Columns (Miltenyi Biotec).

In vitro lymphopoiesis

HPCs collected from adult bone marrow or E17.5 fetal liver cells were
cultured on OP9 stromal cells in a-MEM medium containing 20% FCS,
200 U/ml streptomycin, 200 U/ml penicillin, and 50 mM 2-ME or 7 d. For
B cell development, the medium was supplemented with 5 ng/ml stem cell
factor (SCF), 5 ng/ml Flt3 ligand, and 10 ng/ml IL-7; for NK cells, the
medium was supplemented with 5 ng/ml SCF, 5 ng/ml Flt3 ligand, and 30
ng/ml IL-15.

Retroviral transduction

We produced a virus from a packaging cell line, PLAT-E, by transiently
transfecting the MSCV-EBF-IRES-GFP plasmid (6) and MSCV-IRES-
GFP as control using FuGENE transfection reagent (Roche, Madison,
WI). HPCs from males (Ly5.2) or female littermates (Ly5.2) were cultured
in RPMI 1640 containing 10% FCS, 200 U/ml streptomycin, 200 U/ml
penicillin, and 50 mM 2-ME supplemented with mouse recombinant
SCF (50 ng/ml), IL-6 (10 ng/ml), IL-3 (5ng/ml), FLT-3 ligand (5 ng/ml),
and IL-7 (5 ng/ml). On the following day, the cells were transferred onto
a RetroNectin-coated (TaKaRa Bio) plate in the presence of retroviral
supernatant. For spin infection, the plate was centrifuged at 2000 3 g at
32˚C for 2 h once daily on days 1 and 2. Two days postinfection, the cells
were washed and then transferred into irradiated Ly5.1 wild-type mice or
cocultured on OP9 cells under B or NK cell differentiation conditions.

Statistical analysis

Statistical analysis was performed by Student t test. The p values , 0.05
were considered significant.

Results
Mutant male mice lack NK and B cells and Peyer’s patches

In our mouse population, a novel mutant strain emerged sponta-
neously, in which all males lacked Peyer’s patches (PP) and mated
these males with wild-type female mice, we observed their off-
spring for the presence or absence of PPs. Although PPs in both
the male and female offspring were visible from 4 to 6 wk after
birth, PPs were completely lacking in the male offspring as they
grew up to 10 wk old (Fig. 1A and data not shown). This indicated
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that the early PP compartmentalization process was normal in the
male mice. Moreover, each male mouse had a normal number of
lymph nodes, although the lymph nodes were abnormally small,
and was outwardly normal in behavior, fertility, and appearance.
To understand the characteristic of these mutant male mice, we
analyzed hematopoietic cells in the spleen, peritoneal cavity,
thymus, bone marrow, and peripheral blood. Interestingly, the

males had virtually no B (B1 and B2) cells and also had signifi-
cantly fewer NK cells (NK1.1+CD32) than their female litter-
mates (Fig. 1B, 1C). NK deficiency was also confirmed with a
different NK cell marker (CD32DX5+FcRεI2) (data not shown).
However, there were no differences in the absolute cell number
of myeloid and erythroid populations in the bone marrow or of
RBCs in the periphery (Fig. 1B, 1F, 1G). In addition, the absolute

FIGURE 1. Mutant male mice specifically lack PPs.
(A) Number of PPs on small intestines of 12-wk-
old males or their female littermates. Frequency and
the absolute number of hematopoietic lineages in the
spleen (B), peritoneal cavity (C), thymus (D), and
bone marrow (F) were analyzed by flow cytometry.
B220+IgM+ B cell, CD3+ T cell, CD3+CD4+ T cell,
CD3+CD8+ T cell, NK1.1+CD32 NK cell, CD11b+

monocyte, and Gr-1+ granulocyte populations are
shown. (C) Peritoneal lymphocytes were separated
into the following subsets: total B1, CD19+B220lo-int;
B1a, CD19+B220lo-int D5+; and B1b, CD19+B220lo-int

CD5lo/2. (D) Thymic cells were stained with CD4 and
CD8 and separated into the following subsets: double-
negative (DN), CD42CD82; double-positive (DP),
CD4+CD8+; CD4 single-positive (SP), CD4+CD82;
and CD8 SP, CD42CD8+. (E) Splenic T cells were
stimulated with anti-CD3 and anti-CD28 mAbs for 4–
8 h and then pulsed with [3H]thymidine. The incor-
poration of [3H]thymidine was measured. (F) Myeloid
cells (Gr1+Mac1+ and Gr1+Mac12), Ter119+CD71+

nucleated erythroid progenitors, and Ter119+ D712

nonnucleated erythroid cells in the bone marrow were
counted. (G) RBCs in the peripheral blood were
counted. Numbers in FACS plots indicate the per-
centages relative to the gated cells. Data are from
more than five experiments (A–D) or one experiment
(E–G) with at least four mice per genotype. Error bars
indicate SD (6 SD). *p , 0.05, **p , 0.01.
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number of T cell subsets in the thymus and spleen was comparable
between the mutant males and the female littermate controls (Fig.
1B, 1D), suggesting normal T cell development in the mutant
male mice. When splenic T cells were stimulated with anti-CD3ε
mAb, the proliferative responses of T cells in the mutant male
mice were clearly observed but significantly lower than female
controls’ (Fig. 1E).

B and NK cell deficiency is inherited in a Mendelian,
Y chromosome–linked fashion

Because all male pups in this strain were B and NK cell deficient,
we hypothesized that the phenotype might be inherited as a dom-
inant trait linked to the Y chromosome. To confirm this, we mated
PP (B and NK cell)–deficient male mice with wild-type female
mice on a C57BL/6 (Fig. 2A, left panel) or BALB/c (Fig. 2A,
right panel) background, and looked for PPs (B and NK cell) in
their 10-wk-old offspring. All male offspring of a mutant male
parent also lacked PPs (B and NK cells). In contrast, there was no
abnormality in PPs or B cells in the female offspring or in males
that inherited their Y chromosome from a wild-type male. The
family tree indicated that the B and NK cell deficiency was
inherited in a Mendelian fashion linked to the Y chromosome.
To determine the Y chromosome’s genetic abnormality, we ex-

amined it by fluorescence in situ hybridization (FISH) analysis.
The Y chromosome in the mutant males (n = 10) was one third
shorter than that in wild-type male mice, suggesting a structural
abnormality (Fig. 2B).
The Yaa mutation, which contributes to a higher incidence of

autoimmune disease in male than in female BXSB mice, is caused
by the novel translocation of a gene locus from the X chromosome
onto the Y chromosome, resulting in the duplication of several
genes. To look for duplication or copy-number abnormalities of
certain genes in our B and NK cell–deficient male mice, we
performed array-based comparative genomic hybridization with
spleen cells and hepatic cells from mutant male and wild-type
male mice on the same genetic background. We found gene-
copy abnormalities of three autosomal gene loci (data not
shown). However, FISH analysis with bacterial artificial chro-
mosome clone probes derived from these three autosomal gene
loci failed to find any evidence of an insertion or translocation of
the loci into the Y chromosome (data not shown).
We also sequenced Y chromosome exomes from B and NK

cell–deficient and wild-type male mice (n = 3 each) from the same
B6 strain. However, we could not find any significant nucleotide
differences, including single nucleotide polymorphisms, between
the Y chromosome exons in mutant and wild-type mice (data not
shown). Thus, the genetic Y chromosome abnormality responsi-
ble for the Y chromosome–linked immunodeficiency remains
unclear.

B and NK cell populations in the mutant male mice decrease
with age

B and NK cells were absent in the adult male mice of this strain. To
examine whether B or NK cell lymphopenia occurs at birth, we
measured the numbers of B and NK cells in the bone marrow,
spleen, lymph nodes, and peripheral blood at 3, 6, 8, and 12 wk of
age. The B and NK cell populations in males at 3 wk of age were
comparable with those in females, but had decreased to a markedly
lower level at 6 wk of age (Fig. 3A). Interestingly, B1 cells in the
males were markedly reduced compared with those in the female
littermates even at 3 wk after birth and completely disappeared by
12 wk of age (Fig. 3B). Consistent with B cell decline, serum IgG
and IgM dramatically decreased at 6 wk of age (Fig. 3D). In
contrast, T cells increased with age in both males and females and

the thymic development of T cells in the males was normal (Fig.
3A, 3C).
To rule out the possibility that androgenic hormones were as-

sociated with this phenotype, we compared splenic B and T cells
in 10-wk-old B cell–deficient males that had been either castrated
or subjected to a sham operation at 2 wk of age (Fig. 3D). The
castrated male mice lacked B cells but had normal T cells, indi-
cating that the male-specific B cell defect was independent of
androgen.

Bone marrow lymphopoiesis in the mutant male mice is
arrested at the prepro-B to pro-B cell transition

Because B cells were depleted in the adult male mutant mice, we
looked at various stages of B cell differentiation to determinewhich
stage was arrested. The B cell development from HSCs is sub-

FIGURE 2. B and NK cell deficiency is inherited in a Mendelian fashion
linked to the Y chromosome. (A) B cell–deficient male mice were mated
with C57BL/6 (left panel) or BABL/c (right panel) wild-type female mice
for several generations. The 10-wk-old offspring were then examined for B
and NK cells in the peripheral blood and for PPs. Mice deficient in PPs (B
and NK cells) are represented by filled symbols and unaffected individuals
by open symbols (squares, males; circles, females). The numbers of im-
munodeficient mice/number of offspring are shown. (B) Y chromosomes
from wild-type and B and NK cell–deficient males were analyzed by FISH.
The Y chromosome is presented in yellow; pictures show Y chromosomes
from different cells. Representative results are shown (n = 20 cells each).
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FIGURE 3. B and NK cell deficiencies are restricted to adults and are not affected by androgens. (A) Number of B cells (B220+), T cells (CD3+), and NK
cells (NK1.1+ CD32) from the bone marrow, spleen, inguinal lymph nodes (iLN), and blood. Numbers of B cell subsets in the peritoneal cavity (B) and
number of T cell subset in the thymus (C) of male and female littermates at 3, 6, 8, and 12 wk of age. (D) Serum levels of IgG and IgM in 3-, 6-, 8-, and 12-
wk-old mice were calculated from absorbance at 450 nm (A450). Data are from one experiment (n = 4 mice/genotype). Error bars indicate SD (6 SD). (E)
The 2-wk-old male offspring of B cell–deficient male mice were castrated or subjected to a sham operation, and then the percentages of B and T cells in the
spleen were compared at 10 wk of age. Data are from one experiment (n = 2 mice/group). *p , 0.05, **p , 0.01.
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divided into Hardy fractions A–F (17). We found decreased
numbers of B cell progenitors in the bone marrow that had un-
dergone the transition from prepro-B to pro-B cells, correspond-
ing to the Hardy fractions A (B220+CD43+BP-12CD242) and B
(B220+CD43+BP-12CD24+). Immature B cells, corresponding to
Hardy fraction E (B220+CD432IgM2IgD+), were severely defi-
cient (Fig. 4A, 4B).

NK cells are lost in the mutant male mice

NK cells, which develop primarily in the bone marrow, are derived
fromHSCs via NKP and iNK cells. Because the very low number of
splenic NKs in the mutant males suggested defective NK devel-
opment, we compared the number of NKP and iNK cells in the bone
marrow of males and their female littermates. The numbers of both
NKP (CD11b2CD32NK1.12CD122+) and iNK (CD11b2CD32

NK1.1+CD122+) cells were substantially reduced in the male mice
(Fig. 4C, 4D), suggesting that NK cell development was impaired
in the males.

Abnormal expression of Sca-1 on hematopoietic cells in the
bone marrow

We further examined the lymphoid, myeloid, and erythroid pro-
genitor populations in the bone marrow of the mutant male mice.
As shown in Fig. 5, it appeared that progenitor cells (defined as
lineage2c-Kithi and Sca-12) of all of the indicated lineages in the
mutant males were markedly reduced. However, Fig. 1B and 1F
showed normal number of mature myeloid and erythroid cells in
the mutant male mice. Interestingly, most lineage2 cells in the
mutant males strongly expressed the Sca-1 marker (top panels of
Fig. 5A), which is commonly used to define the hematopoietic

FIGURE 4. B and NK cell developments are arrested. Frequency (A) and number (B) of B cell subsets in the bone marrow at 6 wk of age. Hardy fractions
in the bone marrow were gated as follows: B220+CD43+BP-12CD242 (A); B220+CD43+BP-12CD24+ (A); B220+CD43+BP-1+CD24+ (A); B220+CD432

IgM2IgD2 (A); B220+CD432IgM+IgD2 (A; and B220+CD432IgM+IgD+ (B); the C’ fraction (B220+CD43+BP-1+CD24hi) was not resolved. Data are
representative from three independent experiments of five mice per genotype. Frequency (C) and number (D) of NKp (CD122+CD32CD11b2NK1.12) and
iNK cells (CD122+NK1.1+CD32CD11b2) are shown. Data are representative of four or five mice per genotype. **p , 0.01.

6214 MALE-SPECIFIC B AND NK CELL DEFICIENCY

 at Toho U
niv/N

arashino M
edia C

tr/Funabashi on M
arch 1, 2016

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/


progenitor or stem cells. Therefore, due to abnormally high ex-
pression of Sca-1, we may have been unable to exactly evaluate
the hematopoietic progenitor cells in the mutant male mice.

The failure of adult B and NK lymphopoiesis is cell intrinsic

B cells and NK cells can be produced from bone marrow cells
cultured in vitro on stromal cells, such as OP9 cells, in the presence
of IL-7 or IL-15 (18, 19). To determine the cellular origin of the
phenotype of the male mutant mice, we isolated HPCs, identified
as Lin2 (B2202, Thy12, DX52, Ter1192, Gr-12, CD11b2) bone
marrow cells, from the male mice and their female littermates.
The HPCs were cultured on OP9 cells, with subsequently added
cytokines. HPCs derived from the bone marrow of males did not
produce NK (NK1.1+) cells or B (CD19+) cells, whereas signifi-
cant NK and B cell populations were generated from the HPCs
from female littermates (Fig. 6A).
To confirm this cell-intrinsic abnormality in vivo, we con-

ducted bone marrow chimera experiments by transfusing a mixture
of equal parts of wild-type (Ly5.1+) and mutant (Ly5.2+) bone
marrow cells into lymphocyte-deficient Il2rg2/2 mice. Consistent
with the in vitro results, Ly5.2+ bone marrow cells of mutant
males failed to produce B or NK cells, whereas Ly5.1+ wild-type
HPCs fully reconstituted both B and NK cells in the same recip-
ient mice (Fig. 6B). Transplanting wild-type bone marrow cells
into irradiated mutant male mice rescued the B and NK cell de-
ficiency (Fig. 6C), and PPs were also recovered 10 wk after the
transplant (data not shown). This suggests that the PP deficiency is
a result of the B cell deficiency and not an anlage defect. These

results clearly indicate that the defect of B and NK cells in the
mutant mice was intrinsic to hematopoietic cells.
Interestingly, the in vitro lymphopoiesis of B and NK cells from

fetal liver HPCs was the same whether the HPCs were from the
mutant males or their female littermates (Fig. 7A). Furthermore,
the male fetal liver cells reconstituted B and NK cells in vivo,
although at a lower level than cells from female littermates (Fig.
7B). Because fetal liver progenitors from the mutant males could
produce B and NK cells, we compared the fetal B cell subsets and
NK lymphopoiesis in male and female littermates at E17.5, when
IgM+ B cells and iNK are already present in wild-type mice (20,
21). As expected, we did not find a significant difference in the
frequency of B or NK cells in the fetal liver of male and female
littermate embryos (Fig. 7C). However, both B and NK cells de-
rived from the male fetal liver disappeared by 10 wk after trans-
plantation (data not shown). Nevertheless, the above results pro-
vide further evidence that the fetal B and NK cell development in
the males was intact and that the NK and B cells detected in 3-wk-
old males were generated from fetal liver progenitors.
In addition, male fetal liver cells could produce these lympho-

cytes even in male recipients (data not shown), supporting the conclu-
sion that androgen does not contribute to the defect of B and NK cells
in these mutant male mice.

EBF restores the precursor cells’ ability to generate
B220+ B cells in mutant males

To address the molecular mechanisms for arresting the B cell de-
velopment, we isolated prepro-B cells (Hardy fraction A) from the

FIGURE 5. Abnormally high expression of Sca-1 on hematopoietic cells in the bone marrow. (A) Representative FACS analysis with the bone marrow cells
from 12-wk-old mice are shown. Numbers in the FACS plots indicate the percentages of the indicated populations among total bone marrow cells. Each
progenitor population was defined as bellow. The histogram shows expression of Sca-1 related to Lin2CD1272 gated cells. (B) The average absolute numbers
of the indicated populations in the bone marrow are shown (n = 3 each). CLP: Lin2CD127+Sca1loc-Kitlo; CMP: Lin2CD1272c-KithiSca12CD34+/loCD16/32int;
GMP: Lin2CD1272c-KithiSca12CD34+CD16/32+; and MEP: Lin2CD1272c-KithiSca12CD342CD16/322. **p , 0.01.
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FIGURE 6. Cell-intrinsic failure of adult B cell and NK cell development. (A) In vitro differentiation of NK (NK1.1+) and B (CD19+) cells from bone
marrow cells. HPCs (B2202, Thy12, DX52, Ter1192, Gr-12, CD11b2) from the bone marrow of adult male or female littermates were cultured on OP9
stromal cells in the presence of exogenous cytokines. Numbers in plots indicate the percentages of live cells. Data are representative from two independent
experiments. (B) B (left panel) and NK (right panel) cells generated in the bone marrow 8 wk after the reconstitution of irradiated Il2rg2/2 recipients
transfused with a 1:1 mixture of wild-type (Ly5.1) and wild-type (Ly5.2) or mutant male (Ly5.2) bone marrow cells. Numbers on each gate indicate the
percentage relative to Ly5.1+ or Ly5.2+ cells. (C) Bone marrow cells from wild-type (Ly5.1) mice were transplanted into irradiated B cell–deficient mutant
male mice (Ly5.2). B and NK cells in the bone marrow were analyzed 8 wk after reconstitution. Numbers on gates indicate the percentage relative to Ly5.1+

cells. Data are from two independent experiments (n = 3 or 4 recipient mice per genotype). D, donor; R, recipient.
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FIGURE 7. B and NK lymphopoiesis in the fetal liver is intact in the mutant males. (A) In vitro differentiation of NK (NK1.1+) and B (CD19+) cells from
fetal liver cells. HPCs (B2202, Thy12, DX52, Ter1192, Gr-12, CD11b2) from the fetal liver of male and female littermates were cultured on OP9 stromal
cells in the presence of exogenous cytokines. Numbers in plots indicate the percentages of live cells. Data are representative from two independent
experiments. (B) Female or male (Ly5.2) E17.5 fetal liver cells were injected into irradiated Il2rg2/2 recipients. B (left panel) and NK (right panel) cell
populations in the bone marrow were analyzed by FACS 4 wk after transplantation. (C) The percentage of B or NK cells in the E17.5 fetal liver of siblings
produced from a mating between a B cell–deficient male mouse and a wild-type female mouse. Fractions A-D (B220+ IgM2), Fraction E (B220+IgM+),
NKP (CD122+CD32CD11b2NK1.12), and iNK cells (CD122+NK1.1+CD32CD11b2) were analyzed. Data are from two independent experiments with
three or four recipient mice per genotype or two independent experiments pooled with five male or four female fetuses.
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adult bone marrow (Fig. 8A) or immature B cells (B220+IgM2)
from the fetal liver (Fig. 8B) of male and female littermates. We
used real-time RT-PCR to compare mRNA levels of essential
transcription factors for B cell development. The transcription
factors EBF and E2A (E12 and E47), both of which are essential
for B cell development, were significantly decreased in the adult
bone marrow (Fig. 8A) but not the fetal liver (Fig. 8B) of males as
compared with females. However, there was a 2-fold increase in
Id2, which is a transcriptional repressor for EBF and E2A, in the
male adult bone marrow, although the fetal liver Id2 levels were
comparable in males and females (Fig. 8A, 8B).
Because a lack of EBF or E2A causes B cell defects (22–24),

the EBF or E2A gene was retrovirally transduced into mutant
HPCs, which were then cultured on OP9-stroma cells under B cell
differentiation conditions. Although the E2A-transduced male
HPCs did not develop into B220+ cells (data not shown), forced
EBF expression successfully rescued the B cell development (Fig.
8C). EBF or a control vector was then retrovirally transduced
into HPCs from male or female littermates (Ly5.2+), and the
HPCs were transplanted into irradiated wild-type mice (Ly5.1+)
for in vivo reconstitution. B220+ B cells were not detected in
recipient mice transfused with control vector–transfected HPCs
from males, but were clearly reconstituted in recipients transfused
with EBF-transduced (GFP+) HPCs (Fig. 8D). Control recipients
transfused with female HPCs transfected with either EBF or
control genes showed clear B220+IgM+ B cell reconstitution (Fig.
8D). As EBF restricts lymphopoiesis in the B cell lineage by
blocking the development of other lymphoid-derived cell path-
ways (25), EBF transfection did not result in the recovery of NK
cells (data not shown). Collectively, forced EBF expression was
able to rescue impaired B cell development, but not NK cell de-
velopment, in the male mutant mice.

Discussion
In this study, we describe a novel mouse strain characterized by
a male-specific defect of B cells, NK cells, and PPs. T cells,
monocytes, granulocytes, and erythrocytes were relatively intact in
these male mice. Most notably, this defect was linked to the Y
chromosome. Mating the B cell–deficient males to wild-type fe-
males for several generations revealed that the B and NK cell
deficiencies were inherited as Y chromosomal Mendelian char-
acteristics. A multicolor FISH analysis demonstrated a structural
abnormality in the Y chromosome.
We do not know how the Y chromosome abnormality mediates

the B and NK cell defects. Because the female littermate mice,
which do not have any genes encoded by Y chromosome, are
immunologically normal, the immunodeficiency was not caused
simply by the defect of a Y chromosome gene. Therefore, there are

FIGURE 8. EBF restores B cell development in mutant male hemato-
poietic cells. The expression of genes involved in B cell development was
analyzed in male and female littermates by real-time PCR. Hardy fraction
A (B220+CD43+BP-12CD242) cells from adult bone marrow (A) or im-
mature B (B220+IgM2) cells from the fetal liver (B) of male and female
littermates were isolated by FACSAria II (BD Biosciences). Extracted
RNA was reverse-transcribed and used for real-time PCR (see Materials
and Methods for primers). All values were normalized to GAPDH and are
presented as the fraction relative to cDNA from control mice (set as 1).
Data show three independent experiments, each done in triplicate with

pooled bone marrow from six mice or fetal liver from at least three mice
per genotype. (C) Bone marrow HPCs were retrovirally transfected with
a murine stem cell virus (MSCV; control) or MSCV-EBF and cultured on
OP9 cells in the presence of SCF, Flt3L, and IL-7. Cells were analyzed
by FACS 7 d postinfection to determine the B220 and GFP expression.
Numbers in plots indicate the percentage relative to GFP+ cells. A repre-
sentative result from two independent experiments is shown. (D) Litter-
mate female or male HPCs (Ly5.2) were infected with an MSCV or EBF
retrovirus and injected into sublethally irradiated wild-type mice (Ly5.1).
Bone marrow cells were analyzed for B220, IgM, and GFP expression by
FACS. Numbers in plots indicate the percentage relative to Ly5.2 cells (top
panel) or GFP+ cells (bottom panel). A representative result from two
independent experiments with three mice per group is shown. *p , 0.05,
**p , 0.01.
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at least three possible mechanisms: a gene that exists on another
chromosome may be inserted into the Y chromosome and be
overexpressed or ectopically expressed in B and NK cell precursors
due to abnormally controlled gene expression. Another possibility
is that a gene from another chromosome is translocated or inserted
into the Y chromosome and forms a chimeric gene, which may
produce an abnormal chimeric protein affecting B and NK cell
differentiation. The third possibility is that a structural abnormality
of the Y chromosome itself induces the ectopic expression of a Y
chromosome gene in lymphocyte precursor cells, interfering with
their differentiation.
To address the first possibility, we performed a multicolor FISH

analysis and array-based comparative genomic hybridization to
identify gene loci inserted from autosomes or the X chromosome
into the Y chromosome. However, FISH analysis failed to show any
abnormal signals on the Y chromosome (data not shown). Although
we found copy-number abnormalities on three loci on chromo-
somes 2, 9, and 10, these did not appear to be associated with the Y
chromosome (data not shown). To address the second possibility,
we used a next-generation sequencer to sequence Y chromosome
exons. However, we could not find any significant differences in
the nucleotide sequence, including known single nucleotide poly-
morphisms, between the mutant males and control male mice kept
in the same facility (data not shown). Therefore, chimeric gene
formation is unlikely. Genomic sequencing of the entire Y chro-
mosome would be necessary to completely rule out this possibility.
However, unlike other chromosomal genes, the Y chromosome’s
many repetitive sequences make it difficult to analyze data from
the next-generation sequencer. Thus, a new sequencing method is
needed for the Y chromosome. To address the third possibility,
we conducted microarray and real-time RT-PCR analyses of the
Y chromosome gene expression in the bone marrow immature
B cells of mutant and control male mice. These analyses also
showed negative results (data not shown). Thus, the genetic
mechanism for this novel Y chromosome–linked disease remains
unclear.
B cell development is regulated by a transcriptional network

consisting of, but not limited to, the transcription factors PU.1,
Ikaros, E2A, EBF, Pax5, and Id2. PU.1 and Ikaros are critical for
early lymphoid-lineage specification, whereas E2A, EBF, and Pax5
are essential for the commitment of common lymphoid progenitors
to become B cells. Quantitative RT-PCR with prepro-B cells from
the male mutant mice showed lower Ikaros, E2A, and EBF ex-
pression and higher Id2 expression (Fig. 8). Because Id2 is a
physiologically relevant, negative EBF regulator, high Id2 levels
may block B cell development in males at the prepro-B stage by
suppressing EBF or/and E2A. As expected, deliberately expressing
EBF in mutant male HPCs rescued the B cell differentiation,
clearly indicating that an insufficient expression of EBF, likely
induced by Id2 overexpression, may cause the B cell deficiency
seen in the male mice. However, because the T cell Id2 levels were
comparable in male and female littermates (data not shown), an
Id2 mutation cannot explain the abnormal Id2 expression in the
prepro-B cells in the male mice. Further work is needed to clarify
whether and how these genes are associated with B lymphopoiesis.
B and NK development from fetal liver cells was intact, whereas

that from bone marrow was severely impaired in the male mice.
Few molecules have been reported to act in such a way, with IL-7
and IL-7R being the prototypical examples (26). Because Flt3 (also
called FLK2) signal can compensate IL-7 signal in the fetal liver,
B lymphopoiesis is independent of IL-7 in the fetal liver, which
is indispensable for that in bone marrow (27, 28). However, no
study has shown that fetal and adult NK cell development is regu-
lated by distinct cytokine signal or transcription factors. The age-

dependent defect of NK cells in mutant males sheds light on the
new aspect of the NK cell development.
IL-7 requirement between B1- and B2-B cell lymphopoiesis is

different. As described above, B2-B cell development from bone
marrow is dependent on IL-7, whereas IL-7 is indispensable for B1-
B cell development, which is rather promoted in IL-7 deficient mice
(29). Therefore, although the age-dependent B2-B cell defect in
the mutant mice resembles that in IL-7–deficient mice, the defect
of both B1- and B2-B cells in the mutant mice cannot be explained
by the IL-7/Flt3 compensation mechanism. Thereby, the immu-
nodeficient phenotype of the mutant mice suggests a unknown
pathway, which is shared by B1-B, B2-B, and NK lymphopoiesis.
Among immunodeficiencies, it is rare to see a combined B and

NK immunodeficiency accompanied by normal T cells. Several
common factors are essential for B and NK lymphopoiesis, such as
Ikaros, PU.1, and cytokine signals. NK development depends on
IL-15, because both IL152/2 and IL-15R a-chain–deficient mice
(IL-15Ra2/2) lack peripheral NK cells and NK cell–mediated
cytotoxicity (30, 31) IL-7, which shares a g-chain with IL-15, is
essential for B cell development. However, NKP cells are gener-
ated from HSCs independently of IL-15 or any gc cytokines (32).
Therefore, an abnormality in g-chain cytokines and their intra-
cellular signals might not cause the immunodeficient phenotype in
our mice. Interestingly, a previous study reported that mice with
a C-terminal Ikaros deletion (Ikaros C-null knockout mice), like
our mice, have T cells but are deficient in B and NK cells (33). A
combined immunodeficiency syndrome in humans, characterized
by adult-onset B and NK cell deficiencies with normal T cells, was
recently reported in a female patient (34). However, the T cell
responses were aberrantly hyper in both the patient and in Ikaros-
mutant mice, whereas the in vitro T cell responses in our male mu-
tant mice appeared relatively normal (data not shown). Therefore, the
combined immunodeficiency of B and NK cells in our mice is a
novel phenotype, suggesting an unknown molecular mechanism
shared by B and NK cell development.
The mutant male mice showed a marked reduction of lineage2c-

KithiSca-12 cell populations in the bone marrow. However, be-
cause the absolute number of the late progenitors and mature
populations of myeloid and erythroid lineages were normal in the
mutant male mice, the mutant mice should have the functional
hematopoietic progenitor cells. Similarly, functional common
lymphoid progenitor cells may also exist in the male mice because
they have a normal number of prepro-B cells. These results sug-
gest that the early progenitors in the bone marrow of the mutant
mice cannot be defined by the conventional commonly used
marker Sca-1. The possible effect of Sca-1 overexpression on B
and NK cell differentiation will be required.
This is the first report, to our knowledge, of a Y-linked im-

munodeficiency. Identifying the target substrate or affected path-
way would help us determine the Y chromosome’s exact con-
tribution in lymphocyte development. Males from our novel strain
will provide a key experimental model for studying possible
common factors that are responsible for B and NK lymphopoiesis
but do not contribute to T cell development in adults.
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SUMMARY

How hematopoietic stem cells (HSCs) produce
particular lineages is insufficiently understood. We
searched for key factors that direct HSC to lympho-
poiesis. Comparing gene expression profiles for
HSCs and early lymphoid progenitors revealed that
Satb1, a global chromatin regulator, was markedly
induced with lymphoid lineage specification. HSCs
from Satb1-deficient mice were defective in lympho-
poietic activity in culture and failed to reconstitute
T lymphopoiesis in wild-type recipients. Further-
more, Satb1 transduction of HSCs and embryonic
stem cells robustly promoted their differentiation
toward lymphocytes. Whereas genes that encode
Ikaros, E2A, and Notch1 were unaffected, many
genes involved in lineage decisions were regulated
by Satb1. Satb1 expression was reduced in aged
HSCs with compromised lymphopoietic potential,
but forced Satb1 expression partly restored that
potential. Thus, Satb1 governs the initiating process
central to the replenishing of lymphoid lineages.
Such activity in lymphoid cell generation may be
of clinical importance and useful to overcome
immunosenescence.

INTRODUCTION

To maintain the immune system, hematopoietic stem cells
(HSCs) differentiate to lymphoid-primed multipotent progeni-
tors (LMPPs) and then to lymphoid-specified progenitors in a
process accompanied by the loss of erythroid-megakaryocyte
and myeloid potential (Adolfsson et al., 2005; Lai and Kondo,
2008). Accumulating evidence has suggested that combina-
tions of transcription factors coordinately and sequentially

regulate lymphopoiesis. Five transcription factors, PU.1, Ikaros,
E2A, EBF, and Pax5 are hierarchically involved in the early
steps of B-lineage differentiation (Medina et al., 2004). Whereas
EBF and Pax5 specifically act in B-lineage-determined progen-
itors, PU.1 and Ikaros are expressed in earlier hematopoietic
progenitors and involved in multiple lineage decision processes
(Scott et al., 1997; Yoshida et al., 2006). E2A, an indispensable
factor for B lymphopoiesis, can also affect T lymphocyte
formation by regulating Notch1 expression (Ikawa et al.,
2006). Furthermore, recent reports have shown that E2A pro-
teins are expressed in primitive hematopoietic progenitors
and play a critical role in early lymphoid specification (Dias
et al., 2008; Yang et al., 2008; Semerad et al., 2009). However,
whether the initiation of lymphoid differentiation is regulated
entirely by transcription factors in a hierarchical manner
remains unclear.
The immune system changes qualitatively and quantitatively

with ontogeny and age (Miller and Allman, 2005; Montecino-
Rodriguez and Dorshkind, 2006). Indeed, lymphocyte pro-
genitors expand substantially in the fetal liver (FL), but their
production shifts to bonemarrow (BM) and becomes stable after
birth. With age, replenishment of the adaptive immune system
declines (Rossi et al., 2005; Sudo et al., 2000). Qualitative
changes in lymphopoietic activity of HSCs are reflected in
in vitro cell-culture experiments. If key inducers in early lymphoid
lineages can be identified, they will be useful for expanding lym-
phocytes in culture for clinical purposes. Additionally, manipu-
lating the expression of relevant genes might boost the immune
system of immunocompromised and elderly people.
We have developed a method to sort early lymphoid progeni-

tors (ELPs) from Rag1-GFP reporter mice (Igarashi et al., 2002;
Yokota et al., 2003a). ELPs expressing Rag1 are present in the
Sca1+c-kithi HSC-enriched fraction; they displayed high B and
T lymphopoietic potential, but limited myeloerythroid potential
and self-renewal ability. In contrast, Rag1!Sca1+c-kithi HSCs
effectively reconstitute and sustain the lymphohematopoietic
system for long periods in lethally irradiated recipients. We con-
ducted gene array comparisons between those two fractions
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with the goal of discovering molecules involved in the transition
of HSCs to lymphoid lineages.

Herein, we showed that special AT-rich sequence binding 1
(Satb1), a nuclear architectural protein that organizes chromatin
structure, plays an important role in lymphoid lineage specifica-
tion. In parallel with or ahead of key transcription factors, the
expression of Satb1 increased with early lymphoid differentia-
tion. In functional assays, lymphopoietic activity was compro-
mised in Satb1-deficient hematopoietic cells, but the induced
expression of Satb1 strongly enhanced lymphocyte production
from HSCs. Furthermore, exogenous Satb1 expression primed
lymphoid potential even in embryonic stem cell (ESC)-derived
mesoderm cells and aged BM-derived HSCs. Global analysis
of potential Satb1 target genes identified a number that may
have critical roles in early lymphopoiesis. The findings demon-
strate that the earliest steps in lymphopoiesis are regulated by
an epigenetic modifier and indicate how modulation of the pro-
cess might be used to induce or rejuvenate the immune system.

RESULTS

Profiling Gene Expression of Rag1+ ELP in Fetal Liver
We sorted the Rag1lo c-kithi Sca1+ ELP fraction and the Rag1!

c-kithi Sca1+ HSC-enriched fraction with high purity from E14.5
FL of Rag1-GFP knockin heterozygous embryos and performed
gene arrays.We found that transcripts of Trbv14 and Ighm genes
were upregulated even in very early lymphoid progenitors (see
Table S1 available online). Furthermore, we detected increased
expression of Il7r, Notch1, and Flt3 genes encoding cell surface

receptors important for B or T lymphocyte differentiation in the
ELP fraction. In addition to discovering many signal transduction
kinases with unknown functions in lymphopoiesis, our search
identified Lck and Xlr4b genes as being involved in lymphoid
differentiation signals. Transcripts for some of these lymphoid-
related genes had already been detected in the Rag1! HSC-
enriched fraction (see the microarray data; accession number
CBX73). These results suggest that lymphoid-lineage specifica-
tion begins even before the emergence of Rag1lo ELP. Addition-
ally, the microarray data identified new candidate genes that
might be important for early lymphoid development.

Expression of Satb1 Increases with Early Lymphoid
Specification and Declines with Age
Ourmajor goal was to find key genes involved in the specification
of lymphoid fates. Because the microarray data showed that
expression of various lymphoid-related genes was activated
before the ELP stage, we hypothesized the existence of a modu-
lator that synchronously regulates multiple genes. Among the list
in Table S1, Satb1 attracted attention because it was originally
identified as a protein binding to the enhancer region of the Igh
gene and later shown to play a critical role in T cell development
(Alvarez et al., 2000; Dickinson et al., 1992). Additionally, recent
studies had demonstrated that it serves as a master regulator for
many genes, including cytokines, cytokine receptors, and tran-
scription factors (Cai et al., 2006; Han et al., 2008; Notani
et al., 2010; Yasui et al., 2002).
To explore possible relationships between Satb1 and early

lymphopoiesis, we examined its expression in primitive hemato-
poietic progenitors. The HSC-enriched Rag1-GFP! Flt3! lineage
marker-negative (Lin!) Sca1+ c-kithi (LSK) fraction, the LMPP-
enriched fraction, the ELP-enriched fraction, the common
lymphoid progenitor (CLP)-enriched fraction, and the myeloid
progenitor-enriched Lin! c-kithi Sca1! fraction were sorted
from BM of 8- to 10-week-old mice. Transcripts for Satb1 were
then quantitatively evaluated with real-time RT-PCR. Satb1
expression increased substantially when HSC differentiated
into LMPP and ELP (Figure 1A). This trend matched that of other
early lymphoid lineage-related genes including those that
encode PU.1 (Sfpi1), Ikaros (Ikzf1), E2A (Tcf3), and Notch1 (Fig-
ure S1). Importantly, in contrast to its expression in the lymphoid
lineage, Satb1 expression was shut off when HSC differentiated
to committed myeloid progenitors. These results suggest that
Satb1 is potentially involved in early lymphoid differentiation.
Lymphopoietic activity becomes compromised during aging.

Accumulating evidence suggests that the earliest lymphoid
progenitor pools proximal to HSC are deficient in aged BM
(reviewed by Miller and Allman, 2005). Indeed, the Rag1+ ELP
population markedly decreases with age (data not shown). The
downregulation of genes mediating lymphoid specification and
function is likely a major cause (Rossi et al., 2005). Because
Satb1 has been listed in microarray panels as a downregulated
gene in aged HSC (Chambers et al., 2007; Rossi et al., 2005),
we sorted Rag1-GFP! LSK and ELP-enriched Rag1-GFP+ LSK
from BM of 6-week-old or 2-year-old Rag1-GFP heterozygous
mice and examined their expression. In agreement with previous
studies, our real-time RT-PCR identified an approximate 50%
reduction ofSatb1 transcripts in agedRag1-GFP! LSK cells (Fig-
ure 1B, left panel). The few ELP recovered from aged mice
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Figure 1. Satb1 Expression Levels Change with Differentiation and
Aging of HSCs
HSCs, LMPP, ELP, CLP, and the myeloid progenitor-enriched fractions were

sorted fromBMof 8- to 10-week-old Rag1-GFP knockin orWTmice according

to cell surface markers and GFP expression (see Experimental Procedures),

and transcripts for Satb1were quantitatively evaluated with real-time RT-PCR.

(B) The LSK Rag1-GFP! and LSK Rag1-GFP+ fractions (left panel) or the

CD150+ LSK Rag1-GFP! and CD150! LSK Rag1-GFP! fractions (right panel)

were sorted from 6-week-old or 2-year-old Rag1-GFP knockin mice,

respectively. Then Satb1 expression was evaluated with real-time RT-PCR.

The Satb1 expression values were normalized by Gapdh expression and

shown in each panel. Each data represents two independent examinations

that showed essentially the same results (Figure 1; see also Figure S1 and

Table S1).
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expressed amounts of Satb1 comparable to those in ELP from
young mice. Recent purification methods for HSC with CD150,
a SLAM family receptor that marks HSC even in aged BM (Yilmaz
et al., 2006), identified an approximate 80% reduction in Satb1
transcripts in aged HSC compared with ones from young mice
(Figure 1B, right panel). These observations suggest that Satb1
may be a key molecule related to immunosenescence.

Satb1 Deficiency Reduces the Lymphopoietic Activity
of Hematopoietic Stem and Progenitor Cells
T cell development in the thymus is impaired in Satb1!/! mice
(Alvarez et al., 2000). Although the profile of B220, immunoglob-
ulin M (IgM), and IgD expression appears to be unaffected in
the Satb1!/! spleen, the total number of B cells is reportedly
reduced to approximately 25% of wild-type (WT) at 2 weeks of
age (Alvarez et al., 2000). We have determined that the number
and frequency of cells that can be recovered from lymphoid
organs were reduced in E18.5–19.5 Satb1!/! fetuses. Body
sizes of Satb1!/! fetuses were not different fromWT and hetero-
zygous littermates (Figures S2A and S2B).
We then sorted Lin! cells from FL of Satb1!/! mice or their

WT littermates and cultured them with stromal cells that support
lymphopoiesis. T cell differentiation can be recapitulated in vitro
with hematopoietic cells cultured with OP9 expressing the Notch
ligand Delta-like 1 (OP9-DL1). Under these coculture conditions,
the differentiation patterns ofWT andSatb1!/! Lin! cells differed
significantly (Figures 2A and 2B). The majority of Satb1!/! cells
were arrested in the CD44!CD25+ stage and did not differentiate
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Figure 2. Satb1 Deficiency Alters Lymphoid
and Myeloid Activities of Hematopoietic
Stem/Progenitor Cells in Culture
Lin! cells were isolated from FL of E14.5 Satb1!/!

embryos or their WT littermates.

(A–C) Cells were cocultured with OP9-DL1 stromal

cells for evaluation of T-lineage differentiation. (A)

Flow cytometry results are shown for cells recov-

ered on day 14 and stained for CD44 and CD25/

IL-2Ra. (B) Frequencies and absolute numbers of

each phenotype were calculated. (C) A similar

analysis was performed for CD4 andCD8a bearing

cells recovered cells on day 18.

(D and E) The same cell suspensions were cocul-

tured with MS5 stromal cells to assess B and

myeloid lineage potentials and representative data

are shown for day 7 of culture.

(F) In parallel, the Lin! cells were evaluated with

methylcellulose colony assays. Each dish con-

tained 1,000 sorted cells and colony counts were

performed on day 10. The bars indicate numbers

of CFU-GM, CFU-M, CFU-G, BFU-E, or CFU-GEM

scored per dish. The results are shown as mean ±

SE. Statistically significant differences between

WT and Satb1!/! cells are marked with asterisks

(*p < 0.05, **p < 0.01) (Figure 2; see also Figure S2).

into CD44!CD25! cells. Reduction of
IL-7 from culture media normally induces
maturation of the CD4!CD8! double-
negative (DN) into CD4+CD8+ double-
positive (DP) cells and subsequently into

either the CD4+ or the CD8+ single-positive cells. However,
more than half of the Satb1!/! cells were arrested in DN stages
even after the IL-7 reduction, and their differentiation to the DP
stage was aberrantly skewed toward CD4+CD8! (Figure 2C).
Substantial differences were also observed in B-lineage cell

production. In coculture with MS5, which supports B and
myeloid lineages in the presence of SCF, Flt3-ligand, and IL-7,
Satb1!/! progenitors exhibited significant reductions in B-lym-
phopoietic potential (Figures 2D and 2E). Coculture with OP9,
which originated with M-CSF-deficient mice and supported the
B lineage predominantly, also yielded reduced B/myeloid ratios
with Satb1!/! progenitors (Figure S2C). Essentially the same
results were obtained when cultures were initiated with LSK
Flt3!, more stringently purified HSC (Figure S2D, 2E). In addition,
B cell lineage output was also reduced when Satb1!/! LMPP
or CLP were cultured (Figure S2F). In contrast, the myeloid
potential was retained in Satb1!/! progenitors (Figures 2D
and 2E). Indeed, the Lin! fraction of E14.5 Satb1!/! FL
contained more myeloid-erythroid progenitors than that of the
WT control (Figure 2F).
In transplantation experiments, we observed that CD45.2+

Satb1!/! HSC sorted from 2-week-old BM did not effectively
reconstitute CD3+ T-lineage cells in lethally irradiated CD45.1+

WT recipients (Figure 3A). Peripheral blood CD3+ T-lineage
recoveries from Satb1!/! HSC were decreased approximately
90% compared with that from WT HSC (Figure 3B). Conversely,
we observed varied amounts of reconstitution of the B lineage
and no reduction in reconstitution of the myeloid lineage
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resulted from Satb1 ablation (Figure 3B). Compromised T cell
lineage contributions of Satb1!/! HSC were also evident in the
thymus and spleen (Figures 3C and 3D). Although T lymphopoi-
esis in the thymus was replaced by either WT or Satb1!/! donor
cells when FL HSCs were transplanted, thymocytes were
reduced in the Satb1!/! recipients and their differentiation was
affected. Besides apparent stagnation at the DP stage and
marked reduction of the DN population (Figure 3C, upper
panels), c-kithi cells in the CD44+CD25! DN1 stage were rare
in Satb1!/! recipients (Figure 3C, lower panels). The reduced
contribution of Satb1!/! cells was also evident in CD3+ splenic
T lymphocytes. Interestingly, T cells in the spleens of Satb1!/!

recipients contained substantial percentages of DP and DN
cells. Such T cell lineage cells are extremely rare in normal
mouse spleens (Figure 3D).

Taken together, these results demonstrate that Satb1 is indis-
pensable for normal T lymphopoiesis, but not for myelopoiesis.
The factor may normally have a lesser role in B-lineage differen-
tiation. Furthermore, our data indicate that abnormalities of
lymphoid development observed in Satb1!/! mice are intrinsic
to Satb1!/! hematopoietic cells.

Forced Expression of Satb1 in HSC Induces
Lymphopoiesis
Next we conducted overexpression experiments to define the
role of Satb1 in lineage-fate decisions of HSCs. LSK Flt3! cells
were sorted from BM of adult WT mice and then retrovirally
transduced with either a fluorescence-alone expressing control
or a native Satb1 construct combined with a GFP-expressing
vector. Successfully transduced cells were sorted according to
GFP expression. Real-time RT-PCR and immunoblots revealed
that Satb1-transduced cells expressed more than 10-fold

Satb1 transcripts and Satb1 proteins compared to control cells
(Figure S3A).
The sorted cells were cultured with stromal cells that sup-

ported lymphopoieisis. Results from these experiments comple-
mented the observations withSatb1!/! cells. Satb1 transduction
enhanced T cell lineage growth in OP9-DL1 cocultures
(Figures 4A and 4B). By day 10 of the culture, cells had been
increased more than 5-fold by Satb1-transduction, and a
majority of the recovered cells had progressed to the DN2 and
DN3 stages. Differentiation to the DP stage was also advanced
by the Satb1-transduction (Figure 4A). The kinetics of cell differ-
entiation and expansion in the B cell lineage showed more
changes. Whereas both control and Satb1-transduced cells
produced substantial numbers of B-lineage cells, the latter
produced B220+CD19+ cells more quickly and efficiently (Fig-
ure S3B). Specifically, the Satb1 transduction resulted in approx-
imately 50- to 300-fold and 5-fold greater recovery of
B220+CD19+ cells on day 10 in the MS5 and OP9 cocultures,
respectively (Figures 4C and 4D). Notably, Satb1 transduction
negatively influenced the output of myeloid cells, particularly
Mac1loGr1+ granulocytes (Figure S3C). In addition, CFU-GM
formation of HSC was decreased by Satb1 transduction
(Figure S3D).
In stromal-free cultures containing SCF, Flt3-ligand, and IL-7,

Satb1 expression strongly induced CD19+ cell production from
the LSK fraction (Figure S3E). When calculated on a per-cell
basis, one LSK cell with Satb1 overexpression produced
approximately 450 CD19+ cells, whereas only 50 cells with this
B-lineage marker were produced from control progenitors. As
for other hematopoietic lineages, DX5+CD3e! NK cells emerged
when IL-15 was added to the stromal cell-free cultures. Coex-
pression of NK1.1 and/or CD94 confirmed the NK-lineage, and
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Figure 3. Defective T Lymphopoiesis from
Transplanted Satb1–/– HSC
(A and B) One thousand stem-cell-enriched Flt3!

LSK cells were sorted from BM of 2-week-old

Satb1 deficient or littermate mice (CD45.2). They

were then mixed with 4 3 105 adult BM cells

obtained from WT (CD45.1) mice and were trans-

planted into lethally irradiated WT CD45.1 mice. At

8 weeks after transplantation, peripheral blood

cells of the recipients were identified with anti-

CD45.1 and anti-CD3. Numbers in each panel of

(A) represent percentages of CD3+ CD45.1! cells

among the total leukocytes and are shown as

averages with SD (n = 4 in each). Chimerisms of

CD45.1! cells in the CD3+ T-lineage, the CD45R/

B220+ B lineage, or the Gr1+ myeloid lineage were

determined. Statistical significance is *p < 0.05.

(C and D) One thousand Flt3! LSK cells sorted

from E14.5 FL of Satb1 homodeficient or their WT

littermates (CD45.2) were transplanted into lethally

irradiated WT CD45.1 mice. At 8 weeks after

transplantation, T-lineage reconstitution in the

thymus and the spleen was analyzed. The CD4

and CD8 profiles of CD45.2+ thymocytes (C, upper

panels) and the c-kit expression of CD45.2+ CD3!

CD4! CD8! CD44+ CD25! thymocytes (C; lower

panels) are shown. (D) Representative CD4 and

CD8 profiles are shown for CD45.2+ CD3+ cells in

recipient spleens.

Immunity

Satb1 Promotes Lymphoid Priming in HSC

1108 Immunity 38, 1105–1115, June 27, 2013 ª2013 Elsevier Inc.



their numbers were also enhanced by Satb1 overexpression
(Figure S3F). Interestingly, the same Satb1-transduced LSKs
differentiated to neither conventional nor plasmacytoid dendritic
cells (Figure S3G).
The results from in vitro bulk cultures and assessment of

lymphoid lineage cell numbers might reflect enhanced survival
of lymphoid progenitors rather than priming or expansion of
lymphoid potential in individual clones. Notably, no obvious
increase in apoptotic cells occurred in any tested cultures with
Satb1!/! cells or Satb1!/! lymphopoietic organs (data not
shown and Figure S3H). Additionally, Satb1 overexpression
conferred growth advantages to hematopoietic progenitors
without influencing their viability in any of the cultures we used
(data not shown). To investigate further the mechanisms through
which Satb1 exerts its effect on early progenitors, we performed
limiting dilution assays. On average, 1 in 3.1 control cells and 1 in
2.6 Satb1-transduced cells gave rise to blood cells, indicating
that both are highly potent progenitors for hematopoietic cell

growth (Figure 4E, left). Nevertheless, we observed significant
differences between them regarding the frequencies of progen-
itors with lymphopoietic potential. While 1 in 41 Satb1-trans-
duced Flt3! LSK cells produced B cells, only 1 in 143 control
cells were lymphopoietic under these conditions (Figure 4E,
right). In the same experiment, fresh Flt3! LSK cells without
retroviral transfection produced hematopoietic cells and B cells
at a frequency of 1 in 6.7 cells and 1 in 61 cells, respectively (data
not shown).
These results suggest that Satb1 expression affects early line-

age decisions in individual HSC and expands the growth and
differentiation of lymphoid cells in vitro. To evaluate whether
these findings were of practical value, we performed in vivo
transplantation experiments with SATB1-transduced LSK Flt3!

cells. We observed enhanced contribution of the SATB1-trans-
duced cells to both T and B lineages in short-term engraftment
(Figure 4F). To assess whether the overexpression of SATB1
induces tumors, we evaluated long-term and short-term
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Figure 4. Satb1 Overexpression Promotes
Lymphopoiesis
LSK Flt3! cells obtained from WT BM were

retrovirally transduced with either a fluorescence-

alone expressing control or a native Satb1 com-

bined with GFP expressing vector. Successfully

transduced cells were cultured, and their differ-

entiation and proliferation were analyzed at the

indicated period.

(A and B) Time-course analyses were performed

for T-lineage cell generation in the OP9-DL1

coculture. Absolute numbers of recovered cells

were divided by the numbers of transduced LSK

Flt3! cells used to initiate the cultures to obtain

the fold expansion values. Data are shown as

mean ± SE.

(C) CD19 and Mac1 profiles are shown for cells

recovered from MS5 cocultures on day 10. The

left panel shows data obtained from fresh LSK

Flt3! cells that did not undergo the retroviral

infection.

(D) The absolute numbers of total recovered cells

and B-lymphoid cells in the MS5 coculture (left

panel). The output of B220+ CD19! or B220+

CD19+ B-lineage cells was evaluated in the OP9

coculture (right panel). Cultures were established

in triplicate. Data are shown as mean ± SE. Sta-

tistical significance is *p < 0.05, **p < 0.01.

(E) Limiting-dilution analyses were performed to

determine the frequencies of hematopoietic pro-

genitors that could give rise to CD19+ B-lineage

cells. Input cell numbers corresponding to each

37% negative value are shown in rectangles.

(F) One thousand LSK Flt3! cells (CD45.1)

transduced with either Satb1-expressing or

control vectors were transplanted to lethally

irradiated WT mice (CD45.2) with 1 3 105 adult

BM cells (CD45.2). Two weeks after trans-

plantation, peripheral blood was collected to

determine the proportion of CD4/CD8+ T lineage

and CD19+ B lineage in CD45.1+ cells. Data are

shown as mean ± SE. Statistical significance is

*p < 0.05. (n = 5 in each group) (Figure 4, see also

Figure S3).

Immunity

Satb1 Promotes Lymphoid Priming in HSC

Immunity 38, 1105–1115, June 27, 2013 ª2013 Elsevier Inc. 1109



lymphohematopoiesis after transplantation. In eight trans-
planted mice, SATB1-overexpressing cells did not induce
tumors, at least during 3 months of observation.

A
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C

Figure 5. Genes Affected by Satb1
Expression
A microarray experiment was performed to

compare gene expression in Satb1 and control-

transduced LSK Flt3! cells. Upregulation in Satb1-

transduced cells is shown as positive in each

figure. (A) Transcription factors, (B) cytokine and

cytokine receptors, and (C) other lymphoid lineage-

related genes are summarized (Figure 5; see also

Tables S2 and S3).

Satb1 Regulates Lymphoid Lineage-
Related Genes in HSC
During early lymphocyte differentiation,
several transcription factors have been
shown to play roles in a hierarchical
manner. To identify the target genes
of Satb1, we first examined whether
the exogenous expression of Satb1 influ-
ences the expression of lineage-relevant
transcription factors in LSK Flt3! cells.
Although high Satb1 expression was
achieved, no significant upregulation
was observed in the expression of Sfpi1,
Ikzf1, Tcf3, or Notch1 (data not shown).
The expression of Cebpa, which is
important for myeloid differentiation, was
also not significantly affected (data not
shown).
Next, to find candidate genes involved

in the Satb1 induction of lymphopoie-
sis, we performed a microarray com-
paring gene expression between Satb1-
and control-transduced LSK Flt3! cells
(Table S2). In accordance with the re-
sults described above, the data showed
no significant changes in the expres-
sion of Sfpi1, Ikzf1, Tcf3, Notch1, or
Cebpa. However, several transcription
factors involved in lymphoid differen-
tiation, Sp4, Maf, Fos, and Id3, were
upregulated in Satb1-transduced cells
(Figure 5A). Cytokines such as Il7 and
Kitl, which are critical for lymphocyte
differentiation and generally believed to
be stromal cell products, were induced
in hematopoietic progenitor cells them-
selves by ectopic expression of Satb1
(Figure 5B). While receptors for IL-4 or
IL-17 were induced, Csf3r, encoding the
G-CSF receptor, was downregulated.
Interestingly, among lymphoid-related
genes, Rag1, which is indispensable for
both T and B cell differentiation, was
strongly induced by Satb1 (Figure 5C).

Expression of the CD86 gene that correlates with lymphoid
competency (Shimazu et al., 2012) was also significantly
elevated.
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As a complementary experiment, we performed a set of micro-
array analyses comparing gene expression signatures between
WT and Satb1!/! cells (Table S3). We again observed no direct
correlations between Satb1 expression and Ikzf1, Tcf3, or
Notch1, but confirmed that the expression of numerous line-
age-related genes was influenced. The expression of Il7 and
Kitl was detectable in WT hematopoietic progenitors, and their
levels were significantly lower in the Satb1!/! progenitors. Of
note, Satb2, which is a homolog of Satb1, as well as Bright,
which codes a B cell-specific AT-rich sequence binding protein
(Herrscher et al., 1995), were upregulated in Satb1!/! HSC. In
addition, the Satb1!/! HSC aberrantly expressed Rag1 and
Pax5, whose levels decreased with differentiation to LMPP.
These results indicate that Satb1 expression globally influences
many genes involved in lineage-fate decisions during the speci-
fication of HSC toward lymphoid lineages.

Satb1 Induces Lymphopoiesis in ESCs
Next, we examined whether the exogenous expression of Satb1
is sufficient to promote lymphopoiesis in ESCs. In theOP9 cocul-
ture system (Nakano et al., 1994), ESCs can produce mesoderm
cells in 4.5 days, which have potential to become hematopoietic
and endothelial cells. After a short period of retroviral transduc-
tion with the control-GFP or the Satb1-GFP vector, ES-derived
mesoderm cells were cultured with OP9 in the presence of
SCF, Flt3-ligand, and IL-7. As shown in Figure 6A, although
both control- and Satb1-transfected cells contained substantial
numbers of GFP+ cells, the latter produced CD45+ hematopoiet-
ic cells efficiently. Further phenotype revealed that most of the
CD45+ GFP+ cells produced from the Satb1-transfected cells
expressed B220 and CD19 (Figure 6A, right panels). Notably,
those cells were also positive for AA4.1, CD11b, and CD5, sug-
gesting that they were likely B1-B-lineage cells (Figure 6B).
Next, we established ESC clones, which can be induced to

express Satb1-GFP on removal of tetracycline (Tet) from the
culture medium. Eight days after Tet deprivation (day 12.5; Fig-
ure 6C), approximately 15% of the recovered cells were GFP+

(data not shown). Thirty-five percent of these cells expressed
CD45 and included substantial numbers of AA4.1+ CD19+ B-line-
age cells (Figure 6D, right panels). Conversely, in the presence of
Tet, the proportions of AA4.1+ and CD19+ cells among the
CD45+ faction were very low (Figure 6D, left panels). A majority
of the CD19+ cells among the Satb1-GFP+ ES-derived cells
were positive for Mac1 or CD5, again indicating a preference
for the B1-B lineage (Figure 6E). In cytospin preparations,
many of the ES-derived cells cultured with Tet showed myelo-
monocytic morphology, whereas Satb1/GFP+ cells exhibited
lymphocyte-like morphology (Figure 6F). Finally, a PCR-based
Igh rearrangement assay confirmed DH-JH recombination in
the Satb1-GFP+ ES-derived cells (Figure 6G).
To test T-lineage potential, we transduced the control-GFP

or the Satb1-GFP vector to ES-derived mesoderm cells and
cultured them with OP9-DL1 cells. The Satb1-transduced cells
effectively producedCD4+CD8+DP cells with rapid kinetics (Fig-
ures 6H and 6I). Substantial numbers of ES-derived T-lineage
cells expressed TCR-gd or TCR-b, and Satb1-transduced cells
were advanced in this regard (data not shown). Taking these
results together, we conclude that Satb1 expression directs
even ES-derived cells toward lymphoid lineages.

Ectopic Satb1 Expression in Aged HSC Restores
Lymphopoietic Potency
As shown in Figure 1B, the Satb1 expression in HSC declines
with age. This decline might be correlated with the age-depen-
dent impairment of lymphopoiesis. Therefore, we examined
whether Satb1 expression restores the lymphopoietic activity
of progenitors from aged mice. Rag1-GFP! LSK cells of
2-year-old mice were transduced with control or Satb1-DsRed
vectors. After 72 hr of transduction, DsRed+ cells were sorted
and cultured on OP9 in the presence of SCF, Flt3-ligand, and
IL-7. The Satb1-transduced cells produced a percentage of
Rag1-GFP+ B220+ cells that was significantly higher than that
of control cells (Figure 7A). Indeed, most of the aged Rag1-
GFP! LSK cells were prone to differentiate into Rag1-GFP+ cells
as a result of exogenous Satb1 expression. With respect to the
recovered B-lineage cell counts, approximately 3-fold more
B220+ Rag1-GFP+ Mac1! cells were obtained through Satb1
overexpression (Figure 7B).
Conversely, fewer B-lineage cells were generated from aged

ELP than from young ELP despite their similar expression
of Satb1 (Figure 1B; Figure S4A). B-lineage differentiation of
agedELPalso showeddecreasedRag1 expression (Figure S4B).
Nonetheless, aged ELP showed substantial lymphopoietic activ-
ity in MS5 cocultures, in which aged HSC scarcely produced
B-lineage cells (Figure S4A). These results suggest that the
downregulation of Satb1 expression is involved in the compro-
mised lymphopoietic potential of aged HSC and that ectopic
induction of Satb1 can at least partially restore the activity.

DISCUSSION

Despite accumulating evidence that multiple transcription fac-
tors support lymphocyte differentiation, ones that specifically
direct HSC to the lymphoid lineage have remained elusive.
One aim of this study was to describe molecular signatures of
early stages of lymphopoiesis by comparing gene expression
patterns between HSC and ELP. While we observed that many
genes specific for the lymphoid lineage including Tcr, Igh and
Il7r were highly induced at the ELP stage, some lymphoid genes
were already expressed at low levels in the HSC-enriched frac-
tion. Among them, we were particularly interested in chromatin
modifiers because of their ability to control spatial and temporal
expression of essential genes. Our screen identified Satb1,
whose expression was previously linked to T lymphocyte dif-
ferentiation (Alvarez et al., 2000). We show that Satb1 plays a
critical role in directing HSC to lymphoid lineages.
Satb1 was originally identified as a protein that binds spe-

cifically to genomic DNA in a specialized DNA context with
high base-unpairing potential (termed base-unpairing regions;
BURs) (Dickinson et al., 1992). Satb1 is predominantly ex-
pressed in the thymus and subsequent studies revealed critical
roles in thymocyte development (Alvarez et al., 2000), T cell acti-
vation (Cai et al., 2006), and Th2 differentiation (Notani et al.,
2010). In thymocyte nuclei, Satb1 has a cage-like distribution
and tethers BURs onto its regulatory network, thus organizing
3-dimensional chromatin architecture (Cai et al., 2003). By
recruiting chromatin modifying and remodeling factors, Satb1
establishes region-specific epigenetic status at its target gene
loci and regulates a large number of genes (Yasui et al., 2002;
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Cai et al., 2003). Increased Satb1 expression in hematopoietic
progenitors compared with HSC has been observed by others
(Forsberg et al., 2005; Ng et al., 2009); however, no study has

been conducted concerning the role of Satb1 in differentiation
of HSC to either lymphoid or myeloid progenitors. Our results
clearly show a tight association of Satb1 expression with
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Figure 6. Satb1 Promotes Lymphoid Differentiation from ES-Derived Cells
E14tg2a ESCs were deprived of leukemia inhibitory factor and seeded onto OP9 cells. After 4.5 days, the differentiated mesoderm cells were infected with

retroviral supernatants containing control-GFP or Satb1-GFP expressing vectors. Subsequently, the cells were cultured on OP9 for 8 days. At the end of culture,

all cells were harvested and stained with the antibodies indicated in each panel.

(A) Total recovered cells were divided according to GFP expression (left panels). The percentages of CD45+ cells in GFP! (upper panels) and GFP+ populations

(lower panels) are shown. CD45R/B220 and CD19 profiles of the CD45+ cells corresponding to the left panels (right panels) are shown.

(B) Representative AA4.1 and CD19 or Mac1 and CD5 profiles of the GFP+ CD45+ cells recovered from control or Satb1-transduced culture.

(C) The experimental design used with a Tet-off system (upper panel). ESCs, which inducibly express Satb1 by Tet deprivation, were established. After 4.5 days

of culture without leukemia inhibitory factor in the presence of Tet, the differentiated cells were reseeded onto new OP9 stromal cells with or without Tet.

Subsequently, FACS analysis was performed after 8 days of culture (day 12.5).

(D) Tet (+) indicates profiles of GFP! cells cultured with Tet (left panels). Tet (–) panels show profiles of Satb1/GFP+ cells cultured without Tet (right panels).

(E) Mac1 and CD5 expression on the Satb1/GFP+ CD19+ cells grown without Tet.

(F) Morphology of ES-derived hematopoietic cells on day 12.5.

(G) DNA PCR assays of germline (GL) or DH-JH rearranged Igh chain (DJ) genes were performed with the Satb1/GFP+ CD19+ cells recovered without Tet (right

panel). Splenocytes were used as a positive control for the DH-JH recombination (left panel). On each gel, a size marker was loaded in the left lane.

(H and I) E14tg2a ESCs were differentiated to mesoderm cells for 4.5 days and then infected with the retroviral supernatant containing control-GFP or Satb1-GFP

expressing vectors for 3 days. Subsequently, the cells were cultured on OP9-DL1 and T-lineage output was evaluated on the indicated days. Data are shown as

mean ± SE. Statistical significance is *p < 0.05.
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lymphoid lineages even at the earliest stages. In addition,
Satb1!/! HSCs are hindered in producing lymphocytes in vitro
and in vivo that are consistent with the phenotypes originally
described in Satb1!/! mice, suggesting an indispensable role
of Satb1 in physiological lymphopoiesis.
Although we have previously identified molecules regulating

early lymphoid differentiation, information about ones that
initiate the process has been elusive (Oritani et al., 2000; Yokota
et al., 2003b, 2008). The present study demonstrates that
ectopic expression of Satb1 strongly induces differentiation
toward lymphoid lineages and promotes lymphocyte growth
from primitive progenitors, even when they are derived from
aged BM or ESCs. We believe that these findings are important
because they reveal that the earliest step of lymphopoiesis is
affected by a global chromatin organizer. In addition, our results
suggest that Satb1 expression could be a useful biomarker of
aging and be manipulated to reverse immunosenescence.
Lymphoid-fate decisions are not necessarily determined by a

few transcription factors or cytokines that positively regulate the
differentiation in a hierarchical manner. The process should
involve ‘‘closed windows’’ and ‘‘open opportunities.’’ Gene array
studies comparing HSC and ELP have shown that various
lymphoid-related genes appear to be synchronously upregu-
lated in ELP, whereas stem cell-related or myeloid-related
ones are downregulated. From these observations, we specu-
lated that a master regulator is present and involved in the syn-
chronicity along with the hierarchical factors; further, we focused
on the function of SATB1 in this process. Our results show that
once Satb1 is substantially expressed in HSCs, it regulates
hundreds of genes, including Rag1, Il7, kitl, and Csf3r, which
together determine the lymphoid lineage fate. Satb1 itself has
the determinant role in regulating a set of genes to exhibit the
phenotype that we observed in vitro and in vivo experiments.
Increasing Satb1 beyond physiologic levels in HSCs and ESCs

strongly augmented B lymphopoiesis, while depleting Satb1
from HSC dominantly impaired T lymphopoiesis in vivo. Satb1
overexpression in HSCs by itself induces an expression profile
that favors B cell production. Conversely, Satb1 deficiencymight
have disrupted the delicate balance of Satb1 and other BUR-
binding proteins such as Satb2 or Bright. We detected minimum
levels of Satb2 and Bright expression in WT HSC, and their
expression levels significantly increase with B-lineage differenti-
ation (data not shown). Interestingly, both genes were aberrantly
induced in Satb1-deficient HSC (Table S2). Satb2 has a binding

specificity similar to that of Satb1, and its expression is more
predominant in the B lineage than in the T lineage (Dobreva
et al., 2003). In ESCs, Satb2 function is antagonistic to Satb1
in regulating some target genes (Savarese et al., 2009). Whether
these BUR-binding proteins are antagonistic or sometimes
function synergistically, depending on cell differentiation or line-
age remains unknown. Further studies of their functional correla-
tion could yield important information about gene regulation in
T and B lymphopoiesis.
Although our data provide evidence of a lymphocyte-inductive

role of Satb1, an important question remains; that is, what regu-
lates Satb1 expression? Depletion of long-lived mature B cells
rejuvenates B-lymphopoiesis in old mice, suggesting that age-
associated accumulation of aged B cells seems to be sensed
by HSCs or early progenitors in BM (Keren et al., 2011). It will
be interesting to learn whether such environmental cues influ-
ence Satb1 expression in HSCs. New strategies for boosting
lymphocyte regeneration or protecting this capability during
aging might emerge from studies of Satb1-related molecular
mechanisms.

EXPERIMENTAL PROCEDURES

Animals
Animal studies were performed with the approval of the Institutional Review

Board of OsakaUniversity. Rag1-GFP knockinmicewere previously described

(Kuwata et al., 1999). Satb1!/!mice were also previously established (Alvarez

et al., 2000). WT C57BL/6 mice and the congenic C57BL/6SJL strain (CD45.1

alloantigen) were obtained from Japan Clea (Shizuoka, Japan) and The

Jackson Labs (Bar Harbor, ME), respectively. To obtain mouse fetuses, we

considered the morning of the day of vaginal plug observation as E0.5.

Flow Cytometry and Cell Sorting
Cells were stained with Abs indicated in each experiment and analyzed with

FACScanto or FACSaria (BD Bioscience). Adult BM cells from Rag1-GFP

heterozygotes were used to isolate Lin! c-kithi Sca-1+ Flt3! Rag1-GFP!

IL-7Ra! (HSC-enriched), Lin! IL-7Ra! c-kithi Sca-1+ Flt3+ Rag1-GFP!

(LMPP-enriched), Lin! IL-7Ra! c-kithi Sca-1+ Flt3+ Rag1-GFP+ (ELP-

enriched), Lin! c-kitlo Sca-1lo Flt3+ Rag1-GFP+ IL-7Ra+ (CLP-enriched), and

Lin! c-kithi Sca-1! IL-7Ra!myeloid progenitors (Adolfsson et al., 2005; Igara-

shi et al., 2002; Kondo et al., 1997). For culture experiments, we also sorted a

HSC-enriched fraction from WT C57BL/6 or Satb1!/! mice according to the

cell surface phenotype of Lin! c-kithi Sca-1+ Flt3!.

Stromal Cell Coculture
Murine stromal cell lines MS5 and OP9 were generous gifts from Dr. Mori

(Niigata University) and Dr. Hayashi (Tottori University), respectively. Freshly
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isolated or transduced cells were cocultured with stromal cells in a-MEM sup-

plemented with 10% FCS, rm SCF (10 ng/mL), rm Flt3-ligand (20 ng/mL), and

rm IL-7 (1 ng/mL). The cultures were fed twice a week and maintained for the

indicated periods in each experiment. OP9-DL1 cells originated by Dr. Kawa-

moto (Riken, Japan) were obtained fromRiken Cell Bank (Tsukuba, Japan) and

used to produce T-lineage cells. In this case, cells were cultured in the pres-

ence of rm Flt3-ligand (5 ng/mL) and rm IL-7 (1ng/mL) for 14 days, and rm

Flt3-ligand (5 ng/mL) alone thereafter. At the end of culture, cells were counted

and analyzed by flow cytometry.

Competitive Repopulation Assay
The CD45.1/CD45.2 systemwas adapted to a competitive repopulation assay.

One thousand Flt3! LSK cells sorted from FL or BM of WT, Satb1 heterodefi-

cient, or Satb1 homozygous-deficient mice (CD45.2) were mixed with 43 105

unfractionated adult BM cells obtained fromWTC57BL/6-Ly5.1 (CD45.1) mice

and were transplanted into C57BL/6-Ly5.1 mice lethally irradiated at a dose of

920 rad. At 8 weeks after transplantation, engraftment of CD45.2 cells was

evaluated by flow cytometry.

Retrovirus Transfection
Murine Satb1 expression vector was purchased fromOriGene (Rockville, MD).

A retrovirus expression vector for Satb1 was generated by subcloning into the

pMYs-IRES-GFP or DsRed vector (a gift from Dr. Kitamura, University of

Tokoyo). Conditioned medium containing high tighter retrovirus particles was

prepared as reported previously (Satoh et al., 2008). Sorted HSCwere cultured

in D-MEM containing 10% FBS, rm SCF (100 ng/ml), rm TPO (100 ng/ml), and

rm Flt3-ligand (100 ng/ml) for 24 hr. Then, the cells were seeded into the culture

plates coated with Retronectin (Takara Bio, Shiga, Japan) and cultured with

conditioned medium containing retrovirus. After 24 hr, cells were washed

and performed second transfection by the same condition. After 48 hr from

the second transfection,GFPorDsRed-positive cellswere sortedby FACSaria.

Limiting Dilution Assays
The frequencies of lymphohematopoietic progenitors were determined by

plating cells in limiting dilution assays by using 96-well flat-bottom plates.

Pre-established MS5 layers were plated with 1, 2, 4, 8, or 16 cells each by

using the Automated Cell Deposition Unit of the FACSaria. Cells were cultured

in a-MEM supplemented with 10% FCS, rm SCF (10 ng/mL), rm Flt3-ligand

(20 ng/mL), and rm IL-7 (1 ng/mL). At 10 days of culture, wells were inspected

for the presence of hematopoietic clones. Positive wells were harvested and

analyzed by flow cytometry for the presence of CD45+ hematopoietic cells

and CD45R/B220+ CD19+ Mac1! B-lineage cells. The frequencies of progen-

itors were calculated by linear regression analysis on the basis of Poisson dis-

tribution as the reciprocal of the concentration of test cells that gave 37%

negative cultures.

Lymphocyte Development from Murine ESCs
To induce differentiation toward hematopoietic cells, we deprived E14tg2a

ESCs of leukemia inhibitory factor and seeded onto OP9 cells in 6-well plates

at a density of 104 cells per well in a-MEM supplemented with 20% FBS

(Nakano et al., 1994). After 4.5 days, the cells were harvested and whole-cell

suspensions were transferred into a new 10 cm dish and incubated in 37"C

for 30 min to remove adherent OP9 cells. The collected floating cells were

infected with the retroviral supernatant in Retronectin-coated plates by 2 hr

spinoculation (1100 g) (Kitajima et al., 2006). Subsequently, the cells were

cultured on OP9 or OP9-DL1.

Tetracycline-Regulated Inducible Expression of Satb1 in ESCs
To inducibly express Satb1 in ESCs, we utilized a Tet-off system as reported

previously (Era and Witte, 2000), in which transcription of the target gene is

initiated by the removal of Tet from the culture medium. Briefly, we initially

introduced pCAG20-1-tTA and pUHD10-3-puro by electroporation and

selected one clone designated E14 by culture with 1 mg/ml of Puro and/or

1 mg/ml of Tet. We further transfected pUHD10–3-Satb1-GFP, which can indu-

cibly express Satb1 and GFP as a single mRNA through the internal ribosome

entry site in response to the Tet removal, together with the neomycin-resistant

plasmid pcDNA3.1-neo. After the culture with G418, we selected clones that

can inducibly express GFP in response to the Tet deprivation.

DNA PCR Assays for Igh Rearrangement
DNA PCR assays were performed as reported previously (Schlissel et al.,

1991). PCRwas performed by using genomic DNA extracted from splenocytes

or ES-derived cells as a template. DH-JH recombination was detected as

amplified fragments of 1,033 bp, 716 bp, and 333 bp by using a primer

DHL(50 ) and J3(30). Germline alleles were detected as an amplified fragment

of 1,259 bp by using a primer Mu0(50) and J3(30). The sequence of primers

are as follows: DHL(50), GGAATTCG(AorC)TTTTTGT(CorG)AAGGGATCTACTA

CTGTG; Mu0(50), CCGCATGCCAAGGCTAGCCTGAAAGATTACC; and J3(30),

GTCTAGATTCTCACAAGAGTCCGATAGACCCTGG.

Statistical Analyses
Unpaired, two-tailed t test analyses were used for intergroup comparisons,

and p values were considered significant if they were less than 0.05.
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a  b  s  t  r  a  c  t

CD5+TCR!"+ cells  in  CD4−CD8− double  negative  (DN)  thymocytes  are  generally  regarded  as the  thymic
precursors  of TCR!"+CD8!!+ intestinal  intraepithelial  lymphocytes  (IELs).  However,  this  population  is
not  homogenous  and  can  be  subdivided  based  on the  expression  of  cell  surface  markers  such  as  CD103.  In
this  study, we  aimed  to define  a cell population  that  is enriched  in  thymic  IEL  precursors.  Here  we report
that  only  CD103− but  not  CD103+cells  in  the  CD5+TCR!"+ DN  thymocyte  population  can  give  rise  to
TCR!"+CD8!!+ IELs  or IEL-like  cells in  in  vivo  injections  and  in  vitro cultures,  respectively.  In addition,  we
demonstrate  that  IL-15  stimulation  alone  is sufficient  for upregulation  of CD8!!  in  CD103−CD5+TCR!"+

DN  thymocytes.  We  also  found  that  the CD103−CD5+TCR!"+ DN  population  can  be  further  separated
into  two fractions:  CD69−/lo and CD69+. Of these  two  fractions,  only  CD69−/lo cells  can  give rise to CD8!!
IEL-like  cells  in  the presence  of  IL-15  in in  vitro  cultures.  Based  on  these  results,  we conclude  that  a
CD69−/loCD103−CD5+TCR!"+ DN  population  is  highly  enriched  in thymic  IEL precursors.

© 2014  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Intestinal epithelium separates the sterile internal environ-
ment from the outside. This epithelium absorbs nutrients from
food, harbors commensal bacteria flora and defends against inva-
sion of pathogens. Therefore, the balance between intestinal
immune response and tolerance, and the maintenance of the barrier
integrity at the intestinal epithelium are vital processes [1–4].

Intestinal  intraepithelial lymphocytes (IELs) reside between
intestinal epithelial cells, and play an essential role in maintain-
ing intestinal immune homeostasis [5]. IELs are exclusively T cells
whose numbers are estimated to be comparable to the total num-
ber of all conventional T cells in peripheral lymphoid organs [6,7].
There are three distinct IEL populations that are characterized by
CD4 and CD8 expression [5]. IELs with CD4 or CD8!" co-receptors
are both conventional TCR!" T cell populations that are activated
in the periphery and defend against exogenous antigens in the gut
[8]. The third IEL population consists of TCR!" or #$ T cells that
express unique CD8!! homodimers [5,9]. CD8!! molecules on

Abbreviations: IEL, intraepithelial lymphocytes; DN, CD4CD8 double negative;
DP,  CD4CD8 double positive; IL-15, interleukin 15; TCR, T cell receptor.

∗ Corresponding  author at: 5-21-16 Omori-Nishi, Ota-ku, Tokyo 143-8540, Japan.
Tel.: +81 3 5763 6692.

E-mail  address: motonari.kondo@med.toho-u.ac.jp (M.  Kondo).

these cells are believed to serve as TCR repressors rather than as
TCR co-receptors [10].

TCR!"+CD8!!+ IELs recognize autoantigens and possess reg-
ulatory functions, which are distinct from other IELs [11–13]. For
example, colitis induced in immune compromised mice after trans-
fer of CD4+CD45RBhigh T cells can be inhibited by TCR!"+CD8!!+

IELs, but not by other IELs [13]. This suppressive function might
be due to the production of immunoregulatory molecules such as
transforming growth factor " (TGF"), lymphocyte activation gene
3 (LAG3), and fibrinogen like 2 (FGL2), which are highly expressed
by TCR!"+CD8!!+ IELs [12]. Although the developmental pathway
of TCR!"+CD8!!+ IELs is not fully understood, it is almost certain
that TCR!"+CD8!!+ IELs (or their precursors) arise in the thymus
via agonist selection [14–16], in which CD4+CD8+ double positive
(DP) thymocytes are selected by their high affinity interaction with
major histocompatibility complex (MHC) -self peptide complexes
[17,18]. This notion is supported by the evidence that DP  thymo-
cytes from T cell receptor (TCR) transgenic mice can differentiate
into TCR!"+CD8!!+ IEL-like cells when the DP cells are exposed
to a high dose of their cognate antigen [14,16]. Unlike develop-
ment of conventional T cells, in which DP cells become CD4 or CD8
single positive (SP) cells after positive selection, DP cells after ago-
nist selection downregulate the expression of both CD4 and CD8
and become CD4−CD8− double negative (DN) thymocytes with CD5
and TCR!" expression [15,16]. These CD5+TCR!"+ DN cells leave
the thymus, migrate into the gut, and develop a mature phenotype

http://dx.doi.org/10.1016/j.imlet.2014.11.007
0165-2478/© 2014 Elsevier B.V. All rights reserved.
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with upregulation of CD8!! and downregulation of CD5 and Thy1
[19].

Cytokines play an important role in lymphocyte development
[20]. IL-15 and TGF" are two known factors that serve fundamen-
tal roles in the development and maturation of TCR!"+CD8!!+

IELs. In the absence of IL-15 function, mice show a severe reduction
in the number of TCR!"+CD8!!+ cells [21,22]. TGF" plays a crit-
ical role in the differentiation of DP to CD5+TCR!"+ DN cells after
agonist selection in the thymus since the number of CD5+TCR!"+

DN cells is severely reduced in the absence of TGF" partly due to
an increase in cell death [23]. In addition, involvement of TGF"
stimulation in upregulation of CD103 in thymic IEL precursors is
strongly suggested because there is a lack of CD103 expression in
CD5+TCR!"+ DN thymocytes in TGF" deficient mice while both
CD103+ and CD103− cells are observed in the CD5+TCR!"+ DN
population in the thymus of wild type (WT) mice [23]. CD103 is
also referred to as !E integrin and is widely expressed on IELs [24].
!E and "7 integrin form a heterodimeric complex, !E"7, which
interacts with E-cadherin on intestinal epithelial cells [25,26]. !E"7
plays an important role in the homing of T cells to the intestine [27]
and in their subsequent retention [28]. TGF" can induce not only
CD103 expression but also CD8!! expression in T cells [29–33].
Therefore, although there is no direct evidence to prove this point,
it is reasonable to propose that CD103+ cells in the CD5+TCR!"+

DN population might be true IEL precursors in the thymus.
In  this study, we demonstrate that, in contrast to the hypoth-

esis described above, a CD103 negative subset but not a CD103
positive subset could differentiate into TCR!"+CD8!!+ IELs
and IEL-like cells in in vivo injections and in vitro cultures,
respectively. We  further found that the CD69−/lo subfraction
of the CD103−CD5+TCR!"+DN population is highly enriched in
TCR!"+CD8!!+ IEL potential. This narrowed definition of thymic
IEL precursors may  provide the knowledge base that will contribute
to a better understanding of IEL differentiation at the molecular and
cellular level.

2.  Materials and methods

2.1.  Mice

C57BL/6 mice were purchased from CLEA Japan (Tokyo, Japan).
Rag2−/− mice on a C57BL/6 background were bred and maintained
in the animal care facility at Toho University School of Medicine.
The age of the mice used in this study was between 4 and 8 weeks
old. All experimental procedures related to laboratory mice were
performed according to guidelines specified by Toho University,
Tokyo, Japan (approval number, 14-55-118).

2.2. Cell sorting and flow cytometric analysis

The antibodies used in this study were as follows: anti-CD8!
(53-6.7) and anti-Thy1.2 (30-H12), which were purchased from BD
Pharmingen (San Diego, USA); anti-CD4 (L3T4 and GK1.5), anti-
TCR" (H57-597), anti-CD8" (eBioH35-17.2), anti-CD103 (2E7),
anti-NK1.1 (PK136), anti-CD122 (TM-"1), anti-B220 (RA3-6B2),
anti-PD-1 (J43), anti-CD25 (PC61), anti-CD69 (H1.2F3), anti-CD44
(IM7) and anti-HSA (ML/69), which were obtained from eBioscience
(San Diego, USA) and anti-CD5 (53-7.3), anti-CCR9 (CW-1.2),
anti-!4"7 (DATK32) and anti-CD127 (A7R34), which were pur-
chased from Biolegend (San Diego, USA). All antibodies were
biotinylated or were labeled with fluorescent dyes. Streptavidin
labeled with PE, PE/Cy7, or APC was used as the secondary
reagent when biotinylated antibodies were used. The preparation
of single cell suspensions and antibody staining of cells were per-
formed as described previously [34]. To purify DN thymocytes,

the  total thymocyte population was  first incubated with MACS
beads conjugated with anti-CD4 and anti-CD8! (Miltenyi Biotec,
Bergisch Gladbach, Germany). The CD4+ and CD8+ cells were
then depleted using an autoMACS machine (Miltenyi Biotec).
Enriched DN thymocytes were subsequently stained with the
various antibodies listed above. Cell sorting and cell surface phe-
notyping were performed using a FACSAria III (BD Biosciences,
San Jose, USA). Dead cells were excluded with 7-AAD staining.
Data were analyzed using FlowJo software (Treestar, Ashland,
USA).

2.3. Preparation of IELs

The  procedure of Das et al. [35] was followed for IEL prepara-
tion. Briefly, mouse small intestines were removed and thoroughly
flushed with PBS. After cutting into 2–3 cm long sections, the inner
face of the small intestines was  turned out and agitated in Hanks’
Balanced Salt Solution (Invitrogen, Carlsbad, USA), containing 2%
FCS, 1 mM dithiothreitol, 12.5 mM HEPES and 20 mM  EDTA, at 37 ◦C
for 45 min. After the cell suspension was passed through a 70 %m
nylon cell strainer, the cells were centrifuged through a 40%/70%
Percoll (GE Healthcare Life Sciences, Pittsburgh, USA) gradient. IELs
were harvested at the interface, stained with the appropriate anti-
bodies and analyzed by flow cytometry.

2.4. Analysis of in vitro and in vivo IEL potentials

To examine CD8!! expression potential in vitro, 1 × 104 cells
in subfractions of the CD5+TCR!"+ DN population in the thymus
were purified by FACS sorting, cultured for 4 days in RPMI1640
with 10% FCS, 5 × 10−5 M 2-ME, antibiotics and IL-15 (100 ng/ml,
R&D Systems, McKinley Place, USA), harvested and subjected to
FACS analysis. Cell viability shown in Fig. 3B was determined by
7-AAD staining on FACS after 2 day-culture of cells in the pres-
ence of IL-15. For analysis of in vivo differentiation potentials of
the CD103− and CD103+ fractions of the CD5+TCR!"+ DN popula-
tion, each FACS purified fraction (4 × 105 cells) was intravenously
injected into RAG2−/− mice. Four weeks after transfer of the cells,
IELs were isolated from the recipient intestine and their cell surface
phenotype was  examined by FACS.

2.5. Quantitative PCR analysis

FACS  sorted CD103− or CD103+ CD5+TCR!"+ DN thymo-
cytes were cultured with or without 100 ng/ml IL-15 for 2 h.
Total RNA was  extracted from the cells using TRIzol reagent
(Invitrogen). Quantitative PCR was performed according to the
protocol of Taqman gene expression assay kits (Applied Biosys-
tems) using the following primers: Hprt, Mm00446968 ml;  and
Cis1, Mm01230623 g1. Results were normalized to the expression
of Hprt mRNA.

2.6.  Statistical analysis

Student’s  t-test was  used for statistical analysis. A P value of 0.05
or less was  considered significant.

3. Results

3.1. The CD103− fraction of CD5+TCR˛ˇ+ DN thymocytes is
highly  enriched in TCR˛ˇ+CD8˛˛+ IEL potential

We  first examined the expression of various cell surface
molecules on CD5+TCR!"+ DN cells (thymic IEL precursors) derived
from C57BL/6 mice in order to clarify the homogeneity of the thymic
IEL precursor population. This IEL precursor population is distinct
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from DN3 cells that have completed rearrangement of the TCR"
gene (supplemental Fig. 1). Consistent with previous results, we
found that this population can be divided into two subpopulations
based on the expression of CD103 (Fig. 1A), which is an adhesion
molecule expressed by mature IELs [23,25,26]. We  confirmed that
these CD103+ and CD103− fractions are indeed two distinct cell
populations by purification of the CD103+ and CD103− fractions in
the thymic IEL precursor population by FACS sorting and reanalysis
of expression of the cell surface markers (Fig. 1B).

Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.imlet.
2014.11.007.

We  next wished to analyze these CD103 populations regarding
their TCR!"+CD8!!+ IEL potential, including their potential to
express markers that are known to be downregulated on, or absent
from, mature IELs in the gut. It is known that CD5 expression
on IEL precursors is downregulated when they differentiate into
mature IELs in the gut [15]. It has also been suggested that mature
IELs are negative for Thy1.2 [36,37]. Based on these previous data,
and for comparative purposes, we first examined CD5 and Thy1.2
expression on TCR!"+CD8!!+ IELs derived from C57BL/6 mice.
Approximately 60% of TCR!"+ cells in the gut of C57BL/6 mice
were CD8!!+ IELs (Fig. 2A, left). These TCR!"+CD8!!+ IELs were
subdivided into three populations: CD5+Thy1.2+, CD5−Thy1.2+

and CD5−Thy1.2− fractions (Fig. 2B). CD5+Thy1.2+ CD8!!+ IELs
expressed CD4, whereas much less CD5−Thy1.2+ IELs and virtually

no  CD5−Thy1.2− IELs expressed CD4 (Fig. 2B), suggesting that CD4
and CD5 expression is correlated in TCR!"+CD8!!+ IELs.

We then examined the TCR!"+CD8 !!+ IEL potential of the
CD103+ and CD103− fractions in the thymic IEL precursor popu-
lation. We  injected each purified IEL precursor type from C57BL/6
mice into RAG2−/− mice that have no lymphocytes including IELs.
Four weeks after transfer, cells in the CD103− fraction had given
rise to TCR!"+CD8!!+ IELs (Fig. 2A, right). Although more than
half of these TCR!"+CD8!!+ IELs expressed CD5 (Fig. 2C), all three
subpopulations of TCR!"+CD8!!+ IELs that were seen in C57BL/6
mice (Fig. 2B), were also observed in RAG2−/− mice injected with
the CD103− thymic IEL precursors (Fig. 2C). In contrast, very few
CD8!!+ IELs were differentiated from the CD103+ subfraction of
the thymic IEL precursor population (Fig. 2A, center). These results
suggest that TCR!"+ CD8!!+ IEL potential is present in the CD103−,
but not in the CD103+ fraction of the CD5+TCR!"+ DN thymic IEL
precursor population.

3.2.  Differentiation of CD8˛˛+ T cells from CD103− thymic IEL
precursors in vitro in the presence of IL-15

IL-15 that is produced in the intestinal microenvironment
plays  an important role in the development of TCR!"+CD8!!+

IELs [15,36,37]. The lack of TCR!"+ CD8!!+ IEL potential in the
CD103+ subfraction of the CD5+TCR!"+ DN thymic IEL precursor
population could potentially be due to the absence of proper IL-15

Fig. 1. Subfractionation of thymic IEL precursors by CD103 expression. (A) The whole thymocyte population was  stained with antibodies for lineage markers such as CD4,
CD8!,  B220 and NK1.1 and for other cell surface markers including TCR", CD5 and CD103 and was then analyzed by FACS. Thymic IEL precursors, which are defined as
TCR!"+CD5+ DN cells (left and center panels), were divided into CD103− and CD103+ fractions (right panel). We excluded not only CD4+ or CD8!+ cells but also cells positive
for B220 and NK1.1 according to Konkel et al. [23]. (B) FACS analysis of CD103, CD5 and TCR" expression on the CD103− (solid line) and CD103+ (dotted line) fractions of
TCR!"+CD5+ DN thymocytes after purification by FACS sorting. Negative staining of each marker falls into the shaded area in each panel.
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Fig. 2. CD103− but not CD103+ cells in the TCR!"+CD5+ DN thymocyte population could give rise to TCR!"+CD8!!+ IELs in vivo. (A) CD8! and CD8" expression on
TCR!"+ IELs purified from C57BL/6 mice (left) and from RAG2−/− mice that had been injected with CD103+TCR!"+CD5+ DN thymocytes (center) or CD103−TCR!"+CD5+

DN thymocytes (right) from C57BL/6 mice. CD8!+CD8"− cells in the FACS plots correspond to TCR!"+CD8!!+ IELs. These TCR!"+CD8!!+ IELs in C57BL/6 mice (B) or in
RAG2−/− mice injected with CD103−TCR!"+CD5+ DN thymocytes (C) could be subdivided into 3 subfractions based on CD5 and Thy1.2 expression. CD4 expression on the
cells in each subfraction is also shown. Representative results from 2 independent experiments (in vivo injections) are shown.

receptor function. To clarify this issue, we examined the mRNA
expression of the Cis1 gene before and after IL-15 stimulation in
the CD103−, and CD103+ fractions of CD5+TCR!"+ DN thymocytes.
As shown in Fig. 3A, upregulation of Cis1 mRNA was observed in
both CD103− and CD103+ cells in the CD5+TCR!"+ DN thymic
IEL population at 2 h after IL-15 stimulation, suggesting that the
IL-15 receptor and its immediate downstream signaling cascade
are functional even in the CD103+ subpopulation of the thymic
IEL precursor population. Next, we determined if IL-15 might have
different effects on the CD103− and CD103+ subpopulations. We
therefore cultured each fraction of CD5+TCR!"+ DN thymocytes
in the presence of IL-15 and found that, after 2 days of culture, a
greater number of cells in the CD103− fraction had survived than in
the CD103+ fraction (Fig. 3B). Analysis of CD8!! expression of the

cells  after 4 days of IL-15 culture indicated that the live cells that
were derived from CD103− cells expressed CD8!! (Fig. 3C, center
panel), whereas none of the CD103+ cells gave rise to CD8!!+ cells
(Fig. 3C, left panel). Half of the CD103− fraction-derived CD8!!+

cells downregulated CD5 expression (Fig. 3C, right panel). These
results suggest that IL-15 alone is sufficient for maturation of
CD5+TCR!"+ DN thymic IEL precursors in terms of upregulation of
CD8!!. They also imply that the CD103+ fraction of CD5+TCR!"+

DN thymocytes has no TCR!"+CD8!!+ IEL potential even in the
presence of an excess amount of IL-15.

We then further analyzed the change in expression of other cell
surface molecules on CD103−CD5+TCR!"+ DN thymocytes before
and after culture in the presence of IL-15 for 4 days. CD103 was
upregulated in CD103− thymic IEL precursors after the culture
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Fig. 3. IL-15 was  sufficient for induction of CD8!! expression in thymic IEL precursors. (A) Expression of Cis1 was  examined in CD103+ and CD103− cells in the TCR!"+CD5+ DN
population before (blank bar) and after IL-15 stimulation (2 h, filled bar) by quantitative RT-PCR analysis. (B) Percentage of live cells after 2 day-culture of CD103+ and CD103−

cells in the presence of IL-15 is shown. Live cells and dead cells were distinguished using 7-AAD staining and FACS analysis. (C) CD8!! expression on CD103+ and CD103−

cells in the TCR!"+CD5+ DN population after 4 day-culture in the presence of IL-15. CD5 and Thy1.2 expression on CD8!!+ IEL-like cells derived from CD103−TCR!"+CD5+

DN thymocytes is also shown. Representative results from more than 3 independent experiments are shown.

(Fig. 4A). Similarly, expression of another adhesion molecule com-
plex !4"7, which plays a critical role in T cell homing to the gut
[38–40], was upregulated in most CD103− thymic IEL precursors
(Fig. 4B). Although the chemokine receptor, CCR9 has been sug-
gested to be important for IEL precursor homing to the gut [38,41],
only few (or virtually no) CD103−CD5+TCR!"+ DN thymocytes
expressed CCR9 before or even after culture with IL-15 (Fig. 4C).
Therefore, other stimulation might be necessary for upregulation
of CCR9 during the maturation process of IEL precursors.

We  also investigated the expression of activation markers (CD25
and CD69) and of heat stable antigen (HSA), which is commonly
used to monitor the maturation status of T cells [42,43]. Although
CD25 was not detected on the CD103− thymic IEL precursors prior
to culture, CD25 expression was significantly upregulated after cul-
ture with IL-15 (Fig. 4D). This result might be due to activation of the
signaling molecule Stat5 by stimulation with IL-15 [44–46]. Half of
the CD103− thymic IEL precursors prior to IL-15 culture expressed
the activation marker, CD69, which is normally upregulated upon
TCR stimulation [47]. Although not much change in the percentage

of  cells in the CD69 positive gate was  observed after culture with
IL-15, the mean fluorescence intensity did increase from 222 to 423
(Fig. 4E), suggesting that the cells are in an activated state follow-
ing IL-15 stimulation. Finally, most CD103− thymic IEL precursors
were positive for HSA prior to culture with IL-15, whereas after
IL-15 culture HSA expression was downregulated (Fig. 4F). Since
downregulation of HSA is similarly observed at the DP to SP stage
transition during conventional T cell development in the thymus
[42], HSA expression may  also be a good indicator of the maturation
status of TCR!"+CD8!!+ IELs.

3.3. TCR˛ˇ+CD8˛˛+ IEL potential was  further enriched in
CD69−/lo cells in the CD103− thymic IEL precursor population

As  shown in Fig. 4, CD103− thymic IEL precursors were still het-
erogeneous in terms of !4"7 and CD69 expression (Fig. 4B and
E). We  purified fractions that were positive or negative for each
marker and examined their CD8!! IEL potential by in vitro culture
in the presence of IL-15 for 4 days. Similar numbers of CD8!!+ cells
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Fig. 4. Cell surface phenotype of CD103−TCR!"+CD5+ DN thymocytes induced or reduced by IL-15. Expression of CD103 (A), !4"7 (B), CCR9 (C), CD25 (D), CD69 (E) and
HSA (F) on CD103−TCR!"+CD5+ DN thymocytes (open histogram) before (upper panels) and after (lower panels) culture for 4 days in the presence of IL-15 was  examined
by FACS analysis. The dotted histogram represents isotype control staining. Representative results from three independent experiments are shown.

(∼30%) were obtained from !4"7
+ and !4"7

− fractions (Fig. 5A),
suggesting that !4"7 expression may  not be correlated with
TCR!"+CD8!!+ IEL potential in the CD103− thymic IEL precursor
population. On the other hand, more CD8!!+ cells were obtained

from  the CD69−/lo fraction than from the CD69+ fraction (Fig. 5B).
Thus, the above data clearly demonstrate that TCR!"+CD8!!+ IEL
potential is highly enriched in the CD69−/loCD103−CD5+ TCR!"+

DN population in the thymus.
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Fig. 5. Thymic IEL precursors were enriched in the CD69−/lo fraction of the CD103−TCR!"+CD5+ DN population. The CD103−TCR!"+CD5+ DN thymocyte population was
subdivided based on either !4"7 (A) or CD69 (B) expression. Cell fractions that were positive or negative (including low positive) for each marker were cultured in the
presence of IL-15 for 4 days. The cell surface phenotype of cultured cells was analyzed by FACS. The gated population in the FACS plots indicates CD8!!+ cells. Representative
results from three independent experiments are shown.

4. Discussion

TCR!"+CD8!!+ IELs are a unique intestinal population that
plays a fundamental role in maintaining intestinal immune homeo-
stasis [13]. TCR!"+CD8!!+ IELs and other types of conventional T
cells are derived from common thymic progenitors such as early
T cell progenitors (ETPs) [48,49]. Developmental pathways of con-
ventional TCR!"+ T cells and TCR!"+CD8!!+ IELs branch at the DP
stage [14–16]. In conventional T cell development, either CD4 or
CD8 expression is downregulated after positive selection whereas
both CD4 and CD8 are downregulated after agonist selection in
TCR!"+CD8!!+ IEL development [15,16]. It appears that the fate
of DP cells that end up as TCR!"+CD8!!+ IELs is determined before
agonist selection since CD4+CD8!"+CD8!!+ triple positive (TP)

cells  are present in the DP fraction and preferentially give rise to
TCR!"+CD8!!+ IELs [15]. Although post-selected cells are recog-
nized as CD5+TCR!"+ DN thymocytes, as shown in this report the
CD69−/loCD103−CD5+TCR!"+ DN population, which forms a part of
the CD5+TCR!"+ DN thymocyte population, is highly enriched in
TCR!"+CD8!!+ IEL potential. Low levels of CD69 expression sug-
gest that it takes time for DP (or TP) cells to transit to the thymic
IEL precursors.

The adhesion molecule, integrin CD103 is highly expressed on
mucosal lymphocytes including IELs [50]. Since CD103 deficient
mice have reduced intestinal IEL number [51], it is clear that CD103
is necessary for IEL maturation or homing to the gut, although hom-
ing of CD8+ recent thymic emigrants to the gut is not inhibited by
administration of anti-CD103 antibody [38]. TGF" is suggested to
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induce CD103 on CD5+TCR!"+ DN thymocytes since TGF" deficient
mice have only CD103− but not CD103+CD5+TCR!"+ DN cells [23].
As we have shown in this paper, CD103+CD5+TCR!"+ DN thymo-
cytes have no TCR!"+CD8!!+ IEL potential. Therefore, the central
role of TGF" in the process of IEL differentiation in the thymus
might be protection of IEL precursors from apoptotic cell death as
previously indicated [23], rather than stimulation of maturation of
the cells. At this moment, the nature of the CD103+CD5+TCR!"+

DN thymocytes has not been clarified. However, our preliminary
observations suggest that some CD103+CD5+TCR!"+ DN cells may
have NKT cell potential (data not shown). We  should note that het-
erogeneity of CD103 expression is observed in conventional DN and
DP cells (supplemental Fig. 2), although identity of DN or DP cells
positive for CD103 is not clear as well.

Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.imlet.
2014.11.007.

It has been demonstrated that !4"7 expression is important for
T cell homing to the gut [52]. Since CD103−CD5+TCR!"+ DN thymo-
cytes express !4"7, these IEL precursors may  be able to efficiently
home to the gut via this integrin. CCR9 is another molecule that
has been suggested to play a role in lymphocyte homing to the gut
[38,41]. However, only low (or no) CCR9 expression is observed in
CD103−CD5+TCR!"+ DN thymocytes (Fig. 4c). Therefore, require-
ment of CCR9 on these precursors for homing to the gut may  need
to be carefully addressed.

In  addition to TGF", IL-15 is another important cytokine for the
differentiation of IELs. The major functions of IL-15 appear to be to
support maturation, expansion and maintenance of CD8!!+ IELs in
the gut [21,36,37]. Furthermore, IL-15 alone is sufficient for induc-
tion of CD8!!+ IEL-like cells from thymic IEL precursors as shown in
this and other papers [15]. It was shown that CD8! expression can
be induced in CD4+ T cells by TGF" stimulation [23,31]. However,
although TGF" is necessary for proper IEL differentiation, whether
TGF" has a role in upregulation of CD8!! in thymic IEL precur-
sors is not clear. In preliminary experiments, we cultured CD103−

thymic IEL precursors in the presence of both IL-15 and TGF" and
found no synergistic effect of TGF" in induction of CD8!! expres-
sion (data not shown). Therefore, TGF" and IL-15 may  have distinct
functions and be necessary at different maturation stages during IEL
differentiation.

CD5 and Thy1.2 expression are commonly used to sep-
arate immature (CD5+ or Thy1.2+) and mature (CD5− or
Thy1.2−) TCR!"+CD8!!+ IELs [19]; however, characterization of
TCR!"+CD8!!+ IELs with regard to the combined expression of
CD5 and Thy1.2 has not been performed. It is a well-known fact
that some TCR!"+CD8!!+ IELs also express CD4 [35]. As shown
in Fig. 2B, all CD5+Thy1.2+ cells in the TCR!"+ CD8!!+ IEL popu-
lation express CD4, suggesting that CD5+Thy1.2+ IELs are distinct
from the other IELs in this population. Conventional CD4+ T cells
can differentiate into CD8!!+ IELs in in vivo injections or in vitro
cultures in the presence of TGF" as mentioned above [29,31]. It is
therefore possible that the CD8!!+ IELs in the CD5+Thy1.2+ frac-
tion were converted from CD4+ T cells. It should be noted that
CD5+Thy1.2+ IELs are also derived from CD103− thymic IEL pre-
cursors after injection into RAG2−/− mice (Fig. 2C). Therefore, cells
of multiple origins might differentiate into CD5+Thy1.2+ IELs. We
did not observe downregulation of Thy1.2 after 4 day-culture of
CD103− thymic IEL precursors in the presence of IL-15 (Fig. 3C).
Hence, additional factors in the gut must be necessary for genera-
tion of CD5−Thy1.2− IELs from thymic IEL precursors.

In summary, we demonstrate in this paper that thymic IEL pre-
cursors after agonist selection are CD69−/loCD103−CD5+TCR!"+

DN thymocytes. These cells can upregulate CD8!! and become IEL-
like cells in in vitro cultures in the presence of IL-15. These results
establish a knowledge base that may  help in clarification of precise

differentiation  pathways as well as molecular regulatory networks
in the process of TCR!"+CD8!!+ IEL generation.
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The diverse antigen receptor repertoires of  
T and B lymphocytes are generated by a site-
specific DNA recombination process that as-
sembles antigen receptor variable (V), diversity 
(D), and joining (J) gene segments in developing 
lymphocytes. This process, known as V(D)J re-
combination, is initiated by a protein complex 
composed of recombination activating genes  
1 and 2 (RAG1 and RAG2), which can recognize 
and cleave at recombination signal sequences 
(RSSs) that flank TCR and immunoglobulin V, 
D, and J gene segments (Schatz and Swanson, 
2011). The Rag1 and Rag2 genes display a dis-
tinctive, tightly linked genomic organization 
with stringently and coordinately regulated ex-
pression during T and B lymphocyte develop-
ment (Kuo and Schlissel, 2009).

There are two developmental windows  
of Rag1 and Rag2 (hereafter, Rag) gene expres-
sion during T and B lymphocyte development  
(Kuo and Schlissel, 2009). In developing thy-
mocytes, the Rag genes are first expressed at the 
CD4 CD8  double-negative (DN) stage to pro-
mote recombination of the Tcrb, Tcrg, and Tcrd 
genes. Productive Tcrb recombination causes 
Rag gene down-regulation, cellular prolifer-
ation, and differentiation to the CD4+CD8+ 
double-positive (DP) stage. Rag genes are then 
reexpressed in DP thymocytes to promote  
recombination of Tcra genes. After productive  
Tcra gene assembly and positive selection of  
TCR-expressing DP thymocytes, Rag genes are  
silenced during differentiation to the CD4+CD8  
or CD4 CD8+ single-positive (SP) stage. In simi-
lar fashion, an initial phase of Rag gene expression 
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An anti-silencer– and SATB1-dependent 
chromatin hub regulates Rag1 and Rag2 gene 
expression during thymocyte development
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Rag1 and Rag2 gene expression in CD4+CD8+ double-positive (DP) thymocytes depends on 
the activity of a distant anti-silencer element (ASE) that counteracts the activity of an 
intergenic silencer. However, the mechanistic basis for ASE activity is unknown. Here, we 
show that the ASE physically interacts with the distant Rag1 and Rag2 gene promoters  
in DP thymocytes, bringing the two promoters together to form an active chromatin hub. 
Moreover, we show that the ASE functions as a classical enhancer that can potently activate 
these promoters in the absence of the silencer or other locus elements. In thymocytes lack-
ing the chromatin organizer SATB1, we identified a partial defect in Tcra gene rearrange-
ment that was associated with reduced expression of Rag1 and Rag2 at the DP stage. 
SATB1 binds to the ASE and Rag promoters, facilitating inclusion of Rag2 in the chromatin 
hub and the loading of RNA polymerase II to both the Rag1 and Rag2 promoters. Our results 
provide a novel framework for understanding ASE function and demonstrate a novel role 
for SATB1 as a regulator of Rag locus organization and gene expression in DP thymocytes.
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Noncommercial–Share Alike–No Mirror Sites license for the first six months 
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self-renewal (Will et al., 2013). In hematopoietic progenitor 
cells, SATB1 supports the expression of genes critical for lym-
phocyte development and plays an important role in lympho-
poiesis (Satoh et al., 2013). SATB1 is expressed at unusually 
high levels in the thymus (Dickinson et al., 1992), and Satb1-
null mice display inefficient T cell development with the 
major block at the DP stage, resulting in dramatically reduced 
numbers of SP thymocytes and peripheral T cells (Alvarez et al., 
2000; Satoh et al., 2013). SATB1 is also regulated in the con-
text of peripheral T cell activation and differentiation (Cai  
et al., 2006; Lund et al., 2005), with increased expression  
required for Th2 differentiation and cytokine gene expression 
(Cai et al., 2006; Ahlfors et al., 2010; Notani et al., 2010). 
Conversely, reductions in SATB1 expression are critical for 
regulatory T cell function (Beyer et al., 2011).

Given the well-established role of chromosome architec-
ture in regulating gene expression and assembly of antigen 
receptor loci (Jhunjhunwala et al., 2009; Shih and Krangel, 
2013), we investigated whether SATB1 functions to regulate 
V(D)J recombination in DP thymocytes. We found that Tcra 
gene rearrangement is partially impaired in SATB1-deficient 
thymocytes, a defect that was associated with substantially  
reduced expression of Rag1 and Rag2 at the DP stage. Our 
analysis of this expression defect revealed that the ASE and 
Rag promoters interact over long-distances in DP thymocytes 
and that SATB1 is important to bring Rag2 into this complex 
and to load RNA polymerase II (RNA pol II) to the Rag1 
and Rag2 promoters. Our results provide a novel framework 
for understanding ASE function and the mechanistic basis for 
Rag gene expression in DP thymocytes.

RESULTS
Impaired Tcra rearrangement  
in SATB1-deficient DP thymocytes
To investigate its role in V(D)J recombination, we disrupted the 
gene encoding SATB1 in long-term hematopoietic stem cells 
of Satb1f/f mice (unpublished data) using a Vav-Cre transgene. 
Unlike Satb1-null mice (Alvarez et al., 2000), Satb1f/fVav-Cre 
mice displayed normal growth and survival. Total thymocyte 
numbers were reduced 60% in Satb1f/fVav-Cre as compared 
with Satb1f/f (also referred to as WT) mice, with similar reduc-
tions in the numbers of DN and DP thymocytes (Table 1 and 
Fig. S1). However, there were 85–90% reductions in SP thy-
mocytes. Thus, Satb1-deficient thymocytes undergo a normal 
DN to DP transition, but an impaired transition from DP to SP. 
Satb1 mRNA expression was reduced by 95% in DN3 thy-
mocytes from Satb1f/fVav-Cre mice and its expression was es-
sentially undetectable in DP thymocytes (Table 2).

We tested for V(D)J recombination defects using PCR  
to quantify Tcra locus V -to-J  rearrangement in genomic 
DNA from WT and Satb1f/fVav-Cre thymocytes. The murine 
Tcra/Tcrd locus contains 100 V  and 61 J  gene segments 
which can undergo several rounds of recombination in DP 
thymocytes (Krangel, 2009). Newly generated DP thymo-
cytes preferentially rearrange V  segments to the most 5  J  

in prepro– and pro–B cells mediates recombination of Igh 
genes, whereas a subsequent phase of Rag gene expression in 
small pre–B cells mediates recombination of Igk and Igl genes.

Transcriptional regulation of the Rag genes is complex, 
involving distinct sets of lineage- and stage-specific cis- 
elements that cooperate with the Rag1 and Rag2 promoters 
(Kuo and Schlissel, 2009). Rag expression in developing B cells 
depends on sequences upstream of the Rag2 promoter, in-
cluding a proximal enhancer at 2.6 kb, a distal enhancer at 

8 kb, and the well-studied Erag enhancer at 23 kb (Hsu 
et al., 2003; Kuo and Schlissel, 2009). Sequences within 10 kb 
of Rag2 appear capable of supporting Rag gene expression in 
DN thymocytes (Monroe et al., 1999; Yu et al., 1999); how-
ever, in DP cells, Rag gene expression is critically dependent 
on a more distant element located between 71 and 79 kb  
upstream of Rag2 (Yannoutsos et al., 2004). Elimination of this 
so-called anti-silencer element (ASE) by gene targeting re-
duced Rag1 and Rag2 expression by two orders of magnitude 
in DP thymocytes and prevented differentiation into SP cells, 
but had only modest effects on Rag gene expression in DN 
thymocytes (Yannoutsos et al., 2004). Studies with transgenic 
mice also revealed the presence of a silencer element between 
the Rag1 and Rag2 genes, which can extinguish Rag expres-
sion in DP thymocytes and partially suppress expression in 
DN thymocytes. Importantly, ASE activity was shown to be 
essential to counteract the suppressive effects of the intergenic 
silencer in DP thymocytes (Yannoutsos et al., 2004). Silencer 
activity depends on a binding site for Runx transcription 
factors, but further mechanistic information about ASE or  
silencer function has been lacking.

Gene regulation by distal elements generally depends on 
long range interactions that are facilitated by chromatin archi-
tectural proteins (Gibcus and Dekker, 2013; Merkenschlager 
and Odom, 2013). Special AT-rich binding protein 1 (SATB1)  
is a nuclear matrix/scaffold-associated DNA-binding protein 
that participates in the maintenance of chromatin architec-
ture and regulates the expression of a large number of genes 
(Alvarez et al., 2000; Kumar et al., 2007; Han et al., 2008; 
Ahlfors et al., 2010). SATB1 binds ATC-rich DNA sequences 
(also referred to as base unpairing regions) and anchors these 
sequences to the nuclear matrix to form loops (Cai et al., 2003, 
2006; Kumar et al., 2007). In addition, SATB1 can tether 
genes to the nuclear matrix by protein–protein interactions 
(Skowronska-Krawczyk et al., 2014). SATB1 can also recruit 
chromatin remodeling complexes that either promote or in-
hibit gene expression (Kumar et al., 2006). Given these activi-
ties, it is not surprising that SATB1 regulates gene expression 
programs in a wide variety of cells, including embryonal stem 
cells (Savarese et al., 2009), neuronal cells (Balamotis et al., 
2012), epithelial progenitor cells (Fessing et al., 2011), pitu-
itary cells (Skowronska-Krawczyk et al., 2014), and many tumors 
(Kohwi-Shigematsu et al., 2013). Within the hematopoietic 
compartment, SATB1 is expressed in stem cells and is then up-
regulated during their commitment to lymphoid lineages (Satoh 
et al., 2013; Will et al., 2013). In hematopoietic stem cells, 
SATB1 maintains quiescence and the potential for long-term 
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from cell death those thymocytes that had exhausted the en-
tire J  array but failed to be positively selected. Although the 
Bcl2 transgene partially ameliorated the strong bias toward 5  J  
usage in Satb1f/fVav-Cre thymocytes, the 5  bias nevertheless 
persisted and J  usage in Satb1f/fVav-Cre Bcl2 tg and Satb1f/f 
Bcl2 tg thymocytes remained distinct. Thus, differential life-
span of DP thymocytes cannot account for differential J  usage 
in SATB1-deficient and WT thymocytes. We also detected no 
change in germline transcription across the J -C  region, 
suggesting that differential J  usage does not reflect a change 
in J  locus accessibility (Fig. 1 E).

Reduced Rag1 and Rag2 gene expression  
in SATB1-deficient DP thymocytes
Previous work had shown that impaired 3  J  usage can re-
sult from defective Rag gene expression in DP thymocytes 
(Yannoutsos et al., 2001). We therefore assessed Rag1 and 
Rag2 mRNA expression in DN and DP thymocytes from 
Satb1f/fVav-Cre and WT mice using real-time PCR (Fig. 2 A). 
Consistent with previous results (Yannoutsos et al., 2004) 
Rag1 and Rag2 expression were higher in DP thymocytes 
than in DN3 thymocytes from WT mice. SATB1-deficient 
thymocytes displayed normal Rag1 and Rag2 expression at 
the DN stage but displayed 70 and 80% reductions in 
Rag1 and Rag2 expression, respectively, in DP thymocytes. 
Similar reductions in Rag1 and Rag2 transcripts were ob-
served in DP thymocytes from Satb1f/fLck-Cre mice; thus, 

segments, whereas more mature DP thymocytes may re-
place these initial rearrangements by joining upstream V  to 
more 3  J  segments. In Satb1f/fVav-Cre thymocytes, quanti-
tative PCR revealed relatively normal V  rearrangement to  
5  J  segments, but impaired rearrangement to 3  J  segments  
(Fig. 1 A). This represented a deficiency in RAG-mediated 
cleavage at 3  J  gene segments rather than a deficiency in 
double-strand break repair, because similar reductions in sig-
nal end recombination intermediates at 3  J  gene segments 
were detected by ligation-mediated PCR (Fig. 1 B).

Defective 3  J  usage can result from impaired thymocyte 
survival (Guo et al., 2002). However, the survival of purified 
Satb1f/fVav-Cre DP thymocytes in culture was reduced only 
slightly as compared with WT thymocytes (Fig. 1 C). To fur-
ther investigate a role for DP thymocyte viability in the J  
rearrangement defect, we introduced a Bcl2 transgene into 
the Satb1f/fVav-Cre and WT backgrounds to extend thymo-
cyte lifespan (Fig. 1 D). We then analyzed equal amounts of 
Tcra cDNA for 5  and 3  J  segment usage. Consistent with 
the rearrangement defect noted above (Fig. 1, A and B), we 
observed a strong bias toward 5  J  usage in Satb1f/fVav-Cre 
as compared with WT thymocytes (Fig. 1 D; note that 5  J  
usage in Satb1f/fVav-Cre thymocytes appears to be elevated 
over WT because J  signals were normalized to total Tcra 
transcripts in this assay). The Bcl2 transgene had minimal ef-
fect on the pattern of J  usage in WT thymocytes; the notable 
exception was J 2, where Bcl2 expression appeared to protect 

Table 1. Quantification of thymocyte subsets in WT (Satb1fl/fl) and Satb1 /  (Satb1f/fVav-Cre) micea

Cell population WT (×10 5) Satb1 /  (×10 5)

Total thymocytes (n = 6-7) 1,730 ± 610 670 ± 300b

DN1 (n = 3-4) 0.45 ± 0.30 0.20 ± 0.17
DN2 (n = 3-4) 0.89 ± 0.10 0.11 ± 0.10c

DN3 (n = 3-4) 17.9 ± 10.3 5.1 ± 3.4
CD8 ISP (n = 5-6) 22.0 ± 11.3 12.4 ± 9.1
DP (n = 6-7) 1,460 ± 500 570 ± 250b

CD4 SP (n = 6-7) 109 ± 49 17 ± 7c

CD8 SP (n = 6-7) 28.2 ± 11.6 2.7 ± 2.1c

aVav-Cre transgenic mice have no intrinsic thymic phenotype (de Boer et al., 2003).
bP < 0.01 when compared with WT counterparts (Student’s t test).
cP < 0.001 when compared with WT counterparts (Student’s t test).

Table 2. Satb1 mRNA expression (relative to B2m) in thymocyte subsets of WT (Satb1fl/fl) and Satb1 /  (Satb1f/fVav-Cre) micea

SATB1/ 2-microglobulin WT (×102) Satb1 /  (×102)

DN3 (n = 2) 3.28 ± 0.31 0.19 ± 0.02
DN4 (n = 2) 36.5 ± 2.68 0.13 ± 0.05
CD8 ISP (n = 2) 90.9 ± 40.8 NDb

DP (n = 2) 241 ± 51.5 0.0046 ± 0.0008
CD4 SP (n = 2) 26.4 ± 3.49 0.093 ± 0.041
CD8 SP (n = 2) 5.15 ± 0.30 0.0049 ± 0.0029
aRNA and cDNA were prepared from 30,000 cells.
bND, not detected.
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4 trimethylation (H3K4me3) at the Rag1 and Rag2 pro-
moters and gene bodies in Satb1f/fVav-Cre DP thymocytes  
(sites L, M, O and P, Fig. 2 C). We conclude that biased  
5  J  usage in Satb1f/fVav-Cre thymocytes reflects inefficient  

the Rag expression defect is T cell intrinsic (Fig. 2 B). Con-
sistent with the reduced expression phenotype, chromatin 
immunoprecipitation (ChIP) revealed substantial reductions 
in the transcription-associated modification histone H3 lysine  

Figure 1. Defective Tcra rearrangement in SATB1-deficient 
thymocytes. (A) Tcra coding joints. Thymocyte genomic  
DNA samples were amplified by quantitative PCR using primers 
specific for the V 8 (TRAV12), V 2 (TRAV14), or V 10 (TRAV13) 
families in conjunction with different J  primers. The data are 
plotted as mean ± SEM of two experiments, each with one 
mouse per genotype, with values for SATB1-deficient thymo-
cytes (Satb1 / , Satb1f/fVav-Cre) normalized to those for WT 
littermates (Satb1f/f). *, P ≤ 0.05 by two-way ANOVA with  
Sidak’s multiple comparisons test. (B) J  signal ends. Three-fold 
serial dilutions of linker-ligated thymocyte genomic DNA sam-
ples were analyzed by PCR using J -specific and linker-primers. 
PCR products were visualized on Southern blots using radiola-
beled J -specific oligonucleotide probes. The data are repre-
sentative of two experiments, each with one mouse per 
genotype. , no DNA. (C) DP thymocyte survival. WT and 
SATB1-deficient thymocytes were cultured in vitro for the indi-
cated times and the percentage of Annexin V  DP thymocytes 
was determined. The data represent the mean ± SEM of two 
experiments, each with one mouse per genotype. *, P ≤ 0.05 by 
two-tailed Student’s t test. (D) Relative J  usage as a function 
of DP thymocyte lifespan. V 8-C  RT-PCR products were ana-
lyzed by Southern blot using radiolabeled J - and C -specific 
oligonucleotide probes. Relative J  usage was evaluated by 
Phosphorimager as (J  signal for [genotype]/C  signal for 
[genotype])/(J  signal for WT/C  signal for WT). The data rep-
resent the mean ± SEM of two experiments, each with one 
mouse per genotype. *, P ≤ 0.05 by two-way ANOVA with 
Tukey’s multiple comparisons test, comparing Satb1 /  Bcl2 tg 
to WT Bcl2 tg and Satb1 / . (E) Tcra germline transcription in 
SATB1-deficient thymocytes. WT (Rag2 / Satb1f/f) and 
Satb1 /  (Rag2 / Satb1f/fVav-Cre) mice were injected with 
anti-CD3  and total thymocytes were harvested 10 d later. 
Germline Tcra transcription was evaluated by quantitative  
RT-PCR. The data represent mean ± SEM of three experiments 
with WT and four experiments with Satb1 /  (one mouse per 
experiment), with normalization to values for hprt.
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Figure 2. Defective Rag1 and Rag2 gene expression in SATB1-deficient and ASE-deleted DP thymocytes. (A) The abundance of Rag1 (left) and 
Rag2 (right) transcripts in CD25+ (DN2+3) and DP thymocytes was evaluated by quantitative RT-PCR. The data represent the mean ± SEM of four experi-
ments for DN2+3 and five experiments for DP (WT, Satb1f/f; Satb1 / , Satb1f/fVav-Cre; one mouse per genotype per experiment) with normalization to 
values for Actb. *, P ≤ 0.05 by two-tailed Student’s t test. (B) A T cell–intrinsic effect of SATB1 was evaluated by measuring transcript abundance in DP 
thymocytes of WT (Satb1f/f) and Satb1f/fLck-Cre mice by quantitative RT-PCR. The data represent mean ± SEM of three experiments for WT and four ex-
periments for Satb1f/fLck-Cre cDNA (one mouse per experiment), with normalization to values for hprt. *, P ≤ 0.05 by two-tailed Student’s t test. (C) ChIP 
analysis of Rag locus histone H3K4me3. A map of the Rag locus depicts the convergently transcribed Rag1 and Rag2 genes and known cis-regulatory 
elements ASE, Erag (enhancer of Rag), D3 (distal enhancer), Ep (enhancer proximal), and Sil (silencer; Kuo and Schlissel, 2009). Sorted DP thymocytes of 
WT and SATB1-deficient mice were analyzed by ChIP followed by quantitative PCR. Sites A–R in the Rag locus were analyzed by ChIP. The MageA2 pro-
moter (Mg) served as a negative control. The data represent the mean ± SEM of three experiments for each genotype (one mouse per experiment), with 
values of bound/input expressed relative to those for the B2m promoter (normalized to 1) in each sample. *, P ≤ 0.05 by two-way ANOVA with Sidak’s 
multiple comparisons test. (D) Tcra coding joints in thymocytes of ASE-deleted mice. Thymocyte genomic DNA samples were amplified by quantitative 
PCR using a V 8 family primer in conjunction with different J  primers, with values for ASE /  thymocytes normalized to those for WT littermates. The 
data represent the mean ± SEM of 2–3 independent preparations for each genotype. *, P ≤ 0.05 by two-tailed Student’s t test. nd, not detected. (E) ChIP 
analysis of Rag locus histone H3K4me3 in DP thymocytes of ASE /  mice. The data represent the mean ± SEM of four experiments for WT (ASE+/+; one 
mouse per experiment) and five experiments for ASE /  (one mouse per experiment). P ≤ 0.05 by two-way ANOVA with Sidak’s multiple comparisons test.

rearrangement due to reduced Rag gene expression, and that 
this 5  bias may be partially ameliorated by the Bcl2 tg (Fig. 1 D) 
because thymocytes have additional time for rearrange-
ments to occur.

Stage-specific and SATB1-dependent  
conformations of the Rag locus
Because Satb1f/fVav-Cre mice displayed a DP stage-specific 
defect in Rag gene expression, we hypothesized that SATB1 
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Satb1f/fVav-Cre mice. In accord with this, we found that 
ASE /  DP thymocytes displayed more dramatic reductions 
in V -to-J  recombination (Fig. 2 D) and in histone H3  
lysine 4 trimethylation (H3K4me3) (Fig. 2 E) than in 
Satb1f/fVav-Cre mice. On this basis, we predicted that ASE 
functions and interactions might be partially diminished in 

might play a role in ASE function, perhaps by facilitating  
interactions between the ASE, 71-kb upstream of Rag2,  
and more proximal cis-acting elements. Prior analysis of 
ASE /  mice revealed Rag1 and Rag2 gene expression to be <1%  
of the level in WT DP thymocytes (Yannoutsos et al.,  
2004), suggesting a more dramatic expression defect than in 

Figure 3. Developmentally regulated and SATB1-dependent interactions between the ASE and Rag promoters. (A) SATB1 ChIP-seq. Sequencing 
reads for SATB1 ChIP and input DNA are plotted. The ASE region marked corresponds to fragment AB (see Fig. 6). Long-distance interactions of the ASE-
containing HindIII (B) or BglII (C) fragments were analyzed by 3C, followed by quantitative PCR. ASE viewpoint restriction fragments are shaded dark blue 
and target restriction fragments are shaded light blue. Primers were all reverse orientation and were positioned at the left end of each restriction frag-
ment. Relative cross-linking data for each restriction fragment were plotted in the center of the fragment. Data in B represent mean ± SEM of two ex-
periments with lymph node T cells (LN-T) cells (one mouse per experiment), three experiments with DN (Lat / ) thymocytes (one litter of five to eight 
mice per experiment), four experiments with WT (Satb1f/f) DP thymocytes (one mouse per experiment), and four experiments with Satb1 /  (Satb1f/fVav-Cre) 
DP thymocytes (one mouse per experiment), all normalized to results for a nearest neighbor fragment (=1). *, P ≤ 0.05 by two-tailed Student’s t test  
comparing WT to Satb1 /  DP. Data in C represent mean ± SEM of two experiments with LN-T cells (one mouse per experiment), eight experiments with 
WT DP thymocytes (one mouse per experiment), and six experiments with Satb1 /  DP thymocytes (one mouse per experiment), normalized as in B.  
*, P ≤ 0.05 by two-tailed Student’s t test comparing WT to Satb1 /  DP.
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(Zhang et al., 1999). Interaction frequencies were only slightly 
higher than in LN T cells (Fig. 3 B), consistent with a lim-
ited role for the ASE in Rag gene expression in DN thymo-
cytes (Yannoutsos et al., 2004).

Notably, ASE interactions with the Rag2 promoter were 
significantly attenuated in Satb1f/fVav-Cre DP thymocytes (Fig. 3, 
B and C). However, ASE-Rag1 promoter contacts were either 
maintained (Fig. 3 B) or marginally reduced in a manner that 
did not reach statistical significance (Fig. 3 C). To address this 
point further, we analyzed an independent set of BglII-digested 
3C samples and confirmed reduced ASE–Rag2 promoter  
interaction but normal ASE–Rag1 promoter interaction in 
Satb1f/fVav-Cre DP thymocytes (Fig. 4, A and B). Moreover, 
the requirement for SATB1 to facilitate ASE-Rag2 promoter 
interaction was highly specific, because Rag2 promoter con-
tacts with the Traf6 promoter were maintained in SATB1-
deficient mice (Fig. 4, A and C). Although the Rag2–Traf6 
interaction serves as a useful control, it is of unknown bio-
logical significance.

Our 3C data indicated that, in addition to the Rag pro-
moters, the ASE interacts broadly across the Rag locus (above 
the background in LN T cells), including sites between the 
ASE and Rag2, and within the Rag2 and Rag1 gene bodies 
(Fig. 3, B and C). Although the ASE contacts the region that 
includes the intergenic Rag silencer, these interactions were 
not elevated above the general levels observed across the Rag 
locus. Collectively, these data support a model in which the 
ASE indirectly counteracts silencer activity via direct inter-
actions with the Rag1 and Rag2 promoters.

Satb1f/fVav-Cre mice. Consistent with such a role, ChIP-
sequencing (ChIP-seq) analysis revealed prominent SATB1 
binding to the ASE, as well as to the Rag1 and Rag2 pro-
moter regions in DP thymocytes (Fig. 3 A).

Previous studies showed that the ASE is required to 
counteract functions of the Rag silencer; however, the mech-
anistic basis for this process remained uncertain (Yannoutsos 
et al., 2004). In this regard, the ASE could be envisioned to 
promote Rag gene expression as a consequence of direct physi-
cal interaction with the silencer in DP thymocytes. Alterna-
tively, the ASE might counteract the influence of the silencer 
by interacting directly with the Rag gene promoters.

To investigate Rag locus architecture, we explored inter-
actions between the ASE and Rag genes using chromo-
some conformation capture (3C; Dekker et al., 2002). In 
this approach, long-distance interactions in nuclei are ini-
tially captured by formaldehyde cross-linking; after restric-
tion enzyme digestion, dilution, and intermolecular ligation, 
interacting DNA fragments are detected by real-time PCR. 
Using the ASE-containing HindIII fragment as a view-
point, in WT DP thymocytes we detected interactions with  
HindIII fragments carrying the Rag1 and Rag2 promoters 
70–100 kb away (Fig. 3 B). Similar ASE-Rag promoter inter-
actions were detected between the relevant BglII fragments 
as well (Fig. 3 C). These interactions were specific, because 
they were not detected in LN T cells, which do not express 
the Rag genes. We evaluated chromatin interactions in the 
DN compartment by analyzing thymocytes from LAT-deficient 
mice, which are blocked at the DN stage of development 

Figure 4. SATB1 specifically influences the ASE-Rag2 promoter interaction. (A) Rag locus map including flanking regions, with numbering con-
cordant with Fig. 3. -104, ASE (+33.6), +68.8, Rag2 (+100), Rag1 (+121.2), and Traf6 (+151) identify the midpoints of BglII fragments (solid bars) chosen 
for 3C. Long-distance interactions of the ASE (B) or Traf6 promoter (C) fragments were analyzed by 3C followed by quantitative PCR. Data represent  
mean ± SEM of four experiments with WT (Satb1f/f) DP thymocytes (one mouse per experiment) and five experiments with Satb1 /  (Satb1f/fVav-Cre) DP 
thymocytes (one mouse per experiment), all normalized to results for the Traf6 nearest neighbor fragment (=1). *, P ≤ 0.0001 by two-way ANOVA with 
Sidak’s multiple comparisons test.
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Figure 5. ASE- and SATB1-dependent interactions between the Rag1 and Rag2 promoters. Long-distance interactions of Rag1 promoter- 
containing (A) or Rag2 promoter-containing (B) HindIII fragments were analyzed by 3C followed by quantitative PCR. The Rag1 promoter viewpoint (A) and 
Rag2 promoter viewpoint (B) restrictions fragments are shaded dark blue and target restriction fragments are shaded light blue. Primers for (A) were all 
reverse orientation and were positioned at the left end of each restriction fragment. Those for B were all forward orientation and were positioned at the 
right end of each restriction fragment. Relative cross-linking data for each restriction fragment were plotted in the center of the fragment. Data repre-
sent mean ± SEM of four experiments each for WT, Satb1 /  (Satb1f/f Vav-Cre), and ASE /  DP thymocytes (one mouse per genotype per experiment),  
all normalized to results for a nearest neighbor fragment (=1). *, P ≤ 0.05 by two-tailed Student’s t test comparing WT to Satb1 /  DP.

The ASE organizes the Rag locus
To further explore the role of the ASE in Rag locus confor-
mation, we used 3C to assess long distance interactions in DP 
thymocytes from ASE /  mice. Using the Rag1 promoter 
fragment as a viewpoint, we detected an interaction between 
the Rag1 and Rag2 promoters in WT DP thymocytes and 
found this interaction to be substantially diminished in ASE /  
DP thymocytes (Fig. 5 A). Similar results were obtained using a 
Rag2 promoter-containing fragment as the viewpoint (Fig. 5 B). 
Moreover, Rag1–Rag2 promoter interactions were reduced 
partially in Satb1f/fVav-Cre DP thymocytes (Fig. 5, A and B). 
Using these new viewpoints, we also confirmed reduced in-
teractions of the Rag2 but not the Rag1 promoter with the 
ASE in Satb1f/fVav-Cre DP thymocytes (Fig. 5, A and B), a 
finding consistent with 3C analyses from the ASE viewpoint 
(Figs. 3 and 4). We conclude that the ASE organizes the Rag 
locus by tethering the Rag1 and Rag2 promoters in DP thy-
mocytes, and that efficient tethering of the Rag2 promoter 
depends on SATB1.

The ASE is required for RNA pol II  
occupancy at the Rag promoters
To explore the functional significance of the DP-specific chro-
matin conformation of the Rag locus, we analyzed the RNA 
pol II distribution using ChIP. As anticipated, RNA pol II  
occupancy was high at the Rag1 and Rag2 promoters in WT  
DP thymocytes (sites L and Q, Fig. 6 A). However, RNA pol II  
was prominent at the ASE and silencer as well (sites C and N, 
Fig. 6 A). In DN thymocytes from Lat /  mice, lower levels of 
RNA pol II were present at the Rag promoters and silencer, 
but at the ASE, RNA pol II was as abundant as in DP thymo-
cytes. In contrast, RNA pol II was minimal at all sites in LN  
T cells (Fig. 6 A) and in ASE /  DP thymocytes (Fig. 6 B). 
Thus, RNA pol II occupancy at the Rag promoters and silencer  
is developmentally regulated in a manner that correlates with 
transcription and depends on the ASE. A previous study also 
identified substantial RNA pol Il binding to the Rag promoters, 
ASE, and silencer in DP thymocytes, although other stages of  
T cell development were not examined (Koch et al., 2011).
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with assembly of an intact complex containing the ASE and 
the Rag1 and Rag2 promoters. Similarly, DN thymocytes  
display RNA pol II at the ASE but, in the absence of ASE–
promoter interactions, only low levels at the Rag genes them-
selves (Fig. 6 A). We suggest that the Rag1 and Rag2 promoters 
acquire high levels of RNA pol II when they are tethered to 

Notably, RNA pol II occupancy at the Rag promoters  
and silencer was partially reduced in DP thymocytes from  
Satb1f/fVav-Cre mice, whereas occupancy at the ASE was unaf-
fected (Fig. 6 C). Thus, RNA pol II occupancy at the ASE 
occurs independent of ASE–promoter interactions, whereas  
RNA pol II occupancy at the promoters and silencer correlates 

Figure 6. Locus conformation-dependent RNA pol II occupancy of the Rag1 and Rag2 promoters. RNA pol II occupancy was assessed by ChIP and 
quantitative PCR at sites spanning the Rag locus. Values of bound/input were expressed relative to those for B2m (normalized to 1) in each sample. MageA2 
served as a negative control. (A) Data represent mean ± SEM of three experiments each for DN (Lat / ) thymocytes (one litter of five to eight mice per experi-
ment), WT DP (Satb1f/f) thymocytes (one mouse per experiment), and lymph node T cells (LN-T; one mouse per experiment). Data for these three genotypes 
and Satb1 /  (Satb1f/fVav-Cre) DP thymocytes (three experiments, one mouse per experiment) were analyzed together by two way ANOVA with Tukey’s mul-
tiple comparisons test, with the data for WT DP and Satb1 /  DP plotted separately in C. *, P ≤ 0.05. (B) Data represent the mean ± SEM of three experiments 
for WT (ASE+/+) DP thymocytes (one mouse per experiment) and two experiments for ASE /  DP thymocytes (one mouse per experiment). *, P ≤ 0.05 by two-
tailed Student’s t test. (C) Data represent the mean ± SEM of three experiments each for WT (Satb1f/f; identical to A) DP thymocytes (one mouse per experi-
ment) and Satb1 /  (Satb1f/fVav-Cre) DP thymocytes (one mouse per experiment). *, P ≤ 0.05 by two-way ANOVA with Tukey’s multiple comparisons test, as 
noted above. Samples in A and C were all analyzed in the same series of experiments; samples in B were analyzed separately.
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fragments A’ and B’, truncated versions of A and B lacking  
the 140-bp overlap region, displayed no detectable enhancer 
activity, whereas the 140-bp overlap region exhibited en-
hancer function comparable to that of E . We conclude that 
the 140-bp ASE fragment, which contains evolutionarily con-
served binding sites for E2A-, Runx-, GATA-, and Ikaros-family 
transcription factors (Fig. 7 D), is a core enhancer element 
that augments the function of the Rag promoters. However, 
because activity of the 140-bp fragment was substantially reduced  
relative to larger ASE fragments, flanking sequences are likely 
to boost enhancer activity even further.

DISCUSSION
The Rag silencer and ASE were previously shown to coor-
dinate Rag gene expression in DP thymocytes (Yannoutsos  
et al., 2004). The silencer was defined using bacterial artificial 
chromosome (BAC) reporter transgenes lacking the ASE. In 
such constructs, silencer deletion caused increases in Rag gene 
expression in DN and DP thymocytes but not in developing 
B cells. Moreover, the silencer could suppress the expression 
of a heterologous reporter transgene in pre–B cells, DN and 
DP thymocytes, and splenic T cells. Thus, the silencer ap-
peared to be capable of broadly suppressing the activities of 
linked promoters in lymphoid cells. In BAC constructs con-
taining the intergenic silencer, the ASE was shown to be re-
quired for Rag expression in DP thymocytes and to increase 
Rag expression in DN3 thymocytes. However, it had no  
apparent effect on Rag expression in constructs lacking the 
silencer. Consistent with these observations, gene-targeted 
deletion of the ASE reduced Rag expression in DN thymo-
cytes, abrogated Rag expression in DP thymocytes, and caused  
a developmental block at the DP stage that was likely second-
ary to impaired Tcra gene recombination. Thus, ASE activity 
was strongest in DP thymocytes, but the ASE was judged to 
be distinct from a classical enhancer because it appeared to func-
tion by counteracting the activity of an intergenic silencer 
(Yannoutsos et al., 2004).

These foundational studies left the mechanistic basis for 
ASE activity unclear. As one possibility, the ASE could func-
tionally interact with the silencer to neutralize its ability to 
suppress the Rag promoters. Alternatively, the ASE could 
functionally interact with the Rag promoters to overcome 
the suppressive effects of the silencer. Our data strongly sup-
port the latter scenario and argue that the ASE functions as a 
classical enhancer: it displays a chromatin signature typical of 
active enhancers, it interacts physically with the distant Rag1 
and Rag2 promoters and brings these promoters together to 
form a chromatin hub in DP thymocytes (Fig. 8), and it can 
directly and potently activate the Rag1 and Rag2 promoters 
in the absence of the silencer or any other locus elements.

Our data yield a picture that diverges in two respects from 
the initial description of ASE activity. First, the chromosomal 
BAC reporter studies identified no ASE activity in constructs 
lacking the silencer (Yannoutsos et al., 2004), whereas we 
show that the ASE can function as a direct activator of the 
Rag1 and Rag2 promoters in extrachromosomal luciferase  

each other and to the ASE. Whether this reflects delivery of 
RNA pol II previously bound to the ASE or newly recruited 
RNA pol II remains an open question.

The ASE directly activates the Rag1 and Rag2 promoters
The above data imply that the ASE stimulates Rag gene tran-
scription through direct long distance interactions with the 
Rag1 and Rag2 promoters, perhaps functioning as a classical 
enhancer. To test this possibility, we sought to define an ASE 
fragment that activates Rag1 and Rag2 promoter-driven lucif-
erase reporter constructs in transiently transfected cells. Be-
cause previous work had only ascribed ASE activity to a broad 
8-kb region (Yannoutsos et al., 2004), we asked whether a 
smaller core ASE possessed functional activity. Initially, we 
leveraged chromatin data from the mouse ENCODE data-
base (Stamatoyannopoulos et al., 2012; Rosenbloom et al., 
2013) to narrow our search. DNase-Seq data from unsorted 
thymocytes reveals a tightly linked pair of strong DNase I hy-
persensitive sites that span 2-kb and correspond to a previ-
ously identified region notable for substantial interspecies 
sequence conservation (Fig. 7 A; Yannoutsos et al., 2004). We 
further mapped open chromatin in the Rag locus in purified 
DP thymocytes using formaldehyde-assisted isolation of reg-
ulatory elements (FAIRE; Giresi et al., 2007), which similarly 
detected a 2-kb open chromatin region (Fig. 7 B). ENCODE 
data show that the same region harbors the characteristic chro-
matin signature of active enhancers in thymus but not in spleen: 
high histone H3 lysine 4 monomethylation (H3K4me1) and 
histone H3 lysine 27 acetylation (H3K27ac) coupled with low 
H3K4me3 and histone H3 lysine 27 trimethylation (Fig. 7 A; 
Bulger and Groudine, 2011; Natoli and Andrau, 2012; Calo 
and Wysocka, 2013). Moreover, our ChIP-seq data mapped 
SATB1 binding to the same region and, consistent with our 
ChIP data (Fig. 6 A), the region displayed high RNA pol II 
occupancy as well (Fig. 7 A).

We tested enhancer activity of the 2.0-kb ASE fragment 
that corresponded to the region of DNase I hypersensitivity 
and sequence conservation, as well as a 1.3-kb subfragment 
(AB) corresponding to the region of highest H3K4me1, 
H3K27ac, and RNA pol II. These test fragments were intro-
duced into promoter-driven luciferase reporters that were tran-
siently transfected into the murine DP thymocyte cell line 
VL3-3M2 (Fig. 7 C). By themselves, the Rag1 and Rag2 pro-
moters drove minimal luciferase expression compared with 
positive control plasmids containing the promoters plus the 
Tcra enhancer (E ), a potent enhancer in DP thymocytes. 
Notably, the 2-kb ASE fragment and subfragment AB were 
more potent than E  as activators of both promoters. To de-
termine the minimal region responsible for enhancer activity, 
we tested two partially overlapping subfragments of AB (frag-
ments A and B). Both displayed enhancer activity, with the 
activity of the 2-kb ASE or fragment AB only marginally bet-
ter than either A or B. This suggested that the 140-bp region 
shared by fragments A and B, which is centered within the 
strong peaks of H3K4me1, H3K27ac, RNA pol II, and 
SATB1, might play a dominant role in enhancer activity. Indeed, 
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Figure 7.  The ASE directly activates the Rag1 and Rag2 promoters. (A) ENCODE data tracks in the Mouse July 2007 (NCBI37/mm9) assem-
bly are shown. (top) DNase-seq data for the Rag locus in unfractionated thymocytes. (bottom) ChIP-Seq data and sequence conservation for the 
DNase hypersensitive region in unfractionated thymocytes and splenocytes. Note that primer sets B and D (Fig. 6) map upstream and downstream, 
respectively, of the 2-kb open chromatin region whereas primer set C maps within the 140-bp minimal enhancer region. (B) FAIRE samples were 
prepared to evaluate open chromatin at the ASE in WT DP thymocytes. Quantitative PCR was used to evaluate enrichment of sequences in DNA 
purified from formaldehyde-cross-linked as compared with uncrosslinked samples. The Tcra enhancer (E ) and MageA2 (Mg) served as positive 
and negative controls, respectively. Positions of test amplicons relative to the 8-kb ASE region are indicated above the graph. The data are pre-
sented as mean ± SEM of values of cross-linked/uncrosslinked in three experiments (one mouse per experiment). *, P ≤ 0.05 by two-tailed Stu-
dent’s t test comparing E  and test amplicons to MageA2. (C) ASE activation of the Rag1 and Rag2 promoters. Test ASE fragments were cloned 
downstream of either a Rag1 promoter-driven or a Rag2 promoter-driven luciferase gene and were assayed by transient transfection into VL3-
3M2 DP thymocytes. The data represent the mean ± SEM of two to four independent experiments. *, P ≤ 0.05 by two-tailed Student’s t test com-
paring results for test ASE fragments to promoter-only controls ( ). (D) Nucleotide sequence of the 140-bp minimal enhancer with predicted 
binding sites for transcription factors marked.
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be delivered to the Rag promoters as a consequence of ASE–
promoter interactions. Alternatively, ASE–promoter inter-
actions could stabilize the binding of newly recruited RNA 
pol II at the Rag promoters. Viewed in another way, the ASE 
may frequently localize to a transcription factor (Cisse et al., 
2013; Cook, 1999; Ghamari et al., 2013) in DN and DP thy-
mocytes, and ASE–promoter interactions and elevated pro-
moter RNA pol II occupancy may reflect high frequency 
recruitment of the Rag promoters into the same transcription 
factory in DP thymocytes. The substantially reduced Rag 
transcription that occurs in DN thymocytes may then be in-
terpreted as a reduced frequency of promoter recruitment to 
ASE-containing transcription factories in these cells.

RNA pol II was also detected in the Rag silencer region. 
This binding had a profile similar to that of the Rag promot-
ers, in that it was elevated in DP thymocytes in an ASE- and 
SATB1-dependent manner, thereby correlating with long-
distance looping and high levels of Rag gene transcription.  
Of note, RNA pol II occupancy maps to the very 3  end  
of the Rag1 transcription unit (Rosenbloom et al., 2013;  
Stamatoyannopoulos et al., 2012), 700 bp away from the 
Runx binding-site that was shown to be essential for silencer 
activity (Yannoutsos et al., 2004). Moreover, this RNA pol II 
is primarily in the serine 2 phosphorylated form (Koch et al., 
2011). Based on this, we suspect that the accumulation of 
RNA pol II at this site is related to the termination of Rag1 
transcription and not to silencer function.

Finally, our data suggest important roles for chromatin 
organizer SATB1 in Rag gene expression and Tcra recombi-
nation in DP thymocytes. SATB1 expression is dramatically 
up-regulated in DP thymocytes (Table 2), correlating with 
the substantial increases in Rag gene expression in this com-
partment. Further, SATB1 binds to multiple sites across the 
Rag locus, most prominently at the ASE and Rag1 and Rag2 
promoters. We suspect that SATB1 binding to the Rag locus 
is up-regulated in parallel with its increased expression in DP 
thymocytes, although our experiments do not directly ad-
dress this point. However, loss of SATB1 led to significant 
reductions in Rag gene expression, in Rag2 promoter inter-
actions with the ASE and Rag1 promoter, and in RNA pol II 
occupancy at the Rag promoters and silencer in DP thymocytes 

reporters that lack the silencer. One explanation for this dif-
ference could be that the analysis of a small number of BAC 
integrants did not provide an accurate picture of ASE activity. 
However, we favor an alternate possibility: in the environ-
ment of a chromosomally integrated locus, the silencer may 
be essential to create a repressive environment at the promot-
ers that would enforce the need for ASE activity, whereas ex-
trachromosomal reporters may be intrinsically suppressed at 
the promoters even in the absence of the silencer. A second 
point of divergence is that the BAC reporter studies showed 
the ASE to be active but not essential for Rag gene expression 
in DN thymocytes, whereas we see no clear evidence for 
long-distance interaction between the ASE and the Rag pro-
moters in that compartment. This difference may simply  
reflect insensitivity of our 3C analysis to low frequency ASE–
promoter interactions that may occur in DN thymocytes. 
Nevertheless, the BAC transgene and our current work are 
concordant in many regards, especially the greater reliance on 
ASE activity and long-distance interactions in DP compared 
with DN thymocytes.

The intriguing distribution of RNA pol II at the Rag 
locus suggests potential mechanisms by which the ASE might 
regulate Rag gene expression. At the ASE, we found RNA  
pol II to be present at high levels in DN and DP thymocytes 
and in SATB1-deficient DP thymocytes, but not in LN T cells.  
However, high level RNA pol II occupancy at the Rag1 and 
Rag2 promoters was only detected in SATB1-sufficient DP 
thymocytes, thereby correlating with looping between the 
ASE and the two Rag promoters. This suggests that an impor-
tant function of these regulatory loops is to promote RNA 
pol II loading to the promoters (Fig. 8). RNA pol II binding 
is a shared property of many enhancers and is often associated 
with the transcription of enhancer RNAs (Kim et al., 2010; 
Koch et al., 2011; Natoli and Andrau, 2012). Recent data sug-
gest that enhancer RNAs may play a direct role in enhancer-
promoter looping and promoter activation via a mechanism 
that may involve cohesin (Li et al., 2013). Consistent with 
these possibilities, the ASE binds TATA-binding protein and 
general transcription factors in addition to RNA pol II (Koch  
et al., 2011), and there is low-level ASE transcription in DP 
thymocytes. RNA pol II initially recruited to the ASE could 

Figure 8.  Model depicting ASE- and SATB1-
dependent Rag1 and Rag2 gene expression in DP 
thymocytes. The Rag1 and Rag2 promoters have mini-
mal contact with the RNA polII-loaded ASE in DN thy-
mocytes and are transcribed at modest levels. SATB1 is 
up-regulated in DP thymocytes, binds to the ASE and 
Rag promoters, and facilitates formation of a chroma-
tin hub that promotes RNA Pol II recruitment and 
trans-activation of the promoters. In the absence of 
SATB1, the Rag2 promoter is preferentially excluded 
from the chromatin hub, leading to reduced RNA Pol II 
recruitment and trans-activation of both promoters.

 on M
arch 1, 2016

jem
.rupress.org

D
ow

nloaded from
 

Published April 6, 2015

http://jem.rupress.org/


JEM Vol. 212, No. 5

Article

821

(BioLegend). Sorting was performed on a FACSVantage (BD) and the purity 
of cells after double sorting was >95%. Lymph node T cells were isolated as 
previously described (Jackson and Krangel, 2005).

In vitro survival assay. Sorted DP thymocytes (105) were cultured in 200 µl 
RPMI 1640 medium containing 10% FBS, 55 µM 2-mercaptoethanol, 2 mM  
l-glutamine, 100 U/ml penicillin, and 0.1 mg/ml streptomycin for varying times 
in the presence of 10 ng/ml mouse recombinant IL-7 (R&D Systems). Apoptosis 
was measured by Annexin V and 7-aminoactinomycin D staining using the  
Annexin V-PE kit (BD) according to the manufacturer’s instructions.

ChIP. For immunoprecipitation using anti-trimethylated H3K4 (Millipore 
04–745) or control rabbit IgG (ab-105-c; R&D Systems), chromatin was pre-
pared without formaldehyde cross-linking and was immunoprecipitated ex-
actly as previously described (Hao and Krangel, 2011). Immunoprecipitated 
and input samples were quantified by real-time PCR using a Roche Light-
Cycler and a FastStart DNA Master Syber Green I kit (Roche). PCR condi-
tions were as follows: 5 min at 95°C followed by 45 cycles of 1 s at 95°C, 5 s 
at 62°C, 7 s at 72°C. Analysis of B2m was used to normalize ratios of bound/
input in different samples. Primers sequences are provided in Table S1.

For immunoprecipitation using anti-RNA pol II (Millipore; 05–623) or 
control rabbit IgG (R&D Systems; ab-105-c), 1 × 107 cells were subjected 
to cross-linking by incubation for 10 min on ice in 10 ml of RPMI 1640 
containing 10% FBS and 1% formaldehyde. The reaction was stopped by 
addition of glycine to 0.125 M and incubation for 5 min at 23°C. Cells were 
then washed in PBS and lysed by incubation for 10 min on ice in 1 ml of  
5 mM PIPES, pH 8.0, 85 mM KCl, 0.5% NP-40, 0.1 mM PMSF, and  
0.1 mM benzamidine. Nuclei were pelleted and lysed by resuspension in  
0.3 ml 50 mM Tris-HCl, pH 8.0, 10 mM EDTA, and 1% SDS. Chromatin was 
then pelleted through 8 M urea by centrifugation at 30,000 rpm for 16 h at 
10°C in a Beckman SW 40Ti rotor. After centrifugation, pelleted chromatin 
was resuspended in 10 mM Tris, pH 8.0, 1 mM EDTA, 5% glycerol, was di-
alyzed overnight at 4°C against the same buffer. The volume was then ad-
justed to 1 ml and the suspension was sonicated using a Model 550 Sonic 
Dismembrator (Thermo Fisher Scientific), alternating 15 s on and 20 s off for 
10 cycles with the sample immersed in an ice/water bath. Chromosomal 
DNA was reduced to an average size of 300–500 bp, as determined by aga-
rose gel electrophoresis. Sonicated chromatin was precleared with Protein 
A-Sepharose/salmon sperm DNA slurry (Millipore), incubated overnight at 
4°C with anti-RNA pol II or control rabbit IgG, and was subsequently  
incubated for 1 h with Protein A–Sepharose/salmon sperm DNA slurry. 
Immunoprecipitated DNA was then purified after vigorous washing of  
immunoprecipitates and reversal of cross-links by overnight incubation at 
60°C. Immunoprecipitated and input samples were quantified by real-time 
PCR using a Roche LightCycler 480 and a QuantiFast SYBRgreen kit 
(QIAGEN). PCR conditions were as follows: 5 min at 95°C followed by 
45 cycles of 10 s at 95°C, 30 s at 62°C.

ChIP-seq. For ChIP-seq using anti-SATB1 (Abcam; ab109122), 4 × 107 
C57BL/6 thymocytes were freshly prepared and washed with PBS contain-
ing 0.5 mM PMSF and were subjected to cross-linking by incubation for  
10 min in 5 mM Hepes, pH 7.5, 10 mM NaCl, 0.1 mM EDTA, 0.05 mM 
EGTA, 1% formaldehyde at 23°C. The reaction was stopped by addition of 
glycine to 0.125 M. Cells were then immediately washed in ice-cold PBS 
containing 0.5 mM PMSF and lysed by incubation for 10 min on ice in 1 ml 
of 50 mM Hepes, pH 7.5, 140 mM NaCl, 1 mM EDTA, 10% Glycerol, 
0.5% NP-40, 0.25% TritonX-100 containing protease inhibitor (Roche). 
Nuclei were pelleted and lysed by resuspending in 10 mM Tris-HCl, pH 8.0, 
200 mM NaCl, 1 mM EDTA, and 0.5 mM EGTA containing protease in-
hibitor (Roche). Pelleted chromatin was resuspended in 400 µl of 10 mM 
Tris, pH 8.0, 300 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 1% TritonX-
100, 0.1% sodium deoxycholate and 0.5% N-laurylsarcosine, and was soni-
cated using a model XL2000 ultrasonic cell disruptor (MICROSON) so that 
relatively large fragments (1–10 kbp) were included. Sonicated chromatin was 
incubated overnight at 4°C with anti-SATB1 antibody that was preconjugated 

(Fig. 8). Thus, our results for the Rag locus are fully consis-
tent with prior examples in which SATB1 was shown to reg-
ulate genomic loci by tethering the bases of chromatin loops 
and recruiting critical chromatin remodeling complexes and 
RNA Pol II (Cai et al., 2003, 2006; Kumar et al., 2007). Our 
results indicate that ASE–Rag1 promoter interactions can  
be assembled in a SATB1-independent fashion, but that the 
Rag2 promoter depends on SATB1 to effectively join this 
complex (Fig. 8). Reduced RNA pol II loading and tran-
scription of Rag2 in the absence of SATB1 may be a straight-
forward consequence of exclusion of this promoter from  
the ASE-Rag1 complex. However, RNA pol II loading and 
transcription of Rag1 are also reduced in the absence of 
SATB1 even though the Rag1 promoter maintains contact with 
the ASE. This suggests that Rag1 promoter activity may de-
pend on the formation of a holocomplex containing the ASE 
and both promoters. Alternatively, SATB1 could play a more 
direct role in ASE or promoter activity in addition to mediating 
their long-distance interactions. Consistent with this possibil-
ity, SATB1 binding is centered within the 140-bp enhancer 
core of the ASE.

In summary, we demonstrate that Rag gene expression in 
DP thymocytes depends on the assembly of a multi-component 
chromatin complex, or hub, containing the ASE and both 
Rag gene promoters. We show, too, that chromatin orga-
nizer SATB1 plays an important role in the assembly of this 
complex and in Rag gene transcription, functioning at least  
in part by stimulating RNA pol II loading to the Rag promoters. 
Whether SATB1 serves purely in an architectural capacity to 
facilitate long-distance looping, or also functions in a more 
direct manner to effect promoter activation, will be an impor-
tant issue for future studies.

MATERIALS AND METHODS
Mice. ASE /  mice (Yannoutsos et al., 2004) and Vav-Cre mice (de Boer 
et al., 2003) were obtained from The Jackson Laboratory. Bcl2 transgenic 
mice (Domen et al., 1998) and Lat /  mice (Zhang et al., 1999) were pro-
vided by J. Domen (Duke University, Durham, NC) and W. Zhang (Duke 
University, Durham, NC), respectively. Mice were maintained on a C57BL/6 
background and were housed in specific pathogen-free conditions. All mice 
were used in accordance with protocols approved by the Duke University 
Institutional Animal Care and Use Committee.

Flow cytometry and cell sorting. For surface staining, erythrocyte-lysed 
single-cell suspensions were prepared in staining medium (DMEM + 2% FCS) 
with 1 mg/ml normal rat IgG (Sigma-Aldrich) and were stained on ice for  
20 min using the following antibodies: FITC-CD8  (53–6.7), PE-CD3  
(145-2C11), PE/Cy5-B220 (RA3-6B2), Mac-1 (M1/70), Gr-1 (RB6-8C5), 
TER119 (TER-119), PE/Cy7-CD4 (GK1.5), APC-CD44 (IM7), TCR  
(H57-597), and APC/Cy7-CD25 (PC61.5) from eBioscience, as well as PE/
Cy5-CD11c (HL3) from BD. FACS analyses were performed on a FACS-
Canto II (BD) and data were analyzed with FlowJo software (Tree Star).

For cell sorting, single-cell suspensions were prepared following erythro-
cyte lysis. DN3 thymocytes (CD4 CD8 CD25+CD44 /lo) and a combined 
DN2/3 thymocyte population (CD4 CD8 CD25+) were obtained after ini-
tial depletion of CD4+ and CD8+ cells using biotinylated-CD4 and CD8 anti-
bodies (GK1.5 and 53–6.7, respectively [eBioscience] and streptavidin MACS 
beads (Miltenyi Biotec). DP thymocytes (CD4+CD8+) were obtained by sorting 
of whole thymocytes using FITC-CD8 (53–6.7) and PE/Cy7-CD4 (GK1.5) 
antibodies (eBioscience) or PE-CD4 (GK1.5) and FITC-CD8 (53–6.7) antibodies 
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Tris, pH 7.4, 10 mM MgCl2, diluted to 7 ml in 30 mM Tris, pH 7.4, 10 mM 
MgCl2, 1 mM DTT, and 0.1 mM ATP, and was ligated by addition of 4,000 U 
T4 DNA ligase for overnight incubation at 16°C. Ligated chromatin was incu-
bated overnight at 60°C to reverse cross-links and DNA was purified by extrac-
tion with phenol/chloroform and ethanol precipitation.

Ligation products were quantified by TaqMan quantitative real-time PCR 
(Roche) using a Roche LightCycler 480 and PCR conditions as follows: 5 min 
at 95°C followed by 45 cycles of 10 s at 95°C and 30 s at 62°C. To generate li-
gation product standards, 10 µg of BAC RP23-325I3 was digested at 37°C 
overnight with 50 U HindIII or BglII, after which DNA was purified by phe-
nol/chloroform extraction and ethanol precipitation, and then ligated over-
night at 16°C in a 200 µl reaction containing 40 U T4 DNA ligase. Purified, 
ligated DNA was serially diluted in 10-fold increments from a 2 ng/µl stock to 
generate the standard curve.

Digestion efficiencies of different experimental samples were 90–94% as 
determined by quantitative real-time PCR in which yields of several amplicons 
that span HindIII or BglII sites were compared with yields of neighboring am-
plicons that were not disrupted by digestion. Normalization of 3C PCR signals 
from different samples was accomplished by setting the nonspecific interaction 
of the bait fragment with one of its nearest neighbor fragments equal to one in 
each sample. Primer and probe sequences are provided in Table S1.

FAIRE. FAIRE was performed essentially as previously described (Giresi et al., 
2007) except that quantitative real-time PCR was used to evaluate enrichment 
of sequences in DNA purified from formaldehyde-cross-linked as compared 
with uncrosslinked samples. Primer sequences are provided in Table S1.

Luciferase. VL3-3M2 cells were provided by S. Sarafova (Davidson College, 
Davidson, NC) and were cultured in RPMI-1640 supplemented with 10% 
fetal bovine serum, 100 U/ml penicillin, 100 µg/ml streptomycin, 55 µM  
2-mercaptoethanol, 2 mM l-glutamine, and 25 mM Hepes, pH 7.0. Approxi-
mately 3 × 105 cells were transfected with versions of the pXPG firefly  
luciferase reporter plasmid (Bert et al., 2000) containing the Rag1 or Rag2 
promoter and different anti-silencer region or control DNA fragments. In brief, 
1 µg of each construct was cotransfected with 100 ng of plasmid expressing  
Renilla luciferase using the Superfect transfection reagent (QIAGEN). Cells 
were cultured for 48 h in 0.5 ml of medium in a 24-well plate and were then 
harvested to assay for luciferase activity using an Infinite F200 Tecan plate  
luminometer and a Dual-Luciferase Reporter Assay kit (Promega) according 
to the manufacturer’s instructions.

Online supplemental material. Fig. S1 shows normal DN-to-DP transition 
in SATB1-deficient thymocytes. Table S1 lists oligonucleotides used as PCR 
primers and probes. Online supplemental material is available at http://www 
.jem.org/cgi/content/full/jem.20142207/DC1.
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SATB1 Plays a Critical Role in Establishment of Immune
Tolerance

Motonari Kondo,*,† Yuriko Tanaka,*,1 Taku Kuwabara,* Taku Naito,*
Terumi Kohwi-Shigematsu,‡ and Akiko Watanabe†,1

Special AT-rich sequence binding protein 1 (SATB1) is a genome organizer that is expressed by T cells. T cell development is severely
impaired in SATB1 null mice; however, because SATB1 null mice die by 3 wk of age, the roles of SATB1 in T cell development have
not been well clarified. In this study, we generated and analyzed SATB1 conditional knockout (cKO) mice, in which the SATB1 gene
was deleted from all hematopoietic cells. T cell numbers were reduced in these mice, mainly because of a deficiency in positive
selection at the CD4+CD8+ double-positive stage during T cell development in the thymus. We also found that SATB1 cKO mice
developed autoimmune diseases within 16 wk after birth. In SATB1 cKO mice, the numbers of Foxp3+ regulatory T (Treg) cells
were significantly reduced at 2 wk of age compared with wild-type littermates. Although the numbers gradually increased upon
aging, Treg cells in SATB1 cKO mice were still less than those in wild-type littermates at adulthood. Suppressive functions of Treg
cells, which play a major role in establishment of peripheral tolerance, were also affected in the absence of SATB1. In addition,
negative selection during T cell development in the thymus was severely impaired in SATB1 deficient mice. These results suggest
that SATB1 plays an essential role in establishment of immune tolerance. The Journal of Immunology, 2016, 196: 563–572.

I dentity of T cells is established by T cell–specific gene
regulatory networks, which are composed of multiple tran-
scription factors (1). T cell development starts in the thymus

when multipotent progenitors or common lymphoid progenitors in
the bone marrow (BM) transit to the thymus through blood flow
and are recognized as CD42CD82 double-negative (DN) thy-
mocytes (2–4). The most immature thymocytes, called early T cell
progenitors (ETPs), in the DN thymocyte fraction have not only
T cell potential but also B cell and myeloid potential (5, 6). In the
thymic microenvironment, Notch signaling is activated in these

ETPs, which initiates T cell differentiation and shuts off devel-
opmental potential to other lineages (7–9). T lineage commitment
is established during the DN2 stage, more specifically at the
transition from the DN2a to the DN2b stage (10, 11). Recombi-
nation of the TCRb genes is completed in the DN3 stage. Only
DN3 cells with productive TCRb-chains can transit to the CD4+

CD8+ double-positive (DP) stage after b-selection (12). DP cells
rearrange the TCRa-chain gene, and their fate is determined by
two subsequent selection events, positive and negative selection
(2, 13). DP cells that successfully express TCRab-chains and that
recognize MHC–peptide complexes with moderate affinity are
positively selected and can advance to the next stage, either the
CD4+ or CD8+ single-positive (SP) stage (14–16). If the TCR on
the DP cells binds to MHC–peptide complexes with high affinity,
these cells are autoreactive T cells and die by apoptosis (17–19).
This elimination process is termed negative selection and is in-
dispensable for establishment of central tolerance (13, 20, 21).
Protection of DP cells from apoptosis after positive selection,
which is supported at least in part by the IL-7/IL-7R system, is
important in the transition from DP to SP cells (22). Because
intrathymic T cell development is a multiple-step and complicated
process, elucidation of gene expression patterns and their regu-
lation by a network of multiple transcription factors is necessary
to fully understand how T cell development and immune tolerance
is regulated at the molecular level.
Transcription factors bind to cis-elements in the promoters of

target genes and activate transcription of these genes (1). Because
not only individual transcription factors but also a set of tran-
scription factors that form transcriptional networks govern the
identity of developing T cells at the various maturational stages in
the thymus, it is important to understand how global epigenetic
regulation of genes is ensured (1, 23). Several nuclear proteins
are known to possess functions that regulate chromatin structure.
One such protein family is the SWI/SNF–chromatin remodeling
complex, which moves or removes nucleosomes and regulates
nucleosome positioning and density at the proper genomic location
(24). When the functions of SWI/SNF complexes are inhibited, the
expression of CD4 and CD8 molecules in developing T cells in the

*Department of Molecular Immunology, Toho University School of Medicine, Tokyo
143-8540, Japan; †Department of Immunology, Duke University Medical Center,
Durham, NC 27710; and ‡Life Sciences Division, Lawrence Berkeley National Lab-
oratory, University of California, Berkeley, CA 94720
1Y.T. and A.W. contributed equally to this work.

ORCIDs: 0000-0002-1565-8804 (M.K.); 0000-0002-9278-7677 (Y.T.); 0000-0001-
6440-5566 (T.N.); 0000-0002-5988-0669 (T.K.-S.); 0000-0003-4741-4705 (A.W.).

Received for publication June 23, 2015. Accepted for publication November 13,
2015.

This work was supported in part by Japan Society for the Promotion of Science
Grants-in-Aid for Scientific Research (24390121 and 26670240), the Uehara Memo-
rial Foundation, the Mochida Memorial Foundation for Medical and Pharmaceutical
Research, a Strategic Research Foundation Grant-aided Project for Private Schools at
Heisei 23rd (S1101016) and Heisei 26th (S1411015) from the Ministry of Education,
Culture, Sports, Science and Technology, a Research Promotion Grant from Toho
University Graduate School of Medicine (11-01 and 14-02), a Bridging Grant from
Duke University Medical Center (to M.K.), Project Research Grants from Toho
University School of Medicine (to Y.T.), and by National Institutes of Health Grant
(R37CA39681 to T.K.-S.). M.K. was a scholar of the Leukemia & Lymphoma
Society.

Address correspondence and reprint requests to Dr. Motonari Kondo and Dr. Yuriko
Tanaka, Toho University School of Medicine, 5-21-16 Omori-Nishi, Ota-ku, Tokyo
143-8540, Japan. E-mail addresses: motonari.kondo@med.toho-u.ac.jp (M.K.) and
yurikota@med.toho-u.ac.jp (Y.T.)

The online version of this article contains supplemental material.

Abbreviations used in this article: BM, bone marrow; cKO, conditional knockout;
DN, double-negative; DP, double-positive; ETP, early T cell progenitor; HPC, hema-
topoietic progenitor cell; HSC, hematopoietic stem cell; SATB1, special AT-rich
sequence binding protein-1; SP, single-positive; Tconv, conventional T; TG, trans-
genic; Treg, regulatory T; WT, wild-type.

Copyright! 2016 by The American Association of Immunologists, Inc. 0022-1767/16/$30.00

www.jimmunol.org/cgi/doi/10.4049/jimmunol.1501429

 at Toho U
niv/N

arashino M
edia C

tr/Funabashi on M
arch 1, 2016

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://orcid.org/0000-0002-1565-8804
http://orcid.org/0000-0002-9278-7677
http://orcid.org/0000-0001-6440-5566
http://orcid.org/0000-0001-6440-5566
http://orcid.org/0000-0002-5988-0669
http://orcid.org/0000-0003-4741-4705
mailto:motonari.kondo@med.toho-u.ac.jp
mailto:yurikota@med.toho-u.ac.jp
http://www.jimmunol.org/lookup/suppl/doi:10.4049/jimmunol.1501429/-/DCSupplemental
http://www.jimmunol.org/


thymus are misregulated (25), which demonstrates that the regu-
lation of chromatin structures by SWI/SNF complexes plays a role
in proper gene expression in T cells. However, the action of SWI/
SNF complexes is necessary for a broad range of cell types
including pluripotent stem cells (26). Therefore, the existence
of another factor that regulates epigenetic gene expression in a
T-lineage–specific manner has been postulated.
Special AT-rich binding protein 1 (SATB1) is an NF that binds

AT-rich sequences (also known as base unpairing regions) and can
function as a genome organizer (27, 28). SATB1 forms complexes
with SWI/SNF factors and positively and negatively regulates
the expression of a vast number of genes (28–30). SATB1 ex-
pression is observed in hematopoietic stem cells (HSCs), and its
expression is abundant in thymocytes (31, 32). Accordingly,
SATB1 and its target genes are involved in various cellular
functions in different types of blood cells. For example, it has
been demonstrated that SATB1 is necessary for the self-renewal
of HSC (32). SATB1 also plays a role in lymphoid lineage
specification and/or commitment (31). In SATB1 null mice,
however, a dramatic change in cell phenotype is observed in the
thymus, where T cell development is mostly stagnated at the DP
stage (30). In addition, it has been reported that downregulation
of SATB1 is necessary for exhibition of proper inhibitory ac-
tions by regulatory T (Treg) cells, which negatively regulate
immune responses and are major players in establishment of pe-
ripheral tolerance (33). However, because SATB1 is expressed not
only by hematopoietic cells but also by other types of cells such as
neuronal cells, and because SATB1 null mice die by 3 wk after
birth, it is difficult to investigate the precise role of SATB1 in
T cell development and function (30).
In this study, we demonstrated that T cell development is

severely impaired in the absence of SATB1 by using a mouse
model in which the SATB1 gene was conditionally deleted in
hematopoietic cells. These SATB1 conditional knockout (cKO)
mice were created by crossing SATB1 floxed mice with Vav-Cre
transgenic (TG) mice (34, 35). We showed that the T cell de-
velopmental defect in SATB1cKO mice is mainly due to dys-
functional positive selection, resulting in stagnation at the
transition stage from the DP to the CD4+ or CD8+ SP stage.
Notably, the mortality rate of SATB1cKO mice was higher than
that of wild-type (WT) littermates. One cause of death of
SATB1cKO mice may be autoimmune manifestation because the
concentration of autoantibodies in the serum was increased in
SATB1cKO mice after 16 wk of age. In addition, inflammatory
lesions or lymphocyte infiltrates were observed in multiple or-
gans in SATB1cKO mice. We also found that negative selection
and a regulatory function of Treg cells were impaired in
SATB1cKO mice, suggesting that SATB1 plays an important
role in regulation of the gene expression that is critical for es-
tablishment of immune tolerance.

Materials and Methods
Mice

SATB1fl/fl mice were generated as described (34). Vav-Cre mice (35), OT-I
and OT-II TCR TG mice (36, 37), and RIPmOVA mice (38) were pur-
chased from The Jackson Laboratory. Lck-Cre mice (39) were obtained
from the Laboratory Animal Resource Bank at Nibiohn. HY-TCR TG mice
were provided by W. Zhang at Duke University. C57BL/6 mice were
purchased from CLEA Japan. RAG22/2 and C57BL/6 (CD45.1) mice
were maintained at the animal facility in Toho University. All mice were
maintained on a C57BL/6 background and under specific pathogen-free
conditions at the Toho University School of Medicine animal facility. All
experiments using mice received approval from the Toho University Ad-
ministrative Panel for Animal Care (15-55-262) and Recombinant DNA
(15-52-260). Mice were used at 5–10 wk of age unless otherwise specified
in the text.

Real-time quantitative RT-PCR

Total RNA from various cell populations was extracted using the TRIzol
reagent (Invitrogen). The High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems) was used for first-strand synthesis. Quantitative RT-
PCR was performed according to the protocol of TaqMan gene expression
assay kits (Applied Biosystems) with an ABI 7500 Fast system (Applied
Biosystems) using the following primers: Hprt, Mm00446968_m1, and
SATB1, Mmoo485920_m1. Results were normalized to the expression of
Hprt mRNA.

Flow cytometry

Abs used for cell-surface and intracellular staining were as follows: anti–
CD4-PE–Cy7 (GK1.5), anti-CD5–FITC (53-7.3), anti-CD8–Pacific Blue
(53-6.7), anti-CD24–PE (M1/69), anti-CD25–PE (PC61), anti-CD44–PE (IM7),
anti-CD45.2–allophycocyanin (104), anti-CD62L–FITC (MEL-14), anti-
TCRb–APC (H57-597), anti-Va2–PE (B20.1), anti-Vb5.1 5.2–FITC (PE-
MR9-4), and anti-B220–FITC (RA3-6B2) were obtained from BioLegend.
Anti-CD45.1–FITC (A20), anti-CD69–FITC (H1.2F3), anti-HY–APC
(T3.70), anti–c-Kit–APC (2B8), anti-Thy1.2–PE (53-2.1), and anti-Foxp3–
FITC (FJK-16a) were purchased from eBioscience. Anti-TCRb–APC Abs
(H57-597) were obtained from Tonbo Biosciences.

For staining, erythrocytes were depleted from a single-cell suspension
derived from the various organs specified in the figure legends. After
the cells were washed with FACS buffer (2% FBS in 13 PBS with
0.05% NaN3), they were incubated with a mixture of fluorescence-
conjugated Abs on ice for 20 min and then washed twice with FACS
buffer. A Cytofix/Cytoperm kit (BD Biosciences) was used for intracellular
staining by following the instructions of the kit. Flow cytometric analysis
was performed using FACSCanto II (BD Biosciences) and FACSAria III
(BD Biosciences). Cell sorting was done using FACSAria III (BD Bio-
sciences). Dead cells were excluded as 7-aminoactinomycin D–positive
(BD Biosciences) cells. Data were analyzed using FlowJo software
(Tree Star).

BM chimeras

BM cells isolated from SATB1cKO (CD45.2) mice, their WT littermates
(CD45.2), and congenic C57BL/6 (CD45.1) mice were stained with anti-
B220–FITC, anti-Thy1.2–PE, and anti–c-Kit–APC Abs. Subsequently,
c-Kit+Thy1.22/loB2202 hematopoietic progenitor cells (HPCs) with HSCs
were purified using cell sorting on an FACSAria III (BD Biosciences).
HPCs (1 3 106 cells) from SATB1cKO mice or a mixture of HPCs from
SATB1cKO mice and congenic C57BL/6 (CD45.1) mice at a ratio of 1:1
were i.v. injected into lethal dose–irradiated (900 rad) C57BL/6 (CD45.1)
mice. Splenocytes from these mice were analyzed on FACS machines at
8 wk after injection of the HPCs.

Histopathology and immunohistochemistry

Mouse tissues were fixed in 10% formalin solution (Wako) and embedded
in paraffin. Sections (6 mm) were stained with H&E and observed using
a BX61 microscope (Olympus).

Autoantibody detection

Anti-dsDNA Abs in the serum were measured using a Mouse Anti-dsDNA
ELISA kit (Shibayagi).

In vitro Treg cell suppression assay

CD252CD4+ conventional T (Tconv) cells and CD25+CD4+ Treg cells
from spleen and peripheral lymph nodes were purified by cell sorting.
Responder Tconv cells (CD45.1, 2 3 105 cells) were labeled with CFSE
according to the manufacturer’s instructions (Invitrogen) and cultured for
4 d with irradiated splenocytes (1 3 105 cells; CD45.2) and anti-CD3ε Ab
(5 mg/ml; 145-2C11; eBioscience) in the presence or absence of CD25+

CD4+ Treg cells (CD45.2) either from SATB1cKO mice or their WT lit-
termates. CFSE levels on Tconv cells were then measured by gating on
CD45.1+ cells in FACS analysis.

In vivo Treg cell suppression assay (T cell–mediated colitis
model)

Rag22/2 mice were injected i.v. with CD252CD4+CD45RBhi T cells (2 3
105) in the presence or absence of CD25+CD4+ Treg cells (2 3 105). The
mice were weighed weekly, assessed for clinical signs of colitis for 5 wk,
and then killed to determine the presence of colitis in colon sections.
Colons were fixed in 10% formalin solution and embedded in paraffin.
Sections (6-mm thick) were stained with H&E.
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In vivo injection of anti-CD3 Abs

WT and SATB1 cKO mice were i.p. injected with 25 mg anti-CD3ε Abs in
100 ml PBS. After 48 h, thymocytes were isolated, and the expression of
CD4 and CD8 was analyzed using FACS.

Statistical testing

Statistical analysis was performed with the mean difference hypothesis of
Student t test or the Mann–Whitney U test with assumption of different
variances and a confidence level of 95%.

Results
The effects of SATB1 deficiency on thymocyte development

SATB1 expression is observed in hematopoietic cells as early as
the HSC stage (32). In this study, real-time quantitative RT-PCR
analysis of thymus tissue indicated that, although all thymocytes
of WT mice expressed SATB1 mRNA, the expression level was
the highest at the DP stage and decreased thereafter along with
maturation (Fig. 1A). This result implies that SATB1 expression is
important at the DP stage during intrathymic T cell development.
To investigate the effect of SATB1 deficiency on T cell devel-

opment, we generated SATB1cKO mice by crossing mice with an
SATB1 floxed allele (SATB1fl/fl mice) with Vav-Cre TG mice (34,
35, 40). As in the case of SATB1 null mice (30), T cell devel-
opment was severely impaired in the SATB1cKO mice (Fig. 1B,
1C). Thymocyte numbers in SATB1cKO mice (0.55 6 0.18 3 108;
p, 0.05) were ∼40% of those in WT littermates (1.36 0.143 108).
Reduction in the number of thymocytes in SATB1cKO mice was
significant in the SP population (Fig. 1B, 1C), suggesting that
transition from the DP to the SP stage, in which positive selec-
tion is required, is impaired (13).
The decrease in the number of thymocytes in SATB1cKO mice

was observed even for the most immature population of thymo-
cytes, the ETPs (Fig. 1D). A significant reduction was observed
in the number of common lymphoid progenitor cells but not in
HSCs in BM of SATB1cKO mice compared with WT mice
(Supplemental Fig. 1A). These findings are consistent with our
previous report that SATB1 deficiency might affect specification
and/or commitment of the lymphoid lineage (32). Indeed, no
significant difference was observed in the number of ETPs be-
tween WT mice and SATB1 floxed mice with Cre transgenes

under the control of the Lck proximal promoter (Lck-Cre), which
are active in thymocytes after the DN2 stage (41), although the
number of ETPs in Lck-Cre-SATB1fl/fl mice was lower than that in
WT mice (Supplemental Fig. 2A).

Peripheral T cells are activated in the absence of SATB1

We next analyzed peripheral T cells in SATB1cKO mice and their
WT littermates. Reflecting the observed reduction in the number
of SP thymocytes, both CD4+ and CD8+ T cells were significantly
decreased in the spleen of SATB1cKO mice (Fig. 2A). As in the
case of SATB1 null mice (30), CD4+CD8+ DP cells were observed
in the spleen of SATB1cKO mice (Fig. 2A), suggesting that
SATB1 is involved in the downregulation of CD4 and/or CD8
molecules in peripheral T cells. In contrast to the T cell defect in
SATB1cKO mice, the B cell number was not significantly dif-
ferent between SATB1cKO and WT littermates (Fig. 2B).
T lymphopenia may lead to activation of T cells as the result of

cell expansion by homeostatic proliferation (42). This also appears
to be the case for SATB1cKO mice because the number of
CD62LhighCD442/lo naive T cells was drastically reduced and that
of CD62L2CD44high effector/memory T cells was significantly
increased in both CD4+ and CD8+ populations in the spleen of
SATB1cKO mice (Fig. 2C, 2D). The mechanism that underlies
this phenomenon is unclear; however, whereas naive T cells in
WT mice showed from low to negative expression of CD44, naive
T cells in the SATB1cKO mice were mostly negative for CD44
(Fig. 2C). Activated T cells in SATB1cKO mice seem to enhance
humoral immunity because germinal center B cells, which are
positive for GL7, were detected in the spleen and lymph nodes of
SATB1cKO mice (data not shown).
To address whether T cell activation in SATB1cKO mice

was truly due to homeostatic proliferation under a lymphopenic
condition, we generated chimeric mice by injecting BM cells from
SATB1cKO (CD45.2) andWTC57BL/6 (CD45.1) mice into lethally
irradiatedWTmice (CD45.1). At 6 wk after BM reconstitution in the
mice injected with SATB1cKO BM alone, ∼10% of the CD4+ cells
derived from SATB1cKO BM were naive cells (Fig. 3A, left panel,
Fig. 3B). When SATB1cKO BM cells were injected with WT BM
cells, the percentage of naive CD4+ T cells was increased to ∼20%
(Fig. 3A, right panel), which is comparable to the number of CD4+

FIGURE 1. Defective thymocyte development in
SATB1 cKO mice. (A) Expression of SATB1 mRNA in
thymocytes and splenic T cells derived from WT mice
as analyzed using quantitative RT-PCR. The level of
SATB1 mRNA was normalized relative to that of hprt
expression (n = 3). (B) CD4 and CD8 expression on
thymocytes in WT and SATB1cKO mice. Representa-
tive FACS plots from more than five independent ex-
periments are shown. Numbers of cells in various
thymocyte populations (C) and subfractions of the DN
population (D) in WT (open bars, n = 5) and SATB1
cKO mice (closed bars, n = 5). Student t tests were
performed for statistical analysis. *p , 0.05.
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naive T cells from WT BM (Fig. 3B). This result demonstrates
that the activated phenotype of T cells in SATB1cKO mice is a
result of homeostatic proliferation in a T lymphopenic condition.

SATB1 is required for positive selection

We observed a marked decrease in the number of CD4+ and
CD8+ SP cells in the thymus of SATB1cKO mice (Fig. 1B). To
determine if this decrease in the number of SP thymocytes was a
result of a defect in positive selection, we examined the devel-
opmental fate of thymocytes expressing fixed TCRs. We crossed
SATB1cKO mice with OT-I (36) and OT-II (37) TCR TG mice.
These TCRs recognize OVA peptides presented by MHC class I
and II, respectively, and therefore, OT-I+ and OT-II+ DP cells give
rise to CD8+ and CD4+ T cells, respectively, upon positive

selection in the TCR TG mice (Fig. 4A, 4B, left panels). However,
OT-I+ DP thymocytes in a SATB1cKO background did not dif-
ferentiate into CD8+ SP cells (Fig. 4A, middle and right panels).
Similarly, fewer OT-II+CD4+ SP cells were observed in the
SATB1cKO background than in the SATB1 sufficient OT-II+ mice
(Fig. 4B), although the developmental block from the DP to the SP
stage was less severe in OT-II+ SATB1cKO mice than in OT-I+

SATB1cKO mice. These results clearly demonstrate that positive
selection is severely impaired in the absence of SATB1.
In accordance with this defect in positive selection, upregula-

tion of CD69 and TCRb, which normally occurs after successful
positive selection at the DP stage, was impaired in SATB1cKO
mice (Fig. 4C). Finally, we analyzed the CD5 expression level on
thymocytes from SATB1cKO mice and their WT littermates. The

FIGURE 2. T cells in the periphery are activated in
SATB1 cKO mice. (A) CD4 and CD8 expression on
splenocytes from WT and SATB1cKO mice. Repre-
sentative FACS plots from more than five independent
analyses are shown. (B) Cell numbers of the indicated
populations in the spleen derived from WT (open bars,
n = 5) and SATB1 cKO mice (closed bars, n = 5). (C)
Representative FACS analysis of the expression of
CD62L and CD44 on CD4+ (top panel) or CD8+

(bottom panel) splenic T cells from WT (left panel) or
SATB1 cKO mice (right panel). (D) The percentage of
CD62LhiCD44lo (naive) and CD62LloCD44hi (effector/
memory) subfractions of CD4+ (top panel) or CD8+

(bottom panel) T cells from WT (open circles) and
SATB1 cKO (closed circles) mice. Each symbol rep-
resents an individual mouse, and horizontal lines indi-
cate the mean value. Student t tests were used for
statistical analyses. *p , 0.05.

FIGURE 3. T cells in SATB1 cKO mice were activated due to homeostatic proliferation under the T lymphopenic condition. (A) c-Kit+ BM cells from
SATB1 cKO mice (CD45.2) with (right panel) or without (left panel) c-Kit+ BM cells from WT mice (CD45.1) were i.v. injected into lethally irradiated
congenic mice (CD45.1). At 8 wk after BM reconstitution, CD4+ T cells from SATB1 cKO mice were analyzed by FACS for expression of CD62L and
CD44. (B) The frequency of CD62LhiCD44lo naive CD4+ T cells from the indicated donors in mice injected with SATB1cKO c-Kit+ BM cells alone or with
both SATB1cKO and WT c-Kit+ BM cells (n = 3). Data are representative of two independent experiments. *p , 0.05.
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expression of CD5 was obviously impaired in SATB1cKO mice,
especially in DP thymocytes (Fig. 4D). This decrease in CD5
expression persisted at the CD4+CD8int stage in SATB1cKO mice
(Fig. 4D). The CD5 expression level on thymocytes, especially on
CD4+CD8int cells, is known to reflect the avidity of the interaction
of the TCR with self-peptide/MHC complexes (43). Therefore,
impairment of positive selection might be due, at least in part, to
insufficient TCR engagement of DP thymocytes in SATB1cKO mice.

SATB1cKO mice develop autoimmune disease

During the breeding andmaintenance of SATB1cKOmice and their
littermates, we noticed that the SATB1cKO mice died earlier than
their WT littermates (Fig. 5A). We found that levels of autoanti-
bodies, such as anti-dsDNA Abs, in the serum of SATB1cKO mice
were higher than those of WT mice (Fig. 5B), suggesting that
SATB1cKO mice are prone to autoimmunity. In addition to the
presence of autoantibodies, apparent inflammatory cell infiltration
was observed in various organs of the SATB1cKO mice (Fig. 5C).
It seems that this autoimmune disorder is caused by T cells in the
absence of SATB1 because autoimmune phenotypes were ob-
served in Lck-Cre-SATB1fl/fl mice, in which SATB1 is deleted
only in T cells (Supplemental Fig. 2B, 2C).
Immune tolerance is the key for blocking autoimmune mani-

festation in healthy conditions. Once immune tolerance is dis-
turbed, the bodies’ immune system may attack itself and various
organs may get damaged, resulting in autoimmune diseases (44).
Treg cells, which are CD4+ T cells that express the transcription
factor Foxp3, play a central role in establishment of peripheral
tolerance and immune homeostasis (45). Treg cell deficiency and
dysfunction may cause a T cell–mediated autoimmune disorder
(45). Therefore, to determine the involvement of Tregs in the au-
toimmunity of the SATB1cKO mice, we first compared the fre-
quency and the cell number of splenic Treg cells in SATB1cKO
mice with those of WT littermates. In SATB1cKO mice at 5–10 wk

of age, the frequency of Treg cells was higher than that in WT mice
(Fig. 6A); however, the absolute number of splenic Treg cells in
SATB1cKO mice was less than that of WT mice (Fig. 6B). A re-
duction in the number of Treg cells was also observed in inguinal
and mesenteric lymph nodes of SATB1cKO mice compared with
WT mice (Fig. 6B). Similarly, slightly fewer Treg cells were pre-
sent in older (24-wk-old) SATB1cKO mice than in WT mice
(Supplemental Fig. 1B). Also, no significant difference in the
number of Treg cells was observed between healthy and sick
SATB1cKO mice (data not shown). However, Treg cell numbers
were significantly different between SATB1cKO and WT mice at
2 wk after birth (Supplemental Fig. 1B), suggesting that the loss of
SATB1 may affect Treg cell development.
We next analyzed the suppressive ability of SATB1-deficient

Treg cells in vitro. To determine whether SATB1-deficient Treg
cells can suppress the proliferation of CD4+CD252 Tconv cells,
we cultured activated Tconv cells from WT congenic mice
(CD45.1) with or without CD4+CD25+ Treg cells, all of which
expressed Foxp3, from either WT or SATB1cKO mice (CD45.2)
for 4 d. After culture, we analyzed the proliferation of the Tconv
cells by CFSE dilution on a FACS machine and found that the
suppressive ability of SATB1-deficient Treg cells was slightly
reduced compared with that of WT Treg cells (Fig. 6C, 6D). We
also examined suppressive abilities of Treg cells derived from
SATB1cKO mice in in vivo settings by using a T cell–induced
colitis model. Upon transfer of naive CD4+CD45RBhigh cells into
RAG22/2 mice, the mice became wasted and developed colitis,
whereas cotransfer of either WT or SATB1-deficient CD4+CD25+

Treg cells prevented development of T cell–induced colitis
(Fig. 6E, 6F). These results suggest that although the suppressive
ability of SATB1-deficient Treg cells was not clearly observed in
in vivo assays, Treg function is impaired in SATB1cKO mice in
terms of reduction in the number and impairment of in vitro
suppressive ability of Treg cells in SATB1cKO mice.

FIGURE 4. Defect of positive se-
lection in SATB1 cKO mice. (A)
FACS analysis of thymocytes from
WT (left panel) or SATB1 cKO mice
(middle panel) expressing OT-I TCR
transgenes (Va2+). The results shown
are pregated on a Va2+ population.
The ratio of CD8+ SP cells to DP
cells is shown in the right panel. (B)
FACS analysis of thymocytes from
WT (left panel) or SATB1 cKO mice
(middle panel) expressing OT-II TCR
transgenes (Va2+). The ratio of CD4+

SP cells to DP cells is shown (right
panel). (C) FACS analysis of expres-
sion of the TCRb-chain and CD69 on
thymocytes in WT (left panel) and
SATB1 cKO mice (right panel). (D)
FACS analysis of CD5 expression
on DP and CD4+CD8int thymocytes
from WT (solid line) or SATB1 cKO
mice (dotted line). A representative
result of more than three independent
experiments is shown. *p , 0.05.
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Negative selection is impaired in the absence of SATB1

Because SATB1cKO mice displayed a modest defect in a function
of Treg cells, we next examined whether negative selection, which
is required for establishment of central tolerance, is defective in
these mice. For this purpose, we crossed SATB1cKO mice with
HY-TCRTG mice (14). Because female mice do not have HYAgs,
HY-TCR+ DP cells on the WT background were positively se-
lected and gave rise to CD8+ T cells (Supplemental Fig. 3, left
panel). Because positive selection is perturbed in the absence of
SATB1, fewer CD8+ SP cells were observed in the HY-TCR+

SATB1cKO female mice versus the HY-TCR+ WT mice
(Supplemental Fig. 3, right panel). In the male mice, most of
the HY-TCR+ thymocytes were deleted because of the presence of
HY Ags, resulting in very few CD8+ SP cells in the thymus (Fig.
7A, left panel). On a SATB1cKO background, however, more
HY-TCR+ CD8+ SP cells were observed in the thymus than on the
WT background (Fig. 7A, 7B). These results suggested that neg-
ative selection was impaired in SATB1cKO mice. It should be
noted that there were two different CD4/CD8 staining patterns in
HY-TCR+ SATB1cKO mice; one pattern was similar to that of the
HY-TCR+ WT mice (Fig. 7A, pattern 1), and in the other pattern,
the CD8+ SP population was more prominent (pattern 2). The
cause of these different thymocyte staining patterns in HY-TCR+

SATB1cKO mice is unclear; we did not observe a significant
difference in the peripheral phenotype of these mice compared
with WT mice (data not shown). Whatever the cause of these
different staining patterns, the results shown in Fig. 7A and 7B
suggest that negative selection is impaired in the absence of
SATB1 and that more HY-TCR+ thymocytes have escaped from
clonal deletion in male mice.
We also examined whether negative selection of CD4+ T cells

was impaired in SATB1cKO mice. For this purpose, we crossed
SATB1cKO mice to OT-II 3 RIP-mOVA double TG mice ac-
cording to the method used by Anderson et al. (46). RIP-mOVA
TG mice express a membrane-bound form of OVA under the
control of the insulin promoter (38). In addition to expression in
the pancreatic islet, this transgene is also expressed by medullary
thymic epithelial cells in the thymus under the control of a nuclear

protein, AIRE. Large-scale deletion of OT-II TCR+ thymocytes is
seen when both the OT-II TCR transgene and RIP-mOVA trans-
gene are present (46). Indeed, we observed significant but partial
deletion of CD4+ SP cells in the OT-II TG mice in the presence of
RIP-mOVA (from 87.6 to 54%; Fig. 7C). As shown above, fewer
CD4+ SP cells were observed in OT-II TG-SATB1cKO mice than
in OT-II TG mice on the WT background due to a defect in
positive selection (Fig. 7C). In the presence of RIP-mOVA,
however, the number of CD4+ SP cells was increased in the OT-
II SATB1cKO mice (Fig. 7D). These results demonstrate that
SATB1 is necessary for establishment of central tolerance. Al-
though self-reactive T cells should be in the periphery of
SATB1cKO mice, we could not reproduce autoimmune phenotype
in the naive mice by transferring SATB1-deficient T cells, maybe
because of low activation potential of T cells in SATB1cKO mice
due to weak TCR signal strength as shown in Supplemental Fig. 4.
Because T cells in patients with systemic lupus erythematosus
have some abnormalities, such as T cells’ reduced ability to produce
cytokines (47), T cells in SATB1cKO mice might share some char-
acteristics with T cells in human autoimmune patients.
Finally, we examined the sensitivity of the DP thymocytes in

SATB1cKOmice to clonal deletion induced by strong TCR signals.
We i.p. injected anti-CD3 Abs into SATB1cKO andWT littermates
and analyzed thymocytes from each mouse 4 d later. Although
almost all DP thymocytes were depleted in WT mice by this
treatment, DP cells in SATB1cKO mice were resistant to apoptosis
induced by anti-CD3 Ab treatment (Fig. 8). Therefore, dysregu-
lation of negative selection as well as reduction in the suppressive
function of Treg cells in the absence of SATB1 might be causes of
autoimmune disorder in the SATB1cKO mice. Overall, the results
in this study demonstrate that SATB1 plays a role in the estab-
lishment of immune tolerance in T cells.

Discussion
In this study, we demonstrated that SATB1 is required for both
positive and negative selection events during intrathymic T cell
development. As previously reported by Alvarez et al. (30) for
SATB1 null mice, T cell development was severely impaired at

FIGURE 5. SATB1cKO mice develop autoimmune
diseases. (A) Survival rates of SATB1 cKO mice (solid
line, n = 17) and WT littermates (dotted line, n = 12) at
the indicated periods. (B) Concentration of anti-dsDNA
Abs in the serum of WT or SATB1 cKO mice at dif-
ferent ages. Each symbol represents an individual
mouse, and horizontal lines indicate the mean. (C)
H&E staining of sections of various organs from WT
and SATB1 cKO mice. Scale bars, 200 nm. Log-rank
tests (A) and the Mann–Whitney U test (B) were used
for statistical analyses. *p , 0.05.
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the DP stage in the absence of SATB1. Although no obvious T cell
developmental defect at the DN stage is seen in SATB1 null mice,
we showed that, in SATB1cKO mice, T cell development was
obstructed even at the stage of the earliest thymocyte population,
the ETP population (Fig. 1D). SATB1 plays a role in the main-
tenance of self-renewal potential in HSC (32) and in specification/
commitment of HSC/multipotent progenitors to the lymphoid
lineage as we previously reported (31), T cell development might
be affected at a time point as early as the HSC stage in
SATB1cKO mice. However, we did not observe a significant
difference in the number of HSCs in the BM between SATB1cKO
mice and their WT littermates, which may not be consistent with a
previous report by Will et al. (32). Because SATB1 null mice die
by 3 wk after birth, HPCs from fetal liver or BM in infants were
used in the experiments in the previous report, whereas we ana-
lyzed adult mice in this study. Therefore, the difference between
the previous studies and our present report might stem from the
ages of the mice used in the investigations. More detailed analysis
is necessary for clarification of the precise requirement of SATB1
at the various maturational stages of hematopoietic cells.
Because T cell development of the SATB1 null mice is severely

blocked at the DP stage in the thymus, it was hypothesized that
SATB1 deficiency might lead to impairment of positive selection
(48). In this study, we demonstrate that positive selection is indeed
dysfunctional in the absence of SATB1 (Fig. 4). It should be noted
that this developmental arrest is more severe for CD8+ T cells than
for CD4+ T cells. Signal cascades via the TCR are triggered by a
cytoplasmic tyrosine kinase, Lck, which associates more effi-
ciently with CD4 than with CD8 (49). Therefore, different usage

of Lck between MHC class I– and class II–restricted positive
selection events might affect the cell fate of DP thymocytes in the
absence of SATB1. Expression patterns of various cytokine re-
ceptor subunits in thymocytes are changed in SATB1 null mice
compared with WT mice (30). Because intrathymic cytokines,
such as IL-7, affect the specification of CD4 and CD8 lineage
choice at the DP stage (50), it is also possible that this dysregu-
lation of cytokine receptor expression might result in different
severity in the phenotype of CD4+ T and CD8+ T cells in
SATB1cKO mice. Further investigation is necessary for identifi-
cation of the reason why SATB1 is required for the process of
proper positive selection events.
A significant finding of this study was that SATB1 plays a role in

establishment of immune tolerance. SATB1cKO mice died earlier
than WT mice (Fig. 5A) and displayed multiple characteristics of
autoimmune prone mice, such as increased levels of autoanti-
bodies and infiltration of immune cells into various organs (51,
52). Thus, impairment of negative selection might be one of the
causative reasons of development of autoimmune disorders in the
absence of SATB1. Hwang et al. (53) have demonstrated that a
weak TCR signal in mice with a mutated ITAM in the TCRz
chains leads to impairment of both positive and negative selection.
Therefore, it is possible that dysregulation of both positive and
negative selection in SATB1cKO mice is also caused by weak
TCR signal strength at the DP stage. However, it has been reported
that symptoms of autoimmune diseases are not observed in TCRz
mutant mice because of increased numbers of Foxp3+ Treg cells
(53). SATB1cKO mice have impairment of Treg functions com-
pared with WT mice at adulthood (Fig. 6B). Therefore, Treg cell

FIGURE 6. Generation and function of Treg cells in
SATB1cKO mice. (A) Foxp3 expression in the CD4+ spleen T
cell population from WT (left panel) and SATB1 cKO mice
(right panel). The FACS plots shown were pregated on the
CD4+ fraction. (B) Absolute numbers of Treg (Foxp3+CD4+)
cells in the spleen, inguinal lymph node, and mesenteric
lymph node of WT (open bars) and SATB1 cKO (closed bars)
mice. (C and D) In vitro suppression assay with CFSE-labeled
Tconv cells (CD4+CD252) as responders and Treg cells de-
rived from WT (open circles) or SATB1 cKO (closed circles)
mice as suppressors (D). Representative results without Treg
cells (left panel), or with WT Treg (middle panel) or SATB1
cKO Treg (right panel) cells at a 1:4 Tconv/Treg ratio are
shown in (C). (E) CD4+CD45RBhi T cells were i.v. injected
into Rag22/2 mice with or without WT or SATB1 cKO Treg
cells. The body weight of each mouse was measured at the
indicated period after cell injection. Three mice were used in
each experimental group. The mean value + SD is indicated.
(F) H&E staining of colon sections from the mice from each
group in (E) at 5 wk after T cell transfer (original magnifi-
cation 3100).
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numbers and functions might be critical for prevention of auto-
immune diseases, when autoreactive T cells are increased in the
periphery.
Reduction in the number of Treg cells was significantly different

from WT in SATB1cKO mice at 2 wk after birth (Supplemental
Fig. 1B). Because it has been recently demonstrated that there are
distinct Treg populations that are generated in an age-dependent
manner and have different TCR repertoires (54), it might be
possible that SATB1-dependent and SATB1-independent Treg
cells are present. In addition to the decreased number, the sup-
pressive functions of Treg cells were slightly impaired in the ab-
sence of SATB1 (Fig. 6C, 6D). However, our preliminary results
suggest that Treg cells in SATB1cKO mice express higher levels
of GITR than the Treg cells of WT mice. GITR is observed in
preactivated Treg cells that have higher suppressive functions than

resting Treg cells (55–57). It is therefore not clear why the sup-
pressive function of SATB1-deficient Treg cells is impaired.
Further investigation is necessary for clarification of the roles of
SATB1 in development and in the functions of Treg cells.
We demonstrated in this study that SATB1 deficiency in he-

matopoietic cells results not only in T cell deficiency but also in
autoimmune manifestations. It has been shown that homeostatic
proliferation of T cells is an important event for development
of autoimmune diseases due to an increase in the number of
autoreactive T cells and the activation of such T cells (58, 59).
Therefore, the T lymphopenia that was observed in the SATB1cKO
mice might accelerate the onset of autoimmune disorder even as
early as 16 wk of age in these mice under the condition in which
Treg cell development is also affected in the absence of SATB1.
Because SATB1 globally regulates the expression of numerous

FIGURE 7. Negative selection is
impaired in SATB1 cKO mice. (A)
FACS analysis of male HY-TCR+

thymocytes on a WT or SATB1 cKO
background. The results shown were
pregated on the T3.70+ fraction. (B)
Numbers of HY-TCR+ CD8+ SP
cells in WT (open circles) or SATB1
cKO mice (closed circles). (C) Ex-
pression of CD4 and CD8 in thy-
mocytes from OT-II TCR+ mice on a
WT or SATB1 cKO background in
the presence or absence of RIP-
mOVA transgenes. (D) Numbers of
OT-II+ (Va2+) CD4+ SP cells in each
line of mice shown in (C). *p , 0.05.

FIGURE 8. DP thymocytes in
SATB1 cKO mice are resistant to
TCR-mediated deletion. (A) WT and
SATB1 cKO mice were i.p. injected
with anti-CD3 Abs. At 48 h after
injection, the thymocytes were har-
vested, stained for CD4 and CD8,
and analyzed using FACS. (B) The
percentage of DP thymocytes in WT
and SATB1 cKO mice before (open
bars) or after (filled bars) injection
of anti-CD3 Abs. *p , 0.05.
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genes by modification of chromosomal structure (28, 29), clarifi-
cation of the gene regulatory network modulated by SATB1 in
developing and mature T cells should provide new insights into
understanding the establishment of immune tolerance, which may
lead to the development of a new treatment of autoimmune diseases.
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Abstract Adipokines are cytokines derived from adipose
tissue. Recently it has been established that adipokines are

closely linked to the pathophysiology of not only metabolic

diseases, such as diabetes mellitus, obesity, and athero-
sclerosis, but also to inflammation and immune diseases. In

this study we measured serum levels of adipokines in

patients with acute Kawasaki disease to investigate the role
of adipokines in the pathophysiology of Kawasaki disease.

Serum resistin, high-molecular-weight (HMW) adiponec-

tin, leptin, and visfatin levels were measured by enzyme-
linked immunosorbent assay in a total of 117 subjects: 56

patients with acute Kawasaki disease, 30 healthy children,

and 31 patients with acute infectious diseases. Serum res-
istin levels in patients with Kawasaki disease were signif-

icantly higher than those of healthy children and patients

with acute infectious diseases. In contrast, mean serum
HMW adiponectin, leptin, and visfatin levels in patients

with Kawasaki disease exhibited no statistically significant

differences compared with those in healthy children and
patients with infectious diseases. Serum resistin levels

decreased significantly after administration of intravenous

immune globulin. Serum resistin levels on admission
were significantly higher in nonresponders compared with

responders to intravenous immune globulin therapy. A

multivariate model revealed that C-reactive protein was a
factor that was significantly related to elevated serum res-

istin level in patients with Kawasaki disease. In patients

with Kawasaki disease, serum resistin levels were elevated,
but decreased to nearly normal after intravenous adminis-

tration of immune globulin. In contrast, serum HMW

adiponectin, leptin, and visfatin levels showed no statisti-
cally significant changes. These findings suggest that resi-

stin plays an important role, while other adipokines do not

play a major role, in the pathogenesis of Kawasaki disease.

Keywords Adipokines ! Resistin ! C-reactive protein !
Kawasaki disease

Introduction

Kawasaki disease is a systemic vasculitis of childhood that

was first reported by Tomisaku Kawasaki in 1967 [1].

Patients manifest with fever, bulbar conjunctival injection,
changes of the oropharyngeal mucosa, changes of the

peripheral extremities, cervical lymphadenopathy, and

polymorphous rash [2]. In Japan there are approximately
10,000 new patients annually [3]. The most important

complication of this disease is development of coronary

lesions that result in acute myocardial infarction. Intrave-
nous immune globulin is a standard therapy that is effective

in about 70% of patients, but the cause of the disease has

been unclear.

Y. Kemmotsu ! T. Saji
Department of Pediatrics, School of Medicine,
Faculty of Medicine, Toho University,
Tokyo 143-8541, Japan

N. Kusunoki ! N. Tanaka ! S. Kawai (&)
Division of Rheumatology, Department of Internal Medicine
(Omori), School of Medicine, Faculty of Medicine, Toho
University, 6-11-1 Omori-Nishi, Ota-ku, Tokyo 143-8541, Japan
e-mail: skawai@med.toho-u.ac.jp

C. Nishimura
Department of Medical Informatics, School of Medicine,
Faculty of Medicine, Toho University, Tokyo 143-8540, Japan

A. Ishiguro
National Center for Child Health and Development,
Tokyo 157-8535, Japan

123

Mod Rheumatol (2012) 22:66–72

DOI 10.1007/s10165-011-0468-x



Adipokines or adipocytokines including resistin, adipo-

nectin, leptin, and visfatin are bioactive molecules that are
produced and secreted by adipose tissue [4]. Adipokines

have various actions in the human body that regulate

metabolic conditions, and may have a central role in reg-
ulation of insulin resistance [5, 6].

Resistin is an amino acid peptide that belongs to a

cysteine-rich secretory protein family [7]. Circulating res-
istin levels are elevated in humans by obesity and diabetes

[8]. Resistin levels are also associated with increasing
coronary artery calcification and are predictive of coronary

atherosclerosis [9]. Adiponectin is a 244-amino-acid

polypeptide that has three isoforms: low molecular weight,
middle molecular weight, and high molecular weight

(HMW). Decreased levels of HMW adiponectin are asso-

ciated with coronary artery disease and type 2 diabetes [10,
11]. Leptin is a protein of 167 amino acids. Circulating

leptin levels reflect adipose tissue mass, and hyperleptin-

emia is associated with obesity and other metabolic dis-
eases [12, 13]. Visfatin is one of the adipokines identified

in 2004, being predominantly produced and secreted in

visceral fat; its expression level in plasma increases during
development of obesity [14].

These adipokines show obviously links to metabolic

diseases, however recent studies have also suggested that
some adipokines might play a role in inflammation and

immune diseases [15]; for instance, we have previously

shown that serum levels of resistin, leptin, and adiponectin
were all associated with C-reactive protein (CRP) level in

patients with rheumatoid arthritis, suggesting that these

adipokines may act as proinflammatory cytokines in this
disease [16].

The object of this study is to clarify serum levels of

resistin, HMW adiponectin, leptin, and visfatin in patients
with Kawasaki disease during treatment with intravenous

immune globulin, and to evaluate the relationships between

serum adipokines and their clinical measures.

Methods

Patients

Fifty-six patients (36 males and 20 females, mean age

29.8 ± 1.7 months) with acute-phase Kawasaki disease

who were admitted to our university hospital participated
in this study. All patients met American Heart Association

diagnostic criteria for Kawasaki disease [2]. These patients

were treated with oral aspirin and 1 or 2 g/kg intravenous
immune globulin after admission. As controls, we collected

serum samples from 30 healthy children and 31 patients

with acute infectious diseases (14 patients with pharyngitis,
9 with bronchitis, 5 with gastroenteritis, and 3 with

exanthema subitum). The protocol for the study was

approved by the Ethics Committee of Toho University
Hospital. Informed consent was obtained from the parents

of all patients.

Adipokine measurements

Blood samples were collected from the patients with acute-
phase Kawasaki disease upon admission (before intrave-

nous immune globulin) and at 24–48 h after intravenous
immune globulin treatment. Serum resistin, HMW adipo-

nectin, leptin, and visfatin were measured using enzyme-

linked immunosorbent assay (ELISA) kits. Serum resistin
and leptin levels were measured in all 56 patients, but

HMW adiponectin and visfatin were measured in 38

patients because the volume of serum samples was too
small to perform all four analyses. Resistin and leptin

ELISA kits were both purchased from B-Bridge Interna-

tional, Inc. (Sunnyvale, CA, USA). ELISA kits for HMW
adiponectin and visfatin were obtained from Fujirebio, Inc.

(Tokyo, Japan) and Phoenix Pharmaceuticals, Inc. (Bur-

lingame, CA, USA), respectively.

Biochemical measurements

All of the patients with Kawasaki disease were examined

for complete blood cell counts and serum chemistry,

including CRP and electrolytes, before immune globulin
therapy. Latex nephelometry (Sekisui Medical Co., Tokyo,

Japan) was used for CRP measurement.

Statistical analysis

Comparisons between the three groups were made using the
Kruskal–Wallis test. Serum adipokine levels before and after

intravenous immune globulin were compared by the Wilco-

xon matched-pairs signed-rank test. Correlations between
serum adipokines and laboratory data were analyzed by sim-

ple linear regression analysis. Multiple regression analysis

was used for studying multivariable models. Statistical sig-
nificance was determined at p \ 0.05. Statistical analyses of

the data were conducted using the StatMate III software

program (ATMS, Tokyo, Japan).

Results

Characteristics of the study population

The characteristics of the 3 groups are shown in Table 1.

There were no statistically significant differences in age,

gender or body weight among the 3 groups of children. In
patients with Kawasaki disease, mean ± SD age was
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29.8 ± 21.7 months. The clinical profiles of patients with

Kawasaki disease are presented in Table 2. Thirty-eight

patients (67.9%, 21 males, 17 females) responded to
intravenous immune globulin infusion. Four patients had

coronary lesions detected by echocardiography at dis-

charge, even after immune globulin therapy.

Serum adipokine levels in patients with Kawasaki
disease

Serum adipokine levels are shown in Fig. 1. Serum resistin
levels were significantly higher in patients with Kawasaki

disease (mean 31.5 ± 20.0, median 27.5 ng/ml) compared

with healthy controls (mean 5.0 ± 6.8, median 3.3 ng/ml,

p \ 0.001) and patients with acute infectious diseases
(mean 10.6 ± 9.2, median 6.9 ng/ml, p \ 0.001). How-

ever, serum HMW adiponectin, leptin, and visfatin levels in

patients with Kawasaki disease (HMW adiponectin: mean
10.8 ± 5.1, median 10.1 lg/ml; leptin: mean 2.4 ± 4.0,

median 1.6 ng/ml; visfatin: mean 11.1 ±5.5, median
9.5 ng/ml) showed no statistically significant differences

compared with those in healthy controls (HMW adiponec-

tin: mean 23.5 ±9.9, median 22.7 lg/ml; leptin: mean
2.0 ±0.7, median 1.9 ng/ml; visfatin: mean 14.9 ±15.7,

Table 1 Background characteristics of the three patient groups

Age (months) Gender (M/F) Body weight (kg)

Patients with Kawasaki disease (n = 56) 29.8 ± 21.7 36/20 12.1 ± 3.6

Patients with acute infectious diseases (n = 31) 29.2 ± 17.5 20/11 12.1 ± 3.5

Healthy children (n = 30) 26.9 ± 13.0 19/11 11.7 ± 2.4

Values are mean ± SD

Table 2 Clinical characteristics of the patients with Kawasaki disease

Age
(months)

Days on
IVIG

Serum CRP
conc. (mg/dl)

WBC counts
(9103/ll)

Sodium conc.
(mEq/l)

IVIG
responder*

CAL

Male 36 26 ± 18 4.5 ± 1.8 7.2 ± 5.2 14.2 ± 5.2 131.5 ± 2.8 21 (58.3%) 3 (8.3%)

Female 20 37 ± 25 4.9 ± 1.9 4.7 ± 4.6 7.5 ± 3.1 135.5 ± 2.3 17 (85.0%) 1 (5.0%)

Values are mean ± SD or cases (percentages)

IVIG intravenous immune globulin therapy, CRP C-reactive protein, conc. concentrations, WBC white blood cell, CAL coronary arterial lesion

* Patients who had cessation of fever (\37.5"C) after IVIG and needed no additional therapy

Fig. 1 Serum adipokine levels in the three groups. In the box plots,
horizontal lines indicate median values, and the lower and upper ends
of boxes represent the 25th and 75th percentiles. In patients with
Kawasaki disease, serum resistin levels were significantly higher than
in patients with infectious diseases and in healthy children

(p \ 0.001). Serum high-molecular-weight adiponectin, leptin, and
visfatin levels in patients with Kawasaki disease exhibited no
statistically significant differences compared with those in healthy
controls and patients with acute infectious diseases. KD Kawasaki
disease, HMW high molecular weight
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median 11.0 ng/ml) and patients with infectious diseases

(HMW adiponectin: mean 9.8 ±4.0, median 8.8 lg/ml;
leptin: mean 2.2 ±1.3, median 1.9 ng/ml; visfatin: mean

11.7 ±8.0, median 9.1 ng/ml).

Adipokine levels before and after intravenous immune

globulin therapy

Figure 2 shows the changes in serum adipokine levels after

intravenous immune globulin treatment. Serum resistin
levels decreased significantly after treatment (mean

28.7 ± 18.4 to 9.2 ± 8.3, median 24.5 to 6.7 ng/ml,

p \ 0.001). However, there were no significant changes in
serum HMW adiponectin (mean 11.7 ± 5.5 to 11.3 ± 4.8,

median 11.9 to 11.1 lg/ml), leptin (mean 3.0 ± 5.9 to

2.2 ± 2.4, median 1.7 to 1.7 ng/ml) or visfatin (mean
11.0 ± 5.3 to 10.9 ± 3.0, median 9.0 to 10.7 ng/ml) levels

after intravenous immune globulin.

Comparison of serum adipokine levels in responders

and nonresponders to intravenous immune globulin

therapy

We compared serum adipokine levels in patients who

responded to intravenous immune globulin infusion and in
those who did not respond to the treatment, and found that

serum resistin levels on admission were significantly

(p \ 0.05) higher in nonresponders (mean 37.2 ± 17.0,
median 33.4 ng/ml) compared with responders (mean

28.9 ± 21.0, median 22.9 ng/ml). Serum HMW adipo-

nectin, leptin, and visfatin levels were not significantly
different between responders (HMW adiponectin: mean

11.1 ± 9.9, median 10.0 lg/ml; leptin: mean 1.7 ± 0.7,

median 1.6 ng/ml; visfatin: mean 11.5 ±6.3, median
9.4 ng/ml) and nonresponders (HMW adiponectin: mean

10.0 ±5.8, median 10.1 lg/ml; leptin: mean 3.7 ± 1.7,

median 1.7 ng/ml; visfatin: mean 10.2 ± 2.0, median

10.0 ng/ml).

Correlations between serum resistin levels and clinical

data in patients with Kawasaki disease

Since significant elevation of only serum resistin levels was

observed in Kawasaki disease, we further analyzed the
relationship between serum resistin levels and clinical

conditions. Table 3 presents the correlations between
serum resistin levels and clinical data considered to be

related to disease severity of Kawasaki disease before

intravenous immune globulin therapy. Significant univari-
ate predictors of severity included age, CRP, peripheral

white blood cell count, and serum sodium level. Simulta-

neous inclusion of univariate predictors into a multivariate
model revealed that high CRP level was a predictor of

elevated serum resistin level.

Discussion

In this study, we found that serum resistin levels were

elevated in patients with Kawasaki disease compared with

in healthy children and in patients with acute infectious
diseases. However, there were no significant differences in

serum levels of HMW adiponectin, leptin, and visfatin

between the various patient groups. Nozue et al. [17]
recently reported that serum resistin levels in patients with

Kawasaki disease were significantly higher than in healthy

controls; however, they did not measure the levels of other
adipokines.

Human resistin is produced and released mainly in

mononuclear cells (monocytes/macrophages) rather than
adipocytes [18, 19]. Mononuclear cells are also important in

the pathogenesis of Kawasaki disease, and histopathological

Fig. 2 Adipokine changes
after treatment with intravenous
immune globulin. Serum
resistin levels decreased
significantly after
administration of intravenous
immune globulin (p \ 0.001).
However, serum high-
molecular-weight adiponectin,
leptin, and visfatin levels did
not exhibit any statistically
significant changes after
intravenous immune globulin
treatment. HMW high molecular
weight
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findings in Kawasaki disease include panvasculitis with

infiltration of mononuclear cells [20]. It has been reported
that CD14? monocytes/macrophages play an important role

in cytokine production during acute Kawasaki disease [21].

The elevated serum resistin levels in Kawasaki disease
shown in our study might have been caused by overpro-

duction by monocytes/macrophages. It was recently shown

that resistin competes with lipopolysaccharide for binding to
toll-like receptor 4 (TLR4) on peripheral blood mononu-

clear cells. Torkowski [22] suggested that resistin may partly
act as a proinflammatory cytokine via TLR4. It has also been

reported that expression of TLR4 is upregulated during the

acute phase of Kawasaki disease [23]. These reports and our
clinical data of the present study suggest that resistin may be

a key cytokine involved in the pathophysiology of Kawasaki

disease, possibly as a ligand for TLR4.
After administration of intravenous immune globulin,

which is a standard therapy for acute Kawasaki disease,

serum resistin levels decreased significantly to nearly
normal levels. This suggests that high resistin levels indi-

cate high disease activity. We then examined the correla-

tions between serum resistin level and laboratory
parameters considered to be related to disease activity of

Kawasaki disease [24, 25].

On simple regression analysis, inflammatory markers
(CRP and peripheral white blood cell count) had significant

positive correlations with serum resistin levels, while

serum sodium levels had a negative correlation with serum
resistin levels. Hyponatremia is a common finding in

patients with severe Kawasaki disease [26]. Simultaneous

inclusion of univariate predictors into a multivariate model
resulted in a final parsimonious model with CRP in our

study. In contrast, Nozue et al. [17] showed that the only

variable significantly associated with resistin concentra-
tions before intravenous immune globulin therapy was

body mass index. There were no obvious differences in the

background characteristics of patients, including age,

gender, weight, and CRP levels on admission, between
their study and our present study. We were not able to

identify any reasons for the differences in the studies other

than the different cohorts of patients.
In our present study, we also compared serum resistin

levels in responders and nonresponders to intravenous

immune globulin treatment. Serum resistin levels were
significantly higher in patients who did not respond to

intravenous immune globulin therapy. This result suggests
that high serum resistin level may be a predictor of non-

responsiveness to intravenous immune globulin therapy.

There were only four patients with coronary arterial
lesions, and they had no trend for increased serum resistin

levels compared with patients without coronary lesions

[serum resistin levels in the four patients with coronary
artery lesions: 19.8, 25.8, 29.2, 54.2 ng/ml, patients with-

out coronary lesions (n = 52): mean 31.5 ± 20.3, median

28.8 ng/ml].
There has been one previous report dealing with adi-

pokines other than resistin in Kawasaki disease. Takeshita

et al. [27] reported that plasma total adiponectin levels in
patients with acute Kawasaki disease were significantly

lower than in those with convalescent Kawasaki disease or

acute febrile disease or in healthy children. In our study,
HMW adiponectin in patients with Kawasaki disease had a

trend toward being lower than the serum levels in healthy

children, but the difference was not statistically significant.
Since the HMW fraction of adiponectin is associated more

strongly with coronary artery disease than other fractions

[10, 11], the trend toward a lower levels might not be
highly attributable to the complications of coronary lesions

in Kawasaki disease. This may be because of the differ-

ences in the pathogenesis of coronary lesions. Coronary
lesions in Kawasaki disease are generally panarteritis with

acute inflammatory cell infiltrations, in contrast to the

progressive atherosclerotic changes associated with adult
coronary lesions [28].

We have previously suggested that serum adiponectin

level is elevated in adult patients with rheumatoid arthritis
[16]. It was also shown that adiponectin stimulates the

production of interleukin-8 [29] and prostaglandin E2 [30]

by rheumatoid synovial fibroblasts, suggesting that adipo-
nectin might act as a proinflammatory cytokine in rheu-

matoid inflammation. Adiponectin is secreted by not only

adipocytes, but also in synovial fibroblasts in patients with
rheumatoid arthritis [31]. Therefore, the differences in

serum adiponectin levels between patients with Kawasaki

disease and rheumatoid arthritis may be related to differ-
ences in the major affected organs or cells. The different

adiponectin levels between Kawasaki disease and rheu-

matoid arthritis may also be related to their acute and
chronic inflammatory condition, respectively.

Table 3 Correlations between serum resistin levels and clinical data
in patients with Kawasaki disease

Characteristic Univariate Multivariate

b p R2 b p

Female 4.887 0.387 0.014 4.013 0.471

Age 0.266 0.034 0.081 0.146 0.677

Weight 1.334 0.077 0.057 -0.327 0.871

CRP 1.609 0.001 0.205 1.151 0.022

WBC 0.001 0.041 0.075 0.000 0.373

Sodium -2.062 0.019 0.098 -1.163 0.199

R2 0.276

b regression coefficient, CRP C-reactive protein, WBC white blood
cell

Italics mean significant p values
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There have been no previous reports about leptin and

visfatin in Kawasaki disease. We found that serum levels of
these adipokines in patients with Kawasaki disease exhibited

no statistically significant differences compared with in

healthy children and patients with acute infectious diseases. In
our previous study, significant elevation in serum leptin level

was observed in patients with rheumatoid arthritis, and a

significant correlation between serum leptin and CRP levels
was shown by multivariate analysis in these patients [16]. It

was reported that serum levels of visfatin are higher in patients
with rheumatoid arthritis, but not in patients with systemic

lupus erythematosus and systemic sclerosis [32]. The differ-

ences in serum levels of these adipokines in different
inflammatory diseases remain to be studied.

In conclusion, we demonstrate herein that serum resistin

levels were elevated in patients during the acute phase of
Kawasaki disease and decreased to nearly normal after intra-

venous immune globulin treatment. In contrast, serum HMW

adiponectin, leptin, and visfatin levels showed no significant
changes. Although further investigations are needed to better

understand the detailed roles of adipokines in Kawasaki dis-

ease, our data suggest that, among these four adipokines, only
resistin participates in the pathogenesis of this disease.
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Leptin stimulates interleukin-6 production via janus kinase 
2/signal transducer and activator of transcription 3 in 

rheumatoid synovial fibroblasts
S. Muraoka1, N. Kusunoki1, H. Takahashi2, K. Tsuchiya2, S. Kawai1

1Division of Rheumatology, Department of Internal Medicine; 2Department of Orthopaedic Surgery
Toho University School of Medicine, Tokyo, Japan.

Abstract
Objectives

The aim of this study was to determine the influence of leptin on the production of proinflammatory cytokines by 
rheumatoid synovial fibroblasts (RSFs).

Methods
Synovial tissue was obtained from patients with rheumatoid arthritis (RA). Leptin receptor mRNAs were detected by 
reverse transcription-polymerase chain reaction (RT-PCR). Productions of mRNA and protein of interleukin (IL)-1β, 

tumour necrosis factor-α (TNF-α), and IL-6 in the culture medium were detected by real-time PCR and ELISA kit, 
respectively. Small interfering RNA (siRNA) was transfected into RSF to down-regulate the expression of leptin receptor. 

Effects of inhibitors of janus kinase 2 (JAK2), phosphatidylinositol 3-kinase (PI3K), and mitogen-activated protein kinase 
(MAPK) on IL-6 production were evaluated. Phosphorylation of signal transducer and activator of transcription 3 (STAT3) 

in RSF were determined by Western blot analysis.

Results
We detected leptin receptor mRNAs in RSFs. Expression of IL-1β and IL-6 mRNA was enhanced in a concentration-
dependent manner by addition of leptin to RSFs. IL-6 secretion by RSFs showed an increase after leptin stimulation. 
Leptin-induced production of IL-6 by RSFs was decreased after exposure to siRNA targeting leptin receptor (Ob-Rb). 

A JAK2 inhibitor, but not PI3K and MAPK inhibitors, decreased leptin-induced IL-6 production. Enhanced 
phosphorylation of STAT3 was observed in RSFs after stimulation by leptin.

Conclusion
Leptin may be one of the proinflammatory cytokines that up-regulates IL-6 production in RSFs via activation of JAK2/

STAT3. Leptin and JAK/STAT pathway may represent a new alternative therapeutic target in the treatment of RA.

Key words
leptin, rheumatoid arthritis, IL-6, JAK2, STAT3
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Introduction
Adipose tissue is a structural com-
ponent of many organs and a site for 
energy storage. In addition, recent 
studies have demonstrated that the 
major cellular component of adipose 
tissue, the adipocyte, has the ability 
to synthesise and release physiologi-
cally active molecules such as leptin, 
adiponectin, and resistin, as well as 
cytokines like interleukin (IL)-6 and 
tumour necrosis factor-α (TNF-α) (1). 
These molecules are called adipokines 
or adipocytokines. Some adipokines 
may have a central role in the regula-
tion of insulin resistance (2), as well 
as being involved in many aspects of 
inflammation and immunity (3). Leptin 
is the product of the ob gene, and is a 
16-kDa non-glycosylated peptide hor-
mone synthesised almost exclusively 
by adipocytes that regulates appetite 
and energy expenditure centrally at the 
hypothalamic level (4). It is also sug-
gested that leptin may contribute to 
inflammation and auto-immunity (5). 
This is not explained by gene back-
ground such as polymorphism of LEP 
rs2167270 (19 G>A) (6).
Rheumatoid arthritis (RA) is charac-
terised by extensive inflammation and 
proliferation of the synovium that af-
fects multiple joints. Since proinflam-
matory cytokines, including TNF-α, 
IL-1β, and IL-6, play a central role 
in the pathophysiologic mechanisms 
of RA, novel methods of neutralis-
ing these cytokines with monoclonal 
antibodies or soluble receptors have 
recently been developed as new treat-
ments for this disease (7). Although 
blockade of the above-mentioned cy-
tokines is beneficial, it is not curative 
and the effect is only partial, with many 
patients failing to respond. Therefore, 
it seems possible that other proinflam-
matory cytokines may also contribute 
to inflammation in RA. We previously 
reported that adiponectin (one of the 
adipokines) stimulates the produc-
tion of IL-8 (8) and prostaglandin E2 
(9) by rheumatoid synovial fibroblasts 
(RSFs). We also reported that the se-
rum levels of leptin and adiponectin 
were elevated in patients with RA (10). 
Moreover, leptin levels are increased 
in synovial fluid of RA patients (11). 

These findings suggest that some adi-
pokines may contribute to synovial 
inflammation in RA. Accordingly, we 
examined the direct effects of leptin on 
cultured RSFs in the present study.

Materials and methods
Materials
Recombinant human leptin was pur-
chased from Sigma-Aldrich (St. Louis, 
MO, USA) and was dissolved in 15 
mM HCl and 7.5 mM NaOH at a pH 
of approximately 5.2, in accordance 
with the manufacturer’s instructions. 
Recombinant IL-6 was purchased from 
R&D Systems, Inc. (Minneapolis, MN, 
USA) and was dissolved in sterile phos-
phate-buffered saline (PBS) containing 
0.1% (volume/volume) bovine serum 
albumin to prepare stock solutions. 
Mouse anti-human IL-6 antibody was 
obtained from R&D Systems, Inc. Rab-
bit anti-human signal transducer and 
activator of transcription (STAT) 3 pol-
yclonal antibody and rabbit anti-human 
phosphorylated STAT (phospho-STAT) 
3 (Tyr705) polyclonal antibody were 
sourced from Cell Signalling Technol-
ogy (Beverly, MA, USA). Horserad-
ish peroxidase (HRP)-conjugated goat 
anti-rabbit IgG was obtained from 
Jackson ImmunoResearch Laborato-
ries, Inc. (West Grove, PA, USA), ECL 
Western blotting detection reagent was 
purchased from GE Healthcare UK Ltd. 
(Buckinghamshire, UK), and polyvi-
nylidene difluoride membranes (Immo-
bilon-P) were obtained from Millipore 
Corp. (Billerica, MA, USA). AG490 
(2-cyano-3-[3.4-dihydroxyphenyl]-
N-[phenylmethyl]-2-propenamide), a 
janus kinase (JAK) 2 inhibitor came from 
Merck KGaA (Darmstadt, Germany), 
while LY294002 (2-[4-morpholinyl]-
8-phenyl-4H-1-benzopyran-4-one), a 
phosphatidylinositol 3-kinase (PI3K) 
inhibitor and PD98059 (2-[2-amino-
3-methoxyphenyl]-4H-1-benzopyran-
4-one), a mitogen-activated protein ki-
nase (MAPK) inhibitor for extracellu-
lar signal-regulated kinase (ERK) were 
from Sigma-Aldrich. RPMI 1640 me-
dium, penicillin/streptomycin solution, 
fetal bovine serum (FBS), and 0.25% 
trypsin/EDTA were sourced from In-
vitrogen Corp. (Carlsbad, CA, USA). 
PBS was purchased from Takara Shuzo 
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Co., Ltd. (Shiga, Japan), and all other 
chemicals were obtained from Wako 
Pure Chemical Industries (Osaka, Ja-
pan).

Cell culture
RSFs were prepared from synovial tis-
sue as described previously (12). RA 
tissue specimens were obtained from 
patients undergoing total knee replace-
ment who fulfilled the revised criteria 
(13) for the classification of RA. The 
protocol for this study was approved 
by the Toho University Ethics Commit-
tee (approval number: 19021), and all 
patients gave written consent to the use 
of their tissue for the research. Syno-
vial tissue was digested for 2 hours 
with 0.25% (weight/volume) bacterial 
collagenase (ImmunoBiological Labo-
ratories, Gunma, Japan) and then was 
suspended in RPMI 1640 medium with 
10% (v/v) FBS, 100 units/ml of peni-
cillin, and 100 μg/ml of streptomycin. 
The cells were incubated at 37°C under 
5% CO2 for several days, after which 
nonadherent cells were removed. Fibro-
blast-like adherent cells from the third 
or fourth passages were used as RSFs 
at a concentration of 2.5×106 cells/75 
cm2 flask.

Reverse transcription – polymerase 
chain reaction (RT-PCR)
Cells were seeded in culture medium 
containing 10% (v/v) FBS, and total 
RNA was extracted with an RNeasy mini 
kit (Qiagen GmbH., Hilden, Germany), 
in accordance with the manufacturer’s 
instructions. Reverse transcription was 
performed with a SuperScript first-
strand synthesis system for RT-PCR 
(Invitrogen Corp.) was employed ac-
cording to the manufacturer’s instruc-
tions, using 2 μg of total RNA from 
the cells as a template. Equal amounts 
of each reverse-transcribed product 
were amplified by PCR with HotStar 
Taq polymerase (Qiagen GmbH). 
The primer sequences and number of 
cycles were 5’-TTCAGGTGCGCT-
GTAAGAGGCT (sense) and 5’-AG-
GCTCCAAAAGAAGAGGACCACA 
(antisense) with 38 cycles for Ob-Rb 
(920 bp), 5’-TCCCATATCTGAGCC-
CAAAG and 5’-CATCAGGGGCTTC-
CAAAGTA with 32 cycles for Ob-Re 

(565 bp), and 5’-CCTCGCCTTTGC-
CGATCC and 5’-GGATCTTCAT-
GAGGTAGTCAGTC with 28 cycles 
for β-actin (626 bp). After initial de-
naturation for 15 minutes at 95°C, 
PCR involved amplification for a vari-
able number of cycles of 30 seconds 
at 95°C (β-actin and Ob-Re) or 94°C 
(Ob-Rb), 30 seconds at 56°C (β-actin) 
or 59°C (Ob-Re) or 55°C (Ob-Rb), and 
45 seconds (β-actin and Ob-Re) or 30 
seconds (Ob-Rb) at 72°C, followed 
by elongation for 5 minutes at 72°C. 
The amplified complementary DNA 
(cDNA) fragments were resolved by 
electrophoresis on 2% (w/v) agarose 
gel, and were detected under ultravio-
let light using an LAS-3000 (Fujifilm 
Corp. Tokyo, Japan) after the gel was 
stained with ethidium bromide.

Real-time PCR
To semi-quantitatively evaluate the ex-
pression of messenger RNA (mRNA) 
for IL-6, IL-1β, and TNF-α, real-time 
PCR was performed using real-time 
TaqMan technology with a Sequence 
Detection System model 7000 accord-
ing to the manufacturer’s recommen-
dations (Applied Biosystems, Foster 
City, CA, USA). Cells were cultured 
under various conditions in medium 
containing 1% (v/v) FBS, after which 
extraction of total RNA and synthesis 
of cDNA were performed as described 
above. Specific probes for IL-6, IL-
1β, and TNF-α were obtained from 
TaqMan Gene Expression Assay (Ap-
plied Biosystems), with the ID numbers 
of the products being Hs99999032_m1 
for IL-6, Hs99999029_m1 for IL-1β 
and Hs00174128_m1 for TNF-α. The 
threshold cycle was calculated from a 
standard curve and expression of the 
target mRNA was normalised for the 
expression of β-actin mRNA.

Western blot analysis
Cells were cultured under various 
conditions at a density of 5×104/cm2 
in medium containing 1% (v/v) FBS. 
Subsequently, the cells were lysed in 
mammalian protein extraction rea-
gent containing HaltTM phosphatase 
inhibitor cocktail (Pierce Biotechnol-
ogy, Rockford, IL, USA). The protein 
content of the lysates was determined 

with bicinchoninic acid protein assay 
reagent (Pierce Biotechnology), using 
bovine serum albumin as the standard. 
Then cell lysates were adjusted to 10 μg 
of protein and were subjected to sodium 
dodecyl sulfate (SDS) polyacrylamide 
gel (10–15% [w/v]) electrophoresis. 
Next, the proteins were electroblotted 
onto Immobilon-P poly (vinylidene 
difluoride) membranes with a semidry 
blotter (Atto Corp., Tokyo, Japan). Af-
ter the membranes had been blocked in 
10 mM Tris-buffered saline (TBS) con-
taining 0.1% (v/v) Tween 20 (TBST) 
and 5% (w/v) skim milk, the primary 
antibody (anti-human STAT3 antibody 
or anti-human phospho-STAT3 anti-
body) was added at a dilution of 1:1000 
in TBST, and incubation was done for 
18 hours at 4°C. After the membranes 
had been washed with TBST, the sec-
ondary antibody (HRP-conjugated goat 
anti-rabbit antibody) was added at a 
dilution of 1:10,000 in TBST and incu-
bation was performed for 1 hour. After 
further washing with TBST, protein 
bands were detected with an enhanced 
ECL Western blotting detection reagent 
(GE Healthcare UK Ltd.) using LAS-
3000 (Fujifilm Corp.).

Measurement of cytokines 
in the culture medium
Cells were seeded in 24-well plastic 
plates (1×105/well) and cultured for 
24 hours under various conditions in 
medium containing 1% (v/v) FBS un-
der an atmosphere of 5% CO2. Then 
the concentrations of IL-6, IL-1β, and 
TNF-α in the medium were measured 
with an enzyme-linked immunosorb-
ent assay (ELISA) kit according to 
the manufacturer’s recommendations 
(Invitrogen Corp.). Experiments using 
RSFs were done in triplicate wells, and 
the concentrations of IL-6, IL-1β, and 
TNF-α was measured in triplicate.

RNA interference assay 
with Ob-Rb
An RNA interference assay was per-
formed to assess the effect on RSFs 
of down-regulating Ob-Rb expression. 
Small interfering RNA (siRNA) for 
Ob-Rb (StealthTM RNAi) and negative 
control siRNA were purchased from 
Invitrogen Corp. For gene knockdown 
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experiments, RSFs were plated in 10 
cm plastic dishes (3×105/dish) in RPMI 
1640 medium with 10% (v/v) FBS and 
cultured for 18 hours. Then the medium 
was changed to serum-free RPMI 1640 
medium, and the cells were transfected 
with siRNA (10 pmol/ml) for Ob-Rb or 
with control siRNA (10 pmol/ml) us-
ing LipofectamineTM RNAiMAX (Inv-
itrogen Corp.) according to the manu-
facturer’s recommendations. After 72 
hours, the cells were replated into 35-
mm plastic dishes for PCR or into 96-
well plastic plates for measurement of 
IL-6 by ELISA. 

Statistical analysis
Data are expressed as the mean ± SEM. 
Statistical analysis was performed with 
Prism ver. 5.0 software (Graphpad Soft-
ware, San Diego, CA, USA). To com-
pare two groups, Student’s t-test was 
employed. Groups (≥3) were compared 
by using one-way analysis of variance 
(ANOVA). One-way ANOVA with Bon-
ferroni’s post hoc test was used to deter-
mine differences among all the groups. 
One-way ANOVA with Dunnett’s post 
hoc test was used for comparison to 
control (no treatment). In all analyses, 
p<0.05 was considered significant.

Results
Effect of leptin on production of 
inflammatory cytokines by RSFs
To determine whether leptin increased 
the production of IL-1β, IL-6, and 
TNF-α by RSFs, real-time PCR was 
performed. The results showed that lep-
tin significantly increased the expression 
of IL-1β and IL-6 mRNA by RSFs in a 
concentration-dependent manner (Fig. 
1). In contrast, expression of TNF-α 
mRNA was not increased by leptin (data 
not shown). To confirm the production 
of IL-1β and IL-6 proteins, we measured 
the concentrations of these cytokines in 
the culture medium of RSFs incubated 
with leptin (Fig. 2). We found that leptin 
significantly increased IL-6 production 
by RSFs in a concentration-dependent 
manner. In contrast, concentrations of 
IL-1β and TNF-α were not detectable 
ever after stimulation with leptin.

Effect of siRNA for leptin receptor 
on IL-6 production by RSFs
mRNAs for both leptin receptors (Ob-
Rb and Ob-Re) were expressed by 
cells from 3 patients with RA (data 
not shown). RSFs were transfected 
with siRNA targeting Ob-Rb (the lep-
tin receptor) or with negative control 
siRNA, and then expression of Ob-Rb 
and Ob-Re mRNA was detected by RT-
PCR. This showed that Ob-Rb mRNA 
expression by RSFs was decreased af-
ter exposure to the siRNA for Ob-Rb 
(Fig. 3A). When cells were seeded in 
96-well plates and incubated with lep-
tin for 18 hours, IL-6 production by 
RSFs transfected with the siRNA tar-
geting Ob-Rb was significantly lower 
than that by RSFs transfected with neg-
ative control siRNA (Fig. 3B).

Effect of leptin on STAT3 
phosphorylation in RSFs
We then examined more details of the 
signal transduction involved in these ef-
fects of leptin. To determine whether lep-
tin induced STAT3 phosphorylation in 
RSFs, Western blotting was performed. 
This revealed that leptin increased 
STAT3 phosphorylation in a concentra-
tion-dependent manner (Fig. 4A). To 
investigate whether phosphorylation of 
STAT3 was related to the induction of 
IL-6 production by leptin, RSFs were 

Fig. 1. Effect of leptin on mRNA expres-
sions of inflammatory cytokines by RSFs. 
Rheumatoid synovial fibroblasts (RSFs) 
were incubated with leptin for 6 hours 
and the expression of interleukin (IL)-1β 
and IL-6 mRNA by RSFs was assessed by 
real-time polymerase chain reaction. The 
results showed that leptin significantly in-
creased the expression of IL-1β and IL-6 
mRNA by RSFs in a concentration-de-
pendent manner. Expression of the target 
mRNA was normalised for the expression 
of β-actin mRNA, and fold induction was 
determined relative to expression by cells 
incubated without leptin. Bars show the 
mean and SEM (n=3). *p<0.05; **p<0.01 
vs. no treatment. Significance was evalu-
ated by one-way analysis of variance with 
Dunnett’s post hoc test. 

Fig. 2. Effect of leptin on the production of IL-6 by RSFs. Rheumatoid synovial fibroblasts (RSFs) 
were incubated with leptin at the indicated concentrations for 24 hours and the interleukin (IL)-6 
concentration in the culture medium was measured by enzyme-linked immunosorbent assay. Leptin 
significantly increased IL-6 production by RSFs in a concentration-dependent manner. Bars show the 
mean and SEM (n=3). *p<0.05; **p<0.01 vs. no treatment. Significance was evaluated by one-way 
analysis of variance with Dunnett’s post hoc test.
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incubated with an anti-IL-6 antibody 
(Fig. 4B). Phosphorylation of STAT3 in 
response to leptin was not inhibited by 
addition of the anti-IL-6 antibody, but 
STAT3 phosphorylation in response to 
IL-6 was inhibited by the antibody.

Effects of signalling pathway 
inhibitors on leptin-induced IL-6 
production by RSFs
We examined the effects of inhibitors 
of major signalling pathways on leptin-
induced IL-6 upregulation in RSFs. As 
a result, leptin-induced IL-6 production 
was significantly inhibited by addition 
of AG490, a JAK2 inhibitor (Fig. 5), but 
not by LY294002, a PI3K inhibitor (Fig. 
6A) or PD98059, a MAPK inhibitor for 
ERK (Fig. 6B). These findings suggest-
ed that leptin induces IL-6 production in 
RSFs via the JAK2/STAT3 pathway.

Discussion
In the present study, we demonstrated 
that leptin induced the expression of 
IL-6 mRNA and protein in RSFs via 
the JAK2/STAT3 pathway. This finding 
is supported by data obtained in leptin-
deficient ob/ob mice by Busso et al. 
(14), who reported that leptin-deficient 
mice were partly protected against 
antigen-induced arthritis, showing 
less synovial tissue proliferation and 
a weaker humoral response to the in-
jected antigen. Moreover, Sugioka et 
al. (15) reported that acquired leptin 
resistance by high-fat feeding reduces 
inflammation from collagen antibody-
induced arthritis in mice. 
Harigai et al. (16) reported that TNF-α 
induced IL-6 production by synovial 
fibroblasts in a dose dependent manner. 
On the other hand, the present study 
showed that leptin stimulated IL-6 
production. Gonzalez-Gay et al. (17) 
reported that leptin concentration was 
not changed by administration of anti-
TNF-α-blocker infliximab. Therefore, 
TNF-α-induced IL-6 production might 
not be mediated by leptin. 
IL-6 is a pleiotropic cytokine that is 
overexpressed in the synovial tissue of 
RA patients, who have elevated con-
centrations of IL-6 in both serum and 
synovial fluid (18). IL-6 influences the 
function of neutrophils, T cells, B cells, 
monocytes, and osteoclasts. It is a ma-

jor inducer of the hepatic acute phase 
response, which is also a key feature 
of RA that is correlated with disease 
activity and joint destruction. Thus, 
IL-6 is thought to play a pivotal role in 

RA. Tocilizumab is a humanised anti-
IL-6 receptor monoclonal antibody that 
has shown efficacy for treating RA in 
clinical trials (19). The average levels 
of IL-6 in serum and synovial fluid of 

Fig. 3. Effect of siRNA targeting the leptin receptor on IL-6 production by RSFs. (A) Rheumatoid 
synovial fibroblasts (RSFs) were transfected with small interfering RNA (siRNA) for Ob-Rb or nega-
tive control (NC) siRNA, and Ob-Rb and Ob-Re mRNA levels were analysed by reverse transcrip-
tion – polymerase chain reaction. Representative results obtained with fibroblasts from 3 patients are 
shown. Ob-Rb mRNA expression by RSFs was decreased after exposure to the siRNA for Ob-Rb when 
compared with exposure for NC siRNA. (B) After transfection with siRNA, RSFs were treated with 
300 nM leptin or phosphate-buffered saline for 18 hours, and the interleukin (IL)-6 concentration in 
the culture medium were measured by enzyme-linked immunosorbent assay. IL-6 production by RSFs 
transfected with the siRNA targeting Ob-Rb was significantly lower than that by RSFs transfected with 
NC siRNA. Bars show the mean and SEM (n=3). *p<0.05; **p<0.01. Significance was evaluated by 
one-way analysis of variance with Bonferroni’s post hoc test.

Fig. 4. Effect of leptin on phosphorylation of STAT3 in RSFs. (A, B) Rheumatoid synovial fibroblasts 
(RSFs) were incubated with leptin, interleukin (IL)-6, or anti-IL-6 antibody (at the indicated concentra-
tions), and then Western blot analysis was performed. Leptin increased signal transducer and activator 
of transcription (STAT)3 phosphorylation in a concentration-dependent manner (A). Phosphorylation 
of STAT3 in response to leptin was not inhibited by addition of the anti-IL-6 antibody, but STAT3 
phosphorylation in response to IL-6 was inhibited by the antibody (B). Representative results obtained 
with fibroblasts from 3 patients are shown.
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RA patients were 14 pg/mL and 4 ng/
mL, respectively (20). In our study, 
20–283 ng/mL of IL-6 were produced 
by 25–300 nM of leptin (Fig. 2). Thus, 
our present results suggest a contribu-

tion of leptin to the pathogenesis of RA 
via its influence on IL-6.
Although IL-1β mRNA in RSFs was 
increased by leptin, IL-1β protein was 
not detectable in culture medium of 

RSFs. In general, synovial fibroblasts 
are not the principal sources of inflam-
masome-mediated IL-1β production in 
the synovium (21). This might be one 
of the reasons of the discrepancy be-
tween changes in mRNA and protein of 
IL-1β in our study.
Six isoforms of the leptin receptor have 
been identified (22). The Ob-Re iso-
form is a soluble receptor that lacks the 
transmembrane and cytoplasmic do-
mains, while Ob-Rb is a long form that 
has an intracellular signalling domain 
and is thought to be involved in intra-
cellular signalling. In the present study, 
we found that both Ob-Rb and Ob-Re 
mRNAs were expressed by RSFs. In 
addition, the response of IL-6 to leptin 
was reduced when RSFs were transfect-
ed with siRNA targeting Ob-Rb. There-
fore, the induction of IL-6 production 
by leptin was mediated by Ob-Rb.
It is known that JAK/STAT pathway is 
activated by leptin in several kinds of 
human cells, that is hepatocellular car-
cinoma (23), peripheral blood mono-
nuclear cells (24), colorectal adenoma 
(25). However, these report have not 
shown upregulation of IL-6 by leptin. 
In addition, this is the first report that 
leptin stimulates IL-6 production via 
JAK2/STAT3 in RSFs. Although lep-
tin has been shown to stimulate IL-6 
production in human osteoarthritic car-
tilage (26), this was mediated by the 
nuclear factor κB and MAPK pathway 
rather than the JAK2/STAT3 pathway. 
Since Migita et al. (27) reported that 
IL-6 induced acute-phase serum amy-
loid A genes via JAK2/STAT3 activa-
tion in RSFs, we determined whether 
STAT3 phosphorylation was affected 
by the leptin-induced upregulation of 
IL-6. Phosphorylation of STAT3 in re-
sponse to leptin was not inhibited by 
the anti-IL-6 antibody, suggesting that 
STAT3 phosphorylation might be due 
to a direct effect of leptin on RSFs.
A previous study demonstrated that 
leptin activated two signalling path-
ways (PI3K and MAPK) in RSFs and 
human peripheral blood mononuclear 
cells (28, 29). Therefore, we investi-
gated the effect of LY294002 (a PI3K 
inhibitor) and PD98059 (a MAPK in-
hibitor for ERK) on RSFs incubated 
with leptin. As a result, leptin-induced 

Fig. 5. Effect of a JAK2 inhibitor on IL-6 production by RSFs. Interleukin (IL)-6 level in culture 
medium of rheumatoid synovial fibroblasts incubated for 18 hours with/without leptin and AG490. 
The IL-6 concentration in the culture medium was measured by enzyme-linked immunosorbent assay. 
Leptin-induced IL-6 production was significantly inhibited by addition of AG490, a janus kinase 2 
inhibitor. Bars show the mean and SEM (n=3). *p<0.05; **p<0.01. Significance was evaluated by one-
way analysis of variance with Bonferroni’s post hoc test.

Fig. 6. Effect of signalling path-
way inhibitors on IL-6 production by 
RSFs. (A, B) Interleukin (IL)-6 level 
in culture medium of rheumatoid syno-
vial fibroblasts incubated for 18 hours 
with/without leptin, LY294002, and 
PD98059. The IL-6 concentration in 
the culture medium was measured by 
enzyme-linked immunosorbent assay. 
Leptin-induced IL-6 production was 
not inhibited by LY294002, a phos-
phatidylinositol 3-kinase inhibitor (A) 
or PD98059, a mitogen-activated pro-
tein kinase inhibitor for extracellular 
signal-regulated kinase (B). Bars show 
the mean and SEM (n=3). *p<0.05; 
**p<0.01. Significance was evaluated 
by one-way analysis of variance with 
Bonferroni’s post hoc test.
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IL-6 production was not mediated by 
signalling of PI3K and/or MAPK.
The serum leptin level in RA patients 
was reported to be in the 1–30 nM 
range (10), so the concentration of lep-
tin used in this study was higher, but it 
might be possible that leptin stimulates 
a vicious cycle of inflammation by a 
paracrine effect in the articular cavity 
(30). Further studies will be necessary 
to confirm the mechanism by which 
leptin influences RA.
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Abstract
Objectives We investigated the role of adipokines in

patients with systemic autoimmune diseases who received

glucocorticoid therapy.
Methods Fifty-two patients with systemic autoimmune

diseases who had started glucocorticoid therapy were

prospectively enrolled. One hundred forty healthy persons
were also studied as controls. Serum levels of 3 adipokines

[resistin, leptin, and high molecular weight (HMW)-

adiponectin] were measured with enzyme-linked immu-
nosorbent assay kits before and at weekly intervals for

4 weeks during glucocorticoid therapy. The effects of

lipopolysaccharide and dexamethasone on adipokine
expression in human peripheral blood mononuclear cells

(PBMCs) were also examined.

Results The serum resistin level was significantly higher
in patients than in controls before glucocorticoid therapy,

and it decreased after glucocorticoid therapy. Consistent

with these results, dexamethasone inhibited lipopoly-
saccharide-induced upregulation of resistin expression in

PBMCs in vitro. Serum leptin and HMW-adiponectin
levels were lower in the patients than in the controls at

baseline, and both adipokine levels were increased after

glucocorticoid therapy. There was a significant correlation

between serum resistin and high-sensitivity C-reactive
protein. However, there was no association between serum

adipokines and intima-media thickness.

Conclusion Resistin may be associated with the inflam-
matory process but not atherosclerosis in patients with

systemic autoimmune diseases.

Keywords Systemic autoimmune diseases ! Resistin !
Leptin ! High molecular weight adiponectin !
Glucocorticoids

Introduction

Adipose tissue synthesizes and releases physiologically
active molecules that are known as adipokines or adipo-

cytokines, including resistin, leptin, and adiponectin, as

well as interleukin (IL)-1, IL-1 receptor antagonist, IL-6,
IL-10, and tumor necrosis factor (TNF)-a [1]. Adipocytes

are known to play an important role in regulating the

energy balance and glucose homeostasis [2], while adipo-
kines have more recently also been implicated as mediators

of immune and inflammatory processes. Systemic auto-
immune diseases are associated with chronic intractable

inflammation. Although the etiology of these diseases is

still unknown, investigations into their pathogenesis have
confirmed the involvement of various proinflammatory

cytokines. Some studies have suggested that adipokines

may also play a role in the pathogenesis or inflammatory
processes of systemic autoimmune diseases [1], but these

were mainly cross-sectional investigations that could be

influenced by many factors. Accordingly, a detailed lon-
gitudinal study of the changes in serum adipokine levels

during the courses of various systemic autoimmune dis-

eases is needed.
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In the present study, the association of 3 adipokines

[resistin, leptin, and high molecular weight (HMW)-
adiponectin] with inflammation and atherosclerosis-related

measures was investigated in patients with new-onset

active autoimmune diseases. The influence of glucocorti-
coid therapy on the serum levels of these adipokines was

also investigated. Furthermore, we studied the effects of

inflammatory mediators and glucocorticoids on adipokine
expression in vitro using human peripheral blood mono-

nuclear cells (PBMCs).

Subjects and methods

Patients and healthy controls

This study was approved by the Ethics Committees of

Toho University and Kitasato University. The patients with

systemic autoimmune diseases and the healthy control
subjects all gave their written informed consent for

participation in the study, and they were studied at Toho

University Omori Hospital or at the Research Center
for Clinical Pharmacology of Kitasato University, respec-

tively.

This was a prospective study that involved 52 patients
with systemic autoimmune diseases, including systemic

lupus erythematosus (SLE, n = 18), vasculitis syndrome

(n = 16), polymyositis/dermatomyositis (PM/DM, n = 14),
and adult onset Still’s disease (AOSD, n = 4). All subjects

were older than 20 years, and they started glucocorticoid

therapy (prednisolone at 30 mg or more daily) as inpatients
of Toho University Omori Hospital. Patients who had

previously taken glucocorticoids or other immunosup-

pressive drugs were excluded. One hundred forty healthy
persons were recruited at Kitasato University as controls.

They did not meet any of the criteria for systemic auto-

immune diseases and did not have any other diseases at the
time of investigation.

Clinical and laboratory measurements

Clinical information and laboratory data were obtained

from a structured interview, self-reported questionnaires,
physical examination, and blood tests. Body mass index

(BMI) was calculated from the height and weight mea-

surements. Blood pressure was determined as the average
of two measurements at baseline. In the morning after an

overnight fast, blood was taken to measure the baseline

serum levels of high-sensitivity C-reactive protein
(Hs-CRP) by latex nephelometry (Siemens Health Care

Diagnostics Inc., Deerfield, IL, USA), total cholesterol

(T-chol) by the cholesterol dehydrogenase/ultraviolet
method (Sysmex Corporation, Kobe, Japan), high-density

lipoprotein cholesterol (HDL-chol) by the homogeneous

method (Sekisui Medical Co., Ltd., Tokyo, Japan), and
triglycerides (TG) by enzymatic assay (Sekisui Medical

Co., Ltd.). Low-density lipoprotein cholesterol (LDL-chol)

was calculated by the formula of Friedewald et al. [3]. We
assessed the smoking status, the presence or absence of

hypertension (defined as a blood pressure C140/90 mmHg

or the use of antihypertensive medications), and the pres-
ence or absence of diabetes mellitus (defined according to

Committee of Japan Diabetes Society criteria [4] or as the
use of antidiabetic medications) as traditional risk factors

for atherosclerosis.

Serum levels of adipokines

Fasting serum samples were collected before (baseline) and
weekly for 4 weeks after starting glucocorticoid therapy,

and were stored at -80 "C. Serum levels of adipokines

were measured with enzyme-linked immunosorbent assay
(ELISA) kits (resistin and leptin, B-Bridge International,

Inc., Sunnyvale, CA, USA; HMW-adiponectin, Fujirebio

Inc., Tokyo, Japan).

Carotid ultrasonography

The carotid arteries were examined by ultrasonography to

detect premature atherosclerosis, as previously described

by Kumeda et al. [5] with some modifications, before
glucocorticoid therapy or within 1 month after starting the

therapy at the latest. In brief, the right and left proximal

common carotid, distal common carotid, and internal car-
otid arteries as well as the carotid bulb were examined

with a Xario (SSA-660A) ultrasound diagnostic system

(Toshiba Medical Systems Corporation, Ohtawara, Japan).
Plaque was defined as a focal protrusion [1.1 mm in

thickness on the wall of any of the abovementioned

arteries. The intima-media thickness (IMT) was measured
in the right and left proximal and distal common carotid

arteries. The maximum IMT of each artery was then

obtained by averaging the maximum measurements for the
right and left sides.

Culture of human PBMCs

Reagents were purchased from the following sources:

Eschericha coli lipopolysaccharides (LPS) was from
Sigma–Aldrich (St. Louis, MO, USA), and dexamethasone

was from Wako Pure Chemical Industries (Osaka, Japan).

LPS was dissolved in sterile phosphate-buffered saline
(PBS) containing 0.1 % bovine serum albumin (BSA) to

prepare a stock solution, while dexamethasone was dis-

solved in dimethyl sulfoxide (DMSO). The final concen-
tration of BSA or DMSO was always \0.1 %, and control

Mod Rheumatol (2013) 23:8–18 9
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dishes contained an equivalent concentration of the vehi-

cle. RPMI 1640 medium, penicillin/streptomycin, fetal
bovine serum (FBS), and 0.25 % trypsin/EDTA were

obtained from Invitrogen Corporation (Carlsbad, CA,

USA). PBS was purchased from Takara Shuzo Co., Ltd.
(Otsu, Japan). All other chemicals were purchased from

Wako Pure Chemical Industries.

Human PBMCs were isolated from heparinized whole
blood samples of healthy volunteers by density gradient

centrifugation. Briefly, heparinized whole blood was lay-
ered over Polymorphprep (AXIS-SHIELD PoC AS, Oslo,

Norway), and centrifugated for 30 min at 5009g. The

interface containing the mononuclear cells was collected,
washed three times in PBS, and subsequently used for

experiments. About 1 9 106 cells/mL were resuspended in

3 mL of RPMI 1640 medium supplemented with 1 % (v/v)
FBS, 100 U/mL penicillin, and 100 lg/mL streptomycin,

followed by seeding into 35 mm dishes and culture in a

5 % CO2 humidified atmosphere at 37 "C.
To evaluate the influence of dexamethasone on adipo-

kine production after LPS stimulation, PBMCs were

incubated with or without 10 lg/mL LPS for 24 h, and
then dexamethasone (0, 10, 100, or 1,000 nmol/L) was

added overnight. The culture supernatants were collected,

centrifuged and stored at -80 "C for subsequent analysis
of adipokines by ELISA according to the instructions of the

manufacturers.

Adipokine gene expression

Expression of resistin, leptin, and adiponectin mRNA was
detected by reverse transcription-polymerase chain reac-

tion (RT-PCR) analysis. Cells were cultured under various

conditions in medium containing 1 % (v/v) FBS, and total
RNA was extracted using an RNeasy mini kit (Qiagen

GmbH, Hilden, Germany) according to the manufacturer’s

instructions. Reverse transcription was performed with a
SuperScript first-strand synthesis system for RT-PCR

(Invitrogen Corporation) according to the manufacturer’s

instructions, with 1 lg of total RNA from the cells as a
template. Equal amounts of each reverse-transcribed

product were amplified by PCR with HotStarTaq poly-

merase (Qiagen GmbH). The sequences of the primers
were as follows: resistin, sense 50-TCTAGCAAGACCC

TGTGC and antisense 50-CAGGTTTATTTCCAGCTCC;

leptin, sense 50-CCATCCTGACCTTATCCAAG and anti-
sense 50-TCCCTTAACGTAGTCCTTGC; adiponectin,

sense 50-TTTCCGGGAATCCAAGGCAG and antisense

50-TCCATTACGCTCTCCTTCCC; b-actin (endogenous
control), sense 50-CCTCGCCTTTGCCGATCC and anti-

sense 50-GGATCTTCATGAGGTAGTCAGTC. After ini-

tial denaturation at 95 "C for 15 min, PCR involved
amplification for a variable number of cycles of 35 s at

94 "C, 30 s at 56 "C, and 45 s at 72 "C, followed by

elongation for 5 min at 72 "C. The amplified cDNA frag-
ments were resolved by electrophoresis on 2 % (w/v)

agarose gel, and were detected under ultraviolet light by an

LAS-3000 (Fujifilm Corp., Tokyo, Japan) after the gel had
been stained with ethidium bromide.

Real-time PCR of resistin mRNA

To evaluate the expression of resistin mRNA in detail, real-

time PCR was performed using the real-time TaqMan

system with a Sequence Detection System model 7000
(Applied Biosystems, Foster City, CA, USA) according to

the manufacturer’s instructions. Cells were cultured under

various conditions in medium containing 1 % (v/v) FBS,
after which extraction of total RNA and synthesis of cDNA

were performed as described above. Specific probes for

resistin and b-actin were obtained from the TaqMan Gene
Expression Assay (Applied Biosystems), with the ID

numbers of the products being Hs00220767_m1 for the

resistin probe and 4326315 for the b-actin probe. The
threshold number of cycles was calculated from a standard

curve, and the expression of resistin mRNA was normal-

ized to that of b-actin mRNA.

Statistical analysis

Results are expressed as the mean ± SD or as the median
with interquartile range (IQR). Statistical analysis was

performed using StatFlex software (ver. 6; ARTEC Co.,

Ltd., Osaka, Japan). Significant differences in background
data at baseline for the patients and healthy control subjects

were evaluated by Student’s t test for normally distributed

continuous variables and by the Mann–Whitney U test for
continuous variables without a normal distribution. Cate-

gorical variables were compared by the chi-square test or

Fisher’s exact test. Significant differences in serum
adipokine levels between patients and healthy controls or

among the 4 diseases were evaluated by Kruskal–Wallis

one-way analysis of variance (ANOVA), while the signif-
icance of changes in serum adipokine levels was investi-

gated by Friedman’s ANOVA, followed by Dunn’s
multiple comparison test when the main effect of ANOVA

was significant. Simple linear regression was used to assess

correlations between serum adipokine levels and patient
characteristics. Stepwise forward multiple regression

analysis was employed for multivariate analysis. Non-

numerical variables were analyzed as categorical variables
in the regression model. ANOVA was used to determine

differences in adipokine mRNA expression or protein

levels among groups in the in vitro study, with Bonfer-
roni’s post hoc analysis being applied for pairwise

10 Mod Rheumatol (2013) 23:8–18
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comparison when the main effect of ANOVA was signifi-

cant. In all analyses, two-sided probability values of less
than 0.05 were taken to indicate statistical significance.

Results

Profile of the patients and healthy controls

The baseline characteristics of the 52 patients (19 men and

33 women) with systemic autoimmune diseases and the
140 healthy control subjects (22 men and 118 women) are

shown in Table 1. There were no significant demographic

differences between the patients and the healthy control
subjects, except for the age of the male subjects and the sex

ratios of the two groups.

Clinical and laboratory data of the patients with sys-
temic autoimmune diseases were shown in Table 2. All

patients had active disease and no history of immunosup-

pressive therapy, including glucocorticoids. The mean
initial daily dose of prednisolone was 46.7 ± 9.4 mg

(males 50.0 ± 9.4 mg; females 44.9 ± 9.1 mg). Risk

factors for atherosclerosis (hypertension, diabetes mellitus,
smoking, serum levels of cholesterol, TG and Hs-CRP, and

BMI) were similar between the male and female patients,

except for current smoking.

Serum adipokine levels

The serum adipokine levels of the patients and healthy

controls are shown in Fig. 1. Serum resistin levels were
significantly higher in both male and female patients at

baseline [males: median 10.0 (5.0–27.4) ng/mL, p \ 0.05;

females: median 7.4 (1.3–16.9) ng/mL, p \ 0.001] com-
pared with the controls [males: median 3.7 (3.3–5.1) ng/

mL; females: median 3.5 (3.0–4.4) ng/mL] (Fig. 1a).

Baseline serum leptin and HMW-adiponectin levels were
significantly lower in the female patients [median 3.1

(1.9–10.0) ng/mL, p \ 0.01, and 8.1 (2.4–11.9) lg/mL,

p \ 0.001, respectively] compared with female controls
[median 7.0 (3.8–12.0) ng/mL, and 15.2 (9.7–21.6) lg/mL,

respectively]. However, no significant differences in leptin

and HMW-adiponectin levels were observed between the
male patients and controls (Fig. 1b, c). As indicated above,

the mean age of the patients was significantly elevated

when compared with that of male healthy controls. We
then examined the independent influence of age on the

serum level of each adipokine by performing multiple
regression analyses adjusted for gender, BMI, the presence

of autoimmune diseases, serum levels of other two adipo-

kines, and Hs-CRP in all subjects. The multiple regression
analyses showed that only serum HMW-adiponectin level

was significantly associated with age (b = 0.018, p =

0.003, R2, coefficient of determination = 0.162). There
was no association between serum levels of resistin or

leptin and age (resistin: b = 0.0005, p = 0.857, R2, coef-

ficient of determination = 0.381; leptin: b = -0.002,
p = 0.589, R2, coefficient of determination = 0.476).

The adipokine and Hs-CRP levels at baseline in the

patients with each systemic autoimmune disease are shown
in Table 3. Serum Hs-CRP levels in patients with these 4

diseases were significantly different (p \ 0.001 by Krus-

kal–Wallis test). The serum Hs-CRP level in SLE patients
was significantly lower than those in patients with vascu-

litis syndrome (p \ 0.001 by Dunn’s multiple comparison

test) and AOSD (p \ 0.05), respectively. The serum Hs-
CRP level in patients with PM/DM was significantly lower

(p \ 0.001) than that in patients with vasculitis syndrome,

but other comparisons were not statistically significant.
Similarly, serum resistin levels in patients with these 4

diseases were significantly different (p \ 0.01 by Kruskal–

Wallis test). Although serum resistin levels in patients with
SLE and PM/DM tended to be lower than those in patients

with vasculitis syndrome and AOSD, there was no signif-

icant difference except in the comparison between patients
with PM/DM and vasculitis syndrome (p \ 0.05 by Dunn’s

multiple comparison test). Differences in serum leptin and

Table 1 Demographic
characteristics of the patients
and controls

Data are shown as the
mean ± SD. Significant
differences (p \ 0.05) are
underlined

BMI Body mass index

Gender Patients (n = 52) Controls (n = 140) p value

Sex, male:female (% female) 19:33 (63.5 %) 22:118 (84.3 %) 0.0028

Age (years) Male 58.3 ± 14.7 45.6 ± 13.8 0.0072

Female 51.2 ± 17.7 56.8 ± 16.7 0.0897

Body height (m) Male 1.68 ± 0.08 1.70 ± 0.06 0.4192

Female 1.54 ± 0.06 1.55 ± 0.06 0.9932

Body weight (kg) Male 62.3 ± 13.6 64.5 ± 9.9 0.5648

Female 53.2 ± 10.3 53.0 ± 7.0 0.8618

BMI (kg/m2) Male 21.8 ± 3.3 22.3 ± 2.7 0.6477

Female 22.4 ± 4.3 22.3 ± 3.0 0.9165
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HMW-adiponectin levels among patients with these dis-

eases were not statistically significant according to the
Kruskal–Wallis test.

In the 18 patients with SLE, baseline serum resistin

levels were significantly higher for both male and female
patients [males: median 16.4 (6.2–55.2) ng/mL, p \ 0.01;

females: median 5.2 (3.5–15.1) ng/mL, p \ 0.05, respec-

tively] than for male and female controls [data shown
above], while baseline serum leptin and HMW-adiponectin

levels were significantly lower in female patients [median

2.5 (1.4–7.1) ng/mL, p \ 0.01, and 8.0 (3.3–14.7) lg/mL,
p \ 0.01, respectively] than in female controls.

Association between adipokines and carotid
atherosclerosis

Carotid ultrasonography was conducted in 44 patients with
systemic autoimmune diseases. Thirty of the 44 patients

(68.2 %) had carotid artery plaques, and the median value

of the maximum IMT was 0.70 (0.50–0.85) mm for the
patients (Table 2). Among the SLE patients, 47 % had

carotid artery plaques, and the median value of their
maximum IMT was 0.60 mm (SLE patients were aged

43.2 ± 14.0 years old), while the corresponding values

were 92.9 % and 0.81 mm for vasculitis syndrome patients

Table 2 Clinical and laboratory data of the patients with systemic autoimmune diseases

Total (n = 52) Males (n = 19) Females (n = 33) p value (M vs F)

Systemic autoimmune disease

SLE 18 (34.6 %) 4 (21.1 %) 14 (42.4 %)

Vasculitis syndrome 16 (30.8 %) 8 (42.1 %) 8 (24.2 %)

PM/DM 14 (26.9 %) 6 (31.6 %) 8 (24.2 %)

AOSD 4 (7.7 %) 1 (5.3 %) 3 (9.1 %)

Disease duration (weeks) 4 (3–10) 5 (3–12) 4 (3–8) 0.383

Comorbidities

Systolic blood pressure (mmHg) 121.6 ± 15.1 123.7 ± 14.9 120.4 ± 15.4 0.452

Diastolic blood pressure (mmHg) 72.6 ± 10.6 74.0 ± 11.8 71.8 ± 10.0 0.480

Hypertention (%) 18 (34.6 %) 8 (42.1 %) 10 (30.3 %) 0.546

Diabetes mellitus (%) 5 (9.6 %) 3 (15.8 %) 2 (6.2 %) 0.342

Current smoking (%) 10 (19.2 %) 7 (36.8 %) 3 (9.1 %) 0.026

Ever smoked (%) 19 (36.5 %) 13 (68.4 %) 6 (18.2 %) 0.261

Carotid artery plaque (%)a 30/44 (68.2 %) 13/16 (81.3 %) 17/28 (60.7 %) 0.195

Maximum IMT (mm)a 0.70 (0.50–0.85) 0.75 (0.61–1.01) 0.68 (0.50–0.79) 0.166

Laboratory data

Total cholesterol (mmol/L) 3.94 ± 1.06 3.88 ± 1.15 3.97 ± 1.02 0.775

HDL cholesterol (mmol/L) 0.80 ± 0.28 0.83 ± 0.32 0.79 ± 0.27 0.670

LDL cholesterol (mmol/L) 2.47 ± 0.90 2.36 ± 0.94 2.53 ± 0.88 0.515

Tryglycerides (mmol/L) 1.30 (0.88–1.86) 1.32 (0.88–2.27) 1.21 (0.87–1.83) 0.488

Hs-CRP (mg/L)b 19.7 (3.2–64.4) 20.6 (3.4–98.1) 18.7 (1.5–66.0) 0.732

Medications

Initial daily prednisolone dose (mg) 46.7 ± 9.4 50.0 ± 9.4 44.9 ± 9.1 0.057

Immunosuppressive agents (%)c 24 (46.2 %) 9 (50.0 %) 15 (45.5 %) 1.000

Antihypertensive agents (%) 14 (26.9 %) 7 (36.8 %) 7 (21.2 %) 0.331

Antidiabetic agents (%) 3 (5.8 %) 2 (10.5 %) 1 (3.0 %) 0.546

Statins (%) 6 (11.5 %) 1 (5.3 %) 5 (15.1 %) 0.397

Data are shown as the number (%), the mean ± SD, or the median (interquartile range). Significant differences between male and female patients
(p \ 0.05) are underlined

M male, F female, SLE systemic lupus erythematosus, PM/DM polymyositis/dermatomyositis, AOSD adult onset Still’s disease, IMT intima-
media thickness, HDL high-density lipoprotein, LDL low-density lipoprotein, Hs-CRP high-sensitivity C-reactive protein
a Only 44 patients (16 men and 28 women) had this examination
b Hs-CRP level of healthy control subjects was 0.278 (0.146–0.509) mg/L [males 0.294 (0.175–0.393); females 0.266 (0.140–0.533)]
c Azathioprine (n = 1), cyclophosphamide (n = 14), cyclosporin A (n = 3), methotrexate (n = 4), or tacrolimus (n = 2) was administered
2–4 weeks after glucocorticoid therapy
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(64.9 ± 16.3 years old), 81.8 % and 0.37 mm for PM/DM

patients (55.8 ± 14.3 years old), and 66.7 % and 0.50 mm
for AOSD patients (49.8 ± 12.4 years old). We employed

the serum levels of adipokines (resistin, leptin, and HMW-

adiponectin) in addition to patient characteristics (gender,
age, and BMI) and traditional risk factors (hypertension,

diabetes mellitus, smoking status, and serum levels of

T-chol, HDL-chol, LDL-chol, TG and Hs-CRP) in a model
predicting the maximum carotid IMT of the patients with

autoimmune diseases. Multivariate analysis showed that
the significant determinants were age and the presence

of hypertension (age: b, regression coefficient = 0.013,

p = 0.034; hypertension: b = 0.248, p = 0.019, R2, coef-
ficient of determination = 0.282). There was no associa-

tion between any of the adipokines and carotid premature

atherosclerosis (maximum IMT) in the patients with auto-
immune diseases.

Multivariate analysis of factors associated with serum
Hs-CRP

We employed the presence of systemic autoimmune dis-
ease, subject characteristics (gender, age, and BMI), and

serum levels of adipokines in models predicting the serum

level of Hs-CRP in all subjects. Significant univariate
predictors of the Hs-CRP level included the presence

of autoimmune disease, female gender, age, resistin,

leptin, and HMW-adiponectin (Table 4, univariate model).
Inclusion of these univariate predictors in a multivariate

model resulted in a final model with 3 significant predic-

tors: autoimmune disease, age, and resistin (Table 4,
multivariate model).

Changes in adipokine levels with glucocorticoid
therapy

The influence of glucocorticoid therapy on serum adipo-
kine levels is shown in Table 5. We examined whether

treatment with a glucoorticoid for 4 weeks affected serum

adipokine levels in our patients with systemic autoimmune
diseases. We found that resistin showed a significant

decrease to the normal range, while leptin and HMW-

adiponectin increased significantly after 4 weeks of glu-
cocorticoid therapy.

Fig. 1 Serum levels of resistin (a), leptin (b), and high molecular
weight (HMW)-adiponectin (c) in patients with systemic autoimmune
diseases and healthy control subjects. Horizontal bars indicate
median values. Statistical significance was determined by Kruskal–
Wallis one-way analysis of variance (ANOVA), followed by Dunn’s
multiple comparison test when the main effect of ANOVA was
significant. ns no significant difference. *p \ 0.05; **p \ 0.01;
***p \ 0.001

b
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Effects of LPS and dexamethasone on adipokine

expression in human PBMCs

We also investigated the effects of LPS and dexametha-

sone on adipokine mRNA expression and secretion in

vitro, especially resistin (which had a strong association
with the inflammatory marker Hs-CRP). As shown in

Fig. 2a, resistin mRNA expression was only detectable at
very low levels in unstimulated human PBMCs. Resistin

mRNA expression was increased by stimulation with

LPS, and LPS-induced upregulation of resistin mRNA
expression was reversed by dexamethasone in a dose-

dependent manner. Stimulation with dexamethasone alone

had no effect on resistin mRNA expression. Leptin and

Table 3 Adipokine and Hs-CRP levels at baseline in patients with various systemic autoimmune diseases

SLE (n = 18) Vasculitis syndrome (n = 16) PM/DM (n = 14) AOSD (n = 4) p value

Adipokines

Resistin (ng/mL) 6.3 (3.8–18.3) 12.0 (9.7–28.2) 4.2 (2.1–8.9) 23.1 (7.5–52.7) B0.008

Leptin (ng/mL) 2.2 (1.4–5.5) 2.0 (1.0–5.2) 2.1 (1.6–8.5) 6.2 (1.9–16.7) 0.651

HMW-adiponectin (lg/mL) 8.0 (3.3–18.3) 10.2 (6.1–14.4) 2.0 (1.6–12.1) 13.2 (10.1–23.1) 0.081

Hs-CRP (mg/L) 5.8 (0.6–18.0) 100.9 (53.9–147.5) 4.9 (1.3–23.5) 72.3 (34.3–103.1) \0.001

Data are shown as the median (interquartile range). Significant differences among subgroups of systemic autoimmune diseases (p \ 0.05) as
estimated via the Kruskal–Wallis test are underlined

SLE systemic lupus erythematosus, PM/DM polymyositis/dermatomyositis, AOSD adult onset Still’s disease, Hs-CRP high-sensitivity C-reactive
protein

Table 4 Crude and adjusted associations of subject characteristics with serum Hs-CRP

Hs-CRPa

Univariate model R2 Multivariate model

b p value b p value

Systemic autoimmune diseases 1.978 \0.001 0.635 1.729 \0.001

Female sex -0.495 0.011 0.034 -0.082 0.507

Age 0.023 0.014 0.031 0.022 \0.001

BMI 0.071 0.152 0.011 0.039 0.233

Resistina 1.987 \0.001 0.373 0.742 \0.001

Leptina -0.502 0.013 0.032 0.211 0.169

HMW-adiponectina -0.320 0.005 0.041 0.006 0.929

R2 0.711

Significant correlations (p \ 0.05) are underlined

b regression coefficient, R2 coefficient of determination, BMI body mass index, Hs-CRP high-sensitivity C-reactive protein, HMW high
molecular weight
a Logarithmic transformation was used for highly skewed variables when required for multivariate analysis

Table 5 Changes in serum adipokine levels in patients who received glucocorticoid therapy for 4 weeks

Baseline 1 week 2 weeks 3 weeks 4 weeks

Resistin (ng/mL) 9.1 (4.1–13.7) 5.7 (3.6–13.5) 8.0 (3.6–14.1) 5.6 (2.8–14.9)* 4.1 (2.6–8.6)*

Leptin (ng/mL) 2.1 (1.6–5.3) 4.6 (2.2–13.1)* 3.3 (1.9–11.6) * 4.8 (2.1–12.6)* 4.6 (2.1–17.5)*

HMW-adiponectin (lg/mL) 9.0 (2.8–14.5) 16.2 (4.7–24.5)* 13.6 (4.0–21.8)* 16.5 (3.9–26.8)* 17.8 (5.8–28.5)*

Data are presented as the median (interquartile range). Assessment of changes in serum adipokines levels was performed by Friedman’s ANOVA
followed by Dunn’s multiple comparison procedure when the main effect of ANOVA was significant. Resistin, leptin, and HMW-adiponectin
levels of healthy control subjects (n = 140) were 3.5 (3.1–4.5) ng/mL, 5.8 (3.3–10.7) ng/mL, and 13.4 (8.4–20.1) lg/mL, respectively

HMW high molecular weight

* p \ 0.001 compared with baseline
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adiponectin mRNA were not detectable in human

PBMCs.
Real-time PCR was performed to quantitatively evaluate

resistin mRNA expression. This showed that stimulation

by LPS increased resistin mRNA expression 17-fold
(p \ 0.05) compared with that in unstimulated human

PBMCs, and this upregulation of resistin mRNA expres-

sion was reversed by dexamethasone in a dose-dependent
manner (Fig. 2b).

Furthermore, we examined resistin protein levels in the
culture supernatants by ELISA. Resistin protein was

detected in the supernatants of unstimulated human

PBMCs (0.17 ± 0.01 ng/mL), and its level was increased
significantly by LPS stimulation (0.34 ± 0.02 ng/mL,

p \ 0.01). The increase in resistin secretion induced by

LPS was inhibited by the addition of dexamethasone to
cultures (Fig. 2c).

Discussion

To our knowledge, this is the first study to prospectively
investigate the serum levels of 3 adipokines (resistin, lep-

tin, and HMW-adiponectin) before and after glucocorticoid

therapy in new patients with systemic autoimmune diseases
in the active phase. Serum resistin levels were initially high

in these patients and decreased towards normal after glu-

cocorticoid therapy, while serum leptin and HMW-adipo-
nectin levels were initially low and then increased after

glucocorticoid therapy. We also found a significant asso-

ciation between the serum levels of resistin and Hs-CRP
(an inflammatory marker) in these patients. Furthermore,

our in vitro study revealed that dexamethasone inhibited

LPS-induced upregulation of resistin mRNA and protein
expression by human PBMCs in a concentration-dependent

manner.

To evaluate the association of adipokines with inflam-
mation, we performed multivariate analysis, which showed

that the serum resistin level was significantly associated

with serum Hs-CRP, along with the presence of autoim-
mune disease and older age. Serum CRP levels in patients

with SLE [6] and PM/DM [7] are known to be low

regardless of disease activity. In this study, same trends in
the serum Hs-CRP levels in these diseases were noted. In

addition, serum resistin levels among patients with SLE,

vasculitis syndrome, PM/DM, and AOSD were signifi-
cantly different, and those in patients with SLE and PM/

DM tended to be lower than those in patients with vascu-

litis syndrome and AOSD. These data suggest that an
increase in resistin might contribute to inflammation in

patients with systemic autoimmune diseases.

Assessment of carotid plaque and IMT by ultrasonog-
raphy provides a noninvasive and reliable measurement of

Fig. 2 Effects of lipopolysaccharides (LPS) and dexamethasone (Dex)
on adipokine gene expression and secretion in human peripheral blood
mononuclear cells (PBMCs). a Effects of LPS and Dex on adipokine
mRNA gene expression in human PBMCs detected by reverse
transcription-polymerase chain reaction (PCR) analysis. b Real-time-
PCR study of resistin mRNA expression in human PBMCs. LPS-
induced upregulation of resistin mRNA expression is inhibited by Dex
in PBMCs. Resistin mRNA expression was normalized to that of
b-actin mRNA. Fold induction was measured relative to mRNA
expression by control PBMCs incubated without LPS or Dex. Data are
presented as the mean ± SD (n = 3). c Resistin levels in culture
supernatants of human PBMCs. LPS-induced upregulation of resistin
secretion into culture supernatants is inhibited by Dex. Resistin was
measured by enzyme-linked immunosorbent assay. Data are presented
as the mean ± SD (n = 3). Significance was evaluated by ANOVA,
followed by Bonferroni’s post hoc analysis for pairwise comparison
when the main effect of ANOVA was significant. *p \ 0.05;
**p \ 0.001 compared with unstimulated cells; !p \ 0.05;
!!p \ 0.01; !!!p \ 0.001 compared with LPS-stimulated cells
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the systemic burden of atherosclerosis [8]. In our patients

(mean age 58.3 years), there was a high prevalence of
carotid artery plaque (68.2 %), a finding compatible with

previous reports of a similar prevalence of carotid plaque in

patients with SLE (mean age 52 years) [9] and patients
with giant cell arteritis (mean age 79 years) [10]. The

median IMT of our patients was also consistent with that

for patients with SLE [9] and patients with giant cell
arteritis [10].

Ross [11] suggested that chronic inflammation contrib-
utes to accelerated atherogenesis and plays a role in all

stages of atherosclerosis. Cho et al. [12] demonstrated that

resistin can accelerate the progression of atherosclerotic
plaque by aggravating inflammation of the vessel wall

through stimulating monocyte infiltration, and by activat-

ing of endothelial cells and smooth muscle cells. In the
present study, we found a significant association between

IMT and age or hypertension, well-known atherosclerotic

risk factors, but we could not find any significant rela-
tionship between premature atherosclerosis and serum

adipokine levels.

Resistin was originally identified as a 12.5 kDa poly-
peptide expressed and secreted by white adipose tissue

[13]. Human adipocytes express resistin at very low levels,

if at all, whereas high levels are expressed by PBMCs
(especially monocytes and T lymphocytes), macrophages,

neutrophils, and bone marrow cells that take part in the

inflammatory response [14–17]. We found high serum
resistin levels in our patients with active disease, suggest-

ing an association of resistin with the inflammatory

processes related to autoimmune diseases. Previous cross-
sectional studies suggested that serum resistin levels were

not increased in SLE patients compared with those in

control subjects [18–20]. In this study, however, the serum
resistin level of 18 patients with SLE was significantly

higher than that of healthy controls, and the high resistin

level of the patients declined after glucocorticoid therapy.
We recently reported that serum resistin levels were ele-

vated in patients with Kawasaki disease. They were

decreased by the intravenous administration of immune
globulin [21]. Therefore, the discrepancy between our

findings and previous reports might be due to differences in

disease activity or treatment, since most of the subjects
enrolled in the previous studies were outpatients who were

already on immunosuppressive therapy, including gluco-

corticoids.
We also investigated the association of resistin with

inflammation by performing an in vitro experiment using

human PBMCs, since they contain monocytes and T lym-
phocytes, which are reported to produce resistin [17]. Our

study showed that LPS upregulated the expression of res-

istin mRNA and protein in human PBMCs. Such findings
may help to explain hyperresistinemia in our patients with

acute inflammation. Induction of resistin by LPS may be

partly mediated by the activation of nuclear factor-jB (NF-
jB), activator protein 1 (AP-1), or mitogen-activated pro-

tein kinase (MAPK) [22, 23]. Although the significance of

hyperresistinemia in patients with autoimmune diseases
has not yet been clarified, Tarkowski et al. [24] reported

that resistin induced the production of proinflammatory

cytokines such as IL-6 and IL-8 by interacting with Toll-
like receptor 4 (TLR4). Thus, it is possible that resistin

plays an important role in inflammation associated with
systemic autoimmune diseases.

In the present study, we demonstrated that resistin

expression was downregulated by glucocorticoids both
in vivo and in vitro. The promoter region of the human

resistin gene contains binding sites for proinflammatory

transcription factors such as cRel (one of 5 NF-jB sub-
units) and AP-1, but has no glucocorticoid response ele-

ments (GREs) [25]. Accordingly, glucocorticoid therapy

might inhibit resistin expression by repressing the activa-
tion of these transcription factors through the glucocorti-

coid receptor [26].

Previous cross-sectional studies of serum leptin levels in
patients with SLE have not obtained definitive results.

Some studies have shown that leptin levels were higher in

patients than in healthy control subjects [18, 20, 27–29],
while others have found that leptin levels did not differ

between patients and healthy controls [30]. On the other

hand, our prospective study demonstrated that serum leptin
levels were lower in patients with active autoimmune dis-

eases than in healthy controls, and that the leptin levels of

the patients increased after glucocorticoid therapy. Küm-
pers et al. [31] performed a prospective study of serum

leptin levels in patients with antineutrophilic cytoplasmic

antibody (ANCA)-associated vasculitis receiving gluco-
corticoid therapy. They found lower leptin levels in the

ANCA-associated vasculitis patients than in healthy con-

trols, and there was an increase in leptin after glucocorti-
coid therapy, consistent with our results.

In this study, we found low leptin levels in patients with

active autoimmune diseases. It has been reported that long-
term exposure to proinflammatory cytokines such as IL-1b
or TNFa cause suppression of leptin protein and gene

expression in adipose tissue [32–34], while acute stimula-
tion by proinflammatory cytokines increases leptin release

in vitro [32, 33]. Serum leptin levels were high in some of

our patients but low in most of them. Thus, it is possible
that these variations in serum leptin levels were caused by

different inflammatory states.

Previous studies have found that glucocoricoids increase
the serum leptin level in healthy humans [35, 36]. It was

also reported that glucocorticoids upregulate leptin

expression by cultured human adipose tissue [37]. These
results support our finding that serum leptin levels
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increased after glucocorticoid therapy in patients with

systemic autoimmune diseases. It has been demonstrated
that the human obese (ob) gene, the product of which is

leptin, contains GREs in the promoter region [38], sug-

gesting that glucocorticoids may activate ob gene tran-
scription by interacting with these GREs.

In this study, the baseline serum HMW-adiponectin

level (before glucocorticoid therapy) was lower in our
patients with autoimmune diseases than in the healthy

control subjects. However, previous cross-sectional studies
of the serum total adiponectin level in SLE patients have

yielded conflicting results, and some studies have indicated

that serum adiponectin levels were higher in SLE patients
than in healthy controls [18, 19, 28]. In the present study,

the serum HMW-adiponectin level in the 18 patients with

SLE was significantly lower than that in the healthy con-
trols. The discrepancy between this finding and previous

reports might be explained by differences in disease

activity or therapy, as was discussed for resistin. Further-
more, total adiponectin (containing different isoforms) was

measured in previous studies [18, 19, 28], whereas we

measured the HMW fraction of adiponectin. It is known
that HMW-adiponectin is the more active and clinically

relevant form of this protein [39, 40]. The serum HMW-

adiponectin level in male patients tended to be higher than
that in healthy controls. Since multiple regression analysis

in this study showed that the serum HMW-adiponectin

level was positively associated with age, this trend might
be explained by the increased age of the male patients.

Bruun et al. [41] have reported the reciprocal suppres-

sion of adiponectin and proinflammatory cytokines (such as
TNFa and IL-6) in cultured human adipose tissue, and they

also noted the same effect for serum levels in vivo.

Therefore, an increase in proinflammatory cytokines might
have suppressed adiponectin production in our patients

with active autoimmune diseases. Adiponectin may have a

protective effect against atherosclerotic vascular changes
[42]. Systemic autoimmune diseases are known to be

associated with an increase in premature atherosclerosis

and with increased mortality due to cardiovascular diseases
[8, 43, 44]. Thus, hypoadiponectinemia might be an

important cardiovascular risk factor in patients with sys-

temic autoimmune diseases.
In this study, serum HMW-adiponectin levels were

found to be increased after glucocorticoid therapy. Both

adiponectin and HMW-adiponectin levels have previously
been reported to increase with oral glucocorticoid therapy

in healthy subjects [45] and patients with type 2 diabetes

[46]. Adiponectin and proinflammatory cytokines suppress
each other [41], while glucocorticoids inhibit the produc-

tion of proinflammatory cytokines such as TNFa [47].

Thus, the reduction in proinflammatory cytokine levels
resulting from glucocorticoid therapy may have led to an

increase in HMW-adiponectin in our patients with systemic

autoimmune diseases.
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Abstract

Objectives: Midkine (MK) is involved in cell proliferation, differentiation, migration, and survival.
In this study, we measured serum MK levels in rheumatoid arthritis (RA) and investigated the
correlation of serum MK with RA disease activity. Expression and effect of MK in RA synovial
tissue were also examined.
Methods: Serum MK and production of inflammatory mediators by rheumatoid synovial
fibroblasts (RSFs) were measured by enzyme-linked immunosorbent assay. MK expression in
synovial tissue was examined by immunohistochemistry. MK receptor expression was analyzed
by RT-PCR and Western blotting.
Results: RA patients had a significantly higher serum MK level than healthy controls. In RA
patients, the MK level was correlated with DAS28-ESR, disability index of the Health Assessment
Questionnaire, and rheumatoid factor level. The serum MK level tended to be decreased by
anti-TNF therapy. MK was expressed by synovial lining cells in RA synovial tissues and it
enhanced the production of IL-6, IL-8, and CCL2 by RSFs. RSFs expressed LDL receptor-related
protein 1, candidate receptor for MK.
Conclusions: The serum MK level could be a marker of disease activity in RA and an indicator of
a poor prognosis. MK may have a role in the pathogenesis of RA via induction of inflammatory
mediators.
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Introduction

Midkine (MK) is a heparin-binding growth factor that was origin-
ally identified as the retinoic acid–response gene product [1–3]. It
has been reported that MK has a role in cell proliferation,
differentiation, migration, and survival [4–6]. In addition, the
pathological role of MK in malignant tumors has been widely
analyzed [7–9]. Several types of cancer cells express MK [1,10],
and cancer patients with high serum levels of MK are reported to
have a poor prognosis [11]. Furthermore, MK enhances tumor cell
growth and invasion [12]. Moreover, MK might modulate
inflammatory responses [13,14], since it has been reported to
induce the migration of inflammatory cells [15–17] and suppresses
the expansion of regulatory T cell by blocking the development of
tolerogenic dendritic cells [18]. Thus, MK might have a role in
inflammatory diseases as well as cancer.

Rheumatoid arthritis (RA) is characterized by chronic inflam-
mation of multiple joints. The synovial tissue of RA patients
features proliferation of synoviocytes, accumulation of inflamma-
tory cells (including lymphocytes and macrophages), production
of inflammatory mediators, and angiogenesis [19]. Several
biologic agents are effective for RA, including monoclonal

antibodies against tumor necrosis factor-a (TNF-a) and interleukin
(IL)-6 receptor. However, the risk of severe infection is increased
by these biologic agents [20,21] and some patients do not respond
to them. Therefore, novel therapies that are more effective for RA
and safer than conventional treatment are still needed.

It has been reported that MK is expressed in RA synovial tissue
[15,22] and that MK levels are elevated in the serum [22] and
synovial fluid [15] of RA patients. These reports suggest that MK
may play a role in the pathogenesis of RA. In this study, we
analyzed the relation between the serum MK level and disease
activity in RA, and we also investigated the stimulatory effect of
MK on cultured synovial fibroblasts obtained from RA patients.

Methods

Samples

Peripheral blood samples were obtained from 146 RA patients and
85 healthy subjects. All of the RA patients fulfilled the classifi-
cation criteria of the American College of Rheumatology/
European League Against Rheumatism [23]. Among the 146 RA
patients, 121 (82.8%) were women. The mean age ± standard
deviation (SD) was 60.9 ± 14.0 years, the disease duration was
125.7 ± 115.2 months, and the C-reactive protein (CRP) level was
0.57 ± 0.13 mg/dl. In addition, the disease activity score (DAS)
28-erythrocyte sedimentation rate (ESR) [24] was 2.76 ± 1.46 and
the disability index of the Health Assessment Questionnaire
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(HAQ) [25] was 0.58 ± 0.87. Of the 146 RA patients, 118 (80.8%)
were positive for rheumatoid factor (RF) and 113 (77.4%) were
positive for anti-cyclic citrullinated protein (CCP) antibodies.
Sixty-eight patients were taking prednisolone and 101 patients
were using methotrexate. Other medications were salazosulfapyr-
idine in two patients, tacrolimus in six, cyclosporin in one,
infliximab in 11, etanercept in 28, adalimumab in seven, abatacept
in three, golimumab in three, and tocilizumab in 13. Blood
samples from microscopic polyangiitis (n¼ 3), adult-onset Still’s
disease (n¼ 2), systemic lupus erythematosus (n¼ 3), and poly-
myositis (n¼ 2) were also obtained. Among the healthy subjects,
76 (89.4%) were women and their age was 63.2 ± 12.1 years. The
ages and gender ratio were not significantly different between RA
patients and healthy controls. Blood samples from healthy controls
were obtained at Kitasato University Kitasato Institute Hospital.
The subjects were healthy on the basis of their medical histories.
They did not have a present or past history of organopathy, such as
heart, lung, liver, or kidney disease. They were normal based on
physical examination and clinical laboratory tests. Synovial tissue
samples were obtained from three patients with RA and three
patients with osteoarthritis (OA) who underwent total knee or hip
replacement. The experimental protocol was approved in advance
by the Ethics Committees of Toho Medical Center Omori Hospital
(approval no. 24-207, 26-22), Toho University School of Medicine
(2703024007), and Kitasato University Kitasato Institute Hospital
(13028).

Measurement of MK

Serum was obtained from peripheral blood samples of the RA,
polyangiitis, adult-onset Still’s disease, systemic lupus erythema-
tosus, polymyositis, and healthy controls and was frozen at "80#C
until analysis. Concentrations of MK and RF were determined
with enzyme-linked immunosorbent assay (ELISA) kits (Cellmid,
Sydney, Australia), according to the instruction of the manufac-
turer. To examine whether RF interfered with the MK assay,
serum samples from three RA patients were incubated with
Immunoglobulin Inhibiting Reagent! (Bioreclamation IVT,
Baltimore, MD) for 18 h at 4#C before determination of the MK
level.

Sharp score

To evaluate radiographic changes of the hands, the Sharp score
was calculated [26]. Erosions were evaluated at 16 sites of each
hand and wrist and joint space narrowing was assessed at 15 sites
on each side. The score for erosions at each site ranged from 0 to
5, giving a total score between 0 and 160, while the score for joint
space narrowing at each site ranged from 0 to 4, give a total score
between 0 and 120. The score was independently evaluated by ES
and KS, and the mean score was calculated.

Immunohistochemistry

Synovial tissues were fixed with freshly prepared 4% (v/v)
paraformaldehyde in Tris-buffered saline (TBS). Sections (3 mm)
were immersed in ethanol containing 3% (v/v) H2O2 for 5 min to
block endogenous peroxidase activity. Then the sections were
incubated with EzBlock Chemi! (Atto, Tokyo, Japan) for 10 min
to block nonspecific binding. Sections were subsequently
incubated for 2 h with polyclonal goat anti-human MK antibody
(2 mg/ml; R&D Systems, Minneapolis, MN) or normal goat serum
as a control. Next, the sections were washed four times with TBS
and expression was detected using a Vectastain! Elite ABC kit
(Vector Laboratories, Burlingame, CA). Finally, the sections were
washed in TBS and counterstained with hematoxylin.

Cell culture

Rheumatoid synovial fibroblasts (RSFs) were prepared from
synovial tissue samples as described previously [27]. In brief,
synovial tissue was digested for 2 h with 0.2% (w/v) bacterial
collagenase (Wako Pure Chemical Industries, Osaka, Japan) and
then suspended in Roswell Park Memorial Institute (RPMI) 1640
medium with 10% (v/v) fetal bovine serum (FBS), 100 units/ml
penicillin, and 100 g/ml streptomycin. The cells were incubated for
several days at 37#C under 5% CO2, after which non-adherent cells
were removed. Fibroblast-like adherent cells from the third or
fourth passages were used as RSFs. These cells were cultured
overnight in 96-well plates (2$ 104 cells/well), and then were
incubated with MK (0, 5, or 50 ng/ml; Wako Pure Chemical
Industries, Osaka, Japan) for 48 h at 37#C in RPMI 1640 medium
containing 10% FBS. Levels of IL-6, IL-8, and chemokine (C-C
motif) ligand 2 (CCL2) and chemokine (C-X3-C motif) ligand 1
(CX3CL1) in the culture supernatant were assessed by using
ELISA kits (Life Technologies, Waltham, MA, for IL-6 and
CCL2; R&D Systems for IL-8 and CX3CL1), according to the
instructions of the manufacturer. To measure prostaglandin E2
(PGE2) level, RSFs were plated in 96-well plates (2$ 104 cells/
well) and cultured for 48 h at 37#C with MK (0, 5, or 50 ng/ml) in
medium containing 1% FBS. Three mM arachidonic acid (Cayman
Chemical, Ann Arbor, MI) was added to each well for last 30 min.
Then, concentration of PGE2 in the medium was measured by an
ELISA kit according to the recommendations of the manufacturer
(Cayman Chemical, Ann Arbor, MI).

Reverse transcription-polymerase chain reaction (RT-PCR)

RSFs were seeded in culture medium containing 10% FBS, and
total RNA was extracted with an RNeasy Mini kit according to the
recommendations of the manufacturer (QIAGEN GmbH, Hilden,
Germany). Reverse transcription was performed with a
SuperScript first-strand synthesis system for RT-PCR according
to the recommendations of the manufacturer (Invitrogen, Carlsbad,
CA), with 1mg of total RNA from the cells as a template. Equal
amounts of each reverse-transcribed product were amplified by
PCR with HotStar Taq polymerase (QIAGEN GmbH, Hilden,
Germany). The primer sequences and numbers of basepairs were
as follows: for anaplastic lymphoma kinase (ALK) (814 bp), sense
50-AGA TCC TCC TGA TGC CCA CT and antisense 50-AGG
ATC TTG TCC TCT CCG CT; for protein tyrosine phosphatase,
receptor type Z1 (PTPRZ1) (196 bp), sense 50-TGC TTC CAG
ACT GCA CAC TT and antisense 50-CCT GGT AAA ACT CTT
TCA GTG TCT C; for Notch2 (817 bp), sense 50-TGG CAC ATG
TGT TGA TGG GA and antisense 50-GTT GGA GAG GCA CTC
GTT GA; for LDL receptor-related protein 1 (LRP1) (419 bp),
sense 50-CTG GCG AAC AAA CAC ACT GG and antisense
50-GCA CGT CAG ACC AGT ACA CA; and for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (598 bp), sense 50-CCA
CCC ATG GCA AAT TCC ATG GCA and antisense 50-TCT
AGA CGG CAG GTC AGG TCC ACC. After initial denaturation
at 95#C for 15 min, PCR involved amplification for 28 cycles of
30 s at 94#C, 30 s at 56#C, and 30 s at 72#C, followed by
elongation for 5 min at 72#C. The amplified complementary DNA
fragments were resolved by electrophoresis on a 2% agarose gel,
and were detected under ultraviolet light using LAS-3000
(Fujifilm, Tokyo, Japan) after staining the gel with ethidium
bromide.

Western blot analysis

RSFs were lysed in M-PER! mammalian protein extraction
reagent (Thermo Fisher Scientific, Waltham, MA) with Halt!
protease inhibitor cocktail (Thermo Fisher Scientific, Waltham,
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MA) according to the recommendations of the manufacturer. The
protein content of the lysates was determined with Qubit! 3.0
Fluorometer using Qubit! protein assay (Thermo Fisher Scientific,
Waltham, MA). Then cell lysates were adjusted to 30mg of protein
and were applied to Bolt! Bis-Tris Plus gel (4–12%) (Thermo
Fisher Scientific, Waltham, MA) for eleectrophoresis in MOPS
buffer. Next, the proteins were electroblotted onto Immobilon-P
polyvinylidene difluoride membranes with iBlot! 2 Dry Blotting
System (Thermo Fisher Scientific, Waltham, MA). The mem-
branes were incubated with primary antibodies, monoclonal rabbit
anti-human Notch2 antibody (Cell Signaling Technology,
Danvers, MA), monoclonal rabbit anti-human LRP1 antibody
(Abcam Plc, Cambridge, UK), or monoclonal mouse anti-human
GAPDH antibody (Santa Cruz Biotechnology, Dallas, TX), with a
dilution of 1:200 (Notch2), 1:3000 (LRP1), and 1:100 (GAPDH),
and the secondary antibody (HRP-conjugated goat anti-rabbit
antibody or HRP-conjugated goat anti-mouse antibody) was added
(at a dilution of 1:2000) and incubation was performed for 2.5 h
using iBind Flex Western System (Thermo Fisher Scientific,
Waltham, MA). Protein bands were detected with enhanced
Novex! ECL Chemiluminescent Substrate Reagent Kit
(Invitrogen, Carlsbad, CA) using LAS-3000 (Fujifilm, Tokyo,
Japan).

Statistical analysis

Results are expressed as the mean ± SD and/or median with
interquartile range. Statistical analysis was performed with Prism
software (ver. 6; GraphPad Software, La Jolla, CA). The
significance of between-group differences of the serum MK
concentration was determined by the Mann–Whitney U-test.
Simple linear regression analysis was used to assess correlations
between the serum MK level and the DAS28-ESR, HAQ score,
Sharp score, or RF level. To compare IL-6, IL-8, CCL2, and PGE2
production by RSFs, analysis of variance was applied with
Bonferroni’s correction. In all analyses, p50.05 was considered to
indicate statistical significance.

Results

Serum MK level

As shown in Figure 1, the serum level of MK was significantly
higher in the RA patients than in the healthy controls [RA:
787.7 ± 68.8 (mean ± SD), 540.8 (391.7–781.1) median (inter-
quartile range); healthy controls: 373.6 ± 15.1, 334.4 (284.8–
426.1) pg/ml, p50.0001]. We also measured serum MK levels
of patients with microscopic polyangiitis, adult-onset Still’s
disease, systemic lupus erythematosus, and polymyositis.
Although the MK concentrations were vary in the patients;
microscopic polyangiitis (n¼ 3; 240.5, 458.1, 378.3 pg/ml),
adult-onset Still’s disease (n¼ 2; 76.7, 232.5), systemic lupus
erythematosus (n¼ 3; 146.1, 339.8, 686.6), and polymyositis
(n¼ 2; 47.0, 31.0), they were not significantly increased
compared to healthy controls. To determine whether the serum
MK level could be a useful biomarker of RA disease activity, we
examined the correlation between serum MK and DAS28-ESR.
In the RA patients, we found that the serum MK level was
significantly correlated with DAS28-ESR (r¼ 0.223, p¼ 0.0194)
(Figure 2A). Since HAQ is widely used for measuring functional
disability in daily life, the correlation between the HAQ score
and serum MK was examined, and a significant correlation of
serum MK with the HAQ score was identified (r¼ 0.329,
p¼ 0.0143) (Figure 2B). The Sharp score for radiographic bone
destruction of the finger and wrist joints was also analyzed for a
correlation with serum MK. There was little correlation between
serum MK level and Sharp score; the p value was less than 0.05,

but correlation coefficient was less than 0.1 (r¼ 0.097,
p¼ 0.0013) (Figure 2C). Furthermore, serum MK was
strongly correlated with the RF titer (r¼ 0.615, p50.00001)
(Figure 2D).

Since RF often interferes with the assay other serum proteins,
we evaluated the influence of RF on the ELISA for MK. First RF
in serum was blocked with Immunoglobulin Inhibiting Reagent!

and then we measured MK using the ELISA. After blocking RF,
the measured concentration of MK was not altered, while the
concentration of RF was significantly decreased (data not shown),
suggesting that RF did not affect the assay for MK. The anti-CCP
antibody titer was not correlated with the serum MK level (data
not shown).

Four of the RA patients started treatment with infliximab, an
anti-TNF-a monoclonal antibody, and the concentration of MK
was measured several times. The clinical courses, including serum
MK levels, are shown in Figure 3. In all the patients, CRP and
ESR were lowered after infliximab treatment, and dosage of
prednisolone could be decreased. Serum MK level tended to be
lowered although it was sometimes fluctuated.

Figure 1. Serum MK level. The serum MK concentration was determined
by ELISA in 146 RA patients and 85 healthy controls.

Figure 2. Correlation of the serum MK level with the DAS28-ESR, HAQ,
Sharp score, and RF in the patients with RA. Correlations between MK
and the DAS28-ESR (A), HAQ score (B), Sharp score (C), and RF (D)
were determined in the 146 patients. Each point represents an individual
patient. p50.05 was considered to indicate statistical significance.
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MK expression in RA synovium

Expression of MK in the synovial tissues harvested from RA and
OA patients was examined by immunohistochemistry. There was
strong expression of MK in the synovial lining cells of RA
synovial tissue (Figure 4), while MK expression was minimal in
OA synovial tissue.

Stimulatory effect of MK on RSFs

Finally, we investigated the in vitro effects of MK on RSFs. After
RSFs were incubated with MK for 48 h, the concentrations of IL-
6, IL-8, CCL2, CX3CL1, and PGE2, which are thought to be
involved in the pathogenesis of RA [28–30], in the culture
supernatant were determined with ELISA kits. It was found that
stimulation with MK significantly increased the production of IL-6
and IL-8 by RSFs in a dose-dependent manner (Figure 5A and B).
Production of CCL2 by RSFs was also enhanced after treatment
with MK (Figure 5C). Production of PGE2 was not significantly
altered by the MK stimulation (Figure 5D). Expression of
CX3CL1 was not detected by this method.

We also examined the expression of candidate MK receptors,
ALK, PTPRZ1, Notch2, and LRP1 [31], in RSFs. Notch2 and
LRP1 mRNAs were expressed, but expression of ALK and
PTPRZ1 was not detected by RT-PCR (Figure 6A). The protein
expression of LRP1, but not Notch2, was detected in RSFs by
Western blotting (Figure 6B).

Discussion

In this study, we showed that the serum MK level is elevated in
RA patients and is correlated with clinical indexes of RA.

In addition, MK expression was obvious in RA synovial tissue,
and stimulation of RSFs with MK enhanced the production of
IL-6, IL-8, and CCL2.

Previous study has shown that the serum MK level is elevated
in RA patients and is correlated with the RF titer [22]. In this
study, we found that the serum MK level was correlated with
DAS28-ESR and that MK tended to be decreased after treatment
with an anti-TNF-a antibody. These results indicate that the serum
MK level could be a useful marker of RA disease activity.
Moreover, serum MK was correlated with HAQ, indicating that

Figure 3. Clinical courses by anti-TNF-a treatment. Clinical courses of each individual, including the treatment, serum levels of MK, ESR, and CRP in
four patients who received infliximab, are shown (A–D). PSL, prednisolone; MTX, methotrexate; IFX, infliximab.

Figure 4. Expression of MK in synovial tissue. MK expression in
synovial tissue harvested from RA patients (n¼ 3) and OA patients (n¼ 3)
was analyzed by immunohistochemistry. Sections were counterstained
with hematoxylin and representative photomicrographs are shown. Bar
¼100 mm. MK was strongly expressed by synovial lining cells in RA
synovial tissue, whereas MK expression was minimal in OA synovial
tissue.
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MK also could be an indicator for a poor prognosis of RA. In fact,
MK was also correlated with the RF titer, which is a well-known
poor prognostic factor [32]. Therefore, it is possible that the serum
MK level could be a useful disease activity marker as well as a
prognostic factor. In this study, we retrospectively evaluated
clinical courses, including serum MK, ESR, and CRP levels, in
four patients treated with anti-TNF-a antibody. We further need to
prospectively analyze the changes of serum MK level and the
disease activities in detail by the treatment in large number of
patients to identify the characteristics of MK as a marker for
activity of RA.

We found that MK was expressed in the RA synovial lining,
which is consistent with a previous report [15,22], while there was
minimal MK expression in OA synovium. The MK level in
synovial fluid was also reported to be higher in RA compared with
OA [22]. In the present study, we found that stimulation with MK
enhanced the production of IL-6, IL-8, and CCL2 by cultured

RSFs. IL-8 is a chemokine (C-X-C motif) ligand 8 (CXCL8),
which induces blood vessel formation and angiogenesis and also
exhibits a chemoattractant activity for neutrophils and dendritic
cells [28,33,34]. CCL2 is thought to induce migration of
monocytes into inflamed RA synovial tissue [29]. Thus, our
findings suggest that MK might play a role in inflammatory cell
migration via enhancement of chemokine production by RSFs.
Moreover, it was reported that MK induces neutrophil migration
[15,17], so MK could both directly and indirectly promote
inflammatory cell accumulation in RA synovial tissue and
synovial fluid. IL-6 has a wide range of effects on immune cells
and contributes to the pathogenesis of autoimmune diseases [35],
and it has been reported that inhibition of IL-6 signaling by anti-
IL-6 or anti-IL-6 receptor monoclonal antibodies is effective for
RA [36,37]. Our findings indicated that MK may contribute to the
production of cytokines such as IL-6, which regulate immune cell
activation.

As candidate receptors for MK, ALK, PTPRZ1, Notch2, and
LRP1 are reported [31]. We found that LPR1 was expressed in
mRNA and protein levels in RSFs. LPR1 might be a responsible
receptor for MK stimulation in RSFs.

It has been reported that MK enhances endothelial cell
proliferation and vascular growth [12] and also upregulates the
differentiation of osteoclasts in vitro [22]. Therefore, MK may
contribute to angiogenesis and bone destruction in the synovial
tissues in RA, as well as stimulating RSFs. In a murine model of
antibody-induced arthritis, it was found that MK expression was
upregulated in the affected joints after arthritis developed [22]. In
addition, development of antibody-induced arthritis was signifi-
cantly inhibited in MK-deficient mice compared with wild-type
mice [22]. Thus, MK could be a potential therapeutic target in
patients with RA.

In conclusion, the serum MK level could be a marker of RA
disease activity and an indicator of a poor prognosis. It also seems
possible that MK plays a role in the pathogenesis of RA via
induction of IL-6, IL-8 and CCL2.
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SUMMARY: In situ hybridization (ISH) has been recognized as an important technique for identifying
the causative fungi in the foci of infection observed in histopathological specimens which was processed
from formalin-fixed and paraffin-embedded (FFPE) tissues. However, few basic studies have conduct-
ed an evaluation of the DNA preservation for use in ISH in comparison to polymerase chain reaction
(PCR). The latter is a DNA amplification-based modality. In the present study, we analyzed 65 FFPE
lung tissue specimens collected from autopsy cases for comparing the usefulness of ISH and PCR analy-
sis. As a result, the positive identification rates for PCR were strikingly low; a majority of these results
can be assumed to be false negative because the presence of fungi had been confirmed by histopathologi-
cal analysis. In contrast, panfungal ISH targeting of the 28S rRNA showed a higher sensitivity than the
230-bp panfungal PCR primers did (80.0z versus 4.6z, respectively). Furthermore, over 60z of the
samples we examined showed a favorable intensity of the ISH signal. Therefore, in conventional
postmortem FFPE tissues, the state of DNA preservation may be more favorable for ISH than PCR
analysis.

INTRODUCTION

Whereas the identification of the causative agents of
invasive fungal infections (IFIs) is important for clinical
management of the disease (1), conventional diagnostic
modalities sometimes provide negative or unreliable
results. Consequently, alternative molecular detection
modalities have been used increasingly in recent decades
to identify invasive fungal elements present in formalin-
fixed and paraffin-embedded (FFPE) tissues (2). Poly-
merase chain reaction (PCR) is the most commonly used
analytical approach for detecting such invasive fungal
elements, but recent studies have shown that in situ
hybridization (ISH) can also be used for identifying the
fungal elements present in FFPE tissues (3–6).
However, variability in the sources of FFPE materials
makes it difficult to perform an exact comparison of the
effectiveness of the two diagnostic modalities. We there-
fore conducted a comparative investigation of PCR

analysis and ISH to examine the DNA preservation
using FFPE tissues collected from autopsies of patients
with confirmed IFIs. Such basic studies may provide
beneficial insights into the usefulness of molecular
diagnostic pathology in the study of IFIs.

MATERIALS AND METHODS

Materials: We used lung tissues from 65 autopsies
performed from 1971 to 2006 in the Toho University
Medical Center, Omori Hospital for the study. The
presence of fungal infections was confirmed through
histopathological analysis of all samples by 3 expert
pathologists who reexamined the samples using
hematoxylin and eosin staining and Grocott's methena-
mine silver (GMS) staining. Since it has been previously
reported that the lung was the most common organ in-
volved irrespective of major fungal species, the lung was
adopted as the representative organ of IFI (7). Tissues
obtained from the autopsies were fixed in 15z un-
buffered formalin before being paraffin embedded and
stored at room temperature. Postmortem interval (PMI)
was documented, but the duration of fixation during
tissue sampling was unknown.

The 65 autopsy cases included those of 39 men and 26
women. Malignancy was the most common underlying
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Table 1. Demographic and clinical characteristics of 65 patients

Characteristic No. of patients

Age 53.26 (SD, 2.75; Median, 60)
Gender (female:male) 26:39
Period 1971–2006
Underlying diseases

Leukemia 26 (D, 7; OT, 4)
Malignant tumor of solid organs 11 (D, 1; OT, 3)
Autoimmune diseases 6 (D, 1; OT, 1)
Aplastic anemia 4 (D, 2)
Hepatic cirrhosis 4 (D, 1; OT, 1)
Fulminant hepatitis 3 (D, 1)
Others 11 (D, 7; OT, 1)

D, disseminated infection; OT, old tuberculosis.

Table 2. Primers used for PCR analysis

Primer pair Amplicon Sequence Specificity (Ref.)

PC03/PC04 110 bp 5?ACACAACTGTGTTCACTAGC3?
3?CAACTTCATCCACGTTCACC5?

Human b-globin gene (8)

PC03/GH21 250 bp 5?ACACAACTGTGTTCACTAGC3?
3?TGACAAAGCCCCATACGCT5?

Human b-globin gene (8)

U1/U2 230 bp 5?GTGAAATTGTTGAAAGGGAA3?
3?GACTCCTTGGTCCGTGTT5?

Panfungal 28S rRNA gene (9)

18SF1/5.8SR1 300 bp 5?AGGTTTCCGTAGGTGAACCT3?
3?TTCGCTGCGTTCTTCATCGA5?

Panfungal ITS1 rRNA gene (10)

174

disease in 37 cases, 26 of which showed hematological
malignancy. The demographics and clinical characteris-
tics are summarized in Table 1. The protocols we used
were approved by the Ethics Committee of Toho Uni-
versity Faculty of Medicine (#20047).

PCR: (i) DNA extraction: Three serial sections (5-mm
thickness) were cut with a microtome from each of the
lung FFPE blocks and placed in sterile 1.5-ml microcen-
trifuge tubes. The microtome was cleaned thoroughly
with 100z ethanol before each block was cut. Tissues in
the microcentrifuge tubes were deparaffinized 3 times
with fresh xylene for 15 min, followed by rehydrating 3
times in 100z ethanol for 15 min, and then air-dried for
45–60 min. Next, we added 200 ml of Tris-EDTA (TE)
buffer (pH 8.0) containing 1z SDS to the air-dried
deparaffinized tissues, mixed and then heated for 10
min at 989C. The tissues were spun down and 10 ml of
protease K (Nippon Gene Co., Tokyo, Japan) adjusted
to a concentration of 20 mg/ml was added to the mix-
ture, which was incubated overnight at 489C. The DNA
was purified twice with phenol and then precipitated
with 8 ml of 5 M NaCl and 500 ml of 100z refrigerated
ethanol for 2 h at －209C. The frozen mixture was cen-
trifuged for 20 min at 49C and at 12,000 rpm, the super-
natant was discarded, and the pellet was washed with 1
ml of 75z refrigerated ethanol to remove the unwanted
salt content. Finally, the pellet was resuspended in 30 ml
of TE buffer.

(ii) PCR analysis: Primers used in this study are listed
in Table 2 (synthesized by FASMAC Co., Kanagawa,
Japan). Human b-globin primers and panfungal
primers were used to assess the quality of DNA from the
human and fungal specimens, respectively, which were
preserved in the FFPE blocks. Each PCR mixture con-
tained 2.5 ml of 10× PCR buffer, 0.75 ml of MgCl2,

0.125 ml of Taq polymerase (iTaqTM DNA polymerase;
Bio-Rad Laboratories, Richmond, Calif., USA), 0.5 ml
of dNTP (dNTP Mix; Bio-Rad Laboratories), 0.5 ml of
each primer (0.4 mM), and 0.5 ml of DNA template solu-
tion. Ultrapure water was added to increase the volume
of the mixture to 25 ml. The thermal cycler (MyCyclerTM

Thermal Cycler; Bio-Rad Laboratories) for PCR was
programmed in the following manner: initial denatura-
tion at 949C for 5 min followed by 35 cycles of denatu-
ration at 949C for 1 min; annealing at 559C for 1 min;
and extension at 729C for 1 min followed by a final
extension phrase at 729C for 1 min. Positive (cultured
fungal) controls were used for every run. The products
amplified by PCR were detected using 3z agarose gel
electrophoresis and were visualized under UV irradia-
tion.

ISH: (i) Nucleic acid probes: To determine the effica-
cy of ISH using the FFPE autopsy tissues, a panfungal
peptide nucleic acid (PNA) probe targeting the 28S
rRNA was used to assess the rRNA preserved in the
specimens (6). The PNA probe was labeled with fluores-
cein isothiocyanate (FITC), which was synthesized by
FASMAC Co., for commercial use.

(ii) ISH procedure: ISH was performed using modi-
fied previously described mthods (6). Briefly, 4-mm-
thick sections were cut using a microtome and mounted
on PLATINUM coated glass slide (Matsunami Glass
Ind., Ltd., Osaka, Japan). The sections were routinely
deparaffinized 3 times in xylene, each time for 5 min,
followed by 3 immersions in 100z ethanol, each for 5
min, and then washed in sterile distilled water. The
pretreatments are as follows: first, the tissue sections
were heated in 1 mM of EDTA buffer (pH 8.0) in a
water bath at 989C for 30 min; second, the sections were
cooled at room temperature for 30 min; and lastly, they
were digested with 10 mg/ml of protease K for 10 min at
379C. Then, the sections were carefully washed 3 times
in sterile distilled water for 5 min, dehydrated 3 times in
100z ethanol for 1 min, and then air-dried. We then
applied 20 ml of the hybridization solution (formam-
ide:hybridization buffer ＝ 1:1) with a concentration
of 1 mg/ml to each slide. The rRNA in the tissues was
denatured in a deep block for glass slides (AL-96MP;
TAITEC Co., Saitama, Japan) in a block thermostatic
oven (DTU-2B; TAITEC Co.) for 5 min at 949C,
followed by immediate cooling on ice for 5 min.
Hybridization was incubated for 90 min at 569C in a
humidity chamber containing 2× standard saline citrate
(SSC) solution. After the hybridization, excess or un-
bound probes were removed by washing the slides 3
times with 0.2× SSC at 569C for 10 min. The signals
were then visualized by routine immunostaining with an
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Table 3. PCR and ISH results data set

Case no. Age1) Year2) ST3)

(y)
PMI4)

(hr)

Pangungal ISH b-globin PCR Panfungal PCR

Allred score PC03
PC04

PC03
GH21

U1/U2
28S

18SF1/5.8SR1
ITS1

IS5) PS6) TS7) 110 bp 250 bp 230 bp 300 bp

1 60 1971 40 10 3 5 8 － － － －
2 19 1972 39 unknown 2 3 5 － － － －
3 55 1972 39 3.000 1 3 4 ＋ － － －
4 51 1972 39 1.670 1 1 2 ＋ － － －
5 41 1973 38 unknown 2 5 7 ＋ － － －
6 16 1973 38 3.000 2 3 5 ＋ － － －
7 50 1974 37 1.780 0 0 0 ＋ － － －
8 60 1975 36 7.080 1 2 3 ＋ － － －
9 45 1977 34 15 3 3 6 － － － －

10 70 1978 33 12.58 0 0 0 － － － －
11 56 1978 33 13.38 2 4 6 － － － －
12 65 1978 33 10 2 3 5 － － － －
13 31 1980 31 unknown 2 2 4 － － － －
14 10 1980 31 6.620 1 1 2 － － － －
15 12 1980 31 1.250 2 4 6 － － － －
16 30 1981 30 1.830 3 5 8 － － － －
17 54 1981 30 2.000 3 5 8 － － － －
18 78 1981 30 11 0 0 0 － － － －
19 48 1981 30 1.150 3 3 6 － － － －
20 24 1982 29 1.200 3 4 7 － － － －
21 59 1983 28 2.500 3 5 8 － － － －
22 82 1984 27 1.22 3 2 5 － － － －
23 34 1984 27 5.500 2 5 7 － － － －
24 19 1985 26 4.45 2 4 6 － － － －
25 28 1985 26 15.42 1 1 2 － － － －
26 84 1985 26 1.000 2 3 5 － － － －
27 65 1986 25 14.25 0 0 0 － － － －
28 60 1986 25 20 2 2 4 － － － －
29 32 1988 23 3.000 2 1 3 － － － －
30 66 1988 23 3.500 2 1 3 － － － －
31 39 1988 23 4.670 3 2 5 － － － －
32 64 1989 22 7.270 2 4 6 － － － －
33 65 1990 21 11.4 1 2 3 － － － －
34 38 1991 20 8.000 3 2 5 － － － －
35 35 1992 19 1.250 2 3 5 － － － －
36 73 1992 19 2.670 1 2 3 － － － －
37 71 1992 19 9.650 2 3 5 ＋ － － －
38 62 1992 19 15 1 2 3 － － － －
39 39 1992 19 1.780 3 5 8 － － － －
40 75 1993 18 15.3 0 0 0 － － － －
41 83 1993 18 8.680 0 0 0 ＋ － ＋ －
42 73 1994 17 7.130 0 0 0 － － － －
43 49 1994 17 12 3 5 8 ＋ － － －
44 75 1994 17 4.330 3 4 7 － － － －
45 54 1995 16 1.000 3 1 4 － － － －
46 60 1995 16 9.370 3 4 7 － － － －
47 21 1995 16 1.620 3 4 7 － － － －
48 83 1997 14 6.000 0 0 0 － － － －
49 72 1998 13 9.480 3 5 8 － － － －
50 70 1998 13 12.4 3 2 5 － － － －
51 78 1998 13 13 3 4 7 ＋ － － －
52 66 1998 13 15.18 2 1 3 ＋ － ＋ －
53 75 1998 13 15.43 3 3 6 ＋ － － －
54 6 1999 12 2.130 3 4 7 － － － －
55 77 2000 11 3.830 0 0 0 ＋ － － －
56 57 2000 11 2.200 3 5 8 － － － －
57 68 2000 11 17 3 4 7 － － － －
58 85 2000 11 1.500 2 4 6 － － － －
59 67 2002 9 6.000 3 4 7 － － － －
60 73 2004 7 2.000 0 0 0 ＋ － － －
61 67 2004 7 20.42 1 1 2 － － － －
62 57 2004 7 17 0 0 0 － － － －
63 65 2006 5 22 0 0 0 － － － －
64 15 2006 5 2.550 2 2 4 ＋ ＋ ＋ －
65 1 2006 5 9.280 0 0 0 － － － －

1): Age of autopsy subject.
2): Year of autopsy performed.
3): Storage term of paraffin block.
4): Postmortem interval.
5): Intensity score.
6): Proportion score.
7): Total score.
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Table 4. Results of univariate analysis

ST PMI

PCR b-globin (110 bp) ＋ 22.87 ± 13.17 7.06 ± 5.20
－ 21.80 ± 8.95 7.77 ± 6.11

sig. (two-tailed) P ＝ 0.901 P ＝ 0.694

ST, storage term; PMI, postmortem interval.
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anti-FITC primary antibody (Roche Diagnostics K. K.,
Tokyo, Japan) diluted 1:400 with blocking buffer (0.01
M 100 ml PBS at pH 7.2, 1 g albumin, and 0.1 g NaN3)
and a horseradish peroxidase-labeled secondary an-
tibody (Nichirei Biosciences, Inc., Tokyo, Japan).
Before treating with the primary antibody, the slides
were immersed in 1z H5IO6 for 5 min to block the
endogenous peroxidase. Finally, the peroxidase sites
were visualized using 3,3?-diaminobenzidine tetrahy-
drochloride (DAB; Dojindo Laboratories, Kumamoto,
Japan) in 0.1 M phosphate buffer (pH 7.3) containing
3z H2O2, 1z CoCl2･6H2O, and 1z (NH4)2Ni(SO4)2･
6H2O (11).

(iii) Evaluation of ISH with the Allred score: The
slides were examined under a light microscope. A posi-
tive signal was noted as the presence of dark blue stain-
ing of the fungal forms. To assess the signal precisely,
the Allred score was employed to evaluate the ISH
result. Specifically, the intensity score (IS) was based on
a 4-point system: a score of 0, 1, 2, and 3 for none,
light, medium, and dark staining, respectively (see Fig.
2). The numerical value for the percentage of staining
(proportion score [PS]) was determined using a geomet-
ric rather than a linear division: no cells stained ＝ 0;
0–1/100 cells stained ＝ 1; 0–1/10 cells stained ＝ 2;
1/10–1/3 cells stained ＝ 3; 1/3–2/3 cells stained ＝ 4;
and 2/3–1 cells stained ＝ 5. Addition of the IS values
and PS values showed the total score (12,13). The total
number of fungal elements was determined using sec-
tions stained with the GMS stain.

Statistics: The variables were compared using a
Mann-Whitney U-test or independent samples t test. A
two-tailed P value of º0.05 was considered statistically
significant. All statistical calculations were performed
using SPSS version 11.5 for Windows.

RESULTS

Evaluation of nucleic acid preservation in the FFPE
autopsy tissues: Since most of the autopsy studies do
not perform isolation and identification of the micro-
organisms from the foci of infection, a supplemental
modality to identify the causative fungi becomes im-
portant. In this study, we compared the usefulness of
PCR by using human b-globin and panfungal primers
and that of ISH by employing panfungal probes. We
found that PCR analysis with 110-bp b-globin primer
gave a positive identification rate of 23.1z (15/65),
which was the highest for our investigation. Positive
rates for PCR using the 250-bp b-globin, 230-bp pan-
fungal, and 300-bp panfungal primers were 1.5z,
4.6z, and 0z, respectively (Table 3). In contrast, ISH
using the panfungal probes showed a positive signal of
80.0z (52/65).

Effect of PMI and storage duration on the PCR anal-
ysis: Compared to biopsy or surgical specimens, FFPE
autopsy specimens possess unique properties, which
may lead to a special DNA preservation status.
Although the duration of fixation of the autopsy tissues
in formalin was unknown to us, data on PMI and
storage time were able to be collected from the autopsy
records (Table 3), and analyzed statistically. As shown
in Table 4, PCR analysis results revealed no significant
relationship to the storage duration and PMI.

Evaluation of ISH with the Allred score: For ISH, it
is routine to morphologically identify and evaluate the
true-positive signal. To evaluate the results more pre-
cisely, an Allred score (12,13) was used, which assigns a
numerical value to both the overall stain intensity and
stain pattern. Such a score might provide us with a clear
and objective understating of the ISH results. We found
that 66.2z of the cases possessed an intensity score Æ2,
and 63.1z of the cases got a total score of more than 4
(Table 3, Fig. 1, Fig. 2).

DISCUSSION

In recent years, there has been an increasing interest
in the use of ISH with the microtome sections obtained
from FFPE tissues in order to identify the causative
fungi in involved tissue (6). However, few studies have
documented the reliability of ISH as compared to that
of conventional PCR amplification-based diagnostic
modalities. We therefore performed a comparative in-
vestigation using ISH and PCR analysis to detect fun-
gus-specific nucleic acids preserved in the FFPE tissues
collected from autopsy cases in which the presence of
filamentous fungi had been confirmed by prior
histopathological examination.

We would like to discuss briefly about the essential
procedure for processing FFPE tissues to be used in a
supplemental molecular modality. To retrieve the
nucleic acids from the FFPE tissues (14,15), the samples
were heated in alkalescent solutions followed by diges-
tion with protease K (6,16), prior to performing PCR
and ISH. However, the positive identification rates of
PCR analysis were unacceptably low, the highest of
which was only 23.1z with a 110-bp b-globin primer.
These results can be assumed as false negative because
the presence of fungi had been histologically confirmed
in all the samples we used. Since it has been previously
reported that formalin fixation occasionally introduces
nicks, gaps, and consequent fragmentation in DNA
alignments (17,18), PCR might produce inadequate am-
plicons during the early phase of amplification, most of
which might be shorter than that expected. If these in-
adequate amplicons would be predominant, the final
PCR products would contain little amount of adequate
amplicons. The results of our study confirmed the find-
ings of a previous report showing that the average
length of the DNA fragments was 300–400 bases in
biopsy tissues, but it was much shorter in postmortem
FFPE tissues (19). The superiority of the biopsy tissues
in preserving the DNA may be attributable to a short-
term exposure to formalin along with the use of 10z
neutral buffered formalin, which creates a relatively sta-
ble environment for DNA preservation (20–22). On the
other hand, there was no significant relationship in posi-
tive detection rates using the 110-bp b-globin primer be-
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Fig. 1. Results of the panfungal ISH (×400). The pictures are numbered in the order of the age of the blocks, in-
creasing from older to younger. For details of the Allred score, refer to Table 3.
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tween the targeted DNA preservation and the storage
duration or PMI of the samples. This fact suggests that
a favorable detection using PCR analysis might be pos-
sible if an optimal formalin fixation is performed, but

its reliability should be verified by future studies. In ad-
dition, it would be necessary to test the effectiveness of
the recently introduced polymerases (23) in order to ob-
tain a higher PCR efficiency.
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Fig. 2. Variations in the ISH signal intensity. The histogram
comprising the intensity score 0, 1, 2, and 3 of the Allred scor-
ing system indicates the representative signal intensity of none,
light, medium, and dark staining, respectively. Twenty-four
(36.9z) cases showed an intensity score of 3, while 43 (66.2z)
cases displayed an intensity score Æ 2.
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As opposed to PCR, ISH has been considered a type
of molecular diagnostic modality for which it is not
necessary to extract and amplify DNA. Our study
showed that the panfungal ISH probes targeting the 28S
rRNA exhibited a higher sensitivity than PCR analysis
using the panfungal primers (80.0z versus 4.6z, re-
spectively). To assess the ISH signal more precisely in
the present study, we employed the Allred score, which
was originally introduced to evaluate the signals indicat-
ed by immunohistochemistry with the use of an an-
tibody against the hormone receptors of breast cancer
cells in FFPE tissues (12,13). Our results showed that
over 60z of samples possessed an intensity score of
more than 2 and a total score of more than 4. Accord-
ingly, ISH may overcome the DNA size limitation of
PCR, and provide a direct, rapid, and localizable result.

Although immunohistochemistry using specific an-
tibodies designed against the fungi has been accepted as
one of the supplemental modalities for FFPE tissues,
the cross-reactivity of a polyclonal antibody or the low
sensitivity of a monoclonal antibody are the difficulties
that yet need to be addressed (24,25). Therefore, we
amplified the ISH signal in the study with the use of an
anti-fluorescein antibody (26), followed by visualization
with DAB to enhance very weak but specific signals,
which were present in some samples. In addition, the
procedure might enable not only visualization under a
light microscope, but also allow permanent preservation
of the visualized signals in the tissue sections. Moreover,
the convenience of species-specific target-gene se-
quences available from GenBank would make the com-
mercial synthesis of the ISH probes easier. Some studies
on ISH have shown favorable results with specific
probes (3–6). With the development of an automated
and standardized method, this approach is expected to
become more widely available and cost-effective.
However, we also found some ISH samples that showed

no signal at fungi in the tissues. This fact could be
induced by tremendously severe fragmentation of the
target sequences and/or the intractable RNA-protein
cross-linkage in the paraffin-embedded tissues, which
may lead to greatly reduced accessibility of the hybridi-
zation targets.

In conclusion, whereas the DNA preserved in conven-
tional postmortem FFPE tissues might be severely
degraded for use in the detection of pathogenic fungi
using PCR analysis, ISH can be considered a superior
detection method. This finding may in part be attributa-
ble to the fact that ISH has no amplification steps that
may potentially lead to false negative results. Therefore,
in the future, standardizing formalin fixation methods
and modifying the conventional preservation proce-
dures are necessary steps for optimizing DNA detection,
along with the development of a supplemental molecu-
lar assay for histopathological materials.
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Development of a Peptide Nucleic Acid Probe to Trichosporon Species
and Identification of Trichosporonosis by Use of In Situ
Hybridization in Formalin-Fixed and Paraffin-Embedded (FFPE)
Sections

Minoru Shinozaki,a Yoichiro Okubo,a Daisuke Sasai,a Haruo Nakayama,a Somay Yamagata Murayama,b Tadashi Ide,a

Megumi Wakayama,a Takao Ishiwatari,a Naobumi Tochigi,a Tetsuo Nemoto,a Kazutoshi Shibuyaa,c

Department of Surgical Pathology, Toho University School of Medicine, Tokyo, Japana; Laboratory of Molecular Cell Biology, School of Pharmacy, Nihon University, Chiba,
Japanb; Peking University First Hospital, Department of Dermatology, Beijing, Chinac

In order to identify Trichosporon species in formalin-fixed and paraffin-embedded sections from which visual discrimination of
non-glabrata Candida species is mostly ineffective but critical for the choice of antifungals, we tested the usefulness of a newly
designed peptide nucleic acid probe (PNA) for in situ hybridization (ISH). Results confirmed the usefulness of ISH with our
PNA probe in identifying Trichosporon species from Candida albicans.

Trichosporon species have been reported as the second or third
most common agents of yeast fungemia (1–3), and the preva-

lence has increased, particularly in patients with hematologic
malignancies (4–6). Since Trichosporon spp. exhibit low suscepti-
bility to candins (7), histopathological examination is important
as one of the useful diagnostic procedures, even though it is re-
garded as poor for the identification of Trichosporon species from
other dimorphic yeasts, namely, non-glabrata Candida, species,
because of their overall similarities (8–10). Therefore, the estab-
lishment of an auxiliary diagnostic method for use in routine
pathological laboratories is required for diagnosis of disseminated
trichosporonosis. In the present study, we report attempts to de-
velop a specific peptide nucleic acid (PNA) probe to Trichosporon
spp. and evaluate this method for identification of the fungus in
formalin-fixed and paraffin-embedded (FFPE) tissue sections by
using in situ hybridization (ISH).

We employed FFPE tissues both from experimentally infected
mice and autopsies with a proven diagnosis. Specific-pathogen-free
male, 8-week-old Institute of Cancer research mice were injected in-
travenously with 3 ! 107 yeast cells of Trichosporon asahii (strain
015), T. asahii (strain 336), or Candida albicans (J2-15), and their
kidneys were obtained 3 days after infection and processed by a con-
ventional method. Lungs from autopsies with disseminated candidi-
asis and trichosporonosis were also used. Trichosporonosis was diag-
nosed by DNA sequence analysis. Candidiasis was culture proven
(EC Toho approved; 20047).

The antisense PNA probe targeting the 26S rRNA of Tricho-
sporon spp. (N terminus-CGG ACA ATC GAA GAC) was hypo-
thetically designed based on a comparison of the sequences of 26S
rRNA genes of Trichosporon spp. and other pathogenic fungi
available in the GenBank database. To identify C. albicans, we also
used an antisense PNA probe targeting the 26S rRNA of C. albi-
cans (N terminus-TAC TTG TGC GCT ATC GGT) (11). Further-
more, to estimate retention and hybridizability of the target RNA
in samples, we used a panfungal antisense PNA probe (N termi-
nus-TAC TTG TGC GCT ATC GGT) (12). The oligonucleotide
probes used in this study were made by Fasmac Co., Ltd. (Kana-
gawa, Japan), and the N terminus of the PNA probes was conju-
gated to fluorescein isothiocyanate (FITC). The process of obtain-

ing FFPE tissues and the ISH procedure were performed as
described previously (12, 13).

ISH showed strong positive signals against Trichosporon spp.
26S rRNA within yeast-like elements present in renal tissues from
mice infected with T. asahii (Fig. 1A), whereas these signals were
not observed in specimens derived from mice infected with C.
albicans (Fig. 1B). On the other hand, the panfungal PNA probe
reacted with T. asahii and C. albicans (Fig. 1C and D) and con-
firmed the retention and hybridizability of rRNA. In an additional
evaluation using autopsy samples, ISH preparation showed that
the PNA probe against Trichosporon spp. was strongly reactive
with yeast-like elements of Trichosporon spp. (Fig. 2C), whereas
the PNA probe against C. albicans was not reactive with any Tri-
chosporon spp. (Fig. 2D). Conversely, the PNA probe against Tri-
chosporon spp. was not reactive with organisms from subjects with
candidiasis (Fig. 3C), but its organisms showed strong positive
signals when the PNA probe targeting C. albicans was applied (Fig.
3D). Whereas the Trichosporon species-specific probe we designed
in the study showed acceptably strong signals for T. asahii in tissue
sections from both experimental infections and autopsy samples,
it should be confirmed whether the probe actually reacted for
non-asahii Trichosporon species in FFPE tissues.

Trichosporon spp. present certain morphological features in
pathological specimens (14). However, their morphological sim-
ilarities to other fungi, especially non-glabrata Candida species,
lead to difficulties in the identification of trichosporonosis.
Hence, the establishment of an auxiliary diagnostic method for
use in routine pathological laboratories would be useful for a di-
agnosis of disseminated trichosporonosis with histopathological
differentiation from candidiasis. Although a few studies have at-
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tempted to identify other fungi in histopathological specimens by
using ISH (15–17), no investigations have utilized ISH for the
diagnosis of trichosporonosis.

The diagnosis of trichosporonosis by immunohistochemis-

try using a self-made antibody to Trichosporon has been re-
ported (18, 19); however, these antibodies are not available for
commercial use, there are limitations for their use, and their
specificity could not be confirmed. Therefore, we developed

FIG 1 Specificity verification of the Trichosporon spp. PNA probe and assessments of rRNA retention and its hybridizability in experimentally infected mice. (A) ISH
using the Trichosporon spp. PNA probe in renal tissue from mice infected with T. asahii. Strong positive signals against 28S rRNA of Trichosporon spp. were observed in
the specimen. (B) ISH using the Trichosporon spp. PNA probe in renal tissue from mice infected with C. albicans. Positive signals were not observed in the specimen. (C)
ISH result with the panfungal PNA probe in renal tissue from mice infected with T. asahii. Strong positive signals were observed in the specimen. (D) ISH result with the
panfungal PNA probe in renal tissue from mice infected with C. albicans. Strong positive signals were observed in the specimen. Magnification, !400.

FIG 2 Results of ISH with a pulmonary lesion of disseminated trichosporonosis confirmed by DNA sequence analysis. (A) Pathological findings with hema-
toxylin and eosin stain. Histological examination revealed foci consisting of yeast formations of organisms. (B) Findings with Grocott’s stain. Grocott’s stain
showed oval or square yeast-like elements within foci of infection. (C) Result of ISH with the Trichosporon spp. PNA probe. The PNA probe against Trichosporon
spp. was strongly reactive with the yeast-like elements of Trichosporon spp. (D) ISH result with the C. albicans PNA probe. The PNA probe against C. albicans was
not reactive with any Trichosporon spp. organisms.
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the auxiliary utility of ISH for the pathological diagnosis of
trichosporonosis from FFPE tissues. Although PCR has been
regarded as a sensitive and useful assay for the detection of
Trichosporon species (20, 21), the application of this technique
to pathological specimens has the disadvantage of being highly
susceptible to contamination and formalin fixation, potentially
leading to diagnostic mistakes. In addition, PCR-based molec-
ular techniques have the difficulty of DNA release in DNA ex-
traction due to the rigid fungal cell wall (22). Accordingly, we
now have to regard that FFPE tissue also limits the use of PCR
because of DNA degradation and low yield on extraction pro-
tocols. On the other hand, ISH has little contamination risk
and does not require nucleic acid extraction. From the view-
point of the above-mentioned properties, ISH may overcome
the disadvantage of PCR-based molecular techniques that use
FFPE sections. Recently, ISH techniques employing PNA
probes for rRNA have been developed as useful techniques for
the differentiation of medically important Candida spp. (11,
23). These novel properties enabled PNA probes to hybridize to
complementary nucleic acid targets with high specificity and
rapid binding kinetics (24, 25).

In conclusion, we wish to emphasize that ISH with our probe
can be valuable in distinguishing Trichosporon spp. from non-
glabrata Candida species in FFPE tissues, since we demonstrated
that our newly designed PNA probes targeting the 26S rRNA
showed a specific signal intensity for Trichosporon spp. in various
kinds of tissue sections.
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Abstract

Background: Idiopathic pulmonary arterial hypertension (IPAH) continues to be one of the most serious intractable
diseases that might start with activation of several triggers representing the genetic susceptibility of a patient. To
elucidate what essentially contributes to the onset and progression of IPAH, we investigated factors playing an
important role in IPAH by searching discrepant or controversial expression patterns between our murine model and
those previously published for human IPAH. We employed the mouse model, which induced muscularization of
pulmonary artery leading to hypertension by repeated intratracheal injection of Stachybotrys chartarum, a member
of nonpathogenic and ubiquitous fungus in our envelopment.

Methods: Microarray assays with ontology and pathway analyses were performed with the lungs of mice. A
comparison was made of the expression patterns of biological pathways between our model and those published
for IPAH.

Results: Some pathways in our model showed the same expression patterns in IPAH, which included bone
morphogenetic protein (BMP) signaling with down-regulation of BMP receptor type 2, activin-like kinase type 1, and
endoglin. On the other hand, both Wnt/planar cell polarity (PCP) signaling and its downstream Rho/ROCK signaling
were found alone to be activated in IPAH and not in our model.

Conclusions: Activation of Wnt/PCP signaling, in upstream positions of the pathway, found alone in lungs from
end stage IPAH may play essential roles in the pathogenesis of the disease.

Keywords: Pulmonary Vascular Remodeling, Stachybotrys chartarum, BMP signaling, BMPR2, PCP pathway

Background
Pulmonary hypertension is a hemodynamic state charac-
terized by elevation of the mean pulmonary arterial pres-
sure leading to right ventricular (RV) failure and
premature death. Pulmonary arterial hypertension
(PAH) affects the small muscular arteries and arterioles
in the lung and is histologically characterized by endo-
thelial and smooth muscle cell proliferation, medial
thickening, and thrombosis in situ. Idiopathic pulmonary
arterial hypertension (IPAH), one of 6 subcategories

proposed by Dana Point Classification [1], accounts for
approximately half of PAH cases [2] and up to 40% of
patients with no family history carries mutations in the
bone morphogenetic protein receptor type 2 (BMPR2)
gene [1]. 7% of patients with IPAH has a family history
[3], and about 70% of these have long been recognized
and are usually due to mutations in BMPR2, or much
less commonly, 2 other members of the transforming
growth factor superfamily, activin-like kinase type 1
(ALK1) and endoglin (ENG) [1]. While BMPR2 muta-
tion strongly predisposes to IPAH, only 20% of mutation
carriers develop a clinical disease [4]. This finding sug-
gests that the development of IPAH first requires a gen-
etic susceptibility, followed by one or several secondary
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triggering factors such as modifier genes and some sort
of stimulus [5]. However, the pathogenesis of IPAH
remains unclear.
To elucidate the pathophysiology of IPAH, we con-

ducted genome-wide analysis of RNA expression profiles
in lungs obtained from the murine model, which showed
a favorable reproducibility to remodel pulmonary arter-
ies induced by inoculation of Stachybotrys chartarum,
an ubiquitous fungus in the surrounding environment
[6]. This was followed in the study by exploration for
factors playing a significant role in the onset of IPAH by
searching discrepant or controversial expression patterns
between in the model and those in IPAH previously
published.

Methods
Detection of S. genes in the human lung tissue of IPAH
patients and controls by nested polymerase chain
reaction (PCR)
Upon getting the informed consent from patient’s family,
a part of lung tissue obtained at autopsy from 9 children
(under 18 years of age) with IPAH and 9 age-matched
controls for detection of S. DNA in the tissue of human
lung. It had been confirmed that none of them had in-
flammatory changes or other kind of infection in lungs
by histopathological examination before DNA prepar-
ation. This protocol was approved by ethical committee
of Toho University School of Medicine (# 20029). Using
DNA isolated from the lung tissue, nested PCR and gel
electrophoresis were performed in the usual manner.
The following primers were used for identification of S.
gene from autopsied lungs [7,8]: a primary primer of a
two-step nested assay, forward primer S-Chart-tri5-F2-
5 0-TACACCAGGGAGGAGCGTGTT-30 and reverse
primer S-Chart-tri5-R2-50-GCCGACAATGGTTCGAA
GGGA-30 produced a product of 138 bp. For the nested
PCR primers, forward primer S-Chart-tri5-F2n-50-GAAA
ATCTCCAGTATGCCT-30 and reverse primer S-Chart-
tri5-R2n-50-AGCCTCCAGTCTCTTGGGG-30 produced a
product of 96 bp. For β-actin, the control for DNA quality,
a two-step nested assay was also used with the following
primers: forward primer B3-50-ACACAACTGTGTT
CACTAGC-30 and reverse primer B4-50-CAACTTCATC
CACGTTCACC-30 produced a product of 110 bp. For the
nested PCR primers, forward primer b-globin-nestF34-52-
50-AACCTCAAACAGACACCAT-30 and reverse primer
b-globin-nestR103-85-50-TTGCCCCACAGGGCAGTAA-
30 produced a product of 70 bp. The PCR amplification
was performed as follows: initial denaturation at 94°C for
2 min, followed by 35 cycles of denaturation at 94°C for
30 s, annealing at 55°C for 30 s, with an extension at
72°C for 30 s, and a final extension at 72°C for 7 min.
The second-round PCR reactions were performed in a
manner identical to that applied for the first strand PCR,

except for using different sets of primers. The PCR pro-
ducts were analyzed by electrophoresis on an agarose gel
stained with ethidium bromide upon preparation.

Fungal preparation and intratracheal injection
S. chartarum (IFM 53637), which produces trichothe-
cene mycotoxins, was isolated from house dust in Japan,
and has been stored in the culture collection of the
Medical Mycology Research Center, Chiba University.
The fungus was grown on potato dextrose agar (PDA)
slants for 3 weeks at 25°C. Spores were collected in
RPMI1640 medium (Sigma, St. Louis, MO, USA) and
the concentration was adjusted to 4 × 105 spores / ml.
Spore concentrations and appearance of the suspension
were evaluated under light microscopy before use. Six-
week-old male ddY mice (Tokyo Laboratory Animals
Science, Tokyo, Japan) were employed in this study.
Mice were lightly anaesthetized with an intraperitoneal
injection of ketamine (65 mg/kg BW) and xylazine
(13 mg/kg BW). Their mean weight was 27.4 ± 1.21 g.
The mice were placed in a supine position and a 24 G
intravascular catheter (Insyte-W; Becton-Dickinson,
Sandy, UT, USA) was then inserted intratracheally. The
spore suspension (25 μl / mouse) containing 1 × 104

spores was injected through the catheter into the trachea
of each mouse 12 times at 4–5 day intervals for 8 weeks
(n = 3) as described previously [6]. Control mice (n = 3)
were injected with the same volume of RPMI-1640
medium rather than the spore suspension. All mice were
cared for in accordance with the rules and regulations
set out by the Prime Minister’s Office of Japan. Animal
protocols were approved by the Special Committee on
Animal Welfare of Chiba University. (DOU: 21–65).

Histopathology and morphometric analysis of pulmonary
arteries
Mice were sacrificed using by an overdose of diethyl
ether inhalation 7 days after the last injection. Lungs
were removed and fixed with a 10% formaldehyde solu-
tion, embedded in paraffin, cut into 3 μm-thick sections,
and stained with hematoxylin and eosin for histopatho-
logical examination. Elastic fiber was stained with
Elastica-van Gieson staining (Muto pure chemicals,
Tokyo, Japan). Morphometric analyses were performed
to determine the luminal stenosis of the pulmonary ar-
teries. At least 200 pulmonary arteries per lung section
from each mouse were chosen at random and examined.
Cross-sections of arteries observed in the section were
used to measure the distance between the external elas-
tic lamina, internal elastic lamina, and intravascular
lumen. All images were analyzed using IMAGE J 1.36b
software (National Institutes of Health, Bethesda, MD,
USA). The stricture rate was therefore calculated.
Morphometry measurements were performed according
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to the techniques described in Dail and Hammar’s Pul-
monary Pathology [9]. The thickness of media was cal-
culated by subtracting the distance between the internal
elastic lamina from that of the external lamina, and the
thickness of the intima was calculated by subtracting the
distance between the intravascular lumen from that of
the internal elastic lamina. The distance between the ex-
ternal elastic lamina of the artery was defined as the
diameter. Arteries were divided into three groups
according to diameter: 50 < μm, 50–100 μm, and
>100 μm. Data are given as mean ± SD. Statistical ana-
lyses were performed using Mann-Whitney's U test. Dif-
ferences were considered significant at P < 0.05.

RNA isolation and quality identification
RNA was isolated from the whole lung homogenates for
both microarray analysis and Real-time (RT) Quantita-
tive PCR with the RNeasy Lipid Tissue Mini Kit (Qiagen,
Alameda, CA, USA) according to the manufacturer’s
instructions and stored at −80°C. Total RNA quality was
assessed and confirmed using the Agilent Bioanalyzer
2100 (Agilent Technologies, Palo Alto, CA, USA) for
visualization of the 28S and 18S rRNA bands. RNA con-
centration and purity were also assessed and confirmed
using the UV spectrophotometer NanoDrop™ND-1000
(NanoDrop Technologies, Wilmington, DE, USA), which
calculates 260/280 ratios.

RNA preparation for microarray analysis
cDNA preparation and microarray analysis were con-
ducted at Bio Matrix Research (Chiba, Japan) using the
Affymetrix system (Santa Clara, CA, USA). Isolated total
RNA (100 μg) was converted into double-stranded
cDNA using 30IVT Express kit (Affymetrix, Santa Clara,
CA, USA), which was purified using a GeneChip Sample
Cleanup Module (Affymetrix, Santa Clara, CA, USA). In
vitro transcription reactions were performed using a
GeneChip IVT Labeling Kit, which includes T7 RNA
polymerase and biotin-labeled ribonucleotides. Biotin-
labeled cRNA was purified using a GeneChip Sample
Cleanup Module. The concentration of cRNA was calcu-
lated from light absorbance at 260 nm using a UV spec-
trophotometer. cRNA (15 mg) was then fragmented at
94°C in the presence of a fragmentation buffer (Affyme-
trix, Santa Clara, CA, USA). The labeled cRNA was
purified, fragmented, and spiked with in vitro transcrip-
tion controls.

Microarray analysis
Mouse Genome 430 2.0 microarrays (Affymetrix, Santa
Clara, CA, USA) were hybridized with 12.5 μg of cRNA.
The array was incubated for 16 hr at 45°C, and automat-
ically washed and stained with the GeneChip
Hybridization, Wash and Stain Kit (Affymetrix, Santa

Clara, CA, USA) on an Affymetrix GeneChip Fluidics
station. The arrays were analyzed using the GeneChip
Scanner 3000. All preparations were run on quality-
controlled chips and had 30/50 signal ratios of less than 3.
The expression value of the transcript was computed
using Affymetrix® GeneChip® Command Console®

Software (AGCC) with the MAS5 algorithm [10], in
which the probabilities of the values of each transcript
were indicated as the “Flag” Present (p ≼0 to <0.04),
Marginal (p ≼0.04 to <0.06), and Absent (p ≼ 0.06 to
<0.5). Further analysis was performed with probes that
had a present call in all analyzed samples. For analysis,
the data were normalized using GeneSpring® GX 10.0
(Agilent Technologies, Palo Alto, CA, USA) data-mining
software, per-chip normalization to the 50th percentile
of the measurements for the array, and per-gene by nor-
malizing to the median measurement for the gene across
all the arrays in the data set. In addition, fold changes
were calculated by this software for each gene between
the experimental groups and controls. Statistically sig-
nificant differences were investigated by means of un-
paired t-tests. Gene expression differences with p < 0.05
and at least a ±1.3-fold change were considered statisti-
cally significant. We employed the Biological Networks
Gene Ontology (GO) tool BINGO [11] (http://www.psb.
ugent.be/cbd/papers/BiNGO) to find statistically over-
or under-represented GO categories in biologic data as
the tool for GO analysis of the stored genes. The analysis
was done using the ‘hyper geometric test’, and all GO
biological process terms that were significant with
P < 0.05 (after correcting for multiple term testing using
Benjamin and Hochberg false discovery rate corrections)
were selected as over-represented and under-represented.
Furthermore, the open access and curated pathway
database REACTOME [12] (http://www.reactome.org)
was used to determine which events (reactions and/or
pathways) were statistically overrepresented in a set
of genes.

RT Quantitative PCR for evaluating the microarray results
cDNA preparation and RT-PCR were performed at Bio
Matrix Research (Chiba, Japan). 2 μg of isolated RNA
was used for cDNA synthesis (40 μl) using a Superscript
III First Strand Synthesis System (Invitrogen, Carlsbad,
CA, USA). To evaluate the concentration and purity of
cDNA, 260/280 ratios were calculated using the UV
spectrophotometer NanoDrop™ND-1000 (NanoDrop
Technologies, Wilmington, DE, USA). PCR was per-
formed in a 15 μl reaction mixture containing 1 μl of
sample cDNA, 0.75 μl of TaqMan® Gene Expression
Assays, 7.50 μl of TaqMan Universal PCR Master Mix,
and 5.75 μl of RNase / DNase free water (Applied Bio-
systems, Foster City, CA, USA). 15 μl of PCR reaction
mix was transferred into a 384-well reaction plate. The
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primer sequences are given in Table 1. Gene expression
was measured on a 7900HT Fast RT-PCR system (Ap-
plied Biosystems, Foster City, CA, USA) with cycle con-
ditions of 50°C/2 min, 95°C/10 min, 95°C/15 sec, and
60°C/1 min (steps 3–4 were repeated 40 times). Assay
results were collected and analyzed using SDS 2.2 soft-
ware (Applied Biosystems, Foster City, CA, USA). Each
value is the mean of three biological replicates. Data are
given as mean ± SD. Statistical analyses were performed
by non-paired t-tests. Differences were considered sig-
nificant at P < 0.05.

Literature search concerning gene expression pattern in
IPAH
We used PubMed (http://www.ncbi.nlm.nih.gov/pubmed/)
to search for previous studies published since 2000 that
analyzed biological molecules with altered expression using
lung samples isolated from IPAH, compared with normal
control or secondary PAH. From microarray studies, we re-
ferred to open access data stored in Gene Expression
Omnibus: GEO (http://www.ncbi.nlm.nih.gov/geo/) and
identified the genes that were differentially expressed fol-
lowing the methods described in each study. GO and
Pathway analysis were performed on the genes in the
same way as we done on our data.

Comparing expression patterns of molecules between
IPAH and experimental model
The biological molecules reported in various studies
were collected and divided into groups according to the
gene ontology biological process and pathways using the

Gene Ontology Annotation Database GOA [13] (http://
www.ebi.ac.uk/GOA/), REACTOME [12], and KEGG
[14] (http://www.genome.jp/kegg/). The expression pat-
tern of each group in IPAH was compared with our
PAH models.

Results
Detection of S. genes in human lung tissue from patients
with IPAH and controls by nested PCR
S. chartarum DNA was detected in 6 of 9 lung samples
among both two groups, children with IPAH and age-
matched controls (Figure 1). There was no difference in
the frequency (approximately 70%) of the detection in
children, with or without of IPAH.

Pathological findings in experimental PAH
Diffuse symmetric thickening of intima and media in the
pulmonary artery was shown in the experimental group
(Figure 2). The thickened intima and media were accom-
panied by proliferation of myointimal and smooth
muscle cells, respectively. None of arteries showed
alterations corresponding to necrosis, thrombosis, and
plexiform lesions. The changes developed in arteries of
small and medium-sized were mostly uniform. The
thickened intima and media were statistically significant
regardless of the size of vessels (Figure 3).
In this model, no venous canals were altered. None

were found of components from injected fungus (spores
and hyphae) and changes likely induced by the injection,
such as perivascular cuffing and intraalveolar inflamma-
tory exudates.

Table 1 Primers used in RT-PCR
Gene Symbol Assay ID* RefSeq† Context Sequence

Acvrl1 Mm03053695_s1 NM_009612.2 TTTGTGGGAGCACTTGGCCTGTGAC

Bmpr2 Mm01254942_m1 NM_007561.3 AGTATACAGATAGGTGAGTCAACAC

Ccl8 Mm01297184_g1 NM_021443.2 CCATGGAAGCTGTGGTTTTCCAGAC

Ccl9 Mm00441260_m1 NM_011338.2 AGATCACACATGCAACAGAGACAAA

Ear11 Mm00519056_s1 NM_053113.2 CACAACTCCGGCCAGTCATTATTCC

Eng Mm00468256_m1 NM_001146348.1 AAAAAACACGTGCAGACTCTCCAGT

Gapdh‡ Mm99999915_g1 NM_008084.2 TGAACGGATTTGGCCGTATTGGGCG

Igj Mm00461780_m1 NM_152839.2 TCCGAATTGTTGTCCCTTTGAACAA

Mmp12 Mm00500554_m1 NM_008605.3 AAGTTTTCAAGGCACAAACCTCTTC

Mmp13 Mm00439495_g1 NM_008607.1 GAACCACGTGTGGAGTTATGATGAT

Mmp19 Mm00491300_m1 NM_021412.1 TGGTGCTGGGGCCTCGTGGGAAGAC

Nos3 Mm01134921_g1 NM_008713.4 CGGCGTGCTGCGGGATCAGCAACGC

Pdgfa Mm01205760_m1 NM_008808.3 GGAGGAGGAGACAGATGTGAGGTGA

Vegfa Mm01281449_m1 NM_001025250.3 ACGTACTTGCAGATGTGACAAGCCA

*Taqman® Gene Expression Assays.
†NCBI Gene Reference: NCBI transcript ID detected by the assay.
‡GAPDH: Glyceraldehyde-3-phosphate dehydrogenase was used as an internal control.
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Gene expression in the PAH model mouse
Upon normalizing the expression values for the samples,
the scatter plot of log intensity values was obtained as
shown in Figure 4. 337 and 503 genes were found to ex-
hibit up- and down-regulation from the lungs of mice
with inoculation of the fungus in comparison to those
from the control group. The most markedly up- and
down- regulated genes are shown in Table 2. Down
regulation of BMPR2, ALK1, and ENG was found in our
PAH model. Down regulation of SMAD family member
6 expression was also observed, while the expressions of
other genes involved in bone morphogenetic protein
(BMP) signaling were unchanged. All the microarray
data are MIAME compliant and the complete micro-
array data were deposited in GEO (accession number
GSE23178). 696 biological process terms were detected
by GO analysis in up-regulated genes. GO terms related
to the immune system and cytokines accounted for
about 80% of total terms. Among the remaining terms,
estrogen receptor signaling pathway and serotonin trans-
port/secretion were included. A statistically significant
biological process was not found for down-regulated
genes. Pathway analysis revealed that reactions and path-
ways related to the immune system, Janus kinase/signal
transducers and activators of the transcription (JAK/
STAT) pathway, and hemostasis etc. were detected
(Table 3) in up-regulated genes. Additionally, vascular
endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), apoptosis, BMP signaling, etc.
were detected in down-regulated genes.

Validation of microarray results by RT quantitative PCR
analysis
RT-PCR was used to validate 14 selected genes that were
induced or suppressed by the exposure. The correlation
of fold changes in gene expression between the arrays

and PCR is shown in Table 4. The results demonstrate
completely the same gene expression pattern between
both methods. The alterations of gene expressions were
statistically significant in BMPR2, ENG, Vascular endo-
thelial growth factor A, Platelet-derived growth factor
alpha polypeptide, matrix metallopeptidase (MMP) 19,
MMP12, eosinophil-associated ribonuclease A family
member 11, and chemokine ligand 9.

Altered expression of biological molecules and genes in
lungs from IPAH
The biological molecules reported in previous studies
[15-28] were listed in Additional file 1. Microarray data
of patients with IPAH and normal controls were refer-
able from 3 individual studies [15,16,27]. The numbers
of IPAH investigated in each study were 2 [16], 7 [27],
and 18 [15], the mean age and its standard deviation
were 44 ± 10 [16], 29 ± 16 [27], and 44 ± 18 [15], respect-
ively. We analyzed the microarray data in each study
and tried to extract the genes that showed common ex-
pression patterns through these three studies. However,
there were few genes, and none of significant GO or
pathways was identified among the previous reports
regarding to IPAH.

Comparing expression patterns of molecules between
IPAH and experimental model
Events (reactions and/or pathways) and the expression
patterns in IPAH extracted from the previous reports
are listed with comparison to those resulted from our
experimental model [15-28] (Table 5).

Discussion
Since PAH is a progressive disease of unknown cause in-
volving pulmonary arterial remodeling, characterized by
relentless deterioration and death, intense investigations

Figure 1 Detection of Stachybotrys chartarum gene in the human lung tissue of IPAH patients and controls. Agarose gel electrophoresis
showed the amplification products after nested polymerase chain reaction for S. chartarum DNA using the standard assay. P1- P2: Positive control
(96 bp and 70 bp); S1-S9: Children with IPAH; C1-C9: Age-matched control; N: Negative control (No DNA). S. chartarum and β-globin bands are 96
and 70 bp, respectively. 96 bp–specific band was detectable in P1-2, S1-2, S4, S6, S8-9, C1, C3-4, C6, C8-9.
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have been conducted in a variety of animal models [29]
to know pathophysiology. The most commonly used
were rats exposed to either hypoxia or monocrotaline,
and newer models were introduced that involved modifi-
cation of these approaches using rodents including
transgenic mice [29,30].There were at least three geno-
mewide studies conducting rat models among them, but
little have been discussed with comparison to those in
the human disease with pathway and GO analyses [31-33].
We have therefore aimed to elucidate a part of patho-
physiology of PAH accompanied by pulmonary arterial re-
modeling with comparison in gene expression pattern
between those previously known in end-stage IPAH and
our murine model, of which muscularization in media and

intima of pulmonary arteries was induced by inoculation
of nonpathogenic fungus [6,34]. It was found that a large
frequency of S. chartarum gene in the lung of both
children with IPAH and age-matched controls in autopsy
cases, whereas the prior histological examination had
revealed no inflammatory changes with an association to
fungal infection. The result suggests that the airway of
human generally exposed by the ubiquitous fungus.
Accordingly, unknown intrinsic factors may play a
significant role in the onset of IPAH.
It was explored in the study to search the pathways

which show common expression pattern among IPAH
patients using microarray data previously published as
well as up-loaded at the open access sites [15,16,27], but

Figure 2 Pulmonary vascular remodeling in Stachybotrys chartarum-exposed mice. Peripheral pulmonary arteries in experimental group
(A, C, and E) and control group (B, D, and F). A and B: hematoxylin and eosin double stain, C, D, E, and F: Elastic Van Gieson stain. (A) Pulmonary
vascular thickening was present over the whole lung. (C) The arterial wall shows symmetrical thickening of the intima and media. (E) This vascular
remodeling almost totally obliterates the lumens. (B, D, and F) Structure of the lung from control group is unaltered. Scale bars: 500 μm (A, B),
250 μm (C, D), and 50 μm (E, F).
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none were elucidated. A part of the result may reflect
clinical differences in subjects such as age, gender, stage
of the disease, and etc. On the other hand, the present
murine model showed similar expression pattern of
genes which has been generally accepted as some bio-
logical molecules associated with the pathogenesis of
IPAH, such as BMP signaling [1,35,36]: BMPR2, ALK1,
and ENG. Although some of previous genome-wide ana-
lyses [31-33] conducting rat models reported alterations
of signaling pathway (Table 6), the present model
revealed more favorable similarity in number of path-
ways expressing same manner to IPAH. However, the re-
sult from our study might be affected by recruited
cellular components and/or reformed extracellular
matrix, because RNA was extracted from the whole lung
of the mice. Although RNA extraction was done one
week after the latest inoculation of the fungus when no
inflammatory change had been previously confirmed [6],
in vitro work evaluating cells from the lungs of the mice

would be required to look at functional alterations. In
addition, whereas multiple time point’s evaluation could
highlight the difference in pathophysiology of models of
between our mice and rats previously published, we have
evaluated once at the point when the most significant
muscularization had been confirmed [6], since a priority
in the study would have been set in comparing gene ex-
pression patterns between end-stage IPAH and our
model. It has been generally accepted that the altered
expression of BMP signaling was one of the important
molecular reactions when pulmonary vascular remodel-
ing developed as the response to some sort of stimulus
[2,3]. This can be supported by the facts that only a few
cases of BMPR2 mutation carriers developed clinical dis-
ease [4] and BMPR2-knockdown mice did not develop
pulmonary artery medial hypertrophy, spontaneously
[29]. Since remodeling of pulmonary artery in our model
may be a sequel to inoculation of nonpathogenic fungus,
down regulation of BMPR2 signaling should be simply
understood as a consequence of muscularization which
might be induced by alteration of signaling pathways at
the upper stream. Besides BMP signaling, four more
pathways known as identical expression patterns in
IPAH were found in our PAH model. It has been sug-
gested that inflammation might participate in the onset
and propagation of pulmonary vascular remodeling in
PAH via the JAK/STAT pathway [37,38], because ele-
vated levels of inflammatory cytokines could trigger in-
flammation that is characteristic of PAH of both
connective tissue disease-associated [39] and Virus-
associated [40]. While PAH is up to threefold more
prevalent in women than men [41], the increased

Figure 3 Morphometric analysis evaluating luminal stenosis of
pulmonary arteries. Significant thickening of both intima and
media were observed in the exposure group when compared with
the control regardless of the size of vessels. Data are presented as
means with standard error of the means. Statistical analyses were
performed using Mann-Whitney's U test. A bar with ** is significantly
different (P < 0.01).

Figure 4 Scatter plot of microarray dataset. Gene expression
signal of control group (Y-axis) plotted against experimental
group (X-axis). The expression data are the average of three
independent gene chips for each group.
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expression of molecules associated with the estrogen sig-
naling pathway are reported in both genders of patients
with IPAH [15]. In addition, the evidence implicating
serotonin has been discussed with correlation to the
anorexigenic drugs aminorex and fenfluramine [42]. As
with alteration of BMP signaling, the altered expression
of these pathways would be simply associated with the
consequence of pulmonary vascular remodeling devel-
oped as the response to some sort of stimulus. It might
be better to understand as a sequel to vascular remodel-
ing because that coagulation activity could be activated
by various stimuli such as a cytokine and endothelial
dysfunction [43].
On the other hand, it emerged that some discrepant

gene expression patterns between those previously
known in IPAH and our model. Four pathways were
identified as those altered alone in IPAH which com-
prised up-regulations of the Wnt/planar cell polarity
(PCP) signaling pathway [27], the Ras homolog (Rho)/

Table 2 The top 10 most up-regulated and down-
regulated genes
Fold-Change* Gene Symbol Description

[Up-regulated Genes]

72.4 Ear11 Eosinophil-associated,
ribonuclease A family, member 11

46.1 Mmp12 Matrix metallopeptidase 12

11.5 Rgs1 Regulator of G-protein signaling 1

11.4 Ccl9 Chemokine ligand 9

10.3 Ccl8 Chemokine ligand 8

10.0 Igj Immunoglobulin joining chain

9.0 Igf1 Insulin-like growth factor 1

8.2 Gpnmb Glycoprotein nmb

8.2 Ccl11 Chemokine ligand 11

8.2 Ccl22 Chemokine ligand 22

[Down-regulated Genes]

4.2 Bex2 Brain expressed X-linked 2

3.1 Upk3b Uroplakin 3B

2.9 Rrm2b Ribonucleotide reductase M2 B

2.7 Lgals2 Lectin, galactoside-binding, soluble, 2

2.7 Acaa1b Acetyl-Coenzyme A acyltransferase 1B

2.3 Shisa2 Shisa homolog 2

2.2 Ssr1 Signal sequence receptor, alpha

2.2 Kcnip4 Kv channel interacting protein 4

2.2 Msln Mesothelin

2.1 Fam82b Family with sequence
similarity 82 member

2.1 Upk1b Uroplakin 1B

2.1 Vldlr Very low density lipoprotein receptor

*Fold change values are calculated by dividing the experimental group values
by the control values.

Table 3 Events (reactions and/or pathways) associated
with up-regulated and down-regulated genes
Event ID* Event Name† P value Input

Genes in
Event‡

Total
No. of
Genes§

[Up-regulated Genes]

98458 Immune System 1.5e-04 24 478

86456 Integrin alpha X
beta 2 binds JAM-C

7.2e-03 2 6

108524 GPCR ligand binding 3.0e-02 13 322

104591 Eicosanoid
ligand-binding receptors

3.8e-02 2 13

23802 Mouse JAK2 binds human
common beta chain

5.1e-04 2 2

89750 Hemostasis 1.5e-03 19 400

33150 Endogenous sterols 3.4e-02 2 13

108993 Vitamin B2 metabolism 2.9e-03 2 4

111211 Stat5 tyrosine
phosphorylation

4.9e-03 2 5

115537 IL7ra is phosphorylated
on Y449

4.9e-03 2 5

81332 Ubiquitination of
phospho-p27/p21

1.6e-02 2 9

107910 Synthesis, Secretion, and
Deacylation of Ghrelin

2.0e-02 2 10

[Down-regulated Genes]

92778 Axon guidance 3.9e-06 26 353

95727 Myogenesis 4.9e-02 2 13

90528 Signaling by VEGF 4.7e-04 4 14

100071 Integrin cell surface
interactions

7.1e-03 9 123

82568 PDGF binds to extracellular
matrix proteins

3.6e-02 4 45

118126 I-Smad competes with
R-Smad1/5/8 for
type I receptor

1.9e-02 2 8

91050 SOS phosphorylation and
dissociation

7.3e-03 2 5

112933 Cell-Cell communication 1.7e-02 8 118

95483 Metabolism of nitric oxide 3.0e-02 2 10

84093 Ethanol oxidation 1.1e-03 3 8

79841 FMO oxidizes nucleophiles 2.3e-03 2 3

97703 Apoptotic execution phase 1.1e-02 5 49

107112 Aquaporin-mediated transport 8.0e-03 4 29

84730 MAPK targets/ Nuclear events
mediated by MAP kinases

5.0e-02 3 30

*Reactome event accession number.
†Event name according to the Reactome Database.
‡Number of regulated genes in this model.
§Total number of genes involved in the event.
JAM: Junctional adhesion molecule, GPCR: G protein coupled receptors, JAK:
Janus kinase, VEGF: Vascular endothelial growth factor, PDGF: platelet-derived
growth factor, SOS: Son of Sevenless proteins, FMO: Flavin Monooxygenases,
MAPK: mitogen-activated protein kinase, MAP: Mitogen-activated protein.
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Rho- Associated Coiled-Coil-Forming Protein Kinase
(ROCK) pathway [26,27], and the hypoxia response
pathway [23,24], and down-regulations of the transform-
ing growth factor beta (TGFB) signaling pathway [16].
Both PDGF signaling pathway [25] and VEGF signaling
pathway [15,26] were found as those up-regulated in
IPAH and down-regulated in this model. Interestingly,
not detected was a pathway showing the reverse pattern.
Among these various pathways, we would focus on the

Wnt/PCP pathway as the essential pathway of pathogen-
esis in IPAH because this pathway is presently known to
be in the upper levels of hierarchical pathways regulating
other related pathways [12-14]. Laumanns et al. reported
that microarray analysis of lung tissue from patients with
IPAH demonstrated the contribution of this pathway to
the pathogenesis of IPAH [27]. It has been reported Wnt
family of signaling proteins is essential for organ devel-
opment in general, and lung morphogenesis in particular
[44]. Especially, the PCP pathway signals through activa-
tion of the Rho/ROCK signaling pathway are implicated
in cytoskeletal organization and epithelial cell polarity.
In addition, this pathway has been shown to be required
for normal lung development, and reports are beginning

to emerge of links between PCP pathways and lung dis-
ease [45]. Besides IPAH, PCP gene expression changes
were observed within isolated pulmonary vasculature in
patients with pulmonary fibrosis. Studies of patients with
IPAH have shown significant up-regulation of PCP sig-
naling [27] and down-regulation of TGFB signaling [16].
Investigations have also shown inhibition of canonical
Wnt signaling by PCP ligands [45], crosstalk between ca-
nonical Wnt signaling and TGFB signaling [46], and re-
cruitment of both canonical and non-canonical Wnt
pathways are required in BMP2 mediated angiogenesis
in human pulmonary artery endothelial cells [47]. A part
of results from the present study, no change of pathways
around this system can support that altered interaction
between the canonical Wnt pathway and the TGFB sig-
naling pathway play an essential role for human disease
and further clarification is expected of the role of the
PCP pathway in the pathogenesis of IPAH. On the other
hand, some previous reports conducted human disease
reported the Rho/ROCK signaling pathway is also acti-
vated, but it is known that many other stimuli can acti-
vate this system [48]. An activation of this pathway may
conduct to smooth muscle cell proliferation in pulmon-
ary artery [49], we wish to understand this event as sec-
ondary episode to alteration in PCP signaling pathways.
Although, the details in the mechanism is unclear,

various factors (e.g., Hypoxia, inflammation, and shear

Table 4 Quantitative PCR Validation of Microarray
Expression data
Gene symbol Gene Name Fold Change (P value)*

RT-PCR Microarray

Acvrl1 Activin A receptor,
type II-like 1

0.7(0.07) 0.7(0.05)

Bmpr2 Bone morphogenic
protein receptor, type II

0.6(0.04) 0.8(0.04)

Eng Endoglin 0.5(0.05) 0.7(0.05)

Ccl8 Chemokine ligand 8 14.0(0.06) 10.3(0.04)

Ccl9 Chemokine ligand 9 9.5(0.03) 11.4(0.02)

Ear11 Eosinophil-associated,
ribonuclease A family,
member 11

76.0(0.04) 72.4(0.02)

Igj Immunoglobulin
joining chain

20.5(0.26) 10.0(0.05)

Mmp12 Matrix metallopeptidase 12 104.6(0.05) 46.1(0.02)

Mmp13 Matrix metallopeptidase 13 5.1(0.17) 5.7(0.05)

Mmp19 Matrix metallopeptidase 19 3.1(0.05) 2.9(0.05)

Nos3 Nitric oxide synthase 3,
endothelial cell

0.7(0.09) 0.8(0.17)

Pdgfa Platelet derived
growth factor, alpha

0.7(0.01) 0.8(0.07)

Vegfa Vascular endothelial
growth factor A

0.6(<0.01) 0.7(0.04)

Gapdh† Glyceraldehyde-3-phosphate
dehydrogenase

1.0(<0.01) 0.9(0.46)

*Fold change values are calculated by dividing the experimental group values
by the control values. Statistical analyses were performed by non-paired t-tests
†Gapdh was used as an internal control.

Table 5 Events (reactions and/or pathways) and the
expression patterns in IPAH and in our PAH model
ID* Event Name† IPAH‡ Present model

map04630 JAK/STAT signaling Up UP

REACT_604 Hemostasis Up Up

GO:0030520 Estrogen receptor
signaling pathway

Up Up

GO:0007210 Serotonin receptor
signaling pathway

Up Up

GO:0001666 Response to hypoxia Up Not identified

map04310 Wnt/PCP pathway Up Not identified

REACT_19389 ROCK activation by Rho Up Not identified

REACT_16888 Signaling by PDGF Up Down

REACT_12529 Signaling by VEGF Up Down

GO:0042981 Regulation of
apoptotic process

Up/Down Down

REACT_12034 Signaling by BMP Down Down

REACT_6844 Signaling by TGF beta Down Not identified

*Accession number of Reactome, KEGG, and GO.
†Event name according to the Reactome, KEGG, and GO Database.
‡Expression pattern of biological molecules associated with the event in lung
tissue obtained from patients with IPAH in previously published reports
JAK/STAT: Janus kinase-signal transducer and activator of transcription, PCP:
planar cell polarity, ROCK: Ras Homolog- Associated Coiled-Coil-Forming
Protein Kinase, Rho: Ras Homolog, PDGF: Platelet-derived growth factor, VEGF:
Vascular endothelial growth factor, BMP: Bone morphogenetic protein, TGF:
Transforming growth factor.
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stress) are known as the inducer of growth factors such
as VEGF and PDGF [50,51]. Accordingly, their activation
may not be essential because they usually play at the
lower level of hierarchical pathways, which are activated
by many sorts of stimuli.

Conclusion
Discrepancy in gene expression pattern between this
model and the human disease previously reported sug-
gests that activation of Rho/ROCK signaling via Wnt/PCP
signaling plays an essential role in pathogenesis of IPAH.

Additional file

Additional file 1: Expression pattern of biological molecules in lung
tissue obtained from patients with IPAHand related pathways.
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Abstract

Background: Chronic pulmonary aspergillosis (CPA) has been accepted the criteria for the diagnosis of
pulmonary Aspergillus infection. Whereas, either pathophysiology or signs of CPA remains still controversial.

Methods: In this study, we histopathologically investigated 25 specimens of CPA, surgically resected.

Results: 21 (84 %) of that comprised male. There were 21 cases with mild impairment of the immune system
and/or a scar mostly due to old tuberculosis. There is a tendency for a negative correlation between peripheral
blood white cell numbers and value level of beta-(1,3)-D-glucan. Four cases showed a granular fluorescent signal
in granulation tissue surrounding the cavity without the fungal aspects itself.

Conclusions: In conclusion, acute inflammatory exudate along the terminal respiratory tract is most significant
pathophysiolocial complication of the CPA, caused to organizing pneumonia, which derives fatal respiratory
failure. In addition, the viability of fungus does not concern extension of exudative inflammation at the site of
erosion along terminal airway.

Background
Chronic pulmonary aspergillosis (CPA) has become an ac-
cepted criterion for the diagnosis of pulmonary Aspergillus
infection, whereas the use of other aspects involving
pathophysiology or clinico-pathology remains controver-
sial. CPA tends to occur in elderly and/or debilitated indi-
viduals who might not otherwise be immunodeficient.
The underlying chronic cavitary lung disease may be due
to prior tuberculosis, bullous lung disease, chronic inter-
stitial disease, lung irradiation, surgical lung resection,
lung infarction, or cystic fibrosis [1]. End-stage sarcoidosis
is a common cause of the cystic remodel associated with
CPA. Pathophysiology of CPA may be essentially defined
by epithelial destruction and localized infiltration of fungi
induced by mild impairment of the immune system with
airway anatomical reconstruction. Previously, semi-in-
vasive pulmonary aspergillosis [2], chronic necrotizing pul-
monary aspergillosis [3], and chronic cavitary pulmonary

aspergillosis [4] were suggested clinically. However, there
are few histopathological studies of CPA [5]. In this study,
we investigated surgically resected CPA specimens
histopathologically and analyzed the structure of the pre-
existing cavity found in most cases. Additionally, we
attempted to clarify the pathogenesis of CPA by analyzing
laboratory data from CPA cases, and suggest effective
tools to monitor the pathogenesis of CPA.

Materials and methods
This study was approved by the ethics committee of Toho
University (approval number: 2600524051). We reviewed
the medical records of Toho University Omori Medical
Center from 1999 to 2013, and found 25 surgically
resected CPA cases. Firstly, we analyzed the character of
the cavity surrounding the fungus ball histopathologically
using hematoxylin-eosin double stain (H-E), Grocott’s
methenamine silver stain (GMS), and elastic van Gieson
stain (EVG). Immunohistochemical staining for cytokera-
tin was done as a routine procedure. We measured the
erosion ratio for each case using a representative slide.
Secondly, we collected laboratory data including white
blood cells in peripheral blood (WBC), c-reactive protein
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(CRP), and beta-(1,3)-D-glucan (BD). In the BD assay, we
used Fungitec® G test MK (Seikagaku Corporation, Tokyo)
or MK-II (Nissui Pharmaceutical Co. Ltd., Tokyo).
Thirdly, we analyzed the diffusion of fungal ingredient
which can be detected as fine granules by glucan-spe-
cific tissue fluorescent assay system (Fungiflora Y®, Trust
Medical Co. Ltd., Kasai, Hyogo) at the eroded tissue con-
sisting cavity wall.

Results
Table 1 summarizes details of the 25 surgically resected
CPA cases. The age of patients varied from 28 to
78 years (median 60), 21 cases (84 %) were male, and
all cases involved an upper lobe lesion. There was no
severe impairment of the immune system, such as ma-
lignant hematopoietic tumor or cytotoxic chemother-
apy. However, mild impairment of the immune system
occurred by a low dose of cortico-steroid administration

(SA) and/or diabetes mellitus (DM). Additionally, a scar
mostly due to old tuberculosis (OT) was recorded in nine
cases. There were 21 cases (84 %) with SA and/or DM
and/or OT.
Histopathological examination revealed erosion of the

cavity surrounding the fungus ball in all 25 cases.
Nine cases exhibited eosinophil infiltration clearly. No
epithelioid cell granuloma was detected. The erosion ratio
was 3.7–100 % (mean: 62.0 %). The mean erosion ratio
with the Splendore-Hoeppli phenomenon (SH) was
53.2 %, otherwise it was 71.4 % without SH (Fig. 1). Inter-
estingly, there was a wide organization area surrounding
the cavity without fungal aspects in some cases (Fig. 2).
This suggests that we cannot explain this phenomenon
using conventional infectious theory which involves local
proliferation of microorganisms.
A correlation between WBC and BD is shown in Fig. 3.

There is a tendency for a negative correlation between
WBC and BD, although it was not statistically

Table 1 Character of 25 surgically resected CPA cases
Age Sex Locus SA DM OT CRP WBC BD ER SH EI CO GF

28 M RU 0.2 7.1 12.3 78.3

37 M RU Y 0.4 5.4 N/A 100.0

39 F LU Y 15.5 14.0 11.0 100.0 Y Y

43 F LU 2.3 5.7 N/A 100.0

43 M RU Y 7.9 7.6 9.3 32.7 Y

43 M LU Y 0.3 11.8 23.9 11.4 Y

50 M RU Y 0.1 10.6 5.0 100.0 Y Y

55 M LU Y Y 0.5 5.7 492.0 46.7 Y Y

56 F RU Y 0.2 4.9 8.7 46.2 Y

57 M RU Y Y 1.0 5.8 N/A 42.9 Y Y

58 M LU Y 0.2 3.1 67.6 44.7 Y Y Y

59 M RU Y 0.2 13.5 N/A 100.0 Y

60 M RU Y 0.7 10.7 5.0 57.9

61 M RU Y Y 0.3 9.9 27.7 54.5 Y

61 M LU 0.6 6.2 6.1 3.7 Y Y

64 M RU Y 0.1 5.1 18.2 38.7

66 M LU 6.6 9.3 5.0 75.5 Y Y

67 F LU Y 1.4 6.7 24.2 79.3 Y

68 M RU Y 0.7 9.3 5.0 81.1 Y Y

69 M LU Y 7.9 6.5 11.4 3.8

71 M RU Y Y 2.0 6.7 5.2 85.4 Y Y

73 M RU 5.4 8.2 N/A 88.6 Y Y Y

74 M RU Y 0.2 4.0 29.8 95.3

75 M LU Y Y 1.9 4.2 7.1 12.9 Y

78 M RU Y 4.8 7.5 10.7 69.2 Y

RU right upper lobe, LU left upper lobe, SA history of cortico-steroid administration, DM diabetes mellitus, OT scar mostly due to old tuberculosis, CRP c-reactive
protein, WBC white blood cells in peripheral blood, BD beta-(1, 3)-D-glucan, ER erosion ratio (%), SH Splendore-Hoeppli phenomenon, EI eosinophil infiltration,
CO calcium oxalate crystal deposition, GF granular fluorescent signal at granulation tissue surround the cavity, but not identified fugal aspects
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Fig. 1 Histopathology of erosion caused by CPA. a Cavity [§] is covered by ciliated epithelium without erosion (H-E). Note the Splendore-Hoeppli
phenomenon (eosinophilic staining in fungus ball [†]). b Immounohistochemical staining for cytokeratin AE1/AE3 is done in case A. Erosion ratio
is 3.7 %. c Epitheliums disappear and inflammatory granulation tissue exposes the surface of cavity. d Immounohistochemical staining for cytokeratin
AE1/AE3 is done in case A. Erosion ratio is 95.3 %

Fig. 2 Histopathology of organization surrounding the cavity. a Macroscopic findings reveal the fungus ball (arrow head). Pleura with fibrous
thickening is also noted. b Organization area can be seen around the fungus ball (H-E staining). c Alveolar spaces are filled with dense collagenous
tissue (EVG staining)
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significant. These data suggest that impairment of the
immune system worsens CPA pathogenesis.
Four cases (16 %) showed a granular fluorescent signal in

granulation tissue surrounding the cavity using Fungiflora
Y® stain, but we did not identify fungal aspects (GF) using
H-E or GMS (Fig. 4). Among the 19 cases with measured
BD before the surgical resection, the three GF-positive
cases had a BD of 190.2 ± 201.2 pg/ml, while the 16 GF-
negative cases had a BD of 12.8 ± 7.5 pg/ml. The detected
correlation between the presence of GF and the high level
of BD is statistically significant (one-sided test, p = 0.027,
Mann–Whitney U test).

Discussion
Gefter et al. defined semi-invasive pulmonary aspergillosis
as a chronic cavitary form of pulmonary aspergillosis with
mild immunosuppression or underlying lung disease [2].
They indicated that this form of aspergillosis was part of a
spectrum of disease ranging from saprophytic to frankly
invasive types. This was followed by report from Binder et
al. which finally defined chronic necrotizing pulmonary
aspergillosis [3]. Within recent decade, Denning et al.
described chronic cavitary pulmonary aspergillosis and
chronic fibrosing pulmonary aspergillosis using radio-
logical findings [4]. On the other hand, because of the dif-
ficulty to distinguish chronic necrotizing pulmonary
aspergillosis and chronic cavitary pulmonary aspergillosis,

Izumikawa et al. proposed chronic progressive pulmonary
aspergillosis, which included chronic pulmonary aspergil-
losis of both type; necrotizing and cavitation [6]. However,
there are few reports conducting histological and patho-
physiological analyses on this chronic form of aspergillosis
with reference to some representative monitoring system.
Whereas our literature search for previous study could
highlight the best-constructed histopathological study of
Yousem reviewed 10 CPA cases and yielded a classifica-
tion with three categories of granulomatous response [5],
little were discussed on the pathophysiology of the disease.
With comparison to Yousem’s subject group, there might
be closer relationship between sequela of tuberculosis and
CPA emerged from our study which can be supported by
a result that our 25 CPA cases involved an upper lobe that
the commonest area of the primary lesion of tuberculosis.
However, since none of our patient showed active granu-
loma that must be essentially induced by tuberculous in-
fection, previous tuberculous infection might simply
played a role to re-construct airway, and an active tuber-
culous infection has little contribution to develop the pul-
monary lesion.
Some our CPA cases showed pre-existing airway re-

modeling, such as cavitary formation, most of which
might be sequel to old tuberculosis followed by emphy-
sema. This anatomical reconstruction can promote in-
festation or saprophytic proliferation of mold onto the

Fig. 3 Correlations between WBC and BD
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lining epithelial cells of the altered airway. Whereas
saprophytic proliferation of mold itself may irritate lin-
ing epithelial cells to occur erosion, mild impairment of
the immune system indexed by steroid administration
and/or diabetes mellitus in our study can play an im-
portant role to induce active state of erosion or ulcer ac-
companied with massive exudate. There was little hyphal
component in inflammatory exudate filling the alveolar
space even that has no direct connection to altered large
air spaces containing molds. Therefore, organization asso-
ciated with CPA usually led severe respiratory failure can
be understood as result of spreading of acute in-
flammatory exudate provided from active erosion of the
altered airway, mostly corresponding to cavity, but pro-
gression of organization was not concerned whether the
exudate containing fungal element or not. Another ana-
lysis of our study revealed diffusion of fungal components
at the organizing area around the cavity wall, which could
be detected as fine fluorescent granules by Fungiflora Y®
system. Consequently, We wish to emphasize that the or-
ganizing pneumonia known as a serious complication of
the CPA is induced by spreading of acute inflammatory
exudate via airway, and this phenomena has much lesser
concerning whether mold is viable or not. On the other
hand, whereas BD testing has been accepted as one of the
useful tool for diagnosis of invasive aspergillosis, of which
value is reflecting extent of fungal exposure to the blood

flow, implication of BD test has still been controversial in
case of CPA. A part of this may be explained that mold
intermingled with inflammatory exudate in the cavity is
isolated from the patient’s blood flow with various degree
by the altered airway usually consisted with inflammatory
granulation tissue and fibrous tissue including neutrophils,
mononuclear cells, and fibroblasts. In the present study,
we found a negative correlation between WBC and BD, al-
though it was not statistically significant, which suggests
that neutrophil activity not only kill the invading fungi,
but also prevent to transfer BD from feeble fungi into
blood flow, since the main defense against mold is the ac-
tion of neutrophils. As described above, some CPA cases
showed an organization area without a fungal body. In
addition, we detected a granular fluorescent signal in in-
flammatory granulation tissue surrounding the cavity in 4
cases (16 %) without fungal aspects (GF). Among these
cases, which had a measured BD before the surgical resec-
tion, we found a statistically significant association be-
tween a high level of BD and the presence of GF.
Therefore, an increasing of BD in case of CPA can be
understood as a sequel to widely spread diffusion of fungal
components largely consisted with BD. There may be
much lesser contribution to increase BD that the direct
penetration of fungi into the tissue or blood flow, of which
situation is usually confirmed in case of invasive aspergil-
losis with agranulocytosis [7].

Fig. 4 a Fungus ball (†) and surrounded cavity (§) can be seen (H-E staining). b Positive signal can be detected only in fungus ball using
Fungiflora Y®. c There is erosive area without fungal aspects (H-E staining). d Granular fluorescent signal at granulation tissue surrounded
the cavity
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Conclusions
We wish to conclude that extension of acute inflamma-
tory exudate along the terminal respiratory tract is most
significant pathophysiological complication of the CPA,
because the spreading of exudate filling alveolar space
must cause organizing pneumonia, which derives fatal
respiratory failure. In addition, the viability commonly
suggesting the invasiveness of saprophytic Aspergilli does
not concern progression of exudative inflammation at the
site of erosion.
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Fusarium has recently emerged as an opportunistic pathogen of humans, but the histological differentiation
of Fusarium from Aspergillus and Scedosporium is particularly difficult because these fungi may induce similar
clinical features and exhibit filamentous development in host tissues. Thus, there is a need to establish rapid
and reliable methods that are applicable to pathological diagnoses. The aim of this study was to evaluate and
establish in situ hybridization (ISH) using peptide nucleic acid (PNA) probes targeting the 28S rRNA to
identify Fusarium species in tissue sections. This technique was validated using both formalin-fixed and
paraffin-embedded pulmonary tissues from mice infected with seven different species of fungi and cell blocks
from fungal cultures of 30 strains. As a result, strong positive signals were observed within fungal organisms
present in tissues of the lung from mice infected with Fusarium solani. Furthermore, this probe reacted strongly
with both F. solani and Fusarium oxysporum in sections from cell blocks. Although some cross-reactivity
occurred with the Pseudallescheria boydii in sections from cell blocks, the signal intensity was low and most
hyphae were not reactive. In conclusion, it was confirmed that ISH with PNA probes is accurate and is a
valuable tool for identifying Fusarium spp. among organisms that have identical morphological features in
formalin-fixed and paraffin-embedded sections.

Early diagnosis of invasive fungal infection is essential be-
cause the disease mostly occurs in patients with severely im-
paired defense mechanism. Fusarium species are widely dis-
tributed in soil, subterranean, aerial plant parts, plant debris,
and other organic substrates, and mycotoxins produced by
these organisms have often been associated with animal and
human diseases (16). In humans, Fusarium spp. cause a broad
spectrum of infections, including superficial (keratitis and
onychomycosis), locally invasive, and disseminated infections
in immunocompromised patients (18). In addition to that in-
vasive and disseminated infections caused by Fusarium spp. are
being diagnosed with increasing frequency in patients with
hematological malignancies (3), it has been accepted that
Fusarium spp. are resistant to most antifungal agents (5).
Therefore, an early diagnosis of the infection is now required
to improve the outcome of treatment for seriously debilitating
conditions. Because of morphological similarities among
molds in histopathological specimens, it has been difficult to
differentiate histologically Fusarium spp. from other molds.
Recently, sensitive and rapid molecular detection assays that
use PCR-based methods have been introduced to detect Fusar-
ium DNA in serum, total blood, and tissue samples (10). How-

ever, there have been a few attempts to use in situ hybridization
(ISH) to identify Fusarium spp. in tissue sections for histolog-
ical diagnosis (8, 14). We are describing the first report of ISH
using peptide nucleic acid (PNA) as the probe targeting the
28S rRNA of Fusarium spp. to identify the fungus in formalin-
fixed and paraffin-embedded tissue sections that are widely
used as routine preparations for surgical and anatomical pa-
thology in hospitals.

MATERIALS AND METHODS

Preparation of infected animals and tissue specimens. To verify the specificity
of probes, sections of formalin-fixed and paraffin-embedded tissues of lung were
prepared from mice experimentally infected with seven different fungi. Lung has
been understood as one of the commonest organ involved by invasive fungal
infection. A part of this may be explained by the fact that the lung serves as a
porta of infection. Therefore, in the present study, lungs from mice with intra-
tracheal infection were used as a tissue specimen to evaluate the ISH procedure.

Six-week-old, male Institute of Cancer Research (ICR) mice (Sankyo Labo
Service Corp., Inc., Tokyo, Japan) were used in the present study. Immune
suppression was achieved by intraperitoneal injections of cyclophosphamide
(Shionogi and Co., Ltd., Osaka, Japan) at a dose of 150 mg/kg (body weight) 3
days prior to infection. To prevent bacterial infection, the animals were also
intraperitoneally administered with imipenem/cilastatin sodium (Banyu Pharma-
ceutical, Tokyo, Japan). Prior to inoculation, the animals were anesthetized
intraperitoneally with 80 mg of ketamine (Daiichi Sankyo Co., Ltd., Tokyo,
Japan) and 10 mg of xylazine (Bayer Health Care, Tokyo, Japan)/kg. The
conidiae or yeast cells were injected intratracheally as previously described (19).
A 25-!l aliquot of the conidiae or yeast cell suspension was injected into the
trachea via a clinically used intravascular catheter (24G, Insyte-W; Becton Dick-
inson, Hollister, CA). The mice were infected with 3 " 105 conidiae or yeast cells
of Aspergillus fumigatus (TIMM1776), Aspergillus terreus (TIMM2929), Aspergil-
lus flavus (TIMM2935), Candida albicans, (TIMM1768), Rhizopus oryzae
(TIMM1326), Fusarium solani (TIMM1303), and Pseudallescheria boydii
(TIMM0952). The animals were sacrificed on the third day after infection, and
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the lungs were removed and fixed in 10% formalin, followed by dehydration with
ethanol and embedding in paraffin. Tissue sections (3 !m) were mounted on
aminoalkylsilane-coated slide glasses (Dako Japan, Tokyo, Japan). Pulmonary
lesions induced by this procedure were confirmed by histological examination
using these sections stained with hematoxylin and eosin (H&E) and Grocott’s
stains.

Strains tested. For specificity testing of the probes, cells from the following molds
and yeasts were tested: A. flavus var. flavus (NBRC 33021), Aspergillus niger (NBRC
33023), A. terreus (NBRC 33026), A. fumigatus (NBRC 6344), A. fumigatus var.
fumigatus (NBRC 33022), F. solani (NBRC 5232), Fusarium oxysporum (NBRC
7152), P. boydii (NBRC 8078), R. oryzae (NBRC 5780), Cunninghamella elegans var.
elegans (NBRC 4446), Rhizomucor pusillus (NBRC 9744), Mucor circinelloides f. sp.
circinelloides (NBRC 4554), Penicillium commune (NBRC 5763), Pseudocochliobolus
spicifer (NBRC 100222), C. albicans (ATCC 10231), Trichosporon asahii
(CBS2479T), C. albicans var. stellatoidea (TIMM0310), Candida glabrata
(TIMM1064), Candida guilliermondii (TIMM0260), Candida kefyr (TIMM0302),
Candida krusei (TIMM0269), Candida lusitaniae (TIMM1668), Candida parapsilosis
(TIMM0292), Candida tropicalis (TIMM0313), Cryptococcus neoformans
(TIMM0354), Debaryomyces polymorphus (TIMM2937), Hansenula anomala
(JCM3585), Pichia subpelliculosa (IFO0808), Saccharomyces cerevisiae
(TIMM0925), and Schizosaccharomyces pombe (TIMM3376).

Preparation of cell blocks from cultured fungal cells. Mold strains were grown
for 48 to 72 h at 25°C in potato dextrose broth (Sigma Aldrich, St. Louis, MO).
Yeast strains except Candida spp. were grown overnight at 25°C in YMPD broth
(0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1.0% glucose) (Becton
Dickinson), and Candida spp. were grown overnight at 37°C in Medium 199
(Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) with 10% calf fetal serum
(Sigma-Aldrich Co., St. Louis, MO). From cultures of the above-mentioned
molds or yeasts, fungal cell suspensions were prepared in 10% formalin for
fixation. Fixed molds were collected with centrifugation for 10 min at 2,000 rpm.

The cluster of molds was carefully transferred onto filter paper (Advantec Toyo,
Ltd., Tokyo, Japan) with pointed forceps. This was also wrapped with same filter
paper and placed in an embedding cassette (Murazumi Industrial Co., Ltd.,
Hyogo, Japan) and then penetrated with paraffin by using an automated tissue
processor (Tissue-Tek VIP Premier; Sakura Finetek Japan Co., Ltd., Tokyo,
Japan) (12). The cluster of molds penetrated with paraffin was transferred to
bottom of an embedding stainless dish, followed by filling solidifying of paraffin,
and cut into 3-!m sections that were then mounted on aminoalkylsilane-coated
slide glasses (Dako Japan, Tokyo, Japan).

To prevent the diffusion of yeast cells in suspension and to obtain a high
density in paraffin blocks, we used agarose gel as an intermediate embedding
medium. Yeast cells were collected with centrifugation for 10 min at 2,000 rpm
and added with 50 !l of 2% liquid agarose at 65°C. This agarose gel was heaped
onto the surface of cover glass (Matsunami Glass Ind., Ltd., Osaka, Japan), and
solidified at room temperature. The solidified gel was penetrated with paraffin by
using an automated tissue processor (Tissue-Tek VIP Premier), as well, and
sections were prepared in same way (12).

PNA probes. The design of the PNA probes for Fusarium spp. (N terminus-
GAT GAT CAA CCA AGC CCA) and panfungal species (N terminus-TAC
TTG TGC GCT ATC GGT) was derived from a comparison of 28S rRNA genes
in the GenBank database. The alignment of the DNA sequence was performed
by using Vector NTI Advance TM10 (Invitrogen, Carlsbad, CA). After align-
ment and visual assessment of the Fusarium and non-Fusarium sequences, the
probe for Fusarium spp. was designed. As shown in Fig. 1, a Fusarium sp.
antisense PNA probe targeting the 28S rRNA could be designed and evaluated
on a genus-specific level. The sequence revealed at least 9 to 14 mismatches
within the target region in sequences of nontarget organisms. Furthermore, to
assess the retention of RNA in samples, we also designed a panfungal antisense
PNA probe in the same way. Each selected sequence was checked for specificity
against the GenBank database by using the Basic Local Alignment Search Tool

FIG. 1. Alignment of 28S rRNA sequences for Fusarium species, C. albicans, and other important hyalohyphomycetes for histological
differentiation. The binding regions of the antisense probe used in the present study to detect Fusarium rRNA were boxed and magnified.
Homologous regions were highlighted in gray. Species and GenBank accession numbers were as follows: C. albicans (AB436387), Absidia glauca
(AF113447), Cunninghamella bertholletiae (AF113459), Mucor hiemalis (AF113468), Rhizopus oryzae (DQ466617), Ajellomyces capsulatus
(AB176493), A. fumigatus (AB354577), A. terreus (AF454185), Penicillium expansum (AJ519347), P. boydii (EF151324), F. solani (AF178377), F.
oxysporum (AF060383), and Fusarium verticillioides (U34526).
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(BLAST; http//www.ncbi.nlm.nih.gov/BLAST/). The selected sequence was then
synthesized, and the N terminus of the oligomer was conjugated to fluorescein
isothiocyanate (FITC) via a double aminoethoxyethoxyacetate (AEEA) linker
(Fasmac Co., Ltd., Kanagawa, Japan).

ISH. The ISH procedure was performed as described previously (24). Briefly,
sections were deparaffinized and rehydrated according to standard procedures.
To expose target nucleic acids in the formalin-fixed tissue, the sections were
treated with a 1 mM concentration of EDTA buffer (pH 8.0) in a water bath
(Thermo Fisher Scientific K.K., Yokohama, Kanagawa) for 20 min at 98°C and
digested with a 10-!g/ml concentration of proteinase K (Nippon Gene Co., Ltd.,
Tokyo, Japan) for 10 min at 37°C. Hybridization was performed at 56°C for 90
min with 1 !g of PNA probe/ml dissolved in hybridization medium (Dako Japan,
Tokyo, Japan). After repeated washings with 2" standard saline citrate (SSC) at
56°C, the signals were detected by enzyme immunohistochemistry using an anti-
FITC antibody (Roche Diagnostics K.K., Tokyo, Japan) and horseradish perox-
idase-labeled polymer solution (Nichirei Biosciences, Inc., Tokyo, Japan). Fi-
nally, the sites of peroxidase were visualized by 3,3#-diaminobenzidine
tetrahydrochloride (DAB; Dojindo Laboratories, Kumamoto, Japan) in the pres-
ence of H2O2 and nickel and cobalt ions (1). As negative controls, ISH proce-
dures were performed with a C. albicans PNA probe (20).

RESULTS

Paraffin sections of both lungs of mice infected with different
fungi and cell blocks mounted on the slide glasses were H&E
and/or Grocott’s stained, processed with ISH, and observed
under light microscopy for evaluation of our ISH procedure.

Specificity of ISH for Fusarium spp. in infected animal mod-
els. Histological examination revealed an extensive fungal
growth both in alveoli and terminal bronchus with necrosis and
minor polymorphonuclear leukocyte infiltrate (Fig. 2). The
establishment of experimental pulmonary lesions was con-
firmed in mice infected with all seven of the different fungi that
we examined.

Formalin-fixed and paraffin-embedded pulmonary tissues
from mice infected with seven different fungi were tested to
assess whether the probe hybridized specifically with Fusarium
spp. Strong positive signals against 28S rRNA of Fusarium spp.
were observed within fungal organisms present in lung tissue
from mice infected with F. solani (Fig. 3d). Positive organisms
typically exhibited a signal visualized by a DAB reaction that
was limited in a large part of cytoplasm and can be recognized
as black fine dots. The signal intensity varied within and be-
tween fungal organisms in tissue sections. No substantial back-
ground signal was observed in any tissue. In addition, no hy-
bridization was found in other fungi tested.

Specificity of ISH for Fusarium spp. in cell blocks of cul-
tured fungi. In total, 30 cell block sections from formalin-fixed
and paraffin-embedded fungi of 30 strains were studied (see
Fig. S1 in the supplemental material). Within the panel of 30
fungi, the Fusarium sp. PNA probe reacted strongly with both
F. solani (Fig. 4d) and F. oxysporum in sections of cell blocks.
The signal intensity and distribution in fungal organisms were
similar to those observed in animal models. With the exception
of the Fusarium spp., the P. boydii in sections of cell blocks (not
of tissue sections) showed positive reactivity for the probe, but
their signal intensity was low and most of the hyphae were
negative (Fig. 4c). No hybridization was observed in other
fungi tested.

Control experiments. To confirm the specificity of the 28S
rRNA signals, adjacent sections were hybridized with a C.
albicans PNA probe. A strong positive signal was detected in C.
albicans in a tissue section, whereas no hybridization signal was
found in the other fungi tested. The panfungal PNA probe

FIG. 2. Microphotographs of a pulmonary lesion in a mouse 3 days after intratracheal infection of F. solani (TIMM1303). (A) Histological
examination revealed an extensive fungal growth both in alveoli and terminal bronchus with necrosis and minor polymorphonuclear leukocyte
infiltrate with scattering nuclear debris (H&E stain; original magnification, "100). (B) There is extensive hyphal growth of invading mold showing
dichotomous branching (Grocott’s stain; original magnification, "100).
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reacted with all fungi tested (Fig. 3e to h, Fig. 4e to h). The
intensity of ISH signals for the panfungal probe was similar to
that with species-specific probes.

DISCUSSION

Recently, several genome databases have provided new in-
formation that can be used for field studies for the molecular
identification and epidemiology of pathogenic fungi. Accord-
ingly, sensitive and rapid molecular detection assays have been
established by using PCR-based methods to detect fungal
DNA (7, 11, 27). The application of these molecular tech-
niques to formalin-fixed and paraffin-embedded tissue has also
been reported (2, 13, 21). Although there have been a few
attempts to use ISH to detect fungal agents in histopatholog-
ical specimens (6, 8, 9, 14, 15), the use of ISH for the diagnosis
of fungal infection in formalin-fixed and paraffin-embedded
sections has not been systematically assessed. We have previ-
ously reported that a combination of high-temperature heating
in solutions of high pH, followed by a 10-min proteinase K
digestion step, gave better ISH results (24). The heating pre-
treatment used in the present study was adapted from antigen
retrieval techniques used in conventional immunohistochem-
istry (23).

Our purpose was to evaluate and establish an ISH procedure
for the detection of Fusarium spp. in formalin-fixed and par-
affin-embedded sections. Diagnosis of fusariosis from cultures
remains a difficult and time-consuming task, relying on mor-

phological and physiological examinations and requiring some
degree of expertise. Fusarium spp. are phylogenetically heter-
ogeneous with variable antifungal susceptibilities (25). An ap-
proach based on PCR methods has been used to detect Fusar-
ium DNA (10). Although there have been a few attempts to
use ISH to identify Fusarium spp. in histopathological speci-
mens (8, 14), to our knowledge there has been no report of
ISH using a PNA probe. Our results obtained with mice ex-
perimentally infected with seven different fungi showed that F.
solani can be specifically detected in infected tissues by ISH
with a PNA probe targeting 28S rRNA of Fusarium spp. On
the other hand, using cell block sections from formalin-fixed
and paraffin-embedded fungi, this probe reacted strongly with
both F. solani and F. oxysporum, but some cross-reactivity was
observed in P. boydii hyphae. Part of this result may be ex-
plained by the fact that P. boydii has a sequence similar to the
target of our probe.

PNA molecules are DNA mimics in which the negatively
charged sugar-phosphate backbone is replaced by a neutral
polyamide backbone, formed by repetitive units of N-glycine.
This structure enables PNA probes to hybridize to complemen-
tary nucleic acid targets with high specificity and rapid binding
kinetics (4, 17). Due to the novel properties of its hybridiza-
tion, PNA is beginning to be applied in ISH to detect fungal
nucleic acids (20, 22, 26, 28); however, there has been no
report of the application of such a probe to formalin-fixed and
paraffin-embedded tissues. Better outcomes are obtained with

FIG. 3. Specificity verification of the Fusarium sp. PNA probe and assessments of rRNA retention and its hybridizability in experimentally
infected mice. The tissue sections were hybridized with Fusarium sp. PNA probe (a to d) or with panfungal PNA probe (e to h). Strong positive
signals against 28S rRNA of Fusarium spp. were observed in lung tissues from mice infected with F. solani (d). The panfungal PNA probe reacted
with all fungi tested (e to h). (a and e) A. fumigatus (TIMM1776); (b and f) A. terreus (TIMM2929); (c and g) P. boydii (TIMM0952); (d and h)
F. solani (TIMM1303). Original magnification, "400.
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PNA probes compared to conventional DNA probes (26). In
our first approach, we confirmed that PNA probes required
shorter hybridization times than double-stranded DNA
probes. From the standpoint of decreased assay turnaround
time, the application of PNA probes is especially attractive.

Recently, Montone reported that the use of dual fluoro-
genic-labeled locked nucleic acids (LNA) probes of ISH were
able to differentiate Fusarium from Aspergillus organisms (14)
and that the LNA probe produced a stronger signal compared
to a DNA probe with the same sequence (15). Our probe could
differentiate Fusarium from 23 fungal species other than As-
pergillus. These novel findings demonstrate the feasibility of
the approach and strongly suggest that LNA and PNA can be
widely used as probes of ISH in the near future.

The 28S rRNA sequence was selected as a detection target
because its large size may reveal adequate differences in dis-
tinguishing closely related organisms. In addition, it has been
accepted that multiple copies of ribosomal genes are present in
fungi, which can be transcribed into rRNA. It is essential that
assessment of retention of rRNA and its hybridizability should
be performed, because loss of rRNA or failure of the accessi-
bility of probes in processed tissue sections can lead to mis-
leading results. In the present study, we designed a panfungal
PNA probe and confirmed that the intensity of ISH signals of
this probe was similar to those of species-specific probes.
These findings suggest that ISH with the panfungal probe may

be useful for the estimation of hybridizable rRNA for the
specific detection of human pathogenic fungi.

In conclusion, we have shown the superiority and the use-
fulness of ISH with PNA probes for identifying Fusarium spp.
in formalin-fixed and paraffin-embedded sections. Further
studies are needed to establish ISH with PNA probes as an
accurate and rapid diagnostic procedure for tissue sections
from patients with suspected fusariosis.
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Investigation of ossification in the posterior
longitudinal ligament using micro-focus
X-ray CT scanning and histological
examination
Katsunori Fukutake1, Takao Ishiwatari2*, Hiroshi Takahashi1, Kazuaki Tsuchiya1, Yoichiro Okubo2, Minoru Shinozaki2,
Naobumi Tochigi2, Megumi Wakayama2, Tetsuo Nemoto2, Kazutoshi Shibuya2,3 and Akihito Wada1

Abstract

Background: Ossification in the posterior longitudinal ligament (PLL) correlates with changes of enthesis during
the early stages of development, but this issue remains controversial, as little is known regarding the details of this
process. The aim of the present study was to elucidate part of the ossification mechanism. Thus, in the present
study, we observed and evaluated minute ossifications in the PLL that did not exhibit symptoms of ossification of
the posterior longitudinal ligament (OPLL).

Methods: The subjects in the present study were derived from serial autopsy cases from January 2009 to December
2013 at Toho University Omori Medical Center, Japan. Minute ossifications in the PLL from autopsy subjects without
any history of OPLL were screened as high-density areas using micro-focus X-ray CT, and the foci were histologically
examined. Subsequently, we conducted both micro-focus X-ray CT image analysis and histological examination, and
evaluated the correlation between these findings and putative predictive factors reported in previous studies.

Results: A total of 103 individuals among the 267 subjects involved in the present study were analyzed within the
study period. There were no cases involving OPLL identification prior to death, and no subjects presented with
neurological symptoms of myelopathy. The incidence of cases involving high-density areas greater than 0.1 mm2 in
the PLL was 46.6 %, half of which revealed mature bone structures inside this area. Thus, the high-density areas
comprised three types: a continuous posterior-annular fibrosus type (23 cases), an isolated posterior-annular fibrosus
type (11 cases), and a posterior-vertebral type (29 cases). However, a positive correlation was observed between the
proportion of high-density areas, age (Pearson r = 0.265, p < 0.01), and HbA1c (Pearson r = 0.294, p < 0.01). Histological
examination confirmed that these high-density areas involved calcification with or without mature bone formation.
(Continued on next page)
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Conclusions: We evaluated minute foci of calcification with and without ossification in the PLL from 103 cadavers,
generating the following observations:

1. Minute calcification foci greater than 0.1 mm2 were observed in the PLL of 48 cases (46.6 %), half of which
revealed mature bone structures inside this area (23.3 %).
2. The proportion of minute calcification foci observed in the present study was correlated with age and glucose
tolerance, suggesting changes in the OPLL in the early stage.
3. Three different mechanisms of ossification were suggested: The two structures developed behind the disc might
reflect the elongation of enthesis or rupture of annular fibrosus, while the remaining structure developed behind
the vertebral body might reflect a dystrophic calcification-based bony metaplasia sequence.

Keywords: Ossification of the posterior longitudinal ligament, Micro-focus X-ray CT, Mechanisms of ossification

Background
Ossification of the posterior longitudinal ligament
(OPLL) is a refractory disease initially reported [1] in
1938, which causes compressive myelopathy. Many
subsequent studies were conducted to investigate the
process of ossification, and there is increasing evidence
of ossification factors involving age, gender [2], body
mass index (BMI) [3], insulin [4], glucose intolerance
[5], myotonic dystrophy [6], and endocrine diseases
(vitamin D-resistant rickets [7], parathyroid function
[8]). Histological examinations of OPLL have revealed
hyperplasia in fibrous cartilage tissue continuous with
the annulus fibrosus of the intervertebral disc, denatur-
ation of the ligament in the area near the enthesis and
the metamorphosis to cartilaginous tissue, with calcifica-
tion and metaplasia to mature bone tissue within these
areas of cartilaginous tissue [9]. A close relationship
between the ossification of the posterior longitudinal
ligament and enthesis during the early stages of entheso-
pathy has been proposed [10], but this issue remains
controversial.
The purpose of the present study was to elucidate part

of the ossification mechanism. We observed minute os-
sifications in the posterior longitudinal ligament (PLL)
of autopsy subjects that did not exhibit symptoms of
OPLL. For this purpose, we employed a micro-focus
X-ray CT system (inspeXio SMX-100CT, Shimadzu
Corporation Tokyo, Japan) to generate extensive sequen-
tial tomography images and performed the histological
examination of the characteristic sections. Furthermore,
we evaluated the correlation between the present findings
and putative predictive factors of ossification previously
reported in autopsy cases.

Methods
Subject
The subjects were derived from serial autopsy cases re-
corded between January 2009 and December 2013 at

Toho University Omori Medical Center, Japan. Cases in
which the spinal columns had not been detected and the
PLL was not suitable for observation were excluded. The
protocol for the present study was approved through the
Ethics Committee of the Toho University School of
Medicine (#260242600825093).

Specimen preparation
The spinal columns from the autopsy specimens were
divided in half at the midline sagittal plane from Th10
to L5, including eight vertebrae and seven intervertebral
levels and fixed with formalin. A previous study reported
that the L1/L2 level contains the highest frequency of
OPLL occurring in thoracolumbar spinal columns [11];
therefore, two vertebrae above and below this level,
including the L1/L2 intervertebral disc, were amputated
at the center of each vertebral body and excised. To
examine a midline sagittal cross-section view of the PLL,
the specimens were trimmed 1 cm ventrally from the
dorsal vertebra and 1 cm laterally from the midline of
the cross-section (Fig. 1).

Image analysis using non-distraction micro-focus X-ray
CT scanning
The present study employed a micro-focus X-ray CT
scanning system (inspeXio SMX-100CT Shimadzu
Corporation, Tokyo, Japan), with the maximum tube
voltage and maximum tube current adjusted to 75 kV
and 160 μA, respectively. Sequential tomography images
of each sample were obtained with 16-bit 512 × 512 pixel
resolution. After 30 serial slices of 0.1 mm in width were
obtained from the sagittal plane, the slices were recon-
structed into a sagittal section image. Two-dimensional
tomogram images were analyzed using image analysis
software (Image processing and analysis in JAVA 1.48v;
National Institutes of Health, Bethesda, State of Maryland,
USA). Additionally, an area of ossification and calcification
in the PLL was evaluated as a high-density area as
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Fig. 1 Methods of trimming the specimens. These figures show the trimmed line. The specimens were trimmed 1 cm ventrally from the dorsal
vertebra and 1 cm laterally from the midline of the cross-section

Fig. 2 Measuring methods used to analyze the two-dimensional tomogram images. This figure shows the measuring methods
utilized to analyze the two-dimensional tomogram images using image analysis software, showing a slice of the two-dimensional tomogram im-
ages as an example. Red area: high-density area with a density equal to or greater than that of vertebral bone trabeculae in an area equal to or
greater than 0.1 mm2. Yellow area: the soft tissue behind vertebrae as the PLL. The boundary between the PLL and the annular fibrosus of the
intervertebral disc were defined as the line connecting the top of the rim of the upper and lower vertebrae
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demonstrated through micro-focus X-ray CT, defined as a
density equal to or greater than that of vertebral bone tra-
beculae in an area equal to or greater than 0.1 mm2

(Fig. 2). The evaluation points included the frequency of
detection of the high-density area, form of the high-
density area, mean and maximum posterior longitudinal
ligament thickness, sharpness of the rim, and the propor-
tion of the high-density area (the percentage of the total
area of each slice of high-density areas divided by the total
area of each slice of the PLL). Three-dimensional recon-
struction was also performed using ray casting based on
three-dimensional volume rendering software (VG Studio
Max 2.2, Volume Graphics, Germany) with 30 serial slices
of each specimen. The evaluation points were confirmed
from the high-density areas, and the continuity with bones
was observed.

Extraction of clinical information concerning putative
predictive factors of ossification
To evaluate the correlation between the findings obtained
through micro-focus CT image analysis and previously re-
ported putative predictive factors for ossification, details
of the medical history of each case, including the cause of
death, age at death, gender, body-mass index and
hemoglobin A1c (HbA1c) value at the time of final admis-
sion, past history of myotonic dystrophy, vitamin D-
resistant rickets, hypoparathyroidism, and diabetes, which
might affect ossification, were obtained after evaluating
the medical and autopsy records.

Histological examinations
Following decalcification, each specimen was transected
and embedded in paraffin. A thin section was obtained
from the embedded block, which represented the mid-
line sagittal plane and included the high-density area ob-
served through micro-focus X-ray CT, and subsequently
stained with hematoxylin and eosin. We observed forms
of ossification and calcification in detail and assessed
changes in the tissue near these foci using an optical
microscope. The rate of ossification in the total area of
calcification was calculated to determine the extent of
bone metaplasia among the calcified area.

Statistical analysis
The statistical analysis was performed using SPSS Statis-
tics software (version 22, IBM, NY, USA). Age, BMI, and
HbA1c were analyzed using the t-test, and the gender,
and prevalence of diabetes were analyzed using the
chi-square test. The potential correlation between the
putative predictive factors of ossification and the high-
density area ratio was analyzed using the Pearson
correlation coefficient. The putative predictive factors of
ossification for each separate ossification pattern were
analyzed using the Mann–Whitney U-test.

Results
Subjects and clinical background
A total of 267 autopsy cases were recorded at Toho
University Omori Medical Center, Japan, within a retro-
spective observation period. Among these, 164 cases
were excluded due to predetermined conditions, and a
final group comprising 103 cases was analyzed. This
group included 69 males and 34 females aged 32–
94 years, with a mean age of 68.5 years. The age distri-
bution is shown in Table 1 (Table 1). There were no
cases involving OPLL identification prior to death, and
none of the subjects presented neurological symptoms
related to myelopathy. The cause of death was solid can-
cer in 40 cases, infection in 18 cases, hematological malig-
nancy in 15 cases, interstitial pneumonia in eight cases,
heart disorder in six cases, and other factors in 19 cases.
There were only two cases with hypoparathyroidism, and
no subjects exhibited myotonic dystrophy or vitamin
D-resistant rickets.

Micro-focus X-ray CT image analysis
Prevalence
Among the 103 cases analyzed, a high-density area was
observed in the PLL of 48 cases (46.6 %) (Fig. 3), com-
prising 31 males and 17 females with a mean age of
72.4 years, ranging from 41 to 89 years.

Structure of ossification (high-density areas)
The structure and form of the high-density areas ob-
served through micro-focus X-ray CT was divided into
two categories: the posterior region of annular fibrosus
and the posterior region of vertebra. Herein, we describe
these locations of high-density areas as posterior-annular
fibrosus and posterior-vertebral types, respectively. Al-
though the former category was further subdivided into
two subtypes, namely, with or without continuity with
vertebra, no cases of the latter category that exhibited con-
tinuity with existing bone were observed. Herein, we de-
scribe these types as continuous or isolated, respectively.

Table 1 Age distribution of the subjects
Age Male Female Total

30–39 1 1 2

40–49 5 3 8

50–59 7 4 11

60–69 22 9 31

70–79 21 10 31

80–89 13 6 19

90–99 0 1 1
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Fig. 3 A total of 48 cases with high-density areas in the PLL. The number represents the serial number of the present study
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In the continuous posterior-annular fibrosus type, the
high-density area was observed as an elongation of the
rim of the vertebral body, as a trabecular bone structure
was frequently observed within the high-density area
and the proportion of the high-density area was high
(Fig. 4a and b).
In the isolated posterior-annular fibrosus type, the high-

density area was present at isolated intervertebral levels
and could be interpreted as a collection of small lesions
instead of a single high-density area (Fig. 5a and b).
In the posterior-vertebral type, the ligament remained

nearly unchanged with regard to thickness and surface
area. Localized high-density areas were observed along
the longitudinal axis in the PLL, and the proportion of
high-density area was relatively low (Fig. 6a and b).
The continuous posterior-annular fibrosus type was ob-

served in 23 cases, the isolated posterior-annular fibrosus
type was observed in 11 cases, and the posterior-vertebral
type was observed in 29 cases. Among these cases, over-
lapping forms included the continuous posterior-annular
fibrosus type and posterior-vertebral type in 11 cases and

the isolated posterior-annular fibrosus type and posterior-
vertebral type in four cases (Table 2 and Fig. 3).

Relationship with putative predictive ossification factors
A baseline comparative investigation was performed using
cases having a ossification observed as a high density area
in CT image (ossification + group) and those without a os-
sification (ossification- group) (Table 3). Age and HbA1c
were significantly greater in the ossification + group, but
there were no significant differences for other factors,
such as gender, BMI, past history of diabetes, and pres-
ence of malignant tumor. Furthermore, a positive cor-
relation was observed between the proportion of the
ossification and age (Pearson r = 0.265, p < 0.01) and
HbA1c (Pearson r = 0.294, p < 0.01) (Table 4). However,
neither gender nor diabetes was associated with statistical
significance. The median values of ages with a continuous
posterior-annular fibrosus type and posterior vertebral

Fig. 4 a–c Representative case of the continuous posterior-annular
fibrosus type. a CT image: A trabecular bone structure was
frequently observed within the high-density area. b Three dimensional
reconstruction image: The high-density area was observed as an
elongation of the rim of the vertebral body. c Pathological image:
These cases typically involved a projection with continuity with both
marrow and the cortex of the bone to the enthesis. Calcification was
observed in the connective tissue around the projection

Fig. 5 a–c Representative case of the isolated posterior-annular
fibrosus type. a CT image: The high-density area was interpreted as
a collection of small lesions instead of a single high-density area.
b Three dimensional reconstruction image: The high-density area
was present at isolated intervertebral levels and had no continuity to
the vertebra. c Pathological image: These cases typically showed the
prolapse of degenerated nucleus pulposus with previous rupturing
of annular fibrosus of the intervertebral disc, accompanied by
fibrosis, calcification and/or ossification
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type were higher than those in subjects without the two
types (Table 5).

Histological findings
Histological examination through micro-focus X-ray CT
analysis revealed comprised calcification foci in high-
density areas all cases, and half of the cases showed
mature bone structures inside this area (Table 2 and
Fig. 3). Moreover, the ratio of bone in the high-density
area increased with increasing proportion of the high-
density area (Pearson r = 0.481 p = 0.001).
In the continuous posterior-annular fibrosus type, the

cases likely involved a projection exhibiting continuity
with the both marrow and the cortex of the bone to the
enthesis, and calcification was observed in the con-
nective tissue around this projection (Fig. 4c). However,
the isolated posterior-annular fibrosus type typically
showed a prolapse of degenerated nucleus pulposus with
previous rupturing of annular fibrosus of the interverte-
bral disc, accompanied by fibrosis, calcification, and/or
ossification (Fig. 5c). The posterior-vertebral type showed
isolated calcifying foci in the PLL, some of which con-
tained islets of mature bone tissue (Figs. 6c and 7).

Discussion
Although OPLL is one of the most contractile diseases
in Japan, the detailed pathogenesis of this disease
remains controversial. To further elucidate the mecha-
nisms underlying this disease, a detailed investigation of
the minute foci of ossification in the PLL of individuals
without clinical manifestation of OPLL is needed. There-
fore, in the present study, we investigated the prevalence
and form of minute foci from autopsies of individuals
without OPLL prior to death. In addition, no previous
studies have reported the use of micro-focus X-ray CT
and 3D reconstruction image analysis to screen and ob-
serve the form and distribution of ossification. There-
fore, we conducted an observation study focusing on the
incidence and structure of minute ossification present in

the PLL of 103 autopsy subjects without clinical mani-
festation of OPLL. Specifically, the various-sized foci in
the PLL observed as high-density areas using X-ray
analysis were initially screened using serial images of a
micro-focus X-ray CT, and the 3D reconstructions were
generated to observe the form and continuity with exist-
ing bones. The structure of the ossification observed as
high-density areas was subjected to a detailed histo-
logical examination. In addition, the correlation between
the prevalence or form of ossification and a previously
known putative predictive factor was assessed, and the
potential induction of clinical OPLL through these
minute ossifications was reviewed.
Although previous studies using simple cervical X-ray

or CT in subjects without clinical symptoms of OPLL
have reported that the frequency of ossification detected
ranged from 1.9 to 4.3 % [12, 13], the present study
revealed a high prevalence of ossifications observed as
high-density areas (46.6 %) in the PLL following
scanning using micro-focus X-ray CT. This remarkable
difference in sensitivity likely reflects differences in the
resolution of procedures, namely, in vivo simple X-ray
or CT vs. extra vivo micro-focus X-ray CT. The aim of
the present study was to determine whether the pres-
ence of the minute foci in the ossification is a common
aspect of the PLL. However, notably a significant cor-
relation was observed between the proportion of the
minute high-density area (corresponding to calcification
and/or ossification) and both age and glucose intoler-
ance, which have generally been accepted as important
predictive factors for clinically overt OPLL [14], sug-
gesting that the development of minute ossifications
might be affected through a pathophysiology similar to
that of ossifications that induce clinically overt OPLL.
The finding that only the isolated posterior-annular

fibrosus type was not significantly correlated with age
might suggest that mechanical stress is another import-
ant predictive factor for inducing ossification in the PLL,
as this area primarily affected with stresses that greatly

Fig. 6 a–c Representative case of the posterior-vertebral type. a CT image: The ligament remained nearly unchanged with regard to thickness
and surface area. Localized high-density areas were observed along the longitudinal axis in the PLL. b Three dimensional reconstruction image:
High-density areas were without continuity with the vertebra. c Pathological image: This type showed isolated calcifying foci characterized by a
linear-shaped, stereoscopically plate-shaped calcification and/or ossification in the PLL developed just behind the vertebral body
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Table 2 Micro-focus X-ray CT image analysis and histological examination
Case Micro-focus X-ray CT image analysis Histological findings

No. Age Sex Proportion of HDA (%) Type of HDA Rate of ossification
in total area of
calcification (%)

C-PAF I-PAF PV

1 89 F 32.39 + - - 98.8

4 81 M 2.31 + - + 98.7

5 74 F 50.84 + - - 99.8

6 85 M 9.31 - + + 0

9 82 M 5.26 + - + 0

10 70 F 0.18 + - - 0

14 71 M 6.43 - + + 0

15 74 M 6.04 + - + 0

17 77 M 1.78 - - + 0

19 89 F 2.72 - - + 65.2

20 65 M 5.35 - + - 0

22 69 F 0.08 - + - 0

23 68 F 0.36 + - + 97.4

33 67 F 1.11 + - - 0

34 78 M 5.4 - + + 0

39 74 M 7.19 + - + 72.9

41 75 M 8.22 + - + 39.3

42 61 F 10.91 + - + 98.1

43 78 F 10.88 - + - 0

47 79 M 2.1 - - + 50.8

50 80 F 11.73 + - - 0

52 74 M 2.26 - - + 0

56 81 M 2.52 - - + 0

57 70 M 0.11 + - + 78.9

58 59 F 8.27 + - - 0

59 64 M 1.89 + - - 99.1

61 83 M 3.3 - - + 6.3

62 41 M 0.29 + - - 0

66 61 M 1.69 - - + 0

67 62 M 0.54 - - + 0

69 84 M 8.57 + - + 81.7

70 78 M 1.13 - - + 0

73 81 M 0.64 - + + 0

80 82 M 3.03 + - - 87.9

84 61 M 2.79 - - + 33.7

85 68 M 0.09 - + - 0

86 57 M 4.04 + - - 99.6

88 52 F 4.82 - + - 4.1

91 61 M 1.87 - - + 0

92 76 M 9.58 - + - 89.9

93 74 M 1.38 - - + 0

94 77 F 25.45 + - + 99.5
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influence the skeletal form and lifestyle of an individual.
In fact, calcification and/or ossification in this type were
observed in the thickened ligament of a dorsal portion
of the annular fibrosus, which did not have continuity to
enthesis. In addition, these findings also support the
hypothesis that the nucleus pulposus is herniated into
the site of the ruptured annular fibrosus in most cases.
A previous study reported that a potent regional factor

causes OPLL, leading to the initial degeneration and
subsequent herniation of the nucleus pulposus in ttw
mice [15]. Therefore, the rupture of the annular fibrosus
based on the degeneration of the disc might play an im-
portant role in inducing ossification in this type. How-
ever, most cases of the continuous posterior-annular
fibrosus type were observed as a projection of enthesis
because both the marrow and cortex of the projection of
the bone had continuity to pre-existing enthesis, al-
though calcification surrounding the bone as the ossifi-
cation front was typically present. In the ossification
front, degenerative changes in the elastic fibers and car-
tilaginous cartilage formation are typically observed, to-
gether with the appearance of metaplastic hypertrophic
cartilage cells and neovascularization [16]. Therefore, we
propose that this type of ossification results from the
elongation of enthesis rather than the formation of
metaplastic bone.

The micro-CT analysis in the present study revealed a
third ossification form, the posterior-vertebral type, his-
tologically characterized by a linear-shaped, stereoscop-
ically thin plate-shaped calcification in the PLL
developed just behind the vertebral body. The ossifica-
tion was essentially consistent with calcification, half of
which contained islets of mature bone in various
degrees. These findings suggested that the bone exhib-
ited in this ossification type might be generated through
a dystrophic calcification-bony metaplasia sequence.
Therefore, a difference in the mechanism of ossification
between both the continuous posterior-annular fibrosus
type and the posterior-vertebral type might exist. The
former could be regarded as an extension of the existing
bone by endochondral ossification. However, because a
previous study reported that the PLL behind the verte-
bral body is less affected through tension stress-related
spinal flexion [17], the ossification that developed behind
the vertebral body was much less influenced through
mechanical stress that might be regarded as a static nat-
ural course, such as aging-related changes. Although the
elongation of the existing bone has been widely regarded
as one of the important courses of OPLL, the results of
the present study highlighted the minute ossification
that developed in PLL of non-clinically overt OPLL

Table 2 Micro-focus X-ray CT image analysis and histological examination (Continued)

95 49 M 4.51 - + - 27.4

98 58 M 1.44 - - + 26

99 83 M 3.19 - - + 0

100 77 F 0.15 + - - 44

101 89 M 4.28 + - + 53.9

102 86 M 38.51 + - - 96.6

HDA high-density area
C-PAF continuous posterior-annular fibrosus type
I-PAF isolated posterior-annular fibrosus type
PV posterior-vertebra type

Table 3 Comparison between the group with no ossification
and the group showing ossification (Mann–Whitney U-test)

All cases Ossification r

(+) (-)

Number of cases 103 48 55 -

Age (years) 68.5 72.4 65.1 p < 0.01

Sex (male %) 67.0 70.8 63.6 n.s.

BMI (Kg/m2) 21.4 22.1 20.8 n.s.

HbA1c (%) 5.8 6.1 5.5 p < 0.01

Diabetes (%) 28.2 31.3 25.5 n.s.

Malignant tumor (%) 58.3 56.3 60.0 n.s.

BMI body mass index

Table 4 Correlation between the proportion of ossification
and/or calcification and putative predictive factors
(Pearson correlation coefficient)

Proportion of O/C Age BMI HbA1c

Proportion of HDA r - 0.265 0.062 0.294

p - 0.007 0.548 0.004

Age r 0.265 - 0.105 0.053

p 0.007 - 0.311 0.607

BMI r 0.062 0.105 - 0.058

p 0.548 0.311 - 0.590

HbA1c r 0.294 0.053 0.058 -

p 0.004 0.607 0.590 -

O/C ossification and/of calcification
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subjects, suggesting another manner of bone formation
in PLL, namely, one that has a close relationship to rup-
turing of the annular fibrosus through mechanical stress
and another regarded as dystrophic calcification-based
bony metaplasia.

Conclusion
We observed the PLL in 103 cadavers using micro-focus
X-ray CT images and histological sections.

1. Minute foci of calcification and/or ossification
greater than 0.1 mm2 were observed in the PLL of
48 cases (46.6 %), half of which revealed mature
bone structures inside this area (23.3 %).

2. The proportion of minute foci of calcification
observed in the present study was correlated with
age and glucose tolerance, suggesting that these
changes are associated with OPLL in the early stage.

3. Three different mechanisms of ossification were
observed: The two ossification structures developed
behind the disc might reflect the elongation of
enthesis or rupture of annular fibrosus, while the
remaining structure developed behind vertebral

body might reflect a sequence of dystrophic
calcification-based bony metaplasia.

Limitation
This study was a retrospective study using autopsy cases;
thus, some of the values during the extraction of infor-
mation were missing, reflecting the autopsy protocol
and incomplete medical records. Additionally, each
numerical value might include a change relative to the
condition of the original disease because these values
were obtained at death or during the last admission.
In all cases, the spine of the thoracolumbar transition

was preserved, and the investigations were therefore per-
formed using the lumbar spine. However, the cervical
spine is most frequently affected with OPLL. Fur-
thermore, because we performed tests using micro-focus
X-ray CT, the size of the specimens was limited, and
only one intervertebral level could be investigated.

Abbreviations
PLL: posterior longitudinal ligament; OPLL: ossification of the posterior
longitudinal ligament; CT: computed tomography.
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Table 5 Examination of the morphological characteristics of the ossification, the posterior-annular fibrosus type, and the
posterior-vertebral type (t-test)

C-PAF Other P value I-PAF Other P value PV Other P value

n = 23 n = 80 n = 11 n = 92 n = 29 n = 74

Age (years) 73.09 67.20 0.041 70.18 68.32 0.622 74.86 66.03 0.000

BMI (Kg/m2) 23.74 20.75 0.034 19.84 21.58 0.115 21.18 21.46 0.767

HbA1c (%) 5.93 5.76 0.315 6.209 5.746 0.151 5.967 5.734 0.344

C-PAF continuous posterior-annular fibrosus type
I-PAF isolated posterior-annular fibrosus type
PV posterior-vertebra type

Fig. 7 Mature bone tissue in isolated calcifying foci in the PLL. The
posterior-vertebral type showing isolated calcifying foci in the PLL,
which contained islets of mature bone tissue
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ABSTRACT 
Purpose: The usefulness of dissolving microneedles (DMs) for local skin therapy by basic fibroblast growth factor 
(bFGF) was studied in rats. Methods: We prepared four kinds of bFGF-loaded DMs, approximately 500 μm length and 
300 μm diameter at the bottom. Long-term stability and dissolution studies were performed by HPLC method. Pharma- 
cokinetic and pharmacological evaluations were performed after administration of bFGF loaded DMs to rats. Results: 
The bFGF contents were 2.15 ± 0.07, 1.07 ± 0.04, 0.56 ± 0.07 and 0.12 ± 0.03 μg. The 100.2 ± 3.4%, 100.2 ± 3.3%, 
99.3 ± 1.4% and 100.4 ± 3.0% of bFGF were recovered after 1, 3 and 6 months and 1 year incubation at 40˚C. The 
bFGF was released from DMs within 5 min. In a pharmacokinetic study using 2.0 and 1.0 μg bFGF-loaded DMs, no 
systemic exposure of bFGF was detected. The initial bFGF concentrations in the rat skin tissue after administration of 
bFGF-loaded DMs to the hair-removed rat abdominal skin were 510.2 ± 20.1 ng/g wet weight for 2 μg bFGF DMs and 
264.2 ± 56.5 ng/g wet weight for 1 μg DMs, declining slowly thereafter to 226.3 ± 33.5 and 105.1 ± 27.4 ng/g wet 
weight at 6 hr after administration. Good dose-dependency was observed. Pharmacological evaluation of bFGF-loaded 
DMs of 2.0, 1.0, 0.5, and 0.1 μg, in the wound healing rat model, all used DMs, but 0.1 μg DMs, showed good healing 
effects. Considered collectively, these results suggest the usefulness of bFGF-loaded DMs for local therapy of skin 
wound disease. 
 
Keywords: Basic Fibroblast Growth Factor (bFGF); Dissolving Microneedles (DMs); Transdermal Delivery; 

Wound Healing; Rats 

1. Introduction  
Dissolving microneedles (DMs) are a novel transdermal 
drug delivery system (TDDS) for peptide/protein drugs, 
where drugs are absorbed from the skin into the systemic 
circulation with high absorption efficiency [1]. When 
DMs applied with biopharmaceuticals having poor per- 
meability through the skin, high bioavailabilities (BAs) 
and/or pharmacological availabilities (PAs) have been 
obtained: 98.1% for insulin in rats [2] and 72.8% - 89.9% 
for recombinant human growth hormone (rhGH) in rats 
[3], and 65.9% - 69.0% for erythropoietin (EPO) in dogs 
[4]. The relative BA of interferon (IFN) against subcuta- 
neous injection of IFN solution was 79.9% - 117.8% in  

rats [5]. In those studies, DMs were designed to deliver 
peptide/proteins percutaneously to the systemic circula- 
tion and to elucidate their systemic effects. Microneedles 
(MNs) of several kinds have been developed: surface- 
coated MNs, hollow type MNs, and solid type MNs [6-8], 
which can be made of metal, plastic or silicon. Coated 
type MNs physically break the skin barrier and deliver 
the coated drug to the epidermal and dermal regions of 
the skin. Hollow type and solid type MNs make micro- 
conduits on the skin surface region, through which the 
drug is delivered as a solution or ointment with a micro- 
pump or sponge. Because the materials used to produce 
those MNs are not used in pharmaceutical preparations, 
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those MNs do not belong to the category of pharmaceu- 
tical preparation. In contrast, DMs are made of water- 
soluble thread-forming biopolymer such as chondroitin 
sulfate, dextran, hyaluronic acid and albumin that are 
used as the base polymer [2-5] and drug is formulated as 
a solid dispersion with those base polymers. Using micro- 
fabrication technology, 200 - 300 DMs are made on a 
chip of 15 - 20 mm diameter as arrays [1]. Each DM has 
approximately 500 μm length and 300 μm diameter at its 
base. 

Human skin comprises three layers: the stratum cor- 
neum, epidermis, and dermis. The first is the 10 - 15 μm- 
thick outer layer; it is dead tissue. The stratum corneum 
has a strong primary barrier function against exogenous 
compounds, including drugs. The second barrier is the 
viable epidermis (100 - 150 μm), which contains tissues 
such as living cells. However, no blood vessels exist in 
the epidermis. To increase the skin permeability of drugs, 
numerous approaches have been attempted using chemi- 
cal enhancers, electric fields, ultrasound, and thermal me- 
thods [9-13]. However, these TDDS’ success has remain- 
ed limited because of the strong barrier function of the 
skin: the membrane permeability of drugs through the 
skin is extremely low. The DMs have sufficient hardness 
to penetrate into the skin and deliver the formulated drug 
to the epidermis after the base polymer dissolves imme- 
diately in the skin. We have conducted feasibility studies 
of DMs to assess the systemic delivery of poor mem- 
brane permeable drugs, especially biopharmaceuticals 
[2-5]. However, DMs are also applicable for the local de- 
livery of drugs used for the therapy of skin diseases.  

Basic fibroblast growth factor (bFGF), which is re- 
leased during the early stage of the wound healing proc- 
ess, promotes the migration, proliferation, proteolytic en- 
zyme production, and capillary growth of endothelial 
cells [14-18]. In fact, bFGF is used clinically for the bed- 
sore therapy. However, when bFGF was applied as an 
anti-aging therapy of the skin, good clinical results were 
obtained, where bFGF solution was injected to the face 
skin [19-21]. However, before injection of a bFGF solu- 
tion, local anesthesia is necessary. On the other hand, the 
important benefit of DMs is their pain-free or less-pain- 
ful administration of drug to the skin. Therefore, in this 
report, DMs were applied to bFGF for local skin therapy 
in acute incisional wounds and their efficiency was eva- 
luated in rat experiments. 

2. Materials and Methods 
2.1. Materials 
We obtained bFGF from Fibrasto SprayTM (Kaken Phar- 
maceutical Co., Ltd., Tokyo, Japan) as a lyophilized pro- 
duct. Coomassie brilliant blue (BB), sodium chondro- 
itin sulfate, cellulose acetate (CA) and hydroxypropyl 

cellulose (HPC) were obtained from Wako Pure Chemi- 
cal Industries Ltd. (Osaka, Japan). Evans blue and dex- 
tran were obtained from Nacalai Tesque Inc. (Kyoto, Ja- 
pan). An R & D Systems bFGF ELISA assay kit was ob- 
tained from Cosmo Bio Co. Ltd. (Tokyo, Japan). Male 
Wistar Hannover rats used in the study were obtained 
from Japan SLC, Inc. (Hamamatsu, Japan). A standard 
solid-meal commercial food (LabDietTM; Nippon Nou- 
san, Yokohama, Japan) was used. All other materials us- 
ed were of reagent grade and were used as received. 

2.2. Preparation of DM Array Chip 
The BB solution and evans blue solution were prepared 
by dissolving 1.0 mg of BB and evans blue with 3 ml of 
distilled water. To the mixture of bFGF (10.0 - 1.0 mg), 
sodium chondroitin sulfate (15.0 mg) and dextran (10.0 
mg), 60 μl of BB solution or evans blue solution was 
added and dissolved. After obtaining the hydrogel, the 
glue was degassed under reduced pressure and then dis- 
pensed into a mold containing 225 inverted cone-shaped 
wells with area of 1.0 cm2. Each well was 500 µm deep 
with 300 µm diameter at its top. The mold was covered 
with a 300 g steel plate, and the drug glue was filled into 
the wells. After the plate was removed, glue consisting of 
15 mg of chondroitin sulfate and 25 ml of distilled water 
was painted over a chip that had been prepared using a 
tabletting machine (Handtab-100; Ichihashi Seki, Kyoto, 
Japan) with the mixture of CA and HPC. The 17 mm dia- 
meter chip was 2.5 mm thick. After drying under pres- 
sure of a stainless steel plate for 3 h, the plate was re- 
moved and DMs were obtained by detaching them with a 
supporting material. Placebo DMs were prepared using 
the same method, but bFGF was not added to them. 

2.3. Microscopic Observation of DMs 
The bFGF-loaded DM array chip stained with BB was 
observed under normal light using a digital videomicros- 
cope (VH-5500; Keyence Co., Osaka, Japan). 

2.4. bFGF Contents in DMs 
The bFGF was extracted from a chip having DMs with 
2.0 ml of phosphate buffer, pH 7.4, by slow agitation for 
10 min at 4˚C. The obtained extract was centrifuged at 
13,000 rpm for 5 min at 8˚C (Kubota 3700; Kubota Corp., 
Tokyo, Japan). The supernate was separated from the 
debris and 100 μl of the supernate was injected to the 
HPLC system. 

2.5. HPLC Assay Method of bFGF 
The 50 - 100 μl of the bFGF solution was injected to the 
HPLC system composed of LC-10A pump (Shimadzu 
Corp., Kyoto, Japan) and UV detector (SPD-10A; Shi- 
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madzu Corp., Kyoto, Japan). The used column was a 
GPC column, TSK-GEL G3000SW column, 7.5 mm × 
300 mm, with TSK-GUARD column SW, 7.5 mm × 75 
mm (Tosoh Corp., Tokyo, Japan). The mobile phase con- 
sisted of 0.2 M phosphate buffer, pH 6.8. The flow rate 
was 1.0 ml/min. The column temperature was 30˚C. The 
detection wavelength of bFGF was 280 nm. 

2.6. In Vitro Dissolution Experiment 
An in vitro dissolution experiment was performed using 
DM array chip with 3.0 ml of phosphate buffered saline 
(PBS), pH 7.4, as the dissolution medium at 37˚C. To de- 
termine the amount of bFGF released from DM array 
chip, 0.1 ml of the dissolution medium was collected for 
the assay at the predetermined time, 0, 1.0, 2.0, 3.0, 5.0, 
8.0, 10.0, 15.0 and 30 min, thereafter replaced with fresh 
dissolution medium that had been degassed before. The 
cumulative released amount of bFGF from DM array 
chip was defined by the following equation. 

t

t 30min
t=0

Cumulative amount released M M 100%§ · ¨ ¸
© ¹
¦ u  

In that equation, Mt was the amount of bFGF dis- 
solved at time t and M30min was the dissolved amount of 
bFGF at 30 min after the start of the dissolution experi- 
ment. 

2.7. Stability Experiment 
DM array tips were kept for 1, 3, 6 and 12 months under 
four temperature conditions: −80, 4, 23, and 40˚C. There- 
after, DM array chips were dissolved with 2.0 ml of 
phosphate buffer, pH 7.4, and bFGF contents were mea- 
sured using HPLC method. 

2.8. In Vivo Absorption Experiments in Rats 
Male Wistar Hannover rats, 338 ± 17 g, were anesthe- 
tized with intraperitoneal (ip) injection of sodium pento- 
barbital, 50 mg/kg. One group consisted of 3 - 4 rats. At 
5 min before drug administration, 0.25 ml of blank blood 
sample was obtained from the left jugular vein with a he- 
parinized syringe. The hair on the abdominal region was 
removed with a shaver. The bFGF-loaded DM array chip 
was administered to the skin by pressing with an appli- 
cator for 3.0 min. At 15 and 30 min and at 1, 2, and 3 hr 
after administration, 0.2 ml blood samples were collected 
from the left jugular vein using a heparinized syringe. By 
centrifuging at 12,000 rpm for 10 min at 4˚C (Kubota 
1700; Kubota, Tokyo, Japan), 100 Pl plasma samples 
were obtained. The resultant plasma samples were stored 
at −80˚C until analysis. 

For the subcutaneous (sc) injection experiment, bFGF 
solution was injected to another group of rats, 1.0 and 2.0 

IU. After a 0.25-ml blank blood sample was obtained 
from the left jugular vein, blood samples of 0.2 ml were 
obtained for 4 hr and plasma samples were obtained after 
centrifugation. All these plasma samples were immedia- 
tely frozen in a deep freezer at −80˚C until analysis. 

In another group of rats, the kinetics of bFGF in the 
administered skin tissue was studied. After administra- 
tion of the bFGF-loaded DM array chip to the rat skin, 
the skin tissue was removed at 1, 2, 3, 4, 5 and 6 hr and 
was homogenized with ten times the volume of PBS. The 
obtained homogenate was centrifuged at 12,000 rpm with 
a centrifuge for 10 min. The obtained supernate was used 
for bFGF contents by ELISA assay. 

2.9. Experimental Therapy of Incisional Wounds 
on the Rat Skin 

Male Wistar Hannover rats, 321 ± 13 g, were anesthe- 
tized with an ip injection of sodium pentobarbital. One 
group consisted of 5 - 6 rats. The hair on the abdominal 
region was removed using a shaver. After a wound was 
created using a surgical scalpel, the skin was sutured 
with three dots. Then the abdominal skin was covered 
with tape. The rats were kept in a cage for three days 
with food and water given ad libitum. At 3 days after sur- 
gery, bFGF-loaded DM array chip was administered to 
the incisional wound formed on the abdominal skin. 
Thereafter the state of the wound was monitored for 4 
days, with images recorded using a digital camera (Nikon 
D500; Nikon Corp., Tokyo, Japan). 

All animal protocols were approved by the institu- 
tional animal care and use committee. Experiments were 
conducted in accordance with the Guidelines for Animal 
Experimentation, Kyoto Pharmaceutical University. 

2.10. Plasma bFGF Assay with ELISA Method 

The plasma bFGF levels were measured using an enzyme 
immunoassay (EIA) method using an Immunoassay Kit 
(R&D Systems, Minneapolis, USA). The method uses a 
quantitative sandwich enzyme immunoassay technique. 
The bFGF concentration of the plasma samples was de- 
termined against a standard curve of bFGF in rat plasma. 
The variability of the assay was evaluated using data ob- 
tained for bFGF quality control samples prepared in rat 
plasma and the standard curve. The validation parameters 
of precision (CV less than 15%) and accuracy (recovery 
of ± 20%) were acceptable and the lower limit of quan- 
titation (LOQ) was 30.0 pg/ml. A plate-shaker (Titramax 
101; Heidolph Instruments GmbH and Co., KG, Ger- 
many) and a plate washer (Dia-washer II; Dia-Iatron Co. 
Ltd., USA) were used. Absorbance was measured at 450 
nm using a microplate reader (MTP-300; Corona Electric 
Co. Ltd., Japan). 
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2.11. Statistics 
All values are expressed as their mean ± S.E. Statistically 
significant differences were inferred for p < 0.05 (Stu- 
dent’s unpaired t-test). 

3. Results  
3.1. Physicochemical Characteristics of Prepared 

DMs 
Four kinds of bFGF-loaded DM array chips were pre- 
pared as presented in Figure 1, where the location of 
bFGF in the DMs was suggested by blue color due to the 
addition of BB, because BB made a uniform coloring of 
the bFGF filled tip portion of DM than evans blue. As 
the same mold was used to prepare DM array chips of 
four kinds, the shapes and sizes of the DM array chips 
were fundamentally equal. Table 1 presents the physico- 
chemical properties of the used DM array chips. The 
mean lengths of the DMs were 481 ± 8 (SE), 489 ± 3, 
472 ± 5, and 487 ± 9 μm. Their basement diameters were, 
respectively, 286 ± 6, 289 ± 3, 284 ± 6, and 288 ± 7 μm. 
The formulated amounts of bFGF were measured using 
HPLC assay with GPC mode. The bFGF contents of the 
 

 
Figure 1. Dissolving microneedles and their array chips 
containing 0.1 - 2.0 μg bFGF. The tip portion where bFGF 
was formulated was stained with brilliant blue. 
 
Table 1. Physicochemical properties of bFGF DM array 
chips. 

Type Amount of bFGF Length (μm) Diameter of 
basement (μm)

2.0 μg 2.15 ± 0.07 481 ± 8 286 ± 6 

1.0 μg 1.07 ± 0.04 489 ± 3 289 ± 3 

0.5 μg 0.56 ± 0.07 472 ± 5 284 ± 6 

0.1 μg 0.12 ± 0.03 487 ± 9 288 ± 7 

Each value shows the mean ± S.D. (n = 4 - 6) 

four kinds of DM array chips were measured to be, res- 
pectively, 2.15 ± 0.07 (SE), 1.07 ± 0.04, 0.56 ± 0.07, and 
0.12 ± 0.03 μg. 

The long term stability studies on bFGF loaded DM 
array chips were performed for 1, 3 and 6 months and 1 
year. The results are shown in Table 2, where bFGF con- 
tents were also assayed using HPLC method. The re- 
maining amounts of bFGF in DMs are shown as the rela- 
tive percentage against DMs that were stored at –80˚C 
for individual temperature. High amounts of bFGF were 
recovered after incubation. Especially, 101.3 ± 3.4% 
(4˚C), 101.1 ± 2.9% (23˚C), and 100.4 ± 3.0 (40˚C) % of 
bFGF were detected after incubation under three differ- 
ent temperatures for 1 year. Those results suggest that 
bFGF was very stable in DMs, because bFGF existed in 
DMs as solid preparation. A dissolution experiment was 
conducted with the bFGF DM array chips. The represen- 
tative dissolution pattern is depicted in Figure 2, where 
DM array chips of which mean bFGF content was 2.15 
μg were used. The dissolution rate of bFGF was so high 
that the formulated bFGF was released completely from 
DM array chips within 5 min. 

3.2. Effect of bFGF Loaded DMs on Incisional 
Wound Recovery in Rats 

Pharmacological evaluation of bFGF loaded DMs was  
 

Table 2. Long-term stability of bFGF in DMs. 

Temperature 
Period 

4˚C 23˚C 40˚C 

1 week 101.6 ± 4.7% 100.9 ± 8.8% 103.3 ± 4.7%

1 month 100.7 ± 2.0% 98.7 ± 4.9% 102.8 ± 2.7%

3 months 98.7 ± 7.1% 99.0 ± 7.0% 100.7 ± 7.6%

6 months 98.8 ± 2.6% 99.0 ± 1.2% 99.3 ± 1.4% 

1 year 101.3 ± 3.4% 101.1 ± 2.9% 100.4 ± 3.0%

Each value shows the mean ± S.D. (n = 4 - 5) 
 

 
Figure 2. Dissolution profile of bFGF from array chip con- 
taining 2.0 μg bFGF. Each point shows the mean ± S.E. (n = 
3 - 5). 
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performed in an experimental wound recovery model, 
where 5 - 6 rats were used in each group. The typical 
results are depicted in Figure 3. When 2.0 Pg bFGF 
loaded DMs were administered to the rat skin wound, the 
wound had recovered well by 96 hr after the start of the 
therapy, because a difference was found on the skin im- 
age of the treated rats against that of control group rats 
who were treated with placebo DM array chips. Similarly, 
wound recovery effects were observed with 1.0 and 0.5 
μg bFGF loaded DMs. However, no wound recovery 
effect was detected when 0.1 μg bFGF DM array chips 
were administered to the rat skin. Microscopic observa- 
tion of bFGF DM treated wounds on day 28 after surgi- 
cal operation was performed. DM treated wounds with 
1.0 or 2.0 μg bFGF loaded DM showed a marked de- 
crease in granulation tissues formation after injury as 
compared to the control group as shown in Figure 4. A 
diagram in each figure shows the estimated dermal gra- 
nulation tissue width. Azan staining, which is easy to dis- 
criminate the fibrotic region between injured and noin- 
jured areas, intensifies the decreased granulation tissues 
following bFGF DM therapy. 

 

 
Figure 3. Experimental wound therapy by bFGF loaded 
DMs, 2.0, 1.0, 0.5 and 0.1 μg. One group consisted of 5 - 6 
rats. The hair on the abdominal region was removed with a 
shaver. After wound was given by surgical knife, the skin 
was sutured with three dots and the abdominal skin was 
covered with tape. At 3 days after operation, bFGF loaded 
DM array chip was administered to the incisional wound 
formed on the abdominal skin and thereafter the state of 
the wound was monitored for 4 days and recorded. The 
active DM array chips groups received 2.0, 1.0, 0.5 and 0.1 
μg of bFGF. The control group rats received placebo DM 
array chips. 

2000 μm  
Figure 4. Histological study of the skin specimens at 4 weeks 
after the start of the therapy by bFGF DMs. A diagram line 
in each figure shows the estimated dermal granulation tis- 
sue width. Azan staining, which is easy to discriminate the 
fibrotic region between injured and no-injured areas, in- 
tensifies the decreased granulation tissues following bFGF 
DM therapy. Upper left photo shows the control group who 
receive placebo DMs, upper right photo shows 0.1 μg bFGF 
DM group, lower left photo shows 1.0 μg bFGF DM group 
and lower right photo shows 2.0 μg bFGF DM group. 

3.3. Pharmacokinetics of bFGF in Systemic 
Circulation after Percutaneous 
Administration of bFGF Loaded 
DMs to Rat Skin 

Plasma bFGF levels vs. time curves after administration 
of 2.0 and 1.0 μg bFGF loaded DMs to rat skin are pre- 
sented in Figure 5. After the administration of bFGF 
loaded DM array chips, plasma bFGF levels did not in- 
crease as compared to the pre-dose levels. There were 
not significant differences on the plasma bFGF levels for 
4 hr between 2.0 and 1.0 μg bFGF loaded DM groups 
and placebo DM group. To confirm whether systemic 
bFGF exposure occurred or not, bFGF solution was in- 
jected subcutaneously (sc) to rats at doses of 1.0, 2.0 and 
10.0 μg and the plasma bFGF level vs. time profiles are 
shown in Figure 6. Even for sc injection of bFGF at 2.0 
μg, plasma bFGF levels were almost equal levels to those 
of the placebo DM group. However, when the dose of 
bFGF was increased to 10.0 μg, the plasma bFGF level 
increased considerably to 68.5 ± 14.0 pg/ml at 15 min 
after injection. Thereafter, the plasma bFGF level de- 
creased to 10 pg/ml at 1 hr. Those results suggested that 
the systemic exposure of bFGF was not revealed after the  
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Figure 5. Plasma bFGF concentration vs. time curves after 
administration of bFGF loaded DMs to rat skin. ○: 1.0 μg 

△bFGF loaded DMs, □: 2.0 μg bFGF loaded DMs, : place- 
bo DMs. Each point shows the mean ± S.E. (n = 4). 
 

 
Figure 6. Plasma bFGF concentration vs. time curves after 
subcutaneous injection of bFGF solutions to rats. ○: 1.0 μg 

△bFGF, □: 2.0 μg bFGF, : 10.0 μg bFGF. Each point shows 
the mean ± S.E. (n = 4) 
 
percutaneous administration of bFGF by DMs. 

3.4. Skin Tissue Kinetics of bFGF after 
Administration by DMs 

Because systemic exposure of bFGF was not detected, 
skin tissue levels of bFGF were assessed. The results are 
presented in Figure 7. 

In the case of a 1.0 μg bFGF-loaded DM array chip, 
the skin bFGF levels immediately after the administra- 
tion of DMs were 264.2 ± 56.5 (SE) ng/g wet weight. 
Thereafter, tissue bFGF levels decreased gradually and 
reached 105.1 ± 27.4 ng/g wet weight at 6 hr after admi- 
nistration. When a 2.0 μg bFGF-loaded DM ray chip was 
administered to the rat skin, the tissue bFGF levels in- 
creased to 510.2 ± 20.1 ng/g wet weight immediately 
after administration in proportional to the increase of the 
formulated amount of bFGF. The skin tissue bFGF level 
at 6 hr after administration was 226.3 ± 33.5 ng/g wet 
weight. To increase the tissue delivery of bFGF, the DM 
array chips were attached to the rat skin for 2 hr after ad- 
ministration and tissue kinetics of bFGF was also 

 
Figure 7. Skin tissue bFGF levels vs. time curves after 
application of 1.0 and 2.0 μg bFGF loaded DMs array chips 
to rat skin for 3 min and 2 hr. 
 
studied. In those cases, the tissue bFGF levels were in- 
creased considerably. The tissue bFGF levels at 2 hr after 
administration were, respectively, 1410 ± 40 and 3003.1 
± 156.8 ng/g wet weight for 1.0 μg and 2.0 μg bFGF- 
loaded DM array chips. Thereafter, the tissue bFGF 
levels decreased to 565.2 ± 145.9 and 1068.6 ± 429.2 
ng/g wet weight at 6 hr. Those results suggest that skin 
tissue delivery of bFGF was increased about 20 times by 
attaching the DM array chip to the skin for 2 hr. 

4. Discussion 
The bFGF and growth factors such as platelet-derived 
growth factor (PDGF), erythrocyte growth factor (EGF) 
and transforming growth factor β (TGF-β) that localize at 
the wound site play a salient role in the wound healing 
process [22]. Among them, bFGF has many roles, not 
only in the early stage but also during the wound regene- 
ration process. Especially, in an animal model experi- 
ment including steroid-treated mice and diabetic mice, 
the regeneration rate of the wound was prolonged [19-21, 
23,24]. However, in these studies, bFGF was adminis- 
tered to mice by sc injection. In the case of human pa- 
tients, wound repair on the face is an important inter- 
vention, where injection therapy is not sophisticated. In- 
stead, displacement therapy must be developed to in- 
crease the QOL of the patients. Therefore, DMs are can- 
didates to deliver bFGF to the epidermis and dermis of 
the skin. Because bFGF is a biopharmaceutical, protein, 
it is not stable [25,26]. However, in this study, lyophi- 
lized bFGF as a pharmaceutical preparation for the the- 
rapy of decubitus was used to prepare DMs. Results show 
that good long-term stability, 1 year, of bFGF was ob- 
tained even at 40˚C in DMs. In this study, pharmaco- 
logical evaluation of bFGF DM array chips was per- 
formed by an in vivo rat wound healing model experi- 
ment. At first, wound was made on the rat skin and was 
treated by suture. The bFGF therapy with DM array 
chips was performed at 3 days after wound was made  
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when the sutures were removed. Therefore, the wound on 
the skin surface was healed and there was no worry that 
bFGF was absorbed into the skin through the wound. In 
the case of this wound healing model experiment, it was 
difficult to make score on the healing process of the skin 
wound.  

With bFGF therapy, side effect, tumor, was suggested 
[27]. Therefore, we must take tumor risk into the consi- 
deration to develop a new percutaneous delivery system 
of bFGF. In fact, bFGF is used clinically in therapy of 
decubitus, where the clinical dose of bFGF is several 
hundred micrograms. Ishibashi et al. [28] conducted a 
clinical pharmacokinetic study of six patients with intrac- 
table skin ulcers by spraying bFGF solution. The bFGF 
solution concentration was 100 μg/ml. Spraying of 0.3 ml 
was performed five times for each treatment. Then, the 
administered dose of bFGF was 150 μg. In three patients, 
endogenous bFGF was detected in the systemic circula- 
tion before the administration of bFGF. However, serum 
bFGF concentrations were within the physiological va- 
riations during the treatment, from 30 min to 15 days 
after administration. In the remaining three patients, 
bFGF was not detected at any sampling point. In our ex- 
periment, two DMs containing 2.0 and 1.0 μg bFGF and 
injection solutions containing 1.0 and 2.0 μg bFGF were 
used, where significantly higher bFGF levels than endo- 
genous bFGF levels were not detected in the systemic 
circulation. By assuming the mean body weight of these 
rats as 333 g, the administered dose of bFGF, 1.0 - 2.0 μg, 
corresponds to 180 - 360 μg of bFGF in a human with 
body weight assumed as 60 kg. Therefore, systemic non- 
exposure of bFGF in rats after the sc injection and percu- 
taneous administration with DMs were acceptable. How- 
ever, high bFGF levels were maintained in the rat skin 
tissue. Immediately after the administration of 2.0 μg 
bFGF loaded DMs, high skin tissue bFGF concentration 
was detected, 510.2 ± 20.1 ng/g wet weight, at the ad- 
ministered rat skin site. Thereafter, the bFGF concentra- 
tion declined gradually and reached 226.3 ± 33.5 ng/g 
wet weight at 6 hr after administration. When 1.0 μg 
bFGF-loaded DM was administered to the rat skin, the 
initial bFGF level was 264.2 ± 56.5 ng/g wet weight and 
skin tissue bFGF levels decreased, which matches the 
result obtained after the administration of 2.0 μg bFGF 
loaded DMs. Therefore, good dose-dependency was 
found for the bFGF skin tissue kinetics. To measure the 
skin tissue bFGF levels, approximately 1.0 g of skin tis- 
sue was collected. By multiplying the skin tissue bFGF 
concentration immediately after the administration of 
bFGF loaded DMs by the tissue wet weight, the amount 
of bFGF administered to the skin can be estimated. In 
both cases, the estimated amounts of bFGF administered 
to the skin were approximately 500 and 250 ng. Because 
the bFGF contents in both DMs were 2.0 and 1.0 μg, 
about one-fourth of the loaded bFGF was inserted and 

administered to the rat skin. Tanaka et al. [29], after 
studying the mechanism of wound healing acceleration 
by bFGF, reported that bFGF promoted the recruitment 
of inflammatory cells into the wound site to induce a 
cascade reaction of growth factors including transfor- 
ming growth factor-β in a wound healing process. In 
their studies, 20 μl of bFGF solution, 1.0 mg/ml, was 
applied to the wound bed, ca. 2 cm2, and a transparent 
occlusive dressing was placed over the wound. Therefore, 
the administered dose of bFGF was 20 μg. Their experi- 
ment was designed to evaluate the topical bFGF prepara- 
tion and extrapolate to the human decubitus therapy by 
bFGF spray preparation. The topically applied bFGF dif- 
fused into the epidermis and dermis and induced a cas- 
cade reaction of growth factors. In this study, on the 
other hand, bFGF was delivered directly to the epidermis 
by DMs. Therefore, bFGF affected the cascade reaction 
of growth factors more efficiently and wound healing 
effect was obtained with a smaller amount of bFGF, 2.0 - 
0.5 μg, loaded in the DMs [20]. 

For these studies, chondroitin sulfate was used as the 
base of DMs. Sun et al. studied the effect of dextran hy- 
drogel scaffolds on the skin regeneration in burn wound 
healing models. Dextran hydrogel scaffolds showed en- 
hanced angiogenic response and promoted skin regene- 
ration [30]. In addition, hyaluronic acid was shown to be 
a potential vehicle for vitronectin: growth factor comple- 
xes in the two-dimensional monolayer cell cultures and 
3D de-epidermized human skin equivalent models [31]. 
Chondroitin sulfate, dextran, and hyaluronic acid are po- 
lysaccharides used to prepare DMs as the base polymer. 
It was inferred that chondroitin sulfate might have a 
wound healing effect. Therefore, a wound healing expe- 
riment on placebo group DMs made of chondroitin sul- 
fate was also performed. However, no significant diffe- 
rence was found in the healing effects between the pla- 
cebo group and the control group, the non-treated group. 
Results show that bFGF DMs are a good delivery device 
for the local therapy of skin diseases. 

5. Conclusion  

The bFGF-loaded DMs were prepared and wound heal- 
ing effects were studied after administration to hair-re- 
moved rat abdominal skin with DMs containing 2.0, 1.0, 
0.5, and 0.1 μg bFGF. The 2.0, 1.0, and 0.5 μg bFGF- 
loaded DMs showed wound healing effects, but no dif- 
ference was found between the wound healing effects of 
0.1 μg bFGF DMs and control groups. Pharmacokinetic 
study showed that there was not a systemic exposure by 
percutaneously administered bFGF with DMs and that 
the initial skin tissue bFGF concentrations were 510.2 ± 
20.1 and 264.2 ± 56.5 (SE) ng/g wet weight, which sug- 
gests that approximately 1/4 of the loaded bFGF was ad- 
ministered to the rat skin. DMs are anticipated for use as 
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a new system for delivering bFGF to patients via the 
skin. 

6. Acknowledgements 
This study was supported by a strategic fund of Ministry 
of Education, Culture, Sports, Science and Technology 
(MEXT) during 2008-2013 for establishing research foun- 
dations at private universities of Japan. 

REFERENCES 
[1] K. Takada, “Microfabrication Derived DDS: From Batch 

to Individual Production,” Drug Discoveries and Thera- 
peutics, Vol. 2, No. 3, 2008, pp. 140-155. 

[2] Y. Ito, T. Nakahigashi, N. Yoshimoto, Y. Ueda, N. Hama- 
saki and K Takada, “Transdermal Insulin Application Sys- 
tem with Dissolving Microneedles,” Diabetes Technology 
and Therapeutics, Vol. 14, No. 10, 2012, pp. 891-899. 
doi:10.1089/dia.2012.0096 

[3] K. Fukushima, A. Ise, H. Morita, R. Hasegawa, Y. Ito, N. 
Sugioka and K. Takada, “Two-Layered Dissolving Micro- 
needles for Percutaneous Delivery of Peptide/Protein Drugs 
in Rats,” Pharmaceutical Research, Vol. 28, No. 1, 2011, 
pp. 7-21. doi:10.1007/s11095-010-0097-7 

[4] Y. Ito, R. Hasegawa, K. Fukushima, N. Sugioka and K. 
Takada, “Self-Dissolving Microarray Chip as Percutane- 
ous Delivery System of Protein Drug,” Biological and 
Pharmaceutical Bulletin, Vol. 33, No. 4, 2010, pp. 683- 
690. doi:10.1248/bpb.33.683 

[5] Y. Ito, A. Saeki, K. Shiroyama, N. Sugioka and K. Taka- 
da, “Percutaneous Absorption of Interferon-α by Self-Dis- 
solving Micropiles,” Journal of Drug Targeting, Vol. 16, 
No. 3, 2008, pp. 243-249.  
doi:10.1080/10611860801902575 

[6] H. S. Gill and M. R. Prausnitz, “Coated Microneedles for 
Transdermal Delivery,” Journal of Controlled Release, 
Vol. 117, No. 2, 2007, pp. 227-237.  
doi:10.1016/j.jconrel.2006.10.017 

[7] S. Henry, D. V. McAllis, M. G. Allen and M. R. Praus- 
nitz, “Microfabricated Microneedles: A Novel Approach 
to Transdermal Drug Delivery,” Journal of Pharmaceu- 
tical Sciences, Vol. 87, No. 8, 1998, pp. 922-925.  
doi:10.1021/js980042+ 

[8] G. Levin, A. Gershonowitz, H. Sacks, M. Stern, A. Sher- 
man, S. Rudaev, I. Zivin and M. Phillip, “Transdermal De- 
livery of Human Growth Hormone through RF-Micro- 
channels,” Pharmaceutical Research, Vol. 22, No. 4, 
2005, pp. 550-555. doi:10.1007/s11095-005-2498-6 

[9] B. Barry and A. Williams, “Penetration Enhancers,” Ad- 
vanced Drug Delivery Reviews, Vol. 56, No. 5, 2004, pp. 
603-618. doi:10.1016/j.addr.2003.10.025 

[10] G. Cevc, “Lipid Vesicles and Other Colloids as Drug 
Carriers on the Skin,” Advanced Drug Delivery, Vol. 56, 
No. 5, 2003, pp. 675-711. doi:10.1016/j.addr.2003.10.028 

[11] A. Doukas, “Transdermal Delivery with a Pressure Wave,” 
Advanced Drug Delivery, Vol. 56, No. 5, 2004, pp. 559- 
579. doi:10.1016/j.addr.2003.10.031 

[12] S. Mitragotri and J. Kost, “Low-Frequency Sonophoresis: 
A Review,” Advanced Drug Delivery Reviews, Vol. 56, 
No. 5, 2004, pp. 589-601.  
doi:10.1016/j.addr.2003.10.024 

[13] V. Preat and R. Vanbever, “Skin Electroporation for Trans- 
dermal and Topical Delivery,” Advanced Drug Delivery 
Reviews, Vol. 56, No. 5, 2004, pp. 659-674.  
doi:10.1016/j.addr.2003.10.027 

[14] S. E. Epstein, S. Fuchs, Y. F. Zhou, R. Baffour and R. Kor- 
nowski. “Therapeutic Interventions for Enhancing Collat- 
eral Development by Administration of Growth Factors: 
Basic Principles: Early Results and Potential Hazards,” 
Cardiovascular Research, Vol. 4, No. 3, 2001, pp. 532- 
542. doi:10.1016/S0008-6363(00)00217-0 

[15] S. Hashimoto, A. Hagino and Y. Amagai, “Fibroblast 
Growth Factor-Induced Decrease in the Phosphorylation 
of Nsp100 Mediated through a Calcium-Dependent Me- 
chanism and Blocked by Lectin,” Cell Structure and 
Function, Vol. 15, No. 4, 1990, pp. 181-189. 
doi:10.1247/csf.15.181 

[16] M. Okumura, M. Yajima, T. Nishimura, H. Ikeda and T. 
Nishimori, “General Pharmacology of Recombinant Hu- 
man Basic Fibroblast Growth Factor,” Arzneimittel For- 
schung, Vol. 46, No. 7, 1996, pp. 727-739.  

[17] P. Rieck, M. Assouline, M. Savoldelli, C. Hartmann, C. 
Jacob, Y. Pouliquen and Y. Courtois, “Recombinant Hu- 
man Basic Fibroblast Growth Factor (Rh-bFGF) in Three 
Different Wound Models in Rabbits: Corneal Wound 
Healing Effect and Pharmacology,” Experimental Eye Re- 
search, Vol. 54, No. 6, 1992, pp. 987-998.  
doi:10.1016/0014-4835(92)90163-M 

[18] R. Westermann, C. Grothe and K. Unsicker. “Basic Fibro- 
blast Growth Factor (bFGF), a Multifunctional Growth 
Factor for Neuroectodermal Cells,” Journal of Cell Sci- 
ence. Supplement, Vol. 13, 1990, pp. 97-117.  
doi:10.1242/jcs.1990.Supplement_13.10 

[19] Y. Akasaka, I. Ono, T. Kamiya, Y. Ishikawa, T. Kinoshi- 
ta, S. Ishiguro, T. Yokoo and T. Ishii, “The Mechanisms 
Underlying Fibroblast Apoptosis Regulated by Growth 
Factors during Wound Healing,” The Journal of Pathol- 
ogy, Vol. 221, No. 3, 2010, pp. 285-299. 
doi:10.1002/path.2710 

[20] I. Ono, Y. Akasaka, R. Kikuchi, A. Sakemoto, T. Kamiya, 
T. Yamashita and K. Jimbow, “Basic Fibroblast Growth 
Factor Reduces Scar Formation in Acute Incisional 
Wounds,” Wound Repair and Regeneration, Vol. 15, No. 
5, 2007, pp. 617-623.  
doi:10.1111/j.1524-475X.2007.00293.x 

[21] I. Ono, “The Effects of Basic Fibroblast Growth Factor 
(bFGF) on the Breaking Strength of Acute Incisional 
Wounds,” Journal of Dermatological Science, Vol. 29, 
No. 2, 2002, pp. 104-113. 
doi:10.1016/S0923-1811(02)00019-1 

[22] G. R. Grotendorst, “Chemoattractants and Growth Factors,” 
In: I. K. Cohen, R. F. Diegelmann, W. J. Lindblad, Eds., 
Wound Healing, W. B. Saunders Co., Philadelphia, 1992, 
pp. 237-246.  

[23] Y. Akasaka, I. Ono, A. Tominaga, Y. Ishikawa, K. Ito and 
T. Suzuki, “Basic Fibroblast Growth Factor in an Artifi- 

Copyright © 2013 SciRes.                                                                                JBNB 



Usefulness of Basic Fibroblast Growth Factor (bFGF) Loaded Dissolving Microneedles for Local Therapy of Skin Wounds 

Copyright © 2013 SciRes.                                                                                JBNB 

264 

cial Dermis Promotes Apoptosis and Inhibits Expression 
of Alpha-Smooth Muscle Actin, Leading to Reduction of 
Wound Contraction,” Wound Repair and Regeneration, 
Vol. 15, No. 3, 2007, pp. 378-389. 
doi:10.1111/j.1524-475X.2007.00240.x 

[24] Y. Akasaka, K. Ito, K. Fujita, K. Komiyama, I. Ono, Y. 
Ishikawa, Y. Akishima, H. Sato and T. Ishii, “Activated 
Caspase Expression and Apoptosis Increase in Keloids: 
Cytochrome C Release and Caspase-9 Activation during 
the Apoptosis of Keloid Fibroblast Lines,” Wound Repair 
and Regeneration, Vol. 13, No. 4, 2005, pp. 373-382.  
doi:10.1111/j.1067-1927.2005.130404.x 

[25] F. B. Anspach, H. Spille and U. Rinas, “Purification of Re- 
combinant Human Basic Fibroblast Growth Factor: Sta- 
bility of Selective Sorbents under Cleaning in Place Con- 
ditions,” Journal of Chromatography A, Vol. 711, No. 1, 
1995, pp. 129-139. doi:10.1016/0021-9673(95)00102-S 

[26] S. Vemuri, I. Beylin, V. Sluzky, P. Stratton, G. Eberlein 
and Y. J. Wang, “The Stability of bFGF against Thermal 
Denaturation,” Journal of Pharmacy and Pharmacology, 
Vol. 46, No. 6, 1994, pp. 481-486. 
doi:10.1111/j.2042-7158.1994.tb03831.x 

[27] J. A. Wright and A. Huang, “Growth Factors in Mecha- 
nisms of Malignancy: Roles for TGF-β and FGF,” His- 
tology and Histopathology, Vol. 11, 1996, pp. 521-536. 

[28] Y. Ishibashi, M. Furue, K. Kikuchi, M. Fujimoto, K. 

Takehara, S. Kawahara, M. Shirado, Y. Souma and M. 
Nindl, “Serum bFGF Concentrations Following Admini- 
stration of KCB-1 in Patients with Intractable Skin Ul- 
cers,” Journal Clinical Therapeutics and Medicines, Vol. 
12, No. 10, 1996, pp. 2143-2158.  

[29] E. Tanaka, K. Ase, T. Okuda, M. Okumura and K. Nogi- 
mori, “Mechanism of Acceleration of Wound Healing by 
Basic Bibroblast Growth Factor in Genetically Diabetic 
Mice,” Biological and Pharmaceutical Bulletin, Vol. 19, 
No. 9, 1996, pp. 1141-1148. doi:10.1248/bpb.19.1141 

[30] G. Sun, X. Zhang, Y. Shen, R. Sebastain, L. E. Dickinson, 
K. Fox-Talbot, M. Reinblatt, C. Steenbergen, J. W. Har- 
mon and S. Gerecht, “Dextran Hydrogel Scaffolds En- 
hance Angiogenic Responses and Promote Complete Skin 
Regeneration during Burn Wound Healing,” Proceedings 
of the National Academy of Sciences of the United States 
of America, Vol. 108, No. 52, 2011, pp. 20976-20981. 
doi:10.1073/pnas.1115973108 

[31] Y. Xie, Z. Upton, S. Richards, S. C. Rizzi and I. David, 
“Leavesley, Hyaluronic Acid: Evaluation as a Potential 
Delivery Vehicle for Vitronectin: Growth Factor Comple- 
xes in Wound Healing Applications,” Journal of Con- 
trolled Release, Vol. 153, No. 3, 2011, pp. 225-232. 
doi:10.1016/j.jconrel.2011.03.021 

 

 
 



Histopathologic profiles of coronary atherosclerosis by myocardial bridge
underlying myocardial infarction

Yukio Ishikawa a,*, Yoshikiyo Akasaka a, Yuri Akishima-Fukasawa a, Ami Iuchi a, Koyu Suzuki b,
Mieko Uno b, Eriko Abe b, Yang Yang b, Chin-Ping Li b, Kiyoshi Mukai c, Hitoshi Niino d, Michio Tanaka e,
Yutaka Kawahara f, Hitoshi Sugiura g, Toshihito Shinagawa h, Shojiroh Morinaga i, Kentaro Ogata j,
Junko Onuma k, Maki Yanagida-Iida l, Kazuhiro Taki m, Akio Komatsu n, Hideaki Satoh o, Kazuaki Yamada p,
Reiko Shimokawa q, Kazutoshi Shibuya r, Kei Takahashi s, Toshiharu Ishii a
aDepartment of Pathology, Toho University School of Medicine, 5-21-16 Omori-nishi, Ota-ku, Tokyo 143-8540, Japan
b St Luke’s International Hospital, Tokyo, Japan
c Tokyo Saiseikai Central Hospital, Tokyo, Japan
dNational Hospital Organization Yokohama Medical Center, Yokohama, Japan
e Tokyo Metropolitan Hiroo Hospital, Tokyo, Japan
f Tokyo Kyosai Hospital, Tokyo, Japan
gKawasaki Municipal Kawasaki Hospital, Kawasaki, Japan
hKawasaki Municipal Ida Hospital, Kawasaki, Japan
iKitasato Institute Hospital, Tokyo, Japan
jKyosai Tachikawa Hospital, Tachikawa, Japan
kKeio University School of Medicine, Tokyo, Japan
lYokosuka Municipal Uwamachi Hospital, Yokosuka, Japan
mMusashino Red Cross Hospital, Musashino, Japan
nTama-Nambu Chiiki Hospital, Tama, Japan
o Saiseikai Kawaguchi General Hospital, Kawaguchi, Japan
pNational Disaster Medical Hospital, Tachikawa, Japan
q Saiseikai Yokohamashi Tobu Hospital, Yokohama, Japan
r Toho University Medical Center, Omori Hospital, Tokyo, Japan
s Toho University Medical Center, Ohashi Hospital, Tokyo, Japan

a r t i c l e i n f o

Article history:
Received 7 November 2011
Received in revised form
27 September 2012
Accepted 8 October 2012
Available online 16 October 2012

Keywords:
Myocardial bridge
Coronary artery
Atherosclerosis
Myocardial infarction

a b s t r a c t

Objective: Anatomic properties of myocardial bridge (MB) are sometimes responsible for myocardial
infarction (MI) through the changes in the atherosclerosis distribution in the left ascending coronary
artery (LAD). The purpose of this study was to investigate histopathologic profiles of atherosclerotic
lesions resulting from the MB presence in the LAD in the MI cases.
Methods: In 150 consecutive autopsied MI hearts either with MBs [MI(þ)MB(þ); n ¼ 67] or without MBs
[MI(þ)MB(#); n ¼ 83] and 100 normal hearts with MBs [MI(#)MB(þ)], LADs were consecutively cross-
sectioned at 5-mm intervals. The most advanced intimal lesion and unstable plaque-related lesion
characteristics (UPLCs) in each section were histopathologically evaluated in conjunction with the
anatomic properties of the MB, such as its thickness, length, location, and MB muscle volume burden
(MMV: the total volume of MB thickness multiplied by MB length).
Results: The MB showed a significantly greater thickness (P ¼ 0.0090), length (P ¼ 0.0300), and MMV
(P ¼ 0.0019) in MI(þ)MB(þ) than in MI(#)MB(þ). Mean age of acute MI cases was significantly younger
(P¼ 0.0227) inMI(þ)MB(þ) than inMI(þ)MB(#). Frequency of plaque fissure/rupture in the proximal LAD
was significantly higher in acute MI cases of MI(þ)MB(þ) than in MI(þ)MB(#). UPLCs tended to be located
proximally in MI(þ)MB(þ) and frequent 2.0 cm or more proximal to the MB entrance in MI(þ)MB(þ).
Conclusion: In MI(þ)MB(þ), UPLCs tend to be located more proximally, and a plaque in the LAD proximal
to the MB is prone to rupture, resulting in MI at younger age.
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1. Introduction

Myocardial bridge (MB) that partially covers the coronary artery
is a congenital anatomical variant and almost exclusively present in
the left anterior descending coronary artery (LAD) [1]. Coronary
atherosclerosis development is significantly suppressed in LAD
intima beneath the MB, when compared with LAD segment prox-
imal to the MB [1e3]. This effect is caused by blood flow alteration
from systolic compression of MB [1,4], and magnitude of athero-
sclerosis suppression is influenced by contractile force of MB [3].
However, the pathophysiologic role of MB in the occurrence of
coronary heart disease (CHD) has been also postulated [1,4].

As for the clinical significance of MB, the presence of MB is
associated with myocardial infarction (MI), arrhythmias, and
sudden death [1,4]. These originate solely from MB compression of
LAD during cardiac systole [5], and the LAD beneath MB is always
free from atherosclerotic lesion, especially in youth [4,6]. Beside
this mechanism, MI also occurs from spontaneously developed
atherosclerosis in LAD segment proximal to MB [1,4], because LAD
intima of this region is subjected to low shear stress evoking lipid
transfer augmentation under endothelium [1]. In our previous
study on MI cases, a large myocardial mass volume composing MB
is associated with enhanced atherosclerosis development in LAD
proximal to MB [7]. In addition, the segment severely affected by
atherosclerosis shifts proximally in MI cases with an MB compared
to MI cases without MB [7].

In this study, the extent and distribution of LAD atherosclerosis
was evaluated in conjunctionwith anatomic properties of MB, such
as MB length and thickness as well as MB location within LAD, for
autopsied 150 MI hearts. In addition, the differences in the distri-
bution of unstable plaque-related lesion characteristics (UPLCs)
between MI cases with MB and those without MB were histo-
pathologically investigated.

2. Methods

2.1. Materials

A total of 150 MI hearts were obtained from consecutive
autopsies at participating institutes from 2005 to 2010. MI hearts
had histopathologic infarct >1 cm in diameter in the area supplied
by LAD, and they were divided into three types: acute MI (AMI), old
MI (OMI), and acute-on-old MI. AMI consisted of coagulation
necrosis or granulation tissue. OMI had old fibrosis or scar, and
acute-on-old MI had features of both AMI and OMI. LAD was
removed from the ostium of the left main trunk (LMT) to the
cardiac apex with surrounding adipose tissue, fixed with 10%
formaldehyde, cross-sectioned at 5-mm intervals, and embedded
in paraffin. All thin sections were treated with hematoxylin-eosin
and elastic van Gieson’s stainings.

MI hearts were divided into two groups by microscopy: MI(þ)
MB(þ) group having MB(s) in LAD, and MI(þ)MB(#) group having
no MB in LAD (Table 1). The 41 MI cases had stent implantation in
LAD segments, and stent was removed from cross-sectioned tissues
before paraffin embedding. The 10 cases had bypass vessel which
had been removed from LAD before cross-section. As an age- and
sex-matched control group, one or two case(s) corresponding to
each case in MI(þ)MB(þ) group were extracted at the same insti-
tute. When there was no age-matched case, one case of 1-over age
and one case of 1-lower age with the same sex were selected. Such
100 hearts showing no MI but with an MB in LAD [MI(#)MB(þ)
group] were examined with the same methods.

As risk factors for MI, hypercholesterolemia and hypertension
were compared among the groups. Past history of hypercholester-
olemia or hypertension was evaluated through antemortem record

on their medications. Informed consent for autopsy was given by
relatives of each patient. The study protocol was approved by the
Ethics Committee of Toho University.

2.2. Anatomic properties of the MB

In cases with MB(s), the distance from LMT ostium to the first
LAD segment having MB was defined as MB location. Number of
consecutive LAD sections having MB multiplied by 5-mm was
defined as MB length. Myocardial thickness (millimeter) covering
LAD was microscopically measured in all segments with MB, and
the average value in each casewas defined as averageMB thickness.

Both MB length and thickness are closely related to athero-
sclerosis development in LAD segment proximal to MB [3]. To
assess MB muscle volume in MB(þ) case, the value of MB thickness
(millimeter) multiplied by 5-mm (one segment length) in each
segment with MB was calculated, and the sum of these values in
one LAD was defined as MB muscle volume burden (MMV). When
multiple MBs were found in one LAD, the most proximally located
MB was considered for anatomic properties of MB.

Table 1
Patient background.

MI(þ)MB(#) MI(þ)MB(þ) MI(#)MB(þ) P

n ¼ 83 n ¼ 67 n ¼ 100

Age, y, mean $ SD 75.9 $ 10.1a 70.0 $ 13.2 70.0 $ 12.5 0.0015
Age of AMI 74.5 $ 11.0

(n ¼ 28)
66.3 $ 14.1
(n ¼ 23)

e 0.0227b

Age of OMI 79.1 $ 8.4
(n ¼ 37)

73.5 $ 10.8
(n ¼ 32)

e 0.0168b

Age of acute-
on-old MI

71.4 $ 11.1
(n ¼ 18)

68.0 $ 16.1
(n ¼ 12)

e 0.4834b

Sex (M/F) 61/22 54/13 81/19 0.4127
Heart weight, g,

mean $ SD
477 $ 125 476 $ 110 371 $ 83 <0.0001

MI type 0.6503
AMI 28 (33.7%) 23 (34.3%) e

OMI 37 (44.6%) 32 (47.8%) e

Acute-on-old MI 18 (21.7%) 12 (17.9%) e

History of risk factors
Hypercholesterolemia 0.0130
Yes 53 (63.9%) 43 (64.1%) 48 (48.0%)c

No 24 (28.9%) 18 (26.9%) 47 (47.0%)
Unknown 6 (7.2%) 6 (9.0%) 5 (5.0%)

Hypertension 0.0011
Yes 51 (61.4%) 42 (62.9%) 41 (41.0%)d

No 26 (31.3%) 19 (28.4%) 54 (54.0%)
Unknown 6 (7.2%) 6 (9.0%) 5 (5.0%)

Stenting/bypass
operation

22/8 19/2 e

Anatomic properties
of MB
Average thickness,
mm

e 0.81 $ 0.44 0.62 $ 0.45 0.0090b

Length, mm e 19.0 $ 12.9 15.2 $ 9.7 0.0300b

Location, cm e 4.8 $ 1.1 4.5 $ 1.2 0.1312b

MMV, mm3 e 16.1 10.8 0.0019e

(Median; min.emax.) e (11.3;
0.8e67.5)

(6.9;
0.7e67.1)

MI: myocardial infarction, MB: myocardial bridge, AMI: acute myocardial infarction,
OMI: old myocardial infarction, MMV: MB muscle volume burden.

a MI(þ)MB(#) vs. MI(þ)MB(þ), P ¼ 0.0124; MI(þ)MB(#) vs. MI(#)MB(þ),
P ¼ 0.0167.

b Student’s t test.
c MI(þ)MB(#) vs. MI(þ)MB(þ), P ¼ 0.846; MI(#)MB(þ) vs. MI(þ)MB(#),

P ¼ 0.044; MI(#)MB(þ) vs. MI(þ)MB(þ), P ¼ 0.023. Statistical analysis is performed
by Bonferroni’s multiple comparison after excluding the cases with unknown
history.

d MI(þ)MB(#) vs. MI(þ)MB(þ), P ¼ 0.764; MI(#)MB(þ) vs. MI(þ)MB(#),
P ¼ 0.013; MI(#)MB(þ) vs. MI(þ)MB(þ), P ¼ 0.004. Statistical analysis is performed
by Bonferroni’s multiple comparison after excluding the cases with unknown
history.

e ManneWhitney U test.
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2.3. Classification of intimal lesions

By microscopy, the most advanced lesion type in each LAD
section was graded according to the AHA classification [8,9].
Normal intima, diffuse intimal thickening, and initial lesion were
defined as grade 1; fatty streak and preatheroma as grade 2;
atheroma as grade 3; fibroatheroma, lesions with fissure, rupture or
thrombus, and lesion with intra-plaque hemorrhage as grade 4;
and calcification-predominant lesions and advanced lesions with
fibrous changes as grade 5.

UPLCs were evaluated; calcification, foam cell aggregation at
plaque shoulder, intra-plaque hemorrhages, plaque fissure, and
thrombus attachment. They were considered vulnerable or so-
called rupture-prone plaques of potential culprit lesions for MI
[10]. Plaque fissure included both intra-plaque fissure and plaque
rupture, because the definition of “plaque rupture” is often
confused [11]. Such observations were made in cases without
stenting or bypass operation. LAD segments proximal to MB in
MB(þ) cases were examined, while in cases without MB, 10 LAD-
sections from LMT ostium up to 5.0 cm were examined, because
the average MB location in MI(þ)MB(þ) group was 4.8 cm which
corresponded to 10-sections from LMT ostium. The distribution
ratio of UPLCs within such length of each case was calculated. This
ratio of each lesion type was statistically compared among the two
MI(þ) groups.

2.4. Statistical analysis

Statistical analyses were performed using SPSS 11.0 for
Windows (SPSS Japan Inc., Tokyo, Japan). Normality testing showed
that MMV values and the distribution ratio of UPLCs in the MB(þ)
groups were not normally distributed. Sex ratio, distribution of MI
types, and risk factors were compared using chi-square test with
Bonferroni’s multiple comparison among the groups, in which the
analyses for risk factors were performed after excluding the cases
with unknown history. Mean age and heart weight were compared
among the groups by one-way ANOVA with Scheffe’s F test for
multiple comparison. Mean age by MI type, average MB thickness,
MB length, MB location, and grade of most advanced lesion were
compared between the two MI(þ) groups using Student’s t test.
Median values of MMV and the distribution ratio of UPLCs were
compared with ManneWhitney U test among the MB(þ) groups.

Differences in UPLCs distribution in the proximal LAD were
compared among the MI(þ) groups by relative frequency distri-
bution in each distance from the LMT using KolmogoroveSmirnov
test. This analysis was to examine a difference in the distribution
pattern of each lesion type, in which relative frequency at each
distance was calculated as the ratio of each lesion type frequency to
the total number of corresponding lesion, because the number of
lesions was different among groups. P values of the Kolmogorove
Smirnov test were obtained from one-tailed test, because
a previous report indicates that severe intimal lesions proximal to
an MB tend to locate more proximally toward the left coronary
ostium than that of MB(#) group [7].

In all analyses, differences were considered significant at
P < 0.05.

3. Results

3.1. Patient background

Mean age was significantly younger in MI(þ)MB(þ) group than
MI(þ)MB(#) group (Table 1). Heart weight was significantly greater
in the two MI(þ) groups than MI(#)MB(þ) group. Hypercholes-
terolemia and hypertension were more frequent in MI(þ) groups

than MI(#)MB(þ) group, but no difference was shown in their
frequencies among the MI(þ) groups.

3.2. Anatomic properties of MB

MB thickness and length were significantly greater in MI(þ)
MB(þ) group than MI(#)MB(þ) group (Table 1). However, MB
location did not differ between them. MMV in MI(þ)MB(þ) group
was significantly greater than MI(#)MB(þ) group.

3.3. Grade of intimal lesion in the entire LAD

Extent of intimal lesion from LMT ostium to 3.0 cm revealed no
significant difference between MI(þ)MB(#) and MI(þ)MB(þ)
groups, but it was significantly lower from 3.5 cm to 7.0 cm away
from LMT ostium in MI(þ)MB(þ) group than MI(þ)MB(#) group
(Fig. 1A). On the contrary, mean grade of intimal lesion throughout
LAD was significantly greater in MI(þ)MB(þ) group than MI(#)
MB(þ) group (Fig. 1B).

3.4. Distribution ratio of UPLCs in proximal LAD segment

The distribution ratio of UPLCs in proximal LAD is shown in
Table 2. In AMI cases, the distribution ratio of plaque fissure was
significantly higher in MI(þ)MB(þ) group than MI(þ)MB(#) group,
but the other comparisons showed no significant difference. In OMI
cases, there was no difference in the distribution ratio of UPLCs
between the two groups.

3.5. Distribution patterns of UPLCs in the proximal LAD in MI(þ)
groups

As sample sizes of MI(þ)MB(þ) and MI(þ)MB(#) groups were
not the same, their distribution patterns were compared in relative
frequency distribution (Fig. 2AeE) using KolmogoroveSmirnov
test. Relative frequency distributions of calcified lesion and foam
cell aggregation at shoulder portion were located significantly
more proximally in MI(þ)MB(þ) group than MI(þ)MB(#) group
(Fig. 2A and B). Number of cases with UPLCs from the LMT ostium
up to 5.0 cm is shown in Figs. AeE of the Supplemental files.

3.6. Spatial distribution of UPLCs in the LAD proximal to MB in
MI(þ)MB(þ) group

The distance from MB entrance to the site of the highest
frequency of each lesion was 2.5 cm for calcification, 5.0 cm for
foam cell aggregation at shoulder portion, 4.0 cm for intra-plaque
hemorrhage, 3.5 cm for plaque fissure, and 2.0 cm for thrombus
attachment, respectively (Fig. 3).

4. Discussion

The present study reveals that MI patients having MB exhibit
a largerMMV, underwhich calcified lesion and the lesionwith foam
cell aggregation at shoulder portion are located more proximally. In
addition, UPLs inMI(þ)MB(þ) group were distributedmainly in the
proximal LAD segments at 2 cm fromMBentrance ormore proximal
toward LMT ostium, and frequency of plaque fissure/rupture was
higher inMI(þ)MB(þ) group thanMI(þ)MB(#) group. These results
indicate thatMB is associatedwithMI through a higher frequency of
plaque fissure/rupture in the LAD proximal toMB. Furthermore, it is
salient that mean age of AMI and OMI patients was significantly
younger in patients with MB than those without MB.

In this study, MMV in MI(þ)MB(þ) group was significantly
greater than MI(#)MB(þ) group. Increase of MB thickness and/or
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length is closely associated with increase of compressive force for
the LAD by MB contraction at systole [12,13], inducing an increase
of retrograde blood flow toward the proximal LAD [14,15]. This
hemodynamic alteration is closely associated with a difference of
atherosclerosis evolution between the proximal segments and the
segments beneath the MB [3]. The present results on the lesion
grade of LAD also suggest a suppressive effect on atherosclerosis
evolution in LAD beneath an MB regardless of MI status. However,
mean grade of themost advanced lesionwas significantly greater in
MI(þ)MB(þ) group than MI(#)MB(þ) group, which is probably
caused by traditional risk factors such as hypercholesterolemia or
hypertension.

In this study, despite similar burden of hypercholesterolemia
and hypertension in the two MI(þ) groups, mean age of AMI and
OMI patients was significantly younger for MI(þ)MB(þ) group
than MI(þ)MB(#) group. Among key risk factors for CHD, such as
age, male sex, hypercholesterolemia, hypertension, diabetes mel-
litus, and smoking [16], aging is the most contributory to coronary
atherosclerosis and CHD [17]. The previous reports with long-term

follow-up studies for patients with MB have demonstrated a good
prognosis [18,19], but their subjects are limited to patients without
coronary disease except for MB presence [18,19]. In the compar-
ative autopsy studies between Japan and Western countries, the
extent of coronary atherosclerosis in Japan is lower than those in
Western countries because of a low serum cholesterol level in
Japan [20,21]. The direct or indirect effect of MB in these pop-
ulations is probably masked by already-developed coronary
atherosclerosis by hypercholesterolemia, leading to complicated
discussions on the responsibility of the MB for MI in such pop-
ulations. Considering the role of MMV as an accelerator of LAD
atherosclerosis proximal to MB, a large MMV is plausibly associ-
ated with MI even at younger age.

In OMI cases of this study, the occurrence of UPLCs in proximal
LAD was not different regardless of MB status, but, in AMI cases,
plaque fissure/rupture occurred more frequently in MI(þ)MB(þ)
group thanMI(þ)MB(#) group. Previous reports demonstrated that
the hemodynamic alteration for low shear stress in the LAD prox-
imal to the MB caused by retrograde blood flow contributes to
atherosclerotic plaque formation at this segment [1,4]. In addition,
an increase of wall tension and stretch in the LAD proximal to the
MB during cardiac systole has been clinically observed, which
induces endothelial injury and plaque fissure [4,5]. The present
results also indicate that the presence of MB may contribute to
plaque fissure/rupture through such mechanisms. Furthermore,
our results showed that advanced lesions prone to plaque fissure/
rupture, such as calcified lesion and foam cell aggregation at
shoulder portion, were located more proximally in MI(þ)MB(þ)
group than MI(þ)MB(#) group. In addition, all UPLCs were
distributed in the proximal LAD mainly at 2.0 cm or more proximal
to MB entrance in MI(þ)MB(þ) group. Considering from these
results, endothelial injury caused by retrograde blood flow dose not
occur uniformly in all area of the segment proximal to an MB but
may occur at the certain site. These results indicate that the pres-
ence of MB has a role in the shift of UPLCs more proximally toward
the coronary ostium.

In conclusion, the MB not only contributes to the progression
of intimal lesions in LAD segment proximal to MB, but also
induces plaque fissure/rupture, collectively resulting in infarction
at younger age. As it has become easier to recognize the MB
presence and objectively measure its anatomic properties by
multidetector computed tomography [22], anatomic properties of
MB should be considered for better understanding of MI occur-
rence, when the pathologists as well as cardiologist examine
coronary atherosclerosis.

Fig. 1. Grade of intimal lesion of LAD at 5-mm intervals from left coronary ostium to 9.0 cm. A. Variation of grade of intimal lesion in MI(þ)MB(þ) group is indicated by a red line,
and MI(þ)MB(#) group by a blue line. The bold black bar indicates the average region beneath MB in MI(þ)MB(þ) group. Grades of intimal lesions from 3.0 cm to 7.0 cm are
significantly greater in MI(þ)MB(þ) group than MI(þ)MB(þ) group. B. Variation of grade of intimal lesion in MI(þ)MB(þ) group is indicated by a red line, and MI(#)MB(þ) group by
a blue line. Grades of intimal lesions in all segments from the ostium to 9.0 cm are significantly greater in MI(þ)MB(þ) group than MI(#)MB(þ) group. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

Table 2
Distribution ratio of unstable plaque-relate lesion characteristics (UPLCs) in the
proximal segments of the LAD.

a. AMI cases
AMI(þ)MB(#) AMI(þ)MB(þ) Pa

(n ¼ 19; 190 sections) (n ¼ 13; 113 sections)
Median(min.emax.) Median(min.emax.)

Calcification 80%(0e100) 44%(0e100) 0.1684
Foam cell aggregation at
Shoulder portion 40%(0e100) 44%(0e100) 0.9385
Intra-plaque hemorrhage 10%(0e80) 16%(0e64) 0.2205
Plaque fissure 0%(0e40) 5%(0e25) 0.0282
Thrombus attachment 10%(0e90) 19%(0e56) 0.7959
b. OMI cases

OMI(þ)MB(#) OMI(þ)MB(þ) Pa

(n ¼ 31, 310 sections) (n ¼ 28; 236 sections)
Median(min.emax.) Median(min.emax.)

Calcification 70%(0e100) 71%(23e100) 0.7082
Foam cell aggregation at
Shoulder portion 30%(0e80) 15%(0e80) 0.4970
Intra-plaque hemorrhage 10%(0e80) 14%(0e67) 0.2708
Plaque fissure 0%(0e20) 0%(0e33) 0.8394
Thrombus attachment 0%(0e50) 0%(0e56) 0.9724

In MI(þ)MB(#) group, LAD sections up to 5.0 cm from coronary ostium (10 sections
in each case) were observed. InMI(þ)MB(þ) group, all sections proximal toMBwere
observed. Observations regarding UPLCs are made in cases without stenting or
bypass surgery.

a ManneWhitney U test.
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Fig. 2. Relative frequency distribution of UPLCs in the proximal LAD at 5-mm intervals. Figs. AeE demonstrate the relative frequency distribution of UPLCs from the coronary ostium
(0 cm) to 5.0 cm by MB status. The value of relative frequency at each distance is the ratio of each lesion type frequency to the total number of corresponding lesion in each group.
Two distribution patterns are compared by KolmogonoveSmirnov test. In MI(þ)MB(þ) group (n ¼ 46), the relative frequency distribution in calcified lesion and in lesion with foam
cell aggregation at shoulder portion are located more proximally than those in MI(þ)MB(#) group (n ¼ 53). Observations regarding UPLCs are made in cases without stenting or
bypass surgery.
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5. Study limitations

Autopsied cases used in this study lacked the details of clinical
information, such as past history of diabetes mellitus or smoking.
Furthermore, we studied a relatively small number of cases with MI.
Further study using large number of cases having information of
major risk factors for CHD is required to recognize a significance of the
MB on the development of coronary atherosclerosis in more detail.
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a b s t r a c t

Objectives: The myocardial bridge (MB) is an anatomical structure consisting of myocardium covering
a part of the left anterior descending coronary artery (LAD). The extent and spatial distribution of
atherosclerosis in the LAD with an MB is influenced by the anatomical properties of the MB. In this study,
the relationship between the overall anatomical framework of the MB including the periarterial adipose
tissue as well as fibrosis of the MB itself and coronary atherosclerosis was histomorphometrically
examined.
Methods: Full-length LADs with an MB from 180 autopsied hearts were cross-sectioned at 5-mm inter-
vals. Together with measurements of MB e length, thickness, and location, proportional decrease of the
atherosclerosis ratio of LAD segments beneath MB for that of LAD segments proximal to MB was defined
as the atherosclerosis suppression ratio. The area ratio of adipose tissue in the periarterial area beneath
MB and area ratio of fibrosis in the MB muscle were also measured.
Results: The atherosclerosis suppression ratio was significantly proportional to MB length and thickness.
Periarterial adipose tissue beneath MB was detected in all cases (100%), and fibrosis within MB muscle
for 136 cases (75.6%). The amount of adipose tissue beneath MB and MB fibrosis did not statistically affect
the atherosclerosis suppression ratio. Multivariate analysis revealed MB length and thickness were the
independent factors affecting the atherosclerosis suppression ratio.
Conclusions: The anatomical properties of an MB, especially of its length and thickness, play decisive roles
as regulators of atherosclerosis in the LAD regardless of the amount of adipose tissue around LAD and MB
fibrosis.

! 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Amyocardial bridge (MB) is an anatomical structure consisting of
myocardial tissue that covers a part of the coronary artery in the
epicardial adipose tissue [1]. It presents almost exclusively in the left
anterior descending coronary artery (LAD) and is detected angio-
graphically by a finding of coronary stenosis during cardiac systole,
which is caused by contraction of the bridging myocardium [2]. Its
frequency in the LAD varies from0.5% to 60% as assessed by coronary
angiography, multidetector computed tomography, or autopsy [3].
As for clinical significance, MBs have been considered benign
anomalies of the coronary arteries [4e7], but are sometimes asso-
ciated with various coronary heart diseases [2,8]. Histopathological
studies have determined that the LADsegment beneathMB is always
free from atherosclerosis, but the LAD segment proximal to MB is
susceptible to it. The extent of atherosclerosis suppression in the LAD

segment beneath MB is dependent on the anatomical properties of
MB, such as its length and thickness [9]. This implies that compres-
sive force from theMB to the LAD segment beneath theMB is closely
related to atherosclerosis suppression in this LAD segment.

It has recently been suggested that perivascular tissue beneath
MB is histopathologically notable in the longitudinal sections of the
LAD [10]. This perivascular space contains adipose tissuewhichmay
practically function as a “coronary cushion” against compression by
the MB during systole [10]. Furthermore, a perivascular adipose
tissue surrounding the coronary artery may be involved in local
stimulation of atherosclerotic evolution through active functions of
proinflammatory cytokines and adipokines secreted from the peri-
arterial adipose tissue [11e13]. The significance of the presence of
periarterial adipose tissue on atherosclerosis suppression in the LAD
segment beneath MB has not yet been examined. In addition, when
examining the MB histopathologically, fibrotic changes in the
bridging myocardium are sometimes apparent. Fibrotic change of
varying degrees may reduce the compressive force of the MB
influencing on atherosclerosis progression.
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In this study, using a histomorphometric approach, we
attempted to clarify the significance of the anatomical framework
of the MB e including its thickness, length, and location, the peri-
vascular adipose tissue, and the extent of fibrosis in the MB muscle
itself e to the development of atherosclerosis in the LAD.

2. Materials and methods

2.1. Materials

A total of 180 autopsied hearts having an MB over the LAD were
collected at Ohmori Hospital, Toho University Medical Center from
2006 to 2010 (Table 1). None of the patients had a history of

cardiovascular disease and none of the autopsied hearts had histo-
pathological evidence of significant lesions. The study protocol was
approved by the Ethics Committee of Toho University (No. 22001).

2.2. Tissue preparation

The LAD from the left coronary ostium to the cardiac apex was
removed from the heart together with the surrounding adipose and
myocardial tissue at autopsy. They were fixed in 10% neutral buff-
ered formalin, and the full-length LAD was cross-sectioned at 5-
mm intervals. Each tissue section was embedded in paraffin, which
was then thin-sectioned at 4e5 mm. Thin-sectioned specimens
were stained with hematoxylin and eosin and elastic van Gieson
(EVG). After microscopic observation, the sections showing the LAD
covered by the MBwere then stained with Azan-Mallory [14] for an
estimation of myocardial fibrosis comprising the MB. In addition,
on the purpose of discriminating adipocytes and identifying
collagen fibers, immunohistochemistry using antibodies against S-
100 protein (rabbit polyclonal; Dako, Japan, Tokyo), collagen type I
(mouse monoclonal; Abcam, Tokyo, Japan), collagen type III (rabbit
polyclonal; Abcam, Tokyo, Japan), collagen type IV (rabbit poly-
clonal; Abcam, Tokyo, Japan) was performed by the labeled
streptavidinebiotin complex method (Dako, Carpinteria, CA, USA).
The immunostainingwas visualized by treating the slides with 3,30-
diaminobenzidine tetrahydrochloride and then counterstained
with hematoxylin.

In cases having multiple MBs in one LAD, only the most prox-
imal MBwas assessed in this study. In each anatomical element, the
cases were divided into three groups by almost trisection of the
largest value in each categorical element.

2.3. Atherosclerosis ratio and atherosclerosis suppression ratio

To evaluate the extent of atherosclerosis, we measured the area
of intima and media in each LAD section with EVG staining using
automated image analysis system of Visual Measure 32 (Rise
System, Sendai, Japan). The ratio of the cross-sectional area of the
intima to media was defined as atherosclerosis ratio as follows:

Atherosclerosis ratio ¼ Cross-sectional area of the intima
Cross-sectional area of the media

In addition, atherosclerosis suppression ratio was defined as the
percentage as follows:

As mean MB length was 1.5 cm which corresponded to the
length of three paraffin blocks, we used mean atherosclerosis ratio
of three sections proximal to MB.

2.4. MB location

Distance from the left coronary ostium to the first segment of
the LAD covered by the MB was defined as MB location. Cases were
classified into three categories according to MB location: proximal
(#3.5 cm from the left coronary ostium), common (4.0e5.0 cm),
and distal ($5.5 cm).

2.5. MB length

The number of sections covered by the MB multiplied by 5 mm
was defined as MB length. Cases were classified into three cate-
gories according to MB length: short (#1.0 cm), common (1.5e
2.0 cm), and long ($2.5 cm).

2.6. MB thickness

The thickness of myocardial tissue covering the LAD was
measured microscopically, and the largest value was defined as MB
thickness. Cases were classified into three categories according to
MB thickness: thin (<500 mm), common (500e1000 mm), and
thick (>1000 mm).

2.7. Adipose tissue density beneath MB

The area except myocardial tissue beneath MB was measured
in the LAD section with the thickest MB by the same method as
for the atherosclerosis ratio, using a section stained with Azan-
Mallory. The periarterial space area beneath MB was also
measured. The periarterial space mostly consists of adipose tissue,
including nerve fibers and small veins, but in this study all of the
periarterial area was treated adipose tissue area. The ratio of
adipose tissue area to all tissue area beneath MB was defined as
adipose tissue density (%). All cases were classified into three
groups according to adipose tissue density; small (<30%), common
(30e60%), and large (>60%).

Table 1
Patient background.

Number of cases 180 cases
Sex (male/female) 131/49
Mean age (mean % SD) 67.9 % 11.9 years (range 19e92)
Main disease
Malignant tumor 106 cases (58.9%)
Pneumonia 38 cases (21.1%)
Liver failure 19 cases (10.6%)
Renal failure 6 cases (3.3%)
Others 11 cases (6.1%)

SD, standard deviation; MB, myocardial bridge.

Atherosclerosis suppression ratio ¼ 100&
!
100' Mean atherosclerosis ratio of the bridged segment

Mean atherosclerosis ratio of the three sections proximal to MB

"
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2.8. MB fibrosis rate

The cross-sectional area of the thickestMB inone LAD sectionwas
measured by the same method as for the atherosclerosis ratio in
a section stained with Azan-Mallory, and the area of MB fibrosis
stained blue was also measured. The ratio of fibrosis area to MB area
wasdefinedas theMBfibrosis rate (expressed as a percentage). Cases
were categorized into three groups according to theMB fibrosis rate:
small (<1.0%), common (1.0e10.0%), and large (>10.0%).

2.9. Statistical analysis

Quantitative data were expressed as mean % SD and, according
to a normality test, were normally distributed. For the analysis of
unpaired samples, we used one-way ANOVA with Scheffe’s F-test
for variance and multiple comparison analysis. For paired samples,
we used repeated measure ANOVA with Scheffe’s F test. We per-
formed multivariate logistic regression analysis, to confirm
whether MB location, length, thickness, fibrosis rate, and adipose
tissue density were independent factors related to the atheroscle-
rosis suppression ratio.

In all statistical tests, P values<0.05 were considered significant.

3. Results

3.1. Histopathological structure of MB and perivascular space
beneath MB

The thickness and length of myocardial tissue varied. Fibrosis in
the MB muscle was recognized to varying extents in 136 cases
(75.6%) and stained blue by Azan-Mallory method. Immunohisto-
chemistry demonstrated that these fibrous regions were strongly

positive for collagen type I but weakly positive for collagens type III
and type IV (supplementary data; Figs. AeD). From such results,
fibrosis lesion in the MB was mainly composed of collagen type I.

Perivascular space around the LAD beneathMB consistedmainly
of adipose tissue with small amounts of nerve fibers and small
veins (Fig. 1). Adipocytes are generally spherical, and its cytoplasm
is compressed at the perimeter of the cell and displaced by a single
lipid vacuole in sections stained with hematoxylineeosin and
Azan-Mallory [15]. By immunohistochemistry using S-100 protein
antibody, S-100 reactivity was seen both in the nuclei and in the
cytoplasm surrounding the lipid vacuole. These staining patterns of
S-100 protein were recognized in both the adipocytes around the
LAD under the MB and the adipocytes in the epicardial space
(supplementary data; Figs. EeF). In addition, adipocytes confirmed
by immunostaining with S-100 protein antibody corresponded
with adipocytes confirmed by Azan-Mallory staining. In this peri-
vascular space under the MB, adipose tissue was present without
exception (100%).

3.2. Atherosclerosis ratio in MB segments

The mean atherosclerosis ratio was 1.72 % 1.04 in the segments
proximal to MB, 0.83 % 0.47 in the segments under MB, and
0.93 % 0.51 in the segments distal to MB. The atherosclerosis ratio
of MB segments was significantly (p ¼ 0.00001) lower than that in
the segments proximal to MB (Fig. 2a).

3.3. Association of MB location with atherosclerosis ratio

Mean MB location was 4.43 % 1.21 cm (range 1.5e10.0 cm) from
the coronary ostium. There were 58 proximal cases (#3.5 cm), 56
common cases (4.0e5.0 cm), and 66 distal cases ($5.5 cm). Mean

Fig. 1. Variation of myocardial bridge (MB) with Azan-Mallory’s staining. In each figure, black bars indicate the confines of the MB covering the artery and periarterial space. a. A
thick MB is shown above the left anterior descending coronary artery (LAD). Evidently small amount of adipose tissue (asterisks) is evident in the periarterial space, and mild fibrosis
stained with blue (arrow) is found within the MBmyocardium. b. The periarterial adipose tissue (asterisks) is more abundant than in the case of a. A small amount of fibrosis (arrow)
is seen within the MB muscle. c. A thin MB with a small amount of adipose tissue (asterisk) around the periarterial space is shown. Fibrous change (arrow) in the MB muscle is very
mild. Nerve fibers are also evident in the periarterial space. d. A thin MB with a large amount of periarterial adipose tissue (asterisks) is found. Fibrosis within the MB muscle is
relatively abundant. Nerve fibers are also evident in the periarterial space. (For interpretation of the references to color in this figure legend, the reader is referred to the web version
of this article.)
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age and sex ratio were not statistically different among three
groups. The atherosclerosis ratio in the segment under MB was
significantly lower than that in the segments proximal to MB in all
groups (p ¼ 0.00001) (Fig. 2b).

3.4. Association of atherosclerosis suppression ratio with MB
location, length, and thickness

The atherosclerosis suppression ratio showed no significant
difference (p ¼ 0.5584) among the three groups (Fig. 3a).

Mean MB length was 1.50 % 0.97 cm (range 0.5e5.0 cm). There
were 95 short cases (#1.0 cm), 53 common cases (1.5e2.0 cm), and
32 long cases ($2.5 cm). The atherosclerosis suppression ratio
significantly increased with MB length (p ¼ 0.0016) (Fig. 3b).

Mean MB thickness was 853.5 % 654.3 mm (range 156e
4940 mm). There were 65 thin cases (<500 mm), 61 common
cases (500e1000 mm), and 54 thick cases (>1000 mm). The
atherosclerosis suppression ratio increased with MB thickness
(p ¼ 0.0013) (Fig. 3c).

3.5. Association between adipose tissue density of MB and
atherosclerosis suppression ratio

Mean adipose tissue density was 43.5 % 13.2% (range 3.2e
83.1%). There were 27 small cases (<30%), 131 common cases
(30e60%), and 22 large cases (>60%). The atherosclerosis
suppression ratio showed no significant differences among the
three groups (Fig. 4a).

Fig. 2. Atherosclerosis ratio of the LAD. a. The atherosclerosis ratio in the segments under MB is significantly lower than that in the segments proximal to MB. (p¼ 0.00001, repeated
measure ANOVA). b. Association of MB location with atherosclerosis ratio. Atherosclerosis ratio in the segment under MB is significantly lower than that in the segments proximal to
MB in each location group. (p ¼ 0.00001, repeated measure ANOVA).

Fig. 3. Atherosclerosis suppression ratio. The atherosclerosis suppression ratio shows (a) no significant difference between the three location groups (p ¼ 0.5584, one-way ANOVA),
(b) significant increase with MB length (p ¼ 0.0016, one-way ANOVA), and (c) significant increase with MB thickness (p ¼ 0.0013, one-way ANOVA).
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3.6. Association between MB fibrosis rate and atherosclerosis
suppression ratio

Mean fibrosis rate of the MB was 5.6 % 9.5% (range 0e70.7%),
and there were 44 small cases (<1.0%), 112 common cases (1.0e
10.0%), and 24 large cases (>10%). The atherosclerosis suppres-
sion ratio showed no significant difference among these groups
(Fig. 4b).

3.7. Multivariate logistic regression analysis for atherosclerosis
suppression ratio

Multivariate analysis indicated that only two variables e MB
length and MB thickness e were the independent factors influ-
encing the atherosclerosis suppression ratio (Table 2).

4. Discussion

The existence of an MB contributes to atherosclerosis suppres-
sion in the LAD intima beneathMB, andMB length and thickness are
strongly associatedwith the atherosclerosis suppression ratio [9]. In
thepresent study,we further validated the associationof anatomical
properties of the MB with atherosclerosis development, taking into
account the anatomical circumstances around the LAD beneathMB.
The adipose tissue density around the LAD beneath MB and the
extent of fibrosis of the MB muscle did not affect atherosclerosis
development. Multivariate analysis yet demonstrated that MB
length thickness were the only independent factors for atheroscle-
rosis development. These results indicate that MB length and
thickness consistently regulate atherosclerosis development in the
LAD regardless of the amount of adipose tissue in the periarterial
space beneath MB and myocardial fibrosis in the MB itself.

As for a relationship between hemodynamics of blood flow and
atherosclerotic evolution, low shear stress blood flow promotes
atherosclerosis byan increase of lipids transfer into the arterial intima
[16]. Scanningelectronmicroscopyof the intimal surfacehas revealed
that endothelial cells are flat and polygonal proximal to the MB,
indicating that this area is affected by low shear stress [8]. Conversely,

endothelial cells beneathMBare influencedbyhigh shear stressblood
flowand are thus spindle-shaped and engorged [8]. Considering such
changes in endothelial shape as well as the close association of MB
length and thickness with the atherosclerosis suppression ratio, the
compressive force of the MB on the LAD directly contributes to an
alteration of atherosclerosis development across the MB.

In recent studies, various kinds of adipokines released from
adipose tissue surrounding the coronary arteries have been show to
affect the local advance of atherosclerosis [11e13]. However, it is still
controversialwhether adipokines derived fromthe bloodwithin the
coronary arteries or adipokines derived from local adipose tissue
function as a promoter of atherosclerosis. In addition, an absence of
atherosclerosis in the coronary segment beneath MB is caused by
a lack of adipose tissue around this segment [11,12]. However, in
a study using multidetector computed tomography, the extent of
calciumdeposition in the LADwall coveredwith anMB is lower than
that in an arterial segment without an MB, which is dependent on
periarterial adipose tissue thickness [17]. In the present study,
adipose tissue around the LAD beneath an MB was detectable in all
cases (100%). Furthermore, there was no significant association
between the adipose tissue ratio of perivascular space beneath an
MBwith atherosclerosis suppression ratio. Fromour present results,
it is conceivable that adipose tissue surrounding the LAD beneath an
MBneither functions as a coronary cushion againstMB compression
nor is associated with atherosclerosis development in the LAD.
Apart fromthematterof periarterial adipose tissue, in this study,136
cases (75.6%) had fibrosis in the myocardial tissue composing the
MB. It is plausible that a large amount of fibrosis in the MB muscle
mayreduce the compressive forceon the LAD, butwewereunable to
find a significant association between the MB fibrosis rate and the
atherosclerosis suppression ratio.

Our analysis revealed that only MB length and thickness are the
independent factors affecting the atherosclerosis suppression ratio.
Previous reports indicate that anatomical properties, such as length
and thickness, are closely related to the contractile force of the MB,
which is associated with the magnitude of retrograde blood flow
during systole [18e20]. In addition, the location of the MB along the
LADcorrelateswith the location of the arterial segmentexhibiting the
greatest intimal lesion in the LAD proximal to MB [21]. In conclusion,
taking into account a more overall anatomical element of the MB
consistently indicates that the anatomical properties of an MB,
especially its length and thickness, play a decisive role as regulators of
atherosclerotic evolution in the LAD segment proximal to MB.
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Fig. 4. Association of atherosclerosis suppression ratio with adipose tissue density ratio in the periarterial space and MB fibrosis rate. No significant differences are seen in
atherosclerosis suppression ratio between the three groups by (a) adipose tissue density ratio (p ¼ 0.9987) or (b) MB fibrosis rate (p ¼ 0.3958, one-way ANOVA).

Table 2
Multivariate logistic regression analysis for atherosclerosis suppression ratio.

Variable 95% CI Odd’s ratio p

Fibrosis rate 0.00187e0.00586 1.03641 0.31007
Adipose tissue density '0.00266e0.00283 0.00368 0.95173
MB thickness 0.0000e0.00010 7.69383 0.00614
MB length 0.00246e0.00845 4.37660 0.03789
MB location '0.01110e0.05103 1.60858 0.20639

CI: confidence interval; MB: myocardial bridge.
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a  b  s  t  r  a  c  t

Toll-like  receptors  appear  to play an  important  role in  the  pathogenesis  of lupus-like  nephritis  in  mice.  In
human  and  mouse,  CD180  is  a homologue  of TLR4.  In SLE  patients,  the  number  of CD180-negative  B  cells
in  peripheral  blood  changes  in  parallel  with  disease  activity.  In the  present  study  using  NZBWF1  mice,
the  population  of  splenic  CD180-negative  B cells  increased  with  progression  of  renal  lesions  and  aging.
These  cells produced  both  anti-dsDNA  and  histone  antibodies;  the  peripheral  blood  levels  of  anti-dsDNA
antibody  increased  markedly  with  aging.  B cells  infiltrating  into  renal  lesions  were CD180-negative
and  produced  anti-dsDNA  antibody.  Considered  together,  these  findings  indicate  that  CD180-negative
B  cells  contribute  significantly  to  development  of  SLE-like  morbidity  in  NZBWF1  mice  by autoantibody
production.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Systemic lupus erythematosus (SLE) is a disease usually caused
by aberrant self-tolerance, in which self-reactive T and B cells are
activated, resulting in production of various autoimmune antibod-
ies. SLE patients develop a wide range of clinical disorders, which
typically include renal damage. A recent study demonstrated that
Toll-like receptors (TLRs) appear to play a key role in autoanti-
body production [1]. In human [2] and mouse [3,4], TLR7 and 9
are involved in the production of pathogenic autoantibodies tar-
geting DNA- or RNA-associated antigens. In MRL/lpr mice, the
genetic removal of tlr7 and 9 reduces anti-nuclear antibody (ANA)
and anti-double stranded DNA (anti-dsDNA) autoantibody produc-
tion [5]. In transgenic mice that overexpress anti-dsDNA antibody,
activation of TLR4, a receptor for lipopolysaccharide (LPS) and
endogenous ligands such as heat shock protein 60 and surfactant

∗ Corresponding author at: Department of Pathology, School of Medicine, Toho
University,  5-21-16, Omori-Nishi, Ota-ku, Tokyo 143-8540, Japan.
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protein, induces severe SLE syndromes [6]. In tlr4 inactivation
mice, lupus severity, autoantibody titers and renal disease sever-
ity are markedly diminished, compared with TLR4-producing mice
[7].

CD180 molecule is a homologue and negative regulator of TLR4
[8,9]. This molecule is designated as radio-protective (RP) 105
because it is105 kD molecular weight protein and protects against
radiation- or dexamethasone-induced apoptosis in vitro [10,11].
This molecule is expressed on human and mouse mature B cell, den-
dritic cell and macrophage [12]. Antibody-mediated cross-linking
of CD180 induces a strong proliferative response for B cells, and
secondary cross-linking of surface IgM induces B cell apoptosis
in vitro [13–15]. CD180 is thus a key regulator of B cell proliferation
and death in response to various stimulations, such as irradiation,
dexamethasone and cross-linking [16]. The population of CD180-
negative B cell significantly increases in peripheral blood of patients
with SLE, Sjögren’s syndrome and dermatomyositis [17–19], and
it changes in parallel with SLE disease activity [17]. In addition,
CD180-negative B cells from peripheral blood of SLE patients pro-
duce autoantibody in vitro [17,20,21]. SLE patients occasionally
have increased proportions of CD180-negative B cells along with
exacerbation of the disease activity, but no ANA in the peripheral
blood [22]. In mouse [23,24] and human [25,26] studies of renal

0165-2478/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
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lesions, it has been found that filtrated lymphocytes are mainly T
cells and partially B cells; however, the mode of CD180 expression
on B lymphocyte remains unclear.

To investigate deterioration of self-tolerance, (NZB × NZW) F1
(NZBWF1) mouse is often appreciated as the model of human SLE.
This mouse exhibits lymphadenopathy, splenomegaly, elevated
autoantibodies and immune complex-mediated glomerulonephri-
tis [27,28]. In the present study, we explored the role of
CD180-negative B cells in the development of systemic autoim-
mune disorders, and pathogenesis of lupus-like nephritis in the
NZBWF1 mice.

2.  Materials and methods

2.1.  Animals

Female NZBWF1 (F1), NZB and BALB/c mice were purchased
from Shizuoka Laboratory Corporation (SLC, Hamamatsu, Japan).
Animals were maintained in a conventional animal facility in a 12 h
light–12 h dark cycle (lights on from 08:00 to 20:00) and were accli-
matized to laboratory conditions for more than 1 week before use.
All experimental protocols involving the mice were reviewed and
approved by the Animal Research Committee for Animal Experi-
mentation of Toho University. At least three mice were examined
for every experimental procedure.

2.2. Urinary protein

Urinary  protein levels were assessed using test paper (Pretest
3aII, Wako Pure Chemical Industries, Tokyo, Japan). This colorimet-
ric assay is specific for albumin, estimating proteinurea on a scale
of (0) to (4+).

2.3.  Flow cytometric analysis

To  prepare single cell suspensions, cells from blood and spleens
of F1 mice of various ages were suspended in a lysis buffer contain-
ing 150 mM NH4Cl to eliminate erythrocytes. After treatment with
Fc blocker anti-CD16/CD32 (BD Bioscience, San Jose, CA, USA), the
cells were stained with FITC-conjugated anti-CD3 (BD Biosciences),
FITC-conjugated anti-B220 (BD Biosciences) and APC-conjugated
anti-CD180 (BioLegend, San Diego, CA, USA), and subsequently ana-
lyzed with FACSCalibur (BD Bioscience).

2.4. Cell culture

Splenic B cells in single-cell suspensions were isolated by neg-
ative selection using a B cell isolation kit on an autoMACS column
(Milteny BioTec, Auburn, CA, USA) according to the manufac-
turer’s instructions. CD180-positive and -negative subsets of B
cells were enriched by magnetic selection using biotin-conjugated
anti-CD180 antibody (BioLegend) and anti-biotin microbeads after
confirmation that B cell (B220+) purity was more than 90% by
flow cytometric analysis. Cells (2.5 × 106 cells/ml) were cultured
for 7 days with or without interleukin (IL)-6 stimulation (final con-
centration 1 ng/ml) [29]. Cultured supernatants were harvested on
day 7 to determine anti-dsDNA antibody concentrations. Mononu-
clear cells from kidneys were obtained by collagenase digestion
and centrifugation on 33% Percoll (Amersham Biosciences, Upp-
sala, Sweden), and were cultured (at 2.5 × 106 cells/ml) for 7 days
with various concentrations of IL-6.

2.5.  Detection of autoimmunoantibodies by ELISA and indirect
immunofluorescence assay

Harvested  supernatants and peripheral blood samples were
assayed in triplicate for anti-dsDNA and -histone antibodies con-
tent using ELISA kits (Alpha Diagnostic, San Antonio, TX, USA). To
confirm the specificity of anti-dsDNA antibody in supernatants,
indirect immunofluorescence assay using Crithidiae luciliae, of
which kinetoplast was  consisted of dsDNA and not containing
ssDNA, was carried out. The antigen-slide fixed with C. luciliae
and FITC labeled anti-mouse Ig serum were purchased (Medical
and Biological Institute, Nagoya, Japan) and the detection of anti-
dsDNA antibody was performed according to the manufacturer’s
instruction.

2.6. Immunohistochemistry for renal tissue

Paraffin-embedded sections from kidneys of 7- and 58-week-
old F1 mice were stained for histopathological observation with
hemotoxylin and eosin (HE) staining and periodic acid Schiff (PAS)
staining according to standard protocols [30,31]. Frozen renal tis-
sue was sectioned and subjected to double immunofluorescence
staining with FITC-conjugated anti-CD3 and PE-conjugated anti-
B220 antibodies (BD Biosciences), or FITC-conjugated anti-B220
and PE-conjugated anti-CD180 antibodies (BioLegend), followed by
treatment with the Fc blocker anti-CD16/CD32 (BD Bioscience).

2.7.  Histopathological grading of renal lesions

After examining results of HE and PAS staining, the extent of
SLE-like glomerular lesion development in each F1 mouse was clas-
sified into six grades, as follows: Grade 0, normal glomeruli; Grade
1, focal distribution (less than 50%) of glomeruli with mild mesan-
gial hypercellularity; Grade 2, focal distribution of glomeruli with
moderate mesangial hypercellularity; Grade 3, diffuse distribution
of glomeruli (more than 50%) with moderate mesangial hypercel-
lularity; Grade 4, diffuse distribution of glomeruli with focal active
lesions, such as wire loop lesion, or exudative change; and Grade 5,
diffuse glomerular sclerosis with decreased number of glomerular
capillaries.

2.8. Statistical analysis

Student’s  t-test was  used to compare amount of antibody and
urinary protein, and Spearman’s rank correlation coefficients were
determined for levels of urinary protein and renal lesion grades.
Differences having p values less than 0.05 were considered signifi-
cant.

3. Results and discussion

3.1.  Increase of splenic CD180-negative B cell population with age

To assess changes in CD180-negative B cell levels in F1 mice
during development of SLE-like morbidity, we examined the level
of CD180 expression in splenic cells obtained at 7, 28, 38 and 62
weeks of age, and found that the population of CD180-negative B
cells in lymphocytes increased with age (Fig. 1). In addition, we
measured amounts of urinary protein in the F1 mice at various
time points to clarify the grade of urinary protein during the devel-
opment of SLE-like morbidity. Mean amounts of urinary protein
significantly increased with age (Fig. 2A) and correlated well with
grades of renal lesions (Fig. 2B). Assuming that the renal lesions
observed in this study were typical of the condition, when consid-
ered together, our findings indicated that CD180-negative B cells
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Fig. 1. Increase of CD180-negative B cell population in the spleen with age in NZBWF1 mice. Representative flow cytometric profile of CD180-negative B cells (CD180-negative
and B220-positive cells) obtained from spleens of F1 mice at various ages.

in spleen significantly participated in the progression of SLE-like
morbidity in F1 mice.

In  healthy humans, a majority of peripheral B cells express the
CD180 molecule, whereas SLE and Sjögren’s syndrome patients
exhibit an increased proportion of CD180-negative B cells [17,19].
In SLE patients, number of CD180-negative B cells decrease
markedly in parallel with alleviation of disease activity [17] accord-
ing to a SLE disease activity index developed by Koarada et al.
[17,22]. However, whether expression of CD180 changes with age
or with SLE disease activity remains unclear in human.

3.2.  Splenic CD180-negative B cells produce anti-dsDNA and
histone  antibodies and the amount of the anti-dsDNA antibody in
peripheral blood increases with age

SLE patients produce various autoimmune antibodies, including
anti-dsDNA antibody, a distinct hallmark for diagnosis. Increase
of this antibody was also found in the F1 mice [27,28]. Next, we
examined whether CD180-negative B cells had produced autoim-
mune antibodies. We  found that CD180-negative B cells from
58-week-old mice spleen cultured with or without IL-6 pro-
duced significantly greater amounts of anti-dsDNA antibody (47.2,
10.7 mg/ml) than did CD180-positive B cells (14.9, 8.2 mg/ml) from
the same spleen (Fig. 3A), whereas the same amount of total IgG
was produced by both B cell types (data not shown). To confirm the
specificity of anti-dsDNA antibody produced by CD180-negative
cells, we examined the indirect immunofluorescence detection of
anti-dsDNA antibody on C. luciliae. Kinetoplasts of C. luciliae stained
with supernatants of cultured CD180-negative cells from 58-week-
old mice spleen showed positive patterns (Fig. 3B) while that of
CD180-positive cells was not detected (Fig. 4A). We  validated that
the antibody produced by CD180-negative cells was anti-dsDNA
antibody. In addition, we found that CD180-negative B cells from

58-week-old  mice spleen cultured with IL-6 produced significantly
greater amounts of anti-histone antibody (642 U/ml) than CD180-
positive B cells (under100 U/ml) from the same spleen (Fig. 3B). In
short, CD180-negative B cells in NZBWF1 mouse produced not only
anti-dsDNA antibody but also anti-histone antibody.

Furthermore, the amounts of anti-dsDNA antibody in peripheral
blood increased significantly between 7 and 37 weeks, compared
to control BALB/c mice at 8 and 47 weeks of age (Fig. 3C). The
population of splenic CD180-negative B cells also increased with
age. In human SLE patients, CD180-negative B cells produce anti-
dsDNA antibody in vitro, whereas CD180-positive B cells do not [20].
Since autoimmune antibodies cause and aggravate clinical symp-
toms, our present results suggest that CD180-negative B cells play
a pivotal role in the development of SLE-like morbidity through
autoantibody production in F1 mice.

3.3. Renal infiltration of CD180-negative B cells after the onset of
lupus-like  nephritis in F1 mice

Lupus-like nephritis in F1 mice progressed from early stages
with focal distribution of glomeruli having mild mesangial involve-
ment to advanced stages characterized by diffuse glomerular
sclerosis and lymphocyte infiltration. To the best of our knowl-
edge, the extent of CD180 expression by infiltrated lymphocytes
following the onset of the disease had not yet been determined
in human nor mouse. Therefore, characteristics of infiltrated lym-
phocytes into the kidneys of F1 mice were compared to the extent
of renal pathology. In contrast, in a 6-week-old NZW control
mouse at Grade 0, no lymphocytes were detected in the kidney
(Fig. 5A), in a 68-week-old mouse with Grade 5 renal lesion, a
considerable number of infiltrating lymphocytes were seen in the
renal pelvis and perivascular regions by HE staining (Fig. 5B). By
immunofluorescence light microscopy, CD3-positive cells (green)

Fig. 2. Increased proteinuria correlates with age as well as grade of renal lesions in NZBWF1 mice. (A) Urinary protein increases significantly with age. Grade 1, 30 mg/dl; 2,
100  mg/dl; 3, 300 mg/dl; and 4, 100 mg/dl urinary protein. Error bar: standard error of the mean; p values comparing 10- with 30-week-old mice and 30- with 50-week-old
mice are 0.0014 and <0.0001, respectively. (B) The amount of urinary protein correlates highly with grade of histological injury in renal lesions.
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Fig. 3. Levels of autoimmune antibodies. (A) Anti-dsDNA antibody produced by CD180-positive and -negative B cells from 58-week-old mice cultured with or without IL-6.
CD180-negative B cells produce significantly more anti-dsDNA antibody than CD180-positive cells after IL-6 stimulation (p = 0.0020). (B) Anti-histone antibody from cultured
CD180-positive and -negative B cells of 58-week-old mice. CD180-negative B cells produce significantly more anti-histone antibody than CD180-positive cells (p < 0.001).
(C)  Anti-dsDNA antibody concentration in the peripheral blood increases with age from 7 to 37 weeks. p values comparing titers in 19- with 28-week-old mice and 28- with
37-week-old mice are 0.0046 and 0.0228, respectively.

and B220-positive cells (red) were detected in the F1 mice (Fig. 5C).
These results indicate that both T and B cells infiltrated into the
kidney. Double staining using FITC-labeled anti-B220 antibody
(Fig. 5D) and PE-labeled anti-CD180 antibody (Fig. 5E) revealed
B220-positive B lymphocytes without CD180 expression (Fig. 6F),
implying that CD180-negative B cells and T cells were present in
the kidney after the onset of lupus-like nephritis.

To further elucidate the role of renal infiltration of CD180-
negative B cells, after isolation from renal tissue, these lymphocytes
were cultured with various concentrations of IL-6. Anti-dsDNA
antibodies (0, 9.6, 25.6 mg/ml) were found in cell culture super-
natants in direct correlation with the amount of IL-6 added (0,
1, 10 ng/ml, respectively) (Fig. 6), indicating that CD180-negative

B  cells infiltrated into kidney producing autoimmune antibody
locally. This finding further supports a causative role for CD180-
negative B cells in the development of SLE-like morbidity.

Autoimmunity is controlled at some stages by immune toler-
ance mechanisms, and production of autoimmune antibodies by
B cells is usually suppressed [32]. The CD180 molecule is thought
to be associated with regulation of B cell proliferation and apo-
ptosis in vitro [10,13,14]. The CD180 molecule on B cells obtained
from mice, a homologue of TLR4, negatively regulates TLR4 sig-
naling in vitro [8,9,11]. TLR4 may  be involved in the production
of autoantibodies under aberrant conditions [6]. In addition, loss
of CD180 molecules on mature human B cells likely induces these
cells to produce autoimmune antibodies [17,20]. Considering these

Fig. 4. Indirect fluorescence assays on Crithidia luciliae for detection of anti-dsDNA antibody in supernatants of cultured CD180-positive or -negative B cells from the spleen of
an  IL-6-stimulated 58-week-old mouse. (A) Supernatants of CD180-positive cells show no fluorescence, but (B) supernatants of cultured CD180-negative cells show positive
fluorescence. Arrow: positive kinetoplast binding with anti-dsDNA. Scale bar: 10 !m.
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Fig. 5. Renal histopathology and autoantibody production by infiltrated lymphocytes. HE staining of renal sections from (A) a 6-week-old control NZW mouse and (B) a
68-week-old F1 mouse with a lupus nephritis-like lesion. Arrow indicates lymphocytes infiltrated into the renal pelvis. (C) Renal sections from a 68-week-old F1 mouse
stained with anti-CD3 antibody (green) and anti-B220 antibody (black). Arrow indicates T lymphocytes, and arrowhead indicates B lymphocytes. (D) Infiltrated cells stained
with  anti-B220 antibody (green), (E) anti-CD180 antibody (black), and (F) the merged image. B cells that infiltrated into the renal lesion exhibit the CD180-negative phenotype
(arrow). Scale bars: (A) and (B), 20 !m;  (C)–(F), 10 !m.

previously reported findings together with our present results, it
seems reasonable to suggest that the CD180 molecule may  support
one stage of immune tolerance by regulating the death of B cells
possessing the ability to produce autoantibodies. It is thus assumed
that CD180-negative B cells have become deterioration predispos-
ing to SLE-like morbidity. Further exploration of the mechanisms
by which CD180-negative B cells escape immune surveillance may
lead to better understanding of the pathogenesis of SLE.

In  conclusion, the present study highlighted the facts not only
that CD180-negative B cells increased in spleen with aging, progres-
sion of renal lesions and increasing of the amount of autoantibody
in peripheral blood but also that CD180-negative B cells with the

Fig. 6. Anti-dsDNA antibody produced by infiltrated renal lymphocytes increases
with  increasing concentration of added IL-6, p < 0.0001.

increased capability of producing the autoimmune antibody infil-
trated into renal lesions might lead to development of SLE-like
morbidity in NZBWF1 mice.
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 Review Article 

Introduction
Myocardial bridge (MB) is a chance anatomic struc-
ture, under which the coronary artery running in 
epicardial adipose tissue is often partly covered with 
myocardial tissue. It is the most frequent in the left 
anterior descending coronary artery (LAD) than in 
any other coronary artery regardless of age and sex in 
any ethnic group.

Since the dawn of angiography, MB has been indi-
rectly identifi ed as a milking or squeezing effect aris-
ing from changes in the blood fl ow.1) At cardiac 

systole, myocardial tissue comprising MB contracts 
and directly presses the coronary artery beneath it. 
Hemodynamic force driven by MB contraction infl u-
ences blood fl ow within the coronary artery, in which 
blood can be retrograde towards the coronary ostium 
and accelerated towards the cardiac apex. Hemody-
namic force is modulated by MB contraction, but 
such force may vary according to the anatomic fea-
tures of individual MB, such as location within the 
LAD, length and thickness.  

Hemodynamics within the coronary artery may 
pathophysiologically affect coronary circulation and 
natural history of coronary atherosclerosis. Whether 
or not MB predisposes individual to myocardial isch-
emic condition has long been controversial, and per-
haps this is because objective identifi cation of MB 
using early imaging devices has been diffi cult. In fact, 
angiographic follow-up has indicated that the prog-
nosis of patients with hypertrophic cardiomyopathy 
having MB in the LAD is benign2) and an autopsy 
study that ignored the anatomic properties of MB 
found that MB does not signifi cantly affect the 
occurrence of coronary heart disease.3) However, a 
recent study found that myotomy and concomitant 
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heart and the LAD when MB is a specifi c concern. 
With recent advances in imaging techniques such as 
MDCT and intravascular ultra sonography (IVUS), 
cardiologists have gradually been aware of MB in 
clinical practice through direct image capture.14–16) The 
frequency of MB in the LAD of patients with coro-
nary heart disease assessed by MDCT in Turkey,16) 
Japan17) and Israel18) are 3.5%, 15.8% and 26%, 
respectively (Fig. 2), but remains lower than that found 
at autopsy. However, the frequency of MB >1 mm 
thick determined by MDCT in Japan approximates 
that of a similar thickness determined by autopsy in 
Japan, which is 15.8% vs. 13.3%.17) Detecting MB 
with MDCT is thus an effi cient way to objectively 
demonstrate MB in vivo. Furthermore, the recent 
development of 64-row MDCT has increased the 
frequency of MB detection to 32% in the US19) and 
58% in Korea.20) Ongoing improvements in MDCT 
resolution may further increase the frequency of 
detecting MB.

Direct histopathological observation
Direct histopathological observation of MB at autopsy 
remains the most effective way to establish a stan-
dard for identifi cation and quantifi cation of MB struc-
ture, and this is fundamental to the relevance of MB.

Myocardial bridge is almost exclusively found in 
the LAD,3,7,21–23) and rarely in the right coronary 
artery.24–26) The reported frequency MB in the LAD 
ranges from 22.2% to 60% in Western countries,3,21,27) 

myocardial unroofi ng improved the prognosis of 
patients with hypertrophic myocardiopathy having 
MB determined by multi-detector computed tomog-
raphy (MDCT) compared with myotomy alone 
(100% vs. 67%).4) This difference paradoxically 
indicates that the burden imposed by MB evidently 
causes problems for the coronary circulation. In addi-
tion, over 200 symptomatic patients with coronary 
artery diseases having MB have been so far described.5) 
Furthermore, cardiac sudden death from acute circu-
latory deterioration during vigorous exertion imposed 
by various sports has been sporadically, but consis-
tently uncovered in youth with an MB, but without 
atherosclerosis of the LAD. Thus, whether or not 
MB comprises an anatomical risk factor for myocar-
dial ischemia requires reappraisal.

Frequency of MB
The frequency of histopathologically defi ned MBs 
remains much higher than that determined even by 
recent imaging techniques, depending on the nature 
of direct macro- and/or microscopic observations. 
After the fi rst autopsy documentation of MB by 
Cranicianu in 1922,6) a myocardial covering over the 
coronary artery was initially classifi ed into two modes 
by Polacek in 19617) as a muscular bridge, in which 
the artery submerges during its course, and a muscu-
lar loop, in which the artery is attached to the atrial 
myocardium during its course in the atrioventricular 
groove (Fig. 1). The relative frequencies of MB exist-
ing exclusively in the LAD, in a muscular loop in the 
left circumfl ex artery and in the right coronary artery 
are 70%, 40% and 36%, respectively. However, both 
modes have since been collectively termed MB.

Coronary artery imaging in clinical practice
Existence of MB is still defi ned by coronary angiogra-
phy as a “milking effect” and a “step down-step up” 
appearance during cardiac systole.1,8) The reported 
frequency of MB in the LAD determined by coronary 
angiography is 0.4%–5.4%.9–12) However, that the 
frequency of MB detection by angiography increases 
from 1.7% to 9.7% when the same images are 
reviewed specifi cally to detect MBs is noteworthy.13) 
Although coronary angiography can demonstrate cor-
onary circulation within the LAD, it should be applied 
together with MDCT to gain actual images of the 

Fig. 1  Myocardial bridge (MB) in the left anterior descending cor-
onary artery (LAD) after manual removal of epicardial adi-
pose tissue. The LAD is covered with myocardial tissue in 
its middle course.
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Several direct histopathological results have long 
supported these fi ndings (Fig. 3).7,21,23,32,33)

Hemodynamic changes across the entrance to MB 
have been variously focused as the mechanism of 
atherosclerosis suppression. Such changes may gen-
erate high shear stress in the LAD intima beneath 
MB because blood fl ow velocity in the LAD increases 
under these conditions at both systole and diastole,34) 
and systolic compression of MB is followed by delayed 
MB relaxation during diastole.35) These results agree 
with those determined by a scanning electron micros-
copy on endothelial cells lining the human LAD. 
That study found that these cells are polygonal and 
fl at in the LAD intima proximal to the MB entrance, 
but they then become spindle and engorged and align 
in the direction of blood fl ow beneath MB (Fig. 4).32) 
These fi ndings indicate that the LAD intima beneath 
MB is pressured by high shear stress, which results 
in atherosclerosis suppression through reduced sub-
stance permeability by such shear stress across the 
LAD intima.36)

Despite consistent atherosclerosis suppression 
beneath MB, hemodynamics differs in the LAD seg-
ment proximal to the entrance of MB.  Assessment 
by IVUS has shown that blood pressure is higher in 
the LAD segment proximal to MB than in the aorta, 
which might locally enhance the development of 
atherosclerosis.35) The cross-sectioned cut-surface of 
atherosclerotic lesions proximal to MB is usually 
eccentric (Fig. 5),14,23,33) indicating that this segment 

52%–55.6% in South America25,28) and 45%–58.3% 
in the Orient.22,23) In addition, they are consistently 
found regardless of age and sex.3,23,25) Myocardial 
bridge has been identifi ed in the LAD of neonates29) 
and infants30) and is thus a congenital anatomical 
structure.7) Since the frequency of MB at autopsy is 
generally about 50%, anatomical terminology should 
formally describe them as normal structure.

Effects of MBs on the Coronary Artery
Histopathological fi ndings have shown that the devel-
opment of coronary atherosclerosis is remarkably 
suppressed in LAD segment covered by MB since the 
fi rst description by Geiringer in 1951.21) In addition, 
almost all investigators who have identifi ed MB by 
angiography or MDCT also agree with this phenom-
enon. However, the question of whether or not MB 
provokes myocardial infarction under certain circum-
stances remains unanswered. Despite several clinical 
reports of benign outcomes for patients with angina 
and MB in the LAD, >200 patients with symptomatic 
MB have been actually described.5)

Atherosclerosis suppression in the
LAD beneath MB
Clinical coronary angiography, IVUS and MDCT 
have shown the absence of atherosclerotic changes in 
the LAD intima beneath MB, whereas atherosclerotic 
changes are always found in the LAD segment prox-
imal to an MB entrance in the various extent.14,15,17,18,31) 

Fig. 2  Multi-detector computed tomography imaging of myocardial 
bridge (MB) in the left anterior descending coronary artery 
(LAD). MPR: multiplanar reconstruction; VR: volume-ren-
dered.

Fig. 3  Longitude-section of the left anterior descending coronary 
artery (LAD) in three cases by the patient’s age from left to 
right direction. LAD thickening is remarkably suppressed at 
the entrance part of myocardial bridge (MB) (asterisk).
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them, 172 (79.6%) had coronary heart diseases includ-
ing angina, myocardial ischemia, myocardial infarction 
(MI), and sudden cardiac death (Table 1). We assigned 
all of these patients to one group without consider-
able coronary atherosclerosis that develops around 
middle age and another with coronary atherosclero-
sis that is probably exacerbated by MB mainly in 
older persons.

1) Coronary heart diseases without
atherosclerosis and with MB
Myocardial bridge was mostly found in the LAD and 
its branches among patients with symptomatic MB,5) 
which was consistent with the results obtained from 
routine autopsy series3,7,21–23) that revealed MB usu-
ally in the middle LAD. However, signifi cant athero-
sclerotic lesions other than MB were undetectable in 
the coronary intima of 183 (84.5%) of the patients.5) 
In addition, that the average age of symptomatic MB 
onset was younger (48.2 ± 16.7 y) than that encoun-
tered in clinical practice in US (65.8 and 70.4 y for 
males and females, respectively)39) was rather con-
spicuous. However, this obvious difference might have 
originated from natural selection mechanisms under 
which only patients with a distinct effect of MB con-
traction leading to myocardial ischemia, but who were 
free from coronary atherosclerosis, have been investi-
gated. In routine clinical practice especially for elderly 
patients, as it is often diffi cult to differentiate myo-
cardial ischemia provoked by MB contraction from 
ongoing coronary atherosclerosis, experienced cardi-
ologists might have considered the relationship between 
MB and coronary ischemia too complicated, and thus 
did not report such patients. 

Nevertheless, MB should be considered as a cause 
of sudden cardiac death. Among 16 sudden cardiac 
deaths caused by non-atherosclerotic coronary dis-
eases in individuals aged under 35 years, MB was 
discovered in the LAD of 6 (37.5%) of them.40) Nota-
bly, sports medicine has recognized MB as a leading 
cause of sudden death among young basketball, foot-
ball and soccer players.41,42) This indicates that MB 
that vigorously compresses the LAD during cardiac 
systole due to physical exertion might cause life threat-
ening events even among superfi cially “healthy” indi-
viduals without coronary atherosclerosis. When the 
blood pressure of such individuals with MB is high 
at baseline, physical exertion would further increase 
blood pressure because blood pressure at systole is 

is ruled by turbulent, complex blood fl ow. Apart 
from these, a study of the canine coronary artery 
found that the incorporation of35) S into glycosami-
noglycans increases proximal to MB.37) In addition, 
ferritin permeability across the endothelium increases 
only at the proximal segment to the entrance of a 
myocardial covering in the left coronary artery of 
cholesterol-fed rabbit, in which the beginning part of 
the left coronary artery shortly runs within the epi-
cardial adipose tissue and then is always covered by 
myocardial tissue analogous to human MB (Fig. 6).38) 
Furthermore, in the rabbits, the endothelial cell shapes 
by scanning electron microscopy exhibited similar 
changes to those of human LAD across MB. These 
fi ndings indicate that the LAD intima proximal to the 
entrance of the human MB or rabbit myocardial cov-
ering is susceptible to atherosclerosis due to increased 
permeability through high shear stress across the 
endothelium, when either MB or myocardial cover-
ing is present in the LAD.

Effect of MB on the occurrence of myocardial 
ischemia
We reviewed 216 patients in the previously reported 
literatures of symptomatic MB published in English 
registered in the PubMed from 1968 to 2008.5) Among 

Fig. 4  Changes of endothelial cell shape by the sites within the left 
anterior descending coronary artery (LAD) with scanning 
electron microscopy. Flat and polygonal in pavement 
arrangement of endothelial cell shape becomes spindle and 
engorged in alignment along the direction of blood flow 
beneath myocardial bridge (MB). Their shape becomes inter-
mingled with the former two shapes of the site distal to MB. 
SEM: scanning electron microscopy.
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Fig. 5  Cross-section of the left anterior descending coronary artery (LAD) proximal to myocar-
dial bridge (MB) and beneath MB in the normal and infarcted heart. Eccentric intimal 
thickening of the LAD is abruptly suppressed beneath MB surrounded by myocardial 
tissue.

Fig. 6  In cholesterol-fed rabbit, changes of endothelial cell shape are basically similar to those of 
human coronary artery across myocardial covering. Macrophages attached in more numbers 
at 20 weeks than 2 weeks. Epi-LC: epicardial left coronary artery; Myo-LC: myocardial left 
coronary artery.
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integrally infl uence blood fl ow to compress the LAD 
wall.

We histomorphometrically studied 200 autopsied 
normal hearts with MB in the LAD and 100 normal 
hearts without MB, all of which were free of card-
iovascular diseases, to determine basic associations 
between MB and the both topographic and quantita-
tive atherosclerotic changes in the LAD.33) We assessed 
cross-sections of the LAD at 5 mm intervals together 
with the surrounding MB for the entire length of the 
LAD, the extent of intimal thickening in each LAD 
segment, and measured the anatomical properties 
of MB, such as the location within the LAD, length 
and thickness.33) Atherosclerosis was distinctly sup-
pressed in the LAD intima beneath MB irrespective 
of MB anatomic properties. In addition, the anatomic 

physiologically higher in the segment proximal to the 
MB than the aorta.35)

Myocardial ischemia or infarction can occur in indi-
viduals who are free of atherosclerosis but have MB 
in the LAD also via coronary artery spasm at the 
bridged LAD segment.43) Acetylcholine administra-
tion just proximal to MB can provoke up to 90% 
stenosis of the LAD lumen.44) In addition, either ace-
tylcholine administration or physical exertion more 
frequently provokes such spasm at MB site compared 
with those who do not have MB.45) Immunohisto-
chemistry has demonstrated an abrupt decrease in the 
expression of endothelin-1, e-nitric oxide synthase 
and angiotensin converting enzyme in the endothe-
lium lining the LAD intima beneath MB (Fig. 7).46) 
Furthermore, in the cases of coronary spasm with 
MB, serum level of endothelin-1 increases, and that 
of nitric oxide decreases, compared with that without 
of MB.45) Sudden coronary stenosis arising from 
coronary artery spasm might be a potential risk for 
myocardial ischemia in the LAD with MB. In addi-
tion, a recent extensive study using combinations of 
various imaging techniques has also suggested a close 
association between MB and apical myocardial bal-
looning (Takotsubo) syndrome.47)

2) Occurrence of MI through changes of coronary 
atherosclerosis caused by MB
a. Changes in natural history of coronary atheroscle-
rosis caused by MB in normal hearts.

The development of coronary atherosclerosis var-
ies when MB is present in the LAD of the normal 
hearts, because the anatomic properties of MB such 
as location within the LAD, length and thickness con-
siderably differ among individuals. Contractions of 
MB with such variable anatomical properties might 

Table 1  Reported symptomatic MB cases registered in PubMed
(1968–2008)

Age 48.2 ± 16.7 y.o.
Gender (M/F) 155/61 (71.8%/28.2%)
Clinical diagnosis Ischemic heart disease 172 (79.6%)

Arrhythmia  6 (2.8%)
H C M  20 (9.3%)
Cardiac sudden death  5 (2.3%)

Intimal lesion None 183 (84.5%)
MB Location LAD 200 (92.6%) middle 147 (68.1%)

RCA 11 (5.1%)
LCX 5 (2.3%)

216 cases in total. MB: myocardial bridge; LAD: left anterior descending coronary 
artery; RCA: right coronary artery; LCX: left circumflex coronary artery

Fig. 7  Changes in immunohistochemical expression of 
vaso-active agents. They remarkably decrease just at 
the left anterior descending coronary artery (LAD) 
segment covered by myocardial bridge (MB). ET-1: 
endothelin-1; eNOS: e-nitric oxide synthase; ACE: 
angiotensin converting enzyme.
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MB, the mean age at onset of MI was signifi cantly 
younger among those with MB, than without MB 
(acute and old MI: 66.3 vs. 74.5 and 73.5 vs. 79.1 y, 

properties of MB are critical for regulating atheroscle-
rosis development not only in the LAD intima beneath 
MB, but also in the LAD intima proximal to MB. 
Furthermore, MB thickness and length signifi cantly 
correlated and longer MB tend to be more proxi-
mally located in the LAD. The extent of intimal 
thickening beneath MB is lower in patients with thick 
or long, than with thinner or shorter MB.33) Thus, 
the development of coronary atherosclerosis is natu-
rally modulated by the anatomic properties of MB in 
the LAD of the normal heart.33)

b. Underlying changes in atherosclerosis caused by 
MB in MI heart.

The anatomic properties of MB change the extent 
and distribution of atherosclerosis in the LAD, which 
raises the question of whether they ultimately cause 
MI. Addressing this issue will require thorough and 
objective comparisons of MI by MB status in the LAD 
to understand actual association between MB and 
MI. Histomorphometric methods will still function as 
an accurate assessment tool for a given proposition.

A comparative autopsy study of 150 consecutive 
patients of MI regardless of MB has shown that 
despite an equally prevalent burden of hyperlipid-
emia and hypertension in groups with and without 

Table 2 Profiles of 150 patients of myocardial infarction by MB status

MB status MB (+) MB (–)

Number of cases 67 (45%) 83 (55%)
MI by acute/old 23/44 28/55 NS
Onset age of AMI 66.3 ± 14.1 y.o. 74.5 ± 11.0 y.o. p <0.05
 OMI 73.5 ± 10.8 79.1 ± 8.4 p <0.05
 acute-on-old 68.0 ± 16.1 71.4 ± 11.1 NS
Gender (M/F) 54/13 61/22 NS

Anatomic properties of MB in the 67 infarcted hearts having MB and 100 age-matched non-
infarcted normal hearts having MB, which were randomly selected. The both length and thick-
ness of MB is longer and thicker in the infarcted heart than non-infarcted heart. The myocardial 
muscle volume comprising MB is distinctly large in the infarcted heart. MB: myocardial bridge; 
MI: myocardial infarction; AMI: acute myocardial infarction; OMI: old myocardial infarction 

Table 3 Anatomic properties of MB in MI hearts

MI cases (n = 67) Non-MI cases (n = 100)

Age 70.0 ± 13.2 y.o. 70.0 ± 12.5 y.o. NS
Gender (M/F) 54/13 81/19 NS
MB entrance from left coronary ostium (cm)

4.80 ± 1.17 4.57 ± 1.25 NS
MB length (mm) 19.0 ± 12.9 15.2 ± 9.7 p <0.05
MB thickness (mm) 0.81 ± 0.44 0.62 ± 0.45 p <0.01
MB length × thickness (MB muscle vol.) 98.2 74.5 p <0.001

Profiles of 150 patients of MI by the MB status. Age of patient having MB is strikingly younger than that having no MB in both 
acute and old infarction. MB: myocardial bridge; MI: myocardial infarction

Fig. 8  Schematic drawing on the difference in the atherosclerotic 
lesion proximal to myocardial bridge (MB). In the myocar-
dial infarction patient (lower half of the figure), atheoscle-
rotic intimal lesions are extensive 2 cm proximal to MB and 
plaque fissure preferentially occurs at this site, when com-
pared with those in left anterior descending coronary artery 
(LAD) of the patient free from myocardial infarction (MI) 
(upper half of the figure).
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The location of MB within the LAD also infl uences 
the extent and distribution of LAD atherosclerosis. 
In fact, ignoring MB, although the most stenotic LAD 
lesion for anterior wall MI appears within 2–3 cm of 
the origin of the LAD or at sites 3–4 cm from the left 
coronary ostium,52) another study found that the 
most stenotic lesion in the LAD of MI heart with MB 
located 2.0 cm from the left coronary ostium, being 
more proximally situated than in the MI heart with-
out MB (Fig. 8).51) The presence of MB with a greater 
MM index further contributes to a shift of a severe 
intimal lesion upwards towards the left coronary 
ostium. Thus, an increase in the MM index functions 
in aggregation of advanced atherosclerotic lesions at 
specifi c site within the LAD. Microscopic structural 
changes underlying such topographic shift of athero-
sclerosis in the LAD include the tendency for unsta-
ble plaque-related lesions to be located proximally in 
MI with MB, and they are frequently 2.0 cm or more 
proximal to the entrances of MB in MI.48) Among them, 
the frequency of the most advanced lesion of plaque 
fi ssure/rupture in the proximal LAD is signifi cantly 
higher in MI cases than without MB (Table 4).48) 
Microscopic observation further corroborates the 
fundamental evidence of the relationship between MB 
and the occurrence of MI.

Conclusions
Myocardial bridge is a consistent cause of MI due 
to their anatomical properties. Cardiologists and 
pathologists who examine the heart should bear 
this quite common structure in mind considering its 
“double-edged sword” effects on the coronary circu-
lation. There is no artery in the human body other 

respectively) (Table 2).48) The impact of such a large 
difference in age at MI onset by MB is rather surpris-
ing. Although long-term follow-up studies of patients 
with MB indicated a good prognosis, controls were 
limited to patients without coronary disease.2,12) Apart 
from this, the general extent of coronary atheroscle-
rosis by comparative morphometric autopsy studies 
is lower among autopsied Japanese than Norwegians 
and Americans because serum cholesterol levels are 
lower among Japanese in general.49,50) The direct or 
indirect effect of MB in Western populations might 
overlap ongoing coronary atherosclerosis caused by 
hypercholesterolemia, generating complex situations 
to consider the culpability of MB for MI.

Myocardial bridge located within the LAD is 
unequivocally associated with the occurrence of MI 
under certain conditions. Another histomorphomet-
ric comparison of 100 consecutive MI hearts either 
with or without MB and 200 normal hearts with 
MB, found signifi cantly thicker MB in hearts with 
MI than in normal hearts with MB.51) In addition, 
when the mass volume of the myocardium compris-
ing MB, which is assessed as a multiplication of MB 
thickness and length, the mass volume index of the 
myocardium (MM index) is also greater in the MI 
than in the normal heart with MB (Table 3).51) The 
location of the entrance of MB in heart with MI 
closely correlates with the location of the segment 
that exhibits the greatest intimal thickening, which is 
included in the MM index.51) These results indicate 
that such a large dimension of the MB mass volume 
generates greater hemodynamic force during con-
traction, and thus might lead to the occurrence of MI 
through lasting modulation on the natural history of 
coronary atherosclerosis in the LAD.

Table 4  Distribution ratio of unstable plaque-related lesions in the proximal LAD with AHA classification in acute 
MI by MB

AMI (+) MB (–)
(n = 19, 190 sections)
Median (min.–max.)

AMI (+) MB (+)
(n = 13, 113 sections)
Median (min.–max.)

P-value

Calcification 80% (0–100) 44% (0–100) 0.1684
Foam cell aggregation at shoulder portion 40% (0–100) 44% (0–100) 0.9385
Intra-plaque hemorrhage 10% (0–80) 16% (0–64) 0.2205
Plaque fissure 0% (0–4) 5% (0–25) 0.0282
Thrombus 10% (0–90) 19% (0–56) 0.7959

Frequency of unstable plaque-related lesion by the AHA histopathologic classification. Plaque fissure preferentially occurs in 
the infarction patient having MB. On the contrary, calcification tends to occur in the infarction patient having no MB. It might 
have resulted from aging effect in the latter patient who is older than those having MB. LAD: left anterior descending coronary 
artery; AHA: American Heart Association; MI: myocardial infarction; MB: myocardial bridge; AMI: acute myocardial infarction
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than the LAD that can be the culprit of serious 
malady promoted by its externally-existing anatom-
ical structure such as MB.
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Objectives: Clostridium difficile produces toxins and is an aetiological organism of pseudomembranous colitis.
Immunoglobulin is one of the treatment strategies against fulminant C. difficile infections, but the clinical evi-
dence is still limited. We examined the efficacy of intravenous immunoglobulin (IVIg) in C. difficile toxin (CDT)-
mediated lethality and cellular injury in mice.

Methods: Mice were intraperitoneally injected with 0.2 mL of filter-sterilized C. difficile culture supernatant
(CDT preparation). The IVIg preparation was intravenously administered at several timepoints. We also exam-
ined alteration of intestinal permeability and an apoptosis marker in the gut. In in vitro experiments, HEp-2 cells
were incubated with a CDT preparation in the presence or absence of the IVIg preparation, after which cell via-
bility and lactate dehydrogenase release were examined.

Results: All control mice died by day 2 after injection of the CDT preparation. The maximum effects of IVIg
(100% survival) were observed when the mice were treated with IVIg at the same time as injection of the
CDT preparation. The IVIg effects were closely associated with improvement of intestinal vascular permeability
and mucosal damage in the gut. In addition, reduction of an apoptosis marker (histone-associated DNA frag-
ments) was demonstrated in the mice treated with IVIg. Interestingly, a smaller increase in histone-associated
DNA fragments was observed in FasL-deficient mice treated with the CDT preparation compared with wild-type.

Conclusions: These data demonstrated that IVIg may be protective against CDT-mediated lethality, when
administered at the appropriate time. The present data also suggest an increase in intestinal permeability,
probably through exaggeration of Fas/FasL-mediated apoptosis, as a key mechanism of C. difficile-mediated
diseases.

Keywords: toxin A, FasL, apoptosis

Introduction
Clostridium difficile is a Gram-positive, anaerobic, spore-forming
bacillus. C. difficile infection is becoming a worldwide problem
as a cause of nosocomial diarrhoeal diseases, especially in
North America and Europe.1,2 C. difficile produces several
toxins, such as toxin A and toxin B, which are associated with
the pathogenesis of C. difficile infections in the intestinal
tract.3,4 These C. difficile toxin (CDT)-mediated physiological
changes are well known to be associated with clinical symptoms
in these patients, from mild diarrhoea to potentially deadly
forms of diseases, including pseudomembranous colitis and
toxic megacolon.1

Intravenous immunoglobulin (IVIg) is a therapeutic prep-
aration of normal human polyclonal IgG obtained from plasma
pooled from a large number of healthy blood donors. Although
IVIg is recommended to treat severe C. difficile infections, the
effectiveness of this strategy has been variable and anecdotal.5

Further investigations, including animal model experiments and
clinical research, are warranted, especially regarding the specific
activity of IVIg for neutralization of CDT.

In this study, we have examined the efficacy of IVIg in a
mouse model of CDT-mediated lethality. In addition, the mech-
anisms of pathogenesis of C. difficile infections, particularly toxin-
mediated cellular permeability and involvement of apoptosis in
intestinal cells, were explored.

# The Author 2011. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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Materials and methods
Experimental animals
BALB/c mice were purchased from Charles River Japan (Kanagawa,
Japan). C57BL/6J mice and C57BL/6J Slc-gld2/gld2 mice (FasL-deficient
mice) were purchased from Sankyo Laboratory Service (Tokyo, Japan).
Animal protocols were approved by the institutional animal care and
use committee (approval number: 10-52-54).

IVIg
Human polyclonal IVIg was purchased from Benesis Corporation (Osaka,
Japan).

C. difficile used and preparation of culture supernatant
A single colony of a clinical isolate of C. difficile6 grown on cycloserine/
cefoxitin/mannitol agar was transferred to 20 mL of brain heart infusion
broth supplemented with yeast extract and L-cysteine, and incubated
overnight at 378C anaerobically. Then, the cultured broth was centrifuged
at 3000 rpm for 20 min at 258C. The supernatant was filter-sterilized
through a 0.45 mm membrane, and used as a crude CDT preparation.

Assessment of intestinal vascular permeability
An aliquot of 200 mL of 1% Evans blue (EB) dye was administered intra-
venously into the tail vein of mice. One hour after the injection of EB dye,
we sacrificed the mice. The gut was removed and washed three times
with sterile water to remove faeces. The intestines were homogenized
and centrifuged for 20 min at 3000 rpm. The quantity of extracted EB
dye in the supernatant was determined by measuring the absorbance
at a wavelength of 640 nm.

Determination of histone-associated DNA fragments
To evaluate induction of apoptosis, the levels of histone-associated DNA
fragments were determined in the serum, as described in the manufac-
turer’s instructions (Cell Death Detection ELISAplus; Roche Diagnostics).

Assessment of cell viability
Viability of cells was measured using TetraColor ONE (Seikagaku Kogyo,
Tokyo, Japan), in accordance with the manufacturer’s instructions.

Statistical analysis
Statistical significance was determined using the two-tailed Student’s
t-test. Survival curves were constructed by the Kaplan–Meier method
and analysed by the log-rank test using GraphPad Prism (ver. 5.0).
P,0.05 was considered to indicate a significant difference.

Results
Effect of IVIg on survival and intestinal damage in mice
treated with the CDT preparation
CDT preparation-injected mice started to die from 24 h after
administration, and all mice died by 36 h (Figure 1a). In contrast,
human polyclonal IVIg administration before or at the same
time as injection of the CDT preparation significantly improved
the survival of mice (P,0.001). Notably, when IVIg was adminis-
tered at the same time as the CDT preparation, complete

protection was observed. Interestingly, survival of mice was sig-
nificantly different (P¼0.02) between non-treated mice and
mice treated with IVIg 6 h after administration of the CDT prep-
aration. The effects of IVIg on survival clearly decreased if the
timing of administration of IVIg was delayed. These data
demonstrate that IVIg may be effective against CDT-mediated
mortality, and further suggest that the timing of IVIg adminis-
tration may be a critical factor.

Next, we examined the changes in the intestinal tract after
injection of the CDT preparation. Histological examination of
the intestinal tract clearly demonstrated disruption of mucosal
architecture in both the small and large intestine of mice
treated with the CDT preparation (data not shown). To assess
the change in vascular permeability in the intestinal tract, EB
dye was injected into the tail vein of mice and extravasation of
EB dye was evaluated. As shown in Figure 1(b), IVIg treatment
significantly suppressed the increase in vascular permeability
induced by the CDT preparation. To evaluate the role of apoptosis
in the pathogenesis of lethality of the CDT preparation in mice,
histone-associated DNA fragments were measured. As shown
in Figure 1(c), the increase in this apoptosis marker induced by
the CDT preparation was significantly suppressed in mice
treated with IVIg.

Protective effects of IVIg on cellular damage caused
by the CDT preparation
As shown in Figure 1(d), the CDT preparation decreased the via-
bility of HEp-2 cells to approximately 30% of the control, and cel-
lular damage was reduced in the presence of IVIg in a
concentration-dependent manner. Correlating with these data,
the release of lactate dehydrogenase by the CDT preparation
and its reduction in the presence of IVIg were demonstrated.
These data confirmed the concentration-dependent protective
effects of IVIg on the cellular damage caused by the CDT
preparation.

Roles of Fas/FasL-mediated signalling in the
pathogenesis of lethality caused by the CDT preparation
Finally, to examine the roles of Fas/FasL-mediated signalling in
the pathogenesis of lethality in mice caused by the CDT prep-
aration, we compared lethal sensitivity between wild-type and
FasL-deficient mice. A trend towards delay of death was
observed in FasL-deficient mice through the experimental
period (Figure 2a). Consistent with these data, a smaller increase
in histone-associated DNA fragments was observed in
FasL-deficient mice (Figure 2b). These data suggested a contri-
bution of Fas/FasL-mediated signalling and apoptosis to the
pathogenesis of death of mice caused by the CDT preparation.

Discussion
It is well established that CDTs play a critical role in the patho-
genesis of C. difficile disease, and several investigators have
reported that patients with severe or recurrent disease have
poor antitoxin antibody responses.7 Studies with animal
models that demonstrate the importance of anti-CDT antibody
in mitigating C. difficile diseases have been conducted mainly
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in hamster and mouse models. Babcock et al.8 have reported
that monoclonal antibodies directed against toxins A and B in
combination significantly reduced mortality from 100% of the
control to 45% (P,0.001) in a hamster model of C. difficile infec-
tion. In a gnotobiotic mouse model of C. difficile infection, Cor-
thier et al.9 have reported protective effects of anti-toxin A
monoclonal antibodies. The present study evaluated the
effects of IVIg on vascular permeability and apoptosis in the
intestinal tract and lethality in mice challenged with a CDT prep-
aration. The survival data of the present study are intriguing, in
that a 100% difference in survival was observed if IVIg was
administered at the same time as the CDT preparation.
However, it may be important to carefully consider these data
for their clinical relevance and applicability, because the model

used in the present study was not infection by live bacteria but
administration of the CDT preparation. In addition, we adminis-
tered the CDT preparation by systemic injection, not via the
intestine.

Previous reports have clearly demonstrated the involvement
of cellular apoptosis, mainly through binding of CDT A, in the
pathogenesis of C. difficile infections.3,4 In the mouse ileal
loop model, Kim et al.10 reported that CDT A strongly induced
FasL in colonial epithelial cells, which was closely associated
with exaggeration of apoptosis. The present data from
FasL-deficient mice clearly demonstrate a critical role of Fas/
FasL-mediated apoptosis signalling in the lethality in mice
challenged with systemic administration of the CDT
preparation.
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Finally, in spite of several limitations, our data stress the
timing of administration as a crucial factor for the efficacy of
IVIg. This may pose another difficulty for IVIg therapy in the
clinical setting, because it is impossible to predict C. difficile
infection exactly in individual cases. Although groups of patients
at high risk of C. difficile infections may be candidates for pre-
emptive administration of IVIg, cost-effectiveness consider-
ations and adverse reactions may be a barrier. More practically,
there are no data available for titres of specific antibody against
CDT A or B, which may vary between different manufacturing
companies and from lot to lot. We believe that the data from
the present study and the questions they raise may be
important for future investigations to determine the appropriate
positioning of IVIg for use in the treatment of life-threatening
C. difficile.
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Effects of slow-releasing colistin microspheres
on endotoxin-induced sepsis
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Abstract Lipopolysaccharide (LPS) is a major contrib-
uting factor to endotoxic shock. Colistin specifically binds

to LPS. However, it has the disadvantages that adverse

reactions are common and it has a short half-life. To
overcome these disadvantages, we prepared slow-releasing

colistin microspheres and examined the efficacy of these

colistin microspheres in a mouse model of endotoxin-
induced sepsis. We prepared the colistin microspheres

using poly-lactic-co-glycolic acid. For acute toxicity

investigations, mice were overdosed with colistin sulfate or
colistin microspheres. The group administered with colistin

microspheres was associated with less acute toxicity and

fewer nephrotoxic changes on histopathological examina-
tion compared to the group administered with colistin

sulfate alone. For pharmacokinetic analysis, mice were

subcutaneously administered with colistin microspheres or
colistin sulfate alone. The plasma concentration of colistin

was higher in the colistin microspheres group than in the

colistin sulfate group at 12 and 24 h after administration.

Moreover, mice were intraperitoneally injected with LPS
and then immediately subcutaneously administered with

blank microspheres, colistin microspheres or colistin sul-

fate alone. The levels of endotoxin in the sera and cytokine
in the spleens were then measured. A significant reduction

in the serum endotoxin level in the colistin microspheres

group was observed at 24 h. The reduced endotoxin levels
in the sera were correlated with the lower cytokine levels in

the spleens of mice treated with colistin microspheres. Our

results suggest that the use of colistin microspheres may
help to maintain a higher colistin concentration in blood,

reduce the levels of endotoxin and cytokines in endotoxin-

induced sepsis, and lead to decreased toxicity.

Keywords Colistin ! PLGA microsphere ! Endotoxin !
Toxicity

Introduction

Sepsis, defined as the systemic host response to microor-
ganisms, is a condition related to systemic inflammatory

response syndrome that results in end-organ dysfunction in
organs away from the primary site of infection [1, 2].

Severe sepsis and septic shock are common problems

encountered in the intensive care unit (ICU), with an
estimated annual incidence of 750,000 cases and a mor-

tality rate of 25–80 % in the United States [3–6].

While almost any microorganism can be associated with
sepsis and septic shock, Gram-negative bacteria are the usual

etiologic pathogens. Lipopolysaccharide (LPS), a bacterial

endotoxin, is a component of the outer membranes of Gram-
negative bacteria [7–9]. Gram-negative sepsis is mediated by

macrophages and monocytes and is caused by the excessive

production of several cytokines in response to LPS, rather
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than to LPS toxicity itself [7]. LPS triggers the release of

cytokines such as tumor necrosis factor (TNF), interleukin 1
(IL-1), and IL-6, and activates complement and coagulation

factors [2, 7, 10]. Further, high levels of LPS activity are

associated with poor clinical outcomes [11, 12].
Polymyxins are a group of cyclic cationic polypeptide

antibiotics derived from Bacillus polymyxa. They are

characterized by a heptapeptide ring, a high content of
diaminobutyric acid, and a side chain ending in fatty acid

residues [9, 13]. Over 40 years ago, researchers found that
the lethal effects of endotoxins in animal models can be

neutralized by polymyxin B [14–19]. However, the toxicity

of intravenous polymyxin limited the extension of these
findings to human patients.

Colistin is a class of polymyxin also known as poly-

myxin E. It was first used for therapy in Japan and Europe
during the 1950s [20]. Colistin is different from polymyxin

B because it has D-leucine instead of D-phenylalanine in the

polypeptide ring [21]. However, like polymyxin B, it binds
to bacterial LPS outer membranes and bacterial endotoxins

and thereby deactivates them [16].

Despite its proven efficacy, the use of colistin in paren-
teral therapy is limited because of concerns related to

adverse reactions, such as nephrotoxicity and neurotoxicity.

Moreover, colistin and colistin methanesulfonate (CMS),
which is the colistin prodrug, have relatively short terminal

half-lives (55.7 ± 19.3 and 23.6 ± 3.9 min, respectively)

[22] and are required to be administered intravenously and
frequently. Therefore, less toxic polymyxins with longer

terminal half-lives are highly desirable.

In our previous study (unpublished data), we prepared
colistin microspheres using poly-lactic-co-glycolic acid

(PLGA), which are in widespread clinical use in products such

as Leuplin" SR, and we confirmed that these microspheres
continued to release colistin after seven days under in vitro

conditions. Moreover, in a preliminary experiment, we eval-

uated the antibiotic efficacy of these colistin microspheres in a
septic mouse model of Pseudomonas aeruginosa (data not

shown), and the results were positive. A disadvantage of this

method, however, is that because of sustained release, the
plasma concentration is maintained below the minimum

inhibitory concentration (MIC) over an extended period, and

this may lead to colistin resistance. Therefore, the aim of this
study was to examine the efficacy and toxicity of the colistin

microspheres in a mouse model of endotoxin-induced sepsis.

Materials and methods

Animals

C3H/HeN mice (male, four weeks old) and Balb/c mice
(female, six weeks old) were purchased from Charles River

in Japan and then quarantined for 1–2 weeks. They were

housed in separate cages at a constant temperature (26 #C)
with a 12 h light/dark cycle and given standard laboratory

food and water ad libitum. All animal experiments were

performed with the approval of the animal center of Toho
University (approval number: #11-53-54).

Chemicals

LPS purified from Escherichia coli 055:B5 was used in the
experiments (Sigma–Aldrich Japan, Tokyo, Japan). Colis-

tin sulfate was purchased from Sigma–Aldrich Japan and

its potency was as determined by the European Pharma-
copoeia. We measured its weight in milligrams and the

activity unit of colistin sulfate was considered to be 10000

units/mg [23].
PLGA (PLGA7520) and the sodium salt of carboxy-

methylcellulose were obtained from Wako Pure Chemical

Industries, Ltd. (Osaka, Japan). Normal saline solution was
obtained from Otsuka Seiyaku, Ltd. (Tokushima, Japan).

The colistin sulfate, colistin microspheres, or blank

microspheres were suspended in 10 mg/mL carboxymethyl
cellulose in saline before administration to the mice.

Microsphere development

Colistin microspheres were prepared and purified based on

the method described previously [24]. Briefly, to prepare a
water-in-oil emulsion, PLGA was dissolved in dichloro-

methane (DCM), colistin sulfate was added to this mixture,

and the mixture was agitated. The emulsion was taken up
into a syringe with a needle (Terumo, Tokyo, Japan) and

dropped into polyvinyl alcohol (PVA) solution with agi-

tation. Then, to evaporate the oil phase, the entire sus-
pension was agitated and passed through a sieve with a

pore size of 74 lm. The sifted colistin microspheres were

washed using purified water and freeze-dried.

Analysis of the plasma concentrations of colistin

and colistin microspheres

Forty Balb/c mice were divided into two large groups. One

group received colistin sulfate and the other received
colistin microspheres, both via subcutaneous administra-

tion at 1.0 mg per mouse. Blood samples were collected by

cardiac puncture from 5–6 animals in each group using
heparin-coated syringes following CO2 asphyxia at 3, 6,

12, and 24 h after colistin injection. The samples were

centrifuged at 24009g for 15 min to separate the plasma,
and the plasma samples were stored at -80 #C until

analysis. The plasma colistin concentration was determined

by high-performance liquid chromatography (HPLC)
(Nemoto Science Co., Ltd., Ibaraki, Japan) [25]. If the
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concentration of colistin was below the lower limit of

quantitation (0.1 lg/mL), it was considered to be 0.1 lg/mL
in the subsequent analysis.

Mouse model of endotoxin-induced sepsis

C3H/HeN mice were anesthetized intramuscularly with

50 mg/kg ketamine and 10 mg/kg xylazine [26]. LPS was
dissolved in normal saline at a concentration of 50 lg/mL.

The mice were intraperitoneally administered 200 lL LPS
solution and then percutaneously administered 1 mg of

blank microspheres, colistin sulfate alone, or colistin

microspheres. To measure the level of serum endotoxin,
blood samples were collected by cardiac puncture at 3, 12,

and 24 h after the LPS challenge. They were allowed to

clot at 4 #C and centrifuged at 24009g for 15 min to obtain
serum samples, which were stored in aliquots at -80 #C

before they were assayed for LPS. Further, at 12 and 24 h

after the LPS challenge, the mice were euthanized by CO2

asphyxia and their spleens were removed for cytokine

analysis. Whole spleens were homogenized in 1 mL of

normal saline using a tissue homogenizer (Ika) [26], and
the homogenates were centrifuged at 30009g for 10 min.

The supernatants were stored at -20 #C before cytokine

assays.

LPS assay

LPS was assayed using an LPS-specific chromogenic

Limulus test (Endospecy; Seikagaku Co., Tokyo, Japan).

Sterile LPS-free specimen containers and pipette tips were
used for the LPS assay. Blood samples were centrifuged at

24009g for 15 min to obtain serum samples for use in the

assay.

Cytokine assay

The levels of cytokines in the spleen homogenates were

determined using an ELISA kit (Duo Set, ELISA Devel-

opment System, R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions [27].

Acute toxicity investigation (colistin-induced lethality
and histopathological analysis)

Colistin sulfate and colistin microspheres were adminis-
tered subcutaneously at 2.0, 2.5, and 3.0 mg/mouse to

C3H/HeN mice to determine the colistin-induced lethality.

Survival rates were monitored every 4 h for the first 12 h
and every 12 h subsequently for 120 h after administra-

tion. To determine the nephrotoxicity of colistin sulfate,

colistin microspheres, and blank microspheres 120 h after

administration, the kidneys were removed, fixed over days

in 10 % paraformaldehyde acid, and embedded in paraffin
for histological analysis. Tissue cross-sections were stained

with hematoxylin and eosin as well as periodic acid–Schiff

stain, and double stained with nuclear and TUNEL stains
[DeadEndTM Fluorometric TUNEL System from Promega

(Tokyo, Japan)] [28]. Histochemically stained nuclei were

counted in ten randomly selected fields per group using
immunofluorescence microscopy (Olympus, Tokyo, Japan)

and ImageJ software.

Statistical analysis

Data were analyzed using Prism 5 software (GraphPad

Software, La Jolla, CA, USA). All cytokine and LPS assay

data are presented as the mean ± standard deviation (SD).
Statistical significance was determined using the unpaired,

two-tailed t test. Survival curves were constructed by the

Kaplan–Meier method and were analyzed using log-rank
tests. For all tests, differences were considered to be sta-

tistically significant at P \ 0.05.

Results

Characteristics of colistin microspheres

The composition of the colistin microspheres is shown in
Table 1. These microspheres are shown in Fig. 1, and their

diameters are \75 lm, which is considered inappropriate

for intravenous administration but acceptable for subcuta-
neous administration. Our previous study (unpublished

data) demonstrated that the higher the colistin sulfate

content of the microspheres, the more rapidly the colistin is
released; therefore, microspheres containing excessive

colistin are not suitable for slow-releasing systems. We

therefore adjusted the amount of colistin sulfate to
46.1 ± 8.2 lg colistin/mg microsphere to make them

suitable for slow release.

Colistin sulfate and colistin microsphere induced

lethality

C3H/HeN mice overdosed with colistin sulfate or colistin

microspheres (two- to threefold higher than the efficacious

dose) developed abnormal respiration and reduced activity
and finally died. The lethality at each concentration is

shown in Table 2. The mortality in the mice administered

colistin sulfate was significantly higher than that in the
mice administered colistin microspheres (P = 0.023 and

\0.001 for the colistin sulfate groups). Most deaths

occurred within 24 h postinjection in both groups.
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Histopathological investigation of the kidney

To evaluate colistin-induced nephrotoxicity, hematoxylin–

eosin, nuclear, and TUNEL staining were performed with

sections of the kidney. Apoptotic bodies were found in the
kidneys of mice from all groups, though the colistin sulfate

group showed more apoptotic bodies than the colistin

microsphere and blank microsphere groups. Similarly,
TUNEL staining showed that the colistin sulfate group had

significantly more positive nuclei than the colistin micro-

sphere and blank microsphere groups (Table 3).

Plasma colistin concentration after subcutaneous

administration

Figure 2 shows the plasma colistin concentrations for 5–6

Balb/c mice following subcutaneous injection of 1 mg

colistin as colistin sulfate alone or as colistin microspheres.
All mice in both groups tolerated the administered colistin

well, with no observed toxicity over the experimental

period. At 3 h the plasma concentrations of colistin were
significantly higher in the group treated with colistin sul-

fate alone compared with the group treated with colistin

microspheres (11.24 ± 2.12 vs. 6.73 ± 2.73 lg/mL,
respectively). On the other hand, at 12 and 24 h, the plasma

concentrations of colistin were significantly higher in the

colistin microspheres group compared with the group
treated with colistin sulfate alone (0.43 ± 0.27 vs.

1.66 ± 0.85 lg/mL at 12 h and\0.1 vs. 0.69 ± 0.11 lg/mL

at 24 h, respectively). In particular, the plasma concentra-
tions of colistin were undetectable in all mice after dosing

with colistin sulfate at 24 h, whereas in the case of the

colistin microspheres, the plasma concentrations of colis-
tin were still detectable at 24 h after subcutaneous

administration.

Effects of colistin microspheres and colistin sulfate

in the C3H/HeN mouse model of septic shock

To assess and compare the effects of the colistin micro-

spheres on neutralizing LPS, we examined a mouse model

of endotoxin-induced sepsis that mimics endotoxin shock
in clinical settings. Blank microspheres (without colistin)

were used as controls. All mice challenged with LPS sur-
vived until sacrifice, but those administered the blank

Table 1 Composition of the colistin microspheres

Ingredients

DCM volume (mL) 6.0

Water volume (lL) 800

PVA concentration (%) 1.0

PLGA (g) (MW: 20000) 3.2

Encapsulation efficiency (%) 33.9 ± 6.0

Colistin sulfate content (lg/mg microspheres) 46.1 ± 8.2

Each value represents the mean ± SD (n = 3)

DCM dichloromethane, PVA polyvinyl alcohol, PLGA poly-lactic-co-
glycolic acid

Fig. 1 SEM photograph of colistin microspheres

Table 2 Colistin sulfate and colistin microsphere induced lethality

Colistin sulfate
challenge (mg/mouse)

Colistin
sulfate

Colistin
microspheres

P

No. of mice
(dead/total)

No. of mice
(dead/total)

2.0 6/10 1/10 0.023*

2.5 10/10 3/10 \0.001*

3.0 10/10 9/10 0.0609

* P \ 0.05 represents a significant difference compared to the colistin
sulfate only group

Table 3 Colistin-induced nephrotoxicity (mean ± SD, n = 10 per
field)

Number of positive nuclei

Nuclear stain TUNEL
stain

Percentage
TUNEL/nuclear

Blank microspheres 1918 ± 244.0 1.3 ± 1.49 0.07 ± 0.09*,!

Colistin sulfate
alone

1695 ± 297.0 13.7 ± 3.13 0.82 ± 0.18

Colistin
microspheres

1577 ± 229.8 2.7 ± 0.65 0.17 ± 0.04*

* P \ 0.05 represents a significant difference compared to the colistin
sulfate alone group
! P \ 0.05 represents a significant difference compared to the
colistin microsphere group
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microspheres developed mildly abnormal respiration and

reduced activity after 12 h. As shown in Fig. 3, endotoxin
was suppressed to a greater extent in the groups treated

with colistin microspheres and colistin sulfate alone than in

the group administered blank microspheres. This was
especially noticeable at 24 h postinjection (32.32 ± 8.28

vs. 164.30 ± 43.62 lg/L, P \ 0.001; 20.86 ± 6.56 vs.

164.30 ± 43.62 lg/L, P \ 0.001). The levels of endotoxin
in the colistin microsphere group at 3 and 12 h after LPS

challenge were not lower than those in the group treated

with colistin sulfate alone (75.51 ± 57.92 vs. 57.14 ±
30.44 lg/L, P = 0.55; 58.74 ± 60.30 vs. 40.80 ± 31.67

lg/L, P = 0.57). In contrast, at 24 h postinjection, the

levels of endotoxin in the group treated with colistin
microspheres were significantly lower than those in the

group treated with colistin sulfate alone (20.86 ± 6.56 vs.

32.32 ± 8.28 lg/L, P \ 0.05).

Effects of colistin microspheres and colistin sulfate

on cytokine production after LPS challenge

Next, we assessed and compared the effects of colistin

microspheres and colistin sulfate on the suppression of

cytokine activity in the LPS-challenged mouse spleens. As
shown in Fig. 4, subcutaneous administration of colistin

microspheres and colistin sulfate alone tended to cause a

reduction in the TNF-a, IL-6, and IL-1b levels compared to
the blank microspheres. At 12 h postinjection, the colistin

microspheres tended to cause a greater reduction in the

levels of all cytokines in the spleen than colistin sulfate; in
particular, the level of IL-1b was significantly reduced.

Unfortunately, at 24 h, we were unable to determine

whether the colistin microspheres caused a greater reduc-
tion in the cytokine levels than colistin sulfate, because the

levels of most cytokines were reduced to below the mea-

surable limit.

Discussion

In the present study, we demonstrated the slow release of

colistin in vivo and the suitability of colistin microspheres
for protecting against endotoxin-induced sepsis and

reducing the toxicity of colistin. Polymyxin B hemoper-

fusion added to conventional therapy significantly
improved hemodynamics, prevented organ dysfunction,

and reduced the 28-day mortality in a targeted human

population with severe sepsis and/or septic shock caused by
intraabdominal Gram-negative infections [11]. However,

polymyxin B hemoperfusion is very expensive and com-

plex, while the colistin microspheres used here are cheaper,
simpler to use, and safer. Therefore, we believe that this

microsphere technology is promising.

At 24 h after the LPS challenge, the levels of endotoxin
in the blank microsphere group were elevated, while they

were not elevated at 12 h compared with the levels at 3 h.

In fact, the mice administered blank microspheres devel-
oped mildly abnormal respiration and reduced activity,

whereas those treated with colistin sulfate alone or colistin

microspheres did not. The increased level of endotoxin in
the blank microsphere group was likely to be from trans-

location of bacteria from the gut. One of the important

mechanisms underlying bacterial translocation is the
alteration of the permeability of the intestinal mucosa [29].

This phenomenon is known to occur as a result of sepsis

and endotoxin administration [29]. Thus, because the mice
administered blank microspheres were able to directly

translocate endotoxin in large amounts, the levels of

endotoxin in this mouse group were found to be elevated
24 h after the LPS challenge.
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Fig. 2 The mean (±SD) plasma concentration of colistin in 5–6
Balb/c mice following subcutaneous administration. Balb/c mice were
administered 1 mg colistin/mouse of colistin sulfate or colistin
microspheres. Blood samples were collected by cardiac puncture at
3, 6, 12, and 24 h. *P \ 0.05 represents a significant difference
compared with colistin sulfate alone. The lower limit of quantitation
was 0.1 lg/mL (the dotted line). If the colistin concentration was
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Fig. 3 The mean (±SD) levels of endotoxin in sera (n = 5). C3H/
HeN mice were administered 10 lg LPS solution intraperitoneally
and then 1 mg colistin/mouse of colistin sulfate or colistin micro-
spheres. Blood samples were collected by cardiac puncture at 3, 12,
and 24 h after the LPS challenge. *P \ 0.05 and **P \ 0.01
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LPS activates various immune-competent cells, such as

CD14? cells, which produce various proinflammatory
mediators on activation, such as TNF-a, IL-1b, and IL-6

[7, 10, 30]. The present data clearly demonstrated that

in vivo, the colistin microspheres were more effective at
suppressing inflammatory cytokine production than colistin

sulfate alone was. According to our results, the time curves

of the cytokine levels in the spleen did not correlate with
those of LPS; in particular, at 12 h, although the levels of

LPS were not different in both groups, the levels of cyto-

kines in the colistin microsphere group were suppressed
compared to those in the colistin sulfate group. One pos-

sible explanation for this poor correlation is that this

finding is attributable to the tissue damage due to colistin.
The inflammatory cytokines assayed here are induced by

LPS and tissue damage. Because of the higher peak blood

concentration of colistin in the colistin sulfate group, the
tissue damage in this group was greater and cytokines were

induced to a greater extent compared to the colistin

microsphere group. Therefore, two different factors—tis-
sue damage and LPS—affected the levels of cytokines

measured in our experiments. Another possible explanation

for this poor correlation is that this finding is attributable to
NK cells. Zhong et al. [31] showed that polymyxin E

enhanced the activity of NK cells and induced interferon

(IFN)-c and TNF-a production in NK cells. The inflam-
matory cytokines assayed here are induced by LPS and NK

cells. Because of the higher peak blood concentration of

colistin in the colistin sulfate group, NK cell activity in this
group was greater and cytokines were induced to a greater

extent compared to the colistin microsphere group.

Therefore, two different factors—NK cells and LPS—

affected the levels of cytokines measured in our experi-

ments. More studies are required to investigate this
correlation.

In terms of toxicity, our data showed that colistin

microspheres are less toxic than colistin sulfate alone, but
comparison with the blank microsphere controls indicates

that they are not completely nontoxic. The main reason for

this is probably that the use of the colistin microspheres
resulted in a reduced maximum blood concentration,

whereas the majority of deaths occurred within 24 h when

colistin sulfate alone was administered at supra-therapeutic
doses.

The mechanisms of colistin-induced nephrotoxicity are

not well understood. However, the mechanism of renal
injury of polymyxin B, which is similar to colistin, is

suggested to be due to the induced increase in membrane

permeability, resulting in the easy flow of cations, anions,
and water, which eventually leads to edema and cell lysis

[32]. Another study suggested that oxidative stress is the

mechanism underlying colistin-induced nephrotoxicity
[33]. Moyer et al. showed that in colistin-treated animals,

histological examination of the kidneys revealed diffuse

edema in the renal tubules [34, 35], but we found apoptotic
bodies rather than diffuse edema in our study. One possible

explanation for this dissimilarity is the difference in the

time. We sacrificed the mice five days after colistin
administration and found no histological changes, probably

because these changes may only appear in the acute phase

or because the histological changes may vary with time. In
addition, apoptosis plays a central role not only in various

renal diseases and drug-induced nephrotoxicity but also

in the physiological processes of kidney growth and
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Fig. 4 Effects of colistin
microspheres and colistin
sulfate alone on cytokine
production in spleens after LPS
challenge. At 12 and 24 h after
the LPS challenge, the spleens
of C3H/HeN mice were
removed and homogenized for
cytokine analysis. a TNF-a,
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expressed as the mean ± SD.
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remodeling [36]; our findings could thus indicate the

physiological processes of kidney remodeling. More stud-
ies are required to investigate the mechanism of colistin-

induced toxicity.

Commercial colistin sulfate is used orally for bowel
decontamination and topically as a powder for skin infec-

tions, but it is not used parenterally. On the other hand,

CMS, which has been found to be less toxic and to have
fewer undesirable side effects than colistin [32], is used

parenterally and inhaled. Therefore, many previous studies
have used CMS. However, measuring the concentration of

CMS is a difficult and complex task, because it is contin-

ually hydrolyzed into colistin sulfate [37]. Moreover, CMS
has lower in vitro antibacterial potency [38]. We used

colistin sulfate in the microspheres because the instability

of CMS in aqueous media results in hydrolysis to colistin
sulfate [39]. Further, while CMS is an inactive prodrug that

requires conversion to colistin, colistin microspheres

exhibit activity directly, and it is easy to adjust the release
rate by changing the kind of polymer or the colistin sulfate

content.

There are two major limitations of this study. Firstly,
colistin microspheres with diameters of approximately

50 lm cannot be administered by the parenteral route. We

did not produce smaller colistin microspheres because they
contain an insufficient dose of colistin for an effective

blood concentration to be reached and maintained. This is

warranted for future investigations. Second, colistin
microspheres may have less potential efficiency than

colistin sulfate alone during the first 3–12 h of sepsis

because colistin microspheres slowly release colistin. To
make up for this disadvantage, we used a combination of

colistin microspheres and a low dose of colistin for the

loading dose. We believe this has less toxicity than colistin
sulfate alone because a combination of colistin micro-

spheres and a low dose of colistin for the loading dose

resulted in a lower maximum blood concentration com-
pared with that obtained with colistin sulfate alone. This

limitation must be clarified in further experiments.

In conclusion, colistin microspheres provided consis-
tently optimal serum colistin levels comparable to those

achieved with colistin sulfate alone in solution; therefore,

the frequency of administration could be reduced. Colistin
microspheres thus offer clear advantages in terms of

reduced colistin toxicity and prolonged systemic anti-

endotoxin effects.
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□ CASE REPORT □

A Case of Rectal Cancer Arising from Long-Standing
Prolapsed Mucosa of the Rectum

Takashi Nonaka 1,2, Masahiko Inamori 1,3, Tadaomi Kessoku 2, Yuji Ogawa 2,
Shogo Yanagisawa 2, Tadahiko Shiba 2, Takashi Sakaguchi 2, Eiji Gotoh 4, Shin Maeda 1,

Atsushi Nakajima 1, Kazuhiro Atsukawa 2, Hisao Takahasi 2 and Yoshikiyo Akasaka 5,6

Abstract

Mucosal prolapse syndrome (MPS) has been recognized as a chronic benign inflammatory disorder, char-
acterized mainly by rectal mucosal prolapse. Disorders representing this condition include solitary rectal ulcer
syndrome (SRUS), rectal prolapse, proctitis cystica profunda, and inflammatory cap polyps. The gross ap-
pearance of rectal MPS can be occasionally misinterpreted as rectal cancer. In contrast, there have been a few
reports of colorectal cancer originating from prolapsed mucosa. Herein, we report a case of MPS associated
with two independent rectal cancers extending into the submucosal layer. We speculate that long-standing
MPS may increase the risk of malignant transformation.

Key words: mucosal prolapse syndrome, solitary rectal ulcer syndrome, rectal cancer, malignant transforma-
tion

(Intern Med 50: 2569-2573, 2011)
(DOI: 10.2169/internalmedicine.50.5924)

Introduction

Solitary rectal ulcer syndrome (SRUS) is considered as a
rare benign rectal disease that has a wide spectrum of clini-
cal presentations, variable endoscopic findings, and charac-
teristic histopathological features (1-9). Recently, the mu-
cosal prolapse syndrome (MPS) was proposed as a unified
concept, and has been accepted widely, based on the recog-
nition that similar histopathological abnormalities can occur
in other conditions and sites, such as transitional mucosa ad-
jacent to large bowel tumors, prolapsed colostomies, and
prolapsed hemorrhoids (10-12).

Although it has been reported that rectal MPS can occa-
sionally be misinterpreted as rectal carcinoma based on its
clinical presentation, and endoscopic and radiographic ap-
pearances (3-9), few reports have described the occurrence
and characteristics of malignant transformation in this syn-

drome (13-18). Neither the association of cancer with long-
standing MPS nor the malignant potential of MPS has ever
been investigated thoroughly. We report a highly unusual
case of MPS with moderately differentiated tubular adeno-
carcinoma and poorly differentiated adenocarcinoma arising
from the prolapsed mucosa, both of which invaded the sub-
mucosal layer.

Case Report

A 69-year-old man visited our hospital with lower ab-
dominal pain and difficulty in passing stools. The patient
had a history of hypertension and gastric ulcer. The physical
examination was unremarkable. The results of laboratory ex-
aminations, including urinalysis, complete blood cell count
(CBC), and liver and renal function tests were normal. The
serum C-reactive protein level was 0.1 mg/dL, serum carci-
noembryonic antigen (CEA) level was 3.1 ng/mL, and the
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Figure　1.　Thirteen years earlier, the first colonoscopic ex-
amination revealed reddened lesions on the anterior wall of 
the lower rectum.

Figure　2.　The first time biopsy specimen showed mild in-
flammation in the lamina propria and upward proliferation of 
a splayed muscularis mucosa.

Figure　3.　The current endoscopic examination. a: A protruding lesion was seen on the anal side in 
the reddened mucosa of the rectum. b: A depressed lesion was seen on the oral side, close to the pro-
truding lesion.

a b

serum carbohydrate antigen (CA) 19-9 level was 9.3 U/mL.
He had no history of enema use or insertion of supposito-
ries, but he had tended to strain at defecation for a long
time. Interestingly, it was his past medical history that
brought him to our hospital this time; he desired further ex-
amination for a positive fecal occult blood test 14 years pre-
viously, and had undergone colonoscopy that revealed
patchy erythematous mucosa on the anterior wall of the
lower rectum (Fig. 1). At that time, biopsy specimens taken
from the lesion had shown evidence of mild inflammation,
reactive epithelial changes with hyperplastic and distorted
crypts, ectatic and congested vessels, and subtle upward pro-
liferation of a splayed muscularis mucosa. Consequently,
this lesion was initially diagnosed as idiopathic proctitis
without dysplasia or malignancy, because its histopathologi-
cal findings were weakly perceived as MPS features
(Fig. 2). Although colonoscopy had been performed repeat-
edly since the first examination, the endoscopic appearances
and histopathological findings on biopsy had remained con-
stant. His last colonoscopy had been conducted five years

previously, and biopsy specimens taken from the same red-
dened lesions had shown no evidence of malignancy. The
present time colonoscopic examination revealed a protruding
lesion on the anal side (Fig. 3a) and a depressed lesion on
the oral side (Fig. 3b) in the aforementioned reddened mu-
cosa of the rectum. Biopsy specimens taken from the pro-
truding lesion revealed a moderately differentiated tubular
adenocarcinoma. As a result, laparoscopic abdominoperineal
rectal resection with regional lymph node dissection was
performed (Fig. 4). Histopathologically, the protruding le-
sion consisted of moderately differentiated tubular adenocar-
cinoma (Fig. 5a), and the depressed lesion consisted of a
poorly differentiated adenocarcinoma (Fig. 5b, 5c), both of
which were discontinuous and extended into the submucosal
layer without vascular or lymphocytic infiltration or lymph
node metastasis. Immunohistochemically, the protruding le-
sion showed negative staining for p53, however, the de-
pressed lesion showed both strong and diffuse positive stain-
ing. Histopathological examination of the background rectal
mucosa surrounding the two cancers revealed the presence
of longitudinal smooth muscle fibers and collagen deposi-
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Figure　4.　Gross appearance of the resected rectum. The 
protruding lesion (arrow) was 20 mm in diameter and 4 cm 
from the anal verge; the depressed lesion (arrowhead) was 15 
mm in diameter and 6 cm from the anal verge. Both lesions 
were discontinuous and independent.

Figure　5.　Histopathological examination. a: Section of the protruding lesion with a background 
mucosa. Moderately differentiated tubular adenocarcinoma was seen (at left), with MPS mucosa (at 
right) which showed thickened muscularis mucosa and ingrowth of muscle fibers in the lamina pro-
pria (Hematoxylin and Eosin staining, ×4). b: Section of the depressed lesion with a background mu-
cosa. The border between poorly differentiated adenocarcinoma (at left) and MPS mucosa (at right) 
was observed with marked collagenous fiber in the submucosa. Area outlined by the square is shown 
in panel c (Hematoxylin and Eosin staining, ×4). c: High magnification showed poorly differentiated 
adenocarcinoma and the border (Hematoxylin and Eosin staining, ×10). d: Azan-Mallory staining 
for Fig. 5b enhanced marked collagenous fiber in the lamina propria and submucosa (Azan-Mallory 
stain, ×4). e: Immunohistochemical staining using α-SMA for Fig. 5c enhanced the appearance of 
the fibromuscular obliteration in the lamina propria (α-smooth muscle actin stain, ×10).

a b c

d e

tion in the lamina propria, namely fibromuscular oblitera-
tion, which is a characteristic histopathological feature in
MPS (Fig. 5d, 5e).

Discussion

Solitary rectal ulcer syndrome (SRUS), although origi-
nally described by Cruveilhier in 1830 (1), gained wide ac-

ceptance only after Madigan and Morson characterized the
lesion both clinically and pathologically in 1969 (2). This
entity is a rare benign disease of the rectum, which pre-
dominantly affects adults over a wide age range, with an es-
timated prevalence of 1 in 100,000 people per year (3-5).
Although the term SRUS has been widely accepted, it is
misleading in that the lesions may neither be ulcerated nor
solitary on macroscopic examination (3-9). For this reason,
recently, the unifying concept of the mucosal prolapse syn-
drome (MPS) was proposed as a common clinicopathologi-
cal term, based on the recognition of clinical and histopa-
thological similarities with other conditions and at other
sites (10-12). In other words, SRUS is now considered as
one entity in the spectrum of MPS.

The underlying etiology of SRUS/rectal MPS is not yet
fully understood. However, several hypotheses have been
proposed, including congenital malformations, paradoxical
contraction of the pelvic floor and external anal sphincter
muscles from excessive straining at defecation, localized
rectal ischemia, inflammation, and rectal pro-
lapse (10, 19-23).

The symptoms of SRUS/rectal MPS are quite variable.
Nearly all patients describe a symptom complex consisting
of rectal bleeding, passage of mucus, tenesmus, perineal and
abdominal pain, constipation, sensation of incomplete defe-
cation, straining on defecation, and rectal pro-
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Table　1.　Clinical Features of Patients with MPS Accompanied by Carcinoma

case(Ref) author/year  Age/Sex Presenting symptoms Macroscopic findings Location Histological type of tumor Depth of tumor invasion

1 (13)    Silver H/1969  49/F rectal pain, bleeding and
an abnormal discharge

a tender ulcer with elevated edges rectum well differentiated mucinous adenocarcinoma ND

2 (14)   Burt CA/1970  76/F rectal bleeding and
mucous stool

a large polypoid mass sigmoid Papillary - mucinous adenocarcinoma subserosa

3 (15)    Bhuta I/1976  27/M rectal bleeding and
tenesmus

multiple elevated tumor masses
with ulceration

rectum adenocarcinoma in situ

4 (16)     Li SC/1998  59/M constipation a mass rectum adenocarcinoma ND

5 (16)     Li SC/1998  53/F rectal bleeding irregular nodules rectum adenocarcinoma ND

6 (16)     Li SC/1998  26/M ND a mass rectum adenocarcinoma ND

7 (17) Tsuchida K/1998  45/F constipation a small ulcerated lesion rectum well differentiated tubular adenocarcinoma submucosa

8 (18) Mönkemüller KE/1999 19/F constipation, tenesmus,
and lower abdominal pain

a rectal stricutre surrounded by patchy
granular hyperemic mucosa

rectum poorly differentiated mucinous adenocarcinoma ND

9 Nonaka T/2011  69/M lower abdominal pain and
difficulty in defecating

a protruding lesion and a depressed lesion
in the patchy erythematous mucosa

rectum moderately differentiated tubular adenocarcinoma,
and poorly differentiated adenocarcinoma

submucosa

ND: not described 

lapse (7, 8, 23). However, up to 26% of patients can be as-
ymptomatic (6), therefore SRUS/rectal MPS is occasionally
discovered incidentally as in the present case.

The macroscopic findings of SRUS/rectal MPS also vary.
The macroscopic appearance of SRUS/rectal MPS can be
classified into ulcerative (55.1%), polypoid (24%) and flat
(20.9%) types (8). Madigan and Morson reported multiple
lesions in 30% of cases of SRUS (2). Endoscopic misdiag-
nosis occurs frequently because of these variable find-
ings (6-8).

Although the gross appearances of SRUS/rectal MPS vary
greatly, the histopathological findings are highly characteris-
tic. The rectal mucosa in cases of SRUS/rectal MPS shows a
characteristic fibromuscular proliferation within the lamina
propria, accompanied by the thickening and fraying of the
muscularis mucosa, collagen deposition in the lamina prop-
ria, varying degrees of chronic and occasionally active in-
flammation, and reactive epithelial changes (2, 10, 16, 24).
The correct diagnosis of SRUS/rectal MPS depends on a
recognition of these specific histopathological features, espe-
cially the “fibromuscular obliteration”.

SRUS/rectal MPS can occasionally be misdiagnosed as
rectal carcinoma based on its clinical presentation, and en-
doscopic and radiographic appearances, and in some in-
stances, histopathological appearances, due to the presence
of atypical proliferating epithelium ‘as a part’ reactive epi-
thelial changes. Numerous reports focusing on distinction of
MPS from rectal carcinoma have been published (3-9), how-
ever, there are only a few reports describing the occurrence
and characteristics of malignant transformation in SRUS/rec-
tal MPS (13-18) (Table 1). Occasionally, SRUS-like histopa-
thologic feature was produced by underlying malig-
nancy (16). In contrast, there was no report that implied ma-
lignant transformation in MPS based on long-term endo-
scopic observation. The relationship between MPS and col-
orectal cancer remains unclear, although the association of
colorectal cancer with long-standing inflammatory bowel
disease has been established (25-27). A previous report sug-
gested that long-standing chronic idiopathic colitis was asso-

ciated with an increased risk of colorectal dysplasia and ade-
nocarcinoma (28). The mechanism of transformation in MPS
is obscure, but it can be in the same manner as the above
conditions. Furthermore, Ball et al reported that parts of
SRUS showed focal loss of hMLH1 gene expression, indi-
cating the potential for preneoplastic change (29). We specu-
late that the rectal cancer in the present case represents a
malignant transformation from long-standing rectal MPS,
based on the long-term endoscopic observation.

Conclusion

In conclusion, we reported a highly unusual case of MPS
with two independent rectal cancers extending into the sub-
mucosal layer. Intentional colonoscopy and repeated biopsy
for MPS may facilitate the correct diagnosis of such cases,
because long-standing MPS may be associated with an in-
creased risk of malignant transformation.

The authors state that they have no Conflict of Interest (COI).
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Background: Cardiac fibroblasts (CFs) play a pivotal role in the development of myocardial fibrosis. We
previously demonstrated that direct injection of basic fibroblast growth factor (bFGF) into the hypertensive
Dahl salt-sensitive (DS) rat heart prevented systolic dysfunction and left ventricular dilation effectively.
However, the precise role played by bFGF in fibrotic response of CFs remains unclear. We suggested potential
effects of bFGF on the fibrotic response of CFs in vitro.
Methods and results: Histopathologic assessment of cardiac fibrosis demonstrated a marked decline in the
extent of perivascular and interstitial fibrosis in bFGF-injected hypertensive DS rat hearts. CFs harvested from
the hearts of noninjected DS rats demonstrated a significantly increased messenger RNA (mRNA) expression
of matrix metalloproteinase (MMP)-2, MMP-9, and both collagen I and III. In contrast, bFGF treatment in the
CFs induced amarked increase in tissue inhibitor of MMP (TIMP)-1 expression and amarked decline in MMP-
9 activation. bFGF also induced a decline in α-smooth muscle actin and collagen I and III mRNA expression in
the CFs accompanied by inhibited differentiation of CFs into myofibroblasts. Small interfering RNA targeting
FGF receptor 1 confirmed a specific interference of the mRNA expression changes elicited by bFGF. In vivo
examination confirmed many TIMP-1-positive CFs in perivascular spaces of bFGF-injected hearts.
Conclusions: Up-regulated TIMP-1 expression and down-regulated MMP-9 activation by bFGF in CFs could
prevent excessive ECM degradation and collagen deposition in perivascular spaces effectively, leading to
prevention of cardiac fibrosis during hypertensive heart failure.
Summary: Cardiac fibroblasts (CFs) play a pivotal role in myocardial fibrosis. The precise role of CFs in fibrotic
response played by growth factors remains unclear. Our results indicates that basic fibroblast growth factor
could up-regulate TIMP-1 expression and down-regulate MMP-9 activation in CFs in perivascular spaces,
leading to inhibited progression of cardiac fibrosis during hypertensive heart failure.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Cardiac fibroblasts (CFs) play a pivotal role in the development of
fibrotic myocardial remodeling that leads to left ventricular (LV)
dilation [1,2]. In a pressure-overloaded rat model, the proliferation
and differentiation of perivascular fibroblasts were induced, resulting
in fibrosis extending from the perivascular space into the interstitium
[3]. Therefore, perivascular fibroblasts might contribute to the
progression of cardiac fibrosis in pressure-overloaded hearts. We
previously demonstrated that direct injection of basic fibroblast
growth factor (bFGF) into the hypertensive rat heart prevented
myocardial remodeling sequelae, including systolic dysfunction and
LV dilation [4]. However, the precise role played by bFGF in
antifibrotic response of CFs remains to be elucidated.
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Differentiated myofibroblasts actively remodel the cardiac inter-
stitium through an increased secretion of matrix metalloproteinases
(MMPs) and increased collagen turnover [1,5]. Perturbed extracellular
matrix (ECM) synthesis and degradation are the primary contributors
to cardiac remodeling observed in hypertensive heart disease and are
caused by an imbalance in the ratio of MMPs to their inhibitors, tissue
inhibitors of MMPs (TIMPs) [6–8]. Previous studies have revealed that
MMP-2, MMP-9, TIMP-1, and TIMP-2 expressions were enhanced in
the myocardium of Dahl salt-sensitive (DS) rats during the transition
to congestive heart failure [9,10]. In this process, CFs are the key
source of TIMPs in the myocardium and TIMP-1 and TIMP-2 are
predominant in CFs [11]; both molecules are modulated by a number
of cytokines and growth factors [1,12].

Transforming growth factor-beta1 (TGF-β1) is a potent inducer of
myofibroblastic differentiation through its induction of α-smooth
muscle actin (α-SMA) [13,14]. On the other hand, bFGF is a potent
inducer of mitosis and chemotactic activity for endothelial cells and
fibroblasts. Although pharmacological modulation of TIMPs and
MMPs in myocardium has been investigated extensively in vivo,
clear therapeutic strategies remain to be defined. In the present study,
therefore, we suggested potential effects of bFGF, via modulation of
expression of MMPs, TIMPs, and collagens, on the fibrotic response of
CFs in vitro.

2. Materials and methods

For additional detailed methods, please see Supplementary
Materials and Methods.

2.1. Animals

Male DS rats (DIS/Eis; Japan SLC, Inc., Hamamatsu, Japan) were fed
an 8% NaCl diet from 6weeks of age. For the histological assessment of
cardiac fibrosis, heart tissues were harvested at 6, 12, 15, and 18
weeks of age (n=6/group). At 15 weeks of age, 12 DS rats fed an 8%
NaCl diet were randomly allocated to one of two groups of 6 rats. The
F(+) group received an injection of bFGF (100 μg; courtesy of Kaken
Pharmaceutical Co. Ltd., Tokyo, Japan) containing heparin sodium
(1.28 μg; Sigma Chemical Co., St. Louis, MO, USA), while the F(−)
group was injected with PBS containing heparin sodium. At 18 weeks
of age, the hearts from both groups were harvested and the extent of
cardiac fibrosis was compared. Regarding of bFGF injection, a single
intramyocardial injection was given to 15-week-old DS rats, as
previously described with minor modifications [4,15]. Briefly, rats
were anesthetizedwith sodiumpentobarbital (30mg/kg, i.p.), and the
adequacy of anesthesia was confirmed by disappearance of the eyelid
reflex, corneal reflex, and the absence of withdrawal reflex to tail
pinch. The level of anesthesia was monitored during the experiment,
and an additional dose of pentobarbital (10 mg/kg, i.p.) was
administered when necessary. Animals were intubated endotrache-
ally for artificial ventilation with a rodent respirator (KN-55; Natsume
Seisakusho, Tokyo, Japan). After thoracotomy at the left intercostal
space, rats were electrocardiographically monitored during myocar-
dial injection of agents. A single bFGF injection was made in the left
anterolateral wall of the heart using a 0.5-ml syringe and a 29-gauge
needle. Care was taken to deliver the injection to the subepicardial
layer of the myocardium, as confirmed by the presence of a bleb
beneath the epicardium when the syringe had been emptied. The
chest was then closed and the rat was allowed to recover.

All experiments in this study involving animals were preapproved
by The Toho University Laboratory Animal Research Committee
(Authorization No. 13-51-216), complied with the Toho University
Guidelines on Animal Experiments, and conformed to the EU Directive
2010/63/EU for Animal Experiments.

2.2. Cultured cells

Hypertensive heart-derived CFs (HCFs) were isolated from
myocardium of DS rats fed a high-salt diet; hearts were harvested at
12 and 16 weeks of age (to form the 12HCF and 16HCF groups,
respectively). Control CFs (CCFs) were derived from myocardium of
DS rats fed a 0.3% NaCl diet, harvested at 12 and 16 weeks of age (to
form the 12CCF and 16CCF groups, respectively). Harvested CFs were
used to establish primary cultures, as described in the Supplementary
Methods section. Subconfluent HCFs and CCFs collected between
passage numbers 2 and 3 were used for all experiments.

2.3. Histological analysis

Histological analysis was performed according to methods
described previously [16]. Briefly, horizontal sections of the LV
myocardium were visualized using an image scanner and the digital
images were analyzed. Three independent observers (Y.I., Y.F., and
N.I.) who were blinded to the source of the material estimated the
level of perivascular fibrosis as the ratio of the perivascular fibrotic
area to the total area occupied by the vessel. The observers also
estimated the level of interstitial fibrosis as reflected by Azan–
Mallory-positive areas per field of view. Azan–Mallory-positive areas
were densitometrically measured in captured images using the
National Institutes of Health (NIH) image program (Wayne Rasband
at the US National Institute of Health), according to methods
described previously [16].

2.4. Immunostaining

Formalin-fixed, paraffin-embedded tissues were used to visualize
bFGF by immunohistochemistry andMMP-9, TIMP-1, bFGF, CD68, and
P4H by immunofluorescence (IF) staining, as described previously
[4,17]. The primary antibodies used were anti-bFGF (Chemicon,
Temecula, CA, USA), anti-MMP-9 (Santa Cruz Biotechnology, Santa
Cruz, CA, USA), anti-TIMP-1 (Santa Cruz Biotechnology), anticollagen
prolyl 4-hydroxylase (P4H; Acris GmbH, Germany), and anti-α-SMA
(DAKO, Glostrup, Denmark) and anti-CD68 (ED-1: AbD Serotec,
Münsterstr, Germany).

2.5. Gelatin zymography

Cell culture supernatants were collected after being concen-
trated using Amicon Ultra centrifugal filter units (Millipore,
Billerica, MA, USA). Gelatin zymography was performed using a
kit produced by Invitrogen and in accordance with the manufac-
turer's instructions (Invitrogen, Carlsbad, CA, USA). Samples
containing 20 μg of protein were applied onto 10% Zymogram
gels (Invitrogen) and electrophoresed. Band intensities of pro-
MMP-9 and pro-MMP-2 were quantitatively determined using
densitometry and the NIH image program. Results were reported
as the average integrated value ratios obtained by standardizing
each band to the intensity of the gelatinase control of pro-MMP-2
and pro-MMP-9, respectively.

2.6. Western blotting

Western blot analysis was performed as described in the Online
Supplemental Methods. The primary antibodies were anti-β-actin
(Santa Cruz Biotechnology), anti-TIMP-1 (Santa Cruz Biotechnology),
and anti-FGF receptor (FGFR) 1 alpha antibody (Abcam, Cambridge,
MA, USA).
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2.7. Quantitative real-time reverse transcriptase polymerase
chain reaction (PCR)

After reducing the FBS concentration to 0.4%, 16HCF cultures with
or without added bFGF (100 ng/ml) were incubated for up to 48 h,
and then the total RNA was extracted from the cells. Total RNA
isolated from cultured cells using TaqMan Gene Expression Cells-
to-CT Kit (Ambion, Austin, TX, USA) was then reverse transcribed, and
complementary DNA was amplified using a TaqMan Gene expression
assay (Applied Biosystems, Foster City, CA, USA) with primer
probes specific for α-SMA, MMP-2, MMP-9, collagen I, collagen III,
TIMP-1, TIMP-2, and the FGFR1-4 genes, as described in Online
Supplemental Material.

2.8. RNA interference

Small interfering (si) RNA targeting FGFR1 and a control siRNA
were purchased from Ambion. Cultured cells at 50% confluence were
transfected with the siRNAs (40 nM) using RNAiMax (Invitrogen),
according to the manufacturer's protocol. After transfection for 24 h,
total RNA was isolated from cell lysates and subjected to real-time
reverse transcriptase PCR analysis. Levels of MMP-2, MMP-9, TIMP-1,

TIMP-2, collagen I, and collagen III messenger RNA (mRNA) were
analyzed for three groups, as follows: 16HCF transfected with siRNA
targeting FGFR1 with bFGF treatment (FGFR1+bFGF group), 16HCF
transfected with control siRNA with bFGF treatment (siCON+bFGF
group), and 16HCF with neither siRNA transfection nor bFGF
treatment (control group).

2.9. Statistical analysis

Results are presented as mean±standard error of the mean
(SEM). Statistical significance was determined using unpaired
Student's t tests for two-group comparisons. Differences of fibrosis
levels among rats of 6, 12, 15, and 18 weeks of age were analyzed
using one-way analysis of variance (ANOVA) followed by the
Bonferroni post hoc test, and comparisons between the groups of
0.3% NaCl diet and 8% NaCl diet were performed using unpaired
Student's t tests. Comparisons of three groups (mRNA expression of
siCON+bFGF vs. siFGFR1+bFGF vs. control group or FGFR1 vs.
FGFR2 vs. FGFR3) were analyzed by one-way ANOVA followed by
the Bonferroni post hoc test. Differences having P values less than
.05 were considered statistically significant.

Fig. 1. Inhibition of perivascular and interstitial fibrosis in hypertensive DS rat hearts following bFGF injection. (A) Microscopic images showing perivascular fibrosis as
manifested by positive Azan–Mallory staining (blue) in DS rats fed an 8% NaCl diet (hypertensive DS rats) at 12, 15, and 18 weeks of age (12, 15, and 18W, respectively).
Scale bars=300 μm. (B) Time course of change in the perivascular and interstitial fibrosis rates of noninjected DS rat hearts. Percentage of myocardial fibrosis in cross sections
of DS rats fed 8% or 0.3% NaCl diets at 6, 12, 15, and 18 weeks (W). All groups n=6; * Pb.05 vs. 6W; **Pb.05 vs. 15W; §Pb.05 vs. DS control rats of same age. (C) Comparison
of microscopic findings of perivascular fibrosis in DS rats fed 8% or 0.3% NaCl diets at 18 weeks of age. F(+) and F(−) indicate hypertensive DS rats after injections containing
heparin sodium (1.28 μg) and bFGF (100 ng) or PBS, respectively. Scale bars=300 μm. (D) Difference in the perivascular and interstitial fibrosis rates between 15 and 18
weeks of age following bFGF injection. All groups n=6; †Pb.05 vs. (F−). All values are presented as the mean±SEM. (E) P4H-positive CFs in perivascular spaces of bFGF-
injected hearts [bFGF (+)] and noninjected hearts [bFGF (−)]. White arrow indicates P4H-positive CFs (green). The nuclei were stained with DAPI (blue). Scale bar=100 μm.
CA, coronary artery.
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Fig. 2. Expression of bFGF on CD68-positive macrophages in bFGF-injected rat hearts. bFGF-injected hearts [bFGF (+)] contained a large number of bFGF-positive cells in perivascular
spaces, whereas noninjected hearts [bFGF (−)] contained few positive cells. Inset: higher magnification of bFGF-positive cells in perivascular spaces of bFGF-injected hearts.
Cytoplasmic positive staining for bFGF (arrow) is seen in the positive cells. Double-IF staining for CD68 and bFGF revealed that CD68-positive macrophages expressed bFGF (bFGF:
green; CD68: red). A yellow arrow indicates a double-positive macrophage for CD68 and bFGF. Scale bars=300 μm.

Fig. 3. Up-regulated mRNA expression of ECM-associated proteins in HCFs harvested from noninjected hypertensive DS rat hearts at 16 weeks of age. Differences between CCFs and
HCFs at 12 and 16 weeks of age (12 and 16W, respectively) in MMP-2 andMMP-9 (A, B), TIMP-1 and TIMP-2 (C, D), and collagen type I and III mRNA levels (E, F). CCFs and HCFs, CFs
isolated from non-bFGF-treated DS rats fed 0.3% or 8% NaCl diets, respectively. Mean±SEM. n=8–12. *Pb.05 vs. CCF. A.U., arbitrary units.
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3. Results

3.1. bFGF injection inhibits cardiac fibrosis in the hypertensive DS
rat heart

In order to define the inhibitory effects of a bFGF injection on
cardiac fibrosis in vivo, we initially performed a histological
assessment of fibrosis in noninjected hypertensive DS rat hearts at
each phase of LV remodeling. The extent of perivascular and
interstitial fibrosis, as identified by Azan–Mallory-positive staining
(Fig. 1A), increased gradually toward 18 weeks of age and was
significantly higher in the 18-week-old hearts than the 12- and 15-
week-old hearts (Fig. 1B). These findings indicate an acute increase in
perivascular and interstitial fibrosis of hypertensive DS rat hearts
during the LV dilation phase.We next compared bFGF-injected [F(+)]
and -noninjected [F(−)] hypertensive hearts for differences in
fibrosis. At 18 weeks of age, the F(+) group exhibited significantly
less perivascular and interstitial fibrosis when compared with the
F(−) group (Fig. 1C and D). We assessed the presence of P4H-positive
CFs in the perivascular space by IF (Fig. 1E). The bFGF-injected
hypertensive hearts also exhibited a large number of bFGF-positive
macrophages at 18 weeks of age, whereas noninjected F(−) hearts
showed a few number of bFGF-positive cells (Fig. 2), indicating that
bFGF injection into hypertensive rat hearts can effectively induce
bFGF expression in the myocardial tissues at 3 weeks after injection.

3.2. Hypertensive heart-derived fibroblasts reflect the status of intense
cardiac remodeling in vitro

To determine the profibrotic response of CFs derived from
hypertensive hearts in vitro, we compared differences between
HCFs and CCFs from groups that did not receive bFGF injections in
the expression levels of MMP-2,MMP-9, TIMP-1, TIMP-2, and collagen

I and III. The levels of MMP-2 mRNA expression in the 12HCF and
16HCF groups were significantly greater than those in the 12CCF and
16CCF groups, respectively (Fig. 3A). HCFs in all groups had increased
mRNA expression of both MMPs, and the 16HCFs had a marked
increase in MMP-9 mRNA compared to the 16CCFs (Fig. 3B), a result
that may reflect increased expression of both MMPs in CFs at the
remodeling phase of hypertensive rat hearts. 16HCFs also had
significantly increased TIMP-1 mRNA levels at both 12 and 16
weeks of age (Fig. 3C), whereas TIMP-2 expression remained
unchanged in the HCF groups (Fig. 3D). Collagen type I and III
mRNA levels were also significantly increased in 16HCFs when
compared with 16CCFs (Fig. 3E and F). At the protein levels of
MMP expression, consistent results was obtained in 16HCFs via
gelatin zymography, a result that 16HCFs exhibited a significantly
increased expression of pro-MMP-2 and pro-MMP-9 compared
with 16CCFs (Fig. 4A). 16HCFs also showed higher activation levels
of MMP-9 and MMP-2 (Fig. 4A). These results suggest that CFs
harvested from hypertensive rat hearts at the remodeling phase
reflect a state of intense remodeling of the cardiac ECM via the
enhanced expression of both MMPs (types 2 and 9) and collagens
(types I and III) in the hearts.

3.3. bFGF up-regulates TIMP-1 expression and inhibits MMPs activities
in 16HCFs

Based on the present findings that 16HCF expression profiles
reflect the characteristics of intense cardiac remodeling in hyperten-
sive hearts, we undertook to evaluate the in vitro effects of bFGF
treatment on those fibrotic responses. We initially clarified the
differences in MMP-2, MMP-9, TIMP-1, TIMP-2, collagen types I and
III, and α-SMA mRNA levels in bFGF-treated and untreated 16HCF
cultures. bFGF-treated 16HCFs exhibited markedly less α-SMA
(Fig. 5A), MMP-2, MMP-9 (Fig. 5B), TIMP-2 (Fig. 5C), and collagen

Fig. 4. Inhibition by bFGF treatment of MMP-2 and MMP-9 protein expression in 16HCFs. (A) Zymography demonstrated increased MMP-2 and MMP-9 expression in non-bFGF-
treated 16HCFs compared with 16CCFs. 16CCFs and 16HCFs are CFs harvested from 16-week-old DS rats fed 0.3% and 8% NaCl diets, respectively. Right panels show densitometric
analyses of pro-MMP-2 and pro-MMP-9 expression in 16CCFs and 16HCFs detected by zymography. *Pb.05 vs. 0.3% NaCl diet. (B) Inhibition by bFGF treatment of MMP-2 andMMP-9
expression in 16HCFs. FGF(+) and FG F(−), bFGF-treated and -nontreated 16HCFs, respectively. Right panels show the densitometric analyses of pro-MMP-2 and pro-MMP-9
expression detected by zymography in 16HCFs incubated with or without bFGF. **Pb.05 vs. -nontreated cells. Values are representative of four independent experiments, and the
results are presented as mean±SEM.

5T. Kinoshita et al. / Cardiovascular Pathology xxx (2013) xxx–xxx

Please cite this article as: Kinoshita T, et al, Antifibrotic response of cardiac fibroblasts in hypertensive hearts through enhanced TIMP-1
expression by basic fibroblast growth factor, Cardiovasc Pathol (2013), http://dx.doi.org/10.1016/j.carpath.2013.11.001

http://dx.doi.org/10.1016/j.carpath.2013.11.001


Fig. 6. Perivascular fibroblasts expressing TIMP-1 orMMP-9 in hypertensive DS rat hearts. Double-IF staining for TIMP-1/P4H orMMP-9/P4H inmyocardial tissues of hypertensive DS
rats in the presence [bFGF(+)] or absence [bFGF(−)] of bFGF injection. bFGF-injected hypertensive DS rat hearts exhibited a large number of perivascular fibroblasts double-positive
for TIMP-1 and P4H (TIMP-1: green; P4H: red) (D–F), whereas noninjected hypertensive DS rat hearts showed few number of perivascular double-positive fibroblasts (A–C). Yellow
arrows highlight perivascular fibroblasts double-positive for both proteins around the coronary artery (CA). Inset: higher magnification of perivascular fibroblasts positive for TIMP-
1 and P4H. In contrast, noninjected hearts showed a large number of perivascular double-positive fibroblasts for P4H and MMP-9 (MMP-9: green; P4H: red) (G– I), whereas bFGF-
injected hearts exhibited few number of perivascular fibroblasts double-positive for both proteins (J–L). Yellow arrows highlight the perivascular fibroblasts double-positive for
TIMP-1 and MMP-9 around the coronary artery (CA). White arrow highlights the single-positive perivascular fibroblasts for P4H. Many red blood cells (RBC) displayed false-
positivity due to autofluorescence. The nuclei were stained with DAPI (blue). Scale bar=100 μm.

Fig. 5. Effects of bFGF on ECM-associated protein expression in 16HCFs. mRNA expressions of α-SMA (A), MMP-2 and MMP-9 (B), TIMP-1 and TIMP-2 (C), and collagen type I and III
(D) in bFGF-treated and -nontreated 16HCFs. FGF(+) and FGF(−) represent bFGF-treated and -nontreated 16HCF, respectively. Mean±SEM; n=8–12; *Pb.05 vs. non-bFGF-treated.
(E) Marked up-regulation of TIMP-1 protein expression by bFGF in 16HCFs. Western blot analysis demonstrates a marked increase in TIMP-1 protein expression in bFGF-treated
16HCFs, compared to nontreated 16HCFs. (F) No significant difference in the TIMP-2 protein expression in 16HCFs, irrespective of bFGF treatment.Western blot analysis demonstrates
no significant difference in the TIMP-2 protein expression between bFGF-treated and -nontreated 16HCFs. FGF(+) and FGF(−), bFGF-treated and -nontreated 16HCFs, respectively.
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types I and III (Fig. 5D) mRNA levels, when compared to untreated
16HCFs. In contrast, TIMP-1 mRNA levels were significantly greater in
the bFGF-treated 16HCFs compared to the untreated 16HCFs (Fig. 5C).
Western blot analysis confirmed a markedly increased amount of
TIMP-1 protein in bFGF-treated 16HCFs compared to the untreated
16HCFs (Fig. 5E). On the other hand, TIMP-2 protein was found to be
expressed in both types of 16HCF with no significant difference in the
protein expression between bFGF-treated and -nontreated 16HCFs
(Fig. 5F). Zymography demonstrated lower levels of MMP-9 protein
(pro-MMP-9) expression in bFGF-treated 16HCFs compared to
untreated cells (Fig. 4B). Zymography also demonstrated lower levels
of MMP-9 andMMP-2 activation in bFGF-treated 16HCFs compared to
untreated 16HCFs (Fig. 4B). To reveal the in vivo localization of CFs
positive for TIMP-1 or MMP-9 in hypertensive DS rat hearts, double-IF
staining was performed. This showed that bFGF-injected expressed
hearts exhibited many P4H and TIMP-1 double-positive fibroblasts in
the perivascular space (Fig. 6D–F). In contrast, noninfected rat hearts
showed many P4H and MMP-9 double-positive fibroblasts in the
perivascular space (Fig. 6G–I).

3.4. The bFGF/FGFR1 system regulates the antifibrotic response
in 16HCFs

To clarify that the response of 16HCFs to bFGF occurs via FGFR, we
determined the FGFR1-4 mRNA levels of untreated 16HCFs in culture.
mRNA for FGFR1, FGFR2, and FGFR3, but not FGFR4, was detected in
16HCFs (Fig. 7A). FGFR1 protein expression in 16HCFs, regardless of
bFGF treatment, was confirmed by Western blot (Fig. 7B), but FGFR2
and FGFR3 protein was not detected in any 16HCFs assayed. We next

examined the effects on 16HCFs of transfection with FGFR1 siRNA
(siFGFR1) after in vitro treatment with bFGF. These experiments
demonstrated that mRNA levels for MMP-2, MMP-9, TIMP-2, and
collagen I and III were significantly reduced in the control (siCON)
groups. In contrast, no reductions in the expression of thesemolecules
were observed following transfection with siFGFR1 (Fig. 7C–E). The
siCON groups had significantly increased TIMP-1 expression, while
the siFGFR1 group did not (Fig. 7D). These results suggest that the
effects of bFGF in fibrotic response in the CFs appear to bemediated, at
least in part through FGFR1.

4. Discussion

This study shows antifibrotic effects of bFGF injection in
hypertensive DS rat hearts carried out using CFs harvested from the
heart during the LV dilation phase. Specifically, we demonstrated that
(1) bFGF inhibited perivascular and interstitial fibrosis in hyperten-
sive rat heart in vivo; (2) bFGF up-regulated TIMP-1 and down-
regulated MMP-9 expression at both mRNA and protein levels in CFs
from hypertensive rat hearts; (3) bFGF also inhibited the expression
of collagen I and III in the CFs; (4) the bFGF/FGFR1 system played a
central role in modulating levels of these ECM proteins in the CFs; and
(5) immunohistochemistry confirmed many TIMP-1-positive CFs in
the perivascular space of bFGF-injected hearts. Thus, bFGF could exert
a potent antifibrotic response through up-regulating TIMP-1 and
down-regulating MMP-9 activation and collagen expression in
perivascular fibroblasts, leading to inhibited progression of cardiac
fibrosis during hypertensive heart failure.

Fig. 7. Involvement of the bFGF/FGR-R1 system in ECM-associated protein expression of 16HCFs. (A) Expression of FGFR1-3 mRNA in 16HCFs without bFGF treatment. R1, R2, R3:
FGFR1 to R3, respectively. (B)Western blot demonstrates FGF-R1 protein expression in both HCFs and CCFs without bFGF treatment. (C–E) MMP-2, MMP-9 (C), TIMP-1, TIMP-2 (D),
and collagen I and III (E) mRNA levels were ascertained following FGFR1 siRNA transfection of 16HFCs (siFGFR1 group). siCON+bFGF and siFGFR1+bFGF refer to 16HCF transfected
with negative control siRNA or siFGFR1, respectively, followed by incubation with bFGF for 48 h. Controls refer to 16HCF and without transfection with siCON, siFGFR1 and without
bFGF treatment. Mean±SEM. n=8–12. *Pb.05 vs. control. A.U., arbitrary units.
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According to our previous findings, DS rats fed an 8% NaCl diet
develop compensatory LVH from 9 weeks of age and progress
gradually, during weeks 15 to 18, to LV dilation, thinning, and,
ultimately, systolic dysfunction (LV remodeling) [4]. Given these
findings, we decided that bFGF would be administered at 15 weeks
of age, at a time prior to the manifestation of LV remodeling, to allow
for assessment of bFGF effects on the cardiac remodeling process. In
the present study, local injection of bFGF induced bFGF-positive
macrophages in DS rat hearts 3 weeks after injection, indicating that
this treatment can extensively induce the expression of bFGF in
myocardial tissues. Supportive evidence comes from a previous
study demonstrating that the local injection of VEGF into the human
anterolateral LV free wall leads to improvement of ischemia in the
posterior wall [18]. The reason why single local injection of bFGF
is as effective as multiple injections is not clear but may relate to
the release of endogenous bFGF from the injection site. In this
process, endogenous bFGF, which is stored and bound to heparin
sulfate proteoglycans in the ECM, may be released by matrix-
degrading proteases present at the injection site and then partici-
pate in the remodeling process [19]. Therefore, the induction of
extensive bFGF expression by a local injection of bFGF might
contribute to the antifibrotic effectiveness of this treatment during
tissue remodeling.

Up-regulated MMP-2 and MMP-9 expression in pressure-over-
loaded hearts during the process of LV dilation has been
previously demonstrated [9,20]. Other previous analyses of serum
obtained from patients or rats with LV dilation and dysfunction
demonstrated that MMP-9 expression was markedly increased
[21,22]. Therefore, MMP-9 serves as a key molecule during LV
dilation and cardiac fibrosis leading to systolic heart failure. Our
demonstration of remarkable increases of MMP-2 and -9 in
16HCFs may reflect an excessive degradation of the ECM, which
would lead to renewed collagen deposition during the LV dilation
phase. The importance of TIMP-1 is suggested as a major inhibitor
of MMP-9 activity in systolic heart failure [22]. Furthermore, the
MMP/TIMP balance has been proposed to play a key indicator in
the manifestations of hypertensive heart disease [23]. We here
clarified that CFs from hypertensive rat hearts (16HCFs) produced
significantly increased TIMP-1 protein following bFGF treatment, a
result that is most likely to be related to MMP-9 inactivation due
to the formation of TIMP-1 and MMP-9 complexes, as shown by a
previous report [24]. In addition, TIMP-2 is known to serve as an
essential factor for MMP-2 activation through complex formation
with membrane-type 1 MMP (MT1-MMP)/MMP-2/TIMP-2 [25]. In
this study, TIMP-2 mRNA expression was inhibited by the bFGF
treatment. Similar results were reported in the previous investi-
gation by Pickering et al. [26], showing enhanced expression of
TIMP-1 mRNA and down-regulated expression of TIMP-2 mRNA by
bFGF in human smooth muscle cells (SMCs), although the protein
expression in both TIMPs was not shown in the report. In the
present study, we have presented the Western blot data of TIMP-2
protein expression with no significant difference in the protein
expression between bFGF-treated and -nontreated 16HCFs
(Fig. 5F). We cannot account for reasons for the contradictory
findings of TIMP-2 mRNA and protein expression in the bFGF-
treated 16HCF. It might be related to a complex system for the
control of matrix metabolism by CFs, as similarly indicated in
human vascular SMCs by Pickering et al. Based on the present
findings, bFGF effectively up-regulates TIMP-1 expression in CFs, in
turn, suppressing MMP-9 expression. These events consequently
led to inhibition of excessive ECM degradation and LV dilation. In
addition, inhibited collagen I and III expression induced by bFGF
treatment may lead to inhibition of ECM deposition and
subsequent cardiac fibrosis.

Expression in 16HCFs of FGFR1, FGFR2, and FGFR3, but not FGFR4,
was confirmed, which is consistent with previous findings of a similar

expression pattern for FGFRs in normal human articular chondrocytes
[27]. Furthermore, in our study, the silencing of FGFR1 inhibited the
effects of bFGF treatment. The silencing experiment demonstrated
that bFGF signaling, required for a fibrotic response in 16HCFs, was
mainly mediated via FGFR1, a notion that is supported by previous
studies showing that FGFR1 is the only high affinity receptor detected
in the rat heart [28–30]. Thus, Our FGFR1 silencing experiments
indicate a central role for the bFGF/FGFR1 system in the inhibitory
fibrotic response of CFs.

Accumulating evidence suggested that the vascular adventitial
layer is an important modulator of perivascular fibrosis through its
interactions with the media and intima [31]. Recent experiments
demonstrated that TGF-β1-induced α-SMA expression accompa-
nied by differentiation from fibroblasts into myofibroblasts is most
abundant in the adventitia of the injured artery, followed by the
accumulation of collagenous ECM in the perivascular space [32]. In
contrast, bFGF has been shown to play an important role in
inhibiting the transition from fibroblasts to myofibroblasts, and
our current experiment confirmed inhibition of α-SMA expression
in 16HCFs following bFGF treatment. Therefore, we considered that
inhibited differentiation of perivascular fibroblasts by bFGF might
also contribute to the inhibition of perivascular fibrosis. The precise
mechanisms involved in ECM turnover, as regulated by the balance
of MMP and TIMP expression and collagen synthesis during
inhibited differentiation of perivascular fibroblasts, remain obscure.
Based on the present findings, however, our study demonstrated an
antifibrotic response of CFs through up-regulated TIMP-1 expression
and down-regulated MMP-9 activation by bFGF in vitro. We also
found many TIMP-1-positive CFs in perivascular spaces of bFGF-
injected hearts.

The major disadvantage to the two-dimensional (2D) cultures
used in the present study is that the EC milieu is too simple, as EC is
normally composed of a complex three-dimensional (3D) matrix
and a large number of soluble factors. Furthermore, mechanical
tension that is difficult to reproduce precisely in the 2D culture often
leads to different mode of fibroblast reaction [33]. Thus, when
cultured within the 3Dmatrices, we will have to examine the change
in TIMP-1 expression in 16HCF following bFGF treatment. Differen-
tial MMP and TIMP expression profiles have been reported between
myocardial infarction (MI) and hypertensive heart failure models.
Also in MI models, the differential TIMP-1 expression was found
between rat and human tissues. In rat infarction region, TIMP-1
mRNA increases within fibroblasts and declines after 2 days,
whereas TIMP-1 protein was found to be reduced in myocardial
tissues from MI patients [34]. Therefore, for the establishment of
therapeutic treatment with bFGF, we will have to examine the
expression levels of MMPs that were not yet examined in the
present study and to reveal the MMP and TIMP profiles involved in
modulating cellular processes during remodeling in the post-MI and
hypertensive heart disease.

5. Conclusion

Exogenous bFGF injection might have the antifibrotic effects on
perivascular fibrosis through up-regulating of TIMP-1 in CFs, leading
to inhibition of cardiac fibrosis during the course of hypertensive
heart failure.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.carpath.2013.11.001.
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Cell-permeable p38 MAP kinase 
promotes migration of adult neural 
stem/progenitor cells
Makoto Hamanoue1,2, Kazuhito Morioka3, Ikuroh Ohsawa4, Keiko Ohsawa5

, 

Masaaki Kobayashi1
, Kayo Tsuburaya6, Yoshikiyo Akasaka2,6, Tetsuo Mikami6, Toru Ogata7

  

& Ken Takamatsu1,2

Endogenous neural stem/progenitor cells (NPCs) can migrate toward sites of injury, but the migration 
activity of NPCs is insufficient to regenerate damaged brain tissue. In this study, we showed that p38 
MAP kinase (p38) is expressed in doublecortin-positive adult NPCs. Experiments using the p38 inhibitor 
SB203580 revealed that endogenous p38 participates in NPC migration. To enhance NPC migration, we 
generated a cell-permeable wild-type p38 protein (PTD-p38WT) in which the HIV protein transduction 
domain (PTD) was fused to the N-terminus of p38. Treatment with PTD-p38WT significantly promoted 
the random migration of adult NPCs without affecting cell survival or differentiation; this effect 
depended on the cell permeability and kinase activity of the fusion protein. These findings indicate that 
PTD-p38WT is a novel and useful tool for unraveling the roles of p38, and that this protein provides a 
reasonable approach for regenerating the injured brain by enhancing NPC migration.

In the embryonic brain, neural stem/progenitor cell (NPC) migration is necessary for normal brain develop-
ment1, and a lack of NPC migration causes severe brain damage and lethality2,3. In the adult brain, NPCs are 
localized to the subventricular zone (SVZ) and the subgranular zone (SGZ) of the hippocampus, from which 
they migrate to the olfactory bulb through the rostral migratory stream (RMS) and the granular cell layer of the 
dentate gyrus of the hippocampus, respectively4. On the other hand, in the acutely injured brain, adult NPCs from 
the SVZ migrate to sites of injury through blood vessels or neuronal fibers for up to 1 year after injury5–7; however, 
the number of migrated cells is low relative to the number of residual cells in the injured site (max. 2%)6. These 
observations indicate that NPC migration after injury is an endogenous regeneration response, and suggest that 
enhancement of this NPC migration could be useful for regeneration of damaged brain.

Many factors promote NPC migration to sites of injury: stromal cell–derived factor (SDF-1)8–11, hepatocyte 
growth factor12, insulin-like growth factor-113, stem cell factor14, monocyte chemotactic protein-114, and vascular 
endothelial growth factor15. These extracellular factors converge on several intracellular signaling factors, some of 
which are considered to be intracellular candidates for enhancers of NPC migration: cyclin-dependent kinase 5 
(Cdk5)3,16, doublecortin (Dcx)17, c-Jun NH2-terminal kinase (JNK)18, extracellular signal-regulated kinases 1 and 
2 (ERK1/2)19, protein kinase C20, RhoA21, RhoC22, and Wnt/β -catenin10. Among these factors, ERK1/2 and JNK 
belongs to mitogen-activated protein (MAP) kinase family, and their expression is induced after injury of brain 
neurons23. p38 MAP kinase (p38, also known as stress-activated protein kinase 2 [SAPK2]), is another component 
of the MAP kinase family, and its expression is also elevated after injury of neurons24, astrocytes24, and microglia25 
in the brain. Chemical inhibition experiments demonstrated that sustained activation of p38 is associated with 
neuronal death and apoptosis26,27. In NPCs, expression of p38 is detectable from mouse embryonic day 1028, and 
may play regulatory roles in NPC proliferation28–31, apoptosis32,33, chemokine production34, and cell survival35. 
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p38 participates in migration of several types of cells, including cortical neurons36, HeLa cells37, and mesoderm38; 
however, the role of p38 in NPC migration remains incompletely understood.

In this study, chemical inhibition experiments revealed that endogenous p38 supports cell migration of cul-
tured NPCs obtained from adult brain. Furthermore, a cell-permeable wild-type p38 protein promoted random 
cell migration of adult NPCs. These results suggest that direct introduction of p38 into adult NPCs, resulting in 
enhanced NPC migration to sites of injury, represents an alternative approach for regenerating damaged brain.

Results
p38 MAP kinase expression in adult brain and cultured adult NPCs. Previously, we showed that 
p38 is predominantly expressed in NPCs obtained from mouse brain at embryonic day 10, and that its expression 
decreases gradually during development28. To determine whether NPCs express p38 in adult brain, we performed 
immunohistochemical analysis with an anti-p38 antibody (Fig. 1). p38 expression was observed in ventricular 
cells, subventricular cells, and choroid plexus cells in the adult brain (Fig. 1a). Especially in SVZ and RMS, most 
p38-positive cells expressed doublecortin, a marker of migrating progenitor cells39 (Fig. 1a–d). In these areas, 
p38-positive cells expressed no or very low levels of the neural stem cell / astrocyte antigens GFAP (Fig. 1e–h) and 
nestin (Fig. 1j–k). These results suggest that p38 plays regulatory roles in NPC migration.

To determine the effect of p38 on NPC migration, we prepared cultured NPCs from postnatal (8-week old) 
adult brain. The essential phenotypes of NPCs, i.e., their self-renewal capacity and multipotency, were verified in 
the previous reports40,41. Western blot analysis revealed that p38 was expressed in cultured adult NPCs (Fig. 2a). 
Immunocytochemical analysis revealed that our NPCs expressed nestin antigen, a specific marker of NPCs 
(Fig. 2b, Supplemental Fig. 1a, 89.8 ±  6.6%, n =  116). Some of these NPCs also expressed doublecortin, which 
is specific for migrating NPCs (Fig. 2c, Supplemental Fig. 1b, 31.5 ±  1.7%, n =  132). Almost no cells expressed 
Mash-1 or NeuN, both of which are specific for intermediate progenitors and neurons, respectively (data not 
shown). Both nestin-positive NPCs and Dcx-positive NPCs expressed p38 (Fig. 2b,c) and phosphorylated p38, 

Figure 1. p38 protein is expressed in doublecortin (Dcx)-positive NPCs in the adult brain. Brain slices were 
prepared from adult mice, and immunohistochemical analysis was performed with anti-p38, anti-Dcx, anti-
GFAP, and anti-nestin antibodies. p38 was expressed specifically in Dcx-positive NPCs of the subventricular 
zone (a–c) and RMS (d) rather than in GFAP- (e–h) or nestin-positive (i–k) neural stem cells. (l) Negative 
control staining using only secondary antibody. CC, corpus callosum; LV, lateral ventricle; ST, striatum; SVZ, 
subventricular zone. Scale bar =  20 μm (b–k), 100 μm (a,e,i,l).
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the activated form of p38 (Supplemental Fig. 1a,b). These results suggest that in adult NPCs, expression of p38 
plays a regulatory role in processes such as proliferation, differentiation, and migration.

Spontaneous migration activity of endogenous p38 MAP kinase. To assess the function of p38, 
which is expressed endogenously in adult NPCs, we conducted cell migration assays using Transwell appara-
tus. To identify the cells that migrated from the insert to the receiver plate of the Transwell, we removed the 
coverslips from the receiver plate 16 hr after the cells were seeded, and then subjected them to immunocyto-
chemistry (Fig. 3a). Almost all migrated cells expressed both nestin (99.5 ±  0.6%, n =  122) and doublecortin 
(Dcx, 99.4 ±  0.7%), suggesting that nestin- and doublecortin-positive adult NPCs could migrate from the insert 
to the receiver plate of the Transwell apparatus. To quantitate the migration activity of adult NPCs, cells in the 
receiver plate and the insert were counted 16 hr after seeding by measurement of intracellular ATP. Relatively few 

Figure 2. p38 is expressed in cultured NPCs obtained from adult brain. (a) Western blot analysis of  
proteins (10 μg) from adult NPCs, using an anti-p38 antibody, revealed expression of p38 in cultured NPCs.  
(b,c) Immunocytochemical analysis of dissociated NPCs was performed using anti-nestin and anti-p38 or 
anti-Dcx antibodies. Adult cultured NPCs expressed nestin (b), and some also expressed doublecortin (c). Both 
nestin- and Dcx-positive NPCs expressed p38 (b,c, arrows). Scale bar =  20 μm.

Figure 3. Endogenous p38 induces spontaneous migration of adult NPCs. (a) NPCs that migrated from the 
insert to the coverslip in the receiver plate of Transwell were stained with anti-nestin and anti-Dcx antibodies. 
Migrated NPCs expressed nestin and Dcx. Scale bar =  20 μm. (b) Adult NPCs were seeded in Transwell inserts 
and cultured in growth-promoting medium containing the specific p38 inhibitors SB203580 and PD169316, 
and the number of migrated NPCs in the receiver plate was determined by measuring intracellular ATP. Data 
are means ±  SEM from four independent experiments. SB203580 and PD169316 inhibited adult NPC migration 
relative to that in control cells and cells treated with SB202474, an inactive analog of SB203580. *P <  0.05, 
**P <  0.01, N.S.: not significant.
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of the seeded cells migrated to the receiver plate (2.2 ±  0.2%, n =  8). The p38-specific inhibitors SB203580 and 
PD169316 significantly reduced the number of migrating adult NPCs relative to those in control cells or cells 
treated with SB202474, an inactive analog of SB203580 (Fig. 3b, n =  4). These results suggest that endogenous p38 
could participate in spontaneous migration of adult NPCs.

Characterization of a cell-permeable p38 MAP kinase protein. In light of the observation that NPC 
migration was blocked by a p38 inhibitor, we hypothesized that increasing the intracellular concentration of p38 
protein might promote adult NPC migration. In order to introduce p38 protein into adult NPCs, we generated a 
cell-permeable p38 protein by fusing the HIV protein transduction domain (PTD), an 11–amino acid sequence42, 
to the N-terminus of p38 (Fig. 4a). Several versions of this construct were prepared: cell-permeable wild-type 
p38 (PTD-p38WT), in which the dual phosphorylation site (Thr-180/Tyr-182) required for kinase activity was 
preserved; cell-permeable kinase-dead p38 (PTD-p38KD), in which Thr-180 and Tyr-182 were mutated to ala-
nine (A) and phenylalanine (F), respectively; and cell-impermeable wild-type p38 (p38WT). These recombi-
nant p38 proteins were purified from E. coli as histidine-tagged proteins, and blotted with anti-phospho-p38 
antibody to verify their activation status. Western blot analysis revealed that purified p38WT and PTD-p38WT 
were activated by autophosphorylation (Fig. 4b, phospho-p38), and that both proteins were able to phosphoryl-
ate ATF-2 peptide, a substrate of p38 (Fig. 4b, phospho-ATF-2). By contrast, p38KD and PTD-p38KD, which 
were kinase-dead and not autophosphorylated, could not phosphorylate ATF-2 peptide. To verify the cell per-
meability of PTD-p38WT, we treated cultured adult NPCs with this protein for 24 hr, and then stained them 
with anti-His-tag antibody. Confocal microscopy revealed positive intracellular staining for the His-tag follow-
ing treatment with PTD-p38WT. No staining was observed following treatment with p38WT, which lacks the 
cell-permeable PTD domain, or in control cells (Fig. 4c). These results indicated that recombinant PTD-p38WT 
has constitutive kinase activity and can penetrate NPCs.

Cell-permeable p38 protein promotes random migration of adult NPCs. To determine whether 
direct introduction of cell-permeable p38 protein would enhance NPC migration, we conducted Transwell assays. 
Specifically, cultured adult NPCs were seeded into Transwell inserts and maintained for 16 hr in the presence of 
recombinant proteins. The migration ratio of adult NPCs treated with PTD-p38WT was calculated by dividing 
the number of migrated cells by the total cell number. PTD-p38WT significantly increased the migration ratio 
relative to that of control cells (Fig. 5a, 300 nM, n =  7), but the ratio was unchanged in NPCs treated with p38WT, 

Figure 4. Characterization of cell-permeable p38 MAP kinase protein. (a) Construction of cell-permeable 
p38 proteins. PTD-p38WT contains the PTD (protein transduction domain) and p38WT (wild-type p38). 
p38KD is a kinase-dead form of p38. (b) In vitro kinase assay revealed that both PTD-p38WT and p38WT 
were activated by autophosphorylation (phospho-p38), and that both proteins phosphorylated ATF-2, a known 
substrate of p38 (phospho-ATF-2). p38KD and PTD-p38KD did not exhibit kinase activity. (c) Cultured adult 
NPCs were treated with p38 proteins (600 nM, 24 hr), and immunocytochemical staining was performed with 
anti-His-tag antibody. Positive staining was detected in NPCs treated with PTD-p38WT (upper lane), but not 
in cells treated with p38WT, cells not treated with proteins (control), or in cells stained only with secondary 
antibody (blank). Scale bar =  20 μm.
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which is not cell-permeable. Likewise, neither PTD-p38KD, which lacks kinase activity, nor PTD-GFP (consist-
ing of the His-Tag, PTD-domain, and GFP) changed the migration ratio. Furthermore, the p38-specific inhibitor 
SB203580 blocked the migration-enhancing activity of PTD-p38WT, whereas its inactive analog SB202474 did 
not (Fig. 5b). These results suggest that both the cell permeability and kinase activity of PTD-p38WT were neces-
sary for enhancement of adult NPC migration.

Next, to determine whether the increase in the number of cells in the receiver after 16 hr cultivation was a con-
sequence of changes in NPC survival, we measured the numbers of living cells in both the Transwell insert and 
the receiver plate, and then calculated the ratio between the number of living cells in the presence of PTD-p38WT 
and the number in control samples. Treatment with recombinant proteins did not cause changes in cell number 
after 16 hr (Supplemental Fig. 2a) or after 5 days of plating (Supplemental Fig. 2b). These results indicate that 
direct introduction of p38 activity by treating cells with PTD-p38WT promotes adult NPC migration without 
affecting NPC survival.

To investigate the migration-promoting activity of PTD-p38WT in detail, we performed a time-lapse anal-
ysis of adult NPCs using a Dunn chamber. In cells treated with PTD-p38WT, migration of adult NPCs was fre-
quently observed over 8 hr (Fig. 6a). Adult NPCs treated with PTD-p38WT migrated for greater distances than 
cells treated with control or p38WT, but their migration was random rather than in unidirectional (Fig. 6b). 
PTD-p38WT increased the number of migrated cells relative to that in control cells or cells treated with p38WT 
or PTD-GFP, and the distance traveled by adult NPCs treated with PTD-p38WT was 2.7-fold higher than that 
of controls (Fig. 6c; 32.3 ±  2.5 μm, n =  31 vs. 11.9 ±  1.5 μm, n =  32, respectively). These results suggest that 
PTD-p38WT potently promotes random rather than chemotactic migration.

To determine whether cell-permeable p38 protein influenced adult NPC differentiation, we monitored dif-
ferentiation status after a 5-day treatment, using Western blot analysis to detect cell type–specific antigens40: 
brain lipid binding protein (BLBP) for NPCs, Dcx for migrating NPCs, NeuN for neurons, and GFAP for astro-
cytes (Supplemental Fig. 3). Protein levels were normalized against actin. No significant changes in expression 
levels of these cell-specific antigens were observed between cells treated with PTD-p38WT and control cells 
(Supplemental Fig. 3a–h). Only PTD-p38KD treatment reduced GFAP expression (Supplemental Fig. 3g,h). 
Together, these results demonstrate that PTD-p38WT does not disrupt adult NPC differentiation.

Discussion
The p38 MAP kinase family consists of four splice variants (α , β , γ , δ 43). Of these, we investigated the function 
of p38α , because its expression is observed in SVZ-derived NPCs from embryonic day 10 to postnatal brain28. 
Our immunochemical experiments showed that p38α  is locally expressed in doublecortin-positive adult NPCs, 

Figure 5. Cell-permeable p38 protein enhances adult cultured NPC migration. The number of NPCs 
that migrated to the receiver plate from the Transwell insert was measured by intracellular ATP. Migration 
ratio of adult NPCs was calculated by dividing the number of migrated cells by the total cell number. Data 
are means ±  SEM. (a) PTD-p38WT significantly increased adult NPC migration relative to that in control 
cells (n =  7) or cells treated with p38WT, PTD-p38KD, or PTD-GFP (n =  4). (b) Activity of PTD-p38WT was 
blocked by the specific p38 inhibitor SB203580. *P <  0.05, **P <  0.01, N.S.: not significant.
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especially at the SVZ, and specific inhibition of p38 revealed that endogenous p38 participates in spontaneous 
migration of adult NPCs. The involvement of p38 protein in NPC migration prompted us to evaluate whether 
elevated levels of p38 could enhance NPC migration. To increase the intracellular concentration of p38, we used 
a cell-penetrating peptide to efficiently deliver the protein to cells (see review44). PTD-p38WT was able to sig-
nificantly and expeditiously enhance migration of adult NPCs, whereas neither p38WT nor PTD-p38KD had 
this effect. Furthermore, the migration-enhancing activity of PTD-p38WT was blocked by specific inhibition of 
p38. These results indicate that both kinase activity and cell permeability are necessary for enhancement of NPC 
migration. Taken together with our findings that PTD-p38WT did not disturb cell survival or differentiation of 
adult NPCs, these observations show that this protein provides a safe and effective method for regenerating the 
injured brain by exploiting an endogenous regeneration response.

We also demonstrated that cell-permeable p38 protein enhances random migration, rather than chemotactic 
migration. Chemotactic migration, also known as chemotaxis, is a fundamental cell process characterized by 
both the speed and direction of migration45. SDF-1, a well-known inflammatory chemoattractant for NPCs, both 
increases migration speed and defines the direction of movement8. In addition, SDF-1 induces phosphorylation 
of p38 in NPCs8. Recently, Chen et al. showed that a specific inhibitor of p38 decreased the speed of migration, 
but not its directionality, in C17.2, a clonally multipotent neural precursor cell line derived from mouse cerebel-
lum46. This observation supports our findings that p38 contributes to the magnitude of migration, but does not 
contribute to chemotaxis. Because intrinsic SDF-1 also promotes NPC homing after brain injury8,9, a combination 
of PTD-p38WT with SDF-1 and/or growth factors47 could strongly enhance NPC homing to sites of injury.

In this report, we showed that PTD-p38WT effectively enhances NPC migration without affecting cell sur-
vival or differentiation. However, many previous studies showed that p38 protein inhibits NPC proliferation28–31 
and facilitates NPC differentiation into astrocytes48. These studies used p38-specific inhibitors such as SB203580 
and SB202190, and/or forced expression systems involving expression plasmids or shRNA constructs. A plausible 
explanation for this discrepancy is that the intracellular concentration of p38 protein differs between our system 
(using a cell-permeable protein) and forced expression systems. Because cell-permeable proteins enter cells by 
inefficient mechanisms such as direct translocation and specific forms of endocytosis, and their intracellular 
levels are consequently lower than those resulting from forced exogenous expression42, the intracellular con-
centration of cell-permeable p38 might not be high enough to influence cell proliferation or differentiation. The 
low incorporation of the cell-permeable proteins might also account for the small percentage of migrating NPCs 
(Fig. 5a, about 4% at 300 nM PTD-p38WT) and for the lack of a dominant-negative activity of the kinase-dead 
form of cell-permeable p38 (Fig. 5a, PTD-p38KD).

Another plausible explanation involves the low specificity of p38 specific inhibitors: because these “specific” 
inhibitors block many targets other than p38 at concentrations above 5 μM49, care must be taken to interpret the 

Figure 6. Cell-permeable p38 protein promotes random migration of adult cultured NPCs. (a) Time-
lapse video microscopy shows migration of adult NPCs within 8 hr. Arrow in the right photograph shows the 
migration route. The arrowhead in every photograph is cell debris, used as a fiducial marker for cell migration. 
Scale bar =  20 μm. (b) Migrational trajectories of adult NPCs. Adult NPCs treated with PTD-p38WT migrated 
more randomly than control cells or cells treated with p38WT or PTD-GFP. (c) PTD-p38WT increased the 
number of migrated cells and the migration distance relative to that in control cells or cells treated with p38WT 
or PTD-GFP. *P <  0.05, **P <  0.01.
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effects of these inhibitors on p38 function in NPCs. In light of our result demonstrating that PTD-p38KD reduced 
GFAP expression (Supplemental Fig. 3g,h), which is supported by the results of a previous study using a specific 
p38 inhibitor48, it will be necessary to evaluate p38 functions, including effects on proliferation and differentiation 
in vivo, using cell-permeable p38. Collectively, our results also suggest that cell-permeable p38 proteins represent 
a novel, useful tool for unraveling the roles of p38.

Cell-permeable p38 proteins, however, have a major drawback: low cell selectivity44. p38 plays various roles 
in brain function: neurite formation50, induction of neuronal apoptosis51; production of IL-652 or TNF-α 53 from 
astrocytes; survival of oligodendrocytes49; production of GDNF54, NO55, TNF-α 53, IL-1056 from microglia; and 
phagocytosis of microglia57. In particular, allodynia, which is induced by elevation of intracellular p38 in micro-
glia58,59, is a serious consideration in the context of therapeutic compounds. Future studies are needed to deter-
mine whether low-dose PTD-p38WT can influence the function of neurons and glial cells in vitro and in vivo. 
Furthermore, improvements in cell permeability, such as insertion of homing sequences into the PTD domain 
or replacement of the PTD with an activatable cell-permeable domain44, may be necessary for future therapeutic 
applications.

In summary, we found that endogenous p38 is an intrinsic factor that promotes adult NPC migration. 
Furthermore, we showed that PTD-p38WT can promote migration by adult NPCs. Our findings suggest that 
PTD-p38WT is a novel, useful tool for unraveling the roles of p38, and that this protein could be used to regener-
ate damaged brain by enhancing NPC migration.

Methods
Ethics Statement. All animal-based experiments were performed according to the Guiding Principles for 
the Care and Use of Animals approved by the Council of the Physiological Society of Japan. The Ethics Review 
Committee for Animal Experimentation at Toho University also approved all experimental protocols used in this 
study (No. 14-53-189).

NPC preparation. Adult mice (C57BL/6J) were purchased from Sankyo Laboratory Service (Tokyo, Japan). 
Adult NPCs were prepared from adult (8-week-old) mouse brains as described previously40,41 with slight modi-
fications. In brief, adult brains (cerebral hemispheres and striatum) were mechanically dissociated by trituration 
into single-cell suspensions in Hanks’ Balanced Salt Solution (HBSS) without Ca2+ or Mg2+. Dissociated brain 
cells were cultured for 7 days in growth-promoting medium consisting of Dulbecco’s Modified Eagle’s Medium: 
Nutrient Mixture F-12 Ham (DMEM/F-12 medium), B27 supplement (Invitrogen, Carlsbad, CA, USA), epi-
dermal growth factor (EGF; 20 ng/mL; PeproTech EC, London, UK), basic fibroblast growth factor (FGF-basic; 
20 ng/mL, PeproTech EC), and penicillin and streptomycin (100 U/mL and 100 μg/mL, respectively). Cultured 
NPCs were obtained by dissociation of secondary neurospheres40,41.

NPC phenotype, capacity for self-renewal, and multipotency were verified by neurosphere assay41 and Western 
blot analysis40. All culture materials were purchased from Nalge Nunc International (Rochester, NY, USA) unless 
otherwise noted. All chemical reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) and Wako Pure 
Chemicals Industries (Osaka, Japan) unless otherwise noted. All culture materials were purchased from Greiner 
Bio-One (Tokyo, Japan) unless otherwise noted.

Histochemical analysis. Immunohistochemistry was performed as described previously60 with slight mod-
ifications. In brief, 4-μm adult brain sections were prepared from paraffin-embedded tissues. The slices were 
blocked with blocking buffer (Blocking One Histo; Nacalai Tesque, Kyoto, Japan) for 20 min at room temperature 
following antigen retrieval (Antigen Retrieval Solution, pH9; Nichirei Biosciences Inc., Tokyo, Japan) and per-
meabilization (phosphate-buffered saline containing 1% Triton X-100). Sections were then incubated for 24 hr at 
4 °C with anti-p38α  (sc-535, rabbit polyclonal; Santa Cruz Biotechnology, Dallas, TX, USA), anti-doublecortin 
(sc-8066, goat polyclonal; Santa Cruz Biotechnology), anti-GFAP (glial fibrillary acidic protein, G3893, mouse 
monoclonal IgG; Sigma-Aldrich), and anti-nestin (2Q178, mouse monoclonal IgG; Abcam, Cambridge, UK) 
antibodies. After washing, the sections were incubated in buffer with biotin-conjugated anti-goat antibody 
(Vector Laboratories, Burlingame, CA, USA), DyLight 649–conjugated Streptavidin (Molecular Probes Life 
Technologies, Thermo Fisher Scientific, Waltham, MA, USA) or Alexa Fluor 488 and 555–conjugated second-
ary antibodies (Molecular Probes, Life Technologies, Thermo Fisher Scientific). The nuclei were visualized with 
13 ng/mL of 4′,6-diamidino-2-phenylindole (DAPI). Immunofluorescence images were collected with a laser 
scanning microscope (A1+; Nikon, Tokyo, Japan).

Immunocytochemical analysis. Immunohistochemistry was performed as described previously28 with 
slight modifications. Cultured NPCs on poly-L-lysine/ laminin-coated coverslip were fixed in 4% PFA for 10 min 
at room temperature, and then blocked with blocking buffer containing 1.5% normal goat serum and 0.5% Triton 
X-100 in PBS. Cells were stained for 24 hr at 4 °C with the following antibodies: anti-doublecortin, anti-nestin 
(MAB353, mouse monoclonal IgG1, Millipore, CA, USA), anti-p38α , anti-phospho-p38 MAPK (#4631, rab-
bit monoclonal IgG, Cell Signaling Technology, TX, USA). After washing, the cells were then stained with sec-
ondary antibodies conjugated with Alexa Fluor 488, Alexa Fluor 555, and Cy3 (all from Molecular Probes, Life 
Technologies, Thermo Fisher Scientific) for 1 hr at room temperature. Fluorescence images were collected using 
a laser scanning microscope (LSM510 META; Carl Zeiss, Oberkochen, Germany and A1+; Nikon). Stained cells 
were counted in five randomly selected fields.

To demonstrate incorporation of cell-permeable proteins, cells were treated with medium containing proteins 
(600 nM) for 24 hr at 37 °C. Fixed cells were blocked with Blocking One Histo (Nacalai Tesque, Fig. 4c), incubated 
for 6 hr at 4 °C with anti-His-Tag antibody (#12698, rabbit monoclonal; Cell Signaling Technology), and then 
incubated for 1 hr at room temperature with Alexa Fluor 555–conjugated secondary antibody (Molecular Probes, 
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Life Technologies, Thermo Fisher Scientific). Fluorescence, differential interference contrast, and Z-section 
images were collected using a laser scanning microscope (A1+; Nikon).

Western blot analysis. After washing cells with PBS, protein samples were prepared from cells with lysis 
buffer containing 10 mM Tris-HCl [pH 7.5], 150 mM NaCl, 1 mM EDTA, 1% NP40, 1 mM Na3VO4, and Halt 
protease inhibitor cocktail (Thermo Fisher Scientific). The protein samples were boiled with Laemmli’s sample 
buffer, separated on 5–15% Next Page (Gellex International, Tokyo, Japan), and transferred to polyvinylidene 
difluoride (PVDF) membranes, which were then incubated in Blocking One-P (Nacalai Tesque). After wash-
ing, the membranes were incubated for 16 hr at 4 °C with the following antibodies: anti-p38α , anti-His-Tag 
(#2366, mouse monoclonal IgG1, Cell Signaling Technology), anti-phospho-p38 MAPK (Thr-180/ Tyr-182) 
(#9211, rabbit polyclonal IgG, Cell Signaling Technology), anti-phospho-ATF-2 (#9221, rabbit polyclonal, Cell 
Signaling Technology), anti-ATF-2 (#9222, rabbit polyclonal, Cell Signaling Technology), anti-BLBP (ABN-14,  
rabbit polyclonal, Millipore), anti-NeuN/FOX3 (M-377-100, mouse monoclonal IgG, Biosensis Pty, South 
Australia, Australia), anti-doublecortin (611706, mouse IgG, BD Transduction Laboratories, Becton, Dickinson 
Company, Franklin Lakes, NJ, USA), anti-GFAP, or anti-β -actin (sc-47778, mouse monoclonal IgG1, Santa 
Cruz Biotechnology). Next, the blots were incubated with peroxidase-conjugated AffiniPure F(ab′)2 frag-
ment goat anti-mouse IgG (115-036-072, Jackson ImmunoResearch Laboratories, West Grove, PA, USA) and 
peroxidase-conjugated AffiniPure F(ab′)2 fragment goat anti-rabbit IgG (115-036-047, Jackson ImmunoResearch 
Laboratories). Chemiluminescence signals were developed by the Immunostar LD kit (Wako Pure Chemicals), 
and were visualized by the ImageCapture G3 system (Liponics, Tokyo, Japan). Relative intensities were obtained 
by densitometry using a computerized analysis system (NIH ImageJ).

Construction and preparation of PTD-p38WT. The expression plasmid pTAT-HT was con-
structed by inserting oligomeric nucleotides encoding the 6xHis tag and the 11–amino acid Tat-sequence 
(YGRKKRRQRRR)61 flanked by glycine residues into vector pET-3d (Novagen, Merck KGaA, Madison, WI, 
USA). pTAT-p38WT vectors were constructed by inserting a PCR fragment encoding the wild-type p38 open 
reading frame62 into the BamHI site of the pTAT-HT vector. The pTAT-p38KD vectors were constructed by 
inserting a PCR fragment encoding the open reading frame of a mutant p38 protein in which the dual phospho-
rylation sites required for kinase activity, threonine-180 and tyrosine-182, were replaced with alanine and phe-
nylalanine, respectively63. The plasmid construct was confirmed by DNA sequencing. PTD fusion proteins were 
expressed in Single Step (KRX) competent cells (Promega, Madison, WI, USA). PTD fusion proteins were recov-
ered by sonication of KRX cells (250 ml) in 25 ml of equilibration/wash buffer (50 mM sodium phosphate [pH 
8.0], 300 mM NaCl), and the supernatant was loaded onto TALON Metal Affinity Resins (Clontech Laboratories, 
Mountain View, CA, USA). The PTD fusion proteins were eluted from the resins using imidazole (0.5 M) under 
native conditions, and then purified using Vivaspin (5000 MWCO; Sartorius AG, Goettingen, Germany) and 
Zeba Spin desalting columns (Thermo Fisher Scientific).

In vitro kinase assay. Kinase reactions were performed by mixing PTD fusion proteins (250 ng) with 
recombinant ATF-2 protein (500 ng) in the reaction solution (200 μM ATP, 25 mM Tris buffer [pH 7.5], 5 mM 
β -glycerolphosphate, 2 mM DTT, 0.1 mM Na3VO4, 10 mM MgCl2) at 30 °C for 30 min. Kinase activity was verified 
by Western blot analysis using anti-phospho-ATF-2 and anti-ATF-2 antibodies after the reaction solution was 
boiled.

Cell viability assay. The number of viable cells was assessed by measuring intracellular ATP to identify met-
abolically active cells, using the CellTiter-Glo luminescent cell viability assay (Promega). The number of viable 
cells after 5 days was assessed by measuring intracellular WST-8 formazan using the Cell Counting Kit-8 (Dojindo 
Laboratories, Kumamoto, Japan).

Transwell assay. Cell migration capacity was investigated using Transwell permeable supports with 3.0-μm 
pore polyester membrane inserts (No. 3472, Corning Life Sciences, Tewksbury, MA, USA) according to the man-
ufacturer’s instructions with slight modifications. In brief, the cultured NPCs (4 ×  103 cells per insert) were seeded 
in Transwell inserts and incubated in growth-promoting medium containing PTD proteins for 16 hr. The number 
of non-migrating cells (i.e., cells remaining within the inserts) or the number of migrating cells (i.e., the cells on 
the receiver plate) was determined using the CellTiter-Glo luminescent cell viability assay. The migration ratio of 
adult NPCs was calculated by dividing the number of migrated cells by the total cell number. For immunocyto-
chemical assay of migrated cells, a coated coverslip was inserted into the receiver plate before the cells were plated.

Dunn chemotaxis assay. To investigate migration speed and movement direction of NPC, the Dunn 
Chemotaxis Chamber (Weber Scientific International, Teddington, UK) assay was performed as previously 
described64. In brief, cultured NPCs were seeded at a density of 40 cells per mm2 on the glass coverslip coated 
with 1 μg/ml poly-D-lysine and 10 μg/ml laminin for 16 hr in the growth-promoting medium. The coverslip was 
inverted onto the Dunn chamber, and the outer and inner wells were filled with growth-promoting medium con-
taining recombinant proteins at the indicated concentrations. Cell migration was assessed by time-lapse video 
microscopy over an 8 hr period (IX81, Olympus, Tokyo, Japan). The migration distance of individual cells was 
measured using the MetaMorph software (ver. 7.5.2.0, Molecular Devices, Sunnyvale, CA, USA). Dividing cells 
were excluded from the analysis.

Statistical analysis. Statistical evaluations were performed using Student’s t-test. P <  0.05 was considered to 
indicate a statistically significant difference.
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Abstract Neural stem/progenitor cells (NPCs) express a variety of asparagine-linked oligosaccharide chains, called
N-glycans, on the cell surface, and mainly produce hybrid-type and complex-type N-glycans. However, the expression profiles
and roles of N-acetylglucosaminyltransferase-V (GnT-V), an enzyme that forms β1,6-branched N-glycans, in NPCs remain
unknown. In this study, cultured NPCs were prepared from adult or embryo cortex, and were maintained as either proliferating
NPCs or differentiated cells in vitro. Analysis using reverse-transcriptase polymerase chain reaction, Western blot and lectin
blot revealed that GnT-V and its reaction products were distinctly expressed in proliferating NPCs; moreover expression of
GnT-V and its reaction products were markedly diminished in differentiated cells. In brain slices, many GnT-V-positive
neurogenic cells were detected throughout the cerebral cortex on embryonic day 13, while only a few doublecortin (Dcx)- and
GnT-V-double positive NPCs were detected around the subventricular zone of the lateral ventricle in the adult brain. However,
in the mice in which motor function was spontaneously recovered after cryoinjury to the motor cortex, many Dcx- and
GnT-V-double positive NPCs were found to have accumulated around the brain lesion of the adult cerebral cortex compared
with the mice in which the function did not recover. These results indicate that GnT-V expression is under rigorous control
during NPC differentiation. Furthermore, expression of GnT-V and its reaction products in NPCs may be necessary for the
functional recovery after brain injury, and could be used as a marker for visualization of NPCs.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

Abbreviations: Dcx, doublecortin; DMEM/F-12 medium, Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12 Ham; EGF, epidermal
growth factor; E-PHA, Phaseolus vulgaris erythroagglutinating lectin; GFAP, glial fibrillary acidic protein; GlcNAc, N-acetylglucosamine; GnT,
N-acetylglucosaminyltransferase; L-PHA, Phaseolus vulgaris leucoagglutinating lectin; Man, mannose; N-glycan, asparagine-linked
oligosaccharides; NPCs, neural stem/progenitor cells; PCR, polymerase chain reaction; PVDF, polyvinylidene difluoride; SDS, sodium dodecyl
sulfate; SVZ, subventricular zone
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Introduction

Asparagine-linked oligosaccharides (N-glycan) can typically be
classified into a high mannose, complex, or hybrid type,
depending on the extent of processing and/or on the type of
branching (Kleene and Schachner, 2004). The composition of
N-glycan in adult mice differs among organs: the major part of
N-glycan in the adult peripheral organs is complex- and
hybrid-type N-glycan, while the majority of N-glycan in the
adult brain is high mannose-type N-glycan (Chai et al., 1999;
Chen et al., 1998; Zamze et al., 1998). In the adult brain,
neural stem/progenitor cells (NPCs) exist in the subventricular
zone (SVZ) and dentate gyrus, and have a typical stem cell
phenotype, with self-renewal and multipotent capacities
(for reviews see: Anderson, 2001; Gage et al., 1995; McKay,
1997; Okano, 2002). Interestingly, adult NPCs express mainly
hybrid-type and complex-type N-glycans, rather than high
mannose-type N-glycan. In particular, bisected complex-type
N-glycans are expressed on the NPC surface, and are a useful
cell surface marker that can help enrich NPCs via the lectin
panningmethod (Hamanoue et al., 2008, 2009; Hamanoue and
Okano, 2011).

Biosynthesis of both bisected and β1,6-branched
complex-type N-glycans is initiated by the addition of a
single N-acetylglucosamine (GlcNAc) residue to a common
acceptor, typically biantennary oligosaccharide; however,
different glycosyltransferases are responsible for linking
GlcNAc to mannose residues in the trimannosyl core.
N-acetylglucosaminyltransferase (GnT)-III, which is encoded
by the Mgat3 gene, transfers a GlcNAc to β-mannose via
β1,4-linkage, thus leading to the formation of bisecting
GlcNAc. A β1,6-branch is formed by GnT-V, which is encoded
by the Mgat5 gene, thus resulting in conversion to triantennary
oligosaccharide (Saito et al., 1994; Shoreibah et al., 1993).
Another glucosaminyltransferase that synthesizes β1,6-
branched complex-type N-glycans in vitro is GnT-Vb (IX), a
paralog of GnT-V with 53% amino acid similarity (Inamori et
al., 2003; Kaneko et al., 2003). In vivo, GnT-Vb predomi-
nantly transfers GlcNAc via β1,6-linkage to O-mannose type
(O-glycans) but not to N-glycan (Lee et al., 2012). GnT-III,
GnT-V, and GnT-Vb are expressed throughout the brain
(Abbott et al., 2008; Bhattacharyya et al., 2002; Bhaumik et
al., 1995; Inamori et al., 2003; Lee et al., 2012; Partridge et
al., 2004); however, the expression of these GnTs in NPCs
remains unknown. In this study, we examined the expres-
sion of GnTs by PCR analysis, Western blot analysis, and
immunohistochemistry, and revealed the predominant
expression of GnT-V and its reaction products in proliferat-
ing NPCs. Thus, GnT-V and its reaction products could be
novel markers for NPCs in living brain tissue. Furthermore,
experiments using a cryoinjury model suggested that GnT-V
and its reaction products may be necessary for the
functional recovery of damaged brain.

Materials and methods

Materials

Pregnant and adult mice (C57BL/6J) were purchased from
Sankyo Laboratory Service (Tokyo, Japan). All experiments
were performed according to the Guiding Principles for the

Care and Use of Animals approved by the Council of the
Physiological Society of Japan. The Ethics Review Committee
for Animal Experimentation at Toho University also approved
all experimental protocols used in this study (No. 13-53-153).
All chemical reagents were purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA) and Wako Pure Chemicals Industries
(Osaka, Japan) unless otherwise noted. All culture materials
were purchased from Greiner Bio-One (Tokyo, Japan) unless
otherwise noted.

Cell preparation

NPCs were prepared from embryonic day 13 (E13) or adult
[10-week-old (P10w)] mouse brains as previously described
(Hamanoue et al., 2009; Sato et al., 2008) with slight
modifications. In brief, embryonic brains (cerebral hemi-
sphere and thalamus) or adult brains (cerebral hemispheres,
hippocampus, and corpus callosum) were mechanically
dissociated by trituration into single-cell suspensions in
Hanks' balanced salt solutions (HBSS) without Ca2+ or Mg2+.
After washing with Dulbecco's Modified Eagle's Medium
(Nutrient Mixture F-12 Ham (DMEM/F-12 medium)) several
times, the cells were filtered through 70-μm and 40-μm cup
filters (BD Biosciences, Franklin Lakes, NJ, USA). Dissociated
brain cells were cultured in growth-promoting medium
containing DMEM/F-12 medium, B27 supplement (Invitrogen
Corp., Carlsbad, CA, USA), epidermal growth factor (EGF;
20 ng/mL; PeproTech EC, London, UK), basic fibroblast
growth factor (FGF-basic; 20 ng/mL, PeproTech EC) and
penicillin and streptomycin (100 U/mL and 100 μg/mL,
respectively) for seven days. The primary neurosphere was
dispersed by trituration and then replated onto Petri dishes
in the growth-promoting medium for an additional seven
days to obtain secondary neurospheres. NPCs were then
obtained by dissociation of the secondary neurospheres
(Hamanoue et al., 2009; Sato et al., 2008).

The purity of NPCs was estimated by their nestin expression,
and capacity for self-renewal and multipotency (Hamanoue et
al., 2009). Briefly, the differentiation of NPCs was initiated by
culturing them in DMEM/F12 medium with B27 supplement on
poly-L-lysine and laminin-coated dishes for two or five days. The
multipotency for their development into differentiated cells,
including neurons and astrocytes, fromNPCs was ascertained by
a Western blot analysis.

PCR analysis

mRNA was purified from cultured cells via a Qiagen RNeasy kit
according to themanufacturer's instructions (QIAGEN, Valencia,
CA, USA). The cDNA synthesis was performed using reverse
transcriptase (Takara Bio, Inc., Otsu, Japan). For PCR analysis,
we used EX Taq polymerase (Takara Bio, Inc.) with the following
specific primers: GnT-V, 5′-GACCTGCAGTTCCTTCTTCG-3′ and
5′-CCATGGCAGAAGTCCTGTTT-3′; GnT-Vb, 5′-CATGGCACCGT
GTACTAC-3′ and 5′-TCTGGAGCTCTGCAGAAG-3′ (Inamori et
al., 2006); GnT-III, 5′-GGGAAATGTAGTTTTGAGCAGG-3′ and
5′-ACAGACATCTCAGGAGAGAGCC-3′; β-actin, 5′-GACCCAGA
TCATGTTTGAGACC-3′ and 5′-GAGAGCATAGCCCTCGTAGA-3′.
PCR was performed on a thermal cycler (Biometra GmbH,
Göttingen, Germany) using the following parameters: 40 cycles
of PCR (98 °C for 10 s, 60 °C for 30 s, and 72 °C for 60 s). The
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PCR products separated by 12% polyacrylamide gel electro-
phoresis were visualized under a UV-transilluminator (ATTO
Corporation, Tokyo, Japan).

Western blot analysis and lectin blot analysis

Cells were washed with PBS, and the proteins were obtained
by collecting cells with Laemmli's sample buffer. After
boiling, the protein samples were separated on 2–18%
sodium dodecyl sulfate (SDS)-polyacrylamide gels or 5–15%
Hi-QRAS Neutral gel N (Kanto Chemical Co. Inc., Tokyo,
Japan). The proteins were transferred to polyvinylidene
difluoride (PVDF) membranes, which were then incubated in
Tris-buffered saline containing 5% skim milk and 0.1% Tween
20 or Blocking One-P (Nacalai Tesque Inc., Kyoto, Japan).
After being washed, the membranes were incubated with
the following antibodies: anti-GnT-V (H00004249-A01,
mouse polyclonal, Abnova Co., Taipei, Taiwan), anti-GnT-
III (sc-27276, goat polyclonal IgG, Santa Cruz Biotechnology,
Dallas, USA), anti-GnT-Vb (sc-164500, goat polyclonal IgG,
Santa Cruz Biotechnology), anti-β-actin (sc-47778, mouse
monoclonal IgG1, Santa Cruz Biotechnology), anti-c-Myb
(sc-517, rabbit polyclonal IgG, Santa Cruz Biotechnology),
anti-Ets-1/Ets-2 (sc-112, rabbit polyclonal IgG, Santa Cruz
Biotechnology), anti-nestin (MAB353, mouse monoclonal
IgG1, Millipore Corp., Billerica, USA), anti-GFAP (glial
fibrillary acidic protein, G9269, rabbit polyclonal IgG,
Sigma-Aldrich Co.), and anti-βIII-tubulin (G7121, mouse
monoclonal IgG1, Promega Corp., Madison, USA) for 16 h at
4 °C, followed by incubation with horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG, anti-mouse IgG, or
anti-goat IgG (1:1000, Santa Cruz Biotechnology). Chemilu-
minescence signals were developed by the Immunostar LD
kit, and were visualized by the ImageCapture G3 system
(Liponics Inc., Tokyo, Japan).

For lectin blots, samples were prepared as described above,
and the transfer membrane was incubated in a buffer
containing biotin-conjugated L-PHA (Phaseolus vulgaris
leucoagglutinating lectin, 1 μg/ml, EY Laboratories, Inc., San
Mateo, USA) and HRP-streptavidin (GE Healthcare Biosciences
AB, Upsala, Sweden) alter blocking with Blocking One-P. As an
internal standard, the filter was blotted with anti-β-actin
antibody. To ascertain whether L-PHA binds to samples through
oligosaccharide, we treated the protein samples with PNGase
(P0704, New England BioLabs Japan Inc., Tokyo, Japan), which
cleaves between the GlcNAc and asparagine residues of
N-glycans, before subjecting them to SDS-PAGE. The 14-μg
protein samples were treated with 1000 units of PNGase at
37 °C for 1 h, followed by heat inactivation.

We obtained the relative intensities by densitometry
using a computerized analysis system (NIH Image J and the
Odyssey Infrared imaging system, LI-COR Corp., Lincoln,
USA). Statistical evaluations were performed using Student's
t-test, and P b 0.05 was considered to be statistically
significant.

Cryoinjury model

The cryoinjury was induced using the method reported by
Steinbach et al. (1999) with slight modifications. In brief,
mice (8–10 weeks old) were anesthetized with 2,2,2-

tribromoethanol (avertin, 0.25 mg/g (Papaioannou and Fox,
1993)). Incisions were made along the midline to expose the
skull. An aluminum probe (3 mm in diameter) was fitted to a
50-ml syringe, which was filled with liquid nitrogen. The
chilled probe was placed on the parietal skull 1.5 mm lateral
to the midline at the bregma for 120 s. The skin was then
sutured, and mice were returned to their cages. To evaluate
the motor function and coordination of the mice, we
administered a rotarod test (Shichinohe et al., 2007), with
some modification. In brief, mice were trained for five weeks
before cryoinjury with program B (80 rpm for a maximum of
180 s, MK-670, Rota-Rod Treadmill for Rats &Mice, Muromachi
Kikai Co., Ltd., Tokyo, Japan). The trial ended when the
mice fell from the rotor or misstepped on the rotor, and the
latency was recorded. Each mouse ran on the rotarod at least
five times, and the three longest times were used for the
analysis.

Histochemical analysis

Immunohistochemistry was performed as described previously
(Hamanoue et al., 2009) with slight modifications. The brains
were removed from paraformaldehyde (PFA)-perfused mice
and further fixed in 4% PFA for 1 h, 15% sucrose for 16 h, and
30% sucrose for 8 h. Cryostat sections (14 μm) of cerebral
cortex were fixed with methanol for 10 min at −20 °C. After
blocking the endogenous peroxidase activity, the sections
were then blocked with Blocking One Histo (Nacalai Tesque
Inc.) for 10 min at room temperature. The slices were
incubated with the following antibodies in 1:20-diluted
Blocking One Histo:anti-doublecortin (mouse IgG1, 611706,
BD Transduction Lab) for progenitor cells (Tamura et al.,
2007), anti-nestin (Millipore) for neurogenic cells and
anti-GnT-V (sc-19088, goat polyclonal IgG, Santa Cruz Bio-
technology). After being washed, the slices were stained with
secondary antibodies conjugated with Alexa Fluor 555-conju-
gated anti-mouse IgG (Molecular Probes, Eugene, OR, USA)
or HRP-conjugated donkey anti-goat IgG and fluorescein-
conjugated TSA (NEN Life Science Products, Inc. Boston, USA).
The nuclei were visualized with 13 ng/mL of 4′,6-diamidino-
2-phenylindole (DAPI). We observed and counted the fluores-
cent signals under a confocal microscope (Nikon Corp., Tokyo,
Japan).

Hematoxylin and eosin staining was performed ac-
cording to the manufacturer's instructions (Merk KGaA,
Darmstadt, Germany). The brain slices were incubated
with Mayer's hemalum solution (109249, Merk KGaA)
and Eosin Y solution (102439, Merk KGaA). We quantified
the wound area using the Adobe Photoshop software
package.

Results

Antigenic characterization of NPCs

NPCs have both self-renewal and multipotent capacities.
To ascertain whether our cultured cells had the capacity
for self-renewal, primary or secondary neurospheres pre-
pared from embryonic and adult mouse brain were dispersed
and reseeded onto Petri dishes. After seven days in vitro,
multiple spheres were detected (data not shown), indicating
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that our spheres had the capacity for self-renewal. The
multipotent capacity of our cells was verified by a Western
blot analysis. We prepared the protein samples from cells
under growth-promoting conditions, and conducted a West-
ern blot analysis using antibodies specific for each neuronal
cell type. The growth-promoting cells expressed the nestin
antigen, which is specific for NPCs (Supplemental Fig. 1A,
day 0), but did not express βIII-tubulin or glial fibrillary
acidic protein (GFAP) antigen, which is specific for immature
neurons and astrocytes, respectively (Supplemental Figs. 1B,
C, day 0). To induce differentiation, the growth-promoting
cells were cultured on a poly-L-lysine and laminin-coated
dish in growth factor-deprived medium for two or five days.
A Western blot analysis of these differentiation-promoting
cells showed a decrease in nestin expression and an increase
in the βIII-tubulin- and GFAP-expression (Supplemental
Figs. 1A, B, C, days 2 and 5). These results revealed that
cultured cells obtained from mouse brains have an NPC
phenotype, and are able to differentiate into neurons and
glia in vitro.

Changes in GnTs mRNA expression
during differentiation

To estimate the expression level of the enzyme regulating
the N-glycans, mRNA was isolated from adult NPCs and
embryonic NPCs, and reverse transcriptase-polymerase
chain reaction (PCR) amplification was performed using
specific primers for GnTs. All GnT mRNAs, including GnT-III,
GnT-V, and GnT-Vb, were detected in both adult and
embryonic NPCs (Fig. 1, day 0). In the adult NPCs, however,
all GnT mRNA levels were reduced in differentiated cells; in
particular, the levels of GnT-V and GnT-Vb mRNA were
drastically reduced (Fig. 1, adult). In contrast, GnT-III and
GnT-Vb mRNA levels remained unchanged during the
differentiation from embryonic NPCs to differentiated cells
(Fig. 1, embryo), although GnT-V mRNA expression also
dramatically decreased in the differentiating cells derived

from embryonic NPCs (Fig. 1, embryo). These results
suggest that GnT-V mRNA, but not GnT-III or GnT-Vb mRNA,
is highly regulated in both adult and embryonic NPCs during
differentiation, and indicate that β1,6-branched complex-
type N-glycans, rather than bisecting N-glycans, may play a
role in both adult and embryonic NPCs.

Changes in the GnT protein expression
during differentiation

To confirm that the GnT mRNAs are translated into
proteins, protein samples were collected from adult NPCs
and embryonic NPCs under growth-promoting (0 days) or
differentiated (2 or 5 days) conditions, and a Western blot
analysis was performed with anti-GnT antibodies. The
proteins of GnT-III and GnT-V were detected in proliferat-
ing NPCs (Figs. 2A, B, day 0). During the differentiation, the
expression of the GnT-V protein significantly decreased
(Fig. 2B, day 2 and day 5) compared with that of proliferating
NPCs (day 0). In contrast, the expression levels of the GnT-III
protein (Fig. 2A) and β-actin (Fig. 2C) were unchanged during
differentiation. The GnT-Vb protein (110 kDa (Inamori et al.,
2003)), on the other hand, was not detected in our cultured
cells (data not shown). The expression pattern of the GnT-V
protein was in agreement with the expression pattern of the
GnT-V mRNA.

GnT-V transfers GlcNAc to α1,6-linked mannose in the core
via β1,6-linkage, and thereby forms β1,6-branched complex-
type N-glycans. To ascertain whether the GnT-V protein
synthesizes the β1,6-branched type of N-glycans in NPCs,
protein samples from the cells were blotted with L-PHA which
recognizes the pentasaccharide sequence Galβ1-4GlcNAcβ1-
2(Galβ1-4GlcNAcβ1-6)Man, including β1,6-branched complex-
type N-glycans (Cummings and Etzler, 2009). The binding of
biotinylated L-PHA to protein samples was detected using
HRP-streptavidin (Fig. 3A). To calculate the relative intensity
of the L-PHA-binding proteins, the same protein samples were
blotted with anti-β-actin antibody as a loading control
(Fig. 3B). We found that L-PHA bound to many proteins both
in NPCs and in the differentiating cells (Fig. 3A, −PNGase). To
ascertain whether L-PHA binding depended on N-glycans, the
protein samples were treated with PNGase, which cleaves
between the innermost GlcNAc of N-glycans and asparagine
residues of glycoproteins, before subjecting the samples to
SDS-PAGE (Fig. 3A, +PNGase). Some of the binding of L-PHA to
NPCs was diminished by PNGase treatment (Fig. 3A, +PNGase,
arrows, arrowheads), but the band intensity of β-actin was not
influenced by PNGase treatment (Fig. 3B); this indicated
that some of the L-PHA binding proteins (p220, p135, p80,
p70) were glycoproteins with β1,6-branched N-glycans.
Among these glycoproteins, p220 was expressed predomi-
nantly in both adult and embryonic NPCs rather than in the
differentiating cells (Fig. 3A, arrow; Fig. 3C). In addition to
p220, the glycoproteins p135, p80, and p70 were also
predominantly expressed in adult NPCs; however, their
expression levels were higher in differentiated cells than
in embryonic NPCs (Fig. 3A, arrowheads; Figs. 3D–F).
These results suggest that GnT-V and the β1,6-branched
complex-type N-glycans like p220 are predominantly
expressed in NPCs, and play a specific role in both adult
and embryonic NPCs.

Figure 1 GnT-V mRNA is predominantly expressed in prolif-
erating NPCs rather than in differentiated cells. mRNA was
collected from adult or embryonic NPCs under growth-promot-
ing (0 days) or differentiated (2 or 5 days) conditions. Reverse
transcriptase-PCR amplification was performed using GnT-
specific primers. GnT-V mRNA expression was predominantly
expressed in proliferating NPCs.
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GnT-V expression in the brain and in the NPCs that
accumulate around the brain lesions

To ascertain whether NPCs express GnT-V in the brain, we
conducted an immunohistochemical analysis with an anti-GnT-V
antibody. The embryonic brain slices were prepared from E13
mouse hemispheres during the pre-gliogenic period (Delaunay
et al., 2008). Most neurogenic cells express GnT-V and nestin,
and GnT-V-positive cells were detected throughout the brain
(Figs. 4A, B, E13). In contrast, GnT-V expression was restricted
to a few cells in the SVZ of the lateral ventricle in the adult brain
(Fig. 4C, adult, SVZ), and no GnT-V-positive cells were observed
in the motor cortex or cerebral cortex (Fig. 4D, adult, CTX).
These GnT-V-positive cells expressed doublecortin (Fig. 4C,
Dcx); thus, some adult NPCs in the brain express GnT-V, similar
to the cultured NPCs.

To assess the function of GnT-V in NPCs, we prepared
injury-model mice, because the NPCs in the SVZ of injured
mice have been demonstrated to migrate toward the brain
lesion (Kojima et al., 2010). Beginning one week after
cryoinjury of the motor cortex, almost all mice showed
impaired rotarod performance (Supplemental Fig. 2,

65–90% compared with the mice before cryoinjury). A few
mice showed enduring loss of motor function (dotted lines),
and parenchymal deficits in the brain lesion were observed
eight weeks after injury (Figs. 5A, B, asterisk, thin dotted
line). Within these parenchymal deficits, we found a small
cell cluster consisting of hematoxylin-positive cells (Figs.
5A, B, dotted line) in addition to the accumulation of
GnT-V-positive cells (Figs. 5C, D) when compared with the
control mouse brain, which had no injury (Fig. 4D, adult,
CTX). However, the deficit was not filled completely by the
cell cluster because the cluster was too small (Fig. 5A).
Thus, poor Dcx-positive NPC colony formation could
account for the decrease in functional recovery.

On the other hand, a few mice did show spontaneous
functional recovery at 7 weeks after injury (Supplemental Fig.
2, solid lines, 80–106% from the impairment of motor function
detected at one week after injury). In the brains of these
functionally recovered mice, the large size of the bright cell
cluster, which could not be detected in the functionally
impairedmice, was found on the small cell cluster (Figs. 6A, B,
bright cell cluster). The areas of both the bright cell cluster
and small cell cluster in the functionally recovered mice were

Figure 2 The GnT-V protein is predominantly expressed in the proliferating NPCs obtained from the embryonic or adult brain.
Proteins were collected from embryonic or adult NPCs under growth-promoting (0 days) or differentiated (2 or 5 days) conditions.
The Western blot analysis of proteins (20 μg) from NPCs was performed with an anti-GnT-III (A), anti-GnT-V (B), or anti-β-actin
antibody (C). The relative intensities were obtained by densitometry with a computerized analysis system (B). Data represent the
means ± SEM of three independent experiments. *P b 0.05, **P b 0.01, in comparison to the growth-promoting cells. The GnT-V
protein expression (B, arrowhead, 150 kDa) was predominantly expressed in proliferating NPCs obtained from the embryonic or
adult brain.
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significantly larger compared with the cluster area in the
functionally impaired mice (2.5 ± 0.1 fold, n = 3). Since the
bright cell cluster was predominantly stained with anti-Dcx
antibody (Figs. 6C, D), it was considered to be regenerated
tissue, which could compensate for the observed motor

dysfunction. The small cell cluster surrounding the bright
cell cluster was larger compared with that observed in the
functionally impaired mice (Figs. 5A, B); furthermore, many
Dcx- and GnT-V-double-positive cells were also found in this
surrounding cell cluster, but not in the brain parenchyma
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(Figs. 6C, D). These results suggest that the accumulation of
GnT-V-positive NPCs in the small cell cluster surrounding the
bright cell cluster could contribute to the reconstitution of
regenerated tissue for the functional recovery of the damaged
brain.

Discussion

Predominant expression of GnT-V in NPCs

The cells used in this study fulfilled the criteria for NPCs,
including the ability for self-renewal and the capacity for
multipotency. We demonstrated that GnT-III and GnT-V,
which are both involved in core structure formation of
complex-type N-glycan, are expressed in NPCs prepared
from both adult and embryonic brain samples. These results
are in agreement with previous studies, which have
demonstrated the ubiquitous expression of the Mgat5 gene
throughout the whole body including the adult brain
(Inamori et al., 2003), in addition to the expression of
bisected complex-type N-glycan in NPCs (Hamanoue et al.,

2009). This study also showed that Mgat5 mRNA, GnT-V
protein and its reaction products (e.g., p220) were predom-
inantly expressed in NPCs, and were markedly reduced
during the transition from NPCs to differentiated cells (e.g.,
neurons and glial cells). Taken together with our findings
showing the accumulation of GnT-V-positive NPCs around
regenerated tissue, these results not only suggest that
predominant expression of Mgat5, GnT-V and β1,6-branched
N-glycans, such as p220, could be necessary for the specific
function of NPCs, rather than for differentiated cells, but
that GnT-V and p220 could serve as valuable markers for
visualization of NPCs in living brain tissue. On the other
hand, some of the GnT-V reaction products besides p220
(i.e., p135, p80, p70) were discrepant in their expression
patterns during differentiation between adult NPCs and
embryonic NPCs. Indeed, the expression patterns of GnT-V
reaction products could account for the observed adult
brain-specific features, such as low proliferative and
regenerative abilities.

There have been questions regarding which transcrip-
tional machinery is involved in the specific expression of
GnT-V. Consensus sequences such as LF-A1, HNF1-HP1,

Figure. 4 GnT-V is expressed in the NPCs of the embryonic or adult brain. Brain slices were prepared from E13 (A, B) or adult (C, D)
mice, and an immunohistochemical analysis was performed by treating the samples with an anti-GnT-V, anti-nestin, or anti-Dcx
antibody. The boxed area in (A) is shown at a higher magnification in (B). The GnT-V protein was expressed throughout the brain (A, B,
E13, arrows) and, in particular, GnT-V-positive NPCs in the subventricular zone (C, adult, SVZ, arrows), but it was not expressed in the
cerebral cortex (D, adult, CTX) of the adult brain.

Figure. 3 β1,6-Branched N-glycan is expressed in proliferating NPCs obtained from the embryonic or adult brain. Proteins were
collected from embryonic or adult NPCs under growth-promoting (0 days) or differentiated (2 or 5 days) conditions. The proteins
(14 μg or 5 μg) that were pretreated with/without PNGase were blotted with biotinylated L-PHA lectin and HRP-streptavidin (A) or
blotted with an anti-β-actin antibody (B), respectively. The relative intensity of the L-PHA-binding proteins (p220 (C), p135 (D), p80
(E), p70 (F)) were obtained by densitometry with a computerized analysis system and compared to the intensities obtained by
Western blot analysis of β-actin. Data represent the means ± SEM of three independent experiments. *P b 0.05, **P b 0.01, in
comparison to the growth-promoting cells. Several β1,6-branched N-glycans that were recognized by L-PHA were predominantly
expressed in NPCs, including p220 (shown as arrow in A, left), p135, p80 and p70 in the adult (arrowheads in A, left), and p220 in the
embryo (arrow in A, right). In contrast, several products were predominantly expressed in differentiated cells rather than in NPCs,
including p135, p80 and p70 in the embryo (arrowheads in A, right).
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GATA, and Pit-1 (Saito et al., 1995) and the Ets transcription
factor have been reported as transcriptional regulators of
GnT-V (Buckhaults et al., 1997; Kang et al., 1996; Taniguchi
et al., 1999; Yamamoto et al., 2000). However, a Western
blot analysis, which demonstrates Ets-1/Ets-2 expression
both in NPCs and differentiated cells (Supplemental Fig. 3A),
could not support the involvement of Ets transcription in
NPCs. NPC-restricted GnT-V gene expression could be also
regulated by histone modifications through CTCF and
NeuroD1, which have been observed in GnT-Vb gene
regulation (Kizuka et al., 2011). The expression pattern of
GnT-Vb mRNA was inconsistent with that of GnT-V mRNA in
embryonic NPCs (Fig. 1), however, suggesting that other
factors may contribute to GnT-V regulation. To identify
other candidate factor(s), we focused on the transcription
factor binding sites in the promoter region of GnT-V. The
promoter region contains several c-myb binding sites, and
c-myb expression in the adult brain has been previously
reported (Shin et al., 2001). In addition, mice lacking
c-myb have shown a decrease in neurogenesis (Malaterre et
al., 2008), prompting us to investigate whether c-myb
could act as a transcription factor specific for GnT-V. In
fact, a Western blot analysis of our cultured NPCs showed
that c-myb appeared to be predominantly expressed in
adult NPCs compared to the differentiated cells (Supple-
mental Fig. 3B). These findings suggest that c-myb could be
a major contributor to GnT-V regulation. Thus further
investigation of NPC-restricted gene regulation will be
necessary for future application in stem cell biology,
including the development of a NPC-specific gene expres-
sion system.

Function of GnT-V in NPCs

This study demonstrated that both mRNA and protein for
GnT-V are expressed in NPCs (Figs. 1, 2). GnT-V synthesizes
β1,6-branched glycan by acting as a glycosyltransferase in
the Golgi apparatus in the cells (Pierce et al., 1987);
furthermore, the secreted soluble form of GnT-V with a
molecular weight less than 100 kDa serves to promote
angiogenesis by releasing fibroblast growth factor-2 (Saito
et al., 2002). Since our Western blot analysis showed a
molecular weight of about 150 kDa for GnT-V expressed in
the cultured NPCs (Fig. 2), it is more likely that GnT-V
functions as a glycosyltransferase inside cells. In addition,
our previous study demonstrated that NPCs can be selec-
tively enriched by lectin-coated plates (Hamanoue et al.,
2008) or by flow cytometry using E-PHA, which recognizes
bisected N-glycan (Yamashita et al., 1983), but not using
L-PHA, which recognizes a β1,6-branch structure (Hamanoue
et al., 2009). These studies also support the suggestion that
GnT-V and its reaction products, β1,6-branched N-glycans,
in NPCs could contribute to the regulation of intrinsic
biological events such as cell migration and proliferation,
rather than extrinsic events such as cell–cell attachment
and recognition by other cells.

In cancer cells, GnT-V has been demonstrated to be
involved in cell growth and migration by regulating integrins
(Gu et al., 2009; Miyoshi et al., 2012), in epithelial–
mesenchymal transition and tumor metastasis as a rate
limiting step for cytokine receptor signaling (Partridge et
al., 2004), and in determining the invasiveness of glioma
cells (Yamamoto et al., 2000). Since NPC migration is likely

Figure. 5 Several GnT-V-positive NPCs slightly accumulated in the small cell cluster of the mice in which motor function had been
impaired by cryoinjury. Mice in which the motor function had been impaired were chosen based on the results of a rotarod test seven
weeks after injury. Brain slices were prepared, and hematoxylin–eosin staining was performed (A, B). The boxed area in (A) is shown
at a higher magnification in (B). Meninges were peeled from the brain surface through the staining procedure. The expected brain
deficit area is shown (thin dotted line and asterisk). A small cell cluster was found on the cerebral parenchyma (A, B).
Immunohistochemical analysis with an anti-GnT-V antibody or anti-Dcx antibody was conducted in brain sections from the injured
mice (C, D). The boxed area in (C) is shown at a higher magnification in (D). The dotted and solid lines show the border between the
small cell cluster and the deficit, and between the small cell cluster and the cerebral parenchyma, respectively (A, B, D). Note that
limited numbers of Dcx-positive cells and GnT-V-positive cells were only detected in this cell cluster (D).
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necessary for normal brain development (Cayre et al., 2009;
Huang, 2009), and GnT-V was expressed in the NPCs of the
embryonic brain when NPC migration frequently occurred
(Fig. 4), we hypothesized that GnT-V in NPCs could
participate in cell migration during both normal develop-
ment and pathological conditions, such as brain injury. From
a study using mice lacking both the Mgat5 and Mgat5B genes,
GnT-V protein expression appears to be non-essential for
normal brain development, whereas both N-linked and
O-Man-linked β1,6-branched glycans is totally lost (Lee et
al., 2012). However, during pathological critical conditions,
such as the cryoinjury model used in this study, we detected
the increased accumulation of NPCs in the surrounding cell
cluster of the regenerated-bright cell cluster in the
functionally recovered adult brain. These results may
indicate an association between the functional recovery
from brain injury and GnT-V-positive NPC accumulation,
probably due to the enhancement of cell migration from the

brain parenchyma to the brain lesion. Similar expression
patterns of GnT-V and c-myb, which maintain neurogenesis
and cell cycle progression in NPCs (Malaterre et al., 2008),
may also support a role of GnT-V in NPCs. Further
verification of the direct relationship between NPC accu-
mulation (i.e., migration and proliferation) with GnT-V
expression and with the reaction products of GnT-V will be
necessary to evaluate this hypothesis.

Conclusions

GnT-V and its reaction products, such as p220, are
predominantly expressed in NPCs rather than in differenti-
ated cells, including neurons or glia. These results indicate
that the expression of GnT-V is under rigorous control of the
transcription mechanism, possibly by c-Myb, and suggest
that GnT-V and its reaction products might play a specific

Figure. 6 Many GnT-V and Dcx-double positive NPCs accumulated in the surrounding area of the regenerated tissue in the mice in
which motor function had been spontaneously restored. Seven weeks after cryoinjury, mice in which the motor function had been
restored were chosen based on the results of a rotarod test. Brain slices were prepared, and hematoxylin–eosin staining of the cortex
was performed (A, B). The boxed area in (A) is shown at a higher magnification in (B). Dotted and solid lines show the border between
the bright cell cluster and the small cell cluster, and between the small cell cluster and the cerebral parenchyma, respectively. There
was a large bright cell cluster and small cell cluster on the brain parenchyma (A, B). An immunohistochemical analysis with an
anti-GnT-V antibody or anti-Dcx antibody reveals the presence of Dcx-positive cells predominantly in the bright cell layer (C, D). Many
GnT-V- and Dcx-double positive cells were detected in the surrounding cell cluster below the bright cell layer (C, D).
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role in NPCs. Furthermore, the lectin and cryoinjury
experiments suggest that further verification of the direct
relationship of NPC accumulation (migration and prolifera-
tion) with GnT-V and the reaction products of GnT-V will be
necessary for the development of improved therapy
employing the activation of endogenous NPCs. Finally, our
results indicate that GnT-V and its reaction products could
serve as marker for visualization of NPCs in the living brain
tissue, a novel finding and asset to the basic research field.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.scr.2014.11.004.

Acknowledgments

This work was supported by grants from the Ministry of Education,
Culture, Sports, Science and Technology [22500340 to M.H.,
24300197 to M.H., T.O.] and a grant from the Strategic Research
Foundation Grant-aided Project for Private Schools at Heisei 23rd
from the Ministry of Education, Culture, Sports, Science and
Technology of Japan, 2011–2015 [to M.H.].

References

Abbott, K.L., Matthews, R.T., Pierce, M., 2008. Receptor tyrosine
phosphatase beta (RPTPbeta) activity and signaling are attenu-
ated by glycosylation and subsequent cell surface galectin-1
binding. J. Biol. Chem. 283, 33026–33035. http://dx.doi.org/
10.1074/jbc.M803646200.

Anderson, D.J., 2001. Stem cells and pattern formation in the
nervous system: the possible versus the actual. Neuron 30, 19–35
(S0896-6273(01)00260-4 [pii]).

Bhattacharyya, R., Bhaumik, M., Raju, T.S., Stanley, P., 2002.
Truncated, inactive N-acetylglucosaminyltransferase III (GlcNAc-
TIII) induces neurological and other traits absent in mice that
lack GlcNAc-TIII. J. Biol. Chem. 277, 26300–26309. http://dx.
doi.org/10.1074/jbc.M202276200.

Bhaumik, M., Seldin, M.F., Stanley, P., 1995. Cloning and chromo-
somal mapping of the mouse Mgat3 gene encoding N-
acetylglucosaminyltransferase III. Gene 164, 295–300.

Buckhaults, P., Chen, L., Fregien, N., Pierce, M., 1997. Transcrip-
tional regulation of N-acetylglucosaminyltransferase V by the src
oncogene. J. Biol. Chem. 272, 19575–19581.

Cayre, M., Canoll, P., Goldman, J.E., 2009. Cell migration in the
normal and pathological postnatal mammalian brain. Prog.
Neurobiol. 88, 41–63. http://dx.doi.org/10.1016/j.pneurobio.
2009.02.001.

Chai, W., Yuen, C.T., Kogelberg, H., Carruthers, R.A., Margolis, R.U.,
Feizi, T., Lawson, A.M., 1999. High prevalence of 2-mono- and 2,6-
di-substituted manol-terminating sequences among O-glycans re-
leased from brain glycopeptides by reductive alkaline hydrolysis.
Eur. J. Biochem. 263, 879–888.

Chen, Y.J., Wing, D.R., Guile, G.R., Dwek, R.A., Harvey, D.J.,
Zamze, S., 1998. Neutral N-glycans in adult rat brain tissue—
complete characterisation reveals fucosylated hybrid and com-
plex structures. Eur. J. Biochem. 251, 691–703.

Cummings, R.D., Etzler, M.E., 2009. Antibodies and Lectins in Glycan
Analysis. Essentials of Glycobiology. Cold Spring Harbor, NY.

Delaunay, D., Heydon, K., Cumano, A., Schwab, M.H., Thomas, J.L.,
Suter, U., Nave, K.A., Zalc, B., Spassky, N., 2008. Early neuronal
and glial fate restriction of embryonic neural stem cells. J.
Neurosci.: Off. J. Soc. Neurosci. 28, 2551–2562. http://dx.doi.
org/10.1523/JNEUROSCI.5497-07.2008.

Gage, F.H., Ray, J., Fisher, L.J., 1995. Isolation, characterization,
and use of stem cells from the CNS. Annu. Rev. Neurosci. 18,
159–192.

Gu, J., Isaji, T., Sato, Y., Kariya, Y., Fukuda, T., 2009. Importance
of N-glycosylation on alpha5beta1 integrin for its biological
functions. Biol. Pharm. Bull. 32, 780–785.

Hamanoue, M., Okano, H., 2011. Cell surface N-glycans-mediated
isolation of mouse neural stem cells. J. Cell. Physiol. 226,
1433–1438. http://dx.doi.org/10.1002/jcp.22436.

Hamanoue, M., Sato, K., Takamatsu, K., 2008. Lectin panning method:
the prospective isolation of mouse neural progenitor cells by the
attachment of cell surface N-glycans to Phaseolus vulgaris
erythroagglutinating lectin-coated dishes. Neuroscience 157,
762–771. http://dx.doi.org/10.1016/j.neuroscience.2008.09.054.

Hamanoue, M., Matsuzaki, Y., Sato, K., Okano, H.J., Shibata, S.,
Sato, I., Suzuki, S., Ogawara, M., Takamatsu, K., Okano, H.,
2009. Cell surface N-glycans mediated isolation of mouse neural
stem cells. J. Neurochem. 110, 1575–1584. http://dx.doi.org/
10.1111/j.1471-4159.2009.06256.x.

Huang, Z., 2009. Molecular regulation of neuronal migration during
neocortical development. Mol. Cell. Neurosci. 42, 11–22.
http://dx.doi.org/10.1016/j.mcn.2009.06.003.

Inamori, K., Endo, T., Ide, Y., Fujii, S., Gu, J., Honke, K., Taniguchi, N.,
2003. Molecular cloning and characterization of human GnT-IX, a
novel beta1,6-N-acetylglucosaminyltransferase that is specifically
expressed in the brain. J. Biol. Chem. 278, 43102–43109. http://dx.
doi.org/10.1074/jbc.M308255200.

Inamori, K., Gu, J., Ohira, M., Kawasaki, A., Nakamura, Y.,
Nakagawa, T., Kondo, A., Miyoshi, E., Nakagawara, A.,
Taniguchi, N., 2006. High expression of N-
acetylglucosaminyltransferase V in favorable neuroblastomas:
involvement of its effect on apoptosis. FEBS Lett. 580,
627–632. http://dx.doi.org/10.1016/j.febslet.2005.12.089.

Kaneko, M., Alvarez-Manilla, G., Kamar, M., Lee, I., Lee, J.K.,
Troupe, K., Zhang, W., Osawa, M., Pierce, M., 2003. A novel
beta(1,6)-N-acetylglucosaminyltransferase V (GnT-VB)(1). FEBS
Lett. 554, 515–519.

Kang, R., Saito, H., Ihara, Y., Miyoshi, E., Koyama, N., Sheng, Y.,
Taniguchi, N., 1996. Transcriptional regulation of the N-
acetylglucosaminyltransferase V gene in human bile duct
carcinoma cells (HuCC-T1) is mediated by Ets-1. J. Biol. Chem.
271, 26706–26712.

Kizuka, Y., Kitazume, S., Yoshida, M., Taniguchi, N., 2011. Brain-
specific expression of N-acetylglucosaminyltransferase IX (GnT-IX) is
regulated by epigenetic histone modifications. J. Biol. Chem. 286,
31875–31884. http://dx.doi.org/10.1074/jbc.M111.251173.

Kleene, R., Schachner, M., 2004. Glycans and neural cell interac-
tions. Nat. Rev. Neurosci. 5, 195–208. http://dx.doi.org/10.
1038/nrn1349.

Kojima, T., Hirota, Y., Ema, M., Takahashi, S., Miyoshi, I., Okano, H.,
Sawamoto, K., 2010. Subventricular zone-derived neural progenitor
cells migrate along a blood vessel scaffold toward the post-stroke
striatum. Stem Cells 28, 545–554. http://dx.doi.org/10.1002/
stem.306.

Lee, J.K., Matthews, R.T., Lim, J.M., Swanier, K., Wells, L., Pierce, J.M.,
2012. Developmental expression of the neuron-specific N-
acetylglucosaminyltransferase Vb (GnT-Vb/IX) and identification of
its in vivo glycan products in comparison with those of its paralog,
GnT-V. J. Biol. Chem. 287, 28526–28536. http://dx.doi.org/10.
1074/jbc.M112.367565.

Malaterre, J., Mantamadiotis, T., Dworkin, S., Lightowler, S., Yang, Q.,
Ransome, M.I., Turnley, A.M., Nichols, N.R., Emambokus, N.R.,
Frampton, J., Ramsay, R.G., 2008. c-Myb is required for neural
progenitor cell proliferation and maintenance of the neural stem
cell niche in adult brain. Stem Cells 26, 173–181. http://dx.doi.
org/10.1634/stemcells.2007-0293.

McKay, R., 1997. Stem cells in the central nervous system. Science
276, 66–71.

Miyoshi, E., Terao, M., Kamada, Y., 2012. Physiological roles of N-
acetylglucosaminyltransferase V(GnT-V) in mice. BMB Rep. 45,
554–559.

77Predominant expression of GnT-V in neural stem/progenitor cells

http://dx.doi.org/10.1016/j.scr.2014.11.004
http://dx.doi.org/10.1074/jbc.M803646200
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0215
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0215
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0215
http://dx.doi.org/10.1074/jbc.M202276200
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0015
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0015
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0015
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0020
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0020
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0020
http://dx.doi.org/10.1016/j.pneurobio.2009.02.001
http://dx.doi.org/10.1016/j.pneurobio.2009.02.001
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0030
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0030
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0030
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0030
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0035
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0035
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0035
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0220
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0220
http://dx.doi.org/10.1523/JNEUROSCI.5497-07.2008
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0045
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0045
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0045
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0050
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0050
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0050
http://dx.doi.org/10.1002/jcp.22436
http://dx.doi.org/10.1016/j.neuroscience.2008.09.054
http://dx.doi.org/10.1111/j.1471-4159.2009.06256.x
http://dx.doi.org/10.1016/j.mcn.2009.06.003
http://dx.doi.org/10.1074/jbc.M308255200
http://dx.doi.org/10.1016/j.febslet.2005.12.089
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0090
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0090
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0090
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0095
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0095
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0095
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0095
http://dx.doi.org/10.1074/jbc.M111.251173
http://dx.doi.org/10.1038/nrn1349
http://dx.doi.org/10.1038/nrn1349
http://dx.doi.org/10.1002/stem.306
http://dx.doi.org/10.1002/stem.306
http://dx.doi.org/10.1074/jbc.M112.367565
http://dx.doi.org/10.1074/jbc.M112.367565
http://dx.doi.org/10.1634/stemcells.2007-0293
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0120
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0120
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0125
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0125
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0125


Okano, H., 2002. Stem cell biology of the central nervous system. J.
Neurosci. Res. 69, 698–707.

Papaioannou, V.E., Fox, J.G., 1993. Efficacy of tribromoethanol
anesthesia in mice. Lab. Anim. Sci. 43, 189–192.

Partridge, E.A., Le Roy, C., Di Guglielmo, G.M., Pawling, J.,
Cheung, P., Granovsky, M., Nabi, I.R., Wrana, J.L., Dennis, J.
W., 2004. Regulation of cytokine receptors by Golgi N-glycan
processing and endocytosis. Science 306, 120–124. http://dx.
doi.org/10.1126/science.1102109.

Pierce, M., Arango, J., Tahir, S.H., Hindsgaul, O., 1987. Activity of
UDP-GlcNAc:alpha-mannoside beta(1,6)N-
acetylglucosaminyltransferase (GnT V) in cultured cells using a
synthetic trisaccharide acceptor. Biochem. Biophys. Res.
Commun. 146, 679–684.

Saito, H., Nishikawa, A., Gu, J., Ihara, Y., Soejima, H., Wada, Y.,
Sekiya, C., Niikawa, N., Taniguchi, N., 1994. cDNA cloning and
chromosomal mapping of human N-acetylglucosaminyltransferase
V+. Biochem. Biophys. Res. Commun. 198, 318–327.

Saito, H., Gu, J., Nishikawa, A., Ihara, Y., Fujii, J., Kohgo, Y.,
Taniguchi, N., 1995. Organization of the human N-
acetylglucosaminyltransferase V gene. Eur. J. Biochem. 233,
18–26.

Saito, T., Miyoshi, E., Sasai, K., Nakano, N., Eguchi, H., Honke, K.,
Taniguchi, N., 2002. A secreted type of beta 1,6-N-
acetylglucosaminyltransferase V (GnT-V) induces tumor angio-
genesis without mediation of glycosylation: a novel function of
GnT-V distinct from the original glycosyltransferase activity. J.
Biol. Chem. 277, 17002–17008. http://dx.doi.org/10.1074/jbc.
M200521200.

Sato, K., Hamanoue, M., Takamatsu, K., 2008. Inhibitors of p38
mitogen-activated protein kinase enhance proliferation of
mouse neural stem cells. J. Neurosci. Res. 86, 2179–2189.
http://dx.doi.org/10.1002/jnr.21668.

Shichinohe, H., Kuroda, S., Yano, S., Hida, K., Iwasaki, Y., 2007.
Role of SDF-1/CXCR4 system in survival and migration of bone
marrow stromal cells after transplantation into mice cerebral

infarct. Brain Res. 1183, 138–147. http://dx.doi.org/10.1016/j.
brainres.2007.08.091.

Shin, D.H., Lee, H.W., Jeon, G.S., Lee, H.Y., Lee, K.H., Cho, S.S.,
2001. Constitutive expression of c-myb mRNA in the adult rat
brain. Brain Res. 892, 203–207.

Shoreibah, M., Perng, G.S., Adler, B., Weinstein, J., Basu, R.,
Cupples, R., Wen, D., Browne, J.K., Buckhaults, P., Fregien, N.,
Pierce, M., 1993. Isolation, characterization, and expression of a
cDNA encoding N-acetylglucosaminyltransferase V. J. Biol.
Chem. 268, 15381–15385.

Steinbach, J.P., Weissenberger, J., Aguzzi, A., 1999. Distinct phases
of cryogenic tissue damage in the cerebral cortex of wild-type
and c-fos deficient mice. Neuropathol. Appl. Neurobiol. 25,
468–480.

Tamura, Y., Kataoka, Y., Cui, Y., Takamori, Y., Watanabe, Y.,
Yamada, H., 2007. Multi-directional differentiation of
doublecortin- and NG2-immunopositive progenitor cells in the
adult rat neocortex in vivo. Eur. J. Neurosci. 25, 3489–3498.
http://dx.doi.org/10.1111/j.1460-9568.2007.05617.x.

Taniguchi, N., Miyoshi, E., Ko, J.H., Ikeda, Y., Ihara, Y., 1999.
Implication of N-acetylglucosaminyltransferases III and V in
cancer: gene regulation and signaling mechanism. Biochim.
Biophys. Acta 1455, 287–300.

Yamamoto, H., Swoger, J., Greene, S., Saito, T., Hurh, J., Sweeley, C.,
Leestma, J., Mkrdichian, E., Cerullo, L., Nishikawa, A., Ihara, Y.,
Taniguchi, N., Moskal, J.R., 2000. Beta1,6-N-acetylglucosamine-
bearing N-glycans in human gliomas: implications for a role in
regulating invasivity. Cancer Res. 60, 134–142.

Yamashita, K., Hitoi, A., Kobata, A., 1983. Structural determinants
of Phaseolus vulgaris erythroagglutinating lectin for oligosac-
charides. J. Biol. Chem. 258, 14753–14755.

Zamze, S., Harvey, D.J., Chen, Y.J., Guile, G.R., Dwek, R.A., Wing, D.R.,
1998. Sialylated N-glycans in adult rat brain tissue—a widespread
distribution of disialylated antennae in complex and hybrid struc-
tures. Eur. J. Biochem. 258, 243–270.

78 M. Hamanoue et al.

http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0130
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0130
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0135
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0135
http://dx.doi.org/10.1126/science.1102109
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0145
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0145
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0145
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0145
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0145
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0155
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0155
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0155
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0155
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0150
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0150
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0150
http://dx.doi.org/10.1074/jbc.M200521200
http://dx.doi.org/10.1074/jbc.M200521200
http://dx.doi.org/10.1002/jnr.21668
http://dx.doi.org/10.1016/j.brainres.2007.08.091
http://dx.doi.org/10.1016/j.brainres.2007.08.091
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0175
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0175
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0180
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0180
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0180
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0185
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0185
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0185
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0185
http://dx.doi.org/10.1111/j.1460-9568.2007.05617.x
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0195
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0195
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0195
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0200
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0200
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0200
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0205
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0205
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0205
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0210
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0210
http://refhub.elsevier.com/S1873-5061(14)00140-8/rf0210


Schwann Cell Plasticity After Spinal Cord Injury Shown
by Neural Crest Lineage Tracing
NARIHITO NAGOSHI,1,2,3 SHINSUKE SHIBATA,1 MAKOTO HAMANOUE,4 YO MABUCHI,1 YUMI MATSUZAKI,1

YOSHIAKI TOYAMA,2 MASAYA NAKAMURA,2* AND HIDEYUKI OKANO1*
1Department of Physiology, School of Medicine, Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo, Japan
2Department of Orthopedic Surgery, School of Medicine, Keio University, 35 Shinanomachi, Shinjuku-ku, Tokyo, Japan
3Clinical Research Center, National Hospital Organization, Murayama Medical Center, 2-37-1 Gakuen,
Musashimurayama, Tokyo, Japan
4Department of Physiology, Toho University School of Medicine, 5-21-16 Ohmori-nishi, Ohta-ku, Tokyo, Japan

KEY WORDS
spinal cord injury; neural crest; Schwann cell plasticity;
de/redifferentiation

ABSTRACT
After spinal cord injury (SCI), various cell types are recruited
to the lesion site, including Schwann cells, which originate in
the neural crest and normally myelinate axons in the periph-
eral nervous system. Here, we investigated the differentia-
tion states, migration patterns, and roles of neural crest
derivatives following SCI, using two transgenic mouse lines
carrying neural crest-specific reporters, P0-Cre/Floxed-
EGFP and Wnt1-Cre/Floxed-EGFP. In these mice, EGFP is
expressed only in the neural crest cell lineage. Immunohisto-
chemical analysis revealed that most of the EGFP1 cells that
infiltrated the lesion site after SCI were Schwann cells.
Seven days after SCI, the P0-positive, mature Schwann cells
residing at the nerve roots had dedifferentiated into P02/
p751 immature Schwann cells, which proliferated and began
migrating into the lesion site. The dedifferentiation of the
Schwann cells was corroborated by their expression of phos-
phorylated c-Jun, which promotes dedifferentiation and
inhibits the expression of myelin-associated genes in the pe-
ripheral nerves. Thereafter, the number of EGFP1/p751

immature Schwann cells decreased and that of EGFP1/P01

mature cells increased gradually, indicating that the cells
redifferentiated into mature Schwann cells within the lesion
site. This study draws on the advantages offered by trans-
genic mouse lines bearing a genetic cell-lineage marker and
extends previous work by describing the origins and behavior
of the neural crest-derived cells that contribute to endoge-
nous repair after SCI. This process, involving Schwann cell
plasticity, is a novel repair mechanism for the lesioned mam-
malian spinal cord. VVC 2011 Wiley-Liss, Inc.

INTRODUCTION

Only a few treatments are currently available for
spinal cord injury (SCI), a life-threatening traumatic
disorder, and full functional recovery is rare. The nerv-
ous tissue damage from SCI occurs in several stages,
including a primary phase of physiological damage with
hemorrhage or ischemia, and a secondary phase of
further destruction by infiltrating inflammatory cells.
During the secondary phase, various cell types are
recruited to the site of injury and contribute to not only

the degenerative response, but also the regenerative
one. Blood-derived inflammatory cells, including neutro-
phils, macrophages, and lymphocytes, infiltrate the
lesion through the disrupted blood-spinal cord barrier
(Popovich and Longbrake, 2008). Reactive astrocytes
migrate toward the lesion site, where they sequester the
inflammatory cells (Okada et al., 2006). Blood vessels
also grow into the lesion site after SCI (Loy et al., 2002).
Schwann cells, which normally inhabit the peripheral
nerves, including the nerve roots, but not the intact spi-
nal cord, appear in the spinal-cord lesion site and
remyelinate the surviving axons (Brook et al., 1998;
Kaneko et al., 2006; Wang et al., 1996).
Schwann cells and some smooth muscle cells in blood

vessels in the peripheral and central nervous systems
(PNS and CNS) are among the cell types derived from the
neural crest, a transient embryonic tissue that originates
from the neural folds during vertebrate development (Le
Douarin and Kalcheim, 1999). The fates of neural crest
derivatives were discovered by transplanting quail-derived
cells or tissues into chicks, and monitoring their behavior
and differentiation over time (Le Lievre and Le Douarin,
1975). Neural crest-derived cells are thought to help repair
neural damage by remyelinating demyelinated axons or by
limiting damage to the lesion site from edema or ischemia
(Brook et al., 1998; Itoyama et al., 1983, 1985; Shimamura
et al., 2004; Wang et al., 1996). However, a comprehensive
analysis of the physiological response of neural crest-
derived cells to SCI has never been published.
Here, we investigated the contribution of neural crest-

derived cells to the events following SCI using Protein-
Zero (P0)-Cre and Wnt1-Cre mice crossed with an EGFP
lineage-reporter mouse line (Danielian et al., 1998;
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Kawamoto et al., 2000; Yamauchi et al., 1999). Lineage
tracing of the EGFP-labeled neural crest-derived cells
after SCI and immunohistochemical analysis of their
cell-type-specific marker expression showed that most of
the EGFP1 cells in the lesion site were Schwann cells.
This is the first study to track Schwann cell lineages in
the injured spinal cord using genetic-labeling techni-
ques. Our findings provide novel insights into the
involvement of Schwann cells in the pathophysiology
and repair of SCI.

MATERIALS AND METHODS
Animals

Transgenic mice expressing Cre recombinase under
control of the P0 promoter (P0-Cre) (Yamauchi et al.,
1999) and the Wnt1 promoter/enhancer (Wnt1-Cre) (Dan-
ielian et al., 1998) were mated with EGFP reporter mice
(CAG-CATloxP/1-EGFP) (Kawamoto et al., 2000) to obtain
P0-Cre/Floxed-EGFP and Wnt1-Cre/Floxed-EGFP dou-
ble-transgenic mice. Adult wild-type mice were purchased
from CLEA Japan. All animal protocols were performed
in accordance with the Guidelines for the Care and Use of
Laboratory Animals (U.S. National Institutes of Health)
and with approval from the Committee for Experimental
Animals of Keio University School of Medicine.

Spinal Cord Injury Model

Complete spinal cord transections were performed in
anesthetized 8-week-old adult mice as follows (n 5 47).
After laminectomy at Th10, the dura was opened and
the spinal cord transected, using a surgical blade
(Feather). The severed ends of the cord typically
retracted about 3 mm and were inspected under a surgi-
cal microscope to ensure complete transection. The
muscles and skin were closed in layers. To label cells
that divided after the injury, a sterile solution of bromo-
deoxyuridine (BrdU; 50 lg/g body weight; Sigma) was
injected intraperitoneally after the transection injury
every day for 1 week.

Immunohistochemistry

Samples were fixed in 4% paraformaldehyde (PFA)
and sectioned on a cryostat at 20 lm. The following pri-
mary antibodies were used: anti-Green Fluorescent Pro-
tein (GFP) (rabbit 1:500, MBL; goat 1:200, Rockland),
anti-Neurofilament H/M (RT97, mouse IgG 1:100, Chem-
icon), anti-Parvalbumin (mouse IgG 1:500, Chemicon),
anti-CGRP (rabbit 1:500, Affiniti), anti-SMA (mouse IgG
1:500, Sigma), anti-MAC1 (rat IgG 1:200, Serotec), anti-
Iba1 (rabbit 1:200, Wako), anti-P0 (chick 1:200, Aves
Labs), anti-p75 (rabbit 1:500, Chemicon), anti-Ki67
(rabbit 1:200, Novocastra), anti-Oct6 (goat 1:500, Santa
Cruz), anti-Sox10 (goat 1:400, R&D), anti-phosphoryl-
ated c-Jun (rabbit 1:200, Cell Signaling), anti-Peripherin
(rabbit 1:1,000, Chemicon), anti-PCNA (rabbit 1:200,

Oncogene), and anti-BrdU (rat IgG 1:100, Abcam). The
secondary antibodies were conjugated with Alexa 488,
Alexa 568, or Alexa 647 (Molecular Probes). Nuclei were
counterstained with Hoechst 33342 (10 lg/mL, Sigma).
Samples were observed under a confocal laser scanning
microscope (LSM510, Carl Zeiss) and/or a fluorescence
microscope (BZ-9000, Keyence).

Quantitative Analysis

To quantify the areas containing RT971/EGFP1 and
Parvalbumin1/EGFP1 axons, we examined the area in
three confocal images of the posterior funiculus in axial
sections of intact spinal, captured with a 633 objective
(n 5 3). To quantify the p751/EGFP1 and P01/EGFP1

double-positive area, we analyzed confocal images, cap-
tured using a 203 objective, of three regions in the dor-
sal roots adjacent to the intact and injured spinal cord
(n 5 3). To analyze the P-c-Jun1/EGFP1 cells, we cap-
tured three confocal images of the dorsal root from each
of three representative sagittal sections using a 633
objective. To quantify the PCNA1/EGFP1 cells, we cap-
tured three confocal images of the lesion site, using a
633 objective, from each of three randomly selected rep-
resentative sagittal sections for each time point (n 5 3).
To analyze the p751/EGFP1 and P01/EGFP1 cells, we
selected three representative sagittal sections and cap-
tured three confocal images in the lesion site in each
section using a 403 objective (n 5 3). For statistical
evaluation of the quantitative data shown in Figs. 4 and
6, we used one-factor ANOVA followed by Bartlett’s test.
All data are reported as the mean 6 s.e.m.

Immuno-Electron Microscopy

Frozen sections were incubated with an anti-GFP
antibody (MBL), then with a nanogold-conjugated anti-
rabbit secondary (1:100 Invitrogen). An HQ-Silver kit
was used to enhance the staining (Nanoprobes), and the
sections were postfixed with 0.5% osmium tetroxide,
dehydrated through graded ethanol, and embedded in
Epon. Ultrathin sections were stained with uranyl ace-
tate and lead citrate, and observed under a transmission
EM (JEOL 1230). Images were analyzed using Digital
Micrograph 3.3 (Gatan Inc.).

Flow Cytometry

Flow-cytometric analysis was performed with a FACS
Calibur (BD). Blood cells collected in PBS from the heart
of adult mice were sorted, and the EGFP1 cells were
identified by their fluorescence.

Sorting of Mouse Spinal Cord Cells

Dissociated cells from the spinal cord of 6- to 8-week-
old mice were prepared as described (Hamanoue et al.,
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2009), with slight modifications. Briefly, a section of spi-
nal cord between Th9 and Th11 was isolated (n 5 22
injured and 23 intact mice) and digested with 0.05%
trypsin-ethylenediaminetetraacetic acid (EDTA) for 20
min at 37!C. The digestion was stopped by adding fetal
bovine serum (FBS). The specimen was then incubated
with DNase I (1 mg/mL) for 1 min at 37!C. After several
washes with Dulbecco’s Modified Eagle’s medium
(DMEM), the cells were filtered through 100-, 70-, and
40-lm cup filters (BD Biosciences). Cell sorting was per-
formed on a MoFlo High-Performance Cell Sorter (Dako
Denmark A/S). Erythrocytes, dead cells, and cell debris
were excluded by gating on the forward and side scatter.
The EGFP1 cells were sorted into growth-promoting
medium, which contained DMEM/F-12 (1:1) (Gibco
12100-046/21700-075) supplemented with insulin (25 lg/
mL), transferrin (100 lg/mL), progesterone (20 nM), so-
dium selenate (30 nM), and putrescine (60 nM) (all from
Sigma-Aldrich), recombinant human EGF (100 ng/mL)
(Pepro Tech #100-15), human FGF-basic (100 ng/mL)
(Pepro Tech #100-18b), B27 (20 ng/mL) (Invitrogen
0050129SA), and 10% FBS. Sorted cells (1 3 103/well)
were plated in 96-well plates in growth-promoting me-

dium. After 7 days, the EGFP1 spheres were observed
under a fluorescence microscope.

RESULTS
Distribution of EGFP1 Cells in the Intact

Spinal Cord of Adult P0-Cre and
Wnt1-Cre/Floxed-EGFP Mice

First we analyzed the intact (uninjured) spinal cord of
adult P0-Cre/Floxed-EGFP mice (and, for confirmation,
Wnt1-Cre/Floxed-EGFP mice, whose neural crest-
derived cells are also positive for EGFP (Danielian
et al., 1998; Kawamoto et al., 2000); Supp. Info. Fig. 1)
by immunohistochemistry.
P0, originally identified as a Schwann cell-specific

myelin protein (Lemke et al., 1988), is also expressed by
migrating neural crest cells during early chicken
embryogenesis (Bhattacharyya et al., 1991). In adult P0-
Cre/Floxed-EGFP mice, transient activation of the P0
promoter induces Cre-mediated recombination, indelibly
tagging neural crest-derived cells with EGFP (Kawamoto
et al., 2000; Yamauchi et al., 1999). During development,

Fig. 1. Histological analysis of axial sections from the intact spi-
nal cord of adult P0-Cre/Floxed-EGFP mice. (A–F) Most EGFP1

axons were positive for RT97 (A, B) and Parvalbumin (PV) (C, D)
in the posterior funiculus (n 5 3), and for CGRP (E, F) in the sub-

stantia gelatinosa of the dorsal horn. Boxed areas in (A), (C), and
(E) are shown at higher magnification in (B), (D), and (F), respec-
tively. Scale bars: 100 lm in (A), (C), and (E), and 50 lm in (B),
(D), and (F).
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some migrating neural crest-derived stem cells (NCSCs)
aggregate to form dorsal root ganglia (DRG), which
project sensory axons into the spinal cord (Bronner-
Fraser et al., 1991). Almost all (99.6% 6 0.2%) of the
EGFP1 axons in the posterior funiculus, where a major
sensory axon tract is visible, were positive for RT97,
which labels myelinated neuronal fibers (Fig. 1A,B), indi-
cating that the DRG-derived myelinated sensory axons
expressed EGFP. Most EGFP1 axons (88.6% 6 0.5%)
were positive for Parvalbumin, which marks propriocep-
tive sensory neurons (Fig. 1C,D). In the dorsal horn of
the spinal cord, some EGFP1 axons were positive for
CGRP, which marks nociceptive sensory neurons (Fig.
1E,F). Thus, the fibers of neural crest-derived sensory
neurons were EGFP1in the uninjured spinal cord of P0-
Cre/Floxed-EGFP and Wnt1-Cre/Floxed-EGFP mice
(Supp. Info. Fig. 1).

EGFP1 Neural Crest-derived Cells Migrate
into the Lesion Epicenter from the

Peripheral Nerves After SCI

To examine the migration of neural crest-derived cells
after SCI, we transected the spinal cord of adult P0-Cre/
Floxed-EGFP mice (SCI model) and examined spinal
cord sections histologically at different time points.
EGFP1 cells were not detected in the lesion site at 3
days post-injury (dpi), but they were observed at 5 and 7
dpi (Fig. 2A). Their numbers increased until at least 28
dpi (Fig. 2A–C).
At 7 dpi, we observed EGFP1 cells that appeared to

be migrating via the adjacent nerve roots into the lesion
site (Fig. 2D,E). Detailed histological analysis showed
that the EGFP1 cells migrated from both the dorsal and
ventral nerve roots nearest the lesion site (Fig. 2F–I).
Since, in a previous report, we found NCSCs in the
adult bone marrow (Nagoshi et al., 2008), we analyzed
peripheral blood samples by flow cytometry at 1, 3, and
7 dpi, to determine if EGFP1 cells in the lesion site
could have originated in the bone marrow and migrated
via the bloodstream, but no EGFP1 cells were detected
in the blood (Fig. 2J). The EGFP1 cells at the lesion site
were negative for MAC1 and Iba1 (markers for inflam-
matory cells) and for SMA (a specific marker for smooth
muscle cells in blood vessels) at 7 dpi (Fig. 2K–M). (See
Supp. Info. Fig. 2 for similar results from the Wnt1-Cre/
Floxed-EGFP mice.) Together, these observations sug-
gest that the neural crest-derived EGFP1 cells could
have migrated from the peripheral nerves into the lesion
site and were not derived from the peripheral blood or
the smooth muscle cells of blood vessels.

Mature Schwann Cells of Nerve Roots
Dedifferentiate and Migrate into the Lesion

Site After SCI

To elucidate the characteristics of the EGFP1 cells
apparently migrating into the lesion site, we performed

Fig. 2. EGFP1 cells migrate into the lesion site after spinal cord
injury (SCI) in P0-Cre/Floxed-EGFP mice. (A–C) Midsagittal sections
at 7, 14, and 28 dpi, showing EGFP1 cells (detected with an anti-GFP
antibody) in the lesion site. Their number increased over time. The
lesion site is between the dashed lines. (D, E) Coronal sections showing
EGFP1 cells migrating into the spinal cord from peripheral nerves
adjacent to the lesion site. The boxed area in (D) is magnified in (E).
Asterisk indicates the center of the lesion (D). (F–I) EGFP1 cells
migrating from the dorsal/caudal (F), dorsal/rostral (G), ventral/caudal
(H), and ventral/rostral (I) roots adjacent to the lesion site. Asterisks
indicate the lesion site. (J) No EGFP1 cells were found in the circulat-
ing blood after SCI by flow-cytometric analysis. (K, L) The EGFP1 cells
at the lesion site were negative for the inflammatory cell markers
MAC1 and Iba1 (M) and for the vascular smooth muscle cell marker
SMA. r, rostral; c, caudal; d, dorsal; v, ventral. Scale bars: 200 lm in
(A–E), 100 lm in (F–I) and (M), and 50 lm in (K, L).
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Fig. 3. Mature Schwann cells dedifferentiate after SCI in P0-Cre/
Floxed-EGFP mice. (A, B) Spinal root entry site of the peripheral
nerves in sagittal sections of intact spinal cord. Most EGFP1 cells
were positive for the mature Schwann cell marker P0 (A), and a few
were positive for the immature and non-myelinating Schwann cell
marker p75 (B). Dashed line shows the boundary between the spinal
roots (above) and spinal cord (below). (C–F) In contrast, at 7 dpi,
most of the EGFP1 cells among the peripheral nerves adjacent to the
lesion site were negative for P0 (C,D) and positive for p75 (E,F).
Boxed areas in (C) and (E) are shown at higher magnification in (D)
and (F), respectively. r, rostral; c, caudal; d, dorsal; v, ventral. (G) At

7 dpi, the P0 expression did not overlap with that of p75 in peripheral
nerves. (H) Quantitative analysis of the P01 and p751 areas within
the EGFP1 area of the dorsal roots at pre-injury (pre) and 7 dpi
(post). (I) Immuno-electron microscopic examination of the dorsal root
at 7 dpi. EGFP1 cells were surrounded by invading macrophages.
Arrowheads indicate EGFP1 cells, arrow indicates myelin, and aster-
isks indicate macrophage nuclei. (J) Most EGFP1 cells expressed
phosphorylated c-Jun (P-c-Jun), suggesting that the mature Schwann
cells were actively dedifferentiating into immature Schwann cells.
Scale bars: 200 lm in (A–C) and (E), 50 lm in (D), (F–G), and (J),
and 5 lm in (I).
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detailed immunohistological analyses of the P0-Cre/
Floxed-EGFP mice, focusing on the dorsal root entry
zone of the spinal cord. We quantified the area that con-
tained cells double-positive for P0, a marker for mature
myelinating Schwann cells (Giese et al., 1992), and
EGFP, and found that in uninjured mice 95.0% 6 2.9%
of the EGFP1 cells in the dorsal nerve roots were posi-
tive for P0 (Fig. 3A,H), and 7.4% 6 0.2% EGFP1 cells
were positive for p75, a marker of immature and non-
myelinating Schwann cells (Heumann et al., 1987a,b;
Taniuchi et al., 1986; You et al., 1997) (Fig. 3B,H).
In contrast, in the injured spinal cord at 7 dpi, only

8.9% 6 0.8% of the EGFP1 cells in the dorsal nerve
roots adjacent to the lesion site were positive for P0
(Fig. 3C,D,H), and 95.5% 6 0.4% were positive for p75
(Fig. 3E,F,H). The expression domains of these proteins
did not overlap (Fig. 3G). This decrease in P0 and
increase in p75 were not observed in nerve roots that
were three or four segments away from the lesion site
(Supp. Info. Fig. 3). Our findings were similar for the
Wnt1-Cre/Floxed-EGFP mice (Supp. Info. Fig. 4). Con-
sidering that dedifferentiated immature Schwann cells
express p75 after peripheral nerve injury (Heumann
et al., 1987a,b; Taniuchi et al., 1986; You et al., 1997),
these reports and our findings suggested that the P01

mature Schwann cells in the nerve roots adjacent to the
lesion site had dedifferentiated after SCI.
We then analyzed the dorsal root entry zone at 7 dpi by

immunoelectron microscopy. The images showed EGFP1

Schwann cells of various sizes that were not associated
with myelin, which were surrounded by inflammatory
cells, like macrophages and neutrophils (Fig. 3I). This
finding implied that the Schwann cells had previously
produced a lamellar myelin structure that was ingested
by the invading macrophages after SCI.
A recent report demonstrated that c-Jun, a key compo-

nent of the AP-1 transcription factor complex (Mechta-
Grigoriou et al., 2001), acts as an on-and-off switch for
Schwann cell myelination in the PNS (Parkinson et al.,
2008). The rapid increase and activation of c-Jun after
peripheral nerve injury promotes the dedifferentiation of
mature Schwann cells into immature ones, and inhibits
their expression of myelin-associated genes (Parkinson et
al., 2004, 2008). We therefore labeled the nerve roots ad-
jacent to the SCI lesion at 7 dpi for phosphorylated c-Jun
(P-c-Jun), and found that 95.8% 6 2.3% of the EGFP1

cells were P-c-Jun-positive in the P0-Cre/Floxed-EGFP
mice (Fig. 3J). However, P-c-Jun was not expressed in
the nerve roots prior to SCI (Supp. Info. Fig. 3). Although
some nonmyelinating Schwann cells, which also express
p75, may have migrated into the lesion site, our results
strongly indicated that almost all the mature Schwann
cells in the nerve roots adjacent to the lesion site dediffer-
entiated into p751 immature Schwann cells after SCI,
much as they do in damaged peripheral nerves (Par-
kinson et al., 2008).
Where the nerve roots were close to the spinal cord

lesion site in P0-Cre/Floxed-EGFP mice at 7 dpi, we fre-
quently detected EGFP1/P02/p751 immature Schwann
cells, which seemed to be migrating into the lesion site

(Fig. 4A,B). We also detected EGFP1 cells that were
double labeled for the proliferation markers Ki67, BrdU,
or PCNA close to the dorsal nerve root entry zone (Fig.
4C–E). Quantification analysis revealed that, despite a
transient increase in the EGFP1/PCNA1 dividing cells
until 5 dpi (53.4% 6 1.9%), these cells gradually
decreased thereafter, through our last measurement at
14 dpi (14.4% 6 2.5%) (Fig. 4F). Similar results were
obtained in the Wnt1-Cre/Floxed-EGFP mice (Supp.
Info. Fig. 5). These observations indicated that the
mature Schwann cells residing in the nerve roots dedif-
ferentiated, began to proliferate, and migrated toward
the lesion site.
Nonetheless, because a previous report found high

concentrations of NCSCs among P02/p751 cells collected
from various tissue sources (Morrison et al., 1999; Stem-
ple and Anderson, 1992), the P02/p751 cells observed
here might have been derived mainly from proliferating
NCSCs. To examine this possibility, EGFP1 cells were
isolated from the SCI lesion site of adult P0-Cre/Floxed-
EGFP mice at 7 dpi and from intact spinal cord and
were cultured in sphere-forming medium (NCSCs can
proliferate to generate spheres;(Nagoshi et al., 2008).
Although the frequency was very low, some EGFP1

spheres formed from the EGFP1 cells of the injured spi-
nal cord (Fig. 5A,C,E). However, spheres formed from
the EGFP1 cells of intact spinal cord at a similar fre-
quency (Fig. 5B,D,F). Although the origins of the
sphere-initiating cells in the spinal cord are unclear, our
finding that cells from the lesion site at the peak of p75
expression generated a similar number of spheres as
cells from the intact spinal cord (Fig. 5E,F) strongly sug-
gested that the EGFP1/P02/p751 cells that emerged af-
ter SCI were not primarily NCSCs.

Immature Schwann Cells Reacquire
Their Maturity and Remyelinate Axons

at the Lesion Site

To elucidate the fate of the migrating EGFP1 cells at
the lesion site, we performed immunohistological analy-
ses in P0-Cre/Floxed-EGFP mice at 7, 14, 28, and 56
dpi. At 7 dpi, 93.0% 6 0.8% of the EGFP1 cells at the
lesion site were positive for p75, and none expressed P0
(Fig. 6A,D,I,J). Although p75 expression in the EGFP1

cells was still strong at 14 dpi (91.0% 6 2.6%) (Fig. 6B),
it gradually decreased until our final time-point at 56
dpi (41.0% 6 2.7%) (Fig. 6C,D,I). In contrast, the level
of P0 in the EGFP1 cells sharply increased at 14 dpi,
and continued to increase until 56 dpi (69.1% 6 9.6%)
(Fig. 6E–H,J). Similar results were observed in the
Wnt1-Cre/Floxed-EGFP mice (Supp. Info. Fig. 6). These
data suggest that, once the p751 immature Schwann
cells had invaded the lesion site via the adjacent nerve
roots, they regained their maturity by differentiating
into P01 mature Schwann cells.

At 28 dpi, some EGFP1 cells in the lesion site were
positive for both p75 and P0, as shown by triple labeling
experiments (Fig. 7A). This result suggested that the
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Fig. 4. Immature Schwann cells migrate toward the center of the
spinal cord lesion in P0-Cre/Floxed-EGFP mice within a week after
SCI. (A, B) EGFP1 cells that were negative for P0 (A) but positive for
p75 (B) migrated from the peripheral nerve roots toward the lesion
center at 7 dpi. Single asterisk indicates peripheral nerves; double
asterisks indicate the center of the lesion. The lesion site is below the
dashed lines. (C–E) At 7 dpi, some of the EGFP1 cells co-expressed

Ki67 (C), incorporated BrdU (D), or expressed PCNA (E), suggesting
that some were actively proliferating. (F) Quantitative evaluation of
EGFP1/PCNA1 cells in the nerve root entry zone adjacent to the lesion
site. At 5 dpi, more than 50% of the EGFP1 cells expressed the prolif-
eration marker PCNA, and the proportion decreased significantly over
time (P < 0.01 by one-factor ANOVA). Scale bars: 100 lm in (A, B),
and 20 lm in (C–E).
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p751 immature Schwann cells passed through normal
developmental maturation states to become P01 mature
Schwann cells. Furthermore, pro-myelin gene-regulatory
factors such as Sox10 and Oct6 were expressed in some
EGFP1 cells at the lesion site at 28 dpi (Ghislain and
Charnay, 2006; Jaegle et al., 1996) (Fig. 7B,C), support-
ing the idea that some of the Schwann cells were
actively myelinating the spinal cord axons. At the pe-
ripheral nerve roots adjacent to the lesion site at 56 dpi,
most of the EGFP1 cells were positive for P0, and few
were positive for p75 (Fig. 7D), indicating that the
EGFP1 immature cells had redifferentiated into mature
Schwann cells. These results suggested that the EGFP1

Schwann cells participated not only in the recovery from
SCI but also in the repair of the peripheral nerves,
which had returned to their intact state by 56 dpi.
At 56 dpi, EGFP1 cells at the lesion site expressed P0

and were closely associated with RT971 axons in the P0-
Cre/Floxed-EGFP mice (Fig. 8A,B). Although P01

mature Schwann cells were found in both the nerve
roots and injured spinal cord at 56 dpi, only the axons
in the nerve roots were Peripherin1, a marker for
peripheral nerve axons (Fig. 8C). In contrast, the remye-
linated axons within the injured spinal cord were posi-
tive for RT97 (Fig. 8B,C). Therefore, the axons in the
spinal cord were from CNS neurons, and the migrated

EGFP1 cells actively participated in myelinating them
in the spinal cord lesion site. Further evidence for this
interpretation came from immuno-electron microscopic
observations. Although most EGFP1 Schwann cells in
the lesion site did not produce a myelin structure (Fig.
8D), at 28 and 56 dpi, some Schwann cells were associ-
ated with axons sporting thick, lamellar myelin (Fig.
8E,F). The same evidence for myelination was obtained
from the Wnt1-Cre/Floxed-EGFP mice (Supp. Info. Fig.
7). Collectively, these results demonstrated that the
dedifferentiated Schwann cells that migrated to the
lesion site regained their mature phenotype and remye-
linated CNS axons in the injured spinal cord.

DISCUSSION

Here, we examined the origin and role of endogenous
neural crest-derived cells in the injured spinal cord
using two double-transgenic mouse strains, P0-Cre/
Floxed-EGFP and Wnt1-Cre/Floxed-EGFP. In these
mice, the EGFP1 neural crest-derived cells migrated
from the spinal nerve roots to the lesion site and
sequentially expressed markers for immature and pro-
myelinating Schwann cells, including p75, Sox10, and
Oct6, which were rarely expressed in the mature
Schwann cells of intact spinal nerve roots. Once at the
lesion, the dedifferentiated Schwann cells became P01

mature Schwann cells and began remyelinating nearby
axons. The Schwann cells’ dedifferentiation, migration,
and resumption of myelinating activity appear to com-
prise an endogenous repair mechanism for SCI.
Although neural crest-derived cells are tagged with

EGFP in both the P0-Cre and Wnt1-Cre mouse lines,
there are a few differences in their expression patterns
(Danielian et al., 1998; Nagoshi et al., 2008; Yamauchi
et al., 1999). Therefore, the Cre recombinase in the two
lines may be expressed ectopically in some non-neural-
crest lineages or in slightly different subsets of neural
crest-derived lineages. Nonetheless, our findings in both
lines completely overlapped in this study, including the
results on migration and myelination by the EGFP1

cells. Furthermore, since Schwann cells and sensory
axons from the DRG are both derived from the neural
crest, and since we observed the appropriate expression
of EGFP in these cells and axons in both mouse lines, it
seems reasonable to assume that the EGFP1 cells we
observed in both mouse lines represented essentially the
same neural crest-derived cell populations.
Schwann cell migration after SCI was previously dem-

onstrated (Brook et al., 1998, 2000; Bruce et al., 2000;
Guest et al., 2005; Kaneko et al., 2006; Wallace et al.,
1987; Wang et al., 1996). Our study extends those find-
ings, which used immunohistochemical or morphological
analyses to identify the Schwann cells, by showing time-
dependent changes in the Schwann cell phenotypes. By
using two transgenic Cre lines to trace EGFP1-labeled
neural crest-lineage cells, we demonstrated that EGFP1

mature Schwann cells started to dedifferentiate within
the spinal nerve roots after SCI, migrated toward the

Fig. 5. Sphere-forming capacity of EGFP1 cells from injured and
intact spinal cords of adult P0-Cre/Floxed-EGFP mice. (A, B) Represen-
tative flow-cytometric analysis of EGFP1 cells from the injured site at
7 dpi (A) and from an intact region (B). Note that the percentage of
EGFP1 cells was higher at the site of injury. (C, D) Phase-contrast and
direct EGFP-fluorescence images showing spheres that formed from the
EGFP1 cells of injured (C) and intact (D) mice. (E, F) Quantification
analysis (two independent experiments) of the number of spheres
formed from the EGFP1 cells sorted from injured (E) and intact (F)
mice. Scale bars: 50 lm in (C, D).
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Fig. 6. Quantitative evaluation of the migrating Schwann cells
assessed by immunohistochemistry for P0 and p75. (A–D) Most EGFP1

cells at the lesion site expressed p75 at 7 (A) and 14 (B) dpi, but their
number decreased thereafter until 56 dpi (C, D). (E–H) The EGFP1 cells
did not express P0 at 7 dpi (E), but P0 expression began by 14 dpi and
increased gradually thereafter (F–H). (I, J) At 14 dpi, more than 90% of

the EGFP1 cells expressed p75; thereafter, the proportion of p75-express-
ing cells decreased significantly (P < 0.01 by one-factor ANOVA) (I). In
contrast, P0 expression in the EGFP1 cells increased significantly until
at least 56 dpi. These results reflect the maturation of the migrating
Schwann cells over time after SCI (P < 0.01, !: no P01 cells observed) (J).
Scale bars: 100 lm. r, rostral; c, caudal; d, dorsal; v, ventral.



lesion site, and then redifferentiated into mature,
myelinating Schwann cells (Figs. 2–8). To our knowl-
edge, this is the first report focusing on the spatial and
temporal behavior of mammalian neural crest-derived
cells after SCI.

In our study, the number of p751 Schwann cells
increased after SCI, and the time-dependent change in
their migration activity was closely associated with the
number of p751 cells. One of the candidates for a
Schwann cell chemo-attractant is nerve growth factor

Fig. 7. EGFP1 cells in the injured spinal cord and peripheral
nerves redifferentiated into mature Schwann cells in P0-Cre/Floxed-
EGFP mice at 28 and 56 dpi. (A) Some EGFP1 cells at the lesion site
were double-positive for p75 and P0 at 28 dpi. Arrows indicate EGFP1

cells coexpressing p75 and P0, a transition state for Schwann cells
between immaturity and maturity. (B, C) Some EGFP1 cells at the
lesion site were positive for Sox10 (B) and Oct6 (C) at 28 dpi, suggest-

ing they were promyelinating Schwann cells. (D) In the peripheral
nerves adjacent to the lesion site at 56 dpi, most EGFP1 cells were pos-
itive for P0, and few were positive for p75, suggesting that most of the
dedifferentiated Schwann cells in the nerve root had re-acquired matu-
rity by 56 dpi. Dashed lines separate the spinal roots (above) from the
spinal cord (below). Scale bars: 50 lm in (A), 20 lm in (B, C), and 100
lm in (D).
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Fig. 8. EGFP1 cells engage in active myelination at the spinal cord
lesion site in P0-Cre/Floxed-EGFP mice at 28 and 56 dpi. (A) Coronal
images of the lesion site at 56 dpi with low magnification. Note that
EGFP/P0 double-positive cells were observed in both the peripheral
nerve roots and the lesion site (between the dashed lines). r, rostral; c,
caudal. (B) Higher-magnification images of the lesion site. Some EGFP/
P0 double-positive cells were closely associated with RT971 (CNS)
axons in the lesion epicenter at 56 dpi. (C) P01 Schwann cells associ-
ated with Peripherin1 axons were detected only in the nerve roots, not
in the lesion site, consistent with the remyelinated axons in the lesion

site mainly consisting of CNS axons. Dashed lines separate the spinal
roots (above) from the lesion site (below). (D) Immuno-electron micros-
copy showing nonmyelinating EGFP1 cells (arrowheads) forming a mi-
gratory stream toward the lesion center at 28 dpi. (E, F) EGFP1 lamel-
lar myelin structures surrounding axons at 28 dpi (E); greater numbers
of myelinating EGFP1 cells and lamellae were present at 56 dpi (F).
Black dots are Nanogold particles that indicate EGFP labeling. A,
Axon; N, Nucleus; My, Myelin; OM and IM, Outer and Inner mesaxons
of the Schwann cell cytoplasm. Scale bars: 200 lm in (A), 20 lm in (B),
100 lm in (C) and 0.2 lm in (D–F).
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(NGF), which is a p75 ligand. In a rodent transection
SCI model, the expression of NGF increases in the lesion
site, especially at the rostral and caudal stumps of the
injured spinal cord (Brown et al., 2004; Murakami et al.,
2002). NGF also promotes the migration of Schwann
cells that express p75 (Anton et al., 1994). Therefore, we
speculate that NGF plays an important role in Schwann
cell migration in the injured spinal cord.
The plasticity of the Schwann cells that we observed

after SCI is quite similar to their plasticity after periph-
eral nerve injury. Axonal damage or demyelination in
the PNS induces myelinolysis and Schwann cell dediffer-
entiation as part of Wallerian degeneration (Griffin and
Hoffman, 1993), in which dedifferentiated Schwann cells
migrate to and surround the site of injury, then rediffer-
entiate and remyelinate the demyelinated axons. This
response is important for nerve repair in the PNS, sug-
gesting that the similar response we found in the CNS
may well be important for CNS repair.
In damaged peripheral nerves, myelin-associated pro-

teins are downregulated at the distal stump, and p75 is
upregulated in the (dedifferentiated) Schwann cells
(Heumann et al., 1987a,b; Hirata and Kawabuchi, 2002;
Roberson et al., 1995; Taniuchi et al., 1986, 1988). In
the SCI transection model used in this study, the spinal
nerve roots nearest to the transection site were also
transected. The Schwann cells of the transected nerve
roots underwent a similar process of dedifferentiation,
with P0 downregulation and p75 upregulation, as
described above (Fig. 5 and Supp. Info. Fig. 5). We also
found that EGFP1 immature Schwann cells co-
expressed P-c-Jun (Fig. 3J), which supported the idea
that mature Schwann cells dedifferentiated into imma-
ture cells in the spinal nerve roots after SCI.
A previous study demonstrated that the number of

p751 Schwann cells at the lesion site of the spinal cord
decreases over time, but the mechanism for the reduc-
tion was unclear (Brook et al., 1998). We showed a simi-
lar decrease in p751 Schwann cells (Fig. 6I). One possi-
ble explanation for this decrease is increased apoptosis,
because NGF signaling through p75 induces apoptosis in
supernumerary Schwann cells in the damaged PNS
(Berciano et al., 1998; Hirata et al., 1998, 2001; Soilu-
Hanninen et al., 1999). Another possibility is that p75
was downregulated in the Schwann cells over time. This
explanation is consistent with our finding that the dedif-
ferentiated Schwann cells switched from expressing p75
to expressing P0, in association with increased myelina-
tion at the lesion site (Figs. 6 and 7A). These changes in
gene expression during redifferentiation are also
observed in the damaged PNS (Heumann et al., 1987b;
Lemke and Chao, 1988; Taniuchi et al., 1986, 1988;
Trapp et al., 1988). The cause of the decreased number
of p751 Schwann cells could be clarified by tracing
Schwann cell lineages over a much longer time.
In this study, we adopted a mouse transection injury

model, which enabled us to distinguish scar tissue from
the parenchyma of the spared spinal cord. Although sen-
sory axons expressed EGFP in the intact spinal cord of
the P0-Cre/Floxed-EGFP and Wnt1-Cre/Floxed-EGFP

mice (Fig. 1 and Supp. Info. Fig. 1), EGFP1 axons were
not detected in the scar tissue at the transected spinal
cord. In a preliminary experiment, we induced a contu-
sive SCI using an Infinite Horizon impactor (100 dkyn;
Precision Systems, Lexington, KY) and detected EGFP1

cells surrounding the lesion site (Supp. Info. Fig. 8), but
it was difficult to distinguish them from the endogenous
spared EGFP1 cells of the spinal cord, because all the
cells were mixed together by the contusion injury. More-
over, the number of EGFP1 cells migrating into the
lesion site was much smaller in the contusion model
than in the transection model (Supp. Info. Fig. 8). A pre-
vious study on the damaged PNS showed a much
greater upregulation of p75 in Schwann cells after
transection injury than contusion injury (Heumann et
al., 1987b), implying that transecting the spinal nerve
roots along with the spinal cord would enhance the de-
differentiation into p751 immature Schwann cells more
than in the contusion SCI model.
We propose that Schwann cell migration into the CNS

lesion site is a natural repair mechanism for SCI. For
example, the migration and myelination by endogenous
Schwann cells that are stimulated by a medical agent or
by cell transplantation greatly accelerate functional re-
covery (Hill et al., 2006; Kaneko et al., 2006; Ramer et
al., 2004). In addition, transplanted Schwann cells pro-
vide trophic support for spared axons and participate in
their remyelination; furthermore, the recruitment of
Schwann cells to the lesion site enhances functional re-
covery after SCI (Biernaskie et al., 2007; Kamada et al.,
2005; Keirstead et al., 1999; Kocsis et al., 2002; Oudega
and Xu 2006; Pearse et al., 2004; Xu et al., 1997). The
transection model used in this study precluded an analy-
sis of behavior and sensory function after SCI. However,
this model enabled us to demonstrate clearly that the
EGFP1 cells migrated into the lesion site, transiently
expressed immature Schwann cell markers, and under-
went redifferentiation (Figs. 6–8). Considering that mye-
lination contributes to functional recovery, the targeting
of immature Schwann cells to enhance their redifferen-
tiation could be a potential therapeutic strategy for SCI.
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Cell Surface N-Glycans-Mediated
Isolation of Mouse Neural
Stem Cells
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The isolation of neural stem cells (NSCs) has been hampered by the lack of valid cell-surface antigens onNSCs, and novel valuablemarkers
have been proposed. Glycan (oligosaccharide chain) is a potential candidate as a marker to isolate NSCs, because the species and
the combination order of saccharides in glycan generate remarkable structural diversity and specificity. At present, the expression
of hundreds of glycoconjugates with glycans have been found in the NSCs; however, just a few glycan-epitopes have been identified
as valuable cell-surface markers. This review focused on the isolation of NSC using glycoprotein, especially complex type N-glycans.
The cell-surface N-glycan-mediated isolation of NSCs is therefore expected to provide a comprehensive understanding of the biologic
characteristics of NSCs in the brain, and thereby help to develop novel strategies in the field of regenerative medicine.
J. Cell. Physiol. 226: 1433–1438, 2011. ! 2010 Wiley-Liss, Inc.

Neural stem cells (NSCs) have the capacity for self-renewal and
pluripotency; and are essential for the development of the
central nervous system (CNS). In general, NSCs are isolated
retrospectively from free floating spherical aggregates termed
‘‘neurospheres’’ with long-term in vitro cultivation (for reviews
see, Gage et al., 1995; McKay, 1997; Anderson, 2001; Okano,
2002), and the resultant NSCs may deteriorate and may not
properly reflect the nature of ‘‘native’’ NSCs in the brain. To
circumvent these issues, there has been increasing interest to
develop new methods for the prospective identification and
isolation of NSCs without in vitro cultivation. For this purpose,
we generated green fluorescent protein (GFP)-reporter
constructs which are selectively activated in NSCs using
enhancer element of Nestin gene, encoding an intermediate
filament protein of NSCs (Lendahl et al., 1990). While these
methods enable us to visualize and isolate NSCs prospectively,
we have to introduce the reporter constructs either genetically
(Kawaguchi et al., 2001; Sawamoto et al., 2001; Sunabori et al.,
2008) or by othermethods, including plasmid transfection (Roy
et al., 2000) or viral infection (Keyoung et al., 2001). To date, on
the other hand,many extracellularmolecules has been used as a
marker for the isolation of NSCs from non-transgenic animals:
Lewisx (Lex or leucocyte cluster of differentiation 15, CD15;
Capela andTemple, 2002; Kim andMorshead, 2003; Corti et al.,
2005), CD133 (prominin-I; Uchida et al., 2000; Corti et al.,
2007;Coskun et al., 2008), p75 receptor (Morrison et al., 1999),
functional glycine receptors (Nguyen et al., 2002), epidermal
growth factor (EGF) receptor (Ciccolini et al., 2005),
brain-specific chondroitin sulfate proteoglycans (CNPG; Ida
et al., 2006), c-series gangliosides (Rosner et al., 1992), GM1
(Liour et al., 2005), andGD3 ganglioside (Goldman et al., 1984).
However, thesemolecules have been known to be expressed in
the other type of stem cells or the differentiated CNS cells as
well as NSCs, therefore, other methods for rapid isolating
NSCs prospectively with specific cell-surface markers have
been proposed for comprehensive understanding of the
mechanism of ‘‘native’’ NSCs.

Oligosaccharide chains (glycans) are composed of
monosaccharides (single sugars) such as glucose, galactose,
mannose, fucose, N-acetylglucosamine (GlcNAc),
N-acetylgalactosamine (GalNAc), N-acetylneuramic acid (sialic
acid), and xylose. The species and the combination order of
monosaccharides generate remarkable structural diversity in
glycans, thus, this diversity of glycans can be closely linked to the

high specificity to NSCs, and could be useful as an extracellular
marker for the isolation ofNSCs. Such glycans generally exist as
glycoconjugates attached to proteins and lipids, namely
proteoglycans, glycoproteins, and glycolipids. The synthesis of
glycolipids begins with ceremide, which consist of sphingosine
and a fatty acid, and several glycolipids are generated containing
galactocerebroside, sulfatide, glucoserebroside, lactosyl
ceramide, and ganglioside by the addition of glycans. Several
b- and c-series gangliosides has been used as a negative selection
marker for the isolation of NSCs (Maric et al., 2003), despite
their expression in NSCs (see review, Yanagisawa and Yu,
2007).

Abbreviations: CNS, central nervous system; CSPG, chondroitin
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serine/threonine-linked glycoprotein; PSA, polysialic acid; SSEA-1,
stage-specific embryonic antigen-1; SVZ, subventricular zone.
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O-Glycan-Mediated Isolation of NSCs

Glycoproteins are roughly classified into two groups,
asparagine-linked glycoproteins (N-glycan) and serine/
threonine-linked glycoprotein (O-glycan) depending on the type
of amino acid core that the glycans binds to. O-glycosylation
starts with the attachment of monosaccharide to serine/
threonine residues, and then GlcNAc, galactose, fucose, or
sialic acid, are attached stepwise in different linkages (Kleene
and Schachner, 2004). Generally, most glycoproteins and
keratin sulfate proteoglycan have both N- and O-glycans,
proteoglycans including CSPGs and heparin sulfate
proteoglycans (HSPGs), have onlyO-linked glycan (Matani et al.,
2007). Many CSPGs including tenascin C, aggreacan, neurocan,
phosphacan, nerve/glial antigen 2 (NG2), and neuroglycan, are
found inNSCs (Hagihara et al., 2000;Garcion et al., 2004; Kabos
et al., 2004; Ida et al., 2006; Zou et al., 2006). Phosphacan is used
as a marker for NSCs isolation by using the antibody against
the glycan-epitope (von Holst et al., 2006). HSPGs including
glypican-4 and syndecan has been found in NSCs (Hagihara
et al., 2000; Zou et al., 2006), and syndecan-1 is used as a maker
for NSCs isolation. However, the antibody they used
recognizes the core protein but not the glycan-epitope of
syndecan-1 (Nagato et al., 2005). These results suggest that the
O-glycan on phosphacan, but not syndecan-1, is a good marker
for theNSCs isolation (see reviewbyYanagisawa andYu, 2007).

ThemajorO-glycans in themammalian brain contain terminal
b1-3- or b1-4-linked galactose, Lex epitopes and a2-3-linked
sialic acid (Chai et al., 1999; Kleene and Schachner, 2004).
The Lex structure (Galb1-4(Fuca1-3)GlcNAcb-) is an antigenic
epitope of stage-specific embryonic antigen-1 (SSEA-1; Gooi
et al., 1981; Muramatsu andMuramatsu, 2004). The Lex epitope
is widely expressed on O- andN-glycans, proteoglycans (Gocht
et al., 1996), and glycolipid (Yanagisawa et al., 2005), and found
in human NSCs (Klassen et al., 2001). NSCs can be isolated
using anti-SSEA-1 antibody (Capela and Temple, 2002; Kim and
Morshead, 2003; Corti et al., 2005), but the other confirmatory
markers should be used for efficient isolation due to the low
specificity of anti-SSEA-1 antibody for NSCs (Kim and
Morshead, 2003; Corti et al., 2005). In addition, considering
wide expression of Lex, it is difficult to distinguish which type of
glycoconjugate,N-,O-, or glycolipid, could play a critical role for
NSC isolation.

Interestingly, mammalian Notch has O-glycan which has
O-linked fucose and O-linked glucose on EGF-like modules
(Moloney et al., 2000), and such modification is necessary for
Notch signaling (Haines and Irvine, 2003). Murine fetal NSCs
can be selectively sorted using the antibody against Notch-1
(Nagato et al., 2005). However, the antibody epitope used in
that study were synthetic peptides, not O-glycan. This result
suggests that O-glycan on Notch-1 is not essential for the
isolation of NSCs.

The human natural killer-1 (HNK-1) antigen (CD57; HSO3-
3GlcAb1-3Galb1-4GlcNAc-; Chou et al., 1986) is also foundon
O-glycan (Yuen et al., 1997) as well as N-glycan of P0 (Gallego
et al., 2001) and glycolipid (Schachner and Martini, 1995).
Although HNK-1 expression has been confirmed in mouse
NSCs (Yanagisawa et al., 2005), NSCs cannot be isolated
as HNK-1-positive cells from the mouse embryonic cerebral
hemisphere by using an antibody against the HNK-1
carbohydrate structure (M. Hamanoue et al., Unpublished
Observations).

N-Glycan-Mediated Isolation of NSCs;
High-Mannose Type

N-glycan synthesis consists of two steps; formation of the
core oligosaccharide on dolichol (Dol) and the processing of
oligosaccharides. The core oligosaccharide on Dol, Dol-P-P-

GlcNAc2Man9Glc3, is transferred to asparagine in
N-glycosylation consensus sites, and then subsequent glycan
processing by glycosidases and glycosyltransferases generates
three types of N-glycans such as high-mannose type,
complex type, hybrid type (Kleene and Schachner, 2004).
The high-mannose typeN-glycan has five core oligosaccharides
with oligomannose, and the complex type has five core
oligosaccharides with multi-antennary monosaccharide or
oligosaccharides (GlcNAc). Hybrid type N-glycans has both
oligomannose and GlcNAc. The main N-glycans in the brain
have been studied (Chen et al., 1998; Zamze et al., 1998; Chai
et al., 1999). Generally, the high-mannose type N-glycan is a
transient form to the complex type or hybrid type, and it is
expressed intracellularly. Approximately 15% of N-glycans in
the adult rat brain are high-mannose type (Chen et al., 1998),
and they are carried to the cell surface as L1 and neural
cell-adhesionmolecules (NCAM; Kleene and Schachner, 2004).
On the other hand, we found that approximately 2% of glycans
in the fetal mouse brain are the high-mannose type (Hamanoue
et al., 2009). A sorting analysis revealed that there is no
significant difference between the efficacy of the isolation of
NSCs from embryonic brain using mannose-binding lectin in
comparison to that of unsorted cells (Hamanoue et al., 2009).
Considering the study demonstrating that the preferential
expression of high-mannose type N-glycans in synapses in
the adult brain (Matus et al., 1973), and that soluble
oligomannosides block the interaction ofNCAMand L1 binding
(Horstkorte et al., 1993) and inhibit the long-term potentiaton
at hippocampal synapses (Luthl et al., 1994), high-mannose type
N-glycans are not suitable for the isolation of NSCs.

N-Glycan-Mediated Isolation of NSCs; Complex Type
and Hybrid Type

A series of di- and triantennary complex type N-glycan (6.5%
and 1%, respectively) and hybrid type (1%) are present in
the total N-glycan in the adult rat brain (Chen et al., 1998).
The strong functional correlation between the complex
type or hybrid type N-glycans and the development of the
CNS was shown by a study using mice deficient for N-
acetylglucosaminyltransferase (GlcNAc-TI), which is necessary
for initial step for generating these types of N-glycan. GlcNAc-
TI-null mice exhibit a disproportionate size reduction of the
cephalic area and neural tube closure defects at embryonic
day 10.5 (E10.5; Ioffe and Stanley, 1994; Metzler et al., 1994).
Noteworthy, both of these types of N-glycan in the brain
are often characterized by the presence of outer-arm a1-3-
fucosylation (forming the Lex epitope), a1-6-core fucosylation
and a bisecting GlcNAc residue (Chen et al., 1998; Zamze et al.,
1998; Chai et al., 1999). In addition, disialylated hybrid type
N-glycans containing b1-3-linked galactose and repeating N-
acetyllactosamine (Galb1–4GlcNAc), called polylactosamine,
with 1–3 terminal b1-3-linked galactose are additional features
in N-glycan of the CNS (Zamze et al., 1998). Lex antigen on
complex type N-glycans is a representative glycan, since it has
outer-arm a1-3-fucosylation on lactosamine (see O-glycan
section for further information).

Polylactosamine is preferentially expressed on complex
type N-glycans as well as O-glycan and glycolipid (Zamze et al.,
1998). Galectin-1 and -3 is an animal lectin which binds to
polylactosamine (Leffler and Barondes, 1986; Zhou and
Cummings, 1993; Cooper and Barondes, 1999) as well as
galactose (Barondes et al., 1994). Galectin-1 is expressed in
neurons and glial cells as well as mouse adult NSCs (Sakaguchi
et al., 2006, 2007), and the addition of Galectin-1 increases
the proliferation of adult NSCs (Sakaguchi et al., 2006). These
results suggested that the isolation of NSCs could be achieved
by using Galectin-1 as a marker. Furthermore, our recent study
demonstrated a functional interaction between Galectin-1 and
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b1 Integrin, although the Galectin-1’s carbohydrate-binding
activity plays important roles in the regulation of neural stem
and progenitor cells in the subventricular zone (SVZ) of adult
mouse brains (Sakaguchi et al., 2010). In addition, Datura
stramonium lectin (DSL) binds to polylactosamine, and the
proliferation of astrocytes obtained from cerebellum is
decreased by DSL (Sasaki and Endo, 2000). DSL is also another
candidate as an extracellular marker for the isolation of NSCs
through polylactosamine.

NCAM has two characteristic modulations on N-glycan,
a1-6-core fucosylation and a bisectingGlcNAc residue (Liedtke
et al., 2001), as well as the polysialic acid (PSA) carbohydrate
structure (SAa2-8SAa2-; Rutishauser and Landmesser, 1996).
PSA is homopolymer which consist of up to 200 sialic acid
residues in a2-8 linkage by two types polysialyltransferase,
ST8siaIV and ST8siaII (Angata and Fukuda, 2003). PSA-NCAM is
highly expressed during development, but expressed mainly in
neuroblasts of the rostral migratory stream and dentate gyrus
of the hippocampus in the adult brain (Seki and Arai, 1993;
Doetsch and Alvarez-Buylla, 1996; Kempermann and Gage,
2000; Angata and Fukuda, 2003). The isolation of NSCs has
been achieved by the antibody recognizing PSA (Rougon et al.,
1986; Rutishauser and Landmesser, 1996; Pennartz et al., 2004),
however, the phenotype of the obtained cells is neuronal
progenitor rather than NSCs (Blass-Kampmann et al., 1994;
Ben-Hur et al., 1998; Pennartz et al., 2004). More detailed
analysis of the lineage of the PSA-NCAM-positive cells is
required (Yanagisawa and Yu, 2007).

Bisecting N-GlcNAc is characteristic structure on complex
type N-glycan especially in the brain (Chen et al., 1998; Zamze
et al., 1998), thus suggesting that complex type N-glycans with
bisectingN-GlcNAc could be useful as a cell-surface marker for
the isolation of NSCs. Phaseolus vulgaris erythroagglutinating
lectin (E-PHA) has been frequently used to recognize the
diantennary complex type N-glycans containing a bisecting
GlcNAc residue (Yamashita et al., 1983). This lectin has been
used it track the expression of the complex typeN-glycan in the
mouse cerebral hemisphere fromE11 to adulthood (Flaris et al.,
1995; Hamanoue et al., 2009), and found in the cultured NSCs
and glial fibrillary acidic protein (GFAP)-positive astrocytes, but
not in neurons, oligodendrocyte precursor cells, or microglia
by flow cytometric study (Hamanoue et al., 2009). Some
populations of GFAP-positive astrocytes obtained from the
postnatal mouse brain may have a similar phenotype to NSC
including the N-glycans prolife and stem-cell function, because
astrocytomas express complex type N-glycan, which is
recognized by E-PHA at high levels (Rebbaa et al., 1999), and
GFAP-positive astrocytes, especially the EGF-responsive type-
1 astrocytes can generates neurons and glial cells throughout
the CNS (Casper and McCarthy, 2006). Mouse NSCs can be
isolated prospectively from both fetal and adult brains by
flow cytometry using this high affinity of E-PHA for NSCs, and
E-PHA enables the enrichment of NSCs by 25- or ninefold
in comparison to that of unsorted cells, and show highest
enrichment of NSCs in comparison to the other markers
previously reported such as CD133 (prominin-I), Lex (CD15),
and CD24 (Hamanoue et al., 2009). Furthermore, quick (within
60min) and easy (no flowcytometry) isolation ofmouse healthy
NSCs as attached cells is achieved by the lectin panning method
using E-PHA as a substrate on culture dishes, avoiding cell injury
during cell labeling and sorting at flow cytometry (Hamanoue
et al., 2008). These results clearly indicate that complex type
N-glycans with bisecting N-GlcNAc and E-PHA are a useful
marker for the isolation of NSCs.

There are several reports demonstrating which
glycoproteins recognized by E-PHA express this type of
complex type N-glycan; including CD133 and EGF receptor
(Hamanoue et al., 2009), CD3, T-cell receptor (Chilson and
Kelly-Chilson, 1989), annexin V (Gao-Uozumi et al., 2000),

glycoproteins on human neuroblastoma cells, LA-N-1 (Ross
et al., 1995), arginine receptor (Finger et al., 1996), and
P-glycoprotein (Rebbaa et al., 1999). The isolation of NSCs
from the embryonic brain by E-PHA could be partly achieved
through the interaction of complex type N-glycan on CD133,
since CD133 glycoprotein has been frequently used as an
efficient cell-surface marker of NSCs from human and mouse
fetal tissue (Uchida et al., 2000; Corti et al., 2007; Coskun et al.,
2008). However, the isolation of embryonic and adult NSCs
by E-PHA could be partly achieved through several molecules
including CD133, because adult NSCs can be isolated by using
E-PHA (Hamanoue et al., 2009), but not by CD133 (Pfenninger
et al., 2007), and the combination of E-PHA with CD133
achieved an enrichment of embryonic NSCs in comparison to
that of single staining with either (Fig. 1; Hamanoue et al., 2009).
This hypothesis is supported by the observation that Western
blot analysis identified several glycoproteins in embryonic brain
other than CD133 (Hamanoue et al., 2009).

Conclusion and Perspectives

This review introduced the isolation of NSCs through O- or
N-glycans which have remarkable structural diversity. Just a few
epitopes, glycosaminoglycan-epitope on O-glycan, Lex epitope
on glycoconjugates, PSA-epitope on N-glycan, and bisecting-
GlcNAc-epitope on N-glycan, have been identified as valuable
cell-surface glycans, although the expression of hundreds of
glycoconjugates with glycans have been found in the NSCs
(Fig. 2). The antibodies which recognize glycan-epitopes, other
than the bisecting-GlcNAc-epitope on N-glycan, were used for
the isolation of NSCs (Blass-Kampmann et al., 1994; Capela and
Temple, 2002; von Holst et al., 2006). Future development of a
novel antibody recognizing only the glycan-epitope is required
for the effective isolation of NSCs.

It is also important to use lectins, including plant and animal
lectin, in parallel with the development of these antibodies.
E-PHA lectin significantly improved the enrichment NSCs from
both the embryonic and adult brain (Hamanoue et al., 2008,
2009) in comparison to CD133. These results indicate that the
expression of each individual glycan could be maintained for a
life time by differentially expressing glycan on several different
glycoproteins onNSCs (Fig. 1). Such a long-lasting expression of
glycan is more effective for isolating NSCs by lectins in
comparison to proteins. There could be novel valuablemarkers
for the isolation of NSCs among the thousands of lectins,
including polylactosamine-recognizing lectins, DSL, and

Fig. 1. The differences in the isolation ofNSCs using glycan (E-PHA)
and protein (anti-CD133 antibody). Bisecting GlcNAc is expressed
on CD133 and protein-a on fetal NSCs (left), and expressed on
unknown protein(s) on adult NSCs (right; proteins-b and -c). E-PHA
binds to both NSCs, although anti-CD133 antibody only binds to
fetal NSCs.
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galectin. N-glycan-mediated isolation of NSCs will increase the
understanding of ‘‘native’’ NSCs, and will provide new insight
into themechanismofN-glycan-mediated drug delivery systems
to NSCs.
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研究成果の概要（和文）：脳神経系の再生医療法開発を目的として、細胞膜透過型 p38MAP キナ
ーゼ蛋白質（以下 Tat-p38）の神経幹細胞遊走活性増強作用を検討した。結果、Tat-p38 は培養
神経幹細胞の遊走活性を著明に増強し損傷部位への集積を亢進させた。またその活性には膜透
過活性部分とリン酸化活性部分の両者が必要であることも明らかにした。以上の結果は、膜透
過型 p38 蛋白質による損傷脳の再生医療の可能性を示唆している。 
 
研究成果の概要（英文）：Cell-permeable p38 MAP kinase protein (Tat-p38) significantly 
enhances neural stem cell (NSC) migration, and also accumulates NSC into the brain 
legion. In addition, both of cell-permeable domain and kinase domain of Tat-p38 are 
required for this activity. These results suggest the potential of cell-permeable Tat-p38 
protein for the regeneration therapy. 
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研究分野：総合領域 
科研費の分科・細目：脳神経科学・神経化学・神経薬理学 
キーワード：膜透過型蛋白質、りん酸化酵素、細胞遊走活性、損傷脳 
 
１．研究開始当初の背景 
脳神経系にはすべての神経系細胞に分化

可能な神経幹細胞が備わっているため、脳が
損傷を受けた際にはこの神経幹細胞が遊走
し、損傷部位の機能再生を担うことが期待さ
れている。しかし実際に損傷後に遊走する細
胞数はわずかであり、喪失した神経機能の再
生のためにはさらなる遊走能力の向上が求
められている状況にあった。 
 
２．研究の目的 

p38 MAP キナーゼ（以下 p38 と略す）は神経
幹細胞に高発現するが分化に伴って消失す
る機能不明な内在性蛋白質である。我々はこ
の内在性 p38蛋白質をさらに増加させること
で神経幹細胞の遊走能を活性化し、結果とし
て損傷脳の機能を改善する新規治療法とし
ての応用可能性を検討することを目的とし
た。 
 
３．研究の方法 
（１）培養神経幹細胞の遊走能活性化機構の
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解析 
①細胞膜透過型 p38 蛋白質の調整：マウス
p38cDNA に膜透過活性を持つ Tat 配列を付加
したプラスミドを導入した大腸菌から、組み
換え p38 蛋白質（以下 Tat-p38 と略す）をカ
ラムにて精製した。 
②培養神経幹細胞の調整：マウス胎仔及びア
ダルト大脳皮質を分散し、成長因子含有培地
使用により培養神経幹細胞を得た。 
③細胞遊走能の定量化：Transwell 培養器具
上部に細胞を播種してから 16 時間後に、培
養器具下部に遊走してきた細胞数を定量し
た。また Dunn Chamber 培養器具にセットし
た細胞は、16 時間にわたってタイムラプス
撮影を行い移動距離を測定した。 
④遊走細胞の同定：Transwell 培養器具下部
に遊走した細胞の同定は、細胞腫特異的抗体
による免疫染色法により実施した。 
⑤遊走機構の生化学的解析：Tat-p38 で刺激
した神経幹細胞を可溶化し各種シグナル伝
達因子に対する特異的抗体による Western 
blot 解析で解析した。 
（２）培養大脳切片中の神経幹細胞遊走能活
性化の解析 
 4 週前に大脳皮質運動野を経頭蓋骨的に傷
害したマウスから、大脳脳切片を調整した。
Tat-p38 を含んだ培地で 4週間培養した後に
免疫化学法を行い、損傷部位への遊走細胞の
集積度を解析した。 
 
４．研究成果 
（１）細胞膜透過型の Tat-p38 蛋白質添加に
より、神経幹細胞の遊走活性を著明に亢進可
能であることを示した（下図参照）。またこ
の活性には蛋白質の細胞膜透過部分とリン
酸化酵素の触媒部分が必要で、細胞内骨格蛋
白質のリン酸化によることも示唆した。以上
の結果は、膜透過型蛋白質による神経幹細胞
の直接的機能向上をもたらした特筆すべき
成果であることに加え、膜透過型蛋白質の臨
床応用に対する有用性を示した意義深い成
果である。 
 
 
 
 
 
 
 
 
 

 
 
（２）Tat-p38 蛋白質の添加によって、大脳
に内在する神経幹細胞の損傷部位への集積
が誘導可能であることを示した。この結果は、
再性能に乏しい脳神経系の再生治療が、ウィ

ルスと比較して低毒性である膜透過型蛋白
質の投与によって可能であることを示唆し
た重要な結果である。 
（３）現在、①膜透過型 Tat-p38 蛋白質が細
胞内のどの蛋白質をリン酸化して遊走能を
亢進させているかという詳細なシグナル伝
達経路の解析と、②大脳皮質運動野の凍結損
傷モデルマウスへの膜透過型 Tat-p38蛋白質
の連続投与によって、喪失した運動機能が回
復するかどうかについての詳細な解析を続
けている。 
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Abstract  1 

 2 

The precise role of fibrocytes in angiogenesis in wounds remains unclear. We therefore 3 

demonstrated the specific changes in fibrocyte expression for angiogesis in basic fibroblast growth 4 

factor (bFGF)-treated wounds. bFGF treated wounds exhibited marked formation of arterioles and 5 

inhibition of podoplanin+ lymph vessels that were lacking in vascular endothelial growth factor-A 6 

(VEGF-A) treated wounds. Real-time PCR in bFGF treated wounds manifested enhanced 7 

expression of CD34, CD31 and bFGF mRNA and reduced expression of podoplanin, collagen type 8 

I, III, and IV mRNA. Double immunofluorescence staining focusing on fibrocyte detection in bFGF 9 

treated wounds showed markedly increased formation of capillary-like structures composed of 10 

CD34+/pro-collagen I+ fibrocytes, with a lack of capillary-like structures formed by 11 

CD45+/pro-collagen I+ or CD11b+/pro-collagen I+ fibrocytes. However, VEGF-A-treated wounds 12 

lacked capillary-like structures composed of CD34+/pro-collagen I+ fibrocytes, with an increased 13 

numbers of CD34+/fetal liver kinase -1+ endothelial progenitor cells. Furthermore, FGFR1-small 14 

interfering RNA injection into wounds followed by bFGF markedly inhibited the formation of 15 

capillary-like structures composed of CD34+/pro-collagen I+ fibrocytes, together with inhibited 16 

mRNA expression of CD34, CD31 and enhanced mRNA expression of collagen type I, indicating 17 

the requirements of bFGF/FGFR1 system for these capillary structure formation. This study 18 

highlighted the angiogenic properties of CD34+/pro-collagen I+ fibrocytes specifically induced by 19 

bFGF, which provides new insight into the active contribution of fibrocytes for vascular formation 20 

during wound healing. 21 

 22 

  23 
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Introduction 1 

 2 

Wound healing is a complex process and the mechanisms underlying granulation tissue formation 3 

remain obscure. Among the types of granulation tissue cells, fibroblasts have distinctive functions 4 

and have been postulated to partly originate from peripheral blood cells. Numerous studies have 5 

explored the pathways by which peripheral mononuclear cells undergo differentiation into 6 

fibroblasts. 7 

A distinct population of bone marrow-derived cells with fibroblast-like properties was described 8 

by Bucala et al. that were termed “fibrocytes” and account for 0.1-0.5% of circulating leukocytes in 9 

the peripheral blood [1]. Cultured fibrocytes display co-expression of a hematopoietic stem cell 10 

marker (CD34), leukocyte common antigen (CD45), monocyte lineage markers such as CD11b, 11 

CD13 and major histocompatibility complex (MHC) class II, and fibroblastic markers such as 12 

collagens I, III, and IV, pro-collagen I, and fibronectin [1-5]. These cells also secrete 13 

proinflammatory cytokines such as tumor necrosis factor, matrix metalloproteinase (MMP) -9, 14 

interleukin (IL) -6, IL-8, and IL-10 [1-5] and express various chemokine receptors such as 15 

chemokine (C-C motif) receptor 7 (CCR7) and chemokine receptor type 4 (CXCR4) that regulate 16 

recruitment of inflammatory cells [6-9]. Based on these findings, fibrocytes have been assumed to 17 

play a pivotal role in both wound healing [10-12] and the development of tissue fibrosis in certain 18 

fibrotic diseases [9, 13-17]. During the process of tissue fibrosis, fibrocytes have been speculated to 19 

infiltrate the extravascular tissues and differentiate into myofibroblasts, leading to collagen 20 

production and subsequent fibrosis [2, 18]. However, the mechanisms underlying granulation tissue 21 

formation mediated by fibrocytes in wounds, especially those underlying the role of fibrocytes in 22 

angiogenesis, remain obscure. 23 

Recent accumulating evidence suggested that fibrocytes could play an important role in 24 

angiogenesis, since in vitro evidence indicated that fibrocytes express high levels of angiogenetic 25 

growth factors such as vascular endothelial growth factor (VEGF), basic fibroblast growth factor 26 



3 
 

 

(bFGF), and platelet derived growth factor (PDGF) [5]. Further investigations provided supporting 1 

evidence for an angiogenic role of fibrocytes, by demonstrating that the culture medium of 2 

fibrocytes promoted angiogenesis in vitro and in vivo [19, 20]. These combined findings indicate 3 

that fibrocytes can act as a positive regulator of angiogenesis. However, a recent investigation 4 

demonstrated that fibrocytes can also play a role as a negative regulator of angiogenesis, since 5 

certain types of fibrocytes secrete angiogenesis inhibitors [21]. Therefore, the angiogenetic 6 

properties of fibrocytes and the role of specific subtypes of fibrocytes in angiogenesis during wound 7 

healing need to be clarified. 8 

The growth factor bFGF plays a role as a potent inducer of angiogenesis since it can enhance 9 

mitogenesis of endothelial cells. bFGF is also a positive regulator of angiogenesis by recruitment of 10 

inflammatory cells such as monocytes, macrophages, and neutrophils, as a result of its upregulation 11 

of the expression of various chemokines such as chemokine (C-C motif) ligand 2 (CCL2), CCL7, 12 

and chemokine (C-X-C motif) ligand 1 (CXCL1) [22]. VEGF-A is an important growth factor for 13 

promotion of the early events of angiogenesis, particularly for the promotion of endothelial cell 14 

migration [23]. Therefore, the contribution of bFGF to fibrocyte recruitment during the process of 15 

angiogenesis needs to be investigated. Our aim was to examine the role of fibrocytes in 16 

angiogenesis in wound healing and then to clarify the mechanisms by which bFGF promotes 17 

angiogenesis in wounds and how such mechanisms might involve angiogenic properties of 18 

fibrocytes. 19 

 20 

Materials and methods  21 

 22 

Animals 23 

All experimental studies were approved by Toho University Laboratory Animal Research 24 

Committee (Authorization No. 15-33-239), complied with the Guidelines on Animal Experiments 25 

of Toho University in accordance with the Japanese Government Animal Protection and 26 
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Management Law (No. 105), and conformed to the EU Directive 2010/63/EU for Animal 1 

Experiments. Male Sprague-Dawley (SD) rats were purchased from CLEA Japan, Inc. (Tokyo, 2 

Japan) and were acclimatized in our laboratory for ≥7 days before use. 3 

 4 

Skin Wounding 5 

SD rats were anesthetized with isoflurane (WAKO Pure Chemical Industries, Ltd., Osaka, Japan) at 6 

a concentration of 3% in oxygen, using a precision vaporizer (TK-7; Bio Machinery Co. Ltd., Chiba, 7 

Japan). The following four treatment groups were established: a control group and a bFGF group in 8 

which phosphate-buffered saline (PBS) and 10 ng of bFGF (100 ng/ml; Kaken Pharmaceutical Co. 9 

Ltd., Tokyo, Japan), respectively, were applied onto full-thickness wounds. The last two groups 10 

were a control group and a vascular endothelial growth factor-A (VEGF-A) (Peprotech, Rocky Hill, 11 

NJ, USA) group, in which PBS and 1 μg of VEGF-A, respectively, were applied onto full-thickness 12 

wounds. A total of 24 male SD rats (body weight 390-400 g) were used for this study. The rats were 13 

randomly assigned to one of the four groups before surgery, and the groups were evaluated on days 14 

2, 4, 6, 7, 14, and 21 postoperatively. Prior to incision, the back was clipped and disinfected with 15 

Hibitane (5% chlorhexidine gluconate; Astrazeneca Pharmaceutical Co, Osaka, Japan) containing 16 

alcohol. For each rat, four full-thickness wounds (10 mm in diameter) comprised of two 17 

bFGF-treated wounds and two PBS-treated wounds or two VEGF-A-treated wounds and two 18 

PBS-treated wounds were created on the dorsal skin using a biopsy punch (Kai Industries Co., Ltd., 19 

Gifu, Japan). After the generation of full thickness wounds at 2-cm intervals, a bFGF or 20 

VEGF-A-treated artificial dermis (Pelnac; Gunze Corp., Osaka, Japan) was prepared by dropping 21 

0.1 mL of PBS containing bFGF or VEGF-A onto the artificial dermis (Figure 1A). The 22 

full-thickness wounds were then treated with the artificial dermis that had been immersed in bFGF 23 

or VEGF-A. To protect against dehydration and infection, wounds were covered with occlusive 24 

polyurethane foam dressing (Hydrosite plus; Smith & Nephew wound management KK, Tokyo, 25 

Japan) that were fixed using nylon sutures (A18-40N3; Natsume Seisakusho, Tokyo, Japan). Each 26 
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treatment was assigned to a different position on the dorsal skin to eliminate any effect of wound 1 

placement. Groups of rats received in the animal-killing chambers were euthanatized by using 2 

carbon dioxide fed from a gas feeder (KN-750-2-A; Natsume Seisakusho) on days 2, 4, 6, 7, 14, 3 

and 21 postoperatively, with a total of 16 wounds (four bFGF-treated wounds and four PBS-treated 4 

wounds or four VEGF-treated wounds and four PBS-treated wounds) obtained on each day. For the 5 

following examination, the wound and surrounding tissue, including the entire wound bed, were 6 

excised. Excised tissue samples were then cut into two pieces. One piece was fixed in buffered 4% 7 

paraformaldehyde for histological examination and embedded in paraffin according to standard 8 

protocols. Another piece was excised for RNA extraction and was stored at -20 °C in a deep freezer.  9 

 10 

Histological analysis 11 

Histological analysis was performed according to methods described previously [24]. Breifly, for 12 

counting of four different histological types of vessels (capillaries, arterioles, arteries and lymph 13 

vessels), horizontal sections of the wound granulation tissue stained by the triple 14 

immunohistochemical (IHC) staining method described below were scanned using an image 15 

scanner (ImageJ 1.41; National Institute of Health, Bethesda, MD) and the digital images were 16 

analyzed. Three unbiased observers (Y.A-F., T.M., and K.O.) counted the number of four types of 17 

vessels in granulation tissues per field and the percentage of each type of vessel was calculated by 18 

dividing the number of each type of vessel by the total number of four types of vessels (capillaries, 19 

arterioles, arteries and lymph vessels) for each field. Total number of 10 fields per section was 20 

estimated and the average percentage of each type of vessel was finally calculated as the proportion 21 

of each type of vessel. 22 

   For counting of fibrocytes, the three observers also assessed the number of double-positive 23 

fibrocytes. Ten to twelve randomly selected fields in granulation tissues per tissue section were 24 

examined, and the numbers of double-positive fibrocytes were counted and calculated as the mean 25 
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number of positively stained cells per total number of DAPI-positive granulation tissue cells at 80× 1 

magnification. 2 

 3 

Immunostaining   4 

We conducted IHC staining for counting the numbers of vessels using von Willebrand factor (vWF) 5 

antibody as described previously [25, 26]. The primary antibody was a rabbit anti-vWF antibody at 6 

a dilution of 1:100 that had been purchased from Abcam, Inc. (ab6994: Abcam, Inc., Cambridge, 7 

MA, USA). The secondary antibody/reagent was Envision+ mouse peroxidase detection system that 8 

had been purchased from DAKO (K4001: DAKO, Glostrup, Denmark).  9 

We conducted triple IHC staining for identification of four different types of vessels (capillaries, 10 

arterioles, arteries, and lymph vessels) using anti-CD34, anti-α-SMA, and anti-podoplanin 11 

antibodies. Sections were heated to 95 °C for 5 minutes in a jar with an antigen activation solution 12 

at pH 9 (Nichirei Corporation, Tokyo, Japan) and were then incubated with rabbit anti-CD34 13 

(ab150060: Abcam, Inc.) and mouse anti-podoplanin antibodies (D2-40) (NB120-11842: Novus 14 

Biomedicals, Littleton, CO, USA) at dilutions both of 1:100. The sections were washed with Tris 15 

buffered saline containing 0.05% Tween 20 (TTBS), incubated with anti-rabbit alkaline 16 

phosphatase-conjugated secondary antibodies (Nichirei Corporation) at a dilution of 1:100, and 17 

further incubated with the New Fuchsin substrate solution (Nichirei Corporation). After washing 18 

with TTBS, the sections were incubated with biotin conjugated secondary antibodies directed 19 

against mouse (BA2000: Vector Laboratories, Burlingame, CA, USA) and with streptavidin 20 

conjugated to horseradish peroxidase (Nichirei Corporation) at dilutions both of 1:100 and were 21 

further incubated with the Deep space black™ chromogen kit (Biocare Medical, Concord, CA, 22 

USA). After washing with TTBS, the sections were incubated with a mouse anti-α-SMA antibody 23 

followed by a streptavidin-biotin-peroxidase complex (U7033: DAKO) at dilutions both of 1:100 24 

and staining with 3,3’-diaminobenzidine (DAB; DAKO).  25 

We conducted double immunofluorescense (IF) staining for identification of fibrocytes as 26 
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described previously [10, 20]. The primary antibodies were as follows: a rabbit anti-CD34 antibody 1 

(ab150060) at a dilution of 1:100, a rabbit anti-CD45 antibody (ab10558) at a dilution of 1:100, a 2 

rabbit anti-CD11b antibody (ab75476) at a dilution of 1:200, and a mouse anti-fibroblast growth 3 

factor receptor 1 (FGFR1) antibody (ab829) at a dilution of 1:100 that were all purchased from 4 

Abcam, Inc. A goat anti-pro-collagen I antibody (sc25973) at a dilution of 1:100 was purchased 5 

from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The secondary antibodies used were 6 

as follows: biotin conjugated secondary antibodies directed against goat (BA9500), biotin 7 

conjugated secondary antibodies directed against mouse (BA2000), Texas red Avidin D (A2006), 8 

Texas Red Anti-Goat IgG Antibody (TI-5000), and Fluorescein Avidin D (A2001) that were all 9 

purchased from Vector Laboratories. Fluorescein isothiocyanate (FITC)-conjugated anti-rabbit 10 

immunoglobulins (F0205) were purchased from DAKO. 11 

For identification of endothelial progenitor cells, double IF staining was performed as described 12 

previously [27]. The primary antibodies were as follows: a rabbit anti-CD34 antibody (ab150060: 13 

Abcam, Inc.) at a dilution of 1:100 and a mouse anti-fetal liver kinase (Flk)-1 antibody (sc393163: 14 

Santa Cruz Biotechnology, Inc.) at a dilution of 1:100. The secondary antibodies used were as 15 

follows: biotin conjugated secondary antibodies directed against mouse (BA2000) were purchased 16 

from Vector Laboratories. FITC-conjugated swine anti-rabbit immunoglobulins (F0205) and Texas 17 

red Avidin D (A2006) were purchased from DAKO and Vector Laboratories, respectively.  18 

Cellular co-localization was evaluated using Graphic Converter Universal Binary 6.1.2J software 19 

(Lemke Software GmbH, Peine, Germany). 20 

 21 

RNA interference 22 

Small interfering RNA (siRNA) targeting the human and rat FGFR1 mRNA (accession # D12498.1) 23 

was designed and synthesized by Nippon Gene Co., Ltd. (Toyama, Japan). The siRNA sense strand 24 

sequence was: CCAAUGAGCUGUACAUGAU. As a negative control, control siRNA (scrambled 25 

siRNA; sc37007) was purchased from Santa Cruz Biotechnology, Inc. The synthesized siRNAs were 26 
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dissolved in TransIT-QR hydrodynamic delivery solution (Madison, WI, USA), which also served as 1 

control, and were injected into rat skin. The rats were dosed with a single intradermal injection of 20 2 

μg of siRNA (siFGFR1 group) or control siRNA (siCON group) per rat, three times at intervals of two 3 

days, with two rats in each group. bFGF treatment following siRNA injection was performed as 4 

follows. At 24 h following the last injection, full-thickness wounds 10 mm in diameter were created 5 

on the siRNA-injected sites using a biopsy punch (Kai Industries Co., Ltd., Gifu, Japan). Following 6 

the generation of full thickness wounds that had been injected with siRNA (siFGFR1 group) or 7 

control siRNA (siCON group), the full-thickness wounds were treated with the bFGF-treated 8 

artificial dermis (Pelnac) as described above. Six days after bFGF treatment, skin tissue samples were 9 

excised from the wounds and were cut into two pieces; one for immunohistochemistry and one for 10 

PCR analysis. 11 

 12 

RNA isolation and reverse transcription (RT)-quantitative PCR 13 

Tissue samples excised from wounds were homogenized in FastPrep-24 (MP Biomedicals, Solon, 14 

OH, USA), and the RNA was isolated using NucleoSpin RNA (Macherey-Nagel, Düren, Germany) 15 

and then reverse transcribed using the PrimeScript RT reagent Kit (Takara Bio Inc, Kyoto, Japan). 16 

Target gene expression was estimated using TagMan® gene expression assays specific for CD34 17 

(Rn03416140), CD31 (Rn01467262), podoplanin (Rn01637526), bFGF (Rn00570809), FGFR1 18 

(Rn01478647), and β-actin (Rn01759928) (Applied Biosystems, Foster, CA, USA) [28]. Relative 19 

quantification and statistics were estimated as the mean of three replicate assays calculated by the 20 

7500 FAST sequence detection software (Applied Biosystems). 21 

 22 

Statistical analysis 23 

Results are presented as means ± standard error of the mean (SEM). Statistical significance for 24 

two-group comparisons in RT-quantitative PCR analysis was determined using unpaired Student’s t 25 

tests using GraphPad software (http://www.graphpad.com/quickcalcs/ttest2/). Comparisons of the 26 
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numbers of IHC-positive vessels and IF-positive fibrocytes between two groups (bFGF vs. control 1 

or VEGF vs. control) were statistically analyzed using one-way analysis of variance (ANOVA) 2 

followed by Bonferroni’s post hoc test. Differences with P values less than 0.05 were considered 3 

statistically significant. 4 

 5 

Results 6 

 7 

bFGF treatment promotes angiogenesis and inhibits collagen mRNA expression 8 

We first assessed the number of vWF-positive (vWF+) vessels, including capillaries, arterioles, 9 

arteries, and lymph vessels, in bFGF-treated or control wounds on days 4, 6, and 14 after operation  10 

(Figure 1B, C). The average number of vWF+ vessels per field was significantly greater in the 11 

bFGF-treated wounds than in the control wounds on day 6 (p < 0.05, Figure 2A). In addition, the 12 

average number of vWF+ vessels per field was significantly greater in the VEGF-A-treated wounds 13 

than in the control wounds observed on days 2 and 4 (p < 0.05, Figure 2B). We further confirmed 14 

the positive effects of bFGF on angiogenesis by assessing the mRNA expression levels of the two 15 

endothelial cell markers, CD34 and CD31, using RT-quantitative PCR (real-time PCR). Compared 16 

to the control, bFGF-treated wounds showed a significant increase in CD34 mRNA expression at all 17 

three time points (p < 0.0001) (Figure 2C). CD31 mRNA expression was also significantly higher 18 

in bFGF-treated wounds than in control wounds on days 4 and 14 (p = 0.0011 and p = 0.0001, 19 

respectively) (Figure 2D). These combined data further confirmed a positive effect of bFGF on 20 

angiogenesis. Regarding collagen expression in wounds, bFGF treatment for 6 days significantly 21 

decreased expression of collagen type I, III, and IV mRNA compared to control wounds (p < 22 

0.0001) (Figure 2E, F, G). bFGF treatment for 14 days also significantly decreased expression of 23 

collagen type III and IV mRNA expression compared to control wounds (p = 0.0002 and p < 0.0001, 24 

respectively) (Figure 2F, G). No significant difference in the three types of collagen mRNA 25 

expression was evident between bFGF-treated and control wounds on day 4 (Figure 2E, F, G). On 26 
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the other hand, bFGF mRNA expression in bFGF-treated wounds was significantly higher than that 1 

in control wounds on all three days (p < 0.0001) (Figure 2H). This suggests that the persistent 2 

induction of bFGF mRNA following bFGF treatment contributes to enhanced angiogenesis and 3 

inhibited collagen mRNA expression in bFGF-treated wounds. 4 

 5 

Specific changes in vascular components in bFGF-treated wounds 6 

We next assessed the propotion of four different types of vessels in bFGF or VEGF-A -treated 7 

wounds on days 4, 6, and 14 after operation. We considered immunohistochemically stained 8 

CD34+/α-SMA– vessels as capillaries, CD34+/α-SMA+ vessels in the thin smooth muscle layer as 9 

arterioles, CD34+/α-SMA+ vessels in the thick smooth muscle layer as arteries, and podoplanin+ 10 

vessels as lymph vessels (Figure 3A). No marked difference in the percentage of capillaries was 11 

evident between bFGF- and VEGF-A-treated wounds. However, bFGF-treated wounds exhibited a 12 

significantly greater proportion of CD34+/α-SMA+ arterioles compared with control wounds on 13 

day 6 (p < 0.05), whereas VEGF-A treatment did not affect the number of these cells compared to 14 

control. The percentage of podoplanin+ lymph vessels on day 6 was significantly lower in 15 

bFGF-treated wounds than in control wounds (p < 0.05), whereas it was significantly higher in 16 

VEGF-A-treated wounds (p < 0.05) (Figure 3B). We then conducted real-time PCR analysis of 17 

podoplanin mRNA expression in bFGF-treated wounds and found that bFGF-treated wounds 18 

showed significantly lower levels of podoplanin mRNA when compared with control wounds on 19 

days 6 (p = 0.0011), while no difference was found between bFGF-treated and control wounds on 20 

day 4 (Figure 3C). The combined data suggested that bFGF treatment specifically upregulated 21 

arterioles and down-regulated podoplanin+ lymph vessels on day 6 in treated wounds.  22 

 23 

bFGF treatment induces capillary-like structures composed of fibrocytes  24 

Double IF staining focusing on the detection of fibrocytes demonstrated that CD34+/pro-collagen 25 

I+ fibrocyte was almost absent from the wounds on day 2, irrespective of bFGF treatment. However, 26 
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on day 4, bFGF-treated wounds displayed a loose cellular network that was mainly composed of 1 

CD34+/pro-collagen I+ fibrocytes (Figure 4c). This network was almost absent from the control 2 

wounds (Figure 4d). On day 6, the CD34+/pro-collagen I+ fibrocytes in the bFGF-treated wounds 3 

appeared to form thin-walled, capillary-like structures containing erythrocytes within the lumen 4 

(Figure 4g, k), whereas the control wounds lacked these capillary-like structures (Figure 4h). By 5 

day 14, the capillary-like structures formed by CD34+/pro-collagen I+ fibrocytes were almost 6 

absent from the wounds, irrespective of bFGF treatment, and were accompanied by a general 7 

reduction in vascularity. As shown in Figure 4B, the number of CD34+/pro-collagen I+ fibrocytes 8 

in bFGF-treated wounds increased rapidly after wound creation, peaked by day 6, and then declined 9 

toward day 14. The average numbers of CD34+/pro-collagen I+fibrocytes were statistically 10 

significantly increased compared with the control wounds on days 4, 6, and 7 (p < 0.05), whereas 11 

no difference was evident between bFGF-treated and control wounds on day 14 (Figure 4B). To 12 

confirm the specific induction of CD34+/pro-collagen I+ fibrocytes by bFGF treatment, we 13 

monitored the effect of bFGF on the expression of two other types of fibrocytes that were positive 14 

for CD45/pro-collagen I or CD11b/pro-collagen I (Figure 5A, B). While CD45+/pro-collagen I+ 15 

and CD11b+/pro-collagen I+ fibrocytes also increased in number after wound creation, no 16 

differences in the numbers of these two types of fibrocytes were found between bFGF-treated and 17 

control wounds (Figure 5C, D). Furthermore, bFGF-treated wounds lacked capillary-like structures 18 

composed of either type of fibrocyte, i.e., double positive for CD45/pro-collagen I or 19 

CD11b/pro-collagen I, at all time points (Figure 5A, B). The combined data indicated that bFGF 20 

treatment specifically induces capillary-like structures composed of CD34+/pro-collagen 21 

I+fibrocytes in wounds.  22 

 23 

The bFGF/FGFR1 system is required for the expression of CD34+/pro-collagen I+ fibrocytes 24 

in wounds 25 
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To confirm the specific expression of CD34+/pro-collagen I+ fibrocytes in bFGF-treated wounds, 1 

we next immunohistochemically analyzed the effect of VEGF-A treatment of wounds on these 2 

fibrocytes. In VEGF-A-treated wounds, CD34+/pro-collagen I+ fibrocytes on day 7 were mainly 3 

clustered around tubular structures in the wounds, which were clearly distinct from the 4 

capillary-like structures composed of CD34+/pro-collagen I+ fibrocytes in the bFGF-treated 5 

wounds (Figure 6A). No difference in the number of CD34+/pro-collagen I+ fibrocytes compared 6 

to control was found in the VEGF-A-treated wounds over the entire course, except on day 4 (Figure 7 

6B). In addition, we conducted double IF staining for CD34 and the typical endothelial progenitor 8 

cell marker Flk-1, and compared the expression patterns of CD34+/Flk-1+ cells between VEGF-A- 9 

and bFGF-treated wounds. In this analysis, CD34+/Flk-1+ cells on day 4 mainly clustered within 10 

tubular structures in VEGF-A-treated wounds (Figure 7A), whereas similar structures were almost 11 

absent in bFGF-treated wounds as well as in the respective controls for the wounds treated with 12 

either cytokine (Figure 7B, C, D). The number of CD34+/Flk-1+ cells in VEGF-A-treated wounds 13 

was markedly increased on days 2 and 4 and was significantly higher than that in the control 14 

wounds (p < 0.05) (Figure 7E). However, in bFGF-treated wounds, the number of double-positive 15 

cells on day 4 was lower than that in VEGF-A-treated wounds and was not significantly different 16 

from that in control wounds over the entire course (Figure 7F). 17 

To further assess the specificity of bFGF-induced capillary-like structures, we knocked down 18 

FGFR1 by FGFR1 siRNA injection. Prior to knockdown by FGFR1 siRNA, double IF staining for 19 

FGFR1 expression in CD34-positive cells demonstrated FGFR1 expression in the CD34-positive 20 

cells that partially formed capillary structures in bFGF-treated wounds (Figure 8A), indicating that 21 

CD34+/pro-collagen I+ fibrocytes could express FGFR1. We next injected bFGFR1-siRNA 22 

followed by bFGF treatment in vivo. The siFGFR1 group on day 6 following bFGF treatment 23 

showed significantly decreased FGFR1 mRNA expression (p < 0.0001) (Figure 8B), confirming the 24 

effectiveness of FGFR1 knockdown by bFGFR1-siRNA injection. Double IF staining for 25 

estimation of the effect of FGFR1 knockdown on capillary-like structure formation showed that 26 
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there were fewer capillary-like structures with CD34+/pro-collagen I+ fibrocytes in the siFGFR1 1 

group than in the respective siCON group (Figure 8C). Accordingly, the number of 2 

CD34+/pro-collagen I+ fibrocytes in the siFGFR1 group was significantly decreased compared 3 

with that in the respective siCON group (p < 0.05) (Figure 8D). The decline in the number of 4 

capillary-like structure in the siFGFR1 group was confirmed using real-time PCR analysis of CD34 5 

and CD31 mRNA expression, which showed that the siFGFR1 group exhibited significantly 6 

decreased expression of CD34 and CD31 mRNA compared with the respective siCON control 7 

(CD34: p < 0.0001, CD31: p < 0.0001) (Figure 8E). The siFGFR1 group also showed significantly 8 

decreased expression of collagen III and IV mRNA (p < 0.0001), while the same group exhibited 9 

increased expression of collagen type I mRNA compared to the siCON control (Figure 8F). The 10 

expression of CD34, CD31 and collagen type I mRNA in the siFGFR1 group (Figure 8F) was 11 

opposite pattern to the bFGF-treated wounds without knocking down of FGFR1 on day 6 (Figure 12 

2C, D, E). These combined data indicated that bFGF/FGFR1 system is required for induction of 13 

capillary-like structures composed of CD34+/pro-collagen I+ fibrocytes in the wounds and that the 14 

expression of CD34, CD31 and collagen type I mRNA expression in bFGF-treated wounds are 15 

mediated, at least in part through FGFR1.  16 

 17 

Discussion 18 

 19 

In this study, we identified capillary-like structures formed by CD34+/pro-collagen I+ fibrocytes in 20 

bFGF-treated wounds. This finding suggests a potential mechanism of bFGF-induced angiogenesis 21 

that is mainly due to enhanced formation of vessels with CD34+/pro-collagen I+ fibrocytes. We 22 

found that bFGF treatment of wounds demonstrated the following: (1) significantly enhanced 23 

formation of arterioles and inhibition of podoplanin-positive lymph vessels on day 6; (2) markedly 24 

enhanced formation of capillary-like structures composed of CD34+/pro-collagen I+ fibrocytes that 25 

were lacking in VEGF-A-treated wounds; (3) a lack of expression of CD45+/pro-collagen I+ or 26 
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CD11b+/pro-collagen I+ fibrocytes; (4) enhanced expression of CD34, CD31 and bFGF mRNA and 1 

reduced expression of podoplanin, collagen type I, III, and IV mRNA and finally, (5) 2 

FGFR1-siRNA injection followed by bFGF treatment markedly inhibited formation of 3 

capillary-like structures with CD34+/pro-collagen I+ fibrocytes. FGFR1-siRNA treatment also 4 

inhibited CD34, CD31 mRNA expression and promoted collagen type I mRNA expression that 5 

were opposite pattern to the bFGF-treated wounds without knocking down of FGFR1. These 6 

combined data highlights the angiogenetic properties of CD34+/pro-collagen I+ fibrocytes that 7 

were specifically induced by bFGF in wounds, and provides new insight into the active contribution 8 

of fibrocytes for vascular formation in wounds. 9 

   Previous investigation of bFGF-treated collagen gels demonstrated that co-culture of endothelial 10 

cells and fibroblasts elicited an angiogenic response, suggesting that bFGF markedly influences the 11 

crosstalk between endothelial cells and fibroblasts [29, 30]. Another study showed that FGF could 12 

induce an angiogenic phenotype in endothelial cells due to induction of MMP-2 and -9, resulting in 13 

marked formation of capillary-like structures [31]. When endothelial cells were cultured with type I 14 

collagen, bFGF promoted invasion of endothelial cells and formation of capillary-like structures 15 

[32]. Therefore, as suggested in previous experiments [29, 30], there might exist a crosstalk 16 

between endothelial cells and fibroblasts. Based on the present findings of capillary-like structure 17 

formed by the fibrocytes, the presumed intimate relationship between endothelial cells and 18 

fibroblasts might represent the angiogenic phenotype of fibrocytes positive for CD34/pro-collagen I 19 

that are specifically induced by bFGFs. Interestingly, a recent investigation showed that another 20 

type of fibrocyte that expresses CD13/collagen I could inhibit angiogenesis through enhanced 21 

production of an anti-angiogenic factor (THBS1) [33]. However, the present findings of marked 22 

formation of capillary-like structures with CD34+/pro-collagen I+ fibrocytes indicated that 23 

CD34+/pro-collagen I+ fibrocytes have a pro-angiogenic role in wounds. Therefore, various types 24 

of fibrocytes might have different roles in wound healing and the specific phenotypes of fibrocytes 25 
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that are required for angiogenesis need to be clarified for elucidation of the mechanisms of 1 

angiogenesis in wounds. 2 

  Type I collagen has been shown to play an important role in capillary morphogenesis and 3 

maturation [34, 35]. Recently, type I collagen was shown to promote shape change in endothelial 4 

cells that closely imitated precapillary formation, since addition of collagen type I caused 5 

endothelial cells to partially retract and exhibit a spindle-shaped morphology, leading to formation 6 

of tubes with lumens [36, 37]. Previous investigation in transformation of corneal endothelial cells 7 

demonstrated that bFGF plays an important role for endothelial mesenchymal transformation 8 

(EMT) in corneal endothelial cells. In this process, bFGF also enhanced secretion of collagen type I 9 

from the cells, presumably leading to retrocorneal fibrous membrane [38-40]. In the present study, 10 

bFGF treatment in wounds induced angiogenic phenotype of fibrocytes that coexpress 11 

CD34/pro-collagen type I. We therefore speculate that, in the course of further differentiation of 12 

CD34+/pro-collagen I+ fibrocytes, this type of fibrocyte could increase the production and 13 

secretion of collagen type I [1], and finally transform into fibroblasts/myofibroblasts through EMT 14 

specifically induced by bFGF. It has been indicated that the fibrocytes can differentiate into 15 

fibroblasts/myofibroblasts both in vitro and in vivo. Therefore, during the process of fibrocyte 16 

differentiation associated with the phenotypic changes, EMT might be a part of the process where 17 

angiogenic phenotype of fibrocytes (e.g. CD34+/pro-collagen I+ fibrocytes) can further 18 

differentiate into fibroblasts/myofibroblasts. 19 

Previous investigation showed that treatment with a low dose of bFGF was effective in inducing 20 

arteriogenesis in an acute femoral artery occlusion model [41], with the bFGF-treated group 21 

showing a markedly decreased width of luminal dilation compared with the VEGF-treated group. 22 

Later investigation supported this finding, showing that anti-bFGF treatment, but not anti-VEGF 23 

treatment, inhibited the growth of arterioles in coronary angiogenesis [42]. The findings of the 24 

present study showing that bFGF treatment induced a markedly greater proportion of arterioles on 25 

day 6 that was lacking in VEGF-A-treated wounds are consistent with these previous findings. 26 
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However, the effective period for arteriole growth in bFGF-treated wounds might be limited to 1 

around day 6, with a lack of promotion of arterioles in the same treated wounds on day 14. One 2 

possible explanation might be that endothelial cells and smooth muscle cells in arteriole might 3 

transform through EMT or phenotypic changes induced by bFGF [38-40, 43], resulting in reduction 4 

of arteriole growth. Further study will be needed to clarify the mechanisms underlying arteriole 5 

growth induced by bFGF.  6 

 In contrast to the induction of CD34+/pro-collagen I+ fibrocytes by bFGF treatment, bFGF 7 

treatment also induced a significant reduction of collagen type I mRNA, as confirmed by real-time 8 

PCR analysis in FGFR1-siRNA injected wounds. Previously, bFGF treatment in osteoblasts has 9 

shown to inhibit collagen type I gene expression through the activation of ERK pathway [44]. It is 10 

not clear whether bFGF treatment in dermal fibroblasts has an ability to inhibit collagen type I 11 

expression. Our previous investigation showing that bFGF treatment in cardiac fibroblasts inhibited 12 

collagen type I mRNA [28] suggests that bFGF treatment in dermal fibroblasts could also inhibit 13 

collagen type I expression, presumably leading to a significant reduction of collagen type I 14 

expression in the treated wounds. Further study will be needed to clarify the mechanisms 15 

underlying collagen type I expression in dermal fibroblasts treated by bFGF in wounds. 16 

  Among reported markers of lymphatic endothelial cells such as CD31, vascular endothelial 17 

growth factor receptor-3 (VEGFR-3), Prox-1, desmoplakin [45], and podoplanin, podplanin was 18 

first used to identify these cells [46]. Later investigation demonstrated that podoplanin is expressed 19 

in small lymphatic vessels and lymphatic collecting vessels in normal human tissues, but not in 20 

large lymphatic vessels [47, 48]. In this study, bFGF treatment (10 ng) inhibited the formation of 21 

podoplanin (D2-40)-positive lymphatic vessels, as confirmed by real-time PCR analysis. However, 22 

implantation of a high-dose bFGF pellet (80 ng) into the mouse cornea induced lymphangiogenesis, 23 

as detected by double staining with CD31 and VEGFR3 antibodies [45]. In normal skin wounds, it 24 

is unclear which type of lymphatic vessel is detectable by podoplanin and whether the pattern of 25 

lymphangiogenesis differs between high and low-dose bFGF treatments. However, based on the 26 
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present findings, treatment with a low dose of bFGF (10 ng) can effectively inhibit the formation of 1 

certain types of lymphatic vessels, presumably formation of small lymphatic vessels in rat skin 2 

wound healing.  3 

In conclusion, bFGF treatment specifically induces an angiogenic phenotype of 4 

CD34+/pro-collagen I+ fibrocytes in granulation tissues, which could be a main contributor to 5 

bFGF-induced angiogenesis in wounds. 6 

. 7 
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Figure legends 1 

 2 

Figure 1.  Full-thickness wounds in the dorsal skin of Sprague-Dawley rats 3 

(A) Four full-thickness wounds, a diameter of 10mm, were created in the dorsal skin of 4 

Sprague-Dawley rats using a biopsy punch. Two wounds on the right side were treated with the 5 

artificial dermis that had been immersed in bFGF or VEGF-A. (B, C) Histology of transverse 6 

section of bFGF-treated (bFGF(+)) wounds on day 4 (B) and 6 (C) after operation. Hematoxylin 7 

and eosin staining. Scale bar = 500 μm. bFGF: basic fibroblast growth factor, VEGF: vascular 8 

endothelial growth factor. 9 

 10 

Figure 2.  Positive effect of bFGF on vascular formation in wounds 11 

(A, B) Wounds were treated with (+) or without (-) bFGF (A) or VEGF (B). Ten to twelve randomly 12 

selected fields in wounds per tissue section were then examined, and the number of vWF+ vessels in 13 

the granulation tissues were counted and averaged. All values are presented as the mean ± SEM. *p 14 

< 0.05 vs. bFGF(-) (A) or vs. VEGF(-) (B). (C-G) Enhanced expression of CD34, CD31, collagen 15 

type I, III, and IV and bFGF mRNA in bFGF-treated (bFGF(+)) wounds. Real-time PCR analysis of 16 

CD34 (C), CD31 (D), collagen type I (E), III (F), and IV (G) and bFGF (H) mRNA expression in 17 

wounds on days 4, 6, and 14 after wounding. *p < 0.0001 (C); *p = 0.0011, **p = 0.0001 (D); *p < 18 

0.0001 (E); *p < 0.0001, **p = 0.0002 (F); *p < 0.0001 (G); and *p < 0.0001 (H) vs. 19 

non-bFGF-treated (bFGF(-)), as determined by Student’s t test. All values are presented as the mean 20 

± SEM. vWF: von Willebrand factor, bFGF: basic fibroblast growth factor, VEGF: vascular 21 

endothelial growth factor, SEM: standard error of the mean. 22 

 23 

Figure 3.  Specific changes in vascular components in bFGF-treated wounds during healing 24 

(A) Triple IHC for CD34 (red), podoplanin (black), and α-SMA (brown) in wound granulation 25 

tissue on day 6 after operation. Red arrowheads, black arrowheads, and the black arrow highlight 26 
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CD34+ vessels, podoplanin+ lymph vessels, and an α-SMA+ vessel, respectively. Scale bar = 10 1 

μm. (B) Changes in the number of capillaries, arterioles, arteries, and lymph vessels in bFGF- and 2 

VEGF-A-treated wounds on days 4, 6, and 14 after operation. Ten to twelve randomly selected 3 

fields in wounds per tissue section were examined, and the number of these four histological types 4 

of vessels in the bFGF- or VEGF-treated wounds and their respective controls was counted. The 5 

percentage of vessels was calculated as the mean of each type of vessel relative to the total number 6 

of the four vessel types. All values are presented as the mean ± SEM. *p < 0.05 vs. non-treated 7 

control, arbitrary units. (C) Inhibition of podoplanin mRNA expression in bFGF-treated wounds 8 

(bFGF(+)) on day 6. Real-time PCR analysis of the mRNA expression of podoplanin was 9 

performed on days 4, and 6 following treatment. All values are presented as the mean ± SEM. *p = 10 

0.0011, **p = 0.0003 vs. non-bFGF-treated (bFGF(-)), as determined by Student’s t test. bFGF: 11 

basic fibroblast growth factor, VEGF: vascular endothelial growth factor, SEM: standard error of 12 

the mean. 13 

 14 

Figure 4.  bFGF induces capillary-like structures composed of CD34+/pro-collagen I+ 15 

fibrocytes in wounds 16 

(A) Double immunofluorescense staining of CD34 (green) and pro-collagen I (red) in wounds on 17 

days 4 and 6 following bFGF treatment (FGF(+)). The merged images show CD34+/pro-collagen 18 

I+ double positive fibrocytes as yellow fluorescence (arrowheads). (c, g, k): (c) A loose cellular 19 

network structure mainly composed of double-positive fibrocytes (arrowheads) in bFGF-treated 20 

wounds on day 4. Inset: high-power view of part of the loose cellular network indicated by the 21 

arrow. (g) A tubular structure in a bFGF-treated wound on day 6 is mainly composed of 22 

double-positive fibrocytes (arrowheads). Right upper inset: high-power view of the tubular structure 23 

indicated by the arrowhead at right. Left lower inset: high-power view of a single infiltrating 24 

double-positive fibrocyte indicated by the arrow. (k) Evidence showing that a tubular structure is a 25 

blood vessel containing red blood cells within the lumen. Red blood cells (arrowhead) are identified 26 
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as yellow due to autofluorescence. Inset: high-power view of red blood cells within the lumen of 1 

tubular structure indicated by the arrowhead. Nuclei were stained with DAPI (blue). Scale bar = 10 2 

μm. (B) Number of CD34+/pro-collagen I+ fibrocytes in bFGF-treated (bFGF(+)) wounds on days 3 

2, 4, 6, 7, and 14 after treatment. Ten to twelve randomly selected fields in wounds were examined 4 

per tissue section, and the number of CD34+/pro-collagen I+ fibrocytes in granulation tissues was 5 

counted. The percentage of CD34+/pro-collagen I+ fibrocytes was calculated as the mean number 6 

of double positive cells relative to the total number of DAPI-positive granulation tissue cells. All 7 

values are presented as the mean ± SEM. *p < 0.05 vs. non-bFGF-treated wounds (bFGF(-)). bFGF: 8 

basic fibroblast growth factor, SEM: standard error of the mean. 9 

 10 

Figure 5. bFGF-treated wounds do not show significant change in CD45+/pro-collagen I+ or 11 

CD11b+/pro-collagen I+ fibrocytes  12 

(A, B) Double immunofluorescense staining of CD45 (green) and pro-collagen I (red) (A) or 13 

CD11b (green) and pro-collagen I (red) (B) in wounds on day 6 following bFGF treatement. 14 

Merged images show CD45/pro-collagen I (A) or CD11b/pro-collagen I (B) double-positive 15 

fibrocytes as yellow fluorescence (arrows). Nuclei were stained with DAPI (blue). Scale bar = 10 16 

μm. (C, D) Comparison of the number of CD45+/pro-collagen I+ fibrocytes (C) and 17 

CD11b+/pro-collagen I+ fibrocytes (D) between bFGF-treated (bFGF(+)) and non-treated 18 

(bFGF(-)) control wounds. Ten to twelve randomly selected fields in wounds were examined per 19 

tissue section. The percentage of double-positive fibrocytes in the granulation tissues was calculated 20 

as the mean number of positive cells relative to the total number of DAPI-positive granulation 21 

tissue cells. All values are presented as the mean ± SEM. bFGF: basic fibroblast growth factor, 22 

SEM: standard error of the mean. 23 

 24 

Figure 6.  VEGF-A-treated wounds do not show capillary-like structures composed of 25 

CD34+/pro-collagen I+ fibrocytes 26 
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(A) Double immunofluorescense staining of CD34 (green) and pro-collagen I (red) in wounds on 1 

days 4 and 7 following VEGF-A treatment. Merged images showing CD34+ (green)/pro-collagen 2 

I+ (red) fibrocytes are identified as yellow fluorescence (arrows). VEGF-A-treated wounds 3 

displayed CD34+/pro-collagen I+ fibrocytes mainly clustered around thin-walled tubular structures. 4 

Nuclei were stained with DAPI (blue). Scale bar = 10 μm. (B) The number of CD34+/pro-collagen 5 

I+ fibrocytes in VEGF-A-treated (VEGF(+)) and non-treated (VEGF(-)) wounds on days 2, 4, 6, 7, 6 

and 14 after treatment. Ten to twelve randomly selected fields in wounds were examined per tissue 7 

section. The percentage of double-positive fibrocytes in granulation tissues was calculated as the 8 

mean number of positive cells relative to the total number of DAPI-positive granulation tissue cells. 9 

All values are presented as the mean ± SEM. *p < 0.05 vs. non-VEGF-A-treated wounds. VEGF: 10 

vascular endothelial growth factor, SEM: standard error of the mean. 11 

 12 

Figure 7.  Different expression patterns of CD34+/Flk-1+ cells between VEGF-A- and bFGF- 13 

treated wounds 14 

(A-D) Double immunofluorescense staining of CD34 (green) and Flk-1 (red) in wounds following 15 

VEGF-A- and bFGF-treatment. CD34+/Flk-1+ cells in VEGF-A-treated (A) and non 16 

VEGF-A-treated (VEGF(-)) control (B) wounds, and in bFGF-treated (FGF(+)) (C) and non FGF 17 

(FGF(-)) control (D) wounds, on day 4. The merged images show CD34 (green)/Flk-1 (red) double 18 

positive cells as yellow fluorescence (arrows). Nuclei were stained with DAPI (blue). Scale bar = 19 

10 μm. In (A) the double-positive cells are mainly located in a tubular structure close to the lumen. 20 

(E) The number of CD34+/Flk-1+ cells in VEGF-A-treated (VEGF(+)) and untreated (VEGF(-)) 21 

wounds on days 2, 4, 6, 7, and 14 after treatment. Ten to twelve randomly selected fields in wounds 22 

were examined per tissue section, and the number of double-positive cells in granulation tissues was 23 

counted. The percentage of double-positive cells was calculated as the mean number of positively 24 

stained cells relative to the total number of DAPI-positive granulation tissue cells. All values are 25 

presented as the mean ± SEM. *p < 0.05 vs. the non-VEGF-A-treated wound. (F) Comparison of 26 
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the number of CD34+/Flk-1+ cells in bFGF-treated (bFGF(+)) and untreated (bFGF(-)) control 1 

wounds over the course of healing. Ten to twelve randomly selected fields in wounds were 2 

examined per tissue section. The percentage of double-positive cells in granulation tissues was 3 

calculated as the mean number of positive cells relative to the total number of DAPI-positive 4 

granulation tissue cells. All values are presented as the mean ± SEM. Flk-1: fatal liver kinase-1, 5 

bFGF: basic fibroblast growth factor, VEGF: vascular endothelial growth factor, SEM: standard 6 

error of the mean. 7 

 8 

Figure 8.  The bFGF/FGFR1 system is required for capillary-like structures composed of 9 

CD34+/pro-collagen I+ fibrocytes in wounds 10 

(A) Double immunofluorescense staining of CD34 (green) and FGFR1 (red) in wounds on day 6 11 

following bFGF-treatment. The merged image shows CD34 (green)/FGFR1 (red) double-positive 12 

cells as yellow fluorescence (arrowheads). Nuclei were stained with DAPI (blue). Scale bar = 10 13 

μm. The merged images show FGFR1 expression in the CD34-positive cells that partially formed 14 

capillary structures. (B) Effectiveness of FGFR1 knockdown by bFGFR1-siRNA injection. 15 

Inhibition of FGFR1 mRNA expression in siFGFR1-treated groups was analyzed using real time 16 

PCR. All values are presented as the mean ± SEM. *p < 0.0001 vs. the siRNA control (siCON) 17 

group, as determined using Student’s t test. (C) Double immunofluorescense staining of CD34 18 

(green) and pro-collagen I (red) in wounds on days 6. Capillary structures composed of CD34 19 

(green) and pro-collagen I (red) double-positive fibrocytes in siCON-treated wounds (left) and 20 

siFGFR1-treated wounds (right). The merged images show CD34+/pro-collagen I+ double positive 21 

fibrocytes as yellow fluorescence (arrowheads). Nuclei were stained with DAPI (blue). Scale bar = 22 

10 μm. (D) Reduction in the number of CD34+/pro-collagen I+ fibrocytes in siFGFR1 groups. Ten 23 

to twelve randomly selected fields in the treated wounds were examined per tissue section, and the 24 

number of CD34+/pro-collagen I+ fibrocytes in granulation tissues was counted. The percentage of 25 

CD34+/pro-collagen I+ fibrocytes was calculated as the mean number of positively stained cells 26 
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relative to the total number of DAPI-positive granulation tissue cells. All values are presented as the 1 

mean ± SEM. *p <0.05 vs. the siCON group. (E, F) Real-time PCR analysis of CD34, CD31 2 

mRNA expression (F), and collagen type I, III, and IV mRNA expression (G) in siCON and 3 

siFGFR1 groups. Inhibition of CD34, CD31 mRNA expression (F) and promotion of collagen I 4 

mRNA expression in siFGFR1 groups. All values are presented as the mean ± SEM. *p < 0.0001 vs. 5 

the siCON group, as determined using Student’s t test. FGFR1: fibroblast growth factor receptor 1, 6 

SEM: standard error of the mean. 7 

 8 
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Abstract 

 

Cardiac effects of a prostagrandin EP4-receptor agonist ONO-AE1-329 were assessed in the 

halothane-anesthetized dogs under the monitoring of left ventricular pressure-volume 

relationship, which were compared with those of clinically recommended doses of dopamine, 

dobutamine and milrinone (n=4-5 for each treatment).  ONO-AE1-329 was intravenously 

administered in doses of 0.3, 1 and 3 ng/kg/min for 10 min with a pause of 20 min.  

Dopamine in a dose of 3 µg/kg/min for 10 min, dobutamine in a dose of 1 µg/kg/min for 10 

min and milrinone in a dose of 5 µg/kg/min for 10 min followed by 0.5 µg/kg/min for 10 min 

were intravenously administered.  Low dose of ONO-AE1-329 increased the stroke volume.  

Middle dose of ONO-AE1-329 increased the cardiac output, left ventricular end-diastolic 

volume, ejection fraction, maximum upstroke/downstroke velocities of the left ventricular 

pressure and external work, but decreased the end-systolic pressure and internal work besides 

the change by the low dose.  High dose of ONO-AE1-329 increased the heart rate and 

maximum elastance, but decreased the end-systolic volume besides the changes by the middle 

dose.  Dopamine, dobutamine and milrinone exerted essentially similar cardiac effects to 

ONO-AE1-329, but they did not significantly change the end-diastolic volume, end-systolic 

volume, stroke volume, ejection fraction, end-systolic pressure, maximum elastance, external 

work or internal work.  Thus, EP4-receptor stimulation by ONO-AE1-329 may have 

potential to better promote the passive ventricular filling than the conventional cardiotonic 

drugs, which could become a candidate of novel therapeutic strategy for the treatment of heart 

failure with preserved ejection fraction.   

 

Keywords: EP4, ONO-AE1-329, Pressure-volume relationship, Diastolic dysfunction, 

Catecholamines, Phosphodiesterase 3 inhibitor 
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Chemical compound studied in this article: 

 

ONO-AE1-329 (PubChem CID: 5311230) 

 

Abbreviations:  

eNOS, endothelial nitric oxide synthase; Emax, maximum elastance; Emin, minimum elastance; 

EP1, 2 , 3 and 4, prostaglandin E2 type 1, 2, 3 and 4; HFpEF, heart failure with preserved 

ejection fraction; HFrEF, heart failure with reduced ejection fraction; ONO-AE1-329, 16-(3-

Methoxymethyl)phenyl-ω-tetranor-3,7-dithia PGE1; peak +dP/dt, maximum upstroke velocity 

of the left ventricular pressure; peak –dP/dt, maximum downstroke velocity of the left 

ventricular pressure; and Tau, isovolumic relaxation constant 
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1. Introduction 

 

Symptomatic heart failure can occur in patients with normal or near-normal left 

ventricular systolic function, which is called heart failure with preserved ejection fraction 

(HFpEF) (Armstrong et al., 2004; Borlaug and Paulus, 2011; Li et al., 2013).  In such cases, 

the symptoms of left heart failure are caused by diastolic dysfunction showing abnormalities 

of left ventricular active relaxation and/or passive filling (Zile et al., 2004).  HFpEF has been 

well recognized as a major and growing public health problem, since the number of patients 

with HFpEF is similar to or even higher than that of patients with heart failure with reduced 

ejection fraction (HFrEF) primarily showing ventricular systolic dysfunction (Armstrong et 

al., 2004; Borlaug and Paulus, 2011; Li et al., 2013).  Despite improvements of the 

understanding on pathophysiology of HFpEF, there are no treatments of proven benefit 

specifically improving the pathophysiology of HFpEF, resulting in similar mortality between 

HFpEF and HFrEF (Borlaug and Paulus, 2011; Li et al., 2013; Lund et al., 2014).   

ONO-AE1-329 is a highly selective prostaglandin E2 type 4 (EP4)-receptor agonist, 

of which affinity for EP4 receptor has been shown to be >100 times greater than those for the 

other prostaglandin E2 receptors like EP1, EP2 and EP3 (Maruyama et al., 2002; Suzawa et 

al., 2000).  In our recent study (Nomura et al., 2015), ONO-AE1-329 shortened the duration 

of ventricular systolic period together with its modest abbreviation of the ventricular diastolic 

period, which might partly reflect increased uptake rate of intracellular Ca2+ by 

sarco/endoplasmic reticulum Ca2+-ATPase, suggesting potential utility of ONO-AE1-329 for 

the treatment of HFpEF.  However, information remains still lacking regarding the precise 

analysis of the effects of EP4-receptor stimulation on the left ventricular diastolic function.   

In order to begin to examine the therapeutic efficacy of pharmacological EP4-

receptor stimulation particularly on the diastolic function, we assessed the cardiac effects of 

ONO-AE1-329 in the halothane-anesthetized dogs (Izumi-Nakaseko et al., 2014; Nomura et 
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al., 2015; Sugiyama 2008; Sugiyama et al., 2001) under monitoring of left ventricular 

pressure-volume relationship.  For this purpose, we used the conductance catheter, which is 

known as a reliable tool for simultaneously quantifying the left ventricular pressure and 

volume (Baan et al., 1984; Burkhoff et al., 2005), by which principle factors affecting stroke 

volume; namely, preload, afterload and ventricular contractility, can be analysed.  Then, the 

results of ONO-AE1-329 were compared with those of clinically recommended doses of 

conventional cardiotonic drugs including catecholamines and a phosphodiesterase 3 inhibitor 

to characterize the cardiac effects of ONO-AE1-329 treatment.  This is the first report 

describing that pharmacological EP4-receptor stimulation can enhance the active relaxation as 

well as passive filling of the left ventricle.   
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2. Materials and methods 

 

2.1. Animals 

All of the animal care and experimental procedures were reviewed and approved by 

the Animal Research Committee for Animal Experiments for Toho University (12-52-151) 

and performed in accordance with the Guidelines for the Care and Use of Laboratory Animals 

of Toho University.  All studies involving animals are reported in accordance with the 

ARRIVE guidelines for reporting experiments involving animals (Kilkenny et al., 2010; 

McGrath et al., 2010).  Experiments were performed in a parallel study design by using 18 

female beagle dogs weighing 8-9 kg, which were obtained through Kitayama Labes (Nagano, 

Japan).  The dogs were divided into 4 treatment groups; namely, ONO-AE1-329 group 

(n=4), dopamine group (n=5), dobutamine group (n=5) and milrinone group (n=4), and the 

order of the experiment was randomized.  Since women are more likely to develop HFpEF 

than men (Gori et al., 2014), we used female dogs in this experiment.  The dogs were kept in 

individual cages on a 12 h light (6:00-18:00)-dark (18:00-6:00) cycle.  The ventilation 

provided a total air exchange rate of 10-15 times per hour.  The room temperature was 

maintained at 23±2°C, and relative humidity was 50±30%.  Each dog was fed 200 g/day of 

standard diet (CD-5M, CLEA Japan, Tokyo, Japan), and was allowed free access to tap water.   

 

2.2. Cardiovascular variables assessed 

The dogs were initially anesthetized with thiopental sodium (30 mg/kg, i.v.).  After 

intubation with a cuffed endotracheal tube, 1.0% halothane vaporized with 100% oxygen was 

inhaled with a volume-limited ventilator (SN-480-3; Shinano Manufacturing, Tokyo, Japan).  

The tidal volume and respiratory rate were set at 20 ml/kg and 15 strokes/min, respectively.   

A clinically available catheter-sheath set (FAST-CATHTM, 406108; St. Jude Medical 

Daig Division, Inc., Minnetonka, MN, USA) was inserted into the right femoral artery and 
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vein.  To prevent blood clotting, heparin calcium (100 IU/kg) was intravenously 

administered through a flush line of the catheter sheath placed at the right femoral vein.  A 

conductance catheter (FTS-7012B-7048; SCISENCE, New York, USA) was positioned in the 

left ventricle through the catheter sheath placed at the right femoral artery to simultaneously 

measure the ventricular pressure and volume, whereas blood pressure was measured at a 

space between inside of the catheter sheath and outside of the conductance catheter through a 

flush line.  The blood pressure and lead II electrocardiogram were continuously monitored 

with a polygraph system (RM-6000; Nihon Kohden, Tokyo, Japan).   

A thermodilution catheter (TC-504NH; Nihon Kohden) was positioned at the right 

side of the heart through the catheter sheath placed at the right femoral vein.  The cardiac 

output was measured by a standard thermodilution method with a cardiac output computer 

(MFC-1100; Nihon Kohden).  The total peripheral resistance was calculated with the basic 

equation: total peripheral resistance=mean blood pressure/cardiac output.   

The pressure-volume loop was continuously monitored, and its variables; namely, 

the end-systolic volume, end-diastolic volume, stroke volume (end-diastolic volume–end-

systolic volume), ejection fraction (stroke volume/end-diastolic volume), end-systolic 

pressure, end-diastolic pressure, maximum elastance (Emax: end-systolic pressure/end-systolic 

volume), minimum elastance (Emin: end-diastolic pressure/end-diastolic volume), time 

constant of isovolumic relaxation (Tau: time required for the cavity pressure to decay to 1/2 of 

its value at peak maximum downstroke velocity (peak –dP/dt)) (Mirsky, 1984), stroke work 

(=external work: pressure-volume area), potential energy (=internal work: [end-systolic 

pressure–end-isovolumic relaxation phase pressure]×end-systolic volume×0.5), 

external/internal work ratio (=external work/internal work) and systolic pressure-volume area 

(external work+internal work), were obtained with a data analysis system (LS-20PVL, 

SCISENCE).  Meanwhile, the heart rate; systolic and diastolic blood pressure; and 

maximum upstroke velocity (peak +dP/dt) and peak –dP/dt of the left ventricular pressure 
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were calculated with a real-time full automatic data analysis system (WinVAS 3 ver 1.1R24v; 

Physio-Tech, Tokyo, Japan).   

 

2.3. Experimental protocol 

After the basal assessment, ONO-AE1-329 at a rate of 0.3 ng/kg/min was 

intravenously infused for 10 min through the right cephalic vein, and each cardiovascular 

variable was assessed at 5, 10, 15, 20 and 30 min after the start of infusion.  Then, ONO-

AE1-329 at a rate of 1 ng/kg/min was intravenously infused for 10 min, and each 

cardiovascular variable was assessed in the same manner.  Finally, ONO-AE1-329 at a rate 

of 3 ng/kg/min was intravenously infused for 10 min, and each cardiovascular variable was 

assessed in the same manner.  On the other hand, dopamine at a rate of 3 μg/kg/min or 

dobutamine at a rate of 1 μg/kg/min was intravenously infused, and each cardiovascular 

variable was assessed before and at 10 min after the start of infusion.  In addition, milrinone 

at a rate of 5 μg/kg/min was intravenously infused for initial 10 min followed by 0.5 

μg/kg/min for 10 min and each cardiovascular variable was assessed before and at the end of 

0.5 μg/kg/min infusion.  The dose of ONO-AE1-329 was determined by our previous study 

(Nomura et al., 2015), whereas clinically recommended, standard doses were used for 

dopamine, dobutamine and milrinone.   

 

2.4. Drugs 

ONO-AE1-329 (16-(3-Methoxymethyl)phenyl-ω-tetranor-3,7-dithia PGE1) was 

obtained from Ono Pharmaceutical Co., Ltd. (Osaka, Japan), which was dissolved with 1% 

lactic acid (Sigma-Aldrich Co., LLC., Tokyo, Japan) in concentrations of 3, 10 and 30 ng/ml.  

Dopamine (Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan), dobutamine (Shionogi & Co., Ltd., 

Osaka, Japan) and milrinone (Astellas Pharma Inc., Tokyo, Japan) were dissolved with saline 

in concentrations of 36, 12 and 60 mg/ml, respectively.  The other drugs used were heparin 
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calcium (Sawai Pharmaceutical Co., Ltd., Osaka, Japan), thiopental sodium (Mitsubishi 

Tanabe Pharma Co., Osaka, Japan) and halothane (Takeda Pharmaceutical Co., Ltd., Osaka, 

Japan).   

 

2.5. Data analysis 

The effects of each drug were assessed in comparison with their respective pre-drug 

control values, since the cardiovascular variables in the halothane-anesthetized model have 

been shown to be stable over ≥2.5 h in the absence of pharmacological intervention in our 

previous study (Sugiyama and Hashimoto, 1998).  Data are expressed as the mean±S.E.M.  

The multiple comparisons within a parameter were performed by one-way, repeated-measures 

analysis of variance (ANOVA) followed by Contrasts as a post-hoc test for mean values 

comparison, whereas the comparison of paired data was done by paired t-test.  On the other 

hand, the statistical differences of unpaired data among the groups were evaluated by one-way 

factorial ANOVA.  A P value <0.05 was considered to be statistically significant.   

  



 

 

10

3. Results 

 

3.1. Effects on the heart rate, systolic/diastolic blood pressure, cardiac output and total 

peripheral resistance 

The time courses of changes in the heart rate, systolic/diastolic blood pressure, 

cardiac output and total peripheral resistance are summarized in Fig. 1.  Their pre-drug 

control values for ONO-AE1-329 were 128±9 beats/min, 154±4/97±3 mmHg, 1.79±0.14 

l/min and 65.7±5.2 mmHg·min/l; those for dopamine were 120±6 beats/min, 154±9/92±4 

mmHg, 1.62±0.15 l/min and 70.9±4.2 mmHg·min/l; those for dobutamine were 112±10 

beats/min, 144±8/90±3 mmHg, 1.67±0.14 l/min and 66.0±3.4 mmHg·min/l; and those for 

milrinone were 121±8 beats/min, 137±3/92±3 mmHg, 1.74±0.06 l/min and 62.0±2.3 

mmHg·min/l, respectively.  There was no significant difference in these respective pre-drug 

control values among the groups.   

The low dose of 0.3 ng/kg/min of ONO-AE1-329 did not affect any of these 

variables.  The middle dose of 1 ng/kg/min of ONO-AE1-329 increased the cardiac output 

for 5-30 min, but decreased the total peripheral resistance for 5-30 min, whereas no 

significant change was detected in the other variables.  The high dose of 3 ng/kg/min of 

ONO-AE1-329 increased the heart rate for 10-15 min and cardiac output for 5-30 min, but 

decreased the systolic blood pressure for 5-30 min, diastolic blood pressure for 5-20 min and 

total peripheral resistance for 5-30 min.  The infusion of 3 μg/kg/min of dopamine increased 

the heart rate and cardiac output, but decreased the total peripheral resistance at 10 min after 

the start of infusion, whereas no significant change was detected in the systolic or diastolic 

blood pressure.  The infusion of 1 μg/kg/min of dobutamine increased the heart rate, systolic 

and diastolic blood pressure, and cardiac output at 10 min after the start of infusion, whereas 

no significant change was detected in the total peripheral resistance.  The infusion of 5 

µg/kg/min of milrinone for 10 min followed by 0.5 μg/kg/min for 10 min increased the heart 
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rate and cardiac output, but decreased the diastolic blood pressure and total peripheral 

resistance at the end of 0.5 μg/kg/min infusion, whereas no significant change was detected in 

the systolic blood pressure.   

 

3.2. Effects on the ventricular end-systolic/end-diastolic volume, stroke volume and ejection 

fraction 

Typical tracings of pressure-volume loops before and after the infusion of ONO-

AE1-329 are depicted in Fig. 2, and the time courses of changes in the ventricular end-

systolic/end-diastolic volume, stroke volume and ejection fraction are summarized in Fig. 3.  

Their pre-drug control values for ONO-AE1-329 were 7.4±0.8/21.4±0.9 ml, 13.9±0.3 ml and 

65.5±2.4%; those for dopamine were 6.5±1.4/20.0±1.5 ml, 13.5±1.0 ml and 68.4±5.0%; those 

for dobutamine were 7.7±1.0/22.6±0.9 ml, 14.9±0.4 ml and 66.4±3.1%; and those for 

milrinone were 8.7±2.0/23.2±1.8 ml, 14.5±0.5 ml and 63.7±5.7%, respectively.  There was 

no significant difference in these respective pre-drug control values among the groups.   

The low dose of ONO-AE1-329 increased the stroke volume for 20-30 min, whereas 

no significant change was detected in the other variables.  The middle dose of ONO-AE1-

329 increased the end-diastolic volume and stroke volume for 5-30 min, and ejection fraction 

for 5-10 and at 20 min, whereas no significant change was detected in the end-systolic 

volume.  The high dose of ONO-AE1-329 increased the end-diastolic volume, stroke volume 

and ejection fraction for 5-30 min, but decreased the end-systolic volume for 5-15 min.  The 

infusion of dopamine, dobutamine or milrinone did not affect any of these variables.   

 

3.3. Effects on the ventricular end-systolic/end-diastolic pressure, peak +dP/dt and peak –

dP/dt 

The time courses of changes in the ventricular end-systolic/end-diastolic pressure, 

peak +dP/dt and peak –dP/dt are summarized in Fig. 4.  Their pre-drug control values for 
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ONO-AE1-329 were 130±6/7±1 mmHg, 2,384±98 mmHg/s and –3,583±375 mmHg/s; those 

for dopamine were 139±8/7±1 mmHg, 3,050±375 mmHg/s and –3,765±477 mmHg/s; those 

for dobutamine were 131±6/8±1 mmHg, 2,871±359 mmHg/s and –3,334±438 mmHg/s; and 

those for milrinone were 124±4/7±1 mmHg, 2,464±82 mmHg/s and –2,595±183 mmHg/s, 

respectively.  There was no significant difference in these respective pre-drug control values 

among the groups.   

The low dose of ONO-AE1-329 did not affect any of these variables.  The middle 

dose of ONO-AE1-329 increased the peak +dP/dt for 5-20 min and peak –dP/dt at 20 min, but 

decreased the end-systolic pressure at 10 and 30 min, whereas no significant change was 

detected in the end-diastolic pressure.  The high dose of ONO-AE1-329 increased the peak 

+dP/dt for 5-30 min and peak –dP/dt at 5 min and for 15-30 min, but decreased the end-

systolic pressure for 5-30 min, whereas no significant change was detected in the end-

diastolic pressure.  Dopamine and dobutamine increased the peak +dP/dt and peak –dP/dt, 

and milrinone increased the peak –dP/dt, whereas no significant change was detected in the 

other variables.   

 

3.4. Effects on the Emax, Emin and Tau 

The time courses of changes in the Emax, Emin and Tau are summarized in Fig. 5.  

Their pre-drug control values for ONO-AE1-329 were 17.5±2.4 mmHg/ml, 0.31±0.05 

mmHg/ml and 32.2±3.3 ms; those for dopamine were 27.3±7.5 mmHg/ml, 0.39±0.06 

mmHg/ml and 35.7±1.8 ms; those for dobutamine were 18.1±2.4 mmHg/ml, 0.37±0.07 

mmHg/ml and 34.1±2.4 ms; and those for milrinone were 17.0±4.0 mmHg/ml, 0.32±0.05 

mmHg/ml and 35.2±1.0 ms, respectively.  There was no significant difference in these 

respective pre-drug control values among the groups.   

The low and middle doses of ONO-AE1-329 did not affect any of these variables.  

The high dose of ONO-AE1-329 increased the Emax at 5 min, whereas no significant change 
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was detected in the other variables.  Dopamine or dobutamine hardly affected any of these 

variables.  Milrinone decreased the Tau at the end of 0.5 μg/kg/min infusion, whereas no 

significant change was detected in the other variables.   

 

3.5. Effects on the stroke work, potential energy, external/internal work ratio and systolic 

pressure-volume area 

The time courses of changes in the stroke work, potential energy, external/internal 

work ratio and systolic pressure-volume area are summarized in Fig. 6.  Their pre-drug 

control values for ONO-AE1-329 were 920±111 mmHg·ml, 320±43 mmHg·ml, 3.17±0.75 

and 1,240±69 mmHg·ml; those for dopamine were 951±186 mmHg·ml, 298±58 mmHg·ml, 

3.56±0.97 and 1,250±219 mmHg·ml; those for dobutamine were 1,155±169 mmHg·ml, 

326±43 mmHg·ml, 3.56±0.39 and 1,482±202 mmHg·ml; and those for milrinone were 

906±178 mmHg·ml, 354±73 mmHg·ml, 2.90±0.88 and 1,260±194 mmHg·ml, respectively.  

There was no significant difference in these respective pre-drug control values among the 

groups.   

The low dose of ONO-AE1-329 did not affect any of these variables.  The middle 

dose of ONO-AE1-329 increased the stroke work for 10-30 min, external/internal work ratio 

at 10 and 20 min and systolic pressure-volume area for 10-30 min, but decreased the potential 

energy at 5 min.  The high dose of ONO-AE1-329 increased the stroke work, 

external/internal work ratio and systolic pressure-volume area for 5-30 min, but decreased the 

potential energy for 5-30 min.  Dopamine, dobutamine or milrinone hardly affected any of 

these variables except that dopamine slightly but significantly increased the systolic pressure-

volume area.   

  



 

 

14

4. Discussion 

 

Cardiovascular effects of prostaglandin EP4-receptor stimulation by ONO-AE1-329 

in doses of 0.3, 1 and 3 ng/kg/min for 10 min were assessed in the halothane-anesthetized 

dogs (Izumi-Nakaseko et al., 2014; Nomura et al., 2015; Sugiyama 2008; Sugiyama et al., 

2001) with continuously monitoring the left ventricular pressure-volume relationship.  In 

order to better characterize the effects of ONO-AE1-329, its results were compared with those 

of clinically recommended intravenous doses of dopamine, dobutamine and milrinone, of 

which responses reached plateau by 5 min after the start of infusion.  As clearly 

demonstrated in this study, ONO-AE1-329 can enhance not only active relaxation but also 

passive filling of the left ventricle, the latter of which was not accomplished by any of the 

comparative drugs.   

 

4.1. Cardiohemodynamic profile 

 ONO-AE1-329 decreased the total peripheral resistance in a dose-related manner, 

leading to reductions of the systolic and diastolic blood pressure in spite of increases of the 

heart rate and cardiac output.  EP4-receptor agonists-induced vasodilator action has been 

reported on the mice aortic rings, human middle cerebral artery and rat mesenteric artery 

(Davis et al., 2004; Hristovska et al., 2007; Kida et al., 2014).  The EP4 receptor is known to 

be expressed in a variety of arteries and veins, of which expression is not restricted to smooth 

muscle cells but is also found in endothelial cells (Yokoyama et al., 2013).  Since EP4 

receptor has been reported to be coupled to Gαs protein (Konya et al., 2013; Yokoyama et al., 

2013), ONO-AE1-329 may increase cyclic AMP concentration in vascular smooth muscle 

cells, which may increase the rate of inactivation of myosin light chain kinase, resulting in the 

vasodilation (Katzung, 2015a).  Furthermore, EP4 receptor-dependent, cyclic AMP-

mediated stimulation of endothelial nitric oxide synthase (eNOS) activity has been reported in 
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the endothelium, leading to guanylyl cyclase-dependent relaxation of vascular smooth muscle 

(Hristovska et al., 2007), which might be also involved in the mechanism of ONO-AE1-329-

induced vasodilation.  On the other hand, positive chronotropic effect of ONO-AE1-329 was 

recently reported by us in dogs (Nomura et al., 2015).  Since EP4 receptor has been shown to 

be expressed in the cardiomyocytes (Yokoyama et al., 2013), EP4 receptor-dependent 

stimulation of adenylyl cyclase activity in the sinus nodal area may increase inward Ca2+ 

current via increase of cyclic AMP production, which may explain the ONO-AE1-329-

induced positive chronotropic action.  In addition, the decrease of the mean blood pressure 

may increase reflex-mediated sympathetic tone, which would have enhanced the positive 

chronotropic effect of the drug.   

 Dopamine decreased the total peripheral resistance, but increased the heart rate and 

cardiac output, resulting in no change in the systolic or diastolic blood pressure, which can be 

understood by its stimulatory actions on D1-receptors in several vascular beds and on ß1-

receptors in the heart (Katzung, 2015b).  Dobutamine increased the heart rate, cardiac output 

and systolic and diastolic blood pressure, whereas it tended to increase the total peripheral 

resistance although it did not achieve a statistical significance.  These results can be 

explained by its stimulatory actions on ß1-receptors and α1-receptors (Armstrong et al., 2004).  

Milrinone decreased the total peripheral resistance and diastolic blood pressure, but increased 

the heart rate and cardiac output, resulting in no change in the systolic blood pressure, which 

may reflect its inhibitory effect on phosphodiesterase 3, a form found in cardiac and smooth 

muscle (Armstrong et al., 2004).  Thus, the cardiohemodynamic profile of ONO-AE1-329 is 

considered to be more close to that of the phosphodiesterase 3 inhibitor than those of the 

catecholamines.   

 

4.2. Effects on each phase of the ventricular cycle 
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4.2.1. Isovolumetric contraction: During the isovolumic phase of systolic 

contraction, the left ventricle generates a high pressure, which eventually forces the aortic 

valve open.  The effects of drugs on the isovolumetric contraction phase were evaluated by 

the peak +dP/dt.  ONO-AE1-329 increased the parameter, indicating that EP4 receptor-

dependent stimulation of adenylyl cyclase activity in the ventricular cardiomyocyte may 

increase the inward Ca2+ current via increase of cyclic AMP production (Konya et al., 2013; 

Yokoyama et al., 2013).  The similar trend was observed by dopamine, dobutamine and 

milrinone, although milrinone did not achieve a statistical significance.  It is considered that 

dopamine and dobutamine induced it via ß1-receptor stimulation in the heart, whereas 

milrinone exerted it through an inhibition of phosphodiesterase 3 in the cardiomyocytes.   

4.2.2. Ventricular emptying: Ejection of the stroke volume ensues, and the aortic 

valve closes when aortic pressure exceeds left ventricular pressure.  Ventricular emptying 

function was estimated by the stroke volume and ejection fraction.  ONO-AE1-329 increased 

the end-diastolic volume after the middle and high doses infusion, but decreased the end-

systolic volume after the high dose infusion, resulting in significant increases of the stroke 

volume and ejection fraction, which were not observed by dopamine, dobutamine or 

milrinone.  Thus, the increases of the stroke volume and ejection fraction are considered to 

depend on the cardiac systolic and diastolic function after the high dose of ONO-AE1-329, 

whereas after the middle dose they may be induced by the diastolic function rather than the 

systolic function.  However, it would be difficult to evaluate these effects of dependency 

either on cardiac or vascular.  In addition, the contractile state of the left ventricle was 

estimated by the end-systolic pressure-volume relationship; namely, Emax (Armstrong et al., 

2004).  The high dose of ONO-AE1-329 increased the Emax, indicating the increased 

contractility, which was not observed by dopamine, dobutamine or milrinone.  These results 

suggest that ONO-AE1-329 can enhance the ventricular contractility during the ventricular 

emptying period more efficiently than the other drugs.   
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4.2.3. Active relaxation: Isovolumetric relaxation returns the ventricle to its lowest 

pressure state by consuming the energy for myocardial Ca2+ handling (Li et al., 2013).  This 

phase was evaluated by the peak –dP/dt as well as Tau.  ONO-AE1-329 as well as 

dopamine, dobutamine and milrinone increased the peak –dP/dt.  The phosphorylation of 

phospholamban via the EP4 receptor-dependent cyclic AMP signaling can be a major 

pathway for explaining the enhanced active relaxation of ONO-AE1-329.  Dopamine and 

dobutamine may have induced it via ß1-receptor stimulation dependent pathway in the heart, 

whereas milrinone could exert it through the inhibition of the degradation of cyclic AMP by 

phosphodiesterase 3 in cardiomyocytes (Armstrong et al., 2004).  ONO-AE1-329, dopamine 

or dobutamine hardly affected the Tau, whereas only milrinone decreased it, indicating that 

milrinone can enhance the active relaxation phase more effectively than the other drugs.   

4.2.4. Passive ventricular filling: Mitral valve opening allows the left ventricle to 

increase the volume as the chamber is filled with blood during diastole.  When left 

ventricular pressure exceeds the left atrial pressure, the mitral valve closes.  This phase was 

evaluated by the end-diastolic volume.  ONO-AE1-329 increased the end-diastolic volume, 

reflecting increased compliance of the left ventricular wall, which was not observed by 

dopamine, dobutamine or milrinone.  In addition, the passive stiffness of the left ventricle 

was estimated by the end-diastolic pressure-volume relationship; namely Emin.  However, 

ONO-AE1-329 as well as dopamine, dobutamine or milrinone hardly affected it, suggesting 

that Emin may not be an appropriate marker in the normal canine heart for assessing the 

passive filling period of the left ventricle.   

The increase of availability of nitric oxide has been reported to increase the diastolic 

function of the heart including earlier onset of relaxation and increase of diastolic 

distensibility (Armstrong et al., 2004; Boerrigter et al., 2003).  Furthermore, the molecular 

cell level of disorder in HFpEF is known to include impaired nitric oxide-cyclic GMP-protein 

kinase G signalling (van Heerebeek et al., 2012), which regulates diastolic tone and 
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ventricular filling through titin phosphorylation and troponin I phosphorylation (Kruger et al., 

2009).  Since EP4 receptor-mediated, endothelium-dependent stimulation of eNOS activity 

has been confirmed in aortic rings of mice (Hristovska et al., 2007) and eNOS is also 

constitutively expressed in cardiac myocytes (Balligand and Cannon, 1997), current 

observation suggests that such an EP4 receptor-dependent signal transduction system might 

be present in the heart.  Thus, eNOS activity-dependent signal transduction pathway would 

become a target of study to better understand how pharmacological EP4-receptor stimulation 

improves the passive ventricular filling.   

 

4.3. Effects on the external/internal works 

 The external and internal works were estimated by stroke work and potential energy, 

respectively.  ONO-AE1-329 significantly increased the stroke work, which was not induced 

by dopamine, dobutamine or milrinone.  ONO-AE1-329 decreased the potential energy and 

milrinone tended to decrease it, whereas dopamine and dobutamine hardly affected it.  

Accordingly, the order of the extent of change in the external/internal work ratio was ONO-

AE1-329 >>milrinone ≥dopamine =dobutamine.  Meanwhile, ONO-AE1-329 and dopamine 

increased the systolic pressure-volume area: a sum of external and internal works, which 

reflects the increase of left ventricular oxygen consumption (Suga et al., 1984), whereas 

dobutamine or milrinone hardly affected it.  Although caution has to be paid for the use of 

ONO-AE1-329 for patients with ischemic heart disease, these results suggest that ONO-AE1-

329 may be the best strategy among the 4 drugs in effectively increasing the stroke work with 

decreasing potential energy.   

 

4.4. Potential clinical application and limitation 

 One leading mechanism of HFpEF is left ventricular diastolic dysfunction, consisting 

of abnormal active relaxation and increased passive stiffness (Zile et al., 2004).  All of the 4 
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drugs improved the former, whereas only ONO-AE1-329 can reduce the latter, of which 

increase limits cardiac output by elevating left ventricular end-diastolic pressure and 

decreasing stroke volume (Li et al., 2013).  The halothane-anesthetized dogs can well mimic 

the drug-induced cardiovascular responses in healthy human subjects (Sugiyama, 2008); 

however, there may be some potential, including that the true changes in human may be 

different from those in the animals.  Also, since the present study was conducted with the 

normal canine heart, efficacy of ONO-AE1-329 on the left ventricle with diastolic 

dysfunction needs to be examined by using the pathologically modified heart models.   

 

5. Conclusions 

 EP4-receptor stimulation by ONO-AE1-329 is expected to better improve the passive 

ventricular filling than the conventional cardiotonic drugs, which may become a candidate of 

a novel therapeutic strategy for the treatment of patients with HFpEF.   
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Figure legends 

 

Fig. 1   

The time courses of changes in the heart rate (HR), systolic blood pressure (SBP, circles), 

diastolic blood pressure (DBP, squares), cardiac output (CO) and total peripheral resistance  

(TPR) before and after the infusion of ONO-AE1-329 (n=4), dopamine (DOA, n=5), 

dobutamine (DOB, n=5) and milrinone (MIL, n=4).  Data are presented as mean±S.E.M.  

Closed symbols represent significant changes from the respective pre-drug control values (C) 

by P<0.05.   

 

Fig. 2   

Typical tracings of the left ventricular pressure-volume loop before and at 10 min after the 

start of 0.3, 1 and 3 ng/kg/min of ONO-AE1-329 infusion.  Each trace consists of 5 cardiac 

cycles.  Note that ONO-AE1-329 increased the end-diastolic volume, but decreased the end-

systolic volume, resulting in the increase of stroke volume.   

 

Fig. 3   

The time courses of changes in the end-systolic volume (ESV, circles), end-diastolic volume 

(EDV, squares), stroke volume (SV, triangles) and ejection fraction (EF) before and after the 

infusion of ONO-AE1-329 (n=4), dopamine (DOA, n=5), dobutamine (DOB, n=5) and 

milrinone (MIL, n=4).  Data are presented as mean±S.E.M.  Closed symbols represent 

significant changes from the respective pre-drug control values (C) by P<0.05.   

 

Fig. 4   

The time courses of changes in the end-systolic pressure (ESP, circles), end-diastolic pressure 

(EDP, squares), maximum upstroke velocity of the left ventricular pressure (peak +dP/dt, 
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circles) and maximum downstroke velocity of left ventricular pressure (peak –dP/dt, squares) 

before and after the infusion of ONO-AE1-329 (n=4), dopamine (DOA, n=5), dobutamine 

(DOB, n=5) and milrinone (MIL, n=4).  Data are presented as mean±S.E.M.  Closed 

symbols represent significant changes from the respective pre-drug control values (C) by 

P<0.05.   

 

Fig. 5 

The time courses of changes in the maximum elastance (Emax), minimum elastance (Emin) and 

isovolumic relaxation constant (Tau) before and after the infusion of ONO-AE1-329 (n=4), 

dopamine (DOA, n=5), dobutamine (DOB, n=5) and milrinone (MIL, n=4).  Data are 

presented as mean±S.E.M.  Closed symbols represent significant changes from the 

respective pre-drug control values (C) by P<0.05.   

 

Fig. 6  

The time courses of changes in the stroke work (SW), potential energy (PE), external/internal 

work ratio (SW/PE) and systolic pressure-volume area (PVA) before and after the infusion of 

ONO-AE1-329 (n=4), dopamine (DOA, n=5), dobutamine (DOB, n=5) and milrinone (MIL, 

n=4).  Data are presented as mean±S.E.M.  Closed symbols represent significant changes 

from the respective pre-drug control values (C) by P<0.05.   
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Laboratory Animal Science 1 

Note 2 
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Feasible induction of  coronary artery vasospasm occurred during cardiac 4 

catheterization in a microminipig  5 
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ABSTRACT. 26 

 27 

A 14 month-old intact microminipig ,  weighing 8 kg showed ST-segment 28 

elevation in A-B lead electrocardiogram during cardiac catheterization 29 

followed by tachycardia,  which degenerated into ventricular fibri llat ion.  30 

Although a direct  current defibril lation of 360 J was applied,  ventricular 31 

tachycardia re-occurred for another 2 t imes and the direct  defibril lation was 32 

repeated.  After returning to normal sinus rhythm, a marked ST-segment 33 

elevation was sti ll  observed on lead II,  III and aVF together with a remarkable 34 

decrease in contracti li ty of inferior wall .   The heart  was excised for precise 35 

macroscopic and histological  examinations,  but  there was no dissection, 36 

embolus or thrombus in the coronary arteries.   These findings suggest  that  37 

right coronary artery vasospasm could have caused the ischemic attack, 38 

leading to lethal  arrhythmias.   39 

 40 

KEY WORDS: coronary spastic angina,  defibril lator,  sudden cardiac death 41 

42 
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 A miniature pig has been used in biomedical  research as a laboratory 43 

animal,  because of i ts similarit ies to humans in many of the organs including 44 

cardiovascular,  urinary,  integumentary and digestive systems [11].  However, 45 

there are many reports describing that  pigs are generally susceptible to stress,  46 

resulting in the onset  of various types of i llnesses [3, 8] .   Microminipig  is the 47 

smallest pig in the world optimized for life-science research by Fuji  Micra Inc.  48 

(Fujinomiya, Japan) [5, 6, 10] .   Recently,  we encountered one case of 49 

microminipig  showing myocardial ischemic attack leading to the onset  of 50 

lethal arrhythmias during cardiac catheterization.  Since the onset  51 

mechanism of a sudden death in swines including miniature pigs or 52 

microminipigs sti ll  remains unknown, we analyzed this case to clarify 53 

possible pathophysiology that  caused ischemic attack.  54 

Male microminipigs  were obtained from Fuji  Micra Inc.  to evaluate the 55 

cardiovascular effects of new chemical  compounds.  The experiment was 56 

approved by the Animal Research Committee for Animal Experimentation of 57 

Toho Universi ty (No. 15-52-275) and performed in accordance with the 58 

Guidelines for the Care and Use of Laboratory Animals of Toho University.   59 

The microminipig of 14 month-old weighing, 8 kg was pre-anesthetized by an 60 

intramuscular injection of ketamine (16 mg/kg; Ketalar®,  Daiichi  Sankyo Co., 61 

Ltd.,  Tokyo, Japan) /  xylazine (1.6 mg/kg; Celactal®,  Bayer Health Care Co.,  62 

Ltd.,  Osaka, Japan).   Propofol (Frensenius Kabi Co., Ltd.,  Tokyo, Japan) was 63 

intravenously administered in a dose of 10 mg/body over 20 s through the 64 

superficial  auricular vein.   Endotracheal  intubation was performed with the 5 65 

mm cuffed tube.   Anesthesia was maintained with 1% halothane (Fluothane®, 66 

Takeda Pharmaceutical Co.,  Ltd.,  Osaka, Japan) vaporized with 100% oxygen 67 
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4 

with volume-limited ventilator (SN-480-3; Shinano Manufacturing Co.,  Ltd. ,  68 

Tokyo, Japan) in order to examine the uti li ty of microminipigs  for assessing 69 

drug-induced QT-interval prolongation in comparison with that of dogs.    A 70 

tidal  volume and respiratory rate were set at  10 m l/kg and 15 strokes/min, 71 

respectively.   The microminipig  was placed in supine posit ion.   A-B lead 72 

electrocardiogram was obtained by using a polygraph system (RM-6000; 73 

Nihon Kohden Co.,  Ltd. ,  Tokyo, Japan).   Heparin calcium in a dose of 100 74 

IU/kg (Caprocin®, Sawai Pharmaceutical  Co.,  Ltd. , Osaka, Japan) was 75 

intravenously administered to prevent blood clotting.   A clinically available 76 

6F-size,  catheter-sheath set  (FAST-CATH®, 406108; St.  Jude Medical  Daig 77 

Division, Inc. ,  Minnetonka, MN, USA) was inserted into the left femoral 78 

artery to measure blood pressure.   A 4F-size,  catheter-sheath set  79 

(RADIOFOCUS®, RR-A40G10A; Terumo Corporation, Tokyo, Japan) was 80 

inserted into the left  femoral  vein to obtain blood sample.  After the 81 

catheter-sheath set  was inserted, halothane was decreased to 0.5%.  After 1 82 

hr of stabil ization, the blood pressure and heart  rate were 65/35 mmHg and 50 83 

bpm, respectively.   In our database on microminipigs ,  the systolic/diastolic 84 

blood pressure and heart  rate (measn±SD, n=40) were 81±16/52±12 mmHg 85 

and 75±20 bpm, respectively under the currently used experimental  condition, 86 

indicating that  the blood pressure and heart rate in this case were relat ively 87 

low, but each value was more than the levels of mean–1.5 SD.  A 5F-size, 88 

pig-tai l catheter (Cordis Corporation, Fremont,  CA, USA) was inserted 89 

through catheter-sheath placed at  the left  femoral  artery,  t ip of which was set  90 

out to be placed in the left  ventricle to measure the left  ventricular pressure.  91 

However,  we could not place the pig-tail  catheter into the left  ventricle even 92 
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under fluoroscopic guidance, because of the difficulty for i ts  t ip to pass 93 

through the aortic valve.   About 10 min after the removal of it ,  we 94 

alternatively inserted a 5F-size;  external  diameter 1.7 mm “Amplatz catheter 95 

for right coronary ar tery” (Cordis Corporation) into the left  ventricle under 96 

fluoroscopic guidance by using a guide wire technique and then started to 97 

monitor the left  ventricular pressure.   98 

 About 5 min later, we noticed that  the ST-segment in the A-B lead 99 

electrocardiogram was elevated (Fig.  1A, middle panel).  Then, polymorphic 100 

ventricular tachycardia occurred within 1 min after the onset  of ST-segment 101 

elevation (Fig.  1A, lower panel), which degenerated into ventricular 102 

fibril lation.  The direct  current defibri llation of 360 J was applied,  which 103 

terminated the ventricular fibri llation, returning to a normal sinus rhythm.  104 

About 5 min after the init ial  direct  current defibril lat ion, the heart rate and 105 

blood pressure were 33 bpm and 32/21 mmHg, respectively.   Next,  atropine 106 

sulfate hydrate (0.5 mg; Mitsubishi  Tanabe Pharma Corporation, Osaka, 107 

Japan) and adrenaline (0.1 mg; Bosmin®, Daiichi Sankyo Co.,  Ltd. ,  Tokyo, 108 

Japan) were intravenously administered to increase the heart  rate and blood 109 

pressure,  respectively.   However,  in less than 1 min after the drugs were 110 

administered, ventricular tachycardia re-occurred, which degenerated into 111 

ventricular fibril lation.  The direct  current defibril lation of 360 J was 112 

applied another 2 t imes,  and the latest  one terminated the ventricular 113 

fibril lation, resulting in a return to normal sinus rhythm.  The heart  rate and 114 

blood pressure became 120 bpm and 100/81 mmHg, respectively.   We 115 

recorded limb-lead electrocardiogram to clarify the ischemic lesion in the 116 

heart by using electrocardiogram recorder (FCP-4101; Fukuda Denshi Co.,  117 
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Ltd.,  Tokyo, Japan).   A marked ST-segment elevation was observed in leads 118 

II,  III and aVF, whereas ST-segment depression was found in leads I and aVL 119 

(Fig.  1B),  suggesting the presence of the transmural  ischemia in the inferior 120 

wall .   Transthoracic echocardiography (Vivid i® cardiovascular ultrasonic 121 

scanner,  GE Medical  Systems, Tokyo, Japan) was performed to confirm the 122 

abnormality of wall  motion of the ventricles.   Echocardiographic images in 123 

the long- and short-axis views are depicted in Fig.  2.   Severe hypokinesis 124 

was observed in the inferior wall,  and we decided to terminate this 125 

experiment.    126 

In order to clarify the pathophysiology occurred in this animal,  1 hr 127 

after the echocardiography, we sacrificed the microminipig  with injection of 128 

20 ml  of KCl in 6 M solution (Wako Pure Chemical  Industries,  Ltd.,  Osaka, 129 

Japan).   The heart was excised and immediately fixed in 4% (w/v) 130 

paraformaldehyde  solution (Wako Pure Chemical  Industries,  Ltd.).   The heart 131 

later underwent detailed necropsy.  Macroscopic analysis indicated that  there 132 

was no dissection, embolus or thrombus in the right or left  coronary artery.   133 

A microscopic study for whole heart  also showed no histological  change of 134 

inflammation, necrosis or hemorrhage in the tissue sections examined (Fig.  3).    135 

 In domestic pigs, porcine stress syndrome has been reported as one of 136 

the causes of sudden death, which is linked to a single point  mutation in the 137 

skeletal  muscle ryr  gene [4].   However,  there is  no report  about the 138 

stress-induced responses of the microminipig .   In this case,  ST-segment 139 

elevation was observed in lead II,  III and aVF, suggesting the presence of 140 

t ransmural  ischemia in the inferior myocardial  wall , which may be supported 141 

by the regional wall-motion abnormality in the echocardiography.  There are 142 
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several  known etiologies that can induce transmural  ischemia,  i .e.  coronary 143 

artery occlusion by embolism, dissection, thrombus and/or vasospasm, etc.  [1,  144 

2, 7] .  In our case,  coronary artery occlusion by embolism, dissection or 145 

thrombus was not identified by macroscopic pathological  observation of the 146 

heart.   No histological  changes indicating acute myocardial  infarction were 147 

observed in the t issue sections that were obtained 1 hr after the ST-segment 148 

elevation.  The t ip of catheter was placed in the left  ventricle without fail ,  149 

since the left  ventricular pressure was measured.  Thus,  there was no 150 

possibil ity of obstruction at the inlet of coronary artery by “Amplatz catheter” 151 

itself.   More importantly,  we speculate that  during the insert ion of the 152 

catheter into the left  ventricle,  i t  might have injured the inlet of the right 153 

coronary artery,  which would trigger the vasospasm.  In addition, side effects 154 

of propofol and/or individual factors like low blood pressure could also be 155 

considered as substrates for the at tack.  While coronary artery vasospasm has 156 

been reported in the atherosclerotic miniature pig [9] ,  this is  the first  report  157 

that  described feasible induction of coronary artery vasospasm in the healthy 158 

normal microminipig ,  which may part ly explain the onset  mechanism of a 159 

sudden death in swine.   However, incidence as well  as reproducibil ity of this 160 

attack st il l  remains unknown. 161 

162 
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Fig. 1.    217 

Electrocardiograms during the study.  (A) The upper panel shows the 218 

electrocardiogram (A-B lead) before insertion of Amplatz catheter via the 219 

femoral  artery.   Middle panel represents ST-segment elevation about 5 min 220 

after the insert ion of Amplatz catheter.   The lower panel shows polymorphic 221 

ventricular tachycardia that  was observed within 1 min after the onset  of 222 

ST-segment elevation.   (B) Limb-leads electrocardiogram revealed 223 

ST-segment elevation in II,  III and aVF, indicating transmural ischemia in the 224 

inferior myocardial  wall .   The vertical  scale of 2 mV in the figure is  common 225 

to A and B.  226 

 227 

Fig. 2.    228 

Echocardiographic images after ST-segment elevation.  Arrows indicate the 229 

region of contractile dysfunction.  Parasternal  long-axis at  end-diastole (A) 230 

and at  end-systole (B);  and parasternal  short-axis at end-diastole (C) and at  231 

end-systole (D).   LV: left  ventricle,  and RV: right ventricle.     232 

 233 

Fig. 3 234 

Microscopic study.  (A)  The myocardium of inferior wall of the left  ventricle 235 

at risk for ischemia is composed of bundles of cardiomyocytes,  which are 236 

regularly arranged with a portion containing delicate blood vessels.   There 237 

was no finding showing the presence of inflammation, necrosis and 238 

hemorrhage.   Scale bar:  1 mm.  (B) Higher magnification of (A).  The 239 

individual cardiomyocyte has central  nucleus with a clear zone.  Lack of 240 

inflammation, necrosis or hemorrhage in the myocardium indicated absence of 241 
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acute myocardial infarction.  Scale bar:  200 μm .    242 
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ABSTRACT — Vidarabine has been used for the treatment of patients with local and systemic herpes 
virus infection; moreover, it was recently reported that it inhibits cardiac type 5 adenylyl cyclase. Fur-
thermore, vidarabine has been shown to suppress atrial fibrillation and improve congestive heart failure in 
experimental models of mice induced by the isoproterenol infusion. Since information that can explain its 
experimentally demonstrated efficacy against congestive heart failure and atrial fibrillation remains lim-
ited, in this study we precisely assessed cardio-electropharmacological effect using the halothane-anes-
thetized canine model. Vidarabine was intravenously administrated in three escalating doses of 1, 10, 100 
mg/kg over 10 min with a pause between the doses (n = 4). Meanwhile, the vehicle dimethyl sulfoxide 
in volumes of 0.033, 0.033 and 0.33 mL/kg was intravenously administrated in the same manner as was 
vidarabine (n = 4). No significant difference was detected in any cardiohemodynamic or electrophysiolog-
ical variables between the vehicle- and vidarabine-treated groups, which indicates that effective doses of 
vidarabine adequately inhibiting type 5 adenylyl cyclase did not affect the cardiovascular variables in vivo 
at all, showing its cardiac safety profile under physiological condition. Thus, the clinical utility of vidara-
bine might be limited to the pathological situation including congestive heart failure with increased adren-
ergic tone and/or sympathetic nerve-dependent atrial fibrillation.

Key words:  Vidarabine, Type 5 adenylyl cyclase, Atrial fibrillation, Congestive heart failure
 

INTRODUCTION

Vidarabine has been used for the treatment of patients 
with local and systemic herpes virus infection, which was 
firstly approved as an antiviral drug in Japan (Acosta,  
2011; Thompson and Whitley, 2011). Vidarabine in a 
dose of 10-15 mg/kg is clinically recommended for the 
treatment of herpes simplex encephalitis in the interview 
form (Sep. 2011, ver.3) from the manufacturer. Moreover, 
vidarabine has been reported to inhibit type 5 adenylyl 
cyclase (Iwatsubo et al., 2004), thus to improve the left 

ventricular ejection fraction and survival rate of experi-
mental mice models of congestive heart failure (Iwatsubo 
et al., 2012). Recently, vidarabine was shown to suppress 
atrial fibrillation of mice induced by transesophageal atri-
al burst pacing during isoproterenol infusion (Suita et 
al., 2014). Directionally similar action has been reported 
in type 5 adenylyl cyclase knockout mice, including the 
attenuation of sympathetic responsiveness (Okumura et 
al., 2003). Thus, vidarabine is now expected as an alter-
native strategy against congestive heart failure and atri-
al fibrillation. 
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Since there is only limited information regarding the 
cardio-electropharmacological effects of vidarabine that 
will explain its utility against congestive heart failure and 
atrial fibrillation, in this study we precisely assessed those 
effects using the halothane-anesthetized canine mod-
el (Sugiyama, 2008; Sugiyama et al., 2004; Kise et al., 
2010; Mitsumori et al., 2010). The model has been used 
for simultaneously analyzing in vivo cardiohemodynamic 
and electrophysiological profiles of various kinds of drugs 
under physiologically maintained mechanical and electri-
cal conditions, and has been found to mimic the drug-in-
duced response in humans (Sugiyama, 2008; Sugiyama 
et al., 2004; Kise et al., 2010; Mitsumori et al., 2010). 
To better analyze the electrophysiological effects of the 
drug on atrium, we recorded the atrial effective refracto-
ry period and P-wave duration. To our knowledge, this is 
the first report describing the electropharmacological pro-
file of vidarabine in vivo. 

MATERIALS AND METHODS

Experiments were performed with male beagle dogs 
weighing approximately 10 kg. The dogs were obtained 
through Kitayama Labes Co., Ltd. (Nagano, Japan), and 
were kept in individual cages on a 12 hr light (6:00-
18:00)-dark (18:00-6:00) cycle. The ventilation provid-
ed a total air exchange rate of 10-15 times per hour. The 
room temperature was maintained at 23 ± 2°C, and rela-
tive humidity was 50 ± 30%. Each dog was fed 200 g/day 
of standard diet (CD-5M, CLEA Japan, Tokyo, Japan), 
and was allowed free access to tap water. All experi-
ments were approved by the Animal Research Committee  
for Animal Experimentation of Toho University (No. 
15-55-151) and performed in accordance with the Guide-
lines for the Care and Use of Laboratory Animals of Toho  
University. All studies involving animals are reported in 
accordance with the ARRIVE guidelines for reporting 
experiments involving animals (Kilkenny et al., 2010; 
McGrath et al., 2010). 

Cardiohemodynamic parameters
The dogs were anesthetized initially with thiopental 

sodium (30 mg/kg, i.v.). After intubation with a cuffed 
endotracheal tube, 1% halothane vaporized with 100% 
oxygen was inhaled with a volume-limited ventilator 
(SN-480-3; Shinano Manufacturing Co., Ltd., Tokyo, 
Japan). Tidal volume and respiratory rate were set at  
20 mL/kg and 15 strokes/min, respectively. Five clinical-
ly available catheter-sheath sets (FAST-CATHTM 406119; 
St. Jude Medical Daig Division, Inc., Minnetonka, MN, 
USA) were used; two were placed in the right and left 

femoral arteries respectively, two were done in the right 
femoral vein, and one was done in the left femoral vein. 
To prevent blood clotting, heparin calcium (100 IU/kg) 
was intravenously administered through a flush line of 
the catheter sheath placed at the right femoral vein. A 
pig-tail catheter was placed at the left ventricle to meas-
ure the left ventricular pressure, whereas blood pressure 
was measured at a space between inside of the catheter 
sheath and outside of the pig-tail catheter through a flush 
line. The maximum upstroke velocity of the left ventricu-
lar pressure (LVdP/dtmax) and the left ventricular end-di-
astolic pressure were obtained during sinus rhythm to 
estimate the contractility and the preload to the left ven-
tricle, respectively. A thermodilution catheter (TC504-
NH; Nihon Kohden Corporation, Tokyo, Japan) was 
positioned at the right side of the heart through the right 
femoral vein. The cardiac output was measured with a 
standard thermodilution method by using a cardiac output 
computer (MFC-1100; Nihon Kohden Corporation). The 
total peripheral resistance was calculated with the basic 
equation: total peripheral resistance = mean blood pres-
sure/cardiac output.

Electrophysiological parameters
The surface lead II electrocardiogram was obtained 

from the limb electrodes. Corrected QT interval 
(QTc) was calculated with Van de Water’s formula:  
QTc = QT − 0.087 × (RR − 1,000) (Van de Water et al., 
1989). A standard 6 French quad-polar electrodes cathe-
ter (Cordis-Webster Inc., Baldwin Park, CA, USA) was 
positioned at the non-coronary cusp of the aortic valve 
through the left femoral artery to obtain the His bundle 
electrogram. A bi-directional steerable monophasic action 
potential (MAP) recording/pacing combination cathe-
ter (1675P; EP Technologies, Inc., Sunnyvale, CA, USA) 
was positioned at the endocardium of the right ventri-
cle through the left femoral vein to obtain MAP signals. 
The signals were amplified with a DC preamplifier (mod-
el 300; EP Technologies, Inc.). The duration of the MAP 
signals was measured as an interval, along a line horizon-
tal to the diastolic baseline, from the MAP upstroke to 
the desired repolarization level. The interval (ms) at 90% 
repolarization level was defined as MAP90. A standard  
6 French quad-polar electrodes catheter (Cordis-Webster 
Inc.) was positioned at the top of the right atrium through 
the left femoral vein to electrically pace the sinus nodal 
area and record the local electrogram. The right ventricle 
and right atrium were electrically driven using a cardiac 
stimulator (SEC-3102; Nihon Kohden Corporation) with 
the pacing electrodes. The stimulation pulses were rectan-
gular in shape, 1-2 V (about twice the threshold voltage) 
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and of 1-ms duration. The MAP90 was measured during 
sinus rhythm (MAP90(sinus)) and at a pacing cycle length 
of 400 ms (MAP90(CL400)) and 300 ms (MAP90(CL300)). The 
effective refractory periods of the right ventricle and atri-
um were assessed by the programmed electrical stimula-
tion (SEC-3102; Nihon Kohden Corporation). The pacing 
protocol consisted of 5 beats of basal stimuli in a cycle 
length of 400 ms followed by an extra stimulus of vari-
ous coupling intervals. Starting in late diastole, the cou-
pling interval was shortened in 5-10 ms decrements 
until refractoriness occurred. The duration of the termi-
nal repolarization period of the ventricle, reflecting phase 
3 repolarization of the action potential, was calculat-
ed by the difference between the MAP90(CL400) and effec-
tive refractory period at the same site, which reflects the 
extent of electrical vulnerability of the ventricular muscle  
(Sugiyama, 2008; Ishizaka et al., 2008; Yoshida et al., 
2002; Sugiyama and Hashimoto, 2002).

Experimental protocol
The systemic blood pressure, left ventricular pres-

sure, electrocardiogram (ECG), His bundle electrogram 
and MAP signals were monitored with a polygraph sys-
tem (RM-6000, Nihon Kohden Corporation) and ana-
lyzed by using a real-time full automatic data analysis 
system (WinVAS3 ver 1.1R24; Physio-Tech Co., Ltd., 
Tokyo, Japan). Each measurement of ECG, MAP as well 
as atrio-His (AH) and His-ventricular (HV) intervals was 
the mean of three recordings of consecutive complexes. 
The cardiovascular variables were assessed in the fol-
lowing order. The ECG, His bundle electrogram, system-
ic and left ventricular pressures, and MAP signals were 
recorded under the sinus rhythm. Next, the cardiac output 
was measured three times. The atrial effective refracto-
ry period was recorded during the atrial pacing at a cycle 
length of 400 ms. Then, MAP signals were recorded dur-
ing the ventricular pacing at a cycle length of 400 and 
300 ms. Finally, the ventricular effective refractory peri-
od was measured at a cycle length of 400 ms. All varia-
bles described above were usually obtained within 2 min 
at each time point. 

After the basal assessment, vidarabine in a low 
dose of 1 mg/kg was intravenously administered over  
10 min, and each variable was assessed at 5, 10, 15, 20 and  
30 min after the start of the infusion (n = 4). Then, vidara-
bine in a middle dose of 10 mg/kg, was intravenously 
administered over 10 min, and each variable was assessed 
in the same manner. Finally, vidarabine in a high dose of  
100 mg/kg was intravenously administered over 10 min, 
and each variable was assessed at 5, 10, 15, 20, 30, 45 and 
60 min after the start of the infusion. We also assessed the 

effects of the vehicle, dimethyl sulfoxide (DMSO) in vol-
umes of 0.033, 0.033 and 0.33 mL/kg, on the cardiovas-
cular variables in the same manner as those for vidarab-
ine (n = 4). 

Drugs
Vidarabine [9-β-D-arabinofuranosyladenine] (Ara-A®, 

Mochida Pharmaceutical Co., Ltd., Tokyo, Japan) and 
DMSO (Wako Pure Chemical Industries, Ltd., Osaka,  
Japan) were purchased. Other drugs used were thiopen-
tal sodium (Ravonal® 0.5 g for Injection, Mitsubishi  
Tanabe Pharma Corporation, Osaka, Japan), halothane  
(Fluothane®, Takeda Pharmaceutical Co., Ltd., Osaka,  
Japan) and heparin calcium (Caprocin®,  Sawai  
Pharmaceutical Co., Ltd., Osaka, Japan). 

Vidarabine was dissolved in 30 and 300 mg/mL 
of DMSO, since it could not be dissolved in physio-
logical saline solution. The 30 mg/mL solution was 
used for the assessment of the low dose of vidarabine  
(1 mg/0.033 mL/kg), whereas 300 mg/mL one was infused 
for the middle and high doses (10 mg/0.033 mL/kg  
and 100 mg/0.33 mL/kg, respectively). 

Statistical analysis
Data are presented as the mean ± S.E. The statistical 

significances between the DMSO- and vidarabine-treat-
ed groups were evaluated by two-way repeated-measures 
analysis of variance (ANOVA). A p value < 0.05 was con-
sidered to be statistically significant.

RESULTS

No animals exerted any lethal ventricular arrhythmias 
or cardiohemodynamic collapse.

Effects on hemodynamic variables
The time courses of changes in the hemodynamic var-

iables are summarized in Fig. 1 and Fig. 2 (n = 4 for each 
group). The pre-drug control values (C) of the heart rate, 
mean blood pressure, total peripheral vascular resistance, 
cardiac output, LVdP/dtmax and left ventricular end-di-
astolic pressure were 96 ± 12 beats/min, 113 ± 7 mmHg, 
100 ± 17 mmHg/(L/min), 1.2 ± 0.16 L/min, 2,604 ± 353 
mmHg/s and 7 ± 1 mmHg in the DMSO group, whereas 
those were 86 ± 13 beats/min, 109 ± 6 mmHg, 109 ± 13 
mmHg/(L/min), 1.03 ± 0.08 L/min, 1,898 ± 358 mmHg/s 
and 12.9 ± 1.1 mmHg in the vidarabine group, respec-
tively. No significant difference was detected in any of 
these variables between the DMSO- and vidarabine-treat-
ed groups. 
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Fig. 1. Time courses of the effects of dimethyl sulfoxide (DMSO, left panels) and vidarabine (right panels) on the heart rate (HR), mean 
blood pressure (MBP), and total peripheral vascular resistance (TPR). Data are presented as the mean ± S.E. (n = 4). 

Fig. 2. Time courses of the effects of dimethyl sulfoxide (DMSO, left panels) and vidarabine (right panels) on the cardiac output (CO), the 
maximum upstroke velocity of the left ventricular pressure (LVdP/dtmax), and left ventricular end-diastolic pressure (LVEDP). Data 
are presented as the mean ± S.E. (n = 4). 
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Effects on the ECG variables during the sinus 
rhythm

The time courses of changes in the ECG variables are 
summarized in Fig. 3 (n = 4 for each group). The pre-
drug control values (C) of the QT interval, QTc, PR inter-
val, P-wave duration and QRS width were 334 ± 29, 363 
± 22, 95 ± 4, 70 ± 3 and 72 ± 3 ms in the DMSO group, 
whereas those were 403 ± 55, 425 ± 46, 115 ± 6, 74 ± 4 
and 76 ± 3 ms in the vidarabine group, respectively. No 
significant difference was detected in any of these varia-
bles between the DMSO- and vidarabine-treated groups. 
In particular, no significant difference was detected in 
P-wave duration between the DMSO- and vidarabine-
treated groups.

Effects on the AH and HV intervals, and MAP 
duration during the sinus rhythm

The time courses of changes in the MAP90(sinus), and AH 

and HV intervals are summarized in Fig. 3 (n = 4 for each 
group). The pre-drug control values (C) were 268 ± 22, 
78 ± 5 and 31 ± 3 ms in the DMSO group, whereas those 
were 318 ± 39, 88 ± 6 and 31 ± 3 ms in the vidarabine 
group, respectively. No significant difference was detect-
ed in any of these variables between the DMSO- and 
vidarabine-treated groups.

Effects on the MAP90 during the ventricular 
pacing

The time courses of changes in MAP90(CL400) and 
MAP90(CL300) are summarized in Fig. 4 (n = 4 for each 
group). The pre-drug control values (C) of the MAP90(CL400) 
and MAP90(CL300) were 270 ± 20 and 238 ± 14 ms  
in the DMSO group, whereas those were 294 ± 22 and  
248 ± 11 ms in the vidarabine group, respectively. No sig-
nificant difference was detected in any of these variables 
between the DMSO- and vidarabine-treated groups.

Fig. 3. Time courses of the effects of dimethyl sulfoxide (DMSO, left panels) and vidarabine (right panels) on the PR interval (PR: cir-
cles), P-wave duration (P wave: triangles), QRS width (QRS: circles), QT interval (QT: circles), QT corrected by Van de Water’s 
formula (QTc: triangles), atrio-His interval (AH: circles), His-ventricular interval (HV: triangles), and duration of monophasic ac-
tion potential at 90% repolarization level during the sinus rhythm (MAP90(sinus)). Data are presented as the mean ± S.E. (n = 4). 
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Effects on the effective refractory period and 
terminal repolarization period

The time courses of changes in the effective refracto-
ry period and terminal repolarization period are summa-
rized in Fig. 4. The pre-drug control values (C) of the 
ventricular effective refractory period, terminal repolari-
zation period and atrial effective refractory period were 
241 ± 20, 29 ± 13 and 175 ± 12 ms in the DMSO group, 
whereas those were 251 ± 24, 43 ± 3 and 185 ± 9 ms in 
the vidarabine group, respectively. No significant differ-
ence was detected in any of these variables between the 
DMSO- and vidarabine-treated groups. In particular, no 
significant difference was detected in the atrial effective 
refractory period between the DMSO- and vidarabine-
treated groups.

DISCUSSION

In the present study, we simultaneously assessed the 

cardiohemodynamic and electrophysiological effects of 
vidarabine using the halothane-anesthetized canine model 
under physiologically maintained electrical and mechan-
ical conditions in vivo. No significant difference was 
detected in any of the cardiovascular variables between 
the vehicle- and vidarabine-treated groups.

Rationale for the drug doses assessed
Since the clinically recommended dose of vidara-

bine for herpes encephalitis has been reported to be  
10-15 mg/kg/day in Japan (interview form from the man-
ufacturer), we assessed the cardiovascular effects in intra-
venous doses of 1, 10 and 100 mg/kg in this study. Based 
on our previous knowledge with the halothane-anesthe-
tized canine model (Kise et al., 2010; Kitahara et al., 2013;  
Yamazaki-Hashimoto et al., 2015), the peak plas-
ma concentration after the administration of 1, 10 and  
100 mg/kg/10 min of a drug could be estimated to be 
approximately 1, 10 and 100 µg/mL, respectively. Mean-

Fig. 4. Time courses of the effects of dimethyl sulfoxide (DMSO, left panels) and vidarabine (right panels) on the duration of monophasic 
action potential (MAP) at 90% repolarization level during the ventricular pacing at a cycle length of 400 ms (MAP90(CL400)) and  
300 ms (MAP90(CL300)), atrial effective refractory period (AERP), ventricular effective refractory period (VERP), and terminal repo-
larization period (TRP = MAP90(CL400)− VERP). Data are presented as the mean ± S.E. (n = 4). 
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while, the peak plasma concentration of vidarabine after 
the intravenous administration in a dose of 10 mg/kg for  
3 hr to healthy human subjects has been shown to be  
0.2 µg/mL (0.75 μM) in the interview form from the man-
ufacturer. Thus, the doses of vidarabine assessed in this 
study would be considered to provide supratherapeutic 
level of the plasma drug concentration. In addition, 10 µM 
of vidarabine has been reported to reduce the cyclic AMP 
synthesis rate of type 5 adenylyl cyclase in the transgen-
ic mice heart, in which type 5 adenylyl cyclase was over-
expressed (Iwatsubo et al., 2012), suggesting that current-
ly used doses of vidarabine would provide enough plasma 
concentration that will inhibit the type 5 adenylyl cyclase 
in the in situ heart. 

Cardiohemodynamic effects
Cardiohemodynamic effects of vidarabine have been 

reported (Ohnishi et al., 1982). Namely, treatment of up 
to 10 µg/mL of vidarabine did not affect the heart rate or 
contractile force in the isolated guinea-pig heart, but that 
of 100 µg/mL suppressed them by 10-13% and 10-14%, 
respectively. Intravenous administration of 10 and  
100 mg/kg did not change the respiratory rate, heart rate 
or blood pressure in the pentobarbital-anesthetized dogs. 
Also, that of up to 30 mg/kg hardly affected the respira-
tory rate, heart rate and blood pressure in the urethane-
anesthetized rabbits, but that of 100 mg/kg transiently 
decreased them. As shown in Figs. 1 and 2, no signif-
icant difference was detected in any of the cardiohemo-
dynamic variables between the DMSO- and vidarab-
ine-treated groups, which are essentially in accordance 
with the results of the pentobarbital-anesthetized dogs  
(Ohnishi et al., 1982), indicating its lack of cardiohemo-
dynamic effects on the intact heart in the absence of phar-
macological β-stimulation in vivo. These results suggest 
that type 5 adenylyl cyclase in the heart may play a minor 
role in the production of cyclic AMP under physiologi-
cal condition. However, inhibitory effect of vidarabine 
on type 5 adenylyl cyclase was confirmed in the presence 
of isoproterenol, forskolin and/or guanosine 5’-[γ-thio] 
triphospahate (GTPγS) (Iwatsubo et al., 2004, 2012;  
Braeunig et al., 2013). One can speculate that vidarabine 
might be at least in part expected to improve the patho-
physiology of congestive heart failure in the presence of 
increased adrenergic tone, whereas modification will not 
be exerted during the absence of such pathological situa-
tion, which may become advantage over the conventional 
Na+ channel inhibitors and/or β blockers. 

Anti-atrial fibrillatory effects 
Since vidarabine was shown to shorten the duration 

of atrial fibrillation in mice, which was induced by trans-
esophageal atrial burst pacing during isoproterenol infu-
sion (Suita et al., 2014), inhibition of β-adrenoceptor-
dependent pathway may be involved to exert its anti-atrial 
fibrillatory effect. As shown in Figs. 3 and 4, no signifi-
cant difference was detected in electrophysiological vari-
ables between the vehicle- and vidarabine-treated groups 
including the P-wave duration or atrial effective refracto-
ry period, indicating a lack of inhibitory effects of vidara-
bine on the Na+, Ca2+ or K+ channel in vivo under phys-
iological condition. These present results together with 
previous knowledge suggest that vidarabine might be at 
least expected to suppress sympathetic nerve-dependent 
atrial fibrillation. 

Proarrhythmic effects
The drug-induced prolongation of the terminal repo-

larization period has been shown to be a sensitive and reli-
able marker for predicting the onset of slow conduction 
and re-entry, which may result in perpetuation of torsade 
de pointes (Sugiyama, 2008; Sugiyama and Hashimoto,  
2002). In this study, the terminal repolarization period 
was not prolonged after the administration of vidarabine, 
indicating a lack of proarrhythmic potentials.

Conclusion
The effective doses of vidarabine that can adequately 

inhibit type 5 adenylyl cyclase did not affect the cardio-
vascular variables in vivo at all in this study, suggesting 
its cardiac safety profile under physiological condition. 
Moreover, the clinical utility of vidarabine other than anti-
viral might be limited to the pathological situation includ-
ing the congestive heart failure with increased adrenergic 
tone and/or sympathetic nerve-dependent atrial fibrilla-
tion. 
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症例報告
ヒト用アンブ蘇生バッグでの用手的換気が原因で 
緊張性気胸を発症したマイクロミニピッグの1例
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要　　　約

マイクロミニピッグを用いて心臓電気薬理学的検討を行うために，気管内挿管を行った。ヒト用ア
ンブ蘇生バッグを用いた用手的換気により胸郭の動きと両側肺野の呼吸音を確認したのち，人工呼吸
器回路に挿管チューブを接続した。その直後より経皮的酸素飽和度の低下を認めたので，挿管ミスを
疑い，抜管・再挿管を計3回繰り返した。その間にマイクロミニピッグはチアノーゼおよび心窩部と
左下腹部の膨満を呈した後，心停止した。直ちに胸骨圧迫による心臓マッサージ，アドレナリンおよ
びアトロピンの静脈内投与による救命処置を施したが，マイクロミニピッグは心室細動を起こし，死
亡した。死因究明のために開胸したところ，胸腔内から大量の気体の脱出を認めた。肺は虚脱し収縮
していた。肺を摘出したところ，両肺底部が気腫状に変形し，ブラおよびブレブの形成を認めた。ま
た，左下腹部に皮下気腫を認めた。以上より，緊張性気胸に起因する循環不全で死亡したと判断し
た。気胸の原因はヒト用アンブ蘇生バッグによる用手的換気量がマイクロミニピッグの肺容量には過
大であったためと考えた。
キーワード：マイクロミニピッグ，緊張性気胸，用手的換気
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は じ め に

ミニブタは皮膚，心血管系，呼吸器，代謝，
消化器などの構造と機能がヒトに類似している
ことから，研究用実験動物として用いられてき
た。しかしながら，ミニブタは体重が通常40‒

50 kg近くになり，実験用ビーグル犬に比べる
と取扱いが容易ではない。また，体格に応じた
飼育施設の大型化が必要とされる。さらに，ミ
ニブタを医薬品の研究に用いる場合には体重に
比例して多くの被験物質が必要となる。
一方で，近年，動物愛護の高まりからサルや

イヌの使用が制限されるようになっている。こ
うした背景を元に日本で超小型ミニブタである
マイクロミニピッグが開発された。マイクロミ
ニピッグは2から3カ月齢で最初の発情期を呈
し，4から6カ月齢が青年期に相当する1）（図1）。
この月齢の体重はそれぞれ4 kgおよび6 kgで
成獣に至っても10 kgに満たない。したがっ

て，マイクロミニピッグは取り扱いが容易で，
伴侶動物でないことから使用上の制約が少な
い。さらに，食性や睡眠行動，脂質代謝，循環
器系の構造機能などもヒトと類似していること
から，サルやイヌにかわる新しい実験動物とし
て注目されている1）。我々の今までの経験から
はマイクロミニピッグとビーグル犬の循環動態
に対する各種薬物の反応に大きな差はない。し
かしながら，ビーグル犬に比べると基礎的な循
環器に関するデータは少ないので，より多くの
背景データの収集が今後，マイクロミニピッグ
を実験に用いるためには必須である。今回，マ
イクロミニピッグを用いた心臓電気薬理学的検
討に際して，ヒト用アンブ蘇生バッグによる用
手的換気が原因になったと思われる緊張性気胸
を経験したので報告する。

症　　　例

症例は2013年3月12日生まれの雌性マイク

図1　マイクロミニピッグの成長曲線1）（文献1を引用，改変）
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ロミニピッグ（富士マイクラ株式会社，富士宮
市，静岡県）である。実験当日は6カ月齢，体
重8.4 kg，一般状態は良好であった。ケタミン
16 mg/kgとキシラジン1.6 mg/kgの筋注に加
えて1％プロポフォール1 ml （10 mg/body）を
中心耳静脈より静注して麻酔導入した。動物を
腹臥位に保定した後，ミラー型喉頭鏡を用いて
喉頭を展開しながらスタイレットガイド下に
6 mm径 の 気 管 チ ュ ー ブ（Porrtex; Smiths 
Medical, London, England）を挿管した。この
際，気道防御反射と呼気を確認した。ヒト用ア
ンブ蘇生バッグ（アイ・エム・アイ株式会社，
埼玉県，最大容量： 約2,000 ml，最大送気容
量：約1,500 ml）を用いて用手的換気により室
内気を吸入させ，両側肺野に正常呼吸音を聴取
した。ケタミン，キシラジンおよびプロポ
フォール投与により筋弛緩が惹起され，呼吸数
も大幅に低下していたが，自発呼吸とバッティ
ングしないように，細心の注意を払いながら
バッグ加圧した。加圧方法はおよそ5秒間かけ
てバッグを3割程度小さくするように緩徐に圧
迫し，素早く圧迫を解除する操作とした。仰臥
位に保定した後，耳介にパルスオキシメータ
（OLV-2700；日本光電株式会社，東京）を装着
した。このパルスオキシメータにはSpO2およ
び心拍数を記録する機能はなかった。さらに，
人工呼吸器（SN-408‒3； 株式会社シナノ製作
所，東京）を換気量10 ml/kgおよび換気回数
20回/分に設定し，挿管チューブを呼吸回路に
接続し，100％酸素通気による人工呼吸を開始
した。また，四肢標準第2誘導心電図をRM-
6000 polygraph system（日本光電株式会社）
を用いて測定した。
保定した直後から通常なら98から100％を示

す経皮的酸素飽和度（SpO2）が90％を下回り，
さらに低下傾向を認めたので，食道挿管など気

道確保の失敗あるいは気管チューブ内の閉塞，
または気管チューブ先端の閉塞を疑い，抜管し
てバックバルブマスク換気に変更した。バッグ
加圧は気管挿管時と同様に行った。SpO2の上
昇が見られなかったので，再度，気管挿管を
行った。挿管後，呼吸音を聴取したが，呼吸
バッグによる用手的吸気時に抵抗を感じ，肺の
コンプライアンス低下に気づいた。引き続き人
工呼吸器による人工呼吸を行ったが，SpO2の
上昇は見られず，動物の舌や鼻にチアノーゼを
認めた。再度，抜管し，バックバルブマスクを
用いて換気したが，SpO2が90％を上回ること
はなかった。その間に心窩部の膨張も出現し
た。この時点でも気胸の発生を想定できず，
再々度，気管挿管したが，依然として吸気時に
抵抗を感じ，心窩部に加え，左下腹部にも膨張
が認められた。心電図上，心停止を認めたの
で，直ちに心臓マッサージを行い，蘇生処置を
している間にアドレナリン計5 mg，硫酸アト
ロピン計1 mgを中心耳静脈内に投与した。し
かし，動物は心室細動を起こし，電気的除細動
に反応せず，死亡した。
死亡直後に死因究明のための解剖で開胸した

ところ，胸腔内から大量の気体の脱出を認め
た。肺は虚脱し収縮していた（図2A）。肺を摘
出したところ，両側の肺下縁部に形態学的な異
常が認められた。用手的換気時の状態を再現す
るために，水をはった容器上に肺を置いた後，
肺に空気を軽く送り込んだ。その結果，両肺底
部から空気が脱出するとともに，肺底部は気腫
状に変形し，ブラおよびブレブが確認された
（図2B）。また，このときに形態学的な異常は
裂創であることも判明した。右側の裂創部を鉗
子で閉じて，再度，肺に通気したところ，左側
のブラとブレブの存在がより明らかとなった
（図2C）。また，ブレブ付近から気泡の漏出を
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認めた（図2D）。左下腹部の膨満部を触診する
と握雪感を認め，切開したところ皮下気腫を認
めた（図3）。

考　　　察

気胸は胸腔に空気が貯留した状態で，自然気

胸，外傷性気胸および医原性気胸などに分類さ
れる2）。気胸の原因となった肺胞創部に気道内
から胸腔へ向かう一方向弁が形成されると，胸
腔内へ空気の流入が続き，胸腔内圧が上昇し，
肺や心血管系を圧迫し，静脈還流が障害され，
心拍出量が低下し，ショックをきたすことがあ
る。このような病態を緊張性気胸3）という。緊
張性気胸になると呼吸困難，チアノーゼ，皮下
気腫，呼吸音の減弱，胸部打診による鼓音，血
圧低下および頻脈などが観察され，緊急胸腔ド
レナージが必要である4）。日本救急医学会の用
語集では緊張性気胸は「陽圧換気施行中は特に
注意すべきであり，人工呼吸器を装着したり，
バッグバルブマスクで補助換気を開始した直後
に急速に発症することがある。緊張性気胸は救
急医療における急死の原因の一つであり，対応
が遅れれば心停止に至るおそれがある。」と記

図2 虚脱肺と摘出肺所見
 (A)死亡直後に開胸した際に観察された虚脱肺，(B)左右の肺底部に認められた気腫性変化および裂創，

(C)左肺底部に認められた通気によって明瞭化した気腫性変化およびブラ，(D)気管から通気時に観察され
た，気腫付近の気泡。

図3 腹部皮下気腫
 左下腹部に認められた皮下気腫。
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載されている5）。今回の症例は上記の日本救急
医学会の注意喚起とおりの事故と考えられる。
体重22.3から30.0 kg（平均体重25.0 kg）の

Hanford系ミニブタの1回換気量は175から
350 ml（平均250 ml）であることが報告されて
いる6）が，新しい実験動物であるマイクロミニ
ピッグの換気量など，呼吸機能に関する情報は
ほとんどない。Hanford系ミニブタの1回換気
量と体重の比は10 ml/kgであり，今回の実験
における人工呼吸器の設定値と同じである。今
回の症例のマイクロミニピッグは体重が8.4 kg
だったので，1回換気量は84 mlと計算できる。
我々が気管挿管後の用手的換気に用いた呼吸
バックはアンブ蘇生バッグシリコーン製オーバ
ル成人用である。わずか84 mlの1回換気量を
考慮すると，この呼吸バッグの送気容量は許容
される肺容量を大幅に上回っていた可能性があ
る。また，通常，マイクロミニピッグの気道の
太さは6 mm径の気管チューブがちょうど収ま
る程度である。本症例の個体の気道挿管は困難
でなかったので，挿管によって気道が損傷され
て，気胸に至った可能性は低いと思われた。さ
らに，死亡後の肉眼的所見では気道内の炎症，
腫瘍，異物は認められなかった。したがって，
本症例の気胸は気管内挿管後に，ヒト用アンブ
蘇生バッグによる用手的換気量がマイクロミニ
ピッグの肺容量には過大であったため生じた可
能性が高い。このことは，用手的換気バックバ
ルブマスク換気や気管挿管後の用手的換気によ
る気胸を防ぐためには動物の体躯にあった適正
容量のバッグを用いることおよびバッグを必要
以上に圧迫しないことの重要性を示している。
ヒトにおいてアンブ蘇生バッグの呼気弁不良

のため用手的換気で急速に気胸が生じた症例が
報告されている7）。アンブ蘇生バッグは一方弁
が付いたバルブと自動膨張するバッグからな

る。バッグを圧迫すると空気（酸素用リザー
バーが装着されている場合には酸素）が肺内に
送り込まれ，離すとバッグ内に新鮮な空気（も
しくは酸素）が送り込まれる構造となってい
る。また，手を離して圧迫を解除すると一方弁
により呼気がバッグ内に環流することなく，患
者肺内にある気体は大気へ向かって解放され
る。我々は実験前にアンブ蘇生バッグを数回，
圧迫し，弁に問題がないことを確認していた。
さらに，本症例で用いた全く同じアンブ蘇生
バッグを後日，他の個体で使用したが使用上の
問題は起きなかった。したがって，本症例の場
合，ヒトの報告例のような呼気弁不良による気
胸惹起は考えにくいと思われた。すなわち，本
症例における用手的換気時の肺のコンプライア
ンスの悪化は，初回の用手的換気ですでに気胸
が生じたためと思われる。術者が用手的換気で
抵抗を感じたときに，さらに強く用手的換気を
したことも気胸を悪化させたと考えられる。
適正容量のバッグを用いなかったことが気胸

惹起の原因であるが，早期に気胸に気づいてい
れば動物の死亡まで至らなかったかもしれな
い。気胸を早期発見できなかった遠因として，
実験に用いた人工呼吸器に気道内圧を測定でき
る機能がなかったことやパルスオキシメータに
SpO2や心拍数の経時的な変化を記録，表示で
きる機能がなかったことが考えられた。
今回の症例においては，最初に気胸を疑うべ

きであった。我々はビーグル犬に対して同様の
手技を長年用いてきたが，今回のような事故の
経験は1例もない。マイクロミニピッグは気胸
を起こしやすい動物である可能性があり，人工
呼吸管理の際にはイヌ以上の細心の注意が必要
である。
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Hypothermia-Induced J Waves Observed in Microminipig
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要　　　約

マイクロミニピッグにおいて，吸入麻酔からの回復中に心電図ST部分にノッチ状の波形を観察し
た。この波形は加温により消失したのでJ波と考えられた。J波はヒトにおいては低体温をはじめ，
高カリウム血症，Brugada症候群，早期再分極症候群などでも生じることが知られている。低体温に
よってJ波が誘発されることはヒト以外ではイヌ，ネコで報告されているが，マイクロミニピッグに
おける報告は初めてである。
キーワード：マイクロミニピッグ，J波，低体温

動物の循環器　第 48 巻 1 号 9‒13 (2015)

は じ め に

J波は心電図波形のQRS群終末部に認められ

るスラーまたはノッチ状の波形である。イヌを
低体温にすると現れる波形としてOsbornに
よって報告1）されたことからOsborn波ともい
われる。低体温によるJ波は，動物ではイヌ以
外にネコでも報告されている2）。J波はヒトで
も低体温症に伴って出現し，復温すると消失す
る3）。J波はヒトでは低体温以外に高カリウム

動物の循環器　第 48 巻 1 号9‒13 (2015)

連絡先：杉山　篤  
東邦大学医学部薬理学講座 
〒143‒8540 東京都大田区大森西5‒21‒16
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血症や肥大型心筋症，早期再分極症候群などで
も認められる4）。近年の研究ではJ波を伴う
Brugada症候群患者は心室細動の発現頻度が高
く，突然死に結びつく可能性が報告され5），注
目されている。
マイクロミニピッグは超小型ミニブタであり，

成獣でも体重が10 kg程度に過ぎない。取り扱
いが容易で，伴侶動物でないことから動物倫理
上の制約が少なく，また，ヒトとの類似点が多
いことから，近年，サルやイヌにかわる新しい
実験動物として注目されている6）, 7）（Fig. 1）。今
回，我々はマイクロミニピッグで低体温により
誘発された心電図J波を初めて報告する。

症　　　例

症例は2013年3月2日生まれの雌性マイクロ
ミニピッグ（6カ月齢，富士マイクラ株式会社，
富士宮市，静岡県より購入）である。実験当
日，体重8.7 kg，体格に問題はなく，一般状態
は良好であった。ケタミン16 mg/kgとキシラ

ジン1.6 mg/kgを筋肉内投与後，1％プロポ
フォール1 ml （10 mg/body）を静脈内投与し
て麻酔導入し，100％酸素通気下，1％ハロセン
で麻酔維持した。人工呼吸器を用いて換気量
10 ml/kg，換気回数15回/分の設定で呼吸管理
を行うとともに耳介にパルスオキシメータ
（OLV-2700；日本光電株式会社，東京）を装着
し，経皮的酸素飽和度を観察し，AB誘導心電
図8）をpolygraph system（RM-6000，日本光電
株式会社，東京）を用いて測定した。このと
き，心電図波形に異常を認めなかった。また，
中心耳静脈より室温（約20℃）のブドウ糖‒電
解質液（ソルデム3A，テルモ株式会社，東京）
を15‒20 ml/body/hrの割合で投与を開始した。
心臓電気生理学的評価を行うために，左大腿

動脈および右大腿静脈にシースイントロデュー
サーを留置し，左大腿動脈に留置したシースイ
ントロデューサーの側管から体血圧を測定し
た。また，体血圧から瞬時心拍計ユニットを用
いて心拍数を計測した。体血圧および心拍数の
測定にはpolygraph system （RM-6000）を用い

Fig. 1.　Comparison of regular pig (upper), minipig (middle), and microminipig (lower) at 7 months old6）
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た。左大腿動脈のシースイントロデューサーを
介してピッグテールカテーテルを左室内に留置
した。このときの収縮期血圧は60‒70 mmHg，
心拍数は100 beats/minであった。この間，経
皮的動脈酸素飽和度は100％を維持していた。
次いで，右大腿静脈のシースイントロデュー
サーを介して単相性活動電位測定用カテーテル
を挿入した。このカテーテル挿入中に徐脈をき
たし，急激な血圧低下を呈した。このときの心
電図はwide QRSであり，次いで房室解離を起
こし，間もなく心停止となった。単相性活動電
位測定用カテーテル挿入から心停止までは約2
分であった。直ちにハロセンの吸入を中止し，
胸骨圧迫による心臓マッサージを行った。心停
止のおよそ2分後にアドレナリン1 mg/body，
アトロピン0.25 mg/bodyを静脈内に投与した。
心停止時間は約20秒であった。輸液を保定直

後から継続的に行っていた。また，一連の蘇生
処置のために動物保温用のビニール製カバーを
はずし，カテーテルを抜去した。蘇生処置に
よって心拍数および心電図波形がカテーテル操
作前に回復し始めたので，経皮的酸素飽和度お
よび心電図をモニターしながら，動物の状態の
観察を継続した。蘇生処置後，経皮的動脈酸素
飽和度は100％を維持していた。その際の心電
図をFig. 2Aに示す。RR間隔478 msec, PR間
隔114 msec, QRS幅65 msec, QT間隔355 msec
およびFridericiaで補正したQT （QTcF） 454
（心電図連続5波形の平均値）であった。
更に動物の状態の観察を継続したところ，約

30分後にST部分にノッチ状の波形が認められ
た（Fig. 2B）。このとき，RR間隔428 msec, 
PR間隔 137 msec, QRS幅171 msec, QT間隔  
302 msecおよびQTcF 401であった。触診で低

Fig. 2. Time courses of changes in the electrocardiogram of microminipig
 A. Recovery from shock during the halothane anesthesia before the onset of notches in the ST 

segment. B. Appearance of notches (arrow heads) in the ST segment (J wave) at 30 min after the 
recovery of shock. C. Disappearance of the notches at 10 min after the start of heating.
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体温を認めたので手術台のヒーターを用いてす
ぐに加温を開始し，ビニール製シートで動物を
保温した。保温開始より約10分後の心電図を
Fig. 2Cに示す。RR間隔435 msec, PR間隔150 
msec, QRS幅137 msec, QT間隔290 msecおよ
びQTcF 383であった。ST部分に認めたノッ
チ状の波形は消失していた。その後，順調に麻
酔から覚醒し，実験翌日以降においても一般状
態の変化は認められなかった。

考　　　察

今回，我々は全身麻酔からの回復中のマイク
ロミニピッグにおいて，心電図ST部分にノッ
チ状の波形を示すJ波を認めた。J波の成因と
しては，低体温，高カリウム血症，中枢神経系
障害，心停止後の蘇生時，コカイン中毒，ス
ポーツ心臓，肥大型心筋症，不整脈原性右室心
筋症，Brugada症候群，先天性QT短縮症候
群，早期再分極症候群，特発性心室細動が報告
されている4）。
ヒトでは体温が摂氏30℃程度になるとJ波が

出現するとともにPR間隔，QRS幅およびQT
間隔が延長することが報告されている9), 10）。本
症例では体温を測定する機会を逸したので，今
回とは異なる2頭のマイクロミニピッグを用
い，保温用ヒーターの停止およびビニール製保
温シート除去時の直腸温の変化を測定した。処
置前の直腸温は1例では33.9℃，もう1例は33.3℃
であった。保温シート除去後の直腸温は15分
で33.5℃ および32.2℃, 30分で32.5℃ および
33.2℃, 60分で33.0℃および32.2℃であった。健
常のマイクロミニピッグにおいてヒーターを停
止し保温用シートを除去すると60分以内に
1.0℃以上の体温低下を来したことから，本症
例においても同等以上の体温低下が惹起された

と思われる。本症例は室温のブドウ糖‒電解質
液を1時間あたり15‒20 ml/body負荷されてい
たことから，体温は上記の2例よりさらに低
かったかもしれない。
我々は，マイクロミニピッグを用いた実験に

おいてピッグテールカテーテルや単相性活動電
位測定用カテーテルおよびスワンガンツカテー
テルの挿入をしてきたが，これらの操作によっ
てJ波が惹起されたことはない。また，心停止
およびそれに引き続くアトロピンやアドレナリ
ンの静脈内投与による蘇生処置を本症例以外で
も経験しているが，これらにおいてもJ波は惹
起されていない。さらに，心停止から回復後の
一般状態に何ら変化がなかったことから，本症
例にJ波の原因の一つである中枢神経系の障害
の関与は低いと思われた。本症例のJ波は動物
の加温により速やかに消失したこと，一般的に
J波は低体温に伴って出現し，復温により消失
すると報告されている3）, 9）ことより，今回，マ
イクロミニピッグで観察されたJ波は低体温に
よって惹起された可能性が高い。また，10分
の保温でJ波が消失した理由はJ波が認められ
たことにすぐに気づき，速やかに保温を開始し
たためと思われた。
今回の症例では，PR間隔およびQRS幅は延

長したが，QT間隔およびQTcFは短縮した。
低体温によってPR間隔とQRS幅が延長するこ
とも知られている9）, 10）ことから，動物が低体
温であったことを示唆している。一方，ハロセ
ン麻酔はQT間隔を延長するので11），QT間隔
およびQTcFの短縮は吸入麻酔薬の呼気中への
排泄に起因すると考えられた。
今回，我々が観察したマイクロミニピッグの

J波は1拍ごとに変化していた。J波の成因は心
外膜側と心内膜側の活動電位波形の違いに基づ
くとされているが12），1拍ごとのJ波の変化の
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発生機序に関しては，さらなる検討が今後必要
であろう。
以上のように，マイクロミニピッグにおいて

もヒト，イヌ，ネコ同様，低体温によりJ波が
誘発されることが示された。

資金源の公開　独立行政法人科学技術振興機構
助成金（課題番号：AS2116907E）および平成
25年度私立大学戦略的研究基盤形成支援事業
（課題番号： S1101016）の一部を用いた。

著者らのCOI開示： 開示すべきCOI関係にあ
る企業等はない。

文　　　献

1）　Osborn, J. J. (1953): Experimental hypothermia: 
respiratory and blood pH changes in relation to 
cardiac function. Am. J. Physiol., 175, 389‒398.
2）　Kane, K. A., McDonald, F. M. and J. R. Parratt 
(1979): The effect of aminosteroid, ORG 6001, on 
hypothermia induced ventricular fibrillation in 
the cat. Br. J. Pharmacol., 66, 609‒618.
3）　Higuchi, S., Takahashi, T., Kabeya, Y., Hasega-
wa, T., Nakagawa, S. and H. Mitamura (2013): J 
waves in accidental hypothermia. Circ. J., 78, 
128‒134.
4）　折口秀樹： J波の分類．J波症候群（森　博愛，
丸山　徹 編著），7‒15頁，医学出版社，東京，
2013
5）　Haïssaguerre, M., Derval, N., Sacher, F., Jesel, 
L., Deisenhofer, I., de Roy, L., Pasquié, J. L., No-
gami, A., Babuty, D., Yli-Mayry, S., De Chillou, C., 
Scanu, P., Mabo, P., Matsuo, S., Probst, V., Le 

Scouarnec, S., Defaye, P., Schlaepfer, J., Rostock, 
T., Lacroix, D., Lamaison, D., Lavergne, T., Aiza-
wa, Y., Englund, A., Anselme, F., O’Neill, M., Ho-
cini, M., Lim, K. T., Knecht, S., Veenhuyzen, G. D., 
Bordachar, P., Chauvin, M., Jais, P., Coureau, G., 
Chene, G., Klein, G. J. and J. Clémenty (2008): 
Sudden cardiac arrest associated with early re-
polarization. N. Engl. J. Med., 358, 2016‒2023.

6）　Kaneko, N., Itoh. K., Sugiyama, A. and Y. Izu-
mi (2011): Microminipig, a non-rodent experimen-
tal animal optimized for life science research 
preface. J. Pharmacol. Sci., 115, 112‒114.

7）　Sugiyama, A., Nakamura, Y., Akie, Y., Saito, H., 
Izumi, Y., Yamazaki, H., Kaneko, N. and K. Itoh 
(2011): Microminipig, a non-rodent experimental 
animal optimized for life science research: In 
vivo proarrhythmia models of drug-induced long 
QT syndrome: Development of chronic atrioven-
tricular block model of microminipig. J. Phar-
macol. Sci., 115, 122‒126.

8）　平山三船・今井都泰 (1975)： ブタの心形態と心
電図波形の特徴．家畜の心電図，8, 9‒15.

9）　樗木晶子： 低体温とJ波．J波症候群（森　博
愛，丸山　徹 編著），114‒121頁，医学出版社，
東京，2013

10）　Okada, M., Nishimura, F., Yoshino, H., Kimura, 
M. and T. Ogino (1983): The J wave in accidental 
hypothermia. J. Electrocardiol., 16, 23‒28.

11）　Takahara, A., Sugiyama, A., Satoh, Y., Wang, 
K., Honsho, S. and K. Hashimoto (2005): Halo-
thane sensitizes the canine heart to pharmaco-
logical IKr blockade. Eur. J. Pharmacol., 507, 
169‒177.

12）　Gussak, I. and C. Antzelevitch (2000): Early re-
polarization syndrome: clinical characteristics 
and possible cellular and ionic mechanisms. J. 
Electrocardiol., 33, 299‒309.



Intravenous Administration of Apomorphine Does NOT Induce
Long QT Syndrome: Experimental Evidence from In Vivo

Canine Models
Yudai Watanabe1, Yuji Nakamura1, Xin Cao1, Hiroshi Ohara1,2, Yukiko Yamazaki1,2, Norie Murayama3, Yosuke Sugiyama3,

Hiroko Izumi-Nakaseko1, Kentaro Ando1, Hiroshi Yamazaki3 and Atsushi Sugiyama1

1Department of Pharmacology, Faculty of Medicine, Toho University, Ota-ku, Tokyo, Japan, 2Division of Cardiovascular Medicine, Department of
Internal Medicine, Faculty of Medicine, Toho University, Ota-ku, Tokyo, Japan and 3Laboratory of Drug Metabolism and Pharmacokinetics,

Showa Pharmaceutical University, Machida, Tokyo, Japan

(Received 28 March 2014; Accepted 20 October 2014)

Abstract: Apomorphine is a non-selective dopamine D1/D2 receptor agonist, which has been used for patients with Parkinson’s
disease and reported to induce QT interval prolongation and cardiac arrest. To clarify their causal link, we assessed the cardio-
vascular and pharmacokinetic profile of apomorphine with the halothane-anaesthetized canine model (n = 4), whereas pro-
arrhythmic potential of apomorphine was analysed with the chronic atrioventricular block canine model (n = 4). In the halo-
thane-anaesthetized model, 0.01 mg/kg, i.v. of apomorphine hydrochloride over 10 min., providing about 10 times of its thera-
peutic concentration, increased the heart rate and ventricular contraction; 0.1 mg/kg over 10 min., providing about 100 times of
the therapeutic, prolonged the ventricular effective refractory period; and 1 mg/kg over 10 min., providing about 1000 times of
the therapeutic, decreased the ventricular contraction, mean blood pressure and cardiac output together with the intraventricular
conduction delay and prolongation of the effective refractory period, whereas the left ventricular end-diastolic pressure, atrioven-
tricular nodal conduction or ventricular repolarization were hardly affected. Meanwhile, in the atrioventricular block model,
1 mg/kg, i.v. of apomorphine hydrochloride over 10 min. neither prolonged the QT interval nor induced torsade de pointes.
These results suggest that apomorphine may possess a wide margin of cardiovascular safety contrary to our expectations.

Apomorphine is a non-selective dopamine D1/D2 receptor ago-
nist, which has been indicated for the treatment of patients
with Parkinson’s disease [1]. In the interview form from the
manufacturer, apomorphine was described to block the human
ether-a-go-go-related gene (hERG)-mediated current, whereas
in a previous study using the canine ventricular muscle, apo-
morphine prolonged the action potential duration at 90% repo-
larization level [2]. In phase III studies conducted in the
United States, two patients (one at 2 and 6 mg, the other at
6 mg) have been reported to exhibit large QTc increments of
>60 msec. besides prolonging QTc to >500 msec. acutely
after dosing [3]. Indeed, according to the post-marketing sur-
veillance, apomorphine has been reported to develop cardiac
arrest in three patients and heart failure in five patients [4].
However, there is no direct evidence showing a causal link
between apomorphine administration, QT prolongation and
cardiac arrest in either human beings or animals.
To better understand the precise mechanisms that will

explain adverse events observed in the post-marketing surveil-
lance [4], in this study, we simultaneously assessed the cardio-
hemodynamic, electrophysiological and pro-arrhythmic effects
of apomorphine together with pharmacokinetic profile. In
experiment 1, we assessed the in vivo cardiovascular effects of
apomorphine using the halothane-anaesthetized, closed-chest

canine model, which can reflect cardiovascular responses of
drugs in human beings [5]. Then, in experiment 2, we exam-
ined the extent of pro-arrhythmic potential of apomorphine
using the chronic atrioventricular block canine model [5].

Materials and Methods

All experiments in this study were approved by the Animal Research
Committee for Animal Experimentation of Toho University (No. 12-52-
151, No. 13-53-152) and performed in accordance with the Guidelines
for the Care and Use of Laboratory Animals of Toho University and the
Japanese Pharmacological Society. Experiments were carried out with 8
beagle dogs of either sex weighing approximately 10 kg. Animals were
obtained through Kitayama Labes Co., Ltd. (Nagano, Japan).

Experiment 1: Effects of apomorphine on the halothane-anaesthetized
dogs. Dogs were anaesthetized initially with thiopental sodium
(30 mg/kg, i.v.) (n = 4). After intubation with a cuffed endotracheal
tube, 1.0% halothane vaporized with 100% oxygen was inhaled with a
volume-limited ventilator (SN-480-3; Shinano, Tokyo, Japan). Tidal
volume and respiratory rate were set at 20 mL/kg and 15 strokes/min.,
respectively. To prevent blood clotting, heparin calcium (100 IU/kg,
i.v.) was administered.

Cardiohemodynamic parameters. A clinically available catheter–
sheath set (FAST-CATHTM 406108; St. Jude Medical Daig Division,
Inc., Minnetonka, MN, USA) was inserted into the right femoral
artery to introduce a pig-tail catheter for measuring the left ventricular
pressure. The aortic blood pressure was measured at a space between
the inside of the sheath and outside of the catheter through a flush
line. A thermodilution catheter (TC-504NH; Nihon-Kohden, Tokyo,
Japan) was positioned at the right side of the heart through the right
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femoral vein. The cardiac output was measured using a standard
thermodilution method with a cardiac output computer (MFC-1100;
Nihon-Kohden). The total peripheral resistance was calculated with
the basic equation: total peripheral resistance = mean blood pressure/
cardiac output. The maximum upstroke velocity of the left ventricular
pressure (LVdP/dtmax) and the left ventricular end-diastolic pressure
(LVEDP) was obtained during sinus rhythm to estimate the
contractility and the preload to the left ventricle, respectively.

Electrophysiological parameters. The surface lead II ECG was
obtained from the limb electrodes. The corrected QT interval
was calculated using Van de Water’s formulas [6]:
QTcV = QT!0.087 9 (RR!1000). A standard 6-French quad-polar
electrodes catheter (Cordis-Webster, Baldwin Park, CA, USA) was
positioned at the non-coronary cusp of the aortic valve through the
left femoral artery to obtain the His bundle electrogram. A
bidirectional steerable monophasic action potential (MAP) recording/
pacing combination catheter (1675P; EP Technologies, Inc.,
Sunnyvale, CA, USA) was positioned at the endocardium of the right
ventricle through the left femoral vein to obtain MAP signals. The
signals were amplified with a DC pre-amplifier (model 300; EP
Technologies, Inc.). The duration of the MAP signals was measured
as an interval, along a line horizontal to the diastolic baseline, from
the MAP upstroke to the desired repolarization level. The interval
(msec.) at a 90% repolarization level was defined as MAP90. The
heart was electrically driven using a cardiac stimulator (SEC-3102;
Nihon-Kohden) with the pacing electrodes of the combination catheter
placed in the right ventricle. The stimulation pulses were rectangular
in shape, 1–2 V (about twice the threshold voltage) and of 1-msec.
duration. The MAP90 was measured during sinus rhythm (MAP90
(sinus)) and at a pacing cycle length of 300 msec. (MAP90(CL300)) and
400 msec. (MAP90(CL400)). The effective refractory period (ERP) of
the right ventricle was assessed with programmed electrical
stimulation. The pacing protocol consisted of 5 beats of basal stimuli
in a cycle length of 400 msec. followed by an extra stimulus of
various coupling intervals. Starting in late diastole, the coupling
interval was shortened in 5-msec. decrement until refractoriness
occurred. The duration of the terminal repolarization period (TRP) of
the ventricle, namely phase 3 repolarization of the action potential,
was calculated by the difference between the MAP90(CL400) and ERP
at the same site, which reflects the extent of electrical vulnerability of
the ventricular muscle [5].

Experimental protocol. The aortic blood pressure, left ventricular
pressure, ECG, His bundle electrogram and MAP signals were
monitored with a polygraph system (RM-6000; Nihon-Kohden) and
analysed with a real-time full automatic data analysis system
(WinVAS3 ver 1.1R24; Physio-Tech, Tokyo, Japan). Each
measurement of ECG, MAP as well as atrio-His (AH) and His-
ventricular (HV) intervals was the mean of three recordings of
consecutive complexes. The cardiovascular variables were assessed in
the following order. The ECG, His bundle electrogram, aortic and left
ventricular pressures and MAP signals were recorded under sinus
rhythm. Next, the cardiac output was measured three times. Then,
MAP signals were recorded during the ventricular pacing at a cycle
length of 400 and 300 msec. Finally, the ERP was measured. All
parameters described above were usually obtained within 1 min. at
each time-point.
After the basal assessment, a low dose of 0.01 mg/kg of apomor-

phine hydrochloride was intravenously infused over 10 min., and each
parameter was assessed at 5, 10, 15, 20 and 30 min. after the start of
the infusion. Then, a middle dose of 0.1 mg/kg of apomorphine
hydrochloride was intravenously infused over 10 min., and each
parameter was observed in the same manner. Finally, a high dose of
1 mg/kg of apomorphine hydrochloride was intravenously infused

over 10 min., and each parameter was assessed at 5, 10, 15, 20, 30,
45 and 60 min. after the start of the infusion.

Plasma drug concentration. A volume of 3 mL of blood was
withdrawn from the left femoral artery to measure the plasma
concentration of apomorphine. The blood samples were centrifuged at
1500 9 g for 30 min. at 4°C. The plasma was stored at !80°C until
the drug concentration was measured. The plasma concentration of
apomorphine was determined as previously reported [7]. Briefly,
200 lL of plasma sample was extracted with 500 lL of ethyl acetate.
After vortex mixing, the tubes were centrifuged at 900 9 g for
10 min. Four hundred and fifty microlitres of organic phase was
collected and evaporated to dryness at 40°C. The residue was
dissolved with 50 lL of a mobile phase consisting of 30% (v/v)
methanol in 0.25 M sodium phosphate buffer (pH 3.3). The
supernatant (30 lL) was injected onto an analytical C18 reversed-
phase column (250 9 4.6 mm, 5 lm, Mightysil RP-18; Kanto
Chemical, Tokyo, Japan) maintained at 40°C. The elution profiles of
apomorphine at a flow rate of 1.5 mL/min. were monitored with
fluorimetric detection at an excitation wavelength of 270 nm and an
emission wavelength of 450 nm.

Experiment 2: Effects of apomorphine on the chronic atrioventricular
block dogs.

Production of complete atrioventricular block. The catheter ablation
technique for the atrioventricular node was used as previously
described [8]. The dogs were anaesthetized with thiopental sodium
(30 mg/kg, i.v.) (n = 4). After intubation with a cuffed endotracheal
tube, 100% oxygen was inhaled with a volume-limited ventilator (SN-
480-3; Shinano). Tidal volume and respiratory rate were set at 20 mL/
kg and 15 strokes/min., respectively. To prevent blood clotting,
heparin calcium (100 IU/kg, i.v.) was administered. The surface lead
II ECG was continuously monitored with a polygraph system (RM-
6000; Nihon-Kohden). A quadpolar electrodes catheter with a large tip
of 4 mm (D7-DL-252; Cordis-Webster) was inserted through the right
femoral vein using the standard percutaneous technique under the
sterile condition and positioned around the tricuspid valve, watching
the bipolar electrograms from the distal electrodes pair. The optimal
site for the atrioventricular node ablation was based on the
intracardiac electrogram, of which a very small His deflection was
recorded and atrial/ventricular voltage ratio was >2. The site was
usually found at 1–2 cm proximal from the position where the largest
His bundle electrogram was recorded. The power source for
atrioventricular node ablation was obtained from an electrosurgical
generator (MS-1500; Mera, Tokyo, Japan), which delivers continuous
unmodulated radiofrequency energy at a frequency of 500 kHz. After
proper positioning, the radiofrequency energy of 20 W was delivered
for 10 sec. from the tip electrode to an indifferent patch electrode
positioned on the animal’s back, which continued for 30 sec. if
junctional rhythm was induced. The end-point of this procedure was
the development of the complete atrioventricular block with an onset
of stable idioventricular escaped rhythm.

Holter ECG recording. A Holter recording and analysis system
(QR2100 and HS1000; Fukuda ME Kogyo, Tokyo, Japan) was used
to record and analyse ECG over 24 hr. The effects of apomorphine on
the ventricular rate, QT interval and corrected QT calculated with the
Fridericia’s formula [9]: QTcF = QT/(RR/1000)1/3 in addition to their
pro-arrhythmic effects were assessed without anaesthesia. The
ventricular rate, QT interval and QTcF were expressed as the mean of
ten consecutive complexes. In this study, torsade de pointes was
defined as a polymorphic ventricular tachycardia associated with QT
interval prolongation, consisting of 5 beats or more twisting QRS
complexes around the baseline [10].
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Experimental protocol. Experiments were conducted at least 4 weeks
after the induction of complete atrioventricular block. We have
assessed pro-arrhythmic effects of many drugs with the group size of
4–6, which has enough sensitivity and reliability to detect the drug-
induced torsade de pointes [5]. About 2 hr after the start of Holter
ECG recording, 1 mg/kg of apomorphine hydrochloride was
intravenously infused over 10 min. without anaesthesia. The p.o.
administration of drugs has been used to maintain the plasma drug
concentration for more than several hours. As apomorphine has been
known to induce vomiting in conscious beagle dogs [11], in this
study, we administered it intravenously to obtain effective levels of
the plasma drug concentration with high reproducibility. The ECG
parameters at 1 hr before the drug administration were defined as the
control, and the ECG was recorded for >20 hr when lethal arrhythmia
was not induced.

Beat-to-beat analysis. ECG of 51 consecutive beats under the stable
idioventricular automaticity without ectopic activity was adopted
before and at 1–1.7 hr after the drug administration. When the QT
interval was obscured by P wave, we estimated the end of T wave by
cancelling the component of the P wave from the ECG waveform on
screen. Poincar!e plots with QTn versus QTn+1 were prepared for each
of two analysis time-points. The mean orthogonal distance from the
diagonal to the points of the Poincar!e plot was determined as short-
term variability (=Ʃ|QTn+1 ! QTn| / [50 9 √2]). On the other hand,
the mean distance to the mean of the parameter parallel to the
diagonal of the Poincar!e plot was determined as long-term variability
(=Ʃ|QTn+1 + QTn ! 2QTmean| / [50 9 √2]). These nomenclatures are
adopted from investigations of heart rate variability in human beings
[12], which have been applied to the QT interval analysis of normal
dogs and chronic atrioventricular block dogs [13].

Drugs. The following drugs were purchased: apomorphine
hydrochloride hydrate (Apokyn! subcutaneous injection; Kyowa
Hakko Kirin Co., Ltd., Tokyo, Japan), pentobarbital sodium (Tokyo
Kasei, Tokyo, Japan), thiopental sodium (Ravonal! 0.5 g for
Injection; Mitsubishi-Tanabe Pharma, Osaka, Japan), halothane
(Fluothane!; Takeda Pharmaceutical Company, Osaka, Japan) and
heparin calcium (Caprocin!; Sawai Pharmaceutical Co., Ltd., Osaka,
Japan). Apomorphine was diluted with saline in concentrations of
0.01, 0.1 and 1 mg/mL as hydrochloride form.

Statistics. Data are presented as the mean " S.E. The statistical
significances within a parameter were evaluated with one-way
repeated-measures analysis of variance (ANOVA) followed by contrasts
for mean values comparison or paired t-test. A p-value <0.05 was
considered statistically significant.

Results

Experiment 1: Effects of apomorphine on the halothane-
anaesthetized dogs.
No animal died from lethal ventricular arrhythmias or cardio-
hemodynamic collapse during the experimental period.

Plasma drug concentration. The time course of the plasma
drug concentration of apomorphine is summarized in fig. 1
(n = 4). The decrease in the plasma concentration of
apomorphine followed a pattern that could be predicted by the
two-compartment theory of pharmacokinetics. The peak
plasma concentrations after 0.01, 0.1 and 1 mg/kg infusion
were 47 " 9, 452 " 121 and 3528 " 791 ng/mL,
respectively.

Effects on the cardiohemodynamic variables. The time
courses of changes in the heart rate, mean blood pressure,
cardiac output, total peripheral resistance, LVdP/dtmax and
LVEDP are summarized in fig. 1 (n = 4), and typical tracings
of the aortic and left ventricular blood pressures are depicted
in fig. 2. The pre-drug control values (C) were 103 " 14
beats/min., 97 " 9 mmHg, 1.33 " 0.27 L/min., 80 " 12
mmHg/(L/min.), 1721 " 263 mmHg/sec. and 10.7 " 2.3
mmHg, respectively. After the administration of the low dose
of 0.01 mg/kg of apomorphine hydrochloride infusion, the
heart rate and LVdP/dtmax increased for 10–20 min. and at
20 min., respectively, whereas no significant change was
detected in the other variables. After the middle dose of
0.1 mg/kg, no significant change was detected in them. After
the high dose of 1 mg/kg, the mean blood pressure, cardiac
output and LVdP/dtmax decreased at 20 min., for 10–60 min.
and for 10–60 min., respectively, whereas no significant
change was detected in the other variables.

Effects on the electrophysiological variables during sinus
rhythm. Typical tracings of the ECG, His bundle electrogram
and MAP during sinus rhythm are depicted in fig. 2, and the
time courses of changes in the ECG variables, AH and HV

Fig. 1. Time courses of the plasma drug concentration (Conc), heart
rate (HR), mean blood pressure (MBP), cardiac output (CO), total
peripheral resistance (TPR), maximum upstroke velocity of the left
ventricular pressure (LVdP/dtmax) and left ventricular end-diastolic
pressure (LVEDP) in the halothane-anaesthetized dogs. Data are pre-
sented as mean " S.E. (n = 4). The closed symbols represent signifi-
cant differences from each control (C) by p < 0.05.
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intervals, and MAP90(sinus) are summarized in fig. 3 (n = 4).
The pre-drug control values (C) of the PR interval, QRS
width, QT interval, QTcV, AH and HV intervals, and
MAP90(sinus) were 100 " 1, 60 " 2, 311 " 43, 344 " 35,
76 " 4, 29 " 4 and 271 " 47 msec., respectively. After the
low and middle doses, no significant change was detected in
them. After the high dose, the QT and HV intervals were
prolonged for 10–15 min. and at 20, 45 and 60 min.,
respectively, whereas no significant change was detected in
the other variables. No ventricular arrhythmia was detected
during the observation period of this study.

Effects on the MAP90, ERP and TRP during the ventricular
pacing. The time courses of changes in the MAP90(CL300),
MAP90(CL400), ERP and TRP are summarized in fig. 4
(n = 4), of which pre-drug control values (C) were 226 " 18,
257 " 33, 210 " 26 and 47 " 13 msec., respectively. After
the low dose, no significant change was detected in them.
After the middle dose, the ERP was prolonged at 10 and
20 min., whereas no significant change was detected in the
other variables. After the high dose, the ERP was prolonged
for 5–20 min. and at 45 min., whereas no significant change
was detected in the other variables.

Experiment 2: Effects of apomorphine on the chronic
atrioventricular block dogs.
After the administration of apomorphine, each animal vomited
several times.

Effects on the ECG. The time courses of the changes in the
ECG variables and the number of surviving animals are
summarized in fig. 5. The pre-drug control values (C) of the

ventricular rate, QT interval and QTcF were 24 " 2 beats/
min., 342 " 2 msec. and 250 " 6, respectively. After the
administration of apomorphine, no significant change was

Fig. 2. Typical tracings showing His bundle electrogram (His), surface lead II electrocardiogram (ECG), aortic blood pressure (AoP), left ventricu-
lar pressure (LVP) and monophasic action potential (MAP) during sinus rhythm at pre-drug control (Control) and 10 min. after the start of intrave-
nous infusion of 1 mg/kg of apomorphine hydrochloride in the halothane-anaesthetized dog. Inserted are enlarged views of His bundle electrogram,
showing atrial (A), Hisian (H) and ventricular (V) waves.

Fig. 3. Time courses of the PR interval, QRS width, QT interval and
QTcV; atrio-His (AH) and His-ventricular (HV) intervals; and mono-
phasic action potential at 90% repolarization level during sinus rhythm
(MAP90(sinus)) in the halothane-anaesthetized dogs. Data are presented
as mean " S.E. (n = 4). The closed symbols represent significant dif-
ferences from each control (C) by p < 0.05.
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detected in them. Typical tracings of the ECG showing the
effects of apomorphine are depicted in fig. 6. After
the administration of apomorphine, neither QT interval
prolongation nor onset of torsade de pointes was observed.

Beat-to-beat analysis. Beat-to-beat analysis was used for each
animal to assess the extent of torsadogenic potential of the
drugs, as depicted in fig. 7. The QT interval of ECG of 51
consecutive beats under stable idioventricular rhythm was
measured in each animal before and at 1–1.7 hr after the
administration of apomorphine. The basal control values of
short-term variability and long-term variability were 3.8 " 0.2
and 4.6 " 0.1 msec., respectively. After the administration of
apomorphine, these values tended to increase to 4.7 " 0.4 and
6.5 " 0.6 msec., respectively, which did not achieve a
statistical significance.

Discussion

Given the limited information on the cardiovascular profile of
apomorphine, we assessed it using the well-established halo-
thane-anaesthetized in vivo canine model in three escalating
i.v. doses of 0.01, 0.1 and 1 mg/kg. Moreover, the pro-
arrhythmic effect of apomorphine was assessed with atrioven-
tricular block model. We found that apomorphine at approxi-
mately 1000 times of therapeutic concentration neither delayed
the repolarization nor induced torsade de pointes.

Dose of apomorphine.
The EC50 of apomorphine was described to be 19.5 nmol/L
(5.2 ng/mL) for dopamine D2 receptor in the assessment report
from Pharmaceuticals and Medical Devices Agency. The ther-
apeutic dose of apomorphine in human beings was described
to be 1–6 mg, subcutaneously per day, and the peak plasma
concentration (Cmax) after the single subcutaneously adminis-
tered doses of 1, 2 and 3 mg to healthy individuals was
shown to be 3.3 " 1.2, 7.8 " 2.3 and 12.0 " 3.7 ng/mL,
respectively, in the interview form from the manufacturer.
Therefore, the doses of apomorphine used in this study can be
considered to be supratherapeutic level, namely approximately
10–1000 times of therapeutic ones, as shown in fig. 1.

Apomorphine-induced vomiting.
After the administration of apomorphine, each chronic atrio-
ventricular block dog vomited several times in experiment 2,
which was not observed at all in the halothane-anaesthetized
dogs in experiment 1. Apomorphine-induced vomiting has
been reported in conscious beagle dogs [11], but it was not
observed in a-chloralose-anaesthetized dogs [2,14]. Apomor-
phine has been reported to act on the chemoreceptor trigger
zone, namely a chemosensitive region where dopamine
receptors play important roles [15,16]. Indeed, apomorphine-
induced vomiting has been considered to be mediated by acti-
vation of dopamine D2 receptors, as this effect was abolished

Fig. 4. Time courses of the MAP90 during the electrical pacing at a
cycle length of 300 msec. (MAP90(CL300)) and 400 msec. (MAP90
(CL400)); effective refractory period of the right ventricle (ERP); and
terminal repolarization period (TRP=MAP90(CL400)–ERP) in the halo-
thane-anaesthetized dogs. Data are presented as mean " S.E. (n = 4).
The closed symbols represent significant differences from each control
(C) by p < 0.05.

Fig. 5. Effects of 1 mg/kg, i.v. of apomorphine on the ECG variables
in the chronic atrioventricular block dogs. Time courses of the effects
on the ventricular rate, QT interval, QTcF and the number of surviv-
ing atrioventricular block animals. Data are presented as mean " S.E.
(n = 4).

© 2014 Nordic Association for the Publication of BCPT (former Nordic Pharmacological Society)

472 YUDAI WATANABE ET AL.



by pre-treatment with a D2 receptor antagonist haloperidol or
domperidone [17], but not with an opioid antagonist naloxone
[18]. Precise mechanisms that vomiting was not observed in
halothane-anaesthetized dogs in this study remained unknown,
although halothane-induced marked muscle relaxation might
have in part contributed to the inhibition of the emetic
response [19]. As vomiting will modify the drug-induced car-
diovascular responses, the halothane-anaesthetized canine
model may be an effective way to better analyse the cardio-
vascular effects of drugs with emetic action.

Cardiohemodynamic effects.
The low dose of 0.01 mg/kg of apomorphine exerted the posi-
tive chronotropic and inotropic effects. The chronotropic effect
of apomorphine was in accordance with those reported in pre-
vious studies using the a-chloralose-anaesthetized dog after a

single intravenous administration of 0.05–0.5 mg/kg [2,14,20].
Meanwhile, the positive inotropic effect of apomorphine was
not detected in a previous report assessed with the a-chloral-
ose-anaesthetized dogs [2]. As a blockade of muscarinic recep-
tors by atropine suppressed apomorphine-induced tachycardia
[14], the positive chronotropic effect observed by the low dose
may be at least in part mediated through a cholinergic inhibi-
tion. The positive inotropic effect in this study might be
explained by a framework of the positive stairway-case phe-
nomenon; namely, the contractile force increases as the beat-
ing rate increases [21].
In contrast to the low and middle doses, the high dose of

apomorphine exerted the negative inotropic effect, leading to
the decrease in the cardiac output followed by the decrease in
the mean blood pressure. Apomorphine has been reported to
stimulate the peripheral pre-synaptic D2 dopamine receptors
[14,22], leading to the decrease in noradrenaline release from
the sympathetic nerve endings [23], which might be at least in
part related to the negative inotropic effect of apomorphine in
this study. More importantly, the negative inotropic effect
could be induced by direct Na+ channel inhibition by apomor-
phine, which is discussed below. In addition, the decrease in
cardiac output can be explained by the negative inotropic
effect and slight decrease in the heart rate. Meanwhile, similar
hypotensive effect has been reported in previous studies with
conscious beagle dogs [11], anaesthetized dogs [2,11,20] and
the clinical trial described in the interview form from the man-
ufacturer. The total peripheral resistance tended to increase in
the present study, possibly due to an increase of reflex-medi-
ated sympathetic tone, although apomorphine-induced
vasodilator action has been reported previously with a-chloral-
ose-anaesthetized dogs [2]. The discrepancy of the results
between the previous study [2] and the present one might be
in part explained by the difference in the experimental condi-
tions, for example a-chloralose anaesthesia versus halothane
anaesthesia and bolus i.v. injection versus 10 min. of infusion.

Electrophysiological effects.
Apomorphine at the low or middle dose did not affect any of
the electrophysiological variables except that the ERP was

Fig. 6. Typical tracings of ECG in the chronic atrioventricular block dogs before and after the administration of apomorphine. Torsade de pointes
was not induced by the intravenous administration of 1 mg/kg of apomorphine hydrochloride.

Fig. 7. Poincar!e plots of the QT interval obtained in each atrioventric-
ular block animal. A total of 51 beats were plotted for each of the two
analysis time-points; at pre-drug control (grey) and after (black) 1 mg/
kg, i.v. of apomorphine hydrochloride. STV, short-term variability;
LTV, long-term variability.

© 2014 Nordic Association for the Publication of BCPT (former Nordic Pharmacological Society)

ELECTROPHARMACOLOGICAL EFFECTS OF APOMORPHINE 473



prolonged after the middle dose, whereas after the high dose,
the QT and HV intervals together with the ERP were pro-
longed. PR or AH interval was hardly affected by any of the
doses of apomorphine, suggesting a lack of inhibitory effect
on Ca2+ channels in vivo [5], which has not been reported.
Meanwhile, the HV interval was prolonged by the high dose,
suggesting the presence of inhibitory action on Na+ channels
[5], which has not been reported so far. The QTc or MAP
duration under sinus rhythm and during the ventricular pacing
were not changed, suggesting a lack of inhibitory effect on the
repolarization currents in vivo [5], although apomorphine has
been shown to block the hERG-mediated current with IC50

values of 127 nM (33.9 ng/mL) in the interview form from
the manufacturer, which was sufficiently attained in this study.
While precise mechanisms that explain this discrepancy are
unknown, one can speculate that a relatively small amount
of the drug might be distributed to the K+ channels in the
heart, and/or influence from the central nervous system
might have modified the electrophysiological responses of
apomorphine.

Pro-arrhythmic effect.
In the halothane-anaesthetized model, TRP, a marker of elec-
trical vulnerability of the ventricular muscle [5], tended to
decrease in a dose-related manner, although it did not achieve
a statistical significance, suggesting a lack of potential induc-
ing torsade de pointes. To confirm this hypothesis, we
assessed the torsadogenic potential of apomorphine using
atrioventricular block dogs. After the administration of apo-
morphine, no significant change was detected in QTc, short-
term variability or long-term variability of repolarization, and
moreover, torsade de pointes was not induced at all, indicating
a lack of torsadogenic potential for apomorphine.

Conclusions

The present studies suggest that apomorphine at approxi-
mately 10–1000 times of therapeutic concentration will not
induce repolarization delay or torsade de pointes. Moreover,
apomorphine only at 1000 times of therapeutic concentration
exerted the negative inotropic effect possibly through Na+

channel inhibition, followed by the decrease in the cardiac
output, leading to the decrease in the mean blood pressure,
whereas the left ventricular end-diastolic pressure, atrioventric-
ular nodal conduction or ventricular repolarization were hardly
affected. Thus, contrary to our expectation based on previous
knowledge, apomorphine can be considered to possess a wide
margin of cardiovascular safety.
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a b s t r a c t

Cardiovascular effects of a highly selective prostaglandin E2 type 4 (EP4) receptor agonist ONO-AE1-329
were assessed with the halothane-anesthetized dogs (n¼6). ONO-AE1-329 was intravenously infused in
three escalating doses of 0.3, 1 and 3 ng/kg/min for 10 min with a pause of 20 min between the doses.
The low dose of 0.3 ng/kg/min significantly increased maximum upstroke velocity of left ventricular
pressure by 18% at 20 min, indicating increase of ventricular contractility. The middle dose of 1 ng/kg/
min significantly decreased total peripheral resistance by 24% and left ventricular end-diastolic pressure
by 32% at 10 min, indicating dilation of arteriolar resistance vessels and venous capacitance ones, re-
spectively; and increased cardiac output by 25% at 10 min in addition to the change induced by the low
dose. The high dose of 3 ng/kg/min increased heart rate by 34% at 10 min; decreased mean blood
pressure by 14% at 10 min and atrioventricular nodal conduction time by 13% at 5 min; and shortened left
ventricular systolic period by 8% at 10 min and electromechanical coupling defined as an interval from
completion of repolarization to the start of ventricular diastole by 39% at 10 min in addition to the
changes induced by the middle dose. No significant change was detected in a ventricular repolarization
period. These results indicate that ONO-AE1-329 may possess a similar cardiovascular profile to typical
phosphodiesterase 3 inhibitors as an inodilator, and suggest that EP4 receptor stimulation can become an
alternative strategy for the treatment of congestive heart failure.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Prostaglandin E2 is the most widely produced within the body
among the prostanoids, which is involved in a number of phy-
siological and pathophysiological responses including fever, pain

and inflammation (Yokoyama et al., 2013). Prostaglandin E2 type 4
(EP4) receptor is one of 4 receptor-subtypes for prostaglandin E2,
which belongs to the family of a Gsα protein-coupled, adenylyl
cyclase-stimulating receptor (Nishigaki et al., 1995). EP4 signaling
has been shown to be involved in the pathophysiology of ischemic
damage, hypertrophy, fibrosis and atherosclerosis in cardiovas-
cular diseases (Yokoyama et al., 2013).

ONO-AE1-329 (Fig. 1) is a highly selective EP4 receptor agonist,
of which affinity for EP4 receptor has been shown to be 4100
times greater than those of the other subtypes of prostaglandin E2
receptors like EP1, EP2 and EP3 (Suzawa et al., 2000; Maruyama
et al., 2002). EP4 agonists including ONO-AE1-329 and EP4RAG
have been shown to protect the heart from coronary ischemia-
reperfusion injury in mice (Hishikari et al., 2009; Xiao et al., 2004),
in addition to the attenuation of cardiovascular depression during
the lipopolysaccharide-induced shock in rats (Sakamoto et al.,
2004). Although the precise in vivo electropharmacological profile
needs to be clarified before applying these new drugs as a
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clinically available therapeutic strategy, such information remains
limited.

In this study, we adopted the halothane-anesthetized canine
model to better examine the cardiohemodynamic and electro-
physiological profile of ONO-AE1-329, since the model has been
used to study the electropharmacological effects of various kinds
of drugs (Ishizaka et al., 2008; Izumi-Nakaseko et al., 2014; Satoh
et al., 1999, 2004; Sugiyama, 2008; Sugiyama et al., 2001a, 2001b;
Takahara et al., 2003, 2005). To accurately analyze the effects of
the drug on the depolarization and repolarization process, we
recorded the His-bundle electrogram and monophasic action po-
tential (MAP), respectively, in addition to assessing the standard
lead II electrocardiogram. Moreover, we measured the durations of
left ventricular systolic and diastolic periods separately to compare
them with MAP duration, which will provide important informa-
tion of the drug effects on the electro-mechanical relationship, one
of the preclinical biomarkers of proarrhythmia (Izumi-Nakaseko
et al., 2014; Vargas, 2010; Van der Linde et al., 2010).

2. Materials and methods

Six male beagle dogs weighing 10–15 kg were used for ex-
periments. Animals were obtained from Institute for Animal Re-
production (Ibaraki, Japan). All experiments were approved by the
Animal Research Committee for Animal Experimentation of Toho
University (no. 13-53-151) and performed in accordance with the
Guidelines for the Care and Use of Laboratory Animals of Toho
University.

2.1. Experimental protocols

The aortic pressure, left ventricular pressure, electro-
cardiogram, His bundle electrogram and MAP signals were mon-
itored with a polygraph system (RM-6000, Nihon Kohden, Tokyo,
Japan) and analyzed with a real-time full automatic data analysis
system (WinVAS3 ver 1.1R24v, Physio-Tech, Tokyo, Japan). Each
measurement of electrocardiogram, MAP as well as atrio-His (AH)
and His-ventricular (HV) intervals was the mean of three record-
ings of consecutive complexes. The cardiovascular variables were
assessed in the following order. The electrocardiogram, His bundle
electrogram, aortic and left ventricular pressures and MAP signals
were recorded under sinus rhythm. Then, the cardiac output was
measured three times. Next, MAP signals were recorded during
the ventricular pacing at a cycle length of 400 and 300 ms. Finally,
the effective refractory period was measured. All parameters de-
scribed above were usually obtained within 1 min at each time
point.

After the assessment of the pre-drug control (C), ONO-AE1-329
in a low dose of 0.3 ng/kg/min was intravenously infused for
10 min, and each parameter was assessed at 5, 10, 15, 20 and
30 min after the start of administration. Then, ONO-AE1-329 in a
middle dose of 1 ng/kg/min was intravenously infused for 10 min,
and each parameter was assessed in the same manner as the low

dose. Finally, ONO-AE1-329 in a high dose of 3 ng/kg/min was
intravenously infused for 10 min, and each parameter was as-
sessed at 5, 10, 15, 20, 30, 45 and 60 min after the start of ad-
ministration. Plasma concentration of ONO-AE1-329 was not de-
termined in this study, since the blood samplings might have some
potential to affect the cardiohemodynamic effects of the drug
particularly on the maximum upstroke velocity of the left ven-
tricular pressure (LVdP/dtmax) and left ventricular end-diastolic
pressure.

2.2. Cardiohemodynamic parameters

Dogs were anesthetized initially with thiopental sodium
(30 mg/kg, i.v.). After intubation with a cuffed endotracheal tube,
1% halothane vaporized with 100% oxygen was inhaled with a
volume-limited ventilator (SN-480-3; Shinano Manufacturing,
Tokyo, Japan). Tidal volume and respiratory rate were set at 20 ml/
kg and 15 strokes/min, respectively.

Heparin calcium (100 IU/kg) was intravenously administered to
prevent blood clotting. A clinically available catheter sheath (FAST-
CATHTM 406108, St. Jude Medical Daig Division, Inc., Minnetonka,
MN, USA) was inserted through the right femoral artery, and the
aortic pressure was continuously monitored via a flush line con-
nected to the catheter sheath by using a transducer (DX-100, Ni-
hon Kohden). A thermodilution catheter (TC-504NH; Nihon Koh-
den) was positioned at the right side of the heart through the right
femoral vein. The cardiac output was measured by a standard
thermodilution method with a cardiac output computer (MFC-
1100, Nihon Kohden). The total peripheral resistance was calcu-
lated with the basic equation: total peripheral resistance¼mean
blood pressure/cardiac output. A pig-tail catheter was positioned
at the left ventricle through the catheter sheath placed at the right
femoral artery to measure the left ventricular pressure. The LVdP/
dtmax and the left ventricular end-diastolic pressure were obtained
during sinus rhythm to estimate the contractility and the preload
to the left ventricle, respectively. The duration of left ventricular
systolic period was measured as an interval (ms) from the time
point of end-diastole to that of start of rapid decrease in left
ventricular pressure (end-systole), whereas that of left ventricular
relaxation period was determined as an interval (ms) from the
time point of the end-systole to that of completion of rapid de-
crease in left ventricular pressure as depicted in Fig. 2. The sum of
the left ventricular systolic and diastolic periods indicates the
duration of ventricular pressure cycle.

2.3. Electrophysiological parameters

The surface lead II electrocardiogram was obtained from the
limb electrodes. Corrected QT intervals (QTc) were calculated by
using Bazett's formula (QTcB) (Bazett, 1920), and Van de Water's
formula (QTcV) (Van de Water et al., 1989). A quad-polar electro-
des catheter (Cordis-Webster, Baldwin Park, CA, USA) was posi-
tioned at the non-coronary cusp of the aortic valve through the left
femoral artery to obtain the His bundle electrogram. A bidirec-
tional steerable MAP recording/pacing combination catheter
(1675P; EP Technologies, Inc., Sunnyvale, CA, USA) was positioned
at the endocardium of the right ventricle through the left femoral
vein to obtain MAP signals. The signals were amplified with a DC
preamplifier (model 300; EP Technologies, Inc.). The duration of
the MAP signals was measured as an interval, along a line hor-
izontal to the diastolic baseline, from the MAP upstroke to the
desired repolarization level. The interval (ms) at 90% repolariza-
tion level was defined as MAP90.

The heart was electrically driven by using a cardiac stimulator
(SEC-3102, Nihon Kohden) with the pacing electrodes of the
combination catheter placed in the right ventricle. The stimulation
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Fig. 1. Chemical structure of ONO-AE1-329 (16-(3-Methoxymethyl)phenyl-ω-tet-
ranor-3,7-dithia PGE1).
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pulses were rectangular in shape, 1-2 V (about twice the threshold
voltage), and of 1-ms duration. The MAP90 was measured during
sinus rhythm (MAP90(sinus)) and at a pacing cycle length of 400 ms
(MAP90(CL400)) and 300 ms (MAP90(CL300)). The effective refractory
period of the right ventricle was assessed by the programmed
electrical stimulation. The pacing protocol consisted of 5 beats of
basal stimuli in a cycle length of 400 ms followed by an extra
stimulus of various coupling intervals. Starting in late diastole, the
coupling interval was shortened in 5-ms decrements until re-
fractoriness occurred. The duration of the terminal repolarization
period in the right ventricle was calculated by the difference be-
tween the MAP90(CL400) and effective refractory period at the same
site, which has been known to reflect the duration of phase 3 re-
polarization, an electrically vulnerable period (Sugiyama, 2008;
Sugiyama and Hashimoto, 2002).

Electro-mechanical relationship was analyzed during sinus
rhythm as shown in Fig. 2. First, the extent of electro-mechanical
coupling (EMc) was estimated by calculating an interval (ms) from
the time point of MAP at 90% repolarization level to that of the
end-systole of left ventricular pressure. Second, electro-mechan-
ical window (EMw) was obtained as an interval (ms) from the time
point of MAP at 90% repolarization level to that of completion of
the ventricular relaxation. Drug-induced reduction of EMc and/or
EMw values has been shown to be a useful surrogate marker for
risk of torsade de pointes in long QT type 1 canine model (Vargas,
2010; Van der Linde et al., 2010).

2.4. Drugs

ONO-AE1-329 (16-(3-Methoxymethyl)phenyl-ω-tetranor-3,7-
dithia PGE1) was obtained from Ono Pharmaceutical Co., Ltd.
(Osaka, Japan). ONO-AE1-329 was dissolved in concentrations of 3,
10 and 30 ng/ml with 1% lactic acid (Sigma-Aldrich Co. LLC., Tokyo,
Japan). Other drugs used were thiopental sodium (Mitsubishi Ta-
nabe Pharma Corporation, Osaka, Japan), halothane (Takeda

Pharmaceutical Company Limited, Osaka, Japan) and heparin cal-
cium (Sawai Pharmaceutical Co., Ltd, Tokyo, Japan).

2.5. Statistical analyses

Data are presented as the mean7S.E.M. The statistically sig-
nificant differences within a parameter were evaluated by one-
way repeated-measures analysis of variance (ANOVA) followed by
a post-hoc test Contrasts for mean values comparison. A P
valueo0.05 was considered to be statistically significant.

3. Results

No animals showed cardiohemodynamic collapse or lethal
ventricular arrhythmias leading to the animal's death during the
experimental period.

3.1. Effects on the heart rate, mean blood pressure, cardiac output,
total peripheral resistance, LVdP/dtmax and left ventricular end-dia-
stolic pressure

Typical tracings of the effects of ONO-AE1-329 on the aortic
and left ventricular pressure are depicted in Fig. 2, whereas the
time courses of changes in the heart rate, mean blood pressure,
cardiac output, total peripheral resistance, LVdP/dtmax and left
ventricular end-diastolic pressure are summarized in Fig. 3 (n¼6),
of which pre-drug controls (C) were 11476 beats/min, 1157
2 mmHg, 1.6770.08 L/min and 7274 mmHg min/L, 2,0457
169 mmHg/s and 1171 mmHg, respectively. The low dose of
0.3 ng/kg/min significantly increased the LVdP/dtmax at 20 min,
whereas no significant change was detected in the other variables.
The middle dose of 1 ng/kg/min significantly increased the cardiac
output for 5–20 min and LVdP/dtmax for 5–20 min; but sig-
nificantly decreased the total peripheral resistance for 5–20 min

Fig. 2. Typical tracings showing the His bundle electrogram (His), lead II surface electrocardiogram (ECG), aortic pressure (AoP), left ventricular pressure (LVP) and
monophasic action potential (MAP) recorded from the right ventricle during sinus rhythm at pre-drug control (C) and 10 min after the start of 3 ng/kg/min of ONO-AE1-329
infusion. Note that heart rate was increased after the infusion of 3 ng/kg/min of ONO-AE1-329, and that electro-mechanical coupling (EMc) and window (EMw) were
shortened.
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and left ventricular end-diastolic pressure for 5–20 min; whereas
no significant change was detected in the heart rate or mean blood
pressure. The high dose of 3 ng/kg/min significantly increased the
heart rate for 5–20 min, cardiac output at 10 min and LVdP/dtmax

for 5–60 min; but significantly decreased the mean blood pressure
for 5–15 min, total peripheral resistance for 5–15 min and left
ventricular end-diastolic pressure for 5–20 min. The peak changes
in the heart rate and mean blood pressure were observed at
10 min after the start of the high dose of 3 ng/kg/min, which were
þ34% and –14%, respectively; those in the cardiac output and total
peripheral resistance were observed at 10 min after the middle
dose of 1 ng/kg/min and the high dose, which were þ25% and
#26%, respectively; and those in the LVdP/dtmax and left ven-
tricular end-diastolic pressure were observed at 5 and 10 min after

the high dose, which were þ35% and #60%, respectively.

3.2. Effects on the ECG

Typical tracings of the effects of ONO-AE1-329 on the ECG are
depicted in Fig. 2, and the time courses of changes in the ECG
parameters are summarized in Fig. 4 (n¼6). The PR interval, QRS
width, QT interval, QTcB and QTcV at the pre-drug control (C) were
10676 ms, 7273 ms, 257710 ms, 371720 and 326715, re-
spectively. No significant change was detected in any of the ECG
parameters during the whole experimental period except that the
high dose of 3 ng/kg/min significantly shortened the QT interval at
10 min by 5%.

Fig. 3. Summary of cardiohemodynamic effects of ONO-AE1-329. The time courses of the heart rate (HR), mean blood pressure (MBP), cardiac output (CO), total peripheral
vascular resistance (TPR), maximum up stroke velocity of left ventricular pressure (LVdP/dtmax) and left ventricular end-diastolic pressure (LVEDP). Data are presented as the
mean7S.E.M. (n¼6). The closed symbols represent significant differences from pre-drug control (C) by Po0.05.
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3.3. Effects on the AH and HV intervals and MAP duration during
sinus rhythm

Typical tracings of the effects of ONO-AE1-329 on the His
bundle electrogram and MAP are depicted in Fig. 2, and the time
courses of changes in the AH and HV intervals and MAP90(sinus) are
summarized in Fig. 4 (n¼6), of which pre-drug controls (C) were
8374 ms, 2672 ms and 23477 ms, respectively. The low dose of
0.3 ng/kg/min or middle dose of 1 ng/kg/min did not affect the AH
or HV interval, or MAP90(sinus). The high dose of 3 ng/kg/min sig-
nificantly shortened the AH interval for 5–20 min, whereas no
significant change was detected in the HV interval or MAP90(sinus).
The peak change in the AH interval was observed at 5 min after
the high dose of 3 ng/kg/min, which was #13%.

3.4. Effects on the MAP duration during the ventricular pacing, ef-
fective refractory period and terminal repolarization period

The time courses of changes in the MAP90 during the ven-
tricular pacing at a cycle length of 300 and 400 ms, effective re-
fractory period, and terminal repolarization period are summar-
ized in Fig. 4 (n¼6), of which pre-drug controls (C) were
22274 ms, 24075 ms, 21176 ms and 2977 ms, respectively.
The low dose of 0.3 ng/kg/min or middle dose of 1 ng/kg/min
did not affect these variables. The high dose of 3 ng/kg/min
significantly prolonged the effective refractory period only at
60 min by 6%, whereas no significant change was detected in the
others.

Fig. 4. Summary of electrophysiological effects of ONO-AE1-329. The time courses of the PR interval (circles), QRS width (triangles), QT interval (squares), QT corrected by
Bazett's formula (QTcB, circles) and QT corrected by Van de Water's formula (QTcV, triangles); atrio-His interval (AH, circles), His-ventricular interval (HV, triangles) and
MAP90 during sinus rhythm (MAP90(sinus), squares); the MAP90 at a pacing cycle length of 300 ms (MAP90(CL300)) and 400 ms (MAP90(CL400)); and the effective refractory
period at a basic pacing cycle length of 400 ms (ERP); and terminal repolarization period (TRP¼MAP90(CL400)#ERP). Data are presented as the mean7S.E.M. (n¼6). The
closed symbols represent significant differences from pre-drug control (C) by Po0.05.
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3.5. Effects on the EMc and EMw

Typical tracings showing how to obtain the EMc and EMw are
depicted in Fig. 2, and the time courses of changes in the EMc and
EMw are summarized in Fig. 5 (n¼6), of which pre-drug controls
(C) were 4579 ms and 181712 ms, respectively. The high dose of
3 ng/kg/min significantly shortened the EMc and EMw for 5–
10 min and at 10 min, respectively, whereas no significant change
was detected in them after the low dose of 0.3 ng/kg/min or
middle dose of 1 ng/kg/min. The peak changes in the EMc and
EMw were observed at 10 min after the high dose of 3 ng/kg/min,
which were #39% and #19%, respectively.

3.6. Effects on the left ventricular systolic/diastolic periods and
duration of ventricular pressure cycle

The time courses of changes in the left ventricular systolic/
diastolic periods and duration of ventricular pressure cycle are
summarized in Fig. 5 (n¼6), of which pre-drug controls (C) were
27979/13676 and 415714 ms, respectively. The low dose of
0.3 ng/kg/min or middle dose of 1 ng/kg/min did not change these
variables. The high dose of 3 ng/kg/min significantly shortened the
left ventricular systolic period and duration of ventricular pressure
cycle for 10–15 min, whereas it tended to shorten the left ven-
tricular diastolic period. The peak changes in the left ventricular
systolic period and duration of ventricular pressure cycle were

Fig. 5. Summary of electro-mechanical relationship of ONO-AE1-329. The time courses of the electro-mechanical coupling (EMc, triangles) and window (EMw, circles), left
ventricular systolic (circles) and diastolic (triangles) periods, and duration of ventricular pressure cycles (squares). Data are presented as the mean7S.E.M. (n¼6). The closed
symbols represent significant differences from pre-drug control (C) by Po0.05.
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observed at 10 min after the high dose of 3 ng/kg/min, which were
#8% and #12%, respectively.

4. Discussion

In the present study, we investigated the cardiohemodynamic
and electrophysiological effects of ONO-AE1-329 together with its
consequence to electro-mechanical relationship by using the well-
established halothane-anesthetized in vivo canine model (Ishizaka
et al., 2008; Izumi-Nakaseko et al., 2014; Satoh et al., 1999, 2004;
Sugiyama, 2008; Sugiyama et al., 2001a, 2001b; Takahara et al.,
2003, 2005). This is the first report describing that EP4 receptor
stimulation can induce the positive chronotropic, inotropic, dro-
motropic and vasodilator effects in addition to a reduction of
electromechanical coupling/window in the non-rodent animal
model.

4.1. Rationale for dose selection

In the extensive preliminary experiments using the halothane-
anesthetized beagle dogs, ONO-AE1-329 at Z1 ng/kg/min for
10 min significantly increased the heart rate but decreased the
blood pressure, which let us start to assess the effects of ONO-AE1-
329 in doses of 0.3, 1 and 3 ng/kg/min for 10 min under the
monitoring of multiple cardiovascular variables. Meanwhile, EC50

value of ONO-AE1-329 for mice EP4 receptors expressed in Chinese
hamster ovary cells has been shown to be 3.1 nmol/L (1.5 ng/ml),
when assayed by the increase in the intracellular cyclic AMP
production rate (Maruyama et al., 2002). Based on our previous
experiences with the halothane-anesthetized beagle dogs (Ishi-
zaka et al., 2008; Izumi-Nakaseko et al., 2014; Satoh et al., 1999,
2004; Sugiyama et al., 2001a, 2001b), administration of 1 ng/kg/
min for 10 min (10 ng/kg/10 min) can be expected to provide
maximum plasma drug concentration of around 10 pg/ml, which
will be 150-fold smaller than EC50 value for the mice EP4 receptors
(Maruyama et al., 2002). Since ONO-AE1-329 has been shown to
be highly selective for EP4 receptors according to the information
from the manufacturer, its higher potency in dogs might at least in
part suggest the presence of species difference in the affinity of EP4
receptors to ONO-AE1-329.

4.2. Cardiohemodynamic effects

ONO-AE1-329 decreased the total peripheral resistance and left
ventricular end-diastolic pressure together with the hypotensive
action in a dose-related manner, reflecting a dilation of arteriolar
resistance vessels and venous capacitance ones, respectively. EP4
receptors have been shown to be expressed in the aorta (Bayston
et al., 2003; Cao et al., 2012; Yokoyama et al., 2012), renal arteriole
(Purdy and Arendshorst, 2000) and saphenous vein (Coleman
et al., 1994), whereas similar vasodilator effects as observed in this
study have been reported on the renal arteriole and saphenous
vein with other EP4 agonists (Coleman et al., 1994; Purdy and
Arendshorst, 2000). EP4 receptor has been shown to be coupled
with stimulatory G protein and can activate adenylate cyclase to
increase cyclic AMP production rate (Nishigaki et al., 1995), which
may provide a rationale for the vasodilator effects of ONO-AE1-
329 (Schaub and Kunz, 1986). In addition, it has been reported that
EP4 receptor-mediated, endothelium-dependent stimulation of
eNOS activity may result in guanylyl cyclase-dependent vasor-
elaxation (Hristovska et al., 2007), which might be also involved in
the mechanism of ONO-AE1-329-induced vasodilator effects.

ONO-AE1-329 exerted the positive chronotropic and inotropic
effects in a dose-related manner. Since EP4 receptors have been
shown to be expressed in the cardiomyocytes (Birkenmeier et al.,

2008), EP4 receptor-dependent stimulation of adenylate cyclase
activity (Nishigaki et al., 1995) may increase the inward Ca2þ

current via increase of cyclic AMP production (Hartzell and
Fischmeister, 1987), which can explain the positive chronotropic
and inotropic effects of ONO-AE1-329. Thus, the effect of the drug
on the intracellular dynamics of Ca2þ needs to be analyzed to
confirm this hypothesis. In addition, the decrease of the mean
blood pressure may increase reflex-mediated sympathetic tone,
which would have enhanced the positive chronotropic and in-
otropic effects of the drug.

The cardiohemodynamic profile of ONO-AE1-329 was qualita-
tively similar to those of phosphodiesterase 3 inhibitors in pre-
vious studies assessed in the halothane- and pentobarbital-an-
esthetized dogs (Pagel et al., 1996; Sugiyama et al., 2001a). Such
current observation together with previous knowledge including
EP4 receptor-dependent anti-inflammatory effect and stimulation
of eNOS activity (Hristovska et al., 2007; Yokoyama et al., 2013)
may suggest that ONO-AE1-329 could become a candidate of an
alternative to phosphodiesterase 3 inhibitors for the treatment of
congestive heart failure. In addition, it should be noted that the
cardiac output tended to be depressed below its basal control at
120 min together with an increase of the total peripheral re-
sistance that appears to be even slightly above its basal control,
which may become important information to better understand
how to use ONO-AE1-329 in patients with congestive heart failure.

4.3. Electrophysiological effects

ONO-AE1-329 did not affect the electrophysiological para-
meters except for the QT or AH interval after the high dose of 3 ng/
kg/min. Shortening of the QT interval after the high dose of 3 ng/
kg/min may be secondary induced by an increase of the heart rate,
since there was no significant change in the QTc or the MAP90
during the ventricular pacing. The positive dromotropic effect after
the high dose of 3 ng/kg/min may be induced through increases of
cyclic AMP via EP4 receptor stimulation. In addition, reflex-medi-
ated increase in the sympathetic tone may also enhance the po-
sitive dromotropic effect of ONO-AE1-329. On the other hand,
ONO-AE1-329 did not prolong the ventricular repolarization per-
iod, effective refractory period or terminal repolarization period
except that effective refractory period was slightly prolonged only
at 60 min after the high dose of 3 ng/kg/min, indicating a lack of
proarrhythmic potential leading to the onset of torsade de pointes.

4.4. Electro-mechanical relationship

The duration of ventricular pressure cycle and left ventricular
systolic period were shortened in a dose-related manner possibly
due to the enhancement of intracellular Ca2þ removal by sarco/
endoplasmic reticulum Ca2þ-ATPase through EP4 receptor stimu-
lation-induced cyclic AMP increase (Schaub and Kunz, 1986). ONO-
AE1-329 did not affect the repolarization period, but shortened the
duration of left ventricular pressure cycle, leading to the short-
ening of the EMc and EMw. When ONO-AE1-329 is used with
drugs that delay the repolarization, the EMc and/or EMw will re-
duce and become negative, predicting an increase of proar-
rhythmic risk (Vargas, 2010; Van der Linde et al., 2010).

4.5. Study limitation

The electrostatic charge of an ionized molecule attracts water
dipoles and results in a polar, relatively water-soluble and lipid
insoluble complex. Although ONO-AE1-329 is weak acid with
carboxyl group having less ability to permeate the blood-brain
barrier, there may be still some possibilities that cardiovascular
effects of ONO-AE1-329 in this study might be at least in part
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mediated through direct neuronal mechanisms besides the hy-
potension-induced, reflex-mediated increase of sympathetic tone.
In order to eliminate such possibilities, further experiments would
be needed including pharmacological blockade of autonomic
nervous system and/or use of isolated cardiac preparations.

Use of an anesthetic also deserves a comment. We have already
assessed various types of drugs with/without proarrhythmic po-
tential by using the same halothane-anesthetized canine model as
used in this study (Ishizaka et al., 2008; Izumi-Nakaseko et al.,
2014; Satoh et al., 1999, 2004; Sugiyama, 2008; Sugiyama et al.,
2001a, 2001b; Takahara et al., 2003, 2005). This information helps
us better analyze the currently observed cardiovascular effects and
anti/pro-arrhythmic potentials of ONO-AE1-329. However, there
might be some possibilities that anesthetics drop the heart rate,
can suppress neuronal cardiovascular pathways, and might modify
anti/pro-arrhythmic potentials, which would have altered normal
physiological responses to ONO-AE1-329.

Another concern may be the stability of the halothane-anesthe-
tized canine model during the experimental period. In a previous
study using the same halothane-anesthetized canine model together
with the same experimental protocol as used in this study (Sugiyama
and Hashimoto, 1998), we have confirmed that each of the cardio-
vascular variables was stable for Z2.5 h. However, it may be possible
that there has been some damage to the heart or altered physiological
responses by dosing every animal with all three doses in combination
with pacing, which would partly explain that variables such as the
LVdP/dtmax or effective refractory period did not return to their control
levels by the 120min point.

5. Conclusion

ONO-AE1-329 exerted positive chronotropic, inotropic, dro-
motropic and vasodilator effects, which may be induced through
an increase of cyclic AMP production by EP4 receptor stimulation
and reflex-mediated sympathetic tone; whereas the drug by itself
did not induce the ventricular arrhythmias or QT-interval pro-
longation. Since the estimated plasma concentration at doses at-
tained in this study would be 50- to 500-fold smaller than EC50

value for EP4 receptor of mice, dogs might be more sensitive to EP4
agonist than mice. The duration of ventricular pressure cycle as
well as left ventricular systolic period was shortened, suggesting
that uptake rate of intracellular Ca2þ by sarco/endoplasmic re-
ticulum Ca2þ-ATPase may be enhanced by ONO-AE1-329. Al-
though ONO-AE1-329 will not affect the repolarization period,
caution has to be paid on concomitant use of QT-interval
prolonging drugs during the ONO-AE1-329 treatment, which may
have potential to make the EMc and/or EMw negative. Further
studies may be needed to clarify the utility of ONO-AE1-329 in a
model of heart failure together with analysis of intracellular Ca2þ

dynamics in comparison with those of phosphodiesterase
3 inhibitors.
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ABSTRACT — Fluvoxamine is one of the typical selective serotonin-reuptake inhibitors. While its com-
bined use with QT-prolonging drugs has been contraindicated because of the increase in plasma concen-
trations of such drugs, information is still limited whether fluvoxamine by itself may directly prolong the 
QT interval. We examined electropharmacological effects of fluvoxamine together with its pharmacok-
inetic profile by using the halothane-anesthetized dogs (n = 4). Fluvoxamine was intravenously admin-
istered in three escalating doses of 0.1, 1 and 10 mg/kg over 10 min with a pause of 20 min between the 
doses. The low dose provided therapeutic plasma drug concentration, whereas the middle and high dos-
es attained approximately 10 and 100 times of the therapeutic ones, respectively. Supra-therapeutic con-
centration of fluvoxamine exerted the negative chronotropic, inotropic and hypotensive effects; and sup-
pressed the atrioventricular nodal and intraventricular conductions, indicating inhibitory actions on Ca2+ 
and Na+ channels, whereas it delayed the repolarization in a reverse use-dependent manner, reflecting 
characteristics of rapidly activating delayed rectifier K+ current channel-blocking property. Fluvoxamine 
prolonged the terminal repolarization phase at 100 times higher concentration than the therapeutic, indi-
cating its proarrhythmic potential. Thus, fluvoxamine by itself has potential to directly induce long QT 
syndrome at supra-therapeutic concentrations. 

Key words:  Fluvoxamine, Long QT syndrome, Arrhythmia, IKr, SSRI
 

INTRODUCTION

Fluvoxamine is a typical selective serotonin-reuptake 
inhibitor, and has been widely used for the treatment of 
major depression over 30 years (Omori et al., 2009). On 
the other hand, combined use of fluvoxamine with other 
drugs having risks of QT-interval prolongation has been 
contraindicated, since it may increase the plasma con-
centration of such drugs via prolongation of their half-
lives (Granfors et al., 2004). Moreover, fluvoxamine by 
itself was reported to inhibit human ether-a-go-go-relat-
ed gene (hERG) channels (Milnes et al., 2003). Indeed, in 
some previous clinical studies (Klok et al., 1981; Nia et 
al., 2012), the QT interval was prolonged by clinical dos-

es of fluvoxamine; however, such prolongation was not 
observed in the other clinical reports (Beach et al., 2014; 
Okayasu et al., 2012). Furthermore, specific data are very 
limited regarding the proarrhythmic effects of fluvox-
amine (Claassen, 1983; Manet et al., 1993; Wouters and  
Deiman, 1983). 

In order to bridge the gap between in vitro information 
of fluvoxamine and its clinically reported cardiovascular 
consequences, in the present study we precisely assessed 
in vivo electropharmacological effects of fluvoxamine 
together with its pharmacokinetic profile. For this pur-
pose, we used the halothane-anesthetized in vivo canine 
model (Sugiyama, 2008). To better analyze the electro-
physiological effects of the drugs on the depolarization 
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and repolarization phases, we recorded the His bundle 
electrograms and monophasic action potentials (MAPs), 
respectively, in addition to analyzing the standard lead II 
ECG. Moreover, a MAP recording/pacing combination 
catheter was used to simultaneously measure both MAP 
and effective refractory period at the same site and direct-
ly compare the drug effects on the repolarization and 
refractoriness (Kise et al., 2010; Mitsumori et al., 2010; 
Sugiyama, 2008; Sugiyama et al., 2004). 

MATERIALS AND METHODS

Experiments were performed with male beagle dogs 
weighing approximately 10 kg (n = 4). Animals were 
obtained through Kitayama Labes (Nagano, Japan). All 
experiments were approved by the Animal Research Com-
mittee for Animal Experimentation of Toho University  
(No. 12-52-151) and performed in accordance with 
the Guidelines for the Care and Use of Laboratory  
Animals of Toho University. 

Cardiohemodynamic parameters
The dogs were anesthetized initially with thiopental 

sodium (30 mg/kg, i.v.). After intubation with a cuffed 
endotracheal tube, 1% halothane vaporized with 100% 
oxygen was inhaled with a volume-limited ventilator 
(SN-480-3; Shinano, Tokyo, Japan). Tidal volume and 
respiratory rate were set at 20 mL/kg and 15 strokes/min, 
respectively. To prevent blood clotting, heparin calcium 
(100 IU/kg) was intravenously administered. A clinical-
ly available catheter-sheath set (FAST-CATH® 406108, 
St. Jude Medical Daig Division, Inc., Minnetonka, MN, 
USA) was placed at the aorta through the right femo-
ral artery to measure the aortic blood pressure. A pig-tail 
catheter was placed at the left ventricle through the cath-
eter-sheath to measure the left ventricular pressure. The 
maximum upstroke velocity of the left ventricular pres-
sure (LVdP/dtmax) and the left ventricular end-diastolic 
pressure (LVEDP) were obtained during sinus rhythm to 
estimate the contractility and the preload to the left ven-
tricle, respectively. A thermodilution catheter (TC504-
NH; Nihon Kohden, Tokyo, Japan) was positioned at the 
right side of the heart through the right femoral vein. The 
cardiac output was measured with a standard thermodilu-
tion method by using a cardiac output computer (MFC-
1100, Nihon Kohden). The total peripheral resistance 
was calculated with the basic equation: total peripheral 
resistance=mean blood pressure/cardiac output. 

Electrophysiological parameters
The surface lead II ECG was obtained from the limb 

electrodes. Corrected QT interval (QTc) was calculat-
ed with Van de Water’s formula (Van de Water et al., 
1989). A quad-polar electrodes catheter was positioned 
at the non-coronary cusp of the aortic valve through the 
left femoral artery to obtain the His bundle electrogram. 
A bi-directional steerable monophasic action potential 
(MAP) recording/pacing combination catheter (1675P; 
EP Technologies, Inc., Sunnyvale, CA, USA) was posi-
tioned at the endocardium of the right ventricle through 
the left femoral vein to obtain MAP signals. The signals 
were amplified with a DC preamplifier (model 300; EP 
Technologies, Inc.). The duration of the MAP signals was 
measured as an interval, along a line horizontal to the 
diastolic baseline, from the MAP upstroke to the desired 
repolarization level. The interval (ms) at 90% repolari-
zation level was defined as MAP90. The heart was elec-
trically driven by using a cardiac stimulator (SEC-3102, 
Nihon Kohden) with the pacing electrodes of the combi-
nation catheter placed in the right ventricle. The stimula-
tion pulses were rectangular in shape, 1-2 V (about twice 
the threshold voltage) and of 1-ms duration. The MAP90 
was measured during sinus rhythm (MAP90(sinus)) and at a 
pacing cycle length of 400 ms (MAP90(CL400)) and 300 ms 
(MAP90(CL300)). The effective refractory period of the right 
ventricle was assessed by the programmed electrical stim-
ulation. The pacing protocol consisted of 5 beats of basal 
stimuli in a cycle length of 400 ms followed by an extra 
stimulus of various coupling intervals. Starting in late 
diastole, the coupling interval was shortened in 5 ms dec-
rements until refractoriness occurred. The duration of the 
terminal repolarization period of the ventricle was calcu-
lated by the difference between the MAP90(CL400) and effec-
tive refractory period at the same site, which reflects the 
extent of electrical vulnerability of the ventricular muscle 
(Sugiyama, 2008; Sugiyama and Hashimoto, 2002).

Experimental protocol
The aortic blood pressure, left ventricular pressure, 

ECG, His bundle electrogram and MAP signals were 
monitored with a polygraph system (RM-6000, Nihon 
Kohden) and analyzed by using a real time full auto-
matic data analysis system (Win VAS3 ver 1.1R24;  
Physio-Tech, Tokyo, Japan). Each measurement of ECG 
and MAP as well as atrio-His (AH) and His-ventricular 
(HV) intervals was the mean of three recordings of con-
secutive complexes. The cardiac output was measured 
three times. The ECG, His bundle electrogram, aortic and 
left ventricular pressure and MAP signals were recorded 
under the sinus rhythm. In addition, MAP signals were 
recorded during the ventricular pacing at a cycle length 
of 400 and 300 ms. Then, effective refractory period was 
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measured. All parameters described above were usually 
obtained within 1 min at each time point. 

After the basal control assessment, fluvoxamine in a 
low dose of 0.1 mg/kg, which corresponds to a clinically 
recommended daily p.o. dose, was intravenously admin-
istered over 10 min and each parameter was assessed 5, 
10, 15, 20 and 30 min after the start of the infusion. Then, 
fluvoxamine in a middle dose of 1 mg/kg, was intrave-
nously administered over 10 min, and each parameter was 
observed in the same manner. Finally, fluvoxamine in a 
high dose of 10 mg/kg was intravenously administered 
over 10 min, and each parameter was observed 5, 10, 15, 
20, 30, 45 and 60 min after the start of the infusion. 

Plasma drug concentration
A volume of 3 mL of blood was withdrawn from the 

left femoral artery just before the assessment of cardio-
vascular parameters. The blood samples were centri-
fuged at 1,500 × g for 30 min at 4°C. The plasma was 
stored at -80°C until the drug concentration was meas-
ured. The plasma concentration was determined as fol-
lows. The samples in a volume of 100 μL were added into 
100 μL of methanol. After vortex mixing, the tubes were 
centrifuged at 900 × g for 20 min. An aliquot of the sam-
ple solution (40 μL) was injected onto an analytical C18 
reversed-phase column (150 mm × 4.6 mm, 5 µm, Cap-
cell pak; Shiseido Co., Ltd., Tokyo, Japan) maintained at 
40°C. The mobile phase in the high performance liquid 
chromatography (HPLC) system was an aqueous solution 
containing 50 mM potassium phosphate buffer (pH 4.7) 
and 28% acetonitrile (v/v) at a flow rate of 0.5 mL/min. 
The elution profiles of fluvoxamine were monitored with 
a UV detector at wavelength of 214 nm. 

Drugs
Fluvoxamine maleate 5-Methoxy-1-[4-(trifluoromethyl)

pheny1]pentan-1-one-(E)-O-(2-aminoethyl) oxime mon-
omaleate was extracted from a commercially available 
tablet (Luvox®, Abbott Japan Co., Ltd., Tokyo, Japan) 
with distilled water in a concentration of 10 mg/mL, 
which was diluted with saline in concentrations of 0.1 
and 1 mg/mL. Other drugs used were thiopental sodium  
(Ravonal®  0.5 g for Injection, Mitsubishi Tanabe Pharma  
Corporation, Osaka, Japan), halothane (Fluothane®,   
Takeda Pharmaceutical Co., Ltd., Osaka, Japan) and 
heparin calcium (Caprocin®, Sawai Pharmaceutical Co.,  
Ltd., Osaka,  Japan).

Statistical analysis
Data are presented as the mean ± S.E. The statistical 

significances within a parameter were evaluated by one-

way repeated-measures analysis of variance (ANOVA) 
followed by post-hoc test; Contrasts, for mean values 
comparison, whereas those of paired data within a param-
eter were evaluated by paired t-test. A p value < 0.05 was 
considered significant. 

RESULTS

No animals exhibited lethal ventricular arrhythmias 
or cardiohemodynamic collapse, leading to the animal’s 
death during the experimental period.

Plasma drug concentration
The time course of the plasma drug concentration of 

fluvoxamine is summarized in Fig. 1. The peak plasma  
concentrations of fluvoxamine after the start of 0.1, 1 
and 10 mg/kg infusion were 55 ± 22 ng/mL (0.17 µM),  
289 ± 86 ng/mL (0.91 µM) and 3,720 ± 590 ng/mL  
(11.69 µM), respectively. The plasma concentrations 
apparently decreased in distribution and elimination phas-
es. 

Effects on the heart rate and blood pressure
The time courses of changes in the heart rate and mean 

blood pressure are summarized in Fig. 1 (n = 4) and typ-
ical tracings of the blood pressure are depicted in Fig. 2. 
The heart rate and mean blood pressure at pre-drug con-
trol (C) were 107 ± 5 beats/min and 104 ± 3 mmHg, 
respectively. After the start of the low dose of 0.1 mg/kg  
of fluvoxamine infusion, no significant change was detect-
ed in these variables. After the start of the middle dose of 
1 mg/kg infusion, the heart rate decreased for 5-30 min,  
whereas no significant change was detected in the 
mean blood pressure. After the start of the high dose of  
10 mg/kg infusion, the heart rate and mean blood pres-
sure decreased for 5-60 min. 

Effects on the cardiac output and total 
peripheral resistance

The time courses of changes in the cardiac output 
and total peripheral resistance are summarized in Fig. 1  
(n = 4). The cardiac output and total peripheral resistance 
at pre-drug control (C) were 1.72 ± 0.13 L/min and 62 ±  
5 mmHg·min/L respectively. After the low dose, the car-
diac output transiently increased for 15-30 min, but the 
total peripheral resistance decreased for 15-30 min. After 
the middle dose, the total peripheral resistance decreased 
for 15-30 min, whereas no significant change was detect-
ed in the cardiac output compared with pre-drug con-
trol (C). After the high dose, the cardiac output and total 
peripheral resistance decreased for 10-60 min. 
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Effects on the LV/dPmax and LVEDP
The time courses of changes in the LVdP/dtmax and 

LVEDP are summarized in Fig. 1 (n = 4) and typical 
tracings of the left ventricular pressure are depicted in  
Fig. 2. The LVdP/dtmax and LVEDP at pre-drug control 
(C) were 2,112 ± 323 mmHg/s and 8 ± 1 mmHg, respec-
tively. After the low dose, the LVEDP increased at 10 and  
20 min, whereas no significant change was detected in the 
LVdP/dtmax. After the middle dose, the LVEDP increased 
for 10-30 min, whereas no significant change was detect-
ed in the LVdP/dtmax. After the high dose, the LVdP/dtmax 
decreased for 10-60 min, but the LVEDP increased for 
5-60 min.

Effects on the ECG
Typical tracings of the ECG are depicted in Fig. 2, and 

the time courses of changes in the ECG variables are sum-
marized in Fig. 3 (n = 4). The PR interval, QRS width, QT 
interval and QTc at pre-drug control (C) were 96 ± 5 ms, 
68 ± 2 ms, 293 ± 12 ms and 331 ± 11, respectively. After 
the low dose, no significant change was detected in any 
of these variables. After the middle dose, the QT interval 
and QTc were prolonged for 10-30 min, whereas no sig-
nificant change was detected in the PR interval or QRS 
width. After the high dose, the PR interval, QRS width, 
QT interval and QTc were prolonged at 15 min and for 
30-60 min, for 5-45 min, for 5-60 min, and for 5-60 min, 
respectively. J wave, which was defined as an elevation 
of the QRS-ST junction of at least 0.1 mV from baseline, 
manifested as QRS slurring or notching (Haïssaguerre et 
al., 2008), was observed in 2 animals out of 4 before the 
administration of the drug. In 1 animal out of the 2 with J 
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Fig. 1. Cardiohemodynamic effects of fluvoxamine. Time courses of the plasma drug concentration (Drug Conc.), heart rate (HR), 
mean blood pressure (MBP), cardiac output (CO), total peripheral resistance (TPR), maximum upstroke velocity of the left ven-
tricular pressure (LVdP/dtmax) and left ventricular end-diastolic pressure (LVEDP). Date are presented as mean ± S.E. (n = 4).  
Closed symbols represent significant differences from each control value (C) by p < 0.05. 
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wave, elevation of J wave was induced by fluvoxamine as 
depicted in Fig. 2. 

Effects on the AH and HV intervals and MAP 
duration during sinus rhythm

Typical tracings of the His bundle electrogram and 
MAP are depicted in Fig. 2, and the time courses of 
changes in the AH and HV intervals and MAP90(sinus) dur-
ing sinus rhythm are summarized in Fig. 3 (n = 4). The 
AH and HV intervals and MAP90(sinus) at pre-drug con-
trol (C) were 64 ± 8, 26 ± 2, and 252 ± 3 ms, respective-
ly. After the low dose, no significant change was detect-
ed in any of these variables. After the middle dose, the 
HV interval and MAP90(sinus) were prolonged for 10-20 and 
15-30 min, respectively, whereas no significant change 
was detected in the AH interval. After the high dose, 
AH and HV intervals and MAP90(sinus) were prolonged for  
5-60 min. 

Effects on the MAP90 during the ventricular 
pacing

The time courses of changes in the MAP90 during the 
ventricular pacing at a cycle length of 400 and 300 ms 
are summarized in Fig. 3 (n = 4). The MAP90(CL400) and 
MAP90(CL300) at pre-dose control (C) were 240 ± 10 and 
223 ± 10 ms, respectively. After the low and middle dos-
es, no significant change was detected in these variables. 
After the high dose, the MAP90(CL400) and MAP90(CL300) were 
prolonged for 5-60 min. The time courses of the incre-
ments from the pre-drug control (C) in the MAP90(CL400) 
and MAP90(CL300) were calculated (not shown in the  
figure). The extent of the increment in the MAP90(CL400) 
from pre-drug control was greater than that of the 
MAP90(CL300) for 10-20 and 60 min after the high dose, 
indicating the reverse use-dependent prolongation of 
repolarization. 

Fig. 2

Fig. 2. Typical tracings of the His Bundle electrogram (His), surface lead II electrocardiogram (ECG), aortic blood pressure (AoP), 
left ventricular pressure (LVP) and monophasic action potential (MAP) recorded from the right ventricle during the sinus 
rhythm at pre-drug control (Control) and 15 min after the start of 10 mg/kg of fluvoxamine infusion. Note that J-wave was 
observed before and after the drug administration (arrow). 

Vol. 40 No. 1

5

Electropharmacological effects of fluvoxamine 



Effects on the effective refractory period and 
terminal repolarization period

The time courses of changes in the effective refractory 
period and terminal repolarization period are summarized 
in Fig. 3 (n = 4). The effective refractory period and ter-
minal repolarization period at pre-drug control (C) were 
240 ± 8 and 0 ± 4 ms. After the low dose, no significant 
change was detected in these variables. After the mid-
dle dose, the effective refractory period was prolonged at  
30 min, whereas no significant change was detected in 
the terminal repolarization period. After the high dose, 

the effective refractory period and terminal repolarization 
period were prolonged for 5-60 and 15-30 min, respec-
tively. 

DISCUSSION

While only one clinical case of fluvoxamine-induced 
torsade de pointes has been reported (Manet et al., 1993), 
bradycardic action (de Wilde et al., 1983; Granfors et al., 
2004; Pacher and Kecskemeti, 2004; Saletu et al., 1977), 
QT-interval prolongation (Klok et al., 1981; Nia et al., 
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Fig. 3. Electrophysiological effects of fluvoxamine. Time courses of the PR interval (PR: circles), QRS width (QRS: triangles), QT 
interval (QT: squares) and QTc corrected by Van de Water’s formula (QTc: squares) (left upper panel); those of the atrio-His 
interval (AH, circles), His-ventricular interval (HV, triangles) and MAP90 during the sinus rhythm (MAP90(sinus)) (left lower 
panels); those of the MAP90 at a pacing cycle length of 400 ms (MAP90(CL400)) and 300 ms (MAP90(CL300)) (right upper panels); 
and the effective refractory period (ERP) and terminal repolarization period (TRP = MAP90(CL400)-ERP) (right lower panels). 
MAP90 represents the duration of monophasic action potential at 90% repolarization level. Date are presented as mean ± 
S.E. (n = 4). Closed symbols represent significant differences from each control value (C) by p < 0.05. 
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2012) and hypotensive effect (de Wilde et al., 1983; de 
Wilde and Doogon, 1982; Granfors et al., 2004; Guelfi et 
al., 1983; Rodriguez de la Torre et al., 2001) have been 
observed in patients during fluvoxamine treatment. In the 
present study, we simultaneously assessed the electrop-
harmacological effects of fluvoxamine together with its 
plasma concentrations using the halothane-anesthetized in 
vivo canine model under physiologically maintained elec-
trical and mechanical conditions. Administration of flu-
voxamine suppressed the atrioventricular nodal and intra-
ventricular conductions, and prolonged the repolarization 
period together with exerting negative chronotropic, ino-
tropic and hypotensive effects. 

Drug doses in this study
Since the clinically recommended maximum p.o. dose 

of fluvoxamine has been 150 mg/body in Japan (interview 
form from the manufacturer), in this study we assessed its 
cardiovascular effects in intravenous doses of 0.1, 1 and 
10 mg/kg. In phase I study, the Cmax values after a sin-
gle oral administration of 100 and 200 mg of fluvoxam-
ine were reported to be 44 and 92 ng/mL, respectively 
(Ishigooka et al., 1993). Protein binding ratio of fluvox-
amine was described to be 81% in human in the interview 
form of fluvoxamine from the manufacturer and 82% in 
rats in a previous study (Sato et al., 1995). On the oth-
er hand, values of the plasma unbound fraction (fu,p) and 
the octanol-water partition coefficient (logP) of fluvoxam-
ine were obtained by in silico estimation using SimCYP 
and ChemDrawBioUltra software (Emoto et al., 2009), 
which were 0.322 and 3.025, respectively; and the liv-
er to plasma concentration ratio (Kp,h) and the blood to 
plasma concentration ratio (Rb) were estimated from fu,p 
and logP (Tsukada et al., 2013; Yamashita et al., 2014), 
which were 3.202 and 0.920, respectively. Lack of differ-
ence in the protein binding ratio of fluvoxamine between 
humans and rats together with the information from the 
in silico estimation suggests that the ratio in dogs may 
be close to humans. Thus, the doses of the drug assessed 
in this study can be considered to provide therapeutic to 
supra-therapeutic levels of plasma drug concentrations. 
The time course of the plasma concentration of fluvox-
amine after the high dose followed a pattern that could be 
predicted by the two-compartment theory of pharmacok-
inetics, whereas it did not necessarily reflect the extent of 
the changes in the cardiohemodynamic or electrophysio-
logical variables.

Cardiohemodynamic effects
The low dose of fluvoxamine decreased the total 

peripheral resistance, but increased the cardiac output and 

left ventricular end-diastolic pressure, whereas it hard-
ly affected the heart rate, left ventricular contraction or 
mean blood pressure. The middle dose decreased the total 
peripheral resistance and heart rate, but increased the left 
ventricular end-diastolic pressure, whereas the left ven-
tricular contraction, cardiac output and mean blood pres-
sure were hardly affected. Lack of decrease in the mean 
blood pressure, cardiac output or left ventricular con-
traction after the low or middle doses may suggest the 
presence of reflex-mediated increase of sympathetic 
tone derived from the vasodilator action. The high dose 
decreased the total peripheral resistance, heart rate, ven-
tricular contraction, cardiac output and mean blood pres-
sure, but increased the left ventricular end-diastolic pres-
sure. The decrease of the left ventricular contraction, 
cardiac output and mean blood pressure may suggest that 
direct suppressive effects of the drug on the cardiovascu-
lar system were greater than compensatory action by the 
increased sympathetic tone. 

In this study, fluvoxamine decreased the heart rate and 
ventricular contraction. Although in vitro chronotropic or 
inotropic effect of fluvoxamine has not been reported, in 
vivo negative chronotropic effect of fluvoxamine has been 
observed in dogs (Roos, 1983) and patients (de Wilde et 
al., 1983; Granfors et al., 2004; Pacher and Kecskemeti, 
2004; Saletu et al., 1977), and in vivo negative inotropic 
effect has been shown in rabbits (Claassen, 1983; Wouters 
and Deiman, 1983). Meanwhile, fluvoxamine decreased 
the total peripheral resistance, leading to the hypoten-
sive action. Although in vitro vasodilator effect of flu-
voxamine has not been reported, the hypotensive action 
has been observed in patients (de Wilde et al., 1983; de  
Wilde and Doogon, 1982; Granfors et al., 2004; Guelfi et 
al., 1983; Rodriguez de la Torre et al., 2001), which was 
not detected in dogs, cats (Roos, 1983) or healthy human 
volunteers (Robinson and Doogan, 1982). Importantly, 
fluvoxamine increased the LVEDP in a dose-related man-
ner; however, the maximum value was 13 ± 1 mmHg at 
10 min after the high dose, which still remained within a 
physiological range.

Electrophysiological effects
Supra-therapeutic doses of fluvoxamine prolonged the 

atrioventricular nodal as well as intraventricular conduc-
tions, which is in accordance with previous studies in rab-
bits (Claassen, 1983; Wouters and Deiman, 1983), indicat-
ing that fluvoxamine may inhibit Ca2+ and Na+ channels in 
vivo, whereas no significant change was detected in them 
at therapeutic concentration. These results may reflect a 
previous clinical report (Roos, 1983) that no significant 
change was detected in the PR interval or QRS width by 
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clinical doses of fluvoxamine. 
Fluvoxamine delayed the repolarization in a reverse 

use-dependent manner, reflecting characteristics of rap-
idly activating delayed rectifier K+ current (IKr) channel-
blocking property (Sugiyama, 2008). These results were 
in good accordance with previous in vitro experimental 
study with human embryonic kidney 293 cells express-
ing hERG channels (Milnes et al., 2003), in which flu-
voxamine inhibited hERG K+ current with IC50 value of  
3.8 µM. Also, in previous in vivo experiments, the QT 
interval was prolonged by 10 mg/kg, i.v. in dogs (Roos, 
1983) and by 20 mg/kg/h, i.v. in guinea pigs (Ohtani et 
al., 2001). It should be noted that in some previous clin-
ical studies (Klok et al., 1981; Nia et al., 2012), the QT 
interval was prolonged by clinical doses of fluvoxam-
ine; however, such prolongation was not observed in the 
other clinical reports (Beach et al., 2014; Okayasu et al., 
2012). Since fluvoxamine prolonged the QT interval in a 
dose-related manner in this study, one can speculate that 
the discrepancy among the previous reports might in part 
depend on the difference of the plasma free drug concen-
tration and/or concomitant use of other drugs. 

Most of the selective serotonin-reuptake inhibitors have 
been reported to prolong the QT interval, occasionally 
resulting in the onset of torsade de pointes (de Boer et al., 
2005; Kanjanauthai et al., 2008; Kogut et al., 2013; Singh 
and Maldonado-Duran, 2014; Wenzel-Seifert et al., 2011; 
Wilting et al., 2006), suggesting that the potential of induc-
tion of long QT syndrome by fluvoxamine may be class 
effects of selective serotonin-reuptake inhibitor. Mean-
while, common chemical structures responsible for inhib-
iting IKr channel have been reported (Carlsson et al., 1997;  
Sugiyama and Hashimoto, 1998), in which a substitut-
ed phenyl ring is connected to a basic amine via a high-
ly variable linking group, the distance between the phenyl 
ring and the basic amine seems to be of critical impor-
tance for a high IKr blocking potency; and 3 to 4 atoms 
are considered to be optimum. The selective serotonin-
reuptake inhibitors often contain such common chemi-
cal structures, also supporting our hypothesis that fluvox-
amine-induced long QT syndrome may be class effects of 
selective serotonin-reuptake inhibitor. 

Proarrhythmic effects
Specific data for proarrhythmic adverse effects of flu-

voxamine are very limited, which has been reported in 
rabbits and a patient (Claassen, 1983; Manet et al., 1993; 
Wouters and Deiman, 1983). Generally, impulses that 
reach the ventricles during the middle and terminal por-
tions of the T wave can initiate the ventricular tachycardia 
and fibrillation, as the repolarization is most heterogene-

ous and channels are in different phases of recovery dur-
ing this phase, which can be estimated by using the termi-
nal repolarization period (Sugiyama, 2008; Sugiyama and 
Hashimoto, 2002). The drug-induced prolongation of ter-
minal repolarization period has been shown to be a relia-
ble marker that can predict the onset of slow conduction 
and re-entry, leading to perpetuation of torsade de pointes 
(Sugiyama, 2008; Sugiyama and Hashimoto, 2002). In 
this study, the terminal repolarization period was pro-
longed after the high dose, indicating that fluvoxamine 
may provide such proarrhythmic potentials.

In conclusion, supra-therapeutic concentration of flu-
voxamine exerted the negative chronotropic, inotrop-
ic and hypotensive actions; and suppressed the atrioven-
tricular nodal and intraventricular conductions, indicating 
its inhibitory actions on Ca2+ and Na+ channels in vivo, 
whereas it delayed the repolarization in a reverse use-
dependent manner, reflecting characteristics of IKr chan-
nel blocking property. Furthermore, fluvoxamine by itself 
prolonged the terminal repolarization period at 100 times 
higher than the therapeutic concentration, indicating its 
proarrhythmic potential. Fluvoxamine should be used 
with caution on patients having been treated with drugs 
that can inhibit hepatic metabolizing enzymes of flu-
voxamine and/or those with hepatic dysfunction, since 
its higher plasma concentration will increase the risk of 
lethal arrhythmias. 
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a b s t r a c t

An inversion of electro-mechanical coupling: namely, mechanical relaxation which precedes electrical
repolarization, has been proposed as a surrogate marker to predict the occurrence of drug-induced
arrhythmias. The present study was designed to qualitatively and quantitatively clarify the effects of
rapidly activating delayed rectifier Kþ current (IKr)-selective blockade by E-4031 on the electro-
mechanical relationship in vivo. We adopted the halothane-anesthetized canine model (n¼4). E-4031
in doses of 0.01 and 0.1 mg/kg that can provide the plasma concentrations effectively to inhibit IKr in vitro
significantly delayed the repolarization beyond the initiation of diastole, resulting in the inversion of
electro-mechanical coupling, which provides an ideal proarrhythmic substrate, while the durations of
left ventricular systole and diastole remained the same. Since these observed changes were solely caused
by the repolarization delay, the inversion of electro-mechanical coupling may have a similar extent of
sensitivity to QT-interval prolongation as a surrogate marker in predicting the onset of IKr inhibitor-
induced arrhythmias.

& 2014 Elsevier B.V. All rights reserved.

1. Introduction

Drug-induced proarrhythmia has been a major safety concern
for pharmaceutical companies and regulatory authorities as well
as academia on the development of new drugs, leading to issues of
ICH E14 and S7B guidelines (Food and Drug Administration, 2005a,
2005b). After the guidelines became adopted, the number of new
compounds with the risk causing torsades de pointes has been
substantially reduced, but they identify many drugs as being
“positive” despite a lack of demonstrable proarrhythmic risk
(Darpo, 2010; Giorgi et al., 2010; Food and Drug Administration,
2012; Sugiyama et al., 2014). Thus, there remain strong needs for
reliable surrogate markers that can determine actual proarrhyth-
mic risk of drugs.

The electro-mechanical window (EMw), which is the interval
between the end of T wave of electrocardiogram and end of the
ventricular pressure curve, has been shown to be a useful
surrogate marker of torsades de pointes in long QT type 1 canine
model induced by a slowly activating delayed rectifier Kþ current
inhibitor HMR1556 and a β-agonist isoprenaline (Vargas, 2010;
Van der Linde et al., 2010). Although a hypothesis that the EMw
may also have a potential to predict the occurrence of arrhythmias
in long QT type 2 was proposed in their report (Van der Linde
et al., 2010), it remains uncertain whether EMw may become a
reliable surrogate marker of torsades de pointes in the rapidly
activating delayed rectifier Kþ current (IKr) inhibitor-induced long
QT syndrome. Indeed, in a recent study using a chronic atrioven-
tricular block canine model, negative EMw values: namely,
mechanical relaxation which precedes electrical repolarization,
induced by IKr blocker dofetilide lacks the specificity to predict
dofetilide-induced torsades de pointes (Stams et al., 2014).

The present study was designed to precisely clarify the effects
of selective IKr blockade induced by E-4031 on the electro-
mechanical relationship in vivo (Tamargo et al., 2004; Wettwer
et al., 1991). We adopted the halothane-anesthetized beagle dog
model, since most of the attacks of torsades de pointes have been
clinically reported to occur during sinus rhythm, and the model
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has been used to examine the cardiovascular response of drugs
that caused QT-interval prolongation in humans (Kimura et al.,
2007; Merot et al., 1999; Sugiyama, 2008; Tabo et al., 2006;
Weissenburger et al., 2000). To better analyze the electrophysio-
logical effects of the drug on the depolarization and repolarization
processes, we recorded the His-bundle electrogram and mono-
phasic action potential (MAP), respectively, in addition to assessing
the standard lead II electrocardiogram. Moreover, we measured
ventricular systolic and relaxation periods in addition to the
duration of ventricular pressure cycle to directly analyze the
effects of IKr channel blockade on the electro-mechanical coupling.

2. Materials and methods

Experiments were carried out by using beagle dogs of either
sex weighing approximately 10 kg (n¼4). Animals were obtained
from Kitayama Labes Co., Ltd. (Ina, Nagano, Japan). All experiments
were approved by the Animal Research Committee for Animal
Experimentation of Toho University (No. 13-53-151) and per-
formed in accordance with the Guidelines for the Care and Use
of Laboratory Animals of Toho University.

2.1. Cardiohemodynamic parameters

Dogs were anesthetized initially with thiopental sodium
(30 mg/kg, i.v.). After intubation with a cuffed endotracheal tube,
1% halothane vaporized with 100% oxygen was inhaled with
a volume-limited ventilator (SN-480-3; Shinano, Tokyo, Japan).
Tidal volume and respiratory rate were set at 20 ml/kg and
15 strokes/min, respectively. To prevent blood clotting, heparin
calcium (100 IU/kg) was intravenously administrated.

A clinically available catheter sheath (FAST-CATHTM 406108,
St. Jude Medical Daig Division, Inc., Minnetonka, MN, USA) was
inserted through the right femoral artery, and the aortic pressure
was measured via a flush line connected to the catheter sheath.
A thermodilution catheter (TC-504NH; Nihon Kohden, Tokyo,
Japan) was positioned at the right side of the heart through
the right femoral vein. The cardiac output was measured by a
standard thermodilution method with a cardiac output computer
(MFC-1100, Nihon Kohden). The total peripheral resistance was
calculated with the basic equation: total peripheral resistan-
ce¼mean blood pressure/cardiac output. A pig-tail catheter was
positioned at the left ventricle through the catheter sheath at the
right femoral artery to measure the left ventricular pressure. The
maximum upstroke velocity of the left ventricular pressure (LVdP/
dtmax) and the left ventricular end-diastolic pressure were
obtained during sinus rhythm to estimate the contractility and
the preload to the left ventricle, respectively. Left ventricular
systolic period was measured as an interval (ms) from the time
point of end-diastole to that of peak of left ventricular pressure,
whereas left ventricular diastolic period was determined as an
interval (ms) from the time point of peak of left ventricular
pressure to that of completion of ventricular relaxation. The sum
of the left ventricular systolic and diastolic periods indicates the
duration of ventricular pressure cycle.

2.2. Electrophysiological parameters

The surface lead II electrocardiogram was obtained from the
limb electrodes. Corrected QT interval (QTc) was calculated with
Van de Water's formula (Van de Water et al., 1989). A quad-polar
electrodes catheter was positioned at the non-coronary cusp of the
aortic valve through the left femoral artery to obtain the His
bundle electrogram. A bidirectional steerable MAP recording/

pacing combination catheter (1675P; EP Technologies, Inc., Sunny-
vale, CA, USA) was positioned at the endocardium of the right
ventricle through the left femoral vein to obtain MAP signals. The
signals were amplified with a DC preamplifier (model 300; EP
Technologies, Inc.). The duration of the MAP signals was measured
as an interval, along a line horizontal to the diastolic baseline, from
the MAP upstroke to the desired repolarization level. The interval
(ms) at 90% repolarization level was defined as MAP90.

The heart was electrically driven by using a cardiac stimulator
(SEC-3102, Nihon Kohden) with the pacing electrodes of the
combination catheter placed in the right ventricle. The stimulation
pulses were rectangular in shape, 1–2 V (about twice the threshold
voltage), and of 1-ms duration. The MAP90 was measured during
sinus rhythm (MAP90(sinus)) and at a pacing cycle length of 400 ms
(MAP90(CL400)) and 300 ms (MAP90(CL300)). The effective refractory
period of the right ventricle was assessed by the programmed
electrical stimulation. The pacing protocol consisted of 5 beats of
basal stimuli in a cycle length of 400 ms followed by an extra
stimulus of various coupling intervals. Starting in late diastole, the
coupling interval was shortened in 5- or 10-ms decrements until
refractoriness occurred. The duration of the terminal repolariza-
tion period in the right ventricle was calculated by the difference
between the MAP90(CL400) and effective refractory period at the
same site, which has been known to reflect the duration of phase
3 repolarization, an electrically vulnerable period (Sugiyama,
2008; Sugiyama and Hashimoto, 2002).

Electro-mechanical relationship was analyzed during sinus
rhythm as follows: first, the extent of electro-mechanical coupling
(EMc) was estimated by calculating an interval (ms) from the time
point of MAP at 90% repolarization level to that of peak of left
ventricular pressure. Second, EMw was obtained as an interval
(ms) from the time point of MAP at 90% repolarization level to that
of completion of ventricular relaxation.

2.3. Experimental protocols

The systemic blood pressure, left ventricular pressure, electro-
cardiogram, His bundle electrogram and MAP signals were mon-
itored with a polygraph system (RM-6000, Nihon Kohden) and
analyzed with a real-time full automatic data analysis system
(WinVAS3 ver1.1R24v, Physio-Tech, Tokyo, Japan). Each measure-
ment of electrocardiogram, MAP as well as atrio-His and His-
ventricular intervals was the mean of three recordings of con-
secutive complexes. The cardiovascular variables were assessed in
the following order. The electrocardiogram, His bundle electro-
gram, systemic and left ventricular pressures and MAP signal were
recorded under sinus rhythm. Then, the cardiac output was
measured three times. Next, MAP signals were recorded during
the ventricular pacing at a cycle length of 400 and 300 ms. Finally,
the effective refractory period was measured. All parameters
described above were usually obtained within 1 min at each
time point.

After the basal assessment, E-4031 in a low dose of 0.01 mg/kg
was intravenously infused over 10 min, and each parameter was
assessed at 5, 10, 15, 20 and 30 min after the start of administra-
tion. Then, E-4031 in a high dose of 0.1 mg/kg was intravenously
infused over 10 min, and each parameter was observed at 5, 10, 15,
20, 30, 45 and 60 min after the start of administration. A volume of
3 ml of blood was drawn from the left femoral artery at 5, 10, 15
and 30 min after the start of the low-dose administration, and at 5,
10, 15, 30 and 60 min after the start of the high-dose administra-
tion to measure the plasma concentration of E-4031. The blood
samples were centrifuged at 1500g for 30 min at 4 1C. The plasma
was stored at #80 1C until the drug concentration was measured.
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2.4. Plasma drug concentration

Sensitive and specific determinations of the concentration of
E-4031 were performed with a liquid chromatography/tandem
mass spectrometry method (API3000; Applied Biosystems/MDS
SCIEX, Foster City, CA, USA).

2.5. Drugs

E-4031 (N-[4-[[1-[2-(6-Methyl-2-pyridinyl)ethyl]-4-piperidinyl]
carbonyl]phenyl]methanesulfonamide dihydrochloride) (Sigma-
Aldrich Co. LLC., Tokyo, Japan) was dissolved in saline in concentra-
tions of 0.01 and 0.1 mg/ml. Other drugs used were thiopental sodium
(Mitsubishi Tanabe Pharma Corporation, Osaka, Japan), halothane
(Takeda Pharmaceutical Company Limited, Osaka, Japan) and heparin
calcium (Sawai Pharmaceutical Corporation Limited, Tokyo, Japan).

2.6. Statistical analyses

Data are presented as the mean7S.E.M. The statistical differ-
ences within a parameter were evaluated by one-way repeated-
measures analysis of variance (ANOVA) followed by post-hoc test
(Contrasts) for mean values comparison, whereas those of paired
data within a parameter were evaluated with paired t-test. A
P value o0.05 was considered significant.

3. Results

3.1. Plasma drug concentration

The time course of the plasma concentration of E-4031 is summar-
ized in Fig. 1 (n¼4). The decrease in the plasma concentration
followed a pattern that could be predicted by the two-compartment
theory of pharmacokinetics. The peak plasma concentrations of
E-4031 after 0.01 and 0.1 mg/kg infusion were 2477 ng/ml
(¼59 nM) and 182748 ng/ml (¼453 nM), respectively.

3.2. Effects on the heart rate, blood pressure, cardiac output
and total peripheral resistance

The time courses of changes in the heart rate and mean blood
pressure are summarized in Fig. 1 (n¼4) and typical tracings of the
effects of E-4031 on the aortic blood pressure are depicted in
Fig. 2. The heart rate and mean blood pressure at the pre-drug
control (C) were 9876 beats/min and 10776 mmHg, respec-
tively. After the start of the low and high doses of E-4031 infusion,
no significant change was detected in the heart rate or mean blood
pressure during the observation period. The time courses of
changes in the cardiac output and total peripheral resistance are
also summarized in Fig. 1 (n¼4). The cardiac output and total
peripheral resistance at the pre-drug control (C) were
1.5370.08 L/min and 7278 mmHg (L/min)#1, respectively. The
low and high doses of E-4031 infusion tended to increase the
cardiac output but decrease the total peripheral resistance, either
of which did not achieve the statistical significance.

3.3. Effects on the LVdP/dtmax and left ventricular end-diastolic
pressure

The time courses of changes in the LVdP/dtmax and left
ventricular end-diastolic pressure are summarized in Fig. 1
(n¼4) and typical tracings of the effects of E-4031 on the left
ventricular pressure are depicted in Fig. 2. The LVdP/dtmax and left
ventricular end-diastolic pressure at the pre-drug control (C) were
23277150 mmHg/s and 1072 mmHg, respectively. The LVdP/
dtmax increased for 10–30 min after the low dose and for 5–
60 min after the high dose, whereas no significant change was
detected in the left ventricular end-diastolic pressure during the
whole experimental period.

3.4. Effects on the electrocardiogram

Typical tracings of the electrocardiogram are depicted in Fig. 2,
and the time courses of changes in the electrocardiogram variables
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Fig. 1. Summary of cardiohemodynamic effects of E-4031. Time courses of the plasma drug concentration (Plasma Conc.), heart rate (HR), mean blood pressure (MBP),
cardiac output (CO), total peripheral resistance (TPR), maximum upstroke velocity of the left ventricular pressure (LVdP/dtmax) and left ventricular end-diastolic pressure
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are summarized in Fig. 3 (n¼4). The pre-drug control values (C) of
the PR interval, QRS width, QT interval and QTc were 9977,
6572, 28075 and 31378 ms, respectively. The QT interval and
QTc were prolonged for 5–30 min and for 5–20 min after the low
dose, respectively; and those were prolonged for 5–60 min after
the high dose. The longest QT and QTc were observed at 10 min
after the start of the drug infusion of the respective doses, but any
torsade de pointes was not detected. No significant change was
detected in the PR interval or QRS width during the observation
period.

3.5. Effects on the atrio-His and His-ventricular intervals and MAP
duration during sinus rhythm

Typical tracings of the His bundle electrogram and MAP are
depicted in Fig. 2, and the time courses of changes in the atrio-His
and His-ventricular intervals and MAP90(sinus) during sinus rhythm
are summarized in Fig. 3. The atrio-His and His-ventricular
intervals and MAP90(sinus) at the pre-drug control (C) were
7676, 2472 and 23471 ms, respectively. MAP90(sinus) was pro-
longed for 5–20 min after the low dose and for 5–60 min after the
high dose, whereas no significant change was detected in the
atrio-His or His-ventricular interval during the observation period.
The longest MAP90(sinus) was observed at 10 min after the start of
the drug infusion of the respective doses, which was 29074 and
330712 ms.

3.6. Effects on the MAP90 during the ventricular pacing

The time courses of changes in the MAP90 during the ventri-
cular pacing at a cycle length of 300 and 400 ms are summarized
in Fig. 3. The MAP90(CL300) and MAP90(CL400) at the pre-drug

control (C) were 20372 and 22574 ms, respectively. The
MAP90(CL300) and MAP90(CL400) were prolonged for 5–30 min and
for 5–20 min after the low dose, respectively, and those were
prolonged for 5–60 min after the high dose. The time courses of
the increment in the MAP90(CL300) and MAP90(CL400) from the
respective pre-drug control (C) were also calculated (data not
shown in the figure). The maximum increments in the MAP90
(CL300) and MAP90(CL400) were þ51 and þ65 ms, respectively,
which were both observed at 10 min after the high dose. Incre-
ment in the MAP90(CL400) was significantly greater than that in the
MAP90(CL300) for 5–20 min after the high dose, indicating a reverse
use-dependent prolongation of repolarization.

3.7. Effects on the effective refractory period and terminal
repolarization period

The time courses of changes in the effective refractory period
and terminal repolarization period are summarized in Fig. 3. The
effective refractory period and terminal repolarization period at
the pre-drug control (C) were 20175 and 2473 ms, respectively.
The effective refractory period was prolonged for 5–30 min after
the low dose and for 5–60 min after the high dose. The terminal
repolarization period tended to be prolonged, but it did not
achieve a statistical significance.

3.8. Effects on the EMc and EMw

Typical tracings showing the change of the EMc and EMw are
depicted in Fig. 2, and the time courses of changes in the EMc and
EMw are summarized in Fig. 4A. The EMc and EMw at the pre-
drug control (C) were 5679 and 199718 ms, respectively, both of

Fig. 2. Typical tracings showing the His bundle electrogram (His), lead II surface electrocardiogram (ECG), aortic blood pressure (AoP), left ventricular pressure (LVP) and
monophasic action potential (MAP) recorded from the right ventricle during sinus rhythm at pre-drug control (Control) and 10 min after the start of 0.1 mg/kg of E-4031
infusion. Note that repolarization was delayed beyond the initiation of diastole after the infusion of 0.1 mg/kg of E-4031, resulting in the inversion of electro-mechanical
coupling (EMc) and the shortening of electro-mechanical window (EMw).
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which decreased for 5–30 min after the low dose, and further
decreased for 5–60 min after the high dose.

3.9. Effects on the left ventricular systolic and diastolic periods

Typical tracings showing the change of wave forms of the left
ventricular pressure before and after the drug administration
are depicted in Fig. 4B, and the time courses of changes in the
left ventricular systolic and diastolic periods, and the duration
of ventricular pressure cycle are summarized in Fig. 4C. The
left ventricular systolic and diastolic periods, and the duration of
ventricular pressure cycle at the pre-drug control (C) were 26577,
14379 and 409716 ms, respectively. No significant change was
detected in these variables during the experimental period.

4. Discussion

In the present study, the cardiohemodynamic and electrophy-
siological effects of E-4031 together with its pharmacokinetic
profile were simultaneously examined to better understand how
the prolonged repolarization period affects the mode of ventricu-
lar contraction/relaxation by using the well-established
halothane-anesthetized in vivo canine model with sinus rhythm
(Ishizaka et al., 2008; Satoh et al., 2004, 1999; Sugiyama, 2008;
Sugiyama and Hashimoto, 2002; Sugiyama et al., 2001; Takahara
et al., 2005).

4.1. Plasma drug concentration

E-4031 was administered at two escalating i.v. doses, and its
Cmax was 2477 (59 nM) after 0.01 mg/kg infusion and
182748 ng/ml (453 nM) after 0.1 mg/kg infusion as shown in
Fig. 1. E-4031 has been reported to inhibit the cloned human
ether-a-go-go-related gene channel expressed in human embryo-
nic kidney 293 cells with IC50 of 79 nM (Davie et al., 2004). The
IC50 values obtained from canine and human ether-a-go-go-
related gene channels expressed in human embryonic kidney
293 cells were comparable for each of MK-499, astemizole,
terfenadine and cisapride (Wang et al., 2003), whereas there has
been no report describing a significant difference in the IC50 values
between these two species. These observations may indirectly
suggest that E-4031 would have a similar extent of inhibitory
effects on both the canine and human ether-a-go-go-related gene
channels, although IC50 value of E-4031 against canine ether-a-go-
go-related gene channel has not been reported. Since the plasma
protein binding of E-4031 has been reported to be 69% in dogs
(Webster et al., 2001), the doses of E-4031 used in this study can
be considered to effectively inhibit IKr.

4.2. Cardiohemodynamic effects

In the present study, E-4031 did not affect the heart rate, which is
consistent with previous reports using the conscious dogs (Toyoshima
et al., 2005), thiopental-anethetized open-chest dogs (Izumi et al.,
2010) and chloralose-anesthetized dogs (Wallace et al., 1991).
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Moreover, E-4031 in doses of 0.1–0.4 mg/kg did not affect the heart rate
in humans (Katritsis et al., 1997), suggesting that the halothane-
anesthetized model can mimic the chronotropic response in humans.
Meanwhile, other selective IKr blockers such as dofetilide and sema-
tilide have exerted the negative chronotropic effect in the halothane-
anesthetized canine model in our previous studies (Satoh et al., 1999;
Takahara et al., 2005), although these drugs exerted a similar extent of
QT-interval prolongation to E-4031, indicating that the chronotropic
effect of E-4031 can be much weaker than those of dofetilide and
sematilide. On the other hand, bradycardic effect of E-4031 has been
reported in pentobarbital-anesthetized dogs (Nagashima et al., 1998;
Yamazaki et al., 1996). Pentobarbital has been reported to have anti-
vagal effects (Chiba and Tsuboi, 2001; Takahara et al., 2005), increasing
sensitivity of the model for detecting the negative chronotropic effects
of drugs, which may partly explain why E-4031-induced bradycardic
effect was observed in those previous studies.

As shown in the results, E-4031 significantly increased the
ventricular contractile force from the low dose. The ventricular
contractile force is generally determined by the dynamics of Ca2þ-
induced Ca2þ release in addition to the Ca2þ sensitivity of the
microfilament (Bers, 2001). The prolongation of action potential
duration; i.e., MAP90 in this study, could increase net Ca2þ influx
via voltage-dependent L-type Ca2þ channels, and enhance
excitation-contraction coupling (Wood et al., 1969), resulting in
an increase in the ventricular contraction, which can partly explain
the currently observed inotropic response. On the other hand,
neither sematilide nor dofetilide increased the ventricular con-
traction at all in the same experimental model (Satoh et al., 1999;
Takahara et al., 2005). One can speculate that the bradycardic
action of dofetilide and sematilide may counteract their positive
inotropic effects in a framework of the concept of positive staircase
phenomenon.

4.3. Electrophysiological and proarrhythmic effects

E-4031 prolonged the repolarization period during sinus
rhythm, which is in good accordance with other class III agents
including dl-sotalol, sematilide, nifekalant, amiodarone and dofe-
tilide (Ishizaka et al., 2008; Satoh et al., 2004, 1999; Sugiyama et
al., 2001; Takahara et al., 2005). In addition, E-4031 prolonged the
MAP duration in a reverse use-dependent manner, which has been
observed by other IKr blockers (Ishizaka et al., 2008; Satoh et al.,
2004, 1999; Sugiyama, 2008; Sugiyama and Hashimoto, 2002;
Sugiyama et al., 2001; Takahara et al., 2005). E-4031 did not affect
the atrioventricular or intraventricular conductions, indicating
a lack of effect on Ca2þ or Naþ channel. Thus, the electrophysio-
logical effects of E-4031 can be explained only by IKr blockade
in vivo. Also, E-4031 significantly prolonged the repolarization
period with modest increase in the terminal repolarization period,
indicating that E-4031 may have some potential to induce torsades
de pointes (Sugiyama, 2008).

4.4. Electro-mechanical relationship

E-4031 delayed the repolarization beyond the initiation of
diastole to the midway of isovolumic relaxation phase after the
infusion of 0.1 mg/kg, since EMc was negative and EMw was
positive values (Figs. 2 and 4A). The situation, in which the
ventricular muscle was relaxed but still electrically depolarized,
provides an ideal proarrhythmic substrate, since L-type Ca2þ

window current and/or late inward Naþ current are the most
likely responsible for the initiation of early afterdepolarization-
induced triggered activity (Remme and Wilde, 2013; Van der Linde
et al., 2010). E-4031 increased the left ventricular contractile force
(LVdP/dtmax) in a dose-related manner (Fig. 4B), whereas it did not
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Fig. 4. Effects of E-4031 on the electro-mechanical relationship. (A) The time courses of electro-mechanical coupling (EMc, triangles) and electro-mechanical window (EMw,
circles). (B) Typical tracing of the left ventricular pressure curves at pre-drug control (C) (a), 10 min after the start of the low-dose infusion (0.01 mg/kg) (b) and 10 min after
the start of the high-dose infusion (0.1 mg/kg) (c). (C) The time courses of the effects of E-4031 on the left ventricular systolic (circles) and diastolic (triangles) periods, and
the duration of ventricular pressure cycle (squares) (ms). Data are presented as the mean7S.E.M. (n¼4). The closed symbols represent significant differences from each
control value (C) by Po0.05.
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affect the duration of left ventricular systole or diastole (Fig. 4C).
Therefore, the changes in EMc and EMw can be considered to be
mirror images to the QT-interval prolongation. Also, these results
suggest that the repolarization delay could enhance both the net
Ca2þ influx at the initiation of systole and the removal of
intracellular Ca2þ for the relaxation. Thus, IKr inhibitor-induced
alterations of electro-mechanical relationship may be a less
specific surrogate marker of proarrhythmia, since their sensitivity
will be equal to that of the QT-interval prolongation.

5. Study limitations

The use of halothane may have affected the electromechnical
coupling and its alteration by E-4031, since halothane is a potent
blocker of a number of different ionic channels, and halothane has
significant effects on excitation-contraction coupling in the mamma-
lian myocardium. Meanwhile, we needed to use the anesthesia to
perform detailed analysis of electro-mechanical coupling and its
alteration by E-4031 in vivo in this study. We assessed the cardiac
effects of E-4031 under the same anesthetic condition during the
experiment; however, we could not totally rule out the influences of
halothane on the analysis of the present results. Another limitation
would be the site where the monophasic action potentials were
recorded. In this study the monophasic action potentials were
recorded at the right ventricle, suggesting that the information of
the monophasic action potentials indirectly reflects the electrical
activity of the left ventricle. Experiments are now on-going as another
series of experiment by using cell motion imager with two-
dimensional sheet of human induced pluripotent stem cell-derived
cardiomyocytes to directly assess the electro-mechanical relationship.

6. Conclusions

In summary, E-4031 in doses that can provide the plasma
concentrations to inhibit IKr in vitro exerted the positive inotropic
action and repolarization delay together with the prolongation of
effective refractory period without significantly affecting the other
electropharmacological variables in vivo. Alternation in EMc and/
or EMw may have a similar extent of sensitivity to QT-interval
prolongation as a surrogate marker in predicting the onset of IKr
inhibitor-induced arrhythmias, since the observed changes solely
depended on the repolarization delay. The information described
in this paper can become a guide to better understand the electro-
mechanical actions of compounds with IKr blocking activity in vivo.
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Introduction

While nifekalant hydrochloride, a class III antiarrhythmic 
drug, has been clinically used to suppress life-threatening 
refractory fatal ventricular arrhythmias, the drug was 
reported to induce excessive QT-interval prolongation, 
resulting in the onset of torsades de pointes (TdP) ven-
tricular tachyarrhythmia (1 – 6). These adverse events 
tended to occur during the recovery period from lethal 
conditions including severe systemic acidosis, acute  
renal failure, and/or electrolyte disturbance (3 – 6).  
Although nifekalant would terminate the ventricular  
arrhythmia, each organ remained exposed to the low  
pH blood until the deteriorated systemic circulation  
was completely recovered (3 – 7). It is well known that 
extracellular pH changes can affect the electric activity 
of cardiomyocytes not only by altering ion flux through 
pumps and exchangers in the cell membrane (8 – 9) but 
also by changing the extent of proton binding to various 

ion channels (10). Moreover, it has been demonstrated 
by the patch clamp method in single cells that lowering 
extracellular pH can weaken the pharmacological effect 
of some IKr channel blockers, including dofetilide,  
azimilide, ibutilide, and quinidine (11 – 12).

Since the information was still lacking regarding the 
pH effects on the nifekalant-induced electrophysio logical 
change and proarrhythmic risk, we assessed it with the 
Langendorff heart preparation which allows the control 
of extracellular conditions (13). We selected guinea-pig 
hearts for this study, since they have similar ionic chan-
nels to those in humans except for Ito (14). To precisely 
analyze the electrophysiological conditions of the ven-
tricle, we measured the monophasic action potential 
(MAP) and bipolar electrogram simulating surface lead 
II electrocardiogram (ECG). Furthermore, by adopting 
an electrical pacing protocol, we measured the MAP 
duration and effective refractory period (ERP) at a heart 
rate of 200, 240, and 300 bpm. In this study, we initially 
analyzed the effects of pH on electrophysiological  
variables by changing the pH of perfusate from 7.4 to  
6.4 and then to 7.4 again; next we examined the effects 
of pH on nifekalant-induced changes in each electro-
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physiological variable. To precisely estimate the pro-
arrhythmic risk of nifekalant, we examined the temporal 
dispersion of ventricular repolarization with the beat- 
to-beat analysis method (15).

Materials and Methods

All animal experiments in this study were approved  
by the Animal Research Committee for Animal Experi-
mentation of Toho University (No. 12-51-205) and per-
formed in accordance with the Guidelines for the Care 
and Use of Laboratory Animals of Toho University and 
The Japanese Pharmacological Society.

Preparation of Langendorff heart model of guinea pigs 
and perfusion solution

Male guinea pigs (n = 14) weighing 450 – 550 g were 
anesthetized with sodium pentobarbital (50 mg/kg, i.p.) 
and heparinized (100 U, i.p.) to protect the heart against 
microthrombi. The chest was opened at the sternum and 
the heart was quickly removed. The heart was cannulated 
through the aorta and perfused with Krebs-Henseleit  
solution maintained at 37°C ± 0.5°C and aerated with  
a mixture of O2 (95%) and CO2 (5%) at a pressure of 
approximately 60 mmHg and a flow rate of 20 to  
30 mL/min by using a Langendorff system (Physio-Tech,  
Tokyo). The Krebs-Henseleit solution contained 118 mM 
NaCl, 4.7 mM KCl, 11.0 mM glucose, 25 mM NaHCO3, 
1.2 mM MgSO4, 2.5 mM CaCl2, and 1.2 mM KH2PO4.

A bipolar transcardiac electrogram simulating surface 
lead II ECG was recorded with two electrodes; one  
attached onto the apex and the other connected to the 
base of the heart via a metal cannula. MAP was recorded 
with a contact electrode placed onto the epicardial sur-
face of the left ventricle. The duration of MAP at a 90% 
repolarization level (MAP90) was measured. The heart 
was electrically paced at a cycle length of 300, 250, and 
200 ms through a pair of bipolar electrodes contacted 
onto the right ventricle with rectangular pulses of 2-ms 
duration and approximately twice the threshold voltage 
to measure the MAP90 values; namely, MAP90(CL300), 
MAP90(CL250), and MAP90(CL200), respectively. ERP of the 
right ventricle was assessed with programmed electrical 
stimulation. The pacing protocol consisted of 5 beats  
of basal stimuli in a cycle length of 300, 250, and  
200 ms followed by an extrastimulus of various coupling 
intervals to obtain the ERP values; namely, ERP(CL300), 
ERP(CL250), and ERP(CL200), respectively. The values of 
MAP90 minus ERP at the same pacing cycle length  
were calculated to estimate the extent of the terminal 
repolarization period (TRP), which is a reliable marker 
of electrical vulnerability of the ventricle (16). Starting 
in the late diastole, the coupling interval was shortened 

in 5-ms decrements until refractoriness occurred. After 
the stabilization period, the position and contact  
pressure of all recording electrodes were not readjusted 
throughout the experimental period.

Beat-to-beat analysis of MAP90 was performed to  
estimate the extent of temporal dispersion of repolariza-
tion (15). Thirty-one consecutive beats of MAP90 under 
sinus rhythm were recorded for each treatment, and 
Poincaré plots with MAP90(n) vs. MAP90(n+1) were pre-
pared. The mean orthogonal distance from the diagonal 
to the points of the Poincaré plot was determined as 

90(n+1) − 90(n)  
 

parameter parallel to the diagonal of the Poincaré  
plot was determined as long-term variability (LTV =  

90(n+1) + MAP90(n) − 90

The coefficient of variation of MAP90 (CV) was calcu-
lated with the following equation: standard devia-
tion / mean × 100 (%).

Four types of perfusion solution were prepared  
according to a previous report (17), namely, a normal  
pH solution (pH 7.4, normal Krebs-Henseleit solution), 
low pH solution (pH 6.4, modified Krebs-Henseleit  
solution with NaHCO3 content of 2.5 mM), normal pH 
solution with drug (10 mM nifekalant hydrochloride  
dissolved in normal pH solution), and low pH solution 
with drug (10 mM nifekalant hydrochloride dissolved  
in low pH solution).

Experiment 1: assessment of baseline electrophysiology 
under normal and acidic conditions

After equilibration of > 30 min of perfusion with the 
normal pH solution, the preparation was perfused with the 
low pH solution for 30 min and then re-perfused with the 
normal pH solution for 30 min. During each period of perfu-
sion, ECGs under sinus rhythm and MAP signals at a cycle 
length of 300, 250, and 200 ms were recorded every 10 min. 
ERP of the right ventricle was assessed by programmed 
electrical stimulation. TRP was also calculated.

Experiment 2: assessment of electrophysiology under 
normal and acidic conditions after nifekalant exposure

After equilibration of > 30 min of perfusion with the 
normal pH solution, the preparation was perfused with 
the normal pH solution for 20 min as the basal control; 
then it was perfused with the low pH solution for 20 min, 
followed by the low pH solution with 10 mM of nife-
kalant for 20 min; and it was finally perfused with the 
normal pH solution with 10 mM of nifekalant for 20 min. 
At the end of each perfusion, ECG and MAP signals 
under sinus rhythm, and MAP signals and ERP at a basic 
cycle length of 300, 250, and 200 ms were recorded. TRP 
was also calculated.
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Drugs and chemicals
The following drugs were purchased: sodium pento-

barbital (Kyoritsu Seiyaku Corporation, Tokyo) and  
sodium heparin (Ajinomoto Pharmaceuticals Co., Ltd. 
Tokyo). Nifekalant hydrochloride (MW = 441.91) was 
provided by Nacalai Tesque, Inc. (Kyoto). Nifekalant 
was dissolved in distilled water and small aliquots were 
added to each perfusion solution to obtain the desired 
final concentration. All other chemicals were commercial 
products of the available highest quality.

Statistical analyses
Data are presented as the mean ± S.E.M. The differ-

ences within a parameter were evaluated by one-way 
repeated measures analysis of variance (ANOVA).  
When a P-value was < 0.05 by ANOVA, the protocol 
was judged as having affected the parameter. In this case, 
the statistical significance between the treatments was 
determined by contrast for mean values comparison, and 
P-value < 0.05 was considered significant.

Results

Experiment 1: baseline electrophysiology under normal 
and acidic conditions

The time courses of changes in the MAP90 and ERP  
are summarized in Fig. 1 (n = 6) and typical waveforms 
of the ECG and MAP signals at each treatment are  
depicted in Fig. 2. Basal control values (C) of the 
MAP90(CL300), MAP90(CL250), and MAP90(CL200) were 132 ± 8, 
127 ± 7 and 117 ± 6 ms, whereas those of the ERP(CL300), 
ERP(CL250), and ERP(CL200) were 147 ± 4, 138 ± 4, and 
128 ± 3 ms, respectively. The decrease in pH transiently 
shortened the MAP90(CL200), and it also shortened the  
ERP at each basic pacing cycle length. These changes 
recovered to basal level within 30 min except for the 
ERP(CL200), which remained shortened during the low  
pH perfusion as shown in Fig. 1B. These treatments did 
not affect TRP (data not shown). The morphology of  
T waves of the ECG under the sinus rhythm significantly 
changed after pH decreased as depicted in Fig. 2A, indi-
cating a difficulty of precise measurement of QT interval. 
MAP amplitude remained decreased after lowering  
pH as depicted in Fig. 2, B and C. Arrhythmia was not  
induced by the programmed electrical stimulation during 
the assessment of ERP at any time point.

Experiment 2: electrophysiology under normal and 
acidic conditions after nifekalant exposure

The time courses of changes in the MAP90 and ERP  
are summarized in Fig. 3 (n = 8), and those of typical 
waveforms of the ECG and MAP signals at pH 6.4  
and 7.4 are depicted in Fig. 4. Basal control values (C)  

of the MAP90(CL300), MAP90(CL250), and MAP90(CL200) at  
pH 7.4 in the absence of nifekalant were 131 ± 7,  
123 ± 6, and 113 ± 5 ms, whereas those of the ERP(CL300), 
ERP(CL250), and ERP(CL200) were 144 ± 5, 136 ± 5, and 
126 ± 5 ms, respectively. The decrease in pH alone did 
not significantly affect the MAP90 or ERP at 20 min, 
which was essentially consistent with the results of  
experiment 1 except for MAP90(CL200) and ERP(CL200). The 
difference seems to be explained by the faster adaptation 
of cellular functions of the preparations in experiment  
2 to acidic condition. The addition of nifekalant at pH 6.4 
significantly prolonged both the MAP90 and ERP at each 
pacing cycle length. The increase in pH from 6.4 to  
7.4 in the presence of nifekalant further prolonged the 
MAP90 and ERP at each pacing cycle length except for 
MAP90(CL300), which tended to be prolonged but did not 
achieve statistical significance (P = 0.06). The incre-
ments of MAP90 at a pacing cycle length of 300, 250,  
and 200 ms were 25 ± 4, 25 ± 4, and 20 ± 3 ms, respec-
tively, and there were no significant differences among 
them. The treatments did not affect TRP (data not 
shown). The T-wave morphology of ECG under the sinus 

Fig. 1. Time courses of the effects of pH change on the electro-
physiological variables. A) Monophasic action potential duration at a 
90% repolarization level (MAP90). B) Effective refractory period 
(ERP). Extracellular pH was decreased from 7.4 to 6.4, and it then 
increased to 7.4. Data are presented as the mean ± S.E.M. (n = 6). 
*P < 0.05, **P < 0.01, and ***P < 0.001.
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rhythm significantly changed after pH increased in the 
presence of nifekalant as depicted in Fig. 4A, also indi-
cating the difficulty of precise measurement of QT inter-
val. MAP amplitude increased with elevating pH in the 
presence of nifekalant as depicted in Fig. 4B. Arrhythmia 
was not induced by the programmed electrical stimula-
tion during the assessment of ERP at any time point.

Typical tracings of Poincaré plots are depicted in  
Fig. 5A, and the time courses of the STV, LTV, and  
CV are summarized in Fig. 5B. While lowering pH  
from 7.4 to 6.4 in the absence of nifekalant did not  
significantly affect the STV, the administration of 
nifekalant in low pH solution significantly increased  
the STV. The normalization of pH in the presence  
of nifekalant gradually decreased the STV. Although  
LTV and CV tended to increase at pH 6.4 and/or pH 7.4 
in the presence of nifekalant, these changes did not 
achieve statistical significance.

Discussion

This study was designed to assess the effects of  
pH on the nifekalant-induced repolarization delay and  
on proarrhythmic risk. The concentration of nifekalant  
(10 mM) used in this study was determined based on our 
preliminary experiments in order to better characterize 

the pharmacological profile of nifekalant, although it is 
higher than the clinically effective plasma concentration 
[approximately 0.8 mg/ml (1.8 m  
inducible sustained ventricular arrhythmias (18). As  
depicted in Figs. 2A and 4A, the precise analysis of  
the effects of each treatment on the repolarization  
process was difficult in the ECG recordings because  
of the ambiguity in T-wave terminals, which indirectly 
supports the utility of the currently used MAP recording/
pacing technique. Also, the present results indicate that 
the CV and LTV may be less sensitive in estimating the 
temporal dispersion of repolarization than the STV as 
shown in Fig. 5B.

In experiment 1, we analyzed the effects of pH on the 
electrophysiological variables in the absence of nife-
kalant. When the preparation was perfused with pH 6.4 
solution, the phase 2 amplitude of MAP decreased,  
and MAP duration was transiently shortened as depicted 
in Fig. 2B. This decrease in phase 2 amplitude of MAP 
is consistent with previous reports (9, 19, 20), which  
has been ascribed to a decrease in plateau-phase Ca2+ 
influx (19, 21). Meanwhile, with regard to the shortening 
of MAP duration, some studies reported that a decrease 
in extracellular pH shortens the action potential duration 
(22 – 25), but the others described opposite results  
(26, 27). It has been reported that under acidic condi-

Fig. 2. Typical tracings of the ECG and MAP and the summary of MAP amplitude. Decrease in pH to 6.4 from 7.4 followed by 
an increase to 7.4 changed the morphology of the T wave during the sinus rhythm (A), whereas it reduced the amplitude of the 
MAP during the electrical pacing (B and C). *P < 0.05 and **P < 0.01, compared with pH 7.4 in the absence of nifekalant. MAP: 
monophasic action potential.
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tions, H+ directly binds to IKr and ICa channels, resulting 
in their current inhibitions (11, 19, 20, 28). Inhibition of 
IKr channels causes the prolongation of MAP duration, 
whereas inhibition of ICa channels leads to its shortening. 
Thus, MAP duration can change in both directions, 
which depends on the balance in the extent of inhibitions 
between IKr and ICa channels. In addition, acidosis  
may decrease the ATP production, which opens ATP-
dependent K+ channels, leading to the shortening of 
MAP duration (23, 29). Therefore, that variability in the 
response of MAP duration to acidosis among the studies 
may depend on the differences in methodologies and 
experimental conditions and/or species differences (29).

In experiment 2, the increase in pH from 6.4 to 7.4 
significantly prolonged the MAP90 and ERP in the  

presence of nifekalant. There have been several clinical 
case reports describing that nifekalant-induced excessive 
QT-interval prolongation and TdP during the recovery 
period from lethal conditions (2 – 7). In the present  
experiment with the Langendorff heart preparation,  
we used pH changes to mimic such pathophysiology  
in the heart. As summarized in Fig. 3, MAP duration  
was prolonged less greatly by nifekalant under acidic 
conditions, which is in accordance with a previous study 
of guinea-pig ventricular myocytes with the patch clamp 
method (30), describing that extracellular acidification 
(pH 6.4) strongly attenuated the effect of nifekalant on 
the open probability of IK1 channel activity when com-
pared with its effect at pH 7.4. As the pKa of nifekalant 
is 7.9, in that paper (30) they speculated that the propor-
tion of ionized to un-ionized form would be greater at pH 
6.4 than that at pH 7.4, resulting in a decrease in acces-
sibility to IK1 channels via the lipid membrane. Another 
possible explanation is that an increase in protons may 
interrupt the binding of nifekalant to IKr channels (10). 
Indeed, it is known that there are multiple proton-binding 
sites in the extracellular domain of the hERG channel, 
and extracellular protons rapidly and reversely bind to 

Fig. 3. Time courses of the effects of pH change on the electro-
physiological variables after nifekalant exposure. A) Monophasic  
action potential duration at a 90% repolarization level (MAP90). B) 
Effective refractory period (ERP). Extracellular pH was decreased 
from 7.4 to 6.4, then 10 mM of nifekalant was added, and finally  
the pH was increased to 7.4 in the presence of nifekalant. Data are 
presented as the mean ± S.E.M. (n = 8). *P < 0.05, **P < 0.01, and 
***P < 0.001.

Fig. 4. Typical tracings of the ECG (A) and monophasic action  
potential (B) at pH 6.4 and 7.4. Increase in pH from 6.4 to 7.4 dramati-
cally changed the morphology of the T wave during the sinus rhythm 
(A), whereas it increased the amplitude of the monophasic action  
potential (B).



158 K Kazusa et al

these sites, affecting both hERG activation and deactiva-
tion (10). It is possible that the binding of extracellular 
protons might have attenuated the effects of nifekalant 
by modulating its binding property. This explanation is 
indirectly supported by a report that acidic conditions do 
not affect hERG IC50 of amiodarone, since amiodarone is 
known to bind to a different site of hERG channels 
compared with other IKr blockers whose IC50 was in-
creased under acidic conditions (11). Thus, the attenua-
tion of pharmacological effects of nifekalant under acidic 
conditions as observed in this study might be due to the 
decrease in accessibility to IK1 channels by increased 
ionization of nifekalant and/or the interruption of the 
binding of nifekalant to IKr channels by proton binding.

Finally, we investigated the electrical instability of 

repolarization with the beat-to-beat analysis method, 
since the Langendorff heart preparation model of guinea 
pig has been known to be less sensitive in directly detect-
ing the drug-induced TdP (31). The STV of MAP90 was 
the longest at pH 6.4 in the presence of nifekalant. The 
increase in the STV indicates enhanced “temporal” dis-
persion and is reported to be closely associated with the 
onset of early afterdepolarizations and R-on-T-type  
premature ventricular contractions resulting in the onset 
of TdP (15). Also, in the present study the MAP90 was 
prolonged, while the TRP remained unchanged by pH 
normalization at each basic cycle length of 300, 250, and 
200 ms in the presence of nifekalant. This observation 
reflects an increase in electrical vulnerability, in which 
some cardiomyocytes may have more chance to easily 
respond to the irregular stimulation from adjacent cells 
(16). Thus, the most dangerous period for nifekalant- 
induced TdP would be the recovery period from acidosis 
because electrical vulnerability may significantly in-
crease during this time while temporal dispersion of  
repolarization remained increased.

There are some limitations in this study. In clinical 
cases with systemic acidosis, multiple pathological fac-
tors, including hypoxia, reperfusion injury, superoxide 
radicals, and immune-inflammatory responses, may play 
important roles in the development of nifekalant-induced 
QT prolongation and TdP. In order to begin to explore 
such complex cellular and molecular mechanisms,  
we assessed the effects of “pH change” on the electro-
physiological variables in the hearts in the absence or 
presence of nifekalant. Based on the current findings,  
the experiments are now on-going to clarify the effects 
of the other factors on the nifekalant-induced electro-
physiological responses.

In conclusion, the present study with the Langendorff 
heart model of guinea pigs indicates that the MAP  
recording/pacing technique may be an effective way to 
better analyze the nifekalant-induced electrophysio-
logical responses in the heart, that pharmacological  
effects of nifekalant can be attenuated under acidic  
conditions, and that nifekalant may induce TdP during 
the recovery period from systemic acidosis through  
the increased electrical vulnerability of ventricle and  
the remaining temporal dispersion of repolarization.
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Abstract Electropharmacological effects of oseltamivir
were studied in comparison with pilsicainide using halo-

thane-anesthetized dogs (n = 4) and isolated left atrium of

guinea pigs (n = 5). Oseltamivir (0.3, 3 and 30 mg/kg, i.v.)
or pilsicainide (1 and 3 mg/kg, i.v.) was additionally

administered to the dogs. The low dose of oseltamivir pro-

vided clinically relevant plasma concentrations with Cmax of
4 lM. The low and middle doses of oseltamivir increased

cardiac output, whereas the middle dose increased blood

pressure and delayed intra-atrial conduction and ventricular
repolarization. The high dose of oseltamivir exerted negative

chronotropic, inotropic and hypotensive effects, while it
delayed intra-atrial, atrioventricular nodal and intra-ven-

tricular conduction and ventricular repolarization. Use-

dependent delay of ventricular repolarization was observed
after oseltamivir, whereas reverse use-dependent prolonga-

tion was induced by pilsicainide. Moreover, oseltamivir

more selectively suppressed intra-atrial conduction than
intra-ventricular conduction, which was less selective for

pilsicainide. Action potential assay using isolated atrium

indicated that oseltamivir (10 lM) decreased Vmax more
than pilsicainide (10 lM) and that oseltamivir (10–100 lM)

prolonged action potential duration, which was not induced

by pilsicainide (1–10 lM). Thus, oseltamivir in clinically
relevant to its 10 times higher doses is relatively safe,

whereas 10–100 times higher doses possess unique electro-

physiological profile.

Keywords Oseltamivir ! Pilsicainide ! QT !
Torsades de pointes ! Cardiac death

Introduction

Oseltamivir is a potent and selective neuraminidase

enzyme inhibitor and is one of the most effective drugs

against the novel influenza virus infection, which has
gained worldwide attention in view of the Influenza A

(H1N1) pandemic, namely swine flu [1]. A previous large

study of insurance records in the early 2000s showed no
evidence of an increased risk of cardiac, neuropsychiatric

or respiratory events for patients receiving oseltamivir

compared with those who did not [2]. On the other hand, it
was reported recently that 2 cases, patients who had tol-

erated long-term sotalol, developed marked QT-interval

prolongation and required resuscitation from torsades de
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pointes during oseltamivir treatment for H1N1 influenza

[3]. Indeed in Japan, 80 fatalities have been recorded
during oseltamivir treatment, including 50 instances of

sudden death and 8 cases of accidental death associated

with abnormal behavior, although comparative data from
the control population were not available [4]. More

recently, in order to clarify the causal relationship between

oseltamivir administration and sudden death, one study
using spontaneously breathing anesthetized rats was carried

out and showed that 500–1,000 mg/kg of intraduodenal
injection of oseltamivir provoked ventilatory arrest fol-

lowed by cardiac arrest [5]; however, it is not fully

understood whether oseltamivir directly induces cardiac
action or not [6].

In this study, we precisely examined the electrophar-

macological effects of oseltamivir on the heart using the
halothane-anesthetized canine model to clarify the extent

of safety margin of oseltamivir itself for the cardiovascular

system. The model has been used for simultaneously ana-
lyzing in vivo cardiohemodynamic and electrophysiologi-

cal profiles of various kinds of drugs under physiologically

maintained mechanical and electrical conditions [7–9]. To
better analyze the electrophysiological effects of the drugs

on the depolarization and repolarization process, we

recorded the His bundle electrograms and monophasic
action potentials (MAPs), respectively, in addition to

assessing the ECG [7–9]. Moreover, a MAP recording/

pacing combination catheter was used to simultaneously
measure both MAP and effective refractory period at the

same site and directly compare the drug effects on the

repolarization and refractoriness [7–9].
During an exploratory experiment using the same model

as used in this study, we confirmed that a dose of 30 mg/kg

of oseltamivir inhibited atrioventricular nodal and intra-
ventricular conduction and delayed the ventricular repo-

larization. Therefore, we selected an antiarrhythmic drug

pilsicainide as a comparative drug, since pilsicainide pos-
sesses potent Na? and mild K? channel blocking actions

like flecainide and shows directionally similar cardiac

effects to those observed in our exploratory experiment
[10, 11]. Moreover, since we found that the oseltamivir-

induced conduction delay can be more prominent in the

atrium than in the ventricle or atrioventricular node, we
explored its underlying electrophysiological mechanisms

using the in vitro left atrium of guinea pigs. To our

knowledge, this is the first report describing the electro-
pharmacological profile of oseltamivir in vivo and in vitro.

Materials and Methods

All experiments were performed according to the Guide-
lines for Animal Experiments for Toho University.

Experiment 1

Eight beagle dogs of either sex, weighing approximately
10 kg, were divided into 2 animal groups, namely oseltamivir

group (n = 4) and pilsicainide group (n = 4). The animals

were obtained through Kitayama Labes (Nagano, Japan).

Cardiohemodynamic Variables

The dogs were anesthetized initially with thiopental

sodium (30 mg/kg, i.v.). After the intubation with a cuffed

endotracheal tube, 1 % halothane vaporized with 100 %
oxygen was inhaled with a volume-limited ventilator

(SN-480; Shinano, Tokyo, Japan). The tidal volume and

respiratory rate were set at 20 ml/kg and 15 strokes/min,
respectively. Heparin calcium (100 IU/kg) was intrave-

nously administered to prevent blood clotting. A heparin-

ized catheter was placed in the aorta through the right
femoral artery for continuous monitoring of the systemic

blood pressure. A thermodilution catheter (TC-504NH;

Nihon Kohden, Tokyo, Japan) was positioned at the right
side of the heart through the right femoral vein. The cardiac

output was measured by a standard thermodilution method

using a cardiac output computer (MFC-1100, Nihon Koh-
den). The total peripheral resistance (TPR) was calculated

by using the basic equation: TPR = mean blood pressure/

cardiac output. A pigtail catheter was positioned at the left
ventricle through the right femoral artery to measure the

left ventricular pressure. The maximum upstroke velocity

of the left ventricular pressure (LVdP/dtmax) and the left
ventricular end-diastolic pressure (LVEDP) was obtained

during the sinus rhythm to estimate the contractility and the

preload to the left ventricle, respectively.

Electrophysiological Variables

The surface lead II ECG was obtained from the limb

electrodes. The corrected QT interval (QTc) was calculated

by using Van de Water’s formula: QTc = QT -
0.087 9 (RR-1000) [12]. A quad-polar electrodes cathe-

ter was positioned at the non-coronary cusp of the aortic

valve through the left femoral artery to obtain the His
bundle electrogram. A bidirectional steerable MAP

recording/pacing combination catheter (1675P; EP Tech-

nologies, Inc., Sunnyvale, CA, USA) was positioned at the
endocardium of the right ventricle through the left femoral

vein to obtain MAP signals. The signals were amplified

with a DC preamplifier (model 300; EP Technologies,
Inc.). The duration of the MAP signals was measured as an

interval, along a line horizontal to the diastolic baseline,
from the MAP upstroke to the desired repolarization level.

The interval (ms) at 90 % repolarization level was defined

as MAP90.
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The heart was electrically driven using a cardiac stimu-

lator (SEC-3102; Nihon Kohden) with the pacing electrodes
of the combination catheter placed in the right ventricle. The

stimulation pulses were rectangle, 1–2 V (about twice the

threshold voltage) and of 1 ms duration. The MAP90 was
measured during sinus rhythm (MAP90(sinus)) and at a pacing

cycle length of 400 ms (MAP90(CL400)) and 300 ms

(MAP90(CL300)). The effective refractory period of the right
ventricle was assessed by the programmed electrical stimu-

lation. The pacing protocol consisted of 5 beats of basal
stimuli in a cycle length of 400 ms followed by an extra

stimulus of various coupling intervals. Starting in a late

diastole, the coupling interval was shortened in 5–10 ms
decrements until refractoriness occurred. The duration of the

terminal repolarization period of the ventricle, reflecting

phase 3 repolarization of the action potential, was calculated
by the difference between the MAP90(CL400) and effective

refractory period at the same site, which reflects the extent of

electrical vulnerability [7–9, 13].

Experimental Protocol

The systemic blood pressure, left ventricular pressure,

ECG, His bundle electrogram and MAP signals were

monitored using a polygraph system (RM-6000; Nihon
Kohden) and analyzed using a real-time full automatic data

analysis system (WinVAS3 ver 1.1R12; Physio-Tech,

Tokyo, Japan). Each measurement of ECG, MAP as well as
atrio-His (AH) and His-ventricular (HV) intervals was the

mean of three recordings of consecutive complexes. The

cardiovascular variables were assessed in the following
order. The ECG, His bundle electrogram, systemic and left

ventricular pressures and MAP signal were recorded under

the sinus rhythm. Next, the cardiac output was measured
twice. Then, MAP signals were recorded during the ven-

tricular pacing at a cycle length of 400 and 300 ms. Finally,

the effective refractory period was measured. All variables
described above were usually obtained within 1 min at

each time point.

After the basal assessment, oseltamivir in a low dose of
0.3 mg/kg was intravenously administered over 10 min,

and each variable was assessed at 5, 10, 15, 20 and 30 min

after the start of the infusion. Then, oseltamivir in a middle
dose of 3 mg/kg, which is close to a clinically recom-

mended daily p.o. dose [1], was intravenously administered

over 10 min, and each variable was assessed in the same
manner. Finally, oseltamivir in a high dose of 30 mg/kg

was intravenously administered over 10 min, and each

variable was assessed at 5, 10, 15, 20, 30, 45 and 60 min
after the start of the infusion. On the other hand, as another

series of experiment, pilsicainide in a low dose of 1 mg/kg,

which is a clinically recommended i.v. dose [10, 11, 14,
15], was intravenously administered over 10 min, and each

variable was assessed at 5, 10, 15, 20 and 30 min after the

start of the infusion. Then, pilsicainide in a high dose of
3 mg/kg was intravenously administered over 10 min, and

each variable was assessed in the same manner.

Plasma Drug Concentration

A volume of 3 ml of blood was withdrawn from the left
femoral artery to measure the plasma concentration of

oseltamivir. The blood samples were centrifuged at
1,500g for 30 min at 4 "C. The plasma was stored at

-80 "C until the drug concentration was measured. The

samples in a volume of 50 ll were treated by adding 10 ll
of 60% (v/v) perchloric acid. After vortex mixing, the tubes

were centrifuged at 15,000 rpm for 10 min. An aliquot of

the supernatant (30 ll) was injected onto an analytical C18

reversed-phase column (250 9 4.6 mm, 5 lm, Mighty-

silRP-18; Kanto Chemical, Tokyo, Japan) maintained at

40 "C. The mobile phase in the HPLC system was 30 % (v/
v) acetonitrile in 10 mM phosphate buffer (pH 3.0) at a

flow rate of 1.6 ml/min. The elution profiles of oseltamivir

were monitored by a UV detector at wavelength of 216 nm.

Experiment 2

The microelectrode recording of action potential configu-

ration was performed using the isolated atrium from guinea

pig. All experiments were performed at 36.5 ± 0.5 "C.

Isolation of Atrium

The heart was isolated from a Hartley guinea pig, and its

left atrium was quickly dissected and placed in an organ

bath containing Krebs–Henseleit solution of the following
composition (in mM): NaCl 118.4, KCl 4.7, CaCl2 2.5,

MgSO4 1.2, KH2PO4 1.2, NaHCO3 24.9, glucose 11.1,

gassed with 95 % O2/5 % CO2 (pH 7.4 at 37 "C).

Microelectrode Recording of Action Potential

Configuration

The cardiac action potential configuration was recorded as

previously described [16]. The isolated left atrium was
driven at a constant frequency of 1 Hz using an electronic

stimulator (SEN-2201, Nihon Kohden) with rectangular

current pulses, which were about 1.5 times of the threshold
voltage and 3 ms duration, through bipolar platinum elec-

trodes. The atrium was impaled with glass microelectrodes

filled with 3 M KCl, and the transmembrane potential was
recorded with a microelectrode amplifier (MEZ-7101,

Nihon Kohden). The action potential signals were moni-

tored by an oscilloscope (CS-5135, Kenwood, Tokyo,
Japan) and fed into a waveform analysis system (DSS98-
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type IV, Canopus, Tokyo, Japan). The parameters mea-

sured were resting membrane potential; overshoot; ampli-
tude; action potential duration at 20 % (APD20), 50 %

(APD50) and 90 % (APD90) repolarization level; and

maximum rate of phase 0 depolarization (Vmax). The
effects of oseltamivir in concentrations of 10 and 100 lM

and those of pilsicainide in concentrations of 1 and 10 lM

were assessed.

Drugs

In experiment 1, oseltamivir was extracted from Tamiflu#

Capsule (Chugai Pharmaceutical, Tokyo, Japan), which
was dissolved with saline in concentrations of 0.3, 3 and

30 mg/ml. The dose of oseltamivir was calculated as its

free base (FW = 312.4). Pilsicainide hydrochloride
hydrate (Sunrythm InjTM, Daiichi-Sankyo, Tokyo, Japan)

was purchased, which was dissolved with saline in con-

centrations of 1 and 3 mg/ml. The dose of pilsicainide was
calculated as its hydrochloride hydrate form. The other

drugs used were thiopental sodium (Mitsubishi Tanabe,

Osaka, Japan), halothane (Takeda, Osaka, Japan) and
heparin calcium (Nihon Schering, Osaka, Japan).

In experiment 2, oseltamivir was also extracted from

Tamiflu# Capsule, whereas pilsicainide hydrochloride was
purchased from Sigma-Aldrich (St. Louis, MO, USA). The

drugs were dissolved in distilled water, and small aliquots

were added to the organ bath to obtain desired final con-
centrations. All other chemicals were commercial products

of the highest available quality.

Statistical Analysis

Data are presented as the mean ± SE. The statistical sig-
nificances within a parameter were evaluated by one-way

repeated-measures analysis of variance (ANOVA) fol-

lowed by Contrasts for mean values comparison, whereas
those of unpaired data between the groups were evaluated

by unpaired t test. A p value \0.05 was considered

significant.

Results

Experiment 1

No animals exhibited any lethal ventricular arrhythmias or

cardiohemodynamic collapse, leading to the animal’s death

during the experimental period, as shown in Fig. 1. There
was no significant difference in the respective control

values between the oseltamivir group (n = 4) and the

pilsicainide group (n = 4) except for the mean blood
pressure, LVEDP or effective refractory period.

Plasma Drug Concentration

The time course of the plasma drug concentration of

oseltamivir is summarized in Fig. 1. The decrease in the

plasma concentration of oseltamivir followed a pattern that
could be predicted by the two-compartment theory of

pharmacokinetics. The peak plasma concentrations of

oseltamivir after 0.3, 3 and 30 mg/kg infusion were
1.2 ± 0.2 lg/ml (4 lM), 10.6 ± 0.8 lg/ml (34 lM) and

117.5 ± 7.2 lg/ml (376 lM), respectively.

Effects on Hemodynamic Variables

The time courses of changes in the hemodynamic variables
are summarized in Fig. 2 (n = 4 for each group). The pre-

drug control values (C) of the heart rate, mean blood pres-
sure, cardiac output, TPR, LVdP/dtmax and LVEDP for the

oseltamivir group were 107 ± 10 beats/min, 96 ±

3 mmHg, 1.40 ± 0.11 l/min, 70 ± 5 mmHg/(l/min), 2,049 ±
195 mmHg/s and 12.8 ± 1.4 mmHg, whereas those for the

pilsicainide group were 125 ± 6 beats/min, 104 ± 1 mmHg,

1.73 ± 0.26 l/min, 64 ± 8 mmHg/(l/min), 2,867 ± 321
mmHg/s and 8.8 ± 0.4 mmHg, respectively. In the oseltam-

ivir group, the low dose of 0.3 mg/kg increased the cardiac

output for 15–20 min after the start of infusion, whereas no
significant change was detected in the other variables. The

middle dose of 3 mg/kg increased the mean blood pressure at

30 min and cardiac output at 20 min, whereas no significant
change was detected in the other variables. The high dose of

30 mg/kg decreased the heart rate for 10–15 min, mean blood

pressure for 10–20 min, cardiac output for 10–60 min and
LVdP/dtmax for 5–60 min, but increased the TPR for

5–60 min and LVEDP for 10–20 min. In the pilsicainide

group, the low dose of 1 mg/kg increased the heart rate for

Fig. 1 Time course of plasma concentration (Plasma Conc.) of
oseltamivir, and the number of surviving animals without exerting the
lethal ventricular arrhythmias or cardiohemodynamic collapse. Data
are presented as the mean ± SE for the plasma drug concentrations
(n = 4)
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10–20 min, cardiac output at 20 min and LVdP/dtmax for

20–30 min, whereas no significant change was detected in the
other variables. The high dose of 3 mg/kg increased the TPR

at 5 min, but decreased the cardiac output at 5 min, whereas

no significant change was detected in the other variables.

Effects on the ECG Variables During the Sinus Rhythm

Typical tracings of ECG are depicted in Fig. 3, and the

time courses of changes in the ECG variables are sum-
marized in Fig. 4 (n = 4 for each group). The pre-drug

control values (C) of the P-wave duration, PR interval,

QRS width, QT interval and QTc for the oseltamivir group
were 58 ± 3 ms, 100 ± 7 ms, 62 ± 1 ms, 259 ± 1 ms

and 296 ± 4, whereas those for the pilsicainide group were

57 ± 2 ms, 94 ± 3 ms, 62 ± 1 ms, 249 ± 9 ms and
294 ± 7, respectively. In the oseltamivir group, no sig-

nificant change was detected after the low dose for any of

the ECG variables. The middle dose prolonged the p-wave
duration for 10–30 min, whereas no significant change was

detected in the other variables. The high dose prolonged

the p-wave duration, PR interval and QRS width for
5–60 min, and QT interval and QTc for 10–15 min. The

peak increments in the p-wave duration and QRS width

were ?16 ms (?28 %) and ?8 ms (?13 %), which were
observed at 15 min and 10 min after the high dose,

respectively. In the pilsicainide group, the low dose pro-

longed the p-wave duration for 10–20 min, PR interval for
10–15 min and QRS width at 10 min, whereas no signifi-

cant change was detected in the QT interval or QTc. The

high dose prolonged each ECG variable for 5–30 min. The
peak increments in the p-wave duration and QRS width

were ?25 ms (?44 %) and ?19 ms (?30 %), respec-

tively, which were observed at 10 min after the high
dose.

Effects on the AH and HV Intervals, and MAP Duration

During the Sinus Rhythm

The time courses of changes in the AH and HV intervals,

and MAP duration during the sinus rhythm (MAP90(sinus))

are summarized in Fig. 4 (n = 4 for each group). The pre-
drug control values (C) for the oseltamivir group were

74 ± 8 ms, 27 ± 2 ms and 243 ± 8 ms, whereas those for

the pilsicainide group were 63 ± 5 ms, 29 ± 2 ms and
221 ± 6 ms, respectively. In the oseltamivir group, no

significant change was detected after the low or middle

dose. The high dose prolonged the AH interval for
10–30 min, HV interval for 5–60 min and MAP90(sinus) for

5–45 min. In the pilsicainide group, the low dose pro-

longed the HV interval for 10–30 min and MAP90(sinus) for
10–15 and at 30 min, whereas no significant change was

Fig. 2 Time courses of heart
rate (HR), mean blood pressure
(MBP), cardiac output (CO),
total peripheral vascular
resistance (TPR), maximum
upstroke velocity of left
ventricular pressure (LVdP/
dtmax) and left ventricular end-
diastolic pressure (LVEDP) in
oseltamivir group (left, n = 4)
and pilsicainide group (right,
n = 4). Data are presented as
the mean ± SE. Closed symbols
represent significant differences
from the corresponding pre-
drug control value (C) by
p \ 0.05
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detected in the AH interval. The high dose prolonged the

AH and HV intervals, and MAP90(sinus) for 5–60 min.

Effects on the MAP90 During the Ventricular Pacing

The time courses of changes in MAP90(CL300) and
MAP90(CL400) are summarized in Fig. 5 (n = 4 for each

group). The pre-drug control values (C) of the MAP90(CL300)

and MAP90(CL400) were 216 ± 7 ms and 233 ± 8 ms for the
oseltamivir group, whereas those of the pilsicainide group

were 201 ± 3 ms and 215 ± 3 ms, respectively. In the

oseltamivir group, no significant change was observed in
these variables after the low dose. The middle dose pro-

longed the MAP90(CL300) for 5–30 min, whereas no signifi-

cant change was detected in the MAP90(CL400). The high
dose prolonged the MAP90(CL300) and MAP90(CL400) for

5–60 min. The peak increments in the MAP90(CL300) and

MAP90(CL400) were ?34 ± 2 ms and ?33 ± 5 ms, respec-
tively, which were observed at 10 min. In the pilsicainide

group, the low dose prolonged the MAP90(CL300) for

5–10 min and MAP90(CL400) for 5–10 and at 30 min. The
high dose prolonged the MAP90(CL300) and MAP90(CL400) for

5–30 min. The peak increments in the MAP90(CL300) and

MAP90(CL400) were ?38 ± 6 ms and ?39 ± 6 ms, respec-
tively, which were observed at 10 min.

Effects on the Effective Refractory Period and Terminal
Repolarization Period

The time courses of changes in the effective refractory
period and terminal repolarization period are summarized

Fig. 3 Typical tracings of lead II ECG during the sinus rhythm. Pre-
drug control (Control; Top) and 10 min after the start of oseltamivir
infusion (Bottom) are shown. Note the prolongation of p-wave
duration, PR interval, QRS width and QT interval

Fig. 4 Time courses of P-wave
duration (P wave); PR interval;
QRS width; QT interval; QTc;
atrio-His (AH) and His-
ventricular (HV) intervals; and
duration of monophasic action
potential at 90 % repolarization
level during the sinus rhythm
(MAP90(sinus)) in oseltamivir
group (left, n = 4) and
pilsicainide group (right,
n = 4). Data are presented as
the mean ± SE. Closed symbols
represent significant differences
from the corresponding pre-
drug control value (C) by
p \ 0.05
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in Fig. 5 (n = 4 for each group). The pre-drug control

values (C) of the effective refractory period and terminal

repolarization period for the oseltamivir group were
218 ± 4 ms and 16 ± 4 ms, whereas those for the pilsi-

cainide group were 196 ± 4 ms and 19 ± 2 ms, respec-

tively. In the oseltamivir group, no significant change was
detected in these variables after the low or middle dose.

The high dose prolonged the effective refractory period for

5–60 min, whereas the terminal repolarization period ten-
ded to decrease, which did not achieve statistical signifi-

cance. In the pilsicainide group, no significant change was

detected in these variables after the low dose. The high
dose prolonged the effective refractory period for

5–30 min, whereas the terminal repolarization period ten-

ded to increase, which did not achieve statistical
significance.

Experiment 2

Effects on the Action Potential Configuration of the Left

Atrium

Typical tracings of the effects of oseltamivir and pilsicai-

nide on the configuration of action potential were depicted
in Fig. 6, and their effects are summarized in Table 1;

10 lM of oseltamivir decreased the resting membrane

potential, overshoot, amplitude and Vmax, but it increased
the APD90, whereas no significant change was detected in

the APD20 or APD50. One hundred lM of oseltamivir

decreased the resting membrane potential, overshoot,

amplitude and Vmax, but it increased the APD20, APD50 and

APD90. On the other hand, 1 lM of pilsicainide decreased
the overshoot and amplitude, whereas no significant change

was detected in the other parameters; 10 lM of pilsicainide

decreased the overshoot, amplitude and Vmax, whereas no
significant change was detected in the resting membrane

potential, APD20, APD50 or APD90.

Discussion

Given the limited information on the cardiovascular profile

of oseltamivir, in experiment 1 we assessed it by using the

well-established halothane-anesthetized in vivo canine
model [7] in three escalating i.v. doses of 0.3, 3 and 30 mg/

kg. The therapeutic dose of oseltamivir in humans was

reported to be 150 mg/body, p.o. per day [1]. The peak
plasma concentration (Cmax) of oseltamivir after the single

p.o. administration doses of 37.5, 75, 150 and 300 mg to

healthy volunteers was described to be 0.15, 0.36, 0.66 and
1.38 lg/ml, respectively, in the interview form from the

manufacturer. Therefore, the doses of oseltamivir used in

experiment 1 can be considered to provide clinically rela-
ted to supra-therapeutic levels of plasma drug concentra-

tions as shown in Fig. 1. Moreover, in experiment 2, we

assessed the effects of oseltamivir in concentrations of 10
and 100 lM on the action potential configuration of the left

atrium of guinea pigs in vitro. Since the protein binding

Fig. 5 Time courses of
duration of monophasic action
potential at 90 % repolarization
level during the ventricular
pacing at a cycle length of
300 ms (MAP90(CL300)) and
400 ms (MAP90(CL400));
effective refractory period of the
right ventricle (VERP); and
terminal repolarization period
(TRP) in oseltamivir group (left,
n = 4) and pilsicainide group
(right, n = 4). Data are
presented as the mean ± SE.
Closed symbols represent
significant differences from the
corresponding pre-drug control
value (C) by p \ 0.05
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ratio in dogs was described to be \50 % in the interview

form from the manufacturer, the low and high concentra-
tions used in experiment 2 can be considered to be close to

the peak concentrations after the middle and high doses in

experiment 1, respectively. On the other hand, since the
intravenous infusion of 1 mg/kg over 10 min is a clinically

recommended dose for pilsicainide, and a therapeutic blood

concentration of pilsicainide in the experimental and clin-
ical settings has been reported to be around 1–3 lM [10,

11, 14, 15], the doses of pilsicainide in experiment 1 and

concentrations in experiment 2 may reflect clinically rela-

ted to supra-therapeutic levels.

Cardiohemodynamic Effects

Administration of the low and middle doses of oseltamivir

hardly affected the cardiohemodynamic variables except

for the mild but statistically significant increases in cardiac
output and blood pressure, indicating that oseltamivir lacks

a suppressive action on cardiohemodynamics at these
doses. The high dose of oseltamivir decreased the heart

rate, ventricular contractile force and cardiac output, but

increased the preload to the ventricle, resulting in the
decrease in the mean blood pressure together with the

increase in the total peripheral resistance, which has not

been reported elsewhere. The negative chronotropic and
inotropic effects of oseltamivir could be the results of Ca2?

channel suppression and/or Na? channel inhibition [7–9].

On the other hand, the low dose of pilsicainide exerted
positive chronotropic and inotropic effects, resulting in the

increase in the cardiac output, whereas the high dose

transiently decreased the cardiac output together with the
increase in the total peripheral resistance. In a previous

report using pentobarbital-anesthetized, open-chest mon-

grel dogs [17], the intravenous injection of the same doses
of pilsicainide exerted dose-related negative chronotropic

Fig. 6 Typical tracings of effects of oseltamivir (100 lM; left) and
pilsicainide (10 lM; right) on the action potential configuration of the
isolated left atrium from a guinea pig electrically driven at 1 Hz.
Closed circle represents the action potential configuration 30 min
after the drug application

Table 1 Effects of oseltamivir on action potential parameters

Oseltamivir 10 lM Oseltamivir 100 lM

Before After Before After

RP (mV) -80.1 ± 0.3 -77.3 ± 0.7* -81.1 ± 0.5 -78.4 ± 0.6*

OS (mV) 28.9 ± 0.8 24.2 ± 1.1* 31.3 ± 1.0 27.2 ± 1.1*

AMP (mV) 109.0 ± 1.0 101.4 ± 1.7** 111.3 ± 0.6 105.5 ± 1.1*

APD20 (ms) 18.8 ± 1.5 18.1 ± 0.8 17.2 ± 2.0 23.2 ± 2.3**

APD50 (ms) 35.6 ± 2.5 34.1 ± 0.9 33.3 ± 3.0 45.6 ± 3.4***

APD90 (ms) 73.3 ± 2.1 75.7 ± 1.5* 71.0 ± 1.2 94.0 ± 3.3***

Vmax (V/s) 229.7 ± 9.7 159.9 ± 11.3** 236.3 ± 22.9 147.0 ± 10.3*

Pilsicainide 1 lM Pilsicainide 10 lM

Before After Before After

RP (mV) -79.6 ± 1.5 -78.5 ± 1.2 -77.9 ± 1.2 -77.2 ± 1.1

OS (mV) 31.8 ± 0.7 30.3 ± 0.5* 31.8 ± 0.6 29.4 ± 0.6*

AMP (mV) 111.5 ± 1.7 108.7 ± 1.3** 109.8 ± 1.5 106.6 ± 1.2*

APD20 (ms) 21.0 ± 1.3 21.1 ± 2.1 18.5 ± 0.9 18.8 ± 1.1

APD50 (ms) 38.7 ± 1.8 37.6 ± 3.1 34.9 ± 1.3 33.9 ± 1.6

APD90 (ms) 75.5 ± 1.2 71.4 ± 2.3 77.8 ± 2.7 76.8 ± 2.5

Vmax (V/s) 214.8 ± 10.3 208.2 ± 18.3 222.2 ± 14.2 175.3 ± 13.9**

Action potential duration at 20 % (APD20), 50 % (APD50) and 90 % (APD90) repolarization, RP resting membrane potential, OS overshoot, AMP
amplitude and maximum rate of phase 0 depolarization (Vmax). Data are mean ± SE of 5 experiments. * p \ 0.05; ** p \ 0.01; *** p \ 0.001,
compared with corresponding control value (before)
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and inotropic effects with hypotension. The discrepancy of

these in vivo observations on pilsicainide might be at least
in part explained by the difference in the experimental

conditions, namely pentobarbital-anesthesia versus halo-

thane-anesthesia; open-chest versus closed-chest; mongrel
versus beagle; and single injection versus 10 min of infu-

sion, respectively.

Electrophysiological Effects

During the sinus rhythm, oseltamivir at a low or middle

dose did not induce any electrophysiological change except

for the prolongation of the P-wave duration (?7 %), sug-
gesting that oseltamivir may more selectively suppress

intra-atrial conduction than the other variables. Meanwhile,

the low dose of pilsicainide prolonged both P-wave dura-
tion (?16 %) and QRS width (?10 %). The high dose of

oseltamivir as well as pilsicainide prolonged each elec-

trophysiological variable including P-wave duration, PR
interval, QRS width, QT interval, QTc, AH and HV

intervals, and MAP90, as shown in Figs. 4 and 5, suggest-

ing their inhibitory actions on the Na?, Ca2? and K?

channels in the in situ heart based on the previous

knowledge of the currently used canine model [7–9]. Such

inhibitory effects of oseltamivir on ionic channels have not
been reported, whereas those of pilsicainide are well

known [10, 11]. More importantly, maximum percent

increases of P-wave duration and QRS width were ?28 and
?13 % for oseltamivir and ?44 and ?30 % for pilsicai-

nide, respectively, confirming that oseltamivir may more

selectively suppress the intra-atrial conduction than the
intra-ventricular conduction, which was less selective for

pilsicainide.

We have further explored the underlying mechanisms of
the oseltamivir-induced intra-atrial conduction delay using

in vitro left atrial preparations of guinea pigs. It should be

noted that the extent of 10 lM of oseltamivir-induced
decrease of Vmax (-30 %) was greater than that of 10 lM

of pilsicainide (-21 %). Moreover, 10 lM of oseltamivir

prolonged APD90, which was not observed by 10 lM of
pilsicainide. These results suggest that oseltamivir may

possess more potent blocking actions on atrial Na? and K?

channels compared with pilsicainide.
The QT interval was prolonged after the high doses of

oseltamivir and pilsicainide. The QT prolonging effect of

oseltamivir has not been reported before [2], whereas that
of pilsicainide is well known [10, 15]. As clearly shown in

Fig. 5, the extent of repolarization delay by oseltamivir

was more prominent at a faster pacing rate, in which the
middle dose significantly prolonged MAP90(CL300) but not

for MAP90(CL400), indicating that oseltamivir can delay the

repolarization process in a use-dependent manner. This
electrophysiological property of oseltamivir was quite

different from those of typical IKr channel blockers, since

they delayed the repolarization process more potently at a
slower heart rate [7].

Proarrhythmic Potential

It has been reported that the prolongation of phase 3

repolarization will enhance the chance of conduction
slowing at a less complete repolarization level, which may

be associated with a high incidence of torsades de pointes
[7–9, 13]. In the present study, the extent of prolongation of

MAP90(CL400) (?33 ms) by the high dose of oseltamivir

was smaller than that of effective refractory period
(?37 ms), leading to an abbreviation of the terminal

repolarization period like amiodarone and canrenoate [7],

whereas the extent of prolongation of MAP90(CL400)

(?39 ms) by the high dose of pilsicainide was greater than

that of effective refractory period (?32 ms), leading to a

prolongation of the terminal repolarization period. Thus,
the risk of torsades de pointes may be less great for osel-

tamivir than that for pilsicainide [7, 9, 13].

The potential toxic interaction between high doses of
oseltamivir and class I and/or III antiarrhythmic agents

during pathologic conditions associated with influenza

virus infection deserves a comment, since oseltamivir was
found to possess class I and III actions in this study, and

there is a clinical report that an addition of oseltamivir to

sotalol triggered torsades de pointes in 2 cases [3]. The
potential for that oseltamivir might increase the plasma

concentration of sotalol is considered to be low, since

neither oseltamivir nor its active metabolite interacts with
cytochrome P450 mixed-function oxidases or glu-

curonosyltransferases [1]; more importantly, sotalol is not

metabolized in the liver [18]. An additional study is now
ongoing using the same animal model system to begin to

explore the potential interaction between high dose of

oseltamivir (30 mg/kg) and therapeutic doses of sotalol
(3 mg/kg). In a limited number of experiments (n = 2),

oseltamivir did not significantly enhance the extent of

sotalol-induced QT-interval prolongation or bradycardia
when oseltamivir and sotalol were co-administered, sug-

gesting that the sotalol-induced bradycardia might have

attenuated the use-dependent QT-interval prolongation of
oseltamivir. The present results together with this addi-

tional observation suggest that oseltamivir by itself will not

induce the excessive QT-interval prolongation, whereas
oseltamivir might possibly raise the risk of QT-interval

prolongation when co-administered with class I and/or III

antiarrhythmic drugs that lack bradycardiac potential.
Moreover, one can speculate that oseltamivir might have at

least in part enhanced the sotalol-induced QT-interval

prolongation in patients with influenza virus infection, in
whom fever-induced tachycardia would have been present.

242 Cardiovasc Toxicol (2013) 13:234–243
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Conclusions

The present study indicates that the acute single i.v. infu-

sion of clinically relevant to 10 times higher doses of

oseltamivir is relatively safe, whereas its 10–100 times
higher doses possess unique electrophysiological profile,

including the use-dependent prolongation of the ventricular

repolarization process and more selective suppressive
effects on the intra-atrial conduction than on the intra-

ventricular conduction. The most significant clinical find-

ing arising from this study involves the potential toxic
interaction between oseltamivir and some class I and/or III

antiarrhythmic agents in the presence of pathologic

conditions associated with influenza virus infection
such as fever-induced tachycardia, dehydration and renal

dysfunction.
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Male infertility problems can occur when sperms are limited in number or function. In this paper, we describe the clinical
evaluation of male infertility. A detailed history, physical examination, and basic semen analysis are required. In addition,
ultrasound, karyotyping, and hormonal studies are needed to determine specific causes of infertility. In addition, the World Health
Organization (WHO, 2009) has developed a manual to provide guidance in performing a comprehensive semen analysis. Among
the possible reasons for male infertility, nonobstructive azoospermia is the least treatable, because few or no mature sperm may be
produced. In many cases, men with nonobstructive azoospermia typically have small-volume testes and elevated FSH. Although
treatment may not completely restore the quality of semen from men with subnormal fertility, in some cases a successful pregnancy
can still be achieved through assisted reproductive technology.

1. Introduction

About 1 in 7 couples have problems conceiving, with a
similar incidence worldwide. Over 80% of couples who have
regular sexual intercourse and do not use contraception will
achieve a pregnancy within one year, and approximately 92%
can achieve a pregnancy within 2 years [1]. Infertility affects
males and females equally, although many people believe that
infertility is a female problem. In Japan, especially, couples
oppose insemination or adoption as an alternative to having
a child carrying both parents’ genes, which means that males
are likely to seek infertility evaluations when a couple has
difficulty conceiving.

The clinical evaluation of male infertility includes a
detailed history, physical examination, laboratory tests,
ultrasound study, and karyotyping. The two main purposes
of the evaluation are (1) to identify any modifiable factors
that can improve the man’s fertility status and (2) to identify
any serious underlying conditions, such as testis cancer,
osteoporosis, and endocrine or genetic problems that present
first as infertility [2].

2. History-Taking for the Male
Infertility Workup

The infertility history should include a detailed account of
the patient’s reproductive and sexual history, developmental,
family, medical, and surgical history. The information to be
included in each portion of the history is detailed below.

2.1. Reproductive and Sexual History. For the reproductive
history, any prior conceptions for the male with present
or past partners, details of any prior difficulty achieving
conception, past evaluations and treatments for infertility,
and previous use of contraception should all be recorded,
along with the frequency and timing of intercourse with
the man’s current partner. Information about erectile and
ejaculatory function and frequency of masturbation should
be requested, as well as the timing of first masturbation and
intercourse.

2.2. Developmental History. A history of specific childhood
illness or conditions may be informative. For example,
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bilateral cryptorchidism causes a significant decrease in
spermatogenesis, but unilateral cryptorchidism usually has
much less impact. Studies of patients who underwent
orchiopexy to treat cryptorchidism report decreased sperm
densities in about 30% of men, on average, with unilat-
eral cryptorchidism (range 28–82%), although two studies
have reported abnormal sperm densities in only 17% of
patients [3, 4]. In contrast, an average of about 50% of
patients with bilateral cryptorchidism (range 9–88%) show
decreased sperm densities. Despite the trend of performing
orchidopexies at an earlier age, improved fertility rates have
yet to be demonstrated with this approach. On the other
hand, testes that remain undescended after puberty do not
function, and fertility rates are not improved by postpubertal
repair [5, 6].

Testicular trauma or a history of torsion should be noted,
since both may result in atrophic testes. Approximately
30–40% of men with a history of testicular torsion have
abnormal results upon semen analysis [7–14]. In up to 11%
of patients with testicular torsion, antisperm antibodies are
present at the time of or after the event [15, 16].

The timing of pubertal development should be noted.
Significantly delayed or incomplete development may sug-
gest an endocrinopathy. In addition, although early child-
hood mumps does not appear to affect the testis, after
the age of 11 or 12, 30% of male patients who contract
mumps develop unilateral orchitis. Bilateral orchitis occurs
in approximately 10% of peripubertal and adult males who
contract mumps [17]. Unilateral and bilateral orchitis from
mumps can cause severe testicular damage.

2.3. Medical History. Diabetes may affect erectile and/or
ejaculatory function [18], and any systemic illness accom-
panied by fever or viremia can lead to impaired testicular
function, although the effects may not be measurable in
the ejaculate for 1–4 months. A history of pyospermia or
prostatitis should be noted, although both are uncommon
and neither is proved to cause infertility [19]. Primary ciliary
dyskinesia (also known as immotile cilia syndrome), which
should be suspected when there is a history of chronic upper
respiratory infections, causes severe defects in sperm motil-
ity. When this condition is associated with situs inversus, it is
known as Kartagener syndrome, which is a rare cause of male
infertility [20]. Frequent respiratory infections associated
with azoospermia raise the possibility of Young syndrome
[21], in which epididymal obstruction is caused by the
inspissation of secretions. Neurologic issues can lead to male
infertility as a variety of hormonal abnormalities including
thyroid disorders, hyperprolactinemia, and elevated estrogen
levels. Finally, any history of urinary tract infections or
sexually transmitted disease should be recorded, particularly
if associated with epididymitis, as these conditions can lead
to epididymal obstruction.

2.4. Past Surgical History and Cancer Treatments. Details of
past surgeries should be obtained. Pelvic and retroperitoneal
surgery may impair ejaculatory function.

Patients with testicular cancer may present with infer-
tility either before or after treatment. Approximately, 50%

of testicular cancer patients have subnormal sperm den-
sities prior to chemotherapy [11, 13, 22, 23]. Following
cisplatinum-based chemotherapy for testicular cancer, most
patients will develop azoospermia. However, most will
recover sperm production within four years [24, 25]. Most
patients with lymphoma, leukemia, or sarcoma become
permanent sterility after chemotherapy.

2.5. Medication and Drug Use. A detailed history of med-
ications should be obtained. Unfortunately, for many sub-
stances, data detailing potential effects on male fertility are
lacking. Online sources include databases such as Reprotox
and Reprotext. Both are often available through online
hospital and university databases. Exogenous androgens are
well known to induce hypogonadotropic hypogonadism,
which may be induced directly by testosterone or by synthetic
anabolic steroids. The subsequent suppression of endoge-
nous testosterone production usually results in azoospermia,
which is frequently reversible over a 3–6-month period.
Importantly, some patients do not recover normal pituitary
function.

2.6. Lifestyle Exposure. Exposure to potential environmental
toxins including pesticides, mercury, cadmium, arsenic, and
hydrocarbons can impair spermatogenesis. In particular,
the soil fumigants amebicide and nematocide, and 2-
bromopropane (a substitute for chlorofluorocarbons) can
cause decreased spermatogenesis [26–32]. Alcohol depen-
dency is frequently associated with testicular atrophy, but
moderate alcohol consumption does not appear to impair
fertility [33–36]. The effect of cigarette smoking on male
infertility remains controversial, with some studies showing
decreased semen health and others showing no effect [37–
43]. However, the sum of the accumulating evidence suggests
that cigarettes smoking can impact male fertility.

3. Physical Examination

The physical examination for male infertility should focus
on identifying abnormalities that could affect fertility.
Endocrine disorders should be suspected in cases of abnor-
mal androgenization. Gynecomastia can result from exces-
sive estrogens, an improper estrogen-to-androgen ratio, or
elevated prolactin levels. Penile curvature, angulation, and
the location of the urethral meatus should be assessed.
The scrotum should be carefully palpated with the patient
standing, noting the size and consistency of the testicles; the
room should be kept warm for this exam.

The testicle size can be measured with an orchidometer.
This measurement is important because impaired spermato-
genesis often accompanies small-volume testes [44]. The
normal volume is at least 20 mL [45, 46]. Note, however,
that Asian men typically have smaller testes than men of
other races. The epididymis should be examined carefully,
noting the presence of the caput, corpus, and cauda as well as
whether the epididymis feels full or indurated. Fullness can
suggest obstruction of the genital ducts.
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Table 1: Semen parameters.

Volume >1.5 mL
Sperm concentration >15 million/mL
Total sperm count per ejaculate 39 million
Sperm progressive motility >32%
Total sperm motility >40%
Sperm vitality >58% alive
Normal morphology >3%
WBC (white blood cells) <1 million/mL

During palpation of the spermatic cords, the clinician
should confirm the presence or absence of the vas deferens
and note any vasal atrophy or nodularity, or the presence of
a varicocele within the spermatic cord and surrounding the
testicle. An enlarged venous diameter can be detected with
the patient performing the Valsalva maneuver. Alternatively,
the patient can often increase intra-abdominal pressure
without contracting the cremaster muscles, by distending
the abdomen. Varicoceles are graded as small (grade I)
if palpable only when the patient performs the Valsalva
maneuver, moderate (grade II) if palpable when the patient
is standing but does not perform the Valsalva maneuver, and
large (grade III) when veins can be seen through the scrotal
skin. Varicoceles should decrease in size when the patient is
in the supine position.

4. Laboratory Tests

After the above exams have been completed, appropriate
laboratory tests should be performed. The first step in
laboratory testing is to identify patients who are likely to be
infertile, subfertile, and fertile, for which only semen analysis
is required. Since most infertile men have some motile sperm
in the semen, threshold values are used to indicate whether
fertility is more or less likely. Azoospermic patients, however,
are sterile. Importantly, although the number of motile
sperm is suggestive of fertility, there can be considerable
variation in the fertility of men with equal motile sperm
counts.

4.1. Semen Analysis. The World Health Organization (WHO,
2009) has published a guide to semen analysis in humans.
Because semen parameters fluctuate from day to day, at least
two semen samples are usually required to diagnose below-
normal semen quality. A recent study of over 4500 samples
from men living in four continents was used to determine
the reference range for adults. The lower reference limits (5th
percentile) for semen parameters in “fertile” adult men are
given in Table 1 [47].

4.1.1. Collection. Patients should be given specific instruc-
tions on collecting semen specimens for analysis. Semen is
collected by masturbation. Patients should be encouraged to
abstain from ejaculation for 72 hours prior to collecting a
semen sample in the laboratory. We provide adult videos and
books for patients in a room dedicated to semen collection.

The specimen container should be clean, although sterility
is not required, and wide-mouthed, to minimize collection
error. The specimen should be transported to the laboratory
at room temperature. Note that fresh semen is a coagulum
that liquefies 5–25 min after ejaculation.

4.1.2. Concentration. The term, “sperm count,” typically re-
fers to sperm density, reported as millions of sperm per
milliliter of semen. “Total sperm count” refers to the total
number of sperm in the ejaculate.

4.2. Interpretation of the Initial Evaluation. Once the data
from the physical examination, history, and semen anal-
ysis have been acquired, a differential diagnosis should
be developed. Additional laboratory studies may then be
ordered to refine the diagnosis and determine management
options. The results from the semen analysis are categorized
as all parameters normal, oligozoospermia, asthenospermia
(defects in motility), teratozoospermia (defects in morphol-
ogy), and azoospermia (complete lack of sperm).

4.2.1. Interpretation of Normal Semen Parameters. A finding
of normal semen parameters in the context of infertility
raises the possibility of a female factor, erectile dysfunction,
and/or antisperm antibodies.

5. Diagnosis

5.1. Differential Diagnosis of Azoospermia. Azoospermia is
categorized as either obstructive or nonobstructive. Nonob-
structive azoospermia refers to a lack of sperm production,
whereas obstructive azoospermia implies adequate sperm
production but failure to deliver the sperm into the ejac-
ulate because of a ductal obstruction. The data on the
testicular size and presence of the vas deferens relate to
this diagnosis, and congenital bilateral absence of the vas
deferens (CBAVD), an obstructive azoospermia, is diagnosed
by physical examination.

Atrophic testes may be primary, due to an inherent testic-
ular dysfunction, or secondary, due to a hormonal deficiency.
Azoospermic patients with normal semen volumes and a
palpable vas deferens should have their FSH and testosterone
levels measured. The finding of small testes in association
with low FSH and testosterone suggests hypogonadotropic
hypogonadism, and the patient’s LH and prolactin levels
should be evaluated as well. Low gonadotropin levels associ-
ated with elevated prolactin raise the possibility of a pituitary
prolactinoma, and a pituitary MRI should be performed.

The finding of atrophic testes and elevated FSH levels
indicates germ cell failure. Patients with normal sperm
production typically have FSH values in the lower end of the
normal range, and levels above this should raise suspicion
of a defect in spermatogenesis. In addition, patients with
unilateral testicular disease may have elevated FSH levels. A
diagnostic testicular biopsy is not indicated in patients with
elevated FSH levels. Instead, patients with nonobstructive
azoospermia due to a primary testicular defect and not to
a hormonal deficiency should be offered genetic testing,



4 Advances in Urology

consisting of a karyotype and a Y-chromosome microdele-
tion analysis. If abnormalities are found, a couple should be
offered genetic counseling prior to proceeding with assisted
reproductive techniques.

Normal-sized testes accompanied by normal FSH and
azoospermia suggest the possibility of obstruction, and a
testicular biopsy is required to differentiate between obstruc-
tion and maturation arrest. If mature sperms are found in
the biopsy, sperm may be cryopreserved for later use in an
IVF/ICSI cycle.

Low-volume azoospermic semen specimens may be
caused by hypogonadism (low testosterone levels), ejacula-
tory duct obstruction, or seminal vesicle absence or hypo-
function. Patients with bilateral ejaculatory duct obstruction
and those with congenital bilateral absence of the vas defer-
ens (CBAVD) produce low-volume, acidic, and azoospermic
semen specimens.

5.2. Multiple Semen Abnormalities. The finding of defects
in sperm density, motility, and morphology is commonly
referred to as oligoasthenoteratozoospermia (OAT). By far
the most common cause of this pattern is varicocele, which
is a clinical diagnosis determined by a physical examination
and ultrasound study. Additional causes of OAT include
environmental toxins, drugs or medications, and cryptor-
chidism.

5.3. Defects in Isolated Semen Parameters. Complete ejac-
ulatory failure, also called aspermia, exists when no fluid
is produced during the male orgasm, and it is due to
retrograde ejaculation. Common causes of ejaculatory fail-
ure include neurogenic abnormalities, such as spinal cord
injury, diabetes mellitus, multiple sclerosis, and the use
of α-blockers. Retroperitoneal surgeries, including pelvic
surgery and retroperitoneal lymph node dissections, can also
result in impaired ejaculation. True absence of ejaculation
should be differentiated from the complete inability to
obtain orgasm, which can be caused by medications such
as serotonin reuptake inhibitors and/or by psychological
disturbances. However, much more common than complete
lack of ejaculation are low-volume ejaculate specimens.
The most common cause of this finding is an incomplete
collection. Complete bilateral ejaculatory duct obstruction
will result in azoospermic, low-volume, and acidic semen
specimens.

5.4. Defects in Sperm Concentration. In patients with less
than 10× 106 sperm/mL, serum FSH and testosterone levels
should be determined. In patients with less than 5 × 106

sperm/mL, a karyotype and Y-chromosome microdeletion
analysis should be considered as well. Elevated serum
FSH may indicate a primary testicular defect. Although
varicoceles are a common cause of low sperm density, other
abnormal sperm parameters are also usually present with
varicocele.

5.5. Defects in Motility. The term “asthenospermia” refers
to defects in sperm movement. Such cases show only a

low percentage of sperm that have any motility. Antisperm
antibodies and varicoceles may account for this defect.

5.6. Defects in Morphology. The term “teratozoospermia” re-
fers to defects in sperm morphology. This has been reported
with the application of “strict” criteria. The majority of
the cases are idiopathic, while varicoceles and temperature
insults to spermatogenesis are also potential causes.

6. Additional Laboratory Tests

6.1. Hormonal Studies. Hormonal evaluation for male sub-
fertility is done to (1) identify causative endocrine abnormal-
ities or (2) obtain prognostic information. Endocrine studies
should include serum levels of PRL, LH, FSH, testosterone,
and E2 (estradiol). As mentioned above, the most common
endocrine abnormality associated with male infertility or
subfertility is elevated FSH, which generally indicates the
impairment of spermatogenesis. However, FSH levels may be
normal in cases of impaired spermatogenesis.

True endocrine causes of male infertility account for less
than 3% of cases [48].

6.2. Antisperm Antibodies. Immunologic infertility is an
autoimmune disorder that can involve both the humoral
and cellular immune system. However, the mechanism is still
poorly understood. Note that other causes may account for
cases of male infertility, even when antisperm antibodies are
detected. Treatment of antisperm antibodies is the use of
ICSI to bypass potential fertilization problems induced by
the antibodies.

7. Conclusions

While many assays can be used in the diagnosis of male infer-
tility, the foundation of any workup should be obtaining a
detailed history, thorough physical examination, and a basic
semen analysis. Additional tests, including an antisperm
antibody assay and hormonal, karyotype, and ultrasound
studies are needed only to investigate specific causes of
infertility. In addition, there are some significant health
issues which are diagnosed only with presentation of male
infertility, testis tumor and significant endocrinopathies
amongst them. A careful evaluation that considers all of
the possible explanations for a man’s infertility is not only
critical for a good diagnosis, it is an ethical imperative for the
reproductive specialist.
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Abstract 
 

Our understanding of genomic medicine has increased with developments in 
molecular biology, stem cell technology, and research on the DNA content of the human 
genome. Advances in these areas have had considerable impact on the field of genetic 
male infertility. Many causes of genetic male infertility have been extensively studied, 
including Klinefelter syndrome (47, XXY), chromosomal aneuploidies, chromosomal 
translocation, Y-chromosome microdeletions, X-chromosome abnormalities, single-gene 
defects, and abnormalities in DNA mismatch repair. However, many genetic 
abnormalities that result in male infertility are still unknown. Indeed, it is likely that most 
cases of male infertility have a definable underlying genetic cause. A better 
understanding of the genetic basis of infertility will lead to improvements in its diagnosis 
and treatment.  

 
 

Introduction 
 
The field of genomic medicine has grown with advances in molecular medicine, stem cell 

biology, and the human genome project. The field of genetic male infertility has also 
benefited from these areas of research. However, most genetic abnormalities do not cause 
male infertility, which is relatively little studied. It is likely that most currently inexplicable 
and idiopathic infertility cases are due to genetic causes. Recognized genetic defects are 
generally divided into five categories. The first category is point mutations in single genes, 
the second is chromosomal disorders and chromosomal segment abnormalities (deletions, 
duplications, and aneuploidy), the third is polygenic or multifactorial genetic defects, the 
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fourth is epigenetic modification, and the fifth is mitochondrial disorders. New developments 
in the genetic causes of male infertility have tremendous implications for the diagnosis and 
treatment of this condition.  

 
 

X-Chromosome Abnormalities  
and Infertility 

 
It has become clear that the X chromosome may be as important as the Y in determining 

male fertility potential. X-chromosome translocations, partial deletions, and inversions 
resulting in severe infertility and azoospermia have been reported [1,2,3] [4] [5]. Infertility 
from structural abnormalities may occur through the direct interruption of a gene at a 
breakpoint region, or as a consequence of a position effect in which an uninterrupted gene 
does not function normally because of a change in its chromosomal environment.  

A few studies have examined mutations in X-linked genes in male infertility patients [6] 
[7]. In a study of 56 infertile men with oligozoospermia or azoospermia, mutations in the 
SOX3 (sex determining region Y box 3) gene were observed [6]. The mouse homolog of this 
gene is expressed found in the developing gonad and brain, and when disrupted, causes 
hypogonadism with a loss of germ cells.  

Mutations in the human FATE (Xp28) gene have also been found in infertile men [7]. 
This gene encodes a 21-kDa polypeptide that is not related to any known protein. FATE is a 
testis-specific gene expressed in the fetus after sex determination, and co-expressed with SRY 
in the 7-week-old testis. In a study of the FATE gene in 144 randomly chosen infertile men 
and 100 proven fertile men, 2 FATE mutations were found. Each mutation was found only 
once, and neither was found in the controls. Neither affected patient had a karyotype 
abnormality or a Y chromosome microdeletion. However, in one affected patient, a maternal 
uncle also carried the mutation and was fertile. Therefore, FATE gene mutations may 
contribute to male infertility, but their role is still unclear.  

The ZFX gene, located on the X chromosome, has also been implicated in human 
infertility [8]. This gene encodes a zinc-finger protein that appears to be a transcriptional 
activator and may function in spermatogenesis. A mouse study using a reverse genetic 
strategy and mutation of the mouse homolog, Zfx, suggested that the ZFX gene has a role in 
reproduction. Mice carrying a mutated Zfx gene showed a decreased primordial germ cell 
number during the embryonic period. After birth, the mutant mice were smaller, had smaller 
testes and epididymides, and had half the sperm concentration of wild-type mice [9]. 

 
 

Meiotic Drive and Sexually  
Antagonistic Genes 

 
It is interesting that a disproportionate number of male-specific genes are found on the X 

chromosome in mice. Two theories have been offered to explain this phenomenon: meiotic 
drive and sexually antagonistic genes [10]. Compared with autosomes, sex chromosomes are 
thought to be more susceptible to meiotic drive, in which there is a preferential transmission 
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of certain alleles to gametes and offspring over their homologs, a phenomenon distinct from 
the Mendelian pattern. Such a process could skew the transmission of X chromosomes over Y 
chromosomes, perhaps driven by X-linked genes critical for spermatogenesis.  

Alternatively, the theory of sexually antagonistic genes, which is often invoked to explain 
why the Y chromosome is laden with spermatogenesis genes, may also account for the 
abundance of male-specific X-chromosome genes. Sexually antagonistic genes may enhance 
the reproductive strength in one sex and diminish it in the other, and their accumulation on 
sex chromosomes may occur as follows. If a recessive mutation exists that enhances male 
reproductive fitness, it would be more likely to have an immediate benefit for males if located 
on the X chromosome than on an autosome, thus increasing the chance that the allele would 
permeate the population. Once permeated, female “fitness” might decrease, and adaptive 
pressures would serve to limit the gene expression to males, thus augmenting the number of 
critical spermatogenesis genes on the X chromosome [10].  

This story becomes even more complicated when we consider that spermatogenesis genes 
also exist on autosomes. One theory presupposes that autosomal fertility genes arose as 
“retrogenes” transposed from the X chromosome [11]. The silencing of the X chromosome 
during male meiosis could create a driving force for the shift of X-linked genes to autosomes 
to preserve the expression of critical genes required for germ-cell development. It appears that 
many such retrogenes, i.e., genes that lack introns that are present in their progenitors, 
originated from X-linked progenitor genes and are specifically expressed in the testis [11]. 
Thus, the X chromosome is likely to be important for understanding human male infertility. 

 
 

Chromosomal Aneuploidies 
 

Klinefelter Syndrome 
 
A genetic anomaly is thought to be responsible for 10% of non-obstructive azoospermia 

(NOA) cases, and Klinefelter syndrome (KS; 47, XXY), which occurs in 1/500 to 1/1000 live 
births, is the most common known genetic cause of nonobstructive azoospermia. This 
syndrome is described by a triad of findings: small and firm testes, azoospermia, and 
gynecomastia. Other features include increased height, decreased intelligence, varicosities, 
obesity, diabetes, and an increased likelihood of extragonadal germ cell tumors, leukemia, 
and breast cancer. Most affected individuals, however, do not exhibit the classic clinical 
phenotype.  

Most KS cases are nonmosaic, with all the cells demonstrating a 47, XXY genotype. 
When mosaicism does occur, a variable percentage of 46, XY cells is mixed with the 47, 
XXY cells. The additional X, through an unknown mechanism, sets events in motion that lead 
to many disparate features of KS, from androgenic and spermatogenic failure to difficulties in 
expressive language learning [12]. In addition, follicle stimulating hormone (FSH) and 
luteinizing hormone (LH) are elevated, demonstrating a compensatory output in response to 
the damaged spermatogenic and androgenic cells and functions of the testes [13] [14]. As a 
result, patients with KS exhibit severe oligozoospermia or azoospermia, and low testosterone.  

 Even though a patient may show no sperm in the ejaculate, testicular sperm extraction 
(TESE) successfully finds spermatozoa in up to 69% of KS men, and this sperm can be used 
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in conjunction with intracytoplasmic sperm injection (ICSI) to effect fertilization, embryo 
development, and term pregnancy [15] [16,17]. Many live births of 46, XY or 46, XX 
children following this procedure have been reported [18] [19] [20].  

 
 

Y-Chromosome Microdeletions  
 
The detailed molecular geography of the Y chromosome is important for understanding 

the clinical consequences of Y-chromosomal microdeletions that eliminate genes that may be 
necessary or helpful for optimal spermatogenesis. The human Y chromosome has a long arm 
(Yq) and a short arm (Yp). The euchromatic portion of Yq includes eight palindromic 
sequences, with P8 closest to the centromere and P1 the most distal. The ends of these arms 
are known as pseudoautosomal regions, and the long segment between them is called the 
male-specific Y (MSY) region. The MSY region contains many of the genes necessary for 
spermatogenesis, and is unique in the human genome [22]. For example, SRY, located on Yp, 
is an essential member of the cascade of genes that ultimately determines the fate of the 
bipotential gonad [21]. In individuals with Y-chromosome microdeletions, nearly the entire 
MSY region is absent from the genome; consequently, there is no spermatogenesis. 
Karyotype analysis is prognostic and definitive in these cases, eliminating the need for testis 
biopsy or TESE. Thus, karyotype analysis should be performed in all NOA patients before 
any surgical intervention.  

In the 1970s, Tiepolo and Zuffardi reported that a grossly intact Y chromosome is 
important for spermatogenesis to occur, and proposed the existence of regions of necessity, 
termed azoospermia factors (AZF) [23]. As the molecular structure of the Y chromosome was 
being elucidated in the mid-1990s, three specific microdeletions of significant clinical 
frequency were detected and described in men with sperm-production deficiency. The 
original acronyms for these three microdeleted regions was derived from that suggested by 
Tiepolo and Zuffardi, when it was thought that each was spatially and topographically distinct 
[23]. It is now known that the AZFa region stands on its own, while the original AZFb and 
AZFc microdeletions represent just two possible microdeletions of the many that can occur 
within one stretch of the MSY, with a proximal endpoint located in P5 and distal endpoint in 
P1; AZFb and AZFc overlap. In men with NOA or severe oligozoospermia, a Y-chromosome 
microdeletion assay should be performed prior to tissue extraction to search for sperm or 
using ejaculated sperm to attempt fertilization.  

Microdeletion of the AZFa region occurs in approximately 1% of NOA men, and 
although the molecular anatomy of this region does not involve any of the eight palindromes, 
if the AZFa region is deleted, spermatozoa will not be found upon TESE [24] [25]. The AZFb 
or AZFb/c microdeletion is found in 1-3% of NOA men. In these cases, there is little chance 
that sperm will be retrievable from the testis tissue [25]. The AZFc microdeletion is the most 
common, present in 1 in 4000 men overall, 13% of NOA males, and 6% of severely 
oligospermic men [26] [27]. Most men with AZFc microdeletion present with NOA or severe 
oligozoospermia and consequent sterility or infertility [28]. The spectrum of spermatogenic 
deficiency is a tight one, ranging from no spermatozoa found on TESE to markedly reduced 
numbers of sperm in the ejaculate. In the 42 men with AZFc microdeletion reported, 62% 
were azoospermic (although sperm was obtained from two-thirds of these subjects upon 
subsequent TESE), and 38% were severely oligospermic. Therefore, 81% had spermatozoa 
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that could be used in conjunction with ICSI to try to achieve fertility, and 19% of the subjects 
had no sperm available from either the ejaculate or testis tissue.  

These findings highlight the need for a karyotype and Y-chromosomal microdeletion 
assay as complementary tests in all NOA and severely oligozoospermic men, prior to 
obtaining ejaculated or testicular sperm and performing ICSI. The results of these tests are 
informative to optimize the prognosis and family planning for these patients. 

 
 

Other Structural Anomalies 
 
Many other important structural anomalies involving the Y chromosome may be found in 

the karyotypic analysis of infertile males [29]. The ring Y (r(Y)), results from the 
circularization of a Y chromosome in which the terminal ends of the chromosome have been 
lost, and the arms of the chromosomes have fused [30]. Most such cases present as mosaics 
(46, X, r(Y)/45, X), and the phenotype is variable, ranging from Turner syndrome to normal 
male external genitalia with azoospermia. The phenotype depends not only on the percentage 
of cells that contain r(Y) but also on the amount of chromosomal material lost [31]. Other Y-
chromosome abnormalities include isodicentric Y (two short arms, two centromeres, and a 
fused, truncated long arm), truncated Y, and various mosaic states with 45, X cells [32].  

Structural chromosomal aberrations of autosomes include Robertsonian and reciprocal 
(non-Robertsonian) translocations [33]. Reciprocal and Robertsonian translocations (in which 
material from chromosomes 13, 14, 15, 21, and 22 are involved in as many as 15 different 
translocations) are at least eight times more common in infertile men than in unselected 
newborn males. Carriers of Robertsonian translocations are at particular risk for pregnancies 
that miscarry and for offspring with mental retardation and birth defects. In addition, 
autosomal inversions, particularly those involving chromosome 9, are eight times more likely 
to occur in infertile than in fertile men, although no phenotype is associated with these 
inversions [32].  

 
 

Other Sex Chromosome Aneuploidies 
 
XYY syndrome can also result in infertility. Men with 47, XYY may be taller than 

average, have decreased intelligence, a higher risk for leukemia, and may exhibit aggressive 
or antisocial behavior [34] [35]. Semen analysis can show severe oligozoospermia or 
azoospermia. In addition, elevated FSH, with normal testosterone and LH, is seen in these 
men. In azoospermic XYY men, testis biopsies demonstrate maturation arrest or Sertoli cells-
only.  

XX male syndrome generally presents with gynecomastia at puberty or with azoospermia 
[36]. Affected men have normal external and internal genitalia, but hormone evaluation 
reveals elevated FSH and LH and low to normal testosterone levels. Testicular pathology 
reveals absent spermatogenesis with hyalinization of seminiferous tubules, fibrosis, and 
Leydig cell clumping.  

 
 



Hideyuki Kobayashi, Koichi Nagao and Koichi Nakajima 100 

Kallmann Syndrome 
 
Kallmann syndrome is a type of hypogonadotropic hypogonadism (HH) that results from 

a failure of GnRH-releasing neurons to migrate to the olfactory lobe during development. 
There are X-linked, autosomal-dominant, and autosomal-recessive forms of HH [37], and 
Kallmann syndrome represents the most common X-linked HH disorder in male infertility. A 
mutation in the X-linked KAL1 gene, which encodes anosmin 1, a neural cell adhesion 
glycoprotein found in some embryonic extracellular matrices, is the basis for the sex-linked 
form of the disease. Less commonly, structural chromosomal defects resulting in the loss of 
regions of the X chromosome may encompass the KAL1 gene, resulting in a genomic form of 
familial X-linked Kallmann syndrome [38]. In addition, autosomal dominant (KAL2) and 
recessive (KAL3) transmission of Kallmann syndrome have been reported [39] [40].  

Because of the lack of GnRH, patients with Kallmann syndrome present with no serum 
gonadotropins, small, nonfunctioning testes, and a short penis. The puberty of these patients 
is delayed. Although infertility may represent the only phenotypic abnormality, anosmia may 
be present due to developmental failure of the olfactory bulb. In some cases, congenital 
deafness, asymmetry of the cranium and face, cleft palate, cerebellar dysfunction, 
cryptorchidism, or renal abnormalities are present. Hormone replacement is necessary, and 
spermatogenesis and subsequent fertility occur with coordinated gonadotropin stimulation 
[41]. The infertility is treatable with gonadotropin replacement for 12 to 18 months [42,43].  

 
 

Congenital Bilateral Absence of the Vas Deferens (CBAVD) 
 
CBAVD is found in 1% of infertile males and in up to 6% of those with obstructive 

azoospermia [44] [45]. Patients with CBAVD have normal testes and consistency, as 
spermatogenesis is unaffected. However, the vasa are absent bilaterally, which can be 
assessed by palpation. CBAVD has two genetic etiologies: one involves mutations in the 
same genes that underlie cystic fibrosis, and the other involves unknown genetic mechanisms 
controlling mesonephric duct differentiation [46,47].  

Most cases of CBAVD result from mutations in the maternal and paternal copies of the 
CFTR gene, which encodes the cystic fibrosis transmembrane conductance regulator (CFTR) 
protein. Mutations in the CFTR gene represent the most common autosomal recessive disease. 
CFTR is crucial for maintaining the viscosity and fluidity of epithelial secretions by 
regulating the sodium/chloride balance. Clinical disease is determined by the combination of 
mutations of CFTR alleles. Two mild mutations may result in only CBAVD if the individual 
is male, while two severe mutations, each dramatically altering the function or quantity of 
CFTR, will lead to clinical cystic fibrosis (CF). CF patients have chronic pulmonary 
obstruction and infection, pancreatic insufficiency, neonatal meconium ileus, and infertility.  

 
 

Androgen Insensitivity Syndromes 
 
Androgen insensitivity syndromes are defined as complete, partial, and minimal.  
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Complete Androgen Insensitivity  
 
Genotypic 46, XY individuals who lack a functional androgen receptor (AR) display 

complete androgen insensitivity syndrome. This syndrome can be due to AR gene deletion, 
but more commonly results from point mutations in the gene that cause a loss of function of 
the protein. Individuals with this syndrome are pseudohermaphrodites who display an 
unambiguously female appearance. Female external genitalia develop because, despite high 
circulating testosterone levels, the tissues are resistant to androgen action. Thus, DHT-
dependent masculinization of the external genital primordia is absent. The uterus, ovaries and 
fallopian tubes are absent in these individuals.  

 
 

Partial Androgen Insensitivity  
 
The androgen receptor mutation in these patients impairs or changes the receptor function 

to varying degrees. These patients exhibit a range of congenital genitourinary defects of 
varying severity, including hypospadias, microphallus, cryptorchidism, gynecomastia, and 
infertility. At one extreme, the external genitalia resemble those of a nearly normal female 
phenotype, except for clitoromegaly and/or posterior labial fusion. At the other extreme, the 
genitalia may resemble those of a morphologically normal male, but the scrotum or phallus 
may be small, or there may be simple coronal hypospadias or a prominent midline raphe of 
the scrotum. Reifenstein first reported this syndrome in the 1940s [48]. 

 
 

Minimal Androgen Insensitivity 
 
Individuals with minimal androgen insensitivity exhibit infertility, azoospermia, 

micropenis, or gynecomastia [49] [50]. Simply put, some mutations vary the AR function in a 
manner analogous to a rheostat, causing mild functional deficiencies that in some cases can 
be overcome with increased levels of androgen [51].  

 
 

Defects in the Gonadotropins and their Receptors 
 
FSH and LH are two key hormones produced by the testis that are necessary for male 

reproductive function. These gonadotropins are dimeric molecules composed of an D�subunit 
common also to human chorionic gonadotropin (hCG) and thyroid-stimulating hormone 
(TSH). The E�subunits differ and provide the specificity of action.  

 
 

Mutations in FSH and LH Subunits 
 
Mutations in the FSH and LH subunits can underlie male infertility. The phenotypes vary 

from complete virilization failure to less severe forms of hypogonadism. Because LH acts on 
the Leydig cells to stimulate androgen production, LH defects cause androgen deficiency, 
with its associated developmental and functional features [52]. Deficiencies in FSH occur in 
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subfertile males. Although FSH E-subunit mutations have been suggested, they are rarely 
found in infertile men [53].  

 
 

LH and FSH Receptors 
 
The LH and FSH receptors mediate the actions of these gonadotropins in the Leydig and 

Sertoli cells. Gene mutations causing LH receptor deficiency are rare in humans, but targeted 
deletion of the LH receptor in the mouse results in male infertility, and the mice display the 
anatomical features of hypogonadism [54]. In contrast, constitutive activation of the LH 
receptor leads to precocious male pseudopuberty (but not infertility later in life), whereas 
pseudohermaphroditism and Leydig cell agenesis are the clinical phenotypes of LH resistance 
[55] [56]. On the other hand, less is known about the FSH receptors; a mutation has been 
reported in a hypophysectomized man who is fertile, but the incidence in men is rare [57] 
[58].  

 
 

Conclusion 
 
Developments in genomic medicine are expected to elucidate much of the currently 

unexplained male infertility. With rapid advances in our understanding of male genetic 
infertility, genetic counseling and testing will likewise improve and have more value than 
ever before for patients considering assisted reproduction.  
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1. Introduction

Pregnancy rates achieved by intercourse in normal human couples are 20-25% per month, 75%
by six months, and 90% by one year [1]. However, 15% of couples of unknown fertility status
are unable to conceive a baby after one year of intercourse without contraception. For 30% of
these couples, their infertility can be attributed to a male factor alone; in an additional 20%,
failure to conceive is explained by the presence of both male and female factors [2,3,4]. Among
couples known to be infertile, a male factor is involved in 50% of the cases. The most common
causes of male infertility include abnormal sperm production or function, impaired delivery
of sperm, and overexposure to certain gonadotoxins in the environment. The pathogenesis of
male infertility can be attributed to a disorder of germ-cell proliferation and differentiation or
to somatic cell dysfunction [5].

The induction of spermatogenesis depends on the complementary actions of FSH and
testosterone. FSH establishes the requisite Sertoli cell population. In the prepubertal primate,
FSH alone can induce proliferation of Sertoli cells and spermatogonia, but this does not result
in qualitatively and quantitatively normal spermatogenesis unless testosterone is simultane‐
ously present [6] [7]. Testosterone affects the functional completion of meiosis and post-meiotic
sperm differentiation and maturation. LH stimulates Leydig cells to produce testosterone.
Although FSH appears to play a more dominant role in the maintenance of primate sperma‐
togenesis than in its initiation, normal spermatogenesis is best maintained by the combined
effects of FSH and LH [6].

The most severe form of male infertility is nonobstructive azoospermia, which is typically
characterized by small-volume testes and elevated FSH. Patients with this disorder cannot

© 2013 Kobayashi et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



produce biological children. Although microdissection testicular sperm extraction (micro-
TESE) is used to treat patients with nonobstructive azoospermia [8], this technique does not
have a good success rate. Therefore, new approaches are needed to develop treatments for
male infertility.

Stem cells have the potential to differentiate into a variety of functional cell types in the body,
and their discovery has given rise to the fields of regenerative medicine and cloning. Stem cells
are regulated by the particular microenvironment in which they reside; these microenviron‐
ments are referred to as niches. Male germline stem cells can continuously produce sperm
throughout adulthood, and investigators have sought to develop methods using stem cells to
improve or restore fertility.

Embryonic stem cells (ESCs) have the potential to differentiate into nearly every cell type in
the body. As the cells differentiate, they lose the ability to develop into different tissues. In
contrast, specific tissues (gastrointestinal, integumentary, spermatogenic, and hematopoietic
systems) maintain their regenerative capacity in vivo, and in fact, stem cells have been
functionally identified in a wide range of adult tissues. These adult stem cells are believed to
hold great promise for tissue generation in clinical settings. Here, we provide a summary of
the therapeutic potential of stem cells for the rejuvenation of fertility in infertile males. Our
hope is that future research will provide a range of options for the preservation of male fertility
or the reversal of infertility.

2. Differentiation and characterization of human primordial germ cells

Human primordial germ cells (PGCs) can be isolated from tissues and their identity confirmed
by observing their migratory activity in vitro [9]. Cultured human PGCs become human
embryonic germ cells (hEGCs) in vitro, in the presence of feeder cells, leukemia inhibitory
factor (LIF), and basic fibroblast growth factor (bFGF) [10]. hEGCs express alkaline phospha‐
tase (AP), OCT4, SOX2, NANOG, stage specific embryonic antigen (SSEA)-3, SSEA-4,
TRA-1-60, and TRA-1-81, which are pluripotent stem cell markers. In vivo, human PGCs do
not express FGF4, SOX2 [11] [12], TRA-1-60, or TRA-1-81 [13] [14], which are expressed by
hESCs or hEGCs in vitro. The molecular signature of human PGCs in vivo can be characterized
as C-KIT+, SOX2-, TRA1-60-, TRA1-81-, and FGF4-, in contrast with human pluripotent stem
cell lines in vitro. (This information is summarized in Table 1.) However, the full complement
of genes that are expressed specifically in human PGCs and their functions remain unclear.

3. Spermatogonial stem cells

Spermatogenesis is a complex and tightly regulated process in which a small pool of germ-
line stem cells ultimately gives rise to spermatozoa [15]. These stem cells, called spermatogo‐
nial stem cells (SSCs) are found in the basal compartment of the seminiferous epithelium,
where they adhere to the basement membrane. SSC self-renewal ensures the maintenance of
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the stem cell pool, while their differentiation generates a large number of germ cells. Therefore,
a balance between SSC self-renewal and differentiation in the adult testis is essential to
maintain normal spermatogenesis and fertility throughout life. SSCs need to reside in a unique
environment, or niche, that provides the factors necessary for their survival and potency. In
mice, Sertoli cells in the testis are a crucial component of the spermatogonial stem cell niche.
They produce glial cell line-derived neurotrophic factor (GDNF), a distant member of the
TGFβ family, which controls SSC self-renewal [16]. Several groups have reported that adding
GDNF to freshly isolated germ cells in culture results in the proliferation of SSCs [17,18]. Other
factors within the niche influence the fate of SSCs. One example is colony-stimulating factor 1
(CSF1), which is produced by Leydig cells and some peritubular myoid cells [19], and plays a
role in SSC self-renewal (Figure 1).

The existence of SSCs was postulated almost 40 years ago on the basis of morphological studies
[20] [21] [22] and observations of toxin-induced spermatogenic damage. The early studies of
Clermont [23] [24] on human spermatogenesis revealed two types of spermatogonia, the
Adark and Apale spermatogonia, which were differentiated by the staining pattern of their
nucleus. Both cell types are generally considered stem cells [24,25]. Adark spermatogonia
function as reverse stem cells that rarely divide, but can be triggered to self-renew in the case
of injury or disease, while Apale spermatogonia are self-renewing stem cells [23,24,25,26]; they
also divide into B spermatogonia, which further divide into spermatocytes [24].

In the last decade, molecular markers that can be used to identify and characterize human SSCs
have been sought. A recent study reported that the expression of surface marker G protein
coupled receptor 125 (GPR125) can be used in the isolation, characterization, and culture of
putative human SSCs [27]. GPR125-positive spermatogonia are very rare, possibly limited to
Adark spermatogonia or a sub-population of Apale spermatogonia. Human SSCs are also positive

Table 1. Markers of human pluripotent stem cells and germ cells.
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for some markers identified in mouse SSCs and other undifferentiated spermatogonia,
including GFRA1, UCHL1 (PGP9.5), ZBTB16 (PLZF), and THY1 (CD90) [27,28]. We also have
obtained evidence that THY1 is a potential surface marker for human SSCs [29].

Brinster and colleagues proved the existence of mouse SSCs by using unique approaches [30,
31]. These investigators transplanted cells obtained as testicular homogenates expressing the
LacZ gene into the seminiferous tubules of otherwise sterile mice with a Sertoli-cell-only
pathology. After three months, the transplanted spermatogonial stem cells had engrafted and
colonized the seminiferous tubules. Spermatogenesis was restored.

The clinical implications of this work are enormous. The findings suggest that the isolation,
enrichment, and cryopreservation of spermatogonial stem cells prior to chemotherapy or
radiation therapy, with later autologous transplantation, may offer the potential for the
subsequent restoration of fertility. The development of this technique will be especially
important for survivors of childhood cancer. Adult patients can also bank sperm for cryopre‐

Figure 1. Diagram of the spermatogonial stem cell (SSC) niche showing that extrinsic factors drive SSC maintenance
and self-renewal. SSCs and Sertoli cells are attached to the basement membrane. Sertoli cells produce glial cell line-
derived neurotrophic factor (GDNF) and basic fibroblast growth factor (bFGF). Leydig cells and peritubular cells pro‐
duce colony-stimulating factor-1 (CSF-1).
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servation. However, most couples would prefer a naturally conceived child. Work has
progressed in many laboratories to partially enrich the spermatogonial stem cells of species
ranging from mice to primates. Today, many urologists bank a testicular biopsy from patients
about to undergo chemotherapy, with the expectation that technology will advance rapidly
over the next 10 years and allow transplantation in the future.

4. Pluripotency of human testis–derived ESC–like cells

Previous studies have demonstrated that neonatal and adult germline stem cells (GSCs) can
be self-reprogrammed into ESC-like cells, called germline-derived pluripotent stem cells
[32,33,34,35]. In addition, Conrad et al. [36] reported that pluripotent cells can be derived from
human testis, which those authors called human adult GSCs (haGSCs). Other research groups
subsequently claimed that ESC-like cells could be obtained from cultures of human testicular
cells [37,38,39]. Conrad and colleagues compared the global gene expression profile of hESCs
and haGSCs, and concluded that the populations presented a similar gene expression profile,
and thus, that the haGSCs were pluripotent. However, Ko et al. claimed that the gene expres‐
sion profile of haGSCs differed substantially from the pluripotent profile of hESCs, determined
by a number of laboratories [40]. For example, the haGSCs did not express NANOG, and had
low OCT4 and SOX2 levels, but showed high levels of the fibroblast markers SNA12 and
ACTA2 [40]. Ko and colleagues therefore suggested that the haGSCs originated from fibroblast
cells, rather than from pluripotent tissue. They concluded that haGSCs were very similar to a
human testicular fibroblast cell line (hTFCs) [40]. Conrad and colleagues argued that micro‐
array data sets cannot be compared unless they are processed in parallel in the same experi‐
ment, suggesting that the similarity between haGSCs and hTFCs was inconclusive. However,
studies on microarray results generated by different laboratories [41,42,43] have shown that
findings from microarray analyses are comparable across multiple laboratories [44], particu‐
larly when a common platform and set of procedures are used. These findings justify the utility
of microarray repositories, such as the GEO database [45], not only as data warehouses but
also as resources for comparative and combinatory analyses of microarray data from different
laboratories. In conclusion, the global gene expression analysis of haGSCs demonstrated that
these cells resembled fibroblast hTFCs more than pluripotent hESCs.

5. Induced pluripotent stem (iPS) cells

The year 2006 saw the first description of mouse induced pluripotent stem cells (miPSCs),
which were generated by the retrovirus-mediated transduction of four transcription factors
(OCT3/4, SOX2, KLF4, and C-MYC) into mouse fibroblasts [46]. Human somatic cells can be
reprogrammed to become human iPSCs via the introduction of a small set of genes, either
those encoding OCT3/4, SOX2 and KLF4, with or without the addition of C-MYC, or an
alternate combination of OCT3/4, SOX2, LIN28, and NANOG [47,48,49,50,51,52,53,54,55].
Human iPSCs (hiPSCs) have remarkable similarity to hESCs in terms of their morphology, in
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vitro characteristics, proliferation rate, gene expression, and ability to differentiate into
mesoderm, endoderm, and ectoderm, both in vitro and in vivo, in teratoma assays [56,57].

In our laboratory, we induced iPS cells from adult human testicular tissue by introducing four
transcription factors, OCT4, SOX2, KLF4, and C-MYC, using lentiviral vectors [58]. We also
generated ES-like cells from 293FT cells by using OCT4, SOX2, NANOG, and LIN28 [59].
Finally, we generated iPS cells derived from the human testicular tissue of individuals with
Klinefelter syndrome (KS, also called 47, XXY) [60].

6. Germline differentiation from ESCs and iPSCs in humans

Recent studies indicate that mouse [61,62,63,64,65] and human [66,67] [50,68,69,70,71] ESCs
can differentiate in vitro into oocyte- or sperm-like cells. In particular, Clark et al. first reported
the spontaneous differentiation of germ cells in embryoid bodies derived from human ESCs
[66]. Male germline cells express specific RNA and protein markers, such as VASA. In 2009,
Park et al. demonstrated that PGC-like cells can be differentiated from human iPSCs [50].
Subsequent reports on male germline differentiation from stem cells have used one of three
approaches: (1) specific culture conditions, (2) manipulation of gene expression, and (3)
purification of germ cells.

Culture conditions supporting differentiation into germline cells. Bucay et al. observed that
as hESCs differentiate into putative germline cells, they also produce Sertoli-like support cells
[69]. In addition, co-cultures of hESCs and hiPSCs with human fetal gonadal stromal cells [50],
mouse Sertoli cells [72], or mouse embryonic fibroblasts [67] resulted in the increased efficiency
of germ cell-like differentiation. Co-culture systems are used to mimic a suitable microenvir‐
onment for the growing germ cells. For the differentiation of germline-like cells from hESCs
and hiPSCs, cytokines and other cell-signaling molecules are often added to the cultures. For
example, BMP4 and other BMPs are added to promote PGC-like differentiation from hESCs
and hiPSCs [73,74,75]. In addition, retinoic acid has been used to stimulate meiosis [75] [76].
Panula and colleagues reported the differentiation of fetal- and adult-derived iPSCs into germ
cells, and showed that ~5% of human iPSCs differentiated into PGCs following induction with
BMPs [77].

Manipulation of gene expression. By manipulating gene expression, researchers can regulate
the cell lineage decisions of differentiating pluripotent stem cells. Overexpression of DAZL
and VASA promotes PGC formation in differentiating human ESCs and iPSCs [78]. In addition,
Kee and colleagues (2009) reported that hESCs differentiate into germline cells that initiate
meiosis and progress to form haploid germ cells. These authors indicated that the overexpres‐
sion of members of the DAZ gene family, DAZ, DAZL, and BOULE, promoted the progression
of PGCs to meiosis and the production of haploid cells, a process that is unique to germ cell
development [71].

Purification of germline cells. The isolation and purification of germline cells from stem cell
cultures (ESCs and iPSCs) can be performed efficiently when specific antibodies for germ cell
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surface markers are available. To purify PGC-like cells from differentiating human ESCs and
iPSCs, cell sorting with specific antibodies for SSEA1 [68], SSEA1 and C-KIT [50] [79], or CXCR4
[69] has been effective. In particular, Eguizabal et al. (2011) published a straightforward
protocol for germline cell purification that requires only three steps. First, human iPSCs and
hESCs are allowed to differentiate for 3 weeks in a monolayer, in the absence of growth
cytokines. Second, the cells are cultured for 3 weeks in the presence of retinoic acid. Finally,
after these 6 weeks of differentiation, the cells are sorted for a specific combination of surface
markers (CD49f++, CD9+, CD90-, and SSEA4-), and the isolated fraction is cultured in the
presence of LIF, bFGF, Forskolin, and CYP26 inhibitor for 4 more weeks [76].

7. Germline differentiation from porcine iPSCs, non–human iPSCs

Despite their undoubted promise as sources of cells for tissue transplants, many roadblocks
remain against using human ESCs clinically. Particularly troubling is the lack of tests for the
efficacy of such therapies and the safety of transferring these cells in animals whose anatomy
and physiology resemble those of humans better than mouse models do [80] [81] [82] [83] [84].
The pig is a potentially useful model in this regard, because of its similarities to humans in
organ size, immunology, and whole animal physiology [85] [86] [87]. It was reported that
porcine somatic cells can be reprogrammed to form piPSCs [88]. However, no reports on
germline development from piPSCs have been published to date.

8. Conclusions

Research on stem cells has shown remarkable progress over the past 5 years. In particular, the
development of human iPSCs has opened new avenues into the generation of an in vitro disease
model of male infertility. However, improvements are still needed before stem cells can be
used clinically. For the treatment and diagnosis of male infertility, future advances may enable
spermatids to be differentiated from germline stem cells or iPS cells. In addition, by examining
patient-specific iPSCs that are defective in their ability to generate germ cells and comparing
their differentiation capacity with that of normal human ESCs and iPSCs, researchers can hope
to uncover the nature of male infertility and to design new methods to reverse it.
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Abstract 

A male factor is involved in 50% of infertile relationships. In particular, men with 
nonobstructive azoospermia cannot have their own biological children. The treatment is 
microdissection testicular sperm extraction, but the success rate is low, and new 
approaches for male infertility are needed. Stem cells have the potential to differentiate 
into different functional cell types, and their discovery has given rise to the field of 
regenerative medicine. We focus here on the therapeutic potential of stem cells for 
rejuvenating male fertility. Embryonic stem cells (ESCs) can differentiate directly into 
male or female gametes, but they are genetically unrelated to the patient. 
Spermatogonial stem cells (SSCs) undergo self-renewal and differentiation in the adult 
testis, and maintain normal spermatogenesis. SSCs can acquire pluripotency and 
differentiate into the three embryonic germ layers. Mammalian somatic cells can be 
reprogrammed as induced pluripotent stem cells (iPSCs) by introducing a small set of  
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transcription factors. Germline differentiation has been achieved in hESCs and iPSCs by 
the subsequent forced overexpression of DAZ-family genes. One group has directed the 
differentiation of iPSCs to germ-like cells without the overexpression of 
development-related genes. Stem-cell research has great potential for clinical 
applications, including treatments for male infertility. 
 
Keywords: male infertility, stem cell, iPS 
 
 
Introduction 
 
 The rate of pregnancy by intercourse in normal couples is 20-25% within one month, 
75% within six months, and 90% within one year [1]. However, 15% of couples whose 
fertility status is unknown a priori are unable to conceive a baby after one year of 
intercourse without contraception. In 30% of these couples, the infertility is due to a 
significant male factor alone, whereas combined male and female factors are present in 
an additional 20% [2,3,4]. Thus, a male factor is involved in 50% of infertile 
relationships. In particular, men with nonobstructive azoospermia have little or no 
sperm in their semen, and cannot have their own biological children. Patients with 
nonobstructive azoospermia are typically characterized as having small-volume testes 
and elevated FSH. This condition is treated by microdissection testicular sperm 
extraction (micro-TESE) [5]. However, the success rate of micro-TESE for overcoming 
male infertility is not high. Therefore, novel approaches for treating male infertility are 
needed. 
 Stem cells have the potential to differentiate into different functional cell types, and 
their discovery has given rise to the fields of regenerative medicine and cloning. 
Investigators have sought to develop methods using stem cells to correct or restore 
fertility. Embryonic stem cells have the potential to differentiate into nearly every cell 
type found in the body. As cells differentiate, they are thought to lose this plasticity; 
however, some tissues (the gastrointestinal, integumentary, spermatogenic, and 
hematopoietic systems) maintain their regenerative capacity. In fact, adult stem cells 
have been functionally identified in a wide range of tissues, and are thought to hold 
great promise for tissue regeneration. We focus here on the therapeutic potential of stem 
cells for the treatment of male fertility.  
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Embryonic stem cells  
 Embryonic stem cells are obtained from embryos, such as those generated during a 
routine in vitro fertilization (IVF) cycle. Until about the eight-cell stage, the blastomeres 
of fertilized embryos are totipotent; that is, they have the capacity to differentiate into 
any cell type in the body. Immediately thereafter, embryonic stem cells derived from the 
inner cell mass of a blastocyst become pluripotent, meaning they can differentiate into 
all cell types in the body, with the exception of placenta. These cells can be cultured 
under stringent conditions and expanded, yet maintain their regenerative capacity. Stem 
cell differentiation is controlled by both intrinsic genetic signals and extrinsic signals 
such as growth factors, cell contact, and the microenvironment or niche. Depending 
upon the culture conditions in vitro or the specific niche into which they are 
transplanted in vivo, the cells can be directed to differentiate into specific cell lineages. 
The transplantation of undifferentiated embryonic stem cells results in teratoma 
formation, and indeed, the first observation of stem-cell-like activity occurred during 
studies of embryonal carcinoma cells. Scientists are beginning to dissect the patterns of 
gene expression and extrinsic modulators that regulate each step of embryonic germ cell 
development, and eventually will be able to efficiently direct embryonic stem cells 
down specific differentiation paths, to become virtually any tissue in the body [6]. This 
is the promise of embryonic stem cells. 
 Embryonic stem cells can differentiate directly into either male or female gametes 
[7,8,9,10]. Varying the culture conditions can result in some haploid gene expression, 
although complete spermatogenesis has been difficult to achieve in vitro [11]. By 
combining cell culture with transplantation into the testis, male gametes have been 
derived directly from embryonic germ cells [10]. Functional ova have not been as 
definitively obtained, although follicle-like structures have been generated in vitro [7,8].  
 
Spermatogonial stem cells 
 Adult spermatogenesis is a complex and tightly regulated process in which a small 
pool of germ-line stem cells develops to ultimately form spermatozoa [12]. These stem 
cells, called spermatogonial stem cells (SSCs) are found in the basal compartment of the 
seminiferous epithelium, where they adhere to the basement membrane. SSC 
self-renewal ensures the maintenance of the stem cell pool, while their differentiation 
generates a large number of germ cells. Therefore, a balance between SSC self-renewal 
and differentiation in the adult testis is essential to maintain normal spermatogenesis 
and fertility throughout life. 
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The existence of spermatogonial stem cells was postulated almost 40 years ago on the 

basis of morphological studies [13,14,15] and observations of spermatogenic damage 
following exposure to toxins. The early studies of Clermont [16,17] on human 
spermatogenesis revealed two types of spermatogonia according to the staining pattern 
of their nucleus, the Adark and Apale spermatogonia. Both cell types are generally 
considered to be stem cells [17,18]. Adark spermatogonia function as reverse stem cells 
that rarely divide but can be triggered to self-renew in cases of injury or disease, 
whereas Apale spermatogonia are renewing stem cells [16,17,18,19]. Apale spermatogonia 
divide into B spermatogonia, which further divide into spermatocytes [17].  
Brinster and colleagues proved the existence of mouse spermatogonial stem cells by 

unique approaches [20,21]. They used testicular homogenates of transgenic mice 
expressing the LacZ gene, and transplanted these cells into the seminiferous tubules of 
otherwise sterile mice with a Sertoli-cell-only pathology. After three months, the 
transplanted spermatogonial stem cells had engrafted and colonized the seminiferous 
tubules. Spermatogenesis was restored. The clinical implications of this work are 
enormous. For example, it suggests that, for cancer patients, the isolation, enrichment, 
and cryopreservation of spermatogonial stem cells prior to chemotherapy or radiation 
therapy, with later autologous transplantation, may restore fertility. This would be 
especially important for survivors of childhood cancer. Although adult patients can bank 
sperm prior to cryopreservation, most couples would prefer a naturally conceived child. 
Work has progressed in many laboratories to isolate enriched populations of 
spermatogonial stem cells from various species ranging from mice to primates. Many 
urologists today bank a testicular biopsy from patients about to undergo chemotherapy, 
with the expectation that the technology will advance rapidly over the next 10 years and 
enable transplantation in the future.  
 
Mouse spermatogonial stem cells and the steps of spermatogenesis 
SSCs are composed of a subpopulation of type A spermatogonia called Asingle 

spermatogonia. In the adult male mouse, the SSCs comprise 0.03% of the total number 
of germ cells [22]. 
Asingle spermatogonia are isolated cells that can self-renew or divide and differentiate 

into Apaired spermatogonia. Apaired spermatogonia are cell doublets that remain linked by a 
cytoplasmic bridge. They divide synchronously into chains of Aaligned spermatogonia. 
Thus, Asingle, Apaired, and Aaligned cells are called undifferentiated spermatogonia [12].  
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Aaligned spermatogonia differentiate into A1 spermatogonia, which undergo six divisions 
to become intermediate and B spermatogonia. B spermatogonia give rise to 
spermatocytes, which enter meiosis to produce haploid spermatids [12]. 
Sertoli cells in the testis, a crucial component of the spermatogonial stem cell niche, 

produce glial cell line-derived neurotrophic factor (GDNF), a distant member of the 
TGF  family, which controls SSC self renewal [23]. Several groups have reported that 
SSC proliferation in culture requires the addition of GDNF to freshly isolated germ cells 
[24,25]. Other factors within the niche also influence the fate of SSCs, such as 
colony-stimulating factor 1 (CSF1), which is produced by Leydig cells and some 
peritubular myoid cells [26], and also plays a role in SSC self-renewal.  
 
Markers of human SSCs 
 Markers to characterize and identify human SSCs have been investigated over the 

past 10 years. The expression of the surface marker G protein coupled receptor 125 
(GPR125) as a useful marker for the isolation, characterization, and culture of putative 
human SSCs was recently reported [27]. GPR125-positive cells are very rare, and may 
be Adark spermatogonia or a sub-population of the self-renewing Apale spermatogonia.  
Human SSCs are also positive for some markers that have been identified in mouse 

SSCs and other undifferentiated spermatogonia, including GFRA1, UCHL1(PGP9.5), 
ZBTB16(PLZF), and THY1(CD90) [28] [27]. We have also obtained evidence that 
THY1 is a potential surface marker for human SSCs [29].  
 
Pluripotency of human testis-derived ESC-like cells 
 Previous studies demonstrated that neonatal and adult germline stem cells (GSCs) can 

be self-reprogrammed into embryonic stem cell (ESC)-like cells, called 
germline-derived pluripotent stem cells [30,31,32,33]. In addition, Conrad et al. [34] 
reported that pluripotent cells can be derived from human testis; the authors called these 
cells human adult GSCs (haGSCs). Other research groups subsequently claimed that 
ESC-like cells can be obtained from cultures of human testicular cells [35,36,37]. 
Conrad’s group compared the global gene expression profile of hESCs and haGSCs, and 
concluded that the two populations have a similar gene expression profile, and thus, that 
the haGSCs are pluripotent. However, Ko’s group claimed that the gene expression 
profile of haGSCs differs substantially from the pluripotent profile of hESCs [38]. The 
haGSCs were found to express high levels of the fibroblast markers SNA12 and  
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ACTA2, but no NANOG, and low OCT4 and SOX2 levels [38]. These authors 
suggested that the haGSCs originated from fibroblast cells rather than pluripotent tissue, 
and concluded that they are very similar to a human testicular fibroblast cell line 
(hTFCs) [38]. Conrad’s group argued that Ko et al’s microarray data sets were not 
processed in parallel in the same experiment and were therefore not comparable, 
thereby suggesting that the similarity between haGSCs and hTFCs is inconclusive.  
Ko et al’s argument, however, is supported by experiments that have established the 

reproducibility of microarray results across different laboratories [39,40,41], 
particularly when a common platform and set of procedures are used, indicating that 
microarray data that are not processed in parallel are comparable [42]. This fact justifies 
the utility of microarray repositories, such as the GEO database [43], not only as a data 
warehouse but also as a resource for comparative and combinatory analyses of the 
microarray data from different laboratories. Thus, it can be safely concluded that the 
global gene expression analysis of haGSCs demonstrated that they resemble fibroblast 
hTFCs more that pluripotent hESCs.  
 
Induced pluripotent stem (iPS) cells 
 Mammalian somatic cells can be reprogrammed to induce pluripotent stem cells 
(iPSCs) by introducing a small set of transcription factors: OCT3/4, SOX2, and KLF4, 
and sometimes C-MYC, or an alternative combination of OCT3/4, SOX2, LIN28, and 
NANOG [44,45,46,47,48,49,50,51,52]. Human iPSCs have remarkable similarities to 
human embryonic stem cells (hESCs) in terms of their morphology, culture, 
proliferation, gene expression, and ability to differentiate into mesoderm, endoderm, 
and ectoderm both in vitro and in teratoma assays in vivo [53,54]. We induced iPS cells 
from adult human testicular tissue by introducing OCT4, SOX2, KLF4, and C-MYC, 
using lentiviral vectors [55]. In addition, we generated ES-like cells from 293FT cells 
by introducing OCT4, SOX2, NANOG, and LIN28 with lentiviral vectors [56]. We also 
generated iPSCs derived from the human testicular tissue of individuals with Klinefelter 
syndrome (KS, also called 47, XXY) [57]. 
 
Germ cells from ESCs and iPSCs 
Recent studies indicate that mouse [7,8,10,58,59] and human [60,61] [47,62,63,64,65] 

ESCs can differentiate in vitro into oocyte-like or sperm-like cells.  
 The ability of iPSCs derived from reprogrammed adult somatic cells to generate germ 
cells has not been reported. However, human iPSCs derived from fetal somatic cells can  
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differentiate into primordial germ cells (PGCs), further indicating the similarity of the 
iPSCs’ potential to that of hESCs [47]. The hESCs can spontaneously differentiate into 
PGCs at low frequency, when factors that promote self-renewal, such as feeder cells and 
basic fibroblast growth factor, are removed [60,66].  
Kee’s group reported the differentiation of hESCs into germ cells that initiated meiosis 

and progressed to form haploid germ cells. They showed that the overexpression of 
members of the DAZ gene family, DAZ, DAZL, and BOULE, promoted the induction 
of PGCs and the initiation of meiosis, to produce the haploid cells that are unique to 
germ cell development [65]. Panula’s group reported that fetal- and adult-derived iPSCs 
can differentiate into germ cells [67]. They also found that ~5% of human iPSCs 
differentiate into PGCs following their induction with bone morphogenetic proteins 
[67]. In addition, Eguizabal’s group reported the differentiation of human iPSCs to 
germ-like cells without the overexpression of development-related genes, in contrast to 
Kee’s group [68].  
The protocol of Eguizabal et al consists of three steps. First, human iPSCs and hESCs 

are allowed to differentiate for 3 weeks in a monolayer, in the absence of growth 
cytokines. Second, the cells are cultured for 3 weeks in the presence of retinoic acid. 
Finally, after these 6 weeks of differentiation, the cells are sorted for a certain 
combination of surface markers (CD49f++, CD9+, CD90-, and SSEA4-), and the 
isolated fraction is cultured in the presence of leukemia inhibiting factor (LIF), bFGF, 
Forskolin (FRSK), and CYP26 inhibitor for 4 more weeks. Thus, the entire 
differentiation procedure is 10 weeks long [68]. The ability to generate germ cells 
without introducing retroviral vectors would be a remarkable advantage for using iPSCs 
in regenerative therapies to treat male infertility. These cells are also generated using the 
patient’s own tissue, and do not have the same ethical concerns as ESCs.  
 
 
Conclusions  
 
 Stem cell research has shown remarkable progress over the past 5 years. However, 
improvements are still needed before stem cells can be used clinically. For the treatment 
of male infertility, future advances may enable spermatids to be differentiated from 
germline stem cells or iPS cells.  
 



46                                  H. Kobayashi, K. Nagao and K. Nakajima 
 
 
Acknowledgements 
 This study was supported in part by a Grant-in-Aid for Young Scientists (B) of the 
Japan Society for the Promotion of Science (JSPS) and Grant of Strategic Research 
Foundation Grant-aided Project for Private schools at Heisei 23th from Ministry of 
Education, Culture, Sports, Science and Technology of Japan, 2011-2015. 
 
 
 
References 
 
[1] Spira, A. Epidemiology of Human Reproduction, Hum Reprod, 1, 2 (1986), 
111-115. 
 
[2] MacLeod, J. Human Male Infertility, Obstet Gynecol Surv, 26, 5, 
(1971),335-351. 
 
[3] Mosher, W. D. Reproductive Impairments in the United States, 1965-1982, 
Demography, 22, 3, (1985),415-430. 
 
[4] Simmons, F. A. Human Infertility, N Engl J Med, 255, 24, (1956),1140-1146. 
 
[5] Schlegel, P. N. Nonobstructive Azoospermia: A Revolutionary Surgical 
Approach and Results, Semin Reprod Med, 27, 2, (2009),165-170. 
 
[6] Donovan, P. J. and de Miguel, M. P. Turning Germ Cells into Stem Cells, Curr 
Opin Genet Dev, 13, 5,(2003), 463-471. 
 
[7] Hubner, K.; Fuhrmann, G.; Christenson, L. K.; Kehler, J.; Reinbold, R.; De La 
Fuente, R.; Wood, J.; Strauss, J. F., 3rd; Boiani, M. and Scholer, H. R. Derivation of 
Oocytes from Mouse Embryonic Stem Cells, Science, 300, 5623, (2003),1251-1256. 
 
[8] Toyooka, Y.; Tsunekawa, N.; Akasu, R. and Noce, T. Embryonic Stem Cells 
Can Form Germ Cells in Vitro, Proc Natl Acad Sci U S A, 100, 20,(2003), 11457-11462. 
 



Therapeutic advances in the field of male infertility                          47 

 
 
 
[9] West, J. A.; Park, I. H.; Daley, G. Q. and Geijsen, N. In Vitro Generation of 
Germ Cells from Murine Embryonic Stem Cells, Nat Protoc, 1, 4,(2006), 2026-2036. 
 
[10] Geijsen, N.; Horoschak, M.; Kim, K.; Gribnau, J.; Eggan, K. and Daley, G. Q. 
Derivation of Embryonic Germ Cells and Male Gametes from Embryonic Stem Cells, 
Nature, 427, 6970,(2004), 148-154. 
 
[11] Lee, J. H.; Kim, H. J.; Kim, H.; Lee, S. J. and Gye, M. C. In Vitro 
Spermatogenesis by Three-Dimensional Culture of Rat Testicular Cells in Collagen Gel 
Matrix, Biomaterials, 27, 14,(2006), 2845-2853. 
 
[12] de Rooij, D. G. and Russell, L. D. All You Wanted to Know About 
Spermatogonia but Were Afraid to Ask, J Androl, 21,6,(2000), 776-798. 
 
[13] Huckins, C. The Spermatogonial Stem Cell Population in Adult Rats. 3. 
Evidence for a Long-Cycling Population, Cell Tissue Kinet, 4, 4, (1971a),335-349. 
 
[14] Huckins C. The Spermatogonial Stem Cell Population in Adult Rats. I. Their 
Morphology, Proliferation and Maturation, Anat Rec, 169, 3, (1971b),533-557. 
 
[15] Huckins C. The Spermatogonial Stem Cell Population in Adult Rats. Ii. A 
Radioautographic Analysis of Their Cell Cycle Properties, Cell Tissue Kinet,4, 4, 
(1971c),313-334. 
 
[16] Clermont, Y. The Cycle of the Seminiferous Epithelium in Man, Am J Anat, 
112, (1963), 35-51. 
 
[17] Clermont Y. Spermatogenesis in Man. A Study of the Spermatogonial 
Population, Fertil Steril, 17, 6, (1966b), 705-721. 
 
[18] Clermont Y. Renewal of Spermatogonia in Man, Am J Anat, 118, 2, (1966a), 
509-524. 
 



48                                  H. Kobayashi, K. Nagao and K. Nakajima 
 
 
[19] Clermont Y. Kinetics of Spermatogenesis in Mammals: Seminiferous 
Epithelium Cycle and Spermatogonial Renewal, Physiol Rev, 52, 1, (1972), 198-236. 
 
[20] Brinster, R. L. and Avarbock, M. R. Germline Transmission of Donor 
Haplotype Following Spermatogonial Transplantation, Proc Natl Acad Sci U S A, 91, 
24, (1994), 11303-11307. 
 
[21] Brinster, R. L. and Zimmermann, J. W. Spermatogenesis Following Male 
Germ-Cell Transplantation, Proc Natl Acad Sci U S A, 91, 24, (1994), 11298-11302. 
 
[22] Tegelenbosch, R. A. and de Rooij, D. G. A Quantitative Study of 
Spermatogonial Multiplication and Stem Cell Renewal in the C3h/101 F1 Hybrid 
Mouse, Mutat Res, 290, 2, (1993), 193-200. 
 
[23] Meng, X.; Lindahl, M.; Hyvonen, M. E.; Parvinen, M.; de Rooij, D. G.; Hess, 
M. W.; Raatikainen-Ahokas, A.; Sainio, K.; Rauvala, H.; Lakso, M., et al. Regulation of 
Cell Fate Decision of Undifferentiated Spermatogonia by Gdnf, Science, 287, 5457, 
(2000),1489-1493. 
 
[24] Kanatsu-Shinohara, M.; Ogonuki, N.; Inoue, K.; Miki, H.; Ogura, A.; 
Toyokuni, S. and Shinohara, T. Long-Term Proliferation in Culture and Germline 
Transmission of Mouse Male Germline Stem Cells, Biol Reprod, 69, 2, (2003), 
612-616. 
 
[25] Kubota, H.; Avarbock, M. R. and Brinster, R. L. Growth Factors Essential for 
Self-Renewal and Expansion of Mouse Spermatogonial Stem Cells, Proc Natl Acad Sci 
U S A, 101, 47, (2004), 16489-16494. 
 
[26] Oatley, J. M.; Oatley, M. J.; Avarbock, M. R.; Tobias, J. W. and Brinster, R. L. 
Colony Stimulating Factor 1 Is an Extrinsic Stimulator of Mouse Spermatogonial Stem 
Cell Self-Renewal, Development, 136, 7, (2009), 1191-1199. 
 
[27] He, Z.; Kokkinaki, M.; Jiang, J.; Dobrinski, I. and Dym, M. Isolation, 
Characterization, and Culture of Human Spermatogonia, Biol Reprod, 82, 2, (2010),  



Therapeutic advances in the field of male infertility                          49 

 
 
363-372. 
 
[28] Dym, M.; Kokkinaki, M. and He, Z. Spermatogonial Stem Cells: Mouse and 
Human Comparisons, Birth Defects Res C Embryo Today, 87, 1, (2009), 27-34. 
 
[29] Kobayashi H, Nagao K, Nakajima K, Miura K, Ishii N. Thy-1+ cells isolated  
from adult human testicular tissues express human embryonic stem cell genes OCT3/4 
and NANOG and may include spermatogonial stem cells, Reprod Med Biol, 8 (2009), 
71－77, 2009. 
 
[30] Ko, K.; Tapia, N.; Wu, G.; Kim, J. B.; Bravo, M. J.; Sasse, P.; Glaser, T.; Ruau, 
D.; Han, D. W.; Greber, B., et al. Induction of Pluripotency in Adult Unipotent Germline 
Stem Cells, Cell Stem Cell, 5, 1, (2009), 87-96. 
 
[31] Kanatsu-Shinohara, M.; Inoue, K.; Lee, J.; Yoshimoto, M.; Ogonuki, N.; Miki, 
H.; Baba, S.; Kato, T.; Kazuki, Y.; Toyokuni, S., et al. Generation of Pluripotent Stem 
Cells from Neonatal Mouse Testis, Cell, 119, 7, (2004),1001-1012, 
 
[32] Seandel, M.; James, D.; Shmelkov, S. V.; Falciatori, I.; Kim, J.; Chavala, S.; 
Scherr, D. S.; Zhang, F.; Torres, R.; Gale, N. W., et al. Generation of Functional 
Multipotent Adult Stem Cells from Gpr125+ Germline Progenitors, Nature, 449, 7160, 
(2007), 346-350. 
 
[33] Kanatsu-Shinohara, M.; Lee, J.; Inoue, K.; Ogonuki, N.; Miki, H.; Toyokuni, 
S.; Ikawa, M.; Nakamura, T.; Ogura, A. and Shinohara, T. Pluripotency of a Single 
Spermatogonial Stem Cell in Mice, Biol Reprod, 78, 4, (2008), 681-687. 
 
[34] Conrad, S.; Renninger, M.; Hennenlotter, J.; Wiesner, T.; Just, L.; Bonin, M.; 
Aicher, W.; Buhring, H. J.; Mattheus, U.; Mack, A., et al. Generation of Pluripotent 
Stem Cells from Adult Human Testis, Nature, 456, 7220, (2008), 344-3449. 
 
[35] Golestaneh, N.; Kokkinaki, M.; Pant, D.; Jiang, J.; DeStefano, D.; 
Fernandez-Bueno, C.; Rone, J. D.; Haddad, B. R.; Gallicano, G. I. and Dym, M. 
Pluripotent Stem Cells Derived from Adult Human Testes, Stem Cells Dev, 18, 8,  



50                                  H. Kobayashi, K. Nagao and K. Nakajima 
 
 
(2009), 1115-1126. 
 
[36] Kossack, N.; Meneses, J.; Shefi, S.; Nguyen, H. N.; Chavez, S.; Nicholas, C.; 
Gromoll, J.; Turek, P. J. and Reijo-Pera, R. A. Isolation and Characterization of 
Pluripotent Human Spermatogonial Stem Cell-Derived Cells, Stem Cells, 27, 1, 
(2009),138-149. 
 
[37] Mizrak, S. C.; Chikhovskaya, J. V.; Sadri-Ardekani, H.; van Daalen, S.; Korver, 
C. M.; Hovingh, S. E.; Roepers-Gajadien, H. L.; Raya, A.; Fluiter, K.; de Reijke, T. M., 
et al. Embryonic Stem Cell-Like Cells Derived from Adult Human Testis, Hum Reprod, 
25, 1, (2010),158-167. 
 
[38] Ko, K.; Arauzo-Bravo, M. J.; Tapia, N.; Kim, J.; Lin, Q.; Bernemann, C.; Han, 
D. W.; Gentile, L.; Reinhardt, P.; Greber, B., et al. Human Adult Germline Stem Cells in 
Question, Nature, 465, 7301, (2010), E1, discussion E3. 
 
[39] Bammler, T.; Beyer, R. P.; Bhattacharya, S.; Boorman, G. A.; Boyles, A.; 
Bradford, B. U.; Bumgarner, R. E.; Bushel, P. R.; Chaturvedi, K.; Choi, D., et al. 
Standardizing Global Gene Expression Analysis between Laboratories and across 
Platforms, Nat Methods, 2, 5, (2005), 351-356. 
 
[40] Larkin, J. E.; Frank, B. C.; Gavras, H.; Sultana, R. and Quackenbush, J. 
Independence and Reproducibility across Microarray Platforms, Nat Methods, 2, 5, 
(2005), 337-344. 
 
[41] Irizarry, R. A.; Warren, D.; Spencer, F.; Kim, I. F.; Biswal, S.; Frank, B. C.; 
Gabrielson, E.; Garcia, J. G.; Geoghegan, J.; Germino, G., et al. Multiple-Laboratory 
Comparison of Microarray Platforms, Nat Methods, 2, 5, (2005), 345-350. 
 
[42] Sherlock, G. Of Fish and Chips, Nat Methods, 2, 5, (2005), 329-330. 
 
[43] Edgar, R.; Domrachev, M. and Lash, A. E. Gene Expression Omnibus: Ncbi 
Gene Expression and Hybridization Array Data Repository, Nucleic Acids Res, 30, 1, 
(2002), 207-210. 



Therapeutic advances in the field of male infertility                          51 

 
 
[44] Okita, K.; Ichisaka, T. and Yamanaka, S. Generation of Germline-Competent 
Induced Pluripotent Stem Cells, Nature, 448, 7151, (2007), 313-317. 
 
[45] Yu, J.; Vodyanik, M. A.; Smuga-Otto, K.; Antosiewicz-Bourget, J.; Frane, J. L.; 
Tian, S.; Nie, J.; Jonsdottir, G. A.; Ruotti, V.; Stewart, R., et al. Induced Pluripotent Stem 
Cell Lines Derived from Human Somatic Cells, Science, 318, 5858, (2007), 1917-1920. 
 
[46] Woltjen, K.; Michael, I. P.; Mohseni, P.; Desai, R.; Mileikovsky, M.; 
Hamalainen, R.; Cowling, R.; Wang, W.; Liu, P.; Gertsenstein, M., et al. Piggybac 
Transposition Reprograms Fibroblasts to Induced Pluripotent Stem Cells, Nature, 458, 
7239, (2009), 766-70. 
 
[47] Park, T. S.; Galic, Z.; Conway, A. E.; Lindgren, A.; van Handel, B. J.; 
Magnusson, M.; Richter, L.; Teitell, M. A.; Mikkola, H. K.; Lowry, W. E., et al. 
Derivation of Primordial Germ Cells from Human Embryonic and Induced Pluripotent 
Stem Cells Is Significantly Improved by Coculture with Human Fetal Gonadal Cells, 
Stem Cells, 27, 4, (2009), 783-795. 
 
[48] Zou, J.; Maeder, M. L.; Mali, P.; Pruett-Miller, S. M.; Thibodeau-Beganny, S.; 
Chou, B. K.; Chen, G.; Ye, Z.; Park, I. H.; Daley, G. Q., et al. Gene Targeting of a 
Disease-Related Gene in Human Induced Pluripotent Stem and Embryonic Stem Cells, 
Cell Stem Cell, 5, 1, (2009), 97-110. 
 
[49] Nakagawa, M.; Koyanagi, M.; Tanabe, K.; Takahashi, K.; Ichisaka, T.; Aoi, T.; 
Okita, K.; Mochiduki, Y.; Takizawa, N. and Yamanaka, S. Generation of Induced 
Pluripotent Stem Cells without Myc from Mouse and Human Fibroblasts, Nat 
Biotechnol, 26, 1, (2008), 101-106. 
 
[50] Takahashi, K.; Okita, K.; Nakagawa, M. and Yamanaka, S. Induction of 
Pluripotent Stem Cells from Fibroblast Cultures, Nat Protoc, 2, 12, (2007a), 3081-3089. 
 
[51] Liu, H.; Zhu, F.; Yong, J.; Zhang, P.; Hou, P.; Li, H.; Jiang, W.; Cai, J.; Liu, M.; 
Cui, K., et al. Generation of Induced Pluripotent Stem Cells from Adult Rhesus Monkey 
Fibroblasts, Cell Stem Cell, 3, 6, (2008), 587-590. 



52                                  H. Kobayashi, K. Nagao and K. Nakajima 
 
 
[52] Takahashi, K.; Tanabe, K.; Ohnuki, M.; Narita, M.; Ichisaka, T.; Tomoda, K. 
and Yamanaka, S. Induction of Pluripotent Stem Cells from Adult Human Fibroblasts by 
Defined Factors, Cell, 131, 5, (2007b), 861-872. 
 
[53] Yamanaka S. Strategies and New Developments in the Generation of 
Patient-Specific Pluripotent Stem Cells, Cell Stem Cell, 1, 1, (2007), 39-49. 
 
[54] Yamanaka, S. Pluripotency and Nuclear Reprogramming, Philos Trans R Soc 
Lond B Biol Sci, 363, 1500, (2008), 2079-2087. 
 
[55] Kobayashi H, Nakajima K, Oka Y, Tai T, Nagao K, Ishii N. Reprogramming of 
adult human testicular cells by four transcription factors (OCT4, SOX2, KLF4, and 
C-MYC), Reprod Med Biol, 10, (2011), 105-112. 
 
[56] Oka Y, Nakajima K, Nagao K, Miura K, Ishii N, Kobayashi H. 293FT cells 
transduced with four transcription factors (OCT4, SOX2, NANOG, and LIN28) 
generate aberrant ES-like cells, J. Stem cell and Regenerative Medicine, 3, (2010), 
149-156. 
 
[57]  Kobayashi H. Pluripotent stem cells induced from testicular tissue with  
Klinefelter syndrome (47, XXY) by four transcription factors (OCT4, SOX2, KLF4, 
and  
C-MYC), Methodological Advances in the Culture, Manipulation and Utilization of  
Embryonic Stem Cells for Basic and Practical Applications, (2011), 295-306. 
 
[58] Qing, T.; Shi, Y.; Qin, H.; Ye, X.; Wei, W.; Liu, H.; Ding, M. and Deng, H. 
Induction of Oocyte-Like Cells from Mouse Embryonic Stem Cells by Co-Culture with 
Ovarian Granulosa Cells, Differentiation, 75, 10, (2007), 902-911. 
 
[59] Nagano, M. C. In Vitro Gamete Derivation from Pluripotent Stem Cells: 
Progress and Perspective, Biol Reprod, 76, 4, (2007), 546-551. 
 
[60] Clark, A. T.; Bodnar, M. S.; Fox, M.; Rodriquez, R. T.; Abeyta, M. J.; Firpo, M. 
T. and Pera, R. A. Spontaneous Differentiation of Germ Cells from Human Embryonic  



Therapeutic advances in the field of male infertility                          53 

 
 
Stem Cells in Vitro, Hum Mol Genet, 13, 7, (2004), 727-739. 
 
[61] West, F. D.; Machacek, D. W.; Boyd, N. L.; Pandiyan, K.; Robbins, K. R. and 
Stice, S. L. Enrichment and Differentiation of Human Germ-Like Cells Mediated by 
Feeder Cells and Basic Fibroblast Growth Factor Signaling, Stem Cells, 26, 11, (2008), 
2768-2776. 
 
[62] Tilgner, K.; Atkinson, S. P.; Golebiewska, A.; Stojkovic, M.; Lako, M. and 
Armstrong, L. Isolation of Primordial Germ Cells from Differentiating Human 
Embryonic Stem Cells, Stem Cells, 26, 12, (2008), 3075-3085. 
 
[63] Bucay, N.; Yebra, M.; Cirulli, V.; Afrikanova, I.; Kaido, T.; Hayek, A. and 
Montgomery, A. M. A Novel Approach for the Derivation of Putative Primordial Germ 
Cells and Sertoli Cells from Human Embryonic Stem Cells. Stem Cells, 27, 1, (2009), 
68-77. 
 
[64] Tilgner, K.; Atkinson, S. P.; Yung, S.; Golebiewska, A.; Stojkovic, M.; Moreno, 
R.; Lako, M. and Armstrong, L. Expression of Gfp under the Control of the Rna 
Helicase Vasa Permits Fluorescence-Activated Cell Sorting Isolation of Human 
Primordial Germ Cells, Stem Cells, 28, 1, (2010), 84-92. 
 
[65] Kee, K.; Angeles, V. T.; Flores, M.; Nguyen, H. N. and Reijo Pera, R. A. 
Human Dazl, Daz and Boule Genes Modulate Primordial Germ-Cell and Haploid 
Gamete Formation, Nature, 462, 7270, (2009), 222-225. 
 
[66] Chen, H. F.; Kuo, H. C.; Chien, C. L.; Shun, C. T.; Yao, Y. L.; Ip, P. L.; 
Chuang, C. Y.; Wang, C. C.; Yang, Y. S. and Ho, H. N. Derivation, Characterization and 
Differentiation of Human Embryonic Stem Cells: Comparing Serum-Containing Versus 
Serum-Free Media and Evidence of Germ Cell Differentiation, Hum Reprod, 22, 2, 
(2007), 567-577. 
 
[67] Panula, S.; Medrano, J. V.; Kee, K.; Bergstrom, R.; Nguyen, H. N.; Byers, B.; 
Wilson, K. D.; Wu, J. C.; Simon, C.; Hovatta, O., et al. Human Germ Cell 
Differentiation from Fetal- and Adult-Derived Induced Pluripotent Stem Cells, Hum  



54                                  H. Kobayashi, K. Nagao and K. Nakajima 
 
 
Mol Genet, 20, 4, (2011), 752-762. 
 
[68] Eguizabal, C.; Montserrat, N.; Vassena, R.; Barragan, M.; Garreta, E.; 
Garcia-Quevedo, L.; Vidal, F.; Giorgetti, A.; Veiga, A. and Izpisua Belmonte, J. C. 
Complete Meiosis from Human Induced Pluripotent Stem Cells, Stem Cells, 29, 8, 
(2011), 1186-95. 
 
 
Received: October, 2012 
 



ORIGINAL ARTICLE

Derivation of integration-free iPSCs from a Klinefelter syndrome
patient

T. Shimizu1 • M. Shiohara1 • T. Tai1 • K. Nagao1 • K. Nakajima1 • H. Kobayashi1,

Received: 13 March 2015 / Accepted: 18 June 2015 / Published online: 3 July 2015
! The Author(s) 2015. This article is published with open access at Springerlink.com

Abstract
Purpose Klinefelter syndrome (KS) (47, XXY) is the

most common sex chromosome abnormality in humans.

KS is characterized by gynecomastia, tall stature, small
testes, low testosterone levels, learning disabilities, and

behavioral problems. KS is also associated with infertility

due to non-obstructive azoospermia (NOA). The mecha-
nism underlying NOA is still poorly understood, and

although there is no current treatment, the use of

microdissection testicular sperm extraction (micro-TESE)
followed by in vitro fertilization can result in successful

conception. The generation of induced pluripotent stem

(iPS) cells derived from KS patients may be useful for
studying the disease mechanism and identifying novel

therapies.

Methods Cells from a KS patient were transduced with
Sendai viral vectors encoding four transcription factors,

OCT4, SOX2, KLF4, and C-MYC, and the transduced cells

were analyzed for in vitro and in vivo pluripotency.
Results KS patient-derived iPS cells were successfully

generated and shown to produce teratomas in the testes of
SCID mice. In vitro differentiation of the iPS cells into

cardiomyocyte-like cells was confirmed by the presence of

clusters of beating cells.

Conclusions KS patient-derived iPS cells that could dif-
ferentiate into cardiomyocyte-like cells were established.

Keywords Cardiomyocyte ! iPS ! Klinefelter syndrome !
Stem cells ! Testis

Introduction

Klinefelter syndrome (KS), or 47, XXY syndrome, is the

most common sex chromosome abnormality found in
humans, occurring in approximately 1 in 500–1000 live

deliveries [1]. KS is characterized by gynecomastia, tall

stature, small testes, low testosterone levels, learning dis-
abilities, and behavioral problems. Affected men suffer

from KS-associated progressive testicular failure (resulting

in azoospermia or cryptozoospermia), small testes
(5–7 cm3), and low testosterone levels. In addition, indi-

viduals with KS have an increased risk for various dis-

eases, including diabetes, cardiovascular disease, and
cancer, and their offspring have an increased risk for

chromosomal abnormalities [1]. Thus, it is recommended

that individuals with KS symptoms undergo prompt
cytogenic evaluation.

The KS karyotype arises spontaneously when paired X
chromosomes fail to separate during the meiosis stage of

oogenesis or spermatogenesis [2]. In addition, a small

percentage (\3 %) of X chromosome polysomy occurs
during early divisions of the fertilized egg, while more than

10 % occurs as a result of postfertilization nondisjunction

[3]. It is predicted that the aberrant expression of X chro-
mosome-linked genes plays a role in the spermatogenesis

defect seen in KS patients. However, the mechanism

underlying the infertility of KS is still poorly understood,
and the only treatment for the infertility is microdissection
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testicular sperm extraction (micro-TESE), which can result

in successful in vitro fertilization.
The development of induced pluripotent stem (iPS)

cells holds much promise for regenerative medicine.

Two seminal studies showed that human somatic cells
can be reprogrammed into pluripotent stem cells by

introducing a set of transcription factors that regulate

pluripotency [4, 5]. iPS cells possess a nearly unlimited
capacity for self-renewal and pluripotency, similar to

embryo-derived embryonic stem (ES) cells. In addition,
iPS cells are associated with fewer ethical concerns

than ES cells. The iPS cells derived from KS patients

may be useful for studying the pathogenic mechanisms
of the disease.

We previously obtained iPS cells derived from a KS

patient using the lentiviral system [6]; however, the dif-
ferentiation of these cells into neurons or cardiomyocytes

was unsuccessful. In the current study, we used a Sendai

virus vector, which expressed four transcription factors
(OCT4, SOX2, KLF4, and C-MYC), to generate iPS cells

derived from the testicular tissue of a patient with KS. We

confirmed the multipotency of the resulting iPS cells by
demonstrating their ability to differentiate into cardiomy-

ocyte-like cells.

Materials and methods

Human subjects

Written informed consent was obtained from a KS patient
who visited the Reproduction Center of Toho Medical

Center, Omori Hospital, and this study was approved by

the Ethics Committee of Toho University School of Med-
icine (24056-18016 revision). Testicular tissue of the KS

patient was obtained by micro-TESE. We analyzed the

tissue for the presence of sperm cells, but could not confirm
their presence.

Human KS testis tissue

KS testicular tissue was composed of the rete testis, Sertoli

cells, Leydig cells, and fibroblasts. The fresh tissue was
subjected to enzymatic digestion [7], and the dissociated

cells were then plated on 10-cm tissue culture dishes coated

with 0.1 % gelatin (Sigma) in a standard culture medium
[Dulbecco’s modified Eagle’s medium (DMEM, Invitro-

gen) containing 7 % fetal bovine serum (FBS), 2 mM

glutamine (Sigma), and antibiotics (50 U/ml penicillin and
50 lg/ml streptomycin, Sigma)]. These cells were incu-

bated at 37 "C in a humidified atmosphere containing 5 %

CO2 for 14 days, resulting in the establishment of a KS
testicular fibroblast line.

Cell culture

Mitomycin C-treated mouse embryonic fibroblast (MEF)
feeder cells were purchased (ReproCELL) and plated in

0.1 % gelatin-coated 10-cm culture dishes in the standard

culture medium. iPS cells were generated as described
below and maintained in Primate ES medium (Re-

proCELL), supplemented with 4 ng/ml recombinant

human basic fibroblast growth factor (bFGF) (R&D Sys-
tems). The iPS cells were grown in Primate ES cell med-

ium supplemented with 4 ng/ml bFGF and 10 lM Y27632

(Wako), and the medium was changed every day. For
passaging, the iPS cells were rinsed once with Hank’s

balanced salt solution (HBSS) (Invitrogen) and incubated

in dissociation medium (ReproCELL) at 37 "C. All cul-
tures were maintained at 37 "C in a humidified atmosphere

containing 5 % CO2.

iPS cell generation

To generate iPS cells, CytoTuneR-iPS 2.0, a kit containing
four Sendai viruses (SeV), encoding OCT4, SOX2, KLF4,

and C-MYC (DNAVEC) was used. The KS testicular

fibroblasts were incubated in SeV-containing medium for
24 h, followed by incubation with standard medium, which

was replaced every day. Seven days later, the cells were

harvested by trypsinization, and 5 9 104 cells were placed
on MEF feeder cells in a 10-cm dish in Primate ES cell

medium supplemented with 4 ng/ml bFGF. The medium

was changed every day, and the cells were monitored daily
for morphological changes.

Reverse-transcription (RT)-PCR

Total RNA was prepared using the PureLink Micro-to Midi

Total RNA Purification System (Invitrogen). RT-PCR was
performed using the SuperScript III One-Step RT-PCR

System with PlatinumR Taq DNA Polymerase (Invitrogen)

to analyze the expression of pluripotency markers. The
following conditions were used: 55 "C for 30 min for

reverse transcription, 94 "C for 2 min to inactivate the

reverse transcriptase and activate the polymerase, 40 cycles
at 94 "C for 15 s, 55 "C for 30 s, 68 "C for 1 min, and

68 "C for 5 min for the final extension. The following

products were analyzed: OCT4 (315 bp), NANOG
(285 bp), and GAPDH (513 bp). The primers were as fol-

lows: OCT4, 50-GAA GGT ATT CAG CCA AAC GAC-30

(forward) and 50-GTT ACA GAA CCA CAC TCG GA-30

(reverse); NANOG, 50-TGC AAA TGT CTT CTG CTG

AGA T-30 (forward) and 50-GTT CAG GAT GTT GGA
GAG TTC-30 (reverse); GAPDH, 50-GTC CAT GCC ATC

ACT GCC A-30 (forward) and 50-TTA CTC CTT GGA

GGC CAT G-30 (reverse) [8, 9].
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Fig. 1 Generation of iPS cells
derived from the testicular
tissue of a KS patient. The
isolated cells were transduced
with an SeV construct
expressing four transcription
factors (OCT4, SOX2, KLF4,
and C-MYC). a Overview of the
KS patient. b G-banding
chromosome analysis of the KS
patient. c Morphology of the KS
patient-derived iPS cells.
Bars = 60 lm. d RT-PCR
analysis of OCT4, NANOG, and
GAPDH mRNA expression in
the iPS cells. GAPDH mRNA
was used as a loading control
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Immunostaining and immunofluorescence
microscopy

To analyze the expression of stem cell markers, the Human

Embryonic Stem Cell Marker Antibody Panel was used

(R&D Systems). The cells were washed twice with phos-
phate-buffered saline (PBS), fixed with 4 % (w/v)

paraformaldehyde for 20 min, permeabilized for 60 min

with PBS containing 0.1 % (v/v) Triton X-100, and then
blocked for 3 h with PBS containing 20 % donkey serum.

The fixed samples were incubated with anti-human alkaline

phosphatase monoclonal, anti-human NANOG polyclonal,
anti-human OCT4 polyclonal, anti-human SSEA-1 mono-

clonal, and anti-human SSEA-4 monoclonal antibodies (all

from R&D Systems) as indicated, and then washed three
times with PBS containing 0.1 % (v/v) Triton X-100, and

probed with the appropriate secondary antibodies (Alexa

488-conjugated anti-goat IgG antibody or Alexa 488-con-
jugated anti-mouse IgG antibody) (Molecular Probes).

Nucleic acids were stained with SYTOXR orange nucleic

acid stain (Molecular Probes).

In vitro pluripotency assessment

Confluent iPS cells in a 6-cm dish were harvested by

trypsinization and transferred to Poly (hydroxyethyl

methacrylate-co-methyl methacrylate; HEMA-MMA)-
coated six-well dishes in primate ES cell medium without

bFGF. The medium was changed every other day, and the

cells were maintained in floating culture for 8 days. The
cells were then placed on 0.1 % gelatin-coated six-well

dishes and incubated with ES medium for 8 days. After

embryoid body formation, we confirmed the cells’ ability
to differentiate in vitro by examining the expression of

differentiation markers by immunocytochemistry. The cells

were washed twice with PBS, fixed with 4 % (w/v)
paraformaldehyde for 20 min, permeabilized for 60 min

with PBS containing 0.1 % (v/v) Triton X-100, and then

blocked for 3 h with PBS containing 20 % donkey serum.
Anti-a-fetoprotein mouse IgG (R&D Systems), anti-a-
smooth muscle actin mouse IgG (Dako), and anti-bIII-
tubulin mouse IgG (Chemicon) were used to analyze the
expression of endodermal, mesodermal, and ectodermal

markers, respectively. The cells were then washed three

times with PBS containing 0.1 % (v/v) Triton X-100, fol-
lowed by incubation with an Alexa 488-conjugated anti-

mouse IgG antibody (Molecular Probes). Nucleic acids

were stained with SYTOXR orange nucleic acid stain
(Molecular Probes).

In vivo pluripotency assessment

Approval was obtained from the Animal Committee of
Toho University School of Medicine. The registration

certificate number is ‘‘14-53-186.’’ Confluent iPS cells in a

6-cm dish were harvested by trypsinization, collected in
tubes and centrifuged, and the pellets were suspended in ES

medium supplemented with 10 lm Y27632. The cells were

then injected into the testes of 8-week-old SCID mice
(Charles River). Three months after injection, the mice

were examined for teratoma formation. The identified

tumors were dissected and fixed with 10 % formalin.
Pathological analyses were performed by the Tokyo Cen-

tral Pathology Laboratory, Japan.

Cardiomyocyte-like cell differentiation of the KS
patient-derived iPS cells

To induce the KS iPS cells to differentiate into car-

diomyocyte-like cells, we used PSdif-CardioR (StemRD).

Briefly, KS iPS cells were cultured under feeder-free
conditions on thin layer Matrigel-coated plates (BD Bio-

sciences). The cells were incubated successively in PSdif-

CardioR A, B, and C media (according to the manufac-
turer’s instructions) to induce cardiogenesis. Clusters of

beating cells typically appeared approximately 14 days

after induction.

Results

Generation of iPS cells derived from the testicular
tissue of a patient with KS

Testicular tissue was obtained from a patient with KS by

micro-TESE (Fig. 1a). G banding of the patient’s chro-
mosomes indicated the presence of an extra X chromo-

some (47, XXY) (Fig. 1b). The tissue was processed and

the isolated cells were cultured and subjected to iPS
induction by transduction with a set of SeV constructs

(see ‘‘Materials and methods’’). Cells with an ES cell-like

morphology were first visible 15–16 days after transduc-
tion. The resulting colonies were maintained under human

ES cell culture conditions (Fig. 1c). In this experiment,

we obtained approximately 20 ES cell-like colonies from
5 9 104 cells (data not shown). The colonies were col-

lected 21–25 days after transduction and transferred into a

24-well plate with MEF feeder cells in Primate ES cell
medium containing bFGF and Y27632. The morphology
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of the KS-derived cells was similar to that of human ES

cells. We confirmed that these colonies were 47, XXY by

G-banding (data not shown). From these colonies, which
represented multiple sub-cloned cell lines from the

patient, we selected one cell line for further

characterization.

KS-derived iPS cells express stem cell markers

We confirmed that the ES-like cells derived from the KS

patient expressed the undifferentiated ES cell markers

OCT4 and NANOG (Fig. 1d). In addition, we showed that
the ES-like cells did not express the exogenous transgenes

fetoproteinfetoprotein Nucleic acid

smooth muscle actin Nucleic acid

III tubulin Nucleic acid

a

b

Fig. 3 Embryoid body
formation and in vitro
differentiation of the KS-
derived iPS cells. a Embryoid
bodies derived from the iPS
cells in vitro. Bars = 30 lm.
b Immunostaining analysis of
the embryoid bodies and
depiction of the three germ
layers. Nuclei were stained with
SYTOXR Orange.
Bars = 100 lm
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(OCT4, SOX2, KLF4, and C-MYC) or genes encoded by the
SeV genome (data not shown). We also performed

immunocytochemistry to examine the protein expression of

ES cell markers in the iPS cells. We showed that these cells
expressed alkaline phosphatase (AP), NANOG, OCT4, and

SSEA-4, but not SSEA-1 (Fig. 2).

KS-derived iPS cells are multipotent in vitro

To investigate the multipotency of the KS-derived iPS
cells, we examined their ability to form embryoid bodies

in vitro. After culturing the cells for 8 days under floating

culture conditions, the presence of embryoid bodies was
confirmed (Fig. 3a). To examine the expression of markers

for the three germ layers, we analyzed the plate-attached

embryoid bodies by immunocytochemistry. We confirmed
that the embryoid bodies expressed a-smooth muscle actin,

a-fetoprotein, and b III-tubulin (Fig. 3b).

KS-derived iPS cells are multipotent in vivo

To examine the differentiation potential of the iPS cells
in vivo, we transplanted the cells into the testes of SCID

mice. We monitored the formation of tumors in the testes

for 3 months after the injection and confirmed the presence
of tumors during this time period (Fig. 4a). Histological

analysis of the tumors showed that the KS-derived iPS cells

were capable of differentiating into the three germ layers
in vivo (Fig. 4b).

Cardiomyocyte-like cell differentiation of iPS cells
derived from KS

To examine the ability of the KS-derived iPS cells to dif-
ferentiate into structurally and functionally mature cell

types, we cultured the cells under cardiomyocyte-like cell-

differentiating conditions. After 14 days of culture, we

ectoderm

endoderm mesoderm

a

b

Fig. 4 Teratoma formation
after transplantation of the KS-
derived iPS cells into the testes
of SCID mice. a Teratoma
formation. b Hematoxylin and
eosin staining of sections of the
KS-derived teratomas
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confirmed the presence of clusters of beating cells (Sup-

plementary data).

Discussion

Male infertility is regarded as a major public health concern

because it affects 15 % of couples worldwide. More than
half of all infertility cases are associated with male factor

infertility [10]. In addition, approximately 15 % of idio-

pathic male factor infertility is due to azoospermia [11].
Patients with KS [1, 12–14] present with low serum

testosterone, high luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels, and often elevated

estradiol levels. Almost all KS patients exhibit azoosper-

mia, and few sperm cells are isolated when these patients
undergo micro-TESE. In addition, KS patients have an

increased risk of developing diseases such as diabetes,

cardiovascular disease, and cancer, and there is an increased
risk for chromosomal abnormalities in their offspring [1].

A better understanding of the mechanism(s) underlying

KS will facilitate the development of novel treatment
options for patients with this condition. Here we developed

KS-derived iPS cells, which could be useful for mecha-

nistic studies of KS. We previously generated iPS cells
derived from adult human testicular tissue using lentiviral

vectors expressing OCT4, SOX2, KLF4, and C-MYC [15].

We also succeeded in generating iPS cells derived from the
testicular tissue of a KS patient using the same system [6].

In addition, another group generated iPS cells derived from

a KS patient using retroviral vectors [16]. However, several
characteristics of Lentivirus limit its use for generating iPS

cells. For example, Lentivirus infects dividing as well as

non-dividing cells, and integrates into the host genome,
resulting in strong transgene expression. In addition, Len-

tiviral gene expression is resistant to silencing. Thus, the

genomic integration of C-MYC has the potential to increase
the tumorigenicity of the iPS cells. To generate higher

quality iPS cells, here we used the Sendai virus (SeV)

system. SeV is a negative sense, single-stranded RNA
virus, which replicates in the cytoplasm without integrating

into the host genome, and induces iPS cells efficiently.

In addition to reducing the potential tumorigenicity of
the iPS cells, various issues regarding the use of iPS cells

still need to be addressed. Recent studies have shown that

human somatic cells and iPS cells accumulate both epi-
genetic modifications and genetic mutations that affect

their properties and could impact their research utility and

clinical safety [17–19], and one study showed that iPS cell
lines exhibit epigenetic variations and broad pluripotency

[20]. Thus, extensive genetic screening and characteriza-

tion of the iPS cells is required before using them in
research or clinical studies.

Thus, among our evaluations of the KS patient-derived

iPS cells, we tested their ability to undergo cardiomyocyte-
like cell differentiation in vitro. Our finding that these cells

could differentiate into cardiomyocyte-like cells was a

strong indication of their potential for pluripotency. In
addition, we showed that these cells were capable of

undergoing embryoid formation in vitro and of forming

tumors in vivo, containing the three germ layers. Taken
together, these findings suggested that our KS-derived iPS

cells were high-quality pluripotent iPS cells.
Many researchers previously reported that both human

ES cells and iPS cells can undergo germ cell differentiation

in vitro [21–26]. It was also recently reported that the
transplantation of normal and azoospermic factor (AZF)-

deficient iPS cells into the murine seminiferous tubule

results in the formation of germ-cell-like cells, whereas iPS
cells outside the tubule fail to differentiate into germ-cell-

like cells [27]. In addition, the AZF-deficient iPS cells form

fewer primordial germ-cell-like cells, which exhibit
defective gene expression. Thus, the murine seminiferous

tubules can direct the formation and maintenance of germ-

cell-like cells from human iPS cells.
Future studies, such as those evaluating the ability of KS

patient-derived iPS cells to undergo germ cell differentia-

tion when transplanted into mice, will be required to fur-
ther characterize these cells for their utility in mechanistic

studies and potential therapeutic use.
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1. Introduction

The establishment of pluripotent mouse embryonic stem cells (ESCs), which have the capacity
to differentiate into all cell types in the mammalian body, was first described by Evans and
Kaufman in 1981. Seventeen years later, in 1998, the first report of human ESCs, with similar
differentiation characteristics was published by James Thompson. In 2006, Takahashi and
Yamanaka discovered that the genome of a differentiated somatic cell could be epigenetically
reprogrammed to pluripotency by inducing the expression of pluripotency transcription
factors, resulting in the production of pluripotent stem cells (iPSCs). This research has
accelerated the study of regenerative medicine.

In 2009, the US Food and Drug Administration approved the first Phase I clinical trials of
human ESC-derived cells for the treatment of spinal cord injuries. However, previous reports
had revealed that stem cell-based therapies increase the risk of tumor development. Therefore,
further basic research is needed before stem cell-based therapies can be applied in the clinic.
The development of stem cell tools can be critically evaluated using animal models that express
human disease genes.

Research on the stem cell biology of the minipig is developing rapidly. Although research on
mouse and human stem cells currently predominates over that in other species, data from these
well-studied species have provided a good foundation for current and future porcine stem cell
research. In addition, the increasing popularity of alternative-species models for the study of
human diseases and disease mechanisms has further spurred porcine stem cell research. As a
model system for pluripotent embryonic stem cell research, however, the pig presents several
challenges as compared with mice and humans. Nonetheless, porcine minipig embryonic germ
cells have recently been produced, and may prove particularly useful for in vitro and in vivo
differentiation studies, gene targeting, and the creation of transgenic animals. In addition,
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studies involving the transplantation of somatic mesenchymal stem cells into porcine heart,
cartilage, and bone have yielded very promising results. Lastly, minipig induced pluripotent
stem cells have been established by using Sendai viruses to introduce pluripotency transcrip‐
tion factors into the cells.

Thus, despite the challenges of developing porcine pluripotent stem cells, recent successes in
the fields of both induced pluripotent stem cells and somatic stem cells suggest that the future
of research using minipig stem cells is quite promising.

2. Embryonic stem cells

Most porcine embryonic stem cell research has been performed in large domestic pig breeds
rather than minipigs. Therefore, this discussion will focus on studies performed on the large
domestic breeds, yet with attention paid to outcomes observed in the minipig. Research in the
domestic species is highly transferrable to the minipig.

Although researchers have sought to establish ESCs in the pig, the characterization of ESCs in
this animal falls short, due to a lack of both in vivo and long-term culture studies as compared
to ESCs of mouse or human origin. The first reports on ESC production in the pig were in 1990
[1] [2] [3] [4]. However, those attempts produced only putative ESCs or embryonic stem-like
cells.

A number of standard techniques are typically employed to verify the identity of true ESCs.
Several in vitro techniques are generally performed to determine the expression profile of the
ESCs, including gene-expression and protein analyses. The transcription factors expressed in
both mouse and human ESCs include OCT4, NANOG, and SOX2. In addition, stage-specific
embryonic antigen 1 (SSEA1) is expressed in mouse but not human ESCs, and SSEA3 and
SSEA4 are detected in human but not mouse ESCs [5].

While the efforts to establish porcine ESCs have been well reviewed in the scientific literature
[6] [7], a general overview of the research suggests that true porcine ESCs have not yet been
produced. The production of porcine epiblast stem cells (EpiSCs) was recently reported [8].
These cells are thought to be derived from the epiblast, rather than the inner cell mass, of the
developing embryo. Evidence suggests that mouse ESCs are of inner cell mass origin, while
human ESCs originate from epiblasts [9]. The porcine epiblast stem cells could be cultured for
22 passages, and could differentiate in vitro into cell types representative of the three embryonic
germ lineages as well as germ precursor cells and trophectoderm. However, it is not known
whether these cells also demonstrate pluripotency.

To date, two research groups have attempted to produce porcine ESCs from the minipig [10,
11]. Li and colleagues reported that outgrowth cultures could be obtained after isolating the
inner cell mass from Chinese minipig blastocysts, although sustained culture was difficult to
achieve, and only a preliminary characterization of these cells was performed [10]. Long-term
cultures of porcine ESC-like cells were reported by Kim and colleagues [11]. In this study,
porcine ESC-like cells were derived from cloned blastocysts. These embryos were produced

Pluripotent Stem Cell Biology - Advances in Mechanisms, Methods and Models198



by somatic cell nuclear transfer, using minipig fetal or neonatal fibroblasts as the donor and
prepubertal gilt oocytes, followed by culture in vitro to the blastocyst stage of development.
Two cells lines could be cultured for more than 48 passages, and expressed alkaline phospha‐
tase (AP), SSEA1 and SSEA3, OCT4, TRA-1-60, and TRA-1-81. The only method used to
characterize their differentiation ability was the observation of spontaneous differentiation
into embryoid bodies (EBs), which are spheres of cells that contain cell types of all three germ
layers. These EBs were assessed solely by gene analysis, thus further characterization would
be necessary before they could be verified as true ESCs.

Only two reports to date describe the production of chimeras from porcine ESC-like cells: one
in 1999, from Chen and colleagues [12], and a more recent publication in 2010 [13]. The first
report claimed that somatic chimeric piglets could be produced, although clear analyses of
these chimeric animals was lacking. The second report indicated that porcine ESC-like cells
from an early passage could form chimeric piglets. The chimeric contribution was low,
however; only 4 chimeric piglets were born after the transfer of hundreds of embryos. Only 2
of the 4 chimeric piglets showed coat chimerism, and this contribution was low and restricted
to a single spot near the tail. Such a chimeric contribution is much lower than what would be
expected from mouse ESCs, indicating that improvements to the cell culture conditions may
be required to improve the plasticity of these cells.

There are several possible reasons for the difficulty in producing porcine ESCs. The lack of
defined culture conditions may be one reason. Pluripotency appears to be controlled by more
than one cell-signaling pathway, and these pathways are different in mouse and human ESC
lines. The origin of the cells, that is, the inner cell mass (mouse) versus the epiblasts (human)
may contribute to this diversity of regulatory pathways. This idea is supported by a recent
publication showing that even mouse EpiSCs regulate pluripotency slightly differently from
human ESCs [14]. The cell signaling that governs pluripotency in the pig remains largely
unknown, although the details are beginning to be investigated [15]. For example, it was
reported that fibroblast growth factor (FGF) signaling may be active in porcine epiblasts, and
that the JAK/STAT pathway is inactive. The Activin/Nodal pathway also appears to be active
in porcine epiblasts [8]. Culturing porcine epiblasts in medium containing basic FGF (bFGF)
cannot prevent their differentiation, indicating that other factors are apparently necessary to
help maintain cellular pluripotency.

Differences occurring during early embryonic development in the domestic pig, as compared
with mouse and human, could also account for the observed difficulties in producing porcine
ESCs. The early development of the porcine embryo prior to implantation takes longer and is
less advanced than in the other species. The inner cell mass differentiates into the hypoblast
and epiblast at a later time point than in the mouse and human, and the porcine epiblast
expands and develops over a period of several days. The cell signaling controlling this
development in the pig could differ markedly from that in the mouse or human, and should
be investigated to ascertain which stage of development is optional for isolating the pluripotent
cells. It is possible that the later epiblast is already predetermined at the cell-signaling level to
undergo gastrulation, or that the inner cell mass cells have not yet acquired the necessary cell
signaling machinery to support proliferation.
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We have yet to observe bona fide ESCs produced from the pig. Nevertheless, continued research
toward this goal is important, as the pig is a particularly useful biomedical model for studying
human disease, and ESCs are a unique cell type that is especially useful for studying human
disease.

3. Embryonic germ cells

Embryonic germ cells (EGCs) are pluripotent cells derived in vitro from primordial germ cells
(PGCs). They were first derived in the mouse by Matsui et al. [16] and Resnick et al. [17]. Mouse
EGCs are morphologically similar to mouse ESCs, and express similar pluripotency markers
such as AP, SSEA1, Oct4, Sox2, and Nanog. The differentiation potential of these cells is also
similar to that of mouse ESCs, as evidenced by their ability to differentiate in vitro into different
tissues from the three primary germ layers [18], as well as to re-enter the germline when
injected into blastocyst embryos [19]. Mouse EGCs may thus be considered equivalent to ESCs.

Similar to the conditions required to derive mouse ESCs, mouse EGCs need two important
growth factors in addition to leukemia inhibitory factor (LIF) for their successful derivation
from PGCs. The first is stem cell factor (SCF), a ligand for c-Kit, which supports PGC survival
in vivo and in vitro by suppressing apoptosis [20]. The second is bFGF, which plays a major
role in the reprogramming of mouse PGCs into pluripotent cells in vitro [21]. Although the
mechanism of this reprogramming is still poorly understood, bFGF is known to downregulate
the expression of basic lymphocyte maturation protein 1 (Blimp1) in vitro, which in turn causes
the upregulation of c-Myc and Klf4 [21]. Because mouse PGCs also express Oct4 and Sox2, a
similar mechanism may be involved in their reprogramming to ESCs.

Porcine EGCs were first derived by Shim et al. [22], who used embryos from domestic breeds
on day 25 of gestation under conditions similar to those used to culture mouse EGCs. The
established cell lines had an ESC-like morphology, expressed AP, and were able to differentiate
into different cell types in vitro and in vivo. Other groups have derived porcine EGC lines using
day 25-28 embryos from domestic breeds [23] [24] [25] [26] [27], and from the Chinese minipig
[28]. Recently, putative porcine EGC lines derived from the PGCs of day 20-24 embryos from
Danish Landrace crosses and Yucatan minipigs were reported [29]. Notably, these findings
suggest that EGC lines can be established from any porcine breed, unlike mouse ESCs, which
are restricted to certain strains.

Immunocytochemical analysis of pluripotency marker expression showed that, in addition to
AP activity, EGCs express Oct4, SSEA1, SSEA3, and SSEA4 at variable levels. Analysis of the
porcine EGC gene expression suggested that they are similar to human EGCs in expressing
AP, Oct4, SSEA1, and SSEA4 [30]. The pig EGCs typically have long cell cycles, and proliferate
slowly over many passages.

The tissue culture conditions used by all groups for the derivation and propagation of porcine
EGCs are similar to those used for human and mouse ESCs. The cells are grown on feeder
layers of mitotically inactivated embryonic mouse fibroblasts, most often on immortalized
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mouse fibroblast cells from a cell line known as STO. The initial establishment of cell lines is
hampered by the fact that large numbers of porcine PGCs undergo apoptosis and die in culture
within 6 hours of their incubation [25]. However, by using protease inhibitors and antioxidants
to reduce the level of PGC apoptosis in vitro, Lee et al. were able to increase the number of EGC
colonies in the primary culture. In addition, alpha 2-macroglobulin together with N-acetyl‐
cystein and butylated hydroxyanisole (both antioxidants) increased the number of AP-positive
colonies in primary cultures at least twofold. Another approach is to use growth factors and
various feeder cells to increase the survival and prevent the differentiation of PGCs in long-
term culture. Lee et al. [26] showed that supplementing the culture medium with three growth
factors (LIF, SCF, and bFGF) increased the number of colonies obtained in primary culture,
and improved the quality of the colonies in subsequent passages compared to cells treated
with only two of these growth factors. The use of feeder layers other than STO cells did not
have a significant effect on PGC survival or on the quality of the derived EGCs. In another
study, membrane-bound SCF and soluble LIF were sufficient to increase the number of
surviving PGCs on days 3 and 5 of primary culture, while adding bFGF did not affect the
results significantly [23]. It is possible that the membrane-bound form of SCF is more potent
than the soluble form, which could explain these differing results. However, it has also been
reported that established PGCs are capable of generating chimeras without added growth
factors, while adding LIF to the culture does not improve the efficiency of establishing EGC
lines [22]. Thus, further study is needed to elucidate the effects of these supplements in culture.

Pluripotent stem cells are able to form EBs, spherical aggregates containing differentiated
cells, when cultured in suspension. Porcine EGCs cultured in “hanging drops” can also form
simple EBs, consisting of large epithelial-like cells on the periphery surrounding mesenchy‐
mal-like cells in the center. When allowed to attach to gelatin-treated plastic dishes, the EB
cells proliferate and spread on the surface of the dish, giving rise to several different types
of cells [27].

Pluripotent cells can proliferate and differentiate in vivo, forming tumors containing differen‐
tiated tissues called teratomas, when injected into immunodeficient mice. To date, only one
group has reported teratoma testing for porcine EGCs, using cell lines derived from the
Chinese minipig [28]. The authors reported that the teratomas contained cells from the three
primary germ layers: epithelial, neuroepithelial, and adipose tissue. In contrast to these results,
two studies showed that the injection of human EGCs into immunodeficient mice failed to
generate teratomas. [31] [32]. However, more recently, the formation of teratomas from human
EGCs cultured under serum-free conditions was reported [33].

Another way of testing the differentiation potential of pluripotent cells in vivo is by chimera
formation, in which the cells injected into early embryos contribute to the three germ layers
and potentially to the germline. Unlike mouse ESCs and EGCs, which have been shown to re-
enter the germline of chimeras, pig EGC chimeras have not displayed a proven germline
contribution; furthermore, the somatic tissues of these porcine chimeras contained only a low
percentage of donor-derived cells [22] [34] [24]. Other researchers demonstrated a similarly
low chimeric contribution after the injection of somatic cells into sheep blastocysts and 8-cell
mouse embryos [35, 36]. This is troubling because germline contribution is considered to be
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the ultimate proof of pluripotency, and has been demonstrated only in the mouse and chicken
to date. Human ESCs are presumed to be true stem cells as well, even though their germline
potential has not been tested for ethical reasons. Caution is needed when interpreting chimera
experimental results. Proper controls are necessary to distinguish the “true” stem cells from
somatic cells that can be integrated into the embryos after partial reprogramming by the
surrounding embryonic cells.

The reasons for the limited pluripotency of the porcine EGCs are currently unclear. It is possible
that the tissue culture conditions are not sufficient for maintaining the pluripotency of the
PGCs in vitro, similar to the problems that exist in the cultures of inner cell mass and epiblast
cells. Another possibility is that the pig PGCs do not undergo full epigenetic reprogramming
into pluripotency like the mouse PGCs do. One indication that there might be differences in
the biology of PGCs between the pig and mouse is that porcine PGCs survive and proliferate
in vitro in the absence of externally added growth factors, regardless of whether they are
cultured in serum-supplemented or serum-free conditions, while mouse PGCs fail to survive
in the absence of any of the three growth factors LIF, SCF, or bFGF. In addition, mouse PGCs
have not been shown to form chimeras, whereas porcine PGCs can contribute to somatic tissues
after their injection into early blastocysts [24]. Thus, some of the molecular mechanisms that
are important for reprogramming mouse PGCs to pluripotent EGCs in culture may be different
in the pig.

4. Induced pluripotent stem cells

Takahashi and Yamanaka [37] discovered that the genome of a differentiated somatic cell can
be epigenetically reprogrammed to pluripotency by the induced expression of pluripotency
transcription factors, resulting in the generation of pluripotent stem cells [induced Pluripotent
Stem Cells (iPSCs)]. These authors initially expressed 24 pluripotency genes in fetal fibroblasts
to reprogram them into pluripotent cells, and subsequently found that the expression of only
4 of these genes, namely Oct4, Sox2, c-myc, and Klf4, was sufficient to achieve the same results.
Nanog was dispensable for the cellular reprogramming. In addition, a year later, Okita et al.
[38] produced germline-competent mouse iPSCs using the same growth factors, but by
selecting the reprogrammed cells by Nanog expression.

The production of human iPSCs started shortly after the publication of the first report of mouse
iPSC derivation. Thus, it was not surprising that the establishment of the first human iPSCs
was reported by two groups simultaneously. The laboratory that produced the first mouse
iPSCs successfully generated iPSCs from adult human fibroblasts by using the same 4
transcription factors employed in the initial experiment [39]. The other group, from the
laboratory of human ESC pioneer James Thompson, was able to reprogram human fibroblasts
by expressing OCT4, SOX2, NANOG, and LIN28 [40].

Predictably, these studies sparked significant interest among researchers working in the area
of porcine pluripotent cells. Within two years after the publication of the first papers describing
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human and mouse iPSCs, three different groups reported the establishment of iPSCs in the
pig. One of these groups generated porcine iPSCs using fetal fibroblasts from Danish Landrace
pigs, by the lentiviral transduction of six human transcription factors (OCT4, SOX2, c-Myc,
KLF4, LIN28, and NANOG) under the control of a doxycycline-inducible promoter [41].
Simultaneously, another Chinese group reported the derivation of iPSCs from fibroblasts from
the Tibetan minipig, using constitutively expressed lentiviral vectors carrying the mouse
cDNA sequences of Oct4, Sox2, c-myc, and Klf4 [42]. The third report published shortly
thereafter by Ezashi et al. [43] also described the production of porcine iPSCs through the use
of 4 human transcription factors (OCT4, SOX2, c-Myc, and KLF4). In addition, these researchers
claimed that the porcine iPSCs were positive for SSEA-1 but negative for SSEA3 and SSEA-4,
indicating that they were more similar to mouse than human iPSCs.

Transcriptional profiling of the cell line by Affymetrix microarray confirmed that the cells were
indeed reprogrammed, and expressed a variety of ESC markers endogenously. However, the
continued expression of the exogenous transcription factors was detected in the iPSCs
generated by all three groups. This problem is not unique to the pig, as it has been reported in
other species as well [39]. In any case, the continued expression of pluripotency genes did not
pose any problems for the differentiation of the cells, since all three laboratories demonstrated
that their cell lines were able to differentiate in vitro (including EB formation) and in vivo by
forming teratomas containing cells of all three germ layers. More recently, it was demonstrated
that porcine iPSCs can form chimeras with high efficiency (85.3%), and contribute to all three
germ layers [44]. Because germline chimerism was not confirmed in this study, it remains to
be determined whether the porcine iPSCs are fully equivalent to mouse iPSCs.

One of the major advantages iPSCs may offer in the future is the potential for custom derivation
of pluripotent cells from individual patients to use for regenerative therapies without the risk
of immune rejection. However, since the epigenetic reprogramming necessary to produce
them requires prolonged expression of the transgenes (2-3 weeks), most of the iPSCs described
to date have been generated with the use of lentiviral vectors that integrate known oncogenes
(such as c-myc and Klf4) into the cell genome. The dangers of using these genes became evident
in a study in which mouse chimeras generated with iPSCs developed tumors following
reactivation of the initially silenced transgene c-myc [38]. In the only report to date in which
porcine chimeras were produced from iPSCs [44], no tumor formation was reported in the
newborn piglets. However, because long-term testing and monitoring were not conducted
prior to the publication of these results, at present there is no guarantee that these iPSCs would
be safe for clinical applications.

To avoid problems associated with viral integration and the use of oncogenes, many groups
have developed strategies for iPSC production in which the disadvantages discussed above
have been minimized. For example, it has been shown that reprogramming can be achieved
in both human and mouse cells without the use of c-myc, albeit at the expense of efficiency [45].
In addition, the use of certain transcription factors can be omitted when using cell types already
expressing them; for example, neural progenitor cells, which already express endogenous Sox2
and c-myc were reprogrammed using only the induced expression of OCT4 and Klf4 [46] [47].
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Furthermore, some transcription factors can be replaced by small molecules that have similar
effects on somatic cell reprogramming [48]. Viral integration, which carries risks of insertional
mutagenesis, can be avoided by using nonintegrating adenoviral vectors [49] [50]. Our
laboratory has established porcine iPSCs derived from pig skin fibroblasts using Sendai virus
vectors to introduce 4 human transcription factors (OCT4, SOX2, c-Myc, and KLF4) (data not
shown). Another attractive alternative to the use of viral vectors are transposon vectors, which
combine high transfection efficiency with enhanced safety, and can be removed from the cell
genomes following reprogramming. For example, piggyBac is a DNA transposon that,
following insertion, can be removed from the reprogrammed genome without leaving a trace.
This transposon has already been used successfully to produce iPSCs [51, 52]. Finally, Zhou
[53] produced iPSCs by providing the transcription factors in the form of recombinant proteins.

With regard to future research in porcine iPSC production, the choice of cell type and strategy
will undoubtedly play an important role in the reprogramming efficiency. It should be noted,
however, that the same problems existing in porcine ESC culture are likely to affect the long-
term maintenance of the newly generated pig iPSC lines. For example, the culture conditions
supporting the pluripotency and self-renewal of the porcine iPSCs apparently require further
optimization, given that, in all the published reports to date, the reprogrammed cell lines could
be maintained only with the continued expression of exogenous pluripotency genes. In one
study, for example, instead of using growth factors or other supplements, the pig iPSCs were
maintained with doxycycline-induced expression of the pluripotency transgenes, until the
authors chose to differentiate the cells [41].

Despite these challenges, we can without doubt look forward to an exciting future in which
iPSCs will add another dimension to pluripotent stem cell research in the pig.

5. Epiblast stem cells

Epiblast stem cells are pluripotent stem cells derived from the epiblast layer of post-implan‐
tation mouse embryos [54]. Epiblast stem cells are distinct from ES cells, which are derived
from the inner cell mass of blastocysts. Both ES cells and epiblast stem cells can differentiate
into mesoderm, endoderm, and ectoderm. However, epiblast stem cells do not have germ-line
transmission.

Rodent pluripotent stem cells are considered to have two distinct states: naïve and primed.
Naïve pluripotent stem cell lines are distinguished from primed cells in their response to LIF
signaling and MEK/GSK3 inhibition (LIF/2i conditions) and X chromosome activation. Human
ES and iPS cells both resemble rodent primed epiblast stem cells more closely than rodent
naïve ES cells. In addition, iPS cells derived from pigs can obtain the properties of primed
epiblast stem cells. iPS cells derived from human, monkey, rabbit, and rat, but not mouse, can
also obtain the properties of primed epiblast stem cells [55].
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6. Conclusions

Stem cell biology research of the minipig is developing rapidly. Although studies on mouse
and human stem cells currently outnumber those of other species, data from these well-studied
species provide a good foundation for current and future porcine stem cell research. Despite
the challenges associated with developing porcine pluripotent stem cells, recent successes in
the fields of induced pluripotent stem cells and somatic stem cells suggest that minipig stem
cell research has a promising future.
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ŞŜŜŢŔ年、京都大学　山中伸弥教授らのグループにより、皮膚組織などの体細胞に  ŲŽƍŠŘ ŔŵƉƑŞŘ ŔŮ Ɔ ƀŠ Ř ŔŽřŰƒŽŔの４つの
転写因子を導入して作成された細胞のことをさします。この細胞は、体のあらゆる組織や細胞に分化  可能な多能性を有
しており、移植細胞のソースとして、さらには病態を理解・研究するための細胞として、再生医療の分野に多大な貢献
をもたらしています。
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