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3.今後の研究計画

セマフォリン分子Sema6Dの欠損マウスを作成して、晴乳動物でSema6Dは心蔵の形態形

成に関わることを検討します。

4.指導責任者の意見

張弘は北京医科大学を 1993年卒業し、 6年間北京医科大学附属病院において循環専門医

として診療と臨床研究に取り組んできた。 1999年より大阪大学医学部多国教授として

心筋細胞の再生を目標に、心臓の発生に関与する因子の同定を開始した。増殖因子の機能

解析のために自らニワトリ胎児脹を用いた実験系を構築した。最近は、-神経発生に重要な

セマフォリン分子に着目した研究により、分子群の新しいセマ6Dが心臓の形態形成に冠

.ょすることを発見した。これらの成果は生物現象を蛋白質問相互作用や細胞(細胞集団)レベ

ルに再構成して追求せんとする彼女独特の研究姿勢に帰するところが大きいといえます。

彼女の研究能力はポストゲノム、再生医学へと展開しつつある 21世紀に向けての新しい

循環器学の発展に資するものと期待されます。

指導責任者氏名

5.研究報告書

別紙f研究報告書の作成についてjに倣い、指定の用紙で作成して下さい。

研究発表または研究状況を記録した写真を添付して下さい。

※研究成果を発表する場合は、発表原稿・抄録集等も添付して下さい。

※発表に当つては、 B1f:tl*学t/!:会ljIJ，成金I=ck~旨を明記して下さい。
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Semapho1'ins， o1'iginally identified as axon guidance facto1's in the nervous system， play integral 1'oles 

in o1'ganogenesis. He1'e， we demonstrate a critical involvement of Sema6D in ca1'diac morphogenesis. 

Ectopic expression of Sema6D or RNA interference against Sema6D induces expansion or narrowing of 

the ventricular chamber， respectively， during chick embryonic development. Sema6D also exe巾

1'egion-specific activities on ca1'diac explants: a migration-p1'omoting activity on outgrowing cells from 

the conotruncal segment and a mig1'ation-inhibitOlγactivity on those fi'om the vent1'icle. Plexin-A 1 

mediates these activities as the m吋01'Sema6D-binding recepto1'. Plexin-Al fo1'ms a receptor complex 

with vascular endothelial growth factor receptor type 2 in the conotruncal segment or with Off-track in 

the ventricle segment; these complexes are responsible for the effects of Sema6D on the respective 

1'egions. Thus， the differential association of Plexin-AI with additional 1'eceptor components entitles 

Sema6D to exeはdistinctbiological activities at adjacent regions. This is crucial for complex cardiac 

morphogenesis. 

Key Words Sema6D， plexinAI， OTK， VEGFR2， Cardiac morphogenesis 

緒言

The semaphorin fam i1y of proteins is charactel包edby a phylogenetically conserved “sema domain" 

in the extracellular region. Based on additional structural features， such as the presence or absence of 

transmembrane domains， Ig-Iike domains， thrombospondin repeats， and glycophosphatidylinositol 

Iinkage sites， the family has been subdivided into eight groups， which also include virally derived proteins. 

Sel11aphorins were originally identified as axon guidance factor in the nervous system， including 

fasciculation， axon branching and target selection. Increasing evidence indicates that semaphorines play 

developmental and regulatory roles in organogenesis outside ofthe nervous system， such as angiogenesis， 

tumor growth and metastasis， and immune response. In this study， we isolated a class VI semaphorin， 
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Sema6D， from the mouse heart and assessed the role of Sema6D in organogenesis， utilizing the whole 

chick embryo culture system. Ectopic expression of Sema6D as well as RNA interference (RNAi) against 

Sema6D induced malformations in cardiac tube. FUlthermore， Sema6D was found to patticipate in 

cardiac morphogenesis by exerting distinct biological activities through its receptor， Plexin-AI， that 

formed receptor complexes with OTK and vascular endothelial growth factor receptor type 2 (VEGFR2) 

in adjacent regions ofthe cardiac tube. 

対象と方法:

1. Chicken emb1)10 cultul'es. Fertilized chicken eggs were incubated at 380C in high hmnidity. Embryos， 

staged according to the Hamburger and Hamilton method， were removed from eggs and placed 

ventral side up in culture dishes. 

2. Construction 01 cDNAs. To isolate mouse cDNAs encoding semaphorin and plexins from total 

mouse heatt cDNAs， we used a R:下PCRmethod using degenerative oligonucleotide primers. 

3. 1n situ hybridizati011. Chick and mouse embryos at the desired stages were fixed and then hybridized 

with DlG-labeled antisense RNA probes. The cDNA sequences ofcSema6D， cPlexin-AI， VMHCI， 

AMHC1， Sema6D， and Plexin-Al were used to transcribe cRNAs for in situ hybridization probes. 

4. Gain 01βII1ction 仰の，01 Seam6D. con甘0101' sema6D-expressing cells were implanted into HH 
stage 4 chick embryos. These embryos were allowed to develop up to HHstage32. Ectopic 

expression of Sema6D resulted in abnormal cardiac tube formation， an expansion ofthe ventricle. 

5. Loss ollunction assay 01 Seam6D. siRNAs for control， chick Sema6D and chick Plexin-Al were 

chemical1y synthesized， then electroporated into precardiac mesoderm of HHstage7 chick embtγo. 

Knockdown ofthe Sema6D and PlexinAl reduced cardiac ventricle size， the narrowing ofventricle. 

6. 1dentグication01 I'ec伊tor101' Sema6D. RT-PCR identified Plexin-AI， Plexin-A2， Plexin-A4， 

Plexin-Bl and NPI mRNAs from mouse heatt mRNAs. HEK293 cells were transfected with these 

DNAs and then incubated with alkaline phosphatase (AP)おsedtruncated Sema6D-Fc domain. 

AP-Sema6D-Fc specifical1y bound to Plexin-A 1 indicating that Plexin-A 1 is the m吋orreceptor for 

-Sema6D. 

7. Collagen gel cultul'e assのザcardiacexplants. The conotruncal (CT) segment and the ventricIe of 

the heart from HH stage 14 chick embryos were dissected and placed onto col1agen gels next to the 

transfectants that secreted sema6D. The outgrowths of the CT segment and the ventricle were 

measured. Sema6D enhanced the outgrowth合omCT segment， but decreased that合omventricle 

segment.. 

8. 1dentificatiol1 01 co-receptorlor plexinA 1. R:下PCRindentified unique expression ofVEGFR2 in CT 

segment， and Off-track in ventricle. RNAi against VEGFR2 and off-track inhibited sema6D effect 

on outgrowth fr0111 CT segment and ventricIe explant， respectively. 
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結果:

1. Sema6D mRNA is expressed in the developing neural and cardiac tubes. 

2. Ectopic expression of Sema6D and RNAi against cSema6D result in abnormal cardiac tube 

formation. 

3. Sema6D induces distinct effects on the outgrowth合omexplants of diffヒrentregionsof cardiac tube. 

4. Plexin-A 1 binds to Sema6D and its mRNA is expressed in the developing neural and cardiac tubes 

and mediates the effect of Sema6D on chick embrγo. 

5. Truncated Plexin-A 1 and RNAi against cPlexin-A 1 block the effect of Sema6D on cardiac explants. 

6. Plexin-A 1 interacts with OTK and VEGFR2. 

7. Differential association of Plexin・Alwith OTK and VEGFR2 conveys the ，opposite effects of 

Sema6D on ventricle and CT segment. 

考察:

Sema6D exel1s region-specific activities on cardiac explants: a migration-promoting activity on 

outgrowing cells from the CT segment and a migration-inhibitory activity on those fi.om the ventricle. 

Plexin-A 1 mediates these activities as the major Sema6D・bindingreceptor. Plexin-Al is associated with 

VEGFR2 in the CT segment and off-track in the ventricJe explant. These receptor complexes determine 

the regional specific effect on cardiac morphogenesis by Sema6D. Thus， our findings p問sentthe clear 

evidence that the semaphorin system is critical in cardiac morphogenesis by regulating cell migration. 

Furthermore， the finding that the region-specific association of its canonical receptor with various 

receptor-type tyrosine kinases determines pleiotropic activities of Sema6D provides a new insight into the 

1110lecular basis of semaphorin signals. 

参考文献:

Behar， 0.， Golden， J.A.， Mashimo， H.， Schoen， F.J.， and Fishman，M.C. 1996. Semaphorin 1II is 
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日bashir，S.M.， Martinez， J.， Patkaniowska， A.， Lendeckel， W.， and Tuschl， T. 2001. Functional 

anatomy of siRNAs for mediating efficient RNAi in Drosophila melanogaster embryo Iysate. EMBO J. 

- 108 -



20: 6877-6888. 

Hamburger， V. and Hami1ton， H.L. 1951. A series of norma1 stages in the deve10pment of the chick 

embryo. J. Morph. 88: 49-92. 

Johnson， E.N.， Lee， Y.M.， Sander， T.L.， Rabkin， E.， Schoen， F.J.， Kallsha1， S.， and Bischoff， J. 2003. 

NF A Tc 1 mediates vascll1ar endothelia1 growth factor-induced proliferation of human pu1monalγva1ve 

endothe1ia1 cel1s. J. Biol. Chem. 278: 1686-1692. 

Miquero1， L.， Gertsenstein， M.， Harpa1， K.， Rossant， 1.， and Nagy， A. 1999. Mu1tip1e deve10pmenta1 

roles ofVEGF suggested by a LacZ-tagged al1e1e. Dev. Bio/. 2]2: 307-322. 

Miquerol， L.， Langi11e， B.L.， and Nagy， A. 2000. Embryonic deve10pment is disrupted by modest 

increases in vascu1ar endothelia1 growth factor gene expression. Development ]27: 3941-3946. 

Nieto， M.A.， Patel， K.， and Wi1kinson， D.G. 1996. ln situ hybridization analysis of chick embryos in 

whole mount and tissue sections. Methods Cell. Biol. 51: 219-235. 

Pasterkamp， R.J. and Kolodkin， A.L. 2003. Semaphorin junction: Making tracks toward neural 

connectivity. Curr. Opin. Neurobio/. 13: 79-89. 

Qu， X.， Wei， H.， Zhai， Y.， Que， H.， Chen， Q.， Tang， F.， Wu， Y.， Xing， G.， Zhu， Y.， Liu， S.， et al. 

2002. Identification， characterization， and functional study of the two novel human members of the 

semaphorin gene fami1y. J. Bio/. Chem. 277: 35574-35585. 

Sharpe， P.T. and Mason， 1. 1998. Immunohistochemistry on whole embryo. In Mo/ecu/ar 

emblyology: Methods ond protocols (ed. I. Mason)， pp. 663-666. Humana Press， Inc. 

Takahashi， T.， Fournier， A.， Nakamura， F.， Wang， L.H.， Murakami， Y.， Kalb， R.G.， Fujisawa， H.， 

and Strittmatter， S.M. 1999. P1exin-neuropi1in・1comp1exes form functiona1 semaphorin3A receptors. 

Ce1l99: 59-69. 

Winberg， M.L.， Noordermeer， J.N.， Tamagnone， L.， Comoglio， P.M.， Spriggs， M.K.， 

Tessier-Lavigne， M.， and Goodman， C.S. 1998. Plexin A is a neurona1 semaphorin receptor that controls 

axon guidance. Ce/l95: 903-916. 

Zhou， L.， White， F.A.， Lentz， S.I.， Wright， D.E.， Fisher， D.A.， and Snider， W.D. 1997. C10ning and 

expression of a nove1 murine semaphorin with strllctura1 simi1arity to insect semaphorinl. Mo/. Cell. 

Neuros叫 9:26-41. 

注:本研究は、 2004年3月29日『第68回日本循環器学会総会』にてロ演発表。
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