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Fig.1 Differentiation of vascular endothelial cells from ES cells'*"!
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A TR A A CA R LA T S St R A, 7
Flt-17 /NRAPHER KR 40, $E5L T I 1
EREMEY, BAFEMBET. MU NRP 5
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18, N8 HERTh Rk, DR
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Smad8), 4 Smad4 ¥R Z RAKENAZ R T LA
sk, MEAMERISMET, BMP-4 i@ id 54k Smadl/
Smad5 #1215 F FLK-1 K1k . bmp FERIBRFE R/
W T ARTE T M ZSE TR 7.5~9.5 K, 1 &
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BMP Z A KL S BA RN B B T A RETE R G IE,  BR
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T3 I AN LA ) T 17 T 0 S 7t 7 2 R e B 2122,
EWN ZAIHE, BMP @I #GE 1d BRI Ex, it
P9 A RS AL TR RS, 3SR R B BMP REdS Sk
{it it Notch F il A HERP 14 5%, T/ BMP 5 Notch
ZAEI A R 8 (I HERP B33 TRER R4,
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Tl SR R R AR e, RIFRUAZIE TI1ER . Scl
Wit E &, WE2A, #&3E &(CANNTG), 1E
Tyt iERE HoAh A A LIM UK 7, W Lemo2.
Ldbl EILFAMBE A, ENMREMHRLSE
GATA-15{GATA-2 ] GATA RIS o & R L 5%
AT AE o,

HAh#e 7 H 7, W GATA FKJ%. Lemo2. Runxl
SN R R EEER, ENIMET
IR IR Bt R 2 T T

3 ARMAEEYEFL

IR TR T A B R R4 9 B 48 il 2 7 4%
&, B S BRI EE 2K ephrin receptor B4(Eph-B4)
Je HHCAK ephrin-B2 43 71 A §# BKFN B Ik A B2 40 i i) 73
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Table 1 Molecular marker of arterial and venous endothelial
cells2

Arterial endothelium

Venous endothelium

Mouse ephrin-B2, neuropilin-1, connexin Eph-B4
-40, Bmx, Notchl, Notch3, Notch4,
Delta-like4, Jaggedl, Jagged2
Chick ephrin-B2, neuropilin-1 neuropilin-2, tie-2
Zebrafish Notch5, gridlock, ephrin-B2a Fit4, Eph-B4
Shh
VEGF Coup-TFll
Flk-1, NP-1 NP-1

Notch

Eph-B4

Ephrin-B2

Artery Vein

Fig. 2 Molecular control of arterial-venous endothelial cells®"

B J% % (Sonic hedgehog, Shh)EE#AIHTT . 7EiXA%
TFRIR b, AR 4 ML TE R B R OK B ik R 4
Shh, FFAER THHAT 40 Muff H 73 Wk VEGF, & W
R ¥%5% VEGF 15 5 7146 il Notch fEik . N 241
fd43F#5 & Eph-B4/ ephrin-B2 /& 4k T Notch {5 51
BH R F. EB S, Notch ME—FKik T3
Wk Bz, RICFESIK A B, I Notch 15 510 B% i
5 U ephrin-B2 [IFR1A, fRFF T HBhhkRetE. F
i, Notch 7E 30k P9 5z 40 i = et 4 il & ik 9 52 4
Jus S [K] Fle-4 K0 Rtk S(Ephb4 76 B Ty £ rp (1) [ YR 2L
[R) B 2R K th /2 A 20 A 0330, &% bk P9 57 40 B 38 it
COUP-TFII ¥ 3% F1EH T Notch /5 S8 B b
W, TiLHNH Notch 1Ml T ephrin-B2 ik, %
TMABXTE5% T Eph-B4 [F3R3k, MR FRS K N B2 Hf
A@[M]O IJI_L@] 210341

4 AESZRa5S /iR ES 4HRa7E N E S5
hEER

ABEBE T 41 it (human embryonic stem cells, hES
A )T 1998 FFFAA TN EEBEES, EB SRIRMI A K 40
iUl AN NS S P Wil 1B X s R AR i)
£33 . hES g5 /N ES 40875 P9 52 41 i 44 1)
BARERIEAAAL, HEFAE—ENER. 5/AKES
HHUAHEL, hES giMum) o s, JLF /D
ES 4 ffd 3 (LB B PR %, [FIEY, VEGFR2 BIRIA
B EANE, ALK hES 40 fifE W3] VEGFR2 #)
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®is, &4 RNES S, VEGFR2 A, T
8 KJG AR B P, Gerecht-Nir PR E 4
JE I hES 41 H 2 1% EB A I8 1k R AR ) 36 ] 77 2
LT 4 S A R B AECH LIRS R, BRI
4 K X7 VEGFA. VEGFC. FIGF (VEGFD).
ANG1. ANG2. TGFB3. PDGFB. Ak {40
Flt-1. Flt-4. PDGFRB. TGFBR2. TGFBR3; #
M " TAL1. GATA2. GATA3 LK HAh 5> T F5
&l CD34. VCAMI1. PECAMI1. VE-CAD, iX
YORf 5T Bk B g AT AR DG I e B A AT AR R
RITHEICF] B LA .

ES 40 Mo A5 m) M P 2 40 B AL id #2452 VEGF.
Notch. BMP 52 M55 7™y, X558
BEALST, NAHHEECER, L [H 58P B 40 B 75 A0 )
5o [N, AR B AT P A 1A 40 A AN ] B 40 1
b, AT AT 0 S A i v 5 40 51k
Mt e, P R4l & o fh ik R a1 OB & 7tk 41
i, AES X T H A fE 3RS AR Al
AR 16T P9 52 20 SRR 0 AT R e o B R X A 3k
R (A B TR 7 bR R 5 A AR R R R L
VA TCHE T A Bh 4k (0 5 e B H 3R IA UL P R R ok
PR RIEATIIE S, WA Flk-1 J3 30+ / §958
F(p/e)" LA K VE-cadherin Jii ) / 5% T (p/e) 041
&, ik ES g W e, Sk
T8 H SRR 0k TR S A B B . ES 48
i SR U5 1 100 A 4 1) A R 8 X 3E TR iR Y A LI TR
R, X RS T M AR ULKRE
EEIFTY, SR T BAEESERTREIIET .
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Molecular Mechanisms Regulating the Differentiation of
Embryonic Stem Cells into Endothelial Cells

Zhen Zhong, Hou-Yan Song*
(The Key Laboratory of Molecular Medicine, Ministry of Education of China, Fudan University, Shanghai 200032, China )

Abstract Embryonic stem cells (ES cells) are pluripotent cells capable of differentiating into almost all the

cell types under different inductive conditions. Multiple signaling pathways participate in regulating the differentia-

tion process. We reviewed the inductive conditions and molecular mechanisms regulating the differentiation of ES

cells into endothelial cells and elucidated the molecular markers in different developmental stages of endothelial

progenitors based on the current research results. Furthermore, the application perspective of ES cells in regenera-

tive medicine is discussed.
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