2001; 28 (5) S FES5EMEHERE

MERREREFZIKES
MOk EEW T

Y

Prog. Biochem. Biophys. 623 -

¥ FIEE% S M ME A AL

(h AR B L 25WESERT,  LifE 200031)

WE AT P R A IR R G A e T . e R N AN M B L TR, Bk P A e T
W RCARG IR, I BB, BT I 1 AL A I S A B IR TS R B R L. e
ATVEE SR a5 A e« IR A R S PR HDL A P B A A BN S A T e T B A A T R S 4

AL R A 1 Y AL SR s

FEEIR AN R, AT N R T2 R, S S, R AT AR, A A T R

FRHS%ES RT3

5B (angiogenesis) A& R LG o B
FERBEAE. PR 5 AR AT R R, e
CAEIE R PR, N AT RS - 5, IR
IRE5H (tube network) Rk, I 5k I J I 25—
AR FE. Hanahan 25 I T« 45 A gt IF
RV B, B A o A RS R A o R 32 A
AR Y DR R A A, U AR S A T A
A ) TEAE Y A7 P U D el <
PR bR I A AR O A IR IR 2
A/ B AT A el A R 45 SR RS I A R
IEVE W9 B Ao 4 B AR KT ((vascular
endothelial growth factor, VEGF) e R
Ry, el A N AR K R 2 48 (vascular
endothelial growth factor receptor, VEGFR) 5 H
Pl AR AR 5

1 VEGF K EZIRRIZRIEYZF T

VEGF FH5 o — BL it B nl A LA B 4% 11
s SRR I, 4 VEGF .« IR E KN 7
( placenta growth factor, PIGF) . VEGF-B . VEGF-
C. VEGF-D & VEGF-E. "eflal & H —F
FR4E (cysteine knot) B /NANAS [R] 16 2 B 12 [ 5
XK. VEGF AEAFFHEKN T, 775k h
34~ 46 ku, FCIEDNDY LKL 14 kb, 8 4
AN I T AN TR R,

VEGF 97 E90i 32 S0 P A S50 A 1 v
SRA )RR IR R sz AR T, e AT 20 & 180 ku
[l VEGFR-1 (fmslike tyrosine kinase, Fl-1) &
200 ku 1 VEGFR-2 ( kinase

insert domainr

containing receptor/ fetal liver kinase, KDR/FIlk-1).
Fli- 1 )32 235 T 1R i Bl N i 45 v Bz 4 o, 3L e
4% VEGF . PIGF . VEGF-B. ifij KDR =% & ik
TG A B WA LA PN R 40 I, A R N LA P B 4
ffa ) %Gk R B, e BLE B VEGF . VEGF-C .
VEGF-D J2 VEGF-E. VEGF (1255 =N 52 (& B 4 1
WA 180 ku 9 VEGFR-3, HBAREW) Z ik T
JR I A T W LA N B i e, {EAE R 2 R PR
KIETWHEE N EH M, &FEEM VEGF-C.
VEGF-D &Y, =ANZAR BB & 7 4
G L ERE RIS R, 5 B AS R R — A
T I 2 PR () M S S M, Sl SORIL T — AN
(1] VEGF 324k neuropilin- 1, ‘& A& — 4 JfL 2 [l 17 8%
HH, A VEGF165 Rtk 2, EANERIET
WA, i HA A T AR R A b, g
Jfatsr,

2 VEGFR N SH{ES#ESFEBK

WnICA ) 52 PR W 2 R By — #F, VEGFR fE3&
U WUNERIER e SN AN EE LT A T A
IR TR LT DAF RO ., R e b i AE
S ROLERALE, XEF S FEUE
HADEMA L.

Flt- 1 ({5 5 8 S ALE H AT AT 2. 18
HIZE R R BRI (gene knock out) HIER Fl-1 &K 11

= SlIIPE RN

Ut e R R L B S B B ) S EE B, I 430030
Tel: 021-64311833, Ermail: jding@ mail. shene. ac. en
ki HLE: 2000-09-05, f252 HIB: 2000- 11-01



+ 624 - EMFESE MR ER

AN AT I AR R, RS BN R, R A
Fik — i Z R A R W R AR Pl 1 PR )/ BLURE
BYAE R F LAY, X PR Fle 1 JER st — <
WHEZ4E”  (decoy receptor) Ifii I — M5 54 F 7
TUL EEGEAT RN, 7F VEGF RIBCF, Fl-1 %
BRA 5 EORAS e e dF 9 Rz 2 I g 3, Rl 0,
20 3 Z A B (A ( mitogen activated protein
kinase, MAPK) ZJ% () p38MAPK M iy i 2k UL
B A (actin) KR B0 AE N AT .
PIGF 5 Flt- 1 4545 Jo il L 0% p38MAPK 19 npy
S GO R Fl- 1 E VEGF {5 5% S i
{ERE A ik — D WE IR B,

£ VEGF I3 F, KDR M4 e iL. iR
{61 KDR 38 380 MAPK 88 5% ifi {2k 8 Bz 40 Ay
2 ROV L Y. 479250 50F B KDR I
AN G Al W% R O, R R K TR A
(epidermal growth factor receptor, EGFR) —Ff it
it Ras MAPK 5% i, ifi A&l ik 8 5 #A§ C
(protein kinase C, PKC) -MAPK 55 % {i¢ 3k 4 )% 41
s it Ry sSea B, PKC 3k i B
1 VEGF /31 MAPK B2 . 55 A= ple e B 98
RO HE—BESE T KDR i id PKG-MAPK
S5 A HE 9 B AN B K9 5 ). 45 X Ras 76 KDR-
MAPK i #% 1 (1)1 DB AR AR 20 B BUARAT 5L
W] KDR 812305 She/ Grb2/ sos/ Ras /7341 %2
SRUE SN0 EE P B Al I Y58 A5 () Ras Ja
HAREFLIE VEGF /-5 MAPK BEERIL . P4 ) 40
#4517 Doanes' "' & Bl KDR-MAPK i #% /& PKC
A I AE 5 22 Ras Raf [K94H B4 1.

W AT RS B T 5 22 actin 2 546, B
SR AT % ) B A BT E/EH]. KDR 7E VEGF #
POT GE W% 1 1 RS A5 BE AR ( focal adhesion kinase,
FAK) . BE 8 @A ( paxillin) & K & Bt &
(vinculin) fjfERE W 4T, 5 KDR ik
AN 34 AN [, KDR 45 A B2 40 i 3 4% 2 4k

MAPK iy, i =2 2 i) PKC # 8 1L FAK .

PEE A R R AL

KDR # 2 16 Jo it 68 3G PI3 $ s ( P13
kinase) , J& & HE— LIS HUR TA5 5 2 7 8 0
B (protein kinase, B). M AE N 4i i 5% 54
A5, BLibw g et e Sl
57 BELAEBrL I B AS AL A Tube HIRfE. 5%
EA SR VEGF {8k 4 8 & v 3 n,  BH ik
W OB A U T @ B Sre WORE M W vE Y

Prog. Biochem. Biophys. 2001; 28 (5)

Schlessinger A4 Sre 4 PI3-K/PKB LiF)—15 %
7+ ¥, VEGF WAt KDR J5, # Sre, MK
Wil PI3-K . PKB BELiE Ay R 4 g vt

FIAF KDR 175, 47X VEGFR-3 . neurophilin
1[5 ¥ il H e mz H /b, £ VEGF-C 1)
RIFE VEGFR-3 GEfE MR 1L She, €k B2 40 i 14
FBGER), 3] VEGFR-3 #i% T 45 KDR HifLl
A5 5 5% T B K. S50 R I neuropiline 1 fi§ {2 1F
VEGF165 45 KDR [f3E 8 & VEGF165 4 T 11 A 1
ML, BVF neuropilir 1 55 KDR & —JL[H 152
1k, EREEE KDR # S HAE S,

3 VEGF X VEGFR 5 By i & 4 BX

PPRiERI R A, ABUNT 2~ 3 mm B, H 5
AR T B A, DR OR 4R 25 B R S AT A
7T iR 4L 28 5% 11 ofn 3 5 383 1 7 K BIA s 41
ZUN. MHABUE I 3 mm B OREED A T G 40K
A, BN SER AT R R 40 VEGF [RIX,
VEGF Flk 4 v F — 0 $& & Fl-1. KDR 1) &
kO R i 3 VEGF-VEGFR 15 5 % 538
PRA S AT AR, 18R 242 Rl LU ET
JIECKIVEZ R AU VEGEF K VEGFR [
ST IER A2, H 5 s 241 280 % % i E A"
F XY VEGF-VEGFR {5 5 # 5 3@ i 5 i
A AR . MR AE KA HEEVINXR. 510
SRS AESE T X — s $5 5P VEGF R b ik g
0 /1N BB A0 (1 B IO A R R 1 A K, X
T A G Jie 0 40 0 5 A B AR /E Y. Millaer
SOV HE— B E W T KDR AE R il 4 A B i 1
H, AbATTE 28221 KDR JE RS N A 98 /0N B 1) ol 4
WA, RBLREA ) KDR & A5 W TE KDR
MR 4k, MIMPEIWT 7 KDR 115 58 S, 40
Jib e 0L A e B PR AR . T Fl-1 . VEGFR-3
J neuropilin- 1 15 5 ¥ 3 18 A5 J)P 8 1945 i A7
FF 9. Millaver 75 55 50 o % B HUAR 5€ 4% ¥ KDR
FE R GEFNHAF 22 248 284 o 1) o 7 A4 )l S i 988 A K
{EZ Y IZ g bt 575 — S ffoge £ 16 78 A 1 B e A=
KEBAEER, XSy b alVr = 2k s A —
BERCAA | SRR S 55 BR S T 0L AR .

4 VEGFR 554 i@ 5 M & 4 i
il 71 B9 FF &

TF R A5 A e 300 o1 750 LA 36 97 e 983 A2 24w B i
FRWE G AR ) — K . i BTk, M VEGF



2001; 28 (5) S FES5EMEHERE

HRANHTAR L KDR JEAR BA AR fie BEL 1k b 8 il 57 7 1l

B A, A # 3 uEsE N ] KDR {5 5% 3
H R S > PKC 945, 2 VEGFR /%

AR ANEIF PN VEGFR M5 S8 S5, wI5%
ST S TR | R = = AR £ D S
VEGFR 155 ¥ 330 8% by $E 55O 2 Ji g i 65 7 pl 4
) B A B AL SR s

Hl, BZ5aw 4 XS VEGFR 15 58 Tl %
TR AN 2D 15 A R /. Genentech 23 & 1) A
R VEGF 50 BEPUR, 1E 4 — B i 1l 45 A ik

A2 e 107 1) R R 5Y . Imclone
Systems TR T — k&MYl KDR Pifk, &fr i

5 KDR 4 i 4b X 58 HH 3%, 68 P 1k VEGEF #iG
KDR . MAPK % 21k, %25 & 8E A PR A 9 38
W12 R T ST RSN, R NG TR R T

m*ﬂm:uffu, JELL VEGFR A # £ T A i 45 A4 B4 ifil
FUM Y —Fh H i, SUS416 . ZD4190 . PTK787 4

AP S vE KDR 50, B S 117 Y I
Rk 8, EHmAE SN WKL
PD0174073 . SU 6668 P HERF 5 KDR 4 il 71
CUE ARG AR BRSG. e Ah, LA Fl- 1 Dk 88 55 I
R AN RPI4610 t CHEA T I AR a6
PLE 25 A0 LA A il d ol 710 48 /2 LA VEGF 8% VEGFR
NHE AP 1 VEGFR A5 5 e 3 400 i ol 5 A il
1. LA VEGFR Bif(5 58 300 7 AL s JF A I A
A A BRI AN R — R AR . T AU
Pk PKC #0771 8 5 4 400 10300 o B i 4% 28 el poad
924 Tranilast 40 VEGF % S (1 M4 4= ok, 3t
HUH 3224 Tranilast 3] T VEGFR {5 5 5 Sl 4%
) RS 5 0 PKC, 1'eX VEGF 5 VEGFR
44 & VEGFR . PLC 35 13847 AT A7 44 ).
ST FROE BT 4R 3N A Y9I PR R 58 1 P R R
(endostatin) ¥4 HI BLEI AT GE AL 406 MAPK (3%
SRS ST AR W] 2 VEGFR FF 015 5
34y PKC . MAPK %545 0] fig e 4 JF 2 1L
A RS I 7R P TR A

AR I 5 A R A0 0 00 . L AT KR A a
LA 5 N R E T T 20 2 I PN R 4 i,
A6 M b L0 5 A U 2E R i A . 5’?’*
FH AT R IEIEEAG L FI-1 . VEGF &2 KDR g $8 4
MR T 2 L B i s B 40, (HAE KDR L7
3K A R o AR O A I A A A o 5 1
s, LA KDR BGIE R 5 5 500 1 O B0 RUJT R
A AR Y A CLG B O B . 1AL,

Prog. Biochem. Biophys.

+ 625 -

KDR AT Fl-1, & R RIEA T3 A4 0 1 4 N
B AN, G VR i S0 S b 98 4 2R I A PN B A
. BHIE KDR # ) fgnl [ B0l VEGF, VEGF-
C. VEGF-D } VEGF-E A #EH. 0K,
BAP TG /A 1) VEGF T 3547 T i) iR 41 41+,
SR eI, T HAE R R IEE R H ) VEGF
Beuek 7 AN e AR 36 i Hp,  — ELRLAA T 2] Bl B RE T
K, KL B A AW ER VEGF KFIR AR e,
2y LA I 3L T .

Jip BT 1) 1L 55 A A5 T VEGFR {5 5 # 53l
P, BL1E VEGFR [R45 545 5 G40 b 8 1 1 55 2
W MR K. Rk, BF9E VEGFR fn-a-éri?%@

., B VEGF % S 45 4 gL, fig o 34
TR el e ifi 7 A A R 7R 4 A — AN BRI A
5 % X Wk

1 Hanahan D, Folkman J. Patterns and emerging mechanisms of the
angiogenic switch during tumorigenesis. Cell, 1996, 86 (3): 353
~ 364

2 Neufeld G, Cohen T, Gengrinovitch S, et al. Vascular endothelial
growth factor (VEGF) and its receptors. FASEB ], 1999, (1): 9
~ 22

3 Petrova T V, Makinen T,
endothelial growth factor receptors. Exp Cell Res, 1999, 253
(1y: 117= 130

4 Veikkola T, Karkkainen M, Claessorr Welsh L, et al. Regulation
of angiogenesis via vascular endothelial growth factor receptors.
Cancer Res, 2000, 60 (2): 203~ 212

5 Soker 5, Takashima 5, Miao H Q. et al.

expressed by endothelial and tumor cells as an isoform-specific

Alitalo K. Signaling via vascular

Neuropilin- 1 is

receptor for vascular endothelial growth factor. Cell, 1998, 92
(6): 735~ 745

6 Kanno S, Oda N, Abe M, e al. Roles of two VEGF receplors,
Fl-1 and KDR, in the Higna] transduction of VEGF effects in
human vascular endothelial cells. Oncogene, 2000, 19 ( 17):
2138~ 2146

7 Takahashi T, Ueno H, Shibuya M. VEGF activates protein kinase
C-dependent, but Ras independent Raf- M EK- M AP kinase pathway
for DNA synthesis in primary endothelial cells. Oncogene, 1999,
18 (13): 2221~ 2230

8§ WulL W, Mayo L D, Dunbar J D, et al. Utilization of distinet
signaling pathways by receptors for vascular endothelial cell growth
factor and other mitogens in the induction of endothelial cell
proliferation. ] Biol Chem, 2000, 275 (7): 5096~ 5103

9  Yosh iji H, Kurivama S, Ways DK, o al. Protein kinase C lies on
the signaling pathway for vascular endothelial growth factor
mediated tumor development and angiogenesis. Cancer Res, 1999,
59 (17): 4413~ 4418

10 Kroll J. Waltenberger J. The vascular endothelial growth factor
receplor KDR activates multiple signal transduction pathways in
porcine aortic endothelial cells. J Biol Chem, 1997, 272 (51):
32521~ 32527

11 Doanes A M. Heglaud DD, Sethi R, et al. VEGF stimulates
MAPK through a pathway that is unique for receptor tyrosine
kinases. Biochem Biophys Res Commun, 1999, 255 (2): 545~



* 626

548

EMFESE MR ER

Prog. Biochem. Biophys. 2001: 28 (35)

colon cancer. Cancer Res, 1995, 55 (18): 3964~ 3968

12 Gerber H P, MeMurtrey A, Kowalski J. et al. Vascular 18 Kim K J, Li B, Winer J, et al. Inhibition of vascular endothelial

endothelial growth factor regulates endothelial cell survival through growth factorinduced angiogenesis suppresses tumour growth in

the  phosphatidylinositol ~ 3-kinase/ Akt signal  transduction vivo. Nature, 1993, 362 (6423): 841~ 844

pathway. Requirement for Flk- 1/ KDR activation. ] Biol Chem, 19 Millaver B, Longhi M P, Plate K H., et al. Dominant-negative

1998, 273 (46): 30336~ 30343 inhibition of Flk-1 suppresses the growth of many tumor types in
13 Eliceiri B P, Paul R, Schwartzberg P L. et al. Selective vivo. Cancer Res, 1996, 56 (7): 1615~ 1620

requirement for Sre kinases during VEGF- induced angiogenesis and 20 Ozaki H, Seo M S, Ozaki K, et al. Blockade of vascular

vascular permeability. Mol Cell, 1999, 4 (6): 915~ 924 endothelial cell growth factor receptor signaling is sufficient to
14 S('}]I(‘?‘.‘i:‘iillgel'_l- New roles for Sre kinases in control of cell survival (‘nmpl(-'.l HI_\" prevent retinal neovascularization. Am ] Pathol, 2000,

and angiogenesis. Cell, 2000, 100 (3): 293~ 296 156 (2): 697~ 707
15 Cao Y, Linden P, Farnebo I, et al. Vascular endothelial growth 21 Klohs W D, Hamby ] M. Antiangiogenic agents. Curr Opin

factor C induces angiogenesis in vivo. Proc Natl Acad Sei USA, Biotechnol, 1999, 10 (6): 544~ 549

1998, 95 (24): 14389 22 Zhu Z, Witte L. Inhibition of tumor growth and metastasis by
16 Kremer C, Breier G, Risau W, et al. Upregulation of flk1/ targeting tumorassociated angiogenesis with antagonists to the

vascular endothelial growth factor receptor 2 by its ligand in a receplors of vascular endothelial growth factor. Invest New Drugs,

cerebral slice culture system. Cancer Res, 1997, 57 (17): 3852 1999, 17 (3): 195~ 212

~ 3859 23 Koyama S, Takagi H, Otani A, et al. Tranilast inhibits protein
17 Takahashi Y, Kitadai Y, Bucana C D, et al. Expression of kinase C-dependent signalling pathway linked to angiogenic

vascular endothelial growth factor and its receptor, KDR, activities and gene expression of retinal microcapillary endothelial

correlates with vascularity, metastasis, and proliferation of human cells. Br ] Pharmacol, 1999, 127 (2): 537~ 545

Tumor Angiogenesis and Signal Transduction via
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Abstract Vascular endothelial growth factor (VEGF) plays a central role in tumor angiogenesis. It stimulates

endothelial cell proliferation and vessel hyperpermeability, promotes cell migration, and inhibits apoptosis. All
these actions of VEGF are mediated by receptor tyrosine kinase, vascular endothelial growth factor receptor
(VEGFR). Selective targeting VEGFR signal transduction pathway may be proved to be useful in developing

tumor angiogensis inhibitors.
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