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Abstract : Vascular endothelial growth factors (VEGF) belongs to the platelet-derived growth fac-
tor supergene family,and plays important roles in the regulation of angiogenesis and lymphangio-
genesis. Because tumor growth extremely dependents on vessel oxygen supply,the role of VEGF
is particularly important,and it is undoubtedly an important sally port of the tumor’s treatment to
suppress the VEGF-VEGFR system of the tumor growth. In this paper,the research advance on
the structure and function of VEGF-VEGFR system and their roles in the treatment of tumor are
reviewed.

Subject words : vascular endothelial growth factor;angiogenesis; neoplasms ; treatment

ML N A K (vascular endothelial growth
factor, VEGF) J& T IfiL /MBI A e PR 5k TR 5% Al
B, AR R T O AN LA G A R R A
VEGF-A J2 I 48 A5 iU OG5 1, 3 2 70 A i 2
i A (TK) 21Kk VEGFR-1 (Flt-1) Al VEGFR-2
(KDR/FIk-1) 454, DT 5 N B2 40 B 8 58 10 %% | i
BB EMER W IIRE . VEGFR-2 B 5k Hb fie
TK 3 , o i SF 157 1 48 28 55 1774 . VEGF-
VEGFR %S¢ 75 Mg i 48 e b e 32 2246 0 ad 3k 4 )
VEGF-VEGFR £ 4t 1) 25 ¥ 75 Il R 45038036 97 i 9 A

BIREE L TR EF, ¥ HBTHEMKARER N —H,
HHE I B A& X P B & A F # 25 5 (836500) ;E-mail ;
610577710@qq.com

Y75 HH:2014-05-22; & [E B #5:2014-07-18

M FERE 2015 5% 21 5% 7 H

HOAARR T Z A, X2 7E S K 3 Y
AAEIA N 7 TR AR 0, SR TR S L E 1 T
BT, TIREEH TS KBIGIT R Sk
AT b 3 X8 oL 45 P R AR A R A B L A SOk
VEGF-VEGFR ) 25t f1 T fig , J AE H T VEGF-
VEGFR 155 Wit i 25 ) 1) w52 2 Je I H Rl A 76 1)
[ A — 253

1 VEGF W45+ Fn 1) g

VEGF J2& & J& 4% 57 1 [/ 5 — AR, N-K
STAFAE 6 A P E LR 2 W i B K M, A B iy
I TN 24kD B BAAE DL R L R R AR T

611



Journal of Chinese Oncology,2015,Vol.21,No.7

Fah P A 4ihS 5 4~ VEGF FIE 51 . VEGF-A
( B3 & Br 48 19 VEGF), Jif # 4 K W+ (PLGF),
VEGF-B,VEGF-C Il VEGF-D, 2/ VEGF-A 78 5.1
J 6 0 105 TR B P R OB AR . VEGE-A 445+ 5
DR it Bk /N RN 2% A5 /I BRU(VE G F-A+/=) BEA 1l B 28 i 4
I BN I 15 R R PE T, I H VEGF 78R iR 19 &)
TS 85 0 20 52 30 e ) A T AT BB G I A AR
i A AR B 4 7R A VEGF-A By JLAS WA, Hoh
VEGF-A165 W)W M e, ol i 5 32 1K neu-
ropilin-1(Nrp )45 & & 48 4E JH o Pritchard 5524218 T
VEGF-A 9 55 A — A~ 3 £ 1 35 # 20 VEGFxxxb , H
EAHR 2 R SRR JIAE, @ VEGF-A 384 fi i)
il 48 19 A= i, VEGF-C #1 VEGF-D 3 3 Jin T &b B
JE AR5 VEGFR-3 1 fmi B2 2% R T I 68 J bk 12 48
A . VEGF-C ZEIRIG Y BB A SE © 20T in 3k
X} F VEGF-C 25 (/N U (VEGF-C —/-) 7 IR i i)
09 ER T O A 104 A B 1T i S 2 ] 1) R i
HARAET: B, PLGF FIl VEGF-B H £S5 VEGFR-1
S5 A IR . PLGE R L8 PN B 40 it 7= A= A A
T I T I A BTN 2 7 A ) S S
Aase 2508 1 #F 5 & B VEGF-B 76 5138 & & 1 76
R Bk ZR Ge b A5G AR,

2 VEGFRFEMEBEHRHNEER

VEGFR 2 HA7 = B 5 S 0 5 2 1 250 4
MM T A REEREAREMIHEEX , N
T A A R B B 2 R AR O S X
VEGFR 78 25 ¥4 1= 5 i /N A 8 M 2 K W7 32 14k
(PDGFR) Z 54 5%, ii PDGFR K% A B 7 TK 454
WA — KBS AT S, X VEGFR 76 41 il 4
(15 538 # A . PDGFR/Fms/Kit 2% % 18 4 A1
P75 A — D a2 A tyr (Y)x-x-met (M) JE 7,
H S K ETEX IR AR L, %75 585
Wt TLRE-3 T (1 p85 W HLfy b (1) SH2 Z5 M3l 45 75
At 35 M BTG P13K-Akt 3 [ Al Ras 38 H MA 1fif 3 3%
2 L BB RN A AL {H 2 VEGFR 038 A 51 %
A Y-x-x-M £ At VEGF 3 # A2l PI3K i@
PRI R

HifE &k 7 VEGFR-2 E /A EE /) [
B WAL A7 5, He P 1175-PY 7 /5 78 VEGF-A %

612

() 9 R 20 Jf 8 5 rh & 6 R R B . VEGFR-2
1175-2< 56 75 S W2 (F) 9 28 748 52 38 i 40 i o8 1 5 e
1175-PY ¢ M PEGOAR, Bets ] 2 s & VEGF
M 20 B (R 38 B IR A, 1175-PY RE %3 i 46 2 Ak
% PLC-y M M 3 7% PKC-Ca*-c-Raf-MEK-MAPK &
7, VEGFR-2 I 1173-F B LR 1) 28 75 14 BE- 5 3K
/N RAEIR TG E8.5-9.0 1 i Tk 2 il 45 A= s AE T,
X — s Ml VEGFR-2 (flk-1)—/— /1N B AH AL, 53 33 B
VEGFR-2 F# 14 1175-PY-PLCy #4818 IR G 101 1
M55 A i R R D, Sase 25 A 7E (41
W& i T 40 —N Bz 4 i 4y 1k &R S8 b, VEGFR-2
1175-PY-PLCry & 42 75 #H 40 M 1) 1 457 P9 K2 240 B 1 53
flad F rp R A, H Xiong 2510 &% Bl VEGFR-2
1175-PY-PLCy-Ca> & 72 Fl 2 (1 P B -A 38 72 46 N B2
20 6 0 AL A i A R ) o R v R R R
(), AT DA fioh 2 1 4 A9 R RE SR

SR, VEGFR-1 5 VEGF %35 fn f1 4%, Hoog
& VEGFR-2 s — 14w, M VEGFR-1 ¥
A PR , K2 & VEGFR-2 B9 +43 2 —, VEGFR-1
SE PR A B A A B ST, RN Y Y B2 AR sFe-1,
XK VEGFR-1 78 KL Fl 4% 44 AT LA il ai % 11
PR F 52 | VEGFR-2(f1k-1) % PR g B /N B (flk-1-/-
/NER) B T2 004 PR A R D) 7E E8.5-9.0 BiIst T, M
VEGFR-1(flt-1) 3K B/ B (-1 =/=) JL-F7E[R] —
i3] (E8.5-9.0) F T PN Bz 40 it A9 3 8 A= K R e iR i
0 S U A R AR T Y X U B 7 SR R
o PR VEGFR 76 1045 P AR o F rh ol R R PR
VEGFR-2 fi£ #F I % F-4: , 1 VEGFR-1 3 58 % 17
VEGFR-2 {5 5 1% .

T X 43 VEGFR-1 & & )= A — A i[5 5 ok
0 45 B A i S VEGFR-1 A AR 2 & A7 o5 18 1o
7k VEGF k&AL VEGF MiGE, B¥HIEE
T flt-1 TK-deficient(TK—/-)/NEL, 3 & B fli-1 TK—/-
AN R I B AR RE L IR, JF HaX s/ R AR
AR, X U] VEGFR-1 78 5. 11 IR A 3 o 4 3k
VEGF i i ifn 48 1542 JF H Bg 8 F# 1% VEGFR-2 1
A LS AR A5 5 A i, il X fle-1 TK—/—/NELY
5%, K B VEGFR-1 1E & (1 2B K 36 B8 F/ N BT
P SC T 2 P B LA S AN A op/
op IRfET S flt-1 TK—/—/NR, HapsE a2 2
i, X K VEGFR-1 fE—E 2% L2 5 H R

B2 & 2015 4 55 21 %% 7



TR, A il £ W VEGFR 55 78 8 filiz
g A2l —EMIEMH, WM VEGF-VEGFR %
2] BE S R TETR T PR 28 22 GE 1 A0 UL ZE 40 ) 2
b — AR E A WG| ) B TS

3 %) VEGF-VEGFR Z&&G1EEiE ST
HEEEX

TE 1970 4, Flokman 25 42 4 1 6l 8 1 45 19 4=
BLAETR YT R AE TR AR 51 ) AR A B B ATk,
VEGF-VEGFR % 4t — FL 8 1A o 2 ¥4 ) i o il 45 A=
B RPN FR SR s A0 B b AR R R
T B, SR O e MRS VEGE JE
AT N 75 50— A A 357 . 78 VEGFR
W, KRB VEGFR-2 78 Bl 400 B 4 2 4 B
Kim 25195 Bl —Fp i N VEGF BiAA nl LUA 30 30 41
FE A 2 G e BB /N BRUA N g i AR G, R HLaX AL
A L RE 8% 300 ) N b6 40 B AE i VEGF TR RE S 4
il Ao Jg ] Bl /0S BR4 B = A ) VEGF, PRI i 98 1) 2
K22 B0 WA II R, 332 45 S350 I AR 40 i Sk TR A
VEGF 7 8 i 48 1 1A h iR 2R

# HET A IR, VEGF sk (ln LA sdt) M
NG TR PRI ) (an g e R e R iR ) B4
BT &R TG IR, SR 5 3 T — Lo w4
FGnE i PR R AR AR B E
St E R T SR b 1R YT, ARG B i
e FLMRIE R R PR AR L R B R 2 e T
IR B AN B R S A fR) SR 7R 95 [ FDA
€T 2008 AFEHEE DA BT TR T 2L |, SR 2]
2011 A A TE KRB I = I PR AIF 5% v & 90 HL 75 42
R BB AR . TR A ST
2 b R i T R A A, AR R R AR S [
1 2 24t DL AR BB H TR 7 FLARIE

XA T VEGF-VEGFR 15 5 & 4 B9 H 1ML
Az W25 4 AT g S 8 DL LA 38 A% 3 ) ek g G A=
KO H b i A A Q2 MR 2 RN A7
4 P9 B2 2 M A R T 5 DREARAR IE 5 1 1l 35 15 35 P
96 P %) 0, DT 348 3 A7 285 4900 04 1 5 (O 1 i
L7 A= B ) 98 i S

HE¥HL VEGF-VEGFR 254, 6l 41 VEGF-Trap
(—Fh VEGFR1-VEGFR2 it & % 1), VEGFR ' fl

M FERE 2015 5% 21 5% 7 H

YOIk, TRy rEEn VEGFR REZ K& E & &
WK BUAE IE N T PR SR,

4  SHETHE & TR R TR E 7 E R
iR R B[] 3

AT EVE, R0 ETA P AR AR IR T e
77 1 K ARE i AE T VEGF-VEGFR &4t R 7R
I MM TR D T, E R A A A SR T i R A
FEHIT A Gt 8 S AR SR AR A R R, 1 )
PRAE, XoF [ s 0 75 s 0 AT 2 AL W) Wb R VAR T I
N o A 78 FLRR I — A R =150 vh e
BRI b AR AR

oy — N ) B Y SR E 2 R B R A N
AR SE I T VEGF-VEGFR 25254 e 46 45 B
Izt () = 3001t PR AT 5% v & B0 DL AR SR 70 B B 7 1 AL )7
259 LA T DL AR AT 7E 48 A A7 R 5 TR (H AR
SEW, X UL & RS g 2 kU, VEGEF-
VEGFR &R Gi &4k 5 k FEVE I

7 L R i N ORI = A F 5% vh & ST I 45 AR
i BE = LR g R o R AR A (A AR AR
TG 25 S X B A BT VEGF-VEGFR & 48ih
I7 )5 3, PR 20 T REARAS T R R A IR M S B
S 0 A= KN TR 200 A PR T R R i
DL JUAS 7 AL - QO b 98 i 5 A AR #6 B) VEGF-
VEFGR RSt /b , {H 2 HALAE 5 R4 41 FGF-FGFRs
I HGF-c-Met 45 ] L4k 252 5] 38 Fib Jga 1l 457 7= A 202
(gl 2 K JIT AR 1) I Uk />, 5 Ay 4 e A A5
TR 2 Db 8 A0 B 7 I A A T Y
TR AR X ARG R SR A A2 ) 20, X
B f7 N AT REAE R 22 B0 R T AA A AL FLAR IR | X
() 30 P e 2, Tl T R e R P 355 e s 0 A SN (1)
O3 F FEAH R S 1 e B

5 B E

145 VEGF-VEGFR R 4t 78 N 19 Il 45 A 1w 5
R G RENE AL BT AR A (I B, DT 7R e i) &
Hh Ay R AN B A T R R B, DR o e
PR A I T I L 8 R 7 IR Y — I ) el e
R IAE R RS T AR B, (R a0

613



Journal of Chinese Oncology,2015,Vol.21,No.7

SR DRI, A8 A B 155 2R G RIBE I A A= il )
P HLHITI IR T EHEIRA) Z AR TS, X W ve s
AE AR 7 IR PP B — N E R T

S

(1]

2]

(9]

[10]

[11]

[12]

Carmellet P,Ferreira V,Breier G,et al. Abnormal blood
vessel development and lethality in embryos lacking a
single VEGF allele[]J]. Nature,1996,380(6573):435-439.
Pritchard-Jones RO,Dunn DB,Qiu Y et al. Expression of
VEGF (xxx)b,the inhibitory isoforms of VEGF,in malig-
nant melanomalJ]. Br J Cancer,2007,97(2):223-230.
Karkkainen MJ,Haiko P,Sainio K,et al. Vascular en-
dothelial growth factor C is required for sprouting of the
first lymphatic vessels from embryonic veins [J]. Nat Im-
munol,2004,5(1): 74-80.

Luttun A, Tjwa M,Moons L,et al. Revascularization of is-
chemic tissues by PIGF treatment,and inhibition of tumor
angiogenesis , arthritis and atherosclerosis by anti-Flt1 [J].
Nat Med,2002,8(8):831-840.

Aase K,von Euler G,Li X,et al. Vascular endothelial
growth factor-B-deficient mice display an atrial conduction
defect[]J]. Circulation, 2001, 104(3):358-364.

Heldin CH,Westermark B. Mechanism of action and in
vivo role of platelet-derived growth factor[J]. Physiol Rev,
1999,79(4):1283-1316.

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

Sakurai Y, Ohgimoto K, Kataoka Y ,et al. Essential role of
Flk-1
sine residue-1173 in vasculogenesis in mice [J|. Proc Natl
Acad Sci U S A,2005,102(4):1076-1081.

Sase H,Watabe T,Kawasaki K,et al. VEGFR2-PLCgam-
mal axis is essential for endothelial specification of VEG-
FR2+ vascular progenitor cells [J]. J Cell Sci,2009,122
(pt18):3303-3311.

Xiong Y,Huo Y,Chen C,et al. Vascular endothelial
growth factor (VEGF) receptor-2 tyrosine 1175 signaling

(vascular endothelial growth factor receptor-2) tyro-

controls VEGF induced von Willebrand factor release
from endothelial cells via phospholipase C-gamma 1- and
protein kinase A-dependent pathways [J]. J Biol Chem,
2009,284(35):23217-23224.

Fong GH,Rossant J, Gertsentein M, et al. Role of the Flt-1
receptor tyrosine kinase in regulating the assembly of vas-
cular endothelium[J]. Nature, 1995,376(6535):66-70.
Kaplan RN, Riba RD,Zacharoulis S,et al. VEGFR1-posi-
tive haematopoietic bone marrow progenitors initiate the
pre-metastatic niche[J].Nature ,2005,438(7069): 820-827.
Murakami M,Iwai S,Hiratsuka S, et al. Signaling of vas-
cular endothelial growth factor receptor-1 tyrosine kinase

promotes rheumatoid arthritis through activation of mono-

614

[14]

[15]

[16]

[17]

(18]

[20]

[21]

[22]

(23]

[24]

[25]

cytes/macrophages[J]. Blood,2006,108(6): 1849-1856.
Muramatsu M, Yamamoto S,Osawa T,et al. VEGF-1 sig-
naling promotes mobilization of macrophage-lineage cells
from bone marrow and stimulateolid tumor growth [J].
Cancer Res,2010,70:8211-8221.

Kerber M, Reiss Y, Wickersheim A et al. Flt-1 signaling
in macrophages promotes glioma growth in vivo[J]. Cancer
Res, 2008 ,68(18):7342-7351.

Niida S,Kondo T,Hiratsuka S,et al. Vascular endothelial
growth factor receptor-1 signaling is essential for osteo-
clast development and bone-marrow formation in CSF-1-
deficient mice [J]. Proc Natl Acad Sei U S A,2005,102
(39):14016-14021.

Storkebaum E,Lambrechts D,Dewerchin M,et al. Treat-
ment of motoneuron degeneration by intracerebroventricu-
lar delivery of VEGF in a rat model of ALS [J].Nat Neu-
rosci, 2005, 8(1):85-92.

Dhondt J,Peeraer E,Verheyen A,et al. Neuronal FLT1
receptor and its selective ligand VEGF-B protect against
retrograde degeneration of sensory neurons [J]. FASEB J,
2011,25(5):1461-1473.

Kim KJ,Li B, Winer J,et al. Inhibition of vascular endothe-
lial growth factor-induced angiogenesis suppresses tumour
growth in vivo[J]. Nature, 1993 ,362(6423):841-844.

Peak SJ,Levin VA. Role of bevacizumab therapy in the
management of glioblastoma [J]. Cancer Manag Res,
2010,2:97-104.

Casanovas O, Hicklin DJ,Bergers G, et al. Drug resistance
by evasion of antiangiogenic targeting of VEGF signaling
in late-stage pancreatic islet tumors [J]. Cancer Cell,
2005, 8(4):299-3009.

You WK,Sennino B, Williamson CW ,et al. VEGF and c-
Met blockade amplify angiogenesisinhibition in pancreatic
islet cancer{J]. Cancer Res,2011,71(14):4758-4768.
Zuniga RM, Torcuator R, Jain R, et al. Efficacy,safety and
patterns of response and recurrence in patients with re-
current high-grade gliomas treated with bevacizumab plus
irinotecan|J]. J Neurooncol,2009,91(3):329-336.

Osawa T,Muramatsu M, Wang F,et al. Increased expres-
sion of histone demethylase JHDM1D under nutrient star-
vation suppresses tumor growth via downregulating angio-
genesis [J]. Proc Natl Acad Sci U S A,2011,108 (51):
20725-20729.

Awale S,Lu J,Kalauni S.K,et al. Identification of arcti-
genin as an antitumor agent having the ability to eliminate
the tolerance of cancer cells to nutrient starvation [J].
Cancer Res,2006,66(3):1751-1757.

Jiang YL, Yan XY ,Di Y,et al. The relationship of vascu-
lar endothelial growth factor and the development of sev-
eral kinds of cancers [J].Journal of Jilin Medical College,
2013,34(4):286-288.[2 . % , IFl be & , Bk, 4. 1 N
B R A T 5 U R 2R R e B DG R [T R 2 2
Bt 2741 ,2013,34(4):286-288.]

B2 & 2015 4 55 21 %% 7



