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Advances in the Role of Angiogenesis Inhibitors and Their Application in Anti-tumor Therapy

CHEN Yanshen, ZHU Yurong, LIU Hua, LONG Xin, CHENG Kai, YOU Huining, FENG Yan, FENG Weiyi"
(Department of Pharmacy, First Affiliated Hospital of Xi’an Jiao Tong University, Xi’an 710061, China)

ABSTRACT: In recent years, angiogenesis inhibitor drugs have been widely used in the course of anti-tumor therapy. An
angiogenesis inhibitor can block the blood supply to the tumor tissue, resulting in hypoxia in the solid tumor tissue, which in turn
causes tissue necrosis. Because there are significant differences in the process of angiogenesis between normal tissue and tumor
tissue, this process provides new ways and ideas for the development of new anti-tumor drugs. As early as 1972, researchers had
proposed methods for the treatment of solid tumors using angiogenesis inhibitors. At the beginning of the 21st century, FDA
approved bevacizumab and sorafenib for the treatment of different types of neoplastic diseases. Over the past two decades,
researchers had been improving the performance of angiogenesis inhibitor drugs and exploring possible mechanisms for their
effective treatment of malignancies. This review mainly clarifies the different pathways of angiogenesis inhibitors, and discusses
the clinical application of these drugs, which provide reference for the treatment of malignant tumors.

KEYWORDS: angiogenesis; tumor; route of action; angiogenesis inhibitor
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ZESU R 2L 4PN LA AR OO R A S BUE
ST RERRAT B N B IRLAS 2854, O HL2x 5k I A8 A9
BE I BT BC Z Ak, 4IRS RE A
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IEH MV Z [ BRI IE 57, PR X B0 3 T 22 S fig
2 334 T P JRA DAY I A RS 0L R 2 25 ) B U
AR PP 38 2 75 5 g N B i 25 LR R
e, AR 22 R, A RS A il 8 T A
REZEINH], MR A2, FF5 1R MR IRSENS),
AWFFEHRIE R B W TEAR 25 )5 5~25 min BIWA] L)
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2 WEATHRMEFEBERERE

>4 e TP AR v A2 0t AR A DR A
SO 11| K= T0A oY S B i U Ry A ey L B S AN A A
M BT R o 38 A A 5 0458 2 R T A e, K
A Z R T T AN TR) A 3 A% 92 k[ 4 b B
M) 96 P LA A At A, AL T A e FH s
TR A T I — b Bl 22 ol PR A T AR TR S0 ) e
WA AR B, BARERREILE 1,

2.1 VEGF 5148 W B A K 32 4 (vascular
endothelial growth factor receptor, VEGFR)i&1%

VEGF J& g 40 it fl EC 2 [l bRl e LA 5
i, 2R LT dEAn I . S8 4 i N &2
PRSI g 0 M) Wb ik, RERE S EC LEEM
VEGFR #HAEHPY, EC i I ) VEGFR 7£ VEGF
YERT Ja A N5 5 5% S B, 4E+E EC 21,
JE51HE EC M35 5 R, FDA HEEMES 1 Fh
FH A7 S e 1 1 5 A 0 o1 550 24 4 02 DA
B, KR AR DT VEGF ik, H
YE P R BHWT 4 FAS[E] 9 VEGF BCAR(VEGF-A .
VEGEF-B ., VEGF-C #ll VEGF-D)5 3 fill VEGF % &
(VEGFR-1., VEGFR-2 Hl VEGFR-3){JFE 23241
Hrh, VEGF-A 5 VEGFR-2 fAH B AE JHTEAE 3 b
98 PN M B AE e o 58, 9F H VEGF-A Fll VEGF-B
%} VEGFR-1 Fl VEGFR-2 HAG 5 i 3 F1 )7 1250,
SR, VEGFR1 #{i\ K E—FisEZEK, 25
VEGF-A 5 VEGFR-2 Z [AlAH EAE ) 67 2 4571260,
VEGF-C 1 VEGF-D ifiid 5 VEGFR-3 #H 5 A HIfiE
HE LA IR 728,

2.2 AR 4E 40 i A K I 7 (fibroblast growth
factor, FGF)-5 B4F 440 g 4= K [K 732 & (fibroblast
growth factor receptor, FGFR)i&4%

FGF 502 th et 4edn i o0, - HAFAEAE
EC A BLJE BRI . FGE 434y 2 i, FGF-1 Fil FGF-2,
A 01 55 0 I 1 5 B i R U 2 A8 FGFR-1 Al
FGFR-2 HHE.AEH & #4218 B A= 0y 85z, Her
FGF-2 5 FGFR-2 25 EC (W35 . %Mok,
AR e P B A A B A 22300 Ak, FGF-2
L5 FGFR-2 [E i R 38 2 5 9 1 Je JA g A1 PR
it 750 £ 5 i D TG 0 7 A Ak A, PRI R R A
BRI FE P 2000 4E, BIEEEE R
FH#F FGF-2 5 FGFR-2 AOAHEAEFAAE A4l i
BT EEBY, I HA TR RS T VEGF Ml
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2.3 /AT A2 A2 K T (plateletderived  growth
factor , PDGF) 5 Ifi /Nt T A= 4 K B 7 52 1k
(plateletderived growth factor receptor, PDGFR)i&1%
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FERS, AR i A 0 Bl AR B
2.4 JiitsA KN F(placental growth factor, PLGF)
5 VEGFR #:1%

PLGF J& T VEGF BRI T VEGFR-1,
AWFTERI PLGF RitBR/I BRAESE BN R GE
REMBHERR (A& DS, UL, T PLGF AE MM i
Jed N I AE BTGB YT 2 W VR PR AR T ) PT fE
PR, PAE Strb ke #rE il VEGE =2 4f[w]
2 KB,

2.5 Ifi45 A B K (angiopoietin, ANG) 32 /A &
PRI I (receptor tyrosine kinase, TIE)i&4E

ANG J& TH KW T (ANG-1, ANG-2,
ANG-3 fl ANG-4), HY5 EC &iEH TIE-1 F1
TIE-2 5. ANG-1 fll ANG-2 5 TIE-2 52k [f]
() FH HVE FH BE A8 12 F o i 8 2 Bl R BT
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2.6 HF4nffAE K A (hepatocyte growth factor, HGF)
55 40 1R) 7o 5 - b e 20 it 4% A6 2R 1 (c-mesenchymal -
epithelial transition factor, c-MET)i&4%

c-MET J& T 5 I S PRI 5K, i 2301k
HGF #06 J5 7T 5| & 15 202040 it A R i Jeg 2 i Fn
JHEE A OC EC AR ST AR P A I 5R B,
HGF £t c-MET 175 (% U8 AR i ad i B2 Rl e
M5 H 4 7 (a0 VEGF)A- 1B,

2.7 RET &
T Btz Y 300 ) 2 HE 1) 7 D s 36 R s 2 1R U
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AR R (RET) 5 45 R e 28 i A K
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T A SR 0 AR A A0 R R & AR AR B, —
BeIGERIFFE R, $it VEGFR-2 4t FGFR JAJ7 Al
DU RET [F235 F EBY,

2.8 55

BERFBETZAWE, & TR KI5k
2t 7P L5 (extracellular matrix, ECMYF 5k, &
fITad I A 2 R K A4 A IR Bk B 4L 5 ECM AL
(AnEF4eai A . 21 3% 8 P RN B % 2R D) Z TR A T
U, onBs, asP Ml auPs & EC [ RIX B L4
G &, JEHENTFEME A B A f b Rk b
P, oBs 5 FGF-2-FIE AL T atumor
necrosis factor-o,, TNF-a)ifs S MLE B A=, T auPs
% VEGF B30I #EW, Eirfa s %
, aBs AR B AV A T AR L, B
ik 2 0 A A R G 245 P 5 1 Bl A g 421
2.9 VE-S5FE N

VE-45 %6 8 02 — P P B2 40 At 4 5 Pk ) AL —
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Fig. 1 Tumor angiogenesis pathway
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Tab.1 Classification of common angiogenesis inhibitors

IES K it s PR RO
HyipEhiik Dk YU VEGF-A  AR/NRffio . P . 45
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BAELS B

BEZAAY Zaltp PIGF G HABALY T 25007 %
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Trebananib ANG
Jis 2RI BB RET

PN . B0 LA
WA PR SR

il
#reEe RET 7B SN g
RET VEGFR-2 ik VEGFR e P BRI IR AR

3.1 HATIREERLA
B ) Ry SR LR 5 S 5 AR A 32 AR Y B 5
REPL AR SEAE T4 BUR IS 12 0 i L 7.
SR, A B TR A A 25 e B R 2 H LT RE
[ =AEPNOEZ S 4
3.1 DUfRERST  DUAR AR R R AL h fE
U VEGF-A Bifk, IGK L FEHT 5188418
588 A I 1) 0 D B B iR (3R, il andE /N
Mt . B AnE . A e . O . FLIR
B IR AR R AR . DUARERATF 2004 4R
A% FDA L, BEASIE K43 e 11 TG 1 J 14
RN S 1 B AR 1
3.1.2 Ramucirumab f1 IMC-18F1 Ramucirumab
S N RS VEGFR-2 Bidk, JHREIEPEIESS
& VEGFR-2 WY obasttiat, i1 10 ks 2h
T 07N T 1 3 T 40 A AR I RE AR, PR
i AT FDA AHEAENT, SR1M7, IMC-18F (B4 H
ST VEGFR-2 FiLiR)C 2 pidtt i T8/ i
fitidess 5 I N R M4 B A R TR
3.1.3 AR rEREBUAR B A A i
R A A B3 37 AR 1 At A TR Ak B e R BT AR AE AR %
JEH TR MEME , BIanTE 2 5 TP EGFR
Pifk). MEDI3617 & REGN910(HT ANG-2 Hifk)
Il GAL-F2(3it FGF-2 $iti&)*), HATIELEN & —Fp
WU ST ANG2 35,
3.2 HHAZRSEG K
VA2 (RIS 2 5 Z R nT I, W]
PRSP Gl R NS SR W N AR
B AZ AR R, PR3 e 45 & S P B SZ AR 19
IefE 5.
3.2.1 Ziv-aflibercept(Zaltrap) Zaltrap F&—Fh & 24

v
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fIRS A, M VEGFR-1 Fll VEGFR-2 {40 g4
SEF AL AL, Wit Fo BR%% X BOE 7 —ik .
Zaltrap 55 VEGF-A . VEGF-B Fl PIGF 454, Bl
H5 VEGFR Z5& Il i gAY, Zaltrap €
24k FDA #tHES 5-FU AP S7 B HERN Y 5 O & i
A H i Emmt,

3.2.2 Trebananib Trebananib &5 Fc X E
G R AEYE R, BEEFHET ANG-1 Fl ANG-2
5 TIE-2 SZ R Z [a] AR ECAE T, DN & H5470 00 4578
HAERBP3. BT Trebananib X A48 s 091 AR
P RURAE, A IE B e R, (HARTOR iR
S I AR BT AE AT,

3.3 IR A PR L HD ) ) (protein receptor
tyrosine kinase inhibitor, RTKI)

W0t A5 AR A R R ZE ORI T B R L o
1996 i i1A A 1 # RTKI H Tl VEGFR 4
I PN i T SR TG 2 5 5 | e a7 A S g Y
SEPR b, ke RTKI 00l P 22 PR ik ity 1 i 1, 1 ik
ARV A T 00 Bt 78T AR 1) 22 32 AR 1 4
WZE#ysek, #l4n VEGFR. FGFR, PDGFR. TIE
Z{& . RET. ¢-MET H1 Eph 5% {4, RTKI A] fEXf—
Tl AZ A2 5 (%) 24 L PN i 2 PR T il 25 4 B LA e
P, BH 5 2R R R A AR R S A B8 SR
T HEA ZA M Bk, JE5E 5P RTKI AJ 4 A
YER Ry kBT,

3.3.1 FDA HIt#iny RTKI FDA it T ZMAT
LRI 1) RTKIL, RPAEJE FET e 25 Je S f n)
VEGFR-1. VEGFR-2. VEGFR-3, PDGFR-b #l
RET SZRRY 2280 55 2 i R i A 55 . R4k
JE A B35 WA IR T A0 AR B 4 A N
HOR B8, &7 e =2 JE Mgt i iR y7 B i
[i) Jo 96 R EF A L 50, LAt RTKI Bl pi s Je
Nintedanib. Regorafenib. Pazobanib. Cabozantinib
F1 Vandetanib 11 il £5 F 1L 5 87 A= A T 24K
RTKI i&4% FDA HEifE TSR 2S5 iy S A4 i g 1)
IRIT . QMG IDTE A RIR L R RS R B IR R
WAZURE . BN R . RS AS B
5 Ji 3 ) ol 9o 0 T 200 s &5 22 o 2 70 S A e 1)
HITEY,

332 MEMRTIIRTKI BT O F i
RTKI 7EIG RN H P S T RAFr9I7as, B B i
AARZ T HAD AR IEIGIT ) RTKL W IE7ENE
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FEMIT & o 5 HA RTKI 250, a2y yim i 2 #h
M4 #H 44K, Brivanib, Cediranib. Dovitinib .
Lenvatinib  Linfanib IF 73252 £1 % Q0 120 it gz
RS H . RIEE /N M . R
200 s o AR B A SRR YT R AT 1D I IR
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3.4 UM B A e

MEE EUF, SEXT IR N EC RS LB X
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PSSO S — T D, Y IEH AN TR SRk
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PR EC REH 5155 M EC 138 XN A2 il
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