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Molecular Mechanism of Angiogenesis in Tumor
LI Tao,SUN Cai-xing
(Zhejiang Cancer Hospital ,Hangzhou 310022, China)

Abstract : The hallmarks of the malignancies are uncontrolled growth of tumor cells and ex-
cessive neovascularization. The traditional therapeutic modalities such as operation, radio-
therapy and chemotherapy are based on the concept of killing tumor cells. However,rare
tumors can be cured clinically. The hypothesis of anti-angiogenesis for treating tumor has
been systemic and full of findings. The discovery of angiogenesis studies indicates that a
number of classical and non-classical regulators,both positive and negative ,form a complex
regulation network and participate in the angiogenesis switch process.
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angiogenesis Fll vasculogenesis, il # f& B2 A L5
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i INEY C R AT B G P e i V= [ Ny W (S PN U E
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A kR B I 2E AR R RS G A RS
JEAAETG , A4 AR 5 22 ORI R, H
A N 6 R R TR (MMPs) RN 4 i
(ECs ) 73 Wb 1) 2T V5 it J52 0135 ) 0T 10 48 66 G IS 4 A 7
fif, FEHUNAY L ZEE A RSN E R (ECM) ;@
2RI 19 ECs 7] 108 T2 1R B0 3T 7 5 BP9 12 441 i
FEHT T 85 ; @M B (loop ) 85 IR AL 43 B A J5 B
B REPE I R 5 IILAE AN ) JE 41 i BT Vi L4
(VSMCs ) % IfiL B BE (14 S HF o 3 26100 I i, 5
J A (remodeling ) , 3 AH 48 IE B/ LA 4n /) B i
D J B 20 0 R A I A an Bl K

2 MEFEBWEHESTFRETE

HATIN A, o1t Ak a0 A5 00 T 1 i A8 e
B, B2 BIVE L 22 S T LA B AR K -1
(vascular endothelial growth factor-1,VEGF1), il £f- 4t
44K K -2 (fibroblast growth factor-2,FGF-2),
HAb KA F (transforming growth factors, TGFs), Ifil
& HE ) (angiopoietins , Angs) , L/ A2 K K
(platelet-derived growth factor,PDGF), #E Ifil i} & -1
(thrombospondin-1,TSP-1) , Ifil. % #ll & (angiostatin) 1
N 2 1 2 (endostatin) %5 B TR
2.1 MR BHIGERE YR

TC I A 301 e A iy AR IR 7 0 FR )
JT, S IR K B 2~3mm?® K /NE g il b T B E0IR
A, JUH I g P I A R Y S B 2R B
T R AP TR T R S R B A AR A N il
PET M S BT ol S8 1 10 A8 2R e i i
B4R T 4% 5k N F -1 (hypoxia inducible factor-la
HIFlo) (938 2SI S E TR B, 2 HIF R
SV R VEGE, [AlE FGF & Angs F1H Al ifiy
R AR R R G 5 R IS A B N R A G A=
T BB B LA, LA A2 B A 8 TR AR ] e k4 il
VEGFR %3k [, VEGF ARALREM L 575K 14
I8 A M, TR R BE 5 S 2 1 A — SE 2R
FIh A B T A MU ZE 2 ST A R P R 4R R T )
/b, VEGEF Ik R8N 2 2%, — A N Bk U2
HEUW R A SN VEGF mRNA 235 ) 6 2 5
AR p53 HEPK T TPA TS & 11 B C(PKC), 75
S VEGF ik ; B A=A p53 LA &R 7 5T
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VEGF 033k v-sre F&H 133 B £ A1 98 VEGF
ik, HEAER p53 AELER IR BEE VEGE 3 3l
FIFE S A8 1) Ras Fa 5 K0T 1 VEGF 3%
ik, Ras Rk 8 A0 H] 7 B R BEAK T VEGF 996 74
VHL 3£ X%} VEGF 23k i EH 5 p53 AL,
DAL B2 4T 385 0% 5 A T MIMPs X ECM RS B g 7
Jei 7 R) st 52 ) H A 1 77 (TIMPs ) (149 40 ELAE S
2.2 MNEATRBINEEEE

— AN VEGE 8048 T P4 H2 4i i 56 B i) 3% Ak
B, EJ u-PA 1 t-PA (3RIK 155 5 N K2 41 il 3238
HE K B A ZH LR - TS T A TR R B
K RERERE MR A i N | BRERANMERZ
WER & s, R B E MMPs, %% FGF-2
bFGF M\ ECM ik A S B X 3k, FGF K@ 2 i ik 1t
B A —254> F ., FGF 4u4F 18kd A/ HE AN
22~24kD K Fm P AOIE 20 78 188 it # v IR
i FGF #3415 5 FGF-R T, 34N
Bz A% Bl 5 AR RS M AR A RO =
Oy F i FGF-2 RRAE N fz i I 4™ IE S DL T,
FGF-2 #4% T ECM th iy 8 A Z M R 40 7% m
T 2% , W 9T I —Fh FGF-2 % #5 45 111% 8 T FGF-
2 Ja ORI LAY AEN . VEGF [6] i
id NO K cGMP 4319 MAPK 33 i 7= A P 2 41 i
HATH

AR E PSRN T A o B AL
R, 2k HE KR 5 ECM A 8% 40 i % T A A 2
B o BEA T AT 00 Y MG BT A T A AR
., B BA REER A 400 R E R E Ak
(CDKs ) ZH A 4 20 i J) 1 iy e A da i Lk i B &R
X 5 MK 4 (anchorage-dependent ) 4 Jifg 78 17 i 56 fi
TER, AR avB3 i 2 58 H — K (Arg-Gly-ASP)
52 A PRI A 7 20 MRS B 3 3% 25 1 (vitronectin) | £F
Yk %% & M (fibronectin) | JZ %5 25 H (laminin) R |
vWF SEHFEMA ., AR avB3 7R LM K40 i
AR5k | AR S0 1 P 2 440 6L B J8 8, AT X6 i
EIL W HEEAEH A",

ECM 5402 5 1 N K 4 i i T2 245 Fn D fig iy
J&35, 40 TSP1,laminin 1 SPARC %,

TSP1 & — Ff 7 1 /1N B 0 41 i 21 35 5 b % 8RR
PUIMAE Y R 1, R B4 i e w1 2 IR A R
avB3, T N K 40 B B8 19 14 TSP i £k fyn,



sre B2 IR I S B0N B M p A T, A TSP1 RYAF
FE, PR A BT I A TR s r 1S Sk T8 RN
TSP1 3 PR Y - LR g 40 M i TSP o i 36k | ff
FL M i 40 B 3t 2 Il R BLRE T . R Rk B Y TSP
Xof 45 A P AN TR), TSP B ml AR 9 1 465 2 Jaki, S ] 411
AL T A, 7E AT RS T BE I P R 440 ) 44
B, T 7E 5 5 0 i F RS T WU B A 22 P Bz 4 3 27
ifif HL, TSP1 fig 3% £ 913436 TGFR , o 1M 52 mi 25 11 i 1)
TEPERA R A . IR AL, TR AR 2R R D
TSP IGEE R 38 5 M &2 & (0SB Koy i A8
WA, KW TSPl A —E My g /e ; 5
OS TR S i a8 % FEAR DG, 3R] TSP1 A — & 1Y
P A 84/ ® ) Laminin 42 % —4> ECM & 11, fig
R 1 PR 200 FEURY B L 9 R i AR K R A IO S
HoAh ECM Lo ¥ A FZAAHEAEH ', SPARC iy
BM40 51 7% 42 8 11, L AE 9 5 2R VIR v 45
RS TN RILM R SPARC 7R JZ IR R
T FGRTEE 53 HAME R A0 AR R SO B A A
ot EEFRIk, RWIHAEALUE & F IR0 TR bk
HEAE,
23 WEMRER R RIEE

PRz 20 LS ECM B[R] J5T 48 A 1) 1 A BV 2
I AT BB etk £ L DR A Pz 40 5 A3 5 L i
BRI A T8 B, AZRHR S5 Rt Y S 4 A ] =
SR A RE PN R A A s i PDGF 58 1
X — i & PDGF e ik ok (] 5T 41 At K2 J5 i Ji) 4
FEL, T ] A0 3 sk 5 PN R A A A T =K e B ) R
YL AL 5 55— A F PN Rz 4 R ) 40 43 0 1 4 F
TGF-B ¥ £F W BTG . TGF-B BEVE S LT 4 1 41 i
FUE A0, A Bh T i A A

Angl Fl Ang2 J& WA 5 1l J¥ B %5 U AH G 1) 28
F1,Angl fESFIMAE B, Rk N B2 40 0 B oA
FRE A ML, Ang2 I A8 AE K, SR A N R 40
J, Tie2 & —F A 1) EC #5540k 1% &R B 2 1A
Angl ffi Tie2 Bk, 1M Ang2 W] Tie2 1)#5 ik
k. Tie2 V835 EC 55 J& B 40 g () AR B AE B A i
Ghiky, Tie ZIRFKIEH LA Tiel , LR Al ,
Tiel 1 Tie2 H AT — 3 B 14 5 bk #6 58 5 BOUWAG B 1L
BRE S MACT:, Al WL HAE 1 I R A i A
M. IS IE Gt Angs 1 VEGF #HEAEH , AH
T4, VEGF & el FIk1/KDR J& sl P 52 40 i

(9534, 15 A RS 14 T8 1L, B S Angl 3 i Tie2
S A BRI, 3 PN R A R R R S
200 10 1% R B AR PR O A R AFRRE T Ang2 FEEAE
A5 EE A Y PR AL HE I, BELIT Ang 1 F9) il 87 A2 A .
24 VEGF Bt Z I Ang2 nl 5|k B I 9 1ML 4 22 41 , {2
TR W E VEGFE B, 3R e L4 5 5 11 A2 i
HERT AT B FERIE S SR S 1) VEGE
T8 3 IS Bl LA R T A2 2 g A AT g il P
R R BICE: 1 e 3 1 i Y A3 7 5 B AR 7 4, A
T 2 g ) A G ] 5T A B BN A8 e B AN 583
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Angiostatin fll Endostatin /2 H1 Folkman 5 % %
R I A A A YR I R A R R, A B
i 58 A FH RN T i 988 1l 484 FH T2, Angiostatin & 4T
e IR N R I i R AR R B, 7 8 38kD,
Endostatin 285 XV C ¥ b B0 R fd R Be, o0 1
i 20kD |, HAE AR TR R, EH T4
fibulinl #1 fibulin2 ; Angiostatin 1 Endostatin % 1f H
BL AN B P A 2R R 4 B e T 3 5
il Je R T A 10T R S8 R, TR I, A A S 4R GE En-
dostatin i i 1 16 1 caspase-3 Fl BCL-2/Bax b 4] ik
DiFE A MR R T

Bodhm %5 ) 438 F Endostain 697 [ ki  £F
i AR AN A ZR S )T R A D 90% 1524
JG S~14d B3 K BRI RIR/N, B 2 )R 340
/N AN R B2 R e R e A i 2454, H Endostatin
6 YT AR S iR A0 M AR E AN OS24 S R AN
S 5 KT 2L i T 240 i XoF A gk fe 0L 38 7 A T 245
U] Endostatin J& A M E I HTIPIE 2

3 mMEFEBRHIEZHRSTET

BT ERMAEERA TS5 T ERK, &F
HoAb AR 22 oy 740 vF 2 N IR VE 2 IR 20 40 M AR 7 3R
(erythropoietin, EPO), il & % 7K & Il (angiotensin
Il ,ANG-1I), § iz & (endothelins ,ETs), JR K5k & 1l
(Urotensin -11'), & I B #f T & JiL N ¥ 20 £ ik
(proadrenomedullin N-terminal 20 peptide, PAMP) %5
Z: 55 IE RS T, B AR O 4 A

% @A 2014 % % 23 A% 1 8 China Cancer,2014,Vol.23 No.1



0 i A — SRR I Y B A7 AR T Y R
SR AR N R A 2 0F il 45 38 5 o Fb S it

EPO J&AH X} 43+ i it 2 30.4kD MBS & 11,4
PR ERELL R AL AN M A 382 AR i Y 32 22
FECR -, B 5 40 21 40 i 2% 1 21 40 M AR R 32 K
(EPOR) 454 )5 , 5 EPOR JE s — 44, i i JAK
/STAT 1 Ras/MAPK %15 514 iR 2 P8 17 41 & (3
AR BFFEIERE EPO 54 FH 41 2 AL 40 i By
B, HAE AT R i 0 He i i 21 88 A it A%
FE DR 25 B i R T AR I SE B . EPO RE IS ECs
() 38 58 Je 3 E RS BRI ECs Y T, B R O HAR 1M
BILAE 15 FGF-2 K VEGF #1124, [dl i EPO BEfE
P ET-1 AR,

ANG- 12—+ N RIS 3 sk JH o 7 (1 )
LA I 28R, 7 A o I A 40 K A 220
A IR P T RS0 | O 3 e R R AR T A
M4 Bk FZE S EH TRE T G & Az Akl
KGR B ANG 111 H2Z (K (AT1 Z4K) Fi1 ANG I
2 RUZAR(AT2 ZAK) & HAE ] W9 3R W ANG
-1 78 CMA #2788 N G ff B T A 42 a0 il 87 T8 1 iy AR
M. ANG - {2 i ECs AE K EHAT ATIR /v {2
ZEME AR AT2R 75, E5E AT2R J5 g m
ANG- I1AE K T R AR AR PR 28 I 4 10487 T B

Sasaki 55 "% B ATIR 7 Gk 1L 75 5 10 1L 4 12 0
A EZEMEM, F ATIR BF AR T R Gl i 45 4 o
WL 2[R AT R4 & 8 W I 4 FUBT AR I 48 % %, T
£ ATIRKO FU i 8 s iy B S 9di /b . ANG- 11 i 38
it [ AR W 55 3 WA HL IR 1 ET-1 — 2 23 B 52 A
i 2B ANG- I AT 555 VSMCs ) VEGF ik

ET J2— 28 NI i IR 1 5T, #1004 P9 2 44
P, A ET1 . ET2 A ET3 =F £k, ETs 18 i3 W
Fh GPRs, Bl ETA-Rs F1 ETBRs 1M #2F FH , 16 & 8 15
0 7% % ETs fE U F :ETA-R,ET-1= ET-2>ET-3;
ETB-R,ET-1 =ET-2 = ET-3, #F75# M ,ECM B 1817
HUVECs 73 ET-1, BRIV T8 ET-1 3%, 1A
Ji 138 3 T A 3R RN S R VA B ET-1 43
ET-1 il ET-3 g4 & ETB-R 12 i {& 4 HUVECs
FEANGERS , [l A9z #2 0] 9 ETB-R #5bU57 BQ788
P AH ETA-R #5805 BQ123 (4 il fF FH 255 ,
PR ET-1 /Y 188 UVE = 22890 ) 3 ETB-R ., ET-
1 BiG VEGF By HAR i 48 V5 Hd B, P nl 4
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H R, B RIVE S ECs F1 VSMCs, 3 Fi A8 B 4F H
A A AEAE T b3 4

Urotensin - [[ /& —®p iy 12 MR A HA
MAETEPER) “AERIPER" FERIK (TEMGA 2R3 R
15AA),1999 4F Ames %5 0 F YCAE S AR N A
urotensin- [ /)4 55 1 52 /A — 9K )L 32 1& GPR14 ) 17
1, H B A AR O i A L 2 [A] B 3 2N A0 I
BHN D (B4R 3 kA e ) BT
urotensin - Il fJAF7E . Urotensin - Il FIl GPR14 45 &
HEE TSRS BT RAR G R R 45
BT LS BN S B T e ThE, AR — &
R0 I RN o HE A8 I 2800 [ ET-1 8 — A4t
2% . M T urotensin- Il X UT-R I ¥Z 4746 T 0 ALK M
H ARG, I, urotensin- Il 760> L9 £ 45 10 9 #RA: PR
SRR E AR R 2 T MR A T KoK R )
)22 ZLFAEHT, IFAE 22 B i e o I5 A0 40 B pk v A
urotensin - II & UT-R Fik™, g2l 1k & PCR £l
KBR300 4 ECs BE 3K urotensin- 1T &
UT-R,FGF-2 g2 #f ECs #4511 urotensin- Il &t =
RIG, JEEefE i ECs 7E Matrigel 09 6 41 ML 55
SEIE I, BRI — R HEA S FGF-2 AHII

73 Hb R A R BE R (adiponectin) | 'F b i i BT 3R
(adrenomedullin, AM)) . 2 (leptin) . | & re-
sistin A5 5 T M4 B 98 5 2
4 B 2B

HAETC R, A 2950 TR e v A v g8 4y 2t
25 21 52 2% WIS R 2% 1 il 898 T 5C 1Y
FEARAILT RS o T T IR P R
b 7R R R R U G )E 3, S B
WL, B ST A8 A s e 5 BT I AR AT
GE I S T AR R L 28 R B A L, T
Jed 1098 ¢ Y 1Y SR A 2 i e T %) B = 1 A OG B
KL, PRI RE A A g 0l A s R i A X 1 A T
OB fe AT 1 TN TRy e 9 o A5 O i B ik R 1 IR
e SR BT A A N L B B S, H AT
SETEECT R A - A A TR 2 5 A T O . AR
Bl & 18T e K I TE U R R BRI
IEM0 Folkman BT 7 , BT T8 OB A 4% TR 0T
FRTT Z 05 N TR Y7 W g 9 26 DU S S22 F B

¥

74

#* &




SEH .

(1]

2]

3]

4]

5]

(6]

[10]

[12]

[13]

Folkman J. Tumor angiogenesis:therapeutic implications
[JI. N Engl J Med,1971,285(21):1182-1186.

Risau W. Mechanisms of angiogenesis|J]. Nature,1997,386
4):671-674.

Burroughs SK,Kaluz S,Wang D,et al. Hypoxia inducible
factor pathway inhibitors as anticancer therapeutics [J].
Future Med Chem,2013,5(5):553-572.

Patard JJ,Rioux-Leclercq N,Masson D,et al. Absence of
VHL gene alteration and high VEGF expression are associ-
ated with tumour aggressiveness and poor survival of renal-
cell carcinoma [J].Br J Cancer,2009,101(8):1412-1417.
Groblewska M,Siewko M,Mroczko B,et al. The role of
(MMPs) and their inhibitors
(TIMPs) in the development of esophageal cancer|[]J].Folia
Histochem Cytobiol,2012,50(1):12-19.

Liu Y,Yang Y, Zhang C. A concise review of magnetic

matrix metalloproteinases

resonance molecular imaging of tumor angiogenesis by tar-
geting integrin avB3 with magnetic probes [J]. Int J
Nanomedicine ,2013,8:1083-1093.

DiPietro LLA. Thrombospondin as a regulator of angiogene-
sis [J]. EXS,1997,799(3):295-314.

Grossfeld GD,Ginsberg DA,Stein  JP,et al.

bospondin-1 expression in bladder cancer:association with

Throm-

p53 alterations , tumor angiogenesis and tumor progression
[J]. J Natl Cancer Inst, 1997,89(2):219-227.

Grant DS, Kleinman HK. Regulation of capillary formation
by laminin and other components of the extracellular ma-
trix [J]. EXS,1997,79(3):317-333.

Jendraschak E,Sage EH. Regulation of angiogenesis by
SPARC and angiostatin ; Implications for tumor cell biology
[J]. Semin Cancer Biol, 1996,7(2):139-146.

Maisonpierre PC,Suri C, Jones PF et al. Angiopoietin-2,a
natural antagonist for tie2 that disrupts in vivo Angiogene-
sis[J]. Science ,1997,277(5322):55-60.

O’Reilly MS,Boehm T,Shing Y ,et al. Endostatin:an en-
dogenous inhibitor of angiogenesis and tumor growth [J].
Cell, 1997,88(2):277-285.

Javaherian K,Lee TY,Tjin Tham Sjin RM,et al.Two en-

dogenous antiangiogenic inhibitors, endostatin and angio-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[25]

statin, demonstrate biphasic curves in their antitumor pro-
files[J]. Dose Response,2011,9(3):369-376.

Ling Y,Lu N,Gao Y ,et al. Endostar induces apoptotic ef-
fects in HUVECs through activation of caspase-3 and de-
crease of Bel-2[J]. Anticancer Res,2009,29(1):411-417.
Boehm T,Folkman J,Browder T,et al. Antiangiogenic
therapy of experimental cancer does not induce acquired
drug resistance[J]. Nature, 1997,390 (6653):202-207.
Ribatti D, Vacca A,Roccaro AM,et al.Erythropoietin as
an angiogenic factor|J].Eur J Clin Invest,2003,33(10):
891-896.

Walsh DA,Hu DE,Wharton J,et al. Sequential develop-
ment of angiotensin receptors and angiotensin Il -converting
enzyme during angiogenesis in the rat subcutaneous sponge
granuloma[J]. Br J Pharmacol, 1997,120(7):1302-1311.
Sasaki K,Murohara T,lkeda H,et al . Evidence for the im-
portance of angiotensin I type 1 receptor in ischemia in-
duced angiogenesis [J]. J Clin Invest,2002,109(6):603-611.
Salani D,Di Castro V,Nicotra MR ,et al. Role of endothe-
lin-1 in neovascularization of ovarian carcinoma [J]. Am ]
Pathol ,2000, 157(10): 1537-1547.

RS,Sarau  HM,Chambers JK,et al.
urotensin- I is a potent vasoconstrictor and agonist for the
orphan GPR14[J]. Nature, 1999,401(6750):282-286.
Yoshimoto T, Matsushita M, Hirata Y. Role of urotensin Il

Ames Human

in peripheral tissues as an autocrine/paracrine growth fac-
tor{J]. Peptides,2004,25(10):1775-178]1.

Diebold I,Petry A,Sabrane K,et al.The HIF1 target gene
NOX2 promotes angiogenesis through urotensin-II [J]. J
Cell Sci,2012,125(4):956-964.

Kadowaki T, Yamauchi T. Adiponectin and adiponectin
receptors[]]. Endoc Rev,2005,26(4):439-451.

Kobashi C,Urakaze M,Kishida M,et al. Adiponectin in-
hibits endothelial synthesis of interleukin-8 [J]. Circ Res,
2005,97(12):1245-1252.

Gonzalez RR, Cherfils S, Escobar M, et al. Leptin signaling
promotes the growth of mammary tumors and increases the
expression of vascular endothelial growth factor (VEGF)
and its receptor type two (VEGF-R2) [J]. J Biol Chem,
2006,281(36):26320-26328.

% @A 2014 % % 23 A% 1 8 China Cancer,2014,Vol.23 No.1



