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Progress on the inhibitory factors of endothelial cells proliferation
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Abstract: Pathological angiogenesis induced by excessive proliferation of endothelial cells is a crucial step in the
progression of cancer, rheumatoid arthritis, etc. The pro-proliferation signals for the proliferation of endothelial cells
are provided by vascular endothelial growth factor as well as other growth factors. On the contrary, several
inhibitory factors were found recently, including endostatin, angiostatin, thrombospondin-1, caveolin-1, some
microRNAs and some anti-oncogenes. These inhibitory factors down-regulate proliferation and angiogenesis of the
endothelial cells through suppressing pro-proliferation signals, modulating cell cycle and inducing apoptosis of

endothelial cells. These inhibitory factors are emerging as novel targets for the therapy of pathological angiogenesis.
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C R 3t (K1 —ANIK MR B, ARX o 7 il 2 % 10%,
B 184 NEHEMR, RERSIIHI A B A0 R 5 . LA
B AR ST U ES GRS S R s 3R] A Bz 40
MOBEBE, TONTER AR T TR A0 A% R A e
WY S2 2. ES 2 B Gl ik 0 ) A i 45 A2 B A 5
A A R SRS S R TR A P B 4 i A
1.1 ESHIHE{EMEERES

ES %} 2 Ff fie ifiL & 2E & A1 44 5% VEGF. FGF
Ang-1 Fil HGF %[ &Ik 47— FIRMEAM ¥, (H1L
WL AN 4 . Ling %6 ™ fERF A& R 3 ES Bed
il VEGF 7 5 ik 3 B2 4 il (human umbilical
vein endothelial cell, HUVEC) {3 AT (1 1),
Senas WA, ES 0] E A b s 4 i) A
¥ C. TR RIS VEGF M N 15 5 #1551 &
P13 I BELIST VEGF [R50
1.2 ESiE#= R K 4R E HA
Xu %5 PR FH 9 2 40 RS 0 41 3 o A
RILES FEGIF A LM Gy/G, WA, S 4 i
/0. ES Al L0 W1 D1 (cyclin D1) {36
i, B Gy—S JATERE i 4 Py 5 4 s i (B 1)
T UM se e 4R ES 3 ] I a8 0 4 8 A
AR I FI 1571 (cyclin dependent kinase inhibitor,

CKI) p21 [fj2i%k, #iHl cyclin D1/CDK4 ({1 £i%, fif
NIFEHRITK N B2 40 il ECV-304 G,—S JHREREZBH
1.3 ESESARMEIET

ES i3 8 B2 41 B8 1ot 5 ES J5HI P Rz 40 i 1
W YIM. R B, ES o] DUl 5 S 40 fo
% C BB caspase-9 2k Ji 5 4 52 41 i 1)
T2 (1), JF B B Ak B 2 73l 3 1 (voltage-
dependent anion channel 1, VDAC1) 7t 5 ES 1555
(1) N B2 4 B s T b R B, (R B ARE R BL
HE fEik— ST .

2 mEME

IfiL 3 401 25 (angiostatin, AS) Ji& £ 4k 8 ¥ i il
JE R AR =1, MK 27 iR 3.8 x 10%, it
732 00 H R 5 7 A 0 A I A A BT A
IR IE A R IR FH Bty S50 R0 R B U 1 o A 2
AR, e DA Rk P it A 2R A ) HLJE R 251
Sl A E P IEWREFDIRA R AS A
A, T ISR IR AT AR, R A B AR R e R
L fF 28 5 i D 23 M i 7 22 AS B U AS i
S P 57 20 i 8 B R e 8 Y a0 A R R T
PSP A0 M S 5 R, IR AT RIS R IR

Fas, CR4/5

p53 p21 p27
2

o

24
Cytochrome C

l Bel2 | (- vt .
Caspase-9 Bax t Cyclin D1 w

ey

e Akt, EABEB; AS, MEIE; Cav-1, MEEAL; eNOS, WM —EMHEE

; ES, MW EHIE; MAPK, #

I AN, PKC, HRAMMEC; TSP-1, M/MR%NEA-1; VEGF, MW EMAEKRK T VEGFR2, I N

AR N T 52462,

B AR 4 RS 5E 0 B F PR A B AETE R 53 FHLH
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TRty S5 A BN ML BEBEARI T BF ot 93

AS FI ES A7 4 .
2.1 ASEIZANHIA KR ApRIETE

AS XN R A B G A TR R A I A AR
()G BB AR, Rtk B 0 A A L
0 S FCAE AR 9 0 I A AR R R R IR AN 2 T A T
. ATREL A B2 BB . SRS ED
M, Javaherian 2 MW HFSL RN, AS BESLIZ ki
PRI =R IRIE S, XA Rett AS i A B 4 i
WIEA %, MAh, AS BN 5P A K T ATP 5
FRBEI a-y - WEIELE G, IX PP & nT Beth S LA
P97 4N s B ke A ok
2.2 ASHIGHRMEEIES

A5 A5 R I A J A 7 3 VEGE . bFGF 45 1
FUWCT, R g My 22 2R TR Ak B B
(motigen-activated protein kinase, MAPK)/ 4| /it 4} {5
5 Y A B (extracelluar signal-regulated protein
kinase, ERK) 15 5 10 B #% i, 2B e 128 9 5z 41 iy
(FI3G5E s 1T AS WIAE R TN 40 ) ERK, A 0T
I J15d 24 1 A4 177 BHL B MAPK/ERK {75 53 %, A 1t 310
P 0 M P A O AS IR RE S A R 41 R T
1R A IE IRVRE SRR I 2 752 Ak (5 R ) A EAE
M, MG REAME AP EEEEEN, ASH
S Z WA BAE M v +4 VEGF. bFGF 254 N %
A0 M T R R B A PO D)

3 MMRRRES-

ML /NAR [z Y. 85 [ -1 (thrombospondin-1, TSP-1)
S H 3 4 AH A IR ) F 1 R — SR AA I 22 D g 2k ot
B, AW TN 4.5 x 107, EEAFA T
ANBR -o BRGNS E T . TSP-1 3d ik 45 & L i
w0 & E GRS 2 R ER, A
VI ae R A%, EMR AR K, T, RIERIL
EE RS R E A Y IO RIS R A 4
M. PYEZ AN, ST IULAE BRORT A - AN A
VF 22 15 40 M0 mT A RN 43 TSP-1, i — 26 g 41
M, wnfeRan Mo, BB B R AT
St ] 45 pk TSP-1"Y. H i ik, TSP-1 W #E £
Tl e b o A LA 2B BV, AL S 4
PRI AR - 1755 A B2 40 R T R i) o 2 4
A JE S R ok
3.1 TSP-UFMRILEEKIES

W R I TSP-1 w157 & CD36 R34 5
AW H VEGFR-2 1) % 2 R o 1R Ak, 31X m] FAIK Akt
(K RGP R A S g A7 5 (B D).

TSP-1 thn] H ¥ 5 VEGF 45 &, Bl o (o5 e iR
32 /& 41 5¢ 5 1 1 (low-density lipoprotein receptor-
related protein, LRP-1) [ / 5 ', VEGF 4 TSP-1
— B A M P A, X ] BRI A B A h VEGE
IR, BHAS LB AON ) R A% 1 TR
I, TSP-1 F1 bFGF-2 5 i1 JIg A7 v J& (1) 26 1,
TSP-1 A] G ik 55 bFGF-2 5% 4+ A 5z 41 A 2 1 119 AT
¢ i SR 1) bFGF-2 i A 1z 40 s it g 4 1 190 ok
Ak, TSP-1 C Kujij 4N1K £ Jik o] # il bFGF 5 5 1)
£ T g A 1Y
32 TSP-1ESAEAMAT

TSP-1 % A B2 41 o 184 5 e 40 il 0 55 L 3
W R 4R T 9%, TSP-1 Al i i 414 CD36 Sk i
AN (L3 C BEBOIFIE ST 1L caspase-9 Fil caspase-3
K5 A R A T (P 1), TSP-1 Al i@ R i
bel-2 F1 1 bax FALZE P KA T L BAh,
TSP-1 AT AEH) ABT-510 7EARSMRERE 42 5y CDI5 1)
FET- % AR CDISL (/KPR A TEN S A, fEAAN
Y 5 /N R AR IO I RN A5 S P B A B R T
(28 ", Freyberg 25 U7 T AN B D) ifin 7% 7T 388 b
TSP-1 F14#E4 25 avB3/ 34 Z AT H (integrin-asso-
ciated protein, IAP) & &¥)75 UL N A AT,
4 WEEAIL

TR A SR TR e PR N B DX, T2 AR AR T
FA R A . THEEE A 1 (caveolin-1, Cav-1)
pad O O oY Ry e s = I X € o 1T R/
PRl E, RN RArhRIAFEE . EAERIIIR
B, 42 4505 5 i e e g b kAR A, T
Cav-1 Z L7517 N 3l 221X (caveolin scaffolding
domain, CSD) R L% 5 Z M5 570 (41 eNOS. G
A o WERALAE ) FAFERIR ey d s, e
XIS S0 T HNGTEIRE 'Y, Cav-1 25 T HEfK
£ PTG B D IS AN 1| A= R Y X
S W, SRR A KRR %Y)
3‘%% [18]o
4.1 Cav-HIFRMELMES

LA 22 U 0 B A R A B e R TE
Cav-1 H 1, KL Cav-1 #1459 2 41 fie N pa2/44-
MAPK [P 7K, 1 VEGF S84t ifil 5 A2 i A 1
W) fi B0 p42/4A4MAPK {5 5 3l % 5 5 AL 1) p42/44-
MAPK E AN A% P, B0 Elk 5585 5% A7 36 1
MR BE N B2 40 M R 34 5. (AL, Cav-1 20 3t i1 i
p42/ 4AMAPK {5 Sl 51 F 1 VEGF 52 1045 A 1%
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D B 55—, VEGF Jl3A i 40 o i
Cav-1 # H &1L N, 278 Cav-1 & VEGF [ %
PR T,
4.2 Cav-1R9EH b=

Cav-1 [ 1 Be AL A2 541, 8 fg i i
BELAS Py 37 4 M 0E NS R sl 1 Rz 4 i 39 i
Cav-1 & 7] DL 5 85 3N C RGP 4 5
B 3 8 1 C fR S SR Py Rz 41 s g 1
(Bl ). BRI, WA —% 4 %5 (endothelial
nitric oxide synthase, eNOS) i i J: 26 41 fifg A -1~ 1) 3%
WP 4 AL A (nitric oxide, NO), NO g4 A4 jz
AR TR DA Rl A FE RN A B A P TPy
B 4 b Cav-1 55 eNOS /£ Hl J5, eNOS & A i 44
PRBEIR AL, W TEFRAK, 230 NO A kb, AL i
LR N B2 A Y

5 MicroRNAs

MicroRNAs (miRNAs) #& — 28 5 AR 57 10 N U
PEAEGR D B /N4> F RNA, 3l % mRNA 540
A IRy SR B R 3R, AR R AR
B AR vh P A e P PSR, HEdk
miRNAs 2 51 15 P 57 41 i 0 386 58 F0 0l 8958 A, it
T 6 DL P 0f A A B SRR 1595 ' miRNAs
kAT B s P AT B A EA i A AR
BN ) miRNAs fESLwn (% 1), LAk
(1) 4% % P miRNAs f4 #f miR-221/222 Fll miR-17-92
K% ] miRNAs .

5.1 MiR-221/222

MiR-221/222 fifi T A X Beti ik L) — NI
(1) 2 B8 IR IR 17 /& miRNA #6515k, 764 K H 1
S SR LIRS I R gl s R ik B A
Pk miR-221/222 75 N\ E KRR T 1 P B2 40 fif v o
TR 1) A 2R 22 mRNAs SR Py Rz 40 i 1 5 2
PRAN S A B, miR-221/222 w i ik 1 i #E 41 g 1)

T4 A K 7 324K e-kit, B8 E 375 eNOS (1)
FIA , SRAMG Py B 40 M fr 358 B R it 4 B 2R B oA,
miR-221/222 71 A K¢ 40 i 34 i B ) i 48 2 5% IR
ETS1 FlfE 4]+ ZEB2 Sk R 41H *,

5.2 MiR-17-92&H %

MiR-17-92 % [A] 7% 4 fith 6 Fft 1 24 (1) miRNAs :
miR-17, miR-18a, miR-19a, miR-20a, miR-19b #
miR-92a, 7F Py {2 41 fiid 7P iX 48 miRNAs [ 1 % 1k
O Pl A AR S e P e miR-17a. miR-
18a. miR-19a Fl miR-20b £ 574 2 1k I mf FI4H P Jiz
90 M ) A, miR-92a JU)3E o 41 ) 1 P HE A # oS
(integrin a5, ITGAS) FIFEFEAH eNOS )7 4= kAl
A PR T R 2

6 HEEE

e A DR A1 5 DRI ANAN 5 9 4 e ) 46 5 5
T2 G, i HLAE 22 9 5 DR R0 DR a4 i
MU AR R 1R A, S i e S AR T, AT
X AR 0 T PR 84 B R AT YR L g R D p5 3
P21 p27 SRl Py R B AR SO B AR B R 1)
P53 FED K =4 p53 B (1wl A SR 5 S JoRg 4 i
IR, 3L Rk I T 0 W R T A Pl
FERCIAE T B AR SRR BT, pS3 AT I
A5 5 A7 1o (hypoxia-inducible factor 1o, HIF-1a)
A VEGF %5 (i ift. 3 A e 7 [y 2 a2k B, iy 1 6
W B3 B IR AN, T IR HE B cSre/ERK2/NF-kB/
pS3 {5 5 ik, i p21 il p27 (K%, ifi p21 Al
P27 & SR AR SO I ), e AT 4N
JAASE AR Go/Gy 3, AT A P 5 48 R A 2253
Z4 BY 0 p53 ik W] i 5 Fas F14F T %% & DR4/DRS5 5
SSARHE HUVEC [ 1 B2 g JE DRURI s 22 DR i 4
PR A0 T 14 5 PR 4 G A e ik — AP AT, (HIX e
FEPR S IR AL P B IR g 735K A5
B TR S 22 A R T

=1 i 24 B B miRNAs

miRNAs AL T P 4 i (2 T A 1O Z: 2 SR
miR-221/222 c-kit. eNOS ARk [24]
miR-92a ITGAS5. eNOS R [25]
miR-24 GATA2. Pakl ESEN [25]
miR-328 CD44 AN A [26]
miR-214 eNOS AN A [27]
miR-15/16 VEGF. cyclin E LKk [24,28]
miR-424 VEGFA. VEGFR-2. FGFRI FKik [29]
miR-93. 200b VEGFA Fik [29]
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Tois 11 P S A0 L 11 48 B 52 1 25 Fofr 3 A1 1 ) B 1 s
SX LR DAL 5~ £ R 28 PN B PR3 LS L I A
WERRAEE SR AR E R, X
AN DR 1R 0 o 2R N S - B a2 Rt
FEFDIMIR, S22 P9 B34 T A0 30 DR 7 5 o AT
SRPIN VA TR T e BRI, R Py R A
A7 POWE TR A7 AEVE 2 R F 75 K 10 AL, 451
ES 1] VEGF 3t N FRIE K HLEIEAN+ 73 2E 5 AS
AT A ) 7 AL AT RS W
ey @R FEE i A OC miRNAs AL
IR M R R . IR AWFITA B 40 1 i
GOAPER) 73 TSR], AT BT 7R O
WAL, B AR BT iR 4 I 5 2 A7 %%
) SRS o

(& £ 3 WKl

[1] Javaherian K, Lee TY, Tjin Tham Sjin RM, et al. Two
endogenous antiangiogenic inhibitors, endostatin
and angiostatin, demonstrate biphasic curves in their
antitumor profiles. Dose Response, 2011, 9(3): 369-76

[2] Abdollahi A, Hahnfeldt P, Maercker C, et al. Endostatin’s
antiangiogenic signaling network. Mol Cell, 2004, 13 (5):
649-63

[3] LingY, YangY, Lu N, et al. Endostar, a novel recombinant
human endostatin, exerts antiangiogenic effect via
blocking VEGF-induced tyrosine phosphorylation of KDR/
FIk-1 of endothelial cells. Biochem Biophy Res Commun,
2007, 361(1): 79-84

[4] iR, TRSEEE, RAEA, AF. P R EO0 R 00 JELHT A 1t A
rPOM A AR A0 I AR I R AR IR B [ BRI R ARG,
2009, 9(1): 25-7

[5] Xu WIJ, Huang C, Wang J, et al. Comparison of the effects
of recombinant human endostatin and docetaxel on human
umbilical vein endothelial cells in different growth states.
Chin Med J: Engl, 2011, 124(18): 2883-9

[6] Hanai J, Dhanabal M, Karumanchi SA, et al. Endostatin
causes G1 arrest of endothelial cells through inhibition of
cyclinD1. J Biol Chem, 2002, 277(19): 16464-9

[71 52, SO, Whadbat, . o R S 22 3 ek i e 4 it
B PR A0 JH ) SR T AL AR SR A B AR AR, 2003,
20(9): 821-2

[8] Yuan S, Fu Y, Wang X, et al. Voltage-dependent anion
channel 1 is involved in endostatin- induced endothelial
cell apoptosis. FASEB J, 2008, 22(8): 2809-20

[91 Szekanecz Z, Besenyei T, Paragh G, et al. Angiogenesis in

[13]

[16]

[17]

[19]

(20]

[21]

[22]

[23]

(24]

[25]

rheumatoid arthritis. Autoimmunity, 2009, 42(7): 563-73
St =s, s, FRTHT A LA 0 AR — I 4 SRR
B E. PN, 2003, 26 (10): 72-5

FuY, Zhu Y. Ectopic ATP synthase in endothelial cells: a
novel cardiovascular therapeutic target. Curr Pharm
Des, 2010, 16(37): 4074-9

Sheikh AQ, Taghian T, Hemingway B, et al. Regulation of
endothelial MAPK/ERK signalling and capillary
morphogenesis by low-amplitude electric field. J R Soc
Interface, 2013, 10(78): 20120548

Lopez-Dee Z, Pidcock K, GutierrezLS. Throm-
bospondin-1: multiple paths to inflammation. Mediators
Inflamm, 2011, 2011: 296069

R A, FRER RBCER B MO N R -1
M AR R B Br IR B 25 243K, 2009, 36(4): 435-7
Lawler PR, Lawler J. Molecular basis for the regulation of
angiogenesis by thrombospondin-1 and -2. Cold Spring
Harb Perspect Med, 2012, 2(5): a006627

BN, AL P, B oo, I /N R AR - LA e I A
A L 22N R 2R, 2011, 37(2): 74-8
Freyberg MA, Kaiser D, Graf R, et al. Proatherogenic
flow conditions initiate endothelial apoptosis via
thrombospondin-1 and the integrin-associated protein.
Biochem Biophys Res Commun, 2001, 286(1):141-9
Bernatchez P, Sharma A, Bauer PM, et al. A noninhibitory
mutant of the caveolin-1 scaffolding domain enhances
eNOS-derived NO synthesis and vasodilation in mice. J
Clin Invest, 2011, 121 (9): 3747-55

Bidl, RZE. Caveolin-1 X A K¢ 4H 1 484 G f 4001 4% I )T
5. RAEMIRBT G 2%, 2007, 14(9): 660-1

Shigeishi H, Yoneda S, Taki M, et al. Correlation of
human Bub1 expression with tumor- proliferating activity
in salivary gland tumors. Oncol Rep, 2006, 15(4): 933-8
Wang XQ, Yan Q, Sun P, et al. Suppression of epidermal
growth factor receptor signaling by protein kinase C-o
activation requires CD82, caveolin-1, and ganglioside.
Cancer Res, 2007, 67(20): 9986-95

Mehta VB, Zhou Y, Radulescu A, et al. HB-EGF
stimulates eNOS expression and nitric oxide production
and promotes eNOS dependent angiogenesis. Growth
Factors, 2008, 26(6): 301-15

Arora R, Hare DL, Zulli A. Simvastatin reduces
endothelial NOS: caveolin-1 ratio but not the phosphory-
lation status of eNOS in vivo. J Atheroscler Thromb, 2012,
19 (8): 705-11

Urbich C, Kuehbacher A, Dimmeler S. Role of
microRNAs in vascular diseases, inflammation, and
angiogenesis. Cardiovasc Res, 2008, 79(4): 581-8
Santoro MM, Nicoli S. MiRNAs in endothelial cell
signaling: the endomiRNAs. Exp Cell Res, 2013, 319(9):
1324-30

Wang CH, Lee DY, Deng Z, et al. MicroRNA miR-328
regulates zonation morphogenesis by targeting CD44
expression. PLoS One, 2008, 3(6): €2420

Chan LS, Yue PY, Mak NK, et al. Role of microRNA-214
in ginsenoside-Rgl-induced angiogenesis. Eur J Pharm
Sci, 2009, 38(4): 370-7



96

26k

(28]

[29]

(30]

Ofir M, Hacohen D, Ginsberg D. MiR-15 and miR-16 are
direct transcriptional targets of E2F1 that limit E2F-
induced proliferation by targeting cyclin E. Mol Cancer
Res, 2011, 9 (4): 440-7

Dang LT, Lawson ND, Fish JE. MicroRNA control of
vascular endothelial growth factor signaling output during
vascular development. Arterioscler Thromb Vasc Biol,
2013, 33(2): 193-200

Yang J, Ahmed A, Poon E, et al. Small-molecule activation
of p53 blocks hypoxia-inducible factor 1a and vascular
endothelial growth factor expression in vivo and leads to

(31]

[32]

tumor cell apoptosis in normoxia and hypoxia. Mol Cell
Biol, 2009, 29(8): 2243-53

Lin SY, Lee WR, Su YF, et al. Folic acid inhibits
endothelial cell proliferation through activating the cSrc/
ERK 2/NF-xB/p53 pathway mediated by folic acid
receptor. Angiogenesis, 2012, 15(4): 671-83

Chiang JH, Yang JS, Lu CC, et al. Newly synthesized
quinazolinone HMJ-38 suppresses angiogenetic responses
and triggers human umbilical vein endothelial cell
apoptosis through p53-modulated Fas/death receptor
signaling. Toxicol Appl Pharmacol, 2013, 269(2): 150-62



