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[ Abstract] Angiogenesis is a process that new blood vessels generate on the basis of an original vascular plexus via
sprouting or other forms during normal growth and development of an organism or under particular conditions such as wound
repairing and ischemic hypoxia. In general, angiogenesis includes five stages: degradation of the vascular basement
membrane, endothelial cell proliferation, vascular sprouting, lumen formation and vascular network turning stable and
mature. Among ischemic heart diseases, acute myocardial infarction seriously threatens human health, its pathological
characteristics include myocardial vascular stenosis and blockage, leading to myocardial infarction. Therefore, the promotion
of angiogenesis has become one of the therapies for ischemic heart diseases. A variety of pro-angiogenic cytokines are involved
in the process of angiogenesis, such as polypeptide growth factors and lipid mediators. In this paper we review the recent

progress in research on the expression of pro-angiogenic factors in myocardium after ischemic myocardial infarction.
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O ML PR G 1Ry 2 23 1 1y S T 46110 4832 K6
Ve, Hrp St O B ZE I SE T R 2K B2 ETRES
B HYRYT TR B EIRYT 5O R S Bk
SCAUEER 0 T8 BRI FF i, A 28 Bz ek AR 3l ik A AR 9T
( percutaneous coronary intervention , PCI) FliAE 23
SR 465 1o JUL L 38 42K 52 T BB 5 | Ak o JUL P-4 7 451
O3, RAMREAR T3/ 97 FBLRI7 a0 ARk, IRY7
P LA T A o SR I P JFE 5 ¥ 7 B 9 118 3 40k, 7
BELLk00> 2 364G RV A2 1M 30 7 T S 3 E A D
I, 3677 14 A8 50 A AL F 50 T A vh fE 1 8 e
JRGE R e - TE A 0 1) T 36 9 R 1 A B
F, P N B2 HL 4 MY (endothelial progenitor cells,
EPCs) b A MU (9 1 8 A ALl B o e 4 il A
A LR PR B AR 2 IR AR KA T R R 26T I
Z KA A R T A4 < 1A N B A K H T (vascular
endothelial growth factor, VEGF)  il&T 4 41 ifg A= K A
“F (fibroblast growth factor, FGF) | Ifil /M f77 A A= K A
F ( platelet derived growth factor, PDGF)  #%fbA4: K
[A¥-B (transforming growth factor-B, TGF-B) . i 4
g £ K F ( hepatocyte growth factor, HGF) | Ifil 45 4=
% -1 (angiopoietin-1, Ang-1) %5 JE A AL 45 .
7 I % I B2 ( lysophosphatidic acid, LPA ) DA & ¥ &
Fi5-1 % 12 T ( sphingosine-1-phosphate,, S1P) %5, H
IO JJUEEAE IS 1488 A e R 24 ih 7 2 k2R
AREFHE, AXFENMBALZIREAEKRE T &
HAF 55 38 B AE 2P0 WU BE (acute myocardial
infarction , AMI) J5 IfIL % 87 A P 0946 FH FLIR 28 40 o %)
A& A RS2

1 SHEEKETF

1.1 VEGF-VEGFR ES#ESR2&RMEMNEHA
R E%

BRATA A 1L A8 B A R R T AL LR 15 538
B Hoh i o EE )& VEGF-VEGFR 5 5% &
%517 VEGF 24> T-i 46 x 10° YR ST £ 454
AR T, g B DR SF 0 R 8 — SR AAOBE A, A
PR AL AR A 22 4y 245001 FEfG skt B BT
mRNA AR BIYITr=0, B AL 6 Ff VEGF A1k, £1
#% VEGFA, VEGFB, VEGFC., VEGFD, VEGFE,
VEGFF , #82 [RIVE — S AR 2 1 H B A ALY 23 [R] 25
P VEGFA VE Ryl 88 & A= il 4 357 Az 1% 5 22 A
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T FEEEL AR N A AP B VEGFI21 |
VEGF145 .VEGF165 . VEGF189, VEGFA il i 5 ifi.
B B AR A A R T B AZ 1R VEGFR1 , VEGFR2
GER KA AR S T 3 R R B F 5
EER VEGFA 5 HZ 1K VEGFR2 454 A S 41
UL K B, T VEGFC 5 H 3% {k VEGFR3 454
U 3 B 3R 3R A b O 0l R I A A AR Y O AR
VEGFA-VEGFR2 {55 1 N &4 F vl 52 31| 2 F i85 i
% A Ay JE #2, W VEGFR3, NRPI ., VE-cadherin
ephrin-B2 | Ifil /]y # 2 B 8 11 52 1A CD47 F1 &
%%If[ll -12] .

O WUBEBE % A5 I, 7 e il i 420 0% 00 38T, A 5T
DO IURR TR B HIF-Tae, AF RO JULSSH 1 37 42 £
ST HIF-1 00 ANAE LA TE ) 0 3 A v J #0
YRR, 76 ML B F 0930 3 o8 42 i A5 S 3 UL 400 e
VAR B IS P B 200 TR R B B % S R LA
BB ERENE T, HIF-la 5
HIF-18 45 & 1 s A 16 PE A9 HIF-1, HIF-1 REW% 5
VEGF L ) HRE #H %5 &, M 1fi ¥ i VEGFA/
VEGFR2 {5 5 i %, VEGFR2 #] i@ i T i JAK2 .
PLCy1 {55380 [ V8 19 10787 P 12 40 B 1 34 5, 3 2
Sre \FAK {553 % 8 35 0045 PN 2 400 it i) 3E %, 2
JAK2 Akt {55538 5 N B 0 A9 A7T5 T, Tang
A e L] , 45T 8) 78 B 41 M9 IR JY Sprague-
Dawley KO WUEFE , 0B 1] 58 0E S5 5 30
O UL AE PR 4B K A6 T, R RE SR AL 7 2 A9 1M
AR Nt I ER 7 [ IR NS R P E NP (SR PO PN
WU BE 319y 8 i Ik 6 48 ] BT % VEGE B, VEGF
AR (] 78 5T T 4 M6 Y T e I A AR AT K 3
HITEM,

1.2 FGF REESHERS

BCET 20 i A= K R F (FGFs ) F% & 2 D g
SN R (43 50, 46 22 SRR JEH X IF &R
BA BB 445 120 A& MR o0 B & 5 )
[ JRPE X, FGFs 78 Z R4 L 00T R 1k
PR EEZENEN, CHEE FCFs 7E5 HLR
U ph R L g0, nAR SR A F A fE FGF K
T B AR A A A T T aFGF AR AR 4T 2 A
KT bFGF HA RS2 il P R 20 B A A% 01 A8 Ik
ghy ek B R A AN T, I FLE )
¥) FGFR 7 U Ff IV # , FGFR-1 ., FGFR-2 , FGFR-3 |
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FGFR4M | 55 A 22 A i Z BR B4 W 4 81, FGFR 5
BCAARZs &, 38 o 1% 220 IR W 1R 1A% 5 40 M AMME 5
FGFs 5 FGFR 254, (1 320k R4k, i I 2 R
M, S EA N R A B ekRR ik, bFGF i
AR o By BRI FRUE N B ALY S RS
B, B 2T USRI . FGF 15 5 5% 5 R G0 Al iE
id Ras/MAPK , PI-3 K/Akt PLCy/Ca’" = %15 5
BEVE TN B A M 3 B GRS, S 5 BP0 A
(s FR ) EIFBH FGF-1/FGF-2 1 FGFR 76 AT
SR O WL FR, FR eI AMI J5 I 48 37 A, Ho,
FGF-2 W& AEdE AMI J5 sh kI >0 > X5 10 4
PR JLARE B A2 Y 56 IR 2l ik P 3 S R v 7 5 L 1Y
FGF-4, nfBest O I E 4 X3k oh e ™, I R
RIAFSE C AR A | 30 156 A i T LAP AR Il 4 A il R 7
W VEGFs \FGFs 380 UL I DX Y Jey #0080 , eles
A RE AL WD BE , S 2% AT 1K 21 95 B Sk 1
MBGIE >,

1.3 HGF RMEFHEEA

HFAR A AR K 7 (HGF) & —Fh B A i 2 1Y
SZRIAEZIme MM A T 8 T A i e b AR
P AR R T, 43 F 5k 80 x 107, 2 1] Jit 41 e 77
A 2R A A WA RN 55 43 U 1Y 4 A AT A
b Bz AR AT PNz 40 e AE VR TR e R
AMI Ji5 38 A B A2 1 8 AR A F > HGF 324K c-
Met J2 P50 % 22 iR Tl A2 42, HGF 1 26 1 2 3500
it 5 = AZ AR VE T S e 0, BRgE R 1
SEES S e NZE O WRESE S A BRI UL e-Met
ZAR U, E Bk A BR BT D 0 L HGF /) B
e,

R T N )& 1 O (=R g |
Jrb  HGF ik 2 o) 980 356 Joi o4 Mk o %, 7= AE Ko Yy
54 )@ H B (MMP-1) |, [A] BF HGF fig B & 4 iF
VEGF X i858 A= i, AT RE AL 28 A ets 3
e, U ets-1 IR WS ER B, HGF AL
FAR A A a9 i BT i@ i P13 K {553
B H Ake, B BTN T BH kO = FE A RN D e
BRIV
1.4 TGF-BESEEREATHNEARRKS

AR R T TGF-B J2 Hh WA~ 45 14 AH [7) 5l A0
W AT 12,5 x 107 197 A fity A gl % 42
(1) Z D fe R AR Z IR A K IR, W] pl P A i A
Jo A L D6 VR4S A B Y Y GRS | 4 A R B A
B Z R A AR B 534k . TGF-B 175 5 i 4K 241 ffd

G3A A JE) Bz A RN SF- ¥ JULZ0 6, R0 P B 400 e i) 34
B, A 4 M A0 35 5T A MERRAE AT 2 5 30 1 A B
AR, TGF-B A PFP 3244 5 S 55 st — 72l
ZAR (ALK-1) F1 22 % 1R/ 9 2 R % i — 7% =7 1k
(ALK-5), N Bz 40 jfg 3 ik TGF-B — AU % {& ( ALK-
1 ) [29-30] .

TGF-B {5538 6] 45T B ke 3] 28 56 H 2L 1A
FH AR FREE AR, TCF-B HA 2 1 8587 A= 5l 4 il
EHE RIS TR R A0 A P AN RS
Sl %, Bl ALK-5-Smad2/3 15 5 18 #% il ALK-1-
Smadl/5 {5 53K, TGF-B il P 52 A i
fiti ALK-1 F1 ALK-5 {5 53 B% 98 15 9 B2 20 1A R
A TGF-B 5 ALK-1 454 S5 Smadl/5 1 #ERR
1k, 1d1 23k, AR 2 10045 PN B2 400 e 1 32
FIEFE . TGF-B lid % ALK-5, B Rk Smad2/3,
T3 1 ALV S WA ) (PAL-L ) RNET 4E i
FEEE ARG, DT B0 ] G AL | 1 5E R A T B
UEAh WA ALK-1 3848 2 i ALK-S {5538 %
endoglin J& TGF-B/ALK-5 {55 51 [ Y 7 I8 55 K 7
N B Bk N 2 48 M ( human  umbilical vein
endothelial cells, HUVECs) #', ALK 7] [ endoglin,
EN B R R A N B 41 g ( human  dermal
microvascular endothelial cells, HDMECs) F 548 ] &
O RIS EH A LR AN TR
1.5 PDGF {5 S1# {2 m & ) 2

/A A AR K R 7 (PDGE) | 7] Hy 2 20 i
S3U0 WP B A0 RS LR AR W 40 e i )
M, HFIE R R AR 25 4 i i B % 1 O AN
[, PDGF 1] 43k = B A [6] 1) 55 49 14, £2 35 PDGF-
AA PDGF-BB PDGF-AB, =7 PDGF Bt {4 i@ it 5
4K PDGF 3% {& (PDGFR-A ,PDGFR-B) 4 41l ity
HMCARSE G B G (R0 32 1A B PN 3 1 TG 45 1
TR VS KB LA I SR AR 1 O T T 1 A5 A
By (0 R R R AL 17 B IR AL T B0 Al N — R 41
A AN, I TR 2 SR Rz 20 py s 4 >

VFE W5 R, A K F 41 bBFGF \VEGF | Ang-2
JET | R IMAE AR B S B PR 25 (L 30 6 A K PR - B
YRR 2 3 BOCR 010 WL B AR 1A 8 T A R
B PDGF AR5 ZE R 5 16 P 1 A K 7, BB
TR R ML T A 22 53 24, AR A 10 1 s 28
WrBE, R 40 M 1 Y PDGFR-B i i 37 55 B 240 it , )
TRORE AN AR A SRR ARG 5 0 U 4 JE AR A
FI(TIMP-1) B9E FH , 412 25 40 B 71 32 5 543 19 A B
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AT A5 12 - PDGFR-B {5 538 f& A5 B T
RO R B 515 S R G n a7, 78 A4 B R 5 BRR
A PDGFR £ 52 W 0 WILAE O LA i 34 5
(it fErh, PDGFR W n] il i MAPK 1 PI-3 K {55
3 % VE O LA B B B B A TS . RIES iR T LS
515 S AR A AR 7 0 A A T #E i B
St HORAS N LA 1T PDGFR #R357K - 1
R 3 AR A SR HIF R VEGE #3655, BH
1R U LA A 1 B 5K B0 UL i 1k J %)
1.6 MEHKEKE

SR g s S 11 R a2 U B
Ang-1 Ang-2 Ang-3  Ang-4 , 5 PN Kz 24 fifd 5 55 1 4
TR G2 AR Tie-2 454 AR T — 2 148 28 i)
FW, HHEIX Ang-1/Ang-2 RG5 5 548 E &
PR A 1 A5 R R/ R 9 AR A, Ang-1 HH
498 MEFEBRZAL I, Horb N 38 — i K 20 I 5 5 ik
o BRBERISE R, C S0l 1 — 21 45 2R (1 R 2Rl 25
5, Ang-1 5 Tie-2 455X K, {f Tie2 H
BB R A I #8005 , TG AR Y Tie-2 38 3 380G 94 1Y
WA PSS, i iGfk PI-3 K/ Akt 5 545 Fmk , =5
MAE AR AT AR, Ang-1 AT 3@ 3 s Py j2
2 2 () A 4, R VEGF 755 19 1ML 45 75 155 M 1
TIPSR, (37 A A e+

Ang2 YE A NEE Tie2 ZKFEHIH], 5 Tie-2
454 HAGI A Tie-2 BEFR AL, AT Ang-1 (995
Pk, A SCHERIR T, Ang-2 fiE B Sl 0 4 P B AHL 400 B i
AT (AT N R A0 B TS, Ang-2 5 P 2 41
200 A 1) P9 A B A AT B B A I T R Y R sl 3R
W, fZ Tie-2 B Ang-1 BYFEIE/NE, AR BN
WRIGEFEYE -4 Sandhu %514 SIE B, 22 56 IR 3 ik
254119 Sprague-Dawley KB, H: Ang-2 ik fF4L
B4 Ang-1 kD> R Ang-2 7E.0 JUREAE
Je A B AE 7 I 5 R FAER . Ang-1/Ang-2 R%GiH
TR B AR A | AR TE R R AN 1 4R S RURG BEE, A
I A BT A 2 R &R

2 BEENR

ML/ ISR AT I T 40 25 R T F) 22 ol IR 2 A T A
i A A= B 7 TR G B VR AT, AN i B IR R
(lysophosphatidic acid, LPA ) | B JI§ & ( phosphatidic
acid, PA) | 1-B ik 5 2 I ( sphingosine 1-phosphate ,
S1P) . TEBEMALRE T, M7 X N B A0 i Ak 2 A s
PRI 809 L1 il i /A BRI STP 7 A 917

S1P AT i LIS B 7 W 40 i 5 2 o 40 L i 3+ A7 T
TETIC, 3 L 43 08 R 5% 43 b 1) JE 28 55 40 i ) 31
W IER i, S1P 5 G IR Z K ZK 5 EDG-
1.-3.-5.6.-8 254, WG G,-. G-, G,,-. ;-
Rho KMt (558 H, SIP A 2R (LRSS
e ST BRI IR QLS ME S UE T U (extracellular
signal-regulated kinase , ERK) p38-MAPK 15 i 1% |
WEhEHE C A1 D ( phospholipases C and D) AR 2 #F
Ak il ARG 25 B 38§ (focal adhesion kinase, FAK) .
S1P 2 5 B4 B A 1 2 A~ i B v, G456 4 i A1 Ik
JoT REEA: | P B A0 T R I e L B ) 3 5 S A
B, TEARNFIASN SRS b BIUESE S1P RESE fin & 41
IS AT B, STP 3 10 e A Sl i EDG-1 7
& ERK {553 S By, [F] i, S1P B B[] 22 Ik 26
AR O A A

3 RE

SR URESEARE Sy — b ™ B A SR it O A
HR A AR BT S 3R U e R 52 ik
IS RN | RN s R e SIS I &
R, 167 2RO IURESE Y 7 35 T2 28 AR 7 AL
HIETEEAR 2 Jk A0 S48 B0 64 1 1SRN T o S ok 0
SCABFR AL CREA RO A2 O LR I, 7 1k O JUL &8 i
IRBE T LA 53 A A ke ot JUL P 00 21 40 S
SCHRFR Bl o L AE B AR A5G 23 1 BIL A BIF S Y TR
AR PRI BT A A R RSk Ak UBESE A
BARITFBL

S 3k

[ 1] BRfBfl, miEse, X104k, & ChRELC R 2016 ) #E
2 [J]. mEERAGE, 2017, 32(6) : 521 -530.

[ 2] Hausenloy DJ, Yellon DM. Myocardial ischemia-reperfusion
injury: a neglected therapeutic target [ J]. J Clin Invest, 2013,
123(1) : 92 - 100.

[ 3] Ng R, Yeghiazarians Y. Post myocardial infarction cardiogenic
shock; a review of current therapies [ J]. J Intensive Care Med
2013, 28(3): 151 - 165.

[ 4] Yellon DM, Hausenloy DJ. Myocardial reperfusion injury [J].
N Engl J Med, 2007, 357(11) . 1121 —1135.

[ 5] Nessa A, Latif SA, Siddiqui NI, et al. Angiogenesis — a novel
therapeutic approach for ischemic heart disease [ J ].
Mymensingh Med J, 2009, 18(2) . 264 —272.

[ 6] ZhengY, Xiao M, Li L, et al. Remote physiological ischemic
training promotes coronary angiogenesis via molecular and cellular
mobilization after myocardial ischemia [ J]. Cardiovasc Ther,

2017, 35(3) : e12257.



112

P R PR A 2R 2018 45 3 4B 28 B4 3 3 Chin J Comp Med, March 2018, Vol. 28. No. 3

[9]

[10]

[13]

[14]

[15]

[16]

[17]

[20]

[21]

Heba G, Krzeminski T, Porc M, et al. The time course of tumor
necrosis factor — a, inducible nitric oxide synthase and vascular
endothelial growth factor expression in an experimental model of
chronic myocardial infarction in rats [ J]. J Vasc Res, 2001, 38
(3): 288 —300.

Harada K, Friedman M, Lopez JJ, et al. Vascular endothelial
growth factor administration in chronic myocardial ischemia [ ] ].
Am J Physiol, 1996, 270(5 Pt 2) . H1791 - H1802.

Eichmann A,
endothelial cells and beyond [ ]].
24(2). 188 -193.

Zhao T, Zhao W, Chen Y, et al. Vascular endothelial growth
factor ( VEGF )-A.
myocardial infarction [ J]. Microvasc Res, 2010, 80(2): 188
-194.

Simons M. VEGF signaling inside vascular

Curr Opin Cell Biol, 2012,

role on cardiac angiogenesis following

Koch S, Tugues S, Li X, et al. Signal transduction by vascular
endothelial growth factor receptors [ J]. Biochem J, 2011, 437
(2): 169 -183.

Kaur S, Martin-Manso G, Pendrak ML, et al. Thrombospondin-1
inhibits VEGF receptor-2 signaling by disrupting its association
with CD47 [J]. J Biol Chem, 2010, 285 (50): 38923
—-38932.

Cheng C, Li P, Wang YG, et al. Study on the expression of
VEGF and HIF-1« in infarct area of rats with AMI [ J]. Eur Rev
Med Pharmacol Sci, 2016, 20(1): 115 -119.

Ai F, Chen M, Li W, et al. Danshen improves damaged cardiac
angiogenesis and cardiac function induced by myocardial
infarction by modulating HIF1/ VEGFA signaling pathway [ J].
Int J Clin Exp Med, 2015, 8(10) . 18311 - 18318.

Luan X, Gao YG, Guan YY, et al. Platycodin D inhibits tumor
growth by antiangiogenic activity via blocking VEGFR2-mediated
signaling pathway [ J]. Toxicol Appl Pharmacol, 2014, 281
(1): 118 —124.

Tang Y, Gan X, Cheheltani R, et al. Targeted delivery of
vascular endothelial growth factor improves stem cell therapy in a
rat myocardial infarction model [ J]. Nanomedicine, 2014, 10
(8): 1711 -1718.

Korc M, Friesel RE. The role of fibroblast growth factors in
tumor growth [ J]. Curr Cancer Drug Targets, 2009, 9(5) : 639
-651.

Powers CJ, McLeskey SW, Wellstein A. Fibroblast growth
factors, their receptors and signaling [ J]. Endocr Relat Cancer,
2000, 7(3): 165 -197.

Béttcher RT, Niehrs C. Fibroblast growth factor signaling during
early vertebrate development [ J]. Endocr Rev, 2005, 26(1) .
63 -717.

Zhao T, Zhao W, Chen Y, et al. Acidic and basic fibroblast
growth factors involved in cardiac angiogenesis following
infarction [ J]. Int J Cardiol, 2011, 152(3) ; 307 -313.

Chen WC, Lee BG, Park DW, et al. Controlled dual delivery of
fibroblast growth factor-2 and Interleukin-10 by heparin-based

coacervate synergistically enhances ischemic heart repair [ J].

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Biomaterials, 2015, 72 138 —151.

Gao MH, Lai NC, McKiman MD, et al. Increased regional
function and perfusion after intracoronary delivery of adenovirus
encoding fibroblast growth factor 4. report of preclinical data
[J]. Hum Gene Ther, 2004, 15(6) : 574 —587.

Dragneva G, Korpisalo P, Yli-Herttuala S. Promoting blood
vessel growth in ischemic diseases; challenges in translating
preclinical potential into clinical success [ J]. Dis Model Mech,
2013, 6(2): 312 -322.
Jayasankar V, Woo YJ, Pirolli TJ, et al. Induction of
angiogenesis and inhibition of apoptosis by hepatocyte growth
factor effectively treats postischemic heart failure [ J]. J Card
Surg, 2005, 20(1): 93 -101.

Ruvinov E, Leor J, Cohen S. The promotion of myocardial repair
by the sequential delivery of IGF-1 and HGF from an injectable
alginate biomaterial in a model of acute myocardial infarction
[J]. Biomaterials, 2011, 32(2) : 565 —578.

Wang Y, Ahmad N, Wani MA, et al. Hepatocyte growth factor
prevents ventricular remodeling and dysfunction in mice via Akt
pathway and angiogenesis [ J]. J Mol Cell Cardiol, 2004, 37
(5): 1041 —1052.

Tomita N, Morishita R, Taniyama Y, et al. Angiogenic property
of hepatocyte growth factor is dependent on upregulation of
essential transcription factor for angiogenesis, ets-1 [ ]J].
Circulation, 2003, 107(10) : 1411 - 1417.

Kappel A, Schlaeger TM, Flamme I, et al. Role of SCL/Tal-1,
GATA, and Ets transcription factor binding sites for the
regulation of  Flk-1

development [ J]. Blood, 2000, 96(9) : 3078 -3085.

expression  during murine vascular
Lupo G, Motta C, Salmeri M, et al. An in vitro retinoblastoma
human triple culture model of angiogenesis: a modulatory effect of
TGF-B [J]. Cancer Lett, 2014, 354(1) . 181 - 188.

Goumans MJ, Lebrin F, Valdimarsdottir G. Controlling the
angiogenic switch: a balance between two distinct TGF-B
receptor signaling pathways [ J]. Trends Cardiovasc Med, 2003,
13(7): 301 -307.

Frangogiannis NG. The role of transforming growth factor ( TGF) -
B in the infarcted myocardium [ J]. J Thorac Dis, 2017, 9
(Suppl 1) S52 - S63.

Ota T, Fujii M, Sugizaki T, et al. Targets of transcriptional
regulation by two distinct type I receptors for transforming growth
factor-B in human umbilical vein endothelial cells [ J]. J Cell
Physiol, 2002, 193(3) . 299 -318.

Pepper MS. Transforming growth factor-B: vasculogenesis,
angiogenesis, and vessel wall integrity [ J]. Cytokine Growth
Factor Rev, 1997, 8(1) . 21 -43.

Potente M, Gerhardt H, Carmeliet P. Basic and therapeutic
aspects of angiogenesis [ J]. Cell, 2011, 146(6) ; 873 —887.
Gaengel K, Genové G, Armulik A, et al. Endothelial-mural cell
signaling in vascular development and angiogenesis [ J ].

Arterioscler Thromb Vasc Biol, 2009, 29(5) : 630 —638.
Awada HK, Johnson NR, Wang Y. Sequential delivery of



i A R 2018 4E 3 H 4 28 B4 3 ) Chin J Comp Med, March 2018, Vol. 28. No. 3

113

[37]

[38]

[39]

[40]

angiogenic growth factors improves revascularization and heart
function after myocardial infarction [ J]. J Control Release,
2015, 207 7 -17.

Carmeliet P, Jain RK. Molecular mechanisms and clinical
applications of angiogenesis [ J]. Nature, 2011, 473 (7347)
298 -307.

Alameddine RS, Yakan AS, Skouri H, et al. Cardiac and
vascular toxicities of angiogenesis inhibitors: the other side of the
coin [ J]. Crit Rev Oncol Hematol, 2015, 96(2) ; 195 —205.

Kim I, Kim HG, So JN, et al. Angiopoietin-1 regulates
endothelial cell survival through the phosphatidylinositol 3’ -
Kinase/ Akt signal transduction pathway [ J]. Circ Res, 2000,
86(1):24-29.

Lee SW, Kim WJ, Jun HO, et al. Angiopoietin-1 reduces
vascular endothelial growth factor-induced brain endothelial
permeability via upregulation of ZO-2 [ J]. Int J Mol Med,
2009, 23(2): 279 -284.

Zhang H, Yuan YL, Wang Z, et al. Sequential, timely and
controlled expression of hVEGF165 and Ang-1 effectively

improves functional angiogenesis and cardiac function in wvivo

[42]

[43]

[44]

[45]

[46]

[J]. Gene Ther, 2013, 20(9) : 893 -900.

Davis S, Aldrich TH, Jones PF, et al. Isolation of angiopoietin-
1, a ligand for the TIE2 receptor, by secretion-trap expression
cloning [J]. Cell, 1996, 87(7): 1161 —1169.

Maisonpierre PC, Suri C, Jones PF, et al. Angiopoietin2, a
natural antagonist for Tie2 that disrupts in vivo angiogenesis [ J].
Science, 1997, 277(5322) : 55 - 60.

Sandhu R, Teichert-Kuliszewska K, Nag S, et al. Reciprocal
angiopoietin-1  and following

regulation  of angiopoietin-2

myocardial infarction in the rat [J]. Cardiovasc Res, 2004, 64
(1): 115 -124.

English D, Garcia JG, Brindley DN. Platelet-released
phospholipids link haemostasis and angiogenesis [ J]. Cardiovasc
Res, 2001, 49(3) : 588 —599.

Pyne S, Pyne N. Sphingosine 1-phosphate signalling via the
endothelial differentiation gene family of G-protein-coupled

receptors [ J]. Pharmacol Ther, 2000, 88(2);: 115 —131.

(YFsBHA)2017 -08 - 15

i8] : BE B4R X 14 B R R B A T FE AR A WP L 2

ERTE

& FEIPM AR EAE . (1) AR BRI/ FUA H A 0 1E 5 % R/ BRI R 19 20% . (2) IpE . A5
FIZH/INEL 5 TE 6 BRAE/INERAR G 413/ T 16. 7 mmol/L, B35/ BB I F @ bR, (3) T3/ B o)
REBAS P 1 S (L LA DR, B I B4 B /NIRRT R AR SO B SRk Bt A ) | R BsPAEA AR 25 B A Ho At
Ife R 2 B A A2

(R BigrhE R E BRI XIS rE)



