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The Molecular Mechanism of Epicardial Adipokines Promoting Angiogenesis
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[ABSTRACT] Epicardial adipose tissue is a part of visceral tissue deposited around the heart, especially around coro-

nary arteries, which can express many kinds of adipokines participating in the occurrence and development of atherosclero-

Epicardial Adipose Tissue; Angiogenesis

sis. Recently it has been confirmed these adipokine can also cause angiogenesis within the coronary atherosclerotic plaque.
These neovessels have very strong permeability, which can improve the condition of local hypoxia; new blood vessels, on
the other hand, may promote the plaque’ s progression and lead to its probability of instability increase. Thus, by studying

the molecular mechanism of adipokines promoting angiogenesis, the inhibition of angiogenesis in the plaque to enhance the

- XHRLRIR -

stability of the plaque can become a new target for therapy of coronary heart disease in the future.
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Figure 1. Mechanism map

3.2 BREHBRELESHE-NRAR—SLASH
JELES

BRI E i H 22 1k AdipoR1 1 AdipoR2 #477 Hit
IR TG b5 1 4 ( adenosine monophosphate activa-
ted protein kinase, AMPK) , % i) AMPK f£ i/ eNOS
BERRAL, 1 NO A= i3 221 BRIX AP B HAE ISP,
AMPK 0 AT L[] 45 36 5 i 15 AL B 3 -3 ( phos-
phatidyl inositol 3-kinase , PI3K ) -2 % iR/ 7 2 IR J 1
(AKT) il % {ff NOS3 # {2 16 I Tii i NO A= 1 4
TNt PRI R AT DA ks AMPK {5 3 4 i
AKT 38 % B Bt 1) P4 B2 2 i 43 fe R e
3.3 PI3K-AKT i##§

DR i HAZ K AdipoR1 Fl1 AdipoR2 J#47i
AMPK , AMPK [a)42# 1 PI3K-AKT 38 4 NOS3 Wiz
PRI NO Az s o, RIE R ] LA it —Fh i
P51 2 1 (CRT) MR AR E 2R K EA 1
(LRP1) 2H U 32 1452 B W00 PISK-AKT i, 334
HIFI AR 2R N AL P 2 ( prostaglandin-endoperoxide-
synthase2 , PTGS2 ) FEiR A PCL, A plidfs 2, AU
ST ISP B AR ML) A R T RE ) RS AL A T
FRTE I, T ELA R 1 i A AR 2R R O3 s R A
ZHHOLXT PN B A B . @ Garonna 25 BF 5T 3%

W198 2R 8 2% A2 A5 53 Bt S T 100 A8 P e AR A
T2 MK (VEGFR-2) 19 3G LA K B )5 7 p38MAPK-
PI3K-AKT il i 75 T PTGS2 ik, @MIEEE L
WS PI3K/AKT {55 26 %, 15 5 VEGF I VEG-
FR2 ik, i1 50 MMP-2 \MMP-9 2 3A 38 fif Kz Hom
Tl7] TIMP1 TIMP2 2 358 /L, 14 58 P K 200 Jif 1 5 A0
IR . NBEE S & M4 BT AL 0 5 —Fh b 2
TS PIBK-AKT il B A% 50 NOS3 ik, i N B 20
frh NO Az pesint , @ik, 42 4 Bl e
NIRRT 045 AR . IR R B0E PI3K 8
i LV BAAZ 0 B ¥4 £k B E (monocyte chemoattractant
protein-1 ,MCP-1) L EF =24k 2 ( chemokine re-
ceptor2,CCR2) , MCP-1-CCR2 HITA] L) 5548 Bk 4 it LA
J N VEGF (YRR 2 A B A2 . GOMALZE
TE RN B A AKT (9B R AL eNOS 11
P PN B 20 ML P A A RN 6 P, T AKT B H T i A
eNOS S M HER I &, BN, ML
A LAE A0S AMPK {5 53 BEAEHE AKT 38 X% b=
BN B AR AL ARG B, R T BRI T N B 4
G, M E R BEALUE VEGE F2/EHEZ 0T AKT-eNOS
HSRALIEMAEFE . @R L FE T P 4R
[f5Z & CMKLRI, {2 #F AKT % 8% #% 1k, o ¥ 1 &
B
34 MHMAB2-ESESERERHERTF3
18 B

Ferla %122 \ BF93UESKE , AT LA s BEL T A T e
P 2 (Janus kinase-2, JAK2 ) 83 je A= K IR 324K
(EGFR) {553 #% e 410 1) 98 32175 3 19 A0 2 40 L 1f 7
iAo BeAHh, JE FE i R 52K (LEPR ) H 58 JAK
PO i s I A5 5 1% 3 J% SR TE IR F 3 ((signal
transducers and activators of transcription3, STAT3 ) ,
T 1G 568 A 2 200 18 B A0 100 A I TR i, A Y
S Z 50 STAT3 I £k 1T LLHG 38 1M 48 P B2 A K
F(VEGF) fl£i51"

4 B 2

ZE LRI O ANEE W 20 40T DL3E i e 45 Ao
IS PR LA T A o OB A 1A A Bl Ik ok e
PCBESR IR e A R i v ] BRSO 2, B 14
i MR T A SR R YT S Bk s AR RE AL R T AT Ry, (ER
X EEALT AR A A 240 M S 560 A0 Sl 4 S, AR rP Y
WEHEAR I A 10 HATS A VR 22 HL ) i oA B, ik A
FT4 5 SN 4 TR A BIPTSE . AR AR A X LE HL
T LR RS 7 T Lo AL A



1056

ISSN 1007-3949 Chin J Arterioscler, Vol 21 ,No 11,2013

[ 8% 30k ]

[1] Hassan M, Latif N, Yacoub M. Adipose tissue: friend or foe [ J].
Nature Reviews Cardiol, 2012, 9. 689-702.

[2] E B, RoE5t, LA B0 5.0 BU AR 1 —.0 1 5 i 1y
[J]. BE2EFseLE~%4, 2008, 21: 1 002-005.

[3] Ribatti D, Conconi MT, Nussdorfer GG. Nonclassic endogenous no-
vel [ corrected ] regulators of angiogenesis [ J]. Pharmacol Rev,
2007, 59 185-205.

[4] Mitsos S, Katsanos K, Koletsis E, et al. Therapeutic angiogenesis

for myocardial ischemia revisited; basic biological concepts and fo-

cus on latest clinical trials [ J]. Angiogenesis, 2012, 15(1):

1-22.

Woolard J, Harper SJ, Bates DO. Molecular diversity of VEGF-A as

—
W
[

a regulator of its biological activity [ J]. Microcirculation, 2009,
16 572-592.

[6] Shibuya M. Vascular endothelial growth factor-dependent and-inde-
pendent regulation of angiogenesis [ J ]. Angiogenesis, 2008,

12 15.

—
)
[

Hong CC, Kume T, Peterson RT. Role of crosstalk between phos-
phatidylinositol 3-kinase and extracellular signal-regulated kinase/
mitogen-activated protein kinase pathways in artery-vein specification
[J]. Circ Res, 2008, 103(6) : 573-579.

Blanes MG, Oubaha M, Rautureau Y, et al. Phosphorylation of

—
oo
[

tyrosine 801 of vascular endothelial growth factor receptor-2 is neces-
sary for Akt-dependent endothelial nitric-oxide synthase activation
and nitric oxide release from endothelial cells [ J]. J Biol Chem,
2007, 282 10 660-669.

Holmes K, Roberts OL, Thomas AM, et al. Vascular endothelial

—
=)
[

growth factor receptor-2 ; structure, function, intracellular signalling
and therapeutic inhibition [ J]. Cell Signal, 2007, 19(10) ; 2 003-
012.

[10] Sacharidou A, Stratman AN, Davis GE. Molecular mechanisms
controlling vascular lumen formation in three-dimensional extracel-
lular matrices [ J]. Cells Tissues Organs, 2012, 195(1-2) : 122-
143.

[11] Van Hinsbergh VW, Koolwijk P. Endothelial sprouting and angio-
genesis; matrix metalloproteinases in the lead [ J]. Cardiovasc
Res, 2008, 78 203-212.

[12] Stratman AN, Davis GE. Endothelial cell-pericyte interactions
stimulate basement membrane matrix assembly: influence on vas-
cular tube remodeling, maturation, and stabilization [ J]. Microsc
Microanal , 2012, 18(1) : 68-80.

[13] Bir SC, Xiong Y, Kevil CG, et al. Emerging role of PKA/eNOS
pathway in therapeutic angiogenesis for ischemic tissue diseases
[J]. Cardiovasc Res, 2012, 95 7-18.

[14] Lee MH, Klein RL, El-Shewy HM, et al. The adiponectin recep-
tors AdipoR1 and AdipoR2 activate ERK1/2 through a Src/Ras-
dependent pathway and stimulate cell growth [ J]. Biochemistry,
2008, 47 11 682-692.

[15] Singh P, Peterson TE, Sert-Kuniyoshi FH, et al. Leptin upregu-
lates caveolin-1 expression: implications for development of athero-
sclerosis [ J]. Atherosclerosis, 2011, 217 ; 499-502.

[16] Mattu HS, Randeva HS. Role of adipokines in cardiovascular dis-

ease [ J]. J Endocrinol, 2013, 216 T17-T36.

[17] Adya R, Tan BK, Punn A, et al. Visfatin induces human endothe-
lial VEGF and MMP-2/9 production via MAPK and PI3K/Akt sig-
nalling pathways: novel insights into visfatin-induced angiogenesis
[J]. Cardiovasc Res, 2008, 78 356-365.

[18] Bae YH, Bae MK, Kim SR, et al. Upregulation of fibroblast
growth factor2 by visfatin that promotes endothelial angiogenesis
[J]. Biochem Biophys Res Commun, 2009, 379 206-211.

[19] Lovren F, Pan Y, Shukla PC, et al. Visfatin activates eNOS via
Akt and MAP kinases and improves endothelial cell function and
angiogenesis in vitro and in vivo: translational implications for ath-
erosclerosis [ J]. Am ] Physiol Endocrinol Metab, 2009, 296 E1
440449.

[20] Kaur J, Adya R, Tan BK, et al. Identification of chemerin recep-
tor ( ChemR23) in human endothelial cells; Chemerin-induced
endothelial angiogenesis [ J]. Biochem Biophys Res Commun,
2010, 391(4): 1 762-768.

[21] DeClercq V, Taylor CG, Wigle J, et al. Conjugated linoleic acid
improves blood pressure by increasing adiponectin and endothelial
nitric oxide synthase activity [ J]. J Nutr Biochem, 2012, 23.
487493.

[22] Vaiopoulos AG, Marinou K, Christodoulides C,et al. The role of
adiponectin in human vascular physiology [ J]. Intern J Cardiol,
2012, 155 188-193.

[23] Kimura T, Tomura H, Sato K, et al. Mechanism and role of high
density lipoprotein-induced activation of AMP-activated protein ki-
nase in endothelial cells [ J]. J Biol Chem, 2010, 285: 4
387-397.

[24] Ohashi K, Ouchi N, Sato K, et al. Adiponectin promotes revascu-
larization of ischemic muscle through a cyclooxygenase 2-dependent
mechanism [ J]. Mol Cellular Biol, 2009, 29 . 3 487-499.

[25] Garonna E, Botham KM, Birdsey GM, et al. Vascular endothelial
growth factor receptor-2 couples cyclo-oxygenase-2 with pro-angio-
genic actions of leptin on human endothelial cells [ J]. Plos One,
2011, 6 e18823.

[26] Adya R, Tan BK, Chen J, et al. Pre-B cell colony enhancing fac-
tor ( PBEF) /visfatin induces secretion of MCP-1 in human endo-
thelial cells: role in visfatin-induced angiogenesis [ J]. Athero-
sclerosis, 2009, 205 113-119.

[27] Morello F, Perino A, Hirsch E. Phosphoinositide 3-kinase signal-
ling in the vascular system [ J]. Cardiovasc Res, 2009, 82 261-
271.

[28] Ferla R, Bonomi M, Otvos L, et al. Glioblastoma-derived leptin
induces tube formation and growth of endothelial cells: comparison
with VEGF effects [ J]. BMC Cancer, 2011, 11 303.

[29] Northcott JM, Yeganeh A, Taylor CG, et al. Adipokines and the
cardiovascular system; mechanisms mediating health and disease
[J]. Can J Physiol Pharmacol, 2012, 90(8) : 1 029-059.

[30] Cascio S, Ferla R, DAndrea A, et al. Expression of angiogenic
regulators, VEGF and leptin, is regulated by the EGF/PI3K/
STAT3 pathway in colorectal cancer cells [ J]. J Cellular Physiol ,
2009, 221 189-194.

(MG VPSS



