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Al

i (13

Sk FEEAL (atherosclerosis, AS) &
S0~ i A B S5 O i L A % 9 117) L L
FEAM, 7 S E N R, AS 32 BLE A A
R 98 PR - 2 [R) 52 2% (R AH ELAE TR 1, B0 4 I
W B T e BE RS . 48k A B S 4R IR T A AL A
TR M T RS E A I I S LR s 427
(perivascular adipose tissue, PVAT) 5i%
A EVIIKR.

1. PVAT %R

PVAT & —Fr & 5 Bk i IR 107 21 2, [ 52
RBNWKIR) PVAT 5 4MEJZARER, 10/ M R fUf &
(1) T4 J) LG A 2 I A B A P 2 R0 40 PVAT
(SR =g ) 2 A NG = B SR EZD NS <p 3411 )
AR Jo o A 4, 1 A IR B 4 B 2 PVAT
i F RISy RAESAZ O TER . L0
(1) T W7 40 23 4% T 25 N DI e 43 9 1 6T 7 4. 23
(white adipose tissue, WAT). €0 Jig il 2H 21

(brown adipose tissue, BAT) K A5 i 4H 21
(beige adipose tissue, BeAT). PVAT J21EHR
e Thae b5 LA BRI A 2R A A R OA
ZE R — REER MR 2R RS &, PVAT
BN WAT [ —F AL, {2 PVAT (¥ 5 7 40 A
AR B/ T AR R B D AR AR,
FERRIEB A BAT 1 A W5 40 A AH L.
PVAT R[5 BAT A WAT, 7EAS [F] 1) figt 51
fr B I BAT/WAT (#5545 LL AN ]

PVAT B 1 8y L (i 38 S HE AR AP,
A ERAS TN PVAT I RE I8 BR8P 15
731 BRI LR R SR AR LA
RYURAEIME FF 5K PUEMA BT R AE . PVAT
Hh i R T 4055 TR b 4 — e i gk
PVAT o I8 BE (¥ 41 2 BTl 1 L (H 2
PVAT Tyfig 2 AL, oo Wb i R4 P DR 7 A
BR800, TV 22 55 43 W R W IR 7 Rl CJ 3R
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FRIEEO. ML R 7~ RAEFE 5~ (MCP-1. IL-6.
TNF—a) SRR N, ERERER AR H T B 4
R A7~ g JTL A L A T 2 32 ML A 8 0 ) A
INE AS WARRERE (BI1.2, R D.

2.PVAT X} AS [ E =

2.1 PVAT Xf4i AS K&

{REERA T PVAT JE RS 740
NO 5 H,S, FLR NG T an IRk 3= Wi 3= A0
ApelinZEiA FIHTAMAGLR IMEH, KIEDUILE
e 248 A0 L ORI DI R

211 S4kF NO 5 HS

PVAT 383 73 WS4k 70F NO A H,S KIEST
AS [IAEM. AS 5N RIREE DIAR, 1 NO 72
PRAE N B Tl g6 1E W 1) B 273 7, I H Re g fe it
I s 73 At ki s LR B A B T R AE . NO
o B — S L&A B (endothelial nitric
oxide synthase, eNOS) & i, A& B E ) L5
IR, EA A U A, M RCR 2R
FIZH S R0 AT A RAESE Z Mot AS et
AMEEBR PVAT J5 NO FA2 gzl BEE &
A DLW SR B D RE R IR PVAT i NO 43 by /b,
BHox PVAT 25 71L& NO KA . PVAT
i Re i PR A B B 4> (intracellular
adhesion molecule—1, TCAM-1) FRiA, 0 eNOS
FIE, AR IERE PRI K SR A B 45 4 ) O R
B, it I EE AL O

H,S BHA M KBHTRMTTEA I ThEE, 7T LA
TR ATP 1Y A IE U5 3 L AT 9K, iRE
BTG PA) B 400 266 B 20 T O 5 5, D53 TN R DT BE
KAEGL AS AEHIET HS HAKIEH ApoE —/— /MR,
(1) AS BESEA gD, EWRANNTIRIE ESh Ik R AT
AL EIRZS YA s 1S 3B w] DL I bt
IR S—TREFTEFR Bt 2k, f0H) 2 RO %
YERL, I AS.®

21.2 fREER

AEBEZ (adiponectin) H§ PVAT W4 ARG 740
7 AR 3k, T B () I ORI I, T
S5 b I ) A A AT e EARSE R R
(D BB I NF-«B {5 5L S HA
Kby 7> 7 RIEX B PURAEH; (2 @I AMPK
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FH AT = 200 S 100 ) LA~ 8 UL 400 oL 6 5 R 38
AMPK /'3[ eNOS BEERAL, NS P K 40 A
P NO, B NI H I NO AR A LT
B F 9k A B . Ak, JRIDE 38 ] ek 2>
Sfe L P EE A A0 40 AN 2 e O URE R S5 1 s 2
O L E ¥R

2.1.3 Apelin

Apelin J&—FIRII ¥, T2 RIET WK
IR, OV, Apelin fEAAER AS HH/KFTHE,
TE 2RO U BE S5 3 1 2R s /b. PRI v d
fledt NO P ASKBHIT 5 I Bk ER 1T AHSGH)
TRELERE, B SR A &7 sk AP AR, 1R
SR AR B BT AS /EH. SR A B 5T
RIL apelin JEI TR D D1 {2t
I8~ LR B IS E T N = AS, FEH. apelin
S AR AR v I /0 B ST LA s A AT AS
AR KR N AS B — AN AR A,
Kt apelin ZEANFEZ&AE X AS HIRAEKE
HAMNEWER, FEH—2u7.

2.1.4 EAhEF

PVAT HIRHRASIA B bk B 20 ff 0 xof 1f
BARPIERT Bl 2000, iXFaife < i M
M R (immunoglobulin type M, IgMD),
0151 98 E PR B4R TSORN YR A 41 B 1R TR oLt
IL-10. MR ARE AR E M CEA 1 £
Az IR AS T 9 R A1 ) 8 4T I ) 5R R R B
RAE 12714 MitoNEET & —Fh 5 PVAT 1)
£ B AU R 7 55 A B I e B DDA oG 1 SR i
AR, BERSIE SR PVAT IhREF IR H 4E,
] AS TEEGU BT KL PVAT H 1)
BAs A AT EE 4 (neuregulin 4,
Nrg 4) A] DAk 56 b4 ) S 24 v A 1) 15k 4 i
A, IR B R 20 i e R A% AR O B A AL
ARAS, T2 AR BT 2 A FH L)

2.2 PVAT R AS WIg#

TRELIRAS T IERE ZUESE) 1 PVAT 2 B
DIReZRAL, SIS F DI REREnT . (et g sa b R
SNL B ARAEAT S 4, fEHE AS HIR A K.

221 AR

WIEZER (visfatin) &M W54 25 WA g 1D
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Al 76 BB 28 2 (R AR 38 A &8 PVAT
BT AE PVAT 8% 7% 2k vt g kil 2 N
fE&R. Mg M@t 5E AS REKRE:
(D AR T E MR F tumor
necrosis factor, TNF) — a, ICAM-1. % 41 iy
ZhiMS 51 (vascular cell adhesion molecule—1,
VCAM-1) M1 iZ 4 i #4 1k 28 H (monocyte
chemoattractant protein—1, MCP-1) ZE K JEAN 5
(IR AT I FEAZ A M A I P R 8 B, AR dt 9
SN (2) N 2R AR 4 i N 5 E R 4t A 1) B
A AEFI ML BLEE4L09 (3) 72 AS BEERRIA
E’JWEE%‘EL%%{%%%.¥ (transcription
factor, NF)-xB iR IL-6. IL-8. TNF-a
SHE RN T, FFLegaR AS B RE IR M.
(4 WARFRE LUH AS B = 0 E e 40
M/ B A& R &K1 Rk,
ME AS BEHE) HHE (B) WR R E L
b%@-i@%%h 5 DR ARSI 5 5 N B A

ghar MLV KB T AT (i 3k I8 = Ay 2D
<6> WHE%L SN toll FEZAE 4 (Toll-like
receptor 4, TLR4) {&#E P4 JE-~F- 15 L4072 1
WAL x E IR R ARIE IS 2 5 R O BEIA
W R LD e ST UL MG G S5 ] AS

// ( \/\

2.2.2 BER

JE R (eptin) A2 HAE Bk 2 R 4 A5 1) ik 2%
W, B A S R W . PYVAT 73 ik
(198 2% LA 5% 40 i 5 =075 3 LA ~F 3 JUL 44 e 34
BUN R D Re b i . 2R Re (2 i e e 4H fL 4 CD4
T 20 M A /2 ¢ 4 A DR 1 77 A DL R SR 4 P )
SRR, RS A A R R A i S A R A AR
%R B T G R AR i, BT Gl & AS.
NAME L B 4 0 315 5 18 e i S S
JAK2/STAT3 #1 p38 MAPK/ERK1/2 &3 hn
IL-6. TNF-a F1 TLR4 ZEHAERTHIFKIE.

2.2.3 HAhR % FE T

PLE IL-6. T — v TNF- a SFHARE
RETFEBL S5 RIERPAL#H AS. #PT R
(resistin) lHAZE AS BEH A 1) B G4 ffd 53 14,
Refg ks> NO 7= Az, i) it 4P S e A R Rl 3B
?ﬁ‘ﬁ’fk (reactive oxygen species, ROS) f=4=,

i e T M 5 2% R U e A B B B Tl g . PVAT
SrUE) TL-6 @I 355 Y R 4 M AN -1 L4 i

AL R 25124 TR - v Bef U4 if &,
%ETFI%V\]&W%'T%@?%’?M{V TR HE 28 1Y
TNF-a 315 T & AR R 1) 7 A A ™ A ROS
298, IR NN 2 2 -1 Al I 45 5k =K
e 4 I

MEREERHAA
PVAT

e ‘ [ R 1 EEE MRS @ﬁm E=
D Resistin J Adiponectin Visfatin H,S Leptin
- = J =]
- et - P R4
endothelial cell
5 ICAMI 0
NF-«kB veam-1 2@ o
MCP-1 " .
l JAK2
Q TNFa . L
J l KSTAT3/qERK1!2/%38MAP@
IL& ;l—.‘
L8
s — 1
— {Bit

B 1 PVAT 3B 3 52 40 A4 P AL i 1
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o hEEEEBAS
f] o PVAT
VARAVA o \

L
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SO aCaCaCacC

y

HIEE = ] TE
[Vlsfl:ﬂin NO Adiponectin Leptin { Apelin ] [ H,S ]

l T \ FiE A
oS D - - aw 0 ey smogihmuscle cell
= @ = -~ -

7 M Barik
proliferation Vasoconstriction I vasodilation
® O negmEn
Angl
— 1
TNFa (B

Bl 2 PVAT 433 R m0-F8 WLAR BRI A LA fef B

£ 1 PVAT ETFNEFE AS HKBEZ

YER SR TR Lk

X AS ik NO P s SIS 5 s (2 ik 1 5 A
S PR Ll
i PUA s F0H) 0L~ LG s R NO ™A
Apelin et NO AR PrEAL
B 4 Grib TeM AV 8 S A1 5 PR RR TEORI I A 240 L PO T ok
IL-10 AV 8 S 200 L FR) 5 B R e 8 SO S
I ES AV 78 20 L ) SR R R e 8 SO S
LDL #HXEA 1 V) 78 0 L ) SRR R e 8 SO S
Mi toNEET s PVAT P=#hv. R hRE; sk

feiE AS ] Nrg4 PR ) RS A AN A
MR TR s W1 N B AR s (Rt L A
R TRA s BT A B AR (Rt L A
I E i No AR
1L-6 5 P9 B 2 AN P LA PR P S A LI i
FHE-v T A BT ok, Wi
TNF-a A 5 WL I
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3. WiE PVAT f{Ritfaii H kRt

W5 RSP Bk PVAT 2 RAR AR,
M EBK PVAT 2 H ERER ARG R A,
T L J5 2 20 B /KT (18 77 B DR AN BEAIG
KPR S RE R R, X AT e 2 M8 = Bk B = Bl fik
ARG KAE AS W, A3 R ) g 197 A 235
RE N T AS IIRFIE, BRI LU0 AS
HIVE 2 22 BT e i 0. el 23kR t k.
FERWATTE VS B2 . B3 R 2 e 2 s il
B T A BAT ARUES AT EER)
KEHRILZL) Adachi Z00 [T 45 FR IATE
TEPE A R ELATIRR BOENE /N B, 05 R3S
WAL AR, AT PVAT [i] BAT AR
oAk, 2o AR S5 R H LR A SRABL, PVAT (AR
A 1 I X B4 O R R ORE S R, 3R B
R AS RAEH A MHITER]. BAT B Kk I%
AP P AR FERE S A T RE, ¥ RIS T Y PVAT
HAE BAT R R I BT DLk A
Thaersng, TR AS. PRI, Ham PVAT ARtafbml g
FORNTT AS TSR .

4. PEH BRI A SR B4k

JIE 7 AL 23R Ak 1 3 Bl e s T R 1
g kAR B AR D B X 52 A 1 (uncoupling
protein=1, UCP 1), i S Ak Ve 7R 3 FE 1 35 1k
4K v (peroxisome proliferators—activated
receptor Y, PPARy). PR #Zifyis 16 & (PR
domain—-containing 16, PRDM 16). AMPK {E%
T P S A ) T R G TR A 2 ARy RS
[X]F1a (peroxisome proliferator activator
receptor gamma coactivator 1 alpha, PGCla)
Sy, M H BT R IA K& 25 ROy Be %
A 53X L8 PR - {2 32 I DT 4H 2 8 Ak 1T T e
RIEHT AS WITER. B AS FISER IR, 24
REREZBTIE AS MEZE AL —.

SRS % 1D NE NI E= S 4% N )
EFSERENE RN p RE YN
BRI BT M B 3R ARl 1 0 AMPK
@ B PGC-1la, UCP1 25 FRIAFIE BAT.
e WAT Axefl, W15 Re AT, B/~ #hae ),
B /N BRIE PR 2732 /NBEBRUATAE T B L AR

YRR, ALE ) TGF- 81 5 EKES
BRI SR I WAT Btk K 1/ g i 2 47
A0 B DR Rk AR AR N R R A
ANz o, &R R IEIT I PISK-AKT 15 5@ 5
fREEN WAT ERffh.B

W 258 7 RS IE BAT 4233t i il 4 41
Rt V50 BRI S GLP-1R /CAMP /
PKA/CREB 5 EBEmmIEREH RN
C57BL/6J /NEL UCP1 M1 PGC-1la Fik, BL K
3T3-L1 Zliffi PPARa W& ARIE, BB R4
Fazs, g R 2 A WAT A t0Ak, B0 BAT.B9)
FARZIE 7 Re % % PRDM16. PGCla | PPARa.,
PPAR v A1 SIRT1 {Z#f BAT 04k, InspL A
X} ] 4 B R T DT R IR B B, B UCP1 3Rk =
RERIHAE.DY g0y I SJ5P&MK ApoE —/-
N E, IfLJE TC. TGy LDL-C. HDL-C 7KF K2 AS
45, $90 UCP1 A1 PPAR y ik, #1415 Wi
HfuARICY) ASCl Rk, {2k WAT EReafh. B

AN, BAE GHRISETT. B AR, FR) aTfE
TS AMPK/SIRT1 JEEE AN Fi Nrgd RIANGE
HEE R RERE R BRUIE SR, f232F WAT ARk

INGE

IR I PVAT S8 3t 20 Wb 54K 5 1«
NEBC RS AS, MERERRAS T H I Re &AL,
SRR E R INE] AS K. PVAT
HR) BAT BEAERRE SF1F N RIERTT AS HITEH,
Rl s BAT Elifigidk PVAT ARAbiifs
FHOR 98 0E K16 B ONIRTT AS Bt . OF
% WU 9T R I, VF 22 v 2 5k J 52 07 n) DLad i
T A O 38 % AN R Y A S R 1 R 4 A gk T I
HLARR AL SCE MR o AW I =, (EH
B AS VR FBLAR v AR A5 21 78 2 e B DALt
AR RIE T 2 3k — 0 A A S I R RS A
PVAT t7Eafb AS Q& Sorb e 2402 i3k fig 1 4H 24
ER AR AL B8 22 1 SEER B SCRF

gt
AMARHEREAR R ETH (No
81873117); byt “RHEGQIH T3 FH A
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Advances in dual regulation of atherosclerotic pathways by perivascular
adipose tissue

Kou Haixin, Chang Xindi, Guo Shuaijie, Zhang Yifan, Liu Ping
Department of Cardiology, Longhua Hospital Shanghai University of Traditional Chinese Medicine, China

Abstract: Atherosclerosis (AS) is formed due to complex interactions between vascular cells and inflammatory
factors. During the development of AS, perivascular inflammatory factors are closely associated with
perivascular adipose tissue (PVAT), which regulates the development of AS through the secretion of different
factors, and the brown adipose tissue it contains may have a positive regulatory effect on AS. Therefore,
activating PVAT and browning it may be a new target for the treatment of cardiovascular diseases such as
AS. A variety of Chinese herbal medicine active ingredients and compounds have been found to promote
adipose tissue browning. In this paper, we review the pathways of PVAT dual regulation of AS and the progress

of adipose tissue browning research.
Keywords: atherosclerosis; perivascular adipose tissue; brown adipose tissue; browning of adipose tissue
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