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[ Abstract] Perivascular adipose tissue (PVAT) is an important regulator of endovascular homeostasis. It is a special adipose tissue
around blood vessels. In addition to supporting tissue, it is also an endocrine organ, which can lead to vascular dysfunction in the
process of aging. PVAT can release a variety of adipose cytokines, chemokines and growth factors. PVAT-derived factors regulate
vascular signaling and inflammation to regulate the function of adjacent layers of the vascular system in an endocrine and paracrine
manner. Under physiological conditions, PVAT can store and burn lipids, generate heat, and absorb fatty acids from the blood. PVAT
can also release a variety of vasoactive molecules, such as NO, H,S and adiponectin, to prevent the development of atherosclerosis. At
the same time, PVAT plays a key role in the development of atherosclerosis. When obesity, type 2 diabetes mellitus, vascular injury
and aging can lead to PVAT dysfunction, vascular endothelial cell and smooth muscle cell dysfunction. The main manifestation is the
release of pro-inflammatory adipokines by PVAT, which further causes endothelial dysfunction, inflammatory cell infiltration and vascular
smooth muscle cell migration, thus promoting the development of atherosclerosis. PVAT is considered to be a predictor of age-related
vascular diseases and a potential target for therapeutic intervention. In this review, we summarize the relationship fo PVAT with age-
related vascular diseases, and the role of PVAT in different diseases related to vascular system was reviewed.

[ Key words] perivascular adipose tissue ;aging;vascular diseases

This work was supported by the Major Research Program of Natural Science Foundation of China (51890894 ) and the General Program of
Natural Science Foundation of China (81770481; 82070492).

Corresponding author: ZHENG Yue-Hong ,E-mail ;. yuehongzheng@ yahoo. com

1% S5 LB i 2H 41 ( perivascular adipose tissue, T3 shiikafife A0RE SR B A4 T el 512 PVAT
PVAT) i A TR E B N> e 8 DRERRRT, 205 6 8 P B 40 0~ 8 L 40 e
PP Z 5T A HRE, PVAT alid@d oribfss  DORERERT . TEXIR LR P IE T PVAT S4RIRHH ¢
G35 OB A A IR 7 A PR AR R R A AR Z [RIAF S RIBIL TR 2, T B D RE R A |
R TR L8 RGEE S PR AT RAE SN, B AR WIBIE G R 32 Sh kR s Dk b 4% . PVAT #¢
KB, 2021-05-25; #ZHHE: 2021-06-25

EEWHE: FEARPERGT NI H (51890894) ; [H5¢ A AR H4 T EITH (81770481,2070492)
BIEEE . H %, E-mail: yuehongzheng@ yahoo. com




<920 - HUEZARLZIVEPIRAGE 2021 4F 12 71 28 A 4520 % 55 12 4 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021

YA 2 MVEE S 14 TN A1 3, [ st 2 4 i A S IfiL
EBRIRST T IR IR T AL A 7% U
13 TRZHERE (0 AT LR A A — BRI, %
B

1 PVAT 5% &

PVAT #IA RS2 I3 2 58 b AR a] 2 38 47
PE3E PVAT 4878 v] BE X 1L 45 0 10 & A= AR B 1
FH . PR, 6 I P R 40 S LA PVAT () 3E—
AR A B T I 1A 5 2 A L A R
HRETAHF IR PVAT 2485340 76 K NSl ik AN i
B JE A RE LR, LA b ) B ol KR LY
NEWG 4 Sz y e, Wik h
PVAT &A1 B[] M4 (B 40 8 i i 45 0 i if 4
BRAN) BIRB T HE . ZERIMAE H, PVAT AL 5 BE 2
(B PR DR RN S 21 | 2T 24 A | I AN A Sk
ZoLF 2 41 A A BR R T AE /N LA P, PVAT
LR I BE A —FR 012 . PVAT 4304 A ) J5 Al 5 5
P B 55 43 8 2+ Sfe 5 i i A5 v S R PN B2 40
VT AAERFGE I PVAT T840 & 4 4
WA, XM A R M REA B KR mY HAE
AR T XA R G A R VEH , (H 75 B
AR EN—m

PVAT A R & — 2845 R O Mg i 4 41, ot
VSN [R) T HoA 19 1% 52 g o 2 2L € g 1 2 20
g LR ARG 4121, PVAT i 5 240 i i i
VEAT A 5 4 R B | I 26 B0 40 0 4 B 1048 S [R) X 38 )
SERE . BRI A0 PVAT B9 3240 o2 A0 it
A, PVAT i85 A (8] S HB 43, AL 46 H R 7 240 M T4
Ji AT Ak 20 B | 98 E 20 i A R MR 40 it 22 A
A A0HE T R I AL U A R4 A ST IA
S PVAT G5 B BRI 4 i 52 1 66 A ol i & 3T
HATA K AFEFRAL PVAT BSRIEATR], 1EmG5 54
o g =Bk b PVAT ARG I An s 2, xF T 4
For A5 R SRR Y LA PO IR B SR e AR ] /D gt
IS E sk PVAT 22k (8 I 240 A oA 5

RIAZANME, NS0 3 sh ik i 2 B0 i R 28 B iR
IO 0 A0 1 € R J A 4 A G
1.1 PVAT £EBKREER TR

PVAT X401l 4 BE il 3 PVAT A4S 40 il =2
(] Fh AN ] N A5 5 A5 s | SR 22 IR 1) 55 0 I A8
oo X AR, PVAT 0T DL 5 il 45 57 1 WL 44
Mk ARG AE ALERS . AR R E S UESE T
PVAT 3238 @2 i, B PVAT w4 il s 40
M RT LIS FAE A7 25 F B B R RS B s
B PVAT ]G A7 Hh A8 I 28 AR RS RS0 LAS B e
RS0 UL 43 L I PVAT RS 05 200 it 0 A2 Sl 22

ZIAFAEAE AR, ISP PVAT 5902 48 Rt i
WPERT AL AE A R T B P S L
R S AT SR R, SR 22 PG o, DTS
M RS R, K PVAT Rl i b LR
(i A7 A8 A Al RE-5 A e 2 S B BRREAL AT G

TR LA E T, PVAT BAT XUEAE . TR )
BrBe, PVAT BAT MU PR AP, (BB fG I P R Y45
ARG B PR | 2 MU Y I I A BE 7
AR, 324l d 1 16 3 I8 B9 R AL 35
(1) PVAT LI WA A F A e 25 i 5 (2) fie itk
SPKKAERE AL | LA e IR RAE AL A A
B4k 5 (3) Ptk S IR 5 ZARDT  JRAE FIBRA; (4) fie
SRR AL B TE 15 (5) 380 -5 47 1% HH DG 9 2
FKAEAL 5 (6) 84 SEAF S .00 LA XURS ) A BT
KB SRR R AL | v i e | R T 3 KOs A IR
o B SEE TR T AR I AE R B PSS B T2 B PVAT
DRESIE S L

2 BEHEX

A T 5 | AR A A A2 L D e A2
PR AR B AN R AR AL, &
Tl AR BOA T A R mAF R
G (L5 PN B 200 B R A8 - T LA M ) ) 4 1
PR ZEA B A ) SRR I Ak TN B AT
&) BB V) g 1A 2 ok ok BE A Ak | £ 4 5 AN
IMARRTRAS , -3 S RO I B

NN A TN SRS
(endothelial nitric oxide synthase ,eNOS ) 3 ik I iR
TR T NO FAE R, ek sh ik, i
B A 107 T 9 B BE T R TN B2 4 eNOS
FeaRk > B AT i M 5 R 5 4K (soluble Guanylate
Cyclase,sGC) TR LM &K, HFFEERM],NO fAR]
T SRR DG NG RRIK A e 4t A B % T 3
FIBEIG AITER T bR N B2 20 e 40, HoAt 1fn 5 41 21
WP ALEC PVAT gl e R Bun S =8, ik
BT R, PVAT S rh 13k B Bl R 32 1w
T, BRI AR D At R e g 2, S5
PVAT Hula e e . $2/R PVAT Zokifh e ks
I AR e LS S (= 57l s 21

7 Fof 3 2 2 1 I Do A5 A Rl 25 L B AR G
BRI B, O SCHRUESE PVAT A fgid
PEHIWLPARE T  JAE BN B 5 3 3 WA R Al A g o4
S5 PR 2R (1 5 U8 AR 2 BOBE PRI
FEACH B Y, PVAT TS BUR RN 3 RAE | {2
#E PVAT KRB A2 Al i 4 D) R s
2.1 TE5PVAT XE

T M IR I — P Sr Y A ] R Y



FRAE AR LAV EPRZASE 221 4E 12 71 28 A %520 % 55 12 4 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021 - 921 -

BN 29 sl Bk sh e mast sk, 14 Z A1k
SAEAHE P Bz I BE B A | i A5 590 I A1 A A A 4
| R 7 N =2 B R e oSS 1N WA a =i 1 <
A2 A AR 7 R R (WO PR L ER R ) R
IR L5 | LA 5 3 1 B T R 2 e

HEMETE PVAT F 8 A kA i, 1S 2 st ik
EREY | BEAROF oY W, 40 0 i 1F I 40 =
TTEL TS T 25T L0 XS 358 0 o 38 %) e, AT
TNER I A BRSO ST BHTE N BBR AR A
YA B Ll AR LA PVAT B VE FH ) Kead
i AR ERR DA AL BE AR ok A A TR
B, ZAL BRI PVAT M0 6E#5 K Mg 40 i 22 U Y
B R (056 AR | I H R AE 2 145 5% 9 16 9K 30 [
28 EHE PVAT ARSI AT RE A 2038 4 I A1
SV A B A5 D) e BRSO VB e B s

e % A R 25 52 ) = o0 ik B LB iy 4 4L A
A BN LK PVAT 24 k2 15 40 i A
R A IR A, PVAT [ 1 @8 7 4k ]
PRI RAE R E AL I FoKE R B 8, [, B4R K
SR HER PVAT SRILH AR BT T AR AT CD11e ik (fi
RVEE WEAN M A PR G ) AR, I RYE PVAT 78
LAY I T BERE RS P VA 0

L RS IR A S0 PVAT AL B
FAE AP E AN B PVAT 80 H A Ak R
N, 3R ph T 0 T e R T R A PR W R S b
fitg b V8 PN B2 eNOS 25 1K U /b F 48 RE 18 I fr 5,
WIS/ PVAT 3RA3 B35 3R 3L R 3 PVAT 4361
PR R 20 A R 1 Rk AL IR 1 5 | 8L AR 0 ORN I 45 T e
PR  UERA T PVAT 72 EMAEME P A VEH . Sl
(IBIFGE BB | £ JE o 28 32 PR BTG 3 BOIE /N U
[l 2L R AR Dy i B A i o 2 IR PVAT $it
Wi P> AR I AR G Y I A 2 2T i R A
BLHG 9 | 43 T 1040 . 40 i Ty BE B A 40 i O
AU PVAT FEAE I A1 56 M 148 950 b 19/ &=
K (AT
2.2 PVAT 5#BkiEL

ShfkE AL [ 11 Bl Jik i DA R AR A i X} 43
PRI S )2 TR, KEWFFEIESE T kA fL
PERE SAERRAROE T Bk EAE S A S5 0
JE MR & R BRI, 04 Z A mT LU it 5h
WKREAE AT PAY . R N LS H) L, sk R
TR, P 348 T i A5 T Vi LA A G (PR I e T
JEREIN) BB HERR, g B (AR P RS BT 4
FEANEG AL (Bh Bk £F i fb R AE 38 i) . #EhfE b,
LN B AN REZRTL , NO A=) JFH R ARG | I 4T
TRINREZ 0, S 2B Bk RERE AL 1, 3880 T X i
IRERats i 2 bk, JeRT AR 9T R PVAT v S

SPKBELA 5, —LE3CEEIN PVAT B —Fhe fi4k
[ P9 PR FIBILER X AP BLLE S PVAT hgMA 3
I C4 55 HNIE R A B 1 2T AR 4545 103 sl ik
figife,

3 REEMEMERER

3.1 Z=ESEEIKE

J1§ 3 3l ik J& (abdominal aortic aneurysm, AAA)
JE S KO RERE Ak 5 B W DL A IR R Y L e R
WFFEFH, I 3= 3 ok J] BB A € 28 PVAT i/ g ik
ANERBIRIRE A 1 IR T B RS B2 W b o
FEPKEAY R EIE R IE E KA 1.5 5L R
H A 38 A IE 3 3l bR P U2 BT 18 1 R E L 4
e B8, AT | o AT LD A B B
B 240 i 911 B 11 A A RN IR , 2 BUOIE 3 B Bk 2 4 o
PEHEJ AN A BEAS 55T PVAT T ERRAT7E AAA
G A 2 TR Pl EE AR Y

W5 RIW] PVAT Ry R R IE S AAA R R
SES K IR P 5K &R 43 RN IE HEB 4 A AN [R] ) 3 A 3=
IR0 IIRERERE A PVAT 30 h 48 0E i o5& [H 6
RIS, IIESE PVAT RS AAA 19 RS HLH A
X R AR S T PVAT 0] LU 555 558 40
JRSAN T 248 i T W5 240 A A SIS | S 355 A R Y
RAE , AR E B ke 1) & ) e R R AR
B AU R Z= vl 5 | ke 1 20 M e LA R 4, B
i WA A 5 & JRe Sy Bl Jhkreg %) 3 Sl ik XS RR 2R
L M0 24 S LA 20 B 1 S S FE IR 32 B ko 1) e A
RIEHREHEEZAEH, 750 M B T, I8 E ek
% - 1l (angiotensin, Ang- I ) 76 V87 M4 F-3F WL4H 9
BB | e A R AR AR L SO T % 45 AR R
Ang- 1 )73 HITAE /N RS g A R vh i 2 32 3h K
SRR TE AR 5 s kol A AL IT A7 I A 2
FhOSRE 40 M A R 2 5 LS B ol R iR 3 1Y
AAA WFSETE AL TIE TSIk 5K 5 AAA $im iy
Ja B, MAR/DHE5E S 30 B kb ok 0 R A S5 k. 7E
AAA SRR v ) IS AR TE 5 A B T T fft e K e g
FARAG M G P FE S NI T T A E . (P R
ST T 5 3l DK T B ) e A S B R A A Tk
IR IR Ab 3 5 vk G s B 1 B VE | Ang- [
H 5K CaCl, JryiBAb B A 3425 5 B sl 155 780 )y Jok g 1)
TERR, X EEIR T R AR B R R B n AR F
PRS-  E Bk 5K Pt 13X Se AR R IR
NG 15 il fih e 30 kIR TR 1) S A 3 A% 1) e
DT 5, T B — L IR R ] PVAT 78 A2
AAA SRR,
3.2 EESIBKEEEN

Bk oA A L 2 T A B P R R B T 3R



<922 - WHEBFZAVESNAGE 2214F 12 A8 H 5

204 % 123] Chin J Mult Organ Dis Elderly, Vol.20, No. 12, Dec. 28, 2021

i%%bﬂfﬂ@%%iﬁ@ﬁlzfﬂ” B ok ok B At
EE—FZHER AP, 5 0m 4 5 3 ki
(ERNGh aﬁﬁ\ﬁﬁ&fiﬂa%ﬁﬂﬂl—@?(low—densHy
lipoprotein cholesterol , LDL-C ) Jif7 1 50 28 41 it ( &

WG A RN T 20 ) A 0 A P S BRI - T LA
JRISETE FNIE RS LA K A e D) R e i P 5 35 5l ik RE 44 52
FeEAL, kot AR Ak A Jre R JR i = AE RS L R
JEEIRAL R IR AR AR R RAE A Bl ik
SRR Ak R R R A s 2 — , o 2 Bl Bk ok FE A AL
BEHIE U DGR R ZRY . AR bR a5 ) 5 O 1L 7B
R R A O, E A BIF 98 UE S5 S ok 37 A8 R
R A N ISR sh Wy R 1 (G LI 5T R
PVAT Sk R . PVAT 2 530k
SRR AL TR B BRE 2 — 2 < A N (5 S A%
@Moi—ﬁﬁ%%ﬂ%liﬂﬁPWTﬁmﬁ
ARAT T, 3 TR 0 200 R 5928 240 2 4 3] i A
;ﬁ@ﬁWﬁ%dﬁh$ﬁ%%%ﬁﬁ%ﬁ%ﬁﬁ
o 5 PVAT AHIC Y ARAE S WU ZT 24 40 Jfd 55 56 Fi 3
B A A B T i E 8, A, PVAT AR ik &
R e R RO, R BE L AE R I -8 1™
ARSI, AR T U PVAT syt R HEIRI R 1Y
Feik A IR MR R B P A, iXRR R AR
S EVEANAA B/T e N 3 sh ik S5 2R
& RSN FERE AL, DI, PVAT 76 30 ik ok 4 £
PRI JRAE SR AL B PR AR

4 B %

PVAT AL B S A9 S #5240 201 F i) —
FhERIR B B 5 2120, )2 A e B, 2 5 19
PRSI | o5 ot AT A J) I A5 95 9 R G 1) 1L )
RERERT , PVAT TESh Kok RRfE AL i & S i R i &
KEEMVER , TEA BT, PVAT BERSfiti 47 A AR
BeRg o, = i, I IR WS BR B R . PVAT
WREIL Z Fh LA 1S PE 41, W NO H,S JRERE , &
eI LABH 1E sh Bk ok RERE AL 10 2 e, e BRA: B 451
T CANAERE R AR ME AU PR ) , PVAT 2 BT g
ZAL, FECEEE I FRAK, I DI RERRA (1) PVAT A
FERAR RN 105 R 7, 30N B2 DI RERRAS: | AR AE 40 i
?l‘ﬂ%ﬂmﬁﬁiﬁﬂnéﬂﬂﬂﬁﬁiz AT 56 B ik ot i Ak
&, PR, U IE & D) RE AL /RS
A AEEE PVAT 'ﬁml BER)SCRIFREF N iE4E, &
LR DIKEAEE R R R R E RGN E, 5%
TR A G , S84k 0 384 R 14 38 5 52 5 3500 3 bk ok A
WA Fe . kit B LDL-C 530 45 9 19 5
PRisAEEAL , BB S B TRRRES SR
AR Y BOGAENE IR, e E AL IS S BOR [R1 414
FH 2R B 08 T 20 M PE T AR i R X

DT R —AL P D Re R R A A R 3
JE BRI AT Al B B FE A, - E 25 4 % 10 38 K i
TR, PR PVAT 70 A% Ak 55 At 20 it 2 780 (4n 48
SELA PR 2R AR AR ) 59 AR AE R AL R A
HRE, B X — O Ol S T R Lt R (0 B
SRR ) SR BR AT TEE NI B AF AR 2 2500,
W KR RE 5 PVAT M EAE AR T3 2 fi
AEAH SR, Nk — 2 A, DL B AH S AL, i
SEFTHIATTHE A, PVAT B Sk J2 1045 9558 110 T
PR LI A8 (AR AR TR YT s (AR — 2D 5T

[ &% k]

[1] Man AWC, Li H, Xia N. The role of sirtuin 1 in regulating endo-
thelial function, arterial remodeling and vascular aging[ J]. Front
Physiol, 2019,10; 1173. DOI; 10. 3389/fphys. 2019. 01173.

[2] Gil-Ortega M, Somoza B, Huang Y, et al. Regional differences in
perivascular adipose tissue impacting vascular homeostasis [ J ].
Trends Endocrinol Metab, 2015, 26(7) ; 367-375. DOI; 10. 1016/j.
tem. 2015. 04. 003.

[3] Grigoras A, Amalinei C, Balan RA, et al. Perivascular adipose
tissue in cardiovascular diseases — an update[ J]. Anatol J Cardi-
ol, 2019, 22 (5). 219 - 231. DOIL. 10. 14744/ AnatolJCardiol.
2019. 91380.

[4] Ramirez JG, O'Malley EJ, Ho WSV. Pro-contractile effects of
perivascular fat in health and disease[ J]. Br J Pharmacol, 2017,
174(20) . 3482-3495. DOI. 10. 1111/bph. 13767.

[5] Tanaka K, Sata M. Roles of perivascular adipose tissue in the
pathogenesis of atherosclerosis[ J]. Front Physiol, 2018, 9; 3.
DOI: 10. 3389/fphys. 2018. 00003.

[6] Fernandez-Alfonso MS, Somoza B, Tsvetkov D, et al. Role of
perivascular adipose tissue in health and disease[ J]. Compr Physiol,
2017, 8(1): 23-59. DOI. 10. 1002/ cphy. ¢170004.

[7] Kim HW, Belin de Chantemele EJ, Weintraub NL. Perivascular
adipocytes in vascular disease[ J ]. Arterioscler Thromb Vasc Biol,
2019, 39(11); 2220-2227. DOL; 10. 1161/ ATVBAHA. 119. 312304.

[8] Nosalski R, Guzik TJ. Perivascular adipose tissue inflammation in
vascular disease[ J]. Br J Pharmacol, 2017, 174(20) : 3496—
3513. DOI: 10. 1111/bph. 13705.

[9] Soltis EE, Cassis LA. Influence of perivascular adipose tissue on
rat aortic smooth muscle responsiveness[ J]. Clin Exp Hypertens,
1991,13(2) ; 277-296. DOIL; 10.3109/10641969109042063.

[10] Antonopoulos AS, Margaritis M, Coutinho P, et al. Reciprocal
effects of systemic inflammation and brain natriuretic peptide on
adiponectin biosynthesis in adipose tissue of patients with ischemic
heart disease[ J]. Arterioscler Thromb Vasc Biol, 2014, 34(9) :
2151-2159. DOI; 10. 1161/ATVBAHA. 114. 303828.

[11] Xiong W, Zhao X, Garcia-Barrio MT, et al. MitoNEET in
perivascular adipose tissue blunts atherosclerosis under mild cold
condition in mice[ J]. Front Physiol, 2017, 8. 1032. DOI. 10.
3389/fphys. 2017. 01032.

[12] Chang L, Xiong W, Zhao X, et al. Bmall in perivascular adipose
tissue regulates resting-phase blood pressure through transcriptional
regulation of angiotensinogen [ J]. Circulation, 2018, 138 (1)
67-79. DOI. 10. 1161/CIRCULATIONAHA. 117. 029972.

[13] Fitzgibbons TP, Kogan S, Aouadi M, et al. Similarity of mouse
perivascular and brown adipose tissues and their resistance to diet-

induced inflammation[ J]. Am J Physiol Heart Circ Physiol, 2011,



FE AR AN EPRZSE 221 4E 12 1 28 A %520 % 45 12 4 Chin J Mult Organ Dis Elderly, Vol. 20, No. 12, Dec. 28, 2021

- 923 -

[14]

[15]

[16]

[17]

[18]

[19]

[22]

[25]

[26]

301(4) ; H1425-1437. DOI; 10. 1152/ ajpheart. 00376. 2011.

Queiroz M, Sena CM. Perivascular adipose tissue in age-related
vascular disease[ J]. Ageing Res Rev, 2020, 59: 101040. DOI.
10. 1016/j. arr. 2020. 101040.

Darios ES, Winner BM, Charvat T, et al. The adipokine chemerin
amplifies electrical field-stimulated contraction in the isolated rat
superior mesenteric artery[ J]. Am J Physiol Heart Circ Physiol,
2016, 311(2) ;. H498-507. DOI. 10. 1152/ ajpheart. 00998. 2015.
Ayala-Lopez N, Jackson WF, Burnett R, et al. Organic cation
transporter 3 contributes to norepinephrine uptake into perivascular
adipose tissue[ J|. Am J Physiol Heart Circ Physiol, 2015, 309(11) ;
H1904-1914. DOI; 10. 1152/ ajpheart. 00308. 2015.

Saxton SN, Ryding KE, Aldous RG, et al. Role of sympathetic
nerves and adipocyte catecholamine uptake in the vasorelaxant
function of perivascular adipose tissue [ J ]. Arterioscler Thromb
Vasc Biol, 2018, 38(4) . 830-891. DOI. 10. 1161/ATVBAHA.
118.310777.

Bai B, Vanhoutte PM, Wang Y. Loss-of-SIRT1 function during
vascular ageing: hyperphosphorylation mediated by cyclin-dependent
kinase 5[J]. Trends Cardiovasc Med, 2014, 24(2). 81-84. DOI.
10. 1016/]. tem. 2013. 07. 001.

Matsushita H, Chang E, Glassford AJ, et al. eNOS activity is
reduced in senescent human endothelial cells: preservation by
hTERT immortalization[ J]. Circ Res, 2001, 89(9) . 793-798.
DOI; 10. 1161/hh2101. 098443.

Vasa M, Breitschopf K, Zeiher AM, et al. Nitric oxide activates
telomerase and delays endothelial cell senescence[J]. Circ Res,
2000, 87(7): 540-542. DOI; 10. 1161/01. res. 87. 7. 540.
Lefranc C, Friederich-Persson M, Braud L, et al. MR ( Mineralo-
corticoid Receptor) induces adipose tissue senescence and mito-
chondrial dysfunction leading to vascular dysfunction in obesity[ J].
Hypertension, 2019, 73(2) : 458-468. DOI. 10. 1161/HYPER-
TENSIONAHA. 118. 11873.

Saxton SN, Clark BJ, Withers SB, et al.
between obesity, diabetes, and blood pressure: role of perivascular
adipose tissue[ J]. Physiol Rev, 2019, 99(4) . 1701-1763. DOI;
10. 1152/ physrev. 00034. 2018.

Meyer MR, Fredette NC, Daniel C, et al. Obligatory role for
GPER in cardiovascular aging and disease[ J]. Sci Signal, 2016,
9. ral05(452). DOI. 10. 1126/scisignal. aag0240.

Donato AJ, Machin DR, Lesniewski LA. Mechanisms of dysfunc-

Mechanistic links

tion in the aging vasculature and role in age-related disease[J].
Circ Res, 2018, 123(7) : 825-848. DOI: 10. 1161/CIRCRESA-
HA. 118. 312563.

Rodriguez-Menocal L, Faridi MH, Martinez L, e al. Macrophage-
derived 1L-18 and increased fibrinogen deposition are age-related
inflammatory signatures of vascular remodeling[ J]. Am J Physiol
Heart Circ Physiol, 2014, 306(5) : H641-653. DOIL. 10. 1152/
ajpheart. 00641.2013.

Agabiti-Rosei C, Favero G, De Ciuceis C, et al. Effect of long-
term treatment with melatonin on vascular markers of oxidative
stress/ inflammation and on the anticontractile activity of perivascular
fat in aging mice[ J]. Hypertens Res, 2017, 40(1): 41-50. DOI;
10. 1038/hr. 2016. 103.

Pan XX, Ruan CC, Liu XY, et al. Perivascular adipose tissue-
derived stromal cells contribute to vascular remodeling during aging[ J ].
Aging Cell, 2019, 18: €12969(4). DOI: 10. 1111/acel. 12969.

Kong LR, Zhou YP, Chen DR, et al. Decrease of perivascular
adipose tissue browning is associated with vascular dysfunction in
spontaneous hypertensive rats during aging [ J]. Front Physiol,

2018, 9: 400. DOI; 10. 3389/fphys. 2018. 00400.

[29]

[31]

[32]

[33]

[34]

[37]

[38]

[39]

[40]

[41]

Aldiss P, Davies G, Woods R, et al. 'Browning’ the cardiac and
peri-vascular adipose tissues to modulate cardiovascular risk [ J].
Int J Cardiol, 2017, 228. 265-274. DOI. 10. 1016/j. ijcard.
2016.11.074.

Padilla J, Jenkins NT, Vieira-Potter VJ, et al. Divergent pheno-
type of rat thoracic and abdominal perivascular adipose tissues[]J ].
Am ] Physiol Regul Integr Comp Physiol, 2013, 304. R543 -
552.DOI: 10. 1152/ ajpregu. 00567. 2012.

Bailey-Downs LC, Tucsek Z, Toth P, et al. Aging exacerbates
obesity-induced oxidative stress and inflammation in perivascular
adipose tissue in mice: a paracrine mechanism contributing to
vascular redox dysregulation and inflammation[ J]. J Gerontol A Biol
Sci Med Sei, 2013, 68(7): 780-792. DOL: 10. 1093/ gerona/ gls238.
AlGhatrif M, Strait JB, Morrell CH, et al. Longitudinal trajectories of
arterial stiffness and the role of blood pressure: the Baltimore longitu-
dinal study of aging[J]. Hypertension, 2013, 62(5) ; 934-941. DOI;
10. 1161/HYPERTENSIONAHA. 113. 01445.

Sagan A, Mrowiecki W, Mikolajezyk TP, et al. Local inflamma-
tion is associated with aortic thrombus formation in abdominal
aortic aneurysms. Relationship to clinical risk factors[ J]. Thromb
Haemost, 2012, 108(5) : 812-823. DOI. 10. 1160/ TH12-05-0339.
Hamblin M, Chang L, Zhang H, et al. Vascular smooth muscle
cell peroxisome proliferator-activated receptor-gamma deletion
promotes abdominal aortic aneurysms[J]. J Vasc Surg, 2010, 52(4) :
984-993. DOI: 10. 1016/]j. jvs. 2010. 05. 089.

Sakalihasan N, Michel JB, Katsargyris A, et al. Abdominal aortic
aneurysms[ J]. Nat Rev Dis Primers, 2018, 4( 1) : 34. DOI. 10.
1586/14779072. 2015. 1074861.

Piacentini L, Werba JP, Bono E, et al. Genome-wide expression
profiling unveils autoimmune response signatures in the perivascular
adipose tissue of abdominal aortic aneurysm [ J]. Arterioscler
Thromb Vasc Biol, 2019, 39(2). 237-249. DOI. 10. 1161/
ATVBAHA. 118. 311803.

Police SB, Thatcher SE, Charnigo R, et al. Obesity promotes
inflammation in periaortic adipose tissue and angiotensin I -
induced abdominal aortic aneurysm formation [ J ]. Arterioscler
Thromb Vasc Biol, 2009, 29(10) ; 1458-1464. DOI; 10. 1161/
ATVBAHA. 109. 192658.

Pan H, Reilly MP. A protective smooth muscle cell transition in
atherosclerosis[ J]. Nat Med, 2019, 25(8): 1194-1195. DOI.
10. 1038/541591-019-0541-0.

Antoniades C, Kotanidis CP, Berman DS. State-of-the-art review
article. Atherosclerosis affecting fat; What can we learn by imaging
perivascular adipose tissue? [J]. J Cardiovasc Comput Tomogr,
2019,13(5) : 288-296. DOL: 10. 1016/j. ject. 2019. 03. 006.
Haberka M, Skilton M, Biedron M, et al. Obesity, visceral adiposity
and carotid atherosclerosis[ J]. J Diabetes Complications, 2019,
33(4): 302-306. DOI. 10. 1016/j. jdiacomp. 2019. 01. 002.
Kim S, Lee ES, Lee SW, et al.

perivascular adipose tissue on advanced atherosclerotic plaques

Site-specific impairment of

using multimodal nonlinear optical imaging[ J]. Proc Natl Acad
Sei US A, 2019, 116(36): 17765-17774. DOI. 10. 1073/
pnas. 1902007116.

Antoniades C, Antonopoulos AS, Deanfield J. Imaging residual
inflammatory cardiovascular risk[ J]. Eur Heart J, 2020, 41(6) :
748-758. DOI; 10. 1093/ eurheartj/ ehz474.

Szasz T, Bomfim GF, Webb RC. The influence of perivascular
adipose tissue on vascular homeostasis [ J ]. Vasc Health Risk
Manag, 2013, 9. 105-116. DOI: 10.2147/VHRM. S33760.

(%#; Z5HF)



