chERE: 4 AR
SCIENTIA SINICA Vitae

R BERZRER

2024 &£ FE 54 %E  F 5 HE: 789 ~ 804 CPIERRE ) Zekal

SCIENCE CHINA PRESS

lifecn.scichina.com
CrossMark

& click for updates

B iz 5 AR L

R B, R, BRI, GkAR, IRk

ERIMTE A ar R 2B, g iR A2 s b =, Bil 200241
* R A, E-mail: lyxu@bio.ecnu.edu.cn

*®

WcRR I 3A: 2023-08-09; 232 H #H: 2023-10-15; MIZHR K % H: 2024-04-03
K E R G (#HHE S 32222024, 32022034) % )

HE FXXEEHHEANLERMEE, SRS REHARR, PTERREFARLEERE. 2ULETLFH
BER, BHARTRREARELWNEEL —, ERXHBFNEEZAE. FREKETIAEHELWNE, T
FE ot 2 A 28 R il 32 2 BAR R B B B BT AR K A LR 39 9 Bl BT R fu ol BRI AR, KT 5 BOR Se e (RO
FHEL, mESMREE AR R AR B RERIANEAREL A R BB, BT 2 Mg 7 et 7
TR MERTELSIE S . RRRTE R 00 R A %F. BT A M AR RBP4 o9 s QB E, P13 3 400
FE. KA SRR R A RARNAS 5 LA P8 T AT E, AT RSB RREBARL, WA 2 7 fE5l 2
MR KA REF L. Eil, mEARATTH, TR ERN N RFESATEEZ LA RRR. I, EL
KMy BAMPARKERA. AXGER T REBMARNRE, BHEL5RBFLNEER, EaitieT
AN G RBRESER TN ERZEARSEMBEEHENN, HAREERN THREN R L, ZBTELHERER

A, K A o 5 R Y T RE L.
XgEE  EE, ER, BAR, REEE, BEXE

B D27 R HED, NRTFdrsgin, N D ZEem
Jil, FE DR Z WAL &, BONEEREFEN T IR Z 1)
E K. = LHA KK 2R IR 2 S BB
MR KB, I B2t AR AL, 9832
WE PRGN, WO ST SRR,
7 B B AR R R, ORI IR T 9 fH, 4R
JTRGEME RIS, Hit, REEFENLEE,
IR i, R R NI SR R A — T K
i F T, FE KPR A DU 2 I
K, TR G]E b SRR A T, BRI

i~ HEIT I S oo M s A A 0 R R 38
BEINAET RS, 7 b A AR RR, 1T H AT R = A
R TF B
EERIE, BB ZRAN D8, Z4E N+
JEREMACIES DI REREAG A R AL WA P BT, A IR
REMIEAE NHIE A R0, WfQThae iR . Eahhe
JIFRE EAT NRIRETBR LA SET R E n. AE
5 B IR AMSE T R R R AR, BA
REARLZ AL, Bln, RERES SR R g . R
FRAFREHIIN, AR JRRAT . ZeRiiRThRERRAS . 425

0080

IR KRR, sk, DRI, 55 RN SACMEEEL. EREE: R, 2024, 54: 789-804
Zhang Y K, Zhang T, Qiu J, et al. Adipose tissue aging and metabolic dysfunction (in Chinese). Sci Sin Vitae, 2024, 54: 789-804, doi: 10.1360/SSV-2023-

©2024 (HEMZFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSV-2023-0080
https://doi.org/10.1360/SSV-2023-0080
www.scichina.com
lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSV-2023-0080&amp;domain=pdf&amp;date_stamp=2024-03-20

R RESE: Ml =2 50 AL

P VE 98 FE S5 3 B RFIEA ¢, 1] BE T B 77 A BRI, 14
TINBE S M SN 1 S e, TR PR L LB
FNHZARAT PRI A5 R ) BT PPbR 25 1) St TR AR AIE 2
el T e RS, i IR T 2L 2 T R b st A
RSN AN EERRE, SRR
BN . L8 BB A S AR ST
B IR TR, BG4 4R 3 i R b B 4 2
AR —, FEMIRII RN S R A1 A g
Wi h ™, Re iR SRR R ThRE X EL &1
RMEST AL HER . R TEVE SR AR B BT . ARy
0, 4RSI R AR, O MU R . BRI S R G
PRI, IId RE BT, AR 75 i 4
R B, b B A A SR . TR A 22
i 17 4EL 27 T i R 1) - TR it L4 3IE B 7T RE A K 5
i fee e A .

PRI, S A T ARG 5 AR E AL A f ek
B, T RERA R R S N TR G 9T %
1. ASCK R B NG RHE, R 50 %
GLABER, HATHE RN EN R AR S i Rr i &
AR RN 5 A RS B B HELR,  JfE ERE a
WG LR, B 5EEMFIN, REIEKTH
fir S5 FE A A A T REME

1 FEHIRHHAA
1.1 g

TR b, FZPCEA AT 4R K
BT TS, A SO AR AR I K
iR AT e AR, BRI, 4. 41200
SEIABI R, HURAEBDIREE SR, TR0
M 2BUBE PR« B BB FA « KD BE RIS 45
ZRIELHIBIN, FECEE N E T AT
RUSEHEIN. R, dERRAE I R R 1 A B Th R,
Xt R I E MR, (et R SO B

VR PT A D REARES AT, EZ 54
U DIRERRAG S VIR, REE T RE 2 52 340 BpL 144K
PRSI, — LR N CIR S In L S 2 T 3 2,
111 2R AR 35 22 RS SR R A AR B S AT DG 3R
AP AR RR MR, KRR Bh T A e A i A
ICFREXS T 2 . AR T R B, IR A
L AR E AR, eAh, 2 Mg A0 IS

790

PRI oo L5 9 AT LA R ) e P S5 B 5 e R A
UG, B, HEHRWLIE MR REERR, T
T RGEAT RE R I3 E A AT B

1.2 iR

VERR N R I e Bt A7 7 B ARGHE BRIFT 7 23
SE, MR H R AR AR S T b B A E 2 A
RERi A B G N PRI T 58P, IEHRES T RS
i B3 B AIVE SR AN R R R, AT RER G r B RE BT
FE, AERRACUIARAST T HE S BB ok A5
i NS B TR, 3 WAME 9 R £ 4
PR 7253 R, PTIEPERRAR, DhREREIR, MAMLIA
ARFa, DR 7 AU R 0 K A A R g
THE A, ShAh, BRI EE FRME, RS
NEWTAHA. ATEITanAe . FHANRR . I/ P R 20 B A 4
L2 M AR R 2 R A B A ) e L4 B
BN UWATIRE, RIIE 7 R BRI 2K 55 2 Pl T
DRl B A R R s B AR Re P4 . BN IR
FIMPEREZS 7= AR G 28 J 7 6 A o ),

NENT TR RSO B TSR KRB A =
KA [t g i 2H 2 (white adipose tissue, WAT). Kith
e i 4143 (brown adipose tissue, BAT)FIK €8 i il 41
M o WAT R e 5 BRI H AR, it 4
S84 RS, BOIRITHRN EED R
Hh =R R [ B R € B T AT BT K £ i )
e E R AERE R, ERAM AL 48
Frp, AREHEN RES AL B ARREA R, e
b A R RIS A IR, ITER N A
JE UL PR RR L) 5 25 g 07 2 b %) g 0 2 9 1 i
7, HIA 56 A EmEEgesmm . maEA
KINA Z PR B WAT A7, DA G4 2500 A A A
B EXIR TR EBAT AR RGBT 0 FE
JIE R B0 R T AN D b B i, A € g s 0
BAZE/AEN, mTHERASERS, BEEIN
HAREREANE, IR B RIS HUcpl. K
15 7 4 M08 BT N IR TR, FE BRI
RETE5A ALY, (AEARE. p3-H LR
R RAEGEHFRIBEA T, KA AT,
T LE AL g T M AR O™ Kt IR D X
AT P FEE LR IS 0 Be S VE FE O T B A BORTE
77, R A AR A B TR T A )T T 4 A



P EBNE: ARl 2024 E M543 A5

2 JRIHATEE

Xt /N R U R R B A R AL o i, R
BLA iR 2 AR IR A BRAC . TR
BB AR SOEAR IR R R A B e B
AFEEE BUNR 2 R iR ], Atllis
T AR R P R R R R Y. 53
ANERAREE, AR ORI PRI RIK 22 5 v SeAE AR U
WATH efer i 21,  H2Z2 52 56 A E E 5 i I 1 1
RAESNL, T, BAIIRAR REFRIBAHR. B0
B DL, WAT R] BE 2 2 i 5 28 A 5 L B 11 5 10 R,
I AR R 1R AT A L R A,

2.1 FEHEIE AR AR

bR 7RI R R AE IR A, M EE
TR 2R3 B L N I s 36 2 1 B B AME R R
Z—(E1), MEREIA AR RO PR O LB R
AIE S E MR R AN EER R~ A
M, MEMSZERESEERAMERRE, nhed
RN RSO . BT RERRRG . & E M. Wl
ZALEP. FERR TSR, AN RS S g AL
ZIThREFRRTAH K. 72 B IR ITH S, e 518
AR R S A 8 R ARPTMIE R 21, fEpr gy,
FIE S 1 5 22 0 5 B = B RGP AR, e SR
W, MEREFIAG WIS 2 A AE B AR. IR
W SE BRI LN, FENCHERRI T HL T
ik TR AR RN RAIA S, R
HE 2 R o 3 BUIR W7 L 2352 2 bs B B-F 3L 0% il
(senescence-associated P-galactosidase, SA-B-gal)if {4
RS 32251 I JHE R0 75 e 8 3R 30 B A % O N5
SRENi R R VR G RS i B o S PR ANt
iE, LR AR N R R It R, A
JHE AT eI T BUE DT 4 I DNAT 3, B2 AER E M
AN 5 2, AT PR A T TS, A R o
(calorie restriction, CR)F1—F NN, e R AaELE 3
U G, RG22 A 4R 4N
e BN RR, 7 A 2R A AR o R AT 5
o 243 S R By A ey 1,

22 JRNIHSEEE WRHE
LR IE N AL UEE R — RIbR SRy

AE, 3R SRty M8 R o G 7 2H L O AR AL AR AL,
55 3 A R I R R AT .

(1) IEWi =24 B An. e T, i
BHART AR A T RE B, — R, B & T
B, BRI RGN, BEN R I B, B
Wi R SRR I R DY AR RN, AR
RG5O AR D AR I A AR ], 38 & WAT I i 177 & il
SERYSE N, TIBATHI AR 7 BB IR B T R
=AM, FE W FHUR R DI E T
A AR, an g 7 (visceral adipose tissue, VAT)YE i
1M J2 F Jig Wi (subcutaneous adipose tissue, SAT)Jk
AT TN B T A AN R AR R S, e
FEAN [8) 5 197 P w1 o0 A AR AT 5 WL AR AT e o 5 5 A
K. WE, SATHEN N EARERIERN, SR
BB AR DG, AT RE FRARAR I 2R B 4E UL, T VAT H iR
P HERR I R R AR . B T, W SRS R L
fE L S =AU & IR RS R, 2
BT 75 i 4 0.

(2) FERIBTDIRRIEGR. IR R AR R B
PORHERBEER, URERATHFEZ RIVAEE, (i RE
AU, FREFOK G 7S M R 2 38 e =T FE,
HGERE RS, FRPUIRNT DRe PR AIEE. SR, fE3E
Zd R, BATHIK (01 17 25 2 A= FARE ) R B, i
JE P AR B3 b R B S AR I RE s, K iR
kR A RE )2 A, A1 A &V AR L RE 2R )
MR B G T RRIE PR 241, 3 BOE AR AR I T
A RACHI AT BRI, B AR S P IR T T
AEIIR 2 P BCE T N DI RERRRS, NI A %k
Tk (R SR B R 3 2 —

PR T D Re PG AT BE S 2 R AL G,
FE 7= F0 i W 26 R AR DN A S8 B 28 3 3 4 R Ak T g
A, BRI, R R AP, AT
PR 59 50 5 P SR T Th BB AR 0 B34k, 3%
LR AL PR RGBS R AR, WGk
FE HA3(forkhead box protein A3, FOXA3)E3EE L%
SRR R RS R, RN RAR R A S B Al
Jifi 2l #4(subcutaneous white adipose tissue, sSWAT) |-
W, AHIAREER IR T (CAMP) SN e E 4 A R A A
FR) ok 484K 1) T S G T ) T S Ay A TS R T 1o
(Pgela)fEss, ML R ThRERI = 4454 g,
V45 R 7 23 A () 22 3Ly~ 3 S8 A VD I A 14 S VS 2

791



R RESE: Ml =2 50 AL

EAINRRZE

DB

SFEHIBI0

BAERHBN0

B RN 5 2 RO e i 3 2 T R

BEmEAT
Q§ TR

& “oo

TBIRFEIR
RIDEET %

Figure 1 Obesity accelerates aging and the characteristics of adipose tissue aging
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Figure 2 Adipose tissue regulates multiple organ functions and metabolic homeostasis via secreted proteins, metabolites, extracellular vesicles and

non-coding RNAs
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Adipose tissue aging and metabolic dysfunction

ZHANG YanKang, ZHANG Ting, QIU Jin, MA XinRan & XU LingYan

Shanghai Key Laboratory of Regulatory Biology, Institute of Biomedical Sciences, School of Life Sciences, East China Normal University,
Shanghai 200241, China

Aging is often accompanied by metabolic dysfunction, leading to various age-related diseases and significantly reducing the quality
of life in the elderly. Multi-tissue transcriptomic atlas reveals that adipose tissue may be one of the most susceptible tissues and plays
important roles in the aging process. Increased age is an internal cause for adipose tissue aging, while obesity serves as a prominent
external factor that accelerates adipose tissue aging and exacerbates age-related diseases. Both age and obesity lead to adipose tissue
aging and functional impairment, resulting in systemic metabolic dysfunction and age-related diseases. Adipose tissue aging is
manifested as multiple pathological changes, including fat redistribution, impaired thermogenesis, diminished proliferation and
adipogenic capacity of adipose derived stem cells, increased inflammation and fibrosis, senescence associated secretory phenotype. In
addition, adipose tissue maintains systemic metabolic homeostasis via communicating with other tissues with secreted proteins,
metabolites, extracellular vesicles, and non-coding RNAs, while adipose tissue aging may disrupt the crosstalk. Thus, targeting
adipose tissue aging may improve metabolic homeostasis and alleviate age-related diseases. Indeed, some anti-aging therapies exert
effects at least partially via adipose tissue. This review summarizes the characteristics of adipose tissue aging, as well as the
relationship between adipose tissue aging and metabolic dysfunction with the crosstalk mechanisms. In summary, understanding
adipose tissue aging and developing strategies against adipose tissue aging may provide novel insights in combating aging.
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