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Progress in the study of association between cellular senescence and
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Abstract: Deformation or failure of organs is the final stage involving fibrosis, caused by fibrous scars
composed of excess extracellular matrix proteins. Cellular senescence means a stable stagnation state with no
proliferation, during which the senescent cells maintain biochemical metabolism but promote excessive expression
of extracellular matrix proteins due to secreting inflammatory factors, which contribute to the development of
various organ fibrosis including myocardial fibrosis, and pulmonary fibrosis. It has been shown that both the
incidence of organ fibrosis and the number of senescent cells increase with age. This review mainly summarizes
mechanisms of cellular senescence and its contribution to the process of various organ fibrosis. Current anti-fibrotic
drug therapy focused on cellular senescence is discussed. Cellular senescence has profound implications in the
pathogenesis of fibrotic diseases and provides a new target for new effective treatments.
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AT 2= AL R B, 2R 44 i ik Jg 5 A0 e
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2N © 73 FKFRRC R @i ple™<4A-Rb Al
ARF-p53-p21 i 4% R AL E A 0 i A A HE 4T 4 AL 3k 7%
JE A0 T 2 1 SR BRERFAIE D), p53-p21 VAT pRb-p 16Nk
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Ja, R il £ A A0 HG i G S S A

IAb, Disayabutr Z2319\ Ky, p53 G 5, il i
miR-34 KT I 40 i JE OB BE BE R (4% E2F 1. c-Myc
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F 20 i L g R, 2 TPF A BILA] o (0 S B3R, JFE B
it 7 2 Ak /)N BRAT 1T 40 M R A2 58 32 3640 Wb 1 B s 7K P
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LA NTERR SASPAS 5 I AT 4 £ 4E A 2EFE
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32 I IHE 48 A DA I/ iR RT AR AR K R (activated
stromal fibroblast, PDGF) i 14 77 =X i adk & 11 (1) 18] 78
JoR 240 v A, LTS A R AT 24 4 i AN s 2 E A A i R
KA A A R+ Bel-xL, 75 FF 25 44k K0 HLT A o
HEIHAL. eI, Wan ZPHRE T PYF (substance P,
SP) AT 4 o 1 TACT FE [ 4 B4 ) SP 7€ % Fh
HhJE B8 B R ik, SP/A A k-1 2 4K (neurokinin- 1
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23 YHRERE SRR EL
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500 JUE = RN ) RE B RS AE N I — R 410 LS A,
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Y2 B 7E O I £ 240 1 R 7 5 B B A 44T
2.3.1 DBLVERE  Ock SFHIHA A, /0 NLAH M 5 22 ] e
Hi IGF-1-IGF-1R-Akt (22 2 1R/ 5 & MR B 1 g, SRR
protein kinase B, PKB) &2/ 5, thAh, 5 = A KA
F 1 524K (insulin-like growth factor 1 receptor, IGF-1R)
] RE A I3 0 B B K | 8] J5T 2 4 A4 RN 98 F 55 %8 22 AH 5%
ORI B R B AL ko B T B o, R S R R B o
SEMEVE /N BLC ILAH AR (¥ TGF- 1R, BT LARA 2350 IL-1as
IL-1 1 TL-6 254/ %6 P4 241 i K] -7 Fl NF-xB i 14 52 74
% B RANKL 305 o mdbr G JULAH g 2 24 2 E B K
AT R 2 /N BRI 100 i 3 30 K VB 2 & LA
P A T AFURIT 2 24 A B2 308 I 5 o JUE T e P v B 1 147,
232 DBUAREFHEMBE O WE LT 4E AN I (cardiac
fibroblasts, CF) 73 ft B 9 UL 21 4 48 A, S04 ECM i
FEUR, ARt O WLAF ALt RE . B FE AN, CF 1] g LA
H 73 W77 34 W IGF-1 R 2 IR S & B, LASS 42 W5 5
RO LA B R, I 3% Ak Je Jy LA 46 Dy e T B AT
5] Jo7 21 A3 D0 O REE R BDIRAS o PR, T30 CF (1)
A K IR T R, W AR 90 LA 4R A I8 A
R g 1401

Meyer ZUWHIE B, CF 1) 3 2 5% 31| p53/p21 Ml pl6/

Rb &8 CCN1 (A] B O JIE S0 I P S VE 3495 5 3 72 A2)
W5 I Bk Trp53/Cdkn2a 2 [A 548 i1 CCN1 3K 34 7T sk
/DR ) E BN KPR A (transverse aortic constriction, TAC)
b3 B £ 4 AL D EE RO I T RE A4S . Diez SEUO)
RIN, BEAK Akt-1 38 (PR PKB-a) ik 7K-F- 7] LLAT
il CF [] PDGF-AA (B4 CF (K55 5 PEARE 20 24 JR) 4K i
YRR IG5H, 75 3 CF R AESEE

I Ah, CF %2218 7] g 1.0 A9 A CF 41 i i 3 i
41 JfL - 41 PR 422 fi 555 20 WAME 5 AR S AL R T . O
Tl A 358 BAZ BB % R 3% 1A 4% AT CDKIN2A 7 270 25 B
18, 5] BE NI CF % 2t FE7,

24 HRRESBAUENL

ARk, L /N 8] 5 4F 4E 4k (tubulointerstitial
fibrosis, TIF) Jy i £ & & (1) 1% ¥4 ' i (chronic kidney
disease, CKD) I i 2B G 0. TIF RHAE & L% 4F
o 20 o v b, B 40 i B Y 4% 3 2k, ECM T 28 9iE 41 g
MR, HAEr, EHelE B8 2 CKD & rME—ia
ST TR o SOEWE ORI, 2 M 5w A /N TR
PR 2 B B A 40 i 52 2 124890 3228 5 /NE A i o)
W SASP, T E & 7 -] Jii #4 1k (epithelial-mesenchymal
transition, EMT), f# 15 '8 /INE I 7 3 & B 32 SRR, 40
i 2 A% oy B VR R LA 4E B, A 5 ECM 2B,
M 512 TIF ) 4 4050,

G KR RPN A A PN AVl T = A= )
(proximal tubular cells, PTCs) - %% fil EMT, 5 JIf 1 &
WAk K A B B (adenosine 5'-monophosphate (AMP)-
activated protein kinase, AMPK)/mTOR 15 5 I 55
KB, Okada SRR 70 1 SCRF 7 382 B /NE 40 i 4
WA SASP e BE LT AE AL X — WL s, AATHE B, D-22 4 R
(—FH R FEAE T ) ST LA G/M 4 i & 4 i
I SASP Ay bk 75 1 48 i 56 22 DL S 48 i 0 T 1 i, 7 EE
WA RSN N B S N E . b 4h, GCN2 (control
nonderepressible 2) ¥iE Z &, D-22 R 1] G i 3 5 /D
EAM B LT 4EA R 7, (22 TIF. Luo 2802 N
Wnt9a (wingless-type MMTV integration site 9a) [ it
FEZRIL R 7B IRZE R, 20 E /NE 4 A A
FET 4 2 58 1 Wnt9a-TGF-4 & 42 4 H.AE FH LA N B
YU . Wnt9a ihs T Z 10 /INE IR 7 il SASP
414y TGF-p1, Hl ik 45 plS™NB p21 Fl p18 f 5% 43
W, SRR IE R A5 . BhAb, St bR /N B
b Bz 40 i o ) SALVADOR 1 (SAV 1) ¥4 A2 2F 41k
SR RIE, (3 TIF R A= SAVI & WW 45 #3581 25
H i, #2485 N HIPPO 15 5 1% Figfe (F 2 A 82
MR T e AL Sl %) AZ 0 72— Leung 5514
WEBH, Savl St 2% 18 i UK S 5 1% 3 A 0SB 1
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Stat3 Fl115 5 SASP ;= A, (R k£ gtk e o HAhAH 5T
NN, 18 (BA) B L 2 (transgluta-
minase 2, TG2) /8 4 JZ #1 % (endostatin, EST) [
[FI1E F, 512 180 57 41 4 4k 38 I 1 52 22 40 g be A1) 521,

3 WMRESREAENETT

H A0, BF6 5 2 41 M ¥ TE 4T e Ak e iR T 24 1)
B, FENHATTHET: O WIE =L m R
ML, B 20 P 3 2 5 47 e AR () LA B, 8
BG4 R AR @ BRI A B R
BEAYEAGAE F ) SASP.

MNEE — v vk B O, B Wt S A A
WA (senolytics) B &1 X4 Hb R BRIZ 2 4NHE, R T
Y G2 A0 RN 98 M543 1) Uk AR 4SS AR, X e 2
YEA NIEREE, XA R R EATMIGIKRR . 78
fili £F e A0 VR T, W IR A A —— kB e (D)
UM R 22 (Q) (— ol 1% 0 TR Uik g 401 o 751 A0 3 i 2 119
A, 8T FK DQ), AN AT 8 7 A b 1 ¥ AT T 40 A H 30
caspase-3 I 1= 24 fig Fl1 Annexin V 4 (o 4% in24, 3£ Ay L
PRI R BO = A £ Y 53 WA 1) 3622 I AT SR AT . 5
A, T B FEN SR 2R 1y 2 ) B0 1) 2 BE 3 22 4
(975 IG T il 2T 454659, Dong Z55E B T — B XU
AT 22 7 738 i AMPK/mTOR 15 538 i, 104 7 &
W A PTC f 58 22 R0 EMT HERE, 7T BE A B /N 1)
R A YA A RORIT 1. fERTER4EiLia T, 338
REA% 175 5 HSC %2 32 BLVH B AH Ik B2 40 L, A T 410 ) £F
ALY senolytics, 1] AE & A K FIWEFLH AT

R gk L ) o0 o) 3 2 A DG FE R, ek /b 2 2 v 5 o2 4
AR 1) SRR IEAE B P R TT o Rl BR Wnt9a FETR, 7] LA
T I AR o /N A B R Y A D ] 5 T 44 4 ] £
AHEAEH, SR T A0 i 3 22 F B AT 44602, Jiang Z5019)
HF 50 3% B LER PAL-1 R85 $01 ) 3£ & AT 1 40 g+ p53/
p21/Rb I % . Nayak Z50%5@ i Chk2 1 fl] Twistl, 75
p53 [ B2 8 M (V8 40 B 5, B (R AL A
UbAh, 75 BRI FE 2, BARHSC M= ZH R T
il JHF 2 2 A0 3E R, (Rt G 0t 9 O B, 0 4 4
HSCAEIE I p21 J: A, /b 322 HSCAER N B AR, ]
DAV BT 21 A A0 A0 i SR 2 1 72 AR B,

AR TRIR T 25 R g R, 2D
{1 4E4L 1K) SASP. TR MA%E 2 (— M SASP 1 i1] 771))
LA YR 5 A P9 s T A N UL T 448 200 3.5 A R 2k R 0
DQ 7 fili £F 4 AL ¥6 97 ', 7T 98 2> Mmp12. Serpinel F
Spp! &5 SASP [K -, it — & JH #E collagen lal. collagen
5a3 FIAF 7B 55 BECM B« [ESEEMZ, 7£DQ
AL S, TL-6 2 11 73 W (SASP 1) 32 1 40)
Wnt i SRS 5 8 [ (Wisp) 1 (AT 11 41 i A7 46 i 41 4

A ) 09 % S5 DL B 4y WA KCSF B 8 S R DY, H R,
Yes #1554 H 1 (Yes-associated protein 1, YAP1) 1515
Yk 51125 (verteporfin, VP) /& FDA #t 11254, F VP
ALER /N B, WA 5 5 AL 522 L SASP AT Stat3 AH 5% ¥ 5
DAL, I BE LB 2R A 1) % el SR, SASP #7515
AN BERE S M VR R 2 Al R, BRI 58 73 5 SASP A G 1Y
R R P AN ] el 32 204 ) o (R b, R 25 D HE 1)
TBIT IR IT A AEA R T RE TR I B, EgE — X
Iy s G I SRR T, [ WA (R 4 i S A 1 o
SASP AL R E E

e, 40 EE 2 R R YT T BAAR 2) 2 %0 .
LB B, o5 B B R A 9 7 2 A S 21 4 A5 s 1 ME—
BT TR B EE AR S R S AT DL T I e R AR
e EHER P 2R R AR, e
A SRS T AT RE I . 4 Ak R S LR OR B
ECM B3 DA SCHE P20 B AL, 7)) 5 R B B2 3 25 B S %
JRYEARRY T . ik, CETF R T LR 5 iR 48 B
T ZH 2R M40 B AL, fR RF ECM 58 B DLt 38 B P AR
BT,
4 INEERE

TEZ M A B, 32 4 0 50 B Il o A 08 3 K T
BN, g 38 2 OIS S 5 8 B A 4R K
KRR BT A REZMMAERS B AR R A&
HUAR & vh BT R FE A F BT 58 B SR 52 2% EL AR, R =
RGNS S R0R . — L R A 3
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