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1881 4EE AN “FETie” 420 & 1EE Y7
K Weismann #2111, “PET-0Y A2 M TZ A ZUR
REK A BT FIRERT, AHUA DA 2 RE )
AP . 1961 4, Leonard Hayflick 1 Paul
Moorhead 76 A\ BUET 4E 4 A (R 35 55 vh 30, RS G
I 1) 40 M 5 R B A R, X W AR
“Hayflick limit”, SZSIEN] T 40 2 e . 5
KBTI, X PP B 40 R T A AE
AN o3 B4 R v R B TR P, R S A
P52 % (replicative senescence) . #X1, £ 4L
POTRIE AN DNA £ 405 . Bos R & . S8
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i 2 AN T b R 4 e B, X e AR
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IR 3R S A0 L A TR T A B 0 1
&, W B 20055 g, AR E
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YN 23 53— RV R F sk, Frobs
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Be 1O R A AT LLE ok [ 43 s 5% 43 WA T[]
WERATHE IR A g . HAFHA R S
I ARFERRIE R, LA S A S 1Y A A

R R A A MEAR AR 22 AR IR DG 1)
KA R Ch S EIFHE . A X
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PRI S5 00 1T 52 M) 2 AF 9 A0 5 S A 1Y EE )
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R, RN R PR, BRI, A&
PR LT 5 2 A0 M T LR S A B . e v
i %% (chronic senescence) WA EM, ©#
YA I B e AL AU TS 2 S bR, B
BUFBER A ZUOREE | XL LR B A T B 2 an
JiL AT B R AT TR I A SR A Bl TR AR — 5
HTHILA .

Baker if- 8020 2 £ 2011 4F 3 B T 1R N i
I3 s 2 A L T D B T DA B JE % 3 2 A DGR
AT FH 2 AR i 2638 p 167 (R p g Sy T —Fof
INK-ATTAC #4 5L R/, 105 5L H BRUFE AP20187
BRI AR RN, S plemeHERE
SR A T SRR ], AP20187 Zb Y
/N pl6™ T AR >, Rl
R L AR | IS, b AT7E PR s A% 3 5
(C57BL/6 11 C57BL/6-129Sv-FVB) #YJ INK-ATTAC
BESEERINEUIE B T p I 67 B 8 2 AT L T [ 14 2%
B A N RER S, AP20187 AbFIJS , WifhisiLiy
s A PO B R T 24%, {@FE Ao
TER T 18% F125%, H AP20187 BE SIS 2 4F I AH
KW Z R B IAEE AL . R AR R RN,
ZA T IN BRGE T I BR p 6™ BHM: 5 2 A i ]
PLek st S AR A DG IR B IR AN R B0 FREG 1D
AR BU DR AT R Y DL tau A B
ZLRATHEAR B XSGR T O B AN A
FASCE B B R RS, O ) R 2 A iEih
7 2R AR T HS AR, (R
FESLPASRURN A sh 25 BR ) T A B A i bR
RN, DR AR SR AT T RN bR
MM Z S ATk L

X LA HA HETIR TR, BT AT
IKELG ATl B RS, TP RIEYILIERE
PETE BREEZ UM B X — 2RI A A Wb AR R
“senolytics”, sen-J& 4l [ 2 MY IIAR , -lytic BN
“BRT, BN BRI | EEFJETRA
P 8 PR B2 27ty (Mayo Clinic) FOEC 5T 41
FEIZT7 0 T 28 BTk . Kirkland 41 38 1 43 A1 5
LA G AN G SR 2, e IR AN T R
AT A T 0 R AT (R BbRe R B A4
1 27 A4/ 1A RN AR R AR AR e A G T ) .
SIRNA TR X B8 431 i 7Y LU Sk % 40 55 5 20 i
I LA R e 4 S — 2 e T E A
W EWEG KR TP e (dasatinib, D) Ik 7
% (quercetin, Q) MFLEW, sHIX=EZIINE

D AR 4 LR DA 1 20 B LA BB O R RICR, . 4R
2/ BB Al F D+Q AT 3k B 22 Bl AR % AH DG 9=
o 50N T UE B S A0 RN Y OB, WF AR
W= 20N E R T e AN R A BT, BT
PAF & /N RCE 1T REEIG A8 B 0 2s B esh,
AFIXT A/ 18 3 2 P R A 200 B e i 2T & 4 it R A
SRR A0/ B Sl A2 DL 5 R e i A TR i o
i3, 12 D+QALHE 5 IR 13X Fh 5 & A0 AL A5
SRS, e T Z2FE /DR EE
RO R MR A YRR TR
Z AN b PR BT T BCL-2 K 1 BCL-2
BCL-XL I BCL-W #1149 B WF5 & LB, #in)
BCL-2 & H Z 5 /N o 71l 571) ABT-263 1 ABT-
737 A] LA ok BT BCL-2, BCL-XL F1 BCL-W 5 &
7 BH3 4544 5 A 412 1 - BCL-2 5 Ji6 5 (1 AU AH A
FH ., DTS 5 b T8 o /0N B PN 1) 2 At i o
XF IF BAE R I B OE R R 0N RO IR 4 2
ABT263, 1 LI S0 B 5 19 B 6 15 i T 40 fig A
LA, W4 B IR 0 L R 5E
e, A T AN A, e g
VAN e 2 vl [ i S R i 51 i1 £ /=R
I3 Sy —Fp L p16me Ry SR Y p16-3MR F5 JE
/N, £ &% (ganciclovir, GCV) 4324
TR p16™ BAEF & N B4, T 4% LDLR™
5/ R B ko RERE AL BEBR AT B . At X i
T LDLR /N4 T ABT263 1697, M2y Hif
Ji ik PABUESE T BRI bR A M AT AR AR BN ik
SRERE ALY & A Y IR R L RN, GE
AT AT REEOR (ACLT) ] 5 96 35 A A
R, 22 GCV 42 5 155 61 R i B (9 5 2
MM EAMT, WET/NRE TR ET
senolytics 254 UBX0101 ¥ [ 5C 15 4B i 32 22 41
L, I T O SR IR, IR T e
K WAl Baar 28 Y R, E 40 T FOXO04
FEHE L, HFOX04 flps3 ME A YA Bh T4
R 2 A0S . W9 B BT T —F T4 FOX04
55 p53 AH B AE H ) 25 32 ik FOXO4-DRI, 7] )i
1 pS3 A A A5 A S R P A ) T B o A
UGEEEAE/NRIMIRRE . BRAERKAIE IR . XL
T AN R T (A S 5 T R R A Bl T e AT
KR, 8 T AN 2 M A PR 2 (8]
EIER R, R TR RSP R IS YIReS
THPR R AT R Y SRAEA BT LASL, TE PR AN
AT RE SR ALK A (B A5 AT T 2R A P i —
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Tl SR

A, AT — 2L senolytics 245 W) 1F FE B &,
H BCL-xL # 7] A1331852 11 A1155463 7£ NI Jili
BEF 4 40 (IMR90) AT JBF # bk P9 12 40 g
(HUVECs) 1 H A5 senolytics £ /E ] . A B i
(fisetin) J=—FPRIRAGEEREN, nJLAERMESE 2
) HUVECs /] 1= " 78 Kk &b & 3 ¥E X Tk fi

(piperlongumine, PL) 7] DL S5 &1 A WI-38 Ji
AT HERCY IR, XGRS
BB R AT AR S ) S5, I Hab Ay —Fl
FPh Y 25 ) e PRV TS T T A o A S ALY O
T-. R LS T HEr E2r 24l Rm kb &4
AHHE A

Table 1 Senolytic agents and the drug targets
%1 SenolyticsZi¥) & E{EA S

SenolyticsZ54)

2L R

LV # e (dasatinib, D)
Hitfz % (quercetin, Q)
Venetoclax (ABT-199)

A1331852

A1155463

Navitoclax (ABT-263)

ABT-737

UBX0101

JEFEE (fisetin)
17-DMAG
FOXO4-DRIJik
BEJE % (piperlongumine, PL)
EF24

WA 52 s/ Sl Rt Tk 2 B ity
Bel-25 %, p53/p21/serpine fIPI3K/AKT
Bel-2%ji% (Bel-2)
Bel-2% % (Bel-xL)

Bel-2% % (Bcl-2, BCL-XL, Bcl-W)

MDM?2 / p53
PI3K / AKT
PI3K/AKT
Bel- 25 flIp53 / p21 / serpine
p53/p21 Fl Bel-25 Jz
EN

1.2.4  THEREE MG RIS

YT Hl 5 AT BR A A 1 Bl S B K R
R, FEZ PP b O 2UE 0 2 AR M HEFR
SERBUERARCER RN R, T2 w24
DAL G YITT Kok, ARG R IR gt 7E
AR . i D+Q IRV TE BRI AU MG TR A
Jiti 7 A AR R R U0 2 28T o, kg 1
Jiti £ A A5 A D+Q 259 5 B i A it DI RE Y
AATREST . AMRIEHE R, %25 WA s Ak
A BRI Re T T EAT B AE IR IR AT g, (HIZIR IR
WS R IRZ, H 3% H RS 1 m ATk
AR W7 8%, P e 25 R 75 2 A 7 . i
UL, — W senolytics ¥ Y7 4l bR 18 14 5 5 £ T g
B A A I Rt 1 AR A 7 L S U ) P B4R
LR BN, DHQTE—E BRI AR T & kA g
RN b = 2 ] R (I WA 221 s e X i) 7 e
2B g2 A A B RN BR R 4t rh OGS SASP IR 1Y
Fik W HZIE IR IR 2 E R, JFR
senolytics 1 N 16 97 25 W) 1 2 4 1 8 N I 2
senolytics F1E -5 BIVE AT it — 25 R PEA .

H i A A B2 senolytics - & BCL F ik &

FIAMELR, X nl e T 24T 2 BCL K
G AHEPTIR T LUR AR KA A 0 X2 E
HA A (i b B 24580 TIRPRR T, anikett:
BCL-2 #il il 1] venetoclax (ABT-199) & A Ti677
P bR B A0 AR Pt AR L LR Y ABT-263
W AR, SRS, ABT-263 71l
PRS0 119 107 FH 52 380 i /INVBR sk P s FH BR A 07
A HRME T —Fh 228 R0 EF24, AT LA
BEEE ML DE R B A0 BCL-2 G E IR, H
5 ABT263 5 HRIMERT, 1H EF24 A4 FH AL %
AR 0 an SRS R 2 s 2 A i,
FIRERRAIC ABT263 B 25505, MM FEAR A SR 1y
M/, HEE ABT263 3677 3 % A 5k 1 ]
1T . UBX1967 J2 o —FIAE I R 50 i o 2 40
At A Y, R —Fh BCL-2 5% 4 il 571 .
UBX1967 X} 2 4F- IR &R s 1) i AR R 56 £ 7F 52 [
Clinictrail. gov M3l £ %8, HZE U4 UBX0101 647
BT R AR IS B AE g B

(EARE R, et AW RIvE A
TERUS:,  H AT I RIS 3 B4R Hh e b B AT s
SEIERE T, HAE AR R R ARG S /N RS
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SR —BURPURE | SER AR CANE . TPRA L
A5 R A B R AR R 2 A M A i) SASP TS AR 2
AR BN T EE AR —.

2 HRZSERUER

R PR BT A, AT g 2 B 1 A0 S

BT R SRR DR, MBESRIAR I | FFIERY A |
AW AR SRTE, PR R E R R A G PR T
BerIt A% . BB AFIR IS, A AR 2 2
TR, JEALE L 53U SASP F75 1 L 5 AR I AR DG 1Y
TABRECAE . AR, AT B TS B 2 4 i
ABWAE BRI T, THETE BRI A )
FBAEZ PP IES (B .

200 2 TR

PR ZKEREREAL FEREIEIRITT £F4E TauEA R HE JE TR B I ROBERR S LI Th g AL
FRIR] 7R R BRI D RERERG

BRI 5T Childs BG Jeon Ogrodnik M Schafer MJ Musi N Palmer AK Thompson Lewis-McDougall FC

B 2016 2017 2017 2017 2018 2019 2019 2019

Science Nat. Med. Nat. Commun. ~ Nat. Commun. Aging Cell Aging Cell Cell Met. Aging Cell
LA GCV/ Gev/ e D+Q/
FFB ABT263 UBX0101 D+Q AP20187
l e l l l
KR pl6-3MR, e tauNFT-Mapt"® p16-3MR/ INK-ATTAC/
Ldlr—/— /g~ PIE3MRAR INK-ATTAC/Mi, I INKATTACAE ~— NODMR WINEL

Fig. 1

Clearance of senescent cells plays an active role in a variety of age—related diseases

Bl FRRZEBRESMHREZEXEFHPRIELEGRRIER
HLI R E AT LA — RV REEMSCI, DR s e AR B BN 1 B s B S S HL A2 R

FRBPAE S E Z I St b R R e = i —
BN . BRI A2 A AE 5 D) RE B AT AT A DG 1Y
B B 25 ST LA RO R % DD AR G . SRR K
I, AR AL R RN D S 3 B i 1D 2L 21
R R, T 2 S B p 16 I B 3K
By “HAR” FER A senolytics 25 ¥ Ab B
AT DAVEBRIERE /N s 2, el AR/ R
) WE T 52 RS RE L DA 98 R A D 4 4L T g e
fig 152 5 —TRAIF ST & I ABT-199 A] e 861k 14 B
EI B, T B AN R R N RTARE PR Y —
FEJFEH, I ABT-199 1] 78 E AL RS IR p AR A /N
B G2 g TRUOBE PR s B REIR ) X BB SRR, 4
I 0 2 2 A PP A S 1 A E A 2 L DA B TRLM PR
I 1) B L JELIR, senolytics A B2 Ay HL 1 7 FTIE 40 0%
IR AEET RS AR R s TS

PG e (CELHG R R ANAR ) Z [ A K & .
Ogrodnik 55 ™ 8, AR /)N BRUAG P 8 2 1 Jie Jo 20
JHLAE A0 = B SR A, ARG 2 S B P 28 R A 1
X EL . B9 &, 38 7R A A N R fil
AP20187 iR p16™“ BATE R R 40, W] AV HE
W% T XA ER A, IR IR T . S A
D-+Q 2]y itb 3 1) 98 2R A7 A Bl B 5 350 I R /D BRUASE
RIPALABGIE, 58 F A B A ) it
SEIRIT PR A I — IR AR

AE 7 K5 P B8 W5 (non-alcoholic fatty liver
disease, NAFLD) SAEREFIEES ZAHUE VIARC,
RIRFEEAF S IR EGn, 7E D EUR S R S8k
HATVEARTAS TERR TR 28 . SF4Efk, AR BUN
TS g vg . BFoY R I 2 A iy AR
TR BARRARI AR, NS I i
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AT LA E B W ZE AR N AR 2 . 7 INK-ATTAC /N
W bR p16™ e B 1 5 2 41 L 58 45 7 D+Q Ab B,
AL DA AR ORI B A8 0 MHLEE ik, =%
YA LR IR R T AR IR DR e T, X
AT LA B RE AR, TSR gt nT e & —Fh
Yok B B AR 1 (R B3R 7 SRS

S tau 2 IR SR ZAR AT B TR L
PRI, AAEBT /R KRR (AD) . #F A%
PERRE (PSP) . B PERNTR MG (TBD 4620 25
Pgig 5 EORA IR R, AE tau TR IR AT
PESEIR /N BT PR B2 T S 1 T o 40
INIE A0 L . AF INK-ATTAC 5 5L RN R P, il it
2524 AP20187 T ¥R 3 45 2 240 it W LA By 1k J2 ot 1
A TR FUR I tau 28 YIS MR AL S B 22
SFYEMELE (NFT) YURR LA B AN T il 220 1038
b, DIERRAATIRE . B A E LB, F
FH D+Q AT LAY /D tau A1 3 19 4 2R A7 M 50
NFT UL R 28R 17 AR B0 3 3 B 3 & 40 i 7
tau /- A PP 2R AT MR 1) 2 A LR SR R R T
B, RSB /R T BRI 1 T )7 AT 7 2L
MR 5 FEAEE .

AT B — A T BRI T AN M A RE
XA R R E TR R N R 7 s
it ) SRR 21 2 S T 4 A EL 40 B 4 BE DR R
A FE—TXF 32~86 &7 Lo LGS B A 110 JDE TR
4fife (cardiac progenitor cells, CPCs) HJ4rHrHh %
B, BEZIXE (>70%) #id—FA CPCsJE T
EW, FEEN CPCs 4 A SASP A - fiff JF A i J
() CPCs B . W 5% 35 3 iof 75 4T 2 B A= /)N R il
F D+Q B 7E INK-ATTAC /) BB 0 Hb 375 5 5 3% 4
M, B4R TSR A CPCs, N T Ki67. EdU FHYE
R LA AR B8 R R, T BR R
J T DA R A SR A O R AL, RO LY
A RE

Y&k M il £F 4k b (idiopathic pulmonary
fibrosis, IPF) J&—F LAl [] i 55 90 A 4R AiE B9 2o
RPN, AT B DI RESZ 5 . IPF Ml b A7 R i 5
ZAYIRREY, ple MR IAKEA B i EH R R I
B AT, A BLEE 4E 4N T DL D+Q
VEEMERSE, 1E INK-ATTAC %4 3 K /N B b 7 5 5
AN, AT DL Ml ) B8 AN B AR 0 L F
FRW, AN TE —E R LR i
A, S A R R A T RE S IR YT A S IPF 1Y
— PR G BRE

18 B R GEBEIR LI — 2 R 1Y 5 A DG
B R (osteoarthritis, OA) J&—Fh 8 VEENE ,
HAFER ST HCE B, SRR M ARk . o
FEH RINOA BB 4B 4 I A7 328 B s i
M, BAT A OCH B ELE S (SA-B-gal) FH
PR | S 40 R RN R AR AR P SRR AR 0
W 5¢ # 18 48 ACLT *f /)N B il i OA B8, & B
ACLT J5 R B i R AR R T o i, a4k
PR B3 S 40 if AT LAY A OA I R e, BRI
PRALARCE R ) FIIAES . 5T N5 senolytics 43
T UBX0101, 7EFGHP | AR EL R A &/ N/ rh
AT RN T FIAERIE51E . Bealh, FE T B it
AR BB RCE 2 M A AR A 35 57 vh BE BRI T R o e A
ML, AT RAREAR R R SAE S 58, [RIRHE
OB U A MR T B P ek 4 o) s R B
SRR T R AR AT DAAE AR AT PR O BE IR T
A

HAMAG 5T KB, AR THEAE ] 220 A o e 7%
JE DL B ] 25 240 B 5 28 /KT 5N S BRAF 1% 2 TEAH
o ool T BRI S 2 A T LA A (] S 2 2 S AR
U4 FH G 1) Z2 AR Ak oo 5 2 A A BE R Ok K AR
AT A A ME [B] B2 U R YRy TR A

3 Senolytics IASMRII T E KR EE

Senolytics 5 M 7E iz 3lT 5~10 4F AIF 9T o K+
%, WFSE T T MUR B 5 A O I BR
YHAIEAG T AR R AR S, KB
T YU SRR R R SR, LRSS T
AR, W78 & X H27 72 . Rt
Gb, THMERAE . HER gt . A SRR AEdT
U B EE A B S AR T A M A G A
SRR RE, ZHZURWTTE T A R — R AR 0
B3 AT 5 S A O L, SR T4
JRLAY Bl RS 52 B s T, O B i
IS T4 r FEAERE DT T, BRICDAAN, mUiA
T-A0H [ B 2 BRI T AL R A TR
T R o A 2 M HE AR T A b 7 T AN B
WAk, RAGERTIPARE, FIER . f@E. A
REAY LA T AE MRS A WO M BA IR E L. B F
WFoEHGE , T A0 MR R MA & AR . BRI
B O E R Y AR 2RO TR AR T RRRAE
L JeHI B ST 20 A A A 2 A rh i T
TR, AAERAEYUE B, A SRt
s FLC RS 55 72 J ok, FEIE R ARG T 4 A
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FEIRYT AP R B AR Mg, BB a2
T UG IRIREGYT 7. T ETs R, A
PP ERORE Z R R e SR, HEs
5T BTG RN AR e, 2 gHs his
P ARE . Btk Ton) T AT IR AL
%, MASS5EAAERE . HEs . B aetE,
AT AT T 20 M RN 2 S i Rl 1A 7 AR iR
fife . T2 MRS A A H AR AR th7E#b 70 M T
AL fifs a8 USSR AR AE IR B DIRE, — RO IS
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Abstract Aging is an emerging and important research area. With the accumulation of knowledge in related
fields and the advancement of technology, people gradually realized that aging itself can be intervened and it is of
great scientific and practical significance to delay aging, especially delaying the occurrence and development of
age-related diseases. Among the many factors that cause individual aging, the accumulation of senescent cells is
considered to be an important reason that leads to organ aging and degeneration, and finally causes the age-related
diseases. In recent years, a number of studies have shown that removing senescent cells in vivo can delay the
occurrence of multiple age-related diseases, which directly proves that senescent cells are one of the important
causes of age-related diseases, providing a new target for the treatment of age-related diseases. Cellular
senescence is generally considered due to the activation of cell cycle inhibition pathway induced by accumulation
of damages, and the cells permanently exit the proliferation cycle. Senescent cells undergo changes in cell
morphology, transcriptional profiles, protein homeostasis, epigenome and metabolism. Moreover, senescent cells
resist apoptosis and therefore accumulate in multiple organs and tissues in the body. Senescent cells secrete a
number of inflammatory factors, leading to a local non-infectious inflammatory tissue microenvironment, which
will cause organ function deterioration and a variety of age-related diseases. Therefore, several research groups
have screened the library of small molecular compounds and found that certain compounds can selectively
eliminate senescent cells by targeting pathways underpinning senescent cells' resistance to apoptosis. These small
molecular compounds are called " senolytics ", denoting compounds for killing senescent cells. Senolytics have
been shown to alleviate multiple age-related diseases and prolong the lifespan in animal models. Therefore,
targeted killing of senescent cells has an important clinical application prospect for the treatment of a variety of
age-related diseases so as to improve the healthy lifespan. In addition, strategies such as stem cell transplantation,
gene editing and heterochronic parabiosis are also of great significance and inspiration in the development of anti-
aging research. By summarizing the recent important progress in the field of senescent cell clearance and a variety
of anti-aging strategies, this paper briefly reviews the history of cellular senescence research, discusses the
relationship between cellular senescence and age-related diseases, emphasizing on the potential therapeutic

applications by targeting senescent cells and the limitations, as well as the further research directions in this field.
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