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Osteoarthritis Based on Senescence—-Associated Secretory Phenotype
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[Abstract] This paper summarizes and sorts out the mechanisms of natural compounds in the treatment of

knee osteoarthritis by regulating senescence-associated secretory phenotype (SASP). Natural compounds such as
terpenoids, polyphenols, flavonoids, alkaloids and phenylpropanoids can regulate key components of SASP
(including cytokines, growth factors, matrix metalloproteinases and other bioactive molecules) at multiple targets

and levels, inhibit chondrocyte senescence and articular cartilage destruction, thereby delaying the progression

of knee osteoarthritis. Current research faces challenges such as lack of large—scale clinical trial verification,

low bioavailability of natural compounds, unclear synergistic mechanisms of multi—components, and insufficient

clinical translation, which leaves broad space for further exploration..
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T SASPHNHIE T A M 222 | TELEKOA R A S0 i £ Bl
FEl N AR DG SR, 6 DL 1 KR A 4 W) 3 3 I #5 SASP BT T
KOAMIBIFEHE IR EAT LR , BTN IR RIGT T KOA SRR 4
1 HEBHERESSASP

IR R KOA M RFIEPE U 2 — S ACE IR A2 Ay R
FAERETEE R HCR A, 258 9 40 4R TR OR B SASP
PR 71— 2B D5 1R 722 R, 98 001 0 D 5 2 XK OA
BB I EAT O S A R T BB S i AT I B 2 1961
4, HLeonard HayflickfIPaul Moorhead P {23 32 Hi6, B
WHFEINN , AR T 20 M L R 2R 5 5™ A A — iR R T
FEANERIHF R E R E ]S WS HIPE R E (replicative
senescence I (stress—induced premature senescence,SIPS ).
B TR A 283 2 o3 BGR 2N 73 5L E R, PR sipher 46 4 2 AL )
fish A, e AN T S0 200 SR RS AN PR TS B O 55 e
IS th T HUONY g R A R WAL SR
FNEHERZ R (deoxyribonucleic acid, DNA) A ¥ R 43F 414
755 40 A 32 300 1 4 R4 VKON BIR I o o RS A2
1 2 ARSI, 20 e 5 S I 2 R RAALE , 240 6 ) S0 L i
HH Fip16™  p2 15 A /K34 1L S AZ S8 B A S e e (0
B MBI M G- L F L e LU K 4h i
AR LA S L AN BAT F A AR PR,
FEEAMITER NSNS rPn] e A IR P o, it A
AL S HBUE 2 GIRC

BN — DRI RS ASP, BV b 4%l A M3 v 53
TR — A B R R IR G W), E R R P T an 4
MisZ -6 (interleukin—6,TL-6) . T4l fL 4 % -8 (interleukin-8,
1L-8) AR RS F—a(tumor necrosis factor o, TNF-a) , #4
R F WL F1(C-X-C motif ligand 1,CXCLI) JfLH
F3 (C-X-C motif ligand 3,CXCL3). #fLEF10 (C-X-C
motif ligand 1,CXCL10), 4 B4 A= 4 B+ (hepa—
tocyte growth factor, HGF) . % 1k A2 4 X - B (transforming
growth factor—B, TGF—B) ki 21 il — i I 241 fitg 45 7% il 3 5 7
(granulocyte—macrophage colony—stimulating factor, GM—~CSF),
FE 0T 4 S8 A A B (matrix metalloproteinases , MMPs ) LA J — &
A B A W36 PR 23 718, I AR, SASPHY N R i — 2L 15 1) SiE
(LiNiiEaR 7/ NS RN RSN 0P S O S e T
IR 25 T A B0 8 A A ok Sy 5t ml X fi] 8] 7 408
VTN 42 B 5381, SASPHY A I 22 22 T 428 19 24 I )/
455 o 1 F kB (nuclear factor kB, NF—«B) {5 5 il B 1E N
SASPIRHERIZ LR SR 7, TR 280 E I il Bk s AL
DNA 47 1] 38 i DNA$ 17 S B 800G GATA S 45 8 11 4, 1k T
TG NF-kB s [RI B, ZRRE PR DN A AT HE AL 03 1o PR AR 1 1 -
TR R 5 O T — T 38 R R X 7 (eyelic guanosine
monophosphate —adenosine monophosphate synthase/stimulator
of interferon genes,cGAS-STING )il H## % NF-« B2, It A1 , Bf
FERI, B HIEEED 1 p38 2 2R IGAb 25 T (p38 mitogen—
activated protein kinases,p38 MAPK)FZ N A — A HERZ
B A -ULBR( B 94737 1 F 1 (heterogeneous nuclear ribonucle—
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EAYWS 5 T NF-xBRYIE PR, X ESASPLER 7K1
B = PP o R SRS R 2 I, B R AL R 1
(adenosine 5’ -monophosphate activated protein kinase, AMPK)
AL A T AR R R (mammalian target of rapamycin,
mTOR ) % MAPK{E AL 8 1 3 M2 - JC 44 96 2R 11367 1 (MAPK
activated protein kinase 2-ZFP36 ring finger protein like 1,
MAPKAPK2-ZFP36L1 )il , 23X SASP A 744 5% | B 1% M
Ve A A8 1 IR 25 [R] B, 45 45 A B H A 13 (calcium binding
protein A13,S100A 13)AES A1 A2 -1 alinterleukin-1a,
IL-1c), (B EZR M p38 MAPKAR 5 %2, 75 38 W3 14 J22 1T
SASPHE [H ik % 2 41 8 12 AMACROH2AT 41 8 A 4
H2A.J™ . & i 7 %% 2 11 A (high mobility group protein A,
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specific demethylase 4,KDM4)PHiL%FSASPIN ) R iEBA
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IL-6 . TNF-c. . MMPsAESASPAH G I § 7K - 5 KOA A ™ F
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SASP5 K& A7 P 4 (reactive oxygen species, ROS)
RS A0 L AP PRIE 2 v, REAE E LKL B 4540, ) 248 e 5
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TS ATROSHE A 7K BRI RE A5 LR A Y DI RE , DA T A2E 22 4
B GROAMINTLIRUESE , B XTSASPAH I 43 1 #E 1) 41D
L TEOARIIRYT A IR HG 509, B R A JE g T 14
N R BE L DA A TP TL-6 \TNF - B 5 S5 43 J 48 1 il 1) 3
TP SASPES; — FUSUNCAE I ik AMPK A 5 U8 17 SASPoR Z2 i
U055 S /N BLOA R 5 3 10 5 2% RESE 1 6 1Y MAPK APK2 1
1L 1A PR 42 SASPAF I, S BETIE 45 W], SASPAF W KOA W
YRR AR BB R R e e B RS ASPI 4 | HEZER
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TISASPICEEAH 43 % 2 S PEVE T, BEXSNF kB .cGAS-STING .
MAPKZ Z R 5 S TIR Y, NITZEKO AR IE R I
MR
3.1 #EEAEY WEREYR R ZEETAEY
HHALE Y, BA WG P PUa S vt R
IR R IT IR SSA G A R4 D R A
G B A AR RIS R, A S T i T S ASP
H F B MG = AR R B A AR IR

P G (lupeol ) & — Bl Z AT IHH S  EM%2
R R E Y o This B S5 PRI oY 2 B, 3 W BE PG
SASPIA{F f RNA (messenger RNA,mRNA)ZK -, #HIROS™
AL PR ERREE A2 I Fipl6KIiBEMA Y FEERUIFSE L
1 b} AT 8 SIRT3/mTORGM I Y H WEME TS O A/ 4K
AL T AL K (celastrol )2 HP 24 T8 /A B 1 B30 1
B2 — i 2R HEAFOME R R AT IR R AR R ]
T IHKOARLR /N AN I H TCF - . TGF-B1.IL-1 . IL-6.
MMP-2 ,MMP-9ZRiE F12CT #3741 . AS B 1T (ginsenoside ) &
—RMAS RIS, BT C & Rk b
R B2 B2 R R | A S B A U AR A $L
& BUAAKIVE T, 8 BB 2 10 ] NF-< B AIMA PK A5 53 410
TSN . NS = BRASP  RREE—Fh
NS MR, NS =REAMTEE TTAKOAFEYNEMMP-9.,
MMP-13 . TNF-o FIL-655SASPIH F-HY 235 , I8 REAM Il = b5
BEAp2I RN, NS ZFEA FMKOAT ZAIMEH.
W £, AS IR, R, \Res Regs MU BEE L FIHIL-1B .
IL-6 .MMP-1 .MMP—-13 . TNF-o5: 2 FSASPIL 43 4E 2% O A 1) 32
&, B BEE I NF-«BIF 5 8 B 35 S AL R AW, ZHERIG
KOARYFE=,

V22 & Y ReE i 2 FiE IR BT IR KOA T L
A AT LA R R IREAE AR I A =2 b
EW, DKL = A B SR B H R B R
B DU R =R AW KOA BB iR HA BURPE ] . i 21k
BT L P NF -k BAE 5 38 3% 28 28 KOA 1 3 e, S48
i WEFE 0 A X Lo b A P i VR FH B 0 )3 3L 1 X% SAS PR B 44
PaE AR ST CAIE L REA S ] Z Fh SASPIY G EE 20 43 (A
S Y A I PR R T 4 AR ) o X B R R SASP AR
RN AR A VR LEAZ O PLR] , (AR A T
RA R 5% .

32 Z@mEAEYD ZEHERLEYIE R Z AW R
RIRTE T BT LEATHLR PR BT 55 2 R 3%
T, 2SR Y B SAE R TR
SN AB RS54 S AR RN AR R A — 2 2
R BAEKOARIB I AT T T AR AT AR S90S ASPIA
TR TR ARG A R BUE NI Z R ARG

122 B (resveratrol & —FIEE TR AR RZFL B A
BHERIY) ) KR ZBHHYI R YANG S LSBT KB,
resveratrol A] N I#IL-18 . TNF-a . IL-6.IL-8 .MMP-1.MMP-3.
MMP-9 MMP-13455SASPIK T3k . ARSI 5 6% i e T
VR BEKOA B8 3 C U B H (C-reactive protein, CRP) |
FMAEE 1 C3FNCATK I A7 HEIF T A I, IR BERE IR 15
Jig T AL 3 — 3% g/ 2K 11 93 3 B ( phosphatidylinositol 3 kinase/
protein kinaseB,PI3K/Akt) NF-kB.Wnt/B—i%E¥E 1 (Wnt/beta—
catenin signaling pathway, Wnt/B —catenin) 55 {5 538 % , W 5%
SR RE AR AN A T, T SE 5 KOA R FEJE o SEAE IS
(pterostilbene ) J& FHZZ P s F AL AT AE Y, BA T =AY
R FH BE RIS E ARSI P R B, S B RE AR AT 52 St 1
B (anterior cruciate ligament transection, ACLT) 5 PNl A
MR F2A (destabilization of medial meniscus, DMM )5 5 /4
KOABEALR FUIL-6 MMP-13 . fif 5 3 11 H: & Jm 25 11 1 S
(adisintegrin and metalloproteinase with thrombospondinmotifs 5,
ADAMTSS )7, 3/ 50 B A 3 bm iR M p 16 Flp2 1 3 K19,
SO PCIA BN 5 T 2R 5L 1 2R8I PIBK/AKtAINF -k B
{55 AR  TEIR T OA T R AR HUAR B A A 22
Z (curcumin) FERIFE T 28 A4 FEARELZREY) AL 50
HYIBRA (ovariectomy, OVX) 52 I OA BRI K B, B3 E
XTL-1B IL—6 14 J & 11 B 2R 300 o 25 3 i VR RS, 7 5 —
TiACLT (R FRUBEAL | 2238 32 RE I SIRT 18 1 A\ T 410
T E RV , 2 71 S0E 22 Jige 5 3 IR A5 e I O 19 e A, 2
LS P B0IRG W) L — S IR TS ASPTT I 7 AL
P MR R, ZHR R B P RS YAt i
F T PHSASPIE T Kpl6mtE /KT Ifi R DU A S T4
K, B X 2 K YU B AR IR ADITY , 28 E A Eh
IHITKOARIZGY).

Z WA T E A R R 4 SR R A
KHESASPIH F, FiMlpl6.p21 AR E H , LK PI3K/
Akt \NF—kB . Wnt/B—catenin JE85 538 I , 142 F A0 N SRR
HAMRE T EZ IR Z MRS YA ABIIEKOAR
W1 AR 53 W 2y It R AR 9 01 P AR T S FH A2 B {ELIR
o I RE T B ) 00 B SR HUSASPAE T PRIk, i g B —
A P R AR ISR 22 Rk & 9 BRI A FHBIL AR 2 ok
REIWIFETT 18]

33 FEERSH  HERLE YR LIC-C-ClHEA R
R —HANUL A, CRIA IR BRI, 31k
SYHAYIR SR BURAL F I P R e ) 5
ZH WGV SRS AL S WX T SASP A 4 4
Mg HA HEAEH .
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ﬁﬂﬁ?(quercetin JEABBUEAER, FEAAET A
LAt SR A M rh R A R KB PRl s g o, 35
VR Je Al quercetindk A ] BCPE 25 25 EFEARIL-6 .CXCLIREAL ,
PR TR AR, IV B i IR A TR T IHACLTIA S
HOAR BASASPI 7K1, 5 A W58 o , P B Al i
AVH R AN, 2 E R T R e IR AR M R,
W R, St 2R ( isoquercetin)’ll/lE Rt e 3R BB A AT
AW, eI T R A0 IL-6 \ TNF—o . MMP-13 % SASP
BIZIE , I8/ D ple MIp2 1 40 M 3 AR 590, Do SR AL AR D 2 A
T FEKOAS, 3 2 (fisetin ) HA T Wplel/E A , BEFRAL
IL-1B 15 F M IL-6 . TNF-a . MMP-3 .MMP-13 fIl ADAMTS5 %
ik, IR T ZRERAROA SR 1 U SRR R 1 5 19 e,
AN FEOAR BRASE AL A | 148 35 3 W 58 4 #1L 10] SIRT6 Ukl 2 #5 1
Y ML 5175 T I SASP Rl T 3R 35 , Wb Y AE0i i Bt 4 A 2 2
RO 28T (orientin) |2 AEFE T RIPTI@ AT V6 340 4
FEAE S5 2 AR Y o 20 RO BB ACLTIE T A O A K BRUAR 1
41 g MMP-13 . ADAMTSS .IL-6 . TNF - H1p21 .p16 3% i5 1%,
[Fi) b 2 B 0] 3 2o FRAIRROS /K PR e b AR, Il
TAHEPI3K/AKYNF-« BRHIAE 27 K BRKOA 19 i JR e BT & B, 2
A ]38 A% T E A S F (nuclear factor erythroid-2—
related actor 2,Nrf2)/IL 2L & JN % (heme oxygenase—1,
HO-1) FSIRT6 (7 53 B A1 il NF-k B, 18 28 DMM %5 F- I KOA
HEJR1), B AR AR (rhoifolin ) A2 S V5 T BT i i) — b 24 1 A
T, AT AR S AE SN | T 1 Ve R4 ) 1 - 200 55 A
TS BT B E 1R ACLTIA S YK OA /N BUBE R 7 5 8
WV G &I, R M T B8 N W KOA/NRIL-6 . TNF-a.
MMP-13. MMP-3%£SASPIEF7KF, {2 41 i 7P 3£ 5 (extra—
cellular matrix, ECM) 145 i, AT & FEDT KB 20 M 52 28 F G
TR AR TR AR RO G AN, B AT T 38 5 P N F -k B
R VS R R B A A o AR TE R B (procyanidin By) & —
Pl B TR AR B KRBT R, B R, R
16 E B, I IL-1p fit & ) MMP-3 .MMP-10.IL-8 F1 1L -6
FSASPIA T H1p16 . p21 (3R 35 , [ FRAETE 2B, AT 14 11 24
2 D 2 (1 R P SR, DT 0/ - 1 B e & 14 448 L 7 5 o
IR, PE AN, JRAET 2B, 1]l 33 Nef2/NF -k BIR 7R I 32 (AR 40 ¢
THCE AL

B GWAEKOATRIT TR 2R B S5
PAr e B 2S5 ) = 8 i M I SASPIE - . R & A
AR A R SR 5 I S o A b R A S ok
PRI RESF AL, AEZ2 50 240 I 8, WUR ECMIR A . 5 oAb Ak
EYML, 2R 2 B2 E YR EE PRI L,
— AW AT A BT AR TR A o 3K EEHF 58 R FF & KOA
PRI AT RED AL A AT A Mt T 15 %

34 AdmESY  EYRZLEYRIE S AR

FKAEIAY S h b h BN A RN Z— . BRTE A

(A DRSS 5 L 7l LA ) i A v R A

1R 508 ORGSR L B B T Iz M 2 PR

YER AR ER 53 A= M B B2k, (3 PRI 52 B . 2 Fh A )

DAL A W) (AN 20 77 T B ./ NSEOR  SH PUB 52 ) T 3 4o 7
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FENF-«kB . Wnt/B—catenin . AMPK % 2 B {55 5108 % % SASP A
F AR SRR MG GE , DI S KO A Yk o), 4
RV THIAFL AT IETR (nicotine ) FT T I OA/N BRI -6 .T1-18
FIMMP-9 14 2 35 , DA 2 2% 515 40 1R AL R IR F 5 3
B AASF T 2544 19 % 7% K (berberine ) & — Rl 5 b 28 A 6
#E F A T EIL-15F A ALK A MMP-1 MMP-3 ,
MMP-13FIADAMTSS 335 , 34 MSHIAIML , 1870 Gy/G i 4t i 55
BILTEN 7 A= 01 519 28 B AR FO Y, DA (%) T8 i v R B iy it
B (nuciferine ) f&—FNBAMNUESS A= M0, AT 98/ O A F8 5 50 B 2
B TNF-a . IL-6 MMP-13FIADAMTSZE i , If-38 13 PI3K/Akt/
NF-kBfr 538 B2 R O A ST, DR 2544 25 B R SR AG 25
£ 58 (1eonurine ) fE B2 #IHI IL- 1875 S HINO . HT 5 IR K E,
(prostaglandin E,,PGE,) IL-6 X TNF-af7= 4, F J# 4K B 4L
IR AL B2 (cyelooxygenase—2, COX-2) \MMP-3 .MMP-13
FIADAMTSSFRE , JHI L1 BHI A NF- B IE AL 255
TR A A KOARITRFEIRIT 2540

A Y2 AL A W rT i 22 80 A R AL FEKOA R YT
JEIR BV ) R B T P SASP IR T, IR 1Y NF—kB
Wnt/B—catenin & PI3K/A k45 38 FE IR 98 5 -, f2 2F 5B 4l
o 5 55 e AR R 3, e [ R % 06 T 1R AR AR M o B
AR PUEM s S 2 M EE R TR, A
WG WA AMEZ R b LA ) .
35 RAFEAEY ENERIBUEYEH I EEC-
CHE R A ML B, ARV 43 AR BARIN R B E
ARIEZEE LRI SIRITKOAM RN E R G ETH
5.2 (coumarin ) o 7 5. 2 B —ZHAT R I oML I ERHIAZ ) K
SR, E YIRS T 2R ) T AR R TR L XIME S A
W EM , & 2 Gl 3 FMIL-18 . IL-6 . TNF-o \MMP-9
MMP-134ESASPIH Tk, B JEp16HIp21 Y ZE 35 o 6 FH PO B
(bergapten ) J& T WM& 5K (1) —F, J83& e KT BT S50
Z i AR RS LA AL B R AN R AR X R
SRR T T IR BUEA PUE A S 2 R A A,
T N ERLE /N AR N B (R 3E B4 S PR A AR
FHES A58 2B, 06 FAH PSR BE T Rt 1L-18 L A B 3R B 7
IL-6FITNF-a i35, L iRHL R B FIL-4FITL-107KF; T
HE IR I BB TL-1 8 _L IR A 2 B AHSCHE FRp 16 .p21 MMP-9
FIMMP—-13 ) 22357, 30 L IE 45 3% B 66 T HT 9 B8 7E KOA 1936
P A —E N INME.

RNELRALA YT 85 T SASPIE F 7K AR JE 3 %
PR LR FEKOATRYT H B TE M B B RTAI BT 5T 80,
Bl Z R B S IR SR, AR AR PN 14 2B R FH
PR A R — 2D Ik

ZE LTk WSS 2 W RENZE R ORI
FIRALA YT JE T ZFPSASPLHSY , UNTL—6 . 11.-8 . TNF-o S5 41
M F, MMP-3 .MMP-9 . MMP-13%5 3 5 4 J& 25 1 B , LA K
ROS FMAZE [ C3FCASAEYITEM A Mo, FIR KR A
YIRIAIINF-B MAPK N2 52 FE (55 1, 25/ T HKOA
FIR T TR R ARG A W HAT 210 IR YT KOA R, $27R
H AR TR IR I R0 K IRA A W 7] REZTRTTKOAITE £ 259
(W1
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F 1 RAUESWIERE SASP EFi47F KOA BIHLE

nk RERGW  BRWER KHSASPH T B bRk A ik
W HEEE 0A/MR 1 SASP mRNAZKF; | ROS; | pl6.p21 [38-39]
FABAE KOAZMR | TGF-0.. TGF-B1 IL-1B.IL-6, MMP-2, MMP-9 [40]
e =i KOA/MR | MMP-9,MMP-13 TNF-aIL-6. | p21 [41]
Zhk  HEEE - VIL-1B TNF-o IL-6 IL-8 . MMP-1,MMP-3 .MMP-9 . MMP-13,CRP AMATE F1 C3FIC4 [50-51]
E3 ACLT+DMMEFKOAK B L TL-6 MMP-13 ADAMTSS; | pl6.p21 [54]
FHR OVXTAF0AKR VIL-1B -6 MMPs; (FZEF B B R +B-A TR I | SASP. | pl6 [55-57]
HWE WEE EARKZLSY ACLTEFOAKR | IL-6.CXCLL. | pl6 p21 (BARWESE) [58-60]
B R EEHE | TL-6. TNF-o MMP-13; | pl6.p21 [61]
W E 0AKH L IL-6, TNF-o..MMP-3  MMP-13  ADAMTS5 [62-63]
R ACLTEFKOAKK /MR | MMP-13  ADAMTSS . IL-6.TNF-atp16.p21 [64]
BRE R ACLT FKOA/MR L IL-6 .TNF-ot, MMP-13 . MMP-3 [67]
FIHEB, RoNSg L TL-6.I1-8 MMP-3  MMP-10; | p16.p21 [68]
AR I OA/MR VIL-6.IL-1B MMP-9 [70]
HIER 0AKR | MMP-1 . MMP-3 MMP-13, ADAMTS-5 [71]
st OABEH AN L TNF-at IL-6.MMP-13  ADAMTS 1)
SRR BeE | NO \PGE,IL~6 . TNF-c:; MMP-3 MMP-13,C0X-2  ADAMTS5; 73]
KNEER FLR RIS VIL-1B JL-6.TNF-ai, |, MMP-9 MMP-13; | p16.p21 [74]
WFHNEE Rl 1 IL-6.TNF-o.. IL~4 IL-10; | MMP-9.MMP-13 ,p16.p21 77

A T AFLEA, | AFTA.
4 BESREE

RIKMEABYIRIEER , 5 TARI, HAT 2805 LSS
P, B LR B 258 (3R 22— AR, KRR ST 2 I
KOARGHE AL 5 %8 2 50CH 40 M43 W5 Y SASPIR 25 DA 56,
PRI, 461X S ASPIAH [r] 351 6 A% A B 28 KO A 4 i ) B LA 5T
Jrl W2 W O ZS AEWIIRE RN R BRI AW
FEE S PR P SASPICHHE PR, 300 & E S, IR A 00 L o
LA, HELR T FCRHR AR AT 7E — R FR B I KOA
1 E IR IR B IEK O ARG RTAY 7 B PR I AN (L

JRUE RIRA A WA VA SASP B HE 7 5B A 7% P B
B R E W AR E— SR 2 . (1) B BT 2 80 50 R BR T
S, e = KR IG PR IR 6 90 UE e Ak 5 A Rk
(2)F 4y FARAA W AR FH BEAIG A RS 1 2 45 1) R B
il TG RR 5 (3) Z Rk Wi U R AR FHIF T b Py
[EIALHIAA FFRAIR T o L, R AT R B LT = A0
17 : (R A A AR — 2 AT AR A P IR T SASPIY 43
T4 B BAZ O R0 5 5 R BLE] , A R S 2 AT 56 IE
PEREIGARFE A ; (2)FF BB RIS % R G0, g K8k KB
TR 55 LA o RARAG A 0 A W ) B 5 8 o 1 5 (3) st
E 2 e S G S AWA L 7 o R e SNl o o
Rl n I AN A% 4K

SE

[1] JANG S, LEE K, JUJ H. Recent updates of diagnosis,
pathophysiology, and treatment on osteoarthritis of the
knee[J]. Int J Mol Sci,2021,22(5):2619.

[2] HUNTERD J, MARCH L, CHEW M. Osteoarthritis in

2020 and beyond: A lancet commission|[J]. Lancet,2020,
396(10264):1711-1712.

[3] GENG N N, FAN M T, KUANG B, et al. 10-hydroxy—
2-decenoic acid prevents osteoarthritis by targeting aspartyl 8
hydroxylase and inhibiting chondrocyte senescence in
male mice preclinically[J]. Nat Commun,2024,15(1):7712.

[4] CAO H, YANG P P, LIU J, et al. MYL3 protects

chondrocytes from senescence by inhibiting clathrin-mediated

endocytosis and activating of Notch signaling[J]. Nat

Commun, 2023, 14(1):6190.

IR, 2, O, A RN R SR AL DR I T

JTBAARE[T]. H I ZH R T ARESY , 2024, 28(24):3915-3921.

HAYFLICK L, MOORHEAD P S. The serial cultivation

of human diploid cell strains[J]. Exp Cell Res,1961,25:

585-621.

[7] DI MICCO R, KRIZHANOVSKY V, BAKER D, et al.

[5

—_

6

—

Cellular senescence in ageing: From mechanisms to
therapeutic opportunities[J]. Nat Rev Mol Cell Biol,2021,
22(2):75-95.

(8] MR AR , 3% A M S A B O R AR FHEIR YT
FIIF I i R (7). A4 TR 5 8 340}, 2023, 19(6): 597 -
601.

[9] WU C J, LIU R X, HUAN S W, et al. Senescent
skeletal cells cross—talk with synovial cells plays a key
role in the pathogenesis of osteoarthritis [Jl Arthritis Res
Ther,2022, 24(1):59.

[10] SCHMITT C A, WANG B S, DEMARIA M. Senescence

207



P & (3 22

2025 F12A %3155 1288 December.2025 Vol.31 No.12

and cancer-role and therapeutic opportunities[J]. Nat Rev
Clin Oncol,2022,19(10):619-636.

B B, 1 AR S IR IR T ). AR R
FAR(ASRPIER) , 2024 ,45(4): 68-76.

KRIZHANOVSKY V, YON M, DICKINS R A, et al

[1

—

[2

—_—

Senescence of activated stellate cells limits liver fibrosig[J].
Cell, 2008, 134(4): 657-667.

[13] SUN Y, WANG X, LIU T W, et al. The multifaceted
role of the SASP in atherosclerosis: From mechanisms
to therapeutic opportunities[J]. Cell Biosci,2022,12(1):74.

[14] WILEY C D, SHARMA R, DAVIS S S, et al
Oxylipin biosynthesis reinforces cellular senescence and
allows detection of senolysis[J]. Cell Metab,2021,33(6):
1124-1136.€5.

[15] WILEY C D, BRUMWELL A N, DAVIS S S, et al.
Secretion of leukotrienes by senescent lung fibroblasts
promotes pulmonary fibrosis[J]. JCI Insight,2019,4(24):
€130056.

[16] CHENG H, HUANG H Y, GUO Z K, et al. Role of
prostaglandin E, in tissue repair and regeneration []].
Theranostics, 2021, 11(18):8836-8854.

[17] ZHANG L, PITCHERL E, PRAHALAD V, et al. Targeting
cellular senescence with senotherapeutics:
and senomorphics[J]. FEBS J,2023,290(5): 1362-1383.

[18] WALLIS R, JOSIPOVIC N, MIZEN H, et al. Isolation

Senolytics

methodology is essential to the evaluation of the extra—
cellular vesicle component of the senescence-associated
secretory phenotype[J]. J Extracell Vesicles,2021,10(4):
el2041.

SALMINEN A, KAARNIRANTA K. NF-kB signaling in
the aging process[J]. J Clin Immunol,2009,29 (4):397 -
405.

VICTORELLI S, SALMONOWICZ H, CHAPMAN J, et al.
Apoptotic  stress causes mtDNA release during senes—
cence and drives the SASP[J]. Nature,2023,622(7983):
627-636.

[21] BRZE, B S AR IR B ) I AR Ao 5

FAWER , 2024,40(9): 1205-1214.

[22] LABERGE R M, SUN Y, ORJALO A V, et al

[19

—

[20

[t}

MTOR regulates the pro-tumorigenic senescence-associated
secretory phenotype by promoting IL1A translation [J].
Nat Cell Biol,2015,17(8):1049-1061.

[23] SUY Y, XU C Z, SUN Z M, et al. SI00A13 promotes
senescence —associated secretory phenotype and cellular
senescence via modulation of non-—classical secretion of
IL-1a[J]. Aging (Albany NY),2019,11(2):549-572.

[24] CONTREPOIS K, COUDEREAU C, BENAYOUN B A,

—

et al. Histone variant H2A.J accumulates in senescent

cells and promotes inflammatory gene expression[J]. Nat

208

Commun,2017,8:14995.

[25] SOFIADIS K, JOSIPOVIC N, NIKOLIC M, et al. HMGB1
coordinates SASP —related chromatin folding and RNA
homeostasis on the path to senescence[]J]. Mol Syst Biol,
2021,17(6):€9760.

[26] LIU P Y, LI F M, LIN J H, et al. m6A-independent
genome —wide METTL3 and METTL14 redistribution
drives the senescence-associated secretory phenotypel]].
Nat Cell Biol,2021,23(4):355-365.

[27] ZHANG B Y, LONG Q L, WU S S, et al. RETRACTED
ARTICLE: KDM4 orchestrates epigenomic remodeling of
senescent cells and potentiates the senescence—associated
secretory phenotype[J]. Nat Aging,2021, 1(5):454-472.

[28] YANG L, YOU J W, YANG X C, et al. ACSS2
drives senescence —associated secretory phenotype by
limiting purine biosynthesis through PAICS acetylation[]].
Nat Commun,2025,16(1):2071.

[29] ATTUR M, KRASNOKUTSKY S, STATNIKOV A, et al.
Low—grade inflammation in symptomatic knee osteoarthritis :
Prognostic value of inflammatory plasma lipids and periph—
eral blood leukocyte biomarkers[J]. Arthritis Rheumatol,
2015,67(11):2905-2915.

[30] HAN Z Y, WANG K T, DING S L, et al. Cross—talk
of inflammation and cellular senescence: A new insight
into the occurrence and progression of osteoarthritis[J].
Bone Res,2024,12(1):69.

[31] CHEN Y H, ZHANG X, CHOU C H, et al. Association
of dipeptidylpeptidase 4 (CD26) with chondrocyte senescence
and radiographic progression in knee osteoarthritis [J].
Arthritis Rheumatol,2023,75(7):1120-1131.

[32] BUSSE B, DJONIC D, MILOVANOVIC P, et al.
Decrease in the osteocyte lacunar density accompanied
by hypermineralized lacunar occlusion reveals failure
and delay of remodeling in aged human bone[]]. Aging
Cell,2010,9(6): 1065-1075.

[33] LIU S R, CHENG S W, CHEN B W, et al. Microvesicles—
hydrogel breaks the cycle of cellular senescence by
improving mitochondrial function to treat osteoarthritis[J].
J Nanobiotechnology,2023,21(1):429.

[34] YANG J, XU J, QIU Z, et al. Lycorine hydrochloride
directly targets UBA1 to suppress cellular senescence[]].
Acta Pharm Sin B,2025,15(3):1696-1699.

[35] FARR JN, KHOSLA S. Cellular senescence in bone[J].
Bone, 2019 121:121-133.

[36] LI J, ZHANG B, LIU W X, et al. Metformin limits

development and  progression  through
activation of AMPK signalling[J]. Ann Rheum Dis,2020,
79(5):635-645.

[37] MG, Wi , 2 B ] 588 A AR R IR Hh Y

osteoarthritis



2025 412 A %315 %128 December.2025 Vol.31 No.12

+ & 3 Far

WG R [T R = 240, 2024 , 14(4): 519-525.

[38] Shizne, B R, /0N € ORI R S SIRT3/mTOR i
AT DA B DG S A A (0. )1 R
R (BE2£0), 2025, 56(1): 83-93.

[39] MA Y F, CAO Y J, HAN X F. Lupeol alleviates
chondrocytessenescence in osteoarthritis by regulating
autophagy via the sirtuin 3/mechanistic target of
rapamycin kinase pathway[J]. J Sichuan Univ Med Sci
Ed,2025,56(1):83-93.

[40] #HgEME, PHARAE , IR B, 25 HLEHIBC &5 FR A TRREL R T HUR
O SN B AN 8 B e AR AR A IR T B 2R
RARA[D). A E 2 TRRFSY, 2022, 26(14): 2252-2258.

[41] KUANG B, GENG N N, YI M, et al. Panaxatriol
exerts anti—senescence effects and alleviates osteoarthritis
and cartilage repair fibrosis by targeting UFL1[J]. J Adv
Res,2024,74:493-511.

[42] CHEN J C, HUANG L, LIAO X F. Protective effects
of ginseng and ginsenosides in the development of
osteoarthritis (Review)[J]. Exp Ther Med,2023,26(4):465.

[43] GU M B, JIN J, REN C H, et al. Akebia Saponin D
suppresses inflammation in chondrocytesvia the NRF2/
HO-1/NF—«B axis and ameliorates osteoarthritis in mice[J].
Food Funct,2020,11(12):10852-10863.

[44] CHEN Y L, YAN D Y, WU C Y, et al. Maslinic
acid prevents IL-1B—induced inflammatory response in
osteoarthritis via PI3K/AKT/NF-kB pathways[J]. J Cell
Physiol,2021,236(3):1939-1949.

[45] XU Y, WEI J L, WANGW, etal. Oleanolic acid slows
down aging through IGF -1 affecting the PI3K/AKT/
mTOR signaling pathway[J]. Molecules,2025,30(3):740.

[46] LIU H, YANG J Q, YANG W Q, et al. Focus on
notoginsenoside R1 in metabolism and prevention against
human diseases[J]. Drug Des Devel Ther,2020,14:551-
565.

[47] 4D, Fhe i , R S BEHE 2 AV 4% IncRNATT-
TY 15/miR~335-Spif 05 515 48 5B 4t 45147 14 52 1l
KL EE 25,2022, 44(7): 981-985

[48] WANG L, XU H, LI X, et al. Cucurbitacin E reduces
IL-1B -induced inflammation and cartilage degeneration
by inhibiting the PI3K/Akt pathway in osteoarthritic—
chondrocytes|J]. J Transl Med,2023,21(1):880.

[49] EplE, LA IRARAR , 35 R 2 =R BTG I O
5 R A F ML B 5T 5 R[], 5P B 24,2023, 54(18): 6128
6138.

[S0] YANG S L, SUN M L, ZHANG X N. Protective effect
of resveratrol on knee osteoarthritis and its molecular
mechanisms: A recent review in preclinical and clinical
trials[J]. Front Pharmacol, 2022,13:921003.

[51] MAROUF B H, HUSSAIN S A, ALI Z S, et al

Resveratrol supplementation reduces pain and inflammation
in knee osteoarthritis patients treated with meloxicam:
A randomized placebo—controlled study[J]. J Med Food,
2018.

[52] . 2 P It e A 53 B 7 I Y R A
FEHEREJ). P24, 2023, 54(4): 1311-1320.

[53] FRut, 2575, Mok £ SR AR 5 5 20 g 8
SiE PR 43 W P 5 il [ ). 1 R 5 0 B 4% 7, 2021, 41(8)
1728-1734.

[54] WANG Y, ZHAO H, JIA S S, et al. Senomorphic
agent pterostilbene ameliorates osteoarthritis through the
PI3K/AKT/NF-kB axis: An in vitro and in vivo study[]].
Am ] Transl Res,2022,14(8):5243-5262.

[55] PARK S, LEE L R, SEO J H, et al. Curcumin and
tetrahydrocurcumin both prevent osteoarthritis symptoms
and decrease the expressions of pro —inflammatory
cytokines in estrogen—deficient rats[J]. Genes Nutr,2016,
11:2.

[56] PURPURA M, LOWERY R P, WILSON J M, et al
Analysis of different innovative formulations of curcumin for
improved relative oral bioavailability in human subjects[]].
Eur J Nutr,2018,57(3):929-938.

[57] MATACCHIONE G, GURAU F, SILVESTRINI A, et al.
Anti-SASP and anti—inflammatory activity of resveratrol,
curcumin and B —caryophyllene association on human
endothelial and monocytic cells[J]. Biogerontology,2021,
22(3):297-313.

[58] MAURER S, KIRSCH V, RUTHS L, et al. Senolytic
therapy combining Dasatinib and Quercetin restores the
chondrogenic phenotype of human osteoarthriticchondro—
cytes by the release of pro-anabolic mediators[J]. Aging
Cell,2025,24(1):e14361.

[59] DAI H H, CHEN R, GUI C, et al. Eliminating
senescent chondrogenicprogenitor cells enhances chon—
drogenesis under intermittent hydrostatic pressure for the
treatment of OA[J]. Stem Cell Res Ther,2020,11(1):
199.

[60] ZHOU Y Y, AL-NAGGAR I M A, CHEN P J, et al
Senolyticsalleviate the degenerative disorders of temporo—
mandibular joint in old age[J]. Aging Cell,2021,20(7):
e13394.

[61] ZHOU S Q, LIAO F, WEN H Y. Isoquercetin alleviates
osteoarthritis via regulating the NOX4/Nrf2 redox imbal-
ance in senescent chondrocytes[J]. Int J Biol Macromol,
2025,306(Pt2):141562.

[62] ZHANG Y T, ZHOU Y. Advances in targeted therapies
for age-related osteoarthritis: A comprehensive review
of current research[J]. Biomed Pharmacother,2024,179:
117314.

209



P & (3 22

2025 F12A %3155 1288 December.2025 Vol.31 No.12

[63] WANG X Z, LI X Y, ZHOU ] L, et al. Fisetin suppresses

chondrocyte senescence and attenuates osteoarthritis
progression by targeting sirtuin 6[J]. Chem Biol Interact,
2024,390:110890.

[64] CHEN H T, LIU S Y, XING J W, et al. Orientin
alleviates chondrocyte senescence and osteoarthritis by
inhibiting PI3K/AKT pathway[J]. Bone Joint Res,2025,
14(3):245-258.

[65] XIA W Y, XIAO J, TONG C L, etal. Orientin inhibits
inflammation in chondrocytes and attenuates osteoarthritis
through Nrf2/NF-kB and SIRT6/NF-«kB pathway[J]. J
Orthop Res,2023,41(11):2405-2417.

[66] KILIC C S, KISLA M M, AMASYA G, et al
Rhoifolin: A promising flavonoid with potent cytotoxic
and anticancer properties: Molecular mechanisms and
therapeutic potential[J]. EXCLI J,2025,24:289-320.

[67] CHEN H, QIN J, SHI H, et al. Rhoifolin ameliorates
osteoarthritis via the Nrf2/NF-kB axis: in vitro and in
vivo experiments[J]. Osteoarthritis Cartilage,2022,30(5):
735-745.

[68] CAI W X, ZHANG Y B, JIN W Y, et al. Procyani-
din B2 ameliorates the progression of osteoarthritis: An
in vitro and in vivo study[J]. Int Immunopharmacol,
2022,113(PtA):109336.

[69] LHHEE, BRI, FilbE =, 55 T 25 A W82 il B T
KT R BUERS LRI A EH S TR, 2025,29(11):
2368-2376.

[70] COURTIES A, DO A, LEITE S, et al. The role of

[

the non —neuronal cholinergic system in inflammation

and degradation processes in osteoarthritis[J]. Arthritis

Rheumatol, 2020, 72(12):2072-2082.

[71] ZHOU Y, TAO HY, LI Y M, et al. Berberine promotes
proliferation of sodium nitroprusside —stimulated rat
chondrocytes and osteoarthritic rat cartilage via Wnt/
B—catenin pathway[J]. Eur J Pharmacol,2016,789:109-
118.

[72] WEN H Y, ZHOU S Q, LI J P, et al. Nuciferine
attenuates the progression of osteoarthritis by targeting
PI3K/Akt/NF-kB signaling pathway[J]. J Funct Foods,
2021,86:104682.

[73] XIAG Q, ZHUM P, LIJ] W, etal. An alkaloid from
Menispermum dauricum, dauricine mediates Ca2+ influx
and inhibits NF —kB pathway to protect chondrocytes
from IL-1B —induced inflammation and catabolism[]J].
J Ethnopharmacol,2024,321:117560.

[74] XMESC, MHIE2%, SRS A B3R P SASPI il 40 i w2
GEfife i N R ARSI ST )] R PR R RS54, 2024,
49(12): 1556-1565.

[75] LIANG Y D, XIE L, LIU K, et al. Bergapten: A review
of its pharmacology, pharmacokinetics, and toxicity[J].
Phytother Res,2021,35(11):6131-6147.

[76] ZHOU Y, WANG J, YANG W D, et al. Bergapten
prevents lipopolysaccharide —induced inflammation in
RAW264.7 cells through suppressing JAK/STAT activation
and ROS production and increases the survival rate of
mice after LPS challenge[J]. Int Immunopharmacol,2017,
48:159-168.

[77] MIE22, XIMESC, T —nS , 45 B TR A TR E 221 O 19 A 4K
B AR D) B ZE A B K224, 2025,47(3): 262274,

CEAS B #0:2025-04-07 %34 HU%)

(E#EZE2027D
[42] S5, 4 F S, B , 45 i e 2 IR 8 M 3 ik e R B

FL ZE IR ). R B 25,2025, 53(2) : 129-134.

[43] TAB, &A1, S8, 45 FFPI3K/AKT/mTORSH 538 BT

PRSI A PR PR M S S R B ME HALEI ).

[ LA B4R R, 2023, 39(10) : 1780-1788.

Z&— VK PR IE TOZ TG T 1% BRI G I i 3 ik e e I R A

MUY D1ILEA 1T T BE 25 K%, 2021.

[45] T, CEIH, bk, S IR B985 %5 il 1 4 Ak BRIt 2.
A Smad -3 MMP-7 [ FRIK W2 [J].10 77 P B 2 K2
2#4#,2019,21(9):36-39.

[46] XH:, ik , 9515 , 55 FETF ACSLATE 5-18 IEHR ] LR 2R
T Bt o I IE R BRARFE T A/ AL ()], o I 52
i F AR, 2025, 31(6):27-38.

[44

—

210

[47] TRIE, S, ek, S B HAR G G 2 DT KOG 7
Jorskeh B S S M K IR SRR S 9 B9 1) 0 P S L 2022,
54(9):23-28.

[48] 3K, FFT, ARIEE , %5 I T TLRA/NF-k BiB BT 5 7
JilifsEE X COPDANIRIB B BN I 3 FEAR R34 FH /O L),
Hh [ S 2R 2R R, 2025: 1-10.2025-02—14) https : /link.
cnki.net/doi/10.13422/j.enki.syfjx.20250302.

[49] H—8K, w i ARG, A5 I LA v 24 38 o 4 kA
T X MCAO K BRI i 53 493 (4 4R 47V FH AL (). o A v
BE2h4%,2023, 38(7): 3080-3085.

[50] AT, BTo0e W Aiss 55 PR SRR T R BUI 3l ik
15 R AR R K HLHIBFZE [0 B 22 B0, 2022, 19(14)
10-15.

(B A3 B #1:2025-04-21 %% . BF 4545 )



