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Abstract

Osteoarthritis (OA) is a chronic degenerative joint disease characterized by pain, cartilage degen-
eration, and joint inflammation. Its pathogenesis is complex, and there is currently a lack of treat-
ments capable of reversing its progression. Signaling pathways play a central role in its pathogen-
esis, among which the phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) signaling
pathway has attracted significant attention due to its broad regulatory functions in cell survival,
metabolism, and inflammation. This pathway is deeply involved in OA pathology by precisely reg-
ulating chondrocyte apoptosis, autophagy, inflammatory responses, and extracellular matrix me-
tabolism. This review systematically elaborates on the mechanisms of the PI3K/AKT signaling
pathway in different OA target tissues: in cartilage, it accelerates destruction by inhibiting au-
tophagy, promoting apoptosis, and enhancing catabolism; in the synovium, it interacts with in-
flammatory networks to exacerbate synovitis; in subchondral bone, it aberrantly drives bone re-
modeling and sclerosis. Furthermore, the article discusses the challenges in targeting this path-
way—such as isoform specificity and tissue selectivity—and future translational research direc-
tions. It aims to clarify both the challenges and opportunities in targeting this pathway, thereby
paving new avenues for developing precise OA treatment strategies based on the PI3K/AKT sig-
naling node.
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1. 3]

B KT % (osteoarthritis, OA)/ HH 2 M B0 K R LR G H SLE IS M SR BIPER R, DA 1B BRI
M T K B WO R BRRRAE I RREIR 32 E AR O I B Dh RERERS N (1], HRETST OA BIKRIA
BURHIAS IR, RZ2EE N R S MR T L HE K. Jafhih, 2ERAH 2.4 12 OA 5, HIHWE
DiRebnG = EMH AR R, kBRIt st 2], Bk, #—PBR%E OA Bumlhl, FHE
MBI OA B 5 EEFNEE i LA 1 2R S8

PI3K/AKT 24l N — 5% KBS 57 Famis, FOs It SanMuRgss . T J B RS 20 Fh A SO A ) 4%
FYIMR[3]e FEERTTROAHHEARET, ZEBR ISR 2R E THE: SONR, f oSBT &
IR AL B IE SERELR R OA P HERE, I BB R BI[4]. 2 TR N A RIe it — PR, Xt
PI3K/AKT & HIH], BEWs A RO A /bR BT AR, BARRI /b 11 BUR SR FEAg, I B2 A
T-# 1 Bax I Caspase-3 fI3FPE o [FII, X B4 68 T U a0 E ) F-6 (IL-6) AL it 43 )& 25 1 -3 (MMP-
)RR 98 S K o B A DR - ) R, a3 T Rt 0 R A G B R L T, AR B T R IR AL H I
[5]-[7].

DL EAESEHH L PIBK/AKT J#EKAE OA B R A% o dbAr,  HOE s B Al amia . JE AR &
JESESE TR R . Tk, ASCKX PI3BK/AKT {5 5 @B TE OA RN, a MRE FE

Tk
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PR T HUBIBT U AT RSk
2. PI3K/AKT £ 58 E&
2.1. P3K

TR NETHE LS 3 WG (PI3K) 2 — R AEAE T 4H IR o 1) ST UG, A% fhk A 1ol IR e JUL R JULRE R D3 A Fry 3%
k. BT RIBENRBLEE-3 BlEECPIBK)A ZMIEAL, RIE AW T FIRHE T T R 0. 18
XL, LA PI3K 7E15 55 S I ThRe oN e, AHCHE FL s IR AN [8]. TR PI3K TEZ5H) 2
WA FIR ZRAIE A, i A S WS [RIR R, IR AT TR AR 2 e A B BOEE S )
Rk, XNIA H5I1B BN, TA 283 20 N2 AR B 2 BRI (RTK) &2 G 25 R BXSZ A4(GPCR) B0
55, HBRAGHE PBKa. g 6. XL I ILE—NLREINLS]: HAELTIEG A8 pl10a. pl10g
pl106)5 p85 FKIEMIHII WIS &, XML A THFFE OIS MREEMR AR ZE CEE., 52
AFE, 1B FAE PIBKy iIX—fi i, o pl10y AL p101 8% p84 AT WAL A, FEERE
GPCR {55184 [9]. PIBK [Mi%.0IIRER ALY — BB TG WELRE(PIP, ) BERR AL, A B A5 13 =1
g s NE e LEE(PIPs) o PIPs fE A NAR 2R, FESEEE T & A PH S MIM AN B (U AKT) 2 |, M
JEANE S IR ZIE R Z BN 10 5 Gtk R B VERERR R - 5K 718 E1(PTEN) 1™ 4% £
%, PTEN e84 PIPs MR L Ml PIP2, M Z%1EAE 545 F[10].

2.2. AKT

HEAWEE B (AKT) 2 — KB 2 2R/ Jr 2 R S It B L, 7E AR K R AR G I 4B A5 5 5
gy O A € VD PISK GBS AZ o RS %, L8 AKT 2K A 454 £ 3 i Pleckstrin [A]J5(Pleckstrin homology,
PH)ZE R S A 25 RSl B TS S AL i, L Th RGBTl ATP MOBERGIE F4: R BRI E A 222
FRE N R R AR AL, RSB G & S E[ 1] AKT RS0 ISE — B 7 RS N UENLE]: PI3K
B LGS WE S, AGAERCGE {5 PIPs; PIP; — 5B SE & AKT 1) PH 45 Misors I 354 2 4 s
JEE, 57— 7 T U SRR RO 57— S B4 E PDK 1. PDK 1 HEI X AE A7 AKT () Thr308 £7 Sk AT ismafk, 1t
WIRE 5 mTORC2 EEWIXS Serd73 A UL IR, JL[E(E R AKT 78205 12]. — Bk 58 230w,
AKT M FBRREES, ZFR IR S4EMA% N, R R PR RR (i 1 mTOR. FOXO FEH KT
GSK-3 254 % N i4Es, FSE VM EFEAMRIGTE. FT. B, AU A SR S SAE N 1) 2 Fhai e RE [ 13].

3. PBK/AKT {518 2% 4E OA FHIEH
3.1. PBK/AKT 5@ BiBIE OA FRIB K

WAk 200 P IR S T AR I TR WSO FH B2 4R 4H 2 AR R AR S R R B AR . 72 OA 1, &2 BT
A BT3B A0 IS B 2 AR e M 2% HRPTIR T, AN REZZ R BB AL [ 14]. PI3K/AKT % & H Wk (1A% 0 11t
WHERH T . 1l L2 H NUFIXA mTOR) IS 2 B2 M AW . KEIFERY, 76 OA 4l
Hld] PIBK/AKT 155, ] B BV E A0 AtgS. Atg7. Beclin-1 fIZE3%, BN LC3-1I/LC3-1 %
12, TSR ORA PE EL R 15]-[17]5 AHR, AP IEE R 3575 5 1 PISK/AKT i % ik 55 v A U] <= 41
WE,  AnEE AR A 18] [19]. #iltn, ZHANG ZE[2010F 7 & B, #0H#] AKT &5 S AN, £IN
Beclin-1 5 LC3I/LC3UE HAK -5, H W Z BB AR T it — 20 SRR IX — W A4, Chen 5[21]
5 Li 252205 B R BS54 e 2R B 55 1 08 I 2 1 R O R AE e, L L B0 B et
PI3K/AKT/mTOR $if¥j 4% . BFHEE[23 1A 7L HESS, F 2@ #] PIBK/AKT g i 5 1%
FIREE, A E A R T AR 1F o X EeHF 7t 3L R AR AL 1 PISK/AKT 38 % 38 i 47 [ R 4% W,
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HOREL RRRE

RES Y5 OA MBS RER DT .
3.2. PBK/AKT £ 5B EEE OA B MAMRAT

AT HI S I OA BB 41 2 K i 513845 . PI3SK/AKT (B B2 40 M /7% oGS 5, Hm
PRRE IR JMHNF T2 [24], ZT0F FOE 253 T FIIGIE 11X — . ldn, 4130 Rl #es PIBK/AKT 15544
PUIL-18 % S IR E A T, %R 1 F T4k PISK 3017 LY294002 Fridii(25]. HF i 26] & B
SRR P I T 3 VR 2 AL B R T S A R PR AR . S, AT RS2 711E SE miR-214-3p JE L] PI3K/AKT
BRI B AAEIS . o AL K AKT X R E T-3AT 8 A B 3510 AKT "I RERRIL I
FIFEMER T [ Bad [28], JRAgiEI AT IKK/IKB 1@ B MRS S 529]. HHEERZ, AKT n[H
el A A Caspase-9 1 Caspase-3 S5 B T-PATH ITENE[30]. Fk, 7E OA JRELIRES T,
JE ISR PIBK/AKT 8 8% A Bl BB AR ML T L I G2 13 e 1) B S e

3.3. PBK/AKT £ 5B OA BERESHEAR

T B JNE A2 IR BN OA &I SCHREIATT o VA AV At R (I A2 AT ZE A T Rt L, FLS)RETBOR B {2
2% AF-(40 TL-15+ TNF-0) S F5 i B& f BE (40 MMIPs),  JE BB VR 5% 9 1 SO RE SR 45317, E24%0 PI3KS A i)
AT A 20 B AV A PR (FLS) IS S AT 7%, X v RE o SECCE T RUEA MR IL-1b A TNF-a 42
3 PI3KS FIFRIE, TRIIE L PI3K S AHE s mT BRAR T AT i 4RE /K T [32]. b4, PI3Ky Ht = Al /> TNF-
a F5'F 1 MMP Rk L& AKT 1 ERK 7E BGAF 4E40 B A 380 [33]. PI3K [ R USR] ¥ mTOR 2
IS R I 2 S 15 Rl TNF-a 7E35 7% 1) FLSs H ¥ mTOR 3% 4, 1 mTOR MiE i fR A NF-«B 5
SRS AR TNF R 2 M e 22 40 B R+ BB AL R (W0 IL-6. MMP3 S5)[5R1E, AT B8
JEE FLS MARIE R M [34]. BRIk, )i i8 i% Ge A ROE HITE I A0 . 40, B FUIE SEhR B IR vl il il
PI3K/AKT #1 ERK 155, il microRNA-185a, MIfiB&A&HE H TNF-av IL-8 S5 F-[15R1A[35]. 45 1,
PI3K/AKT & HAEASAEH, /&5 NF-«B. MAPK Z88 RS 4U8M, RIS OA IR KA
R, AR J1RE TR A

3.4. PBK/AKT 558X OA B E RSN ERE

BB M AR (ECM) & il B R R 1T 2 OA BIAZDFFE. PIBK/AKT i@ X ECM U B A & 2%
HARERT & REER . 250 OA WRERL 5T, 1200 A B o W i) T2 ko) AR . B i
7N, SOMERINECAT I S PIBKV/AKT I8, h0 4 20 i A B2 B (PCM) (1) 5, Bl OR ECML IR 73 FAE )
S INRE, IR B BIR[36] [37]. SR, HARFFIREA RIS, #lin, 7€ IL-18 R SW1353
By, WEE3] PIBK/AKT/mTOR @ BE Mg 0], i Re e EeE PI3K AL p110a £ REJREE4H
M i[38]. XMZEFA R T: © MFHMAREEARE; @ PBK AFA(UW pl10a. B 5y p)EAM
B EEMRIIThEE © BESEIS IR S SRR SRS TR B SRR A R, MRrEHd
BOE N S B  FAH E F X T PIBK/AKT B ERE OA AR FH 5 1t o b A, J AR 4% 5+ 1 SIR T3,
WAAIE B ) 385 405 PIBK/AKT/mTOR 155 #0842 IL-14 5121 ECM BRI 315391, ik a 5t it
— UL PI3K/AKT 155 18 B (1 05 th T RE 48 OA R &b, WA vT BB A2 1218 B 0 AR T2 1 W
RAEGAEH LRGN, BN — D 5E

3.5. PIBK/AKT {5 @RIEE) OA KB TBER

e RS R T OA BB, BRI SR BB T & B R sk
BRI, MTTHCR TR B, D IR T LR R A RN R, 40 B
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AL KR

5 PI3BK/AKT 15 Sl B 2 UIAHOC[40] [41]. 40, B HFE I (OPN)E OA Bl FEHmRiE, HAZEBIE
FAER A6 T PIBK/AKT 155 H30E s i@ 8% W aT 8% OPN A8 PE[42]. [FIFE, ATZIRE B2
%A% EP4 i@ % PIBK/AKT/MAPK 2Bk B, (R HERl & 7 A AL B A, mi EP4 MIRERESR OA i
[43]o Lin [44)% 2RI, OA B TN EATE M+ mTORCI (PI3BK/AKT HI5E T i) ki,
TRIERELL FF 43 CXCL12 25K FInE s i, LA RIS —SRE, 0] PI3K/AKT/mTOR {5 5 il % 6
WA RORERCE TERIREEY, BEFELSEHIER. X NEE PR —REXR AT, KRR
ITH R R AR SRS SR B AR TR AL

4. INEERE

REIRRGEIR T PIBK/AKT 155 IB I 7E B T 2 (OA) JHRER AT o R OB o 12200 3@ i 1
FERCE AU AW AT, USRS, DLAGENIE R RER S T EEY, RESE OA kAL
RIE. BARTE, 7 OANERIRET T, PISK/AKT il B 5 5 Wb AR AR Mg g HERE, 1 o 37 LA o) 00
PG ORY G T SR, 1ZIEEEAE OA IR FH RS2 BIAHARSE AL . WOERRAE . R WAL R 5 HAh S
5 2% (41 NF-xB. MAPK)AZ LIS 2600 o BT H 2 R RAEARAE, AR TR BT TR LA K
R, DESIILRIGARRE G © A R EThRE: B PI3K A FEZY (W PI3Ka 0+ p)TE OA %
AL W BT, DUEF R AT R @R TENIEIR . @ B A
AR : IRAWFFAE OA KA KB HIARF B, PI3SK/AKT 38 B i 5 Hth 55 2538 P4 (41 NF-«B)FH FL5Y
M, PFEVERT, AN SE AT EAAE OA IS5 M. @ F2IRILAE NS Witr &R 1. PR ZE i rh o
HAMEETL, SEEE%HT OA MFIIRIL. XA AFRME TR HERE. @ HRERZ AT
Helg: ST ZIEAE OA AL TRTEEE 5, AR TN AR 2 B0 55 TSR (R B R P 2
IRy, N B 25y 2. 2@ EEH MRS, ERINETT PIBK/AKT @8
AT P B RIHES B R S AR DG S O T T, T AR RO AR . 4R
R Z R STV, A B o IR — 0 n I ) R B AEAE T RUR PRBAREE S TR (3 B, ARk
A AREE TR —. Z LA, PIBK/AKT MEE OA VRITH —ANE S E B LR T . 5
SRR FALHI RS HEREAR, I D ER R G iy IR B AL S 1 7 5 2 0 RURRAE N I 2 oo T T
WS, LN ARSRTT KR A AR OA SRR 1 BT T B IR A (0 B i b5 S B il o

E&H
FE R HRFHAEE S (%5 82060875, 82160912). | 7t [ AR FIAHE £ (%5 2023GXNSFAA026051).
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