5334 545 21 ) P E B SRR Vol.33,No.21

2025411 H Orthopedic Journal of China Nov.2025

WPETAE A TR BI1EH]

i, BES, R, RTEA™
(1IN —ERRSRIG R E SR, 1R 2610005 2. 8T UL ERE, 14 S 255000)

FEE: BHXTR (osteoarthritis, 0A) J&—Fiy WAGRATIEGON , HAMERACH M . B ATEMR. S8 T i I I 4
St OA IR ZRAZY . WAESHEYY, WIEINES, WFEFARIBIT . HIFETS (cuproptosis) JEVTIYIHEH A—FBT R AN IS T
Jrae Hn] HE S = RIRIGI H RARIAL L /345 5, BUEARIEALEE B BT R Sk Eﬁ%% PNIIEIE G RVt cIAL 65 5d
A FHANMAET . SFETRM R T LUE N 2 M5 OA & AN A AT FNIGSHE o A SCH A S A5 5 A8 T A 55 A8 T Y SC Bk
K5 OA S FRAL I Ak 22 S Z2 R ey R B2, I T-4R3I8YT OA IHT Jrik.
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Abstract: Osteoarthritis is a common degenerative disease characterized by cartilage degeneration, osteophyte formation, subchondral
bone remodeling and synovial inflammation. Non—operative therapies, such as medications and weight control, are often adopted for the ear-
ly stages of OA, whereas surgical treatment may be necessary if the condition worsened. Cuproptosis is a new cell death modality proposed
recently, in which copper can directly bind to the fatty acylated components of the tricarboxylic acid cycle, resulting in the accumulation of
fatty acylated proteins and the loss of iron sulfur tuftin, resulting in protein toxic stress and eventually cell death. Inhibition of cuproptosis
can affect the survival and proliferation of various cells associated with OA development. In this paper, we summarize the relationship be-
tween cuproptosis and the key genes regulating cuproptosis and the pathological mechanism of OA and its effects on various immune cells,
so as to find a new method for the treatment of OA
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BRI (osteoarthritis, OA) J&=—Ff DL 575 4K HAFET I T AU S B 1Y R TR
BASE . BERIER . CE T B AN R E N B H AR A 3] =R (tricarboxylic acid, TCA) fF¥F
o B AR AR AT PN , ORI AR AR08 . EJHE MINRIALA 7y, SEME BRI, SEURMEILAC
RAE . MM O FIis A% 1 WX T RG22 HEHRESRmAERE AN RR, I R2aE NS
il Y I W s R R G H B, AR 4ERR A0 iR W T g HREVERS RS T 5 A DG Y BE A A 45
B OCHEERT o 5 A AR ZE L 23 5 e i i OGS 1Y BREALIR TR 1 (ferredoxin 1, FDX1) | BT EREE RS
R, AU P B 1 rad A RS R BT, B B 1 (lipolytransferase 1, LIPT1) |, #i~FH2 & B (li-
SR OA R R R ARAE > FALH M AR B A, HR poyl synthase, LIAS) . %Ufi ¢ Wt i it 2L (dihydr—
R R HAIET (cuproptosis) 7EH P 1 & H olipoamide dehydrogenase, DLD) | A CE BN 2
M 2 ARSCE D ZERESET-7E OA PE, LA ikl (dihydrolipoamide sacetyltransferase, DLAT) . 4
FHFORAITH A PR AR B ZU 0 Ela WL (pyruvate dehydrogenase E1-al-
pha 1, PDHAL) . PNERARJB =M E1-B WAL (pyruvate
dehydrogenase E1-beta, PDHB) . 4 J& 755 5% 1 1
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(metal-regulatory transcription factor 1, MTF1) , 7% &
PEREEE (glutaminase, GLS) 120 o J&) 3 25 AR P
fig 4 17 2A (eylin—dependent kinase inhibitor 2A,
CDKN2A) ™',

2 ARTKREBEXERSEXTRHIXER

$UIRCES) 7 S A e 21 [P T T oy e P w |
BTSSR AN AE T B T AR A Y
FRRGE RRY , ARATEAE PARIE R 1) 28 o 5 1~ R 1Y
BRI &, JF HARSET AR AT RE 0 Zkifk
SEALBEIR AL B S 5 23 7 A R TS R4 (reac-
tive oxygen species, ROS), i &Y ROS <= — Ll
AN AR, TR 2 . 78 OA R
Jrr, R AR L Y G PR AL, WA OA
ENE TP ERIR LR . DFRE ZUER T HAE T A
KK (cuproptosis—related genes, CRGs) 7E I Il 42
HRRRIRKF A, IF BAE OA W), 1 RpF 20
PEMMIIRZIE, X5 CRGs B, X— KL
B R AR A T R R B R LR AT O, o
T HAE OA WA HIEAEAE A 70 Pk, Hstr-1e
OA FEREHh i T HZ A A,
2.1 CDKN2A 55 RAYETER R

CDKN2A FE P J2: 5C 8 1) 240 I J 3000k 7 23 7, O
L 29 B 200 i 30 6 P AR SR 75 P16 . Pl6
SEAEE R I RIAREY) . OA AR A5 K 2141
MR RO, AR ZFhERIAE
X, AT BT AR AE A,
R R B A AR T (senescence—associated
secretory phenotype, SASP) , il 3 & AH K/ i £ 5
BCE B AN OA 0G0 SASP rh i 4L R F 11 21 g
A Z-118 (interleukin—1B, IL-1B). IL-6. IL-8 I
f e SRBE T (tumor necrosis factor, TNF) £ £85I
B2 5 OA WA, 5 ilad 15 5 A FUE
B AN REANE 1 . BAZ AL 1 (mono-
cyte chemotactic protein—1, MCP—1) #{1A A /2 SASP 1)
EERSY, W MCP-1 (/K75 OA Y™ E R
SEIEAHE M AN A KT (vascular endotheli-
al growth factor, VEGF) J& SASP 2043, HAE OA K
BRI, WTRECEBOEM . BEAh, SASP YL
4@ 1 13 (matrix metalloproteinase 13, MMP13)
AT MMP—1 0 G figk 240 Jid S0 25 Jo A T 52 i ' [
I, CDKN2A i HEf i P16 5 OA VIR, &
T A
1958

22 LIPT1 58 R &

LIPT1 4 6% 1) B 17 R 5 A% i 1 n] LAY 95 B 12
(lipoic acid, LA) M ¥5iz ", LA =5 40 i g &= 1R
. H &R A TCA 9635 . LIPT1 4wt )8 i
MR Fo g 1 nlKE LA 55755 3 2- B iR 6 S 1Y B2 W
JE, MR R X T TCA 9 R K AR B e AR = G &
B fE OA W, R WAL 2 SR B R B Y
B, FEALEIFE ISR S S T Z0 s 0 S AE R —F 3K 50 11
R L AN, LIPT1 M5 AR i LR R AR
kAL A TCA PR AARE 7. BRI, LIPT1 Al figid ot
Z 5 TCA THIRIE R AR iR 2 5 0A
2.3 PDHAI il PDHB 54 &35 R ATEAERL R

PDHA1 Fl1 PDHB X} F 445 15 5 () 2R AR A 2
KHTE, FEEMZRARN RGN . TELRAR L)
TCA a3, 27 A4 K py — w7 H (adenosine
triphosphate, ATP) FIZERF T HCE . )T FlE % 45
LT LR E LR B ATIR ™ Gk R BERE
T BN & OA B [ i k2B R R R G A 5 I
2 BEERTE OA MR E B CEEMMEN, E
YRR B RE RS R AR , B 25 AL AT L33
PO A AE IR M AN T, O HL Ok B 1
FERM, fRCMEEELE OA BAEMJE IR 2 I A
FRALHE Z A RGO s N, FLrh DI ER R B B (py-
ruvate dehydrogenase, PDH) E. 5 HZ/EH] . PDHAI
1 PDHB J& PDH (WP E1 WA, H 3= 247 T 400
HIZRLAR T, AT A AT AR 0 DI TR R Ak A 2. Tk
WG A PV, CEEREG A R B A TCA 1R
WHER I R G oy, AR nlm e T R A LTk
e BE R VA R F 1 ik 0 Ah, —T5 0A
OGS R, 7EL TR 4R R TR R
SRR A ML B R B S — 2 E OA /NI R
SE P N, PTLLGE S 25 [ E ST TCA R AT Z
BRI A 19742, FEBE PDHAL F PDHB (1949036
PE, ATLMER—FEYT OA BN .

2.4 FDX1 58T RITETERK R

FDX1 24k R R R IR R 01, Ham a4k
SR B, P IR D R L 7 DA T PR AR T i R s — At
TR W12 (nicotinamide adenine dinucleotide phosphate—
hydrogen, NADPH) %% F 2|2 Ri R4 (6 3 P450, JF
Z 5AEEMYEER D AR . Ak, FDX1 ik
SRR AN () an S A0 . MI1/M2 I 40 A
PRGN . ki gnfe . ERANM . B 4. a7y
PET 40M . CDA+T 4L, NK 4UAE5E) Ao fHoC Ik
K (fFltn CXCL16, CD40, NRP1 %), JH1 DNA
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FlRNA YRR 235 A1 OC 770 FDX1 LR 5 4 4
Bl 0 T R R R A s DDA G, 3 mT AR
ATP WYAERL, #BR FDX1 585 T4k iR oig
B, FEMID TARAE RN P bR A R R
AMHARS OA A K. ik, FDXI AlRgiE (RS,
FEANM . SRPEAHSCIE R AL B i 2 5 OA.
2.5 DLAT H5HEK R R

DLAT 20 2 Bl 7 e A5 a2 v A T 7 5t = il 52
&K (pyruvate dehydrogenase complex, PDHc) Y E2
WAE, TER N ERPRFAL y S TERTEE A rhof G AL
YER ', E4 %531 F 1 (E4 transcriptionn factor 1,
E4F1) 22 S5 EHILRRIIRE . 205 AR 5
KHERE R, FCWT DU 5 P53 ZE RS OA A ELAE
FI 2, EAF1 AT LAV PDHe H Y DLAT, X P4
PR AT BERE] 1T OA A A& pLa] = TLARAE 2
5 [HF 2 (silent information regulator 2, SIRT2) i i
P2 FoxO1 (Forkhead box O1) HKiHFT AMEGHES S
B R AR, MBR FoxO1 2 38 0A K
S SIRT2 AT LAEAL DLAT 25 i it Ak JF 38 15 40
b PDH 3% 1, DT 52 ZoRn (g = R,
DLAT A i 4 %3 52 9515 PDHe P Bl iR 1] £ Pk
A WAL NZA AR E I OA 1R
26 GLS 5HKTRIVEERKR

BRBM R —FhIELTH MR, TR EF
PR EE BN AR E SO 2 A
L B A v A OGP T AR L B RE R I R A
HERIZIRE, 24 OA B 20 ok A A A = e e A0
RAGI 2 P RAAET, HALH Al e A R A 2
SEALRLNE 5 O-BESEAL, T & 2 5 5CE 4
JRLRE IEE BT B A i Y A gt e AR el GLS )3
gy, GLS RIS PIRNE 1 BT A IR s, B4 2t
Wil 1 (glutaminase 1, GLS1) FIA S BENEEE 2 (gluta-
minase 2, GLS2), ‘A& 5t A+ & W A i =&
L. GLS1 BAT I 1Y 1 # 1W] 58 i S S 4i i (bone
marrow mesenchymal stromal cells, BMSCs) 3 % Fll h,
B AN AR VE T, AL AT RE 2 I b4 GLS 2
BT WA =) o-TIE R (a—ketogluta-
rate, a—KG) (& &, 1M a-KG f7=/4:%FF BMSCs fy
BERE RN ZOCTE P GLST 3l AT LA/ T 41
R AR WA R A0 R T 1L-17 A TNF-a ©7, IL-17 il
TNF—a 22 [ 14 B3R VE T 2 BEE T AT LSO 2 R A o
7 A, TS 2E 50 e R e B G 48, 1L~
17 1 OA BRI AL FhE SN T, JF 5 OA Y
KTV ™ AT e AL il T 5 2

Pk Jie o it 77 AR 1 a-KG A E LR - PR T B R —N-
T A B B s AR R I A P A M2 R R Ak
TE OA FEAE /N BB v & 30 B W 200 AR Al £k Ry fiE
R M1 R, BES 5 WA TP I AE A TR 3 A T 240 i
PRI LU OA B & B, L4 M2 2RI H g4
JiL L 2R B AT D G it i R A T AT B T 4R (2 iE 4K
B AR B T S TR R, DT % i 9 O R B 5
Fag s R, GLS 233 i 7 2 Mk e A 5 e 200 Jif
Ifg, MMM ST 9 1 & ke

ZE B, OA SHPET- BEM L, HT IE—
Pl HA S B RN AE T B 2, SYE T BRIE
T M A WA HA A AL T IR AR AN [ A i AR 25
F| TCA JEIR AL/ RS R MSET, MIMTE OA 1Y
KIEPEENTIEN. TR ARCLHE T CRGs 18
OA TITTEMELZAER, Hom— e R Y
OA % B 7. CDKN2A il i 4 6% P16 25 OA 1)
MR LIPTL sl ad s ik pg 2= 5
OA; PDHAI1 F1 PDHB ¥ 75 £& ki /R F2 A 52 0 OA;
FDX1 Al B SR di i . e A oK R ik
2B 55 OA; DLAT il i 85 PDHe H P i iR 7]
TR A AL FZR AR OA; GLS F2
Wi A Z B S S OA kR, SR, HT
AR AR IR UEAS /B EeAFgY B4R
HAET-5 OA MBKER . HIAET M A BUITR T I R = A=
XF OA J HAEAE Ay FHUH A FRAFE . T L 3E 40
ARG B AR, IS I AR P AR . Ak
RIS AT LA 7 P 20 A AT s i i e s 2 1
BT . BRI, XFHRBE T K HAH I R R TR AT
T BRGNP,
it AR EA BRI R 1
b MU S (IR P W IErRUIEN
TR R . RO, R W . R
s BERB. ARRLT . BRTA. SCEEWRE . IR, 159
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