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C28/12
cells were transfected with Ad-OPA1, Ad-null, siRNA, and si-OPA1, respectively, and then treated with IL-13(5 ng/

interleukin-1f (IL-13)-induced damage in human chondrocytes through Parkin-mediated mitophagy. Methods

mD for 24 hours. Western blot was used to analyze the expression of OPA1 in chondrocytes, MTT assay was used to de-
tect cell viability, and flow cytometry was used to measure the apoptosis rate. Western blot was also used to measure the
expression of Caspase-3. B-cell lymphoma-2 (Bcl-2), and Bel-2 associated X protein (BAX), as well as the expression of
Collagen [l , Aggrecan, and Matrix metalloproteinase 13 (MMP-13). Additionally, the levels of reactive oxygen species
(ROS), glutathione peroxidase (GPX), and superoxide dismutase (SOD) activity were detected. JC-1 probe was used to
measure mitochondrial membrane potential (A¥M), and mitochondrial ATP kit was used to measure adenosine triphos-
phate (ATP) content. RT-qPCR was used to detect the mRNA expression of mitochondrial dynamics markers PGC-1a,
MFNI1, and Drpl. Western blot was used to measure the expression levels of P62, LC3B, and mitophagy markers Beclin-
1, LAMP1, PINKI1, Parkin, and USP30 in chondrocytes. C28/12 cells were transfected with Ad-OPA1 and Parkin-siR-
NA, and Western blot was used to detect the protein expression of Parkin, P62, LAMPI1, Beclin-1, PINK1, USP30,
cleaved-caspase3, Aggrecan, Collagen [l , and MMP-13. The expression levels of target proteins, ROS levels, SOD ac-
tivity, membrane potential depolarization, cell viability, and apoptosis rate were also measured. Results After 1L.-18
treatment of adenovirus-transfected cells, Western blot results showed a significant decrease in OPA1 protein expression,
while Ad-OPAT1 increased OPA1 expression. MTT results indicated that OPA1 overexpression enhanced cell viability in-
hibited by IL-1B8. Flow cytometry results showed that OPA1l overexpression inhibited chondrocyte apoptosis. Further
Western blot results showed that OPA1 significantly reduced the protein levels of Caspase3 and BAX and upregulated Bel-
2 expression in chondrocytes. OPA1 also upregulated Collagen [l and Aggrecan expression while reducing MMP-13 ex-
pression. OPA1 overexpression decreased ROS levels, increased GPX and SOD activity, and enhanced AWM and ATP
content (which were reduced by 11.-18). RT-qPCR results showed that OPA1 increased the mRNA expression of PGC-1a
and MFN1 while downregulating Drpl mRNA expression. Western blot results showed that OPA1 downregulated P62
and USP30 expression and upregulated LLC3B and mitophagy markers Beclin-1, LAMP1, PINK1, and Parkin. After
transfection of C28/12 cells with Parkin-siRNA, OPAl-induced Parkin expression was significantly downregulated. Par-
kin-siRNA increased ROS, P62, USP30, Caspase3, and MMP-13 expression, while reducing GPX and SOD activity,
A¥M, ATP content, Collagen Il , Aggrecan, LC3B, and mitophagy markers Beclin-1, LAMPI1, PINK1, and Parkin
protein expression. Additionally, Parkin-siRNA significantly reduced cell viability and increased chondrocyte apoptosis
rate. Conclusion OPAI1 protects chondrocytes from damage and extracellular matrix (ECM) degradation through Parkin-
mediated mitophagy, thereby alleviating 1l.-13-induced mitochondrial dysfunction and oxidative stress, and providing a
protective effect on OA articular cartilage.
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Figure 2 Overexpression of OPA1 alleviated IL-1B-induced oxidative stress and mitochondrial dysfunction in chondrocytes
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Figure 3 Overexpression of OPA1 enhances mitochondrial autophagy in chondrocytes treated with IL-1p
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Figure 4 Parkin-mediated mitophagy participates in OPA1-suppressed oxidative stress, mitochondrial dysfunction, and cell damage IL-1B-induced chon-

drocytes

15, A 45 20 ML R T RN B A L OB AR 3 W 51 R
{18 453497 2 R A B 3R 2 S A g U ) R R U, 2 B £k
Kifk ROS FI MDA 1 8, [F] B 0 i 88 441k il 15 £k
¥ SOD #8 A AW Akl it A AL Al FE . FEARE
FEH . T RHIE OPAL fEARSM TL-18 4b B &) 8 20 i
ORIV L 76 TL-18 35 S5 0 38 4 i b b 47 T
OPA1 Wit B s Ui E . AP L R EH, OPAL I
BTOIL-B WS 40 M T A ECM AR i 2k i,
OPAT 3 3% 3538 2o 38 hn e S840 B 1% 1 A AR ROS K
TR IL-1B 5 5 1Y AL 3. Bl S 1 S0 B
OPAT i3 3458 TL-18 il IR 19 e R AR i i i L ATP =
A \PGC-1a Fl MFN1 383K L K3 /b Drpl 13355k
O 4ROk IR T B B A%, ©IE W PGC-la, MFN1 Al
Drpl 2540tk A Y & E R, Hik, BRaF
FRAE R R M, OPAL 0] 835 26 ki 4 T B F % A1 4401k
N
LRI [ W O B W A 9 B A% 1F T 52 e 2R AR
(A= 4 A SR N SR A IR T ROk 2 R
PR LRk AW 2 578 OA 19 & HLE e &
FOCE B AT R 0 ORI B AT LT BR
T 2% VR B4 2 A sk 2 s 7 S8R R A R R A e e
4 AR O 3 5 AT R 37 20 B 4 i B A2 40 9 T F ECM

R figtle o) AHIESE B, 40 O R Y KO B TL-18 40
il X 5 VAR A — 20 A TR OPAT k42

B A0 D BE B A B PL R L A B SE R T OPAL 5 11
1 Ak 2 % B 200 M O ) S AR 2 R R W B A i

OPA1 1y 3 3 ik 38 & 42 & 28 b ik [ W 4 56 R A
L.C3B,Parkin,LAMP1 1 Beclin-1 [ 23k % 858 11L-
13 0 4fi 8y £ 1A 1 W 7K S
PEARIE , Parkin #MH 09 28R IA [ W 7E OA K i

P rp X e R AR D) BB R AT ORI A0 M 0 T LA AR
FAET Mok R A2 R PINK 23 76 3% 0 48 67 7K
(AN IR 1 B, G Parkin, J5 3 38 i 12 2 A0 1& i
SRR TR 11, o 1 W TR 31 0 B2 fip A2 4 R A i 1L
id. P62 Iz Ribric)s M5B S LC3B M4 & L 1

HESZ SRR 5 B WK 0 Rl 3R T S R AZ 5 4ok A
HITEBEVERE A% . 0 T WF5E Parkin A5 B9 2R [ W
RS H OPAT Wl 4CH 41 i 2 BE BE 65 A9 AL A F
¢ Parkin-siRNA %% Qe 25 40 g, 45 3 3R W, @Bk
Parkin AJ il 55 2 K7 0 ) B8 [ A A0 48010 0 08, O 2
IL-18 15 T 4CH 40 8 = F ECM B . 5 e[ B
OPAT1 Xf TL-18 175 5 14 51 40 it 26 R 4 T B B 15 L 41
PR R 3 A0 MU T A ECM. [ £ (0 4% 7 1 FH 0T 9 Par-
kin JUBR AT 36 5% . PR, AR BF 98I0 OPATL o] 3 3t 3%
1% Parkin,Parkin i i3 Z B HELRIKEND, A A
WA TR FI B A 52 P SRR S BRI , Parkin 48 55 3 1
ZARE [ p62,p62 5 AWEK 1) LC3 454, LUl & A Wi
VS T VAT G 5 24 A W DT 88 ) R 2 A1 P R 1A



e 38 WARESF 2026 5 1 A % 38 5% 14  Med ] West China,January 2026, Vol. 38,No. 1

4 Hig

OPA1 i i #9558 Parkin 4 5 (19 200 & 7 15, 410 il
TL-18 175 5 (0 SRR 40 6 9 1=, 9900 i) &40 e &7 5 I % ik
W T SRR D) B B A R A A R B, AT SE BT OA
K R EN.

(5% x#k]

[1] CHENG SW, PENG L, XU B C,etal. Protective effects of hy-
drogen-rich water against cartilage damage in a rat model of os-
teoarthritis by inhibiting oxidative stress, matrix catabolism,
and apoptosis[J]. Med Sci Monit, 2020, 26 ¢920211.

[2]  GUIDOTTI S, MINGUZZI M, PLATANO D,et al. Glycogen
synthase kinase-3f3 inhibition links mitochondrial dysfunction,
extracellular matrix remodelling and terminal differentiation in
chondrocytes[J]. Sci Rep, 2017, 7(1): 12059.

[3] ADAM M S, ZHUANG H M, REN X S,et al. The metabolic
characteristics and changes of chondrocytes in vivo and in vitro in
osteoarthritis[ ] ]. Front Endocrinol, 2024, 15: 1393550.

[4] WEI'Y X, GUO H, CHEN Z H,et al. Autologous costal chon-
dral/osteochondral transplantation and costa-derived chondro-
cyte implantation for articular cartilage repair: basic science and
clinical applications[ J]. Orthop Surg, 2024, 16(3): 523-531.

[5] FAN D X, YANG X H, LI Y N,et al. 17B-estradiol on the ex-
pression of G-protein coupled estrogen receptor (GPER/GPR30)
mitophagy, and the PI3K/Akt signaling pathway in ATDC5
chondrocytes in vitro[ J]. Med Sci Monit, 2018, 24. 1936-1947.

[6] MINGUZZI M, CETRULLO S, D’ ADAMO S,et al. Emerging
players at the intersection of chondrocyte loss of maturational ar-
rest, oxidative stress, senescence and low-grade inflammation in
osteoarthritis[ J]. Oxid Med Cell Longev, 2018, 2018; 3075293.

[7] LIUD, CATIZJ, YANG Y T,etal. Mitochondrial quality con-
trol in cartilage damage and osteoarthritis: new insights and po-
tential therapeutic targets[ ]J]. Osteoarthritis Cartilage, 2022,
30(3): 395-405.

[8] JANG S, JAVADOV S. OPAI1 regulates respiratory super com-
plexes assembly: the role of mitochondrial swelling[J]. Mito-
chondrion, 2020, 51 30-39.

[9] ROMANELLO V, SCALABRIN M, ALBIERO M,et al. Inhi-

bition of the fission machinery mitigates OPA1 impairment in a-

(1o0]

[11]

(12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

dult skeletal muscles[J]. Cells, 2019, 8(6): 597.
MAIMAITIJUMA T, YU J H, REN Y L,et al. PHF23 nega-
tively regulates the autophagy of chondrocytes in osteoarthritis
[J7. Life Sci, 2020, 253 117750.
ZAMLI Z, SHARIF M. Chondrocyte apoptosis: a cause or con-
sequence of osteoarthritis? [J]. Int J Rheum Dis, 2011, 14(2):
159-166.
OKUBO M, OKADA Y. Destruction of the articular cartilage in
osteoarthritis[J]. Clin Calcium, 2013, 23(12): 1705-1713.
KREMER L S, REHLING P. Coordinating mitochondrial
translation with assembly of the OXPHOS complexes[]J]. Hum
Mol Genet, 2024, 33(R1): R47-R52.
ZHENG Z B, XIANG S, WANG Y J.,et al. NR4A1l promotes
TNF-a-induced chondrocyte death and migration injury via acti-
vating the AMPK/Drpl/mitochondrial fission pathway[]J]. Int ]
Mol Med, 2020, 45(1). 151-161.
JRAD A1S, TRAD M, BZEIH W,etal. Role of pro-inflamma-
tory interleukins in osteoarthritis: a narrative review[ ]J]. Con-
nect Tissue Res, 2023, 64(3) . 238-247.
BAECHLER B L, BLOEMBERG D, QUADRILATERO J. Mi-
tophagy regulates mitochondrial network signaling, oxidative
stress, and apoptosis during myoblast differentiation[ J]. Auto-
phagy. 2019, 15(9): 1606-1619.
BLANCO F J, FERNANDEZ-MORENO M. Mitochondrial bio-
genesis: a potential therapeutic target for osteoarthritis[ J]. Os-
teoarthritis and Cartilage,2020,28(8):1003-1006.
WANG S. DENG Z T. MA Y C.et al. The role of autophagy
and mitophagy in bone metabolic disorders[J]. Int ] Biol Sci,
2020, 16(14): 2675-2691.
CAO H, ZHOU X C, XU B W,et al. Advances in the study of
mitophagy in osteoarthritis[ J]. ] Zhejiang Univ Sci B, 2024, 25
(3): 197-211.
CHEN Y, LIN J, CHEN J,et al. Mfn2 is involved in interver-
tebral disc degeneration through autophagy modulation[ J]. Os-
teoarthritis Cartilage, 2020, 28(3): 363-374.
WANG F S, KUO C W, KO J Y,et al. Irisin mitigates oxida-
tive stress, chondrocyte dysfunction and osteoarthritis develop-
ment through regulating mitochondrial integrity and autophagy
[J]. Antioxidants, 2020, 9(9); 810.

(Y7 B8 :2025-02-23; &3 B #.2025-11-07; %45 . 5K



