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Abstract: Objectives: This study investigates the role of Tripartite motif containing 62 (TRIM62) in osteoarthritis
(OA) progression, focusing on its regulation of Glutathione Peroxidase 4 (GPX4) ubiquitination and chondrocyte
ferroptosis. Methods: An OA rat model was established via anterior cruciate ligament transection (ACLT) and then
primary chondrocytes were stimulated with interleukin-1p (IL-1) in vitro. TRIM62 expression was manipulated us-
ing short hairpin RNA (shRNA) or overexpression plasmids. Ferroptosis was assessed by measuring GPX4, solute
carrier family 7 member 11 (SLC7A11), glutathione (GSH), reactive oxygen species (ROS), ferrous iron (Fe?*), and
mitochondrial membrane potential. Protein interactions were evaluated by co-immunoprecipitation (Co-IP). Results:
RIM62 expression was significantly increased in osteoarthritic cartilage and in chondrocytes treated with IL-1(.
TRIM62 knockdown restored GPX4 and collagen type Il (COL Il) expression, reduced disintegrin and metallopro-
teinase with thrombospondin motifs 5 (ADAMTS5) levels, suppressed ferroptosis, and alleviated cartilage damage
in vivo. Conversely, TRIM62 overexpression exacerbated chondrocyte injury and ferroptosis, effects specifically re-
versed by ferrostatin-1 (Fer-1). Mechanistically, TRIM62 directly interacted with GPX4 and promoted its proteasomal
degradation. Conclusions: TRIM62 facilitates OA progression by inducing GPX4 ubiquitination and degradation,
thereby promoting chondrocyte ferroptosis. The TRIM62-GPX4-ferroptosis axis represents a promising therapeutic

target for OA.
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Introduction

Osteoarthritis (OA) is among the most prevalent
degenerative joint disorders globally, affecting
more than 500 million individuals and placing
significant socioeconomic burdens on health-
care systems. The disease results in progres-
sive cartilage degradation, alterations in the
underlying bone, inflammation of the synovial
lining, and the formation of bone spurs. These
pathological changes contribute to joint pain,
stiffness, and impaired mobility [1, 2]. Despite
decades of research, the molecular mechani-
sms underlying OA remain unclear. No effective
therapies exist to alter disease progression
[2-4]. Chondrocytes are the only cells in articu-
lar cartilage. They maintain a balance between
building up and breaking down the extracellular
matrix (ECM) [5, 6]. Under pathological condi-
tions, chondrocytes undergo phenotypic altera-
tions and various forms of cell death, contribut-

ing to cartilage degeneration and OA progres-
sion [6, 7].

Ferroptosis is a newly discovered type of regu-
lated cell death, characterized by the accumula-
tion of iron-driven lipid peroxides and striking
changes in cell structure, such as shrunken
mitochondria and denser membranes [8, 9].
Unlike apoptosis and necroptosis, ferroptosis is
driven by glutathione (GSH) depletion and the
inactivation of glutathione proxidase 4 (GPX4),
leading to uncontrolled lipid peroxidation and
subsequent membrane damage [10, 11]. Pa-
thological stimuli prevalent in OA, such as
mechanical overloading and pro-inflammatory
cytokines, can induce intracellular iron accumu-
lation. Excessive iron can trigger the Fenton
reaction, thereby increasing the production of
reactive oxygen species (ROS), leading to lipid
peroxidation of the cartilage cell membrane
[12]. Importantly, the impact of ferroptosis in
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OA is not limited to simple cell loss; it also plays
a critical role in disrupting ECM homeostasis
[13, 14]. Ferroptosis-prone chondrocytes exhib-
it increased expression of matrix-degrading en-
zymes alongside reduced synthesis of collagen
type Il (COL l) and proteoglycans. This transi-
tion to a catabolic state accelerates the struc-
tural collapse of articular cartilage [14]. Fur-
thermore, ferroptosis-induced cell damage can
further exacerbate synovial inflammation, est-
ablishing a vicious cycle of joint destruction. For
example, iron levels in the synovial fluid of OA
patients are significantly elevated, and marked
iron deposition is also observed in synovial tis-
sue [15]. Under conditions of iron overload,
synovial macrophages polarize into the M1 phe-
notype, leading to the production of the inflam-
matory factors. These factors trigger further
inflammatory responses in the synovium, pro-
moting cartilage destruction and osteophyte
formation, ultimately aggravating the progres-
sion of osteoarthritis [15, 16].

GPX4 plays a key role in protecting cells from
ferroptosis. It does this by turning harmful lipid
hydroperoxides into harmless lipid alcohols,
which stops the spread of damaging lipid per-
oxidation [1]. The cystine/glutamate antiporter
system Xc-, comprising solute carrier family 7
member 11 (SLC7A11) and solute carrier family
3 member 2 (SLC3A2) subunits, provides cyste-
ine for GSH biosynthesis, which acts as an
essential cofactor for GPX4 enzymatic activi-
ty [15, 17]. Downregulation or inactivation of
GPX4 renders cells highly susceptible to ferrop-
totic cell death [18]. Conditional knockout of
GPX4 in murine chondrocytes has been shown
to exacerbate experimental OA, whereas sup-
plementation with the ferroptosis suppressor
protein-1 (FSP1) and coenzyme Q10 partially
rescues the phenotype [19, 20]. The results
highlight the essential function of GPX4 in safe-
guarding chondrocytes against ferroptosis and
preserving cartilage integrity. Post-translational
modifications, particularly ubiquitination, rep-
resent a crucial regulatory mechanism govern-
ing protein stability and function [20]. E3 ubig-
uitin ligases catalyze the transfer of ubiquitin
molecules to target proteins, typically marking
them for proteasomal degradation [21, 22].
The tripartite motif-containing (TRIM) protein
family represents a large group of RING-type E3
ubiquitin ligases that participate in various cel-
lular processes, such as innate immunity, auto-
phagy, and carcinogenesis [23, 24]. Emerging
evidence indicates that multiple TRIM family
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members regulate ferroptosis by ubiquitinating
key ferroptotic regulators [24, 25]. For instance,
TRIM26 has been shown to catalyze K63-linked
ubiquitination of GPX4, thereby stabilizing GPX4
and suppressing ferroptosis in glioma cells
[26]. On the contrary, TRIM25 is capable of
mediating the K48-linked ubiquitination degra-
dation of GPX4 and enhancing the ferroptosis
process in pancreatic cancer cells [27]. TRIM7
has been reported to facilitate ferroptosis in
gastric cancer through K48-linked ubiquitina-
tion and degradation of SLC7A11 [27]. These
studies highlight the context-dependent roles
of TRIM proteins in modulating ferroptosis sen-
sitivity. TRIM62, a member of the TRIM subfam-
ily, functions as an E3 ubiquitin ligase implicat-
ed in innate immunity, inflammation, and
tumorigenesis [28, 29]. Recent investigations
have demonstrated that TRIM62 promotes
GPX4 ubiquitination and degradation, thereby
aggravating ferroptosis in ischemic stroke mod-
els [30]. However, whether TRIMG2 participates
in OA pathogenesis and whether it regulates
chondrocyte ferroptosis through modulating
GPX4 stability remains entirely unexplored. Gi-
ven the established role of ferroptosis in OA
and the emerging function of TRIM62 in regu-
lating GPX4, we hypothesized that TRIM62
might contribute to OA progression by promot-
ing GPX4 ubiquitination and subsequent chon-
drocyte ferroptosis. In this study, we examined
how TRIM62 is expressed in OA cartilage, ex-
plored its role in chondrocyte ferroptosis and
cartilage degeneration, and investigated how
TRIMG2 regulates GPX4. Our results may offer
new insights into OA development and suggest
that TRIM62 could be a target for OA treat-
ment.

Materials and methods
Ethical statement

All animal experiments were approved by the
Animal Ethics Committee of Second Hospital of
Shanxi Medical University and conducted in
accordance with the National Institutes of Heal-
th Guidelines for the Care and Use of Laboratory
Animals, as well as the ethical principles out-
lined in the Declaration of Helsinki (1964) and
its subsequent amendments

Animals and OA model establishment

Male Sprague-Dawley (SD) rats, aged 8 weeks
and weighing 200-220 g (specific pathogen-
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free grade), were obtained from Huafukang Bio-
technology (Beijing, China). The animals were
maintained under controlled environmental
conditions (22-24°C, 50-60% humidity, 12-hour
light/dark cycle) with ad libitum access to food
and water.

The OA model was created by cutting the ante-
rior cruciate ligament (ACL) as described in ear-
lier studies. Rats were anesthetized with 1%
pentobarbital sodium (40 mg/kg, Sigma-Al-
drich, St. Louis, MO, USA) given by intraperito-
neal injection. Once anesthetized, each rat was
placed on its back, and the knee joint was
exposed using a medial parapatellar approach.
The anterior cruciate ligament was then cut
with microsurgical scissors. In the sham group,
the knee joint was exposed, but the ligament
was not cut. After surgery, the incision was
closed in layers, and rats were given meloxicam
(1 mg/kg, subcutaneously) for pain relief for 3
days.

For in vivo knockdown experiments, sh-TRIM62
lentivirus or sh-NC lentivirus (1 x 10% TU/mL,
50 uL; GeneChem, Shanghai, China) was inject-
ed into the knee joint cavity immediately after
surgery and once weekly for 4 weeks. Rats
were sacrificed by CO, asphyxiation 8 weeks
post-surgery, and cartilage tissues were har-
vested for subsequent analyses.

Primary chondrocyte isolation and culture

As mentioned earlier, the primary chondrocytes
were first isolated from the articular cartilage of
neonatal SD rats (within 5 days after birth).
Cartilage tissues were dissected under sterile
conditions, minced into approximately 1 mm3
pieces, and digested with 0.25% trypsin-EDTA
(Gibco, Grand Island, NY, USA) for 30 minutes
at 37°C. This was followed by digestion with
0.2% type Il collagenase (Sigma-Aldrich, St.
Louis, MO, USA) for 6 to 8 hours at 37°C. The
cell suspension was filtered through a 70 um
cell strainer, centrifuged at 1,000 rpm for 5
min, and resuspended in DMEM/F12 medium
(Gibco) supplemented with 10% fetal bovine
serum (FBS; Gibco) and 1% penicillin-strepto-
mycin (Gibco). Cells were grown at 37°C in a
humidified atmosphere with 5% CO,. For all
experiments, chondrocytes from passages 1-2
were used.
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In vitro OA model and cell treatment

To create an in vitro OA model, chondrocytes
were exposed to recombinant rat IL-13 (10 ng/
mL; PeproTech, Rocky Hill, NJ, USA) for 24 ho-
urs. Control cells received the same amount of
phosphate-buffered saline (PBS) as a vehicle.

To investigate cell death pathways, several in-
hibitors sourced from MedChemExpress (Mon-
mouth Junction, NJ, USA) were employed: Fe-
rrostatin-1 (Fer-1, 1 pM) for ferroptosis, Ne-
crostatin-1 (Nec-1, 30 uM) for necroptosis,
ZVAD-FMK (Z-VAD, 20 uM) for pan-caspase
inhibition, and MG132 (2.5 uM) for proteasome
blocking. These agents were prepared as stock
solutions in dimethyl sulfoxide (DMSO; Sigma-
Aldrich). The control group was treated with a
vehicle (DMSO) of the same volume, ensuring
that the concentration of DMSO in the culture
environment remained below 0.1% to prevent
potential solvent toxicity.

Cell transfection and lentiviral infection

To construct a TRIM62 overexpression model,
the complete rat TRIM62 cDNA sequence was
integrated into the pcDNA3.1 backbone (Gene-
Chem, Shanghai, China). This recombinant pla-
smid, designated as TRIM62-OE, was subse-
quently introduced into chondrocytes. An un-
modified pcDNA3.1 vector served as the nega-
tive control. These delivery procedures were
facilitated by the Lipofectamine 3000 reagent
(Invitrogen, Carlsbad, CA, USA) in strict accor-
dance with the supplier’s standardized proto-
col.

To achieve TRIM62 silencing, lentiviral particles
carrying either rat-specific shRNA (sh-TRIM62)
or a non-targeting control sequence (sh-NC) we-
re procured from GeneChem (Shanghai, China).
Chondrocytes were exposed to the virus at an
MOI of 20 for a 24-hour period, with 5 ug/mL
polybrene (Sigma-Aldrich) added to improve
transduction efficiency. The success of the
genetic knockdown was subsequently validat-
ed 72 hours after infection by assessing
TRIMG2 protein levels via Western blot.

RNA extraction and RT-qPCR

Isolation of total RNA from either chondrocytes
or cartilage specimens was performed using
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TRIzol reagent (Invitrogen, Carlsbad, CA, USA),
adhering to the standardized steps provided by
the supplier. The quantity and quality of the har-
vested RNA were evaluated using a NanoDrop
2000 spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA). Subsequently, 1 ug
of the purified RNA was reverse-transcribed
into complementary DNA (cDNA) with the assis-
tance of a PrimeScript RT Reagent Kit (Takara,
Dalian, China).

Quantitative real-time PCR was performed
using SYBR Green PCR Master Mix (Takara)
on an ABI 7500 Real-Time PCR System (App-
lied Biosystems, Foster City, CA, USA). The
programmed thermal profile included an ini-
tial stage at 95°C for 30 s, with 40 subse-
quent cycles comprising denaturation at 95°C
(5 s) and annealing/extension at 60°C (34 s).
To evaluate relative mRNA abundance, the
288Ct method was applied, utilizing B-actin
as the endogenous control for normalization.
The following primer pairs were synthesized:
TRIM62 forward, 5-TGGGTGTCTTCCTGGAC-
TATG-3" and reverse, 5-TTAGATGCGGACCGTG-
TTG-3’; B-actin forward, 5-GGAGTCTACTGGC-
GTCTTCAC-3’ and reverse, 5-ATGAGCCCTTCC-
ACGATGC-3".

Western blot analysis

We harvested total protein from both tissues
and cells by employing RIPA lysis medium (Be-
yotime), which contained a mixture of protease
and phosphatase inhibitors from Roche. After
assessing protein concentrations via the BCA
method (Beyotime), 30 ug of each protein sam-
ple was loaded onto 10-12% polyacrylamide
gels for separation. The resulting bands were
then moved onto PVDF membranes (Millipore,
USA) to prepare for downstream antibody
incubation.

Non-specific protein interactions were neutral-
ized by incubating membranes in 5% non-fat
milk (prepared in TBST) for 60 min. The mem-
branes were then subjected to overnight hybrid-
ization at 4°C with specific primary antibodi-
es against TRIM62 (1:1000, Thermo Fisher),
SLC7A11, GPX4, COLII (all 1:2000 from Abcam),
ADAMTS5 (1:250, Abcam), and B-actin (1:5000,
Abcam). Subsequent to TBST rinsing, second-
ary antibody incubation (1:5000, Abcam) was
carried out at ambient temperature. Immuno-
reactive bands were visualized using a Bio-Rad
ECL kit and a ChemiDoc XRS+ imager, with fin-
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al quantification performed through Imagel
(Bethesda, MD, USA).

Histological analysis

Following 48 h of fixation in 4% paraformalde-
hyde, the knee samples were subjected to pro-
longed decalcification in 10% EDTA for one
month. After paraffin embedding, the speci-
mens were cut into 5-uym sections. Standard
H&E and SOFG staining techniques were em-
ployed to visualize joint architecture. The de-
gree of osteoarthritic progression was indepen-
dently assessed via the OARSI grading scale by
two blinded specialists, ensuring the impartial-
ity of the histological evaluation.

Co-immunoprecipitation (Co-IP) assay

Immunoprecipitation was initiated by incubat-
ing 500 pg of inhibitor-supplemented cell lysa-
tes with specific primary antibodies (TRIM62,
GPX4, or SLC7A11; 2 pg each) at 4°C. For the
negative control, a matching amount of normal
rabbit IgG (CST, USA) was utilized. Following an
overnight rotation, 50 pL of Protein A/G mag-
netic beads were introduced to the mixture for
2 h to pull down the target complexes. The im-
munoprecipitated fractions were rinsed three
times and subsequently boiled in 2x SDS buf-
fer for protein dissociation. The final samples
were subjected to immunoblotting to assess
protein-protein associations.

Immunofluorescence staining

Tissue sections underwent deparaffinization
and hydration prior to heat-induced antigen
retrieval (citrate buffer, pH 6.0). Meanwhile, cell
samples were fixed in 4% paraformaldehyde
(15 min) and made permeable with 0.3% Triton
X-100 (10 min). Non-specific binding was neu-
tralized by treating samples with 5% BSA for 60
min. The samples were then co-incubated with
primary antibodies targeting TRIM62 and GPX4
at 4°C for at least 12 h. Following PBS washing,
fluorescent secondary antibodies (Alexa Fluor
594 and Alexa Fluor 488, 1:500, Invitrogen)
were applied for 1 h at room temperature. A
5-min counterstain with DAPI was used to visu-
alize nuclei. Confocal images were acquired via
a Carl Zeiss LSM 800 system.

Cell viability assay

Chondrocyte survival was quantified via the
CCK-8 assay (Dojindo, Japan) in accordance
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with the provided protocol. Briefly, after seed-
ing cells (5 x 102 cells/well) in 96-well plates
and completing the indicated treatments, 10
pL of CCK-8 solution was introduced to the cul-
ture environment. After incubating for an addi-
tional 2 h at 37°C, the absorbance at 450 nm
was recorded on a BioTek Synergy H1 system.
The final viability results were normalized aga-
inst the untreated control.

TUNEL assay

Cellular apoptosis was appraised through a
TUNEL assay (Beyotime). Briefly, fixed (4% PFA)
and permeabilized chondrocytes were exposed
to the enzyme/fluorescein-dUTP mixture for 60
min at 37°C while protected from light. After
resolving nuclei with DAPI, images were cap-
tured on a Nikon platform (Eclipse Ti2). To
ensure statistical significance, the percentage
of green-fluorescent apoptotic cells was calcu-
lated based on the observation of five arbitrary
fields per specimen, providing a representative
measure of programmed cell death.

Intracellular Fe?** measurement

Intracellular ferrous iron (Fe?*) availability was
quantified using an Iron Assay Kit (#ab83366;
Abcam) following the supplier's directives.
Briefly, chondrocytes (1 x 10°) were collected
and subjected to mechanical homogenization.
To remove debris, samples underwent centrifu-
gation at 16,000xg for 10 min at 4°C. The
obtained supernatant was then reacted with an
iron reducer (30 min) and subsequently incu-
bated with an iron probe (1 h, room tempera-
ture, dark conditions). A microplate reader
(Synergy H1; BioTek) was utilized to measure
the resulting optical density at a wavelength of
593 nm.

GSH measurement

Concentrations in tissues and cell lysates we-
re appraised using a commercial ELISA kit
(#D751008; Sangon Biotech) following the pro-
vided manual. Briefly, after homogenization
and the removal of cellular debris via centrifu-
gation, the harvested supernatant was subject-
ed to analysis. Absorbance was measured at
450 nm, and individual GSH levels were calcu-
lated by fitting the data to a pre-generated
standard curve, ensuring accurate quantifica-
tion across all samples.
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Intracellular ROS detection

To monitor intracellular ROS accumulation, a
DCFH-DA fluorescent probe (Beyotime) was
employed. Chondrocytes were exposed to 10
UM of the probe for a 20-min period at 37°C,
with the incubation performed in a light-shield-
ed environment. To eliminate unbound fluores-
cent dye, the cells were rinsed three times
using culture medium lacking serum. Subse-
quently, green fluorescent signals were visual-
ized and recorded via a Nikon Eclipse Ti2 micro-
scope. The relative intensity of the fluorescence
was then determined using ImageJ software.

Mitochondrial membrane potential (AWm) as-
sessment

Mitochondrial membrane potential was asse-
ssed using a JC-1 Mitochondrial Membrane
Potential Assay Kit (MedChemExpress). Chon-
drocytes were incubated with JC-1 staining
solution (10 yg/mL) for 20 min at 37°C in the
dark. Subsequent to rinsing with the special-
ized staining buffer, cells were examined via a
Nikon Eclipse Ti2 fluorescence microscope.
High AWm was identified by the presence of
red-fluorescent aggregates (585/590 nm),
whereas a loss of potential was indicated by
green-fluorescent monomers (514/529 nm). To
determine the overall mitochondrial status, the
intensity ratio of red fluorescence to green fluo-
rescence was calculated for each treatment

group.
Statistical analysis

All data are summarized as mean = SD based
on triplicate independent trials. Statistical pro-
cessing was implemented through GraphPad
Prism 9.0 software. To determine differences
between two specific groups, the Student’s
t-test was utilized. For datasets involving more
than two groups, one-way ANOVA coupled with
Tukey’'s post-test was applied to evaluate sig-
nificance. Statistically significant results were
defined by a P-value < 0.05.

Results

TRIM62 overexpression coincides with ferrop-
tosis activation in OA-damaged cartilage

To investigate the potential role of TRIM62 in
OA pathogenesis, we established an OA rat
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model via ACLT and examined TRIM62 expres-
sion in cartilage tissue 8 weeks post-surgery.
TRIM62 mRNA levels were markedly upregulat-
ed in OA cartilage compared with sham-operat-
ed controls (P < 0.001; Figure 1A). Consistent
with this finding, we demonstrated a significant
increase in TRIMG2 protein expression in the
OA group (P < 0.001; Figure 1B).

Given that TRIM62 has been implicated in fer-
roptosis regulation in other disease contexts,
we next assessed ferroptosis-related markers
in OA cartilage. The protein levels of two key fer-
roptosis defense molecules, SLC7A11 and
GPX4, were substantially reduced in OA carti-
lage compared with controls (P < 0.001; Figure
1B). Histological examination using H&E and
SOFG staining revealed pronounced cartilage
degeneration in OA rats, characterized by sur-
face irregularities, proteoglycan loss, and chon-
drocyte disorganization. Assessment via the
OARSI grading system revealed that cartilage
degeneration was significantly more severe in
the OA cohort than in the healthy control group
(P < 0.001; Figure 1C).

Further characterization of ferroptosis hall-
marks showed that GSH levels were markedly
decreased in OA cartilage (P < 0.001; Figure
1D), while intracellular ROS accumulation was
substantially elevated, as evidenced by en-
hanced DCFH-DA fluorescence intensity (P <
0.001; Figure 1E). Additionally, JC-1 staining
demonstrated a marked reduction in the red/
green fluorescence ratio in OA tissues, indicat-
ing impaired mitochondrial membrane poten-
tial (P < 0.001; Figure 1F). Collectively, these
data suggest that TRIM62 upregulation coin-
cides with ferroptosis activation in OA car-
tilage.

TRIM62 knockdown attenuates IL-13-induced
chondrocyte injury and ferroptosis in vitro

To investigate the potential contribution of
TRIM62 to the pathological process of chondro-
cyte damage, we established an in vitro OA
mimicry by challenging primary rat chondro-
cytes with IL-1B. Lentiviral-mediated transduc-
tion was utilized to achieve TRIM62 silencing
(sh-TRIM62) or provide a negative control (sh-
NC) before the cells were subjected to the IL-13
insult. The results confirmed efficient knock-
down of TRIM62 in sh-TRIM62-infected cells
(Figure 2A).
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IL-13 treatment induced typical OA-like changes
in chondrocytes, including elevated TRIM62
and thrombospondin motif 5 (ADAMTS5) ex-
pression, reduced levels of SLC7A11, GPX4,
and COL Il, as well as morphological alterations
characterized by cell shrinkage and loss of the
characteristic polygonal shape (Figure 2A, 2B).
Notably, TRIM62 knockdown substantially re-
versed these IL-1B3-induced changes. In the OA
group, knocking out TRIM62 reversed the
expression levels of SLC7A11, GPX4 and COL II,
while the level of ADAMTS5 was lower com-
pared to the OA group (P < 0.001; Figure 2A).

Specifically, CCK-8 analysis illustrated that the
targeted knockdown of TRIMG62 effectively
countered the decline in cell survival triggered
by IL-1B exposure (P < 0.001; Figure 2C)
Moreover, the elevated intracellular Fe?* con-
centration observed in the model group was
markedly attenuated by sh-TRIM62 (P < 0.001;
Figure 2D). Visualization via TUNEL staining
illustrated that the percentage of apoptotic
chondrocytes was markedly suppressed by
TRIMG62 knockdown, falling from roughly 45% in
model cells to less than 10% (P < 0.001; Figure
2E). These results indicate that suppressing
TRIMG2 expression effectively mitigates IL-13-
mediated cellular insult and subsequent fe-
rroptosis.

TRIM62 overexpression promotes chondrocyte
injury specifically through ferroptosis

To more rigorously define TRIM62’s contribu-
tion to chondrocyte ferroptosis and to discrimi-
nate this pathway from alternative modes of
programmed cell death, we conducted overex-
pression assays in conjunction with specific
pharmacological blocking. To determine which
death mechanism was dominant, TRIM&62-
overexpressing chondrocytes were challenged
with IL-1 both with and without the addition of
selective antagonists, namely Fer-1, Nec-1, or
Z-VAD, which specifically counteract ferropto-
sis, necroptosis, and apoptosis, respectively.

Western blot analysis showed that TRIM62
overexpression in IL-1B-treated cells further
decreased SLC7A11, GPX4, and COL Il expres-
sion while increasing ADAMTS5 levels com-
pared with the model group (Figure 3A). Stri-
Kingly, co-treatment with Fer-1 largely reversed
these changes, restoring the expression of fer-
roptosis defense proteins and ECM compo-
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Figure 1. Tripartite motif containing 62 (TRIM62) is upregulated, and ferroptosis is activated in osteoarthritis (OA)
cartilage tissues. The OA rat model was established via anterior cruciate ligament transection (ACLT), while control
rats underwent sham surgery (n = 6 per group). Cartilage tissues were harvested 8 weeks post-surgery for analy-
sis. A. Relative mRNA expression of TRIM62 was quantified by RT-gPCR. B. Representative Western blot images
and quantitative analysis of TRIM62, solute carrier family 7 member 11 (SLC7A11), and glutathione peroxidase 4
(GPX4) protein levels in cartilage tissues. B-actin served as the loading control. C. Histopathological assessment of
cartilage damage by hematoxylin and eosin (H&E) staining and safranin O-fast green (SOFG) staining. Cartilage de-
generation was evaluated using the OARSI scoring system. D. GSH concentration in cartilage tissues was measured
by ELISA. E. ROS levels were detected using the DCFH-DA fluorescent probe. Representative fluorescence images
(left) and quantification of mean fluorescence intensity (MFI) (right) are shown. Nuclei were counterstained with
DAPI. Scale bar = 100 uym. F. Mitochondrial membrane potential (AWm) was assessed by JC-1 staining. Red fluo-
rescence indicates JC-1 aggregates (high AWm), while green fluorescence represents JC-1 monomers (low AWm).
The ratio of aggregates to monomers was calculated and presented in the bar graph. Scale bar = 100 um. Data are
expressed as mean = SD. ***P < 0.001, connecting lines denote significant differences.

nents. In contrast, neither Nec-1 nor Z-VAD tr- Nec-1 and Z-VAD failed to improve cell survival
eatment produced comparable effects (Figure (Figure 3C). Similarly, the elevated Fe?* levels in
3A). the model/TRIM62-OE group were effectively
reduced by Fer-1 treatment but remained
Morphological observations corroborated the unchanged following Nec-1 or Z-VAD adminis-
Western blot findings. In the model/TRIM62-OE tration (Figure 3D). TUNEL assay results further
group, chondrocytes presented significant mor- confirmed that only Fer-1, and not Nec-1 or
phological deterioration, characterized by con- Z-VAD, could attenuate the increased cell death
spicuous cellular contraction. Notably, this induced by TRIMG2 overexpression (Figure 3E).
damage was exclusively mitigated by the addi-
tion of Fer-1, whereas neither Nec-1 nor Z-VAD Importantly, treatment with Fer-1 alone (model/
exerted a protective rescue effect (Figure 3B). Fer-1 group) also conferred protection against
The CCK-8 assay demonstrated that Fer-1 sig- IL-1B-induced injury, suggesting that ferropto-
nificantly rescued the reduced cell viability sis represents a major contributor to OA-relat-
caused by TRIM62 overexpression, whereas ed chondrocyte damage. Taken together, these
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Figure 2. Knockdown of TRIM6G2 attenuates IL-1B-induced chondrocyte injury and ferroptosis. Primary rat chondro-
cytes were infected with sh-TRIM62 or sh-NC lentivirus, followed by treatment with IL-13 (10 ng/mL) or vehicle (PBS)
for 24 h to establish the in vitro OA model. Cells were divided into four groups: control (sh-NC+PBS), model (sh-
NC+IL-1B), sh-TRIM62 (sh-TRIM62+PBS), and model/sh-TRIM62 (sh-TRIM62+IL-1B) (n = 3 per group). A. Represen-
tative Western blot images and densitometric quantification of TRIM62, SLC7A11, GPX4, thrombospondin motifs
5 (ADAMTSD5), and COL Il protein expression. B-actin was used as the internal control. B. Morphological changes of
chondrocytes were observed under a phase-contrast microscope. Scale bar = 100 um. C. Cell viability was deter-
mined by the CCK-8 assay. D. Intracellular Fe?* concentration was measured using an iron assay kit. E. Apoptosis
was evaluated by TUNEL staining. Representative fluorescence images are shown on the left, with TUNEL-positive
cells appearing green and nuclei counterstained with DAPI (blue). The percentage of TUNEL-positive cells was quan-
tified and presented on the right. Scale bar = 50 uym. Data are presented as mean = SD from three independent
experiments. ***P < 0.001, connecting lines denote significant differences. *P < 0.05, #P < 0.01, *##P < 0.001,

sh-TRIM62 group versus control group.

findings demonstrate that TRIM62 promotes
chondrocyte injury predominantly through fer-
roptosis rather than apoptosis or necroptosis.

TRIMG2 interacts with GPX4 and promotes its
proteasomal degradation

Having established that TRIM62 regulates fer-
roptosis in chondrocytes, we next sought to elu-
cidate the underlying molecular mechanism. As
an E3 ubiquitin ligase, TRIM62 may exert its
effects by targeting key ferroptosis regulators
for ubiquitination and degradation. We there-
fore investigated whether TRIMG2 directly inter-
acts with GPX4 or SLC7A11.

The outcomes of the Co-IP assay, conduct-
ed with an antibody targeting TRIM62, are illus-
trated in Figure 4A, GPX4 was readily detect-
ed in TRIMG62 immunoprecipitates, whereas
SLC7A11 was absent, indicating that TRIM62
specifically binds to GPX4 but not SLC7A11.
Reciprocal Co-IP experiments confirmed this in-
teraction: immunoprecipitation with anti-GPX4
antibody successfully pulled down TRIM62, whi-
le immunoprecipitation with anti-SLC7A11 anti-
body failed to precipitate TRIM62 (Figure 4B).
Normal IgG served as a negative control and
showed no detectable bands.

To determine whether TRIM62 promotes GPX4
degradation through the ubiquitin-proteasome
pathway, we treated chondrocytes with the pro-
teasome inhibitor MG132. Immunoblotting da-
ta indicated that the ectopic expression of
TRIMG2 led to a significant decline in the abun-
dance of GPX4 protein. However, this reduction
was completely abolished when cells were co-
treated with MG132, indicating that TRIM62-
mediated GPX4 downregulation depends on
proteasomal activity (Figure 4C).

Immunofluorescence staining provided addi-
tional evidence supporting the TRIM62-GPX4
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interaction. Double labelling showed that TRI-
M62 (red) and GPX4 (green) exhibited substan-
tial co-localization in the cytoplasm of chondro-
cytes, as evidenced by yellow signals in merged
images (Figure 4D). These results collectively
demonstrate that TRIM62 physically interacts
with GPX4 and promotes its degradation via the
ubiquitin-proteasome pathway, thereby facili-
tating ferroptosis in chondrocytes.

TRIM62 knockdown alleviates cartilage dam-
age and ferroptosis in vivo

To substantiate the cellular data within a bio-
logically complex environment, we evaluated
the remedial efficacy of TRIM62 silencing in a
rat model of OA. sh-TRIM62 or sh-NC lentivirus
was administered via intra-articular injection
following ACLT surgery.

The elevated TRIM62 mRNA and protein levels
observed in OA rats were substantially reduced
in the OA/sh-TRIM62 group (P < 0.001; Figure
5A, 5B). Importantly, TRIM62 knockdown res-
tored the expression of SLC7A11 and GPX4
that had been suppressed in OA cartilage (P <
0.001; Figure 5B).

Histological assessment demonstrated that
sh-TRIM62 treatment markedly attenuated
OA-induced cartilage degeneration. Histological
evaluation via H&E and SOFG staining demon-
strated that the OA/sh-TRIM62 cohort pos-
sessed smoother articular surfaces, greater
retention of the extracellular matrix (proteogly-
cans), and a more regular distribution of chon-
drocytes than the untreated OA group. These
morphological improvements were mirrored by
a substantial decline in OARSI scores among
the rats receiving sh-TRIM62 (P < 0.001; Figure
5C).

Consistent with the histological improvements,
ferroptosis markers were favorably modulated
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Figure 3. TRIM62 overexpression exacerbates chondrocyte injury through ferroptosis rather than apoptosis or necroptosis. Primary rat chondrocytes were trans-
fected with the TRIM62 overexpression plasmid (TRIM62-0OE) or empty vector, then stimulated with IL-1p (10 ng/mL) or vehicle (PBS) to induce the OA cell model.
To determine the specific cell death pathway involved, cells were co-treated with the ferroptosis inhibitor Fer-1 (1 pM), the necroptosis inhibitor Nec-1 (30 uM), the
apoptosis inhibitor Z-VAD (20 uM), or the corresponding vehicle (DMSO). Cells were divided into seven groups: control (empty vector + PBS + DMSO0), model (empty
vector+IL-13+DMSO0), model/TRIM62-0OE (TRIM62-OE+IL-13+DMSO0), model/TRIM62-OE/Fer-1, model/TRIM62-OE/Nec-1, model/TRIM62-OE/Z-VAD, and model/
Fer-1 (n = 3 per group). A. Western blot analysis and quantification of TRIM62, SLC7A11, GPX4, ADAMTS5, and COL Il expression levels. B-actin served as the load-
ing control. B. Representative phase-contrast microscopy images showing chondrocyte morphology. Scale bar = 100 uym. C. Cell viability was assessed using CCK-8
assay. D. Intracellular Fe?* levels were quantified by an iron assay kit. E. Representative images of TUNEL staining (left) and quantification of TUNEL-positive cells
(right). TUNEL-positive nuclei appear green, and total nuclei were counterstained with DAPI (blue). Scale bar = 50 ym. All data are expressed as mean + SD from
three independent experiments. Different lowercase letters indicate statistically significant differences between groups (P < 0.05); groups sharing the same letter
are not significantly different.
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Figure 4. TRIM62 interacts with GPX4 but not SLC7A11 and promotes GPX4 protein degradation via the ubiquitin-
proteasome pathway. Primary rat chondrocytes were used to investigate the interaction between TRIM62 and its
potential substrates. A. Co-immunoprecipitation (Co-IP) analysis using anti-TRIM62 antibody. Cell lysates were im-
munoprecipitated with anti-TRIM62 antibody or normal IgG (negative control), and the immunoprecipitates were
analyzed by immunoblotting for TRIM62, GPX4, and SLC7A11. Input represents 5% of total cell lysates. GPX4 was
detected in TRIM62 immunoprecipitates, whereas SLC7A11 was not. B. Reciprocal Co-IP using anti-GPX4 or anti-
SLC7A11 antibodies. TRIM62 was co-immunoprecipitated with GPX4 (upper panel) but not with SLC7A11 (lower
panel), confirming the specific interaction between TRIM62 and GPX4. C. For proteasome inhibition experiments,
chondrocytes were transfected with TRIM62-OE or empty vector, followed by treatment with MG132 (2.5 uM)
or vehicle (DMSO) for 6 h. Cells were divided into four groups: empty vector+DMSO, TRIM62-OE+DMSO, empty
vector+MG132, and TRIM62-OE+MG132. Western blot analysis of TRIM62 and GPX4 protein levels was performed.
B-actin was used as the loading control. TRIM62 overexpression decreased GPX4 protein levels, which were re-
versed by MG132 treatment. D. Immunofluorescence staining showing subcellular co-localization of TRIM62 (red)
and GPX4 (green) in chondrocytes. Yellow signals in merged images indicate co-localization of the two proteins in
the cytoplasm. Scale bar = 50 ym.

the buildup of reactive oxygen species (ROS)
in diseased cartilage (P < 0.001; Figure 5E).
Moreover, the dissipation of mitochondrial me-

by TRIM62 knockdown. Regarding antioxidant
capacity, GSH concentrations were remarkably
higher in the OA/sh-TRIM62 cohort than in the

untreated OA model (P < 0.001; Figure 5D).
Parallel to this, DCFH-DA assessments revealed
that sh-TRIM62 treatment effectively curbed
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mbrane potential - a hallmark of OA pathology -
was significantly mitigated by TRIM62 silenc-
ing, as demonstrated by a notable increase in
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Figure 5. Knockdown of TRIM62 alleviates cartilage damage and ferroptosis in vivo. The OA rat model was estab-
lished by anterior cruciate ligament transection (ACLT), while control rats underwent sham surgery. sh-TRIM62 or
sh-NC lentivirus was administered via intra-articular injection. Rats were divided into four groups: control (sham+sh-
NC), OA (ACLT+sh-NC), sh-TRIM62 (sham+sh-TRIM62), and OA/sh-TRIM62 (ACLT+sh-TRIM62) (n = 6 per group).
Cartilage tissues were harvested 8 weeks post-surgery for analysis. A. Relative mRNA expression of TRIM62 in car-
tilage tissues was determined by RT-gPCR. B. Representative Western blot images and densitometric quantification
of TRIM62, SLC7A11, and GPX4 protein levels. B-actin was used as the internal control. C. Histological evaluation
of cartilage by hematoxylin and eosin (H&E) staining (upper panel) and safranin O-fast green (SOFG) staining (lower
panel). Cartilage degradation severity was quantified using the OARSI scoring system (right). Scale bar = 100 ym.
D. GSH concentration in cartilage tissues was measured by ELISA. E. ROS levels were assessed using DCFH-DA
fluorescent probe. Representative images (left) and quantification of mean fluorescence intensity (MFI) (right) are
shown. Nuclei were counterstained with DAPI (blue). Scale bar = 100 ym. F. Mitochondrial membrane potential was
evaluated by JC-1 staining. Red fluorescence indicates JC-1 aggregates (intact membrane potential), while green
fluorescence represents JC-1 monomers (depolarized mitochondria). The ratio of aggregates to monomers was cal-
culated and is presented in the bar graph. Scale bar = 100 um. Data are expressed as mean + SD. ***P < 0.001,
connecting lines denote significant differences. #P < 0.01, ##P < 0.001, sh-TRIM62 group versus control group.
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the red-to-green fluorescence ratio during JC-1 data provide strong evidence that targeting
analysis (P < 0.001; Figure 5F). These in vivo TRIMG2 effectively mitigates OA progression by
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suppressing ferroptosis and preserving carti-
lage integrity.

Discussion

The present study provides comprehensive evi-
dence demonstrating that TRIM62 is signifi-
cantly upregulated in OA cartilage and pro-
motes disease progression by facilitating GPX4
ubiquitination and degradation, thereby trigger-
ing chondrocyte ferroptosis. Several lines of
evidence support this conclusion. Our findings
revealed a distinct pathological pattern where
significant TRIM62 upregulation occurred in
parallel with a decline in GPX4 and SLC7A11
abundance across both rat OA specimens and
IL-1B-challenged chondrocytes. Our function-
al evaluations indicated that the depletion of
TRIM62 served a protective role against IL-1[3-
triggered damage and ferroptosis, while its
upward modulation further aggravated these
pathological insults. Crucially, the cytotoxic im-
pact of TRIM62 was uniquely neutralized by
the ferroptosis-specific blocker ferrostatin-1,
whereas inhibitors targeting apoptosis (Z-VAD-
FMK) or necroptosis (necrostatin-1) showed no
such remedial effect. This specificity confirms
that TRIM62-mediated chondrocyte demise is
executed primarily via the ferroptotic pathway.
From a mechanistic perspective, we identified
that TRIM62 physically associates with GPX4 to
facilitate its proteasomal degradation, whereas
the expression of SLC7A11 remains unaffected
by this interaction. These findings collectively
establish the TRIM62-GPX4-ferroptosis axis as
a novel pathogenic mechanism in OA.

Ferroptosis has emerged as a critical contribu-
tor to OA pathogenesis in recent years. Pion-
eering work demonstrated that ferroptotic hall-
marks, including iron accumulation, lipid peroxi-
dation, and GPX4 downregulation, are promi-
nent features of human OA cartilage [31]. Fur-
ther investigations have established that fer-
roptotic cell death is a critical component of the
chondrocytic response to various OA-inducing
insults, most notably pro-inflammatory cyto-
kines, excessive physical loading, and redox
stress [31]. Evidence suggests that abnormal
physical loading precipitates a GPX4-dependent
ferroptotic process in cartilage cells, which is
fundamentally driven by calcium mobilization
through the Piezol mechanoreceptor [32].
Similarly, our findings are consistent with these
reports, as we observed reduced GPX4 expres-
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sion, decreased GSH levels, elevated intracel-
lular iron and ROS levels, and impaired mito-
chondrial membrane potential in OA cartilage.
Furthermore, treatment with ferrostatin-1 effe-
ctively rescued chondrocyte viability and pre-
served ECM homeostasis, reinforcing the no-
tion that ferroptosis represents a druggable
target in OA. Our study extends these findings
by identifying TRIM62 as an upstream regulator
that initiates the ferroptotic cascade through
destabilizing GPX4.

GPX4 occupies a central position in the ferrop-
tosis regulatory network by serving as the pri-
mary enzyme that detoxifies lipid hydroperox-
ides [33]. Genetic ablation of GPX4 leads to
embryonic lethality in mice, and conditional
knockout of GPX4 in specific tissues results in
tissue damage characterized by ferroptotic fea-
tures [34]. In the context of OA, Wang et al.
demonstrated that GPX4 conditional knockout
mice exhibited accelerated cartilage degenera-
tion following destabilization of the medial
meniscus surgery [32]. Apart from its conven-
tional function in preventing lipid-based oxida-
tive damage, GPX4 is increasingly recognized
for its contribution to extracellular matrix (ECM)
homeostasis in chondrocytes. Previous litera-
ture suggests that a deficiency in GPX4 not only
heightens cellular vulnerability to redox imbal-
ance but also worsens the depletion of the
matrix by triggering the MAPK/NF-kB signaling
cascade [1]. Our results noted that the degra-
dation of GPX4 mediated by TRIM62 coincided
with suppressed COL Il synthesis and height-
ened ADAMTS5 levels, highlighting a regulatory
connection between ferroptotic death and ma-
trix degradation. The multifaceted role of GPX4
in managing lipid stability and preserving ECM
homeostasis positions it as a promising focal
point for the development of novel OA the-
rapies.

Post-translational regulation of GPX4 throu-
gh ubiquitination has gained considerable att-
ention in ferroptosis research. Several E3 ubig-
uitin ligases have been identified as modula-
tors of GPX4 protein stability. Wang et al. re-
ported that TRIM26 binds K63-linked ubiquitin
chains on GPX4, which paradoxically stabilizes
GPX4 and protects glioma cells from ferro-
ptosis [25]. In contrast, studies demonstrated
that TRIM25 mediates K48-linked ubiquitina-
tion of GPX4 in pancreatic cancer cells, promot-
ing GPX4 degradation and rendering cells sus-
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ceptible to ferroptotic death [26]. The divergent
outcomes of GPX4 ubiquitination highlight the
importance of ubiquitin chain topology in deter-
mining protein fate. The biological fate of a pro-
tein is largely dictated by its ubiquitin linkage
type: while K48-tethered ubiquitin polymers
primarily serve as signals for 26S proteasome-
mediated destruction, K63-linked chains pre-
dominantly participate in non-proteolytic pro-
cesses, including the modulation of signaling
cascades, subcellular trafficking, and protein
activity [24, 34]. Our findings align with the
K48-ubiquitination model, as TRIM62-induced
GPX4 downregulation was completely reversed
by the proteasome inhibitor MG132, indicating
that TRIM62 promotes GPX4 degradation th-
rough the ubiquitin-proteasome pathway. Fu-
ture studies employing ubiquitination site map-
ping and linkage-specific ubiquitin antibodies
will be valuable for precisely characterizing the
ubiquitin chain type mediated by TRIMG2.

An intriguing finding of our study is that TRIM62
specifically interacts with GPX4 but not SLC7-
A11, despite both being key components of the
ferroptosis defense machinery. Co-immuno-
precipitation experiments clearly demonstrat-
ed that TRIM62 forms a complex with GPX4,
whereas no interaction was detected between
TRIM62 and SLC7A11. This substrate selectivi-
ty is consistent with the structural basis of E3
ligase-substrate recognition, which typically in-
volves specific protein-protein interaction do-
mains and motifs [35]. Notably, other TRIM fa-
mily members exhibit different substrate pref-
erences in the ferroptosis pathway. TRIM7 has
been shown to target SLC7A11 for K48-linked
ubiquitination in gastric cancer cells, leading
to SLC7A11 degradation and ferroptosis induc-
tion [27]. In the pathological context of non-
small cell lung cancer, TRIM3 has been shown
to facilitate the K11-specific polyubiquitination
of SLC7A11, ultimately leading to its proteolytic
breakdown [36]. The distinct substrate speci-
ficities of different TRIM proteins suggest that
multiple E3 ligases cooperate to fine-tune fer-
roptosis sensitivity by targeting different nodes
of the ferroptosis regulatory network. In OA, we
observed concurrent downregulation of both
SLC7A11 and GPX4; however, only GPX4 is
directly targeted by TRIM62. The reduction in
SLC7A11 expression may represent a second-
ary consequence of GPX4 loss or result from
regulation by other mechanisms, such as tran-
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scriptional repression or degradation mediated
by alternative E3 ligases [27].

The potential cross-talk between ferroptotic
cell death and matrix metabolism in chondro-
cytes is a subject of significant interest. The
steady state of the ECM is traditionally gov-
erned by the dynamic competition between
anabolic molecules and matrix-degrading enzy-
mes [37, 38]. In OA, this equilibrium is disrupt-
ed, leading to progressive cartilage degrada-
tion [38]. Our results demonstrated that TRI-
M62 knockdown not only suppressed ferropto-
sis markers but also restored collagen type |l
expression while reducing ADAMTSS levels.
Conversely, TRIM62 overexpression exacerbat-
ed ECM catabolism, which was partially reve-
rsed by ferrostatin-1 treatment. These observa-
tions suggest that ferroptosis and ECM degra-
dation are mechanistically linked in OA chon-
drocytes. One possible explanation is that fer-
roptosis-induced oxidative stress activates ca-
tabolic signaling pathways, such as NF-kB and
MAPK, which in turn upregulate matrix-degrad-
ing enzymes [39]. Additionally, iron accumula-
tion during ferroptosis may directly enhance
the activity of iron-dependent matrix metallo-
proteinases [40]. The intricate biochemical
bridges linking ferroptotic cell death to the met-
abolic turnover of the ECM are not yet fully
charted, indicating a fertile territory for upcom-
ing scientific inquiry.

With a focus on drug development, the current
findings suggest that the TRIM62/GPX4/ferrop-
tosis axis represents a viable focal point for OA
intervention. Various approaches could be im-
plemented to exploit this mechanism. Speci-
fically, pharmacological suppression of TRIM62
E3 ligase activity would prevent the depletion
of GPX4 protein and consequently inhibit the
initiation of ferroptotic chondrocyte death [29].
Alternatively, stabilization of GPX4 through inhi-
bition of the ubiquitin-proteasome system or
through the development of GPX4-protecting
agents could achieve similar outcomes. Direct
supplementation with ferroptosis inhibitors,
such as ferrostatin-1 or liproxstatin-1, has sho-
wn protective effects in preclinical OA models
[41]. Iron chelators, including deferoxamine,
have also demonstrated cartilage-protective
effects by reducing iron-mediated lipid peroxi-
dation [42]. The development of chondrocyte-
targeted delivery systems for these therapeutic
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agents would enhance their efficacy while mini-
mizing systemic side effects [43]. Furthermore,
natural compounds with anti-ferroptotic prop-
erties, such as astragaloside IV and icariin,
have shown promising effects in alleviating OA
by modulating the SLC7A11/GPX4 axis [44].
Combination therapies targeting multiple nod-
es of the ferroptosis pathway may offer syner-
gistic benefits.

The scope of this study is subject to several
caveats. Primarily, our mechanistic insights
were garnered from rat-derived chondrocytes
and in vivo models, meaning the direct extrapo-
lation of these data to human pathology requi-
res caution. Future efforts to validate the role
of TRIM62 in human osteoarthritic samples will
be crucial for confirming the cross-species rel-
evance of our laboratory observations. Althou-
gh we demonstrated the interaction between
TRIM62 and GPX4, the precise binding inter-
face and ubiquitination sites on GPX4 remain to
be determined through structural and mass
spectrometry analyses. The upstream regula-
tors of TRIM62 expression in OA, including
inflammatory cytokines, mechanical stress,
and epigenetic modifications, were not explored
in this study. Additionally, although we estab-
lished that TRIM62 promotes ferroptosis by
degrading GPX4, we cannot exclude the possi-
bility that it targets other substrates that con-
tribute to OA pathogenesis. Future studies em-
ploying proteomics approaches to identify the
complete TRIM62 substratome in chondro-
cytes would provide a more comprehensive
understanding of its biological functions. Fina-
lly, the development of selective TRIM6G2 inhibi-
tors and their evaluation in clinically relevant
OA models would be essential for translating
our findings into therapeutic applications.

In conclusion, this study identifies TRIM62 as
a novel regulator of chondrocyte ferroptosis in
OA. We demonstrate that TRIM62 is upregulat-
ed in OA cartilage and promotes GPX4 ubiquiti-
nation and degradation, thereby triggering fer-
roptotic cell death and accelerating cartilage
degeneration. Targeting the TRIM62-GPX4 axis
may offer new therapeutic opportunities for OA
intervention. These findings advance our under-
standing of the molecular mechanisms underly-
ing OA pathogenesis and highlight ferroptosis
as a therapeutic target in degenerative joint
diseases.
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Conclusion

In conclusion, our findings demonstrate that
TRIM62 promotes OA progression by facilitat-
ing the ubiquitination and degradation of GPX4,
thereby triggering chondrocyte ferroptosis. Tar-
geting the TRIM62-GPX4-ferroptosis axis repre-
sents a promising therapeutic strategy for OA
treatment.
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