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Abstract: Synovial sarcoma (SS) is a malignant mesenchymal tumor of uncertain histogenesis, representing ap-
proximately 5% to 10% of all soft tissue sarcomas. It predominantly affects adolescents and young adults. The role
of CBX3 (Chromobox homolog 3) in Synovial sarcoma progression, particularly in relation to epithelial mesenchymal
transition (EMT), remains unclear. This study aimed to investigate the functional role of CBX3 in synovial sarcoma
and to elucidate the underlying molecular mechanisms by which it regulates EMT. Human synovial sarcoma cell
lines (SYO-1, HS-SY-II, YaFuSS, and Fuji) and the immortalized human keratinocyte line (HaCaT) were used for in vitro
studies. For in vivo modeling, mice were inoculated with Fuji cells. CBX3 expression was significantly upregulated in
human synovial sarcoma tumor specimens compared to control tissues. Clinically, patients with high CBX3 expres-
sion exhibited significantly shorter overall survival than those with low expression. In vitro, CBX3 promoted cell pro-
liferation, induced EMT, and suppressed mitochondrial oxidative metabolism. Conversely, sSiRNA-mediated knock-
down of CBX3 (si-CBX3) enhanced mitochondrial oxidative activity. Moreover, CBX3 overexpression inhibited ferrop-
tosis in SS cells, whereas its knockdown (sh-CBX3) promoted both ferroptosis and mitochondrial oxidation - effects
consistently observed in both in vitro assays and the mouse xenograft model. Mechanistically, CBX3 activated the
Sonic Hedgehog (SHH) signaling pathway. Pharmacological inhibition of SHH signaling abrogated CBX3-mediated
suppression of ferroptosis and restoration of mitochondrial oxidation. Furthermore, co-immunoprecipitation assays
demonstrated that CBX3 physically interacts with SHH protein and stabilizes it by reducing its polyubiquitination.
CBX3 drives EMT and tumor progression in SS by activating the SHH/GIil signaling axis. Mechanistically, CBX3
binds directly to and SHH and prevents its ubiquitin-mediated degradation, thereby stabilizing the protein. CBX3-
SHH subsequently suppresses mitochondrial oxidative metabolism, which in turn inhibits ferroptosis and facilitates
EMT - ultimately promoting SS aggressiveness.
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Introduction other childhood spindle cell tumors, resulting in
a high risk of misdiagnosis [3].

Synovial sarcoma (SS) is a malignhant mesen-

chymal neoplasm of uncertain histogenesis,
accounting for 5% to 10% of all soft tissue
tumor sarcomas and predominantly affecting
adolescents and young adults [1]. Histologically,
SS is defined by its biphasic differentiation pat-
tern, featuring both mesenchymal and epitheli-
al components. It is classified into four main
subtypes: biphasic, spindle cell (monophasic),
monophasic epithelial, and poorly differentiat-
ed [2]. Among these, the spindle cell variant
poses a particular diagnostic challenge in pedi-
atric patients due to its substantial histomor-
phological and immunophenotypic overlap with

Epithelial-mesenchymal transition (EMT) is a
dynamic cellular reprogramming process th-
rough which epithelial cells lose their apicobas-
al polarity and cell-cell phenotype, acquiring
instead a mesenchymal phenotype character-
ized by enhanced their migratory and invasive
capabilities [4]. A hallmark of this transition is
the downregulation of epithelial markers (such
as E-cadherin encoded by CDH1) accompanied
by the upregulation of mesenchymal markers
(such as N-cadherin encoded by the CDH2 gene
and vimentin encoded by the VIM gene) [5]. In
lung cancer, EMT plays a pivotal role in tumor
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metastasis, local invasion, and the develop-
ment of resistance to multiple therapeutic
modalities, including chemotherapy and immu-
notherapy, thereby establishing it as a central
driver of tumorigenesis and progression [5].
Consequently, therapeutic strategies aimed at
inhibiting or reversing the EMT program repre-
sent a promising avenue for improving clinical
outcomes in cancer patients [6].

Ferroptosis, first described in 2012, is an iron-
dependent, non-apoptotic form of regulated
cell death driven by the iron-mediated peroxi-
dation of polyunsaturated fatty acid (PUFA)-
containing phospholipids [7]. Owing to its
unique molecular mechanism, the induction of
ferroptosis is considered a promising to over-
come tumor therapy resistance [8]. Cellular
susceptibility to ferroptosis is tightly linked to
the metabolic state of the cell, particularly the
homeostasis and metabolism of lipids, iron,
and amino acids - especially cysteine and gluta-
thione [9]. Notably, while tumor cells undergo-
ing epithelial-mesenchymal transition (EMT)
frequently acquire broad resistance to che-
motherapy, targeted therapy, and immunother-
apy, they may simultaneously become more
vulnerable to ferroptosis. This paradoxical sen-
sitivity underscores the therapeutic potential of
ferroptosis induction in targeting aggressive
cancers [10, 11]. Conversely, accumulating evi-
dence suggests that ferroptosis itself may
modulate EMT in various pathological contexts,
including cancer and fibrotic diseases [12-14].

Sonic Hedgehog (SHH), a key secreted ligand
of the Hedgehog family, plays crucial roles in
regulating cell proliferation, invasion, and
migration [15]. Canonical SHH signaling has
been implicated in the pathogenesis of various
malignancies, including lymphoma, gastric can-
cer, breast cancer, and Synovial sarcoma (SS)
[16]. In SS, aberrant activation of the SHH sig-
naling contributes to tumorigenesis and dis-
ease progression. Notably, in colorectal cancer
(CRC), SHH pathway inhibition has been shown
to suppress tumor growth, metastasis, and
invasion while promoting apoptosis [17].

CBX3 recruits cohesin loader proteins to the
sites of DNA double-strand breaks. Hetero-
chromatin protein 1y (HP1y) is encoded by the
CBX3 gene [18]. Epigenetic silencing repre-
sents the primary mechanism through which
CBX3/HP1y modulates gene expression. Accu-
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mulating evidence indicates that elevated
MRNA and protein expression levels of CBX3/
HP1ly are closely correlated with poor pro-
gnosis in patients with hepatocellular carcino-
ma (HCC) [19]. In tongue squamous cell carci-
noma, CBX3 regulates the G1/S phase transi-
tion of the cell cycle by downregulating p21,
thereby facilitating tumor cell proliferation [20].
Additionally, CBX3 exerts pivotal immunomo-
dulatory functions. Specifically, genetic muta-
tions in CBX3 can lead to interindividual varia-
tions in immune responses. In solid tumors, the
deficiency of CBX3/HP1ly enhances the antitu-
mor activity of CD8+ effector T cells [21]. To
achieve optimal invasive potential, the function
of tumor-derived chemokines undergoes corre-
sponding alterations, which is attributed to the
persistent presence of CBX3/HPly-deficient
CD8+ effector T cells [22]. Bai et al. showed
that CBX3 suppressed ferroptosis in colorectal
carcinoma [22]. However, CBX3 regulated fer-
roptosis of SS cells was unclear. Here, this
experiment investigated the effects of CBX3 in
Synovial sarcoma and its molecular mecha-
nisms of epithelial mesenchymal transition in
Synovial sarcoma.

Materials and methods
Cell culture and animal model

HaCaT (No: GNHu64) purchased from Cell Bank
of Typical Culture Preservation Committee of
Chinese Academy of Sciences. YaFuSS (No:
CVCL_L809) and Fuji cells (No: CVCL_JF82)
purchased from Cellosaurus database. SYO-1
and HS-SY-ll established in our laboratory.
SYO-1 cells were transfected with negative or
CBX3 plasmid (sc-419499-LAC, Santa Cruz
Biotechnology, Inc.) using Lipofectamine 3000
(Invitrogen, CA). Fuji cells were transfected
with si-nc or si-CBX3 (sc-35590, Santa Cruz
Biotechnology, Inc.) using Lipofectamine 3000
(Invitrogen, CA).

The animal studies were authorized by the
Animal Ethic Review Committees of our hospi-
tal. All animal experiments were strictly imple-
mented in compliance with the NIH Guide for
the Care and Use of Laboratory Animals. All
BALB/c-nu thymus free nudemice (4-5 weeks,
male, SPF) purchased from Animal Experiment
Center of Xinjiang Medical University. ALL mice
were randomly assigned as two groups: nega-
tive or sh-CBX3 group, the number of every

Am J Cancer Res 2026;16(3):966-984



Sh-CBX3 promoted ferroptosis and oxidative stress in mouse model of synovial sarcoma

group = six. The maximum tumor size complied
with ethical regulations. We confirm that the
maximum tumor size complies with ethical reg-
ulations and requirements.

Fuji cells were transfected with negative or
sh-CBX3 lentivirus (sc-35590-V, Santa Cruz
Biotechnology, Inc.) using Lipofectamine 3000
(Invitrogen, CA). All mice were inoculated with
Fuji cells (1x107 cells) as described in a previ-
ous study [23]. Mice was anesthetized by intra-
peritoneal injection of 50 mg/kg pentobarbital
sodium, and then sacrificed by cervical disloca-
tion. During treatment, the tumor length (a) and
short diameter (b) of the tumor-bearing mice
were measured every other day using a vernier
caliper, and the tumor volume (V) was calculat-
ed using the formula V = ab?/2. After the experi-
ment, the tumor tissues were removed, photo-
graphed, and weighed.

ELISA and cell viability assay

4-HNE (H268-1-2), CAT (AOO7-1-1), MDA (AOO3-
1-2), SOD (A001-3-2), GSH (A006-2-1), GSH-PX
(A0O05-1-2) were performed as described in a
previous study [24]. Cell viability was deter-
mined using CCK-8 assay (CO037, Beyotime) as
described in a previous study [25]. Absorbance
was measured on the Microplate Reader (Bio
Tek, Winooski). EAU kit (CO075S, Beyotime) or
LDH activity (C0016, Beyotime), Caspase3
(G01513), Caspase7? (HO80) and caspase9
(GO1811) were quantified Commercial rea-
gent kit (Nanjing lJiancheng Bioengineering
Research Institute) and Absorbance was mea-
sured at 450 nm using a fluorescent reader
(Synergy H1 Microplate Reader, Bio Tek,
Winooski). FeERhNOX-1 (Fe?* indicator) kits were
quantified Commercial reagent kit (SCTO30,
Goryo Chemical) at 450 nm. Upon specific
and irreversible binding to Fe?', the probe
emits orange/red fluorescence at approximate-
ly 575 nm under excitation with a 540 nm light
source, and the fluorescence intensity exhi-
bits a positive linear correlation with the Fe?*
concentration.

Mitochondrial ROS, membrane potential, or
cobalt ion accumulation

(Mitochondrial Superoxide Assay Kit with
MitoSO™ Red (S0061S, Beyotime), Enhanced
mitochondrial membrane potential assay kit
with JC-1 (C2003S, Beyotime) and Calcein AM
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Cell Activity Detection Kit (C2013S, Beyotime)
at 450 nm using a fluorescent reader (Synergy
H1 Microplate Reader, Bio Tek, Winooski).

Western blotting analysis and immunofluores-
cence

Western Blotting Analysis and Immunofluore-
scence were executed as literature [25]. CBX3
(1:2000, Abcam), SHH (1:1000, Abcam), Drpl
(1:1000, Abcam), GPX4 (ab125066, 1:1000,
Abcam), B-actin (1:20000, AC028, Company
ABclonal, Inc.) and Anti-Rabbit IgG (1:5000,
GB23303, Servicebio) were used in this study.
Protein was measured using an BeyoECL Plus
kit (PO018S) and analyzed using an Image Lab
3.0 (BioRad Laboratories, Inc.). CBX3 (1:1000,
Abcam), and SHH (1:1000, Abcam) was used
for immunofluorescence analyses.

Immunohistochemical, and immunofluores-
cence analyses and electron microscopy

For immunohistochemical and immunofluores-
cence analyses, mouse tissue samples were
fixed in 4% paraformaldehyde and stained as
described in previous studies [26]. Samples
were observed under a fluorescence micro-
scope (Zeiss Axio Observer A1, Germany) and
a transmission electron microscope (80 kV)
(Hitachi H7650, Tokyo, Japan) as described in a
previous study [25].

Statistical analysis

P < 0.05 was considered significant and evalu-
ated using Student’s t-test or one-way analysis
of variance (ANOVA) followed by Tukey’s post-
test by GraphPad Prism. Data were expressed
as mean * standard deviation (SD).

Results

CBX3 expression in Synovial sarcoma and its
clinical relevance

First, this study sought to identify key molecular
drivers involved in the pathogenesis and pro-
gression of SS. CBX3 expression was signifi-
cantly upregulated in SS tumor tissues com-
pared with normal control tissues (Figure
1A-C). Clinically, patients with high CBX3
expression exhibited significantly shorter over-
all survival than those with CBX3 low expres-
sion (Figure 1D). Consistent with these find-
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ings, both mRNA and protein levels of CBX3
were markedly elevated in human SS tumor
specimens and SS-derived cell lines (Figure 1E,
1F).

To further characterize the cellular context of
CBX3 expression, we performed single-cell
RNA sequencing (scRNA-seq) to dissect the
tumor microenvironment of SS. Analysis of
scRNA-seq data revealed that CBX3 was pre-
dominantly enriched in the epithelial-mesen-
chymal compartment of SS tumors (Figure
2A, 2B). In contrast, CBX3 was found to be
expressed in epithelial mesenchymal of Sy-
novial sarcoma patients (Figure 2C). In these
datasets, CBX3 expression was minimal or
absent in immune cell populations, including B
cells, T cells and macrophage (Figure 2D, 2E),
indicating a cell type-specific expression pat-
tern restricted to the neoplastic mesenchy-
mal/epithelial lineage rather than stromal or
immune components.

Sh-CBX3 reduced EMT and tumor growth in
mouse model of Synovial sarcoma

To functionally evaluate the role of CBX3 in SS
progression, we established a mouse xenograft
model using SS cells stably expressing shRNA
targeting CBX3 (sh-CBX3). Compared with the
control group, ice bearing sh-CBX3 - expressing
tumors exhibited a significant reduction in
both tumor volume and weight (Figure 3).
Furthermore, knockdown of CBX3 elevated the
activities of caspase-3/7/9 in tumor tissues,
downregulated mRNA expression of Cox2,
TNF-a and Myc, and upregulated TP53 mRNA
expression (Figure 3). Collectively, these find-
ings suggest that CBX3 depletion attenuates
EMT-like features and enhances pro-apoptotic
signaling in SS tumors.

CBX3 promoted Synovial sarcoma cell prolif-
eration and migration in vitro

To investigate the functional role of CBX3 in SS
cells, we modulated its expression in vitro.
CBX3 up-regulation significantly elevated CBX3
MRNA expression and enhanced cell prolifera-
tion (Figure 4A, 4B). Conversely, siRNA-mediat-
ed knockdown of CBX3 (si-CBX3) markedly
reduced CBX3 mRNA expression and sup-
pressed cell growth in SS cells (Figure 4C, 4D).
Consistent with these observations, CBX3 over-
expression promoted cell migration, whereas
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si-CBX3 treatment significantly decreased both
EdU incorporation - indicative of reduced DNA
synthesis - and migratory capacity (Figure
4E-H).

CBX3 reduced mitochondrial oxidative activity
and lipid peroxidation

We next investigated whether CBX3 regulates
mitochondrial function and oxidative stress.
CBX3 up-regulation elevated mitochondria
CoCI2 levels and JC-1 assay levels, while reduc-
ing mitochondrial ROS production and mar-
kers of mitochondrial damage (Figure 5A-D).
Moreover, CBX3 overexpression significantly
decreased the levels of lipid peroxidation end-
products-4-hydroxynonenal (4-HNE) and MDA -
and enhanced the activities of key antioxidant
enzymes, including CAT, SOD, and GPx (Figure
5E-I).

Si-CBX3 enhances mitochondrial oxidation and
promotes oxidative stress

In contrast, CBX3 down-regulation decreased
mitochondria CoCI2 levels and JC-1 assay lev-
els, promoted ROS production and mitochon-
drial damage (mitochondrial damage) in an in
vitro model of Synovial sarcoma (Figure 6A-D).
Furthermore, CBX3 down-regulation significant-
lyincreased 4-HNE, and MDA level, and reduced
CAT, SOD and GSH-PX levels in an in vitro model
of SS (Figure 6E-I).

CBX3 reduced ferroptosis in Synovial sarcoma
cells

To investigate the role of CBX3 in regulating
mitochondrial oxidation-induced ferroptosis in
SS, we modulated CBX3 expression in SS
cell lines in vitro. In an in vitro model of SS,
CBX3 up-regulation significantly reduced intra-
cellular Iron concentration, decreased levels of
FeRhNOX-1 levels and Ferrous iron level, inhib-
ited LDH activity levels, and enhanced GSH
activity and GPX4 protein expression (Figure
TA-E, 7K). Conversely, siRNA-mediated knock-
down of CBX3 (si-CBX3) increased intracellular
iron accumulation, elevated FeRhNOX-1 and
ferrous iron levels, enhanced LDH release, and
reduced both GSH activity and GPX4 expres-
sion (Figure 7F-J, 7L). Collectively, these find-
ings demonstrate that CBX3 suppresses ferrop-
tosis in synovial sarcoma cells.

Am J Cancer Res 2026;16(3):966-984
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Sh-CBX3 promoted ferroptosis and oxidative
stress in mouse model of Synovial sarcoma

We next extended our findings to an in vivo
setting. In mice bearing SS xenografts, CBX3
down-regulation (sh-CBX3) significantly promot-
ed FeRhNOX-1 levels and Ferrous iron level,
increased LDH activity levels, 4-HNE and MDA
level, reduced CAT, SOD, GSH-PX and GSH lev-
els, and suppressed GPX4 protein expressions
in an in vitro model of SS (Figure 8). These
results demonstrate that CBX3 silencing CBX3
in vivo enhances ferroptosis and fosters a pro-
oxidative tumor microenvironment.

CBX3 drives EMT in synovial sarcoma

Given the established association between fer-
roptosis resistance and tumor progression, we
sought to determine whether CBX3 regulates
EMT in SS. In mouse model of Synovial sarco-
ma, sh-CBX3 promoted E-cadherin and ZO-1
MRNA expressions, and decreased Fibronectin,
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N-cadherin, Vimentin and a-SMA mRNA expres-
sions levels in tissue samples (Figure 9A).
Conversely, CBX3 up-regulation suppressed
E-cadherin and Z0O-1 mRNA expressions, and
induced Fibronectin, N-cadherin, Vimentin and
o-SMA mRNA expressions levels in an in
vitro model of Synovial sarcoma (Figure 9B).
Meanwhile, si-CBX3 reduced this trend in an in
vitro model of Synovial sarcoma (Figure 9C).
Together, these results demonstrate that CBX3
promotes EMT in SS.

CBX3 induced SHH/Drp1 signaling pathway in
Synovial sarcoma

To investigate the molecular mechanism by
which CBX3 promotes EMT, we performed gene
chip screening (Figure 10A) and identified
Sonic Hedgehog (SHH) signaling as a top
candidate pathway. Sh-CBX3 reduced CBX3/
SHH/Drp1 protein expressions in mouse model
of Synovial sarcoma (Figure 10B). Immuno-
histochemistry and in vivo imaging showed that

Am J Cancer Res 2026;16(3):966-984
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sh-CBX3 reduced SHH expressions in mouse
model of Synovial sarcoma (Figure 10C, 10D).
In vitro, overexpression of CBX3 (CBX3-OE)
increased the protein levels of CBX3, SHH, and
Drpl, whereas siRNA-mediated knockdown (si-
CBX3) suppressed their expression (Figure
10E, 10F). Collectively, these findings demon-
strate that CBX3 positively regulates the SHH/
Drpl signaling axis in SS.

The inhibition of SHH signaling pathway at-
tenuates CBX3-mediated suppression of fer-
roptosis and mitochondrial oxidation

We next investigated whether SHH signaling
mediates the effects of CBX3 on ferroptosis
and mitochondrial function. In an in vitro
model of SS, SHH inhibitor (DS-1-38, 1 uM) sig-
nificantly attenuated CBX3-induced upregula-
tion of SHH, Drp1, and GPX4 protein levels and
reversed CBX3-mediated suppression of fer-
roptosis (Figure 11). Concurrently, DS-1-38
diminished the ability of CBX3 to inhibit mito-
chondrial oxidative stress (Figure 12). These
findings suggest that SHH signaling is essential
for CBX3 to suppress ferroptosis and maintain
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a reduced mitochondrial oxidative state in SS
cells.

CBX3 binds to SHH and inhibits its ubiquitina-
tion

To further elucidate the mechanism by which
CBX3 activates Sonic Hedgehog (SHH) signal-
ing, we investigated the physical interaction
between CBX3 and SHH in synovial sarcoma
(SS) cells. Overexpression of CBX3 (CBX3-0E)
increased the protein levels of both CBX3 and
SHH (Figure 13A).

IP analysis demonstrated that CBX3 WT protein
interacts with the CBX3 WT protein, while the
CBX3 WT protein does not interact with the
SHH Mut protein, and the SHH Mut protein
does not link with the CBX3 WT protein
(Figure 13B). Supporting this, 3D structural
modeling predicted a direct physical interface
between the CBX3 and SHH proteins (Figure
13C). Importantly, CBX3-OE decreased the
ubiquitination level of SHH protein, whereas
CBX3 knockdown enhanced SHH ubiquitination
(Figure 13D). Then, CBX3 down-regulation pro-
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moted ubiquitination of SHH protein of microg- Discussion
lial in model of Synovial sarcoma (Figure 13E).
Collectively, these data demonstrate that CBX3
directly binds to SHH and potentiating its sig-

naling activity in SS.

SSis a malignant mesenchymal tumor of uncer-
tain tissue origin, accounting for 5%-10% of all
soft tissue sarcomas [27]. It typically presents
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Figure 10. CBX3 induced SHH signaling pathway in vitro model of Synovial sarcoma. Heat map (A), CBX3/SHH/Drp1
protein expression (B), SHH expression (Immunohistochemistry, C), SHH expression (in vivo imaging, D) in mouse
model; CBX3/SHH/Drpl protein expression in vitro model by CBX3 up-regulation (E) or MFAP4 down-regulation (F).

P <0.01, P < 0.001.

as a painless, slow-growing mass, most fre-
quently located near large joints of the extremi-
ties [28]. Histologically, SS is classified into
three main subtypes: monophasic, biphasic,
and poorly differentiated subtypes [29]. No-
tably, the biphasic differentiation of SS may be
related to EMT [30]. Despite advances in multi-
modal therapy, the prognosis prognosis of SS
remains poor, with a 5-year survival rate of
approximately 60% [31]. Although SS can occur
across all age groups, it predominantly affects
adolescents and young adults aged 15-40
years, with a peak incidence between 30 and
40 years; cases under the age of 10 are rare
[32]. In this study, CBX3 expression level in
patients with Synovial sarcoma was up-regulat-
ed. CBX3 expression level in epithelial mesen-
chymal of patients with Synovial sarcoma.
Muhammad Aamir Wahab showed that CBX3
could be useful for developing novel targeted
therapies for lung cancer [19]. Underscoring
its broader oncogenic relevance beyond SS.
Therefore, we aimed to investigate the specific
role and mechanism of CBX3 in SS progres-
sion. This study did not collect clinical samples
as an important part of the trial. This is also the
deficiency of this study. We will continue to col-
lect clinical samples as supporting materials
for the trial in the follow-up study.

EMT is a fundamental biological process close-
ly linked to tumor recurrence and metastasis,
and poor clinical outcomes across multiple
cancer types [33]. During EMT, epithelial cells
lose their polarity apical-basal polarity and cell-
cell adhesion properties, acquiring migratory
and invasive characteristics typical of mesen-
chymal cells [34]. This phenotypic switch is
driven by coordinated molecular changes,
including downregulation of epithelial markers
(e.g., E-cadherin), upregulation of mesenchy-
mal markers (e.g., N-cadherin, vimentin), and
remodeling of adhesion complexes-collectively
enhancing the capacity of tumor cells to dis-
seminate and invade distant tissues [35]. This
process is closely linked to the metastasis and
invasion of synovial sarcoma [36]. We found
that CBX3 promoted cell growth and EMT in
model of Synovial sarcoma. Chen et al. showed
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that CBX3 played a crucial role in enhancing
EMT of cell renal carcinoma [37], further under-
scoring its oncogenic function in facilitating
EMT across diverse malignancies. Together,
these findings establish CBX3 as a potent
inducer of EMT in SS.

Ferroptosis is an iron-dependent, non-apoptot-
ic form of regulated cell death driven by the
accumulation of lipid peroxidation [38, 39]. It
can be induced by various physiological condi-
tions and pathological stresses in humans and
animals [40]. Early studies established that fer-
roptosis is mechanistically distinct from apop-
tosis, necrosis, and autophagy [41]. A hallmark
of many cancers is the dysregulation of iron
metabolism: tumor cells often upregulate iron
uptake and retention to fuel rapid proliferation,
which concurrently renders them susceptible to
ferroptosis [42]. As a result, inducing ferropto-
sis has emerged as a promising strategy to
eliminate therapy-resistant cancer cells, with
multiple oncogenic pathways and tumor sup-
pressors implicated in its regulation [10, 43].
Nevertheless, despite its therapeutic potential,
ferroptosis research remains in its early stages
in several key areas [44]. In this study, CBX3
reduced mitochondrial oxidation and ferropto-
sis in model of Synovial sarcoma. Bai et al.
reported that CBX3 suppressing ferroptosis in
colorectal carcinoma [22]. Collectively, these
results indicate that CBX3 protects synovial
sarcoma cells from mitochondrial oxidation -
induced ferroptosis. This study found that
CBX3 affects the EMT progression of Synovial
Sarcoma disease by regulating ferroptosis.
However, more experiments are needed in the
future to confirm this and study its possible
mechanisms.

Activation of Shh signaling induces the ex-
pression of its downstream effector, glioma-
associated oncogene homolog 1 (Glil) [45].
Purmorphamine (PM), a selective small-mole-
cule agonist of the Shh pathway, has been
shown to suppress forkhead box Q1 (FOXQ1)-
mediated apoptosis. The Shh/Glil axis plays a
pivotal role in numerous developmental and
homeostatic processes, including the regula-
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tion of cell growth, proliferation, differentiation, [46]. As the primary transcriptional effector of
survival, and tissue repair [15]. Shh partici- Shh signaling, Glil directly upregulates the
pates in the regulation of embryonic develop- expression of oncogenes involved in cell cycle
ment, cell proliferation, differentiation, and sur- progression, angiogenesis, and epithelial-mes-
vival. The binding of Shh ligand to its cognate enchymal transition [47]. Activation of the Shh
receptor triggers aberrant activation of the Shh pathway can induce the activation of Gli family
pathway, which contributes to the metastasis transcription factors (primarily Glil), cell cycle-
and migration of multiple malignant tumors related regulators, and angiogenesis-associat-
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ed factors, thereby facilitating cell proliferation
and growth. Notably, accumulating evidence
indicates that the Shh/Gli1 pathway is hyperac-
tivated during hepatocellular carcinoma pro-
gression [48], and pharmacological or genetic
inhibition of Shh or Glil suppresses liver cancer
cell proliferation, migration, and invasion while
promoting apoptosis [16, 49]. Our experiment
showed that CBX3 induced SHH/Grp1 signaling
pathway to reduce SHH ubiquitination in vitro
model of Synovial sarcoma. Furthermore, inhi-
bition of the SHH signaling pathway abrogated
the regulatory effects of CBX3 on ferroptosis
and mitochondrial oxidation in this in vitro syno-
vial sarcoma model. This study found that CBX3
induced SHH/GRP1 signaling pathway, but it is
not clear whether CBX3 has other targets. This
is also what we need to study in the next
experiment.

In summary, our findings demonstrate that
CBX3 drives SS progression by stabilizing the
SHH protein through inhibition of its ubiquitin-
mediated degradation. This stabilization acti-
vates the SHH/GIi1 signaling pathway, which
subsequently suppresses mitochondrial oxida-
tive metabolism and inhibits ferroptosis. The
resulting attenuation of ferroptosis promotes
EMT and fuels tumor growth. Collectively, these
results position the CBX3-SHH axis as a prom-
ising therapeutic target in synovial sarcoma.
Targeting CBX3 may therefore represent a
novel and effective strategy not only for SS but
potentially for other malignancies dependent
on this oncogenic pathway.
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