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Abstract

Background Ovarian cancer (OC) is recognized as one of the deadliest forms of gynecological cancer, approximately
two-thirds of patients have already developed metastasis when they are diagnosed. The function of transmembrane
protein 176B (TMEM176B) in the progression of OC remains elusive. This study aimed to investigate the role and
molecular mechanism of TMEM176B on OC proliferation and metastasis.

Method Expression of TMEM176B in OC and normal tissues were determined from the TCGA, GTEx, and CPTAC
databases, and verified by patient-derived tissue samples. We analysed the prognostic relevance of TMEM176B in OC
via Kaplan—-Meier (K=M) survival curves and receiver operating characteristic (ROC) curves. Subsequent in vitro assays,
including the CCK8 assay, colony formation assay, wound healing assay, and transwell assay, were performed to detect
the influence of TMEM176B on cell proliferation and metastasis. Furthermore, a tumorigenesis study in nude mice

was conducted to confirm the suppressive impact of TMEM176B on OC. RNA sequencing (RNA-seq) was utilized to
uncover the mechanisms of TMEM176B on OC progression. Spearman correlation analysis was used to calculate the
correlations between TMEM176B and cell adhesion, DNA replication, and the Wnt/@3-catenin pathway. Finally, the role
of TMEM176B in regulating the epithelial-mesenchymal transition (EMT) depending on the Wnt/[B-catenin pathway
was evaluated using LiCl agonist.

Result The mRNA expression of TMEM176B was significantly downregulated in OC tissues, with lower TMEM1768B
correlating with a worse prognosis. Moreover, higher tumor stage and tumor grade were associated with a lower
TMEM176B protein level. Consistent with these findings, OC tissues exhibited significantly reduced of TMEM 1768
compared to normal ovarian tissue from patients. In vitro studies indicated that TMEM176B knockdown increased
both the proliferation, metastasis and EMT levels of OC cells, while TMEM176B overexpression had the opposite
effects. In vivo investigations reinforced that TMEM 1768 significantly inhibited the progression of OC. RNA-seq analysis
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demonstrated that TMEM176B enhanced cell adhesion, diminished DNA replication, and suppressed EMT through the
regulation of the Wnt/B-catenin signaling pathway, effectively obstructing the proliferation and metastasis of OC cells

and impeding the disease’s progression.

Conclusions TMEM176B inhibited EMT in OC cells by controlling the activation of the Wnt/p-catenin pathway. This
mechanism underscored the diagnostic and prognostic potential of TMEM176B for OC and highlights its tumor-

suppressive properties as a promising therapeutic candidate.

Keywords Ovarian cancer, TMEM176B, Epithelial-to-mesenchymal transition, Wnt/(3-catenin signaling pathway

Introduction

Ovarian cancer (OC) represents a malignant neoplasm
impacting the female reproductive system, character-
ized by a notably high incidence rate, making it one of
the most lethal cancers globally [1]. Despite substan-
tial advancements in cancer research, a majority of OC
patients receive a diagnosis at an advanced stage, often
associated with a bleak prognosis and limited treatment
alternatives primarily due to a lack of effective screening
methods [2]. Consequently, there has been no significant
enhancement in overall survival for these individuals over
recent decades. Although recent research has uncovered
considerable information regarding the onset and ori-
gin of OC tumors [3], a key challenge in achieving effec-
tive treatments is the insufficient grasp of the biological
mechanisms governing tumor dissemination and metas-
tasis [4]. Thus, a thorough understanding of the processes
behind OC development and metastasis is essential.

The transmembrane protein (TMEM) family, which
comprises integral components of cellular membranes,
plays vital roles in biological development, differentia-
tion, immune responses, and the progression of cancer
[5]. TMEM176B, known as tolerance-related and induced
transcript (TORID), is a tetraspanin membrane protein
recognized for its widespread expression, comprising
four transmembrane domains along with an immuno-
receptor tyrosine-based inhibitory motif (ITIM) located
at its C-terminus [6]. Phylogenetic studies indicate that
TMEM176B originated in cartilaginous fish, where it
was initially expressed in non-immune cells before being
adopted by immune cells across mammals [7]. Presently,
TMEM176B is acknowledged as an immunomodula-
tory cation channel, emphasizing its role in regulating
immune cell functions [8, 9]. This protein inhibits matu-
ration and enhances MHC class II antigen presentation to
naive CD4* T cells within dendritic cells [10, 11]. More-
over, TMEM176B plays a role in the immune response
against SARS-CoV-2 as well as in antitumor immunity
by modulating inflammasome activation [12, 13]. Nota-
bly, a growing body of research supports the notion that
TMEM176B might be instrumental in tumor initiation
and progression. For instance, inhibitors of TMEM176B
can enhance the antitumor efficacy of CD146" tumor-
associated macrophages [14]. TMEM176B is known to

significantly promote the progression of gastric cancer
[15], whereas it has a favorable prognosis for melanoma
patients [16]. Consequently, TMEM176B is regarded as a
valuable diagnostic and prognostic biomarker for various
malignant tumors.

Metastasis of tumors is the leading cause of death
among OC patients [17]. Throughout the metastatic pro-
cess, cells undergo epithelial-mesenchymal transition
(EMT). This transition from an epithelial phenotype to
a mesenchymal phenotype enables cells to detach from
their originating tissue and disseminate throughout the
organism, thereby enhancing the migratory and invasive
capacity of tumor cells [18, 19]. During EMT, numer-
ous molecular, morphological, and functional alterations
transpire, including changes in cell-matrix adhesion, cel-
lular polarity, intercellular signaling, and cytoskeletal
rearrangements [20]. In summary, EMT functions as an
escape strategy within cancer cells, and its reactivation is
critical to cancer progression [21]. A recent investigation
demonstrated that overexpression of TMEM176B pro-
motes EMT through the FGFR/JNK signaling pathway in
lung adenocarcinoma [22]. However, the roles and mech-
anisms of TMEM176B concerning the development, pro-
gression, and EMT of OC have yet to be elucidated.

In our research, we established the expression pat-
tern of TMEM176B in OC and demonstrated its sig-
nificant correlation with clinical factors. Our objective
was to gain a deeper insight into the role and molecular
mechanism involving TMEM176B in the proliferation
and metastasis of OC cells. We expect identifying novel
therapeutic targets and improved treatment strategies for
OcC.

Materials and methods

Reagents

Cell Counting Kit-8 (CCK-8) was purchased from Med-
Chem Express (Shanghai, China). c-Myc (18583 S), Lamin
B1 (13435 S), B-Actin (3700 S) and FLAG (14793 S) anti-
bodies were acquired from Cell Signaling Technology
(MA, USA). E-cadherin (20874-1-AP), MMP9 (10375-
2-AP), B-catenin (51067-2-AP), SNAI2 (12129-1-AP),
Cyclin D1 (60186-1-Ig), TCE7 (14464-1-AP), and LEF1
(14972-1-AP) antibodies were obtained from Proteintech
(IL, USA). TMEM176B (A24509) antibody was obtained
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from ABclonal (Wuhan, China). qPCR-related reagents
were purchased from Vazyme (Nanjing, China). Matrigel
matrix glue was purchased from BD Biosciences (New
Jersey, USA). Western blotting-related reagents were
purchased from Beyotime (Nanjing, China). The agonist
of Wnt/B-catenin (LiCl, HY-Y0649) was purchased from
MedChem Express (Shanghai, China). Stock solutions
of the drug was made with dimethyl sulfoxide (DMSO;
Sigma-Aldrich, USA) and diluted in Dulbecco’s modified
Eagle medium (DMEM; Gibco, USA) to final concentra-
tions for the cell experiments. The final concentration of
DMSO was <0.1%.

Tissue samples

Three pairs of tissue from OC patients were analysed,
which contained normal and cancerous ovarian tissues
with definite pathological diagnoses. The criteria for tis-
sue included an original histological diagnosis of OC,
and the efficiency of clinical pathological data. The study
was conducted in accordance with the Declaration of
Helsinki and was approved by The Ethical Committee
of Liaocheng People’s Hospital. Each patient provided
informed consent.

Immunohistochemistry (IHC) assay

The expression of TMEMI176B protein was verified
by IHC. The study included patients diagnosed with
OC who were admitted to Liaocheng People’s hospital
between January to December 2024. Paraffin-embedded
ovarian tissue were collected from these patients. A total
of 5 normal ovarian tissues, 5 primary OC tissues, and 5
metastatic OC tissues were gathered and analysed using
anti-TMEM176B antibody. The IHC procedure was per-
formed as described as the manufacturer’s instructions
of the kit (KIT-9706, MXB Biotechnologies, Fuzhou,
China).

Cell culture and generation of stably transfected cell lines

The human OC cell lines A2780, SKOV3, and OVCARS3,
were cultured in DMEM supplemented with 10% fetal
bovine serum (FBS; Gibco, USA) at 37°C in a 5% CO,
atmosphere. A2780 cells were infected with the nega-
tive control (LVNC) or TMEMI176B overexpression
(LVTMEM176B) lentivirus. The human TMEMI176B
(NM_001362691) sequence was synthesized with the fol-
lowing primers: forward: 5-AGGTCGACTCTAGAGA
TCCCGCCACCATGACAGCACAGAACTTGG-3 and
reverse: 5-TCCTTGTAGTCATGGATCCCAGGACAA
CAATGGCAGTGGAGGTTG-3’ and packaged on the
lentivirus vector plasmid GV703 (CMV enhancer-MCS-
3FLAG-EFla-ZsGreenl-T2A-puromycin) by GeneChem
(Shanghai, China). The control shRNA (shNC) and
TMEM176B shRNA (shTMEM176B) lentivirus pur-
chased from Santa Cruz Biotechnology (sc-89659-V,
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California, USA). OVCAR3 cells were infected with the
shNC or shTMEM176B lentivirus. After 48 h of trans-
fection, cells were selected with 2 pug/mL puromycin for
48 h. Total RNA and protein from the transfected cells
were extracted, and analysed via RT-qPCR or western
blotting to confirm the expression of TMEM176B in sta-
ble cells.

RNA extraction and real-time quantitative PCR

Total RNA was extracted from the cells using TRIzol
reagent based on the manufacturer’s guidelines, then
resuspended in RNase-free water and quantified with a
NanoDrop spectrophotometer (Thermo Fisher Scientific,
USA). cDNA was transcribed using the HiScript® III RT
SuperMix for qPCR Kit, and quantitative real-time poly-
merase chain reaction (QRT-PCR) was conducted uti-
lizing the ChamQ SYBR qPCR Master Kit. The relative
expression levels of mRNA were assessed with an ABI
QuantStudio Q5 analyzer (Applied Biosystems, Thermo
Fisher, USA) and analysed using the 2722t method, with
B-Actin serving as the internal control. The upstream
primer for human B-Actin was 5-CCTCGCCTTTGCC
GATCC-3; and the downstream primer was 5-GGATCT
TCATGAGGTAGTCAGTC-3. The upstream primer for
human TMEM176B was 5-CCCTACCACTGGGTACA
GATGGA-3; and the downstream primer was 5-CTTCA
AGACACAGACAGCCAGGA-3:

Western blotting

The cells from each group were harvested. Proteins
were separated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and transferred
onto polyvinylidene difluoride (PVDF) membranes. The
membranes were blocked with a low background rapid
blocking solution (Kermey Biotech, China) for 20 min
and then incubated with primary antibodies overnight
at 4 °C. The membranes were subsequently incubated
with secondary antibodies for 1 h at room temperature.
Finally, the proteins were detected via a Gel Doc Imaging
System (ChemiDoc MP, Bio-Rad, USA), and the gray val-
ues were evaluated with Image] software (National Insti-
tutes of Health, USA).

Cell proliferation and colony formation

For the cell proliferation assays, OVCAR3 and A2780
cells in the logarithmic growth phase were seeded in
96-well plates (Corning Costar, USA) at a density of 4,000
cells per well. Proliferation was measured via the CCK8
assay as described in the manufacturer’s manual at days
1,2, 3, 4, and 5. For the colony formation assays, the cells
were seeded in 12-well culture plates at a density of 350
cells per well and cultured for 7 to 10 days. Culturing
was stopped when the number of single-cell colonies was
greater than or equal to 50. The colonies were then fixed
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and stained with 100% methanol and a dye solution con-
taining 0.1% crystal violet, respectively. The number of
colonies was counted and analysed.

Wound healing

For wound healing assays, OVCAR3 and A2780 cells
in the logarithmic growth phase were seeded in 6-well
plates and incubated until they reached confluence.
The monolayer of cells was scratched in a straight line
via a sterile pipette tip and washed with PBS to remove
detached cells. The 6-well plates were then placed in an
incubator for continued culture. Images were taken at the
same position at 0 h and 48 h. The scratch area was mea-
sured via Image] software.

Transwell migration and invasion assay

Cell migration and invasion assays were performed in
24-well plates (Corning Costar, USA). For the migration
assay, 200 pl of serum-free growth medium contain-
ing 40,000 cells was added to the upper chamber, while
600 pl of medium containing 20% FBS, which acts as a
chemoattractant, was added to the lower chamber simul-
taneously. For the invasion assay, Matrigel matrix gel was
diluted 1:5 with serum-free medium, and 50 pl of the
diluted gel was added to the upper chamber and placed in
the incubator for 4 h. Then, 200 pl of serum-free growth
medium containing 50,000 cells was added to the upper
chamber, whereas 600 pl of medium containing 20%
FBS, which acts as a chemoattractant, was added to the
lower chamber simultaneously. After 24 h of incubation,
the migrated cells were stained with 100% methanol and
a dye solution containing 0.1% crystal violet, followed
by imaging and counting under an inverted microscope
(Nikon, Tokyo, Japan).

In vivo assays

Female BALB/c nude mice (4—6 weeks old) were pur-
chased from Jinan Pengyue Laboratory Animal Breed-
ing. For the tumorigenesis assay, 1x10” A2780 cells
overexpression TMEM176B and negative control were
resuspended in 200 pl of sterile PBS and injected subcu-
taneously into randomly selected mice (n=5 per group).
To track the process of tumor formation, the volume of
xenografts and the weight of the mice were measured
every 2 days after the appearance of the tumors. When
palpable tumors reached 1.0 cm in diameter, they were
surgically excised and weighed. This study was conducted
in accordance with the principles of the Declaration of
Helsinki. Animal experiments were conducted accord-
ing to the guidelines of the Institutional Animal Care
and Use Committee of the Model Animal Research Cen-
ter, and were approved by the Ethics Committee of Lia-
ocheng People’s Hospital.
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RNA sequencing and data analysis

Total RNA from A2780 cells was extracted via a TRIzol
assay kit. After purification of the total RNA, RNA integ-
rity was evaluated via the Agilent Fragment Analyser
5400 system. RNA library construction, sequencing, and
data processing were carried out as previously described
[23]. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment anal-
yses were performed via the R package “clusterProfiler”
Gene set enrichment analysis (GSEA) was conducted
via the R package “clusterProfiler’, and the results were
presented through the package “enrichplot” The above
experiment was completed with the assistance of Novo-
gene (Beijing, China).

Gene expression profiling analysis

The gene expression profiles and clinical data of TCGA-
OC patients (n=376) were downloaded from the UCSC
Xena (https://xenabrowser.net/datapages/) database. We
also obtained the transcriptome profiles of normal tissues
as controls (n=180) from the Genotype-Tissue Expres-
sion database (GTEx, https://gtexportal.org/). The batch
effects among the two different datasets (TCGA and
GTEx) were corrected through the “Combat” algorithm
via the “SVA” package of R software. Based on the criteria
of |log2FoldChange| > 0 and P value <0.05, the differen-
tially-expressed genes (DEGs) between TCGA-OC and
normal tissues were identified. TCGA-OC samples were
divided into two groups according to the median expres-
sion of TMEM176B, and prognostic differences between
different groups were assessed via Kaplan-Meier (K-M)
survival curves. We analysed the proteomic expression
profiles of TMEM176B in OC and normal tissues based
on clinical factors, including sample types, tumor stages,
tumor grades, ages, and Wnt pathway status, in the Clini-
cal Proteomic Tumor Analysis Consortium (CPTAC)
database  (https://ualcan.path.uab.edu/analysis-prot.ht
ml). Spearman correlation analysis was applied to calcu
late the correlation coefficients. The STRING database
(https://cn.string-db.org/) was used to identify the prote
in-protein interaction network.

Statistical analysis

All the bioinformatic statistical analyses were conducted
with R software (version 4.2.2). For RNA-seq analysis, the
statistical analysis is described in the “RNA sequencing
and data analyses” section. The significance of the data
between two experimental groups was determined via
Student’s t-test, and multiple group comparisons were
analysed via one-way ANOVA. Statistical analyses were
performed via GraphPad Prism 9.0 software. *P<0.05,
**P<0.01, and ***P<0.001 indicate significance.
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Results

TMEM176B was significantly decreased in OC and
associated with poor prognosis

To investigate the potential role of TMEM176B in OC
development, we detected the expression of TMEM176B
in paired OC samples based on TCGA, GTEx, and
CPTAC datasets. TMEM176B mRNA expression was
significantly lower in OC tumor tissues compared to
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matched normal tissues (Fig. 1A). Similarly, analysis of
the CPTAC database revealed a consistent reduction in
TMEM176B protein levels in OC tumor tissues com-
pared to normal tissues (Fig. 1B). The OC patients were
divided into high- and low-expression groups based
on the median expression level of TMEM176B, and the
impact of TMEM176B on the prognosis of OC patients
was evaluated. Moreover, our results indicated that
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patients with lower TMEM176B expression had a worse
overall survival (OS) (Fig. 1C). The area under the curve
(AUC) derived from the ROC curve was 0.903 (Fig. 1D).
Furthermore, according to the CPTAC database, signifi-
cant differences in TMEM176B protein expression were
observed across various tumor stages (Fig. 1E), tumor
grades (Fig. 1F), and patient age groups (Fig. S1). Higher
tumor stage and grade were associated with a lower
TMEM176B protein level. Consistent with these find-
ings, OC tissues exhibited significantly reduced protein
and mRNA levels of TMEM176B compared to contralat-
eral normal ovarian tissue from OC patients (Fig. 1G and
Fig. S2). IHC analysis further revealed that the expression
of TMEM176B in primary OC was markedly lower than
that in normal ovarian tissue, and the expression was
even lower after tumor metastasis (Fig. 1H). These results
suggest that TMEM176B plays an important role in OC
progression and could be used as a diagnostic and prog-
nostic indicator of OC.

TMEM176B knockdown promoted OC cell proliferation and
metastasis in vitro

The frequent silencing of TMEM176B in OC tissues
(Fig. 1) suggested that this gene may be a tumor suppres-
sor. To investigate the biological roles of TMEM176B in
OC, we detected TMEM176B protein levels in various
OC cell lines and found that TMEM176B was highly
expressed in OVCAR3 cells but lowly expressed in
A2780 cells (Fig. 2A). Therefore, we stably knocked down
TMEM176B in OVCAR3 cells by transfecting shRNA
lentivirus (Fig. 2B and Fig. S3). The CCK-8 assays showed
that the cell proliferation ability of the TMEM176B
knockdown group was significantly enhanced (Fig. 2C).
Meanwhile, The colony formation assays revealed that
TMEM176B knockdown not only augmented the colony
size but also increased the colony number and forma-
tion rate (Fig. 2D-F). Furthermore, wound healing and
transwell assays were conducted to elucidate the effect
of TMEM176B silencing on the metastasis of OC cells.
Compared with the control groups, TMEM176B knock-
down significantly promoted the metastasis of OVCAR3
cells in vitro (Fig. 2G-J). Additionally, the knockdown of
TMEM176B significantly increased the expression of the
EMT markers MMP9 and SNAI2 while decreased the
expression of E-cadherin (Fig. 2K-L).

TMEM176B overexpression inhibited OC cell proliferation
and metastasis in vitro

To further confirm the inhibitory effect of TMEM176B
on OC, we also constructed A2780 cell line with stable
overexpression of TMEM176B (Fig. 3A-B, and Fig. S3).
On the contrary, overexpression of TMEM176B inhibited
the ability of cell proliferation (Fig. 3C), colony forma-
tion (Fig. 3D-F), and migration (Fig. 3G-]) of A2780 cells.
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Furthermore, TMEM176B overexpression decreased
the expression of MMP9 and SNAI2 but increased the
expression of E-cadherin (Fig. 3K-L). These results sug-
gest that TMEM176B is a negative regulator that inhibits
the proliferation and metastasis of OC in vitro.

TMEM176B suppressed the growth of OC xenografts in
vivo

We further assessed the role of TMEM176B in OC
tumorigenesis in vivo by establishing a subcutaneous
xenograft model using A2780 cells in female BALB/c
nude mice. As shown in the schematic representation,
A2780 cells with TMEM176B overexpression or negative
control cells were injected subcutaneously into the mice
(n=5) (Fig. 4A). Once the tumors formed, tumor growth
was measured every other day. Our results revealed that,
compared with the negative control, the overexpression
of TMEM176B in A2780 cells led to a significant decrease
in tumor mass and volume (Fig. 4B-C). Moreover, tumors
in the TMEM176B overexpression group began to grow
more slowly from the 24th day onwards (Fig. 4D). Dur-
ing the monitoring of tumor growth, the weights of the
mice in both groups were not adversely affected (Fig. S4).
Together, these findings indicate that TMEM176B pre-
vents the progression of OC in vivo.

TMEM176B regulated cell adhesion and DNA replication
To investigate the potential molecular mecha-
nism of TMEMI176B in OC, we analysed the
RNA-seq gene expression profiles of A2780 cells over-
expressing TMEM176B. Heatmap analysis revealed that
TMEM176B overexpression resulted in a significantly
different transcriptional profile. (Fig. S5). In addition, we
identified 3,832 differentially expression genes (DEGs),
including 1,855 genes with increased abundance and
1,977 genes with reduced abundance between LVT-
MEM176B group and LVNC group (Fig. 5A). The Venn
diagram showed that 12,400 genes overlapped between
the LVTMEM176B group and the LVNC group, with
519 genes specifically expressed in the TMEM176B over-
expression group and 300 genes specifically expressed
in the negative control group (Fig. 5B). Furthermore,
upregulated GO-Cellular components indicated that cel-
lular adhesion and junctions, cell morphology, and glu-
cose metabolism were enriched in LVTMEM176B group
(Fig. 5C). GSEA revealed enrichment in cell adhesion and
DNA replication signaling pathways, with cell adhesion
being upregulated and DNA replication being down-
regulated in the LVTMEM176B group (Fig. 5D-E). DNA
replication was also enriched in the downregulated GO-
Cellular component terms (Fig. S6).

Moreover, we performed a coexpression analysis in
TCGA-OC and found that TMEM176B was strongly
associated with genes related to cell adhesion and DNA
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by Western blotting. (C) The effect of TMEM176B knockdown on the proliferation of OVCAR3 cell line. (D-F) The effect of TMEM176B knockdown on the
colony-forming ability of OVCAR3 cells. (G-H) Wound healing assays were used to evaluate the ability of TMEM176B knockdown on cell migration. The
histogram showed the statistical analysis of the wound healing rate at 48 h. Scale bars, 500 um. (I-J) The effect of TMEM176B knockdown on the migration
and invasion of OVCAR3 cells was assessed by transwell assay. Scale bars, 100 pm. (K-L) The effect of TMEM176B knockdown on the protein levels of EMT
markers. **P<0.01,n=3
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replication, we selected the top 10 genes for mapping molecule VCAMI, immunoglobulin superfamily adhe-
separately (Fig. 5F). RNA-seq data confirmed the above  sion molecules such as CD4, and the integrin ITGAM
results. For example, the intercellular adhesion molecules  were positively correlated with TMEM176B. However,
such as ICAM1 and ARRBI, the vascular cell adhesion replicator genes such as POLD2, RFC3, RFC5, MCM4,
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and MCM?7 were negatively correlated with TMEM176B
(Fig. 5G). Cell adhesion is the main factor affecting tumor
metastasis [24]. When cell adhesion molecules lose con-
trol or mutate, a decrease in cell adhesion ability may
occur, triggering metastasis [25]. Therefore, the positive
regulation of cell adhesion by TMEM176B might be one
of the reasons for its ability to inhibit OC cell metastasis.

TMEM176B regulated the activation of the Wnt/B-catenin
signaling pathway

KEGG analysis revealed that PI3K-Akt pathway and
Wnt pathway were enriched in the TMEM176B over-
expression group (Fig. 6A). Studies have shown that
TMEM176B can regulate the growth of gastric can-
cer and triple-negative breast cancer by regulating the
PI3K-Akt-mTOR pathway [15, 26]. As is well known, the
Wnt pathway plays an important role in the occurrence
and development of OC [27]. Specifically, upregulation
of the Wnt pathway in OC has been shown to acceler-
ate EMT-mediated metastasis [28]. However, the role of
TMEM176B on OC by regulating Wnt signaling path-
way has not been reported. CPTAC database analysis
revealed a negative association between alterations in the
Wnt pathway and TMEM176B in OC (Fig. S7).

To further characterize whether TMEM176B inhib-
ited the progression of OC through regulating the Wnt
signaling pathway, we performed a coexpression analysis
of TMEM176B and Wnt signaling factors in TCGA-OC.
We found that TMEM176B was positively correlated
with Wnt pathway suppressor genes, such as SERPINE1
and NKD2, and negatively correlated with the Wnt path-
way initiation genes LRP and DVL, the transcription
factors TCF and LEF, and the downstream target genes
c¢-Myc and Cyclin D1 (Fig. 6B). Our RNA-seq data also
revealed that TMEM176B regulated the expression of key
genes in the Wnt pathway (Fig. 6C). Next, western blot-
ting analysis confirmed that TMEM176B overexpression
significantly decreased the expression levels of f-catenin,
TCF7, LEF1, c-Myc, and Cyclin D1, and inhibited the
nuclear accumulation of -catenin proteins in A2780 cells
(Fig. 6D-G). Conversely, TMEM176B knockdown pro-
moted the expression of Wnt signaling pathway-related
proteins in OVCARS3 cells (Fig. 6H-I). Finally, via the pro-
tein interaction analysis database STRING, we identified
interactions between p-catenin and proteins involved in
cell adhesion and DNA replication (Fig. S8). These results
suggest that TMEM176B suppresses the activation of the
Wnt/B-catenin signaling pathway in OC.

TMEM176B inhibited the proliferation and metastasis of
OC cells through the Wnt/B-catenin signaling pathway
Next, we utilized the Wnt/p-catenin pathway agonist LiCl
to investigate whether TMEM176B inhibits the prolifera-
tion and metastasis of OC cells by negatively regulating
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the Wnt/B-catenin pathway. A2780 cells transfected with
negative or TMEM176B overexpression lentivirus were
treated with LiCl. Western blotting analysis revealed that
the expression levels of B-catenin, TCF7, LEF1, c-Myc,
and Cyclin D1 were decreased in the TMEM176B over-
expression group, which was reversed by LiCl (Fig. 7A-
C). Similarly, the colony formation assays demonstrated
that LiCl restored the inhibition of cell proliferation
induced by TMEM176B overexpression (Fig. 7D-F).
Wound healing and transwell assays revealed that LiCl
restored the inhibition of cell proliferation induced by
TMEM176B overexpressionblocked the inhibitory effect
of TMEM176B on cell migration and invasion (Fig. 7G-
J). In summary, these findings indicate that TMEM176B
inhibits proliferation and metastasis by suppressing the
activation of the Wnt/f3-catenin signaling pathway in OC.

TMEM176B inhibited EMT through the Wnt/f-catenin
signaling pathway

EMT is a necessary process for tumor migration and
progression [20]. We found that TMEM176B upregu-
lated E-cadherin but downregulated MMP9 and SNAI2
in A2780 cells (Fig. 3K-L). A2780 cells overexpressing
TMEM176B were subsequently treated with LiCl, and
the expression of EMT markers were detected to evaluate
whether TMEM176B inhibited EMT through the Wnt/{3-
catenin signaling pathway. The results showed that the
inhibitory effect of TMEM176B overexpression on EMT
was reversed by LiCl, resulting in decreased expression
of E-cadherin and increased expression of MMP9 and
SNAI2 (Fig. 8A-B). Thus, TMEM176B inhibited EMT
through the Wnt/f-catenin signaling pathway in OC.

In our study, we demonstrated that TMEM176B sup-
pressed EMT by modulating the activation of the Wnt/p-
catenin signaling pathway, thus significantly blocking OC
progression (Fig. 9).

Discussion

Ovarian cancer (OC) is recognized as one of the deadli-
est gynecological tumors. About 75% of patients who are
newly diagnosed with this condition present with either
regional or distant spread of the disease, typically affect-
ing other peritoneal structures such as the omentum,
intestines, and peritoneal wall [29]. Despite advance-
ments in various treatment strategies—including surgery,
chemotherapy, radiation therapy, and immunotherapy—
their effectiveness is often compromised by limited effi-
cacy, side effects, and the emergence of drug resistance
[30]. This situation underscores the pressing need to
identify new therapeutic targets. Presently, there is a
absence of research focusing on the role of TMEM176B
in tumor cells [31]. In colorectal cancer, higher expres-
sion of TMEM176B is associated with lower overall sur-
vival rates [32]. Similarly, in breast cancer, TMEM176B



Yan et al. Journal of Translational Medicine (2025) 23:350 Page 12 of 17

>
w

Enrichment KEGG TCGA-OC (Wnt signaling pathway)
— 0.8
PI3K-Akt s!gnaI!ng pathway ) — P<0.05
MAPK signaling pathway ° F)
Human papillomavirus infection . ®
Viral carcinogenesis . H
Hepatitis C . o 4
Cell cycle . Count ©
Epstein-Barr virus infection . o 15 E
AMPK signaling pathway . : 20 w I_I_I
Hippo signaling pathway . 25 = 00
Hepatitis B . ® s e [ ] ] |
Oocyte meiosis . p.adjust 3
Kaposi sarcoma-associated herpesvirus infection . :?z: c
Human immunodeficiency virus1 infection . s:o:-w % 0.4
Lipid and atherosclerosis . 4.0e-10 =
Human T-cell leukemia virus1 infection . E
Sphingolipid signaling pathway . o
T cell receptor signaling pathway . — g —— kG — e o @
Cellular senescence . Tagadxael o SE8J3288t54cx
g S3reZxsEW
Wnt signaling pathway . ExxXfFEzEAERL L Zuo¥Es53aEY
p pathway | * Ez b2 ] 2;%3::2 2" g
»
&
LRP6 1 §1\
0.5 S
TCF7 G &
0 N .
CCND3 ] o é N, Cytoplasmic  Nuclear
-0.5
mYc 4 TMEM176B o W 23KDa ,% g
TCFL2 I a5 = s
- _cateni S e, e | 92KDa ] o
B-catenin
CTNNB1 L E g £
>
CeND1 L IE'—4ZKDH 3 - 3 -

AXIN1 .
GSK3B
APC v oKDA B-Actin | . s— —42kDa

CcCc oo
$s$s$3353 CyclinD1 | " s <o —36KDa
988?‘%% Lamin B1 — —
£ 2= B-Actin | e s —42kDa [—66kDa
333
oD oD m
- N W

m
®

15, = Control =3 LVNC LVTMEM176B O LYNG B LVTMEMA76B
c 197
o ns *x ns ** ns ** ns ** ns ** c 5
3 1) L} 1 T 1] 1 L} 1] 1 1 1 1) 1 I 1 1] 1 'E Kk *%k
(] 0 c — —
2 1.04 TS 1.0
3 A
) @ §
Q ¢
2 o5 5 os
® )
: I é

0.0 r T T T 0.0

B-catenin TCF7 LEF1 c-Myc CyelinD1 Cytoplasmic  Nuclear
@
'(\Q)
R
A
H L ¢ & |
& & &

TMEM1TGBm—23kDa 5. & Control =3 shNC = shTMEM176B
2.0- =

s
1.5
1.0
0.5+
B-Actin B-catenin TCF7 LEF1 c-Myc CycllnD1

Fig. 6 TMEM176B inhibited the activation of the Wnt/B-catenin signaling pathway. A2780 cells were transfected with negative control or TMEM176B
overexpression lentiviruses. (A) The Wnt signaling pathway was enriched in KEGG pathway analysis. (B) The correlations between TMEM176B and Wnt
signaling factors in TCGA-OC were examined using Pearson’s correlation analysis. (C) Heatmap of key genes in the Wnt signaling pathway between LVNC
and LVTMEM176B. (D-E) Proteins expression of key genes in the Wnt signaling pathway were detected using Western blottingn in TMEM176B overexpres-
sion A2780 cells. (F-G) Protein expression of 3-catenin in the cytoplasmic and nuclear were detected using Western blotting in TMEM176B overexpression
A2780 cells. (H-1) Proteins expression of key genes in the Wnt signaling pathway were detected using Western blotting in TMEM176B knockdown OVCAR3
cells. **P<0.01; ***P<0.001,n=3

o

Relative expression
o




Yan et al. Journal of Translational Medicine (2025) 23:350 Page 13 of 17

A LVTMEM176B - + - +
i =3 LVNC+Vehicle =3 LVNC+LICI
Lict - = % * B 3 LVTMEM176B+Vehicle £ LVTMEM176B+LICI
Vehicle +* b - -
s
TMEM176B -— @ —23KDa g
— 5
B-catenin = e —92KDa o
- - 2
s
TCF7 | 4 e S S | — 42KDa &
B-catenin TCF7
C
LEF1 | i [ —— :
-
C-MyC |wws o= gumms s —G0KDa @
]
CyclinD1 [@ump e==> GNP @S» —36KDa 2
-
(1]
o)
B-Actin |SNED @D GNP @ —12kDa
LEF1 c-Myc CyclinD1
D Vehicle Licl E E
LVNC LVTMEM176B LVNC  LVTMEM176B
> o < N o @
8200 =
5 2
5150 2
5100 @
a (=]
o 50 £
5 s
Z 0 o
G Vehicle Licl H
LVNC LVTMEM176B LVNC LVTMEM176B
& 100
o h g i dedede - ek .
©
¥ * ¢ ——
°
/ : § 60
48h ‘ s
Z 20
: s
g 0
| Vehicle Licl J
LVN -
g 3 -;-3 15
= 55
) -z 10
H 32
23
.5 § 5 0.5
@ S
E 2¢€ 00

Migration Invasion
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*P<0.05;**P<0.01; **P<0.001,n=3
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promotes proliferation and migration by activating the
PI3K/Akt signaling pathway [26]. Furthermore, Sun PH
et al. found that found that TMEM176B is significantly
overexpressed in lung adenocarcinoma and correlates
with decreased overall survival outcomes. TMEM176B
influences multiple cellular processes, such as cell pro-
liferation, invasion, migration, and adhesion in vitro,
as well as promoting tumor growth in vivo [22]. Col-
lectively, these findings indicate that TMEM176B func-
tions as a positive regulator in colon, breast, and lung
adenocarcinomas. Conversely, Yang Y et al. found that
TMEM176B acts as a negative regulator in prostate can-
cer, where its overproduction hampers the proliferation,
invasion, and migration of LNCap cells [33]. These incon-
sistencies underscore the complex heterogeneity among
different tumor types, highlighting the need for further
investigation into the biology of different cancers. Based
on these observations, our research sought to exam-
ine the role of TMEM176B in the progression of OC. In
this analysis, we evaluated data from TCGA, and GTEx
databases, finding a notable decrease in TMEM176B
levels in OC, which is linked to adverse prognostic out-
comes. Moreover, significant differences in TMEM176B
protein expression were observed across various tumor
stages (Fig. 1E), tumor grades (Fig. 1F), and patient age
groups according to the CPTAC database. Thess find-
ings suggest that TMEM176B serves as a vital diagnos-
tic and prognostic marker. The low expression pattern of
TMEM176B in OC was confirmed through the analysis
of patient-derived ovarian tissue samples. Our research
demonstrated through both in vivo and in vitro experi-
ments that TMEM176B markedly hindered the progres-
sion of OC. We further established that TMEM176B has
an essential role in OC, functioning as a negative regula-
tor in the occurrence and progression of OC, and it may
also serve as a potential target for therapy.

When EMT takes place, closely packed epithelial cells
undergo transformation into loosely arranged mesenchy-
mal cells, which leads to a decrease in intercellular adhe-
sion and an improvement in migratory properties [34].
This enhanced metastatic potential in OC cells during
the EMT phase is often associated with reduced intercel-
lular adhesion, as well as the acquisition of migratory and
invasive traits [18]. A significant decrease in E-cadherin
expression is a critical marker of EMT [35]. In addition
to E-cadherin, the activation of the snail family tran-
scriptional repressor 2 (SNAI2) [36] and the heightened
levels of matrix metalloproteinase 9 (MMP9) [37] are
also vital elements involved in EMT throughout tumor
progression. It has been observed that MMP9 exhib-
its high activity in advanced OC [38], and its increased
expression plays a role in tumor cell migration, invasion,
metastasis, and the development of ascites [39]. MMP9
directly cleaves E-cadherin [40], resulting in the loss of
E-cadherin and the disruption of the integrity of intercel-
lular connections, subsequently facilitating cell migration
and invasion [41]. Our findings indicated that the knock-
down of TMEM176B led to an decrease in E-cadherin
levels with a increase in MMP9 and SNAI2 in OVCAR3
cells, while TMEM176B overexpression had the oppo-
site effects, demonstrating that TMEM176B inhibited
EMT in OC cells. The RNA-seq analysis highlighted that
tubulin binding, actin binding, cell-matrix adhesion,
cell-substrate junctions, and cell adhesion molecules
were increased expression in the TMEM176B overex-
pression group. Additionally, the increase in E-cadherin
expression further confirmed the enhancing effect of
TMEM176B on cellular adhesion as observed in our
experiments. These observations underscore the sig-
nificance of TMEM176B in enhancing cell adhesion and
promoting cell metastasis via EMT.
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Fig. 9 Schematic model illustrating the mechanism of TMEM1768B inhibiting OC progression. In ovarian cancer, TMEM176B suppresses EMT by modulat-
ing the activation of the Wnt/B-catenin signaling pathway, thus significantly blocking OC progression

Several signaling pathways, including TGF-f, Notch,
and Wnt/p-catenin [42, 43], contribute to EMT pro-
cesses. The Wnt/B-catenin pathway is highly conserved
through evolution, and its activation is recognized as a
crucial modulator of EMT across various cancers [44],
such as OC [45, 46]. Nonetheless, the precise molecular
mechanisms by which Wnt signaling influences the pro-
gression and development of OC remain inadequately
elucidated [47]. B-catenin serves as a principal regula-
tor within the canonical Wnt signaling pathway; upon

its accumulation in the cytoplasm, it translocates to the
nucleus where it interacts with nuclear transcription fac-
tors TCF/LEF [48], thereby influencing cell adhesion,
growth, and tumorigenesis [49]. Our findings indicated
that the overexpression of TMEM176B inhibited the
activity of the Wnt/p-catenin pathway in OC, leading to
the degradation of B-catenin in the cytoplasm and block-
ing its translocation to the nucleus. Furthermore, the
expression levels of transcription factors TCF7 and LEF1,
along with downstream target genes such as c-Myc and
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Cyclin D1, were found to be reduced. RNA sequencing
also demonstrated that TMEM176B overexpression led
to increased mRNA levels of GSK3p, APC, and Axinl.
The GSK3B/APC/Axin complex plays a vital role in man-
aging the stability of B-catenin and is instrumental in its
degradation [50]. Our experiments revealed that LiCl,
a known activator of the Wnt signaling pathway, could
restored the repressive effects of TMEM176B overex-
pression on the Wnt signaling pathway and mitigate the
negative impacts on cell proliferation and metastasis.
Concurrently, LiCl also reversed the suppression caused
by TMEM176B overexpression on EMT.

Conclusion

In summary, this research established the expression
pattern of TMEM176B in OC and demonstrated its sig-
nificant correlation with clinical factors. By controlling
the activation of the Wnt/B-catenin signaling pathway,
TMEM176B impeded EMT and consequently hindered
the progression of OC. These results underscore the
tumor-suppressive characteristics of TMEM176B in OC
and emphasize its considerable promise for clinical uti-
lization as a potential therapeutic option for this disease.

Abbreviations

OoC Ovarian cancer

TMEM176B  Transmembrane protein 176B

KM Kaplan-Meier

ROC Receiver operating characteristic

AUC Area Under Curve

RNA-seq RNA sequencing

KEGG Kyoto Encyclopedia of Genes and Genomes

GO Gene Ontology

GSEA Gene Set Enrichment Analysis

qRT PCR-Quantitative real-time polymerase chain reaction
EMT Epithelial-to-mesenchymal transition

TORID Tolerance-related and induced transcript

[TIM Immunoreceptor tyrosine-based inhibitory motif
DEGs Differentially expression genes

SNAI2 Snail family transcriptional repressor 2

MMP9 Matrix metalloproteases 9

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512967-025-06362-0.

[ Supplementary Material 1 ]

Author contributions

Lili Yan designed the study, conducted the study, analysed the data, and wrote
the paper. Zhaona Song and Lili Yi analysed and interpreted the bioinformatics
data. Qin Xuying explained the current clinical treatment of the disease.
Conghui Tian, Feifei Wang, Xiaofeng Zhao, and Jianmei Wei contributed to

the conduct of experiments. Xiaobing Wang and Xiaoping Ma assisted in
collecting clinical samples. Ruirui Zhang and Xiang Wang were responsible for
diagnosing and classifying pathological sections. Shaoda Ren provided and
cultured OVCARS3 cells. Mingliang Gu and Xiaodong Jia participated in the
design of the project. Fengjiao Yuan and Dianlong Jia conceived and directed
the study, provided financial support, and revised the manuscript. All authors
have read and agreed to the published.

Page 16 of 17

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in line with the principles of the Declaration of
Helsinki. Animal experiment was conducted according to the Institutional
Animal Care and Use Committee of the Model Animal Research Center.
The criteria for tissue included an original histological diagnosis of OC, and
the efficiency of clinical pathological data. Each patient provided informed
consent. Approval was granted by the Ethics.

Consent for publication
All authors have approved the publication of this manuscript.

Competing interests
The authors declare no competing interests.

Acknowledgements and funding

This work was supported by the Youth Fund of Liaocheng People’s Hopsital
(LYQN201908), the "Youth Innovation Team Plan”of Shandong Province Higher
Education (2022KJ111), the affiliated hospital (teaching hospital) research

and development foundation of Shandong Second Medical University
(2024FYQ064 and 2024FYM137), and the Natural Science Foundation of
Shandong Province (ZR2022MH304).

Author details

'Joint Laboratory for Translational Medicine Research, Liaocheng People’s
Hospital, Liaocheng, Shandong 252000, PR China

“State Key Laboratory of Macromolecular Drugs and Large-scale
Preparation, School of Pharmaceutical Sciences and Food Engineering,
Liaocheng University, Liaocheng, Shandong 252059, PR China
3Department of Pathology, Liaocheng People’s Hospital, Liaocheng,
Shandong 252000, PR China

“Department of Obstetrics and Gynecology, Liaocheng People’s Hospital,
Liaocheng, Shandong 252000, PR China

>Central Laboratory of Liaocheng People’s Hospital, Liaocheng,
Shandong 252000, PR China

5Shandong Provincial Key Medical and Health Discipline of Liaocheng
Tumor Hospital, Liaocheng 252000, PR China

Received: 29 August 2024 / Accepted: 8 March 2025
Published online: 19 March 2025

References

1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin.
2024;74:12-49.

2. Berek JS, Renz M, Kehoe S, Kumar L, Friedlander M. Cancer of the ovary,
fallopian tube, and peritoneum: 2021 update. Int J Gynaecol Obstet.
2021;155(Suppl 1):61-85.

3. KimJ, Park EY, Kim O, Schilder JM, Coffey DM, Cho CH, Bast RC Jr. Cell origins
of High-Grade serous ovarian cancer. Cancers (Basel) 2018, 10.

4. Fares J, Fares MY, Khachfe HH, Salhab HA, Fares Y. Molecular principles of
metastasis: a hallmark of cancer revisited. Signal Transduct Target Ther.
2020;5:28.

5. Herrera-Quiterio GA, Encarnacién-Guevara S. The transmembrane proteins
(TMEM) and their role in cell proliferation, migration, invasion, and epithelial-
mesenchymal transition in cancer. Front Oncol. 2023;13:1244740.

6. Eon KuekL, Leffler M, Mackay GA, Hulett MD. The MS4A family: counting past
1,2 and 3. Immunol Cell Biol. 2016;94:11-23.

7. Zuccolo J, Bau J, Childs SJ, Goss GG, Sensen CW, Deans JP. Phylogenetic analy-
sis of the MS4A and TMEM176 gene families. PLoS ONE. 2010;5:€9369.

8. HillM, Russo S, Olivera D, Malcuori M, Galliussi G, Segovia M. The intracellular
cation channel TMEM1768B as a dual immunoregulator. Front Cell Dev Biol.
2022;10:1038429.

9. CondamineT, Le Texier L, Howie D, Lavault A, Hill M, Halary F, Cobbold
S, Waldmann H, Cuturi MC, Chiffoleau E. Tmem176B and Tmem176A


https://doi.org/10.1186/s12967-025-06362-0
https://doi.org/10.1186/s12967-025-06362-0

Yan et al. Journal of Translational Medicine

17.
18.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

(2025) 23:350

are associated with the immature state of dendritic cells. J Leukoc Biol.
2010;88:507-15.

Lancien M, Bienvenu G, Salle S, Gueno L, Feyeux M, Merieau E, Remy S, Even
A, Moreau A, Molle A, et al. Dendritic cells require TMEM176A/B ion channels
for optimal MHC class Il antigen presentation to Naive CD4(+) T cells. J Immu-
nol. 2021,207:421-35.

Picotto G, Morse LR, Nguyen N, Saltzman J, Battaglino R. TMEM176A and
TMEM176B are candidate regulators of Inhibition of dendritic cell maturation
and function after chronic spinal cord injury. J Neurotrauma. 2020;37:528-33.
Duhalde Vega M, Olivera D, Gastao Davanzo G, Bertullo M, Noya V, Fabiano
de Souza G, Primon Muraro S, Castro |, Arévalo AP, Crispo M, et al. PD-1/PD-L1
Blockade abrogates a dysfunctional innate-adaptive immune axis in critical
f3-coronavirus disease. Sci Adv. 2022;8:eabn6545.

Segovia M, Russo S, Jeldres M, Mahmoud YD, Perez V, Duhalde M, Charnet P,
Rousset M, Victoria S, Veigas F, et al. Targeting TMEM176B enhances antitumor
immunity and augments the efficacy of immune checkpoint blockers by
unleashing inflammasome activation. Cancer Cell. 2019;35:767-e781766.
Jing L, AnY, CaiT, Xiang J, Li B, Guo J, Ma X, Wei L, Tian Y, Cheng X, et al. A
subpopulation of CD146(+) macrophages enhances antitumor immunity by
activating the NLRP3 inflammasome. Cell Mol Immunol. 2023;20:908-23.

Li J,Fang Z, Dal E, Zhang H, Yu K, Ma M, Wang M, Sun R, Lu M, Wang H, Li Y.
Transmembrane protein 1768 regulates amino acid metabolism through the
PI3K-Akt-mTOR signaling pathway and promotes gastric cancer progression.
Cancer Cell Int. 2024;24:95.

ZengY,Tan P,Ren C, Gao L, ChenY,Hu S, Tang N, Chen C, Du S. Comprehen-
sive analysis of expression and prognostic value of MS4As in glioma. Front
Genet. 2022;13:795844.

Penny SM. Ovarian cancer: an overview. Radiol Technol. 2020,91:561-75.
Cavallaro U, Christofori G. Cell adhesion and signalling by cadherins and Ig-
CAMs in cancer. Nat Rev Cancer. 2004:4:118-32.

Das V, Bhattacharya S, Chikkaputtaiah C, Hazra S, Pal M. The basics of
epithelial-mesenchymal transition (EMT): A study from a structure, dynamics,
and functional perspective. J Cell Physiol. 2019;234:14535-55.

Vergara D, Merlot B, Lucot JP, Collinet P, Vinatier D, Fournier |, Salzet M. Epithe-
lial-mesenchymal transition in ovarian cancer. Cancer Lett. 2010;291:59-66.
Imodoye SO, Adedokun KA. EMT-induced immune evasion: connecting the
Dots from mechanisms to therapy. Clin Exp Med. 2023;23:4265-87.

Sun PH, Xia S, Yuan R, Zhang B, Wang G. TMEM176B promotes EMT via FGFR/
INK signalling in development and tumourigenesis of lung adenocarcinoma.
Cancers (Basel) 2024, 16.

Yuan F, Wei J, Cheng Y, Wang F, Gu M, LiY, Zhao X, Sun H, Ban R, Zhou J,

Xia Z. SLAMF7 promotes foam cell formation of macrophage by sup-
pressing NR4A1 expression during carotid atherosclerosis. Inflammation.
2024;47:530-42.

Wei SC, Yang J. Forcing through tumor metastasis: the interplay between
tissue rigidity and Epithelial-Mesenchymal transition. Trends Cell Biol.
2016;26:111-20.

llina O, Gritsenko PG, Syga S, Lippoldt J, La Porta CAM, Chepizhko O, Grosser
S, Vullings M, Bakker GJ, StarruB3 J, et al. Cell-cell adhesion and 3D matrix
confinement determine jamming transitions in breast cancer invasion. Nat
Cell Biol. 2020,22:1103-15.

Kang C, Rostoker R, Ben-Shumel S, Rashed R, Duty JA, Demircioglu D, Anto-
niou IM, Isakov L, Shen-Orr Z, Bravo-Cordero JJ et al. TMEM176B Regulates
AKT/mTOR Signaling and Tumor Growth in Triple-Negative Breast Cancer.
Cells. 2021;10.

Boyer A, Goff AK, Boerboom D. WNT signaling in ovarian follicle biology and
tumorigenesis. Trends Endocrinol Metab. 2010;21:25-32.

Xue W, Yang L, Chen C, Ashrafizadeh M, Tian Y, Sun R. Wnt/B-catenin-driven
EMT regulation in human cancers. Cell Mol Life Sci. 2024;81:79.

Armstrong DK, Alvarez RD, Backes FJ, Bakkum-Gamez JN, Barroilhet L,
Behbakht K, Berchuck A, Chen LM, Chitiyo VC, Cristea M, et al. NCCN
Guidelines® insights: ovarian cancer, version 3.2022. J Natl Compr Canc Netw.
2022,20:972-80.

Cortez AJ, Tudrej P, Kujawa KA, Lisowska KM. Advances in ovarian cancer
therapy. Cancer Chemother Pharmacol. 2018;81:17-38.

Segovia M, Louvet C, Charnet P, Savina A, Tilly G, Gautreau L, Carretero-
Iglesia L, Beriou G, Cebrian I, Cens T, et al. Autologous dendritic cells prolong
allograft survival through Tmem176b-dependent antigen cross-presentation.
Am JTranspl. 2014;14:1021-31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Page 17 of 17

Cambui RAG, Fernandes FP, Leal VNG, Reis EC, de Lima DS, do Espirito Santo
GF, Elias RM, Pontillo A. The Ala134Thr variant in TMEM176B exerts a benefi-
cial role in colorectal cancer prognosis by increasing NLRP3 inflammasome
activation. J Cancer Res Clin Oncol. 2023;149:3729-38.

Yang Y, Feng Q, Hu K, Cheng F. Using CRISPRa and CRISPRi technologies to
study the biological functions of ITGBS5, TIMP1, and TMEM176B in prostate
cancer cells. Front Mol Biosci. 2021;8:676021.

Amack JD. Cellular dynamics of EMT: lessons from live in vivo imaging of
embryonic development. Cell Commun Signal. 2021;19:79.

Abe-Yutori M, Chikazawa T, Shibasaki K, Murakami S. Decreased expression
of E-cadherin by Porphyromonas gingivalis-lipopolysaccharide attenuates
epithelial barrier function. J Periodontal Res. 2017;52:42-50.

Fan L, LeiH, Zhang S, Peng Y, Fu C, Shu G, Yin G. Non-canonical signal-

ing pathway of SNAI2 induces EMT in ovarian cancer cells by suppress-

ing miR-222-3p transcription and upregulating PDCD10. Theranostics.
2020;10:5895-5913.

Buyuk B, Jin S, Ye K. Epithelial-to-Mesenchymal transition signaling pathways
responsible for breast cancer metastasis. Cell Mol Bioeng. 2022;15:1-13.
Zeng L, Qian J, Zhu F, Wu F, Zhao H, Zhu H. The prognostic val-

ues of matrix metalloproteinases in ovarian cancer. J Int Med Res.
2020;48:300060519825983.

Siu MKY, Jiang YX, Wang JJ, Leung THY, Han CY, Tsang BK, Cheung ANY, Ngan
HYS, Chan KKL. Hexokinase 2 regulates ovarian cancer cell migration, invasion
and stemness via FAK/ERK1/2/MMP9/NANOG/SOX9 signaling cascades.
Cancers (Basel) 2019, 11.

Pawar NR, Buzza MS, Duru N, Strong AA, Antalis TM. Matriptase drives dis-
semination of ovarian cancer spheroids by a PAR-2/PI3K/Akt/MMP9 signaling
axis. J Cell Biol 2023, 222.

Frey N, Ouologuem L, Blenninger J, Siow WX, Thorn-Seshold J, Stéckl J, Abra-
hamian C, Frohlich T, Vollmar AM, Grimm C, Bartel K. Endolysosomal TRPML1
channel regulates cancer cell migration by altering intracellular trafficking of
E-cadherin and B(1)-integrin. J Biol Chem. 2024;300:105581.

Sicard AA, Dao T, Suarez NG, Annabi B. Diet-Derived gallated catechins
prevent TGF-B-Mediated Epithelial-Mesenchymal transition, cell migration
and vasculogenic mimicry in chemosensitive ES-2 ovarian cancer cells. Nutr
Cancer. 2021;73:169-80.

ZhuH, Chen Z, Shen L, Tang T, Yang M, Zheng X. Long noncoding RNA
LINC-PINT suppresses cell proliferation, invasion, and EMT by blocking Wnt/3-
Catenin signaling in glioblastoma. Front Pharmacol. 2020;11:586653.

Zhang Y, Wang X. Targeting the Wnt/B-catenin signaling pathway in cancer. J
Hematol Oncol. 2020;13:165.

LiY, Liu C, Zhang X, Huang X, Liang S, Xing F, Tian H. CCT5 induces
epithelial-mesenchymal transition to promote gastric cancer lymph node
metastasis by activating the Wnt/B-catenin signalling pathway. Br J Cancer.
2022;126:1684-94.

Lu R, Tang P, Zhang D, Lin S, Li H, Feng X, Sun M, Zhang H. SOX9/NFIA
promotes human ovarian cancer metastasis through the Wnt/3-catenin
signaling pathway. Pathol Res Pract. 2023;248:154602.

Y KN, Perumalsamy NK, Warrier S, Perumalsamy LR, Dharmarajan A. Wnt
antagonist as therapeutic targets in ovarian cancer. Int J Biochem Cell Biol.
2022;145:106191.

Aros CJ, Vijayaraj P, Pantoja CJ, Bisht B, Meneses LK, Sandlin JM, Tse JA, Chen
MW, Purkayastha A, Shia DW, et al. Distinct Spatiotemporally dynamic Wnt-
Secreting niches regulate proximal airway regeneration and aging. Cell Stem
Cell. 2020;,27:413-429414.

Jung YsS, Park JI. Wnt signaling in cancer: therapeutic targeting of Wnt
signaling beyond B-catenin and the destruction complex. Exp Mol Med.
2020;52:183-91.

Ge J,YuYJ, Li JY, Li MY, Xia SM, Xue K, Wang SY, Yang C. Activating Wnt/[3-
catenin signaling by autophagic degradation of APC contributes to the
osteoblast differentiation effect of soy isoflavone on osteoporotic mesenchy-
mal stem cells. Acta Pharmacol Sin. 2023:44:1841-55.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿TMEM176B inhibits ovarian cancer progression by regulating EMT via the Wnt/β-catenin signaling pathway
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Reagents
	﻿Tissue samples
	﻿Immunohistochemistry (IHC) assay
	﻿Cell culture and generation of stably transfected cell lines
	﻿RNA extraction and real-time quantitative PCR
	﻿Western blotting
	﻿Cell proliferation and colony formation
	﻿Wound healing
	﻿Transwell migration and invasion assay
	﻿In vivo assays
	﻿RNA sequencing and data analysis
	﻿Gene expression profiling analysis
	﻿Statistical analysis

	﻿Results
	﻿TMEM176B was significantly decreased in OC and associated with poor prognosis
	﻿TMEM176B knockdown promoted OC cell proliferation and metastasis in vitro
	﻿TMEM176B overexpression inhibited OC cell proliferation and metastasis in vitro
	﻿TMEM176B suppressed the growth of OC xenografts in vivo
	﻿TMEM176B regulated cell adhesion and DNA replication
	﻿TMEM176B regulated the activation of the Wnt/β-catenin signaling pathway
	﻿TMEM176B inhibited the proliferation and metastasis of OC cells through the Wnt/β-catenin signaling pathway
	﻿TMEM176B inhibited EMT through the Wnt/β-catenin signaling pathway

	﻿Discussion
	﻿Conclusion
	﻿References


