Journal of Cancer 2021, Vol. 12
IVYSPRING

INTERNATIONAL PUBLISHER

6320

ooy
v/

Journal of Cancer

2021; 12(21): 6320-6329. doi: 10.7150/jca.62563
Research Paper

FAMB83A Promotes the Proliferative and Invasive
Abilities of Cervical Cancer Cells via Epithelial-
Mesenchymal Transition and the Wnt Signaling Pathway

Chong Lan'*, Chen-Chen Liu?", Xiao-Cui Nie!, Lei Lei?, Zhang-Xian Xiao?, Ming-Xi Li2, Xue-Nan Tang],
Ming-Yu Jial, Hong-Tao Xu2*

1. Department of Gynecology, Shenyang Women and Children’s Hospital, Shenyang, China.
2. Department of Pathology, the First Hospital and College of Basic Medical Sciences, China Medical University, Shenyang, 110001, China.

*These two authors contributed equally to this work.

P4 Corresponding author: Dr. Hong-Tao Xu, Department of Pathology, the First Hospital and College of Basic Medical Sciences, China Medical University,
Shenyang, 110001, China. Email: xuht@cmu.edu.cn.

© The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).
See http:/ /ivyspring.com/terms for full terms and conditions.

Received: 2021.05.10; Accepted: 2021.08.19; Published: 2021.08.28

Abstract

The family with sequence similarity 83, member A (FAM83A) gene is associated with the occurrence and
development of many malignant tumors. Our aim was to explore the role of FAM83A in cervical cancer.
FAMB83A was overexpressed or knocked down in cervical cancer cells, and the expressions of FAM83A,
key proteins involved in the epithelial-mesenchymal transition (EMT), and Wnt signaling pathway-related
proteins were detected by western blot analysis. Cell proliferative and invasive abilities were also
examined using cell proliferation, colony formation, and Matrigel invasion assays. Cells were treated with
the Wnt pathway inhibitor XAV-939 to determine whether Wnt signaling was necessary for the effect of
FAMB83A on cervical cancer cells. FAM83A was highly expressed in cervical cancer tissues and was
associated with differentiation, TNM stage, lymph node metastasis, and poor prognosis in patients with
cervical cancer. Knockdown of FAM83A inhibited the proliferation, colony formation, and invasion of
cervical cancer cells. The opposite results were observed in FAM83A-overexpressing cells, and FAM83A
overexpression also promoted EMT and Wnt signaling. XAV-939 reversed the activation of Wnt signaling
and EMT induced by FAM83A. In conclusion, FAM83A expression was increased in cervical cancers and
correlated with poor prognosis of patients. FAM83A overexpression can activate the Wnt signaling
pathway, facilitate EMT, and promote the proliferative and invasive abilities of cervical cancer cells.

Key words: Family with sequence similarity 83, Cervical neoplasm, Squamous cell carcinoma, Wnt signaling
pathway, Epithelial-mesenchymal transition

Introduction

Cervical cancer is the fourth most frequently
diagnosed cancer and the fourth leading cause of
cancer-related death in women. In 2008, there were
more than half a million new cases and 300,000 deaths
worldwide [1, 2]. Presently, human papillomavirus
vaccination and cervical cancer screening are
performed to prevent cervical cancer, and surgery,
chemotherapy, and radiotherapy are used to treat it.
However, these treatment modalities are associated
with severe side effects, and once disease recurrence
occurs, the prognosis is relatively poor because of

limited clinical therapies [3, 4].

The family with sequence similarity 83, member
A (FAMS83A) gene, also called BJ-TSA-9, is the
smallest of the eight members of the FAMS83 family
[5]. The family members share a highly conserved
N-terminal domain (DUF1669 domain), which is
thought to be involved in tumor progression [6],
whereas the C-terminal regions vastly differ between
the different family members [7]. FAMS83A was
originally identified as a tumor-specific gene by a
bioinformatics approach in 2005 [8]. FAMS83A is
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considered to be involved in the progression of many
human cancers and is associated with poor prognosis.
FAMS3A promotes tumor progression and increases
proliferation, invasion, drug resistance, and stem
cell-like traits in breast, lung, hepatocellular, and
pancreatic cancers [5, 9-12]. A recent study indicated
that FAM83A is regulated by miR-206 to promote
cervical cancer development via the PI3K/AKT/
mTOR pathway [13]. Xu et al. also reported that
FAMS83A was associated with cervical lesion
progression and carcinogenesis and that it was
specific for cervical cancer as opposed to cervical
intraepithelial neoplasia (CIN) 2 to CIN 3 and normal
cervical epithelium [14]. However, the same authors
recently reported that FAM83A plays an anticancer
role in cervical cancer by regulating integrins [15].
Therefore, the role of FAMS83A in cervical cancer
needs to be clarified and confirmed.

Chen et al. reported that aberrant amplification
of FAM83A promotes pancreatic cancer stem cell-like
traits by activating the TGF-f and Wnt signaling
pathways, resulting in poorer clinical outcomes in
patients with cancer [9]. The Wnt signaling pathway is
essential in both normal embryonic development and
in the carcinogenesis of various cancers [10, 16-18].

Local infiltration and distant metastasis are the
main biological characteristics of malignant tumors.
Epithelial-mesenchymal transition (EMT) can reduce
adhesions between cells, leading to tumor progression
and distant metastasis [19, 20]. Zhou et al. first
highlighted the role of FAMS83A in promoting EMT
and metastasis in non-small cell lung cancer [5].
However, whether FAMS3A regulates the Wnt
signaling pathway and EMT in cervical squamous cell
carcinoma (CSCC) is unclear.

This study examined the expression of FAMS3A
and its effects on the proliferation and invasion of
CSCC cells and explored the underlying mechanisms
of FAM83A-mediated regulation of EMT and the Wnt
signaling pathway.

Materials and methods

Online data collection and analysis

The expression of FAMS83A in cervical cancers
and normal cervical tissues and the correlation of the
expression of FAM83A with cervical cancer outcomes
were retrieved and downloaded from UALCAN
(http:/ /ualcan.path.uab.edu) [21] and cBioPortal
(http:/ /www.cbioportal.org)  [22], which are
web-based tools for data mining based on The Cancer
Genome Atlas (TCGA) and Genotype Tissue
Expression data. Survival curves for patients with
cervical cancer with high or low FAM83A expression
were obtained wusing the Kaplan-Meier plotter

(http:/ /kmplot.com/analysis/) [23].

Patients and specimens

Total of 60 CSCC specimens were collected from
the patients (average age of 60 years) who underwent
complete surgical resection at the First Affiliated
Hospital of China Medical University between 2018
and 2019. Some of the CSCC samples were
accompanied by corresponding normal cervical tissue
samples. All patients did not undergo chemotherapy
and radiotherapy prior to resection. The CSCCs were
classified as well (19 cases), and moderately-poorly
differentiated (41 cases). According to the seventh
edition of the International Union against Cancer
TNM classification of carcinomas of the uterine cervix,
patients were categorized as stage I (n = 14), II (n =
23), or III (n = 23). Lymph node metastases were
observed in 21 patients. Written informed consent
was obtained from all the patients, and all procedures
were approved by the Research Ethics Committees of
China Medical University and Shenyang Women and
Children’s Hospital.

Immunohistochemistry

Briefly, tissue sections of 4 pm were
deparaffinized in xylene, rehydrated in a gradient
alcohol series, and boiled in 0.01 M citrate buffer (pH
6.0) for 2 min in an autoclave. Endogenous peroxidase
activity was blocked using hydrogen peroxide (0.3%),
which was followed by incubation with normal goat
serum to reduce nonspecific binding. The sections
incubated with an anti-FAMS83A rabbit polyclonal
antibody (1:200, bs-16014R, Beijing Biosynthesis
Biotechnology, China). The intensity of staining was
scored as follows: 0, no staining; 1 weak; 2, moderate;
and 3, high. Percentage scores were categorized as
follows: 1 (1%-25%), 2 (26%-50%), 3 (51%-75%), and 4
(76%-100%). The scores for each tumor sample were
multiplied to obtain a final score ranging from 0 to 12.
Tumor samples with scores > 4 were considered to
have positive expression, while those with scores < 4
were considered to be negative for the expression of
FAMS3A.

Cell culture and transfection

The human cervical cancer cell lines HeLa and
SiHa were purchased from the Shanghai Cell Bank
(Shanghai, China) and cultured according to the
instructions of the American Type Culture Collection
(Manassas, VA, USA). HelLa and SiHa cells were
cultured in  Eagle's Minimum Essential Medium
(Gibco, Invitrogen, NY, USA) at 37°C with 5% COx.
The cells were grown in 75-cm? flasks, and the cell
layer was briefly rinsed with 0.25% (w/v) trypsin-0.53
mM EDTA solution to remove all traces of serum
containing trypsin inhibitor every 1 or 2 days.
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Cells were seeded in six-well plates for 24 h prior
to transfection. The pCMV6-FAMS3A plasmid and
pCMV6 empty control vector were purchased from
Origene (Rockville, MD, USA). Small interfering RNA
(siRNA) against FAM83A (siFAMS83A) and its control
scrambled siRNA were purchased from RiboBio
(Guangzhou, China). The plasmids or siRNAs were
transfected into the cells using Lipofectamine® 3000
(Invitrogen, CA, USA) according to the manufac-
turer’s instructions.

XAV-939, an inhibitor of the Wnt signaling
pathway, was purchased from MedChemExpress
(Monmouth Junction, NJ, USA). It was dissolved in
dimethyl sulfoxide (Beijing Solarbio Science &
Technology Co., Beijing, China) at a concentration of
20 nM. The inhibitor was added 24 h after
transfection.

Western blot assays

Western blot assays were performed as
described previously [24]. Briefly, total protein was
extracted from the cells with cell lysis buffer (Pierce,
Rockford, IL, USA) and quantified using the Bradford
method. A total of 60 pg of protein was separated
using 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, followed by transfer to a
polyvinylidene fluoride membrane (Millipore,
Bedford, MA, USA). The membranes were blocked
with 5% non-fat milk and incubated overnight at 4°C
with primary antibodies. The antibodies used in this
study are listed in Supplementary Table S1. Next, the
membranes were incubated with horseradish
peroxidase-conjugated mouse or rabbit IgG (1:2000,
Proteintech, Wuhan, China) as appropriate for 2 h at
37°C. Protein bands were visualized with ECL (Pierce)
and detected using the Bio Imaging System (DNR,
Jerusalem, Israel). The relative protein levels were
calculated using glyceraldehyde 3-phosphate
dehydrogenase as a loading control.

Cell proliferation and colony formation assays

Cell proliferation and colony formation assays
were performed 24 h after transfection. For the cell
proliferation assay, cells were cultured in a 96-well
plate in medium containing 10% FBS. The cells were
seeded at approximately 3000 cells/well, and the cell
proliferation rate was determined using an MTS assay
(Promega, Madison, WI, USA). MTS reagent (20 pL)
was added to each well, and cells were incubated at
37°C. After 1 h, the cell proliferation rate was
determined by measuring the absorbance of the cells
at a wavelength of 490 nm on a spectrophotometer.

For the colony formation assay, cells were
incubated on a 6-cm cell culture dish (800 cells/dish)
for 14 days. The medium was changed every 4-5 days.

Finally, the cells were fixed with 4%
paraformaldehyde for 20 min and stained with
hematoxylin for 30 min. Colonies with > 50 cells were
counted.

Matrigel invasion assay

Transwell chambers (Costar, Cambridge, MA,
USA) with a pore size of 8 pm were used to detect the
invasive ability of the cells. Matrigel (100 pL of a 1:7
dilution, BD Biosciences, CA, USA) was added to each
insert, and the plates were placed in a 37°C incubator
for at least 2 h. Twenty-four hours after transfection, 8
x 10* cells were added to 100 pL medium
supplemented with 2% FBS and seeded into the upper
chamber. Medium supplemented with 20% FBS as the
chemoattractant was added into the lower chamber.
After incubation for 20 h, the non-invading cells on
the top surface of the filters were swabbed with a
cotton swab, and the cells adhering to the lower
surface of the filters were fixed with 4%
paraformaldehyde and stained with hematoxylin.
Five high-power fields were selected randomly under
a microscope to count the number of invasive cells.

Immunofluorescence

Immunofluorescence assays were performed as
described previously [24]. Briefly, cells were fixed,
permeabilized, and incubated with primary
antibodies and fluorescein isothiocyanate-conjugated
or tetramethylrhodamine isothiocyanate-conjugated
secondary antibodies. Propidium iodide (50 pg/mL,
Sigma, USA) was used to counterstain the nuclei.
Finally, the cells were observed under a confocal
microscope.

Statistical analysis

All in vitro experiments were performed in
triplicate. The statistical analyses were performed
using the GraphPad Prism 6.0 statistical package (La
Jolla, CA, USA). Potential correlations between
FAMS3A expression and clinicopathological factors
were analyzed using the chi-squared test. All values
in the in vitro experiments are expressed as mean *
standard deviation, and the differences between the
groups were determined using one-way ANOVA
multiple comparison test followed by Fisher’s least
significant difference test. Differences between groups
were considered statistically significant at P < 0.05.

Results

FAMBS83A is highly expressed in cervical cancers
and correlates with clinicopathological factors
and poor patient prognosis

We analyzed the correlation between the
expression of FAM83A and cervical cancer outcomes
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using UALCAN (http:/ /ualcan.path.uab.edu) [21],
which is a web-based tool for data mining. According
to the data from UALCAN, FAMS83A expression was
much higher in cervical cancer tissues than in normal
cervical tissues (P < 0.001) (Fig. 1A), suggesting that
FAMS83A may play a critical role in cervical cancer
progression [25]. CSCC had the highest FAMS3A
expression of all the histological subtypes of cervical
cancer (P < 0.001) (Fig. 1D). According to Kaplan-
Meier analysis using the online database KM-plotter
[23], CSCC patients with high FAMS3A expression
had a shorter overall survival than patients with low
FAMS83A expression (P = 0.002, n = 304, median
survival, 21.97 months for the high-expression cohort
vs. 46.47 months for the low-expression cohort; Fig.
1E). In addition, based on the data downloaded from
cBioPortal (http://www.cbioportal.org) [22], the
mRNA level of FAMS3A was positively correlated
with FAMS3A copy number alteration (correlation
coefficient = 0204, P < 0.001) and negatively
correlated with its methylation status (correlation
coefficient =-0.418, P < 0.001).

To confirm the results from online database, we

A B
350 7 P<0.001 ;
£ 300 -
<w:§ 250 x
2 ¥ 00 ]
o
ZE
=5 150
g
E 100
501
0
Normal Primary tumor
(n=3) (n=305)
D
350
.E 300 — _
ﬁé 250
-
E g 200 ~
<E 150
=3
< 100
£
E 50 =R 1
0 e — o i
< > 3 .
> = & P 4 Fd
FN & & o g S
S~ & Sa.Fa ST
N FH T ¥AHITE
P SE YTE K&

examined the expression of FAM83A in 60 CSCCs and
45 corresponding normal cervical tissues. The positive
rate of FAMS83A in CSCCs (58.33%, 35/60) was
significantly higher than that in normal cervical
tissues (28.89%, 13/45; P = 0.005; Fig. 1B-C). As
shown in Table 1, the expression of FAM83A protein
was correlated with differentiation (P = 0.021), TNM
stage (P = 0.006), and lymph node metastasis (P =
0.037), but not strongly correlated with patient age (P
= 0.337) and tumor size (P = 0.326).

FAMB83A promotes proliferation, colony
formation, and invasion in cervical cancer cells

To further investigate the effects of FAM83A on
cell proliferation and invasion, we manipulated the
expression of FAM83A in HelLa and SiHa cervical
cancer cells. The overexpression or knockdown of
FAMS3A in these cells was confirmed at the protein
level. The proliferative rates and number of colonies
in cells transfected with FAM83A (HeLa-FAMS83A and
SiHa-FAMS83A) were higher than those in the
respective control cells (P < 0.05) (Fig. 2A-B). Matrigel
invasion assays also demonstrated that the
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Figure 1. Expression of FAM83A in cervical cancer tissues. (A) Expression of FAM83A in cervical cancers and normal cervical tissues. data were downloaded from the UALCAN
database. (B) Negative expression of FAM83A in normal cervical tissue. (Immunohistochemistry [streptavidin-peroxidase method], original magnification x200). (C) Positive
expression of FAM83A in cervical squamous cell carcinoma tissue. (Immunohistochemistry [streptavidin-peroxidase method], original magnification x200). (D) Expression of
FAMB83A in the different histological subtypes of cervical cancers. data were downloaded from the UALCAN database. Adenosquamous: Cervical adenosquamous carcinoma;
Squamous-cell: Cervical squamous cell carcinoma; Endocervical: Endocervical type of adenocarcinoma; Endometrioid: Endometrioid adenocarcinoma of endocervix; Mucinous:
Mucinous adenocarcinoma of endocervical type. (E) Kaplan-Meier curves of cervical cancer patients by FAM83A expression. data were downloaded from the Kaplan-Meier

plotter database.
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HeLa-FAMS83A and SiHa-FAMS83A cells had higher
invasive abilities than the control cells (P < 0.05) (Fig.
2C). In contrast, after knocking down FAMS3A
expression in cervical cancer cells with siRNA
(HeLa-siFAM83A  and  SiHa-siFAMS83A), the
proliferative rates, numbers of colonies, and invasive
abilities were decreased (P < 0.05) (Fig. 2A-C).

Table 1. Correlations between FAM83A expression and
clinicopathological factors in cervical squamous cell carcinomas.

n FAMB83A-positive FAM83A-negative P-value

Tissues 0.005
Normal cervical tissue 45 13 32

Cervical squamous cell 60 35 25

carcinoma

Age 0.337
<60 34 19 15

260 26 16 10

Differentiation 0.021
Well 19 10 9

Moderate-Poor 41 25 16

TNM stages 0.006
I 14 6 8

I 23 13 10

111 23 16 7

Tumor size 0.326
<2cm 43 25 18

>2cm 17 10 7

Lymphatic metastasis 0.037
No 39 21 18

Yes 21 14 7

FAMBS83A regulates the expression of
EMT-related proteins

Next, we examined the expression of

EMT-related proteins, including  E-cadherin,
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N-cadherin, vimentin, ZEB1, twist, and snail, to
explore the underlying mechanism by which
FAMS83A promotes the invasion of cervical cancer
cells. The results showed that, after FAMS3A
transfection, the expression of E-cadherin was
decreased, whereas the expressions of N-cadherin,
vimentin, ZEB1, twist, and snail were significantly
increased (P < 0.05) (Fig. 3). In contrast, after knocking
down FAMS83A, the expression of E-cadherin was
increased, whereas the expressions of N-cadherin,
vimentin, ZEB1, twist, and snail were significantly
decreased (P < 0.05) (Fig. 3).

FAMB83A activates the Wnt signaling pathway

We investigated whether FAMS83A regulated the
activity of the Wnt signaling pathway. Compared
with control cells, the expressions of key proteins in
the Wnt signaling pathway, such as active p-catenin,
TCF4, LEF1, and phosphorylated GSK3p, were
increased, whereas the expressions of GSK3p, axin,
and phosphorylated p-catenin were decreased in
HeLa-FAMS83A and SiHa-FAMS83A cells (P < 0.05).
The expressions of Wnt target genes, such as cyclin
D1, c-Myc, MMP7, and CD44, were also increased
after FAM83A transfection (P < 0.05) (Fig. 4A-B).
However, the level of total P-catenin was not
markedly changed. The opposite results were
observed in HelLa-siFAM8S3A and SiHa-siFAMS3A
cells (P < 0.05) (Fig. 4A-B). To confirm these results,
the nuclear and cytoplasmic levels of B-catenin and
active PB-catenin were examined. We found that the
nuclear expressions of [-catenin and active p-catenin
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Figure 2. Effects of FAM83A on the proliferation, migration, and invasion of cervical cancer cells. (A) The growth curves of FAM83A-overexpressing or -knockdown cells and
their respective control cells. (B) The numbers of colonies in FAM83A-overexpressing or -knockdown cells and control cells. The number of colonies formed by each cell type
is shown in the histogram. (C) The Matrigel invasion assays of FAM83A-overexpressing or -knockdown cells and control cells. The invasive cell number of each type is shown
in the histograms. NC, cells transfected with empty vector; FAM, cells transfected with FAM83A; siNC, cells transfected with scrambled siRNA. siFAM, cells interfered with

siFAM83A. * P < 0.05, ** P < 0.01, *** P < 0.001.
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were both increased in HeLa-FAM8S3A and
SiHa-FAMS83A cells compared to those in control
cells, whereas the cytoplasmic expressions of
[-catenin and active B-catenin were both decreased (P
< 0.05) (Fig. 4C). The opposite results were obtained
after knocking down FAMS3A in cervical cancer cells
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(P <0.05) (Fig. 4C). Immunofluorescence experiments
also confirmed these results (Supplementary Figure
S1). These results indicated that FAMS8S3A may
facilitate the activation and nuclear translocation of
B-catenin.
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nucleus. GAPDH and Lamin B served as the internal cytoplasmic and nuclear controls, respectively. The relative protein levels in the control group were used to normalize
protein levels in other groups. NC, cells transfected with empty vector; FAM, cells transfected with FAM83A; siNC, cells transfected with scrambled siRNA. siFAM, cells

interfered with siFAM83A. * P < 0.05, ** P < 0.01, *** P < 0.001.
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FAMB83A enhances the proliferative and
invasive abilities of cervical cancer cells and
regulates EMT via the Wnt signaling pathway

Cervical cancer cells were treated with the Wnt
inhibitor XAV-939 to investigate whether FAMS3A
exerted its cancer-promoting role via the Wnt
signaling pathway. As shown in Fig. 5, XAV-939 did
not affect the expression of FAM83A. However, the
increased proliferation, colony formation, and
Matrigel invasion abilities induced by FAMS3A
overexpression in HeLa-FAMS83A and SiHa-FAMS3A
cells were all reversed by XAV-939 (P < 0.05) (Fig. 5).
Furthermore, the increased expressions of active
[-catenin; Wnt target proteins, such as cyclin D1,
c-Myc, MMP7, and CD44; and EMT-related proteins,
such as N-cadherin, vimentin, ZEB1, twist, and snail,
induced by FAMS3A overexpression in HelLa-
FAMS3A and SiHa-FAMS83A cells were also reversed
by XAV-939 (P < 0.05) (Fig. 6).

Discussion

The eight members of the FAM83 gene family
are only present in vertebrates. They are defined by
the presence of the conserved N-terminal DUF1669
domain, which includes a conserved phospholipase
D-like catalytic motif [26]. Many recent studies have
indicated that FAMS83A is a potential biomarker in
multiple cancers, and this could provide a reference
for treatment and predict the survival outcomes of
patients with cancer [27, 28]. FAMS83A increases
proliferation, invasion, drug resistance, and stem
cell-like traits in breast, lung, hepatocellular, and
pancreatic cancers [5, 9-12]. However, the role of
FAMS3A in CSCC is insufficiently reported. Xu et al.
revealed that FAMS83A expression increased with
cervical lesion progression from CIN to cervical
cancer and that all lesions had higher levels of
FAMS3A than those in the normal cervix [14]. The
present study confirmed that FAMS83A is highly
expressed in cervical cancer tissues and is associated

http://lwww.jcancer.org



Journal of Cancer 2021, Vol. 12

6327

with the progression of CSCCs and poor patient
prognosis. Our in vitro studies also confirmed that
FAMS83A promoted the proliferation and invasion of
CSCC cells.

The mechanism by which FAM83A promotes
cancer progression is not clear. Lee et al. showed that
FAMS3A confers epidermal growth factor receptor-
tyrosine kinase inhibitor resistance in breast cancer
cells and in mice using a distinct genetic screening for
novel genes [12]. FAMS83A overexpression promotes
invasion in hepatocellular carcinoma via the
FAMS83A /PI3K/AKT/c-Jun signaling pathway [11].

A SiHa

Rong et al. also indicated that FAM83A is regulated
by miR-206 and promotes cervical cancer progression
through the PI3K/AKT/mTOR pathway [13]. Liu et
al. proposed that FAMS3A is involved in the
occurrence and development of lung cancer and is
related to poor prognosis [29]. Our previous study
found that FAMS83A can promote lung cancer
progression by regulating the Wnt and Hippo
signaling pathways [10]. Several studies have shown
that Wnt signaling pathway and EMT play important
roles in the development of cervical cancer [20, 30-32].
Therefore, we speculated that FAM83A promotes
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Figure 6. Effects of the Wnt inhibitor XAV-939 on the expressions of Wnt and epithelial-mesenchymal transition (EMT)-related proteins in FAM83A-overexpressing cervical
cancer cells. (A) The expressions of Wnt and EMT-related proteins in Hela and SiHa cells transfected with FAM83A and treated with XAV-939. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) served as an internal control. (B) Quantitation of the relative expressions of the proteins. The relative protein levels in the control group were used
to normalize protein levels in other groups. Cells treated with dimethyl sulfoxide (DMSO) served as a negative control. * P < 0.05, ** P < 0.01, *** P < 0.001.
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CSCC progression via Wnt signaling. The results of
the present study showed that FAM83A promotes the
activation of P-catenin and upregulates Wnt target
genes, such as CD44, c-Myc, cyclin D1, and MMP?7,
and inhibits the expression and activation of GSK3p.
In addition, overexpression of FAMS83A promotes
EMT. To confirm our results, we also verified the
effects of FAM83A in cervical cancer CaSki cells
(Supplementary Figure S2 and S3). Moreover, When
CSCC cells were treated with XAV-939, an inhibitor of
the Wnt pathway, the effects of FAMS3A on cell
proliferation and invasion were reversed. The
activation of P-catenin, Wnt signaling, and EMT
induced by FAMS83A overexpression were also
reversed by XAV-939 treatment. These results are
consistent with our previous findings in lung cancer
[10]. Therefore, FAM83A may activate Wnt signaling
and EMT through regulating the activity of B-catenin.
However, the detailed mechanism needs further
study. Recently, Xu et al. reported a result
contradictory to the finding of their previous study
[14, 15]. They considered that FAMS3A exerted a
tumor-suppressive role in cervical cancer by
regulating integrins [15]. However, they could not
explain why the expression of FAM83A is higher in
cervical cancer tissues than in normal tissues. These
contradictory results may be because of different
study cohorts or because FAMS83A is involved in
different signaling pathways in different types of
cancer cells. The role of FAM83A in cervical cancer
still needs further confirmation.

In summary, FAMS83A is highly expressed in
cervical cancers and correlates with poor patient
prognosis. FAM83A promotes the proliferative and
invasive abilities of CSCC cells by regulating Wnt
signaling pathway and EMT.
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