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Abstract: FAT1 is a mutant gene found frequently in human cervical cancer (CC), but its expression and relevance 
in CC proliferation, invasion, and migration are still unknown. We aimed to explore the role and novel mechanism 
of FAT1 in CC progression. The expression of FAT1 in CC and adjacent normal tissues was analysed, and we inves-
tigated the proliferation, migration, and invasion of HeLa and C33A cells treated with wild-type FAT1 plasmid or 
FAT1 siRNA. Meanwhile, we evaluated the effect of FAT1 on the epithelial-mesenchymal transition (EMT) and the 
β-catenin-mediated transcription of target genes. Here, we showed that FAT1 expression was significantly lower in 
CC tissues than in adjacent tissues. FAT1 overexpression significantly dysregulated CC cell proliferation, invasion, 
and migration, whereas FAT1 knockdown had the opposite effect. FAT1 overexpression promoted the expression 
of phosphorylated β-catenin and E-cadherin protein and inhibited the expression of vimentin, TWIST, and several 
downstream targets of β-catenin, namely, c-MYC, TCF-4 and MMP14. In contrast, FAT1 silencing notably increased 
the expression c-MYC, TCF-4, and MMP14 and promoted the EMT in HeLa and C33A cells. Endogenous and exog-
enous FAT1 was confirmed to interact with β-catenin, and the overexpression of β-catenin could partially block the 
effect of FAT1 on the proliferation, migration, and invasion of HeLa and C33A cells. Conclusion: FAT1 acts as a tumor 
suppressor by inhibiting β-catenin-mediated transcription and might be used as a novel anti-metastatic agent in 
targeted CC therapy.
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Introduction

Cervical cancer (CC) is one of the most com-
mon gynecologic cancers and is the fourth 
leading cause of mortality in women worldwide. 
The survival rates for International Federation 
of Gynecology and Obstetrics (FIGO) stage I 
patients are reported as 80-98% but decrease 
markedly to 50% when patients also have 
metastasis [4]. Although many patients have 
greatly benefitted from surgery and chemora-
diotherapy, the recurrence and metastasis 
rates remain high (approximately 29% to 38%) 
and are the main causes of death [32]. Thus, 
the molecular pathogenesis underlying CC pro-
gression must be identified to elucidate new 
therapeutic targets.

FAT1, a member of the FAT cadherin superfam-
ily, is a ~500-kD transmembrane protein that 
regulates actin dynamics, cell-cell adhesion, 
and cell polarity [13, 24, 26]. FAT1 is expressed 

differently in human cancer cells. Our prelimi-
nary work showed that the mutation rate of 
FAT1 was 8.8%. Notably, FAT1 mutations, in- 
cluding termination (44%) and missense (56%) 
mutations, occurred in the functional area. A 
previous study showed that the expression of 
FAT1 was downregulated in intrahepatic cholan-
giocarcinoma tissue [22], oral cancer cell lines, 
primary oral cancers (Nakaya et al. 2005) and 
astrocytic tumors [6]. In contrast, Fat1 protein 
is expressed in leukemia cell lines, such as 
Jurkat and THP-1 cells, whereas no visible 
expression of FAT1 is detected in normal periph-
eral blood and bone marrow cells [7]. Me- 
chanically, FAT1 plays a dual role in difference 
cancers by the Hippo, Wnt, and MAPK/ERK sig-
nalling pathways [1, 11, 17]. It is conventionally 
considered to be a tumor suppressor gene in 
oral cancer [6], head and neck squamous cell 
carcinoma [9], and astrocytic tumors [6], among 
others [18]. Conversely, FAT1 is also considered 
an oncogene that promotes acute myeloid leu-
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kaemia and acute lymphoblastic leukaemia 
proliferation [7], modulates epithelial-mesen-
chymal transition (EMT) and the expression of 
stemness-related genes in hypoxic glioblasto-
ma [25]. To date, the role and mechanisms of 
FAT1 in CC remain unclear.

The Wnt signalling pathway is highly conserved 
and critical for cell proliferation, differentiation, 
invasion and migration [5, 29, 31]. As a canoni-
cal mediator of the Wnt pathway, β-catenin 
plays a key role in Wnt signal transduction cas-
cades and the activation of the transcription of 
downstream target genes, such as T cell factor/
lymphoid enhancer factor (TCF/LEF) and c-Myc, 
after its stabilization in the cytoplasm and 
translocation into the nucleus [21]. MacDonald 
et al. showed that aberrant activation of the 
Wnt/β-catenin signalling pathway contributes 
to many cancers [16]. Shinohara and col-
leagues revealed that β-catenin is notably 
accumulated in the cytoplasm and nucleus in 
47% of cervical cancer tissues [23]. Moreover, 
nuclear expression of β-catenin is related to 
poor prognosis and chemo/radioresistance in 
human CC [34]. Other studies have demon-
strated that the inhibition of β-catenin could 
suppress the proliferation, migration, and inva-
sion of CC cells [12, 27, 28, 30]. These data 
hint that β-catenin plays a critical role in con-
trolling the fate of CC. However, the mechanism 
underlying the aberrant activation of the 
β-catenin signaling pathway and the regulation 
of β-catenin in CC cells remains unclear.

In this study, we aimed to determine the expres-
sion and function of FAT1 and evaluated the 
relationship between FAT1 and β-catenin in CC 
cells as well as the underlying molecular mech-
anism. Taken together, the data demonstrate 
that FAT1 severs as a tumor suppressor in CC 
by promoting the phosphorylation of β-catenin. 

Materials and methods

Materials and samples

40 CC patients’ tumor and adjacent tissues 
were collected in the Department of Obstet- 
rics & Gynecology, Southwest Hospital, Army 
Medical University. Patients who were enrolled 
provided written informed consent, and the 
Ethical Committee of Southwest Hospital of  
the Third Military Medical University approved 
the study (approval number: KY201336). TRI 
Reagent, CCK-8 and anti-FAT1 primary antibody 

were purchased from Sigma-Aldrich (Shang- 
hai, China). Other primary antibodies, including 
E-cadherin, vimentin, TWIST, total β-catenin 
and phospho-β-catenin (p-β-catenin), transcrip-
tion factor 4 (TCF-4), matrix metalloprotein-
ase-14 (MMP-14), c-Myc and β-actin antibod-
ies, were purchased from CST Co., Ltd. (Sh- 
anghai, China). A RevertAidTM First Strand 
cDNA Synthesis Kit and Protein Extraction Re- 
agent for Mammalian, RPMI 1640 Medium, 
Minimum Essential Media (MEM), fetal bovine 
serum (FBS), Opti-MEM and 0.25% trypsin were 
ordered from Thermo Fisher Scientific Co., Ltd. 
(Shanghai, China). PCR Mix for real-time PCR 
was purchased from Roche (Basel, Switzerland). 
Transwell® inserts were purchased from 
Corning Co., Ltd. (New York, USA). Protein beads 
(A/G PLUS-Agarose) were purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). HRP-conjugated secondary antibodies 
were purchased from Beijing Golden Bridge 
Biotech (Beijing, China). Immobilon Western 
Chemiluminescent HRP Substrate was purch- 
ased from Merck KGaA (Darmstadt, Germany). 
ViaFect™ transfection reagent was ordered 
from Promega Co., Ltd. (Madison, WI, USA). 
pcDNA3.1-FAT1, pcDNA3.1(+)-β-catenin and 
pcDNA3.1(+) (vector) plasmids were constru- 
cted by Sangon Biotech Co., Ltd. (Shanghai, 
China). Other reagents were from Sigma-Aldrich 
and used as received (Shanghai, China).

RNA isolation and Real-time PCR

Total RNA was isolated from CC tissues, adja-
cent nontumor tissues, and harvested cells, 
and cDNA was synthesized according to a pre- 
vious report [14]. The following primers: FAT1 
forward: 5’-CCTTCCAACAGCCACATCCACTAC-3’, 
reverse: 5’-TTGAACCGTGAGCGTGTAACCTG-3’; 
β-actin forward: 5’-GAGCACAGAGCCTCGCCTTT- 
3’, reverse: 5’-AGAGGCGTACAGGGATAGCA-3’. 
FAT1 gene expression was normalized to that  
of β-actin.

Immunohistochemistry (IHC)

IHC assay was carried out as previously des- 
cribed [33]. Briefly, tissue sections were depar-
affinized in xylene and rehydrated. After anti-
gen retrieval, the samples blocked with 10% 
BSA. The sections incubated with the primary 
antibody for FAT1. Finally, the bound antibodies 
were stained with diaminobenzidine (DAB), and 
the sections were counterstained with hema-
toxylin. Each experiment was repeated 3 times.
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Cell cultures 

HeLa (HPV18+) cells were purchased from a 
typical Cell Culture Collection Committee of the 
Chinese Academy of Sciences Library, and 
C33A (HPV-) CC cells were obtained from ATCC. 
These cells had been identified by STR. Hela 
and C-33A cells were identified again by Ge- 
nechem and Fuheng Biology Co. Ltd in October 
2017 and November 2018, respectively. These 
cells were cultured in RPMI 1640 or MEM con-
taining 10% FBS at 37°C in 5% CO2. 

Silencing and overexpression of FAT1 in HeLa 
and C33A cells

Three FAT1 siRNA oligos and a negative control 
(NC) were synthesized by RiboBio Co., Ltd. 
(Guangzhou, China). Cells were seeded into 
6-cm dishes overnight. The cells were trans-
fected with three FAT1 siRNA oligos and the NC 
using ViaFect™ transfection reagent in Opti-
MEM for 6 h. The medium was removed, and 
fresh complete medium was added for another 
48 h of culturing. Silencing efficiency at the 
mRNA level was evaluated by RT-PCR. ViaFect™ 
transfection reagent was used to transfect 
HeLa and C33A cells with pcDNA3.1-FAT1 or 
the vector for 12 h. The Opti-MEM was then 
removed, and fresh complete medium was 
added for further study. 

Co-immunoprecipitation and western blot

To analyse whether exogenous flagged FAT1 
binds endogenous β-catenin in these cells, 
they were infected with 3 × Flag-FAT1 adenovi-
rus for 24 h then harvested and lysed with lysis 
buffer. Either β-catenin monoclonal antibody or 
control IgG was incubated with the cell lysate at 
4°C for overnight. Protein A/G PLUS-agarose 
was added to that cell lysate and incubated for 
2 h. The agarose beads were then washed 3 
times with lysis buffer. The precipitates were 
analysed by western blot as previously de- 
scribed [14]. A similar protocol was used to ana-
lyze whether endogenous FAT1 bound the 
endogenous β-catenin.

Cell viability assays

The viability of HeLa and C33A cell was detect-
ed by CCK-8. Briefly, cells (5000 per well) were 
seeded into 96-well plates, allowed to attach 
for 12 h, then treated as indicated for an addi-

tional 48 h. After removing the medium, 100 μL 
of fresh medium with 10 μL of CCK-8 reagent 
was added to each well, and then incubated at 
37°C for 4 h. Finally, each well’s absorbance at 
450 nm was detected.

Migration and invasion assays

The ability of cell migration and invasion was 
determined by transwell assay according to 
manufacturer’s instructions. 5 × 103 cells in 
100 μL of serum-free medium were seeded 
into the upper chamber for the migration assay. 
For the invasion assay, the upper chamber was 
coated with Matrigel, and the bottom chamber 
was coated with 700 μL of complete culture 
medium. Cells on the upper surface of the 
upper chamber were removed after incubating 
at 37°C for 24 h. Invaded cells on the lower sur-
face of the upper chamber were fixed with 4% 
PFA then stained with 1% crystal violet for 10 
min. 

Statistical analysis

The data are presented as the means ± SDs 
from at least three independent experiments. 
These data were analysed using SPSS 17.0 
(SPSS, Chicago, IL, USA). The data were com-
pared between two group using two-tailed 
Student’s t-tests and one-way analysis of vari-
ance (ANOVA) was carried out to compare data 
among three and more groups. P < 0.05 was 
considered significant.

Results

Analysis of FAT1 expression in CC tissues

In our study, we evaluated the expression of 
FAT1 mRNA in 40 CC tissue samples and 
matched adjacent non-tumor tissues by qRT-
PCR and immunohistochemistry (IHC). As sho- 
wn in Figure 1A, the relative expression of FAT1 
mRNA was 0.42 ± 0.05 and 1.07 ± 0.12 in CC 
tissues and adjacent non-tumor tissues, re- 
spectively (Figure 1A). The expression of FAT1 
mRNA in CC tissues was lower than that  
in adjacent non-tumor tissues (P < 0.001). 
Additionally, FAT1 protein was weakly stained in 
CC tissues, whereas obvious staining of FAT1 
protein was observed in adjacent non-tumour 
tissues (Figure 1B). These data suggest that 
FAT1 exhibited lower expression in CC tissues.
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Figure 1. FAT1 regulates cervical cancer cell proliferation. A. Relative expression of FAT1 mRNA was evaluated by 
qPCR. B. Immunohistochemical analysis of FAT1 protein expression and location in cervical cancer (right panel) and 
adjacent tissue (left panel). Immunoreactivity appears brown, with a blue hematoxylin counterstain. Scale bar, 40 
μm. C. FAT1 expression in HeLa (right panel) and C33A cells (middle panel) transfected with the pcDNA3.1-FAT1 
plasmid and pcDNA3.1-vector was evaluated by western blot. The histograms in the left panel illustrate the quantita-
tive analysis of the FAT1 protein levels, which were normalized to the β-actin levels. *P < 0.05 vs. the pcDNA3.1-vec-
tor group. D. CCK-8 was used to analyse HeLa (right panel) and C33A cell (left panel) viability at the indicated time 
points. *P < 0.05 vs. pcDNA3.1-vector group. HeLa and C33A cells were transfected with pcDNA3.1-FAT1 plasmid 
and pcDNA3.1-vector for 48 h, respectively. E. The relative expression of FAT1 was detected by qPCR. FAT1 mRNA 
was silenced by three FAT1 siRNA oligos in HeLa (left histogram) and C33A cells (right histogram) after three FAT1 
siRNA sequences and NC were transfected into HeLa and C33A for 48 h, respectively. *P < 0.05 vs. the NC group. F. 
Western blot was used to analyse the relative expression levels of FAT1 proteins after treating cells with FAT1 siRNA 
for 48 h in HeLa (left panel) and C33A (middle panel) cells. The histograms in the left panel illustrate the quantita-
tive analysis of the FAT1 protein levels, which were normalized to the β-actin levels. *P < 0.05 vs. NC group. G. CCK-8 
was used to analyze the viability of HeLa (left panel) and C33A cells (right panel) at the indicated time points after 
transfection with FAT1 siRNA. *P < 0.05 vs. NC group. 

FAT1 regulated the proliferation of CC cells in 
vitro

We investigated the effect of FAT1 on the prolif-
eration of CC cells. First, compared with the 
pcDNA3.1 vector group, the expression of FAT1 
protein was significantly elevated in HeLa and 
C33A cells after transfection of the pcDNA3.1-
FAT1 plasmid (P < 0.05) (Figure 1C). A CCK-8 
assay showed that the viability of HeLa and 
C33A cells at 12 h, 24 h, and 48 h was notably 
suppressed in the pcDNA3.1-FAT1 group com-
pared with the pcDNA3.1 vector group (P < 
0.05) (Figure 1D). Second, we silenced FAT1 
mRNA using three FAT1 siRNAs (#1, #2 and #3 
oligo sequences), and a real-time PCR assay 
showed that the expression of FAT1 mRNA in 
both HeLa and C33A cells was lower in the 
three FAT1 siRNA groups than in the NC group 
(P < 0.05). Moreover, FAT1 siRNA #1 oligo more 
effectively silenced FAT1 expression than the 
other siRNA oligos (Figure 1E), and this oligo 
was selected for the subsequent studies. 
Consistent with the above result, a western blot 
assay showed that the expression of FAT1 pro-
tein was significantly decreased in the FAT1 
siRNA group compared with the NC group (P < 
0.05) (Figure 1F). A CCK-8 assay revealed that 
the viability of HeLa and C33A cells at 24 h and 

48 h was higher in the FAT1 siRNA groups than 
in the NC groups (P < 0.05) (Figure 1G). These 
data demonstrate that FAT1 regulates the pro-
liferation of CC cells.

FAT1 overexpression inhibits the migration, 
invasion, and EMT of CC cells

Metastasis is a main factor responsible for CC 
progression and induces the death of CC pro-
teins [4]. We explored the effect of FAT1 on the 
EMT, migration, and invasion of CC cells. The 
expression of EMT markers, including E-cad- 
herin, vimentin and TWIST, in HeLa and C33A 
cells 48 h after transfection with pcDNA3.1-
FAT1 plasmid was evaluated by western blot. 
The data showed that the level of E-cadherin 
protein was higher and those of vimentin and 
TWIST protein were lower in the pcDNA3.1-FAT1 
group than in the pcDNA3.1-vector group (P < 
0.05) (Figure 2A and 2B). In contrast, the 
silencing of FAT1 downregulated E-cadherin 
and upregulated TWIST and vimentin in HeLa 
and C33A cells (Figure 2C and 2D).

We subsequently assessed the influence of 
FAT1 on CC cell migration and invasion using a 
classic transwell assay. The results showed 
that the overexpression of FAT1 significantly 
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suppressed the migration and invasion of HeLa 
and C33A cells (Figure 2E and 2F). FAT1 knock-
down promoted cell migration and invasion in 
HeLa and C33A cells, respectively, compared 
with the control cells (Figure 2E and 2F). Thus, 
FAT1 inhibited the EMT, migration and invasion 
of CC cells in vitro.

FAT1 suppresses the β-catenin mediated sig-
nalling pathway 

To explore the effect of FAT1 on the β-catenin 
signalling pathway, we evaluated the expres-
sion of phospho-β-catenin (pβ-catenin), β-ca- 
tenin, and its downstream targets TCF-4, c-Myc, 

Figure 2. FAT1 suppressed EMT, migration, and invasion of HeLa and C33A cells. (A and B) FAT1 supressed EMT 
of HeLa and C33A cells. The expression of E-cadherin, vimentin, and TWIST in HeLa (A) and C33A cells (B) were 
detected by western blot after these cells were treated with pcDNA3.1-FAT1 or pcDNA3.1-vector plasmid for 48 h, 
respectively. The histograms illustrate quantitative analysis of the E-cadherin, vimentin, and TWIST protein levels, 
which were normalized to the β-actin levels. *P < 0.05 vs. the pcDNA3.1-vector group. (C and D) Silenced FAT1 pro-
motes the EMT of HeLa and C33A cells. The expression of E-cadherin, vimentin, and TWIST in HeLa (A) and C33A 
cells (B) were detected by western blot after these cells were treated with NC or FAT1 siRNA for 48 h, respectively. 
The histograms illustrate the quantitative analysis of the E-cadherin, vimentin, and TWIST protein levels, which 
were normalized to β-actin levels. *P < 0.05 vs. the NC group. (E and F) The effect of FAT1 on HeLa and C33A cell 
migration (E) and invasion (F) capacity was analyzed using a transwell assay. These cells were transfected with the 
pcDNA3.1-FAT1/pcDNA3.1-vector plasmid or NC/FAT1 siRNA for 24 h, respectively.
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Figure 3. FAT1 interacts with β-catenin and regulates β-catenin-mediated transcription. (A and B) Overexpression 
of FAT1 inhibited β-catenin-mediated transcription by phospho-β-catenin (pβ-catenin). pβ-catenin, β-catenin, TCF-4, 
c-Myc and MMP14 expression levels were evaluated by western blot after transfecting HeLa (A) and C33A (B) cells 
with the pcDNA3.1-FAT1 plasmid and pcDNA3.1-vector for 48 h, respectively. The histograms illustrate the quantita-
tive analysis of the pβ-catenin, β-catenin, TCF-4, c-Myc, and MMP14 protein levels, which were normalized to the 
β-actin levels. *P < 0.05, vs. the pcDNA3.1-vector group. (C and D) FAT1 knockdown promoted β-catenin-mediated 
transcription of HeLa and C33A. pβ-catenin, β-catenin, TCF-4, c-Myc and MMP14 expression levels were evaluated 
by western blot after transfecting HeLa (C) and C33A (D) cells with NC and FAT1 siRNA for 48 h, respectively. The 
histograms illustrate the quantitative analysis of the pβ-catenin, β-catenin, TCF-4, c-Myc and MMP14 protein levels, 
which were normalized to the β-actin levels. *P < 0.05 vs. the NC group. (E) Immunoprecipitation assays detected 
that endogenous FAT1 bound endogenous β-catenin in HeLa and C33A cells. (F) Immunoprecipitation assays de-
tected that exogenous FAT1-flag bound endogenous β-catenin in HeLa and C33A cells. HeLa and C33A cells were 
infected with Adv-flag-FAT1 for 48 h. Immunoprecipitation (IP) antibody or immunoglobulin G (IgG) negative controls 
were used as indicated. β-actin was used as a loading control.

and MMP14. A western blot showed that the 
p-β-catenin protein level was significantly in- 
creased and the β-catenin, TCF-4, c-Myc and 
MMP14 protein levels were decreased in the 
pcDNA3.1-FAT1 group compared with the 
pcDNA3.1-vector group (P < 0.05) (Figure 3A 
and 3B). Conversely, in FAT1 siRNA-transfected 
cells, the pβ-catenin protein level was signifi-
cantly downregulated compared with that in 
the NC group, whereas β-catenin was upregu-
lated. The downstream targets of β-catenin, 
including TCF-4, c-Myc, and MMP-14, were sig-
nificantly upregulated (Figure 3C and 3D).

To further investigate β-catenin regulation by 
FAT1, we performed a co-immunoprecipitation 

assay with HeLa and C33A cells and found that 
endogenous FAT1 interacted with β-catenin. 
Furthermore, we transfected FAT1 plasmids 
into both CC cell types and found a similar inter-
action between FAT1 and β-catenin (Figure 3E 
and 3F). 

Overexpression of β-catenin attenuates the 
effect of FAT1 on CC cells

The abovementioned data showed that the pro-
tein expression levels of β-catenin, c-Myc, TCF-
4, MMP-14, TWIST, and vimentin were higher in 
the pcDNA3.1-β-catenin/Adv.Flag-FAT1 group 
than in the vector/Adv.Flag-FAT1 group (P < 
0.05). Furthermore, the E-cadherin protein level 
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Figure 4. Upregulation of β-catenin partly reversed FAT1’s effect on proliferation, migration and invasion. HeLa and 
C33A cells were transfected with the vector and β-catenin plasmid for 12 h, then infected with adv. Flag-FAT1. (A 
and B) Western blotting showed the expression levels of β-catenin, TCF-4, c-Myc, MMP14, TWIST, E-cadherin, and 
vimentin in HeLa and C33A cells. The histograms illustrate the quantitative analysis of the pβ-catenin, β-catenin, 
TCF-4, c-Myc and MMP14 protein levels, which were normalized to the β-actin levels. *P < 0.05, vs. the pcDNA3.1-
vector group. ^P < 0.05, vs. the β-catenin group. #P < 0.05, vs. the Vector/Adv.Flag-FAT1 group. (C) CCK-8 assays 
were used to analyze HeLa (left panel) and C33A (right panel) cell viability. *P < 0.05 vs. the vector group. ^P < 0.05 
vs. the vector/adv. Flag-FAT1 group. #P < 0.05 vs. the β-catenin/adv. Flag-FAT1 group. (D and E) A transwell assay 
was used to evaluate HeLa and C33A cell migration (D) and invasion (E) capacity with co-expression of β-catenin 
and FAT1. Treated cells were seeded in upper chamber for 24 h, respectively.

was decreased in the pcDNA3.1-β-catenin/Adv.
Flag-FAT1 group compared with that in the vec-
tor/Adv.Flag-FAT1 group (P < 0.05) (Figure 4A 
and 4B). The viability of HeLa and C33A cells 
was also analyzed by CCK-8 assay (Figure 4C), 
and the data showed that cell viability at 24 and 
48 h was significantly increased in the β-catenin 
group compared with the vector group (P < 
0.05). Compared with the vector/Adv.Flag-FAT1 
group, cell viability was increased at 12, 24, 
and 48 h in the pcDNA3.1-β-catenin/Adv.Flag-
FAT1 group (P < 0.05) (Figure 4C). Additionally, 
we analyzed the migration and invasion of HeLa 
and C33A cells after pretreatment with a 
β-catenin plasmid with or without Adv.Flag-FAT1 
by transwell assay (Figure 4D and 4E). The 
results demonstrated that HeLa and C33A cell 
migration and invasion were significantly in- 
creased in the pcDNA3.1-β-catenin group com-
pared with those in the vector group. Moreover, 
cell migration and invasion were restored in the 
pcDNA3.1-β-catenin/Adv.Flag-FAT1 group com-
pared with the vector/Adv.Flag-FAT1 group. 
These data suggested that β-catenin upregula-
tion could partially reverse the FAT1-mediated 
inhibitory effect on the proliferation, migration, 
and invasion of HeLa and C33A cells.

Discussion

We found that FAT1 mRNA expression is down-
regulated in CC tissues, and the upregulation of 

FAT1 suppressed proliferation, EMT, migration, 
and invasion in HeLa and C33A cells. In con-
trast, the silencing of FAT1 promoted cell prolif-
eration, EMT, and migration. Further study 
found that FAT1 could interact with β-catenin, 
promoting the phosphorylation and degrada-
tion of β-catenin, and thereby inactivate its 
downstream targets, namely, c-MYC, TCF4 and 
MMP14. These data hinted that FAT1 could 
regulate cellular proliferation and metastasis 
through the phosphorylation and degradation 
of β-catenin. 

FAT1 is regarded as a key regulator of cell pro-
liferation, migration, and polarity and plays 
critical roles in tumor progression. Due to its 
regulation of the Salvador/Warts/Hippo signal-
ling pathway, FAT1 was first thought to have 
tumor suppressor function in Drosophila melanoga- 
ster [21]. Morris et al. identified a FAT1 muta-
tion in glioblastoma (20.5%), colorectal cancer 
(7.7%), and head and neck cancer (6.7%), and 
this mutation resulted in FAT1 inactivation and 
loss of function and thus served as a tumor 
suppressor [18]. Martin’s research demon-
strated that inactivating mutations of FAT1 
resulted in YAP1 activation by the Hippo signal-
ling pathway, leading to the progression of 
head and neck squamous cell carcinoma [17]. 
Another study showed that FAT1 is downregu-
lated and considered a tumor suppressor in 
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oral cancer, glioblastoma multiforme, and inva-
sive breast cancer [13 18]. These research 
data hinted that FAT1 abolishes its tumour sup-
pressor function in several cancers by down-
regulating its expression or by inducing an inac-
tivating mutation. In our study, we found that 
the expression of FAT1 mRNA was lower in CC 
tissues than in matched adjacent non-tumor 
tissues. Moreover, our previous study also 
found that a FAT1 mutation was present in 
8.8% of CC tissues. The forced expression of 
FAT1 through a FAT1 plasmid suppressed the 
proliferation of CC cells, whereas the knock-
down of FAT1 promoted the proliferation of 
these cells. These data suggested that FAT1 is 
a tumor suppressor in CC. 

CC metastasis is one of major causes of patient 
death. It is closely related to EMT, which is char-
acterized by the loss of epithelial features and 
the gain of mesenchymal and migratory fea-
tures [5]. Hu et al. showed that FAT1 suppress-
es the EMT, cell migration, and invasion in ESCC 
by disruption of the MAPK/ERK pathway [11, 
12]. Srivastava and colleagues showed that 
FAT1 regulates the EMT of glioblastoma both 
through or independent of HIF-1α [25]. Another 
study revealed that the knockdown of FAT1 
using siRNA inhibited cell migration and inva-
sion in oral squamous cell by disorganized 
localization of β-catenin [20]. Our data showed 
that FAT1 overexpression significantly elevated 
the expression of E-cadherin, suppressed the 
level of vimentin and Twist, and suppressed the 
migration and invasion of CC cells, indicating 
that FAT1 plays an important role in EMT, migra-
tion, and invasion in CC. 

Aberrant activation of the Wnt/β-catenin path-
way contributes to CC carcinogenesis and pro-
gression [3, 8]. β-catenin, the central factor in 
canonical Wnt signalling, promotes the tran-
scription of various genes, such as c-Myc, TCF-
1, MMP14 and Cyclin D1, and thus controls the 
proliferation, migration, and invasion of CC 
when located in the nucleus [2]. A previous 
study showed that the FAT1 intracellular domain 
(Fat1IC) could interact with β-catenin to prevent 
the nuclear localization of β-catenin and inhibit 
its transcriptional activity, resulting in decrea- 
sed VSMC proliferation and vessel remodelling 
[10]. Further study revealed that mutated FAT1 
is unable to bind β-catenin, whereas upregu-
lated wild-type FAT1 could interact with β-ca- 
tenin and subsequently suppress the β-caten- 

in-mediated signal pathway [18]. In the present 
study, we demonstrated that FAT1 could bind to 
β-catenin, promote its phosphorylation, and 
thus inactivate its downstream targets c-Myc, 
TCF4 and MMP14. Conversely, the silencing of 
FAT1 elevated the levels of total β-catenin and 
its target genes. Moreover, β-catenin upregula-
tion partly reversed the FAT1-mediated inhibi-
tory effect on proliferation, migration/invasion, 
and EMT progression in vitro. These results 
indicated that FAT1 interacts with β-catenin, 
induces the phosphorylation of β-catenin in the 
cytoplasm, and thereby prevents β-catenin 
nuclear localization and inactivates its tran-
scription [18]. 

Conclusions 

In conclusion, FAT1 suppresses CC cell prolif-
eration, migration, and invasion by promoting 
β-catenin phosphorylation and inactivating 
Wnt/β-catenin-mediated transcription. These 
findings suggest that FAT1 might act as a tumor 
suppressor in CC and is a potential target in 
new molecular therapeutic strategies to im- 
prove CC prognosis.
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