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Abstract. Increasing evidence has suggested an association 
between the expression profiles of microRNAs (miRs) and 
gallbladder cancer (GBC). Recently, miR‑182 has been 
demonstrated to exert tumor‑promoting effects. However, the 
biological activity and molecular mechanisms of miR‑182 in 
GBC remain unclear. The results of the present study demon‑
strated that miR‑182 expression was significantly upregulated 
in GBC tissues and cell lines (GBC‑SD and SGC‑996). In addi‑
tion, miR‑182‑knockdown attenuated epithelial‑mesenchymal 
transition (EMT) in GBC cells, as indicated by decreased cell 
migratory and invasive abilities, decreased vimentin expres‑
sion, and increased E‑cadherin expression. The activities of 
β‑catenin and its downstream factors, Cyclin D1 and c‑Myc, 
were also demonstrated to decrease following miR‑182‑knock‑
down. Forkhead box N3 (FOXN3) was identified as the direct 
target of miR‑182. Overexpression of FOXN3 ameliorated 
EMT and the β‑catenin pathway. Taken together, the results 
of the present study suggested that miR‑182 promotes EMT 
in GBC cells by targeting FOXN3, which suppresses the 
Wnt/β‑catenin pathway.

Introduction

Gallbladder cancer (GBC) is the most common biliary malig‑
nancy and is characterized by an advanced stage diagnosis, high 

recurrence rate and poor prognosis due to no specific clinical 
signs, symptoms or reliable sensitive markers (1). Patients with 
GBC have a poor outcome, with a 5‑year survival rate of only 
10‑20% (2). Therefore, identifying novel biomarkers remains 
essential for the early diagnosis and effective treatment of 
patients with GBC (3).

MicroRNAs (miRNAs/miRs) regulate biological 
processes, including cell proliferation, differentiation 
and migration, by binding to the 3'‑untranlsated region 
(3'‑UTR) and degrading the mRNA of target genes (4). 
For example, miR‑182 has been reported to promote breast 
cancer cell motility and invasiveness by targeting Missing in 
Metastasis (5). Furthermore, miR‑182 expression is upregu‑
lated in colorectal cancer, which significantly promotes 
epithelial‑mesenchymal transition (EMT), cell prolif‑
eration, invasion and migration by targeting Special AT‑rich 
Sequence‑Binding protein 2 (6). Aberrant miR profiles in 
GBC have been reported (7); however, the role of miR‑182 in 
the pathogenesis of GBC remains unclear.

The EMT event of cancer cells is associated with 
cancer invasion, metastasis and recurrence (8). The 
Wnt/β‑catenin pathway has been implicated in EMT (9). 
Activation of β‑catenin leads to β‑catenin stabilization 
and translocation to the nucleus, where it associates with 
transcription factors, lymphoid enhancer factor/T‑cell 
(LEF/TCF), to activate the expression of target genes (10). 
It has been demonstrated that the EMT factor, ZEB1, is 
transcriptionally regulated by the β‑catenin/TCF4 complex 
pathway (11). Recently, it was reported that Forkhead 
box N3 (FOXN3) may interact with β‑catenin and suppress 
the activity of the Wnt/β‑catenin pathway (12). Prediction 
analysis using TargetScan 7.2 software (http://www.
targetscan.org/vert_72) demonstrates that miR‑182 may 
bind to the 3'‑UTR of FOXN3. However, whether miR‑182 
promotes EMT by negatively regulating FOXN3 remains 
unclear. Therefore, the present study aimed to investigate 
the role of miR‑182 in GBC.
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Materials and methods

Tissue collection. A total of 18 GBC tissues and adjacent 
normal tissues were collected from patients with GBC 
(8 males and 10 females; mean age, 70.2±3.6 years; age range, 
63‑79 years) who underwent surgical resection at The First 
Affiliated Hospital of Gannan Medical University between 
March 2017 and May 2019. Inclusion criteria were as follows: 
i) patients who were diagnosed by histopathological exami‑
nations for the first time and had not received any therapies 
and ii) patients who had provided written informed consent. 
Exclusion criteria were as follows: i) patients complicated 
with other clinical disorders and ii) patients with a history 
of malignancies. Tissue samples were collected from all 
patients prior to biopsy, which was performed using a fine 
needle under the guidance of Magnetic Resonance Imaging. 
Tissue samples were stored at ‑80˚C until subsequent experi‑
mentation. The present study was approved by the Ethics 
Committee of The First Affiliated Hospital of Gannan 
Medical University, Ganzhou, China (GMU38972623) 
and was performed in accordance with the Declaration of 
Helsinki (13). Written informed consent was provided by all 
patients prior to the study.

Cell culture. The non‑tumorigenic human intrahepatic biliary 
epithelial cell line (H69) and the human GBC cell lines 
(GBC‑SD and SGC‑996) were purchased from the American 
Type Culture Collection. Cells were maintained in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.), supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 
100 U/ml penicillin and streptomycin (Thermo Fisher 
Scientific, Inc.) at 37˚C in 5% CO2.

Cell transfection. miR‑182 inhibitors (5'‑TTC TAC CAT TGC 
CAA‑3') and miRNA negative control (miR‑NC; 5'‑ACG 
TCT ATA CGC CCA‑3') were purchased from Guangzhou 
RiboBio Co., Ltd. To the best of our knowledge, no effects of 
miR‑NC on cell viability have been confirmed. GBC‑SD and 
SGC‑996 cells were seeded onto 6‑well plates at a density 
of 1x105 cells/well. Once they reached 60% confluence, the 
cells were transfected with 50 nM miR‑182 inhibitors and 
miR‑NC using Lipofectamine 3000 reagent (Thermo Fisher 
Scientific, Inc.) for 24 h at 37˚C, according to the manufac‑
turer's protocol.

The pcDNA3.1‑FOXN3 vector (Guangzhou RiboBio 
Co., Ltd) was prepared by cloning the open reading frame 
of FOXN3 into the vector. GBC‑SD and SGC‑996 cells were 
transfected with the pcDNA3.1‑FOXN3 vectors for 24 h 
at 37˚C, using Lipofectamine 3000 reagent.

MTT assay. GBC‑SD and SGC‑996 cells transfected with 
miR‑182 inhibitors and miR‑NC were seeded onto 96‑well 
plates at a density of 5x103 cells/well and cultured at 37˚C 
for 48 h. Cells were subsequently incubated with 0.5 mg/ml 
MTT reagent at 37˚C for 4 h. Following the MTT incubation, 
the purple formazan crystals were dissolved using 150 µl 
dimethyl sulfoxide (Sigma‑Aldrich; Merck KGaA) in the dark 
and viability was subsequently analyzed at a wavelength of 
490 nm, using a microplate reader (Thermo Fisher Scientific, 
Inc.).

Transwell migration and invasion assays. GBC‑SD and 
SGC‑996 cells were collected 24 h post‑transfection and 
prepared for single‑cell suspensions using serum‑free medium, 
at a density of 3x104 cells/ml. The single‑cell suspensions were 
transferred into the upper chambers of Transwell plates, while 
culture medium supplemented with 20% FBS was plated 
into the lower chambers. For the invasion assay, Transwell 
membranes were precoated with Matrigel (EMD Millipore) 
overnight at room temperature. Following incubation for 
2 h at 37˚C, the migratory and invasive cells were collected, 
washed and stained with 0.5% crystal violet (Sigma‑Aldrich; 
Merck KGaA) for 15 min at room temperature. Stained 
cells were counted in five randomly selected fields under an 
inverted microscope (Olympus CK‑40; Olympus Corporation) 
at a magnification of x100.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from GBC tissues and cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocols. Total RNA (2 µg) 
was reverse transcribed into cDNA using M‑MLV (Promega 
Corporation) for 60 min at 42˚C. qPCR was subsequently 
performed using an ABI 7500 system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) to detect the mRNA expres‑
sion levels of FOXN3, β‑catenin, E‑cadherin and vimentin. 
The procedure was performed as follows: 95˚C for 6 min, 
followed by 40 cycles at 95˚C for 40 sec, 65˚C for 30 sec, 
and finally at 75˚C for 8 min. miR‑182 primers (Biomics) and 
EzOmics SYBR qPCR kits (cat. no. BK2200) (Biomics) were 
used to detect the expression levels of miRNAs. The following 
primer sequences (Biomics) were used for the qPCR: FOXN3 
forward, 5'‑TGC CAA TCA CTC CCA TTG GG‑3' and reverse, 
5'‑CCG CAT CCG GCA GCT GG‑3'; Cyclin D1 forward, 5'‑TGT 
TTG CAA GCA GGA CTT TG‑3' and reverse, 5'‑ACG TCA GCC 
TCC ACA CTC TT‑3'; and c‑Myc forward, 5'‑CTC CTG GCA 
AAA GGT CAG AG‑3' and reverse, 5'‑TCG GTT GTT GCT GAT 
CTG TC‑3'. The expression levels of miRNA and mRNA were 
normalized to the endogenous reference, U6 (forward, 5'‑AGA 
CAA TTG ATG CGT GCG ATC‑3' and reverse, 5'‑GCT GCA 
ACT GCA CTA CCA AC‑3') and 18S rRNA (forward, 5'‑GTA 
ACC CGT TGA ACC CCA TT‑3' and reverse, 5'‑CCA TCC AAT 
CGG TAG TAG CG‑3'), respectively. Relative expression levels 
were calculated using the 2‑ΔΔCq method (14).

Western blotting. Cells were lysed using RIPA lysis buffer 
(Beyotime Institute of Biotechnology). Total protein was quan‑
tified using a BCA protein assay kit (cat. no. 23250; Pierce 
Biotechnology; Themo Fisher Scientific, Inc.) and 25 µg 
protein/lane was separated via SDS‑PAGE on a 10% gel. The 
separated proteins were subsequently transferred onto polyvi‑
nylidene difluoride membranes and blocked with Tris‑buffered 
saline supplemented with 5% skimmed milk for 1 h at room 
temperature. The membranes were incubated with primary 
antibodies against FOXN3 (cat. no. 95568), β‑catenin (cat. no. 
8480), TCF4 (cat. no. 2569), E‑cadherin (cat. no. 3195), Vimentin 
(cat. no. 5741), Cyclin D1 (cat. no. 55506), c‑Myc (cat. no. 18583) 
and GAPDH (cat. no. 5174S) overnight at 4˚C (all 1:1,000 
dilutions and purchased from Cell Signaling Technology, 
Inc.). Following the primary incubation, the membranes were 
incubated with a horseradish peroxidase‑labelled secondary 
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antibody (1:2,000; cat. no. 32935; Cell Signaling Technology, 
Inc.) for 1 h at room temperature. Protein bands were detected 
using the enhanced chemiluminescence detection system 
(Bio‑Rad Laboratories, Inc.) and Quantity One software v4.6.2 
(Bio‑Rad Laboratories, Inc.).

Dual‑luciferase reporter assay. Prediction analysis was 
conducted using TargetScan 7.2 software (http://www.
targetscan.org/vert_72) (15). After inputting miR‑182 and 
clicking the button ‘submit’, the prediction results were 
obtained. It indicated that the position 6109‑6116 of FOXN3 
3'‑UTR was paired with miR‑182. To validate the predic‑
tion, the 3'‑UTR of FOXN3 mRNA (both the wild‑type and 
mutant) was cloned into the psiCHECK™‑2 vector (Promega 
Corporation) at the XhoI/NotI sites, according to the manu‑
facturer's protocol (In‑Fusion Advantage PCR cloning kit; 
cat. no. 630489; Clontech Laboratories, Inc.). Cells were 
cultured for 24 h at 37˚C. Subsequently, the psiCHECK‑FOXN3 
3'‑UTR reporter vector (the wild‑type or the mutant) was 
co‑transfected into cells with miR‑182 mimics or miR‑NC, 
using Lipofectamine 3000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). Following incubation for 48 h at 37˚C, firefly 
and Renilla luciferase activities were detected using the 
Glomax 96 luminometer (Promega Corporation). Firefly lucif‑
erase reporter was normalized to Renilla luciferase activity.

Co‑immunoprecipitation (Co‑IP) assay. Cells were harvested 
using IP lysis buffer (Pierce Biotechnology; Thermo Fisher 

Scientific, Inc.), of which, 10% was used as the input sample. 
The remaining amount (90% of IP lysate) was used for IP assays 
through co‑incubation with the goat IgG (cat. no. 6990) or 
β‑catenin (cat. no. 8480) antibodies (both 1:50 dilutions and 
purchased from Cell Signaling Technology, Inc.). Following 
the primary incubation, the samples were incubated with 
protein A‑sepharose beads at 4˚C for 2 h. IP washing buffer 
was used, and the eluted samples (25 µg protein) after centrifu‑
gation at 3,000 x g for 4 min at 4˚C were subjected to western 
blotting.

Statistical analysis. All experiments were performed in tripli‑
cate and data are presented as the mean ± standard error of the 
mean. SPSS 20.0 software (IBM Corp.) was used for statistical 
analysis. Differences between GBC and normal tissues were 
analyzed using a paired t‑test. One‑way analysis of variance, 
followed by Tukey's post hoc test, was used to compare differ‑
ences between multiple groups. An unpaired Student's t‑test 
was used to make statistical comparisons between two groups. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑182 expression is upregulated in GBC tissues and cells. 
To investigate the role of miR‑182 in GBC, RT‑qPCR analysis 
was performed to detect relative miR‑182 expression in GBC 
tissues and cells. As presented in Fig. 1A, miR‑182 expression 

Figure 1. miR‑182 expression is upregulated in GBC tissues and cell lines. (A) RT‑qPCR analysis was performed to detect miR‑182 expression in GBC tissues 
and adjacent normal tissues. (B) RT‑qPCR analysis was performed to detect the expression levels of miR‑182 in GBC‑SD, SGC‑996 and H69 cells. (C) Western 
blot analysis was performed to detect the protein expression of FOXN3, β‑catenin, E‑cadherin and vimentin in GBC tissues and adjacent normal tissues. (D) The 
summarized protein expression levels for (C). (E) Western blot analysis was performed to detect the protein expression levels of FOXN3, β‑catenin, E‑cadherin and 
vimentin in GBC‑SD, SGC‑996 and H69 cells. (F) The summarized protein expression levels for (E). All experiments were performed in triplicate and data are 
presented as the mean ± standard deviation. *P<0.05 and **P<0.01. miR, microRNA; GBC, gallbladder cancer; RT‑qPCR, reverse transcription‑quantitative PCR. 
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was significantly upregulated in GBC tissues, compared with 
adjacent normal tissues. miR‑182 expression was also assessed 
in GBC cells. As presented in Fig. 1B, miR‑182 expression 
markedly increased in GBC‑SD and SGC‑996 cells, compared 
with H69 cells. To further investigate the association between 
miR‑182 and EMT mediated by β‑catenin signaling in GBC 
cells, western blot analysis was performed to detect protein 

expression levels of FOXN3/β‑catenin and EMT‑related 
factors, E‑cadherin and vimentin. As presented in Fig. 1C‑F, 
the protein expression levels of β‑catenin and vimentin signifi‑
cantly increased, while FOXN3 and E‑cadherin expression 
levels were attenuated in GBC tissues (Fig. 1C and D) and 
GBC cells (Fig. 1E and F), compared with adjacent normal 
tissues and H69 cells, respectively. Taken together, these 

Figure 2. miR‑182‑knockdown attenuates epithelial‑mesenchymal transition in GBC‑SD and SGC‑996 cells. (A) Reverse transcription‑quantitative PCR 
analysis was performed to detect miR‑182 expression in GBC cells transfected with miR‑182 inhibitors and miR‑NC, respectively. NC groups indicate the 
untreated GBC‑SD or SGC‑996 cells without any transfection. The viability of (B) GBC‑SD and (C) SGC‑996 cells was assessed using an MTT assay. (D) The 
cell migratory and invasive abilities were assessed via the Transwell assays. (E) The summarized staining levels for migration. (F) The summarized staining 
levels for invasion. (G) Western blot analysis was performed to detect protein expression levels of E‑cadherin and vimentin in GBC‑SD cells transfected 
with miR‑182 inhibitors and miR‑NC, respectively. (H) The summarized protein expression levels for (G). (I) Western blot analysis was performed to detect 
protein expression levels of E‑cadherin and vimentin in SGC‑996 cells transfected with miR‑182 inhibitors and miR‑NC, respectively. (J) The summarized 
protein expression levels for (I). All experiments were performed in triplicate and data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01. 
miR, microRNA; GBC, gallbladder cancer; NC, negative control.
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results suggested that increased miR‑182 expression may be 
involved in the EMT of GBC cells.

miR‑182‑knockdown inhibits EMT in GBC cells. To inves‑
tigate the role of miR‑182 in EMT, GBC‑SD and SGC‑996 
cells were transfected with miR‑182 inhibitors and miR‑NC, 
respectively. RT‑qPCR analysis was performed to detect 
miR‑182 and the results demonstrated that miR‑182 expres‑
sion was significantly decreased in cells transfected with 
miR‑182 inhibitors, compared with cells transfected with 
miR‑NC (Fig. 2A). These results demonstrated that transfec‑
tion of GBC cells with miR‑182 inhibitors was successful. 
The results of the MTT assay indicated that miR‑182 inhibi‑
tors decreased the viability of GBC cells (Fig. 2B and C). To 
determine the biological functions of miR‑182 inhibitors on 
EMT, cell migration and invasion assays were performed. 
The results demonstrated that miR‑182 inhibitors significantly 
attenuated the activity of migration and invasion in GBC‑SD 
and SGC‑996 cells (Fig. 2D‑F). To further investigate the 
potential molecular mechanism of miR‑182 inhibitors on 
EMT, western blot analysis was performed to detect protein 
expression levels of the EMT‑related factors, E‑cadherin and 
vimentin. miR‑182‑knockdown effectively decreased vimentin 
expression and increased E‑cadherin expression in GBC‑SD 
(Fig. 2G and H) and SGC‑996 (Fig. 2I and J) cells. Taken 
together, these results suggested that miR‑182‑knockdown 
may inhibit EMT in GBC cells.

FOXN3 is a direct target of miR‑182. To investigate the poten‑
tial molecular mechanism of miR‑182 in promoting EMT 
in GBC cells, it was hypothesized that miR‑182 targets and 
degrades FOXN3, which may form a complex with β‑catenin 
and negatively regulate its nuclear transcriptional activity in 

GBC cells. Prediction analysis demonstrated that FOXN3 
is a direct target of miR‑182. These results were verified via 
the dual‑luciferase reporter assay. As presented in Fig. 3A, 
the 3'‑UTR of FOXN3 containing a wild‑type or mutant 
binding site for miR‑182 was artificially cloned into the firefly 
luciferase reporter system. No significant differences were 
observed in the relative luciferase activities between the NC 
reporter and the reporter containing the mutant binding site 
of FOXN3. By contrast, the reporter containing the wild‑type 
binding site of FOXN3 exhibited decreased luciferase activity 
for >60% (Fig. 3B). Taken together, these results suggested 
that miR‑182 specifically aims to degrade FOXN3 by binding 
to its 3'‑UTR.

miR‑182/FOXN3 promotes EMT by regulating the β‑catenin 
pathway. The effects of miR‑182/FOXN3 on EMT by medi‑
ating the β‑catenin pathway were assessed. FOXN3 has been 
reported to be associated with β‑catenin, and negatively 
regulates the expression of its downstream factors (16). The 
present study assessed the expression levels of Cyclin D1 and 
c‑Myc, which are the downstream factors of the Wnt/β‑catenin 
signaling pathway (17). As presented in Fig. 4A‑F, 
miR‑182‑knockdown downregulated the mRNA and protein 
expression levels of Cyclin D1 and c‑Myc in GBC cells trans‑
fected with miR‑182 inhibitors.

To further investigate the effects of miR‑182 on 
EMT, FOXN3 was overexpressed by transfection with 
pcDNA3.1‑FOXN3 into GBC cells, which were also co‑trans‑
fected with miR‑182 inhibitors. The mRNA (Fig. 5A and B) 
and protein expression (Fig. 5C‑F) levels of FOXN3 were 
significantly upregulated, indicating successful transfection 
of FOXN3 into GBC‑SD and SGC‑996 cells. Furthermore, 
successful co‑transfection of FOXN3 and miR‑182 inhibitors is 

Figure 3. FOXN3 is a direct target of miR‑182. (A) Prediction analysis was performed using TargetScan 7.2 software to predict the complementary sequence of 
3'‑UTR in FOXN3 with miR‑182. The results were verified via the dual‑luciferase reporter assay. (B) H69 cells were co‑transfected with luciferase constructs 
and miR‑182‑mimics. Firefly luciferase reporter activity was normalized to Renilla luciferase activity. All experiments were performed in triplicate and data 
are presented as the mean ± standard deviation. **P<0.01. FOXN3, Forkhead box N3; miR, microRNA; 3'‑UTR, 3'‑untranslated region.
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indicated in Fig. 5G‑L. Notably, the overexpression of FOXN3 
was demonstrated to compromise the promoting activity of 
miR‑182 on EMT, as indicated by the increased migration and 
invasion (Fig. 6A‑C), increased E‑cadherin expression, and 
decreased vimentin expression (Fig. 6D‑G). In addition, over‑
expression of FOXN3 ameliorated the promoting activity of 
miR‑182 on the expression levels of Cyclin D1 and c‑Myc. The 
results of the Co‑IP assay demonstrated that FOXN3 may form 
a complex with β‑catenin in GBC cells by competing with 
TCF4 (Fig. 6H and I). Taken together, these results suggested 
that miR‑182 may promote EMT by targeting FOXN3 and 
negatively regulating the Wnt/β‑catenin pathway in GBC cells.

Discussion

GBC is the most common type of cancer in the biliary tract, 
and only 20% of patients with GBC are diagnosed with 
non‑metastatic GBC (18). Studies of the molecular mechanisms 
of GBC pathogenesis are required to identify and develop 
effective therapeutic strategies. EMT is associated with the 
invasion and metastasis of GBC (19). The results of the present 
study demonstrated that miR‑182 was significantly upregu‑
lated in GBC tissues and cell lines. miR‑182‑knockdown was 
demonstrated to inhibit EMT. This may be due to the fact that 
miR‑182 targets and degrades FOXN3, which suppressed the 

activity of the β‑catenin pathway by competing with TCF4. 
The rescue assays from pcDNA3.1‑FOXN3 transfection 
supported that miR‑182/FOXN3 promoted EMT by mediating 
the β‑catenin pathway in GBC cells.

Increasing evidence has demonstrated an association 
between miRNA expression profiles and cancer development. 
Recently, the pathogenesis of GBC has been indicated to be 
associated with the dysregulation of miRNAs (7,20). miR‑181b 
expression is increased in GBC tissues, and it may promote 
cell proliferation and autophagy, and attenuate cell apoptosis 
in GBC cells by targeting CREBRF, which is a suppressor of 
autophagy (21). miR‑7 and miR‑29c have been demonstrated 
to be downregulated in GBC, while the overexpression of 
these two miRNAs may effectively reverse EMT and decrease 
the metastatic activity of GBC cells (22). Overexpression 
of miR‑182 promotes motility and the invasive ability of 
hepatocellular carcinoma cells by targeting FOXO3A, which 
represses the activity of Wnt/β‑catenin signaling (23). Recently, 
miR‑182 has been reported to promote transforming growth 
factor (TGF)‑β‑mediated migration and invasion in GBC cells 
by targeting the cell adhesion molecule 1 (24). Consistent with 
these findings, the results of the present study demonstrated 
the aberrant expression of miR‑182 in GBC tissues. In addition, 
miR‑182‑knockdown in GBC cells may effectively attenuate 
EMT, as demonstrated by decreased migration and invasion, 

Figure 4. mRNA and protein expression levels of Cyclin D1 and c‑Myc are downregulated in GBC cells transfected with miR‑182 inhibitors. Reverse transcrip‑
tion‑quantitative PCR analysis was performed to detect mRNA expression levels of Cyclin D1 and c‑Myc in (A) GBC‑SD and (B) SGC‑996 (B) cells transfected 
with miR‑182 inhibitors. (C) Western blot analysis was performed to detect protein expression levels of Cyclin D1 and c‑Myc in GBC‑SD cells transfected 
with miR‑182 inhibitors. (D) The summarized protein expression levels for (C). (E) Western blot analysis was performed to detect protein expression levels 
of Cyclin D1 and c‑Myc in SGC‑996 cells transfected with miR‑182 inhibitors. (F) The summarized protein expression levels for (E). All experiments were 
performed in triplicate and data are presented as the mean ± standard deviation. *P<0.05. GBC, gallbladder cancer; miR, microRNA.
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decreased vimentin expression and increased E‑cadherin 
expression.

Several studies have reported that activation of the 
Wnt/β‑catenin signaling pathway may promote the transcrip‑
tion of EMT‑related genes (25‑27). β‑catenin interacts with 

SMAD3 and promotes TGF‑β‑regulated EMT in lens epithe‑
lial cells (25). In addition, β‑catenin is required for TGF‑β 
to induce EMT in lens epithelial cells by interacting with 
SMAD3 and translocation into the nucleus (27). The expres‑
sion of β‑catenin and its downstream factors, Cyclin D1 and 

Figure 5. Co‑transfection with FOXN3 and miR‑182 inhibitors into GBC cells. Reverse transcription‑quantitative PCR analysis was performed to detect 
mRNA FOXN3 expression in (A) GBC‑SD and (B) SGC‑996 cells transfected with pcDNA3.1‑FOXN3. Western blot analysis was performed to detect protein 
FOXN3 expression in (C and D) GBC‑SD and (E and F) SGC‑996 cells transfected with pcDNA3.1‑FOXN3. Similarly, the mRNA FOXN3 expression in 
(G) GBC‑SD and (H) SGC‑996 cells co‑transfected with pcDNA3.1‑FOXN3 and miR‑182 inhibitors. The protein FOXN3 expression was also determined in 
(I and J) GBC‑SD and (K and L) SGC‑996 cells co‑transfected with pcDNA3.1‑FOXN3 and miR‑182 inhibitors. All experiments were performed in triplicate 
and data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01. FOXN3, Forkhead box N3; miR, microRNA; GBC, gallbladder cancer; 
NC, negative control. 
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c‑Myc, are augmented by H2O2, accompanied by an increase 
of EMT in human lens epithelial cells (28). miR‑425 has been 
demonstrated to promote cell proliferation, migration, invasion 
and EMT by activating the β‑catenin pathway (29). miR‑23b 
is involved in tumor‑promoting effects, which are associated 
with the activation of the JAK/STAT and Wnt/β‑catenin 
pathways in A549 cells (30). In addition, the key EMT factor, 

ZEB1, is transcriptionally regulated by the β‑catenin/TCF4 
complex (11). These findings suggested that activation of the 
Wnt/β‑catenin pathways may promote EMT. The overexpres‑
sion of miR‑182 has been demonstrated to target SMAD7, 
leading to an increase in TGFβ‑induced EMT and osteoclas‑
togenesis for bone metastasis in cancer cells (31). The results 
of the present study demonstrated that the transfection with 

Figure 6. Overexpression of FOXN3 compromises the effects of miR‑182 on epithelial‑mesenchymal transition in GBC cells co‑transfected with miR‑182 
inhibitors and pcDNA3.1‑FOXN3. (A) The cell migratory and invasive abilities were detected via the Transwell assays following transfection with miR‑NC 
and FOXN3, respectively. (B) The summarized staining levels for migration. (C) The summarized staining levels for invasion. Western blot analysis was 
performed to detect the protein expression levels of E‑cadherin, Vimentin, Cyclin D1 and c‑Myc in (D) GBC‑SD and (E) SGC‑996 cells. (F) The summarized 
data of (D). (G) The summarized data of (E). (H and I) The Co‑IP assay was performed to assess the association between FOXN3 and β‑catenin. Cell protein 
extracts (10%) were used as the input sample, which was subjected to Western blot analysis. The remaining protein extracts were subjected to IP using control 
goat IgG or β‑catenin antibodies, followed by IB with anti‑FOXN3 or anti‑TCF4. All experiments were performed in triplicate and data are presented as the 
mean ± standard deviation. *P<0.05 and **P<0.01. FOXN3, Forkhead box N3; miR, microRNA; GBC, gallbladder cancer; NC, negative control; IP, immuno‑
precipitation; IB, immunoblotting.
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miR‑182 inhibitors decreased migration and invasion, and 
decreased the expression levels of Cyclin D1 and c‑Myc, which 
are the two downstream factors of the Wnt/β‑catenin pathway.

FOXN3 is a tumor suppressor, and alternative FOXN3 
expression profiles are often observed in different types of 
cancer, including melanoma, osteosarcoma and hepatocel‑
lular carcinoma (32). The association between FOXN3 and 
tumor development has been reviewed comprehensively (32). 
FOXN3 has been demonstrated to regulate the TGF‑β/SMAD 
signaling pathway, which modulates the proliferation and 
differentiation of cancer cells (33). Overexpression of FOXN3 
significantly inhibits tumor growth of papillary thyroid carci‑
noma, accompanied by decreased expression of the β‑catenin 
pathway (12). Furthermore, FOXN3 may interact with 
β‑catenin and block the interaction between β‑catenin and 
TCF4 in colon cancer (16). The present study on the predic‑
tion from the system on the website indicated that miR‑182 
may bind to the 3'‑UTR of FOXN3. The results of the present 
study demonstrated that the overexpression of FOXN3, similar 
to miR‑182 inhibitors transfection, may effectively attenuate 
EMT in GBC cells, as indicated by decreased migration 
and invasion, decreased vimentin expression, and increased 
E‑cadherin expression. The present study also demonstrated 
that FOXN3 may co‑precipitate with β‑catenin, interrupting 
the interaction between β‑catenin and TCF4.

Further studies were still required. The biological effects 
of FOXN3 in the pathological development of GBC were not 
fully understood. In addition, the positive effects of miR‑182 
on the regulation of cellular metabolism in the gallbladder 
were still absent, although the deficiency of miR‑182 may 
ameliorate EMT. However, the miR‑182‑knockout mice may 
be further used to confirm the effects of miR‑182 on EMT in 
GBC. Taken together, the results of the present study demon‑
strated that miR‑182 expression was increased in GBC tissues 
and cells, and miR‑182‑knockdown ameliorated EMT. The 
potential molecular mechanisms may be that miR‑182 targets 
and degrades FOXN3, which competes with TCF4 for binding 
to β‑catenin and suppresses the Wnt/β‑catenin pathway.
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