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Abstract. RING finger protein 43 (RNF43) is a ubiquitin E3 
ligase that negatively regulates Wnt/β‑catenin signalling. 
Mutation, inactivation and downregulation of RNF43 in chol‑
angiocarcinoma (CCA) are associated with a less favourable 
prognosis. Since the functional role of RNF43 in CCA has 
not yet been demonstrated, the present study aimed to assess 
the effect of its overexpression in mediating CCA suppression 
via Wnt/β‑catenin signalling pathway inhibition. Accordingly, 
RNF43 was overexpressed, and various malignant phenotypic 
changes studied, including cell proliferation, cell migration, 
chemotherapeutic sensitivity and the expression of several 
Wnt/β‑catenin target genes. Overexpression of RNF43 in the 
CCA cell‑line KKU‑213B hindered activation of Wnt/β‑catenin 
signalling, evidenced by: i) Accumulation of β‑catenin in the 
cytoplasmic fraction and downregulation of several known 
Wnt target genes at the mRNA level [AXIN2, survivin (BIRC5), 
CCND1, MMP‑7, c‑MYC and ABCB1 (MDR1)]; ii) a reduction 
of cell proliferation; iii) a significant decrease in KKU‑213B 
cell migration with RNF43 overexpression via upregulation of 
E‑cadherin (CDH1); and iv) a reduction in N‑cadherin (CDH2), 
MMP‑2, MMP‑7 and MMP‑9. In addition, overexpression of 
RNF43 increased 5‑fluorouracil sensitivity and downregula‑
tion of ABC transporter genes [including ABCB1 and ABCC1 
(MRP1)]. The current results demonstrate a functional role for 
RNF43 in CCA by: i) Blocking β‑catenin nuclear transloca‑
tion; and ii) the subsequent downregulation of Wnt/β‑catenin 
target genes (the latter being involved in the progression of 
CCA and chemotherapeutic drug susceptibility). Therefore, 
the present findings suggest that RNF43 could serve a tumour 
suppressive role in CCA.

Introduction

Cholangiocarcinoma (CCA) is a lethal malignancy originating 
from the biliary epithelium; it accounted for 10‑15% of all 
primary liver cancers and 3% of gastrointestinal cancers 
between 1996 and 2016 in European countries (1,2), and its 
incidence is increasing (2,3). The incidence of CCA is high 
in East and Southeast Asia, where liver‑fluke infection is 
endemic, the primary cause of CCA in the region. In western 
countries, CCA is primarily associated with primary sclerosing 
cholangitis, hepatolithiasis and choledochal cysts. CCA has no 
specific symptoms and is undetectable at the early stages. Most 
patients with CCA are thus diagnosed at an advanced stage with 
local or distant metastasis (2,4). Curative surgery is commonly 
used to treat patients with CCA, but most cases are inoper‑
able (5‑7). Gemcitabine, cisplatin and 5‑Fluorouracil (5‑FU) 
are the chemotherapy regimens commonly used to improve the 
length of survival, with median survival times of 2‑12 months 
recorded between 2014 and 2016 (8,9).

Recently, several groups have reported the genetic basis of 
CCA using advanced sequencing protocols. Numerous known 
cancer‑related genes have been detected in CCA, including 
TP53, KRAS and SMAD4 (10). Other newly implicated 
genes related to Wnt signalling have been detected in 13% of 
patients with CCA, including APC, RNF43 and CTNNB1 (11). 
Several Wnt signalling‑related genes are upregulated in CCA 
[Frizzled (FZD) receptor and ligand Wnt3a, Wnt5a, Wnt7b 
and Wnt10a] (12,13), while some are downregulated (such as 
RNF43). The Wnt‑signalling pathway in CCA is implicated in 
both scenarios.

The ring finger protein 43 (RNF43), an integral 
membrane E3 ubiquitin ligase, negatively regulates the 
Wnt/β‑catenin signalling pathway. It does this in two ways: 
i) By ubiquitinating the cytoplasmic site on the Frizzled 
receptor and lysosome degradation (14); or ii) by sequestering 
T‑cell factor 4 (TCF4) to the nuclear membrane, thereby 
inhibiting Wnt‑mediated transcription (15). The RNF43 
loss‑of‑function mutation is associated with the progression of 
several cancers via an increase in Wnt signalling by promoting 
FZD receptor expression in pancreatic ductal adenocarci‑
noma (16), enhancing stemness properties and impairing the 
DNA damage response in gastric cancer (17,18). The loss of 
endogenous RNF43 expression also enhances proliferation and 
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the invasive capacity of gastric and colorectal cancer cells (18). 
Inactivating the mutation and downregulating RNF43 are 
associated with a less favourable survival of patients with 
CCA (10,19). Since a functional analysis of RNF43 in CCA has 
not yet been performed, this present aimed to determine the 
functional role of RNF43 in CCA and its underlying mecha‑
nisms. Overexpression of RNF43 was achieved in the CCA cell 
line KKU‑213B. The regulation of the Wnt‑signalling pathway 
via RNF43 overexpression was determined by measuring key 
downstream proteins (β‑catenin, TCF‑4 and the transcrip‑
tional level of known Wnt‑targeted genes). The current study 
also sought to determine the biological effect of RNF43 on cell 
proliferation and migration, as well as the sensitivity of CCA 
to chemotherapeutic drugs.

Materials and methods

Cell lines and cell culture conditions. Four human CCA cell 
lines (KKU‑055, KKU‑100, KKU213A and KKU‑213B) were 
used in the present study. KKU‑055 and KKU‑100 were obtained 
from the Japanese Collection of Research Bioresources Cell 
Bank on June 22, 2015 (20). Two CCA cell lines ‑KKU‑213A 
and KKU‑213B were provided by Dr Sopit Wongkham after 
being authenticated in ref. 21 where Dr Sopit Wongkham is a 
co‑author. According to the report of Sripa et al, KKU‑213A 
and KKU‑213B were identified as two different clones from a 
patient with CCA (ID‑M213) (21). KKU‑213A and KKU‑213B 
share similar short tandem repeats (STR) but exhibited several 
distinct phenotypes (21). Cell growth and cell migration were 
verified before continuation of the study. All the cell lines 
were cultured in DMEM Nutrient Mixture (cat. no. 12100‑046; 
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 1% 
penicillin‑streptomycin (cat. no. 15140‑122; Gibco; Thermo 
Fisher Scientific, Inc.) and 10% FBS (cat. no. 10270‑098; Gibco; 
Thermo Fisher Scientific, Inc.). Cells were incubated at 37˚C in a 
humidified atmosphere containing 5% CO2. Cells with 70‑80% 
confluence at 24 h were trypsinised with 0.25% trypsin‑EDTA 
for 3 min at 37˚C and sub‑cultured in the same media.

Overexpression of RNF43. KKU‑213B cells were cultured in 
a 6‑well plate (4x105 cells/well) overnight. Cells were trans‑
fected with 2.5 µg of pCMV6‑RNF43‑FLAG tag‑construct 
and control expression vector (cat. no. PS100001; OriGene 
Technologies, Inc.) using Lipofectamine® 3000 reagent (cat. 
no. 3000‑008; Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. The transfection 
complex in Opti‑MEM (cat. no. 22600‑050; Gibco; Thermo 
Fisher Scientific, Inc.) was removed after 24 h and replaced with 
DMEM supplement with 10% FBS for another 24 h at 37˚C in a 
humidified atmosphere containing 5% CO2. After 24 or 48 h of 
transfection, cells were used for subsequent experiments.

Cell proliferation. Transfected KKU‑213B cells with 
pCMV6‑RNF43 construct or control expression vector were 
seeded at 1x104 cells/well into a 96‑well plate and incubated 
for 0, 24, 48 and 72 h at 37˚C in a humidified atmosphere 
containing 5% CO2. The numbers of viable cells were 
measured at each time point using Sulforhodamine B (SRB) 
assay as described by Talabnin et al (22). The experiment was 
performed independently three times.

Drug treatment. For drug treatments, a stock concentration of 
384.4 mM of 5‑fluorouracil (5‑FU, cat. no. 1C 229/39; Boryung 
Pharmaceutical Co., Ltd.) was prepared in sterile water and 
stored at room temperature. Various concentrations of 5‑FU 
were diluted in cell culture media for the drug sensitivity 
assay (0, 3.125, 6.25, 12.5; 25 and 50 µM). KKU‑213B cells 
transfected with pCMV6‑RNF43 construct or control expres‑
sion vector were seeded at 1x104 cells/well into a 96‑well 
plate. After 24 h seeding, both types of transfected cells 
were treated with the range of 5‑FU concentrations for 72 h. 
Cell viability was measured using the SRB assay (22). Cell 
viability (%) = (A564 in treatment wells) ÷ (A564 in control 
wells) x100. The half‑maximal inhibitory concentration (IC50) 
values were calculated using GraphPad Prism 5 (GraphPad 
Software, Inc.). The experiment was performed independently 
three times.

Colony formation assay. Transfected cells were seeded at a 
density of 2x103 cells/well into a 6‑well plate. After 24 h seeding, 
the transfected cells were treated with various concentrations 
of 5‑FU (0, 3.125, 6.25, 12.5, 25 and 50 µM). After 48 h of 
drug treatment, the 5‑FU was removed, replaced with DMEM 
supplemented with 10% FBS and incubated for 14 days. Crystal 
violet staining was used to visualise the colonies formed. 
Next, the colonies were washed thrice with 1X PBS. Absolute 
methanol was used to fix the colonies for 2 h at ‑20˚C, followed 
by staining with 0.5% (w/v) crystal violet in 100% methanol for 
1 h at room temperature. Finally, colonies were washed with 
tap water and air‑dried. A colony was defined as consisting of 
at least 50 cells, and colony area was captured and calculated 
from three independent experiments using ImageJ software 
(version 1.53a; National Institutes of Health).

Wound scratching. KKU‑213B was seeded at 4x105 cells/well 
into a 6‑well plate and transfected with pCMV6‑RNF43 
construct or control expression vector as described. After 
24 h of transfection with 90% cell confluence in serum‑free 
Opti‑MEM, a vertical wound was scratched through the cell 
monolayer using a 200 µl pipette tip. The debris was removed 
and replaced with DMEM supplemented with 10% FBS. The 
wound width at 0 h was measured before incubation. After 
incubation at 37˚C in 5% CO2 for another 16, 20 and 24 h, 
wound closure was measured and the wound size was calcu‑
lated using ImageJ software version 1.53a (National Institute 
of Health). In addition, the relative wound healing rate (relative 
to 0 h) was calculated.

Transwell migration assay. The Boyden chamber assay was 
used to track migratory cells using Transwell cell culture 
inserts (8.0‑µm pore size, Corning, Inc.) in a 24‑well plate. 
After 24 h of transfection, transfected cells were seeded at 
a density of 3x104 cells/well in 200 µl of serum‑free DMEM 
into the upper compartment of the chamber. Next, DMEM 
(600 µl) supplemented with 10% FBS was placed into the 
lower chamber. After incubation at 37˚C for 16 and 24 h, the 
migratory cells were stained using the SRB assay as described 
by Talabnin et al (22). After SRB staining, the number of 
migrating cells was visualized using an Olympus inverted 
microscope with x100 magnification. Then absorbance at 
564 nm was used as a proxy for the number of migratory cells.
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Reverse transcription‑quantitative (RT‑q)PCR. Total RNA of 
transfected KKU‑213B cells with pCMV6‑RNF43 construct 
or control cells was extracted using TRIzol® Reagent (cat. 
no. 15596026; Invitrogen; Thermo Fisher Scientific, Inc.). 
According to the manufacturer's instructions, the first‑strand 
cDNA was synthesised using a SensiFAST™ cDNA Synthesis 
kit (cat. no. BIO‑65053; Bioline; Meridian Bioscience). qPCR 
was performed using a LightCycler® 480 SYBR‑Green I 
Master (cat. no. 04707516001; Roche Molecular Systems, 
Inc). The sequences of primers for all the Wnt targeted genes 
are listed in Table I. Gene amplification was performed with 
slight modifications: Initial denaturation at 95˚C for 5 min; 
followed by denaturation at 95˚C for 10 sec, annealing at 
58˚C or 60˚C for 10 sec and extension at 72˚C for 10 sec, 
for 45 cycles (22). The annealing temperature was 58˚C for 
RNF43, survivin (BIRC5), CHD1, c‑MYC and ATP‑binding 
cassette sub‑family B member 1 (ABCB1), and 60˚C for 
AXIN2, CDH2, CCND1, MMP‑2, MMP‑7, MM7‑9 and ABCC1 
(MRP1). The gene expression level was normalised against 
the housekeeping gene β‑actin. Relative gene expression was 
calculated by 2‑ΔΔCq (23).

Protein collection. After 48 h of transfection, cells were washed 
with 1X PBS then lysis buffer was added [150 mM NaCl; 
50 mM Tris‑HCl pH 7.4; 1% Sodium deoxycholate; 0.1% SDS; 
and 1X Protease inhibitor cocktail (Roche Diagnostics)]. The 
whole‑cell lysate was harvested (19). A nuclear extraction 
kit (cat. no. 2900; Chemicon®; Merck Millipore) was used to 
prepare the nuclear and cytoplasmic fractions according to 
the manufacturer's protocols. The protein concentration of all 
protein samples was tested using a Pierce® BCA protein assay 
kit (cat no. 23225; Thermo Fisher Scientific, Inc.).

SDS‑PAGE and western blot analysis. Protein samples 
(30 µg/lane) were subjected to protein separation using 

10% SDS‑PAGE. The separated proteins were further 
electro‑transferred to Amersham Protran 0.45 NC nitrocel‑
lulose western blotting membranes (cat. no. 10600003; 
GE Healthcare) (22). Immunodetection of the proteins of 
interest was performed using the following specific monoclonal 
or polyclonal antibodies at 4˚C overnight: Anti‑RNF43 (cat. 
no. HPA008079; 1:1,000) from Sigma‑Aldrich; Merck KGaA, 
anti‑β‑actin (cat. no. sc‑47778; 1:2,000) and anti‑β‑catenin 
(cat. no. sc‑7963; 1:1,000) from Santa Cruz Biotechnology, 
Inc., anti TCF4 (cat. no. 2569; 1:500), anti‑Lamin B1 (cat. 
no. 12586; 1:500) and caspase‑3 (cat. no. 9662: 1:1,000) from 
Cell Signaling Technology, Inc., and PARP1 (cat. no. 13371‑1, 
1:5,000), Bcl‑2 (cat. no. 12789‑1; 1:500) and Bax (cat. 
no. 50599‑2; 1:1,000) from Proteintech. The membranes were 
then incubated with HRP‑conjugated secondary antibodies 
(cat. no. NXA931 and NA934; GE Healthcare) at a dilution of 
1:2,000 for 1 h at room temperature. Immunoreactivity of the 
target proteins was detected using an Immobilon Forte Western 
HRP substrate (cat. no. WBLUF0100; Merck Millipore) and 
illuminated on Amersham™ Hyperfilm™ (cat. no. 28906838; 
GE Healthcare). ImageJ software (version 1.53a; National 
Institutes of Health) was used to determine the density of each 
target protein then the relative intensity of the protein band 
was transformed into a quantitative value (i.e., normalised to 
β‑actin). The respective ratio of each protein to β‑actin and 
nuclear β‑catenin to cytoplasmic β‑catenin was calculated.

Immunofluorescence analysis. After 24 h of transfection, the 
cells were seeded onto 8‑well cell culture slides at a density 
of 3x104 cells. After 24 h of seeding, the cells were fixed 
with 4% paraformaldehyde in PBS on ice for 15 min and 
permeabilized with 0.1% Triton X‑100 in PBS for 10 min on 
ice. After washing with PBS, the samples were incubated with 
blocking solution (2% bovine serum albumin in 0.1% PBST) 
for 30 min on ice and with anti‑Flag (cat. no. 8146S; 1:100; 

Table I. Primer list of Wnt target genes and epithelial‑mesenchymal transition genes.

Target gene Forward Reverse

RNF43 5'‑TCTGTCTGGAGGAGTTCTCT‑3' 5'‑CTCCCTCTGTGATGTTGAAC‑3'
AXIN2 5'‑CAGATCCGAGAGGATGAAGAGA‑3' 5'‑AGTATCGTCTGCGGGTCTTC‑3'
BIRC5 5'‑CTGCTGTGGACCCTACTG‑3' 5'‑AACTGCGTCTCTGCCAGGAC‑3'
CDH1 5'‑CACCACGGGCTTGGATTTTG‑3' 5'‑TGGGGGCTTCATTCACATCC‑3'
CDH2 5'‑ATCCTGCTTATCCTTGTGCTG‑3' 5'‑GTCCTGGTCTTCTTCTCCTCC‑3'
c‑MYC 5'‑TGAGGAGACACCGCCCAC‑3' 5'‑CAACATCGATTTCTTCCTCATCTTC‑3'
MMP‑7 5'‑CAGATGTGGAGTGCCAGATG‑3' 5'‑TGTCAGCAGTTCCCCATACA‑3'
MMP‑2 5'‑TGACCAAGGGTACAGCCTGT‑3' 5'‑AGAGGCCCCATAGAGCTCCT‑3'
MMP‑9 5'‑CTCTGGAGGTTCGACGTGAA‑3' 5'‑GGCTTTCTCTCGGTACTGGA‑3'
CCND1 5'‑AACTACCTGGACCGCTTCCT‑3' 5'‑CCACTTGAGCTTGTTCACCA‑3'
ABCB1 (MDR1) 5'‑CTCAGACAGGATGTGAGTTGGT‑3' 5'‑ACAGCAAGCCTGGAACCTAT‑3'
ABCC1 (MRP1) 5'‑CTGGGCTTATTTCGGATCAA‑3' 5'‑TGAATGGGTCCAGGTTCATT‑3'
ACTB 5'‑GATCAGCAAGCAGGAGTATGACG‑3' 5'‑AAGGGTGTAACGCAACTAAGTCATAG‑3'

RNF43, ring finger protein 43; AXIN2, axis inhibition protein 2; BIRC5, baculoviral inhibitor of apoptosis repeat‑containing 5/Survivin; 
CDH1, Cadherin‑1; (E‑cadherin) CDH2, Cadherin‑2 (N‑Cadherin); c‑MYC, cellular myelocytomatosis; CCND1, Cyclin D1; ABCB1, ATP‑binding 
cassette sub‑family B member 1; ABCC1, ATP binding cassette subfamily C member 1. 
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Cell Signaling Technology, Inc.) and anti‑TCF4 (cat. no. 2569; 
1:50; Cell Signaling Technology, Inc.) overnight at 4˚C. After 
washing with PBS, anti‑rabbit IgG‑Alexa Fluor® 488 conju‑
gate (cat. no. 4412S; 1:500; Cell Signaling Technology, Inc.) 
and anti‑mouse IgG‑Alexa™ 633 conjugate (cat. no. A21050; 
1:500; Invitrogen; Thermo Fisher Scientific, Inc.) were used 
as secondary antibodies and incubated for 30 min in dark at 
room temperature. Cells were then stained with 300 nM DAPI 
solution for 3 min at room temperature. The samples were 
mounted with 50% glycerol in PBS and visualized using a 
Nikon confocal microscope (Nikon Corporation) with original 
magnification at x200 and x600.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism 5.0 (GraphPad Software, Inc.). The results 
(presented as the mean ± SEM) were calculated from three 
independent experiments. The Student's t‑test was used for 
between‑group statistical analyses. The one‑way and two‑way 
ANOVAs, followed by Bonferroni's correction, were used to 
compare multiple datasets. A value of P<0.05 was considered 
to indicate a statistically significant difference.

Results

RNF43 overexpression decreases β‑catenin nuclear trans‑
location and transcriptional level of Wnt target genes. The 
endogenous expression of RNF43 was determined in 4 CCA 
cell lines (KKU‑055, KKU‑100, KKU‑213A and KKU‑213B) 
to demonstrate its functional role. At baseline, KKU‑213A 

and KKU213B had a higher RNF43 mRNA expression than 
KKU‑055 and KKU‑100. However, western blot analysis did 
not reveal any differences among cell lines at the protein 
level (Fig. 1A). Therefore, KKU‑213B cells were used to 
determine the effect of RNF43 overexpression in a subsequent 
experiment because of their higher efficacy for transfection 
and lower transfection toxicity compared with KKU‑055 and 
KKU‑100 cells (data not shown). The exogenous expression of 
RNF43 in KKU‑213B cells was detected at both mRNA and 
protein levels, but most RNF43 expression was in the nuclear 
fraction (Fig. 1B). Furthermore, a reduction in β‑catenin nuclear 
translocation and nuclear TCF4 expression (Fig. 2A and B) and 
the low expression of six known WNT target genes [AXIN2, 
BIRC5, CCND1, c‑MYC, MMP‑7 and ABCB1 (MDR1)] was 
detected in RNF43‑overexpressing KKU‑213B cells (Fig. 2C). 
In order to verify the regulation of the Wnt/β‑catenin pathway 
through the interaction between RNF43 and TCF4, double 
immunofluorescence staining of RNF43 and TCF4 was 
performed. Co‑localization of RNF43 and TCF4 was observed 
at the nuclear rim in the RNF43‑overexpressing KKU‑213B 
cells. Moreover, TCF4 expression in the nuclear fraction was 
decreased after overexpression of RNF43 compared with the 
control (Fig. 2D). The results suggest that RNF43 has a role in 
inhibiting the Wnt signalling pathway via a reduction in TCF4 
expression.

RNF43 overexpression increases 5‑FU sensitivity. The 
WNT/β‑catenin signalling pathway is now well‑recognised 
as a critical pathway in tumour progression, including tumour 

Figure 1. RNF43 expression in CCA cell lines. (A) Basal expression of RNF43 in various CCA cell lines was determined using RT‑qPCR and western blot 
analyses. RNF43 protein expression of the overexpressing KKU‑213B cell line was used as the positive control. *P<0.05 vs. KKU‑055. (B) The efficiency 
of RNF43 overexpression in KKU‑213B after 24 h transfection was determined using RT‑qPCR and western blot analyses. The mRNA expression level of 
RNF43 was normalised to β‑actin as the reference genes and calculated using the 2‑ΔΔCq method. Values are expressed as the mean ± SEM of three independent 
experiments. *P<0.05 vs. KKU‑213B control. RNF43, ring finger protein 43; CCA, cholangiocarcinoma; RT‑qPCR, reverse transcription‑quantitative PCR.
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growth, metastasis, and drug resistance (24,25). According to 
the results in Fig. 2C, RNF43 promoted the downregulation of 
known Wnt target genes [CCND1, c‑MYC and ABCB1 (MDR1)] 
that are involved in cell proliferation and drug resistance. So 
as to determine whether RNF43 overexpression influences 
cell proliferation and drug responsiveness in KKU‑213B 
cells, cell growth was assessed in the KKU‑213B control and 
RNF43‑overexpressing KKU‑213B cells at 24, 48, and 72 h. 
The SRB assay demonstrated that RNF43‑overexpressing 
KKU‑213B cells have lower cell viability at 48 and 72 h 
compared with the control cells, suggesting that RNF43 
overexpression reduces cell proliferation by decreasing cell 
proliferation markers (Figs. 2C and 3A).

Since downregulation of the ABC transporter super‑
family (ABCB1 and ABCC1) and the anti‑apoptotic gene 
BIRC5 were observed in the RNF43‑overexpressing 
KKU‑213B cells (Fig 3B), the chemotherapeutic response 
following RNF43 overexpression was explored. The 
RNF43‑overexpressing KKU‑213B cells showed a higher 
response to 5‑FU in a dose‑dependent manner compared with 
the control cells (Fig. 3C). There was, however, no change 

in the drug response during the cisplatin treatment (data 
not shown). The colony formation assay demonstrated that 
RNF43 overexpression significantly increased the sensitivity 
of 5‑FU in the KKU‑213B cells, especially at a concentra‑
tion of 6.25 µM (Fig. 3D). The response to treatment with 
5‑FU at 6.25 µM in the RNF43‑expressing KKU‑213B cells 
was detectable via western blot analysis. The observation 
confirmed upregulation of caspase‑3 and the downregulation 
of the anti‑apoptotic protein, Bcl‑2, at 5‑FU concentration 
of 6.25 µM. A low ratio of Bcl‑2/Bax was also observed 
in the RNF43‑expressing KKU‑213B cells treated with 
5‑FU (Fig. 3E). Taken together, these results demonstrate that 
RNF43 plays a role in chemotherapeutic drug susceptibility 
through the inhibition of the Wnt/β‑catenin signalling pathway.

RNF43 overexpression inhibits cell migration. It is well accepted 
that dysregulation of the Wnt/β‑catenin signalling pathway 
plays a critical role in tumour invasion and metastasis (26). 
Several metastatic‑related genes, especially MMP‑7, have been 
identified as targets of the WNT/β‑catenin pathway (26). In the 
present study, suppression of MMP‑7 expression was observed 

Figure 2. RNF43 overexpression suppresses the Wnt/β‑catenin‑signaling pathway. KKU‑213B cells were transfected with pCMV6‑RNF43 or the control vector 
for 24 h. (A) The expression level of RNF43, β‑catenin and TCF4 proteins in cytoplasmic and nuclear fractions were determined using western blot analysis 
and compared between the RNF43 overexpressing KKU‑213B and control. (B) The ratio of N/C β‑catenin and relative protein expression of RNF43, β‑catenin 
and TCF4 were determined using ImageJ software and calculated by GraphPad Prism 5. (C) The relative mRNA expression of AXIN2, BIRC5, CCND1, 
MMP‑7, c‑MYC and ABCB1 were determined using reverse transcription‑quantitative PCR and compared with the RNF43‑overexpressing KKU‑213B and 
control. (D) Immunofluorescent staining of RNF43‑FLAG (magnification, x600) and TCF4 (magnification, x200) in RNF43‑overexpressing KKU‑213B cells. 
Scale bar, 20 µm. Values are expressed as the mean ± SEM of 3 independent experiments. *P<0.05; **P<0.001 vs. KKU‑213B control. RNF43, ring finger 
protein 43; N, nuclear; C, cytoplasmic; TCF4, T‑cell factor 4; BIRC5, baculoviral IAP Repeat Containing 5/surviving; Nuc, nuclear; cyt, cytoplasmic.
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in the RNF43‑expressing KKU‑213B cells (Fig. 2C). The 
migration ability was investigated using the wound scratching 
assay, which indicated that RNF43‑overexpressing KKU‑213B 
cells have less ability to close a wound at 16, 20 and 24 h 
compared with the control cells (Fig. 4A and B). Similarly, the 
Transwell migration assay revealed that the RNF43‑expressing 
KKU‑213B cells have less migration capability at both 16 and 
24 h (Fig. 4C). The effect of RNF43 overexpression on tumour 
metastasis was demonstrated by upregulation of E‑cadherin 
(CDH1) and downregulation of N‑cadherin (CDH2), MMP‑2 
and MMP‑9 (Fig. 4D). These results confirm that RNF43 
plays a role in inhibiting epithelial‑mesenchymal transition by 
limiting the activity of Wnt/β‑catenin signalling.

Discussion

Inactivating mutation of RNF43 is reported in several types 
of cancers, including CCA. Patients with CCA with the 
inactivating RNF43 mutation and/or downregulation of 
RNF43 expression exhibit less favourable survival outcomes, 
suggesting that RNF43 may function as a tumour suppressor 

gene (10,19). Despite its potential role as a tumour suppressor 
gene in various cancer types, the biological function of RNF43 
in CCA has never been thoroughly explored. Our previous 
study on CCA tissues reported that low RNF43 expression was 
localised in the nucleus (19). The current study confirmed a low 
expression of RNF43 at both the mRNA and protein levels in 
all CCA cell lines. This observation may have been influenced 
by the single nucleotide polymorphism in RNF43, particularly 
SNP rs2257205. A significant association has been observed 
between SNP rs2257205 in RNF43 genes and reduced RNF43 
mRNA expression. Therefore, the RNF43 somatic mutation 
and epigenetic alteration by miR‑550a‑5p have been observed 
to reduce RNF43 expression (19). Exogenous expression of 
RNF43 in CCA cell lines also predominates in the nuclear 
fraction, and two studies have demonstrated that RNF43 func‑
tions as an inhibitor of the Wnt/β‑catenin pathway by reducing 
nuclear TCF expression and sequestering TCF4 to the nuclear 
membrane (15,17). The current observations of CCA cell lines 
confirms that RNF43 overexpression attenuates β‑catenin 
nuclear translocation, thereby reducing nuclear TCF4 expres‑
sion.

Figure 3. RNF43 overexpression increases the sensitivity of cholangiocarcinoma cells to 5‑FU. KKU‑213B cells were transfected with pCMV6‑RNF43 or the 
control vector for 24 h to determine cell growth and drug sensitivity. (A) The proliferative effect was determined at 24, 48 and 72 h. (B) The relative mRNA 
expression of BIRC5, ABCB1 and ABCC1 was determined using reverse transcription‑quantitative PCR and compared between the RNF43‑overexpressing 
KKU‑213B cells and the control group. The RNF43‑overexpressing KKU‑213B cells and the control group were treated with 5‑FU at various concentrations 
(0, 3.125, 6.25, 12.5, 25 and 50 µM), and (C) cell viability was determined at 72 h. (D) Colony formation was determined at 14 days. Cell viability was 
measured using sulforhodamine B assays, while colonies were stained using crystal violet. The intensity of the colonies was measured using ImageJ software, 
and quantification was performed using GraphPad Prism 5. (E) Apoptotic and anti‑apoptotic proteins were determined using western blot analysis while the 
relative protein levels of cleaved PARP, caspase‑3, Bcl‑2 and Bax, and the Bcl‑2/Bax ratio were determined using ImageJ software and quantified by GraphPad 
Prism 5. Values are expressed as the mean ± SEM of 3 independent experiments. *P<0.05; **P<0.001 vs. KKU‑213B control. RNF43, ring finger protein 43; 
BIRC5, baculoviral IAP Repeat Containing 5/survivin; 5‑FU, 5‑fluorouracil.
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Additionally, the localization of TCF4 was observed at the 
nuclear membrane, where it colocalised with RNF43. These 
findings support the hypothesis that exogenous RNF43 nega‑
tively regulates the Wnt/β‑catenin signalling pathway through 
the repression of TCF4. The inhibitory effects of RNF43 on 
the Wnt/β‑catenin signalling pathway also suppresses the tran‑
scriptional activity of six known Wnt target genes (including 
AXIN2, BIRC5, CCND1, MMP‑7, c‑MYC and ABCB1). 
Downregulation of the essential Wnt/β‑catenin signalling 
target gene AXIN2 further corroborates the involvement of 
RNF43 in inhibiting the Wnt/β‑catenin signalling. AXIN2 
is a negative regulator of Wnt/β‑catenin signalling, typically 
induced after vigorous transduction of the Wnt‑signalling 
cascade (27,28). Although a significant decline in the c‑MYC 
level has been observed following RNF43 overexpression, the 
downregulation of c‑MYC was less evident than other known 
Wnt target genes. Thus, it was concluded that c‑MYC is not 
specifically controlled by Wnt/β‑catenin signalling, and is 
potentially regulated by different signalling mechanisms 
and transcription factors, especially the nuclear factor from 
activated T cells (NFAT) (29). Other than the six known Wnt 
target genes, the upregulation of CDH1 and downregulation 
of MMP2, MMP9 and CDH2 were observed after RNF43 
overexpression. A possible explanation is that Twist and Snail 
are master regulators of EMT that repress the expression 
of CDH1 (E‑cadherin) and activate expression of the entire 
suite of EMT‑related genes, including CDH2, MMP2 and 
MMP9 (30). The present findings suggest that RNF43 has a 
role in inhibiting the Wnt signalling pathway, which may also 
suppress the transcription of other Wnt target genes such as the 
transcription factors Twist and Snail.

Given that the six known Wnt target genes are involved in 
tumour growth, metastasis and drug resistance, the functional 
role of RNF43 in mediating CCA tumour progression was 
investigated. Functional studies demonstrated that RNF43 
overexpression reduced cell growth and 5‑FU resistance and 
was correlated with downregulation of both the cell cycle 
genes (CCND1), and the chemotherapy resistance genes 
(ABCB1, ABCC1 and BIRC5), and upregulation of caspase‑3. 
The present findings are consistent with studies on gastric 
cancer and colorectal cancer. The loss of RNF43 functions 
contributes to stemness properties (including drug resistance 
and tumorigenicity) by dampening the activation of the 
DNA damage response (17,18,31). RNF43 has an important 
role in the DNA damage response by ubiquitinating γH2AX 
after exposure to DNA damage‑inducing chemotherapy. The 
increase of its expression may confer susceptibility to the DNA 
damage‑induced apoptosis (31). Notwithstanding, changes in 
PARP expression were not observed in the present study perhaps 
because of an insufficient concentration of 5‑FU that would 
otherwise promote a high degree of DNA damage‑induced 
PARP activation in the CCA cells, or PARP was involved in the 
cellular response to single‑ and double‑strand break(s) rather 
than DNA misincorporation. Therefore, the effect of RNF43 
on cell proliferation and chemotherapeutic drug susceptibility 
through stemness properties and DNA damage response in 
CCA requires further study in the future.

CCA is a Wnt‑high tumour in which the Wnt/β‑catenin 
signalling pathway serves a critical role in both CCA growth 
and metastasis (11,13,32). RNF43 has also been reported 
to inhibit tumour migration and invasion in colorectal 
cancer (33). In the present study, RNF43 overexpression 

Figure 4. RNF43 overexpression inhibits cholangiocarcinoma cell migration. KKU‑213B cells were transfected with pCMV6‑RNF43 or the control vector for 
24 h. (A) The migratory effect by wound scratching was measured at 0, 16, 20 and 24 h (magnification, x100). The wound closure area was measured using 
ImageJ and (B) quantification using GraphPad Prism 5. (C) The Transwell migration assay was measured at 16 and 24 h and the number of migratory cells 
(magnification, x100) measured by SRB assay (A564). (D) The relative mRNA expression of MMP‑2, ‑7 and ‑9, CDH1 and CDH2 were determined using 
reverse transcription‑quantitative PCR and calculated using the 2‑ΔΔCq method. Values are expressed as the mean ± SEM of 3 independent experiments. *P<0.05 
and ***P<0.0001 vs. KKU‑213B control. RNF43, ring finger protein 43;
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negatively regulated the Wnt/β‑catenin signalling pathway, 
thereby suppressing the transcriptional level of MMP‑7. 
MMP‑7 has been identified as a target of the Wnt/β‑catenin 
pathway and is highly expressed in metastatic tumours (26,27). 
The present study demonstrated that RNF43 overexpression 
significantly inhibited the migration capability of CCA cell 
lines through attenuation of epithelial‑mesenchymal transi‑
tion features via the Wnt/β‑catenin signalling pathway. This 
finding highlights the importance of RNF43 as having a 
potentially significant role in tumour invasion and migration 
in CCA. Taken together, the current findings indicate that 
RNF43 has a tumour suppressive function in CCA, and these 
functions are implicated in all steps of tumour development 
and the progression of CCA.

Dysregulation of Wnt/β‑catenin and PI3K/AKT signalling 
pathways are common in many cancer types, including CCA. 
The cross‑talk between the Wnt/β‑catenin and PI3K/AKT 
pathways was documented to drive tumor development and 
progression and resistance to cancer therapy (34,35). In the 
present study, whether RNF43 could influence PI3K/AKT 
signaling pathway was investigated. The expression level of 
phosphorylated Akt was examined in RNF43‑overexpressing 
cells comparing to control cells. There was no difference in 
the expression of phosphorylated Akt following RNF43 over‑
expression (data not shown).

It should be noted that the RNF43 attenuation of the 
Wnt/β‑catenin signalling pathway resulting in decreases in the 
progression of CCA was demonstrated using an overexpression 
model. Demonstrating the reverse effect using RNF43 knock‑
down would provide further supporting evidence. It should be 
noted that basal mRNA expression of RNF43 in all CCA cell 
lines used was detected at the cycle threshold value (Cq) >33 
by RT‑qPCR, and the basal protein expression of RNF43 was 
also undetectable. The implication is that demonstrating the 
reverse effect of RNF43 suppression may be problematic due 
to the low/absent RNF43 mRNA and protein expression in 
the control and RNF43‑suppressing cells. Therefore, further 
investigations using rescue experiment will be important to 
confirm the effect of RNF43 in CCA.

The limitations of the present study still need to be 
addressed. Firstly, KKU‑213A cell lines have unique meta‑
static characteristics and are more aggressive than KKU‑213B. 
Therefore, KKU‑213B cells were used to demonstrate the 
various effects of RNF43 overexpression in CCA. However, 
the verification of the results in other cell lines and in vivo 
experiments are required in further investigations. Secondly, 
gemcitabine is one of the most common drugs in CCA 
treatment. Future studies on gemcitabine sensitivity will 
be important to provide the significant role of RNF43 on 
chemotherapeutic sensitivity in CCA. Thirdly, the presence of 
RNF43 enhanced 5‑FU‑induced CCA death via the increased 
expression of caspase‑3 protein. However, the possible induc‑
tion of apoptotic process remains unclear, due to the lack of 
a direct apoptosis assay, such as TUNEL staining. Fourthly, 
the cell‑free area was created after serum starvation and the 
cell migration was directly monitored within 24 h under 10% 
FBS as previously described (36,37). However, the standard 
wound healing assay is performed under serum‑starved media 
with 0‑1% FBS to avoid possible cell proliferation interven‑
tion (38). Nevertheless, the doubling time of KKU‑213B is 

24.5±0.2 h (21) and the result in Fig. 3A demonstrated no 
significant difference in cell proliferation within 24 h between 
RNF43‑overexpressing KKU‑213B cells and the control cells. 
Those findings suggest, cell proliferation has less effect on 
the wound healing assay under 10% FBS, albeit the standard 
wound healing assay with serum‑reduced media is required to 
confirm the present findings.

In summary, the present study demonstrated the 
significant roles of RNF43 in mediating the inhibition of the 
Wnt/β‑catenin signalling pathway in CCA. Firstly, RNF43 
blocks β‑catenin translocation followed by downregulation 
of the Wnt/β‑catenin target genes, which are involved in the 
progression of CCA. Subsequently, overexpression of RNF43 
attenuated CCA progression by decreasing CCA cell growth, 
migration and drug resistance. The expression of RNF43 is 
thus essential to preventing further aberrant activation of 
Wnt/β‑catenin signalling that contributes to aggressive CCA 
phenotypes.
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