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Abstract: The Wnt/β-catenin signaling pathway, which is strictly controlled by multiple negative regulators, has been 
reported commonly hyper activated and closely related to the progression of bladder cancer. However, how tumor 
cells override the negative regulatory effects to maintain constitutive activation of Wnt/β-catenin signaling is still 
unclear. In the current study, we demonstrated that upregulation of miR-543-3p in bladder cancer activated Wnt/β-
catenin signaling by directly targeting Wnt inhibitory factor 1 (WIF1) and Dickkopf 1 (DKK1), which are important 
antagonist molecules of the Wnt/β-catenin pathway. Expression of miR-543-3p was upregulated in both bladder 
cancer tissues and cells, and positively correlated with high-grade bladder cancer. Furthermore, ectopic overexpres-
sion of miR-543-3p promoted proliferation and inhibited apoptosis in bladder cancer cells. Notably, overexpression 
of miR-543-3p enhanced, while silencing miR-543-3p reduced, stem cell-like phenotype of bladder cancer cells. 
Therefore, our results suggest that miR-543-3p plays a significant role in promoting proliferation and stem cell-like 
phenotype in bladder cancer, which might be a potential target for anti-bladder cancer therapy.
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Introduction

Bladder cancer is one of the leading causes of 
cancer-related death worldwide, with an esti-
mated 429,800 new cases and 165,100 de- 
aths around the world in 2012 [1]. Although 
therapeutic methods in operative therapy com-
bined with radiotherapy and chemotherapy  
are developing, the prognosis for patients in 
advanced stages is still very poor [2]. Recent 
studies have shown that bladder cancer stem 
cells (CSCs) act as a reservoir of self-sustaining 
cells with the exclusive ability to self-renew  
and cause tumor growth, invasion, metastasis 
and recurrence [3, 4]. However, the molecular 
mechanism for the maintenance of bladder 
cancer stem cell phenotype is still under ex- 
ploration.

The Wnt/β-catenin signaling pathway, which is 
often aberrantly activated in various types of 
cancers, including bladder cancer, has been 
demonstrated as one of the most relevant 
pathways involved with CSCs [5, 6]. Upon acti-

vation, ligand-receptor binding triggers the sig-
naling cascades and releases β-catenin from 
the “destruction complex”, which includes Axin, 
adenomatous polyposis coli (APC), casein kin- 
ase 1α (CK1α), and glycogen synthase kinase 
3β (GSK3β) [7]. This phenomenon results in 
nucleus translocation and interaction between 
β-catenin and T-cell Factor (TCF)/lymphoid 
enhancer-binding protein (LEF) transcription 
factors and activates cancer stem cell-related 
genes [8]. On the other hand, it is considered 
that Wnt/β-catenin signaling is subject to mul-
tiple levels of negative regulation [9, 10]. For 
instance, antagonists of the Wnt pathway, like 
Wnt inhibitory factor-1 (WIF1), Dickkopf 1 
(DKK1), and Frizzled-related proteins (SFRPs), 
can suppress Wnt-ligands binding to Frizzled 
(Fz) receptors and prevent pathway from activa-
tion [11, 12]. Moreover, β-catenin could be 
destroyed in the destruction complex through 
ubiquitin-proteasome pathway [13]. However, 
how tumor cells override these negative regula-
tory effects to maintain constitutive activation 
of Wnt/β-catenin signaling remains unknown.
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MicroRNAs (miRNAs) are a class of highly con-
served, small noncoding RNAs (17-25 nucleo-
tides) which regulate gene expression at the 
post-transcriptional level [14]. Known from the 
bioinformatic predictions, miRNAs regulate mo- 
re than 30% of the protein-coding genes [15]. 
Previous studies have shown that abnormity 
expression of miRNAis a common trait of can-
cer, which contribute to stemness maintenance 
and tumorigenicity of CSCs [16, 17]. Thus, it is 
particularly interesting to identify miRNAs that 
might affect Wnt/β-catenin signaling and there-
by lead to the self-renewal of bladder cancer 
stem cells. In the current research, we found 
that miR-543-3p was remarkably upregulated 
in bladder cancer and enhanced the stem cell-
like phenotype of bladder cancer cells by direct-
ly targeting the negative modulators of Wnt/β-
catenin pathway, including WIF1 and DKK1.

Materials and methods 

Tissues and cells

Fresh bladder cancer tissue samples from bl- 
adder cancer patients, and pair-matched ad- 
jacent noncancerous bladder tissues were 
obtained from the Department of Urology, the 
Second Affiliated Hospital, Fujian Medical Uni- 
versity, China. The samples had been clinically 
and histopathologically diagnosed based on 
the World Health Organization criteria. He- 
matoxylin and eosin staining was used to con-
firm the tumor and non-cancerous tissues his-
tologically. All samples were collected from con-
senting individuals in accordance with the 
protocols approved by the Ethics Review Board 
at the Second Affiliated Hospital, Fujian Medical 
University. Human bladder cancer cell lines-
BIU87, T24, SW780, J82, RT4 and HT1376 were 
routinely maintained in DMEM medium (Invi- 
trogen, Carlsbad, CA) supplemented with 10% 
fetal bovine serum (HyClone, Logan, UT).  

Constructs, reagents and assays

pMSCV-miR-543-3p overexpressing human 
miR-543-3p was generated by subcloning the 
PCR-amplified human miR-543-3p precursor 
into pMSCV-puro-retro vector. The miR-5433p 
anti-sense was cloned into miRZip plasmid pur-
chased from System Biosciences. Standard 
calcium phosphate transfection method was 
used to cotransfect pMSCV-miR-543-3p and 
pIK packaging plasmid into HEK293T cells. Pu- 

romycin (0.5 μg/ml) was used to select stably 
transduced cell after infections.

The 3’UTRs of the human WIF1 and DKK1 were 
cloned in between the SpeI and HindIII sites of 
pGL-3 (Promega, Madison, WI, USA). This vec-
tors were named wild-type 3’UTR. By using a 
Quick Change Site-Directed Mutagenesis kit 
(SBS Genetech, Beijing, China), mutations of 
the 3’UTR sequence were created, the vectors 
containing them named as mutant 3’UTR. The 
reporter plasmids containing wild-type (CCT- 
TTGATC; TOP flash) or mutant (CCTTTGGCC; 
FOP flash) TCF/LEF DNA binding sites were  
purchased from Upstate Biotechnology (New 
York, USA). All constructs were verified by DNA 
sequencing.

RNA extraction, reverse transcription, and real-
time RT-PCR

Total miRNA from cultured cells and fresh surgi-
cal bladder tissues was isolated using TRI- 
zol (Invitrogen). Detection of miR-543-3p and 
mRNA were performed as previously described 
[18]. GAPDH and U6 were used to normalize 
mRNA and miRNA respectively. c-Myc forward, 
5’-TCAAGAGGCGAACACACAAC-3’; c-Myc rever- 
se, 5’-GGCCTTTTCATTGTTTTCCA-3’; CCND1 for-
ward, 5’-TTCTGCCTTTGATGTTAC-3’; CCND1 re- 
verse, 5’-AGGCTGAATCAAT-GTCTT-3’; OCT4 for-
ward, 5’-ATTCAGCCAAACGACCATCT-3’; OCT4 re- 
verse, 5’-TCTCACTCGGTTCTCGATACTG-3’; SOX9 
forward, 5’-GAACGCATACCAAGACGGAG-3’; SO- 
X9 reverse, 5’-TCTCGTTGATTTCGCTGCTC-3’; CD- 
133 forward, 5’-CAGATGCTCCTAA-GGCTTG-3’; 
CD133 reverse, 5’-GCAAAGCATTTCCTCAGG-3’; 
GAPDH forward, 5’-GACTCATGACCACAGTCC- 
ATGC-3’; and GAPDH reverse, 5’-AGAGGCAGG- 
GATGATG-TTCTG-3’. Relative quantitation was 
calculated using the 2-ΔΔCt method. All experi-
ments were carried out in triplicate.

Clone formation assay

Clone formation assay was performed as de- 
scribed [19]. Only Cell colonies with a diameter 
larger than 50 μm were counted.

TUNEL assay

TUNEL assay was performed as described [19]. 
TUNEL-positive cells were regarded as apoptot-
ic cells. The ratio of TUNEL-positive cells to total 
cells was calculated and defined as the per-
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centage of apoptotic cells. At least 10 different 
high-power fields of a fluorescent microscopein 
duplicate wells and five different experiments 
were selected for the calculation.

Western blot analysis

Western blotting was performed on the basis  
of a standard method, as previously described 
[20]. The following primary antibodies were 
used: anti-β-catenin (1:500, Cell Signaling 
Technology, Danvers, MA, USA), anti-WIF1 
(1:1000, Cell Signaling Technology), anti-DKK1 
(1:1000, Cell Signaling Technology), anti-Nu- 
clear Matrix Protein p84 (1:500, Abcam, 
Cambridge, UK), and anti-GAPDH antibody 
(1:1000, Sigma-Aldrich, St. Louis, MO, USA). 
Nuclear extracts were prepared using the 
Nuclear Extraction Kit (Active Motif, Carlsbad, 
CA, USA) according to the manufacturer’s in- 
structions.

Chromatin immunoprecipitation (ChIP)

ChIP assays were performed using a Magna 
ChIP kit (Millipore, Billerica, MA, USA) according 
to the manufacturer’s protocol [21]. β-catenin 
(Abcam) and H3k9Ac (Abcam) antibodies were 
used to immunoprecipitate chromatin frag- 
ments.

Luciferase assays 

Cells (4 × 104) were seeded onto 24-well plates 
in triplicate. 24-hours later, indicated luciferase 
reporter plasmids plus 5 ng pRL-TK Renilla 
plasmid (Promega) were transfected into the 
cells using Lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s recommenda-

tion. Luciferase and Renilla signals were mea-
sured 48 hours after transfection using a Dual 
Luciferase Reporter Assay Kit (Promega) ac- 
cording to the manufacturer’s protocol.

Bioinformatics analysis

The following online software programs were 
used for bioinformatics analysis: TargetScan6.2 
(http://targetscan.org/vert_40/); and miRanda 
(http://www.microrna.org/microrna/getGene-
Form.do).

Statistics

All statistical analyses were performed using 
SPSS 18.0 statistical software (SPSS Inc., 
Chicago, IL, USA). Statistical differences were 
determined by the two-tailed Student’s t-test 
between two groups of data; a p value <0.05 
was considered statistically significant.

Results

miR-543-3p overexpression positively corre-
lates with bladder cancer progression

To identify the role of miR-543-3p in the devel-
opment of bladder cancer, real-time PCR analy-
sis was performed and showed that miR-543-
3p was ubiquitously overexpressed in all six 
bladder cancer cell lines (BIU87, T24, SW780, 
J82, RT4 and HT1376) and ten bladder cancer 
samples compared to human bladder epithelial 
cell (HCV29) and normal bladder adjacent tis-
sues, respectively (Figure 1A and 1B). Further 
statistical analysis was performed to assess 
the clinicopathological significance of miR-543-
3p expression in bladder cancer tissues at dif-

Figure 1. miR-543-3p is upregulated and positively correlated with bladder cancer progression. A. Real-time PCR 
analysis of miR-543-3p expression in normal bladder epithelial cell (HCV29) and six bladder cancer cell lines (BIU87, 
T24, SW780, J82, RT4 and HT1376). B. Real-time PCR analysis of miR-543-3p expression in 10 pairs of bladder 
cancer samples and adjacent normal tissues. C. miR-543-3p expression was positively correlated with tumor grades 
of bladder cancer. Transcript levels were normalized to U6 expression. Each bar represents the mean ± SD of three 
independent experiments. *P<0.05.
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ferent stages and grades of cancer and along 
with normal tissue, we found that high miR-
543-3p expression was positively correlated 
with histological high-grade bladder cancer 
(Figure 1C). Taken together, these results sug-
gest that miR-543-3p is upregulated, which 
might be involved in human bladder cancer 
progression.

miR-543-3p promotes proliferation and inhib-
its apoptosis in bladder cancer

To determine the effect of miR-543-3p on blad-
der cancer cell proliferation, bladder cancer 
cell line J82 cells were engineered to overex-
press or silence miR-543-3p by transfection of 
miR-543-3p or miR-543-3p inhibitor (Figure 
2A) and then analyzed using clone formation 
and MTT assays. The numbers of J82 cell colo-
nies were significantly increased by overexpres-
sion of miR-543-3p, while reduced by miR-543-
3p inhibitor compared with the corresponding 
control cells (Figure 2B). In addition, the pro- 
liferation ability of J82 cell was significantly  
promoted by overexpression of miR-543-3p 
(Figure 2C).

To determine the effect of miR-543-3p on 
apoptosis, a TUNEL assay was performed. Com- 

pared with the corresponding control cells, 
overexpression of miR-543-3 produced, while 
downregulation of miR-543-3p increased the 
apoptosis of the bladder cancer cells (Figure 
2D). Furthermore, we found that miR-543-3p 
overexpression significantly decreased, while 
miR-543-3p downregulation upregulated the 
mRNA expression levels of multiple apoptosis-
related factors, including FASL, p21, Caspase-9, 
and Bax (Figure 3A).

miR-543-3p activates the Wnt/β-catenin sig-
naling and promotes CSC-like phenotype

Since wnt/β-catenin signaling is an important 
pathway that has significant roles in maintain-
ing stem cell phenotype and is frequently acti-
vated in bladder cancer [5], we tested the role 
of miR-543-3p in wnt/β-catenin signaling path-
way. As shown in Figure 3B, we found that over-
expression of miR-543-3p increased nuclear 
accumulation of β-catenin, while silencing of 
miR-543-3p led to the opposite results. In addi-
tion, at 48 h after transfection, miR-543-3p 
overexpression significantly increased TOP/
FOP luciferase reporter activity, whereas miR-
543-3p silencing reduced reporter activity (Fig- 
ure 3C).

Figure 2. miR-543-3p promotes proliferation and inhibits apoptosis in bladder cancer. A. Real-time PCR analysis of 
miR-543-3p in Vector-transduced, miR-543-3p-overexpressing, miR-543-3p-silenced bladder cancer J82 cell lines. 
B. Representative images and statistical results of J82 cell colony number (>50 μm) after indicated treatments. C. 
Proliferation curves showing the effect of miR-543-3p-overexpression, miR-543-3p-inhibition, or control vector on 
J82 cell proliferation. D. TUNEL assays revealed the effect of miR-543-3p on bladder cancer cell apoptosis. Error 
bars represent mean ± SD from three independent experiments. *P<0.05.
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Furthermore, we found that overexpression of 
miR-543-3p increased the mRNA expression 
levels of multiple pluripotency factors, includ-
ing c-Myc, SOX9, FGF4, CCND1, OCT4, and 
CD133, while downregulation of miR-543-3p 
just the opposite (Figure 3D). Importantly, CHIP 
assays indicated that overexpression of miR-
543-3p promoted the binding of β-catenin to 
the promoters of the core stemness transc- 
ription factors, p300 and Nanog (Figure 3E). 
Collectively, our data suggest that miR-543- 
3p promotes a stem cell-like phenotype in blad-
der cancer cells.

miR-543-3p activates Wnt/β-catenin pathway 
by targeting WIF1 and DKK1

To identify potential targets of miR-543-3p, we 
used the publicly available algorithms miRanda 
and TargetScan and identified the Wnt/β- 
catenin signaling negative regulators WIF1 and 
DKK1 (Figure 4A). Dual luciferase reporter 
assay showed that miR-543-3p overexpression 

attenuated reporter activities with the 3’UTR  
of these negative regulators, whereas miR-
543-3p inhibition elevated these activities (Fig- 
ure 4B). However, ectopic expression of the 
miR-543-3p did not exhibit repressive effects 
on the reporter activities driven by the mutant 
3’UTRs of these transcripts (Figure 4B). Fur- 
thermore, revealed by the Western blot analy-
sis that increased expression of miR-543-3p 
markedly reduced the expression levels of 
WIF1 and DKK1 (Figure 4C). MiR-543-3p inhibi-
tion on the contrary increased them, suggest-
ing that miR-543-3p negatively regulated these 
proteins (Figure 4C). In addition, individual 
silencing of these targets potently rescued the 
TOP/FOP luciferase reporter activity in miR-
543-3p-inhibited cells (Figure 4D), demonstrat-
ing that WIF1 and DKK1 were functional effec-
tors of miR-543-3p on regulating wnt/β-catenin 
signaling activation. To further validate that 
miR-543-3p activates Wnt/β-catenin pathway, 
we investigated the relationship between miR-

Figure 3. miR-543-3p activates the Wnt/β-catenin signaling and promotes CSC-likephenotype. A. Real-time PCR 
analysis revealed that miR-543-3p regulates the mRNA expression levels of multiple apoptosis-related factors. B. 
Western blotting of nuclear β-catenin expression. The nuclear protein p84 was used as the nuclear protein marker. 
C. Wnt/β-catenin signaling was monitored by β-catenin sensitive TOP/FOP luciferase reporter assay in the indicated 
cells. D. Real-time PCR analysis of mRNA expression of stem cell markers in the indicated cells. Transcript levels 
were normalized to GAPDH expression. E. CHIP assays revealed the effect of miR-543-3p on the binding of β-catenin 
to the promoters of core stemness transcription factors, p300 and Nanog. Error bars represent mean ± SD from 
three independent experiments. *P<0.05.



miR-543-3p promotes growth and stem cell-like phenotype in bladder cancer

9423 Int J Clin Exp Pathol 2017;10(9):9418-9426

543-3p and β-catenin expression in tissues 
isolated from bladder cancer patients and 
found that β-catenin levels are inversely corre-
lated with miR-543-3p expression levels (Fig- 
ure 4E). Taken together, our results suggest 
that miR-543-3p activates wnt/β-catenin sig-
naling by directly targeting WIF1 and DKK1.

Discussion

MicroRNAs have emerged as a novel molecular 
biomarker for cancer diagnosis, prognosis, and 
therapy, and function as regulators in a wide 
variety of oncogenic processes, such as CSC 
division and differentiation, invasion and me- 
tastasis, playing a role as either tumor suppres-
sors or oncogenes [15-17]. Thus, it may provide 
valuable diagnostic and therapeutic strategies 
for malignancy by elucidating the underlying 

mechanism of miRNAs in tumor development. 
MiR-543-3p has been demonstrated to be up-
regulated in diverse cancers, including lung 
cancer [22], colorectal cancer [23], gastric can-
cer [24] and hepatocellular carcinoma [25] and 
it promotes cell proliferation, migration and 
invasion via different mechanisms. We also 
found that miR-543-3p was markedly up-regu-
lated in human bladder cancer, and was posi-
tively correlated with poor prognosis.

As a cohort of cells that are able to self-renew 
and to generate heterogeneous lineages of 
cancer cells, CSCs have been demonstrated to 
play crucial roles in tumor initiation, invasion, 
metastasis, chemo-resistance and recurrence 
[4, 5]. Exploring the underlying mechanisms of 
CSCs maintaining a stem cell-like phenotype is 
critical to improve our understanding of cancer 

Figure 4. miR-543-3p activates Wnt/β-catenin pathway by targeting WIF1 and DKK1. A. Predicted miR-543-3p tar-
get sequence in 3’UTRs of WIF1 and DKK1. The mutated 3’UTRs of WIF1 and DKK1 containing three altered 
nucleotides were indicated. B. Luciferase assay of pGL3-WIF1-3’UTR, pGL3-WIF1-3’UTR-mut, pGL3-DKK1-3’UTR 
and pGL3- DKK1-3’UTR-mut reporter in the miR-543-3p-overexpressing, miR-543-3p-silenced and control cells. C. 
Western blot of WIF1 and DKK1 expression in the indicated cells. GAPDH served as the loading control. D. Silencing 
of WIF1 and DKK1 rescued the miR-543-3p-inhibitor mediated TOP/FOP luciferase reporter activity suppression. E. 
Pearson’s correlation scatter plot of the fold change of the levels of miR-543-3p and nuclear β-catenin in 11 bladder 
cancer samples. (R=0.749). *P<0.05.
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progression and discover potential therapeutic 
targets. Recent studies suggest that miRNAs 
play an important role in promotion or suppres-
sion of stemness maintenance of CSCs [16, 
17]. Geyan et al. showed that miR-1207 plays a 
significant role in promoting the stem cell-like 
phenotype in ovarian cancer [26]. Tang et al. 
revealed that miR-612 is able to suppress the 
stemness of hepatocellular carcinoma [27]. 
Herein, we found that ectopic overexpression 
of miR-543-3p in bladder cancer promoted pro-
liferation and inhibited apoptosis. Moreover, 
overexpression of miR-543-3p enhanced, while 
silencing miR-543-3p inhibited, the CSC-like 
phenotypes.

The Wnt/β-catenin signaling pathway, a well-
known pathway associated with cancer devel-
opment and progression, has been found to be 
particularly activated and play a vital role in 
CSC maintenance [6, 8]. In lung cancer, it has 
been reported that ablation of the β-catenin/
TCF4 complex results in the inhibition of cancer 
stem cell properties [28]. In this respect, we 
found that miR-543-3p was substantially ov- 
erexpressed in bladder cancer and induced 
hyper-activation of Wnt/β-catenin signaling 
through direct down-regulation different nega-
tive regulators of the pathway, including WIF1 
and DKK1, hence enhancing bladder CSC-like 
traits. Furthermore, nuclear β-catenin positive-
ly correlated with the expression of miR-543-
3p in bladder cancer clinical specimen. These 
findings reveal a novel mechanism in which 
Wnt/β-catenin signaling is constitutively acti-
vated in bladder cancers.

The dysregulation of WIF1 and DKK1, two 
important negative modulators of Wnt/β- 
catenin signaling, has been largely reported in 
numerous types of cancers [11, 12]. For 
instance, WIF1 generally exhibited low levels of 
expression in gallbladder cancer, while rescu-
ing expression of WIF1 in gallbladder cancer 
inhibits tumor growth and induces tumor cell 
apoptosis [29]. WIF1 has been demonstrated 
to act as a prognostic predictor of favorable 
outcomes in patients with colorectal carcinoma 
[30]. DKK1 is found to be down-regulated in 
gastric cancer that resulted in removal of the 
inhibitory effect of the Wnt/β-catenin signaling 
pathway, hence enhancing stem cell-like phe-
notype [31]. Our current study found that WIF1 
and DKK1 were targeted and suppressed by 
miR-543-3p in bladder cancer, which promoted 

stem cell-like traits through highly activation of 
Wnt/β-catenin signaling. These data suggested 
a novel regulatory mechanism for WIF1 and 
DKK1, and also implies that suppression of 
WIF1 and DKK1 could enhance stemness of 
cancer cells.

In conclusion, this study demonstrated that by 
directly targeting multiple inhibitors of Wnt/β-
catenin pathway, including WIF1 and DKK1, 
overexpression of miR-543-3p promoted cell 
proliferation and stem cell-like phenotype in 
bladder cancer cells. Therefore, these results 
reveal a new molecular mechanism that Wnt/β-
catenin signaling pathway is hyper-activated in 
bladder cancer. This is an interesting finding 
which represents that miR-543-3p might serve 
as a potential therapeutic target for bladder 
cancer.
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