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MiR-203a functions as a tumor suppressor in bladder cancer by targeting SIX4
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Increasing evidence indicates that microRNAs (miRNAs) have essential roles in various biological processes, including
proliferation, migration, invasion, cell cycle progression and apoptosis. It is considered that miRNA de-regulation contrib-
utes to tumor progression and metastasis in various cancers, and MiR-203a has been identified as a tumor suppressor in
cancers, such as glioma, gastric cancer and hepatocellular carcinoma. Herein, we established that miR-203a expression is
significantly lower in bladder cancer tissues than in adjacent normal tissues, and that low miR-203a expression is associated
with poor patient outcome. The over-expression of miR-203a inhibited bladder cancer cell proliferation, invasion, migra-
tion and EMT in vitro, and its up-regulation led to bladder cancer cell cycle arrest and apoptosis. This over-expression also
inhibited the PI3K/Akt signaling pathway. Bioinformatics prediction software and luciferase reporter assay then confirmed
that SIX4 is a direct target of miR-203a. We established negative correlation between SIX4 expression and miR-203a expres-
sion in bladder cancer tissues, and SIX4 silencing caused effects similar to miR-203a up-regulation Furthermore, SIX4
over-expression diminished the effects of miR-203a on bladder cancer cells in vitro. In summary, our study determined that
miR-203a down-regulation is closely related to tumorigenesis in bladder cancer; thus suggesting that miR-203a is a potential
prognostic marker and a potential target in bladder cancer treatment.
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Bladder cancer is one of the most common types of cancer,
and its incidence has increased in recent years [1]. Many
factors contribute to the initiation and progression of bladder
cancer; including aberrant cell cycle progression and exces-
sive anti-apoptotic and pro-survival signaling [2, 3]. Despite
significant progression in surgery and chemotherapy, the
overall survival rate of patients with bladder cancer remains
unsatisfactory. Therefore, novel predictive biomarkers and
effective therapeutic strategies against bladder cancer are
urgently required.

MicroRNAs (miRNAs) are endogenous, noncoding RNAs
that post-transcriptionally regulate downstream gene expres-
sion by binding to complementary sequences in the 3’-UTR
of their target genes [4, 5]. Increasing evidence indicates
that miRNAs actively participate in a variety of biological
activities, such as cell proliferation, migration and invasion
[6, 7], and many miRNAs have been reported to be involved
in the regulation of tumorigenesis and metastasis in bladder
cancer. For example, miR-137 functions as an oncogene by
inhibiting the PAQR3 tumor suppressor gene in bladder
cancer cells [8]. While MiR-301b negatively regulates EGR1
and thereby promotes proliferation, mobility and epithelial-

to-mesenchymal transition (EMT) in bladder cancer cells
(BCs) [9], miR-1-3p functions as a tumor suppressor inhib-
iting proliferation, invasion and migration of BC cells by
regulating SFRP1 expression [10].

Reports established that miR-203a affects tumor
biological functions, including proliferation, migration
and invasion in hepatocellular carcinoma (HCC), glioma,
gastric cancer and nasopharyngeal carcinoma [11-13], and
it also to act as a tumor suppressor by targeting different
genes in bladder cancer [14, 15]. Herein, we determined
that miR-203a is significantly down-regulated in bladder
cancer tissues compared to paired adjacent normal tissues.
miR-203a significantly represses proliferation, migra-
tion, invasion and EMT of bladder cancer cells. Moreover,
overexpression of miR-203a lead to cell cycle arrest and
apoptosis of bladder cancer cells. We then demonstrated
that the SIX4 miR-203a target has an essential role in BC
cell proliferation, migration, invasion, cell cycle progression
and apoptosis. The combined results therefore provide new
evidence that miR-203a functions as a tumor suppressor
in BC cells, and it provides a novel therapeutic target in
bladder cancer treatment.
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Materials and methods

Tissue samples and cell culture. A total of 40 pairs of
bladder cancer tissues and adjacent normal tissues from
patients undergoing resection for bladder cancer were
collected and catalogued at the People’s Hospital of Zhenhai,
Ningbo. The study protocol was approved by the Ethics
Committee of the People’s Hospital of Zhenhai and written
informed consent was obtained from all patients. SV-HUC-1
human uro-epithelial cells and the bladder cancer cell lines
T24, EJ, J8 and 5637 were obtained from the Shanghai Bank
of Cell Lines (Shanghai, China). Cells were cultured in RPMI
1640 medium (Gibco, USA) or DMEM media (Gibco)
supplemented with 10% FBS (Gibco) and 1% penicillin/strep-
tomycin. All cells were cultured in a humidified atmosphere
of 5% CO, at 37°C.

RT-PCR. Total RNA was purified from bladder cancer
tissues and cell lines using TRIzol reagent (Life Technol-
ogies, Carlsbad, CA, USA) according to manufacturer
instructions. RNA quality was determined by measuring
the A260/A280 ratio by NanoDrop spectrophotometer
(Thermo Fisher Scientific, USA). One microgram of RNA
was reverse transcribed into cDNA using a TIANScript II
c¢DNA First Chain Synthesis kit (Tiangen, China). Real-
time PCR analysis was performed by NCode™ SYBR Green
miRNA quantitative reverse transcription PCR (RT-qPCR)
kit (Thermo Fisher Scientific) and relative expression was
calculated using the comparative cycle threshold (2-44%).
The transcription level of either U6 or GAPDH was used as
internal control.

Cell viability assay. Cell viability was assessed as
described [16]. Briefly, cells were seeded in a 96-well plate
at a density of 1x10* cells/well. Following transfection, 20 pl
MTT (5mg/ml) was added to each well and 150pl dimethyl
sulfoxide (DMSQO) was added to each well after incubation
at 37°C for 4 hours. Optical density at 450 nm was then
measured by microplate reader.

Cell transfection. The miR-203a mimic (miR-203a),
miRNA negative control (miR-NC), siRNA against SIX4
(si-SIX4) and siRNA negative control (si-NC) were
purchased from Genepharm (Suzhou, China) and trans-
fected into cells with Lipofectamine 2000 (Life Technolo-
gies). For the transient expression of SIX4, cells were trans-
fected with the pCMV-SIX4 plasmid containing SIX4 or
with an empty vector control (created by RyoBio Company,
China) using Lipofectamine 2000. The transfection efficiency
was confirmed by Western blotting.

Dual-luciferase reporter assay. Two oligonucleotide
pairs containing either a mutant or wild-type SIX4 3’-UTR
sequence were synthesized by Genepharm (Suzhou, China).
After annealing, they were inserted into the pmirGLO vector
(Promega, USA). For the luciferase assays, cells were co-trans-
fected with the corresponding vectors and the miR-203a
mimic with Lipofectamine 2000 (Life Technologies) Twenty-
four hours after transfection, the firefly and Renilla luciferase

activities were consecutively detected by dual-luciferase kit
(Promega Corporation), and the relative luciferase activity
was normalized to the Renilla luciferase activity.

Wound healing assay. After transfection, cells were
grown to confluence in six-well plates. A 200 pl micro-
pipette tip made a cross wound, and wound healing was
observed 24 h later. Images were acquired by phase-contrast
microscopy (Olympus, Japan) immediately after or 24 h
after wounding.

Cell invasion assay. The cell invasion assay was conducted
using Transwell chambers (Millipore, USA). Transwell
chamber inserts were placed in a 24-well plate. The inserts
were then coated with Matrigel (BD Bioscience, USA) on
the upper surface and incubated for 30 min at 37°C. After
transfection, 8x10* cells were suspended in 200ul serum-
free medium and added to the upper chambers and 200 ul
medium supplemented with 10% FBS was added to the lower
chambers as chemo-attractant. After incubation at 37°C for
24 h, the cells on the upper surface of the membrane were
carefully removed using a cotton swab. The cells that crossed
the Matrigel membrane were fixed with 100% methanol and
stained with 0.1% crystal violet. Ten random visual fields
were selected for each insert, and the cells were counted x200
under a light microscope (OlympUSA)

Cell cycle analysis. After transfection for 24 h, cells were
fixed with 75% ethanol at —-20 °C overnight and then stained
with a propidium iodide (PI)/RNase staining buffer (Sigma,
USA) for 15 minutes at room temperature and subjected to
flow cytometric analysis.

Apoptosis assay. As previously described [17], apoptosis
rates were assayed by nucleosome ELISA (Roche, Germany).
Briefly, after transfection for 24 h, apoptosis induction was
assessed by measuring the enrichment of nucleosomes in
the cytoplasm, and the apoptotic rate was determined as
described in manufacturer instructions.

Caspase-3/7 activity assay. The activity of caspase-3/7 was
assayed using a Caspase-Glo 3/7 Assay kit (Promega, USA).
After transfection for 48 h, 100 pl of caspase-3/7 reagent was
added to each well and incubated for 1 h at room tempera-
ture. The luminescence was measured using a BioTek 312e
microplate reader (BioTek Instruments, USA). The caspase-
3/7 activity was indicated as the percentage of luminescence
in untreated control wells.

Western blot assay. Cell lysates were prepared after
48-hour transfection by radioimmunoprecipitation assay
(RIPA) lysis buffer (Beyotime, China). The protein concen-
trations were measured by Bradford assay kit (Beyotime,
China). Total protein was separated by 12% SDS-PAGE
and transferred to PVDF membranes (Millipore, USA)
which were then blocked in 5% skim milk at room temper-
ature for 1h. After washing with TBST, membranes were
incubated with primary antibodies overnight at 4°C. The
following primary antibodies were used: anti-CDK1 (CST,
Danvers, USA), anti-cyclin A (CST), anti-cyclin B (CST),
anti-caspase-3 (CST), anti-Bcl-2 (CST), anti-Mcl-1 (CST),
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anti-E-cadherin (CST), anti-N-cadherin (CST), anti-
vimentin (CST), anti-Snail (CST), anti-p-PI3K (CST), anti-
PI3K (CST), anti-p-Akt (CST), anti-Akt (CST), anti-SIX4
(Abcam, USA), and anti-GAPDH (Sigma, USA). Following
three TBST washes of 15 min each, membranes were
incubated with a goat anti-rabbit horseradish peroxidase-
conjugated secondary antibody for 1 h at room tempera-
ture. The results were visualized using a Super Signal
chemiluminescence substrate (Pierce, USA) according to
manufacturer instructions.

Statistical analysis. Continuous variables are presented as
mean * standard deviation (SDs). Student’s t test compared
the two experimental groups and One-way ANOVA was
performed for multiple comparisons. Kaplan-Meier survival
curves and log-rank tests estimated patient survival and the
differences between groups. SPSS 10.0 and GraphPad Prism
5.0 (GraphPad Software, USA) was used in statistical analysis
and p<0.05 was considered statistically significant.
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Results

MiR-203a is down-regulated in bladder cancer tissues
and cell lines. To evaluate the expression level of miR-203a
in bladder cancer tissues, quantitative real-time PCR
(qQRT-PCR) was performed on 40 pairs of bladder cancer
tissues and adjacent normal tissues. The expression of
miR-203a was significantly lower in tumor tissues than in
normal tissues (Figure 1A). The miR-203a level was then
detected in normal cell line SV-HUC-1 and human bladder
cancer cell lines T-24, EJ, J8 and 5637. We found that the
expression level of miR-203a was significantly lower in the
bladder cancer cells than in SV-HUC-1 cells (Figure 1B).
These results suggest that miR-203a was down-regulated in
both bladder cancer tissues and cell lines.

We then investigated the relationship between miR-203a
expression and different clinical parameters. The median
miR-203a expression value divided the patients into high-
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Figure 1. MiR-203a expression is down-regulated in bladder cancer tissues and cell lines and correlates with patient survival. A) MiR-203a expression
in 40 pairs of bladder tissues and adjacent normal tissues was analyzed by RT-PCR; B) MiR-203a expression in uroepithelial cells (SV-HUC-1) and
bladder cancer cell lines (T24, EJ, J8 and 5637) was analyzed by RT-PCR; C) Correlation between miR-203a expression and bladder cancer patient
survival. *p<0.05, **p<0.01; the data is in means + standard deviations (SDs) of triplicate measurements.
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expression (n=20) and low-expression
(n=20) groups. Table 1 highlights that
miR-203a was closely associated with tumor
stage (p=0.025) and lymph node metastasis
(p=0.01). However, there was no signifi-
cant correlation between miR-203a expres-
sion and other clinical-pathological factors;
including gender, age, tumor size and histo-
logical grade. The Kaplan-Meier analysis
of the 40-month follow-up survival survey
revealed that low expression of miR-203a
predicated poor survival in patients with
bladder cancer (p<0.05) (Figure 1C). These
findings suggest that the aberrant expres-
sion of miR-203a is involved in tumorigen-
esis and bladder cancer development.
miR-203a effects on bladder cancer cell
proliferation, migration and invasion. To
discover the role of miR-203a in bladder
cancer tumorigenesis, we transfected T24
and 5637 cells with the miR-203a mimic, and
the qRT-PCR results indicate that miR-203a
expression is significantly up-regulated in
bladder cancer cells after transfection with
the miR-203a mimic but not the miR-NC
mimic (Figure 2A). The MTT assay revealed
that miR-203a over-expression significantly
inhibited bladder cancer cell proliferation
(Figure 2B). We then studied miR-203a

Table 1. Clinical characteristics and miR-203a
expression levels of patients with bladder cancer.

Expression of
miR-203a

Variables Total . p-value
Low  High
(n=20) (n=20)
Age (years)
<60 15 7 8 0.744
260 25 13 12
Gender
Female 17 10 7 0.337
Male 23 10 13
Tumor Stage
T1-T2 17 5 12 0.025
T3-T4 23 15 8
Tumor Size
<5cm 25 11 14 0.327
=5 cm 15 9 6
Lymph node metastasis
Yes 16 12 4 0.010
No 24 8 16
Histological grade
Gl 13 7 6 0.736
G2,G3 27 13 14
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Figure 2. Over-expression of miR-203a represses the proliferation, migration and invasion of
bladder cancer cells. A) After transfection with the miR-203a mimic or miR-NC for 24 h, the
expression of miR-203a in T24 and 5637 cells was analyzed by real-time PCR; B) Influence
of miR-203a over-expression on the proliferation of T24 and 5637 cells by an MTT assay; C)
Woundhealingassayof T24and 5637 cellsafter transfection withmiR-203aor miR-NCmimics;
D) Invasion assay of T24 and 5637 cells after transfection with an miR-203a mimic. **p<0.01,
***p<0.001; the data is in means * standard deviations (SDs) of triplicate measurements.
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effect on bladder cancer cell migration and
invasion. Figure 2C shows that miR-203a
over-expression significantly inhibited the
migration of both T24 and 5637 cells in
the wound healing assay and dramatically
repressed the invasive ability of bladder
cancer cell invasive ability (Figure 2D).
Results indicate that miR-203a significantly
inhibits bladder cancer cell proliferation,
migration and invasion.

miR-203a effect on bladder cancer
cell-cycle progression and apoptosis. To
investigate the mechanisms underlying
miR-203a-mediated cell growth inhibition,
flow cytometry analyzed the distribution
of the cell cycle in T-24 and 5637 cells after
transfection with miR-203a. This revealed
statistically significant G2/M arrest in both
T24 and 5637 cells (Figure 3A). We then
analyzed the expression of cell cycle-related
proteins by Western blotting. As shown in
Figure 3B, the over-expression of miR-203a
led to down-regulation of CDK1, cyclin A
and cyclin B, so we investigated whether
miR-203a also affects bladder cancer cell
apoptosis The nucleosome ELISA indicated
that miR-203a over-expression resulted in
greater bladder cancer cell apoptosis than
miR-NC over-expression (Figure 3C). To
further confirm the effects of miR-203a
on the apoptosis of bladder cancer cells,
caspase-3/7 activity assay was performed,
and this revealed that the over-expression
of miR-203a caused greater activation of
caspase-3/7 than the over-expression of
miR-NC (Figure 3D). Western blotting
confirmed that miR-203a over-expression
led to both caspase-3 cleavage and the
down-regulation of the Bcl-2 and Mcl-1
proteins which are vital regulators of
apoptosis (Figure 3E). This indicates that
miR-203a over-expression caused apoptosis
and cell cycle arrest at the G2/M phase.

Figure 3. Over-expression of miR-203a induces cell
cycle arrest and apoptosis in bladder cancer cells. A)
After transfection with the miR-203a mimic or miR-
NC for 48 h, cells were stained with propidium iodide
and analyzed by flow cytometry; B) After transfection
for 48 h, cell lysates were subjected to Western blot
analysis with the indicated antibodies; C) After trans-
fection for 48 h, cell apoptosis rates were assessed; D)
After transfection for 48 h, caspase-3/7 activity was
assessed; E) Cell lysates were subjected to a western
blot analysis with the indicated antibodies. *p<0.05,
*p<0.01, **p<0.001; the data is in means + standard
deviations (SDs) of triplicate measurements.
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Figure 4. miR-203a inhibits EMT and the PI3K/Akt signaling pathway in bladder cancer cells. Bladder cancer cells were transfected with miR-NC or the
miR-203a mimic for 48 h. A) Cell lysates were subjected to a western blot analysis with the indicated antibodies; B) E-cadherin, N-cadherin, vimentin
and Snail mRNA levels were analyzed by RT-PCR; C) PI3K/Akt signaling pathway proteins were analyzed by western blotting. **p<0.01; the data rep-
resent the means + standard deviations (SDs) of triplicate measurements.
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MiR-203a suppresses EMT progression and the PI3K/
Akt signaling pathway in vitro. To test the effect of miR-203a
on EMT progression in bladder cancer cells, the protein
levels of EMT markers were analyzed by western blotting.
The forced expression of miR-203a increased the expression
of the epithelial marker protein E-cadherin but decreased the
expression of the N-cadherin, vimentin and Snail mesen-
chymal marker proteins (Figure 4A). The RT-PCR results
were consistent with the Western blotting results (Figure 4B),
and miR-203a over-expression suppressed PI3K and Akt
phosphorylation (Figure 4C). The combined results indicate
that miR-203a suppresses both the EMT phenotype and the
PI3K/Akt signaling pathway in bladder cancer cells in vitro.

SIX4 is a direct target of miR-203a in bladder cancer
cells. To identify potential targets of miR-203a that contribute
to bladder cancer tumorigenesis, we used miRNA target
databases, including TargetScan and starBase, and found that
SIX4 was one of the predicted targets. A putative and evolu-
tionarily conserved miR-203a binding site was in the 3°’-UTR
of SIX4 mRNA (Figure 5A). To confirm that SIX4 is a direct
target of miR-203a, the 3°-UTR of SIX4 was cloned into a
pmirGLO dual-luciferase miRNA target expression vector.
In addition, a second vector was constructed in which the
putative binding site of miR-203a in the 3’-UTR was mutated
(Figure 5A). The results showed that the co-transfection of
the SIX4 wt 3’-UTR vector and the miR-203a mimic into
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Figure 5. SIX4 is a direct target of miR-203a. A) The predicted miR-203a binding site in the SIX4 mRNA 3’-UTR and the corresponding mutation in the
SIX4 3>-UTR; B) Luciferase activities of the wild-type and mutant pmir-SIX4 3’-UTR reporters in T-24 and 5637 cells; C) Western blot analysis of the
SIX4 protein level after transfection with miR-NC or the miR-203a mimic for 24 h in T-24 and 5637 cells; D) RT-PCR analysis of SIX4 mRNA expres-
sion after transfection with miR-NC or the miR-203a mimic for 24 h in T-24 and 5637 cells; E) RT-PCR analysis of the SIX4 mRNA level in 40 pairs of
bladder cancer and adjacent normal tissues; F) Spearman’s correlation analysis was performed to analyze the association between the expression levels
of miR-203a and SIX4 in bladder cancer tissues. **p<0.01, ***p<0.01; the data is in means * standard deviations (SDs) of triplicate measurements.
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Figure 6. Silencing of SIX4 has similar effect to miR-203a transfection in bladder cancer cells. A) After transfection with si-SIX4 or si-NC for 24 h, the
protein level of SIX4 was measured by western blotting; B) After transfection with si-SIX4 or si-NC for 24 h, the mRNA level of SIX4 was measured
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T24 and 5637 cells significantly suppressed
luciferase activity. However, co-transfec-
tion with the SIX4 mut 3’-UTR vector
and the miR-203a mimic had little effect
on luciferase activity in BC cells (Figure
5B). Furthermore, the Western blot and
RT-PCR analyses revealed that the relative
protein and mRNA expression levels of
SIX4 were significantly decreased after
transfection with miR-203a (Figures 5C,
D). We then evaluated the mRNA level of
SIX4 in bladder cancer tissues and adjacent
normal tissues. Figure 5E highlights that the
expression of SIX4 was significantly higher
in bladder tumor tissues than in adjacent
normal tissues. Correlation analysis also
revealed that the expression of miR-203a
negatively correlated with SIX4 mRNA level
(Figure 5F). These combined results suggest
that SIX4 is a direct target of miR-203a in
bladder cancer cells.

Knockdown of SIX4 has a similar effect
to miR-203a transfection in BC cells.
To investigate the role of SIX4 in bladder
cancer tumorigenesis, we used siRNA to
silence SIX4. As shown in Figures 6A and B,
the protein and mRNA levels of SIX4 were
successfully decreased by si-SIX4 but not by
si-NC. The knockdown of SIX4 by si-SIX4
suppressed cell viability in both bladder
cancer cell lines at different time points
(Figure 6C). The migration and invasion
assays also showed that SIX4 down-regula-
tion inhibited the migration and invasion
of bladder cancer cells (Figures 6D, E). The
results also indicate that si-SIX4 can induce
G2/M phase arrest, leading to a signifi-
cant increase in the proportion of cells
in the G2/M phase. Moreover, apoptotic
analysis determined that si-SIX4 had an
effect similar to that of transfection with
miR-203a; si-SIX4 induced more apoptosis
than the si-NC control. This infers that SIX4
knockdown mimics the miR-203a biolog-
ical effect.

SIX4 over-expression inhibits miR-203a
effect on BC cells. To further examine the
correlation between SIX4 and miR-203a,
we over-expressed SIX4 in bladder cancer
cells. Figures 7A and B show that both the
protein and mRNA SIX4 expression were
significantly up-regulated in response to
SIX4 over-expression and this markedly
abrogated the miR-203a inhibitory effect
on T24 and 5637 cell viability (Figure 7C).
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Figure 7. Overexpression of SIX4 abrogated the effects of miR-203a in bladder cancer cells.
A) Bladder cancer cells were transfected with empty vector or the SIX4 expression vector for
24 h, and the protein level of SIX4 was then measured by western blotting; B) Bladder cancer
cells were transfected with empty vector or with the SIX4 expression vector for 24 h, and the
mRNA level of SIX4 was then measured by RT-PCR; C) Bladder cancer cells were transfected
with empty vector, miR-203a mimic, SIX4, or the combination of miR-203a and SIX4 for the
indicated durations, and cell viability was then assessed; D and E) Bladder cancer cells were
transfected with empty vector, miR-203a mimic, SIX4, or the combination of miR-203a and
SIX4 for 24 h, and cell migration and invasion were then assessed. F) Bladder cancer cells
were transfected with empty vector, miR-203a mimic, SIX4, or the combination of miR-203a
and SIX4 for 24 h, and total cell lysates were then subjected to Western blot with the indi-
cated antibodies. *p<0.05, **p<0.01, ***p<0.01; the data is in means + standard deviations
(SDs) of triplicate measurements.
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Interestingly, SIX4 over-expression enhanced T24 and
5637 migration and invasion and attenuated the inhibitory
effects of miR-203a on the migration and invasion of 5637
cells (Figures 7D, E). Moreover, the up-regulation of SIX4
suppressed the inhibitory effects of miR-203a on EMT in T24
and 5637 cells. These combined results further confirm SIX4
is a direct miR-203a target.

Discussion

Herein, we provide novel insight into the molecular effect
of miR-203a in bladder cancer by negative regulation of
SIX4 expression. Increasing evidence indicates that miRNAs
have vital roles in carcinogenesis and that certain miRNAs
are associated with clinical features and outcomes. Many
studies have investigated the role of miRNAs in bladder
cancer. A very recent report notes that miR-22 suppresses
EMT in bladder cancer by dual inhibition of Snail and the
MAPK signaling network [18]. Yang et al also recorded that
miR-149-3p suppresses these cells’ proliferation, migration
and invasion by inhibition of S100A4 [19]. In addition, Feng
et al reported that miR-556-3p promotes tumorigenesis in
bladder cancer through DAB2IP repression [20]. It was also
found that miR-294 promotes bladder cancer cell prolif-
eration and motility by modulating the PI3K/Akt and JAK/
STAT pathways, [21].

Herein, miR-203a expression was significantly down-
regulated and exerted anti-tumor effect on bladder cancer
tissues and cell lines compared to their normal counterparts;
and previous investigations support that miR-203a expres-
sion is reduced in other cancers. For example, miR-203a is
down-regulated and contributes to cell invasion in gastric
cardia adenocarcinoma [22], it suppresses proliferation and
metastasis in nasopharyngeal carcinoma by inhibiting LASP1
[13] and it is a confirmed tumor suppressor in bladder cancer
(14, 15].

In contrast, however, miR-203a is significantly over-
expressed in breast cancer tissues compared to normal
adjacent tissues, but its down-regulation is associated with
poor clinical outcome [23] and miR-203a also promotes
cell proliferation and migration in renal cell carcinoma and
functions there as an oncogene [24].

These discrepancies may be due to miRNAs regulating
the expression of different genes in a different manner and
depends on disease and cellular context. Therefore, investiga-
tion into miR-203a role in more types of cancer is warranted.

Herein, miR-203a expression was down-regulated in
bladder cancer tissues and cells, and the forced expression
of miR-203a inhibited cell proliferation, migration and
invasion. This supports its function as a tumor suppressor
in hepatocellular carcinoma, gastric carcinoma, glioma
and nasopharyngeal carcinoma [12, 22, 25, 13]. We also
found that miR-203a induced cell cycle arrest in the G2/M
phase, and this was accompanied by down-regulation of
CDKI1, cyclin A and cyclin B. In addition, its over-expres-

sion increased E-cadherin expression but decreased that of
N-cadherin, vimentin and Snail. These results indicate that
miR-203a suppressed the EMT phenotype in bladder cancer
cells, and agrees with findings that it inhibits EMT in hepato-
cellular carcinoma [26, 11].

The PI3K/AKT signaling pathway has been proven
up-regulated in cancer initiation and invasion [16] and our
results demonstrated that miR-203a up-regulation inhibited
this pathway. SIX4, also known as AREC3, is part of the sine
oculis homeobox (SIX) homolog family [27] and a transcrip-
tion factor in cell differentiation and development. There-
fore, it is involved in cancer progression. For example, SIX4
promotes metastasis in colorectal cancer [28] and corre-
lates with higher TNM stage in non-small cell lung cancer
[29]. Consequently, SIX4 was identified herein as both an
oncogene and miR-203a target.

Herein, we established that (1) miR-203a is able to suppress
the expression of SIX4 at both the protein and mRNA levels in
vitro; (2) the luciferase reporter assay showed that miR-203a
directly recognized the 3’-UTR of SIX4 transcripts; (3) the
expression of miR-203a was negatively correlated with the
levels of SIX4 in vivo; (4) Knock-down of SIX4 mimicked
the effects of over-expression of miR-203a in bladder cancer
cells,while the over-expression of SIX4 reversed these effects.

In conclusion, our study identified miR-203a as a tumor
suppressor in human bladder cancer cells, where it acts at
least partly by inhibiting SIX4. Expression of miR-203a/SIX4
may therefore be useful as a prognostic factor in bladder
cancer, but its therapeutic value in cancer progression
requires robust trials.
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