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miR-203 is an epigenetically silenced tumor-suppressive microRNA in tumors. This study was designed to 
investigate the effects of miR-203 on the proliferation, migration, invasion, and apoptosis of bladder cancer 
(BCa) cells. The expression levels of miR-203 in BCa tissues, normal adjacent tissues, and BCa cell lines were 
detected. BCa cells were transfected with miR-203 mimic and inhibitor to investigate the effect of miR-203 on 
cell functions and the epithelial–mesenchymal transition (EMT). Cotransfection with miR-203 inhibitor and 
shRNA of the predicted target gene Twist1 (si-Twist1) was performed to investigate the target relationship of 
miR-203 and Twist1. The effects of knockdown of Twist1 on cell functions were also investigated. The expres-
sion of miR-203 was significantly reduced in BCa tissues and cells, in comparison with the control. miR-203 
mimic significantly reduced cell viability, invasion, migration, and EMT, and enhanced cell apoptosis. On the 
contrary, miR-203 inhibitor showed the opposite results. However, the administration of si-Twist1 cancelled 
the effect of miR-203 inhibitor on cell proliferation, apoptosis, invasion, and migration. These demonstrated 
that miR-203 may function as a tumor-suppressive microRNA in BCa by negatively targeting Twist1. Both 
Twist1 and miR-203 might be explored as potential targets for studying the mechanism related to BCa patho-
genesis and therapy.
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INTRODUCTION

MicroRNAs (miRNAs) are small noncoding RNAs that 
act as gene-specific regulators1,2. miRNAs play an impor-
tant role in biological functions and metabolism via regulat-
ing their targets. Epigenetic silencing or aberrant expression 
of miRNAs and their target genes are widely involved in 
disease pathogenesis1,2, including a variety of cancers3–6. 
For example, the epigenetic silencing of miR-203 has been 
reported in various cancers such as bladder cancer (BCa)7,8, 
hepatocellular carcinoma3, and prostate carcinoma9.

As previously reported, miR-203 suppresses cancer 
cell growth, differentiation, proliferation, and invasion, 
and thus is regarded as an epigenetically silenced tumor-
suppressive miRNA4,10–12. miR-203 inhibits cancer cell 
proliferation and invasion via targeting its target genes 
such as Myc oncogene, ATM kinase10,13, stem renewal 
factor Bmi-111, and Snail212,14. Among these miR-203 tar-
get genes, Bmi-1 acts as an oncogene and is correlated 
with lymph node metastases15–17, and Snail2 is reported 
to be an essential mediator of metastasis and epithelial–
mesenchymal transition (EMT) induced by Twist118,19. 

In addition, the aberrant expression of Twist1 in cancers  
has been reported in several studies20–22. These findings 
demonstrate that miR-203 and Twist1 may play crucial 
roles in cancer development. However, there have been 
limited reports focusing on the regulation of miR-203  
on Twist1 and their mechanism.

BCa is a genitourinary malignancy with higher  
frequency, occurrence of transitional cell carcinoma in 
primary cancers (~90%), higher frequency of metasta-
sis (20%–40%), and increasing incidence of lymph node 
involvement with progression23. Because miR-203 might 
be related to EMT and cancer metastasis, we aimed to 
investigate the expression of miR-203 and detect its 
relationship with BCa cell invasion and metastasis. The 
effect of miR-203 on cell functions including prolif-
eration, invasion, migration, apoptosis, and EMT was  
detected in miR-203 mimic- and inhibitor-transfected cells.  
Moreover, cotransfection with miR-203 inhibitor and 
short hairpin RNA (shRNA) of the predicted target gene 
Twist1 (si-Twist1) was performed to validate correla-
tion between miR-203 and its target Twist1. This study 



1156 SHEN ET AL.

provides us with more information on the pathological 
mechanism of BCa.

MATERIALS AND METHODS

Patients and Tissues

Informed consent was obtained from all participants, 
and this study was approved by the Committee on Human 
Research at the Affiliated Clinical College Shenzhen 
Second People’s Hospital, Anhui Medical University. 
Twenty-four primary BCa tissues and 24 normal adjacent 
tissue samples were obtained from patients who received 
a BCa resection. No local or systemic treatment had been 
conducted on these 24 BCa patients before the operation. 
The secreted fresh tissues were immediately frozen in 
small pieces in liquid nitrogen, stored at −80°C, and pre-
pared for mRNA detection.

Cell Line and Cultures

Two human bladder carcinoma cell lines (T24 and 
RT4; ATCC, Manassas, VA, USA), and a human normal 
urothelial cell line (SV-HUC-1; ATCC) were cultured on 
96-well plates (BD Biosciences, Rockville, MD, USA), 
supplemented with Dulbecco’s modified Eagle’s medium 
(DMEM), 10% fetal bovine serum (FBS), and 100 U/ml 
penicillin (Sigma-Aldrich, St. Louis, MO, USA) at 37°C 
with 5% CO2 (BD Biosciences).

Vector Construction and Cell Transfection

Construction of si-Twist1-expressing plasmids was 
performed as described previously24, using a lentiviral 
vector system. miR-203 mimic inhibitor and scrambled oli-
gonucleotide sequences were purchased from GenePharma 
(Shanghai, P.R. China) and packaged with lentiviral vec-
tor. Lipofectamine 2000 transfection reagent (Invitrogen, 
Carlsbad, CA, USA) was used for transfections of plas-
mids and vehicles into T24 and RT4 cells.

Cell Proliferation Analysis

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] assay (Sigma-Aldrich) was employed 
for cell proliferation analysis25. Transfected or control 
cells were placed in 96-well plates for 24 h, and then 10 µl 
of MTT solution was added to each well, followed by 
3 h of incubation. The optical density at 570-nm absor-
bance (A570) was determined using a microplate reader 
(Molecular Devices, Sunnyvale, CA, USA).

Apoptosis Assay

Apoptotic percentage of transfected or normal cells 
was detected using Annexin-V Apoptosis Detection 
Kit and then analyzed by flow cytometry as previously 
described26. In short, after being transfected with miR-203  

mimic, inhibitor, scramble, si-Twist1 plasmids, or control 
vehicles (empty vectors) for 24 h, cells were harvested, 
pelleted, and resuspended with annexin V-binding buffer 
and propidium iodide (PI) for 10 min in the dark. Cells 
were then subjected to a BD FACSCalibur flow cytom-
eter (BD Biosciences). Early apoptotic cells that were 
annexin V+ and PI− were counted, and the percentage was 
calculated.

In Vitro Migration and Invasion Assay

Migration of transfected cells was detected using  
24-well Transwell chambers (Costar, Corning Incor-
porated, Corning, NY, USA)27. For the cell migration 
assay, 8 ́  104 T24 cells or RT4 cells were placed onto 
the upper chamber with DMEM without FBS. The lower 
chamber was supplemented with 10% FBS, and cells 
were incubated for 24 h at 37°C. For the cell invasion 
assay, the 24-well Transwell chambers were coated with 
80 µl of Matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA), and 8 ́  104 cells were seeded into the upper cham-
ber medium. The lower chamber medium was supple-
mented with 10% FBS and incubated for 48 h at 37°C. 
After incubation, cells on the upper surface filters were 
removed by cotton swab, and filters were then fixed 
with paraformaldehyde for 10 min, followed with 0.1% 
crystal violet staining. Stained cells were counted using 
a microscope, and cell numbers at five randomly selected 
fields were averaged.

Soft Agar Colony Formation Assays

As previously described28, transfected cells at 400 cells 
per well were plated into a six-well plate for 14 days 
under standard culture conditions, replacing the medium 
every 3–5 days. At the end, cells were fixed with abso-
lute methanol for 10 min and stained with crystal vio-
let. Colonies containing more than 50 cells were counted 
under a microscopy.

Dual-Luciferase Reporter Assay

The target relationship and regions of miR-203 and 
Twist1 were predicted using TargetScan (http://www.target 
scan.org). The 3¢-untranslated region wild type (3¢-UTR- 
WT) and mutation (3¢-UTR-Mut) of Twist1 containing 
miR-203 binding sites were cloned into the downstream 
regions of the luciferase reporter in the Promega pmirGLO  
Dual-Luciferase miRNA Target Expression Vector (Pro-
mega, Madison, WI, USA)29. Cells in 24-well plates were  
allowed growth to confluence and then were transfected 
with dual firefly/Renilla luciferase reporter gene constructs 
(3¢-UTR-WT/Mut) and miR-203 mimic using Lipofec-
tamine 2000 (Invitrogen) for 48 h. Cell extracts were pre-
pared, and the luciferase activity was detected according to 
the manufacturer’s protocol (Promega).
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Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invi-
trogen) following the recommend protocols of the man-
ufacturer. cDNA was prepared from total RNA. The 
primers for miR-203 and Twist1 were designed and are 
listed in Table 1. qRT-PCR was performed according 
to the instructions of a Toyobo SYBR Green PCR kit 
(Toyobo, Osaka, Japan) using a Rotor-Gene RG-3000A 
system (Corbett Life Science, Sidney, Australia). The 
relative expression levels of miR-203 and mRNAs were 
determined using the 2−DDCt method with normalization 
to the Ct levels of U6 and GAPDH, respectively.

Western Blot Analysis

Cellular proteins were extracted, quantified, and sepa-
rated on 10% SDS-PAGE (Solarbio, Beijing, P.R. China). 
Separated proteins were electroransferred onto polyvi-
nylidene difluoride (PVDF) membranes (Invitrogen) that 
were then blocked with 5% milk (BD Biosciences) for 
1 h. Membranes were probed with the specific primary 
antibodies to GAPDH (1:2,000 dilution; Proteintech 

Group, Chicago, IL, USA), Bcl-2 (1:500 dilution; Abcam 
PLC, Cambridge, UK), Bax (1:500 dilution; Abcam), pro-
caspase 3 [1:1,000 dilution; Cell Signaling Technology 
(CST), Danvers, MA, USA] and cleaved caspase 3 (1: 
1,000 dilution; CST), E-cadherin (1:500 dilution; CST), 
b-catenin (1:500 dilution; CST), and vimentin (1:500 
dilution; CST) overnight at 4°C, followed by incubation 
with secondary antibodies for 1 h. Membranes with blots 
were subjected to the electrochemiluminescence (ECL) 
detection system (Beyotime, Shanghai, P.R. China) for 
band intensity analysis.

Statistical Analysis

Each experiment was performed in triplicate. Statistical 
analysis was performed using SPSS 19.0 software (SPSS 
Inc., Chicago, IL, USA). All data were expressed as the 
mean ± standard deviation (SD). Differences between two 
groups and among more than two groups were analyzed 
using two-tailed Student's t-test and one-way ANOVA, 
respectively. A statistical significance was defined as a 
value of p < 0.05.

Table 1. Primers Used in This Study

Gene Name Primers Sequences

miR-203 Forward 5¢-GCTGGGTCCAGTGGTTCTTA-3¢
Reverse 5¢-GACTGTGACTCTGACTCCA-3¢

U6 Forward 5¢-CTCGCTTCGGCAGCACA-3¢
Reverse 5¢-GTGCAGGGTCCGAGGT-3¢

Twist1 Forward 5¢-GCAGGACGTGTCCAGCTC-3¢
Reverse 5¢-CTGGCTCTTCCTCGCTGTT-3¢

GAPDH Forward 5¢-GGGCAAGGTCATCCCTGAGCTGAA-3¢
Reverse 5¢-GAGGTCCACCACCCTGTTGCTGTA-3¢

Figure 1. Expression of miR-203 in bladder cancer tissues (A) and cell lines (B). *Significant at p < 0.05 in comparison with normal 
tissues or SV-HUC-1 nontumor control cells.
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Figure 2. Effect of miR-203 on cell proliferation and colony formation. Expression levels of miR-203 by quantitative real-time (qRT)-
PCR in transfected T24 cell (A) and RT4 cells (B). MTT assay of transfected T24 cells (C) and RT4 cells (D). Analysis of soft agar 
colony formation assay of transfected T24 cells (E) and RT4 cells (F). (G) Soft agar colony formation assay of T24 cells. *Significant 
at p < 0.05 in comparison with control cells or cells transfected with corresponding scrambles (NC).
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RESULTS

miR-203 Is Downregulated in BCa

The expression level of miR-203 was first detected in 
BCa samples using qRT-PCR. The results showed that 
miR-203 was significantly reduced in BCa tissues in 
comparison with the normal adjacent tissues (p < 0.01) 
(Fig. 1A). Subsequently, the expression of miR-203 in 
human BCa cell lines T24 and RT4 and the control cell 
line SV-HUC-1 was detected, and significant inhibitions 
of miR-203 expression in T24 and RT4 were observed 

(p < 0.01) (Fig. 1B). These data demonstrated that miR-
203 expression level was downregulated in BCa.

Overexpression of miR-203 Inhibits Cell Proliferation 
and Colony Formation Ability In Vitro

To investigate the effect of miR-203 on cell prolifera-
tion, we detected the cell viability and colony formation 
ability of T24 and RT4 cells transfected with miR-203 
mimic, inhibitor, and scramble controls. The results 
showed that miR-203 mimic and inhibitor significantly 

Figure 3. miR-203 promotes bladder cell apoptosis. Cell apoptotic percentage of transfected T24 cells (A) and RT4 cells (B). Early 
apoptotic cells that are annexin V+ and PI−. (C) Origin images from flow cytometry of T24 cells. (D) Western blot analysis for 
apoptosis-related proteins in T24 cells. *Significant at p < 0.05 in comparison with control cells or cells transfected with corre-
sponding scrambles (NC).
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Figure 4. miR-203 inhibits bladder cell migration and invasion. Migrated cell numbers of transfected T24 cells (A) and RT4 cells 
(B). Invaded cell numbers of transfected T24 cells (D) and RT4 cells (E). Images of the migrated (C) and invaded (F) T24 cells. (G) Effect 
of miR-203 on T24 cell epithelial–mesenchymal transition (EMT). T24 cells were transfected with miR-203 mimic, inhibitor, and 
negative control. *Significant at p < 0.05 in comparison with control cells or cells transfected with corresponding scrambles (NC).
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induced and inhibited endogenous expression of miR-203 
in T24 and RT4 cells, respectively (Fig. 2A and B). MTT 
assay data showed that administration of miR-203 inhibi-
tor enhanced the proliferation ability of T24 and RT4 
cells in comparison with the controls (p < 0.05) (Fig. 2C 
and D). In contrast, the proliferation ability of miR-203 
mimic-transfected T24 and RT4 cells was significantly 
lower than that of the controls (p < 0.05) (Fig. 2C and D). 
Moreover, the results from the soft agar colony formation 
assays revealed that the T24 and RT4 cells transfected 
with miR-203 mimic showed lower numbers of colonies 
(p < 0.05), and miR-203 mimic-transfected cells showed 
higher numbers of colonies (p < 0.05) (Fig. 2E and G), 
in comparison with controls and relative scrambles.  
Taken together, we demonstrated that overexpression of 
miR-203 could inhibit cell proliferation and colony for-
mation ability of T24 and RT4 cells in vitro.

miR-203 Promotes BCa Cell Apoptosis

To explore the effect of miR-203 on BCa cell apopto-
sis, we performed the apoptosis assay by flow cytometry. 
The results showed that miR-203 mimic significantly 
enhanced the cell apoptotic rates of transfected T24 
and RT4 cells, whereas miR-203 inhibitor inhibited it, 
compared with controls (p < 0.05) (Fig. 3A–C). Flow 
cytometry showed the early apoptotic cell percent-
ages (annexin V+/PI− cells) (Fig. 3C). Furthermore, 

we confirmed that miR-203 mimic and inhibitor admin-
istration resulted in the dysregulated expression of cell 
apoptosis-related proteins including Bcl-2, Bax, pro-
caspase 3, and cleaved caspase 3. Western blot analy-
sis showed that the expression quantities of Bcl-2 and 
procaspase 3 proteins were inhibited by miR-203 mimic 
and enhanced by miR-203 inhibitor, respectively, in 
comparison with relative controls (Fig. 3D). On the 
contrary, the expression quantities of Bax and cleaved 
caspase 3 proteins were upregulated by miR-203 mimic 
and downregulated by miR-203 inhibitor, respectively, 
in comparison with relative controls. These data showed 
that miR-203 induced BCa cell apoptosis possibly via 
inhibiting the expression of Bcl-2 and procaspase 3 pro-
teins and enhancing the expression of Bax and cleaved 
caspase 3 proteins.

miR-203 Inhibits BCa Cell Migration  
and Invasion In Vitro

Transwell analysis showed that miR-203 mimic  
significantly reduced migrated and invaded cell numbers 
of transfected T24 and RT4 cells, in comparison with the 
controls (p < 0.05) (Fig. 4A–F). Contrary results were 
observed in T24 and RT4 cells transfected with miR-203 
inhibitor, which showed higher migrated and invaded 
T24 and RT4 cell numbers than all of the other treatments 
(p < 0.05).

Figure 5. Twist1 is a target of miR-203. (A) Predicted target Twist1 regions using TargetScan. (B) Dual firefly/Renilla luciferase 
reporter system results for miR-203 and Twist1. (C, D) mRNA and protein expression quantities of Twist1 in T24 cells transfected 
with miR-203 mimic, inhibitor, and controls. *Significant levels at p < 0.05 in comparison with control cells or cells transfected with 
corresponding scrambles (NC).
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miR-203 Promotes BCa Cell EMT In Vitro

Western blot analysis for the EMT marker proteins 
including E-cadherin, b-catenin, and vimentin showed 
that miR-203 could regulate EMT procession. After being 
transfected with miR-203 mimic, the expression quanti-
ties of E-cadherin and b-catenin proteins in T24 cells were 
enhanced, whereas the expression quantity of vimentin 
was reduced by miR-203 mimic treatment (Fig. 4G). The 
opposite expression patterns of these proteins were observed 
in miR-203 inhibitor-treated T24 cells.

Twist1 shRNA Cancels the Effects of miR-203 Inhibitor

We predicted a target site of miR-203 at Twist1 
3¢-UTR regions (Fig. 5A) using TargetScan (http://www.
targetscan.org), which was then validated using a dual 
firefly/Renilla luciferase reporter system (Fig. 5B). Next, 
the negative relationship between miR-203 and Twist1 
expression patterns was detected in transfected T24 cells 
(Fig. 5C and D). These data showed that Twist1 was a 
direct target of miR-203.

Next, we cotransfected T24 cells with si-Twist1 and 
miR-203 inhibitor and detected the biological functions  
including cell viability, apoptosis, colony formation, migra-
tion, and invasion. As shown in Figure 6A and B, si-
Twist1 significantly inhibited the expression of Twist1 in 
T24 cells compared with control (p < 0.05). In addition, 
the administration of Twist1 shRNA significantly inhib-
ited miR-203 inhibitor-enhanced cell viability, colony 
formation ability, and the number of migrated and invaded 
T24 cells when cotransfected with miR-203 inhibitor and 
si-Twist1 (Fig. 6C–I). Accordingly, cotransfection with 
Twist1 shRNA significantly enhanced cell apoptotic 
percentage, which was inhibited by miR-203 inhibitor  
(Fig. 6J and K). Furthermore, inhibition of miR-203 inhib itor 
on the expression of E-cadherin and b-catenin proteins 
was canceled by Twist1 shRNA. The triggered vimentin 
by miR-203 inhibitor was inhibited by Twist1 shRNA 
(Fig. 6L). These data showed that miR-203 affected cell 
functions through targeting Twist1.

DISCUSSION

miR-203 is an epigenetically silenced tumor-suppressive  
miRNA and is usually downregulated in tumors such as  
hepatocellular carcinoma3, prostate carcinoma9, breast can-
cer30, and BCa7,8. We studied the functional significance 
of miR-203 in BCa cells in regulating cell proliferation, 

migration, invasion, and apoptosis. The results showed 
that miR-203 was downregulated in BCa cells, and miR-
203 inhibitor enhanced proliferation, migration, and inva-
sion ability of BCa cells and inhibited cell apoptosis.

In this present study, we showed that miR-203 was 
significantly downregulated in BCa cells and tissues in 
comparison with normal cells and tissues. This result was 
in accordance with other previous studies that showed the 
epigenetic silencing of miR-203 in various cancers7–10,14. 
Further functional significances of miR-203 in BCa cells 
showed that miR-203 mimic significantly reduced BCa 
cell proliferation, migration, and invasion, and induced 
apoptosis. On the contrary, miR-203 inhibitor had oppo-
site effects (Fig. 2–4). These data are consistent with previ-
ous findings that miR-203 suppresses cancer cell growth 
and proliferation4,10–12, demonstrating that miR-203 may 
play an important role in the pathogenesis of various can-
cers including BCa.

miRNAs function as regulators of pathogenesis of 
diseases through targeting their target genes10,31. As pre-
viously reported, miR-203 could suppress cancer cell 
growth, differentiation, and proliferation via targeting its 
target genes such as Myc oncogene, ATM kinase10,13, 
stem renewal factor Bmi-111, and SNAI212,14. Using the 
luciferase reporter assay system, we validated that Twist1 
was a target of miR-203 (Fig. 5). Cotransfection of Twist1 
shRNA plus miR-203 inhibitor significantly canceled the 
effect of miR-203 inhibitor on cell biological functions, 
including inhibiting cell proliferation, cell colony forma-
tion, cell migration, and invasion ability that was induced 
by miR-203 inhibitor, whereas it enhanced cell apoptosis 
(Fig. 5). Taken together, we speculate that miR-203 may 
act as a tumor-suppressive miRNA of BCa by targeting 
Twist1.

Previous reports showed that Twist1 is an antiapo-
ptotic and prometastatic transcription factor and is always 
upregulated in tumor tissues or cell lines32,33. Moreover, 
Twist is a promoter and essential to EMT33,34. Twist1-
induced cell invasion and cancer metastasis had been 
implicated in several tumors, including hepatocellular 
carcinoma35, breast cancer18,36, colorectal cancer37, and 
human glioblastoma38. As reported, Twist1 suppressed 
E-cadherin, and induced EMT was required for its targets 
including Snail218, Bmi-139–41, and PDGFRa42,43. In this 
present study, we demonstrated that miR-203 inhibited 
EMT by enhancing E-cadherin and b-catenin expression 

FACING PAGE
Figure 6. Twist1 shRNA inhibits the effects of miR-203 inhibitor on cell functions. (A, B) mRNA and protein expression quantities of 
Twist1 in T24 cells transfected with Twist1 shRNA and control. (C) MMT assay of transfected T24 cells. (D, E) Soft agar colony for-
mation assay of transfected T24 cells. (F, G) Migrated cell numbers of transfected T24 cells. (H, I) Invaded cell numbers of transfected 
T24 cells. (J, K) Cell apoptotic percentage of transfected T24 cells from flow cytometry. (L) Expression of EMT in transfected T24 
cells. *Significant at p < 0.05 in comparison with control cells or cells transfected with corresponding control. #Significant at p < 0.05 
in comparison with cells transfected with miR-203 inhibitor.
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and inhibiting vimentin expression (Fig. 4G). On the con-
trary, Twist1 shRNA inhibited EMT induced by miR-203 
inhibitor (Fig. 6). Therefore, we demonstrate that miR-
203 may inhibit cell invasion and migration as well as 
EMT of BCa cells by negatively targeting Twist1.

In summary, the findings of this present study revealed 
that downregulation of miR-203 is detected in BCa cells 
and tissues, accompanied with upregulation of Twist1. 
miR-203 may act as a tumor-suppressive miRNA in BCa  
cells and functions by negatively targeting Twist1. Inhi-
bition of Twist1 could counteract the effects of miR-203 
downregulation on biological functions of BCa cells. Even 
so, more experiments are still needed to explore the asso-
ciation of miR-203 and Twist1, as well as their molecular 
mechanisms on BCa cell functions and pathogenesis.
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