
ONCOLOGY REPORTS  34:  1605-1612,  2015

Abstract. MicroRNAs (miRs) serve either as oncogenes or 
tumor-suppressor genes in tumor progression. MicroRNA-20b 
(miR-20b) is known to be involved with the oncomirs of 
several types of cancers. However, in the present study we 
describe how miR-20b inhibits the proliferation, migration 
and invasion of bladder cancer EJ cells. In the present study, 
miR-20b was downregulated in bladder cancer cell lines, 
and its overexpression resulted in a significant reduction in 
the proliferation of EJ cells. In addition, via a bioinformatics 
approach, we identified cell cycle-regulated genes that are the 
putative targets of miR-20b. The transfection of miR-20b into 
EJ cells induced G1 phase cell cycle arrest via the decreased 
expression of cyclin D1, CDK2 and CDK6 without affecting 
another G1 phase cell cycle regulator, cyclin E. The cell cycle 
inhibitor p21WAF1 was upregulated in the miR-20b transfected 
cells. Moreover, the enforced expression of miR-20b resulted 
in impaired wound-healing migration and invasion in the 
EJ cells. Based on our target prediction analysis of miRs, we 
confirmed that miR-20b overexpression strongly impedes 
MMP-2 expression via suppressive activation of the Sp-1 
binding motif, an important transcription factor present in 
the MMP-2 promoter. Herein, we report the novel concept 
that miR-20b exerts a suppressive effect on both cell cycle-
modulated proliferation and MMP-2-mediated migration and 
invasion in bladder cancer EJ cells.

Introduction

Bladder cancer is one of the most prevalent lethal diseases 
among men worldwide (1). The development of bladder 
tumors combines multiple progressive processes that are 
influenced by a number of environmental factors such as 
chemical carcinogens, several anticancer drugs and reactive 
oxygen species (2-5). The principal proliferative type of 
bladder tumors can be described as a transitional cell carci-
noma (TCC) that is a muscle-invasive bladder cancer (MIBC), 
which has potential for migration and invasion (1,6,7). 
Although many therapeutic advances have been achieved 
against MIBC, effective treatment options remain limited. 
Therefore, the identification of novel therapeutic targets is 
critical.

Cellular proliferation experiences a crucial check-point 
at which the progression of the G1 to the S phase of the cell 
cycle is regulated (8,9). The progression of the cell cycle is 
directly driven by the action of heterodimers assembled by 
cyclin-dependent kinases (CDKs) and cyclins (activating 
subunits of CDKs) (8,9). After the stimulation of growth 
signaling, the cells are categorized as either a G1 or S phase 
progression, which is predominantly regulated by cyclin D/
CDK4/6 and cyclin E/CDK2 complexes (8,9). Numerous studies 
have suggested negative regulatory roles for cell cycle inhibi-
tors that are involved in proliferation, migration and invasion in 
the development of mammalian cells (8). p21WAF1 is a cell cycle 
inhibitor that binds to CDK or CDK-cyclin complexes, and 
suppresses cell cycle progression (8).

Matrix metalloproteinase-2 (MMP-2) is a type IV colla-
genase that degrades the extracellular matrix resulting in the 
migration and invasion of tumor cells (10,11). Several lines 
of study have demonstrated that an elevated level of MMP-2 
expression is correlated with the progression of bladder cancer, 
characterized by migration and invasion (12-14). In addition, 
high levels of MMP-2 expression have been detected in the 
serum and urine of patients with bladder cancer (12-14). The 
MMP-2 promoter contains several functional cis-elements 
including p53, AP-1, Ets-1, C/EBP, CREB, PEA3, Sp1, ATF2 
and AP-2 that are involved in MMP-2 regulation (15).
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MicroRNAs (miRs) are a class of small non-coding RNA 
molecules that negatively regulate gene expression by control-
ling either translational repression or mRNA degradation, 
which depends on the degree of partial or perfect comple-
mentarity to the 3' untranslated regions of their mRNAs (16). 
Cumulative studies have shown that miRs reveal diverse 
biological and pathological functions including the control 
of cellular proliferation, migration, differentiation and apop-
tosis (16-18). Recent evidence has identified several miRs as 
oncogenes or tumor suppressors (16-18). Previous studies have 
shown that microRNA-20b (miR-20b) is upregulated in human 
breast cancer, c-Myc-induced mouse mammary tumors and 
ionizing radiation-induced rat mammary gland tissues (19-21). 
In addition, several studies have demonstrated that miR-20b 
serves as a survival and oncogenic factor (19-23). Numerous 
studies have suggested that miR-20b plays important roles in 
oxygen supply, PTEN inhibition, VEGF regulation by HIF-1α 
and STAT3 and in transcriptional control by early growth 
response-1 (19,21-23). miR-20b has also been reported as a 
suppressive factor for the Th17 differentiation and patho-
genesis of multiple sclerosis and experimental autoimmune 
encephalomyelitis (24). However, little is known concerning 
the suppressive effects of miR-20b on cell cycle-regulated 
proliferation as well as on MMP-2-mediated migration and 
invasion in cancer cells.

In the present study, we report the novel molecular mecha-
nisms involved in the inhibition of proliferation, migration and 
invasion by miR-20b in bladder cancer EJ cells. The present 
study is the first report concerning the role of miR-20b in 
its function as a tumor suppressor in cancer cells. Based on 
miRNA-target prediction analyses, our results demonstrated 
that miR-20b inhibited the proliferation of EJ cells and 
induced p21WAF1-mediated G1 phase cell cycle arrest. In addi-
tion, miR-20b inhibited the migration and invasion of EJ cells 
via decreased MMP-2 expression by downregulating the 
activation of Sp-1.

Materials and methods

Materials. Polyclonal antibodies to cyclin E, CDK2, CDK6, 
cyclin D1, p53, p21WAF1, p27KIP1 and GAPDH were obtained 
from Santa Cruz Biotechnology (Santa Cruz, CA, uSA). 
The polyclonal MMP-2 antibody was obtained from 
Chemicon International (Billerica, MA, uSA). miR-20b 
(5'-CAAAGuGCuCAuAGuGCAGGuAG-3') and miR-20b 
inhibitor were designed and synthesized by Genolution (Seoul, 
Korea).

Cell cultures. Human bladder carcinoma cell lines (EJ, 5637 
and T24) were purchased from the American Type Culture 
Collection (ATCC; Manassas, VA, uSA). The cells were 
maintained in Dulbecco's modified Eagle's medium (DMEM) 
(4.5 g glucose/liter) supplemented with 10% fetal calf serum, 
L-glutamine and antibiotics (Biological Industries, Beit 
Haemek, Israel) at 37˚C in a 5% CO2 humidified incubator. 
Normal human urothelial cells (HuCs) were obtained from 
ScienCell Research Laboratories (Carlsbad, CA, uSA). The 
cells were cultured in urothelial cell medium supplemented 
with urothelial cell growth supplement and penicillin/strepto-
mycin solution according to the protocol of the manufacturer.

Quantitative real-time RT-PCR (qRT-PCR). To quantify 
miRNA expression, real-time PCR amplification was subjected 
to a Rotor-Gene™ 6000, as previously described (25). 
Real-time PCR assays were carried out in microreaction tubes 
(Corbett Research, Mortlake, Australia) using a miScript PCR 
Starter kit (Qiagen Korea, Seoul, Korea). For amplification of 
the target miRNAs, forward primers for miR-20b (5'-CAAAGu 
GCuCAuAGuGCAGGuAG-3') were designed. The PCR 
reaction was performed in a final volume of 20 µl (10 µl 2X 
QuantiTect SYBR-Green PCR Master Mix, 2 µl 10X miScript 
Universal Primer, 2 µl 10 pmol forward primer, 2 µl template 
cDNA and RNase-free water). Real-time PCR conditions were 
as follows: one cycle of initial activation for 15 min at 95˚C, 
followed by 50 cycles of 15 sec at 94˚C for denaturation, 
annealing for 30 sec at 55˚C and extension for 30 sec at 70˚C. 
The melting program was performed at 70-99˚C at a heating 
rate of 1˚C/5 sec. Spectral data were captured and determined 
using Rotor-Gene Real-Time Analysis Software 6.0 Build 14. 
All of the reactions were carried out in triplicate. In this 
experiment, u6 was used as a control for the normalization of 
the real-time PCR results in miRNA quantification studies 
using the miScript PCR system.

Bioinformatics analysis. In order to identify the potential 
targets of miR-20b, we used the miRanda (http://www.
microrna.org/microrna/home.do) algorithm to search the 
human genome based on an NCBI mRNA database (http://
www.ncbi.nlm.nih.gov/) for signaling pathway annotation and 
putative functional annotation.

Cell proliferation. Cell proliferation was analyzed using a 
modification of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay, which is based on the 
conversion of tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2-tetrazolium 
to a formazan product by mitochondrial dehydrogenase (26). 
The formazan product was determined by quantifying its 
absorbance at 490 nm. The morphology of cell proliferation 
was photographed using phase-contrast microscopy.

Transfection. Cells were transfected with miR-20b and the 
miR-20b inhibitor using Lipofectamine 2000 transfection 
reagent according to the manufacturer's protocol (Invitrogen). 
After transfection for the indicated times, the cells were studied 
via MTT assay, immunoblotting, zymography, electrophoretic 
mobility shift assay (EMSA), and invasion and wound-healing 
migration assays.

Cell cycle analysis via fluorescence-activated cell sorter 
(FACS). Cells were harvested and fixed in 70% ethanol. After 
washing the cells with ice-cold phosphate-buffered saline 
(PBS), they were incubated with RNase (1 mg/ml), DNA inter-
calating dye and propidium iodide (50 mg/ml). The analysis of 
cell cycle distribution was determined by a Becton-Dickinson 
FACStar flow cytometer equipped with Becton-Dickinson 
Cell Fit software.

Immunoblot analysis. After transfection for 48 h, the cells 
were rinsed twice with ice-cold PBS and freeze-thawed in 
250 µl lysis buffer [containing, in mmol/l, HEPES (pH 7.5) 50, 
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NaCl 150, EDTA 1, EGTA 2.5, DTT 1, β-glycerophosphate 
10, NaF 1, Na3VO4  0.1 and phenylmethylsulfonyl fluoride 0.1 
and 10% glycerol, 0.1% Tween-20, 10 µg/ml of leupeptin and 
2 µg/ml of aprotinin], and then scraped into 1.5-ml tubes. The 
lysates were then centrifuged at 12,000 rpm for 20 min at 4˚C. 
The protein concentration of the supernatant was quantified 
using a Bradford reagent method (Bio-Rad). Cellular proteins 
were electrophoresed on a 0.1% SDS-10% polyacrylamide gel 
(SDS-PAGE) under denaturing conditions and transferred to 
nitrocellulose membranes (Hybond, Amersham Corp.). The 
blots were blocked in 10 mmol/l Tris-HCl (pH 8.0), 150 mmol/l 
NaCl and 5% (wt/vol) non-fat dry milk and then the membranes 
were incubated with primary antibodies at 4˚C overnight, 
which was followed by incubation with peroxidase-conjugated 
secondary antibodies for 90 min, followed by visualization of 
the immunocomplexes using a chemiluminescence reagent kit 
(Amersham Corp.). The experiments were repeated at least 
3 times.

Immunoprecipitation and immune complex kinase assays. 
Cell lysates were prepared using an ice-cold lysis buffer 
[containing, in mM/l, HEPES (pH 7.5) 50, NaCl 150, EDTA 1, 
EGTA 2.5, DTT 1, β-glycerophosphate 10, NaF 1, Na3VO4 0.1 
and phenylmethylsulfonyl fluoride 0.1 and 10% glycerol, 0.1% 
Tween-20, 10 µg/ml of leupeptin and 2 µg/ml of aprotinin) and 
were sonicated at 4˚C [Micro Ultrasonic cell disrupter (from 
Kontes], at 30% power, 2 times for 10 sec, each time. After 
centrifugation at 10,000 x g for 5 min, the lysates were clari-
fied and the supernatants were precipitated by adding protein 
A-Sepharose beads precoated with saturating amounts of the 
indicated antibodies at 4˚C for 2 h. When monoclonal antibodies 
were used, protein A-Sepharose was pre-incubated with rabbit 
anti-mouse immunoglobulin G (Jackson ImmunoResearch 
Laboratories). The immunoprecipitated proteins on the beads 
were washed 4 times with 1 ml of lysis buffer and twice with 
a kinase buffer (containing, in mM/l, HEPES 50, MgCl2 10, 
DTT 1, β-glycerophosphate 10, NaF 1 and sodium orthovana-
date 0.1). The final pellet was re-suspended in 25 µl of kinase 
buffer containing either 1 µg of glutathione S-transferase 
(GST)-pRb C-terminal (pRb amino acids 769-921) fusion 
protein (Santa Cruz Biotechnology), or 5 µg of histone H1 
(Life Technologies, Inc.), 20 µM/l ATP and 5 µCi of [γ32P]
ATP (4,500 µCi/mmol; ICN), and were then incubated for 
20 min at 30˚C with occasional mixing. Twenty-five microli-
ters of 2X concentrated Laemmli sample buffer was added to 
terminate the reaction, which was then resolved on either 10 or 
12.5% SDS-polyacrylamide gels. The migration of histone H1 
or GST-pRb was determined using Coomassie blue staining. 
Phosphorylated pRb and histone H1 were visualized (27).

Wound-healing migration assay. Cells (3x105) were seeded 
into 6-well plates in 2 ml medium and were grown to 90% 
confluency. A clear area was damaged with a 2-mm-wide tip. 
After 3 washes with PBS, the plate was incubated at 37˚C in 
serum-free medium. The migration of cells into the wounded 
area was analyzed and photographed using an inverted micro-
scope (magnification, x40).

Invasion assay. Invasion assays were performed using an 
invasion assay kit (Cell Biolabs, uSA) according to the 

manufacturer's instructions. Cells (2.5x104) were re-suspended 
in serum-free medium and plated in the upper chamber. 
Medium with 10% FBS was added to the lower portion of the 
chamber as a chemoattractant. After 24 h of incubation, the 
cells were allowed to pass through a polycarbonate membrane 
bearing 8-µm sized pores with a thin layer of an ECM matrix-
like material. The cells on the lower surface of the membrane 
were stained and photographed. The invasive ability of the 
cells was evaluated using a commercial cell invasion assay kit 
(Chemicon International).

Zymography. Culture supernatants were resolved in a poly-
acrylamide gel containing 1 mg/ml gelatin. The gel was 
then washed with 2.5% Triton X-100 at room temperature 
for 2 h, followed by incubation at 37˚C overnight in a buffer 
containing 10 mM CaCl2, 150 mM NaCl and 50 mM Tris-HCl, 
pH 7.5. The gel was stained using 0.2% Coomassie blue and 
photographed on a light box. Areas of gelatinase activity were 
determined as a clear band in a dark blue field.

Nuclear extracts and EMSA. After centrifugation, the cell 
pellets were re-suspended in 1 ml of buffer A containing 
10 mM HEPES (pH 7.9), 10 mM KCl, 0.1 mM EDTA, 0.1 mM 
EGTA, 1 mM DTT and 0.5 mM PMSF. They were then incu-
bated on ice for 15 min and vortexed in the presence of 0.5% 
Nonidet NP-40. The pellets were centrifuged and extracted in 
1 ml of buffer B containing 20 mM HEPES pH 7.9, 0.4 M NaCl, 
1 mM EDTA, 1 mM EGTA, 1 mM DTT and 1 mM PMSF for 
15 min at 4˚C. Protein concentrations were measured via the 
Bio-Rad protein assay.

The nuclear extract (10-20 µg) was pre-incubated at 4˚C for 
30 min with the 100-fold excess of an unlabeled oligonucle-
otide spanning the MMP-2 cis-element of interest. The 
sequences were as follows: Sp-1, GCCCATTCCTTCCGCCC 
CCAGATGAAGCAG; ATF2, GATCCAGCTTGATGACGT 
CAGCCG. The reaction mixture was then further incubated at 
4˚C for 20 min in a buffer (25 mM HEPES buffer pH 7.9, 
0.5 mM EDTA, 0.5 mM DTT, 0.05 M NaCl and 2.5% glycerol) 
with 2 µg of poly(dI-dC) and 5 fmol (2x104 cpm) of a Klenow 
end-labeled (32P-ATP) 30-mer oligonucleotide, which corre-
sponded to the DNA binding site in the MMP-2 promoter. The 
reaction mixture was electrophoresed at 4˚C on a 6% poly-
acrylamide gel using a TBE (89 mM Tris, 89 mM boric acid 
and 1 mM EDTA) running buffer. The gel was washed dried 
and exposed to X-ray film overnight (27).

Statistical analysis. Where appropriate, data are expressed as 
the mean ± SE. Data were evaluated by factorial ANOVA and 
a Fisher's least significant difference test where appropriate. 
Statistical significance was set at P<0.05.

Results

Expression of miR-20b is downregulated in bladder cancer 
cell lines. To examine the expression level of miR-20b in 
bladder cancer cell lines, 3 types of bladder cancer cell lines 
(EJ, T24 and 5637) and normal HuCs were employed using 
quantitative real-time PCR. As shown in Fig. 1A, compared 
with the HUCs, the expression levels of miR-20b were signifi-
cantly downregulated in all 3 examined bladder cancer cell 
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lines (EJ, T24 and 5637). Since miR-20b expression was 
decreased in the EJ cells, we selected this cell line for further 
investigation. Next, to investigate the function of miR-20b 
in the proliferation of the EJ cells, the cells were transfected 
with Lipofectamine 2000 only (control), miR-20b mimics 
(miR-20b) or a negative control (miR-20b inhibitor) at various 
concentrations (30-100 nM). Overexpression of miR-20b 
significantly reduced the proliferation of the EJ cells within 
48 h, as evidenced by the MTT assay (Fig. 1B). The different 
concentrations of miR-20b (30-100 nM) showed almost the 

same antiproliferative effect in the EJ cells (Fig. 1B). Based 
on this observation, 30 nM of miR-20b was used for the 
subsequent experiments. Similar results were confirmed by 
phase-contrast images (Fig. 1C).

miR-20b induces G1 phase cell cycle arrest in EJ cells. 
Flow cytometric analysis was used to investigate whether the 
miR-20b-mediated inhibition of cell proliferation was due to 
the modulation of the cell cycle. After transfection of miR-20b 
(30 nM) into the EJ cells for 48 h, DNA content analysis was 

Figure 1. Expression of miR-20b is downregulated in bladder cancer cell lines, and overexpression of miR-20b inhibits the proliferation of bladder cancer 
EJ cells. (A) The expression of miR-20b was investigated in normal urothelial HuC cells and 3 bladder cancer cell lines (EJ, 5637 and T24) using quantitative 
real-time PCR (qRT-PCR) analysis. The expression of miR-20b was normalized to RNA control u6 expression. Results are expressed as the means ± SE from 
3 triplicate experiments. *P<0.01 compared with the HUCs. (B) Inhibition of proliferation of EJ cells transfected with miR-20b. EJ cells were transfected with 
the indicated dose of miR-20b mimics (miR-20b), miR-20b inhibitor and Lipofectamine 2000 only (control). After 48 h of transfection, cell proliferation was 
measured by MTT assay. Results are expressed as the means ± SE from 3 triplicate experiments. *P<0.01 compared with the control. (C) Cell growth inhibition  
was captured by phase contrast images. HuCs, human urothelial cells.

Figure 2. Overexpression of miR-20b induces G1 phase cell cycle arrest in EJ cells. (A-C) After 48 h of transfection, the EJ cells were subjected to flow 
cytometric analysis to determine the effect of miR-20b on the cell cycle profile. (D) The percentage of cells in each phase of the cell cycle is shown as the 
mean ± SE from 3 triplicate experiments. *P<0.01 compared with the control.
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analyzed. Cell cycle distribution analysis demonstrated that 
the miR-20b (30 nM)-transfected cells induced a significant 
accumulation of cells in the G1 phase (Fig. 2A-D). In addition, 
the G1 phase cell cycle arrest was followed by a corresponding 
decrease in the population of the S phase population in the 
presence of miR-20b (Fig. 2A-D). To verify whether the 
observed G1 phase cell cycle arrest of miR-20b transfectants 
was involved in the regulation of the cell cycle machinery, the 
levels of cell cycle-regulatory molecules were examined. First, 
we used bioinformatics analysis from the public miRNA data-
base (miRanda, http://www.microrna.org/microrna/home.do) to 
identify the targets of miR-20b. We found that miR-20b targeted 
G1 phase cell cycle regulators, including cyclin D1, CDK2 
and CDK6 (Fig. 3E). Immunoblot analysis indicated that the 
overexpression of miR-20b resulted in decreased expression of 
cyclin D1, CDK2 and CDK6 (Fig. 3A). However, the expression 
level of cyclin E was not changed in the miR-20b-transfected 
cells (Fig. 3A). The kinase activities of the CDKs are an essen-
tial step in the formation of the cyclin/CDK complexes, which 
result in the cell cycle progression through sequential check-
points (8,9). Therefore, we evaluated the effect of miR-20b on the 
kinase activities associated with CDK2 or CDK6. The transfec-
tion of miR-20b into the EJ cells suppressed the kinase activities 
of both CDK2 and CDK6 immunoprecipitates (Fig. 3C).

miR-20b induces the G1 phase cell cycle through the upregu-
lation of p21WAF1. The effect of miR-20b on CDK inhibitors 
(CKIs), which blocks the progression of the G1 to the S phase 
of the cell cycle (8) was investigated. Immunoblot analysis indi-
cated that miR-20b overexpression stimulated the induction of 
p21WAF1 in the EJ cells (Fig. 3B). However, the expression levels 
of another CKI p27KIP protein and tumor-suppressor p53 protein 
were not altered in the miR-20b-transfected cells (Fig. 3B). 
An immunoprecipitation experiment was employed to further 
investigate whether the suppression of cyclin/CDK complexes 
induced by miR-20b was due to the interaction between p21WAF1 
and CDKs. Immunoprecipitated levels of both p21WAF1/CDK2 
and p21WAF1/CDK6 were increased in the miR-20b-transfected 
cells (Fig. 3D). These results indicated that p21WAF1 plays an 
important role in miR-20b-mediated G1 phase cell cycle arrest 
inhibiting CDK activities in bladder cancer EJ cells.

miR-20b inhibits the wound-healing migration and inva-
sion of EJ cells. Next, we examined the role of miR-20b in 
the migration and invasion of bladder cancer EJ cells using a 
wound-healing migration assay and a Boyden chamber invasion 
assay. As shown in Fig. 4A, the transfection of miR-20b into 
EJ cells inhibited cell migration into the wounded areas within 
48 h and caused a significant decrease in the wound-closure 

Figure 3. miR-20b overexpression inhibits the expression of cyclin D1, CDK2 and CDK6, and stimulates the expression of p21WAF1 in EJ cells. (A and B) After 
48 h of transfection, the cells were harvested for immunoblot analysis using specific antibodies against cyclin D1, cyclin E, CDK2, CDK6, p21WAF1, p27KIP1 
and p53. GAPDH was used as a loading control. (C) Cells were transfected with the indicated genes for 48 h and were then collected. Immunoprecipitation 
was performed using anti-CDK2 and anti-CDK6 antibodies on total cell lysates. The kinase reaction was analyzed using histone H1 (for CDK2) or GST-pRb 
(for CDK4) as the substrate. (D) Total cell lysates were immunoprecipitated with anti-CDK2 and anti-CDK6 antibodies, which were analyzed by immunoblot 
analysis using an anti-p21WAF1 antibody. The expression of immunoprecipitated CDK2 and CDK6 was used as internal proteins. (E) Diagram of the miR-20b 
base-pairing site in the 3'-uTR of cyclin D1, CDK2 and CDK6 mRNA. All the results are expressed as the means ± SE from 3 triplicate experiments. *P<0.01 
compared with the control.
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rate compared with both the control and miR-20b inhibitor 
transfectants. Consistently, the overexpression of miR-20b 
showed a significant reduction in invasiveness through 
Matrigel-coated plates by comparison with either the control 
or miR-20b inhibitor-transfected cells (Fig. 4B). These results 

demonstrated that the overexpression of miR-20b inhibited the 
migration and invasion of bladder cancer EJ cells.

miR-20b transfectants exhibit suppression of MMP-2 expres-
sion via the activation of transcription factor Sp-1. To identify 

Figure 4. miR-20b suppresses the migration and invasion of EJ cells. (A) The number of migratory cells was reduced in the miR-20b-transfected cells. Wound 
closure rates were captured at 0 and 24 h after wounding. (B) using a Boyden chamber migration assay, the potential of cells to invade through Matrigel was 
evaluated. Results are expressed as the means ± SE from 3 triplicate experiments. *P<0.01 compared with the control.

Figure 5. miR-20b impaires MMP-2 expression via suppression of Sp-1 binding activity in EJ cells. (A) After 48 h of transfection, MMP-2 expression in the 
culture supernatants was examined using zymography. Cell lysates were subjected to analysis of the protein level of MMP-2 by immunoblot analysis using 
anti-MMP-2 and anti-GAPDH antibodies. (B) EMSA was performed using nuclear proteins from EJ cells transfected with miR-20b, the miR-20b inhibitor and 
the control. Binding activity of Sp-1 and ATF2 motifs was investigated using radiolabeled oligonucleotide probes. The competition assay was accomplished in 
the presence of one picomole of either unlabeled Sp-1 or ATF2 oligonucleotide. (C) Sequence alignment of the 3'-uTR of MMP-2, Sp-1 and AFT2 targeted by 
miR-20b. All the results are expressed as the means ± SE from 3 triplicate experiments. *P<0.01 compared with the control. EMSA, electrophoretic mobility 
shift assay.
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the potential target genes for the inhibition of cell migration and 
invasion induced by miR-20b, we used miRNA target predic-
tion miRanda algorithms. Since the expression of MMP-2 is 
known to be involved in regulating the migration and invasion 
of tumor cells (10,11), we focused on MMP-2 as a potential 
predicted target gene (Fig. 5C). We next examined the expres-
sion of MMP-2 in the miR-20b-transfected cells. Gelatin 
zymography assay showed that the transfection of miR-20b 
into EJ cells resulted in an apparent reduction in MMP-2 
expression (Fig. 5A). Furthermore, overexpression of miR-20b 
markedly inhibited the expression level of MMP-2 protein in 
the EJ cells as determined by immunoblot analysis (Fig. 5A). 
In addition, we found that miR-20b potentially targets the 
transcription factors Sp-1 and ATF2, which are involved in 
the regulation of MMP-2 in tumor cells (15), using bioinfor-
matics analysis of the miRNA target prediction (Fig. 5C). To 
further investigate whether the inhibitory effect of miR-20b 
on MMP-2 expression involves the potential target genes Sp-1 
and ATF2, an EMSA assay was performed. Nuclear extracts 
from the miR-20b-transfected cells showed decreased activa-
tion of the Sp-1 binding motif (Fig. 5B). However, no specific 
binding activity of ATF2 was observed in the miR-20b trans-
fectants (Fig. 5B). These results suggested that the activation 
of Sp-1 binding is involved in the miR-20b-induced inhibition 
of MMP-2 expression in bladder cancer EJ cells.

Discussion

Transitional cell carcinoma (TCC) is one of the leading causes 
of cancer-related mortality worldwide (1,6,7). Therefore, 
therapies that can improve the survival of patients with TCC 
are desirable. MicroRNAs (miRs) regulate a number of genes 
involved in biological processes, such as the proliferation, 
migration and apoptosis of tumor cells (16-18). Therefore, 
current miR-targeted therapies that impede the function of 
tumor-specific molecules have attracted considerable attention.

It was previously reported that miR-20b was overexpressed 
in c-Myc-induced mouse mammary tumors, ionizing radi-
ation-induced rat mammary gland tissues and human breast 
cancer (19-21). Moreover, numerous studies have identified 
miR-20b as a factor in tumorigenesis, survival and oncogen-
esis (19-23). Although miR-20b has been associated with the 
inhibitory effect of Th17 differentiation and immune diseases 
such as multiple sclerosis and experimental autoimmune 
encephalomyelitis, the tumor suppressor effect of miR-20b on 
cancer cells has not previously been studied. In the present 
study, we demonstrated the novel role of miR-20b in the prolif-
eration, migration and invasion of bladder cancer cells.

The results from the present study showed downregulation 
of miR-20b expression in bladder cancer cells compared with 
normal human urothelial HCC cells. Based on these results, we 
postulated that miR-20b plays a critical role in the prolifera-
tion and migration of bladder cancer cells. First, we initiated a 
study to ascertain whether miR-20b inhibits the proliferation 
of bladder cancer EJ cells when using a low expression level 
of miR-20b. Overexpression of miR-20b drastically inhibited 
the proliferation of EJ cells, which was attributed to G1 phase 
cell cycle arrest. To further investigate the exact mechanism of 
the miR-20b-induced inhibition of cell proliferation, we used 
a predicted target analysis of miRs. The cell cycle regulators, 

including cyclin D1, CDK2 and CDK6, were identified as target 
genes of miR-20b. We next examined the effect of miR-20b on 
the levels of CDKs and cyclins responsible for G1 to S phase 
progression. Consistent with the analysis of the miR-20b target 
genes, the transfection of miR-20b into EJ cells significantly 
suppressed the expression levels of cyclin D1, CDK2 and 
CDK6, yet not of cyclin E, followed by inhibition of CDK2 
and CDK6 kinase activity. In addition, the data revealed that 
p21WAF1 expression was evidently upregulated during G1 phase 
cell cycle arrest in the EJ cells transfected with miR-20b. 
However, the expression levels of p27KIP1 and p53 remained 
unchanged in the presence of miR-20b. These results suggest 
that miR-20b inhibited the proliferation of EJ cells via 
p21WAF1-mediated G1 phase cell cycle arrest by suppressing the 
expression of cyclins and CDKs. As far as we could ascertain, 
this is the first integrative study demonstrating the relevance 
of each element of the CKI-cyclin-CDK machinery during 
miR-20b-induced G1 phase cell cycle arrest.

The main processes involved in metastatic potential are 
known to be the migration and invasion of tumor cells (10,11). 
In the present study, we found that miR-20b overexpression 
inhibited the migration and invasion of bladder cancer cells. 
In fact, it has been suggested that the expression of MMP-2 
accelerates the degradation of ECM leading to the migration 
and invasion of tumor cells, resulting in the promotion of 
tumor metastasis (10-14). Previous studies describing analyses 
of the MMP-2 promoter identified several essential functional 
elements including p53, AP-1, Ets-1, C/EBP, CREB, PEA3, 
Sp1, ATF2 and AP-2 sites on astroglioma cell lines (15). 
Transcription factor Sp1 reportedly promotes the level of 
MMP-2 in human tumor cells (15). Although it is well accepted 
that MMP-2 facilitates tumor metastasis, little is known 
concerning the role of miRs in mediating MMP-2 regulation 
in tumor cells. Based on bioinformatic analysis, subsequent 
experiments prompted us to examine whether or not MMP-2 
is involved in inhibiting the migration and invasion induced 
by miR-20b in bladder cancer EJ cells. In the present study, 
we demonstrated that the transfection of miR-20b into EJ cells 
inhibited the expression of MMP-2. We also identified Sp-1 
as the potential functional cis-element of miR-20b-induced 
suppression of MMP-2 expression in the bladder cancer cells. 
The data showed that miR-20b inhibited MMP-2 expression 
via a reduction in Sp-1 binding activation.

Bioinformatic analysis identified several putative binding 
motifs, such as cyclin D1, CDK2, CDK6, MMP-2 and Sp-1, 
which regulate miR-20b-inhibited proliferation, migration 
and invasion of bladder cancer EJ cells. Our hypothesis was 
confirmed by immunoblot and EMSA experiments performed 
with EJ cells, in which miR-20b overexpression was nega-
tively correlated with the expression of cyclin D1, CDK2, 
CDK6, MMP-2 and Sp-1, with the noted exception of ATF2. 
Cumulative studies have demonstrated that a single miR binds 
to more than 200 gene targets, and these targets could play 
important roles in diverse functions including those involving 
the cell cycle, signaling pathways, apoptosis, transcription 
factors and receptors (16-18). Based on predicted-target 
analysis of miR-20b, our studies revealed that overexpres-
sion of miR-20b directly targets cell cycle regulators and 
migration-related factors that result in an apparent suppression 
of proliferation, migration and invasion in bladder cancer 
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cells. These results suggest that target analysis of miRs may 
reflect the involvement of several cellular mechanisms such as 
proliferation, migration and invasion of tumor cells.

The evidence demonstrates that miR-20b is aberrantly 
downregulated in bladder cancer cell lines. miRNA-target 
prediction analyses showed several putative binding motifs 
present in the miR-20b gene. Consistently, the results of the 
present study indicated that miR-20b inhibits the prolif-
eration of bladder cancer EJ cells via p21WAF1-mediated 
G1 phase cell cycle arrest by blocking cyclin/CDK complexes. 
Furthermore, our data revealed that miR-20b suppressed the 
migration and invasion of EJ cells at least in part through 
decreasing the MMP-2 expression by targeting transcription 
factor Sp-1. The present findings suggest that miR-20b may 
be a potential therapeutic target for the treatment of bladder 
cancer. Further in vivo study is needed to investigate the effi-
cacy of miR-20b in the treatment of bladder cancer.
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