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Abstract: Bladder cancer is a common, serious disease worldwide. MicroRNAs (miRNAs) have been reported to par-
ticipate in the development and progression in many cancers, including bladder cancer. However, the exact roles of 
miR-22 in bladder cancer process and its underlying mechanism remain largely unknown. The expression levels of 
miR-22 and E2F3 were analyzed by quantitative real-time polymerase chain reaction (qRT-PCR). Western blot was 
used to detect the protein levels of E2F3, E-cadherin, N-cadherin, and Vimentin in bladder cancer cells. Cell viabil-
ity, proliferation, migration, and invasion were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium 
bromide (MTT) assay, colony formation assay, and transwell assay, respectively. The potential binding sites between 
miR-22 and E2F3 were predicted by TargetScan and verified by luciferase report assay. The expression of miR-22 
was downregulated and E2F3 expression was upregulated in bladder cancer tissues and cells. Overexpression of 
miR-22 or E2F3 knockdown inhibited cell proliferation, migration, invasion, and epithelial-mesenchymal transition 
(EMT) in bladder cancer cells. In addition, E2F3 was a direct target of miR-22 and its knockdown attenuated the 
promotion of cell proliferation, migration, invasion, and EMT induced by miR-22 inhibitor in bladder cancer cells. In 
conclusion, miR-22 suppressed cell proliferation, migration, invasion, and EMT in bladder cancer cells by regulating 
E2F3 expression, providing a novel avenue for treatment of bladder cancer.
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Introduction

Bladder cancer, one of the urinary malignan-
cies, is the second most frequent cause of 
death in patients with genitourinary tract malig-
nancies around the word [12, 24]. Although 
obvious progress in accurate and effective 
diagnosis as well as treatment. However, blad-
der cancer continues to be a frequent cancer 
with high mortality; the 5-year survival rate 
remains only 50%-60% [4, 20, 25, 26]. Hence, 
it is imperative to better understand the molec-
ular basis of pathogenesis and develop effec-
tive strategies for treatment of bladder cancer.

MicroRNAs (miRNAs), a class of small (~22 
nucleotides) non-coding RNAs, modulate gene 
expression through binding to the complemen-
tary sequences in 3’untranslated regions (UTR) 
of the target genes [1]. Previous documents 
have shown that a number of miRNAs are 
abnormally expressed in bladder cancer and 
involved in its development and progression, 

indicating that miRNAs may play crucial roles  
in its diagnosis and therapy. For example, Bo et 
al. revealed that miR-203 inhibited bladder can-
cer development via suppressing bcl-w expres-
sion [2]. Majid et al. proved that miR-23b has 
been indicated as a tumor suppressor through 
regulation of Zeb1 in bladder cancer [19]. As for 
miR-22-3p (miR-22), originally cloned from 
HeLa cells, is located at chromosome 17p13 
[13]. MiR-22 has been confirmed to act as a 
tumor suppressor or promoter in different can-
cers [3, 29]. Besides, Xu et al. pointed out that 
miR-22 could limit epithelial-mesenchymal 
transition (EMT) though repressing Snail and 
MAPK1/Slug/vimentin feedback loop in blad-
der cancer [29]. In spite of these findings, the 
biological function of miR-22 in the develop-
ment and progression of bladder cancer 
remains largely unknown.

The miRNAs have been reported to execute 
their biological function by regulating their 
downstream target genes [21]. E2F3, located 
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at the 6p22 bladder amplicon, is a crucial regu-
lator of cell cycle regulation and cell prolifera-
tion [22]. E2F3 has been confirmed to be an 
oncogene and play critical roles in bladder 
tumorigenesis [10]. However, whether E2F3 is  
a potential target and the exact functions of 
E2F3 in progression of bladder cancer are need 
to be fully investigated.

In this study, the abundances of miR-22 and 
E2F3 were explored in bladder cancer tissues 
and cells. Moreover, the biological functions of 
miR-22 and E2F3 in cell proliferation and 
metastasis were also investigated. Besides, 
interaction between miR-22 and E2F3 was first 
explored in bladder cancer, which might pro-
vide new strategies for development of useful 
therapies against bladder cancer.

Materials and methods

Clinical specimens

In this study, a total of 32 patients with bladder 
cancer without chemotherapy, radiotherapy, or 
other therapy were enrolled from Affiliated 
Hospital of Chifeng University. The collected 
bladder cancer tissues and adjacent normal 
tissues should be immediately frozen in liquid 
nitrogen and then stored at -80°C until RNA or 
protein extraction. All subjects were informed 
and signed informed consent and this study 
protocol was approved by the Research Ethics 
Committee of Affiliated Hospital of Chifeng 
University.

Cell culture and transfection

Human bladder cancer cell lines (5637 and 
T24) were obtained from American Tissue 
Culture Collection (ATCC, Manassas, VA, USA) 
and human normal uroepithelial cell line 
(SVHUC-1) was obtained from the Chinese 
Academy of Sciences (Shanghai, China). These 
cells were maintained in RPMI-1640 (Hyclone, 
Logan, Utah, USA) with 10% FBS (Gibco, 
Carlsbad, CA, USA) at 37°C with 5% CO2 in a 
moist atmosphere.

MiR-22 mimics (miR-22), miR-control, small 
interfering RNA (siRNA) targeting E2F3 (si-
E2F3), si-control miR-22 inhibitor (anti-miR-22), 
and anti-control were bought from GenePharma 
(Jiangsu, China). 5637 and T24 cells were 

transfected with them using Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA). After 
transfection for 48 h, 5637 and T24 cells were 
collected for further tests.

RNA isolation and quantitative real-time poly-
merase chain reaction (qRT-PCR)

Cells and tissues were lysed using Trizol 
(Invitrogen) to obtain total RNA. Complementary 
DNA (cDNA) was synthesized from total RNA 
with a PrimeScript RT Reagent Kit (TaKaRa, 
Osaka, Japan). MiR-22 was converted to cDNA 
with a TaqMan microRNA reverse transcription 
kit (Applied Biosystems, Foster City, CA). 
Subsequently, the cDNA was used for qRT-PCR 
and the experiment was carried out using SYBR 
green detection kit (Toyobo, Tokyo, Japan) and 
a 7900HT Fast Real-Time PCR System (Applied 
Biosystems). The primers were listed as fol-
lows: miR-22 forward, 5’-GGGGGATCCCTGGG- 
GCAGGACCCT-3’ and reverse, 5’-GGGGAATTC- 
AACGTATCATCCACCC-3’; E2F3 forward, 5’-CA- 
CTTCCACCACCTCCTGTT-3’ and reverse, 5’-TG- 
ACCGCTTTCTCCTAGCTC-3’; U6 forward, 5’-AG- 
AGAAGATTAGCATGGCCCCTG-3’ and reverse, 
5’-ATCCAGTGCAGGGTCCGAGG-3’; GAPDH for-
ward, 5’-CTGGGCTACACTGAGCACC-3’ and rever- 
se, 5’-AGTGGTCGTTGAGGGCAATG-3’. U6 snRNA 
and GAPDH were used as normalizing controls 
for miR-22 and E2F3 quantification, respective-
ly. The 2-ΔΔCt method was employed to evaluate 
the expression levels.

Western blot assay

Transfected cells were lysed using RIPA lysis 
buffer (Thermo Fisher, Wilmington, DE, USA) 
with protease inhibitors (Beyotime, Shanghai, 
China) to extract the total protein. After qu- 
antification by using bicinchoninic acid (BCA) 
protein assay kit (Sigma-Aldrich, St. Louis, MO, 
USA), protein samples (about 30 μg) were  
separated by SDS-PAGE and transferred onto 
the polyvinylidene fluoride (PVDF; Millipore, 
Billerica, MA, USA) membranes. Then, 5% non-
fat milk (Sangon Biotech, Shanghai, China) was 
used to block blots. These blots were immu-
noblotted for 12 h at 4°C by primary antibo- 
dies against E2F3 (1:1000, ab50917, Abcam, 
Cambridge, UK), E-cadherin (1:500, ab15148, 
Abcam), N-cadherin (1:500, ab18203, Abcam), 
Vimentin (1:1000, ab1373218, Abcam), and 
β-actin (1:2000, ab8227, Abcam). Following 
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washing with TBST, blots were incubated by 
secondary antibodies (Sangon Biotech). Immu- 
noreactive bands were visualized with the 
enhanced chemiluminescence (ECL) system 
(Tanon, Shanghai, China). Protein expression 
levels were evaluated using Image J software 
and normalized to the level of β-actin.

Cell viability assay

5637 and T24 cells were placed in 96-well 
plates and transfected with miR-control, miR-
22, si-control, si-E2F3, anti-control, anti-
miR-22, anti-miR-22+si-control or anti-miR-
22+si-E2F3. After transfection for 48 h, 20 μL 
3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetra-
zolium bromide (MTT) reagent (5 mg/mL, 
Sigma-Aldrich) was put in the test wells and fur-
ther incubated for 4 h. Next, the culture medi-
um was gently removed and then dimethyl  
sulfoxide (DMSO; 150 μL, Sigma-Aldrich) was 
added to all wells. The absorbance of each well 
was read at a wavelength of 490 nm with a 
microplate reader (Bio-TeK Instrument, Win- 
ooski, VT, USA).

Colony formation assay

At 48 h post transfection, 5637 and T24 cells 
were placed in a six-well plates and the medium 
was updated every 3 d. 2 weeks later, 5637 
and T24 cells were carefully washed with cold 
PBS and fixed with paraformaldehyde (4%, 1 
mL) for 30 min at 4°C. Subsequently, 5637 and 
T24 cells were washed 3 times with PBS, 
stained with 0.1% crystal violet for 1 h (Sigma-
Aldrich), again washed with PBS until per well 
was clean. If a colony exceeded 50 cells, the 
colony was counted.

Transwell assay

The migration and invasion capabilities of 5637 
and T24 cells were examined by transwell 
chambers (8 µm, Millipore, Boston, MA, USA). 
After transfection, suspension of 5637 and T24 
cells was placed in the upper chamber with 
uncoated membrane (migration assay) or the 
membrane pre-coated with Matrigel (invasion 
assay) (BD Bioscience, Franklin Lakes, NJ, USA) 
and cultured in RPMI-1640 medium. In the 
lower chamber, RPMI-1640 containing 10% 
FBS would be added as a chemical attractant. 
The cotton swab was used to clean the nonfil-
tered cells on the upper chamber, whereas 4% 

paraformaldehyde was used to fix the cells on 
the lower surface, followed by staining with 
0.1% crystal violet (Sigma-Aldrich) after incuba-
tion for 24 h. Each treatment group would be 
randomly selected for five visual fields and 
counted by a microscope (Olympus Corp., 
Tokyo, Japan).

Dual-luciferase reporter assay

The human 3’UTR of E2F3 containing the wild-
type or mutant binding sites of miR-22 were 
synthesized and inserted into pGL3-Basic vec-
tor (Promega, Madison, WI, USA) to generate 
wild-type vectors (WT-E2F3) or mutant-type 
vectors (MUT-E2F3). 5637 and T24 cells were 
co-transfected WT-E2F3 or MUT-E2F3 vectors 
and miR-22 or miR-control for 48 h using 
Lipofectamine 3000. Dual-Luciferase Reporter 
Assay System (Promega) was applied to evalu-
ate luciferase activity.

Statistical analysis

All data in this research were expressed in 
terms of mean ± standard deviation (SD) from 
at least three independent experiments. 
Student’s t-test was chosen for calculation of 
differences between two groups. GraphPad 
Prism software version 5.0 (GraphPad Software, 
Inc., La Jolla, CA, USA) was chosen for data 
analysis. Spearman’s correlation tests were 
performed to analyze the association between 
miR-22 and E2F3. Statistical significance was 
accepted at P<0.05.

Results

The expression of miR-22 was decreased while 
E2F3 expression was increased in bladder 
cancer tissues and cells

To explore the functions of miR-22 and E2F3 in 
bladder cancer progression, 32 pairs of bladder 
cancer tissues and adjacent non-tumor tissues 
were measured by qRT-PCR. Our results indi-
cated that the miR-22 level was greatly down-
regulated and mRNA expression of E2F3 was 
upregulated in bladder cancer tissues com-
pared to non-tumor tissues (Figure 1A and 1B). 
Besides, the relationship between miR-22 and 
E2F3 was analyzed in bladder cancer tissues. 
We found that miR-22 abundance was nega-
tively associated with E2F3 mRNA level in blad-
der cancer tissues (Figure 1C). We further 



The roles of miR-22 and E2F3 in bladder cancer

590	 Int J Clin Exp Pathol 2020;13(3):587-596

proved that the expression level of miR-22 was 
obviously increased and E2F3 mRNA level as 
well as protein expression were decreased in 
5637 and T24 cells compared with SVHUC-1 
cells (Figure 1D-F). These data suggested that 
miR-22 was negatively correlated with E2F3 in 
bladder cancer.

The association between miR-22 expression 
and the clinicopathological features of pa-
tients with bladder cancer

The relationship between the relative expres-
sion of miR-22 and the clinicopathological fea-
tures of the bladder cancer patients was ana-
lyzed. As shown in Table 1, low expression level 
of miR-134 was significantly associated with 
distant metastasis, but not with gender, age, or 
tumor size. 

Overexpression of miR-22 suppressed progres-
sion of bladder cancer cells

To study the role of miR-22 in bladder cancer 
progression, 5637 and T24 cells were trans-
fected with miR-22 or miR-control. QRT-PCR 
was performed to confirm the transfection effi-
ciency. As shown in Figure 2A, transfection of 
miR-22 mimics notably increased the expres-
sion of miR-22. MTT assay revealed that the 
cell viability was decreased in 5637 and T24 
cells transfected with miR-22 compared to 
those cells transfected with miR-control (Figure 
2B). Colony formation assay was used to ev- 
aluate the role of miR-22 in cell growth. The 
colony-formation ability of miR-22-transfected 

Figure 1. Relative expression levels of miR-22 and E2F3 in bladder cancer tissues and cells. A and B. The levels 
of miR-22 and E2F3 were measured in bladder cancer tissues and adjacent normal samples by qRT-PCR. C. The 
correlation between miR-22 level and E2F3 mRNA expression was analyzed in bladder cancer tissues. D and E. 
The expression levels of miR-22 and E2F3 were measured by qRT-PCR. F. Western blot was used to determine the 
protein level of E2F3. *P<0.05.

Table 1. Relationship between miR-22 expres-
sion and clinicopathological features of bladder 
cancer patients

Clinicopathological features n
miR-22

P
High Low

Gender
    Female 10 5 5 0.811
    Male 22 12 10
Age (years)
    ≥45 19 11 8 0.417
    <45 15 6 7
Tumor size (cm)
    ≥3 14 8 6 0.688
    <3 18 9 9
Distant metastasis
    Yes 19 7 12 0.026*

    No 13 10 3
*p<0.05.
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5637 and T24 cells was much lower than the 
cells transfected with miR-control (Figure 2C). 
The transwell assay indicated that overexpres-
sion of miR-22 effectively inhibited the migra-
tion and invasion capacities of both 5637 and 
T24 cells (Figure 2D and 2E). To test the effect 
of miR-22 on EMT progression in bladder can-
cer cells, the protein levels of EMT markers 
were determined using western blotting assay. 
Results showed that addition of miR-22 remark-
ably elevated the protein level of E-cadherin (an 
epithelial marker) but reduced the expression 
of N-cadherin and vimentin (mesenchymal 
markers) (Figure 2F). In conclusion, these 
results indicated that miR-22 inhibited cell 
growth, cell motility, and EMT of bladder cancer 
cells.

Knockdown of E2F3 inhibited progression of 
bladder cancer cells

In the attempt to understand the biologic func-
tion of E2F3 in bladder cancer progression, 
5637 and T24 cells were transfected with si-
E2F3 or si-control. QRT-PCR and western blot 
analysis demonstrated that transfection of si-
E2F3 resulted in an obvious reduction of E2F3 
mRNA and protein expression in 5637 and T24 
cells compare with transfection of si-control, 
suggesting the successful introduction of si-
E2F3 into the cells (Figure 3A and 3B). MTT 
assay proved that inhibition of E2F3 conspicu-
ously limited cell viability of 5637 and T24 cells 
(Figure 3C). The colony-formation experiment 
disclosed that, compared to the si-control 

Figure 2. Effects of miR-22 on cell proliferation, apoptosis, migration, invasion, EMT in bladder cancer cells. 5637 
and T24 cells were transfected with miR-22 or miR-control. A. QRT-PCR was performed to detect the expression of 
miR-22. B. Cell viability was analyzed by MTT assay. C. Colony formation assay was used to determine colony-forming 
ability of 5637 and T24 cells. D and E. The migration and invasion of 5637 and T24 cells were assessed using tran-
swell assay. F. The protein levels of E-cadherin, N-cadherin, and Vimentin were measured by western blot. *P<0.05.
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group, E2F3 knockdown prominently repressed 
the colony-forming ability of 5637 and T24 cells 
(Figure 3D). In addition, abrogation of E2F3 
greatly decreased the number of migrated and 
invaded 5637 and T24 cells (Figure 3E and 3F). 
Moreover, silencing E2F3 increased production 
of mesenchymal marker N-cadherin and vimen-
tin, but reduced E-cadherin protein level in 
5637 and T24 cells (Figure 3G). These findings 
displayed that E2F3 knockdown inhibited the 
proliferation, migration and invasion, and EMT 
of bladder cancer cells.

E2F3 was a direct target of miR-22

Since miR-22 was negatively correlated with 
E2F3 in bladder cancer, we further explore  
the interaction between miR-22 and E2F3 in 
bladder cancer cells. TargetScan predicted that 
the 3’-UTR of E2F3 mRNA contained a comple-
mentary site for the seed region of miR-22 
(Figure 4A). Dual-luciferase reporter assay was 

then used to examine the interaction between 
miR-22 and the 3’-UTR of E2F3. Results show- 
ed that the relative luciferase activity of the 
reporter containing wild-type 3’-UTR of E2F3 
was strikingly decreased when miR-22 was  
co-transfected, while the luciferase activity of 
the reporter containing the mutant miR-
22-binding sites was unaffected in 5637 and 
T24 cells, suggesting that miR-22 might inhi- 
bit E2F3 expression by miR-22-binding se- 
quences at the 3’-UTR of E2F3 (Figure 4B). 
Knockdown of miR-22 remarkably downregu-
lated the expression of miR-22 in 5637 and 
T24 cells (Figure 4C). Next, the effect of miR-22 
on E2F3 expression was investigated in 5637 
and T24 cells. Overexpressed miR-22 drasti-
cally reduced mRNA and protein levels of  
E2F3 and miR-22 knockdown resulted in an 
opposite effect in 5637 and T24 cells (Figure 
4D and 4E). Taken together, our results demon-
strated that E2F3 was a downstream target of 
miR-22.

Figure 3. Effects of E2F3 on cell proliferation, apoptosis, migration, invasion, EMT in bladder cancer cells. 5637 
and T24 cells were transfected with si-E2F3 or si-control. A and B. The mRNA expression and protein level of E2F3 
were detected by qRT-PCR and western blot, respectively. C. Cell viability was examined by MTT assay. D. Cell growth 
capacity was evaluated using the colony formation assay. E and F. The migration and invasion abilities of 5637 and 
T24 cells were determined using transwell assay. G. Western blot was conducted to measure the abundances of 
E-cadherin, N-cadherin, and Vimentin. *P<0.05.
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Knockdown of E2F3 reversed miR-22 inhibi-
tion-mediated progression of bladder cancer

To assess whether E2F3 could regulate the bio-
logical function of miR-22 in bladder cancer, 
5637 and T24 cells were transfected with anti-
control, anti-miR-22, anti-miR-22+si-control or 

anti-miR-22+si-E2F3. MTT analysis displayed 
that abrogation of miR-22 apparently increased 
cell viability and number of colonies, while the 
effect was abated by inhibition of E2F3 in 5637 
and T24 cells (Figure 5A and 5B). Moreover, 
interference of E2F3 attenuated the promotion 
of migration and invasion caused by silencing 

Figure 4. MiR-22 directly targeted E2F3. A. The predicted binding sites of miR-22 in 3’-UTR of E2F3 were predicted 
by TargetScan. B. Luciferase activity was measured in 5637 and T24 cells co-transfected with E2F3-WT or E2F3-
MUT and miR-22 or miR-control. C and D. The expression levels of miR-22 and E2F3 were evaluated by qRT-PCR. E. 
The protein level of E2F3 was detected and western blot. *P<0.05.

Figure 5. E2F3 knockdown attenuated the anti-miR-22-mediated promotion in bladder cancer progression. 5637 
and T24 cells were transfected with anti-control, anti-miR-22, anti-miR-22+si-control, or anti-miR-22+si-E2F3. A. 
MTT assay was used to examine cell viability. B. Cell growth capacity was evaluated using the colony formation as-
say. C and D. Transwell assay was performed to determine migration and invasion of 5637 and T24 cells. E. The 
protein levels of E-cadherin, N-cadherin, and Vimentin were measured by western blot. *P<0.05.
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miR-22 in 5637 and T24 cells (Figure 5C and 
5D). Further, absence of miR-miR-22 led to an 
obvious reduction of E-cadherin protein level 
but promotion of N-cadherin and vimentin 
expression, whereas it was abolished by inhibi-
tion of E2F3 in 5637 and T24 cells (Figure 5E). 
Collectively, these data indicated that E2F3 
was an important mediator of miR-22 in blad-
der cancer cell progression.

Discussion

Bladder cancer is considered to be a very com-
mon and fatal malignancy. Recently, deregula-
tion of miRNAs expression has been confirmed 
in various cancers [5]. Nevertheless, the mole-
cule mechanisms of miRNAs in bladder tumori-
genesis remain relatively unclear, and the spe-
cific tumors as well as therapeutic targets for 
bladder cancer have not yet been identified. 
Hence, it is of great significance to understand 
more about the miRNAs involved in this 
disease.

MiR-22 has been identified to play crucial roles 
in multiple cellular process, including cell 
growth, migration, apoptosis, and autophagy 
[15, 16]. Increasing evidence has shown that 
miR-22 was commonly deregulated in a variety 
of cancers. For example, the miR-22 level was 
reduced in gastric cancer [9], colon cancer 
[14], lung cancer [17], and ovarian cancer [27]; 
while in prostate cancer [3], pancreatic can- 
cer [7], and esophageal squamous cell carci-
noma [32], miR-22 expression was commonly 
enhanced, acting as an oncogene. Here, results 
indicated that miR-22 abundance was remark-
ably reduced in bladder cancer tissues and 
cells, which was in line with a previous study 
[31]. Previous study indicated that miR-22 dys-
regulation was closely associated with cancer 
proliferation and EMT [28]. EMT, one of the 
major molecular mechanisms, is a process that 
promotes invasion and metastasis of cancers 
and transforms cells from epithelial state to 
mesenchymal state, accompanied by morpho-
logical adhesion loss, promoted motility, and 
decreased levels of epithelial adhesive mole-
cules (such as E-cadherin and increased levels 
of mesenchymal molecules (such as N-cadherin 
and vimentin)) [8, 30]. Next, we further probed 
the biological functions of miR-22 in cell growth, 
migration, invasion, and EMT. Results suggest-
ed that addition of miR-22 obviously limited 
progression of bladder cancer cells. These 

results proved that miR-22 might serve as a 
tumor suppressor and repressed bladder can-
cer progression.

Recently, increasing evidence demonstrated 
that miR-22 largely determined the fate of many 
cancers, namely death or survival, by targeting 
and inhibiting downstream transcription factors 
through complex known or unknown mecha-
nisms [28]. To the best of our knowledge, this 
research first demonstrated that miR-22 exe-
cute its biological functions by targeting E2F3. 
It was proved that E2F3 was tightly linked to  
the progression of bladder cancer [6]. Hurst et 
al. revealed that silencing E2F3 led to the sup-
pression of bladder cancer cell proliferation 
[11]. A large number of literatures demonstrat-
ed that upregulation of E2F3 accelerated cell 
growth as well as metastasis in bladder cancer 
cells, which was in line with an oncogenic effect 
of E2F3 [18, 22, 23]. In our study, we observed 
a negative correlation between miR-22 level 
and E2F3 abundance in bladder cancer tis-
sues. Silencing E2F3 repressed the cell growth, 
migration, invasion, and EMT in bladder cancer 
cells, which was similar to the role of miR-22 
accumulation in the bladder cancer cells. 
Besides, downregulation of E2F3 partly 
reversed the promotion of cell growth and 
metastasis caused by miR-22 inhibitor in blad-
der cancer cells. Therefore, our findings sug-
gested that miR-22 exerted its biological func-
tion by modulating the target gene E2F3 in 
bladder cancer cells.

In conclusion, these findings proved the altered 
expression of miR-22 in bladder cancer tissues 
and cells and miR-22 expression was negative-
ly correlated with E2F3. Our findings also proved 
that upregulation of miR-22 repressed the cell 
growth and metastasis in bladder cancer cells. 
Knockdown of E2F3 caused similar effects  
to upregulated miR-22 in the bladder cancer 
cells. We provided the first evidence that miR-
22 directly targeted E2F3. Moreover, E2F3 
absence partly reversed the effects of miR-22 
knockdown on cell growth and metastasis  
in bladder cancer cells. Collectively, miR-22 
blocked the progression of bladder cancer cells 
through regulating E2F3, which would provide 
potential therapeutic strategy of bladder 
cancer.
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