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Abstract: MicroRNAs (miRNAs) have recently been reported play a crucial role in some tumors. In order to investigate 
the association of miR-451 with bladder cancer, we investigate the expression of miR-451 in bladder cancer tis-
sues and its role in biological behavior of T24, 5637 and J28 bladder cancer cell lines. Quantitative RT-PCR results 
showed miR-451 was significantly down-regulated in bladder cancer tissues and paracancerous tissues compared 
with normal bladder tissues. miR-451 expression was significantly associated with histological differentiation de-
gree and TNM stage. Over-expression of miR-451 was established by transfecting miR-451 mimics into T24, 5637 
and J28 cells, and its effects on the biological behavior of bladder cancer were studied using transwell assay, mi-
gration assay, adhesion assay, MTT and flow cytometry. Results indicated over-expression of miR-451 significantly 
inhibited cell proliferation, migration, invasion and induced apoptosis of the bladder cancer cells. Furthermore, we 
investigated the expression level of EMT related proteins in transfected 5637 cells by western blot. Results shown 
E-cadherin was up-regulated more significantly than N-cadherin, vimentin and Snail. N-cadherin and vimentin were 
up-regulated significantly when miR-451 was inhibited in miR-451 inhibitor group, however, no significant changes 
in mimics group. In conclusion, miR451 should be a tumor-suppressing gene in bladder cancer. miR-451 could 
maintain the bladder tumor cells in epithelial phenotype, inhibit EMT process, thereby reducing the invasion and 
migration of tumor cells.
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Introduction

Bladder cancer is the 7th most common cancer 
worldwide, and the 4th most common cancer 
among males in economically developed coun-
tries [1]. Although most of the cases (70-75%) 
are diagnosed as non-muscle-invasive disease 
during initial treatment, approximately 70% of 
them still recur; moreover, approximately 20% 
of the cases present with muscle invasion 
associated with a strong propensity toward 
deadly metastases [2]. Novel approaches to 
inhibit the invasion of tumors are valuable for 
the treatment of bladder cancer.

MiRNAs are an abundant class of small non-
coding RNAs that modulate gene expression in 
a posttranscriptional manner through se 
quence-specific binding to target mRNA [3]. 

Abnormal expression of miRNAs is linked with 
various human disorders, especially cancer 
development and progression [4], where miR-
NAs can act as oncogenes (e.g., miR-21 [5, 6], 
miR-638 [7] and miR-200 family [8]) or tumor 
suppressors (e.g., miR-29b [9], MiR-133a [10], 
miR-137 [11], miR-145 [12], MiR-146b [13]). 
MiR451 is one of these miRNAs, which has 
been reported can inhibit the proliferation of 
several tumor cells, including cervical cancer 
[14], gastrointestinal cancer [15], glioblastoma 
stem cells [16].

Epithelial mesenchymal transition (EMT) is 
closely related to the transformation and infil-
tration of tumor cell. Much research on the rela-
tionship between miRNAs and tumor develop-
ment and metastasis is focused on the 
expression of EMT related proteins. In this 
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study, we evaluated miR-145 expressions in 
clinical bladder cancer specimens and cell 
lines, analyzes the relation between miR451 
and bladder carcinoma and its clinical patho-
logical characteristics. Furthermore, we inspect 
the biological characteristics and the expres-
sion of EMT associated protein in transfected 
cell of miR451 to explore the proliferation and 
metastasis mechanism of bladder cancer cell.

Materials and methods

Tissue specimens

A total of 40 tissue specimens were obtained 
from our Hospital. All patients gave informed 
consent prior to collection of specimens accord-
ing to institutional guidelines. Tumor speci-
mens, adjacent tissues (2.5 cm away from the 
tumor edge) and normal tissues were all col-
lected from bladder cancer at the time of radi-
cal cystectomy, and snap-frozen in the operat-
ing room immediately after surgery. The normal 
tissues (non-tumor tissues) were confirmed to 
be those surrounding tumor tissues and free of 
cancer cells by pathologic examination. The his-
topathology of the disease was determined by 
two pathologists according to the criteria of the 
World Health Organisation. Clinical staging was 
done according to the Union for International 
Cancer Control classification.

Cell culture and transfection

Human bladder tumor cell line T24, 5637 and 
J82 were purchased from China Academia 
Sinica Cell Repository (Shanghai, China), in 
which T24 and 5637 cells were cultured in 
RPMI 1640 (Gibco, USA) supplemented with 
10% fetal calf serum (Gibco, USA), J82 cells 
were maintained in Opti-MEM® I medium 
(Gibco, USA) with 10% fetal calf serum. All cells 
were cultured in a humidified incubator at 37°C 
in 5% CO2.

Has-miR-451 mimics, negative control RNA 
duplex (NC) and miR-451 inhibitor were synthe-
sized by Ribo Bio, Guangzhou, China. siRNA 
duplexes with non-specific sequences were 
used as siRNA negative control (NC). Trans- 
fections were performed using Lipofectamine™ 
2000 (Invitrogen, USA) according to the manu-
facturer’s instructions. The final concentration 
of small RNAs was 50 nM. Blank control was 
performed without any transfection.

RNA isolation, reverse transcription and QRT-
PCR

To quantify miR-451 expression in tumor tis-
sues, adjacent tissues, normal tissues and dif-
ferent bladder tumor cell line (T24, 5637 and 
J82), total RNA was extracted respectively 
using Trizol reagent (Invitrogen) according to 
the manufacturer’s protocol and determined by 
spectrophotometry and spectrophotometric 
(NanoDrop 2000, USA). Then RNA was reverse 
transcribed into cDNA using a PrimeScripts RT 
reagent Kit with gDNA Eraser (Takara, China). 
Real time PCR (qPCR) was performed using a 
SYBR premix Ex TaqTM kit (Takara, China) on 
the Applied Biosystems 7500 Real-time PCR 
system (Life Technologies, USA). Each sample 
was analyzed in triplicate. U6 was used as an 
endogenous control. All samples were normal-
ized to internal controls and fold changes were 
calculated through relative quantification 
(2-ΔΔCT).

Scratch wound migration assay

7×105 T24, 5637 and J82 cells were seeded in 
6-well plates respectively and grown to 60% 
confluence in complete medium. Then the cells 
were transfected with 50 nM miR-451 mimic, 
non-specific control miRNA mimic was used as 
the control group. Continue cell culture until the 
plates were covered, vertical scratches were 
then made using a 200 μl plastic filter tip to cre-
ate a ‘wound’ of approximately 200 μm in diam-
eter. The cells were then rinsed with PBS three 
times and incubated at 37°C. The average dis-
tance of migrating cells was determined under 
an inverted microscope at 0, 6, 12 and 24 h. 
Migration distance was calculated using image-
prolog processing software. Formula: migration 
distance = total area/height. The experiment 
was performed in triplicate.

Cell adhesion assay

A 96-well micro plate was coated with 2 μg 
matrigel per well and left to air-dry. Wash away 
the excess glue using serum-free medium. 
Then add transfected cell suspension into 
96-well plate (4.0×105 cells/well) and incubat-
ed for 2 h at 37°C. Removing non-adherent 
cells by washing with PBS. The adherent cells 
were then reacted with 5 mg/mL MTT solution 
medium at 37°C for 4 h. Removing the liquid, 
add 150 μl DMSO and incubated for 10 min in 
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concussion incubator. The optical density was 
measured at 490 nm. Results were expressed 
as the percentage of total cells assuming that 
the adhesion of cells in the control was 100%. 
All experiments were carried out in triplicate, 
and three independent assays were con- 
ducted.

Matrigel invasion assays

Transwell filters (8 µm; Millipore, USA) were 
coated with 100 µL Matrigel (BD Biosciences, 
CA) at 1:8 dilutions in serum-free media and 
incubated overnight. Discard excess solution 
and added 50 µl serum-free medium to hydrate 
Matrigel glue. 200 µl transfected cell suspen-
sion (2.5×105 cells/ml) was added to the upper 
chamber and 750 µL media with 30% FBS were 
added to the bottom wells. After 16 h culture, 
cells were fixed with 3.7% formaldehyde for 2 h, 
stained with 1% crystal violet. Then counted 
and photographed under the inverted mi- 
croscope.

Cell proliferation assay

T24, 5637 and J82 cells were plated in 96-well 
plates and transfected with miR-451 mimics or 
non-specific control miRNA mimic as described 
above. After 48 h transfection, 20 μl MTT (5 
g/L) (Ameresco, USA) was added to each well 
and incubated at 37°C for 4 h. Then cell prolif-
eration was assessed by measuring the absor-
bance at 490 nm using Multiskan MS 
(Labsystems, Finland). Five replicate wells were 
set up in each group and repeated three 
independent.

Flow cytometry analysis

T24 and 5637 cells were seeded in 6-well 
plates and incubated overnight till 50-70% con-
fluence. Then transfected with miR-451 mimics 
or miRNA inhibitor as described above and har-
vested at 48 h. Cells in each group were tryp-
sinized and resuspended in ice-cold PBS, then 
the cell density was adjusted to 1-5×105 cells/
mL with ice-cold PBS. Added 500 µL Binding 
Buffer and 5 µL Annexin V-FITC. After fully 
mixed, 5 µL Propidium Iodide (50 mg/ml) was 
added and the system was kept in dark at room 
temperature for 5-15 min. Finally, cells were 
analyzed for cell apoptosis using a Becton 
Dickinson FACScan (Becton Dickinson Immu- 
nocytometry Systems, San Jose, CA). The per-
centage of apoptotic cells was quantified using 

Cell Quest software, respectively. This experi-
ment was performed in triplicate.

TGF-β inducing analysis

The untransfected cells (T24, 5637, J82) were 
cultured for 24 h, then added TGF-β1 (10 ng/
ml) and cultured with untreated reference sam-
ples for another 24 h. After rinsing the cells 
twice with PBS and fixed with cold acetone/
methanol mixture (1:1 vol.%), the cells were 
observed and photographed under the inverted 
microscope. The cell line with the most obvious 
epithelial mesenchymal transition will be 
selected for the expression analysis of related 
proteins using western blot.

Western blot assay

48 h after transfection, total protein lysates 
were extracted using radioim-munoprecipita-
tion assay (RIPA) lysis buffer (Sigma-Aldrich) 
and quantified with a Bicin Choninic Acid (BCA) 
protein assay kit (Thermo). Four groups were 
performed: miR-451 mimics, miR-451 inhibitor, 
NC and blank control. Proteins from each group 
were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
then transferred to polyvinylidene difluoride 
membranes (PVDF; Bio-Rad). The membranes 
were blocked and then probed with antibodies 
against E-cadherin, vimentin (Cell Signaling 
Technology, Danvers, MA), N-cadherin, snail 
(Chemicon, Billerica, USA), and β-actin (Sigma). 
After washing, the blots were incubated with 
horseradish peroxidase-conjugated secondary 
antibodies and visualized by enhanced chemi-
luminescence detection kit (Millipore).

Statistical analysis

All the above experiments were independently 
repeated three times. The results were given as 
means ± standard deviations (SDs). All statisti-
cal analyses were performed using SPSS 19.0 
statistics software. Group comparisons were 
analyzed with one-way analysis of variance 
(ANOVA) with P < 0.05 as statistically significant 
difference.

Results

Down-regulation of miR-451 in bladder cancer 
tissues

To testify the correlation between miR-451 and 
bladder cancer, the expression level of miR-
451 was measured by RT-PCR in bladder can-
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cer tissues, paracancerous tissues and normal 
bladder tissues. We found a significantly higher 
level of miR-451 expression in the normal sam-
ples relative to the levels in the tumor or para-
cancerous tissues (P < 0.01) (Figure 1A). 
Furthermore, analyze the relationship between 
clinicopathological grading and miR-451 
expression, we found that miR-451 expression 
was down-regulated with the development of 
bladder cancer (from Ta to T4) (P < 0.05) (Figure 
1C); in no distant migration tumor cells, the 
expression of miR-451 was significantly higher 

than that of distant migration tumor cells (P < 
0.01) (Figure 1B); miR-451 expression of high 
differentiation tumor cells was higher than that 
of low differentiated tumor cells (P < 0.01) 
(Figure 1D). The corresponding paracancerous 
tissues also conformed to these trends.

Up-regulation of miR-451 in low metastasis 
potential cell lines

T24, 5637 and J82 cell lines are bladder can-
cer cells, which were used commonly in bladder 

Figure 1. miR-451 expression in bladder cancer tissues and matched adjacent and normal tissues. A. Comparison 
of miR-451 expression in bladder cancer tissues, paracancerous tissues and normal bladder tissues. B. The expres-
sion level of miR-451 in distant migration tumor cells and no distant migration tumor cells. C. The expression level 
of miR-451 in Ta-T4 group. D. The expression level of miR-451 in bladder cancer tissues and corresponding para-
cancerous tissues of different differentiation. The term 2-ΔΔCT was used to describe the expression level of miR-451. 
Small nuclear RNA U6 served as internal normalized references for miR-451. X ± SD is represented in the images. 
miR-451 expression in normal bladder tissues was normalized and calculated as 1. **P < 0.01.
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cancer research. Their metastasis potential is 
discrepant, the order is: T24>5637>J82. Before 
transfection, the expression level of miR-451 in 
the cells was measured by RT-PCR. The results 
showed that (Figure 2A), the expression of miR-
451 was negatively correlated with the meta-
static potential. miR-451 was highly expressed 
in low metastatic potential cell lines (J82), and 
low expressed in highly metastatic potential 
cell lines (T24) (P < 0.01).

Cell migration and invasion capability in blad-
der cancer cells decreased by miR451

Transfection efficiency was measured by 
observing under fluorescence microscope at 
the 5th hour after transfected. The transfection 
efficiency reached 90% and meets the qualifi-
cation of further experiments. The expression 
level of miR-451 in transfected cells were 
detected after 48 h using qRT-PCR. Results 
showed the expression of miR-451 in miR-
451mimics transfection group was significantly 
higher than NC and blank control group (P < 
0.05). No significant difference between NC 
and blank control group (P < 0.05).

The migration and invasion capability of T24, 
5637 and J82 cell lines were examined at 0, 6, 

12 and 24 h by scratch wound migration assay 
and transwell invasion assay after transfection. 
The results showed the migration distance of 
miR-451 mimics group was obviously shorter 
than NC and blank control group (Figure 2D). 
The difference was statistically significant (P < 
0.05). And there was no significant difference 
between NC and blank control group (P > 0.05). 
In parallel, the results of transwell invasion 
assay showed the invasion ability of miR-451 
mimics group was obviously lower than NC and 
blank control group (Figure 2B). The difference 
was statistically significant (P < 0.05). And 
there was no significant difference between NC 
and blank control group (P > 0.05). This indi-
cated that up-regulation of miR-451 inhibited 
the migration and invasion of T24, 5637 and 
J82 cells.

Cell adhesion capability in bladder cancer cells 
decreased by miR451

To further determine the effect of miR-451 on 
cell adhesion, adhesion assay was performed. 
The results showed the optical density of miR-
451 mimics group was obviously lower than NC 
and blank control group (Figure 2C). The differ-
ence was statistically significant (P < 0.05). And 
there was no significant difference between NC 

Figure 2. A. miR-451 expression in T24, 5637 and J82 cell lines. B. miR-451 over-expression in T24, 5637 and J82 
cell lines inhibit cell invasion compared with the control group and NC group. C. miR-451 over-expression in T24, 
5637 and J82 cell lines weakened cell adhesion ability compared with the control group and NC group. D. miR-451 
over-expression in T24, 5637 and J82 cell lines inhibits cell migration compared with the control group and NC 
group. **P < 0.01.
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Figure 3. miR-451 reduced cell proliferation and induced apoptosis in blad-
der cancer cells. A. miR-451 over-expression significantly reduced cell prolif-
eration in T24, 5637 and J82 cell lines. B. miR-451 over-expression signifi-
cantly induced apoptosis in T24 and 5637 cell lines. **P < 0.01.
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and blank control group (P > 0.05). This indi-
cated that up-regulation of miR-451 weakened 
the adhesion ability of T24, 5637 and J82 cells.

Over expression of miR-451 decreased cell 
proliferation and induced apoptosis of bladder 
cancer cells

The effect of miR-451 on proliferation of blad-
der cancer cells were analyzed at the 48th after 
transfection. The results demonstrated that 
the T24, 5637 and J82 cells transfected with 
miR-451 mimics exhibited a significant 
decrease of cell proliferation compared with NC 
and blank control group (P < 0.01), while there 
was no apparent difference between NC and 
blank control group (P > 0.05) (Figure 3A). To 
further determine the effect of miR-451 on cell 
apoptosis, our data showed that miR-451 
mimic significantly induced apoptosis in 5637 
and T24 cells (P < 0.01) compared with the con-
trol group by flow cytometry analysis, respec-
tively (Figure 3B). Apoptosis rate increased 
from 3.4% to 7.1% in 5637 cells and 39.0% to 
76.1% in T24 cells after transfected.

miR-451 affects the expression of EMT related 
proteins

EMT has been identified as a key role in the 
invasion of various cancer cells by the transfor-
mation of polarized and adherent epithelial 
cells into motile and invasive mesenchymal 
cells. EMT can be induced by various growth 
factors, transforming growth factor-β (TGF-β) is 
one important inducer of EMT [17]. Experiment 
of TGF-β induction showed cell morphology 
changed from the initial compact polygons into 
loose spindle, especially 5637 cell line (Figure 
4A). Furthermore, to explore which protein was 
regulated by miR-451 in the EMT process, we 
investigated the expression of four EMT related 
proteins, E-cadherin, N-cadherin, Vimentin and 
Snail by Western blot. 5637 cell lines, cell mor-
phology changed the most obviously after 
TGF-β induction, were transfected with NC, 
miR-451 mimics, miR-451 inhibitor. Results 
indicated the expression of E-cadherin was 
increased in miR-451 mimics group compared 
with NC and untransfected groups (Figure 4B, 
4C). Moreover, E-cadherin expression was high-
est than the other three proteins in miR-451 
mimics group. N-cadherin was up-regulated 
significantly when miR-451 was inhibited in 
miR-451 inhibitor group. This indicated miR-

451 represses the expression of N-cadherin, 
while promoting the induction of E-cadherin.

Discussion

Several studies have demonstrated that miR-
451 can inhibit the proliferation of cervical can-
cer [14], gastrointestinal cancer [15] and glio-
blastoma stem cells [16]. Detection revealed 
miR-451 was significantly down-regulated in 
bladder cancer tissues and paracancerous tis-
sues compared with normal bladder tissues. 
Furthermore, results show miR-451 expression 
was significantly associated with histological 
differentiation degree and TNM stage, which 
suggests that miR-451 might be a tumor sup-
pressor gene in bladder cancer.

T24, 5637 and J82 cells were used as experi-
mental material in vitro. Detection of miR-451 
expression indicated the transfer ability of the 
three cell lines were negatively related to the 
expression level of miR-451. After transfection 
of miR-451 mimics, our results showed that 
miR-451 over-expression significantly inhibited 
cell proliferation and induced apoptosis of the 
bladder cancer cells. And migration and inva-
sion of the three cell lines were inhibited signifi-
cantly too. The adhesion ability of T24 cell line 
was weakened more obviously than 5637 and 
J82 cell lines, the reason might be T24 cells 
had the least miR-451 before transfection, so 
the effect of miR-451 over-expression was 
more obviously. Furthermore, we induced EMT 
by TGF-β and found cell morphology changed 
the most obviously in 5637 cell line after TGF-β 
induction. Then we investigated the expression 
level of EMT related proteins in transfected 
5637 cells to explore which protein was regu-
lated by miR-451 in the EMT process. Results 
shown E-cadherin was up-regulated more sig-
nificantly than N-cadherin, Vimentin and Snail. 
N-cadherin was up-regulated significantly when 
miR-451 was inhibited in miR-451 inhibitor 
group. This indicated miR-451 represses the 
expression of N-cadherin, while promoting the 
induction of E-cadherin. E-cadherin has been 
identified as the epithelial state (E state) mark-
er in EMT process, while N-cadherin as the 
mesenchymal state (M state) marker [18]. This 
result means miR-451 could maintain the blad-
der tumor cells in epithelial phenotype, inhibit 
EMT process, thereby reducing the invasion 
and migration of tumor cells.
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Figure 4. A. TGF-β induced EMT. B, C. Expression of four EMT related proteins in 5637 cells. miR-451 over-expression promotes the induction of E-cadherin, and 
down-regulated stimulate N-cadherin expression. The expression level of β-actin was used as an internal control. **P < 0.01. *P < 0.05.
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miR-451 is located on chromosome 17q11.2, 
which region was known to be amplified in vari-
ous cancers, and is in close proximity to HER2 
(17q12) and TRAF4 (TNF receptor-associated 
factor 4). TRAF4 is a subunit of TNF receptor 
that interacts with TGF-β1 [19, 20]. Kim’s [21] 
research reported that CAB39 is the target 
gene of miR451, and miR451 inhibit glioma cell 
migration and proliferation by regulating the 
CAB39/AMPK pathway. Liu [14] indicated that 
IL6R should be the target gene of miR451, 
which suppresses tumor cell growth by IL6-
STAT3-HIF signaling pathway. Gal [16] identified 
two target sites for SMAD in the upstream pro-
moter region of miR-451 and believe that miR-
451 may be activated by the SMAD pathway. 
Our research shown TGF-β could induce EMT 
process. Howbeit, there was no significant 
change of Snail expression, which was identi-
fied as crucial transcription factors involved in 
a TGF-β mediated EMT.

In conclusion, the data presented in this study, 
demonstrate that miR451 should be a tumor-
suppressing gene in bladder cancer. Over-
expression of miR-451 inhibited cell prolifera-
tion, migration, invasion, adhesion and induced 
apoptosis of bladder cancer cells. miR-451 
could maintain the bladder tumor cells in epi-
thelial phenotype, inhibit EMT process, thereby 
reducing the invasion and migration of tumor 
cells. This study indicates that restoration of 
miR-451 may be a rational therapeutic strategy 
for the treatment of bladder cancer in the 
future.

Acknowledgements

This work was supported by the National 
Natural Science Foundation of China (Grant No. 
81160272).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Tao Zeng, Depart- 
ment of Urology, The People’s Hospital of Jiangxi 
Province, 92 Aiguo Road, Nanchang 330006, PR 
China. Tel: +86-791-86896225; Fax: +86-791-
86896225; E-mail: epubly@126.com

References

[1]	 Jemal A, Bray F, Center MM, Ferlay J, Ward E 
and Forman D. Global cancer statistics. CA 
Cancer J Clin 2011; 61: 69-90.

[2]	 Nargund VH, Tanabalan CK and Kabir MN. 
Management of non-muscle-invasive (superfi-
cial) bladder cancer. Semin Oncol 2012; 39: 
13.

[3]	 Bartel DP. MicroRNAs: target recognition and 
regulatory functions. Cell 2009; 136: 215-
233.

[4]	 Rosenfeld N, Aharonov R, Meiri E, Rosenwald 
S, Spector Y, Zepeniuk M, Benjamin H, Shabes 
N, Tabak S and Levy A. MicroRNAs accurately 
identify cancer tissue origin. Nat Biotechnol 
2008; 26: 462-469.

[5]	 Chan JK, Blansit K, Kiet T, Sherman A, Wong G, 
Earle C and Bourguignon LY. The inhibition of 
miR-21 promotes apoptosis and chemosensi-
tivity in ovarian cancer. Gynecol Oncol 2014; 
132: 739-744.

[6]	 Zhang JG, Wang JJ, Zhao F, Liu Q, Jiang K and 
Yang GH. MicroRNA-21 (miR-21) represses tu-
mor suppressor PTEN and promotes growth 
and invasion in non-small cell lung cancer 
(NSCLC). Clin Chim Acta 2010; 411: 846-852.

[7]	 Xia Y, Wu Y, Liu B, Wang P and Chen Y. Down-
regulation of miR-638 promotes invasion and 
proliferation by regulating SOX2 and induces 
EMT in NSCLC. FEBS Lett 2014; 588: 2238-
2245.

[8]	 Engelsvold DH, Utheim TP, Olstad OK, Gonza-
lez P, Eidet JR, Lyberg T, Trøseid AMS, Dartt DA 
and Raeder S. miRNA and mRNA expression 
profiling identifies members of the miR-200 
family as potential regulators of epithelial–
mesenchymal transition in pterygium. Expe 
Eye Res 2013; 115: 189-198.

[9]	 Li Y, Wang H, Tao K, Xiao Q, Huang Z, Zhong L, 
Cao W, Wen J and Feng W. miR-29b suppress-
es CML cell proliferation and induces apopto-
sis via regulation of BCR/ABL1 protein. Exp 
Cell Res 2013; 319: 1094-1101.

[10]	 Uchida Y, Chiyomaru T, Enokida H, Kawakami 
K, Tatarano S, Kawahara K, Nishiyama K, Seki 
N and Nakagawa M. MiR-133a induces apop-
tosis through direct regulation of GSTP1 in 
bladder cancer cell lines. Urol Oncol 2013; 31: 
115-123.

[11]	 Zhu X, Li Y, Shen H, Li H, Long L, Hui L and Xu 
W. miR-137 inhibits the proliferation of lung 
cancer cells by targeting Cdc42 and Cdk6. 
FEBS Lett 2013; 587: 73-81.

[12]	 Bo K, Yang G, Chong D, Qi S, Shan X, Chen-
Qing W, Xinyang W, Dalin H and Peng G. miR-
145 inhibits invasion of bladder cancer cells by 
targeting PAK1. Urol Oncol 2014; 32: 846-54.

[13]	 Chen L, Dai YM, Ji CB, Yang L, Shi CM, Xu GF, 
Pang LX, Huang FY, Zhang CM and Guo XR. 
MiR-146b is a regulator of human visceral pre-
adipocyte proliferation and differentiation and 
its expression is altered in human obesity. Mol 
Cell Endocrinol 2014; 393: 65-74.

mailto:epubly@126.com


miR-451 and EMT proteins in bladder cancer

7662	 Int J Clin Exp Pathol 2014;7(11):7653-7662

[14]	 Dong L, Cong L, Xiyin W, Sigurdur I and Huiping 
C. MicroRNA-451 suppresses tumor cell 
growth by down-regulating IL6R gene expres-
sion. Cancer Epidemiol 2014; 38: 7.

[15]	 Bandres E, Bitarte N, Arias F, Agorreta J, Fortes 
P, Agirre X, Zarate R, Diaz-Gonzalez JA, Ramirez 
N and Sola JJ. microRNA-451 regulates macro-
phage migration inhibitory factor production 
and proliferation of gastrointestinal cancer 
cells. Clin Cancer Res 2009; 15: 2281-2290.

[16]	 Gal H, Pandi G, Kanner AA, Ram Z, Lithwick-
Yanai G, Amariglio N, Rechavi G and Givol D. 
MIR-451 and Imatinib mesylate inhibit tumor 
growth of Glioblastoma stem cells. Biochem 
Biophys Res Commun 2008; 376: 86-90.

[17]	 Heldin CH, Landström M and Moustakas A. 
Mechanism of TGF-β signaling to growth arrest, 
apoptosis, and epithelial-mesenchymal transi-
tion. Curr Opin Cell Biol 2009; 21: 166-176.

[18]	 Thiery JP, Acloque H, Huang RY and Nieto MA. 
Epithelial-mesenchymal transitions in develop-
ment and disease. Cell 2009; 139: 871-890.

[19]	 Mahlamäki EH , Bärlund M, Tanner M, Goruno-
va L, Höglund M, Karhu R, Kallioniemi A. Fre-
quent amplification of 8q24, 11q, 17q, and 
20q-specific genes in pancreatic cancer. 
Genes Chromosomes Cancer 2002; 35: 353-
341.

[20]	 Varis A, Wolf M, Monni O, Vakkari ML, Kokkola 
A, Moskaluk C, Frierson H, Powell SM, Knuutila 
S, Kallioniemi A and El-Rifai W. Targets of gene 
amplification and overexpression at 17q in 
gastric cancer. Cancer Res 2002; 62: 2625-
2634.

[21]	 Kim Y, Roh S, Lawler S and Friedman A. 
miR451 and AMPK mutual antagonism in glio-
ma cell migration and proliferation: a mathe-
matical model. PLoS One 2011; 6: e28293.


