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MicroRNA-497 upregulation inhibits cell invasion and
metastasis in T24 and BIU-87 bladder cancer cells
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Abstract. Previous studies have reported the crucial role of
microRNAs (miRNAs) in the biology and tumorigenesis
of various types of cancer, including bladder cancer. The
present study aimed to investigate the importance of miRNA
(miR)-497 on the pathogenesis of bladder cancer. A total
of 50 patients diagnosed with bladder cancer were enrolled
in the current study. The expression levels of miR-497 in
the cancerous and the adjacent noncancerous tissues were
detected using reverse transcription-quantitative polymerase
chain reaction. The association between miR-497 expression
and various parameters, including age, tumor-node-metastasis
(TNM) stage and pathological classification was determined.
An miR-497-overexpressing vector was transfected into the
T24 and BIU-87 bladder cancer cell lines in order to deter-
mine the effect of miR-497 expression on cell migration
and invasion using Transwell assays. Additionally, the cell
migration and invasion-associated protein expression levels
were also analyzed using western blotting. The findings of
the present study revealed that miR-497 was expressed at low
levels in the cancer bladder tissue compared with the adjacent
noncancerous tissue, and its expression was associated with
the pathological classification, TNM stage and metastasis.
Additionally, miR-497 overexpression significantly reduced
the number of migrated and invasive T24 and BIU-87 cells.
The mRNA and protein expression levels of E-cadherin were
increased, whereas levels of vimentin and a-smooth muscle
actin were reduced following miR-497 overexpression. The
present study revealed that miR-497 overexpression may be a
suppressor of the metastasis of bladder cancer, and may have
an important role in the diagnosis of bladder cancer.
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Introduction

Bladder cancer remains one of the common urinary system
malignancies worldwide, with a high mortality rate (1). A
previous study estimated that ~90% of bladder cancers are
transitional cell bladder carcinomas (2). It has been reported
that accurate staging and precise pathologic evaluation are
important for optimization of the correct bladder cancer treat-
ment regimens (3). At present, diagnosis for bladder cancer
remains unsatisfactory, primarily due to the high cost, high
false-positive rate, poor sensitivity and the delay in result avail-
ability (3,4). Therefore, the identification of several biomarkers
for the diagnosis of bladder cancer will greatly contribute to
the improvement of clinical diagnosis and treatment of bladder
cancer.

MicroRNAs (miRNAs) are highly conserved endog-
enous non-coding RNAs of 20-22 nt in length that function
in various biological processes at the transcriptional or
post-transcriptional level by targeting the 3'-untranslated
region of mRNA (5). Previous studies have demonstrated that
various miRNAs are involved in the progression and biology
of tumorigenesis (6,7). For example, miRNA (miR)-490-5p
has been reported to function as a novel tumor suppressor in
human bladder cancer by targeting c-Fos (8), and miR-27a
downregulation may lead to cisplatin resistance in bladder
cancer (9). Previous studies have reported that miR-497 has an
important role in certain diseases, including tumor and brain
diseases, such as cerebral ischemia, through complex mecha-
nisms (10,11). Additionally, Yan et al (12) previously reported
that miR-497 prevents angiogenesis and metastasis of hepato-
cellular carcinoma by regulation of astrocyte elevated gene-1
and vascular endothelial growth factor A (12). Likewise,
previous studies have revealed that there may be a correlation
between miR-497 expression levels and the development and
metastasis of bladder cancer (13,14).

The aim of the present study was to investigate the role
of miR-497 expression in patients with bladder cancer and to
determine the association between miR-497 expression and
the metastasis and invasion of bladder cancer cells using T24
and BIU-87 cell lines. Various experimental methods were
used to analyze the effect of abnormal miR-497 expression
on bladder cancer cell migration and invasion and the expres-
sion of metastasis-associated proteins. The present study may
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provide a theoretical basis for the application of miR-497 in
improving the diagnosis of bladder cancer.

Materials and methods

Patients. A total of 50 patients diagnosed with bladder cancer in
Linyi People's Hospital (Linyi, China) between March 2013 and
July 2014 were enrolled in the present study. A total of 34 cases
were male and 16 cases were female and the mean age was
59.83+7.42. All patients underwent surgery in Linyi People's
Hospital; patients were diagnosed with urothelial bladder cancer
using biopsy samples acquired prior to the surgery and postop-
erative pathology detection. The patients had not received any
chemotherapy, radiation, or immunotherapy prior the surgery.
The pathological classification was performed according to
the WHO1973 criteria (15) and tumor-node-metastasis (TNM)
staging was based on the International Union against Cancer in
2002, version 6 of TNM stage (16). According to pathological
classification (15), 29 cases were stage I (urothelium, high
differentiation), 12 cases were stage II (urothelium, middle
differentiation) and 9 cases were stage III (urothelium, low
differentiation). The patient characteristics are described in
Table I. Pathological tissues and the adjacent noncancerous
tissues were extracted, based on histological analysis. The
adjacent noncancerous tissues were taken 3 cm from the edge
of the tumor and served as the control group. Tissues were
subsequently snap frozen with liquid nitrogen and stored at
-80°C until RNA extraction. The procedures of the present
study were approved by the Protection of Human Ethics
Committee of Linyi People's Hospital (Linyi, China), and all
patients provided signed written informed consent prior to the
collection of clinical samples.

Cell culture and transfection. T24 and BIU-87 human bladder
cancer cell lines and the SV-HUC-1 immortalized human
bladder epithelium cells (all from the American Type Culture
Collection, Manassas, VA, USA) were cultured in Dulbecco's
modified Eagle's medium (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal calf serum (Gibco; Thermo Fisher Scientific, Inc.) in a
cell culture incubator with 5% CO, at 37°C. For the cell trans-
fection, miR-497 mimics (sense: 5'-CAGCAGCACACUGUG
GUUUGU-3"; antisense: 5-AAACCACAGUGUGCUGCU
GUU-3") and scramble control mimics (sense: 5'-UUCUCC
GAACGUGUCACGUTT-3"; antisense: 5'-ACGUGACAC
G UUCGGAGAATT-3") (GenePharma Co., Ltd., Shanghai,
China) were transfected into the cells at a final concentration
of 50 nM using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.).

Migration and invasion assay. Cell migration and invasion
were conducted using Transwell migration chambers (8-ym
pore size; Costar; Corning Incorporated, Corning, NY,
USA) (17). Bladder cancer cells were seeded at a density of
5x10* cells/well in the upper portion of the chamber with
serum-free medium following the transfection. Medium
containing 10% fetal calf serum was used as a chemoattractant
in the lower chamber. Following incubation at 37°C for 24 h,
non-migrated cells on the top of the membrane were scraped
and removed with cotton swabs carefully. The migrated cells
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on the bottom of the membrane were subsequently fixed with
4% formaldehyde at room temperature for 15 min, stained with
Diff-Quik (Siemens Healthcare Diagnostics, Newark, DE,
USA) and counted using a light microscope. The membranes
for the invasion assay were coated with a diluted extracellular
matrix solution (Sigma-Aldrich; Merck Millipore, Darmstadt,
Germany), the remaining processes for cell treatment were the
same as the aforementioned migration assay.

Reverse transcription-quantitative polymerase chain reaction.
Total RNA extraction from the treated cells was conducted
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) as previously described (18), the extracts were treated
with RNase-free DNase I (Promega Corporation, Madison,
WI, USA). Subsequently, the concentration and purity of
the isolated RNA were quantified using SMA400 UV-VIS
(Merinton Instrument, Ltd., Shanghai, China). Purified RNA
(0.5 pg/ul in nuclease-free water) was used for cDNA synthesis
with the PrimerScript First Strand cDNA Synthesis kit
(Invitrogen; Thermo Fisher Scientific, Inc.). Expression levels
of the targets were detected in an Eppendorf Mastercycler
(Brinkman Instruments, Westbury, NY, USA) using the SYBR
ExScript RT-qPCR kit (Takara Biotechnology Co., Ltd.,
Dalian, China). Melting curve analysis of amplification prod-
ucts was performed at the end of each PCR to confirm that only
one product was amplified and detected. Relative expression
of targets was calculated according to the 2224 method (19).
GAPDH and U6 were chosen as the internal controls. Primers
used for miR-497 amplification were designed by Biomics
Biotechnology (Nantong, China), and primers for the other
targets amplification are presented in Table II.

Western blotting. Cells cultured for 48 h in each group were
lysed with radioimmunoprecipitation assay buffer (Sangon
Biotech, Co., Ltd., Shanghai, China) containing phenyl-
methanesufonyl fluoride (Sigma-Aldrich; Merck Millipore)
and the lysates were centrifuged at 14,000 x g for 10 min
at 4°C. Supernatant was collected to quantify the protein
concentrations using bicinchoninic acid protein assay kit
(Pierce; Thermo Fisher Scientific, Inc.). Equal quantity of
protein (50 ug) per cell lysate was subjected to a 12% sodium
dodecylsulfate-polyacrylamide gel electrophoresis and trans-
ferred onto a PVDF membrane (Merck Millipore). The PVDF
membranes were blocked with Tris-buffered saline Tween-20
(TBST) containing 5% non-fat milk for 1 h at room tempera-
ture. Subsequently, the membranes were incubated with rabbit
anti-human primary antibodies for E-cadherin (ab15148),
vimentin (ab45939) and a-smooth muscle actin (a-SMA;
ab5694) (all from Abcam, Cambridge, UK) overnight at 4°C.
The membranes were incubated with horseradish-peroxidase
labeled goat anti-rabbit secondary antibody (1:5,000 dilution;
ab205718; Abcam) at room temperature for 1 h. The PVDF
membranes were washed three times with 1X TBST buffer for
10 min. The signals were detected following incubation with
a chromogenic substrate using enhanced chemiluminescence
(GE Healthcare Life Sciences, Chalfont, UK). Additionally,
GAPDH was used as the internal control.

Statistical analysis. All data were expressed as the
mean + standard error of mean. Clinicopathologic data were
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analyzed using Student's t-test. Data presented in the figures
were analyzed using one-way or two-way analysis of vari-
ance followed by Tukey's significant difference post hoc test.
Analyses were performed using GraphPad Prism version 5.0
(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of miR-497 in bladder cancer cells. In order to
analyze the expression of miR-497 in bladder cancer cells,
patients with bladder cancer and the adjacent noncancerous
tissues were collected. The findings of the present study deter-
mined that miR-497 expression was significantly reduced in
the cancer tissues compared with the adjacent noncancerous
tissues. Additionally, its expression was reduced gradually
from cancer tissue stage I to stage III (Fig. 1A). Therefore,
the expression of miR-497 may be negatively associated with
the stage of bladder cancer. The expression level of miR-497
was significantly reduced in the cancer cells compared to the
SV-HUC-1 normal uroepithelium cells (P<0.05 in T24 cells;
P<0.01 in BIU-87 cells; Fig. 1B).

Association between miR-497 expression and patient
characteristics. The association between miR-497 expression
and pathological parameters of patients with bladder cancer
was evaluated and presented in Table I. It was determined that
there was no association between miR-497 expression and age
or tumor diameter (P>0.05). However, miR-497 expression
was lower in patients at stage II and III compared with patients
at stage I (P<0.05), indicating that miR-497 expression may be
associated with tumor stage. Furthermore, miR-497 expression
was downregulated in patients with lymph node metastasis or
distant metastasis, compared with patients without metastasis
(P<0.05), suggesting that miR-497 expression may be associ-
ated with the occurrence of metastasis.

Aberrant expression of miR-497 in bladder cancer cells after
transfection. The T24 and BIU-87 cells were transfected with
miR-497 mimic or scramble control mimics, followed by
estimation of miR-497 expression. MiR-497 levels in T24 and
BIU-87 cells were both markedly upregulated by transfection
with miR-497 mimics, compared with cells transfected with
scramble control mimics (both P<0.01) (Fig. 2). MiR-497
expression level was not altered following transfection with
scramble control mimics, compared with untreated cells.
The data confirmed that miR-497 was upregulated following
transfection with miR-497 mimics.

miR-497 overexpression suppresses cell migration and
invasion. Based on the aforementioned findings, miR-497
expression may be associated with metastasis of bladder
cancer. Therefore, the effect of miR-497 overexpression on
cell migration and invasion was investigated (Fig. 3). The
findings revealed that overexpression of miR-497 significantly
reduced the number of migrated cells in T24 and the BIU-87
cells compared with the control miRNA (P<0.01; Fig. 3A). The
number of invasive cells of both cell lines were also signifi-
cantly reduced in the groups overexpressing miR-497 (P<0.01;
Fig. 3B). These findings indicated that overexpressed miR-497
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Table I. Characteristics of patients enrolled in the present
study.

Characteristic n miR-479 P-value
Age (years) 0.637
<50 29 5.027+0.765
>50 21 4.926+0.711
Diameter of tumor (cm) 0.948
<25 37 4.822+0.651
>2.5 13 4.808+0.717
Pathological stage <0.001
I 29 7.121+0.702
1I/111 21 4.988+0.547
Lymph node metastasis <0.001
No 17 13.023+0.912
Yes 33 6.875+0.772
Distant metastasis <0.001
No 12 14.159+0.512
Yes 38 7.485+0.661

miR-479, microRNA-479.

may be associated with reduced migration and invasion of
bladder cancer cells.

miR-497 expression was associated with migration and
invasion-associated proteins. In order to investigate the under-
lying molecular mechanism for the influences of miR-497
expression on bladder cancer cell migration and invasion,
the expression levels of migration and invasion-associated
proteins was determined (Fig. 4). When miR-497 was overex-
pressed in T24 cells, the mRNA and protein expression level
of E-cadherin was significantly increased (P<0.01), whereas
vimentin and a-SMA expression levels were significantly
reduced (P<0.05, Fig. 4A). The present study also determined
that the alterations in E-cadherin, vimentin and a-SMA
expression levels were similar in BIU-87 and in T24 cells
(Fig. 4B). These findings indicated that miR-497 expression
is associated with migration and invasion through affecting
the protein expression of epithelial-mesenchymal transition
markers in bladder cells.

Discussion

Previous studies have demonstrated that miRNAs are impor-
tant for the biology and tumorigenesis of various types of
cancer. Previous research reported that miR-497 is involved
in breast cancer malignancy (11), and another study demon-
strated that miR-497 may inhibit angiogenesis and metastasis
of hepatocellular carcinoma (20). However, investigations
focusing on the relationship between miR-497 and bladder
cancer are limited. The present study analyzed the expression
of miR-497 in bladder cancer tissues and investigated the
association between miR-497 expression and the metastasis
of bladder cancer. The findings of the present study revealed
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Table II. Primers used for target amplification in the present study.

Target Sense (5'-3") Antisense (5'-3")

GAPDH GGGTGGAGCCAAACGGGTC GGAGTTGCTGTTGAAGTCGCA
E-cadherin GAACTCAGCCAAGTGTAAAAGCC GAGTCTGAACTGACTTCCGC
Vimentin AAAGTGTGGCTGCCAAGAAC AGCCTCAGAGAGGTCAGCAA
a-SMA GGCCGAGATCTCACTGACTAC TTCATGGATGCCAGCAGA

u6 CGTTTTACTTCCTCATACAGCAC GCACCAAGAGACCTGTGACA

a-SMA, a-smooth muscle actin.
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Figure 1. Expression of miR-497 in bladder cancer tissues and cell lines. (A) miR-497 expression was reduced in bladder tissues at stage I (n=29), II (n=12) and
III (n=9) compared with the adjacent noncancerous tissue. The adjacent noncancerous tissues were 3 cm from the edge of the tumor and served as the control
group (n=50). (B) The expression of miR-497 in T24 and BIU-87 cells was significantly reduced compared with SV-HUC-1 cells. “P<0.05, “P<0.01 vs. control

or SC-HUC-1 cells. miR-497, microRNA-497.
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Figure 2. Expression of miR-497 in bladder cancer cells following trans-
fection. T24 and BIU-87 cells were transfected with scramble control or
miR-497 mimic. MiR-497 was upregulated after transfection with miR-497
mimic, compared with cells transfected with scramble control. “P<0.01
vs. control. miR-497, microRNA-497.

that miR-497 expression level was reduced in bladder cancer
tissues compared with the adjacent noncancerous tissues
and its expression was gradually reduced with increasing
pathological classification stage, which was consistent with
a previous study (21). In addition, the present study evalu-
ated the association between miR-497 expression and patient
characteristics, such as age, diameter of tumor, TNM stage,
and pathological classification stage. Our results in Table I
demonstrated that miR-497 expression was negatively asso-
ciated with TNM stage, pathological classification stage and
metastasis. Therefore, abnormal miR-497 expression may be
associated with the tumor stage and metastasis of bladder
cancer.

The effect of miR-497 expression on bladder cancer cell
migration and invasion was determined using T24 and BIU-87
cells. The findings of the present study revealed that the over-
expression of miR-497 significantly reduced the number of
migrated and invasive cells in both cell lines. The results of the
present study are consistent with previous studies performed
in other cell types. Ruan et al (22) previously determined that
miR-497 expression was reduced in malignant tumors, and
its upregulation may inhibit cell migration in human osteo-
sarcoma (22). Additionally, miR-497 expression modulates
breast cancer invasion by targeting cyclin E1 (23). However,
the association between miR-497 expression and the migra-
tion and invasion of bladder cancer cells has not been fully
elucidated. Our study revealed that miR-497 upregulation may
serve a suppressive role in bladder cancer metastasis through
inhibition of migration and invasion.

Additionally, the present study determined the influence
of abnormal miR-497 expression on metastasis-associated
protein expression and the findings revealed that E-cadherin
expression was increased, whereas vimentin and a-SMA
expression levels were reduced in cells overexpressing
miR-497 for both cell lines. Vimentin is a cytoskeleton protein
that is expressed in fibroblasts and endothelial cells. Previous
studies have demonstrated that vimentin may function as a
tumor marker, having an important role in cell proliferation,
invasion and migration and high expression levels of vimentin
induce the migration and invasion of tumor cells (24,25).
E-cadherin expression was low in bladder cancer cells and has
been identified to be associated with tumor development and
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Figure 3. Effects of miR-497 on cell migration and invasion. (A) Overexpression of miR-497 reduced the number of migrated T24 and BIU-87 cells signifi-
cantly compared with the control. (B) Overexpression of miR-497 reduced the number of invasive T24 and BIU-87 cells significantly compared with the
control. Images were captured at a magnification of x100. “P<0.01 vs. control. miR-497, microRNA-497.
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Figure 4. Influence of miR-497 on EMT-associated protein expression. mRNA and protein expression levels of E-cadherin were upregulated, whereas vimentin
and o-SMA were significantly downregulated when miR-497 was overexpressed in (A) T24 cells and (B) BIU-87 cells. "P<0.05 and “P<0.01, vs. control group.
EMT, epithelial mesenchymal transition; miR-497, microRNA-497; a-SMA, a-smooth muscle actin.

prognosis of bladder cancer (26). a-SMA is a key downstream  cell carcinoma (28). It has been previously demonstrated that
factor of the serum response factor (SRF) and the combina-  miR-133 modulates a-SMA expression in bladder cancer (29).
tion of SRF and a-SMA may promote the translation of  Additionally, E-cadherin overexpression and vimentin down-
mRNA (27). A previous study determined that a-SMA partici- regulation are markers of reduced migration and invasion
pates in the development of various tumors, such as squamous  in bladder cancer (30,31). The findings of the present study
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revealed that miR-497 may inhibit bladder cancer cell migra-
tion and invasion through upregulation of E-cadherin and
downregulations of vimentin and a-SMA.

In conclusion, the data presented in the present study
suggested that miR-497 is downregulated in bladder cancer
tissues. The abnormal expression of miR-497 was associated
with the metastasis of bladder cancer and miR-497 upregu-
lation limited the metastasis of bladder cancer by affecting
the expression levels of metastasis-associated proteins, such
as E-cadherin, vimentin and a-SMA. The present study may
provide the theoretical basis for the application of miR-497
in diagnosing bladder cancer metastasis. Further studies are
required in order to fully elucidate the underlying molecular
mechanism.
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