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miR-485-5p inhibits bladder cancer metastasis
by targeting HMGA2
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Abstract. MicroRNA (miRNA or miR)-485 is a functional
miRNA which has received much attention in recent years.
However, little is known about the expression of miR-485
or the role it plays in bladder cancer [namely in metastasis
and epithelial-mesenchymal transition (EMT)]. Thus, in the
present study, we aimed to detect the expression of miR-485
in human bladder cancer tissues and bladder cancer cell lines,
and to examine the effects of miR-485-5p on bladder cancer
cell metastasis and EMT. We found that the expression of
miR-485-5p was downregulated in the human bladder cancer
tissues and different bladder cancer cell lines compared
with the normal tissues and cell lines, as demonstrated by
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR). We enforced the expression of miR-485-5p
in T24 cells and inhibited the expression of miR-485-5p
in SW780 cells by transfection with miR-485-5p mimic or
miR-485-5p inhibitor, respectively. The ectopic expression of
miR-485-5p was shown to inhibit cell metastasis and EMT,
whereas the inhibition of miR-485-5p expression promoted
cell metastasis and EMT, as shown by Transwell-Matrigel
assay, cell adhesion assay and western blot analysis.
Furthermore, a luciferase reporter assay revealed that high
mobility group AT-hook 2 (HMGA?2) was a direct target of
miR-485-5p and that the overexpression of HMGA?2 reversed
the effects of miR-485-5p on cell metastasis and EMT. In
conclusion and to the very best of our knowledge, the present
study, for the first time, identified miR-485-5p as a suppres-
sive miRNA in human bladder cancer, and demonstrated that
miR-485-5p inhibits cell metastasis and EMT at least partly
through the suppression of HMGA?2 expression.
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Introduction

Bladder cancer is the most frequent urological malignancy in
China and the second most common urological malignancy in
the USA (1). Approximately 386,300 patients were diagnosed
with bladder cancer in 2008, and 150,200 deaths were caused
by this disease worldwide in the same year (2). The median
survival of patients with bladder cancer is 15 months, and the
S5-year survival rate is only 15% (3). Therefore, it is critical to
understand the molecular mechanisms involved in the devel-
opment and progression of bladder cancer.

MicroRNAs (miRNAs or miRs) are a class of small
non-coding RNA molecules, approximately ~22 nucleotides in
length. They regulate target mRNAs at the post-transcriptional
level and play crucial roles in the regulation of diverse physio-
logical and pathological processes (4,5). A number of miRNAs
have been found to be linked with various types of cancer (6,7).
miR-485 is a functional miRNA which has received much
attention in recent years. miR-485 acts as an important regulator
of neural development and plasticity of the hippocampus (8).
Recently, it has been demonstrated that miR-485 is associ-
ated with certain malignant tumors, including hepatocellular
carcinomas, breast cancer and tumors of the central nervous
system (9-12). However, little is known about the expression of
miR-485 or its role in bladder cancer.

In the present study, we examined the expression of
miR-485 in human bladder cancer tissues and bladder cancer
cell lines, and examined the effects of miR-485-5p on cell
metastasis and epithelial-mesenchymal transition (EMT). In
addition, we explored the underlying mechanisms of the func-
tions of miR-485 in bladder cancer cells and identified a novel
direct target of miR-485-5p.

Materials and methods

Tumor samples. The bladder cancer tissue and the matched
normal tissue specimens were collected from 15 patients
diagnosed with bladder cancer who had undergone surgery, as
the primary therapy, in The First Affiliated Hospital of Bengbu
Medical College (Bengbu, China). None of the patients had
received chemotherapy or radiotherapy prior to surgery. Prior
to their participation in our study, all the patients provided
written informed consent in compliance with the code of ethics
of the Declaration of Helsinki. This study was approved by the
Ethics Committee of The First Affiliated Hospital of Bengbu
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Medical College. The specimens were frozen in liquid nitrogen
immediately after surgery.

Cell culture and transfection. Human bladder cancer cell
lines (SW780, T24, HT1376 and HT5637) and human
bladder epithelial cell lines HU609 and HEK293 cells (all
from the American Type Culture Collection, Manassas, VA,
USA) were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco-BRL, Grand Island, NY, USA) containing
10% newborn calf serum (Gibco-BRL) at 37°C with 5% CO,.
Prior to transfection, the cells were seeded in 6-well plates at
5x10* cells/well and allowed to grow for 24 h. The miR-485-5p
mimic (Bioneer, Shanghai, China), miR-485-5p inhibitor
(Bioneer), miR control, the pcDNA3.1 (Zhonghong Boyuan
Biological Technology Co., Ltd., Shenzhen, China) and high
mobility group AT-hook 2 (HMGA?2)-pcDNA3.1 (Zhonghong
Boyuan Biological Technology Co., Ltd.) plasmids were
transfected into the cells using a Lipofectamine™ 2000
transfection kit (Invitrogen Life Technologies, Carlsbad, CA,
USA) according to the manufacturer's instructions. Briefly,
2 uM miR-485-5p mimic or inhibitor or plasmids were mixed
with Lipofectamine 2000 to form lipid-DNA complexes. The
cells were cultured in serum-free medium with the lipid-DNA
complexes for 6 h, and the medium was then replaced with
fresh DMEM and the cells were maintained in the cultures
for 24 h.

Luciferase reporter assay. We used microRNA.org (http://
www.microrna.org/) and miRDB (http:/mirdb.org/) to find the
predicted target of miR-485-5p. Then, the HMGA?2 wild-type
and mutant 3' untranslated region (UTR) were amplified and
cloned into a psiCHECK-2 vector (Promega Corp., Madison,
WI, USA). The cells were transfected with 100 ng of the
psiCHECK-2 vector and 100 nM of the miR-485-5p mimic or
miR control. After 24 h, the cells were lysed and assayed using
the Dual-Luciferase reporter assay system (Promega Corp.)
according to the manufacturer's instructions.

Cellinvasion assay.Cell invasion was examined using Matrigel
(BD Biosciences, San Jose, CA, USA)-coated Transwell cham-
bers (Corning Inc., Corning, NY, USA). The cells seeded at a
density of 5x10*cells/ml in serum-free medium were placed
in the 1:8 diluted Matrigel-coated upper chamber. The lower
chamber was filled with 1 ml complete medium. Following
incubation at 37°C for 24 h, the cells that had invaded the
bottom of the membrane were fixed in 95% ethanol for 20 min
and then stained with hematoxylin. The cells on the surface
of the membrane were removed using a cotton swab. The
cells which had invaded were counted in 5 randomly selected
microscopic fields.

Cell adhesion assay. The 96-well plates were coated with
fibronectin (Sigma-Aldrich, St. Louis, MO, USA) and blocked
with 1% bovine serum albumin (BSA; Sigma-Aldrich) in
phosphate-buffered saline (PBS) at 37°C for 2 h. The cells
were suspended in serum-free medium and then seeded in
the 96-well plates. Following incubation at 37°C for 2 h, the
non-adherent cells were removed by washing with PBS. The
adherent cells were fixed with 4% paraformaldehyde and
stained with 0.5% crystal violet.
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RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
using an RNeasy/miRNeasy Mini kit (Qiagen, Limburg,
The Netherlands) according to the manufacturer's instructions.
A reverse transcriptase kit (Fermentas, Vilnius, Lithuania) was
used to synthesize the cDNA. Quantitative PCR (qQPCR) was
carried out using SYBR-Green PCR Master Mix (Applied
Biosystems, Foster City, CA, USA) on an ABI 7500 System
(Applied Biosystems). The expression of miR-485-3p and
miR-485-5p was examined and normalized to the internal
control (GAPDH), and relative induction was calculated using
the 224 method.

Western blot analysis. Whole cell extracts were isolated using
a Total Protein Extraction kit (Applygen Technologies, Inc.,
Beijing, China) according to the manufacturer's instructions.
Proteins (40 ug) were resolved by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto a polyvinylidene fluoride membrane (Millipore,
Billerica, MA, USA). The membrane was blocked with
5% BSA and probed with the primary antibodies [rabbit
polyclonal to HMGA?2 (ab97276), mouse monoclonal to
E-cadherin (ab45990), rabbit polyclonal to vimentin (ab45939),
mouse monoclonal to N-cadherin (ab98952) all from Abcam,
Cambridge,MA,USA; mouse monoclonal to GAPDH (A01020),
Amyjet Scientific, Inc., Wuhan, China]. The GAPDH antibody
was used as an internal control. Antibody binding was detected
with horseradish peroxidase (HRP)-linked secondary antibody
[goat anti-mouse IgG (sc-2005), goat anti-rabbit IgG (sc-2004),
Santa Cruz Biotechnology, Inc., Dallas, TX, USA] and
the chemiluminescence (ECL western blotting kit; Pierce
Biotechnology, Inc., Rockford, IL, USA).

Statistical analysis. SPSS 19.0 software (IBM, Armonk, NY,
USA) was used to perform the statistical analysis. Data are
expressed as the means + SD. The student's t-test was used to
evaluate the differences between 2 groups. A P-value <0.05
was considered to indicate a statistically significant difference.

Results

Expression of miR-485 and HMGA?2 in human bladder cancer
cell lines. To detect the expression of miR-485-3p, miR-485-5p
and HMGAZ?2 in human bladder cancer cell lines, we used
4 cell lines, SW780, T24, HT1376 and HT5637 from different
grades of bladder cancer, and the human bladder epithelial cell
line, HU609, was used as the normal control. The expression
of miR-485-5p was highest in the HU609 cells, relatively
lower in the SW780, HT1376 and HT5637 cells, and it was
lowest in the poorly differentiated cell line, T24 (Fig. 1A). On
the contrary, HMGA?2 protein expression was lowest in the
HUG609 cells, a moderate expression was noted in the SW780,
HT1376 and HT5637 cells, and a high expression was noted
in the T24 cells (Fig. 1B). However, the expression level of
miR-485-3p in the 4 bladder cancer cell lines did not differ
significantly from that in the HU609 cells (Fig. 1A).

Expression of miR-485 and HMGA?2 in human bladder cancer
tissues. The expression levels of miR-485-3p, miR-485-5p
and HMGA?2 were detected in the human bladder cancer
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Figure 1. Expression of miR-485 and high mobility group AT-hook 2 (HMGA?2)
in human bladder cancer cell lines. (A) Relative mRNA levels of miR-485-5p
and miR-485-3p; (B) relative protein levels of HMGA?2 in the human bladder
epithelial cell line, HU609, and 4 human bladder cancer cell lines. "P<0.05 and
"P<0.01 compared with HU609 cells.

tissues. Consistent with the results obtained from the human
bladder cancer cell lines, the expression level of miR-485-5p
was significantly decreased, whereas HMGA?2 protein expres-
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Figure 2. Expression of miR-485 and high mobility group AT-hook 2
(HMGA?2) in human bladder cancer tissues. (A) Relative mRNA level of
miR-485-5p and miR-485-3p; (B) relative protein level of HMGA?2 in human
bladder cancer tissues and matched normal tissues. “P<0.01 compared with
the normal tissues.

sion was significantly increased in the bladder cancer tissues,
compared with the normal tissues (Fig. 2). The expression
levels of miR-485-3p in the human bladder cancer tissues and
normal tissues did not differ significantly (Fig. 2).

Effect of miR-485-5p on cell invasion and adhesion. To explore
the effects of miR-485-5p on cell invasion and adhesion,
T24 cells (which exhibited the lowest levels of miR-485-5p
expression of the 4 bladder cancer cell lines examined) were
transfected with the miR-485-5p mimic to induce the over-
expression of miR-485-5p. We suppressed the expression
of miR-485-5p in the SW780 cells, which exhibited a high
miR-485-5p expression, by transfection with the miR-485-5p
inhibitor. As demonstrated in Fig. 3A, transfection with the
miR-485-5p mimic significantly increased the expression
level of miR-485-5p, while transfection with the miR-485-5p
inhibitor led to a significantly decrease in the expression of
miR-485-5p. The results of Transwell-Matrigel assay revealed
that the number of invaded cells was significantly decreased
significantly when miR-485-5p was overexpressed. Moreover,
the inhibition of miR-485-5p (by transfection with miR-485-5p
inhibitor) promoted cell invasion compared with the cells trans-
fected with the miR control (Fig. 3B). A cell adhesion assay
revealed that adhesive ability decreased in the T24 cells trans-
fected with the miR-485-5p mimic, but increased in the SW780
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Figure 3. Effect of miR-485-5p on cell invasion and adhesion. (A) Relative mRNA levels of miR-485-5p in T24 and SW780 cells transfected with miR control
or miR-485-5p mimic. (B) Number of invaded T24 and SW780 cells. (C) Adhesion ability of T24 and SW780 cells following transfection with the miR-485-5p
mimic or miR-485-5p inhibitor. “P<0.05 and “P<0.01 compared with the miR control-transfected cells.
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Figure 4. Expression of E-cadherin, vimentin and N-cadherin proteins in T24 and SW780 cells following transfection with the miR-485-5p mimic or miR-485-5p

inhibitor. “P<0.05 compared with the miR control-transfected cells.

cells transfected with the miR-485-5p-inhibitor, compared with  Effect of miR-485-5p on EMT. To examine the effect of

the cells transfected with the miR control (Fig. 3C).

miR-485-5p on EMT, the levels of the epithelial cell marker,
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Figure 5. miR-485-5p directly targets the 3'UTR of high mobility group AT-hook 2 (HMGAZ?2). (A) Relative luciferase activity in HEK293 cells following transfec-
tion with the HMGA?2 wild-type 3'UTR or mutant 3'UTR vector and then the miR-485-5p mimic or miR control. (B) Relative protein level of HMGA?2 in T24 and
SW780 cells following transfection with the miR-485-5p mimic or miR-485-5p inhibitor. ‘P<0.05 and “P<0.01 compared with the miR control-transfected cells.

E-cadherin, as well as the mesenchymal cell markers,
vimentin and N-cadherin, were detected in T24 and SW780
cells following transfection with the miR-485-5p mimic or
miR-485-5p inhibitor. As shown in Fig. 4, transfection with
the miR-485-5p mimic suppressed the protein expression of
vimentin and N-cadherin, whereas it promoted the expression
of E-cadherin protein in the T24 cells. However, the inhibition
of miR-485-5p with the miR-485-5p inhibitor in the SW780
cells induced EMT, evidenced by the increased protein expres-
sion of vimentin and N-cadherin, and the decreased protein
expression of E-cadherin.

miR-485-5p directly targets the 3'UTR of HMGA2. Using the
prediction algorithm, microRNA.org (http://www.microrna.
org/) and miRDB (http://mirdb.org/), HMGA?2 was predicted
to be a target of miR-485-5p. To determine the association
between miR-485-5p and HMGA?2, we performed a luciferase
reporter assay to determine whether miR-485-5p directly
targets the 3'UTR of HMGA2. The HEK293 cells were trans-
fected with the HMGA?2 wild-type 3'UTR or mutant 3'UTR
vector and then with the miR-485-5p mimic or miR control.
The results revealed that the luciferase activity of wild-type
3'UTR was significantly decreased by transfection with the
miR-485-5p mimic. However, the luciferase activity of mutant
3'UTR was not altered substantially (Fig. 5A).

Subsequently, we investigated whether miR-485-5p regu-
lates the expression of HsxMGA?2 in the T24 and SW780 cells.
As shown in Fig. 5B, miR-485-5p overexpression induced by
transfection with miR-485-5p mimic resulted in a decrease in

the HMGAZ2 protein level in the T24 cells. Moreover, the inhi-
bition of miR-485-5p led to the upregulated protein expression
of HMGAZ2 in the SW780 cells (Fig. 5B).

HMGA?2 overexpression reverses the effects of miR-485-5p on
cell metastasis and EMT. To investigate whether the effects of
miR-485-5p on cell metastasis and ETM are related to HMGA?2,
the T24 cells overexpressing miR-485-5p were transfected
with HMGA2-pcDNA3.1. As shown in Fig. 6A, the expres-
sion of HMGA?2 was suppressed by the miR-485-5p mimic in
T24 cells, and was significantly upregulated by transfection with
HMGAZ2-pcDNA3.1. Moreover, we found that the inhibitory
effects of miR-485-5p on cell invasion, adhesion and EMT were
reversed by transfection with HMGA2-pcDNA3.1 (Fig. 6B-D).

Discussion

The differential expression profile of miRNAs has been widely
reported between bladder cancer and normal cells (13). In
the present study, we firstly demonstrated that the expression
of miR-485-5p was downregulated in human bladder cancer
tissues and various bladder cancer cell lines. These results
suggest that miR-485-5p plays an important role in the develop-
ment and progression of bladder cancer.

It has been demonstrated that miR-485-5p responds to
hypoxic stress in soft tissue sarcoma cells (14). The expression
of miR-485-5p was downregulated in Alzheimer's disease
and malignant serous ovarian tumors, and correlated with
FIGO grade in the latter (14), suggesting that miR-485-5p
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Figure 6. High mobility group AT-hook 2 (HMGAZ?2) overexpression reverses the effect of miR-485-5p on cell metastasis and EMT. (A) Relative protein level of
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miR-485-5p mimic + HMGA?2 pcDNA3.1-transfected group.

may be of potential importance as a diagnostic biomarker.
Consistently, miR-485-3p is downregulated in metastatic cell
lines as compared with normal prostatic epithelial cells (11).
In addition, it has been found that miR-485 suppresses
the proliferation and migration of breast carcinoma T47D
cells (12). In the present study, we performed cell invasion
and adhesion assays to investigate the effects of miR-485-5p
on bladder cancer cell metastasis. It is well known that EMT
is a well-coordinated process for metastasis (15,16); therefore,
the effects of miR-485-5p on EMT were also examined. The
results demonstrated that miR-485-5p inhibited bladder cancer
cell metastasis and EMT.

In the present study, we examined HMGAZ2 as a novel
direct target of miR-485-5p. It has been demonstrated else-
where that HMGAZ?2, an architectural transcription factor,plays
a role in certain cellular biological processes, such as cell
proliferation, differentiation, cell transformation and cell
cycle control (17-19). HMGAZ?2 is expressed predominantly in
various undifferentiated tissues during embryonic develop-
ment, whereas it is usually not detectable in normal adult
tissues (20-23). The heightened expression of HMGA?2 in
adult tissues is commonly associated with various human

cancers (24-28), such as lung, breast and ovarian cancer. It has
been reported that HMGA? is upregulated in bladder cancer
at both the transcriptional and translational level, and it has
been noted that HMGA?2 expression is a potential prognostic
marker for both tumor recurrence and tumor progression
(29). Moreover, a it has been previously demonstrated that
the expression of HMGAZ?2 is closely associated with EMT
in bladder cancer (30). Consistent with previous reports, in
the present study, we found that the protein expression of
HMGA?2 was upregulated in human bladder cancer tissues and
bladder cancer cell lines. To examine the association between
miR-485-5p and HMGAZ2, we searched for the potential
target genes of miR-485-5p using the prediction algorithm,
microRNA .org (http:/www.microrna.org/) and miRDB (http://
mirdb.org/), and HMGA?2 was predicted to be a target gene.
Using a luciferase reporter assay and western blot analysis, we
demonstrated that miR-485-5p suppressed HMGA?2 expression
by directly targeting the 3'UTR of HMGAZ2. In addition, using
the HMGAZ2 overexpression plasmid, HMGA2-pcDNA3.1, we
found that HMGA?2 reversed the effects of miR-485-5p on cell
metastasis and EMT. These results suggest that HMGA?2 plays
an important role in mediating the effects of miR-485-5p.
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Taken together, to the best of our knowledge, the present

study is the fist to identify miR-485-5p as a suppressive miRNA
in human bladder cancer. In addition, we demonstrated that
miR-485-5p exerts its effect at least partly through the suppres-
sion of HMGAZ2. Our study further expanded on the function of
miR-485 and provided a novel potential target for the treatment
of bladder cancer.
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