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Abstract: microRNAs (miRNAs) have been demonstrated to contribute to tumor progression and metastasis, and
have been proposed to be key regulators of diverse biological processes. In this study, we report that miR-4295 is
deregulated in bladder cancer tissues and cell lines. To characterize the role of miR-4295 in bladder cancer cells,
we performed functional assays. The overexpression of miR-4295 significantly promoted bladder cancer cell pro-
liferation, colony formation, and migration. Moreover, its downregulation induced cell cycle arrest and apoptosis
of bladder cancer cells. Furthermore, a luciferase reporter assay and rescue experiment indicated that miR-4295
directly targets BTG1 by binding its 3’'UTR. In conclusion, these results demonstrate that miR-4295 acts as an on-
cogene and may be a potential biomarker for bladder cancer diagnosis and treatment.
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Introduction

Bladder cancer (BC), a malignant tumor in the
urogenital tract, has become the fifth most
common cancer and is one of the major causes
of death in cancer patients worldwide. In mid-
dle-aged and elderly men, bladder cancer is the
second most prevalent malignancy after pros-
tate cancer [1, 2]. Many patients who are diag-
nosed with bladder cancers are found to have
advanced stage disease with distal metasta-
ses, which leads to poor prognosis. This feature
of BCs largely results from the nature of BC,
as it is often asymptomatic or non-specifically
symptomatic in the early stages [3]. Additionally,
there are limited therapy options for enhancing
patient survival rate because the molecular
mechanisms underlying BC are not well under-
stood. Accordingly, it is crucial to clarify the key
factors mediating bladder cancer growth and
metastasis and to understand their molecular
mechanism of action in order to design effec-
tive therapies.

Increasing evidence has suggested that there
may be multiple molecular factors involved in

bladder carcinogenesis and tumor progression.
MicroRNAs (miRNAs) are endogenous RNA mol-
ecules of approximately 18-25 nucleotides that
regulate the protein translation of target genes
by base-pairing with the 3’-untranslated CDS
region (3’-UTR) of the mRNAs [4, 5]. A number
of miRNAs have been shown to act as key
regulators in bladder cancer, including miRNA
(miR)29c¢, miR-124, miR-186, miR-24, miR-485,
and miR-21 [6-10]. MiR-4295 was found to be a
novel oncogenic miRNA that acts by targeting
USP28 in non-small cell lung cancer [11]. In
addition, RUNX3 is downregulated in glioma by
the Myc-regulated miR-4295. However, there
has not been evidence indicating the role of
miR-4295 in bladder cancer.

In the present study, we investigated the expres-
sion of MiR-4295 in bladder carcinomas and
adjacent normal tissues, and found that the lev-
els of miR-4295 were significantly decreased in
the normal tissue. In addition, functional stud-
ies were conducted to assess the roles of miR-
4295 in bladder cancer cell lines. Furthermore,
bioinformatics analyses showed that miR-4295
targeted the 3’-UTR of BTG1 mRNA to inhibit its
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translation, and this was confirmed by a lucifer-
ase reporter assay.

Methods and materials
Human tissue samples

The tissue specimens and paired noncancer-
ous bladder tissues used in this study were
obtained from the Department of Urology of the
China-Japan Union Hospital of Jilin University
(Changchun, China) after surgical resection. All
samples were immediately snapped frozen in
liquid nitrogen and stored at -80°C for the sub-
sequent experiments. Informed consent app-
roving the use of their tissues for research pur-
poses was obtained from each patient. The
study protocol was approved by the Institute
Research Ethics Committee at the China-Japan
Union Hospital of Jilin University.

Cell culture and transfection

Hbc was established by the Cancer Research
Institute of Kunming Medical College, 1986.
The human bladder cancer cell lines, Hbc and
T24, were cultured in RPMI-1640 (Invitrogen,
CA, USA), and UM-UC3, Hcv29 and BIU-87 cells
were cultured in MEM (Invitrogen, CA, USA)
medium supplemented with 10% fetal bovine
serum (Gibco, Australia), penicillin and strepto-
mycin (100 IU/ml). The cells were maintained at
37°C under 5% CO, atmosphere in a humidified
incubator.

The CDS sequence of BTG1 was synthesized
by Genewiz (Beijing, China) and cloned into
pcDNA3.1(+) vector (Promega, WI, USA) be-
tween the BamHI and Hindlll sites. Bladder
cancer cells (T24 and Hbc) were cultured at
3x10* cells/well in 96-well plates or 5x10°
cells/well in 6-well plates until they reached
80% confluence. Subsequently, the cells were
transiently transfected with miRNA mimics,
miRNA inhibitors (genepharma, Shanghai, Ch-
ina) or the pcDNA3.1(+)/BTG1 vectors using
Lipofectamine 2000 (Invitrogen, CA, USA) ac-
cording to the manufacturer’s instructions. To
assess the transfection efficiency, for all experi-
ments, gRT-PCR was performed 24 hours after
transfection.

Real-time-PCR analysis

Total RNA was extracted using Trizol reagent
(Invitrogen, CA, USA) according to the instruc-
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tions. cDNA was synthesized with specific
stem-loop primers and the TagMan MicroRNA
Reverse Transcription Kit (Applied Biosystems,
CA, USA). The levels of gene expression were
quantified on an iQ5 real-time PCR detection
system (Bio-Rad, MA, USA) with SYBR Premix
EX Taq (TaKaRa, Shiga, Japan). Gene expres-
sion was defined based on the threshold cycle
(Ct) normalized to that of the housekeeping
gene, GAPDH, or small nuclear RNA, U6, as
internal controls. The fold change of gene
expression was calculated with the 2-AACt
method. PCR amplification was performed
using the following thermal conditions: 95°C for
30 s followed by 40 cycles of 95°C for 5 s and
60°C for 30 s. The PCR conditions for amplifi-
cation of miR-4295 were: 95°C for 20 s, fol-
lowed by 40 cycles of 95°C for 10 s and 60°C
for 20 s, with a final incubation at 70°C for 5 s.
All the primers were synthesized by Genewiz
(Beijing, China) and the primer sequences used
are as follows.

Cell viability assay

T24 and Hbc cells were cultured at 3x10% cells/
well in 96-well plates until they reached 80%
confluence. Cell proliferation was measured at
24, 48, 72 and 96 hours after transfection
using WST-8 staining with Cell Counting Kit-8
(Byotime, Haimen, China).

Western blot assay

Protein was extracted from the transfected T24
and Hbc cells. The protein lysate was separat-
ed on a 10% SDS-PAGE gel and transferred to
PVDF membranes (Bio-Rad, CA, USA). Nons-
pecific binding was blocked by incubating the
PVDF membranes with 5% nonfat milk contain-
ing 0.1% Tween-20 for 2 hours at room temper-
ature. The membrane was incubated with the
primary antibodies, including BTG1 (Abcam,
Cambridge, England) and GAPDH (Abcam,
Cambridge, England), in TBST at 4°C overnight.
After washing with TBST thrice, the PVDF mem-
branes were incubated with horseradish perox-
idase-conjugated sheep anti-mouse IgG for 2 h
at 37°C. Finally, the proteins were visualized
using ECL detection kits (Millipore, MA, USA).

Luciferase assay

The oligonucleotides with wild-type or mutant
type 3’-UTR region of BTG1 (containing binding
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Figure 1. The aberrant expression of miR-4295 and BTG1 in bladder carcinoma and cell lines. A. The deep se-
quencing of miR-4295. B, C. Real-time PCR was used to assess the expression of miR-4295 and BTG1 in bladder
carcinomas and paired adjacent normal tissues. D. A correlation analysis was performed to evaluate the correlation
between miR-4295 and BTG1 expression. E, F. Real-time PCR was used to assess the expression of miR-4295 and
BTG1 in bladder cancer cell lines and in the normal Hcv29 cells. The bars represent the mean + SD of three inde-

pendent experiments. **P <0.01, *P <0.05.

site with miR-4295) were synthesized by Ge-
newiz (Beijing, China). The pmiRGLO vectors
(Promega, WI, USA) were constructed with wild
type BTG1 sequences or mutant BTG1 sequenc-
es. T24 and Hbc cells were seeded in 12-well
plates and co-transfected with miR-control/
miR-4295 mimics and WT-BTG1 3’-UTR vector/
MUT-BTG1 3’-UTR vector using Lipofectamine
2000 (Invitrogen, CA, USA). The activities of
Renilla and firefly luciferases in the cell lysates
were measured using the Dual-Luciferase as-
say kit (Promega, WI, USA), and the quotient of
Renilla/firefly luciferase activities (Rluc/Luc)
was taken as the normalized data.

Colony formation assay

At 24 h after transfection, 500 cells were seed-
ed into 6-well plates and cultured for 14 days.
Afterwards, the cells were fixed with absolute
methanol for 15 min and stained with crystal
violet for 20 min. The number of colonies
formed was counted in 10 different fields of
vision, and the mean value was calculated. The
experiment was performed independently th-
ree times for each cell line.

Cell migration assay

At 48 hours after transfection, the cells were
trypsinized and seeded in 8 ym pore size tran-
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swell chambers (Corning, Cambridge, USA) at a
density of 8x10* per well. The cells were cul-
tured in RPMI 1640 medium with 2% FBS, and
600 pl of RPMI 1640 supplemented with 10%
FBS was added to the lower chamber. Then, 24
hours later, the migrated cells were fixed with
absolute methanol for 30 min, while the cells
that had not migrated were removed using cot-
ton swabs. Then, the cells on the bottom sur-
face of the membrane were stained with 0.1%
crystal violet. Five visual fields of x200 magnifi-
cation of each insert were randomly selected,
and the number of cells was counted under a
light microscope.

Cell cycle analysis

At 24 h after transfection, the cells (1x10°)
were harvested and fixed in 75% ice-cold etha-
nol. Before cell cycle analysis, the cells were
treated with bovine pancreatic 2 ug/ml RNase
(Sigma, USA) for 30 min, and subsequently
incubated in 20 ug/ml propidium iodide (Sigma,
USA) for 20 min. Cell cycle analysis was per-
formed on a FACS-Calibur System (BD Bios-
ciences, NJ, USA). The data were analyzed with
the ModFit LT software package and the cell
cycle distribution is shown as the percentage of
cells in the GO/G1, S, and G2/M populations.
Each experiment was conducted in triplicate.
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Figure 2. MiR-4295 promotes
bladder cancer cell growth and
cell cycle progression. A, B. CCK-
8 assay was performed every 24
h until 96 h after transfection,
and the proliferation curves of
T24 and Hbc cells were plotted.
C. Representative micrographs
(left) and quantifications (right)
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Statistical analysis Results

All statistical analyses and graphing were
performed using SPSS version 17.0. The data
were expressed as the mean + standard devia-
tion (SD) for three independent experiments.

MIR-4295 was upregulated, while BTG1 was
downregulated in bladder carcinoma and cell
lines

Student’s t-test was used to evaluate the sig-
nificant difference of two groups of data in all
the pertinent experiments. A p value <0.05 was
regarded as statistically significant.
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The detailed sequence of miR-4295 obtained
from miRBase database is shown in Figure 1A.
Real-time RT-PCR was used to evaluate the
expression of miR-4295 in bladder carcinomas

Am J Transl Res 2016;8(11):4892-4901
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and adjacent normal tissues. MiR-4295 was
found to be markedly upregulated in bladder
carcinomas compared with the adjacent nor-
mal tissue (Figure 1B). To further verify the role
of miR-4295 in bladder cancer, the expression
of miR-4295 in human bladder cancer cell lines
(Hev29, UM-UC-3, Blu87, T24 and Hbc) was
evaluated. Consistently, the expression of miR-
4295 was elevated in all the four cell lines, to
different degrees, compared with that in Hcv29
cells (Figure 1E). Next, real-time RT-PCR was
used to evaluate the expression of BTG1 in
bladder carcinomas tissues and cell lines.
BTG1 expression was notably decreased in
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bladder carcinomas tissues and bladder can-
cer cell lines, in comparison with that in adja-
cent normal tissues and Hcv cells (Figure 1C,
1F). To explore whether a relationship between
BTG1 and miR-4295 exists, correlation analy-
sis was performed (Figure 1D).

miR-4295 overexpression promotes bladder
cancer cells growth and cell cycle progression

T24 and Hbc cells were transfected with miR-
4295 mimics. CCK-8 assay was performed
every 24 hours, as described in the methods
section, and the proliferation curve is shown.
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Figure 4. Mir-4295 directly targets the 3’'UTR of BTG1 mRNA. A. Bioinformatics analyses of the binding of miR-4295
to the 3'-UTR of BTG1 mRNA. B. A luciferase reporter assay was performed to determine whether BTG1 is a target of
miR-4295. C, D. Western blot analysis was used to assess the protein level of BTG1 in T24 and Hbc cells transfected
with miR-4295 mimic or miR-4295 inhibitor. GAPDH was used as an endogenous reference. The bars represent the
mean * SD of three independent experiments. **P <0.01, *P <0.05.

The results showed that miR-4295 overexpres-
sion resulted in significantly increased cell via-
bility at 3 days after transfection in both T24
and Hbc cells (Figure 2A, 2B). Similar trends
were also observed for colony formation rate.
MiR-4295 overexpression led to a significantly
higher colony formation rate (Figure 2C) in T24
and Hbc cells. In addition, the cell migration
assay was performed to further investigate the
role of miR-4295 in bladder cancer cells. As
expected, for both T24 and Hbc, the transfec-
tion of mMiR-4295 significantly increased the
number of cells that had migrated (Figure 2D).
The cell cycle analysis of T24 and Hbc cells by
flow cytometry showed that there was a signifi-
cant decrease in the percentage of cells in the
G1/GO phase and an increase in the percent-
age of cells in S phase (Figure 2E). These
results indicate that the overexpression of miR-
4295 promoted the proliferation, migration and
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cell cycle progression of bladder cancer cells in
vitro.

Inhibition of miR-4295 attenuates the prolif-
erative capacity of bladder cancer cells

To further confirm whether the inhibition of
miR-4295 reduces bladder cancer cell prolifer-
ation, loss-of-function studies were performed
using a miR-4295 inhibitor. The CCK-8 and col-
ony formation assays showed that the inhibi-
tion of miR-4295 significantly decreased the
proliferative capacity of T24 and 5637 cells,
compared with cells transfected with NC (Figure
3A-C). The migration assay revealed that the
suppression of miR-4295 led to a decrease in
the number of cells that had migrated (Figure
3D). Flow cytometry showed that the cells
transfected with the miR-4295 inhibitor had a
significant increase in the percentage of cells in

Am J Transl Res 2016;8(11):4892-4901
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quantification and representative images. E. Pl staining and flow cytometry were used to analyze the cell cycle distri-
bution of T24 and Hbc cells that were treated as indicated. The bars represent the mean + SD of three independent
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the G1/GO phase and a decrease in the per- target expression vector. In addition, a mutat-
centage of cells in S phase, compared with NC ed BTG1 3-UTR vector was also constructed
transfected cells (Figure 3E). These results (Figure 4A). Cells that were co-transfected with
suggest that the downregulation of miR-4295 the wt-3-UTR-reporter and miR-4295 showed
suppresses proliferation and cell cycle progres- significantly decreased relative luciferase activ-
sion of bladder cancer cells. ity compared with cells transfected with the
miR-4295 control. However, the luciferase ac-
MiR-4295 directly targets BTG1 tivity of the reporter carrying the 3-UTR with
mutated binding sites was unaffected by the
MiRNAs execute post-transcriptional regula- co-transfection with miR-4295 (Figure 4B).
tion, mostly by binding to the 3™-UTR of the Western Blot analysis was used to confirm the
downstream genes. Accordingly, we used the regulation of BTG1 by miR-4295 (Figure 4C,
bioinformatics prediction software, Targetscan, 4D). These results strongly indicate that the
to identify possible targets that are involved in BTGL is a direct target of miR-4295.
the regulation of cell growth (http://www.tar-
getscan.org/). Among these thousands of can- Overexpression of BTG1 reverses the oncogen-
didates, we focused on BTG1. Luciferase re- ic effect of miR-4295 on cell proliferation
porter assays were performed to verify the
interaction between miR-4295 and the 3’'UTR Next, a rescue experiment was conducted to
of BTG1. The 3’UTR of BTG1 was cloned down- further confirm the role of BTG1 in miR-4295
stream of the pmirGLO Dual-Luciferase miRNA induced bladder cancer proliferation. An over-
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expression vector, pcDNA3.1(+)/BTG1, was con-
structed to enhance endogenous BTG1 expres-
sion. The results of the CCK-8 and colony for-
mation assays indicated that the proliferation
suppressing effect of miR-4295 was reversed
by BTG1 in both T24 and Hbc cells (Figure
5A-C). Additionally, the migration assay indicat-
ed that BTG1 significantly reversed the effect of
miR-4295 on the migration capability of T24
and Hbc cells (Figure 5D). Furthermore, cell
cycle analysis demonstrated that BTG1
increased the proportion of cells in S phase,
and inhibited the effect of miR-4295 on cell
cycle progression (Figure 5E). These results
suggested that the overexpression of BTG1
could reverse the effect of miR-4295 on the
proliferation and cycle progression of bladder
cancer cells.

Discussion

Various miRNAs play important roles in the
invasion and metastases of malignant tumor
cells. An increasing amount of evidence indi-
cates that the dysregulation of various miRNAs
is involved in bladder carcinogenesis and pro-
gression [12, 13]. It has been demonstrated
that miRNAs exert their biological function in
bladder cancer by multiple ways. For instance,
miRNAs regulate the proliferation, invasion
and metastasis of bladder cancer cells by tar-
geting numerous genes, such as STMN1, BMI-
1, LASS2 and c-FOS [14-17]. However, despite
developments in bladder cancer diagnosis
and treatment, knowledge regarding the molec-
ular mechanisms underlying bladder carcino-
genesis and progression still remain limited.
Additionally, specific tumor biomarkers that can
be used as therapeutic targets are lacking. As
such, there is an urgent need to identify novel
biomarkers that have potential clinical signifi-
cance as therapeutic targets.

MiR-4295 is a newly identified miRNA, and only
a few studies on it exist. However, it has been
shown to have an essential role in tumor car-
cinogenesis and progression. MiR-4295 has
been found to inhibit cell growth, causing GO/
G1 arrest and apoptosis in glioma cells, and to
attenuate non-small cell lung cancer growth
by targeting USP28. In the present study, we
determined that miR-4295 expression was sig-
nificantly higher in bladder cancer tissues and
cell lines than in normal bladder tissue, indicat-
ing that miR-4295 may be involved in bladder
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carcinogenesis or progression. Functional stud-
ies were conducted to determine the role of
miR-4295 in bladder cancer. Our findings re-
vealed that the overexpression of miR-4295
significantly promoted the proliferation, colony
formation and migration of bladder cancer
cells, as well as cell cycle progression. Addi-
tionally, to verify our hypothesis, we knocked
down the expression of miR-4295 by transfect-
ing cells with a miR-4295 inhibitor. As expect-
ed, the knock down of miR-4295 attenuated
the proliferative capacity of bladder cancer
cells.

BTG1 was initially identified in B lymphoblastic
leukemia, and its expression appears to be
highest in the GO/G1 phases of the cell cycle
[18]. BTG proteins can shuttle between the
nucleus and the cytoplasm, though their func-
tion is dependent on their nuclear localization,
which enables them to bind to the nuclear
receptor, TRa, and the myogenic factor, MyoD
[19, 20]. Weak BTG1 expression has recently
been reported in various other types of can-
cer, including thyroid, lung, prostate, renal, and
breast cancer [21-28], and was reported to be
positively correlated with invasion depth, lym-
phatic and venous invasion, and lymph node
metastasis [29]. These findings indicate that
BTG1 expression might be considered a valu-
able biomarker for predicting the aggressive
behaviors of gastric cancer. Additionally, BTG1
expression has been found to be regulated by
miRs, such as miR-19, miR22, miR-17-92 and
miR-miR-454-3p [30-32], in prostate cancer,
colorectal cancer and lung cancer. In this work,
we first found that the expression of BTG1 was
significantly downregulated in bladder carcino-
mas and cell lines. Next, BTG1 was predicted to
be a potential target of miR-4295. In addition,
in bladder carcinomas, the expression of BTG1
and miR-4295 were shown to correlate inverse-
ly, which supports a physiological role for miR-
4295 in regulating BTG1 expression. To verify
this hypothesis, a luciferase assay was per-
formed, and the results were as expected.

In conclusion, our study indicated that miR-
4295 is significantly upregulated in bladder
cancer cells and carcinomas. MiR-4295 pro-
motes cell proliferation and cell cycle progres-
sion of bladder cancer cells by targeting BTG1.
These findings may suggest miR-4295 as a
novel potential biomarker for cancer diagnosis
and therapy. Further studies into other mecha-
nisms underlying the function of miR-4295 are
warranted.
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