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Anticancer effect of miR-96 inhibitor in bladder cancer cell lines
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Abstract. The present study aimed to investigate the role
of microRNA-96 (miR-96) in the proliferation, invasion
and apoptosis of bladder cancer cell lines, and the associ-
ated mechanisms. The expression of miR-96 and human
ether-a-go-go-related (HERGI) potassium channel in the
normal uroepithelium SV-HUC-1 cell line, and bladder
cancer T24 and 5637 cell lines were examined using reverse
transcription- polymerase chain reaction or/and western blot-
ting. Transfection with miR-96 inhibitor or scrambled control
(SC) was used to study the biological activities of miR-96 in
bladder cancer cell lines. MTT, flow cytometric and Transwell
assays were applied to detect cell viability, apoptosis and
invasion, respectively. A dual-luciferase reporter assay was
applied to determine the association between miR-96 and
HERGI expression. As demonstrated, miR-96 was highly
expressed in the two bladder cancer cell lines, particularly
in T24 cells. Following transfection with miR-96 inhibitor,
miR-96 expression was significantly reduced in the T24 cell
line, compared with SC. The miR-96 inhibitor suppressed cell
proliferation and invasion, promoted apoptosis and arrested
the cell cycle at the G, phase. Consistently, HERGI was also
highly expressed in the two bladder cancer cell lines at the
mRNA and protein level, but not in the normal uroepithelium
cell line. The miR-96 inhibitor also significantly decreased
HERGI expression compared with SC. The results of the
dual-luciferase reporter assay indicated that miR-96 directly
targeted wild-type HERGI. In conclusion, miR-96 inhibitor
exhibited anticancer effects on bladder cancer cells by inhib-
iting proliferation and invasion of cells, and promoting their
apoptosis. HERG1 was an important target of miR-96. These
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results provided experimental evidence supporting miR-96 as
a therapeutic target for patients with bladder cancer.

Introduction

Bladder cancer is one of the most common types of malignant
tumors of the urinary and reproductive system, including
bladder urothelial cell carcinoma, squamous cell carcinoma,
adenocarcinoma and rare small cell carcinoma worldwide.
Of these subtypes, bladder urothelial cell carcinoma accounts
for 90% of cases. A series of pathogenic factors affect the
occurrence of bladder cancer, including aging, smoking and
environmental pollution (1). The mortality rate of bladder
cancer is increasing, even in childhood (1,2). The pathogenesis
of bladder cancer is complex, and involves the activation of
oncogenes and the inactivation of tumor suppressor genes.
The imbalanced activation of oncogenes and tumor suppressor
genes impairs the normal growth mechanism of cells,
leading to unrestricted cell proliferation, and increased
invasiveness (3.4).

MicroRNAs (miRNAs/miRs) are a family of endog-
enous non-coding small RNA molecules with a length of
21-25 nucleotides. miRNAs function primarily through the
targeted degradation of mRNAs and inhibition of translation
into proteins. Therefore, miRNAs have numerous biological
activities (5,6). Notably, miRNAs perform critical functions
in the occurrence and development of lung, liver, gastric,
cervical, breast, and colon cancer (7,8). Direct evidence has
also documented the abnormal expression of miRNAs in
bladder cancer tissue. miR-96 is a conserved miRNA that may
be involved in the occurrence and development of bladder
cancer (9,10). Further research also demonstrated that miR-96
was highly expressed in bladder cancer tissue and the blood
plasma obtained from patients with bladder cancer (11-13).
Yamada et al (14) confirmed that miR-96 expression in urine
samples from bladder urothelial carcinoma was signifi-
cantly increased compared with that from healthy subjects.
Therefore, miR-96 is considered to be an important tumor
diagnostic marker for bladder cancer. However, to the best of
our knowledge, the influence of miR-96 on tumor cell biology
and its mechanisms have not been reported previously. In the
present study, miR-96 was selected as the research target; the
aim was to investigate the effects of miR-96 on bladder cancer
cell proliferation, apoptosis, invasion and metastasis and
underlying mechanisms.
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Materials and methods

Cell culture. Human bladder cancer cell lines, T24 and
5637 (American Type Culture Collection, Bethesda, MD,
USA) were cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum (FBS;
Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) and
100 U/ml penicillin-streptomycin (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) in 5% CO, at 37°C. SV-HUC-1,
a normal uroepithelium cell line, was also obtained from
the American Type Culture Collection, and was used as the
control. Cells at 60% confluence were used in the following
experiments.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted according to the instruction of the
TRIzol kit (Takara Biotechnology Co., Ltd., Dalian, China)
and the purity of RNA was confirmed by optical density
(OD) at 280/260 nm. Following this, RNA was amplified
using a one-step RT-PCR kit (Dalian Baosheng Biological
Engineering Co., Ltd., Dalian, China) and PCR products were
detected using 2% agarose gel electrophoresis. The primers
were added into a 25-ul PCR reaction system following a
protocol of 94°C denaturation for 45 sec, 59°C annealing for
45 sec and 72°C extension 60 sec for 35 cycles. The primers
used are as follows: miR-96 forward, 5-TTTGGCACTAGC
ACATT-3" and reverse, 5"TTTGGCACTAGCACATT-3";
human ether-a-go-go-related (HERG1) potassium channel
forward, 5"-TCCAGCGGCTGTACTCGGGC-3' and reverse,
5"TGGACCAGAAGTGGTCGGAGAACTC-3"; and GAPDH
forward, 5'-AGCCACATCGCTCAGACA-3' and reverse
5"TGGACTCCACGACGTACT-3.

Cell transfection. When the confluence of T24 cells reached
50-70%, Lipofectamine™ 2000 (Thermo Fisher Scientific,
Inc.) was applied to assist the transfection of scrambled control
(SC) and miR-96 inhibitor. Then, 6 h later, the medium was
changed to DMEM. The miR-96 inhibitor (5-AGCAAAAAU
GUGCUAGUGCCAAA-3") (1 ul) and SC (5'-CAGUACUUU
UGUGUAGUACAA-3") were synthesized using Shanghai
GenePharma Co., Ltd. (Shanghai, China). Cells were then
cultured in DMEM containing 10% FBS for another 48 h.
RT-PCR was applied to detect miR-96 expression.

MTT assay. T24 cells were seeded in 96-well plates. When
the cell confluence reached 50-70%, Lipofectamine 2000 was
applied to transfect cells with SC and miR-96 inhibitor, as afore-
mentioned. At 6 h later, the medium was changed into DMEM.
The cells were then cultured in DMEM containing 10% FBS
for another 24, 48 and 72 h. An MTT assay was utilized to
detect cell proliferation, as previously described (15). In total,
150 u1 DMSO (Sigma-Aldrich; Merck KGaA) was added to
each well in order to dissolve formazan. The optical density
(OD) was determined using a microplate reader at 570 nm.

Flow cytometry. Following transfection with miR-96
inhibitor and SC for 48 h, the T24 cells were collected for
Annexin V-fluorescein isothiocyanate/propidium iodide (PI)
staining using the Annexin V-FITC Apoptosis Detection
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kit (cat. no. C1062; Beyotime Institute of Biotechnology,
Ningbo, China) and the proportion of apoptotic cells was
detected within 1 h using a FACSCalibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA) and data were
analyzed using CellQuest Pro (version 5.1; BD Biosciences,
Franklin Lakes, NJ, USA). Following transfection for 48 h, the
cells were collected for PI staining and the cell cycle distribu-
tion was assessed by FACSCalibur (BD Biosciences) within
1 h of staining.

Transwell assay. Following transfection with miR-96 inhibitor
and SC for 48 h, T24 cells (3x10°) were digested and seeded
into the upper chamber of Transwell with one-day starvation
of FBS (Hyclone; GE Healthcare Life Sciences). The lower
chamber contained DMEM with 10% FBS. the cells were
seeded in the upper chamber. The lower chamber contained
only DMEM. At 48 h after seeding, the cells in lower chamber
were fixed in 4% paraformaldehyde at room temperature for
30 min and stained with 1% crystal violet for 5 min at room
temperature. Images were captured using a light microscope
(magnification, x200). At least five fields in each image were
counted.

Western blotting. Following transfection with miR-96 inhib-
itor or SC for 48 h, the cells were collected for biochemical
experiments. Protein concentration was quantified using the
BCA method. An equal amount of protein per lane (20 pg)
separated using 10% SDS-PAGE. Following electrophoresis,
proteins were transferred to a nitrocellulose membrane.
Non-specific protein binding was blocked with 4% non-fat
milk (2 h at room temperature). Membranes were incubated
with anti-HERG1 (1:1,000; cat. no. ab196301; Epitomics;
Abcam, Cambridge, MA, USA) and anti-GAPDH (1:1,000;
cat. no. AG019; Beyotime Institute of Biotechnology, Haimen,
China) primary antibodies. Subsequent to rinsing with 0.1%
phosphate-buffered saline (0.1% Tween-20), the membranes
were incubated with a horseradish peroxidase-labeled
secondary antibody (1:100; cat. no. ab131368; Abcam) at
room temperature for 2 h. The signal was detected using an
Enhanced Chemiluminescence Detection kit (GE Healthcare,
Chicago, IL, USA) and scanned using ChemiDoc™ XRS
(Bio-Rad Laboratories, Inc., Hercules, CA, USA). The densi-
ties of the blots were analyzed using Quantity One analysis
(version 1.4.6; Bio-Rad Laboratories, Inc.).

Dual-luciferase reporter assay. T24 cells (3x10°) were seeded
into 24-well plates and transfected with miR-96 and/or plasmid
HERGTI using Lipofectamine 2000 according to the manufactur-
er's protocol, as aforementioned. Plasmids (cat. no. 60847, Wuhan
Miaoling Biotech Science Co., Ltd., Wuhan, China) encoding
an effective sequence to overexpress wild-type or mutant
HERGI were constructed. Experiments were divided into four
groups: miR-96 inhibitor + wild-type HERGI [pGL-ENNRA
3'-untranslated region (3'UTR)-Wt], SC + wild-type HERGI,
miR-96 inhibitor + mutated HERG1 (pGL-ENNRA 3'UTR-Mut)
and SC + mutated HERGI (Shanghai Jima Industrial Co., Ltd.,
Shanghai, China). A Dual-Luciferase® Reporter Assay system
(cat. no. E1960; Promega Corporation, Madison, WI, USA) was
used to detect luciferase activity. Following transfection for
24 h, the medium was removed, cells were washed with PBS
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Table I. miR-96 inhibitor arrests the cell cycle at the G, phase and induces apoptosis in T24 cells.

Cell cycle, %

Apoptosis, %

Group G, S G, Early Late
SC 68.38+6.69 20.13£2.01 11.49+1.15 3.35+£0.32 8.29+1.83
miRI-96 87.37+8.46 6.13+0.56* 6.50+0.58" 12.28+0.28* 19.46+1.92¢

*P<0.01, compared with SC. SC, scrambled control; miRI-96, microRNA-96 inhibitor.

and 100 pl passive lysis buffer (provided by the Dual-Luciferase®
system) was added and incubated for 10 min. Following centrifu-
gation (11,656 x g) for 10 min at 4°C and the supernatant was
collected. Next, 20 ul supernatant and 100 ul luciferase assay
reagent were mixed. Firefly luciferase activity was determined
using a Glomax 20/20 fluorescence luminometer. Next, 100 pl
Stop & Glo reagent (provided by the Dual-Luciferase system)
was added to detect Renilla luciferase activity, to which the data
were normalized.

Statistical analysis. The data are presented as the
mean =+ standard deviation. Statistical analyses of the data were
performed using one-way analysis of variance followed by a
Bonferroni post hoc test or unpaired Student's t-test (version 17,
SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

miR-96 is highly expressed in bladder cancer cell lines. As
presented in Fig. 1, miR-96 was highly expressed in T24 and
5,637 cells, particularly in T24 cells. As a control, miR-96 was
rarely expressed in the uroepithelium SV-HUC-1 cell line. In
the subsequent experiments, T24 was selected as the cell line
to be used.

Transfection with miR-96 inhibitor suppresses cell prolif-
eration, induces apoptosis, arrests cell cycle and inhibits cell
invasion. Following transfection with miR-96 inhibitor for
6 h, expression miR-96 was markedly reduced (Fig. 2A). The
effects of miR-96 inhibitor transfection on cell viability were
assessed. As demonstrated using an MTT assay, cell viability
was significantly reduced in cells transfected with the miR-96
inhibitor 24, 48 and 72 h after transfection, compared with
those transfected with SC (Fig. 2B). Following transfection
with miR-96 inhibitor for 48 h, the proliferation inhibition was
~50%, and therefore, the 48-h time point was selected for the
other experiments. The proportion of apoptosis was detected
using Annexin V-FITC/PI staining. Compared with cells
transfected with SC, miR-96 inhibitor significantly increased
the apoptosis rate (Fig. 2C and Table I). PI staining revealed
that transfection with the miR-96 inhibitor arrested the cell
cycle at the G, phase (Fig. 2D and Table I). In addition, the
Transwell assay demonstrated that transfection with a miR-96
inhibitor markedly decreased the cell invasion rate (Fig. 2E).

HERG] is highly expressed in bladder cancer cell lines. As
presented in Fig. 3, HERGI protein and mRNA was highly
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Figure 1. miR-96 is highly expressed in bladder cancer cell lines. “P<0.01 vs.
SV-HUC-1 cells. miR-96, microRNA-96.

expressed in the bladder cancer T24 and 5,637 cell lines, but
not in uroepithelium SV-HUC-1 cells.

miR-96 inhibitor regulates HERGI expression in T24 cells. As
miR-96 and HERGI were highly expressed in bladder cancer
cell lines, whether HERGI1 was regulated by the expression of
miR-96 was investigated. The T24 cell line was selected for
use in these experiments. As demonstrated in Fig. 4, transfec-
tion with the miR-96 inhibitor significantly decreased HERGI
expression at the mRNA and protein level. To assess the direct
regulation of HERGI1 by miR-96, a dual-luciferase reporter
assay was performed. As demonstrated in Fig. 5, transfection
with the miR-96 inhibitor significantly decreased the rela-
tive fluorescence in the group transfected with the wild-type
HERGI 3'UTR compared with the SC group.

Discussion

The pathogenesis of cancer is a complex process; various
aspects affect its genesis and development. A commonly held
view is that the imbalanced expression of oncogenes and
tumor suppressor genes contributes to tumor cell prolifera-
tion, and invasion. Genes promoting the tumor development
are known as oncogenes and the opposite are considered
tumor suppressor genes (16). miRNAs are a class of highly
conserved small RNAs that bind the 3'-UTR region of its
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Figure 2. Effect of miR-96 inhibitor on cell biological activities in T24 cells. (A) miR-96 inhibitor decreased miR-96 expression. (B) miR-96 inhibitor
suppressed cell proliferation. (C) miR-96 inhibitor induced apoptosis. (D) miR-96 inhibitor arrested cell cycle. (E) miR-96 inhibitor prohibited cell invasion
(magnification, x200). “P<0.01 vs. SC. miR-96, microRNA-96; SC, scrambled control; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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Figure 3. HERGI is highly expressed in bladder cancer cell lines. (A) Protein level; (B) mRNA level. “P<0.01 vs. SV-HUC-1 cells. HERGI, human

ether-a-go-go-related.

target gene and regulate the expression of target genes. The
present study demonstrated that miR-96 was a potential
pro-oncogenic factor in bladder cancer cells. Inhibition of
miR-96 expression was able to suppress cellular proliferation
and invasion, promote apoptosis, and arrest the cell cycle at
the G, phase.

Recent studies have indicated that miRNAs function either
as oncogenes or tumor suppressor genes, regulating the prolif-
eration, apoptosis, differentiation, migration and invasion of
tumor cells (17,18). miR-96 belongs to the miR-183 family, the
other two members of which are miR-182 and miR-183. These
three miRNAs are found at similar locations in the genome.
miR-96 is located at human chromosome locus 7q32.2, and
the amplification of human chromosome 7 is important in

lung cancer (19), hepatocellular carcinoma (20), prostate
cancer (21), gastric cancer (22), esophageal cancer (23), breast
cancer (24) and other types of tumor (9-13). miR-96 is highly
expressed in those types of cancer and has been considered
to be an oncogenic miRNA (25). Han et al (9) applied the
gene expression microarray to validate that miR-96 expression
was upregulated in bladder cancer tissue. Yoshino et al (13)
also confirmed that miR-96 was highly expressed in bladder
cancer tissue. Scheffer er al (12) confirmed that the expres-
sion of 22 miRNAs in bladder cancer tissues was upregulated,
including miR-96. Kriebel et al (11) reported that the expres-
sion of plasma miR-96 in patients with bladder cancer was
significantly increased. Eissa et al (26) demonstrated that
miR-96 was highly expressed in bladder cancer tissues, but



3818

A

1.59

HERG1/GAPDH

sC

Inhibitor

Figure 4. miR-96 inhibitor suppresses HERGI expression in the T24 cell line.
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not in benign bladder tumors. An additional report stated
that miR-96 levels in the urine samples of patients with
bladder cancer were increased (14). Therefore, it appears
that miR-96 may serve important roles in the development
and progression of bladder cancer. The present study demon-
strated that miR-96 expression was upregulated in bladder
cancer cell lines. These cell lines served as in vitro models,
allowing for the study of the biological activity of miR-96 in
bladder cancer.

In the present study, RT-PCR was used to detect miR-96
expression, which demonstrated high expression of miR-96 in
normal bladder cells, particularly in bladder cancer cells. In the
subsequent experiments, transfection with miR-96 inhibitor
was found to suppress the cell proliferation and invasion,
promote apoptosis and arrest the cell cycle at the G, phase.
Tumor cells must complete the cell cycle to replicate. Thus,
cells that do not pass the G, checkpoint ‘loop out’ of the cell
cycle and into a resting state termed the G, phase. Data from
the present study were consistent with a previously published
study, in which it was verified that transfection with miR-96
inhibitor arrested the Panc-1 cells at the G, phase and inhib-
ited cellular proliferation (27). Apoptosis is a process of
programmed cell death that occurs in multicellular organisms.
In tumor cells, apoptosis is impaired, leading to unrestricted
cell proliferation (28). Apoptosis is a method of eliciting cell
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death of cancer cells during chemotherapy or radiotherapy (29).
The present study also found that miR-96 inhibitor promoted
apoptosis of bladder cancer cells. In addition, transfection with
the miR-96 inhibitor also prohibited the migration of bladder
cancer cells. Consistently, Yu er al (30) also verified that trans-
fection with the miR-96 inhibitor suppressed the invasion of
renal cancer cell lines Caki-1 and 786-0.

Previous studies indicated that potassium ion channels
serve important roles in the process of cellular prolifera-
tion (31,32). In addition, calcium and chloride channels also
have roles in the occurrence and development of tumors (33).
The HERGI channel is a potassium ion channel and a member
of the fast delayed rectifier voltage-gated potassium ion family.
HERGI is located on chromosome 7q35-36 and was identified
by Warmke and Ganetzky in 1994 (34) in Drosophila and in
mammals. HERGI consists of six transmembrane proteins,
and is inward-rectifying and ion-selective. HERGI regulates
the entry of calcium into the cell, promotes calcium second
messenger signaling transduction, regulates cytoskeletal
changes, and alters cellular proliferation and migration (31,32).
HERGI was initially reported to serve important roles in the
process of repolarizing cardiac membrane potential (32).
HERGI1 was identified to be highly expressed in various
tumor tissues, and was closely associated with tumor cell
proliferation, apoptosis, differentiation, migration and
invasion (35-37).

Downregulation of HERGI in tumor cells can inhibit the
proliferation, migration and invasion of tumor cells, all of
which are malignant biological activities (38). The present
study screened the expression of HERGI in bladder cancer T24
and 5,637 cell lines, and the normal uroepithelium SV-HUC-1
cell line. The results of the current study revealed that HERG1
expression was significantly increased in bladder cancer cell
lines compared with that in SV-HUC-1 cells. Bioinformatic
analysis has demonstrated that HERGI may be a target
gene of miR-96 (39). The present study also utilized a dual
luciferase reporter assay to verify that HERGI was a target
gene of miR-96. In addition, results of western blot analysis
and RT-PCR also revealed that miR-96 inhibitor significantly
reduced HERGI expression.

The present study demonstrated that miR-96 was highly
expressed in bladder cancer cell lines. miR-96 inhibition
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resulted in a number of anticancer effects on bladder cancer
cells, including inhibition of proliferation and invasion, and
promotion of apoptosis. Notably, evidence revealed that
HERGI was a target of miR-96. These results provided
experimental evidence that support the role of miR-96 as a
therapeutic target for bladder cancer.
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