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MicroRNA-193b regulates human ovarian
cancer cell growth via targeting STMN1
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Abstract. Ovarian cancer is the eighth most common malig-
nancy among women worldwide. Ovarian cancer exhibits
no obvious symptoms in the early stage of tumorigenesis and
currently, no effective methods for the early detection and treat-
ment of ovarian cancer have been established. Therefore, the
identification of novel targets is critical to the early diagnosis
and clinical treatment of ovarian cancer. microRNAs (miRs) are
small non-coding RNAs, which serve an important biological
role in a number of physiological processes and in oncogenesis.
Previous studies have reported that miRNA-193b is dysregulated
in a variety of types of human cancer. However, the roles of
miRNA-193b in human ovarian cancer has not been determined.
The present study investigated the roles of miRNA-193b in
human ovarian cancer cells. Reverse transcription-quantitative
PCR results indicated that the expression of miRNA-193b in
ovarian cancer cells was significantly down-regulated compared
with non-malignant cells. Cell counting kit-8 results indicated
that the up-regulation of miRNA-193b inhibited ovarian cancer
cell proliferation and induced ovarian cancer cell apoptosis.
The present study also indicated that stathmin 1 (STMN1)
was a direct target of miRNA-193b, and the up-regulation of
miRNA-193b significantly decreased the expression of STMNI1
in ovarian cancer cells. In conclusion, the results demonstrated
that miRNA-193b serves as a tumor suppressor in human
ovarian cancer by inhibiting cell proliferation and inducing
cell apoptosis. Therefore, the assessment of miRNA-193b may
provide insight into a novel diagnostic biomarker and potential
therapeutic target for patients with ovarian cancer.

Introduction

Ovarian cancer is the eighth most common malignancy among
women worldwide, and is also the eighth leading cause of
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cancer associated mortality in women (1). A previous study
has indicated ~295,414 new patients with ovarian cancer
patients were diagnosed and ~184,799 women die due to
ovarian cancer every year (1). The high mortality that accom-
panies ovarian cancer is due to lack of obvious symptoms and
effective methods for the early detection of the disease (2). The
current treatments for ovarian cancer are surgery and chemo-
therapy, but the prognosis of ovarian cancer is poor and the
5-year survival rate is only ~44% (1). Therefore, the investiga-
tion into mechanisms underlying the pathogenesis of ovarian
cancer tumorigenesis and the development of novel and effec-
tive methods for the treatment of patients with ovarian cancer
patients are urgently required.

microRNAs (miRNAs) are a series of small, conserved
on-coding short RNAs, and miRNAs are formed by 18 to
25 nucleotides in length (3). Previous studies have indicated
that miRNAs are dysregulated in a number of human cancers,
and regulated the target gene expression by binding to the
3" untranslated region (UTR) of target messenger RNAs
(mRNAs). Therefore, miRNAs have been suggested to regu-
late human cancer cell growth and differentiation (4-8). A
previous study has also indicated that miRNAs can regulate
human tumorigenesis (9). In a variety of human tumor types,
distinct miRNA expression profiles have been identified, which
have been associated with tumor histological subtypes (10).
Therefore, miRNAs can be used as biomarkers for the diag-
nosis and prognosis of a number of cancer types. A growing
body of evidence has suggested that miR-193b is significantly
down-regulated compared with non-cancerous tissues in a
number of human cancer types, including: Liver cancer, lung
cancer, pancreatic cancer, esophageal squamous cell carci-
noma, cervical cancer and ovarian cancer (11-15). Studies have
also demonstrated that miR-193b played as a tumor-suppressive
miRNA in human cancer by regulating cancer cell prolif-
eration, migration, invasion and metastasis (11-15). Although
these studies reported that the expression of miR-193b is
altered in a number of cancers, including in ovarian cancer,
the roles of miR-193b in ovarian cancer have not, to the best of
our knowledge, yet been fully determined.

The current study investigated the biological effects of
miR-193b in ovarian cancer cells, and studied the under-
lying molecular mechanisms. The results demonstrated that
miR-193b was down-regulated in ovarian cancer cells and
regulated ovarian cancer cell proliferation and apoptosis
by targeting the stathmin 1 (STMN1) gene. These findings
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provide insights into the development of potential diagnostic
and therapeutic tools for use in the treatment of ovarian cancer
in the future.

Materials and methods

Cells culture. A2780cp, A2780s, SKOV3 and CAOV3 cells
were purchased from the American Type Culture Collection.
Human ovarian epithelium cell line HOEC was also
purchased from ATCC. All cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Invitrogen; Thermo
Fisher Scientific, Inc.) supplemented with 10% fetal bovine
serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.),
1% penicillin (Invitrogen; Thermo Fisher Scientific, Inc.) and
1% streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.)
in a humidified incubator with 5% CO,at 37°C.

Transfection. miR-negative control (NC), miR-193b mimic,
miR-193b inhibitor and inhibitor control were purchased from
Ambion; Thermo Fisher Scientific, Inc. The miR-193b mimic
or inhibitor were diluted in Opti-MEM medium (Invitrogen;
Thermo Fisher Scientific, Inc.) at room temperature (RT) for
15 min. A2780cp, A2780s and CAOV3 cells were transfected
with miR-NC or miR-193b, while HOEC cells were transfected
with miR-193b inhibitor or inhibitor control and cultured for
48 h. Transfection was performed using Lipofectamine® 3000
(Thermo Fisher Scientific, Inc) according to the manufacturer's
recommendations.

Cell viability detection assay. The Cell Counting Kit-8
(CCK-8) assay (Beyotime Institute of Biotechnology) was
performed to measure cell viability according to the manu-
facturer's recommendations. Mock or transfected cells were
seeded and cultured. Subsequently, 10 I CCK-8 was added
into the cell culture medium and incubated at 37°C for an addi-
tional 4 h. Subsequently, absorbance was measured at 450 nm
using a plate reader (Molecular Devices, Spectramax).

Cell apoptosis assay. Mock or transfected cells were seeded
and cultured. Ovarian cancer cell apoptosis was measured
using the Apo-ONE Homogeneous Caspase-3/7 Assay kit
(Promega Corporation) according to the manufacturer's
instructions. CellTiter-Blue (Promega Corporation) was used
to measure cell number. The relative Caspase-3/7 activity was
calculated using the ratio of Apo-ONE and CellTiter-Blue
signals.

RNA extraction and reverse transcription-quantitative
(RT-q) PCR. Total RNA was isolated from mock or trans-
fected ovarian cancer cells using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
recommendations. miRNA complementary DNA (cDNA) was
converted from total RNA by using a PrimeScript miRNA
cDNA Synthesis Kit (cat. no. D350A; Takara Biotechnology
Co., Ltd.). miR-193b quantification was performed using
specific primers and probes using TagMan MicroRNA
Assays (cat. no. 4426961; Applied Biosystems, Thermo Fisher
Scientific, Inc.); RNA U6 was used as the internal control. The
primer sequences for U6 were: Forward: 5'-GTGCTCGCT
TCGGCAGCACATATAC-3' and reverse: 5~AAAAATATG
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Figure 1. The relative expression of miR-193b in human ovarian cancer
cells. The expression of miR-193b was measured using reverse transcription-
quantitative-PCR assay. The relative expression was normalized with U6
and the data were presented as the mean + standard deviation. "P<0.05. miR,
microRNA.

GAACGCTCACGAATTTG-3'. Relative mRNA expression
was calculated by using the 2°444 method.

Bioinformatics analysis. To identify the potential target of
miR-193b, genes were predicted by searching targetscan
(http://www.targetscan.org) and mirbase targets (http:
/lmicrorna. sanger.ac.uk/cgi-bin/targets/v5/search.pl). STMNI1
was predicted to be a target of miR-193b.

Luciferase reporter assay. A fragment from the 3'UTR
of STMNI gene containing the predicted binding site of
miR-193b was amplified using PCR from genomic DNA. The
amplified fragment was cloned into the UTR downstream
of the luciferase gene in the pMIR-reporter luciferase vector
(Ambion; Thermo Fisher Scientific, Inc.). A corresponding
mutant construct was used as the control. Ovarian cancer
cells were co-transfected with the testing firefly luciferase
reporter plasmid together with a Renilla luciferase plasmid.
Dualluciferase activities were measured by using a Dual-Glo
Luciferase Assay System (Promega Corporation). Results
were presented as the ratio between the treatment and the
control group.

Western blot assay. Total protein was extracted by using RIPA
lysis buffer (Beyotime Institute of Biotechnology) according
to the manufacturer's recommendations. Extracted proteins
were separated on a 10% SDS-PAGE gel and transferred to
a PVDF membrane (GE Healthcare). The PVDF membrane
was then blocked with 5% BSA for 2 h at RT and incubated
with antibodies against STMNI (cat. no. 3352; Cell Signaling
Technology, Inc.) and GAPDH (cat. no. 2118; Cell Signaling
Technology, Inc.) at a 1:1,000 dilution for 2 h at RT. The
membrane was then washed and further incubated with the
secondary antibody (cat. no. 7074; Cell Signaling Technology,
Inc.) at a 1:1,000 dilution for 2 h at RT. The bands were then
detected by using the Novex ECL HRP chemiluminescent
substrate reagent kit (Invitrogen; Thermo Fisher Scientific,
Inc.).

Statistical analysis. All data were analyzed using a one-way
ANOVA and Tukey's HSD test (post hoc test). Statistical
analyses were performed using SPSS Statistics v19. The data
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Figure 2. miR-193b inhibits ovarian cancer cell growth. (A) The expression of miR-193b in ovarian cancer cells was measured using RT-qPCR assay. (B) The
expression of miR-193b in transfected ovarian cancer cells was measured using RT-qPCR assay. (C) The upregulation of miR-193b significantly inhibited
A2780s cell proliferation. (D) The upregulation of miR-193b significantly inhibited A2780cp cell proliferation. (E) The upregulation of miR-193b significantly
inhibited CAOV3 cell proliferation. (F) The downregulation of miR-193b significantly induced HOEC cell proliferation. The data were presented as the
mean + standard deviation. "P<0.05. miR, microRNA; NC, negative control; OD, optical density; RT-q, reverse transcription-quantitative.

were expressed as the mean =+ standard deviation (SD). P<0.05
was considered to indicate a statistically significant difference.
All experiments were performed in triplicate.

Results

miR-193b is down-regulated in ovarian cancer cells. To inves-
tigate the biological roles of miR-193b in ovarian cancer, the
expression level of miR-193b in a number of ovarian cancer
cell lines was measured by using RT-qPCR assay. As presented
in Fig. 1, the expression of miR-193b in ovarian cancer cells
(A2780cp, A2780s, SKOV3 and CAOV3) was significantly
down-regulated compared with the non-malignant HOEC
cell line (all, P<0.05; Fig. 1). These results suggested that the
down-regulation of miR-193b may be associated with the
development of ovarian cancer.

Effects of miR-193b transfection on ovarian cancer cell prolif-
eration.Toinvestigate the effects of miR-193b on ovarian cancer

cell proliferation, a CCK-8 assay was performed. RT-qPCR
results indicated miR-193b mimic or inhibitor transfection
significantly regulated the expression of miR-193b in ovarian
cancer cells (P<0.05; Fig. 2A and B). CCK-8 assay results
demonstrated that the up-regulation of miR-193b inhibited the
proliferation of A2780s (P<0.05; Fig. 2C), A2780cp (P<0.05;
Fig. 2D) and CAOV3 (P<0.05; Fig. 2E) compared with mock
cells. In parallel, the miR-193b inhibitor or inhibitor control
was transfected into HOEC cells to investigate the effects
of miR-193b in normal ovary epithelial cell. As presented in
Fig. 2F, the down-regulation of miR-193b increased HOEC
cell proliferation (P<0.05). The miR-NC and inhibitor control
transfection was not indicated to affect ovarian cancer cell
proliferation. Therefore, miR-193b inhibited the on ovarian
cancer cell proliferation in vitro.

Effects of miR-193b transfection on ovarian cancer cell
apoptosis. To investigate whether miR-193b regulated
ovarian cancer cell proliferation through the induction of cell
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Figure 3. The caspase-3/7 activity in mock and transfected human ovarian
cancer cells. The data were presented as the mean + standard deviation.
“P<0.05. miR, microRNA; NC, negative control.

apoptosis, a cell apoptosis assay was performed. As presented
in Fig. 3, the induction of miR-193b significantly induced
ovarian cancer cell apoptosis compared with the mock ovarian
cancer cells (P<0.05; Fig. 3), and the miR-NC transfection did
not affect ovarian cancer cell apoptosis (P>0.05; Fig. 3).

STMNI is a direct target of miR-193b. The results of the current
study indicated that miR-193b regulated ovarian cancer cell
proliferation and apoptosis, therefore, the present study aimed
to determine the downstream target of miR-193b in ovarian
cancer cells. By using prediction programs, STMNI1 was indi-
cated as a potential target of miR-193b (Fig. 4A). Western blot
results showed that the expression of STMN1 was significantly
increased in ovarian cancer cells compared with the non-malig-
nant HOEC cell line (Fig. 5A). To confirm whether STMNI1 is
a direct target of miR-193b in ovarian cancer cells, miR-193b
and luciferase reporter plasmids were co-transfected with wild
type (WT) or mutant type (Mut) 3'-UTRs of STMNI, into
ovarian cancer cells, and the luciferase value was measured.
As presented in Fig. 4B, miR-193b remarkably decreased the
luciferase activity in the WT group but not in the Mut group
in ovarian cancer cells. The results suggested that STMNI1 is a
direct target of miR-193b in ovarian cancer cells.

miR-193b modulated ovarian cancer cell growth through
targeting STMNI. To investigate whether miR-193b regulated
ovarian cancer cell growth through targeting STMNI, a
western blot assay was performed. Ovarian cancer cells were
transfected with miR-193b mimic or miR-NC and cultured
for 48 h, and the expression of STMNI1 was determined. The
results indicated that the up-regulation of miR-193b decreased
the expression of STMNI in ovarian cancer cells, while
miR-NC transfection did not affect the expression of STMN1
in ovarian cancer cells (Fig. 5B). These results suggested that
miR-193b modulated ovarian cancer cell growth through
targeting STMNI.

Discussion

Ovarian cancer exhibits the eighth highest mortality rate in
women worldwide (1). Despite the low prevalence rate, the
majority of patients exhibit cancer recurrence and cancer-asso-
ciated mortality (16). Therefore, the investigation into the

3313

A Predicted consequential pairing
of target region and miRNA

hsa-miR-193b |3’ UCGCCCUGAAACUCC‘CGGUCAA 5
Al

STMN1WT |5 UGGAUUCUAAUACCA 3
STMN1 mut |5 UGGAUUCUAAUACCACCGUGUA 3
150 -
BA DA2780s

2 BA2780cp

£

=

‘g 100

@

8

&

E 50

-_— - ]

g :

a

]

i

miR-NC miR-193b miR-NC miR-193b

STMMNIWT  STMN1TWT  STMN1 mut  STMN1 mut
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Figure 5. miR-193b regulates STMN1 expression in human ovarian cancer
cells. (A) The STMNI expression in human ovarian cancer cells and the
non-malignant cells. (B) Upregulation of miR-193b decreased the expres-
sion of STMNI expression in human ovarian cancer cells. miR, microRNA;
STMNI, stathmin 1; NC, negative control.

mechanisms underlying the pathogenesis of ovarian cancer
is urgently required. A number of studies have indicated that
miRNAs are associated in the pathogenesis of human cancers,
indicating that they contributed to the cancer cell prolifera-
tion, differentiation, cell cycle and apoptosis and also serve as
oncogenes and tumor suppressors (17-19). Recent studies
have indicated that miR-193b is dysregulated and serves as a
tumor suppressor in patients exhibiting a variety of primary
tumors, including breast cancer, gastric cancer, cervical
cancer, prostate cancer and ovarian cancer (11-15,20-23).
Wau et al reported that the expression of miR-193b was signifi-
cantly down-regulated in endometrioid adenocarcinoma (24).
Rauhala et al reported that miR-193b is a tumor suppressor
in prostate cancer (25). Chen et al revealed that miR-193b
was significantly down-regulated in melanoma tissues, and
the up-regulation of miR-193b decreased cell proliferation
by regulating cyclin D1 (26). Li et al indicated that miR-193b
was a novel biomarker for patients with ovarian cancer (27).
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However, the role of miR-193b in ovarian cancer is yet to be
determined.

In the present study, miR-193b was demonstrated to be
down-regulated in human ovarian cancer cells compared
with non-malignant cells. Therefore, it was hypothesized that
miR-193b may act as a tumor suppressor in the development of
ovarian cancer. The current study indicated that the up-regu-
lation of miR-193b inhibited ovarian cancer proliferation and
induced ovarian cancer apoptosis. The results also revealed that
the down-regulation of miR-193b increased the non-malignant
HOEC cell proliferation. Further study indicated that STMN1
is a direct target of miR-193b in human ovarian cancer cell.
STMNI, which is also known as metablastin and oncoprotein
18, is a protein that is encoded by the STMNI1 gene. STMNI is
highly conserved and is important for the regulation of the cell
cytoskeleton (28). STMNI encode for s a cytosolic phosphopro-
tein, and this protein serves an important role in the function
of the mitotic spindle (29). Therefore, it can be suggested that
STMNI serves an important role in the regulation of cell
growth (30). Previous studies have indicated that STMNI is
over-expressed in many types of human cancer types, including
in hepatocellular cancer, gastric cancer, breast cancer and pros-
tate cancer (31-34). STMNI has also been suggested to be an an
oncogene in human cancer. In the current study, the expression
of STMNI was indicated to be up-regulated in human ovarian
cancer cells, and the up-regulation of miR-193b significantly
decreased the expression of STMNI in human ovarian cancer
cells. Based on these findings, it can be suggested that the
up-regulation of miR-193b effectively regulated ovarian cancer
cell growth, at least in part, through the inhibition of STMN1
expression. However, ovarian tumorigenesis is a complicated
process and a lot of other factors are involved within this, and
whether STMNI is the key targeting gene of miR-193b requires
further investigation.

In conclusion, our study revealed that miR-193b was
down-regulated in human ovarian cancer cells and the regula-
tion of miR-193b regulated human ovarian cancer cell growth
through targeting STMNI. These results provide novel infor-
mation into the molecular mechanism underlying the effects of
miR-193b on human ovarian cancer cells, and suggest that the
regulation of miR-193b may benefit ovarian cancer treatment
in the future.
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