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Increasing evidence indicates that the dysregulation of microRNAs is associated with the development and pro-
gression of various cancers. MicroRNA-139-5p (miR-139-5p) has been reported to have a tumor suppressive
role in many types of cancers. The role of miR-139-5p in ovarian cancer (OC) is poorly understood. The purpose
of the present study was to explore the expression of miR-139-5p and its function in OC. The results showed
that miR-139-5p expression was markedly downregulated in OC tissues and cell lines. In addition, under-
expression of miR-139-5p was significantly associated with FIGO stage, lymph mode metastasis, and poor
overall survival of OC patients. Functional analyses indicated that overexpression of miR-139-5p significantly
inhibited proliferation, colony formation, migration, and invasion of OC cells. Rho-associated coiled-coil-
containing protein kinase 2 (ROCK?2) was identified as a direct target of miR-139-5p using luciferase reporter
assays, qualitative real-time reverse transcriptase PCR (qQRT-PCR), and Western blot. In addition, ROCK2
expression was upregulated and was inversely correlated with miR-139-5p levels in OC tissues. Rescue experi-
ments showed that overexpression of ROCK2 effectively reversed the inhibitory effect of OC cells induced by
miR-139-5p. Most interestingly, in vivo studies indicated that miR-139-5p markedly suppressed the growth of
tumors by repressing ROCK?2 expression in nude mice. Taken together, these findings demonstrated that miR-
139-5p plays an important tumor suppressor role in OC by directly binding to ROCK?2, providing a novel target

for the molecular treatment of OC.
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INTRODUCTION

Ovarian cancer (OC) is a gynecological malignancy
with high mortality rates worldwide'. Although great
efforts have been made in the treatment of OC, the 5-year
survival rate for all stages is 35%—38%, mainly due to
late diagnosis, easy spreading, and rapid development of
chemoresistance™’. To improve the survival of patients
with OC, there is an urgent need to explore the key
molecular mechanisms of OC initiation and development
to find new strategies and therapeutics.

MicroRNAs (miRNAs), a conserved class of small
noncoding RNAs consisting of 18-25 nucleotides in length,
have been the active focus as an anticancer therapy in
recent years"’. By binding to the 3’-untranslated region
(3’-UTR) of mRNA sequences of their target genes,
miRNAs have been reported to participate in a variety of
biological processes, such as cell proliferation, cycle, dif-
ferentiation, apoptosis, fat metabolism, oncogenesis, and
drug resistance®’. miRNAs are aberrantly expressed in
various cancers and function as oncogenes or tumor sup-
pressors due to their ability to regulate numerous other

oncogenes or tumor suppressors®”’. Although a number of
miRNAs have been found to regulate the procession and
development of OCs'*", effective and clinically applica-
ble therapy targets against OC are yet to be developed.

Several laboratories have explored the suppressor roles
of miR-139-5p in multiple types of cancers, such as colo-
rectal cancer'?, breast cancer", hepatocellular carcinoma',
oral tongue squamous cell carcinoma®, bladder cancer'’,
esophageal squamous cell carcinoma'’, and non-small cell
lung cancer'®. However, the role of miR-139-5p in OC is
still unknown. Therefore, the purposes of the present study
were to investigate the expression of miR-139-5p status in
OC tissues and cell lines and to test its role in OC growth
and metastasis, as well as to determine its underlying molec-
ular mechanism in OC.

MATERIALS AND METHODS
Patients and Tissue Samples

Biopsy samples of OC tissues and paracancerous tis-
sues were obtained from 46 patients who underwent sur-
gery at the First Affiliated Hospital of Jilin University
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(Changchun, Jilin, P.R. China). The paracancerous tis-
sues were 3 cm from the edge of the tumor, and there
were no obvious tumor cells, as evaluated by an experi-
enced pathologist. After surgery, all samples were imme-
diately frozen in liquid nitrogen and stored at —80°C until
use. Written informed consent was obtained from all
subjects prior to the study. This study was approved by
the Research Ethics Committee of the First Hospital, Jilin
University (Changchun, P.R. China).

Cell Culture and Transfection

All cell lines (human OC cell lines SKOV3, A2780,
OVCAR, and HO-8910, and a human ovarian surface
epithelial cell line HOSEpiC) were purchased from the
Tumor Cell Bank of the Chinese Academy of Medical
Science (Beijing, PR. China). All cells were routinely
cultured in Roswell Park Memorial Institute (RPMI)-
1640 medium (Gibco BRL, Gaithersburg, MD, USA)
containing 10% fetal bovine serum (FBS; HyClone,
Logan, Utah, USA) and 1% penicillin/streptomycin in
a humidified incubator at 37°C and supplemented with
5% CO,.

miR-139-5p mimics or corresponding negative con-
trol mimics (miR-NC) were obtained from GenePharma
(Shanghai, PR. China). The Rho-associated coiled-coil-
containing protein kinase 2 (ROCK2) overexpression
plasmid (pCDNA3.1-ROCK?2, without 3’-UTR) were
given by Dr. Gou Long (Jilin University, PR. China).
SKOV3 cells were seeded in 24-well plates at a density
of 2x 10" cells/well and incubated for 24 h. Then cells
were transfected with miRNA mimics/NC (100 mM) or
vectors (5 pg) using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) in serum-free medium according to
the manufacturer’s protocol.

RNA Extraction and Quantitative Real-Time Reverse
Transcriptase PCR (qRT-PCR) Analysis

Total RNA was extracted from cultured cells or tissues
using TRIzol reagent (Life Technologies, Carlsbad, CA,
USA) according to the manufacturer’s protocol. RNA
quantity was measured by a SmartSpec Plus spectropho-
tometer (Bio-Rad, Hercules, CA, USA). RNA purity was
evaluated by the A260/A280 ratio. The relative expression
of miR-139-5p was detected using a SYBR PrimeScript
miRNA RT PCR Kit (Takara, Dalian, P.R. China) in
accordance with the manufacturer’s instructions, and U6
small nuclear RNA (snRNA) was used as an internal con-
trol. The specific primers of miR-139-5p and U6 were
brought from Applied Biosystems (Foster City, CA, USA).
For quantitative ROCK2 mRNA level, 2 pg of total RNA
was reverse transcribed into cDNA using PrimeScript RT
Reagent Kit with oligodT primer (Takara). Quantitative
real-time PCR analysis was performed with SYBR Green
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Real-Time Master Mix (Toyobo, Co., Ltd, Osaka, Japan).
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal control. qRT-PCR and data col-
lection were performed on an Applied Biosystems 7900
Sequence Detection System (Applied Biosystems). Primers
of ROCK2 and GAPDH were used in this study as
described previously". The relative expression of miR-
139-5p and ROCK2 mRNA was normalized to that of U6
or GAPDH using the 27**Ct method.

Cell Proliferation and Colony Formation Assays

The cell proliferation assay was performed using the
Cell Counting Kit-8 (CCK-8; Dojindo, Japan) according
to the manufacturer’s instructions. The optical density
(OD) value of each well was measured at 450 nm using a
microplate spectrophotometer (Bio-Tek Instruments Inc.,
Winooski, VT, USA). For the colony formation assay, the
methods were as previously described™.

Cell Migration and Invasion Assays

Cell migration was determined by wound healing
assay as previously described”. The invasion assay was
performed in triplicate using the 24-well Boyden chamber
with 8-um pore size polycarbonate membrane (Corning,
Corning, NY, USA). Briefly, transfected cells (5% 10%
were plated into the upper chamber of the Boyden
chambers coated with Matrigel in 200 pl of serum-free
medium. Complete medium (600 ul) containing 10%
FBS was added to the bottom chamber as a chemoattrac-
tant. Twenty-four hours after incubation, the noninvad-
ing cells in the upper chamber were removed with cotton
swabs, whereas invaded cells on the bottom surface of
the chamber were fixed, stained with Giemsa, and counted
using Image] software (NIH, Bethesda, MD, USA).

Dual-Luciferase Reporter Assay

ROCK2 was identified as a miR-139-5p target in
TargetScan7.1 (http://www.targetscan.org/vert_71/). The
wild-type (Wt) and mutant DNA sequences of ROCK2
were custom synthesized by GeneChem Co., Ltd
(Shanghai, P.R. China) and cloned into the pGL3-control
vector (Ambion, Austin, TX, USA) at the Nhel and Xhol
restriction sites. Then SKOV3 cells were cotransfected
with 100 ng of the above-described luciferase-ROCK?2
mRNA 3’-UTR constructs and with 50 nM of either miR-
139-5p mimics or miR-NC together with the Renilla
luciferase construct, respectively, using Lipofectamine
2000 (Invitrogen). Forty-eight hours later, the cells
were collected, and the luciferase and Renilla luciferase
activities were determined using the Dual-Luciferase
Reporter Assay System (Promega, Madison, WI, USA).
Firefly luciferase activity was normalized to Renilla
luciferase activity.
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Western Blot Analysis

Total proteins were extracted from tissue samples or
cultured cells using lysis buffer (Beyotime Institute of Bio-
technology, Haimen, P.R. China) on ice for 20 min and
were centrifuged 3,000x g at 4°C. The protein concen-
trations were determined using bicinchoninic acid (BCA
Protein Assay Kit; Pierce, Rockford, IL, USA). Equal quan-
tities of denatured protein samples were separated by 10%
sodium dodecyl sulfate-polyacrylamide electrophoresis
(SDS-PAGE) gels and transferred onto nitrocellulose
membrane (Amersham BioSciences, Buckinghamshire,
UK). After blocking with 5% nonfat milk, the blots were
incubated with the following primary antibodies: anti-
ROCK?2 (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), anti-Ki-67, and anti-GAPDH (Santa Cruz Biotech-
nology) followed by horseradish peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology). GAPDH
was used as a loading control. The protein bands were
detected by SuperSignal West Pico Chemiluminescent
Substrate Kit (Pierce). Protein expression levels were
detected using Image Lab software (Bio-Rad).

Immunohistochemistry (IHC)

The tumor tissues were fixed in formalin, embed-
ded in paraffin, sectioned, and then heat immobilized
or pepsin immobilized in accordance with the manufac-
turer’s instructions. The slides were stained with hema-
toxylin and eosin (H&E) or incubated with antibodies
against ROCK2 (Santa Cruz Biotechnology). Staining
was then performed using an IHC detection kit (Mingrui
Biotechnology, Shanghai, P.R. China).

Tumor Xenografts

Stable cell lines with high expressions of miR-
139-5p and miR-NC were established by transfecting
SKOV3 cells with miR-139-5p mimics or miR-NC. Up
to 2x 10° cells stably expressing miR-139-5p or miR-NC
were mixed with Matrigel and injected into 6-week-
old female BALB/c mice (18-25 g; five mice in each
group; the Laboratory Animal Center of Jilin University,
Changchun, P.R. China ), respectively. The mice were
monitored, and the tumor size was determined by mea-
suring the tumor width (W) and length (L) every 7 days
using a vernier caliper and calculating with the formula:
volume (mm®)=1/2xW*xL. Five weeks after inocula-
tion, the mice were euthanized using a subcutaneous
injection with sodium pentobarbital (50 mg/kg), and the
tumor tissues were stripped and weighed. The mice used
in the experiments were handled in accordance with the
guidelines set forth by the Ethics Committee of the Jilin
University. All animal experiments were approved by the
Animal Care and Use Committee and by the local ethics
committee of Jilin University.
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Statistical Analysis

Unless specified otherwise, data were presented as
the mean=standard deviation (SD) from at least three
separate experiments. Differences among groups were
evaluated by two-tailed Student’s t-test or a one-way
analysis of variance (ANOVA) using the SPSS Statistics
v20.0 software package (SPSS Inc., Chicago, IL, USA).
The Kaplan—Meier method was used for analyzing sur-
vival data. Associations of miR-139-5p expression and
ROCK?2 expression were estimated using Pearson’s cor-
relation analysis. In all cases, a value of p<0.05 was con-
sidered statistically significant.

RESULTS

miR-139-5p Is Upregulated in OC and Correlated
With Poor Survival

To analyze the expression of miR-139-5p, qRT-PCR
was performed on 46 OC tissues paired with normal
ovarian tissues. As shown in Figure 1A, miR-139-5p
expression was significantly lower in cancer tissues than
those of their paired normal tissues. In agreement with
these observations, downregulation of miR-139-5p was
also confirmed in four OC cell lines (SKOV3, A2780,
OVCAR, and HO-8910) compared with a human ovar-
ian surface epithelial cell line HOSEpiC (Fig. 1B). We
also found that the expression levels of miR-139-5p in
advanced International Federation of Gynecology and
Obstetrics (FIGO) stage (III-IV) were significantly
downregulated compared with those in low FIGO stage
(I and II) (Fig. 1C). Consistent with the above results,
miR-139-5p levels in tissues with lymph node metas-
tases were markedly decreased compared to the tissues
without lymph node metastases (Fig. 1D). Kaplan—-Meier
analysis indicated that the 5-year overall survival rates of
OC patients with high miR-139-5p expression was sig-
nificantly decreased compared to patients with low miR-
139-5p expression (Fig. 1E). Taken together, these results
strongly suggest that miR-139-5p is correlated with poor
prognosis and is downregulated in OC.

miR-139-5p Inhibits OC Cell Proliferation, Migration,
and Invasion In Vitro

To evaluate miR-139-5p’s biological function in OC,
the SKOV3 cells were transfected with miR-139-5p
mimics or miR-NC, and then cell proliferation, colony
formation, migration, and invasion were determined. qRT-
PCR results showed that SKOV3 cells transfected with
miR-139-5p mimics significantly enhanced miR-139-5p
expression compared with cells transfected with miR-NC
(Fig. 2A). We then used the CCK-8 assay to assess the
effects of miR-139-5p on cell proliferation. The result
showed that miR-139-5p overexpression significantly
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Figure 1. Identification of the expression of miR-139-5p in ovarian cancer (OC) tissues and cell lines. (A) The expression level of
miR-139-5p was measured in 46 pairs of OC tissues and adjacent normal tissues by qualitative real-time reverse transcriptase PCR
(qRT-PCR). (B) The expression of miR-139-5p was detected using qRT-PCR in four OC cell lines (SKOV3, A2780, OVCAR, and
HO-8910) and a human ovarian surface epithelial cell line HOSEpiC. (C) Relative miR-139-5p expression in human OC tissues with
different International Federation of Gynecology and Obstetrics (FIGO) stages. (D) Relative miR-139-5p expression in human OC
tissues with or without lymph node metastasis. (E) Kaplan—-Meier survival curves for OC patients were plotted based on high or low

miR-139-5p. *#p<0.01.

decreased cell proliferation of SKOV3 cells (Fig. 2B).
This result was further confirmed by the colony forma-
tion assay (Fig. 2C). Next, we investigated the potential
effect of miR-139-5p on cell motility and invasiveness.
We found that overexpression of miR-139-5p signifi-
cantly decreased the migration and invasion of SKOV3
cells (Fig. 2D and E). Collectively, these data clearly
show that miR-139-5p can inhibit OC cell proliferation,
migration, and invasion.

ROCK? Is a Direct Target of miR-139-5p in OC Cells

To identify a direct target gene of miR-139-5p, we
used a bioinformatic prediction software (TargetScan)
and selected ROCK2 as a potential downstream target
gene, as shown in Figure 3A. To further confirm target-
ing of ROCK2 by miR-139-5p, luciferase activity assay
was performed. Our results demonstrate that miR-139-5p
obviously inhibited the luciferase activity of the Wt of
ROCK?2-3"UTR, but not that of the mutant-type (Mut) of
ROCK2-3’UTR (Fig. 3B). Subsequently, we examined
the ROCK2 expression by both mRNA and protein levels
in SKOV3 cells transfected with miR-139-5p or miR-NC
and found that ROCK2 expression at both mRNA and
protein levels was downregulated in SKOV3 cells trans-
fected with the miR-139-5p mimics compared to cells

transfected with the miR-NC (Fig. 3C and D). These
results suggested that ROCK?2 might be a target of miR-
139-5p in OC cells.

ROCK?2 Was Upregulated and Negatively Correlated
With miR-139-5p in Ovarian Cancer Tissues

To further explore the relationship between miR-
139-5p and ROCK?2, we examined the mRNA expression
of ROCK2 in OC tissues, and tissues adjacent to OC,
by qRT-PCR. As shown in Figure 4A, ROCK2 mRNA
expression was higher in OC tissues than in adjacent
normal tissues. IHC further confirmed that ROCK2 pro-
tein expression was increased in OC tissues compared to
adjacent normal tissues (Fig. 4B). Pearson’s correlation
analysis demonstrated that ROCK2 mRNA expression
was inversely correlated with miR-139-5p levels in OC
tissues (r=-0.377, p=0.01) (Fig. 4C). In addition, we
also found that ROCK2 mRNA was significantly upregu-
lated in four OC cell lines compared to the normal ovary
cells (Fig. 4D).

Overexpression of ROCK2 Ablates the Inhibitory Effects
of miR-139-5p in Ovarian Cancer Cells

To validate whether miR-139-5p affects OS growth
and invasion via targeting ROCK2, SKOV3 cells with
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Figure 2. miR-139-5p inhibits OC cell proliferation, migration, and invasion in vitro. (A) The expression level of miR-139-5p was
measured in SKOV3 cells transfected with miR-139-5p mimic or its negative control (miR-NC) by qRT-PCR. (B-E) Cell prolifera-

tion, colony formation, migration, and invasion were determined in SKOV3 cells transfected with miR-139-5p mimic or miR-NC.
sk
'p<0.01.

miR-139-5p mimics or miR-NC were transfected with of ROCK?2 reversed the inhibitory effects of miR-139-5p
pcDNA3.1-ROCK2 plasmid (without the 3’-UTR). The on SKOV3 cell proliferation, colony formation, migra-
forced expression of the ROCK2 vector could recover tion, and invasion (Fig. 5B—E). These results suggested
ROCK2 protein expression in SKOV3 cells transfected that miR-139-5p exerts a suppressive role in OC by
with miR-139-5p (Fig. 5A). In addition, overexpression repressing ROCK2.
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Figure 3. Rho-associated coiled-coil-containing protein kinase 2 (ROCK2) is a direct target of miR-139-5p in OC cells. (A) The
putative miR-139-5p binding sites and mutant (Mut) 3’-untranslated region (3"-UTR) ROCK?2 sites are shown. The replaced site is
underlined. WT, wild type; MT, mutant type. (B) Relative luciferase activity was measured in SKOV3 cells cotransfected with WT/
MT-ROCK2-3"UTR reporter plasmid and miR-139-5p mimic or miR-NC. (C, D) The ROCK2 expression on mRNA and protein
levels was measured in SKOV3 cells transfected with miR-139-5p mimic and miR-NC. Glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) was used as an internal control. **p<0.01.

miR-139-5p Inhibits Ovarian Cancer Growth
in a Mouse Model

To evaluate the effects of miR-139-5p on tumor growth
in vivo, we manipulated the expression levels of miR-
139-5p in SKOV3 cells, and then injected cells into the
flanks of nude mice to establish subcutaneous OC xeno-
grafts. It was found that tumor growth was slower in the
SKOV3/miR-139-5p group than in the SKOV3/miR-NC
group (Fig. 6A). Consistent with the tumor growth curve,
the size and weight of the tumor from the SKOV3/miR-
139-5p group were significantly decreased compared to
the tumor from the SKOV3/miR-NC group 35 days after
implantation (Fig. 6B and C). In addition, overexpression
of miR-139-5p downregulated the protein expression
of Ki-67, a cell proliferation marker (Fig. 6D). We also
found that ROCK2 protein expression was downregu-
lated in the SKOV3/miR-139-5p tumors compared to the
tumors from the SKOV3/miR-NC group. These data sug-
gest that increasing miR-139-5p levels can suppress the
growth of OC in vivo.

DISCUSSION

Recent advances in the understanding of the molecular
mechanism of OC have revealed that numerous miRNAs

play an important role in the progression and develop-
ment of tumors by binding to specific sites in the target
mRNA'"". For example, Wu et al. reported that down-
regulation of miR-221-3p in OC cell lines suppressed
cell proliferation and migration and promoted tumor
cell apoptosis by inducing apoptosis protease-activating
factor 1 (APAF1) protein®. Li et al. found that miR-494
overexpression in OC cells remarkably inhibits cell pro-
liferation, colony formation, migration, and invasion;
induces cell apoptosis and G,/G, phase arrest in vitro; and
suppresses tumor growth in a nude mouse xenograft model
system by targeting insulin-like growth factor 1 receptor
(IGF1R)®. Lin et al. found that ectopic overexpression of
miR-215 could significantly inhibit OC cell proliferation,
colony formation, migration, and invasion in vitro, as
well as suppress tumor growth in vivo by repressing ribo-
some assembly factor nuclear integrity/regulatoy particle
non-ATPase 12 (NIN/RPN12)-binding protein (NOB1)>.
Our present study revealed that the expressions of miR-
139-5p were markedly downregulated in OC tissues and
cell lines. Additionally, ectopic expression of miR-139-5p
inhibited OC proliferation, colony formation, migration,
and invasion in vitro and decreased tumor growth in vivo.
Collectively, these findings indicated that miR-139-5p
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Figure 4. ROCK2 was upregulated and negatively correlated with miR-139-5p in OC tissues. (A) The ROCK2 mRNA expression
level was measured in 46 pairs of OC tissues and adjacent normal tissues by qRT-PCR. GAPDH was used as an internal control.
(B) The ROCK?2 protein expression was determined in OC tissues and adjacent normal tissues by immunohistochemistry. (C) The
correlation of the expression levels of ROCK2 and miR-139-5p was analyzed in OC tissues by Pearson’s correlation assay (n =46).
(D) The ROCK2 mRNA expression was determined in four OC cell lines (SKOV3, A2780, OVCAR, and HO-8910) and a human ovar-
ian surface epithelial cell line (HOSEpiC) by qRT-PCR. GAPDH was used as an internal control. **p<0.01.

may have an essential role to play in the tumorigenesis
and progression of OC.

Two precursors of miR-139, miR-139-5p and miR-
139-3p, are located within the second intron of the
phosphodiesterase 2A (PDE2A) gene on chromosome
11q13.4*. The miRNA miR-139-5p has been reported to
be downregulated and play a suppressive role in multiple
cancers'*"*, However, the expression state and function
of miR-139-5p remain unclear. In this study, we assessed
miR-139-5p expression levels in both OC cell lines and
human OC tissue samples and compared them to the
expression of miR-139-5p in a normal ovarian cell line
and matched normal ovarian tissues and found that miR-
139-5p expression was lower in OC tissues and OC cell
lines compared to normal ovarian tissues and cell lines.
We also showed that decreased miR-139-5p was signifi-
cantly associated with lymph node metastasis, FIGO stage,
and poor overall survival of OC patients. Moreover, we
investigated the biological function of miR-139-5p in OC

by CCK-8, colony formation, wound healing, Transwell
chamber assays in vitro, and tumorigenesis of mouse OC
in vivo. It was found that overexpression of miR-139-5p
in SKOV3 cells inhibited proliferation, colony formation,
migration, and invasion in vitro, as well as suppressed
tumor growth in vivo. These results implied that miR-
139-5p might function as a tumor suppressor in OC.

It was well known that miRNAs behave as oncogenes
or tumor suppressor genes depending on the cellular func-
tion of their targets’. In this study, we used TargetScan
to predict targets of miR-139-5p and found that ROCK?2
contains a highly conserved miR-139-5p binding site
on the 3’-UTR. ROCK?2 is a serine/threonine kinase that
was involved in diverse biological processes, such as
regulation of cytokinesis, smooth muscle contraction, the
formation of actin stress fibers and focal adhesions™?.
ROCK?2, as a key downstream effector of RhoA small
guanosine triphosphatase (GTPase), has been reported
to play a crucial role in proliferation, differentiation,
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Figure 5. Overexpression of ROCK2 ablates the inhibitory effects of miR-139-5p in OC cells. (A) Western blot analysis of ROCK2
levels in SKOV3 cells after transfection with miR-139-5p mimic or miR-NC, along with (or without) ROCK2 cDNA vector lacking
the 3’-UTR region. GAPDH was used as an internal control. (B—E) Cell proliferation, colony formation, migration, and invasion were
determined in SKOV3 cells after transfection with miR-139-5p mimic or miR-NC, along with (or without) ROCK?2 cDNA vector lack-
ing the 3’-UTR region. *p<0.05, **p<0.01.
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Figure 6. miR-139-5p inhibits tumor growth in a mouse model. (A) The curve of tumor growth in different groups. (B) Photographs
of xenograft tumors in different groups. (C) Average tumor weight in different groups. (D) Western blot analysis of ROCK?2 and Ki-67
expression in xenograft tumors. GAPDH was used as an internal control. *p<0.05, **p<0.01.

apoptosis, and oncogenic transformation in many types
of cancer including OC*"**. It has been shown that down-
regulation of ROCK?2 inhibits OC growth and invasion®
and sensitizes the cell to cisplatin®. In the present study,
through the luciferase assay, qRT-PCR, and Western blot
assays, ROCK2 was confirmed as a direct target of miR-
139-5p in OC, which was consistent with the findings
of previous studies in that ROCK2 was a direct target
of hepatocellular carcinoma® and colorectal cancer®.
Furthermore, ROCK2 mRNA level was inversely corre-
lated with miR-139-5p level in OC tissues. Exogenous
overexpression of ROCK?2 partially reversed the inhibi-
tory effects of miR-139-5p on OC proliferation, colony
formation, migration, and invasion. These results suggest
that miR-139-5p exerts its biological role in OC partially
by repressing ROCK?2.

In summary, our results first describe that the miR-
139-5p level in both tissue and cell lines was signifi-
cantly lower in OC patients, and its expression level was
significantly associated with lymph node metastasis,
FIGO stage, and poor overall survival of OC patients. In
addition, our results demonstrated that miR-139-5p sig-
nificantly inhibited OC cell proliferation, colony forma-
tion, migration, and invasion in vitro and impaired tumor

growth in vivo by targeting ROCK2. These findings sug-
gested that miR-139-5p plays a suppressive role in OC.
Although many of the mechanisms still remain unclear
for miR-139-5p-based suppression of OC, our findings
are encouraging and might provide a new therapeutic
strategy for OC prevention and treatment.
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