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Abstract

Introduction: Ovarian cancer (OC) is one of the most common malignan-
cies and the leading cause of cancer-related death among women. The long
non-coding RNA Prostate cancer-associated transcript-1 (PCAT-1) has been
reported to play important roles in multiple human cancers. However, the
role of PCAT-1 in OC has never been investigated. The purpose of this study
was to investigate the expression and roles of PCAT-1 in OC.

Material and methods: Expression of PCAT-1 and miR-129-5p in OC tissues
and cell lines was determined by qRT-PCR. Cell proliferation and apoptosis were
analyzed by MTT assay and flow cytometry, respectively. The interaction be-
tween PCAT-1 and miR-129-5p was demonstrated by luciferase reporter assay.
Results: PCAT-1 is significantly upregulated in OC tissues and cell lines (p <
0.05). Overexpression of PCAT-1 promotes proliferation of OC cells and inhibits
their apoptosis (p < 0.05). In addition, miR-129-5p is markedly downregulated
in OC and its level is inversely correlated with PCAT-1 expression in OC tumor
tissues (p < 0.05). miR-129-5p inhibits proliferation and induces apoptosis in
OC cell lines (p < 0.05). Furthermore, it has been demonstrated that miR-129-
5p is directly targeted by PCAT-1 and miR-129-5p overexpression can effective-
ly attenuate the effects of PCAT-1 on the proliferation and apoptosis of OC cells.
Conclusions: Our results suggest that PCAT-1 functions as an oncogene by
inhibiting miR-129-5p in OC and silencing PCAT-1 may be a novel therapeu-
tic strategy in the treatment of OC.

Key words: ovarian cancer, long non-coding RNA, prostate cancer-associated
transcript-1, miR-129-5p.

Introduction

Ovarian cancer (OC) is one of the most common malignancies and
the leading cause of cancer-related death among women [1, 2]. Each
year, more than 230,000 new cases of OC are diagnosed and this disease
causes at least 140,000 deaths in women worldwide [3]. Despite the
advances in the detection and treatment of ovarian cancer during the
last two decades, the prognosis is still very poor and it remains the fifth
leading cause of cancer-associated mortality in women [4, 5]. Thus, it is
urgent to identify novel molecules involved in the progression of ovarian
cancer and to develop some other effective treatments for OC patients.

Long non-coding RNAs (IncRNAs) are a class of RNAs with more than
200 nucleotides in length and have little protein coding potential [6, 7].
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Prostate cancer-associated transcript-1 (PCAT-1)
is a novel IncRNA which was originally discovered
in prostate cancer [8]. The biological functions of
PCAT-1 have been documented in multiple human
cancers. For example, Bi et al. found that PCAT-1 is
increased in gastric cancer and the knockdown of
PCAT-1 inhibited the proliferation of gastric cancer
cells [9]. PCAT-1 was also demonstrated to act as
an oncogene in hepatocellular carcinoma and col-
orectal cancer [10, 11]. However, the expression
and functions of PCAT-1 in ovarian cancer have
never been investigated.

In this study, we firstly found that PCAT-1
contained a similar theoretical combing site for
miR-129-5p by bioinformatics analysis. The ex-
pression of PCAT-1 and miR-129-5p in OC was de-
tected by gRT-PCR. Then, the biological functions
of PCAT-1 and miR-129-5p on OC cells were de-
termined. Moreover, we verified that PCAT-1 can
directly target miR-129-5p and negatively regu-
late its expression in OC. Overexpression of miR-
129-5p partly reversed the effects of PCAT-1 on
OC cells. Collectively, we demonstrated that long
non-coding RNA PCAT-1 promotes tumor progres-
sion by inhibiting miR-129-5p in human ovarian
cancer and PCAT-1 may function as a therapeutic
target in the treatment of OC.

Material and methods
Tissue samples and cell culture

A total of 30 ovarian cancer tissues and
matched adjacent normal tissues were obtained
from Obstetrics-Gynecology, Daging Oil Field Gen-
eral Hospital. Tissue samples were frozen imme-
diately in liquid nitrogen and stored until used.
Every patient signed the informed consent prior
to enrolling in the study. This study was support-
ed by the Ethics Committee of Daging Oil Field
General Hospital. This study was performed fol-
lowing the Declaration of Helsinki. Human OC cell
lines (A2780, SK-OV-3, OVCA429, and H08910)
and the human normal ovarian cell line IOSE80
were purchased from the American Type Culture
Collection (ATCC, VA, USA). Cells were cultured in
DMEM supplemented with 10% fetal bovine se-
rum (FBS) (both from Gibco, CA, USA). Cells were
all maintained in a humidified incubator contain-
ing 5% CO, at 37°C.

RNA extraction and qRT-PCR

Total RNA was extracted from tissue sam-
ples or cell lines using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) following the manufactur-
er's instructions. cDNA was reverse transcribed
using M-MLV (Thermo Fisher Scientific, Inc.,
Rockford, IL, USA) containing 5 ug of total RNA.
gRT-PCR was performed using SYBR Green PCR

Master mix (Thermo Fisher Scientific, Inc.) on an
ABI 7300 machine (Applied Biosystems, Foster
City, CA, USA). The relative expression was cal-
culated and normalized using the 2724 method.
GAPDH and U6 were used as an internal control
for PCAT-1 and miR-129-5p, respectively. The prim-
er sequences were as follows: PCAT-1 forward:
5'-AATGGCATGAACCTGGGAGGCG-3'" and reverse:
5'-GGCTTTGGGAAGTGCTTTGGAG-3"; miR-129-5p
forward: 5'-ACACTCCTTTTTGCGTCTGGGCTTGC-3'
and reverse: 5'-TGGTGTCGTGGAGTCG-3’; GAPDH
forward: 5'-CACCCACTCCTCCACCTTTG-3' and re-
verse: 5'-CCACCACCCTGTTGCTGTAG-3'; U6 for-
ward:  5'-TTACATTGCTATCCACAGAACGG-3' and
reverse 5'- CTATGCTGCTGCTTTTTGCTC-3'. This ex-
periment was repeated three times.

Cell transfection

Cell transfections were all performed using Li-
pofectamine 2000 (Invitrogen) according to the
manufacturer’s protocol. To overexpress PCAT-1 in
OC cells, the cDNA of PCAT-1 was cloned into the
pcDNA3.1 vector (Invitrogen). The empty vector
was used as a control. To downregulate PCAT-1,
small interfering RNA targeting PCAT-1 (si-PCAT-1)
or the control si-NC was transfected into OC
cells. The sequences of si-PCAT-1 were: 5'-AUA-
CAUAAGACCAUGGAAATT-3’ (sense) and 5’-UUUC-
CAUGGUCUUAUGUAUTT-3' (antisense); siRNAs,
microRNA-129-5p mimics, inhibitors and the nega-
tive controls were all synthesized by GenePharma
Co. Ltd (Shanghai, China). The transfect efficiency
was assessed following 48 h of transfection.

MTT assay

After effective transfection, cells were seeded
into 96-well plates and cultured at 37°C. Cell vi-
ability was measured at various time points (0 h,
24 h,48 hand 72 h after seeding). Cell viability was
analyzed by the 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) assay ac-
cording to the manufacturer’s instructions. In
brief, at each time point, 20 pl MTT (5 mg/ml|,
Sigma) was added into each well and cultured for
a further 4 h. Then, the media were discarded and
150 pl of DMSO (Sigma) was added to each well.
The absorbance at 490 nm was measured by a mi-
croplate reader (Bio-Rad).

Apoptosis assay

Cell apoptosis rate was determined by flow cy-
tometry with the FITC-Annexin V Apoptosis Detec-
tion Kit (BD Biosciences, San Jose, CA) according
to the manufacturer’s protocol. Cells were collect-
ed, stained with Annexin V and PI for 15 min in
the dark, and then analyzed by a FACS Caliber flow
cytometer (BD Bioscience).
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Luciferase reporter assay

For the luciferase reporter assay, the oligonu-
cleotides of the PCAT-1 fragment containing wild-
type (WT) and mutant (mut) miR-129-5p binding
sites were amplified and cloned into the pGL3 vec-
tor (Promega, Madison, WI, USA) to construct re-
porter plasmids. The day before transfection, 293T
cells were seeded in 24-well plates and cultured
at 37°C. Subsequently, cells were transfected with
wild-type (WT) or mutated (mut) PCAT-1 reporter
plasmids and miR-129-5p mimics (miR-129) or
negative control (miR-NC) using Lipofectamine
2000 (Invitrogen). After 48 h, the firefly luciferase
activity was examined and normalized to that of
Renilla using the Dual-Luciferase Reporter Assay
System (Promega, Madison, WI, USA).

Statistical analysis

Data were expressed as mean + standard devi-
ation (SD). Statistical analysis was performed us-
ing GraphPad Prism 6.0 software (San Diego, CA).
Differences between groups were analyzed using
Student’s t test or one-way analysis of variance.
Results were considered significant when the
p-value was less than 0.05.

Results

PCAT-1 is upregulated and negatively
correlated with miR-129-5p in OC

First, we detected the expression levels of
long non-coding RNA PCAT-1 and miR-129-5p in
human ovarian cancer tissues and matched nor-
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Figure 2. PACT-1 promotes proliferation but inhibits apoptosis in OC cells. A - The efficiency of PCAT-1 overexpression
by pcDNA3.1-PCAT-1 plasmid (PCAT-1) in OC cells SK-OV-3. The empty vector (vector) was used as a control. B — Prolif-
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D - Efficiency of PCAT-1 knockdown by siRNA (si-PCAT-1) in OVCA429 OC cells. The negative control is si-NC. E — Pro-
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Data are mean + SD. *P < 0.05.
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mal tissues using qRT-PCR. The data showed that
PCAT-1 is significantly upregulated while miR-129-
5p is downregulated in OC tissues compared with
adjacent normal tissues (Figures 1 A, B). Then,
the expression patterns of PCAT-1 and miR-129-
5p were also examined in OC cell lines (A2780,
SK-OV-3, OVCA429, and HO8910) and the human
normal ovarian cell line IOSE80. The results of
gRT-PCR indicated that the expression of PCAT-1
is increased while miR-129-5p is decreased in OC
cell lines in comparison with the human normal
ovarian cell line IOSE80 (Figures 1 C, D). Moreover,
we observed that the level of PCAT-1 is inversely
correlated with miR-129-5p expression in ovarian
cancer tissues (Figure 1 E). These results suggest
that PCAT-1 and miR-129-5p are involved in the
development of ovarian cancer.

PACT-1 promotes proliferation but inhibits
apoptosis in OC cells

Considering the high expression of PCAT-1 in
OC, we determined the biological effects of PCAT-1
on OC cells. The SK-OV-3 OC cells were transfect-
ed with pcDNA3.1-PCAT-1 plasmid to overexpress
PCAT-1 (Figure 2 A). Then, MTT assay and flow
cytometry were conducted to analyze cell prolif-
eration and apoptosis. The results showed that
overexpression of PCAT-1 significantly promoted
proliferation but inhibited apoptosis in SK-OV-3
cells (Figures 2 B, C). Conversely, si-PCAT-1 was
transfected into OVCA429 cells to downregulate
the level of PCAT-1 (Figure 2 D). MTT assay and
apoptosis analysis indicated that knockdown of
PCAT-1 suppressed proliferation while inducing
apoptosis in OVCA429 cells (Figures 2 E, F). These
data demonstrate that PCAT-1 functions as an on-
cogene in the development of OC.

miR-129-5p inhibits proliferation and
induces apoptosis in OC cells

The expression of miR-129-5p is downregu-
lated in OC tissues and cell lines, indicating its
potential role in OC development. miR-129-5p
mimics were transfected into OVCA429 OC cells
to overexpress miR-129-5p (Figure 3 A). We then
determined the effects of miR-129-5p mimics on
OVCA429 cell proliferation and apoptosis. The
data showed that miR-129-5p mimics significant-
ly inhibited proliferation and induced apoptosis
in OVCA429 cells (Figures 3 B, C). In contrast,
miR-129-5p inhibitors were used to suppress
its expression in the OC cell line SK-OV-3 (Figure
3 D). We found that miR-129-5p suppression en-
hanced the proliferation ability and decreased
the apoptosis rate in SK-OV-3 cells (Figures 3 E, F).
These results reveal that miR-129-5p acts as
a tumor suppressor in OC.

PACT-1 exerts its functions by directly
targeting miR-129-5p in OC

As shown above, the expression of miR-129-5p
is inversely correlated with PCAT-1 in OC tissues.
PCAT-1 functions as an oncogene while miR-129-
5p acts as a tumor suppressor in OC development.
We wondered whether PCAT-1 directly targets and
regulates miR-129-5p in OC. The bioinformatics
database Starbase v2.0 was used to search for
candidate miRNAs that can bind to PCAT-1. We
found that miR-129-5p can directly bind to PCAT-1
(Figure 4 A). To confirm the interaction between
miR-129-5p and PCAT-1, the luciferase reporter
assay was performed. We observed that miR-129-
5p mimics significantly decreased the luciferase
activity of the wild type (WT) but not mutant
(mut) PCAT-1 reporter system (Figure 4 B). The ex-
pression of miR-129-5p in OC cells was detected
following PCAT-1 overexpression or knockdown.
The data showed that miR-129-5p is decreased
after PCAT-1 overexpression and increased after
PCAT-1 knockdown in OC cells (Figure 4 C). Fur-
thermore, miR-129-5p restoration attenuated the
effects of PCAT-1 overexpression on SK-OV-3 cell
proliferation and apoptosis (Figures 4 D, F). Con-
versely, miR-129-5p suppression partly abolished
the effects of PCAT-1 knockdown on OVCA429 cell
proliferation and apoptosis (Figures 4 E, F). These
results suggest that PACT-1 can directly target
miR-129-5p and negatively regulate its expression
to promote tumor progression in OC.

Discussion

Recent studies have reported that IncRNAs
have multiple biological functions in various stag-
es of OC development. It has been concluded that
IncRNAs are closely involved in the pathogenesis
of OC; and the expression of IncRNAs indicates
the early diagnosis, prognosis, and therapeutic re-
sponse of OC cells [12]. Numerous IncRNAs were
reported to be deregulated in ovarian cancer. For
instance, Li et al. showed that IncRNA GAS5 was
markedly decreased in OC tissues and patients
with low GAS5 expression had poorer prognosis
[13]. LncRNA SPRY4-IT1 was reported to be upreg-
ulated in ovarian tumor tissues and OC cell lines.
The knockdown of IncRNA SPRY4-IT1 arrested the
cell cycle at the GO/G1 stage in OC cells and thus
inhibited the proliferation of OC cells [14]. Wu
et al. demonstrated that IncRNA MALAT1 was up-
regulated in OC. Knockdown of MALAT1 repressed
growth and migration of OC cells [15]. LncRNA
PCAT-1 was reported to play roles in multiple hu-
man cancers, but the effects of PCAT-1 in ovarian
cancer have never been reported.

In the current study, qRT-PCR assays showed
that PACT-1 expression was significantly upregu-
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Data are mean + SD. *P < 0.05.
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lated while miR-129-5p was significantly downreg-
ulated in OC tumor tissues and the expression of
miR-129-5p was inversely correlated with PCAT-1.
To determine the biological functions of PCAT-1
in OC development, the level of PCAT-1 in OC
cells was overexpressed or suppressed by trans-
fection with pcDNA3.1-PCAT-1 plasmid or siRNA.

Functional assays demonstrated that PACT-1 pro-
moted proliferation but inhibited apoptosis in
OC cells. Furthermore, the effects of miR-129-5p
in OC were also studied. We found that overex-
pression of miR-129-5p significantly inhibited cell
proliferation and induced apoptosis in OC cells;
suppression of miR-129-5p exhibited opposite
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effects. These data reveal that PCAT-1 is an onco-
gene while miR-129-5p is a tumor suppressor in
OC development.

Accumulating evidence indicates that IncRNAs
always exert their functions by acting as ceRNAs
which suppress the expression of target mRNAs
via sequestering miRNAs. miR-129-5p was demon-
strated as a tumor suppressor in various human
cancers. In ovarian cancer, Tan et al. showed that
miR-129-5p can repress the expression of YAP and
TAZ expression so that the proliferation and tumor-
igenicity of OC cells can be inhibited [16]. Moreover,
miR-129-5p was also regulated by many IncRNAs
such as IncRNA MALAT1 in breast cancer and os-
teosarcoma [17, 18], and NEAT1 in hepatocellular
carcinoma [19]. In our study, the bioinformatics
prediction analysis indicated that PCAT-1 might in-
teract with miR-129-5p. Data from the luciferase
reporter assay and gRT-PCR demonstrated PCAT-1
can interact with and repress the expression of
miR-129-5p in OC. miR-129-5p overexpression re-
versed the effects of PCAT-1 on OC cell proliferation
and apoptosis. These observations indicated that
IncRNA PCAT-1 plays its roles by directly targeting
and suppressing miR-129-5p in OC.

In conclusion, this study reported a novel In-
CRNA PCAT-1 involved in the development of ovar-
ian cancer, which indicated that PCAT-1 may serve
as a diagnostic marker in the detection of early OC
patients and a therapeutic target in the treatment
of OC. However, as the sample size was limited,
we did not analyze the effect of PCAT-1 on OC pa-
tients’ survival time, which is essential for PCAT-1
to act as a prognostic marker. In addition, it is well
known that microRNAs always play their roles by
binding to the 3’-untranslated regions (UTR) and
repressing the expression of target mRNAs includ-
ing miR-129-5p [20, 21]. We need further research
to investigate the mechanism by which miR-129
exert its roles in ovarian cancer, so as to fully un-
derstand the biological functions of IncRNA PCAT-1
and miR-129-5p in the development and progres-
sion of OC.

Taken together, our results demonstrated that
long non-coding RNA PCAT-1 is significantly up-
regulated in OC tissues and cell lines. PCAT-1 both
promotes proliferation and inhibits apoptosis by
directly targeting and suppressing miR-129-5p in
OC cells. Silencing PCAT-1 may be a novel thera-
peutic strategy in the treatment of OC.
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