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Abstract Ovarian cancer is one of the leading lethal
gynecological cancers, causing serious harm to the
health of female populations. Growing studies empha-
size that IncRNAs serve as significant regulators in the
tumorigenesis and evolution of numerous malignan-
cies, including ovarian cancer. Recently, the onco-
genic activity of IncRNA ARAPI1-AS1 has been
justified in a variety of cancers. However, the potential
function of ARAP1-ASI in ovarian cancer develop-
ment is still unclear. Herein, we firstly revealed the
expression profile of ARAP1-AS1 in ovarian cancer.
Compared to normal samples and cells, upregulation
of ARAP1-AS1 was observed in tissues and cells of
ovarian cancer. Therewith, it was disclosed that
knockdown of ARAPI1-ASI alleviated the carcino-
genicity of ovarian cancer cells. Besides, our findings
delineated that ARAP1-AS1 silence inhibited the
expression of oncogene PLAGL2. Considering that
ARAPI-AS1 was principally expressed in the the
cytoplasm of ovarian cancer cells, we speculated that
ARAPI-AS1 facilitated ovarian cancer progression
via functioning as a ceRNA. Further investigations
indicated that ARAPI-AS1 promoted PLAGL2
expression by competitively binding with miR-4735-
3p. Of note, ARAP1-ASI1 contributed to the malignant
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phenotypes of ovarian cancer cells through modula-
tion of miR-4735-3p/PLAGL2 axis, revealing
ARAPI-AS1 as a promising therapeutic target for
ovarian cancer patients.
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Introduction

Ovarian cancer is considered as the most prevailing
gynecological malignancy and occupies about 4% of
all diagnosed cases of female cancers, leading to
increasing numbers of fatalities in women globally
and seriously threating women’s health (Gumusoglu
et al. 2021 ; Siegel et al. 2016). On account of great
advance in clinical therapeutic regimens for ovarian
cancer, such as surgical resection, chemotherapy and
radiotherapy, the lifespan of patients has been signif-
icantly improved (Murali et al. 2018). Nevertheless,
the 5-year survival rate of patients with ovarian cancer
is still less than 35% due to extensive metastasis and
frequent recurrence (Pradeep 2014; Wang and Lépez-
Ozuna 2020). In addition, it is estimated that 70% of
new cases are diagnosed at advanced stage of ovarian
cancer because of the absence of effective screening
methods (Moufarrij 2019). Hence, identifying the
mechanism governing ovarian cancer is important for
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the development of potent therapeutic strategies for
this disease.

Recently, increasing investigators have focused on
the potential of long non-coding RNA (IncRNA) in the
tumorigenesis and development of ovarian cancer
(Yao2018; Xuetal. 2018). LncRNAs are a set of RNA
transcripts with over 200 nucleotides in length and
possess no protein-coding capacity (Fritah et al. 2014).
Surging evidence has illustrated that IncRNAs are
involved in the multiple physiological and patholog-
ical processes of human malignancies, including
ovarian cancer (Yang et al. 2014). For instance,
IncRNA PVTI serves as a diagnostic biomarker and
modulates tumor development in prostate cancer
(Yang 2017). LncRNA FBXL19-ASI1 facilitates the
proliferation and invasion of breast cancer cells
through functioning as a molecular sponge for miR-
718 (Ding et al. 2019). Low level of IncRNA GASS
aggravates ovarian cancer progression via targeting
miR-196-5p and thereby modulating HOXAS (Zhao
2018). The abnormal expression of IncRNA ARAPI-
AS1 has been found to be strongly associated with the
initiation and occurrence of various malignant tumors,
including gastric cancer (Jiang 2020), cervical cancer
(Zhang et al. 2020) and bladder cancer (Teng 2019).
However, the functional role and latent regulatory
mechanism of ARAPI1-AS1 in ovarian cancer are
largely to be elucidated.

The current study was aimed to explore the
participation of ARAP1-AS1 in ovarian cancer and
clarify its underlying molecular mechanism. We
confirmed that ARAP1-AS1 contributed to the tumori-
genesis of ovarian cancer via promoting cell prolifer-
ation, migration and invasion. More importantly, the
oncogenic property of ARAP1-AS1 in ovarian cancer
was mediated by miR-4735-3p/PLAGL?2 axis, which
offered an innovative strategy for the treatment of
ovarian cancer.

Materials and methods

Cell culture

Human normal ovarian surface epithelial cell line
(IOSE-80) and four human ovarian cancer cell lines
(A2780, OVCAR3, CP70 and SKOV3) were procured

from American Type Culture Collection (ATCC,
Maryland, USA). All the cells were cultivated in
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RPMI 1640 medium supplied by Gibco (Grand Island,
USA) containing 10% FBS (Gibco) and 100 U/mL of
streptomycin/penicillin (Invitrogen, Carlsbad, USA)
under a humid atmosphere of 5% CO, at 37 °C.

Cell transfection

To knockdown ARAP1-AS1 or PLAGL2, shRNA
targeting ARAP1-AS1 (sh-ARAP1-AS1) or PLAGL2
(sh-PLAGL2) as well as negative control shRNA (sh-
NC) were synthesized by GenePharma Corporation
(Shanghai, China). For overexpression or inhibition of
miR-4735-3p, the mimic and inhibitor of miR-4735-
3p as well as corresponding controls were also
obtained from GenePharma Corporation. Cell trans-
fection was implemented using Lipofectamine 2000
reagents (Invitrogen) in the light of product manuals.

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)

Cellular RNA isolation was conducted with Trizol
solution (Invitrogen). Then, RNA was reverse-tran-
scribed into cDNA by using PrimeScriptTM RTMas-
ter Mix (TaKaRa, Ohtsu, Japan). RT-qPCR was
implemented with SYBR Premix Ex Taq II (TaKaRa,
Dalian, China) on a Light Cycler480 instrument
(Roche, Basel, Switzerland) referring to the supplier’s
directions. Comparative Ct method was adopted to
quantify gene expression. GAPDH and U6 served as
the endogenous references for normalization,
respectively.

3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay

Following transfection, 3 x 10 cells were plated into
each well of 96-well plates and incubated for various
time-points from 0 to 72 h. At the end of indicated
incubation time, each well was supplemented with
15 uwl MTT reagent (Sigma-Aldrich, Northbrook,
USA), followed by additional 4 h of incubation,
treated with 150 pI DMSO. The absorbance at
570 nm was detected with a microplate
spectrophotometer.
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Colony formation assay

Following trypsinization, transfected cells were sus-
pended in DMEM medium containing 10% FBS, then
plated in 6-well plates and incubated at 37 °C in a
humid atmosphere of 5% CO, for 2 weeks. The
colonies were fixed by methanol, dyed with 0.1%
crystal violet and thereafter counted.

Cell migration and invasion assays

Wound healing assay was conducted to estimate cell
migration. In short, cells were plated into a 6-well
plate and grown to confluence. Subsequently, artificial
scratches were produced by a 20 pl pipette tip. Cells
were cultured at 37 °C and monitored with an
Olympus 1X71 camera system at 0 and 48 h after
scratching. Transwell assay was employed to evaluate
the invasive ability of ovarian cancer cells using
transwell membranes covered with Matrigel (Milli-
pore, Billerica, USA). Transfected cells were placed to
the upper transwell chamber, and DMEM medium
containing 20% FBS was added into the lower
chamber as a chemoattractant. 24 h of incubation
later, non-invaded cells were wiped out with a cotton
swab and then invaded cells were fixed by 4%
paraformaldehyde, dyed with haematoxylin and
counted by a microscope.

Western blot

Total protein from cells were extracted with RIPA
buffer (Solarbio, Beijing, China), electrophoresed on
10% SDS-PAGE and subsequently transferred to
PVDF membrane. Following blocking with 5% fat-
free milk for 2 h at room temperature, membrane was
treated with the primary antibodies against PLAGL2
at 4 °C all the night, incubated with secondary
antibodies for 1 h at room temperature and detected
by the ECL detection kit (Pierce Chemical, Rockford,
USA).

RNA immunoprecipitation (RIP) assay

The Magna RIP RNA-Binding Protein Immunopre-
cipitation Kit (Millipore) was adopted for the RIP
experiment pursuant to the manufacturer’s protocols.
In short, transfected cells were harvested and lysed
with RIP lysis buffer. Then, cell extracts were hatched

with magnetic beads conjugated to Ago2 antibody
(Millipore) with IgG (Millipore) as negative control
(Millipore, MA, USA). After elution from beads,
immunoprecipitated RNAs were subjected to RT-
gPCR assay.

Luciferase reporter assay

The full length of ARAP1-AS1 and its mutant without
the predicted miR-4735-3p binding sites were synthe-
sized and ligated into pGL3 vectors (Promega, Fitch-
burg, USA), termed as ARAP1-AS1-WT and ARAP1-
AS1-Mut. Likewise, the 3'UTR of PLAGL?2 contain-
ing the putative miR-4735-3p binding sites or mutant
sites was cloned into reporter plasmids to construct
PLAGL2-WT or PLAGL2-Mut. The ovarian cancer
cells were co-transfected with indicated reporter
plasmids and miR-4735-3p mimic or NC mimic by
utilizing Lipofectamine™ 2000 referring to product
manuals. Cells were collected at 48 h after transfec-
tion, and then measurement of luciferase activity was
conducted with the Dual Luciferase Reporter Assay
Kit (Promega) according to the vender’s instructions.

Subcellular fractionation analysis

The cytoplasmic and nuclear fractions were drawn out
from ovarian cancer cells by using NE-PER Nuclear
and Cytoplasmic Extraction Reagents (Thermo Fisher
Scientific, Waltham, USA). The isolated RNAs were
subjected to RT-qPCR analysis. U6 was taken as
nuclear control and GAPDH served as cytoplasmic
control.

Statistical analysis

All quantitative data were displayed as mean = stan-
dard deviation (SD) and all experiments were exe-
cuted in triplicate. Student’s #-test and one-way
analysis of variance (ANOVA) were employed for
comparisons between two or more groups. Differences
were regarded to be statistically significant when
P < 0.05.
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Results

ARAPI-AS1 and PLAGL2 were overtly
upregulated in ovarian cancer

To identify the expression pattern of ARAP1-AS1 and
PLAGL2 in ovarian cancer, we first browsed the
GEPIA website. By analysis of the TCGA data, we
found that the expression of ARAPI-AS1 in tumor
samples was much higher than in normal tissues
(Fig. 1a). Asregards the overall survival, patients with
a high ARAPI1-AS1 expression exhibited a signifi-
cantly poorer prognosis compared with those with a
low ARAP1-AS1 expression (Fig. 1b). Moreover, it
was disclosed that PLAGL2 level was prominently
elevated in cancer specimens compared to adjacent
non-cancer samples (Fig. 1c). Subsequently, RT-
gPCR assay was performed to confirm the expression
levels of ARAP1-AS1 and PLAGL2 in ovarian cancer
cells. Results illustrated that ARAP1-AS1 expressed

at a high level in ovarian cancer cell lines (A2780,
OVCAR3, CP70 and SKOV3) in contrast with normal
ovarian epithelia IOSE-80 (Fig. 1d). Likewise, upreg-
ulation of PLAGL2 was observed in ovarian cancer
cells (Fig. le). Taken together, these findings indi-
cated that the expression of ARAPI1-AS1 and
PLAGL2 were significantly enhanced in ovarian
cancer.

Depletion of ARAP1-AS1 dampened ovarian
cancer cell proliferation, migration and invasion

Based on the foregoing findings, we intended to
explore the function of ARAP1-AS1 in the malignant
behaviors of ovarian cancer cells. Given that A2780
and OVCARS3 cells showed the highest expression of
ARAPI1-AS1, these two cell lines were selected for
loss-of-function assays. RT-qPCR analysis demon-
strated that ARAP1-AS1 was knocked down after
transfection with sh-ARAP1-AS1 plasmid (Fig. 2a).
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Fig. 1 ARAP1-AS1 and PLAGL2 were overtly upregulated in
ovarian cancer. a—¢ The TCGA data analyses of ARAP1-AS1
and PLAGL2I expression in ovarian cancer samples and normal
tissues. d, e The RT-gPCR detection of ARAPI-AS1 and
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PLAGL2I levels in ovarian cancer cell lines (A2780, OVCAR3,
CP70 and SKOV3) and normal ovarian endothelial cell line
IOSE-80. Data represent the mean £ SD. from three indepen-
dent experiments. *P < 0.05, **P < 0.01 vs. IOSE-80
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Fig.2 Depletion of ARAP1-AS1 dampened ovarian cancer cell
proliferation, migration and invasion. a The RT-qPCR assay
was conducted to determine the efficiency of ARAPI-ASI
knockdown in A2780 and OVCARS3 cells. b Cell viability was
measured by MTT assay. ¢ Colony formation assay was also

MTT assay illuminated that silencing of ARAP1-AS1
contributed to the remarkable decrease of A2780 and
OVCARS3 cell viability (Fig. 2b). Similarly, colony
formation assay revealed that inhibition of ARAPI-
AS1 suppressed the proliferation of ovarian cancer
cells (Fig. 2¢). Furthermore, our observations mani-
fested that the migratory capacity of A2780 and
OVCAR3 cells was restrained due to knockdown of
ARAPI-AS1 (Fig. 2d). In agreement with above
results, transwell invasion assay delineated that
ARAPI1-AS1 downregulation led to the diminished
number of invaded cells in ovarian cancer (Fig. 2e).
To sum up, we concluded that ARAP1-AS1 acted as
an oncogene in ovarian cancer.

OVCAR3

OVCAR3 A2780

used to evaluate cell proliferative capacity. d, e Cell migration
and invasion were detected with transwell assays. Data represent
the mean £ SD. from three independent experiments.
*#P < 0.01 vs. sh-NC

ARAPI1-AS1 regulated the expression of PLAGL?2
via sponging miR-4735-3p

Thereafter, we discovered that suppression of ARAP1-
AS1 markedly lessened the expression level of
PLAGL2 (Fig. 3a). In order to further elucidate the
regulatory mechanism underlying ARAP1-AS1, sub-
cellular fractionation analysis was implemented.
Results unraveled that ARAP1-AS1 was preferentially
distributed in the cytoplasm of A2780 and OVCAR3
cells, which provided strong evidence that ARAPI-
AS1 might serve as a competing endogenous RNA
(ceRNA) to modulate PLAGL?2 expression (Fig. 3b).
Hence, we carried out bioinformatics analysis using
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Fig. 3 ARAPI1-ASI1 regulated the expression of PLAGL?2 via
sponging miR-4735-3p. a The RT-qPCR analysis of PLAGL2
expression level in A2780 and OVCARS3 cells transfected with
sh-NC or sh-ARAP1-AS1. b Subcellular fractionation analysis
was adopted to examine the subcellular localization of ARAP1-
AS1 in ovarian cancer cells. ¢ The bioinformatics analysis was
preformed to search for potential miRNAs containing predicted

starbase and DIANA databases and then found that
miR-4735-3p possessed the speculated binding sites
for both ARAP1-AS1 and PLAGL2 (Fig. 3c). After
that, luciferase reporter assay suggested that miR-
4735-3p mimic overtly reduced the luciferase activity
of ARAP1-AS1-WT and PLAGL2-WT, while the
mutant forms of ARAP1-AS1 and PLAGL2 had no
noteworthy response to overexpression of miR-4735-
3p (Fig. 3d). Consistently, RIP experiment revealed
that ARAP1-AS1, miR-4735-3p and PLAGL2 were
enriched by Ago2 antibody compared with IgG group,
confirming the interaction among ARAP1-AS1, miR-
4735-3p and PLAGL2 (Fig. 3e). Next, we performed
RT-qPCR and western blot to evaluate the PLAGL2
mRNA and protein levels when transfected with miR-
4735-3p inhibitor or sh-ARAP1-AS1. The results of
Fig. 4a and b indicated that miR-4735-3p inhibitor
increased PLAGL2 expression at mRNA and protein
levels, whereas the restoration of PLAGL2 mRNA and
protein expression arose when ARAPI-AS1 was
down-regulated, which indicating that the main
mechanism for the regulation of PLAGL2 expression
by miR-4735-3p or ARAP1-AS1 would be destabi-
lization of target mRNA rather than translational
affect. In other word, these findings illustrated that
ARAPI-AS1 fortified PLAGL2 expression through
functioning as miR-4735-3p sponge.
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ARAPI-ASI1 played an oncogenic role in ovarian
cancer through miR-4735-3p/PLAGL2 axis

Finally, rescue assays were conducted to testify
whether the effects of ARAPI-AS1 were mediated
by miR-4735-3p/PLAGL2 pathway. We suppressed
the expression of miR-4735-3p and PLAGL2 in
ARAPI1-AS1-downregulated OVCAR3 cells and
transfection efficiency was verified by RT-qPCR
analysis (Fig. 5a). MTT assay showed that the
repression role of sh-ARAPI1-AS1 on cell proliferation
was aggravated by miR-4735-3p inhibitor and then
retrieved when PLAGL2 was silenced (Fig. 5b).
Likewise, the same result was observed about the
number of colonies in the colony formation assay
(Fig. 5¢). Additionally, transwell assay demonstrated
that ARAP1-AS1 knockdown-reduced migratory and
invasive ability of OVCAR3 cells, and miR-4735-3p
inhibitor promoted cell migration and invasion, while
this effect was abrogated by PLAGL2 knockdown
(Fig. 5d). By the large, ARAPI1-AS1 regulated
PLAGL2 to facilitate the deterioration of ovarian
cancer by competing for miR-4735-3p.
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Fig. 4 ARAPI-ASI1
regulated the expression of
PLAGL2 via sponging miR-
4735-3p. a, b RT-qPCR
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Discussion

Ovarian cancer is one of the most prevalent tumors of
the female reproductive system, and the leading cause
of cancer mortality in women worldwide (Jayson
2014; Siegel et al. 2018). It has been reported that the
death rate of ovarian cancer ranks first among all types
of gynecological cancers (Fan 2020). The majority of
patients with ovarian cancer have poor prognosis
owing to the prevalence of postoperative recurrence
(Kim et al. 2017). Furthermore, the efficacy of clinical
treatments for advanced ovarian cancer remains
unsatisfactory (Rustin 2011). Accordingly, deeply
understanding the pathogenesis of ovarian cancer
and finding out effective biomarkers are urgently
needed to improve the therapeutic efficacy of ovarian
cancer patients.

A growing number of studies have proven that
IncRNAs play a vital role in human cancer through

sex

6 r 1T - 1

Relative protein expression of PLAGL2

regulating the expression of genes at the epigenetic,
transcriptional or post-transcriptional levels (Zhang
and Ho 2019). Mounting evidence has testified that
aberrantly expressed IncRNAs act as oncogenes or
tumor suppressors in the tumorigenesis and progres-
sion of ovarian cancer (Wu et al. 2020; Xue 2020;
Wang 2020). The oncogenic activity of ARAPI-AS1
has been demonstrated in a wide range of malignan-
cies. For example, long non-coding RNA ARAPI1-
AS1 promotes proto-oncogene c-Myc translation to
accelerate the tumorigenesis and metastasis of cervical
cancer by dissociating PSF/PTB dimer (Zhang et al.
2020). YYl-induced upregulation of IncRNA
ARAPI-AS1 contributes to colorectal cancer cell
migration and invasion via the Wnt/B-catenin signal-
ing pathway (Ye 2019). Long non-coding RNA
ARAPI-AS1 induces cell proliferation and migration
of breast cancer by regulation of miR-2110/HDAC2/
PLIN1 axis (Lu 2020). For all this, the potential of

@ Springer



370

Cytotechnology (2021) 73:363-372

@l NC inhibitor
@l miR-4735-3p inhibitor

Bl sh-NC
@l sh-PLAGL2

- -
° o

Frd
o

Relative expression of PLAGL2

o
°

Relative expression of miR-4735-3p >

OVCAR3/sh-ARAP1-AS|

o i ... miR-4735-3p inhibitor
NC inhibitor miR-4735-3p inhibitor  +sh-ARAP1-AS1

A

miR-4735-3p inhibitor

NC inhibitor miR-4735-3p inhibitor +sh-ARAP1-AS1

Migration

Invasion

Fig.5 ARAPI-ASI1 played an oncogenic role in ovarian cancer
through miR-4735-3p/PLAGL2 axis. a The RT-qPCR assay was
employed to verify the effectiveness of transfection. b, ¢ Cell
proliferation was assessed by MTT and colony formation
assays. d, e Transwell assays were carried out to estimate the

ARAPI1-ASI participating in ovarian cancer progres-
sion remains to be characterized. In this study, we
found that ARAP1-AS1 was highly expressed in the
tissues and cells of ovarian cancer. Loss-of-function
assays further unveiled that silencing of ARAP1-AS1
overtly suppressed the proliferation, migration and
invasion of ovarian cancer cells.

Polymorphic adenoma-like protein 2 (PLAGL2)
belongs to the PLAG gene family and has a N-terminal
zinc finger structure which is highly conserved and can
enable transcription factor PLAGL2 to promote the
activation of specific gene transcription (Hensen
2002). Accumulating studies have demonstrated that
PLAGL2 exhibits the carcinogenic function in diverse
malignant tumors, such as colorectal cancer (Wu
2020), breast cancer (Xu 2018), prostate cancer (Guo
2016), glioma (Wu 2016) and ovarian cancer (Majem
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2019). Herein, our findings illuminated that the
expression level of PLAGL2 was higher in ovarian
cancer tissues and cells than normal specimens and
cells. Moreover, PLAGL?2 expression was repressed
by depletion of ARAP1-AS1. Results of subcellular
localization suggested the main distribution of
ARAPI-ASI in cytoplasm, revealing that ARAPI-
AS1 was likely to exert its role in ovarian cancer via a
ceRNA mechanism (Zhan 2018; Liu 2017; Zhao et al.
2018). Subsequently, we discovered that ARAPI-AS1
upregulated PLAGL2 expression by competing for
miR-4735-3p. Further experiments unraveled that
ARAPI-AST1 acted as an oncogene in ovarian cancer
through sponging miR-4735-3p to enhance PLAGL?2
level.

To the best of our knowledge, this investigation was
the first to shed light on the underlying function and
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molecular mechanism of ARAPI-ASI involving in
ovarian cancer. We expounded that ARAP1-ASI
induced the malignant behaviors of ovarian cancer
cells by targeting miR-4735-3p/PLAGL2 pathway,
which provided strong evidence that ARAPI1-AS1
might serve as a novel indicator in the prognosis of
ovarian cancer.
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