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Background: Ovarian cancer (OC) is a big threat for public health. However, the molecular
mechanism underlying OC development and progression remains unclear. Although the
importance of IncRNA in cancer has been proven, how IncRNA is involved in OC is waiting
for further investigation.

Materials and Methods: qRT-PCR was performed to test expression level. CCK8 and
colony formation were conducted to analyze proliferation. Transwell was conducted to
measure migration and invasion. Luciferase reporter assay and pulldown assay were utilized
to validate RNA interaction.

Results: IncRNA RHPN1-AS1 was highly expressed in OC tissues. RHPN1-AS1 was
positively correlated with OC progression and its high expression indicated a low survival
rate. Moreover, knockdown of RHPN1-ASI significantly inhibited the proliferation, migra-
tion and invasion of OC cells, and bioinformatics analysis identified that miR-1299 was
sponged by RHPN1-AS1 in OC cells. Knockdown of RHPN1-AS1 markedly promoted miR-
1299 expression. Of note, inhibition of miR-1299 reversed the roles of RHPN1-AS1 silen-
cing on suppressing proliferation, migration and invasion.

Conclusion: Our study demonstrates that RHPN1-AS1 promotes OC progression via
sponging miR-1299, suggesting RHPN1-AS1 may be a novel therapeutic target.
Keywords: ovarian cancer, RHPN1-AS1, miR-1299, proliferation, invasion

Introduction

Ovarian cancer (OC) is a very deadly gynaecological tumor.! Patients are usually
diagnosed with OC at the advanced stage.” And high rates of recurrence and metastasis
further contribute to the mortality of OC patients.® At present, the main strategies for
OC treatment include surgery, chemotherapy and radiotherapy.* However, the mole-
cular mechanism underlying OC tumorigenesis remains unclear and the outcomes of
OC patients are very poor.” The five-year survival rate of OC patients remains lower
than 35%.° Thus, determining the factors regulating OC development and identifying
effective therapeutic targets are urgently required.

Long noncoding RNAs (IncRNAs) are characterized with no protein-coding poten-
tial and have over 200 nucleotides in length.” IncRNAs are tissue-specific expressed
and exert vital functions in various biological processes.® IncRNAs could regulate
development, immune response and tumorigenesis via interacting with several mole-
cules, such microRNAs and pro‘[eins.9 In cancer, several IncRNAs are found to be
aberrantly expressed and correlated with tumor progression. For example, IncRNA
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GASS is downregulated in OC and serve as a tumor suppres-
sor to inhibit cancer development.'® IncRNA MACCI1-AS1
is upregulated in pancreatic and promotes
tumor growth via activating PAX8-NOTCHI signal."
Additionally, IncRNA LINC00668 overexpression contri-
butes to breast cancer development via regulating apoptosis

cancer

and proliferation.'> RHPN1-AS1 is a poorly researched
IncRNA. A report has showed that RHPN1-AS1 promotes
melanoma development.'? Furthermore, RHPN1-AS1 also
regulates the gefitinib resistance of lung cancer cells and
promotes breast cancer metastasis.'*'> Nevertheless, the
roles of RHPN1-AS1 in OC are largely unknown.

In this study, we aimed to elucidate the physiological
function of RHPN1-AS1 in OC progression. We found that
RHPNI1-ASI1 expression was elevated in OC tissues and
cell lines. Moreover, upregulation of RHPN1-AS1 was
associated with lymph node metastasis and poor prognosis.
Knockdown of RHPNI1-ASI inhibited OC progression via
inhibiting proliferation, migration and invasion. We also
showed that RHPN1-AS1 interacted with miR-1299 to
inhibit its level. And we demonstrated that miR-1299 is
a tumor suppressor and acted at the downstream of
RHPNI1-ASI in OC. Taken together, our research reveals
the novel functions of RHPN1-AS1 in OC and illustrated
its molecular mechanism.

Materials and Methods

Tissue Samples

Fifty seven OC tissues and their adjacent normal controls
were obtained from Linyi Cancer Hospital. Patients’ tis-
sues that were treated with radiotherapy or chemotherapy
prior to surgery were excluded. Other samples were
included. All tissues were stored in liquid nitrogen.
Association between RHPN1-AS1 Expression and clinical
features in ovarian cancer tissues was analyzed in Table 1.
This study was approved by the Ethics Committee of Linyi
Cancer Hospital (No. 201,801,240,241). Written informed
consent was obtained from each patient.

Cell Lines and Transfection

The human OC cell lines (OVCARS, OVCAR3, A2780 and
SKOV3 cells) and normal ovarian epithelial cell line IOSE80
were purchased from American Type Culture Collection
(ATCC, USA). These cells were cultured using RPMI-1640
medium (Gibco, Grand Island, NY, USA), supplemented with
10% FBS (HyClone, Logan, UT, USA) in a humidified atmo-
sphere, at 37 °C with 5% CO2.

Table | Association Between RHPNI-ASI
Clinical Features in Ovarian Cancer Patients (n=57)

Expression and

Variable Low (n=30) | High (n=27) | P-value
Age (years) 0.599
<50 18 14
250 12 13
FIGO Stage 0.008
-l 22 10
-v 8 17
Lymph Node Metastasis 0.035
Yes 10 17
No 20 10

Specific siRNA RHPN1-AS1 and scrambled siRNA con-
trol (si-NC) were purchased from GenePharma (Shanghai,
China). miR-1299 mimics, miR-1299 inhibitors and negative
controls were from RiboBio (Guangzhou, China). All oligo-
nucleotides were transfected into cells using Lipofectamine
2000 reagent (Invitrogen) according to the manufacturer’s
instructions.

gRT-PCR
RNA isolation was performed using Trizol reagent
(Invitrogen, Carlsbad, CA, USA). RNA concentration was
determined using the Nanodrop spectrophotometer (ND-100;
Thermo Scientific, Waltham, MA). SYBR Premix Ex Taq
and TagMan gene expression assays (Applied Biosystems,
Foster City, CA, USA) were utilized to analyze RHPN1-AS1
and GAPDH expression. TagMan MicroRNA Reverse
Transcription kit and Tagman Universal Master Mix II
(Applied Biosystems) were used for miR-1299 and U6 ana-
lyses. Relative expression was calculated according to the
272C method. The primer sequences were as follows:
RHPNI1-AS1 (Forward, 5-CTAGCCAGGAGGTTTCGC
-3' and reverse, 5-TCCGCAACAAGCACACA-3") and
GAPDH (Forward, 5-CACCCACTCCTCCACCTTTG-3’
and reverse, 5'-CCACCACCCTGTTGCTGTAG-3").

CCK8 Assay

Cell Counting Kit-8 (CCK8; Roche, Basel, Switzerland)
was used for analyzing cell proliferation. Cells were
seeded into the 96-well plates and cultured for several
days. Then 10 pL CCKS8 solution was added and incu-
bated for 2 h. The absorbance was then measured at
450 nm.
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Colony Formation Assay

500 cells per well was plated in the 6-well plates and
cultured for two weeks. Then cells were fixed with 4%
paraformaldehyde and stained with 0.5% crystal violet.
Colony (over 50 cells) number was then calculated.

Transwell Assay

Cell migration and invasion was tested using Transwell
assay as reported before.'® Cells were seeded into the
upper chamber (pore size: 8 um, BD Biosciences, USA)
with 200 pL serum-free medium. The lower chamber was
filled with 600 pL complete culture medium. After cul-
tured for 24 h, the cells migrated or invaded into the lower
chamber were fixed with 4% paraformaldehyde and
stained with 0.5% crystal violet. Cell numbers were quan-
tified using a light microscope. Matrigel was used only for
invasion assay.

RNA Pulldown

RNA pulldown was performed using biotin-labeled miR-
1299-WT or miR-1299-Mut as previously reported.'” In
brief, biotin-labeled miR-1299-WT, miR-1299-Mut or bio-
tin-NC was incubated with tumor cell lysates, followed by
incubation with Streptavidin-coupled beads. Precipitated
RNAs were purified and analyzed by qRT-PCR.

RNA Immunoprecipitation (RIP)

RIP assay was completed as described before.'” In brief,
tumor cell lysates were incubated with anti-Ago2 or IgG,
followed by incubation with Protein A/G beads. Then
precipitated RNAs were purified and analyzed through
qRT-PCR.

Luciferase Activity Assay

The RHPN1-AS1 sequence containing putative miR-1299
binding site was inserted into pmirGLO vector (Promega,
Madison, WI, USA). Then the RHPN1-AS1-WT or RHPNI1-
AS1-Mut reporter and miR-1299 mimics were co-transfected
into OC cells. 48 h later, the relative luciferase activity was
measured using the Dual-Luciferase Reporter Assay System
(Promega) according to the manufacturer’s protocols. Renilla
luciferase activity was the transfection control.

Statistical Analysis

Statistical analysis was carried out with the statistical pro-
gram SPSS 13.0 (IBM Corp, Armonk, NY). Results were
displayed as mean + standard deviation and analyzed using

the f-test and one-way analysis of variance (ANOVA).
P value <0.05 was considered statistically significant.

Results
IncRNA RHPNI-AS| Was Upregulated in

OC Tissues and Cell Lines

We analyzed the expression of RHPN1-AS1 in OC tissues
according to the GEPIA database. RHPN1-ASI1 expression
was upregulated in OC tissues compared to normal tissues
(Figure 1A). qRT-PCR also confirmed that RHPN1-ASI
levels were increased in 57 OC tissues compared to corre-
sponding normal controls (Figure 1B). Interestingly, we found
that RHPN1-AS1 expression was positively correlated with
lymph node metastasis and clinical stage (Figure 1C and D).
Similarly, qRT-PCR showed that RHPN1-AS1 level was ele-
vated in OC cell lines (Figure 1E). Then we divided these
samples into two subgroups based on RHPN1-AS1 expression
(the median value of RHPN1-AS1 as the cut-off). We found
that RHPN1-AS1 overexpression OC patients displayed
a rather low survival rate (Figure 1F), indicating RHPN1-
AS1 might be a prognostic biomarker.

Silencing of RHPN-AS| Inhibited OC

Proliferation, Migration and Invasion

To analyze the function of RHPN1-AS1, we chose A2780
and SKOV3 cells to perform experiments. Firstly, we ver-
ified the knockdown efficiency of RHPN1-AS1 in A2780
and SKOV3 cells (Figure 2A). Then CCKS8 assay was
performed. We found that RHPN1-AS1 knockdown signif-
icantly inhibited the proliferation of A2780 and SKOV3
cells (Figure 2B). Similarly, decreased expression of
RHPN1-AS1 led to reduced colony numbers (Figure 2C).
Moreover, RHPN1-AS1 knockdown also attenuated the
migration and invasion of A2780 and SKOV3 cells
(Figure 2D and E). Hence, RHPN1-AS1 promotes OC pro-
liferation, migration and invasion.

RHPNI-ASI Sponged miR-1299 in OC

To explore the mechanism, we utilized bioinformatics ana-
lysis (miRDB and LncBase v.2) to search the potential targets
of RHPN1-AS1. We identified miR-1299 because it has the
highest score (Figure 3A). Then luciferase reporter assay was
performed with A2780 cells. The result showed that the
activity of RHPN1-AS1-WT was inhibited by miR-1299
mimics (Figure 3B). RNA pulldown assay indicated that
RHPN1-AS1 was precipitated by bio-miR-1299-WT but
not miR-1299-Mut or bio-NC (Figure 3C). RIP assay
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Figure | IncRNA RHPNI-AS| was upregulated in OC tissues and cell lines. (A) RHPN|-AS| expression was upregulated in OC tissues according to the GEPIA database.
(B) qRT-PCR analysis of RHPNI-AS| expression in 57 OC tissues and their adjacent normal tissues. (C) RHPNI-AS| expression was higher in metastatic OC tissues. (D)
RHPNI-AS| level was higher in advanced OC tissues. (E) Relative expression of RHPNI-AS| in OC cell lines were determined by qRT-PCR. (F) The overall survival rate

was analyzed in OC tissues according to RHPNI-AS| expression levels. *P<0.05.

demonstrated that RHPNI1-AS1 and miR-1299 were
enriched by anti-Ago2 (Figure 3D). Above data suggested
that RHPN1-AS1 directly interacted with miR-1299. We
then found that RHPN1-AS1 silencing led to miR-1299
upregulation in OC cells (Figure 3E). And RHPN1-AS1
level was negatively correlated with miR-1299 in OC tissues
(Figure 3F). In conclusion, RHPN1-AS1 sponged miR-1299
in OC.

RHPNI-ASI| Promoted OC

Development via Repressing miR-1299

Afterwards, we sought to determine whether RHPN1-AS1
regulates OC progression by miR-1299. We found that
miR-1299 was downregulated in OC tissues (Figure 4A).
And miR-1299 expression was downregulated after trans-
fection with miR-1299 inhibitors (Figure 4B). We then
performed rescue assay. We found that miR-1299 inhibitors
rescued the proliferation, migration and invasion of OC
cells transfected with RHPN1-AS1 siRNA (Figure 4C—F).

Furthermore, miR-1299 inhibitors alone could promote

proliferation, migration and invasion of OC cells
(Figure 4C-F). Thus, miR-1299 exerts an opposite roles

as RHPN1-AS1 in OC.

Discussion

Accumulating studies have demonstrated that IncRNA
play vital functions in tumor initiation and progression
and may potential novel therapeutic targets for tumor
intervention.'®!® In our research, we provided new data,
demonstrating that RHPN1-AS1 is highly expressed in OC
tissues and promotes OC progression via sponging miR-
1299.

At first, we searched the GEPIA database to investi-
gate the expression pattern of RHPN1-AS1 in OC tissues.
We found that RHPN1-AS1 was highly expressed in OC
tissues compared to normal tissues. To confirm it, we
collected 57 pairs of OC tissues and normal controls.
Through qRT-PCR, we verified that RHPN1-AS1 was
upregulated in both OC tissues and cell lines. In the
researched four OC cell lines, RHPN1-AS1 was upregu-

lated in all OC cell lines. Moreover, RHPNI1-AS1
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Figure 2 Silencing of RHPNI-ASI inhibited OC proliferation, migration and invasion. (A) Relative expression of RHPNI-AS| in A2780 and SKOV3 cells transfected with
siRNA, NC or blank. (B) CCK8 assay showed that RHPNI-AS| silencing inhibited the proliferation. (C) Colony formation assay indicated that RHPNI-AS| silencing
decreased the colony numbers. (D and E) Transwell assay showed that RHPNI-AS| knockdown suppressed the migration and invasion of A2780 and SKOV3 cells. *P<0.05.

Abbreviation: NC, siRNA negative control.

expression was positively correlated with metastasis and
clinical stage. And RHPN1-AS1 upregulation is linked
with a rather low survival rate in OC patients. All these
findings suggest RHPN1-AS1 may be an important reg-
ulator in OC progression. In previous work, RHPN1-AS1
was found to promote melanoma development.'> The
authors found that RHPN1-AS1 was upregulated in mel-
anoma tissues.'® Besides, RHPN1-AS1 is also identified

to be upregulated in lung cancer and breast cancer.'®'

By combining with previous works, RHPN1-AS1 may be
overexpressed in various human cancer tissues but not
one. And it may be a critical tumor-associated IncRNA.

Afterwards, we used siRNA to knock down RHPNI1-
AS1 and explore its physiological function in OC. We
selected A2780 and SKOV3 cells and successfully silenced
RHPN1-ASI in these two cell lines. By using biochemical
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Figure 4 RHPNI-AS| promoted OC development via repressing miR-1299. (A) miR-1299 was downregulated in OC tissues. (B) miR-1299 expression was downregulated
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assays, we demonstrated that RHPN1-AS1 knockdown dis-
played an important anti-cancer role by regulating OC pro-

surprising because RHPN1-AS1 was also found to regulate
tumor proliferation and metastasis in several other cancers,

liferation, migration and invasion. This finding is not  such as melanoma and breast cancer.'*'> Nevertheless, our
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present research demonstrated the roles of RHPN1-AS1 in
OC for the first time.

Another important finding of our work may be the
identification of the endogenous competing mechanism
between RHPN1-AS1 and miR-1299. We used two online
tools to predict their interaction. Then a series of experi-
ments were performed to confirm their direct interaction.
We performed luciferase reporter assay, RNA pulldown
assay and RIP assay. All these assays indicated that
RHPNI1-AS1 bound to miR-1299 directly. Moreover, we
found that RHPN1-AS1 knockdown caused upregulation
of RHPN1-ASI in OC cells. And their expression was
negatively correlated in OC tissues. miR-1299 is a rarely
known miRNA. A previous study showed that miR-1299
inhibits hepatocellular carcinoma growth via inactivating
CDK6.*°  miR-1299
development.?! Additionally, miR-1299 also exerts anti-

also suppresses colon cancer
cancer roles in prostate cancer, cholangiocarcinoma and
breast cancer.??>2* However, the role of miR-1299 in OC
has not been determined. Thus, we further explored how
RHPN1-AS1/miR-1299 axis regulates OC progression.
We found that miR-1299 was downregulated in OC tis-
sues. And miR-1299 inhibitors rescued the proliferation,
migration and invasion of OC cells with RHPN1-ASI
siRNA transfection. More importantly, miR-1299 inhibi-
tion alone promoted OC cell proliferation, migration and
invasion. Thus, miR-1299 is a critical suppressor of OC
progression.

In conclusion, our work demonstrated that RHPN1-AS1
promotes OC progression via targeting miR-1299. And
RHPNI1-ASI is a prognostic biomarker for OC patients.
However, there are some limitations in our study. For exam-
ple, in vivo assay is required to validate the roles of RHPN1-

ASI1 in the future.
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