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Abstract

Long noncoding RNA (IncRNA) IDH] antisense RNA 1 (IDHI1-AS1) is involved in the progression of multiple
cancers, but its role in epithelial ovarian cancer (EOC) is unknown. Therefore, we investigated the expression
levels of IDHI-ASI in EOC cells and normal ovarian epithelial cells by quantitative real-time PCR (qPCR). We
first evaluated the effects of IDHI-ASI on the proliferation, migration, and invasion of EOC cells through cell
counting kit-8, colony formation, EdU, transwell, wound-healing, and xenograft assays. We then explored the
downstream targets of /DHI-AS1 and verified the results by a dual-luciferase reporter, qPCR, rescue experiments,
and Western blotting. We found that the expression levels of IDHI-AS1 were lower in EOC cells than in normal
ovarian epithelial cells. High IDHI-ASI expression of EOC patients from the Gene Expression Profiling
Interactive Analysis database indicated a favorable prognosis, because IDH1-AS1 inhibited cell proliferation and
xenograft tumor growth of EOC. IDHI-ASI sponged miR-518c-5p whose overexpression promoted EOC cell
proliferation. The miR-518c-5p mimic also reversed the proliferation-inhibiting effect induced by IDHI-AS1
overexpression. Furthermore, we found that RNA binding motif protein 47 (RBM47) was the downstream target
of miR-518c-5p, that upregulation of RBM47 inhibited EOC cell proliferation, and that RBM47 overexpressing
plasmid counteracted the proliferation-promoting effect caused by the IDHI-ASI knockdown. Taken together,
IDH1-AS1 may suppress EOC cell proliferation and tumor growth via the miR-518c-5p/RBM47 axis.
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reproductive system!!], and epithelial ovarian cancer
(EOC) is the most common subtype, accounting for
90% of ovarian cancer cases. EOC has a high

Introduction

Ovarian cancer is the deadliest cancer of the female
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incidence with a high mortality ratel2l. Although great
efforts have been made to treat EOC patients with
cytoreductive surgery and chemotherapy as well as
targeted therapies, EOC still has high rates of
recurrence with a poor prognosisil. As the
pathogenesis of EOC remains unclear, it is urgent to
explore the pathogenesis of this disease to identify
additional targets for the treatment of EOC.

With the development of human genome
sequencing technologies, various nonprotein-coding
transcripts have been discovered. Those transcripts
with more than 200 nucleotides in length are termed
long noncoding RNAs (IncRNAs)4. It has been
widely reported that IncRNAs participate in multiple
biological processes, including the regulation of
transcriptional and  posttranscriptional gene
expression. Antisense IncRNAs originating from
complementary strands of the protein-coding genes
have been reported to participate in the pathogenesis
of various diseases, including cancer!sl. For example,
IncRNA HIF1A4-AS1 induced gemcitabine resistance
in patients with pancreatic cancer by upregulating
hypoxia-inducible factor-1 alpha (HIF-1a) expression
and enhancing glycolysist®l. LncRNA TRAF3IP2-AS1
suppressed the progression of NONO-TFE3
translocation in renal cell carcinoma by promoting the
PARPI mRNA decay!”. LncRNA NR2FI-AS1
regulated NR2F1 translation and ANp63 transcription
to induce lung metastatic dormancy in breast cancer
patients(sl.

LncRNA IDH]I antisense RNA 1 (IDHI-ASI) was
first discovered to be correlated with the functions of
HIF-lo and c-Myc through IDHI to regulate the
Warburg effect, an essential metabolic mechanism for
providing energy to maintain the high proliferation of
cancer cellsl®. IDHI-ASI has also been reported to
promote cell proliferation and suppress apoptosis of
prostate cancer cells via autophagy induced by
ATGSM0L Additionally, IDHI-ASI has been
demonstrated to inhibit cell proliferation and
tumorigenesis in glioma by altering IDH1 enzymatic
activities(!!l. Because the role of IDHI-ASI in EOC
has not been reported to date, we conducted a strategy
combining bioinformatics analysis and experiments to
investigate whether IDHI-ASI participates in EOC
development, which may assist in identifying new
targets for the treatment of EOC.

Materials and methods

Cell culture

The human EOC cell lines (3AO0, A2780, and
OVCAR3) were purchased from Shanghai Mingjin

Biotech Co., Ltd. (Shanghai, China). SKOV3,
CAOV3, and HEK293T cells were obtained from the
Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). The normal ovarian epithelial cell
line IOSE-386 was provided by Prof. Jin Zhu (General
Hospital of Eastern Theater Command, Nanjing,
Jiangsu, China). CAOV3, A2780, HEK293T, and
IOSE-386 cells were maintained in Dulbecco's
modified Eagle's medium (DMEM; KeyGEN, Jiangsu,
China). Specifically, 3A0 and OVCAR3 cells were
incubated in RPMI-1640 medium (KeyGEN), and
SKOV3 cells were cultured in McCoy's SA medium
(KeyGEN). Each culture medium contained 10% fetal
bovine serum (FBS; Thermo Fisher Scientific,
Waltham, MA, USA), except for the medium used to
culture OVCAR3 cells, which contained 20% FBS.

Transient transfection

Lipofectamine 3000 transfection reagent
(Invitrogen, Carlsbad, CA, USA) was utilized to
transfect cells with short interfering RNAs (siRNAs),
plasmids, microRNA (miRNA) mimics, or miRNA
inhibitors according to the manufacturer's instructions.
The siRNAs targeting IDH1-AS1, including si-IDH1-
AS1 (1), si-IDHI-ASI (2), and si-IDHI-AS1 (3), as
well as negative control siRNA (si-NC), were
purchased from RiboBio Co., Ltd. (Cat. Nos.
stB0019366A, stB0019366B, stB0019366C, and
siN0000001-1-5, Guangzhou, Guangdong, China).
The IDHI-ASI-overexpressing plasmid (pc-IDHI-
ASI) and the negative empty vector plasmid (pc-
DNA3.1) were constructed by Genecreate Biological
Engineering Co., Ltd. (Wuhan, Hubei, China). The
miR-518c-5p mimic, miR-518c-5p inhibitor, NC
mimic, and NC inhibitor were obtained from RiboBio
Co., Ltd. (Cat. Nos. miR10002847, miR20002847,
miR1N0000001-1-5, and miR2N000001-1-5).

Stable transfection

We obtained the IDHI-ASI-overexpressing (LV-
IDHI-ASI) and negative control (LV-NC)
recombinant lentiviruses from GenePharma Co., Ltd.
(Shanghai, China). SKOV3 cells were seeded into a
24-well plate and incubated overnight, and the cells
were transfected, when the cellular confluence
reached 30%. The original medium was replaced with
500 pL serum-containing medium with 10% lentivirus
fluid, and cells were cultured in the lentiviral solution for
24 h. After the lentivirus-free medium was
continuously incubated for 48 h, a concentration of
1 pg/mL puromycin was added to the medium to
obtain stably transfected cells.
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RNA extraction and quantitative real-time PCR
(qPCR)

Tissue and cell RNAs were extracted according to
the instruction of Thermo Scientific GeneJET RNA
Purification Kit (Thermo Fisher Scientific), and
RevertAid First Strand cDNA Synthesis Kit (Thermo
Fisher Scientific) was used to obtain cDNA. The
PARIS Kit protein and RNA isolation system
(Invitrogen, Carlsbad, CA, USA) was utilized to
divide cellular RNA into cytoplasmic and nuclear
components. The qPCR assays were performed using
SYBR Green dye (Thermo Fisher Scientific) and the
following thermocycler program: 5 min at 95 °C; 15 s
at 95 °C for 40 cycles; and 1 min at 60 °C. The relative
expression levels of different genes were calculated
using the 2724CT method. ACTB, GAPDH, and U6
were utilized as internal controls. The primer
sequences are listed in Table 1. miRNA-specific stem-
loop U6 primers were constructed from RiboBio Co.,
Ltd. (Cat. #MQPS0000002-1-100).

Cell counting kit-8 (CCK-8) assay

After cell transfection for 24 h, approximately 2 000
to 3000 cells in 100 pL of medium were added to
each well of a 96-well plate. After allowing the cells
to adhere for 4 to 6 h, 10 uL of CCK-8 solution
(KeyGEN) was added to each well of the plate
followed by incubation for 2 h. The absorbance was
read at 450 nm using a BioTek Synergy H4 (BioTek,
Winooski, Vermont, USA), which was considered the
0-h time point. The same process was performed on
additional cells at the same time in the next three days,
representing the 24-h, 48-h, and 72-h time points.

Colony formation assay

SKOV3 and A2780 cells were seeded and
transfected with siRNAs, overexpression plasmid, or
miRNA mimics in six-well plates. After the cells were
digested and counted, 2 000 to 3 000 cells were re-
cultured in new six-well plates. The cells were
allowed to adhere and grow for 7 days to 2 weeks.

Cells were then fixed with 1 mL of paraformaldehyde
for 30 to 60 min and stained with crystal violet
solution for approximately 30 min. The number of
colonies was photographed and counted using ImageJ
software (National Institutes of Health, Bethesda, MD,
USA).

EdU assay

SKOV3 cells (1.5 x 10%) or A2780 cells (3 x 10%)
were seeded in each well of a 96-well plate and
cultured for 24 h. Cell-Light EAU DNA Apollo In
Vitro Kit (RiboBio) was applied to perform the EAU
assay. The cells were labeled with 50 mmol/L EdU
solution for 2 h, and stained with Apollo and Hoechst
33342 Dye Solution (RiboBio) in sequence after been
fixed with 4% paraformaldehyde. Axio Observer D1
fluorescence microscope (Carl Zeiss, Jena, Germany)
was used to take photographs of the stained cells.

Transwell assay

Medium (600 pL) containing 20% FBS was added
to the lower chamber of the Transwell (Corning Inc.,
Corning, NY, USA), and 200 upL. of serum-free
medium was added to the upper chamber. SKOV3
cells (3 x 10%) or A2780 cells (5 x 10%) were seeded
into Transwell chambers without or with Matrigel
(BD Biosciences, San Jose, CA, USA) (60 pL/well;
medium/Matrigel ratio, 7 : 1) to conduct migration or
invasion assays, respectively. Following 24 to 72 h of
cultivation, the chamber was fixed with 4%
paraformaldehyde (BioSharp, Hefei, Anhui, China)
and then stained with 0.1% crystal violet solution
(BioSharp). Cells were wiped away from the upper
surface of the chamber using a cotton swab, and
images of the lower surface of the chamber were
acquired for randomly selected areas using an Axio
Observer D1 fluorescence microscope (Carl Zeiss).

Wound-healing assay

SKOV3 and A2780 cells were cultured in six-well
plates with medium containing 10% FBS. When the

Table 1 Primer sequences for quantitative real-time PCR
Genes Forward (5'-3") Reverse (5'-3")
IDHI1-AS1 GTCATGGAGGTGTCTGTGTTAG GTCACTCTGCGGATGTTTCT
RBMA47 TGATGGACTTTGACGGCAAGA GGGCGGATCTCGTAGTTGTT
ZNF621 CTCCAAACAACTTGGCCTCAG GAATGGAAACGCTACCAGAGAA
CASTOR2 GCCACCACCCTCATAGATGT AGGAGGTCACTGGGGAACTT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
ACTB TCCCTGGAGAAGAGCTACGA AGCACTGTGTTGGCGTACAG
GAPDH CAATGACCCCTTCATTGACC TTGATTTTGGAGGGATCTCG
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cellular confluence reached more than 95%, horizontal
lines were made on the backside of the plate, and
longitudinal lines were scratched in the cell bed using
200 pL pipette tips. The FBS-containing medium was
then replaced with a serum-free medium. Images were
acquired at 0, 24, and 48 h after the wound was
generated using an EVOS XL Core digital microscope
(Thermo Fisher Scientific) and analyzed by Imagel
software.

Xenografts in nude mice

Ten female BALB/c nude mice aged 6 weeks were
purchased from the Model Animal Research Center of
Nanjing University (Nanjing, Jiangsu, China). The
nude mice were kept in a specific pathogen-free
environment and randomly and equally divided into
the LV-IDHI-AS1 group and the LV-NC group (n =5
for each group). SKOV3 cells (9 x 109) transfected
with LV-IDHI-AS] or LV-NC in 200 pL of PBS
solution were subcutaneously injected into the left
axilla of the LV-IDHI-ASI group or the LV-NC
group nude mice, respectively. The tumor size was
measured every 2 to 3 days using manual calipers, and
the tumor volume was calculated according to the
following formula: Tumor volume = 0.5 x length x
width2. The tumors were resected 25 days after
injection of cells. All animal protocols were approved
by the Animal Ethical and Welfare Committee of
Nanjing Medical University (Approval No. IACUC-
1911022).

Dual-luciferase reporter assay

Bioinformatics tools were utilized to predict the
binding site between IDHI-ASI! and miR-518c-5p.
The wild type (WT) and mutant type (MT) plasmids
of IDHI-ASI were inserted into the pmirGLO
plasmid. A total of 250 ng of pmirGLO-IDHI-ASI-
WT or pmirGLO-IDHI-AS1-MT and 250 ng of miR-
518c-5p mimics or NC mimics were cotransfected
into HEK293T cells with 2.5 pL of Lipofectamine
3000 and 0.5 pL of P3000 (Invitrogen) for 48 h.
Luciferase activities of Firefly and Renilla were
measured using the Dual-Luciferase Reporter Gene
Assay Kit (Promega, Madison, WI, USA) and
detected by the GloMax 96-well fluorescence detector
(Promega) according to the manufacturer's
instructions. The ratio of firefly to Renilla luciferase
activity was calculated as the relative luciferase
activity. To verify the targeting relevance between
miR-518c-5p and the 3' UTR of RBM47, the same
procedure was used but with different plasmids,
respectively.

Western blotting analysis

Total protein was isolated by lysing cells with
RIPA lysis buffer (Servicebio, Wuhan, Hubei, China),
and the protein concentration was measured using a
BCA Protein Assay Kit (Beyotime, Shanghai, China).
Protein samples were separated by SDS-PAGE and
transferred onto PVDF membranes (Millipore,
Boston, MA, USA). After blocking the membranes
with 5% skim milk, the membranes were incubated
with the following primary antibodies at 4 °C
overnight: anti-B-actin antibody (1 : 2000 dilution;
Cat. No. GB15003, Servicebio) and anti-RBM47
antibody (1 : 5000 dilution; Cat. No. abl67164,
Abcam, Cambridge, UK). The membranes were then
incubated with the secondary antibody for 2 h at
37 °C. Protein bands were visualized by using the
FluuroChem M imaging system (Protein Simple Inc.,
San Jose, CA, USA) according to the manufacturer's
instructions.

Immunohistochemistry

Tissue specimens were paraffin-embedded and
sliced into sections that were dewaxed with xylene
and dehydrated with gradient alcohol. The slices were
heated in citrate buffer, followed by blocking with 3%
H,0,, and sealed with goat serum. The sections were
incubated with primary antibody overnight at 4 °C,
including anti-RBM47 antibody (1 : 100 dilution;
Cat. No. abl167164, Abcam), anti-Ki67 antibody
(1 : 300 dilution, Cat. No. NB500-170, Novus
Biologicals, Littleton, CO, USA), and then incubated
with HRP-labeled secondary antibody (1 : 500
dilution; Cat. No. abs20040ss, Absin Bioscience,
Shanghai, China). The slices were treated with 3,39-
diaminobenzidine tetrahydrochloride reagent to
develop color, and re-stained with hematoxylin. Each
section was photographed under the microscope (Carl
Zeiss) at 400x magnification. Integrated optical
density summation of RRBM47 and Ki67 protein
expression was calculated by Image-Pro Plus software
(Media Cybernetics, Silver Spring, MD, USA).

Bioinformatics analysis

The association between I[DHI-ASI and the
prognosis of EOC patients was analyzed using the
GEPIA database (http://gepia.cancer-pku.cn). The
clinical data of EOC patients were obtained from The
Cancer Genome Atlas (TCGA) database (http://
cancergenome.nih.gov), and the IDHI-AS1I expression
data of EOC patients were acquired from the Atlas of
non-coding RNA in Cancer (TANRIC) database
(http://ibl.mdanderson.org/tanric/_design/basic/index.
html). The downstream miRNA targets of IDHI-AS1
were searched from the RNA22 (https://cm.jefferson.
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edu/rma22/), miRDB (http://www.mirdb.org/), and
LncRNASNP2 (http://bioinfo.life.hust.edu.cn/IncRNA
SNP/) databases. The downstream gene targets of
miR-518¢c-5p were screened from the miRWalk
(http://mirwalk.umm.uni-heidelberg.de/) database.
RNAHybrid (v2.2) software (https://bibiserv.cebitec.
uni-bielefeld.de/rnahybrid/) was used to predict binding
sites between IDHI-AS1 and miR-518c-5p as well as
between miR-518c-5p and the 3' UTR of RBM47.

Statistical analysis

The data of cellular experiments were presented as
the mean + standard deviation of three independent
experiments, and the data of animal tests were
presented as mean + standard error of the mean. The
Chi-square (y?) test was applied to compare the
rates (%) of the two groups. The Cox proportional
hazards regression model was used to analyze the
association between clinical data and survival of EOC
patients. Two-tailed Student's #-test and two-way
analysis of variance (ANOVA) followed by Dunnett's
tests were applied to compare the data between two or
more groups by using GraphPad Prism 7 (GraphPad
Software, La Jolla, CA, USA). P < 0.05 was
considered statistically significant.

Results

IDHI-AS1 was decreased in EOC cells and
associated with the prognosis of EOC

To identify the potential effects of IDHI-ASI on
EOC, we first investigated the expression levels of
IDHI-AS1 in EOC cell lines. The abundance of IDH -
ASI was lower in EOC cells (OVCAR3, SKOV3,

3A0, A2780, and CAOV3) than in normal ovarian
epithelial cells (IOSE386) (Fig. 14). Because SKOV3
and A2780 cells were the commonly used EOC cells,
we selected them for further investigation. We next
detected IDHI-AS1 expression in EOC cells from the
patients included in the GEPIA, TCGA, and TANRIC
databases. High IDHI-AS] expression was associated
with an increased overall survival (OS) and disease-
free survival in EOC patients according to the GEPIA
database (Fig. IB). Furthermore, we downloaded
clinical information of EOC patients from TCGA and
the expression data of IDHI-AS1 from the TANRIC
database. Patients with incomplete primary clinical
data or lacking IDHI-AS1 expression data were
excluded. A total of 410 EOC patients were included
in this analysis. The IDH1-AS1 expression levels were
not associated with the Federation International of
Gynecology and Obstetrics (FIGO) stage, grade,
lymph node invasion or neoplasm status of EOC, but
with age and race (7Table 2). According to univariate
and multivariate Cox regression analyses, /IDHI-AS]
expression level may be an independent predictor for
OS of EOC patients (Tables 3 and 4). Taken together,
these results indicated that the expression levels of
IDH1-AS1 were decreased in EOC cells and that low
IDHI-ASI expression was associated with a poor
prognosis in EOC patients.

IDH1-AS1 inhibited the proliferation of EOC cells
in vitro

Given the effect of IDHI-ASI on the prognosis of
EOC, we further investigated the influence of /IDH1I-
AS1 on cellular proliferation, migration, and invasion
by knocking down or overexpressing IDHI-ASI in
EOC cells with siRNAs or overexpressing plasmid,

A B
L2, 10 — Low IDHI-AST TPM 1.0 f; — Low IDHI-ASI TPM
0 — High IDHI-ASI TPM |~ — High IDHI-AS1 TPM
S “ple <08 Logrank P=0.022 | < 0.8 Logrank P=0.038
£ 0sl < HR,;,=0.75 | 3 HR,,,=0.77
2o g Pp=0.023 | £ Pz=0.039
4 2 06f HR Z 06f HR
g 06 = ng=212 | 2 Mg =212
538 000 v 3 =212 8 Ney=212
o Q = 04} & 04+
-% =044t wxx  TEE g 9
_— <
= e 802} 302!
02} 2
: 0 , , , of , , ,
6 O O 0O D 0 0 50 100 150 0 50 100 150
2 ¥ L L
%‘{:7 QQV” ‘%g,o ol @//\ CFVO Time (months) Time (months)
RSN

Fig. 1 IDHI-AS1 was downregulated in EOC cells and was associated with the prognosis of EOC. A: Relative expression of IDHI-
AS1 in one normal ovarian epithelial cell line and five EOC cell lines was measured by qPCR assay. ACTB was used as an internal reference
gene. B: Correlation between the level of IDHI-ASI and the prognosis of EOC patients according to the GEPIA database. The low
expression group and high expression group were defined according to the median of IDHI-ASI level. Data were obtained from three
independent experiments. Values are presented as mean + standard deviation. Two-tailed Student's #-test was performed to indicate
significance. **P < 0.01 and **P < 0.001. Abbreviations: EOC, epithelial ovarian cancer; qPCR, quantitative real-time PCR; GEPIA, Gene

Expression Profiling Interactive Analysis.
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Table 2 Correlation between IDHI-ASI expression and
clinicopathological features in patients with epithelial
ovarian cancer
o ) IDH1-AS1
Clinicopathological Cases® (1) expression P-valueb
features
Lowe Highe
Age (years) 409 0.042*
<60 216 98 (45.4) 118 (54.6)
260 193 107 (55.4) 86 (44.6)
Race 397 0.022*
White 360 188 (52.2) 172 (47.8)
Others 37 12 (33.4) 25 (66.6)
Neoplasm statusd 358 0.395
With tumor 266 138 (51.9) 128 (48.1)
Tumor free 92 43 (46.7) 49 (53.3)
Site 384 0.726
Bilateral 285 141 (49.5) 144 (50.5)
Unilateral 99 51(51.5) 48(48.5)
Stagee 407 0.392
II 21 11(52.4) 10 (47.6)
m 325 156 (48.0) 169 (52.0)
v 61 35(57.4) 26(42.6)
Grade 410 0.668
G1/G2/GX* 57 30 (52.6) 27 (47.4)
G3/G4 353 175 (49.6) 178 (50.4)
Invasion 158 0.314
Yes 104 55(52.9) 49(47.1)
No 54 24 (44.4) 30(55.6)
Overall status 410 0.221
Deceased 256 134 (52.3) 122 (47.7)
Alive 154 71 (46.1) 83 (53.9)
aThe data for "cases" in the second column represent the actual patient cases
for statistics, which might be less than the total patient cases because of the
missing data in the database.
bP-values were determined by using the Chi-square test. *P < 0.05.
<The low expression group and high expression group were defined according
to the median of IDHI-AS1 level.
dNeoplasm status indicates the state or condition of an individual's tumor at a
specific time, including with tumor and tumor free. "Tumor free" means the
tumor has been removed while "With tumor" refers to the presence of a tumor.
eStage was classified according to the Federation International of Gynecology
and Obstetrics (FIGO) criterion.
fGX indicates the undefined grade. The case number of G1, G2, G3, G4 and
GX were 1,47, 352, 1, and 9, respectively.

respectively (Fig. 24 and 2B). The CCK-8 assay
results demonstrated that the downregulation of
IDHI-AS1 promoted EOC cell viability, while the
overexpression of IDHI-AS1 significantly suppressed
EOC cell viability (Fig. 2C and 2D). Moreover, both
the colony formation and the EdU assays were utilized
to evaluate cell proliferation, and the trends were

similar to those in the CCK-8 assays (Fig. 2E and
2F). Transwell assays and wound-healing assays
indicated that /IDHI-ASI had no significant effect on
the invasion and migration of EOC cells
(Supplementary Fig. 14 and IB, available online).
Together, these results indicated that IDHI-ASI
inhibited EOC cell proliferation in vitro.

IDHI-AS1 acted by sponging miR-518c¢-5p in EOC
cells

To investigate the mechanism of /IDHI-AS1 in EOC
cells, the nuclear and cytoplasmic RNA isolation
assay was applied to define its cellular location.
IDH1-AS1 was confirmed to be distributed mainly in
the cytoplasm of EOC cells (Fig. 34). The databases
of RNA22, miRDB, and LncRNASNP2 were then
utilized to screen downstream miRNA targets, which
identified miR-518c-5p, miR-1301-5p, and miR-3907
(Fig. 3B). The number of consecutive binding sites
between IDHI-ASI and miR-518c-5p was predicted to
be the largest among these miRNAs by RNAhybrid
software (Fig. 3C), which indicated their greatest
binding possibility. Dual-luciferase reporter analysis
and qPCR assays were performed to verify the
correlation between IDHI1-AS1 and miR-518c-5p. The
results showed that miR-518c-5p upregulation
suppressed the luciferase activity of IDHI-ASI-WT
but did not affect the luciferase activity of IDHI-ASI-
MT (Fig. 3D). The expression level of miR-518c-5p
was increased after IDHI-ASI knockdown but
decreased after IDHI-ASI overexpression in EOC
cells (Fig. 3E). Subsequently, transfection of miR-
518c-5p mimic into SKOV3 and A2780 cells
(Fig. 3F) promoted cell wviability and colony
formation in EOC cells (Fig. 3G and 3H). Rescue
experiments of the EdU assay further indicated that
the miR-518c-5p mimic reversed the proliferation
inhibiting effect induced by overexpression of IDH1I-
ASI in EOC cells (Fig. 3I). Thus, these findings
suggest that IDHI-ASI] may serve as a suppressor by
sponging miR-518¢-5p in EOC cells.

IDHI-AS1 affected EOC cells by targeting the
miR-518¢-5p/RBM47 axis

To identify the putative targets of miR-518c-5p, we
used the miRWalk website, including the miRDB and
miTarBase databases, and identified eight shared
genes (Fig. 4A). Because previous studies have
reported that RNA binding motif protein 47 (RBM47),
zinc finger protein 621 (ZNF621), and cytosolic
arginine sensor for mTORC1 subunit 2 (CASTOR?2)
function as tumor suppressors, we selected these genes
for further verification. The qPCR analysis showed
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Table 3 Univariate and multivariate Cox regression analyses of overall survival in patients with epithelial ovarian cancer

Overall survival

Variables? Univariate analysis Multivariate analysis

n HR (95% CI) P n HR (95% CI) P
Age (years, <60 vs. 260) 409 1.021 (1.010-1.033)  <0.001" 409 1.017 (1.005-1.030)  0.007*
Race (white vs. others) 397 1.626 (1.004-2.635) 0.048" 397 1.514 (0.916-2.504) 0.106
Neoplasm status® (with tumor vs. tumor free) 358 0.123 (0.070-0.216) <0.001* 358 0.129 (0.073-0.227) <0.001*

Site (bilateral vs. unilateral) 384 1.337 (0.897-1.993) 0.154
Stagee (Il vs. 1l & IV) 407 1.276 (0.971-1.677) 0.080
Grade (G1/G2/GX vs. G3/G4) 410 1.109 (0.781-1.574) 0.562
Invasion (yes vs. no) 158 0.855 (0.528-1.385) 0.525
IDH1-AS1 expression (low vs. high) 410 0.729 (0.570-0.932) 0.012" 410 0.727 (0.555-0.952) 0.020"

aThe first variable was the reference variable in each group.

®Neoplasm Status indicates the state or condition of an individual's tumor at a specific time, including with tumor and tumor free. "Tumor free" means the tumor has
been removed while "With tumor" refers to the presence of a tumor.

eStage was classified according to the Federation International of Gynecology and Obstetrics (FIGO) criterion.

P-values were determined by univariate and multivariate Cox regression analyses. When the factors with a P < 0.05 in the univariate analyses, they were subjected to
multivariate analysis. *P < 0.05.

Abbreviation: HR, hazard ratio; Cl, confidence interval; GX, undefined grade.

Table 4 Univariate and multivariate Cox regression analyses of disease-free survival in patients with epithelial ovarian cancer

Disease-free survival

Variables Univariate analysis Multivariate analysis
n HR (95% CI) P n HR (95% CI) P

Age (years, <60 vs. =60) 409 1.008 (0.996-1.019) 0.189

Race (white vs. others) 397 1.291 (0.831-2.006) 0.255

Neoplasm status® (with tumor vs. tumor free) 358 0.161 (0.107-0.244) <0.001* 358 0.165 (0.109-0.250)  <0.001*
Site (bilateral vs. unilateral) 384 0.804 (0.597-1.083) 0.151

Stagee (I vs. 1 &. IV) 407 1.309 (1.001-1.711) 0.049" 407 0.794 (0.617-1.022)  0.073
Grade (G1/G2/GX vs. G3/G4) 410 1.156 (0.801-1.668) 0.438

Invasion (yes vs. no) 158 1.019 (0.645-1.610) 0.934

IDH1-AS1 expression (low vs. high) 410 0.812 (0.635-1.037) 0.095

aThe first variable was the reference variable in each group.

®Neoplasm Status indicates the state or condition of an individual's tumor at a specific time, including with tumor and tumor free. "Tumor free" means the tumor has
been removed while "With tumor" refers to the presence of a tumor.

eStage was classified according to the Federation International of Gynecology and Obstetrics (FIGO) criterion.

P-values were determined by univariate and multivariate Cox regression analyses. When the factors with a P < 0.05 in the univariate analyses, they were subjected to
multivariate analysis. *P < 0.05.

Abbreviations: HR, hazard ratio; CI, confidence interval; GX, undefined grade.

that only the mRNA level of RBM47 was significantly
decreased after /IDHI-ASI knockdown in EOC cells
(Fig. 4B). The mRNA expression of RBM47 was also
inhibited after miR-518c-5p overexpression (Fig. 4C).
Next, we predicted the binding sites between 3’ UTR
of RBM47 and miR-518c-5p by the RNAhybrid
software (Fig. 4D). A dual-luciferase reporter assay
revealed that the luciferase activity of RBM47-WT
was significantly decreased when cotransfected with
the miR-518c-5p mimic, but this change did not occur
in the luciferase activity of RBM47-MT (Fig. 4E).

Furthermore, Western blotting analysis indicated the
protein level of RBM47 was decreased after IDHI-
AS1 suppression or miR-518c-5p overexpression, but
increased after miR-518c-5p suppression in EOC cells
(Fig. 4F). Furthermore, RBM47 overexpression (Fig.
4G) inhibited cell viability and colony formation in
EOC cells (Fig. 4H and 4I). Rescue experiments of
the EdU assay revealed that the RBM47
overexpressing plasmid counteracted the proliferation-
promoting effect caused by the IDHI-AS1 knockdown
in EOC cells (Fig. 4J). Taken together, these results
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demonstrate that [DHI-ASI may inhibit the
proliferation of EOC cells via the miR-518c-
Sp/RBM47 axis.

IDH1-AS1 suppressed tumor growth of EOC cells
in vivo
Considering the suppressive effects of IDHI-ASI

on EOC in vitro, we further investigated its function in
vivo. The qPCR confirmed that the expression of
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IDHI-AS1 was significantly higher in SKOV3 cells
transfected with LV-IDHI-ASI, compared with the
control cells (Fig. 54). There was no significant
difference in the weight of nude mice after SKOV3
cell injection in the LV-NC group and LV-IDHI-AS1
group (Fig. 5B). The tumor growth curve showed that
the tumor volume of nude mice was significantly
lower in the LV-IDHI-AS1 group than in the control
group (Fig. 5C). Subcutancous tumors were dissected
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cells was evaluated by qPCR analysis (n = 3). ACTB was used as an internal reference gene. B: The weight growth curve of nude mice after
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from nude mice after cells injection for 25 days (Fig.
5D), and the tumor weight was significantly lower in
the LV-IDHI-ASI group than in the control group
(Fig. 5E). The qPCR also showed that the expression
of miR-518c-5p was obviously lower in subcutaneous
tumors of the LV-IDHI-ASI group (Fig. 5F). Then,
immunohistochemistry was performed to detect
RBM47 and Ki67 protein expression in tumor tissues,
identifying that RBM47 protein was highly expressed,
while Ki67 protein was lowly expressed in IDHI-ASI-
overexpressing tumor tissues (Fig. 5G). These results
suggested that IDHI-ASI suppressed xenograft tumor
growth of EOC cells in vivo.

Discussion

Accumulating evidence indicates that IncRNAs
participate in the progression of EOCU2l, IDHI-AS] is
an antisense IncRNA derived from the complementary
strand of the /DHI gene. IDHI-AS1 has recently been
demonstrated to affect cell proliferation and
tumorigenesis of cervical cancer, prostate cancer, and
glioblastomal®-11l, but it remains unknown whether
IDHI-ASI plays a role in the pathogenesis of EOC
cells.

In the present study, we identified that low
expression of IDHI-ASI was an independent predictor
for a shorter OS in EOC patients based on the
analyses using TCGA and TANRIC data. Moreover,
an increasing age was associated with an increased
risk of EOC progression, which was consistent with
the previous reportst!3-4. The present results also
indicated that the FIGO stage, grade, and lymph node
invasion were not indicators of OS and disease-free
survival in EOC. Although the grade was considered a
controversial prognostic marker(3>-14], the FIGO stage
and lymph node invasion have been indicated as
significant prognostic factors of EOCI!5-18. These
differences may be due to the fact that the clinical
information provided by the databases used in the
present study was only from serous EOC patients, and
the clinical data were incomplete, especially the data
on lymph node metastasis. Therefore, it is necessary to
perform further analysis to precisely clarify the
association between /DH1-AS1 and clinical features.

Similar to the study conducted by Xiang et all! in
HeLa cells, we demonstrated that silencing IDHI-AS1
enhanced EOC  cell  proliferation,  while
overexpressing [DHI-ASI attenuated EOC cell
growth. Wang J et all'l also reported that IDHI-AS1
suppressed glioblastoma cell proliferation and
tumorigenesis. However, Zhang et all'?) revealed that

IDHI1-ASI knockdown promoted cell apoptosis in
addition to inhibiting cell proliferation and tumor
growth in prostate cancer. These studies indicate that
different effects of IDHI-ASI may result from
different mechanisms in various cancers.

IDHI-ASI has been demonstrated to participate in
the progression of multiple cancers by regulating the
IDH1 activityl®!1.19], In the present study, we found
that IDHI-ASI was mainly distributed in the
cytoplasm of EOC cells. It is possible that IDHI-AS1
functions in EOC through some other pathways, and
some evidence suggests that different subcellular
localizations may present distinct biological functions
of IncRNAs20-211, The ceRNA hypothesis is the widely
accepted mechanism for cytoplasmic IncRNAs that
are suggested to compete against protein-coding
mRNAs for the miRNA binding!'?. Currently,
IncRNA-miRNA-mRNA interactions attract much
attention, because they play an extensive role in the
pathogenesis of EOC[2224, In the present study, we
demonstrated that IDHI-ASI suppressed EOC cell
proliferation and tumor growth by sponging miR-
518c-5p.

miR-518¢-5p is a member of the miR-515 family
that belongs to the largest human miRNA cluster on
chromosome 19, known as C19MC, encoding as many
as 59 mature miRNAs(25, miR-518c-5p has been
reported to be involved in the progression of bladder
cancer in a multivariate Cox regression analysisi26l. A
reported miRNA microarray analysis has indicated
that miR-518¢c-5p is also  upregulated in
retinoblastoma and related to tumorigenesis?’l. In
addition, miR-518c-5p has been suggested to
participate in the growth and metastasis of oral cancer
by targeting the SDF-1/CXCR4 system(28], In line with
these findings, miR-518c-5p may promote EOC cell
proliferation in the present study as an oncomiRI[?3l.
However, another study has reported that
hsa_circ_0007843 promotes the progression of colon
cancer by sponging miR-518c-5p to regulate MMP2
expression(?], As the above-mentioned functions of
miR-518c-5p range from oncomiR to tumor
suppressor, our findings have suggested that the effect
of miR-518¢-5p is determined by the cellular context
in which it is activated.

As an RNA-binding motif protein, RBM47 is a
conserved RNA-binding protein in vertebrates and
proved to be essential for the viability and growth of
vertebrate embryol3?. RBM47 significantly regulates
mRNA transcription, RNA splicing, and RNA
transportation®'l. It is widely accepted that RBM47
functions as a tumor suppressor in multiple cancers.
Sakurai T et al2 demonstrated that RBM47
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suppressed tumor growth of lung adenocarcinoma by
inhibiting Nrf2 function. Guo et all*3 reported that
RBM47 acted as a DNA/RNA modulator to inhibit the
progression of hepatocellular carcinoma. Qin er al34
found that RBM47 suppressed cell proliferation and
activated autophagy in papillary thyroid carcinoma.
Shen et all®s] revealed that RBM47 stabilized AXINI
mRNA to suppress Wnt/B-catenin signaling and
inhibited tumor proliferation and metastasis in non-
small cell lung cancer. Consistent with these
investigations, the present study showed that RBM47
suppressed EOC cell proliferation, and thus we
concluded that [DHI-ASI inhibited EOC cell
proliferation and tumor growth by upregulating
RBM47 mediated by miR-518c-5p.

In conclusion, the present findings reveal that
IDHI-AS1 is downregulated in EOC cells and
suppresses EOC cell proliferation and tumor growth.
IDHI-ASI regulates RBM47 expression levels by a
miR-518c-5p-dependent mechanism (Fig. 6). Thus,
these results indicate that IDHI-ASI suppresses cell
proliferation in EOC by regulating the miR-518c-
5p/RBM47 axis.

However, there were still some deficiencies in the

Cell

proliferation

present study. Most EOC patients were in an advanced
stage without paracancerous tissues, resulting in a lack
of comparison of the IDHI-AS1 expression in EOC
tissues and paracancerous control tissues. In addition,
most of the EOC patients from the TCGA database
were white, and may not represent the expression of
IDHI-ASI in Chinese. We have been collecting
samples of EOC patients from Chinese, and when the
sample size is sufficient, we will conduct clinical data
analysis of IDHI-ASI
together, once confirmed by other investigators, the
IDHI-AS1/miR-518c-5p/RBM47 regulatory axis may
be a new treatment target for EOC in the future.

in these samples. Taken
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Fig. 6 A mechanism schematic of the role of IDH1-AS1 in EOC. IDHI-AS! is transported from the nucleus to the cytoplasm after
transcription where it competitively binds to miR-518c-5p, which promotes the mRNA and protein expression of RBM47, ultimately
inhibiting cell proliferation and tumor growth of EOC. Abbreviation: EOC, epithelial ovarian cancer.



64

Zhou J et al. J Biomed Res, 2024, 38(1)

References

(1]

[2]

[3]

(4]

(3]

(]

(7

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

Siegel RL, Miller KD, Wagle NS, et al. Cancer statistics,
2023[J]. CA Cancer J Clin, 2023, 73(1): 17-48.

Wang M, Zhang J, Wu Y. Tumor metabolism rewiring in
epithelial ovarian cancer[J]. J Ovarian Res, 2023, 16(1): 108.
Kuroki L, Guntupalli SR. Treatment of epithelial ovarian
cancer[J]. BMJ, 2020, 371: m3773.

Salamini-Montemurri M, Lamas-Maceiras M, Lorenzo-
Catoira L, et al. Identification of IncRNAs deregulated in
epithelial ovarian cancer based on a gene expression profiling
meta-analysis[J]. Int J Mol Sci, 2023, 24(13): 10798.

Zhao S, Zhang X, Chen S, et al. Natural antisense transcripts
in the biological hallmarks of cancer: powerful regulators
hidden in the dark[J]. J Exp Clin Cancer Res, 2020, 39(1):
187.

Xu F, Huang M, Chen Q, et al. LncRNA HIF1A-ASI1
promotes gemcitabine resistance of pancreatic cancer by
enhancing glycolysis
AKT/YB1/HIF1la pathway[J].
5678-5691.

Yang L, Chen Y, Liu N, et al. Low expression of TRAF3IP2-

AS1 promotes progression of NONO-TFE3 translocation

through
Cancer Res, 2021, 81(22):

modulating the

renal cell carcinoma by stimulating Né-methyladenosine of
PARP1 mRNA and downregulating PTEN[J]. J Hematol
Oncol, 2021, 14(1): 46.

Liu Y, Zhang P, Wu Q, et al. Long non-coding RNA NR2F-
AS1 induces breast cancer lung metastatic dormancy by
regulating NR2F1 and ANp63[J]. Nat Commun, 2021, 12(1):
5232.

Xiang S, Gu H, Jin L, et al. LncRNA IDHI-ASI links the
functions of c-Myc and HIFla via IDHI to regulate the
Warburg effect[J]. Proc Natl Acad Sci U S A4, 2018, 115(7):
E1465-E1474.

Zhang N, Li Z, Bai F, et al. PAX5-induced upregulation of
IDHI1-AS1 promotes tumor growth in prostate cancer by
regulating ATGS5-mediated autophagy[J]. Cell Death Dis,
2019, 10(10): 734.

Wang J, Quan Y, Lv J, et al. LncRNA IDH1-AS1 suppresses
cell proliferation and tumor growth in glioma[J]. Biochem
Cell Biol, 2020, 98(5): 556-564.

Braga EA, Fridman MV, Moscovtsev AA, et al. LncRNAs in
ovarian cancer progression, metastasis, and main pathways:
ceRNA and alternative mechanisms[J]. Int J Mol Sci, 2020,
21(22): 8855.

Klar M, Hasenburg A, Hasanov M, et al. Prognostic factors
in young ovarian cancer patients: An analysis of four
prospective phase III intergroup trials of the AGO Study
Group, GINECO and NSGO[J]. Eur J Cancer, 2016, 66:
114-124.

Chang LC, Huang CF, Lai MS, et al. Prognostic factors in
epithelial ovarian cancer: a population-based study[J]. PLoS
One, 2018, 13(3): ¢0194993.

Rosendahl M, Hegdall CK, Mosgaard BJ. Restaging and

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

survival analysis of 4036 ovarian cancer patients according to
the 2013 FIGO classification for ovarian, fallopian tube, and
primary peritoneal cancer[J]. Int J Gynecol Cancer, 2016,
26(4): 680—687.

Peres LC, Cushing-Haugen KL, Koébel M, et al. Invasive
epithelial ovarian cancer survival by histotype and disease
stage[J]. J Natl Cancer Inst, 2019, 111(1): 60—68.

Martinez A, Pomel C, Filleron T, et al. Prognostic relevance
of celiac lymph node involvement in ovarian cancer[J]. Int J
Gynecol Cancer, 2014, 24(1): 48-53.

Ataseven B, Grimm C, Harter P, et al. Prognostic value of
lymph node ratio in patients with advanced epithelial ovarian
cancer[J]. Gynecol Oncol, 2014, 135(3): 435-440.

Wu S, Ding L, Xu H, et al. The long non-coding RNA IDH -
ASI promotes prostate cancer progression by enhancing
IDH1 enzyme activity[J]. Onco Targets Ther, 2020, 13:
7897-7906.

Chen L. Linking long noncoding RNA localization and
function[J]. Trends Biochem Sci, 2016, 41(9): 761-772.
Fernandes JCR, Acufia SM, Aoki JI, et al. Long non-coding
RNAs in the regulation of gene expression: physiology and
disease[J]. Non-Coding RNA, 2019, 5(1): 17.

Fan Y, Wang L, Han X, et al. LncRNA ASB16-AS1
accelerates cellular process and chemoresistance of ovarian
cancer cells by regulating GOLM1 expression via targeting
miR-3918[J]. Biochem Biophys Res Commun, 2023, 675:
1-9.

Su M, Huang P, Li Q. Long noncoding RNA SNHG6
promotes the malignant phenotypes of ovarian cancer cells
via miR-543/Y AP1 pathway[J]. Heliyon, 2023, 9(5): e16291.
Li Y, Zhu X, Zhang C, et al. Long noncoding RNA FTX
promotes epithelial-mesenchymal transition of epithelial
ovarian cancer through modulating miR-7515/TPD52 and
activating Met/Akt/mTOR[J]. Histol Histopathol, 2023, 9:
18620.

Flor I, Bullerdiek J. The dark side of a success story:
microRNAs of the CI9MC cluster in human tumours[J]. J
Pathol, 2012, 227(3): 270-274.

Dyrskjot L, Ostenfeld MS, Bramsen JB, et al. Genomic
profiling of microRNAs in bladder cancer: miR-129 is
associated with poor outcome and promotes cell death in
vitro[J]. Cancer Res, 2009, 69(11): 4851-4860.

Zhao J, Yang J, Lin J, et al. Identification of miRNAs
associated with tumorigenesis of retinoblastoma by miRNA
microarray analysis[J]. Childs Nerv Syst, 2009, 25(1): 13-20.
Kinouchi M, Uchida D, Kuribayashi N, et al. Involvement of
miR-518c-5p to growth and metastasis in oral cancer[J].
PLoS One, 2014, 9(12): ¢115936.

He J, Han Z, Luo J, et al. Hsa_Circ_0007843 acts as a miR-
518c-5p sponge to regulate the migration and invasion of
colon cancer SW480 cells[J]. Front Genet, 2020, 11: 9.
Fossat N, Radziewic T, Jones V, et al. Conditional restoration
and inactivation of Rbm47 reveal its tissue-context
requirement for viability and growth[J]. Genesis, 2016, 54(3):
115-122.


http://doi.org/10.3322/caac.21763
http://doi.org/10.1186/s13048-023-01196-0
http://doi.org/10.1136/bmj.m3773
http://doi.org/10.3390/ijms241310798
http://doi.org/10.1186/s13046-020-01700-0
http://doi.org/10.1158/0008-5472.CAN-21-0281
http://doi.org/10.1186/s13045-021-01059-5
http://doi.org/10.1186/s13045-021-01059-5
http://doi.org/10.1038/s41467-021-25552-0
http://doi.org/10.1073/pnas.1711257115
http://doi.org/10.1038/s41419-019-1932-3
http://doi.org/10.1139/bcb-2019-0465
http://doi.org/10.1139/bcb-2019-0465
http://doi.org/10.3390/ijms21228855
http://doi.org/10.1016/j.ejca.2016.07.014
http://doi.org/10.1371/journal.pone.0194993
http://doi.org/10.1371/journal.pone.0194993
http://doi.org/10.1097/IGC.0000000000000675
http://doi.org/10.1093/jnci/djy071
http://doi.org/10.1097/IGC.0000000000000041
http://doi.org/10.1097/IGC.0000000000000041
http://doi.org/10.1016/j.ygyno.2014.10.003
http://doi.org/10.2147/OTT.S251915
http://doi.org/10.1016/j.tibs.2016.07.003
http://doi.org/10.3390/ncrna5010017
http://doi.org/10.1016/j.bbrc.2023.06.068
http://doi.org/10.1016/j.heliyon.2023.e16291
http://doi.org/10.14670/HH-18-620
http://doi.org/10.1002/path.4014
http://doi.org/10.1002/path.4014
http://doi.org/10.1158/0008-5472.CAN-08-4043
http://doi.org/10.1007/s00381-008-0701-x
http://doi.org/10.1371/journal.pone.0115936
http://doi.org/10.3389/fgene.2020.00009
http://doi.org/10.1002/dvg.22920

(31]

[32]

[33]

LncRNA IDHI1-AS1-miR-518c-5p-RMB47 axis in epithelial ovarian cancer 65

Radine C, Peters D, Reese A, et al. The RNA-binding protein
RBM47 is a novel regulator of cell fate decisions by
transcriptionally controlling the p53-p21-axis[J]. Cell Death
Differ, 2020, 27(4): 1274-1285.

Sakurai T, Isogaya K, Sakai S, et al. RNA-binding motif
protein 47 inhibits Nrf2 activity to suppress tumor growth in
lung  adenocarcinomalJ]. 2016, 35(38):
5000-5009.

Guo T, You K, Chen X, et al. RBM47 inhibits hepatocellular

Oncogene,

[34]

[33]

carcinoma progression by targeting UPF1 as a DNA/RNA
regulator[J]. Cell Death Discov, 2022, 8(1): 320.

Qin Y, Sun W, Wang Z, et al. RBM47/SNHG5/FOXO03 axis
activates autophagy and inhibits cell proliferation in papillary
thyroid carcinoma[J]. Cell Death Dis, 2022, 13(3): 270.

Shen D, Jiang Y, Li J, et al. The RNA-binding protein
RBM47 inhibits non-small cell lung carcinoma metastasis
through modulation of AXIN1 mRNA stability and Wnt/B-
catentin signaling[J]. Surg Oncol, 2020, 34: 31-39.

CLINICAL TRIAL REGISTRATION

The Journal requires investigators to register their clinical trials in

a public trials registry for publication of reports of clinical trials in
the Journal. Information on requirements and acceptable registries
is available at https: //clinicaltrials.gov/.



http://doi.org/10.1038/s41418-019-0414-6
http://doi.org/10.1038/s41418-019-0414-6
http://doi.org/10.1038/onc.2016.35
http://doi.org/10.1038/s41420-022-01112-3
http://doi.org/10.1038/s41419-022-04728-6
http://doi.org/10.1016/j.suronc.2020.02.011

	Introduction
	Materials and methods
	Cell culture
	Transient transfection
	Stable transfection
	RNA extraction and quantitative real-time PCR (qPCR)
	Cell counting kit-8 (CCK-8) assay
	Colony formation assay
	EdU assay
	Transwell assay
	Wound-healing assay
	Xenografts in nude mice
	Dual-luciferase reporter assay
	Western blotting analysis
	Immunohistochemistry
	Bioinformatics analysis
	Statistical analysis

	Results
	IDH1-AS1 was decreased in EOC cells and associated with the prognosis of EOC
	IDH1-AS1 inhibited the proliferation of EOC cells in vitro
	IDH1-AS1 acted by sponging miR-518c-5p in EOC cells
	IDH1-AS1 affected EOC cells by targeting the miR-518c-5p/RBM47 axis
	IDH1-AS1 suppressed tumor growth of EOC cells in vivo

	Discussion
	Fundings
	Acknowledgments
	References

