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ABSTRACT
Epithelial ovarian cancer (EOC) accounts for approximately 90% of all ovarian cancer cases and is the 
most common cause of gynecological cancer death. Understanding the molecular mechanisms of 
EOC will help develop better diagnostics and more effective treatments. This study aimed to 
investigate whether long non-coding RNA ADAMTS9-AS1 (ADAMTS9-AS1) could regulate solute 
carrier family 7 member 11 (SLC7A11) expression and inhibit ferroptosis by sponging micoRNA-587 
in EOC progression. Quantitative real-time polymerase chain reaction (qRT-PCR) and western blotting 
results showed that ADAMTS9-AS1 expression was elevated in EOC cells; microRNA-587 expression 
was up-regulated and SLC7A11 expression was down-regulated after knocking down ADAMTS9-AS1 
by transfection with siRNAs; however, microRNA-587 inhibitor reversed SLC7A11 expression in 
ADAMTS9-AS1 knocking down cells. Ferroptosis related marker detection and cell function assay 
confirmed that knocking down ADAMTS9-AS1 inhibited EOC cells proliferation and migration by 
promoting ferroptosis. Overexpression of micoRNA-587 also promoted ferroptosis while inhibited 
cells proliferation and migration in EOC cells. Additionally, micoRNA-587 inhibitor reversed the effect 
of ADAMTS9-AS1 silence on the ferroptosis and cell function. Moreover, dual-luciferase reporter gene 
assay and RNA immunoprecipitation assay confirmed that miR-587 was as a sponge for ADAMTS9-AS1 
and SLC7A11. In conclusion, our study found that ADAMTS9-AS1 attenuated ferroptosis by targeting 
miR-587/SLC7A11 axis in EOC. Our study provides a new therapeutic target for EOC.
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Introduction

Ovarian cancer (OC) is a silent cancer, and the 
deadliest gynecological malignant tumor [1]. 
Epithelial ovarian cancer (EOC) accounts for 
about 90% of all OC cases, usually appearing in 
advanced stages, and is the most common cause of 
death from gynecological cancer [2]. In which, 
high grade serous ovarian cancer is the most lethal 
gynecologic cancer [3,4]. Despite advances in sur-
gical techniques and conventional chemotherapy, 
EOC patients often relapse due to chemotherapy 
resistance within a few years of initial treatment, 
and the long-term survival rate of EOC patients 
(more than 5 years) is less than 30% [5,6]. EOC 
pathogenesis is a complex biological process invol-
ving gene and epigenetic changes [7,8]. Therefore, 
more extensive studies are urgently needed to bet-
ter understand the molecular mechanisms under-
lying EOC progression.

Long non-coding RNAs (lncRNAs) are a class 
of non-coding RNA molecules with transcripts 
longer than 200 nt [9]. More and more evidences 
indicate that lncRNAs play a vital regulatory role 
in EOC [10–12]. Mechanistically, lncRNAs can 
directly adsorb microRNAs (miRNAs), thus regu-
lating gene expression through weakening 
miRNA-mediated gene expression inhibition 
[12,13]. Therefore, exploring tumor-related 
lncRNAs and miRNAs, and competing endogen-
ous RNAs (ceRNAs) theory, may be a feasible 
approach to understand EOC progression 
mechanism. LncRNA ADAMTS9-AS1 
(ADAMTS9-AS1) could play an essential role as 
a cancer-promoting or cancer-suppressing mole-
cule in various cancers, such as in colorectal can-
cer, ADAMTS9-AS1 promoted cell proliferation 
and epithelial-mesenchymal transition [14]. 
Additionally, previous study has found that 
ADAMTS9-AS1 expression was elevated in EOC 
[10]. However, the specific mechanism that plays 
a role in EOC has not been elucidated. Before 
conducting experiment, we used miRanda-3.3a 
software predicted that ADAMTS9-AS1 had bind-
ing site with miR-587. miR-587 has been reported 
to promote or inhibit cancer in different tumors, 
including prostate cancer [15], non-small-cell lung 
cancer [16], hepatocellular carcinoma [17], etc. 

However, its function in EOC has not been 
reported.

Before conducting experiment, we also used 
miRanda-3.3a predicted that downstream targets 
of miR-587 was SLC7A11. SLC7A11, also called 
xCT, was the glutamate/cystine antiporter solute 
carrier family 7 member 11 [18]. Exploring 
SLC7A11 regulation mechanism has always been 
a significant research focus, and several studies on 
SLC7A11 have been involved. SLC7A11 has been 
reported to be overexpressed in cancer and asso-
ciated with poor prognosis in patients. These dis-
eases included melanoma [19], glioma [20], non- 
small cell lung cancer [21], etc. In OC, SLC7A11 
was reported to be an independent risk prognostic 
factor for overall survival [22]. Moreover, 
SLC7A11, as a key suppressor of ferroptosis, has 
been reported to play a role in inhibiting ferrop-
tosis in glioma and OC [23,24]. But it is unknown 
whether ADAMTS9-AS1 plays a role in EOC pro-
gression by regulating miR-587/SLC7A11 axis and 
thereby inhibiting ferroptosis.

Based on the above background, we hypothesis 
that ADAMTS9-AS1 could regulate miR-587/ 
SLC7A11 axis and inhibit ferroptosis in EOC pro-
gression. To verify this hypothesis, we firstly inves-
tigate the function of ADAMTS9-AS1, and then 
confirmed the relationship between ADAMTS9- 
AS1, miR-587, and SLC7A11. Finally, rescue 
experiments were performed to verify the potential 
regulation mechanism. Our study was intended to 
provide new drug targets for EOC diagnosis and 
treatment.

Materials and methods

Cell culture

The human ovarian surface epithelial cell line OSE 
(#7310, ScienCell Research Laboratories) were 
grown in ovarian epithelial cell medium 
(ScienCell Research Laboratories). EOC cell lines 
are high grade serous ovarian cancer, including 
ES-2, OVCAR3, and CAOV-3. ES-2 (#CRL-1978, 
ATCC) were cultured in McCoy<apos;>s 5A 
Medium that was supplemented with 10% fetal 
bovine serum (FBS) (Gibco, Thermo). OVCAR3 
(#HTB-161, ATCC) were maintained in 20% FBS- 
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supplemented RPMI-1640 medium (Gibco, 
Thermo) and bovine insulin (0.01 mg/ml, Gibco, 
Thermo). CAOV-3 (#SCSP-570, National 
Collection of Authenticated Cell Cultures) were 
maintained in 10% FBS-supplemented DMEM 
(Gibco, Thermo). SK-OV-3 (#TCHu185, National 
Collection of Authenticated Cell Cultures) were 
cultured in McCoy<apos;>s 5A Medium that was 
supplemented with 10% FBS (Gibco, Thermo). All 
cell lines aforementioned were cultured at 37°C an 
incubator containing a humidified atmosphere 
with 5% CO2.

Cell transfection and treatment

Firstly, to knockdown the expression of ADAMTS9- 
AS1, si-NC (siRNA negative control), si-ADAMTS9- 
AS1-1 (siRNA 1 target ADAMTS9-AS-1), si- 
ADAMTS9-AS1-2 (siRNA 2 target ADAMTS9-AS 
-1) were purchased from RioBio (Guangzhou, 
China). The sequences were shown below: si-ADAM 
TS9-AS1-1 sequences: 5’-CCAUACUGAUACAGCC 
AAATT-3’; The si-ADAMTS9-AS1-2 sequences: 5’- 
CCUAACGACAAGGUCCUAUTT-3’; The si-NC 
sequences:5’-GUGAGCGAGGCAUAGAACGCAU 
AUG-3’. Then, si-NC, si-ADAMTS9-AS1-1, and si- 
ADAMTS9-AS1-2 were transfected into OVCAR3 
and CAOV-3 cells for 24 h using lipofectamine 2000 
(#BL623B, Biosharp). Cells were collected for further 
quantitative real-time polymerase chain reaction 
(qRT-PCR).

To investigate ferroptosis mechanism, OVCAR3 
and CAOV-3 cells were firstly transfected with si- 
NC or si-ADAMTS9-AS1-2, with the best inter-
ference effect, for 24 h using lipofectamine 2000; 
then cells were treated with 30 nM ferroptosis 
inhibitor Fer-1 (#A4371, APExBIO) for 48 h [25– 

27]. The specific groups were as follows: si-NC, si- 
ADAMTS9-AS1-2, si-ADAMTS9-AS1-2+ Fer-1.

To investigate the role of miR-587 in EOC pro-
gression, miR-587 mimics negative control (miR- 
NC) and miR-587 mimics were transfected with 
OVCAR3 and CAOV-3 cells for 24 h or 48 h. The 
specific groups were miR-NC and miR-587 
mimics. miR-NC and miR-587 mimics purchased 
from RioBio.

To verify the potential regulation mechanism of 
ADAMTS9-AS1, OVCAR3 and CAOV-3 cells were 
transfected with si-NC+NC inhibitor (miR-587 

inhibitor negative control), si-ADAMTS9-AS1-2 
+ NC inhibitor, si-ADAMTS9-AS1-2+ miR-587 
inhibitor using lipofectamine 2000 for 24 h or 48 h. 
Then cells were collected for further analysis. NC 
inhibitor and miR-587 inhibitor purchased from 
RioBio.

Cell counting kit-8 (CCK-8) assay

As previous study, we used CCK-8 to evaluate the 
cell activity or proliferation [12]. After transfection 
for 24 h, OVCAR3 and CAOV-3 cells were solu-
tion (resuspended with 0.5% trypsin (Gibco) and 
plated in 96-well plates (5 × 103 cell/well). Then 
cultured for indicated time, and added 10 μL 
CCK8 (G4103, Servicebio, China) into each well 
for another 2 h. The absorbance values were 
detected at 450 nm by microplate reader (Infinite 
M200, Tecan, Austria).

Clone formation assay

OVCAR3 and CAOV-3 cells with the indicated 
treatment were placed in 6-well plate (1,000 cells 
per well). The cells were placed in a 37°C 5% CO2 
and saturated humidity incubator for 2 to 3 weeks, 
during which liquid was appropriately changed. 
Then phosphate-buffered saline solution (PBS) was 
used to wash the colonies, stained with 0.1% crystal 
violet for 15 min. The clone formation ability was 
observed under a microscope (Carl Zeiss, German) 
and counted using ImageJ software.

Transwell assay

OVCAR3 and CAOV-3 cells migration ability was 
examined by Transwell (BD Biosciences) as pre-
vious study with a few revision [12]. The upper 
chambers were filled with 200 μL of serum-free 
RPMI-1640 medium (for OVCAR3) or DMEM 
medium (for CAOV-3) containing 5 × 104 cells. 
And 600 μL of culture medium was added to the 
lower compartments. After 24 h, we discarded the 
chamber culture medium and washed them twice 
with PBS. The cells on the upper ventricle were 
wiped off with a wet cotton swab. Cells were fixed 
4% paraformaldehyde for 10 min and stained with 
0.1% crystal violet for 5 min. Stained cells number 
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was counted with a light microscope (magnifica-
tion, ×200) in 5 random fields of view.

Detection of Fe2+, iron and reactive oxygen 
species (ROS) level

Iron assay kit (#MAK025, Sigma) and ROS assay 
kit (#S0033S, Beyotime) were performed to exam-
ine the intracellular Fe2+, Iron and ROS levels in 
OVCAR3 and CAOV-3 cells according to manu-
facturers’ instructions.

qRT-PCR

As previous study, we used qRT-PCR to evalu-
ate the gene expression [12]. Trizol reagent 
(B131905, Biosntech, China) isolated RNAs 
from cells. Total RNAs were subjected into 
cDNA reverse transcription (#K1622, Thermo). 
qRT-PCR assay was performed using SYBR- 
Green (#P122, Vazyme, China). Using U6 or 
GAPDH as internal gene, the relative expres-
sion was calculated by 2−ΔΔCt. The primers were 
synthesized at Sangon Biotech (Shanghai, 
China). Primer sequences were as follows: 
ADAMTS9-AS1-F: 5′-CCATCACTAATCGCCA 
GGAT-3′, ADAMTS9-AS1-R: 5′-CTGTTGTGG 
AGTTGCCCTTC-3′; miR-587-F: 5′-CCAGGCA 
AGAGAGAGTTGCTG-3′, miR-587-RT: 5′-AGT 
CACAGGTGCAGACACATT-3′; SLC7A11-F: 
5′-TGCTGGGCTGATTTTATCTTCG-3′, SLC 
7A11-R: 5′-GAAAGGGCAACCATGAAGAGG- 
3′; GAPDH-F: 5′- GAAGGTGAAGGTCGGAG 
TC-3′, GAPDH-R: 5′- GAAGATGGTGATGGG 
ATTTC-3′; U6-F: 5′-CTCGCTTCGGCAGCACA 
-3′, U6-R: 5′-AACGCTTCACGAATTTGCGT 
-3′.

Western blotting

As previous study, we used western blotting to 
evaluate the gene protein expression [12]. RIPA 
lysis buffer (#P0013B, Beyotime) extracted total 
protein from cells according to the instructions 
and quantified according to BCA protein assay 
Kit (BL521A, Biosharp). The protein supernatant 
was mixed with sodium dodecyl sulfate, sodium 
salt polyacrylamide gelelectrophoresis loading buf-
fer and then bathed in boiling water for 5 min. 

Proteins were adsorbed on polyvinylidene fluoride 
membranes by gel electrophoresis and sealed in 
5% skim milk solution for 2 h. Then SLC7A11, 
GPX4, β-actin and GAPDH (Abcam) antibodies 
were cultured overnight at 4°C, and secondary 
antibody was incubated for 2 h at 25°C. Using β- 
actin or GAPDH as internal reference, protein 
level was measured by ECL reagent 
(#WBULS0100, Sigma, USA).

Subcellular fractionation assay

As previous study, we used subcellular fractio-
nation assay to confirm the location of 
ADAMTS9-AS1 [12]. The lncLocator (http:// 
www.csbio.sjtu.edu.cn/bioinf/lncLocator/) pre-
dicted ADAMTS9-AS1 subcellular distribution. 
The prediction was verified by Cytoplasmic and 
Nuclear RNA Purification kit (#21,000, Norgen 
Biotek). In brief, OVCAR3 and CAOV-3 cells 
were treated with 200 μL ice-cold cell fractiona-
tion buffer for 5 min to separate the cytoplasm 
and nucleus. And then ADAMTS9-AS1 expres-
sion in cytoplasm and nucleus was examined by 
qRT-PCR.

Bioinformatics prediction and dual-luciferase 
reporter gene assay

As previous study, we used dual-luciferase reporter 
gene assay to verify the binding site between 
ADAMTS9-AS1 and miR-587, and the binding site 
between SLC7A11 and miR-587 [12]. miRanda-3.3a 
software predicted the binding sequences between 
ADAMTS9-AS1 and miR-587, miR-587 and 
SLC7A11. Then wild type (WT) and mutant type 
(MUT) sequences of ADAMTS9-AS1 (wt1: 5’- 
taGGCACATCCTTTATGGAAt-3’; wt2: 5’-ggaA 
CCCCTTACATGTGGAAt-3’; mut1: 5‘-taCCG 
AATCGCAAGTATTTGt-3’; mut2: 5‘-ggaCACG 
CCATGACTGAATTt-3’) and SLC7A11 (wt1: 5’-gtttg 
TTTTCATCTTATGGAAa-3’; wt2: 5’-gcatgtgcTTTT 
GTATGGAAt-3’; mut1: 5’-gtttgAGTCATTCGAG 
AATTTa-3’; mut2: 5’-gcatgtgcAGTAGATATAGGt 
-3’) were synthesized and inserted into pmirGLO 
(Promega) by RioBio. OVCAR3 and CAOV-3 cells 
were placed in a 24-well plate (5 × 104 cells/well) and 
cotransfected miR-587 mimics (or miR-587 mimics 
negative control (miR-NC)) and wt (or mut) plasmid 
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of ADAMTS9-AS1 (or SLC7A11. After 48 h transfec-
tion, cells were collected for the detection of luciferase 
activities using luciferase reporter assay kit (#E1910, 
Promega, USA).

RNA immunoprecipitation (RIP) assay

As previous study, we used RIP assay to confirm 
whether Ago2 can enriched ADAMTS9-AS1, miR- 
587, and SLC7A11 [12]. The EZ-Magna RIP™ kit 
(#17-701, EMD Millipore) was used in the assay. 
The cells were lysed in RIP lysis buffer, and treated 
with magnetic beads coupled to an anti-Ago2 anti-
body or anti-rabbit IgG at 4°C overnight. Besides, 
10 μL whole-cell lysates was used as Input and 
served as the positive control. IgG was used as 
negative control. The relative enrichment of 
ADAMTS9-AS1, miR-587, and SLC7A11 in the 
immunoprecipitated RNAs was detected via qRT- 
PCR.

Statistical analysis

Data was quantified by means ± standard deviation 
(SD) and compared using Student<apos;>s t-test 
or one-way analysis of variance (ANOVA) 
(P < 0.05 as statistically significant) based on 
SPSS 16.0 software.

Results

In our study, we speculated that ADAMTS9-AS1 
regulates miR-587/SLC7A11 axis to affect cell 
proliferation and migration by inhibit ferroptosis 
in EOC progression. To solve this problem, we 
firstly investigate the function of ADAMTS9- 
AS1 on cell proliferation, migration, and ferrop-
tosis in EOC. Then we confirmed the regulation 
relationship of ADAMTS9-AS1, miR-587, and 
SLC7A11. Finally, we conducted rescue experi-
ments to verify the potential regulation mechan-
ism that ADAMTS9-AS1 regulated miR-587/ 
SLC7A11 axis to affect cell function by inhibit-
ing ferroptosis in EOC progression. Our study 
was intended to provide new drug targets for 
EOC diagnosis and treatment.

1. Knocking down ADAMTS9-AS1 could inhibit 
EOC cells proliferation and migration by 
promoting ferroptosis

Firstly, OSE and EOC cells (ES-2, OVCAR3, CAOV- 
3 and SK-OV-3 cells) were cultured and collected, 
the ADAMTS9-AS1 expression was assessed by 
qRT-PCR. Results indicated that ADAMTS9-AS1 
was highly expressed in EOC cells, and had the high-
est expression in OVCAR3 and CAOV-3 cells 
(Figure 1A). Therefore, OVCAR3 and CAOV-3 
cells were selected for further study. Then, 
OVCAR3 and CAOV-3 cells were transfected with 
siRNAs target ADAMTS9-AS1 for 24 h to silence the 
ADAMTS9-AS1 expression, si-NC as the control 
group. The results showed the synthesized si- 
ADAMTS9-AS1 (including si-ADAMTS9-AS1-1 
and si-ADAMTS9-AS1-2) had interference effect, 
and si-ADAMTS9-AS1-2 with the best interference 
effect was used in subsequent experiments 
(Figure 1B). To investigate ferroptosis mechanism, 
we firstly transfected si-ADAMTS9-AS1-2 (or si- 
NC) into OVCAR3 and CAOV-3 cells for 24 h, 
then 30 nM ferroptosis inhibitor Fer-1 was used to 
treat cells for another 48 h. After detection using iron 
assay kit, ROS assay kit, and western blotting, we 
found that compared with si-NC group, Fe2+, iron, 
and ROS increased, GPX4 expression decreased after 
knocking down ADAMTS9-AS1; Fe2+, iron, and 
ROS decreased, GPX4 expression increased in si- 
ADAMTS9-AS1-2+ Fer-1 group when compared to 
silence ADAMTS9-AS1 alone group (Figure 1C-1F). 
In addition, CCK-8, clone formation assay, and 
Transwell assay results indicated that compared to 
si-NC group, knocking down ADAMTS9-AS1 
resulted in decreased cell viability and decreased 
cell proliferation and migration abilities; Fer-1 
increased cell viability and increased cell prolifera-
tion and migration abilities in si-ADAMTS9-AS1 
cells (Figure 1G-1I). These results suggested knock-
ing down ADAMTS9-AS1 could inhibit EOC cells 
proliferation and migration by promoting 
ferroptosis.

2. ADAMTS9-AS1 negatively regulated miR-587 
expression in EOC cells

Next, we used lncLocator to predict ADAMTS9-AS1 
subcellular distribution. Among cytoplasm, nucleus, 
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ribosome, cytosol, and exosome, the subcellular loca-
lization prediction score of ADAMTS9-AS1 was the 
highest in cytoplasm (Figure 2A). Cytoplasmic and 
Nuclear RNA Purification kit separated the cyto-
plasm and nucleus of OVCAR3 and CAOV-3 cells, 
then the expression of ADAMTS9-AS1, GAPDH, 
and U6 in cytoplasm and nucleus was detected 
using qRT-PCR. GAPDH and U6 was used as con-
trol of cytoplasm and nucleus separately. Results 
showed that GAPDH expression in cytoplasm or 
U6 expression in nucleus possessed above 80% 
respectively, confirming that cytoplasm and nucleus 
separation was successfully (Figure 2B). And 
ADAMTS9-AS1 expression in cytoplasm possessed 

about 60%, confirming that ADAMTS9-AS1 was 
mainly located in the cytoplasm of OVCAR3 and 
CAOV-3 cells (Figure 2B). To investigate the poten-
tial mechanism of ADAMTS9-AS1, miRanda-3.3a 
software was used to predict downstream miRNA. 
We found that ADAMTS9-AS1 had two binding 
sites to miR-587 (Figure 2C). miR-587 have been 
reported exert promote or inhibit role in different 
tumors [15,16,28]. Therefore, we detected the miR- 
587 expression in OVCAR3 and CAOV-3 cells after 
knockdown ADAMTS9-AS1. Results showed that 
miR-587 expression was promoted after knocking 
down ADAMTS9-AS1 (Figure 2D). In addition, we 
performed dual-luciferase detection to confirm the 

Figure 1. Knocking down long non-coding RNA ADAMTS9-AS1 could inhibit epithelial ovarian cancer cells proliferation and 
migration by promoting ferroptosis. (A). The long non-coding RNA ADAMTS9-AS1 (ADAMTS9-AS1) expression in different epithelial 
ovarian cancer cells (including ES-2, OVCAR3, SK-OV-3, and CAOV-3) and human ovarian surface epithelial cell line OSE cells was 
detected by quantitative real-time polymerase chain reaction (qRT-PCR). N = 3, one-way analysis of variance. (B). Interference effect 
of ADAMTS9-AS1 in OVCAR3 and CAOV-3 cells after transfection with siRNA negative control (si-NC), siRNA 1 target ADAMTS9-AS1 
(si-ADAMTS9-AS1-1), or siRNA 2 target ADAMTS9-AS1 (si-ADAMTS9-AS1-2) for 24 h was measured by qRT-PCR. N = 3, one-way 
analysis of variance. (C-I) OVCAR3 and CAOV-3 cells were firstly transfected with si-NC or si-ADAMTS9-AS1-2 for 24 h, followed with 
or without 30 nM ferroptosis inhibitor Fer-1 treatment for another 48 h. Then Iron assay kit was used to determine Fe2+ (C) and Iron 
(D) expressions; ROS assay kit was used examine ROS expression (E); Western blotting detected glutathione peroxidase 4 (GPX4) 
expression (F); Cell Counting Kit-8 was used to detect cells viability (G); Clone formation assay examined proliferation ability, left is 
the representative pictures and right is the analysis from three dependent experiment (H) Transwell assay measured migration 
ability, left is the representative pictures and right is the analysis from three dependent experiment (I). N = 3, one-way analysis of 
variance. * P < 0.05.
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binding site between ADAMTS9-AS1 and miR-587. 
Results showed that ADAMTS9-AS1 regulated miR- 
587 expression by binding to site 1 and site 2 
(Figure 2E-F). These results showed that 
ADAMTS9-AS1 negatively regulated miR-587 
expression.

3. Overexpression of miR-587 targeted 
regulation of SLC7A11 in EOC cells

To investigate the effect of miR-587 on the down-
stream mRNA, miRanda-3.3a software prediction 
indicated that there were two binding sites 
between SLC7A11 and miR-587 (Figure 3A). 

Then OVCAR3 and CAOV-3 cells were trans-
fected with miR-NC (or miR-587 mimics) for 
24 h (for qRT-PCR detection) or 48 h (for western 
blotting detection). qRT-PCR results showed that 
the miR-587 mimics had an overexpression effect, 
compared to the miR-NC group (Figure 3B). In 
addition, overexpression of miR-587 inhibited 
SLC7A11 mRNA and protein levels, compared 
to the miR-NC group (Figure 3C-3D). These 
results indicated that miR-587 regulates 
SLC7A11 expression maybe through the potential 
binding site. Therefore, we performed dual- 
luciferase detection to confirm the binding site 
between SLC7A11 and miR-587. Results showed 

Figure 2. Long non-coding RNA ADAMTS9-AS1 negatively regulated micoRNA-587 expression in epithelial ovarian cancer. (A). 
LncLocator predicted long non-coding RNA ADAMTS9-AS1 (ADAMTS9-AS1) subcellular distribution. (B). Quantitative real-time 
polymerase chain reaction (qRT-PCR) measured the expression ratio of ADAMTS9-AS1 in cytoplasm and nucleus of OVCAR3 and 
CAOV-3 cells after reseparating the cytoplasm and nucleus using Cytoplasmic and Nuclear RNA Purification kit. N = 3 (C). miRanda- 
3.3a software predicted ADAMTS9-AS1 binding sites to micoRNA-587 (miR-587). (D). qRT-PCR determined miR-587 expression after 
transfected with siRNAs, si-ADAMTS9-AS1-2 (siRNA targetADAMTS9-AS1) or si-NC (siRNA negative control). N = 3, Student<apos;>s 
t-test. (E-F). The binding regulatory relationship between ADAMTS9-AS1 and miR-587 was confirmed by dual-luciferase detection in 
OVCAR3 (E) and CAOV-3 (F) cells after transfection with miR-587 mimics negative control (miR-NC)+ADAMTS9-AS1 wild type vector 1 
(ADAMTS9-AS1 wt1), miR-NC+ADAMTS9-AS1 mutant type vector 1 (ADAMTS9-AS1 mut1), miR-NC+ADAMTS9-AS1 wild type vector 2 
(ADAMTS9-AS1 wt2), miR-NC+ADAMTS9-AS1 mutant type vector 2 (ADAMTS9-AS1 mut2), miR-587 mimics+ADAMTS9-AS1 wt1, miR- 
587 mimics+ADAMTS9-AS1 mut1, miR-587 mimics+ADAMTS9-AS1 wt2, and miR-587 mimics+ADAMTS9-AS1 mut2 respectively for 
48 h. N = 3, Student<apos;>s t-test. * P < 0.05.
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that miR-587 regulates SLC7A11 expression by 
binding to site 1 and site 2 (Figure 3E). These 
indicated overexpression of miR-587 targeted reg-
ulation of SLC7A11.

4. Overexpression of miR-587 promoted 
ferroptosis and inhibited EOC cells proliferation 
and migration

Next, we further investigated miR-587 effects on 
ferroptosis and cell function in EOC. OVCAR3 
and CAOV-3 cells were transfected with miR-NC 
or miR-587 mimics for 24 h (for the detection of 
Fe2+ levels, Iron expression, ROS levels, cell activ-
ity, cell proliferation ability, and cell migration 
ability) or 48 h (for western blotting assay). 
Figure 4A and 4B showed that Fe2+ and Iron 

expressions increased in OVCAR3 and CAOV-3 
cells after miR-587 overexpression using Iron 
assay kit. Besides, ROS assay kit detected results 
also indicated that ROS levels increased after miR- 
587 overexpression (Figure 4C). Moreover, wes-
tern blotting results showed that GPX4 expression 
was decreased after miR-587 overexpression 
(Figure 4D). The above results indicated that over-
expression of miR-587 promoted ferroptosis. Then 
we investigated the cell function changes. CCK-8 
result showed the cell viability was down-regulated 
in miR-587 overexpressed OVCAR3 and CAOV-3 
cells, compared with their respective miR-NC 
group (Figure 4E). Additionally, cells proliferation 
and migration abilities were weakened after miR- 
587 was overexpression (Figure 4F-4G). These 
results revealed that overexpression of miR-587 

Figure 3. Overexpression of micoRNA-587 targeted regulation of solute carrier family 7 member 11 in epithelial ovarian cancer. (A). 
miRanda-3.3a software predicted micoRNA-587 (miR-587) binding sites to solute carrier family 7 member 11 (SLC7A11). (B). 
Quantitative real-time polymerase chain reaction (qRT-PCR) detected the miR-587 expression in OVCAR3 and CAOV-3 cells after 
transfected with miR-587 mimics negative control (miR-NC) or miR-587 mimics for 24 h. N = 3, Student<apos;>s t-test. (C). qRT-PCR) 
detected the SLC7A11 expression. OVCAR3 and CAOV-3 cells were transfected with miR-NC or miR-587 mimics for 24 h. N = 3, 
Student<apos;>s t-test. (D) Western blotting measured SLC7A11 expression. OVCAR3 and CAOV-3 cells were transfected with miR- 
NC or miR-587 mimics for 48 h. (E). Dual-luciferase detection confirmed the binding regulatory relationship between SLC7A11 and 
miR-587. OVCAR3 and CAOV-3 cells transfected with miR-587 miR-NC+SLC7A11 wild type vector 1 (SLC7A11 wt1), miR-NC+SLC7A11 
mutant type vector 1 (SLC7A11 mut1), miR-NC+SLC7A11 wild type vector 2 (SLC7A11 wt2), miR-NC+SLC7A11 mutant type vector 2 
(SLC7A11 mut2), miR-587 mimics+SLC7A11 wt1, miR-587 mimics+SLC7A11 mut1, miR-587 mimics+SLC7A11 wt2, and miR-587 
mimics+SLC7A11 mut2 respectively for 48 h. N = 3, Student<apos;>s t-test. * P < 0.05.

BIOENGINEERED 8233



promoted ferroptosis and inhibited EOC cells pro-
liferation and migration.

5. ADAMTS9-AS1 regulated SLC7A11 expression 
through miR-587 in EOC cells

To explore whether ADAMTS9-AS1 regulates 
SLC7A11 expression through miR-587, we 
firstly detected SLC7A11 expression in 
ADAMTS9-AS1 knockdown EOC cells. 
OVCAR3 and CAOV-3 cells were transfected 

with si-NC or si-ADAMTS9-AS1-2 for 24 h 
(for qRT-PCR detection) or 48 h (for western 
blotting). SLC7A11 mRNA and protein levels 
decreased after knocking down ADAMTS9-AS1 
(Figure 5A and 5B). Afterwards, we conducted 
rescue experiment to test SLC7A11 expression. 
OVCAR3 and CAOV-3 cells were transfected 
with si-NC+NC inhibitor, si-ADAMTS9-AS1-2 
+ NC inhibitor, si-ADAMTS9-AS1-2+ miR-587 
inhibitor for 24 h (for qRT-PCR) or 48 h (for 
western blotting assay), Results showed that 

Figure 4. Overexpression of micoRNA-587 promoted ferroptosis and inhibited epithelial ovarian cancer cells proliferation and 
migration. Iron assay kit measured Fe2+ (A) and Iron (B) expression. OVCAR3 and CAOV-3 cells were transfected with miroRNA- 
587 (miR-587) mimics negative control (miR-NC) or miR-587 mimics for 24 h. N = 3, Student<apos;>s t-test. (C). ROS assay kit 
measured ROS expression. OVCAR3 and CAOV-3 cells were transfected with miR-NC or miR-587 mimics for 24 h. N = 3, 
Student<apos;>s t-test. (D). Western blotting detected glutathione peroxidase 4 (GPX4) expression. OVCAR3 and CAOV-3 cells 
were transfected with miR-NC or miR-587 mimics for 48 h. (E). Cell Counting Kit-8 detected cell activity. OVCAR3 and CAOV-3 cells 
were transfected with miR-NC or miR-587 mimics for 24 h. N = 3, Student<apos;>s t-test. (F). Clone formation assay tested 
proliferation ability, left is the representative pictures and right is the analysis from three dependent experiment. OVCAR3 and CAOV- 
3 cells were transfected with miR-NC or miR-587 mimics for 24 h. N = 3, Student<apos;>s t-test. F. Transwell assay detected 
migration ability, left is the representative pictures and right is the analysis from three dependent experiment. OVCAR3 and CAOV-3 
cells were transfected with miR-NC or miR-587 mimics for 24 h. N = 3, Student<apos;>s t-test. * P < 0.05.
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SLC7A11 mRNA and protein expression 
decreased in si-ADAMTS9-AS1-2+ NC inhibi-
tor group compared with si-NC+NC inhibitor 
group; while adding miR-587 inhibitor simulta-
neously could increase SLC7A11 mRNA and 
protein level in ADAMTS9-AS1 interference 
cells (Figure 5D-5E). The above results indi-
cated that ADAMTS9-AS1 regulated SLC7A11 
expression through miR-587. Finally, we per-
formed RIP experiment in OVCAR3 and 

CAOV-3 cells followed with qRT-PCR detection 
the expression of ADAMTS9-AS1, miR-587, 
and SLC7A11. Relative to IgG group, the 
expression of ADAMTS9-AS1, miR-587, and 
SLC7A11 was increased in Ago2 (or Input) 
group (Figure 5F). This result indicated that 
Ago2 enriched ADAMTS9-AS1, miR-587, and 
SLC7A11. In another word, miR-587 was as 
a sponge for ADAMTS9-AS1 and SLC7A11 
base on the results of Figure 2(Figure 

Figure 5. Long non-coding RNA ADAMTS9-AS1 regulated solute carrier family 7 member 11 expression through micoRNA-587 in 
epithelial ovarian cancer. (A). Quantitative real-time polymerase chain reaction (qRT-PCR) measured solute carrier family 7 member 
11 (SLC7A11) expression. OVCAR3 and CAOV-3 cells were transfected with siRNA negative control (si-NC) or siRNA 2 target long non- 
coding RNA ADAMTS9-AS-1 (si-ADAMTS9-AS1-2) for 24 h. N = 3, Student<apos;>s t-test. (B). Western blotting detected SLC7A11 
expression. OVCAR3 and CAOV-3 cells were transfected with si-NC or si-ADAMTS9-AS1-2 for 48 h. (C). qRT-PCR detected the 
micoRNA-587 (miR-587) expression. OVCAR3 and CAOV-3 cells were transfected with miR-587 inhibitor negative control (NC 
inhibitor) or miR-587 inhibitor for 24 h. N = 3, Student<apos;>s t-test. (D) qRT-PCR detected SLC7A11 expression. OVCAR3 and 
CAOV-3 cells were transfected with si-NC+NC inhibitor, si-ADAMTS9-AS1-2+ NC inhibitor, si-ADAMTS9-AS1-2+ miR-587 inhibitor for 
24 h. N = 3, Student<apos;>s t-test. (E). Western blotting determined SLC7A11 expression. OVCAR3 and CAOV-3 cells were 
transfected with si-NC+NC inhibitor, si-ADAMTS9-AS1-2+ NC inhibitor, si-ADAMTS9-AS1-2+ miR-587 inhibitor for 48 h. (F). qRT- 
PCR detected the expression of ADAMTS9-AS1, miR-587, and SLC7A11. OVCAR3 and CAOV-3 cells were collected for RNA 
immunoprecipitation using anti-Ago2 antibody or anti-rabbit IgG. N = 3, one-way analysis of variance. * P < 0.05.
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Figure 6. Long non-coding RNA ADAMTS9-AS1 affected ferroptosis, proliferation and migration of epithelial ovarian cancer cells 
through microRNA-587. OVCAR3 and CAOV-3 cells were transfected with siRNA negative control (si-NC)+micoRNA-587 inhibitor 
negative control (NC inhibitor), siRNA 2 target long non-coding RNA ADAMTS9-AS-1 (si-ADAMTS9-AS1-2)+NC inhibitor, si-ADAMTS9- 
AS1-2+ micoRNA-587 (miR-587) for 24 h (for the detection of Fe2+ levels, Iron expression, ROS levels, cell activity, cell proliferation 
ability, and cell migration ability) or 48 h (for western blotting). Iron assay kit measured Fe2+ (A) and Iron (B) expressions. N = 3, one- 
way analysis of variance. (C). ROS assay kit determined ROS expression. N = 3, one-way analysis of variance. (D). Western blotting 
tested glutathione peroxidase 4 (GPX4) expression. (E). Cell Counting Kit-8 detected cell proliferation at 24, 48, and 72 h. N = 3, one- 
way analysis of variance. (F). Clone formation assay detected proliferation ability, left is the representative pictures and right is the 
analysis from three dependent experiment. N = 3, one-way analysis of variance. (G). Transwell assay tested migration ability, left is 
the representative pictures and right is the analysis from three dependent experiment. N = 3, one-way analysis of variance. * 
P < 0.05.
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3andFigure 5. These results further confirmed 
that ADAMTS9-AS1 regulated SLC7A11 expres-
sion through miR-587.

6. ADAMTS9-AS1 affected ferroptosis, 
proliferation and migration of EOC cells through 
miR-587

Finally, we further investigated whether 
ADAMTS9-AS1 affected ferroptosis and cell func-
tion in EOC through miR-587. OVCAR3 and 
CAOV-3 cells were transfected with si-NC+NC 
inhibitor, si-ADAMTS9-AS1-2+ NC inhibitor, 
and si-ADAMTS9-AS1-2+ miR-587 inhibitor for 
24 h (for the detection of Fe2+ levels, Iron expres-
sion, ROS levels, cell activity, cell proliferation 
ability, and cell migration ability) or 48 h (for 
western blotting). Relative to si-NC+NC inhibitor 
group, knocking down ADAMTS9-AS1 increased 
the expression of Fe2+ and Iron; adding miR-587 
inhibitor at the same time reduced the increase of 
Fe2+ and Iron induced by knocking down 
ADAMTS9-AS1 (Figure 6A-6B). ROS results 
showed that the ROS increased after ADAMTS9- 
AS1 was interfered when compared with si-NC 
+NC inhibitor group; the increase of ROS caused 
by si-ADAMTS9-AS1-2 was decreased by interfer-
ing miR-587 expression simultaneously 
(Figure 6C). In addition, western blotting results 
indicated that the GPX4 expression was decreased 
after silence of ADAMTS9-AS1 when compared 
with si-NC+NC inhibitor group; adding miR-587 
inhibitor at the same time increased GPX4 expres-
sion in ADAMTS9-AS1 knockdown cells 
(Figure 6D). Cell function experiments showed 
that the abilities of cell proliferation (72 h), clone 
formation, and migration were decreased after 
knocking down ADAMTS9-AS1; transfected with 
miR-587 inhibitor at the same time increased the 
abilities of cell proliferation (72 h), clone forma-
tion, and migration in ADAMTS9-AS1 knock 
down cells (Figure 6E-6G). All in all, silence of 
ADAMTS9-AS1 promoted ferroptosis and inhib-
ited the abilities of proliferation and migration in 
EOC cells; however, these effects were reversed by 
miR-587 inhibitor, suggesting that ADAMTS9- 
AS1 affected ferroptosis, proliferation and migra-
tion of EOC cells through miR-587.

Discussion

With the further development of the treatment of 
EOC to personalized medicine, new methods for 
early diagnosis and prevention using molecular 
genomics are under development [29]. In this 
study, we investigated whether ADAMTS9-AS1 
could regulate SLC7A11 expression and inhibit 
ferroptosis by sponging miR-587 in EOC progres-
sion through in vitro cell experiments. Our results 
indicated that ADAMTS9-AS1 attenuated ferrop-
tosis by targeting miR-587/SLC7A11 axis in EOC. 
At present, there is no reported study on the 
ADAMTS9-AS1/miR-587/SLC7A11 axis role in 
regulating ferroptosis of EOC cells, which is our 
innovation.

lncRNA is considered to be a regulator of gene 
expression, and lncRNA disorder is involved in 
many cancers progression, including EOC [30]. It 
has been reported that ADAMTS9-AS1 overex-
pression preferentially affected genes related to 
proliferation and migration [31]. In hepatocellular 
carcinoma, ADAMTS9-AS1 triggered PI3K/AKT/ 
mTOR pathway of liver cancer cells, exacerbated 
cell proliferation and migration [32]. In non-small 
cell lung cancer, ADAMTS9-AS1 knockdown 
inhibited cell proliferation and epithelial- 
mesenchymal transformation [33]. Wang H, et al 
found ADAMTS9-AS1 expression was elevated in 
EOC [10]. Our study found ADAMTS9-AS1 was 
highly elevated in EOC cells, and the highest 
expression was found in OVCAR3 and CAOV-3 
cells. This was consistent with the research results 
of Wang H, et al. In addition, our results revealed 
knocking down ADAMTS9-AS1 inhibited EOC 
cells proliferation and migration by promoting 
ferroptosis. This was consistent with findings in 
other cancers that ADAMTS9-AS1 affected cancer 
cells proliferation and migration.

ceRNA is a post-transcriptional transcript that 
is mutually regulated by competing for shared 
miRNAs [34]. Interaction between ceRNAs 
through shared miRNAs represents a new gene 
regulatory layer, which plays an essential role in 
physiology and cancer and other diseases develop-
ment [35]. Fang S, et al reported ADAMTS9-AS1 
inhibited invasive phenotype of breast cancer cells 
by sponging miR-513a-5p and regulating ZFP36 
ring finger protein [36]. Zhou Z, et al found 
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ADAMTS9-AS1 inhibited prostate cancer progres-
sion via regulating miR-142-5p/cyclin D1 [37]. We 
found ADAMTS9-AS1 negatively regulated miR- 
587 expression, and overexpression of miR-587 
targeted regulation of SLC7A11. In addition, 
through miRanda-3.3a prediction and dual- 
luciferase validation, and RIP assay, we confirmed 
the binding between ADAMTS9-AS1 and miR- 
587, as well as the binding between miR-587 and 
SLC7A11, suggesting that ADAMTS9-AS1 regu-
lated SLC7A11 expression through sponging 
miR-587. Our results revealed ADAMTS9-AS1 
/miR-587/SLC7A11 played a vital role in EOC 
through the ceRNA mechanism.

SLC7A11 is an important oncoprotein, which not 
only plays a role in defending against oxidative 
stress and ferroptosis, but also plays a role in influ-
encing malignant tumor behavior and tumor micro-
environment [38]. Ferroptosis is a new type of 
programmed non-apoptotic cell death caused by 
iron-dependent lipid peroxidation after the inactiva-
tion of SLC7A11 andsolute carrier family 3 member 
2, which is involved in all kinds of diseases [39]. 
Ferroptosis, as a promising new antitumor strategy, 
has shown a vital role in EOC [40]. It has been 
reported in BRCA-proficient OC, inhibition of 
SLC7A11 resulted in decreased glutathione bio-
synthesis and promoted lipid peroxidation and fer-
roptosis [41]. We verified that overexpression of 
miR-587 targeted regulation of SLC7A11 promoted 
ferroptosis and inhibited EOC cells proliferation 
and migration. In addition, ADAMTS9-AS1 regu-
lated SLC7A11 expression through miR-587, 
thereby affecting ferroptosis, proliferation and 
migration of EOC cells. This research provides 
a possibility for EOC treatment in ferroptosis.

However, we still need to further investigate 
these effects in animal models. Moreover, samples 
from EOC patient also need collected to verify our 
conclusion.

Conclusion

Our study indicated that lncRNA ADAMTS9-AS1 
attenuated ferroptosis by targeting miR-587/ 
SLC7A11 axis in EOC. Our study provides a new 
target for EOC treatment. It also provides 
a reference for understanding the molecular 
mechanism of ferroptosis in EOC.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Provincial Natural Science Foundation of Jiangxi 
(20212BAB201398) has provided financial support for this 
study.

References

[1] Bonifácio VDB. Ovarian cancer biomarkers: moving 
forward in early detection. Adv Exp Med Biol. 
2020;1219:355–363.

[2] Prat J. Ovarian carcinomas: five distinct diseases with 
different origins, genetic alterations, and clinicopatho-
logical features. Virchows Arch. 2012;460(3):237–249.

[3] El-Arabey AA, Denizli M, Kanlikilicer P, et al. GATA3 
as a master regulator for interactions of tumor- 
associated macrophages with high-grade serous ovar-
ian carcinoma. Vol. 68. Cell Signal; 2020. p. 109539.

[4] El-Arabey AA, Abdalla M, Abd-Allah AR. GATA3 and 
stemness of high-grade serous ovarian carcinoma: 
novel hope for the deadliest type of ovarian cancer. 
Hum Cell. 2020;33(3):904–906.

[5] Rustin G, van der Burg M, Griffin C, et al. Early versus 
delayed treatment of relapsed ovarian cancer. Lancet. 
2011;377(9763):380–381. DOI:10.1016/S0140-6736(11) 
60126-8.

[6] Yang C, Xia BR, Zhang ZC, et al. Immunotherapy for 
ovarian cancer: adjuvant, combination, and neoadju-
vant. Vol. 11. Front Immunol; 2020. p. 577869.

[7] Schuijer M, Berns EM. TP53 and ovarian cancer. Hum 
Mutat. 2003;21(3):285–291.

[8] Balch C, Fang F, Matei DE, et al. Minireview: epige-
netic changes in ovarian cancer. Endocrinology. 
2009;150(9):4003–4011. DOI:10.1210/en.2009-0404.

[9] Nagano T, Fraser P. No-nonsense functions for long 
noncoding RNAs. Cell. 2011;145(2):178–181.

[10] Wang H, Fu Z, Dai C, et al. LncRNAs expression profil-
ing in normal ovary, benign ovarian cyst and malignant 
epithelial ovarian cancer. Sci Rep. 2016;6:38983.

[11] Luo T, Jiang Y, Yang J. Long noncoding RNA 
LINC01554 as a novel biomarker for diagnosis and 
prognosis prediction of epithelial ovarian cancer. Vol. 
2021. Dis Markers; 2021. p. 1244612.

[12] Zhu W, Xiao X, Chen J. Silencing of the long noncod-
ing RNA LINC01132 alleviates the oncogenicity of 
epithelial ovarian cancer by regulating the 
microRNA-431-5p/SOX9 axis. Int J Mol Med. 2021;48 
(2). DOI:10.3892/ijmm.2021.4984

[13] Chen W, Tu Q, Yu L, et al. LncRNA ADAMTS9-AS1, 
as prognostic marker, promotes cell proliferation and 
EMT in colorectal cancer. Hum Cell. 2020;33 
(4):1133–1141. DOI:10.1007/s13577-020-00388-w.

8238 L. CAI ET AL.

https://doi.org/10.1016/S0140-6736(11)60126-8
https://doi.org/10.1016/S0140-6736(11)60126-8
https://doi.org/10.1210/en.2009-0404
https://doi.org/10.3892/ijmm.2021.4984
https://doi.org/10.1007/s13577-020-00388-w


[14] Chen W, Tu Q, Yu L, et al. LncRNA ADAMTS9-AS1, 
as prognostic marker, promotes cell proliferation and 
EMT in colorectal cancer. J Transl Med. 2020;33 
(4):1133–1141.

[15] Du L, Gao Y. PGM5-AS1 impairs miR-587-mediated 
GDF10 inhibition and abrogates progression of pros-
tate cancer. J Transl Med. 2021;19(1):12.

[16] Li XJ, Chen L-W, Gao P, et al. MiR-587 acts as an 
oncogene in non-small-cell lung carcinoma via reducing 
CYLD expression. Eur Rev Med Pharmacol Sci. 2020;24 
(24):12741–12747. DOI:10.26355/eurrev_202012_24173.

[17] Chen M, Wang D, Liu J, et al. MicroRNA-587 func-
tions as a tumor suppressor in hepatocellular carci-
noma by targeting ribosomal protein SA. Biomed Res 
Int. 2020;2020:3280530.

[18] Koppula P, Zhang Y, Shi J, et al. The glutamate/cystine 
antiporter SLC7A11/xCT enhances cancer cell depen-
dency on glucose by exporting glutamate. J Biol Chem. 
2017;292(34):14240–14249. DOI:10.1074/jbc. 
M117.798405.

[19] Shin SS, Jeong B-S, Wall BA, et al. Participation of xCT 
in melanoma cell proliferation in vitro and tumorigen-
esis in vivo. Oncogenesis. 2018;7(11):86. DOI:10.1038/ 
s41389-018-0098-7.

[20] Polewski MD, Reveron-Thornton RF, 
Cherryholmes GA, et al. SLC7A11 overexpression in 
glioblastoma is associated with increased cancer stem 
cell-like properties. Stem Cells Dev. 2017;26 
(17):1236–1246. DOI:10.1089/scd.2017.0123.

[21] Ji X, Qian J, Rahman SMJ, et al. xCT (SLC7A11)-mediated 
metabolic reprogramming promotes non-small cell lung 
cancer progression. Oncogene. 2018;37(36):5007–5019. 
DOI:10.1038/s41388-018-0307-z.

[22] Yin F, Yi S, Wei L, et al. Microarray-based identifica-
tion of genes associated with prognosis and drug resis-
tance in ovarian cancer. J Cell Biochem. 2019;120 
(4):6057–6070. DOI:10.1002/jcb.27892.

[23] Yuan J, Liu Z, Song R. Antisense lncRNA 
As-SLC7A11 suppresses epithelial ovarian cancer 
progression mainly by targeting SLC7A11. 
Pharmazie. 2017;72(7):402–407.

[24] Zhao X, Zhou M, Yang Y, et al. The ubiquitin hydro-
lase OTUB1 promotes glioma cell stemness via sup-
pressing ferroptosis through stabilizing SLC7A11 
protein. Bioengineered. 2021;12(2):12636–12645. 
DOI:10.1080/21655979.2021.2011633.

[25] Dixon SJ, Lemberg K, Lamprecht M, et al. Ferroptosis: 
an iron-dependent form of nonapoptotic cell death. 
Cell. 2012;149(5):1060–1072. DOI:10.1016/j. 
cell.2012.03.042.

[26] Skouta R, Dixon SJ, Wang J, et al. Ferrostatins inhibit 
oxidative lipid damage and cell death in diverse disease 
models. J Am Chem Soc. 2014;136(12):4551–4556. 
DOI:10.1021/ja411006a.

[27] Horwath MC, Bell-Horwath TR, Lescano V, et al. 
Antifungal activity of the lipophilic antioxidant 

ferrostatin-1. 2017;18(20):2069–2078. DOI: 10.1002/ 
cbic.201700105

[28] Chen M, Wang D, Liu J, et al. MicroRNA-587 func-
tions as a tumor suppressor in hepatocellular carci-
noma by targeting ribosomal protein SA. 
2020;2020:3280530.

[29] Krzystyniak J, Ceppi L, Dizon DS, et al. Epithelial 
ovarian cancer: the molecular genetics of epithelial 
ovarian cancer. Ann Oncol. 2016;27 Suppl 1(Suppl 1): 
i4–i10. DOI:10.1093/annonc/mdw083.

[30] Xu S, Jia G, Zhang H, et al. LncRNA HOXB-AS3 
promotes growth, invasion and migration of epithelial 
ovarian cancer by altering glycolysis. Vol. 264. Life Sci; 
2021. p. 118636.

[31] Li N, Li J, Mi Q, et al. Long non-coding RNA 
ADAMTS9-AS1 suppresses colorectal cancer by inhi-
biting the Wnt/β-catenin signalling pathway and is 
a potential diagnostic biomarker. J Cell Mol Med. 
2020;24(19):11318–11329. DOI:10.1111/jcmm.15713.

[32] Zhang Z, Li H, Hu Y, et al. Long non-coding RNA 
ADAMTS9-AS1 exacerbates cell proliferation, migra-
tion, and invasion via triggering of the PI3K/AKT/ 
mTOR pathway in hepatocellular carcinoma cells. Am 
J Transl Res. 2020;12(9):5696–5707.

[33] Li Z, et al. LncRNA ADAMTS9-AS1 knockdown 
restricts cell proliferation and EMT in non-small cell 
lung cancer. Histol Histopathol; 2021. p. 18347.

[34] Qi X, Zhang D-H, Wu N, et al. ceRNA in cancer: 
possible functions and clinical implications. J Med 
Genet. 2015;52(10):710–718. DOI:10.1136/jmedgenet- 
2015-103334.

[35] Karreth FA, Pandolfi PP. ceRNA cross-talk in cancer: 
when ce-bling rivalries go awry. Cancer Discov. 2013;3 
(10):1113–1121.

[36] Fang S, Zhao Y, Hu X. LncRNA ADAMTS9-AS1 
restrains the aggressive traits of breast carcinoma cells 
via sponging miR-513a-5p. Vol. 12. Cancer Manag Res; 
2020. p. 10693–10703.

[37] Zhou Z, Wu X, Zhou Y, et al. Long non-coding RNA 
ADAMTS9-AS1 inhibits the progression of prostate 
cancer by modulating the miR-142-5p/CCND1 axis. 
J Gene Med. 2021;23(5):e3331. DOI:10.1002/jgm.3331.

[38] Lin W, Wang C, Liu G, et al. SLC7A11/xCT in cancer: 
biological functions and therapeutic implications. Am 
J Cancer Res. 2020;10(10):3106–3126.

[39] Zhang L, Liu W, Liu F, et al. IMCA induces ferroptosis 
mediated by SLC7A11 through the AMPK/mTOR 
pathway in colorectal cancer. Oxid Med Cell Longev. 
2020;2020:1675613.

[40] Lin CC, Chi JT. Ferroptosis of epithelial ovarian can-
cer: genetic determinants and therapeutic potential. 
Oncotarget. 2020;11(39):3562–3570.

[41] Hong T, Lei G, Chen X, et al. PARP inhibition pro-
motes ferroptosis via repressing SLC7A11 and syner-
gizes with ferroptosis inducers in BRCA-proficient 
ovarian cancer. Redox Biol. 2021;42:101928.

BIOENGINEERED 8239

https://doi.org/10.26355/eurrev_202012_24173
https://doi.org/10.1074/jbc.M117.798405
https://doi.org/10.1074/jbc.M117.798405
https://doi.org/10.1038/s41389-018-0098-7
https://doi.org/10.1038/s41389-018-0098-7
https://doi.org/10.1089/scd.2017.0123
https://doi.org/10.1038/s41388-018-0307-z
https://doi.org/10.1002/jcb.27892
https://doi.org/10.1080/21655979.2021.2011633
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1021/ja411006a
https://doi.org/10.1002/cbic.201700105
https://doi.org/10.1002/cbic.201700105
https://doi.org/10.1093/annonc/mdw083
https://doi.org/10.1111/jcmm.15713
https://doi.org/10.1136/jmedgenet-2015-103334
https://doi.org/10.1136/jmedgenet-2015-103334
https://doi.org/10.1002/jgm.3331

	Abstract
	Introduction
	Materials and methods
	Cell culture
	Cell transfection and treatment
	Cell counting kit-8 (CCK-8) assay
	Clone formation assay
	Transwell assay
	Detection of Fe2+, iron and reactive oxygen species (ROS) level
	qRT-PCR
	Western blotting
	Subcellular fractionation assay
	Bioinformatics prediction and dual-luciferase reporter gene assay
	RNA immunoprecipitation (RIP) assay
	Statistical analysis

	Results
	1.  Knocking down ADAMTS9-AS1 could inhibit EOC cells proliferation and migration by promoting ferroptosis
	2.  ADAMTS9-AS1 negatively regulated miR-587 expression in EOC cells
	3.  Overexpression of miR-587 targeted regulation of SLC7A11 in EOC cells
	4.  Overexpression of miR-587 promoted ferroptosis and inhibited EOC cells proliferation and migration
	5.  ADAMTS9-AS1 regulated SLC7A11 expression through miR-587 in EOC cells
	6.  ADAMTS9-AS1 affected ferroptosis, proliferation and migration of EOC cells through miR-587

	Discussion
	Conclusion
	Disclosure statement
	Funding
	References

