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ABSTRACT

Long noncoding RNA SSTR5 antisense RNA 1 (IncRNA SSTR5-AS1) is.increased in a variety
of tumors, but its molecular mechanism in ovatian cancer (OC) remains unreported.

IncRNA SSTR5-AS1 and (signal transducer and activator of transcription 3 (STAT3)
expressions in SKOV3 and A2780 cells were interfered (n=3), and the cells were treated with
ferroptosis inhibitor Ferrostatin-1. IncRNA SSTR5=AS1 and STAT3 expressions were discovered.
The interaction between them was detected by immunoprecipitation assay. The cell malignant
progression was evaluated through Transwell and scratch healing assays. Ferroptosis was measured
through kits and fluorescent probes; the exptession levels of immunosuppressive factors and
STAT3/solute cartier family 7 member 11 (SLC7A11) signaling pathway wete discovered through
Western blot. A transplanted tumor model (n=6 mice per group) was established to evaluate
ferroptosis, immunosuppressive factors, and tumor growth in tumor tissues.

IncRNA'SSTR5-AS1 was up-regulated on OC cells. LncRNA SSTR5-AS1 and STAT3 bind to
each other, and knockdown of IncRNA SSTR5-AS1 can reduce p-STAT3/STAT3 and SLC7A11
protein levels (one-way ANOVA). Knocking down IncRNA SSTR5-AS1 and STAT3 suppressed
cell viability, migratory rate, and invasive cell number; increased reactive oxygen species (ROS) and
Fe2+ levels; and teduced immunosuppressive factors and ferroptosis proteins. Ferrostatin-1
significantly . reversed  the effect of knockdown of IncRNA SSTR5-AS1 on ferroptosis. In
transplanted tumor tissues, downregulation of IncRNA SSTR5-AS1 can reduce tumor size and
volume, show obvious iron deposition, and reduce the secretion of immunosuppressive factors.

Knockdown “of . IncRNA SSTR5-AS1 induces ferroptosis and reduces the secretion of
immunosuppressive factors through the STAT3/SLC7A11 pathway, theteby antagonizing OC.
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INTRODUCTION

Ovarian cancer (OC) represents a major cause of
death among malignant tumors in women,? and its
diagnosis and treatment have always been the focus of
gynecological tumor research. The number of new
incidences in China is about 88 400 in 2022, and the
number of deaths will be about 47 300. The incidence
and mortality of OC have significantly increased.?
Because OC frequently lacks visible symptomatology in
its earlier stage* and lacks efficient early diagnosis tools,
most OC patients are diagnosed at the later stages of the
disecase, which greatly reduces the effectiveness of
treatment and patients’ survival rates. OC treatment is a
comprehensive treatment of surgery and adjuvant
chemotherapy. The surgery is mainly to remove the
tumor tissue by tumor reduction, and the chemotherapy
is based on paclitaxel combined with carboplatin as the
standard and preferred regimen. Although some
progress has been made OC treatment recently,
including chemotherapy, radiotherapy, and targeted
therapies,>® the therapeutic effect is still limited, and
often accompanied by high recurrence rate. and
chemotherapy resistance.” Therefore; exploring new
therapeutic mechanisms and therapeutic targets to
improve treatment efficiency ‘and reduce  adverse
reactions has become an urgent need in this field.

As a key mechanism for regulating cancer
development and therapeutic response, the cell death
pathway has recently received extensive attention. With
deepening researches, ferroptosis has attracted the
interest of researchers as a novel mode of cell death,
especially in cancer treatment.®'%In the presence of iron
ions, reactive oxygen species (ROS) in cells oxidize
polyunsaturated fatty acids on the lipid membrane to
produce lipid peroxides, causing membrane rupture and
cell death.!! Ferroptosis inhibits the proliferation of
various tumor cells, including but not limited to OC."?
Ferroptosis may influence OC progression by regulating
the migration and invasion of tumors.'> Iron ion
transport and ferroptosis tolerance-related genes can
enhance tumor cell multiplication and invasion through
modulating the immune microenvironment and
glutathione (GSH) redox status."* Induction of
ferroptosis inhibits the progression of OC, so ferroptosis
inducers are considered as potential anti-OC
candidates.'® In conclusion, induction of ferroptosis is a
vital mechanism for OC treatment.
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In tumorigenesis and progression, long non-coding
RNA (IncRNA) can play a number of important roles in
genomic stability, regulation of transcription, and
epigenetics.'*!®  IncRNA is involved in the
multiplication, movement, invasion, epithelial-
mesenchymal transition (EMT), and other important
processes of OC cells, its abnormal expressions are
associated with negative prognosis of OC patients.!*?
IncRNA SSTRS5 antisense RNA 1 (SSTR5-AS1) is
located in the 16pl3.3 region and is an antisense
transcript of SSTRS, a member of the somatostatin
receptor superfamily. The SSTR gene family is a variety
of tumor-markers.?! Studies-have shown that IncRNA
SSTR5-AST is involved in many tumors’ occurrence
(esophageal cancer, prostate cancer, gastric cancer).?>
IncRNA SSTR5-AS1 promotes the growth, EMT, and
movement of cancer cells, and has a positive relationship
with tumor progression, lymphatic node spread, and
distant metastasis of tumors. Therefore, cancer patients
with high IncRNA SSTR5-AS1 level tend to have worse
prognosis. IncRNA SSTR5-AS1 may be similar for
promoting cancer ~in different malignant tumors.
However, the association of IncRNA SSTR5-AS1 with
OC remains unreported.

IncRNA SSTRS5-AS1 level of OC tissues and OC
cells was detected. The influence of IncRNA SSTRS-
AS1 in malignant biological behaviors of OC were
investigated through a series of biological experiments.
The possible mechanism of action was discussed from
the perspective of ferroptosis, which provided a
theoretical basis for OC early diagnosis and therapy.
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Graphical Abstract. Downregulation of IncRNA SSTRS5-AST can induce ferroptosis of OC cells and inhibit immunosuppressive
factors through STAT3/SLC7A11 pathway, thus inhibiting the progression of OC.

MATERIALS AND METHODS

Organizational Samples

The fresh ovarian tissues of 60 patients with primary
OC who were treated in Hospital were collected. All the
selected patients were diagnosed as. primary OC by
pathological section and did not receive preoperative
adjuvant therapy. Patients with other gynecological
diseases and no ovarian involvement but ovarian
resection were selected as. controls, and 60 normal
ovarian tissue-samples were collected. This study was
approved by the Ethics. Committee; and all patients have
signed.informed consent.

Cell Culture and Infection

Human normal ovarian epithelial cells IOSE-80 and
human OC cell lines (SKOV3, OVCAR-3, A2780,
Caov-3, and HEY A8) were purchased from
SUNNCELL (SNL-626, SNL-097, SNL-404, SNL-132,
SNL-280, SNL-617, Wuhan, China). All purchased cells
were quickly removed and placed in a 39.5 °C warm
water bath for thawing and resuscitation, and cultured in
RPMI-1640 medium (10% fetal bovine serum + 1%
penicillin-streptomycin).

After SKOV3 and A2780 cells were inoculated in
24-well plates and cultured to logarithmic growth phase,
they were randomly divided into overexpression of
IncRNA  SSTR5-AS1  (OE-SSTR5-AS1)  group,
knockdown of IncRNA SSTRS5-AS1 (si-SSTR5-AS1)

group, overexpression of signal transducer and activator
of tramscription .3 (STAT3) (OE-STAT3) group,
knockdown . of STAT3 (si-STAT3) group, and
corresponding negative control (OE-NC and si-NC)
group. Each experimental group was transfected with
liposome 3000: OE-SSTR5-AS1 group cells were
transfected with OE-SSTR5-AS1, si-SSTR5-AS1 group
cells were transfected with si-SSTR5-AS1, OE-STAT3
group cells were transfected with OE-STAT3, si-STAT3
group cells were transfected with si-STAT3, and
negative control group cells were transfected with OE-
NC and si-NC. The specific method is described in the
Lipofectamine™ 3000 (L3000150, Invitrogen, USA)
instruction. At 24 hours, reverse transcription
quantitative real-time polymerase chain reaction (RT-
gPCR) was used to quantify IncRNA SSTR5-ASI
expression, while Western blot was used to assess
STAT3 protein expression in each group.

Ferrostatin-1 (Fer-1, Y240805, Beyotime, Shanghai,
China), a ferroptosis inhibitor, was used to interfere with
stably transfected SKOV3 and A2780 cells.
Simultaneously, OC cells were intervened with 10 uM
ferroptosis activator Erastin (Y240017, Beyotime) for
48 hours.

RT-qPCR

Total RNA was extracted from OC tissues, normal
ovarian tissues, OC cells, and mouse tumor tissues using
TransZol Up reagent (ET111-01-V2, TRANS, Beijing,
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China). RNA purity and concentration were examined
by ultramicro nucleic acid protein analyzer (Q5000,
quawell, San Jose, CA, USA). RNA was reverse
transcribed into cDNA by PrimeScript™ FAST RT
reagent Kit with gDNA Eraser reverse transcription kit
(RR092S, TAKARA, Tokyo, Japan). TB Green FAST
gqPCR (CN830S, TAKARA) was used for qPCR
detection. The CT value was calculated; target gene
expression calculation formula was = 2722CT, GAPDH
served as internal reference. IncRNA SSTR5-AS1 F: 5'-

ACTACAGGTGCCATCAGACC-3% R: 5'-
AGCCTGCCATCCTAACACTT-3'; GAPDH F: 5'-
CTCTGCTCCTCCTGTTCGAC-3; R: 5'-

GCGCCCAATACGACCAAATC-3".

Fluorescent In Situ Hybridization (FISH)

IncRNA SSTRS5-AS1 expressions in SKOV3 and
A2780 cells were examined using FISH probe and kit
(C10910, RIBBIO, Guangzhou, China). The cell slides
were pre-hybridized at 55 °C for 2 hours, and the
samples were hybridized overnight at 37 °C using a
specific FITC-labeled IncRNA SSTR5-AS1 probe.
After hybridization, the samples were nuclear stained
with 4',6-diamidino-2-phenylindole (DAPI). Finally, the
fluorescence signal was measured using confocal
microscopy (LSM 910, Zeiss, Oberkochen, Germany).

Cell Counting Kit-8 (CCK-8) Assay

After the intervention of SKOV3 and A2780 cells,
10 uL CCK-8 solution (G4103, Servicebio, Wuhan,
China) was added. The optical density (OD) value at450
nm wavelength was detected by microplate reader
(Spectra Max-MS5, Molecular Devices, San Jose, CA,
USA). The detection. was performed once every 24
hours, and the OD value of each detection was recorded.
Cell multiplication curve was drawn to evaluate the cell
proliferation ability.

In addition, OC cells were treated with 10 pL. CCK-
8 solution for 2 hours. The OD450 nm value of each
group of cells was detected, and cell viability in each
group was calculated.

Transwell Experiment

According to the volume ratio of 1:8, Matrigel was
diluted and then coated on the upper chamber membrane
of the Transwell chamber. The stably transfected
SKOV3 and A2780 cells in each group were digested
with 0.25% trypsin for 5 minutes, centrifuged, removed
the supernatant, washed twice with phosphate-buffered
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saline (PBS), resuspended in serum-free medium,
adjusted the cell concentration to 1 x 10° cells/mL, and
inoculated in the upper chamber (500 puL) of Matrigel.
The lower chamber was added with culture medium
(containing 10% fetal bovine serum). After 24 hours of
culture, the chamber was taken out, fixed with 4%
paraformaldehyde for 15 minutes, stained with 0.1%
crystal violet for 20 minutes. The residual cells on the
upper chamber surface were wiped off with sterile
cotton swabs, transferred to a glass slide, sealed with
neutral resin, and observed under a microscope (CKX31,
Olympus, Tokyo, Japan). Five visual fields (upper,
middle, lower, left, and right) were randomly selected
for photographing and counting purple positive cells.
The results were statistically analyzed.

Similarly, 500 pL cell suspension was inoculated
into the Transwell chamber, and the upper chamber of
the Transwell was not coated with Matrigel. Then, the
cells were cultured according to the above steps, and the
number of cells migrating/to the lower chamber was
counted under the microscope.

Scratch Healing Experiment

The stably transfected SKOV3 and A2780 cells were
seeded.in 6-well plates and cultured for 24 hours. A
straight line was drawn evenly in the hole with a 200 pL
gun head, and photographed after adding serum-free
medium. Then, the cells were cultured for 48 hours, and
the images of the scratch area were captured by a
microscope. The scratch areas were calculated by Image
J software and the mobility was calculated.

Calcein-AM/PI Staining

Calcein-AM/PI staining kit (G1707, Servicebio) was
used to detect live/dead cells. After the SKOV3 and
A2780 cells were cultured, they were centrifuged at
4500 r/min for 5 minutes. The supernatant was
discarded, and the cells were washed twice with 1x
Assay Buffer. The cell precipitate was resuspended with
I mL 1x Assay Buffer, and 1 pL Calcein-AM was added
in the dark. After mixing, the cells were incubated in the
dark at 37 °C for 25 minutes, and then 5 uL. PT was added
in the dark. The cells were stained in the dark at room
temperature for 5 minutes, and centrifuged to remove the
dye solution and resuspended with PBS. Then live cells
(cytoplasmic fluorescence is green) and dead cells
(nuclear fluorescence is red) were observed by
fluorescence microscopy (CX41-32RFL, Olympus).
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Detection of ROS Levels

SKOV3 and A2780 cells were collected after the
intervention, and then the fluorescent probe 2'7'-
Dichlorodihydrofluorescein diacetate (DCFH-DA) was
diluted with serum-free medium at 1:1000 according to
the operation steps in the ROS detection kit (S0033S,
Beyotime) instruction. Each group of cells was added
500 pL of diluted probe, incubated for 20 minutes in the
dark, and mixed upside down every 5 minutes. Finally,
ROS levels in each group were measured using flow
cytometry (NovoCyte D2040R, Eisen Biotechnology
Co., Ltd., Jiangsu, China).

Kit Detection

SKOV3 and A2780 cells were gathered, broken by
ultrasound, and supernatant was centrifuged.
Malondialdehyde (MDA) and GSH assay kits (G4300,
G4305, Servicebio) were used to analyze the content of
MDA and GSH according to the supplier’s plan. The
experimental operation was carried out following kit
instructions. The OD values of each hole were detected
by microplate reader, and the enzyme content of each
group was calculated. They were normalized to the total
protein content of each sample (measured using the
bicinchoninic acid (BCA) protein assay kit), and the
final level was expressed as umol/mg protein or umol/g
protein.

FerroOrange Fluorescent Probe

SKOV3 and A2780 cells were made into a single cell
suspension and planted in 96-well plates of 6000
cells/well density. After 24 hours. of culture in the cell
incubator, the intervention was performed. Then the
medium was removed. The FerroOrange working
solution (G1727, Servicebio) with a concentration of 1
umol/L was added and cultured in the incubator for 30
minutes, and then observed and photographed by
fluorescence microscope.

RNA Immunoprecipitation (RIP)

Firstly, the antigen samples were prepared, and the
cultured SKOV3 and A2780 cells were divided into
Input group, IgG group, and STAT3 group. Protein A/G
beads (80105G, Thermo Fisher, Waltham, MA, USA)
were washed with RIP lysis buffer. The experimental
group was incubated with 3 pg signal transducer and
activator of transcription 3 (STAT3) antibody
(ab267373, Abcam, Cambridge, UK) at 4°C overnight,
and the control group was incubated with IgG or no

antibody. The next day, the magnetic beads and
supernatant were separated by a magnetic frame for 3
minutes, and the magnetic beads were washed with RIP
buffer at 4°C for later use. RIP lysis buffer was added to
the transfected SKOV3 and A2780 cells, and the
supernatant was collected after centrifugation. An equal
volume of supernatant was used as a protein IP input and
RNA input sample. The remaining supernatant was
incubated with STAT3 antibody-conjugated magnetic
beads at 4°C for 3 hours to form RNA-protein
complexes. RT-qPCR was used to detect the relative
enrichment of [neRNA SSTR5-AS1; Western blot was
used to detect the relative enrichment of STAT3 protein.

Transplanted Tumor Mice

Twenty-four BALB/c female nude mice, weighing
(16-20) g, 4 weeks of age, purchased from Sberfos
Biotechnology Co., Ltd. (Beijing, China). This study has
passed the ethical review of animal experiments
(NO.2024-018). The experimental procedures and
programs meet the ethical requirements of animal
experiments.

OC mouse model was established by subcutaneous
injection of SKOV3 cells (2x10° cells) transfected with
each group in nude mice. According to the plasmid
transfected by the cells, they were divided into sh-NC
group, sh-SSTR5-AS1 group, OE-NC group, and OE-
SSTR5-AS1 group, with 6 mice in each group.
Randomization was performed using a computer-
generated random number sequence according to the
body weight of the mice to ensure unbiased grouping.
After 5 weeks, the mice were sacrificed, and the tumor
tissue was taken out and its quality was measured. The
tumor volume (1/2xlengthxwidth?, mm?3) was calculated
weekly. During the experimental period, the investigator
responsible for measuring tumor dimensions (length and
width) and body weight was blinded to group assignment
to minimize observer bias. Histopathological evaluation
of tumor samples was also conducted in a blinded manner
by an independent researcher.

Immunohistochemistry

The tumor tissues were collected, fixed with 4%
paraformaldehyde, embedded in paraffin, and sliced at 5
um thickness. Paraffin sections were dewaxed and
hydrated, incubated with 3% H>O, for 10 minutes to
eliminate the activity of endogenous peroxidase,
blocked with 5% bovine serum albumin (BSA) for 10
minutes, dropped with primary antibody Ki-67
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(ab279653, 1:50, Abcam), incubated at 37°C for 1 hour,
dropped with an appropriate amount of secondary
antibody working solution, incubated at 37°C for 10
minutes, 3,3'-Diaminobenzidine (DAB) solution
coloration, hematoxylin counterstaining, neutral gum
sealing. Nuclear and cytoplasmic staining was brownish
yellow or brown as positive, and non-overlapping fields
were randomly selected. The stained sections were
assessed microscopically and photographed.

ROS Levels in Tumor Tissues

The production of ROS was evaluated by DCFH-DA
staining (CA 1410, Solarbio, Beijing, China). The fresh
frozen sections of the tumor were stained with DCFH-
DA probe working solution for 30 minutes in the dark.
The sections were washed with PBS for 3 times. Finally,
the fluorescence intensity was observed under a
fluorescence microscope and photographed, it was
analyzed by Image J software.

Prussian Blue Staining

After dehydration and dewaxing of tumor paraffin
sections, Prussian blue staining solution was stained for
30 minutes, and nuclear fast red staining.solution was
stained for 5 minutes. After soaking in gradient ethanol
and xylene for 10 seconds, the neutral resin seal was
added dropwise. After the resin solidified, it was
observed and photographed.

Enzyme-Linked Immunosorbent Assay (ELISA)
Experiment

Tumor tissue was homogenized with normal saline,
and the supernatant was collected after centrifugation (4
°C, 10000 r/min, 110 minutes). The contents of
interleukin (IL)-10, transforming growth factor-p (TGF-
B), IL-4, and IL-35 in tumor tissues were examined
through ELISA kit (H009-1-2, H034-1-1, H005-1-2,
H375-1, Jiancheng Bioengineering Institute, Nanjing,
China). The specific steps were carried out according to
the instructions: the standard and the sample to be tested
were added to the kit, and incubated for 60 minutes; the
plate was added with enzyme-labeled secondary
antibody, and incubated for 60 minutes. The color
development solution was added, and termination
solution was added after 15 minutes. The OD450 nm
value was measured. The color depth was proportional
to the content of the analyte in the sample. IL-10, TGF-
B, IL-4, and IL-35 contents were calculated by plotting
the standard curve.
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Western Blot

Tumor tissues and SKOV3 and A2780 cells were
collected from each group. Radioimmunoprecipitation
assay (RIPA) lysate (containing 1% protease inhibitor
and phosphatase inhibitor) was added to extract total
protein, and BCA protein concentration detection kit
(P0009, Beyotime) was used for protein quantitative
analysis. After boiling denaturation, the protein sample
was separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) pre-
gel electrophoresis, and the protein was transferred to
polyvinylidene 'difluoride (PVDF) membrane. The
membrane was blocked overnight at room temperature
with TBST containing 5% skim milk, and incubated
overnight at 4 °C with diluted primary antibodies. IgG-
HRP-labeled secondary antibodies (ab97080, Abcam)
were added and incubated for 1 -hour. The PVDF
membrane was placed on an imaging analysis system
(ChemiDoc XRS+, BIO-RAD, Hercules, CA, USA),
and the target strip was developed by enhanced
chemiluminescence (ECL) chemiluminescence. ImageJ
software was used to quantify the gray scale of each
protein and calculate its ratio to the internal reference
GAPDH. The relative expressions of proteins were
obtained by statistical analysis.

Antibodies used: Matrix metallopeptidase (MMP)-2
(ab181286, abcam), solute carrier family 7 member 11
(SLC7A11, ab307601, abcam), MMP-9 (ab58803,
abcam), IL-10 (ab133575, abcam), TGF-§ (ab315254,
abcam), IL-4 (ab62351, abcam), IL-35 (ICA008MuO1,
LMAI Bio, Shanghai, China), nuclear factor erythroid 2-
related factor 2 (Nrf2, AF7623, Beyotime), ferritin
heavy chain 1 (FTHI1, ab65080, abcam), glutathione
peroxidase 4 (GPX4, ab219592, abcam), STAT3
(ab109085, abcam), p-STAT3 (ab76315, abcam), and
GAPDH (ab181603, 1:10 000, abcam), dilution rate
1:1000.

Statistical Analysis

Statistical analysis was conducted using SPSS
version 27.0. For all datasets, normality was assessed
using the Shapiro-Wilk test, and homogeneity of
variances was verified using Levene’s test. If data met
the assumptions of normality and homogeneity of
variance, one-way ANOVA was utilized, followed by
Tukey’s post hoc test for group comparisons. If data
were non-parametric, the Kruskal-Wallis test was used
for overall comparisons across groups, followed by
Dunn’s post hoc test for pairwise comparisons. The
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False Discovery Rate (FDR) was used to control the
false positive rate when multiple independent indicators
were analyzed simultaneously. Data for each group were
presented as mean + standard deviation, with p<0.05
deemed statistically significant. Each mean value was
derived from a minimum of three independent
experiments.

RESULTS

IncRNA SSTRS5-AS1 Was Up-Regulated on OC
Tissues and Cells

To determine the action of IncRNA SSTR5-AS1 on
OC, 60 tumor tissues of OC patients and 60 normal
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ovarian tissues were gathered in this study. RT-qPCR
results found that /ncRNA SSTR5-ASI level on OC
tissues was notably high, increasing by 2.16 times
(Figure 1A). IncRNA SSTR5-AS1 was expressed in
IOSE-80 and five OC cell lines (SKOV3, OVCAR-3,
A2780, Caov-3, and HEY AS), and /ncRNA SSTR5-AS1
level on OC cell lines was markedly high (Figure 1B).
Because IncRNA SSTR5-AS1 has the highest expression
level in SKOV3 and A2780 cells, these two cells chosen
for following experiments. FISH results showed that the
signal of IncRNA SSTR5-ASI probe labeling could be
detected in the cytoplasm (Figure 1C), indicating that
IncRNA.SSTR5-ASI1 existed-in the cytoplasm of OC.

Figure 1. IncRNA SSTRS-AS1 was up-regulated on OC tissues and cells. A, Sixty fresh OC tissue samples and normal ovarian
tissues were collected, and /ncRNA SSTR5-AS1 expressions were measured through RT-qPCR. /IncRNA SSTR5-AS1 level was
up-regulated on OC tissues. B, RT-qPCR measured /ncRNA SSTR5-AS1 expressions of IOSE-80 and OC cells (SKOV3,
OVCAR-3, A2780, Caov-3, and HEY AS8). IncRNA SSTR5-AS1 level was increased in OC cells. C, FISH assessed IncRNA
SSTRS5-AS1 expressions.on SKOV3 and A2780 cells (%20, 100 pm). n=3, **p<0.01, ***p<0.001 vs Normal/IOSE-80 group.

Knocking Down IncRNA SSTRS-AS1. Suppressed
OC Cell Multiplication, Movement, Invasion, and
Immunosuppressive Factor Expression

Since IncRNA SSTR5-ASI is increased on OC, we
speculate that knockdown of IncRNA SSTR5-AS1 may
help to inhibit OC progression. To this end, this study
interfered with IncRNA SSTRS5-AS1 expressions on
SKOV3 and A2780 cells, and transfected OE-SSTRS-
AS1, si-SSTR5-ASI1, and the corresponding negative
control into OC cells, respectively. OE-SSTR5-ASI
significantly increased /ncRNA SSTR5-AS1 expression
(SKOV3 cells: increased by 2.91 times; A2780 cells:
increased by 2.64 times), and si-SSTR5-ASI1
significantly decreased /ncRNA SSTR5-ASI expression
(SKOV3 cells: reduced by 55%; A2780 cells: reduced

by 49%) (Figure 2A), indicating successful
overexpression or knockdown of IncRNA SSTR5-ASI.
After overexpression of IncRNA SSTR5-ASI, the cell
viability increased significantly, migration and invasion
cell numbers increased significantly, the cell migration
rate in scratch healing experiment also increased
significantly (Figure 2B-I), indicating that IncRNA
SSTR5-AS1 overexpressed could enhance OC cell
growth, movement, and invasion. Knockdown of
IncRNA SSTR5-AS1 had the opposite effect. After that,
Calcein-AM/PI staining distinguished live cells from
dead cells, and the effects of IncRNA SSTR5-ASI in
cell viability was evaluated. The green fluorescence of
living cells is due to the conversion of calcein acetyloxy
methyl ester to calcein, and PI only stains dead cells to
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produce red fluorescence. The cells under the
fluorescence microscope are shown in Figure 2J-K.
Many normal cells-stained green were observed in the
OE-SSTR5-AS1 group. The living cells in the si-
SSTR5-AS1 group were significantly reduced, and the
dead cells labeled with red fluorescence were
significantly increased. Finally, MMPs are associated
with cancer cell invasion and metastasis. IL-10, TGF-f,
IL-4, and IL-35 are important for limiting anti-tumor
immunity and tumor growth and progression. After
overexpression of IncRNA SSTR5-AS1, MMP-2
(SKOV3 cells: increased by 2.16 times; A2780 cells:
increased by 1.76 times) and MMP-9 (SKOV3 cells:
increased by 2.35 times; A2780 cells: increased by 2.14
times) expressions were markedly raised, and IL-10
(SKOV3 cells: increased by 2.33 times; A2780 cells:
increased by 2.03 times), TGF-f (SKOV3 cells:
increased by 2.11 times; A2780 cells: increased by 2.25
times), IL-4 (SKOV3 cells: increased by 3.00 times;
A2780 cells: increased by 2.23 times), and IL-35
(SKOV3 cells: increased by 2.09 times; A2780 cells:
increased by 2.02 times) levels were also markedly
raised (Figure 2L—R), indicating that overexpression of
IncRNA SSTR5-AS1 could not only-enhance cell
migration and invasion, but also promote the expression
of immunosuppressive factors. Conversely, knockdown
of IncRNA SSTRS5-AS1 inhibited immunosuppressive
factors in OC cells. In conclusion, knocking down
IncRNA SSTR5-AS1 . blocked the expression of
immunosuppressive cytokines, activated anti-tumor
immunity, and inhibited OC cell malignant progression.

Knockdown of IncRNA SSTRS-AS1 Caused
Ferroptosis on OC Cells

To clarify the role of ferroptosis in the antagonistic
effects of knockdown of IncRNA SSTR5-AS1 on OC,
this study used ferroptosis inhibitor Fer-1 and activator
Erastin to intervene in OC cells. Compared with the si-
SSTR5-AS1 group, the cell viability was significantly
increased after Fer-1 “intervention (Figure 3A),
suggesting that Fer-1 weakened the effect of si-SSTRS-
ASI, indicating that knockdown of IncRNA SSTRS-
AS1 activated the ferroptosis pathway to reduce OC cell
viability. After IncRNA SSTR5-AS1 knockdown and
Erastin intervention, ROS and MDA levels increased
significantly, and the activity of GSH decreased
significantly. After Fer-1 intervention, ROS (SKOV3
cells: reduced by 51%; A2780 cells: reduced by 46%)
and MDA (SKOV3 cells: reduced by 53%; A2780 cells:
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reduced by 48%) levels were notably lessened, and GSH
activity was notably elevated (SKOV3 cells: increased
by 68%; A2780 cells: increased by 56%) (Figure 3B-E).
The fluorescence signal labeled by FerroOrange
fluorescent probe also increased significantly after
IncRNA  SSTR5-AS1  knockdown and Erastin
intervention, and decreased significantly after Fer-1
intervention (Figure 3F—QG), indicating that knocking
down IncRNA SSTR5-AS1 markedly increased Fe?'
content in cells. Nrf2, SLC7A11, FTHI1, and GPX4 are
key indicators (of ferroptosis.?®?’ Nrf2, SLC7All,
FTHI1, and GPX4 levels were significantly decreased
after IncRNA SSTRS5-AS1 knockdown (Nrf2: reduced
by 48% and 52%; SLC7A11: reduced by 56% and 48%;
FTHI: reduced by 52% and 42%; GPX4: reduced by
56% and 47%) and Erastin intervention (Nrf2: reduced
by 59% and 59%; SLC7A11: reduced by 54% and 54%;
FTHI1: reduced by 57% and 53%; GPX4: reduced by
62% and-63%), and significantly increased after Fer-1
intervention (Nrf2: increased by 1.66 and 1.76 times;
SLC7A11: increased by 2.05 and 1.72 times; FTHI:
increased by 1.83 and 1.48 times; GPX4: increased by
1.97 and 1.66 times) (Figure 3H-L). Knockdown of
IncRNA SSTRS-ASI reduced the antioxidant capacity
of cells, increased lipid peroxidation and Fe?"
aggregation, and promoted ferroptosis in OC cells.
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Figure 2. Knockdown of IncRNA SSTRS5-AS1 inhibited OC cell multiplication, movement, invasion, and immunosuppressive
factor expression. A, OE-SSTRS5-AS1, si-SSTR5-AS1, OE-NC, and si-NC were transfected into SKOV3 and A2780 cells. The
transfection efficiencies were examined using RT-qPCR. B-C, the cell viability of SKOV3 and A2780 cells was detected by
CCK-8 assay. si-SSTRS5-AS1 significantly inhibited cell viability. D-E, Transwell experiment detected cell migration. si-SSTRS-
AS1 notably reduced the migrated cell number (%20, 100 pm). F—G, the cell migratory rate was examined through scratch
healing experiment, which was significantly reduced after IncRNA SSTR5-AS1 knockdown (x10, 200 pm). H-I, Transwell
experiment detected cell invasion. si-SSTR5-AS1 notably reduced the invasive cell number (%20, 100 pm). J-K, Calcein-AM/PI
staining evaluated SKOV3 and A2780 cell survival. After IncRNA SSTRS5-AS1 knockdown, the number of live cell models
decreased and the number of dead cells increased significantly (x20, 100 pm). L-R, Western blot detected invasion, migration,
and immunosuppressive proteins. MMP-2, MMP-9, IL-10, TGF-§, IL-4, and IL-35 levels decreased after IncRNA SSTR5-AS1

knockdown. n=3, ***p<0.001 vs OE-NC group; #p<0.05, ##p<0.01, ##{p<0.001 vs si-NC group.
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Figure 3. Knockdown of IncRNA SSTRS-AS1 caused ferroptosis on OC cells. A, SKOV3 and A2780 cells were intervened using
1 pM ferroptosis inhibitor Fer-1 and 10 pM ferroptosis activator Erastin. CCK-8 experiment detected cell proliferation. It was
significantly increased after Fer-1 intervention. B—C, Flow cytometry evaluated ROS level. si-SSTR5-AS1 significantly
increased ROS levels. D-E, MDA level and GSH activity in cells were detected by kit. si-SSTR5-AS1 significantly increased
MDA level and inhibited GSH activity. F-G, FerroOrange fluorescent probe detected the content of Fe?* in cells, which was
significantly increased after IncRNA SSTRS-AS1 knockdown (x40, 50 pm). H-L, Western blot detected ferroptosis-related
protein expressions. Nrf2, SLC7A11, FTH1, and GPX4 protein levels were significantly declined after IncRNA SSTRS5-AS1
knockdown. n=3, ***p<0.001 vs OE-NC group; ##p<0.01, ###p<0.001 vs si-NC group; &&p<0.01, &&&p<0.001 vs si-SSTRS-
AS1 group.
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Knockdown of IncRNA SSTRS5-AS1 Inhibited
STAT3/SLC7A11 Pathway Activation on OC Cells
JAK2/STATS3 pathway is activated in hepatocellular
carcinoma. Activation of STAT3 enhances SLC7A11
expression in cells and inhibits ferroptosis.?® Therefore,
we investigated whether IncRNA SSTR5-AS1 is
involved in ferroptosis of OC cells mediated by
STAT3/SLC7A11 signaling pathway. In the RIP
experiment, STAT3 protein was measured in both Input
group and RIP-STAT3 group, but not in the
corresponding IgG group. LncRNA SSTR5-ASI was
detected in RIP products. Compared with RIP-IgG
group, the content of RIP-STAT3 group was
significantly higher (Figure 4A-B), indicating that there
was an interaction between IncRNA SSTR5-ASI1 and
STAT3. p-STAT3/STAT3 and SLC7Al1l protein
expressions increased significantly after overexpression
of IncRNA SSTRS5-AS1 (p-STAT3/STAT3: increased
by 1.62 and 1.67 times; SLC7A11: increased by 1.49
and 1.52 times), and decreased significantly after
knockdown of  IncRNA SSTR5-AS1 (p-
STAT3/STAT3: decreased by 52% and 50%;
SLC7A11: decreased by 40% and 41%) (Figure 4C-E),
indicating that knockdown of IncRNA-.SSTRS5-ASI
might help to inhibit STAT3/SLC7A11 signaling
pathway. After that, this study interfered with STAT3
expression in OC cells. OE-STAT3 significantly raised
p-STAT3/STAT3 and SLC7AI11 proteins, while si-
STAT3 significantly  lessened p-STAT3/STAT3 and
SLC7A11 proteins (Figure 4F-H). Compared. with
IncRNA SSTRS5-AS1 knockdown, p-STAT3/STAT3
and SLC7A1l proteins were markedly raised when
STAT3 overexpression (p-STAT3/STAT3: increased
by 1.37 and 1.46 times; SLC7All: increased by 1.58
and 1.67 times) and significantly lessened when STAT3
knockdown (p-STAT3/STAT3: decreased by 52% and
57%; SLC7A11: decreased by 54% and 53%) (Figure
41-K). In summary, knockdown of IncRNA SSTRS-
ASI1 inhibited STAT3/SLC7A11 pathway in OC cells.

Knockdown of IncRNA SSTRS5-AS1 Induced
Ferroptosis in OC Cells Through STAT3/SLC7A11
Signaling Pathway

In addition, compared with IncRNA SSTRS5-ASI
knockdown, after STAT3 overexpression, ROS and
MDA levels were significantly reduced, GSH activity
was significantly increased (Figure S5A-D), and
FerroOrange fluorescent probe-labeled Fe?" content was

also significantly reduced (Figure SE-F), indicating that
STAT3 overexpression could weaken the effect of
IncRNA SSTR5-AS1 knockdown on ferroptosis. After
STAT3 knockdown, ROS, MDA, and Fe?* levels were
markedly raised, and GSH activity was significantly
lessened (Figure SA-F), indicating that inhibition of
STAT3/SLC7A11  signaling  pathway  induced
ferroptosis in OC cells. Western blot findings further
confirmed this conclusion. Nrf2, FTH1, and GPX4
expressions increased. significantly after STAT3
overexpression (Nrf2: increased by 3.15 and 2.04 times;
FTHI1: increased by 1.88 and 1.74 times; GPX4:
increased by 2.02 and 2.04-times) and decreased
significantly after STAT3 knockdown (Nrf2: reduced
by 44% and 52%; FTHI: reduced by 68% and 56%;
GPX4: reduced by 61% and 55%) (Figure 5G-J).
Knockdown of IncRNA SSTR5-AS1 could inhibit
STAT3/SLC7A11 signaling pathway and induce
ferroptosis.

Knocking Down IncRNA SSTRS-AS1 Suppressed
OC Cell Multiplication, Movement, Invasion, and
Immunosuppressive Factor Expression Through
STAT3/SLC7A11 Signaling Pathway

This study also found that compared with IncRNA
SSTR5-AS1 knockdown, OE-STAT3 markedly raised
SKOV3 and A2780 cell viability (Figure 6A), migration
and invasion cell numbers, and the migration rate in
scratch healing assay (Figure 6B—G); however, si-
STAT3 significantly inhibited cell —malignant
progression. MMP-2, MMP-9, IL-10, TGF-f, IL-4, and
IL-35 protein levels were notably raised after STAT3
overexpression (MMP-2: increased by 1.91 and 1.77
times; MMP-9: increased by 1.99 and 2.21 times; IL-10:
increased by 2.29 and 1.92 times; TGF-f: increased by
1.26 and 1.45 times; IL-4: increased by 1.91 and 2.10
times; IL-35: increased by 1.94 and 1.80 times) and
significantly decreased after STAT3 knockdown
(MMP-2: reduced by 52% and 44%; MMP-9: reduced
by 49% and 51%; IL-10: reduced by 56% and 54%;
TGF-B: reduced by 51% and 46%,; IL-4: reduced by
64% and 65%; IL-35: reduced by 64% and 66%) (Figure
6H-N). In conclusion, knockdown of IncRNA SSTRS5-
AS1 attenuated OC cell malignant progression via
inhibiting STAT3/SLC7A11 signaling and blocking the
expression of immunosuppressive cytokines.
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Figure 4. Knockdown of IncRNA SSTRS5-AS1 inhibited STAT3/SLC7A11 pathway in OC cells. A-B, RIP assay verified the
interaction between IncRNA SSTRS5-AS1 and STAT3. C-E, Western blot detected STAT3/SLC7A11 pathway proteins. p-
STAT3/STAT3 and SLC7A11 levels were notably decreased when IncRNA SSTR5-AS1 knockdown. F-H, OE-STATS3, si-

STAT3, and corresponding negative control plasmids were transfected

pathway protein expressions were measured through Western blot. I-K,

into SKOV3 and A2780 cells, and STAT3/SLC7A11
IncRNA SSTR5-AS1 and STATS3 expressions in OC

cells was simultaneously interfered, and then STAT3/SLC7A11 pathway proteins were measured through Western blot. n=3,
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Figure 5. Knockdown of IncRNA SSTR5-AS1 induced ferroptosis in OC cells through STAT3/SLC7A11 signaling pathway.
A-B, Flow cytometry evaluated ROS level. si-STAT3 significantly increased ROS levels. C-D, MDA level and GSH activity in
cells were detected by kit. si-STAT3 significantly increased MDA level and inhibited GSH activity. E-F, FerroOrange
fluorescent probe detected the content of Fe**, which was significantly increased after STAT3 knockdown (x40, 50 pm). G-J,
Western blot detected ferroptosis-related protein expressions. Nrf2, FTH1, and GPX4 protein expressions was significantly
lessened after STAT3 knockdown. n=3, ***p<0.001 vs si-NC group; #p<0.05, ##p<0.01, ###p<0.001 vs si-SSTR5-AS1+OE-NC
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Figure 6. Knocking down IncRNA SSTRS5-AS1 suppressed OC cell multiplication, movement, invasion, and
immunosuppressive factor expression through STAT3/SLC7A11 signaling pathway. A, the cell viability of SKOV3 and A2780
cells was detected by CCK-8 experiment. si-STAT3 significantly inhibited cell viability. B-C, Transwell experiment detected
cell migration. si-STAT3 obviously reduced the migrating cell number (x20, 100 pm). D-E, the cell migratory rate was
examined through scratch healing experiment, which was significantly reduced after STAT3 knockdown (%20, 100 pm). F-G,
Transwell experiment detected cell invasion. si-STAT3 obviously reduced the invasive cell number (x20, 100 pm). H-N,
Western blot detected invasion, migration, and immunosuppressive proteins. MMP-2, MMP-9, IL-10, TGF-, IL-4, and IL-35
levels decreased after STAT3 knockdown. n=3, **p<0.01, ***p<0.001 vs si-NC group; #p<0.05, ##p<0.01, ##{p<0.001 vs si-
SSTRS-AS1+OE-NC group; &p<0.05, & &p<0.01, &&&p<0.001 vs si-SSTRS5-AS1+si-NC group.
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Downregulation of IncRNA SSTRS-AS1 Inhibited
the Activation of STAT3/SLC7A11 Signaling Axis,
Induced Ferroptosis, Reduced the Secretion of
Immunosuppressive Factors, and Suppressed
Tumor Growth

Given that knocking down IncRNA SSTR5-AS1 can
play an anti-OC role in cell experiments, this study will
be verified by transplanted tumor nude mice. SKOV3
cells stably transfected with sh-SSTR5-AS1 and OE-
SSTR5-AS1 were subcutaneously injected into the
dorsal side of mice. /ncRNA SSTR5-ASI level was
significantly =~ decreased =~ when  sh-SSTR5-ASI1
intervention and significantly raised when OE-SSTRS-
AS1 intervention (Figure 7A), indicating that /ncRNA
SSTR5-AS1 level in mice was successfully interfered.
The tumor volumes were tested weekly throughout the
experiment; the tumors were stripped after 5 weeks. The
weight and volume of transplanted tumor were
markedly lessened when downregulation of IncRNA
SSTR5-AS1 knockdown, and significantly increased
after IncRNA SSTR5-AS1 overexpression (Figure 7B—
D). Immunohistochemical results found that knocking
down IncRNA SSTRS5-AS1 obviously-reduced Ki-67
positive cells (Figure 7E-F); DCFH-DA  fluorescent
probe results found that knocking down IncRNA
SSTR5-AS1 obviously increased ROS. levels (Figure
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7G). Overexpression of IncRNA SSTR5-ASI1 had the
opposite effect. The Perls reaction is a classic
histochemical method. To demonstratea sensitive and
traditionally excellent detection method for Fe’' in
tissues, this method relies on the reaction of Fe** with
potassium ferrocyanide, which forms an insoluble blue
compound. There are many blue iron particles deposited
in the sh-SSTR5-AS1 group, showing obvious iron
deposition. The OE-SSTR5-AS1 group has a small
amount of iron deposition, only a few blue iron particles
are deposited (Figure 7H). After downregulation of
IncRNA.SSTR5-AS1 knockdewn; the contents of IL-10
(reduced by 75%), TGE-B (reduced by 70%), 1L-4
(reduced by 50%), and IL-35 (reduced by 53%) were
significantly decreased (Figure 7I-L), and p-
STAT3/STAT3 (reduced by 74%), SLC7A11 (reduced
by 54%), FTH1 (reduced by 52%), Nrf2 (reduced by
49%), and GPX4 (reduced by 49%) proteins were also
significantly decreased (Figure 7M—R); the levels of the
above indicators were significantly increased after
IncRNA SSTR5-AS1 overexpression (Figure 7I-R). In
summary, downregulation of IncRNA SSTR5-AS1
inhibited the STAT3/SLC7AI11 signaling pathway,
induced ferroptosis, reduced the secretion of
immunosuppressive factors, and inhibited the growth of
OC tumors.

D [ sh-NC B3 sh-SSTR5-AS1
B OE-NC [ OE-SSTR5-AS1

sh:NC ‘ . ‘ ‘ - - 2.0 P <0001
shssTRe-As1 6 @ @ © o =

oEne BB & P @ ®
OE-SSTR5-AS1 ’ D . ‘ &

51,33(-5789]01]13@
.

E sh-NC @ sh-SSTR5-AS1
[ OE-NC [ OE-SSTR5-AS1
P <0.001

B sh-NC @ sh-SSTR5-AS1
B OE-NC [ OE-SSTR5-AS1
P <0001

Relative ROS level

4
3
2
1
0

I [ sh-NC £ sh-SSTR5-AS1
B OE-NC [ OE-SSTR5-AS1
P <0.001 P <0.001

8

B sh-NC [ sh-SSTR5-AS1
E OE-NC [ OE-SSTRS-AS1

TGF-B (pmoliL)
- -] -

o N

Iran J Allergy Asthma Immunol, / 15

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

Q. Wei, et al.

p-STAT3 —— — — 91kDa

B sh-NC 3 sh-55TR5-A51 B sh-NC O sh-SSTR5-AS1 SLCTA11 = & = s === 35,0,

[ OE-NC O OE-SSTR5-AS1 [ OE-NC OO OE-SSTR6-AS1

B sh-NC 3 sh-SSTR5-AS1
B OE-NC O OE-SSTR5-AS1

15 2.5 P <0001 250 P<0.001 FTH1 — w w— 21kDa
P <0001 —

= = 200 Nrf2 o= =~ == —0 68kDa

£ = E P <000t [=| 22kD

g P<0.001 g 180 GPX4 —— 2

3 5 = s 1001 B = GAPDH “mm s sme sse 36kDa

¥ E— 5 n n

= = = 50 — ’§: y.g 600 ‘),?"9

0 ‘-“\«Q? o <&
=) 9
& &

N 0 P Q A

e B sh-NC EI sh-SSTR5-AS1 B sh-NG £ sh-SSTRS-AS1 B sh-NC [ sh-SSTR5-AS1 - B sh-NC B3 sh-SSTRS-AS1 B sh-NC [ sh-SSTRS-AS1
2o, B OENC [ OE-SSTRS-AS1 § D OE-NC O OE-SSTRS-AS1 § B OENC O OE-SSTR5-AS1 5 B OE-NC O3 OE.SSTRE.AS1 < B OE-NC [ OE-SSTRS-AS1
E'EZ.O P <0.001 g 3 P <0001 T 4 #0001 @20 P <0.001 K] r = oo
e 83 g 5 g

ipts 8g, =] 8%, =] EE15) peoe = 5

§E 10 ta 20001 £= £%5 10 £8

59 £s g_vz P <0001 3" = = g

= = @

g5 05 ig = = 234 2805 = 8%

£3 23 - 2 £ z

5300 o g 2 00 3

& & & & &

Figure 7. In vivo experiments. A, SKOV3 cells stably transfected with sh-SSTR5-AS1, sh-NC, OE-SSTR5-AS1, and OE-NC (2
x 10° cells) were subcutaneously injected into the dorsal side of nude mice. /ncRNA SSTR5-AS1 expression in tumor tissues was
measured using RT-qPCR. B-D, Weekly tumor volume and tumor weight on day 35. sh-SSTRS-AS1 significantly lessened
tumor weight and volume. E, The representative figure of Ki-67 immunohistochemistry, DCFH-DA staining, and Prussian blue
staining (x40, 50 pm). F, Ki-67 expression was detected by immunohistochemistry, which was significantly reduced after
downregulation of IncRNA SSTR5-AS1 knockdown: G, DCFH-DA fluorescent probe detected ROS levels of tumor tissues. sh-
SSTRS5-AS1 significantly increased ROS levels. H, Prussian blue staining examined iron deposition in tissue sections. sh-
SSTRS5-AS1 group had obvious iron deposition. I-L, The content of immunosuppressive factors was examined by ELISA kit.
IL-10, TGF-B, IL-4, and IL-35 contents decreased after downregulation of IncRNA SSTRS5-AS1 knockdown. M-R, Western
blot detected ferroptosis and STAT3/SLC7A11 pathway protein levels in tumor tissues. p-STAT3/STAT3, SLC7A11, FTH1,
Nrf2, and GPX4 proteins decreased after downregulation of IncRNA SSTRS-AS1 knockdown. n=6, ***p<0.001 vs sh-NC
group; ###p<0.001 vs OE-NC group.

DISCUSSION Consistent with previous studies, in this study, IncRNA
SSTR5-AS1 was raised on OC, and was present in the

The functions and mechanism of IncRNA for OC cytoplasm of OC. IncRNA SSTR5-AS1 overexpressed

progression may provide assistance in developing new.
therapeutic strategies ‘for OC. Recently, IncRNA
SSTR5-AS1 exerts anti-tumor effects through impacting
the growth, EMT, apoptosis, and metastasis of cancer
cells. Yuan et al** showed that IncRNA SSTR5-AS1 was
overexpressed at prostate cancer, the high IncRNA level
was related to tumor stage and lymph node metastasis.
The increase in the level of this indicator may be an
independently poor prognostic factor for patients with
prostate cancer.”* In esophageal cancer, IncRNA
SSTR5-AS1  regulates the ITGB6/JAKI/STAT3
signaling axis by interacting with eukaryotic translation
initiation factor 4A3 (EIF4A3) to promote tumor
development.??> Cheng et al® pointed out that IncRNA
SSTR5-AS1 was raised at gastric cancer, and high
expression of this IncRNA was associated with distant
metastasis and TNM stage.? This indicates that IncRNA
SSTR5-AS1 may play a role in promoting cancer.

16/ Iran J Allergy Asthma Immunol,

increased the cell viability, migration and invasion cell
number and cell migration rate, and the increased
expression of key regulatory genes MMP-2 and MMP-9
also further confirmed the positive regulation of IncRNA
on OC movement and invasion. Knockdown of IncRNA
SSTR5-AS1 suppressed OC cell growth, movement, and
invasion. IncRNA SSTRS5-AS1 is associated with OC
development, and knockdown of IncRNA SSTR5-AS1
may play a cancer-suppressive role.

Tumor microenvironment is mainly controlled by
immunosuppressive  cytokines. = Among  many
immunosuppressive cytokines, IL-10, TGF-f, IL-4, and
IL-35 are dominant in the tumor environment of various
tumors and  are involved  in
immunosuppression.?’ Recent studies have shown that
these cytokines are important for restricting anti-tumor

primarily

immunity and tumor growth progressions; blocking
immunosuppressive cytokines may play a remarkable
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effect in sensitizing tumors to immunotherapy, thereby
regulating tumorigenesis.?>*° In this study, we observed
that knockdown of IncRNA SSTR5-ASI significantly
down-regulated IL-10, TGF-B, IL-4, and IL-35
expressions, indicating that knocking down IncRNA
SSTR5-AS1 reduced immunosuppressive cytokines in
the tumor microenvironment. Studies have confirmed
that one of the mechanisms that cause OC’s therapeutic
resistance and immunosuppression is to increase the
expression of immunosuppressive cytokine IL-10.3!
Therefore, knockdown of IncRNA SSTR5-AS1 can
slow down the malignant progression of OC by
inhibiting immunosuppressive cytokines and improving
the immune response of tumor cells.

Ferroptosis is essential for inhibiting tumor
progression. Fe?' is one of the key factors that directly
promote cell death in lipid peroxidation, and is also a
typical marker of ferroptosis.*? The accumulation of Fe?*
can trigger lipid peroxidation of cell membrane, induce
high levels of oxidative stress in cells, lead to a large
accumulation of ROS and MDA, inhibit the devel of
GSH, and ultimately lead to cell death.>* Zhang et al**
showed that squalene monooxygenase can reduce ROS
and lipid peroxides, protect OC cells from ferroptosis.**
Zhao et al®® found that Obacurione could increase
cellular iron content and MDA level, and induce
ferroptosis in OC cells.>®* Knockdown of IncRNA
SSTR5-AS1 could significantly increase. intracellular
Fe?*, MDA, and ROS levels and inhibit GSH levels,
suggesting that knockdown of IncRNA SSTRS-ASI1
could promote lipid peroxidation of SKOV3 and A2780
cells and induce  ferroptosis. = Next, this research
examined changes in key indicators of ferroptosis
process. Nrf2 level is related to ferroptosis. Increasing
of Nrf2" protein significantly inhibits. ferroptosis
occurrence, and downregulation of Nrf2 expression will
promote ferroptosis.’® The expression of FTHI is
closely related to iron. metabolism during ferroptosis.
GPX4 can inhibit intracellular lipid peroxidation and
prevent ferroptosis.’” Knockout of GPX4 in wild-type
mice directly triggered ferroptosis  initiation.®
Downregulation of SLC7A11 expression can promote
the accumulation of lipid peroxides, resulting in a
decrease in GSH production and inhibition of GPX4,
thereby inducing ferroptosis.’® Nrf2, SLC7A11, FTHI,
and GPX4 protein expressions were significantly
lessened when knockdown of IncRNA SSTRS5-ASI,
which further proved that knockdown of IncRNA
SSTRS5-AS1 induced ferroptosis in OC cells. Ferroptosis

is an important way of cell death. The US FDA has now
approved ferroptosis inducers represented by sorafenib
for the treatment of malignant tumors, which fully
demonstrates the great potential of ferroptosis in the
development of new anti-tumor drugs,** and also
highlights the development value of IncRNA based on
ferroptosis in this study. Recent studies have found that
ferroptosis-related IncRNA can be used as a prognostic
biomarker for OC.**? In gynecological malignancies, a
recent meta-analysis evaluated the prognostic value of
core ferroptosis ‘regulators.*>* The high expression of
SLC7A11 and GPX4 is associated with poor overall
survival.in'cancer patients,*-*-highlighting their role in
disease progression and treatment resistance. Future
studies that correlate IncRNA SSTR5-AS1 levels with
the characteristics of ferroptosis biomarkers established
in the patient cohort can further verify its potential as a
complementary predictor.

STAT3 promises a possible therapeutic target for
OC.*/<Inhibiting STAT3 pathway can increase ROS
levels and inhibit OC growth and metastasis.*®%
Moreover, STAT3 has been shown to be a key factor in
regulating lipid peroxidation in tumor cells.>® It has been
reported that there is a binding site between STAT3 and
the promoter region of SLC7A11.3! Inhibition of STAT3
can reduce ferroptosis important factors GPX4 and
SLC7A11 levels, and then mediate the metabolic
abnormalities of amino acids such as cysteine to trigger
GSH synthesis depletion, and ultimately induce
ferroptosis.>? Mo et al*? pointed out that iron overload
can inhibit the STAT3/SLC7A11 signaling pathway and
induce liver ferroptosis.’? Yang et al’® showed that
AKRI1BI1 interacts with STAT3 to activate SLC7A11,
inhibits ferroptosis and promotes gastric cancer
progression.’® Inhibition of the STAT3/SLC7All
pathway can induce ferroptosis, thereby reducing the
growth of  hepatocellular  carcinoma and
osteosarcoma.’®** Similar to previous researches, the
results of this study found that after IncRNA SSTRS-
AS1 knockdown was accompanied by significant
reductions in the protein levels of p-STAT3/STAT3 and
SLC7A11, suggesting a potential association between
IncRNA SSTR5-AS1 and the STAT3/SLC7A1l axis.
And RIP experiments demonstrated the interaction
between IncRNA SSTRS5-AS1 and STAT3. To
distinguish correlation from causation and verify that
IncRNA SSTR5-AS1 affects OC cells primarily through
this pathway, we conducted functional rescue
experiments. By overexpressing STAT3 in IncRNA
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SSTRS5-AS1-knockdown cells, we found that
overexpression of STAT3 partially reversed the
induction of ferroptosis and the inhibitory effects on cell
growth, migration, invasion and immunosuppressive
factor expression via knockdown of IncRNA SSTRS-
AS1 in OC cells, knocking down STAT3 had the
opposite effect. These experiments demonstrate that the
activation of the STAT3/SLC7AI11 pathway is a key
downstream causal mechanism by which IncRNA
SSTR5-AS1 regulates ferroptosis and malignant
behaviors in OC cells.

Finally, SKOV3 cells stably transfected with sh-
SSTR5-AS1 and OE-SSTRS5-AS1 were subcutaneously
injected into the back of mice to establish a transplanted
tumor model. Knocking down IncRNA SSTR5-ASI
notably reduced tumor weight, inhibited the growth of
OC in vivo, and reduced the content of
immunosuppressive factors. After IncRNA SSTR5-AS1
was knocked down, there was obvious iron deposition in
tumor tissue, ROS level increased significantly,
ferroptosis  protein  decreased significantly, and
STAT3/SLC7A11 signaling pathway was inhibited. In
summary, downregulation of IncRNA SSTRS5-AS1
inhibited STAT3/SLC7A11 signaling pathway, induced
ferroptosis, reduced the secretion of immunosuppressive
factors, and suppressed the growth of OC tumors.

This study found that IncRNA SSTR5-AS1 inhibits
ferroptosis by activating the STAT3/SLC7AI1 axis,
thereby driving the progression of OC, which provides
an important clue for its clinical transformation.
Unfortunately, this study mainly relies on two OC cells,
SKOV3 and(A2780. In the future, it needs to be verified
in a more diversified OC cell model, especially the more
representative high-grade serous OC (HGSOC) cell line
and cisplatin.and other chemotherapeutic drug-resistant
cell lines. Secondly, there is inherent molecular
heterogeneity between different cell lines, which may
affect the regulatory strength and downstream effects of
the IncRNA SSTRS5-AS1/STAT3/SLC7A11 pathway.
Therefore, the acceptance of this conclusion needs to be
further confirmed and expanded in the future through a
wider range of cell models and clinical sample analysis.
Although this study did not directly carry out clinical
cohort analysis, the above mechanism suggests that the
high expression of IncRNA SSTR5-AS1 may indicate
abnormal activation of STAT3 pathway and ferroptosis
resistance, which is related to the poor prognosis and
potential therapeutic resistance of patients. Future
studies can verify the association between IncRNA

18/ Iran J Allergy Asthma Immunol,

SSTRS5-AS1 expression and the survival of OC patients
by analyzing public databases such as TCGA; at the
same time, given that tumors with high expression of
IncRNA SSTR5-AS1 show decreased ferroptosis
sensitivity, its expression level may be used as a
potential biomarker to predict the response of tumors to
emerging ferroptosis inducers. Future work will be
verified by analyzing clinical cohort data to provide a
basis for the development of precise treatment strategies
for this molecular-subtype.

Overall, knockdown of IncRNA SSTRS5-AS1 can
significantly suppress the multiplication, migration,
invasion;-and immunosuppressive. factors of OC. Its
mechanism is associated with. STAT3/SLC7A11
pathway regulation and ferroptosis induction. This study
reveals the anti-OC effect and molecular mechanism of
knockdown of IncRNA SSTRS5-ASI1, and provides
experimental support for the design of clinical trials and
clinical - application  transformation.
considering the complex causes of OC formation and
individual differences, this study still needs to be further
explained and verified based on a variety of different
species and types‘of OC in vitro and in vivo models.
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