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Our research tended to explore the biological roles and
expression status of circ_00091761 in HF after MIl. The
hypoxia reoxygenation (H/R) injured H9c2 cells model
was constructed to simulate HF after MI. The expression
of circ_0091761 was examined in H/R injured H9c2 cells
by qRT-PCR. Then, the effect of circ_0091761 expres-
sion on the proliferation of H/R injured H9c2 cells was
evaluated by CCK-8 along with TUNEL assay. Secretion
of lactate dehydrogenase (LDH), reactive oxygen spe-
cies (ROS), Fe?, glutathione (GSH), and malondialde-
hyde (MDA) was measured to evaluate cell ferroptosis
of H/R injured H9c2 cells, along with protein levels of
glutathione peroxidase 4 (GPX4), solute carrier fam-
ily 7 member 11 (SLC7A11), and transferrin receptor
protein (TFRC). Luciferase reporter as well as RNA pull-
down assays revealed the binding relationship between
miR-335-3p and circ_0091761 or ASCL4. Circ_0091761
was upregulated in H/R injured H9c2 cells. Knockdown
of circ_0091761 promoted cell proliferation and sup-
pressed ferroptosis of H/R injured H9c2 cells. Interest-
ingly, circ_0091761 sponges miR-335-3p to upregulate
acyl-CoA synthetase long-chain family member 4 (ACSL4)
expression. miR-335-3p inhibitor attenuated the effects
of circ_0091761 knockdown on cell proliferation and fer-
roptosis in H/R injured H9c2 cells. Additionally, upregu-
lated ACSL4 abrogated elevated miR-335-3p-induced ef-
fects on H/R injured H9c2 cells. Circ_0091761 inhibited
cell proliferation and accelerated ferroptosis of H/R in-
jured H9c2 cells by sponging miR-335-3p to upregulated
TFRC axis. Therefore, Inhibition of circ_0091761 may pro-
tect against HF after MI.
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INTRODUCTION

Heart failure (HF) is an acute decompensation of car-
diac function under various causes. The etiology and
inducement of HF are complex and diverse. The ne-
crosis of myocardial cells caused by acute ischemia and
hypoxia of the coronary artery during myocardial infarc-
tion (MI) is the main cause of HF and also one of the
common causes of acute decompensation of HF (Bahit
et al., 2018; Orrem et al, 2018). HF after MI seriously
endangers the life and health of patients. Eatly accurate
judgment will greatly benefit the treatment and prognosis
of the disease.

In recent years, a new type of programmed death,
named ferroptosis, is found to play an essential role in
diverse disorders (Xie ef al, 2016). Because of the dys-
function of oxidative metabolism of the cell membrane
phospholipids, biofilm polyunsaturated fatty acids (PU-
FAs) lipid peroxidation occurs reduced glutathione
(GSH) in cells will not be able to return the excess of
harmful lipid hydroperoxide as harmless fatty alcohols,
free iron ion mediated Fenton reaction catalyzed the ac-
cumulation of lipid free radicals within the cell leads to
cell ferroptosis (Cao & Dixon, 2016). Accumulated evi-
dence demonstrates that ferroptosis participates in HF
after MI (Hu ez al., 2021). However, the specific mecha-
nism needs to be further researched to clarify.

Circular RNAs (citcRNAs) are a class of non-coding
RNAs (ncRNAs) which can regulate the expression of
several key genes by combining with microRNAs (miR-
NAs) or other molecules (Meng ¢f al., 2017; Ashwal-Fluss
et al, 2014; Zhang et al, 2017). Most circRNAs show
miRNA binding capabilities, and are identified as miRNA
sponges and enhance downstream gene expression by
sponging miRNA (Li ef al, 2019). Recently, researchers
found the significance of citcRNAs in regulating cell func-
tions and disease processes (Meng ez al, 2017; Ashwal-
Fluss et al., 2014; Zhang e/ al., 2017). Furthermore, grow-
ing evidence shows that citcRNA has the potential to be-
come a promising biomarker for diagnosis and therapeutic
targets of HF after MI (Devaux ez al, 2017; Altesha ef al.,
2019). For instance, through the ceRNA mechanism, the
circHipk3 accelerates cardiac regeneration after MI via the
miR-133a-CTGF axis (Si ez al., 2020).

CircRNA_0001654, circRNA_0091761, circR-
NA_0405624, and citcRNA_0406698 have been identified
to be obviously upregulated in MI (Zhao ez al., 2020)., and
circRNA_0091761 expressions were demonstrated to be
the most significant difference in H/R injured H9¢2 cells.
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Therefore, this study aimed to further explore the specific
mechanism of citcRNA_0091761 in HF after MI zx vitro.

MATERIALS AND METHODS

Materials

H9¢2 rat cardiomyoblast cell line (American Type
Culture Collection, USA). Primary antibodies and in-
ternal reference protein (Abcam Company, USA): anti-
GPX4 (ab125066, 1: 1000), anti-SLC7A11 (ab175186, 1:
3000), and anti-TFR1 (ab214039, 1: 1000). anti-GAPDH
(ab8245,1: 1000). HRP labeled anti-rabbit secondary anti-
body (Beyotime Biotech, China). Plasmids for cell trans-
fection (Gibco, USA): si-circ_0091761 1#, si-circ_0091761
2#, miR-335-3p mimic, miR-335-3p inhibitor, oe-ACILA4,
and their negative controls. Polybrene and purinomycin
(Sigma, USA). Lipofectamine 3000 and the reverse tran-
scription kit (Invitrogen, USA). Fetal bovine serum (FBS;
Biological Industries, USA). PrimeScript™ RT-PCR Kit
(Vazyme Biotech, China). TRIzol reagent (Invitrogen,
USA), Nanodrop 2000 spectrophotometer (Mettler To-
ledo, China). RIPA lysate (Beyotime, China). Primer se-
quences for circ_0091761, miR-335-3p, and all mRNAs
were designed by RiboBio (Guangzhou, China). RNase R
treatment (Genesee, Guangzhou, China). miRNeasy Mini
Kit (QIAGEN, Dusseldorf, Germany). Actinomycin D
(Merk, USA). SuperScript First-Strand Synthesis Kit (In-
vitrogen, USA). LDH Cytotoxicity Assay Kit (Beyotime,
China). Spectrophotometer (Thermo Fisher, USA). Oxida-
tion-sensitive fluorescent probe DCFH-DA (Sigma, USA).
Iron Assay Kit (ab83366, Abcam, USA). Glutathione
Assay Kit (CS0260; Sigma, USA). Malondialdehyde Kit
(ab118970, Abcam, USA). Cell counting kit 8 (CCK-§;
Beyotime, China). TUNEL detection kit (ab66110, Ab-
cam, USA). Microscope (Nikon, Japan). BCA kit (Sigma,
USA). PVDF membranes (Bio-Rad, USA). Dual-Lucif-
erase Reporter Assay kit (K801-200; BioVision Tech, San
Francisco, USA). Pierce™ Magnetic RNA-Protein Pull-
Down Kit (Thermo Fisher, Waltham, MA, USA).

Cell culture

H9c2 cells were cultured using a DMEM medium
containing 10% FBS and 1% penicillin/streptomycin,
and placed in an incubator (5% CO,, 37°C). Then, the
hypoxia-teoxygenation (H/R) injured H9c2 cells model
was conducted to mimic HF after MI. H9¢2 cells were
incubated in a hypoxic environment (95% N, and 5%
CO,) at 37°C for 3 h. Then, DMEM free of FBS was
added to H9c2 cells in a standard incubator for 4 h.

qRT-PCR

qRT-PCR was performed to measure the mRNA
levels of circRNA_0001654, circRNA_0091761, cit-
cRNA_0405624, circRNA_0406698, miR-335-3p, and
ACSIA4. Firstly, TRIzol was used to isolate RNA of H/R
injured H9¢2 cells, and RNA concentration was analyzed
using a spectrophotometer. M-MLV was used to synthe-
size cDNA through reverse transcription. qRT-PCR was
conducted with the PrimeScript™ RT-PCR Kit. GAP-
DH and UG were used as reference genes. Relative gene
expression was calculated through the 2724¢ method.

Stability detection of circular RNA

RNase R treatment is mainly used for citcRNA iden-
tification and stability detection (Xiao MS & Wilusz

JE, 2019). 5 pg total RNA extracted from H/R injured
H9c2 cells were digested by RNase R enzyme. The cir-
cRNA_0091761 and the linear type mRNA levels were
detected by qRT-PCR with 2 pug/mL actinomycin D for
0,4, 8,12, and 24 h.

Detection of lactate dehydrogenase (LDH) activity

H9¢c2 cells were seeded in 96-well plates and cultured
in a medium containing LDH reagent for 0.5 h to meas-
ure LDH release according to the LDH kit procedure,
which was provided by Nanjing Jiangcheng Bioengineer-
ing Institute (Nanjing, China).

Detection of reactive oxygen species (ROS) activity

H9¢2 cells were treated with DCFH-DA (10 pumol/L)
for 0.5 h at 37°C. Then, the fluorescence intensity of each
group was detected under a fluorescence microscope (488
nm excitation wavelength, 525 nm emission wavelength).

Detection of Fe2+ content

After H9¢2 cells were lysed, the Fe?* level of cells in
each group was detected according to the procedure of
the Fe?* detection kit, which was provided by Nanjing
Jiangcheng Bioengineering Institute (Nanjing, China).

Detection of glutathione (GSH)content

After H9¢2 cells were lysed, the GSH level of cells
in each group was detected according to the procedure
of the GSH Assay Kit, which was provided by Nanjing
Jiangcheng Bioengineering Institute (Nanjing, China).

Detection of malondialdehyde (MDA)

After H9¢c2 cells were lysed, the MDA level of cells
in each group was detected according to the procedure
of the MDA Kit, which was provided by Nanjing Ji-
angcheng Bioengineering Institute (Nanjing, China).

Cell viability assay

Cell counting kit 8 (Beyotime, Shanghai, China) has
been used to evaluate the cell viability of HIC, cells of
each group. Cells were collected and seeded into a 96-well
plate after successful transfection. Afterwards, cell viability
was detected using a microplate under the absorbance of
450 nm after a supplement of CCK-8 reagents.

TUNEL assay

H9c2 cell death was measured by a TUNEL detection
kit according to the instructions of the manual (Beyo-
time). The H/R injured H9¢2 cells were observed under
a microscope.

Western blotting assay

Ferroptosis-related proteins including glutathione per-
oxidase 4 (GPX4), solute carrier family 7 member 11
(SLC7A11), and transferrin receptor protein (TFRC) were
measured in H9¢2 cells of each group. Total protein was
extracted from the H9¢2 cells by RIPA buffer, and detet-
mined with the BCA kit. Subsequently, proteins were isolat-
ed with 12% SDS-PAGE gel and were moved onto PVDF
membranes. Then the membranes were blocked with 5%
defatted milk for 2 h and then incubated with primary an-
tibodies overnight at 4°C. Immune complexes were then
incubated with secondary antibody. Finally, the ECL chemi-
luminescence method was used to detect the expression of
each protein. All experiments were repeated three times.
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Dual-luciferase reporter assay

According  to  the reported methods, circR-
NA_0091761 as well as ACSIL4 recombinant pyratinase
reporter plasmids containing the binding sequence of
miR-335-3p and regroup plasmids containing the abrupt
change of binding sequence were constructed. H9¢2 cells
(1x10>/well) seeded in a 12-well plate were transfected
with 1.5 pg recombinant luciferase reporter plasmid, 100
nmol/L miR-335-3p mimic and 10 ng PRL-TK (internal
reference plasmid) for 24 h, the intensity of firefly lucif-
erin and renal luciferin were measured.

RNA pull-down assay

500 pg streptavidin magnetic beads combined with a
200 pmol biotin labeled miR-335-3p mimic were added to
the RNA extracted from the H9¢2 cells. The complexes
were gently mixed at room temperature and incubated for
30 min. After cluting buffer was added, the pulled RNA
complex was then collected. The citcRNA_0091761 and
ASCILA4 level was quantitatively analyzed by qRT-PCR.

Statistical analysis

Data were analyzed with GraphPad Prism version
8.3 and presented as mean * SD. Student’s t-test (two
groups), as well as one-way ANOVA (multiple groups),
were applied for difference analysis. A P value less than
0.05 was deemed statistically significant.

RESULTS

Circ_0091761 is highly expressed in H/R injured H9c2
cells

Expression of 4 circRNAs which have been identified
to be highly expressed in MI was detected in H/R in-
jured H9¢2 cells, among which circ_0091761 was obvi-
ously highly expressed (Fig. 1A). The results of RNase R
treatment indicated that the expression level of the linear
group was substantially lower than that in circ_0091761
group (Fig. 1B). Meanwhile, circ_0091761 showed more
stable mRNA expression compared with a linear group
(Fig. 1C). The level of GSH in H/R injured and RSL3
treated H9¢2 cells was notably decreased and increased
in Ferrostatin-1 group; however, LDH, ROS, Fe?*, as
well as MDA levels were notably elevated by H/R injury
and RSL3 and reduced by Ferrostatin-1 (Fig. 1D-I).

Inhibition of circ_0091761 promotes cell viability and
inhibited ferroptosis of H/R injured H9c2 cells.

The expression of circ_0091761 was decreased after
small intetference RNA was transfected into H/R injured
H9¢2 cells. Circ_0091761 declined more significantly in
group si-circ_0091761 1#, which was used in subsequent
experiments (Fig. 2A). Knockdown of circ_0091761 no-
tably improved cell viability (Fig. 2B), and suppressed
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Figure 1. Expression levels of circ_0091761 in H/R injured H9c2 cells.

(A) The expression of 4 circRNAs in H/R injured H9c2 cells measured by gRT-PCR, *p<0.05, “p<0.01, **p<0.001. (B) qRT-PCR analyses for
the expression of circ_0091761 and linear one in H/R injured H9c2 cells after RNaseR treatment, **p<0.001. (C) gRT-PCR analyses for the
expression of circ_0091761 and linear one in H/R injured H9c2 cells at the indicated time after treatment with Actinomycin D, **p<0.01.
(D) The expression of circ_0091761 in H/R injured H9c2 cells measured by qRT-PCR, *p<0.05, “p<0.01, compared with the control group;
#p<0.01, compared with the H/R group. (E) The LDH, (F) ROS, (G) Fe2+, (H) GSH, and (I) MDA levels in H/R injured and RSL3 treated H9c2
cells, “p<0.01, compared with the control group; #p<0.05, #p<0.01, compared with the H/R group.
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Figure 2. Inhibition of circ_0091761 promoted cell proliferation and inhibited ferroptosis of H/R injured H9c2 cells.

(A) Circ_0091761 expression levels were detected by qRT-PCR in H9c2 cells after transfection, "p<0.05, “p<0.01, compared with the si-na
group. (B) CCK-8 assay was applied for cell viability detection, “p<0.01, compared with the control group; #p<0.01, compared with the
H/R+ si-NC group. (C-G) Levels of LDH, ROS, Fe2, GSH, and MDA in H/R injured H9c2 cells after transfection, *p<0.01, compared with
the control group; #p<0.01, compared with the H/R+ si-NC group. (H) Images and quantized bar chart of TUNEL stained cells, “p<0.01,
compared with the control group; #p<0.01, compared with the H/R+ si-NC group. (I) Expression of GPX4, SLC7A11, and TFR1 proteins
detected by western blotting.
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Figure 3. Circ_0091761 served as a miRNA sponge for miR-335-3p

(A) The binding sites between miR-335-3p and circ_0091761. (B) Luciferase assay of H9c2 cells co-trasfected with mutated miR-335-3p
minic and a luciferase vector containing circ_0091761-3'UTR-wt or mutant constructs with mutated miRNA binding sites, “p<0.01. (C)
RNA pull-down assay revealed the enrichment of circ_0091761 on biotin-miR-335-3p, “p<0.01, compared with the biotin-NC group. (D-E)
gRT-PCR analysis for the expression of miR-335-3p, “p<0.01.
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Figure 4. Suppression of miR-335-3p reversed the effects of circ_0091761

cells.

on cell proliferation and ferroptosis in H/R injured H9c2

(A) miR-335-3p expression levels were detected by gRT-PCR in H9c2 cells after transfection, “p<0.01, compared with the NC inhibitor
group; #p<0.01, compared with the NC mimic group. (B) CCK-8 assay was applied for cell viability detection, “p<0.01, compared with the
control group; #p<0.01, compared with the H/R+ si-circ_0091761+ NC inhibitor group. (C-G) Levels of LDH, ROS, Fe?*, GSH, and MDA in
H/R injured H9c2 cells after transfection, “p<0.01, compared with the control group; #p<0.01, compared with the H/R+ si-circ_0091761+
NC inhibitor group. (H) Images and quantized bar chart of TUNEL stained cells, “p<0.01, compared with the control group; #p<0.01,
compared with the H/R+ si-circ_0091761+ NC inhibitor group. (I) Expression of GPX4, SLC7A11, and TFR1 proteins detected by western

blotting.

cell death (Fig. 2H). Simultaneously, LDH, ROS, Fe?",
and MDA concentrations were declined while secretion
of GSH was induced after circ_0091761 was silenced
(Fig. 2C-G). Furthermore, ferroptosis-related proteins
were detected. H/R injuty decreased the GPX4 as well
as SLC7A11 expression and increased the expression of
TFR1, which were reversed by si- circ_0091761 signifi-
cantly (Fig. 2I).

Circ_0091761 can bind with miR-335-3p

Potential interactions between circRNAs and miRNAs
were evaluated using a Circular RNA Interactome on-
line database (https://circinteractome.irp.nia.nih.gov/),
and miR-335-3p was expected to bind with circ_0091761
(Fig. 3A). The luciferase activity reporter results dem-
onstrated that luciferase-labeled miR-335-3p mimic and
wild-type circ_0091761 co-transfection groups were de-
creased compared to that of the NC mimic (Fig. 3B).
Furthermore, circ_0091761 was primarily enriched in the
biotin-miR-335-3p group analyzed by RNA pull-down
assay (Fig. 3C). Inhibition of circ_0091761 upregulated
the expression of miR-335-3p (Fig. 3D). Furthermore,
miR-335-3p was lowly expressed in H/R injured H9c2
cells (Fig. 3E).

Suppression of miR-335-3p reverses the effects of
circ_0091761 on cell viability and ferroptosis in H/R
injured H9c2 cells

miR-335-3p expression was downregulated by miR-
335-3p inhibitor and upregulated by miR-335-3p mimic,
suggesting that H/R injured H9¢2 cells wetre successful-
ly transfected (Fig. 4A). miR-335-3p inhibitor obviously
switched the effects of si-circ_0091761 on cell prolifera-
tion (Fig. 4B) as well as cell death (Fig. 4H). Furthermore,
inhibited miR-335-3p alleviated the effects of downregu-
lated circ_0091761 on the secretion of LDH, ROS, Fe?*,
MDA, and GSH (Fig. 4C-G) and the expression levels of
GPX4, SLC7A11, and TFR1 proteins (Fig. 41I).

miR-335-3p directly targets ACSL4

TargetScan7.2 online database algorithm (http://www.
targetscan.org/mmu_72/) was used to predict potental
downstream targets of miR-335-3p and we identified
ACSL4 as the potential candidate (Fig. 5A). Luciferase
activity, as well as RNA pull-down assays further con-
firmed the binding relationship between miR-335-3p and
ACSL4 (Fig. 5B and 5C). Furthermore, ASCIL4 expres-
sion was negatively regulated by miR-335-3p (Fig. 5D).
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Figure 5. miR-335-3p directly targeted ACSL4.

(A) Bioinformatics predicted the binding sites between miR-335-3p and ASCL4. (B) Dual-luciferase reporter assay was conducted to con-
firm the association between ASCL4 and miR-335-3p, “p<0.01. (C) RNA pull-down assay revealed the enrichment of ASCL4 on biotin-miR-
335-3p, “p<0.01, compared with the biotin-NC group. (D-E) gRT-PCR analysis for the expression of ASCL4, “p<0.01.
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Figure 6. Overexpression of ACSL4 inhibited the effects of upregulated miR-335-3p.

(A) ACSL4 expression levels were detected by qRT-PCR in H9c2 cells after transfection, “p<0.01. (B) CCK-8 assay was applied for cell vi-
ability detection, *p<0.01, compared with the control group; #p<0.05, compared with the H/R+ mimic+ OE-NC group. (C-G) Levels of
LDH, ROS, Fe2+, GSH, and MDA in H/R injured H9c2 cells after transfection, “p<0.01, compared with the control group; #p<0.05, #p<0.01,
compared with the H/R+ mimic+ OE-NC group. (H) Images and quantized bar chart of TUNEL stained cells, “p<0.01, compared with the
control group; #p<0.05, compared with the H/R+ mimic+ OE-NC group. (I) Expression of GPX4, SLC7A11, and TFR1 proteins detected by
western blotting.
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Besides, ACSL4 was remarkably highly expressed in
H/R injured H9¢2 cells (Fig. 5E).

Overexpression of ACSL4 inhibits the effects of
upregulated miR-335-3p

As indicated in Fig. 6A, ACSL4 was significantly
highly expressed after transfection. Compared with miR-
335-3p-overexpressing cells, co-transfection with miR-
335-3p and ACSIL4 vectors significantly suppressed cell
viability (Fig. 6B) and facilitated ferroptosis (Fig. 6C-I).

DISCUSSION

HF is a common complication of MI. MI combined
with HF is a clinically acute severe disease with high
mortality. There is clinical value in identifying markers
that can be obtained early and interpreted easily. Our
study suggested that inhibition of circ_0091761 pro-
tected HF after MI by upheaving miR-335-3p to inhibit
ACSLA4 in vitro.

Accumulating studies have shown that ferroptosis
plays a crucial role in the progression of cardiac dysfunc-
tion after MI (Park TJ e/ al, 2019). In the mouse MI
model, GPX4 is downregulated and heme oxygenase 1
(Hmox1) is upregulated in myocardial cells to degrade
heme and release free iron, leading to mitochondrial dys-
function and ferroptosis. In addition, inhibition of GPX4
transcription in isolated H9¢2 cells and neonatal mouse
ventricular myocytes resulted in the accumulation of li-
pid hydroperoxides leading to cell ferroptosis (Park e al.,
2019, Li et al., 2019; Fang et al., 2019). These results sug-
gest that ferroptosis is an important pathophysiological
change of cardiac function injury after MI. What’s more,
ferroptosis participates in the occurrence and develop-
ment of HF (Fang e al., 2020; Vegter et al., 2016). Inhib-
iting ferroptosis can reduce cardiomyocyte hypertrophy,
improve ventricular dilation, and enhance the function
of myocardial dilation and contraction (Fang ez al., 2020).
In vitro cardiomyocytes pretreated with isoproterenol
could inhibit the expression of GPX4 and ferritin heavy
chain 1, increase the lipid hydroperoxide, and lead to
ferroptosis in cardiomyocytes (Park ez al, 2019; Fang e
al., 2020). Antagonizing ferroptosis can effectively slow
down the process of HF (Fang e/ al., 2019; Friedmann ef
al., 2014; Li et al., 2020). Ferroptosis inhibitor can effec-
tively inhibit the increase of free iron and lipid peroxi-
dation in cardiomyocytes and reduce ferroptosis induced
by isoproterenol (Fang ez al., 2019; Zou et al., 2020).

Previous studies have shown that the Fenton reac-
tion of ferrous iron in a labile iron pool (LIP) can pro-
duce a large number of ROS (Sui ¢/ 4/, 2018). When the
production of ROS exceeds the compensatory limit of
GSH/GPX4, PUFAs containing arachidonic acid and
adrenal acid are easily peroxidized and accumulated by
ROS, leading to ferroptosis in cells (Yang ez al., 2016). In
other words, GSH/GPX4 can inhibit lipid peroxidation
in the cell membrane, thus inhibiting ferroptosis in cells.
However, a large amount of studies have discovered new
pathways that inhibit cell iron death duting GSH/GPX4
inactivation. It was found that the N-terminus of Fer-
rastatin-1 was mystoacylated to promote the recruitment
of coenzyme Q10 to the cell membrane, reducing it to
a reduced coenzyme, and inhibiting ferroptosis in cells
(Bersuker e# al, 2019). The antagonistic effect of FSP1
on ferroptosis was independent of GSH/GPX4 (Doll
et al., 2019). In addition, the metabolites of guanosine
triphosphate hydrolase 1 (GCH-1), tetrahydrobiopterin
and dihydrobioptetin (BH4/BH?2), can selectively inhibit

the peroxidation of membrane polyunsaturated fatty ac-
ids containing two acyl-tail, and GCH1 can promote the
production of coenzyme Q10 and inhibit cell ferropto-
sis in collaboration with FSP1 (Kraft ez a/, 2020). These
studies also found a range of genes that suppress lipid
peroxidation in the absence of GPX4, providing new di-
rections for future research. At present, the research on
the regulation factors of iron death is still insufficient
and needs further exploration.

Circ_0091761 is a newfound circRNA with a sliced
length of 709bp, located on the X chromosome. Zhao
et al collected blood samples of coronary arteries of MI
patients as well as healthy controls, the intersection re-
sults of multiple bioinformatics analysis data showed
that 4 dysregulated citcRNAs (citcRNA_0001654, circR-
NA_0091761, citcRNA_0405624, and circRNA_0406698)
may be associated with the regulation of MI process
(Zhao et al., 2020). In the present research, our data sug-
gested that circRNA_0091761 was the highest expressed
circRNA identified in H/R injured H9¢2 cells, and was
further elevated by ferroptosis inducer RSL3 whereas
downregulated by ferroptosis inhibitor Ferrastatin-1, sug-
gesting that upregulation of circ_0091761 may be associ-
ated with fetroptosis in H/R injured H9¢2 cells. Subse-
quently, inhibition of circ_0091761 promoted cell viability
and suppressed ferroptosis of H/R injured H9¢2 cells,
demonstrating that circ_0091761 may protect against HF
after MI by suppressing ferroptosis i vitro, which was in
line with previous studies (Fang ez al., 2020).

Recently, various studies have reported that miRNAs
play essential roles in cardiovascular diseases (Vegter ef
al., 2016). For instance, the downregulation of miR-221-
3p and miR-222-3p promoted myocardial fibrosis of HF
(Vetjans ¢t al., 2018). In MI studies, miRNA-21 treatment
of cardiomyocytes and endothelial cells significantly sup-
pressed apoptosis and significantly improved cardiac func-
tion (Song e/ al, 2019). In this study, we hypothesized
that circRNA_0091761 might bind certain miRNAs to
regulate HF after MI. Our data indicated that miR-335-
3p has a specific binding effect with circRNA_0091761.
Further functional experiments confirmed that miR-335-
3p inhibitor could effectively reduce the proliferation pro-
motion and ferroptosis inhibition effects of suppressed
circtNA_0091761 on H/R injured H9c2 cells. All results
confirmed that citcRNA_0091761 can regulate the expres-
sion of related genes by binding miR-335-3p and play a
role in inhibiting ferroptosis and thus HF progression.

ACSI4 drives ferroptosis by oxidizing cell membrane
phospholipids, whichhave been recognized to be a typical
marker of ferroptosis (Doll e al., 2017; Song et al., 2019).
The ectonucleotide pyrophosphatase-phosphodiesterase 2
(ENPP2)/ lysophosphatidic acid (LPA) protected myocat-
dial cells from erastin induced ferroptosis by regulating the
expression of GPX4, ACSI4 and Nrf2 (Bai e al., 2018).
Our finding demonstrated that ACSL4 was a downstream
gene of miR-335-3p, and overexpression ACSL4 obvi-
ously revealed miR-335-3p mimicked induced effects on
cell viability as well as ferroptosis. Thence, on the basis of
these findings, we concluded that circ_0091761 promoted
ferroptosis in H/R injured H9¢2 cells via binding with
miR-335-3p to upregulate ACSL4.

CONCLUSION

The findings of the present study indicated that
circ_0091761 functioned as a ceRNA to regulate ACSL4
expression by sponging miR-335-3p to regulate HF af-
ter the MI process iz witro. Therefore, inhibition of
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circ_0091761 may be a potential target for protection
against HF after MI.
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