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Abstract

Background: microRNAs (miRNAs) are closely associated with the pathogenesis of various diseases, but the relationship between
miRNAs and myocardial ischemia-reperfusion (I/R) injury remains unclear. Therefore, we aimed to explore the role and function of
miRNAs and identify target genes regulating I/R.Methods: We established a hypoxia/reoxygenation (H/R) model to detect differentially
expressed miRNAs using high-throughput sequencing in rat myocardial cells. Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) enrichment were used to analyze the potential functions and signaling pathways of target genes. Results: We
identified 113 differentially expressed miRNAs, comprising 76 and 37 upregulated and downregulated genes, respectively. Database
predictions suggested that miR-200a-3p may act through the ferroptosis pathway, and we assessed the expression of miR-200a-3p, iron
ions, and ferroptosis markers. The expression of miR-200a-3p significantly increased in the H/R group, along with increased production
of reactive oxygen species (ROS) and iron ions. When the expression of miR-200a-3p was inhibited, iron ions and ROS levels decreased
significantly. Western blotting showed that transferrin receptor (TFRC) and Acyl-coA synthetase long-chain family member 4 (ACSL4)
levels were decreased and Glutathione peroxidase 4 (GPX4) expression was increased. Conclusions: These findings offer a novel
perspective on I/R regulation, and the specific mechanisms underlying the actions of miR-200a-3p merit further investigation.
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1. Introduction

Cardiovascular diseases seriously endanger human
health and are the leading cause of death in humans [1].
Early angioplasty can save the agonal myocardium and re-
duce myocardial damage in patients with myocardial in-
farction. Coronary interventions and bypass surgery, per-
formed worldwide, have successfully saved the lives of
many patients with myocardial infarction and protected
the myocardium to the maximum extent. However, when
reperfusion occurs after the opening of an occluded vessel,
there is a risk of tissue and organ damage, which is known
as ischemia-reperfusion (I/R) injury. This injury can po-
tentially impair myocardial metabolism and ultrastructure,
leading to cardiac insufficiency during the later stages of
the disease [2,3]. Therefore, early reduction in myocardial
ischemia-reperfusion injury (MIRI) merits further mecha-
nistic investigations.

microRNAs (miRNAs) hold immense value in med-
ical research owing to their ease of synthesis and modifi-
cation. Their roles are not to encode and translate proteins
directly but to bind to specific RNAs. They combine with
the downstream 3′ untranslated regions of mature messen-
ger RNAs (mRNAs) to inhibit mRNA expression and ulti-
mately affect body function [4]. In addition to regulating

specific target genes, miRNAs can modulate cellular func-
tions by binding to promoters to activate transcription pro-
cesses or directly activating receptor proteins [5]. Differ-
ent miRNAs have different functions, and they can regu-
late multiple genes simultaneously or be regulated by mul-
tiple genes, which results in complex and diverse biological
functions of miRNAs in organisms [6].

Previous studies have found that miRNAs affect the
occurrence of cardiovascular diseases by regulating angio-
genesis and apoptosis, and the underlying action mech-
anism is related to the inflammatory response and oxy-
gen radical formation [7]. Some exosomal miRNAs de-
rived from mesenchymal stem cells have been found to
inhibit oxidative stress, protect the heart, and potentially
treat cardiovascular diseases [8,9]. Reduction in I/R in-
jury is essential for myocardial protection, complication re-
duction, and long-term improvement in patients’ quality of
life. Presently, no effective treatment exists for I/R injury,
which can be alleviated only by enhancing cardiac function
via drug administration, reducingmyocardial metabolism at
low temperatures, and employing ischemic preconditioning
and postconditioning techniques [10].

miRNAs are closely associated with the pathogen-
esis of various diseases but their relationship with my-
ocardial I/R injury remains unclear. In this study, we
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aimed to explore the role and function of miRNAs and
to identify the target genes regulating I/R. In medical re-
search, high-throughput sequencing can provide complete
genetic sequences of specific cells or tissues. Therefore, we
used high-throughput sequencing to screen differentially
expressed miRNAs and bioinformatics to analyze their po-
tential functions. Additionally, we explored the relation-
ship between significantly expressed miR-200a-3p and fer-
roptosis in the context of I/R injury, aiming to enhance our
understanding of the underlying mechanism and guide fu-
ture research.

2. Materials and Methods
2.1 Cell Culture and H/R Model Construction

The rat H9C2 myocardial cell line was obtained from
the cell repository available at the Chinese Academy of Sci-
ences. The stored myocardial cells were revived and pre-
pared for passage. Cells in a healthy growth state after
three cell passages were utilized for further experiments.
Cell lines are regularly authenticated and tested for my-
coplasma by the authors. The control group cells were
treated with normal Dulbecco’s modified Eagle’s medium
(DMEM) supplementedwith 10% fetal bovine serum (FBS)
and 1% antibiotics (Sigma-Aldrich, St. Louis, MO, USA).
In contrast, the hypoxia/reoxygenation (H/R) model group
cells were exposed to glucose-free DMEM to simulate
anoxic conditions. An anoxic environment was created us-
ing a three-gas incubator (BD Biosciences, Franklin Lakes,
NJ, USA) (anoxic conditions: 94% N2 + 5% CO2 + 1%
O2). After 6 h, the medium was removed, and FBS and
glucose were supplemented and placed in a sugar culture
medium and normoxic incubator for reoxygenation for 16
h (normoxic conditions: 95% air + 5% CO2).

2.2 Apoptosis Detection
The cells designated for analysis were harvested,

collected in phosphate-buffered saline, centrifuged, and
washed thrice. Subsequently, 300 µL of binding buffer
(1×) (ServiceBio, Wuhan, China) was added to the tube.
Reagents from the Annexin apoptosis detection kit (Gibco,
Carlsbad, CA, USA) were added andmixed gently. Follow-
ing an incubation period of 15 min in the dark, an additional
200 µL of binding buffer (1×) was added, and the cells
were analyzed using flow cytometry (ACEA Biosciences,
San Diego, CA, USA).

2.3 High-Throughput Sequencing
2.3.1 Extraction of Total RNA

RNA was extracted from rat H9C2 myocardial cells
in the control group (normal group) and model group (hy-
poxia and reoxygenation groups), with three repeats. Total
RNA Extractor Kit (Gibco) was used for RNA extraction.
The solution was centrifuged after the addition of 200 µL of
chloroform. Subsequently, the pellet was washed with 75%

ethanol. After repeated centrifugation, the supernatant was
dissolved in RNase-free ddH2O (Vazyme, Nanjing, China).
Finally, the RNA concentration was tested for eligibility.

2.3.2 Construction of miRNA Library
The total RNAwas extracted to prepare the RNAmix,

and T4 RNA ligase was used to connect the 3′/5′ ends of
RNA. The cDNA chain was formed using the cDNA Syn-
thesis Kit (Vazyme) and amplified using polymerase chain
reaction (PCR) to obtain the final library product [11]. The
quality of the sequencing data of the samples was checked
using FastQC software (V0.12, Babraham Institute, Cam-
bridge, Britain). The reads and reference genomes were
aligned and analyzed using Bowtie software (V2.0, Hop-
kins, Baltimore, MD, USA).

2.3.3 Screening for Differentially Expressed miRNAs
The original data were filtered, and according to the

characteristics of the miRNA, reads of length 17–35 nu-
cleotides were retained to obtain clean data. We analyzed
the known and novel miRNAs and standardized the read
count data using various databases. edgeR was used to de-
termine the differences for samples without biological du-
plication. However, a negative binomial distribution model
was used to analyze the differences for samples with biolog-
ical duplication, and DESeq2 was adopted for analysis. For
differentially expressed genes, we set the screening criteria
of p < 0.05 and log2(fold change) absolute value >1 [12]
(Supplementary Table 1).

2.4 Real-Time-Quantitative PCR
TRIzol Reagent (Gibco) was added to cells, and RNA

was extracted using an extraction kit (Gibco). cDNA was
synthesized from the extracted RNA using a reverse tran-
scription kit (Gibco). The purity of miRNA was deter-
mined using an ultraviolet spectrophotometer (Bio-Rad,
Hercules, CA, USA), and fluorescence-based quantitative
PCR (qPCR) was performed using a real-time qPCR de-
tection kit (Gibco) and a qPCR system (Bio-Rad). Rel-
ative gene expression was calculated using the 2−∆∆Ct

method. The five most significant differentially expressed
miRNAswere selected for qPCR. Primers were synthesized
by Shanghai Bioengineering Company (Table 1).

2.5 Cell Transfection and Grouping
The H9c2 cells with optimal growth were seeded

onto the culture plate, and transfection was initiated at the
appropriate cell density. Briefly, cells were transfected
with the miR-200a-3p inhibitor and the inhibitor-negative
control (NC) was the control. Cell transfection was
performed using Opti-MEM (Invitrogen, Carlsbad, CA,
USA) and Lipofectamine 3000 transfection reagent (Invit-
rogen). Inhibition was confirmed by qPCR analysis with
the following primer sequences: miR-200a-3p inhibitor
sequence: 5′-ACAUCGUUACCAGACAGUGUUA-
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Table 1. qPCR primer sequence.
miRNA Forward primer (5′-3′) Reverse primer (5′-3′)

miR-153-3p CGCGTTGCATAGTCACAAAA AGTGCAGGGTCCGAGGTATT
miR-181b-1-3p CGCGCTCACTGAACAATGA AGTGCAGGGTCCGAGGTATT
miR-200a-3p GCGCGTAACACTGTCTGGTAA AGTGCAGGGTCCGAGGTATT
miR-222-5p GCGGGCTCAGTAGCCAGT AGTGCAGGGTCCGAGGTATT
miR-224-5p CGCGCAAGTCACTAGTGGTT AGTGCAGGGTCCGAGGTATT
U6 ATTGGAACGATACAGAGAAGATT GGAACGCTTCACGAATTTG
qPCR, quantitative polymerase chain reaction; miRNA, microRNA.

3′, miR-200a-3p inhibitor-NC sequence: 5′-
UCUACUCUUUCUAGGAGGUUGUGA-3′. Following
successful transfection, the cells were divided into model
+ miR-200a-3p inhibitor group and model + miR-200a-3p
inhibitor-NC groups based on the transfection content.

2.6 Cell Viability, ROS Generation, and Iron Ion
Measurement

The Cell Counting Kit-8 (CCK-8) assay (Sigma-
Aldrich) was used to detect cell viability. Its princi-
ple is outlined as follows: in the presence of 1-Methoxy
PMS, WST-8 can be reduced to produce the highly water-
soluble orange formazan dye. The amount of formazan
dye produced is proportional to the number of viable
cells. A reactive oxygen species (ROS) assay kit (Sigma-
Aldrich) was employed to detect intracellular ROS produc-
tion. Dichlorodihydrofluorescein diacetate (DCFH-DA)
has no auto-fluorescence and can freely cross the cell mem-
brane. When ROS is present in the cell, DCFH is oxidized
into a strong green fluorescent substance, and the fluores-
cence intensity indicates the level of ROS. Iron colorimetric
and Fe2+ colorimetric assay kits (Sigma-Aldrich) were em-
ployed to detect intracellular Fe2+ and Fe3+. The analysis
is based on the principle that iron and proteins combine to
form a complex, which dissociates under acidic conditions.

2.7 Western Blotting

Cell lysis buffer was added to the samples on ice.
Subsequently, the samples were centrifuged for 10 min,
with total proteins obtained after decanting the supernatant.
The protein concentration was determined using a bicin-
choninic acid kit (Gibco). The protein samples were sub-
jected to SDS–PAGE on 10% gels for 1.5 h. The re-
solved proteins were transferred onto a polyvinylidene flu-
oride (PVDF) membrane (CWBIO, Taizhou, China) and
sealed with sealing liquid (5% skimmed milk) for 90
min. The PVDF membrane was incubated with diluted
primary antibodies and the corresponding secondary an-
tibodies. Enhanced chemiluminescence solution (CW-
BIO) can emit light through chemical reactions, which was
added dropwise onto the blotting membrane placed un-
der a gel imaging system (ACEA Biosciences). The pri-
mary antibodies used were anti-GAPDH (HC301, 1/2000;
TransGen Biotech, Beijing, China), anti-TFRC (AF5343,

1/1000; Affinity, Liyang, China), anti-ACSL4 (DF12141,
1/1000; Affinity), and anti-GPX4 (67763-1-Ig, 1/1000;
Proteintech, Wuhan, China). The secondary antibody
was horseradish peroxidase-conjugated goat anti-rabbit IgG
(H+L) (GB23303, 1/2000; ServiceBio).

2.8 Statistical Analyses
SPSS 20.0 (IBM Corp., Armonk, NY, USA) software

was used for statistical analyses. All experiments were re-
peated three times, and quantitative results are presented
as mean ± standard deviation. Quantitative comparisons
between two groups and among multiple groups were per-
formed using independent-sample t-test and one-way anal-
ysis of variance, respectively. Results were considered sta-
tistically significant at p < 0.05. Studies involving human
and animal subjects are not included in the manuscript, and
an ethics statement is not applicable. The institutional re-
view boards at the First Hospital of Shanxi Medical Univer-
sity considered this study exempt.

3. Results
3.1 Growth and Apoptosis of H9C2 Myocardial Cells

The cells in the control group exhibited better growth,
whereas noticeable structural damage, increased cell frag-
ments, and a higher number of necrotic cells were observed
in the model group than in the control group (Fig. 1a). The
findings of apoptotic analysis were in line with the mor-
phological observations, and the apoptotic rate of cells was
significantly higher in the model group than in the control
group (p < 0.05) (Fig. 1b).

3.2 High-Throughput Sequencing
3.2.1 Differential Expression of miRNAs

The control (Group A) and model (Group B) groups
were analyzed with three replicates. We identified 113 dif-
ferentially expressed miRNAs, of which 76 were upregu-
lated, whereas 37 were downregulated. Among these, 41
were known miRNAs, and 72 were novel. A heat map has
been used to classify genes and their relationships (Fig. 2a).
A volcano plot has been used to show the significant differ-
ence and change in the extent of expression between the
groups (Fig. 2b). The violin plot shows the miRNAs ex-
pression of each sample (Fig. 2c).
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Fig. 1. Myocardial cell growth and apoptosis. (a) Microscopic observation of myocardial cell growth (100×). (b) Myocardial cell
apoptosis was detected using flow cytometry. All experiments were repeated three times. *p < 0.05 vs. control.

3.2.2 Functional Analysis of Differentially Expressed
miRNAs

In the Gene Ontology (GO) term analysis, we ranked
the functions of target genes from high to low, and their
principal functions were pre-miRNA transcriptional regula-
tion by RNA polymerase and promoter, transferase/protein
kinase activity, negative regulation of signaling pathways,
and intracellular signaling (Fig. 3a). In the Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) analysis, the top tar-
get genes played roles in amino acidmetabolism, protein di-
gestion and absorption, VEGF/MAPK signaling pathway,
and apoptosis (Fig. 3b).

3.3 Verification of Differentially Expressed miRNAs Using
qPCR

We selected five genes with the most notable varia-
tions in expression among the groups for qPCR verification
from the recently identified miRNAs. The model group ex-
hibited increased expression of miR-153-3p and miR-200a-
3p than that in the control group. Conversely, a signifi-
cant decrease in expression was observed for miR-181b-1-
3p, miR-222-5p, and miR-224-5p in the model group (p <

0.05) (Fig. 4a). The verification results aligned with the
abovementioned predictions.

3.4 Verification of Transfection with miR-200a-3p
Inhibitor Using qPCR

Based on predictions derived from the TargetScan
(V8.0) and StarBase (V2.0) databases, it is suggested that
the transferrin receptor (TFRC) could potentially serve as
the target gene ofmiR-200a-3p. TFRC or CD71, is a type II
transmembrane glycoprotein, mainly expressed on the sur-
face of the cell membrane. As an important cytokine for
iron uptake, TFRC is indispensable in the regulation of cel-
lular iron transport and may affect I/R through the ferrop-
tosis pathway [13]. To investigate this potential associa-
tion, we modulated the expression of miR-200a-3p. The
expression levels of miR-200a-3p in the four groups of my-
ocardial cells were assessed using qPCR, thereby validat-
ing transfection efficiency. The results revealed higher lev-
els of miR-200a-3p in the model group than in the control
group. Additionally, a significant decrease in miR-200a-3p
levels was observed in the inhibitor group compared with
that in the model group (p < 0.05). Notably, no signif-
icant difference was observed in miR-200a-3p levels be-
tween the inhibitor group and the inhibitor-NC group (p >

0.05) (Fig. 4b). These findings indicate the successful trans-
fection of the inhibitor into the cells, thereby substantiating
its inhibitory effect.
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Fig. 2. Results of differentially expressedmiRNAs. (a) Heat map. Heat map divided the genes into four clusters, showing the clustering
relationship of different genes. Red parts represent high expression, and green parts represent low expression. (b) Volcano plot. The
boundary is log2(fold change) absolute value >1. Genes indicated in red, green, and black represent upregulated, downregulated, and
without differential expression genes, respectively. (c) Violin plot. The X-axis shows the sample name, and the Y-axis presents the log10
transformation value in CPM (read count per million).

3.5 Knockdown of miR-200a-3p Detects ROS Generation
and Cell Viability

The levels of ROS were significantly higher in the
model group than in the control group. Compared with that
in the model group, ROS expression in themiR-200a-3p in-
hibitor group decreased, which reduced oxidative stress in
the cells (Fig. 4c). Regarding cell viability, compared with
the control group, the cell viability in the model group de-
creased significantly (p < 0.05). Following inhibitor trans-
fection, cell viability increased, indicating that the inhibi-
tion of miR-200a-3p could reduce cell damage (Fig. 4d).

3.6 Knockdown of miR-200a-3p Inhibits Ferroptosis

The analysis of iron ion levels revealed a significant
increase in the model group than in the control group, in-
dicating the occurrence of ferroptosis during I/R. Notably,
inhibiting miR-200a-3p expression in the inhibitor group
led to a substantial decrease in iron ion levels, demonstrat-

ing the role of miR-200a-3p in regulating iron ion levels
(Fig. 5a). Western blot analysis further corroborated these
findings. In the model group, the expression of TFRC
and ACSL4 exhibited an increase, whereas the expression
of GPX4 decreased compared to that in the control group.
However, following inhibitor transfection, these ferropto-
sis markers displayed a contrasting pattern. Specifically,
TFRC andACSL4 expression decreased, whereasGPX4 ex-
pression increased within the inhibitor group. These re-
sults suggest a connection between miR-200a-3p expres-
sion levels and the occurrence of ferroptosis in cardiomy-
ocytes (Fig. 5b,c).

4. Discussion
In this study, we used high-throughput sequencing

technology to identify genes exhibiting differential expres-
sion in an H/R rat cardiomyocyte model. Experimental ver-
ification was conducted to validate our findings. Among
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Fig. 3. Functional analysis of differentially expressed miRNA target genes. (a) Gene Ontology (GO) term enrichment. Bubble
diagram, the horizontal coordinate represents the enrichment fraction. The left vertical coordinate represents the top 10 enriched functions
in different regions. (b) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment. Bar graph, the horizontal coordinate
represents the size of the statistical p-value. The vertical coordinate represents the biological information and signaling pathways.
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Fig. 4. Analysis of differentially expressed miRNAs, reactive oxygen species (ROS), and viability in myocardial cells. (a) miRNAs
with differential expression were verified using qPCR. (b) The transfection efficiency of the miR-200a-3p inhibitor was verified using
qPCR. (c) ROS levels in myocardial cells. (d) Cell viability in myocardial cells. All experiments were repeated three times. *p < 0.05
vs. control, #p < 0.05 vs. model. NC, negative control.

the differentially expressed genes, miR-200a-3p stood out.
To further investigate the role ofmiR-200a-3p, we assessed
iron ion levels and ROS upon inhibitingmiR-200a-3pwhile
also evaluating the expression of iron death markers. These
investigations suggest the potential involvement of miR-
200a-3p in the ferroptosis pathway during I/R. The present
study sheds light on novel avenues for modulating I/R in-
jury and offers valuable insights for future research on pre-
vention and treatment strategies.

miRNAs play essential roles in organisms and are
among the most well-studied ncRNAs [14]. They are in-

volved in various life activities, including developmental
process regulation, resistance to viral invasion, animal im-
mune function regulation, and various systemic diseases
and tumors [15]. In addition, miRNAs are associated
closely with cardiovascular diseases. The levels of miR-
1 and miR-499 levels increase in the blood of patients with
myocardial infarction and have a specific reference value
for disease diagnosis and prognosis. In heart failure, serum
levels of miR-132 and miR-21 are associated with myocar-
dial cell fibrosis and remodeling, and an increase in miR-
21 levels is positively correlated with an increase in Gal-3
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Fig. 5. Analysis of the levels of iron ions and ferroptosis markers in myocardial cells. (a) Iron ion levels in myocardial cells of the
four groups. (b,c) Western blot showing the ferroptosis markers in the myocardial cells of the four groups. All experiments were repeated
three times. *p < 0.05 vs. control, #p < 0.05 vs. model.

levels [16,17]. Recent studies have demonstrated that miR-
200a-3p reduces coronary microembolization in rats [18].
Coronary microembolization causes no or low reflux and
aggravates the ischemic injury. The underlying mechanism
is related to microvascular injury, microthrombus forma-
tion, and the release of various inflammatory and adhesion
factors. Overall, miRNAs play important roles in disease
development.

High-throughput sequencing, also called next-
generation sequencing technology, distinguishes itself
from the traditional dideoxy termination method by en-
abling the simultaneous detection of numerous molecules.
It has found extensive applications across various dis-
ciplines. We identified 113 differentially expressed
miRNAs in the control and model groups, comprising
76 upregulated and 37 downregulated genes, utilizing
high-throughput sequencing. To explore the functions of
these genes, we performed analyses using the GO and
KEGG databases. Notably, we observed a significant
increase in the expression of miR-200a-3p, a gene located

on chromosome 1 of the miR-200 family. This gene has
been implicated in cell differentiation, apoptosis, and tu-
mor inhibition in previous research [19,20]. Furthermore,
database prediction revealed a strong correlation between
the expression of miR-200a-3p and genes such as MCL1,
CFL2, and TXNIP. These genes are directly or indirectly
involved in inflammatory responses, apoptosis, and tissue
cell necrosis [21–23].

In the H/R model, we found that the levels of ROS
were increased compared with those in the control. After
inhibitingmiR-200a-3p expression, ROS decreased signifi-
cantly in themodel group. Excessive ROS production poses
a risk to the body. Since the heart has low levels of free rad-
ical scavenging mechanisms, excessive formation of ROS
can easily lead to cardiovascular complications. It is an im-
portant mechanism underlying diabetes-associated inflam-
mation and pathologic remodeling in the heart [24]. Cell
ferroptosis, a novel cell death pathway, is implicated in var-
ious diseases. TFRC, a transferrin receptor, is responsible
for the influx of iron ions into cells to promote ferroptosis.
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Along with GPX4 and ACSL4, TFRC has been confirmed
as a marker for the regulation of ferroptosis [25]. Since the
database predicts that TFRC is a target gene for miR-200a-
3p, we hypothesized thatmiR-200a-3p could regulate MIRI
by mediating ferroptosis via TFRC. Western blot showed
that in the model group, the expression of TFRC andACSL4
exhibited an increase, whereas the expression of GPX4 de-
creased compared to that in the control group. Upon in-
hibiting miR-200a-3p, the opposite was observed with re-
spect to the expression of these markers. It indicated that
ferroptosis occurred during H/R, which was related to miR-
200a-3p levels. The experiment has shown that inhibiting
miR-200a-3p expression could reduce ferroptosis and pro-
tect the myocardium. We plan to verify these relationships
in experimental animal models in the future. The findings
may provide a new direction for the treatment of MIRI.

The GO and KEGG enrichment analyses are two of
the most commonly used methods in bioinformatics. They
are used to study gene function by analyzing gene sequence
and expression information [26,27] (Supplementary Figs.
1,2). The GO term enrichment analysis revealed that the
gene functions are focused mainly on transcription factor
regulation and related signal transduction. This finding
is consistent with the functions of ncRNAs, which reg-
ulate downstream genes and influence protein synthesis.
KEGG enrichment analysis predicted that the target genes
are related to the VEGF, MAPK, and other signaling path-
ways. As a classical signaling pathway, the MAPK path-
way regulates myocardial ischemia and ventricular remod-
eling and is implicated in cardiovascular diseases [28,29].
Dapagliflozin is a sodium-dependent glucose transporter-2
inhibitor that increases urinary sugar excretion by reducing
the reabsorption of filtered glucose and lowering the renal
glucose threshold. It also reduces the risk of cardiovascu-
lar events [30]. Dapagliflozin reduces myocardial injury
and reperfusion arrhythmias through the MAPK signaling
pathway induced via ferroptosis [31]. The expression of
miR-200a-3p also inhibits ferroptosis in MIRI and plays
a protective role in the myocardium, suggesting that miR-
200a-3p is closely related to the MAPK pathway and cell
ferroptosis, warranting further study.

Early diagnosis and treatment are essential for disease
prevention, and the earlier the intervention is administered,
the greater the benefits. As novel biomarkers, miRNAs
are helpful for the early diagnosis of neoplastic diseases
[32,33]. They play essential roles in cell differentiation and
biological processes. Compared with traditional detection
methods, a new generation of sequencing technology can
predict gene expression and information faster and more
accurately [34]. Further research on the underlying mecha-
nisms and relationships between miRNAs and diseases us-
ing new technologies, such as miRNA chips, will improve
our understanding of overall gene expression in living or-
ganisms, enabling the use ofmiRNAs as biomarkers for dis-
ease diagnosis. Moreover, it may open avenues for utilizing

miRNA molecules as drug targets or mimics in develop-
ing therapeutic interventions, providing a novel approach
to treating human diseases [35].

This study has some limitations that warrant consid-
eration. First, the samples sequenced were relatively small,
and increasing the number of experimental samples can in-
crease the accuracy of the results. Additionally, this study
mainly involved in vitro analysis. Considering the differ-
ences between in vivo and in vitro experiments, more re-
search on the in vivo mechanism underlying I/R is needed.
In future studies, the association between miRNAs and re-
lated lncRNAs, along with the specific action pathways
need to be explored as they may facilitate a better under-
standing of the disease [36,37].

5. Conclusions
We identified differentially expressed miRNAs us-

ing high-throughput sequencing and explored the functions
of miR-200a-3p. Downregulation of miR-200a-3p expres-
sion inhibits ferroptosis and alleviates myocardial damage.
These findings offer a novel perspective on I/R regulation;
however, the specific mechanisms underlying the actions of
miR-200a-3p require further study.
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