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Purpose: Acute Myocardial Infarction (AMI) is globally prevalent, with oxidative stress as a key contributor to its pathogenesis. This 
study aimed to explore oxidative stress-related genes as potential AMI biomarkers, elucidating their role in disease progression.
Patients and Methods: Gene expression data from AMI samples in the Gene Expression Omnibus (GEO) database and oxidative 
stress-related genes (OSRGs) from the GeneCards database were extracted. Weighted Gene Co-expression Network Analysis 
(WGCNA) identified key module genes associated with AMI. Intersecting OSRGs, key module genes, and differentially expressed 
genes (DEGs) between AMI and normal samples led to the extraction of differentially expressed ORSGs (DE-ORSGs) related to AMI. 
Feature genes were mined using the Least Absolute Shrinkage and Selection Operator (LASSO) regression and Support Vector 
Machine (SVM) algorithm, followed by potential diagnostic value assessment using receiver operating characteristic (ROC) curves. 
Gene Set Enrichment Analysis (GSEA) was executed on the identified key genes. Immune infiltration levels were explored using the 
CIBERSORT algorithm, and a Transcription Factor (TF) -mRNA regulatory network of key genes was created. The key genes were 
validated using qRT-PCR.
Results: We authenticated three key genes (MMP9, TGFBR3, and S100A12) from 6 DE-ORSGs identified in AMI. GSEA revealed 
that these key genes were enriched in immune-related signaling pathways. Immune infiltration analysis identified three differential 
immune cell types (resting NK cells, Monocytes, and M0 Macrophages) between AMI and normal groups. Correlation analysis 
revealed positive associations of MMP9 with M0 Macrophages and S100A12 with Monocytes and M0 Macrophages, whereas 
TGFBR3 was negatively related to Monocytes. A TF-mRNA regulatory network was generated based on these key genes. qRT- 
PCR validation confirmed the differential expression of S100A12 and TGFBR3 between AMI and control samples.
Conclusion: TGFBR3, and S100A12 were identified as potential oxidative stress-related biomarkers in AMI, providing new insights 
for AMI diagnosis and treatment.
Keywords: acute myocardial infarction, oxidative stress-related genes, immune infiltration, biomarker

Introduction
Acute myocardial infarction (AMI), a result of blood flow disruption in specific heart regions, is a principal cause of 
global cardiovascular disability and death. AMI is triggered by acute coronary syndrome (ACS), predominantly due to 
the formation of plaque or intravascular thrombus, leading to myocardial hypoxia, necrosis, and widespread myocardial 
damage. AMI’s risk factors chiefly involve the interplay of genetic and environmental elements, such as diabetes, 
hypercholesterolemia, obesity, and hypertension. While Troponin serves as a diagnostic marker and PCI as a therapeutic 
intervention for AMI, refining and innovating these modalities is imperative for enhanced early detection and optimized 
patient outcomes.

Oxidative stress is a phenomenon resulting from an imbalance between the accumulation of reactive oxygen species 
(ROS) in cells and tissues and the capacity of biological systems to detoxify these reaction products. ROS metabolism 
stimulates the p53 and NF-κB signaling pathways, thereby increasing pro-inflammatory cytokine expression and 
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disturbing glucose metabolism.1 In AMI cases, ROS, produced in ischemic myocardium post-reperfusion, can directly 
impair myocardial cell membranes, leading to cell death.2 Moreover, ROS can incite signaling transduction related to 
inflammatory cytokine secretion, including tumor necrosis factor-alpha (TNF-α) and interleukins (IL)-1β and −6.3 

Further, these inflammatory cytokines contribute to regulating cell survival and death in tandem with ROS.1,4

Various studies have highlighted the increasing role of immune cell infiltration in disease onset and progression. In 
AMI, eosinophils,5 M2 type macrophages,6 and NKT cells7 have been found to aid in heart function recovery post-AMI, 
shedding new light on post-myocardial infarction heart immune regulation. Despite this, limited research has been 
conducted using CIBERSORT to investigate immune cell infiltration in AMI.

In our research, we investigated disparities in oxidative stress-associated gene expression between AMI and healthy 
samples using the Gene Expression Omnibus (GEO) database. With machine learning algorithms and Receiver Operating 
Characteristic (ROC) analysis, we pinpointed crucial genes, then employed Gene Set Enrichment Analysis (GSEA) for 
further examination of these genes. As a result, we constructed a transcription factor regulatory network associated with 
these pivotal genes and explored immune cell infiltration in AMI. To validate the expression of these core genes, we 
conducted quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). Our results significantly 
contribute to the understanding of AMI’s pathogenesis and provide potential avenues for diagnostic biomarker discovery.

Materials and Methods
Data Acquisition and Preparation
We retrieved acute myocardial infarction (AMI)-associated datasets from the Gene Expression Omnibus (GEO) database. 
Specifically, the GSE48060 dataset, with 21 normal and 31 AMI patient blood samples, and the GSE60993 validation 
dataset, which included 7 normal and 17 AMI patient blood samples. In parallel, we extracted 9438 oxidative stress- 
related genes (OSRGs) from the Gene Cards database using “oxidative stress” as the keyword.

Identifying Differentially Expressed OSRGs
Utilizing the “limma” R package, we identified differentially expressed genes (DEGs) between AMI and normal samples. 
We used the “ggpubr” and “Heatmap” R packages to visualize these differences through a Volcano Plot and a heatmap, 
respectively. By intersecting the DEGs with the OSRGs, we derived differentially expressed OSRGs (DE-OSRGs), 
depicted via a Venn diagram.

Graphical Abstract
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Functional Analysis and PPI Network Construction
We determined the enriched biological functions and signaling pathways of DE-OSRGs via Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses. Simultaneously, we constructed a Protein-Protein 
Interaction (PPI) network using the Search Tool for the Retrieval of Interacting Genes (STRING) website, setting the 
confidence level at 0.4.

Weighted Gene Co-Expression Network Analysis (WGCNA)
Using the “WGCNA” R package, we analyzed the relationship between AMI and gene modules. After removing outliers, 
we segmented modules, merged similar ones, and analyzed the correlation between each module and AMI. Key modules 
most associated with AMI were selected for further analysis.

Feature Genes Selection and ROC Curve Analysis
We identified candidate genes through the intersection of DE-OSRGs and module genes. Feature genes were then 
identified via Absolute Shrinkage and Selection Operator (LASSO) regression and Support Vector Machine (SVM) 
algorithms. Using the “pROC” R package, we created and visualized Receiver Operating Characteristic (ROC) curves of 
feature genes in both the training and validation sets.

Single-Gene Gene Set Enrichment Analysis (GSEA)
Single-gene GSEA was conducted to investigate the molecular mechanism of the key gene in AMI, using the 
“clusterProfiler” R package with predefined thresholds based on GO and KEGG gene sets.

Immune Cells Infiltration and Correlation Analysis
We utilized the CIBERSORT algorithm to calculate the infiltration proportion of 22 immune cell types in all samples of 
the GSE48060 dataset. Following that, differential immune cells between normal and AMI groups were identified 
through a Wilcoxon-test. Subsequently, we performed a Pearson correlation analysis to assess the association between 
key genes and differential immune cells.

Establishment of a TF-mRNA Regulatory Network
We employed the Network Analyst database to predict the transcription factors (TFs) regulating the biomarkers. With the 
help of Cytoscape, we constructed a TF-mRNA network.

Statistical Analysis
We executed all analyses using the R programming language, considering a p-value < 0.05 as statistically significant, 
unless otherwise specified.

Quantitative Real-Time Reverse Transcription Polymerase Chain Reaction (qRT-PCR)
For our qRT-PCR analysis, we enrolled patients between October 2022 and January 2023 from The Second Affiliated Hospital 
of Harbin Medical University’s Cardiology Department. Our cohort consisted of 6 patients diagnosed with AMI based on 
a combination of clinical symptoms, ECG changes indicative of ischemia, and elevated cardiac troponin levels, all aged between 
30–60 years. Additionally, we included 6 age-matched normal individuals with no known history of cardiovascular diseases or 
any other major health conditions, all of whom had normal findings in their routine health check-ups. We extracted blood RNA 
using a RNeasy kit and assessed the RNA concentrations and purity using ultraviolet spectrophotometer. We performed qPCR 
using a LightCycler 480 real-time PCR machine. The primers for each gene to be tested are listed in Table 1. GAPDH was used 
as the reference gene, with the relative gene expression quantified using the cycle threshold (ΔΔCT) method. The study received 
approval from the Harbin Medical University ethics committee, and all participants provided written informed consent.
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Results
Differentially Expressed Oxidative Stress-Related Gene (DE-OSRG) Identification and 
Functional Enrichment Analysis between AMI and Normal Samples
Using the GSE48060 dataset, we discovered a total of 60 differentially expressed genes (comprising 21 upregulated and 39 
downregulated genes) in AMI versus normal samples (Figure 1A and B). Further, by overlapping these 60 differentially 
expressed genes with 9438 Oxidative Stress-Related Genes (OSRGs), we pinpointed 27 DE-OSRGs (Figure 1C). In order to 
delve into the biological processes and signaling pathways tied to DE-OSRGs, we conducted Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses. The top ten GO terms indicated that these DE-OSRGs were notably 
involved in the biological processes of negative regulation of T cell-mediated immunity, cell lysis, and cytotoxicity (Figure 1D). 
KEGG analysis unveiled that the graft-versus-host disease and natural killer cell-mediated cytotoxicity signaling pathways were 
associated with DE-OSRGs (Figure 1E).

Analysis of Protein-Protein Interaction (PPI) Network in AMI with DE-OSRGs
We established a PPI network to investigate the links between the 27 identified DE-OSRGs. The network comprises 17 
nodes and 37 edges (Figure 2). Notably, GZMB interacts with various proteins (TBX21, IL2RB, KLRC1, KLRD1, 
GNLY, GZMA, and PRF1), while S100A12 interacts with AQP9, ANXA3, PI3, and MMP9.

AMI-Related Key Module Genes
Utilizing Weighted Gene Co-expression Network Analysis (WGCNA), we sought to find co-expressed genes associated with 
AMI. Two outlier samples were first eliminated, leaving 50 samples for further analysis (Figure 3A and B). We then created 
a scale-free network with a soft threshold of β=18 (scale-free R2=0.8) (Figure 3C). A clustering dendrogram was presented, 
and using a dynamic tree-cutting algorithm (with MEDissThres set at 0.1), we obtained 14 gene modules (Figure 3D). The 
black and salmon modules, found to be highly correlated with AMI (Figure 3E), were designated as key gene modules.

Identification of Signature Genes
Initially, an overlap of the 27 DE-OSRGs and 3054 key module genes yielded 6 candidate genes (Figure 4A). 
Subsequently, five signature genes - MMP9, TGFBR3, DSC2, SMAD7, and S100A12 - were identified based on the 
intersection of results from LASSO regression (Figure 4B) and Support Vector Machine (SVM) algorithm (Figure 4C), as 
shown in Figure 4D.

Table 1 Real-Time qPCR Primers

Primer Sequence (5′–3′)

MMP9 Sense AACCAATCTCACCGACAG
MMP9 AntiSense GGCAAGTCTTCCGAGTAG

TGFBR3 Sense GCTTCAATGTGTCCTCAGT

TGFBR3 AntiSense CAGATTCTTGCCACCGATA
SSRP1 Sense TACCACTACTACTCGTTCCT

SSRP1 AntiSense ACTCCTCTGCCACATCTT

S100A12 Sense ACCAATACTCAGTTCGGAAG
S100A12 AntiSense GACCTGTTCATCTTGATTAGC

MXD4 Sense CGAACAACAGGTCTTCACA
MXD4 AntiSense TGCTCCTTGATGCTCAGT

CEBPG Sense GCTGACCAAGGAATTAAGTG

CEBPG AntiSense GCCATCTGCTGTCGTATT
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ROC Curve Evaluation of Key Genes and Expression Validation
ROC curve analysis was conducted to evaluate the diagnostic abilities of signature genes in the GSE48060 (training set) 
and GSE60993 (validation set). The results identified MMP9, TGFBR3, and S100A12 as key genes or oxidative stress- 
related biomarkers (Figure 5A) due to an AUC of ≥0.7 in both datasets. Subsequently, we further confirmed the 
expression consistency of these genes across the datasets. As shown in Figure 5B, the expressions of MMP9 and 
S100A12 were significantly elevated in the LDH group, while TGFBR3 expression was notably reduced.

Key Genes’ Gene Set Enrichment Analysis (GSEA)
GSEA was performed to identify biological processes and signaling pathways related to key genes in the disease 
condition. These genes were found to be enriched in the biological process of ribosomal structural constituents. Both 

Figure 1 Differentially Expressed Oxidative Stress-Related Genes (DE-OSRGs) and Functional Enrichment Analysis in AMI and Normal Samples. (A and B) Total of 60 
differentially expressed genes identified between AMI and normal samples using the GSE48060 dataset, which includes 21 upregulated genes and 39 downregulated genes. 
(C) Identification of 27 DE-OSRGs by overlapping the 60 differentially expressed genes with 9438 OSRGs. (D) Top 10 Gene Ontology (GO) terms, showing that these DE- 
OSRGs are significantly enriched in the biological processes of negative regulation of T cell-mediated immunity, cell lysis, and cytotoxicity. (E) Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analysis revealing that the graft-versus-host disease and natural killer cell-mediated cytotoxicity signaling pathways are associated with DE-OSRGs.
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Figure 2 Protein-Protein Interaction (PPI) Network Analysis of DE-OSRGs in AMI. The PPI network, comprised of 17 nodes and 37 edges, represents the interactions 
among the 27 DE-OSRGs. Key interactions between GZMB and multiple proteins, and S100A12 and a set of proteins, are highlighted.

Figure 3 Key Module Genes Related to AMI Identified by Weighted Gene Co-expression Network Analysis (WGCNA). (A and B) Following the exclusion of two outlier 
samples, the remaining 50 samples were processed. (C) Construction of a scale-free network with a soft threshold β=18. (D) A total of 14 gene modules obtained from 
a clustering dendrogram, using a dynamic tree-cutting algorithm. (E) Correlation analysis revealing two modules, black and salmon, highly related to AMI.
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the structural components and their related signaling pathways were associated with the key genes (Figure 6A–C). 
Additionally, our analysis revealed that these key genes are also linked to immune-related signaling pathways 
(Supplementary Table 1: GSEA analysis of MMP9; Supplementary Table 2: GSEA analysis of TGFBR3; 
Supplementary Table 3: GSEA analysis of S100A12).

Immune Microenvironment Analysis and Correlation Between Key Genes and 
Differential Immune Cells
We used the CIBERSORT algorithm to identify differential immune cell types between AMI and normal groups by 
calculating the proportions of 22 infiltrating immune cells (Figure 7A). We used the Wilcoxon test to acquire differential 

Figure 4 Identification of Signature Genes. (A) Overlapping the 27 DE-OSRGs with 3054 key module genes to obtain 6 candidate genes. (B and C) Results derived from 
LASSO regression and the SVM algorithm. (D) Five identified signature genes—MMP9, TGFBR3, DSC2, SMAD7, and S100A12.
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immune cells. The analysis showed that resting NK cells were more abundant in the normal group, while monocytes and 
M0 macrophages were more prevalent in the AMI group (Figure 7B). Correlation analysis demonstrated that MMP9 had 
a positive correlation with M0 macrophages, TGFBR3 had a negative correlation with monocytes, and S100A12 
exhibited a positive correlation with monocytes and M0 macrophages (Figure 7C).

Transcription Factor (TF)-mRNA Network Based on AMI Key Genes
To delve deeper into the regulatory mechanisms of key genes, we anticipated 39 transcription factors associated with the 
three key genes using the Network Analyst database. Subsequently, we established a TF-mRNA network composed of 42 
nodes (39 transcription factors and 3 key genes) and 45 edges (Figure 8A). In this network, MMP9 is regulated by 22 
transcription factors (including SSRP1, MXD4, ID3, CUX1, and MXD3), TGFBR3 by 17 transcription factors (including 
SSRP1, MXD4, CEBPG, ZNF2, and BCL11A), and S100A12 by FOS, STAT3, and CEBPG. We performed PCR tests to 
verify differentially expressed genes between AMI and healthy controls (Figure 8B, Supplementary Table 4: Expression 
levels of 6 genes in normal individuals; Supplementary Table 5: Expression levels of 6 genes in patients). We discovered 
that S100A12 is highly expressed in patients, whereas TGFBR3 exhibits high expression in the normal group, consistent 
with RNA-seq results. Nevertheless, there was no significant difference in CEBPG between the normal and patient 
groups, suggesting that CEBPG, acting as a transcription factor, exerts distinct mechanisms on downstream TGFBR3 and 
S100A12, collaboratively contributing to AMI.

Discussion
Acute Myocardial Infarction is the result of irreversible cardiac damage, precipitated by coronary artery thrombosis or 
occlusion. Recent research has shed light on the role of oxidative stress in the pathogenesis of cardiac injury in AMI. An 
increase in Oxygen Free Radical Species (OFRs) can lead to atherosclerosis, a contributing factor to AMI, through oxidative 
modifications of Low-Density Lipoprotein (LDL) molecules. In this study, we extracted differentially expressed oxidative 
stress-related genes (DE-OSRGs) between AMI and normal samples. We used Weighted Gene Co-expression Network 

Figure 5 ROC Curve Evaluation and Expression Validation of Key Genes. (A) ROC curve analysis demonstrating the diagnostic capabilities of MMP9, TGFBR3, and S100A12 
in the GSE48060 (training set) and GSE60993 (validation set) datasets. (B) Expression validation of MMP9, TGFBR3, and S100A12 in both datasets, showing significant 
upregulation of MMP9 and S100A12, and downregulation of TGFBR3 in the LDH group.
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Figure 6 Gene Set Enrichment Analysis (GSEA) of Key Genes. (A–C) Enrichment of key genes in the biological process of ribosomal structural components, with associated 
signaling pathways also showing significant involvement of these key genes.
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Analysis (WGCNA) to detect gene modules related to AMI, yielding six intersecting genes from these two lists as candidate 
genes. Utilizing machine learning algorithms, Receiver Operating Characteristic (ROC) analysis and qRT-PCR for external 
validation, we ultimately identified TGFBR3, and S100A12 as oxidative stress-related biological markers.

MMP-9 is a critical enzyme capable of cleaving peptide bonds in the helical domain of soluble collagen proteins, 
found to be associated with the instability of atherosclerotic plaques and the formation of atherosclerosis.8 

Overexpression of MMP-9 leads to the degradation of the extracellular matrix of vascular wall cells, resulting in thinning 
or rupture of coronary atherosclerotic plaques.9 A study by Garvin et al reported that levels of MMP-9 were indepen-
dently associated with the risk of a first coronary heart disease event.10 Transforming Growth Factor Beta Receptor 3 
(TGFBR3) is a membrane proteoglycan, typically functioning as a co-receptor with other TGF-β receptor superfamily 
members. A recent study found that expression of let-7 was significantly downregulated after MI, targeting TGFBR3 
through the activation of the p38 MAPK pathway.11 The let-7-TGFBR3-p38 MAPK signaling may play a significant role 
in cardiomyocyte apoptosis post-MI, making TGFBR3 a potential therapeutic target and biomarker for MI. A study 
revealed that S100A12,12 enriched in the Mitogen-Activated Protein Kinase (MAPK) signaling pathway, NF-κB 
signaling pathway, and inflammatory response pathway, is associated with the onset and progression of AMI. Previous 
research has shown that ribosomes and mitochondria have a significant impact on AMI.13 Mitochondrial ribosomes play 
various roles in energy metabolism, including regulating cellular respiration, oxidative phosphorylation (OXPHOS), 
Reactive Oxygen Species (ROS) balance, and cell death. In this study, GSEA analysis revealed a link between oxidative 

Figure 7 Analysis of Immune Microenvironment and Correlation between Key Genes and Differential Immune Cells. (A) Calculation of proportions of 22 infiltrating 
immune cells in AMI and normal groups using the CIBERSORT algorithm. (B) Analysis showing that resting NK cells were more abundant in the normal group, while 
monocytes and M0 macrophages were more prevalent in the AMI group. (C) Correlation analysis revealing positive correlation of MMP9 with M0 macrophages and S100A12 
with both monocytes and M0 macrophages, and a negative correlation of TGFBR3 with monocytes.
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stress-related biomarkers and ribosomal and mitochondrial structure. Further research should be conducted if AMI is 
regulated by the interaction of ribosomal and mitochondrial components with oxidative stress processes.

Recent studies emphasize the significant interplay between immune cells and cardiac conditions. Notably, CD4 
+T-cells exhibit distinct responses after myocardial infarction (MI) and during heart failure (HF), underscoring their 
multifaceted roles in cardiac injury.14 In hypertrophic cardiomyopathy (HCM), inflammation, driven by genetic and 
environmental factors, is believed to be a key player, influencing both cardiomyocyte dysfunction and conditions like 
Fabry disease and cardiac amyloidosis.15 The pathobiology of HCM, including tissue-level inflammation, contributes to 
myocardial fibrosis and ventricular remodeling.16 Additionally, inflammation is highlighted as a core component in 
a broad spectrum of cardiovascular diseases, aiding in the diagnosis and prognosis of conditions like HCM.17 

Furthermore, understanding the role of the TNF-α/TNFR1 axis in T-cell activation provides potential therapeutic 
avenues, especially in the context of HF.18 In our study, a significant increase in monocytes and M0 macrophages and 
a decrease in resting NK cells in AMI samples. The increase in monocytes and M0 macrophages may be attributed to the 
enhanced conversion of foam cells from macrophages in AMI patients,19 in turn promoting macrophage infiltration. NK 

Figure 8 Transcription Factor (TF)-mRNA Network Based on AMI Key Genes. (A) The network, comprised of 42 nodes (39 transcription factors and 3 key genes) and 45 
edges, shows the regulatory relationships of key genes. MMP9 is regulated by 22 transcription factors, TGFBR3 by 17 transcription factors, and S100A12 by three 
transcription factors (FOS, STAT3, and CEBPG). This diagram illustrates the complex interplay of these factors in the pathogenesis of AMI. (B) The expression of each of the 
three key genes and core transcription factors was validated by qPCR.
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cells have direct and indirect cytotoxic effect mechanisms. In addition to lysosome granule expulsion, activated NK cells 
can mediate apoptosis by interacting with TRAIL-R1/-R2 or CD95/Fas on the surface of diseased cells through the 
expression of TRAIL and/or Fas ligand (FasL).20 Furthermore, NK cells can interact with inflammatory macrophages 
through the IFN-γ/TNF-α/IL-12 cytokine axis to enhance each other’s activity and increase inflammation in the infarct 
area.21 Circulating monocytes are key factors in the pathogenesis of coronary atherosclerosis and its complication,22 

namely, atherosclerotic thrombosis. They adhere to activated endothelial cells, permeate the vascular wall, differentiate 
into macrophages, participate in the development, progression, and activation of atherosclerotic plaques, eventually 
leading to plaque rupture, causing acute myocardial infarction.22 The continuous recruitment of monocytes to the 
subcutaneous area is related to the increase in plaque size,23 while inhibiting the influx of monocytes leads to 
a decrease in plaque progression.24 The correlation analysis showed that MMP9 is positively correlated with M0 
macrophages and S100A12 and monocytes, and TGFBR3 is negatively correlated with monocytes, indicating that M0 
macrophages and monocytes may be the main targets of oxidative stress-related biomarkers. MXD4 and CEBPG were 
found to be upstream transcription factors of oxidative stress-related biomarkers. Therefore, we hypothesized SSRP1, 
MXD4 and CEBPG can enhanced the transcription of MMP9, TGFBR3 and S100A12 which process affects oxidative 
stress of monocyte through regulating ribosome, leads to its differentiation to Macrophage causing lipid deposition, and 
finally results in AMI.

In general, our study identified oxidative stress-related biomarkers in AMI for the first time. However, this study has 
some limitations. One important drawback was that more data were needed to support our clinical application of 
biomarkers. In future, we will keep focusing on the functions of these markers through various experiments.

Conclusion
Our study looked into how certain genes related to oxidative stress play a role in Acute Myocardial Infarction (AMI). We 
found differences in gene activity in AMI patients and identified MMP9, TGFBR3, and S100A12 as possible markers 
linked to oxidative stress. These markers are involved in processes like atherosclerosis, inflammation, and cell death 
which are important in AMI. We also saw connections between these markers and certain immune cells, mainly M0 
macrophages and monocytes. This suggests these cells might be key in AMI. Using qRT-PCR, we confirmed the 
importance of S100A12 and TGFBR3 as markers for AMI. Our findings help us better understand AMI at the molecular 
level and point to potential markers for diagnosis and treatment. However, more research is needed to fully understand 
these findings. Our study offers direction for future work on AMI prevention, diagnosis, and treatment.
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