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Purpose: Previous studies have confirmed that inflammation and immunity are involved in the pathogenesis of acute myocardial 
infarction (AMI). However, only few related genes are identified as biomarkers for the diagnosis and treatment of AMI.
Patients and Methods: GSE48060 and GSE60993 datasets were retrieved from Gene Expression Omnibus. The differentially expressed 
immuno-inflammation-related genes (DEIIRGs) were obtained from GSE48060, and the biomarkers for AMI were screened and validated 
using the “Neuralnet” package and GSE60993 dataset. Further, the biomarker-based nomogram was constructed, and miRNAs, transcrip-
tion factors (TFs), and potential drugs targeting the biomarkers were explored. Furthermore, immune infiltration analysis was analyzed in 
AMI. Finally, the biomarkers were verified by assessing their mRNA levels using real-time quantitative PCR (RT-qPCR).
Results: First, eight biomarkers were screened via bioinformatics, and the artificial neural network model indicated a higher 
prediction accuracy for AMI even in the validation dataset. Nomogram had accurate forecasting ability for AMI as well. The TFs 
GTF2I, PHOX2B, RUNX1, and FOS targeting hsa-miR-1297 could regulate the expressions of ADM and CBLB, and RORA could 
effectively interact with melatonin and citalopram. RT-qPCR results for ADM, PI3, MMP9, NRG1 and CBLB were consistent with 
those of bioinformatic analysis.
Conclusion: In conclusion, eight key immuno-inflammation-related genes, namely, SH2D1B, ADM, PI3, MMP9, NRG1, CBLB, 
RORA, and FASLG, may serve as the potential biomarkers for AMI, in which the downregulation of CBLB and upregulation of ADM, 
PI3, and NRG1 in AMI was detected for the first time, providing a new strategy for the diagnosis and treatment of AMI.
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Introduction
Acute myocardial infarction (AMI) is the sudden irreversible necrosis of heart muscle, which commonly results from 
atherosclerotic plaque disruption and subsequent interruption of blood flow.1 It is one of the heart diseases with the 
highest prevalence and incidence and brings enormous health and financial burdens.2 Despite the rapid development of 
pharmacological and invasive treatments for AMI, particularly percutaneous coronary interventions, the admission and 
mortality rates are still high.3,4 The progression of AMI to left ventricular dilatation, heart failure (HF), and sudden 
cardiac death still cannot be controlled.5 Therefore, it is necessary and important to explore the pathogenesis of AMI.

Inflammation and metabolic disturbance are well-accepted underlying mechanisms of AMI, and significant evidence 
supports that inflammation and immunity have central roles in the development and progression of AMI.6,7 The initial 
acute inflammatory response in AMI is triggered by innate immune response induced by damaged myocardial cells. The 
active innate immune system causes the infiltration of immune cells into ischemic heart tissue and coordinates the 
original proinflammatory responses.8 Based on these aspects, a variety of machine learning algorithms have been 
integrated to identify novel diagnostic biomarkers in AMI to characterize the possible association between biomarkers 
and immune cell infiltration status. For example, Li et al integrated weighted gene co-expression network analysis 
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(WGCNA) and single-sample gene set enrichment analysis (ssGSEA) to identify candidate genes in AMI progression.9 

Immune-related genes were conducted to screen diagnostic biomarkers relevant to the pathological process of the AMI.10 

On the other hand, Wang et al identified eight miRNAs with high clinical applicability to distinguish patients with AMI 
from non-AMI individuals.11 Meanwhile, there were few studies on the combination of inflammatory-related genes and 
immune-related genes to explore the biomarkers related to AMI recognition.

In the study, the key immuno-inflammation-related genes in AMI were identified via multiple bioinformatic methods 
from public databases. Enrichment analysis, immune infiltration analysis, and TF–miRNA–mRNA regulatory network 
analysis were conducted to assess the molecular mechanism of immuno-inflammation-related genes playing roles in 
AMI. In addition, drugs targeting key genes were evaluated for their ability to act as drug targets using a drug database. 
Our study provided novel potential biomarkers of AMI and strategies for the diagnosis and treatment of AMI.

Materials and Methods
Data Collection
We downloaded the transcriptome data of GSE48060 and GSE60993 from the GEO (https://www.ncbi.nlm.nih.gov/geo/) 
database. The data from GSE48060 (provided by the GPL570 platform) and GSE60993 (provided by the GPL6884 
platform) were obtained from peripheral blood samples of 31 patients with AMI and 21 controls and 17 patients with 
AMI and 7 controls, respectively. In addition, 2483 immune-related genes and 11,296 inflammation-related genes were 
retrieved from ImmPort (https://www.immport.org/home) and GeneCards (https://www.genecards.org/) websites, 
respectively.12,13

Identification of Differentially Expressed Immuno-Inflammation-Related Genes 
(DEIIRGs)
First, we identified differentially expressed genes (|Log2FC| > 0.5 and p < 0.05) between 31 patients with AMI and 21 
controls in GSE48060 data set via “limma” version (v) 3.44.3 and “ggplot2” (v3.3.2) package.14–16 Further, Venn 
diagram (http://jvenn.toulouse.inra.fr/) of differentially expressed genes, immune-related genes, and inflammation-related 
genes was plotted to obtain overlapping genes, which were defined as DEIIRGs.

Enrichment Analysis of DEIIRGs
Gene ontology (GO) function, disease ontology (DO), and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analyses were performed using the DEIIRGs. GO function and KEGG pathway enrichment analyses were 
performed using the “clusterprofiler” (v3.2–3) package.17 In our study, KEGG pathway and GO terms with p < 0.05 and 
q < 0.05 were retained.18 A bar plot and dot plot were plotted by the “ggplot2” package for visualization. The genes were 
annotated from the perspective of diseases using DO. The screening threshold was minGSSize = 5 and p = 0.05, and then 
DO enrichment was analyzed using “DOSE” (v3.24.2) and “clusterProfiler” packages and visualized using the “ggplot2” 
package.19

Screening of Biomarkers and Establishment of Artificial Neural Network (ANN)
Based on the DEIIRGs, a support vector machine recursive feature elimination (SVM-RFE) model and least absolute 
shrinkage and selection operator (LASSO) model were constructed using the “E1071” (v1.7–9) and “glmnet” (v4.0–2) 
packages to obtain relevant feature genes.20,21 To ensure the accuracy of biomarkers, we overlapped the above feature 
genes identified by the SVM-RFE and LASSO models. The overlapping genes were defined as the biomarkers for AMI. 
Further, the ANN model was established using the “neuralnet” package (v3.4.2) to further validate the model of 
biomarkers.22 The “pROC” (v1.17.0.1) package was used to plot receiver operating characteristic (ROC) curve and 
calculate area under the curve (AUC) value.23
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Validation in GSE60993 Dataset
First, Wilcoxon test was performed to compare the expression pattern of biomarkers between AMI and control groups in 
both GSE48060 and GSE60993 datasets, and the results were mapped as a boxplot using the “ggplot2” package.24 In 
addition, principal component analysis (PCA) was used to estimate the ability of biomarkers to differentiate AMI and 
control groups.25 Further, the risk scores of biomarkers in both GSE48060 and GSE60993 datasets were calculated as per 
the method by Hongbo He et al, and the ROC curve was used for determining its reliability.26

Construction and Validation of Nomogram
The nomogram of biomarkers was constructed using the “RMS” package (v.6.2–0) (https://CRAN.R-project.org/package=rms). 
To ulteriorly evaluate its predictive ability for AMI, the calibration curve was plotted with the calibrate function of the “RMS” 
package. Moreover, the clinical impact curve and decision curve were plotted using the “rmda” package (v1.6) (https://github. 
com/mdbrown/rmda) to estimate the clinical effect of the nomogram more intuitively.27

Ingenuity Pathway Analysis (IPA)
IPA is a multiomics analysis software developed based on the highly structured Ingenuity Knowledge Base repository. Its 
biggest advantage is the ability to predict pathway activation/inhibition based on the up-down stream molecular in the 
uploaded data and to predict the trend of the entire pathway after activation. In our study, the canonical pathways of 
biomarkers were analyzed, where pathways with Z-score > 0 or Z-score < 0 were defined as activated or inhibited, 
respectively.28

Immune Cell Infiltration Analyses
The CIBERSORT method (v1.0.13) was used to assess the immune infiltration of 22 types of immune cells in the AMI and 
control samples (with p < 0.05) from the GSE48060 dataset.29 Subsequently, Wilcoxon test and the “ggplot2” package were 
used for the comparative analysis of immune cells between AMI and control groups. The correlation of biomarkers and 22 
immune cells was analyzed and visualized using the Pearson method and the “pheatmap” package (v0.7.7).30,31

Construction of TF–miRNA–mRNA and Gene–Drug Networks
miRDB (http://www.mirdb.org/mirdb/custom.html) was used to obtain miRNAs targets of the biomarkers. TransmiR 
v2.0 database (http://www.cuilab.cn/transmir) was used to predict the target TFs of these miRNAs. Furthermore, a TF– 
miRNA–mRNA network was constructed using Cytoscape (v3.8.2).32 In addition, the Drug–Gene Interaction Database 
(DGIdb) (https://dgidb.org/) and Gene Cards (https://www.genecards.org/) database were used to predict the potential 
therapeutic drugs for the biomarkers. Cytoscape was used to draw and visualize the gene–drug network.

Real-Time Quantitative PCR (RT-qPCR)
The total RNA was extracted from 20 peripheral blood samples (n = 10 for each AMI and control groups) at 4°C using TRIzol 
kit (Ambion) according to the manufacturer’s instructions. Next, the extracted RNA was reverse transcribed into cDNA using 
the SweScript RT I First strand cDNA Synthesis Kit. GAPDH was used as the housekeeping gene. The primer information is 
given in Table 1. The reaction mixture for qPCR consisted of 3 µL cDNA, 5 µL 2× Universal Blue SYBR Green qPCR Master 
Mix, 2 µL primers (10 µM forward and reverse primers 1 µL each). The amplification conditions were 95°C for 1 min, 40 
cycles of 95°C for 20s and 55°C for 20s, and 72°C for 30s. The results were analyzed using 2−ΔΔCt method.33

Statistical Analysis
Wilcoxon test was used to compare the differences in gene expression and immune cell proportions between AMI and 
control samples. Statistic analysis on data in RT-qPCR was conducted using t-test. p < 0.05 was considered significant.
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Ethics Statement
The study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Shaanxi Provincial 
People’s Hospital, Xi’an, Shaanxi, China. Written informed consent was obtained from all study participants.

Results
Identification and Screening of DEIIRGs
In the GSE48060 dataset, 134 differentially expressed genes (40 up- and 94 downregulated) were identified between AMI and 
control groups (Figures 1A and B). Further, Venn diagram was plotted using 2483 immune-related genes, 134 differentially 
expressed genes and 11,296 inflammation-related genes to obtain 30 overlapping genes. They were defined as DEIIRGs 
(Figure 1C).

Enrichment Analysis of DEIIRGs
GO and KEGG enrichment analyses revealed that the DEIIRGs were principally enriched in immune-cell-mediated 
immunity or cytotoxicity, immune receptor activity, cytokine activity, natural-killer-cell-mediated cytotoxicity pathway, 

Table 1 The Primer Sequences of Eight Biomarkers Used in the Real-Time 
Quantitative PCR (RT-qPCR)

Primer Sequences

SH2D1B F CAGGTGAAGGTGAGGGATCG

SH2D1B R AACCAGGAGGAGAGTAGCCC

ADM F AGTTGTTCATGCTCTGGCGG

ADM R CCTGATGTACCTGGGTTCGC

PI3 F CATCGCTGGGACGCTGGTT

PI3 R CTGGCTCTTGCGCTTTGAC

MMP9 F GGTGATTGACGACGCCTTTG

MMP9 R GGACCACAACTCGTCATCGT

NRG1 F GAGGTGAGAACGCCCAAGTC

NRG1 R AAGAAAGCAGCACCAACTGAG

CBLB F TCACAGGACAGACGAAATCTCA

CBLB R CTGGAATTGACCATTGGGAAAGA

RORA F GATGCTTTTGTTCTTACTGGCG

RORA R CATTGCTTTGCTGACTTCTCCT

FASLG F TGCCTTGGTAGGATTGGGC

FASLG R GCTGGTAGACTCTCGGAGTTC

Reference gene-GAPDH F CGAAGGTGGAGTCAACGGATTT

Reference gene-GAPDH R ATGGGTGGAATCATATTGGAAC

Abbreviations: AMI, acute myocardial infarction; GEO, gene expression omnibus; DEGs, 
differentially expressed genes; DEIIRGs, differentially expressed immuno-inflammation-related 
genes; LASSO, least absolute shrinkage and selection operator; SVM-RFE, support vector 
machine recursive feature elimination; ANN, artificial neural network; ROC, receiver operating 
characteristic; AUC, the area under the ROC curve; DCA, decision curve analysis; IPA, 
ingenuity pathway analysis; CIBERSORT, Cell-type Identification By Estimating Relative 
Subsets Of RNA Transcripts; TFs, transcription factors; Dgidb, Drug–Gene Interaction 
Database (DGIdb); qRT-PCR, quantitative real-time polymerase chain reaction.
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antigen processing and presentation, cytokine–cytokine receptor interaction, and PI3K-Akt signaling pathway 
(Figures 2A and B). Notably, DO enrichment analyses indicated that the DEIIRGs were significantly enriched in MI, 
aortic disease, Kawasaki disease, and blood coagulation disease (Figures 2C and D, Supplementary Table 1).

Identification of Biomarkers and Construction of the ANN Network
Using the LASSO regression model (Figures 3A and B), 10 feature genes (SH2D1B, ADM, HLA-DQA1, PI3, MMP9, 
NRG1, XCL1, CBLB, RORA, and FASLG) were identified from the 30 DEIIRGs. In addition, 16 feature genes were 
screened from the DEIIRGs via the SVM-RFE model (Figures 3C and D). To further verify the biomarkers, Venn 
diagram was plotted using these feature genes, and eight overlapping genes (SH2D1B, ADM, PI3, MMP9, NRG1, CBLB, 
RORA, and FASLG) were selected as the biomarkers for AMI (Figure 3E). They were uploaded into the R software 
“neuralnet” package, and the ANN model was constructed (Figure 3F). The input of all biomarkers corresponded to an 
output feature, and the AUC value was 0.709 (Figure 3G). This indicated that the model of biomarkers was reliable.

Figure 1 Identification and screening of differentially expressed immuno-inflammation-related genes (DEIIRGs). (A) Volcano plot and (B) heatmap of 134 differentially 
expressed genes (DEGs) between acute myocardial infarction (AMI) and control samples in GSE48060. The screening criteria were set to |Log2FC|  > 0.5 and p < 0.05. (C) 
Venn diagram that obtained 30 DEIIRGs after overlapping 134 DEGs and 11,296 inflammation-related genes.
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Verification of the Eight Biomarkers
In both GSE48060 (Figure 4A) and GSE60993 (Figure 4B) datasets, the expression trend of the biomarkers was 
consistent. ADM, MMP9, NRG1 and PI3 were upregulated in the patients with AMI compared with the control group, 
whereas other four biomarkers were downregulated. However, the difference in the expression was considerable only in 
case of ADM, CBLB, FASLG and MMP9. In addition, PCA revealed that the eight biomarkers performed well in 
differentiating AMI and control samples in the GSE60993 dataset (Figure 4C). The AUC value of the biomarkers in the 
GSE48060 and GSE60993 datasets was 0.977 and 0.874, respectively (Figure 4D). In summary, the eight biomarkers 
exhibited reliability and repeatability in the two datasets.

Figure 2 Functional enrichment analysis of DEIIRGs. (A) The Gene Ontology (GO) analysis for the DEIIRGs (p < 0.05 and q < 0.05). (B) The most enriched Kyoto 
Encyclopedia of Genes and Genomes (KEGG) terms for the DEIIRGs. (C) Bar chart and (D) circle chart for disease ontology (DO) enrichment analysis of the DEIIRGs 
(minGSSize = 5 and p = 0.05).
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Figure 3 Screening of biomarkers and establishment of artificial neural network (ANN) in GSE48060. (A) Ten feature genes were selected by the least absolute shrinkage 
and selection operator (LASSO) Cox models. (B) Cross-validation for tuning parameter selection in the LASSO model. (C) 16 feature genes were detected via the support 
vector machine recursive feature elimination (SVM-RFE) model. (D) Feature genes rank in the SVM-RFE model. (E) Venn diagrams for eight biomarkers for AMI. (F) The 
ANN model was constructed based on eight biomarkers using “neuralnet”. (G) Receiver operating characteristic (ROC) curve of the ANN model.
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Construction and Evaluation of the Nomogram
The “RMS” package was used to plot a nomogram of the aforementioned eight genes (Figure 5A). The calibration curve 
indicated that it accurately predicted AMI (Figure 5B). Within the 0–1 high-risk threshold of the DCA plot, this nomogram 
benefited, and its benefit was clinically higher than SH2D1B, ADM, PI3, MMP9, NRG1, CBLB, RORA, and FASLG 
(Figure 5C). In addition, from 0 to 1, the curve of “Number high risk” and “Number high-risk with the event” under the high- 
risk threshold almost coincided (Figure 5D). In summary, all biomarkers exhibited accurate predictability for AMI.

IPA of Biomarkers
IPA analysis was performed to further explore the influence of biomarkers on canonical pathways. MMP9 was 
significantly involved in the activation of the neuroprotective role of THOP1 in Alzheimer’s disease (Z-score = 2, 
-log(p-value) = 2.38), FAK signaling (Z-score = 3.051, -log(p-value) = 2.97) (Figure 6A, Supplementary Table 2). 
FASLG was closely associated with the activation of the cytotoxic T lymphocyte-mediated apoptosis of target cells 
(Z-score = 2, -log(p-value) = 2.71), type I diabetes mellitus signaling (Z-score = 2, -log(p-value) = 3.38), crosstalk 
between dendritic cells and natural killer cells (Z-score = 2, -log(p-value) = 2.7), and systemic lupus erythema-
tosus in T cell signaling pathways (Z-score = 2.236, -log(p-value) = 2.01). Particularly, FAK Signaling pathway 
(Z-score = 3.05) was selected to demonstrate the transcriptional role of MMP9 (Figure 6B).

Evaluation of Immune Cell Infiltration
To compare the immune cell infiltration between AMI and control groups, the proportion of immune cells in 52 samples was 
calculated (Figure 7A). Wilcoxon test revealed that the infiltration level of monocytes and M0 macrophages was significantly 

Figure 4 Assessment of the eight biomarkers in GSE48060 and GSE60993 datasets. Boxplot of the expression of eight biomarkers in AMI and control samples in (A) 
GSE48060 and (B) GSE60993. (C) Principal component analysis (PCA) of GSE60993 based on the expression of biomarkers. (D) ROC analysis of the gene signature based 
on the eight biomarkers using GSE48060 and GSE60993 databases. P < 0.05 was considered in significant difference, where p < 0.05: *, p < 0.01: **, p < 0.001: *** and p < 
0.0001: ****.
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higher in AMI group than in control group. However, the infiltration level of Tregs, memory resting CD4+ T-cells and M2 
macrophages was significantly lower in AMI group than in control group (Figure 7B). Correlation analysis revealed that M0 
macrophages and neutrophils were significantly positively related to ADM (cor = 0.631, 0.674) and MMP9 (cor = 0.781, 0.658). 
Monocytes were strongly negatively associated with RORA (cor = −0.544) and CBLB (cor = −0.534) (Figure 7C, Supplementary 
Table 3).

TF–miRNA–mRNA Regulation Network
In miRDB database, 590 miRNAs potentially targeted by the biomarkers were predicted (33 miRNAs for ADM, 114 for CBLB, 
44 for FASLG, 92 for NRG1, hsa-mir-6734-3p for MMP9, 8 for PI3 and SH2D1B, 290 for RORA; Supplementary Table 4). 
Further, the top-5 miRNAs targeting the biomarkers were retained, obtaining 35 miRNAs in total (Supplementary Table 5). After 

Figure 5 Construction and evaluation of the nomogram. (A) Nomogram was constructed based on the eight biomarkers. (B) Calibration curve of nomogram (C-index = 
0.969278). Clinical benefits of nomogram were evaluated using decision curve analysis (DCA) (C) and clinical impact curves (D).
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uploading them on TransmiR v2.0 database, 188 TFs that were the target for hsa-miR-4425, hsa-miR-3920, hsa-miR-1297, hsa- 
miR-548m, hsa-miR-2052, hsa-miR-548ak, hsa-miR-8485, and hsa-miR-3163 were retrieved. Based on the relationship pairs of 
TF–miRNA and miRNA–mRNA, a TF–miRNA–mRNA network was constructed (Figure 8).

Potential Therapeutic Drugs of Biomarkers
In Gene Cards database, 140 drugs were predicted that targeted SH2D1B [n = 1 (D-tyrosine)], ADM (n = 41), PI3 (n = 11), MMP9 
(n = 54), NRG1 (n = 42), CBLB [n = 2 (fluorouracil and D-tyrosine)], RORA (n = 9), and FASLG (n = 62) (Figure 9A). A total of 
27 drugs acting on six biomarkers except SH2D1B and FASLG were predicted based on the DGIdb database (Figure 9B, 
Supplementary Table 6). NRG1 exhibited the strongest interaction with afatinib (interaction score = 1.55). Only one drug 

Figure 6 Ingenuity pathway analysis (IPA) of the biomarkers. (A) Bubble chart of enriched canonical pathways. (B) The significantly enriched pathway maps of the FAK 
Signaling pathway.
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Figure 7 Immune-related analyses targeted biomarkers. (A) Histogram for the proportions of 22 immune cells in each patient from GSE48060. Red and cyan represent the 
AMI and control samples, respectively. The ordinate is the immune cell proportions, and the horizontal axis represents different tissue samples in GSE48060. (B) Boxplot of 
the proportion of immune cells in the AMI and control samples (Wilcoxon test). (C) Pearson’s correlation heatmap between eight biomarkers and 22 immune cell gene sets. 
* p < 0.05, ** p < 0.01.
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interacted with PI3 (progesterone; interaction score = 1.85), CBLB (fluorouracil; interaction score = 0.59) and MMP9 
(bevacizumab; interaction score = 0.33). For ADM, alteplase exhibited the highest interaction score (0.93). Melatonin and 
citalopram interacted with RORA (interaction score = 2.38 and 1.25, respectively).

Figure 8 Construction of transcription factor (TF)–miRNA–mRNA networks. Yellow represents TF, blue represents miRNA, and red represent biomarker.
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Figure 9 Establishment of the Gene–Drug regulatory networks using Gene Cards database (A) and the Drug–Gene Interaction Database (DGIdb) (B). Blue represents 
downregulated biomarker; red represents upregulated biomarker, and yellow and green represent drugs or compounds targeting the biomarkers.
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RT-qPCR
RT-qPCR revealed that the mRNA level of SH2D1B, ADM, PI3, MMP9, NRG1, and RORA was higher and that of CBLC 
was lower in AMI group than in control group. The difference in the expression of FASLG was not significant in the two 
groups (Figure 10). However, the results of bioinformatic analysis were contradicting with RT-qPCR results for SH2D1B 
and RORA, probably because of the differences in sample size between the data set samples and the experimental 
samples.

Discussion
Immunity and inflammation are well-established pathways of pathogenesis of AMI. Several biomarkers involving in 
immune and inflammatory responses are related to the development and progression of AMI.6,11 In the present study, we 
used a series of bioinformatic methods to identify immuno-inflammation-related genes involved in AMI and identified 
the potential biomarkers for AMI. Our study provided new targets for the diagnosis and treatment of AMI and enhanced 
the understanding of the pathogenesis of AMI.

First, GO, KEGG, and DO enrichment analyses were performed to explore the functions of DEIIRGs. The DEIIRGs 
were significantly enriched in immune-related biological processes and signaling pathways, such as cell-mediated 
immunity or cytotoxicity, immune receptor activity, cytokine activity, PI3K/Akt signaling pathway, MI, aortic disease, 
Kawasaki disease, and blood coagulation disease. Immune cells such as neutrophils and monocytes are prominent 
participants in inflammation during post-infarction repair.34,35 Dead cardiomyocytes release danger-associated molecular 
patterns (DAMPs), which bind to pattern recognition receptors of immune cells. Moreover, myocytes surrounding the 
infarct core secret DAMPs and proinflammatory cytokines and initiate recruitment of circulating immune cells.36 Our 
results revealed that immune cells and responses mediated by their receptors played central roles in AMI. This was 
consistent with previous studies above. Besides, cytokines are also involved in the pathogenesis of AMI. 
Proinflammatory cytokines, such as interferon-γ, tumor necrosis factor-α, and interleukins, are the key factors after 
AMI. Cytokine storm and AMI are mutual cause and effect. Numerous studies have reported the pathogenic effect of 
cytokine storm in AMI. In addition, cytokine storm after AMI participates in the whole process of AMI from myocardial 
necrosis to ventricular remodeling.37 The PI3K/Akt pathway is an important signaling pathway in inflammation.38 

Several studies have reported that the PI3K/Akt signaling pathway could have cardioprotective effects in AMI through 
many aspects including maintaining endothelial barrier integrity, modulating coagulation and fibrinolysis, and reducing 
myocardial cell apoptosis.39–41 Our study verified this. In addition, DO revealed that blood coagulation disease was 
indicated in the pathogenesis of AMI. Previous studies have established a strong interaction between AMI and blood 

Figure 10 Verification of the eight biomarkers using real-time quantitative PCR (AMI samples = 10, control samples = 10). * p < 0.05, ** p < 0.01.
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coagulation disease.42 Antithrombotic therapy is important in AMI to avoid thrombotic complications.43,44 These results 
provided essential targets for the prevention and treatment of AMI.

Second, the functional analysis of the eight biomarkers was performed. The MMP family is closely related to many 
cardiovascular diseases. MMP-9 is a well-known enzyme that degrades type-IV collagen of vascular basement membrane and 
is involved in the whole course of development of atherosclerosis.45,46 The activation of MMP-9 is associated with poorer 
prognosis in patients with AMI.47,48 In addition, therapy with MMP-9 signaling pathway as a target might be a promising 
option for the treatment of AMI.49 Our results revealed that the mRNA level of MMP-9 increased in AMI, which is consistent 
with previous studies. Moreover, our study indicated that MMP-9 was closely related to FAK signaling. FAK, a nonreceptor 
protein tyrosine kinase, plays diverse roles in cell proliferation, migration and invasion. FAK signaling increases the level of 
MMP-9.50 Several studies have reported that FAK signaling is involved in the cell migration of vascular smooth muscle cells, 
macrophages, and endothelial cell and in decreasing the stiffness of cardiac human fibroblast substrates through MMP-9 
upregulation under oxidative stress and hypoxia.51–54 Based on these, FAK signaling is also recognized as a therapeutic target 
for atherogenesis and cardiovascular diseases.55–57 However, evidence of the direct relation among FAK, MMP-9, and AMI is 
still unavailable, which needs further study. Same as MMP-9, S100 is also one of the biomarkers of AMI as same as MMP-9.58 

Many studies have reported the same trends of change in MMP-9 and S100 in several systemic diseases including diseases of 
central nervous, digestive, and respiratory systems.59–61 Meanwhile, NRG-1 has been reported to play a protective role in AMI 
by downregulating MMP-9 expression to alleviate MI-induced cardiac electrical conduction dysfunction.62 In this study, the 
simultaneous upregulation of NRG1 and MMP-9 genes may imply an imbalance in this regulatory relationship. CBLB, an E3 
ubiquitin ligase, is a key inhibitor of transcriptional activity in T cells and a promoter of immune tolerance in innate and 
adaptive immunity.63 CBLB−/− murine models demonstrated an inhibitory effect in the case of infections and malignancy.63 

Therefore, targeting CBLB might be an effective strategy to enhance the antitumor activity of T cells.64,65 To the best of our 
knowledge, this is the first study to report that the expression of CBLB decreases and ADM, as well as HLA-DQA1, PI3 
increase in AMI, which has never been reported. The negative regulatory network of hsa-miR-450b-3p-ADM was considered 
involved in the process of AMI as well, even though that hsa-miR-450b-3p was not predicted by our network.66 The weak 
association of HLA-DQA1 loci with cardiovascular disease has been reported based on 1188 AMI patients and 1191 controls 
as well.67 Meanwhile, the relationships of PI3 and AMI progression remain unclear. It is worth noting that SH2D1B was 
considered to be a potential diagnostic biomarker in HF with depression,68 which may provide a theoretical basis for the 
progression of AMI to HF, while the expression patterns of SH2D1B in public datasets (downregulation) were different from 
that in qRT-PCR results (upregulation), as did as RORA. The RORA gene was reported to be upregulated in patients with AMI 
(just like the results of qRT-PCR), which might suppress hypoxic injury of cardiomyocyte cells in AMI by inhibiting oxidative 
stress and apoptosis.69,70 Meanwhile, the diagnostic significance of FASLG was detected in AMI,10 which was consistent with 
our findings, indicating that these biomarker genes were still worthy of study in AMI.

Third, we tried to investigate the pathogenesis of AMI at the cellular level and observed the differential composition 
of immune cells between patients with AMI and controls. Previous studies have reported that the percentage of 
monocytes, particularly proinflammatory monocytes, increases in AMI,71,72 which is consistent with our study. 
Particularly, Li et al reported that MMP-9 activity played a pathogenic role in the imbalance of monocytes and 
macrophages in AMI.71 It is well established that macrophages participate in the development of atherosclerosis. 
Macrophages are divided into two polarized subsets: proinflammatory M1 and anti-inflammatory M2 phenotypes.73 

A shift from M2 to M1 phenotype was observed when the atherosclerotic lesions were progressing.74–76 Proinflammatory 
macrophages contribute to the plaque destabilization and cause plaque rupture by secreting proinflammatory cytokines 
and MMP.77 Our study provided the same results. Hence, promoting the conversion of proinflammatory to anti- 
inflammatory phenotype is becoming a therapeutic strategy for atherosclerotic diseases.78–80

Gene expression is precisely regulated by specific TFs and miRNAs. The dysregulation of upstream TFs and miRNAs 
of key genes plays a crucial role in the formation and development of cardiovascular diseases. In this study, TF–miRNA– 
mRNA regulation network was constructed, and some miRNAs were indicated to be related to the aforementioned 
biomarkers. Luo et al reported that miR-8485 could alleviate the injury of cardiomyocytes in chronic HF.81 Du reported 
that miR-3163 could serve as a diagnostic biomarker in coronary artery disease.82 However, the functions of these 
miRNAs are almost confined to cancer, and their effects in AMI still need to be explored.
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Further, we proposed potential targeted therapeutic drugs for the identified biomarkers. It is well known that 
premenopausal women show greater resilience against cardiovascular disease than age-matched men, which is widely 
attributed to estrogen. Many studies have reported that progesterone could attenuate atherosclerosis by inhibiting 
endothelial cell adhesion and suppressing oxLDL-induced immunity.83,84 Therefore, some scientists proposed that 
starting hormone replacement therapy as soon as possible after menopause may prevent atherosclerosis.85,86 However, 
some meta-analyses indicated that using oral combined contraceptives is a risk factor for MI and increased susceptibility 
to cardiovascular disease through upregulating other metabolic disease risk factors.87 Hence, the use of progesterone to 
prevent and treat atherosclerosis and AMI still needs to be confirmed. Bevacizumab is a humanized monoclonal antibody 
that neutralizes the vascular endothelial growth factor (VEGF). It was first approved for the treatment of metastatic colon 
cancer.88 Surprisingly, some in vitro and in vivo studies reported that bevacizumab could treat atherosclerosis by 
inhibiting neovascularization and decreasing total and LDL cholesterol and homocysteine.89,90 However, some researches 
reported that systemic VEGF inhibition accelerated atherosclerosis, disrupted endothelial homeostasis, and increased 
hypertension and arterial thrombotic events.91,92 Some scientists attempted to use special carriers to transport drug to 
atheromatous sites precisely.93,94 This can provide new prospects for the clinical application of bevacizumab in 
atherosclerosis and AMI. Besides alteplase, a mature thrombolytic agent for treating AMI and acute ischemic 
stroke,95,96 two antitumor drugs are also indicated in AMI. 5-fluorouracil is widely used in the treatment of malignancies 
and has been reported to have side effects on coronary arteries, which is probably attributed to systemic endothelial cell 
damage and procoagulant state activation.97 Afatinib has been associated with the development of HF while treating lung 
cancer.98 Use of these two drugs in AMI still needs to be further studied.

To further demonstrate the reliability of our results, we collected peripheral blood samples from 10 patients with AMI 
and 10 healthy controls for RT-qPCR analysis. The results of five of the eight key genes were consistent with the results 
of bioinformatic analysis. However, the results of FASLG and SH2D1B were not satisfactorily consistent probably 
because of the difference in sample size between the two methods, individual differences, and other unknown reasons. 
This study has some limitations. Our study was performed using public databases and lacked specific clinicopathological 
information. Further experiments, such as interaction of infiltrating immune cells and key genes, need to be conducted to 
confirm our findings. Considering a lot of promise of artificial intelligence (AI) systems in coronary syndrome,99 large 
quantities of high-quality data and clinical cohorts of AMI were needed to select to verify the predictive efficacy of the 
diagnostic model.

Conclusion
In conclusion, immuno-inflammation-related genes, SH2D1B, ADM, PI3, MMP9, NRG1, CBLB, RORA, and FASLG, may 
serve as the potential biomarkers for AMI, in which the downregulation of CBLB and upregulation of ADM, PI3, and 
NRG1 in AMI were detected for the first time. Meanwhile, the upregulation of RORA in RT-qPCR was supported by the 
literature, providing a new target for the diagnosis and treatment of AMI.
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