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ABSTRACT
Acute myocardial infarction (AMI) tends to cause severe heart failure and the population suffering 
from AMI gradually become younger. This study aims to determine the key genes associated with 
AMI, ferroptosis and hypoxia that could serve as novel biomarkers for AMI. There were 522 up- 
regulated genes and 119 down-regulated genes in GSE4648. Based on the expression of ferrop-
tosis-related genes (FRGs) and hypoxia-related genes, the ferroptosis Z-score and the hypoxia 
Z-score calculated by ssGSEA were significantly higher in the infarcted area of AMI mice than in 
the control group, and there was a positive correlation between ferroptosis and hypoxia Z-score. 6 
modules were obtained by Weighted Gene Co-Expression Network Analysis (WGCNA), and 2 key 
modules and 66 key genes were screened out. Genes in the key modules were found mainly 
related to ERK1 and ERK2 cascade, TNF signaling pathway, and MAPK signaling pathway through 
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment 
analysis. Protein-protein interaction (PPI) network analysis was performed on the key genes and 
10 hub genes (Atf3, Ptgs2, Cxcl1, Socs3, Hspa1b, Selp, Cxcl2, Il1b, Myd88, and S100a8) were obtained 
using STRING and Cytohubba. The expression of 9 hub genes except Cxcl1 was consistent in 
GSE4648 and GSE775. The transcription factors (TFs)-hub genes interaction network was con-
structed and 48 TFs were obtained using TRRUST. Finally, it was verified through the animal 
experiment that these hub genes were up-regulated in AMI mice myocardial tissues. This study 
offers new ideas for the diagnosis and treatment of AMI.
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1. Introduction

Acute myocardial infarction (AMI) is a clinical 
syndrome resulting from coronary artery lesions. 
Atherosclerotic plaque rupture occurs within the 
artery. When acute occlusion of arteries occurs, 
the blood flow is blocked, and normal blood sup-
ply within the heart is impossible. The correspond-
ing myocardium suffers from severe ischemia and 
hypoxia, leading to myocardial damage and death 
[1]. The adverse ventricular remodeling after the 
acute phase reduces cardiac function, leads to 
heart failure and increases mortality [2]. 
Myocardial hypertrophy and interstitial fibrosis 
deposition in the non-infarcted area eventually 
contribute to left ventricular remodeling and 
heart failure [3].

Ferroptosis is a new form of cell death, and it is 
mainly related to the content of circulating iron, 
which is manifested in the imbalance of intracel-
lular redox reaction mediated by excessive iron, 

the accumulation of lipid peroxides and the pro-
duction of reactive oxygen species (ROS). The 
pathophysiological processes of many diseases are 
closely associated with ferroptosis. Antioxidants 
and iron chelators can significantly inhibit this 
biological process. More and more researches 
have proven that ferroptosis plays a crucial role 
in myocardial infarction (MI) [4–7]. The in-depth 
exploration of ferroptosis is helpful to accurately 
regulate the development of MI, and supply new 
ideas for the clinical prevention and treatment of 
the disease.

Belonging to R package, the weighted gene co- 
expression network analysis (WGCNA) is an algo-
rithm to excavate module information from gene 
chip expression data [8]. In the gene co-expression 
network, if the expression patterns of various 
genes in the same sample are similar, these genes 
are considered to be in the same co-expression 
network or the same module. The common 
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relationship is determined by the correlation coef-
ficient between genes.

Ferroptosis and hypoxia exert crucial roles in 
AMI, and this study aims to determine the key 
genes associated with AMI, ferroptosis and 
hypoxia that could serve as novel biomarkers or 
potential therapeutic targets for AMI. In this 
research, the expression profile data of GSE4648 
were analyzed using WGCNA in order to study 
the co-expression gene network relationship dur-
ing AMI, to identify the key modules and key 
genes related to AMI, ferroptosis and hypoxia, 
and to reveal the importance of these modules in 
AMI. The transcription factors (TFs) that regu-
lated the transcription of hub genes were also 
studied. This study provides a research basis for 
exploring the potential regulatory targets and pos-
sible regulatory mechanisms of AMI, and offers 
new ideas for the treatment of the disease.

2. Materials and methods

2.1. Data collection and preprocessing

GSE4648 and GSE775 were downloaded from the 
Gene Expression Omnibus (GEO) database (http:// 
www.ncbi.nlm.nih.gov/geo/). The expression data of 
36 samples were obtained from GSE4648, contain-
ing infarcted tissue (IF) and surviving left ventricu-
lar free wall (FW) from AMI mice and the left 
ventricular (LV) of sham surgery mice at 6 time 
points (15 min, 1 h, 4 h, 12 h, 24 h, 48 h post- 
AMI) [9]. GSE775 includes the expression data of 36 
mice myocardial tissues at 6 time points (1 h, 4 h, 
24 h, 48 h,1 w, 8 w post-AMI) [10]. The probe was 
annotated using the GPL81 file corresponding to the 
datasets. Because several probes were corresponding 
to the same gene, the mean was used to indicate the 
expression of the gene.

2.2. Differentially expressed genes (DEGs) 
identification

GSE4648 was performed with DEGs analysis using 
the limma package [11]. We analyzed the DEGs in 7 
groups (IF_15 min VS LV_15 min, IF_1 h VS LV_1 h, 
IF_4 h VS LV_4 h, IF_12 h VS LV_12 h, IF_24 h VS 
LV_24 h, IF_48 h VS LV_48 h, and IF_48 h VS 
IF_15 min), with |logFC| > 1 and padj < 0.05.

2.3. Gene set variation analysis (GSVA) of 
ferroptosis and hypoxia

There were 259 ferroptosis-related genes (FRGs) 
from FerrDb (http://www.zhounan.org/ferrdb/), and 
357 hypoxia-related genes from MsigDb (http:// 
www.gsea-msigdb.org/gsea/msigdb/index.jsp). The 
samples in GSE4648 were analyzed by ssGSEA 
using GSVA, and the ferroptosis Z-score and hypoxia 
Z-score of each sample were calculated [12].

2.4. WGCNA of GSE4648

WGCNA was carried out according to the method 
in the literature [13]. WGCNA was applied to 
analyze differential genes in GSE4648, and the co- 
expression modules and key genes related to AMI, 
ferroptosis and hypoxia were found. We chose 
R2 = 0.9 and the soft-threshold β = 18. 
Subsequently, the adjacency matrix was trans-
formed into a topological overlap matrix (TOM). 
Modules were identified with hierarchical cluster-
ing (minModuleSize = 30). The eigengene was 
calculated, and the modules were hierarchically 
clustered. The module eigengene (ME) and the 
module membership (MM) were used to distin-
guish the vital modules associated with ferroptosis 
and hypoxia. The relationship between the clinical 
data (ferroptosis Z-score, hypoxia Z-score, tissue 
and time) and the modules was calculated to 
obtain vital modules. ME shows the first principal 
component in the module, and describes the 
expression pattern of the module. MM stands for 
the relationship between genes and module eigen-
genes, which refers to the reliability of genes being 
part of modules. Genes in the key module were 
studied with functional enrichment analysis (Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway) using 
clusterProfiler [14].

2.5. Protein-protein interaction (PPI) network 
construction and analysis

The key genes identified by WGCNA were ana-
lyzed with PPI network using STRING database, 
and 10 hub genes were screened out by cytohubba 
(a cytoscape plugin) [15]. The expression of the 10 
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genes in GSE4648 was analyzed, and also verified 
in GSE775.

2.6. Prediction of TFs-hub genes interaction

According to the research [16], we searched the 
TFs of the 10 hub genes using TRRUST version 2 
(https://www.grnpedia.org/trrust/), and applied 
cytoscape to visualize TFs-hub genes interaction 
network.

2.7. The construction of AMI mice model

All experiments were performed on female 
C57BL/6 J mice (24 weeks of age). Surgical AMI 
was conducted as previously described [17]. The 
mice in the control group underwent the same 
protocol without ligation of the coronary artery. 
All of the animal procedures were approved by 
The Animal Experiment Welfare Ethics 
Committee (ZJCLA-IACUC-20030016). Triphenyl 
tetrazolium chloride (TTC) staining was used to 
evaluate the infarct size [18].

2.8. qRT-PCR

Based on the manufacturer’s protocol, total RNA 
was isolated from AMI mice myocardial tissue 
48 h after AMI using TRIzol® reagent 
(Invitrogen, USA) and reverse transcribed to 
cDNA with PrimeScript™ 1st Strand cDNA 
Synthesis kit (Takara, China). RT-PCR was carried 
out with TaKaRa Ex Taq® (Takara, China). The 
primers for RT-PCR were showed in Table 1. The 
relative mRNA expression of hub genes was nor-
malized to β-actin with the method of 2−ΔΔCt.

2.9. Western blot

The protein was extracted and quantified by BCA 
colorimetry. After SDS-PAGE separation, the pro-
tein was transferred to PVDF by wet-spinning. 5% 
skim milk was used to block the membrane at 
room temperature. The membrane was first incu-
bated in the following primary antibody 
(Invitrogen, USA) at 4°C overnight, and then 
with the corresponding HRP labeled secondary 
antibody (1:5000) at room temperature. The 
photos were collected by Bio-Rad camera system. 

The protein expression was detected, with β-actin 
defined as the internal reference. The primary 
antibodies used in western blot were as follows: 
Atf3 (#PA5-106,898), Ptgs2 (#PA1-9032), Socs3 
(#37-7200), Hspa1b (#PA5-97,846), Selp (#PA5- 
88,593), Cxcl2 (#MA5-23,737), Il1b (#M421B), 
Myd88 (#PA5-19,919), and S100a8 (#PA5-47,439).

2.10. Statistics analysis

Statistics analysis were performed with GraphPad 
Prism 8.0 software using Student’s paired t-test 
when comparing the two groups. P < 0.05 was 
considered statistically significant.

3. Results

This study aims to determine the key genes asso-
ciated with AMI, ferroptosis and hypoxia. Based 
on the expression of FRGs and hypoxia-related 
genes, the ferroptosis Z-score and the hypoxia 
Z-score were calculated by ssGSEA. The key mod-
ules and key genes were obtained through 
WGCNA. GO and KEGG pathway enrichment 
analysis were performed on the genes in the key 
modules, and the key genes were used to construct 
a PPI network. The TFs-hub genes interaction 
network was built and the expression of hub 
genes was validated in the GEO datasets and the 
AMI mice.

3.1. Identification of DEGs in GSE4648

There were 0, 0, 12, 79, 310, 315, and 461 DEGs 
respectively in 7 groups (IF_15 min VS LV_15 min, 
IF_1 h VS LV_1 h, IF_4 h VS LV_4 h, IF_12 h VS 
LV_12 h, IF_24 h VS LV_24 h, IF_48 h VS LV_48 h, 

Table 1. The primers of hub genes for RT-PCR.
Hub 
gene Forward primer Reverse primer

Atf3 CCTGCATGACCTGAGTTACC CTGGGTCCGAATGAAGAAGG
Ptgs2 TGTCAAAATGCTGGTGTGGA TTTGCTGGCTACCACTCATC
Socs3 CACATATCTCGGGTTTGGCA AGAGACACAAGAGCCCTAGG
Hspa1b CATGGTGCTGACGAAGATGA GAGAGTCGTTGAAGTAGGCG
Selp GCTGCCCTAAATCTTGCTCT CGGTTATTCAGGAGGTGGTG
Cxcl2 TGTGGAGGCTAGAGATGGTT GTGGGTATCTTAAAGGCGGG
Il1b CAAACGGGAAGGGATATGGG CAGTGTGTGGGTTGCCTTAT
Myd88 ACACCCTTCTCTTCTCCACA CACTCTGGCCACCTGTAAAG
S100a8 GAGTTCCTTGCGATGGTGAT AGACATATCCAGGGACCCAG
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and IF_48 h VS IF_15 min) (Figure 1(a)). The up- 
regulated genes and down-regulated genes were ana-
lyzed using the venn diagram. There were 641 DEGs 
in total, including 522 genes being up-regulated 
(Figure 1(b)), and 119 genes being down-regulated 
(Figure 1(c)).

3.2. ssGSEA of ferroptosis and hypoxia

Based on the expression of FRGs and hypoxia- 
related genes, ssGSEA was used to calculate the 
ferroptosis and hypoxia Z-scores of each sample. 
The results suggested that the ferroptosis Z-score 
(Figure 2(a)) and the hypoxia Z-score (Figure 2(b)) 
were significantly higher in the IF of AMI mice than 
in the LV of the control mice. No significant differ-
ence existed between the IF or LV groups and the 

FW group, with a mean value of IF > FW > LV. 
A significant positive correlation between ferroptosis 
Z-score and hypoxia Z-score was also found 
(R = 0.87, P = 4.5e-12) (Figure 2(c)). Temporally, 
the ferroptosis Z-score in IF group increased from 
1 h, peaked at 12 h, and began to decline after 24 h 
(Figure 2(d)), while the hypoxia Z-score began to 
increase from 1 h, reached the peak at 24 h, and then 
declined (Figure 2(e)). The above results indicated 
that myocardial infarction was markedly correlated 
with ferroptosis and hypoxia, and there was a certain 
relationship between ferroptosis and hypoxia.

3.3. WGCNA of GSE4648

The co-expression modules obtained by 
WGCNA included a group of genes frequently 

Figure 1. Identification of DEGs. (a). The number of DEGs in different groups; (b). The venn picture showing up-regulated genes; 
(c). The venn picture displaying down-regulated genes.
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having high co-expression levels and high topo-
logical overlap similarity. There was a DEGs 
expression matrix of GSE4648 (641 DEGs). The 
Pearson’s correlation coefficient was applied to 
cluster the samples, and a sample clustering tree 
was obtained in Figure 3(a). We chose the soft- 
threshold 18 (based on the scale-free topology 
criterion with R2 = 0.9) in order to get a scale- 
free network. The adjacency matrix was con-
verted into a TOM matrix (Figure 3(b) and (c)), 
which was used to show the similarity between 
nodes by considering the weighted correlation. 
Finally, 6 modules were obtained through aver-
age hierarchical clustering and dynamic tree clip-
ping (Figure 3(d)).

In order to pick out important clinical modules, 
the relationship between the modules and the clin-
ical data was studied. Among the 6 modules, the 
green module was highly associated with ferropto-
sis score (cor = 0.93 and P = 3e-16), the yellow 
module was highly related to hypoxia score 

(cor = 0.91 and P = 1e-14), and they were both 
positively related to IF. Thus, the green module 
and the yellow module were selected as clinically 
important modules for further analysis (Figure 4 
(a)). Significant correlation existed in the MM and 
gene significance (GS) of the green and yellow 
modules (Figure 4 (b) and (c)). Key genes were 
screened out with geneTraitSignificance >0.8 and 
geneModuleMembership >0.8, and 26 and 40 key 
genes were found in the two modules, respectively.

3.4. Gene functional enrichment analysis of two 
clinically important modules

59 DEGs in the green module and 65 DEGs in the 
yellow module were studied through GO and KEGG 
enrichment analysis. The results of GO enrichment 
analysis displayed that genes in the green module 
were mainly concentrated in ERK1 and ERK2 cas-
cades, p38 MAPK cascade, and regulation of 

Figure 2. Analysis of the ferroptosis Z-score and the hypoxia Z-score. (a). The ferroptosis Z-score in LV, FW, and IF group; (b). The 
hypoxia Z-score in LV, FW, and IF groups; (c). The correlation analysis between ferroptosis Z-score and hypoxia Z-score; (d). The 
relationship between ferroptosis Z-score and time in the LV, FW, and IF groups; (e). The relationship between hypoxia Z-score and 
time in the LV, FW, and IF groups.
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transcription from RNA polymerase II promoter in 
response to stress (Figure 5(a)), while genes in the 
yellow module were enriched in cytokine-mediated 
signaling pathway, regulation of inflammatory 
response, and cellular response to interleukin-1 
(Figure 5(b)). KEGG enrichment analysis results 
indicated that genes in the green module were 
related to TNF signaling pathway, and MAPK sig-
naling pathway (Figure 5(c)), whereas genes in the 
yellow module were associated with pathways, such 
as cytokine-cytokine receptor interaction and IL-17 
signaling pathway (Figure 5(d)).

3.5. The PPI analysis of key genes

The key genes in the green and yellow modules were 
analyzed with PPI network. There were 118 interac-
tions among 26 key genes in the green module, with 
an average of 9 neighbors per node (Figure 6(a)), 
and 197 interactions among 39 of 40 key genes in 
the yellow module, with an average of 10 neighbors 
per node (Figure 6(b)). 5 hub genes were found in 

two PPI networks using cytohubba (Figure 6 (c) and 
(d)). The expression level of the 10 hub genes in 
GSE4648 was shown in the Figure 6(e). The results 
indicated that the expression levels of these hub 
genes were elevated in MI areas.

3.6. Validation of hub genes

GSE775 was obtained from the GEO database, 
including the infarcted left ventricles (iLV) from 
AMI mice and the left ventricles (LV) from the 
control group, with three reduplicates per sample. 
The expression level of the 10 hub genes in MI was 
examined with the GSE775 (Figure 7). Cxcl1 was 
not detected in the GSE775, while the expression 
levels of other 9 genes were elevated, consistent 
with their expressions in GSE4648.

3.7. Prediction of TFs-hub genes interaction

TRRUST database was applied to predict TFs-hub 
genes interaction. There were 48 TFs, 9 hub genes, 

Figure 3. The co-expression modules analysis. (a). Clustering dendrogram of 36 samples; (b). The relationship between the scale-free 
fit index and various soft-thresholding powers; (c). The relationship between the mean connectivity and various soft-thresholding 
powers; (d). Clustering dendrogram of genes, various colors represent different modules.
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and 69 associations (Figure 8). It was found that 
Trp53 inhibited the expression of Ptgs2 and acti-
vated the expression of Hspa1b and Atf3; Foxo3 
activated the transcription of Socs3; Irf1 promoted 
the expression of Myd88; Irf8, Spi1, Egr1, and 
Cebpb notably activated the Il1b transcription, 
and were significantly up-regulated in AMI; Egr1 
activated the transcription of Cxcl2; and Nfkb1 
activated the expression of Cxcl1 and Selp.

3.8. Hub genes were up-regulated in AMI mice 
myocardial tissue

We built an AMI mouse model, and the model was 
shown successfully constructed by TTC staining 
(Figure 9(a)). Compared with the control group, 

the relative mRNA expression levels of Atf3, Ptgs2, 
Socs3, Hspa1b, Selp, Cxcl2, Il1b, Myd88, and S100a8 
in AMI mice myocardial tissue were significantly 
up-regulated (Figure 9(b)); and at the same time, 
the protein expression level also increased signifi-
cantly (Figure 9(c)). The results were consistent with 
the expression data of GSE4648 and GSE775.

4. Discussion

AMI is the myocardial necrosis resulting from 
acute and constant ischemia and hypoxia of cor-
onary artery, and can often be life-threatening. 
After massive myocardial infarction, it is accom-
panied by ventricular remodeling, leading to 
severe chronic heart failure. In recent years, the 

Figure 4. The clinically important modules analysis. (a). The relationship of four traits and six modules; (b). The scatterplot describing 
the relationship between MM and GS in green module; (c). The scatterplot describing the relationship between MM and GS in the 
yellow module.
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incidence and mortality of AMI have been 
increasing year after year with a trend toward 
younger age [19]. In this study, a bioinformatics 
analysis of GSE4648 database was carried out, and 
a total of 641 DEGs were found, including 522 up- 
regulated genes and 119 down-regulated genes 
(Figure 1).

It is known that the myocardium is in a hypoxia 
environment when AMI occurs. Meanwhile, ferrop-
tosis plays a vital role in MI. Baba et al. established 
the ischemia-reperfusion injury (I/R) mice model 
and found that 30 min after I/R injury, ferritin 
accumulated along the myocardial scar area, and 
this iron accumulation induced the death of cardio-
myocytes. This process may be mainly regulated by 
TfR1 [20]. Gao et al. revealed that in the absence of 

amino acids, transferrin and glutamine can induce 
ferroptosis of cells, and that ferroptosis inhibitor 
(ferrostatin-1, Fer-1) can effectively alleviate the 
heart I/R injury in an I/R mouse model [5]. Some 
researchers have proved that the USP7/P53/TfR1 
pathway has a key role in ferroptosis induced by I/ 
R [21]. Many studies have found that ferroptosis 
inhibitors can significantly reduce the degree of I/ 
R injury and improve cardiac function [6,7,22,23]. 
Based on the expression of FRGs and hypoxia- 
related genes, the ferroptosis Z-scores and the 
hypoxia Z-scores of each sample were calculated as 
clinical characteristics. The ferroptosis Z-score 
(Figure 2(a)) and the hypoxia Z-score (Figure 2(b)) 
were evidently higher in AMI mice than those in the 
control group.

Figure 5. The gene functional enrichment analysis of two clinically important modules. (a). GO enrichment in the green module; (b). 
GO enrichment in the yellow module; (c). KEGG enrichment in the green module; (d). KEGG enrichment in the yellow module.
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In this study, 6 modules were obtained using 
WGCNA, and the green and yellow modules were 
selected as clinically important modules. The green 
module was highly related to the ferroptosis score 
(cor = 0.93 and P = 3e-16) and the yellow module 
was significantly associated with the hypoxia score 
(cor = 0.91 and P= 1e-14) (Figure 4(a)). Also, 66 
key genes related to ferroptosis, hypoxia and AMI 
were screened out.

124 DEGs in the green and yellow modules 
were performed with functional enrichment ana-
lysis (GO and KEGG). GO enrichment analysis 
showed that genes were enriched in ERK1 and 
ERK2 cascade, p38 MAPK cascade, regulation of 
transcription from RNA polymerase II promoter 
in response to stress, cytokine-mediated signaling 
pathway, regulation of inflammatory response, and 
cellular response to interleukin-1 (Figure 5 (a) and 

(b)). KEGG enrichment analysis suggested that 
genes were bound up with TNF signaling pathway, 
MAPK signaling pathway, IL-17 signaling path-
way, and Cytokine-cytokine receptor interaction 
(Figure 5 (c) and (d)). It is known that these path-
ways have crucial roles in the development of 
AMI. miR-34a could influence myocardial apop-
tosis through the ERK1/2 pathway [24]. The 
down-regulation of lncRNA MALAT1 could sig-
nificantly improve the cardiac function by inhibit-
ing the ERK/MAPK pathway [25].

PPI analysis was performed on 26 key genes in 
the green module and 40 key genes in the yellow 
module respectively. Then, 5 hub genes were 
selected from each module (Figure 6(a–d)), and 
they were Atf3, Ptgs2, Cxcl1, Socs3, Hspa1b and 
Selp, Cxcl2, Il1b, Myd88, S100a8. In the MI area, 
the expression of 10 hub genes was up-regulated 

Figure 6. The PPI analysis of key genes. (a). The PPI network of green module; (b). The PPI network of yellow module; (c). Top 5 hub 
genes in the green module; (d). Top 5 hub genes in the yellow module; (e). The expression of 10 hub genes in GSE4648.
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(Figure 6(e)). Next, the hub genes were validated 
in GSE775, and the expression of these genes 
except Cxcl1 was found consistent with the 
GSE4648 database (Figure 7). Meantime, we suc-
cessfully built an AMI mouse model and found 
that the expression of the 9 hub genes was up- 
regulated in AMI mice myocardial tissues. It has 
been reported that SOCS3 gene could be used as 
a biomarker to predict the risk of AMI [26]. 
CXCL2 has been shown to be involved in the 
pathogenesis of cardiovascular disease [27]. AMI 

could be prevented via the inhibition of galectin-3/ 
TLR4/MyD88/NF-кB inflammatory signaling [28]. 
The ruin of S100A8/A9 signaling or the down-
stream factors (e.g., interleukin-1β) in neutrophils 
restrains granulopoiesis and may ameliorate heart 
function in patients with acute coronary syndrome 
[29]. ATF3 is a familiar stress sensor which can 
promote ferroptosis induced by erastin [30]. 
PTGS2 was reported as a ferroptotic marker [31]. 
The TFs-hub genes network was constructed and 
a total of 48 TFs were found (Figure 8). Among 

Figure 7. The expression level of hub genes in GSE775. (a). Atf3; (b), Cxcl2; (c). Hspa1b; (d). Il1b; (e). Myd88; (f). Ptgs2; (g). S100a8; (h). 
Selp; (i). Socs3.
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them, Foxo3 loss in cardiomyocytes results in 
a significant increase in the infarct area [32], and 
EGR1 could induce myocardial damage after 
AMI [33].

In this research, the key modules and key genes 
related to AMI, ferroptosis and hypoxia were iden-
tified, and the TFs were also studied. Therefore, this 
study offers new ideas for the disease prevention, 
diagnosis and treatment of AMI. However, further 
researches and verifications are still needed.

5. Conclusion

Through WGCNA, the key modules and key genes 
related to AMI, ferroptosis and hypoxia were iden-
tified; the importance of these modules in AMI 
were further revealed; 9 hub genes (Atf3, Ptgs2, 
Socs3, Hspa1b, Selp, Cxcl2, Il1b, Myd88, and 
S100a8) were screened out; and the regulation of 
TFs on the transcription of hub genes were also 
investigated. This study definitely provides 
a research basis for exploring the potential 

Figure 8. TF-hub genes interaction network. Diamonds represent TFs, squares represent hub genes, red indicated up-regulation of 
gene expression, and gray indicated no significant difference in the expression.
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regulatory targets and possible regulatory mechan-
isms of AMI, and offers new ideas for the treat-
ment of AMI.

Research highlights

1. 522 up-regulated genes and 119 down-regulated genes 
were in GSE4648.

Figure 9. Expression of hub genes in AMI mice myocardial tissue. (a). TTC staining (white is the infarct area); (b). Relative expression 
level of the hub genes mRNA; (c). Protein expression levels of hub genes.

BIOENGINEERED 7961



2. There was a notable positive correlation between fer-
roptosis Z-score and hypoxia Z-score.

3. There were 2 key modules and 66 key genes related to 
AMI, ferroptosis and hypoxia, and 10 hub genes were 
screened out.

4. There was a TFs-hub genes interaction network includ-
ing 48 TFs, 9 hub genes and 69 associations.

5. The hub genes were validated in the GSE775 and the 
AMI mice myocardial tissues.
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