
Am J Transl Res 2022;14(11):8166-8174
www.ajtr.org /ISSN:1943-8141/AJTR0146199

Original Article
Identification of crucial genes that induce  
coronary atherosclerosis through endothelial cell  
dysfunction in AMI-identifying hub genes by WGCNA

Sentong Xiao, Chunyan Kuang 

Department of Cardiovascular Diseases, Guizhou Provincial People’s Hospital, Nanming District, Guiyang 
550003, Guizhou, People’s Republic of China

Received August 29, 2022; Accepted October 30, 2022; Epub November 15, 2022; Published November 30, 
2022

Abstract: Objective: To identify the most relevant genes of cardiovascular disease in acute myocardial infarction pa-
tients using weighted gene co-expression network analysis (WGCNA). Methods: The microarray dataset of GSE66360 
was downloaded from the Gene Expression Omnibus (GEO) website. The differential genes with adjusted P < 0.05 
and |log2 fold change (FC)| > 0.5 were included in the analysis. The weighed gene co-expression network analysis 
(WGCNA) was used to build a gene co-expression network and identify the most significant module. Cytoscape was 
used to filter the hub genes. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analyses were performed for the hub genes. The key genes were defined as having high statistical and 
biological significance. Results: A total of 4751 differentially expressed genes (DEGs) were screened from the datas-
et. The purple module had the highest significance in AMI. There were 47 hub genes identified from the module. The 
GO terms “amyloid beta protein metabolism” and “carbohydrate metabolism” and the KEGG terms “phagosome-
related pathways” and “Staphylococcus aureus-associated pathways” were the pathways strongly enriched in AMI. 
Fatty acid translocase cluster of differentiation (CD36), formyl peptide receptor type 2 (FPR2), integrin subunit alpha 
M (ITGAM), and oxidized low density lipoprotein receptor 1 (OLR1) were considered key genes in AMI. Conclusion: 
Our research suggested that the underlying mechanism was related to inflammation and lipid formation. The hub 
genes identified were CD36, FPR2, ITGAM, and OLR1. 
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Introduction

An acute myocardial infarction (AMI) continues 
to be the major cause of death worldwide [1]. 
The lack of supporting data for this diagnosis 
prohibits us from making an accurate and time-
ly death prediction [2]. We need to find other 
ways to make timely predictions and diagnoses 
of coronary artery disease, through gene pre-
diction, for example. Increasing evidence has 
shown that endothelial cells (ECs) influence the 
initiation of inflammation and cellular repair 
upon vascular injury [3, 4]. The interaction 
mechanisms of various biological processes in 
ECs remain unclear, especially those connect-
ed with gene ontology and gene pathways. 

Vascular endothelial growth factor (VEGF) has 
an important proangiogenic effect on Ecs [5], 

which is regulated by receptor 2 (VEGFR-2). 
Recent studies have shown that forkhead box 
O1 (FoxO1) regulates VEGF expression by influ-
encing transcription to achieve an antioxidant 
function [6, 7]. The expression of CD36 can be 
positively correlated with coronary atheroscle-
rosis [8, 9]. Formyl peptide receptor (FPR) sig-
naling produces high levels of reactive oxygen 
species (ROS) [10, 11]. Oxidized low-density 
lipoprotein receptor-1 (LOX-1) levels are signifi-
cantly associated with oxidative stress [12]. All 
these factors are promising targets to study. 

Previous gene-based studies on this topic have 
focused on differential gene expression. Few 
studies have considered the relationship 
between gene expression and clinical charac-
teristics. Weighted gene co-expression network 
analysis (WGCNA) can be used as a bioinfor-
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matics approach for exploring the relationship 
between different genes or gene clusters and 
clinical characteristics. WGCNA is widely used 
to analyze microarray data, particularly for 
identifying functional modules. In 2019, Yang & 
Li identified CD36 as a hub gene in the patho-
genesis of lupus nephritis and showed that 
CD36 plays an important role in the activation 
of neutrophils and the regulation of immune 
function by using WGCNA [13]. This finding indi-
cated that WGCNA can be used to identify hub 
genes in microarray data. An mRNA expression 
profile from a gene microarray analysis of AMI 
samples was used to identify highly connected 
hub genes and important modules. To explore 
the molecular pathways involved in AMI, we 
used WGCNA to construct a co-expression net-
work and identify significant modules in the 
network. Weighted gene co-expression net-
works can be used to relate functions of 
unknown genes with biological processes. 
Disease-relevant genes were selected and 
ranked according to gene correlations. 

Materials and methods

Microarray data

Microarray data for AMI (GSE66360) [14] were 
downloaded from the Gene Expression 
Omnibus, including data from circulating EC 
samples from AMI patients (n = 49) and con-
trols (n = 50). 

Methods

Differential expression analysis: Limma is an R 
software package that analyzes data from bio-
logical experiments. It has been significantly 
expanded for analyzing RNA sequencing (RNA-
seq) data, with enhanced possibilities for the 
biological interpretation of gene expression dif-
ferences. We used limma to select genes with a 
|log2 fold change (FC)| > 0.5 and adjusted P < 
0.05 as differentially expressed genes (DEGs) 
[15]. 

WGCNA: We calculated Pearson’s correlation 
matrices for all pairs of genes and defined the 
correlation coefficient between genes m and n 
as Smn = cor (m, n). We used the power func-
tion amn = power (Smn, β) = |Smn| β to trans-
form the Pearson correlation matrix into a con-
nection strength matrix. This step can recog-

nize strong correlations and reduce the impact 
of weak correlations at the exponential level. 
We selected a power of β = 14 (Soft. R. sq = 0. 
9) to ensure that we could obtain a scale-free 
network. These connection strengths were 
used to calculate topological overlap. This is a 
measure of the connectivity of a pair of genes. 
WGCNA can be used to identify highly related 
gene modules and summarize these clusters 
using intrinsic or centered genes in the module. 
It can be employed to correlate modules with 
each other and with external sample character-
istics (using the intrinsic gene network approa- 
ch) and to calculate eligibility measures for 
members in the module. The related network 
facilitates a network-based genetic screening 
approach that can be used to identify candi-
date biomarkers or therapeutic targets [16]. 

We selected the genes in the module to gener-
ate a network structure diagram through 
STRING PPI analysis and removed all free 
genes. The remaining genes were imported into 
Cytoscape to select hub genes by using the 
MCODE plug-in. Gene Ontology (GO) and GSEE 
annotations were performed. The GO analysis 
divided the functions of gene mechanisms into 
three major categories: biological processes 
(BP), cellular components (CC), and molecular 
functions (MF). The Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway data-
base was used to describe the functions of 
molecules or genes. 

Results

Differential expression analysis of enriched 
ECs from AMI patients and controls

A total of 54,676 genes were obtained from  
99 samples (49 AMI patients and 50 controls) 
after data preprocessing. We chose a |log fold 
change| > 0.5 and adjusted P < 0.05 as the 
criteria for identifying DEGs. A total of 4751 
DEGs were identified for subsequent analysis 
under the same criteria (heatmap and volcano 
plot shown in Figure 1). We correlated these 
results with sample traits. The clustering 
results are shown in Figure 2. 

Identification of key modules by WGCNA

The WGCNA package in R software was used 
[17, 18]. DEGs with similar expression patterns 
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were grouped into different modules by hierar-
chical average linkage clustering. A total of 20 
modules were identified. The correlations 
between the disease and the module traits 
were calculated. The related table of matrix 
trait data was imported into the R language and 
correlated with the gene expression matrix (GS) 
and module membership (MM) (the gray part of 
Figure 2 corresponds to uniform characteris-
tics). Those modules with a higher GS_MM 
value were considered more relevant to the dis-
ease (Figure 3). 

We found that among all selected modules, the 
purple and black modules showed the highest 
GS_MM values (purple r = 0.6, P = 6e-11, black 
r = 0.6, P = 4e-11). The magenta module pre-
sented some degree of correlation (r = 0.47, P = 
9e-07). We selected the genes in the purple, 
black, and magenta modules and matched 
them with the calculated differential gene 
expression log fold changes. We screened out 
free genes on the https://string-db.org/website 
and used the remaining genes to generate a 
network structure map. We introduced the 
genes in the network. For Cytoscape analysis, 
the 47 most relevant genes were selected as 
the hub genes of the disease. 

GO and KEGG enrichment analysis of trait-
related modules

The 47 most relevant genes that were consid-
ered as the hub genes of the disease were 
annotated through GO and KEGG analysis 
(Figure 4). The most relevant GO annotations 
for the disease were the metabolism of amyloid 
β protein and the metabolism of carbohydrates 
(Table 1). The most relevant KEGG pathways 
were the phagosome and Staphylococcus aure-
us infection pathways (Table 2) (Detail is in the 
appendix with GO (Table S1) and KEGG (Table 
S2)). In the graphs of the GO and KEGG analysis 
results, the more red the color is, the higher the 
correlation. Blue represented a lower correla-
tion. In the dot plot, the larger the point is, the 
more highly enriched the gene is. For the mod-
ules that we selected, we chose the color that 
was most relevant, and gene enrichment was 
relatively enriched. The identified GO terms 
were mainly related to the metabolism of amy-
loid beta protein and carbohydrate metabolism 
(Figure 4). It included terms such as “amyloid 
beta protein metabolism” (gene count = 5, P = 
1.38e-06) and “carbohydrate metabolism” 
(gene count = 7, P = 4.31e-06). The main identi-
fied KEGG terms included “phagosome-related 
pathways” (gene count = 7, P = 9.42e-05) and 

Figure 1. Heatmap and volcano plot of differential gene expression. A heatmap and volcano plot of 4751 differ-
entially expressed genes were constructed, and a |log fold change| > 0.5 and adjusted P < 0.05 were chosen as 
criteria for differentially expressed genes. A. Heatmap of differentially expressed genes with significant consistency. 
Red represents upregulated genes. Green represents downregulated genes. B. Volcano plot based on the specified 
criteria. Red indicates genes that are upregulated. Blue indicates genes that are downregulated. 

http://www.ajtr.org/files/ajtr0146199suppltab1.xlsx
http://www.ajtr.org/files/ajtr0146199suppltab2.xlsx
http://www.ajtr.org/files/ajtr0146199suppltab2.xlsx
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“Staphylococcus aureus-associated pathways” 
(gene count = 5, P = 3.01e-05). We identified 
that the genes formyl peptide receptor 2 
(FPR2), integrin alpha M (ITGAM), and CD36 
were related to “amyloid beta protein metabo-
lism”. Oxidized low density lipoprotein receptor 
1 (OLR1) and CD33 were related to “carbohy-
drate metabolism”. OLR1, ITGAM, and CD36 
were related to “phagosome-related pathways”. 
FPR2, ITGAM, and CAMP were related to “Sta- 
phylococcus aureus-associated pathways”. In 

affects the formation of amyloid aggregates 
that can cause damage in cardiovascular and 
cerebrovascular diseases. As a result, it as- 
sociates with coronary heart disease and 
Alzheimer’s disease [29, 30]. CD36 macro-
phages participate in the formation of athero-
sclerotic arterial lesions by interacting with 
oxLDL, triggering a signal cascade of inflamma-
tory responses [31]. CD36 plays a role in oxLDL 
uptake and foam cell formation, which is the 
initial critical stage of atherosclerosis [32]. 

Figure 2. Sample cluster dendrogram and soft-thresholding value (β) estima-
tion. A. The expression profile of 50 normal samples and 49 MI samples, the 
sample cluster dendrogram and the clinical characteristic (group of myocar-
dial infarctions, red; controls, white) heat map. B. Scale-free fit index analy-
sis for each β value from 1 to 20. C. Average connectivity analysis for each β 
value from 1 to 20. We chose β = 14 for subsequent analysis, because when 
the scale-free fitting index reached 0.85, the samples exhibited the highest 
average connectivity.

summary, four genes (FPR2, 
OLR1, ITGAM, and CD36) were 
repeatedly identified as key 
molecules by sub-pathway 
screening and data mining.

Discussion

Endothelial cells (ECs) within 
the luminal surfaces of blood 
vessels serve multiple func-
tions, such as supporting tis-
sue barrier function and pro-
moting the transport of mole-
cules and cells [19]. Coronary 
heart disease (CHD) is caused 
by vascular endothelial injury 
and poor repair after injury. 
Those processes are relevant 
to oxidative stress and vascu-
lar inflammation [20, 21]. The 
hub genes and pathways we 
found were involved with tho- 
se factors. Our results show- 
ed that fatty acid translo- 
case cluster of differentiation 
(CD36) is a key gene in  
the development of coronary 
heart disease. CD36 has  
been proven to play a role  
in diseases such as stroke,  
coronary atherosclerosis, and 
Alzheimer’s syndrome [22-24]. 
CD36 is a membrane glyco-
protein that is found in various 
cell types, such as monocy- 
tes, macrophages, microvas-
cular ECs, adipocytes, and 
platelets [25-28]. CD36 can 
act as a transporter or recep-
tor of biologically active lipids 
to regulate the metabolism of 
lipids, glucose, and proteins. It 
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CD36 can promote vascular amyloid deposition 
during the development of Alzheimer’s disea- 
se, leading to cerebrovascular damage, neuro-
vascular dysfunction, cognitive deficits, and 
increased uptake of fatty acids by M2 phago-
cytes [31, 33]. CD36 plays a positive role in 
absorbing pathogens, triggering immune res- 
ponses, phagocytosing nonpathogenic modi-

fied proteins, inhibiting angiogenesis, and do- 
wnregulating immune responses when inflam-
mation subsides [34, 35]. 

We found that integrin subunit alpha M (ITGAM) 
was involved in AMI. There are few reports con-
cerning ITGAM. ITGAM acts as a conduction 
factor and triggering receptor in the pathogen-

Figure 3. Division and validation of co-expression modules. A. Tree diagram dividing all genes into 20 modules 
based on the dissimilarity measure (1-TOM). Color-coded modules are indicated below the tree. The upper portion 
shows the original division according to average link hierarchical clustering based on the TOM-based similarity 
measure. The lower portion is a module involving merging according to Pearson feature gene correlation. B. Result 
of calculating the feature correlation coefficient of the module. The redder the color is, the higher the correlation 
between upregulated gene expression and the disease in this module. Gray indicates no correlation. C and D. Scat-
ter plots of genes in the pink and black plates and the correlation between GS and MM in the module. The specific 
values are as follows: purple (cor = 0.63, P = 6.4e-35) and black (cor = 0.5, P = 4.3e-13).
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esis of inflammation. It can cause inflammation 
that is associated with certain bacteria through 
a noncanonical form of autophagy. This is 
referred to as LC3-associated phagocytosis 
[36]. ITGAM is involved in diseases, such as 
systemic lupus erythematosus (SLE) and sys-
temic sclerosis, as a component of the interme-
diate onset process [37]. ITGAM stimulates the 
pathogenesis of SLE by mediating the impair-
ment of phagocyte function and acts as a con-
duction factor in the development of inflamma-
tion [38, 39]. The role of ITGAM in the patho-
genesis of AMI is unclear. 

An oxidized LDL receptor-1 (OLR1) was shown 
to be involved in the pathogenesis of AMI in our 
study. OLR1 can be involved in the occurrence 
of myocardial infarction through the following 
mechanisms. OLR1 shows a proinflammatory 
effect in cardiovascular disease and mediates 

loidosis [40]. SSA upregulates the expression 
levels of inflammatory mediators, such as cyto-
kines, chemokines, and ROS [41]. It was found 
that a reduction in FPR2 can reduce the occur-
rence of airway allergic inflammation. In mouse 
experiments, FPR2 has been shown to pro- 
mote M1 macrophage polarization and antitu-
mor host responses. These findings show that 
FPR2 can participate in myeloid cell develop-
ment and mediate leukocyte chemotaxis [42]. 
Petri et al. found that compared with healthy 
blood vessels, FPR2 mRNA levels in human 
samples with atherosclerotic lesions were 
upregulated. In contrast, lacking FPR2 can acti-
vate macrophages at coronary artery lesions 
and reduce monocyte infiltration and foam cell 
formation. This hinders the development of cor-
onary atherosclerotic plaques [43]. These 
results showed that the expression of FPR2 

Figure 4. GO enrichment analyses and KEGG enrichment analyses of hub 
genes. A and B. Histograms and scatter plots of GO annotations; C and D. 
Histograms and scatter plots of KEGG annotations. In the histogram plots, 
the depth of color corresponds to the significance of the enrichment of each 
term, and the x-axis indicates the enriched gene count. The depth of color 
corresponds to the significance of the enrichment of each term. The size of 
the circle indicates the enriched gene count in the scatter plots.

the absorption and binding of 
oxLDL by vascular cells in ath-
erosclerotic lesions. Increased 
expression of OLR1 promotes 
the increases in serum IL17 
level and Th17 cells. These 
changes positively promote 
initial lesion formation in  
atherosclerotic cells. OLR1 
encodes the lectin-like oxi-
dized LDL receptor (LOX-1). It 
is expressed in vascular ECs 
and is found in macrophages, 
platelets, and smooth muscle 
cells. The combination of 
LOX-1 and LDL leads to EC 
dysfunction, forming primary 
atherosclerotic lesions. 

Our research showed that for-
myl peptide receptor type 2 
(FPR2) genes play an impor-
tant role in AMI. FPRs are 
members of the G protein-
coupled receptor (GPCR) fami-
ly and have been proven to 
promote inflammation and 
immune responses. Human 
FPRs include three members: 
FPR1, FPR2, and FPR3. In 
humans, a series of activa-
tors, such as serum amyloid  
A (SSA) and glucocorticoid-
induced annexin 1, bind FPR2. 
This was associated with ch- 
ronic inflammation and amy-
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can be correlated with coronary atherosclerotic 
plaque lesions. 

In conclusion, a total of 4751 DEGs and 15 
modules were identified in the CAD samples. 
Through analysis of the first 47 genes showing 
the highest connectivity in important modules, 
FPR2, OLR1, ITGAM, and CD36 were identified 
as targets for the treatment of CAD. The 2 
KEGG pathways and 2 GO processes with the 
most relevance to inflammation and lipid for-
mation were established. All these factors are 
connected with the cellular oxidation process, 
suggesting that we need to identify therapeutic 
targets in related pathways. We identified the 
factors in endothelial cells that can be associ-
ated with the pathogenesis of AMI. We hope to 
provide more clues to develop new diagnostic 
and therapeutic strategies of AMI. The lack of 
functional experiments was a limitation of this 
work. More research is required to assess the 
regulatory and expression of these genes and 
pathways. 
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