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Background: Myocardial ischemia and hypoxia may result in myocardial cell necrosis, scar formation, and 
hyperplasia. We aim to explore the differentially expressed genes (DEGs) in ischemic cardiomyopathy (ICM), 
construct and identify a clinical prognosis model using bioinformatics methods, so as to screen potential 
biomarkers of ICM to provide a basis for the early diagnosis and treatment of ICM.
Methods: Based on the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus 
(GEO) database, R language was used to screen DEGs in healthy myocardial (n=5) and ICM myocardial 
tissues (n=12). DEGs were analyzed by Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes 
(KEGG), and protein-protein interaction (PPI). Receiver operating characteristic (ROC) curves were drawn 
to verify the target genes.
Results: A total of 259 genes with significantly changed fold change (FC) values were obtained through 
conditional screening, including up-regulated genes and down-regulated genes. The first two hub genes 
[interleukin-6 (IL-6) and Ras homologous gene family member A (RHOA)] with the largest degree value 
among the above up-regulated and down-regulated genes were selected and their expression values were 
combined in the gene chip to draw the ROC curve based on the pROC package of R language. The area 
under the ROC curve (AUC) values of IL-6 and RHOA were 0.956 and 0.995, respectively. The expression 
levels of Sqstm1, Nos2, IL-6, RHOA, and Zfp36 genes in the ICM group are lower than those in the blank 
control group and the difference was statistically significant (P<0.05). RHOA and Stat3 were identified as the 
key genes controlling the occurrence and development of ICM.
Conclusions: ICM is closely related to the changes of extracellular matrix (ECM) and oxidoreductase 
activity. The IL-6 and RHOA are expected to become potential targets for ICM treatment.
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Introduction

Ischemic cardiomyopathy (ICM) is driven by an interaction 
of genetic and environmental factors, and encompasses a 
diverse clinical spectrum including systolic and diastolic 
dysfunction, congestive heart failure, arrhythmia, and 
valvular disease, which are caused by adverse proliferation 
of myocardial fibers after long-term myocardial ischemia or 
myocardial infarction (1). With the prolongation of life span 
and the rapid improvement of medical and device-based 
therapies for ICM, the incidence of ICM has gradually 
increased, becoming one of the most common causes of 
heart failure worldwide (2).

Long non-coding RNA (lncRNA) is a class of non-
coding RNA with a length greater than 200 nucleotides, 
which is an important component of all non-coding 
transcripts. LncRNAs are involved in many important 
physiologic, as well as pathologic, processes of the body. 
Recent studies (3-5) have shown that lncRNAs play an 
important role in cardiovascular diseases, including ICM. 
Moreover, studies (6-8) have found that lncRNAs can act as 
competing endogenous RNAs (ceRNAs) and regulate the 
expression of messenger RNA (mRNA) by competing with 
mRNA for microRNAs (miRNAs).

Bioinformatics is an emerging interdisciplinary field that 
studies a variety of omics data, including transcriptomics, 
proteomics, and other biological data. The research 
methods mainly include the collection (collection and 
screening), processing (editing, sorting, management, 
and display), utilization (calculation and simulation), and 
analysis of biological data (9,10). Experience has shown 

that bioinformatics technology has great application value 
in the screening of disease biomarkers, which is of great 
significance for the diagnosis, treatment, and prognosis 
of diseases, and can provide a more comprehensive and 
profound understanding of diseases (11-14). A recent study 
showed that differentially expressed genes (DEGs) were 
significantly enriched in metabolic pathways, oxidative 
phosphorylation, and extracellular matrix (ECM) receptor 
interactions, and were closely related to fibrosis, collagen 
catabolic process and inflammatory response function (15).  
Interleukin-6 (IL-6) and Ras homologous gene family 
member A (RHOA) may play an important role in the 
development of ICM, IL-6 and RHOA, however, the value 
of the IL-6 and RHOA in ICM was poorly studied, further 
studies are needed to identify new biomarkers in myocardial 
ischemia.

To explore potential targets for ICM treatment, this 
study aims to analyze the genes related to ICM pathogenesis 
using samples screened from the Gene Expression 
Omnibus (GEO) database and constructing a regulatory 
network related to differentially expressed lncRNAs using 
the bioinformatics methods. We present this article in 
accordance with the TRIPOD reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-23-
1722/rc).

Methods

Data source

Data were obtained from the National Center for 
Biotechnology Information (NCBI) (https://www.ncbi.nlm.
nih.gov/) in the GEO database, using R language (R4.1.2; 
R Foundation for Statistical Computing, Vienna, Austria) 
The dataset GSE26887 was downloaded directly from the 
GEO database and contained samples obtained from left 
ventricular biopsy tissue, based on the GPL6244 detection 
platform, and Affymetrix Gene Chips Human Gene 1. 
Gene expression was detected by 0 ST microarray. RNA 
expression profiles of genes from five healthy controls, 
seven patients with diabetes mellitus (DM) were excluded, 
and finally 12 patients without DM were included. This 
study included five healthy samples as the control group 
(GSM662158–GSM662162) and 12 ICM patients as the 
experimental group (GSM662179, GSM662181). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

The age, gender, smoking, hypertension, and body 
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mass index (BMI) of the two groups were similar, and no 
significant differences were found (Table 1).

Data search and alignment

The GEO query package based on R language (R4.1.2) 
was used to obtain the GSE26887 data set through the 
hugene10sttranscriptcluster.db corresponding to the 
GPL6244 platform. The package annotated the gene name 
of the data set gene chip probe, obtained the gene name and 
gene expression value, removed the data not corresponding 
to the gene name and the data whereby 1 gene name 
corresponded to multiple probes (i.e., it only retains the 
gene name corresponding to the maximum expression 
probe), and removed the data set of seven ICM patients 
with DM.

Acquisition, visualization, and analysis of DEGs

Based on the R language limma package (Smyth, 2005), the 
above data were analyzed for differential expression, and 
DEGs, log fold change (FC), t value, P value, and adjusted 
(adj.) P value were obtained. Due to the large base of 
DEGs, small FC of some DEGs, and lack of a statistically 
significant difference, the screening conditions were set 
to |logFC|>1 and adj. P<0.01 for further screening of the 
DEGs. Based on the R language ggplot2 package (Smyth, 
2005), the pheatmap package was used to visualize the 
volcano map and heat map, respectively.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis

GO enrichment analysis was used to analyze genes 

according to their biological process (BP), cell component 
(CC), and molecular function (MF). Gene annotation was 
carried out on the surface, whereas KEGG enrichment 
analysis was used to identify DEGs enrichment and perform 
analysis in the aspect of pathway, so as to determine the 
pathways of disease-related genes. The R language cluster 
Profiler package and org.Hs.eg.db was used to conduct GO 
and KEGG enrichment analysis of DEGs, and the ggplot2 
package was used for visualization of the results.

Construction of protein-protein interaction (PPI) network 
corresponding to DEGs

A PPI network was created to establish functional proteins 
for DEGs based on existing data. The associated network 
was realized through the Search Tool for the Retrieval of 
Interacting Genes/Proteins (STRING) database (https://
cn.string-db.org/), and the PPI network was constructed 
through the Cytoscape 3.7.1 software (https://cytoscape.
org/download.html) to filter the hub genes with high 
correlation.

Preliminary verification of the application value of the hub 
genes

Using the R language ROC package (Smyth, 2005), and 
taking the degree value in the Cytoscape 3.7.1 software as 
the screening standard, the receiver operating characteristic 
(ROC) curve was made for some high correlation hub genes 
to preliminarily verify their value as disease markers.

Risk model construction and validation

The least absolute shrinkage and selection operator 

Table 1 The baseline characteristics between the two groups

Variables Healthy group (n=5) ICM group (n=12) t value P value

Age (years) 61.00±5.52 60.75±4.99 0.09 0.93

Gender 0.14 0.71

Male 2 (40.00) 6 (50.00)

Female 3 (60.00) 6 (50.00)

Smoking 2 (40.00) 4 (33.33) 0.07 0.79

Hypertension 3 (60.00) 8 (66.67) 0.07 0.79

BMI (kg/m2) 24.85±2.55 25.54±2.09 0.58 0.57

Data are presented as mean ± SD or n (%). ICM, ischemic cardiomyopathy; BMI, body mass index; SD, standard deviation.

https://cn.string-db.org/
https://cn.string-db.org/
https://cytoscape.org/download.html
https://cytoscape.org/download.html
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(LASSO) proportional  r isk regression model was 
constructed using the GLMNET package to obtain the 
related genetic risk coefficients, and patients were divided 
into a high-risk group and a low-risk group. Survival 
and SurvMiner packages were used to compare survival 
differences between the high- and low-risk groups, 
and time ROC packages were used to obtain the time-
dependent ROC curve. Heat maps of patients’ risk values 
were obtained using the pheatmap package in R. The 
survival package was used for univariate and multifactorial 
independent prognostic analysis.

Quantitative real-time polymerase chain reaction method 
was used to detect the levels of key genes

Extracted RNA was absorbed after zero calibration with 
enzyme-free water, the absorbance value at wavelength 260 
and 280 nm was determined, and the average value was 
taken after two consecutive measurements. According to 
the above method, Sqstm1, Zfp36, MAPK14, Stat3, IL-6,  
and RHOA screened out by bioinformatics method were 
detected as hub genes.

Statistical analysis

R language version 4.0.3 was used for statistical analysis. 

Statistical significance was considered when P<0.05. Time 
ROC packages were used to obtain the time-dependent 
ROC curve and the value of the area under the ROC curve 
(AUC). When the AUC value was greater than 0.7, it 
indicated good predictive value. Heat maps of patients’ risk 
values were obtained using the pheatmap package in R. The 
survival package was used for univariate and multifactorial 
independent prognostic analysis. Calculation of AUC and 
its threshold values for a good classification model in the 
method section.

Results

DEG screening results

A total of 259 genes with significantly changed FC values 
were obtained through conditional screening, including up-
regulated genes and down-regulated genes (control group 
and ICM group), using R language to visualize the results in 
a volcano (Figure 1). Using |logFC|>1.5 and adj. P<0.01 as 
the primary calculations, 52 DEGs were screened, including 
25 up-regulated genes and 27 down-regulated genes, and R 
language was used to map the results in a thermochemical 
diagram. The up-regulated and down-regulated genes were 
then filtered to yield the top 10 DEGs (Figure 2).

DEGs GO analysis results

GO enrichment analysis was conducted for up-regulated 
genes and down-regulated genes. The BPs of the up-
regulated genes were mainly enriched in the regulation 
of inflammatory response, leukocyte migration, wound 
repair, intercellular adhesion regulation, response to 
endotoxin, response to bacteria-derived molecules, bone 
marrow leukocyte migration, leukocyte chemotaxis, positive 
regulation of inflammatory response, and monocyte 
chemotaxis. The BPs of the down-regulated genes were 
mainly enriched in the process of muscle system, muscle 
contraction, and the dynamic changes of cardiac conduction 
system. The CCs of up-regulated genes were mainly 
enriched in the ECM containing collagen fibers, cell 
focal adhesion, cell matrix connection, secretory cavity, 
cytoplasmic vesicle, vesicular cavity, outer side of plasma 
membrane, primary lysosome, and aniline blue granules 
(lymphocytes). The CCs of down-regulated genes were 
mainly concentrated in smooth muscle fibers. The MFs of 
up-regulated genes were mainly enriched in the binding 
of receptor for advanced glycation end products (RAGEs), 
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whereas those of the down-regulated genes were mainly 
enriched in the activity of oxidoreductase, nicotinamide 
adenine dinucleotide phosphate (NADP) binding pathway, 
and structural components with compressive function in the 
ECM (Figure 3).

PPI network construction

The 259 DEGs were imported into STRING and the 
nodes were filtered from large to small according to the 
degree value. The nodes with larger degree values were 
more likely to be disease-related biomarkers. The first 16 
nodes of DEGs were visualized network graphs generated 
by using the CytoHubba plug-in (Figure 4).

Verification of the application value of some hub genes

The first two hub genes (IL-6 and RHOA) with the 
largest degree value among the above up-regulated and 
down-regulated genes were selected and their expression 
values were combined in the gene chip to draw the ROC 
curve based on the pROC package of R language. The 
AUC values of IL-6 and RHOA were 0.956 and 0.995, 
respectively, which indicated their great value as potential 
disease-related biomarkers (Figure 5).

Construction of a risk prognosis model

LASSO regression analysis was used to build the risk model 
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and the DEGs were screened out to build the risk model. 
The risk model calculation formula was as follows: risk 
value = NOX4 ×0.41 + NOX5 ×1.14 − GLS2 ×0.22 − MYb 
×0.022 + TGFBR1 ×0.053 + DUSP1 ×0.092 − SLC1A4 ×0.12 
− NF2 ×0.27 (Figure 6).

Quantitative real-time polymerase chain reaction analysis

The relative expression level of key genes in the ICM 
model and blank control groups screened by bioinformatics 
method is displayed in Figure 7. The expression levels of 
Sqstm1, Nos2, IL-6, RHOA, and Zfp36 genes in the ICM 
group are lower than those in the blank control group and 
the difference was statistically significant (P<0.05). RHOA 
and Stat3 were identified as the key genes controlling the 
occurrence and development of ICM (Figure 7).

Discussion

ICM is a type of end-stage coronary atherosclerotic  
disease (16). Long-term imbalance of oxygen supply and 
demand leads to apoptosis and necrosis of myocardial 
cells, cardiac fibrosis, and scar tissue formation, leading 
to poor prognosis (17). Currently, because the necrosis 
of myocardial cells is an irreversible pathological process, 
effective treatment methods for ICM are unavailable. 
Although heart transplantation can replace the damaged 
organs, it cannot be widely carried out due to the limitations 
of donors and immune rejection. In the past few years, many 
studies (18,19) have focused on elucidating the molecular 
mechanisms of protein-encoding genes and miRNAs. 
Through scientific and technological advancement, 
lncRNAs (containing more than 200 nucleotides) have been 
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discovered. This newly discovered RNA has been shown to 
play an important role in a wide range of BPs (20). From 
cancer to cardiovascular disease, lncRNA plays an important 
role in the occurrence and development of diseases. A study 
has shown that lncRNA can target and bind miRNA to play 

its role as ceRNA, that is, lncRNA can affect the expression 
of protein-coding genes by competitively binding miRNA, 
thus reducing the degradation of protein-coding genes (21).

There are differences in gene expression between 
pa t i en t s  w i th  ICM and  hea l thy  per sons .  Us ing 
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bioinformatics methods, we attempted to mine and analyze 
the genes and proteins of patients with ICM, and tried to 
find biomarkers related to ICM, so as to provide reference 
for early diagnosis, treatment, and prognosis of patients 
with ICM (22). Compared with the normal control group, 
the GO enrichment analysis of DEGs showed that the 
BP enrichment results of the up-regulated genes included 
changes in muscle contraction and cardiac conduction 
system, the CC enrichment results included smooth muscle 
fibers, and the MF enrichment results included compressive 
ECM components. CC enrichment results included ECM 
containing collagen fibers, cell-matrix junction, cell focal 
adhesion, and so on. KEGG enrichment analysis of down-
regulated genes revealed that they were mainly concentrated 
in the ECM receptor interaction pathway. In ICM patients, 
the expression of genes controlling smooth muscle fibers, 
muscle contraction, and cardiac conduction was up-
regulated, which is consistent with the pathophysiology of 
myocardial ischemia (23-25).

In addit ion,  the ECM in patients  with ICM is 
significantly different from that in normal people (26). A 
study of epicardial adipose tissue (EAT) in patients with 
ICM revealed that EAT involves severe ECM remodeling, 
whereas EAT and myocardium are not separated by 
fascia, and they have a common microcirculation with 
myocardium (27). The changes of ECM have important 
significance for the diagnosis and treatment of ICM. 
In addition, GO enrichment analysis in the genes up-
regulated by ICM patients showed that MF was enriched 
in the combination of oxidoreductase activity and NADP, 
suggesting that the pathogenesis of ICM patients may 
be related to some oxidoreductase activities (28-30). The 
activity of xanthoreductase (XOR) is an independent risk 
factor for the occurrence of coronary artery spasm (CAS), 
and higher XOR activity is related to the severity of the 
spasm, xanthine oxidase, and xanthine dehydrogenase 
and most oxidoreductase all use nicotinamide adenine 
dinucleotide (NAD)+/NAD reduced form (NADH) as 
the electron transfer receptor and donor. It can be seen 
that some oxidoreductases in ICM patients may become 
potential biomarkers of the disease (31). IL-6 is not only 
a multi-effect immune regulatory cytokine, but is also 
secreted by many types of cells. IL-6 in vascular endothelial 
cells can increase the expression of platelet-derived growth 
factor (PDGF), which stimulates the proliferation and 
migration of vascular smooth of muscle cells and fibroblasts, 
acts as a chemotactic factor, and has a chemotactic effect 
on monocytes and neutrophils, inducing them to produce 

inflammatory factors (32). IL-6 can also increase the 
permeability of vascular endothelial cells and promote the 
occurrence of vasculitis and atherosclerosis (33). Endothelial 
cells can synthesize and release nitric oxide (NO) through 
L-arginine to regulate vascular resistance of coronary artery 
and adjacent vessels. IL-6 may activate the L-arginine-NO 
pathway after myocardial ischemia and infarction (34).

Limitations

The present study failed to study the function research of 
differential genes. Moreover, ingenuity pathway analysis was 
not conducted in the present study. Additionally, we were 
unable to further validate the expression levels and clinical 
value of relevant genes in in vivo and in vitro experiment. 
Finally, the sample sizes of healthy myocardial and ICM 
myocardial tissues were relatively small without patients 
with other heart diseases.

Conclusions

Through the application of bioinformatics methods and 
high-throughput data sets to analyze the DEGs of healthy 
and ischemic myocardial tissues, enrich and analyze the 
DEGs, build PPI networks to find hub genes, and perform 
ROC curves on some hub genes to verify their application 
value, the findings in this study suggest that the RHOA gene 
overexpression, changes in ECM, oxidoreductase activity, 
and the regulation of inflammatory response may be closely 
related to the pathogenesis of ICM. Likewise, the study 
revealed that RHOA and IL-6 are potential biomarkers of 
ICM. Further verification of their value in the diagnosis 
and treatment of ICM and observation of curative effect is 
required. This clinical prognosis model provided a potential 
pathway for the treatment of myocardial cells in ICM.
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