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Background: Ischemic cardiomyopathy (ICM) with high mobility and mortality is closely linked to immunology, oxidative stress,
inflammatory response and so on. Early diagnosis counts for the effective treatment of ICM. However, there are still no distinctive
diagnostic signatures. This research aims to investigate effective signatures and build the diagnostic model for ICM.

Methods: The Gene Expression Omnibus was used to retrieve the microarray data of GSE9800 and GSE580, which were obtained
from tissue biopsy samples. Differentially expressed genes (DEGs), GO, and KEGG analyses were then carried out on the microarray
data. The PPI network was constructed via STRING database.Following that, CIBERSORT techniques in conjunction with the LM22
feature matrix were used to assess the immune infiltration of the samples.The expression of a few chosen genes served as the predictor
variable, and the occurrence of ICM served as the responder variable, in the construction of the best subset stepwise regression model.
Results: A total of 28 DEGs were found. And according to the GO and KEGG studies, numerous biological processes were enriched.
Patients with ICM and their normal counterparts had considerably distinct immune cell types infiltrating. For the construction of the
PPI network, the top 20 most significant DEGs were selected and were used to build the original regression model. The optimal subset
screened using stepwise regression analysis contained three pivotal genes (SCD, SNX25, WNT7B) and the area under the curve
(AUC) values in this model was 0.891.

Conclusion: We identified several possible hub genes, including SCD, SNX25, and WNT7B, which may be strongly related to the
development of ICM. Based on the three genes, the logistic regression model could be used to accurately diagnose ICM patients.
Keywords: ischemic cardiomyopathy, ICM, immunology, inflammatory responses, diagnosis, differently expressed genes,

bioinformatic analysis, the optimal subset stepwise regression

Introduction

Ischemic cardiomyopathy (ICM), characterized by high mobility and high mortality, is so far one of the most prevalent
etiologies of congestive heart failure.' The development of left ventricular (LV) systolic dysfunction, which is typically
brought on by prior acute myocardial infarction(s), or, alternatively, a sneaky process of gradual deterioration in systolic
function without discernible episodes of acute coronary syndromes, is the mechanism by which ischemic heart disease
results in heart failure (HF). Thus, the term ischemic cardiomyopathy describes the syndrome of HF due to chronic LV
systolic dysfunction resulting from underlying coronary artery disease (CAD). It is estimated that about 125 million
people worldwide have ICM, and that 720,000 people in the United States experience their first myocardial infarction
each year, resulting in [CM.** ICM ultimately has a great impact on people’s lives and even society as a whole.
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The etiology of ICM is currently considered to be associated with immunology, oxidative stress, inflammatory
response, living habits, and genetic susceptibility. ICM is diagnosed primarily through clinical and medical history
examination, which is supported by histologic, cardiac ultrasonography and radiologic. It is characterized pathologically
an enlarged heart with markedly reduced left ventricular systolic function and clinically by non-specific symptoms such
as arrhythmias, heart failure and embolism, while the clinical symptoms are similar to those of dilated cardiomyopathy,
with a low degree of specificity, leading to a high incidence of clinical misdiagnosis. As a result, research into precise
diagnostic biomarkers for ICM is critical.

As a branch of information science, machine learning (ML) trains computers to complete tasks by identifying patterns
in large datasets and then using those patterns to derive rules or algorithms that could maximize assignment
production.”® Clinical uses of machine learning in ischemic heart disease patients have been studied.”” Logistic
regression models, a typical IHD model, are used to forecast the outcomes of future instances rested on the individual’s
predictive factors, hence identifying the underlying relationships between predictors and outcomes. Prior research
frequently concentrated on identifying ICM risk variables by logistic regression models.”® The utility of optimal subset
stepwise regression model to investigate biomarkers and maybe diagnose ICM is still not obvious, nevertheless.

In the current study, we coupled bioinformatic analysis with machine learning to identify the significant genes of ICM and
found that many particular putative hub genes, including SCD, SNX25, and WNT7B, may be strongly connected with ICM. In
this work, the stepwise regression model based on these three genes is capable of accurately forecasting the occurrence of ICM.

Materials and Methods

Data Source

The study was approved by the Ethics Committee of the Central Hospital of Enshi Autonomous Prefecture.The GEO
was queried for two sets of expression profile data derived from tissue biopsies and associated clinical information
((http://www.ncbi.nlm.nih.gov/geo/). The GSE9800 dataset (quantified by Agilent-012097 Human 1A Microarray (V2)
G4110B microarray platform) contained cardiac muscle samples from 2 ICM patients and 11 normal cardiac muscle

samples. The GSE580 dataset (quantified by Affymetrix Human Genome U133 Plus 2.0 Array microarray platform)
contained myocardial samples from 20 ICM patients. Above all, totally 22 ICM patients and 11 control group were
included and integrated into one sample set, and then the COMBAT package was used to remove the batch effect
between different datasets.

|dentification of Differentially Expressed Genes (DEGs)

The bladderbatch R package was used to correct batch effects between GSE9800 and GSES570. Additionally, the samples
from the GSE9800, GSE580 were subjected to a differential gene expression analysis using the limma R package [20].
After quantile normalization, the raw signals from microarrays were log2-transformed. The absolute value of fold change
> 2 ([log2FC|> 1) and P value<0.05 (Student’s #-test) were used to filter the differentially expressed genes (DEG).

Functions and Pathways Enrichment Analysis

Using Gene Ontology (GO) enrichment analysis, the cellular components, biological processes, and molecular functions
of DEGs were determined. Using Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, the gene
cluster’s pathway and associated functions were determined. The R cluster package was used to investigate GO
enrichment and KEGG pathway analysis with an adjusted P<0.05 cut off.

PPl Analysis

Protein-protein interaction (PPI) networks were developed in our study using the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) online to identify functional relationships between DEGs. Cytoscape was used to
visualize PPI networks. The Cytoscape plugin Cytohubba was used to determine the degree of each protein node in a co-
expressed network. The top ten genes in our analysis were chosen as hub genes.
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Statistical Analysis

The findings are shown as MeanSD. The scores of two different groups were compared using #-tests or non parametric
tests. Statistical significance was defined as a two-tailed value of P<0.05.Use the optimal subset stepwise regression
method (backward method) to screen out the strongest correlation with ICM from the pivotal genes and build a model.
Statistics were done using R 4.0.5.

Results

Different Expressed Genes

We integrated the two datasets into one sample set, and then used the COMBAT package to remove the batch effect
between different datasets (Figure 1). In the comparison between the two groups (ICM patients vs the normal counter-
part), 92 DEGS, of which 28 genes were up-regulated and 3 genes were down-regulated in the ICM patients, were found
(Figure 2A), as well as significant different in expression between the two groups (Figure 2B), suggesting that these
genes were likely involved in the development of ICM.
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Figure | (A) depicts the box plot of gene expression of the datasets prior to correction; it is evident that the median gene expression of each sample is not linear. (B) In the
box plot of gene expression of the datasets after debatching, the median gene expression of all samples is approximately a straight line, indicating that the debatching effect
has been met.
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Figure 2 (A) The volcano diagram depicts genes with varying expression. X-axis: log2FC, Y-axis: logl0 (FDR). Down-regulated genes are shown by blue dots; down-
regulated genes are represented by blue dots. (B) The heat map exhibited differentially expressed genes. The samples are on the X-axis. Y-axis: various genes.
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Significantly Enriched GO Terms and KEGG Pathways

The clusterProfler package of R was used to perform Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis for the 1856 DEGs that were found. Based on the 1082 differentially expressed
genes (Supplementary Table 1) and the top 32 significantly enriched GO items and top 13 most significantly enriched

KEGG pathways (Supplementary Table 2), numerous GO terms and KEGG pathways were considerably enriched.

KEGG pathways were shown in Figures 3. The GO and KEGG analyses showed that a number of key biological
processes and signaling pathways, including the inhibition of protein kinase B signaling and cell junction assembly, were
considerably enriched (Figure 3).

Immune Cell Infiltration

Our functional analysis, which was based on the 92 genes that displayed differential expression, was able to identify
immune-related pathways as well. There was a significant difference between the ICM and healthy subjects in the
composition of immune cells (Figure 4A). CD4 naive T cells, CD4 memory resting T cells, Dendritic cells activate,
Dendritic cells resting, Macrophages M0, Macrophages M2, Mast cells resting and NK resting cells were significantly
higher in the ICM subjects (Figure 4B). Otherwise, Eosinophils, Mast cells activated, Monocyte, Plasma cells, T cells
CD4 memory resting, T cells CD4 naive and T cells regulatory were much lower in the ICM subjects (Figure 4B).

Construction of PPl Nets

To study the connection between the DEGs and ICM development, a protein-protein interaction (PPI) network was built
using Cytoscape and the 20 DEGs from the STRING online database (https://string-db.org/cgi/input.pl) (Figure 5A).
After applying the maximal clique centrality (MCC) method to the DEGs in the PPI network, the top five important

genes were chosen, and a subnetwork made up of those 20 genes was also shown (Figure 5B).Many of these genes,
including SCD and SNX25, which served as lipid metabolism'® and inflammatory responses,'' respectively, have been
identified as being essential to ICM.
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Figure 3 Analyses of functional enrichment. The top ten GO terms with the most substantial enrichment. The right semicircle represents these 10 Gene Ontology (GO)
concepts, whereas the left semicircle indicates the genes that were enriched for these ten GO items.
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Figure 4 An examination of immunological infiltration. (A) Displays the relative proportion of immunological infiltration in each sample. (B) The immune cell violin chart
illustrates the considerable difference between ICM patients and controls. X-axis: grouping of high and low risk; y-axis: enrichment Score.
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Figure 5 The development of the PPl network. (A) The protein—protein interaction (PPI) study of the twenty differentially expressed genes. (B) The subnetwork consisted
of the five most significant genes with the highest degree inside the PPl network. The greater the degree, the darker the red color.

The Development and Validation of a Model for Logistic Diagnosis

Then, using a stepwise regression method, 3 genes were chosen from the 20 identified genes in the PPI network, and it
was discovered that 3 of these genes, including SCD, SNX25, and WNTS8B, displayed P values 0.05, suggesting that
these three genes are closely associated with the development of ICM. According to our data, this model fits well and no
extreme point was found (Figure 6A). The AUC values of our model was 0.891 (Figure 6B). Together, it is found that the
selected gene-based logistic model accurately predicts the occurrence of ICM.
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Figure 6 (A) construction of the model for logistic regression. Using logistic regression, a diagnostic model based on the three hub genes was created. The red dashed line
demonstrates the COOK distance. (B) The ROC graphs. On the X-axis is the false positive rate (FPR), while the Y-axis is the genuine positive rate (TPR). The AUC value
was used to measure the accuracy of the logistic regression model.

Discussion

Heart failure has remained the leading cause of death globally for the last 20 years and its prevalence will continue to
rise.'? ICM, with low five-year survival rate, is the main etiology of HF and characterized by high mortality and
morbidity.'>'* The diagnosis of ICM'? based on patients’ medical history, clinical examination, which is supported by
histologic, cardiac ultrasonography and radiologic. ICM has no specific symptoms in the early stage, and it is mostly in
the middle and late stages when it is discovered.'® Thus, identifying specific diagnostic signatures in high-risk subjects
counts for ICM, not only for preventing the occurrence but for early intervention of ICM. For the development of ICM,
bioinformatics analysis gave information for the identification of many genes and proteins.

Although a few literature'” ' have revealed that several genes are associated with ICM, including SERPINA3,
ASPN, HBB, MXRAS5 and so on, limitations remain. Firstly, lack of literature revealed the identification of signature
between ICM and healthy subjects. Secondly, the relationship between ICM and inflammatory responses is unclear and
needs to be explore. In the present study, five co-DEGs (FGF5, GATA6, WNT7B, SNX25, SCD) were identified in two
datasets (GSE9800, GSES580). GO enrichment and KEGG pathway analyses were conducted, and a PPI network was
created to investigate other molecular pathways underlying ICM advancement. The PPI analysis results suggested that
SCD, SNX25 and WNTS8B were the most influential factors.

SCD (stearoyl-CoA desaturase) is the rate-limiting enzyme required by the body to produce monounsaturated fatty
acids from saturated fatty acids. SCD deficiency alters cholesterol homeostasis in vivo and increases levels of the
inflammatory cytokine IL-6,>°">* which in turn causes or exacerbates atherosclerosis. AS for SNX25 (Sorting nexin 25),
it is an SNX family member, is reported to negatively regulate TGF-B signaling by enhancing TGF receptor
degradation'® and inhibits the NF-kB signal and thereby regulates proinflammatory cytokine expression in
macrophages.!' Obviously, SNX25 is closely related with inflammatory responses and may associated with athero-
sclerosis. Talking to the WNT7B, it is reported™’ that the protective role of WNT7B in ox-LDL-induced cell apoptosis,
inflammatory responses and EndMT, possibly via increasing miR-30c-5p and inactivating Wnt7b/B-catenin, and thus play
pivotal roles in the pathogenesis and development of atherosclerosis.

Conclusion

In the present study, we utilized bioinformatics analysis integrated with machine learning to build a diagnostic model
with the hope that it can serve to early identify high risk subjects and intervene the disease in the early stage. The ICM
prediction model exhibited adequate prognostic value (AIC 0.891).
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Nevertheless, several limitations remained in this study. This is a paper on bioinformatics mining of purely public
database data, and further basic experimental validation is needed, but unfortunately further validation is not possible for
the time being due to the limitations of our hospital experimental conditions.
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