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Abstract. Coronary heart disease (CHD) is on the increase in
developing countries, where lifestyle choices such as smoking,
bad diet, and no exercise contribute and increase the incidence
of high blood pressure and high cholesterol levels to cause
CHD. Through utilization of a biomarker-based approach for
developing interventions, the aim of the study was to identify
differentially expressed genes (DEGs) and their association
and impact on various bio-targets. The microarray datasets of
both healthy and CHD patients were analyzed to identify the
DEGs and their interactions using Gene Ontology, PANTHER,
Reactome, and STRING (for the possible associated genes
with multiple targets). Our data mining approach suggests that
the DEGs were associated with molecular functions, including
protein binding (75%) and catalytic activity (56%); biological
processes such as cellular process (83%), biological regulation
(57%), and metabolic process (44%); and cellular components
such as cell (65%) and organelle (58%); as well as other asso-
ciations including apoptosis, inflammatory, cell development
and metabolic pathways. The molecular functions were further
analyzed, and protein binding in particular was analyzed using
network analysis to determine whether there was a clear asso-
ciation with CHD and disease. The ingenuity pathway analysis
revealed pathways related to cell cholesterol biosynthesis, the
immune system including cytokinin signaling, in which, the
understanding of DEGs is crucial to predict the advancement
of preventive strategies. Results of the present study showed
that, there is a need to validate the top DEGs to rule out their
molecular mechanism in heart failure caused by CHD.
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Introduction

Coronary heart disease (CHD), also known as coronary artery
disease (CAD) is one of a group of diseases of the heart blood
vessels affecting millions of individuals worldwide. According
to the center for disease control (CDC) reports, each death out
of four is related to heart diseases, leading to approximately
610,000 mortalities annually worldwide (1). Among the heart
diseases, CAD is the most common, responsible for the death
of 370,000 individuals annually worldwide (1). CAD occurs
when the elasticity of arteries, as well as vein and vessel
smoothing, become plaque in the inner wall, making them
rigid and narrowed. This condition restricts the blood flow to
the heart muscle, leading to oxygen starvation. The condition
of plaque rupture leads to the heart failure or cardiac death (2).

Recently, there has been an increase in the incidence of
CHD (also known as ischemic heart disease) in China (3). In
addition, CHD has become the most common reason for death
in middle and high-income countries (4). According to the data
report by NHANES, CHD prevalence was higher in males
than females across all ages (7.4 v/s 5.3%, respectively) (3).
The American Heart Association explains ‘The important
difference between sex and pathology’, clinical presentation
and outcomes in CHD patients (5). Thus it is crucial to pay
attention to sex disparities and subsequently to personalize
treatment (6). Patients with CHD are also susceptible to more
complicated clinical problems. Currently, the diagnosis and
therapy of CHD is rare and costly as compared to coronary
angiography, which is the most popular clinical management
option (7). CHD is one of the leading causes of death, and
markedly affects the immunity of the body, making it an
economic burden worldwide (8,9). This is a complex disease
involving multiple mechanisms and influenced by many
risk factors, including physical activity, genetics, diet, and
smoking (10,11). Recently, a genome-wide association study
(GWAS) identified many candidate loci associated with CHD
and myocardial infection (MI) (12-14). Although genetics
play an important role, accounting for approximately 50% of
CHD heritability, the exact mechanism and causative agent of
CHD are not yet revealed clearly (15-17). In this regard, it is
important to understand and address the candidate genome
association in developing CHD.
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MicroRNAs (miRNA) are small noncoding RNAs with a
length of 22-25 nucleotide and which play a key role in the
regulation of gene expression and have implications in many
human disorders (18), including many biological processes
such as cell differentiation, proliferation and apoptosis (19-21).
To the best of the knowledge of the authors, the association
pattern of miRNAs to CHD is lacking, leading to demand for
specific CHD patients. Although relevant research has been
undertaken to address DEGs associated with CHD, DEGs
have only been used to check the expression pattern in case
of CHD. In this study, we addressed the possible association
of genes with CHD, which may be useful for the diagnosis
and treatment of this disease in the near future. Additionally,
analysis of gene expression data and network analysis were
performed to gain a better understanding of CHD for the iden-
tification of differentially expressed genes (DEGs), biomarkers
and therapeutic target options.

Materials and methods

Data availability. To identify key genes for the development
of CHD biomarkers, we used gene expression datasets of
4 angiographically proven patients who were being treated
for more than 3 months or from group-1 (n=100) compared
to healthy control (n=50). This dataset was downloaded
from the GEO module of National Center for Biotechnology
Information (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE56885). Microarray gene expression profiles
were downloaded and further analyzed for the identification
of DEGs. In this dataset, GSM1370681 and GSM1370682
represent the replicate samples of healthy individuals and
GSM1370683 to GSM1370686 of four patients as baseline
associated with CAD.

Differential Expression Analysis (DEG). Using the default
parameters, WEGO 2.0, and GEO2R (https://www.ncbi.nlm.
nih.gov/geo/geo2r/) were used to analyze the GEO series (22).
The Benjamini and Hochberg false discovery rate method
was utilized to adjust the P-values. NCBI-generated annota-
tions were employed to display the DEG list by comparing
the overall common gene expression pattern as compared to
the control. On the basis of this analysis, possible associa-
tions related to CHD were reported. Although inappropriate
to consider the data for analysis on inter-datasets, the average
value of LogFC for all four datasets was assessed to represent
the expression level.

Gene ontology (GO) analysis. The major bioinformatics tool
GO was used as an initiative to understand the function of
genes and gene products of Homo sapiens. The PANTHER
(Protein ANalysis THrough Evolutionary Relationships) clas-
sification database (23) was used to perform the GO analysis,
and the pathway analysis was performed using Reactome (24).

Protein-Protein Interaction (PPI) network construction
analysis. An online freely available software package,
STRING, was utilized to establish the PPI network (25), and
all the cut-off points were combined to analyze the topology
property of networks. Gene edges of >15 degrees were defined
as hub genes.
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Figure 1. Designing of CHD data set for DEGs study.

Results and Discussion

Screening of differentially expressed common genes from
microarray data sets. Atherosclerosis is one of the leading
causes of cardiovascular diseases such as CHD (26).
Understanding of the key players in expression, regulation
and function, of GWAS CHD genes will provide the options
to treat this disease, leading to further developments of
novel therapeutic interventions (27). In this study, the first
compressive investigation was conducted to identify the
expression profile of collected microarray data sets of CHD.
The dataset of two controls in replicate and four baseline
test samples were used. We report an overall expression
and function of genes associated with different biological
processes, which may lead to CHD during pathological
conditions. The overall study design is shown in Fig. 1, which
presents CHD data of Homo sapiens from the GEO database,
with four series of test samples and two control study sets.
First, we used WEGO to visualize the GO annotations and the
percentage of genetic association of different functions in cells
to address the possible association with CHD.

A total of 52,998 genes sharing different functions such as
cellular (18,476), biological (17,307) and molecular (17,215)
functions were identified. Out of those, the highest gene asso-
ciation to cell, cell part, organelle, organelle part, membrane,
binding, cellular process, biological regulation, and metabolic
were topmost in the metadata of the CHD-associated data set
(Fig. 2). The different GO representing the 0-90% range of gene
expression as compared to control data set is shown in Fig. 3.
The principal findings of this study confirm the association
of immune system, inflammation, and apoptosis as media-
tors in the development of CHD. The impact of the immune
system plays a key role in the development of heart failure. A
transcriptomic study reported the sustained activation of the
adoptive immune system which may be a contributing factor
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Figure 2. Up- and downregulated gene association comparing all the genetic data set.

in the progression of CHD (28). Another report suggests that
the imbalance in inflammatory and anti-inflammatory cyto-
kines may lead to the onset of extensive fibrosis (29).

From the GEO database, accession GSE56885 of CSD
patients, who were being treated for more than 3 months was
selected. From the included patients, two controls in replicate
and four overall test samples were used to consolidate data
refining. The GEO2R was used to analyze the control and
test data series by normalizing the microarray data for high
quality. DEGs with different fold change confirm their crucial

role in CHD (Table I).

In our study, many immune response processes were signifi-
cantly changed and DEGs are associated with the metabolic
process, which is associated with CHD. The CHDs of the
innate immune system were largely mediated through neutro-
phils and monocyte, and macrophages (30), to contribute to the
process of the chronic inflammation process.

Functional enrichment and unified DEG analysis. To precisely
understand the gene changes during CHD, the DEGs GO was
performed using the online PANTHER database for high-
throughput analysis to classify the proteins and their genes into

family and subfamily, molecular function, biological process,
and pathway (31). In the dataset analyzed, the two significant
changes in molecular function were protein binding (75%)
and catalytic activity (56%), followed by molecular regulator,
molecular transducer activity, structural activity, transcription
regulator activity, and transporter activity (Fig. 4A). In terms
of the biological process, the three most significant classes
of CHD were cellular process (83%), biological regulation
(57%), and metabolic process (44%) (Fig. 4B). Additionally,
in terms of cellular components, another two more significant
components are cell (65%) and organelle (58%), which were
found to be associated with CHD (Fig. 4C). Many other target-
associated DEGs were involved in the biological process,
molecular function and cellular components.

Analyzed potential DEGs of the CHD data set shows protein
classes distributed among transcription factor (24%), enzyme
modulator (20%), nucleic acid binding (18%), and signaling
molecules (18%) (Fig. 5A). The DEGs mainly associated with
CHD key pathways showed the significance are inflammation
mediated by chemokine and cytokine signaling pathway (11%),
CCKR signaling map (11%), gonadotropin-releasing hormone
receptor pathway (8%), apoptosis signaling pathway (6%), and
p53 pathway (5%) (Fig. 5B). This result was consistent with
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Figure 3. GO analysis of the microarray CHD data set. The x-axis shows selected GO terms, and y-axis is the percentage of the gene association from selected data set.
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Figure 4. Analyzed Gene ontology (GO) of DEGs in CHD. Enriched GO terms in the (A) molecular function class, (B) biological process class, and (C) cellular
component class of common DEGs.
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Figure 5. Analyzed protein class and pathways of DEGs in CHD. (A) The proteins of common DEGs were classified according to function. (B) Significantly
enriched pathways of common DEGs.

Figure 6. The CHD-associated data set PPI showing both gene interaction and binding properties.
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Table II. Pathway enrichment and reactome selected for CHD associated pathways.

Client Client text Client Client

Homo-sapiens textbox  Client text Client text box input text box text box
Reactome REFLIST Input box input box input (fold input input
pathways (20996) (212) (expected) (over/under)  enrichment) (raw P-value) (FDR)
PI3K events in ERBB4
signaling (R-HSA-1250342) 9 4 0.09 + 44.02 6.47E-06 3.54E-03
PI3K events in ERBB2
signaling (R-HSA-1963642) 13 4 0.13 + 3047 2.09E-05 6.53E-03
ERBB?2 activates PTK6
Signaling (R-HSA-8847993) 11 3 0.11 + 27.01 3.30E-04 4.53E-02
Chemokine receptors bind
chemokines (R-HSA-380108) 48 6 048 + 12.38 1.61E-05 5.88E-03
Interleukin-10 signaling
(R-HSA-6783783) 45 5 045 + 11 1.40E-04 2.79E-02
Interleukin-4 and Interleukin-13
signaling (R-HSA-6785807) 111 12 1.12 + 10.71 3.96E-09 8.68E-06
Peptide ligand-binding receptors
(R-HSA-375276) 186 9 1.88 + 479 1.58E-04 2.66E-02
G alpha (i) signalling
events (R-HSA-418594) 392 15 3.96 + 3.79 1.59E-05 6.98E-03
Signaling by Interleukins
(R-HSA-449147) 449 17 4.53 + 3.75 4 90E-06 3.58E-03
Class A/1 (Rhodopsin-
like receptors) (R-HSA-373076) 321 12 324 + 37 1.40E-04 2.56E-02
Cytokine signaling in
Immune system (R-HSA-1280215) 669 23 6.76 + 34 4 .96E-07 543E-04
Generic transcription
Pathway (R-HSA-212436) 1,094 26 11.05 + 2.35 6.61E-05 1.45E-02
RNA polymerase I transcription
(R-HSA-73857) 1,216 28 12.28 + 2.28 5.19E-05 1.26E-02
Gene expression (transcription)
(R-HSA-74160) 1,351 29 13.64 + 2.13 1.95E-04 3.05E-02
Immune system
(R-HSA-168256) 2,035 41 20.55 + 2 2.09E-05 5.73E-03
Signal transduction
(R-HSA-162582) 2,667 46 26.93 + 1.71 2.66E-04 3.89E-02

GO analysis, confirming the classes of proteins associated
with CHD. Many genes associated with inflammatory roles,
and a previous study showed a conserved signature of dilated
cardiomyopathy (DCM) plays an important role in cell survival
promotion during end-stage of heart failure (32). In the present
study, we also revealed the expression pattern of apoptotic or
inflammatory genes (Fig. 4) (33,34).

Pathway analysis. To address the overview of data insight into
the pathways, which are associated and connected for CHD
development (35), we analyzed 164 DEGs involved in different
functional pathways compared to reference and expected
genes for those pathways. A total of 13 pathways were found
to be associated with signaling-, immune-, and transcription-
related pathways (36). Genes were confirmed in the uploaded
list over the expected one (number in the list divided by the
expected number). If >1, it indicated that the category is over-
represented in the experiment. Conversely, the category is
under-represented if <1. In the future, overexpressed genes are

likely to serve as the marker selected in the development of
CHD interventions. The P-value indicates the Fisher's exact
test (37) or Binomial statistic in which the probability is the
number of genes observed in this category occurred by chance
(randomly), as determined by the reference list (Table II).

PPI analysis. To address the PPI of the CHD dataset in this
study, STRING online suits was used to address the possible
interaction of protein of CHD associated DEGs. A total of
112 nodes, 257 edges, 4.59 average node edge, 0.387 average
clustering coefficient, 77 expected edge number, and <1.0e-16
PPI enrichment value were observed, and shown the network
was significantly interacted than expected. Previous studies
investigated the rare variants through targeted expression
profiling across CHD relevant tissues from appropriate
cases and controls (38,39). The PPI indicates the interaction
of genes associated with multiple genes for outcome. In the
present study, we identified 422 GO for biological process,
31 GO for molecular function, 12 GO for cellular component,
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A, Biological process (GO).

S1. No GO-term Description Count in gene set False discovery rate
1 GO0:0050789 Regulation of biological process 100 of 11,116 2.85e-09
2 GO0:0065007 Biological regulation 101 of 11,740 2.13e-08
3 GO:0050794 Regulation of cellular process 95 of 10,484 2.13e-08
4 GO0:0048523 Negative regulation of cellular process 59 of 4,454 2.13e-08
5 GO0:0048519 Negative regulation of biological process 62 of 4,953 2.13e-08

B, Molecular function (GO).

S1. No GO-term Description Count in gene set False discovery rate
1 GO0:0000977 RNA polymerase II regulatory 16 of 647 0.00061
region sequence-specific DNA binding
2 GO:0005515 Protein binding 62 of 6,605 0.00065
3 GO:0043565 Sequence-specific DNA binding 19 of 1,047 0.00083
4 GO:0140110 Transcription regulator activity 28 of 2,069 0.0011
5 G0:0005488 binding 89 of 11,878 0.0026
C, Cellular components (GO).
SI. No GO-term Description Count in gene set False discovery rate
1 GO:0005634 Nucleus 67 of 6,892 8.05e-05
2 GO:0035976 Transcription factor AP-1 30of5 0.0015
complex
3 GO0:0005622 Intracellular 102 of 14,286 0.0015
4 G0:0044424 Intracellular part 99 of 13,996 0.0064
5 G0O:0043227 Membrane-bounded 85 of 11,244 0.0067
organelle
D, KEGG pathways.
SI. No GO-term Description Count in gene set False discovery rate
1 hsa04668 TNF signaling pathway 9 of 108 4.47e-06
2 hsa04380 Osteoclast differentiation 8 of 124 8.58e-05
3 hsa04657 IL-17 signaling pathway 7 of 92 9.94e-05
4 hsa04621 NOD-like receptor 8 of 166 0.00034
signaling pathway
5 hsa05210 Colorectal cancer 6 of 85 0.00051

E, Reactome pathways.

Sl. No GO-term Description Count in gene set False discovery rate
1 HSA-6785807 Interleukin-4 11 of 106 3.07e-08
and Interleukin-13 signaling
2 HSA-449147 Signaling by Interleukins 14 of 439 6.23e-05
3 HSA-1280215 Cytokine Signaling 17 of 654 6.23e-05
in Immune system
4 HSA-1250342 PI3K events in 40f9 7.21e-05
ERBB4 signaling
5 HSA-1963642 PI3K events in 40f 13 0.00019

ERBB2 signaling
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F, UniPort PFAM Protein domains

SI. No Domain Description Count in gene set False discovery rate
1 PF07716 Basic region leucine zipper 7 of 44 2.23e-06

2 PF03131 bZIP Maf transcription factor 5 of 33 0.00017

3 PF00170 bZIP transcription factor 5 0of 36 0.00017

4 PF04553 Tis11B like protein, N terminus 20f2 0.0061

5 PF00782 Dual specificity phosphatase, 4 of 45 0.0061

catalytic domain

G, INTERPRO Protein Domains and Features

Sl. No Domain Description Count in gene set False discovery rate
1 IPR004827 Basic-leucine zipper domain 8 of 54 7.06e-07
IPR029021 Protein-tyrosine phosphatase-like 5of 101 0.0181

3 IPR0O08917 Transcription factor, Skn-1-like, 30f 16 0.0181
DNA-binding domain superfamily

4 IPR0O07635 Tis11B-like protein, N-terminal 20f2 0.0181

5 IPR0O05643 Jun-like transcription factor 20f3 0.0181

SMART Protein Domains

S1. No Domain Description Count in gene set False discovery rate

1 SMO00338 Basic region leucin zipper 8 of 53 1.47e-07

2 SMO00195 Dual specificity phosphatase, 3 of 28 0.0246
catalytic domain

3 SMO00356 Zinc finger 3of42 0.0488

33 pathways, 30 reactome pathways, 13 UniProt keywords, 11
PFAM protein domains, 29 INTERO protein domains, and 3
SMART protein domains in the analysis of CHD microarray
data set. In those findings, associated edges shows physically
binding protein and some of them were associated with but did
not have physical binding. Of these, only the top-ranking ones
have been presented (Fig. 6 and Table I1I).

Understanding and ruling the mechanism. There are several
challenges to identifying the genetic basis of CHD that are also
the determinants of this complex disease, including phenotypic
and genetic heterogeneity, gene-environment, and etiological
spectrum range and their effect. Considering research efforts
involved in determining the genetic basis of this CHD, there is
aneed to understand the fine complexity of genetic association
leading to mortality in developing countries. There is a need
to focus on clinical manifestation rather than factors which
influence or are heritable by genetic factors. There are many
challenges in determining the genetic association of CHDs,
such as phenotypic heterogeneity, genetic heterogeneity, small
gene effects, gene-gene and gene-environment interactions and
rare variants causing complex diseases. Some of the key points
to be undertaken such as mortality, challenge in identifying
the genetic determinants, studying linkage mapping through
conventional approaches, and cataloguing of human diseases

variation at single-nucleotide polymorphism (SNP), as well as
genotyping will increase the likelihood of success.

In conclusion, we studied a comprehensive gene expression
profile of microarray data of CHD. During the progression
of CHD, there was a significant change in the expression of
genes involved in the immune system, inflammation, and cell
signaling through protein binding. This analysis provides
valuable information for future research and in understanding
the mechanism of CHD as well as identification of novel inter-
ventions for therapeutic application.
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