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Abstract:

Coronary Heart Disease (CHD) is one of the leading causes of morbidity and mortality worldwide and
results from the narrowing or blockage of coronary arteries due to atherosclerosis. This condition reduces
blood flow and oxygen supply to the myocardium, leading to clinical manifestations such as angina
pectoris, myocardial infarction, heart failure, and sudden cardiac death. Major risk factors associated with
CHD include hypertension, hyperlipidemia, smoking, diabetes mellitus, obesity, sedentary lifestyle, and
genetic predisposition. Pathophysiologically, CHD involves endothelial dysfunction, lipid accumulation,
inflammatory responses, and plaque formation within arterial walls. Early diagnosis through
electrocardiography, cardiac biomarkers, imaging techniques, and stress testing plays a crucial role in
disease management. Treatment strategies focus on lifestyle modification, pharmacological therapy such
as antiplatelet agents and statins, and interventional procedures including angioplasty and coronary
artery bypass grafting. Preventive measures emphasizing healthy diet, regular physical activity, and risk
factor control are essential in reducing the burden of coronary heart disease and improving patient
outcomes.

Keywords: Coronary Heart Disease (CHD), Genes, Functional Pathway, Bioinformatics.

Introduction
Coronary Heart Disease (CHD), also known as coronary artery disease (CAD), is a chronic and progressive
cardiovascular disorder resulting from impaired blood flow to the myocardium due to structural and functional

abnormalities of the coronary arteries. The predominant pathological process underlying CHD is atherosclerosis,
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which involves the deposition of lipid-rich plaques within the arterial walls, leading to luminal narrowing, reduced
elasticity, and compromised coronary perfusion (1).

Pathophysiology

The pathogenesis of CHD begins with endothelial dysfunction, often triggered by risk factors such as hypertension,
smoking, hyperglycemia, and dyslipidemia. Endothelial injury increases vascular permeability, allowing low-
density lipoprotein (LDL) cholesterol to infiltrate the intima. Oxidized LDL initiates an inflammatory response,
recruiting monocytes that differentiate into macrophages and form foam cells, resulting in fatty streaks—the
earliest visible lesion of atherosclerosis (2). Over time, smooth muscle cell proliferation and extracellular matrix
deposition contribute to plaque maturation. Plaque rupture and subsequent thrombus formation can acutely
obstruct blood flow, leading to myocardial infarction.

Epidemiology and global burden

CHD is the leading cause of death globally and represents a significant public health challenge. According to the
World Health Organization (3), cardiovascular diseases account for approximately 32% of all global deaths, with
CHD being the major contributor. The prevalence of CHD has increased markedly in low- and middle-income
countries due to urbanization, dietary transitions, reduced physical activity, and increased incidence of diabetes
and obesity (4).

Risk factors

Risk factors for CHD are broadly classified into modifiable and non-modifiable categories. Modifiable risk factors
include hypertension, dyslipidemia, smoking, diabetes mellitus, obesity, sedentary lifestyle, unhealthy diet, and
excessive alcohol consumption. Non-modifiable factors include age, sex, ethnicity, and genetic predisposition.
Psychosocial stress and socioeconomic factors have also been recognized as important contributors to disease
development (5).

Clinical manifestations

The clinical presentation of CHD varies depending on the severity and extent of arterial involvement. Common
manifestations include stable angina, unstable angina, myocardial infarction, heart failure, and sudden cardiac
death. Some individuals may remain asymptomatic for years, highlighting the importance of early screening and
risk assessment.

Diagnosis

Diagnosis of CHD involves a combination of clinical evaluation, laboratory investigations, and imaging techniques.
Electrocardiography (ECG), cardiac biomarkers such as troponins, stress testing, echocardiography, coronary
computed tomography angiography (CCTA), and invasive coronary angiography are commonly used to assess
myocardial ischemia and coronary anatomy (6).

Management and prevention

Management strategies for CHD aim to relieve symptoms, prevent disease progression, and reduce mortality.
Therapeutic approaches include lifestyle modifications such as smoking cessation, dietary changes, regular
physical activity, and weight management. Pharmacological therapy includes antiplatelet agents, statins,
antihypertensive drugs, beta-blockers, and nitrates. In advanced cases, revascularization procedures such as
percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) are employed. Preventive

strategies focusing on population-based risk reduction are crucial in controlling the growing burden of CHD (7).
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Materials and Methods

A .DisGeNET

DisGeNET is a comprehensive discovery platform that integrates information on gene-disease associations
(GDAs) from multiple sources, including curated databases, genome-wide association studies (GWAS), animal
models, and scientific literature. It provides standardized data on the genetic basis of human diseases and supports
translational research by linking genes to clinical phenotypes. DisGeNET allows users to explore disease-
associated genes, variants, and their supporting evidence through scores based on the number and quality of
publications. It is widely used to identify candidate genes involved in complex and inherited disorders.

B. STRING (Search Tool for the Retrieval of Interacting Genes/Proteins)

STRING is an online database designed to predict and visualize protein-protein interaction (PPI) networks. It
integrates interaction data from experimental studies, curated pathway databases, co-expression analyses, text
mining, and computational predictions. STRING enables users to construct interaction networks for specific
organisms and perform functional enrichment analyses, including Gene Ontology (GO) terms and pathway
associations. The database helps in understanding the functional relationships between proteins and identifying
biologically meaningful interaction clusters.

C. GeneMANIA

GeneMANIA is a flexible gene function prediction tool that identifies functionally similar genes based on a given
gene list. It uses a wide range of data sources such as co-expression, physical interactions, genetic interactions,
pathways, co-localization, and protein domain similarity. GeneMANIA expands an input gene list by adding related
genes and assigns weights to different data networks to optimize prediction accuracy. This tool is particularly
useful for hypothesis generation, gene prioritization, and exploring gene function in disease-related studies.

D. Enrichr

Enrichr is an interactive web-based tool used for gene set enrichment analysis. It allows users to upload gene lists
and analyze them across multiple libraries, including Gene Ontology, KEGG, Reactome, WikiPathways, and disease
databases. Enrichr provides enrichment scores, p-values, and visualizations such as bar plots and clustergrams to
interpret biological significance. It is widely used to identify overrepresented biological processes, molecular
functions, cellular components, and signaling pathways associated with a gene set.

Reactome pathway database

Reactome is a curated, peer-reviewed pathway database that provides detailed information on biological
pathways and molecular reactions in humans. It covers key processes such as metabolism, signal transduction,
DNA repair, cell cycle, and apoptosis. Reactome allows pathway enrichment analysis and interactive pathway
visualization, enabling researchers to map genes or proteins onto well-defined biological pathways. The database
isregularly updated and serves as a reliable reference for pathway-based interpretation of genomic and proteomic
data.

Results

A. DisGeNET

DisGeNET analysis was used to identify gene-disease associations from curated and literature-supported sources.

The analysis revealed several high-confidence disease-associated genes, including CFTR, BRCA1, BRCA2, TP53,
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LDLR, ATM, MYH7, MYBPC3, and HBB. These genes showed strong association scores supported by multiple

PubMed references.

Genes such as LDLR were linked to familial hypercholesterolemia and lipid metabolism disorders, which are major
risk factors for coronary heart disease. MYH7 and MYBPC3 were associated with hypertrophic cardiomyopathy,
indicating their importance in cardiac muscle structure and function. DNA repair genes like BRCA1, BRCA2, TP53,

and ATM were mainly associated with inherited cancer syndromes, reflecting their role in maintaining genomic

integrity.

Outcomes
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B. STRING

STRING analysis generated a protein-protein interaction (PPI) network to study functional relationships among
the selected genes. The network consisted of 25 nodes and 86 edges, with an average node degree of 6.88 and a
local clustering coefficient of 0.643. The PPI enrichment p-value (< 1.0 x 107*¢) indicated that the interactions
were highly significant and biologically meaningful.

The network revealed several hub proteins, including BRCA1, BRCA2, TP53, ATM, MLH1, MSH2, and MSHS6,
forming a core cluster related to DNA damage response and repair. Peripheral clusters involved genes related to
cardiac muscle contraction and metabolic regulation, showing cross-talk between genomic maintenance and

cardiovascular pathways.

Outcomes
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C. GeneMANIA

GeneMANIA analysis was performed to predict functionally related genes and expand the input gene list. The tool
integrated multiple data sources such as co-expression, physical interactions, pathways, and shared protein
domains. GeneMANIA revealed strong co-expression and interaction networks linking DNA repair genes with
genes involved in cell cycle control, apoptosis, and cardiac function.

The analysis helped identify additional candidate genes that may play supportive or regulatory roles in disease
mechanisms. This functional expansion strengthened the biological relevance of the gene set and aided in gene
prioritization for further studies.

Outcomes
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D. Enrichr
Enrichr gene set enrichment analysis was used to identify overrepresented biological terms and pathways
associated with the selected genes. Significant enrichment was observed across multiple libraries, including Gene
Ontology, KEGG, Reactome, and WikiPathways.
Enriched biological processes included DNA damage response, mismatch repair, apoptosis, and cardiac muscle
contraction. Molecular functions such as mismatched DNA binding and damaged DNA binding were also
prominent. These results indicate that the gene set is functionally involved in both genomic stability and

cardiovascular physiology.
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E. Reactome pathway analysis

Reactome pathway analysis mapped the genes onto curated human biological pathways. The analysis showed
significant involvement in pathways related to DNA repair, p53 signaling, cell cycle regulation, and muscle
contraction. Reactome visualization highlighted how multiple genes converge within the same pathways,
indicating coordinated regulation of cellular processes.

These pathways provide mechanistic insight into how genetic alterations may contribute to disease development,

including cardiovascular and systemic disorders.
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Discussion

The present study integrated multiple bioinformatics tools to explore the genetic and molecular basis of disease,
with a focus on coronary heart disease (CHD). CHD is a complex cardiovascular disorder caused by the narrowing
or blockage of coronary arteries, usually due to atherosclerosis, and is influenced by both genetic and
environmental factors (7). Understanding the molecular networks and functional pathways involved in CHD is
essential for identifying potential biomarkers and therapeutic targets.

1. DisGeNET: Gene-disease associations

DisGeNET allowed the identification of disease-associated genes with strong literature support. Genes such as
LDLR, MYH7, MYBPC3, TP53, and ATM were highlighted for their relevance to cardiovascular health. LDLR,
associated with familial hypercholesterolemia, is directly implicated in lipid metabolism, a key risk factor for CHD.
Similarly, MYH7 and MYBPC3 play critical roles in cardiac muscle structure, and mutations in these genes can lead
to cardiomyopathies, which increase susceptibility to heart failure and CHD complications.

The inclusion of DNA repair genes such as TP53, ATM, BRCA1, and BRCA2 suggests that genomic instability may
indirectly influence CHD by affecting vascular cell survival, apoptosis, and response to oxidative stress, which are
known contributors to atherosclerosis (1). DisGeNET thus provided a genetically validated list of genes to be
further analyzed for functional interactions and pathway involvement.

2. STRING: Protein-Protein interaction networks

STRING analysis revealed that these genes are highly interconnected at the protein level, forming dense clusters
with significant PPI enrichment (p < 1.0 x 107*¢). Core hubs such as TP53, BRCA1, BRCA2, ATM, MLH1, MSH2, and
MSH6 are involved in DNA damage response and repair, while peripheral clusters involve cardiac structural
proteins (MYH7, MYBPC3) and metabolic regulators (LDLR).

This network demonstrates that CHD is not driven by isolated genes but rather by complex interactions between
DNA repair, apoptosis, lipid metabolism, and cardiac muscle function. Proteins involved in genome maintenance
may influence endothelial cell survival, oxidative stress response, and plaque stability, indirectly contributing to
CHD pathogenesis.

3. GeneMANIA: Functional gene prediction

GeneMANIA extended the gene list by identifying functionally related genes based on co-expression, physical
interactions, and shared pathways. The predicted network emphasized cell cycle regulation, apoptosis, and
cardiac function, providing additional candidate genes that may participate in CHD-related molecular pathways.
By expanding the network beyond the initial gene list, GeneMANIA highlighted novel functional connections that
could explain the multi-factorial nature of CHD and suggest new avenues for experimental validation.

4. Enrichr: Functional enrichment analysis

Enrichr performed gene set enrichment analysis across multiple databases (GO, KEGG, Reactome). The results
showed significant enrichment of the gene set in:

Biological Processes: DNA damage response, mismatch repair, apoptosis, cardiac muscle contraction

Molecular Functions: Mismatched DNA binding, damaged DNA binding, ATP-dependent repair activity

Pathways: p53 signaling, homologous recombination, lipid metabolism, and cardiac muscle contraction pathways
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These findings provide a functional context for how the identified genes may contribute to CHD. For example,
impaired DNA repair and apoptosis regulation can lead to endothelial dysfunction, while mutations in cardiac
structural proteins directly affect contractility and cardiac output.
5. Reactome: pathway analysis
Reactome analysis mapped genes to well-characterized pathways, confirming their involvement in DNA repair,
apoptosis, cell cycle control, and cardiovascular processes. Pathways such as p53-mediated cell cycle checkpoints,
homologous recombination repair, and cardiac muscle contraction were prominently enriched. This reinforces
the hypothesis that CHD arises from the interplay of genomic stability, cellular stress response, and cardiac
structural integrity.
Integration of tools and disease implications
By combining DisGeNET, STRING, GeneMANIA, Enrichr, and Reactome, the study provides a comprehensive multi-
level view of CHD-associated genes:

o DisGeNET identifies disease relevance and literature support.

e STRING shows functional connectivity and protein interactions.

e GeneMANIA predicts additional functionally related genes.

e Enrichr highlights enriched processes, molecular functions, and pathways.

e Reactome visualizes detailed molecular pathways.
Together, these tools reveal that CHD is influenced not only by lipid metabolism and cardiac structural proteins
but also by DNA repair and apoptosis pathways. The combination of these pathways may determine the onset,
severity, and progression of CHD, suggesting potential targets for early diagnosis, genetic screening, and
therapeutic intervention.
Conclusion of discussion
The bioinformatics analysis emphasizes the multi-factorial nature of CHD, where genomic instability, impaired
DNA repair, cardiac muscle dysfunction, and lipid metabolism dysregulation intersect. Using these complementary
tools provides both molecular-level insight and predictive power to understand disease mechanisms, prioritize
candidate genes, and guide future research into genetic and therapeutic strategies for CHD.
Conclusion
This study provides a comprehensive bioinformatics analysis of coronary heart disease (CHD) by integrating
multiple publicly available tools and databases. Using DisGeNET, disease-associated genes were identified,
highlighting key genes involved in lipid metabolism (LDLR), cardiac muscle function (MYH7, MYBPC3), and DNA
repair (TP53, ATM, BRCA1, BRCAZ2). These genes represent clinically relevant candidates for understanding the
genetic basis of CHD and associated disorders.
STRING analysis revealed a highly interconnected protein-protein interaction network, demonstrating functional
relationships between DNA repair proteins and cardiac-related proteins, confirming the multi-factorial nature of
CHD. GeneMANIA expanded the gene set by identifying functionally related genes, emphasizing co-expression,
shared pathways, and interactions that may contribute to disease susceptibility.
Functional enrichment using Enrichr and pathway mapping with Reactome highlighted that the gene set is
significantly involved in DNA damage response, apoptosis, cell cycle regulation, lipid metabolism, and cardiac

muscle contraction. These results suggest that CHD arises not only from traditional risk factors like lipid
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dysregulation and cardiac structural defects but also from genomic instability and impaired cellular stress

responses.

The integrated use of these tools provides a holistic understanding of CHD at the molecular, functional, and

pathway levels, offering potential targets for diagnosis,therapeutic intervention, and genetic screening. Overall,

this study demonstrates the power of bioinformatics approaches in unraveling complex disease mechanisms and

guiding future research in cardiovascular genetics.
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