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ABSTRACT 

DNA methylation can be elucidated as the reversible addition of methyl (CH3) group to C5 

position of cytosine to form 5-methylcytosine that symbolizes an important regulatory layer 

associated with gene expression and regulation. It needs to be precisely regulated as any 

alteration in DNA methylation pattern may lead to various diseases. Recent studies have 

provided evidence of relation between DNA methylation and cardiovascular disease. Thus to 

facilitate improved diagnosis and better treatment decisions, the objective of this study is to 

create an efficient, effective and accurate systems to enable the extraction of the detailed 

information related to methylation of genes involved in cardiovascular disease development 

by contributing resources from various databases namely Coronary Artery Disease Gene 

Database (CADgene), DisGeNET, Comparative Toxicogenomics Database (CTD), 

DiseaseMeth, Dragon Database for Methylated Genes and Diseases (DDMGD), Database of 

CpG islands and Analytical Tool (DBCAT) etc. and various published literatures. 

  

Keywords: DNA methylation, DiseaseMeth, DDMGD, CADgene, Epigenetics 
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INTRODUCTION  

Cardiovascular Diseases (CVDs) are a set of diseases in which heart, blood vessels or both 

are affected either functionally or structurally. They have become a leading cause of deaths 

worldwide. Around 17.3 million people die from them every year which constitutes around 

30 percent of global deaths [1][2]. In India also 272 deaths per 100,000 people are caused due 

to them. Genetic, environmental, behavioural, and clinical factors and their interactions are 

the major reasons behind such high propensity of CVD development. These reasons need to 

be studied thoroughly to address the significantly increasing burden of CVDs [3][4]. 

It has been estimated that about 90% of CVDs can be prevented but the mechanism under 

their development still remains to be a question [5]. In particular, there are many gaps in 

understanding how the interaction of genetic and environmental factors contribute to CVD 

development. Recently, epigenetic mechanisms have emerged as a link between internal 

genetic landscape and external environmental influences, thus may provide a better insight 

into the etiology of CVD [6]. Although DNA methylation, histone modification, and post-

transcriptional silencing mediated by micro-RNAs can lead to epigenetic changes but 

nowadays most of the researchers are studying the impact change in DNA methylation as it is 

most feasible to measure in an epidemiological setting [7][8].  

DNA methylation is a mechanism by which methyl (CH3) group is added to DNA. It plays a 

critical role in gene expression and cell differentiation. The CpG dinucleotide are normally 

about 60%–90% methylated. Generally, hypo-methylation leads to gene activation whereas 

hyper-methylation causes gene repression but there are various exclusion to this trend [9]. 

Inconsistent DNA methylation patterns have been the most common feature of many human 

disorders such as cancer, cardiovascular diseases, skin diseases, autoimmune diseases, 

neurological disorders and many others. These DNA methylation patterns can be analysed 

using various techniques like pyro-sequencing, methylation-specific polymerase chain 

reaction and bisulfite sequencing [6].  

Studies of DNA methylation in CVD patients have indicated both increased and decreased 

DNA methylation but the data about the methylation of various genes is scattered across a 

large number of electronic publications, several specialized databases and other repositories. 

This makes searching of useful information a difficult task. Thus for easy retrieval of 

information that can contribute to development of better therapeutics for CVD, the objective 
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of our study is to create an efficient, effective and accurate system which will enable the 

extraction of the detailed information related to methylation of genes.  

MethCard facilitates access and analysis of the relationships asserted between methylation 

information, human single nucleotide polymorphisms (SNPs) and other gene details with the 

observed disease conditions. It has been created with the help of information extracted from 

various databases namely Coronary Artery Disease Gene Database (CADgene), DisGeNET, 

Comparative Toxicogenomics Database (CTD), DiseaseMeth, Dragon Database for 

Methylated Genes and Diseases (DDMGD), Humsavar database etc. and various published 

literatures. It currently comprises of 4176 entries of altered gene methylation patterns that 

may be linked to cardiovascular disease development. It currently has information on 2145 

unique genes associated with 43 different CVDs. It provides detailed insight into various 

features of genes and disease by providing links to various other databases such as NCBI 

(National Center for Biotechnology Information), HGNC (HUGO Gene Nomenclature 

Committee), dbSNP (Single Nucleotide Polymorphism database), Ensembl, UCSC Genome 

Browser, Vega, OMIM (Online Mendelian Inheritance in Man) and UniProt which can be 

useful in various studies.  
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REVIEW OF LITERATURE 

 

EPIGENETICS AND DNA METHYLATION 

Epigenetics refers to any process involving alteration of gene activity without change in DNA 

sequence. It leads to modifications that can be transmitted and reversed [10].  These processes 

are essential for many functions of organism and if they occur improperly, it can lead to 

major adverse health and behavioural effects. There are various types of epigenetic processes 

like DNA methylation, histone modifications, nucleosome positioning etc. but the best known 

epigenetic process is DNA methylation as it is easiest to study with existing technology, is 

DNA methylation [11].  

DNA methylation (DNAm) is a process that involves covalent transfer of a methyl group to 

the 5’ position of the cytosine ring in DNA by DNA methyl-transferases (DNMTs). DNAm 

in mammalian genomes occurs almost exclusively on cytosine residues in CpG dinucleotides 

in somatic cells but it also occurs in non-CpG cytosines in embryonic stem cells [12]. CpG 

dinucleotides within promoters tend to be unmethylated permitting the transcription of the 

associated gene. DNAm plays a crucial role gene expression, cell differentiation and 

embryonic development.  Thus any defect in DNAm can significantly alter the development 

process and lead to various diseases [13][14].    

 

DNA METHYLATION IN CARDIOVASCULAR DISEASES 

Cardiovascular diseases include various diseases like coronary artery disease, stroke, 

arrhythmia, congenital heart disease, myocardial infarction,  heart failure, hypertensive heart 

disease, cardiomyopathy, aortic aneurysms etc [15]. The major causes of their development are 

physical inactivity, smoking, unhealthy eating habits, obesity, family history and 

hypertension [16]. Recently, the impact of alteration in DNA methylation has emerged as an 

important regulatory player in CVD at different levels from pathophysiology to therapeutics 

[17]. In a recent research when normal heart tissues were compared with tissues from heart 

failure patients, differential methylation in angiogenesis-related genes in diseased tissue was 

found. In blood also, change in methylation of repetitive sequences like LINE-1 and ALU has 

been associated with CVD [6].  

https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Heart_failure
https://en.wikipedia.org/wiki/Hypertensive_heart_disease
https://en.wikipedia.org/wiki/Hypertensive_heart_disease
https://en.wikipedia.org/wiki/Cardiomyopathy
https://en.wikipedia.org/wiki/Aortic_aneurysm
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Recent studies suggest that altered DNA methylation mechanism might be involved in the 

pathways by which environmental and lifestyle factors contribute to CVD development. It 

has been found that based on maternal exposures, the risk factors operating during fetal life  

can lead to increased chances of particular disease incidence during adulthood. Studies in 

humans and animals indicate that dietary habits can also induce DNA methylation changes 

likely contribute to CVD. Animal studies have showed that high intake of foods that donate 

methyl groups can cause clinically relevant phenotypic changes by DNA methylation 

modifications. For example, in sheep a maternal diet deficient in vitamin B12, folate and 

methionine led to drastic changes in CpG island DNA methylation in the fetal liver. The 

offspring produced were heavier and had higher adulthood blood pressure as compared to 

control animals. Evidence has been found that smoking leads to DNA methylation pattern 

alterations in several tissues. Lower methylation was seen in the coagulation factor II 

receptor-like 3 gene of smokers when compared to non-smokers. Environmental exposures 

like air pollution, particulate matter, heavy metals and arsenic can also alter DNA 

methylation in repetitive elements as well as in specific genes [6].  

 

ONLINE RESOURCES AND TECHNIQUES FOR DATABASE DEVELOPMENT 

Lots of online resources and techniques have been used for extraction of information and 

development of an effective and elaborate database of human DNA Methylation for genes 

associated with cardiovascular diseases. These are as follows: 

• Coronary Artery Disease Gene Database (CADgene)  

CADgene database (www.bioguo.org/CADgene/) is a comprehensive resource for 

detailed information of more than 600 genes associated to coronary artery disease and 

thus facilitate a deeper insight into its genetic basis. It offers a user friendly web 

interface with multiple search options and elaborate information on CAD associated 

SNPs, gene ontology annotations and protein-protein interactions [18].  

• DisGeNET 

DisGeNET (www.disgenet.org/) is an excellent platform to address a variety of 

questions related to genetic basis of human diseases and generation of hypothesis 

related to therapeutic action of drug and its adverse effects.  It provides one of the 

most comprehensive collections of human gene-disease associations and 

homogeneously derived ontologies by integrating highly curated data from various 

repositories, published literature, animal models and GWAS catalogues. It also 

prioritizes associations of genes and diseases based on the score derived from 
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supporting evidence. This database can be accessed through web interface, a 

Cytoscape app or R package. [19][20].  

• Comparative Toxicogenomics Database (CTD) 

CTD (ctdbase.org) houses around 24 million manually curated toxicogenomics 

relations between genes, proteins, phenotypes, diseases, Gene Ontology annotations, 

chemicals/drugs, taxa, pathways and interaction modules. It facilitates elaborate 

representation of gene–disease, chemical–gene and chemical–disease interactions. It 

also provides large amount of information about response of various genes and 

proteins of different species to environmental toxic agents [21].  

• Dragon Database of Methylated Genes and Diseases (DDMGD) 

DDMGD (www.cbrc.kaust.edu.sa/ddmgd/) is a comprehensive repository of 

associations between methylated gene and diseases in various species which are 

ranked according to their confidence scores. It aims to facilitate disease diagnosis and 

treatment decisions by contributing to research in the field of epigenetics. It also 

allows submission of newly found associations and consists of most recent association 

data as compared to other databases [22].  

• DiseaseMeth 

DiseaseMeth (bioinfo.hrbmu.edu.cn/diseasemeth) is a human disease methylation 

database which includes literature-based experimental information as well as large-

scale methylation data. It consists of around 14,530 entries on the experimental 

information which was extracted through text mining from more than 25,000 

published research paper on DNA methylation in PubMed. It holds about 175 large-

scale methylation data sets for around 72 diseases, which were primarily collected 

from various websites and institutes namely ArrayExpress, Gene Expression Omnibus 

(GEO) and UCSC etc. and also allows analysis and visualization of these datasets [23]. 

• Humsavar 

It is a file that consists of 71,795 entries of all the single amino acid variants 

annotated in human UniProtKB/Swiss-Prot. These variants are classified into three 

categories which include disease associated mutations (26,874), neutral 

polymorphism (38,105) and unclassified variants (6,816). It also provides information 

about sequence position and amino acid substitution of these variants [24].  

http://www.cbrc.kaust.edu.sa/ddmgd/
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• HUGO Gene Nomenclature Committee (HGNC) 

HGNC (www.genenames.org/) has been created with the aim to provide a unique 

name and symbol to every human gene and currently consists of around 24000 genes. 

It  provide detailed information related to gene like Gene Id, alias name, gene family 

name, karyotype, Pubmed Id, Ensembl Id, OMIM Id etc [25]. 

• Database of CpG islands and Analytical Tool (DBCAT) 

DBCAT (dbcat.cgm.ntu.edu.tw/) is a comprehensive database of characterization 

records of DNA methylation profiles of different human cancers. It is a web-based 

application that enables investigation into epigenetic regulation of human diseases by 

providing various user friendly tools. It consists of three parts ie. genome query 

browser, a CpG island finder, and methylation microarray data analyzer. It allows 

comparison of changes in methylation status of genes from different microarrays and 

also enables functional analysis. It provides information related to Gene, 

Chromosome, Entrez GeneID, Refseq ID, Description, Biological Process, Molecular 

Function, KEGG Pathway and Genome Position [26]. 

• ENSEMBL 

Ensembl (www.ensembl.org/) is a versatile browser which houses genomes of around 

87 vertebrates thus aids research in field of evolution, comparative genomics, 

sequence polymorphisms and transcriptional regulation. It enables diverse features 

such as gene annotation, multiple alignment computation, regulatory function 

prediction and disease data collection. It not only allows known gene annotation but 

also provides novel gene prediction by incorporation of numerous resources and by 

using various methods like homology predictions and ab-initio predictions   The tools 

offered by it includes Biomart, BLAT, BLAST, BLAT and the Variant Effect 

Predictor (VEP) [27].  

• Hypertext Markup Language (HTML) 

It is most widely used markup language for developing web pages and web 

applications. Its elements act as the building blocks of HTML pages. It can be used to 

embed images and other interactive objects in the web page using various tags which 

are enclosed by angular brackets. These tags can also include various attributes which 

enables creation of schematic documents by denoting structural semantics for text 

such as headings, paragraphs, links, lists etc. Web browsers use these HTML tags to 

interpret the content of the page. With the inclusion of Cascading Style Sheets (CSS) 

https://en.wikipedia.org/wiki/Markup_language
https://en.wikipedia.org/wiki/Web_page
https://en.wikipedia.org/wiki/Web_application
https://en.wikipedia.org/wiki/Web_application
https://en.wikipedia.org/wiki/HTML_element
https://en.wikipedia.org/wiki/Img_(HTML_element)
https://en.wikipedia.org/wiki/Structured_document
https://en.wikipedia.org/wiki/Semantics
https://en.wikipedia.org/wiki/Hyperlink
https://en.wikipedia.org/wiki/Cascading_Style_Sheets
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and JavaScript along with HTML looks, layout and content of web pages can be 

better controlled [28].  

• JavaScript (JS)  

It is a high level, interpreted computer programming language which is employed and 

supported by most of the websites and web browsers. It was earlier used as a part of 

web browsers so that client-side could interact with user, control the browser and 

make the required changes in the content of the document that was displayed. It is 

object oriented scripting language which is dynamic, untyped, and consists of first-

class functions. Its syntax was influenced by the language C. Although, it copies some 

names and conventions from Java, but both the languages are otherwise unrelated and 

highly differ in semantics. It is a multi-paradigm language, supporting object-

oriented, imperative, and functional programming styles [29].  

• Cascading Style Sheets (CSS)  

It is a style sheet language which aims to provide greater control over presentation 

and is used for describing the presentation of a web page. It is not only used to set the 

visual style of web pages and user interfaces written in HTML, XHTML and XML 

but also enables speech or other media rendering. It can be used to separate the 

content and presentation of the document including aspects such as the background 

images, colours, fonts and textures. It enables separation of presentation instructions 

from the HTML content in a separate file or section. It can also be used to adjust the 

web page according to the screen size of the device on which it is being viewed [30]. 

 

  

 

 

https://en.wikipedia.org/wiki/JavaScript
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MATERIAL AND METHODS 

 

Database Construction 

MethCard is a human DNA Methylation database for genes associated with CVDs. It has 

been created with the help of information extracted from various databases and published 

literatures. The gene disease association data has been integrated from mainly three database 

namely Coronary Artery Disease Gene Database (CADgene), DisGeNET and Comparative 

Toxicogenomics Database (CTD). Dragon Database for Methylated Genes and Diseases 

(DDMGD) provides data about methylation type, Pubmed IDs and Gene expression and 

Diseasemeth provides information about methylation (%). SNP data has been retrieved from 

Humasavar database. The gene/disease ontology data ie. Pathway and molecular function has 

been integrated mainly from Database of CpG islands and Analytical Tool (DBCAT). 

Ensemble and HGNC provides information related to percentage of GC Content, Gene ID, 

RefSeq ID, Karyotype, Genome Position, Accession Numbers, Enzyme IDs, Ensembl Gene 

ID, UCSC ID, Vega ID, Gene Family ID, Gene Family Name, Accession Numbers, OMIM 

ID, HGNC ID, UniProt ID and ALIAS. 

The data from different resources were heterogeneous so a uniform format to describe the 

diverse data was created and then the extracted information was stored in excel files. Data 

modelling was done to design a conceptual model of relation of different data items. The 

redundant and irrelevant data was removed and missing data was searched for separately. The 

excel file containing data from different sources were merged and the three final excel sheet 

namely Gene Methylation, Gene SNP data, General Gene  Information were created with 

relevant information using various excel functions. 
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Excel sheet for Methylation Data 

 

 

Excel sheet for SNP Data 
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Excel sheet for General Gene information 

 

Remaining Part of Excel sheet for General Gene Information 
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User Interface Construction 

User Interface was constructed using the HTML, JavaScript and CSS. Four pages namely 

Home page, Search page, Information page and Contact page were constructed with the help 

of text editor Brackets. 

Home page contains the Welcome page containing introduction to MethCard, Cardiovascular 

diseases and Methylation and Data source. 

 

 

Search is divided into three categories ie. Methylation search, SNP search and General Gene 

details. Database can be searched either by selecting gene name or by selecting disease. 
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Information page contains detailed information about Methylation Type, Gene Expression, 

Methylation (%), Molecular Function, KEGG Pathway, REACTOME Pathway and MeSH 

ID. 
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Contact page contains information to contact for any queries. 

 

The formatting of visual styles like background, colours, fonts and images of database pages 

was done using Cascading Style Sheets (CSS). 
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Figure 1: Flow of Methodology 
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Figure 2: Schematic Representation of MethCard 

 

 

 

MethCard 

 Methylation Search 

Gene, Disease, MeSH 

ID, GC Content, 

Methylation(%), 

Methylation type, Gene 

Expression, Pathway 

ID 

 

SNP Search 

Gene Name, Gene ID, 

dbSNP ID, AA Change 

 

General Gene Details 

Search 

Gene, Karyotype, 

Genome Position, 

Accession no., Ensembl 

ID, Pubmed ID, 

Molecular Function, 

Alias 
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RESULTS  

MethCard catalogues information about many of the cardiovascular diseases that are believed 

to be wide spread in the population across the world. It consists of methylation Patterns 

associated with CVDs like Coronary artery disease, Cardiomyopathy, Stroke, arrhythmia, 

congenital heart disease, myocardial infarction, heart failure, aortic aneurysms etc. The 

methylation data collected is an amalgamation of numerous published literature, several 

databases and other resources. The database currently comprises of 4176 entries of altered 

gene methylation patterns that may be linked to cardiovascular disease development. It 

currently has information on 2145 unique genes associated with 43 different CVDs.  

User Interface 

It provides a user-friendly interface to query detailed information on each gene associated to 

CVDs.  The result page also provide direct links to the source of information. 

Home page consists of Welcome page containing introduction to MethCard, Cardiovascular 

diseases and Methylation and Data source. 

 

 

 

https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Heart_failure
https://en.wikipedia.org/wiki/Aortic_aneurysm
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Search is divided into three categories ie. Methylation search, SNP search and General Gene 

details.  

 

 

 

Database can be searched to retrieve the methylation data either by selecting gene name or by 

selecting disease. Methylation search provides the type of methylation for each gene queried. 

It has six methylation types categories namely demethylation, hypomethylation, 

hypermethylation, methylation, dimethylation and trimethylation and gives information about 

the degree of methylation in percentage for each gene in a particular disease. It provides the 

associations between gene methylation and gene expression for the gene in a particular 

disease. The result table also contains MeSH ID (Disease ID), GC Content (%) and the 

pathway (KEGG and REACTOME pathway) involved in disease development. KEGG 

(Kyoto Encyclopedia of Genes and Genomes) provides manually drawn pathways 

representing molecular interaction and reaction networks for Metabolism, Genetic 

Information Processing, Environmental Information Processing, Cellular Processes, 

Organismal Systems and Human Diseases [31]. REACTOME Pathway provides various 

biological interactions networks of signalling, metabolism, innate and acquired immunity, 

transcriptional regulation, disease and apoptosis. These networks are formed by reactions 

between proteins, nucleic acids, complexes, small molecules etc [32]. 
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Result for Methylation data retrieved from gene search 
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Result for Methylation data retrieved from disease search 

 

There are about 10 million SNPs (single nucleotide polymorphisms) in human genome. They 

can be neutral ie. have no implications on gene function if present outside the coding region 

of gene or may play a critical role in disease development by affecting the protein function if 

present in coding or regulatory region of the gene. They as biomarkers by facilitating the 

location of genes associated with disease. They aid research in the field of 

pharmacogenomics by helping in prediction of an individual’s response to drugs, 

susceptibility to environmental factors such as toxins, and risk of developing particular 

diseases. They can also be used to track the inheritance of diseased genes [33][34]. MethCard’s 

SNP search gives information about rs IDs, amino acid change and position of SNPs. It 

provides links to dbSNP thus giving deeper insight into SNP characteristics like clinical 

significance, minor allele frequency, neighbouring SNPs, DNA sequence etc. 
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General gene details search result table contains various sections, namely Gene name, Gene 

ID, Karyotype, Chromosome Number, Genome Position, Molecular Function, HGNC ID, 

Ensembl ID, Vega ID, OMIM ID, Entrez Gene ID, UniProt ID, Gene Family ID, UCSC ID, 

Enzyme IDs, Alias/Synonyms, Refseq ID, PubMed IDs and Accession Numbers. Molecular 

function tells about the activities that can be performed by individual gene products or 

assembled complexes of gene products at the molecular level like binding or catalysis [35]. 

Reference sequence ID is an identifier provided by RefSeq database which is a well 

annotated and non-redundant collection of DNA, transcripts and proteins sequences enabling 

gene characterization, mutation identification etc [36]. It also gives links to databases which 

provide the above mentioned IDs thus providing greater insight into the gene information like 

sequence, annotation, gene products, gene disease associations, gene family name and other 

members and published literature. 
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Information page contains detailed information about Methylation Type, Gene Expression, 

Methylation (%), Molecular Function, KEGG Pathway, REACTOME Pathway, MeSH ID 

and RefSeq ID. 

 

Contact page contains information to contact for any queries. 
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The results of MethCard has been summarized in the following graphs. 
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CONCLUSION 

MethCard is a first of its type, user-interactive repository of the genes associated with 

cardiovascular diseases has been developed. This database enables the user to retrieve 

elaborate methylation information of genes associated with cardiovascular diseases at 

genome-wide systems level. Mining the database for biologically meaningful data is likely to 

reveal hitherto unknown facts about the underlying causes of cardiovascular diseases. It is 

believed that the present database may be used to uncover hidden links between various 

cardiovascular diseases and methylation pattern providing valuable perspective to physicians, 

counsellors and biomedical researchers as epigenome can serve as a modifiable target for 

intervention. Thus can be used by medical community to formulate better prevention and 

treatment methods. 
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DISCUSSION AND FUTURE PROSPECTS 

The contribution of DNA methylation to the cardiovascular diseases development is an active 

and exciting yet intricate and complex field of research. DNA methylation analysis and 

measurement requires careful considerations. Easy access to cheaper and more precise 

methods for DNA methylation quantification and enhanced ability to perform genome-wide 

methylation analysis on limited tissue quantities will enable faster and more accurate 

mapping of DNA methylation pattern in cardiovascular disease patients. This will provide 

deeper insights into etiology of cardiovascular diseases and open up new avenues of drug 

development and targeted therapies. Thus to aid efforts in this direction, an integrated 

research podium for learning the key interplay of DNA methylation and gene expression in 

cardiovascular diseases has been developed. Future efforts will be continued to update the 

database to have an improvised data quality and database functionality.  
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