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HIGHLIGHTS 

 

 
 

7 key markers are predicted to have role in early events of 

myocardial infarction, Expression signature of these 7 genes 

could be an early diagnostic in myocardial infarction. 

_______________________________ 

 

 
 ABSTRACT 

 
 
 

 

 

 

 

 

 

Myocardial infarction (MI) is one of the leading causes of 

mortality and morbidity worldwide. Although several markers 

are identified associated with MI, early diagnostic or 

predictive markers are yet to be identified. Using an 

integrative bioinformatics approach, here we have reported 

18 key genes and mong which seven could be associated 

with early MI pathogenesis. Expression signature of these 

genes could serve early diagnosis of MI. The identified 

putative markers required experimental validation. 
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INTRODUCTION 
 
Myocardial infarction (MI) is irreversible necrosis of heart muscle and commonly known as heart attack. 

Heart attack is caused by blood clot (thrombosis) which hampers normal blood flow to other part of heart. 

At present 29.8 million Indians are struggling from coronary heart disease [1]. MI is likely to be more 

common in young men than in young women. For diagnosis and prognosis of Myocardial infarction there is 

no single satisfactory biomarker yet discovered. Biomarkers can be defines as measurable and 

quantifiable biological parameters which indicates health and physiology status. The development of more 

sensitive and specific serological biomarkers like Troponin and precise imaging techniques allows 

detection of ever smaller amounts of myocardial necrosis [2]. Last few years we have more specific 

biomarkers of myocardial necrosis. On the basis of the scientific and societal implications, myocardial 

infarctions were examined from seven points of view: pathological, biochemical, electrocardiographic, 

imaging, clinical trials, epidemiological, and public policy [3]. These discovered biomarkers are categorized 

under various topics: Biomarkers of biomechanical stress, Biomarkers of neuro-hormonal pathway 

activation, Biomarkers of plaque instability and inflammation and other Novel biomarkers. 

 

Biomarkers are of various types including particular proteins or peptides (e.g., prostate-specific antigen as 

an indicator of increased risk for prostate cancer), antibodies (e.g., anti-citrullinated protein antibodies for 

rheumatoid arthritis), cell types (e.g., white blood cell counts in infection or cancer), metabolites (e.g., 

phenylalanine in urine of newborns with phenylketonuria), lipids (e.g., cholesterol and other lipid levels in 

cardiovascular disease), hormones (e.g., thyroid stimulating hormone in Hashimoto's Disease), enzyme 

levels (e.g., various hepatic enzymes for liver cancer), physiological states such as blood pressure or fever, 

or imaging studies of particular organs or organ systems (e.g., neural degeneration in Parkinson's 

Disease). Thus it is a broad spectrum analysis. Currently, more specific and sensitive biomarkers and 

imaging methods to detect myocardial infarction are required. A good biomarker must be easily measured 

and can be used as a surrogate marker for disease and its severity [4]. For example, blood sugar can be 

used to diagnose diabetes whilst glycosylated haemoglobin (HbA1c) monitors blood sugar control. 

Cardiovascular disease continues to be a huge burden worldwide, it is important to identify high risk 

patients in order to prevent morbidity or mortality in later life. Medications and treatments also come at a 

cost and therefore simple and cheap tests have become increasingly necessary to decide how to target 

treatment. We need good biomarker so that diagnosis or risk prediction must be in agreement with high 

specificity and sensitivity, promptly provide affordable but meaningful results, and should provide this 

incrementally over existing markers or clinical characteristics [5]. A biomarker can also be used to trace 

how internal organ systems are functioning, such as radioactive iodine used to measure thyroid function. 

We are lacking in our understanding of the roles and biochemistry of these discovered peptides. Prognosis 

and treatment is very difficult if we are focusing on single biomarker. It is found that combining biomarkers 

may increase the accuracy of the tests. Thus there is an urgent need of best combinations of biomarkers 

to be defined. This is called Multimarket approach. This approach can improve diagnosis, risk stratification 

and prognostication of patients. 

 
MATERIALS AND METHODS 
 
Literature survey 

We used PubMed, Elsevier and many more Literature resources to collect deregulated miRs in Myocardial 

Infarction. We have given Priority to reports that have used Biopsy samples and patients’ biological 

samples like blood, serum, plasma, urine, stool, saliva, sputum etc. 

 
Annotation of selected miRs  

We applied Gene ontology (GO) for the standardized annotation of the target of selected miRNAs (miRs). 

Using miRNA target database mirWalk [6], miRecords [7], miReg [8], and miRTarBase [9]. We collected 

target of the selected miRs. These targets were further analysed into DAVID [10] and TOPPGENE [11] for 

functional annotation and gene list enrichment and candidate gene prioritization. As per GO classification, 

the gene which falls under myocardial infarction are considered for further analysis, the rest genes were 

rejected. 

 
miRs Target Interaction network  

We made an interaction network using target protein of miRs with the help of OSPREY v1.2.0 [12] powered 

by human using Grid database and VisANT [13]. The network first filtered with “transcription regulator 

activity” than “Immune system process” than “Apoptotic process” than “Tissue development” than 

“cardiovascular system development “Go filters. 
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Pathway analysis of miRs Targets  

The VisANT and OSPREY were used to identify vital pathway and key nodes (TFs) in this network that are 

involved in early event of Myocardial infarction. In these tools there is hyperlink to KEGG for further 

analysis of miRs target pathways. These Key TFs are supposed to be early diagnostic markers. 

 

RESULTS  
 

We collected 18 miRs [Table 1] for myocardial infarction using literature mining such as PubMed, 

miR2Disease  database, Sirus and Google. Using miRWalk, miRecord, miRtarBaSE and miReg. We 

identified several validated target for each miRs thereafter, target for each miR are analysed for gene 

enrichment analysis and functional annotation using DAVID and ToppGene Suite. We found that most of 

the miRs are related to transcription regulator activity, Immune system process, Apoptotic process, Tissue 

development, cardiovascular system development. 

 
MiR Function (GO) 

miR155 Transcription factor, Toll-like receptor signaling pathway, involved in immunity, sircoma, 

miR-1 Tissue development, apoptotic process, regulation of developmental process, muscle structure 
development, muscle tissue development, tissue morphogenesis, blood coagulation, abnormal 
cardiovascular system physiology. 

miR -146a Immune system process, regulation of response to stimulus, anti-apoptosis, muscle cell proliferation, 
transcription regulator activity, tissue development, Toll-like receptor signaling pathway. 

miR-150 immune system process,  tissue development, apoptotic process, muscle cell proliferation, negative 
regulation of cell death, 

miR-499 Myosin filament, muscle cell fate commitment, abnormal muscle physiology, cardiac hypertrophy. 
MiR -328 cell development, regulation of oxidoreductase activity ,  sarcolemma , abnormal muscle physiology 

miR -24 transcription activator activity, regulation of developmental process, apoptotic process, tissue 
development, muscle structure development, cardiovascular system development 

miR-34a transcription regulator activity, regulation of apoptotic process, cardiovascular system development, 
muscle structure development 

miR-208a/b structural constituent of muscle, cardiac ventricle development, cardiac muscle tissue development, 
regulation of heart rate, Abnormality of the left ventricular outflow tract 

miR-126 Immune system process, cardiovascular system development, tissue development, abnormal immune 
system morphology. 

miR-133a/b transcription activator activity, regulation of developmental process, tissue development, muscle structure 
development, heart contraction, Abnormality of cardiac conduction 

miR-30 tissue development, cardiovascular system development, abnormal cardiovascular development 

miR-145 transcription activator activity, apoptotic process, immune system process, muscle cell proliferation, 
abnormal cardiovascular system morphology 

miR-186 regulation of apoptotic process, apoptotic process, 

miR-210 Cell proliferation, regulation of developmental process, transcription regulator activity, tissue 
development, apoptotic process. 

miR-451 Transcription factor binding, cardiovascular system development, immune system process. 
miR-21 Transcription factor binding transcription factor activity, cell proliferation, apoptotic process, tissue 

development, immune system process, Sarcoma. 

miR-31 Transcription regulator activity, tissue development, immune system process. 

miR-125a-5p/b Transcription factor binding, apoptotic process, immune system development, tissue development. 
miR-663b transcription regulator activity, tissue development, heart development, cardiovascular system 

development 

 

Table 1. miR functional annotations based on ToppGene suit 

………………………………………………………………………………………………………………………………………………… 

 

We made an interaction network using target proteins of miRs with the help of VisANT 3.94. The network 

first filtered with “transcription regulator activity” then “Immune system process” then “Apoptotic process”, 

and “cardiovascular system development” GO filters. Total 2026 targets corresponding to 25 miRs   

generate a map having 7005 nodes in VisANT. The network of 7005 nodes is filtered with “Transcription 

regulator activity” filter in VisANT and only 767 nodes are obtained. Then we generate interaction   network 

of 767 nodes and further filtered with “Immune system process” filter in visant and only 35 nodes are 

obtained .Then we generate an interaction network of 35 nodes in VisANT. And further   filtered with 

“Apoptotic process” filter in VisANT and only 31 nodes are obtained. Then we generate an interaction 

network of 31 nodes and further filtered with “cardiovascular system development” filter in VisANT and 

only 29 nodes are obtained.  Then we generate an interaction network of 29 nodes in VisANT and further 

filtered with “cardiovascular system development” and “Tissue development” filters as per the enriched 

GO categories and finally total 18 key nodes are found. 
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These 18 genes [Figure 1] are important because these are falling under transcription regulator activity, 

immune system process, apoptotic process, tissue development, cardiovascular system development. 

These can be used as biomarker in Myocardial infarction.  

 

18 markers are identified using the strategy, where seven are previously reported for their association with 

MI. and four are not association with MI. Additional GSEA (Gene set enrichment analysis)  [Table 2] 

revealed that these seven putative markers that are not  reported previously are involved in cardiovascular 

development and transcription activity. 

 

 
 

 

Fig: 1. MI specific TFs/miRs interaction map. Note: cardiovascular system development, cardiovascular system 
development and Tissue development based gene ontology filtering of deregulated miRNAs involved in 
cardiovascular disorders. Circled labelled nodes indicates their novelty. 

………………………………………………………………………………………………………………………………………………… 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. DAVID based annotation of selected seven markers. 
………………………………………………………………………………………………………………………………………………… 

 
DISCUSSION  
 

Currently, Heart-type Fatty Acid Binding Protein, elevated N-Terminal Pro-B-type Natriuretic Peptide and 

copeptin with cardiac troponin is used for the diagnosis of myocardial infarctions. Recently, adiponectin 

and leptin, are reported to be as novel biomarker in cardiovascular disorders [14]. These biomarkers links  

 

Gene  Go Function Pathway 

HSPA4 Transcription factor ,activity system 
development,Protein complex biogenesis 

Dilated cardio myopathy 

VEGFB Transcription regulation activity, DNA 
binding 

ECM-receptor interaction 
Cytokine- cytokine receptor interaction 

CABG Regulation of heart rate, Muscle 
contraction,  cell differentiation, 
Transcription regulation activity 

Toll-like receptor signaling pathway, 
Dilated cardio myopathy 

LVEF Regulation of RNA metabolic process, 
Transcription factor 

Hypertrophic cardiomyopathy, Toll-like receptor 
signaling pathway 

HSP70 Transcription regulation activity, activity 
system development 

Toll-like receptor signaling pathway, Dilated cardio 
myopathy 

CRP Transcription factor, Muscle contraction, 
Transcription regulation activity 

Toll-like receptor signaling pathway 

HGS Regulation of RNA metabolic process, 
Transcription regulation activity 

NOD-like receptor signaling pathway 
MAPK signaling pathway 
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the cardiovascular disorders with kidney diseases.  Adiponectin activity includes anti-inflammation, 

antiatherogenic and insulin sensitizing. Leptin hormone curbs obesity.  Circulatory system, genetic and 

imaging biomarkers based methods of risk prediction has only achieved modest success. Using 

Bioinformatics approach in the fields of genomics, metabolomics and proteomics are providing new 

platforms for biomarker discovery [15]. In this present analysis, seven key genes HSPA4, VEGFB, CABG, 

LVEF, HSP70, CRP, and HGS have been identified that are involved in early events in myocardial 

infarctions. Deregulated miRs in CVD  based biomarker discovery are very specific to CVD and Further 

research is needed to validate these new biomarkers to successfully check risk of cardiovascular disease 

in low-risk populations, as well as to test whether management strategies informed by biomarker testing 

are better than standard of care. 

 

CONCLUSION 
 

We have identified 7 key genes HSPA4, VEGFB, CABG, LVEF, HSP70, CRP, and HGS that are involved in 

early events in myocardial infarctions. We need to validate the sensitivity and specificity of these 

biomarkers. Microarray analysis and qRT-PCR is needed to check the expression and quantity of these 

biomarkers in Myocardial infarction so that an early diagnosis can be performed for better treatment. The 

analysis of pattern of 7 gene expression and quantity of gene product is the future prospective of this 

work. 

 
AUTHOR CONTRIBUTION 
DB: Conceived the idea, designed the study; KKG, SR: collected and performed all in silico analyses; KKG: 
Wrote the paper. 
 
CONFLICT OF INTEREST 
The author declares no competing interests. 
 
ACKNOWLEDGEMENT  
None. 
 
FINANCIAL DISCLOSURE 
None. 

 
REFERENCES 

 
[1] Ghaffar A, Reddy KS, Singhi M. Burden of non-communicable diseases in South Asia. 2004;328(7443):807-10.  

[2] Daubert MA, Jeremias A. The utility of troponin measurement to detect myocardial infarction: review of the 

current findings.  Vasc Health Risk Manag. 2010;6:691-9.  

[3] Thygesen K, Alpert JS, White HD. et al. Universal definition of myocardial infarction. Eur Heart J. 

2007;28(20):2525-38.  

[4] Chan D, Ng LL. Biomarkers in acute myocardial infarction. BMC Med. 2010;8:34. 

[5] Barh D, Jain N, Tiwari S. et al. A novel in silico reverse-transcriptomics-based identification and blood-based 

validation of a panel of sub-type specific biomarkers in lung cancer. BMC Genomics. 2013;14 Suppl 6:S5.  

[6] Dweep H, Sticht C, Pandey P. et al. miRWalk--database: prediction of possible miRNA binding sites by "walking" 

the genes of three genomes. J Biomed Inform. 2011;44(5):839-47. 

[7] Xiao F, Zuo Z, Cai G, et al. miRecords: an integrated resource for microRNA-target interactions.Nucleic Acids 

Res. 2009;37(Database issue):D105-10.  

[8] Barh D, Bhat D, Viero C. miReg: a resource for microRNA regulation. J Integr Bioinform. 2010;7(1). doi: 

10.2390/biecoll-jib-2010-144.  

[9] Hsu SD1, Lin FM, Wu WY, et al. miRTarBase: a database curates experimentally validated microRNA-target 

interactions. Nucleic Acids Res. 2011;39(Database issue):D163-9.  

[10] Huang da W, Sherman BT, Lempicki RA. Systematic and integrative analysis of large gene lists using DAVID 

bioinformatics resources. Nat Protoc. 2009;4(1):44-57.  

[11] Chen J, Bardes EE, Aronow BJ, et al. ToppGene Suite for gene list enrichment analysis and candidate gene 

prioritization. Nucleic Acids Res. 2009;37(Web Server issue):W305-11. 

[12] Breitkreutz BJ, Stark C, Tyers M. Osprey: a network visualization system. Genome Biol. 2003;4(3):R22. 

[13] Hu Z, Hung JH, Wang Y, et al. VisANT 3.5: multi-scale network visualization, analysis and inference based on the 

gene ontology. Nucleic Acids Res. 2009;37(Web Server issue):W115-21.  

[14] Kaisar OM, Johnson DW, Prins JB, et al. The role of novel biomarkers of cardiovascular disease in chronic 

kidney disease: focus on adiponectin and leptin. Curr Cardiol Rev. 2008;4(4):287-92.  

[15] Ge Y, Wang TJ. Identifying novel biomarkers for cardiovascular disease risk prediction. J Intern Med. 

2012;272(5):430-9. 

 


