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ABSTRACT 

Myocardial infarction (MI), also known as a heart attack is a prevalent cardiovascular problem which is generally found 
secondary to obesity, and Type 2 Diabetes. Its pathogenesis is attributed to arthrosclerosis in coronary artery that 
escalate into atherothrombosis and eventual onset of infarction. Prognosis of MI is difficult and the first attack set the 
stage for functional limitations of heart.      It is therefore a pressing need to elucidate its pathogenic mechanisms at the 
molecular level to identify drug targets, and biomarkers for MI. To meet this end, various DNA-microarray studies have 
been conducted and gene expression datasets are available at NCBI-GEO database. However, microarray technology 
suffers with inherent problem of low-reproducibility due to study design, and biological variability. Integrative analysis 
of multiple datasets is an attractive and cost effective approach to obtain a robust gene-signature of the disease that can 
be utilized to unravel new biological insights using pathway- or network-based enrichment approach.  In this study, I 
have carried out a statistical meta-analysis across three microarray studies, comprising a total of 157 individuals. These 
gene expression profiles were extracted from circulating endothelial cells and peripheral blood. Series matrix files for 
these datasets were downloaded from GEO, normalized, filtered for low quality gene expression measures, and their 
probe ids were collapsed to official gene symbols. After this preprocessing, datasets were checked for integrity and 
adjusted for batch effects. Obtained meta-gene signature was then search against MSigDB knowledge base through Gene 
Set Enrichment Analysis (GSEA).   I found enrichment of various immune- and inflammation- as well as cardiac fibrosis-
related cellular pathways and literature search expose some of the known pathophysioloigcal aspects of MI.    
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INTRODUCTION  
Myocardial Infarction is the most common coronary heart disease that account to over 32.4 million cases 
worldwide every year [1].  Its pathogenesis involves coronary artery occlusion due to rupture of 
atherosclerotic plaque which results in necrosis of myocardium due to low oxygen supply. Despite 
significant improvements in the clinical management of its primary factors such as diabetes, 
hypertension, obesity etc., we are still unable to accurately predict the occurrence of acute myocardial 
infarction. It is therefore necessary to elucidate its pathophysiology at the molecular level to identify 
novel disease mechanisms and biomarkers for its early detection.  
Various global gene expression studies have been conducted and datasets are available at NCBI-GEO 
database [2]. However, microarray technology suffers with inherent problem of low-reproducibility due 
to study design, and biological variability [3]. Integrative analysis of multiple datasets is an attractive and 
cost effective approach to obtain a robust gene-signature of the disease that can be utilized to unravel 
new biological insights using pathway- or network-based enrichment approach.        
 
MATERIAL & METHODS  
Relevant MI studies were searched using ‘Datasets2Tools’ repository which indexes human gene 
expression studies from GEO database [4]. A total of three studies, comprising 157 gene expression 
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datasets were found relevant.  Table 1 present the included studies and number of datasets in each of 
them. 

Table 1. Microarray samples used in meta- analysis. 
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The Scripps Research Institute,La Jolla,USA  
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These studies profiled gene expression from peripheral blood of these individuals who have encountered 
atleast one heart attack or were had normal cardiac function.  
Suresh et al. [5] conducted a microarray study to predict long term clinical outcomes following first-time 
myocardial infarction (AMI) by profiling gene expression from peripheral blood. Sample from MI patients 
were drawn after 48 hours post MI. these patents were monitored for 18-months and five out of twenty 
two individual had encountered second MI. They identified decreased epithelial-to-mesenchymal 
transition, and modulation of cholesterol transport genes.  
Another gene expression study was conducted to identify differentially regulated genes in the peripheral 
blood of Northeast Chinese Han people who have encountered their first myocardial infarction. The study 
remains unpublished.  
Muse et al. [6] isolated circulating endothelial cells from patients experiencing acute myocardial 
infarction and healthy cohorts, and measured gene expression using the HG-133U Plus 2 microarray 
platform [6]. Their objective was to identify a robust gene signature for the diagnosis of MI.  
Series matrix files of these studies were downloaded using Bioconductor package – GEO query in R 
environment. All metadata associated with each file was removed and sample levels were annotated with 
each sample.  
For conducting meta analysis, a web-based tool ‘NetworkAnalyst’ [7] was used that allow to integrate 
multiple gene expression datasets using their summary-level data (i.e., P-values, fold changes or effect 
sizes, vote counting, and direct merging. To adjust batch effect among these datasets, it provides function 
ComBat in the SVA R package. Fisher’s method was used on gene-level log-transformed P-values to obtain 
a meta-signature of MI studies.  
To determine the biological functions related to the results of meta-analysis in human COPD datasets, 
Gene Ontology (GO) analysis using ClueGO was carried out [8].  For pathway enrichment analysis, gene-
wise combined Z-scores of meta-signature were applied to Gene Set Enrichment Analysis (GSEA) program 
[9] using the GSEA Pre-ranked method that uses MSigDB gene sets as its knowledge base. I used canonical 
pathways subset of curated gene set C2 comprising 2199 gene sets which includes genes sets from 
Reactome, KEGG, Biocarta, and NCI-Nature Pathway Interaction Database.  
 
RESULTS  
Network Analyst identified a Meta signature of 496 genes (p < 0.05).  Among the meta-signature, 224 
genes were up-regulated (Z-score > 0) and 272 genes were down-regulated (Z-score < 0).  
CluGO-based enriched various terms related to biological processes that converge into various immune- 
and inflammatory processes (p < 0.05): cell chemotaxis, cellular defense response, inflammatory 
response, interleukin-1-mediated signaling pathway, intracellular signal transduction, leukocyte 
activation, macrophage activation, negative regulation of mature B cell apoptotic process, pattern 
recognition receptor signaling pathway, platelet degranulation, positive regulation of immune system 
process regulation of cell activation, regulation of cellular component movement, regulation of response 
to external stimulus, response to other organism, and response to wounding. (Figure 1) 
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Figure 1.  ClueGO functionally grouped networks of GO – BP terms enriched by MI meta signature  

 
This analysis clearly indicates that MI-implicated narcosis evidently set a systemic inflammatory state 
that induces cardiac tissue modeling, derangement of cardiac function and subsequent escalation toward 
cardiac arrest. 
Results of GSEA-based enrichment analysis indicate that meta-analysis provides valuable information for 
generalizing the results of multiple studies (Figure 2).  
 

 
Figure 2. GSEA plots for enriched gene set by MI meta signature  

 
MSigDB contain an inventory of Extracellular matrix proteins – NABA Matrisome. Enrichment of 
matrisome, and its associated proteins by MI meta signature further supports that MI leads to extensive 
cardiac modeling [10].  Two other enriched gene sets: Cytokine signaling and Immune System gene sets are 
related to inflammation due to necrosis.  
Another gene sets Reactome Class A1 Rhodopsin like Receptors, Reactome GPCR Ligand Binding, and 
Reactome GPCR Downstream Signaling are also implicated in cardiac biology and many of the G-protein 
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coupled receptors are targeted for the treatment of cardiovascular disease (CVD), including hypertension, 
arrhythmias and heart failure.  
 
CONCLUSION  
Present bioinformatics study was conducted to ascertain pathophysiology of MI through integration of 
multiple gene expression studies. A meta-signature was derived and functional analysis of genes 
constituting the signature enriched relevant processes.  The method is generic and can be applied to 
decipher the pathophysiology of other biomedical settings. 
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