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Abstract. – OBJECTIVE: Coronary artery dis-
ease (CAD) remains one of the major causes of
death worldwide. Despite considerable advances
in the prevention and treatment of CAD, its com-
plications, morbidity and mortality still remain
very high, and vary widely across different eth-
nic groups.

MATERIALS AND METHODS: To detect genes
involved in the development of CAD, we collect-
ed gene expression studies in the blood sam-
ples of CAD patients from different continents
by searching the Gene Expression Omnibus
database (GEO), performed a comparative analy-
sis of gene expression between CAD patients
and normal controls (NC) in each continent and
identified the common set of differentially ex-
pressed genes (DEGs) between CAD patients
and NC across different continents. PPI net-
works of the common set of DEGs were estab-
lished by Cytoscape software to understand
their biological role in CAD.

RESULTS: A total of 575, 868 and 476 genes
were identified to be significantly differentially ex-
pressed between CAD patients and NC in Asia,
Europe and North America. 24 genes were found
common in three different continents, and 6 genes
were previously linked to CAD or atherosclerosis.
In the PPIs network the significant hub proteins
contained IRF4 (Degree = 23), PLAUR (Degree =
17) and HIST1H2AE (Degree = 15).

CONCLUSIONS: Not only did we detect gene
expression differences in the blood samples be-
tween CAD and NC in Asia, Europe and North
America population, but analysis of the three
population groups revealed a common set of 24
genes regardless of differences related to race,
ethnicity, lifestyle, and environmental factor
which may provide key factors to understand the
pathogenesis of CAD and lead to development
of diagnostic markers and/or effective therapeu-
tic strategies.
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Introduction

Coronary artery disease (CAD), as a complex
chronic disease affected by many genetic and en-
vironmental factors1,2 as well as lifestyle patterns,
remains one of the major causes of death. De-
spite considerable advances in the prevention and
treatment of CAD, its complications, morbidity
and mortality still remain very high3, and vary
widely across different ethnic groups. The South
Asian (SA), including Indian, Pakistan,
Bangladesh, or Sri Lankan ancestry, is believed
to have a higher risk of CAD than other ethnic
groups4,5 possibly due to some specific infections
such as M. tuberculosis and CMV6. Nevertheless,
the association of self reported race/ethnicity
with CAD is complicated and poorly understood
due to the heterogeneity within racial/ethnic
groups.

Recently large-scale gene expression-profiling
studies, which could display genetic contribution
and patterns of altered gene expression related to
CAD, have provided valuable information re-
garding the molecular environment of CAD
across different continents7-10. Identifying the
common mechanisms underlying differential
manifestations of CAD could potentially identify
novel targets for prevention and treatment of
CAD.

In this study, we suppose that CAD is mediat-
ed by a common set of genes regardless of differ-
ences related to race, ethnicity, lifestyle, and/or
environmental factors. We analyze and compare
gene expression signatures of CAD populations
of different ancestral continents to identify a
common set of genes, which may provide key
factors to understand pathogenesis of CAD and
lead to development of diagnostic markers and/or
effective therapeutic strategies.
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Materials and Methods

Identification of Eligible Gene Expression
Profiles in CAD

Gene expression studies in the blood sam-
ples of CAD patients across different conti-
nents were identified by searching the Gene
Express ion Omnibus database (GEO,
http://www.ncbi.nlm.nih.gov/geo)11, and the fol-
lowing key words and their combinations were
used: “coronary artery disease, gene expression,
microarray”. We only adopted the original ex-
perimental articles that analyzed the gene ex-
pression profiling between CAD and normal
control (NC) blood. Non-human studies, review
articles and integrated analysis of expression
profiles were not considered.

Data Preprocessing
The heterogeneity among varying microarray

data arising from different microarray platforms,
gene nomenclature and clinical samples makes it
difficult to compare the gene expression data di-
rectly. In terms of current issues, a global nor-
malization approach should be included to mini-
mize the inconsistency. Consequently, we pre-
processed the raw microarray data of each study
by Quantile normalization and log2 transforma-
tion to obtain intensity values.

Statistical Analysis
The MATrix LABoratory (MATLAB) soft-

ware was used to identify differently expressed
genes (DEGs) between CAD and NC blood. A
gene specific t-test was carried out, and then p-
value of individual microarray study was calcu-
lated. For microarray studies from the same con-
tinent, Fisher’s method was used to combine p-
value of individual microarray studies. The
Genes with p-value < 0.05 were selected as the
significantly DEGs.

Functional Annotation of DEGs from
Different Continents

Gene Ontology (GO) was performed to inter-
pret biological roles of DEGs indifferent conti-
nents. GO would display functional annotation
and classification of analyzed gene sets. Further-
more the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis
was also performed to detect the potential path-
way of DEGs. KEGG pathway database is a rec-
ognized and comprehensive database, which
could help to represent knowledge on the molec-

ular interaction and reaction network for metabo-
lism, cellular processes, human diseases and oth-
ers12. The GENECODIS13, a web-accessible pro-
gram, was used for those functional analysis.

Identification of the Common Set of
Genes Across Different Continents

We compared DEGs from different continents,
and identified the common set of genes across
different continents. In order to understand the
biological role of the common set of genes in
CAD, we performed the protein-protein interac-
tions (PPIs) analysis. PPI analysis could display
protein functions at the molecular level and the
rules of cellular activities including growth, de-
velopment, metabolism, differentiation and apop-
tosis14. We adopted Search Tool for the Retrieval
of Interacting Genes/Proteins (STRING)
(http://www.string-db.org/), which is a database
of known and predicted protein interactions to
construct the PPI network, then visualized the
distribution characteristics of the common set of
genes in the PPI network with Cytoscape soft-
ware15.

Results

Detecting DEGs in CAD from
Different Continents

In this study, we collected a total of 4 CAD
expression profiles derived from the peripheral
blood according to the inclusion criteria, among
which 1 CAD expression profile was from Eu-
rope (GSE12288), 1 from Asia (GSE42148) and
2 from North America (GSE20680, GSE20681).
For the purpose of global normalization, we pre-
processed the raw microarray data by Quantile
normalization and log2 transformation to obtain
intensity values for each probe in the gene ex-
pression profiling. MATLAB software was
adopted to identify DEGs between CAD and NC
samples. Finally, 575, 868 and 476 genes were
regarded as significantly differentially expressed
in samples of CAD compared with NC under the
threshold of p-value < 0.05 in Asia, Europe and
North America (Table SI, Table SII, Table SIII).

Functional Annotation of DEGs
Indifferent Continents

To delineate the predominant biological theme
of DEGs in CAD from different continents, we
conducted GO categories and KEGG pathway
enrichment analysis by web-based software
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Figure 1. The significantly enriched functional annotation of DEGs detected in CAD from Asia population. The top 10 en-
riched GO categories for biological process. B, The top 10 enriched KEGG pathway.

GENECODIS (Figures 1, 2, and 3). Despite dis-
tinct gene expression patterns, some common
functions was involved in CAD across different
continents, such as signal transduction, blood co-
agulation, cell adhesion, immune response, phos-
pholipid biosynthetic process, lipid metabolic
process and infections.

Identification of the Common Set of
Genes Across Different Continents

24 genes were found differentially expressed
in CAD for the cases from Europe, Asia and
North America populations together (Figure 4,
Table I). Six genes were previously linked to
CAD or atherosclerosis. PPI networks of the
common set of genes across different continents
were established by Cytoscape software to un-

derstand their biological role in CAD. In the PPIs
network the nodes with high degree are defined
as hub proteins, and degrees are defined to mea-
sure how many neighbors a node directly connect
to. The significant hub proteins containing IRF4
(Degree = 23), PLAUR (Degree = 17) and
HIST1H2AE (Degree = 15) (Figure 5).

Discussion

We identified 868, 476 and 575 DEGs in
CAD patients from Europe, North America and
Asia. These genes encode proteins involved in
signal transduction, blood coagulation, cell ad-
hesion, immune response phospholipid biosyn-
thetic process, lipid metabolic process and in-
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fections, which were found to play an essential
role in the development of CAD. Systemic and
local inflammation including activation and mi-
gration of immune cells into the vessel wall has
been shown to play an essential pathologic role
in atherosclerotic coronary artery disease16,17. It
has been confirmed that adhesion of leukocytes
to activated endothelial cells and their migration
into the arterial wall would initiate, propagate,
and destabilize coronary plaques18. A recent in-
tegrative genomics study detected CAD-associ-
ated gene networks of lipid metabolism, coagu-
lation, immunity19. A large number of studies
have reported on associations of human CAD
with certain persistent bacterial and viral infec-
tions20,21.

Although the sets of DEGs identified in CAD
patients from Europe, North America and Asia,
are largely non-overlapping because of health
disparities, 24 genes were found common in the
three continents, and 6 genes were previously
linked to CAD or atherosclerosis. PLAUR, is a
crucial component in plasminogen activator (PA)
system which may predispose to thrombosis and
modulate the vascular response to injury. PLAUR
was found to be up-regulated significantly by ex-
periments of cholesterol-fed rabbits in early ath-
erosclerotic lesions22. As with tissue-type PA,
atherosclerotic arteries tended to have increased
intimal PLAUR expression, and the ratio of inti-
ma-to-media protein expression increased the
most for PLAUR23.

Figure 2. The significantly enriched functional annotation of DEGs detected in CAD from Europe population. A, The top 10
enriched GO categories for biological process. B, The top 10 enriched KEGG pathway.
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TNFRSF10C with an extracellular TRAIL-
binding domain and a transmembrane domain is
a membrane-bound decoy receptor of TRAIL,
which may play an important role in atheroscle-
rosis by regulating IGF1R expression in vascular
smooth muscle cell (VSMC) in an NF-κB-
dependent manner. TNFRSF10C and DR4 pro-
moted VSMC proliferation at low concentrations
of TRAIL without inducing human VSMC apop-
tosis due to lack of death domains or functional
death domains24,25.

ID3, emerged as an important upstream regu-
lator of atheroprotective pathways in immune
and vessel wall cells, was found to be directly
with human coronary artery pathology by identi-
fication of functionally significant polymorphism

ofID3 in patients with cardiovascular disease26,27.
The protein encoded by FGA is the alpha compo-
nent of fibrinogen, which is implicated in coagu-
lation reactions and atherosclerosis develop-
ment28,29. Some prospective studies revealed that
fibrinogen levels in plasma have been associated
with CAD and myocardial infarction risk30,31.
FGB rs1800787 and rs1800789 SNPs seem to
impose protection to CAD onset reducing the
risk by about 50% in homozygotes for the minor
alleles32.

IRF4, one member of the interferon regulato-
ry factor (IRF) family, which are initially de-
scribed as downstream regulators of interferon
signaling and function in the regulation of in-
nate and adaptive immune response33, was iden-

Figure 3. The significantly enriched functional annotation of DEGs detected in CAD from North America population. A, The
top 10 enriched GO categories for biological process. B, The top 10 enriched KEGG pathway.
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tified as the most significant hub proteins in the
PPI network. IRF4 is also closely related to in-
flammation34. IRF4 was highly expressed in
immune cells, human and mouse cardiomy-
ocytes as a transcription factor. Interestingly
IRF4 was downregulated in human dilated car-
diomyopathy hearts and mouse hypertrophic

hearts, implying the important role of IRF4 in
the process of cardiac hypertrophy and failure.
Out of genes previously reported to be associated
with CAD in the common set of 24 genes, some
genes such as F13B, SERINC1, MBOAT2,
HIST1H2AE and HIST1H3B may be implicated
in CAD by involving blood coagulation, phos-
pholipid biosynthetic process and other related
functions.

Conclusions

The data presented here have identified genes
differentially expressed between CAD and NC
samples in Asia, Europe and North America pop-
ulation. Although the sets of DEGs identified in
CAD from different continents are largely non-
overlapping because of health disparities, a com-
mon set of 24 genes was identified. Consistency
among the results obtained on Asia, Europe and
North America samples indicates a common biol-
ogy of CAD, which seems to be mediated by
similar pathways regardless of existing differ-
ences related to ethnicity, lifestyle, or environ-
mental factors.

ID Symbol Official full name

129642 MBOAT2 Membrane bound O-acyltransferase domain containing 2
1824 DSC2 Desmocollin 2
3012 HIST1H2AE Histone cluster 1, H2ae
4122 MAN2A2 Mannosidase, alpha, class 2A, member 2
4608 MYBPH Myosin binding protein H
5329 PLAUR Plasminogen activator, urokinase receptor
7940 LST1 Leukocyte specific transcript 1
79930 DOK3 Docking protein 3
8358 HIST1H3B Histone cluster 1, H3b
8794 TNFRSF10C Tumor necrosis factor receptor superfamily, member 10c, decoy without

an intracellular domain
8798 DYRK4 Dual-specificity tyrosine-(Y)-phosphorylation regulated kinase 4
55082 ARGLU1 Arginine and glutamate rich 1
2165 F13B Coagulation factor XIII, B polypeptide
3399 ID3 Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein
3983 ABLIM1 Actin binding LIM protein 1
26960 NBEA Neurobeachin
55314 TMEM144 Transmembrane protein 144
2243 FGA Fibrinogen alpha chain
3662 IRF4 Interferon regulatory factor 4
441024 MTHFD2L Methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 2-like
9215 LARGE Like-glycosyltransferase
57515 SERINC1 Serine incorporator 1
6236 RRAD Ras-related associated with diabetes
9947 MAGEC1 Melanoma antigen family C, 1

Table I. The 24 genes that showed up-regulation or down-regulation in the CAD examined in patients from Asia, Europe and
North America.

Figure 4. Comparison of DEGs in CAD samples from Eu-
rope, Asia and North America.
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