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Genetics of the acute coronary syndrome
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Abstract: Acute coronary artery syndrome in the leading cause of morbidity and mortality in Western countries,

and its epidemiological burden is also constantly increasing worldwide, including Asia. Due to social and economic

consequences, a number of experimental and epidemiological studies have analyzed its etiology so far, in order to

develop effective preventive and treatment measures. Thanks to these studies, it is now clear that coronary artery

disease (CAD) is a complex multifactorial disorder, resulting from close interaction between acquired and inherited

risk factors. In particular, considerable advances were made in the last decade about our understanding of the

genetic causes of CAD, mainly propelled by the progresses in whole genome scanning and the development of

genome wide association studies. This narrative review is hence dedicated to explore the role of genetic factors in

the risk of developing acute CAD.

Keywords: Genetics; acute coronary artery disease (CAD); candidate gene studies; genome wide association

studies

Submitted Jan 27, 2016. Accepted for publication Jan 29, 2016.

doi: 10.21037/atm.2016.02.12

View this article at: http://dx.doi.org/10.21037/atm.2016.02.12

Introduction

Acute coronary artery disease (CAD) is the most common
cause of death in industrialized countries, accounting
for up to 40% of all deaths. Moreover, it is also rapidly
increasing in prevalence in developing countries due to
the epidemiological and demographic changes attributable
to the improvement of the socio-economic and health
conditions. Indeed, as a consequence of the reduction of
childhood mortality, an increasing number of individuals
reach an older age, thus becoming at greater risk of
cardiovascular disease (1-3).

As CAD is becoming a leading public health problem
around the globe, it is not surprising that a vast part of
the medical research is now focusing on the identification
of genetic and environmental factors contributing to the
development of this multifactorial disease (4-8). However,
although the recognition and treatment of established risk
factors for coronary heart disease is crucial to reduce the
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disease burden, studies aimed to unravel the genetic basis
of coronary disease are equally important as they permit
the development of novel diagnostic and therapeutic
methods (9,10).

The current knowledge about the genetic determinants
of acute CAD will be explored in this review.

Candidate gene studies

Acute coronary syndrome is the most important example
of a complex, or multifactorial, disease. Contrary to
monogenetic diseases (i.e., haemophilia or cystic fibrosis),
complex diseases are not caused by a single gene defect
but by variable combinations of gene-gene and gene-
environment interactions (11).

While single gene disorders are considered to be rare
and deterministic, a complex trait such as CAD is common
and probabilistic in phenotypic determination. Indeed,
complex diseases do not follow a clear pattern of Mendelian
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inheritance (i.e., autosomal dominant, recessive or X-linked)
but are characterized by the lack of a perfect co-segregation
between the risk allele and phenotypic manifestation and by
a high prevalence in the population (11). Thus, in a complex
trait, the presence of a risk allele is neither necessary nor
sufficient to cause the phenotype and, hence, establishing
causality is particularly demanding (12). As a consequence,
genetic studies on multifactorial diseases have been difficult
to perform.

Candidate gene case-control association studies have
been identified as the most used and easiest method to
identify the susceptibility genes for CAD. By means of
this approach, single-nucleotide polymorphisms (SNPs),
occurring at a frequency of greater than 1% in the general
population, are identified in the candidate gene and
genotyped in a group of patients (cases) and in controls.
The frequencies of SNP alleles or genotypes are then
analysed, and an association between the allele/genotype
and the disease is established if its occurrence in the cases
is statistically different from that in the controls (13,14).
Numerous case-control association studies were carried out
over the past decade, and variants in many genes have been
implicated in increasing or decreasing the susceptibility to
coronary heart disease. However, the results of the different
studies were quite conflicting as documented by a number
of recent reviews and meta-analyses (13). Among the most
convincingly replicated findings is that for the ¢4 allele
of apolipoprotein E, which may be associated with a 1.4-
fold increased risk of CAD according to a meta-analysis
by Song and colleagues (15). Among the hemostasis gene
variants, only the gain-of-function factor V.G1691A and
prothrombin G20210A mutations were associated with
a modestly increased risk [odds ratio (OR) of 1.2-1.3] in
the frame of a huge meta-analysis published by Ye and
colleagues (16).

Significant advances have been made in identifying
chromosomal loci linked to or genetic variations that
confer susceptibility to CAD using microarray-based or
high-throughput RNA sequencing methods (17,18). The
GENEQUEST was the first study that applied these
newer techniques to the genetic investigation of CAD (19).
The study analysed the relationship between 72 SNPs
from 62 candidate genes and CAD in 362 case subjects
(patients with at least one affected sibling with premature
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CAD) and 402 control subjects. Among all the SNPs
studied, the most significant association with premature
myocardial infarction was found with three variants in
the thrombospondin gene (THBSI1, THBS2 and THBS4),
which encodes for a family of glycoproteins considered
to play an act as modulators of cell-matrix interactions
and angiogenesis. Several other large-scale SNP studies
have described additional polymorphisms associated with
CAD. Yamada and colleagues used a two-step approach
to select for polymorphisms associate with myocardial
infarction (20). They initially screened 112 polymorphisms
from 71 candidate genes in 909 unrelated patients, and
found 19 polymorphisms in men and 18 in women
associated with myocardial infarction. They then confirmed
the significance of these candidate SNPs through a case
control study of 2,819 Japanese patients with myocardial
infarction and 2,242 control subjects. With this approach,
they described an increased risk of myocardial infarction
associated with C1019T polymorphism in the Connexin
37 gene (OR, 1.4) in men and a 4G-668/5G polymorphism
in the plasminogen activator inhibitor type 1 (PAI-1)
gene (OR, 1.6) and a 5A-1171/6A polymorphism in the
stromelysin-1 gene (OR, 4.7) in women. McCarthy and
colleagues extended the initial results from GENEQUEST
by screening 210 polymorphisms in 111 candidate genes
from 418 patients with premature CAD (21). They found
strong associations with the previously described variants of
THBS2 (OR, 0.38) and THBS4 (OR, 2.22) and plasminogen
activator inhibitor-2 (PAI2) (OR, 2.35). Several other novel
genes related to diverse biochemical and cellular functions
involved in the pathogenesis of CAD were identified by a
more recent large and systematic candidate gene study (22).

Genome wide association studies

In addition to high-throughput genotyping, genome-
wide scanning has been more recently introduced to
identify potential genes for further analysis. Genome-
wide association studies (GWAS) are large-scale
population-based studies that utilize chip technology for
the identification of association between genetic markers
and particular clinical phenotypes (23,24). A genome-
wide association approach has become possible with
data from the International HapMap Project, which was
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built to create a public resource of common SNPs to
capture most of the common human genome sequence
variability ant thus provided a powerful resource of
markers for genome-wide association studies (25).
The first genome-wide association study was published
by Ozaki and colleagues in Japan in 2002, analyzing more
than 65,000 SNPs in nearly 14,000 genes (26). Six million
genotypes were generated and SNPs identified as associated
with myocardial infarction were then typed in a separate
case series. A significant association was observed between
myocardial infarction and lymphotoxin-alpha gene (L7A)
which, interestingly, encodes a member of the tumor
necrosis factor (TNF) ligand family and has been implicated
in atherosclerosis in animal models (27). However, the first
genetic risk variant with a robust association with CAD was
identified by three independent groups on the short arm of
chromosome 9 (9p21.3) (28-30). McPherson and colleagues
screened 100,000 SNPs throughout the genome, and
found that two SNPs (rs10757274 and rs2383206) located
within 20 kilobases of each other on the chromosome
9p21 were associated with the risk of CAD in a Canadian
population. These findings were then replicated in five
other large Caucasian cohorts from Denmark and United
States (28). Helgadottir and colleagues screened 305,953
SNPs, describing a significant association between
myocardial infarction risk and SNPs on chromosome 9p21
(rs2383207 and rs10757278) in an Icelandic population,
followed by replication in four other US Caucasian
cohorts (29). The same susceptibility locus was also
identified in the frame of a genome-wide association study
of 1,926 cases and 3,000 controls from a British population
by the Wellcome Trust Case Control Consortium (31), and
replicated in a German population (30). The association
between CAD and these SNPs was also replicated in several
other independent studies, such as the Framingham Heart
Study (32) and the PROCARDIS Consortium which
included 4,251 cases with CAD and 4,443 controls from four
European populations (33), thus identifying this locus as the
most highly replicated for the risk of CAD. Interestingly,
the chromosome 9p21 region contains genes coding
for two cyclin-dependent kinase inhibitors, CCDKN2A4
and CDKN2B, which are known to play critical roles in
cell proliferation, aging, senescence and apoptosis (34).
Since then, several other loci have been identified by other
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study groups. For instance, the international consortium
designed Coronary Artery Disease Genome-Wide
Replication and Meta-Analysis (CARDIoGRAM) study,
which involved investigators from the UK, Germany,
USA, Iceland and Canada, led to the discovery of 13
new genetic risk variants for CAD, with confirmation of
10 previously identified risk variants (35). Notably, in
another study involving CARDIoGRAM investigators,
Reilly and colleagues identified a protective role against
myocardial infarction for several SNPs tagging the O
allele at the ABO locus at chromosome 9p34.2 (36). While
A and B alleles encode glycosyltransferases that transfer
carbohydrates to von Willebrand factor (VWF), the O allele
encodes a protein without any enzyme activity which is
thought to facilitate the proteolysis of VWF with resulting
lower circulating VWEF and factor VIII and reduced risk of
coronary thrombosis (37). The National Human Genome
Research Institute (NHGRI) Catalog has currently included
29 genome wide association studies, which identified more
than 150 genomic loci associated with CAD in different
populations (38). Collectively, these data document that the
susceptibility to this common disease is largely determined
by common SNPs of small effect size (OR in the range
1.1-1.3, with the exception of the LPA gene at the locus
9p21 encoding for lipoprotein (a) and a region of unknown
function at 6p24) but with genome wide significance
(P<5x107*) (39). Tuble 1 summarizes the main chromosomal
loci for CAD identified by genome wide association studies.

Conclusions

CAD is a complex multifactorial disease which has, however,
an important genetic component. Indeed, thanks to recent
biotechnological progresses, the role of inheritance in the
risk of developing CAD has been defined more accurately.
Genome wide association studies have definitely elucidated
that such disease is the result of the interaction of common
genetic variants, mostly implicated in the lipid metabolism,
cell proliferation and inflammation (7able 1). While these
polymorphisms have individually a small effect on the CAD
risk, they are closely associated each other in a synergic
manner, thus accounting for the high incidence of this
clinical condition, which is currently the leading cause of
morbidity and mortality in high income countries.
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Table 1 Most important chromosomal loci associated with coronary artery disease that has been identified by genome-wide association

studies

Locus SNPs Genes OR (95% CI)* CAD-related function
1p13.3 rs646776 SORT1 1.11 (1.08-1.15) LDL-C
1p32.2 rs17114036 PPAP2B 1.17 (1.13-1.22) -

1p32.3 rs11206510 PCSK9 1.08 (1.05-1.11) LDL-C

1941 rs17465637 MIA3 1.14 (1.09-1.20) -

2p21 rs4299376 ABCG8 1.07 (1.04-1.11) LDL-C
2g33.1 rs6725887 WDR12 1.14 (1.09-1.19) -

3022.3 rs2306374 MRAS 1.12 (1.07-1.16) -

6p21.31 rs17609940 ANKS1A 1.07 (1.05-1.10) -

6p21.33 rs3869109 HLA-C 1.14 Triglycerides
6p24.1 rs12526453 PHACTR1 1.10 (1.06-1.13) -

6023.2 rs12190287 TCF21 1.08 (1.06-1.10) -

6025.3 rs3789220 LPA 1.51 (1.33-1.70) Lipoprotein (a)
7022.3 rs10953541 BCAP29 1.08 (1.05-1.11) -

7932.2 rs11556924 ZC3HC1 1.09 (1.07-1.12) -

9p21.3 rs10757274 CDKN2A, CDKN2B, ANRIL 1.29 (1.23-1.36) Abdominal and intracranial aneurism
9q34.2 rs579459 ABO 1.10 (1.07-1.13) IL-6, E-selectin, cholesterol
10p11.23 rs2505083 KIAA1462 1.07 (1.04-1.09) -

10g11.21 rs1746048 CXCL12 1.33 (1.20-1.48) -

10923.31 rs1412444 LIPA 1.09 (1.07-1.12) Endothelial function
11922.3 rs974819 PDGFD 1.07 (1.04-1.09) -

11923.3 rs964184 APOA5/A1/C3 1.13 (1.06-1.16) HDL-C, triglycerides
12924.12 rs3184504 SH2B3 1.07 (1.04-1.10) LDL-C

13934 rs4773144 COL4A1/A2 1.07 (1.05-1.09) -

14932.2 rs2895811 HHIPL1 1.07 (1.05-1.10) -

15925.1 rs3825807 ADAMTS7 1.08 (1.06-1.10) -

17p11.2 rs12936587 RASD1, SMCR3, PEMT 1.07 (1.05-1.09) -

17p13.3 rs216172 SMG6 1.07 (1.05-1.09) -
17921.32 rs46522 UBE2Z 1.06 (1.04-1.08) -

19p13.2 rs6511720 LDLR 1.18 (1.11-1.25) LDL-C
21922.11 rs9982601 SLC5A3, MRPS6, KCNE2 1.18 (1.12-1.24) -

*, Data were derived from references (28-30,35,36,40-45). SNPs, single-nucleotide polymorphism; OR, odds ratio; Cl, confidence
interval; CAD, coronary artery disease; LDL-C, low-density lipoprotein cholesterol; IL, interleukin; HDL-C, high-density lipoprotein

cholesterol.
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