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Abstract. Objective: The variant 9p21 is correlated with coronary artery disease (CAD) in
multiple studies in the European population, but we lack information for the Eastern Europe-
ans (Caucasian). We aimed at investigating the potential association of six common polymor-
phic variants in 9p21 locus (rs7865618, rs1537378, rs7857345, rs10757274, rs2383206, and
rs10757278) with CAD in the Bulgarian population. Materials and methods: The current
analysis included 261 patients with angiographically documented CAD (153 with myocardial
infarction and 108 without myocardial infarction) and 496 population controls. Genomic DNA
was isolated from peripheral venous blood. The selected polymorphic variants in 9p21 locus
were genotyped by high resolution melting (HRM) analyses (Rotor Gene, Qiagen). Allelic and
genotypic frequencies for studied variants were compared between cases and controls using
the x2 test. Results: No deviation from the Hardy-Weinberg was observed for all polymorphic
variants in both patient’ and control’ groups (p > 0.05). Polymorphic allele A for rs7865618 was
found to be higher in the patient group than in the population controls (65.08% vs 58.28%).
The carrier of this allele poses a 1.4-fold higher risk of myocardial infarction development
than wild-type alleles’ carriers (OR 1.40 (A) Cl 1.04-1.70, p = 0.019), and this dependence
is not related with gender. In female, an association between the allele C of rs7857345 and
a 1.64-fold increased risk of myocardial infarction was observed (OR 1.64, CI95: 1.03-2.61,
p = 0.03). For the other studied polymorphisms, no statistically significant association with
disease risk was found. Also, our study found a positive association between rs2383206 and
decreased serum triglyceride levels and with serum level of LDL cholesterol. Conclusion:
Further studies with a larger number of cases and controls will be needed in order to evaluate
the possible association between the six studied polymorphisms and CAD/MI in Bulgarians.
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INTRODUCTION

Coronary artery disease (CAD) is a multifactorial dis-
order and its manifestation depends on the complex
interaction between environmental factors and he-
reditary predisposition. The main risk factors for CAD
are dyslipidemia, arterial hypertension, smoking,
obesity, diabetes mellitus, diet and others. Data on
the etiology and pathophysiology of coronary artery
disease are available in the scientific literature, but
the impact of genetic factors remains to be studied.

The genome-wide association study (GWAS) is a
modern approach identifying genetic loci associated
with a predisposition to serious diseases, including
CAD. The first reports of genomic studies for coro-
nary disease and its most common complication,
myocardial infarction (MI), were obtained from two
research groups in year 2007. The Ottawa Heart
Genomic Study consortium and deCODE simulta-
neously and independently identified genetic variant
rs1333049 located on chromosome 9, locus 9p21 as
a major genetic risk factor for myocardial ischemia [1,
2]. There were no protein-coding genes in this region,
although the two were lately identified as tumor sup-
pressor genes — CDKN2A and CDKNZ2B [3].

Subsequently, polymorphic variants in 9p21 locus
showed a strong statistically significant association
with the onset of coronary disease in a large number
of studies conducted in different population groups
[4-23]. There were several possible mechanisms dis-
cussed: epigenetic silencing of major cluster genes
from the functional product that is responsible for re-
duction of hypermethylation of CDKN2A and CDKN2B
[24, 25]; vascular smooth muscle cells proliferation
[26]; modulation of the function of TGFB and thus an-
other pathway for induction of atherogenesis [27].

The 9p21 locus includes various polymor-
phic variants such as rs1333049, rs10757274,
rs10757278, rs2383206, and rs2383207, which
are in partial or complete linkage disequilibrium.
The first polymorphism in this locus, which showed
a significant association with cardiac ischemia,
was rs1333049. A meta-analysis of 40,000 pa-
tients with coronary atherosclerosis and the cor-
responding number of healthy controls showed
that about 25% of European descent have two
copies of the risk allele (homozygous state), lead-
ing to a 1.6-fold increased risk of CAD compared
to wild-type allele carriers [28].

This variant was also associated with a higher risk
of carotid atherosclerosis [29], stroke [30-33], periph-
eral arterial disease [34-36], heart failure [37] and
cardiovascular mortality [38, 39], intracranial and ab-

dominal aortic aneurysms [40-42], coronary stenosis
[43, 44] and aortic calcification [45].

The aim of this study was to investigate the poten-
tial association of six common polymorphic variants
in 9p21 locus (rs7865618, rs1537378, rs7857345,
rs10757274, rs2383206, and rs10757278) with CAD
in an Eastern European (Caucasian) population.

METHODS

This association study included 496 population con-
trols and 261 patients with angiographically docu-
mented coronary atherosclerosis, 153 with previous
Ml and 108 without MI.

The diagnostic criteria for CAD were as recommend-
ed by the current guidelines: = 70% lumen stenosis in
at least one blood vessel as determined by coronary
angiography or = 50% in the left main; percutaneous
coronary angioplasty; coronary bypass or myocardial
infarction (MI). The diagnosis of Ml was based on the
4th definition for myocardial infarction [46, 47].

The concentrations of serum triglycerides, total cho-
lesterol and high-density lipoprotein (HDL) were
measured in all patients and part of the control sub-
jects. Low-density lipoprotein (LDL) cholesterol was
calculated according to the Friedewald equation [48].
The clinical and demographic data for all cases and
controls are based on official medical records and
are presented in Table 1-2. Written informed consent
was obtained from all individual participants included
in the study.

Genomic DNA was isolated from peripheral venous
blood samples using Chemagic Magnetic Separation
Module | (PerkinElmer) according to the manufac-
turer’s protocol. The selected polymorphic variants in
9p21 locus were genotyped by high resolution melt-
ing (HRM) (Rotor Gene, Qiagen).

Statistical analysis

Summarized statistics are presented as a mean +/-
standard deviation (SE) or as a percentage. A com-
parison of allelic and genotypic frequencies between
cases and controls for all studied polymorphic vari-
ants was made using the x? test. The Hardy-Weinberg
equilibrium was checked in the two studied groups.
The significance level is assumed to be < 0.05.

Clinical and demographic data between the studied
groups were compared with the x? (gender) or t-test
(age and other quantitative characteristics). The
Bonferroni correction has been used for numerous of
tests. Plink version 1.07 and Excel 2010 were used
to perform the statistical analysis.
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Table 1. Clinical and demographic data of patients with CAD only and compared to these in population controls

CAD (N = 108) Population controls (N = 496) P value
Age (years) 66.27 +£8.81 36.08 £12.99 <0.0001
Gender (male) 60 (55.56) 241 (48.59) <0.0001
BMI (kg/m2) 29.66 £5.72 25.66 +4.91 <0.0001
Total cholesterol (mmol/l) 5.64 +1.04 4.99+0.94 <0.0001
Triglycerides (mmol/l) 1.32+0.67 0.93 +0.56 <0.0001
LDL-cholesterol (mmol/l) 4.23+1.06 3.18+0.88 <0.0001
HDL-cholesterol (mmolll) 1.22+0.37 1.62+0.40 <0.0001
Systolic arterial pressure (SAP) (mm Hg) 147.86 + 21.83 - -
Diastolic arterial pressure (DAP) (mm Hg) 87.50 + 13.64 - -

Values shown are means + standard deviation, or numbers and frequencies.
CAD: Coronary artery disease; MIl: Myocardial infarction.

Table 2. Clinical and demographic data of patients with Ml and compared to these in population controls

MI (N = 153) Population controls (N = 496) P value
Age (years) 66.34 £ 10.39 36.08 £12.99 <0.0001
Gender (male) 92 (60.53) 241 (48.59) <0.0001
BMI (kg/m2) 28.36 + 4.89 25.66 +4.91 <0.0001
Total cholesterol (mmol/l) 5.94+0.75 4.99+0.94 <0.0001
Triglycerides (mmol/l) 2.07 £0.56 0.93 +0.56 <0.0001
LDL- cholesterol (mmol/l) 4.14+0.79 3.18+0.88 <0.0001
HDL- cholesterol (mmol/l) 1.39+0.28 1.62+£0.40 <0.0001
Systolic arterial pressure (SAP) (mm Hg) 135.92 + 10.96 - -
Diastolic arterial pressure (DAP) (mm Hg) 83.64 + 6.60 - -

Values shown are means + standard deviation, or numbers and frequencies.

CAD: Coronary artery disease; MI: Myocardial infarction.

RESULTS

For the purposes of this study, an association analy-
sis was performed. A total of 496 controls and 261 pa-
tients with angiographically documented atheroscle-
rosis of the coronary arteries were genotyped, 153
with Ml and 108 without MI. The aim of the study was
to analyze the possible association between 6 poly-
morphic variants (rs7865618, rs1537378, rs7857345,
rs10757274, rs2383206 and rs10757278) in 9p21 lo-
cus and chronic CAD or the risk for acute MI. The
variants were selected on the basis of previous re-
ports in the literature [1, 2, 49].

All selected polymorphisms were successfully geno-
typed in > 97% of the tested samples. The distribu-
tion of genotypes and alleles in controls and patients
was presented in Tables 3-5. All established geno-
type frequencies in the control group and in the pa-
tient group were in equilibrium according to Hardy-
Weinberg equation (p > 0.05).

The allelic and genotypic distribution was found to be
in the same range as in the Western European popu-
lations (including Caucasian).

Statistically significant association was found only
for rs7865618 and MI. The polymorphic allele A was
found to be higher in the patient group with MI than
the population controls (65.08% vs 58.28%). The car-
riers of this allele had a 1.4-fold higher risk of M| than
the carriers of the wild-type alleles (OR 1.40 (A) CI
1.04-1.70, p = 0.019). This dependence was not re-
lated to gender.

A similar trend was observed when comparing the
allelic frequencies between the population control
group and the general group of patients (including
both cases with MI and with stable CAD. This rela-
tionship was also not related to gender. Polymorphic
allele A was found to be higher in the cases than in
the population controls (64.35% vs 58.28%). Its carri-
ers had a 1.29-fold higher risk of Ml than the carriers
of the wild-type alleles (OR 1.29 (A) ClI 1.05-1.56).
The effect of rs7865618 was more expressed in the

Association study of polymorphic variants in 9p21 locus...
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group of patients with MI. Considering the whole
group of patients, this impact decreased from 1.4 to
1.29 times, despite the greater number of analyzed
cases, and completely disappeared in the group of
patients with stable CAD. We hypothesized that this
polymorphism was likely associated only with an in-
creased risk of MI, which remained to be confirmed
in further studies.

We observed an association between the allele C of
rs7857345 and a 1.64-fold increased risk for Ml in
females (OR 1.64, CI95: 1.03-2.61, p = 0.03). In the
males group, no similar trend was observed. For the
other studied polymorphisms, no statistically signifi-
cant association with disease risk was found.

The analysis of the association of the most common
haplotypes in the Bulgarian population with the risk of
CAD and myocardial infarction development is sum-
marized in Table 6.

B

reTBESE18
re1537378
raTB57345
re 10757274
re2383206
rs 10757278

Elock 1 {93 k)
3

Only ATCGGG haplotype showed a slight association
with the risk of MI (p = 0.04), but this association was
not found after Bonferoni correction (padj = 0.24).

Currently, although polymorphic variants in 9p21 lo-
cus do not correlate with levels of conventional risk
factors such as arterial blood pressure and lipid lev-
els, our study found a positive association between
rs2383206 and triglyceride and LDL cholesterol level.
The carriage of polymorphic allele A for this polymor-
phism was associated with a decrease in triglyceride
levels with 0.21 units (R = -0.21, p = 0.003) and in
LDL cholesterol levels with 0.34 units in the general
group (3 = -0.34, p = 0.002). Furthermore, carrying
the polymorphic T allele for rs10757274 resulted in a
decrease of 0.40 units in the LDL cholesterol levels
in the male group (B =-0.40, p = 0.02). There was a
gender relationship that was not been reported in the
scientific literature up to date (Table 7).

Fig. 1. Diagram of LD structure in the 9p21 region. The

solid spine of LD approach in HaploView 4.0 was used
to construct the LD block structure

Table 6. Association analysis of the most common haplotypes in the Bulgarian population with the risk of CHD and myo-

cardial infarction

Haplotype CAD (with and without MI) CAD (whithout MI) MI MI vs CAD (without MI)
o | o |w | XT|o|X
S| S| Frequency Frequency Frequency Frequency
S| @ || |8]| 2| npatents/ P patients/ | Pvalue | patients/ |Pvalue | patients/ | P value
N~ — ~ o ~ o
glele|lB| 2|9 controls controls controls controls
AlC|C|G|G]|GC 0.37/0.33 0.09 0.36/0.33 0.31 0.38/0.37 0.83 0.38/0.33 0.08
G| T|T|A|A|A 0.18/0.20 0.27 0.19/0.20 0.81 0.17/0.19 0.50 0.17/0.20 0.24
A|lC|C|A|]A|A 0.07/0.07 0.65 0.08/0.07 0.54 0.07/0.08 0.75 0.07/0.07 0.80
G| T|C|A|A|A 0.06/0.07 0.43 0.05/0.07 0.40 0.07/0.06 0.63 0.06/0.07 0.64
AlC|C|G|A|G 0.04/0.05 0.20 0.05/0.04 0.25 0.05/0.05 0.73 0.05/0.05 0.53
G|Cc|C|G|G|G 0.05/0.04 0.21 0.02/0.03 0.25 0.05/0.03 0.36 0.05/0.04 0.42
A|lT|C|G|G|G 0.03/0.03 0.87 0.02/0.03 0.32 0.04/0.01 0.04 0.04/0.03 0.29
AlC|C|G|G]|A 0.03/0.02 0.40 0.02/0.02 0.66 0.03/0.03 0.99 0.02/0.02 0.61
G| T|T|A|G]|A 0.02/0.02 0.52 0.02/0.02 0.98 0.03/0.02 0.51 0.01/0.03 0.18
A|lC|C|A|G|A 0.01/0.03 0.11 0.01/0.02 0.61 0.02/0.02 0.89 0.03/0.02 0.49
AlT|T|A]|A|A 0.02/0.02 0.97 0.01/0.01 0.92 0.02/0.01 0.84 0.02/0.02 0.95
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Table 7. Statistically significant associations of the studied polymorphic variants (at significance level p < 0.05) with the
TG and LDL cholesterol levels

Chromosome | Gene | Variantr | Position | B regression coef. | SE | P | Bonferoni correction

Triglicerides

9 | op2r | rs23e3200 | 20115027 | 0,21 | 007 | o003 | 0018

9 | op2r | rs23e3206 | 22115027 | 0.23 | o | o004 | 024
Female

9 | opo1 | rs2383206 | 20115027 | 018 | o0 | o002 | 0.12

9 | opo1 | rs2383206 | 22115027 | 034 | ou | o002 | 0012

9 op2L | rs2383206 | 22115027 043 016 | o001 006

9 op2L | rs10757274 | 22096056 0.40 016 | 002 0.2

Three polymorphic variants —rs10757274, rs2383206
and rs10757278 (Table 8) showed statistically signifi-
cant association with MI after linear regression anal-
ysis and correction for major risk factors for stable
CAD and M, such as BMI, total cholesterol levels,
HDL cholesterol, LDL cholesterol, triglycerides, sex
and age.

DISCUSSION

The original discovery of the 9p21 locus was done
in a group of patients with atherosclerosis, predomi-
nantly of European and Asian descent [1, 2]. Rep-
lication studies with this locus were conducted for
different ethnic groups: Poles [21, 50], Koreans [51,
52], Japanese [51, 53], Chinese [54, 55], Italians [56,

57], Arabs [58, 59], Norwegians [60], Spaniards [61],
Turks [62, 63], Pakistanis [64], Indians [65], Iranians
[66] and others. Currently, this genome region could
be considered as the strongest genetic marker for
CAD and MI.

In this association study we found a correlation
between the carriage of polymorphic allele for
rs7865618 (allele A) at locus 9p21 and the increased
risk of CAD (OR 1.29, p =0.01) and for Ml (OR 1.33 p
= 0.019). This discovery was proportional to the num-
ber of polymorphic alleles. In females, an association
between the allele C of rs7857345 and MI was ob-
served (OR 1.64, CI95: 1.03-2.61, p = 0.03).

Schunkert et al. in 2008 investigated the associa-
tion of locus 9p21 with CAD in 7 case-control stud-

Table 8. Linear regression model in patients with myocardial infarction

Ir_nlzzz rBegressmn Unstandardized Coefficients | Standardized Coefficients Sig. %.0% Con;‘ldence Interval
t Lower orB
Std. Error Beta Bound | ypper Bound
(Constant) 0,439 0,153 2,861 0,005 0,136 0,741
Age 0,013 0,001 0,438 9,055 0,000 0,010 0,016
SEX -0,135 0,040 0,134 -3,359 | 0,001 0,214 -0,056
Chol 0,260 0,165 0,516 1,575 0,117 -0,065 0,585
HDL -0,235 0,163 0,174 -1,446 | 0,150 -0,556 0,085
LDL -0,242 0,158 -0,478 -1,534 | 0,127 -0,554 0,069
TG 0,095 0,052 0,156 1,843 0,067 -0,007 0,197
rs7865618 0,039 0,033 0,053 1,186 | 0,237 -0,026 0,103
rs10757274 -0,144 0,033 -0,195 -4,392 | 0,000 -0,209 -0,080
1s7857345 0,018 0,035 0,025 0,517 | 0,606 -0,051 0,087
rs1537378 0,037 0,033 0,053 1,121 | 0,263 -0,028 0,102
rs2383206 0,100 0,025 0,170 4,033 | 0,000 0,051 0,148
rs10757278 0,143 0,027 0,242 5,257 | 0,000 0,090 0,197
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ies and undertook a meta-analysis. A single-nucle-
otide polymorphism (SNP), rs1333049, representing
the 9p21.3 locus, (the rs1333049 SNP was also in
strong linkage disequilibrium with the rs10757278
SNP [67] with D’ statistic, 0-794; r statistic, 0-726 and
P < 0-01.) was genotyped in 7 case-control studies
involving a total of 4645 patients with myocardial in-
farction or CAD and 5177 controls. The mode of in-
heritance was determined. In addition, in 5 of the 7
studies, they genotyped 3 additional SNPs to assess
a risk-associated haplotype (ACAC). Finally, a meta-
analysis of the present data and previously published
samples was conducted. A limited fine mapping of
the locus was performed. The risk allele (C) of the
lead SNP, rs1333049, was uniformly associated with
CAD in each study (p < 0.05). In a pooled analysis,
the odds ratio per copy of the risk allele was 1.29
(95% confidence interval, 1.22 to 1.37; p = 0.0001).
Haplotype analysis further suggested that this effect
was not homogeneous across the haplotypic back-
ground (test for interaction, P = 0.0079). An auto-
somal-additive mode of inheritance best explained
the underlying association. The meta-analysis of the
rs1333049 SNP in 12,004 cases and 28,949 controls
increased the overall level of evidence for associa-
tion with CAD to P = 6.04x10(-10) (odds ratio, 1.24;
95% confidence interval, 1.20 to 1.29). Genotyping
of 31 additional SNPs in the region identified several
with a highly significant association with CAD, but
none had predictive information beyond that of the
rs1333049 SNP [68].

In their study Koch et al. (2011) examining genetic
risk of MI at Ch9p21,t and they found an association
with rs7865618, rs1537378, rs10811650, rs1333040,
rs7857345, rs10757274, rs2383206, rs1333045,
rs10757278, and rs1333049. Relations of the same
SNPs to MI, CAD, or CHD were observed in prior
studies [1, 2, 51, 53, 68-73]. This is in accordance
with the results obtained in our study.

Yayla et al. in 2016 aimed to evaluate the impact of
rs10757274 and rs2383206 polymorphisms in chro-
mosome 9p21 on the presence and severity of CAD
in a Turkish population. A total of 646 patients who
underwent coronary angiography were included in
this study. Coronary vessel score and Gensini score
were calculated to assess the angiographic severity
of CAD. Alleles of AA, AG, and GG were determined
for rs10757274 (polymorphism-1) and rs2383206
(polymorphism-2) polymorphisms located in chro-
mosome 9p21 from the blood samples. There was a
significant difference between the alleles in polymor-
phism-1 in the presence of coronary artery disease
(38.9% in AA, 48.0% in GG and 56.4% in AG, p =
0.017) [62].

The genetic variants associated with an increased
atherosclerotic risk such as CAD and Ml are localized
in the genome region that produces long, non-coding
antisense RNA called ANRIL (antisense RNA in the
INK4 locus). In individuals with reduced risk of car-
diovascular damage, shearing of this RNA occurred
in two smaller fragments: one short linear and one
circular RNA (cANRIL). In humans at an increased
risk for atherosclerotic disease, only the long AN-
RIL RNA was found to inhibit gene expression of the
INK4/ARF locus more effectively. The expression-
associated INK4/ARF region prevents the formation
of atherosclerotic plaques and therefore people in
whom this locus was suppressed were more suscep-
tible to atherosclerotic disease [74].

Identification of 9p21 region as a genetic marker for
CAD is of great significance in understanding the
genetic basis of cardiovascular disease. At present,
there is no other part of the human genome showing
such a strong association with the cardiac ischemia
manifestation, as well as with many other conse-
quences of cardiovascular damage such as athero-
sclerotic plaques in the carotid artery [29], stroke [30-
33], peripheral arterial disease [34-36], heart failure
[37] and cardiovascular mortality [38, 39], also intra-
cranial and abdominal aortic aneurysms [40-42], cor-
onary stenosis [43, 44], and aortic calcification [45].
All this suggests a more general role of 9p21 locus
in vascular pathology. Genetic changes in the 9p21
locus are a risk factor for CAD in all ethnic groups
except African-Americans [28].

The potential association between polymorphic vari-
ants in the 9p21 locus and atherosclerosis may be
explained by the antiproliferative action of cyclin-
dependent kinase inhibitors that is known to be sup-
pressed in individuals with the 9p21 risk allele [28].
Cell proliferation and apoptosis play an important role
in atherogenesis and there is evidence that genes in
the INK4/ARF may be associated with atherogenesis.
Folkersen et al. reported an increased CDKN2A, CD-
KN2B and MTAP gene expression in normal and ath-
erosclerotic coronary arteries [75]. However, the ex-
pression levels of these genes in vascular tissue did
not show a clear correlation with 9p21 locus, which
negates the role of altered expression of these genes
in determining atherosclerosis sensitivity until further
data is aquired. Many other studies have examined
the relationship between CDKN2A, CDKN2B, and
MTAP expression in peripheral blood cells, but most
of the results are negative [75-78].

Some functional studies have been performed focus-
ing on the differential expression of antisense non-
coding RNA from INK4 (ANRIL), which is transcribed
by 9p21, as well as from the neighboring protein-cod-
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ing genes. The leading concept is that ANRIL might
be a regulator of epigenetic modification and thus
modulate cardiovascular risk [79, 80].

Genetic variations can affect the phenotype either by
altering the nature of the gene product (quality) or
its expression (quantity). Most risk variants in 9p21
are located in non-coding regions away from protein-
coding genes. This suggests that their effect is likely
due to their impact on the gene expression of one or
more genes located more closely in the genome.

Some studies indicate that the 9p21 locus is involved
in the initiation of atherosclerosis and is not associat-
ed with the progression or severity of atherosclerosis
[5], while other studies have the opposite assump-
tions [12, 17]. However, all studies are unanimous in
concluding that polymorphic variants in 9p21 indicate
a higher risk of coronary disease at early age (55
years in male and 60 years in female) [5].

Another possible explanation for the association
between the 9p21 and an increased risk of athero-
sclerosis is the presence of multiple enhancers in
the CDKN2B-AS region, which are responsible for
the elevated expression of cell proliferation-inducing
genes. In a study of Harismendy et al., 33 enhancers
were identified within the sequence [81].

All of this explains the obtained association between
the carrier of polymorphic alleles for 9p21 locus and
the risk of CAD and Ml in this study. However, an en-
largement of the studied groups is needed to confirm
the identified relations.
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