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ABSTRACT Atherosclerosis is a complex multifactorial and polygenic disorder resulting from endothelial
dysfunction and excessive inflammatory response to various forms of injurious stimuli to the arterial wall. In this
study, researchers aimed to investigate endothelin-1 (Lys198Asn and rs10478694) polymorphisms which are
supposed to play roles in atherothrombotic process. Study group included 100 patients who had  coronary artery
bypass operation (CABG) without any history of a myocardial infarction with ST elevation (Group 1), and 80
patients who had a CABG operation after a myocardial infarction with ST elevation (Group 2). The control group
consisted of 80 healthy people  without coronary artery disease. Endothelin-1 gene polymorphisms of the subjects
were determined by real time polymerase chain reaction method. Comparison of  study groups, Groups 1 and 2, and
control group (Group 3) did not show any statistically significant differences for endothelin-1 gene polymorphisms
(p>0.05).The polymorphisms endothelin-1 gene which is thought to play a role in atherothrombotic process, were
not supposed as  risk factors in CABG patients. Studies on different polymorphisms of endothelin-1 gene may be
beneficial.
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INTRODUCTON

Current standards for pre-operative cardiac
evaluation support the use of non-invasive car-
diac tests to improve perioperative risk stratifi-
cation , but predictive value remains  > 2 percent
(Senol et al. 2014).  Due to lack of precision in
individual classification, the search for novel risk
factors predicting perioperative cardiovascular
adverse events is important. The need for im-
proved perioperative risk profiling is further jus-
tified by a worrisome growing surgical burden,
owing to accelerated population aging and in-
creased reliance on surgery for disease treat-
ment. Over 40 million patients undergo surgery
annually in the U.S., resulting in costs of $450
billion per year (Senol et al. 2014). With approx-
imately one-third of surgical patients  >65 years

of age and 40% having atherosclerosis risk fac-
tors, approximately 1.25 million perioperative
cardiovascular complications occur annually,
resulting in an additional $25 billion in health
care expenditures (Senol et al. 2014). It is pro-
jected that by 2020 the number of surgeries will
increase by 25 percent, associated costs by 50
percent, and likelihood of atherosclerotic-relat-
ed cardiac, cerebral, and renal complications by
100 percent (Senol et al. 2014). Evidence is accu-
mulating that genetic variations, or polymor-
phisms, can significantly affect an individual’s
susceptibility to adverse postoperative events
(Senol et al. 2014).

Atherosclerosis is a complex multifactorial
and polygenic disorder resulting from endothe-
lial dysfunction and excessive inflammatory re-
sponse to various forms of injurious stimuli to
the arterial wall (Garcia et al. 2005). Disruption of
endothelial structure and inflammation play im-
portant roles in the onset and progression of
atherosclerotic process. A complicated inflam-
matory and fibroproliferative response also de-
velops against arterial intimal deposition of

user
Text Box
PRINT: ISSN 0972-3757 ONLINE: 2456-6360

user
Text Box
DOI: 10.31901/24566330.2014/14.03-4.10



184 SEFA SENOL, ILKER AKAR,  KÜRSAT KARGÜN ET AL.

atherogenic lipoproteins derived from plasma
(Hansson et al. 2004).

Several molecules have been associated with
the vascular physiology and severity of coro-
nary artery diseases ( Topol et al. 2006). Endot-
helin-1 is a polypeptide composed of 21 amino
acids, produced by endothelium and smooth
muscle cells of vessels, and it is the most potent
vasoconstrictor ever known exerting an auto-
crine effect (Nova et al. 1991).Endothelin 1(ET-
1) is encoded by the EDN1 gene located in chro-
mosome 6p21–24 and is a potent vasoconstric-
tor that acts as a modulator of vasomotor tone
and vascular remodeling (Rankinen et al. 2007).

 Endothelial injury causes chronic activation
of intravascular coagulation system (Kobayashi
et al. 1987).When characteristics of endothelin-
1 such as strong and long-lasting vasoconstric-
tor effect, release from the region with the en-
dothelial injury, and proliferative effects on vas-
cular and smooth muscle cells are taken into ac-
count, it is not surprising for this compound to
play an important role in vascular function dis-
orders in the case of atherosclerosis, hyperten-
sion, and postangioplastic restenosis (Gandhi
et al. 1994).

Objectives

In this paper, the patients in the study groups
who did not have pre-operative myocardial inf-
arction and had a myocardial infarction with ST
elevation preoperatively, and the control group
were compared for endothelin-1 polymorphisms.

METHODOLOGY

The study group included 100 patients (71
males, 29 females; mean age: 58.2 ± 10.9 years)
who had a coronary artery bypass graft (CABG)
operation without any history of myocardial in-
farction with ST elevation (Group 1), and 80 pa-
tients (61 males, 19 females; mean age: 59.6 ± 9.3
years) who had a CABG operation after a myo-
cardial infarction with ST elevation (Group 2).
The control group consisted of 80 healthy peo-
ple (60 males, 20 females; mean age: 55.6 ± 10.6
years) without coronary artery disease.

All patients had complete physical examina-
tions, and their demographic characteristics and
cardiovascular risk factors were noted. The ones
with a fasting glucose level > 126 mg/dl, and the
ones on antidiabetics or insulin treatment were

regarded as diabetics. The patients with a sys-
tolic blood pressure > 140 mmHg and a diastolic
blood pressure > 90 mmHg, and the ones on an
antihypertensive treatment were considered as
hypertensive patients. The blood samples were
obtained from the patients for routine hemato-
logical and biochemical tests, following a 12-
hour fasting period. Myocardial infarction was
diagnosed in accordance with Word Health Or-
ganisation (WHO) criteria, taking symptoms,
high levels of cardiac enzymes and electrocar-
diographic changes into account. Because of
high mortality, the patients who had myocardial
infarction underwent coronary bypass surgery
when the cardiac enzymes became normal and
the blood samples were taken before surgery.
So these enzymes in all groups were normal.The
control group is the composed of subjects with-
out coronary artery disease. The patients on
drugs affecting the coagulation cascade such
as aspirin, clopidrogel and warfarin, the ones
with a hematological disease causing hyperco-
agulability or bleeding diathesis, the patients
with any malignancy, and the patients with a
thrombocyte count below 150,000/ ml or above
400,000/ml, or the ones with an INR above 1.5
were excluded. In addition, patients with cardi-
omyopathy, valvular disease, renal or liver dys-
function or with any known systemic disorders
were excluded. The patients were informed about
the study, their informed consents were ob-
tained, and the study protocol was approved by
the university ethics committee.

2-3 ml of venous blood sample of the pa-
tients was put into tubes with EDTA, and the
DNA isolations were done in Medical Genetics
Laboratory using the DNA isolation kit
(PureLink™ genomic DNA kits). Isolated DNAs
were stored at -20 0 C until the analyses were
performed. Genotyping was performed with ABI
StepOne Plus Real Time Polymerase Chain Re-
action (PCR) equipment.

Statistical Analysis

The statistical analyses were performed us-
ing SPSS 11.5 package program (SPSS Inc, Chi-
cago, IL, USA). Differences in genotype distri-
bution and consistency with Hardy–Weinberg
equilibrium were tested by χ2 test. Chi-square
test was used for the categorical variables. In-
tergroup comparisons were done with one way
variance analysis (One-Way ANOVA) test. In-



ENDOTHELIN-1 GENE POLYMORPHISM IN CORONARY ARTERY DISEASE  185

tragroup comparisons of the parameters were
done using t-test and Mann-Whitney U test.
The results were analyzed with a confidence in-
terval of 95%, and p<0.05 was regarded as sta-
tistically significant.

RESULTS

The baseline demographic and clinical char-
acteristics of the groups are presented in Table
1. The study group, composing of Groups 1 and
2, and the control group (Group 3) were similar
for gender, age, levels of total cholesterol and
LDL- cholesterol, as well as body mass index
(BMI), smoking and family history (p>0.05). On
the other hand, fasting blood glucose levels,
HDL-cholesterol , triglyceride, rates of diabetes
and hypertension were statistically significant-
ly higher in the study groups (Groups 1 and 2)
when compared to Group 3 (p<0.05). However,
comparison of all genotypes with categorical
variables did not show any relation between the
control and the study groups (p>0.05). The com-
parison of Groups 1 and 2 for demographic and

clinical characteristics did not yield statistically
significant differences (p>0.05).

Table 2 shows genotype distributions of
endothelin-1 gene polymorphisms in the study
and the control groups. Table 3 shows p values
for genotype distributions of endothelin-1. The
allele frequency  for endothelin-1  is given in
Table 4. The p values   for allele frequencies for
endothelin-1  is given in Table 5.

Thirty-five percent of the patients in Group
1, 30 percent of the patients in Group 2, and 29
percent of the subjects in the control group were
homozygous (Lys198Lys ) for endothelin-1. For-
ty five percent of the patients in Group 1, 48
percentof the patients in Group 2, and 49 per-
cent of the subjects in the control group were
heterozygous (Lys198Asn). Mutant region
(Asn198Asn ) was seen in 20 percent of the pa-
tients in Group 1, 22 percent of the patients in
Group 2, and 22 percent of the subjects in the
control group. The comparison of the study
groups and the control group for endothelin-1
(Lys198Asn)  results did not show statistically
significant results (p>0.05).

Table 1: The demographic and baseline clinical characteristics of the groups

                                                                 Group 1                            Group 2                                    Group 3

Age (years) 58.2 ±   10.9 59.6 ±    9.3 55.6 ± 10.6
Gender (F/M) 29/71 19/61 20/60
Hypertension (%) 39 37.5 10
Fastin Glucose (mg/dl) 102.6 ±   24.6 103.8 ±   27.4 91 ± 18.6
Total cholesterol (mg/dl) 219 ±   44 198 ±   53 189 ± 42
Triglyceride (mg/dl) 238 ± 196 223 ± 162 148 ± 96
HDL cholestero (mg/dl) 37 ±   13 40 ±   11 48 ± 11
LDL cholestero (mg/dl) 134 ±   59 128 ±   54 124 ± 48
Diabetes Mellitus (%) 35 30 12.5
Body mass index (kg/m2) 28.9 ±     4.3 28.4 ±     3.2 26.9 ±   2.9
Cigarette (%) 34 32.5 25
Family history (%) 29 22.5 20
F: Female, M: Male, FBG: Fasting blood glucose, T-Cholesterol: Total cholesterol DM: Diabetes mellitus, BMI:
Body Mass Index.
Group 1: MI (st elevation )  Group 2: CABG  Group 3: Control

Table 2: Genotype distributions of endothelin-1 gene polymorphisms

Polymorphisms Genotypes        Group 1             Group 2             Group 3
      (n=100)             (n=80)              (n=80)

Endotelin 1 Lys198Lys   n (%) 35 (35) 24 (30) 23 (29)
Lys198Asn Lys198Asn  n (%)  45 (45)  38 (48) 39 (49)

Asn198Asn n (%) 20 (20) 18 (22) 18 (22)
Endotelin 1* 3A/3A n (%) 49 (49) 37 (46) 36 (45)
rs10478694 3A/4A n (%) 42 (42) 33 (42) 36 (45)

4A/4A n (%)  9   (9) 10 (12) 8 (10)

*A: insertion (I) /deletion (D) , 3A/3A (wild type/deletion), 3A/4A, 4A/4A (mutation/
insertion).
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For endothelin-1 (rs10478694), 49 percent of
the patients in Group 1, 46 percent of the pa-
tients in Group 2,  and 45 percent of the patients
in Group 3 were 3A/3A (wild type/deletion). On
the other hand, 42 percent of the patients in
Group 1,  42 percent of the patients in  Group 2,
and  45 percent of the patients in the control
group were 3A / 4A. 4A/4A (mutation/insertion)
was seen in  9 percent of  Group 1,  12 percent of
Group 2,  and  10 percent of Group 3. The differ-
ences among the study and the control groups
were not statistically significant (p>0.05).

DISCUSSION

Coronary artery disease is a complex disease
appearing due to environmental and genetic fac-
tors in the developed countries. World Health
Organisation has estimated that annually 7 mil-
lion patients, most of them living the develop-
ing countries, die due to coronary artery dis-
ease, and atherosclerosis will be the leading
cause of death all over the world (Garcia et al.

2005).  The candidate genes and their loci have
been shown to be related with a tendency to
myocardial infarction (Um et al. 2005).

Endothelin-1 dysfunction has been shown
to have different effects on a number of diseas-
es such as atherosclerosis, coronary artery dis-
ease and acute coronary syndrome (Böhm et
2007). Endothelin-1 causing smooth muscle cell
proliferation, and platelet-derived growth factor
were found high in hypercholesterolemic pa-
tients, with a positive correlation in between
(Battistini et al. 1993). In this study, there was no
correlation between endothelin-1 polymorphism
and all cholesterol types studied. Experimental
studies showed that ET-1 played an important
role in the development of atherosclerotic
plaques (Duerrschmidt et al. 2000;  Böhm et al.
2007). Some authors emphasized the need for
studies investigating endothelial gene modifi-
cations on atherosclerosis and coronary artery
disease / myocardial infarction due to consider-
ations on proatherogenic activity of endothe-
lin-1 (Winkles et al. 1993; Kanaya et al. 2007)

Some studies investigated the relation of the
genes coding endothelin-1 with risk of hyper-ten-
sion, atherosclerosis, coronary artery disease and
myocardial infarction (Iwey et al. 2008; Palacin et
al. 2009, Dzholdasbekova et al. 2010, Vargas et al.
2010 ). No studies in the literature have investi-
gated endothelin-1 in patients who had preoper-
ative myocardial infarction with ST elevation, and
in the patients who had CABG without any histo-
ry of preoperative myocardial infarction.

Palacin et al. (2009) did not find any signif-
icant correlation between endothelin-1 poly-
morphism and acute myocardial infarction in
316 patient with early onset acute myocardial
infarction (<55 years of age). In this study,
comparison of Group 1 and Group 2, or the
comparison of Groups 1 and 2 with Group 3
did not yield significant results for endothelin-1
polymorphisms.

Dzholdasbekova et al. (2010) performed a
study on 120 Kazakh patients with grade 2-3
hypertension, and found that 198Asn and  As-

Table 3: P values for genotype distributions of
endothelin-1

     *p1           *p2            *p3

Lys198Asn 0.69    0.66     0.98
rs10478694 0.74     0.84    0.83
*p1 = Group 1/Group 2   *p2 = Group1/Group 3   *p3 =
Group 2/Group3

Table 4: Allele frequencies

 Allel   Group 1  Group 2          Group 3

Endotelin 1 Lys, n  (%) 115 (57.5) 86 (53.8) 85 (53.1)
Lys198Asn Asn, n (%)  85 (42.5)  74 (46.2)  75 (46.9)
Endotelin 1 3A, n  (%) 140 (70) 107 (66.9) 108 (67.5)
*rs10478694 4A, n  (%)  60 (30)  53 (33.1)  52 (32.5)

Table 5: The p values     for allele frequencies

     *p1           *p2            *p3

Lys/Asn 0.41  0.40  0.91
Lys 198
Asn
Allel OR:0.84 OR:1.19 OR:1.02
3A/4A  0.52     0.61    0.90
rs10478694
Allel OR:0.86 OR:1.12 OR:0.97

*p1 = Group1/Group2   *p2 = Group1/Group3   *p3 =
Group2/Group3
OR= Odss Ratio
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nAsn allele genotypes of endothelin-1 were risk
identifiers for development of arterial hyperten-
sion. In this study, the researchers did not find
any significant relation of hypertensive patients
in both study groups and the control group with
endothelin-1 polymorphisms.

Vargas et al. (2010) reported that rs1412444
and rs246833 gene polymorphisms of endothe-
lin-1 had correlations with coronary artery dis-
ease. The researchers did not find any correla-
tion of  Lys198Asn and rs10478694 polymor-
phisms of endothelin-1 with Group 1 and Group
2 patients.

CONCLUSION

The polymorphisms endothelin-1 gene, a
gene which is thought to play a role in athero-
thrombotic process, were not supposed as risk
factors in CABG patients. Studies on different
polymorphisms of endothelin-1 gene may be
beneficial. One limitation of this paper is the small
number of patients in the study groups, and a
larger patient group could have increased the
statistical power of this study.
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