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Restenosis remains the main complication after percutaneous coronary interventions in pa-
tients with coronary heart disease. The causes of its development include, in particular, genetic
factors. We studied polymorphic loci of genes encoding endothelin-1 (EDN1 rs5370), endo-
thelin-1 receptor (EDNRA rs5333), endothelin-converting enzyme (ECE1 rs1076669), and
endothelial NO synthase (eNOS rs1549758, eNOS rs1799983, and eNOS rs2070244) in the
context of in-stent restenosis development. It was found that the analyzed polymorphisms of
the endothelin system genes were more significant for patients aged > 65 years, while the poly-
morphic loci of the endothelial NO synthase gene (eNOS rs1799983 and eNOS rs1549758)
were predominantly associated with time of in-stent restenosis. The obtained results can be
useful for comprehensive assessment of the restenosis risk factors and the choice of optimal
treatment for patients with coronary heart disease before elective surgical intervention.
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Percutaneous coronary interventions (PCI) were devel-
oped to reduce stenosis or to eliminate occlusion and
restore myocardial perfusion using balloon angioplasty
and stenting the narrowed artery segment in case of
progressive coronary artery atherosclerosis. Interven-
tional surgery is widely used in clinical practice due to
its safety and effectiveness in comparison with other
modern methods, especially under pathological condi-
tions requiring emergency intervention. However, such
interventions damage the endothelium, which leads to
delayed in stent endothelization and dysfunction of
newly formed endothelial cells and thereby contributes
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to hyperplasia of the neointima and in-stent resteno-
sis (ISR) in the delayed period [8]. Endothelization
requires the balance between activation of smooth
muscle cell proliferation and its inhibition [3].
Endothelial dysfunction is one of the key factors
contributing to the development of most cardiovas-
cular diseases, including atherosclerosis, hyperlipid-
emia, hypertension, coronary heart disease (CHD), and
chronic heart failure. In recent years, the relationship
of endothelial factors and different single nucleotide
polymorphisms of their genes with the reendotheliza-
tion of the stented arterial segments and the rate of re-
parative process has been studied [4,10,12]. Published
data are contradictory, which, on the one hand, can be
explained by the heterogeneity of the studied groups
of patients, and on the other hand, by insufficient
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knowledge of the endothelial system components.
This, in turn, does not allow us to identify the prin-
ciples of the ISR pathogenesis.

Here we studied the association of polymorphic
variants of some genes encoding endothelial factors
with coronary artery restenosis occurring after stenting.

MATERIALS AND METHODS

The study enrolled 113 Russian patients of both sexes
with CHD (mean age 56.6+10.7 years) who had pre-
viously undergone balloon angioplasty with stenting
using drug-eluting stents. According to the results
of control angiography, they were divided into two
groups: patients with ISR (n=54) and patients with-
out ISR (#=59). The patients with ISR were classi-
fied into subgroups by the terms of ISR development
(<12 months, n=22; >12 months, n=32) and age (under
65 years, n=36; over 65 years, n=18). Exclusion crite-
ria were unstable angina, decompensated heart failure,
oncological diseases, renal and hepatic failure.
Genotyping was performed for polymorphic loci
of genes encoding endothelin-1 (EDNI rs5370), en-
dothelin-1 receptor (EDNRA rs5333), endothelin-
converting enzyme (ECEI rs1076669), as well as
endothelial NO synthase (eNOS rs1549758, eNOS
rs179983, and eNOS rs2070744). Genomic DNA was
extracted from the peripheral blood. EDN1 rs5370 was
genotyped using kits for allele-specific PCR (Litech).
Gene polymorphisms of the eNOS gene were geno-
typed using the real time PCR method with utilizing
commercially available kits (Syntol). To identify poly-
morphic variants of the ECE] and EDNRA genes we
used restriction fragment length polymorphism-PCR
reaction (RFLP-PCR). Amplification conditions for
EDNRA rs5333: initial melting at 94°C for 5 min fol-
lowed by 30 cycles (denaturation at 94°C for 30 sec,
annealing at 50°C for 30 sec, and elongation at 72°C
for 30 sec). Final elongation was performed at 72°C
for 10 min. Primers: F: 5’-TTTCTCACTTTCCTT-
TAGCG-3’, R: 5’-ACCTAAGTAATTCACATCGG-3".
Cleavage of amplified fragments was carried out us-
ing endonuclease BstAFI (SibEnzyme). The fragment
corresponding to allele 7 had a length of 154 bp, the
fragments corresponding to allele C contained 67 and
87 bp. Amplification conditions for ECE1 rs1076669:
initial melting at 95°C for 4 min followed by 30 cycles
(denaturation at 95°C for 30 sec, annealing at 64°C for
30 sec, and elongation at 72°C for 30 sec). Final elon-
gation was performed at 72°C for 10 min. Primers: F:
5’-TAGAGCCCTGGGCCTGTGAGGAGGAGC-3’,
R: 5’-CTTACCATCTGTCGGTGGTGTTGATG-3".
Endonuclease BstYI (SibEnzyme) was used to cleave
the amplified fragments. The length of fragments cor-
responding to allele C was 172 and 38 bp, the frag-
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ments corresponding to allele T contained 111, 61,
and 38 bp. The results of restriction digestion were
evaluated by vertical PAAG electrophoresis.

The data were analyzed using R-language and
SPSS Statistics 20 software (IBM). The y* test and
Fisher’s exact test were used to compare genotype and
allele frequencies between the analyzed groups. The
differences were significant at p<0.05. The odds ratio
(OR) and 95% confidence intervals (95%CI) were also
calculated.

RESULTS

The polymorphic locus ENDRA rs5333 is associated
with the development of atherosclerosis and arterial
hypertension [9,11], but its significance for the ISR
development was not studied. We found that distribu-
tions of genotypes in the subgroups of patients with
ISR under and above 65 years differed significantly
(p=0.025) (Table 1). Minor homozygous CC geno-
type was significantly more frequent in the subgroup
of patients with ISR above 65 than in the subgroup
of patients under 65 years (OR 4.918; 95%CI 1.328-
18.218) and in the group without ISR (p=0.004,
OR 14.754; 95%CI 1.866-116.670).

Analysis of the data for the missense variant ECE1
rs1076669 also showed significant differences between
the age subgroups (p=0.003). The incidence of 7T
homozygotes was significantly higher in the subgroup
of patients above 65 years than in younger patients
(OR 6.343; 95%CI 1.780-22.607) and patients without
ISR (p=0.021, OR 3.704; 95%CI 1.295-10.595). As in
the case of the above-mentioned polymorphic locus,
this SNP was addressed in only few studies [7] and it
was not studied in patients with ISR.

EDNI rs5370 polymorphism was studied at
length. Its association with dyslipidemia, CHD, and
arterial hypertension has been demonstrated [2]. The
analysis of genotype and allele distributions revealed
significant differences between the subgroups with
earlier (<12 months) and later ISR development
(»=0.005) and subgroups of patients with ISR under
and above 65 years (p=0.033). It is important to note
that GT heterozygotes predominated in all the studied
subgroups, especially in the subgroup with early ISR.
Minor 7T homozygotes were significantly more fre-
quent than in other subgroups only in the subgroup of
patients above 65 years.

The important role of eNOS rs1799983 and
rs2070744 polymorphisms in atherogenesis, arterial
hypertension, angina pectoris, acute myocardial in-
farction, and hyperhomocysteinemia has been recently
demonstrated [5,6]. Some studies showed the asso-
ciation of allele C of the rs2070744 polymorphism
with the development of ISR in patients after im-
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TABLE 1. Frequencies of Alleles and Genotypes (%) for EDN1 rs5370, EDNRA rs5333, ECE1 rs1076669, eNOS rs1549758,
eNOS rs1799983, and eNOS rs2070744 Gene Polymorphisms in the Studied Groups

Subgroups with ISR
Gene polymorphism Snedn%ﬁ)llglzz I%rsug,lzwég; Witf?or_lcj):JFl)SR under 65 over 65 <12 months >12 months
(n=59) (n=36) (n=18) aztr(;:-zrze’gil af(t,$=r3Z)C|
ENDRA rs5333 T 70 75 75 61 64 75
(H323H) TC 24 24 22 27 27 22
cc 6 1 3 125+ 9 3
T 82 87 86 745 77.5 86
c 18 13 14 25.5 225 14
ECE1 rs1076669 cc 72 73 75 67 73 72
(Thr341lle) cT 20 22 22 16 23 19
T 8 5 3 17% 4 9
c 82 84 86 75 84.5 81,5
T 18 16 14 25 15.5 18,5
EDN1 rs5370 GG 30 25 33 22 18 38
(Lys198Asn) GT 65 70 64 67 770 56
T 5 5 3 19+ 5 6
G 62.5 60 65 55.5 56,5 66
T 375 40 35 44.5 435 34
eNOS rs1549758 cc 30 36 25 39 18 37,5
(C774T) cT 28 20 33+ 17+ 41% 19
T 42 44 42 44 41 435
c 44 46 415 475 38.5 47
T 56 54 58.5 52.5 61.5 53
eNOS rs1799983 GG 54 53 50 61 45 59
(Glu298Asp) GT 37 37 39 33 500 28
T 9 10 11 6 50 13
G 72.5 715 69.5 77.5 70 73
T 275 28.5 30.5 225 30 27
eNOS rs2070744 T 39 34 39 39 41 37,5
(1-786C) TC 39 44 36 44 36 41
cc 22 22 25 17 23 21,5
T 58.5 56 57 61 59 58
c 415 44 43 39 41 42

Note. p<0.05 in comparison with *group of patients without ISR, *subgroup of patients with ISR under 65 years, °subgroup of patients with

ISR later than 12 months after PCI.

plantation of drug-eluting stents [12] and the rela-
tionship of heterozygous GT genotype of rs1799983
with ISR [1]. Analysis of the genotype distribution
for eNOS rs1549758 polymorphism revealed a sig-
nificantly higher frequency of heterozygous carriers in
the subgroup of patients with early ISR compared to
the subgroup with late ISR (p=0.0005) and the group
without ISR (p=0.001, OR 2.78; 95%CI 1.478-5.227).
Significant differences were also found between sub-

groups of patients with ISR under and above 65 years
(»=0.016). Heterozygotes were more frequent in the
younger age group (OR 2.405; 95%CI 1.233-4.689)
and the group without ISR (OR 1.97; 95%CI 1.035-
3.749). Analysis of the data on the eNOS rs1799983
polymorphism revealed no reliable association with
ISR in general, but the distributions of genotypes in
subgroups with early and late ISR were significantly
different (p=0.003). The frequency of minor homozy-
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gotes was higher in the subgroup with late ISR, but
the frequency of heterozygotes was lower. The results
of our study suggest that this polymorphic locus can
have a prognostic value in determining possible timing
of ISR development in the presence of other predis-
posing factors. We found no association of the eNOS
rs2070744 polymorphism with ISR.

The results of our study demonstrated the hetero-
geneity of patients with ISR and the need to stratify
them by age and timing of ISR. It was found that the
studied polymorphic loci of endothelin system genes
were more significant for people over 65 years old.
The homozygous minor genotypes for EDNI rs5370,
EDNRA rs5333, and ECEI rs1076669 polymorphisms
were significantly more frequent in patients with ISR
above 65 years. Polymorphisms of the endothelial NO
synthase gene were predominantly associated with
the rime to ISR. Heterozygosity for eNOS rs1799983
and eNOS rs1549758 predisposed to early ISR, while
homozygosity for minor 7 allele for eNOS rs1799983
was associated with late (>12 months) ISR develop-
ment after PCI.
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