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Caxapuuiit duabem 2-20 muna (CZI2) seasiemcst 00HUM U3 KAIOYEBbIX NPeduKmopoé uuiemuyeckoil 6oaesnu cepoya (UbC)
u ee ocroncrenuil. Ho 6 nacmosiwee epems, napsady ¢ memaboauueckumu gpaxmopamu pucka UBC, ocoboe enumanue yoens-
emcst U3YHEeHUI0 2eH08-KaHOUOAmos, 8 Hucie KOMopbixX pacCMampuearom 2eH mpomooyumapHo2o peyenmopa K puopurozery
ITGB3 u een sndomenuanvroii NO-cunmaswl 3 muna NOS3.

Ilean. Oyenums accoyuayuio noaumoppusmoe T1565C eena ITGB3 u T-786C eena NOS3 npu couemannom pazsumuu UBC
u Cl[2 ¢ KauHuueckum cocmosHuem nauyuenmos pycckoi HauUOHAAbHOCMU, NOCIOSHHO NPOICUBAIOUUX HA MepPUMOpUl
3anaono-Cubupckoeo pecuoHa.

Mamepuaast u memoowt. O6caedosano 237 6oavhvix UBC, uz komopuix 78 (32,9%) nayuenmoes umeau CJ[2. Amnaugpuxauuro
NOAUMOPDHBIX YHACMK OB 8bINOAHUAU MemOodom arnenb-cheyuguynoi IT1[P. Cmamucmuueckuil ananuz npo8oousu ¢ UCHOAb-
306anuem mecma Manna-Yumnu uau mecma Kpyckana-Yonnuca 045 koauuecmeennvix dannvix u kpumepus ? [lupcona uau
mounoeo mecma Quuepa 0151 OUCKPEMHbIX 8eAUHUH.

Pezyavmamut. B vioopke HEC+C/I2 cenomun 756CC eena NOS3 (p=0,039) u annenv 1565C eena ITGB3 (p=0,045) ecmpe-
yanucs pexce, uem cpedu 6oavhbix UBC 6e3 C/2. Ho 6 epynne UBC+CI2 cpedu nocumeneii arnens 1565C Obira eviute
yacmoma oxcuperusi, yem y eomosueom 1565TT (p=0,039), a nocumenu anrneas 786C omauuanuce Haubosbuiell KOHUeHMpa-
yueil entoko3sl no cpasHeruto ¢ eomosueomamu 786TT (p=0,018). Kpome moeo, é epynne nayuenmos 6e3 C/[2 obnapyicena
accoyuayus annens 786C c oxncupenuem (p=0,015).

Saxarouenue. Hocumenvcmeo annens 1565C eena ITGB3 u annens 786C eena NOS3 moxucHo paccmampusams 6 Kavecmee
npeduKmopos Hebaa2onpusmHo2o meueHus 3abonresanus npu covemanrom pazeumuu UbC u C/[2.
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The association of ITGB3 gene and NOS3 gene with the severity of coronary artery disease with and
without type 2 diabetes
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Type 2 diabetes (T2DM) is a key predictor of coronary artery disease (CAD) and its complications. Currently, along with meta-
bolic risk factors for CAD, much attention has been given to study candidate genes, including platelet fibrinogen receptor gene
ITGB3 and NOS3 gene of endothelial NO-synthase type 3.

Aim. To estimate the association of T1565C ITGB3 and T-786C NOS3 polymorphisms with the clinical condition of Russian
patients from West Siberian region with concomitant development of coronary artery disease and type 2 diabetes.

Materials and methods. The study included 237 patients with CAD; 78 (32.9%) of them had T2DM. Genotyping was performed
via allele-specific polymerase chain reaction. Comparison of the quantitative variables between groups with different genotypes
was performed using Mann—Whitney U test or Kruskal—Wallis test. Comparison of discrete parameters was performed using
Pearson’s y? test or Fisher’s exact fest.

Results. Genotype 786CC (NOS3) (p = 0.039) and allele 1565C (ITGB3) (p = 0.045) were less common in the
CAD + T2DM group than in the CAD only group. However, in the CAD + T2DM group, the incidence of obesity was
higher among carriers of 1565C allele than in homozygous 1565TT (p = 0.039), and carriers of 786C allele had higher
glucose levels compared with homozygous 786TT (p = 0.018). Furthermore, 786C allele was associated with obesity in
the CAD only group (p = 0.015).

Conclusion. Genotypes 1565C (ITGB3) and 786C (NOS3) alleles may be predictors of the adverse course of the disease at
@7@ concomitant development of CAD and T2DM
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Background

ype 2 diabetes mellitus (T2DM) is one of the

I key predictors of coronary artery disease (CAD)

and its complications [1]. The prevalence

of hyperglycaemia and diabetes mellitus has been

increasing in developed countries [2]. The risk of

developing cardiovascular diseases, such as CAD,

increases 2—4-fold in patients with T2DM compared

with the general population. Furthermore, the

combination of T2DM and CAD increases the risk of
death by more than 4-fold [3, 4].

Genetic polymorphisms can also affect the
development and severity of CAD. The precise
combination of gene mutations and environmental
factors introduce a high degree of variability in different
pathophysiological conditions [5]. For example, ITGB3,
the gene encoding the subunit of the platelet-specific
fibrinogen GPIIb/IIla receptor, and NOS3, the gene
encoding endothelial nitric oxide (NO) synthase type
111, are associated with CAD.

The T1565C polymorphism of ITGB3 enhances
the signalling activity of the GPIIb/Illa complex, and
this effect has been shown to increase ADP-induced
platelet aggregation in vitro [6]. The 1565C allele is
associated with a high risk of MI, rapid progression of
atherothrombotic disease and high mortality rate [7,
8]. The T-786C polymorphism of NOS3 inhibits the
function of the eNOS enzyme, thereby reducing NO
synthesis and increasing the risk of long-term coronary
spasms [9]. Because NO inhibits platelet aggregation,
leukocyte adhesion, smooth muscle cell proliferation
and low-density lipoprotein (LDLP) oxidation, NO
deficiency increases the risk of developing CAD [10, 11].

The clinical significance of genetic polymorphisms
and their contribution to the pathogenesis of
multifactorial diseases, including T2DM and CAD,
largely depends on the demographic characteristics and
lifestyle patterns of the patient population. Identifying
the differential effects of allelic variants associated with
different ethnicities and geographical regions can help
assess the risk of various diseases in different regions
[5]. Therefore, we evaluated the association of /TGB3
and NOS3 polymorphisms with CAD severity in the
patients in West Siberia.

Goal

The aim of this study was to assess the association
of the ITGB3 T1565C and NOS3 T-786C polymorphisms
with the clinical characteristics of CAD and T2DM in
ethnic Russian patients permanently residing in West
Siberia.

Materials and methods

Clinical data was obtained from patients with
cardiovascular disease who were treated at the

Genetics

department of rehabilitation at the Federal State
Budgetary Scientific Institution Cardiology Research
Institute from 2011 to 2014. The work was approved by
the Committee on Biomedical Ethics of the Cardiology
Research Institute. All of the patients provided informed
consent to participate in the study.

Among the 237 unrelated patients evaluated,
198 were men and 39 were women. We evaluated
their medical history and the results of their physical
examination and laboratory diagnostics. All of the
patients were diagnosed with CAD and were undergoing
standard antianginal therapy in accordance with the
recommendations of the Russian Society of Cardiology
of 2013.

The patients were divided into two groups. One
group (n = 159) included patients with CAD but without
carbohydrate metabolism disorder (CAD group) and
the other group (n = 78) included patients with both
CAD and T2DM (CAD + T2DM group). The duration
of T2DM in patients in the CAD + T2DM group was
1—3 years. Patients in this group were examined by an
endocrinologist and were undergoing individualized
antihyperglycemic therapy. Glycosylated haemoglobin
(HbAlc) levels were determined using the Konelab
20XTi system (Thermo Scientific, USA). The mean
HbAlc level in the CAD + T2DM group was 6.4%
[interquartile range (IQR): 5.7—7.1]. Glucose levels
were measured using the automated biochemical
analyser Konelab 60i (Thermo Scientific, USA). The
mean blood glucose level in the CAD + T2DM group
was 6.4 (IQR: 5.9—7.3) mmol/L.

DNA was purified from blood samples using the
Wizard Genomic DNA Purification Kit (Promega, USA).
The genetic regions encompassing the polymorphisms
of interest were amplified using polymerase chain
reaction (PCR) with SNP-express kits (NPF LITEH,
Russia). The PCR products were evaluated using gel
electrophoresis with 3% agarose gel and TBE buffer
(Sigma, USA) supplemented with ethidium bromide
(Sigma, USA).

The results were statistically analysed using SPSS
v.13.0 software (IBM Corporation, USA). The Mann—
Whitney U test was used to evaluate independent
variables, and the Kruskal—Wallis test used for
multivariate analyses. The results are presented as the
median and IQR. Pearson’s chi-squared or two-sided
Fisher’s exact test was used to compare discrete values.
Qualitative data are presented as the absolute value (n)
and the relative frequency (%). p < 0.05 was considered
statistically significant.

Results

In the overall study population of patients with
CAD, 219 patients (92.4%) were diagnosed with angina
pectoris. Among the 219 patients, 47 (21.5 %) had
been diagnosed with functional class (FC) I angina, 98
(44.7 %) had been diagnosed with FC II angina and 74
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Table 1 Table 2
Risk factors for CAD progression in patients with or without type 2 Frequency of the ITGB3 and NOS3 genotypes in CAD and CAD +
diabetes mellitus T2D groups
Patient group *p Patient group
Indicator _ CAD +T2DM (n Indicator CAD + *p
CAD(n=159) =78) CAD T2DM
**Age, years 56 (52-61) 62 (54-68) 0.001 Genotype 58 (36.5) 30 (38.5)
**Glucose level, frequency, n 72 (45.3) 43 (55.1) | 0.039
mmol/L 5.6(5.3-6.0)| 6.4(5.9-7.3) |<0.001| INOS3 (%) TT/TC/CC| 29 (18.2) 5 (6.4)
Angina pectoris, FC I/ 29(19.9) 18 (24.6) Gene Allele
II/I?II ° (E;/) 57 64 (43.8) 34 (46.6) 0.492 frequency 59.1/40.9 |66.0/34.0|0.177
e 53 (36.3) 21(28.8) GT/C: % ISR AN
Arterial hypertension, enotype . .
n (%) 135 (84.9) 74(94.9) 0.026 frequency, n 55(34.6) | 21(26.9) | 0.080
LV hypertrophy, n (%) | 33 (20.8) 27 (34.6) 0.021 ITGB3 GeneHZ) TZI{ T|C/ cC 6 (3.8) 0
- o ele
O1265 157 m )| Lol =M= DTV frequency | 78.9/21.1 |86.5/13.5|0.045
*p-value reflects the difference between CAD and CAD + T2DM groups. T/C, %

**The values represent the median (IQR).]

(33.8%) had been diagnosed with FC I1I angina. Arterial
hypertension (AH) was diagnosed in 209 (88.2%)
patients and 60 patients (25.3%) had been diagnosed
with left ventricular (LV) hypertrophy. In addition, 91
patients (38.4%) were obese (body weight index > 30
kg/m?).

Patients in the CAD + T2DM group were older, on
an average, than those in the CAD group (p = 0.001).
In addition, the prevalence of AH, obesity and LV
hypertrophy was significantly greater in the CAD +
T2DM group than in the CAD group (p = 0.026, p <
0.001 and p = 0.021, respectively) (Table 1). In contrast,
the proportion of patients with FC I, II and III angina
did not significantly differ between the two groups.

We also evaluated the frequency of the /TGB3 and
NOS3 polymorphism in the overall study population.
With respect to ITGB3, 155 patients (65.4%) were
carriers of the 1565TT genotype and 76 patients
(32.1%) were carriers of the 1565TC genotype. Only six
patients (2.5%) were carriers of the 1565CC genotype.
The frequencies of the 1565T and 1565C alleles were
81.4% and 18.6%, respectively. With respect to NOS3,
the 786TT and 786CC genotypes were detected in 88
(37.1%) and 34 patients (14.3%), respectively. The

*p-value reflects the difference between CAD and CAD + T2DM
groups.

786TC allele was detected in 115 patients (48.5%). The
frequencies of the 786T and 786C alleles were 61.4%
and 38.6%, respectively. The distribution of the T1565C
polymorphism of /TGB3 and the T-786C polymorphism
of NOS3 in the overall study population confirmed to
the Hardy-Weinberg equilibrium principle (p = 0.351
and p = 0.716, respectively).

Table 2 presents the results of the comparative
analysis of the ITGB3 and NOS3 genotypes between
CAD and CAD + T2DM groups. The frequency of
the NOS3 786CC genotype was nearly 3-fold lower in
the CAD + T2DM group than in the CAD group (p =
0.039). The frequency of the ITGB3 1565C allele was
also significantly reduced in the CAD + T2DM group
compared with that in the CAD group (p = 0.045).

The results of the analysis of the ITGB3 genotypes
in the two groups are presented in Table 3. In the CAD
group, the prevalence of FC I, Il and III angina as well
as that of AH, LV hypertrophy and obesity was similar
between patients with the 1565TT genotype and those

carrying the 1565C allele (TC and CC genotypes). In
Table 3

Association of the T1565C polymorphism of ITGB3 with risk factors for CAD progression in CAD and CAD + T2DM groups

Patient group

Indicator CAD CAD +T2DM *p; **ps

TT(n=98) |TC+CC(n=61) TT (n=57) TC+CC(n=21)
|TAge, years 56 (51-61) 58 (53-62) 62 (56-69) 61 (53-67) 0.319;0.414
{Glucose level, mmol/L 5.6 (5.4-6.0)] 5.6 (5.3-6.0) 6.4(6.0-8.0) 6.3 (6.0-7.1) 0.381; 0.481

17 (18.5) 43

. 5 12 (22.2) 21 16 (30.2) 22 2(10,0) 12 .
Effort angina, FC 1/11/11l, n (%) (4(%;)8.'.)32 (38.9) 21 (38.9) | (41.5) 15 (28.3) | (60.0) 6 (30.0) 0.645;0.173
Arterial hypertension, n (%) 83 (84.7) 52 (85.2) 54 (94.7) 20 (95.2) 0.925;1.0
LV hypertrophy, n (%) 21(21.4) 12 (19.7) 17 (29.8) 10 (47.6) 0.791;0.143
Obesity, n (%) 26 (26.5) 22 (36.1) 27 (47.4) 16 (76.2) 0.203; 0.039
*p-value reflects the difference between TT and TC + CC genotypes in the CAD group.
**p-value reflects the difference between TT and TC + CC genotypes in the CAD + T2DM group.
{The values represent the median (IQR).
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Table 4

Association of the T-786C polymorphism of NOS3 with risk factors for CAD progression in CAD and CAD + T2DM groups

Patient group
Indicator CAD CAD +T2DM *p **p,
TT(n=58) | TC(n=72) | CC(n=29) | TT(n=30) | TC(n=43) | CC(n=5)
tAge, years 58 (54-62) | 55(51-61) | 56 (52-61) | 62 (53-68) | 62 (54-68) | 62 (61-64) %-%9]’%;
TGlucose level, mmol/L 5.7 (5.3-5.9)| 5.6 (5.3-6.0) | 5.5 (5.4-6.0) | 6.0 (5.6-7.0) | 6.4 (6.1-7.3) | 8.0 (7.2-8.6) %‘%ﬁ%
' : 14(269) | 12(17.9) | 3(11.1) 82961 | 100244] | 0310000 | 0.085;
Effort angina, FC 1/11/11, n (%) 16 (30.8) |36(53.7)19 | 12 (44.4) 11 (40.8) 20 (48.8) 2 (40.0) 0.755
22 (42.3) (28.4) 12 (44.4) | 8(29.6) | 11(26.8) : :
Arterial hypertension, n (%) 48(82.8) | 62(86.1) | 25(862) | 28(93.3) | 41(953) | 5(100) | OB40
LV hypertrophy, n (%) 9(155) | 18(25.0) | 6(207) 8(267) | 19(44.2) 0 e
Obesity, n (%) 12(207) | 23(31.9) | 13(44.8) | 17(56.7) | 24(55.8) | 2 (40.0) %-%‘;3;

*p-value reflects the difference between carriers of the TT and TC + CC genotypes in the CAD group.
**p-value reflects the difference between carriers of the TT and TC + CC genotypes in the CAD + T2DM group.

tThe values represent the median (IQR).

contrast, in the CAD + T2DM group, a significantly
greater percentage of patients with the 1565C allele
were obese than patients with the 1565TT genotype (p
=0.039).

The results of the analysis of the /7TGB3 genotypes in
the two groups are presented in Table 3. In the CAD group,
the prevalence of FC I, Il and III angina as well as that
of AH, LV hypertrophy and obesity was similar between
patients with the 1565TT genotype and those carrying the
1565C allele (TC and CC genotypes). In contrast, in the
CAD + T2DM group, a significantly greater percentage
of patients with the 1565C allele were obese than patients
with the 1565TT genotype (p = 0.039).

The results of the analysis of the association
between the NOS3 genotypes and risk factors for CAD
progression are presented in Table 4. In the CAD group,
the frequency of FC I angina was greater in patients
with the 786 TT genotype than in carriers of the 786C
allele, but the difference was not statistically significant
(p = 0.085). In contrast, no significant differences were
observed in the prevalence of AH and LV hypertrophy.
However, in the CAD + T2DM group, the 786C allele
was significantly associated with obesity (p = 0.015;
odds ratio: 1.82, 95% CI: 1.12—-2.95). In addition,
significantly lower glucose levels were associated with
the 786 TT genotype than with the 786TC and 786CC
genotypes, indicating that the 786C allele may be
directly associated with the severity of T2DM.

Discussion

In the present study, we found that obesity, AH and
LV hypertrophy were more prevalent in patients with
both CAD and T2DM than in patients with CAD in the
absence of diabetes. These results are consistent with
previous reports that insulin resistance is associated
with AH, microvascular complications, obesity and
chronic sub-inflammation [12].

In addition, the severity of angina was not
significantly different in patients with CAD alone and
patients with both CAD and T2DM. These results may
reflect the differences in the distinct stages of comorbid
diseases. In patients with CAD and T2DM, the increase
in myocardial resistance to ischemia may represent an
adaptive or cardioprotective mechanism, a notion that
is consistent with long-term clinical studies [13] and
animal experiments [14].

The distinct clinical characteristics of CAD in
patients with diabetes mellitus may also be influenced by
genetic polymorphisms. Consistent with this hypothesis,
we identified differences in the distribution of NOS3 and
ITGB3 allelic variants between patients with CAD alone
and patients with both CAD and T2DM. The 786CC
genotype of the NOS3 gene was more frequently observed
in patients with CAD alone than in patients with both
CAD and T2DM. One possible explanation for this
discrepancy is that the 786CC genotype is associated
with fatal complications in patients with both CAD and
T2DM and that these complications resulted in death
prior to the initiation of the study. This hypothesis is
consistent with the observation that the 786C allele
of NOS3 was associated with higher glucose levels in
patients with both CAD and T2DM.

A previous report by C. Vecoli et al. (2012)
demonstrated that the NOS3 786CC genotype is
associated with an unfavourable prognosis [15]. The
authors demonstrated that patients with LV systolic
dysfunction who had the 786CC genotype presented
with higher blood glucose and insulin levels than those
with the 786 TT genotype, and the 786CC genotype was
an independent predictor of insulin resistance. Insulin
resistance promotes an increase in free fatty acid
levels, thereby disrupting the function of eNOS and
inhibiting NO production. In addition, hyperglycaemia
is accompanied by an increase in oxidative stress, and
oxidative stress promotes CAD progression by inhibiting
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vasodilation, anti-inflammatory mechanisms and NO-
associated antiplatelet effects [2, 16].

We also found that the 1565C allele of the /ITGB3
gene was more prevalent in patients with CAD alone
than in those with both CAD and T2DM. However,
the 1565C allele was not significantly associated with
glucose levels in either group. These findings are in
contrast with those of a previous study, which reported
that the 1565C allele was associated with elevated
HbAlc levels in patients with diabetes mellitus and
a higher risk of death risk in patients with impaired
glucose tolerance (HbAlc: 5.5%—6.5%) [17]. However,
obesity was more prevalent in patients with both CAD
and T2DM who carried the 1565C allele than in those
with the 1565TT genotype. Obesity is also a significant
risk factor for the progression of both CAD and T2DM.
In addition, previous reports have indicated that the
1565C allele of the ITGB3 gene is associated with a
low threshold for platelet activation and a consequent
increase in platelet aggregation, both of which increase
the risk of cardiovascular events [6, 8].

Conclusion

In the present study, the rates of AH, LV hypertrophy
and obesity increased in patients with both CAD and
T2DM compared with that in those with CAD alone.
However, the severity of angina did not differ between
the groups. The 786CC genotype of the NOS3 gene and
the 1565C allele of the /TGB3 gene were less frequently
observed in patients with both CAD and T2DM
compared with patients with CAD alone. In addition,
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the 1565C allele of /TGB3 was associated with a higher
prevalence of obesity in patients with both CAD and
T2DM. In patients with both CAD and T2DM, the
786CC allele of NOS3 was associated with elevated
glucose levels, suggesting that the allele is associated
with more aggressive T2DM disease pathology.
Together, these findings indicate that the 1565C allele of
the /TGB3 gene and the 786CC allele of the NOS3 gene
are predictors for an unfavourable prognosis in patients
with both CAD and T2DM.

Further study of the association between the clinical
significance of these polymorphisms and the progression
of CAD progressing in patients with T2DM will help
further our understanding of the pathophysiological and
genetic mechanisms underlying these diseases.
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