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This study aimed to assess the association of the endothelial nitric oxide synthase 786T>C (rs2070744) and 894G>T
(rs1799983) polymorphisms with end-stage renal disease risk in an Azerbaijani cohort. The study included 120 end-stage renal
disease patients and 100 healthy controls. The results revealed that the T allele of the endothelial nitric oxide synthase 786T>C
polymorphism significantly increased the risk of end-stage renal disease (p=0.002). Moreover, the T allele in both the endothelial
nitric oxide synthase 786T>C and 894G>T polymorphisms was associated with a higher risk of macroalbuminuria (OR=5.93;
p=0.013) and microalbuminuria (OR=2.56; p=0.024). These findings suggest that the T alleles in the endothelial nitric oxide
synthase polymorphisms play a crucial role in chronic kidney disease progression, and genetic screening for these variants may
help identify patients at greater risk for end-stage renal disease in Azerbaijani population.
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LI Icmainosa, LII.C. IoparimoBa, C.P. MypanoBa, E.I. I'a3ieB, JI.X. CadapaJtieBa,
A.H. I'ym0aroBa, A.Il. MamenoBa

ACOIIAIIA MOJIMOP®I3MIB TEHA EHAOTEJIAJIBHOI CHHTA3HU OKCHUJTY A30TY
3 TEPMIHAJIBHOIO CTAIIEIO HUPKOBOI XBOPOBH

Metor naHOTO JOCIHIIKeHHS Oylia OIiHKa acoliallii moniMopdi3MiB €HIOTEIANbHOI CHHTa3u OKcHay a3oTy 786T>C
(rs2070744) ta 894G>T (rs1799983) 3 pu3ukoM TepMiHAIBHOI cTalil HUPKOBOI HEOCTAaTHOCTI B a3zepOaiipkaHchKii KoropTi. o
nociimkeHHs Oyno BrimodeHo 120 mamieHTIB 13 TepMiHaJbHOIO CTajicro HUpKoBOi HenocratHocti Ta 100 3mopoBuX ocCi6
KOHTpOJIbHOT rpymu. Pe3ynbrary mokasany, mo anens T moiaiMopdismy eHmoTemianbHol cuHTa3u okcuny azory 786T>C 3nauno
30inbLIIy€ PU3HUK TepMiHANBHOI cTaAii HUpKoBOI HepocTarHOCTi (p=0,002). Bibir Toro, anesns T y moniMopdizmax eHaoTemiansHoT
cuHTa3u okcuay azory 786T>C i 894G>T OyB mos'si3aHuUit 3 OLIBII BUCOKUM PH3UKOM MakpoansOyminypii (OR=5,93; p=0,013) Ta
MikpoansOyMiHypii (OR=2,56; p=0,024). Lli pe3yasTatu Mokas3yrTs, mo ajeni T y momiMopdizmMax eHIOTEeNialbHOI CHHTAa3H
OKCHJTy a30Ty BiNIrpalOTh BUPIMIATGHY POJb Y IPOTPECYBaHHI XPOHITHOI XBOPOOH HUPOK, i TEHETHYHUI CKPHHIHT Ha Ii BapiaHTH
MOXXE JIOTIOMOTTH BHSBHUTH TAI€HTIB i3 MiABHIICHAM pPHU3UKOM TEPMIHAIBHOI CTamii HUPKOBOI HEZOCTATHOCTI y HOITYJIALil
Aszepbaitkany.

KorouoBi ciioBa: XpoHiuHI 3aXBOpIOBaHHS HHpPOK, noiiMopdizm rena eNOS, T-786C, G894T, tepminaneHa cranis
HUPKOBOI HETOCTATHOCTI.

Chronic kidney disease (CKD) affects approximately 13.4 % of the global population [1]. As
kidney function declines, CKD can progress to end-stage renal disease (ESRD). Patients with ESRD
require renal replacement therapy, leading to significant medical expenses and a reduced quality of life
[10]. Identifying risk factors for kidney disease is therefore crucial. Recognized risk factors for CKD
include genetic predisposition, diabetes, hypertension, and a family history of the condition [9].
Additionally, research has shown that various gene polymorphisms influence the risk of developing CKD
[2]. Patients with ESRD necessitate renal replacement therapy, which incurs substantial medical costs and
results in a marked decline in quality of life. Consequently, the timely implementation of interventions to
halt or slow the progression of CKD is critical for improving patient outcomes and minimizing the burden
of the disease.

Genetic factors are among the risk factors for the development of CKD in patients with T2D [3].
It has been suggested that there is a genetic predisposition to the formation of diabetic kidney disease, and
the role of endothelial nitric oxide synthase (eNOS) gene polymorphisms is believed to be crucial in the
development of this condition [11]. Studies on potential genetic associations related to pathologies
genetically linked to oxidative stress have shown that genetic variations in vascular oxidative enzymes can
influence the redox balance, leading to significant inter-individual differences in vascular oxidative stress.
In particular, studies on genetic variants related to endothelial nitric oxide synthase (eNOS), such as
786T>C (1rs2070744) and 894G>T (rs1799983), in diabetic patients across different populations have
yielded contradictory results [2, 3]. Polymorphisms in the eNOS gene can influence the production of nitric
oxide (NO), which plays a crucial role in regulating vascular tone, blood circulation, and kidney function.
Impaired NO production may contribute to the development of vascular and kidney diseases, including
chronic kidney disease [8]. The T-786C and 894G>T polymorphisms are among the most studied variations
in the eNOS gene, and their effects on eNOS activity may be associated with the progression of CKD.These
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polymorphisms have been linked to nephropathy in various studies. However, the relationship between
ESRD risk and the polymorphisms in eNOS remains debatable. While some research indicates that
different eNOS genotypes are associated with ESRD, other studies propose that there may be no significant
link to ESRD risk [5, 8, 9].

The purpose of the study was to evaluate the frequency of these polymorphisms in the Azerbaijani
population and their potential role in the development of end-stage renal disease among patients with
diabetic kidney disease.

Material and methods. The study included 120 patients, comprising 64 women (52.38 %) with a
mean age of 56.7+4.21 years and 56 men (47.62 %) with a mean age of 54.8+5.81 years who were enrolled
from the outpatient and inpatient departments of the Educational Therapeutic Clinic at Azerbaijan Medical
University between January 2024 and September 2024. Diagnosis of end-stage renal disease was confirmed
by at least two nephrologists based on medical history and review of clinical records. All participants had
a GFR<15 mL/min. Serum creatinine levels were measured in the Nephrology Department using the Jaffe
reaction method.

The control group comprised 100 healthy individuals (50 men and 50 women; mean age+SD:
56.5+8.23), all of whom attended the health center for routine visits.

Blood samples were obtained from all participants using sterile vacuum tubes containing
ethylenediaminetetraacetic acid (EDTA) for genomic DNA extraction. Genomic DNA was isolated from
the leukocyte fraction with EDTA and from whole blood samples using the phenol-chloroform method.

For the analysis of the G894T polymorphism in exon 7 of the endothelial nitric oxide synthase
(eNOS) gene, two primers were used: forward primer 5'-AAG GCA GGA GAC AGT GGA TGG A-3'and
reverse primer 5'-CCC AGT CAA TCC CTT TGG TGC TCA-3'. For the T786C polymorphism of the
eNOS gene (1rs2070744), the primers used were forward 5'-CACCTGCATTCTGGGAACTGTA-3' and
reverse 5'-GCCGCAGTAGCAGAGAGAC-3". To digest the PCR products, 5 units of the restriction
endonuclease Mbol were added and incubated overnight at 37°C. The digested PCR products were
analyzed by electrophoresis on a 3.0% agarose gel. The three genotypes (GG, GT, and TT) of the eNOS
G894T polymorphism were identified based on fragment sizes of 250 bp, 250 bp/165 bp/90 bp, and 165
bp/90 bp, respectively. For the T786C polymorphism, the fragment sizes for genotypes TT, TC, and CC
were 140 bp, 90 bp, and 50 bp, respectively.

The following statistical methods were used for data analysis: for quantitative variables, the mean
(M) and standard deviation (o) were calculated, and the results are presented as M+c. To assess differences
between groups, the Student’s t-test for independent samples was applied to parametric data. For
categorical data, such as genotype distribution, the chi-square (y?) test was used. This test helps to determine
if there is a statistically significant difference in the frequency of different genotypes and alleles between
groups.

Statistical significance was considered for p-values <0.05, indicating significant differences
between groups. To evaluate the association between eNOS gene polymorphisms and the ESRD the odds
ratio (OR) was calculated. This measure evaluates the specific event (e.g., macroalbuminuria) occurring in
a group with a particular genotype compared to a control group. Additionally, a confidence interval (CI)
was calculated, which indicates the range of values within which the true odds ratio is likely to fall with a
certain level of confidence.

Results of the study and their discussion. According to results obtained, both systolic and
diastolic blood pressure levels were significantly elevated in patients with end-stage renal disease compared
to those in the control group (p<0.05). The key demographic characteristics of all participants included in
the study are summarized in Table 1.

Furthermore, serum levels of low-density lipoprotein cholesterol (LDL-C) and total cholesterol
were markedly higher in patients with ESRD than in healthy control group participants (p=0.013 and
p=0.025, respectively). Creatinine levels were also significantly elevated in ESRD patients compared to
control group (p=0.014), while the glomerular filtration rate (GFR) was notably lower in this subgroup
(p=0.001).

The study of genotype and allele frequencies of the eNOS 786T>C polymorphisms in patients with
ESRD revealed that the frequency of the CC genotype in the ESRD group was 42.5 %, while in the control
group it was only 22.0 % (p=0.034). According to the results, the frequency of the C allele in the ESRD
group was 80.8 %, which differed significantly compared to the healthy group (p=0.002). However, the
frequency of the C allele did not differ statistically between women and men (p=0.062). These results
suggest that the CC genotype significantly increases the risk of ESRD.
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The presence of the C allele was associated with a higher risk of developing ESRD compared to
the control group (OR=1.85; 95 % CI=1.171-2.924), suggesting a statistically significant association
between the C allele and an increased risk of ESRD. These findings suggest that the eNOS 786T>C
polymorphism may play a role in the development of CKD, highlighting the need for further research on
the impact of the eNOS genotype on kidney function. Thus, the presence of the eNOS CC genotype and
the C allele may serve as significant biomarkers for identifying patients at risk of developing CKD.

Table 1
Demographic characteristics of study groups
Parameters ESRD (n=120) M+c Control group (n=100) M*c p

Age 55.3+4.21 56.5+8.23 0.161
Sex Female 64 (52.38 %) 50 (50.0 %) 0.053

Male 256 (47.62 %) 50 (47.5 %) 0.055
BMI (kg/m?) 27.3+4.43 22.5+4.19 0.061
SBP (mmHg) 140.3+8.57 110.8+10.43 0.028
DBP (mmHg) 99.3+6.42 77.4+7.33 0.021
Creatinine (mg/dl) 9.6+2.28 0.67+0.38 0.014
Total cholesterol(mg/dl) 262.0+43.32 157.4+28.73 0.025
Triglyceride (mg/dl) 167.1+£31.43 144.6+43.3 0.013
LDL-cholesterol (mg/dl) 114.8+18.3 67.2+28.8 0.073
HDL-cholesterol (mg/dl) 40.3+4.61 79.2+4.78 0.013
UACR, (mg/g) 437.3+32.82 27.9842.31 0.001
GFR-ml/min/1,73m? 8.5+5.39 112.3+10.36 0.001

Note: p<0.05 indicates statistically significant differences between the groups.

The frequencies of the genotypes and alleles of the eNOS 894G>T polymorphism are as following:
GG was 24.2 % in ESRD group and 40 % in control group (p=0.05), TT was 45 % in ESRD group and
13 % in control group (p=0.001). The frequencies of G allele were 55 % and 63.8 % in ESRD and control
groups, respectively (p=0.014). The T allele also demonstrated statistically significant differences between
groups: 75.8 % and 36.2 %, respectively (p=0.002).

In our analysis of the association between the T allele and the risk of ESRD, the T allele compared
to the G allele showed a higher risk (OR=2.00; 95 % CI=1.27-3.16).

A comparison between the TT genotype and the GG genotype showed a higher risk of developing
macroalbuminuria in patients with the TT genotype (OR=5.93; 95 %CI=1.722-9.383; p=0.013). The risk
of developing microalbuminuria in patients with the TT genotype is 2.56 times higher than in the control
group (p=0.024) (Table 2).

Table 2
Odds ratios and confidence intervals for the genotypes and alleles of eNOS 894G>T

UACR=30-300mg/g UACR>300mg/g Control group

cNOS 894G>T OR (95 % CI) OR (95 % CI) OR (95 % CI)

Genotypes

GG n=19 n=10 n=40
0.446(0.261-2.117) 0.571 (0.391-3.653) _

GT p=0.581, n=16 p=0.614, n=21 n=47
2.561 (1.04-8.165) 5.933 (1.722-9.383) _

T p=0.024, n=22 p=0.013, n=32 n=13

Alleles
G n=35 n=31 n=87
T 1.574 (0.90-2.77) 2.479 (1.29-4.73) n=60
p=0.061, n=38 p=0.012, n=53

Note: p-values < 0.05 indicate statistically significant differences between the control group. UACR—urine albumin-creatinine
ratio.

The presence of the T allele is associated with an increased risk of elevated urine albumin-
creatinine ratio (UACR) levels. The OR for the T allele in the UACR=30-300 mg/g group compared to the
control group was 1.574, with a 95 % CI of 0.90-2.77 (p=0.061). Although this result does not reach
statistical significance, it indicates a potential trend toward an increased risk, warranting further
investigation

In the UACR>300 mg/g group, the OR was 2.479, with a 95 % CI of 1.29-4.73 (p=0.012),
indicating a statistically significant association between the T allele and macroalbuminuria.
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CKD is a clinical condition caused by various pathophysiological mechanisms, such as
glomerulonephritis, diabetic nephropathy, hypertensive nephrosclerosis, and autoimmune disorders. While
the specific cause of glomerular damage is less critical in predicting progression to ESRD, genetic and
environmental factors significantly influence the outcome [1, 4]. Notably, the rate of renal function decline
in CKD patients varies widely among individuals due to a combination of factors. Although the mechanism
explaining this potential connection is not fully understood, it is believed that variants of the eNOS gene
cause defects in NO synthesis and may reduce NO levels, increasing susceptibility to glomerular diseases
and impairing kidney function [6, 7]. This has been shown in studies confirming the role of the
polymorphism —786)T>C in the progression of kidney diseases [2].

NO is essential for regulating the microcirculatory bed of the glomeruli, sodium processing by the
kidneys, and renin secretion, all of which are vital for kidney function. Impaired eNOS secretion is
recognized as a key factor in various cardiovascular and renal diseases, such as hypertension, ischemic
heart disease, thromboembolic disorders, and atherosclerosis [8, 9].

This study highlights the critical importance of investigating eNOS polymorphisms and their
potential interactions with other genetic variants that may influence renal outcomes. The findings provide
a significant contribution to the understanding of the mechanisms underlying susceptibility to and
progression of CKD. This, in turn, can facilitate the identification of novel pharmacological targets aimed
at mitigating the risk of CKD development and progression.

Conclusion

The results of the study demonstrate a statistically significant association between the eNOS
894G>T and 786T>C polymorphisms and the risk of developing CKD. These findings offer valuable
insights into the role of these polymorphisms in CKD pathogenesis. Furthermore, they underscore the need
for future research to integrate these findings with biochemical assessments of oxidative stress biomarkers
and DNA damage. Such studies should involve larger, more diverse populations across different ethnic
groups to validate these associations and expand the generalizability of the findings. In conclusion, we
found significant associations between eNOS polymorphisms and ESRD. Our findings suggest that eNOS
polymorphisms may be relevant to the genetic component of CKD that leads to ESRD in Azerbaijani
population.
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