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Abstract. Influence of rs1799983 (G894T, Glu298Asp) NOS3 on the primary open-angle glaucoma development.
Pallikaris L., Serdiuk V.M., Ustymenko S.B., Isaiev O.A. The WHO Global vision detection program and preventing
blindness "VISION 2020: the right to Sight" has shown the need to identify the genetic predisposition to glaucoma. It
provides new opportunities for diagnosis, early prevention and treatment. The aim of this study was to determine the
effect of the rs1799983 polymorphism (G894T, Glu298A4sp) of the NOS3 gene on the development of primary open-
angle glaucoma (POAG) in patients from the Ukrainian population. The study involved data from 153 patients (153
eyes) with POAG and 47 controls. The age of patients was 65.0+13.1 years. The duration of the disease was 4.9+5.3
years. The real-time polymerase chain reaction (Gene Amp® PCR system 7500 amplifier; USA) was performed in the
patients “blood using the TagMan Mutation Detection Assays Life-Technology test system (USA). The Statistica 10
program (StatSoft, Inc.) was used for statistical processing of the obtained results, USA). The significant increase in the
frequency of the minor genotype TA and the T allele was found in POAG compared to the controls. The distribution of
genotypes was not associated with the disease (p=0.051). While the effect of alleles was significant: for the T allele,
OR=1.806; 95% VI 1.11-2.93 (p=0.016). It was preserved when it was stratified by gender for women (OR=2.00;
OR 1.01-3.95; p=0.043). According to the presence of the risk TT genotype rs1799983, POAG developed at the
younger age (p<0.001), such patients had significantly higher intra-abdominal pressure, worse perimetry indicators
(MD and PSD), lower thickness of nerve fiber layers (RNFL) and ganglion cell complex (GCC), a larger ratio of
excavation area to the area of the optic disc (Cup/Disk Area Ratio). The Association of the RS1799983 polymorphism of
the NOS3 gene with PVKG was also confirmed in other populations, and the aggravating effect of the minor TT
genotype on the phenotype of patients was shown.

Pedgepar. B moaimopgizmy rs1799983 (G894T, Glu298Asp) rena NOS3 Ha pO3BHTOK TEPBHHHOL
BinkpuTokyToBoi raaykomu. Ianaikapic I.I'., Cepmiok B.M., Ycrumenko C.B., IcaeB O.A. [nobanvna npozpama
BOO3 3 esussenenns npobrem 30py ma szanobicanns ciinomu «VISION 2020: The Right to Sighty nokaszana
HeoOXIOHICMb BUsGIEHHS 2eHEMUYHOL CXUTLHOCIE 00 2AYKOMU, WO 0AE HOBL MONCIUBOCHIE 0I5t OIACHOCMUKY, PDAHHbOT
npoginaxmuku i 1iKysanusa. Memor ybo2o 00caiodxcenHs cmano susHavents enaugy noaimopizmy rsi1799983 (G894T,
Glu2984sp) eena NOS3 na poszsumok nepgunnoi 6iokpumoxymosoi enaykomu (IIBKT) y nayieumie 3 yKkpaincvkoi
nonynayii. Y oocniooscenns oyau 3anyueni oani 153 nayienmis (153 oka) i3 IIBKI ma 47 xonmponis. Bik nayienmis
cmanosue 65,013,1 poky, mpusanicme 3axeoprosanta — 4,9+5,3 poky. V kposi nayienmis npogedena nonimepasna
JNaHY0208a peakyis & peanvHomy daci (amniigpixamop Gene Amp® PCR System 7500, CILLIA) 3 sukopucmanHam mecm-
cucmemu TagMan Mutation Detection Assays Life-Technology (CIIA). /[ns cmamucmuyunoi 06poOKu Ompumanux

22/ Tom XXVII/ 1 117


https://orcid.org/0000-0003-1437-0320
https://orcid.org/0000-0001-9495-2472
https://orcid.org/0000-0002-8877-5438
https://orcid.org/0000-0002-6737-677X

KJIIHI9HA MEJIHITHHA

pe3yabmamis gukopucmosyganu npoepamy Statistica 10 (StatSoft, Inc., CLLIA). IIpu IIBKI 6yno eusaeieno docmemeHHe
30inbwenns yacmomu minoprozo cevomuny TT ma anens T nopienano 3 xoumponem. Posnodin eenomunie ne mas
36’A3KY i3 3axeoprosannam (p=0,051), moodi ax enaug anenie 06ys snavywum: oaa areas T BIII=1,806; 95% BI 1,11-2,93
(p=0,016), wo 36epicarocs npu cmpamugpixayii 3a cmammio 0ns dcinok (BLI=2,00; BI 1,01-3,95; p=0,043). 3a
HaseHocmi pusuxosoeo zenomuny TT rs1799983, [IBKI' poseusanacs ¢ 6invwi monooomy eiyi (p<0,001), maxi
nayieHmu Manu 0OCMEMEeHHO SUWULL 6HYMPIUHbOOUHULL MUCK, 2ipwi nokasHuxu nepumempii (MD ma PSD), menuty
MmoguuHy wapis Hepsosux 60a0koH (RNFL) ma xomnnexcy eaneniosnux xnimun (GCC), Oinbuie GiOHOWIEHHS NIOUi
exckagayii 0o niaowi oucky soposozo Hepsa (Cup/Disk Area Ratio). Byno niomeepodiceno 6CmaHo6ieHutl I 8 IHuUX
nonyaayiax 36°a30xk noaimop@ismy rsl1799983 cena NOS3 3 IIBKI" ma noxasanuii 0O6msaxicauguti 8niue MiHOpHOZO

ecenomuny TT Ha ghenomun xeopux.

Primary open-angle glaucoma (POAG) according
to the American orthometric Association is the most
common type of glaucoma (up to 72-96%). It is cha-
racterized by asymptomatic development with the
gradual decrease in peripheral vision [5]. The cause
of such pathological condition is damage of the optic
nerve, inefficiency of the drainage system of the eye
with fluid accumulation and increased intraocular
pressure (IOP). The incidence of POAG has shown
the rapid progressive increase over the past half-
century. In 1973, it was estimated that the total
number of glaucoma patients reached 20 million
people [3] and it would have been more than 66
million patients by 2010, and by 2020 — 79.6 million
people [14]. The prevalence of glaucoma in Ukraine
was 609.4 in 2016, and— 612.7 per 100,000 adult
population aged 18 years and older in 2017.Since
2015, glaucoma has come out on top among diseases
leading to visual disability in Ukraine. According to
the Ministry of health of Ukraine, by 2020 the
incidence of glaucoma had reached 200 thousand
patients, with increment more than 20 thousand
cases per year [2].

The WHO Global vision detection program and
preventing blindness in the period from 2014 to
2019 was "VISION 2020: the Right to Sight". The
results of this project showed that for the diagnosis
of glaucoma in the early preclinical stages, it was
necessary to expand the range of diagnostics with
the introduction of new methods, including
molecular genetic.

Monitoring of glaucoma, such as HUG-5 (Health
Utility for Glaucoma-5 sizes) at various stages
among men and women aged 40 to 69 years, has
shown that identifying the genetic predisposition to
this disease provides new opportunities for
diagnosis, early prevention and treatment [9].

The effect of endothelial vasoactive factors on
the development of POAG was established: nitric
oxide, endothelin-1, prostacyclin, tumor necrosis
factor (TNFa), cyclooxygenase 2 and metallopro-
teinase-9 (MMP-9) through the ability to provoke
vasoconstriction and ischemia of the optic nerve [7].

In the pathogenesis of specific damage to the
ganglion neurons and their processes in POAG —
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glaucoma optical neuropathy (GON), the special role
belongs to the development of endothelial dysfunc-
tion (END) [12]. The endothelium is the biologically
active monocyte layer on the border of the blood and
vascular wall. It performs lot of functions, including re-
gulating the tone of the vascular wall, their per-
meability, rheological properties of blood and hemos-
tasis, cell adhesion, vascular cell proliferation, platelet
activation, fibrinolysis and inflammatory reactions.

Endothelial functions are realized through the
production of regulatory mediators, among which
nitric oxide (NO) plays a leading role [13]. The
endothelium synthesizes NO from L-arginine with
the involvement of the enzyme endothelial NO
synthase (eNOS; NOS3). It is localized on the cell
membrane and depends on calcium and calmodulin.

Formed at picomolar concentrations, the NO
molecule, which has lipophilic properties, easily
diffuses through cell membranes into myocytes, where
it activates guanylate cyclase to form cyclic guanosine
monophosphate (cGMP). The latter one acts as the
messenger in the processes of vascular dilation through
interaction with the specific protein kinase that reduces
the level of Free Ca2+ in myocytes.

Mechanisms of END formation begin with
damage to the intercellular contacts of endo-
theliocytes and the structure of the blood-ophthalmic
barrier, which leads to increased adhesion of leuko-
cytes with extravasation, induction of procoagulants
and antifibrinolytic systems [6]. The combination of
all local pathological processes against the
background of further endothelial damage causes the
progression of END with deepening hypoxia,
inflammation, and microcirculation disorders [12].

Attention is drawn to genetic polymorphisms
according to studies of the genetic component of the
pathogenesis of POAG, particularly, rs1799983
(G894T, Glu298Asp) of the NOS3 gene. This
polymorphism is localized on chromosome 7
(chr7:150999023; GRCh38.p12) and it is the
missense — mutation. The ancestral GAT triplet (en-
coding aspartate) changes to GAG/GAA (encoding
glutamine)-89t>A, G [8]. The minor T allele is
associated with decreasing in eNOS activity.
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The aim of the study was to determine the
effect of the rs1799983 polymorphism (G894T,
Glu298Asp) of the NOS3 gene on the development
of primary open — angle glaucoma in patients from
the Ukrainian population.

MATERIALS AND METHODS OF RESEARCH

This study involved data from 153 patients (153
eyes) with the established diagnosis of POAG. The
control group included 47 patients without such
diagnosis (200 people).There were 57 men (37.25%)
and 96 women (62.75%) in the POAG group. There
were 22 men (46.81%) and 25 women (53.19%) in
the control group. The age of patients was
65.0+13.1 years; the duration of the disease was
4.945.3 years [1].

According to the generally accepted protocol of
examination of patients with POAG [3], complaints
and medical history were carefully collected from
each patient, visometry, hamphrey perimetry, refrac-
tometry, pneumotonometry, biomicroscopy, Gonio-
scopy, ophthalmoscopy, Optical Coherence Tomo-
graphy (OCT) were performed. Indicators of the
worst eye were selected for analysis, maximum
visual acuity with correction (ICGD), IOP (mm Hg)
were determined. The results of the visual field
study using the values of the average deviation (MD,
dB) and standard deviation of the model (PSD, DB),
as well as Oct indicators: the thickness of retinal
nerve fiber layers (RNFL, um) and the macular gan-
glion cell complex (GCC, pm); the ratio of exca-
vation area to the area of the optic disc (Cup/Disk
Area Ratio) were determined too.

Molecular genetic investigation was performed in
whole venous blood samples obtained from patients
in the amount of 3 ml, according to their permission.
The materials set out in the article comply with the
principles of bioethics set out in the Helsinki
Declaration "ethical principles of medical research
with people”, developed by the World Medical
Association, "Universal Declaration on Bioethics

and Human Rights (UNESCO)", order of the
Ministry of health of Ukraine "On approval of the
procedure for conducting clinical trials of medicines
and examination of clinical trial materials and model
regulation on Ethics commissions" No. 690 of
23.09.2009. (Conclusion of the committee on
Bioethics of Dnipro State Medical University No. 6
of 04.10.2019). The genotypes of the rs1799983
polymorphism (G894T, Glu298Asp) of the NOS3
gene were determined by real-time polymerase chain
reaction in an automatic Gene Amp® PCR system
7500 amplifier (“Applied Biosystems”, USA). At
the first stage of the study, genomic DNA was
isolated from whole venous blood using purelink®
Genomic DNA kit for purification of Genomic DNA
(“INVITROGEN”; USA) reagents. Genetic analysis
was performed using the unified test system TagMan
Mutation Detection Assays Life-Technology (USA).

The StatPlus v.6A program (StatSoft, Inc. Serial
number: "3-Hs6aX-rt1Sp") was used for statistical
processing of the obtained results, USA). Mean
values (M) and their standard deviation (SD) were
used for descriptive statistics of quantitative results.
Independent samples were compared using the
Fisher’s exact method (Fet) and the Pearson’s
nonparametric 2 criterion. The statistical proba-
bility of differences in the frequency distribution of
genotypes and case-control alleles was evaluated in
the conjugacy tables (3x2 and 2x2, respectively)
using the y2 criterion. The degree of Association of
genotypes and alleles with POAG was determined
by calculating the odds ratio (OR) and the 95%
probability interval (95% CI). In all cases of
statistical estimation, the wvalue of P<0.05 was
considered probable[1].

RESULTS AND DISCUSSION

The distribution of genotypes in patients with
POAG and in the control group is presented in
Table 1.

Table 1
Frequency of genotypes and alleles of rs1799983 polymorphism
of NOS3 gene and influence on POAG development (f)
Genotypes POAG, Control, 2
Alleles n n X p OR 95% CI
GG 45 (0.294) 20 (0.426) 0.563 0.286-1.105
GT 72 (0.471) 23 (0.489) 5.99 0.051 0.928 0.482-1.784
TT 36 (0.235) 4 (0.085) 3.308 1.111-9.843
G 162 (0.529) 63 (0.670) 0.554 0.341-0.899
578 0.016
T 144 (0.471) 31(0.330) 1.806 1.112-2.934

Notes: f — frequency ; x > - Pearson's criterion; p — the probability of differences with the null hypothesis; OR — odds ratio; 95% PI — 95% probable

interval for OR.
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Comparison of data obtained in the control group
with data from the 1000 Genomes Project Phase 3
program  (http://www.internationa  lgenome.org/)
showed compliance with the results of our research.
Thus, the hereditary genotype GG in individuals
from the European population was determined with
a frequency of 0.443 (in our studies — 0.426), the
heterozygote GT — 0.425 (in our studies — 0.489),
the minor homozygote TT — 0.131 (in our studies —
0.085). The ancestral G allele was identified with a
frequency of 0.656 (in our studies — 0.670), the
mutant T allele — 0.344 (in our studies — 0.330; for
all comparisons p>0.05).

Comparison of the genotype distribution in pa-
tients with POAG and the control group showed the
decrease in the frequency of the hereditary homo-
zygous GG genotype (pFet=0.110) and the increase
in the frequency of the minor TT genotype
(pfet=0.023). It had statistical significance only in
the latter case. The distribution of alleles showed
that patients with POAG showed the decrease in the
frequency of the ancestral allele and the increase in
the frequency of the minor T allele (P=0.016). The
Hardy-Weinberg’s test for cases and controls
showed random inheritance patterns in both POAG
patients and the control group (¥2=0.472; p=0.790
and ¥2=0.538; p=0.764, respectively)[1].

Therefore, in the present study, the significant
increase in the frequency of the minor Ta genotype
and the T allele was found in POAG compared to
the control. It was found that the distribution of

genotypes of the rs1799983 polymorphism in the
development of POAG did not have the statistically
significant association with the disease (see Table.
1; p=0,051). In the same time, the effect of alleles
was significant — the minor T allele increased the
risk of POAG by 1.8 times (OR=1.806; 95%
CI 1.11-2.93; p=0.016).

Thus, the presence of a minor T allele is the risk
factor for POAG: according to this study, the
chances of developing the disease in carriers of the T
allele from the Ukrainian ethnic population in-
creased by 1.8 times (P=0.016).

Obtaining such result required the detailed
analysis of the polymorphism effect on indicators
that determined the clinical and ophthalmological
features of the course of POAG. Installed (table. 2)
that patients carrying the minor TT genotype com-
pared to carriers of the GG and GT genotypes were
younger (by 18.4-19.8 years; p<0.001) and their
length of decease was significantly less (by 3.1-7.5
years; p<0.001). Consequently, due to the presence
of a risky TT genotype, POAG developed at the
younger age.

The distribution of genotypes of the rs1799983
polymorphism by gender was not statistically signi-
ficant (p=0.195). However, stratification of patients by
gender showed that women retained the Association of
allelic polymorphism with POAG (p=0.043): for the
ancestral allele, G — HV=0.50; VI 0.25-0.99; for the
minor allele, t —hv=2.00; VI 1.01-3.95.

Table 2

General clinical indicators in patients diagnosed with POAG by genotypes rs1799983 (M+m)

Genotype rs1799983
Indicator Criterion P

GG GT T

n=45 n=72 n=36
Age, years 68.7+8.9 70.1+10.1 50.3+12.3 F=48.8 <0.001
Duration of the disease, years 8.7+7.5 4.3+2.8 1.2+0.4 F=27.7 <0.001
Sex M. 15 (33.3%) 24 (33.3%) 18 (50.0%) 12=3.3 0.195

F. 30 (66.7%) 48 (66.7%) 18 (50.0%)

Notes: F — Fisher's criterion; xz ~ Pearson's criterion; F — female; M — male

The results of the ophthalmological study also
indicated a greater severity of POAG in carriers of the
minor genotype 77 (Table 3) compared with other
genotypes.

Such patients had significantly higher IOP in the
worst eye (by 4.3-6.3 mm Hg). P=0.007) and worse in-
dicators of the perimeter survey (MD — by -11.14 —
-3.45 DB; p<0.001; PSD — by 0.6-1.4 DB; p=0.041).
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The thickness of the retinal nerve fiber layer (RNFL —
by 2.01-13.90 microns; p<0.001) and the macular
ganglion cell complex (GCC — by 4.83-11.09 microns;
p=0.003) were also significantly lower. The cup / Disk
Area Ratio, which reflects the degree of glaucoma
progression, was higher in patients carrying the minor
TT genotype (p=0.010) [1].
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Table 3

Results of ophthalmological examination in patients diagnosed with POAG
by genotypes rs1799983 (results of worse eye) (M+m)

Genotype rs1799983
Indicator F P

GG, GT, IT,

n=45 n=72 n=36
ES;A’“’“V‘*“"““*" 0.550.40 0.51:£0.36 0.410.43 1.3 0.261
IOP, mm Hg. 15.69+8.07 17.70+8.21 22.0+10.06 5.1 0.007
MD, dB - (14.68+11.45) - (22.37+8.88) - (25.8246.22) 15.1 <0.001
PSD, dB 5.51+4.11 7.50+3.32 6.91+4.17 33 0.041
RNFL, pm 79.35+19.53 67.46+:14.96 65.45+13.91 8.6 <0.001
GCC, pm 81.60+13.18 75.34+16.45 70.51+9.96 5.9 0.003
Cup / Disk Area Ratio 0.65+0.21 0.76+0.17 0.75+0.14 44 0.010

Note: F — Fisher's criterion.

Received results allowed us to establish the
certain predisposition to the development of
POAG in carriers of the minor TT genotype, in
which POAG developed at the younger age, while

IOP in the worst eye is higher, perimetry
indicators are worse with more pronounced
damage to retinal ganglion cells and the

progression of glaucomatous changes.

Results of the group of researchers from the
Brazil (T. Magalhées da Silva and co-authors., 2012)
showed that rs1799983 had the significant as-
sociation with POAG, with the T allele associated
with disease risk in men (HV=1.77; 95% VI 1.07-
2.94; p=0.025) [11]. According to the study by J.H.
Kang and co-authors. (2011) female carriers of the
minor T variant of the Glu298Asp NOS3 poly-
morphism were in the high-risk POAG group[8]. On
the other hand, the study of J. Weiss and co-authors.
(2012) showed no association of NOS3 polymo-
rphisms with hyper and normotensive glaucoma.

Therefore, the literature data can be considered
quite contradictory. In our study, the effect of the
rs1799983 allelic polymorphism (Glu298Asp) of the
NOS3 gene was established, and sex stratification
showed that the association with the disease persists
in women — in women carrying the risk T allele, the
risk of POAG was increased 2.00 times (p=0.043).

According to the case-control cohort study A.A.
Kondkar and co-authors (2020) the minor T allele
rs1799983 was significantly associated with POAG
in Saudi men (p=0.025; OR=1.77; 95% CI1.07-
2.94) [10]. At the same time, the rs1799983 polymo-
rphism showed no association with POAG mani-
festations, such as IOP and Cup/Disk area Ratio.
According to our data, the values of BOT and
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Cup/Disk Area Ratio were higher in patients car-
rying the minor TT genotype.

Analysis, which were carried out 2016, based the
a systematic literature search in the MEDLINE,
EMBASE, and ISI web of Science databases selec-
ted 31 messages, five of which were suitable for
meta-analysis . Generalization of the results showed
that the GG rs1799983 genotype of the No3 gene
was associated with the reduced risk of POAG. It
was preserved only for the female group when
stratified by gender. Our study also showed the
protective effect of the ancestral G allele — in its
carriers, the risk of POAG was reduced by 1.8 times
(HV=0.554; 95% VI 0.341-0.899), and in women
carrying the ancestral G allele, the risk of POAG
was halved (P=0.043; OR=0.50; CI 0.25-0.99).

To explain the mechanisms of influence of the
rs1799983 polymorphism of the NOS3 gene on the
development of POAG, it is important to establish,
on the one hand, the weakening of NOS3 activity
and, accordingly, the formation of nitric oxide in
carriers of the minor T allele. On the other hand,
W.A. Emam and co-authors (2014) in the case-
control study in 160 patients with POAG, it was
shown that reduced levels of nitric oxide (in terms of
nitrate/nitrite content in the blood) may play the role
in the development of POAG [4]. However, the rela-
tionship of genotype frequencies and alleles of the
Glu298Asp polymorphism with POAG could not be
established by these authors.

The important role of nitric oxide in the occur-
rence of ocular nerve damage and the influence of
polymorphic sites of the NOS3 gene was confirmed
in the latest meta-analysis, by N. Salari and co -
authors. (2021). It may determine the relationship of
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the rs1799983 polymorphism with the risk of POAG
[15]. However, the authors insist on continuing such
studies in different populations.

Thus, the results of this study confirm, establi-
shed in other populations, the association of the
rs1799983 polymorphism of the NOS3 gene with
POAG. The main mechanism for realizing the effect
of polymorphism can be considered the decrease in
the activity of endothelial no synthase (NOS3) due
to the missense mutation of the NOS3 gene (G894T)
and the content of nitric oxide in carriers of the minor
T allele with the possible development of endothelial
dysfunction, which creates conditions for the
progression of vascular and ischemic retinal damage.

The relationship of the rs1799983 polymorphism of
the NOS3 gene with POAG in patients of different
sexes can be considered open for further research.
Interesting findings of our study can be considered the
establishment of the development of POAG at the
younger age in carriers of the TT genotype, as well as
the clear dependence of the POAG phenotype —
significantly higher IOP, worse indicators of perimeter
examination (MD and PSD), lower thickness of retinal
nerve fiber layers (RNFL) and the macular ganglion
cell complex (GCC), and a larger ratio of excavation
area to the area of the optic disc (Cup/Disk area Ratio)
in patients who carry the minor TT genotype compared
to carriers of others genotypes.

CONCLUSIONS

1. The presence of the minor allele of the
rs1799983 polymorphism (G894T, Glu298Asp) of

the NOS3 gene is the risk factor for POAG. Accor-
ding to this study, the chances of developing the
disease in patients carrying the T allele from the
Ukrainian ethnic population were increased 1.8
times (HV=1.806; 95% VI 1.11-2.93; p=0.016). Sex
stratification showed that the association with
POAG was preserved in female carriers of the risky
T allele (HV=2.00; VI 1.01-3.95; p=0.043).

2. POAG developed at a younger age (the age of
such individuals compared to carriers of the GG and
GT genotypes was less; p<0.001) due to the pre-
sence of the risk TT genotype rs1799983.

3. Patients with POAG carriers of the minor TT
genotype rs1799983 had significantly higher intra-
abdominal pressure, worse perimetry indicators (MD
and PSD), the smaller thickness of retinal nerve fiber
layers (RNFL) and the macular ganglion cell com-
plex (GCC), and a larger ratio of excavation area to
the area of the optic disc (Cup/Disk Area Ratio).
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