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Questions related to the disruption of vasoregulatory processes as essential factor in neurological
pathology require further study. The leading role in the vasoregulatory mechanisms is played by endothelial
NO synthase which gene has 15 allelic variants. Recent data indicated a probable association between eNOS
gene polymorphism and cerebrovascular diseases. The aim of the present work was to study the prevalence
of the 4a/4b introne polymorphism of the eNOS gene in patients with various types of encephalopathies and
to evaluate the influence of a particular genotype of the studied gene on the occurrence and/or progres-
sion of encephalopathy. A total of 96 patients with encephalopathies of various genesis: chronic traumatic
encephalopathy, chronic alcohol-induced encephalopathy, chronic vascular encephalopathy, post-infectious
encephalopathy were involved in the study. The patients received inpatient treatment in the neurological de-
partment of “Ternopil Regional Clinical Psychoneurological Hospital”. Molecular and genetic differentiation
of the studied gene variants was carried out by allele-specific PCR or PCR-restriction fragment length poly-
morphism analysis by standard operational protocols. Analysis of the frequency distribution of eNOS gene
4a/4b polymorphic variant showed that 4b allele prevailed among patients with all types of encephalopathies
carriers. Relative to practically healthy individuals, the difference was found only in patients with chronic
vascular encephalopathy (CVE), among whom about 39% were carriers of the 4a allele. The presence of the
4a allele was shown to increase the risk of CVE occurrence and/or progression by 4.5 times. The results ob-
tained suggest the reasonability to include the 4a/b intron polymorphism of the eNOS gene in a genetic panel
to monitor patients CVE.
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uestions related to the disruption of vaso-

regulatory processes as essential factors in

the occurrence of neurological pathology
are C®ntroversial and require further study. There
is currently no information regarding the nature of
changes in vasoregulation in patients with various
types of encephalopathies, except those of vascular
origin. It is believed that the leading role in the viola-
tion of vasoregulatory mechanisms is played by the
nitrogen (Il) oxide (NO) — NOS synthase enzyme
system [1]. Furthermore, studies have shown a link
between NO levels and dementia [2]. Corzo L. also
demonstrated that levels of serum NO are signifi-
cantly lower in patients with dementia, especially in
patients with vascular dementia [3]. NOS generates
NO through sequential oxidation steps that convert
the amino acid L-arginine to L-citrulline and have
neurodegenerative and neuroprotective properties.
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There are three distinct forms of NOS, of which the
first two isoforms, neuronal NOS (nNOS or NOSI)
and inducible NOS (iNOS or NOS2), mediate early
and late neurotoxic effects, respectively. At the same
time, endothelial NOS (eNOS or NOS3) is mainly
expressed in vascular endothelial cells and can pre-
vent neuronal damage by producing small amounts
of NO to dilate blood vessels, maintain cerebral cir-
culation, inhibit platelet aggregation, and prevent the
development of oxidative stress [4-6].

The human eNOS gene is located on chromo-
some 7935-36, has 26 exons, and 25 introns and en-
codes a protein with a molecular weight of 135 kDa
[7]. Today, 15 allelic variants are known in the eNOS
gene, and polymorphisms are found in the promoter
(regulatory regions), exons (informative regions) and
introns (non-informative regions). The most studied
are T-786C polymorphism of the promoter, G894T



K. V. Duve

(Glu298Asp) polymorphism of the 7" exon and 4a/b
of the 4" intron of the eNOS gene [8]. 4a/4b poly-
morphism of the eNOS gene is due to the presence
of 5- or 4-fold tandem repeats of 27 bp in intron 4.
The standard version contains five repeats (denoted
as 4b), the mutant— 4 (marked as 4a). Carriers of the
4b/4b genotype are homozygotes for the major allele,
4b/4a are heterozygotes, and carriers of the 4a/4a
genotype are homozygotes for the minor allele.

It is believed that the 4a/4a variant of the eNOS
gene polymorphism is associated with a violation of
its expression and a decrease in NO synthesis. Still,
the significance of this polymorphism remains un-
clear today and requires further study [9]. In particu-
lar, there are data that the microsatellite polymor-
phism of the 4" intron affected the level of nitrates
and nitrites (NO, levels) in the blood plasma - in
carriers of the 4a/4a genotype, this indicator was
significantly higher than in carriers of the normal
genotype (4b/4b). The researchers note that this may
not be due to increased activity of eNOS at all, but of
other NO-producing systems, particularly iNOS [10].
V. E. Dosenko et al. studied the expression activity
of the eNOS gene and the NOS enzyme in platelets
isolated from individuals with arterial hypertension
[11]. Enzyme activity was 1.7 times lower in carriers
of the 4a/4a genotype compared to normal homozy-
gotes (P > 0.05) and 1.9 times lower than in heterozy-
gotes (P > 0.05). A positive correlation between the
eNOS gene’s expression and the eNOS enzyme’s ac-
tivity was not found. On the contrary, lower activity
of the enzyme was recorded against the background
of increased expression in individuals with the 4a/4a
genotype. The researchers note that the reading of
the eNOS gene with this intron variant is indeed
more active. Still, the resulting RNA is somewhat
defective, and a more significant number of eNOS
protein molecules are not synthesized, or this protein
has lower catalytic activity.

The aim of the present work was to study the
prevalence of the 4a/4b polymorphism of the eNOS
gene in patients with various types of encephalopa-
thies and to evaluate the influence of the presence of
a particular genotype of the studied gene on the oc-
currence and/or progression of encephalopathy.

Materials and Methods

Patients. A total of 96 patients with encepha-
lopathies of various genesis were included in the
study. The patients were receiving inpatient treat-
ment in the neurological departments of the Commu-

nal Non-commercial Enterprise “Ternopil Regional
Clinical Psychoneurological Hospital” of Ternopil
Regional Council, Ternopil, Ukraine, during 2021-
2022,

The examined patients were divided based on
the genesis of encephalopathy. Thus, the distribu-
tion by type of encephalopathy was the following:
chronic traumatic encephalopathy (CTE) n = 26,
chronic alcohol-induced encephalopathy (AIE)
n = 26, chronic vascular encephalopathy (CVE) (or
microvascular ischemic disease of the brain or cer-
ebral small vessel disease) n = 18 and postinfectious
encephalopathy (PIE) n = 26. The control group con-
sisted of 12 people, who were representative in age
and gender.

Taking into consideration the fact that cur-
rently there is no unified classification of encepha-
lopathies and their grades of severity, which would
take into account the genesis and clinic of each type,
the verification of various types of encephalopathies
was carried out according to the criteria proposed
by several authors [12-14]. Numerous factors, in par-
ticular, determine the course of each of the studied
subtypes of encephalopathies: the cause of encepha-
lopathy, its impact on the rate of development and
progression of brain tissue damage and clinical
presentation, and the effect of concomitant diseases.
Each type of encephalopathy, depending on the se-
verity and course of the disease, is characterized by
a particular spectrum of neurological symptoms: be-
havioral disorders, apathy, changes in memory and
attention, cognitive impairment up to dementia, ex-
trapyramidal insufficiency, pyramidal insufficiency,
moderate neurological deficit.

Patient inclusion criteria were the following:
age from 18 to 75 years; compliance with diagno-
sis criteria; and availability of the patient’s informed
consent. Exclusion criteria: the presence of oncopa-
thology; concomitant pathology in the stage of de-
compensation; use of psychoactive substances; the
presence of other diseases that could cause psycho-
neurological disorders, behavioral and mental disor-
ders.

The performed study is a single-moment clini-
cal study of the “case-control” type. The study pro-
tocol included screening of patients to determine
compliance with inclusion and exclusion criteria,
carrying out laboratory determinations, genetic re-
search, and statistical analysis of the obtained data.
All patients were informed about the purpose of the
clinical study and gave written informed consent for
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their participation in it. Confidentiality about the pa-
tient’s identity and state of health was preserved.

Ethical approval. The patient’s informed con-
sent form, examination card, and all stages of the
research were approved by the bioethics commission
of the I. Horbachevsky Ternopil National Medical
University, Ternopil (protocol No. 74 dated Septem-
ber 1, 2023).

Molecular genetic study of polymorphic variant
4a/4b of the eNOS gene. Its first stage was isolating
DNA from whole peripheral blood on a paper blank
using the commercial kit “Quick-DNA Miniprep
Plus Kit” (Zymo Research, USA) according to the
instructions. Molecular and genetic differentiation of
the studied gene variants was carried out by allele-
specific PCR or PDRF PCR (restriction fragment
length polymorphism) by standard operational pro-
tocols developed in the molecular genetics labora-
tory of the State Institution “Reference center for
molecular diagnostics of the Ministry of Health of
Ukraine” Kyiv.

Electrophoretic separation was carried out in
the System for horizontal electrophoresis multi Sub
Midi (Cleaver Scientific, Great Britain). The size of
amplified and restriction fragments was estimated
by comparison with the molecular weight marker
GeneRuler DNA Ladder (Thermo Scientific, USA)
in an ethidium bromide-stained 3% agarose gel
(Cleaver Scientific, UK). In the visualization pro-
cess, the formed fragments for each sample were
evaluated and photofixation of the obtained images
was carried out. The genotypes of the pieces were
determined according to the SOPs approved by the
institution by evaluating the molecular weight of the
restriction/amplified fragments compared to the mo-
lecular weight and corresponding positive control
samples (Table 1).

Statistics. The Hardy-Weinberg law was used
to assess the correspondence between the genotypes
of the selected sample and the general population.

Table 1. Molecular weight of restriction/amplified
fragments

Gene and The size of the restriction/
polymorphism, | amplified fragments and the
rs corresponding genotype

eNOS 4a/4b, Genotype 4b/4b: 421bp
rs61722009 Genotype 4b/4a: 421 and 394 bp
Genotype 4alda: 394 bp
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Comparison of observed frequencies and expected
frequencies (Pearson Chi-Square, y?), calculated
using Pearson’s formula: p? + 2pq + ¢? = 1 (Hardy-
Weinberg equilibrium), was carried out using Pear-
son’s x2-square. When obtaining values of the reli-
ability coefficient P > 0.05, we accepted the “null”
hypothesis about the equality of the samples, that
is, the correspondence between the selected model
and the general population. Comparative analysis of
frequency tables was performed using Pearson Chi-
square (y¥°) and Fisher exact p, two-tailed (in those
cases when the values of expected frequencies (ex-
pected frequencies) of individual indicators did not
exceed 5). To assess the influence of the factor (the
presence of a particular gene genotype) on the in-
vestigated feature (occurrence and progression of the
disease), the odds ratio (OR) and its 95% confidence
interval (95% CI) were calculated. The influence
was considered statistically probable at P < 0.05 for
the OR.

Results

Analysis of the frequency distribution of geno-
types 4a/b—4 of the intron (4b/4a) of the eNOS gene
according to the Hardy-Weinberg law and assess-
ment of compliance with population balance was
performed in patients with CTE, CVE, AIE and
PIE and the control group. It was established that
the frequency of the genotype responsible for the
4b/4a polymorphism of the eNOS gene both in pa-
tients with the studied types of encephalopathies and
in the group of control did not significantly deviate
from the Hardy-Weinberg equilibrium (P > 0.05)
(Table 2).

The results of the frequency distribution of the
genotypes of the eNOS gene showed that the 4b/4b
genotype prevailed in patients with the studied types
of encephalopathies and the control group (Table 3).
Genotype 4a/4a was detected most rarely in patients
with the studied types of encephalopathies. In con-
trast, this genotype was not detected both in the con-
trol group and in patients with CTE and PIE.

No statistically significant differences were
found in comparing the distribution of eNOS gene
genotypes in patients with the studied types of en-
cephalopathies and the control group. At the same
time, in the group of patients with CTE, the fre-
quency distribution of genotypes of the eNOS gene
probably differed from the data of patients with CTE
and PIE (y? = 19.45; P = 0.013). It should be noted
that genotype 4a/4a was detected only in patients
with CVE (27.78%) and patients with AIE (15.38%).
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Table 2. 4a/b—4 polymorphism of the intron of the eNOS gene according to the Hardy-Weinberg law in

patients with various types of encephalopathies

CTE CVE AIE PIE Control
Genotype expec- | avai- | expec- | avai- | expec- | avai- | expec- | avai- | expec- | avai-
ted lable ted lable ted lable ted lable ted lable
Homozygotes
that occur
frequently
4b/4b 20.35 20 9.31 9 12.46 14 22.16 22 9.19 9
Heterozygotes
4alab 531 6 3.38 4 11.08 8 3.69 4 2.63 3
Homozygotes,
which are rare
4alda 0.35 0 0.31 0 2.46 4 0.15 0 0.19 0
v, P ¥’ = 0.44; y* =0.43; ¥* = 2.00; v’ =0.18; ¥’ = 0.24;
P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Note. % — Pearson Chi-square test; P — level of its significance. *Statistically significant result (P < 0.05)
Table 3. Polymorphism 4a/b—4 of the intron of the eNOS gene between the studied groups
CTE CVE AIE PIE Control
Genotype
n % n % n % n % n %
4b/4b 20 76.92 9 50.00 14 53.85 22 84.62 9 75.00
4alab 6 23.08 4 22.22 30.77 4 15.38 3 25.00
4alda 0 0.00 5 27.78 4 15.38 0 0.00 0 0.00
P (EP/ICG) y?=0.02; v’ =4.11; ¥? = 2.55; x? = 0.51; B
P =0.897 P =0.128 P =10.280 P =0.478
v, P K’ =19.45 P =0.013% P ,,, <0.05*

Note. y? — Pearson Chi-square test; P — level of its significance. *Statistically significant result P < 0.05).

Analyzing the frequency distribution of eNOS
gene alleles, it was established that among patients
with CTE, CVE, AIE, and PIE, carriers of the 4b
allele predominated (Table 4). Comparing the fre-
guencies of alleles of the eNOS gene among patients
with the studied types of encephalopathies, probable
differences were found in the CVE group compared
to the group of control (frequency of allele 4b -
61.11% vs. 87.50%; frequency of allele 4a — 38.89%
vs. 12,50%).

It is worth noting a similar trend in the frequen-
cy distribution of eNOS gene alleles in patients with
AIE compared to the control group (4b allele fre-
guency — 69.23% vs. 87.50%; 4a allele frequency —
30.77% vs. 12.50%), however, these changes were
statistically not significant.

Analyzing the OR and its 95% CI for genotypes
4a/b—4 of the intron of the eNOS gene in patients
with the studied types of encephalopathies, no sta-
tistically significant relationship was established
between carrying genotypes 4b/4b, 4a/4b, 4a/4a and
the risk of encephalopathies (Table 5).

Analyzing the OR and its 95% CI for alleles
of the eNOS gene in patients with the studied types
of encephalopathies, it was established that there is
a statistically significant relationship between the
carriage of alleles 4b and 4a and the occurrence of
encephalopathy only in patients with CVE (Table 6).
Thus, the presence of the 4a allele increases the risk
of encephalopathy in this cohort of patients by 4.5
times.
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Table 4. The frequency of alleles 4a/b—4 of the intron of the eNOS gene in patients with various types of
encephalopathies

Frequency CTE CVE AIE PIE Control

of alleles n % n % n % n % n %
Allele 4b 46 88.46 22 61.11 36 69.23 48 92.31 21 87.50
Allele 4a 6 11.54 14 38.89 16 30.77 4 7.69 3 12.50
P (EPICG) P =0.999 P =0.040* P =0.153 P=0.672 -

Note. *Statistically significant difference (P < 0.05)

Table 5. Odds ratio for eNOS gene intron 4a/b—4 genotypes in patients with different types of encepha-
lopathies

Polymorphism of the eNOS gene
ence;’:}‘;‘io";athy 4bl4b 4alab dalda
OR 95% ClI OR 95% CI OR 95% CI
CTE 111 0.23-5.47 0.90 0.18-4.43 0.47 0.01-25.18
CVE 0.33 0.07-1.65 0.86 0.15-4,76 10.19 0.51-203.67
AIE 0.39 0.09-1.77 1.33 0.28-6.28 5.00 0.25-100.68
PIE 1.83 0.34-9.90 0.55 0.10-2.94 0.47 0.01-25.18

Note. OR — odds ratio, 95% CI — 95% confidence interval. *Statistically significant difference (P < 0.05)

Table 6. Odds ratio for alleles 4a/b—4 of the intron of the eNOS gene in patients with different types of

encephalopathies

Allele CTE CVE AIE PIE
OR 95% ClI OR 95% CI OR 95% CI OR 95% C1
4b 110 0.25-4.80 | 0.22%* 0.06—-0.89 0.32 0.08-1.23 171 0.35-8.34
4a 0.91 0.21-4.01 4.46* 1.12-17.76 3.50 0.91-13.51 0.58 0.12-2.84

Note. OR — odds ratio, 95% CI — 95% confidence interval. *Statistically significant difference (P < 0.05)

Discussion

A key role in cerebral blood flow is played by
the NO signaling pathway, which is synthesized by
eNOS and nNOS and can be altered or blocked by
hypoxia and ischemia. An increase in the activity of
nNOS and eNOS contributes to the activation of NO
generation by endothelial and neuronal brain cells.
Exactly in the endothelial cells of the brain, the en-
hanced regulatory activity of eNOS occurs, which
contributes to its accumulation in these cells, leading
to their further dysfunction [1]. eNOS-derived NO
is very important for the maintenance of microvas-
cular stability and vascular tone under physiologi-
cal conditions [15]. Cardenas H. L. et al. noted that
endothelial NO is an important mediator of proper
cerebrovascular function [16] and Liao F. F. et al.
note that eNOS-derived NO plays a key role in the
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regulation of basal cerebral blood flow via vasodila-
tion of cerebral vessels, and aberrant biogenesis of
NO is associated with cerebral small-vessel disease,
cerebral hypoperfusion, and the impairment of the
blood-brain barrier [17]. Lenz I. J. et al. demonstrat-
ed that eNOS-deficient mice have significantly in-
creased morbidity and mortality after experimental
subarachnoid hemorrhage. Researchers also found
that eNOS-deficient mice have already a reduced mi-
crovessel density and a significant number of micro-
vasospasms before subarachnoid hemorrhage [15].
Analyzing the frequency distribution of alleles
of the polymorphic variant 4a/4b of the eNOS gene,
we found that among patients with all types of en-
cephalopathies studied, carriers of the 4b allele pre-
vailed. At the same time, significant differences in
the frequency distribution of alleles relative to prac-
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tically healthy individuals were found only in pa-
tients with CVE, among whom 38.89% were carriers
of the 4a allele (in the group of practically healthy in-
dividuals, only 12.5% were carriers of the 4a allele).
Analyzing the odds ratio and its confidence interval
for eNOS gene alleles in patients with CTE, CVE,
AIE, and PIE, it was established that there is a statis-
tically significant relationship between carrying the
4a allele and the risk of occurrence and/or progres-
sion of encephalopathy only in patients with CVE.

eNOS gene polymorphisms are known to be
associated with development of vasospasm and in-
creased chances of rupture of aneurysm [18]. There
is data that genetic polymorphisms decreasing eNOS
activity are linked to increased susceptibility for
cerebrovascular disease [19, 20]. Moreover, 4a/4b
(rs61722009) polymorphism has been reported to be
involved in the atherosclerotic process. Significant
associations were detected between the allelic and
dominant models of the eNOS 4a/4b polymorphism,
and carotid atherosclerosis risk in an Asian subgroup
(allelic: P = 0.02; OR, 95% CI = 1.49 [1.07, 2.07];
dominant: P = 0.01; OR, 95% CI = 1.50 [1.09, 2.05]),
but not in a Caucasian subgroup [21]. In the study of
Z. Farbood et al., the potential association between
eNOS 4a/4b gene polymorphisms and essential hy-
pertension as an individual risk factor was exam-
ined in the southern population of Iran. Researchers
demonstrated statistically significant associations
between 4a/4a polymorphism of the eNOS gene and
essential hypertension (P < 0.05) [22].

There is data that 4a eNOS polymorphism is
associated with reduced NO production, in particu-
lar T. Tsukada et al. [23] showed that the plasma
NO level of healthy subjects with the “a’ allele was
significantly lower than in those without the ‘a’ al-
lele (P < 0.05). Sivri N. et al. observed that eNOS
4alb expression was increased in the coronary ar-
tery disease (CAD) group compared to the control
group. The results also exhibited that eNOS intron
4a/b 27 VNTR polymorphism was associated with
CAD, and homozygote 4a4a genotype frequency
was significantly higher in the CAD group compared
with the control group. Furthermore, the results
stated that heterozygote 4a/4b genotype carriers
have increased the level of eNOS expression com-
pared with the same genotype in the control group,
which might contribute to reducing the risk of CAD
[24]. Probably, the increased risk of developing and/
or progression of CVE in carriers of the 4a allele
polymorphism of the 4" intron of the eNOS gene in

the present study is associated with a decrease in
the generation of NO in the vascular endothelium,
which contributes to the development of atheroscle-
rotic changes, thrombosis, vasospasm, and arterial
hypertension.

Hassan A. et al. determined the role of 3 po-
tentially functional eNOS polymorphisms (T-786C,
intron 4ab, G894T) as risk factors for cerebral small-
vessel disease and its different subtypes: isolated la-
cunar infarction (n = 137) and ischemic leukoaraiosis
(n = 160). They found that the intron 4a allele of the
eNOS gene was protective against cerebral small-
vessel disease, an effect confined to isolated sympto-
matic lacunar infarction [25]. Researchers suggested
that there are several possible explanations for the
association between the 4a allele and disease. The in-
tron 4 locus could act simply as a marker for another
functional polymorphism in linkage disequilibrium.
Another possibility is that the intron 4a allele has
intrinsic functional significance because there was
a weak association with plasma NO, levels in their
study. Although this variant lies within an intron,
an insertion/deletion polymorphism could affect
mRNA stability and enzyme levels. A third possi-
bility is that the intron 4 locus modulates the effects
of a variant in linkage disequilibrium. Because the
combination of -786C and intron 4a was protective
in our study, this haplotype could have a particular
functional role. Consistent with this hypothesis, the
intron 4a allele led to a significant increase in NO_
levels associated with the -786CC genotype and in-
creased levels across the different T-786C genotypes.
One potential explanation is that the intron 4 27-bp
repeat element has a cis-regulatory role enhancing
transcription activity at the -786 locus.

It is worth pointing out that some researchers
did not find a probable association between 4a/4b
(rs61722009) polymorphism of the eNOS gene and
cerebrovascular diseases. In particular, V. E. Dosen-
ko et al. demonstrated that allelic polymorphism in
the promoter (T—C), but not in exon 7 (G—T) or the
variable number tandem repeat in intron 4, of the
eNOS gene was positively associated with acute cor-
onary syndrome in the Ukrainian population. It was
shown that the percentages of normal homozygotes,
heterozygotes, and pathological homozygotes for the
4al4b polymorphism in intron 4, were 64.7, 31.2 and
4.1%, respectively (controls: 62.7, 32.5 and 4.8%;
P > 0.05) [26]. Ben Ali M. and co-authors investi-
gated the relationship of the 894G>T (rs1799983)
and 4a/4b (rs61722009) polymorphisms of the eNOS
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gene with the presence of coronary artery disease in
the Tunisian population and found that 4a/4b poly-
morphism was not associated with coronary artery
disease under any of the genetic models tested [27].
Therefore, the question of the functional implemen-
tation of the polymorphism of the 4" intron of the
eNOS gene remains open and requires further re-
search.

Conclusions. For the first time in the Ukrainian
population, an analysis of the frequency distribution
of genotypes and alleles of the polymorphic variant
4a/b—4 of the intron of the eNOS gene in patients
with encephalopathies of various genesis was per-
formed and statistically significant differences were
found only in patients with CVE compared to the
healthy individuals. At the same time, the presence
of the 4a allele of the eNOS gene increases the risk
of CVE occurrence and/or progression by 4.5 times,
which indicates the expediency of including the cor-
responding single-nucleotide polymorphism in the
genetic panel of CVE patients.
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IHNOIMUPEHICTD NOJIMOP®HUX
BAPIAHTIB 4a/4b IHTPOHY 'EHA
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[MopyuieHHsT Ba30pPEryJISITOPHUX — IPOIIECIB,
SIK CYTT€BOrO (HaKTOPy Yy PO3BUTKY HEBPOJIOTIYHOT
narojiorii, MOTpedye TMOAANBIIONO0 BHUBUYCHHS.
[IpoBigHy poib y Ba3operyyisiTOpPHUX MeXaHi3Max
Bizirpae eanorenianpHa NO-cuHTa3a, TEH SIKOi Ma€e
15 anmenbHMX BapiaHTiB. Pe3ynbratu HemoJgaBHIX
JIOCTI/PKCHb BKa3ylOTh Ha Te, IO € HMOBIpHUI
3B’130K MiX moniMopdizmom reny eNOS Ta 1e-
peOpOBaCKyISIPHUMHU  3aXBOPIOBAHHSIMH. MeTor0
JOCITIJIKeHHSI OyJIO BUBYUTH NOIIMPEHICTh IHTPOHY
4a/4b momimopdizmy rera eNOS y mnarfieHTiB 13
PI3HUMHM THIIAMU eHIIe(aonariii Ta OLIHUTH BITHB
HAsIBHOCTI TIEBHOT'O T'CHOTHUITY JIOCIIJIKYBaHOIO
reHa Ha BHHUKHEHHS Ta/abo TIporpecyBaHHS
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ennedanonarii. Y mocmimkeHHI B3siIU y4yactb 96
MAIieHTIB 13 eHledaIonaTiIMi pIi3HOTO TeHe3y:
XpOHIYHA TpaBMaTH4YHA eHIedalonaTisi, XpOHIYHA
aJKOroJb-IHAyKOBaHa eHuedanonarisi, XpoHIYHA

CynIWHHA ennedaronaris, micasiHeKIiiHa
ennedanonaris. [lamieHTH  3HAXOAMJIUCh  Ha
CTAaIliOHapHOMY JIIKyBaHHI B  HEBPOJIOTIYHUX

BiTINICHHAX TepHOIIIBCHKOT 00JIACHOT KJITHIUHOT
TICHXOHEBPOJIOTIYHOI JliKapHi. MoJIeKyIspHO-TeHe-
TUYHY Au(EepeHIrarito A0CHiKyBaHINX BapiaHTiB
TeHIB 3JIIMCHIOBAIM METOIaMH allelib-Crielu(iTHOT
ITUIP a6o IUJIP IIAP® (momimopdi3M HOBKHHHU
pECTPUKIIHIX (parMeHTiB) 3TiTHO 31 CTaHIapPTHHU-
MU ONepalifHIMHU MPOTOKOJIAaMHU. AHaIi3 4acTOT-
HOTO pO3MOJiNy ajeneid MomMopdHOro BapiaHTy
4a/4b rena eNOS moka3zas, 110 cepen MAaIli€HTIB 3
yciMa JOCTIKYBAaHUMH THUIIAMHU CHIIedaIonaTii
nepeBaxkayn Hocii aneni 4b. BiporinHi po306i>kHOCTI
Yy 4aCTOTHOMY PO3MOALIL ajieneil BiJHOCHO MpaK-
TUYHO 3JI0POBUX OCI0 BUSIBIICHO JIMINE y MAIIEHTIB
3 XCE, cepen sikux 39% BUSIBUINCS HOCISIMH aJieii
4a. Tlpu upomy HasiBHiCTH aneni 4a rena eNOS
MiJBUIIYE PU3NK BUHUKHEHHS Ta/ab0 Mmporpecy-
BaHH: XCE y 4,5 paszn. Lle 00yMOBITIO€ TOIITBHICTH
BKJIIOYCHHs ~ moniMopdizmy  4a/b—4  iHTpoHY
reta eNOS 1o reHeTWYyHOI IaHENl IOCHIIKCHHS
matienTiB 13 XCE.

Kamo4goBi ciaoBa:
egporemianbHa NO-cuHTa3a,
nosiMopdizm eNOS rena.

ennedaronaris,
4a/4b  iHTpOH,
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