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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ANALYSIS OF RELATIONSHIP BETWEEN POLYMORPHISM OF MTHFR (C677T), MTHFR (A1298C), 
MTR (A2756G) GENES IN THE DEVELOPMENT OF ISCHEMIC STROKE IN YOUNG PATIENTS

1Mialovytska O.,2 Nebor Y.

1Taras shevchenko national University of Kyiv, department of internal Medicine;
2city clinical ambulance Hospital, department of neurosurgery n2, Ukraine

Ischemic stroke in young patients belongs to the category of 
multifactorial diseases that develop due to a complex interaction 
of genetic factors and factors of external environment. There is 
a general tendency towards an increase in its frequency [1-3].

Research works that have been conducted in the last decade 
indicate that some genetic characteristics are additional risk fac-
tors for stroke development in young people [4,5]. The genetic 
predisposition to cerebral ischemia is realized due to the addi-
tive effect of several genes (gene-dose effect) [4,6]. Besides, the 
increased risk of stroke is a result of genotype interactions with 
external influences or dynamic factors. The genetic influence on 
the risk of developing a stroke depends on the age. The age fac-
tor is more significant when the disease develops at a young age, 
as there is no enough time for a significant change in the phe-
notype under the influence of external influences and dynamic 
factors [1,7].

More than 600 single nucleotide polymorphisms have been 
described, some of them can affect the activity of the MTHFR 
enzyme and cause an increase in the level of homocysteine   in 
the blood. It has been proved that two nucleotide polymor-
phisms are of the greatest practical importance - C677T in 
exon 4 (rs 1801133) and A1298C in exon 7 (rs1801131). The 
influence of polymorphic variants C677T and A1298C of the 
MTHFR gene on the development of cardiovascular diseases, 
oncological diseases, cognitive disorders and pathological 
course of pregnancy has been also described [8,9].

The МТR gene is mapped on chromosome 5 at the locus 
5p15.3 - p15.2. In this gene, various types of mutations and 
several polymorphic variants are described (one of them is the 
A2756G polymorphism). A2756G polymorphism reduces the 
activity of the МТR enzyme by 4 times. This polymorphism is 
very common in the population, the frequency of heterozygous 
carriers of the A2756G allele is about 45.0-50.0%, and homozy-
gous carriers - 25% [10,11]. 

It has already been proved that development and features of the 
clinical course of most diseases, especially cardiovascular diseases, 
largely depend on the patient’s genotype, determining the charac-
teristics of the response of endogenous enzymatic systems.

Most investigations focus on the study of the C677T poly-
morphism of the MTHFR gene and the risk of ischemic stroke. 
A synergistic effect between increased homocysteine   levels and 
MTHFR gene polymorphism has been clearly established [12]. 
It has been proved that MTHFR C677T can be considered a ge-
netic factor in the development of ischemic stroke [12-15].

At the same time in the scientific literature there is an insufficient 
number of works, analyzing the relationship of gene polymorphism 
MTHFR (S677T), MTHFR (А1298С) and MTR (A2756G) in the 
development of ischemic stroke in young people.

The aim of our investigation was to study the role of poly-
morphic variants of folate metabolism genes encoding meth-
ylenetetrahydrofolate reductase (C677T and A1298C gene 
MTHFR) and methionine synthase (А2756G of the МТR 
gene) and their combinations in the development of ischemic 
stroke in young people.

Material and methods. The study included main group of 
61 young patients (60.7% of men and 39.3% of women) with 

acute ischemic stroke. The age of patients ranged from 18 to 44 
years (mean age 36.5±3.73 years) according to the recommen-
dations of WHO experts. The control group included 29 people 
(55.2% of men and 44.8% of women) of middle age with isch-
emic stroke (average age 51.6±3.1 years).

The patients have been examined in the neurological depart-
ment of the Kiev City Clinical Hospital No. 3 and the Kiev 
City Clinical Emergency Hospital. The research period covers 
2017–2020 years.

Venous blood, taken under sterile conditions in test tubes con-
taining (K2 EDTA, 11.7 mmol) was used for molecular genetic 
research. The tubes were labeled and frozen at -700 C. PureLink 
Genomik DNA Kits For purification of genomik DNA, manu-
factured by INVITROGEN (USA), were used to isolate genom-
ic DNA. At the first stage, incubation with Digestion Buffer and 
proteinase K was carried out and the products of denaturation 
and lysis were removed by centrifugation; they were addition-
ally incubated with RNAse in order to prevent contamination.

The unified TagMan Mutation Detection Assays Lifa-Tech-
nology (USA) was used to analyze polymorphic DNA loci. 
The polymorphisms used were MTHFR C677T (rs 1801133), 
MTHFR A1298C (rs 1801131), MTR A2756G (variant A66G) 
(rs1805087). The incubation of the test material with a system 
of primers, which flank the DNA regions of genes, was carried 
out in the presence of heat-resistant DNA polymerase in an au-
tomatic amplifier Gene Amp PCR System 7500 (Applied Bio-
systems, USA). The obtained data was processed using the Real 
Time PCR program synchronized with the amplifier.

Polymorphic variants of the MTHFR (C677T), MTHF (A1298C), 
MTR (A2756G) genes were analyzed using the polymerase chain 
reaction (PCR) method and restriction fragment length polymor-
phism (RFLP) followed by visualization in 2% agarose gel. Sepa-
ration of amplification products was carried out in 2% agarose gel 
prepared in 1x TVE buffer (90 mm Tris-HCl, 90 mM boric acid, 2 
mM EDTA, pH 8.0) by horizontal electrophoresis.

To visualize the results of electrophoresis, the gels were 
stained with 1% ethidium bromide solution at the rate of 5 μl per 
50 ml of molten gel. DNA fragments were visualized on a UV-
Transilluminator with a wavelength of 310 nm in the form of or-
ange-red stripes. The polymerase chain reaction was carried out 
using kits for detecting polymorphisms in the human genome by 
SNP-express PCR with subsequent detection of products.

DNA was isolated from whole blood using DIAtom DNA 
Prep kits (Isogens). The method is based on the use of a lysis 
reagent with guanidine isocyanate, which is intended for lysis 
of cells, solubilization of cellular debris, and denaturation of 
cellular nucleases. In the presence of a lysing reagent, DNA is 
actively sorbed on the Nucleo S-sorbent, then it is easily washed 
from proteins and salts with an alcohol solution. Subsequently, 
DNA is extracted from the sorbent and transferred into sterile 
DNA and RNA free microtubes.

The resulting DNA can be directly used to carry out the poly-
merase chain reaction. The kit allows you to isolate high mo-
lecular weight DNA (40-50 thousand base pairs of high purity 
(OD 260/280 nm 1.6-2.0) from fresh biological material. The 
yield of pure DNA from 100 μl of whole blood is 3-5 μg. In the 
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process of DNA isolation, we followed the recommendations in 
the commercial kit and performed the manipulations according 
to the protocol.

The study of the level of homocysteine   was carried out using 
the method of enzyme-linked immunosorbent assay. The study 
of homocysteine   was carried out in blood plasma by the method 
of solid-phase enzyme-linked immunosorbent assay (ELISA) 
on a semi-automatic analyzer RT2100C (RAYTO) (China) us-
ing an incubator-shaker for microplates PST-60HL-4 (BioSun) 
(Latvia) and an automatic plate washer-washer Bio -Rad PW 40. 
Homocysteine   was determined using Axis-Shield (UK) reagents 
cat # FHCY100 sensitivity 0.10 µmol/L with CV <20% measur-
ing range from 2.0 to 50.0 µmol/L. According to the manufac-
turer’s data, control samples of human origin had the following 
concentrations (M [range], µmol/L): low level 7 [5.6-8.4]; aver-
age 12.5 [10.0-15.0]; high [20.0-30.0]; according to the litera-
ture, the reference interval is 5-15 μmol/l.

The results of the frequency of the presence of polymor-
phic variants of folic acid metabolism genes (MTHFR, MTR) 
in young patients with ischemic strokes and individuals in the 
control group were subject to statistical analysis (Statistika 6.0 
program) with determination of the odds ratio (OR) at 95% con-
fidence interval (CI), Differences were considered statistically 
significant at p <0.05. The reliability score was determined us-
ing nonparametric tests (Mann-Whitney test) for the analysis of 
small samples. 

Results and discussion. Polymorphism of the MTHFR gene 
is widely studied in connection with the risk of developing acute 
cerebrovascular pathology. In a population, 3 variants of the 
genotype for the MTHFR gene are possible: A/A (normal), A/G 
(heterozygote), G/G (mutant variant, homozygote).

 Table 1 shows that the homozygous variant of the genotype 
(genotype G/G) was 60% (12 patients) among patients with ath-
erothrombotic subtype of ischemic stroke in the main group, 
which indicates a significantly reduced activity of the MTHFR 
enzyme. In the control group, the homozygous variant of the 
genotype was 44.4% (8 patients) (p <0.05).

When comparing the level of homocysteine   in blood plas-
ma with different allelic variants of the MTHFR gene, it was 
shown that in patients with homozygous variant G/G, a high 
level of homocysteine   is recorded - 18.9±4.8 ng/ml (geno-
type A/A - 12.4±4 , 2 ng/ml, A/G - 12.9±4.8 ng/ml, p=0.045) 
(Table 2).

As can be seen from the presented Table 3, the main 
group there showed an increased risk of ischemic stroke in 
the presence of genotypes 677CT (OR=2.39; CI=1.12-5.06) 
and 677TT (OR=4.45; CI=1.08-25.44) by the MTHFR gene. 
When conducting a comparative analysis of the А1298С 
polymorphism of the MTHFR gene, genotype 1298CC 
(OR=1.45; CI=0.46-3.99) and genotype 1298AC (OR=2.4; 
CI=1.6-5.9) were significant. At the same time, a compara-
tive analysis of the A2756G polymorphism of the МТR gene 
showed that GG (OR=2.68; CI=1.10-7.06) was statistically 
significant. An increase in the development of ischemic brain 
lesions was found in the presence of polymorphic variants of 
CT for the MTHFR gene, AC for the MTHFR gene, and GG 
for the MTR gene.

An increase in the risk of ischemic brain lesions was found in 
young people in the presence of polymorphic variants ST + TT 
(CI=1.8-10.9) for the MTHFR gene, AC + CC (CI=1.31-6.32) for 
the MTHFR gene, AG + GG (CI=1.57 -10.08) for the МТR gene.

As can be seen from the presented table 4, there is an in-
crease in the risk of ischemic stroke in young people in the 
presence of the C677T and A1298C genotypes of the MTH-
FR gene, and there is a tendency to an increase in risk with 
the joint influence of the T677T genotypes of the MTHFR/
G2756G gene of the MTR gene; А1298С of the MTHFR 
gene/G2756G of the МТR gene.

Thus, the determination of the C677T and A1298C poly-
morphisms of the MTHFR gene makes it possible to predict 
the development of ischemic stroke in young people before the 
clinical manifestations of this disease and early prevention in 
patients with various risk factors for the development of acute 
ischemic stroke.

Table 1. Frequency of MTHFr polymorphism genotypes in patients 
with ischemic stroke (atherothrombotic and cardioembolic subtypes), n (%)

Genotype

Main group (n=61) Control group (n=29)
Credibility
 differences  Ischemic stroke subtype  Ischemic stroke subtype

Atherothrombotic Cardio embolic Aterothrombotiс Cardioembolic

A/A 1 (5%) 22 (53.7%) 3 (16.7%) 4 (36.3%) P> 0.05

A/G 7 (35%) 10 (24.3%) 7 (38.9%) 3 (27.4%) P> 0.05

G/G 12 (60%) 9 (22%) 8 (44.4%) 4 (36.3%) P <0.05
a/a - “neutral” - normal activity of the MTHFr enzyme; a/G - “heterozygote with a mutant allele” - reduced enzyme activity
MTHFR; G/G - “homozygote with a mutant allele” - significantly reduced activity of the MTHFR enzyme; p <0.05 - statistically 

significant differences in indicators between the main and control groups

Table 2. Plasma homocysteine   level in young patients with ischemic stroke 
with different allelic variants of the MTHFR gene (mmol/L), M±m

A/A (1) n=13 A/G (2) n=14 G/G (3) n=22 Validity of differences

12.4±4.16 12.9±4.81 18.9±4.92
R 1-2 > 0.05
R 1-3<0.05
R 2-3<0.05

note: 1 - A/A, 2 - A/G, 3 - G/G, the significance of differences was assessed using the Mann-Whitney test
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Table 3. comparison of the frequency of genotypes of genes in young people 
with ischemic stroke (main group) and the control group, n (%)

Gene/
polymo-
physical

Geno-
type

The main group 
(n=61) Control group (n=29) Statistical parameters

n % n % Significance of 
differences P

Odds ratio 
OR

 Trust
interval 
95% CI

MTR
(A2756G)

AA 14 22.95 13 44.82 0.003 0.25 0.12-0.47

AG 19 31.15 10 34.48 0.230 1.83 0.59-4.76

GG 28 45.90 6 20.70 0.051 2.68 1.10-7.06

AG + GG 47 77.05 16 55.17 0.003 4.32 1.57-10.08

MTHFR
(C677T)

CC 18 29.50 14 48.28 0.011 0.33 0.07-0.84

CT 27 44.26 13 44.82 0.031 2.39 1.12-5.06

TT 16 26.24 2 6.90 0.041 4.45 1.08-25.44

ST + TT 43 70.49 15 51.72 0.002 4.48 1.80-10.90

MTHFR
(A1298C)

AA 21 34.43 17 58.62 0.031 0.45 0.19-0.98

AC 25 40.98 7 24.14 0.029 2.49 1.06-5.99

CC 15 24.59 5 17.24 0.662 1.45 0.46-3.99

AC + CC 40 65.57 12 41.37 0.02 2.66 1.31-6.32

Table 4. Comparison of combinations of polymorphic gene variants МтнFR (с677т), МтнFR (А1298с) 
and МтR (А2756G) in persons of the main and control groups, n (%)

Combination
genotypes

The main Control Statistical parameters

Group (n=61) Group (n=29) Odds ratio 
(OR)

Significance of 
differences (P)

Confidence inter-
val (95% CI)n % n %

MTHFR (C677T) + MTHFR (A1298C)

CC/AA 3 4.91 fourteen 49.28 0.08 0.003 0.03-0.21

CT/AC fourteen 22.95 6 20.69 3.73 0.041 1.15-12.62

MTHFR (C677T) + MTR (A2756G)

CC/AA five 8.19 18 62.07 0.09 0.001 0.03-0.32

TT/GG eight 13.11 one 3.45 - 0.023 -

MTHFR (A1298C) + MTR (A2756G)

AA/AA 2 3.28 17 58.62 0.13 0.02 0.03-0.6

In recent decades, due to the intensive development of mo-
lecular genetics, genetic causes of hyperhomocysteinemia have 
been discovered – mutations genes encoding enzymes for the 
metabolism of this amino acid. At present, nucleotide substi-
tutions in the methylenetetrahydrofolate reductase (MTHFR) 
gene, accompanied by a decrease in the enzyme activity and a 
change in its thermal stability, are already quite well studied [10, 
16]. The genetic predisposition to cerebral ischemia is realized 

as a result of the manifestation of polymorphism of genes encod-
ing methylenetetrahydrofolate reductase (C677T and A1298C 
of the MTHFR gene) and methionine synthase (A2756G of the 
MTR gene) [17], which play a leading role in the metabolism of 
homocysteine   [18].

The most common polymorphism of the MTHFR gene is 
the substitution of cytosine (C) for thymine (T) at position 677, 
which promotes the conversion of alanine to valine at amino 
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acid 222 [19]. C677T polymorphism leads to a decrease in en-
zyme activity and, as a result, to an increase in homocysteine   
concentration [20]. In the literature, there is conflicting data 
on the relationship between the C677T polymorphism of the 
MTHFR gene and the risk of ischemic stroke in young people. 
Research by Pirinen JB et al. (2015), Ozer IS et al. (2015) [21, 
22] revealed close associations between gene polymorphism and 
the risk of ischemic stroke, in other works this relationship has 
not been proved [23].

As a result of the conducted molecular genetic studies, we 
found out that in young patients homozygote for the minor al-
lele C/C for А1298С of the MTHFR gene polymorphism and 
T/T for С677Т of the MTHFR gene and G/G for А2756G of the 
МТR gene polymorphism increase the risk of ischemic stroke 
in comparison with carriers of A/A for А1298С, С/C for С677Т 
gene МТНFR and А/А by А2756G of МТR gene. Increased 
risk of ischemic brain lesions in the presence of polymorphic 
variants ST + TT (CI=1.8-10.9) for the MTHFR gene, AC + 
CC (CI=1.31-6.32) for the MTHFR gene, AG + GG (CI=1.57-
10.08) for the МТR gene has been described. A significant in-
crease in resistance to the development of ischemic stroke in 
young people with the CC genotype for the MTHFR gene, the 
AA genotype for the MTHFR gene, and the AA genotype for the 
MTR gene has been proved. 

At the same time, there are isolated reports in the literature on 
the effect of combinations of polymorphic variants of CT and 
TT for the MTHFR gene, AC and CC for the MTHFR gene and 
AG and GG for the MTR gene on the risk of developing the 
disease. [9,24]. 

Conclusions. The patients of the main group with the homo-
zygous variant G/G showed a statistically significant high level 
of homocysteine compared with patients with the A/A genotype 
and A/G. (p<0.05).

It has been shown that young people are homozygous for the 
minor allele C/C for A1298C of the MTHFR gene polymor-
phism and T/T for the C677T of the MTHFR and G/G according 
to А2756G polymorphism of the МТR gene increase the risk of 
ischemic stroke in comparison with carriers of А/А according to 
А1298С, С/C according to С677Т of the МТНFR gene and А/А 
according to А2756G of the МТR gene.
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SUMMARY

ANALYSIS OF RELATIONSHIP BETWEEN POLYMOR-
PHISM OF MTHFR (C677T), MTHFR (A1298C), MTR 
(A2756G) GENES IN THE DEVELOPMENT OF ISCH-
EMIC STROKE IN YOUNG PATIENTS

1Mialovytska O.,2 Nebor Y.

1Taras shevchenko national University of Kyiv, department of 
internal Medicine; 2city clinical ambulance Hospital, depart-
ment of neurosurgery n2, Ukraine

The study focuses on investigation of the role of polymor-
phic variants of MTHFR (C677T), MTHFR (A1298C), MTR 
(A2756G) folate metabolism genes and their combinations in 
the development of ischemic stroke in young people.

The study included 2 groups of patients: 61 young patients 
aged 18 – 44 years old with acute ischemic stroke (main group) 
and 29 middle-age patients, 45 to 59 years old with ischemic 
stroke (control group). 

To analyze polymorphic DNA loci, the standardized test 
systems TagMan Mutation Detection Assays Lifa-Technolo-
gy (USA) were used. MTHFR C677T (rs 1801133), MTHFR 
A1298C (rs 1801131), and MTR A2756G (rs1805087) poly-
morphisms were involved. Polymorphic variants of MTHFR 

(C677T), MTHF (A1298C), MTR (A2756G) genes were ana-
lyzed, using the polymerase chain reaction (PCR) method. The 
study of homocysteine level   in blood plasma was carried out, 
using the method of enzyme-linked immunosorbent analysis.

The patients of the main group with the homozygous variant 
G/G showed a statistically significant high level of homocyste-
ine  – 18.9±4.8 ng/ml compared with patients with the A/A geno-
type – 12.4±4.2 ng/ml and A/G – 12.9±4.8 ng/ml, (p=0.045). 
The main group showed an increased risk of ischemic stroke 
associated with 677CT (OR=2.39; CI=1.12-5.06) and 677TT 
genotypes (OR=4.45; CI=1.08-25.44) for the MTHFR gene. 
When carrying out a comparative analysis of the А1298С poly-
morphism of the MTHFR gene, 1298CC genotype (OR=1.45; 
CI=0.46-3.99) and 1298AC genotype (OR=2.4; CI=1.6-5.9) 
were statistically significant. Comparative analysis of А2756G 
polymorphism of the МТR gene showed that the GG genotype 
was statistically significant (OR=2.68; CI=1.10-7.069). An in-
crease in the development of ischemic brain lesions was associ-
ated with polymorphic variants of CT for the MTHFR gene, AC 
for the MTHFR gene, and GG for the MTR gene. An increase 
in the risk of developing ischemic brain lesions was associated 
with polymorphic variants of CT + TT (CI=1.8-10.9) for the 
MTHFR gene, AC + CC (CI=1.31-6.32) for the MTHFR gene, 
AG + GG (CI=1.57-10.08) for the MTR gene. 

The study shows that in young people homozygote for minor 
alleles C/C for A1298C of the MTHFR gene polymorphism and 
T/T for C677T of the MTHFR gene and G/G for A2756G of the 
MTR gene polymorphism increases the risk of ischemic stroke, 
compared with carriers of A/A for A1298C, C/C for C677T of 
the MTHFR gene and А/А by А2756G of the МТR gene.

Keywords: ischemic stroke at a young age, gene polymor-
phism, methylenetetrahydrofolate reductase

РЕЗЮМЕ

АНАЛИЗ ВЗАИМОСВЯЗИ ПОЛИМОРФИЗМА ГЕНОВ 
MTHFR(С677Т), MTHFR (А1298С), MTR (А2756) В РАЗ-
ВИТИИ ИШЕМИЧЕСКОГО ИНСУЛЬТА У БОЛЬНЫХ 
МОЛОДОГО ВОЗРАСТА

1Мяловицкая Е.А., 2Небор Я.Я.

1киевский национальный университет им. тараса Шевчен-
ко, кафедра внутренней медицины; 2киевская городская 
клиническая больница скорой медицинской помощи, отделе-
ние нейрохирургии №2, украина

Целью исследования явилось определение роли поли-
морфных вариантов генов фолатного обмена метилентетра-
гидрофолатредуктазы MTHFR(С677Т), MTHFR (А1298С), 
MTR метионин-синтазы (A2756G) и их комбинаций в раз-
витии ишемического инсульта у лиц молодого возраста.

В исследование включен 61 пациент молодого возраста от 
18 до 44 лет с ишемическим инсультом (основная группа) 
и группа контроля 29 пациентов с ишемическим инсультом 
среднего возраста от 45 до 59 лет.

Анализ полиморфных ДНК-локусов проведен посред-
ством унифицированных тест-систем TagMan Mutation 
Detection Assays Lifa-Technology (США). Использовали по-
лиморфизмы МТНFR C677T (rs 1801133), МТНFR А1298С 
(rs 1801131), МТR А2756G (rs1805087). Полиморфные 
варианты генов МТНFR (C677T), MTHF (A1298C), MTR 
(A2756G) анализировали, используя метод полимеразной 
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цепной реакции (ПЦР). Определение уровня гомоцистеина 
в плазме крови проводилось с помощью метода иммунофер-
ментного анализа.

В результате проведенного исследования показано, что у 
пациентов основной группы с гомозиготным вариантом G/G 
определялся статистически достоверно высокий уровень го-
моцистеина - 18,9±4,8 нг/мл в сравнении с больными с гено-
типом А/А– 12,4±4,2 нг/мл и А/G – 12,9±4,8 нг/мл, (р=0,045).

В основной группе отмечалось повышение риска разви-
тия ишемического инсульта при наличии генотипов 677СТ 
(ОR=2,39; ДИ=1.12-5.06) и 677ТТ (ОR=4,45; ДИ=1.08-
25.44) по гену МТНFR. При проведении сравнительного 
анализа по полиморфизму А1298С гена МТНFR достовер-
ным был генотип 1298СС (ОR=1,45; ДИ=0.46-3.99) и гено-
тип 1298АС (ОR=2,4; ДИ=1.6-5.9). Сравнительный анализ 
по полиморфизму А2756G гена МТR показал, что статисти-
чески значимым являлся генотип GG (OR=2,68; ДИ=1.10-
7,069). Установлено увеличение развития ишемических 
поражений головного мозга при наличии полиморфных 
вариантов СТ по гену МТНFR, АС по гену МТНFR, GG по 
гену МТR. Выявлено повышение риска развития ишемиче-
ских поражений головного мозга при наличии полиморф-
ных вариантов СТ + ТТ (ДИ=1.8-10.9) по гену МТНFR, АС 
+ CC (ДИ=1.31-6.32) по гену МТНFR, AG + GG (ДИ=1.57-
10.08) по гену МТR. 

Доказано достоверное повышение резистентности к раз-
витию ишемического инсульта у лиц молодого возраста 
с генотипом СС по гену МТНFR, генотипом АА по гену 
МТНFR, генотипом АА по гену МТR.

Показано, что у лиц молодого возраста гомозиготы по ми-
норной аллели С/С по А1298С полиморфизма гена МТНFR 
и Т/Т по С677Т гена МТНFR и G/G по А2756G полимор-
физма гена МТR увеличивают риск развития ишемического 
инсульта в сравнении с носителями А/А по А1298С, С/C по 
С677Т гена МТНFR и А/А по А2756G гена МТR.

reziume 

MTHFR(С677Т), MTHFR (А1298С), MTR (А27569) genebis 
polimorfizmi da iSemiuri insultis ganviTare-
ba axalgazrda asakis pacientebSi

1e.mialovickaia, 2i.nebori

1kievis taras SevCenkos sax. erovnuli universite-
ti, Sinagani medicinis kaTedra; 2kievis saswrafo 
samedicino daxmarebis saqalaqo klinikuri 
saavadmyofo, neiroqirurgiis #2 ganyofileba, 
ukraina

kvlevis mizans warmoadgenda meTilentetrahid-
rofolatreduqtazas folaturi cvlis genebis 
MTHFR(С677Т), MTHFR (А1298С), MTR meTionin-sinTa-
zas (A2756G) polimorfuli variantebis da maTi 
kombinaciebis rolis gansazRvra iSemiuri insul-
tis ganviTarebaSi axalgazrda asakis pacientebSi. 
kvlevaSi CarTuli iyo 18-44  wlis asakis 61 pa-

cienti iSemiuri insultiT (ZiriTadi jgufi) da 
saSualo asakis (45-59 w.) 29 pacienti iSemiuri 
insultiT (sakontrolo jgufi). 
polimorfuli dnm-lokusebis analizi Ca-

tarda unificirebuli test-sistemis TagMan Mu-
tation Detection Assays Lifa-Technology (aSS) saSuale-
biT. gamoyenebuli iyo polimorfizmebi МТНFR 
C677T (rs 1801133), МТНFR А1298С (rs 1801131), МТR 
А2756G (rs1805087). МТНFR (C677T), MTHF (A1298C), 
MTR (A2756G) genebis polimorfuli variantebi 
analizdeboda polimerazul-jaWvuri reaqciis 
(pjr) meTodis gamoyenebiT; homocisteinis done 
sisxlis plazmaSi ganisazRvreboda imunofermen-
tuli analizis meTodis gamoyenebiT.
Catarebuli kvlevis Sedegad naCvenebia, rom 

ZiriTadi jgufis pacientebSi homozigoturi 
variantiT G/G ganisazRvra homocisteinis sar-
wmunod maRali done - 18,9±4,8 ng/ml, vidre paci-
entebSi genotipiT А/А - 12,4±4,2 ng/ml da geno-
tipiT А/G - 12,9±4,8 ng/ml (р=0,045). 
ZiriTad jgufSi aRiniSna iSemiuri insul-

tis ganviTarebis riskis mateba geni МТНFR-is 
genotipebis 677СТ (ОR=2,39; sandoobis intervali 
=1.12-5.06) da 677ТТ (ОR=4,45; sandoobis inter-
vali=1.08-25.44) arsebobisas. МТНFR-genis А1298С 
polimorfizmis mixedviT SedarebiTi anali-
zis Catarebisas sarwmuno iyo genotipi 1298СС 
(ОR=1,45; sandoobis intervali =0.46-3.99) da geno-
tipi 1298АС (ОR=2,4; sandoobis intervali =1.6-
5.9). МТR-genis SedarebiTma analizma А2756G 
polimorfizmiT aCvena, rom statistikurad sar-
wmunoa genotipi GG (ОR=2,68; sandoobis interva-
li=1.10-7,069). dadgenilia Tavis tvinis iSemiuri 
dazianebebis ganviTarebis mateba geni МТНFR-is 
polimorfuli variantebis СТ, geni МТНFR-is po-
limorfuli variantebis AС, geni МТR-is poli-
morfuli variantebis GG arsebobis pirobebSi. 
gamovlinda Tavis tvinis iSemiuri dazianebis 
ganviTarebis riskis zrda geni МТНFR-is poli-
morfuli variantebis СТ+ТТ (sandoobis interva-
li =1.8-10.9), geni МТНFR-is polimorfuli vari-
antebis АС+CC (sandoobis intervali =1.31-6.32), 
geni МТR-is polimorfuli variantebis AG+GG 
(sandoobis intervali =1.57-10.08) arsebobis Sem-
TxvevaSi.
dadgenilia iSemiuri insultis ganviTarebi-

sadmi rezistentobis sarwmuno mateba axal-
gzrda asakis pirebSi geni МТНFR-is CC genoti-
piT, geni МТНFR-is АА genotipiT, geni МТR-is АА 
genotipiT.
damtkicebulia, rom axalgzarda pirebSi ho-

mozigotebi minoruli aleliT С/С geni МТНFR-is 
А1298С polimorfizmiT, T/T geni МТНFR-is С677Т 
polimorfizmiT da G/G geni МТR-is А2756G poli-
morfizmiT ufro zrdis iSemiuri insultis gan-
viTarebis risks, vidre geni МТНFR-is А/А А1298С,, 
С/C С677Т da geni МТR-is А/А А2756G.


