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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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

'Mialovytska O.,2 Nebor Y.

"Taras 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 MTR gene is mapped on chromosome 5 at the locus
5p15.3 - pl15.2. 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 MTR 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 (A1298C) 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 (A2756G of the MTR
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
© GMN

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 -70° 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 ofthe 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-HCI, 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 ul 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 pl of whole blood is 3-5 pg. 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 # FHCY 100 sensitivity 0.10 umol/L with CV <20% measur-
ing range from 2.0 to 50.0 pmol/L. According to the manufac-
turer’s data, control samples of human origin had the following
concentrations (M [range], pmol/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 umol/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).

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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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 A1298C
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 MTR 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 MTR 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; A1298C of the MTHFR
gene/G2756G of the MTR 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 (%)

Main group (n=61) Control group (n=29)
Genot Credibility
enotype i i
Yp Ischemic stroke subtype Ischemic stroke subtype differences
Atherothrombotic Cardio embolic Aterothrombotic 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
R 1-2>0.05
12.4+4.16 12.9+4.81 18.9+4.92 R 1-3<0.05
R 2-3<0.05

note: 1-A/A4, 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 (%)

The ma_m group Control group (n=29) Statistical parameters
Gene/ (n=61)
polymo- Geno-
physical type Significance of | Odds ratio . Trust
n o n o differences P | OR interval
95% CI
AA 14 22.95 13 44.82 0.003 0.25 0.12-0.47
MTR AG 19 31.15 10 34.48 0.230 1.83 0.59-4.76
(A2756G) 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
CC 18 29.50 14 48.28 0.011 0.33 0.07-0.84
MTHFR CT 27 44.26 13 44.82 0.031 2.39 1.12-5.06
(C677T) T 16 | 2624 2 6.90 0.041 445 1.08-25.44
ST+TT 43 70.49 15 51.72 0.002 4.48 1.80-10.90
AA 21 34.43 17 58.62 0.031 0.45 0.19-0.98
MTHER AC 25 40.98 7 24.14 0.029 2.49 1.06-5.99
(A1298C) 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 MTHFR (C677T), MTHFR (41298C)
and MTR (A2756G) in persons of the main and control groups, n (%)
The main Control Statistical parameters
Combination
genotypes Group (n=61) Group (n=29) Odds ratio | Significance of | Confidence inter-
n o n % (OR) differences (P) val (95% CI)
MTHEFR (C677T) + MTHFR (A1298C)
CC/AA 3 491 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
MTHEFR (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 -
MTHEFR (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

© GMN

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 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 increase the risk of ischemic stroke
in comparison with carriers of A/A for A1298C, C/C for C677T
gene MTHFR and A/A by A2756G of MTR 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 MTR 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 A2756G polymorphism of the MTR gene increase the risk of
ischemic stroke in comparison with carriers of A/A according to
A1298C, C/C according to C677T of the MTHFR gene and A/A
according to A2756G of the MTR 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

'Mialovytska O.,2 Nebor Y.

"Taras Shevchenko National University of Kyiv, department of
Internal Medicine; *City 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

© GMN

(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 A1298C 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 A2756G
polymorphism of the MTR 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 A/A by A2756G of the MTR gene.

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

PE3IOME

AHAJIN3 B3AUMOCBA3U IIOJIMMOP®U3MA I'EHOB
MTHFR(C677T), MTHFR (A1298C), MTR (A2756) B PA3-
BUTUN NIHEMUYECKOI'O UHCVYJIBTA Y BOJIbHbBIX
MOJIOAOT'O BO3PACTA

"Msutosuukas E.A., ZHe6op 51.51.

'Kuesckuti nayuonanvuolii ynueepcumem um. Tapaca Illesuen-
Ko, Kageopa emympenneil meouyunvi; *Kueeckas 2opoockast
KAUHUYECKAsl OONbHUYA CKOPOT MEOUYUHCKOU NOMOWUL, omoeie-
Hue netipoxupypeuu Ne2, Vkpauna

Lenbio MccreoBaHus SBUJIOCH OINpPEZEICHHE POJIU IOJIH-
MOP(HBIX BApHAHTOB I'eHOB (DOJTATHOrO 0OMEHa METHIICHTETpa-
ruzapodonarpenykrazsi MTHFR(C677T), MTHFR (A1298C),
MTR metnonun-cunrassl (A2756G) u ux koMOMHaNuMil B pas-
BUTHH MIIEMHYESCKOTO HHCYJIBTA Y JIUII MOJIOIOTO BO3PACTa.

B uccnenoBanue BkioueH 61 nmaiueHT MoJIoIoro Bo3pacTa ot
18 1o 44 ner ¢ UIIEMHUYECKUM HUHCYIBTOM (OCHOBHAS IpyIIia)
¥ rpymnia KOHTposisd 29 MalueHTOB ¢ UIIEMUYECKUM HHCYIBTOM
cpemHero Bo3pacra ot 45 110 59 ner.

Anannz nonmumopousix JJHK-nokycoB mposenen mnocpen-
CTBOM YHH(DUUIMPOBAHHBIX TecT-cucteM TagMan Mutation
Detection Assays Lifa-Technology (CILIA). Hcrnons3oBanu mo-
mumopduszmer MTHFR C677T (rs 1801133), MTHFR A1298C
(rs 1801131), MTR A2756G (rs1805087). Ilonumopdusie
Bapuantel renoB MTHFR (C677T), MTHF (A1298C), MTR
(A2756G) aHanu3uMpoBaiy, HCIOJIb3Ys METOA IOJIMMepa3Hoi
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nenHoit peakuuu (IILP). Onpenenenue ypoBHs rOMOLMCTEHHA
B IIa3Me KPOBH MIPOBOAMIIOCH C OMOIIBIO METO/1a UMMYHO(Ep-
MEHTHOT'O aHaJu3a.

B pesynsrare mpoBeneHHOrO MCCIIENOBaHUS IOKA3aHO, YTO y
HAlMeHTOB OCHOBHOMW IPYIIIBI C TOMOZUIOTHBIM BaprantoM G/G
OIIpeIeIIsUICS. CTaTUCTUYECKU JOCTOBEPHO BBICOKHMIH YPOBEHb I'0-
moructenHa - 18,9+4,8 Hr/MJ1 B CpaBHEHUH ¢ OOJBHBIME C TEHO-
tunom A/A— 12,4442 ur/mn u A/G — 12,9+4,8 ur/mi, (p=0,045).

B ocHoBHOI1 rpynmne oTMeuanoch MOBBIILICHUE PUCKA Pa3BU-
TSI MIIEMUYECKOTO MHCYNIbTA MPU HaIu4uu reHotunos 677CT
(OR=2,39; IUN=1.12-5.06) u 677TT (OR=4,45; [11=1.08-
25.44) no reny MTHFR. Ilpu npoBeneHUH CpaBHHUTEIBHOIO
ananmza o noaumoppusmy A1298C rena MTHFR nocrosep-
HbIM Ob1T reHotun 1298CC (OR=1,45; I1=0.46-3.99) u reHo-
tun 1298 AC (OR=2,4; JI1=1.6-5.9). CpaBHUTEIIbHBINA aHAIHU3
o nonmumopdusmy A2756G rena MTR nokasain, 4o craTuctu-
YeCcKU 3HaYMMbIM siBisicst renotunt GG (OR=2,68; J1=1.10-
7,069). YcTaHOBIEHO YBEIWYEHHE PA3BUTHA HIIEMUYECKUX
HOPAKCHUH TOJOBHOTO MO3ra IpU HAJMYUU TOJMMOP(HBIX
BapuanToB CT no reny MTHFR, AC no reny MTHFR, GG 1o
reny MTR. BbIsiBieHo noBbIlIeHHE PUCKA PA3BUTHS ULIEMHUYE-
CKHUX TOPaKCHUH TOJOBHOTO MO3ra HPH HAJIUYUH MOIUMOPQ-
HbIx Bapuantos CT + TT (A1=1.8-10.9) nmo reny MTHFR, AC
+ CC (A1=1.31-6.32) mo reny MTHFR, AG + GG (JJ1=1.57-
10.08) nmo reny MTR.

JlokazaHO OCTOBEPHOE MOBBILICHHE PE3UCTEHTHOCTHU K pa3-
BUTHUIO HMIIEMHUYECKOI'O MHCYJbTA y JIMII MOJIOJOIO BO3pacTa
¢ redotuniom CC no reny MTHFR, renotunom AA 1o reny
MTHFR, renotunom AA no reny MTR.

IToxazano, 4To y JIUI] MOJIOJOTO BO3pacTa FOMO3UIOTHI I10 MU-
HopHoit amtenu C/C no A1298C nonumopduzma rera MTHFR
u T/T o C677T rena MTHFR u G/G no A2756G momaumMop-
¢u3ma rena MTR yBenuumuBaroT prcK pa3BUTHS HILIEMHYECKOTO
MHCYJIbTa B cpaBHEHUHU ¢ Hocutemsimu A/A no A1298C, C/C no
C677T rena MTHFR n A/A no A2756G rena MTR.
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