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utations in folate metabolism
genes are one of the main caus-
es of abnormal metabolism of
methionine — an essential
amino acid for the human body.

This may result in excessive
formation of homocysteine,
which is associated with malig-
nant tumors, changes in rheo-
logical properties of blood and
congenital defects [1-9].

Studies carried out in 2015
within projects of the European
Commission and the Rhone-
Alpes Region (France) showed
that hyperhomocysteinemia
was observed in the majority of
examined adolescent children
living in areas of Ukraine
affected by the Chornobyl
nuclear power plant accident
[10-11].

The TT homozygous variant
of MTHFR:C677T genetic poly-
morphism is associated with
an almost complete loss of
activity of methylenetetrahy-
drofolate reductase, a key
enzyme of folate metabolism

[12, 13]. The degree of mani-
festation of the genetic poly-
morphism is linked to the
effect of an external factor.

In order to develop effective
preventive measures, it is impor-
tant to identify the phenotypic
manifestation of this genetic
defect in the form of increased
formation of a sulphur-contain-
ing amino acid homocysteine in
children living in areas contami-
nated with radioactive sub-
stances as a result of the
Chornobyl nuclear power plant
accident.

The aim of the study was to
identify the phenotypic manifes-
tation of the MTHFR:677TT
genotype in groups of children
from districts contaminated with
radioactive agents due to the
Chornobyl nuclear power plant
accident and having different
levels of socioeconomic devel-
opment with the use of blood
homocysteine values and
hyperhomocysteinemia rate fig-
ures.

FTEHOTUI MTHFR:677TT | CTAH .
TINMEPIOMOUNCTEIHEMIT'Y AITEU I3 PAVIOHIB,
LLJO IMOCTPAXAAJIN BHACJIIIOK ABAPIIHA
HYOPHOBWJIbCBKIN ATOMHIN EJIEKTPOCTAHLIII
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Fomo3uroTHuvi BapiaHT TT reHeTU4HOro rnoJiiMop-
@ismy MTHFR:C677T acouitoeTbcsl 3 Mavixe
rMOBHOK BTPATOO aKTUBHOCTI METI/IEHTETPOriAp0-
ponarpeayKkrady — OCHOBHOIO pepMeHTy ¢gosiart-
Horo umkiy. CTyriHb NposiBy reHETUYHOI O rMoJ1iMop-
@i3my roB’si3aHa 3 BriuBOM (akTopiB 30BHILLIHbOIO
cepenoBuLLa.

MeTta poboTu — BU3HAYNTU PEHOTUIMIYHNI MPOSIB
reHotuny MTHFR:677TT y rpynax AiTevi i3 pavioHiB,
TepUTOpIs Skux 3abpyaHeHa panioakTUBHUMM areH-
TaMu BHaciaok aBapii Ha YopHOOMIbChKii aTOMHI
€JIEKTPOCTaHUii, SKi MatoTb PI3HWI PIBEHb COLiiasIb-
HO-EKOHOMIYHOI0 PO3BUTKY, BUKOPUCTOBYIOYM
rMOKa3HWKN BMICTY FOMOLIMCTEIHY Y KPOBU | HaCcTOTU
MOLUMPEHOCTI CTaHy rinepromMouncTeiHeMii.
MeTtoau gocnipg>xeHHs. IMyHOXIMIYHWA, MaTema-
TUKO-CTATUCTUYHU.

PesynbrarTn. Y nigrpyni itevi-HOCIiB reHoTuny
MTHFR:677TT i3 pavioHiB, LLO MOCTPaxaasau Bif
aBapii Ha YopHOOWIbCbKIl aTOMHIVi e51eKTPOCTaHLi,
BMICT rOMOLINCTEIHY y KpOBM BYB JOCTOBIPHO Oiib-
LLUMM MOPIBHSIHO 3 rigrpynamu 4iTeu, ki He € HOCisi-
MU IaHOr0 reHoTUry.

lMpucyTtHicTb aneni pusuky T nosiMopiamy
MTHFR:C677T y roMo3uroTHOMY CTaHi 3yMOBJIIOE Y
AiTevi, SKi MPOXn1BarKTb Ha TEPUTOPII, 3a6pyaAHEHIV
panioakTMBHUMU eJieMeHTaMu BHaCJ/1i40K aBapii Ha
YopHOoOWALChLKI aTOMHIVi eN1eKTPOCTaHLii, rniaBu-
LLJeHe YTBOPEHHSI TOMOLUUCTEIHY, MOPIBHSIHO 3 AiTh-
MU, SIKi HE MarloTb y CKazi CBOIro reHoMa reHoTurl
MTHFR:677TT.

DeHoTuniyHni nposiB reHotuny MTHFR:677TT y
BUISAl NiABULLIEHOr0 YTBOPEHHS rOMOLIMCTEIHY B
opraHi3mi (cTaH rinepromMoumcTeiHemii)

OinblLLI BUpPaXeHWii y AiTel i3 parioHiB,

LLJO MaroThb ripLUi coLiasibHO-eKOHOMIYHI YMOBU
nicns aBapii Ha YopHOOWILCHKIl aTOMHI
€J1IeKTPOCTaHLL.

KnroyoBi cnoBa: rinepromoyncreiHemisi, reHo-
Tvn MTHFR:677TT, nonimopgiam ¢ponarHoro
uukny, anenb pusuky T, TepuTopii, 3a6pyaHeHi
paagioHyknigamu, aBapia Ha YopHO6GWIbCbKili
aToOMHI enekTpocTaHuii, BiTy.
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TT homozygous variant of MTHFR: C677T genetic
polymorphism is associated with almost full loss of
methylene tetrahydrofolatreductasa, the main
enzyme of folate cycle. A degree of the manifesta-
tion of genetic polymorphism is connected with the
external impact.

Objective. We determined the phenotypical
manifestation of MTHFR: C677T genotype in the
groups of the children from the regions, contami-
nated with the radioactive agents as a result of the
accident of the Chornobyl nuclear power plant and
having a different level of social-and-economic
development, using the parameters of the content
of homocystein in blood and frequencies of the
occurrence of the state of hyperhomocysteinemia.
Methods: immunochemical, mathematical-and-
statistical.

o

Results. In the subgroup of the children-carriers of
MTHFR:677TT genotype, suffered from the acci-
dent at the Chornobyl nuclear power plant, a con-
tent of homocystein in blood was authentically larg-
er in comparison with the subgroups of the children
that were not the carrier of given genotype.

The presence of risk allele of MTHFR:677TT

T polymorphism predetermines the elevated
homocystein formation in the children residing

at the territory, contaminated with radioactive
elements as a result of the accident at the

Chornobyl nuclear power plant, in comparison

with the children not having MTHFR:677TT genotype
in the content of their genome.

Phenotypic manifestation of MTHFR:677TT
genome as elevated formation of homocystein

in the organism (state of hyperhomocysteinemia)
is more expressed in the children from the regions
that are in worse social-and-economic conditions
after the accident at the Chornobyl nuclear

power plant.

Keywords; hyperhomocysteinemia,
MTHFR:677TT genotype, polymorphisms
of folate cycle, T risk allele, areas
contaminated with radionuclides,
accident at the Chornobyl nuclear power
plant, children.

Material and methods. 179
children from Ivankiv district and
84 children from Polesie district,
Kiev region, Ukraine, whose
average age was (14.7 = 0.1)
years (95% CIl 14.6-14.9 years),
living permanently since birth in
rural localities affected by the
CNPP accident (with a 137Cs soil
contamination density of <2
Cu/km?2 [14]) were studied.

All the children had blood
drawn from the ulnar vein on an
empty stomach in the morning
to determine homocysteine lev-
els and carry out genetic analy-
sis of folate metabolism. All the
children at the time of blood
draw attended school.

The blood samples were
analysed in a laboratory certified
under quality standards within
the project of the European
Commission in Ukraine «Health
and ecological programmes
around the Chornobyl Exclusion

and coordination of health-relat-
ed projects» with the financial
support of the Rhdne-Alpes
Regional Council (France) and
agreed with the parents in 2015.

Blood homocysteine levels
were determined using an
immunochemical method with
chemiluminescent detection
(CLIA). An analyser and a test
system: Architect 1000 (ABBOT
Diagnostics, USA).

In the children, blood homo-
cysteine levels of over 10 umol/L
were defined as hyperhomocys-
teinemia.

The allelic variants C677T and
A1298C of the MTHFR gene
(methylenetetrahydrofolate
reductase), A2756G of the MTR
gene (By,-dependent methion-
ine synthase) and A66G of the
MTRR gene (methionine syn-
thase reductase) were deter-
mined during genetic analysis of
folate metabolism.

used. An analyser and a test
system: the DT-96 detecting
thermocycler, DNA-Technology
(Russia).

An assessment of degree of
phenotypic manifestation of the
MTHFR:677TT genotype was
carried out by comparing the
percentage of hyperhomocys-
teinemia cases and blood
homocysteine levels in genetic
subgroups having and not hav-
ing the MTHFR:677TT genotype
in the children from two districts
with different socioeconomic
levels.

The comparison  groups
included the children with the
same genotype of one of the
four genetic polymorphisms of
folate metabolism.

The statistical processing of
the obtained results was per-
formed using the IBM SPSS
Statistics 22 software (USA). The
arithmetic mean (M) * standard

Zone: Development, training A real-time PCR method was error of mean (m), confidence
Table 1
Percentage of hyperhomocysteinemia cases in groups of children from lvankiv
and Polesie districts
Ivankiv district Polesie district
Genotype Number of Hyperhomo-cysteinemia Number of Hyperhomo-cysteinemia
cases Absolute number % cases Absolute number %
Homozygous TT 15 12 80.0 11 11 100.0
Other variants 164 119 73.01 73 56 76.72

Note: 1 — statistical differences, Ivankiv district (* — t = 0.68; p = 0.497577);
2 — statistical differences, Polesie district (** —t=4.6; p = 0.000017).
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interval for the average value
(95% CI), median (Me), in-
terquartile range (IR), minimum
and maximum parameter values
and percentiles were calculated
for the variables analysed. The

o

distribution hypothesis was test-
ed (a Kolmogorov-Smirnov test).
All the parameters under study
did not conform to the normal
distribution law, thus, a non-
parametric U Mann-Whitney test
was used to compare values.
The statistical significance of
variables was assessed by
determining a significance level
for p with the help of the statisti-
cal software programme. The
Student’s t-test was used to
compare relative values. The
critical level of significance for
the null hypothesis (p) was set at
0.05.

Results and discussion. The
MTHFR:677TT genotype was
present in 8.4% of cases (15 out

Table 2

Percentage of hyperhomocysteinemia cases in groups
of children from Polesie district

% Polymor- Number of Number of hyperhomocysteinemi_a (_3ases
g phisms, children | Apsolute Percentage ~ Statistical
& | gerotypes | ingroups | ‘numper | 3OS CRECON | oo e
1| MTR:2756 48 38 7017 | 20 Sookso
o | MTR:2756 23 16 69.57 0 L 0004132
3 | MTR2756 ” 5 100 ]

4 [VITHFRIT298A] 4 30 83.33 5 15308,
5 [MTHFRT 298A| s 19 76.00 o t ag&‘&%
6 MTHFRI1298C) 45 7 5833 | ;1o 510581
7 | MTHER®TT 1 44 31 70.45 0~ 0000112
g | MTHEROTT | a9 25 86.21 o 0.636581
g | MTHFR®G77 » 11 100

10 | MTRR:66AA 15 11 73.33 p ! 0.630642
11| MTRR:66AG | 33 25 75.76 . 0oss
12 | MTRR:66GG | 25 20 80.00 . 0020

Note: * — statistically significant differences between values of
all groups and that of a group Ne 9 (MTHFR:677TT genotype).

Table 3

Statistical characteristics of blood homocysteine levels
in children from Ivankiv and Polesie districts (umol/L)

Number | Ivankiv district | Nymber | Polesie district
Genotype of cases| Me IR of cases | Me IR
Homozygous TT 15 16.6 | 12.1-26.7 11 15.0 | 13.2-22.1
Other variants 164 11.6 9.7-13.21 73 11.7 [10.1-13.82

Note: Me — median, IR — interquartile range;

1 — statistical differences: Ivankiv district, TT variant: average

rank — 127.8; variant without TT — 86.5; U Mann-Whitney test — 662.5;
p=0.003; 2 — statistical differences: Polesie district,

TT variant: average rank — 39.0; variant without TT — 65.7;

U Mann-Whitney test — 146.5; p=0.001.

of 179 cases) in the group of
children from Ivankiv district and
in 13.1% of cases (11 out of 84
cases) in the group of children
from Polesie district.

The proportion of hyperhomo-
cysteinemia cases was statisti-
cally higher in the group of chil-
dren from Polesie district in the
subgroup of carriers of the
MTHFR:677TT genotype than in
the subgroup of subjects from
the same district who do not
have this genotype. No such
association was noticed in the
group of children from Ivankiv
district (table 1).

A similar situation was ob-
served when comparing the pro-
portion of hyperhomocysteine-
mia in the subgroups with the
MTHFR:677TT genotype and
other folate metabolism geno-
types. Unlike the group of chil-
dren from lvankiv district, the
proportion of hyperhomocys-
teinemia was statistically lower
in most subgroups of children
from Polesie district compared
to that with the MTHFR:677TT
genotype (table 2).

Blood homocysteine levels
were statistically significantly
higher in the group of children
who are carriers of the
MTHFR:677TT genotype thanin
the general group of children as
well as in other genetic sub-
groups who do not have this
genotype (tables 3-6), except
for the subgroup of children
with the MTR:2756GG geno-
type from Polesie district,
where no statistically significant

differences were detected
(tables 4, 6).
The studies conducted

showed that under conditions of
permanent living in the areas
contaminated with radioactive
substances as a result of the
Chornobyl nuclear power plant
accident, the children — carriers
of the MTHFR:677TT genotype
have higher levels of homocys-
teine in the blood compared to
the children who are not carriers
of this genotype.

All cases of carriership of the
MTHFR:677TT genotype in the
children from Polesie district
were accompanied by hyperho-
mocysteinemia, while it did not
occur in the children from
Ivankiv district.

A statistically significant differ-
ence in the proportion of hyper-
homocysteinemia cases was
found between the subgroup of
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children from Polesie district
who are carriers of the
MTHFR:677TT genotype and the
subgroups of children who are
not carriers of this genotype.

Thus, the presence of the T
risk allele of the MTHFR:C677T
polymorphism in a homozygous
state predetermines increased
homocysteine formation in the
children living in the areas con-
taminated with radioactive ele-
ments as a result of the
Chornobyl nuclear power plant
accident in comparison with the
children who do not have the
MTHFR:677TT genotype as part
of their genome.

Taking into account the results
of comparison of figures of the
percentage of hyperhomocys-
teinemia in genetic subgroups, it
can be concluded that the phe-
notypic manifestation of the
MTHFR:677TT genotype in the
group of children from Polesie
district was more effective than
in the group of children from
Ivankiv district. Perhaps this is
due to the fact that inhabitants
of Polesie district live in worse
socioeconomic conditions after
the Chornobyl nuclear power
plant accident than those in
Ivankiv district [15] and do not
have the opportunity to receive
vital nutrients, including folic
acid, in an adequate amount.

At the same time, they are
forced to consume locally pro-
duced foodstuffs, forest gifts,
wild animal meat and fish from
local water bodies containing
radioactive elements.

Conclusions

1. Blood homocysteine levels
in the children — carriers of the
MTHFR:677TT genotype from
the districts affected by the
Chornobyl nuclear power plant
accident are significantly higher
than in the children who are not
carriers of this genotype.

2. Carriership of the T risk
allele of the MTHFR:C677T poly-
morphism in a homozygous
state is an internal risk factor for
abnormal folate metabolism and
hyperhomocysteinemia in the
children living in the areas con-
taminated with radioactive ele-
ments as a result of the
Chornobyl nuclear power plant
accident.

3. The phenotypic manifesta-
tion of the MTHFR:677TT geno-
type in the form of increased
homocysteine (hyperhomocys-
teinemia) formation is more pro-

o

Table 4

Statistical characteristics of homocysteine levels within
genetic groups in children from Ivankiv and Polesie districts

(umol/L)
Polymorphism, Ivankiv district Polesie district
genotype Me IR Me IR
MTR:A2756G
AA 1.7 9.7 -13.7 12.4 10.8-15.0
AG 11.4 10.1-13.3 10.6 9.8-12.3
GG 9.5 8.5-11.6 13.0 12.97-12.99
MTHFR:A1298C
AA 11.2 9.6 -12.7 11.8 10.6-13.4
AC 11.9 10.4-13.3 12.0 10.1-14.4
CcC 9.1 7.9-12.6 10.8 9.4-16.9
MTHFR:C677T
CcC 11.3 9.4-12.9 11.4 9.7-14 1
CT 11.6 9.9-13.3 12.0 10.6-13.4
TT 16.6 12.1 - 26.7 15.0 13.2-22.1
MTRR:A66G
AA 10.7 8.9-11.8 11.2 9.3-12.6
AG 11.3 9.5-12.9 12.0 10.0-13.4
GG 121 10.6 - 13.8 12.8 10.2-16.8
Note: Me — median, IR — interquartile range.
Table 5

Results of quantitative comparison (lvankiv district)
of populations (nonparametric analysis)

Hc, umol/L

Polymorphism, genotype 2‘#5‘;22\2, A\,rzﬁ?e UManSnté\i\ilgtiitg;ytest,

significance, p
e e
e
MrReceTT s s | 200m0008
e
.
e
A
RS ey 850,001
MRS et 2% 1025,p-0000
Wﬁ?ﬁ’?@%%r AT(Ta ?: j?f 313.5, p=0.008
Wﬁ?ﬁ’?@%% ?—? ?2 22:1 264.0, p=0.028
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nounced in the children from the
areas being in worse socioeco-
nomic conditions after the
Chornobyl nuclear power plant
accident.
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Table 6

Results of quantitative comparison (Polesie district)
of populations (nonparametric analysis)

Hc, umol/L

Polymorphism, genotype | Number of | Average teL:JstM:tr;rt]i-s\{c\ilgglnseié-

cases rank ﬁificance, P
e N 0
MR 206 ?? T? ;22 26.0, p=0.00001
marsee (06 |2 [ o5 |y
pmcazsec | M |00 [0 [ o
meazsee | 0| [ wea |,
S N B L s
mencer | Q0| w [ ms [
eencerr o7 | m [0
MTHES GoaTT ?? : ? 195;_24 18.0, p=0.001
e |0 |00 [ er [ o
MTHRA-GBT7T (T;S ?? ;i: 73.5, p=0.028
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ANNENbHLIA NOAMMOPMH3M TEHOB PERAPALIMM JHK H
BEPOATHOCTD PASBHTHS bPOHXONETOYHOH NATOROTHN
Y WANKTEPOB H PABOTHHKOB ACBECTOUEMEHTHBIX
SABOJIOB YKPAHHDI
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Knio4yeBbie cnoBa:
MOJIeKYNSPHO-
reHeTm4yeckKkue
MapKepbl,
XRCC1, XRCC3,
OpoHXxosiero4yHas
naroJsiorus.

aboneBaHMsl OpraHoB [AbIXaHUS
OT BO3AENCTBUS MPOMbILLJIEH-
HbIX a9pP030J1el 3aHUMaIOT LEHT-
panbHOE MECTO B CTPYKType
npogeccmMoHanbHOM NaTonornm
1 NPOAOJIKAIOT OCTaBaTbCs Npu-
opuUTeTHOM Npodnemon meamum-
Hbl Tpyga [1].

BaxHbiM HanpaBfieHUEM MO-
NIEeKynsipHOM 6uonornn u meam-
LUMHbI Ha COBPEMEHHOM 3Tane
pa3BuUTUSA ABNSeTCa paspaboTka
MOJIEKYNISIPHBIX OCHOB Npodu-
NaKTN4YeCckKon mMeanumHbl, QyH-
JaMEeHTOM KOTOpPOW eCTb reHe-
Tnyeckuin nonnmopdusm. Ms-
BECTHO HECKOJIbKO [OEeCHATKOB
reHHbIX NOoAMMopdM3MOB, BO-
B/IEYEHHbLIX B pa3Hble BUAbI
cuctembl penapauun [2]. Yc-
TAHOBMEHO, YTO HapylleHus B
CUCTEME KOHTPOJIS Hag npoLec-
camu penapauumn JHK n anonto-
3a BbI3BaHbl HE TOJIbLKO FEHETU-
YECKMMN U SMNUreHEeTUYeCKMmn
HapyLLUEHNAMUW, HO U Bapuabenb-
HOCTbIO PYHKLIMOHMPOBAHUS re-
HOB, OOYC/IOBJIEHHOI reHeTunye-
CKMM nonmmopdunamom [6].

AJIEJTIbHWW IMTOJIIMOP®I3M EHIB PEMAPALIT AHK TA )
BIPOlAHICTb PO3BUTKY BPOHXOJIETEHEBOI MATOJIOrTY
LHAXTAPIB | TTPALIBHUKIB ASBECTOLIEMEHTHWX SABOAIB YKPAIHU

AHgpyuweHko T.A.
Y "IHCcTn

meamumnn npadli im. FO.1. KyHaiesa HAMH YkpaiHun™, M. Kui

Y crarTi npeactaBieHo pe3ysibTaTtv [OCHIKEHHS MoJIMOPQI3My reHiB
penapaduii JHK y waxtapis i npauiBHWKIB a36€CToLEeMEHTHUX 3aBOAIB
3 NMpo@eciriHo 3yMOB/IEHOK BPOHX0JIEreHEBOK NaTosIorieto.

Mera pob6oTu — BUBYUTY PO3MOAIN 4acToT reHoTuniB reHiB XRCC1
(rs25487) i XRCC3 (rs861539) y npauiBH1KiB a36€CTOLLEMEHTHUX
3aBoJiB Ta LuaxTapiB /15 BUSIBJIEHHST MAPKEPIB PU3UKY PDO3BUTKY

6pOoHX0IereHeBoi Narosorii.

Martepiann Ta metogn. O6CTEXEHO rnpaLiBHUKIB a36€CTOLLEMEHTHUX
3aBogis i Lwaxtapis. MeTogom rosiimepasHoi 1aHLrroBoi peakLjii'y
peasibHOMY 4aci BU3Ha4asiv reHotunu reHis penapadii AHK.
Pe3ynbratmn gocnigxeHHs. BctaHoBneHO, 1o reHotun XRCC1*AA
acowuivioBaHuii 3 pu3nkomM PO3BUTKY BPOHX0/1IereHeBoi naToiorii'y
rnonynsuii npawiBHVKIB a36eCTOLEMEeHTHUX 3aBO/IB i LLaxTapiB
YkpaiHn. BctaHOBMEHO npoTekTuBHy posib reHoturny XRCC1*GA woao
PU3VIKY PO3BUTKY 3aXBOPOBaHb BPOHX0/IEreHEeBOI CUCTEMU Y npaLliB-
HUKiB a306€CTOLIEMEHTHMX 3aBOAIB YKpaiHu.

Knio4yoBi cnoBa: monekynsapHo-reHeTuyHi mapkepu, XRCC1,
XRCC3, 6poHxosiereHeBa naToJsioris.
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