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Studies conducted in 2015
in the course of socio-medical
projects of the European
Union, on the territory of
Ivankivskyi and Poliskyi dis-
tricts of the Kyiv region, adja-
cent to the Chornobyl
exclusion zone (ChEZ), re-
vealed a violation of the me-
tabolism of the essential
amino acid methionine in
most of the examined children
aged 12-17 years old. At the
same time, an increase in the
content of the amino acid ho-
mocysteine (H.,) was regis-
tered in the blood of these
children [1].

It is known from authorita-
tive scientific sources that hy-
perhomocysteinemia is asso-
ciated with impaired function-
ing of vital organs and sys-
tems, including the cardio-
vascular and nervous sys-
tems, and cancer [2-4].

It should be noted that in the
territory of the Kyiv region, in-
cluding the Ivankivskyi district,
a high proportion of cases of
thyroid cancer is recorded in
the post-Chornobyl period [5].

In the course of ongoing
studies in the group of exam-
ined children, structural
changes in the thyroid gland
were detected in 5.6% of
cases, and in 35.5% of cases,
disturbances in the produc-
tion of thyroid hormones were
detected [6]. At the same
time, correlations of H., with
pituitary thyroid stimurating
hormone and tryiodothyro-
nine were noted, which were
most pronounced after forest
firesin ChEZ [7].

The participation of H, in
the pathogenesis of oncolog-
ical diseases of the thyroid
gland and other organs pre-
determines the determination
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MerTta gocnig>XeHHs1: BU3Ha4YNTU y4acTb
reHiB ¢os1aTHOro LUnkily Yy BUHUKHEHHI Ii-
riepromouucTeiHeMii y Aitevi IBaHKiBCbKOro
parioHy Kniscbkoi obnacTi 3a 35 pokiB nicssi
aBapii Ha YopHoOWIbChKIi aTOMHIV efiek-
TPOCTaHLIi.

MeTogu gocnig>XeHHs1: iIMyHOXIMIYHWIA,
mMaremMatuiko-CcTatuCTUYHUA.

Pe3ynbraTtun. BusHayeHo piBHi roMouu-
cteiHy y 217 aiteii Bikom 12-17 pokiB 3
IBaHKiBCbKOIro pavioHy KuiBcbkoi ob1acTi, a
TaKoX reHeTu4HI rnoJsiiMopiamu ¢osiarHoro
umkiy. lNepeBuLLEeHHS TOMOUNCTEIHY Y
kposi noHaz 10 MKMOJIb/J1 (CTaH rinepro-

moumcTeiHemii) BussneHo y 65,44% obcre-
XeHux (142 3 217), cepen xon4vkis —
69,79% (67 3 96), cepen giB4arok —
61,98% (75 3 121). HaribinbLuy nutomy
Bary BUnNaakKiB rineproMoumncTeiHemii 3ape-
€CTPOBAaHO y niarpyni aitei 3 6a3zoByM o-
nimop@iamom MTHFR:677TT — 94,44%. Y
GinbLLIOCTI BUNaAKIB rineproMoLuncTeiHemis
y 4iTevi 6yna rnos’s3aHa 3 30BHILLIHbOCEpPE-
JAOBULLIHM (hakTOPOM, LLIO BKJIIOYAE Pasio-
aKkTVBHI e/IeMeHTU Ta NMpPoAYKTU IXHbOIro
po3nany. Cuctema npo@inakTyky rinepro-
MoumncTeiHemii Ta ii HacnigkiB y AiTeun, sKi
MPOXUBAIOTb Y parioHax, L0 noCcTpaxaaam
Big aBapii Ha YopHOOWIbCbKIVi aTOMHIVi
eJsiekTpocTaHUii, Mae nepeanbayatv pery-
JISPHUV KOHTPOJ1b Ha4 BMICTOM PaaiOHYK/Ii-
AiB B OpraHi3mi gitevi Ta npoaykrax
Xap4yBaHHSI MiCLIEBOro BUPOOHULITBA, BMi-
CTOM rOMOLIMCTEIHY Y KPOBI Ta OLiHKY CTaHy
reHiB ¢os1IaTHOro LKJIIY.
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The aim of study: to determine the in-
volvement of folate cycle genes in

the occurrence of hyperhomocysteinemia
in children from Ivankivskyi district

of Kyiv region of Ukraine 35 years after
the accident at the Chornobyl nuclear
power plant.

Research methods. Immunochemical,
mathematical and statistical.

Results. Homocysteine levels were deter-
mined in 217 children aged 12-17 from
Ivankivskyi district of Kyiv region, as well as
genetic polymorphisms of the folate cycle.
An excess of homocysteine in the blood
over 10 umol/I (a state of hyperhomocys-

teinemia) was detected in 65.44% of those
examined (142 out of 217), among boys —
69.79% (67 out of 96), among girls —
61.98% (75 out of 121). The largest pro-
portion of hyperhomocysteinemia cases
was registered in the subgroup of children
with the basic polymorphism MTHFR:
677TT — 94.44 % of cases. In most cases,
hyperhomocysteinemia in children was as-
sociated with an environmental factor, in-
cluding radioactive elements and their
decay products. The system for the preven-
tion of hyperhomocysteinemia and its con-
sequences in children living in areas
affected by the accident at the Chornobyl!
nuclear power plant should include regular
monitoring of the content of radionuclides
in the body of children and locally produced
food, the content of homocysteine in the
blood, and assessment of the state of folate
cycle genes.

Keywords: homocysteine, adolescent
children, radionuclides, Chornobyl
exclusion zone.

of the causes leading to hy-
perhomocysteinemia. This
applies to both an internal fac-
tor associated with genes that
regulate the process of homo-
cysteine methylation, and an
external factor that influences
the activity of the correspon-
ding enzymes of the folate
cycle from the outside.

The purpose of the study
was to determine the involve-
ment of folate cycle genes in
the occurrence of hyperho-
mocysteinemia in children of
the Ivankivskyi district of the
Kyiv region of Ukraine 35
years after the accident at the

Chornobyl nuclear power
plant.
Material and research

methods. The study was car-
ried out with the financial sup-
port of the public organization
«Children of Chornobyl»
(France).

In January 2022, 217 chil-
dren aged 12-17 from the
Ivankivskyi districts of the Kyiv
region were subjected to a
laboratory examination, the
territory of which was contam-
inated with radioactive ele-
ments after the accident at
the Chornobyl nuclear power
plant in 1986, in particular,
87Cs and °°Sr [8]. Blood sam-

ples were taken from children
attending school on an empty
stomach.

The blood samples were
tested in a quality-certified
laboratory and agreed with
the parents.

The determination of Hcy in
the blood was carried out
using the immunochemical
method with chemilumines-
cent detection (ECLIA). Ana-

lyzer and test system: Archi-
tect 1000 (ABBOT Diagnos-
tics, USA).

The level of H, in the blood
of children over flO pmol/lwas
defined as a state of hyperho-
mocysteinemia.

In a genetic study of the folate
cycle (FC), allelic variants
C677T and A1298C of the
MTHFR gene (methylenete-
trahydrofolate reductase),

Table 1

Percentage of hyperhomocysteinemia cases in groups
of children from Ivankivskyi district

Number ofhyperhomocysteinemia
2 L m-(qé)_ 569 cases
g 7

3| EE5 [E28|o5, | Pereental  gpistical
G SE6 2622c g 9 91 differences with

S 5ElRQ children |on agroup Ne 9

= a group, %

1| MTR:2756AA 133 92 69.17 |t=3.76; p=0.000278
2| MTR:2756AG 74 45 60.81 |t=4.30; p=0.000066
3| MTR:2756GG 10 5 50.00 |t=2.66; p=0.015465
4 |MTHFR:1298AA| 105 74 70.48 |t=3.42; p=0.000938
5 |MTHFR:1298AC| 92 57 61.96 |t=4.00; p=0.000153
6 IMTHFR:1298CC| 20 11 55.00 [t=3.19; p=0.003804
7 | MTHFR:677CC | 99 63 63.64 |t=4.25; p=0.000059
8 | MTHFR:677CT | 100 62 62.00 |t=4.47; p=0.000027
9| MTHFR:677TT 18 17 94.44 -
10| MTRR:66AA 43 25 58.14 |t=3.92; p=0.000347
11| MTRR:66AG 106 | 72 67.92 |t=3.76; p=0.000308
12| MTRR:66GG 68 45 66.18 |t=3.59; p=0.000683

Note: * — statistically significant differences between values of
all groups and that of a group Ne 9 (MTHFR:677TT genotype)
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A2756G of the MTR gene (B;»-
dependent methionine syn-
thase), A66G of the MTRR
gene (methionine synthase re-
ductase) were determined. The
method used was: PCRin Real-
time mode. Analyzer and test
system DT-96 detecting cycler;
«DNA-Technology» (Russia).

Genetic subgroups were
formed, taking into account
the genotypes of FC, 100%
representation of one specific
genotype, or acombination of
genotypes.

Statistical processing of the
obtained results was carried
out using the IBM SPSS Sta-

Table 2

Statistical characteristics of homocysteine levels
within genetic groups in children from Ivankivskyi
district, (umol/L)

Polymorphism, Hgy, Hmol/L
genotype Me IQR
MTR:2756AA 11.30 9.10-13.15
MTR:2756AG 11.80 9.20-13.45
MTR:2756GG 10.70 8.33-16.03
MTHFR:1298AA 11.60 9.55-14.65
MTHFR:1298AC 10.90 9.13-12.68
MTHFR:1298CC 10.25 8.40-12.90
MTHFR:677CC 10.80 9.10-12.70
MTHFR:677CT 10.90 9.10-12.98
MTHFR:677TT 18.10 14.33-38.28
MTRR:66AA 10.90 8.90-12.50
MTRR:66AG 11.00 9.20-13.63
MTRR:66GG 11.65 9.33-14.48

Note: Me — median, IR — interquartile range.

Table 3

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

Hgys umol/L
Polymorphism, U Mann-Whitney
genotype ’(\)‘%n;;’:; Avrzrﬁ'?e test, statistical
significance, p
MTR:A2756G AA 133 69.69 U = 358.00;
MTHFR:C677T TT 18 122.61 p =0.0001
MTR:A2756G AG 74 40.24 U =203.00;
MTHFR:C677T TT 18 72.22 p =0.0001
MTR:A2756G GG 10 9.30 U = 38.00;
MTHFR:C677T TT 18 17.39 p=0.013
MTHFR:A1298C | AA 105 56.43 U = 360.00;
MTHFR:C677T T 18 94.50 p =0.0001
MTHFR:A1298C | AC 92 48.68 U = 200.50;
MTHFR:C677T TT 18 90.36 p =0.0001
MTHFR:A1298C CC 20 12.43 U =38.50;
MTHFR:C677T TT 18 27.36 p =0.0001
MTHFR:C677T CC 99 52.19 U =216.50;
MTHFR:C677T T 18 96.47 p =0.0001
MTHFR:C677T CT 100 52.71 U =220.50;
MTHFR:C677T TT 18 97.25 p =0.0001
MTRR:AG6G AA 43 23.86 U =80.00;
MTHFR:C677T TT 18 48.06 p =0.0001
MTRR:A66G AG 106 56.32 U = 298.50;
MTHFR:C677T TT 18 08.92 p =0.0001
MTRR:A66G GG 68 37.74 U =220.50;
MTHFR:C677T T 18 65.25 p =0.0001

tistics 22 program (USA). For
the analyzed indicators, the
arithmetic mean (M), stan-
dard error of the mean (m),
confidence interval of the
mean value (95% CI), median
(Me), interquartile range
(IQR), minimum and maxi-
mum values of the parame-
ters, percentiles were cal-
culated. The hypothesis about
the type of distributions was
tested (Kolmogorov-Smirnov
criterion). The studied param-
eters did not correspond to
the normal distribution law,
and therefore, the non-para-
metric U-testU Mann-Whitney
was used to compare the val-
ues.

The statistical significance
of the indicators was as-
sessed by determining the
significance level p using a
statistical program.

Student’s t-test was used to
compare relative scores. The
critical confidence level of the
null hypothesis (p) was taken
as 0.05.

The relationship between
H, and risk levels of the ana-
lyzed genetic polymorphisms
was determined using Spear-
man’s rank correlation coeffi-
cient (rxy). The strength of the
correlation was assessed ac-
cording to the traditional
scale: weak — from 0t0 0.299;
medium - from 0.3 to 0.699;
strong — from 0.7 to 1.0.

Results and its discussion.
The proportion of cases of hy-
perhomocysteinemia in the
general group of children from
the Ivankivskyi district was
65.44% (142 out of 217),
among boys — 69.79% (67 out
of 96), among girls — 61.98%
(75 out of 121).

The largest proportion of
cases of hyperhomocysteine-
mia was registered in the sub-
group of children with the
basic MTHFR:677TT poly-
morphism — 94.44% of cases
(table 1).

In other genetic subgroups,
this indicator was significantly
lower, however, in most of
them, it exceeded the 50%
barrier (table 1).

The level of H, in the blood
of children from ¥he subgroup
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Llenb nccnegoBaHunsi: onpenennTs y4a-
CTVe reHoB ¢0s1aTHOro LUmnkia B BO3HUKHO-
BEHUU rurneproMouncTeNHEMUN y AeTeN
WBaHkoBckoro pavioHa Kuesckovi obnactu
YkpawuHbi crniycts 35 net nocnae aBapumv Ha
YepHOObI/IbCKOVI aTOMHOU 3/1EKTPOCTaH-
unn.

MeToabl nuccnepgoBaHus: IMMYHOXUMMU-
YECKWNV, MaTtemMaTnko-CTatuCTUYECKUNIA.
Pesynbratbl. OnpenesneHbl ypoOBHU rOMO-
unctenHa y 217 pnetevi B Bo3pacte 12-17
71eT 3 ViBaHKOBCKOro pavioHa KneBckori
ob6s1acTn, a TakxKe reHeTu4eckmne nosm-
mMop@u3ambl ponatHoro umkna. lpesbiiie-
HUe roMounNCTeENHA B KPOBUW CBbILLE

10 MKkMOJb/71 (COCTOSIHUNE rNNeproMoLm-
cTenHemuu) BbisiB/IeHO y 65,44% obcne-

0BaHHbIX (142 n3 217), cpeam Masib4nMKoB
-69,79% (67 n3 96), cheauv AeBOYeK —
61,98% (75 un3 121). HanbonbLumii yaesns-
HbIi BEC ClyHaeB rurneproMoumncTenHe-
MuM 3aperucTpmupoBaH B nogrpyrne AeTeri
¢ 6a30BbIM 1OJIMMOPPUIMOM
MTHFR:677TT - 94,44% cny4aes.

B 0CHOBHOM runeproMouncTenHemMus y
Zetei 6blna cBsi3aHa C BHELLUHECPENOBbLIM
¢$akTopom, BKIOHAIOLLNM
pPaanoaKkTUBHbIE 3/IEMEHTbI U MNPOAYKTbI UX
pacnapga. Cuctema npopunakTukm
runepromMoLmCcTeEHEMUN 1 ee
rnocnencTBui y AeTew, NpoOXUBaroLmMX

B parioHax, noctpaaaBLUnNX OT aBapum

Ha YepHOoObI/IbCKOVi aTOMHOWM
B8J1IEKTPOCTaHUMN, [OJIKHA BKJIIOYATb
PEerynsipHbIf KOHTPOJIb HaZ COAePXaHNEM
PaavoOHYKINAOB B OPraHn3Me AeTe v
rnpoAaykTax nMTaHnss MECTHOIO
rnpov3BoACTBa, CoAePXaHNEM
roMouncTenHa B KPOBU U OLLEHKY
COCTOSIHUSI reHOB p0J1aTHOIro KA.

KnioyeBbie cnoBa: roMoLuNCTENH, reHbl
¢donarHoro unkna, NnoApPOCTKMU,
paavuoHyknnabl, 4YepHobblIbCkas 30Ha
OTHY)XOECHUS.

with the basic genotype
MTHFR:677TT was also the
highest among all genetic
subgroups (tables 2 and 3).

Thus, children with a signifi-
cant blockage of methyl-
enetetrahydrofolate reductase
activity due to the homozy-
gous variant of carriage of the
T allele of the MTHFR:677 ge-
netic polymorphism had the
highest levels of H., in the
blood.

Children with this genotype
accounted for 8.3% of cases in
the study group. Carriers of the
heterozygous variant of the T
allele or the absence of this al-
lele were found much more
often in equal parts — about
46.0% of cases (table 4).

The participation of the risk

the genetic risk of the
MTHFR:1298 polymorphism is
due to the fact that the num-
ber of cases involving the T al-
lele of the MTHFR:677
polymorphism progressively
decreases along the line of the
A/A, A/G, G/G MTHFR:1298
genotypes (table 7).

The conducted studies
showed that the genetic fac-
tor, in the form of the T allele
of the MTHFR:677 polymor-
phism, negatively affects the
activity of methylenetetrahy-
drofolate reductase, and sig-
nificantly disrupts the H,,

metabolism in the child’s
body.

At the same time, an in-
crease in the H, level was
also notedin 63.61% of cases
in the subgroup of children
who were not carriers of the T
allele (table 1).

In this regard, one should
take into account the constant
impact on the child’s body of
long-lived radioactive ele-
ments '¥’Cs and its decay
product Ba, °°Sr, present in
the environment of the
Ivankivskyi district, located
near the ChEZ [8].

Table 4

Percentage of polymorphic alleles of folate
metabolism genes in the examined children
from Ivankivskyi district

allele T in the occurrence of hy- Genotypevariants
perhomocysteinemia is con-

firmed by a direct correlation «Neutral» allele| «Riskallele» «Riskallele»
between H,, and the severity of Gene, Homozygous Heterozy- Homozygous
the genetic risk of the polymorphism variant gous variant variant
MTHFR:C677T polymorphism

(table 5). This relationship is (hos. | g | ADS. gy | ADS. | g
goéﬁi%r%”no\‘fv?t%eﬂ n ;‘gfe%%‘jf MTR:A2756G 133 |61.29| 74 |34.10| 10 | 461
ceeding 10 pmol /l"éabb 6). MTHFR:A1298C | 105 |48.39| 92 [42.40| 20 | 9.21
tween H., and the severity of |MTRR:A66G 43 |19.82| 106 |48.85| 68 [31.33
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This environmental factor
has a pronounced negative
impact on the developing or-
ganism, and also stimulates
the manifestation of genetic
defects in the folate cycle.
The result of this impact is

hyperhomocysteinemia and
structural and functional dis-
orders of vital organs and sys-
tems [8, 9].

Given the danger of hyperho-
mocysteinemia for a develop-
ing organism, it is necessary to

Table 5

Correlations between H., and the genetic risk index
(Risk) of analyzed polymorphisms in a group of children

gg | Correlation TRisk ZRiSZarameE’T?rissk “Risk
s 2 Coe?;'c')e"t’ MTHFR: | MTHFR: | MTR: | MTRR:
xy C677T | A1298C | A2756G | AB6G
Spearman’s 0.206**| -0.165* | -0.034 0.093
Hey | Sign. (2-tailed) | 0.002 | 0.015 | 0.618 | 0.172
N 217 217 217 217

Note: * — correlation is significant at the 0.05 level
(2-tailed). ** — correlation is significant at the 0.01 level
(2-tailed). 'Risk MTHFR:677 — CC, CT, TT; 2Risk
MTHFR:1298 — AA, AC, CC; ®Risk MTR:2756 — AA, AG, GG;

‘Risk MTRR:66 — AA, AG, GG.

Table 6

Correlations between H,, and the genetic risk index
(Risk) of the analyzed polymorphisms in the group
of children with hyperhomocysteinemia

LD Correlation Parameters
sQ -1 1R; 2Ri 3Ri ani
gE| oo MTHER: | MTHFR: | MTR. | MTAR:
Xy C677T | A1298C | A2756G ABBG
Spearman’s 0.308** | -0.161 0.098 0.146
Hey| Sign. (2-tailed) 0.000 0.056 0.244 0.083
N 142 142 142 142

Note: * — correlation is significant at the 0.05 level
(2-tailed). ** — correlation is significant at the 0.01 level
(2-tailed). 'Risk MTHFR:677 — CC, CT, TT; Risk
MTHFR:1298 — AA, AC, CC; ®Risk MTR:2756 — AA, AG, GG;

*Risk MTRR:66 — AA, AG, GG.

Table 7

Percentage of the T allele of the MTHFR:C677T
genetic polymorphism in subgroups of children
in the Ilvankivskyi district

Number of cases with
Sub- | Polymorphisms, ;““g‘lger allele T MTHFR:C677T
groups genotypes inosgbérc:ﬁgs polymorphism
Abs. number %
1 MTR:2756AA 133 66 49.62
2 MTR:2756AG 74 46 62.16
3 MTR:2756GG 10 6 60.00
4 MTHFR:1298AA 105 72 68.57
5 MTHFR:1298AC 92 46 50.00
6 MTHFR:1298CC 20 0 0
7 MTHFR:677CC 99 0 0
8 MTHFR:677CT 100 100 100.0
9 MTHFR:677TT 18 18 100.0
10 MTRR:66AA 43 26 60.47
11 MTRR:66AG 105 56 53.33
12 MTRR:66GG 68 36 52.94

organize regular monitoring of
the content of H,, in the blood
of children living near the ChEZ,
taking into account the state of
the genetic system of FC.

Particular attention should be
paid to the functional deficiency
of vitamins By and B, in the
body of these children [1].

Regular monitoring of the
content of radionuclides in
their bodies and locally pro-
duced food products should
be mandatory.

An elevated level of Hg, in
the blood of children indicates
the need for early prevention
of cardiovascular and onco-
logical diseases, which are the
cause of disability and mortal-
ity in the adult population.

Conclusions

1. Violation of H;, metabo-
lism in the form of a state of
hyperhomocysteinemia was
registered in 65.44% of cases
in a group of children from the
Ivankivskyi district of the Kyiv
region, 35 years after the ac-
cident at the Chornobyl nu-
clear power plant.

2. A direct relationship has
been traced between the car-
riage of the risk allele T of the
MTHFR:677  polymorphism
and the level of Hg, in the
blood. Hyperhomocysteine-
mia is most pronounced in the
subgroup of children with a ho-
mozygous variant of this allele.

3. In most cases, hyperho-
mocysteinemia in children of
the Ivankivskyi district was as-
sociated with an environmen-
tal factor, including radioactive
elements and their decay
products.

4. Preventive measures for
hyperhomocysteinemia and its
consequences in children liv-
ing in areas affected by the ac-
cident at the Chornobyl nu-
clear power plant should in-
clude regular monitoring of the
content of radionuclides in the
body of children and locally
produced food, the content of
Hg, in the blood and assess-
ment of the state of FC genes.

5. Registration of hyperho-
mocysteinemia in children liv-
ing in areas affected by the
accident at the Chornobyl nu-
clear power plant predeter-
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mines the early prevention of
cardiovascular and oncologi-
cal diseases, which are the
causes of disability and mor-
tality in the adult population.
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