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olate cycle (FC) is one of the main
metabolic cycles in the human
organinsm, folic acid derivatives
are involved in its enzyme sys-
tems. Moreover, the biosynthesis
of methionine, purine and pyrimi-
dine nucleotides, and DNA
methylation takes place [1].
Homocysteine (H;) is a sulphur-

containing amino acid which is a
marker for the efficiency of FM
functioning.

Blood H, levels have exceeded

physiological limits in more than
75.0% of the adolescents living in
Ivankivskyi and Poliskyi districts,
Kyiv region, in 30 years after the
accident at the Chornobyl
nuclear power plant (ChNPP) [2].
Disorders in the production of
thyroid hormones have also been
registered [3].

Taking into account a high
prevalence of thyroid cancer
among the inhabitants of the
Ukrainian-Belarusian  Polissia
after accident at the Chornobyl
nuclear power plant [4], a deter-
mination of the FC state and its
linkwith the thyroid system in
children, constantly living under

radiation risk due to the ChNPP
accident, is of high priority.

The forest fires at the territory
contaminated with radionuclides
may be one of the causes of radi-
ation exposure. In total, 4.0 mil-
lions hectares of the forest lands
were contaminated with radioac-
tive elements in Ukraine.
Zhytomyr region (974.3 thou-
sands hectares), Kyiv region
(416.4 thousands hectares),
Chernihiv region (725.5 thou-
sands hectares), and Rivne
region (728.8 thousands
hectares) are the most suffered
regions [5]. The greatest amount
of radioactive fall-out, in particu-
lar 137Cs - 4.4 PBq, 9Sr -
4.0 PBq, 239/240Py — 32 TBq, fell
within 30-km Chornobyl exclu-
sion zone [6].

Thus, the soils of suffered
areas, the forest trees, shrubs,
and grasses, growing in these
areas, currently contain a huge
amount of radioactive elements.

Forest fires, often occurring in
the Chornobyl exclusion zone,
are one of the most powerful
sources of secondary air pollu-
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tion with different radionuclides
which have a negative impact on
people’s health [7].

Radioactive products of com-
bustion of the forest plants move
into the atmosphere with wind
currents for long distances. The
duration of the existence of radi-
ation smoke aerosols and clouds
is less than a week in the lower
troposphere (the height up to
1.5 km), about a month - in the
upper troposphere, and 1-3
years — in the stratosphere. At the
same time, radioactive products
of combustion are deposited on
the radiation-free territories.
Basically, radioactive aerosols
contain 137Cs [7].

The aim of this study was to
determine a state of FC and its
link with a thyroid system in the
children of the Ukrainian Polissia
after forest fires in the Chornobyl
exclusion zone.

Material and methods. The
study was conducted within the
implementation of the projects of
the European Commission in
Ukraine “Health and Ecological
Programmes around the Chor-
nobyl Exclusion Zone: Deve-
lopment, Training, and Coor-
dination of Health-Related
Projects” and the Rhane-Alpes
Regional Council (France).

178 children from lvankivskyi
district and 158 children from
Poliskyi district of Kyiv region,
underwent laboratory and instru-
mental examination. According
to the findings of dosimetry certi-
fication of the settlements, the
territory of the regions has
remained contaminated with
radioactive substances after the
Chornobyl accident until the
present day (the 137Cs soil pol-
lution density varies 0.17-

1.9 Cu/km?2 [8]).

The average age of the children
in the group from Ivankivskyi dis-
trict was (13.6 = 0.1) years old
(95% CIl 13.4-13.8 years old),
and (14.8 = 0.0) years old (95%
Cl 14.7-15.0 years old) in the
group from Poliskyi district.

In the morning, all the children
who attended school were taken
the blood sampling in an empty
stomach from the ulnar vein.
Blood sampling among children
from Poliskyi district was carried
out on 02.04.2015 and in the
children from Ivankivskyi district
—-on 18.12.2015.

The investigatons of blood
samples were agreed with the

parents, they were analysed at
the laboratory, certified by quality
standards. A content of pituitary
thyroid-stimulating hormone
(TSH), free triiodothyronine (Tj),

free thyroxine (T,), H., and the

state of the FM genetic system
were assessed.

TSH, T3 and T, concentrations
were determined with the help of
electrochemiluminescent immu-
noassay method (ECLIA).
Analyser and test kit: Cobas
6000; Roche Diagnostics (Swit-
zerland).

Plasma homocysteine concen-
trations were measured with the
chemiluminescent immunoassay
method (CLIA). Analyser and test
kit: Architect 1000 (ABBOT
Diagnostics (USA)).

The following allelic variants
were identified in genetic analy-
sis of FM: C677T and A1298C of
the MTHFR gene (synthesis of
the methylenetetrahydrofolate
reductase enzyme), A2756G of
the MTR gene (synthesis of the
B{,-dependent methionine syn-

thase enzyme) and A66G of the
MTRR gene (synthesis of the
methionine synthase reductase
enzyme). PCR method in a real-
time regime was used. Analyser
and test kit: DT-96 detecting
thermocycler, DNA-Technology
(Russia).

In order to carry out the corre-
lation studies identifying a link
between blood H, levels and the
frequency of genetic changes in
the studied cases of each genet-
ic polymorphism, we assessed
genetic variants in points (0-3):
“0” — homozygous carriership of
a neutral allele; “1” — heterozy-
gous carriership of a risk allele;
“2” — homozygous carriership of
arisk allele.

The statistical processing of
the obtained results was per-
formed with help of IBM SPSS
Statistics 22 software (USA). The
arithmetic mean (M), = standard
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error of mean (m), confidence
interval for the mean value (95%
Cl), median (Me), interquartile
range (IR), minimum and maxi-
mum parameter values and per-
centiles were calculated for the
analysed variables. The distribu-
tion hypothesis was tested
(Kolmogorov-Smirnov criterion).
All the parameters under study
did not conform to the normal
distribution law, thus, a non-
parametric Mann-Whitney U-test
was used to compare values. The
statistical significance of vari-
ables was assessed by the deter-
mination of p significance level
with the help of the statistical
software programme.

The Student t-test was used to
compare relative values. The crit-
ical level of significance for the
null hypothesis (p) was taken as
0.05. An link between H,, TSH, T,
and T, levels in blood and vari-
ants of the carriership of risk alle-
les of folate metabolism genetic
polymorphisms were identified
with the help of the Spearman
rank correlation coefficient (rxy).
The strength of a link was
assessed according to a typical
scale: weak — from 0 to 0.299;
moderate — from 0.3 to 0.699;
strong — from 0.7 to 1.0.

Results and discussion. The
investigations showed that blood
H. level was significantly higher
in the subgroup of the children-
carriers of the T risk allele of the
MTHFR:C677T genetic poly-
morphism-MTHFR:677 C/T +
MTHFR:677 genotypes, living in
Ivankivskyi and Poliskyi districts
of Kyiv region, than in the sub-
group of the children without this
allele — MTHFR:677 C/C geno-
type (tables 1-3).

H. level was statistically signifi-
cantly higher in the subgroup
with the MTHFR:677 C/T +
MTHFR:677 T/T genotypes in
comparison with the subgroup
that included the MTR:2756 A/G
+ MTR:2756 G/G genotypes in
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Objective. We determined the state of folate cycle and
its link with thyroid system in the children of the Ukrainian
Polissia after forest fires in the Chornobyl exclusion zone.
Methods: Imnmunochemical, mathematical and statis-
tical ones.
Results. Blood homocysteine levels were statistically
significantly higher in the subgroup of the children who
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them the metabolic processes’ changes in the form
of increased production of H. due to the forest fires
in the exclusion zone. Blood H, levels were higher in
the children from Ivankivskyi district examined after
fires in the Chornobyl exclusion zone than in those
from Poliskyi district examined before fires, including
the majority of genetic subgroups, with the exception
of the genetic subgroup which included cases of
homozygous carriership of the T allele.

Direct links between blood homocysteine and pituitary
thyroid-stimulating hormone levels, homocysteine and
triiodothyronine levels were detected in the group of
the children from Ivankivskyi district who had higher
blood homocysteine concentrations compared to the
group of children from Poliskyi district.

were the carriers of the T risk allele of the
MTHFR:C677T genetic polymorphism living in
Ivankovsky and Poliskyi districts than in the subgroup
of the children without this allele. The examination of
the children from the regions adjacent to the
Chornobyl nuclear power plant allowed to identify in

Conclusions. It can be reasonably assumed that fires in
the Chornobyl exclusion zone have a negative effect on
the functioning of folate metabolism in a child’s organism.
Keywords: folate metabolism, homocysteine,
hormones of hypophysis and thyroid gland, forest
fires, Chornobyl exclusion zone.
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the group of children from
Poliskyi district (tables 1, 2).
There were no statistical differ-
ences in H; levels between the

Table 1
Statistical characteristics of blood H_ values of examined

children from Poliskyi and lvankivskyi districts

. Poliskyi district Ivankivskyi district subgroups of the children that
Genetic subgroups Me IR Me IR included .only cases of homozy-
MTR:2756 A/A 1026 | 8.39-1356 | 11.93 | 9.73-13.76 | 9oUS variants of a neutral allele

_ and subgroups with a risk allele of
MIR:2IS6A/G+ | 969 | 7.91-11.17 | 1146 | 9.58-13.25 | the MTRA2756G, MTHFRIA1298C
: / and MTRR:A66G polymorphisms
MTHFR:1298 A/A 10.14 7.99-13.04 11.53 9.64-14.22 in the groups of childrens from
MTHFR:1298 A/C+ both districts.
MTHFR:1298 C/C 10.23 8.80-13.13 11.75 | 10.04-13.30 Blood H, level was statistically
MTHFR:677 C/C 9.44 7.93-11.16 11.36 | 9.38-12.97 ?ignifitliantLy hilghea _intt_h? %ﬂildren

. rom IvankIivskyi ISTriC an In
MTHFRary T4 | 1081 | 8.99-14.31 | 11.82 | 10.04-14.85 | those from Poliskyi district both in

: the total group and in the majority
MTHFR:677 C/T 10.24 8.42-13.18 11.61 9.86-13.31 of genetic subgroups. There were
MTHFR:677 T/T 14.47 | 10.15-22.78 | 16.59 | 12.10-26.71 no statistical differences between
MTRR:66 A/A 9.26 8.03-3.13 10.86 | 9.19-13.23 the above districts only in the
MTRR:66 A/G + MTHFR:677 C/T + MTHFR:677
MTRR'66 G/G 10.26 8.32-13.10 11.79 | 9.74-13.52 T/T, MTHFR:677 T/T and MTRR:66

: A/A r les 1, 4).

Total group 10.17 | 8.30-13.10 | 11.62 | 9.69-13.39 /chusﬁgtf;‘;if’:z'(tgﬁf?er;cgs were
Table 2 foundin the proportions of risk alle-

les and neutral alleles of folate
metabolism genetic polymor-
phisms when comparing the

Results of statistically significant differences when comparing
blood H, values of examined children from Poliskyi district

Comparison Compari_son Average Mann_-W_h_itney U test value, groups of children from Poliskyi and
groups group size rank significance level, p Ivankivskyi districts (tables 5, 6).

MTHFR:677 C/T + 79 90.16 U = 2278.5- A weak direct link was found
MTHFR:677 T/T b=0.003 between H, values and degree of
MTHFR:677 C/C 79 68.84 the manifestation of the carrier-
MTHFR:677 C/T + 79 73.48 ship of the risk allele of the
MTHFR:677 T/T ) U=1621.0; MTHFR:C677T and MTRR:A66G
MTR:2756 A/G + 54 57 50 p=0.019 polymorphisms in the groups of
MTR:2756 G/G ) children from Poliskyi and
Table 3 Ivankivskyi districts (tables 8, 9).

There were no statistical differ-
ences in the frequency of cases
of carriership of the T allele of the
MTHFR:C677T polymorphism in

Results of statistically significant differences when
comparing blood H. values of examined children from

Ivankivskyi district

Comparison Comparison | Average |Mann-Whitney U test value, o .
groups group size rank significance level p the S"‘.“"ar genetic sub_groups of
MTHFER:677 C/T + the.chll'dr_en from Ivankivskyi and
: p =0.040 No link was observed between
MTHFR:677 C/C 80 80.71 H. values and a degree of the
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manifestation of carriership of the
risk allele of the MTR:A2756G and
MTHFR:A1298C polymorphisms.

Direct links were detected
between blood H, and TSH lev-
els, and H; and T3 levels in the
group of children from Ivankivskyi
district in contrast to the group of
the children from Poliskyi district.
A direct link was observed
between TSH and T3, and an
inverse link was found between
TSH and T, in both groups of
children, which indicated a TSH
participation in the formation of
T5 (tables 10, 11).

The obtained findings show
that the presence of the T allele
of the MTHFR:C677T genetic
polymorphism contributes to the
increased formation of H. in the
organism of the children living in
the areas suffered from the acci-
dent at the ChNPP. Maximum H,

levels were reported in the group
of the children who were the car-
riers of a homozygous variant of
T allele.

Statistically significant differ-
ences between H; values were

found in both groups of the chil-
dren under study between a sub-
group with the 100 percent carri-
ership of T allele and a subgroup
without cases of carriership of T
allele. However, blood H. level
was higher in the children from
Ivankivskyi district than in those
from Poliskyi district both in a
total group and in the majority of
genetic subgroups with the
exception of a genetic subgroup
which included cases of homozy-
gous carriership of T allele.

It should be noted that 84 chil-
dren from the examined group of
Poliskyi district were examined
again on 18.12.2015 simultane-
ously with the children from
Ivankivskyi district. In this regard,
an increase of H; level in the
blood was found in 78.6% of
cases in comparison with the
state on 02.04.2015 [9].

There were no statistical diffe-
rences between blood H, levels
in the children with the
MTHFR:677 T/T genotype at the
marked differences in the chil-
dren with the MTHFR:677 C/C
genotype in this study as well
(table 12) [9].

An increase of H. level was reg-
istered in 78.6% of cases among
the children of Poliskyi district at
the examinations on 02.04.2015
and 18.12.2015.

—®-

Thus, it should be stated that a
worse course of H, metabolism is
observed in the children from
Ivankivskyi district examined on
18.12.2015 in comparison with
those from Poliskyi district exam-
ined on 02.04.2015.

In addition, the direct links were
reported between the Hc and
TSH, H; and T3 levels in the group
of children from Ivankivskyi dis-
trict. Thus, H; can cause an
increase in the production of TSH,
and thereby affect the thyroid
gland contributing to proliferative
processes in its tissues. The cor-
relative links between TSH and Tj,

T, registered in both groups of
children indicate that the pituitary

hormone is involved in the meta-
bolism of thyroid hormones.

In addition, in the presence of
carriership of the G allele of the
MTR:2756 polymorphism, H,
can be converted to cysteine
through cystathionine p-syn-
thase, and then to selenocys-
teine, which forms the active
center of deiodinase 5-DI, which
catalyzes the conversion of T, to
Ts. Due to this mechanism, H,
levels are lower in this genetic
subgroup than in others. At the
same time, increased production
of T3 can cause serious cardiac
abnormalities.

The absence of statistical dif-
ferences in the occurrence of FC

Table 4

Results of statistically significant differences when comparing
blood H. values of examined children from Poliskyi! and

Ivankivskyi? districts

Mann-Whitney
. Comparison| Comparison | Average | U test value,
Genetic subgroups groups group size rank significance
level, p
1 104 94.65 U = 4384.0:
MTR:2756 A/A P
/ 2 106 116.14 | p=0.010
MTR:2756 A/G+ 1 54 50.25 U=1228.5;
MTR:2756 G/G 2 72 73.44 p=0.0001
1 82 73.93 U=2659.5"
MTHFR:1298 A/A ’
/ 2 89 97.12 p=0.002
MTHFR: 1298 A/C+ 1 76 72.19 U=2560.5;
MTHFR:1298 C/C 2 89 92.23 p=0.007
1 79 66.18 U=2068.5"
MTHFR:677 C/C ’
/ 2 80 93.64 | P=0.0001
MTHFR:677 C/T + 1 79 81.53 U=3281.0;
MTHFR:677 T/T 2 80 95.02 p=0.082
1 60 62.45 U=1917.0:
MTHFR:677 C/T o
/ 2 83 78.90 p=0.019
1 19 17.05 U=134.0:
MTHFR:677 T/T ’
/ 2 15 18.07 p=0.768
1 32 26.33 U=314.5:
MTRR:66 A/A A
/ 2 27 34.35 p=0.074
MTRR:66 A/G + 1 126 119.97 | u=7115.0;
MTRR:66 G/G 2 151 154.88 p=0.0001
1 158 145.64 |y =10450.5; p
Total group 2 178 188.79 | =0.0001
Table 5

Presence of polymorphic alleles of folate metabolism genes
in examined children from Poliskyi district

Gene. “Neutral” allele Risk allele
polymorphism Absolute | Percentage, Absolute Percentage,
number (n) % number (n) %
MTR:A2756G 104 65.8 54 34.2
MTHFR:A1298C 82 51.9 76 481
MTHFR:C677T 79 50.0 79 50.0
MTRR:A66G 32 20.3 126 79.7
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genetic variants among exam-
ined groups allows to suggest
that an increase in H, concen-
trations in the body of children
may be associated with the
effect of an environmental factor
during the period between the
two examinations. This factor is

—®-

related to forest and peat fires in
the Chornobyl exclusion zone in
an area of 10.127 ha during the
period 26-27.04.2015 and 28-
29.04.2015 [10] and in an area
of 130 ha during the period from
29.06.2015 to 05.07.2015 [11].

In spring and summer of 2015,

Table 6

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

Gene. “Neutral” allele Risk allele
polymorphism Absolute | Percentage,| Absolute | Percentage,
number (n) % number (n) %
MTR:A2756G 106 59.6 72 40.4
MTHFR:A1298C 89 50.0 89 50.0
MTHFR:C677T 80 44.9 98 55.1
MTRR:AG6G 27 15.2 151 84.8

Table 7

Proportion of cases of carriership of T allele of MTHFR:C677T
polymorphism in genetic subgroups of children from
Ivankivskyi and Poliskyi districts

Number of cases of carriership of T
allele of MTHFR:C677T
polymorphism in groups of children

Genotype Ivankivskyi district|  Poliskyi district

Absolute Absolute

number % number %
MTR:2756 A/A 61 57.55 50 48.08
MTR:2756 A/G + MTR:2756 G/G 37 50.69 29 53.70
MTHFR:1298 A/A 60 66.67 54 65.85
MTHFR:1298 A/C + MTHFR:1298 C/C 38 42.70 25 32.90
C/C MTHFR:677 0 0 0 0
MTHFR:677 C/T + MTHFR:677 T/T 98 100 79 100
MTRR:66 A/A 14 51.85 14 43.75
MTRR:66 A/G + MTRR:66 G/G 84 55.26 65 51.59

Table 8

Results of correlation analysis between H, values and variants

of genotypes of folate metabolism polymorphisms in a total
group of children from Poliskyi district

Paramerer|  Coelon | Pemmeter
Spearman’s -0.109 0.040 | 0.283** 0.170*
He Sign. (2-tailed), p 0.174 0.615 0.0001 0.033
N 158 158 158 158
Table 9

Results of correlation analysis between H. values and variants

of genotypes of folate metabolism polymorphisms in a total
group of children from Ivankivskyi district

Parameter | (U 1 e 7
Spearman’s -0.108 | -0.026 | 0.201** | 0.177*
He Sign. (2-tailed), p 0.151 0.728 0.007 0.018
N 178 178 178 178

Note table 8-9: * — correlation is significant at the 0.05 level (2-tailed);
** — correlation is significant at the 0.01 level (2-tailed);
1 - MTR:A2756G; 2 - MTHFR:A1298C; 3 - MTHFR:C677T;

4 — MTRR:A66G.

air currents containing products
of combustion of wood, peat,
and grass, including radioactive
elements spread over long dis-
tances from fire sites and affect-
ed the population of Ivankivskyi
and Poliskyi districts of Kyiv
region.

In particular, the 137Cs concen-
tration amounted to 2.5x10-3
Bg/m3 in an air sample taken
directly in the fire area on the out-
skirts of the Poliskyi settiment,
which substantially exceeded the
reference level established by
the exposure standards “Basic
reference, clearance and action
levels with regard to the radioac-
tive contamination of the facilities
of the zone of exclusion and zone
of unconditional (obligatory)
resettlement” [11].

It is known that inhalation of
combustion products, as well as
smoking, induces the formation
of H, in the organism [1, 12].

Taking into account the calcu-
lations of the collective radiation
dose of the critical group of the
population, the contingent resid-
ing at the territories contaminat-
ed with radionuclides in Kyiyv,
Zhytomyr, and Chernihiv regions
have the highest risk of cancer
due to the forest fires [5].

Thus, a deterioration of H,

metabolic processes in the chil-
dren from Ivankivskyi district in
comparison with those from
Poliskyi district is not associated
with homozygous carriership of
the T allele of the MTHFR:C677T
polymorphism. One can reason-
ably suggest that there is a con-
nection between fires in the
Chornobyl exclusion zone and
abnormal functioning of FM in a
child’s organism resulting in
increased blood levels of H...

The impact of the forest fires in
the Chornobyl exclusion zone as
an environmental factor on the
developing organism contributes
to hyperhomocysteinemia and
identification of direct link
between H; and TSH, H; and Ts.

Conclusions
1. Blood H, level were statisti-

cally significantly higher in the
subgroup of the children who
were the carriers of T risk allele of
the MTHFR:C677T genetic poly-
morphism, living in Ivankivskyi
and Poliskyi districts of Kyiv
region, than in the subgroup of
the children without this allele.

2. The examination of the chil-
dren from the regions adjacent to
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the Chornobyl nuclear power
plant allowed to identify changes
in metabolic processes among
them as the increased produc-
tion of H, due to the forest fires in
the exclusion zone.

3. Blood H; levels were higher
in the children from Ivankivskyi
district examined after the fires in
the Chornobyl exclusion zone
than in those from Poliskyi dis-
trict examined before fires,
including the majority of genetic
subgroups, with the exception of
the genetic subgroup which
included cases of homozygous
carriership of T allele.

4. Direct links were detected
between blood H, and TSH le-
vels, and H; and Tj levels in the
group of the children from
Ivankivskyi district who had high-
er blood H, concentrations in
comparison with the group of the
children from Poliskyi district.

5. It can be reasonably assumed
that fires in the Chornobyl exclu-
sion zone have a negative effect
on the functioning of folate
metabolism in a child’s organism.
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