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elevance of the problem.
Studies conducted during the
implementation of projects of
the European Commission
and the Rhone-Alpes Region
(France) have found increased
blood levels of homocysteine
— a metabolic product of the
essential amino acid methion-
ine — in a significant number of
examined adolescent children
living in raions located near
the Chornobyl nuclear power
plant [1].

Given that hyperhomocys-
teinemia is associated with the
development of severe patho-
logical processes, including
cardiovascular diseases and
cancers, it is important to
determine the cause of its
occurrence [2, 3].

Hyperhomocysteinemia is
known to be linked to genetic
defects of folate metabolism,
primarily to the MTHFR:C677T
polymorphism [4].

Among environmental factors
that can cause hyperhomocys-
teinemia, one should also men-

tion products of burning of
wood and peat in the form of
finely dispersed particles with a
size of 0.1-2.5 um (PM2.5),
including black carbon, that
can penetrate into the respira-
tory tract, reaching the bron-
chioles and alveoli.

Long-term  exposure to
PM2.5 can cause the develop-
ment or exacerbation of car-
diometabolic disorders [6].

An association has been
found between wood burning
and increased blood homocys-
teine levels in the group of eld-
erly men [7].

It should be noted that fires in
the Chornobyl exclusion zone
(ChEZ) are quite common. The
largest forest and meadow fire
in Ukraine over the past 25
years on an area of 10127
hectares occurred on April 26-
29, 2015.

The maximum contamination
density of the territory in the
areas of ground forest fires in
separate sections of Lubianka
Forest Division was 1040
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kBg/sg.m for 137Cs; 368
kBg/sq.m for 98Sr; 11.4
kBg/sq.m for 238-240Py and

14.4 kBqg/sq.m for 241Am [8].

Thus, along with a genetic
predisposition, forest fires in
the ChEZ can be viewed as a
source of hyperhomocysteine-
mia in residents of the districts
adjacent to it.

In order to find out the main
cause of hyperhomocysteine-
mia among the population of
the districts located near the
ChEZ, it is necessary to con-
duct a comparative assessment
of homocysteine levels in the
same group of subjects before
and after a forest fire, taking
into account the proportions of
folate metabolism genotypes.

The aim of this study was to
determine the role of folate
metabolism genotypes in the
occurrence of hyperhomocys-
teinemia in children after a for-
est fire in the ChEZ.

In this case, it is necessary to
carry out a comparative
assessment of proportions of
folate metabolism genotypes in
subgroups with hyperhomo-

—®-

cysteinemia before and after a
forest fire in the ChEZ in the
same group of children.

Material and methods.The
study was conducted within
projects of the European
Commission and the Rhone-
Alpes Regional Council (Fran-
ce) implemented in Ukraine in
2013-2017.

The examined group com-
prised 84 children (39 boys and
45 girls) living on the territory of
Ukraine after the Chornobyl
accident (Polessky district,
Kiev region) with a 137Cs soil
contamination level of <2
Curie/sq.km and bordering the
ChEZ [9].

The children’s average age at
the time of examination was
(15.5+0.1) years (95% CI 15.4-
15.7 years).

In order to further determine
homocysteine concentrations
and genotype of folate metabo-
lism (FM), each child had blood
drawn from the ulnar vein after
fasting in the morning twice on
02/04/2015 and 18/12/2015.

The blood samples were
analysed at a laboratory certi-

Table 1

Dynamics of cases of hyperhomocysteinemia in groups

of children
Number of cases of hyperhomocysteinemia
Date of in groups of children
eg]?giﬁ]g;(é?]n Total (n = 84) Boys (n = 39) Girls (n = 45)
nlfrgger % mfrg%er % nlfrtralger %
02/04/2015 48 57.1 23 59.0 25 55.6
18/12/2015 67 79.8* 35 89.7** 32 71.1%%>

Note: * — statistical differences between hyperhomocysteinemia
rates in the total group of children: t = 3.26; p = 0.001481.

** — statistical differences between hyperhomocysteinemia rates
in the group of boys: t = 3.30; p = 0.001689.

* % %

— Statistical differences between hyperhomocysteinemia

rates in the group of girls: t = 1.54; p = 0. 128839.

Table 2

Frequency of polymorphic alleles of folate metabolism
genes in children with blood homocysteine levels of over
10 pmol/L during the measurement on 02/04/2015 (n = 48)

Risk allele, Risk allele,
G « Naelzltétlgal» heterozygous homozygous
ene, mutation form mutation form
polymorphism

Abs. % Abs. % Abs. %

number| 7° number ° number °
MTR:A2756G 35 72.9 11 22.9 2 4.2
MTHFR:A1298C 26 54.2 15 31.3 7 14.5
MTHFR:C677T 20 41.6 19 39.6 9 18.8
MTRR:A66G 7 14.6 20 41.7 21 43.7

fied under international quality
standards with the agreement
of the parents.

Blood homocysteine concen-
trations were measured using a
chemiluminescent immunoas-
say (CLIA) method. Analyser
and test kit: Architect 1000
(ABBOT Diagnostics (USA)).
Blood homocysteine levels of
over 10 umol/L were defined as
hyperhomocysteinemia.

The following allelic variants
were identified during genetic
analysis of FM: C677T and
A1298C of the MTHFR gene
(methylenetetrahydrofolate
reductase), A2756G of the MTR
gene (B12-dependent methion-
ine synthase) and A66G of the
MTRR gene (methionine syn-
thase reductase). A real-time
PCR method was used.
Analyser and test kit: DT-96
detecting thermocycler, DNA-
Technology (Russia).

The statistical processing of
the results obtained was per-
formed using the IBM SPSS
Statistics 22 software (USA).
Arithmetic mean (M), * stan-
dard error of mean (m), confi-
dence interval for a mean value
(95% CI), median (Me),
interquartile range (IR), mini-
mum and maximum parameter
values and percentiles were
calculated for the variables
analysed.

The statistical significance of
variables was assessed by
determining a significance level
for p with the help of the statis-
tical software programme. The
Student’s t-test was used to
compare relative values.

The critical level of signifi-
cance for the null hypothesis
(p) was set at 0.05.

Results and discussion.
A statistically larger number of
cases of hyperhomocysteine-
mia was found in the total group
of children and a group of boys
during the measurement on
02/04/2015 compared with
18/12/2015 (table 1). There
were no significantly statistical
differences between hyperho-
mocysteinemia rates during
two measurements in the group
of girls (table 1).

The comparison of propor-
tions of similar genotypes of FM
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polymorphisms in a total group
of children, groups of boys and
girls with hyperhomocysteine-
mia reported on 02/04/2015
and 18/12/2015 showed no
statistical differences (tables 2-
7). A similar result was obtained
when proportions of the
MTHFR:677 CT/MTHFR:1298
AC heterozygous association
were compared (table 8).

The results obtained indicate
that a significant increase in the
number of cases of hyperho-
mocysteinemia was observed
in the group of adolescent chil-
dren living in the district border-
ing the ChEZ during the period
between the measurements of
this metabolite in the blood
(02/04/2015-18/12/2015).
Statistically significant differ-
ences between relative coeffi-
cients were reported in the total
group of children and in the
group of boys.

Statistical analysis showed
that an endogenous factor in
the form of a genetic apparatus
regulating the synthesis of FM
enzymes is not involved in this
phenomenon. The proportions
of genotypes including risk
alleles did not differ statistically
in these groups of children with
hyperhomocysteinemia report-
ed on 02/04/2015 and
18/12/2015.

Forest and peat fires officially
reported in Sections 306-308
of Lubyanka Forest Division in
the ChEZ during the periods
26-27/04/2015 and 28-
29/04/2015 on the territory
with an area of 10127 hectares
[8] and during the period from
29/06/2015 to 05/07/2015 on
the territory with an area of 130
hectares should be probably
considered as one of the caus-
es of this phenomenon [10].
The maximum contamination
density of the territory amount-
ed to 1040 kBg/sqg.m for 137Cs;
368 kBqg/sq.m for 9Sr; 11.4
kBqg/sq.m for 238-240Puy and
14.4 kBg/sq.m for 241Am [8].

At the same time, finely dis-
persed burning particles with
a size of 0.1-2.5 um (PM2.5),
including black carbon, as well
as radionuclides, being sp-
read with air currents over
long distances from the fire
site were penetrating into the

respiratory tract of residents
of localities situated near the
ChEZ, reaching the bronchi-
oles and alveoli [5].

Oxidative stress occurring
with the involvement of homo-
cysteine may be one of the
main links in the pathogenesis
of cardiovascular diseases
[11], which are widespread
among the population of the
districts affected by the
Chornobyl accident [12].

Thus, the negative effect of
burning of forests containing
radioactive elements on
methionine metabolism result-
ed in an increase in blood
homocysteine levels even in
those children who did not
have a genetic predisposition
to this.

> W o 1 i
vty IR St S

NMPOBJIEMU YOPHOBUJIA

Experimental studies using
laboratory animals conducted
during the first years after the
Chornobyl nuclear power plant
accident also confirm the nega-
tive effect of incorporated
radioactive agents on methion-
ine metabolism.

Daily feeding of white rats
for 28 days with whole oats
containing 137Cs with the activ-
ity concentration of 445.7
Bqg/kg and 20Sr with the activi-
ty concentration of 15.5 Bqg/kg
(animals of a control group
received daily as food whole
oats where 137Cs concentra-
tion was 44.2 Bqg/kg and 90Sr
concentration amounted to
1.7 Bg/kg) led to a significant
decrease in methionine con-
centrations in the myocardium

Table 3

Frequency of polymorphic alleles of folate metabolism
genes of children with blood homocysteine levels of over
10 pmol/L during the measurement on 18/12/2015 (n = 67)

] e | e T e

) mutation form mutation form

polymorphism - =7 o Abs. o Abs. o

number ° number ° number °

MTR:A2756G 47 70.1 18 26.9 2 3.0
MTHFR:A1298C 41 61.2 19 28.4 7 10.4
MTHFR:C677T 31 48.3 25 37.3 11 16.4
MTRR:A66G 13 19.4 29 43.3 25 37.3

Table 4

Frequency of polymorphic alleles of folate metabolism
genes of boys with blood homocysteine levels of over
10 pmol/L during the measurement on 02/04/2015 (n = 23)

Risk allele, Risk allele,
poymorphism | ailels | heleromygous | homorygous
momber | % | nomer| % | nomper| %
MTR:A2756G 17 73.9 5 21.7 1 4.4
MTHFR:A1298C 10 43.5 10 43.5 3 13.0
MTHFR:C677T 9 39.1 9 39.1 5 21.8
MTRR:A66G 3 13.0 6 26.1 14 60.9
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Objective: We determined a role of folate
metabolism genotypes in the occurrence of
hyperhomocysteinemia in children after a for-
est fire in the Chornobyl exclusion zone (ChEZ).
Material and methods: In the study, we
applied immunochemical, Real-time PCR,
mathematical and statistical methods.

Results: A survey of 84 adolescents from the
Poliske district, Kiev region revealed changes in
their metabolic processes in the form of
increased homocysteine production in connec-

—®-

tive analysis of the specific gravity of the folate
cycle genotypes in the subgroups of the chil-
dren with hyperhomocysteinemia before and
after a forest fire showed that an endogenous
factor in the form of a genetic apparatus, con-
troling synthesis of folate cycle enzymes, was
not involved in this phenomenon.
Conclusions: Forest and peat fires in the
Chernobyl exclusion zone are one of the main
causes for the elevation in blood homocysteine
levels in children from the adjacent districts,
regardless of the state of folate metabolism
genetic system. Monitoring of the blood homo-
cysteine levels in children and adults living under
conditions of the exposure to wood combustion
gases, containing radioactive elements, is a key
component of the programmer for the preven-
tion of cancer and cardiovascular diseases.

Keywords: folate metabolism,

tion with a forest fire in the ChEZ which was
recorded during April 26-29, 2015. A compara-

homocysteine, adolescents, forest fires,
Chornobyl exclusion zone.

and skeletal muscles tissues
comparing to the control
group [13]. In our opinion, itis
linked to the disturbance of its
resynthesis from homocys-
teine.

The findings indicate that
there is a necessity to monitor
blood homocysteine levels in
children affected by air currents
that include products of burn-

ing of forests and peats in the
ChEZ.

Conclusions

1. Forest and peat fires in the
Chernobyl exclusion zone are
one of the main causes for the
elevation in blood homocys-
teine levels in children from the
adjacent districts, regardless of
the state of folate metabolism
geneticsystem.

Table 5

Frequency of polymorphic alleles of folate metabolism
genes of boys with blood homocysteine levels of over
10 pmol/L during the measurement on 18/12/2015 (n = 35)

U (T W e
. mutation form mutation form
polymorphism Abs. % Abs. % Abs. %
number ° | number ° | number °
MTR:A2756G 24 68.6 10 28.6 1 2.8
MTHFR:A1298C 17 48.6 13 37.1 5 14.3
MTHFR:C677T 17 48.6 13 37.1 5 14.3
MTRR:A66G 7 20.0 13 37.1 15 42.9
Table 6

Frequency of polymorphic alleles of folate metabolism
genes of girls with blood homocysteine levels of over
10 pmol/L during the measurement on 02/04/2015 (n = 25)

Risk allele, Risk allele,
« Naﬁllgg"l» heterozygous homozygous
| Gene,h_ mutation form mutation form
POYMOrPAISM 4. o Abs. o Abs. o
number ° number ° number °
MTR:A2756G 18 72.0 6 24.0 1 4.0
MTHFR:A1298C 16 64.0 5 20.0 4 16.0
MTHFR:C677T 11 44.0 10 40.0 4 16.0
MTRR:A66G 4 16.0 14 56.0 7 28.0

2. Monitoring blood homo-
cysteine levels in children and
adults living under conditions of
exposure to wood burning
products containing radioactive
elements is the key component
of the programme for the pre-
vention of cancer and cardio-
vascular diseases.
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Llenb nuccnepgoBauuns. Onpenenntb POJib
reHoTurnoB ¢osaaTtHOro LUmksia B BO3HUKHOBEHUN
runeproMouncTenHeM N y EeTe nocse siec-
HOro nnoxapa B YepHOObI/IbCKOVi 30HE OTYYXe-
Hus (430).

MeTtoabi: ummyHoxummudeckuvi, NP B pexume
Real-time, matremaTtuko-CcTaTtucTUYECKU.
Pesynbtratbei. O6crienoBaHve 84 netevi noa-
pocTkoBOro Bo3pacrta n3 llosiecckoro parioHa
KueBckori 061acTvi mo3BOJINIIO BbISIBUTb Y HUX
N3MEHEHUST METAOOJINYECKUX MPOLIECCOB B
BuAE MOBbILLIEHHOM MPOAYKLUMN FrOMOLMUCTENHA
B CBSI3U C JIECHbIM roxapoM B Y30, koTopsblvi
pervuctpupoBasicsi B TedeHne 26-29 anpesns

—®-

2015 roaa. lNpoBeneHHbIVi CPaBHUTESIbHBIN
aHann3 yaesabHOro Beca reHoTurnoB ¢osaTtHoro
uvkna B noarpynnax Aetevi ¢ runeproMoum-
cTenHeMuel 40 1 rocse JIeCHOro roxapa
riokasaJi Herpu4acTHOCTb K JaHHOMY SIBJIEHUIO
BHAOreHHOro ¢akTopa B BUAE reHeTNY4EeCKoro
annapara, KOHTPOJIMPYIOLLErO CUHTE3 (pePMEH-
TOB (p0s1aTHOIr0 UMKJIa.

BbiBogpbl. [Noxaps! neca v ToppsiHukos B 430
SABJISIIOTCS OIHOV U3 OCHOBHbIX MPUYMH MOBbI-
LLIEHNS] YPOBHSI FOMOLIMCTENHA B KDOBU AETE
U3 npunaexatlumx parioHOB BHE 3aBUCUMOCTU OT
COCTOSIHUSI FeHETUYECKOV CUCTEMbI (pOSIaTHOIO
umkna. KoHTposib 3a ypOBHEM rOMOLIMCTENHA B
KpOBW AETeVi M B3POC/IbIX, MPOXNBAIOLLNX B
YCJI0BUSIX BO3AEVMCTBUS MPOAYKTOB rOPEeHMs
JPEBECUHbI, coaepXXalllen paamoakTUBHbIE
BJIEMEHTBI, SIBJISETCSI OCHOBHbBIM KOMITOHEHTOM
nporpamMmbi MPOPUIAKTUKM OHKOJIOrMYECKNX U
cepaeYyHo-cocyancTbix 3aboseBaHuii.

KnroyeBbie cnoBa: ¢ponatHbIv LUK,
romMounCTEeNH, NOAPOCTKU, JIECHbIE MNoXaphbl,
YepHOObI/IbCKasi 30Ha OTYYXXLAEHUS.
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Table 7

Frequency of polymorphic alleles of folate metabolism
genes of girls with blood homocysteine levels of over
10 pmol/L during the measurement on 18/12/2015 (n = 32)

cdepHOro Bo3ayxa B3BELIEH- «Neutral» heRggroillelgas hzirilé;lllegeds
HbIMM BELLIECTBaMU Ha cepaey- Gene allele e 2Yg
) utation form mutation form

HO-COCY}JME}Ty}O CI/]CTeMy.v polymorphism b b b
CUBUPCKNET MeANLIMHCKMI numst;).er % | oo me' | % numsb.er %
XypHasn. 2015. T. 30, Ne 3.
C.7-12. MTR:A2756G 23 71.9 8 25.0 1 3.1

6. Pope C.A., Turner M.C., MTHFR:A1298C 24 75.0 6 18.7 2 6.3
Burnett R. etal. Relationships  yryFR:.ce77T 14 | 438 12 |375| 6 | 187
between fine particulate air VTRRA 87 ” " ]
pollution, cardiometabolic dis- :AB6G 6 8. 6 0.0 0 81.3
orders and cardiovascular Table 8
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heterozygous associationin groups of children
with hyperhomocysteinemia reported on 02/04/2015
and 18/12/2015

Proportions of a MTHFR:677 CT/ MTHFR: 1298 AC
Date of heterozygous association
examination -
of children Total group Boys Girls
Abs. % Abs. % Abs. %
02/04/2015 9 18.8 5 21.7 4 16.0
18/12/2015 8 11.9 5 14.3 3 9.4
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