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YYACTb FTOMOUICTEIHY Y PETYJISLIT
OBMIHY FOPMOHIB LUNTOINOAIEHO]
3AJIO3U1 Y AITEN, SKI MELLKAIOTb )
ro6JIN3Y HOPHOBWJIbCbKOI ATOMHO!
EJIEKTPOCTAHLIII

BaHpaxeBcbkuii 10.1., fly6oBa H. .
KoopavHauiviHni aHaaiTUSHUA LEHTP
«Ekosioria Ta 340poB’s», IBaHKIB, YkpaiHa

BcraHoBsieHO HeratuBHY POJib FOMOLMUCTEIHY
(Hcy) y BAHUKHEHHI HU3KI TSXKMX 3aXBOPIO-
BaHb, L0 NMPU3BOASTH A0 J€Ta/lbHUX Hacif-
KiB ab0 iHBanigHocTi. OaHaK rnpu LibOMy He
OyJ10 BU3HAaYEHO MPUYNHHO-HACTiAKOBUX Me-
XaHi3miB. Peanizauisi npoekTiB €Bpornericbkoi
Kowicii Ta paau PoH-Anbn (@PpaHuis) B
Ykpaini (2013-2017) no3Bonavna BUSBATY Mif-
BULLIEHWV BMICT Y KPOBI Hcy y 70,0% Bunaakis,
a TakoX CTPYKTYPHO-GDYHKLIOHAIbHI 3MIHU Y
wmrTonoAioHivi 3an03i (LL3) Ta kopensiuiiHi
3B’I3KU MK HCy T2 rOopMOHaMu rirnogizapHo-
TUPEOIAHOI OCI'y rpyni MiAITKIB, SKi MeLL-
KkaroTb nobsm3y YopHobmIbCbKOi aTOMHOI
enektTpocTaruii (YAEC). [ns po3yMiHHS naTo-
reHeTUYHUX MeXaHIi3MiB NaTos10riYHMX rMPoLe-
ci, noB’a3aHnx 3 H,, 1a LL|3, nposeseHo
AaHe AOCILXEHHS!, METOIO SIKOro ctasa KOM-
nnekcHa ouiHka y4acti H, y perynsuii 0OMIiHY
ropmoHiB LL3 y pitei, ki MpoXnBaoTh Mo-
67113y HoOpHOOW/IbCHKOI 30HM Bii4YXXEHHS
(43B) B IBaHKiBCbKOMY parioHi KniBcbkoi
obsacri.
MeTtoaun gocnig)xeHHs. AHanitn4yHe 4ocnig-
XKEHHS1 MPOoBOANIIOCS 3 BUKOPUCTAHHSIM CTa-
TUCTUYHMX MOKa3HWKIB, OTPUMAaHUX rif H4ac
71a60PaToOPHOro Ta reHeTUYHOro OO6CTEXEHHS
178 pitevi Bikom 12-17 pokiB i3 HaceneHux
MYHKTIB, IO MexXyTb 3 Y3B. /1715 OLiHKM BUB-
YEeHUX PeryasiTOPHUX NPOLECIB MPOBEAEHO
KOPEeNISILINHUY aHasi3 MK nokasHukamm Hcy,
ropMoHiB LL3, TMpeoTpornHoro ropMoHy riro-
@iza (TIT), BitTamiHiB Bg, B 5, Bg 3 ypaxyBaH-
HSIM PIi3HUX KOMOIHaLivi anesiB reHeTUuYHUX
rnonimop@isis ponarHoro umksny (PL]).
Pe3ynbTrarun. B opraHiami 6inbLLOCTi 4iTEN, SKi
MPOXUBAIOTb HA TEPUTOPII, LLO rnocTpaxaana
BHacninok aBapii Ha YAEC, nobanzy Y3B, pi-

nrecent years, the atten-
tion of the scientific
community has been at-
tracted by the sulfur-
containing amino acid
homocysteine (H,), which

is involved in methionine me-
tabolism.

Metabolic cycles associ-
ated with H,, have been stud-
ied [1] and genetic polymor-
phisms affecting its metabo-

BeHb H,, y KpoBi nepeBuLLye ¢i3ionoridHmii pi-
BeHb. [loka3aHo, L0 KOHLeHTpaLis BiTaMiHIB
By i By, y KpoBi Binobpaxae 3a4atHiCTb pep-
meHTiB PL| meTumosat H,,. FoMo3urotHuii
BapiaHT anensi T MTHFR:6 7§ y reHowmi girevi
3HUXYE BMICT aKTUBHUX ()OpM BiTamiHy Bg i
nigsuLLye BMICT Hy,, y KDOBI. Y roMo3nroTHomy
BapiaHTi anenss G MITR:2756 nopyLuyeTbcsi
YTBOPEHHS akTUBHOI Gopmu B o, 11O TArHe 3a
C0001I0 aKTUBALLItO LMKITy peakLivi TpaHCCyJlb-
pypauii i SHIXKEHHS] piBHsi Hg,, Y KPOBI.
MinBuwiernii BMIiCT H,y, y KDOBI iHAYKY€E CUHTE3
TTI" y kniTnHax ageHorinogiaa, sikui 6epe
yyacTb y rnipoueci geviogyBaHHs T, i yTBO-
PeHH$ T3. PiBeHb T,y KpOBI 3a71€XUTb Bif
TOro, sk Lievi MetabosiiT BUKOPUCTOBYETHCS
nepveepuyHUMN opraHamv i TKaHUHamu, i
BKa3ye Ha eHepreTuydHi notpebu opraHiamy.
lNepupepundHi opraHu, BKIOYaKYY MNEYIHKY i
HUPKW, BIAMOBIAaTk 3a yTuidauio T, i yTBO-
PeHHSI T3 — aKTUBHOI pOpMY ropMOHIB LL3. T
Mae CTUMYJIoBasIbHY Aito Ha pepmMeHTu PL,
LLJO MPpU3BOANTb A0 MOCUIIEHHS METUJTIOBAHHS
H,, Ta 306i/1bLLEHHS yTBOPEHHS BIACHOIO Me-
TiOHIHY. BogHou4ac BiH 6/10Kye yTui3aLiio Hey
Y UWKJII peakuivi TpaHccyibgypursadii.
BucHoBKn®. Y fiTe, L1j0 pO3BMBAIOTHCS B
YMOBax rocCTiliHOro pasiaLirfiHoro orpomi-
HeHHs1, pepmeHTHa cuctema DL Bigirpae
BaXkJ/iiBy POJib Y GOpPMYBaHHI PEryISITOPHNX
3B’a3KiB MixX rinogizom i LL|3. [loBeaeHo, Lo
T3 niaTpumye HeobXxinHy KOHUEeHTpauito Hq, y
opraHiami, 36i/bLLY4YY YTBOPEHHS aKTUBHOT
¢dopmu BiTamiHy Bg. Brinne T; Ha ®L| Bupaxa-
ETbCS Y reTepO3NroTHUX BaplaHTax asaesiB pu-
3uky nonimop@iamis MTR:2756, MTHFR:677.
PagiauiviHnii pakTtop y BUrnsai IHKOprnopoBa-
HUX B OpraHiam pazaioHyksiaiB HeratuBHO
BI/IMBAE Ha MpoLec MeTutoBaHHs Hy,, Bu-
KJIMKaK4y CTaH rineproMouncTeiHemil'y aitevi
niaiTKoOBOro BiKY, SIKi MeLLKarTb nobm3y
Y3B, He3anexHo Big cTaHy reHis dL.

KnioyoBi cnoBa: romouuncteiH, ropoMoHu
wmTono”ioHoi 3ano03un, ponaTHnii LUK,
nignitkn, pagioakTUBHO 3a6pyAHEHi
TepuTopii.

© baHgaxescbkwnii 1O.1., ly6osa H.®.
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lism have been identified [2].
The negative role of H,, in the
development of a number of
serious diseases leading to
death or disability has been
revealed [3-7].

In particular, a link has been
established between hyper-
homocysteinemia and hy-
pothyroidism [8].

However, the cause-and-
effect mechanisms have not
been determined.

Studies conducted in
2013-2017 in Ukraine within
the framework of projects of
the European Commission
and the Rhone-Alpes Re-
gional Council (France) re-
vealed increased H,, levels in
the blood in more than 70.0%
of cases among adolescents
living near the Chornobyl Nu-
clear Power Plant (ChNPP)
[9].

At the same time, in 35.5%
of cases, thyroid hormone
production disorders were de-
tected, and in 5.6% of cases,
structural changes in the thy-
roid gland (TG) [10].

The obtained data suggest
considering the relationship
between H, and thyroid hor-
mone metabolism in the
child’s body under the influ-
ence of the radiation factor.

Analytical studies have
shown a number of correla-
tions between H., and hor-
mones of the pituitary-thyroid
axis in children living near the

Chornobyl Exclusion Zone
(ChEZ) [11].

However, this is not enough
to understand the patho-
genetic mechanisms of pa-
thological processes associ-
ated with H;, and the thyroid
gland.

A comprehensive assess-
ment of the participation of
Hcy in the regulation of thyroid
hormone metabolism in chil-
dren under conditions of con-
stant radiation exposure is
necessary, taking into ac-
count genetic polymorphisms
of the folate cycle (FC).

The aim of this study was a
comprehensive assessment
of the participation of Hg, in
the regulation of thyroid hor-
mone metabolism in children
living near the ChEZ in the
Ivankivskyi district of the Kyiv
region.

Material and methods.
The study material was statis-
tical indicators of thyroid hor-
mones, pituitary thyroid sti-
mulating hormone (TSH) and
Hcy, as well as vitamins Bg, By,
Bg in subgroups of children
from the Ivankivskyi district of
the Kyiv region, with various
combinations of alleles of ge-
netic polymorphisms of FC.

The study was imple-
mented within the framework
of projects of the European
Commission and the Re-
gional Council of Rhone-
Alpes (France).

Table 1

The proportion of cases of hyperhomocysteinemia in
genetic subgroups of children

Main genotypes N’ N2 %
A/AMTR:2756 106 78 73.58
A/G MTR:2756 61 47 77.05
G/G MTR:2756 11 5 45.45
C/C MTHFR :677 80 56 70.00
C/T MTHFR:677 83 62 74.70
T/T MTHFR:677 15 12 80.00
A/G MTR:2756-C/T MTHFR:677 27 23 85.19
A/AMTR:2756-C/C MTHFR:677 45 33 73.33
G/G MTR:2756-C/C MTHFR:677 6 3 50.00
A/AMTR:2756-T/T MTHFR:677 10 8 80.00
A/AMTR:2756-C/T MTHFR:677 51 37 72.55
A/G MTR:2756-C/C MTHFR:677 29 20 68.97
General group 178 130 73.03

Note: N is the subgroup number;
N is the number of children in the subgroup;
NZ is the number of cases of hyperhomocysteinemia.

At the same time, 178 chil-
dren (86 boys and 92 girls)
aged 12-17 years old, on
18.12.2015, in the morning,
on an empty stomach, blood
was taken from the cubital
vein.

Blood samples were tested
in a laboratory certified in ac-
cordance with the quality
standards of the European
Union.

When determining the con-
tent of H,, vitamins Bg and
B, in the %Iood, an immuno-
chemical method with chemi-
luminescent detection (ECLIA)
was used.

Vitamin Bg in the blood of
children was determined by
high-performance liquid chro-
matography.

Determination of TSH, tri-
iodothyronine (T3) and thyrox-
ine (T,) was carried out using
an immunochemical method
with electrochemiluminescent
detection (ECLIA). Analyzer
and test system: Cobas 6000,
Roche Diagnostics (Switzer-
land).

The level of H, in the blood
of children over 10.0 umol/I
was defined as a state of hy-
perhomocysteinemia.

The reference interval of ex-
treme values, designated by
the laboratory, was: for By (fo-
lacin) — 4.6-18.7 ng/ml, for
By, (holotranscobalamin, or
active vitamin B4,) — 191.0-
663.0 pg/ml, for B —8.7-27.2
pg/l, for TSH - 0.28-4.3
uMO/ml; for T; - 2.3-5.0
pg/ml; for T, - 1.1-1.8 ng/dl.

During the genetic study of
FC, allelic variants of the
MTHFR:C677T polymorphism
affecting the activity of meth-
ylenetetrahydrofolate reduc-
tase (MTHFR), and the
MTR:A2756 G polymorphism
associated with B,-depen-
dent methionine synthase
(MTR) were determined. The
method used was Real-time
PCR. Analyzer and test sys-
tem Detecting amplifier «DT-
96»; «DNA-Technology» (Rus-
sia).

Statistical processing of the
obtained results was carried
out using the IBM SPSS Sta-
tistics 22 program (USA).
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The relationship between
the Hey, By, Byz, B, TSH, Ty,
T3 |nd|cators and the T3/T4
index was determined using
the Spearman rank correla-
tion coefficient( y)- Direct «+»
and inverse «-» correlatlons
were recorded.

The strength of the correla-
tion was assessed using the
traditional scale: weak — from O
t0 0.299; average — from 0.3 to
0.699; strong — from 0.7 to 1.0.

Results and discussion. In
the analyzed group of chil-
dren, in most cases, the level
of thyroid and adenohypoph-
ysis hormones corresponded
to the established physiologi-
cal parameters [12].

At the same time, in most
children, the level of H, in the
blood S|gn|f|cantly exceeded
the age physiological barrier
(Table 1).

Many children had risk alle-
les of genetic polymorphisms
affecting H,, metabolism [13].

At the same time, the phe-
notypic realization of genetic
polymorphisms of FC in the
body of children occurred
under conditions of constant
radiation exposure [14].

In this situation, to assess
the studied regulatory pro-
cesses, itis informative to de-
termine the correlation links
between the analyzed indica-
tors.

In the general group of chil-
dren, there were complex
combinations of correlations
(Table 2), which do not allow a
full assessment of the partici-
pation of H., in the regulation
of thyroid hormone metabo-
lism.

In this regard, it is advis-
able to determine the corre-
lation links between the
analyzed parameters in sub-
groups of children with dif-
ferent combinations of FC
genotypes (Table 2).

Polymorphisms  MTHFR:
C677T and MTR:A2756 G
have the greatest impact on
the activity of the main FC en-
zymes involved in the process
of H,, methylation and the for-
matlon of internal methionine.

With homozygous variants
of the risk alleles T MTHFR:

677 and G MTR:2756, the
number of correlations be-
tween the analyzed parame-
ters is minimal (Table 2).

In particular, in the sub-
group where the T/T
MTHFR:677 genotype was
the main one (present in
100% of cases), the links —
Bg-Hg, and + TSH-T; were de-
termlned

They indicate that defi-
ciency of the active form of Bg
leads to an increase in the

NMPOBJIEMU YHOPHOBUNA

level of H., in the blood and
activation of hormonal activity
in the pituitary-thyroid axis.

Ultimately, under the influ-
ence of TSH, an increase in
the formation of T3 occurs
(Table 3).

In the subgroup where the
main genotype was G/G
MTR:2756, the following rela-
tionships were recorded:
- Byo-Hgys + Hgy-Be.

These relatlonshlps reflect
the participation of B4, in the

Table 2

Correlation links between H.,, hormones
of the pituitary-thyroid axis and B wtamms in genetic
subgroups of children of the Ivankivskyi district

Main genotype

Correlation links

A/AMTR:2756

+ Bg-Ty, + Byo-Ty, - Byp-He
- Bg-Hcy, + Bg-B12 , T TSH-
+TSH-T3/Ty

A/GMTR:2756

"laBo BTy B TH,
- Bo-Hey, - ay:.~ B12-Be,
+ Hoy AT, Ta,

+ TSH-Ta/Ty, - TSH-T,

G/GMTR:2756

- Bya-Hgy, + Hey-Bg

C/C MTHFR:677

- B12-Hoy» - Bo-Hg, Ta,
+ TSHAT, % TSH- T3/T4, TYSH T,

C/T MTHFR:677

+T3-Bg, + Bg-Ty, + B1o-Ty,
~B12-TSH, - Bip-Hy, - Bo-Hoy,

+Bg-Big, + Hoy
T/T MTHFR:677 - Bg-Hqy, + TSH-T;
A/GMTR:2756-C/TMTHFR:677 | *Hey TSH. - ‘5;1321 E';Se, + BTy,
A/AMTR:2756-C/CMTHFR:677 -B12-Hoy + Bg-B12
G/GMTR:2756- C/C MTHFR:677| +Hg,-Bg, - B1p-Hey, - B12-Bg

A/AMTR:2756-T/TMTHFR:677

there are no correlations

A/AMTR:2756-C/TMTHFR:677

- Bg-Hgy, + Bg-Byo, + Bg-Ty

A/GMTR:2756-C/CMTHFR:677

+TSH-Tg, - T3-Bg, - B1a-Hey

General group

+T3-Bg, + Bg-Ty, + B1o-Ty,
- By2-Hgy, - Bg-Hgy, + Bg- By,
+ Hoy-TSH, + Hyy-Tg, + TSH-Ty,
% TSH-T4/Ty, - TSH-T,

Note: «+» direct correlation; «-» inverse correlation.
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process of H;, methylation.

The active form of By, is
formed under the influence of
the active form of Bg (methyl-
tetrahydrofolate) as a result of
the transfer of a methyl group
through the mediation of
MTR.

With the genotype G/G
MTR:2756, the activity of MTR
is sharply reduced, as a result
of which the deficiency of the
active form of B, causes a vi-
olation of H. methylation.
However, the H,, level in the
blood does not increase
(Table 1), since H,, is utilized
in the transsulfuration reaction
cycle, as evidenced by the di-
rect relationship + Hg-Bg
(Table 3).

With heterozygous variants
of the T MTHFR:677 and G
MTR:2756 alleles, the number
of correlations between the
analyzed indicators is signifi-
cantly greater.

The subgroup with the main
genotype C/T MTHFR:677 in-
cluded oorrelations + Bg-Bys,
- Byo-H - B4»>-TSH,
+H; T§H characterlzmg the
partlolpatlon of Bgand By in
the process of H,, methylation
and TSH formatlon

The correlations + Bg-Ty,
+ B,-T, reflect the participa-
tion of Bg and By, in the regu-

lation of thyroid hormone me-
tabolism.

The correlation + T5-Bg re-
flects the influence of T; on
the process of formation of
the active form Bg (Table 2).

The subgroup with the main
genotype A/G MTR:2756 is
characterized by a combina-
tion of two cycles of correla-
tions involving H., and TSH,
confirming the mfluenoe of
MTR on the processes of ex-
change of H,, and hormones
of the pituitary-thyroid axis
(Table 2):

a) The cycle of correlations
based on the active form of
B,. It includes correlations
- Byo- Hcy, B1o-TSH, + Hg,
TSH, - TSH-T,;, + Byo- T4,
-BipBe. |

A decrease in the formation
of the active form of B, leads
to an increase in the level of

H., in the blood and activation

YI'SH formation in the ade-
nohypophy3|s.

At the same time, the con-
tent of T, in the blood de-
creases and the activity of the
transsulfuration cycle in-
creases, as evidenced by the
relationship - B4,-Bg.

b) A cycle of correlations
confirming the influence of
Hy on the process of forma-
tion of TSH and Ts.

Table 3
Correlation links in subgroups with the main genotypes
gelrt/lgtlyr/]pe Correlation Spe?rrxr\rlt)an S (2 tzzlger(]j.), b n
T/T Bg-Hey -0.674** 0.006 15
MTHFR:677 TSH-T, 0.693** 0.004 15
G/G Byp-Hgy -0.918** 0.000 11
MTR:2756 Hey-Bs 0.724* 0.012 11

Note: n — the number of cases.

Table 4

Proportion of cases with T allele MTHFR:677
and G allele MTR:2756 in genetic subgroups

Main genotype N, Allele T MTHFR:677| Allele G MTR:2756
No % Ny %
A/A MTR:2756 106 61 57.6 0 0
A/G MTR:2756 61 32 52.5 61 100.0
G/G MTR:2756 11 5 45.5 11 100.0
C/C MTHFR:677 80 0 0 35 43.8
C/T MTHFR:677 83 83 100.0 32 38.6
T/T MTHFR:677 15 15 100.0 5 33.3
General group 178 98 55.1 72 40.5

It includes correlations

- Hey-Bg, + Hg -TSH, + TSH-
Ts, + TSH- T3/1y4, +T5-Bg.

Just as in the case of the
genotype C/T MTHFR:677, T4
promotes the formation of the
active form By, which reduces
the level of H, in the blood.

The subgroup with the main

genotype C/C MTHFR:677
(homozygous variant of the
neutral allele C MTHFR:677)
included correlations - Byo-
Hey, reflecting the in-
fluence of ég and B4, on the
process of H, methylatlon
The correlatlons + -
+ TSH-T,, + TSH- T3/T4, "rSH
-T,, characterize the partici-
pation of H,, and TSH in the
process of T4 deiodination and
the formation of T; (Table 2).

The subgroup with the main
genotype A/AMTR:2756 (ho-
mozygous variant of the neu-
tral allele A MTR:2756)
included correlations + B9 T4,
+ Byp-Ty, - Hey-Byp, -

+ Bg-Byp, + T§H Ta + t‘s
T3/T,, reflecting the roIe of vi-
tamins Bg and By, in the
processes of H,, methylation
and T, content in the blood,
as well as the effect of TSH on
the process of T, deiodination
and T3 formation.

In the analyzed subgroups
with the risk allele and the
neutral allele of the MTHFR:
C677T polymorphism, the
presence of the risk allele
MTR:A2756G polymorphism
and vice versa was estab-
lished (Table 4).

The subgroup with a combi-
nation of genotypes A/G
MTR:2756-C/T MTHFR:677,
simultaneously reducing the
activity of two main enzymes
of the FC, included correla-
tions characterizing: the ef-
fect of By, on the content of T,
in the blood (+ B4,-T,), the ef-
fect of H,, on the formation of
TSH (+ H ,~TSH), activation of
the transsulfuratlon cycle
(- B12-Bg), and stimulation of
the formation of vitamin Bg
under the influence of T,
(+ T3-By).

The subgroup with a combi-
nation of genotypes consisting
of neutral alleles A/A MTR:
2756-C/C MTHFR:677 in-
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PARTICIPATION OF HOMOCYSTEINE

IN THE REGULATION OF THYROID HORMONE
METABOLISM IN CHILDREN LIVING NEAR
THE CHORNOBYL NUCLEAR POWER PLANT
Bandazhevskyi Yu.l., Dubova N.F.

Ecology and Health Coordination

and Analytical Centre, Ivankiv, Ukraine

The negative role of homocysteine (H,,) in the
occurrence of a number of severe d/seases
leading to death or disability has been estab-
lished. However, the cause-and-effect mech-
anisms have not been determined. The
implementation of projects of the European
Commission and the Rhone-Alpes Council
(France) in Ukraine (2013-2017) made it pos-
sible to identify elevated H,,, blood levels in
70.0% of cases, as well as structural and
functional changes in the thyroid gland (TG)
and correlations between H, and hormones
of the pituitary-thyroid axis /n a group of ado-
lescents living near the Chornobyl Nuclear
Power Plant (CNPP). To understand the
pathogenetic mechanisms of pathological
processes associated with H., and the thyroid
gland, the present study was conducted, the
aim of which was a comprehensive assess-
ment of the participation of H,, in the regula-
tion of thyroid hormone metabollsm in
children living near the Chornobyl Exclusion
Zone (ChEZ) in the Ivankivskyi district of the
Kyiv region.

Research methods. An analytical study was
conducted using statistical indicators ob-
tained during laboratory and genetic exami-
nation of 178 children aged 12-17 years from
settlements bordering the ChEZ. To assess
the regulatory processes under study, a cor-
relation analysis was performed between the
indicators H_,, thyroid hormones, pituitary
thyroid stimulating hormone (TSH), vitamins
Bg, B, Bg, taking into account various com-
binations of alleles of genetic polymorphisms
of the folate cycle (FC).

Results. In the body of most children living in
the area affected by the Chernobyl accident,
near the ChEZ, the level of H, y in the blood
exceeds the physiological Ievel It is shown
that the concentration of vitamins Bg and B,

in the blood reflects the ability of FC enzymes
to methylate H,,

The homozygous variant of the T allele
MTHFR:677 in the genome of children re-
duces the content of active forms of vitamin
Bg and increases the content of H,, in the
blood. In the case of the homozygous variant
of the G allele MTR:2756, the process of for-
mation of the active form of B is disrupted,
which entails activation of the transsulfuration
reaction cycle and a decrease in the H,, level
in the blood.

Increased H,,, content in the blood induces
the synthesis of TSH, which is involved in the
process of T, deiodination and the formation
of T5. The level of T, in the blood depends on
how this metabolite is used by peripheral or-
gans and tissues and indicates what the en-
ergy needs of the body are. Peripheral
organs, including the liver and kidneys, are
responsible for the utilization of T, and the
formation of Ty - the active form of thyroid
hormones. T has a stimulating effect on FC
enzymes, which leads to increased methyla-
tion of H,, and an increase in the formation of
internal methlonme At the same time, it
blocks the utilization of H, in the transsulfura-
tion reaction cycle.

Conclusions. In children developing under
conditions of constant radiation exposure, the
FC enzyme system plays an important role in
the formation of regulatory connections be-
tween the pituitary gland and the thyroid
gland. It has been proven that Tz maintains
the required concentration of H.,, in the body,
increasing the formation of the active form of
vitamin Bg. The effect of T3 on FC is ex-
pressed in heterozygous variants of the risk
alleles of the MTR:2756, MTHFR:677 poly-
morphisms. The radiation factor, in the form
of radionuclides incorporated into the body,
has a negative effect on the H,, methylation
process, causing a state of hyperhomocys-
teinemia in adolescents living near the ChEZ,
regardless of the state of the FC genes.

Keywords: homocysteine, thyroid
hormones, folate cycle, adolescents,
radioactively contaminated area.

cluded correlations + Bg-B,,
- Hey-Byp, reflecting the entire
process of H,, methylation.

The subgroup with the com-
bination of genotypes G/G
MTR:2756-C/C MTHFR:677
included correlations - H,
Bia,+ HoyBe, - B12-Bs, refleci-
ing the activation of the
transsulfuration cycle with a
lack of formation of the active
form of By, and an increase in
the level of H,, in the blood.

In the subgroup with the
combination of genotypes
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A/GMTR:2756-C/C MTHFR:677,
correlations were found re-
flecting the participation of B,
in the process of H;, methyla-
tion (- By,-H,, ), the stimulating
effect of TSH on the process
of T3 formation (+ TSH-T5),
and the blocking effect of the
T; cycle of transsulfuration re-
actions (- T5-Bg).

The subgroup with the
genotype combination A/A
MTR:2756-C/T MTHFR:677
included correlations - Bg-

Hcy! + BQ'B12, + BQ'T4, I’eﬂeC-

Nod 2024

ting the dependence of H,
methylation and T, content in
the blood on the active form
of Bg.

In the subgroup with the
genotype combination A/A
MTR:2756-T/T MTHFR:677,
no correlations were found.

Thus, heterozygous forms
of the T MTHFR:677 and G
MTR:2756 alleles are charac-
terized by correlations indi-
cating a stimulating effect of
Hc, on the process of TSH for-
matlon



In the subgroup with the
A/G MTR:2756 genotype, di-
rect correlations of TSH-T; in-
dicate the effect of TSH on the
process of T, deoidination
and T, formation.

The studies conducted re-
vealed the importance of the
G MTR:2756 allele for the ac-
tivation of the transsulfuration
reaction cycle (correlations —
B12 Bg and + H,, -Bg), in which

H., is utilized.

\Xllth the heterozygous vari-
ant of this allele, the H, level
does not differ significantly
from most other genetic
groups, since MTR activity is
reduced by no more than 20-
30% (Table 1).

However, with the homozy-
gous variant of the G
MTR:2756 allele, MTR activity
decreases by 80% and the
proportion of hyperhomocys-
teinemia cases decreases to
45% (Table 1)

Thus, the presence of the G
MTR:2756 allele in the genome
of children plays an important
role in activating the cycle of
transsulfuration reactions and
utilization of excess H,

Full formation of the active
form of B4, is carried out with
the help of 5-methyltetrahy-
drofolate (correlation + Bg-
By,), with the homozygous
variant of the neutral allele A
MTR:2756, which ensures the
functioning of MTR.

Formation of the active form
of Bg depends on the func-
tional activity of MTHFR.

The correlation + T3-Bg indi-
cates a stimulating effect of T3
on MTHFR, resulting in the
formation of 5-methyltetrahy-
drofolate — the active form of
vitamin B,

The correlation + T3-Bg is
present in subgroups with
heterozygous variants of the T
alleles MTHFR:677 and G al-
leles MTR:2756, and is absent
in subgroups with homozy-
gous variants of these alleles
and homozygous variants of
the neutral alleles C MTHFR:
677 and A MTR:2756.

The participation of Ty in the
formation of the active form of
Bg is confirmed by the fact
that in a state of hyperthy-

roidism, the level of H,, in the
blood decreases and the con-
tent of B vitamins involved in
the methylation of Hg, in-
creases [15].

Thus, the functioning of
MTHFR determines the entire
process of methylation of H,
and the hormonal activity o¥
the pituitary-thyroid axis.

It is with this enzyme that T,
interacts.

But only when the neutral al-
lele C MTHFR:677 is present
in the genome.

Anincrease in the formation
of T3 under conditions of ele-
vated H,, levels in the blood
should be considered as an
adaptation factor aimed atim-
proving metabolic processes
in the body under conditions
of genetic instability.

In addition to the genetic
factor, an exogenous factor
should be noted among the
causes of hyperhomocys-
teinemia.

In areas bordering the
ChEZ, radioactive elements
have contaminated the soil
[16] and are constantly enter-
ing the bodies of local resi-
dents through biological
chains.

When incorporated into vital
organs [17], radionuclides
187Cs and °°Sr affect cellular
energy, contributing to the
disruption of amino acid me-
tabolism, in particular methio-
nine and H,,

As a result an increase in
the H., level was recorded
even W|th homozygous vari-
ants of neutral alleles of ge-
netic polymorphisms that
control the main enzymes of
the FC (Table 1).

Conclusions

In the body of most children
living in the area affected by
the Chornobyl accident, near
the ChEZ, the level of H,
the blood exceeds the phyS|-
ological level.

H,, metabolism is associ-
ated with the FC enzyme sys-
tems, transsulfuration and
deiodination cycles, TSH and
thyroid hormones.

In  children developing
under conditions of constant
radiation exposure, the FC en-

zyme system plays an impor-
tant role in the formation of
regulatory connections be-
tween the pituitary gland and
the thyroid gland.

The concentration of vita-
mins Bg and B, in the blood
reflects the ability of FC en-
zymes to methylate H,

The homozygous varlant of
the T allele MTHFR:677 in the
genome of children reduces
the content of active forms of
vitamin Bg and increases the
content of H, in the blood.

With the homozygous vari-
ant of the G allele MTR:2756,
the process of formation of
the active form of By, is dis-
rupted, which entails activa-
tion of the transsulfuration
reaction cycle and a decrease
in the level of H., in the blood.

Anincreased content of Hg,
in the blood induces the syn-
thesis of TSH in the cells of
the adenohypophysis, which
is involved in the process of T,
deiodination and the forma-
tion of Ts.

The level of T, in the blood
depends on how this metabo-
lite is used by peripheral or-
gans and tissues, and
indicates what the energy
needs of the body are.

Peripheral organs, including
the liver and kidneys, are re-
sponsible for the utilization of
T, and the formation of T3, the
active form of thyroid hor-
mones.

T3 has a stimulating effect
on FC enzymes, which leads
to increased methylation of
Hcy and increased formation
of internal methionine.

At the same time, T; blocks
the utilization of Hg, in the
cycle of transsulfuration reac-
tions.

Thus, T3 maintains the re-
quired concentration of Hg,
the body.

The effect of T3 on FC is ex-
pressed in heterozygous vari-
ants of the risk alleles of the
MTR:2756, MTHFR:677 poly-
morphisms.

The radiation factor, in the
form of radionuclides incor-
porated into the body, has a
negative effect on the process
of H,, methylation, causing a
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state of hyperhomocysteine-
mia in adolescent children liv-
ing near the ChEZ, regardless
of the state of the FC genes.
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