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blood level of homocysteine — a
product of the metabolism of
the essential amino acid
methionine — exceeds the phy-
siological threshold in more
than 75.0% of children aged
12-17 years old in districts
located near the Chornobyl
nuclear power plant (lvankivsky
and Polessky districts) [1].

This effect associated with
the abnormal functioning of the
folate cycle (FC) is based on
both genetic changes and the
environmental impact on a
growing organism caused by
the accident at the Chornobyl
nuclear power plant [2].

The abnormal functioning of
the folate cycle in adults is
known to be the basis for the
development of cancers, in par-
ticular, breast cancer [3-5],
which incidence in Kyiv region is
the highest among all the
regions of Ukraine and increas-
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es annually (fig. 1) [8-12].

Special attention in the etiolo-
gy of breast cancer is given to
carriers of the T risk allele of the
MTHFR:677 genetic polymor-
phism [13, 14].

Taking this into account, the
aim of this study was to make
an assessment of the preva-
lence of this allele in a group of
girls from Ivankivsky and Po-
lisky districts located near the
Chornobyl exclusion zone. In
addition, we assessed variants
of combined carriership of the
T allele with risk alleles of other
genetic polymorphisms regu-
lating the FC.

Material and methods.
The group under analysis
included 251 girls aged 8-17
years old. All the children had
blood drawn from the ulnar
vein after fasting in the morn-
ing in order to carry out gene-
tic analysis. The following

¢isamy MTHFR:C677Ty 142 piteti (56,6%).
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MerTtoro pobortu Oysia OLjiHKa rMoLIMPEeHOCTi anesi
pu3uky T reHeTu4yHoro rnoJaiMop@iamy
MTHFR:677 y rpyni [iB4atok i3 IBaHKIBCbKOIO i
lMonicbkoro paroHiB, po3TaLloBaHUX nobn3y
HYopHOBWIbCbKOI 30HW BiAYYXXEHHSI, | BaPIaHTIB
rnoeaHaHoro Hocivictea aneni T 3 anesnsMmm pu3v-
KY [HLLINX TeHETUYHUX M0J1IMOPQI3MIB, LLLO KOHT-
POJIOOTE PONATHUM LINKIT.

MeTogun. IMyHOXIMIYHWV, CTATUCTUYHWIA.
Pe3ynbratn. [eHETUYHY CXWUIbHICTb A0 PU3UKY
BUHWKHEHHS paKky MOJIOYHOI 3a/1031 MpoaHa’sli3o-
BaHO y rpyni, 1o cknaganacs 3 251 niB4arok-
nigniTkiB. BusiBneHo HocincTBo asnesi T nosimop-

romosurotHwii BapiaHT T/T 3ycTpivaBcs 'y 25 naiB-
yarok (10,0%). y 60 3 Hux (23,9%) peecTpyBana-
Cs1 KOMayHA-reTepo3nNroTHICTb 3a anessiMu
677CT/1298AC reHa MTHFR.

BucHoBkU. BusiBieHi reHeTUYHI 3MiHW pO1aTHO-
ro UmKJ1y Npu3BOASITh 40 3HAYHOIO 3HMKEHHS
akTUBHOCTI METIZIeHTeTparigapo@onarpenykrasm
i, BiAMOBIAHO, 30i/IbLLIEHHSI BMICTY FrOMOLMCTEIHY
Y KPOBI, CTBOPIOKOYM YMOBU [J151 PO3BUTKY OHKO-
JIOrYHUX 3aXBOPIOBaHb MOJIOYHOI 3aJ103U.
3Baxaroum Ha BUCOKUI PIBEHb FrEHETUYHOT
CXWJIbHOCTI, 3 YpaxyBaHHSIM MOCTIFiHOr O BriINBY
Ha opraHi3m pPanioakTUBHUX €/IEMEHTIB | MPoAYK-
TIB IXHbOro po3nany, BUHUKHEHHS 4epes Lie
Ceprio3HUX rnopyLLeHb 0OMiHY Ppe40BUH, HeobXia-
HO BUAINSTY rpyry pU3UKY OiTeV 040 BMOBIP-
HOCTIi BUHVKHEHHSI OHKOJIOIYHUX 3aXBOPIOBAHb
MOJIOHYHOI 3a/1031.
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The aim of this paper was to assess the
prevalence of the T risk allele of the
MTHFR:677 genetic polymorphism in a group
of girls from Ivankivsky and Polisky districts
located near the Chornobyl exclusion zone. In
addition, we assessed variants of combined
carriership of the T allele with risk alleles of
other genetic polymorphisms regulating the
folate cycle.

Research methods. Immunochemical, statistical.
Results. Genetic predisposition to breast can-
cer risk was analyzed in a group of 251 ado-
lescent girls. Carriership of the T allele of the
MTHFR:C677T polymorphism was found in

—®-

142 children (56.6%), while the homozygous
T/T variant was found in 25 girls, or in 10.0%
of cases. Compound heterozygosity for the
677CT/1298AC alleles of the MTHFR gene
was recorded in 60 individuals, or in 23.9% of
cases.

Conclusions. The revealed genetic changes
in the folate cycle lead to a significant
decrease in the activity of methylenetetrahy-
drofolate reductase, and, accordingly, to an
increase in the level of homocysteine in the
blood, creating conditions for the occurrence
of breast cancer.

Given the high level of genetic predisposition,
taking into account the constant impact on the
body of radioactive elements and their decay
products, the occurrence, as a consequence,
of serious metabolic disorders, it is necessary
to identify the breast cancer risk group of chil-
dren.

Keywords: folate cycle, risk alleles,
breast cancer, adolescent girls, radiation
contaminated areas.

allelic variants were identified A1298C of the MTHFR gene methionine synthase) and
at a laboratory certified under (methylenetetrahydrofolate A66G of the MTRR gene
quality standards with the con- reductase), A2756G of the (methionine synthase reduc-

sent of parents: C677T and MTR gene

Dynamics of standardized (per 100 000 of population;
Ukrainian standard) breast cancer incidence ratio for women

in Ukraine and Kyiv region

(B12-dependent tase). For this purpose, a real-

Figure 1 time PCR method was used.
Analyser and test kit: DT-96
detecting thermocycler, DNA-
Technology (Russia).
Results and discussion. The

absence of risk alleles of all

polymorphisms under study
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258 ig_ was found in 2.39% of cases.
o8& ) The largest number of cases
°gw 60" fell within carriers of risk alleles
ﬁ?.g 50 1~ of two polymorphic alleles

285 40" (table 1).
T3 30 The Iarges_t number of cases
S58c 5 of the carriership of neutral
563 . allele homozygotes in the
228 10¢ group of children under study
528 ok : : : : was accounted for by the
2 2014 2015 2016 2017 2018 Years MTR:A2756G polymorphism
@ Ukraine  OKyiv region that affects the synthesis of
B12-dependent methionine
Table 1 Synthase, the smallest number
Prevalence of genetic polymorphism risk alleles of cases fell within the

in the examined

MTRR:A66G  polymorphism
that has an impact on the syn-

Subgrgup ’\:9’ Girls group of girls from Ivankivsky and Polisky districts | thesis of methionine synthase
numbper o
. reductase, an enzyme that
| h 9 ’ L
POIYMOTPNISMS Abs. number Percentage, % restores the activity of Biz-
No 1 - «0» 6 2.39 dependent methionine syn-
Ne 2 — «1» 37 14.74 thase.
N 3 — <2 112 24,62 The largest percentage
among the risk allele homozy-
Ned - «3» 75 29.88 gous carriership figures is
Ne 5 — «4» 21 8.37 associated with the MTRR:
Total 251 100.0 AB6G polymorphism.
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The carriership of the
MTHFR:C677T polymorphism T
allele was observed in 142 girls
(56.6%), while the T/T homozy-
gous variant was found in 25
girls or in 10.0% of cases (table
2). This genotype variant leads
to a significant decrease in the
activity of methylenetetrahy-

drofolate reductase and,
accordingly, an increase in
blood homocysteine levels

[15].

It is placed on the same level
as the TT genotype of the same
polymorphism in terms of the
degree of inhibition of the
methylenetetrahydrofolate re-
ductase enzyme activity, and
accordingly, the degree of
increase in the blood level of
homocysteine [17].

In the group of girls under
study, compound heterozygos-
ity for the MTHFR gene
677CT/1298AC alleles was
found in 60 girls or in 23.9% of
cases, while the carriership of
the 677 MTHFR polymorphism
TT homozygous variant was
observed in 25 girls, or in
10.0% of cases. Thus, there is
genetically determined predis-
position to the abnormal func-
tioning of the FC and the
increase in the blood homocys-
teine level in 85 girls or in
33.9% of cases in the studied
population of children (table 3).

Heterozygous associations of
the MTHFR:C677T and MTRR:
AB6G, as well as MTR:A2756G
and MTRR:A66G polymor-
phisms were noticed to be an
internal factor contributing to
the occurrence of severe dis-
eases, including congenital
defects [17, 18].

In the group of girls under
study, the compound heterozy-
gosity of the MTHFR:677CT/

MTRR:66AG polymorphisms
was observed in 61 girls, or in
24.3% of cases, the compound
heterozygosity of the MTR:
2756AG/MTRR:66AG polymor-
phisms was found in 37 girls, or
in 14.7% of cases (table 3).
Attention should be given to the
compound heterozygosity of the
MTR: 2756AG/MTHFR:677CT
polymorphisms in 35 girls, or in
13.9 of cases, because there
occurs a combined disruption
of the functioning of the main
enzyme systems of the FC. In
this case, the environmental
effect in the form of radiation
will be a provoking factor. The
combinations of a homozygous
variant of one polymorphism
and a heterozygous variant of
another one were observed
less frequently, while the com-
binations of homozygous vari-
ants of risk alleles of these
polymorphisms were not found
at all (table 3).

Thus, we should acknowl-
edge that the girls of the exam-
ined group from the districts
bordering the Chornobyl exclu-
sion zone have a high level of
genetic predisposition to can-
cer, including breast cancer.

Hyperhomocysteinemia, a
condition when the level of
homocysteine in the blood
exceeds the physiological
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NMPOBJIEMU YOPHOBUJIA

threshold is a manifestation of
dysfunction of the genetic sys-
tem that controls the folate
cycle. This condition in chil-
dren of Ivankovsky and
Polessky districts was espe-
cially evident after forest fires
in the Chornobyl exclusion
zone [19].

In particular, the blood con-
centration of homocysteine
above 10 umol/L was reported
in 89 out of 137 examined girls
from these districts (65.0%)
after the 2015 forest fires [20].

At the same time, hyperho-
mocysteinemia was not associ-
ated with the number of the
folate cycle genetic polymor-
phisms under study, despite
the carriership of several vari-
ants of the latter by the majority
of girls in the group under
analysis. In addition, there was
a clear direct association
between the blood homocys-
teine level and the severity of
the genetic risk associated with
a genetic polymorphism re-
sponsible for the synthesis of
methylenetetrahydrofolate
reductase — the main enzyme
of the FC (table 4) [20].

In order to carry out correla-
tion studies that determine an
association between blood Hcy
levels and genetic abnormali-
ties in the FC, in a number of

Table 2

Frequency of polymorphic alleles of folate cycle genes in examined girls from Ivankivsky

and Polisky districts

Genotype variants
Gene, «Neutral» allele Homozygous «Risk» allele Heterozygous «Risk» allele Homozygous
polymorphism variant variant variant
Abs. number % Abs. number % Abs. number %
MTR:A2756G 157 62.5 80 31.9 14 5.6
MTHFR:A1298C 122 48.6 110 43.8 19 7.6
MTHFR:C677T 109 43.4 117 46.6 25 10.0
MTRR:A66G 45 17.9 120 47.8 86 34.3
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cases under consideration, the
MTHFR C677T genotypes un-
der analysis were assessed
using a point system (0-2)
depending on how they affect
Hcy formation — R genetic risk
scores: «0» — 677CC genotype
— no risk; «1» — 677CT geno-
type — low risk; «2» — 677TT
genotype — high risk [15].

—®-

The strongest association
was reported ith the homozy-
gous variant of the MTHFR:
677 T/T risk allele [15]. At the
same time, the external envi-
ronmental factor in the form
of radionuclides and wood
combustion products con-
tributed to a decrease in the
activity of this enzyme by

Table 3

Prevalence of combinations of folate cycle genetic
polymorphisms in the group of girls (n = 251)

MTHFR:C677T and MTHFR:A1298C polymorphism genotypes

CT677 - AC1298

CT677 - CC1298

TT677 - AC1298 | TT677 — CC1298

n % n % n % n %
60 23.9 0 0 0 0 0 0
MTHFR:C677T and MTRR:A66G polymorphism genotypes
CT677 - AG66 CT677 - GG66 TT677 - AG66 | TT677 — GG66
n % n % n % n %
61 24.3 41 16.3 11 4.4 8 3.2

MTR:A2756G and MTHFR:C677T polymorphism genotypes

AG2756 - CT677

AG2756 - TT677

GG2756 - CT677| GG2756 — TT677

n % n %

n % n %

35 13.9 6 2.4

9 3.6 0 0

MTR:A2756G and MTRR:A66G polymorphism genotypes

AG2756 — AG66

AG2756 - GG66

GG2756 — AG66 | GG2756 — GG66

n % n %

n % n %

37 14.7 29 11.6

8 3.2 1 0.4

Table 4

Results of correlation analysis between homocysteine,
vitamins Bg and B, levels, number of polymorphisms and

genetic risk scores in the group of girls [15]

Para- | Correlation Parameter
meter coefficient, .
significance p Hcy B12 B9 Npol Risk
Spearman’s 1.000 |-0.213*|-0.378**| - 0.028 | 0.303**
Hey Sig. (2-tailed) . 0.013 | 0.0001 | 0.747 | 0.0001
N 137 137 137 137 137
Spearman’s -0.213* | 1.000 | 0.208* | -0.082|-0.011
B2 Sig. (2-tailed) 0.013 . 0.015 | 0.343 | 0.897
N 137 137 137 137 137
Spearman’s -0.378**| 0.208* | 1.000 0.047 |-0.193*
Bg Sig. (2-tailed) 0.0001 | 0.015 . 0.582 | 0.024
N 137 137 137 137 137
Spearman’s -0.028 | -0.082| 0.047 1.000 |0.285**
Npol Sig. (2-tailed) 0.747 0.343 0.582 . 0.001
N 137 137 137 137 137
Spearman’s 0.303** | -0.011 | -0.193* |0.285**| 1.000
Risk Sig. (2-tailed) 0.0001 | 0.897 | 0.024 | 0.001 .
N 137 137 137 137 137

Note: Hey — homocysteine, N — number of observations,

Npoi — number of polymorphisms.

* — correlation is significant at the 0.05 level (2-tailed),
** — correlation is significant at the 0.01 level (2-tailed).

blocking energy processes in
the cell [19].

Conclusions

1. In the population of girls liv-
ing in districts bordering the
Chornobyl exclusion zone, a
predisposition to abnormal
functioning of the folate cycle
and an increase in the blood
level of homocysteine associat-
ed with the MTHFR:677 genetic
polymorphism T allele was
identified in 56.6% of cases. A
homozygous variant of the T
allele carriership was reported
in 10.0% of cases, the com-
pound heterozygosity for the
677CT/1298AC alleles of the
MTHFR gene was observed in
23.9% of cases.

2. The compound heterozy-
gosity of the MTHFR:677CT/
MTRR:66AG, MTR:2756AG/
MTRR:66AG and MTR:2756AG
/MTHFR:677CT polymorphisms
observed in 24.3%, 14.7% and
13.9% of cases respectively
also contributes to the abnor-
mal homocysteine metabolism.

3. The genetic changes in the
folate cycle that were found
provide conditions for the
occurrence of cancers, includ-
ing breast cancer.

4. Taking into account the
high level of a genetic predis-
position and constant effect of
radioactive elements and their
decay products on the organ-
ism, and as a result, the occur-
rence of serious metabolic dis-
orders, it is necessary to identi-
fy a children’s breast cancer
risk group.
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MMPODUIIAKTUIKA PAKA MOJIOYHOU
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Llenbto paboTsei Obisia OLIEHKA BCTPEHaeMoCTH
asanenu pucka T reHeTu4eckoro rnoJmmMoppmn3-
ma MTHFR:677 B rpyrnne 4eBOYEK 13
WBaHkoBckoro v lMonecckoro parioHoB, pac-
r0J10XXEHHbIX BO/IM3u HYepHOObI/IbCKOVi 30HbI
OTYYXXKAEHWS, 1 BAPNAHTOB COYETAHHOIr0 HOCH-
TenbCcTBa asuienn T ¢ annensamm pyucka gpyrmx
reHeTnYeCKMX noIMMopPPU3MoB, KOHTPOJIN-
PyroLMX posaTHbIN LUK,

MeToabl nccnengoBaHusl.
NIMMYHOXUMUNYECKNK, CTaTUCTUYECKIN.
Pe3synbrarbl. [eHeTuYeckas npeapacrosio-
XKEHHOCTb K PUCKY BO3HUKHOBEHMST paka
MOJIOYHOWU Xese3bl MPoaHaIn3npoBaHa B
rpynne, cocrosilen n3 251 geBo4yek-noapocT-
KOB. BbISIBIEHO HOCUTEILCTBO asiienn T nosau-

—®-

moppuama MTHFR:C677Ty 142 geteri
(56,6%), pu 3TOM roMO3UrOTHbI BapUaHT
T/T BcTpeyasicsa y 25 nesoyek, nan B 10,0%
cnyyaeB. Y 60 nuu, nam B 23,9% cyyaes,
perucTpupoBasack KOMNayHa-retTepo3nroT-
HocTb no annensam 677CT/1298AC reHa
MTHFR.

BbiBOAbI. BbiSIB/IEHHbIE FTEHETUHECKNE N3ME-
HeHus1 poNaTHOro UMKIa rnPUBOASIT K 3HAYN-
TE€/IbHOMY CHVIXXEHWIO aKTUBHOCTY METU/IEH-
TeTparuapogonarpeaykrasbl U, COOTBET-
CTBEHHO, YBEJINHEHWIO COAEPXAaHMNS TOMOLIM-
CTeuWHa B KpoBuM, co3aaBasl yCJ/10Bus 4J1s1 BO3-
HUKHOBEHUST OHKOJIOMM4eCcKinx 3ab0s1eBaHnii
MOJIOYHOW Xese3bl.

YunTtbiBasi BbICOKUV yPOBEHb FreHETUHECKOM
npeapacriooOXeHHOCTU, a TAKXe rNoCTOSTHHOE
BO3A€ViCTBME HA OPraHn3mM pPaamoakTUBHbIX
3/1IeMEeHTOB U NMPOAYKTOB UX pacrnana, BO3HUK-
HOBeHUe, Kak C/1eCTBUE 3TOro, CepPbe3HbIX
HapyLeHui obMeHa BelLLlecTB, HeobXoANMO
BbIAENISITE FPYIy PUCKa AETEeN B OTHOLLIEHUY
BO3HUKHOBEHMST OHKOJ1I0rn4eckmx 3abosiesa-
HUK MOJIOYHOV X€EJ1e3bl.

KnroyeBbie cnoBa: ¢ponaTHbI LUK,
asnnenuv pucka, pak MOJIO4YHOM xesie3bl,
AeBOYKU-NoapoCTKN, pagnoakTUBHO
3arpsi3HeHHbIe TEPPUTOPUMN.
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SAKOHOMIPHOCTI MOPMYBAHHA 3AKBOPHIBAHD
NEYIHKH Y NOCTPAXIANUK BHACHIAOK ABAPII
HA YOPHOBHNBCBKIN AEC

Yymak A.A., CapkicoBa E.O., AnboxiHa C.M., Megeepoecbka H.B.,
OBcsHHikoBa J1.M., Mannwescbka €.M.

PATTERNS OF LIVER DISEASE FORMATION
IN VIGTIMS OF THE CHORNOBYL NUCLEAR POWER
PLANT AGGIDENT
problem not only of

1ICHUMAK A.A., N
modern hepatology, but

1SARKISOVAE.O.,
1ALEKHINA S.M.,
2MEDVEDOVSKA N.V.,
1:20VSIANNIKOVAL.M., 3|50 has a global importance
for the state of human health,
which is both due to the broad
reach and the consequences

on-alcoholic fatty liver
disease (NAFLD) is a

1,2MALYSHEVSKA Y.M
Research Center for Radiation
Medicine of the NAMS . .
of Ukraine» ©°f the progression of this

Department of the National of the liver cirrhosis, hepato-

Academy of Medical Sciences, cellular carcinoma, liver-cell
of Ukraine  deficiency [1].

MEYIHKN Y NOCTPAXOAJIMIX BHAC/IIAOK ABAPI|
HA YOPHOBWNJIbCbKIN AEC
1Yymak A.A., 1CapkicoBa E.O., 1AnboxiHa C.M.,
1.2ManunweBcbka €. M.
1Y «HauioHa/ibHW HayKOBUK LEeHTP paaialiriHoi MeanunHi
HAMH YkpaiHnn», m. Knis

1State Institution «National
2Scientific Coordination ~ Pathology — the development
3AKOHOMIPHOCTI ®OPMYBAHHS SAXBOPIOBAHb
2MepgBenoBcbka H.B., 1.20BcsiHHikoBa J1.M.,
2HaykoBo-koopanHauiviHe ynpasiiHHa HAMH Ykpainv, m. Kuis

MeToro gocnigKeHHs1 CTasio BU3HA4YEHHST MexaHi3MiB ¢popmy-
BaHHS1 Ta MpPOrpPenieHTHOCTI XPOHIYHUX ANDY3HMX 3aXBOPHOBAHb
reyiHku y nocTpaxaaanx BHacaiaok aBapii Ha YAEC 3 po3po0bkoto
LiarHOCTUYHUX KPUTEPIIB PiGPO3HVX 3MIH 3 LjiEt0 Narosioriero.
Marepianamun gocnig>xeHHs 6ynv pe3ynbtat 0OCTEXEHHS Ta
JIiKyBaHHS B ymoBax kiiHikv Y «HHLPM HAMH YkpaiHu»
riocTpaxaasanx BHacaigok YopHobuabCcbKoi katacTpopu, 57 3
SKUX, 3a KPUTEPISIMU BKJTIOYEHHS Ta BUKJTIOYEHHS], BYJ/10 BigHe-
CEeHO [0 OCHOBHOI rpynu.

MeToagum gocnip>xeHHs: 3ara/ibHOKJ/1iHIYHEe OOCTEXEeHHS,
IHCTPYMEHTasIbHI AOCAKEHHS ( Y/1bTPa3ByKoBa AiarHoCTuKa
OopraHiB 4YePEBHOI MOPOXHUHM), BIOXIMIYHI, MEAMKO-CTATUCTNY-
Hi, iIH(bopMaLiviHO-aHaliTUYHI.

Pe3ynbraTtn gocnigxeHHs. [JoBeaeHo, L0 y NoCTpaxaaamx
BHacs1inok YopHobuibCbKOi KaTtacTpogy OCHOBHOK NaToJ/Ioriet
MeyiHKy € HeasikoroJibHa XupoBa xBopoba rneyiHku (HAXKXT),
Ha T71i IKOi pO3BUBAETHCS BUPAaXEHE rNMopyLUIEHHS XUPOBOIro
0OMiHY, JOCTOBIPHE 3HUXXEHHS XO/1eCTeEPUHY, 6eTa-ninonporTei-
AiB, L0 MOXHa BBaxkxatvi MapKkepoM PO3BUTKY Lnpo3y B YJTHA,
xBopux Ha HAKXTT; HaBeaeHO YNHHVKU MPOrpecyBaHHs LMpo3y
3 MaHigecTaLliero 3axXxBOPIOBaHHS Ha cTaii JeKoMrieHcadlii.
Knio4oBi cnoBa: nocrtpaxagani BHacnigok YopHobunbcbkoi
kaTtacTpogu, XpOoHivYHi AN y3Hi 3aXBOPIOBaAHHS

neyinkmn, HAJKXI1, HACT.
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