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TEHETHYHI NONIMOP®I3MH MONATHOTO LWHKNY
| TINEPTOMOLMCTEIHEMIA Y RITEH 13 PRHOHIB,
10 MEXYHOTDb 3 YOPHOBUNIbCbKO) 30HOH BIIYYKEHHA

Banpaxescbkuii 10.1., Ayoosa H.D.

GENETIC POLYMORPHISMS OF THE FOLATE CYCLE
AND HYPERHOMOCYSTEINEMIA IN CHILDREN
FROM AREAS BORDERING THE CHORNOBYL
EXCLUSION ZONE

yperhomocysteinemia is an in-
creased content in the blood, in
excess of the established phys-
iological level, of the sulfur-con-
taining amino acid homocys-
teine (H.,), @ metabolic product
of the essential amino acid me-
thionine (Met).

Elevated levels of H., in the
blood are associated in adults
with a number of serious dis-
eases associated with impaired
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FEHETW4YHI INMOJIIMOP®ISMUN ©OJIATHOIMO LIMKITY
I TINEPFOMOUNCTEIHEMIS Y AITEV I3 PAUUOHIB,
LLJO ME>XKYIOTb 3 HOPHOBWJIbCbKOKO 30OHOKO
BIAYY>KEHHSA

BaHgaxeBcbknii 0.1., ly6osa H. .

KoopAanHaLiviHni aHaniTUSHUNA LLEHTP

«Ekosiorisi i 310poB’s», IBaHKIB, YkpaiHa
MerTta gocnig>xeHHs1: BCTaAHOBJIEHHS] 3B 93Ky MiXK rMOJ1iMOp -

pizmamm poaaTtHoOro UMKy Ta CTaHOM rirneproMouncTeiHe-
Mii'y AiTeN, SKi MPOXUBAaIOTh y ParioHax, LU0 MEXYITh 3
YopHObWIbCLKOK 30HOO Bia4YyXXeHHs (Y3B).

MeTtoau gocnipXxeHHs: 1a60paToOPHUA, FreHETUYHWI,
mMaremartuko-CTaTtuCTUYHUA.

Pe3ynbraTtn. BusHauyeHo piBHi romouuncteidy (Hg,) y kposi,
a TaKkoX reHeTUYHi MNosiMopiamu ¢onatHoro umky (DL) y
690 aitevi (322 xnon4yukiB Ta 368 fgiB4yarok) Bkom 8-17
POKIB, sIKi MPOXunBaTb Nobamn3y Y3B. BctaHOBAEHO, LLO Y
97,8% BunaakiB ATy Maiv reHOTUMNM 3 anesisiMm PU3NKY
nosimMopgiamiB PL|. HarviyacrTilue 3ycTpiyanncs rnoeaHaHHs
/1BOX Ta TPbOX M0OJIIMOPGHUX BapIiaHTIB.

luToma Bara BunaakKiB rineproMoumcTeiHemMii peecTpyBa-
nacs y 62,5% obctexeHuvx 4iten i He 3anaexana, sk npa-
BWJ10, BiA Yyncna nonimopgiamis OL| 3 anensamuv pusuvky. Y
rpynax aiteu, Ha BiaMIHy Big ixHix matepiB, GyB BigCYTHIl
KopensuiviHnii 38’30k MiX KOHLeHTpauieto H,, y KpoBi Ta
KisIbKicTIO nosiiMopiamiB DL 3 anensmm pusuky.

YacTtoTta Bunagkis rinepromoumncTeiHemii' y xnomnyvkis 6yna
BIpOrigHO BULLOIO, HX y AiB4atok. CTaH rinepromoumcrei-
Hemii BusiBneHo y 40% Bunaakis cepea Aitev 3a BigCyTHO-
CTi anesniB pU3nKy reHeTUYHmX rnosiMop@iamis PLJ.
feHoTnnm 3 anesbHUMM BapiaHTamMmm OHOro rnoJaiMop@iamy
®L| BusisneHo y 15% sunazkis. [Npv LbOMY BUCOKa YacToTa
rineproMouncTeiHemii peecTpyBasacs y nigrpyrni 3 reHoTu-
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blood supply to vital organs,
cancer, pathology of preg-
nancy and embryo develop-
ment, and diseases of the
nervous system [1-6].

In children, hyperhomocys-
teinemia was recorded much
less frequently, in particular,
with the development of is-
chemic stroke [7].

However, in the course of
the socio-medical project of
the European Union in Ukraine
«Health and Ecological Pro-
grammes around the Chorno-
byl Exclusion Zone: Develop-
ment, training and coordina-
tion of health-related proj-
ects», hyperhomocysteinemia
was detected in more than
70% of cases in children living
near the Chornobyl Exclusion
Zone (ChEZ), under condi-
tions of constant radiation ex-
posure [8].

Given the importance of Met
and Hg, exchange in human
life, it is logical to study the
causes of this phenomenon.

In this case, first of all, it is
necessary to assess the ge-
netic factor that controls the
enzymatic system of the fo-
late cycle (FC).

The most studied genetic
polymorphisms in this regard
are MTR:A2756G, affecting
methionine By, synthase,
MTRR:A66G, affecting me-
thionine synthase reductase,
MTHFR:A1298C and MTHFR:
C677T, affecting methylene-

tetrahydrofolate reductase
activity. All of them, to some
extent, are important in the
processes of H,, methylation
and its transformation into in-
ternal Met [9].

Each of these polymor-
phisms can have three allelic
forms: a homozygous variant
of risk alleles, a heterozygous
variant that includes a risk al-
lele and a neutral allele, and a
homozygous variant of neutral
alleles.

In one organism, allelic vari-
ants of all four of these FC
polymorphisms are present
simultaneously.

From a scientific and practi-
cal point of view, it is impor-
tant to determine the role of
FC genetic polymorphisms,
including allelic variants of
one polymorphism, as well as
combinations of allelic vari-
ants of several polymor-
phisms, in the occurrence of
hyperhomocysteinemia.

The aim of the work is to es-
tablish a relationship between
polymorphisms of the FC and
the state of hyperhomocys-
teinemia in children living in
areas bordering the ChEZ.

Material and methods. A
genetic and laboratory exami-
nation was carried out on 690
children (322 boys and 368
girls) aged 8-17 living near the
ChEZ, in the Ivankivskyi and
Poliskyi districts of the Kyiv re-
gion. The project, agreed with

nom T/TMTHFR:677, i y GiflbLLIOCTi reHeTUYHNX Miarpyr.
Bucoka yactorta rinepromMoumncTeiHeMii 3a 4oTMpbOX MoJli-
Mop@i3miB 3 anenssmu pusnky 6ysa rnos’s3aHa 3 KoMa-
yHA-retepoaurotamm A/CMTHFR: 1298 ta C/TMTHFR:677
y noeaHaHHi 3 reHotunamm A/G MTR: A2756G T1a G/G

A66G.

FOMO3UroTHWY BapiaHT HENTPasbHOI asnesli A reHeTUYHOro
nonimop@iamy MTRR:A66G, L0 KOHTPOJIIOE METIOHIH CUH-
Ta3y peaykraau, CripysiB roJiirlleHHI rnpoLecis METUIIIO-
BaHHs H,, 3a anesnis puaunky Tpbox rnoaiMopgiamis dL.
BucHoBku. [lpoBeneHi 4OCiOXEHHS CBiAYaTh rpo Te, Lo
y AiTevi Apyroro YopHOOMIbCbKOIro roKOoJIiHHS, SIKi Bif Ha-
POAXKEHHS MPOXNBAKTb B YMOBaX MOCTIVIHOIo pagiavivi-
HOro BrvBYy y parioHax, Lo rnocTpaxaasav Big aBapii Ha
YAEC, BUHWKHEHHS rineproMoumncTeiHeMii He rno’s3aHe 3
KOHKPETHUM reHOTUIMOM Ta KiJIbKICTHO rnoiMmop@iamis PL| 3
anensgmu puauky. OTpuMaHi pe3ynbTaTyv CBig4YaTh rnpo
y4acTb FreHETUYHOI O | 30BHILLIHLOIrO PakTopPIiB Y BUHUKHEHHI
rineproMoumncTeiHemii'y nonynsauii 4OCiaXyBaHUX OITEN.
Knro4yoBi cnoBa: rinepromouncreiHemisi, reHu
donarHoro uukny, anesni pusnuky, Bitu,
YopHobGUbCbKka 30Ha Big4y>)KEHHS.

the parents of the children,
was supported by the Euro-
pean Commission, the Re-
gional Council of Rhone-Alpes
(France), the French public or-
ganization «Children of Chor-
nobyl».

When examining children
who attended school, in the
morning, on an empty stom-
ach, blood was taken from the
cubital vein.

The study of blood samples
was carried out in a laboratory
certified according to interna-
tional quality standards.

During the genetic study of
FC, allelic variants of the ge-
netic polymorphisms MTHFR:
C677T and MTHFR:A1298C,
MTR:A2756G, MTRR:A66G
were determined. At the same
time, the following method
was used: PCR in Real-time
mode. Analyzer and test sys-
tem detecting cycler «DT-96»;
«DNA-Technology» (Russia).

The determination of H,, in
the blood was carried out
using the immunochemical
method with chemilumines-
cent detection (ECLIA). Ana-
lyzer and test system:
Architect 1000 (ABBOT Diag-
nostics (USA). The level of
Hcy in the blood of children
over 10.0 umol/I was defined
as a state of hyperhomocys-
teinemia.

Statistical processing of the
obtained results was carried
out using the IBM SPSS Statis-
tics 22 program (USA). Stu-
dent’s t-test was used to
compare relative scores. The
critical confidence level of the
null hypothesis (p) was taken
as 0.05. The hypothesis about
the type of distributions was
tested (Kolmogorov-Smirnov
criterion). All the studied pa-
rameters did not correspond to
the law of normal distribution.

The relationship between
H,y, values and the number of
genetic polymorphisms with
FCrisk alleles was determined
using the Spearman rank cor-
relation coefficient (r,y). The
statistical significance of the
indicators was assessed by
determining the significance
level p using a statistical pro-
gram. The strength of the cor-
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The aim of the work is to establish a relation-
ship between polymorphisms of the FC and
the state of hyperhomocysteinemia in chil-
dren living in areas bordering the ChEZ).
Research methods: laboratory, genetic,
mathematical-statistical.

Results: The levels of homocysteine (H,

in blood and genetic polymorphisms of the
folate cycle (FC) were determined in 690
children (322 boys and 368 girls) aged 8-17
years old living near the ChEZ. It was found
that 97.8% of the children had genotypes
with risk alleles of FC polymorphisms. The
most common combinations of 2and 3
polymorphic variants.

The proportion of hyperhomocysteinemia
cases was recorded in 62.5% of those exam-
ined and did not generally depend on the
number of FC polymorphisms with risk alle-
les. Unlike their mothers, there was no corre-
lation between blood H,, concentration and
the number of FC polymorphisms with risk al-
leles in children.

The frequency of hyperhomocysteinemia
cases in boys was likely higher than in girls.
Hyperhomocysteinemia was detected in
40% of cases among children with no risk

alleles for FC genetic polymorphisms.
Genotypes with allele variants of one FC
polymorphism were found in 15% of cases.
High frequency of hyperhomocysteinemia
was recorded both in the subgroup with T/T
MTHFR:677 genotype and in most genetic
subgroups. A high frequency of hyperhomo-
cysteinemia, with four polymorphisms with
risk alleles, was associated with compound
heterozygotes A/CMTHFR: 1298 and
C/TMTHFR:677 in combination with A/G MTR
genotypes: A2756G and G/G AG6G.

The homozygous variant of the neutral allele
A of the MTRR:A66G genetic polymorphism,
which controls methionine synthase reduc-
tase, contributed to the improvement of H,,,
methylation processes in risk allele variants
of three FC polymorphisms.

Conclusions: The conducted studies indi-
cate that in children of the second Chornobyl!
generation, who have been living in condi-
tions of constant radiation exposure in areas
affected by the Chornobyl accident since
birth, the occurrence of hyperhomocysteine-
mia is not associated with a specific geno-
type and the number of FC polymorphisms
with risk alleles. The results obtained indicate
the participation of genetic and environmen-
tal factors in the occurrence of hyperhomo-
cysteinemia in the population of children
living in areas located near the ChEZ.

Keywords: hyperhomocysteinemia,
folate cycle genes, risk alleles, children,
Chornobyl Exclusion Zone.

relation was assessed accord-
ing to the traditional scale:
weak — from 0 to 0.299;
medium - from 0.3 to 0.699;
strong — from 0.7 to 1.0.

Results and discussion. In
the studied groups of school-
age children from the
Ivankyvskyi and Polyskyi dis-
tricts of the Kyiv region of
Ukraine, the smallest propor-
tion had cases of the absence
of risk alleles for all analyzed
FC polymorphisms (table 1). A
slightly larger proportion were
cases of carriage of one poly-
morphism with a risk allele
(table 1). The highest propor-
tion had cases of carriage of
risk alleles for two and three
polymorphisms (table 1).

The proportion of cases with
three polymorphisms with risk
alleles in the group of boys
was significantly higher than
in the group of girls (table 1).

An increase in the level of
Hg, in the blood above physio-

logical parameters was
recorded in 431 out of 690
children (62.5%), while in 425
cases their genome contained
risk alleles for genetic poly-
morphisms of FC (98.6%). In
250 out of 675 children with
genetic polymorphisms of the

risk alleles of FC, the H level
did not exceed the upper limit
of the physiological level
(87.0%).

The smallest proportion of
cases of hyperhomocysteine-
mia was found in subgroup No.
1, in the absence of risk al-

Table 1

The proportion of cases involving genetic
polymorphisms of FC with risk alleles in the groups
of examined children

Sub- Groups of children by gender

group N Both sexes Boys Girls
No n % n % n %
1 0 15 2.2 5 1.5 10 2.7
2 1 103 14.9 50 15.5 53 14.4
3 2 313 | 454 138 42.9 175 47.6
4 3 209 30.3 111 34.5 98 26.6*
5 4 50 7.2 18 5.6 32 8.7
6 Allcases| 690 | 100.0| 322 | 100.0| 368 | 100.0

Note: N — number of polymorphisms.
* — statistical differences between boys and girls in subgroup

No. 4 (t=2.25; p=0.025415).
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leles for all 4 FC polymor-
phisms. At the same time, anin-
crease in the level of H, above
the physiological level was
recorded in 6 girls (table 2).

The proportion of cases of
hyperhomocysteinemia, re-
gardless of the number of
polymorphisms with risk alle-
les, in the general group of
children exceeded 60%, in the
group of boys — 70%, in the
group of girls — 50%.

In the general group, in sub-
group No. 5, with a combina-
tion of risk alleles of 4 poly-
morphisms, the proportion of
cases of hyperhomocysteine-
mia was significantly more
than in subgroup No. 1 with
the absence of risk alleles of 4
polymorphisms (tables 2, 3).

In the group of boys, the
proportion of cases of hyper-
homocysteinemia was statis-
tically more in subgroup No. 5

Table 2

The proportion of cases of hyperhomocysteinemia
in the groups of examined children

Sub- Groups of children by gender

group N Both sexes Boys Girls
No n % n % n %
1 0 6 40.0 0 0 6 60.0
2 1 66 64.1 38 76.0 28 52.8
3 2 193 | 61.7 98 71.0 95 54.3
4 3 132 | 63.2 81 73.0 51 52.0
5 4 34 70.8 16 88.9 18 56.3
6 All cases | 431 62.5 233 | 724 198 53.8

Note: N — number of polymorphisms.

Table 3

Statistical differences in the proportion of cases
of hyperhomocysteinemia in the groups of children

examined
Comparison groups/subgroups St?_?ggtt s Slglg\l;‘éclz,agce
Both sexes Ne 1 | Both sexes Ne 5 2.16 0.037029
Boys Ne 3 Boys Ne 5 2.14 0.034544
Boys Ne 2 Girls Ne 2 2.583 0.013741
Boys Ne 3 Girls Ne 3 3.10 0.002265
Boys Ne 4 Girls Ne 4 3.19 0.001781
Boys Ne 5 Girls Ne 5 2.84 0.007910
Boys Ne 6 Girls Ne 6 5.16 0.000001
Table 4

The results of the correlation analysis between H,,
and the number of genetic

Groups Correlation coefficient, Parameters
Mxy Hey, pmol/l | N
Spearman’s 0.003
Both sexes p 0.932
N 690
Spearman’s 0.097
Boys p 0.081
N 322
Spearman’s -0.093
Girls p 0.074
N 368

Note: N — number of polymorphisms of the folate
cycle genes with risk alleles.

compared with subgroup No.
3 (tables 2, 3).

In subgroups No. 2-6 of boys,
the proportion of cases of hy-
perhomocysteinemia was sig-
nificantly more than in similar
subgroups of girls (tables 2, 3).

In the analyzed groups,
there was no correlation be-
tween the number of poly-
morphisms with risk alleles
and the concentration of H,
in the blood (table 4).

In genetic subgroups, the
proportion of cases of hyper-
homocysteinemia did not de-
pend on the number of FC
polymorphisms with risk alle-
les (tables 5-7).

Previous studies have shown
that the most pronounced in-
crease in the level of H in the
blood, with the lowest content
of vitamin By, was recorded in
children with the T/TMTHFR:
677 genotype [10, 11].

In this study, in the case of
risk alleles of one polymor-
phism, statistical differences
were found in the group of
boys between subgroups
T/TMTHFR:677 and G/GMTRR:
66 (table 6).

In the case of risk alleles of
two polymorphisms, statisti-
cal differences were found in
the general group of children
between subgroups T/TMTHFR:
677 and A/GMTR:2756,
T/TMTHFR:677 and C/CMTHFR:
1298, and also, in the group of
girls between subgroups
T/TMTHFR:677 and C/CMTHFR:
1298 (table 5, 7). In the case
of risk alleles of the three
polymorphisms, statistical dif-
ferences between subgroups
in all groups of children were
not identified (tables 5-7).

The combination of risk alle-
les of all 4 determined FC
polymorphisms was distin-
guished by the absence of
T/TMTHFR:677 and C/CMTHFR:
1298 genotypes, and in-
cluded heterozygous variants
C/TMTHFR:677 and A/CMTHFR:
1298 (compound heterozy-
gotes) in combination with
risk alleles of MTR polymor-
phisms: A2756G and MTRR:
A66G (tables 5-7). At the
same time, the largest pro-
portion of cases of hyperho-
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mocysteinemia was recorded
with a combination of genotypes
A/GMTR:2756-A/CMT
HFR:1298-C/TMTHFR:677-
G/GMTRR:66 (table 8).

The presence in the
genome of the homozygous
variant of the neutral allele of
the studied FC polymor-
phisms did not significantly
affect the proportion of cases
of  hyperhomocysteinemia
with 1 or 2 polymorphisms
with risk alleles (tables 9, 10).

However, with three poly-
morphisms with risk alleles, in
the subgroup with the ho-
mozygous variant of the A al-
lele of the MTRR:66 poly-
morphism, the proportion of
cases of hyperhomocysteine-
mia was less than in the sub-

groups with homozygous vari-
ants of the neutral alleles of
the MTR:2756, MTHFR: 1298,
MTHFR:677 polymorphisms
(table 11). Statistical differ-
ences were traced in the gen-
eral group and the group of
boys (table 12).

The conducted studies
showed that the children’s
population on the territory of
the Ukrainian Polissia, near
the Chornobyl nuclear power
plant (ChNPP), is character-
ized by a large number of
cases with risk alleles for FC
polymorphisms. Only 2.2% of
children are not carriers of risk
alleles for the studied poly-
morphisms.

The greatest number of chil-
dren contain risk alleles of two

and three FC polymorphisms
in their genome.

Among the examined chil-
dren, cases with risk alleles of
one FC polymorphism amoun
ted to about 15%. At the same
time, the most common
genotypes were A/G MTRR:
66 and G/G MTRR:66.

In 62.5% of cases among all
examined children, a state of
hyperhomocysteinemia was
detected, indicating a viola-
tion of the processes of H,
remethylation and the forma-
tion of internal Met. The fre-
quency of manifestation of
the state of hyperhomocys-
teinemia, in most cases, was
not associated with the num-
ber of FC polymorphisms
containing risk alleles.

Table 5

The proportion of cases of hyperhomocysteinemia in the general group
of children with risk alleles for FC polymorphisms

Genetic polymorphisms with risk alleles
m;lrj]bggergggl/pe 1 polymorphism 2 polymorphisms | 3 polymorphisms | 4 polymorphisms
N’ N2 % N’ N2 % N’ N2 % N’ N2 %
A/GMTR:2756 4 3 75.0| 55 29 |52.73| 123 | 75 | 61.0| 44 30 | 68.2
G/GMTR:2756 2 2 100 10 6 60.0( 19 11 | 57.9 6 4 66.7
A/CMTHFR:1298 18 14 | 77.8| 109 | 69 | 63.3| 120 | 74 | 61.7| 50 34 | 68.0
C/CMTHFR:1298 6 2 33.3| 39 18 |46.24| 20 11 | 55.0 0 0 0
C/TMTHFR:677 14 8 571 120 | 76 | 63.3| 127 | 81 | 63.8| 50 34 | 68.0
T/TMTHFR:677 7 6 85.7| 33 25 | 75.8| 19 14 | 73.7 0 0 0
A/GMTRR:66 26 14 | 53.9| 145 | 89 | 614 | 122 | 84 | 68.9| 35 22 | 62.9
G/GMTRR:66 26 17 | 654 | 113 | 73 | 64.6| 76 45 | 59.2| 15 12 | 80.0

Note: N’ — number of children in the subgroup,; N° — number of cases of
hyperhomocysteinemia. N® — statistical differences in subgroups A/GMTR:2756

and T/TMTHFR:677 with two polymorphisms (t=2.30; p=0.025625),; N* — statistical
differences in subgroups C/CMTHFR:1298 and T/TMTHFR:677 (t=2.71; p=0.009755).

Table 6

The proportion of cases of hyperhomocysteinemia in the group of boys
with risk alleles for FC polymorphisms

Genetic polymorphisms with risk alleles
me?i%bggerr?g‘gl/pe 1 polymorphism 2 polymorphisms 3 polymorphisms 4 polymorphisms
N’ N’ % N' N2 % N’ N2 % N’ N2 %
A/GMTR:2756 2 2 100 25 15 | 779 | 68 48 | 706 | 16 14 | 87.5
G/GMTR:2756 2 2 100 4 2 50.0 | 10 7 70.0 2 2 100
A/CMTHFR:1298| 10 8 80.0 | 47 33 | 70.2 | 58 43 | 741 18 16 | 88.9
C/CMTHFR:1298| 2 1 50.0 | 283 12 | 52.2 | 12 8 66.7 0 0 0
C/TMTHFR:677 8 5 62.5 | 49 39 | 796 | 66 47 | 71.2 | 18 16 | 88.9
T/TMTHFR:677 2 2 100 12 10 [ 83.3| 13 10 | 76.9 0 0 0
A/GMTRR:66 9 7 77.8 | 68 47 | 69.1 | 68 53 | 77.9| 12 10 | 83.3
G/GMTRR:66 15 11 |73.33| 48 38 | 79.2 | 38 27 | 711 6 6 100

Note: N’ — number of children in the subgroup,; N° — number of cases of
hyperhomocysteinemia. N® — statistical differences in subgroups G/GMTRR:66 and
T/TMTHFR:677 with one polymorphism (t=2.34; p=0.0414).
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Only in the subgroup of boys
with a combination of four
polymorphisms with risk alle-
les, the proportion of cases of
hyperhomocysteinemia was
significantly higher than in the
subgroup of boys with a com-
bination of two polymor-
phisms with risk alleles.

Also, in groups of children,
no correlation was found be-
tween the concentration of
Hcy in the blood and the num-
ber of polymorphisms with
risk alleles.

At the same time, in moth-
ers, examined children, there
was a direct relationship be-

tween the number of genetic
polymorphisms of FC with risk
alleles and indicators reflect-
ing the content of H, in the
blood (r=0.336*, p=0.006,
n=66), as well as the propor-
tion of cases of hyperhomo-
cysteinemia (Fig. 1) [12].

The largest and smallest
proportion of cases of hyper-
homocysteinemia accounted
for, respectively, in subgroups
of children with risk alleles for
all four FC polymorphisms
and without them.

In the absence of polymor-
phisms with risk alleles, the
state of hyperhomocysteine-

mia was recorded only in the
group of girls.

However, the proportion of
cases of hyperhomocysteine-
mia in the same subgroups
with different numbers of risk
alleles in the group of boys
was significantly higher than
in the group of girls.

In certain genetic sub-
groups, there was no relation-
ship between the proportion
of cases of hyperhomocys-
teinemia and the number of
polymorphisms with risk alle-
les. At the same time, a high
frequency of hyperhomocys-
teinemia was recorded.

Table 7

The proportion of cases of hyperhomocysteinemia in the group of girls with risk alle-

les for FC polymorphisms

Genetic polymorphisms with risk alleles
mgil:]bggerr?gg//pe 1 polymorphism 2 polymorphisms 3 polymorphisms 4 polymorphisms
N’ N2 % N’ N2 % N’ N2 % N’ N2 %
A/GMTR:2756 2 1 50.0| 30 14 | 46.7| 55 27 | 49.1| 28 16 | 57.1
G/GMTR:2756 0 0 0 6 4 66.7 9 4 44.4 4 2 50.0
A/CMTHFR:1298 8 6 75.0| 62 36 | 58.1| 62 31 | 50.0| 32 18 | 56.3
C/CMTHFR:1298 4 1 25.0| 16 6 |37.53 8 3 37.5 0 0 0
C/TMTHFR:677 6 3 50.0| 71 37 | 52.1| 61 34 | 55.7| 32 18 | 56.3
T/TMTHFR:677 5 4 80.0| 21 15 | 71.4 6 4 66.7 0 0 0
A/GMTRR:66 17 7 41.2| 77 42 | 545| 54 31 | 57.4| 23 12 | 52.2
G/GMTRR:66 11 6 545| 65 35 | 53.8| 38 18 | 47.4 9 6 66.7

Note: N — number of children in the subgroup,; N2 — number of cases of hyperhomocys-
teinemia. N° — statistical differences in subgroups T/TMTHFR:677 and C/CMTHFR: 1298
with two polymorphisms (t=2.17; p=0.04347).

Table 8

The proportion of cases of hyperhomocysteinemia
in groups of children with an association of risk
alleles of 4 FC polymorphisms

Groups of children by gender

Genotypes Both sexes

Boys Girls

N' | N2 | %

N'" [ N2 | % | N'" | N2 | %

A/GMTR:2756-
A/CMTHFR:1298-
C/TMTHFR:677-
A/GMTRR:66

29 | 18

62.1

10 | 8 |80.0| 19 | 10 |52.6

G/GMTR:2756-
A/CMTHFR:1298-
C/TMTHFR:677-
A/GMTRR:66

66.7| 2 | 2

100| 4 | 2 |50.0

G/GMTR:2756-
A/CMTHFR:1298-
C/TMTHFR:677-
G/GMTRR:66

A/GMTR:2756-
A/CMTHFR:1298-
C/TMTHFR:677-
G/GMTRR:66

15 | 12

80.0| 6 | 6

100 9 | 6 |66.7

Note: N' — number of children in the subgroup;
N? — number of cases of hyperhomocysteinemia.

It should be noted the influ-
ence on the processes of H,
methylation of the genetic
polymorphism MTRR:AG6G,
the homozygous variant of the
neutral allele of which signifi-
cantly reduces the proportion
of cases of hyperhomocys-
teinemia in the group of chil-
dren with risk alleles of three
FC polymorphisms.

Genotypes with a risk allele
of one polymorphism are of
interest in terms of identifying
the role of one specific ele-
ment of the FC enzyme sys-
tem in the etiology of
hyperhomocysteinemia. First
of all, this concerns the
T/TMTHFR:677 genotype.

In the examined groups of
boys and girls of the second
Chornobyl generation, a high
frequency of hyperhomocys-
teinemia was recorded, not
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only in the subgroup with the
T/TMTHFR:677 genotype, but
also in most genetic sub-
groups with risk alleles for
both one and several FC poly-
morphisms.

The presence in the
genome of children with risk
alleles for FC polymorphisms
did not necessarily lead to an
increase in the level of Hey in
the blood. In 37 % of children
with risk alleles for FC poly-
morphisms, the level of H,, in
the blood did not go beyond
the physiological parameters.

The conducted studies
showed the absence of a
close relationship between
the number of FC genetic
polymorphisms with risk alle-
les and an increase in the H;
level in the analyzed group o¥
children.

The absence of a significant
statistical difference in the
proportion of cases of hyper-
homocysteinemia in most ge-
netic subgroups of boys and
girls, with a different number
of FC polymorphisms, indi-
cates an external environ-
mental reason for this
phenomenon.

The negative environmental
impact on H, remethylation is
also evidenced by the fact
that the state of hyperhomo-
cysteinemia was determined
in children whose genome did
not contain risk alleles for FC
polymorphisms.

Thus, in children of the sec-
ond Chornobyl generation,
permanently residing in the ter-
ritory affected by the accident
at the ChNPP, the occurrence
of hyperhomocysteinemia is
due to the combined effect of
internal (the state of the ge-
netic apparatus of FC) and ex-
ternal environmental (radia-
tion) factors.

Conclusions

School-age children per-
manently residing in the areas
of Ukrainian Polissia border-
ing the ChEZ in 97.8% of
cases had genotypes with risk

alleles for PC polymorphisms.
The most common combina-
tions of 2 and 3 polymorphic
variants.

The proportion of cases of
hyperhomocysteinemia was

Table 9
The proportion of cases of hyperhomocysteinemia
in groups of children with risk alleles of one FC
polymorphism

Groups of children with risk alleles of one
Subgroup/ polymorphism
main genotype Both sexes Boys Girls
N'"| N2| % | N'| N2| % | N'| N°| %
A/AMTR:2756 97| 61(62.9 46| 34 |73.9] 51| 27 |52.9
A/AMTHFR:1298 | 79 | 50 [63.3] 38 | 29 |76.3| 41| 21 |51.2
C/CMTHFR:677 82| 52 |63.4 40| 31 |77.5 42| 21|50.0
A/AMTRR:66 51| 35(68.6| 26 | 20 |76.9] 25| 15 |60.0
Note: N — number of children in the subgroup;
N2 — number of cases of hyperhomocysteinemia.
Table 10

The proportion of cases of hyperhomocysteinemia
in groups of children with risk alleles of two FC
polymorphisms

Groups of children with risk alleles of two
Subgroup/ polymorphisms
main genotype Both sexes Boys Girls
N[ N2| % | N'| N°| % | N'| N2°| %

A/AMTR:2756 248| 158|63.7| 109| 81 |74.3| 139| 77 |55.4
A/AMTHFR:1298 | 165| 106|64.2| 68 | 53 | 77.9] 97 | 53 | 54.6
C/CMTHFR:677 | 160| 92 |57.5 77 | 49 |63.6| 83 | 43 |51.8
A/AMTRR:66 55| 31 (56.4) 22| 13 |59.1| 33| 18 [54.5
Note: N' — number of children in the subgroup;
N? — number of cases of hyperhomocysteinemia.

Table 11

The proportion of cases of hyperhomocysteinemia
in groups of children with risk alleles of three FC
polymorphisms

Groups of children with risk alleles of two
Subgroup/ polymorphisms
main genotype Both sexes Boys Girls
N'| N2| % | N'| N2°| % | N'| N2| %
A/AMTR:2756 67| 46 |68.7| 33| 26 |78.8 34| 20 [58.8
A/AMTHFR:1298 | 69 | 47 [68.1] 41| 30|73.2] 28 | 17 |60.7
C/CMTHFR:677 63| 37 |58.7] 32| 24 |75.00 31| 13 |41.9
A/AMTRR:66 11 3 127.3 5 1 120.00 6 2 |33.8
Note: N° — number of children in the subgroup;
N? — number of cases of hyperhomocysteinemia.
Table 12

Statistical differences in the proportion of cases of hyperhomocysteinemia

in subgroups of children

Comparison subgroups Student’s t-test | Significance level, p
A/AMTR:2756 — Both sexes A/AMTRR:66 — Both sexes 2.84 0.006699
A/AMTHFR: 1298 - Both sexes | A/AMTRR:66 — Both sexes 2.80 0.007329
C/CMTHFR:677 — Both sexes A/AMTRR:66 — Both sexes 2.12 0.040528
A/AMTR:2756 — Boys A/AMTRR:66 — Boys 3.05 0.005459
A/AMTHFR:1298 - Boys A/AMTRR:66 - Boys 2.77 0.009758
C/CMTHFR:677 — Boys A/AMTRR:66 - Boys 2.83 0.009820
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recorded in 62.5 % of the ex-
amined children and did not
depend, in most cases, on the
number of FC polymorphisms
with risk alleles. In the general
group of children, it exceeded
the level of 60%, in the group
of boys — 70%, in the group of
girls — 50%.

However, in the subgroup of
boys with a combination of
four polymorphisms with risk
alleles, the proportion of hy-
perhomocysteinemia was sig-
nificantly higher than in the
subgroup of boys with a com-
bination of two polymor-
phisms with risk alleles.

In the groups of children, un-
like their mothers, there was no
correlation between the con-
centration of H in the blood
and the number of FC poly-
morphisms with risk alleles.

In the group of boys, the
proportion of cases of hyper-
homocysteinemia was signifi-
cantly higher (72.4%) than in
the group of girls (53.8%),
while differences persisted in
subgroups with a different
number of genetic polymor-
phisms with risk alleles.

The state of hyperhomocys-
teinemia was detected in 40%
of cases among children with
no risk alleles for FC genetic
polymorphisms.

The level of H, in the blood
did not exceed the upper limit
of the physiological level in
37.0% of children with risk al-
leles for FC genetic polymor-
phisms. In individual genetic
subgroups of FC, the propor-

tion of cases of hyperhomo-
cysteinemia did not depend
on the number of polymor-
phisms with risk alleles.

Genotypes with allelic vari-
ants of one FC polymorphism
were found in 15% of cases.
At the same time, a high fre-
quency of hyperhomocys-
teinemia was recorded both in
the subgroup with the
T/TMTHFR:677 genotype and
in most genetic subgroups.

A high frequency of hyperho-
mocysteinemia, with four poly-
morphisms with risk alleles,
was associated with compound
heterozygotes A/CMTHFR1298
and C/TMTHFR: 677 in combi-
nation with A/G MTR genotypes:
A2756G and G/G A66G.

The homozygous variant of
the neutral allele A of the genetic
polymorphism MTRR:A66G,
which controls methionine
synthase reductase, con-
tributed to the improvement
of H,, methylation processes
in the risk alleles of three FC
polymorphisms.

The conducted studies indi-
cate that in children of the
second Chornobyl generation,
permanently living under con-
ditions of constant radiation
exposure in areas affected by
the Chornobyl accident, the
occurrence of hyperhomocys-
teinemia is not associated with
a specific genotype and the
number of FC polymorphisms
with risk alleles.

The results obtained indi-
cate the participation of ge-
netic and environmental

Fig. 1

The proportion of cases of hyperhomocysteinemia
depending on the number of genetic polymorphisms
with risk alleles in the group of mothers

of the examined children [12]
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HYGIENE PLANNING AND BUILDING OF POPULATED CITIES
AS A SAFE DETERMINANT OF PUBLIC HEALTH

UNDER THE CONDITIONS OF MARITAL STATE

Makhniuk V.M., Petrychenko 0.0., Pavienko N.P.,
Makhniuk V.V., Chorna V.V., Mohylnyi S.M.,

Melnychenko S.0., Pelekh L.V., Skochko V.P.

TTIEHA NAAHYBAHHA TA 3AbYJIOBH HACENEHMN
MICUb fIK BESNEKOBA RETEPMIHAHTA TPOMAJICHKOTD
3l0P0B’S B YMOBAX BOEHHOTO CTAHY
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YKpaiHi NpoaoBXye OigTn BO-
€HHUI CTaH, B YMOBax s1IKOro
nepLIoYeproBMM 3aBAAHHSAM
nepxaBu € nuTaHHsa 36epe-
XEHHSA 300PO0B’A | XXNTTH Ha-
ceneHHd [1]. MpioputeTHUM €
nonepeaxXeHHs LWKiaAnnMBoro
BMJIMBY BOEHHOr0 CTaHy Ha
dopMyBaHHSA ANTAYOro opra-
Hi3My Ta CTBOPEHHS YMOB /151
BUXOBAHHS i HABYaHHS OiTeNn
[2]. 3Baxatoun Ha ue, BUPI-
LWWEHHS NUTaHb WOAO KosekK-
TUBHOIO UMBINIbHOIO 3aXUCTY
Ma€ 34iMCHI0BATUCS LLISIXOM
OyAiBHMUTBA/PEKOHCTPYKLLi
Cnopya UMBINbHOIO 3aXUCTy 3
ypaxyBaHHAM noTpeb gopoc-
nnx i giten [3-5].

MeTolo po6GoTu € po3-
pobka caHiTapHO-TirieHiYHMX
BMMOT 00 CNOPYA UMBINIBHOIO
3ax1UCTy rPOMaAChKOI Ta XNT-
NI0BOI 3a0y00BU Nifl, Yac BOEH-
HUX OjA Ta IX BAKOPUCTaHHS Y
MOBOEHHUI Nepio, sk crnopyn,
MOABIMHOIro NPU3HAYEHHS.

TIFEHA INJIAHYBAHHS TA BABY10BU HACEJIEHVX
MICLb SIK BE3MEKOBA JETEPMIHAHTA TPOMAZLCBLKOIo
3Z0POB’S1 B YMOBAX BOEHHOIO CTAHY
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