Biomedicine

ISSN 1993-6842 (on-line); ISSN 0233-7657 (print)
Biopolymers and Cell. 2016. Vol. 32. N 4. P 279-288
doi: http://dx.doi.org/10.7124/bc.00092A

UDC: 575.224.2]:618.19-006.6+616-006.446
The polymorphisms of genes involved in DNA methylation in patients
with malignancies from West Ukraine

I. M. Dmytruk!, H. V. Makukh!, M. Y. Thyrkus', N. I. Kitsera!

I State Institution «Institute of Hereditary Pathology, NAMS of Ukraine»
31a, M. Lysenko Str., Lviv, Ukraine, 79008
irynamdmytruk@gmail.com

Aim. To determine a potential role of single-nucleotide polymorphisms in genes involved in DNA methylation
(MTHFR, MTR, TYMS) in the breast cancer risk and risk of leukemia in a case-control study from West
Ukraine. Methods. Genotyping of MTHFR 677 C>T, MTR 2756 A>G and TS 3R2R, TS 3RG>C was per-
formed in 60 patients with leukemia, 90 patients with breast cancer and in 100 persons from a control group.
The molecular-genetic analysis was performed by Polymerase Chain Reaction and Restriction Fragment
Length Polymorphism analysis. A statistical analysis was conducted by Chi-square tests and odds ratio (OR)
calculation. Results. We did not observe any significant difference in genotype frequencies of the MTHFR and
TYMS polymorphisms between the patients and the controls. The MTR 2756AA genotype frequency was sig-
nificantly higher in the breast cancer patients vs. control (0.67 vs. 0.50, p = 0.02) while the difference between
the leukemia patients and the control group was not statistically significant. The increased risk of breast cancer
development was associated with the MTR 275644 genotype (OR =2.00, CI—95 %:1.11 —3.60) and the MTR
27564 allele (OR =1.75, CI—95 %:1.08 —2.84). Conclusions. Our findings show that West Ukrainian inhab-

itants carrying at least one MTR 27564 allele have a significantly increased risk of breast cancer.
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Introduction

Aberrant DNA methylation is a key epigenetic factor
in tumorogenesis [1]. The genomic methylation pat-
terns depend of the one-carbon metabolizing en-
zymes, that involved in the provision of methyl
groups, and DNA methyltransferases (DNMT) that
transfer methyl groups from S-adenosylmethionine
to DNA CpG dinucleotides [2, 3].

A crucial role for the control on DNA methylation
as well as DNA synthesis and repair mechanisms be-
longs to the provision of adequate pools of methyl
groups through the functional activity of methylene-
tetrahydrofolate reductase (MTHFR), methionine
synthase (MTR) and thymidylate synthase (TYMS)
in one-carbon metabolism. MTHFR catalyzes the ir-

reversible conversion of 5,10 — methylen-tetrahydro-
folate (THF) to 5-methyl-THF. The 5,10-methylene-
THF is used by TYMS in the methylation of dUMP to
dTMP, which is the only de novo source of thymidine
required for DNA synthesis and repair. The 5-methyl-
THEF is a methyl group donor for the remethylation of
homocysteine to methionine catalysed by MTR [4].
The genetic variants of MTHFR, MTR, and TYMS
have been shown to affect the function of correspond-
ing proteins [5—8]. A single nucleotide polymorphism
677C>T of the MTHFR gene is correlated with the
enzyme thermolability and reduced activity [6]. A
common polymorphism 27564>G in the MTR gene
is associated with a lower enzyme activity, causing
DNA hypomethylation [7]. The individuals with
polymorphisms in the 7YMS 5" untranslated enhanc-
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er region (TSER), that contains a 28-bp tandem re-
peat sequence, and those carrying alleles with three
repeats (3R) have higher 7YMS mRNA levels than
the individuals with two repeats (2R) [9]. An addi-
tional polymorphism mapping to the second repeat
sequence of the 3R allele, 3R G>C, may also affect
the TYMS expression, 3RC alleles being associated
with a comparable expression to 2R alleles [10].
There are a large number of molecular epidemiologi-
cal studies about a role of the folate metabolic en-
zyme gene polymorphism in different kinds of malig-
nancy: lung cancer [11], breast cancer [12—15], lym-
phoma [16, 17]. However, the association between
polymorphism and cancer risk is still controversial.

It is well known that methylation of the promoter
and exon regions is one of the major regulatory
mechanisms of gene expression; thus, we hypothe-
sized that a gene involved in the folate metabolism
may be responsible for regulating the methylation
status of other genes associated with cancer risk.
Therefore, the aim of this study was to determine the
occurrence of single-nucleotide polymorphisms in
the genes encoding the folate metabolizing enzymes
(MTHFR, MTR, TYMS) in a case-control study from
West Ukraine for their potential role in the breast
cancer risk and risk of leukemia.

Materials and Methods

Patients. For molecular genetic testing the DNA
samples, that were obtained from the venous blood
nuclear cells of the patients with cancer, were used.
The patients were hospitalized in the Regional
Specialized Children’s Hospital, Lviv Regional
Specialized Oncological Clinic and Lviv regional
hospital. To form the patient groups a detailed medi-
cal anamnesis was obtained and clinical pictures of
the oncological disease were estimated. The data
were analyzed among 150 patients, who were sepa-
rated into 2 groups in accordance with their diagno-
sis. The first research group contains 60 patients
with leukemia and lymphoma (65 % - boys, 35 % -
girls) aged 2 to 16 years. The diagnosis of oncohe-
matological pathology was established for the first
time. The group includes the 17 patients with acute
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leukemia, 22 persons with Hodgkin’s lymphoma and
21 patients with non-Hodgkin’s lymphoma. 90 pa-
tients with breast cancer compose the second re-
search group: women with breast cancer (II —
IV stages) aged 35 to 75 years with burdened family
history of breast or ovarian cancer. The control group
consist of 100 healthy patients without cancer pa-
thology in anamnesis. All persons from the research
and control groups were from West Ukraine.

All patients signed the informed consent for using
their DNA samples for molecular-genetic testing.
The experimental protocol was approved by the
Bioethics Committee of SI “Institute of hereditary
pathology NAMS of Ukraine” and complied with
international standards.

Genotyping. The extraction and refinement of DNA
from the leukocytes of the peripheral blood were con-
ducted according to the salting-out protocol extraction
[18]. The amplification of DNA chain in vitro was per-
formed using the method of polymerase chain reaction
(PCR) [11, 12]. To detect the variable number tandem
repeats (VNTR) for the 7YMS gene, PCR product was
separated on a 2 % agarose gel (Fig.1). The samples
showing the 2R/3R or 3R/3R genotypes were further
analyzed for the 3RG> C polymorphism by the method
of restriction fragment length polymorphism (RFLP)
using Haelll restriction enzyme (Fig.2).

Genotyping of the MTHFR 677C>T and MTR
2756 A>G polymorphisms was performed by RFLP
using the restriction enzymes Hinfl and Haelll re-
spectively. The obtained restriction fragment was
detected by 2 % agarose gels electrophoresis.

Statistics. The results were processed with the
methods of variation statistics suitable for the bio-
logical studies and recommended for processing the
molecular genetic research results: Chi-square anal-
ysis (y2 tests), Hardy — Weinberg equilibrium, odds
ratio (OR) with 95 % confidence interval (CI).

Results and Discussion

There are many data on the interrelation between
polymorphisms of the gene involved in the methyla-
tion process and the cancer susceptibility but the re-
sults vary depending of the patient ethnicity.
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Fig. 2. Restriction analysis of 7YMS 3R G>C polymorphism, 4
Fig. 1. Molecular genetic analysis of TYMS 3R/2R VNTR poly- % agarose gel. Lane 1, 6, 9 — genotype GG; lane 2, 3, 4, 5, 8 —
morphism, 2 % agarose gel. Lane 1,4 - genotype 3R3R; lane 2,  genotype GC; lane 7 — genotype CC.

6 — genotype 3R2R; lane 3, 7 — genotype 2R2R; lane 5 — Marker

pUC19 DNA/Mspl.

Table 1. Genotypes and alelles frequency of MTHFR 677C>T, MTR 2756 A>G and TYMS 3R2R, 3R G>C polymorphisms
among patients with different types of cancer and control group.

Frequency of genotypes and alelles, %
Patients with breast cancer Patients with leukemia Group of control
Genotype/ _» _» _»
& & &
MTHFR 677 C>T
677CC 41 46 | 47.5 32 53 53.8 40 40 | 43.6
677CT 42 47 | 429 24 40 39.1 52 52 | 449
677TT 7 7 9.7 | 0.71 | 0.40 4 7 7.1 | 0.03 | 0.86 8 8 11.6 | 2.52 | 0.11
677C 124 69 - 88 73 - 132 66 -
677T 56 31 - 32 27 - 68 34 -
MTR 2756 A>G
2756AA 60 67 | 65.8 37 62 61.4 50 50 50.4
2756AG 26 29 30.6 20 33 33.9 42 42 41.2
2756GG 4 4 3.6 | 0.29 | 0.59 3 5 4.7 1002 | 0.89 | 8 8 8.4 0.04 | 0.84
2756A 146 81 - 94 78 - 142 | 71 -
2756G 34 19 - 26 22 - 58 29 -
TYMS 3R2R, 3R G>C
HH 1 1 2.1 1 2 23 0 0 2.0
HL 24 27 | 247 16 27 | 255 28 28 24.1
LL 65 72 73.2 1 0.56 | 0.45 43 71 7231 0.13 | 0.72 | 72 72 74.0 | 2.65 | 0.1
H 26 14 - 18 15 - 28 14 -
L 154 86 - 102 85 - 172 | 86 -

Note: N — quantity of observation; HWE (Hardy-Weinberg equilibrium) — theoretically expected frequency; *p >0.05 — frequency
distribution of genotypes conformed to the HWE; High (H) and low (L) TS expression genotypes based on TSER and TSER 3R G>C
polymorphisms (high: 3RG/3RG, 3RG/3RC, 3RG/2R; low: 3RC/3RC, 3RC/2R, 2R/2R); HH — 3RG3RG genotype; HL — 3RG2R,
3RG3RC genotypes; LL — 2R2R, 3RC2R, 3RC3RC genotypes.
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In this study we analyse functional polymor-
phisms in the genes encoding the one-carbon me-
tabolism enzymes and compare it with other popula-
tion study. We carried out the molecular genetic test-
ing of the genotype and allele frequency of the
MTHFR 677 C>T, MTR 2756 A>G and TYMS
2R/3R, TYMS 3R G>C polymorphisms among the
patients with breast cancer, leukemia and of a con-
trol group. The established genotypes and alleles
distribution of testing polymorphic loci in the re-
search and control groups did not significantly differ
from the theoretically expected frequency con-
formed to Hardy-Weinberg equilibrium (Table 1).
We have determined and compared the alleles and
genotypes frequency of the studied polymorphic loci
in the control and case groups (Table 2).

The genotypes and allele distribution of the
MTHFR 677 C>T polymorphic loci did not show
significant difference between the case and control
groups. (Table 2.). The frequency of low-expression
677 TT genotype was 8 % in the group of breast can-
cer and 7 % in the control group as much as in the
group of patients with leukemia. The frequency of
677 T allele did not differ in the case groups com-
pared to the control (34 %, 27 % vs. 31 %). OR cal-
culation also did not show statistically significant
result (Table 2). Our findings coincide with the re-
sults of German and Korean researches [19, 20]. The
decreased susceptibility to acute lymphoblastic leu-
kaemia was found in the West European populations
[21]. It was found that the 677C>T polymorphism is
strongly associated with breast cancer in the East

Table 2. Genotypes and alelles distribution of MTHFR 677C>T, MTR 2756 A>G, DNMT3B -149C>T, DNMT3B -579 G>T
and TYMS 3R2R, 3R G>C polymorphisms among the patients with different types of cancer compared to the control group

Group of Patients with breast cancer Patients with leukemia
Gefﬁ)tilpe/ control (n=100) (n=90) (n=60)
aee n (%) n(% | 22 | P | OR@s%CD n(% | 2 | p | OR@%CI
MTHFR 677 C>T
677CC 40 (40) 41 (46) 1.26 (0.71 —2.23) 32 (53) 1.71 (0.90 - 3.27)
677CT 52 (52) 42 (47) 0.41 0.52 0.81 (0.46 —1.43) 24 (40) 2.10 0.15 0.62 (0.32 - 1.18)
677TT 8 (8) 7(7) 0.97 (0.34 - 2.79) 4(7) 0.82 (0.24 — 2.85)
677C 132 (66) 124 (69) 1.14 (0.74 - 1.75) 88 (73) 1.42 (0.86 — 2.33)
0.36 0.55 1,88 0,17
677T 68 (34) 56 (31) 0.88 (0.57 - 1.35) 32.(27) 0.71 (0.43 - 1.16)
MTR 2756 A>G
2756AA 50 (50) 60 (67) 2.00*%(1.11 — 3.60) 37(62) 1.61 (0.84 — 3.09)
2756AG 42 (42) 26 (29) 5.15 | 0.02* | 0.56 (0.31—-1.03) 20(33) 2.09 0.15 0.69 (0.35-1.35)
2756GG 8(8) 44 0.53 (0.16 — 1.84) 3(5) 0.61 (0.15-2.38)
2756A 142 (71) 146 (81) 1.75*%(1.08 — 2.84) 94(78) 1.48 (0.87 —-2.51)
5.28 | 0.02* 2.08 0.15

2756G 58 (29) 34 (19) 0.57 (0.35-0.92) 26 (22) 0.68 (0.40 — 1.15)
TYMS 3R2R, 3R G>C
H/H 1(1) 1(1) 1.11 (0.07 —18.05) 1(2) 1.68 (0.10—27.33)
H/L 30 (30) 24 (27) 0.26 0.88 0.85 (0.45 - 1.60) 16 (27) 0.32 0.85 0.85(0.42-1.73)
L/L 69 (69) 65 (72) 1.17 (0.62 - 2.19) 43 (71) 1.14 (0.56 — 2.30)
H 32 (16 26 (14 0.89 (0.51—-1.55 18 (15 0.92(0.49-1.75

(16) (14) 0.18 0.67 ( ) (15 0.06 0.81 ( )
L 168 (84) 154 (86) 1.13 (0.64 - 1.98) | 102 (85) 1.08 (0.57 - 2.06)

Note: n — quantity of observation; *p <0.05 — statistically significant difference; OR*— statistically significant association between
genotype and alleles polymorphism and cancer susceptibility; High (H) and low (L) TS expression genotypes based on TSER and
TSER 3R G>C polymorphisms (high: 3RG/3RG, 3RG/3RC, 3RG/2R; low: 3RC/3RC, 3RC/2R, 2R/2R); HH — 3RG3RG genotype;
HL — 3RG2R, 3RG3RC genotypes, LL — 2R2R, 3RC2R, 3RC3RC genotypes
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Table 3. Genotype and allele frequency of the TYMS 3R2R, 3R G>C polymorphisms among the patients with different types

of cancer and the control group

Group of control Patients with breast cancer Patients with leukemia
s SRk (N=100) (N = 90) (N=60)
n (%) n (%) n (%)
Genotypes
3RG3RG 1(1) 1(1) 12)
3R3R 3RG3RC 27 (27) 17(17) 26 (29) 14 (16) 14 (23) 8 (13)
3RC3RC 9(9) 11(12) 5(8)
2R3RG 13 (13) 10 (11) 8 (13)
3R2R 40 (40) 43 (48) 29 (48)
2R3RC 27 (27) 33 (37) 21 (35)
2R2R 33 (33) 21 (23) 17 (29)
Alelle
3RG 32 (16) 26 (15) 18 (15)
3R 94 (47) 95 (53) 57 (48)
3RC 62 (31) 69 (38) 39 (33)
2R 106 (53) 85 (47) 63 (52)

Note: N — quantity of observation

Asian populations [22]. Therefore, our results seem
to be more relevant to other population studies: the
lack of association of the MTHFR polymorphisms
with the breast cancer risk was observed in Indian
women [23] and in the residents of Scotland [13],
Finland [24] and Greece [25].

For better understanding of the clinical significance
of the SNP and VNTR of TYMS, we analysed the fre-
quency of comprehensive genotypes of 3JR2R and 3R
G>C polymorphisms in case and control groups. The
allele and genotype frequency is summarized in Table 3.

The TYMS genotypes were each stratify into three
groups because the statistical power was insufficient
by analysis with more than three genotype groups.
The TYMS functional groups were classified into the
H-group (H/H and H/L) and L-group (L/L). The
TYMS 3G allele was considered a high-expression al-
lele and 2R or 3RC as low-expression alleles accord-
ing to the in vitro functional analysis [26]. Therefore,
the TS genotypes of 2R/3G, 3C/3G, or 3G/3G were
considered as high expression (H) type and 2R/2R,
2R/3C or 3C/3C —low expression (L) type. According
to our results, there was no significant association be-
tween the genotype groups and cancer pathology
(Table 2.). Thus, the frequency of H-genotype group
amounts 15 % in the patients with leukemia, 14 % in

the control group and the same in the patients with
breast cancer. The following frequencies were detect-
ed in the L-genotype functional group: 85 %, 86 %
and 86 % for the patients with leukemia, breast can-
cer and control group respectively.

Our results are very similar to those reported for the
Spanish [27] and Mexican [28] women. The studies
on other populations have found the significant asso-
ciations between the TYMS gene TSER variations and
breast cancer development [14]. For the 7YMS 2R3R
polymorphisms was found a decreased susceptibility
to acute lymfoblastic leukemia in the Western
European [15] and Brazilian studies [ 30]. Furthermore,
the frequency of TS genotypes in the patients with
leukemias United Kingdom [16, 29] did not show any
significant difference compared to the controls.

The MTR 2756 A>G genotypes analysis show a
significantly lower frequency of MTR 2756 GG gen-
otype in the group of patients with breast cancer
(4 %) compared to the control group (8 %, P<0.05).

The results of OR calculation indicate 2-fold in-
crease in the breast cancer risk for people with the
MTR 2756 AA genotype (OR=2.00, CI — 95 %:
1.11 — 3.60). The 2756 GA genotype difference be-
tween the group of patients with breast cancer and
the control group was statistically significant (0.29
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Table 4. Distribution of two genotypes combination of MTHFR 677C>T, MTR 2756 A>G, DNMT3B -149C>T, DNMT3B
-579 G>T and TYMS 3R2R, 3R G>C polymorphisms among the patients with different types of cancer compared to the
control group.

Group of Patients with breast cancer Patients with leukemia
Genotypes control (n=90) (n=60)
n (%) n (%) %2 P OR (95 % CI) n (%) %2 p OR (95 % CI)
MTR 2756 A>G / MTHFR 677 C>T
2756AA/677CC | 27 (54) 27 (45) 0.70 (0.33 - 1.48) 20 (54) 1.00(0.43 —2.35)
2756AA/677CT 22 (44) 28 (47) | 2.50 | 0.29 | 1.11(0.52-2.37) 16 (43) | 0.05 | 0.98 [0.97(0.41 —2.29)
2756 AA/67TTTT 1(2) 5(8) 4.45 (0.50 —39.46) 1(3) 1.36(0.08 —22.50)
2756AG/677CC 12 (29) 12 (46) 2.14 (0.77 - 5.95) 11 (55) 3.06(1.01 —9.24)
2756AG/677CT 25(59) 12 (46) | 2.21 | 0.33 | 0.58 (0.22 - 1.56) 7@35) | 417 | 0,12 [0.37(0.12—-1.11)
2756AG/677TT 5(12) 2(8) 0.62 (0.11 —3.44) 2 (10) 0.82(0.15 — 4.66)
2756GG/677CC 1(13) 2 (50) 7.00(0.40 — 123.35) 1(34) 3.50(0.14 — 84.70)
2756GG/677CT 5(62) 2 (50) 2.57 | 0.28 | 0.60 (0.05 —0.80) 1(33) 0.92 | 0.63 [0.30(0.02-4.91)
2756GG/677TT 2 (25) 0(0) 0.29 (0.01 - 7.57) 1(33) 1.50(0.08 — 26.86)
MTR 2756 A>G / TYMS 3R2R, 3R G>C
2756 AA/HH 1(2) 0(0) 0.27 (0.01 — 6.84) 0(0) 0.44(0.02 - 11.11)
2756 AA/HL 9 (18) 18(30) | 3.17 | 0.21 | 1.95(0.79 —4.84) 10(27) | 1.67 | 0.43 |1.69(0.61 —4.69)
2756 AA/LL 40 (80) 42 (70) 0.58 (0.24 - 1.41) 27(73) 0.68(0.25 — 1.84)
2756 AG/HH 0(0) 1(4) 5.00(0.20 — 127.43) 1(5) 6.54(0.25 -167.83)
2756 AG/HL 18 (43) 519 524 | 0.07 | 0.32(0.10-1.00) 5(25) 3.63 | 0.16 [0.44(0.14—1.45)
2756 AG/LL 24 (57) 20 (77) 2.50(0.83 - 7,50) 14 (70) 1.75(0.56 — 5.44)
2756GG/HH 0(0) 0(0) 1.89(0.03 — 112.07) 0(0) 2.43(0.04 —148.44)
2756GG/HL 3 (38) 1(25) 0.19 | 0.91 | 0.56 (0.04 —8.09) 1(33) 0.02 | 0.99 [0.83(0.05—-13.63)
2756GG/LL 5(62) 3(75) 1.80 (0.12 —26.20) 2(67) 1.20(0.07 — 19.63)
MTHFR 677 C>T/TYMS 3R2R, 3R G>C
677CC/HH 0(0) 1(3) 3.00 (0.12 -75.85) 0(2) 1.25(0.02 — 64.53)
677CC/HL 13 (33) 14 (34) | 1.04 | 0.59 | 1.08 (0.43-2.71) 7(22) 1.00 | 0.61 [0.58(0.20—1.69)
677CC/LL 27 (67) 26 (63) 0.83 (0.33 -2.09) 25 (78) 1.72(0.59 — 5.00)
677CT/HH 0(0) 0(0) 1.24(0.02 — 63.57) 1(4) 6.70(0.26-170.69)
677CT/HL 15 (29) 33(79) | 22.99 [1x105| 9.04(3.50 —23.39) 7(29) | 221 | 0.33 [1.02(0.35-2.95)
677CT/LL 37(71) 9(21) 0.11 (0.04 - 0.29) 16 (67) 0.81(0.29 —2.29)
677TT/HH 1(12) 0(0) 0.33(0.01 -9.57) 0(0) 0.56(0.02 - 16.77)
677TT/HL 2(25) 1(14) 1.36 | 0.51 | 0.50(0.04-7.10) 2 (50) 1.07 | 0.59 |3.00(0.24 —37.67)
677TT/LL 5(63) 6 (86) 3.60(0.28 —46.36) 2 (50) 0.60(0.05 — 6.80)

Note: n — quantity of observation; p <0.05 — statistically significant difference; OR~— statistically significant association between
genotype and alleles polymorphism and cancer susceptibility; High (H) and low (L) TS expression genotypes based on TSER and
TSER 3R G>C polymorphisms (high: 3RG/3RG, 3RG/3RC, 3RG/2R; low: 3RC/3RC, 3RC/2R, 2R/2R); HH — 3RG3RG genotype; HL
—3RG2R, 3RG3RC genotypes, LL — 2R2R, 3RC2R, 3RC3RC genotypes
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Table 5. Distribution of three genotypes combination of MTHFR 677C>T, MTR 2756 A>G, DNMT3B -149C>T, DNMT3B
-579 G>T and TYMS 3R2R, 3R G>C polymorphisms among the patients with different types of cancer compared to the

control group.

Group of Patients with breast cancer Patients with leukemia
Genotypes control (n=90) (n=60)

n(% | n% | 2 | P | OrREOs%CD n(% | 2 | p | OrREs%CH
MTHFR 677 C>T/ MTR 2756 A>G / TYMS 3R2R, 3R G>C
CC/AA/HH 0(0) 0(0) 0.75(0.01 — 39.16) 0(0) 1.00 (0.02 — 52.85)
CC/AA/HL 2 (10) 10(37) | 442 | 0.11 | 5.29(1.01 —27.75) 6(30) | 2.50 0.29 | 3.86 (0.67 —22.11)
CC/AA/LL 18 (90) | 17(63) 0.19(0.04 - 0.99) 14(70) 0.26 (0.05 - 1.49)
CT/AA/HH 0(0) 0(0) 0.89(0.02 —46.76) 0(0) 1.55(0.03 - 81.77)
CT/AA/HL 7(28) 8(29) | 0.00 | 1.00 | 1.03(0.31-3.41) 4(25) | 0.04 | 0,98 | 0.86(0.21—-3.58)
CT/AA/LL 18(72) | 20(71) 0.97(0.29 - 3.22) 12(75) 1.17 (0.28 — 4.87)
TT/AA/HH 0(0) 0(0) 1.00(0.02 —60.00) 0(0) 3.67(0.05 - 274.53)
TT/AA/HL 0(0) 0(0) 0.00 | 1.00 | 1.00(0.02 —60.00) 0(0) 0.00 1.00 | 3.67(0.05—274.53)
TT/AA/LL 5(100) | 5(100) 1.00 (0.02 —60.00) 1(100) 3.67(0.05 - 274.53)
CC/AG/HH 2(12) 1(8) 0.68(0.05 —96.38) 0(0) 0.27(0.01 - 6.17)
CC/AG/HL 12 (70) 3(25) 7.36 | 0.03 | 0.14(0.03-0.74) 1(9) 14.45 | 7x104 | 0.04(0.00 —0.42)
CC/AG/LL 3 (18) 8(67) 9.33(1.65 - 52.69) 10(91) 46.6(4.22 —516.64)
CT/AG/HH 0(0) 0(0) 1.80(0.03 — 96.38) 1(25) 19.29(0.65-523.86)
CT/AG/HL 7(32) 1(8) 2.38 | 0.30 | 0.19(0.02 - 1.82) 0(0) 6.80 | 0.03 | 0.23(0.01 —4.84)
CT/AG/LL 15(68) | 11(92) 5.13(0.55 - 47,98) 3(75) 1.40 (0.12 - 15.97)
TT/AG/HH 0(0) 0(0) 1.89(0.03-112.07) 0(0) 2.43(0.04 — 148.44)
TT/AG/HL 3(39) 1(25) | 0.19 | 091 | 0.56 (0.04 —8.09) 1(33) 0.02 0.99 | 0.83(0.05-13.63)
TT/AG/LL 5(62) 3(75) 1.80 (0.12 -26.20) 2(67) 1.20 (0.07 - 19.63)
CC/GG/HH 0(0) 003 0.71 (0.01 —49.71) 0(2) 1.67 (0.02 —137.36)
CC/GG/HL 1(50) 1(33) | 0.14 | 0.93 | 0.50(0.01 —19.56) 0(0) 0.75 0.69 | 0.33(0.01 —16.80)
CC/GG/LL 2 (50) 1 (67) 2.00(0.05 - 78.25) 1(100) 3.00(0.06 — 151.20)
CT/GG/HH 0(0) 0(0) 2.20(0.03-146.04) 0(0) 3.67(0.05 —274.53)
CT/GG/HL 0(0) 1(50) | 2.92 | 0.09 | 11.00(0.28-433.83) 0(0) 0.00 1.00 | 3.67(0.05-274.53)
CT/GG/LL 5(100) 1 (50) 0.09 (0.00 —3.59) 1(100) 3.67(0.05 - 274.53)
TT/GG/HH 0(0) 0(0) 0(0)
TT/GG/HL 0(0) 0 (0) - - 1(100) -
TT/GG/LL 0(0) 0(0) - 0(0) -

Note: n — quantity of observation; p <0.05 — statistically significant difference; OR— statistically significant association between
genotype and alleles polymorphism and cancer susceptibility; High (H) and low (L) TS expression genotypes based on TSER and
TSER 3R G>C polymorphisms (high: 3RG/3RG, 3RG/3RC, 3RG/2R; low: 3RC/3RC, 3RC/2R, 2R/2R); HH — 3RG3RG genotype;
HL — 3RG2R, 3RG3RC genotypes; LL — 2R2R, 3RC2R, 3RC3RC genotypes

vs. 0.42; P<0.05). The frequency of the 2756 G alelle ment increases by 1.75 times (OR=1.75, CI —
among the patients with breast cancer (0.19) was sta- 95 %:1.08 — 2.84) in the presence of at least one
tistically significant compared to the control (0.29;  copy ofthe 2756 A allele. The association with breast
P<0.05). The possibility of breast cancer develop- cancer risk was found for the Brazilian [14], Indian
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[31] women carrying the MTR A2756G polymor-
phic allele. It was revealed by meta-analysis that the
MTR A2756G polymorphism may contribute to the
susceptibility to breast cancer among Europeans
[32]. However, in many studies the scientists cannot
find a significant association of the MTR A2756G
polymorphisms with the breast cancer risk [33].
The distribution of the MTR 2756 AG genotypes
and allele did not show significant difference in the
control group and the group of patients with leuke-
mia. The frequency of low enzyme activity 2756 GG
genotype in the case group consists 5 % and in the
control group 8 %. In the study on British population
also was not found significant difference in the sus-
ceptibility to acute leukemia for the MTR 2756AG
polymorphism [16]. The association of this poly-
morphism has been reinforced in a meta-analysis,
being the 2756 A4 genotype reduced risk of devel-
oping childhood acute lymphoblastic leukemia [34].
In our research we also analyzed the distribution
of different genotypes combination in group of pa-
tient with breast cancer, leukemia and control group.
In fact, we compared combination of two and three
genotypes of MTHFR 677C>T, MTR 2756 A>G,
DNMT3B -149C>T, DNMT3B -579 G>T and TYMS
3R2R, 3R G>C polymorphisms (Table 4, Table 5).
Our findings show statistically significant differ-
ence in distribution of MTHFR 677677C>T / TYMS
3R2R, 3R G>C polymorphic loci genotypes combi-
nation in control group and group of women with
breast cancer. The frequency of MTHFR 677CT/
TYMS LL genotypes was significant higher in control
group (71 %) compared to group of patient with breast
cancer (21 %), therefore, the frequency of MTHFR
677CT/ TYMS HL genotypes was significant higher in
observed group with breast cancer (79 %) compared
to control (29 %). The OR calculation show that carri-
ers of MTHFR 677CT/ TYMS LL genotypes has re-
duced risk of breast cancer (OR = 0.11, CI 95 %:
0.04 — 0.29), and the carriers of MTHFR 677CT/
TYMS HL genotypes, on the contrary, has increased
breast cancer risk (OR =9.04, CI 95 %: 3.50 — 23.39).
The analysis of three genotype combination
shown that carriers of MTHFR 677CC/ MTR
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2756 AG/ TYMS LL genotypes were over represen-
ted in cases (breast cancer group — 67 %, group of
leukemia — 91 %) compared to controls (18 %).The
presence of the MTHFR 677CC/ MTR 2756AG/
TYMS LL genotypes was associated with 9.33-fold
risk of breast cancer and 46.6-fold risk of leukemia.
In group of patient with leukemia was established
higher frequency of MTHFR 677CT/ MTR 2756AG/
TYMSHH (0 %) and MTHFR 677CT/ MTR 2756 AG/
TYMS LL (68 %) genotypes combination compared
to control group (25 % and 75 %, respectively).
These differences between the cases and controls
were statistically significant (p < 0.05).

In summary, we found that different genotypes
combination of MTHFR, MTR and TYMS genes
polymorphisms in the West Ukrainian population
could mediate the risk of breast cancer and leukae-
mia via effects on pools of methyl groups needed for
genes methylation. The reasons for contrary results
obtained in our research and other studies remain
ambiguous and might be attributed to the differences
in ethnic backgrounds and the selection of the popu-
lation studied, differences in sample sizes, and gene-
environment interactions. It is reasonable to repeat a
comprehensive research in the whole country for
clarifying a role of the genes involved in the DNA
methylation process in cancer susceptibility.

Conclusion

Our findings show that West Ukrainian residents car-
rying at least one MTR 2756A allele have a signifi-
cantly increased risk of breast cancer. Also, we find
out, that susceptibility to breast cancer and leukaemia
in West Ukrainians relate to the combination of few
genotypes: MTHFR 677CC/ MTR 2756AG/ TYMS
LL — increased the risk of breast cancer and leukae-
mia, 677CT/ TYMS HL — raise the risk of breast can-
cer and the presence of MTHFR 677CT/ TYMS LL
genotypes acts as a protector factor for breast cancer
development.
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Ionimop@ism renis 3agisHUX B Iponecax MeTHIyBaHHs
JHK y nani€eHTiB 3 OHKOJIOTiYHUMH 3aXBOPIOBAHHAMHU

3 3axiHOro periony Ykpainu

I. M. Imutpyk, I. B. Makyx, M. f1. Tupkyc, H. 1. Kinepa
Mera. BusHaunTy moTeHmiiHy poib moiiMopdismy reniB MTHFR,
MTR ta TYMS B po3BUTKY paKy MOJIOUHOT 3aJI03H 1 JIeikeMii cepen
xwureniB 3axinHoi Yipainu. Meroau. ITpoBeieHO reHOTHITyBaHHS

nonimopduux sokycise MTHFR 677C>T, MTR 27564A>G, TYMS
3R2R ta TYMS 3RG>C'y 60 nariieHTiB 3 nelikemiero, 90 marieHTiB
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3 pakoM MOJIOYHOI 3ayo3u Ta B 100 0Ci0 KOHTPOJBHOI TPYIIH.
MonekynspHO-TeHEeTHYHUI aHaJTi3 TPOBOAMIIN 32 JOTIOMOTOIO T10-
JiMepa3HOI JAHIIOroBOT peakwii Ta aHai3y oniMopdi3My JOBKHUH
pecTpUKLIHHNX (parmeHTiB. CTaTUCTUYHUN aHATi3 IPOBEICHUH
IIJIXOM PO3paxyHKy ¥-KBaJpaT Ta OOUMCIEHHS KOS]IllieHTy Bil-
HourerHs maHciB (OR). Pesyabraru. BiporinHux BiaMiHHOCTEH y
PO3MOMII TEHOTHITIB Ta ajeNei Moo MOMMOP(HHUX JIOKYCIB TeHIB
MTHFR ta TYMS He BcTaHOBIEHO. BCTaHOBIICHO BipOTiTHO BUIIY
yactoty renotunty MTR 2756AA y rpyni ocid 3 pakoM MOJOYHOT
3a11034 B MOpiBHsIHHI 3 KoHTponeM (0,67 Ta 0,50, p=0,02), y rpymi
0ci0 3 JIeHKeMIi€r0 TIOKA3HUKH HE BiIPI3HSUTUCS BITHOCHO KOHTPO-
JIF0. Bummit pr3uk po3BUTKY paKy MOJIOYHOI 3a7103H aCOIiHOBaHMI
3 reHotunom A4 (OR=2,00, CI-95 %:1.11-3.60) Ta 4 anemo (OR =
1,75, CI-95 %:1,08-2,84) nonimopduoro sokycy MTR 27564>G.
BucHoBku.: BcraHoBiIeHO, 110 HasBHICTH OfHi€T Kormil anens MTR
27564 mMoxe IiJIBUIIyBaTH PU3UK BUHUKHEHHS PaKy MOJIOYHOT 3a-
7031 y kuTeNniB 3axingHol Ykpainn.

KawuoBi ciaoBa: merwiyBaHss, momiMopdism, reH, jeiike-
MisI, paK MOJIOYHOT 3aJI031

IMonumop¢u3sm reHos, 3a1eiicTBOBAHHBIX B Ipoueccax
meTuinposanus JIHK y nanueHToB ¢ OHK0O10rn4ecKuMHI
3200/1eBAHMSIMH U3 32I12/IHOT0 PETHOHA YKPAHHBI

W. M. Imutpyk, [. B. Makyx, M. 5. Tupkyc, H. 1. Kunepa

Ieas. Onpenenits NOTEHIMATIEHYIO PO TTOTUMOpPQH3Ma TeHOB
MTHFR, MTR n TYMS B pa3BUTUU PaKa MOJIOYHOM kKeJle3bl U JIeH-
KEeMUU Cpesu sxuteneit 3ananHoil Ykpannsl. Metonbl. [IpoBeneHo
TEHOTUITUPOBAHKE TMOMUMOPQHBIX JIoKycoB MTHFR 677 C>T,
MTR 2756A>G, TYMS 3R2R n TYMS 3RG>C'y 60 nauueHToB ¢
neiikemueit, 90 nanueHToB ¢ pakoM MOJIOUHOM kene3bl u'y 100 ue-
JIOBEK KOHTPOJILHOHM TpyHITbl. MOJeKyIsIpHO-TeHeTHIeCKNi aHa-
JIM3 TIPOBOJIAIIM C TIOMOIIBIO TTONMMEPA3HOH LEeMTHON PeaKkiiu |
aHaImM3a MoMMMOp(U3Ma JUTMH PECTPUKIMOHHBIX (DparMeHTOB.
CTaTHCTHYECKNH aHaIU3 MPOBEAEH IyTeM pacuera y-KBaJpaT U
BBIUKCICHNS Kod(uimenTa otHomenus mancoB (OR). Pesyib-
Tarbl. J[OCTOBEPHBIX Pa3MuMii B paclpeselieHn TeHOTHIIOB U
ayutenel momiMopdHbIX J1okycoB renoB MTHFR n TYMS ne ycra-
HOBJICHO. YCTQHOBJIEHO JOCTOBEPHO BBICOKYIO 4AacTOTy TCHOTHIIA
MTR 2756A4A4 B TpynIie JHI C pakoM MOJIOYHOH JKeJIe3bI IO CpaB-
Henuto ¢ kKouTponeM (0,67 u 0,50, p=0,02), B rpymnme 1ui ¢ aelike-
MHel MoKa3aTelll He OTIINYaiach OTHOCUTEILHO KOHTpOIsL. PUCK
Pa3BHUTHUSI paKka MOJIOYHOMH JKeNe3bl, aCCOIMHUPOBAHHBINA C T€HOTH-
nom AA (OR = 2,00, CI-95 %:1.11-3.60) n A ayutes (OR = 1,75,
CI-95 %:1,08-2,84) momumopdroro moxyca MTR 2756 A>G.
BbIBOABI YCTAHOBIEHO, YTO HAJIMUUE OHOM Koruu ayuiens MTR
2756 A MOXET MOBBIILIATh PUCK BOHUKHOBEHMS paka MOJIOYHOMH
JKeNe3bl y skuTelielt 3anaaHoi YKpauHsl.

KiaodeBble cJ0Ba: METHINPOBAHKE, NOIMMOP(U3M, TEH,
JIEWKEMUS, paK MOJIOUHOM 7KeJe3bl

Received 12.05.2016



