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For the first time the prevalence of  Ñ677Ò methylenetetrahydrofolate reductase (MTHFR) genotypes was detected 
in a cohort of Ukrainian population. We have analyzed the association of polymorphism of MTHFR alone and in
its combination with polymorphic genes coding for glutathione S-transferase P1, glutathione S-transferase M1,
and cytochrome P450 1A1 with cytosolic glutathione S-transferase activity in human placenta samples. The
substitution of Ñ677÷Ò677 in at least one allele of MTHFR gene is accompanied by the tendency of GST activity to
increase. The tendency remains irrespective of allelic variants of other three genes in specified combinations. The
possible relation between the MTHFR allelic variants and cytosolic glutathione S-transferase activity is discussed.
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Introduction. The condition of environment and
demographic situation in Ukraine are two issues which
acquired especial importance in the years after
Chernobyl disaster. The essence of the problem lies in
the fact that in most of the cases clinicians observe
complicated pregnancies with the birth of not
absolutely healthy child. The cases of intrauterine
growth retardation, recurrent pregnancy loss, still birth, 
miscarriage, etc., present some influence on the
demographic situation in Ukraine. Taking the

aforementioned into account, the studies on the factors
influencing the pregnancy complications are important
tasks for the science and medicine in this country.

Polymorphism of the key enzyme of the cycle of
activated methyl group – methylenetetrahydrofolate
reductase (MTHFR) (EC 1.7.99.5), is one of the genetic
causes of complicated pregnancy and congenital
abnormalities. MTHFR catalyzes irreversible restoration 
of N5, N10-methylenetetrahydrofolate to N5- methyl-
tetrahydrofolate (N5-MeTHF) [1]. N5,N10-methylenetet-
rahydrofolate and its oxidated derivatives N10-formyl-
and N5,N10-methenyltetrahydrofolate donate one-carbon
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units for thymidylate and purine syntheses. N5-MeTHF
itself is a donor of methyl group for remethylation of
homocysteine in the cycle of activated methyl group and
thus is an indispensable substance for numerous
methylation reactions with S-adenosylmethionine
(SAM) and methyltransferases [2].

The most studied single nucleotide polymorphism
of MTHFR gene is a substitution of 677 cytosine to
thymine (677 C ® T). This point mutation causes the
conversion of alanine 222 to valine and is associated
with thermolability and decreased catalytic activity of
enzyme [3]. The functioning of this isoform is
associated with limited methylation, particularly, DNA
methylation and, therefore, may change gene
expression. One of the main consequences of decreased 
methylation of genes promoters, especially
CpG-enriched ones, is the activation of corresponding
genes. DNA methylation is an important regulator of
cell differentiation, especially during its rapid changes
at the first stages of embryogenesis. Its slight disorder
may have negative effect on fetus. 

Combination of C677T or T677T allelic variants of
MTHFR with deficiency of folic acid consumption
increases the risk of pregnancy complications and fetal
malformations [4]. To prevent this effect the women are 
prescribed a double daily dose of folic acid before
conception and at least during the first 12 weeks of
pregnancy though unfortunately without preliminary
maternal and fetal genotyping.

The aim of current work was to find out the
frequency of allelic variants of MTHFR gene in
Ukrainian population and their influence on placenta
phenotype. Glutathione S-transferase (GST) activity of
placenta cytosol was selected as a surrogate marker of
gene expression. The GSTP1 gene encodes the major
protein of human placenta and GSTP1 catalytic activity 
comprises about 85% of total GST activity in the tissue. 
The promoter of GSTP1 gene is highly CpG-enriched
and its methylation defines the intensity of
transcription. 

The analysis of cytosolic GST-activity in the
samples with different allelic variants of MTHFR gene
and genes, coding for GSTP1, M1 and cytochrome
P450 1A1, revealed polymorphism of MTHFR gene to
have substantial effect on catalytic activity of the
enzyme.

Materials and Methods. Samples of mature
placenta (38-42 weeks of pregnancy) were obtained
immediately after delivery or cesarean operation in
maternity departments of Kyiv, Zaporizhzhya
(Ukraine), Gomel (southern Belarus) as well as in the
department of obstetrical pathology of the Institute of
Pediatrics, Obstetrics, and Gynecology (Kyiv). The
pollution in the ambient air, the radioactive
contamination in the indicated regions, clinical
characteristics as well as the technology of obtaining
samples, their treatment and keeping were described in
[5, 6]. Placenta samples were obtained from persons
who introduced themselves as non-smokers, not
alcohol dependent, were not drug addicts and did not
have professional contacts with xenobiotics.

Samples collection was performed according to
established ethical norms concerning the work with
human tissues.

DNA was extracted from placenta samples in
approximately 50 mg according to the method
described in [7].

Genotyping of methylenetetrahydrofolate
reductase was performed using polymerase chain
reaction (PCR) with subsequent restriction analysis of
amplification product. To control restriction reaction, a
fragment of fibrinogen gene Aa was amplified together 
with the fragment of MTHFR gene. Fragments of
fibrinogen gene Aa and 677T alleles of MTHFR gene
have restriction sites for HinfI restrictase. The sequence 
of primers for amplification of indicated fragments was
taken from [8] and presented below:

For MTHFR fragment
A: 5’-TGA AGG AGA AGG TGT CTG CGG GA-3’
B: 5’-AGG ACG GTG CGG TGA GAG TG-3’

For Fibrinogen Aá fragment
C: 5’-CTC CCT TCA CTT TCA GAA CTA CA-3’
D: 5’-GAC CTC TCA GTT TTC ACC TTT A-3’

Reaction mixture for PCR (total volume 50 mkl)
contained 1 mkg DNA, four nucleoside triphosphates, 0.2
mM each ("MBI Fermentas", Lithuania), 10 pmol of each
primer ("Sintol" Ltd, Russia) and 2.5 unit of Taq
polymerase in the buffer 10 mM tris-HCl, pH 8.8, 50 mM
KCl, 1.5 mM MgCl

2
. Amplification reaction consisted of

preliminary denaturation (94°C, 4 min), 30 amplification
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cycles (denaturation – 94°C, 30 sec, primer annealing –
58.5°C, 30 sec, polymerization – 72°C, 50 sec) and
completing polymerization (72°C, 7 min).

Intermediary control electrophoresis of PCR
products was performed in 2% agarose gel in the 1 x
TBE buffer.

Restriction mix (total volume 25 mkl) contained 14
ìl of PCR reaction mix, 10 units of restrictase HinfI and 
0.1 mg/ml BSA in 10 mM tris-HCl, pH 8.5, 10 mM
MgCl

2
, 100 mM KCl buffer. The reaction lasted 2-4

hours at 37°C. Electrophoresis of restriction products
was performed in 3% TopVision agarose ("MBI
Fermentas") and 1 x TBE buffer. The results of
electrophoresis were visualized using Ultroscan.

The data on cytosolic GST-activity and CYP1A1,
GSTP1 and GSTM1 genotyping in investigated placenta 
samples were taken from our publication [5]. Cytosolic
GST-activity was determined in the reaction with
chlorodinitrobenzene (CDNB) [9] and genotyping of
enzymes – by PCR with subsequent restriction analysis.

The GST-activity is presented as medians with
95-% confidence interval (CI). The statistical
significance of the difference between GST-activity
classified according to the genotypes of investigated
enzymes was estimated by Mann-Whitney criterion
using StatSoft, Statistica release 6.0.

Results and Discussion. To detect allelic variant of 
MTHFR gene, we used amplification of corresponding
gene fragment together with the fragment of fibrinogen
gene with subsequent restriction analysis of
amplification products (Fig. 1). Selected fragment of
fibrinogen gene has two restriction sites for HinfI
restrictase and is cut by it into three fragments, 56, 136
and 360 b.p. The 677T allelic variant of MTHFR gene
has one restriction site for HinfI restrictase and is cut by
it into two fragments, 175 and 23 bp. This site is absent
in the allelic variant of MTHFR gene with 677C and
PCR product after restriction is revealed as a full-size
198 bp fragment. Homo- and heterozygous carriage is
revealed according to the presence of corresponding
fragments.

The prevalence of C677T allelic variants of
MTHFR gene in the investigated cohort of Ukrainian
population does not differ significantly from that in
European population [10]. According to our data it is
equal to 45.8% (44/96) for C677C, 43.8% (42/96) for

C677T and 10.4% (10/96) for T677T genotypes of
MTHFR gene (Fig. 2). There was not observed any
difference in allelic prevalence between the samples
from different regions of Ukraine and southern Belarus.

Previously we have evaluated cytosolic
GST-activity and the prevalence of allelic variants of
genes encoding GSTP1, GSTM1, and CYP1A1 in
placental samples that were used in this study.
GST-activity is associated with the genotype of
above-enumerated enzymes. Its down-regulation is
more pronounced in the exposed pregnancies from the
regions with chemically polluted or radioactively
contaminated environment than from those justified as
‘clean’ ones. The decrease of cytosolic GST activity
was accompanied by complications in the course of
pregnancy and delivery as well as by deterioration in
the health of newborn [5, 6, 12-14].

We have confirmed that decrease of GST activity is
at least partly defined by down-regulated gene
expression [14]. One of the potential reason of GSTP1
down-regulated expression is methylation of its
CpG-enriched promoter that induces the gene
silencing. The methylation of DNA depends on the
availability of methyl-group that is donated into methyl 
cycle by N5-MeTHF. The latter is restored from N5,
N10-methylenetetrahydrofolate by MTHFR, a key
enzyme of folate-mediated one carbon-unit
metabolism. That is why we have compared cytosolic
GST-activity as a surrogate marker of GSTP1 gene
expression with the allelic variants of MTHFR gene.
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Fig.1 Electrophoregram of restriction products of amplified fragments of
MTHFR and fibrinogen Aá genes: 1 – marker of molecular weight; 2, 6 –
carriage of T677T alleles of MTHFR gene; 3-5 – carriage of C677T alleles
of MTHFR gene; 7, 8 – carriage of C677C alleles of MTHFR gene



GST-activity was found to be higher at C®T
substitution in both alleles of MTHFR gene i.e. at
T677T genotype than that at C677C genotype:

290.8 nmol   mg protein-1   min-1

 (95% CI: 208.69 – 350.73 nmol   mg protein-1   min-1)
versus 220.1 nmol   mg protein-1  min-1

 (95% CI: 201.63 – 279.52 nmol   mg protein-1   min-1), 
p = 0.17 according to Mann-Whitney test.

At C®T substitution in one allele of MTHFR gene
only, GST-activity has intermediate value – 265.5 nmol   
mg protein-1   min-1 (95% CI: 227.75 – 318.88 nmol   mg
protein-1 min-1) – between activity in samples with
dominant (C677C) and recessive (T677T)
homozygotes of MTHFR, Mann-Whitney test is p = 0.3 
and p = 0.17 respectively (Fig. 3). Therefore, enzymatic 
activity of GST reveals the tendency to increase
depending on the presence of MTHFR gene mutation in 
one or two alleles. The absence of statistically

significant difference p£0.05 between GST-activity in
the samples, carrying different allelic variants of
MTHFR gene may be connected with insufficient
number of samples.

It is well known that GST activity depends on
numerous factors, including genetic and external ones. We
have previously confirmed the association of placental
cytosolic GST-activity with the allelic variants of genes,
encoding the main detoxication enzymes in placenta – GST 
P1 and M1, cytochrome P450 1A1 [15, 16] – as well as
with adverse agents in polluted environment [5]. The task
of this research was to find out which factors are more or
less influential in their combination. Therefore, we
classified placenta samples according to combination of
genotypes of four enzymes, namely, MTHFR, GSTP1,
GSTM1, CYP1A1. Four polymorphic genes, each of
which may be in three variants of specified single
nucleotide (two homozygous and one heterozygous) may
theoretically form 34=81 combinations. 17 combinations of
allelic variants of abovementioned genes were revealed in
investigated samples. Each combination contained nearly
equal number of placenta samples, collected from different
regions of Ukraine, therefore, the influence of environment
was not considered. Twelve combinations, occurring with
over 2% frequency, were numbered in ascending order of
median value of cytosolic GST-activity and presented in
the Table. Using Mann-Whitney criterion, GST-activity
was analyzed in combinations which differed only in allelic 
variants of one among four genes, three others being the
same. The abovementioned association between allelic
variants of MTHFR gene and GST-activity is preserved at
intergroup comparison, regardless insignificant number of
samples in each group.
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Fig.2 Frequency of C677T allelic
variants of MTHFR gene in the
investigated cohort of Ukrainian
population (a) and in Europe (b) [1, 11]

Fig.3 Cytosolic glutathione S-transferase activity in human placenta
samples with different allelic variants of MTHFR gene: 1 – C677C; 2 –
C677T; 3 – T677T



The substitution of one 677 C allele for 677T allele
(let us compare combinations 5 and 2 and combinations 
8 and 3) and substitution of both C alleles for T
(combinations 9 and 1 and combinations 10 and 3) are
associated with the increase in median values of
GST-activity (Table, Fig. 4). The difference between
GST-activity of samples, in which MTHFR gene is in
different homozygous conditions (compare
combinations 9 and 1 and combinations 10 and 3), is

higher than between GST-activity in samples with
hetero- and homozygous gene (combinations 5 and 1
and combinations 8 and 3). Similar analysis, performed
for GSTP1 and GSTM1 genes, confirmed present
views on the interconnection between allelic variants of 
these genes and GST-activity, namely, A®G
substitution in nucleotide 1403 of GSTP1 gene
(combinations 2 and 6) and deletion in GSTM1 gene
(combinations 5 and 7) are associated with the
GST-activity decrease [14, 15]. The difference between 
GST-activity at different genotypes of GST genes is
surprisingly less manifested that at different genotypes
of MTHFR gene. The increase in GST-activity is
observed also in the samples with combination 11
comparing to 8, which differ in allelic variants of
CYP1A1. Substitution 462Ile®Val in the enzyme
molecule is reflected in combination 11.

Thus, the analysis of cytosolic GST-activity in
human placental samples depending on combination of
allelic variants of four polymorphic genes, GSTP1,
GSTM1, CYP1A1 and MTHFR, has revealed the
increase in cytosolic GST-activity due to mutation in at
least one allele in MTHFR gene independently of
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Table
Combination of allelic variants of MTHFR, GSTP1, GSTM1 and CYT1A1 genes and cytosolic glutathione S-transferase activity in human placenta
samples 

Combination #

Combinations of allelic variants
Cytosolic GST-activity nmol mg

protein-1  min-1 (95% CI) 
Carriage

frequencyMTHFR
C677T

GSTP1
A1403G

GSTM1 +/-
CYP1A1
A2455G

1 C/C A/G + A/A 156.40(24.66–322.59) 4/57

2 C/C A/G - A/A 168.55(132.91–228.28) 10/57

3 C/C A/A + A/A 173.79(65.89–324.35) 4/57

4 C/T G/G - A/A 180.39(120.32–228.08) 7/57

5 C/T A/G - A/A 225.80(149.13–283.17) 6/57

6 C/C A/A - A/A 258.83(126.09–323.71) 6/57

7 C/T A/G + A/A 234.12(112.54–339.78) 4/57

8 C/T A/A + A/A 289.36(190.77–332.32) 6/57

9 T/T A/G + A/A 290.84(247.74–318.94) 4/57

10 T/T A/A + A/A 303.80 2/57

11 C/T A/A + A/G 329.87 2/57

12 C/T A/A - A/G 384.20 2/57

Fig.4 Cytosolic glutathione S-transferase activity in the samples with
different combination of allelic variants of MTHFR, GSTP1, GSTM1 and
CYP1A1 genes  The numeration of combinations of allelic variants of
genes is presented in accordance with the Table



allelic variants of other three polymorphic genes. The
values of cytosolic GST-activity in the samples with
C677C, C677T, and T677T genotypes of MTHFR gene 
are arranged in ascending order.

Conclusions. The prevalence of C677T allelic
variants of MTHFR gene in the investigated cohort of
Ukrainian population does not differ significantly from
that in European population. It is equal to 45.8%
(44/96) for C677C, 43.8% (42/96) for C677T and
10.4% (10/96) for T677T genotypes of MTHFR gene.

The cytosolic GST catalytic activity in human
placenta reveals the tendency to increase with 677C®T 
substitution in one or two alleles in MTHFR gene
independently of allelic combination of the genes
GSTPP1, GSTM1 and CYP1A1.
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Î. Ï. Ìàð öå íþê, Ë. ß. Ñà çî íî âà, ×. Ìèø ëà íî âà, Ì. Þ. Îáî ëå íñüêàÿ

Ïî ëè ìîð ôèçì ãå íîâ ìå òè ëåí òåò ðà ãèä ðî ôî ëàò ðå äóê òà çû, ãëó òà òè îí -

òðàí ñôå ðàç Ð1 è Ì1, öè òîõ ðî ìà Ð450 1À1 è ãëó òà òè îí òðàí ñôå ðàç íàÿ

àê òèâ íîñòü â ïëà öåí òå ÷å ëî âå êà

Ðå çþ ìå

Âïåð âûå èñ ñëå äî âà íà ÷àñ òî òà ðàñ ïðîñ òðà íå íèÿ Ñ677Ò àë ëåëü íûõ âà -
ðè àí òîâ ãåíà ìå òè ëåí òåò ðà ãèä ðî ôî ëàò ðå äóê òà çû (ÌÒÃÔÐ) â îãðà -
íè ÷åí íîé ïî ïó ëÿ öèè æè òå ëåé Óêðà è íû è ïðî à íà ëè çè ðî âà íà
ãëó òà òè îí òðàí ñôå ðàç íàÿ àê òèâ íîñòü öè òî çî ëÿ â îá ðàç öàõ ïëà öåí -
òû ñ ðàç íû ìè àë ëåëü íû ìè âà ðè àí òà ìè ãåíà ÌÒÃÔÐ â êîì áè íà öèè ñ
ïî ëè ìîð ôíû ìè ãå íà ìè ãëó òà òè îí òðàí ñôå ðàç Ð1, Ì1 è öè òîõ ðî ìà
Ð4501À1. Ïðè çà ìå íå Ñ677®Ò677 õîòÿ áû â îä íîì èç àë ëå ëåé ãåíà
ÌÒÃÔÐ îá íà ðó æå íà òåí äåí öèÿ ê ïî âû øå íèþ ãëó òà òè îí òðàí ñôå ðàç -
íîé àê òèâ íîñ òè, ñî õðà íÿ þ ùà ÿ ñÿ íå çà âè ñè ìî îò òîãî, â êîì áè íà öèè ñ
êà êè ìè àë ëåëü íû ìè âà ðè àí òà ìè äðó ãèõ èñ ñëå äó å ìûõ ãå íîâ íà õî äèò ñÿ
ãåí ÌÒÃÔÐ. Îáñóæ äà åò ñÿ âîç ìîæ íàÿ ñâÿçü ìåæ äó àë ëåëü íû ìè âà ðè -
àí òà ìè ãåíà ÌÒÃÔÐ è ãëó òà òè îí òðàí ñôå ðàç íîé àê òèâ íîñ òüþ.

Êëþ ÷å âûå ñëî âà: ïî ëè ìîð ôèçì ãå íîâ, ìå òè ëåí òåò ðà ãèä ðî ôî ëàò -
ðå äóê òà çà, ãëó òà òè îí òðàí ñôå ðà çû Ð1 è Ì1, ïëà öåí òà ÷å ëî âå êà, ãëó -
òà òè îí òðàí ñôå ðàç íàÿ àê òèâ íîñòü.
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