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Abstract—Analysis of the genome-specific linkage disequilibrium patterns in certain populations is a highly
promising approach to the identification of functional variants that underlie susceptibility to complex dis-
eases. In the present study, the linkage disequilibrium patterns of the methylenetetrahydrofolate reductase
gene (MTHFR) were examined in a group of patients with coronary atherosclerosis (coronary artery disease,
CAD) and in a control sample from the Russian population. It was demonstrated that in the samples from
one population, which were differentiated by the presence or absence of CAD, the MTHFR linkage disequi-
librium patterns had similar features. Association of the MTHFR rs7533315 and rs2066462 polymorphisms
with CAD was demonstrated. In addition, the evolution of the haplotypes and their role in the formation of
CAD in the Russian population was reconstructed. The data on the association between genetic variability in
the MTHFR locus and pathogenetically important indices of lipid metabolism were obtained. The high infor-
mativeness of the haplotype approach in case—control tests for associations with CAD was demonstrated.

DOI: 10.1134/S1022795412100122

INTRODUCTION

The search for cardiovascular disease candidate
genes started about 20 years ago. At that time it was
considered that genetic polymorphisms, along with
the already known factors that predispose a person to
cardiovascular disease, would be very promising for the
evaluation of individual risk and the elaboration of
new means of prevention and treatment. However,
despite years of intensive studies, at present, none of
the genetic risk factors is widely used in clinical prac-
tice. In time, the focus of genetic investigations of
common cardiovascular diseases gradually shifted
from primary risk stratification to a deeper under-
standing of the etiology and pathophysiology of the
disease and their diagnostic and therapeutic sense [1].

Unraveling the genetic determinants of common
diseases is one of the key frontiers in modern human
genetics. The classical approach to this problem,
which is based on case—control disease—marker asso-
ciation studies, still remains in force. However, in
recent decade, the methods of genetic analysis of mul-
tifactorial diseases were supplemented with highly
effective approaches, such as whole-genome mapping
and meta-analysis, as well as cohort and multiple rep-
licative studies [2—5]. Analysis of linkage disequilib-

rium patterns in the candidate gene regions and iden-
tification of the disease-associated haplotypes and
their tagSNPs is one of the most promising strategies
for the identification of the genetic variants that pre-
dispose a person to complex diseases [6—9].

The effects of the individual markers that are iden-
tified by classical association analysis are usually low.
Furthermore, these effects can be associated with a
linked functionally important variant (mutation or
polymorphism) rather than with the marker of inter-
est. For these reasons, association analysis at the hap-
lotype level can be a more powerful and informative
tool than the analysis of individual markers. Ifthe can-
didate genes play a definite role in disease susceptibil-
ity, some suggestions can be made. First, certain hap-
lotypes may demonstrate more significant associations
and higher relative risk compared to marker alleles.
Second, linkage disequilibrium patterns in patients
may be more distinct compared to either control or
population samples. Third, different ethnic popula-
tions can be different with respect to their linkage dis-
equilibrium patterns and haplotype—disease associa-
tions.

To test this hypothesis, in the present study, haplo-
type structures at the methylenetetrahydrofolate
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Table 1. Characteristics of the MTHFR SNPs we examined

TRIFONOVA et al.

SNPID Chr%rgzi&mal Location in the
N posttio dbSNP . MTHFR gene
o (generally (according Ancestral Mutation type .
alleles (according to the
accepted name) to the NCBI
NCBI database)
database)
1 rs3753588 11863904 A/G G Intron 1
2 12066470 11863057 c/T C Synonymous Exon 2
(39 Pro/Pro)
3 rs17037397 11862163 A/C C Intron 2
4 rs7533315 11860683 c/T C Intron 3
5 154846052 11857951 c/T T Intron 4
6 rs1801133 11856378 c/T C Nonsynonymous Exon 5
(C677T) (222 Val/Ala)
7 1s6541003 11855867 A/G G Intron 5
8 1s2066462 11854896 c/T C Synonymous Exon 7
(352 Ser/Ser)
9 rs1801131 11854476 A/C A Nonsynonymous Exon 8
(A1298C) (429 Ala/Glu)
10 rs17375901 11852516 c/T C Intron 9
11 1s2274976 11850927 A/G G Nonsynonymous Exon 12
(G1793A) (594 GIn/Arg)
12 rs1537516 11847861 c/T C (3'UTR)

reductase gene (MTHFR) locus were examined in
populations of different ethnic origins and in patients
with coronary atherosclerosis (coronary artery dis-
ease).

MATERIALS AND METHODS

In this study, a group of CAD patients and a control
sample were examined. The patient group was com-
prised of unrelated Caucasoid individuals (128 males
and 13 females) with coronary artery disease, who
were observed at the Research Institute of Cardiology
of the Russian Academy of Medical Sciences (Tomsk).
The mean patient age to the moment of observation
was 49 = 8 years. The presence of coronary artery
stenosis was confirmed by angiography. In most of the
patients, the minimum degree of arterial stenosis cor-
responded to grade II lesions, according to the gener-
ally accepted classification of stenosis (stenosis of
more than 50%). In 87% of the patients that were
observed, the first clinical traits of ischemic heart dis-
ease appeared at an age below 55 years. In these cases,
the pathology was considered as early-onset disease.
The control group was comprised of 126 unrelated
individuals (123 males and 3 females) of Caucasoid
ethnicity (the mean age at the moment of observation

RUSSIAN JOURNAL OF GENETICS

was 41 * 8 years) with no clinical symptoms of cardio-
vascular abnormalities. The paraclinical characteris-
tics that were examined in the individuals tested
included total serum cholesterol and triglyceride val-
ues, systolic (SBP) and diastolic (DBP) blood pres-
sure, and anthropometric indices. Genealogic data
were obtained based on family history and the clinical
and anthropometric data were based on clinical
records.

The molecular markers that were used consisted of
12 MTHFR SNPs (single nucleotide polymorphisms),

including 1s3753588, 152066470, 1817037397,
1s7533315, rs4846052, rs1801133 (C677T), rs6541003,
rs2066462, rs1801131 (A1298C), rs17375901,

rs2274976 (G1793A), and rs1537516. These markers
are relatively randomly distributed over all exons,
introns, and the 3' noncoding region of the MTHFR
gene. For most of the loci tested, the frequency of the
minor allele was about 5% (according to the NSBI
database). The locations of the polymorphic loci that
were examined in the MTHFR gene are presented in
Table 1. Genotyping was performed using the poly-
merase chain reaction (PCR) and restriction fragment
length polymorphism (RFLP) was performed accord-
ing to previously described protocols [10—12].
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Fig. 1. Minor allele frequency distributions in CAD patients and the control group. The statistically significant differences (P <
0.05), which were obtained upon comparison of allele frequencies in CAD patients and the control group, are designated by *.

Statistical treatment of the data was performed
using the Statistica 7.0, ARLEQUIN, and Haploview
4.0 software programs. The data distribution patterns
were evaluated using Kolmogorov—Smirnov statistics.
The role of polymorphic haplotypes in quantitative
trait variability was determined using the Kruskal—
Wallis test [13]. For the polymorphic variants in the
groups that were examined the odds ratio (OR) and the
confidence interval (CI) for the odds ratio (at the 95%
CI) were calculated. Haplotype frequencies were
determined using the EM algorithm. Linkage disequi-
librium between the SNP pairs was evaluated using the
Lewontin’s coefficient D' and Pearson’s correlation
coefficient 2. Haplotype block structure was deter-
mined using the solid spine option [14], as imple-
mented in the Haploview 4.1 software program with
the preset threshold level of D' > 0.75. The level of genetic
diversity and interpopulation differentiation were calcu-
lated using the analysis of molecular variance (AMOVA).
The selective neutrality of polymorphism was examined
using the Ewens—Watterson test [15].

RESULTS AND DISCUSSION

The allele and genotype frequencies for all poly-
morphisms examined in the CAD patients and control
group are shown in Table 2 and Fig. 1. In both groups,
at nearly all loci no deviation from the Hardy—Wein-
berg equilibrium was observed (the exceptions were
the rs4846052 and rs6541003 polymorphisms in the
group of CAD patients). The possible cause of the
deviation could be either the small sample size or the
linkage of SNPs that were analyzed with selectively
important markers.
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The Selective Neutrality of the MTHFR Polymorphisms

The selective neutrality of the MTHFR polymor-
phisms was evaluated using the Ewens—Watterson test
[15]. Among all the SNPs that were examined, devia-
tion from neutrality in both the control sample and in
the CAD patients was observed only for two polymor-
phic variants, viz., rs4846052 and rs6541003. All three
functionally important SNPs that determine an ele-
vated homocysteine level in human plasma were found
to be selectively neutral. Analogous data were obtained
by Spirovski (2008) for a Macedonian population.
Specifically, the C677T and A1298C polymorphisms
were selectively neutral in both the venous thrombosis
patients and the control group [16]. These findings can
be explained in terms of the suggestion that some phe-
notypic changes can be selectively neutral if they do
not affect the effectiveness of reproduction. At the
same time, data on the selection of the 677 T"allele and
accumulation of the 67777 homozygotes in Spanish
population exist. These data are based on an analysis
of the changes in the allele and genotype frequency
distribution patterns of this SN'P during the 20th cen-
tury. The authors of the study explained the data were
obtained in terms of the increase in the intake of folic
acid by women during the periconceptional period in
the last quarter of the 20th century, which resulted in
the increased viability of 677TT fetuses during early
stages of embryonic development [17]. The selective
importance of the 677 T allele was confirmed in a study
that analyzed the allele and genotype frequency distri-
butions of five MTHFR polymorphisms in the popula-
tions of Israel, Japan, and Africa. In this study, it was
demonstrated that the 677 T"allele was found in haplo-
types that had selective advantages [18].
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Table 2. The genotype distribution of MTHFR polymorphisms in CAD patients and the control group

Frequency, % x2 value with Yates’|  Odds ratio—OR,
No SNPs examined | Genotype Control group | CAD patients correction (P signifi- (95% confidence
(N = 126) (N = 141) cance level)* interval)**

AA 1 —

1 153753588 AG 18 16 0.34 (P=0.561) 0.80 (0.43—1.50)
GG 81 84
cc 83 84

2 152066470 cT 16 15 0.26 (P = 0.607) 0.97 (0.51—1.82)
T 1 1
AA — —

3 rs17037397 AC 1 8 0.51 (P=0.474) 0.69 (0.31—1.55)
cc 89 92
cc 53 38

4 157533315 cT D) 52 4.38 (P =0.036) 1.60 (1.08—2.36)
T 5 10
cc 30 21

5 14846052 cT 53 63 2.68 (P=0.101) 119 (0.83—1.70)
T 17 16
cc 55 52

6 {SC168$71%§3 cT 39 40 0.54 (P=0.763) 1.14 (0.78—1.67)
T 6 8
AA 29 26

7 1$6541003 AG 56 59 0.08 (P =0.774) 1.09 (0.76—1.56)
GG 15 15
cc 94 84

8 152066462 cT 6 16 4.82 (P=0.028) 2.71 (1.13-6.72)
T _ _
AA 40 48

9 1('21820918% AC 48 £ 1.12 (P = 0.290) 0.80 (0.55—1.17)
cc 12 10
cc 91 92

10 rs17375901 cT 9 8 0.01 (P=0.958) 0.98 (0.38—2.55)
T _ _
AA — —

11 Eg%ggjf) AG 13 7 1.78 (P=0.182) 0.35 (0.13—0.90)
GG 87 93
cc 82 80

12 rs1537516 cT 17 18 0.06 (P = 0.810) 1.12 (0.62—2.03)
T 1 2

Note: N, number of individuals in the group.
* xz values with the Yates correction and P significance levels were obtained through comparison of genotype frequencies in CAD
patients and the control group. Statistically significant differences (P < 0.05) are in bold type.
** odds ratios and confidence intervals are shown for minor alleles, shown in Fig. 1.
RUSSIAN JOURNAL OF GENETICS  Vol. 48
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The Association of MTHFR Alleles and Genotypes
with Coronary Atherosclerosis

Comparison of the genotype and allele frequency
distributions in the control group and CAD patients
revealed statistically significant differences at two
MTHFR polymorphisms (rs7533315 and rs2066462).
Specifically, the frequencies of the T"allele and C7T and
TT genotypes were statistically significantly higher in
the group of CAD patients (Table 3). For all markers
examined, the odds ratio for the minor allele varied
from 0.35 to 2.71 (Table 2). Analysis of the odds ratio
confirmed a possible association between the genetic
variation of rs7533315 and rs2066462 and hereditary
susceptibility to CAD (OR = 1.60; 95% CI: 1.08—
2.36; and OR = 2.71; 95% CI: 1.13—6.72, respec-
tively).

In the present study, no statistically significant
association of CAD with any of the three most thor-
oughly studied nonsynonymous substitutions in the
MTHFR gene (C677T, A1298C, and G1793A) was
observed. However, CAD was reported to be associ-
ated with the rs7533315 polymorphism, which is
located in the third intron of the MTHFR gene, as well
as with synonymous substitution in exon seven,
rs2066462. It can be suggested that the effect of the
MTHFR synonymous substitution rs2066462 on the
synthesis of the encoded protein consists either in a
splicing abnormality or in the need for the cell to
recruit a rarer tRNA, which slows protein synthesis.
Concerning the rs7533315 marker, it can be suggested
that this association is caused by the fact that this SNP
is closely linked (D' = 1) to 1s2066462 and the nonsyn-
onymous substitution rs2274976 (G1793A). Due to
low frequency of the rs2274976 allele A, association of
this missense mutation with CAD was not identified in
a small sample. Literature data on rs2274976 are very
scanty. It is known that the frequency of the G1793A
polymorphism varies from 1.3% in Ashkenazi Jews to
26.6% in Indonesians from Java Island. It was demon-
strated that heterozygosity for G1793A results in the
elevation of plasma homocysteine level by 40% [19].
Associations of this SNP with endometrial cancer,
squash cell carcinoma, colorectal cancer, and female
infertility have also been reported. Some researchers
recognize rs2274976 as a clinically important poly-
morphism, especially upon an analysis of genetic sus-
ceptibilities to complex diseases, whose pathogenesis
involves folate metabolism defects [20].

It is also possible that rs7533315 is linked to
another functionally important MTHFR polymor-
phism, which was not examined in the present study.
The MTHFR resequencing that was performed in 2006
in four populations (Caucasoids, Africans, Chinese,
and Mexicans) identified 11 nonsynonymous substi-
tutions at this locus [21]. Of these, only three SNPs
were the most widespread (C677T, A1298C, and
G1793A). The remaining polymorphisms were found in
individual populations at frequencies from 0.8 to 2.5%.
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The data on the association of the MTHFR allelic
variants with cardiovascular disease are rather contro-
versial. Many authors consider the MTHFR C677T
polymorphism as an independent risk factor of cardio-
vascular and cerebrovascular diseases, including coro-
nary atherosclerosis. However, several other authors
found no association between C677T and A1298C and
vascular pathologies [22—28]. For example, a meta-
analysis that was performed by Klerk et al. (2002)
showed an association between the MTHFR C677T
polymorphism and IHD in the European population
and the absence of such an association in the North
American population [29]. Another meta-analysis of
15 association studies also pointed to a considerable
association between the 6777TT genotype and CAD
(OR, 1.67; 95% CI, 1.21-2.31) [30]. A large-scale
analysis that explored the probability of significant effects
in 23 case—control studies, including 5869 patients and
6644 controls, showed that the C677T marker was not
a risk factor of cardiovascular disease, while the 677TT
genotype was associated with a 25% elevated
homocysteine concentration, compared to the CC
genotype [31]. At the same time, a meta-analysis of
studies, which included a total of 5644 patients, that
was performed by Wu and Tsongalis in 2001 [32],
showed that the homozygous variant 677 7T was asso-
ciated with an increased risk of CAD (OR, 1.30; 95%
CI, 1.11-1.52). Opposite results were reported by
Nakai et al. (2001) [33]. These contradictions can be
explained by different approaches to research design,
as well as by the involvement of genetic markers into
CAD pathogenesis in some populations, while in
other populations this mechanism does not work.
Population-genetic processes, which can also lead to
controversial results, deserve special interest. In differ-
ent populations and ethnic geographic groups, associ-
ations are formed on different genetic and environ-
mental backgrounds. The mutations that are
expressed, for example, as an increased susceptibility
to CAD, can occur more than once and in different
allelic surroundings. It is known that any new allele is
initially associated with other alleles, on whose back-
ground it appeared. Although each SNP can be exam-
ined independently, it seems more informative to
explore them within haplotypes that are population-
specific due to their unique demographic histories.

Haplotype Structure and Linkage Disequilibrium
of the MTHFR Gene in the Groups We Examined

In the present study, genotypes were analyzed at 11
SNPs of the MTHFR gene (the 1s3753588 marker was
excluded from the analysis, because it was absent from
the genotyping panel of the HapMap project). In
CAD patients, a total of 14 haplotypes were discovered
out of 4096 theoretically possible ones, while in the
control sample 15 haplotypes were identified (Fig. 2).
Nine of the haplotypes were identical for both groups.
The number of major haplotypes (with a frequency
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Fig. 2. Haplotype frequency distributions in CAD patients and the control group.

above 10%) equaled four in CAD patients and three in
the control group. A comparative analysis of the hap-
lotype frequencies revealed a statistically significant
association of the CCTTCGCACGC (y? with a Yates’
correction, 6.91; p = 0.009; OR, 2.57; 95% CI, 1.24—
5.39) and CCCTCACACGC (upon comparison using
Fisher’s test, p=0.017; RR, 1.92;95% ClI, 1.77-2.08)
haplotypes with CAD. In addition, a protective haplo-
type, CCCTCGCCCGC, (upon comparison using
Fisher’stest, p =0.003; OR, 0.18;95% CI, 0.04—0.69)
was identified. For other haplotypes, no statistically
significant differences were detected. The risk-associ-
ated haplotype CCTTCGCACGC contains the
mutant allele 7 (in bold type) of the rs7533315 marker,
for which an association with CAD was recorded in
the present study. However, all other alleles of this hap-
lotype are ancestral, suggesting close linkage between
rs7533315 and some functionally important SNPs of
the MTHFR gene, which was not explored in the
present study. The haplotype CCCTCACACGC,
which includes a mutant allele of the rs6541003 locus,
was also associated with CAD. The data of the present
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study support the idea that this locus is under the effect
of stabilizing selection in both the control and CAD
patient groups.

The haplotype CCCTCGCCCGC includes the
single mutant allele C, which belongs to the function-
ally important MTHFR marker rs1801133 (A1298C).
Nevertheless, in our study, an expressed protective
effect of this haplotype relative to CAD was demon-
strated. However, it should be noted that this haplo-
type is not detected in some Mongoloid populations
(Buryats, Chinese, and Japanese). Moreover, it is
more frequent among Russians at a statistically signif-
icant level, compared to the other populations that
were examined [34]. At present, the influence of the
MTHFR A1298C polymorphism on the plasma
homocysteine level remains an open issue. Studies that
concern this issue have produced controversial results
[35, 36]. It was suggested that the effect of the 6777T
genotype on the activity of MTHFR is much higher
compared to that of the 1298CC variant. This is
because 67777 is located in the catalytic domain of
the enzyme, while the A1298C polymorphism is
Vol. 48
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located in the region that encodes the C terminal reg-
ulatory domain. This polymorphism provides only
small changes in MTHFR activity through abnormal
binding of the enzyme with its inhibitor, S-adenosyl-
methionine [37].

In our earlier study, a phylogenetic analysis of
MTHFR haplotype relationships was performed [34].
This analysis demonstrated that the three haplotypes
that were discussed were located one mutational step
from the presumptive founder haplotype. They condi-
tionally split the phylogenetic tree into three main
clusters. This observation is quite interesting in the
context of the evolutionary history of the genetic
architecture of atherosclerosis and deserves further
investigation.

It was demonstrated that the use of haplotypes
instead of SNPs in association studies could substan-
tially increase the statistical power of the test, espe-
cially if the predisposing polymorphism was not exam-
ined directly, or in case of a high level of multilocus
linkage disequilibrium [38, 39]. Simulation modeling
performed by Akey et al. (2001) showed that the power
of haplotype tests was influenced by the genetic dis-
tance between the observed markers and the causative
mutation, as well as by the allele frequencies and the
age of the causative mutation [40]. One of the interest-
ing haplotype features is the nonrandomized associa-
tion among the SNPs that comprise its so-called link-
age disequilibrium.

Earlier, we described population-specific MTHFR
linkage disequilibrium patterns in different popula-
tions of Eurasia [34, 41]. The data of the present study
indicate that MTHFR linkage disequilibrium patterns
can be also characterized by intergroup differences
(Fig. 3). In the control sample, whose characteristics
are similar to those of the Russian population of
Tomsk [42], three linkage disequilibrium blocks were
identified. The first block consisted of two closely
located SNPs (rs3753588 and rs206647), the second
block included five polymorphisms (rs7533315,
rs4846052, rs1801133, rs6541003, and rs2066462),
and the third block consisted of four SNPs (rs1801131,
rs17375901, rs2274976, and rs1537516). It is notewor-
thy that the C677T (rs1801133) variant, which is con-
sidered to be the most functionally important MTHFR
polymorphism, showed no close linkage with any of
the markers that were examined. It should be noted
that the linkage disequilibrium patterns in CAD
patients and controls had many features in common.
In both cases a recombination hotspot occurs between
the 152066462 and rs1801131 markers. In addition, in
both groups a haplotype block in the 3' gene region,
including identical SNPs, was observed. At the same
time, in the 5' gene region the linkage was more
expressed in CAD patients.

In this study, an association between the MTHFR
markers we examined and pathogenetically important
lipid metabolism indices was observed. This finding
serves as an additional confirmation of the association
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between the haplotype structure of the MTHFR gene
we observed and coronary atherosclerosis.

Analysis of Associations with Pathogenetically Important
Quantitative Traits

Using multiple comparison, in the present study an
association of the genotypes of six SNPs, including
1s7533315, r1s6541003, rs2066462, rs1801131,
rs17375901, and rs1537516 with variable plasma total
cholesterol (TC) and (or) triglyceride (TG) levels in
the group of CAD patients was identified (Table 3).
Interestingly, an association with the lipid metabolism
indices was found for the genotypes of three out of four
SNPs that are contained in the second linkage block of
the CAD patients. In the control group, a statistically
significant elevation of the TC values was observed in
the rs17375901 heterozygotes. It should be noted that
among the CAD patients, maximum TC and TG levels
corresponded to the homozygote for the mutant allele
(rs7533315, rs1801131, and rs1537516), or to the het-
erozygote that carries this allele (rs2066462 and
rs17375901). For rs6541003, the opposite tendency
was observed. Specifically, in the carriers of the ances-
tral genotype of this locus a statistically significant ele-
vation of the TC and TG levels compared to those in
mutant homozygotes was observed. In the carriers of
different MTHFR genotypes from both groups, the
values of SBP and DBP indices, plasma LDL, and the
body mass index (BMI) were not different at a statisti-
cally significant level.

In CAD patients, only two polymorphisms
(rs7533315 and rs2066462) correlated with the HDL
level. In this study, it was demonstrated that these
polymorphisms were associated with CAD. In the
control group, only a tendency towards association of
the C677T genotypes with the HDL level was
observed. According to the data we obtained, 677TT
homozygotes were characterized by lower HDL levels
compared to heterozygotes and homozygotes for the
ancestral allele. Analogous data were obtained by Real
et al. (2009), who examined the relationships of the
C677T genotypes and plasma homocystein and lipo-
protein levels in familial hypercholesterolemia. In this
study, the 6777TT genotype and an increased plasma
Hcy level were associated with decreased HDL values
[43]. In a study by Japanese researchers, a statistically
significant association between the 6777TT genotype
and HDL upon the development of ischemic stroke
was demonstrated [44].

The results of a large-scale seroepidemiological
study that was performed with a Spanish population
showed that combination of such cardiovascular
disease risk factors as folate (<5.3 nmol/L) and
HDL (<35 mg/dL) deficiency with the 677TT geno-
type increased the risk of hyperhomocysteinemia
(HHcy) by 87 times [45]. At present, the mechanisms
that underlie the association between HHcy, MTHFR
polymorphisms, and plasma lipoprotein levels, are still
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unknown. Numerous experiments that were carried
out using endothelial cell cultures showed that HHcy
was accompanied by the generation of oxidants. These
oxidants, in addition to their cytotoxic effect, were
able to induce the oxidation of low-density lipopro-
teins (LDL). Moreover, in the case of HHcy, in the
membranes and intercellular space of endotheliocytes
elevated concentrations of LDL and very low density
lipoprotein (VLDL) were observed due to a methyl
deficit upon synthesis of the protein component of
lipoproteins. Recent in vitro experiments have dem-
onstrated Hcy-induced elevation of gene expression of
the genes that are responsible for biosynthesis and
absorption of Hcy, TG, and the intercellular accumu-
lation of cholesterol [46]. It was also demonstrated
that one of the metabolic pathways of Hcy in the
human body was its transformation into the thioester
Hcy—thiolactone. In 1997, Jakubowski et al. sug-
gested a hypothesis on the involvement of Hcy-thi-
olactone in the development of atherothrombosis and
lipoprotein modification. More recently, elevated tis-
sue Hcy and its metabolite, Hcy—thiolactone, levels
were observed in IHD patients [47].

Thus, many modern biochemical and genetic data
indicate that elevation of the Hcy level, which is often
determined by mutations in the folate metabolism
genes, leads to the formation of proatherothrombotic
phenotype. The data of the present study point to the
involvement of the MTHFR polymorphic variants in
the determination of CAD. However, from a clinical
point of view, associations of genetic markers with
CAD, while they are evidence in favor of increased risk
of the disease, are not sufficiently informative to pro-
vide additional diagnostic information. In addition,
the data indicate that the MTHFR linkage disequilib-
rium patterns in populations of different ethnic origins
are substantially different. At the same time, the struc-
ture of the MTHFR haplotype patterns in the samples
from one population that were differentiated by either
the presence or the absence of coronary atherosclero-
sis, was similar. Furthermore, a highly statistically sig-
nificant association of certain M THFR haplotypes and
SNPs with coronary atherosclerosis was demon-
strated. A relationship between the MTHFR genetic
variability and pathogenetically important indices of
lipid metabolism was observed. Finally, the present
study demonstrates that the haplotype approach is
highly informative in case—control tests for associa-
tions with complex diseases. In our opinion, the data
presented here are of special interest for the under-
standing of a number of genetic phenomena, includ-
ing interpopulation differences of linkage disequilib-
rium patterns, the structure of the genetic component
of complex diseases in terms of the comparative infor-
mativeness of the association of individual markers
and haplotypes with the disease and the functional
importance and pleiotropic effect of MTHFR activity.

Surprisingly, no association of the C677T polymor-
phism with atherosclerosis and its endophenotypes
RUSSIAN JOURNAL OF GENETICS

Vol. 48  No. 10

1045

was revealed in either in the analysis of individual
SNPs and during the assessment of MTHFR haplotype
variability. Moreover, in the patient group, no statisti-
cally significant linkage of the C677T polymorphism
to all the other polymorphisms examined was
detected. At the same time, most of the collected data
on the association of MTHFR with multifactorial
states, including cardiovascular diseases, concern pre-
cisely this missense mutation, which results in the syn-
thesis of a thermolabile variant of the enzyme. It can
be suggested that the effect of this SNP with respect to
cardiovascular pathology, if it is an attribute of the sub-
stitution itself, is not so large that it can be fixed in rel-
atively small samples, like that examined in the present
study. It seems likely that due to its population-specific
linkage disequilibrium pattern, the C677T polymor-
phism may be a member of disease-associated haplo-
types in some populations, while it is absent from these
haplotypes in other populations, as was demonstrated
in the present study.
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