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Purpose: Methionine synthase (MTR) and 5,10-methy-
lenetetrahydrofolate reductase (MTHFR) are the main regula-
tory enzymes for homocysteine metabolism. The present case-
control study was conducted to determine whether there is an
association between the MTR 2756A > G or MTHFR 677C
> T polymorphism and plasma homocysteine concentration in
Korean subjects with ischemic stroke. Materials and Methods:
DNA samples of 237 patients who had an ischemic stroke and
223 age and sex-matched controls were studied. MTR 2756A
> G and MTHFR 677C > T genotypes were determined by
polymerase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP). Results: Frequencies of mutant alleles for
MTR and MTHFR polymorphisms were not significantly dif-
ferent between the controls and cases. The patient group,
however, had significantly higher homocysteine concentrations
of the MTR 2756AA and MTHFR 677TT genotypes than the
control group (p =0.04 for MTR, p =0.01 for MTHFR). The
combined MTR 2756AA and MTHFR 677TT genotype (p =
0.04) and the homocysteine concentrations of the patient group
were also higher than those of the controls. In addition, the
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genotype distribution was significant in the MTHFR 677TT
genotype (p = 0.008) and combined MTR 2756AA and MTHFR
677TT genotype (p = 0.03), which divided the groups into the
top 20% and bottom 20% based on their homocysteine levels.
Conclusion: The results of the present study demonstrate that
the MTR 2756A > G and MTHFR 677C > T polymorphisms
interact with elevated total homocysteine (tHcy) levels, leading
to an increased risk of ischemic stroke.
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INTRODUCTION

Methionine synthase (MTR) plays an important
catalytic role in a methylcobalamin-dependent
reaction, along with 5,10-methylenetetrahydro-
folate reductase (MTHFR), for the remethylation of
homocysteine to methionine."” Many studies have
shown that differences in the plasma’s total homo-
cysteine (tHcy) and folate levels are associated with
variation of the MTHFR genotype.” The MTHFR
polymorphism, which is associated with a pre-
disposition for elevated plasma concentrations of
homocysteine, has been reported to represent a
genetic risk factor for occlusive vascular diseases,
carotid atherosclerosis, silent brain infarction and
small artery occlusion with ischemic stroke,
although these associations remain controversial.””

A mild deficiency in MTR activity may be asso-
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ciated with mild hyperhomocysteinemia, a risk
factor for vascular diseases and possibly neural
tube defects (NTD). The gene encoding human
MTR has been cloned and sequenced.” The
human MTR gene has been mapped to chromo-
some 1g43 and encodes a product of 1265 amino
acids. The 2756A > G mutation was identified for
the first time in patients with the cblG comple-
mentation group of inherited homocysteine/folate
disorders; it also exists in the general population.”

Recent reports have suggested that there is a
strong positive association between MTR 2756GG
genotype and coronary heart disease (CHD) risk
in the Dutch population,” although other studies
have reported that the 2756GG genotype has a
protective rather than an adverse effect on
CHD.”? The MTR 2756A > G polymorphism has
also been found to be associated with a lower risk
of colorectal cancer among individuals with low
alcohol consumption.” Infants who carry mutant
alleles for both methionine synthase reductase
(MTRR 66A > G) and MTR 2756A > G polymor-
phisms have an associated increased risk for
NTDs” and thrombotic events.”’ In contrast, other
investigators have reported no association
between the MTR polymorphism and ischemic
stroke, CHD, or NTD in case-control studies.””"™
Ischemic stroke is a multifactorial disorder, in
which genetic and environmental factors, in-
cluding defects in homocysteine metabolism, play
a major role. Investigations of the MTR 2756A >
G polymorphism, in association with a variety of
disorders, has been reported most commonly in
Caucasian populations, while few investigations
have focused on non-Caucasian groups.

In the present study, we investigated whether
the MTR 2756A > G and MTHEFR 677C > T poly-
morphisms are associated with the homocysteine
concentration and whether there is an increased
risk for ischemic stroke associated with these
polymorphisms.

MATERIALS AND METHODS
Subjects

The study population was enrolled from Novem-
ber 2000 to May 2002 at Bundang CHA Hospital,
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College of Medicine, Pochon CHA University. Is-
chemic stroke was defined as a clinical syndrome
characterized by rapidly developing clinical symp-
toms and signs of focal and, at times, global loss
of brain function with evidence of a cerebral infarc-
tion in the clinically relevant area of the brain iden-
tified by brain imaging studies.'’ The diagnosis of
ischemic stroke was made when neurological de-
ficits were accompanied by corresponding abnor-
mal magnetic resonance imaging (MRI) findings of
the brain, interpreted by two independent experi-
enced neurologists. Ischemic stroke was excluded
when researchers did not agree; patients with
cerebral hemorrhage were excluded in advance.

For the control subjects, we selected healthy indi-
viduals matched for gender and age from individ-
uals attending wellness examinations at Bundang
CHA Hospital during the same period, who were
without a history of cerebrovascular disease or
myocardial infarction. Baseline demographic data
and a history of conventional vascular risk factors
were obtained for each control subject. Some of the
participants, both ischemic stroke patients and
controls, were diagnosed with hypertension or
diabetes mellitus at the time of enrollment. The
institutional review board at Bundang CHA Hospi-
tal approved this study in June 2000. All patients
and controls gave written informed consent.

DNA analysis

Total genomic DNA was prepared from whole
blood after lysis of red blood cells.”* The areas
spanning the polymorphic sites of MTR 2756A >
G and MTHFR 677C > T were amplified by the
polymerase chain reaction (PCR) from genomic
DNA using the primers and reaction conditions de-
scribed previously.*” The polymorphisms were
identified following the digestion of amplified
DNA with the endonucleases Haelll and Hinfl for
MTR and MTHEFR genes. Alleles of each polymor-
phic site were classified depending on the presence
or absence of a restriction enzyme cutting site.

Estimation of plasma homocysteine and folate
concentrations

Specimens were collected to measure levels of
homocysteine, folate, and vitamin B12 within 48
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hrs after the onset of a stroke. Blood was collected
in a tube containing anticoagulant 12 hours after
the patient’s last meal. The tube was centrifuged
for 15 minutes at 1,000 g and the plasma sepa-
rated. The concentration of homocysteine in the
plasma was measured by fluorescent polarizing
immunoassay (FPIA) with IMx (Abbott, USA).
The plasma concentration of folate was deter-
mined using a radioassay kit.”

Data analysis

All statistical analyses were performed using
the Statistical Analysis System software (SAS
Institute, Inc., Cary, NC, USA). To analyze base-
line characteristics, we used a two-sample t test
for continuous data (age and fasting plasma
homocysteine and folate concentrations) when
comparing patient and control baseline data. The
distribution of genotypes was tested for Hardy-
Weinberg equilibrium and for selection against a
particular genotype by using the Chi-square test.
Stratification analysis was used to subgroup age
and gender. One-way analysis of variance
(ANOVA) was performed to compare the mean
concentrations of plasma homocysteine and folate
among three genotypes. Statistical significance
was accepted at a p=0.05 level.

RESULTS

As shown in Table 1, the ischemic stroke group

had a significantly higher homocysteine concen-
tration than the controls (p=0.03). There were,
however, no significant differences between cases
and controls for age and folate concentration. The
genotype distribution for the MTR 2756A > G
polymorphic locus did not deviate significantly
from Hardy-Weinberg equilibrium in both groups
(Table 2). The allele frequencies were not sig-
nificantly different between the controls and cases.
The odds ratios for the MTR 2756AG and the
2756GG genotypes with 2756 AA were 0.94 (95%
CI, 0.59-1.48; p=0.78) and 1.43 (95% ClI, 0.23-8.71;
p=0.70) in the controls and cases, respectively.

We compared the combined genotypes of MTR
2756A > G and MTHFR 677C > T polymor-
phisms between the control and ischemic stroke
groups (Table 2). The frequencies of the combined
genotypes were not significantly different in
comparisons between the cases and controls. The
odds ratio of the combined MTR 2756 AG/MTHFR
677CC genotype and with the combined MTR
2756 AA/MTHEFR 677CC genotype was 1.20 (95%
CI, 0.54-2.69; p=0.69). The odds ratio of MTR
2756AA/MTHFR677CT and MIR 2756AG/MTHEFR
677CT combined genotypes was 0.85 (95% CI,
0.53-1.36; p = 0.55) and 0.71 (95% CI, 0.36-1.39; p =
0.39), respectively.

We examined whether the 2756A > G polymor-
phism of the MTR gene was associated with
plasma homocysteine concentration in the control
and ischemic stroke groups (Table 3). The 2756AA
genotype of the ischemic stroke group was
associated with a higher homocysteine concentra-

Table 1. Baseline Characteristics in Ischemic Stroke Patients and Control Subjects

Variables Controls (n=223) (%) Patients (n=237) (%) p value
Age (yr) 60.13 + 11.10 61.68 + 11.09 0.14
No. of male 117 (52.5) 138 (58.2) 0.22
Hypertension 113 (52.8) 166 (70.3) < 0.0001
Diabetes mellitus 39 (18.7) 72 (30.5) 0.004
Hyperlipidemia 37 (17.5) 89 (37.7) < 0.0001
Smoking 16 (7.7) 36 (15.3) 0.02
Homocysteine (umol/L) 9.89 + 4.09 10.93 + 5.89 0.03
Folate (nmol/L) 9.76 + 6.35 10.05 + 8.63 0.79

Values are mean + SD.

Yonsei Med J Vol. 48, No. 2, 2007



204 Ok Joon Kim, et al.

Table 2. Genotype and Allele Frequencies of MTR 2756A > G and MTHEFR 677C > T

Genotype Control (n=223) (%) Case (n=237) (%)
MTR 2756A > G
AA 174 (78.0) 185 (78.7)
AG 47 (21.1) 47 (20.0)
GG 2 (0.9) 3 (1.3)
A allele 0.89 0.89
G allele 0.11 0.11
MTHER 677C > T
CcC 66 (29.6) 81 (34.4)
CT 119 (53.4) 113 (48.1)
TT 38 (17.0) 43 (18.3)
C allele 0.56 0.58
T allele 0.44 042
MTR 2756A > G/MTHEFR 677C > T
AA/CC 53 (23.8) 61 (26.0)
AA/CT 90 (40.4) 88 (37.4)
AA/TT 31 (13.9) 36 (15.3)
AG/CC 13 (5.8) 18 (7.7)
AG/CT 27 (12.1) 22 (9.4)
AG/TT 7 31) 7 (3.0)
GG/CC 0 (0.0) 0 (0.0)
GG/CT 2 (0.9) 3 (1.3)
GG/TT 0 (0.0) 0 (0.0)
Total 223 (100.0) 235%(100.0)

There are no significant differences in allele frequencies between controls and cases.

*2 samples were not amplified for MTR genotyping.

tion compared to the control group (p = 0.04). The
folate concentration did not show significant dif-
ferences among genotypes of the MTR 2756A > G
polymorphism (data not shown).

In contrast, the MTHFR 677C > T polymor-
phism had no significant differences in genotype
frequencies between cases and controls (Table 2).
The frequency of the mutant 677T allele in cases
and controls was 0.42 and 0.44, respectively. The
6771T genotype in the patient group was asso-
ciated with a significantly higher homocysteine
concentration than that of the control group (p =
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0.01). The 677CT genotype in cases showed higher
homocysteine concentrations than that of the
controls, although this finding was not significant
(p =0.06). For the homocysteine concentration of
the combined MTR 2756AA/MTHER 677TT geno-
type, the patient group was significantly higher than
the control group (p = 0.04; Table 3). However, the
folate concentration did not show a significant
difference among combined genotypes of MTR
2756A > G/MTHEFR 677C > T polymorphisms (data
not shown).

When the top and bottom 20% of measured
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Table 3. Plasma Homocysteine Concentrations of Ischemic Stroke Patients and Controls according to MTR 2756A >
G and MTHFR 677C > T Genotypes

Genotype Controls (Mean + SD¥) Cases (Mean =+ SD) p value
MTR 2756A > G
AA 9.98 + 3.98 11.13 + 6.11 0.04
AG 946 + 4.52 10.47 + 5.06 0.31
GG 12.35 £ 1.18 591 +513 0.17
MTHEFR 677C > T
CC 9.60 = 2.51 9.82 + 281 0.63
CT 9.68 + 2.70 10.52 + 3.85 0.06
TT 11.16 + 2.71 13.91 + 6.10 0.01
MTIR 2756A > G/MTHFR 677C > T
AA/CC 943 +2.24 10.09 + 3.02 0.20
AA/CT 9.86 + 2.62 10.71 + 3.91 0.09
AA/TT 11.25 +£2.78 13.71 + 5.93 0.04
AG/CC 10.30 + 3.49 892 +1.76 0.16
AG/CT 8.92 +2.82 10.42 + 3.50 0.11
AG/TT 10.73 + 2.36 14.92 + 7.03 0.19
GG/CC
GG/CT 12.35 + 0.84 591 + 393 0.12
GG/TT

*Values are umol/L + standard deviation.

homocysteine levels in patients with ischemic
stroke were compared to each other, the fre-
quency of the MTHFR 677TT genotype was
significant, although there was no significant
difference in the MTR 2756A > G polymorphism
(Table 4). Interestingly, the combined genotype
frequency of MTR 2756AA and MTHEFR 677TT
was significantly different between the top 20%
and the bottom 20% of measured homocysteine
levels (p =0.03).

DISCUSSION

A number of epidemiological studies have
shown that in addition to environmental factors,
genetic mechanisms may play a role in deter-
mining susceptibility to vascular disease. In par-
ticular, abnormalities in the enzymes that control

homocysteine metabolism have been shown to
cause vascular disease. MTHFR is the main
regulatory enzyme for homocysteine metabolism.
Our previous reports have suggested that the
homozygous 677C > T mutation in the MTHFR
gene is associated with ischemic stroke.”’” MTR is
also involved in homocysteine metabolism. Thus
the potential role of MTR and MTHEFR genotypes
in the regulation of homocysteine metabolism has
attracted considerable interest.

We therefore studied the relationship between
genetic variations of the MTR and MTHEFR genes
and ischemic stroke in Korean subjects with a
case-control study. Because the genotype distri-
butions of MTR 2756A > G and MTHFR 677C >
T in ischemic stroke were not significantly
different in our data (Table 2), we compared the
top 20% and bottom 20% of Hcy levels. The MTR
polymorphism in the patient group had no

Yonsei Med J Vol. 48, No. 2, 2007
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Table 4. The Genotype Distributions of MTR 2756A > G and MTHFR 677C > T in Ischemic Stroke Patients according

to Homocysteine Levels

Bottom 20% of Hcy

Top 20% of Hcy

Genotype (< 6.74umol/1) (> 13.9 umol /1) OR 95% CI p value
MTR
AA 38 (80.9) 38 (80.9) 1.0 -
AG 7 (14.9) 9 (19.1) 1.29 043 -3.81 0.79
GG 2 (4.2) 0 (0.0) 0.20 0.01-4.31 0.50
MTHER
CcC 15 (31.9) 7 (14.9) 1.0 -
CT 25 (53.2) 21 (44.7) 1.80 0.62-5.24 0.31
TT 7 (14.9) 19 (40.4) 5.82 1.67 -20.25 0.008
MTR/MTHFR
AA/CC 12 (25.5) 6 (12.8) 1.0 -
AA/CT 19 (404) 16 (34.0) 1.68 0.52-5.51 0.56
AA/TT 7 (14.9) 16 (34.0) 4.57 1.22-17.16 0.03
AG/CC 3 (64) 121 0.67 0.06 - 7.86 1.00
AG/CT 4 (8.5) 5 (10.6) 2.50 049 -12.89 041
AG/TT 0 (0.0) 3 (64) 13.46 0.60 - 302.4 0.06
GG/CC 0 (0.0) 0 (0.0) -
GG/CT 2 (4.3) 0 (0.0) 0.39 0.02-9.26 1.00
GG/TT 0 (0.0) 0 (0.0)

significant difference between the top 20% and
bottom 20% (Table 4). However, the MTHFR
677TT genotype was associated with risk for
hyperhomocysteinemia. The MTHFR 677TT, in
patients with ischemic stroke, had a higher ratio,
by 5.8 fold, compared to the top of 20% and
bottom of 20% of tHcy (OR = 5.82; Table 4). When
compared to MTR 2756 AA/MTHFR 677CC, the
2756AA/677TT genotype was only significantly
different when associated with an elevated
homocysteine level (OR=4.57, Table 4). These
results support that MTHFR 677TT and the com-
bined MTR 2756 AA/MTHEFR 677TT genotypes are
risk factors for hyperhomocysteinemia in patients
with ischemic stroke.

The G allele frequency of the MTR 2756A > G
polymorphism was rare (0.11) in the healthy
Korean population. This is in contrast to findings
from previous studies where the rare allele fre-
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quencies were shown to be 0.15-0.21 in healthy
Caucasians (Table 5). Among other Asian popu-
lations studied, the G allele frequency of the MTR
polymorphism in the Chinese population was
similar to this study’s data.”> The Japanese popu-
lation, however, had a higher G allele frequency
than the Korean or Chinese populations.”***”” This
finding is difficult to explain on the basis of
differences in genetic, environmental, or other
factors among populations.

One possible explanation could be differences
in genetic drift or selection against a particular
allele in the comparisons between Korean and
Caucasian populations. In addition, the differ-
ences in study results may be caused by the
differences in sample size or bias resulting from
sample selection of the populations studied.™”
Another possibility is that it may be, at least in
part, due to the differences in ischemic stroke
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Table 5. MTR 2756A > G Genotypes and Allele Frequencies Among World Populations Studied Previously

. Genotype Allele frequencies

Population n References
AA AG GG A G

Australian 657 410 219 28 0.79 021 32
British 607 376 213 18 0.79 021 1
American 476 317 137 22 0.81 0.19 28
American 609 408 183 18 0.82 0.18 38
American 767 515 224 28 0.82 0.18 25
Hollander 540 376 152 12 0.84 0.16 24
Italian 210 148 61 0.85 0.15 2
Japanese 257 172 81 0.83 0.17 26
Japanese 243 156 81 0.81 0.19 37
Japanese 394 259 119 16 0.81 0.19 36
Chinese 100 82 17 0.90 0.10 31
Korean 223 174 47 2 0.89 0.11

prevalence and homocysteine concentrations
among Korean, Caucasian, and Japanese popula-
tions. To compare the allele frequency of the MTR
polymorphism among different populations, fur-
ther studies including different racial and ethnic
groups are needed.

In this study, homocysteine concentrations in
cases with the MTR 2756AA genotype were sig-
nificantly higher than those of the control group
(Table 3). There was also a significantly higher
homocysteine concentration in the patient group
versus the control group for the combined MTR
2756 AA/MTHFR 677TT genotype. Multiple lo-
gistic regression analysis for homocysteine level
was carried out by using selection strategy with
a continuous variable (age) and categorical variables
(gender, smoking, hypertension, diabetes mellitus,
hyperlipidemia, MTHFR genotype, MTR geno-
type). The most important independent risk factor
for hyperhomocysteinemia in ischemic stroke
were age (p = 0.000), MTHFR 677TT (p = 0.001) and
gender (p =0.026). MTR genotype, hypertension,
and diabetes mellitus were not significant pre-
dictors for hyperhomocysteinemia in ischemic
stroke patients (p > 0.05).

To date, many MTR 2756A > G polymorphism
studies have been performed in a variety of
populations. Among these populations, the MTR
2756A > G polymorphism has been associated
with clinical symptoms in some populations, al-

though the results have not always been con-
firmed in all populations. For example, it has been
reported that the MTR 2756GG genotype is
associated with a protective effect against the
development of CHD in three populations,™"”
while the 2756GG genotype has an adverse effect
on the CHD development in the Dutch popula-
tion." In addition, the MTR polymorphism was
associated with a lower risk of colorectal cancer
among individuals with low alcohol consump-
tion.”® The combined genotypes for the MTR/
MTRR polymorphisms were associated with an
elevated risk for NTD in Americans” and throm-
botic events in the British population.”

In contrast, some case-control studies have
reported no association between the MTR poly-
morphism and ischemic stroke, CHD, or NTD. For
example, Zhang and Dai” reported that there was
no association between the MTR polymorphism
and ischemic stroke or CHD risk in a Chinese
population study. Similar trends were seen in
Australian and Japanese populations. There was
no association between the MTR polymorphism
and CHD in an Australian population™ and NTD
susceptibility in Italian’ and British® populations.
Therefore, association studies of the MTR poly-
morphism have shown conflicting results among
the populations studied. Therefore, to date, the
results of MTR polymorphism studies have not
been race or ethnic-specific.
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In conclusion, in the present study, high
homocysteine concentration in patients who had
ischemic stroke appeared to be associated with the
MTHFR 677TT genotype or combined MTR
2756 AA and MTHFR 677TT genotype. However,
in light of the differences of the association of the
MTR 2756A > G polymorphism and clinical
symptoms among human populations, further
work is needed to examine the effects of muta-
tions in the MTR gene. Therefore, the findings of
the MTR polymorphism and association with
disease, obtained in a variety of populations, may
not yet be conclusive. In addition, the precise
biochemical mechanisms of the MTR and MTHFR
alleles that affect homocysteine concentration
require further research in order to determine the
associations between the MTR and MTHEFR
polymorphisms and homocysteine concentration.
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