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Abstract. Background: Methylenetetrahydrofolate reductase
plays a central role in converting folate to methyl donor for DNA
methylation. Recently, methylenetetrahydrofolate reductase
(MTHFR C677T and A1298C) mutations were discovered to be
associated with childhood acute lymphoblastic leukemia (ALL),
as well as colon cancer, lymphoma, esophageal and stomach
cancer. Therefore, it was hypothesized that the MTHFR
polymorphisms are associated with the risk of childhood ALL in
the Korean population. Patients and Methods: DNA samples
taken from 66 patients with ALL and 100 age-matched controls
were analyzed using the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) assay for detection
of MTHFR C677T and AI1298C mutations. Results: The
frequency of the AC genotype for MTHFR AI1298C
polymorphism was significantly different between the controls
and the cases (OR, 2.22; CI, 95% 1.09-4.51, p=0.03). The
12984C+CC genotype was also significantly different (OR, 2.11;
95% CI, 1.06-4.22; p=0.049). There was, however, no significant
difference for MTHFR C677T polymorphism and combined
genotype frequencies between the two groups. Conclusion:
Although no consistent results on associations between MTHFR
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A1298C polymorphism and ALL in the populations studied were
obtained, the A1298C polymorphism, at least in Koreans, may
be a genetic determinant among childhood ALL patients.

5,10-Methylenetetrahydrofolate reductase (MTHFR) converts
5,10-methylenetetrahydrofolate into 5-methyltetrahydrofolate,
and provides the methyl group for homocysteine in
methionine synthesis. MTHFR C677T polymorphism, in
which valine is substituted for alanine, and MTHFR A1298C
polymorphism, in which alanine is substituted for glutamate,
showed a 20 — 30% reduction in enzyme activity as well as an
association with an increased risk of hyperhomocysteinemia.
It has been reported that the elevation of homocysteine in the
blood is associated with an increased risk of arteriosclerosis,
myocardial infarction, venous thrombosis and neural tube
defect (1). An aberration of folate metabolism causes uracil
misincorporation into DNA, leading to the breaking of DNA
during uracil excision repair, and increases the risk of
chromosomal aberrations, which presumably represents the
onset of the leukemogenic process.

In addition to various vessel diseases, MTHFR
polymorphism is associated with acute lymphoblastic leukemia
(ALL) (2-4). It is also associated with an increased risk of
recurrent spontaneous abortion, placental abruption and
placental infarction. Folate supplementation during pregnancy
was shown to prevent ALL in children (5). In spite of the
influence of MTHFR polymorphism on ALL, there were no
consistent results among the populations studied. Therefore,
whether MTHFR mutations (C677T and A1298C) are
associated with childhood ALL patients in Koreans was
investigated.
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Table 1. Frequencies of MTHFR C677T and A1298C polymorphisms in
the study subjects.

Table I1. Frequencies of combined MTHFR C677T and A1298C genotype
polymorphisms in the study subjects.

Genotype ALL patients Controls ~ OR (95% CI) p
No. (%)  No. (%)

MTHFR C677T

CcC 17 (25.8) 24 (24.0) 1.00

CT 38 (57.8) 55(55.0) 0.98 (0.46-2.06)  1.000

TT 11 (16.7) 21 (21.0) 0.74 (0.28-1.93)  0.630

CT+ TT 49 (74.2) 76 (76.0)  0.91 (0.44-1.87) 0.854

C allele 0.55 0.51

T allele 0.45 0.49

MTHFR A1298C

AA 38 (61.3) 77(77.0) 1.00

AC 23 (37.1) 21(21.0) 2.22(1.09-4.51) 0.030

cc 1(16)  2(20) 1.01(0.09-11.5) 1.000

AC + CC 24 (36.4) 23(23.0) 2.11 (1.06-4.22)  0.049

A allele 0.80 0.87

C allele 0.20 0.13

Frequencies of 1298AC heterozygote (OR=2.22; 95% CI, 1.09-4.51;
p=0.03) and overall (1298AC+CC) (OR=2.11; 95% CI, 1.06-4.22;
p=0.049) of the A1298C polymorphism are significantly different
between ALL patients and controls.

Patients and Methods

Patients. Sixty-six patients with childhood ALL were recruited from
those who visited six different hospitals from two regions in South
Korea: Incheon, Seoul and Seongnam in the northern region and
Daegu in the southern region. The patients included 39 males and 27
females with a mean age of 9.03 years (range from 1 to 15 years) from
July 1996 to June 2002. The control group consisted of 100
individuals randomly selected following health screening to exclude
those with a history of malignant neoplastic and thrombotic diseases.
Their ages, as the patients, ranged from 1 to 15 years. All the study
subjects gave their written informed consent.

MTHFR genotyping. DNA was extracted from leukocytes with a DNA
extraction kit (QIAmp blood kit, Qiagen) according to the
manufacturer’s protocol. The MTHFR C677T and A1298C genotypes
were identified, as described in Krajinovic et al. (3).

Statistical analysis. The distribution of genotypes was tested for the
Hardy-Weinberg equilibrium and for selection against a particular
genotype, using the y2-test. Differences of allele and genotype
frequencies between the cases and the controls were also compared
using the y2-test. Statistical significance was accepted at p=0.05. All
statistical analyses were performed using the Statistical Analysis
System software 8.2 (SAS Institute, Inc., NC, USA).

Results
The genotype distributions of MTHFR C677T and A1298C
polymorphic loci did not deviate significantly from the

Hardy-Weinberg equilibrium in either group (Table I). The
frequency of the AC genotype in the A1298C polymorphism
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MTHFR ALL patients Controls  OR (95% CI) P
C677T/A1298C No. (%) No. (%)

622 (100.0) 100 (100.0)
CC/AA 7 (11.3) 14 (14.0) 1.00
CC/AC 8 (12.9) 8(8.0)  2.00(0.53-7.61) 0.336
cc/icc 1 (1.6) 2(2.0) 1.00 (0.08-13.0) 1.000
CT/AA 20 (32.3) 42 (42.0) 0.95 (0.33-2.73)  1.000
CT/AC 15 (24.2) 13 (13.0) 2.31(0.71-7.46)  0.246
TT/AA 11 (17.7) 21 (21.0) 1.05(0.33-3.36) 1.000

4Four DNA samples were not amplified in the MTHFR A1298C
genotyping.

was significantly different between the control and case
groups (p=0.03). The odds ratio (OR) of the 1298AC
genotype for the 1298AA genotype between the case and
control group was 2.22 (95% CI, 1.09-4.51). The distribution
of the 1298AC+CC genotype also showed a significant
difference between the two groups (p=0.049). The OR of
the 1298AC+CC genotype between the case and control
groups was 2.11 (95% CI, 1.06-4.22). The genotype
frequency of MTHFR C677T, however, was not significantly
different between the control and case groups.

The frequencies of combined MTHFR C677T and A1298C
genotype polymorphisms are provided in Table II. There were
no significant differences in frequencies of the combined
genotypes between the two groups. The ORs of the CC+AC,
CC+CC, CT+AA, CT+AC and TT+AA combined genotypes
for CC+AA between the control and case group were 2.00
(95% (I, 0.53-7.61; p=0.336), 1.00 (95% CI, 0.08-13.0; p=1.00),
0.95 (95% CI, 0.33-2.73; p=1.00), 2.31 (95% CI, 0.71-7.46;
p=0.246) and 1.05 (95% ClI, 0.33-3.36; p=1.00), respectively.

Discussion

Association studies between MTHFR polymorphisms and
ALL were elucidated in several populations. Skibola et al. (6)
reported that individuals within the English population with
the MTHFR genotypes 677TT, 1298AC and 1298CC had a
lower risk of adult ALL, but not that of acute myeloid
leukemia. Weimels ez al. (7), in an English study, also found a
protective role of the 677T and 1298C variant alleles in a
subset of childhood leukemias. Franco et al. (8) suggested that
the MTHFR 677CT heterozygote was only linked to a
significant two to four-fold decreased risk of developing
childhood ALL in the Brazilian population. These studies
from 1999 to 2001 hypothesized that MTHFR polymorphism
may reduce uracil misincorporation in DNA, lowering the risk
of chromosome breaks and, consequently, decreasing the risk
of developing leukemia.
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After these earlier studies, several papers suggested
associations between MTHFR polymorphisms and ALL. In
those of French-Canadian origin, the 677TT/1298AA and
677CC/1298CC individuals were associated with a reduced risk
of ALL (3). Zanrosso et al. (9) reported that the 677T allele was
linked to a decreased risk, whereas the 1298C allele presented
an elevated risk factor of ALL in Brazilian non-white children.

On the other hand, polymorphisms in the MTHFR gene
were not associated with childhood ALL in the German
population (10, 11). In addition, none of the variations were
found to significantly affect the risk of developing childhood
ALL in Portugal (12).

Recent studies have reported on the response of the
MTHEFR 677T variant allele to chemotherapy. The MTHFR
677T variant allele was significantly associated with a relapse of
childhood ALL, but not with toxicity or infection in the
American population (13). The A1298C polymorphism was,
however, not linked to altered risks of relapse, toxicity or
infection. Dutch pediatric patients with the MTHFR 1298AC
variant and ALL showed decreased methotrexate sensitivity
(14). In the Greek population, the MTHFR 677T allele showed
a statistically significant protective effect against ALL and the
677CC genotype was also associated with three parameters;
white blood count, plasma alanine aminotransferase levels and
hemoglobin levels (15).

In conclusion, the MTHFR 1298AC and 1298AC+CC
genotypes were associated with increased risk of developing
childhood ALL, whereas the C677T polymorphism did not
significantly affect this risk in the Korean population. Our
data confirm and extend the previous findings by Zanrosso et
al. (9), who reported the 1298C allele to an elevated risk
factor in Brazilian non-white children. The evidence for the
role of the MTHFR 1298C allele in ALL susceptibility,
however, was less consistent among the populations studied.
Therefore, future studies should include larger sample sizes
and factors relating to both genetics and nutrition to explain
the discrepancies among populations.
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