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ABSTRACT
Background: Methylenetetrahydrofolate reductase (MTHFR) is a key
enzyme involved in folate metabolism, DNA methylation and synthesis. Two
MTHFR polymorphisms, C677T and A1298C, have been associated with
reduced enzyme activity. Rapidly replicating cell types, such as hematopoietic
cells, may be especially sensitive to changes in the availability of intracellular
folate. The aim of this case-control study was to evaluate whether the mentioned
polymorphisms in MTHFR gene plays a role in altering susceptibility to acute
myeloid leukemia and acute lymphoblastic leukemia.
Material and methods: 281 patients comprising 101 patients with acute
lymphoblastic leukemia and 180 patients with acute myeloid leukemia as well
as 490 normal individuals as control group were studied for the C677T and
the A1298C MTHFR gene polymorphisms using PCR. The PCR products were
digested with HinfI and MboII restriction enzymes respectively (RFLP). The
results were electrophoresed on agaros gel and analyzed using SPSS software.
Results: The number of patients with acute lymphoblastic leukemia who
had C677T polymorphism was less than the control group, but this difference
was not significant. Also, combination of C677T/A1298C genotypes in both
case and control groups, showed no increase of susceptibility to acute myeloid
leukemia and/or acute lymphoblastic leukemia risk. There was no significant
relationship between common MTHFR variants and the risk of acute myeloid
leukemia and acute lymphoblastic leukemia in controls and the cases.
Conclusion: Our findings showed that the MTHFR C677T and A1298C
gene variants do not have a major influence on the susceptibility to acute
lymphoblastic leukemia and acute myeloid leukemia in Iranian individuals.
However, the C677T polymorphism has a protection role in acute lymphoblastic
leukemia group, but this difference was not statistically significant.
Key words: MTHFR, polymorphism, acute lymphoblastic leukemia,
acute myeloid leukemia, PCR/RFLP
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ТҰЖЫРЫМДАМА
Мақсаты: Метилентетрагидрофолатредуктаза (МТГФР) - бұл фолий алмасуына, метилизацияға және ДНҚ синтезіне қатысатын негізгі
фермент. Екі МТГФР полиморфизмі, C677T және A1298C фермент белсенділігінің төмендеуімен байланысты. Қарқынды репликация жасуша
типтері, мысалы гемопоэтикалық жасушалар, жасуша ішілік фолаттың қол жетімділігіндегі өзгерістерге ерекше сезімтал болуы мүмкін. Бұл
«жағдай-бақылау» зерттеудің мақсаты МТГФР геніндегі бұл полиморфизм жедел миелоидты лейкоз бен жедел лимфобластикалық лейкоз
сезімталдықты өзгертуде рөл атқаратындығын бағалау болды.
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Материалдары және әдістері: Барлығы 281 пациент, оның ішінде өткір лимфобластикалық лейкозбен ауыратын 101 науқас және
жедел миелоидты лейкозбен ауыратын 180 пациент, сондай-ақ 490 сау адам бақылау тобы ретінде МТГФР C677T және A1298C гендік
полиморфизмдеріне ПТР қолдана отырып тексерілді. ПТР өнімдері сәйкесінше HinfI және MboII ферменттерімен қорытылды (ПДРФ).
Нәтижелер агарозды гель электрофорезіне ұшырады және SPSS бағдарламалық жасақтамасының көмегімен талданды.
Нәтижелері: C677T полиморфизмі бар жедел лимфобластикалық лейкозбен ауыратын науқастардың саны бақылау тобына қарағанда
аз болды, бірақ бұл айырмашылық айтарлықтай болған жоқ. Сонымен қатар, екі топтағы C677T/A1298C генотиптерінің үйлесуі жедел
миелоидты лейкозға және/немесе жедел лимфобластикалық лейкозға сезімталдықтың жоғарылағанын көрсетті. Жалпы MTГФР нұсқалары
мен жедел топтағы миелоидты лейкоз бен жедел лимфобластикалық лейкоздың қауіптілігі арасында екі топ арасында айтарлықтай байланыс
болмады.
Қорытынды: Біздің нәтижелеріміз MTГФР генінің C677T және A1298C нұсқалары ирандық пациенттерде жедел лимфобластикалық
лейкоз бен жедел миелоидты лейкозға сезімталдыққа айтарлықтай әсер етпейтінін көрсетті. Соған қарамастан, C677T полиморфизмі жедел
лимфобластикалық лейкозбен ауыратын науқастар тобында қорғаныш рөлін атқарады, бірақ бұл айырмашылық статистикалық маңызды
болмады.
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РЕЗЮМЕ
Цель: Метилентетрагидрофолатредуктаза (МТГФР) является ключевым ферментом, участвующим в метаболизме фолата,
метилировании и синтезе ДНК. Два полиморфизма МТГФР, C677T и A1298C, связаны со сниженной активностью фермента. Интенсивно
реплицирующие типы клеток, такие как гемопоэтические клетки, могут быть особенно чувствительны к изменениям в доступности
внутриклеточного фолата. Целью данного исследования «случай-контроль» было оценить, играет ли упомянутый полиморфизм в гене
МТГФР роль в изменении восприимчивости к острому миелоидному лейкозу и острому лимфобластному лейкозу.
Материалы и методы: Всего 281 пациент, из них 101 пациент с острым лимфобластным лейкозом и 180 пациентов с острым
миелоидным лейкозом, а также 490 здоровых людей в качестве контрольной группы были исследованы на полиморфизмы гена МТГФР
C677T и A1298C с помощью ПЦР. Продукты ПЦР расщепляли рестриктазами HinfI и MboII соответственно (ПДРФ). Результаты подвергали
электрофорезу на агарозном геле и анализировали с использованием программного обеспечения SPSS.
Результаты: Число пациентов с острым лимфобластным лейкозом, у которых был полиморфизм C677T, было меньше, чем в
контрольной группе, но это различие не было значимым. Кроме того, комбинация генотипов C677T/A1298C в обоих группах не показала
увеличения риска восприимчивости к острому миелоидному лейкозу и/или острому лимфобластному лейкозу. Не было значимой связи
между распространенными вариантами МТГФР и риском острого миелоидного лейкоза и острого лимфобластного лейкоза в обоих группах.
Заключение: Наши результаты показали, что варианты гена МТГФР C677T и A1298C не оказывают существенного влияния на
восприимчивость к острому лимфобластному лейкозу и острому миелоидному лейкозу у иранских пациентов. Тем не менее, полиморфизм
C677T играет защитную роль в группе пациентов с острым лимфобластным лейкозом, но это различие не было статистически значимым.
Ключевые слова: МТГФР, полиморфизм, острый лимфобластный лейкоз, острый миелоидный лейкоз, ПЦР/ПДРФ

Introduction

Leukemia is a group of hematologic malignancies that
arise from a mutation within the hematopoietic stem cells. The
etiology of leukemia is not clear completely that might be due
to the multifactorial mechanisms of pathogenesis [1,2]. There is
some evidence that leukemia is mostly as a result of an adverse
interaction between environment and genetics associated with
susceptibility being related to polymorphisms in different genes
[3,4]. As clonal chromosomal abnormalities have reported
in acute leukemia (AL), genetic variability in DNA repair or
synthesis proteins may play an important role in associate to
AL [5,6]. Polymorphism in folate pathway genes can influence
the susceptibility to leukemia. Folate metabolism is essential
for cellular functioning, because act as a donor of one-carbon
groups for synthesis of thymidine, the building blocks of DNA,
and also in methylation of homocyteine reactions [7,8]. Folate
metabolism might disturb by nutritional deficiency, alter cellular
transportation, and polymorphism in genes related to folate like
methylenetetrahydrofolate reductase [1].
Methylenetetrahydrofolate reductase (MTHFR) has
several polymorphisms, plays a key role in the risk of
developing different diseases. A large number of studies have
examined the association between polymorphisms of MTHFR
gene and some cancers, diseases, and birth defect such as nonfamilial colorectal cancer, hepatocellular carcinoma, diabetic
nephropathy, distal corectal adenoma, Down syndrome and
spontaneous abortion [9-11]. There is some evidence that
46

confirms the role of polymorphism in MTHFR-related genes
in patients with ALL (acute lymphoblastic leukemia) and
AML (acute myeloid leukemia) [1,12,13]. MTHFR is a key
enzyme in the regulation of folic acid pathway and converts
5, 10-methylenetetrahydrofolate to 5-methyltetrahydrofolate.
The gene which encoded this enzyme is located on the short
arm of chromosome1 (1p36.6) [14]. Several polymorphisms of
MTHFR enzyme have been identified from which the C677T
and A1298C are the most important ones. C677T occurs in exon
4 and results in an alanine to valin change at codon 222 while
the second common polymorphism A1298C, is transversion of
A to C at position 1298, results in glutamate to alanine in codon
7 [15,16]. These polymorphisms decrease the enzyme activity
and change distribution of intracellular folate metabolites that
cause accumulation of 5-10 MTHFR, the precursor for synthesis
of purine and thymidylate [16,17]. These two polymorphisms
lead to 30 to 60 percent of the MTHFR enzyme activity in
both children and adults. Recently molecular epidemiological
studies suggested that different and unknown alleles in
MTHFR gene can reduce risk in AL progress [18-20]. This
risk reduction is due to the accumulation and high levels 5-10
methylene tetrahydrofolate and leading to becoming more uracil
to thymine by thymidilate synthase, in turn safeguard DNA
failure of double strand and chromosomal abnormality [1,21].
To the best of our knowledge there is just one study that has
been carried out on relationship between A1298C and C677T
methylenetetrahydrofolate reductase gene polymorphisms and
Journal of Clinical Medicine of Kazakhstan: Volume 4, Number 58, Issue 2020

AGC TGA CCA GTG CAG TG-3´. The primers for MTHFR
A1298C were forward 5´-CAA GGA GGA GCT GCT GAA GA3´ and reverse 5´-CCA CTC CAG CAT CAC TCA CT-3. The
following cycling conditions were performed: 5 min of initial
denaturation at 95ºC, 35 cycles of 30 sec of denaturation at 95ºC,
30 sec of annealing at 62ºC, and 30 sec of elongation at 72ºC
and 7 min of final extension at 72ºC. The 198-bp PCR product
of MTHFR C677T and 138-bp PCR of MTHFR A1298C were
subject to enzyme digestion with HinfI and mboII(22, 23),
respectively for 4 h and then visualized by DNA safe stain (FazA
biotech, Iran) on 3% agarose gel electrophoresis under UV light.

the risk of acute lymphoid and myeloid leukemias in Iran which
has been done on low cases, and in other countries, studies has
been conducted on an insignificant number of patients and the
results obtained show contradictory so, in this study used more
number of patients.

Material and methods

The study population consisted of 771 individuals (385
males and 386 females), their median age was 32 years (range,
1-89 years) comprising of ALL (n=101), AML (n=180), and
healthy individuals without clinical disorder as normal controls
(n=490). Demographic data of study population are presented
in Table 1.
AML and ALL were diagnosed by oncologists from
Shariati, Dr. Gharib and Zanjan Hospitals by using a combination
Table 1

Statistical analysis

Only those participants having both genotyping and
clinical data (control/case) were selected for final analysis. The
descriptive statistics of patients and controls were presented as the
mean standard deviations (SDs) or as percentages. The Pearson’s
chi-square test or Fisher’s exact test was used to compare the
distribution of the genotypes. Associations were expressed and
evaluated as odds ratios (ORs) with 95% confidence intervals
(95% CIs). Statistical tests were deemed significant when
the P-value was less than 0.05. All statistical analysis were
performed with SPSS 17. There was no statistically significant
difference in sex ratio between case and control groups.

Socio-economic factors of the 388 cataract
patients

Study population
N
Sex (M:F)
ALL
101
50 : 51
AML
180
90 : 90
Normal control
490
234 : 256
Total
771
385 : 386
M: male; F: female; ALL: acute lymphoblastic leukemia; AML: acute myeloid
leukemia.

Results

of molecular tests, cytogenetics or immunophenotyping. Their
medical records were retrospectively reviewed, and basic
laboratory and clinical data were analyzed. This study was
approved by Ethics committee of Zanjan University of Medical
Sciences. Written informed consent was obtained from patients
or parents of pediatric patients.

MTHFR polymorphism in ALL: The frequencies of
MTHFR 677CC, 677CT, and 677TT were 56.4%, 34.7% and
8.9%, in ALL patients (n=101), and 52.5%, 37.6%, and 9.9% in
controls respectively. The presence of variant genotypes, 677CT,
677TT or both, showed no significant difference in the risk of
ALL when using 677CC as a reference. For MTHFR 1298,
the frequencies of 1298AA, 1298AC, and 1298CC genotypes
were 38.6%, 46.5%, and 14.9% in ALL patients, and 45.5%,
39.6% and 14.9% in controls, respectively (Table 2). AC allele
(heterozygous) in 47 ALL patients (46.5%) was more frequent
than control group. The risk of ALL in people with AC genotype
was higher than those in CC homozygote. But there was no
statistically significant difference with P value > 0.05 (P value
= 0.29). Normal homozygous genotype (1298AA) was higher in

Genotyping assay

Genomic DNA was prepared from peripheral blood
leukocytes using Bioneer AccuPrepK Genomic DNA Extraction
kit (South Korea). Genotyping for MTHFR C677T and A1298C
of all subjects was carried out by polymerase chain reaction
restriction fragment length polymorphism (PCR-RFLP) assay.
The primers for MTHFR C677T were forward 5´-TGA AGG
AGA AGG TGT CTG CGG GA-3´ and reverse 5´-GGA AGG
Table 2
MTHFR genotype
C677T

A1298C

Table 3
MTHFR genotype
C677T

A1298C

Distribution of MTHFR polymorphisms in ALL
CC
CT
TT

AA
AC
CC

ALL patients
57 (%56.4)
35 (%34.7)
9 (%8.9)
39 (%38.6)
47 (%46.5)
15 (%14.9)

Controls
53 (%52.5)
38 (%37.6)
10 (%9.9)

46 (%45.5)
40 (%39.6)
15 (%14.9)

OR (95% CI)
1.00
0.86 (0.47- 1.55)
0.84 (0.32- 2.22)

1.00
1.39 (0.76- 2.53)
1.18 (0.51- 2.71)

P

0.61
0.72
0.29
0.70

Distribution of MTHFR polymorphisms in AML
CC
CT
TT

AA
AC
CC

AML patients
90 (%50)
75 (%41.7)
15 (%8.3)
70 (%38.9)
91 (%50.6)
19 (%10.6)
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Controls
98 (%54.1)
66 (%36.5)
17 (%9.4)

73 (%40.3)
88 (%48.6)
20 (%11)

OR (95% CI)
1.00
1.24 (0.8- 1.91)
0.96 (0.45- 2.04)

1.00
1.07 (0.7- 1.67)
0.99 (0.48- 2.01)

P

0.34
0.91
0.73
0.97

47

the control group than in the case group.
MTHFR polymorphism in AML: In AML patients (n=180),
the frequencies of MTHFR 677CC, 677CT, and 677TT were
0.50%, 41.7% and 8.3%, and in controls it was 54.1%, 36.5%, and
9.4% respectively. The presence of variant genotypes, 677CT,
677TT or both, showed no significant difference for the risk of
AML when using 677CC as a reference. For MTHFR 1298, the
frequencies of 12988AA, 129AC, and 1298CC genotypes were
38.9%, 50.6%, and 10.6% in AML patients, and 40.3%, 48.6%
and 11% in controls, respectively (Table 3).

Discussion

Leukemia is typically influenced by genetic predisposition
and environmental factors. Polymorphism in the genes of folate
pathways, which causes defects in enzymes involved in this
pathway, may be effective on susceptibility to leukemia. One
of the most important enzymes regulating folic acid pathway
is methylenetetrahydrofolate reductase (MTHFR). Studies
conducted on polymorphisms of the MTHFR enzyme, indicating
the importance of this enzyme in diseases such as leukemia.
So far, there has been many studies on the effect of different
polymorphisms of MTHFR gene in relation to ALL and AML
[1,24,25], but the contradictory results have been obtained.
This may be due to recruiting low number of patients in those
studies. Therefore, in this study, we investigated the effect of
C677T and A1298C polymorphisms of MTHFR gene in larger
number of ALL and AML patients. In this study, 101 patients
of children with ALL and the same number of control subjects
were considered. The frequency of C677T allele (Heterozygote
genotype) in control group was 37.6% (in 38 individuals) and
in the case group was 34.7% (35 patients, OR= 0.86 with 95%
CI). These results indicate a decreased risk in patients' groups
compared to the controls, but it was not statistically significant
(p value=0.61). The frequency of 1298CC genotype in both, the
ALL and the control group was 14.9%, so our results show that
the A1298C polymorphism has no effect on predisposition to
ALL.
In an extensive study conducted by Schnakenberg et al
in Germany on 443 patients with ALL and 379 controls, they
found no significant relationship between MTHFR variants or
combination of both variants (A1298C/C677T) and the risk
of ALL [26]. The results of their study are in agreement with
our results. Another study, which conducted by Balta et al. in
Turkey on 142 children with ALL, they did not find a significant
relationship between C677T polymorphism and the risk of ALL
[27].
Some studies have indicated that C677T polymorphism is
responsible for reducing the risk of ALL and some other studies,
such as a study conducted by Alcasabas in the Philippines, have
shown that 1298CC polymorphism is responsible for increasing
the risk of ALL [28]. These findings are in contrast to results that
have been reported from Western Europe and North America
[29,30].
In a study by Skibola et al on 71 patients with ALL and 114
healthy individuals, it was shown that individuals with 677TT
and 1298CC and 1298AC genotypes have 3 to 14 times reduced
risk [31].
This finding supports that the common polymorphisms of
MTHFR against cancers such as colorectal cancer and especially
ALL may have a protective role. This reduction risk may be
due to MTHFR enzyme variants that reduce the activity of this
enzyme, resulting in a cumulative and elevated level of 5 and
10 methylenetetrahydrofolate, which leads to greater conversion
48

of uracil to timidine by timidilate synthase, and reducing the
probability of getting uracil In DNA, that in turn, the DNA is
retained from the fracture and a chromosomal change [32].
In this respect, contradictory results have been reported.
Some studies supports the protective effects of MTHFR gene
polymorphisms (A1298C and C677T) [33, 34], but some studies
including our study reported only a weak risk reduction that
was not statistically significant. Of course, these diverse results
may be due to a lack of nutritional information, folate intake,
or other measurements of folate reserves. Several studies have
reported the effect of different MTHFR variants depends on the
levels of folate test subjects. People with mutated homozygous
genotype 677(TT), whose plasma folate concentration is
normal have a lower risk of cancer than people with normal
homozygous genotype [34,35]. This indicates a risk-dependent
change in folate stores, that is, where folate is abundant in the
cell, the folate molecules retain the mutant MTHFR protein
in a functionally appropriate three-dimensional structure [36].
There are different explanations regarding the different results
observed in different studies.
Racial differences, social, nutritional, genetic or
environmental-gene interactions in different populations can
lead to different results. We also examined the synergism of the
two C677T and A1298C polymorphisms. In this study, the risk
of people with (CT/AA) genotype was lower than those with
both normal homozygotes (CC/AA) (OR=0.46).
We found no statistically significant relationship between
these two polymorphisms and ALL risk. As a result, our findings
indicate that ALL is not affected by A1298C and C677T
polymorphisms.
MTHFR polymorphisms and AML: In this study we also
investigated the effect of MTHFR gene polymorphisms (C677T
and A1298C) and the risk of AML. For this purpose, 180 AML
patients and 181 controls were studied. C677T genotype was
found in 75 (41.7%) patients and in 66 (36.5%) of the control
group. No statistically significant difference was observed (OR
= 1.24 and confidence interval: 95%).
In our study of A1298C genotype, no evidence of increased
or decreased risk associated with AML was found, but a high
percentage of polymorphisms were related to the 1298AC allele,
the frequency of which was almost identical in both groups and
in the total population studied was 49.6%, more than in Asian
countries. The two polymorphisms C677T and A1298C also
showed no association with AML.
Willems et al. conducted a study on 78 AML patients
under 15 years of age and found that the two major MTHFR
polymorphisms (A1298C and C677T) were not associated with
AML occurrence [35].
Skibola et al conducted a study on 237 AML patients and
337 controls and found no statistically significant difference
between the case (AML patients) and controls, thus suggesting
that C677T and A1298C polymorphisms of the MTHFR gene do
not play a role in AML risk [31].
These results suggest that alteration in intracellular folate
distribution by various forms of the MTHFR gene may affect
lymphoid cells, but not myeloid cells. Most of the studies
were carried out on low number of samples, but in our study
the number of samples has been relatively larger, however, our
results are consistent with the above studies and reject the effect
of this polymorphism on the risk of AML.
Overall, our findings indicate that variants of the MTHFR
gene (C677T and A1298C) did not have a significant impact
on susceptibility to ALL or AML. However, other than the
Journal of Clinical Medicine of Kazakhstan: Volume 4, Number 58, Issue 2020

mentioned polymorphisms, the polymorphisms of other enzymes
involved in the folate cycle may contribute to the susceptibility
of people to leukemia.
Further research on other MTHFR gene polymorphisms to
cause ALL or AML along with simultaneous measurement of
folate levels seems to be necessary.
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