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ABSTRACT

Acute myeloid leukemia (AML) is connected with the leukemia cells, highly malignant, which invades the bone mar-
row and results in normal hematopoiesis. AML is the most commonly seen in adults as acute leukemia. The current 
study aims to investigate the possible association between C677T and A1298C polymorphisms in the MTHFR gene 
in AML patients in the Saudi population. In this case-control study, 100 AML cases and 100 normal healthy controls 
were adopted based on the inclusion and exclusion criteria of the subjects. For each patient, 2 mL of the peripheral 
blood was collected in an EDTA vacutainer and genomic DNA was extracted using the specialized kits. Polymerase 
chain reaction was performed for the C677T and A1298C variants using the specifi c primers in both AML cases and 
controls. The risk of AML through molecular analysis of cases and controls were analyzed through statistical analysis. 
The signifi cant difference was found with the age in AML cases and controls (p=.02), but not with the gender (p>.05). 
No signifi cant association was occurred either with allele or genotype frequencies in C677T (T vs C: OR-0.75 (95% 
CI:0.38-1.46); p=.39); CT vs CC: OR-0.72 (95% CI:0.35-1.46); p=.37) and A1298C polymorphisms (C vs A: OR-1.03 
(95% CI:0.60-1.76); p=.89); AC vs AA: OR-1.04 (95% CI:0.57-1.89); p=.88). The results of this case-control study 
suggested for the fi rst time in the Saudi population that the C677T and A1298C polymorphisms were not associated 
and may not constitute a shared genetic risk factor for AML patients in the Saudis.
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INTRODUCTION

Leukemias are defi ned as group of heterogeneous malig-
nancies which are normally categorized through acquir-
ing somatic mutations such as chromosomal transloca-
tions, inversions and deletions, (Liu et al., 2016). Acute 
myeloid leukemia (AML) is one type of leukemia, which 
remains as one of the leading causes of global disease 
in both children and adolescents, (Zampini et al., 2018). 
AML, one of the common blood cancers, which is highly 
prevalent, is organized as an aberrant developmental 
hierarchy maintained through functionally distinct in 
leukemia stem cells, (Fujita et al., 2018, Wingelhofer 
et al., 2018). AML is known to be a heterogeneous group 
of disease characterized by high degree of heterogeneity 
with respect to chromosomal abnormalities and genetic/
non-genetic variants, which translate to marked altera-
tions in treatment response and survival, (Park et al., 
2018). 

Cytogenetic analysis is closely associated with spe-
cifi c cyto morphological subtypes well-defi ned by 
French-American-British criteria, consists of transloca-
tions between t (8; 21), t (15; 17), and t (16; 16) /inv 
(16), (Rose et al., 2017). As per the classifi cation of world 
health organization (WHO), there were about more than 
20% of AML blasts, (Bosshard et al., 2018). Almost 80% 
of AML patient receives complete remission and among 
them 50% of them relapse at a later time. The cytoge-
netic and molecular genetic changes play a major role 
in the pathogenesis of AML and also have an impact on 
prognosis of AML patients, (Both et al., 2017).

The precise molecular mechanisms of AML are 
unknown. Apart from this both genetic and environ-
mental factor plays a major role in the development of 
AML. (Rashed et al., 2018) Genetic polymorphism has 
been identifi ed with AML disease and role of polymor-
phism can affect the protein function, promoter activity, 
and mRNA stability and splice variants.(Seedhouse et 
al., 2004) Case-control, epidemiological and meta-anal-
ysis studies have connection with AML and methyltet-
rahydrofolate reductase (MTHFR) gene. (Qin et al., 2014) 
(Lien et al., 2017)  MTHFR is a key enzyme in the encoded 
protein in folate metabolism converts 5,10-methylene-
tetrahydrofolate to 5,10-methylenetetrahydrofolate, a 
co-substrate for homocysteine methylation to methio-
nine, (Smolkin and Perrotta, 2016).

Modifi cations in quantitative and qualitative in folate 
metabolism are enhancing the risk factors for leukemia, 
(Hussain et al., 2012). The common functional poly-
morphisms in MTHFR gene; C677T and A1298C could 
affect the activity of the enzyme, (He et al., 2014). The 
rs1801133 (C677T) polymorphism appears at exon 4 and 
modifi es amino acid substitution of alanine-valine at 
codon 222. The rs1801131 (A1298C) polymorphism pre-

sent in exon 7 and varies the amino acid substitution of 
glutamine-alanine at codon 429. (Jiang et al., 2014) Lim-
ited studies have been contributed to perform the meta-
analysis studies with C677T and A1298C polymorphisms 
in AML. (Qin et al., 2014) From Saudi Arabia, no genetic 
studies have been documented till now and based on 
prior studies; AML subjects were genotyped with C677T 
and A1298C polymorphisms in the MTHFR gene. Here, 
the present study aimed to investigate the relationship 
between C677T and A1298C polymorphisms in MTHFR 
gene and susceptibility to acute myeloid leukemia in the 
Saudi population.

MATERIAL AND METHODS

AML subjects: In this study, 100 AML cases and 100 
healthy controls were recruited from the Department of 
Hematology and Oncology in Riyadh regional hospital. 
AML diagnosis was confi rmed through (i) bone mar-
row examination, (ii) full blood count and with (iii) fl ow 
cytometry. Apart from this pathology tests, cytogenetic 
analysis, such as chromosomal report and fl uorescent in 
situ hybridization was also performed to reconfi rm the 
results. During January 2016-November 2017, the blood 
samples were collected for this study. The inclusion cri-
teria for AML cases were based on the following norms 
such as (I) Saudi nationality, (II) adolescent male and 
female subjects, (III) disease diagnosed through histo-
pathological/cytogenetic confi rmation and (IV) written 
and signed consent inform. The exclusion criteria were 
(I) Non-Saudi, (II) Patient diagnosed with another type 
of cancers and (III) Unsigned consent form. Age matched 
controls (N=100) were selected in Saudi nationality with-
out effecting any type of specifi c cancers. From Riyadh 
regional hospitals, ethical grant was received through 
the Ministry of Health Affairs along with the signed 
inform consent form from 200 participants elaborated 
in this study as per the Declaration of Helsinki. From all 
the participated subjects, 2 mL of the peripheral blood 
was collected in an EDTA vacutainer and stored in the 
freezer for the further molecular analysis.

Molecular analysis: Two hundred genomic DNA was 
extracted from blood samples using with the genomic 
DNA purifi cation kit (Sigma-Aldrich) as per the com-
panies’ protocol. Isolated and purifi ed genomic DNA 
were confi rmed through 1% agarose gel electrophoresis 
and cleansed DNA samples was stored at -40C in the 
freezer. The rs1801133 (C677T) and rs1801131 (A1298C) 
polymorphisms were genotyped using polymerase chain 
reaction (PCR) and restriction fragment length polymor-
phisms (RFLP) analysis. Complete details of the prim-
ers, restriction enzymes and PCR sizes are shown in 
Table 1. The 50-microliter PCR master mix consisted of 
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Table 1. Involvement of primer sequences in this study

SNP rs number Primer sequences
Amino acid 
substitution

PCR product Enzyme

C677T rs1801133
F: TCACCGGATCATGGCCAGCA
R: TTCCTTACTGGTCCTCACATCTC

Ala222Val 198bp HinfI

A1298C rs1801131
F: GAACTCCCTGAAAAGCTAAAGC
R: GTTGGGCTCAAATATACGGTGG

Glu429Ala 145bp MboII

Table 2. Anthropometric details of the patients involved in this study

AML cases (n=100) Controls (n=100) p-Value
Age (Years) 38.9±15.1 39.9±12.06 0.02

Minimum and maximum ages 19-82 18-63 -

Males 61 (61%) 54 (54%) -

Females 39 (39%) 46 (46%) -

N/A= Not analyzed/ Not applicable

4 μL of genomic DNA (40-60 ng/μL) and 30 μL of PCR 
mix containing 10X buffer, MgCl2, dNTPs, and 10x Taq 
DNA polymerase. The 10 pmoles of 2 μL of forward and 
reverse primers were added to the master mix followed 
by the addition of 12 μL of distilled water. PCR reaction 
was standardized for the fi nal volume of 50 μL. C677T 
and A1298C primers were adopted from earlier studies, 
(Khan et al., 2015, Tanyildiz et al., 2016). PCR conditions 
for C677T and A1298C polymorphisms were as follows. 
Initial denaturation and denaturation were carried out 
for 5 mins at 94ºC and 94ºC for 30 secs, followed by 35 
cycles. The annealing temperatures for C677T were 56ºC 
and 58ºC secs for A1298C polymorphisms respectively. 
Extension and fi nal extension were found to be 72ºC for 
45 sacks and 5 mins respectively. 

The PCR products were digested for 16 hours at 37ºC 
with both the restriction enzymes as HinfI and MboII. 
The digested products of HinfI enzyme when electro-
phoresed through 2% agarose gel indicated the normal 
homozygote (CC) as 198bp. Mutant homozygote (TT) 
will expose two bands of 175 bp and 23 bp, whereas 
the heterozygous (CT) genotype will inferred from three 
bands of 198 bp, 175 bp, and 23 bp. The A1298C poly-
morphism abolishes a MboII restriction site and diges-
tion results in 100 and 45bp fragment in the presence of 
the 1298C allele; and 75,45 and 25bp fragments in the 
absence of the 1298A alleles. Both the fragments from 
the AC fragments as 100,75,45 and 25 bp respectively.

Statistical analysis: Clinical data were statistically ana-
lyzed using Openepi software.(Khan et al., 2015) To com-
pare the observed and expected genotype frequencies, 
Hardy-Weinberg Equilibrium (HWE) was performed. 
Genotype differences between cases and controls were 
executed with the odds ratios, upper and lower limits 
of the 95% confi dence intervals (95% CI) for C677T and 

A1298C polymorphisms. The overall values of p <0.05 
were considered statistically signifi cant. 

RESULTS AND DISCUSSION

Characteristics of the subjects: One hundred AML cases 
and 100 healthy controls were recruited in this study. 
Data on clinical traits between the cases and controls 
such as age and gender were recorded and documented 
in Table 2. The age range of AML cases were in between 
19-82 years [mean 38.9 (15.1)] and in controls, it was 
18-63 years’ old [mean 39.91(2.06)]. There was a signifi -
cant difference between the cases and controls in the age 
(p=.02). The AML patients comprised of 61 males and 39 
females and in the control subjects there were 54 males 
and 46 females. 

HWE tests and genetic analysis: Genotypic distribu-
tion between C677T and A1298C polymorphisms were 
in accordance with HWE (p<.05). Both the allelic and 
genotypic distributions between AML cases and controls 
in C677T and A1298C polymorphisms were shown in 
the Table 3. The results showed in Table 3 both the allelic 
and genotypic association in C677T (T vs C: OR-0.75 
(95% CI:0.38-1.46); p=.39); CT vs CC: OR-0.72 (95% 
CI:0.35-1.46); p=.37) and A1298C polymorphisms (C 
vs A: OR-1.03 (95% CI:0.60-1.76); p=.89); AC vs AA: 
OR-1.04 (95% CI:0.57-1.89); p=.88) were not signifi -
cant between AML cases and controls. The dominant, 
co-dominant and recessive models also failed to show 
the signifi cant associations in both the polymorphisms 
(Table 3). 

The current study has designed as case-control to 
explore the association between C677T and A1298C 
genetic polymorphisms in the MTHFR gene and its effect 
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on AML disease in the Saudi population. The current 
fi ndings showed non-signifi cant association between the 
cases and controls. To the best of my knowledge, this is 
initial study implemented with the association of C677T 
(rs1801133) and A1298C (rs1801131) polymorphisms 
in the MTHFR gene in AML disease risk in the Saudi 
Arabia. C677T and A1298C polymorphisms in MTHFR 
gene is well-known genetic polymorphisms that have an 
effect on human diseases such as PIH, GDM and PCOS, 
( Wu et al., 2013, Khan et al., 2015, Carlus et al., 2016). 
AML is confi rmed as biological and clinically heteroge-
neous cancer of bone marrow, characterized through the 
rapid growth of abnormal myeloid cells.(Passaro et al., 
2017) AML is known to be genetic and molecular het-
erogeneous disorder characterized by uncontrolled pro-
liferation and blocked maturation of abnormal myeloid 
precursors.(Zhang et al., 2018b).

The disease has been classifi ed based on histologic, 
cytogenetic and molecular genetic characteristics. AML 
is known to have genetic and molecular changes that 
alter normal hematopoietic growth and differentia-
tions results in the accumulation of large numbers of 
abnormal, immature myeloid cells in the bone mar-

row and cytogenetic- molecular morphologies becomes 
the cornerstones of the therapeutic plainings, (Bacher 
et al., 2010). Patients diagnosed with AML and CCAAT/
enhancer-binding protein alpha (CEBPA) mutations 
confi rm the defi ciency of leukopenia, which leads to 
infections. Fever and weight loss are common symptoms 
associated with CEBPA variants, (Ho et al., 2009, Man-
nelli et al., 2017).

Recent advanced molecular techniques such as sec-
ond generation advanced technique, micro array and the 
detection of molecular markers and their characterization 
has been aided with AML, (Bacher et al., 2010).The rela-
tion with AML and C677T/A1298C polymorphisms has 
been documented with multiple molecular studies. The 
enzyme 5,10 methylenetetrahydrofolate reductase plays 
a crucial role by irreversibly reducing 5,10 methylene-
tetrahydrofolates to 5 methyltetrahydrofolate, the pre-
dominant circulatory form of folate, (Bǎnescu and Trifa, 
2015). A couple of the genetic polymorphisms involved 
in this study plays a role in reducing the MTHFR enzy-
matic activity from 40-70% in homozygous or either 
heterozygous subjects, affecting the folate metabolism, 
(Yaliwal and Desai, 2012). Low levels of folic acid may 

Table 3. Genotype and allele frequency distribution between AML cases and controls with C677T and A1298C 
variants in the MTHFR gene

MTHFR (rs1801133) AML Cases  (n=100) Controls (n=100) Odds Ratio (95% CI) p valuea

Genotype and allele N (%) N (%)

CC 83 (83%) 78 (78%)

CT 17 (17%) 22 (22%) 0.72 0.35-1.46 0.37

TT 00 (00%)* 00 (00%)* 1.00 0.02- 99.99 0.99a

CT+TT vs CC 17 (17%)* 22 (22%)* 0.73 0.36-1.47 0.37a

CT vs CC+TT 17 (17%)* 22 (22%)* 0.73 0.36-1.47 0.37a

TT vs CC+CT 00 (00%)* 00 (00%)* 1.00 0.02- 99.99 0.99a

C 183 (91.5%) 178 (0.89)

T 17 (8.5%) 22 (0.11) 0.75 0.38-1.46 0.39

MTHFR ( rs1801131)

AA 67 (67%) 68 (68%) Reference

AC 33 (33%) 32 (32%) 1.04 0.57-1.89 0.88

CC 00 (00%) 00 (00%) 1.00 0.01-51.12 0.99a

AC+CC vs AA 33 (33%)* 32 (32%)* 1.04 0.58-1.88 0.88a

AC vs AA+CC 33 (33%)* 32 (32%)* 1.04 0.58-1.88 0.88a

CC vs AA+AC 00 (00%)* 00 (00%)* 1.00 0.01-50.88 0.99a

A 167 (83.5%) 168 (84%) Reference

C 33  (16.5%) 32  (16%) 1.03 0.60-1.76 0.89

* & a p value after Yates Continuity Correction.
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lead to elevated uracil incorporation into DNA and this 
reduced DNA repairs the capacity which then leads to 
altered DNA methylation, which may promote leukemo-
genesis, (Duthie et al., 2000). Through this mechanism, 
the connection was bonded between AML and MTHFR 
genetic polymorphisms, (Kaur and Kaur, 2016, Jin et al., 
2018, Rai, 2016, Rai, 2018, Zhang et al., 2018a).

Till now only single meta-analysis study has been 
documented with negative association in AML.(He et 
al., 2014) Maximum studies carried out with AML and 
MTHFR gene showed the negative association with the 
combination of the C677T and A1298C variants, (Ski-
bola et al., 1999, Deligezer et al., 2003, Chen et al., 2006, 
,da Costa Ramos et al., 2006, Bolufer et al., 2007, Moon 
et al., 2007, Barbosa et al., 2008, Lightfoot et al., 2010, 
Vahid et al., 2010, Hussain et al., 2012, Huang et al., 
2015, Liu et al., 2016., Lien et al., 2017). The individual 
combination of C677T, (Moon et al., 2007, Skibola et 
al., 1999) and A1298C, (Vahid et al., 2010, Zheng et al., 
2013) variants showed the positive associations with 
AML. There are limited genetic studies on next-gener-
ation and exome sequencing studies have been docu-
mented with AML through the worldwide, (Ley et al., 
2008, Koh et al., 2014, Ilyas et al., 2015, Heo et al., 2017, 
Zhang et al., 2018b).

Ley et al., (2008) had conducted an initial study to 
perform next-generation sequencing in AML patients 
whereas, Heo et al., (2017) performed whole exome 
sequencing analysis in 36 Korean patients and identifi ed 
11 novel mutations; among them fi ve of them were pre-
viously documented. Zhang et al (Zhang et al., 2018b) 
performed the whole exome sequencing studies in pedi-
atric AML children. The results concluded from this 
study confi rm the novel insights into the genetic basis 
of treatment failure in AML children.

The strength of the current study was the incorpora-
tion of 100 AML cases and 100 healthy controls. This 
study has certain limitations such as skipping the body 
mass index, family history and other clinical details. I 
have skipped the cytogenetic analysis and FISH data 
of AML patients and healthy controls. I did not vali-
date the genotyping results through Sanger sequencing. 
Although the purpose of recruiting the patients from the 
hospital is to ensure the complete geographical coverage 
of the Kingdom of Saudi Arabia, this study results may 
not refl ect the trend of the entire Saudi population. 

To the best of my knowledge, this is the fi rst genetic 
study investigated the association of the C677T and 
A1298C genetic polymorphisms with AML risk in Saudi 
Arabia. These results confi rm the negative association; 
therefore, the MTHFR gene polymorphisms may not 
be associated with susceptibility to AML in the Saudi 
population. However, earlier global results along with 
meta-analysis studies confi rms the negative association. 

Further studies would be required in different ethnic 
populations, especially in Arabic countries to facili-
tate a meta-analysis-based investigation in the future. 
I strongly recommend employing next-generation 
sequencing, exome sequencing-based examination in 
a larger cohort of AML cases with elaborated clinical 
information of the patients. 
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