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Abstract  
 
The metabolism of folate is essential in DNA synthesis, and polymorphisms of genes involved in this 
metabolism have been implicated in many types of cancer. One such gene is the 
Methylenetetrahydrofolate Reductase (MTHFR) gene, which encodes an enzyme that converts folate to 
a methyl donor used for DNA methylation. In this report, we studied the association between the 
different genotypes of the two most common MTHFR polymophisms, C677T and A1298C, and the risk 
of Chronic Myelogenous Leukemia (CML). For this purpose, 149 of previously diagnosed CML patients 
and 170 normal controls were examined using PCR followed by Restriction Fragment Length 
Polymorphism (RFLP). Results showed that the frequency of the C677T TT homozygous mutant 
genotype in patients with CML was significantly higher compared to controls (OR = 2.84, 95% CI: 1.24-
6.50, P-value = 0.014). No such association was shown for the heterozygous C677T CT genotype (OR = 
1.52, 95% CI: 0.95-2.41, P-value = 0.081). As for the A1298C genotypes, a statistically significant 
higher frequency of the mutant homozygous genotype 1298CC was also detected in CML patients 
compared to the control group (OR = 2.18, 95% CI: 1.01-4.69, P-value = 0.046). No such statistical 
significance was demonstrable for the heterozygote genotype 1298AC (OR = 1.08, 95% CI: 0.68-1.73, 
P-value = 0.743). This is the first report to suggest that both mutated MTHFR genotypes, specifically the 
homozygous 677TT and 1298CC polymorphisms, can be associated with a higher risk of developing 
CML.    
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Introduction 
 
Methylenetetrahydrofolate Reductase (MTHFR) 
is the key enzyme in folate metabolism. It 
irreversibly reduces 5, 10-
methylenetetrahydrofolate (5,10-methylene-THF) 
to 5-methyl-THF, which is the main form of 
folate in serum that is involved in amino acid 
synthesis where it remethylates homocysteine 

  
into methionine at the expense of nucleotide 
synthesis. 1 There are two common genetic 
polymorphisms that have been shown to decrease 
the activity of MTHFR, which are the C677T 
mutation at codon 222, and the A1298C mutation 
at codon 429. Both mutations are quite common. 
For example, in Caucasians, the homozygous 
677TT genotype frequency is 10-15%, 2 and that 
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for the 1298CC genotype is 5-10%. 3 In-vitro 
experiments showed that the homozygous C677T 
genotype retains only 30% of the normal 
MTHFR activity, while the heterozygous CT 
genotype retains about 60% of that activity. 4 
Although to a lesser extent compared to the 
C677T alleles, the A1298C mutations were also 
shown to result in a decrease in MTHFR enzyme 
activity. 5, 6  
 
The decrease in MTHFR activity caused by the 
two polymorphisms, C677T and A1298C, results 
in the accumulation of 5,10-methylene-THF, 
which is then used in nucleotide synthesis, thus 
shifting away from homocysteine metabolism. 
The 5,10-methylene-THF donates a methyl group 
to uracil, converting it to thymine. In cases of 
folate deficiency, higher levels of uracil can 
induce misincorporation during DNA replication, 
causing DNA double strand breaks during DNA 
excision repair and thus genetic instability. 7,8 
Also, the resulting hypomethylation can 
sometimes lead to genomic instability and 
activation of certain oncogenes. 9  
 
Since the MTHFR gene has an essential role in 
folate metabolism, genetic polymorphisms in this 
gene could alter the susceptibility to different 
cancers including hematological malignancies, as 
it was shown that an appropriate supply of folate 
is crucial specially for rapidly replicating cells 
such as hematopoietic cells. 9 Indeed, several 
previous studies have noticed a change in cancer 
risk in individuals with mutated MTHFR 
genotypes. 10 However, only a small number of 
reports have studied the effect of MTHFR gene 
alterations on the risk of developing leukemia. 
Those reports have focused on acute leukemias 
such as acute lymphoblastic leukemia (ALL), and 
acute myelogenous leukemia (AML), where they 
described a lower risk of ALL in individuals with 
mutated MTHFR alleles, but not in the case of 
AML. Still, the results were not always 
consistent, and many studies where performed on 
specific ethnicities such as Cucasians and did not 
include other ethnic groups. 10-14  
 

 Chronic myelogenous leukemia (CML) is 
characterized by the bcr-abl fusion transcripts 
resulting from translocation t (9;22) seen in more 
than 95% of affected patients. Only very few 
studies addressed the association between 
MTHFR genotypes and the risk of CML, and yet 
their results were not only inconsistent, but 
sometimes also contradicting even though they 
were conducted on the same ethnic group. 10, 15, 16 
In this study, the association between MTHFR 
polymorphism and the risk of CML is thoroughly 
investigated in the Jordanian population.      
 
Materials and Methods 
 
Study Population 
 
Blood samples from 149 patients diagnosed with 
CML were collected. The patients were 
diagnosed as bcr-abl positive between the years 
2003-2007 by RT-PCR, FISH or both. The 
control group consisted of 170 healthy 
individuals. 
 
MTHFR genotyping 
 
DNA from patients and controls was extracted 
from peripheral blood samples collected in 
EDTA tubes using the Wizard DNA purification 
kit (Promega, USA). Genotyping was performed 
for both polymorphisms, C677T and A1298C by 
two separate uniplex PCR reactions using the 
thermal cycler PTC-100 (MJ Research, Inc., 
USA). Amplification of the C677T region was 
performed using the forward primer: 
TGAAGGAGAAGGTGTCTGCGGGA            
and the reverse primer: 
AGGACGGTGCGGTGAGAGTG yielding a 198 
bp band, whereas for A1298C, the forward 
primer: CAAGGAGGAGCTGCTGAAGA, and 
the reverse primer: 
CCACTCCAGCATCACTCACT, were used 
yielding a 128 bp band. The PCR conditions, as 
described by Yi et al., 17 for both amplifications, 
were: 8 min of initial denaturation at 95°C, 
followed by 40 cycles of 95°C for 60 sec, 63 °C 
for 60 sec, and 72°C for60 sec, with a final 
extension at 72°C for 7 min. 
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The PCR products of C677T and A1298C were 
separately digested with HinfI and MboII 
restriction enzymes (Promega, USA), 
respectively. Resulting fragment were visualized 
using ethidium bromide staining and 3% agarose 
(Promega, USA) gel electrophoresis. The 
digestion fragment sizes for C677T genotypes 
were: a single 198 bp band for CC, 198, 175 and 
23 bp for CT, and 175 bp and 23 bp for TT. For 
A1298C genotypes the fragments were: 72, 28 
and 28 bp for AA, 28, 72 and 100 bp for AC, and 
100 and 28 bp for CC.             
 
Statistical analysis 
 
The two-tailed Chi-squared test was used to 
examine the differences in genotype distribution 
between patients and controls. The difference 
was considered significant in case of a two-tailed 
P value less than 0.05. The association between 
CML and MTHFR C677T and MTHFR A1298C 
polymorphisms was evaluated by multiple 
logistic regression analysis. Adjusted odds ratios 
and their confidence intervals (95% CI) were 
calculated. All analyses were performed using the 
Statistical Package for Social Science (SPSS ver. 
15.0, SPSS Science, Chicago, IL). 
 
Results 
 
The frequency for the MTHFR C677T CC wild 
type homozygous genotype was higher among 
controls (55.3%) when compared to CML 
patients (42.2%). Additionally, for CML patients, 
the frequencies for the C677T CT heterozygous 
genotype (45.0%) and the C677T TT 
homozygous mutated genotype (12.8%) were 
higher compared to controls (38.8%) and 
(5.90%),  respectively.  
 

 As for the MTHFR A1298C mutation, the 
percentages of individuals carrying the wild type 
A1298C AA genotype (44.7%) and the 
heterozygous MTHFR A1298C AC genotype 
(47.65%) were higher among controls compared 
to CML patients, which were (39.6%) and 
(45.6%), respictively. However, the frequency of 
individuals carrying the homozygous A1298C 
CC polymorphisms was higher among CML 
patients (14.8%) compared to controls (7.65%). 
While the difference in frequency of the 
heterozygous C677T CT genotype between CML 
patients and controls was not statistically 
significant (OR = 1.52, 95% CI: 0.95-2.41, P-
value = 0.081), the frequency of the homozygous 
C677T TT genotype in patients with CML was 
significantly higher compared to the control 
group (OR = 2.84, 95% CI: 1.24-6.50, P-value = 
0.014). Similarily, for the A1298C genotypes, the 
relatively higher frequency of the mutant 
homozygous genotype 1298CC was statistically 
significant in patients with CML compared to 
controls (OR = 2.18, 95% CI: 1.01-4.69, P-value 
= 0.046). No such statistical significance was 
demonstrable for the heterozygote genotype 
1298AC (OR = 1.08, 95% CI: 0.68, 1.73, P-value 
= 0.743). 
 
When considering the joint effect of the two 
polymorphisms, the following combinations 
showed an association with increased risk of 
CML: the 677CC/1298CC genotype (OR = 4.20, 
95% CI: 1.69-10.46, P-value = .002), the 
677TC/1298AA genotype (OR = 2.70, 95% CI: 
1.22-5.98, P-value = 0.015), the 677TC/1298AC 
genotype (OR = 2.60, 95% CI: 1.24-5.46, P-value 
=0.012), and finally the 677TT/1298AA 
genotype (OR = 4.16, 95% CI: 1.55-11.20, P-
value = 0.005). Distributions of all genotype 
frequencies are summarized in (Table1). 

 
Table (1): Association between different MTHFR genotypes and the risk of CML.  

Genotype Patients (n=149, %) Controls (n=170, %) OR (95% CI) P-value 
C677T 

CC 
CT 
TT 

A1298C 
AA 
AC 

 
63 (42.2%) 
67 (45.0%) 

         19 (12.8%) 
 

59 (39.6%) 
68 (45.6%) 

 
         94 (55.3%) 
         66 (38.8%) 
         10 (5.90%) 

 
 76 (44.7%) 

 81 (47.65%) 

 
1.00 

1.52 [0.95,2.41] 
2.84 [1.24,6.50] 

 
1.00 

 1.08 [0.68,1.73] 

 
 

0.081 
0.014 

 
 

0.743 
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CC 
C677T/A1298C 

CC/AA 
CC/AC 
CC/CC 
TC/AA 
TC/AC 
TC/CC 
TT/AA 
TT/AC 
TT/CC 

22 (14.8%) 
 

15 (10.0%) 
27 (18.1%) 
21 (14.1%) 
28 (18.8%) 
39 (26.2%) 

- 
16 (10.70%) 

         2 (1.30%) 
         1 (0.80%) 

          13 (7.65%) 
 

39 (22.94%) 
42 (24.71%) 

          13 (7.65%) 
27 (15.9%) 

39 (22.90%) 
- 

         10 (5.9%) 
- 
- 

2.18 [1.01,4.69] 
 

1.00 
1.67 [0.78,3.60] 

4.20 [1.69,10.46] 
    2.70 [1.22,5.98] 

2.60 [1.24,5.46] 
0.00 [0,00] 

   4.16 [1.55,11.20] 
0.00 [0,00] 
0.00 [0,00] 

0.046 
 
 

   0.189 
0.002 
0.015 
0.012 
1.00 

0.005 
1.00 
1.00 

    
Discussion 
 
The C677T and A1298C mutated genotypes of 
the MTHFR gene have been shown to alter the 
risk of many cancers including colorectal 
cancer,18 gastric cancer, 19 esophageal cancer, 20 
and cervical cancer. 21 Reports on the role 
MTHFR polymorphisms in hematological 
malignancies have mainly focused on acute 
leukemias, such as ALL where a mostly 
protective effect was observed, 22 and only very 
few studies have addressed this role in chronic 
malignancies such as CML.  
        
Our study shows for the first time, a statistically 
significant association between both of the two 
common MTHFR gene polymorphisms, namely 
C677T and A1298C, and the risk of CML. The 
association was most clear in both cases of the 
homozygous mutant genotypes, that is, 677TT 
and 1298CC. This is the first study of its kind 
conducted in Jordan and the region and as 
mentioned earlier, one of very few in the 
published literature. Two recent studies that came 
from South Korea reported inconsistent results 
specifically regarding the A1298C 
polymorphisms where one observed a protective 
effect for the mutated heterozygous genotype 
1298AC (10), while the other demonstrated an 
association between the 1298CC homozygous 
variant and an increased risk of CML. 16 Both 
studies however, agreed that the C677T variants 
had no effect. Generally, such inconsistence 
between different reports could result from the 
small sample number used in some of these 
studies which lacks significant statistical power, 
and in other cases, including this report; this 
might stress the existence of an element of ethnic  

 variabilty. Indeed, such ethnic variation has been 
noticed in the association between MTHFR 
mutatios and other cancers.  
 
It is well documented that the different MTHFR 
genotypes can have different effects depnding on 
the organ involved and the environment. For 
example, it has been shown in many studies that 
individuals with the 677TT genotype and 
adequate folate have a decreased risk of 
colorectral cancer. In contrast,  several other 
studies on cervical, breast, esophageal and gastric 
cancers reported an increased risk for the same 
genotype. 16 Two machanisms, DNA instability 
and DNA methylation have been hypothesized to 
explain the association between one-carbon 
metabolism and tumorgenesis. 25 As for DNA 
instability, lower MTHFR activity could lead to 
accumolation of methylene-THF which would 
increase the methylation of dUMP to dTMP. The 
lower amount of uracil nucleotide could mean a 
lower rate of its misincorporation into DNA, and 
thus decreased chances of  DNA breakage and 
increased DNA integrity. Opposite to this 
explanation, it has been reported that the C677T 
polymorphism is not associated with folic 
deficiency-induced uracil incorporation into 
DNA, 26 or chromosomal damage in vitro. 27 As 
to DNA methylation, it has been shown that the 
decreased MTHFR activity leads to reduction in 
5-methyl-THF, a methyl donor for homocysteine, 
and thus to hypomethylation. As some oncogenes 
are often hypermethylated, hypomethylation is 
likely to be protective in related malignancies.  
 
In conclusion, the present study demonstrates a 
clear association between mutated MTHFR 
genotypes and an increased risk of CML.  
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Further studies with statistically significant 
sample sizes, performed on different ethnic 
groups, and including polymorphisms of other 
beochemically related genes are necessary to 
establish the exact role of MTHFR in 
hematological malignacies.      
 
Acknowledgment 
  
This work was funded by a grant from by the 
Deanship of Academic Research at the University 
of Jordan. We would like to thank Nida’a 
Ababneh for her valuable technical help, Yousef 
Al-Qaoud for helping out with the statistics and 
Mona Kilani and Randa Naffa’a for helping out 
with CML diagnosis and sample collection.   
 
References  
 
1. Ueland PM, Hustad S, Schneede J, Refsum H, 

Vollset SE. Biological and clinical implications of 
the MTHFR C677T polymorphism. Trends 
Pharmacol Sci. 2001;22(4):195-201. 

2. Botto LD, Yang Q. 5, 10-Methylenetetrahydrofolate 
reductase gene variants and congenital anomalies: a 
HuGE review. Am J Epidemiol. 2000; 151(9):862-
877. 

3. Robien K, Ulrich CM. 5, 10-
Methylenetetrahydrofolate reductase 
polymorphisms and leukemia risk: a HuGE 
minireview. Am J Epidemiol. 2003; 157(7):571-
582. 

4. Frosst P, Blom HJ, Milos R, et al. A candidate 
genetic risk factor for vascular disease: a common 
mutation in methylenetetrahydrofolate reductase. 
Nat Genet. 1995; 10(1):111-113. 

5. Van der Put NM, Gabreëls F, Stevens EM, et al. A 
second common mutation in the 
methylenetetrahydrofolate reductase gene: an 
additional risk factor for neural-tube defects? Am J 
Hum Genet. 1998; 62(5):1044-1051. 

6. Weisberg I, Tran P, Christensen B, Sibani S, Rozen 
R. A second genetic polymorphism in 
methylenetetrahydrofolate reductase (MTHFR) 
associated with decreased enzyme activity. Mol 
Genet Metab. 1998; 64(3):169-172. 

7. Duthie SJ, McMillan P. Uracil misincorporation in 
human DNA detected using single cell gel 
electrophoresis. Carcinogenesis. 1997;18(9):1709-
1714. 

 

 8. Blount BC, Mack MM, Wehr CM, et al. Folate 
deficiency causes uracil misincorporation into 
human DNA and chromosome breakage: 
implications for cancer and neuronal damage. Proc 
Natl Acad Sci U S A. 1997; 1; 94(7):3290-3295. 

9. Robien K, Ulrich CM, Bigler J, et al. 
Methylenetetrahydrofolate reductase genotype 
affects risk of relapse after hematopoietic cell 
transplantation for chronic myelogenous leukemia. 
Clin Cancer Res. 2004; 15;10(22):7592-7598. 

10.  Hur M, Park JY, Cho HC, Lee KM, Shin HY, Cho 
HI. Methylenetetrahydrofolate reductase A1298C 
genotypes are associated with the risks of acute 
lymphoblastic leukaemia and chronic myelogenous 
leukaemia in the Korean population. Clin Lab 
Haematol. 2006; 28(3):154-159. 

11.  Gemmati D, Ongaro A, Scapoli GL, et al. 
Common gene polymorphisms in the metabolic 
folate and methylation pathway and the risk of 
acute lymphoblastic leukemia and non-Hodgkin's 
lymphoma in adults. Cancer Epidemiol Biomarkers 
Prev. 2004; 13(5):787-794. 

12.  Wiemels JL, Smith RN, Taylor GM, Eden OB, 
Alexander FE, Greaves MF. 
Methylenetetrahydrofolate reductase (MTHFR) 
polymorphisms and risk of molecularly defined 
subtypes of childhood acute leukemia. Proc Natl 
Acad Sci U S A. 2001; 27; 98(7):4004-4009. 

13.  Krajinovic M, Lamothe S, Labuda D, Lemieux-
Blanchard E, Theoret Y, Moghrabi A, Sinnett D. 
Role of MTHFR genetic polymorphisms in the 
susceptibility to childhood acute lymphoblastic 
leukemia. Blood 2004; 103(1):252-257. 

14.  Skibola CF, Smith MT, Kane E, Roman E, 
Rollinson S, Cartwright RA, Morgan G. 
Polymorphisms in the methylenetetrahydrofolate 
reductase gene are associated with susceptibility to 
acute leukemia in adults. Proc Natl Acad Sci U S A 
1999; 96(22):12810-12815. 

15.  Deligezer U, Akisik E, Dalay N. Genotyping of 
the MTHFR gene polymorphism, C677T in 
patients with leukemia by melting curve analysis. 
Mol Diagn. 2003; 7(3-4):181-185. 

16.  Moon HW, Kim TY, Oh BR, et al. MTHFR 
677CC/1298CC genotypes are highly associated 
with chronic myelogenous leukemia: a case-control 
study in Korea. Leuk Res. 2007; 31(9):1213-1217. 

17.  Yi P, Pogribny I, Jill James S. Multiplex PCR for 
simultaneous detection of 677 C-->T and 1298 A--
>C polymorphisms in methylenetetrahydrofolate 
reductase gene for population studies of cancer 
risk. Cancer Lett. 2002; 26; 181(2):209. 

 



MTHFR genotype association with CML… Said I. Ismail et al. 
 

J Med J 2009; March:  Vol. 43(1) http:⁄⁄dar.ju.edu.jo⁄jmj  13

 
18. Slattery ML, Potter JD, Samowitz W, Schaffer D, 

Leppert M. Methylenetetrahydrofolate reductase, 
diet, and risk of colon cancer. Cancer Epidemiol. 
Biomarkers Prev. 1999; 8:513-518.   

19. Shen H, Zheng Y, Qien Y, et al. Polymorphisms of 
the 5,10 methylenetetrahydrofolate reductase and 
risk of gastric cancer in a Chinese population: a 
case-control study. Int J Cancer. 2001; 95: 332-
336. 

20. Song CY, Xing DY, Tan W, Wei QY, Lin DX. 
Methylenetetrahydrofolate reductase 
polymorphisms increase risk of esophageal 
squamous cell carcinoma in a Chniese population. 
Cancer Res. 2001; 61:3272-3275.  

21. Piyathelake CJ, Macaluso M, Johanning GL, 
Whiteside M, Heimburger DC, Giuliano A. 
Methylenetetrahydrofolate reductase (MTHFR) 
polymorphism increasesthe risk of cervical 
intraepithelial neoplasia. Anticancer Res. 2000; 20: 
1751-1757. 

22. Skibola CF, Smith MT, Kane E, Roman E, 
Rollinson S, Cartwright RA, Morgan G. 
Polymorphisms in the methylenetetrahydrofolate 
reductase gene are associated withsusceptibilty to 
acute leukemia in adults. Proc. Natl. Acad. Sci. 
1999; 96: 12810-12815. 

 

 23. Deligezer U, Akisik E, Dalay N. Homozygosity at 
the C677T of the MTHFR gene is associated with 
increased breast cancer risk in the Turkish 
population. In Vivo. 2005; 19(5):889-893.  

24. Hekim N, Ergen A, Yaylim I, Tilmaz H, Zeybek U, 
Oztirk O, Isbir T. No association between 
methylenetetrahydrofolate reductase C677T 
polymerphism and breast cancer. Cell Biochem 
Funct. 2007; 25(1):115-117. 

25. Matsuo K, Hamajima N, Suzuki R, et al. 
Methylenetetrahydrofolate reductase gene 
(MTHFR) polymorphisms and reduced risk of 
malignant lymphoma. Am J Hematol 
2004;77(4):351-357. 

26. Crott JW, Mashiyama ST, Ames BN, Fenech MF. 
Methylenetetrahydrofolate reductase C677T 
polymorphism does not alter folic acid deficiency-
induced uracil incorporation into primary human 
lymphocyte DNA in vitro. Carcinogenesis 2001; 
22(7):1019-1025. 

27. Crott JW, Mashiyama ST, Ames BN, Fenech M. 
The effect of folic acid deficiency and MTHFR 
C677T polymorphism on chromosome damage in 
human lymphocytes in vitro. Cancer Epidemiol 
Biomarkers Prev. 2001; 10(10):1089-1096. 

  

 
 



MTHFR genotype association with CML… Said I. Ismail et al. 
 

J Med J 2009; March:  Vol. 43(1) http:⁄⁄dar.ju.edu.jo⁄jmj  14

 

  المزمنحبيبي بسرطان الدم ال) MTHFR( علاقة جين 
 

  2عويديعبد االله  2نداء عبابنه، 1سعيد اسماعيل،

 كلية الطب، الجامعة الأردنية   -2اث الأحياء الجزيئية، قسم الكيمياء الحيوية، كلية الطب، الجامعة الأردنية؛ مختبر أبح -1
  

  :الملخص
ومـن المعـروف أن الطفـرات الـتي قـد تـؤثر في أي مـن الجينـات  DNAيعتبر حامض الفوليك عنصراً أساسياً في عملية تصـنيع الحمـض النـووي الــ 

 MTHFRومـن أهـم هـذه الجينـات هـو الــ . استقلاب هذا الحمض قد تكون مرتبطـة بالعرضـة لأنـواع مختلفـة مـن الأورامالمسؤولة عن عمليات 
والــذي ســيتم في هــذا البحــث دراســة علاقتــه بســرطان الــدم الحبيــبي المــزمن والــذي يتميــز بوجــود كروموســوم فيلادلفيــا الــذي ينــتج عــن وجــود الزيــغ 

  .وم التاسع والكروموسوم الثاني والعشرينالصبغي المتكون أجزاء من الكرموس
وعلاقتهــا بمــرض ســرطان الــدم الحبيــبي المــزمن وذلــك  MTHFRقمنــا في هــذه الدراســة بفحــص وجــود نــوعين مــن التغــيرات النقطيــة في جــين الـــ 

دم ومقـارنتهم بمئـة وسـبعون عينـة قمنا بتجميـع مئـة وثلاثـون عينـة دم مـن مرضـى سـرطان الـدم الحبيـبي المـزمن . باستخدام تفاعل البلمرة التسلسلي
  .أ،اس أصحاء ليس لديهم أي نوع من الأمراض لمعرفة نسبة وجود المرض بين الفئتين من

   ).A1298 C( توصلنا في Ĕاية هذه الدراسة الى وجود علاقة بين سرطان الدم الحبيبي المزمن وأحد هذه التغيرات النقطية وهو 
، تغير جيني نقطي  )A1298C( ، تغير جيني نقطي )CML(، مرض سرطان الدم الحبيبي المزمن )MTHFR(جين  :الكلمات الدالة

 )C677T.(  
   

  
 


