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Abstract
This study was designed to evaluate the effect of Methylenetetrahydrofolate reductase
(MTHFR) gene polymorphisms on MTX toxicity in pediatric Egyptian ALL patients. NinetyFour of Pediatric ALL patients aged 3–13 years (7.6 ± 3.6) on oral maintenance dose of 50 mg/m2
weekly of MTX. MTHFR c.677C>T (rs1801133) and c.1298A>C (rs1801131) genotyping were
performed using polymerase chain reaction restriction fragment length polymorphism (PCRRFLP). The allele frequencies of c.677C>T were 42.6%, 46.8%, and 10.6% for CC, CT, and TT
respectively, while c.1298A>C alleles frequencies were 62.7%, 24.5%, and 12.8% for AA, AC,
and CC respectively. None of the investigated polymorphism (C677T or A1298C alleles) was
associated with either overall or site specific MTX toxicity regarding anemia (p = 0.99) (p = 0.4),
platelets (p = 0.4) (p = 0.4), hepatotoxicity (p = 0.4) (p = 0.7), respectively. The results indicated
that between c.677C>T genotypes, CC/CT and TT were associated with hematopoietic toxicities
60.7% and 60% (p = 0.2); platelet toxicities 76.2% and 80% (p = 1) and, hepatotoxicities
40.5% and 60% (p = 0.3), respectively. In the c.1298A>C genotypes, CC/AC and AA presented
hematopoietic toxicities 68.6% and 55.9% (p = 0.2), platelet toxicities 82.9% 72.9% (p = 0.3)
and, hepatotoxicity 37.1% and 45.8% (p = 0.5), respectively. No significant associations were
detected between MTHFR c.677C>T or c.1298A>C polymorphisms and either overall or site
specific MTX toxicity.
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Introduction
Acute Lymphocytic Leukaemia (ALL) is
the most common malignancy in childhood; it
represents 30% of all pediatric malignancies.
In the last 20 years, event-free survival was
around 80% in the developed countries (1).
Methotrexate is an important component
of ALL treating protocols in childhood.
Although MTX has an important successful
role, toxicity may cause reduction or cessation
* Corresponding author:
E-mail: gomaa_hedeab@yahoo.com

of its dose. Therefore, predicting the adverse
effect of MTX is crucial in treating ALL
pediatric patients (2).
Methotrexate is a pro-drug which requires
intracellular polyglutamation for maximum
cytotoxic effects. Methylenetetrahydrofolate
reductase (MTHFR) catalyzes the irreversible
conversion of dihydrofolate (DHF) to
tetrahydrofolate (THF), an active form of
folate needed for the de novo synthesis
of the nucleoside thymidine is required
for DNA synthesis and also essential for
purine and pyrimidine base biosynthesis (3).
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Methotrexate, therefore, inhibits the synthesis
of DNA, RNA, thymidylates, and proteins (4).
MTX also affects other important
enzymes, such as MTHFR; MTHFR
is a key enzyme for intracellular folate
homeostasis and metabolism (5). MTHFR
converts the irreversible conversion of
5,10-methylenetetrahydrofolate (5,10-CH2THF) to 5-methyltetrahydrofolate (5-CH3THF), which is the predominant circulating
form of folate and serves as the carbon donor
for the remethylation of homocysteine to
methionine (6, 7). Alterations in reduced
folate pools, as a consequence of changes
in MTHFR activity, may have a significant
effect on the responsiveness of malignant and
non-malignant cells to MTX. Accordingly, it
has been proposed that impaired conversion
of 5,10-CH2-THF to 5-CH3-THF and the
subsequent modification in the intracellular
folate pool could increase the toxic effect of
MTX (8).
The MTHFR gene is localized on
chromosome 1p36.3, C677T, and A1298C
polymorphisms are two important single
nucleotide polymorphisms (SNPs) of MTHFR
(9). The c.677C>T allele encodes proteins with
decreased enzymatic activity, in comparison
with the normal allele 677C. People with
the 677CT (heterozygous) and 677TT
(homozygous) genotypes exhibit 60% and
30% of the activity of the normal homozygous
677CC genotype, respectively (10, 11). In the
MTHFR A1298C polymorphism, the 1298C
allele is responsible for a milder decrease in
MTHFR activity with respect to the normal
allele 1298A. The 1298CC homozygous
individuals have 60% of the normal activity
of 1298AA homozygous individuals (12). The
effect of MTHFR gene polymorphisms on
MTX induced toxicity is still receiving clinical
studies and explanations, with conflicting
results regarding polymorphism regulating
intracellular MTX metabolic pathway and
toxicity of MTX in pediatric ALL (13-16).
Since MTHFR polymorphisms may affect
sensitivity to MTX and their frequency
may differ by ethnicity, we evaluated these
polymorphisms in a group of Egyptian
pediatric ALL patients on methotrexatebased maintenance treatment to determine
the respective genotype frequencies and their
impact on MTX toxicity.

Study Population
The present study included 94 ALL
patients aged 3–13 years (mean 7.6 ±
3.6 years); 58 boys (61.7%) and 36 girls
(38.3%). They presented to the pediatric
oncology department, National Cancer
Institute (NCI), Cairo University, Egypt.
Diagnosis of ALL was performed according
to clinical, morphological, cytochemical,
and immunophenotyping examination. The
patients included in the study received oral
MTX as maintenance therapy at a dosage of
50 mg/m2 weekly. The patients were followed
up for at least six weeks. Institute review
board (IRB) approval was obtained and data
were stored in a password-protected database.
Their immunophenotypes were pre-B-lineage
in 83 (88.3%) and T-lineage in 11 (11.7%).
According to the protocol risk stratification
criteria, 57 patients (60.6%) were classified as
low risk, whereas 37 (39.4%) were classified
as standard risk.
Methods
The patients were followed up for 6
weeks after initiation of maintenance dose
of MTX 50 mg/m2 weekly for bone marrow
suppression and hepatic toxicity. At the
end of 6th week, White blood cells (WBCs)
count with differential was collected to
assess bone marrow suppression. To assess
hepatic toxicity, the following were collected:
alanine transaminase (ALT), aspartate
aminotransferase (AST), total bilirubin (TB),
and lactate dehydrogenase (LDH). Common
terminology criteria for adverse events
(CTCAE v. 4.03) were used to hemoglobin
(Hgb) < 10.0 g/dL. Toxicity of MTX on
platelets was considered if platelet count was
<50,000 (103/mm3). Hepatotoxic effect of
MTX was defined as maximum ALT > 60 (2x
ULN), maximum AST > 80 (2x ULN), and
maximum TB > 2 mg/dL.
MTHFR Genotyping
A five-milliliter blood sample was
withdrawn in an EDTA‐coated tube from
each patient, stored at -25 °C for genotyping.
DNA was isolated from peripheral blood at
diagnosis (16, 17). The MTHFR C677T and
A1298C polymorphisms were identified using
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was considered if p < 0.05.

the method described by (18). After initial
denaturation for 10 min at 95 °C, the PCR was
performed for 35 cycles of 45 sec at 95 °C,
45 sec at 59 °C, and 1 min at 72 °C. The last
elongation step was extended to 7 min (18).
The amplified fragments targeted the
sites of polymorphisms: the 198-bp fragment
for MTHFR C677T containing the C→T bp
substitution at nucleotide 677 that creates a
HinfI restriction site and the 163-bp fragment
for MTHFR A1298C contains the A→C
substitution at nucleotide 1298 that abolishes
a MboII restriction site. Therefore, HinfI and
MboII (New England BioLabs, Beverly, MA)
were used to detect the C677T and A1298C
polymorphisms, respectively. The digestion
products were visualized with ethidium
bromide after electrophoresis on 3% agarose
gel at 100 volts for 30 min for the C677T
polymorphism and 4% agarose gel for the
A1298C polymorphism.
The MTHFR 677CC wild type homozygous
was identified by the presence of only a 198
bp fragment. The 677CT heterozygous was
identified by 198, 175, and 23 bp fragments,
and the 677TT homozygous was identified by
175 and 23 bp fragments. The 1298AA wild
type homozygous produces five fragments
of 56, 31, 30, 28, and 18 bp. The 1298AC
heterozygous produces six fragments of 84,
56, 31, 30, 28, and 18 bp, and the 1298CC
homozygous variant produces four fragments
of 84, 31, 30, and 18 bp.

Results
The distribution of C677T and A1298C
MTHFR gene frequencies among the study
population are shown in Table 1.
MTHFR C677T polymorphism and toxicity
in pediatric ALL
There was no significant difference in MTX
toxicity between patients with anemia and
those who had normal hemoglobin levels with
different alleles (p = 0.99). Within the patients
of different alleles, there was no significant
difference between the patients who had low
platelets and those who had normal platelets
(p = 0.4). There was no significant difference
between patients with different alleles related
to hepatotoxicity (p = 0.4) (Table 2).
At MTHFR C677T genotype, from the
94 patients, 84 patients CC (wild-type)
plus CT (heterozygous) and 10 patients TT
homozygous, Hematopoietic toxicity in
CC/CT and TT was 51/84 (60.7%) and 6/10
(60%), respectively (p = 0.2). Platelet toxicity
in CC/CT and TT was 64/84 (76.2%) and 8/10
(80%), respectively (p = 1). Hepatotoxicity
in CC/CT and TT was 34/84 (40.5%) and 6
(60%), respectively (p = 0.3) (Table 3).
MTHFR A1298C polymorphism and
toxicity in pediatric ALL
Regarding MTHFR A1298C polymorphism,
there was no significant difference between
the patients of different alleles suffering from
anemia as MTX toxicity (p = 0.4). MTX did
not show a significant toxic effect on platelets
within the patients of different alleles (p = 0.4).
The hepatotoxic effect of MTX did not show
any significant difference between the patients
with different alleles (p = 0.7) (Table 2).
The MTHFR A1298C genotype was done
among the 94 patients where 59 patients
were AA (wild-type) and 35 patients were
CC (homozygous) plus AC (heterozygous).

Statistical analysis
Data were collected, tableted. Correlation
of MTHFR alleles with clinical characteristics
(WBC, cytogenetic risk, therapy-related
toxicity) was also performed using the χ2 or
Fisher’s exact test. All statistical calculations
were done using Microsoft Excel 2010
(Microsoft Corporation, NY, USA) and SPSS
(Statistical Package for the Social Science;
SPSS Inc., Chicago, IL, USA) version 17 for
Microsoft Windows. The level of significance

Tablepatients.
1. Genotype Frequencies of the studied patients.
Table 1. Genotype Frequencies of the studied
677 genotype
allele
Frequency

1298 genotype

CC

CT

TT

AA

AC

CC

40 (42.6%)

44 (46.8%)

10 (10.6%)

59 (62.7%)

23 (24.5%)

12 (12.8%)

389

Hepatic toxicity

No Hepatic toxicity

Thrombocytopenia

Normal Platelets

Haemoglobin (Anaemia)

Haemoglobin (Normal)
27 (47.4%)
13 (59.1%)
31 (43.1%)
22 (40.7%)
22 (55%)

24 (42.1%)
7 (31.8%)
33 (45.8%)
26 (48.1%)
14 (35%)

TT

4 (10%)

6 (11.1%)

8 (11.1%)

2 (9.1%)

6 (10.5%)

4 (10.8%)

0.4

0.4

0.99

P

AA

27 (67.5%)

32 (59.2%)

43 (59.7%)

16 (72.8%)

33 (57.9%)

26 (70.3%)

8 (20%)

15 (27.8%)

20 (27.8%)

3 (13.6%)

15 (26.3%)

8 (21.6%)

AC

1298 genotype

Hematopoietic toxicity in CC/AC and AA was
24/35 (68.6%) and 33/59 (55.9%), respectively
(p = 0.2). Platelet toxicity in CC/AC and
AA was 29/35 (82.9%) and 43/59 (72.9%),
respectively (p = 0.3). Hepatotoxicity in CC/
AC and AA was 13/35 (37.1%) and 27/59
(45.8%), respectively (p = 0.5) (Table 3).

390
AA (wild-type) (n = 59)

(heterozygous) (n = 35)

CC (homozygous) plus AC

MTHFR 1298 genotype

TT (homozygous) (n = 10)

(heterozygous) (n = 84)

CC (wild-type) plus CT

MTHFR 677 genotype

33 (55.9%)

24 (68.6%)

6 (60%)

51 (60.7%)

Hematopoietic toxicity

0.2

0.2

P-value

43 (72.9%)

29 (82.9%)

8 (80%)

64 (76.2%)

toxicity

Platelets

0.3

1

P-value

CC

5 (12.5%)

7 (13%)

9 (12.5%)

3 (13.6%)

9 (15.8%)

3 (8.1%)

27 (45.8%)

13 (37.1%)

6 (60%)

34 (40.5%)

Hepatotoxicity

Tablewild
3. MTX
among wild
plushomozygous
heterozygousall
versus
homozygous all patients.
Table 3. MTX toxicity among
plustoxicity
heterozygous
versus
patients.

CT
17 (45.9%)

CC

677 genotype

16 (43.2%)

Table 2. Clinical Risk factors and events.

Table 2. Clinical Risk factors and events.

0.5

0.3

P-value

0.7

0.4

0.4

P
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Discussion

Allele frequencies of the present study
are slightly different from the study done by
Zidan et al. on the Egyptian population who
showed the c.677C>T CC, CT and TT alleles
frequencies were 26.3%, 37.5%, and 36.2%,
respectively, and c.1298A>C AA, AC, and CC
alleles frequencies were 16.25%, 40%, and
43.75%, respectively (19). These differences
may be due to the low number of patients
included in both studies and also obvious
heterogeneity of the Egyptian population, and
large-scale genetic studies may clarify the
exact gene distribution.
There are no reliable tests or assessments
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The race also may play a role in these
conflicting results; Martin et al. have reported
an interaction between C677T and A1298C
genetic variants and race/ethnicity on breast
cancer survival (34).
Another pilot retrospective cross-validation
approach study on Caucasians and AfricanAmericans with rheumatoid arthritis resulted
in the MTHFR genetic variant has differential
effects in these racial groups suggesting the
race may significantly interact with the C677T
variant to influence the risk of MTX toxicity
(35). A similar race-specific association with
MTX-related adverse events in Caucasian
and African–American rheumatoid arthritis
patients has also been suggested for the
A1298C variants (36).

that can predict MTX toxicity, a better
understanding of its pharmacology can be
done by using the pharmacogenetics tools to
study the effect of genetic differences in the
action of enzymes involved in MTX metabolic
pathways that may play a role in determining
its relapse and toxicity (20).
In the present study, no significant
associations were detected between MTHFR
c.677C>T or c.1298A>C polymorphisms and
either overall or site-specific MTX toxicity,
and either hematological or non-hematological
like hepatotoxicity. These results are in
accordance with studies done by Lopez-Lopez
et al. and Ruiz-Arguelles et al. (5, 21).
On the other hand, some studies showed
an increased risk of developing adverse events
with low dose MTX based therapy among
rheumatoid arthritis patients (22, 23).
In Acute Leukemia patients, few studies
demonstrated an association of MTHFR
C677T and A1298C with mild toxicities in the
form of myelosuppression, hepatic toxicity,
and mucositis, as well as hepatotoxicity,
whereas some studies showed its association
with a decrease in toxicity rates (24- 28).
Whereas de Jong showed, MTHFR 1298AC
variant may induce MTX resistance in ex-vivo
of lymphoblasts obtained from ALL pediatric
patients (29).
There is no association between c.1298C>T
gene polymorphisms and the risk of developing
MTX-related toxicity in the present study. Te
Loo and his colleagues agreed with our results,
where they concluded that it is still unclear
whether the c.677C>T and c.1298A>C genetic
variants play a clinically significant role in the
development of MTX-induced liver toxicity
(30). Also, there was a study on rheumatoid
arthritis patients (31, 32).
c.1298A>C polymorphisms may decrease
MTX sensitivity in lymphoblast from pediatric
ALL patients (29).
This controversy in the published results
may be explained by differences in study
design, sample size, the different clinical
setting and schedule of treatment, pathological,
clinical, and demographic pattern of the
patients, the inability to control another factor,
e.g., folate intake or parameters to measure
efficacy and toxicity (28, 31 and 33).

Conclusion
From the present results, we can conclude
that neither c677C>T nor c128A>C
polymorphisms had a role in hematopoietic or
hepatic toxicity. Another wide-scale study may
be needed to confirm these findings among the
Egyptian population.
References
(1) Pui CH, Sandlund JT, Pei D, Campana D, Rivera
GK, Ribeiro RC, Rubnitz JE, Razzouk BI, Howard
SC, Hudson MM, Cheng C, Kun LE, Raimondi
SC, Behm FG, Downing JR, Relling MV, Evans WE
and Total Therapy Study XIIIB at St Jude Children’s
Research Hospital. Improved outcome for children
with acute lymphoblastic leukemia: results of total
therapy study XIIIB at St Jude Children’s Research
Hospital. Blood (2004) 104: 2690-6.
(2) Imanishi H, Okamura N, Yagi M, Noro Y, Moriya
Y, Nakamura T, Hayakawa A, Takeshima
Y, Sakaeda T, Matsuo M and Okumura K. Genetic
polymorphisms associated with adverse events and
elimination of methotrexate in childhood acute
lymphoblastic leukemia and malignant lymphoma.
J. Hum. Genet. (2007) 52: 166-71.
(3) Zhao R and Goldman D. Resistance to antifolates.
Oncogene (2003) 22: 7431-57.
(4) Rajagopalan PT, Zhang Z, McCourt L, Dwyer
M, Benkovic SJ and Hammes GG. Interaction of
dihydrofolate reductase with methotrexate: ensemble
and single-molecule kinetics. Proc. Natl. Acad. Sci.
USA (2002) 99: 13481-6.
(5) Lopez-Lopez E, Martin-Guerrero I, Ballesteros J
and Garcia-Orad A. A systematic review and meta-

391

Mostafa-Hedeab G et al. / IJPR (2020), 19 (4): 387-393

Pharmacogenomics (2016) 17: 1005-17.
(16)
Lee YH and Song GG. Associations between
the C677T and A1298C polymorphisms of MTHFR
and the efficacy and toxicity of methotrexate in
rheumatoid arthritis: a meta-analysis. Clin. Drug
Investig. (2010) 30: 101-8.
(17)
Davis LG. The Basics of Molecular Biology.
In: Davis LG, Dibner MD and Battey JF (eds). Basic
Methods in Molecular Biology. 1st ed. Elsevier, New
York; Amsterdam; London (1986) 2-5.
(18)
Skibola CF, Smith MT, Kane E, Roman
E, Rollinson S, Cartwright RA and Morgan G.
Polymorphisms in the methylenetetrahydrofolate
reductase gene are associated with susceptibility to
acute leukemia in adults. Proc. Natl. Acad. Sci. USA
(1999) 96: 12810-5.
(19)
Zidan HE, Rezk NA and Mohammed D.
MTHFR C677T and A1298C gene polymorphisms
and their relation to homocysteine level in Egyptian
children with congenital heart diseases. Gene (2013)
529: 119-24.
(20)
Ranganathan P, Eisen S, Yokoyama W
and McLeod H. Will pharmacogenetics allow better
prediction of methotrexate toxicity and efficacy in
patients with rheumatoid arthritis? Ann. Rheum. Dis.
(2003) 62: 4-9.
(21)
Ruiz-Argüelles
GJ,
Coconi-Linares
LN, Garcés-Eisele J and Reyes-Núñez V.
Methotrexate-induced mucositis in acute leukemia
patients is not associated with the MTHFR 677T
allele in Mexico. Hematology (2007) 12: 387-91.
(22)
Świerkot J, Ślęzak R, Karpiński P, Pawłowska
J, Noga L, Szechiński J and Wiland P. Associations
between single-nucleotide polymorphisms of RFC1, GGH, MTHFR , TYMS, and TCII genes and the
efficacy and toxicity of methotrexate treatment in
patients with rheumatoid arthritis. Pol. Arch. Med.
Wewn. (2015) 125: 152-61.
(23)
Song GG, Bae SC and Lee YH. Association
of the MTHFR C677T and A1298C polymorphisms
with methotrexate toxicity in rheumatoid arthritis: a
meta-analysis. Clin. Rheumatol. (2014) 33: 1715-24.
(24)
Chiusolo P, Reddiconto G, Casorelli I, Laurenti
L, Sorà F, Mele L, Annino L, Leone G and Sica
S. Preponderance of methylenetetrahydrofolate
reductase C677T homozygosity among leukemia
patients intolerant to methotrexate. Ann. Oncol.
(2002) 13: 1915-8.
(25)
Tantawy AA, El-Bostany EA, Adly AA, Abou
El Asrar M, El-Ghouroury EA and Abdulghaffar
EE. Methylene tetrahydrofolate reductase gene
polymorphism in Egyptian children with acute
lymphoblastic leukemia. Blood Coagul. Fibrinolysis
(2010) 21: 28-34.

analysis of MTHFR polymorphisms in methotrexate
toxicity prediction in pediatric acute lymphoblastic
leukemia. Pharmacogenomics J. (2013) 13: 498506.
(6) El Rashedy FH, Ragab SM, Dawood AA and ElHawy MA. Relationship between MTHFR
polymorphism and side effects of high-dose
methotrexate in pediatric acute lymphoblastic
leukemia. Menoufia Med. J. (2013) 26: 138-44.
(7) Trimmer EE. Methylenetetrahydrofolate reductase:
biochemical
characterization
and
medical
significance. Curr. Pharm. Des. (2013) 19: 2574-93.
(8) De Mattia E and Toffoli G. C677T and A1298C
MTHFR polymorphisms, a challenge for antifolate
and fluoropyrimidine-based therapy personalisation.
Eur. J. Cancer (2009) 45: 1333-51.
(9) Lightfoot TJ, Johnston WT, Painter D, Simpson
J, Roman E, Skibola CF, Smith MT, Allan
JM and Taylor GM on behalf of the United Kingdom
Childhood Cancer Study. Genetic variation in the
folate metabolic pathway and risk of childhood
leukemia. Blood (2010) 115: 3923-29.
(10)
Cheok MH and Evans WE. Acute lymphoblastic
leukaemia: a model for the pharmacogenomics of
cancer therapy. Nat. Rev. Cancer (2006) 6: 117-29.
(11)
Frosst P, Blom HJ, Milos R, Goyette
P, Sheppard CA, Matthews RG, Boers GJ, den Heijer
M, Kluijtmans LA, van den Heuvel LP and Rozen R.
A candidate genetic risk factor for vascular disease:
a common mutation in methylenetetrahydrofolate
reductase. Nat. Genet. (1995) 10: 111-3.
(12)
Weisberg IS, Jacques PF, Selhub J, Bostom
AG, Chen Z, Curtis Ellison R, Eckfeldt JH
and Rozen R. The 1298A→ C polymorphism in
methylenetetrahydrofolate reductase (MTHFR): invitro expression and association with homocysteine.
Atherosclerosis (2001) 156: 409-15.
(13)
Kałużna E, Strauss E, Zając-Spychała
O, Gowin E, Świątek-Kościelna B, Nowak J, Fichna
M, Mańkowski P and Januszkiewicz-Lewandowska
D. Functional variants of gene encoding folate
metabolizing enzyme and methotrexate-related
toxicity in children with acute lymphoblastic
leukemia. Eur. J. Pharmacol. (2015) 769: 93-9.
(14)
Campbell JM, Bateman E, Stephenson
MD, Bowen JM, Keefe DM and Peters MD.
Methotrexate-induced toxicity pharmacogenetics:
an umbrella review of systematic reviews and metaanalyses. Cancer Chemother. Pharmacol. (2016) 78:
27-39.
(15)
Zhao M, Liang L, Ji L, Chen D, Zhang Y, Zhu
Y and Ongaro A. MTHFR gene polymorphisms
and methotrexate toxicity in adult patients with
hematological malignancies: a meta-analysis.

392

MTHFR Polymorphisms on Methotrexate Toxicity

(32)
Kumagai K, Hiyama K, Oyama T, Maeda H
and Kohno N. Polymorphisms in the thymidylate
synthase and methylenetetrahydrofolate reductase
genes and sensitivity to the low-dose methotrexate
therapy in patients with rheumatoid arthritis. Int. J.
Mol. Med. (2003) 11: 593-600.
(33)
Sugimoto K, Murata M, Onizuka M, Inamoto
Y, Terakura S, Kuwatsuka Y, Oba T, Miyamura
K, Kodera Y and Naoe T. Decreased risk of acute
graft-versus-host disease following allogeneic
hematopoietic stem cell transplantation in patients
with the 5,10-methylenetetrahydrofolate reductase
677TT genotype. Int. J. Hematol. (2008) 87: 451-8.
(34)
Martin DN, Boersma BJ, Howe TM, Goodman
JE, Mechanic LE, Chanock SJ and Ambs S.
Association of MTHFR gene polymorphisms with
breast cancer survival. BMC Cancer (2006) 6: 257.
(35)
Ranganathan P, Culverhouse R, Marsh
S, Mody A, Scott-Horton TJ, Brasington R, Joseph
A, Reddy V, Eisen S and McLeod HL. Methotrexate
(MTX) pathway gene polymorphisms and their
effects on MTX toxicity in Caucasian and African
American patients with rheumatoid arthritis. J.
Rheumatol. (2008) 35: 572-9.
(36)
Hughes LB, Beasley TM, Patel H, Tiwari
HK, Morgan SL, Baggott JE, Saag KG, McNicholl
J, Moreland LW, Alarcón GS and Bridges SL.
Racial or ethnic differences in allele frequencies
of single-nucleotide polymorphisms in the
methylenetetrahydrofolate reductase gene and their
influence on response to methotrexate in rheumatoid
arthritis. Ann. Rheum. Dis. (2006) 65: 1213-8.

(26)
Yang L, Hu X and Xu L. Impact of
methylenetetrahydrofolate reductase (MTHFR)
polymorphisms on methotrexate-induced toxicities
in acute lymphoblastic leukemia: a meta-analysis.
Tumour Biol. (2012) 33: 1445-54.
(27)
Costea I, Moghrabi A, Laverdiere C, Graziani
A and Krajinovic M. Folate cycle gene variants and
chemotherapy toxicity in pediatric patients with
acute lymphoblastic leukemia. Haematologica
(2006) 91: 1113-6.
(28)
Gemmati D, Ongaro A, Tognazzo S, Catozzi
L, Federici F, Mauro E, Della Porta M, Campioni
D, Bardi A, Gilli G, Pellati A, Caruso A, Scapoli
GL and De Mattei M. Methylenetetrahydrofolate
reductase C677T and A1298C gene variants in adult
non-Hodgkin’s lymphoma patients: association with
toxicity and survival. Haematologica (2007) 92:
478-85.
(29)
De Jonge R, Hooijberg JH, Van Zelst
BD, Jansen G, Van Zantwijk CH, Kaspers GJ, Peters
GJ, Ravindranath Y, Pieters R and Lindemans J.
Effect of polymorphisms in folate-related genes on
in-vitro methotrexate sensitivity in pediatric acute
lymphoblastic leukemia. Blood (2005) 106: 717-20.
(30)
Te Loo DM, Hagleitner MM and Coenen
MJ. Is there a role for the MTHFR 677C>T and
1298A>C polymorphisms in methotrexate-induced
liver toxicity? Pharmacogenomics (2014) 15: 14013.
(31)
Ghodke Y, Chopra A, Joshi K and Patwardhan
B. Are Thymidylate synthase and Methylene
tetrahydrofolate reductase genes linked with
methotrexate response (efficacy, toxicity) in
Indian (Asian) rheumatoid arthritis patients? Clin.
Rheumatol. (2008) 27: 787-9.

This article is available online at http://www.ijpr.ir

393

