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Summary

Purpose: Reported evidence supports a role for meth-
ylenetetrahydrofolate reductase (MTHFR) in the risk of
chronic myelogenous leykemia (CML). However, these
reports arrived at non-conclusive and even conflicting
results regarding the association between two common
MTHFR polymorphisms (C677T and A1298C) and CML
risk. Thus, a meta-analysis was carried out to clarify
a more precise association between these two polymor-
phisms and the CML risk by updating the available pub-
lications.

Methods: Pooled odds ratios (OR) with corresponding 95%
confidence interval (95% CI) and stratification analysis
were performed to estimate the relationship between MTH-
FR polymorphisms and the risk of CML under different ge-
netic comparison models.

Results: Data from the meta-analysis showed no signifi-
cant association between MTHFR CG77T polymorphism
and CML risk. However, significant associations were found
between MTHFR A1298C variants and CML risk under

Introduction

CML is a myeloproliferative malignancy
characterized by accumulation of myeloid precur-
sors in bone marrow, peripheral blood and body
tissues [1]. Studies have shown that 95% of pa-
tients with CML possess the Philadelphia chro-
mosome which results from a reciprocal translo-
cation t (9;22) (q31;ql1) between chromosome 9

homozygous comparison model (CC vs AA, OR=1.62, 95%
CI=1.11-2.36, p=0.01) and dominant comparison model
(CC+AC vs AA, OR=1.68, 95% CI=1.17-2.43, p=0.005) in
overall population; especially more obvious impacts were
noticed for Asian populations in subgroup analysis for ho-
mozygous model (CC vs AA, OR=2.00, 95% CI=1.25-3.21,
p=0.004) and dominant model (CC+AC vs AA, OR=2.49,
95% CI=1.42-4.36, p=0.001), but this did not apply in Cau-
casian populations.

Conclusion: The results of this meta-analysis suggested
no significant association between MTHFR C677T poly-
morphism and CML risk, while an increased CML risk was
noticed for 1298C variant carriers, especially in Asian pop-
ulations but not in Caucasian populations, which suggest-
ed ethnicity differences between MTHFR A1298C polymor-
phisms and risk of CML.

Key words: CML, gene polymorphism, MTHFR, tumor
marker

and chromosome 22. The translocation results in
the formation of a fusion gene that encodes Bcr-
Abl protein, which possesses aberrant protein ty-
rosine kinase activity. This, in turn, activates its
downstream signaling pathways involving cell
proliferation, metastasis, cell survival, and differ-
entiation. Progression of CML patients is divided
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into three phases, namely chronic phase, acceler-
ated phase and blast crisis phase. CML patients
with no treatment will develop fatal blast crisis
phase within 5 years [2-5].

Although the biological and clinical aspects
of CML have been well documented, little is
known about the mechanism underling the gen-
esis of Philadelphia chromosome and the factors
influencing individuals’ susceptibility to CML.
To date, there have been no reports on familial,
geographic, hereditary, ethnic and economic as-
sociation with the pathogenesis of CML, and the
mechanisms behind the disease progression hav-
en’'t been fully understood as well [6]. It is recog-
nized that leukemia is derived from abnormally
proliferating hematopoietic tissue with greatest
DNA synthesis, and thought the pathogenesis
of CML would be associated with the metabolic
fate of folic acid [7]. Approximately 30 enzymes
are involved in folate metabolism, among them,
MTHFR being a pivotal enzyme. It catalyzes the
irreversible reduction of 5,10-methylenetetrahy-
drofolate to 5-methyltetrahydrofolate, which is
the predominant circulatory form of folate and the
carbon donor for remethylation of homocysteine
to methionine at expanse of DNA synthesis [8].
Folate deficiency can result in DNA hypomethyl-
ation and misincorporation of uracil during DNA
replication, which can lead to DNA double-strand
breaks during excision repair process [9,10]. Two
common MTHFR single nucleotide polymor-
phic sites had been identified, namely C677T
(rs1801133) and A1298C (rs1801131). C677T is a
transition of cytosine to thymine at position 677
which results in a substitution of alanine to valine
at codon 222 of the enzyme, while the A1298C
mutation causes a glutamate to alanine substi-
tution of the enzyme at codon 429. Studies have
shown reduced enzyme activity of both MTHFR
polymorphisms (C677T and A1298C). MTHFR
677CT and 677TT genotypes constitute the 60%
and 30% enzyme activity of the wide type gen-
otype 677CC, respectively. A1298C variants also
result in reduced enzyme activity. Reduced ac-
tivity of the MTHFR enzyme leads to high con-
centration of homocysteine in plasma, and breaks
the folate metabolic balance which increases the
availability of 5,10-methylenetetrahydrofolate
for thymine synthesis, thus reducing the uracil
misincorporation during DNA synthesis [11-13].
In this view, MTHFR polymorphisms (C677T and
A1298C) would probably modulate the efficiency
of methylation process and DNA synthesis, and
thus would explain the individuals’ susceptibility

to different kinds of cancer and hematological ma-
lignancies [14,15].

The association between MTHFR polymor-
phisms (C677T and A1298C) and the susceptibility
to CML was investigated in the past decade. How-
ever, these studies [16-23] arrived at inconclu-
sive and even conflicting results, partly because
each study had small sample size and insufficient
statistical power to demonstrate a significant as-
sociation. Moreover, each individual study only
investigated a single population, making results
difficult to interpret [16-28]. Hence, we carried
out a meta-analysis to possibly reach a significant
and conclusive relationship between the MTHFR
C677T/A1298C polymorphisms and the risk of
development of CML. To determine this associa-
tion, pooled data from update case-control studies
regarding the MTHFR C677T/A1298C polymor-
phisms with adult CML were analyzed.

Methods

Publication search and selection criteria

Embase, PubMed, Web of Science, Cochrane Li-
brary and CNKI (China National Knowledge Infra-
structure) were searched using the combining terms:
(“Methylenetetrahydrofolate reductase” or “MTHFR”
or “C677T” or “Al1298C”") and (“Chronic Myeloge-
nous Leukemia” or “CML") and (“polymorphism” or
“folate” or “mutation” or “leukemia”) for studies ad-
dressing the relationship between MTHFR C677T
and/or A1298C polymorphisms and risk of adult
CML. The publication search applied an upper date
limit of July 8, 2014. Only studies with full text were
included, and the search was carried out with no re-
striction on language but only focusing on studies
that had been conducted on human subjects. We also
searched the reference lists of retrieved articles and
reviews for relevant studies. Only the complete and
the most recent studies were chosen if there were
more than one instance of the same patient popula-
tion included in several studies. The following crite-
ria were applied for inclusion of the eligible studies:
(1) case-control designed studies; (2) studies investi-
gating the relationship between MTHFR C677T and/
or A1298C polymorphism and CML; (3) sufficient
genotype frequencies of MTHFR polymorphism
were available for estimating the OR. The reasons
for studies’ exclusion were: (1) review articles; (2)
case-only studies; (3) studies with overlapping data.
Twenty-two assessment items of the Strengthening
the reporting of genetic association studies (STRE-
GA) system were applied for the quality appraisal of
each study, giving scores ranging from 0O to 22. The
studies were classified into three levels depending
on their scores: high quality (18-22), moderate qual-
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ity (13-17), and low quality (0-12). As a whole, this
meta-analysis was carried out according to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA).

Data extraction

The following information including first au-
thor, publication year, country of origin, ethnicity of
study population, numbers of the controls and cases
for C677T and/or A1298C genotypes were carefully
extracted from each eligible study independently by
two authors according to the inclusion criteria listed
above. We didn’t set a minimum number of patients as
a criterion for a study’s inclusion in the meta-analysis.
Disagreements were resolved by reaching a consensus

Table 1. Study characteristics

among all authors.

Statistics

For the control group of each study, the genotype
distribution was assessed for Hardy-Weinberg Equilib-
rium (HWE) using x? test, and Piwe < 0.05 showed sta-
tistical significance. If the study was found not to be in
HEW it was excluded from the meta-analysis. Overall,
the OR with 95% CI were calculated to examine the
strength of the association between MTHFR polymor-
phisms and CML risk. Pooded ORs were estimated us-
ing both the Fixed effects and Random effects models.
With the ORs, forest plot was generated by the software
Review Manager 5.0. Four different genetic comparison
models, namely allele comparison model (“T vs C” or

Pol Case Control
First Publication  Ethnicity ;hlgf:: Mean Mean STREGA
author year (Country) studied Number age Number age score
(years) (years)
Deligezer Cau-
(18] g 2003  casian C677T 132(F/M = 70/61) 459 161(F/M=112/48) 39 17
(Turkey)
Asian C677T, B B
Hur [19] 2006 (Korea)  A1298C 40(F/M = 13/27) 50 200(F/M=72/128) 34 17
Moon Asian C677T, B B
26] 2007 (Korea) ~ A1298C 115(F/M = 40/75) 438 434(F/M=238/195) 414 18
Barbosa Cau- C677T
(17] 2008  casian A1298’C 67(F/M = 30/30) 44 100(F/M=47/53) 29 18
(Brazil)
. Asian C677T, _ _
Kim [24] 2009 (Korea)  A1298C 149(F/M = 55/94) 504 1700(F/M=879/821) 52.2 19
Ismail Asian C677T,
27] 2009 (Jordan)  A1208C 149(NA) NA 170(NA) NA 16
Vahid Asian C677T, B _
28] 2010 (Iran) A1208C 38(F/M = 19/19) 45 97(F/M=50/47) 448 17
Jankovic Cau-
[22] 2011 casian C677T 43(NA) NA 26(NA) NA 15
(Serbia)
Hussain Asian
20] 2012 (India) C677T 43(NA) 39.5 251(NA) 415 16
Cau-
Lordelo 2012 casian 77T 41(NA) NA 155(NA) NA 15
[25] : A1298C
(Brazil)
Lordelo Mixed C677T,
21] 2012 (Brazi)  A1298C 64(NA) NA 118(NA) NA 14
Jakovlje- Cau-
vic [233] 2012 casian C677T 52(F/M = 24/28) NA 53(F/M=24/30) NA 18
(Serbia)
Khorsh- Cau-  cgrpr 130(F/M=68/62)
ied [16] 2014 ((}:S?gs;’;rtl) A1208C 97(F/M = 51/46) NA NA 19
Rabab Cau- C677T, 100(F/M=49/51)
(16] 2014 ((]:Ea;;,;?) A1298C 85(F/M = 40/45) 46.7 482 18

NA: not available, F: female, M: male. STREGA (Strengthening the reporting of genetic association studies) system includes 22 items,

giving scores ranging from 0O to 22
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Table 2. Distribution of methylenetetrahydrofolate reductase (MTHFR) C667T and A1298C genotypes

Frequency of C677T MTHFR genotype

Frequency of A1298C MTHFR geno-

First author type

cc T TT P AA AC cc P,
Deligezer [18] ngffol 72 74 51 73 9 14 0501 —
Hur [19] Cgflfreol 13 80 17 80 10 40 0018 13116 778 é 0,094
Moon [26] Cgflffol 43 144 45 196 27 94 0.078 37517 13230 ? 0219
Barbosa [17] ngffol 46 65 19 29 2 6 027 ‘éé %2 2 0722
Kim [24] Cgﬁfreol 54 540 72 863 26 297 0133 1?17 5%90 553 0.868
Ismail [27] cgflffol 63 94 67 66 19 10 0722 ?Z g? fé 0172
Vahid [28] Cgflfreol 24 56 11 37 3 4 0487 ég ;2 272 0,031
Jankovic [22] Cgflffol 17 6 21 16 5 4 0.225 —
Hussain [20] C(Ss:fm 286 180 8 6l 7 10 0.106 —
Lordelo [25] cgﬁfrem 15 74 21 66 5 15 0.959 ég ;g g 0013
Lordelo [25] C(():sffol 31 66 26 48 7 4 0.179 53_5’ éi’ é 0,001
Jakovljevic [21] Cgr"’l‘freol 18 13 29 33 5 7 0.057 —
Khorshied [23] C(fflfreol 41 65 45 52 11 13 0587 gg 2; 160 0121
Rabab [16] oxe 50 45 44 49 11 6 0119 o o Y o100

Phwe: P value for Hardy-Weinberg equilibrium in the control group; one study for MTHFR C677T polymorphism and three studies
for MTHFR A1298C polymorphism were excluded from meta-analysis because Pgyg < 0.05.

“C vs A”), comparisons of homozygous model (“TT vs
CC” or “CC vs AA”), dominant model (“TT + TC vs CC” or
“CC + AC vs AA”) and recessive model (“CC + CT vs TT”
or “AA +AC vs CC”) were employed for estimation of
the association between MTHFR C677T and/or A1298C
polymorphisms and CML risk, respectively. Subgroup
analysis also was performed among Caucasians, Asians
and mixed ethnicities. Heterogeneity between studies
was estimated using x*-based Q statistic, and p value
<0.10 was considered statistically significant. To de-
termine the proportion of variability resulting from
between-study heterogeneity, 1> metric statistic was
calculated, and 25% < I%, 25% < I? <50% and 75% <
I? were interpreted as low, moderate and large or ex-
treme heterogeneity, respectively. Possible publication
bias was estimated by Begg’s funnel plot, in which the
standard error of log (Logor) of each study was plotted
against log. Asymmetry of the funnel plot suggested a
possible publication bias. Furthermore, Begg'’s funnel
plot asymmetry was tested by the method of Egger’s
linear regression, which is a linear regression approach
to measure funnel plot asymmetry on the natural log-

arithmic scale of odds ratio (OR). Significance of in-
tercept was estimated using the t-test suggested by
Egger’s test, and p<0.05 was considered as a potential
statistical publication bias. Sensitivity analyses were
carried out to examine whether the individual study
influenced the pooled results. Most calculations in this
meta-analysis were performed using the Review Man-
ager 5.0 software. The sensitivity and Egger’s test were
estimated using the software Stata, version 12.0. (Stata
Corp, College Station, TX, USA).

Results

Study characteristics

In accordance with the study inclusion cri-
teria listed above, we found 14 eligible case-con-
trol studies addressing the relationship between
MTHFR C677T/A1298C polymorphism and CML.
Figure 1 illustrates the process for study search
and inclusion, and the reasons for exclusion. The
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486 studies identified from PubMed,
Embase, Weh of Science, Cochrane
Library and CNKI electronic databases

Duplicated studies excluded;

Studies without association between
MTHFR polymorphisms and CML

removed

21 studies remained with full text

Mot control-case designed studies

16 studies remained

removed

1 meta-analysis study removed

1 review removed

14 elighle studies remained for meta-analysis

Figure 1. Flow diagram for study inclusion in the meta-analysis and reasons for study exclusion.

publication year of these studies ranged from
2003 to 2014. Study quality assessment with
STREGA system showed these studies were of
moderate to high quality, with STREGA scores
more than 13 (Table 1). In all studies, the patients
were molecularly and histologically confirmed,
and control groups were free of CML and matched
for gender and age. The studies were conducted
in various populations of different ethnicities
(Table 1), with 7 on Caucasian population [16-18,
21-23, 25], 6 on Asian population [19,20,24,26-
28] and 1 on mixed population [25] for MTHFR
C677T polymorphism, and with 5 on Asian pop-
ulation [19,24,26-28], 4 on Caucasian population
[16,17,23,25] and 1 on mixed population [25] for
MTHFR A1298C polymorphism. 1118 cases and
3695 controls were found in these studies for
MTHEFR C677T polymorphism. The allele and var-
iants genotype frequency of each study are listed
in Table 2. In the case group, 44% homozygous
CC-individuals, 43% CT-heterozygous and 13%
TT-homozygous individuals demonstrated MTH-
FR C677T polymorphism. For the control group of
C677T polymorphism, homozygous CC-individu-
als, CT-heterozygous and TT-homozygous individ-
uals were 41, 45 and 14%, respectively. The 677T
allele frequencies in case and control groups were
34 and 37%, respectively.

In terms of A1298C polymorphism, a total of
847 cases and 3204 controls were found in the stud-

JBUON 2015; 20(6): 1538

ies. For the case group, 54% AA-homozygous indi-
vidual, 37% AC-heterozygous and 8% CC-homozy-
gous individuals illustrated the MTHFR A1298C
polymorphism, while in the control group, 61,
35 and 4% were for AA-homozygous individuals,
AC-heterozygous individuals and CC-homozygous
individuals, respectively. 1298C allele frequencies
for the case group and the control group were 27
and 229%, respectively. The genotype distribution
in the control group of all studies was examined
by the x? test for HWE, and the results showed
one study for MTHFR C677T polymorphism [19]
and two studies [25,28] for MTHFR A1298C poly-
morphism weren't consistent with HWE, because
Paweg<0.05 (Table 2), indicating genotyping error
and/or ethnicity stratification. These three studies
were excluded from the subsequent meta-analysis
to clarify the effect of MTHFR C677T/A1298C on
the risk of CML.

Meta-analysis results

Overall, Table 3 lists the main results of this
meta-analysis. For the MTHFR C677T polymor-
phism, we didn’t find significant associations be-
tween CML risk and the C677T polymorphism
under the allele model (Figure 2A). Furthermore,
comparisons using homozygous (TT vs CC), domi-
nant (TT vs[CT+CC]) and recessive (TT+CT vs CC)
models produced the same pattern of results as
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Table 3. Meta analysis for association between MTHFR C677T/A1298C polymorphisms and CML risk under

different comparison models

OR
Ethnicit ) P value
nicity Fixed effects p Random effects p 2% Q text
(95% CI) (95% CI)
C677T
(rs1801133)
ﬁ‘sugl)es (T All 107 (096-120) 024  1.09(092-129) 031 49 0.02
Caucasian  1.00(084-119) 100  099(078-126) 095 41 0.12
Asian 109 (094-127) 027  116(088-153) 029 64 0.02
Mixed 123(085-183) 031  123(083-183) 031 - -
TT vs CC All 121(095-154) 013  133091-196) 015 50 0.02
Caucasian  1.05(0.69-1.60) 056  103(063-169) 089 19 0.28
Asian 124(091-168) 017  161(087-299) 013 68 001
Mixed  337(101-1368) 005 337(101-1368) 005 - -
e . (CT+ Al 124(099-155 006  134(098-183) 007 35 0.10
Caucasian  1.03(0.69-153) 090  103(069-155) 089 0 0.61
Asian 120(098-171) 007  162(096-274) 007 62 003
Mixed  3.50(098-1245) 005 3.50(098-1245) 005 - -
E}ggg CT) All 103(088-120) 072  104(085-127) 072 37 0.08
Caucasian 099 (078 -125) 094  098(071-136) 092 42 0.11
Asian 103(085-127) 081  105(076-143) 078 50 0.09
Mixed 135(073-249) 033  135(073-249) 033 - -
A1208C
(rs1801131)
é;lzlis (c All 110(095-128) 021  107(086-135) 054 53 005
Asian 118(099-142) 007  115(086-154) 035 57 0.08
Caucasian  095(074-124) 072  096(0.66-140) 085 50 013
CCvs AA All 162(111-236) 001  161(097-265) 006 35 0.16
Asian 200(125-321) 0004 204(109-381) 003 33 022
Cavcasian 4 16063-216) 065  1.12(051-248) 078 31 0.23
gigs (CA+ All 168(1.17-243) 0005 169(109-264) 002 24 025
Asian 249 (142-436) 0001  204(113-370) 002 29 024
Caucasian  131(072-239) 037  128(0.65-254) 048 17 0.30
Elscig CA) All 102(085-123) 0835  098(074-129) 089 51 0.05
Asian 111(089-138) 037  105(073-152) 079 59 0.06
Caucasian  085(061-119) 034  086(0.56-133) 050 38 020

the allele model. The stratification analysis by eth-
nicities was of concern, and the results revealed mozygous model, OR=3.37, 95% CI=1.01-13.68,

a marginal association in mixed population (ho-
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A
Cases Controls Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M.H, Fixed, 95% CI_Year M-H, Fixed, 95% CI
Deligezer 2003 69 264 101 322 11.3% 0.77[0.54,1.11] 2003 el
Moon 2007 95 230 384 868 154% 095([0.71,1.28] 2007 T
Barbosa 2008 23 134 41 200 46% 0.80 [0.46, 1.41] 2008 -
Kim 2009 124 304 1457 3400 238%  092([0.72,1.17] 2009 *
Ismail 2009 105 298 86 340 87% 1.61[1.14, 2.26] 2009 -
Wahid 2010 17 76 45 194  33%  095(0.51,1.80] 2010 =T
Jankovic 2011 3 86 24 52 32%  0B6[0.33,1.33] 2011 T
Jakovijevic 2012 33 104 47 106 49%  075([043,1.31] 2012 -
Hussain 2012 22 26 g1 502 3.0% 1.79[1.04, 3.06] 2012 —
Lordelo 2012 <y 82 96 310 4.2% 1.35[0.82,2.258] 2012 I
Lordelo 2012 a0 128 56 236 45% 1.46 [0.80, 236] 2012 ~
Rabab 2014 66 170 61 200 58% 1.45[0.94,2.23] 2014 ~
Khorshied 2014 G7 194 78 260 T7.3% 1.23[0.83,1.83] 2014 ™
Total (95% CI) 21356 6990 100.0% 1.07 [0.96, 1.20]
Total events 733 2557 )

Heterogeneity: Chi*= 23.51, di= 12 (P = 0.02); F= 49%
Testfor overall efiect Z=1.17 (P = 0.24)

}
10 200

Fawours control

} +
0.005 0.1 1
Favours experimental

B cases Controls Odds Ratio Odds Ratio
Studhy or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% C1 Year M-H, Fixed, 95% CI
Hur 2006 1 a0 90 400 7.8% 0.55[0.28,1.08] 2006 B |
Moon 2007 43 230 134 868 134% 1.48[1.03,2.14] 2007 ~
Barbosa 2008 29 134 42 200 28.0% 1.04 [0.61,1.77] 2008 T
Ismail 2009 112 298 107 340 18.9% 1.31[0.94,1.82] 2009 -

Kim 2009 59 302 606 3400 241% 1.12(0.83,1.51] 2009 ™

Rabab 2014 68 170 69 200 11.5% 1.27[0.83,1.93] 2014 ™

Khorshied 2014 43 194 85 260 164% 0.70 [0.46,1.05] 2014 |

Total {95% Cl) 1408 5668 100.0%  1.10[0.95, 1.28] )

Total events 7T 1133 . )

Heterogeneity, Chi*=12.87, di=6 (P = 0.05); F=53%
Testior overall effect Z=1.27 (P=0.21)

001 04 1 10 100

Favours experimental Favours control

Figure 2. Forest plots of MTHFR polymorphisms and CML risk. A: Forest plots of MTHFR C677T polymor-
phism and risk of CML under the allele comparison model (T vs A); B: Forest plots of MTHFR A1298C polymor-
phism and risk of CML under the allele comparison model (C vs A).

p=0.05; dominant model, OR=3.50, 95% CI=0.98-
12.45, p=0.05), but this association lacked statisti-
cal power due to its small sample size as only one
study was included. For the analysis of MTHFR
A1298C polymorphism on the CML risk, the re-
sults showed no significant association for the al-
lele model (Figure 2B). However, a significant as-
sociation was found under the homozygous model
(CCvs AA, OR=1.62, 95% CI=1.11-2.36, p=0.01) in
the overall population. Subgroup analysis by eth-
nicity showed a magnitude effect in Asian popu-
lation under the homozygous model (CC vs AA,
OR=2.00, 95% CI=1.25-3.21, p=0.004). Moreover,
a positive association under the dominant model
(CC vs CA+AA) was found for MTHFR A1298C pol-
ymorphism (OR=1.68, 95% CI=1.17-2.43, p=0.005)
in the overall population. Stratification estimates
of the effect for A1298C on CML risk revealed a
magnitude association in Asian population under

JBUON 2015; 20(6): 1540

the dominant model (CC vs CA + AA, OR=249,
95% CI=1.42-4.36, p=0.001). Estimation for be-
tween-study heterogeneity was performed using
Q statistic and I? metric, and the results revealed
moderate heterogeneities for most of comparisons
under different genetic models since the 12 % values
mainly ranged from 25 to 50%. However, large
heterogeneities were found in the subgroup anal-
ysis for MTHFR C677T polymorphism in Asian
population under all comparison models, and for
comparisons between MTHFR A1298C polymor-
phism and CML risk using the allele and recessive
models (Table 3).

Publication bias

Beggs’ funnel plot and Egger’s test were ap-
plied to assess possible publication bias of the in-
cluded studies. The results showed that the sharps
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Figure 3. Funnel plots analysis of potential publication bias. A: Funnel plots analysis for publication bias
between MTHFR C677T polymorphism and CML; B: Funnel plots analysis for publication bias between MTHFR

A1298C polymorphism and CML.

of the funnel plots were symmetrical in all the
comparisons for both C677T and A1298C poly-
morphism under different genetic models in the
overall population and subgroup comparisons by
ethnicity (Figure 3 for allele model, other data not
shown). Egger’s test also didn’t reveal significant
asymmetry (p=0.741 for MTHFR C677T polymor-
phism under the allele model, and p=0.166 for
MTHEFR polymorphism A1298C under the allele
model). Finally, there was no obvious evidence
showing potential publication bias in this me-
ta-analysis.

Sensitivity analysis

The results of sensitivity analysis showed
that no individual study influenced the pooled
ORs, indicating the results of this meta-analysis
are stable (Figure 4).

Discussion

It is well recognized that individuals’ sus-
ceptibility to certain kinds of cancer are different,
even they were exposed to identical environment.
This difference can be explained by the host fac-
tors including gene polymorphisms. Therefore, it
is reasonable to investigate the possible associ-
ation between individual’s genetic susceptibility
and the development of cancer. MTHFR is a pivot-
al enzyme in the folate metabolism pathway, and
studies in past decades have found that two com-
mon MTHFR polymorphisms, C677T and A1298C,

have possible association with the risk of various
kinds of carcinomas, including colorectal can-
cer [29], lung cancer [30], prostate cancer [31,32],
breast cancer [33], gastric cancer [34,35], ovari-
an cancer [30], cervical cancer [37,38], leukemia
[39,40], and so on. Decreased enzyme activities
were found in both MTHFR C677T and A1298C
variants, and different enzyme activities among
individuals may account for one’s susceptibility
to developing cancer, since the MTHFR activity,
determining the fate of folate metabolism which
can modulate the DNA hypomethylation level and
DNA synthesis efficiency, influences in turn the
chromosomal stability and DNA replicating fidel-
ity [9,13-15].

Several studies had investigated the rela-
tionship between the MTHFR polymorphisms
and CML risk in the past decade. However, in-
conclusive and even contradictory conclusions
were found in these studies, partly because small
sample size involved in each study while eth-
nicity differences could explain such conflicting
results [16-28,41]. To get a more comprehensive
relationship between the MTHFR C677T/A1298C
polymorphisms and the CML risk, we conduct-
ed this meta-analysis of available publications
investigating the effects of MTHFR C677T and/
or A1298C on the risk of CML. Overall, we didn’t
find a significant association between the CML
risk and the MTHFR C677T polymorphism under
the allele contrast model and under the homozy-
gous, dominant and recessive models. In regard
with stratification analysis of MTHFR C677T pol-
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Figure 4. Sensitivity analysis of the relationship between MTHFR polymorphisms C677T (A)/ A1298C (B) and

risk of CML under the allele model.

ymorphism, there were no positive associations
under different genetic models as well. The result
for MTHFR C677T association analysis was con-
sistent with a previous published meta-analysis
by Li et al. [41]. However, significant associations
between MTHFR A1298C variants and the CML
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risk were discovered under the homozygous (CC
vs AA) and dominant (CC+AC vs AA) compari-
son models in the overall population. Moreover,
subgroup analysis by ethnicities demonstrated a
magnitude association under both homozygous
and dominant models between A1298C variants
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and CML risk in Asian populations, while no
significant effect was found in Caucasian popu-
lations, suggesting a possible role of ethnic dif-
ferences in the genetic background and environ-
mental factors regarding the A1298C variants and
the risk of CML. In conclusion, this meta-analysis
evidenced that MTHFR 1298C carriers possessed
increased susceptibility to development of CML,
especially in Asian populations. Contrary to our
findings, reduced susceptibility to CML was found
in a previously published meta-analysis by Li et
al. [41] in terms of the MTHFR A1298C polymor-
phism. By further analyzing their study, we found
that it was improper to include some studies in
their analysis because one study [19] for MTHFR
C677T polymorphism and two studies [25,28] for
MTHFR A1298C polymorphism were mistakenly
taken into their analysis, since the genotype dis-
tribution of the control group wasn’t consistent
with the Hardy-Weinberg Equilibrium (PHWE
<0.05, Table 2), indicating genotyping error and/
or existence of population stratification.

Heterogeneity between studies is a critical
problem which should be given high attention. To
avoid the potential heterogeneity, carefully pub-
lication search, strict studies’ inclusion criteria,
precise data extraction, and strict statistical analy-
sis were performed in this meta-analysis. Howev-
er, extreme heterogeneities emerged in compari-
sons between MTHFR C677T polymorphisms in
Asian populations under different genetic models,
and in the comparisons between MTHFR A1298C
polymorphisms under the allele and recessive
models. Heterogeneities may result from selec-
tion of the control groups, study design, ethnici-
ty differences, and lifestyle factors, and so on. No
substantial publication bias was found by Begg’s
and Egger’s tests.

Considering the limitations of this meta-anal-
ysis, the results should be interpreted with cau-
tion. Firstly, only publications with full text
articles were included in this analysis, thus neg-
ative or non-significant results would be unpub-

lished, although no substantial publication bias
was found in the analysis. Secondly, the number
of available studies in this meta-analysis may
be insufficient for a comprehensive understand-
ing of the relationship between MTHFR C677T/
A1298C polymorphisms and CML risk. Thus,
more case-control studies should be involved in
subsequent analyses. Finally, this meta-analysis
was conducted by unadjusted estimates, and a
more precise analysis should be carried out us-
ing individual data if they were available, which
would allow the researchers to  adjust other co-
variates including disease phase of CML, folate
status, family history, and environmental factors.

In conclusion, although previous studies
reached contradictory conclusions in addressing
the relationship between MTHFR C677T/A1298C
polymorphisms and the risk of CML, the results
of this meta-analysis suggested no significant as-
sociation between MTHFR C677T polymorphism
and CML risk and an increased CML risk for
1298C variant carriers, especially more obvious in
Asian population. However, large-scale case-con-
trol studies and gene-gene or gene-environmen-
tal factors should be taken into consideration for
subsequent analyses to clarify more precisely the
relationship between MTHFR polymorphism and
the risk of CML.
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