@° PLOS | ONE

Check for
updates

E OPENACCESS

Citation: Ge W, Jiao Y, Chang L (2018) The
association between MTHFR gene polymorphisms
(C677T, A1298C) and oral squamous cell

carcinoma: A systematic review and meta-analysis.

PLoS ONE 13(8): 0202959. https://doi.org/
10.1371/journal.pone.0202959

Editor: Sakamuri V. Reddy, Charles P. Darby
Children’s Research Institute, UNITED STATES

Received: May 5, 2018
Accepted: August 13,2018
Published: August 24, 2018

Copyright: © 2018 Ge et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

The association between MTHFR gene
polymorphisms (C677T, A1298C) and oral
squamous cell carcinoma: A systematic review
and meta-analysis

Wenzhang Ge'®, Yang Jiao®*, Lianzhen Chang®*

1 Department of Special Clinic, Jinan Stomatological Hospital, Jinan, Shandong, P.R. China, 2 Department
of Medicine and Education, Jinan Stomatological Hospital, Jinan, Shandong, P.R. China, 3 Department of
Periodontics and Oral Medicine, Jinan Stomatological Hospital, Jinan, Shandong, P.R. China

@® These authors contributed equally to this work.
* changlzoral @163.com

Abstract

A consensus has not been reached regarding the association of MTHFR gene polymor-
phism and susceptibility to oral squamous cell carcinoma (OSCC). We performed a meta-
analysis to better evaluate the association between MTHFR C677T, A1298C polymorphism
and OSCC risk. The studies regarding the association of MTHFR C677T, A1298C polymor-
phisms and OSCC were identified in PubMed and EMBASE and Google Scholar. The
pooled odd rates (ORs) with 95%Cls were estimated using a fixed-effect or random-effect
model. The associations between MTHFR polymorphisms and OSCC risk were assessed
under the dominant, recessive and additive models. A collective total of 1539 OSCC
patients and 2131 normal controls were included across 13 studies. The minor T allele of
MTHFR C677T was significantly associated with the increased risk of OSCC development
(OR =1.35, 95%Cl 1.04—1.76). Individuals carrying the “T” allele (TT+CT) had a nearly 43%
increased risk for OSCC development when compared with CC (OR = 1.43, 95%CI 1.02-
1.99). Under additive model, the results also showed that individuals with CT or TT genotype
were more susceptible to OSCC than CC (OR = 1.45, 95%CI 1.02—2.08; OR = 1.79, 95%ClI
1.28-2.50; respectively). The subgroup analysis by ethnicity revealed that significant differ-
ence in C677T allele distribution could be observed in European (OR = 1.33, 95%CI 1.02—
1.75) rather than Asian (OR = 1.59, 95%CI 0.91-2.78). No significant association of
MTHFR A1298C polymorphism and OSCC risk could be observed. The present study
revealed that T allele and TT genotype of MTHFR C677T polymorphism were significantly
associated with the increased risk of OSCC development.

Introduction

Oral squamous cell carcinoma (OSCC) is one of the most lethal cancers worldwide, and is also
the most common malignancy of oral cavity accounting for 90-95% of malignant oral tumors
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[1]. OSCC is characterized by poor prognosis, high recurrence, frequent metastases, with low
5-year survival rates[2]. Until now, OSCC diagnostic procedures have been based mainly on
the routine check-up including medical history, intra-oral and extra-oral examination, and
standard histology evaluation in case of clinical findings[3]. However, these procedures seem
to be inadequate for the prevention or early diagnosis of OSCC based on current epidemiologi-
cal data[4].

Although the exact etiologic and pathogenetic mechanisms of OSCC remain unclear, sev-
eral reports suggest that the combination of a susceptible genetic background and environ-
mental factors may initiate and promote the development of OSCC. Except for environmental
factors such as tobacco, alcohol, viral infections and inflammation, genetic predispositions
have been implicated in oral tumorigenesis and accumulated evidences suggest single nucleo-
tide polymorphisms of some genes may be a vital risk factors for OSCC[5]. Therefore, it has
been proposed that detection of individuals at risk for OSCC based on their genetic back-
ground such as SNPs could be a promising procedure for early diagnosis, which could lead to
greater intervention and follow-up before the appearance of OSCC.

Methylenetetrahydrofolate reductase (MTHFR) plays a vital role in metabolism of folate,
which participates in DNA metabolism including DNA methylation, DNA synthesis and repair
[6]. Previous studies have indicated that polymorphisms in MTHFR gene could affect its func-
tional activity in cancer development[7, 8]. One common polymorphism in the MTHFR gene
described is C677T. The C677T polymorphism locates in exon 4 at the folate-binding site of the
MTHEFR gene and leads to amino acid substitution (Ala222Val). This substitution could cause
thermolabile enzyme with reduced activity[8]. Previous studies have reported C677T polymor-
phism was associated with susceptibility to several different type of cancers including breast
cancer, gastric cancer, oral cancer, etc[9-13]. However, in view of the available data, studies on
the association between MTHEFR C677T polymorphisms and cancer risk have yielded mixed
results. Some reports indicated that T allele could protect against cancer, while another studies
revealed that subjects carrying T allele have increased susceptibility to cancer[9-11].

Similar to other cancer, many studies have been performed to investigate the relationship
between MTHER C677T, A1298C polymorphisms and susceptibility to OSCC. However, the
results remained inconsistent and controversial. Therefore, we conducted a systematic review
and meta-analysis to evaluate the relationship between those two polymorphisms and OSCC
risk.

Material and method
Data sources and Searches

This systematic review and meta-analysis were carried out based on the reporting guidelines of
Meta-analysis of Observational Studies in Epidemiology (MOOSE)[14]. For selection of poten-
tial studies, we performed a systematic review of the electronic databases including PubMed,
EMBASE, and Google Scholar independently by two authors (W.G and Y.]). Articles published
before the end of March 2018 were searched with a combination of mesh term and keywords
as follows: oral squamous cell carcinoma, OSCC, methylenetetrahydrofolatereductase,
MTHER, and variant or polymorphism. No restriction on publication language, ethnicity, or
geographic region was imposed. All eligible studies were retrieved and their reference lists
were also searched for other relevant studies.

Study selection

The articles were limited to studies on the association between MTHFR gene polymorphism
and OSCC. All included studies have to fulfill the following inclusion criteria: (a) a case-
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control design; (b) the diagnosis of patients should be OSCC; (c) there should be enough data
for extraction and evaluation of odds ratio (OR) with 95% confidence interval (CI); Besides,
articles would be excluded if they met anyone of the following exclusion criteria: (a) the
patients were diagnosed with oral cancers, not OSCC; (b) only one group included, reviews,
case reports, mechanism studies as well as non-human studies; (c) insufficient information or
data for extraction. When the same or overlapped reports occurred, only the study with largest
number of participants was included.

Data extraction

The required information was independently and in duplicate extracted from all included
studies by two authors (W.G and Y.J). A standard reporting form was established to collect the
information from all included studies including: first author’s name, country, year of publica-
tion, ethnicity, age, typing technique, the total number of OSCC patients and controls, and the
frequency of genotype or allele. Besides, Hardy-Weinberg Equilibrium was assessed by using
%2 tests for MTHFR C677T polymorphism in each study. Any disagreements between two
authors were resolved by consensus with another authors.

Assessment of study quality

Due to the lack of a standard quality criteria for meta-analysis of SNP studies, the modified
Newcastle-Ottawa scale was used to evaluate the quality of each study[15]. According to this
scoring system, each study was assessed based on three criterions: selection of cases and con-
trols, comparability of cases and controls and ascertainment of exposure. NOS scoring system
yielded a summary numeric score of quality which ranged from 0 to 9. All included studies
could be graded into three categories: low (< = 3), medium (4-6) and high (> = 7) quality [16].

Statistical analyses

The pooled ORs with 95%Cls were calculated in a fixed-effect or random-effect model to
assess the strength of the association between MTHFR polymorphism and susceptibility to
OSCC. The %2-based Q test and 12 statistic were used to judge the heterogeneity across
included studies. For Q test, P<0.10 was considered to be representative of statistically signifi-
cant heterogeneity, and 12 statistic represented the percentage of total variation contributed by
a between-study variation ranged from 0% to 100%[17]. If significant heterogeneity was
observed, a random-effect model would be used to pool data. Otherwise, a fixed-effect model
was used. The publication bias was determined by using funnel plots, Egger’s test and Begg’s
test. Sensitivity analysis was performed to examine data stability and evaluate the impact of
each individual study on the final ORs [18]. All analyses were conducted using Comprehensive
meta-analysis software V.3.0(BiostatInc, Englewood Cliffs, New Jersey, USA). P value of less
than 0.05 was considered significant.

Result

Source study

The derivation of the source studies included in the present study was presented in Fig 1.
From the initial search, a total of 256 papers were identified. After screening of abstracts or
titles, 231 articles were excluded. 25 full-text articles were retrieved and assessed for eligibility.
12 articles were excluded based on exclusion criteria, leaving 13 eligible studies with MTHFR
polymorphisms and susceptibility to OSCC for final inclusion in the present meta-analysis
[19-30].

PLOS ONE | https://doi.org/10.1371/journal.pone.0202959  August 24, 2018 3/16


https://doi.org/10.1371/journal.pone.0202959

:@.’ PLOS | ONE MTHFR polymorphism and OSCC

Flowchart:

Citations identified from PUBMED, EMBASE
and Google Scholar Searching (N=256)

Citations excluded based on screening of
—>
titles and abstracts (N=231)

\

Citations Screened
(N=25)

Citations excluded after full-text review(N=12):
Studies withour OR or RR(N=3);

3| Only included oral cancer, no mention of
pathological type(N=6);

Review, case report and basic research(N=3);

A

Citations included in the present
meta-analysis (N=13)

Fig 1. The flowchart showing articles identification, inclusion and exclusion. 13 eligible studies were included.

https://doi.org/10.1371/journal.pone.0202959.9001

Study characteristic

All these 13 articles have been published in English. The information and characteristics from
each study were described in Table 1. A collective total of 1539 OSCC patients and 2131 nor-
mal controls were included across these 13 studies, which were conducted in population sam-
ples from 5 European background and 5 Asians background as well as 3 South American
background. Sample sizes of these studies ranged from 119 to 700. 9 out of these 13 studies
have stated that OSCC patients were diagnosed based on histopathological confirmation
[19-23, 26-28]. MTHER gene polymorphisms were determined by polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP) method in all included studies.
Hardy-Weinberg equilibrium tests indicated that deviation from HWE could been observed in
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Table 1. Characteristic of 13 included studies in the present study.

Author Year | Country | Ethnicity Case/ Diagnosis Criteria | Genotyping Genotype Allele HWE
Control Method 0SCC | Control | | OSCC | Control | OSCC | Control
MTHER C677T
Solomon PR, | 2008 | India Asian 126/100 NS PCR-RFLP TT 23 10 T/| 101 62 0.301 | 0.855
etal CT | 55 | 4 | C| 151 | 138
CC 48 48
Supic G,etal | 2011 | Serbia | European 96/162 NS PCR-RFLP TT 14 16 T| 60 98 0.09 0.66
CT 32 66 C| 132 226
CcC 50 80
Vylliotis A, etal | 2013 | Greece | European | 110/120 | Histopathological PCR-RFLP TT 6 10 T| 88 85 <0.01 | 0.04
Diagnosis
CT 76 65 C| 132 155
CC 28 45
Bezerra AM, | 2014 | Brazil South 32/90 Histopathological PCR-RFLP TT 1 1 T| 14 43 0.58 0.02
etal American Diagnosis
CT 12 41 C| 50 137
CC 19 48
Miri- 2015 Iran Asian 57/62 Histopathological PCR-RFLP TT 2 1 T| 25 16 0.57 0.97
Moghaddam E, Diagnosis
etal cT | 21 14 |[C| 89 | 108
CC 34 47
AddalaL,etal |2013| India Asian 150/150 | Histopathological PCR-RFLP TT 2 1 T 28 10 0.50 0.03
Diagnosis
CT 24 8 C| 272 290
CC 124 141
Bektas-Kayhan | 2014 | Turkey | European | 108/116 | Histopathological PCR-RFLP TT 7 5 T| 57 53 0.80 0.58
K, etal Diagnosis
CT 43 43 C| 159 179
CC 58 68
Sailasree R, etal | 2011 | India Asian 101/139 | Histopathological PCR-RFLP TT 1 1 T| 10 31 0.11 0.53
Diagnosis
CT 8 29 C| 192 245
CC 92 108
Vairaktaris E, | 2006 | Greece | European | 110/120 | Histopathological PCR-RFLP TT 6 10 T| 88 85 <0.01 | 0.04
etal Diagnosis
CT 76 65 C| 132 155
CcC 28 45
Barbosa A, etal | 2016 | Brazil South 101/102 | Histopathological PCR-RFLP TT 6 11 T| 57 63 0.31 0.55
American Diagnosis
CT 45 41 C| 145 141
CC 50 50
Naqvi H, etal | 2016 | India Asian 350/350 NS PCR-RFLP TT 20 7 T 108 47 0.11 <0.01
CT 68 33 C| 592 653
CC 262 310
Ferlazzo N, etal | 2017 | TItaly European 58/90 NS PCR-RFLP TT 18 15 T| 70 68 0.10 0.33
CT 34 38 C| 46 112
CC 6 37
Galbiatti ALS, | 2012 | Brazil South 130/531 Histopathological PCR-RFLP | TT/ 81 305 |T| NA NA NA NA
etal American Diagnosis CT
CC | 49 226 |C| NA NA

(Continued)
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Table 1. (Continued)

Author Year | Country | Ethnicity

MTHEFR
A1298C

Sailasree R, etal | 2011 | India Asian

Barbosa A, etal | 2016 | Brazil South
American

Ferlazzo N, etal | 2017 | Ttaly European

Galbiatti ALS, | 2012 | Brazil South
etal American

NS: None Stated

https://doi.org/10.1371/journal.pone.0202959.t001

Case/ Diagnosis Criteria | Genotyping Genotype Allele HWE
Control Method OSCC | Control | | OSCC | Control | OSCC | Control
101/139 | Histopathological PCR-RFLP AA 37 46 A 148 151 0.06 0.08

Diagnosis
AC 74 59 C| 112 137
CC 19 34
101/102 Histopathological PCR-RFLP AA 60 53 A| 156 150 0.89 0.27
Diagnosis
AC 36 44 C| 46 54
CC 5 5
58/90 NS PCR-RFLP AA 32 57 Al 84 139 0.29 0.06
AC 20 25 C 32 41
CC 6 8
130/531 Histopathological PCR-RFLP AA 49 316 T| NA NA NA NA
Diagnosis

AC/ 81 215 C| NA NA

some studies (Table 1). The results from quality assessment revealed that 6 studies scored 8
stars, 6 studies scored 7 stars, 1 study scored 6 stars (S1 Table).

MTHEFR C677T polymorphism and susceptibility to OSCC

A summary of the meta-analysis for MTHFR C677T polymorphism and OSCC risk was pre-
sented in Table 2. The pooled data showed the frequency of minor T allele was significantly
higher in OSCC patients than controls, suggesting that this allele may contribute to OSCC
development(OR = 1.35, 95%CI 1.04-1.76; Fig 2a). Heterogeneity assessment demonstrated
that significant inter-study variation existed in the meta-analysis (P<0.01, I* = 73.0%).

The additive, dominant and recessive models of inheritance were also used to assess the
association between reported MTHFR C677T polymorphism and OSCC risk. Individuals car-
rying “T” allele (TT+CT) had a nearly 43% increased risk for the development of OSCC when
compared with CC homozygotes (OR = 1.43, 95%CI 1.02-1.99; Fig 2b). The TT genotype was
associated with a high risk for OSCC, when compared with the C allele (CC+CT) homozygote
(OR = 1.40, 95%CI 0.73-2.48), but without statistical difference. Under additive model, the
results showed that individuals with TT or CT genotype were more susceptible to OSCC than
CC homozygotes (OR = 1.79, 95%CI 1.28-2.50; OR = 1.45, 95%CI 1.02-2.08; respectively, Fig
3a and 3b). However, the results showed that individuals with TT, CT genotype have no signif-
icant difference (Table 2). Heterogeneity analyses revealed significant inter-study variation
under dominant recessive and additive modes.

Subgroup meta-analysis stratified by ethnicity

The subgroup meta-analyses by ethnicity were further conducted (Table 2). The results indi-
cated that significant difference in C677T allele distribution could be discovered in European
(OR =1.33,95%CI 1.02-1.75) rather than Asian (OR = 1.59, 95%CI 0.91-2.78). In Asian popu-
lation, we also found individuals with TT homozygote have significantly more susceptibility to
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Table 2. Meta-analysis of associations between MTHFR C677T, A1298C polymorphisms and OSCC risk using the additive, dominant, recessive model.

SNP

C677T

A1298C

https://doi.org/10.1371/journal.pone.0202959.t002

Overall

Asian

European

Overall

Comparison

TvsC

TT vs CT

TT vs CC

CT vs CC

TT vs CT+CC
CT+TT vs CC
TvsC

TT vs CT

TT vs CC

CT vs CC

TT vs CT+CC
CT+TT vs CC
TvsC

TTvs CT

TT vs CC

CT vs CC

TT vs CT+CC
CT+TT vs CC

Cvs A

CCvs AA
CCvs AC
ACvs CC
CCvs AC+AA
CC+ACvs AA

OR with 95%CI Heterogeneity Publication Bias
x2 Q test r Begg Egger

1.35 (1.04-2.24) 41.4 <0.01 73.4% 0.83 0.34
1.14 (0.82-1.58) 10.6 0.48 0.00% 0.63 0.94
1.79 (1.28-2.50) 16.5 0.123 33.5% 0.73 0.98
1.45 (1.02-2.08) 40.2 <0.01 72.1% 0.78 0.93
1.40 (0.73-2.48) 37.1 <0.01 17.3% 0.58 0.53
1.43 (1.02-1.99) 37.3 <0.01 70.5% 0.83 0.44
1.59 (0.91-2.78) 21.6 <0.01 81.0% 0.62 0.52
1.55 (0.87-2.78) 0.91 0.92 0.00% 1.00 0.83
2.65 (1.51-4.64) 0.75 0.95 0.00% 0.62 0.42
1.52 (0.76-3.03) 21.4 <0.01 81.5% 0.62 0.54
2.44 (1.42-4.21) 1.07 0.90 0.00% 0.62 0.81
1.23 (0.63-2.43) 22.8 <0.01 82.1% 0.14 0.14
1.33 (1.02-1.75) 8.76 0.07 54.5% 0.22 0.07
1.06(0.69-1.64) 5.60 0.23 29.3% 0.46 0.32
1.72 (0.85-3.50) 9.06 0.06 55.8% 0.80 0.82
1.64 (0.97-2.78) 26.2 <0.01 84.8% 0.08 0.10
1.12 (0.38-3.85) 4.67 0.458 0.00% 1.00 0.53
1.82 (0.99-3.33) 10.6 0.03 26.1% 0.80 0.98
0.91 (0.71-1.17) 6.08 0.05 67.1% 0.60 0.57
0.68 (0.30-1.54) 0.22 0.90 0.00% 0.60 0.94
0.64 (0.35-1.19) 0.73 0.70 0.00% 0.12 0.15
1.06 (0.74-1.51) 6.91 0.03 71.0% 0.60 0.79
0.66 (0.27-1.58) 0.05 0.97 0.00% 0.60 0.67
1.22 (0.65-2.26) 4.70 <0.10 81.7% 0.12 0.78

OSCC than those with CT or CC (OR = 2.44, 95%CI 1.42-4.21). And the pooled ORs showed
that individuals who carried TT homozygote have a 165% increased risk of OSCC compared
with those with CC homozygote (OR = 2.65, 95%CI 1.51-4.64). In European population, no
significant difference could be observed under the additive, dominant and recessive models.

MTHER A1298C polymorphism and susceptibility to OSCC

4 studies including 369 OSCC cases and 862 normal controls have discussed the association of
MTHFR A1298C polymorphism and susceptibility to OSCC (Table 1). No significant associa-
tion of MTHFR A1298C polymorphism and OSCC risk could be observed (Table 2). Due to
smaller sample size, subgroup meta-analysis could not be performed.

Sensitivity analysis

Sensitivity analysis was carried out to evaluate the influence of each individual study on the
overall OR. The stability and reliability of overall ORs were examined using the leave-one-out
method, which repeated the analysis after sequential exclusion of each study. The significant
association of the minor T allele at C677T polymorphism and OSCC risk disappeared after
excluding Solomon PR’ study or Naqvi H’ study, which may be due to small sample size and
different ethnicity. Besides, the results were relatively constant and stable.
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(a)
Study name Subgroup within study Statistics for each study Qdds ratio and 93% Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Solomon PR, et al 2008 Asian 1.489 1.006 2.202 1.992 0.046
Miri-Moghaddam E, et al 2015  Asian 1.896 0.954 3.770 1.824 0.068
Addala L, et al 2013 Asian 2.985 1.423 6.262 2.894 0.004 ——
Sailasree R, et al 2011 Asian 0.412 0.197 0.860 -2.359 0.018 ——
Supic G, etal 2011 European 1.048 0.712 1.543 0.239 0.811
Vylliotis A, et al 2013 European 1.216 0.833 1.774 1.013 0.311
Bezerra AM, et al 2014 South American 0.892 0.450 1.769 -0.327 0.744
Bektas-Kayhan K, et al 2014 European 1.211 0.787 1.863 0.870 0.384
Vairaktaris E, et al 2006 European 1.216 0.833 1.774 1.013 0.311
Barbosa A, et al 2016 South American 0.880 0.574 1.348 -0.588 0.556
Naqvi H, et al 2016 Asian 2,535 1.768 3.633 5.062 0.000 =
Ferlazzo N, et al 2016 European 2.506 1.553 4.045 3.762 0.000 -
1.352 1.039 1.759 2.243 0.025
0.1 1 10
Favours A Favours B
(b)
Study name Subgroup within study Statistics for each study QOdds ratio and 95% Cl
Odds Lower Upper
ratio limit  limit Z-Value p-Value
Solomon PR, et al 2008 Asian 1.500 0.881 2.554 1.493 0.135
Miri-Moghaddam E, et al 2015  Asian 0.782 0.345 1.772 -0.589 0.556
Addala L, et al 2013 Asian 2.120 0.966 4.652 1.873 0.061
Sailasree R, et al 2011 Asian 0.352 0.159 0.780 -2.573 0.010 ——
Supic G, et al 2011 European 1.757 0.997 3.095 1.951 0.051
Vylliotis A, et al 2013 European 0.782 0.345 1.772 -0.589 0.556
Bezerra AM, et al 2014 South American 2.120 0.966 4.652 1.873 0.061
Bektas-Kayhan K, et al 2014 European 0.910 0.05614.739 -0.066 0.947
Vairaktaris E, et al 2006 European 1.757 0.997 3.095 1.951 0.051
Barbosa A, et al 2016 South American 0.981 0.566 1.700 -0.069 0.945
Naqvi H, et al 2016 Asian 2.603 1.730 3.916 4.592 0.000 L 3
Ferlazzo N, et al 2016 European 6.050 2.35515.545 3.739 0.000 —
Galbiatti ALS, 2012 South American 1.119 0.736 1.701 0.527 0.598
1.428 1.024 1.991 2.099 0.036
Favours A Favours B
0.1 1

Fig 2. Forest plots for the association between MTHFR C677T polymorphism and OSCC risk in overall
population. (a) T vs C; (b) TT vs CC.

https://doi.org/10.1371/journal.pone.0202959.g002

Funnel plots

The funnel plots for association between MTHFR C677T, A1298C polymorphisms and OSCC
risk were drawn, which also did not reveal visually significant publication bias (Figs 4 and 5).
As expected, both Egger’s test and Begg’s test demonstrated no publication bias (Table 2).

Discussion

MTHER is a key enzyme in the folate metabolism process, it could catalyze the conversion of
5,10-methylenetetrahydrofolate acid into 5-methyltetrahydrofolate acid which is a major cir-
culating form of folate acid[6]. Accumulated evidences suggested MTHFR C677T and A1298C
had functional relevance to alter the enzyme activity and cause the alteration of amino acid
and thereby a decreased plasma folate concentration[31]. Deficiency of folate could result in
DNA strand breaks, damaged DNA methylation and DNA repair. Therefore, these polymor-
phism may cause carcinogenesis. It also remains of interest to evaluate whether MTHER poly-
morphism was involved in the development of cancer. However, the effects of MTHFR
polymorphism on cancer risk were controversial. Recent published meta-analysis demon-
strated MTHFR C677T polymorphism has an increased risk of breast and esophageal cancer,
while a decreased risk of colorectal cancer was detected[9-11]. Thus, MTHFR polymorphism
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(a)
Study name Subgroup within study Statistics for each study QOdds ratio and 95% Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Solomon PR, et al 2008 Asian 2.300 0.990 5345 1.936 0.053 ——
Miri-Moghaddam E, et al 2015  Asian 2.765 0.24131.741 0.817 0.414
Addala L, et al 2013 Asian 2.274 0.20425.386 0.667 0.504
Sailasree R, et al 2011 Asian 1.174 0.07219.031 0.113 0.910
Supic G, etal 2011 European 1.400 0.629 3.114 0.825 0.409
VWylliotis A, et al 2013 European 0.964 0.316 2.946 -0.064 0.949
Bezerra AM, et al 2014 South American 2.526 0.15042.479 0.644 0.520 —
Bektas-Kayhan K, et al 2014 European 1.641 0.494 5449 0.809 0.418
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Fig 3. Forest plots for the association between MTHFR C677T polymorphism and OSCC risk in overall
population. (a) CT vs CC; (b) CT+TT vs CC.

https://doi.org/10.1371/journal.pone.0202959.g003

might play various roles in different type of cancers. In the present study, we conducted a sys-
tematic review and meta-analysis to determine the effect of MTHFR C677T and A1298C poly-
morphisms on OSCC risk. The significant association between minor T allele, homozygote TT
of C677T polymorphism and OSCC risk were observed, suggesting MTHFR C677T polymor-
phism was associated with increased susceptibility to OSCC. However, no significant associa-
tion between MTHFR A1298C polymorphisms and OSCC risk could be observed.

Reports of MTHFR C677T polymorphism as a carcinogen for multiple cancers promote
many investigations to explore its genetic effects on oral cancer. The genetic association of
C677T polymorphism and oral cancer risk was originally investigated in Weinstein’s study,
but no significant association was implicated. Although several continued effects have been
placed to the replication of the initial finding, the following studies yielded controversial
results. Due to the limitation of study size, the single studies may lack sufficient statistical
power to obtain a precise conclusion[32]. In 2014, Jia has conducted a meta-analysis to evalu-
ate the overall risk of MTHFR C677T in oral cancer, which showed a marginal association of
MTHER C677T polymorphism and oral cancer risk that individuals with CT have a 14%
decreased risk for oral cancer compared with CC[33]. OSCC is the most common type of oral
cancer, several studies have also focused on the role of MTHFR C677T polymorphism in
OSCC. Similarly, the contribution of C677T polymorphism in OSCC has been investigated in
different cohort with conflicting results. Thus, we conducted this meta-analysis to evaluate
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Fig 4. Funnel plots of the meta-analysis for the association of MTHFR C677T polymorphism and OSCC risk

under additive models. (a) CC vs TC; (b) TT vs Ct; (c) TT vs CC.
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Fig 5. Funnel plots of the meta-analysis for the association of MTHFR C677T polymorphism and OSCC risk
under allele, dominant, recessive models. (a) T vs C; (b) CC+CT vs TT; (c) TT+CT vs CC.
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whether the C677T polymorphism confers susceptibility to OSCC. We found T allele contrib-
uted to the higher risk of OSCC compared to C allele. Meanwhile, the result found individuals
with TT genotype have an increased risk of OSCC compared with CC genotype. In recessive
mode, the result revealed that individuals carrying T allele (CT+TT) have more susceptibility
to OSCC when compared with CC genotype. The result was not in consistent with Jia’s conclu-
sion that CT genotype was associated with a decreased risk of oral cancer, our result showed a
45% increased risk of developing OSCC compared with CC genotype. The difference may
attribute to the inclusion study. All oral cancer could be included in Jia’s study, while our
study only included OSCC patients. 3 out of 7 studies included in Jia’s study were excluded in
the present study because they did not meet the OSCC diagnosis. After including more new
reports, a total of 13 papers were included in the present study, we thought this study could
provide more accurate conclusion based on more sample size, and strict inclusion criteria.
Considering the possible effects of the confounding factors on the overall data, we conducted
subgroup analyses stratified by ethnicity. Compared with overall data, significant association
between C677T allele with OSCC risk was only observed in European population. While the
significant association under TT vs CC, TT vs TC+CC could only be observed in Asian popu-
lation, and the ORs were much higher than those in overall population. After stratified by eth-
nicity, the heterogeneity could be significantly reduced in both groups. Therefore, the different
ethnicities may contribute to the high degree of heterogeneity. As for other confounders such
as age, gender, smoking status or virus infection, we could not assess the effect of these con-
founders on the heterogeneity due to insufficient primary data.

Except for polymorphism, previous studies have demonstrated that epigenetic modification
of MTHEFR gene such as gene-specific DNA methylation was implicated in several cancer etiol-
ogy. For example, significantly higher frequency of MTHFR methylation were observed in
HPV-positive cervical cancer than HPV-negative cervical cancer or normal controls[34].
Meanwhile, due to low folate deficiency resulting from MTHER polymorphism could affect
DNA methylation through mediating the transfer of one-carbon moieties, MTHFR polymor-
phism have been reported to be associated with the hypermethylation of several cancer-related
genes. In OSCC patients, a significant association between MTHEFR gene polymorphisms and
p16, MGMT gene promoter methylation have been found[29]. In gastric cancer and esoph-
ageal squamous cell carcinoma, the previous study also observed that individuals with homo-
zygotes (TT) of MTHFR C677T polymorphism had significant risk of hypermethylation of
MGM, hMLH1, P16[35-37].

Folate deficiency resulting from MTHFR polymorphism could impair the DNA repair
function for chromosome damage caused by environmental factor such as alcohol, smoking,
HPYV virus, while folate intake could also reduce the risk of oral and pharyngeal cancers[38].
Meanwhile, previous study have demonstrated that high folic acid consumption could reduce
MTHER protein and activity, creating a pseudo-MTHEFR deficiency[39]. Combined with the
important role of MTHEFR in the folate metabolism process, the hypothesis of gene-environ-
mental factor interaction in carcinogenesis has been purposed. For example, MTHFR 677 TT
genotype was found to have high risk association with heavy drinking population (>396g etha-
nol/week) rather than light drinking population(<198g ethanol/week)[24]. The risk for multi-
ple methylation was also significantly increased in heavy-drinking patients with TT genotype
compared with CC and CT genotype(20940365). Similarly, concomitant use of alcohol, ciga-
rette and possessing T allele of C677T were significantly higher in OSCC patients[21]. Besides,
the investigators have found homozygotes (TT) of C677T with low levels of folate were signifi-
cantly associated with decreased methylation of MGMT in Chinese glioma patients[40]. Low
vitamin B2 and low methionine intake were significantly associated with an increased risk of
colorectal tumor in individuals with homozygotes (TT) of C677T [41]. However, some studies
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demonstrated no overall association in breast cancer patients[42]. Therefore, these findings, as
well as significant interactions between MTHFR polymorphisms and environmental triggers,
or nutrients warrant further investigation.

Of course, several limitations might be involved in the present study. First, the number of
eligible studies was relatively less, limiting the ability to get firm conclusion. Second, only stud-
ies written in English were searched and included. It is possible that publications of other lan-
guages that might meet the inclusion criteria were missed. Thus, even though the publication
bias tests did not yield any significant publication bias, it is impossible to exclude completely
the confounders due to less number of included studies and the fact that negative results are
commonly not published. Third, OSCC patients from 9 included studies were pathological
diagnosed, while diagnosis criteria was not described in another 4 studies. Although the overall
ORs were relatively constant and stable after excluded these 4 papers (data not shown), we
could not completely exclude the influence of this factor on the conclusion. Forth, subgroup
analyses regarding age, gender, smoking status or virus infection could not be performed.
Therefore, future investigations with large sample sizes and detailed characteristics were
required, such as genome-wide association studies in different ethnic cohort of OSCC patients.

In conclusion, the present study observed significant association between MTHFR C677T
polymorphism and OSCC risk. T allele and TT genotype was identified to be associated with
the increased risk for OSCC. Also, individuals with the T allele (CT+TT) have more suscepti-
bility to OSCC than those with CC homozygotes. Besides, no significant association between
MTHEFR A1298C polymorphism could be observed.

Supporting information

S1 Table. Methodological quality of Case-control Studies according to the NEWCASTLE--
OTTAWA quality assessment scale.
(DOC)

S2 Table. PRISMA-checklist of the present meta-anlsysis.
(DOCX)

$3 Table. Raw-data of the present study.
(XLSX)

Acknowledgments

We thank Editage for its linguistic assistance during the preparation of this manuscript.

Author Contributions

Data curation: Wenzhang Ge, Yang Jiao, Lianzhen Chang.
Formal analysis: Wenzhang Ge.

Methodology: Wenzhang Ge, Yang Jiao, Lianzhen Chang.
Project administration: Lianzhen Chang.

Software: Wenzhang Ge.

Supervision: Lianzhen Chang.

Writing - original draft: Wenzhang Ge, Lianzhen Chang.

Writing - review & editing: Yang Jiao, Lianzhen Chang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0202959  August 24, 2018 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202959.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202959.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202959.s003
https://doi.org/10.1371/journal.pone.0202959

@° PLOS | ONE

MTHFR polymorphism and OSCC

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer statistics, 2009. CA: a cancer journal for clini-
cians. 2009; 59(4):225-49.

Kessler P, Grabenbauer G, Leher A, Bloch-Birkholz A, Vairaktaris E, Neukam FW, et al. [Five year sur-
vival of patients with primary oral squamous cell carcinoma. Comparison of two treatment protocols in a
prospective study]. Strahlentherapie und Onkologie: Organ der Deutschen Rontgengesellschaft [et al].
2007; 183(4):184-9.

Kingsley K, O'Malley S, Ditmyer M, Chino M. Analysis of oral cancer epidemiology in the US reveals
state-specific trends: implications for oral cancer prevention. BMC public health. 2008; 8:87. https://doi.
org/10.1186/1471-2458-8-87 PMID: 18331638

Gonzalez-Moles MA, Scully C, Ruiz-Avila |. Molecular findings in oral premalignant fields: update on
their diagnostic and clinical implications. Oral diseases. 2012; 18(1):40-7. https://doi.org/10.1111/}.
1601-0825.2011.01845.x PMID: 21851509

Singh PK, Ahmad MK, Kumar V, Hussain SR, Gupta R, Jain A, et al. Effects of interleukin-18 promoter
(C607A and G137C) gene polymorphisms and their association with oral squamous cell carcinoma
(OSCC) in northern India. Tumour biology: the journal of the International Society for Oncodevelopmen-
tal Biology and Medicine. 2014; 35(12):12275-84.

Trimmer EE. Methylenetetrahydrofolate reductase: biochemical characterization and medical signifi-
cance. Current pharmaceutical design. 2013; 19(14):2574-93. PMID: 23116396

Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews RG, et al. A candidate genetic risk fac-
tor for vascular disease: a common mutation in methylenetetrahydrofolate reductase. Nature genetics.
1995; 10(1):111-3. https://doi.org/10.1038/ng0595-111 PMID: 7647779

Weisberg |, Tran P, Christensen B, Sibani S, Rozen R. A second genetic polymorphism in methylenete-
trahydrofolate reductase (MTHFR) associated with decreased enzyme activity. Molecular genetics and
metabolism. 1998; 64(3):169-72. https://doi.org/10.1006/mgme.1998.2714 PMID: 9719624

He L, ShenY. MTHFR C677T polymorphism and breast, ovarian cancer risk: a meta-analysis of 19,260
patients and 26,364 controls. Onco Targets Ther. 2017; 10:227-38. https://doi.org/10.2147/OTT.
S121472 PMID: 28123304

Tang M, Wang SQ, Liu BJ, Cao Q, Li BJ, Li PC, et al. The methylenetetrahydrofolate reductase
(MTHFR) C677T polymorphism and tumor risk: evidence from 134 case-control studies. Molecular biol-
ogy reports. 2014; 41(7):4659-73. https://doi.org/10.1007/s11033-014-3337-9 PMID: 24744129

Xul,QinZ, WangF, SiS, LiL, Lin P, et al. Methylenetetrahydrofolate reductase C677T polymorphism
and colorectal cancer susceptibility: a meta-analysis. Biosci Rep. 2017; 37(6).

Jiang S, Xu JD, Zhuo ZJ, Hua ZM. Association of MTHFR C677T and A1298C polymorphisms with oral
cancer susceptibility: evidence from a meta-analysis. Onco Targets Ther. 2017; 10:303—-10. https://doi.
org/10.2147/0OTT.S124690 PMID: 28138253

Tang C, Yu S, Jiang H, Li W, Xu X, Cheng X, et al. A Meta-Analysis: Methylenetetrahydrofolate Reduc-
tase C677T Polymorphism in Gastric Cancer Patients Treated with 5-Fu Based Chemotherapy Predicts
Serious Hematologic Toxicity but Not Prognosis. J Cancer. 2018; 9(6):1057—66. https://doi.org/10.
7150/jca.23391 PMID: 29581785

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) group. Jama. 2000; 283(15):2008—12. PMID: 10789670

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-
domized studies in meta-analyses. European journal of epidemiology. 2010; 25(9):603-5. https://doi.
org/10.1007/s10654-010-9491-z PMID: 20652370

Qin B, Wang J, Chen J, Liang Y, Yang Z, Zhong R. Association of human leukocyte antigen class Il with
susceptibility to primary biliary cirrhosis: a systematic review and meta-analysis. PloS one. 2013; 8(11):
€79580. https://doi.org/10.1371/journal.pone.0079580 PMID: 24265779

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Statistics in medicine. 2002;
21(11):1539-58. https://doi.org/10.1002/sim.1186 PMID: 12111919

Qin B, Wang J, Liang Y, Yang Z, Zhong R. The association between TNF-alpha, IL-10 gene polymor-
phisms and primary Sjogren’s syndrome: a meta-analysis and systemic review. PloS one. 2013; 8(5):
€63401. https://doi.org/10.1371/journal.pone.0063401 PMID: 23723980

Addala L, Kumar.Ch K, Reddy N M, Kumar Reddy TP, Md S. Association of the C677T Polymorphism
in the MTHFR Gene with Risk of Oral Squamous Cell Carcinoma in South Indian Population. American
Journal of Cancer Research and Clinical Oncology. 2013. https://doi.org/10.7726/ajcrco.2013.1001

PLOS ONE | https://doi.org/10.1371/journal.pone.0202959  August 24, 2018 14/16


https://doi.org/10.1186/1471-2458-8-87
https://doi.org/10.1186/1471-2458-8-87
http://www.ncbi.nlm.nih.gov/pubmed/18331638
https://doi.org/10.1111/j.1601-0825.2011.01845.x
https://doi.org/10.1111/j.1601-0825.2011.01845.x
http://www.ncbi.nlm.nih.gov/pubmed/21851509
http://www.ncbi.nlm.nih.gov/pubmed/23116396
https://doi.org/10.1038/ng0595-111
http://www.ncbi.nlm.nih.gov/pubmed/7647779
https://doi.org/10.1006/mgme.1998.2714
http://www.ncbi.nlm.nih.gov/pubmed/9719624
https://doi.org/10.2147/OTT.S121472
https://doi.org/10.2147/OTT.S121472
http://www.ncbi.nlm.nih.gov/pubmed/28123304
https://doi.org/10.1007/s11033-014-3337-9
http://www.ncbi.nlm.nih.gov/pubmed/24744129
https://doi.org/10.2147/OTT.S124690
https://doi.org/10.2147/OTT.S124690
http://www.ncbi.nlm.nih.gov/pubmed/28138253
https://doi.org/10.7150/jca.23391
https://doi.org/10.7150/jca.23391
http://www.ncbi.nlm.nih.gov/pubmed/29581785
http://www.ncbi.nlm.nih.gov/pubmed/10789670
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.1371/journal.pone.0079580
http://www.ncbi.nlm.nih.gov/pubmed/24265779
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1371/journal.pone.0063401
http://www.ncbi.nlm.nih.gov/pubmed/23723980
https://doi.org/10.7726/ajcrco.2013.1001
https://doi.org/10.1371/journal.pone.0202959

@° PLOS | ONE

MTHFR polymorphism and OSCC

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Bezerra AM, Sant’Ana TA, Gomes AV, de Lacerda Vidal AK, Muniz MT. Tyms double (2R) and triple
repeat (3R) confers risk for human oral squamous cell carcinoma. Molecular biology reports. 2014; 41
(12):7737—-42. https://doi.org/10.1007/s11033-014-3494-x PMID: 25341694

KB-K, OK, HY-A, ZB-M, Unr M, T |. The Effects of Methylenetetrahydrofolate Reductase (MTHFR)
Gene Polymorphism on Oral Squamous Cell Carcinoma. Mediterranean Oncology Journal (MOJ).
2014; 4(1):34—-40.

Miri-Moghaddam E, Saravani S, Garme Y, Khosravi A, Bazi A, Motazedian J. Methylenetetrahydrofo-
late reductase C677T and A1298C gene polymorphisms in oral squamous cell carcinoma in south-east
Iran. Journal of oral pathology & medicine: official publication of the International Association of Oral
Pathologists and the American Academy of Oral Pathology. 2015. 2016; 45(2):96—100

Sailasree R, Nalinakumari KR, Sebastian P, Kannan S. Influence of methylenetetrahydrofolate reduc-
tase polymorphisms in oral cancer patients. Journal of oral pathology & medicine: official publication of
the International Association of Oral Pathologists and the American Academy of Oral Pathology. 2011;
40(1):61-6.

Solomon PR, Selvam GS, Shanmugam G. Polymorphism in ADH and MTHFR genes in oral squamous
cell carcinoma of Indians. Oral diseases. 2008; 14(7):633-9. https://doi.org/10.1111/1.1601-0825.2007.
01437.x PMID: 18266839

Supic G, Jovic N, Kozomara R, Zeljic K, Magic Z. Interaction between the MTHFR C677T polymorphism
and alcohol—impact on oral cancer risk and multiple DNA methylation of tumor-related genes. Journal
of dental research. 2011; 90(1):65-70. https://doi.org/10.1177/0022034510385243 PMID: 20940365

Vairaktaris E, Yapijakis C, Kessler P, Vylliotis A, Ries J, Wiltfang J, et al. Methylenetetrahydrofolate
reductase polymorphism and minor increase of risk for oral cancer. Journal of cancer research and clini-
cal oncology. 2006; 132(4):219-22. https://doi.org/10.1007/s00432-005-0065-5 PMID: 16365753

Vylliotis A, Yapijakis C, Nkenke E, Nisyrios T, Avgoustidis D, Adamopoulou M, et al. Effect of thrombo-
sis-related gene polymorphisms upon oral cancer: a regression analysis. Anticancer research. 2013; 33
(9):4033-9. PMID: 24023347

Barbosa A, Dos Santos M, de Podesta JR, Gouvea SA, Von Zeidler SV, Louro ID, et al. Polymorphisms
in methylenetetrahydrofolate reductase and cystathionine beta-synthase in oral cancer—a case-control
study in southeastern Brazilians. Braz J Otorhinolaryngol. 2016; 82(5):558-66. https://doi.org/10.1016/
j.bjorl.2015.10.012 PMID: 26749456

Ferlazzo N, Curro M, Zinellu A, Caccamo D, Isola G, Ventura V, et al. Influence of MTHFR Genetic
Background on p16 and MGMT Methylation in Oral Squamous Cell Cancer. Int J Mol Sci. 2017; 18(4).

Naqvi H, Ahmad MK, Hussain SR, Gupta S, Waseem M, Mahdi AA. Retrospective case-control study of
correlation between MTHFR gene and OSCC risk in North India. Clin Oral Investig. 2017; 21(6):1929—
34. https://doi.org/10.1007/s00784-016-1976-z PMID: 27774577

Tsang BL, Devine OJ, Cordero AM, Marchetta CM, Mulinare J, Mersereau P, et al. Assessing the asso-
ciation between the methylenetetrahydrofolate reductase (MTHFR) 677C>T polymorphism and blood
folate concentrations: a systematic review and meta-analysis of trials and observational studies. Am J
Clin Nutr. 2015; 101(6):1286—-94. https://doi.org/10.3945/ajcn.114.099994 PMID: 25788000

Weinstein SJ, Gridley G, Harty LC, Diehl SR, Brown LM, Winn DM, et al. Folate intake, serum homocys-
teine and methylenetetrahydrofolate reductase (MTHFR) C677T genotype are not associated with oral
cancer risk in Puerto Rico. The Journal of nutrition. 2002; 132(4):762—7. https://doi.org/10.1093/jn/132.
4.762 PMID: 11925474

JiaJ, Ma Z, Wu S. Positive association between MTHFR C677T polymorphism and oral cancer risk: a
meta-analysis. Tumour biology: the journal of the International Society for Oncodevelopmental Biology
and Medicine. 2014; 35(5):4943-8.

Botezatu A, Socolov D, lancu IV, Huica |, Plesa A, Ungureanu C, et al. Methylenetetrahydrofolate
reductase (MTHFR) polymorphisms and promoter methylation in cervical oncogenic lesions and can-
cer. J Cell Mol Med. 2013; 17(4):543-9. https://doi.org/10.1111/jcmm.12032 PMID: 23444906

Chen J, Huang ZJ, Duan YQ, Xiao XR, Jiang JQ, Zhang R. Aberrant DNA methylation of P16, MGMT,
and hMLH1 genes in combination with MTHFR C677T genetic polymorphism and folate intake in
esophageal squamous cell carcinoma. Asian Pac J Cancer Prev. 2012; 13(10):5303-6. PMID:
23244153

Wang J, Sasco AJ, Fu C, Xue H, Guo G, Hua Z, et al. Aberrant DNA methylation of P16, MGMT, and
hMLH1 genes in combination with MTHFR C677T genetic polymorphism in esophageal squamous cell
carcinoma. Cancer Epidemiol Biomarkers Prev. 2008; 17(1):118-25. https://doi.org/10.1158/1055-
9965.EPI-07-0733 PMID: 18199718

Xiong HL, Liu XQ, Sun AH, He Y, Li J, Xia Y. Aberrant DNA methylation of P16, MGMT, hMLH1 and
hMSH2 genes in combination with the MTHFR C677T genetic polymorphism in gastric cancer. Asian
Pac J Cancer Prev. 2013; 14(5):3139—-42. PMID: 23803092

PLOS ONE | https://doi.org/10.1371/journal.pone.0202959  August 24, 2018 15/16


https://doi.org/10.1007/s11033-014-3494-x
http://www.ncbi.nlm.nih.gov/pubmed/25341694
https://doi.org/10.1111/j.1601-0825.2007.01437.x
https://doi.org/10.1111/j.1601-0825.2007.01437.x
http://www.ncbi.nlm.nih.gov/pubmed/18266839
https://doi.org/10.1177/0022034510385243
http://www.ncbi.nlm.nih.gov/pubmed/20940365
https://doi.org/10.1007/s00432-005-0065-5
http://www.ncbi.nlm.nih.gov/pubmed/16365753
http://www.ncbi.nlm.nih.gov/pubmed/24023347
https://doi.org/10.1016/j.bjorl.2015.10.012
https://doi.org/10.1016/j.bjorl.2015.10.012
http://www.ncbi.nlm.nih.gov/pubmed/26749456
https://doi.org/10.1007/s00784-016-1976-z
http://www.ncbi.nlm.nih.gov/pubmed/27774577
https://doi.org/10.3945/ajcn.114.099994
http://www.ncbi.nlm.nih.gov/pubmed/25788000
https://doi.org/10.1093/jn/132.4.762
https://doi.org/10.1093/jn/132.4.762
http://www.ncbi.nlm.nih.gov/pubmed/11925474
https://doi.org/10.1111/jcmm.12032
http://www.ncbi.nlm.nih.gov/pubmed/23444906
http://www.ncbi.nlm.nih.gov/pubmed/23244153
https://doi.org/10.1158/1055-9965.EPI-07-0733
https://doi.org/10.1158/1055-9965.EPI-07-0733
http://www.ncbi.nlm.nih.gov/pubmed/18199718
http://www.ncbi.nlm.nih.gov/pubmed/23803092
https://doi.org/10.1371/journal.pone.0202959

@° PLOS | ONE

MTHFR polymorphism and OSCC

38.

39.

40.

41.

42,

Pelucchi C, Talamini R, Negri E, Levi F, Conti E, Franceschi S, et al. Folate intake and risk of oral and
pharyngeal cancer. Ann Oncol. 2003; 14(11):1677-81. PMID: 14581278

Christensen KE, Mikael LG, Leung KY, Levesque N, Deng L, Wu Q, et al. High folic acid consumption
leads to pseudo-MTHFR deficiency, altered lipid metabolism, and liver injury in mice. Am J Clin Nutr.
2015; 101(3):646-58. https://doi.org/10.3945/ajcn.114.086603 PMID: 25733650

Liu N, Jiang J, Song YJ, Zhao SG, Tong ZG, Song HS, et al. Impact of MTHFR polymorphisms on meth-
ylation of MGMT in glioma patients from Northeast China with different folate levels. Genet Mol Res.
2013; 12(4):5160-71. https://doi.org/10.4238/2013.0ctober.29.10 PMID: 24301776

Jung AY, van Duijnhoven FJ, Nagengast FM, Botma A, Heine-Broring RC, Kleibeuker JH, et al. Dietary
B vitamin and methionine intake and MTHFR C677T genotype on risk of colorectal tumors in Lynch syn-
drome: the GEOLynch cohort study. Cancer Causes Control. 2014; 25(9):1119-29. hitps://doi.org/10.
1007/s10552-014-0412-4 PMID: 24916333

Ma E, Iwasaki M, Kobayashi M, Kasuga Y, Yokoyama S, Onuma H, et al. Dietary intake of folate, vita-
min B2, vitamin B6, vitamin B12, genetic polymorphism of related enzymes, and risk of breast cancer: a
case-control study in Japan. Nutr Cancer. 2009; 61(4):447-56. https://doi.org/10.1080/
01635580802610123 PMID: 19838916

PLOS ONE | https://doi.org/10.1371/journal.pone.0202959  August 24, 2018 16/16


http://www.ncbi.nlm.nih.gov/pubmed/14581278
https://doi.org/10.3945/ajcn.114.086603
http://www.ncbi.nlm.nih.gov/pubmed/25733650
https://doi.org/10.4238/2013.October.29.10
http://www.ncbi.nlm.nih.gov/pubmed/24301776
https://doi.org/10.1007/s10552-014-0412-4
https://doi.org/10.1007/s10552-014-0412-4
http://www.ncbi.nlm.nih.gov/pubmed/24916333
https://doi.org/10.1080/01635580802610123
https://doi.org/10.1080/01635580802610123
http://www.ncbi.nlm.nih.gov/pubmed/19838916
https://doi.org/10.1371/journal.pone.0202959

