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Objective: To examine the relationship between polymorphisms in the methylenetetrahydrofo-
late reductase (MTHFR) gene and susceptibility to lung cancer in a female Chinese population.
Method: A hospital-based case-control study of 388 cases and 388 controls was conducted.
Two polymorphisms in MTHFR were detected using TagMan methods.

Results: The MTHFR C677T polymorphism was associated with the risk of lung cancer and lung
adenocarcinoma. Carriers with the TT genotype of C677T were observed to have an increased
risk of lung cancer and lung adenocarcinoma (the ORs were 1.550 and 1.588, respectively). By
contrast, the A1298C polymorphism had a negative relationship with the risk of lung cancer
and lung adenocarcinoma; compared with the AA genotype carriers, the CC genotype carriers
had a lower risk of lung cancer and adenocarcinoma in the female Chinese population (ORs
were 0.302 and 0.215, respectively). In the stratified analyses, we observed only the A1298C
polymorphism in the CC genotype carriers with a statistically significant reduction in the risk
of non-small-cell lung cancer, compared to the AA genotype carriers. No significant statisti-
cal association was found between the MTHFR gene polymorphisms and risk of the residual
subtype of lung cancer.

Conclusion: This study provides evidence that the MTHFR C677T polymorphism may
contribute to the development of lung cancer and lung adenocarcinoma in a female Chinese
population. However, the MTHFR A1298C polymorphism may be associated with the decreas-
ing risk of lung cancer.
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Introduction

Malignant tumors comprise the second leading cause of death among noninfectious
diseases. Lung cancer is the leading cause of cancer-related death among males in both
developed and developing countries and has surpassed breast cancer as the leading
cause of cancer death among females in the developed countries.! Lung cancer risk is
not fully understood, but it has been commonly considered to be associated with many
factors, including genetic and/or environmental factors. It is well known that smok-
ing is an important risk factor for lung carcinoma. However, in China, the smoking
rate for females is far lower than that for males. While females comprise ~52.4% of
the total population, only ~2.9% of females are smokers,? and ~53% of female lung
cancer patients have no history of smoking,® suggesting that genetic factors and other
risk factors, such as occupational exposure and air pollution, may play very important
roles in the development of lung cancer.
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The development of lung cancer is a complicated
process that is affected by environmental risk factors and
genetic factors. There are many genes that are associated
with lung cancer, including methylenetetrahydrofolate
reductase (MTHFR). MTHFR is a key enzyme that plays
an important role in the metabolism of folate in the human
body, by maintaining the normal metabolism of folate,
which can regulate intracellular DNA.3 It also plays a part
in maintaining the stability of single- and double-strand
DNA, DNA methylation, and chromosomal integrity.®
The MTHFR gene is located on chromosome 1 at 1p36.3,’
and C677T (rs1801133) is present as a single nucleotide
polymorphism (SNP) in the gene encoding region of the
common MTHFR. The variation in the fourth gene exon
consists of a cytosine (C) mutation to thymine (T) that
results in an alanine-encoding amino acid substitution. The
variation causes the thermal stability of MTHFR to become
reduced, thereby reducing the enzyme activity. It has been
reported that the MTHFR enzyme activity of the individual
carrying homozygous mutant genotype is only 30% of that
among the wild-type carriers.® The reduction in enzyme
activity can lead to low methylation of the genome, which
is associated with susceptibility to many types of cancer,
including lung carcinoma. The C677T (rs1801133) and
A1298C (rs1801131) polymorphisms are the most common
SNPs in the MTHFR gene. A previous study determined that
MTHFR C677T can modify the enzyme activity of MTHFR.?
It has been reported that MTHFR C677T is associated with
susceptibility to many malignancies, but the conclusion is
not definitive.!*!> Hajiesmaeil et al reported that MTHFR
677TT genotype played a protective role and that MTHFR
1298CC genotype could be seen as a genetic risk factor for
cervical cancer.'® However, the most recent meta-analysis
indicated that no significant results were shown in C677T
polymorphism analysis; nevertheless, MTHFR A1298C
polymorphism could increase the risk of cervical cancer.!
In addition, several previous studies have reported the
relationship between MTHFR C677T, A1298C polymor-
phisms, and colorectal cancer susceptibility.!*?! But Lin et
al and Naghibalhossaini et al drew the opposite conclusion
about MTHFR C677T.2*?! The association between MTHFR
C677T, A1298C, and breast cancer has also been explored.
Hardi et al reported that rs1801133TT genotype could
increase the susceptibility of breast cancer comparing with
wild-type genotype.?> A meta-analysis published in 2016
summarized that the MTHFR C677T polymorphism showed
significant association with lung cancer in Asian and overall
populations, but not in Caucasian populations. Xia et al have

reported that MTHFR C677T polymorphism was a risk fac-
tor for gastric cancer and that A1298C played a protective
role against gastric cancer.?? However, other articles showed
exactly opposite results about these two polymorphisms.>*%
There are still many controversial results in other cancer
types, including prostate cancer, bladder cancer, head and
neck cancer, leukemia and lymphoma, nervous system
cancers, etc.26!

The purpose of our study was to explore the association
between these two common polymorphisms in the MTHFR
gene and the lung cancer risk.

Materials and methods

Data collection

This study was devised based on a molecular epidemiologi-
cal case-control study. All patients in the case group were
selected from Shengjing Hospital of China Medical Uni-
versity in Shenyang, China, from 2010 to 2015. The inclu-
sion criteria of the case group were as follows: 1) patients
with newly diagnosed lung cancers, 2) histopathologically
confirmed disease as determined by experienced patholo-
gists, 3) no previous radiation therapy or chemical therapy,
4) no history of cancer and metastatic carcinoma, and 5)
only female patients. The controls were selected during the
same period from the hospital’s physical examination center
to assess the health of people who did not have cancer or
respiratory diseases. The controls were matched to the cases
by age (£5 years) and gender. Based on the calculation, a
total of 388 patients and 388 controls were included. Five
milliliters of venous blood was drawn from all subjects for
SNP genotyping when they were included in the study. The
study was approved by the ethics committee of Shengjing
Hospital of China Medical University, and written informed
consent was obtained from each participant. This study was
conducted in 2016. The authors had no access to information
that could identify individual participants during or after the
data collection.

SNP genotyping

Genomic DNA was extracted from the venous blood of the
participants using the classical phenol chloroform method.
The TagMan fluorescence probe method was used to geno-
type the samples of DNA using the Applied Biosystems 7500
Real-Time PCR System. Ten percent of the participants were
randomly selected and divided into two groups, which were
supervised by different managers in order to ensure the appro-
priate quantity for each assay. A 10% masked, random sample
of subjects was tested twice by PCR-restriction fragment
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length polymorphism (RFLP) method, and the results were
found to be concordant for all of the masked duplicate sets.

Statistical analysis

The chi-squared test was used to analyze the differences
between the categorical variables of the two groups; the
chi-squared goodness of fit test was used to calculate
the Hardy—Weinberg equilibrium. Logistic regression
was used to calculate the OR and 95% CI to evaluate the
relationship between susceptibility to lung cancer and the
MTHFR polymorphisms. The ORs were calculated for the
homozygote model, heterozygote model, dominant model,
recessive model, and additive model. The associations were
also analyzed in subgroups of different pathologic types of
lung cancer. All reported P-values were two-sided, and a
probability of 0.05 or smaller was considered statistically
significant. The statistical analyses were performed using
the SPSS 20.0 software.

Results

A total of 388 patients and 388 controls were included in
the present study. All of the subjects were females. Mean
ages of cases and controls (mean £ SD) were almost iden-
tical (56.1£12.0 and 56.1+11.6 years, respectively) due
to matching. There were no significant differences in the
distribution of income and education between cases and
controls. However, the distribution of smoking status was
significantly higher in lung cancer cases (27.1%) than in
healthy controls (20.1%) (P=0.006). The distribution of the
MTHFR C677T and A1298C genotypes in the control group

Table | Relationship of MTHFR SNPs and lung cancer risk

was in accordance with Hardy—Weinberg balance (P=0.777
and P=0.429). We analyzed the relationship between MTHFR
and different lung cancer types, including lung cancer, non-
small-cell lung carcinoma (NSCLC), lung adenocarcinoma,
and squamous cell lung carcinoma.

First, we analyzed the association between MTHFR and
the risk of lung cancer (see Table 1). For the C677T poly-
morphism (rs1801133), the association indicated that the
TT genotype carriers of MTHFR had an increased risk of
lung cancer compared with the CC genotype carriers (OR
=1.550, 95% CI =1.026-2.342, P=0.037), and the recessive
model (TT vs CC+CT) also showed a significantly increased
risk of lung cancer (OR =1.401, 95% CI =1.038-1.891,
P=0.028). The T allele had striking statistical significance
toward enhancing the risk of cancer compared with the C
allele (OR =1.262, 95% CI =1.031-1.544, P=0.024). For
the A1298C polymorphism (rs1801131), however, the asso-
ciation revealed that the CC genotype carriers showed a
decreased risk of lung cancer compared to the AA genotype
carriers (OR =0.302, 95% CI=0.096-0.946, P=0.040), as did
the dominant model (CA+CC vs AA: OR =0.671, 95% CI
=0.483-0.930, P=0.017). In summary, the C allele, compared
with the A allele, could be considered a protective factor
against lung cancer and played a positive role in reducing
the likelihood of lung cancer.

In the statistical analyses, we determined that the CC
genotype in MTHFR A1298C showed statistical significance
compared with the AA genotype in NSCLC (Table 2).

Next, we analyzed the effect of MTHFR polymor-
phisms on the subtypes of lung cancer, especially lung

MTHFR No of controls (%) No of cases (%) OR (95% CI) P-value OR (95% CI)* P-value
rs1801133
CcC 78 (20.1) 63 (16.2) 1.00 (ref) 1.00 (ref)
CT 195 (50.3) 181 (46.6) 1.149 (0.779-1.695) 0.483 1.149 (0.779-1.695) 0.484
TT 115 (29.6) 144 (37.1) 1.550 (1.026-2.342) 0.037 1.551 (1.027-2.344) 0.037
CT+TTvsCC 1.298 (0.900-1.873) 0.163 1.298 (0.900-1.873) 0.163
TTvs CC+CT 1.401 (1.038-1.891) 0.028 1.402 (1.038-1.893) 0.027
C allele 351 307 | 0.024
T allele 425 469 1.262 (1.031-1.544)
rs1801131
AA 276 (71.1) 305 (78.6) 1.00 (ref) 1.00 (ref)
CA 100 (25.8) 79 (20.4) 0.715 (0.510-1.001) 0.051 0.714 (0.510-1.001) 0.050
CcC 12 (3.1) 4 (1.0) 0.302 (0.096—0.946) 0.040 0.300 (0.096—0.944) 0.039
CA + CCvs AA 0.671 (0.483-0.930) 0.017 0.670 (0.483-0.930) 0.017
CCvs AA+CA 0.326 (0.104-1.021) 0.054 0.326 (0.104-1.020) 0.054
A allele 652 689 1.00 (ref)
C allele 124 87 0.664 (0.495-0.891) 0.006
Note: *Adjusted by age and smoking history.
Abbreviations: SNP, single nucleotide polymorphism; MTHFR, methylenetetrahydrofolate reductase.
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adenocarcinoma, as shown in Table 3. For the C677T poly-
morphism, the T allele was a risk factor compared to the C
allele; the T allele showed a statistically significant increase
in the incidence of lung adenocarcinoma (OR =1.281,
95% CI =1.026-1.601, P=0.029). Compared with the CC
genotype, the TT genotype was statistically significantly
associated with risk of lung adenocarcinoma (OR =1.588,
95% CI =1.007-2.503, P=0.047), as did the recessive
model (TT vs CC+CT: OR =1.438, 95% CI =1.036-1.996,
P=0.030). For the A1298C polymorphism, the C allele was
a protective factor compared with the A allele (OR =0.661,

Table 2 Association between MTHFR SNPs and NSCLC risk

95% CI1=0.476-0.918, P=0.013). The statistics showed that
the CC and CA genotypes of MTHFR 1298 polymorphism
were associated with a significant decrease in the risk of
lung adenocarcinoma, compared to the AA genotype (OR
=0.215, 95% CI =0.048-0.971, P=0.046; OR =0.679, 95%
CI=0.473-0.976, P=0.037).

In addition, we also analyzed the relationship between
MTHFR polymorphisms and the risk of squamous cell lung
carcinoma, as shown in Table 4. No association was found
between the MTHFR genetic polymorphisms and risk of
squamous cell lung carcinoma.

MTHFR No of controls (%) No of cases (%) OR (95% CI) P-value OR (95% CI)* P-value
rs1801131
CcC 78 (20.1) 57 (17.0) 1.00 (ref) 1.00 (ref)
CcT 195 (50.3) 155 (46.3) 1.088 (0.728-1.625) 0.681 1.089 (0.729-1.627) 0.678
TT 115 (29.6) 123 (36.7) 1.464 (0.956-2.240) 0.080 1.459 (0.953-2.234) 0.082
CT+TTvs CC 1.227 (0.841-1.791) 0.288 1.226 (0.840-1.790) 0.290
TTvs CC+CT 1.377 (1.009-1.880) 0.044 1.372 (1.005-1.874) 0.046
C allele 351 269 1.00 (ref)
T allele 425 401 1.231 (0.999-1.518) 0.051
rs1801131
AA 276 (71.1) 259 (77.3) 1.00 (ref) 1.00 (ref)
CA 100 (25.8) 73 (21.8) 0.778 (0.550-1.100) 0.155 0.779 (0.551-1.102) 0.159
CcC 12 (3.1) 3(0.9) 0.266 (0.074-0.955) 0.042 0.269 (0.075-0.964) 0.044
CA +CCyvs AA 0.723 (0.516-1.013) 0.059 0.725 (0.518-1.016) 0.062
CCvs AA+CA 0.283 (0.079-1.012) 0.052 0.286 (0.080-1.021) 0.054
A allele 652 591 1.00 (ref)
C allele 124 79 0.703 (0.519-0.952) 0.022
Note: *Adjusted by age and smoking history.
Abbreviations: SNP, single nucleotide polymorphism; MTHFR, methylenetetrahydrofolate reductase; NSCLC, non-small-cell lung cancer.
Table 3 The relationship between the SNPs and lung adenocarcinoma risk
MTHFR No of controls (%) No of cases (%) OR (95% CI) P-value OR (95% ClI)® P-value
rs1801133
CcC 78 (20.1) 44 (16.1) 1.00 (ref) 1.00 (ref)
CcT 195 (50.3) 126 (46.2) 1.145 (0.744-1.765) 0.714 1.145 (0.744-1.765) 0.538
TT 115 (29.6) 103 (37.7) 1.588 (1.007-2.503) 0.047 1.588 (1.007-2.504) 0.047
CT+TTvsCC 1.310 (0.872-1.967) 0.194 1.309 (0.871-1.967) 0.195
TTvs CC+CT 1.438 (1.036-1.996) 0.030 1.438 (1.036—-1.997) 0.030
C allele 351 214 1.00 (ref)
T allele 425 332 1.281 (1.026—1.601) 0.029
rs1801131
AA 276 (71. 1) 214 (78.4) 1.00 (ref) 1.00 (ref)
CA 100 (25.8) 57 (20.9) 0.735 (0.507-1.065) 0.104 0.735 (0.507—1.066) 0.104
cC 12 (3.1) 2(0.7) 0.215 (0.048-0.971) 0.046 0.215 (0.048-0.971) 0.046
CA +CCvs AA 0.679 (0.473-0.976) 0.037 0.680 (0.473-0.977) 0.037
CCvs AA+CA 0.231 (0.051-1.042) 0.057 0.231 (0.051-1.043) 0.057
A allele 652 485 1.00 (ref)
Callele 124 6l 0.661 (0.476-0.918) 0.013

Note: *Adjusted by age and smoking history.

Abbreviations: SNP, single nucleotide polymorphism; MTHFR, methylenetetrahydrofolate reductase.
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Table 4 Correlation between MTHFR SNPs and lung squamous cell carcinoma risk

MTHFR No of controls (%) No of cases (%) OR (95% CI) P-value OR (95% CI)* P-value
rs1801133

CcC 78 (20.1) 13 (21.0) 1.00 (ref) 1.00 (ref)

CcT 195 (50.3) 29 (46.8) 0.892 (0.441-1.806) 0.751 0.887 (0.437-1.797) 0.739

TT 115 (29.6) 20 (32.3) 1.043 (0.490-2.220) 0912 1.024 (0.480-2.184) 0.951
CT+TTvsCC 0.948 (0.490-1.835) 0.875 0.938 (0.484-1.817) 0.849
TTvs CC+CT 1.130 (0.636-2.010) 0.676 I.115 (0.626—1.984) 0.712

C allele 351 55 1.00 (ref)

T allele 425 69 1.036 (0.708-1.517) 0.855
rs1801131

AA 276 (71. 1) 45 (72.6) 1.00 (ref) 1.00 (ref)

CA 100 (25.8) 16 (25.8) 0.981 (0.531-1.814) 0.952 1.001 (0.540-1.854) 0.998

CcC 12 3.1) I (1.6) 0.511 (0.065-4.027) 0.524 0.541 (0.068—4.282) 0.561
CA + CCvs AA 0.931 (0.511-1.696) 0.815 0.953 (0.522-1.740) 0.876
CCvs AA+CA 0.514 (0.066—4.022) 0.526 0.541 (0.069—4.253) 0.559

A allele 652 106 1.00 (ref)

C allele 124 18 0.893 (0.523-1.525) 0.678

Notes: *Adjusted by age and smoking history.

Abbreviations: SNP, single nucleotide polymorphism; MTHFR, methylenetetrahydrofolate reductase.

Discussion

Folate is a micronutrient that provides protection against
lung carcinogenesis.’> MTHFR plays an important role in
folate metabolism in vivo, where it catalyzes the irreversible
conversion of its substrate 5,10-methyltetrahydrofolic acid to
5-methyltetrahydrofolic acid. 5-Methyltetrahydrofolic acid
is the main form of folate in circulation in the body, and it
provides the methyl group for the synthesis of methionine.
As the S-adenosine methionine (SAM) precursor, methionine
is converted into SAM in vivo. The major function of SAM
is to provide the methyl group for the majority of biological
methylation reactions in the human body, including DNA
methylation.'” Abnormal changes associated with various
cancers will manifest as abnormal DNA methylation, includ-
ing oncogene hypermethylation and hypomethylation in the
genome. DNA methylation changes caused by the abnormal
expression of corresponding genes may play an important
role in the occurrence of cancer. Therefore, our study of the
relationship between methylenetetrahydrofolate reductase
and the risk of lung cancer shows significant biological
plausibility.

From our data, we have obtained evidence that the
MTHFR C677T gene polymorphism was significantly asso-
ciated with increased lung cancer risk in the investigated
population. The risk of lung cancer for carriers with the
MTHFR C677 TT genotype is 1.550 times higher than the
risk for carriers of the CC genotype. The reason may be that
the MTHFR enzyme activity of TT genotype carriers is weak,
which affects the regulation of folate metabolism by MTHFR

with a subsequent effect on the development of cancer.!
Compared to the CC encoding enzyme activity, the encoding
MTHEFR enzyme activity of the CT and TT genotype carri-
ers is less than 35% and 70%, respectively.® The low activity
of the CT and TT genotypes of MTHFR toward generating
the catalytic reaction products of 5-methyltetrahydrofolate,
the levels of which are consequently decreased in the body,
may cause abnormal changes in DNA methylation, thereby
increasing the risk of cancer. Therefore, the conclusions of
this study are consistent with the results of previous stud-
ies.!!"® The MTHFR C677T gene polymorphism is a risk
factor for lung cancer.

Compared with the C677T gene polymorphism, the
number of studies pertaining to the MTHFR A1298C gene
polymorphism is relatively small. After a massive relative
literature and meta-analysis was conducted, no statistically
significant association was found between the MTHFR
A1298C gene polymorphism and susceptibility to lung
cancer,’ but in this study, we reached the conclusion that the
A1298C gene polymorphism is a protective factor in lung
cancer. For example, the CC genotype carriers were at lower
risk to develop lung cancer than carriers of the AA genotype.
This is clearly inconsistent with previous findings, so a defini-
tive conclusion cannot be easily drawn. The reasons for this
difference might be as follows: 1) the sample size may not
be large enough, generating an imperceptible error that is
applied to an entire population, and 2) these participants may
not be appropriate representatives of the overall population,
which may result in a selection bias in the study.

Cancer Management and Research 2018:10
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Several important limitations of our study are as follows.
First, the selection bias may not be avoidable because all sub-
jects were exclusively recruited from hospitals. Second, the
lack of environmental risk factors limits the analyses of the
gene—environment interaction. Finally, our study is limited
to Chinese women. In future studies, a larger population of
lung cancer patients is needed to verify the conclusion in
different races. Because the result is only a statistical estima-
tion, further experimental studies concerning the biological
validity of these results are required and urged.

In summary, this study indicates that there might be correla-
tion between the polymorphisms of the MTHFR gene and the
risk of lung cancer in the female Chinese population. Neverthe-
less, these results still need to be further verified in the future.
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