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Abstract: Objective: This study aims to investigate the single nucleotide polymorphisms (SNPs) of 5,10-methylene-
tetrahydrofolate reductase (MTHFR) gene and neural tube defects (NTDs) in Chinese population. Method: A total
of 271 NTDs cases and 192 healthy controls were used in this study. Fifty-two selected single nucleotide polymor-
phism (SNP) sites in the MTHFR gene were analyzed with next-generation sequencing method. A series of statistical
methods were carried out to investigate the correlation between the SNPs and the patient susceptibility to NTDs.
Results: Statistical analysis showed a significant correlation between the SNP sites rs1801133 in MTHFR gene
and NTDs. The GG genotype, G allele of rs1801133 in MTHFR significantly decreased the incidence of NTDs (OR =
0.449, 95% Cl: 0.255-0.789 with genotype, and OR = 0.669, 95% CI: 0.508-0.881 with allele). Conclusions: The
gene polymorphism loci rs1801133 in MTHFR gene maybe potential risk factors for NTD in Chinese population.

Keywords: Neural tube defects (NTDs), single nucleotide polymorphisms (SNPs), 5,10-methylenetetrahydrofolate

reductase (MTHFR)

Introduction

Birth defects are the leading cause of infant
mortality in developed countries and a major
cause of health problems in surviving children.
Neural tube defects (NTDs) are a common
group of central nervous system anomalies
affecting 0.5-2 per 1000 pregnancies world-
wide [1, 2]. NTDs arise when the neural tube,
the embryonic precursor of the brain and spinal
cord, fails to close during neurulation. The high
prevalence and traumatic consequences aff-
ected children and their families, however, the
causes of NTD are poorly understood. It is
found that the majority of NTDs appear to result
from a combination of genetic and environmen-
tal factors [3, 4]. Maternal nutritional status is
a key determinant of pregnancy outcome.
Studies have been focused on folic acid, a
water-soluble B vitamin which acting as a cofac-
tor in one-carbon transfer reactions and plays a
key role in DNA methylation, synthesis, and
repair [5-7]. The enzyme 5,10-methylenetetra-
hydrofolate reductase (MTHFR) plays an impor-
tant role in the folate metabolism pathway and

regulates the intracellular folate pool for syn-
thesis and methylation of DNA folate metabo-
lism [8, 9]. The MTHFR gene locates at chromo-
some 1p36.3 and is 2.2 kb in length with a total
of 11 exons [10]. MTHFR mutations are com-
monly related with hyperhomocysteinemia.
MTHFR also have been implicated as risk fac-
tors for NTDs and unexplained recurrent embryo
losses in early pregnancy through defects in
homocysteine metabolism and several single
nucleotide polymorphisms in the MTHFR gene
have been found to be associated with NTDs
[121-13]. In this study, we explored the associa-
tion between the SNPs of MTHFR genes and the
risk of NTDs in Chinese Han population.

Materials and methods
Subjects

Stillborn neural tube defects subjects were col-
lected from a region in Northern China with a
neuraltubedefectprevalenceof199.38/10,000
based on the local epidemiologic surveillance
data collected during January 2002 and Dece-
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Table 1. Genotype and alleles for rs1801133 variants of MTHFR in control and NTD

case control

n =269 n=189
MTHFR: rs1801133 n (%) n (%) OR 95% Cl OR (logistic) 95% Cl
AA 104 (38.7%) 52 (27.5%) 0.0156 1.6606 1.11-2.484 1
AG 130 (48.3%) 98 (51.9%) 0.8684 0.599-1.26 0.663 0.434-1.013
GG 35(13%) 39 (20.6%) 0.5753 0.349-0.949 0.449 0.255-0.789
A 338 (62.8%) 202 (53.4%) 0.0045 1.4725 1.127-1.924 1
G 200 (37.2%) 176 (46.6%) 0.6791 0.52-0.888 0.669 0.508-0.881

mber 2004 [14]. The enrolled pregnant women
were diagnosed by trained local clinicians using
ultrasonography and then registered in a data-
base. Fetuses aborted for nonmedical reasons
were also obtained from the same areas for
use as control participants. The surgical details
were as previously described [15]. This study
was approved by the Committee of Medical
Ethic in the Capital Institute of Pediatrics (Bei-
jing, China). Written informed consents were
obtained from the parents on behalf of fetus.

Determination of folate

Folate was determined by using a competitive
receptor binding immunoassay (Chemilumine-
scent Immunoenzyme Assay Access Immuno-
assay system ll; Beckman Coulter, Krefeld, Ger-
many). It was performed according to the man-
ual of Access Il kits. High folate > 0.11 and low
folate < 0.11.

DNA extraction and next generation sequenc-
ing

Genomic DNA was isolated from the individual
human samples using DNeasy Blood & Tissue
Kit (Qiagen, Hilden, Germany). It was performed
following the manual of kits. DNA purity is test-
ed using Invitrogen Qbit Spectrophotometer.
Genomic DNA was shearing by CovarisTM sys-
tem. Then sample preparation by following the
manufacturer’s standard procedure using Trus-
eq DNA Sample preparation Kit (lllumina, Inc,
San Diego, CA). We order the Agilent Custom
enrichment array (Probe Code: Bl426526171)
and construct the library with Agilent Custom
SureSelect Enrichment Kit. Custom capture oli-
gos were designed using SureDesign website
of Agilent technologies. The hybridization reac-
tions were carried out on AB 2720 Thermal
Cycler (Life Technologies Corporation, USA) wi-
th the following hybridization conditions: Incu-
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bate the hybridization mixture for 16 or 24 ho-
urs at 65°C with a heated lid at 105°C. Then
capture and wash the hybridization mixture wi-
th magnetic beads (Invitrogen, USA) and Sur-
eSelect Target Enrichment Kit (Agilent technol-
ogies, Inc, USA) after the hybridization reactio-
ns.

The capture production was enriched with fol-
lowing cycling conditions: The cycling program
was 98°C for 30 s; 10 cycles of 98°C for 10 s;
60°C for 30 s; 72°C for 30 s; 72°C for 5 min.
Twelve libraries were pooled, and then bridge
amplification on cBot (lllumina, Inc, San Diego,
CA) following the manufacturer’s standard clus-
ter generation protocols. After hybridization of
sequencing primer, base incorporation was car-
ried out on Genomic analyzer Il Sequencer (lll-
umina, Inc, San Diego, CA) following the manu-
facturer’'s standard sequencing protocols, for
101 cycles of sequencing per read to generate
paired-end reads including 100 bps at each
end and 6 bps of the index tag.

Sequence analysis, variant calling and geno-
typing

For each individual, the sequences’ alignment
was performed using BWA software in hgl9
database. They were sorted and PCR repeat
was removed after Comparison. Realignment
and recalibrate (GATK, Samtools pileup (MAPQ
15) and Varscan SNP and indel calling with
loose standard (min-coverage = 1, min alterna-
tive allele reads = 1, min-var-freq > 0.03)) and
then SNV calling (Samtools pileup (MAPQ 30)
and Varscan SNP and indel calling with strict
standard (min-coverage = 2 min alternative
allele reads = 2, min-var-freq > 0.1), data for
SNV library building). Data for following geno-
type calling were noted using ANNOVAR soft-
ware. The sequence alignment against the ref-
erence genomic sequence in hg19 and the sin-
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Table 2. Comparison of genotype and alleles for rs1801133 variants in control and NTD between high and low folate

high folate (= 0.11) low folate (< 0.11)
case control case control

MTHFR: rs1801133 n =43 (%) n =103 (%) P OR OR (logistic) n=69 (%) n=18(%) P OR OR (logistic)

AA 17 (39.5%) 27 (26.2%) 0.1846  1.8405 (0.867-3.9068) 1 23(33.3%) 6(33.3%) 0.7789 1(0.3327-3.0054) 1

AG 17 (39.5%) 57 (55.3%) 0.5277 (0.2557-1.0887)  0.474 (0.21-1.068) 34 (49.3%)  5(27.8%) 2.5257 (0.8124-7.8522)  1.774 (0.484-6.505)
GG 9(20.9%) 19 (18.4%) 1.1703 (0.4818-2.8428)  0.752 (0.277-2.042) 12 (17.4%) 7 (38.9%) 0.3308 (0.1065-1.0281)  0.447 (0.123-1.632)
A 51(59.3%) 111(53.9%) 0.4715 1.2471(0.7489-2.0769) 1 80 (58%) 17 (47.2%) 0.3331  1.5416 (0.7381-3.2197) 1

G 35 (40.7%) 95 (46.1%) 0.8019 (0.4815-1.3354)  0.797 (0.474-1.338) 58 (42%) 19 (52.8%) 0.6487 (0.3106-1.3548)  0.671 (0.33-1.367)

Table 3. Comparison of genotype and alleles for rs1801133 variants of MTHFR between males and females in case and control group

Male Female
case control case control

MTHFR: rs1801133 n =111 (%) n =56 (%) P OR OR (logistic) n=147 (%) n=71(%) P OR OR (logistic)
AA 50 (45%) 19 (33.9%) 0.1178 1.5962 (0.8187-3.1122) 1 50 (34%) 18 (25.4%) 0.3077  1.5178 (0.8049-2.862) 1
AG 48 (43.2%) 24 (42.9%) 1.0159 (0.5309-1.9439)  0.76 (0.37-1.562) 77 (52.4%) 39 (54.9%) 0.9026 (0.5111-1.5938) 0.711 (0.367-1.378)
GG 13 (11.7%) 13 (23.2%) 0.4388 (0.1879-1.0248)  0.38 (0.15-0.966) 20 (13.6%) 14 (19.7%) 0.6412 (0.3025-1.3588)  0.514 (0.215-1.227)

148 (66.7%) 62 (55.4%) 0.0575 1.6129 (1.0126-2.569) 1 177 (79.7%) 75 (67%) 0.1738 1.3515 (0.9024-2.0239) 1

74 (33.3%) 50 (44.6%) 0.62 (0.3893-0.9875)  0.639 (0.405-1.007) 117 (52.7%) 67 (59.8%) 0.7399 (0.4941-1.1081)  0.716 (0.467-1.099)
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gle nucleotide variation was annotated in HGVs.
Poor confidence ‘variants’ were excluded by
visual inspection of sequence alignment and
read coverage data.

Statistical analysis

Statistical analysis was performed using
Statistical Package for the Social Science
(SPSS, version 16.0). All Statistical tests were
2-sided, and p < 0.05 was considered to be
significant. Hardy-Weinberg equilibrium was
assessed by Chi-square test, meanwhile Chi-
square and Fisher’s exact tested were execut-
ed to compare frequencies of pregnant week,
gender and genotype/allele. Adjusted odds
ratios with 95% confidence interval (Cl) were
performed by multiple logistic regression to
estimate the risk of NTDs related to the
polymorphism.

Results

52 selected single nucleotide polymorphism
(SNP) sites in the MTHFR gene were analyzed in
this study. The two groups contained both male
and female. There did not appear to be any sig-
nificant difference with respect to sex between
the two study groups.

Associations were discovered between the
rs1801133 polymorphism in the MTHFR gene
and NTD (Table 1). For genotypes and alleles,
The GG genotype, G allele of rs1801133 in
MTHFR significantly decreased the incidence of
NTDs (OR = 0.449, 95% CI: 0.255-0.789 with
genotype, and OR = 0.669, 95% CI: 0.508-
0.881 with allele).

When the data were analyzed on the basis of
folate content, it showed that there was no sig-
nificant difference between the case and con-
trol group (Table 2).

When the data were analyzed on the basis of
gender, it showed that there was no significant
difference between the case and control group
in male and female. The results were shown in
Table 3.

Discussion

The vertebrate neural tube serves as the pre-
cursor to the central nervous system (CNS): the
brain and spinal cord. NTDs arise as a defect in
embryonic development. The CNS normally dev-
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elops as a flat sheet of cells that subsequently
rolls up and fuses shut to form the hollow neu-
ral tube in embryogenesis. NTDs arise when
this process of neural tube closure (NTC) is dis-
rupted. A cluster of neurodevelopmental condi-
tions associated with failure of neural tube clo-
sure during embryonic development are a mul-
tifactorial disorder which arising from a com-
plex interaction of genetic and environmental
factors [3]. Several studies have evaluated spe-
cific genetic NTDs risk factors and identified
more than 100 genes. However, the mecha-
nism of NTDs is still not fully understood [1, 3,
16]. We analyzed the association between
MTHFR polymorphisms and risk of NTDs in this
study. Statistical analysis showed that there
was a significant correlation between the SNP
sites rs1801133 in MTHFR gene and NTDs.
The GG genotype, G allele of rs1801133 in
MTHFR significantly decreased the incidence of
NTDs.

The folate metabolism pathway plays an impor-
tant role in DNA methylation, DNA synthesis,
cell division, and tissue growth, especially in
the rapidly developing cells [17]. Thus, a defec-
tive folate metabolism could result in an imp-
aired DNA synthesis or DNA methylation invo-
Ived in the neurulation process. Folate metabo-
lism is complex and involves several regulatory
mechanisms. Genetic variations affecting pro-
tein function at any step may alter the balance
of metabolites and gene-gene interactions [18].
MTHFR is an important enzyme in the folate
metabolism pathway. The combination of MTH-
FR and cystathione-b-synthase (CBS) mutatio-
ns was reported to have a fivefold increase in
the risk for spina bifida compared with each
variant alone [19], indicating the presence of
gene-gene interactions. Other previous studies
had found that the MTHFR 677 TT genotype in
infants and mothers has been associated with
increased risk for NTDs [20], studies in Irish
populations found significantly more individu-
als with NTDs with the TT and CT genotypes
and more parents of affected individuals with
the TT genotype [21, 22]. The MTHFR 1298A >
C variant also results in reduced enzyme activ-
ity although its role in NTD risk is less clear [20,
23].

It was reported that the combination of MTHFR
mutations and low folate concentrations could
lead to a hypomethylation of homocysteine to
methionine, enhancing the impairment of folate
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metabolism and increasing the risk for NTDs
[24], suggesting a strong genetic-nutritional
interaction. However, in this study when the
data were analyzed on the basis of folate con-
tent, it showed that there was no significant dif-
ference between the case and control group.
There were no statistically significant differenc-
es of the distribution of genotype and allele
between the case and control groups when
they were stratified by gender in this study. This
may be due to small sample size.

In conclusion, the gene polymorphism loci
rs1801133 in MTHFR gene maybe potential
risk factors for NTDs in Chinese population.
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