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Abstract

Background: The association of primary brain tumors with Single Nucleotide polymorphisms (SNPs) in genes of
folate metabolising enzymes have been reported to vary among different ethnic population. Here, we have studied the
association of SNPs of folate metabolizing genes with the primary brain tumors (glioma and meningioma) in North Indian
population. Methods: SNPs of genes coding for folate metabolizing enzymes was carried out in 288 study population
from North India [Glioma (n=108), Meningioma (n=76) and healthy-control (n=104)]. The allele-specific polymerase
chain reaction (ARMS-PCR) was used to analyse the SNP A1298C of the MTHFR (Methylenetetrahydrofolate-reductase)
and the SNP A66G of the methionine synthase reductase (MTRR) genes. The PCR-RLFP (Restriction Fragment Length
Polymorphism) was used to analyse the SNP C677T of the Methylene tetrahydrofolate-reductase and the SNP A2756G
of the methionine-synthase (MTR) genes. Serum homocysteine, vitamin B , and folate levels were evaluated in controls/
patients serum using Chemiluminescence immunoassay and the levels were correlated with SNPs genotype. Results:
The CC genotype of MTHFR A1298C was observed to have reduced risk of having meningioma than AA genotype
(odd ratio=0.62, 95%CI 0.32-0.97, p=0.03). Similarly, the AG genotype of MTRR A66G showed reduced risk of
glioma than AA genotype (odd ratio=0.56, 95%CI 0.32-0.97, p=0.039). Furthermore, in patients with AA genotype of
MTR A2756G and CT genotype of MTHFR C677T showed higher serum homocysteine level than GG genotype (8.6
pmol/L, p=0.048) and CC genotype (11.2pumol/L, p=0.039) respectively. Conclusion: Our findings provide an insight
into the risk association of SNPs in MTHFR A1298C and MTRR A66G genes with glioma/meningioma patients.
Further studies are needed to evaluate their clinical implications.
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Introduction

Glioma accounts for 80% of malignant brain tumors
and meningioma accounts for 36.4% of all primary
brain tumors in adults (www.braintumor.org). The
global incidence of glioma is around 4 to 5 per 1,00,000
population per year (de Robles et al., 2015, Ostrom et
al., 2014) and incidence of meningioma is 1.3 to 7.8 per
1,00,000 population per year (Baldi et al., 2018). In India,
the incidence of glioma is 4.2 per 1,00,000 population
per year males and 2.7 per 1,00,000 population per year
females (Deb et al., 2005; Thakkar et al., 2014) and the

incidence of meningioma is 23.2% of all brain tumors
(Jaiswal et al., 2016). Sequential accumulations of genetic
aberrations have been identified as risk factor for glioma
genesis (Wen and Kesari, 2008) and gene polymorphism,
a type of genetic variation, is known to be a glioma risk
(Friso et al., 2002; Wrensch et al., 2007; Wen and Kesari,
2008).

Single nucleotide polymorphisms (SNPs) of enzyme
coding genes are critical in pathogenesis of cancers
(Williams, 2001). Enzymes of Folate metabolism are
integral part of one carbon metabolism and hence play
an important role in DNA methylation via thymidine
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synthesis (Kakkoura et al., 2015) and defective DNA
methylation pattern may lead to de-repression of many
oncogenes resulting in tumorigenesis (Kim et al.,
2014). SNPs in genes of folate metabolising enzymes
like MTHFR (Methylene tetrahydrofolate reductase),
MTR (Methionine Synthase) and MTRR (Methyl
tetrahydrofolate Homocysteine Methyl transferase
Reductase) enzymes are found to be associated with
increased risk in different tumors like lymphoma, gastric
cancer, prostate cancer, breast cancer, cervical cancer,
colorectal (Galbiatti et al., 2012; Hosseini et al., 2011;
Izmirli, 2013; Matsuo et al., 2001; Ryan et al., 2001) as
well as in glioma and meningioma (Bethke et al., 2008;
Kafadar et al., 2006; Kyritsis et al., 2010; Semmler et al.,
2008; Sirachainan et al., 2008; Xu et al., 2013). Single
nucleotide polymorphism and their disease associations
varies between different population and ethnic groups
(Li et al., 2013; Walsh et al., 2013; Xu et al., 2013; Yu
et al., 2009). In India, there are limited reports on genes
polymorphisms studies in Folate metabolising genes
(MTHFR, MTR and MTRR) in primary brain tumours.
Hence, this study was designed to analyse SNPs in genes
of the folate metabolizing enzymes (MTHFR, MTR and
MTRR) and their association with primary brain tumors
(glioma and meningioma) risk in Indian cohort. The serum
levels of homocysteine, vitamin B, and folic acid were
also compared with the polymorphism status of the genes
coding for folate metabolising enzymes.

Materials and Methods

Sample collection

This study is a hospital based case-control cross
sectional study, conducted in the Department of
Biochemistry, AIIMS, New Delhi in collaboration with
Department of Neurosurgery, AIIMS, New Delhi. Our
study population included 184 cases (108 glioma and
76 meningioma) and 104 healthy controls (hospital staff
and attendants unrelated to patients) with no history of
cancer and/or no past history of brain dysfunction. Adult
cases admitted to Department of neurosurgery between
July 2012 to November 2014 were included in the study
and controls were age and sex matched with the cases.
Sample size was determined using nQuery advisor version
7. Ethical clearance has been obtained from the ethics
committee of our institute. Samples were collected after
taking written informed consent. Five ml fasting venous
blood sample was collected from each subject. Of the
five ml collected, 2ml of the whole blood was collected
in EDTA vial for DNA extraction and 3ml blood was
collected in the serum separator tube containing clot
activator and serum separator gel for the estimation of
serum biomarkers like homocysteine, vitamin B, and
folic acid.

Biomarker analysis

Serum homocysteine, serum vitamin B, and serum
folic acid were measured in patients and control serum
samples. Serum homocysteine and vitamin B, was
determined by chemiluminescence using IMMULITE
1,000 solid-phase (Siemens Medical Solutions Diagnostics,
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Los Angeles, CA, USA) and serum folic acid was analysed
by immoassay on ADVIA Centaur autoanalyser System
(Siemens Medical Solutions Diagnostics, Los Angeles,
CA, USA). Normal reference value, as per the kits, for
serum homocysteine is 5-15 umol/L, vitamin B, ,is 174-
878 pg/ml and folic Acid is 4.5-32.2 ng/ml.

SNP polymorphism analysis

Genomic DNA isolation was done using Qiagen
Puregene Blood Core kit A (Qiagen; Maryland, USA)
following the manufacturer’s protocol.

Single nucleotide polymorphism study of the folate
metabolising genes (i) MTHFR (ii) MTR and (iii)
MTRR, were analysed using PCR analysis. The MTHFR
gene was analysed for two polymorphisms (a) MTHFR
C677T (rs1801133), which had wildtype nucleotide ‘C’
at position 677 being replaced by nucleotide ‘T’ at exon 4
on chromosome 1 and (b) MTHFR A1298C (rs1801131),
which had wildtype nucleotide ‘A’ at position 1,298 being
replaced by ‘C’ at exon 7 on chromosome 1. The MTR
gene was analysed for MTR SNP A2756G (rs1805087),
which had wildtype nucleotide ‘A’ at position 2756
being replaced by ‘G’ at exon 26 on Chromosome 1
and the MTRR gene was studied for MTRR SNP A66G
(rs1801394), which had wildtype nucleotide ‘A’ at
position 66 being replaced by nucleotide ‘G’ at exon 2
on chromosome 5.

Primers were designed manually and using
Primer3 software (http://frodo.wi.mit.edu/primer3),
Oligo Nucleotide Properties Calculator was used to
rule out any potential hairpin formation, possible
primer-dimer formations and any 3’ complementarities.
Basic Local Alignment Search Tool (Primer BLAST;
http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to
confirm primer specificity to the target gene. The primers
were synthesized commercially and standardized for PCR
amplification (Table S1).

SNP of MTHFR C677T and MTR A2756G genes
was analysed using PCR-RFLP (Polymerase Chain
Reaction-Restriction Fragment Length Polymorphism)
method and SNP of MTHFR A1298C and MTRR
A66G was analysed using ARMS-PCR (Amplification
Refractory Mutation System Polymerase Chain Reaction)
method.

PCR-RFLP (PCR-Restriction Fragment Length
Polymorphism)

PCR-RFLP was used to study SNP of MTHFR
C677T and MTR A2756G genes. SNP in these genes
creates a specific restriction sites and PCR-RFLP method
uses restriction enzymes to identify the presence of
polymorphism. Primers were designed in such a way that
on restriction digestion of the PCR product, two bands of
unequal size would be formed for easy visualization and
analysis on agarose gel. The restriction enzymes used
for SNP C677T of MTHFR gene was HinFI (FastDigest,
Thermo Scientific). On digestion with HinFI restriction
enzyme, the PCR product of 349bp of MTHFR gene,
produced two bands (208bp and 141bp) in the presence
of ‘T’ allele at position 677 (Figure S1A). The restriction
enzymes used for SNP A2756G of MTR gene was Haelll



(Fast Digest, Thermo Scientific), on digision using Haelll,
the PCR product of 350bp of MTR gene yielded two
distinct bands of 218bp and 132bp in the presence of
‘Allele at position 2756 (Figure S1B).

ARMS-PCR (Amplification Refractory Mutation
System-PCR)

ARMS-PCR was used for SNP study of MTHFR
A1298C and MTRR A66G genes. ARMS-PCR allows
the detection of a point mutation by using a sequence/
allele specific primer that amplifies only when the
target allele is present in the sample. For MTRR
A66G SNP detection, a common forward primer
(5’TGTGTGGGTATTGTTGCATTG3’) and allele specific
two reverse primers (‘A’ allele specific reverse primer;
5’ ATGTACCACAGCTTGCTCACAT3 ’and G’allelespecific
reverse primer; 5’ ATGTACCACAGCTTGCTCACAC3’)
were used. PCR was done with a combination of common
forward primer with reverse ‘A’ allele specific primer
in one tube and with reverse ‘G’ allele specific primer
in another tube. A PCR product of 217 bp was obtained
in one or both the tubes depending on the presence of
homozygous or heterozygous A /G allele respectively
(Figure S2A).

For MTHFR A1298C a common reverse primer
(5’TGTGAGTTGATGGTGAGG3’) and allele specific
two forward primers (‘A’allele specific forward primer
5’GAGCTGACCAGTGAAGAS3’ and "C’ allele specific
forward primer 5’GAGCTGACCAGTGAAGC3’) were
used. PCR was done with a combination of common
reverse primer with forward ‘A’ allele specific primer
in one tube and with forward ‘C’ allele specific primer
in another tube. A PCR product of 453bp was obtained
in one or both the tubes depending on the presence
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of homozygous or heterozygous ‘A’ and ‘C’ allele
respectively (Figure S2B).
Statistical analysis

Data was analysed using IBM SPSS v 24 and MedCalc
v 9.2. Chi-square test was used to analyse genotype and
allele frequency and Fisher exact test was used when
the frequency distribution was less than 5. Results
are reported as odd ratio (confident interval, CI) and
frequency (percentage, %). Normal distribution of serum
biomarkers was tested using D’Agostino and Pearson
omnibus normality test. Hardy -Weinberg equilibrium was
calculated using online calculator by Institute of Human
genetics, Munich (https://ihg.gsf.de/cgi-bin/hw/hwal.
pl). Wilcoxon signed rank test was used for comparing
serum homocysteine, vitamin B, and folic acid after
age/sex matching with control, separately for glioma and
meningioma and results are presented as median (IQR).
Two-sample Wilcoxon rank-sum (Mann-Whitney U test)
test and Kruskal-Wallis equality-of-populations rank
test was applied to analyse the association between SNP
genotypes and levels of serum biomarkers. The p value of
< 0.05 was considered as statistically significant.

Results

Genotype and allelic frequency distribution

The mean age of control group was 37 (£12.5) years
and glioma and meningioma patients were, 36 (+12.55)
years and 43 (£12.5) years respectively. Blood samples
collected from 184 primary brain tumor patients (108
glioma and 76 meningioma) and 104 control subjects
were processed for leucocyte DNA extraction and PCR
analysis of SNP’s. In this study, the frequency distribution
of SNPs in genes of folate metabolising enzymes were
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Figure 1. Overview of Folate and Homocysteine metabolism in human. Schematic description of one-carbon metab-
olism pathways of folate cycle showing Folate and Homocysteine metabolism. MTHFR (Methylene tetrahydrofolate
reductase), MTR (methionine synthase), MTRR (Methyl tetrahydrofolate Homocysteine Methyl Transferase Reduc-
tase) enzymes, MAT (Methionine Adenosyl Transferase), MT (methyltransferase), SAHH (S-adenosylhomocysteine
hydrolase), CBS (Cystathionine beta-synthase) and CTH (cystathionine y-lyase enzyme).
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in equilibrium with the Hardy Weinberg law and the
observed frequency of SNP is consistent with the expected
frequency (Table S2; Hardy Weinberg equilibrium).
The distribution of genotypic and allelic frequency was
analysed for the SNPs C677T and A1298C of MTHFR
gene, A2756G of MTR gene and A66G of MTRR gene.
The major genotype observed for MTHFR C677T was
CC genotype in both control (71.2%) and patients (glioma
73.1%, meningioma 75%) followed by CT genotype
(control 25%, glioma 24.1% and meningioma 19.7%) and
TT genotype (control 3.8%, glioma 2.8% and meningioma
5.3%) (Table 1; SNP frequency distribution). For MTHFR
A1298C SNP, AC was the major genotype in both control
(50%) and patients (glioma 60.2%, meningioma 48.7%)

Table 1. Genotype and Allelic Frequency of SNP’s in Genes

followed by AA genotype (control 25%, glioma 22.2%
and meningioma 36.8%) and CC genotype (control 25%,
glioma 17.6% and meningioma 14.5%). For MTRR A66G
SNP, AG was the major genotype in control (47.08%)
followed by AA (44.46%) and GG (12.46%). However,
in patients, AA was the major genotype (glioma 58.3%,
meningioma 57.9%) followed by AG genotype (glioma
40.7% and meningioma 42.1%) and GG genotype (glioma
0.9% and no cases in menigioma) (Table 1). For MTR
A2756G SNP, AA was the major genotypes in control
(57.7%) and patients (glioma 50%, meningioma 55.3%)
followed by AG genotype (control 37.5%, glioma 48.1%
and meningioma 36.8%) and GG (control 4.8%, glioma
1.9% and meningioma 7.9%) (Table 1).

of Folate Metabolising Enzymes

Control (104) n(%) Glioma Meningioma Control vs glioma Control vs Meningioma
(108) n (%) (76)n (%)  Odd ratio(95%CI) Odd ratio(95%CI)
p-value p-value
CcC 74 (71.2%) 79 (73.1%) 57 (75%) 1 1
CT 26 (25%) 26 (24.1%) 15 (19.7%) 0.93 (0.5-1.7) 0.7 (0.3-1.5)
= 08 0.43
S T 4 (3.8%) 3(2.8%) 4 (5.3%) 0.83 (0.39-1.8) 1.1 (0.55-2.3)
% 0.65 0.72
E C 174(83.6%) 184 (85.19%) 129 (74%) 1 1
T 34 (16.35%) 32 (14.81%) 23 (15.13%) 0.89 (0.52-1.5 0.91(0.5-1.6)
0.68 0.77
AA 26 (25%) 24 (22.2%) 28 (36.8%) 1 1
O AC 52 (50%) 65 (60.2%) 37 (48.7%) 1.35(0.69-2.6) 0.66(0.33-1.3)
§ 0.37 0.23
< CcC 26 (25%) 19 (17.6%) 11 (14.5%) 0.79 (0.35-1.78) 0.62(0.4-0.97)
& 0.57 0.03*
E A 104 (50%) 113 (52.3%) 93 (52.31%) 1 1
C 104(50%) 103 (47.69%) 59 (47.69%) 0.9 (0.62-0.97) 0.63(0.4-0.97)
1 0.04*
AA 40(44.46%) 63 (58.3%) 44 (57.9%) 1 1
AG 56(47.08%) 44 (40.7%) 32 (42.1%) 0.56 (0.32-0.97) 0.58(0.32-1.0)
2 0.039* 0.07
2 GG 8 (12.46%) 1 (0.9%) 0 0.48 (0.15-1.5) -
g 0.22
= A 136 (70%) 170 (78.7%) 120 (78.7%) 1 1
G 72 (29.81%) 46 (21.3%) 32 (21.3%) 0.63 (0.41-0.99) 0.62(0.38-1.02)
0.045%* 0.068
AA 60 (57.7%) 54 (50%) 42 (55.3%) 1 1
o AG 39 (37.5%) 52 (48.1%) 28 (36.8%) 1.48 (0.85-2.5) 1.02(0.54-1.90)
g 0.16 0.93
2 GG 5 (4.8%) 2 (1.9%) 6 (7.9%) 0.66 (0.28-1.5) 1.3(0.7-2.4)
ﬁ 0.34 0.39
& A 159 (76.4%) 160 (74 %) 112 (74%) 1 1
G 49 (23.56%) 56 (25.93%) 40 (25.93%) 1.13 (0.7-1.7) 1.15(0.71-1.8)

Table 1) Risk association of glioma and meningioma with SNP’s of genes coding for folate metabolising enzymes was done using Chi-Square
test to compare wildtype and SNP or Fisher exact test if the frequency in any of the group is less than 5. Data is presented as odd ratio (95%
CI) and Frequency of Genotype and allele are represented as number (percentage). *p value <0.05 is taken as significant.. MTHFR, Methylene
tetrahydrofolate reductase, MTR: methionine synthase and MTRR: Methyl tetrahydrofolate Homocysteine Methyl transferase Reductase.
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Table 2. Serum Levels of Homocysteine, Folic Acid and Vitamin B12 in Controls and Patients (Glioma +Meningioma)

Biomarkers Controls vs Patients Control vs Glioma Control vs Meningioma
Control (n=50) Patients (n=50) Control (n=25) Glioma (n=25) Control (n=25) Meningioma (n=25)
Homocysteine 15.5 11.75 19.7 13.9 14 10.95
(umol/L) (13.52-19.6) (8.5-17.2) (13.8-24.9) (8.13-18.8) (11.8-19.1) (8.5-16.2)
p=0.037* p=0.157 p=0.146
Folic Acid 53 7.6 5.1 7.7 5.6 6.6
(ng/ml) (3.9-8.8) (4.6-9.0) (3.6-7.3) (5.8-11.15) (4.3-12.9) (4.5-9.0)
p=0.75 p=0.08 p=0.28
Vitamin B12 199 210 239 208 182 212
(pg/ml) (156-455) (150-394) (182-498) (150-355) (150-449) (150-476)
p=0.58 p=0.42 p=0.84

Serum biomarkers of folate metabolism (serum Homocysteine, serum Folic acid and serum Vitamin B12) levels were analysed between control
with patients (glioma+ meningioma), control with glioma patients and control with meningioma patients. Age and sex matched controls were used
for the comparison and Wilcoxon signed-rank was test applied. Data are presented as median (interquartile range of 25 % to 75%) along with their

corresponding p values. *p value <0.05 is taken as significant.

Allelic frequency distribution and odd ratio was
analysed for all the SNPs and presented in Table 1. In
meningioma patients, we observed significant difference
in distribution of genotype and allelic frequency when
compared with control group in MTHFR A1298C, with
risk of having meningioma was 38% less in CC genotype
as compared to AA genotype (CI 0.4-0.97, p=0.03) and
odds of having meningioma with C allele was 37% less
compared to A allele (CI 0.4-0.97, p=0.04) (Table 1).

In glioma patients, a significant difference in
distribution of genotype and allelic frequency was
observed when compared with control group in MTRR
A66G (CI-0.32-0.97, p=0.039) with odd of having
glioma was 44% less in AG genotype as compared to AA
genotype and odd of having glioma with G allele was
37% less compared to A allele (CI 0.41-0.99, p=0.045).
No significant difference in distribution of genotype and
allelic frequency for MTHFR C677T and MTR A2756G
SNPs was observed in both glioma and meningioma
patients (Table 1).

Serum biomarkers of folate metabolizing enzymes

The serum level of homocysteine, vitamin B, and
folic acid was analysed in 50 control samples and 50
patient samples (25 Glioma and 25 Meningioma).
Wilcoxon signed rank test was applied after age/sex
adjustment between the control and the patient (glioma
and meningioma) groups and results are presented as
median (IQR) (Table 2; serum biomarkers). In both the
control and the patient groups, the median homocysteine
level was within normal range (5-15 umol/L), however
on comparing the median serum homocysteine level of
the patients with the controls, we observed lower median
levels in patient group [11.75 pmol/L (8.5-17.2umol/L)]
as compared to control group [15.5 pmol/L (13.5-19.6
umol/L)] and the difference observed was statistically
significant (p=0.037). The levels of vitamin B12 and folic
acid in serum of patients and control were similar and
found to have no significant difference from the normal
reference range (vitamin B, is 174-878pg/ml and folic

Acid is 4.5-32.2ng/ml) (Table 2). Median (IQR) value
of the serum vitamin B, , in patient group was 210 pg/
ml (150-394 pg/ml) and in control group was 199pg/ml
(156-455pg/ml) and the median (IQR) value of the serum
folic acid in in patient group was 7.6ng/ml (4.6-9.0 ng/ml)
and in control group was 5.3ng/ml (3.9-8.8 ng/ml) (Table
2). However, the level of serum vitamin B, and folic acid
was comparatively higher in patients than in control group,
but were statistically non-significant (Table 2).

Comparison of serum Homocysteine levels in SNP
genotypes

Since we observed lower level of serum homocysteine
level in patients group, we further analysed the serum
homocysteine level in different SNP genotypes of folate
metabolising enzymes. The control and the patients were
further grouped on the basis of their genotypes in folate
metabolising enzymes (MTHFR C677T and A1298C),
MTRR A66G and MTR A2756G) and then the serum
homocysteine levels in different genotype groups was
compared (Table 3; Comparison of serum Homocysteine
level in SNPs genotypes).

The polymorphism (both homozygous and
heterozygous) genotypes of MTHFR C677T, MTHFR
A1298C and MTRR A66G in control group had higher
homocysteine level then the wild-type genotypes (Table
3) and in MTR A2756G, wild type genotype had the
higher homocysteine level (15.7 pmol/L) than the
polymorphism genotypes (11.2 umol/L) (Table 3). In
patient group, the serum homocysteine level was observed
to be higher in polymorphism genotypes of all SNPs
analysed as compared to their corresponding wild-type
genotype (Table 3). Statistically significant difference in
serum homocysteine levels was observed between CC
vs CT genotype of MTHFR C677T in patient population
(p=0.039) with serum homocysteine levels higher in CT
genotype (19.9umol/L) and between AA vs GG genotype
of MTR A2756G in meningioma subgroup, AA genotype
had higher homocysteine levels (12.6 umol/L) compared
to GG genotype (8.6 umol/L) with p value=0.048

Asian Pacific Journal of Cancer Prevention, Vol 19 3419



Rajani Kumawat et al

Table 3. Comparison of Serum Levels of Homocysteine between Wild Type and Different SNP Genotype/Allele of
Folate Metabolising Enzyme.

Homocysteine Control (n=50) Patients Glioma (n=25) Meningioma (n=25)
(umol/L) (glioma+ meningioma) (n=50)
MTHFR C677C 14.5(12.2-20.4) 11.2 (8.4-15.3) 13.9 (7.9-15.3) n=15 10.5
n=42 n=37 (8.5-13.4)
n=22
MTHFR C677T 19.9 16.3 17.3 153
(19.3-29.2) n=7, p=0.076 (10.8-37.5) * (11.4-43.6) (10.2-18.9)
n=10, p=0.039 n=7, p=0.129 n=3, p=0.316
MTHFR T677T 14.7 9.77 9.8 n=0
n=1, p=0.968 (6.2-24) (10.2-18.9)
n=3, p=0.817 n=3, p=0.768
MTHFR A1298A 14.7 10.12(7.5-13.8) 13.5 8.66
(12.6-19.8) n=15 (10.0-20.8) (6.9-10.7)
n=10 n=7 n=8
MTHFR A1298C 15.5 15.2 153 12.6
(12.6-23.9) (10.2-17.3) (9.5-19.5) (10.3-17.2)
n=22, p=0.792 n=31, p=0.131 n=15, p=0.549 n=16, p=0.076
MTHFR C1298C 15.4 8.37 8.17 8.5
(9.2-20.5) n=18, p=0.848 (7.4-9.3) (7.0-9.7) n=1, p=0.699
n=4, p=0.271 n=3, p=0.13
MTRR A66A 14.35 11 13.5 10.9
(9.6-20.5) (8.5-15.8) (8.1-19.0) (8.5-15.3)
n=27 n=42 n=19 n=23
MTRR A66G 15.6 16.1 16.1 13.7
(13.7-20.8) (12.0-17.2) (13.8-17.3) (10.2-17.2)
n=23, p=0.3 n=8, p=0.19 n=6, p=0.426 n=2, p=0.548
MTRR G66G n=0 n=0 n=0 n=0
MTR A2756A 15.7 13 15.2 12.6
(12.6-27.5) (9.4-18.4) (9.8-21.5) (9.0—17.5)
n=28 n=24 n=11 n=13
MTR A2756G 11.2 13.6 13.8 11.1
(12.4-20) n=20, p=0.385 (7.9-16.2) (7.8-17.3) (8.2-15.3)
n=20, p=0.49 n=14, p=0.584 n=6, p=0.335
MTR G2756G 11.2 8.6 n=0 8.6
(7.7-14.7) n=2, p=0.197 B.1-11.1) # 8.1-11.1) #
n=6, p=0.031 n=6, p=0.048

Serum homocysteine levels in wildtype genotype of control and patients population is compared with polymorphisms genotype (heterozygous and
homozygous SNP) separately for each of the four genes of folate metabolising enzyme studied. Two-sample Mann-Whitney U test was used for the
comparison and data Serum Homocysteine levels are presented as median and IQR. p value < 0.05 is considered significant and denoted by * for
comparison between wildtype genotype and heterozygous SNP genotype and # for comparison between wildtype genotype and homozygous SNP
genotype. SNP, Single Nucleotide polymorphisms; MTHFR, Methylene tetrahydrofolate reductase; MTR, methionine synthase; MTRR, Methyl

tetrahydrofolate Homocysteine Methyl transferase Reductase.

(Table 3).

Comparison of serum folic acid and vitamin B, levels in
SNP genotypes

Similar to the analysis done with serum homocysteine,
the control and the patient groups were sub-grouped on the
basis of their genotypes of MTHFR (C677T and A1298C),
MTRR A66G and MTR A2756G and serum folic acid and
vitamin B , levels were compared between the genotypes.
We did not observe significant difference with either folic
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acid or vitamin B , levels, between different genotypes of
SNPs studied in both control as well as in patient groups.
Details presented in Table S3 and Table S4.

Further, multiple logistic regression was applied to
analyze and see the combined effect of all the studied SNPs
on the risk association for glioma and meningioma. But,
no significant cumulative risk association was observed
for combined SNPs. Details are given in Table S6.



Discussion

There is a major challenge in the therapeutic
management of glioblastoma multiforme (GBM) due to
complex and heterogeneous biological characteristics of
the tumor (Kesari,2011; Muzumdar, 2009; Thakkar et
al., 2014; Wen and Kesari, 2008). The standard treatment
protocol at present for GBM is surgical resection of the
tumor followed by chemotherapy and radiotherapy (Villa
etal., 2014) but the prognostic outcome of the patient with
present treatment is limited with poor overall survival
(Deb et al., 2005; Hanif et al., 2017; Thakkar et al., 2014).
Early diagnosis and treatment carry relatively better
prognosis (Kelly, 2010) and many researchers are involved
in identifying molecular risk factors that may enable in
early diagnosis and intervention (Carlsson et al., 2014).
SNP association with chronic diseases including cancer
have been well known and have helped in identifying
people’s susceptibility to the associated disease (Burton
et al., 2007; Izmirli, 2013). SNPs in genes of folate
metabolizing enzymes are linked to cancers of various
tissue origin like endometrial, cervical, prostate, lung,
colon, gastric, breast, head and neck (Boccia et al., 2008;
Ericson et al., 2009; Galbiatti et al., 2012; Henao et al.,
2005; Izmirli, 2013; Matsuo et al., 2001; Ryan et al., 2001;
Xu et al.,, 2013). SNPs in folate metabolizing enzymes
are associated with impaired DNA repair and aberrant
patterns of DNA methylation, which are responsible
for carcinogenesis (Duthie, 2011; Kim, 1999; Kim et
al., 2014; Liu et al., 2013). The SNPs in genes of folate
metabolising enzymes like Methylene tetrahydrofolate
reductase (MTHFR), 5-Methyltetrahydrofolate-
Homocysteine Methyltransferase Reductase (MTRR)
and methionine synthase (MTR) are studied for their
increased susceptibility for development of meningioma
and glioma (Bethke et al., 2008). However genetic
variation in different ethnic population have shown to
have different disease susceptibility outcome in primary
brain tumours (Shah et al., 2017). Having knowledge of
SNP variation in a population of interest and their risk
association with primary brain tumour are important for
early diagnosis and risk assessments for better clinical
outcome. Since there are limited reports on study of
SNPs of folate metabolizing genes in Indian brain tumor
patients, here, we have analysed SNPs in genes of folate
metabolising enzymes MTHFR (C677T and A1298C),
MTRRA66G and MTRA2756G and their association with
glioma and meningioma in Indian population. We further
analysed the association of these SNPs with serum level
of homocysteine, vitamin B, and folate.

The folate metabolising enzyme in this study and the
pathways in which they are associated is described in
figure 1. Of all the SNPs in genes of folate metabolizing
enzymes, MTHFR C677T is reported to be the most
common, due to its thermolabile characteristics (Shields
etal., 1999). The heterozygous and homozygous MTHFR
C677T (CT/TT) SNPs lead to substitution of alanine for
valine in MTHFR enzyme, leading to decreased enzyme
activity (Leclerc et al., 2013; Ryan et al., 2001) causing
defective metabolism of homocysteine resulting in
hyperhomocystinemia (Ueland et al., 2001). We observed
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in our study on MTHFR C677T polymorphism, CC
wild genotype was the predominant genotype in both
control and patient groups followed by CT genotype and
TT genotype of MTHFR C677T polymorphism. The
distribution of genotypes observed in our study correlates
with the distribution documented earlier in Indian control
population groups (Kohli et al., 2008; Kumar et al., 2005;
Rai et al., 2012; Saraswathy et al., 2012; Singh et al.,
2014). The CC genotype is also the predominant genotype
across other ethnicity (Table S5) except in Japanese and
Chinese population (Lwin et al., 2002; Suzuki et al.,
2008; Yang et al., 2013; Yoshimura et al., 2003) where
CT genotype is predominant. We did not observe any risk
association of MTHFR C677T SNP in both glioma and
meningioma population in our study. Similarly, there was
no risk association observed in Turkish (Kafadar et al.,
2006), European descent (Semmler et al., 2008) and Asian
population (Xu et al., 2013) for glioma with MTHFR
C677T SNP. In addition, no increased risk association for
meningioma was observed in our study, similar to Turkish
(Kafadar et al., 2006) population. However, an increased
risk for meningioma was observed with CT genotype of
MTHEFR C677T in European (Bethke et al., 2008; Liew
and Gupta, 2015; Zhang et al., 2013), Chinese Han (Yan
et al., 2014), European descent (Ding et al., 2014) and
Asian (Xu et al., 2013) population.

MTHFR A1298C mutant genotype leads to substitution
of glutamic acid for alanine leading to reduced MTHFR
enzyme activity (Weisberg et al., 1998). We observed AC
genotype of MTHFR A1298C to be the most common
(50%) genotype in our study population, followed by
AA and CC genotypes (25% each). Similar distribution
of MTHFR A1298C genotype with predominantly AC
genotype was reported in middle-eastern population
(Hosseini etal., 2011) however the distribution of MTHFR
A1298C genotype is heterogenous in different Indian
ethnic subpopulation as documented in an earlier study
by Saraswanthy et al., (2012). In other ethnic groups,
AA was the major genotype (TableS5). On analysing the
association of MTHFR A1298C SNP with primary brain
tumors, we did not find increased risk association in
glioma patients unlike Northern Chinese Han population
(Liu et al., 2013) and European population (Bethke et
al., 2008) which showed increased risk association for
glioma with AC genotype of MTHFR A1298C. However,
in meningioma patients, we observed homozygous
CC genotype and ‘C’ allele to be associated with
significantly decreased risk for meningioma. A study in
White European ethnicity showed heterozygous MTHFR
A1298C genotype to have increased risk association for
meningioma (Bethke et al., 2008).

MTRR A66G mutant genotype leads to substitution
of isoleucine to methionine at 22nd amino acid leading
to decreased enzyme activity and increased homocysteine
level (Olteanu et al., 2002). The AG genotype was
observed to be the predominant genotype (47%) in
our study population and which is similar to the earlier
reported documents in Indian population (Rai etal., 2011)
but the distribution of AA genotype was (44%) in our
population group (North Indian) which is different from
the report documented earlier in South Indian population
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(1.7%) by Rai et al (2011). The predominant genotype
found in Japanese (Suzuki et al., 2008), Chinese (Yang
et al., 2013) and African (Shi et al., 2003) population for
MTRR A66G polymorphism is AA genotype (Table S5).
We observed a decreased risk association for glioma with
AG genotype of MTRR enzyme in our study population
but no such association for glioma risk with AG genotype
was observed in Chinese Han (Zeng et al., 2014; Zhang
et al., 2013), British or European (Bethke et al., 2008)
population. We did not observe any risk association
for meningioma with MTRR A66G SNP in our study
population but the Chinese Han population (Zhang et
al., 2013) showed AG genotype of MTRR A66G as a
risk factor for adult meningioma and a study in British
population (Bethke et al., 2008) and meta-analysis
in European population (Zeng et al 2014) showed
homozygous polymorphism of MTRR GG genotype to
be associated with increased risk for meningioma.

The mutant genotype of MTR A2756G SNP also
causes impaired enzyme activity. MTR A2756G
polymorphism along with MTHFR C677T polymorphism
has been reported to increase the serum homocysteine
level (Barbosa et al., 2008). On analysis of MTR A2765G
polymorphism in our study population, wildtype AA
(57.7%) was observed to be the predominant genotype,
similar to the genotype distribution documented in Indian
population (Rai et al., 2011) as well as other ethnic
groups worldwide (TableS5). We observed no significant
association of increased risk for development of glioma or
meningioma with MTR A2756G SNP. Other meta-analysis
studies on European descent and Asian population also
reported of no risk association with MTR A2756G for
either with glioma or meningioma (Zeng et al., 2014).

Over all, on analyzing the SNPs of folate metabolising
enzymes, we observed AG genotype of MTRR A66G to
have low risk for glioma and CC genotype of MTHFR
A1298C to have low risk for meningioma in our study
population from North India. The possible explanation
for the low risk of meningioma in MTHFR CC genotype
could be due to reduced MTHFR enzyme activity leading
to increased accumulation of 5,10-methylene-THF
(Bagley and Selhub, 1998). The 5,10-methylene-THF
is the major methyl donor for thymidine synthesis from
uracil, thus adequate 5,10-methylene-THF prevents
misincorporation of uracil base in place of thymidine
during DNA synthesis and reduce DNA breakage (Blount
et al., 1997; Matsuo et al., 2001; Sohn et al., 2009). The
protective polymorphism is also noted by Henao et al.
(2005) in their study on cervical cancer to have lower
risk of development of carcinoma-in-situ with CT/TT
genotype of MTHFR C677T and AG/GG genotype of
methionine synthase MTR A2756G (Henao et al., 2005).
Ma et al., (1997) in their epidemiological study have also
observed reduced colon cancer risk with MTHFR C677T
TT genotype. Similarly, in our study population also, we
have observed decreased risk for primary brain tumours
with SNPs involving MTHFR A1298C and MTRR A66G.

Folate and vitamin B, play an essential role in
one carbon transfer metabolism and are involved
in re-methylation of homocysteine to methionine,
which is essential for S-adenosyl methionine (SAM)
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synthesis. SAM is a primary methyl group donor for
most biological methylation processes. The reduced
efficiency of enzymes involved in folate metabolism
due to polymorphism or mutations can lead to lesser
conversion of homocysteine to methionine and in turn less
availability of SAM and defective methylation of DNA
(Figure 1). Defective methylation or hypomethylation
of CpG island in promoters regions of oncogene can
promotes carcinogenesis (Kim, 2004). Folate depletion or
inefficient enzyme activity of folate metabolising enzymes
will also predispose to the initiation of neoplastic process
(Kim, 1999; Kim et al., 1997). On the contrary it is also
observed that folate supplementation might potentiate
the progression of already established early neoplastic
clones (Kim, 2006) possibly by increasing the availability
of THF and diverting it to purine synthesis necessary
for cell division and proliferation (Kim, 2006) which
may be further enhanced with MTHFR polymorphism
by increasing the availability of 5,10-mehtylene
tetrahydrofolate for purine biosynthesis.

A serum level of homocysteine is reflective of
robustness in folate cycle which is influenced by dietary
folic acid and vitamin B , (Bathum et al., 2007; Selhub,
1999). In our study, the vitamin B, and folic acid levels
were similar in patients and control, the variations observed
in serum homocysteine level might be due to SNPs in
genes of folate metabolising enzymes, hence we correlated
the serum homocysteine levels in different genotypes of
folate metabolising enzymes (MTHFR C677T, MTHFR
A1298C, MTRR A66G and MTR A2756G) in both patient
and control groups. On analysing the serum homocysteine
levels in wild type and mutant genotypes, we observed
higher serum homocysteine levels in CT genotype in
comparison to homozygous CC genotype in MTHFR
C677T polymorphism in patients groups. Our observation
is consistent with several genome-wide association studies
(Burton et al., 2007; Hazra et al., 2009; Klerk et al., 2002;
Lange et al., 2010; Tanaka et al., 2009) where they have
shown MTHFR enzyme having T allele at 677 position to
have higher homocysteine levels. Bathum (2007) reported
SNP of MTHFR C677T accounting for 24%—53% higher
homocysteine level due to this genetic variance. Hanson et
al., (2001) have also reported significant increase in serum
homocysteine level in mutant TT genotype of MTHFR
C677T (Hanson et al., 2001). Ueland et al (2001) have
reported TT genotype of MTHFR C677T to have higher
serum homocysteine levels and lower DNA methylation
pattern which reduces activity of MTHFR enzyme. We
observed of low serum homocysteine levels with GG
genotype of MTR A2756G in our patient population, which
needs further studies to analysis effect of homozygous GG
SNP on MTR enzyme activity in reducing homocysteine
levels. Analysis of serum homocysteine levels in MTHFR
A1298C and MTRR A66G polymorphism did not show
any difference in our study population. Similar reports
of no significant difference in homocysteine levels with
heterozygous/homozygous SNP genotypes of MTHFR
A1298C in healthy population is observed by Hanson
et al., (2001). However, Gaughan et al., (2001) in their
study have reported AA genotype of MTRR A66G to have
higher homocysteine level as compared to AG genotype



in healthy individuals.

We observed higher level of serum homocysteine in
our control study population (13.5-19.6umol/L) similar to
pervious reported in normal healthy Indian population (17-
25 umol/L) (Gupta et al., 2012; Kamdi and Palkar, 2013;
Muftuoglu et al., 2013; Yetley and Johnson, 2011). The
possible explanation for observation of high homocysteine
level in healthy population may be due to the predominant
presence of AC genotype in MTHFR A1298C and AG
genotype in MTRRA66G in Indian population as these
SNPs are known to increase homocysteine level (Olteanu
et al., 2002; Weisberg et al., 1998). Homocysteine levels
in patient groups showed lower values than control
population (Table 2). The observed lower homocysteine
levels in patient group may be influenced by deficiency of
vitamin B6 or other SNP of Cystathionine beta-synthase
(CBS) or cystathionine y-lyase enzyme (Selhub, 1999),
which needs further studies.

Overall in our study, we observed a different
genotypic distribution of SNPs in genes of folate
metabolising enzymes in Indian population compared to
other ethnic groups (Table S5). We observed in MTHFR
A1298C CC genotype/C allele and in MTRR A66G AG
genotype/G-allele showing protective association with
meningioma and glioma respectively, which warrants
further study to confirm its clinical implication. On
analysing the serum level of homocysteine in different
SNP genotypes of folate metabolising enzymes, we
observed significantly higher serum homocysteine level
in CT genotype of MTHFR C677T and AG genotype
of MTR A2756G in patient population group (Table
3). However, the presence of SNPs showed increased
serum homocysteine levels in control groups and lower
homocysteine level in patients groups (glioma and
meningioma) compared to control group, the reason for
low homocysteine levels in patients need to be studied
future.
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