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Abstract Hyperhomocysteinemia known to be associated
with increased thrombotic tendency has been considered as
a risk factor for coronary artery disease, atherosclerosis,
venous thrombosis, and stroke. There are three main genes
MTHEFR, cystathionine beta-synthase (CBS) and methion-
ine synthase (MS) and it’s genetic variant that are known to
influence the homocysteine metabolism leading to hyper-
homocysteinemia. There is scarcity of Indian data on
hyperhomocysteinemia and genetics variants in patients
with thrombosis. Hence the objective of present study was
to determine MTHFR, CBS, and MS genetic variants in
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thrombosis patients from Indian population. Genetic vari-
ant analysis was performed on thrombosis patients to detect
MTHFR C677T  (rs1801133), MTHFR A1298C
(rs1801131), MS A2756G (rs1805087) and CBS T833C
(rs5742905) mutations. The mutant allele frequencies of
MTHFR 677T, MTHFR 1298C, MS2756G and CBS 833C
were observed to be 16.1%, 37.5%, 34.1% and 5.8%
respectively. MTHFR 677TT genotype was observed to be
significantly associated with elevated homocysteine (Hcy)
levels (64.65 pumol/L) alleles as compared to CC alleles
(32.43 pmol/L) and CT alleles (30.54 pmol/L). MTHFR
A1298C, MS A2756G and CBS T833C genotypes did not
showed significant association with higher Hcy levels.
Thus, in Indian patients with thrombosis only MTHFR
T677T genotype was observed to be significantly associ-
ated with hyperhomocysteinemia.

Keywords Hyperhomocysteinemia - MTHFR mutants -
Thrombosis - Indians

Introduction

Hyperhomocysteinemia known to be associated with
increased thrombotic tendency has been considered as a risk
factor for coronary artery disease (CAD) and atherosclerosis.
However, few studies have reported no association between
acute myocardial infarction (MI) and hyperhomocysteine-
mia. Mild to moderate hyperhomocysteinemia is attributed
to genetic factors such as mutation in methylene tetrahy-
drofolate reductase (MTHFR) genes or due to environmental
factors such as deficiency of vitamin B12 or folic acid.
Mutations in the MTHFR gene reduces enzyme activity thus
increasing plasma homocysteine (Hcy) [1], and this effect
can be compensated by supplementation of folate, which is
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an important co-factor in the conversion of homocysteine to
methionine [2]. The three main genes MTHFR, cystathion-
ine beta-synthase (CBS) and methionine synthase (MS) and
there genetic variants influences homocysteine metabolism
causing hyperhomocysteinemia.

MS plays an important role in the homocysteine meta-
bolism as a key enzyme in the remethylation pathway. The
MS gene has several polymorphisms of which A2756G
SNP (rs1805087) is the most prevalent polymorphism
which leads to the substitution of aspartic acid by glycine.
The condensation of serine and homocysteine is catalyzed
by CBS enzyme to form cystathionine. Abnormal CBS
activity leads to the manifestation of two major clinical
conditions, such as hyperhomocysteinemia and homo-
cystinuria. Of the large number of mutations identified in
human CBS gene [3], a transition mutation, T833C
(rs5742905) is the common mutation.

The two most common MTHFR gene single nucleotide
polymorphisms (SNPs) C677T (rs1801133) and A1298C
(rs1801131) have been reported to affect the enzyme activity.
The homozygotes (T677T) and heterogzygotes (C677T)
genotypes reduces enzyme activity by about 70% and 40%
respectively and thereby causing elevation of plasma homo-
cysteine levels [4] and reduction in DNA methylation [5].
Whereas the A1298C SNP results in the reduction of MTHFR
activity to a lesser extent than in the case of C677T [4].

Many studies have reported the association of MTHFR
C677T and A1298C mutations with cardiovascular diseases,
neural-tube defects, various types of cancer, male infertility,
pregnancy complications, and other complex diseases where
the role of folate is largely documented. Increased homo-
cysteinemia levels affects the vascular structure. Therefore,
hyperhomocysteinemia has been related with a wide range
of disorders such as cardiovascular diseases, stroke, and
venous thrombosis. Several studies have reported that
C677T and A1298C polymorphisms might be associated
with DVT due to hyperhomocysteinemia.

High heterogeneity have been reported in frequency
distribution of both C677T and A1298C mutations among
different ethnic groups [6]. There is scarcity of data on
MTHFR gene variants in thrombotic patients with hyper-
homocysteinemia from Western India. Hence the present
study was planned to determine association of genetic
variants with homocysteine levels in patients with throm-
bosis amongst Western Indian populations.

Materials and Methods
Study Subjects

This study involves retrospective data analysis of patients
with thrombosis and prescribed for MTHFR mutation
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analysis by the consulting physician between January 2012
till December 2016. The study design and protocols were
approved by the Institutional Review Board (IRB). Written
informed consent was obtained from all the patients, and
the study was conducted following the tenets of the Hel-
sinki Declaration. MTHFR mutation analysis was per-
formed on patients with thrombosis affecting different sites
such deep venous thrombosis (DVT), pulmonary embolism
(PE), portal venous thrombosis (PVT), superior sagittal
thrombosis (SST), cerebral venous thrombosis (CVT), etc.
Patients with other diseases or illness such as malignancies,
delayed growth defects, and gynaecological problems were
excluded. History regarding the presence of traditional risk
factors like hypertension, diabetes mellitus, family history
of bleeding disorders and hyperhomocysteinemia were also
documented.

Genotyping

DNA was extracted by modified Miller et al. [7] protocol.
ARMS PCR was standardized for detection of C677T, and
A1298C, A2756G and T833C mutations using primers and
cycling conditions described in Online Resource 1. Rep-
resentative samples were sent for DNA sequencing for
validation and confirmation.

Statistical Analysis

Allele frequencies and genotype frequencies were calcu-
lated by counting method and Chi square analysis was
performed for deviation from Hardy-Weinberg equilibrium
using online calculator (www.husdyr.kvl.dk/htm/kc/pop
gen/genetik/applets/kitest.htm). T test and Chi-square test
were performed for comparison of homocysteine levels and
MTHFR mutants using Graphpad Prism software (version
7.02). p values < 0.05 were considered significant.

Results

Of the 155 thrombotic patients screened, 124 patients were
included in the study whose samples were sent for both
MTHFR mutation analysis and Hcy estimation. The mean
age of patients was observed to be 35 (£ 17) years and
included 91 males and 33 females. The clinical presenta-
tion of these 124 patients showed that 32% had DVT, 29%
had brain thrombosis and 12% had CVST (additional data
are given in Online Resource 2).

The genotype and allele frequencies of C677T, A1298C,
A2756G and T833C alleles are demonstrated in Table 1.
The heterozygous and mutant alleles exhibited highest
frequencies for A1298C allele than C677T. Though the
MTHEFR 1298C allele frequency (37.5%) and MS 2756G
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Fig. 2 Allelic distribution and homocysteine levels in a patients with
DVT and b patients with brain thrombosis

hyperhomocysteinemia was observed in 78% of thrombotic
patients and hypertension was observed in 28% patients.
The MTHFR 677T allele frequency in the present study
(16.1%) was similar to the average frequency (14%)
reported by Indian Genome Variation Consortium. The ‘T’
allele frequency amongst Indian populations has been
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reported [8] to show high variability with 16.7% in North
India, followed by 9.9% in North East India, 7.8% in
Western India, 7.6% in South India and 1.1% in East India.
Linguistically, the average ‘T’allele frequency has been
reported to be 12.8% in the Indo-European group, followed
by 9.9% amongst the Tibeto-Burman, 6.5% in Dravadian,
and absent in Austro-Asiatic population. Worldwide, 677T
allele frequency has been reported to be highest in Europe
ranging from 24.1 to 64.3%, followed by North America
(6-64.3%), East Asia (2-55%), South America (2-48.7%),
Asia (2.5-45%), Africa (0-35.5%), Siberia (8-31.5%) and
Oceania (2.9-28.6%) [8]. Allele frequency was observed to
be 14.9% amongst Sri Lankan population [9]. The presence
of TT genotype among all non-tribal populations and a
high frequency of 677T allele from north Indian popula-
tion, which are linguistically Indo-European compared to
tribal populations, is indicative of the gene flow from
Eurasian populations into north Indian populations [8].
Preponderance of MTHFR 1298C alleles was observed
to be more than the 677T allele in the present study. The
MTHFR 1298 C allele frequency amongst thrombotic
patient in the present study was 37.5%. Saraswathy et al.
[8] reported high incidence of 1298C amongst the east
Indian populations (34.6%), followed by west (27%), south
(24.3%), north (16.8%) and northeast Indian populations
(13.5%). The MTHFR 1298C allele frequency have been
reported to show wide variability, ranging from 43% in
New Delhi, 10% in Chandigarh in the Northern India to
40.4% in Tamil Nadu. Linguistically, the allele was most
frequent among the Dravidian populations (28.7%), fol-
lowed by Austro-Asiatic (22.8%), Indo-European (21.3%)
and Tibeto-Burman populations (13.5%). Worldwide, high
allele frequency has been reported in East Asia ranging
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from 18 to 70%, followed by Asia (17-44.6%), Europe
(24-40%), Siberia (38%), Africa (13-32.3%), South
America (0-15%) and North America (14.7%) [8]. The
present data showed a higher frequency of 1298C (37.5%)
than that of Americas (0-15%). Perera et al. [9] reported
allele frequencies of ‘C’ allele frequency to be 31.3% in
SriLankan populations.

Elevated homocysteine levels has toxic effects on the
vascular structure [10] and has been associated with dis-
orders such as cardiovascular diseases, stroke, and venous
thrombosis. DVT is a multi-factorial disorder and genetic
factors has been accountable for approximately 60% DVT
cases [11]. MTHFR C677T polymorphism is most com-
monly studied hereditary defect responsible for hyperho-
mocysteinemia. Ghaznavi et al. [12] have reported
‘T’allele frequency to be 24% amongst DVT patients in

Iranian population. Soltanpour et al. [13] have reported the
“T” allele frequency to be 21% and 27.2% in controls and
venous thrombosis patients respectively. Heijer et al. [14]
demonstrated in a meta-analysis that T677T genotype was
associated with a 20% increased risk of venous thrombosis.
Literature have reported controversial findings regarding
association of C677T polymorphism, hyperhomocysteine-
mia and DVT [15, 16]. Significant association of MTHFR
C677T genotypes with elevated homocysteine in DVT
patients has been reported in Macedonian population.
Another study from Macedonian patients with DVT also
reported association between MTHFR C677T and A1298C
genotypes with homocysteine levels [17]. Similarly in the
present study T677T homozygous mutant was observed to
be significantly associated with hyperhomocysteinemia in
DVT patients. In the present study, the C1298C
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Fig. 5 Distribution of MTHFR haplotypes in patients with different homocysteine levels. a Hcy levels 0—10 pmol/L (n = 28); b Hcy levels
10-15 pmol/L (n = 23); ¢ Hcy levels 15-30 pmol/L (n = 34); d Hcy levels >30 umol/L (n = 44)

homozygous mutant did not showed significant association
with hyperhomocysteinemia in DVT patients. Iranian
population did not showed significant risk between
MTHFR A1298C mutant and venous thrombosis [18].
Soltanpour et al. [18] have reported ‘C’ allele frequency of
MTHFR A1298C to be 36.5% and 38.5% respectively
amongst controls and patients with venous thrombosis
respectively. Hossini et al. [19] have reported that genetic
variants of FV Leiden, MTHFR C677T, MTHFR A1298C
and PAi-1 4G/5G are significantly associated with an
increased risk of DVT.

Indian studies have reported contradictory findings
regarding association of MTHFR C677T gene mutations
and risk of Ischemic stroke. Kumar et al. [20] have reported
significant association whereas Kalita et al. [21] did not
reported significant association inspite of reporting high
frequency of MTHFR T677T mutants. Das et al. [22] have
reported MTHFR C677T to be an important risk factor for
Ischemic stroke and hemorrhagic stroke amongst South
Indian populations. The 677T allele frequency was repor-
ted to be 14%, 17% and 12% amongst Ischemic stroke,
hemorrhagi stroke and controls respectively. Bharatkumar
et al. [23] have reported that Hey as a risk factor for Indian
patients with CVT and MTHFR T677T genotype to be
responsible for increased Hcy levels. Kumar et al. [20]
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reported an association between MTHFR C677T poly-
morphism and ischemic stroke. Li et al. [24] have reported
association between C677T mutations and Hcy levels in
SVT patients. Numerous studies have reported inconsistent
results on associations between MTHFR T677T genotypes
and ischemic stroke. This variant have reported to be show
more pronounced association with ischemic stroke amongst
Asian [25] patients than Caucasians [26]. In the present
study sub-group analysis in brain thrombosis showed sig-
nificantly elevated of Hcy levels in patients with MTHFR
T677T genotypes, whereas no significance was observed
with MTHFR C1298C genotypes. There is limited litera-
ture on A1298C mutation from Indian population in brain
thrombosis. A study for Tunisia reported definite correla-
tion between A1298C and CVT [27].

These two functional and well characterized SNPs in the
MTHEFR gene, C677T and A1298C, have been associated
with decreased enzyme activity and increased levels of
plasma homocysteine. The homozygotes (T677T) and
heterogzygotes (C677T) genotypes reduces enzyme activ-
ity by about 70% and 40% respectively and thereby caus-
ing elevation of plasma homocysteine levels, whereas the
A1298C SNP results in the reduction of MTHFR activity to
a lesser extent than in the case of C677T [4]. Several
studies in different populations have reported that MTHFR
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T677T genotype is associated with high levels of homo-
cysteine. Our results corroborate with previous findings
which reported significant association between T677T
mutant and hyperhomocysteinemia than the C1298C
mutant. Additionally, the haplotype T677T/A1298A was
associated with significantly higher levels of Hcy.
Increased homocysteine levels damages blood vessels and
has been associated with disorders such as cardiovascular
diseases, stroke, and venous thrombosis. Though the
compound heterozygous C677T/A1298C variants has
reduce the enzyme activity, these did not showed any
significance with Hcy levels. Ghaznavi et al. [12], reported
that higher plasma homocysteine levels in patients with
MTHFR T677T genotype than those with C677C and
C677T genotypes. These findings are in concordance with
the ACMG guidelines which states that the variants C677T,
A1298C and C677T/A1298C compound heterozygous are
unlikely to be of clinical significance [28]. Although
MTHFR A1298C polymorphism has been associated with
hyperhomocysteinemia, there is scarcity of data on its
prevalence in patients with thrombosis in Indian popula-
tion. Markan et al. [29] and Kumar et al. [30] reported
significantly higher Hcy levels in subjects with A1298C
polymorphism in patients with hypertension and CAD
respectively. In contrast to these findings, hyperhomocys-
teinemia was not significantly associated with A1298C in
the thrombotic patients in the present study.

The wild type haplotype C677C/A1298A has been
detected in 17 patients with elevated Hcy levels
(> 15 pmol). Hence a sub-group analysis was performed
on 69 patients to detect whether MS and CBS genetic
variants are responsible for hyperhomocysteinemia. MS
plays an important role in the Hcy metabolism as a key
enzyme in the remethylation pathway. The most prevalent
A2756G SNP have been reported to be commonly and
heterogeneously distributed amongst the worldwide popu-
lations. The M2756G allele frequency has been reported to
be 8.5% in Chinese population [31] followed by 11.8% in
Thais [32], 13.1% in Korean [33], 17.3% in Japanese [34],
18.8% in Hispanics [35], 19.9% in Caucasians [35] and
23.8% in African Americans [35]. A study from Northern
India have reported frequency to be 24% [36], whereas in
the present study the frequency was highest (34.1%).

Zhang et al. [37] reported frequency of CBS 833C allele
to be 31.1% and 34.3% in hypertension and control groups
respectively. In a meta analysis, Ding et al. [38] have
reported that CBS T833C polymorphisms to be associated
with an increased risk of stroke and that ‘C’ allele is likely
to be an important risk factor for stroke. Kumar et al. [39]
have reported no association of CBS T833C polymor-
phisms in CAD patients amongst Indian population. There
is lack of data on CBS gene mutation amongst patients with
thrombosis in Indian population. In the present study no

significant association was observed between MS and CBS
gene mutations and hyperhomocysteinemia.

Homocysteine level has been found to be significantly
affected by many non-genetic factors, such as gender, age,
and plasma/serum levels of folate and vitamin BI12
amongst Asian populations. Additionally, environmental
factors such as vegetarian diet, which is known to be
associated with increased risk of Vitamin B12 deficiency,
could also lead to hyperhomocysteinemia. Geneitc variants
such as genes involved in the transport and/or absorption of
folate, vitamin B6 or vitamin B12 could be highly preva-
lent in our population. Kumar et al. [40] reported signifi-
cant association between choline dehydrogenase (CHDH
A119C) and plasma homocysteine in Indian population. A
genome-wide approach using linkage and association
studies in large population could be a powerful tool in the
detection of unknown polymorphisms associated with
hyperhomocysteinemia in the Indian population.

The study may pose limitation due to small size and
genetic analysis is limited to known mutations. However,
from perspective of Indian population there is lack of data
on genetic variants, Hcy levels and thrombosis from Indian
population. Despite of the limitations, the present study
provides significant association of MTHFR 677TT mutants
with hyperhomocysteinemia in thrombotic patients from
Western Indian populations.
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