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1.  Introduction

Arsenicosis is precipitated by chronic exposure due 
to use of subsoil water in many places of eastern and 
north eastern India, including the basin of river Ganga 
in West Bengal. The main arsenic species in subsoil 
water is arsenate. Inorganic pentavalent arsenate 
after entering into the body is readily absorbed from 
gastrointestinal tract and reduced to arsenate. Arsenate 
is methylated mainly in the liver to Monomethylarsonic 
Acid (MMA) and Dimethyl Arsinic Acid (DMA). The 
methylated metabolites of arsenic are less toxic, and being 
electrophilic, are readily excreted in urine. The inorganic 
arsenic which is not metabolised and is not excreted, 
retained in the body and stored as inorganic arsenic in 
hair, nail of fingers and toes and also in the soft tissues of 

the body.  Concentration of arsenic in such body stores 
is reliable biomarker for arsenic exposure. This internal 
pool of arsenic may also alter some internal metabolic 
processes as inorganic arsenic can depresses the 
activities of various enzymes like methyltranferases, e.g., 
selinocysteinemethyltranferase and others. Therefore, 
concentration of arsenic that is retained in the body can 
modulate the DNA methylation by altering the activity or 
expression of DNA methyltransferase. The concentration 
of arsenic in urine is considered as a biological marker of 
arsenic exposure as it is excreted via urine. Metabolism 
of arsenic occurs through repeated reduction and 
oxidative methylation of inorganic trivalent arsenic 
(AsIII) and pentavalent arsenic (AsV) to monomethyl 
arsonic acid (MMA)V and dimethyl arsinic acid (DMA)
V. Oxidative addition of methyl groups to arsenic occurs 
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by the enzyme methyltransferase and the methyl group 
donor is S-Adenosyl Methionine (SAM)( Aposhian, 
1997; Thompson, 1993; Vahter, 1999). SAM functions to 
methylate an assortment of acceptor molecules including 
arsenic and DNA. Further, GSH is the enzyme involved in 
arsenic metabolism which can justify the role of GST in 
arsenic metabolism. Therefore, we hypothesize that GST 
status and arsenic burden of the body can contribute to 
modulate DNA methylation status of exposed persons. 

Alteration of DNA methylation after chronic arsenic 
exposure has been demonstrated in tissue culture system, 
experimental animals and humans (Mass and Wang, 
1997; Zhao et al., 1997; Zhong and Mass, 2001; Liu et al., 
2004; Chanda et al., 2006). As an extension of that work, 
the role of GST M1 and GST T1 polymorphism on DNA 
methylation level, clinical symptoms score, total urinary 
arsenic level has been studied. 

2.  Materials and Methods

Sample selection and source of sample:
Study samples were chosen from the Arsenic 

Clinic of Institute of Post Graduate Medical Education 
and Research, Kolkata, India, is a tertiary referral 
centre. Selection criteria was history of exposure to 
arsenic contaminated water (>50μg/L) as a source of 
drinking water for more than 6 months, and presence 
of characteristic skin manifestation of chronic arsenic 
toxicity, viz., hyperpigmentation, hypopigmentation and 
keratosis. All the cases recruited were referred cases from 
south and north 24 Parganas, two major districts of South 
Bengal.  History of arsenic exposure of each participant 
was obtained in detail including duration of intake 
of water from the source. Samples of water from the 
source and spot urine samples were collected from each 
participant. A control group with exposure level <50 mg/l 
was recruited from the same area. Participants have been 
divided into three groups according to concentration of 
arsenic in their drinking water, A: <50 mg/l; B: 51-251 
mg/l ; C: 251-500 mg/l for degree of methylation study. The 
average duration of exposure was about 10 years. 

The patient group has been described earlier in more 
detail (Chanda et al., 2006).

Written informed consent was obtained from all 
participants before drawing their blood. The name of 
the institute where clinical studies were carried out 
is Institute of Post Graduate Medical Education and 
Research, Kolkata (IPGME & R), which is run by Govt. 

of West Bengal, a state government within the framework 
of Republic of India. The basic research was carried 
out in department of Biophysics, Molecular Biology 
and Genetics, University of Calcutta. Ethical principles 
followed by the institute are guided by rules as formulated 
by Indian Council of Medical Research and these are in 
agreement with Helsinki rules.

2.1 Clinical Symptom Score
Each proband was assigned a clinical symptom score 
which reflected severity of his/her skin manifestations. 
Both pigmentation and keratosis were graded 1, 2 or 
3, depending on the level of symptoms. Sum of the 
two was clinical symptom score, so that a person can 
have maximum score of 6. The control subjects have 
no pigmentation and keratosis and therefore clinical 
symptom score of 0 (Chanda et al., 2006).

2.2 �Determination of Arsenic in Drinking 
Water and Urine

Drinking water and urine samples obtained from each 
participant was collected. The concentration of arsenic 
in drinking water and urine was determined by Atomic 
Absorption Spectrophotometry Hydride Generation 
(AAS-HG) system according to manufacturer’s protocol 
(Atallah and Kalman, 1991).

 2.3 �Genotyping of Glutathione-S-
Transferase (GST) M1 and T1

The polymorphic deletion of M1 and T1 gene was 
genotyped using the multiplex PCR approach described 
by Mondal et al., (2005). Initial cases were confirmed by 
sequencing.

2.4 �Methylation Status Analysis of Promoter 
Region of p53 and p16 Genes

The p53 and p16 tumor suppressor gene methylation 
status was analyzed in each subject by the method 
described earlier (Chanda et al., 2006).

2.5 Statistics
As there is strong non normality in the data, non parametric 
tests were preferred and Kruskal-Wallis non parametric 
tests with exact p values were used for test of significance. 
Degree of correlation was analyzed for dose response 
analysis between arsenic accumulation and concentration 
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of drinking water arsenic and for accumulation of arsenic 
in hair and p53 promoter methylation by non parametric 
Spearman’s rank-difference correlation coefficient (rho). 

3.  Results

Epigenetic alterations (alteration in DNA methylation 
in p53 and p16 gene promoter region) have been 
studied in people of West Bengal chronically exposed to 
environmental arsenic through their drinking water. It 
has been shown that the degree of clinical symptom score, 
total urinary arsenic and gene promoter methylation is 
modulated by the individual’s GST gene polymorphic 
status in exposed persons. Clinical symptom score 
and total urinary arsenic (eliminated arsenic species 
through urine) also have shown GST polymorphic 
status dependent variations even in the same exposure 
groups. Persons with null genotype of GSTM1 and T1 
have a high degree of arsenical skin lesions (assigned as 
clinical symptom score) in contrast to persons of non null 
genotype of same exposure groups (Table 1) though not at 
significant level. Persons with null genotype for GSTM1 
and T1 have statistically significant low total urinary 
arsenic in comparison to similarly exposed persons of 
non null genotype for the same gene (Table 2).

Person, having GST null genotype for GSTM1 and T1, 
exposed to similar level of arsenic through their drinking 
water shows a greater degree of DNA methylation status 
in comparison to non null genotype of similar exposure 

group (Table 3 and 4). All these findings are the reflection 
of association of GST polymorphic status with arsenical 
skin lesions and arsenic induced changes in DNA 
methylation.

Data was stratified by exposure group and test of 
significance was calculated by 

non parametric Kruskal-Wallis test. The p values for 
the significance of GST status as a predictor were 0.05721 
for Clinical Score, 0.018 for Total urinary arsenic, 0.0007 
for p53 methylation status and 0.0017 for p16 methylation 
status tabulated in Table 1, 2, 3 and 4 respectively.

Table 1.    Median value of clinical score and 
comparison between different arsenic exposure groups 
and subgroups
Group M-T- M-T+ M+T- M+T+ χ2 P
A  (23) 0  (8) 0  (4 )                 0   (11 )
B  (24) 4     (2) 2.5 (7) 2.0 (5) 2.0 (10)
C  (28) 6     (2) 2    (10) 3    (1) 4 (15)
0verall 6 1 1 2 7.13 .05721

Median value of Clinical score

Table 2.    Median value of Total Urinary arsenic 
comparison between different arsenic exposure groups 
and subgroups
Group M-T- M-T+ M+T- M+T+ χ2 p
A (23) 15.815 (8) 11.6  (4) 26    (11)
B (24) 89 (1) 177.6 (7) 48.7  (5) 272.8 (10)
C (28) 89 (2) 182.3 (7) 80     (4) 272.8  (9)
0verall 89 105.5 26 167.37 9.594 0.0188

Median value of Total Urinary arsenic

Table 3.    Median value of p53 methylation status 
comparison between different arsenic exposure groups and 
subgroups
Group M-T- M-T+ M+T- M+T+ χ2 p
A   (23) 0.31   (8) 0.22   (4) 0.19  (11)
B   (21)     2.69   (1) 2.36   (7) 2.02   (4) 0.90   (9)
C   (28) 2.99   (2) 3.145 (10) 1.84   (1) 1.06  (15)
0verall 2.69 1.93 1.025 0.66 14.7239 .0007

Median value of p53 methylation status

Table 4.    Median value of p16 methylation status comparison 
between different arsenic exposure groups and subgroups

Group M-T- M-T+ M+T- M+T+ χ2 p
A   (23) 0.24   (4)                       0.078  (8) 0.189  (11)
B   (15)  2.57   (6)    0.995   (9)
C   (28) 2.22 (1) 4.225 (4) 3.106  (8) 1.217  (15)
0verall .7355 3.45 1.592 0.6185 13.8112 .00307

Median value of p16 methylation status 
NB: M+T+ denotes GSTM1T1 wild type form.M-T+  denotes GSTM-T+ form where 
both of µ allele or at least 1 of the allele is deleted.M+T- denotes GSTM+T- form 
where 1  or both of the ɵ allele is deleted.M-T- denotes GSTM-T- form where 1 or 
both of the µ and ɵ allele are deleted.
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4.  Discussion

Many workers had reported role of different Glutathione-
S-Transferases (GSTs) in arsenic metabolism. Increase in 
GST concentration accompanies removal of arsenic from 
liver and kidney of arsenic exposed fish (Allen and Rana, 
2004). Proteomic analysis of arsenic exposed rice seedling 
indicated increase in GST activity. Arsenic exposure in 
plants also increases GST activity (Ntebogeng et al., 2009).

After arsenic exposure, GST M1 null individuals in 
Argentina excrete relatively more MMA through urine. The 
result showed similar pattern in other areas also (Engström 
et al., 2007; Engström et al., 2011; Steinmaus et al., 2007). 
Higher percentage of DMA(V), the final product of arsenic 
metabolism has been reported in urine of wild type exposed 
persons in Vietnam, compared to GST M1 null (Agusa et 
al., 2010)16. Total urinary arsenic and susceptibility to skin 
lesions have been correlated with GST status in a large group 
of Chinese exposed to arsenic through indoor combustion 
of high arsenic coal. A significantly higher arsenic content in 
hair correlated with GST M1 null status. However skin lesions 
did not seem significantly correlated with GST status, similar 
to our data (Lin et al., 2007). Another case control study on 
Bangladeshi population also failed to link skin lesions with 
GST M1 genotype, but found GST T1 null genotype beneficial, 
as the wild type shows relatively more skin lesions (McCarty 
KM et al., 2007). GST M1 null, on the other hand has been 
linked with incomplete metabolism of arsenic and consequent 
excretion of inorganic arsenic and MMA, instead of DMA, the 
end product of arsenic metabolism in a study of occupational 
exposure (Marcos et al., 2006). A study from Taiwan (Chiou et 
al., 1997) also showed incomplete arsenic methylation in GST 
M1 null persons, and reported increased methylation in GST 
T1 nulls. 

From these different studies it is seen that lesser 
arsenic methylation and persistence of inorganic arsenic 
in body is detected in all the cases of GST M1 deficiency 
(Steinmaus et al., 2007; Agusa et al., 2010; Kile et al., 
2005). Our results indicate a decrease in total urinary 
arsenic and increase in DNA methylation in GST deficient 
persons, in moderate to high exposure group. This can 
be explained in the light of persistence of inorganic 
arsenic in the body of GST deficient persons, which is 
known to up regulate DNA methyltransferase expression 
(Zhong and Mass, 2001; Dumond and Sing, 2007). As 
reported in previous works that arsenic induces p53 
and p16 gene promoter hypermethylation and genomic 
hypermethylation in exposed persons and also in arsenic 

induced cancer patients (Chanda et al., 2006; Majumder 
et al., 2010). It is also reported that chronic arsenic 
exposure to human also induces non-tumor suppressor 
gene methylation (Human GDP- Mannose 4,6 dehytrase 
gene methylation) (Dumond and Sing, 2007). Whether 
the increased retention of arsenic leads to a decrease in 
arsenic excretion through urine in a particular exposure 
group is not evident from literature.  Our data of decreased 
total urinary arsenic in GST deficient persons asserts so. 
To best of our knowledge this is the first report indicating 
the association between GST polymorphism and p16 
and p53 gene promoter methylation in arsenic exposed 
population. The degree of DNA methylation in normal 
unexposed persons (median value of DNA methylation 
in unexposed group) has been taken as a normal basal 
degree of DNA methylation (Chanda et al., 2006). Results 
of clinical score are not significant, though there is 
increase of clinical score in cases which are deficient in 
one or other gene. Clinical symptom score is an indicative 
here to demonstrate the severity of arsenic induced skin 
manifestations which is higher in high exposure group 
and also in null genotype where the urinary arsenic is low 
in comparison to non null genotype of the same exposure 
group. In case of chronic/high level of exposure there 
is an increase in the clinical severity reflected as high 
degree of keratosis and pigmentation which may develop 
Bowen’s disease or cancer. In the present study population 
case of cancers are not included. This study is reflecting 
the association between GST polymorphic status and 
p53 and p16 gene promoter hypermethylation in persons 
chronically exposed to graded degree of arsenic. However, 
reports available indicating association of GSTMI and 
TI polymorphism with p16 and p14 gene CpG island 
hypermethylation in patients (not related to arsenic 
exposure) with ulcerative colitis without neoplastic lesion 
(Tahara et al., 2011) and in a separate study, with CpG 
island hypermethylation in promoter region in a patient 
population of oesophageal carcinoma from China (Liu et 
al., 2010). 

5.  Conclusion

To sum up we can conclude that GST null genotype is a 
determinant for degree of DNA methylation in arsenic 
exposed people of West Bengal, India. Person with GST 
MI null retain more arsenic and excrete less arsenic from 
the body.
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