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Abstract

Association between exposure to high arsenic content and gallbladder cancer is scanty. Few reports
suggest that the incidence of gallbladder cancer is high along the Indo-Gangetic belt. Inflammation, which
is a causative factor for gallbladder carcinoma can be induced by arsenic. Prognosis of gallbladder cancer
is poor. Therefore, it is worthwhile to find a correlation between arsenic exposure and its incidence to
identify a population who are at high risk category.
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Introduction

Groundwater is one the most important source of drinking water in the world.
Contamination of groundwater by arsenic is a major health issue which is escalating day by
day. More and more areas are being reported with arsenic content much higher than the safe
limit of 10ug/L set by WHO [1]. Apart from a plethora of health hazards, chronic exposure
to arsenic is known to cause cancer of the skin, lung, bladder, liver, kidney and prostrate [2].
Association between presence of arsenic and cancer of the gallbladder has not been reported
as much. But, epidemiological evidence indicates a link between incidences of gallbladder
cancer in arsenic endemic areas. World wide geographic distribution of arsenic contaminated
areas share remarkable similarity with regions reporting high prevalence of gallbladder
cancer, especially in Chile, India and Bangladesh [3]. In India, the Indo-Gangetic belt has
the highest number of recorded cases of gallbladder cancer, maximum amongst them being
reported from the Kamrup district in Assam [4]. This region of Eastern India also harbors
areas with the highest groundwater arsenic contamination [5].

Gall bladder cancer is a rare malignancy but has very high mortality rate with less than
5 years of survivability [6,7]. Apart from known risk factors like age, sex, presence of gall
stones, ethnic origin [8], and environment may be a key player in the etiology of gallbladder
cancer. Environmental risk factors include water contamination by heavy metals like lead,
cobalt, mercury, arsenic, chromium, and cadmium. Of these, exposure to elevated amount of
cadmium, cobalt, lead, mercury is marked as causative factors for gallbladder carcinogenesis
[9]. Prognosis of gallbladder cancer is poor and that may be attributed to its late diagnosis,
when the disease has advanced and metastasis has already taken place [8].

Arsenic has been declared as a Group 1 carcinogen by the International Agency for
Research on Cancer, based on the substantial evidence for their carcinogenicity in humans
[2]. The Majority of the ingested arsenic undergoes biotransformation in the liver and the
metabolites are excreted mainly in the urine, causing renal cancer [10]. These metabolites
often are excreted into the bile [11,12]. Arsenic may be responsible for carcinogenesis of
the biliary tract cancer, the most common of which being gallbladder cancer [13]. Statistical
analysis investigating the ecological correlation between the arsenic concentrations and
incidences of gall bladder cancer have shown positive trends both in Indian and Taiwanese
populations [2].
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Inflammation plays an important role in the development
of gallbladder carcinoma. A Chronic inflammatory state in the
gallbladder leads to the diffused calcification of the wall of gall
bladder. This phenomenon ultimately leads to development
of porcelain gallbladder, which imparts a very high risk in the
development of gallbladder carcinoma [14]. Congenital diseases
represented by abnormal pancreaticobiliary junctions, result in
excess flow of pancreatic enzymes into the gall bladder. This may
cause persistent inflammation, resulting in carcinogenesis of the
gall bladder [15]. Persistent Inflammation due to bacterial infections
like Salmonella typhi or Helicobacter bilis can also lead to an
increased risk of gall stone formation and cancer progression [16].
Therefore it is observed that conditions of chronic inflammation
which lead to DNA damage and tissue proliferation may serve to
be a suitable microenvironment for development of gallbladder
carcinoma. Similarly chronic exposure of arsenic is also known to
promote the prolonged inflammation which in turn promotes the
development of cancer [17,18]. The accumulation of the secondary
metabolites of arsenic biotransformation in the bile by the liver
may result in a chronic inflammatory condition thus promoting
the chances of the development of gallbladder carcinoma. Arsenic
methyl (III) transferase AS3MT, an enzyme, which is responsible
for the methylation of trivalent arsenic species, plays the most
important role in its biotransformation. Mutations in the gene
AS3MT have been associated with an increase in the development
of gallbladder carcinoma [19] and therefore screening of this
gene may serve as a biomarker in the development of gall bladder
carcinoma as well where the unmethylated arsenical pile up in the
bile instead of the urine.

Another important enzyme, Glutathione S transferase Mu
1 (GSTM1) plays an important role in the methylation of arsenic
[20], which has also been implicated in gall bladder cancer. People
with null phenotype of GSTM1 were reported to have much higher
susceptibility towards development of gall bladder carcinoma
[21]. Individuals with null phenotype of GSTM1 due to incomplete
methylation lead to accumulation of monomethylated arsenic
products and may result in cancer. Not much data are available on
gallbladder cancer to date. To fill up the lacunae in information,
genome wide association studies (GWAS) may be of help. This
will constitute single nucleotide polymorphism (SNP), as well
as individual gene profiling. On the other hand the carcinogenic
spectrum of arsenic is known. Lethal similarities in the geographic
distribution of arsenic and its ability to cause prolonged
inflammation may hint at its incognito role in causing gallbladder
cancer. Biotransformation of arsenic results in systematic stress
in individuals which could be a factor for its carcinogenicity in
many cases. In gallbladder cancer these incompletely methylated
arsenicals may play similar role. Therefore, we emphasize that
arsenic can be one of the causes for gallbladder cancer but further
investigation is required.
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