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Abstract
Within this review a brief overview is presented of the current knowledge of the genetic polymorphisms of the N-acetyltransferase and

glutathione-S-transferase enzymes, the apoptotic inhibitor enzyme surviving and the bio transformer UDP-glucuronosyltransferase,

focusing on the association of such polymorphisms on the risk of developing of colorectal and bladder carcinomas. Studies identifying

the effects of nullification of various genes to the risk of developing colorectal and bladder cancer are described. It was determined
that understanding polymorphism involved in colorectal and bladder cancer can not only create potential pharmaceutical treatment
targets, but also can identify possible biomarkers.
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Abbreviations
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Introduction

Bladder cancer is the fourth or fifth most common cancer

in Europe and the United States [1,2], with over 90% of bladder

cancers being of transitional cell types [3]. Approximately 60%

of all cases occur in men, with the average age of diagnosis being
65 years of age [4]. Identified risk factors include smoking, aniline

dye exposure, and previous radiotherapy; in countries where it is
endemic, schistosomiasis is also an important cause of squamous
cell bladder cancer [5].

Most large bowel cancers arise within pre-existing intestinal

include rectal bleeding, anaemia, abdominal pain, altered bowel

habit and weight loss. Depending where the tumour is located,
there may be local obstruction or perforation. Screening is effective

in reducing mortality, although the ideal method to be used is
controversial [5].

Several studies investigating single-nucleotide polymorphisms

in relation to bladder carcinoma have identified various associated
genetic polymorphisms of detoxification or DNA repair genes, such
as the N-acetyl transferase and glutathione S-transferase genes [610].

Colorectal cancer is the third most common cancer and the

fourth most common cause of death from cancer worldwide,
accounting for an estimated 1,330,000 new cases and 608,000
cancer deaths in 2008 [4].

In developed countries such as Europe and the USA, colorectal

polyps, half of which occur in the rectum and around 20% in the

cancers are very common [11]; however colorectal cancer is

and in particular, liver. More than half of patients diagnosed with

colorectal cancer are complex, but it is understood that colorectal

sigmoid colon. Direct invasion of neighbouring structures may
occur with metastatic spread to the lymph nodes, lungs, bone,

bowel cancer will develop metastases, and up to a quarter present
with metastatic disease. Signs and symptoms are non-specific and

rare among African and Asian populations [12]. As with most

carcinomas the mechanisms underlying the development of
adenomatous polyps are precursors of colorectal cancer [13,14].
Genetic, environmental, lifestyle (such as smoking), and dietary
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factors are thought to contribute to development of colorectal
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The glutathione S-transferase M1 (GSTM1) and glutathione

cancer, which supports the association with polymorphisms as

S-transferase T1 (GSTT1) genes code for cytosolic enzymes

colorectal cancer and familial adenomatous polyposis, and genetic

been identified. The GST family of enzymes play a key role in

they affect environmental and dietary factor metabolism. Inherited

predisposition syndromes include hereditary non-polyposis
epidemiology and twin studies demonstrate that more than

35% of colorectal cancer cases may be due to inherited genetic
polymorphisms [15].

Genetic polymorphisms are categorised based on their primary

cellular functions: genes in carcinogen metabolism, apoptosis,
cell cycle control, DNA repair, inflammation, methylation, genes

involved in phase II metabolism; glutathione S-transferase

(GST)-u and GST-8, respectively. Deletions of either genes have
the detoxification of exogenous substrates such as; xenobiotics,
carcinogenic compounds and environmental substances [26,27].

Eight distinct gene families encode these soluble GSTs in humans;
alpha, chi (also known as omega), kappa, mu, pi, theta, sigma and
zeta [27]. There are several polymorphic GSTs.

The group mu originating enzyme GSTM1 detoxifies carcinogenic

functioning as G proteins, and cell adhesion molecules. The possible

polycyclic aromatic hydrocarbons (PAH) and a null GSTM1 genotype

allowed length of this mini-review, the full array of polymorphisms

inconsistently associated with PAH exposure from diet and tobacco

array of mutations in these genes gives rise to the complexity in the

pathogenesis of cancers such as bladder and co-rectal. Due to the
cannot be discussed and as such the mini-review will focus on
well-studied polymorphisms.

Polymorphisms affecting the metabolism of carcinogens
N-acetyl transferase and glutathione S-transferase isoenzymes

are two widely studied polymorphisms that affect the metabolism
of carcinogens [16,17].

N-acetyltransferase 1 (NAT1) and 2 (NAT2) are the products

of single, intron less, protein coding exons the genes of which are

located on human chromosome 8p22 [18]. The coding regions of
NAT1 and NAT2 share 87% nucleotide homology, yielding 55 amino

acid differences [19]. The two NAT isoenzymes are polymorphic
and catalyse both the O-acetylation (normally activation) and the

N-acetylation (normally deactivation) of aromatic and heterocyclic

amine carcinogens. The NATs were among the first drugmetabolising enzymes shown to demonstrate genetic variation in
humans [20] and the two different NAT isoenzymes have different
catalytic activities affecting their metabolism of carcinogens.

NAT2 is an important enzyme in detoxifying carcinogens,

especially within bladder cells. Slow and rapid acetylators have

been shown to have variable association with bladder cancer
[21,22] and the slow NAT2 acetylator phenotype is associated with

a decreased risk of colorectal cancer [22,23]. NAT2 slow acetylators

have been shown in early pooled studies, to moderately increase

the risk of bladder cancer, when compared with rapid acetylators
[24]. A case-control study in Japan demonstrated that the NAT2

slow genotype was significantly associated with an increased

bladder cancer risk (OR = 3.41, 95% CI = 1.68-6.87), and this risk
was further enhanced with tobacco smoking (8.57, 1.82 - 40.25)
[25].

is associated with increased susceptibility to bladder cancer due

to reduced PAH detoxification [27-29]. Colorectal cancer has been
[29].

The association of the relative risk of various cancers with

polymorphisms of GSTM1, GSTT1, and GSTP1 genes has been

widely assessed, with the most thoroughly studied being the

GSTM1 and GSTT1 null polymorphisms, and GSTP1 313 adenosine

to glutamine substitutions. GSTP1 substitution of isoleucine with

valine at codon 105 polymorphisms are thought be a risk factors
for bladder cancer and does not show any significant difference
between smokers and non-smokers [30].

Carcinogenic PAHs, such as the tobacco carcinogen benzopyrene

are detoxified by GSTM1 while smaller reactive hydrocarbons,

such as ethylene oxide are detoxified by GSTT1 [31]. A wide range
of xenobiotics are conjugated and detoxified by GSTP1 [32]. Null
genotypes of GSTM1 and GSTT1 lead to the loss of this enzymatic

activity. GSTM1 is understood to detoxify the carcinogenic PAHs
and a null genotype is associated with increased susceptibility

to bladder cancer [33]. The deletion of one or two copies of the
GSTM1 gene has been shown in a Spanish study to increase the risk

of developing bladder cancer by 1.2-fold or 1.9-fold, respectively.

Meta-analysis studies also confirm that the GSTM1 deletion
genotype contributes to bladder cancer risk, even after adjustments

are made for smokers [34]. Consistency of results has been found

in the association between GSTT1 genotype and bladder cancer
risk in various studies [8].

Two distinct forms of the GSTP1 are known, which arise by the

single base pair substitution of adenosine to glutamine at nucleotide

313 of the GSTP1 gene. Individuals with the null genotype for

GSTT1 have been shown to have an increased risk of developing

bladder cancer [6,35]. Nucleotide level polymorphism of GSTP1
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313 adenosine to glutamine leads to a variation of isoleucine to
valine at codon 105 and this valine amino acid substitution results
in reduced enzymatic activity [28].

As GST enzymes are involved in the metabolism of PAHs, null
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tumour risk in Asians, while there was no association between the
survivin rs1042489 and tumour risk [41,45].

UDP-glucuronosyltransferases polymorphisms
The phase II metabolism of exogenous and endogenous

genotypes would be expected to modify the risk of developing

compounds is facilitated by UDP-glucuronosyltransferases (UGT).

involved in the etiology of colorectal cancers [36], although not

of such an enzyme would affect colorectal cancer risk through

colorectal cancer risk due to increased PAH exposure. From

analysing case control studies, evidence suggests that GSTM1 is
all studies have shown this and the inconsistency in results of the
association between GSTM1 or GSTT1 genotype and colorectal
cancer are well documented.

Most studies have methodological limitations and few studies

have investigated environmental factors on genetics. A polyp study

suggested an interaction between GSTM1 genotype and smoking

[37]. GST nonnull genotype has been suggested to increased
disease risk in subjects with high red meat intake [29]. GSTM1 null

patients are likely to benefit greatly from broccoli consumption as a

A possible etiology of colorectal cancer is thought to involve the

glucuronidation of dietary factors by UGT, thus polymorphisms
altering levels of exposure of dietary factors.

Analysis of UGT1A demonstrates that the C-T-G haplotype in

the 3′ region flanking the UGT1A shared exons increases male

colorectal cancer risk (OR = 2.56, 95% CI = 1.10 - 5.95) and the
A-G-T haplotype in the UGT1A shared exons decreases colorectal

cancer risk [7]. UGT polymorphisms alter colorectal cancer risk
differently by anatomical sub-site and gender [7].

Non-steroidal anti-inflammatory drugs (NSAIDs) use is

strong inverse relation between colorectal adenomas and broccoli

associated with a reduction in the risk of developing colorectal

Survivin polymorphisms

shared exons can have a regulatory effect on gene expression

consumption is known [29]. Such findings require confirmation
and consistency.

Survivin is a member of the inhibitor apoptosis protein family

carcinoma [46], this protective factor is understood to rely on
NSAID’s metabolism by UGT [46]. Polymorphisms in the UGT1A

increasing a protective effect of NSAIDs on colorectal cancer risk
[7].

and is involved in the regulation of cell division, it has been

Conclusion

enzymes caspase-3 and caspase-7 [38]. Down-regulation of

with there being various genetic polymorphisms, environmental

activation; identifying survivin’s potential as a pharmaceutical

bladder and co-rectal cancer risk is without doubt, especially.

shown to prevent programmed cell death via both extrinsic and

intrinsic pathways thorough inhibiting the two early apoptotic
survivin by the naturally occurring flavanone, silibinin has
been associated with a strong and prominent caspases-9 and -3

target. Survivin polymorphisms have been shown to have links to
genetic susceptibility to various tumours, including but not limited
to, bladder and colorectal carcinomas, however the results are

inconsistent and inconclusive [39-41]. The link between survivn

with increased bladder and colorectal cancer development is

supported by the high expression of survivn in such tumours

and the inability to trace the protein in adjacent normal tissues,
either immunohistochemical staining or by PCR analysis [42]. This
high expression also identifies why Survivin is considered to be a
potential carcinoma biomarker [43].

In the Asian population, the survivin rs9904341 is thought

to contribute to an increased susceptibility to various cancers
including colorectal and bladder cancers [39,44]. Conversely the

survivin rs17878467 T allele might be a protective factor for such

tumours, in particular the Asian population [41,45]. Survivins

rs8073069 and rs2071214 seem to be associated with an increased

The etiology of bladder and co-rectal carcinomas is complex,

and dietary factors all coming into play affecting the risk and

development of both diseases. The role of the polymorphisms in

The polymorphisms such as survivin do allow the opportunity

to develop pharmaceuticals to target a gene or protein to treat
bladder and co-rectal carcinomas. Designing medicines to block

or reduce polymorphisms that increase risk is a viable option for
pharmaceutical companies as is designing medicines to enhance
polymorphism that reduce the risk of developing bladder and corectal carcinomas, such as a UGT1A enhancer.

Polymorphisms can also be used a biomarker, in particular

survivin which is highly expressed in tumours but absent in normal

tissue indicating that it could be an interesting diagnostic marker
that may be independent of cut-off levels.

Smoking plays a large part in cancer development especially

particular polymorphisms, which is understandable as various
alleles will affect the metabolism of the carcinogenic compounds of
smoking and increased exposure of tissues.
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More studies are required to explain if some polymorphisms

can serve as predictive and prognostic factors in bladder and co-

rectal carcinogenesis. Studies without methodological limitations

are also needed, to clearly identify the associations of environment,

lifestyle including smoking with the various polymorphisms to
developing carcinomas. As with some there is evidence of an
increased combined risk and others there is none.
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