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Introduction
GSTs, which are the members of the antioxidant enzyme group, are 

also regulated by oxidant stress. The GST gene family in the dimeric 
enzyme structure known to be expressed in various tissue. GST-
class enzymes, by means of the reduced level of glutathione (GSH), 
conjugate various reactivate electrophiles. And also responsible for an 
essential function in cellular defense by reducing their levels. Genetic 
polymorphisms in genes encoding certain GST-class enzymes, such as 
homozygous deletions in GSTM1, and GSTT1 genes, result in wholly 
loss of GSTM1 or GSTT1 protein products.1 Through previous meta-
analysis studies, there is evidence that the null GSTT1 genotype may 
be related with the increased risk of different cancers such as breast 
cancer, lung cancer, stomach cancer, and liver cancer.2,3

Cancer types
Bladder cancer

In the pathogenesis of this cancer type; a wide range of aromatic, 
and heterocyclic amine sequences present in the chemical, and 
transport industry, present in the diet, and cigarette smoke, are 
considered to be carcinogenic to the bladder. Accordingly, exposure 
to arylamines is expected to ascend the risk of bladder cancer by 
40-100 times.4 Upregulation of different types of GST in bladder 
transitional cell carcinoma (TCC) is thought to affect TCC growth 
by causing inhibition of apoptosis.5 A study in South Korea found 
a strong link between GSTM1 null genotype, and susceptibility to 
bladder cancer.6 In an analysis conducted in the Korean population; 
in patients with a history of tuberculosis, and bronchial asthma, rapid 
acetylator genotypes, and a combination of GSTM1 null or GSTT1 
null genotypes, it was found to be an an increased risk for bladder 
cancer.7 

Breast cancer

Breast cancer etiology remains to be unclear. However, many 
different risk factors have been reported, including an increased 
systemic concentration of reactive oxygen species.8 It is envisaged 
that free reactive species may induce tumor onset in this case where 
they can cause irreversible damage such as point mutations in 
DNA or chromosomal aberration. For these reasons, it is believed 

that biological agents that may be involved in reducing levels of 
reactive species may act as a key role in reducing the progression 
of developing breast cancer.8 In terms of susceptibility to breast 
cancer, low-sensitivity susceptibility-related gene groups, the role 
of GST gene in the detoxification mechanism can be shown first.9 
The gene family of GSTs represents one of the enzymes of phase II 
drug metabolism, which is a very important function in detoxifying 
many carcinogens, and reactive metabolite intermediates, potentially 
causing damage to cells, and causing cancers, including breast.10 In 
the case-control analyzes performed, a positive association between 
GSTT1 null, and breast cancer risk was shown.11 It was determined 
that homozygous deletions of GSTT1, and GSTM1 genes, and breast 
cancer development were an increased.12 Beside these studies; in a 
study conducted in the South Indian population, GSTM1 homozygous 
null genotype has been demonstrated not to perform a function in 
breast cancer risk.13

Colorectal cancer

External environmental factors may play a significant responsibility 
in the development of colorectal cancer.14 Accordingly, it is thought 
that the effective metabolism of environmental carcinogens such as 
polycyclic aromatic hydrocarbons (PAHs), heterocyclic amines, and 
nitrosamines may play a protective role against colorectal cancer.15 
The ability of individuals to detoxify the carcinogens in their bodies 
shows differences. In particular, the activity deficiencies in critical 
enzymes involved in the detoxification of carcinogens are believed to 
leading the development of cancer.16 In an analysis which is realized 
by Loktionov et al.17 GSTM1, and GSTM3 polymorphisms were 
reported to be related with the risk of colorectal cancer.17 In a different 
study which is conducted by Aghajany-Nasab et al.18 on 230 subjects, 
they reported that the GSTM1 null genotype was associated with 
predisposition to the development of colorectal cancer in individuals 
who were older than 60 years.18 Zhao et al.19 reported that GSTP1, 
GSTT1, and GSTM1 gene polymorphisms were not a risk factor for 
colorectal adenoma in the The Chinese meta-analysis study.19

Lung cancer

This cancer is currently one of the most common types of cancer, 
and is considered to be one of the leading causes of cancer-related 
deaths worldwide.20 The relationship between the polymorphic 
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Abstract

Glutathione S-transferase (GST) enzyme levels, which is the phase II enzyme of 
biotransformation enzyme group, responsible for detoxification of xenobiotics, are 
associated with the risk of predisposition to various types of cancer as well as diseases 
such as asthma, diabetes, Parkinson’s. In this review, we attempt to briefly summarize 
the association with the polymorphisms of GSTM1, GSTT1, GSTP, and specific 
cancer types. 
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expression of different GST types, and the risk of lung cancer was 
investigated in the studies conducted in different ethnic populations, 
and the results were found to be contradictory.21 It is predicted that 
there may be an important relationship between lung cancer risk, and 
GSTM1 null genotype in different populations.22 In some studies, 
GSTM1 null genotypes have been reported to play a protective role 
for cancer.23

Oral cancer

GSTP1 has been reported to be the most prominent GST isoenzyme 
expressed in oral tissues, and it has been found to be significantly an 
increased in leukoplakias with premalign or malignant oral lesion, 
laryngeal tumor, moderate-severe dysplasia, and submucous fibrosis. 
In the subjects with A/G or G/G alleles, there are studies showing 
that they are included in the higher risk group for oral cancer.24 
Especially in oral tumors, it is predicted that GSTP1 may contribute 
to detoxification by way of overexpression. In addition, it has been 
reported that individuals who carries the allele group of A/G or 
G/G for GSTP1 may also prevent the excretion of carcinogens by a 
decrease in enzyme activity.24

Ovarian cancer

In a different analyses about GSTM1 null, GSTT1 null, and 
GSTP1 Ile/Ile genotypes, especially in combination, GSTs showed 
a synergistic effect on the development of ovarian cancer.25 In a 
different study demonstrated by Gates et al. reported that the GSTT1 
null genotype was related with oral cancer in a particular group of 
women using genital talc.26 

Prostate cancer

Prostate cancer is defined as a malignant disease of the prostate, 
and is usually seen in men who were older than 50 age, and usually 
needs a long period of time for improvement to clinical symptoms.27 
In a Japanese population, a GSTM1 null genotype was reported to 
elevate the risk of prostate cancer.28 In Austria, Germany, and the 
United States, there weren’t found any connection between the risk of 
cancer and GSTM1 null genotype.29-31

Conclusion
GSTs are a member of the phase II detoxification enzyme 

family. This detoxification capability is particularly important in 
cellular protection against environmental and oxidative stress. GST 
family consists of multiple isozymes associated with functional 
polymorphic variations. Current studies have been reported that the 
abnormal expression of GST isozymes has been associated with the 
progression and development of many different cancer types. This 
review discusses how changes in the expression profiles of human 
GST isozymes affect cancer susceptibility. And also, in this review 
shows that the GSTM1/GSTT1/GSTP1 genotypes in specific cancer 
types. Our data, therefore, also indicate a significant function on GST 
enzymes in the detoxification of various carcinogenic molecules 
which involves the progression of cancers. According to these results, 
oxidative stress, and depletion of glutathione may act a significant 
role in the pathogenesis of certain cancer types.32

The deletion of GSTM1 and GSTT1 genes is expressed as a “null” 
genotype, which represents a general lack of enzymatic activity. It 
is thought that the risk of malignancy is increased as a result of the 
decrease in the detoxification ability of the possible carcinogens of 

individuals who are homozygous for these deletions. Where this 
phenotype was studied as a predictor of cancer prognosis or response 
to therapy, the results were reported to depend on the type of tumor. 
In order to reach a clear result, different studies including both a high, 
and low-risk genotypes with a high number of subjects.

Due to the small scale population studies carried out so far about 
cancer patients, limited information about this subject has been 
obtained. Although there are many correlative reports on this subject, 
it is very difficult to obtain clear results from these data. What we 
can clearly say is that it is unlikely that a single variable represented 
only by GST polymorphism can be considered as a simple risk 
factor for detection and analysis of cancer sensitivity. Many other 
variables such as exposure to carcinogens, genetic polymorphisms 
and population diversity should be taken into account in the context 
of the predisposition mechanism. When the current literature review 
is performed, it is seen that there are many epidemiological reports 
related to the connection between GST expression and cancer 
incidence in small sample size. GST, a phase II detoxification enzyme, 
is not likely to act alone in the predisposition to cancer. For this reason, 
polymorphism studies including large-scale and different populations 
of other phase I and phase II detoxification enzymes are investigated. 
However, in such a way, it can be expressed more clearly whether GST 
expression profiles contribute to disease progression and prognosis.32
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