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ABSTRACT. Genetic polymorphisms are defined as changes within the 
DNA sequences of genes that have frequencies in the population higher 
than 1%. The glutathione S-transferases play an important role in the 
cellular detoxification systems involved in oxidative stress that can lead 
to accumulation of reactive oxygen species. Epidemiological studies 
have suggested that individuals with homozygous deletion of glutathione 
S-transferase mu 1 (GSTM1) and glutathione S-transferase theta 1 
(GSTT1) are at higher risk of developing several types of neoplasias. 
The p53 protein is highly expressed in tumors and transformed cells, and 
the p53 is a classical tumor suppressor gene involved in regulating cell 
growth and development. In this study, we investigated the prevalence of 
polymorphisms in the p53, GSTM1, and GSTT1 genes in a population from 
Goiânia. We evaluated the polymorphisms of these genes in peripheral 
blood samples. The null or present polymorphism of GSTM1 and GSTT1 
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genes and Arg/Pro of the p53 gene were analyzed. Our results revealed 
a higher frequency of the GSTM1-null polymorphism (72.4%) than the 
GSTM1-present genotype (27.6%). For GSTT1, we observed higher 
frequency for the null genotype (65.5%) compared to the present genotype 
(34.5%). Analysis of p53 gene polymorphisms showed a higher frequency 
for the genotype Arg/Pro (66%) and a lower frequency for the Arg/Arg (23%) 
and Pro/Pro (11%) genotypes. It is essential to understand polymorphism 
frequencies in different populations and to evaluate the role of genetic 
polymorphisms and their effects on health.

Key words: Glutathione S-transferase mu 1; p53; Polymorphism;
Glutathione S-transferase theta 1

INTRODUCTION

Polymorphisms are defined as variations within the DNA sequence of genes encoding 
certain enzymes. These changes give rise to altered proteins and consequently impair their activities 
and metabolic capacities. Polymorphisms show a frequency higher than 1% in the chromosomes 
of the general population (Willard, 2002).

Glutathione S-transferase (GST) is a family of proteins that play an essential role in the 
detoxification of exogenous and endogenous electrolytes that can promote the alkalization of 
DNA, leading to cellular dysfunction and toxicity. GSTs also catalyze other reactions such as the 
conversion of materials to organic hydrogen peroxide, which is crucial for protecting tissues against 
oxidative stress and nucleic acid damage (Sharma et al., 2000).

The genes encoding the isoenzymes GST theta 1 (GSTT1) and GST mu 1 (GSTM1) may 
exhibit null alleles as a result of gene deletion, leading to a reduction of their enzymatic activity. 
Epidemiological studies have suggest that individuals with homozygous deletion of GSTM1 and 
GSTT1 have a higher risk of developing several types of neoplasias (Morais et al., 2008). Variability 
in the phenotype distribution of null GSTM1 and GSTT1 genotypes has been reported in different 
populations, particularly in well-defined ethnic groups (Gattás et al., 2004).

The GSTM1 gene is located on chromosome 1 1q13.3, and approximately 20-50% of 
individuals expressing the mutated form are characterized by a homozygous deletion (when one or 
more nucleotides are deleted from the DNA sequence). GSTT1 is located on chromosome 22, and 
20-60% of individuals have a deletion in this gene (Linhares et al., 2006).

Because of the importance of GST in the detoxification of electrophilic carcinogens, the 
null genotypes of GSTM1 and GSTT1 have been widely examined. Homozygous deletions result 
in a decreased carcinogen detoxification, thereby increasing the risk of developing several types of 
cancer including bladder, colon, lung, skin, and stomach cancers (Tsuang, 2004).

The p53 protein was first identified in 1979 in a study of Simian 40 virus and T antigen. This 
protein is highly expressed in tumors and transformed cells. p53 is a classical tumor suppressor 
gene involved in regulating cell growth and development (Papadakis et al., 2002). It is also known 
as the “guardian of the genome” because it has anti-proliferative effects that allow the preservation 
of the genetic information (Tada, 2001).

A particular p53 polymorphism is caused by the simple exchange of a purine by a 
pyrimidine base (CGC coding for arginine into CCC coding for proline), resulting in structural 
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alteration of the protein (Thomas et al., 1999; Tada et al., 2001). Such variations may result in 
altered function because of changes in the protein conformation. This change can be detected by 
different migration patterns of electrophoresis and based on different biochemical and biological 
properties (Hamú, 2007).

Numerous studies have examined p53 in normal and neoplastic cell functioning, and these 
studies have examined many cell types. Altered protein p53 has been reported in several types 
of cancer, since adrenocortical tumors, leukemias, lymphomas, breast tumors, lung carcinomas, 
gastrointestinal, bone, and skin tumors (Viana, 2007).

In this study, we examined the prevalence of polymorphisms in the GSTM1, GSTT1, and 
p53 genes in a population from Goiânia, Brazil.

MATERIAL AND METHODS

We evaluated polymorphisms in 3 genes, GSTM1, GSTT1, and p53, in 442 peripheral 
blood samples. The null or present polymorphism in the GSTM1 and GSTT1 genes and Arg/Pro of 
the p53 gene were analyzed (Table 1). The samples were from patients who attended the Replicon 
Research Center from the population of Goiânia, state Goiás. All participants signed an informed 
consent form.

Primer	 Sequence	 Molecular weight (bp)

*GSTM1	 F: 5'-ACCCCAGGGCTCTATGGGAA-3'	 216
	 R: 5'-TGAGGGCACAAGAAGCCCTT-3'
*GSTT1	 F: 5'-TTCCTTACTGGTCCTCACATCTC-3'	 480
	 R: 5'-TCACCGGATCATGGCCAGCA-3'
#p53 Arg	 F: 5'-CTGGTGCAGGGGCCACGC-3'	 140
	 R: 5'-CGTGCAAGTCACAGACTT-3'
#p53 Pro	 F: 5'-GCCAGAGGCTGCTCCCCC-3'	 177
	 R: 5'-ATCTACAGTCCCCCTTGCCG-3'
-ZFX/Y	 F: 5'-ACCRCTGTACTGACTGTGATTACTC-3'	 495
	 R: 5'-GCACYTCTTTGGTATCYGAGAAAGT-3'

Table 1. Sequence of primers for GSTM1, GSTT1, p53, and ZFX/Y.

*Rohr et al., 2004; -Arruda et al., 2008; #Silva, 2012.

In order to verify the presence of polymorphisms in GSTM1 and GSTT1, amplification was 
conducted. The absence of amplification indicated the null genotype, while amplification confirmed 
that the subject had at least one of the polymorphisms present. Analysis was performed in triplicate, 
and we only considered the null genotype after repeating the procedure 3 times, and all 3 trials 
showed the same results.

For the p53 gene we used two pairs of primers and the amplification means the presence 
of the polymorphism Arg/Arg, Pro/Pro, or Arg/Pro.

Statistical analysis

Genotypes of GSTM1, GSTT1, and p53 polymorphisms were compared using the chi-
square test with the BioEstat software (version 5.0).
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RESULTS

Our results showed that the GSTM1-null polymorphism was more frequent (72.4%; 
302/417) than the GSTM1-present genotype (27.6%; 115/417). The GSTT1 null genotype had a 
higher frequency (65.5%; 273/417) than the GSTT1 present genotype (34.5%; 144/417), as shown 
in Table 2.

	                                             GSTM1		                                               GSTT1		  P*

	 N	 %	 N	 %	

Present	 115	   27.6	 144	   34.5	 0.03
Null	 302	   72.4	 273	   65.5	
Total	 417	 100.0	 417	 100.0

Table 2. Frequency of GSTM1 and GSTT1 polymorphisms.

*Chi-square test.

Analysis of p53 gene polymorphisms showed a higher frequency for the Arg/Pro (66%; 
292/442) genotype and a lower frequency for the Arg/Arg (23%; 102/442) and Pro/Pro (11%; 
48/442) genotypes (Figure 1).

 
P<0,0001 Chi-Square Test

Figure 1: Frequency of genotypes Arg/Arg, Arg/Pro and Pro/Pro for the p53 gene 

Figure 1. Frequency of genotypes Arg/Arg, Arg/Pro and Pro/Pro for the p53 gene. P < 0.0001; chi-square test.

DISCUSSION

Genetic polymorphisms are genetic alterations that individually are not related to illnesses, 
are a variant of the normal genotype, and typically occur in a given population at a frequency 
higher than 1%. Under certain environmental or physiological conditions, the associations between 
polymorphisms may increase the genetic susceptibility to different diseases (Tsuang, 2004).

Analysis of the prevalence of the GSTM1 polymorphism in a population from the state 
of Goiás showed that 72.4% of patients had the null genotype. Results from studies on the 
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polymorphism of GSTM1 gene showed great variability within the country and worldwide. The 
highest prevalence was 75%, found by Leme et al. (2010) in a population from São José do Rio 
Preto in the state of São Paulo. A lower prevalence (27.6%) was reported by Chen et al. (1996) in 
the US. Other researchers detected a GSTM1-null polymorphism prevalence of 74.0% in women 
(Frare et al., 2013). Similar results showed that the GSTM1-null polymorphism was 73.8% in 
African-Americans (Weiserbs et al., 2003).

Other studies conducted in Brazil by Gattas et al. (2004) found a GSTM1-null polymorphism 
prevalence of 55.4% in Caucasians patients. Arruda et al. (1998) found a very similar prevalence 
of 55% for the GSTM1-null genotype in Caucasian descendants in the state of São Paulo. Two 
different studies conducted in the US found prevalence rates of 53.5 and 50% for the GSTMT1 
null polymorphism (Chen et al., 1996; Weiserbs et al., 2003), and the first study observed a higher 
prevalence in females. In the city of Porto Alegre, 50% of patients presented the GSTM1-null 
polymorphism (Kvitko et al., 2008).

The different frequencies found regarding the GSTM1-null genotype in different populations 
may be explained by the fact that there is large genetic variability among populations. Hatagima 
et al. (2000) observed frequencies of 48.6 and 46.4%, respectively, for the GSTM1-null genotype 
in a population from Brasilia and Rio de Janeiro. Morais et al. (2008) found that 44.4% of the 
individuals analyzed in Campinas (São Paulo) carried the GSTM1-null genotype. In a study carried 
out in Bahia, they found that the GSTM1-null polymorphism was less prevalent (43.9%) in that 
population. Arruda et al. (1998) and Gattas et al. (2004) found frequencies of 33.0 and 32.8%, 
respectively, for the GSTM1-null polymorphism in a Brazilian black population.

Similarly to the studies examining the GSTM1 polymorphism, there is great variability in 
the GSTT1 null polymorphism. In our study, we observed that 65.5% of patients had the GSTT1 
null genotype. Several studies support our results. Eshkoor et al. (2012) found a higher prevalence 
of the GSTT1 null genotype (62.5%) in Malaysia. A lower prevalence was described by Nelson 
et al. (1995), and only 9.7% of Mexican-Americans analyzed in the city of Boston had the null 
polymorphism of the GSTT1 gene.

Based on the results of Nelson et al. (1995), the prevalence of the GSTT1 null polymorphism 
was 64.4% in Chinese patients and 60.2% in Koreans. Other studies also corroborate the results 
found in the present study, such those of Frare et al. (2013) who found a prevalence of 59% for 
the same genotype and Lee et al. (1995) who found a prevalence of 58.8% in Chinese patients.

The frequencies of the GSTT1 null genotype described for different ethnic groups vary 
considerably. In Singapore, for example, it was noted that 50% of the Caucasian population had the 
GSTT1 null polymorphism (Lee et al., 1995). A lower prevalence of the GSTT1 gene polymorphism 
was observed in Caucasian patients from Brazil in 2 different studies. Gattas et al. (2004) and 
Rossini et al. (2002) found that the frequencies of the GSTT1 null genotype were 25.1 and 22.3% 
of patients. A null GSTT1 prevalence of 21% was found in a study conducted in Serbia and 20.4% 
in the city of Boston; both studies analyzed Caucasian individuals (Nelson et al, 1995; Türkanoğlu 
et al, 2010). A previous study in the Brazilian population found a lower prevalence of the GSTT1 
null polymorphism (18.5%) in patients of the same ethnicity (Arruda et al., 1998) while Gonçalves 
et al. (2009) found a prevalence of 16.7% for the same polymorphism in patients from São Paulo.

When analyzing the GSTT1 null genotype in black patients, 2 studies conducted in Brazil 
found frequencies of 26.3 and 19.0% (Arruda et al., 1998; Gattas et al., 2004). Regarding this same 
ethnical group Nelson and colleagues (1995) found a prevalence of 21.8% for the null GSTT1 
polymorphism in patients from Boston (USA).
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Gattas et al. (2004) studied a population of patients from the Latin ethnic group and found 
that the GSTT1 null polymorphism prevalence was 17.2%. Studies analyzing other populations found 
the following prevalence rates for the GSTM1-null polymorphism: 38% in Malays, 16% in Indians 
from Singapore (Lee et al., 1995), 15% in North Americans, 14.7% in Egyptians (Rahman et al., 
1996), 13% in Indians (Buch et al., 2001), and 11% in Indians from Brazil (Arruda et al., 1998).

Polymorphisms in the p53 gene were detected a higher frequency for the genotype Arg/
Pro (66%). Our results support the analysis performed by Neto (2007) in Pernambuco, where 
71% of the samples analyzed were heterozygous for Arg/Pro. This study showed the highest 
prevalence of this polymorphism. Two different studies found prevalence rates of 64 and 50% for 
the heterozygous genotype Arg/Pro; the first study analyzed patients in Greece, while the second 
study was in Taiwan (Chen et al., 2002; Papadakis et al., 2002).

The frequency of homozygosity described in the present study was 23.1% for arginine 
and 10.8% for proline. Variability in the prevalence rates of the p53 genotypes were large. Hamú 
et al. (2007) found a prevalence of 70% for the genotype Arg/Arg in individuals from Goiânia. For 
the homozygous genotype Pro/Pro, Beckman et al. (1994) found a higher prevalence in the black 
population (63%) than in Caucasians patients (17%).

According to Pena (2005), in the Brazilian population there is a high degree of genetic 
miscegenation; therefore, characteristics such as physical appearance, skin color, eyes, hair, and 
shape of the lips and nose, are very poor indicators of the geographical origin of the ancestors 
of a given individual. Thus, the genetic variability of Brazilians is unique and includes individuals 
carrying mosaic genomes with different life histories. The Brazilian population presents a high 
degree of heterogeneity because of extensive interbreeding between European, African, and 
indigenous populations (Parra et al., 2003).

Studies conducted worldwide to examine GSTM1, GSTT1, and p53 are essential 
for evaluating the impact of genetic polymorphisms on health. Understanding polymorphism 
frequencies in different populations and evaluating the role of genetic polymorphism and their 
effects on health is important for using the polymorphism as biomarkers, which could lead to better 
diagnosis, prevention, and treatment strategies of several pathologies.
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