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Abstract

The glutathione S-transferase mu (GSTM1) gene which acts during phase II of xenobiotic metabolism is polymorphic
in the population, being absent in about 30-50% of individuals depending on the ethnic group from which they come.
Epidemiological studies suggest that individuals who are homozygous null at the GSTM1 locus may have an
increased risk of developing various types of neoplastic disease. We used the polymerase chain reaction (PCR) to
estimate the frequency of GSTM1 in 176 healthy individuals from the north of Paraná (Brazilian state), the null
genotype being detected in 48.86% of these individuals. The Student’s t-test was used to evaluate the frequency of
the glutathione S-transferase null genotype in relation to age, gender and smoking habit and no significant
differences were found. In our sample there were 142 individuals of Caucasian origin, of which 47.88% had the null
genotype. When applied to the Caucasian group only (n = 142) the Student’s t-test again showed no significant
differences between the frequency of the GSTM1 null genotype and age, gender and smoking habit.
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Introduction

The differential distribution of variant polymorphic
genes in different human populations around the world may
influence the environmental diseases which they acquire
(Au et al. 1999). The frequency of the GSTM1 null geno-
type in humans ranges from 30-50% depending on the
ethnic origin of the individual (London et al. 1995). Epide-
miological studies suggest that individuals who are homo-
zygous null at the GSTM1 locus (i.e. lack both copies of the
GSTM1 variant of the GST gene) may have an increased
risk of developing various types of neoplastic disease, in-
cluding cancer of the bladder, colon, skin, lung and stom-
ach (Ford et al. 2000; Harada et al. 1987; Hayes and
Pulford 1995; Johns and Houlston 2000; Raunio et al.
1995; Zhong et al. 1993a). Therefore, the knowledge of in-
heritance of these susceptible genes in different ethnic
groups is very important for effective disease prevention,
especially against cancer (Au et al. 1999).

Many of the first reports on genetic risk modification
came from Japan, and, after several studies, genotypes
associated with cancer risk have also been obtained for
Caucasian and other population (Raunio et al. 1995). The
frequency of the GSTM1 null genotype in healthy popula-

tions ranges from 23-41% in African-Americans and
Blacks, 33-69% in Asiatics, 39-62% in Europeans and
51-54% in Australians. The highest frequencies (64-100%)
have been reported in studies involving small numbers of
subjects from parts of the South Pacific (Cotton et al.
1999). The variations in GSTM1 expression among control
populations presents great difficulties for researchers in the
selection of suitable control groups to be used for determin-
ing the association between GST genotype and disease sus-
ceptibility (Hayes and Pulford 1995).

The ethnic origin of the Brazilian population is highly
heterogeneous, the population being composed of Indige-
nous peoples and immigrants from Europe, Africa and Asia
(Arruda et al. 1998). Studies on healthy Brazilians have
shown a frequency of the GSTM1 null genotype of 33%
(D’Arce and Cólus, 2000) and 41.2% (Cabral et al., 1999).

Currently there has been great interest in studies of
genes which code for enzymes able to metabolize
xenobiotics, although studies involving Brazilian popula-
tions are rare. The aim of our study was to estimate the fre-
quency of the GSTM1 gene in a group of healthy Brazilians
from the state of Paraná and characterize the sample ac-
cording to the presence or absence of this gene regarding
gender, age and smoking habits.
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Materials and Methods

Population studied

We used blood samples from 176 people born in the
north of the southern Brazilian state of Paraná, the sample
consisting of individuals whose ancestors were Caucasians
(n = 142), Africans (n = 13), Asians (n = 10) and Brazilian
Indians (n = 5). It was not possible to determine the ethnic
group which belong some individuals (n = 6), due to doubt-
ful informations in the questionnaire. Those individuals,
however, have been analyzed in the total sample. After the
subjects’ had given their consent, personal information re-
garding life style, age, marital status, ethnic group, occupa-
tional history, smoking habits, family history of cancer and
others factors was obtained according to the procedures of
Carrano and Natarajan (1988).

Genotype analyses

DNA was isolated from the peripheral white blood
cells of all the individuals sampled using the technique de-
scribed by Miller et al. (1988) and the GSTM1 genotype
determined by a modification of the polymerase chain reac-
tion (PCR) procedure described by Topinka et al. (1997).
The oligonucleotide primers (P1, P2, P3) used for the PCR
were 5’-CGC CAT CTT GTG CTA CAT TGC CCG-3’
(P1), 5’-ATC TTC TCC TCT TCT GTC TC-3’ (P2) and 5’-
TTC TGG ATT GTA GCA GAT CA-3’ (P3). The three
primers were used together in the reaction and formed two
couples as follows: pair P1 and P2 (which anneal with ho-
mologous sequences of genes GSTM1 and GSTM-4)
yielded one 157 bp fragment used as internal control for the
reaction and pair P1 and P3 (specific for the polymorphic
gene GSTM1) produced a fragment of 230 bp (Figure 1).

The PCR was carried out in a volume of 25 µL containing
10 mM pH 8.3 Tris-HCL, 50 mM KCL, 1.0 mM MgCL2,
5% DMSO, 2.5 mM of each dNTP, 50-200 ng of genomic
DNA, 1.5 units of Taq DNA polymerase (Life Technol-
ogies, Bethesda, MD, USA), 200 mM of primer 1 and 100
mM each of primers 2 and 3. Incubation was for 35 cycles
of 94 °C at 1 min, 52 °C at 1 min and 72 °C at 1 min. The re-
action was amplified using a thermal cycler PTC-100
(M.R. Research) and the PCR products separated by elec-
trophoresis in 1.8% agarose gel and visualized by staining
with ethidium bromide (10 mg/mL).

Statistical analyses

The Student’s t-test was used to test the relationship
between the GSTM1 null genotype and the smoking habits,
age and gender of individuals from the total sample
(n = 176) and the Caucasian subsample (n = 142). Statisti-
cal analysis was carried out using the Statgraphics (1989
version) software package (Statistical Graphics Corp.).

Results

The frequency of the GSTM1 null genotype for the
total sample (n = 176) was 48.86% and 47.88% for the Cau-
casian subsample (n = 142). No statistical differences were
detected in regard to age, gender and smoking habits in ei-
ther the total sample (Table I) or the Caucasian subsample
(Table II).

Discussion

Many genetic polymorphisms in metabolic enzymes
are important risk factors in cancer, as has been shown in
the large number of case-control studies which have been
undertaken and the relative risk estimates have shown large
variations between such populations studies (Knudsen et

al. 2001). The GSTM1 gene acts during phase II of xeno-
biotics metabolism and its correspondent enzyme plays an
important role in detoxifying chemical compounds, includ-
ing polyaromatic hydrocarbons, such as those found in cig-
arettes, foods, pollutants, agrochemicals, chemotherapeutic
drugs and oxidative stress products (Conde et al. 1999;
Hirvonen 1995; London et al. 1995; Zhong et al. 1993b).
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Figure 1 - GSTM1 gene PCR products resolved by agarose gel electro-
phoresis. M is a 50 bp DNA Ladder and C is the Control. A 157 pb DNA
fragment can be seen in all the PCR reactions and a 230 bp DNA fragment
is only present in samples containing the GSTM1 gene.

Table I - Number of individuals and frequency (%) of the GSTM1 null genotype in the total sample according to age, gender and smoking habits.

Age Gender Smoking habits Total

17-30 31-50 >50 Male Female Non-smokers Smokers

Number of individuals 87 72 17 85 91 151 25 176

GSTM1 null frequency (%) 43.67 51.38 58.82 47.05 50.54 49 48 48.86



Brazil is a large and highly heterogeneous country in
regard to population, and differences in genic frequencies
for control populations are easily found in different regions.
The frequency of the GSTM1 null genotype (48.86%)
which we found in the 176 healthy individuals of our sam-
ple drawn from the South of the country is similar to the fre-
quency obtained by Buim (1999) and Cabral et al. (1999) in
studies with healthy individuals from the Southern and
Northern regions of Brazil as well as that obtained with
other control populations (Zhong et al. 1993b). However, a
lower GSTM1 null genotype frequency (36.9%) was re-
ported by Arruda et al. (1998) in a Brazilian control popula-
tion from the North, Northeast and Southeast.

We also analyzed the frequency of the GSTM1 null
genotype according to gender, age and smoking habits. The
GSTM1 gene was absent in 47.05% of the men and 50.54%
of the women, but this difference was not statistically sig-
nificant, this being similar to the results obtained by Ale-
xandrie et al. (1994) and Kihara et al. (1994). The
frequencies we obtained for the three age groups were
43.67% for the 17-30 group, 51.38% for the 31-50 group
and 58.82% for the >50 group. Rossit et al. (1999) in a
GSTM1 gene polymorphism study with Brazilians from
15-60 year-old, obtained a frequency of 47.7% for the null
genotype. In our study, the null genotype seems to increase
with age, although this was not statistically significant. Ad-
ditional studies are necessary to confirm this tendency be-
cause we had no individuals younger than 17 years old in
our study.

Genetic polymorphisms of metabolic enzymes have
been demonstrated as an important risk factor in the devel-
opment of cancer when combined with exposures of to-
bacco smoke (Knudsen et al. 2001). According to Kihara et

al. (1994), the development of lung cancer depends on the
smoking habit and the null GSTM1 genotype is one of the
genetic factors involved in the individual response to
smoke exposure and tumor development. Thus, the elabo-
ration of studies to determine the frequency of this gene in
control populations is of great importance to cancer preven-
tion.

Different ethnic groups show differences regarding
the presence and the absence of the GSTM1 gene which
may influence the efficiency and interpretation of epidemi-
ological studies, and because of this there is a great need to
study the frequency of this gene in different ethnic groups
(Lin et al. 1994).

The ethnic distribution of the GSTM1 null genotype
has been studied mainly in Caucasian populations and, for
this ethnic group, the frequency of the null genotype
(47.88%) obtained in our study is similar to that described
in the literature for healthy white populations of different
nationalities (Gawronska-Szklarz et al. 1999; Lin et al.
1994; Stücker et al. 1999). Nevertheless, Arruda et al.
(1998) and Gattás and Soares-Vieira (2000) have reported
the absence of the GSTM1 gene in 55% and 60.2% of Cau-
casians in populations from Southeast Brazil.

In our study, no statistical differences were found re-
garding the absence of the GSTM1 gene according to
gender, age and smoking habit among the Caucasians, cor-
roborating the results described by London et al. (1995)
who found no statistical differences for the null genotype in
respect of any of these parameters for a Caucasian popula-
tion from the USA.

The present study regarding the determination of the
GSTM1 gene frequency in a Brazilian control population is
an important contribution for future bio-monitoring studies
which aim to assess risk from exposure to xenobiotics , es-
pecially because there is little data in the literature regard-
ing Latin America populations in general and Brazilian
populations in particular. Data obtained from different re-
gions of Brazil may prove useful in explaining the different
immigration patterns that occurred in the various regions of
Brazil and for national epidemiological studies.
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