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Environmental related diseases due to occupational carcinogens and 
toxic substances are a serious problem particularly in developing coun- 
tries. The glutathione S-transferase system is fundamental for the 
detoxification of numerous carcinogens and mutagens. The individual 
inherited susceptibility to chemical carcinogenesis due to glutathione 
S-transferase mu (GSTMl) and theta (GSTTl) varies significantly 
among distinct ethnic groups. In this study we determined the preva- 
lence of the null genotype of the GSTMl and GSTTl genes among 
individuals from three distinct Brazilian racial groups using a multi- 
plex-PCR methodology. The results showed that the highest prevalence 
of the null genotype for the GSTMl occurred among Caucasians (55%, 
allele frequency = 0.74), followed by 33% among Brazilian Black sub- 
jects (allele frequency = 0.57). and 20% among Amazonian Indians (al- 
lele frequency = 0.45). For GSTTl a homogenous distribution of the 
null genotype was found among Caucasian and African descendants 
(18.5 and 19% homozygotes, respectively, allele. frequency = 0.43). with 
a lower prevalence among Amazonian Indians (1 1% of homozygotes, 
a!lele frequency = 0.34). Whether the deficiency of the GST system con- 
tributes to a predisposition to environmental related carcinogenesis in 

I specific popuiations in Brazil remains to be determined. 

The development of neoplasia is a multistep pro- 
cess which involves accumulated genetic mutations 
and environmental factors (1 -4). Certain human 
cancers are initiated by environmental chemicals 
acting as carcinogens or increasing the somatic 
mutation rate (3). Genes which encode the en- 
zymes of glutathione S-transferase (GST) system 
involved in the metabolism of xenobiotics are 
known to be polymorphic in the general popula- 
tion (5-7). 

The GST system is a family of dimeric proteins 
which are capable of conjugating electrophilic 
molecules with glutathione reducing them to less 
toxic levels (8). In mammalians, GST genes encode 
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roteins identified as soluble GSTs: 
alpha, mu, pi, and theta. GST mu 1 (GSTM1) and 
theta 1 (GSTT1) are polymorphic proteins in hu- 
man beings (9, 10). 

The molecular characterisation of the GSTM 1 
and T1 polymorphisms revealed a gene deletion 
resulting in a null genotype leading to a func- 
tional deficiency in GSTMl and TI activity, re- 
spectively. The homozygotes for the null 
genotype of GSTMl has been described in 40- 
50% of Caucasian individuals and for GSTTl in 
16-24% (11-15). However, an ethnic variation in 
the prevalence for both null genotypes has been 
reported (1 1, 16- 18). 

21 0 



GST genotypes in Brazilian populations 

The incidence of various cancers has been asso- 
ciated with being homozygous for the GSTM 1 null 
alleles. A particularly strong association has been 
described for colon, and bladder cancers (19) as 
well as for an increased susceptibility to lung, 
stomach, and skin cancers (10). Although less is 
known about the homozygosity for the null allele 
of GSTT1, a higher incidence was found among 
patients with myelodysplastic syndromes (13), and 
a possible early onset of colon cancer has been 
described (14). 

Cancer is the second most common cause of 
death in south-eastern Brazil (20) and environmen- 
tal related diseases due to occupational carcino- 
gens and toxic substances have been previously 
described (2 1-23). The susceptibility of individuals 
to chemical carcinogenesis varies significantly and 
the ethnic distribution of these polymorphism 
could be interesting in order to identify the popula- 
tion with a high risk for developing cancer. 

The ethnic origin of the Brazilian population is 
highly heterogeneous and is composed of immi- 
grants from Europe, Africa, Asia, and indigenous 
populations. In this study we determined the 
prevalence of homozygotes for the null alleles of 
the GSTM1 and GSTTl among individuals from 
three distinct racial groups in Brazil. 

Material and methods 
Diagnosis of GSTM1 and GSTTl gene deletion by 
multiplex-PCR 

Genomic DNA was obtained from peripheral 
blood samples from all groups and the samples 
from newborns were collected from umbilical cord 
vein by the standard method (24). 

The GSTMI and GSTTl genes were amplified 
by polymerase chain reaction (PCR) in the same 
rea$tion, including the amplification of the /I- 
globin gene as a control of the DNA samples (25). 
It was not possible to amplify the null alleles using 
this technique as they presented a gene deletion. 
The multiplex-PCR was carried out in a mixture of 
10 mM Tris-HC1, pH 8.4, 3 mM MgCl,, 50 mM 
KCI, 0.4 mM of each nucleoside triphosphate, 500 
ng of genomic DNA and 2 U Taq polymerase. The 
reaction involved 30 cycles of incubation at 95°C 
(1 min), 62°C (1 min) and 72°C (1 min). For the 
GSTM1 gene amplification a fragment of 273 bp 
was obtained using 400 ng of each primers as 
described (26): sense (5’-CTGCCCTACTTGATT- 
GATGGG-3’) and antisense (5’-CTGGATTG- 
TAGCAGATCATGC-3’). A fragment of 480 bp 
of the GSTTl gene was observed using the primers 
described previously .(7): sense (5’-TTCCTTA- 
CTGGTCCTCACATCTC-3’) and antisense (5’- 

TCACCGGATCATGGCCAGCA-3’). The frag- 
ment of the 630 bp corresponding to a fragment of 
the p-globin gene including the exon 3 and in- 
tronic sequences of introns 2 and 3 were amplified 
for the DNA control (Fig. 1). 

Selections of groups 

Three major ethnic groups which represent the 
Brazilian population were studied. The first group 
comprised 79 Amazonian Indians from the Tupi 
tribe named ParakanB; including 39 males and 40 
females, median age of 32.9 years (ages ranging 
from 14 to 70 years). The samples were collected 
from different villages from Oriental Amazon dur- 
ing the control of viral hepatitis by MC Soares and 
R Menezes. 

The second group consisted of 1 17 (97 males and 
20 females) Black Brazilians used as controls, ages 
ranging from 12 to 60 years with median age of 33 
years. This group comprised the students and staff 
of laboratories from the Federal University of 
Bahia, and the samples were collected in north- 
eastern Brazil (State of Bahia), by MS Goncalves, 
where the majority of the population is of African 
descent. 

The third group comprised 130 individuals from 
Caucasian descendants (68 males and 62 females), 
median age of 33.8 years (ranging from 19 to 62 
years). The samples were collected from the labo- 
ratory staff, students, physicians from the State 
University of Campinas, in south-eastem Brazil 
(State of SBo Paulo), ages ranging from 19 to 62 
years with median age of 33.8 years. We included 
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Fig. 1. Multiplex-PCR for detection of homozygous null alle- 
les of glutathione S-transferase mu (GSTM1) and theta 
(GSTT1). Ethidium bromide-stained 2% agarose gel showing 
PCR products of 273 and 480 bp corresponding to the normal 
presence of the allele of GSTMl and GSTTI genes, respec- 
tively. The PCR fragment of 630 bp was obtained from the 
p-globin gene as a control of the DNA sample. Line 1 is the 
DNA size marker 4x174 Hind111 digested. In lines 4, 5, 6, and 
7 are shown the results from individuals with normal GSTMl 
and T1 alleles. In lines 2 and 3 are shown the individuals with 
a homozygous deletion of the GSTMl alleles and in line 8 a 
homozygous deletion of the GSTTl. 
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Table 1. Prevalence of homozygoity for the null allele of GSTMl and GSTT1 among Brazilian wpulations 

Ethnic groups 

Caucasians (n = 130) Blacks (n = 117) Indians (n = 79) 

GSTMl null alleles 55% 33% 20% 

Allde frequency 0.74 0.57 0.45 

GSlTl null aJleles 18.5% 19% 11% 

95% Confidence interval (45.6-63.2) (25.0-42.7) (12.3-31.0) 

95% Confidence interval (12.4-26.4) (1 2.4-27.3) (5.6-21 .O) 
AUde frequency 0.43 0.43 0.34 
Combined null alleles (GSTM1 -GSTTl) 11% 5% 5% 
Allele frequency 0.33 0.22 0.22 

in the latter group those without a known admix- 
ture of races in the last three generations, and 
whose ancestors were from Italy, Spain, Portugal, 
Austria and Germany. 

General population 

The general population was represented by 296 
consecutive newborns from the same University 
Hospital in order to provide a representative group 
of the general population that seeks medical assis- 
tance in this region. 

Statistical analysis 

The statistical significance of the differences be- 
tween groups was calculated by chi-square or 
Fisher exact tests. The 95% confidence intervals 
were calculated with the use of Epi Info (27). The 
allele frequency was estimated according to Hart1 
and Clark (28). 

Results 

As shown in Table 1 the distribution of ho- 
mbzygotes for the null allele of the GSTM1 among 
the three distinct ethnic groups studied was highest 
among Caucasian descents (55%). Comparison of 
the results between Caucasian and Black popula- 
tions (xfl, 11.29; p=O.oooO), or between Cau- 
casian and Indians kt!) 23.76; p = O.oo00) as well 
as those between Indian and Black populations 
(xt , ,  4.00; p = 0.04) showed a highly heterogeneous 
distribution of the null alleles of the GSTM1. The 
analysis of the results obtained for the ho- 
mozygotes for the null allele of GSTT'l revealed a 
uniform distribution among distinct ethnic groups. 
No difference, at a statistical level, was observed in 
the prevalence for the homozygotes for GSTTl, 
even when we compared Caucasian and Indian 
populations (x: , )  1.85; p = 0.16). The combined 
null genotype of both genes (GSTM1 and GSTT1) 
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was observed in 11% among Caucasians and 5% 
among Blacks, and indigenous populations. 

In the general population, the number of indi- 
viduals homozygous for the null allele of the 
GSTM1 and GSTI'1 was 36.9 and 17.7%, respec- 
tively. Combined homozygotes for null alleles was 
found in 5% of the samples. ' 

Discussion 

The null genotypes for GSTMI and GSTTI sys- 
tems have been described as a high risk factor for 
developing cancer (10- 19, 29). Health complica- 
tions due to occupational carcinogen exposure as 
well as due to the use of agricultural toxins have 
been described in Brazil (21,23), but have not been 
monitored as a serious environmental health prob- 
lem (30). The search for an inherited cancer sus- 
ceptibility to environmental risk factors could be 
interesting particularly in this population. 

In this study, we determined a high prevalence 
of homozygotes for the null allele of the GSTM1 
among individuals from Caucasian descendants 
(55%, allele frequency = 0.74), which is in accor- 
dance with data described elsewhere (10-14). For 
the null alleIes of the GSTTI, a prevalence of 
18.5% was found in this group in accordance with 
the majority of data obtained among Caucasians 
ranging from 15 to 24%. Among the Black popula- 
tion from Brazil the prevalence of homozygotes for 
null alleles of both GSTM1 (33%) and GSTTl 
(19"/0) genes is similar to that reported among 
African-Americans (1 1, 16). The Brazilian Black 
group also originated from Africa due to slave 
trading mainly from Angola, Congo, and Mozam- 
bique (31) and differs from the group previously 
studied. These data suggest a uniform distribution 
of the null aIleles of GSTMl and GSTTl among 
African descendants. 

The lowest prevalence of 20% for the null geno- 
type for GSTMl was observed among indigenous 
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populations, and llYo for the GSTTl null alleles. 
The southern American Indians are probably re- 
lated to Oriental populations and descendants of 
migration originated in north-east Asia and enter- 
ing America through the Bering Strait (32). The 
Parakana represent a population almost unaffected 
by the civilised society with which they have only 
recently established regular contacts. No European 
or African blood groups were found in persons 
born before 1974 (33). However, when we com- 
pared the data obtained among Indians to that 
described among Oriental decendants a much 
lower prevalence was observed for both GSTM1 
null alleles (20% vs 40-45%) and GSTTl alleles 
(1 1% vs 6O0/) (16, 17). It is possible, however, that 
marriage between closely related partners with a 
high consanguinity could contribute to this lower 
incidence. Supporting this finding is the fact that 
the frequency of both alleles observed (0.22) in the 
Indians was higher than the expected (0.15) fre- 
quency. A combined analysis of both null geno- 
types revealed a higher prevalence of 11% among 
Caucasians in this study compared to data in other 
Caucasians (British, 5.4yo and North Americans, 
6.3%) (12, 34). 

An increased risk for developing cancer due to 
an interaction between both deleted genes of the 
GST system remains to be determined. Adrenocor- 
tical carcinoma occurs with high frequency in 
southern Brazil (35)) and Wilms’ tumor rates in 
Brazil are among the highest in the world (36). 
Whether the deficiency of the GST system may 
contribute to a predisposition to environmental 
related carcinogenesis in certain populations in 
Brazil remains to be determined. 
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