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Abstract
PURPOSE: This study aimed to evaluate the frequency of homozygous deletion of GSTM1 and GSTT1 genes and their 
combinations between patients with breast cancer and healthy individuals, associating them with disease susceptibility. 
METHODS: This is a case-control study in which 49 women diagnosed with breast cancer confirmed by pathological 
examination and 49 healthy women with no evidence of cancer and no prior family history of breast cancer were 
invited to participate. All of them answered a questionnaire with epidemiological data and were submitted to blood 
sample collection. Genomic DNA was extracted from blood, and genotyping was performed by polymerase chain 
reaction. Data were analyzed with SPSS 20.0. RESULTS: The frequency of null alleles for GSTM1 and GSTT1 was 
58.8 and 61.7%, respectively, for patients with breast cancer, and 41.2 and 38.3%, respectively, in control patients. 
In homozygous deletion of the GSTM1 gene, a significantly higher frequency was found in the breast cancer cases. 
CONCLUSION: Breast cancer patients presented higher frequency of homozygous deletion of the GSTM1 gene 
compared with the control group.

Resumo
OBJETIVO: Este estudo teve como objetivo avaliar a frequência de deleção homozigótica dos genes GSTM1 e GSTT1 
e suas combinações entre os pacientes com câncer de mama e indivíduos saudáveis​​, associando-se a suscetibilidade 
à doença. MÉTODOS: Este é um estudo de caso-controle, no qual 49 mulheres diagnosticadas com câncer de 
mama confirmado por exame anatomopatológico e 49 mulheres saudáveis​, sem evidência de câncer e sem história 
familiar prévia de câncer de mama, foram convidadas a participar. Todas responderam a um questionário com dados 
epidemiológicos e foram submetidas à coleta de sangue. O DNA foi extraído a partir de sangue, e genotipagem 
foi realizada por reação em cadeia da polimerase. Os dados foram analisados ​​com o SPSS 20.0. RESULTADOS: 
A frequência de alelos nulos para GSTM1 e GSTT1 foi de 58,8 e 61,7%, respectivamente, para as pacientes com 
câncer de mama, e 41,2 e 38,3%, respectivamente, em pacientes do grupo controle. Em deleção homozigótica 
do gene GSTM1, uma frequência significativamente maior foi encontrada nos casos. CONCLUSÃO: Pacientes com 
câncer de mama apresentam uma maior frequência de deleção homozigótica do gene GSTM1 quando comparadas 
com o grupo controle. 
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Introduction

Breast cancer is now the most common cancer both 
in developed and developing regions with 690,000 new 
cases estimated in each region (population ratio 1:4). 
Incidence rates vary from 19.3 per 100,000 women in 
Eastern Africa to 89.9 per 100,000 women in Western 
Europe, and are high (greater than 80 per 100,000) in 
developed regions of the world (except Japan)1.

A total of 49,240 new cases of breast cancer were 
estimated for Brazil in 2011, and Rio Grande do Sul is 
one of the states with the highest estimate in the country, 
with 81.57 cases per 100,000 women2.

However, breast cancer can also be considered to be 
sporadic, representing more than 90% of cases worldwide. 
Clinical, epidemiological and experimental studies have 
shown that the risk of developing sporadic breast cancer 
is related to the production of sex steroids. Thus, the 
endocrine conditions modulated by ovarian function, 
such as early menarche, late menopause and pregnancy, 
as well as the use of exogenous estrogens, are important 
components of the risk of developing breast cancer3.

In recent years, there have been great advances in the  
knowledge of genetic polymorphisms that affect both  
the enzymes involved in activation and detoxification of 
certain chemotherapeutic agents as well as molecular targets 
involved in cancer treatment. A correct identification of 
patients with the hereditary forms of breast cancer and a 
molecular approach for detection of associated mutations 
are still a challenge in the genetic context worldwide. Thus, 
there is a constant interest to study gene polymorphisms 
that may be associated with the disease4. 

The glutathione S-transferases (GSTs) are a fam-
ily of Phase II intracellular enzymes that catalyze cell 
detoxification, protecting them from attack by reactive 
electrophiles harmful to cells, also known as xenobiot-
ics, thus preventing possible damage to cellular DNA. 
This detoxification occurs through a combination of 
glutathione (GSH) with a wide variety of endogenous 
and exogenous electrophilic compounds5,6. Therefore, it 
is possible to suppose that the lack of these genes may 
increase the risk of developing neoplasia7,8. 

The GSTT1 and GSTM1 genes, which belong to the 
family of GSTs, encode the major proteins involved in 
the conjugation of the substrates that are toxic to cells. 
Both genes are highly polymorphic and can be present 
or deleted in homozygous form9,10. Women with deletion 
of these genes have a three-fold higher risk of developing 
breast cancer11.

The GSTT1 (AB057594) gene is located on chro-
mosome 22q11.23, has 8,146 base pairs and consists of 
5 exons and 4 introns that encode a protein with 240 
amino acids. This gene has important differences in its 

catalytic activity when compared with others in the GST 
family and is considered one of the oldest members of 
GST family10. The GSTM1 gene (AY532926) is located on 
chromosome 1p13.3 and has 657 base pairs. Individuals 
with the homozygous null genotype for GSTM1 and 
GSTT1 do not express these proteins. Thus, the absence 
of these genes can result in an increased accumulation of 
reactive metabolites in the body, increasing the likelihood 
of interaction with cellular macromolecules and initiate 
the tumorigenesis process12.

However, this study aimed to assess the frequency of 
homozygous deletions of GSTT1 and GSTM1 genes in 
women with breast cancer and in women without breast 
cancer, and to verify whether the occurrence of deletions 
is associated with clinical factors, sporadic or familial 
breast cancer and with increased susceptibility to breast 
cancer development. 

Methods

Study design and patients
We conducted a case-control study in which the 

population consisted of 49 women diagnosed with breast 
cancer (cases), confirmed by pathological examination, 
with or without immunohistochemistry, treated at the 
Center for Integrative Oncology (COI) of Hospital Ana 
Nery, and 49 healthy women (controls) with no evidence of 
cancer and no prior family history of breast cancer seen at 
the Integrated Health Service (SIS) at University of Santa 
Cruz do Sul (UNISC) ​​during gynecological examinations 
routine, in Santa Cruz do Sul (RS), Brazil.  The sample was 
included by convenience. Data collection occurred from 
March to August 2011. Both groups were matched for 
age. The women were invited to participate in the study 
and agreed by signing the Free and Informed Consent 
Form (FICF). This work is in accordance with resolution 
196/96 and was approved by the Ethics Committee (CEP-
UNISC) under protocol number 2730/2010. 

Both groups, cases and controls, answered an epi-
demiological questionnaire with information related to 
smoking, oral contraceptive use, use of hormone replace-
ment therapy in postmenopausal women, age (years), age 
at menarche, age at menopause, age at first pregnancy, 
duration of breastfeeding, and history of another cancer 
in the family; additionally, the case group had their 
medical files reviewed to extract information such as 
age of diagnosis of breast cancer, disease stage, type of 
treatment received (chemotherapy, radiotherapy and/or 
hormone therapy) and therapeutic regimen, when they 
received chemotherapy. 

Regarding the presence of family history of breast 
cancer, all women who reported a family history of either 
first or second-degree relatives formed a sub-group of 
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familial breast cancer cases. The others, who reported 
no relatives with the disease, were included in the sub-
group of sporadic cases of breast cancer. Both sub-groups 
belonged to the case group.

Molecular analysis 
All women underwent a peripheral blood sample col-

lection for genetic analysis in the Laboratory of Genetics 
and Biotechnology of UNISC. Genomic DNA was ex-
tracted from peripheral blood leukocytes by the salting-
out method13. The homozygous deletion of GSTM1 and 
GSTT1 genes was verified by Polymerase Chain Reaction 
(PCR), including the GSTP1 gene amplification as an 
internal control of the PCR reaction, and genotypes 
were considered to be present only when the band of the  
corresponding fragment was identified along with  
the control amplification band.	

Multiplex PCR was carried out in a mixture of 
2.5 mL of DMSO, 5 mL of Buffer 10x Taq buffer with 
(NH

4
)
2
SO

4
, 2.5 mM of MgCl

2
, 2.5 mM of dNTPs, 0.8 

pMol of each primer, 100 ng of genomic DNA and 3U of 
Taq DNA polymerase (Fermentas®) for a 50 μL reaction. 
The reaction involved initial denaturation of 5 minutes 
at 95°C, 6 cycles of Touchdown (decreasing 1°C/cycle at 
annealing temperature) at 94°C for 1 minute, 59–54°C 
for 2 minutes, 72°C for 1 minute, followed by 30 cycles 
of 94°C for 1 minute, 55°C for 1 minute, 72°C for 1 
minute with a final extension at 72°C for 5 minutes. 

The presence or absence of GSTT1 and GSTM1 was 
detected by the presence or absence of a fragment of 419 
and 215 bp, respectively. The size of the generated frag-
ment corresponding to the internal control of the reaction 
(GSTP1) was 176 bp and was present in all amplifica-
tions. The following primers were used: 5’-GGT GGA 
AGG GAC AAG GTA GT-3’ and 5’-TAA AGT GCT 
GAC CTG GGA AG-3’ for GSTT1, primers 5’-GAA  
CTC CCT GAA AAG CTA AGC-3’ and 5’-GTT GGG 
GCT CAA ATA TAC GGT GG-3’ for GSTM1 and 
primers 5’-ACC CCA GGG CTC TAT GGG AA-3’ and 
5’-TAG GGG CAC AAG AAG CCC CT-3’ for GSTP1. 
After electrophoresis on 2% agarose gel containing 5 
mL of Ethidium Bromide, the fragments were visualized 
on an ultraviolet transilluminator and compared with 
molecular weight marker (50 bp, Ludwig, Biotec Ltd., 
Porto Alegre, RS) (Figure 1).

Data analysis
Information from questionnaires and laboratory 

tests were categorized, coded, entered and analyzed in a 
database constructed ​​through the Statistical Package for 
Social Sciences (SPSS) software, release 20.0 (SPSS Inc., 
Chicago, USA). Descriptive statistics and univariate 
comparisons were performed. In the bivariate analyses,  

χ2 or Fisher’s exact test were used to verify the presence of 
associations between data regarding differences between 
proportions, and Student’s t-test was used for differences 
between means. Differences were considered significant 
if the p-value did not exceed 0.05. Odds ratios (OR) and 
95% confidence intervals (95%CI) were also calculated.  

Results

Epidemiological analysis 
A total of 98 women (49 cases and 49 controls) 

were enrolled in this study. The mean age at the time 
of sample collection of patients included as cases was 
54.9 years (±10.9), ranging from 36 to 82 years and the 
mean age of patients enrolled as controls was 53.8 years 
(±10.1), ranging from 35 to 83 years. Regarding ethnic-
ity, 77.6 and 85.7% were white, respectively, in cases 
and controls. Among the women who had no children, 
the frequency of breast cancer was 87.5%. Other factors 
such as smoking, use of hormone replacement therapy 
and contraceptive use were not associated with risk of 
breast cancer (Table 1). 

The mean age at the diagnosis of breast cancer 
was 52.5 years (±10.9) ranging from 33 to 80 years 
old. More than 55% of the patients had their diagnosis 
after 50 years old. Only 18.4% of the patients were 
diagnosed in Stage I, whereas 20.4% of the patients 
were diagnosed in Stage IV. Of all the 49 patients with 
breast cancer in the study, only 3 (6.1%) did not undergo 
chemotherapy. The most commonly used regimens were 
ACD (Adriamycin®, cyclophosphamide, docetaxel) and 
FAC (Fluorouracil, Adriamycin®, cyclophosphamide) in 
32.6 and 30.4% of the women, respectively, followed by 
ACT (Adriamycin®, cyclophosphamide, Taxol®) and AC 
(Adriamycin®, cyclophosphamide) in 17.4 and 10.9%, 
respectively. The remaining 8.7% were treated with 
Xeloda® and CMF (cyclophosphamide, methotrexate 
and fluorouracil). Regarding the tumors, approximately 
71.5% of the patients had estrogen-positive receptors, 
and, consequently, it was possible to use drugs that 

Figure 1. Electrophoresis of GSTP1, GSTM1 and GSTT1. Identified frag-
ments were: 170, 215 and 419 bp of GSTP1, GSTM1 and GSTT1 
genes, respectively. 1: molecular weight (50 bp); 2-6: samples; 7: 
negative control 

250 pb
419 pb

215 pb
170 pb
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were potentially blocking for these receptors, such as 
Tamoxifen, which was used for 88.6% of the patients 
with this status.  

Analysis of genes GSTT1 and GSTM1
The frequency of homozygous deletion of GSTM1 

and GSTT1 genes among the 98 patients was 17.3 and 
47.9%, respectively. The deletion of the isolated or com-
bined genes in the different groups, cases and controls, 
can be seen in Table 2. No association was found between 
the pattern of gene deletions with age at diagnosis, nul-
liparity, smoking, oral contraceptive use, tumoral stage, 
familiar history and breastfeeding duration.

We observed that the homozygous deletion of GSTM1 
gene was significantly associated with the development 
of breast cancer when compared with controls (Table 2).  
A total of 7 (7.1%) women had double deletions; of these, 
5 (71.4%) had breast cancer. Among the 17 (34.7%) 
patients with a family history of breast cancer, 4 (23.5%) 
and 7 (41.2%) had a deletion of the GSTM1 and GSTT1 
genes, respectively. 

Discussion

Worldwide, epidemiological and molecular studies 
have been performed in order to better understand the 
development of breast cancer. Risk factors related to 
hormones, such as age at menarche, menopause and first 
pregnancy may influence the development of this disease 
due to the time of exposure to endogenous estrogen. 
Moreover, factors such as use of oral contraceptives and 
hormone replacement therapy have shown an increased 
exposure to exogenous estrogen10. However, in the study 
population, these characteristics were not classified as 
being a risk for the development of breast cancer, with 
similar results having been reported by Saxena et al.14.

Several studies have reported that the risk of breast 
cancer increases with age due to the longer exposure to 

Table 1. Associated clinical characteristics as risk factors for breast cancer in cases and controls

Risk factors Cases 
n       %

Controls 
n       %

Total
n       % p-value OR (95%CI)

Smoker
Yes*
No

 
15      46.9
34      51.5

17      53.1
32      48.5

32      32.7
66      67.3

 
0.8 0.8 (0.3–2.10)

Oral contraceptives
Yes
No

40     49.4
9      52.9

41    50.6
8      47.1

81      82.6
17      17.3

1.0 0.8 (0.2–2.77)

Hormonal replacement 
Yes
No

5       41.7
44      51.2

7        58.3
42      48.8

12      12.2
86      87.8

0.7 0.6 (0.1–2.65)

Age at menarche (years)**
≤10 
11–13 
≥14 

2        50.0
28      52.8
19      48.7

2      50.0
25      47.2
20      51.3

4          4.1
53      54.1
39      39.8

0.9 –

Age at menopause (years)***
Pre-menopause
≤45
46–50
>50

 
10    38.5
6      35.3
9      52.9
7      38.9

 
16      61.5
11      64.7
8        47.1
11      61.1

26      26.5
17      17.3
17      17.3
18      18.4

0.7 –

Pregnancy
Yes
No

42    46.6
7      87.5

48       53.4
1        12.5

90      91.8
8       8.2

0.06 8.0 (0.9–180.16)

Breastfeeding
Yes
No

38      46.3
11      68.8

44     53.7
5       31.3

82      83.7
16      16.3

0.08 0.3 (0.1–1.23)

Family history of another type of cancer
Yes
No

28       51.9
21       47.7

26       48.1
23       52.3

54      55.1
44      44.9

0.8 1.1 (0.49–2.83)

*All reported smoking for more than ten years; **it was necessary to exclude two control patients due to lack of information; ***patients who do not know their menopausal 
status due to surgical removal of the uterus or amenorrhea caused by chemotherapy medications.

Table 2. Frequency of homozygous deletion of GSTM1 and GSTT1 genes in cases and controls

Case
n (%)

Control
n (%)

Total
n (%) OR (95%CI) p-value

GSTT1 

   Absent
   Present

10 (58.8)
39 (48.1)

7 (41.2)
42 (51.9)

17 (17.3)
81 (82.7)

1.5 (0.5–4.4) 0.59

GSTM1
   Absent
   Present

29 (61.7)
20 (39.2)

18 (38.3)
31 (60.8)

49 (50.0)
49 (50.0)

2.4 (1.1–5.6) 0.04

GSTM1 + GSTM1
   Absent 5 (71.4) 2 (28.6) 7 (7.1) 2.6 (0.4–14.48) 0.4
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endogenous hormone; therefore, it is a relatively rare 
disease before 35 years of age2. Regarding ethnicity, in 
this study, 77.6% of the women with breast cancer were 
Caucasians; these results corroborate others described 
in the literature, indicating that Caucasian women are 
at higher risk of developing breast cancer14-16. 

Nulliparity and late primiparity have been described 
by several authors as risk factors for breast cancer develop-
ment, for the onset of the first pregnancy helps the breast 
cell maturation process, making them potentially more 
protected against the action of carcinogens. Furthermore, 
there are indications of the important benefits of breastfeed-
ing for women’s health, resulting in a lower risk of breast 
cancer17. In this study, 87.5% of the nulliparous women 
had breast cancer. We are not be able to identify if the 
nulliparity was due to the illness or due to the treatment. 
A case-control study carried out with an Indian popula-
tion that investigated 413 cases of breast cancer and 410 
controls showed that the risk of breast cancer was lower 
among women who had had at least one pregnancy14. 

Moraes et al.18 studied a population of women with 
breast cancer in the central region of Rio Grande do Sul 
and found that approximately 69.6% of the patients had 
tumors with positive estrogen receptors. Another study 
showed that 60.9% of the tumors had estrogen receptors19. 
The present study showed similar results, in which 71.5% 
of the patients had estrogen receptors in their tumors. It is 
extremely important to verify the presence of receptors to 
establish a correct treatment approach, as the tumor with 
estrogen receptors develops more rapidly in the presence 
of the hormone, which acts as a potent promoter of mitosis 
in cancer cells. Thus, it is necessary the use of drugs to 
competitively block these receptors, such as Tamoxifen, 
thereby preventing tumor growth and recurrence, as the 
treatment is long and can last up to five years19.

The homozygous deletions of GSTM1 and GSTT1 
genes are common and result in a complete loss of enzy-
matic activity, so that individuals who carry them are more 
susceptible to developing diseases related to exposure to 
carcinogens10,20. The present study disclosed absence of 
GSTM1 and GSTT1 genes in 17.3 and 47.9% of the study 
participants, respectively. According to Reis, GSTM1 
and GSTT1 genes have polymorphisms of which 10 and 
50% respectively of the individuals in several populations 
have homozygous deletion21. Anton et al.22 verified the 
presence of GSTM1 and GSTT1 gene polymorphisms in 
a population similar to that evaluated in this study and 
found that 44.4% of the women had homozygous dele-
tion of GSTM1 and 46.3%, of GSTT1. The difference 
in the frequency of the GSTT1 deletion may be related 
to the number of investigated subjects, and especially 
with the methodology used in this study, which differed 
by the absence of an internal control in the PCR. 

In this study, the women with a higher propor-
tion of deletion of the GSTM1 and GSTT1 genes, 
58.8 and 61.7%, respectively, had breast cancer. 
Women with deletion of these genes have a three-fold 
higher susceptibility to breast cancer, especially in 
the premenopausal period11. Some authors found no 
significant association between the isolated deletion 
of GSTM1 and GSTT1 genes and the risk of breast 
cancer21,22. Morais et al.7 found approximately 35% 
of cases with GSTM1 gene deletion and only 14% of 
the GSTT1 gene, but could not associate the deletion 
with the risk of breast cancer.

Hayes and Pulford23 suggest that individuals with 
homozygous deletion of GSTs, mainly the GSTM1 gene, 
have a high risk of developing several types of cancer.  
In this study, the homozygous deletion of GSTM1 gene in  
the case group, irrespective of familial and sporadic cases, 
was associated with susceptibility to breast cancer. The 
absence of GSTM1 gene was also associated with the 
risk of developing breast cancer in other studies12,24. On 
the other hand, Khedhaier et al.25 found no significant 
difference between cases and controls in a Tunisian 
population, when correlated to the absence of this gene. 
These differences in results between the studies may be 
explained by variations in sample size, differences in 
study populations, inclusion criteria for controls, envi-
ronmental factors, dietary habits and the methodology 
used for genetic analysis. 

Chen et al. carried out a meta-analysis of 17,254 
cases and 21,163 controls and observed that the risk of 
breast cancer was significantly higher when associated 
with the absence of GSTT1 gene24. However, few studies 
have associated GSTT1 gene deletion with an increased 
risk of cancer susceptibility14,22.

Anton et al.22, when analyzing a population from 
Santa Cruz do Sul, found that of the total number of 
women who had double homozygous deletion of genes 
GSTM1/GSTT1, 70% were breast cancer patients, show-
ing that the double homozygous deletion is associated 
with susceptibility to breast cancer. In this study, the 
frequency was similar (71.4%), although there was no 
statistical association between the double deletion with 
susceptibility to breast cancer. This difference in results 
is probably related to the difference obtained in the fre-
quency of GSTT1 gene deletion, which was higher in the 
study by Anton et al.22, when compared to the frequency 
observed in the present study. Khedhaier et al.25 could 
not associate the double deletion with breast cancer, but 
observed that the deletion was higher in cases than in 
controls, which is in agreement with what was observed 
in the present study.

If the exogenous factors that increase the risk of breast 
cancer can be avoided in individuals with susceptible 
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genotypes, then, potentially, a significant proportion of 
breast cancer cases can be prevented14. 

The results of this study suggest that the homozygous 
deletion of GSTM1 gene is associated with an increased 
susceptibility to breast cancer in this population. However, 
further studies are important, including one with a larger 
population, so these findings can be confirmed. 
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