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ABSTRACT

Introduction: Breast cancer is a common disease diagnosed in Mexican women and the first leading cause of death [1].
Heterogeneity in patients’ response to treatment is consistently observed across populations. Glutathione S-transferases
(GSTs) are involved in the metabolism of environmental carcinogens, reactive oxygen species and chemotherapeutic
agents by catalyzing the glutathione with electrophilic compounds. The deletion of GSTT1 and GSTM1 genes result in
loss of enzyme activity. A few studies evaluated the response to treatment and the polymorphisms of GSTT1 and GSTM1.
The aim of this work is to make the association of the null polymorphisms of GSTT1 and GSTM1 with the response to
chemotherapy basically doxorubicin and cyclophosphamide. Methods: The genotyping of thirty patients with breast
cancer was made with the Polymerase chain reaction, to identify the polymorphisms of GSTT1 and GSTM1. We deter-
mine the status of HER-2 neu, estrogen and progesterone receptors, then the response to treatment was made with an
ultrasound and pathological data. We made the association with the yi* statistics using a p < 0.05. Results: Using the
Sigma Stat 3.5 program and the chi-squared analysis, we do not observe a significant association with the
GSTT1+/GSTM1+, GSTT1-/GSTM1+ and GSTT1-/GSTM1- polymorphisms and the better or worse response to cyclo-
phosphamide and doxorubicin. With the HER-2 neu, estrogen and progesterone receptors status, we neither found an
association with the response to the therapy. Conclusion: This study suggests that GSTT1 and GSTM1 polymorphisms
have no statistical significance between the genotype of women with advanced breast cancer and the response to
neoadjuvant chemotherapy, but we can see a clear tendency toward better response with the null genotype.
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1. Introduction
1.1. Breast Cancer

Glutathione S-transferase (GST) is a super family of
enzymes divided into two distinct groups: the membrane
bound microsomal and the cytosolic GSTs, like GSTM1,

Breast cancer is the most commonly diagnosed cancer in GSTP1 and GSTTI. It is known that they are crucial for

Mexican women and one of the principals leading cause
of death, in 2004 represented the 13.3% of deaths in
Mexico, however this pathology shows an increasing
tendency over time [1-4]. According to the histopathol-
ogy register, there were 11,242 new cases in 2002, a
higher quantity in comparison with previous years, this
means that 50 cases were diagnosed every day, and the
most dramatic situation was the advanced stage of diag-
nosis [5].
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the cell defense system. They are phase II enzymes in-
volved in conjugation of a wide range of xenobiotics [6].
GSTs are induced under conditions of oxidative stress [7],
the mechanism of detoxification is by conjugation to
reduced glutathione (GSH), a tripeptide consisting of
glycine, glutamic acid and cysteine, with electrophilic
compounds, reducing the harmful agents to lower toxic
levels and water soluble products [8-22].

GSTs exhibit genetic polymorphisms in their popula-
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tion distribution and result in GSTs null phenotypes
greatly affect the function of enzymes involved in de-
toxification of reactive metabolites such as polycyclic
aromatic hydrocarbons [23]. Interindividual variation in
GST genotype has been related to differences in the oc-
currence of a number of human malignancies including
cancer [12,24-26]. These polymorphisms may predispose
population to certain adverse drug reactions or disease
occurrence [12]. The evidence shows that GSTs expres-
sion plays an important protective effect role on deter-

minating the cytotoxicity of chemotherapeutic drugs [27].

Changes in GSTs levels have been found to correlate
with resistance to antineoplastic drugs through acceler-
ated detoxification of the drugs substrates [28].

Heterogeneity in patients’ response to chemotherapy is
consistently observed across populations and scientists
studied several genes which can be related with the indi-
vidual response for each cytotoxic agent [15, 29].

1.2. Glutathione S-Transferase T1

The GSTT1 gene is located on chromosome 22q11.22,
also due to a gene deletion, known as GSTT1*0 and is
non-functional allele [12,23,30,31].

1.3. Glutathione S-transferase M1

The GSTMI1 gene is located on chromosome 1p13.3.
GSTMI1 polymorphism and has been identified with three
different alleles (GSTM1*A, GSTM1*B, GSTM1*0). The
homozygous gene deletion is known as GSTM1*0 and
individuals with this genotype are unable to produce the
GSTMI protein. [23,32-36].

Therefore the GSTM1 and GSTT1 null alleles have
also been reported to be associated with diminished GST
enzyme activity altering response and toxicity from
chemotherapy in patients with acute leukemia, breast
cancer and metastatic colorectal cancer [15,20,31,37].

The chemotherapy exerts the antineoplastic effect by
generating reactive oxygen products (ROS) and by
products that are metabolized by different enzymes like
GSTT1 and GSTM1 [38]. As those are the proximate
cause of tumor cell death in many cases, the amounts of
reactive species that reach tumor cells and have either
direct cytotoxic effects or trigger intracellular apoptotic
pathways is likely to have impact on treatment efficacy.
Thus, interindividual variability in enzymes that will
affect ROS may have a significant impact in prognosis
after treatment [26]. The chemotherapy before surgery
has become the standard treatment in local advanced
breast cancer and has the capability to reduce the tumor
size and the micro metastasis illness

A significant proportion of breast cancer tumors are
resistant to chemotherapy agents. As a result, drug resis-
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tance has become the major cause of chemotherapy fail-
ure and is largely responsible for breast cancer mortality
[29,38].

The aim of this work is making the association of the
null polymorphisms of GSTT1 and GSTMI, the status of
HER?2, estrogen and progesterone receptors with the re-
sponse to chemotherapy, specific the treatment with
doxorubicin associated to cyclophosphamide in Mexican
women with advanced breast cancer.

2. Material and Methods
2.1. Population Characteristics

This study was submitted and approved bye the Centro
Oncologico Estatal ISSEMyM Ethics Committee, giving
the protocol number COE/CCBI-036.

The subjects of this research were thirty women diag-
nosed with advanced breast cancer documented by bi-
opsy, in stage I1IB, IIIA or IIIB, virgins to treatment at-
tended in Centro Oncologico Estatal ISSEMyM (n = 18)
and the Hospital de la Mujer SSA of D.F. (n = 12) which
needed a neoadjuvant therapy based in doxorubicin asso-
ciated to cyclophosphamide. These women signed an
informed consent form to allow us to identify genes from
peripheral blood and identify the status of Her2-neu, es-
trogen and progesterone receptors.

Tumors were characterized before treatment by the
clinical size, and TNM characteristics. All patients un-
derwent an ultrasound to determine the size and location
of tumor. A second ultrasound was made when the pa-
tients finalized the therapy to evaluate the chemotherapy
response.

All the procedures were made according to the decla-
ration of Helsinki [39].

2.2. Chemotherapy Regimen Description

All patients with the same conditions received the stan-
dard treatment that consisted in a premedication of gran-
isetron 1 mg, dexamethasone 16 mg and ranitidine 50 mg.
After these, an infusion of doxorubicin 60 mg/m?” diluted
in 250 mL of glucose solution was administrated in 60
minutes, then a solution of cyclophosphamide 600 mg/m?
diluted in 500 mL of saline solution 0.9% was adminis-
trated during 60 minutes. This cycle was administrated
four times every twenty one days.

2.3. Genotyping

Sample: 3 or 4 mL of venous blood was taken by vacu-
tainer tube with 7.2 mg of EDTA.

DNA extraction: the DNA was extracted, according to
the manufacturers recommendations for blood sample, by
using the Zymo ZR Genomic DNA II Kit.
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Polymerase chain reaction method: GSTT1 and GSTM1
genotyping were performed by a multiplex PCR Ab-
del-Rahman’s assay [40] improved for our laboratory,
with conditions of initial denaturalization of 94°C, 5
minutes; denaturalization 94°C, 45 seconds; alignment
55°C, 45 seconds; extension 72°C, 45 seconds and final
extension 72°C, 5 minutes, by 35 cycles. With a horizon-
tal electrophoresis in 2% agarose we can see the presence
of a 480 pb and a 215 pb bands corresponding to GSTT1
and GSTMI1 respectively, and a band of 320 pb corre-
sponding to CYP1A1 co-amplified in the assay and used
as an internal control. The absence of the bands of
GSTM1 or GSTT1 indicated the null polymorphisms of
these genes.

The sequence of the primer GSTT1 forward was
5’-TCA CCG GAT CAT GGC CAG CA-3’ and reverse
5-TTC CTT ACT GGT CCT CAC ATC TC -3,
GSTMI1 forward was 5'-GAA CTC CCT GAA AAG
CTA AAG C-3 and reverse 5-GTT GGG CTC AAA
TAT ACG GTG G-3’, CYP1A1 forward was 5-GTT
GGG CTC AAA TAT ACG GTG G-3’ and reverse was
5-CAG CTG CAT TTG GAA GTG CTC-3" (Sigma)
[29,23,40].

2.4. Classification of Response to Chemotherapy

The decrease in the tumor size was measured by the RE-
CIST criteria consisting in taking an ultrasound of the
affected breast before and after the treatment and classify-
ing it in complete response (CR), when the second ultra-
sound shows no evidence of tumor, partial response (PR),
when the second ultrasound showed a tumor diminished
>50% in comparison with the first, and no response (NR),
when the ultrasound showed no changes or grow in the
tumor, despite of the chemotherapy [41].

Routinely we made the immunohistochemistry for the
determination of the estrogens, progesterone and HER-2
neu receptors, with the aim of establish if the tumor has
molecular characteristics, which can deprecate in the
illness.

2.5. Statistical Analysis

Differences between categorical variables were measured
by the 4 co-relation test between the treatment response
and the polymorphisms of GSTT1 and GSTM1 using the
statistical program Sigma Stats 3.5. The results were
considered statistically significant when p values were
<0.05.

3. Results
3.1. Clinicopathological Data

The median age of patients (n = 30) was 47.96 years,
range 33 - 75. All samples were of women with infiltrat-
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ing ductal carcinoma of breast cancer, corresponded of
1IB, IIIA and IIIB stages.

3.2. GSTM1 and GSTT1 Genotype
Determination and Response to
Neoadjuvant Therapy

We were interested in the isolated and combined effects
of each gene with the clinical response. With the geno-
type GSTT1+ our findings were 53.84% of the partici-
pants with no response, 23.07% with partial and 23.07%
with complete. With the GSTT1- genotype we observed
41.17% with no response; 41.17% with partial and
17.64% with complete. We observed with the genotype
GSTM1+, 52.38% with no response, 28.57% with partial
and 19.04% with complete. With GSTM1- 33.33% with
no response, 44.44% with partial and 22.22% with com-
plete (Table 1). Analyzing the patients with the presence
of both genes, GSTT1+/GSTM1+, 61.52% showed no
response, 15.37% partial responses and 23.05% showed
complete clinical response. With both null genes
GSTT1-/GSTM1+, 50% showed no response, 37.47%
partial responses and 12.49% complete responses, with
GSTT1-/GSTM1- 33.33% showed no response, 44.44%
partial responses and 22.22% complete response. The y*
analysis, with a p < 0.05, we do not observed a statisti-
cally significant association with the isolated genes (Ta-
ble 1) and the GSTT1+/GSTM1+, GSTT1-/GSTM1+ and
GSTT1-/GSTM1- polymorphisms and the better or
worse response to cyclophosphamide and doxorubicin
(Table 2). However, we note a tendency toward better
response from women possessing at least one gene with
the null form.

In this study we found that 31.25% had the HER2-
neu(+), and 68.75%(-). A 6.25% of the patients with
HER2(+) had complete response, a 12.5% had partial
response and a 12.5% showed no response. With the re-
ceptor HER2(—) A 18.75% had a complete response, a
12.5% a partial and a 37.5% a no response. The statistical
analysis showed that this variable is not related with the
response to the treatment with a p = 0.873 (Table 3).

With regard to estrogen receptors, it has been reported
that tumors with overexpression of them, do not response
to conventional chemotherapy. It has also been shown
that tumors with lack of these receptors have more com-
plete pathological responses. In our study we found a
56.25% of women with RE(+), 18.75% of them showed a
complete response and 6.25% a partial response and
31.25% a no response. According to the RE(-), 6.25%
had a complete response, 18.75% a partial and 18.75% a
no response. With these results we confirm the behavior,
founding increase partial responses with negative estro-
gen receptors, than women who showed an overexpres-
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Table 1. Response to treatment according with each isolated
gene.

Complete Partial No response
GSTT1+ 23.07 23.07 53.84
GSTTI- 17.64 41.17 41.17
GSTMI1+ 19.04 33.33 52.38
GSTMI1- 22.22 44.44 33.33

2% p=0.607.

Table 2. Response to treatment according with the complete
genotype.

GSTT1+/ GSTT1~/ GSTT1-/
GSTMI+ GSTMI1+ GSTMI1—
Complete 23.05 12.49 22.22
Partial 15.37 37.47 44.44
No 61.52 50 33.33
response
2, p=0.188.

Table 3. Response to treatment according with the HER2-
neu, estrogens and progesterone receptors status.

Complete Partial No response
HER2-neu(+) 6.25 12.5 12.5
Her2-neu(-) 18.75 12.5 375
Estrogen(+) 18.75 6.25 31.25
Estrogen(-) 6.25 18.75 18.75
Progesterone(+) 18.75 6.25 37.5
Progesterone(—) 6.25 18.75 12.5

2p=0382

sion of them. The correlation analysis, showed no statis-
tical significance of y* (Table 3).

Taking the variable progesterone receptors, we ob-
served a 18.75% with complete response, 6.25% with
partial response and 37.5% with no response of women
whom possessed the overexpression PR(+). Women with
PR(-), 6.25% showed complete response, 18.75% partial
response and 12.5% no response. The correlation analy-
sis showed no statistical significance of »* (Table 3).

4. Discussion

The evidence suggests that the null polymorphisms of
GSTT1 and GSTMI can increment the level of DNA
damage and increase the susceptibility to breast cancer
because of the low capacity of detoxify xenobiotics such
as aromatic compounds [29].

In the case of breast cancer, a wide proportion of tu-
mors in advanced stages is resistant to antineoplastic
agents and this is responsible of death and adverse events
[20,41,42].
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Neoadjuvant therapy is the standard treatment of ad-
vanced breast cancer, because it allows the increased
conservative surgery, to measure the response and study
of the new biomarkers, which could help to meet the
apoptosis and response mechanisms [38].

Several studies have demonstrated the association of
null polymorphisms of GSTT1, GTM1 and GSTP1 and
the risk of different kind of cancers including breast can-
cer [17,31,35,36] but there are few studies that evaluated
the side effects related to these polymorphisms as we can
see in Davis et al. study (n = 306), they established that
the null genotype of GSTT1 is related with increase
therapy toxicity in patients with acute leukemia [27].
Kelly ef al. showed that null polymorphisms are associ-
ated with increased risk of development cancer and com-
plications in leukemia and mielodisplasic syndrome
treatment [33]. These results can be related with the drug
dose with increased dose the null genotype cannot detox-
ify the therapeutic agents producing adverse effects and
death like in ovarian cancer and leukemia treatment
[27,33], and with less dose, like in breast cancer therapy,
the null genotypes increased the efficacy.

Other studies evaluate the response to treatment and
the polymorphisms. Between the studies we have of
Howells et al. (n = 148), found that there was no effect
for this isolated genes, but the combined null genotype
were associated with a poor survival in women with
ovarian cancer [43].

Ambrosone et al. (n = 251), published that the null
polymorphisms of these genes and particularly, the com-
bined deletion of both genes significantly reduced hazard
of death among women who received treatment for
breast cancer. Women who were null for either GSTM1
or GSTT1 had half the hazard of death than those with at
least one allele and in comparison with those with both
genes present, women with both null genotype had
one-third the risk of death following treatment. In sum-
mary null genotypes give a better response to the therapy
versus women that have the genes present who detoxify
antineoplastic agents and reduce treatment efficacy [29].

The study of Kedhaier et al. (n = 309), showed a bor-
derline significant increase in the risk of primary breast
cancer in unselected subjects carrying null GSTTI1
polymorphisms [26]. In other study (n = 314) they evalu-
ated the clinical response with chemotherapy and the
polymorphisms between GSTT1 and GSTM1 gene dele-
tion. This evaluation indicated that only GSTT1 gene
deletion is associated with the clinical response to che-
motherapy. Although no significant association was
found between GSTM1 gene deletion and the response.
The better response to chemotherapy was observed
among GSTTI null patients, who were no treated with
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high dose therapy, and it will be a susceptibility and
prognostic of chemotherapy biological marker [17].

According to the results of the studios of Lizard-Nacol
et al. (n = 92), they demonstrated that the GSTM1 null
genotype did not differ in the breast cancer therapy re-
sponse from those with GSTM1 positive genotype. Thus,
individuals carrying the GSTMI1+ polymorphism were
no more resistant to chemotherapy than those with
GSTMI1- genotype [44].

Gor et al. (n =350), made a relation with the genotype
GSTT1 and GSTM1 and the combined genotype of both
and survival with a treatment based on cyclophos-
phamide and anthracyclines. They found that null geno-
type of GSTT1 with the SNP CYP3A4*IA had better
disease free survival and overall survival [45].

In the present study we try to determine a relation be-
tween the null polymorphisms of GSTT1 and GSTM1
and the chemotherapy response with doxorubicin and
cyclophosphamide, affecting the pathologic response to
antineoplastic drugs.

In patients with genotype GSTT1+/GSTM1+, as in the
wild genes analyzed separately, shows a strong tendency
to non-responders. This is consistent because both en-
zymes have greater capacity to detoxify the drugs used in
chemotherapy. If we examine the response of the geno-
type GSTT1-/GSTMI1+, we can see that half of the study
population did not respond to treatment, a fact that we
can correlate with previous reports which stated that the
enzyme GSTM1 has a protective effect against anthracy-
clines and alkylating agents as in the case of cyclophos-
phamide. In the case of genotype GSTT1-/GST- there is
a higher percentage of women with cancer had a partial
response, this may be due to a lack of chemotherapy cy-
cles.

An interesting fact to note is not found combined
genotype of GSTT+/GSTMI1-, that we might suggest
that within the population of the State of Mexico. Is not
common this genotype, is important to note that there are
few studies showing the frequency of this genotype in
Mexican mestizo population, however, Perez ef al. (2006)
reported a frequency of 11.3% [46], so really do not
know if this frequency is too low or if a genotype with
characteristics that may influence not to have this tumor.

Our findings do not support any statistical association
with the polymorphisms and the treatment response;
however, the small amount of our population (n = 30)
may have a little power to detect any association of
genotype-response, however, we note a tendency toward
better response from women who possessed at least one
null gene.

Another aspect that could affect our statistical signifi-
cance of the data is that we may have missed some ef-
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fects as the multidrug resistance conferred by over, low
and no expression of GSTT! and GSTMI1 polymor-
phisms (GSTT1*A, GSTTI*B, GSTT*0, GSTMI1*A,
GSTM1*B and GSTM1*0), because our genotyping as-
say could not distinguish between wild type and the other
existent polymorphisms. These have a great importance,
because it is known that individuals carried the null
polymorphism are unable to metabolize different kinds of
xenobiotic like the combined chemotherapy with doxo-
rubicin and cyclophosphamide. On the other hand, we
have individuals with another kind of polymorphism
(GSTT1*B and GSTTM1*B) whose detoxifying enzyme
activity will be decreased significantly from the wild
type [36].

We emphasize that the study in humans, is complex
because we must take into account interactions with
other concomitant drugs, diet, pollution and endogenous
substances that can create adverse reactions or can inter-
fere with chemotherapy, as in the case of cyclophos-
phamide is a prodrug and must be biotransformed to
carry out their biological action of cytotoxicity, and
whether there are other drugs that use the same enzymes
in the metabolism and can cause the final amount of
ifosfamide metabolites and nitrogen mustard that cause
action are reduced.

Regarding the status of Her2-neu, we found that over-
expression implies a poor prognosis, however patients
with this property show high sensitivity to neoadjuvant
chemotherapy based on anthracyclines and taxanes,
finding complete pathological response [48]. In our pro-
ject could not verify this, as there was no trend, probably
due to the number of cases that were classified with the
this biomarker.

With regard to estrogen receptors has been reported
that tumors with overexpression of them unresponsive to
conventional chemotherapy. It also has been shown that
tumors with ER(—) have more complete pathological re-
sponses to neoadjuvant chemotherapy than the R(+) [47].
In our study we confirm this behavior, because we found
an increase in partial responses in patients with ER(-),
compared with women who showed ER(+).

The molecular classification may be more powerful
than the histopathology, as a predictor of response ten-
dency. The identification of genetic factors as GSTT1
and GSTMI, may be done in the future, improving the
treatment and reducing the side effects with more selec-
tive chemotherapy.

5. Conclusions

In summary, this study do not support that GSTT! and
GSTMI1 genes have statistical significance between the
genotype of women with advanced breast cancer and the
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response to neoadjuvant chemotherapy with doxorubicin
and cyclophosphamide , but we can see a clear tendency
to better response with the null genes.

Larger epidemiological studies are required to clarify
the relationship between the role of GST’s polymor-
phisms and the individual pathologic response to neoad-
juvant chemotherapy with the final objective of the use
of these genes as potential response biomarker predictors
for breast cancer treatment outcomes with antineoplastic
drugs.

6. List of Abbreviations

ER: Estrogen receptors
HER2-neu:
GST: Glutathione S-transferase
GSTM1: Glutathione S-transferase mu 1
GSTT1: Glutathione S-transferase theta 1
ROS: Reactive oxygen products
pb: pair of bases
PCR: Polymerase chain reaction
PR: Progesterone receptors
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