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Exposure to anticancer agents such as cyclophosphamide and adriamycin promote the expression and
synthesis of gene products whose function is cell protection, such as the family of isoenzymes of
glutathione S-transferase, involved in Phase Il detoxification of xenobiotics by glutathione conjugation.
Response to the treatment is uncertain and different for each patient. Our objective was to determine
total GST and GSTT1 enzyme activity induced by the treatment in women with breast cancer and the
variability of the response. In 22 women with breast cancer, the total GST and GSTT1 enzymatic activity
before and after treatment. The magnitude of enzymatic activity was different in each patient before and
after treatment. The value of the median of total GST enzyme activity before treatment was 2.425
pmol/min/mL and after 3.253 pymol/min/mL, it was significantly different, p<0.05. For GSTT1 the median
values of enzymatic activity before and after treatment were 0.015 and 0.021 pmol/min/mL, respectively,
it was significantly different, p<0.05. Adriamycin and cyclophosphamide induce the expression of GST
isoenzymes by increasing the enzymatic activity after treatment. The heterogeneity of enzymatic
activity as a treatment response shall be considered for its prescription.
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INTRODUCTION

Cancer arises from the accumulation of genetic and Breast cancer is a serious threat to the health of
epigenetic alterations. Amplification of protooncogenes women worldwide, each year more than 10 million
and chromosomal material loss can cause loss in cell women are diagnosed with this condition and about 7
cycle control, avoidance of DNA repair and apoptosis, million die directly or indirectly due to this neoplasia. In
allowing uncontrolled cell replication (Meza et al., 2006). 2005, 4,206 deaths were reported in Mexico from breast

cancer, this means that 12 Mexican die every day. It is
estimated for 2020 an increase of close to 16,500 new
cases (Knaul et al., 2009; Rodriguez et al., 2014).
Glutathione S-transferase (GST),consists of several
*Corresponding Author E-mail: jcastilloc@uaemex.mx genes encoding a group of isozymes involved in the




Phase Il of xenobiotics metabolism, these enzymes are in
the microsomal fraction and protecting the cell from
oxidative. The expression of these enzymes is induced
under conditions of oxidative stress. The detoxification
mechanism is conjugation of xenobiotic with reduced
glutathione (GSH), transforming the toxic agents in water-
soluble products and easy removal compounds of the
cell. In mammals the most studies classes are Alpha, Mu,
Pi, Theta, Omega and Zeta. (Hayes et al., 2005; Castillo
et al., 2007; Kiran et al., 2010; Guo et al., 2010; Soto et
al., 2011; Mejia et al., 2013).

Cyclophosphamide and adriamycin therapy as
chemotherapeutic agents is one of the most widely used
to treat breast cancer (Pemble et al, 1994). The
cyclophosphamide is an antineoplastic that belongs to
the family of alkylating agents, it possesses
immunosuppressive properties, depressor of the bone
marrow and myelopoiesis, as it forms alkyl adducts and
nucleophiles in DNA. To reach its cytotoxic effect, it
needs to be activated by the hepatic microsomal
enzymatic complex. Adriamycin belongs to the family of
anthracyclines, depressors of the bone marrow and
cause cell toxicity (Garibay et al., 2015).

There is evidence showing that the expression of GST
genes have a protective effect on the cytotoxicity of
chemotherapeutic drugs, due to the fact that changes in
GST levels have been linked with resistance to
antineoplastic drugs (Soto et al., 2011). The GSTs are of
pharmacological and toxicological interest because their
expression increases significantly in mammalian tumor
cells, so they have been implicated in the resistance of
patients to the treatment of different types of cancer
(Mejia et al., 2013).

Personalizing cancer therapy is a well established
concept, since each patient holds a unique set of variants
that influence on the risk, beginning and progression of
the disease. For each specific sort and stage of cancer,
clinical manifestations vary from individual to individual,
showing variations in the tumor's behavior and
progression, as well as the variations in the responses to
any treatment, largely boosted by a single genome (DNA,
RNA and epigenetic) (Uzilov et al., 2016; Avril et al.,
2009).

There are very few methods to assess the response of
the treatment against cancer. This information is very
important as the response degree offers data to forecast
the full response with survival (Feldman et al., 1986; Avril
et al.,, 2009). However, there are differences between
global responses to treatment, a pathological response or
changes in tumor size (Avril et al., 2016).

Regularly, the assessment of the response is
performed after two or three cycles, using World Health
Organization’s system or RECIT system. At present, it is
not possible to know whether therapy will be efficacious
after the first application of the treatment. The
assessment is generally carried out in the middle of
treatment, after 4 or 5 months, during which patients
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unresponsive to treatment are identified, as well as those
who suffer toxicity (Garibay et al., 2015; Avril et al,,
2009).

It is necessary to develop a strategy for the therapy and
improvement of the clinical methods to assess response
to chemotherapy. Especially those which provide the
information necessary to select the personalized therapy
and obtain an optimum result for patients with cancer
(Uzilov et al., 2016; Avril et al., 2009). The aim of the
present study is to demonstrate that the total GST and
GSTT1 enzyme activity in women with breast cancer
increases in the presence of cyclophosphamide -
adriamycin and that exits inter-individual variability in the
response.

METHODS
Study Group

The study group consisted of 22 women diagnosed with
breast cancer at different stages, at the “Centro
Oncoloégico Estatal ISSEMyM” (State Cancer Center),
Toluca, Mexico. Participation was by invitation and
voluntary, who accepted signed a letter of informed
consent according to Mexican policy in the field of health
research (2013). A sample of 7 mL of peripheral blood
was taken from all the participants before and after
receiving the first dose of chemotherapy with
Adriamycin/Cyclophosphamide. The blood sample was
kept in refrigeration in a heparin vacutainer tube until
processing.

Cell lysis

The procedure reported by Pemble et al. (1994) and
Zhong et al., (2006)was adopted, which involves placing
imL of heparinized blood in a 1.5mL tube, then
centrifuged at 4,500 rpm for 10 minutes, removing the
plasma and leukocytes layer. To hemolyze erythrocytes,
1mL of distilled water was added at 4°C, 700uL of the
hemolysate were transferred to a clean tube and added
350uL of KoHPO, 20mM (Merk) pH 7.4 and 350uL de
EDTA 2mM (Fermont), it kept at 4°C for one hour and
finally centrifuged at 4,500 rpm for 10 minutes. The
product obtained was the cytosol.

Total GST enzymatic activity

Total GST enzymatic activity was determined according
to the method reported by Habig et al., (1974) and Zhong
et al.,, (2006) with modifications proper to this study:
make a dilution 1:10 with 100uL of the hemolyzed plasma
and K;HPO, 0.1M (Merk). Take 100puL of this dilution and
make again a dilution 1:10 with K;HPO, 0.1M (Merk).
Transfer 200uL of this solution to a tube with 1,000uL of
K;HPO, 0.1 M (Merk) pH®6.5, 100uL of reduced
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glutathione (GSH) 1mM (Merk) and 100uL of 1-Chloro-
2,4-Dinitrobenzene (CDNB) 1mM (Acrofarma). Mix in
vortex and let sit for 3 minutes at room temperature.
Finally, read the absorbance in a UV-VIS
spectrophotometer at a wavelength of 340 nm against a
target prepared under the same conditions.

GSTT1 enzymatic activity

Take 400uL of the previously obtained hemolyzed
plasma to a tube containing 400uL of reduced glutathione
(GSH) 4mM (Merk), 700 pL of TRIS 20 mM (Sigma) and
200 pL of methylene chloride (CH.Cl,) 5mM (Fermont).
Incubate at 37°C for an hour. Add 333uL of trichloroacetic
acid (CCI;COOH) at 20% (Merk). Centrifuge at 4,500 rpm
for 5 minutes. Take 1 mL of the supernatant and add
500uL of Nash reagent. Incubate at 60°C for 30 minutes.
Centrifuge at 7,000 rpm for 5 minutes. Finally, read
absorbance in a UV-VIS spectrophotometer at a
wavelength of 415 nm against a target prepared under
the same conditions.

To quantify enzymatic activity for both trials, the
following formula was used:

A;.omin~! X 1.4 mL Reaction volume <D
0.0096pumol~tem™1 % 1000 mL x 0.524 cm x A

(5T activity =

D
= 0.0398 X Ag.omin!x a {(umol/min/ mL)

0.0096 pM™ cm™: extinction coefficient of GST-DNB
A: Reaction sample volume in mL

Asio min™": Sample absorbance

D: sample dilution factor

Statistical Analysis

To determine significant differences between total GST
and GSTT1 enzyme activity before and after treatment, a
comparison analysis was made with Student-Newman-
Keuls test. Sigma Stat 3.0 statistical software was used.

RESULTS
Socio-demographic characteristics

The study group consisted of 22 women diagnosed with
breast cancer, of which 91.42% had infiltrating ductal and
8.58% infiltrating lobulillar. The age range of participants
was 30-66 years with an average of 49.37 years.

Heterogeneity of GST enzymatic activity as a
response for the treatment

Results of the enzymatic activity showed a different
behavior in each patient. Regarding GST total enzymatic
activity, the minimum value before treatment was 0.456
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Figure 1. Heterogeneity of total GST enzymatic activity.
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Figure 2. Heterogeneity of GSTT1 enzymatic activity.

gmol/min/mL, and the maximum 3.293 pmol/min/mL.
After treatment, the minimum value was 0.734
pmol/min/mL and the maximum 7.477 pmol/min/mL. In
figure 1, the values of the enzymatic activity before and
after treatment are displayed. The heterogeneity of the
response between each patient is evident.

Regarding GSTT1 enzymatic activity, there was a
similar behavior to total GST. The minimal value of the
enzymatic activity before treatment was 0.008
gmol/min/mL and maximum 0.024 pmol/min/mL. After
treatment the minimum value was 0.014 pmol/min/mL
and maximum de 0.035 pmol/min/mL. In figure 2, data for
enzymatic activity before and after treatment is displayed.

GST enzyme activity

The values of the total GST enzyme activity were: pre-
treatment median 2.425 pmol/min/mL and then 3.253
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Figure 3. Results of the enzymatic activity of the total GST.
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Figure 4. Results of the enzymatic activity of the total GSTT1.

pmol/min/mL after treatment. These values ranged from
0.456 to 3.293 pmol/min/mL before chemotherapy and
after chemotherapy values ranged from 0.734 to 7.477
pmol/min/mL. Statistical analysis with Student-Newman-
Keuls test showed significant differences between total
GST enzyme activity before and after treatment, which
showed a significant increase (p <0.050). Figure 3 shows
these results.

Regarding the results of GSTT1 enzymatic activity, the
median value before treatment was 0.015 pmol/min/mL,
in a range from 0.008 to 0.024 pmol/min/mL. While
median after treatment, it was 0.021 pmol/min/mL, in a
range from 0.014 to 0.035 pmol/min/mL. Statistical
analysis with Student-Newman-Keuls test showed
significant differences between GSTT1 enzyme activity
before and after treatment, which showed a significant
increase (p <0.050). Figure 4 shows these results.
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DISCUSSION

Breast cancer is clinically heterogeneous diseases, since
histologically similar tumors may present different
forecast and response to treatments. Patients with the
same histological variety and even the same clinical
stage have different responses for the same therapeutic
schema and different forecast. Tumors have a different
biological behavior, these differences in clinical behavior
are due to molecular differences between tumors
(Rouzier et al., 2005; Ruvalcaba et al., 2014).

Histopathology is frequently used as the assessment
standard for the response to primary chemotherapy in
cancer. However, the criteria of histopathological
response have limitations, on the other side, there are no
methods fully efficient to forecast response to
chemotherapy. However, some works have adopted the
approach of grouping breast cancers as responsive or
non-responsive, define the differences in the genetic
expressions between these groups and use such
indicator (Rouzier et al., 2005; Avril et al., 2009).This
way, there are reports on the assessment of treatment
response, namely Ruvalcaba et al., (2006) who reported
full pathological responses in 25% out of 360 breast
cancer cases treated with chemo-radiotherapy. While
Alvarado et al., (2009) studied 112 breast cancer patients
treated with neoadjuvant chemotherapy and reported full
pathological response only for 29.5%.

This way, it is known that exposure to anticancer
agents such as cyclophosphamide and adriamycin
promote the expression and synthesis of gene products
whose function is cell protection, such as the family of
isoenzymes of glutathione S-transferase, which is
involved in the metabolism of a xenobiotic variety, among
which are chemotherapeutic agents(Davies et al., 2001;
Guo et al., 2010; Kiran et al., 2010).

Analyzing the results of the total GST enzyme activity,
a significant increase after treatment was identified, this
indicates an increase in the levels of GST isozymes at
the finish of the first chemotherapy dose compared to
baseline values, which may be due the gene activation by
the drug at the time they were recognized as substrate,
reflecting induction of protein synthesis of this group of
isoenzymes. This was demonstrated by Cheng et al,
(1997), who studied tumors in 20 patients with ovarian
carcinoma. They determined the expression of GSTP1
before and after chemotherapy by means of Western blot
and found and increment in the expressions levels of
GSTP1 after chemotherapy and associated it with drug
resistance in patients with ovarian carcinoma. Similar
results were found by Geng et al., (2013) while studying
gastric cancer cells undergoing in vitro chemotherapy.
They determined that cells resistant to cisplatin, 5-
fluorouracil and mitomycin C present a significant
increment in the expression of GSTP1. In like manner,
Jankova et al.,, (2012) ascertained the association
between global survival and the expression of GSPT1 in
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104 patients with colon cancer under adjuvant
chemotherapy based on 5- fluorouracil and 104 matched
controls. They found that patients with low GSTP1 levels
were not benefitted from chemotherapy, while those with
high levels did improve. On the other side, and by
contrast Murphy et al., (1992) studied the enzymatic
activity of GST in biopsies of human ovarian tumors,
which were taken before and after chemotherapy. The
analysis did not show significant differences between the
activity of glutathione S-transferase and the distribution of
isoenzymes in these groups.

Changes in the expression of glutathione S-
transferases are associated with higher resistance to
cytotoxic chemical products. The degree of resistance is
related with the specificity of the isoenzyme substrate
(Schecter et al., 1991). Therefore, it is important to early
assess the patient’s treatment response in order to guide
later decisions.

CONCLUSIONS

In conclusion, the results of this study show that
adriamycin and cyclophosphamide induce the expression
of genes of the different classes of GST family, by
increasing the enzymatic activity after treatment in
women with breast cancer.

The response to treatment in patients with some type of
neoplasia has been and remains uncertain, therefore,
any attempt to visualize it opportunely, it is important.
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