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Abstract

Objective: Glioblastoma multiforme is the most aggressive form of primary brain tumors, characterized by a
high molecular heterogeneity hinder its treatment. Glioblastoma multiforme cells synthesize steroids through the
enzyme aromatase and express estrogen receptors. Anastrozole, a specific aromatase inhibitor, plays an important
role in endocrine therapy for breast cancer treatment. However, it is unknown whether this inhibitor is useful for
treating glioblastoma multiforme. The aim of this work was evaluated the anastrozole effects in the viability and
proliferation of malignant cells C6 in vitro as well as apoptosis, cell division, aromatase and estrogen receptor alpha
expression in a GBM model in vivo.

Methods: C6 cells viability under anastrozole treatment (25, 50, 75 pg/ml) was measured by MTT method
and their proliferation was determinate by immunohitofluorescence. In the tumor tissue, the proliferation was
evaluated using ki-67 antibody by immunohistofluorescence. ER alpha, aromatase, caspase 8 and 9 protein
expression was analyzed using western-blotting. Furthermore, GPR-30, SOX2, CD133 and GFAP were evaluated
by immunohistofluorescence.

Results: Anastrozole produced a reduction in the viability and proliferation of the C6 cells in culture when was
used at 50 ug/ml. It reduces the number of Ki67 immunofluorescent cells in approximately 50%. The aromatase
expression decreased in 95%. The estrogen receptor alpha expression increased by a 20% approximately. Caspase
8 expression increased in the treated tumor tissue, although it was undetectable in the not treated group. Caspase 9
increased in approximately 95% in the treated group. All data expressed in these experimental quantifications have
a statistically significant difference (p<0.05). G protein coupled receptor-30 was observed in the tumor specimens
exhibiting an expression reduction in the anastrozole treated group.

Conclusion: The present study demonstrates that anastrozole reduces viability and proliferation in vitro,
induces apoptosis and reduces proliferation and aromatase expression in the glioblastoma Xenograft mouse model.

Keywords: Anastrozole; Glioblastoma multiforme; Xenograft;
Proliferation; Apoptosis; Estrogen receptor; Aromatase

Introduction

Glioblastoma multiforme primary is the most malignant form
of astrocytomas, with a high capacity of cell proliferation and tumor
invasion. Extensive work in glioblastoma gene expression profile has
been done in recent years (Cancer Genome Atlas Research Network)
[1]. Glioblastoma is a heterogeneous tumor with multiple redundant
intracellular pathways, generating several subtypes [2].

GBM patient survival is approximately 24 months after diagnostic.
The world incidence is about 5.5/100,000 of human beings. The
treatment includes surgical tumor resection, chemotherapy and
radiotherapy. Temozolamide is the most used medication for
GBM treatment. However, it has important side effects, such as
myelosuppression and low apoptotic activity in malignant cells; many
patients developed resistance to this drug.

Estrogens promote the cancer growth in breast, lung, prostate
and endometrium [3-5]. Aromatase is an enzyme that converts
androgens in estrogens. Therefore, an alternative or additional
treatment could include inhibitors of aromatase. Human astrocytomas
express aromatase mRNA and the highest expression is in GBM and
is associated to the worst patient survival outcome. Estrogen receptor
alpha (ERa) expression decreases in high degree astrocytomas [6]. It is
important to mention that its expression also has been described in rat

and human glioblastoma cell lines [7]. ERa expression varies in diverse
tumors types including endometrial, lung and breast cancer. Its decrease
in expression is caused by ESR1 gene promotor hypermethylation [8].
In addition to ERa, there are other types of estrogen receptors, such
as ERPB which expression also varied, depending on the astrocytoma
degree of malignancy. Furthermore, there is a G protein-coupled
receptor 30 in cell membrane (GPR30). The function of this receptor
has not been analyzed in GBM cells. GPR30 activates rapid membrane
cellular pathways including mitogen-activated protein kinase (MAPK)
and kinase protein inositol 3 phosphates (IP3K) implied in promoting
cell proliferation. However, its function deserves further analysis, given
that it has not been studied extensively in the brain [9].
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GPR30 has been mainly studied in endometrial carcinoma, with a
high expression in relation to non-tumor tissues, suggesting that this
receptor plays a key role in tumor growth [10]. The expression of this
receptor has not been studied in GBM. Therefore, GPR30 was assessed
in this study.

At present time, is unknown whether 178-estradiol promotes
GBM cell proliferation and tumor progression. New alternatives, such
as the use of aromatase inhibitors (AIs) could be a good medication
with minimum patient side effects. Anastrozole (AI) is highly efficient
in breast cancer treatment, particularly in post-menopause women.
[11]. In addition, studies of pharmacodynamic and collateral effects
indicate that this drug could be suitable for GBM treatment. In this
study, anastrozole effects on viability, proliferation, estrogen receptor
expression (ERaand GPR30) and apoptosis was evaluated in a GBM in
model in vivo and tumor C6 cells in vitro.

Materials and Methods

Ethical considerations

All procedures were performed according to the ethical guidelines of
Mexican Official Norm (NOM-062-Z00-1999), the National Institute
of Health, NIH publication No. 8023 (1996), and the Guidelines for the
Care and Use of Laboratory Animals Board, CUCS, U. de G., (IACUC).

Cell culture

C6 cells were cultured in DMEM-F12 medium high in glucose
(Caisson DFL-14), supplemented with 10% fetal bovine serum,
penicillin (50 U/ml) and streptomycin (50 U/ml) (Corning 30-002-
CL). The cells were incubated at 37°C, in an atmosphere containing
95% air and 5% CO,. The cells were then separated from the plate for
use in the in vitro experiments or further striatum Xenograft in Balb C/
nude mice.

MTT assay

C6 Cells were seeded in 96 well plates (50,000 cells per well) and
treated with 25, 50 and 75 pg/ml anastrozole. They were then incubated
for 48 h, each dose in five different wells using five different plates.
Each well was supplied with 10 pl of tetrazolium salt and 100 pl of
N’N- dimethylformamide (Bio Basic Inc). The untreated cells were
considered as control. Then, the plates were incubated again for 24
hours, at 37°C. Finally, reading in the Dynex MRX USA microplate
reader was at 450 nm.

Immunocytofluoresence

The cells were fixed during 15 minutes at room temperature in a 4%
paraformaldehyde in PBS (pH7.4) solution. Then cells were washed with
0.01 M PBS and incubated for 1 h in a solution containing 10% normal
goat serum, 0.25% triton X-100, 1% BSA. Incubation was performed
at room temperature. Subsequently, the cells were incubated with the
mouse monoclonal antibody anti-ki67 (ab16667 this for 24 h at 4°C)
diluted at 1: 250. Then, the plate was incubated with an antibody alexa
fluor 488 rabbit polyclonal (1:1000, abcam ab 159977) for 2 h at room
temperature. Afterwards, the cells were stained with DAPI (20 pl) for
5 minutes. Then a mounting medium was used to seal the coverslips.
For observing the slides, we used a laser confocal scanning microscope
(Leica TCS-SPE) equipped with a 40 oil-immersion objective and Leica
LAS AF lite software (Leica Microsystems, Wetzlar, Germany). Ki67
immunofluorescent cells were counted in 15 fields of 50 pm?.

Glioblastoma xenograft mouse model

Forty-six to 8-week-old male Balb-C/nude mice were used. The

mice were divided into a control group (animal with C6 implanted cells
but anastrozole) and one experimental group of four animals treated
with anastrazole (0.1 mg/Kg). To make the C6 cells xenograft, the mice
were anesthetized using 3% sevofluorane for inducing anesthesia. An
incision in the brain medium line was made and a small hole in the
skull was made. A total of 1X106 C6 cells diluted in 2 uL. DMEM-F12
medium were injected in the left striatum following the stereotaxic
coordinates (X=1.34 mm, Y=1.5 mm and Z=3.5 mm).

Drug preparation and administration

Anastrozole (Sigma Aldrich A2736) was dissolved in a solution of
0.1 mM DMSO in order to obtain a final concentration of 500 ug/ml
(stock solution), which was stored at -20°C. The drug was administered
at 0.1 mg/kg for seven days post-xenograft, in a tail vein.

Immunohistofluorescence

Five to ten coronal brain sections (30 pm) were placed in a 0.2%
X-100 triton solution for one hour. Then a 10% goat serum solution
was added for two hours. Subsequently, a specific immunostaining
was performed with different antibodies. The antibodies individually
used were, anti-ki67 mouse monoclonal (1:250, abcam ab16667); anti-
aromatase mouse monoclonal (1:250, abcam ab139492); anti- caspase 9
polyclonal rabbit (1: 300, Santa Cruz Technology sc-8355), anti-caspase
8 polyclonal goat (1:250, Santa Cruz Technology sc-6134); anti-GFAP
monoclonal cow (1:750, DAKO, Z0334, RRID: AB_100103382), anti-
CD133 rabbit polyclonal (1:300, Santa Cruz Technology sc -30219),
anti-SOX2 polyclonal goat (1:300, Santa Cruz Technology sc-17320),
anti ERa mouse monoclonal (1:500, abcam ab 66102) and anti-
GPR30 rabbit polyclonal (1:300, abcam ab 39742). All the incubations
for the previously mentioned antibodies were made at 4°C for 24
h. Then, secondary antibodies were used according the respective
primary antibody. The secondary antibodies used were alexa fluor 488
polyclonal rabbit (1:1000, abcam ab 159977); alexa fluor 594 polyclonal
rabbit (1:1000, abcam ab150080); then were added to tissue sections
and incubated for two hours at room temperature. The cellular nucleus
was stained using 20 ul DAPI solution. For observing and analyzing the
sections, we use a laser confocal scanning microscope (Leica TCS-SPE),
equipped with a 40 oil-immersion objective and a Leica LAS AF lite
software (Leica Microsystems, Wetzlar, Germany). Image] Program
was employed for analyzing the image.

Western blot

The proteins were obtained using a lysis buffer containing a
COMPLETE protease inhibitor cocktail. Protein quantification was
performed using the Bradford method. Aliquots containing 50 g
of protein were separated on 10% SDS-PAGE gels and transferred
to polyvinyl denedifluoride (PVDF) membranes (BioRad, Hercules,
CA). Then, the membranes were blocked by 5% nonfat milk with
TBST (0.05% Tween-20, Triton buffer solution) for one hour at room
temperature. The membranes with the specific primary antibodies
were incubated: anti-aromatase mouse monoclonal (1:250, abcam
ab139492); anti- caspase 9 polyclonal rabbit (1: 300, Santa Cruz
Technology sc-8355), anti-caspase 8 polyclonal goat (1:250, Santa Cruz
Technology sc-6134); and anti-f actin rabbit polyclonal 1:300, abcam
ab 8227) at 4°C for 24 hours. The membranes were then incubated
for 2 hours at room temperature with secondary antibodies; anti-
mouse IgG HRP conjugated (1:2000); anti rabbit HRP conjugated
(1:4000); anti-goat IgG (1:5000). A new incubation was made in an
avidin-biotin solution (ABC standard kit, VECTOR) for 45 minutes
at room temperature. The membranes were washed five times with
Tris-NaCl and Tween 20 buffer (TBST), and were revealed using 3-3”
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diaminobenzidine (D-5905, Sigma) according to the manufacturer’s
instructions. Images were digitally acquired by a BioDoc-It Imaging
System (UVP), and then, the optic integrated density was measured
with an Image] gel analyze program.

Statistics

Data obtained in vivo and in vitro experiments were expressed
as media + standard error or standard deviation. A student t test was
applied for determining the difference between groups. A Mann-
Whitney U was used to analyze the data of the apoptosis experiments,
ERa and aromatase expression. Data of proliferation and viability
experiments analysis was performed by ANOVA test. The significant
difference was considered as p<0.05.

Results

Cell viability

C6 cell viability decreased 40% by Anastrozole (25 ug/ml) when
was compared to the control, with a significant difference of p (<0.05).
In the cultures treated with 50 and 75 ug/ml anastrozole, reduced 95%
cell viability compared to control group, with a significant difference of
p<0.001 (Figure 1).

Cell proliferation

Anastrozole used in all doses considerably reduced the C6 cells
proliferation in culture. The 50 ug/ml dose had the maximally effect in
reducing cell proliferation. The Ki67 immunopositive cells decreased
approximately 50%, with a significant difference p<0.001 (Figure 2).

In the Xenograft GBM model mice, the tumor grew, infiltrating
and surrounding brain tissue and exhibiting a high vascularization
pattern (Figure 3). Tumor tissue analysis by antibody anti-GFAP
recognizing astrocytes clearly showed morphological changes. In
Figure 4A, the presence of reactive gliosis with a marked number of
GFAP immunopositive astrocytes configured in a palisade arrangement
was observed around the lesion. Furthermore, the astrocyte dendrites
were longer and thinner that in normal astrocytes. The contralateral
hemisphere exhibited a low number of GFAP immunoreactive cells
with a classical stellate morphology (Figure 4B). The tumor tissue also
exhibited immunoreactivity to CD133 (Figures 4C-4E) and SOX2
(Figures 4F-4H), confirming the malignity of these cells.
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Figure 1: Effect of anastrozole on glioblastoma cell viability. C6 cell viability
was assessed by a MTT assay 48 hours after the treatment with anastrozole
at different doses: 25, 50 and 75 pug / ml. When cells were treated with 25 pg/
ml, they decreased approximately 40%, as compared to control (*p<0.05).
The decrease was greater with doses of 50, 75 pug / ml as illustrated in
the graph (*p<0.001). Each column represents the mean + SD, data were
analyzed using two-way ANOVA, followed by a Dunnet post-hoc test; n=5
experiments for each dose.

Control 25 pgfml 50 pg/ml 75 pg/ml

M

Number of Ki67 immunopesitive colls / 50pm?

Control  25)g 509 5y

Anastrozole

Figure 2: Effect of anastrozole on glioblastoma cell proliferation. A-D, C6 cells
images stained with anti-Ki67. The dose of anastrozole is indicated on each bar
at the top of the figure. E-H, the nucleus was stained with DAPI. I-L show the
ki67 and DAPI merge. M, graph shows the immunopositive cells to Ki67 in a 50
pum? area, in regard to anastrozole doses. Notice the anastrozole reduced the
number of Ki67 immunopositive cells, at all doses used. The larger anastrozole
effect was produced at 50 pg/ml with a significant difference with respect to the
control p<0.001(**). The cell proliferation reduction was also statistical significant
for doses of 25 and 75 pg /ml p<0.05 (*). Each column represents the mean +
SD, data were analyzed using two-way ANOVA. Scale bar=50 ym.
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Figure 3: Orthotopic xenograft tumor in brain. Panel A, exhibits the brain after
being perfused with paraformaldehyde. The tumor is invading neighboring areas
including those in the contralateral side, as seen visually. Panel B, shows the
stereotaxic coordinates (X=1.34 mm, Y=1.5 mm and Z= 3.5 mm) for the situ
where C6 cells were injected. It corresponds to the striatum.

Figure 4: Specific tumor markers in glioblastoma. Sections tumor tissue in
panel A show cells marked with anti-GFAP and the presence of reactive
gliosis near to the penetrating lesson (drawn by hand). Notice, a big number
of immunopositive GFAP cells (green marked cells). These glial cells exhibit a
palisade-like arrangement in their cell process, irradiating out from the border
of the tumor mass. B, the image shows the contralateral hemisphere and the
GFAP immunoreactive cells with its regular stellate morphology with non-
preferred shape distribution. Panel C, show immunopositive cells to the cancer
markers CD133, Panel D, exhibits the DAPI stained nuclei. Panel E, merge of
DAPI and CD133 is observed in the tumor. F-H, Sox 2 tumor marked cells. F:
Sox tumor marker in glioma tissue, G: nuclei DAPI marked cells (blue). H: merge
of SOX2 and DAPI in tumor cells. Scale bars=20 um.
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The proliferation of the GBM cells in brain tissue was performed
using antibody anti- Ki67. The animals treated with anastrozole at
0.1 mg /kg exhibited a considerable reduction of the number of Ki67
immunofluorescent cells, 28 + 2.2, in tumor specimens, whereas, it was
61 + 3.7 in the control group, with a significant difference of p<0.001,
(Figures 5A-5C).

Cell immunoreactivity to anti-aromatase in the tumor tissue was
reduced in the animals treated with anastrozole, compared to the
untreated group (Figures 6A-6F). In animals treated with anastrozole,
aromatase protein expression was reduced 95%, compared to untreated
animals, with a significant difference of p<0.05. (Figures 6G and 6H).

The expression of estrogen receptor alpha (ERa), in GBM tumor
tissue was increased, compared to control, as shown qualitatively by
immunofluorescence in Figures 7A-7H. Quantitatively (Western blot),
it increased 20% approximately with a significant difference (p<0.05)
(Figures 7I and 7J).

GPR30 immunoflourecent cells decreased due to the effect of

anastrozole in tumor tissue (Figures 8A-8F). Cells immunofluorescent
to anti-caspase 8 were all but almost absent in untreated animals

control

Anastrozole
Number of KIE7 Immunopositive cells/S0 pm *

v N
Control Anastrotole [0.1mg/kg]

Figure 5: Effect of anastrozole on cellular proliferation in tumor tissue. The
figure show sections tumor tissues immunopositive to Ki67. Figure A, exhibit
microphotographs obtained from a tumor sample from untreated animals. Notice
alarge number of Ki67 immunofluorescent cells. In B, the group of animals treated
with anastrozole show a significant decrease in the number of cells proliferating.
C: The graph shows the groups, control and treated with anastrozole (gray and
white bar, respectively). The number of Ki67 cells significantly decreases in the
treated tumor tissue, with a statistical significant difference; p (<0.05). Each
column represents the mean + SD, data were analyzed using t test and by Mann
Whitney U test.
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Figure 6: Expression of aromatase in tumor tissue by effect of anastrozole. In
A, D show the aromatase expression (green colored) in control and anastrozole
groups respectively. In B, E the tumor cell nuclei are stained with DAPI and
is shown in blue color. In C and F the merge between aromatasa and DAPI
is shown. Observe that in F there is an important decrease in the aromatase
immunopositive cells. G) Western blotting analysis of Aromatase and B-actin.
H) Graph of the index between aromatase expression vs f-actin expression.
The aromatase index expression of control group is exhibited in white bar;
anastrozole tumor tissue is shown by gray bar. Note a decrease in aromatase
expression index in treated tumor tissue. It had a statistical significant difference
of p<0.05. Each bar represents the mean + SD, data were analyzed using t test
followed by Mann-Whitney U.

control

Anastrozole

Comvol  Amsiracle [0.1mghg]

Figure 7: Effect of anastrozole on ERa expression in tumor tissues. A-D no
treated tumor tissue. A show GFAP immunopositive cells, B, immunopositive
ERa cells in red. C, cell nuclei stained with DAPI, D, Merge of GFAP, ERa and
DAPI. E-H anastrozole tumor tissue. E: GFAP positive cells, F: immunopositive
ERa cells in red, G, DAPI positive cells, H merge of GFAP, ERa and DAPI. I:
Western blot for ERa. J, Graph Index between ERa expression and B-actin,
in tumor tissue of untreated (white bar) and treated (gray bar) mice. Notice a
statistical significant increase in the ERa, (p<0.05). Each bar represents the
mean + SD, data were analyzed using t test followed by Mann-Whitney U.

Anastrozole [0.1mg/kg]

Figure 8: Effect of anastrozole on GPR30 expression in tumor tissues. In
control tumor tissue (A-C) and anastrozole treated group (D-F). Figures A and D
illustrate DAPI stained nuclei. Figures B and E, GPR30 expression and C and F
merge between GPR30 and DAPI. Note that there is an important decrease in
GPR30 in the group treated with anastrozol in relation to the group not treated.
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Figure 9: Expression of caspase 8 in tumor tissues treated with anastrozole.
The figure show tumor sections stained with anti- caspase 8, DAPI as well as
their merge. In A and D, the nucleus were stained with DAPI, in control and in
anastrozole treated tumor tissue, respectively. B and E show immunoreactivity
to caspase 8. In figure C and F merge of caspase 8 and DAPI. G) Western
blotting analysis of caspase 8 and B-actin. H: Index of caspase 8 expression vs
B-actin. White bar caspase 8 expression in untreated tumor tissue and gray bar
in treated tumor tissue. Note an index increase in anastrozole tumor tissue with
a statistical significant difference (p<0.05). Each bar represents the mean + SD,
data were analyzed using t test followed by Mann-Whiney U.

(Figures 9A-9F), whereas a great number of immunopositive cells
were present in the anastrozole treated group, (Figures 9G and 9H).
The caspase 8 protein expression increased in the tumor tissue treated
with anastrozole (0.01 mg/kg) during 7 days after Xenograft, compared
to control (Figure 8). Notice the huge increase with a statistically
significant difference (p<0.05).

Cells immunofluorescent to anti caspase 9 were all but almost
absent in untreated animals (Figures 10A-10C), whereas in anastrozole
treated group, a great number of cells immunopositive to caspase
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Figure 10: Expression of caspase 9 in tumor tissues by effect of anastrozole.
The figure show tumor sections stained anti- caspase and DAPI in treated
and untreated tumor tissue. In A and D cell immunoreactivity to caspase 9
is illustrated. B, E the cell nuclei were stained with DAPI. C and F show the
merge between caspase 9 and DAPI. G) Western blot of caspase 9 and B-actin
proteins. H: Index of caspase 9 expression vs B-actin. White bar exhibits the
untreated tumor tissue, gray bar represent anastrozole treated tumor tissue.
Note a caspase 9 index increase in anastrozole treated tumor. This increase
have a statistical significant difference of p<0.05. Each bar represents the mean
+ SD, data were analyzed using t test, followed by Mann-Whitney U.

9 were observed (Figures 10D-10F). The pro-caspase 9 protein
expression augmented significantly (p<0.05) in the treated anastrozole
group, compared to control group (Figures 10G and 10H). Anastrozole
induced the activation of caspase 8 and pro-caspase 9 in tumor tissue
of experimental groups.

Discussion

GBM cells have a large heterogeneity in their gene expression
changing the normal expression in estrogen receptors ERa and ERf}
[6,7,12,13]. Abnormal expression of these receptors, contribute to GBM
aggressiveness and malignancy with poor response to conventional
treatments. It has been described that estrogens play an important role
in in vitro and in vivo models of cancer proliferation. Indeed, several
types of tumors synthesize estrogens and express estrogen receptors
having a fundamental role in the growth of breast, endometrium,
lung and prostate cancer [5,14,15]. Therefore, medication inhibiting
estrogen synthesis or regulating estrogen receptor expression is an
alternative for cancer therapy.

Third-generation aromatase inhibitors, such as anastrozole, have
demonstrated a high effectiveness in reducing estrogen levels over 96%
and this change is associated with a decrease in cell viability and growth
in breast cancer [16]. Anastrozole is more effective than tamoxifen
and Megestrol acetate in breast cancer treatment [3]. Anastrozole
reduces tumor volume when administered at a 1 mg daily dose in
postmenopausal women suffering advanced breast cancer [17].

In this study, the effect of anastrozole was evaluated for the first
time in models of glioblastoma multiforme in vitro and in vivo. In
vitro, the percentage of viable C6 cells decreased 95% under anastrozole
treatment. These results are similar to those described in non-small
cell lung cancer where anastrozole significantly reduced cell viability.
Interestingly, an aromatase enzyme activity decrease occurred [5].

It has also been observed that due to the anastrozole effect, there
is a decrease in the Ki67 index in breast cancer patients [18]. It is very
important to mention that our results show a significant decrease in
the number of Ki67 immunofluorescent cells in anastrozole treated

groups; these results could indicate a mechanism for controlling tumor
growth by reducing cell proliferation. It suggests that the proliferation
of malignant C6 cells in mice with Xenograft may be controlled
by reducing estrogen levels and deserves to be studied in further
experiments. In patients with GBM localized in frontal lobule, there is
also an increase in the Ki67 proliferation marker index. However, the
anastrozole effect was not evaluated as we made in these experiments
[19]. In human breast cancer, patients treated with anastrozole showed
a reduction in Ki67 index, two months after the treatment onset
[20]. In mouse lung cancer induced by tobacco carcinogen NNK,
anastrozole also produce a decrease in the Ki67 cell proliferation index
demonstrating the effectiveness of this medication in several cancer
types [21]. Thus, our results encourage us to test this medication for
GBM treatment in the human being.

ERa expression has been associated to tumorigenesis. A decrease
in ERa expression occurred in high grade astrocytomas biopsies
[6,22]. In this work, we observe an ERa increase after anastrozole
treatment. The mechanism should be studied to get a final conclusion.
Anastrozole did not directly interact with ERa. Perhaps the expression
of this receptor could be modulated by other molecules, such as insulin
like growth factor (IGF-1) and fibroblast growth factor (FGF) [23],
In breast cancer, the ERa did not change by anastrozole [24]. Thus,
this is the first study showing an increase in ERa expression in a GBM
model. This increase and its function in GBM should be determined.
GPR30 is a membrane receptor promoting non-genomic intracellular
pathways; this receptor is expressed in breast, lung and endometrial
cancer. In this work, we observe the GPR30 expression in GBM
specimens. Immunofluorescence detecting this receptor was reduced
by anastrozole. It is necessary use a quantitative method for evaluating
GPR30 expression. However, is interesting that for first time the
presence of this receptor and their qualitative reduction in GBM cells
is reported.

The use of Al for treating gliomas has been not fully explored.
However, Dave et al. described that letrozole an AI significantly
reduced tumor volume (75%) in a GBM rat model, eight days after the
treatment onset. These authors report a marked reduction in aromatase
expression [25]. In this work, we also observe a significant reduction in
aromatase expression in tumor tissue treated with anastrozole.

This reduction could contribute to decreasing tumor growth.
However, subsequent studies are necessary for corroborating this
hypothesis. In this work, we evaluated the expression of caspases 8 and
9 under treatment with anastrozole. Interestingly, we observed that
the expression of caspase 8 activated increased in the groups treated
with anastrozole. It indicates a probable participation of anastrozole in
apoptosis, through the extrinsic apoptosis pathway.

It has been shown that in glioblastoma patients, the caspase 8
gene promoter has a methylation status and has been observed in
melanomas [26], medulloblastomas [27], gastric carcinoma [28]
and glioblastoma [29]. It could contribute to the heterogeneity of
these tumors participating in pharmacological resistance [30]. The
low or non-expression of caspase 8 in GBM patients has a negative
prognostic for patient survival [31]. Therefore, anatrazole could be a
new therapeutic strategy.

Caspase 9 is a mitochondrial pathway apoptosis initiator.
Thiantanawhat described that Caspase 9 is activated by Letrozole
(1000 nM) plus androstenedione (25 nM), as well as anastrozole (1000
nM) combined with androstenedione (25 nM) promoting apoptosis
in MCF7 breast cancer cells. However the cells were transfected to
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produce aromatase. Furthermore, Letrozole induced the activity of
the executioner caspases 6 and 7 and promoted regression of MCF-7a
tumors. In this study, we evaluated pro-caspase 9 expression by western
blotting analysis and was increased by anastrozole, with a significant
difference in regard to the untreated group. This result suggests that
anastrozole could induce apoptosis in GBM tumors [32].

Conclusion

Anastrozole reduces the cell proliferation and induces apoptosis

in GBM cells. Aromatase was reduced by the effect of anastrozole.
Therefore, it could be used as a medication for GBM treatment.
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