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Abstract: Growth factor receptors dysfunction has previously been correlated with glioma cell proliferation, ability
to evade apoptosis, neo-angiogenesis and resistance to therapy. Antineoplastic molecules targeting growth factor
receptors are in clinical handling, however the efficacy of these compounds has often been limited by the signaling
redundancy. Here, we analyzed the effect of AG1433 (a PDGFR inhibitor), SU1498 (a VEGFR inhibitor) and BEZ235
(a PI3K/Akt/mTOR signaling pathways inhibitor) on glioblastoma cells in vitro. For this study, we used a low passage
glioblastoma cell line (GB9B). Assessment of cell number over 72 h showed that the growth rate was 0.3024 and
the doubling time of GB9B was 2.29 days. Similar cytotoxic effects were observed by using AG1433 and SU1498
treatment, while dual PI3K/Akt/mTOR inhibition by BEZ235 was more efficient in killing glioblastoma cells than
individual PDGFR or VEGFR targeting. In SU1498 treated cells, caspase 3 activity was detected 3 hours after the
treatment, while activation of caspase 8 and 9 was detected 48 hours later. AG1433 treatment induced caspase 3,
8 and 9, 3 hours after the treatment. BEZ235 treatment resulted in early caspase 3 and 8 activation, 3 hours after
the treatment and an activation of caspase 9, 8 hours later.
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Introduction

Glioblastomas (GBs) are the most common and
aggressive brain tumors. In spite of current
approaches in their therapy including: surgical
resection, radiotherapy and chemotherapy, the
prognosis of these patients remains poor. The
median survival rate is of 15 month [1]. These
tumors may arise de novo or by malignant pro-
gression from astrocytomas. During this pro-
cess, normal cells suffer some alterations of
the expression and activity of growth factors
(GF), their receptors or of the subsequent sig-
naling pathways cascades. In order to fight
these aberrant GB cells modifications, in the
last years were developed a number of new
therapies, including small-molecule receptor
tyrosine kinases (RTK) inhibitors [2]. Because
of their promising results obtained in preclinical
experiments some of these drugs were also
tested in clinical trials but the results were
often limited [3, 4]. Among the GF that are over-

expressed in GB are platelet-derived growth
factor (PDGF) and vascular endothelial growth
factor (VEGF) [5, 6]. PDGF and its receptors
(PDGFR’s) are already known to be involved in
the differentiation, proliferation and apoptosis
of GB cells. In the last years, several targeted
therapies against PDGF or PDGFR’s have been
tested. One inhibitor used in GB treatment is
Imatinib (STI-571; Gleevec). The drug induced
death in GB cells [7]. Although it was well toler-
ated, Imatinib proved limited response in clini-
cal trials, either used alone or in combination
with other therapies [8-11].

VEGF and its cognate receptors were shown to
be the most important factors involved in the
angiogenesis of GB [6]. Until now, targeted ther-
apy against VEGFRs proved only modest results.
Drugs like: vatalanib, cediranib, sorafenib, pazo-
panib, sunitinib or thalidomide were already
used in clinical trials either alone or in combina-
tion with radiotherapy or other chemotherapeu-
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tic agents. In general, the effect of these inhibi-
tors was rather limited [12-18].

PI3K/Akt/mTOR is frequently unregulated in
GB. Because of its signaling components the
pathway is involved in GB cells proliferation, dif-
ferentiation, growth, survival and angiogenesis
[19].

Therefore inhibition of various proteins involved
in this pathway represents an attractive target
for specialists. Several PI3K, Akt or mTOR small
molecule inhibitors are tested in clinical trials
but the results seem to be limited [20, 21]. It
has been suggested that a dual inhibition of
PI3K/Akt/mTOR intracellular signaling may be a
better alternative than the inactivation of a sin-
gle growth factor receptor at the cell surface.
Some of these dual inhibitors are now under
investigation [22-24].

Among them is BEZ235, a potent PI3K/Akt/
mTOR inhibitor [25], that was reported to induce
autophagy in GB cells by G1 cell cycle arrest,
and VEGF down-regulation [26]. Clinical studies
are ongoing with promising preliminary results
[24].

The treatment with small molecules that inhibit
RTKs and their signal transduction usually
induces apoptosis in several types of malignant
diseases. In GB cells, both initiator (i.e. cas-
pase 2, 8, 9, 10) and executor (i.e. caspase 3,
6, 7) caspases, are induced after RTKs inacti-
vation [27-29].

In this work we investigated the antiprolifera-
tive effect of AG1433 (a PDGFR inhibitor),
SU1498 (a VEGFR inhibitor) and of BEZ235 (a
dual PIBK/Akt/mTOR inhibitor) in the human
low passage GB9IB cell line. We used a low pas-
sage cell culture because it is known to better
preserves the original characteristics of the
tumor. In order to determine the apoptotic
effect of these small molecule inhibitors on
GB9B cells, we decided to determine caspase
3, 8 and 9 activities after the treatment.

Materials and methods
Reagents

Culture medium used was DMEM/Nutrient
Mixture F-12 Ham (Sigma Aldrich), Fetal Bovine
Serum (FBS) (Gibco by Life Technologies™),
DMSO (dimethyl sulfoxide) purchased from Sig-
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ma Aldrich, Penicillin/Streptomycin antibiotics
(Gibco), Trypsin (Gibco by Life Technologies™),
EDTA (Sigma Aldrich), Cell Growth Determination
Kit MTT based [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide] purchased
from Sigma, Phosphate-buffered saline (PBS)
purchased from Gibco, Cell Lysis Buffer (Invi-
trogen), ApoTarget Caspase-3 (CPP32) Colori-
metric Protease Assay kit, ApoTarget Caspase-8
(FLICE) Colorimetric Protease Assay kit, Apo-
Target Caspase-9 (Mch6/Apaf-3) Colorimetric
Protease Assay kit purchased from Invitrogen,
Life Tefnologies, USA. SU1498 a selective in-
hibitor of VEGFR2, purchased from Santa Cruz
Biotechnologies, was diluted in DMSO to a
stock solution of 100 mM and prepared to
working solution by diluting in culture medium,
AG1433 (Sigma Aldrich) is an inhibitor of
PDGFR- and a weak inhibitor of angiogenesis
and VEGFR2, was prepared in DMSO (stock
solution 100 mM) and diluted in culture medi-
um for working solution and BEZ235 a dual
inhibitor of PIBK/mTOR (Santa Cruz Biotech-
nologies) prepared as 100 nM stock solution in
DMSO and diluted in culture medium as work-
ing solution were used for this study.

Cell culture and drug treatment

GB9B was obtained from Bagdasar Arseni
Hospital in Bucharest. GB9B was obtained
from a tumor sample of a patient diagnosed
with glioblastoma. After a small fragment of the
tumor was triturated and filtrated, the sample
was centrifugated for 10 minutes and the cells
resuspended and cultured using standard pro-
cedures. The samples were incubated at 37°C
and 5% CO, in a humidified incubator (CO,
Incubator Innova CO-incubated at 170) in 25
cm? culture cell bottles. The cells were cultivat-
ed in DMEM/ Nutrient Mixture F-12 Ham sup-
plemented with 10% FBS and 2 mM streptomy-
cin/penicillin. The culture cells were transferred
one time per week. The low passage glioblas-
toma control cells (untreated cells) and treated
cells either with receptor inhibitors SU1498,
AG1433 or with pathway inhibitor BEZ235 at
final concentration of (0.1, 1, 5, 10, 20, 30, 50,
60 and 100 uM, respectively nM for BEZ235)
was used in the experiment. In the experiment
the cells were incubated for, 48 or 72 hours
with different drugs. We incubated cells, as
control cells, both with culture medium and
with 0.01% of DMSO.
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Cell doubling time

After seeding a concentration of 2 x 10* of
GB9B glioblastoma cells into 6-well plates and
cultured in DMEM/Nutrient Mixture F-12 Ham
for 72 hours. Medium was replaced every day
for the duration of the experiment. The cells
were trypsinized and counted every day in a
Burker hemocytometer, using trypan blue to
count living cells. Doubling time and growth
rate was determined using a free algorithm
available online. **http://www.doubling-time.
com/compute.ph.

Cell proliferation assay and IC50

We determined the effect of treatment on
GB9B using cell proliferation assay, (MTT
assay). The assay is based upon the cleavage
of the yellow tetrazolium salt MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium
bromide] into purple formazan crystals by the
metabolically active cells. For this experiment
we seeded GB9B in 96 well plates (3000/well)
and left to attach overnight. Cells were treated
for 48 and 72 hours with selective receptors
inhibitors SU1948 (0.4, 1, 5, 10, 20, 30, 50, 60
and 100 uM), AG1433 (0.1, 1, 5, 10, 20, 30,
50, 60 and 100 uM) and BEZ235 (0.1, 1, 5, 10,
20, 30, 50, 60 and 100 nM) in triplicate wells.
After incubation time MTT assay (Sigma Aldrich)
was performed, incubating the 96 well plates
with 10 yl MTT for 4 hours at 37°C, after this
incubation time we added 50 pl of solubiliza-
tion reagent. Appropriate control groups with
diluents only and blank control were included.
The ratio of optical density of treated cells
and control cells was measured at 570 nm
(492/630 nm) expressing the percentage of
surviving cells. To determine IC50 (the concen-
tration that produces cell death in 50% of cells),
we used the formula: IC50 = [(50-X)/(Y-X)] x
(W-2) + Z, where X expresses the percent inhibi-
tion that is less than 50%, Y expresses the per-
cent inhibition that is equal or higher than 50%,
Z is expressed by the concentration that pro-
vides x% inhibition and W is the concentration
that provides the concentration of inhibition for
Y%. To observe the morphological changes in
cell shape we used a 10 x magnification micros-
copy [30].

Isolation of the cytosolic fraction

After SU 1498, AG1433 or BEZ235 treatment,
the cells were lysed in Cell Lysis Buffer (Tris
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buffered saline containing detergent) incubat-
ed on ice for 10 minutes and centrifuged at
10000 x g for 1 minute, afterwards the super-
natants were collected. Bradford method was
performed to determine the protein concentra-
tion and samples of the supernatants contain-
ing 50-80 pg of proteins were used for caspase
colorimetric assay.

Cell apoptosis assay

Apoptosis was analyzed using ApoTarget Cas-
pase-3 (CPP32) Colorimetric Protease Assay
kit, ApoTarget Caspase-8 (FLICE) Colorime-
tric Protease Assay kit, ApoTarget Caspase-9
(Mch6/Apaf-3) Colorimetric Protease Assay kit
using the manufacturer’'s recommendation.
Caspases are cysteine protease, which exist as
inactive pro-forms. By inducing apoptosis they
are cleaved to active form. For experimental
purposes we seeded into 96-well plates and
either treated or left as control (untreated
cells). We treated the cells for 3, 8, 24 and 72
hours with AG1433 (10 uM), SU1498 (10 uM)
and BEZ235 (10 nM) in triplicate wells. The
cells were then trypsinated and the cytosolic
fraction was isolated at a concentration of 3 x
106 per sample. After adding 50 ul of 2 x
Reaction Buffer/DTT (10 mM dithiothreitol) to
each sample and 5 pl of 4 mM IEDT-Pna (lle-
Glu-Thr-Asp/p-nitroanilide) substrate per sam-
ple we incubated at 37°C in a dark incubator
for 2 hours. The samples were read at an absor-
bance of 405 nm in a 96-well microplate reader
at a spectrophotometer Star Fax-2100 (AWAR-
ENESS TECHNOLOGY INC).

Statistical analyses

Data are expressed as mean * SD (standard
deviation) and statistical comparisons were
determined using a Student’s t-test, where
0.05 level of probability was consider statis-
tically significant. All experiments were per-
formed in triplicate.

Results

Glioblastoma cell growth patterns, growth rate
and doubling time

In this study, we used GB9B glioblastoma cells.
This is a low passage GB cell line, which was
established from a tumor sample of a patient
diagnosed with glioblastoma as described in
“Materials and methods” section. The cells
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Figure 1. Cell doubling time and growth rate. Glio-
blastoma GB9B cells were seeded into 6-well plates
at a concentration of 2 x 10* and cultured in DMEM/
Nutrient Mixture F-12 Ham for 72 hours. We de-
termined the growth rate (GR) and doubling time
(DT) for these cells. GB9B proliferates with a GR of
0.3024 and a DT of 2.29 days.

were cultured in standard conditions and fro-
zen after passage three. After thawing in stan-
dard conditions, adherent monolayer cells
showed continuous growth and could recover.
The cell growth patterns of GB9B are present-
ed in Figure 1. We determined the growth rate
(GR) and doubling time (DT) for these cells.
GB9B proliferates with a GR of 0.3024 and a
DT of 2.29 days (Figure 1).

The effect of AG1433 treatment on GB9B cells

It is already demonstrated the overexpression
of PDGF ligands and receptors in human glio-
mas tissues [31-34] or GB cell lines [35]. Both
the growth factor and its receptors are capable
to mediate GB cells proliferation, differentia-
tion and apoptosis [36]. Those observations
led to the attempt to treat GB with small mole-
cule PDGFR kinase inhibitors. In the present
study, we analyzed the effect of AG1433 (a
PDGFR small molecule inhibitor) on GB9B cells.
To examine the effect of the drug on cell viabil-
ity, exponential growing GB9B cells were
exposed to increasing doses of AG1433 (0.1, 1,
5, 10, 20, 30, 50, 60 and 100 uM) for three
days and the cytotoxic effect of the inhibitor
was evaluated by MTT assay as described
under “Material and methods” (Figure 2A). The
studied cells answered in a dose-time depen-
dent manner to the treatment 0.1 pyM of
AG1433 reduced cell survival by 3% at 48
hours and 5.3% at 72 hours after the treat
ment. The highest concentrations of AG1433
(100 uM) significantly decreased cell viability to
50.3 % at 48 hours and to 56.5% at 72 hours
(Figure 2A). In order to determine AG1433 cyto-
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toxic potency we calculated the IC50 value
which was 51.63126 uM. Cell shape studied
under a phase contrast microscope 10 x mag-
nification were indicative for cell membrane
alteration, note the rounded cell shape, detach-
ment from substrate and cell fragments in-
duced in cells treated with AG1433 at 72 hours
(Figure 2B).

The effect of SU1498 treatment on GB9B cells

Angiogenesis and tumorigenesis are two impor-
tant characteristics of glioblastomas. VEGF and
its cognate receptors are involved in the fight
against them [37]. The growth factor is also
involved in the survival and proliferation of GB
[38]. Here we examined the antiproliferative
effect of SU1498 (a VEGFR inhibitor) on GB9B
cells. The cytotoxicity of the small molecule
inhibitor was evaluated by MTT cell proliferation
assay after treating the cells with increasing
doses of SU1498 similar to AG1433 treatment.
We observed that GB9B cells responded in a
dose-time dependent manner to the treatment
(Figure 3A). While 0.1 uM of SU1498 reduced
cell survival only by 5.7% at 48 hours, the pro-
longed treatment to 72 hours induced 10%
cytotoxicity the inhibition was of almost. Highest
concentrations of SU1498 (100 pM) significant-
ly decreased cell viability to 52.4% at 48 h and
to 62.6% at 72 hours after the treatment
(Figure 3A). The IC50 value for SU1498 was
73.5195 pM. Assessment of phase contrast
microscopy on cells treated with SU1498
expressed alteration in shape (rounded cell),
detachment from substrate and cell fragments
after 72 hours treatment (10 x magnification)
(Figure 3B).

The effect of BEZ235 treatment on GB9B cells

The alteration of PISK/Akt/mTOR pathway in
human glioblastomas is already known [39].
The activation of this pathway promotes cells
growth, proliferation and suppression of apop-
tosis along with the blockage of autophagy [40-
43]. In our experiments we examined the cyto-
toxicity of BEZ 235 on GB9B cells. Its antiprolif-
erative effect was evaluated by MTT cell prolif-
eration assay, after treating the cells with in-
creasing doses of the inhibitor (0.1, 1, 5, 10,
20, 30, 50, 60 and 100 nM). The doses of
BEZ235 used in our experiments were much
lower when compared with AG1433 and SU-
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Figure 2. The effect of AG1433 on GB9B glioblastoma cells. GBIB cells were exposed to increasing doses of AG1433
(0.4, 1, 5, 10, 20, 30, 50, 60 and 100 uM) for three days. The cytotoxic effect of the inhibitor was evaluated by MTT
assay. (A) Results are expressed as percentage of control. Data are mean and standard error of three separate ex-
periments. Microscopy pictures (B) were taken at initial culture day, 48 h and 72 h after the treatment with 10 uM

AG1433 (Magnification 10 x).

1498. GB9B cells responded in a dose-time
dependent manner to the treatment (Figure
4A). 0.1 nM reduced GB cells viability with
17.5% at 48 hours and with 15.3% at 72 hours.
The best cytotoxic effect of the small molecule
inhibitor was obtained at the concentration of
100 nM. This concentration determined a
reduction of cell viability by 55.2% at 48 hours
and by 67.5% at 72 hours. We also determined
the concentration of BEZ235 to induce 50%
cell death (IC50) in GB9B cell line. The IC50
value is very important in evaluation of the drug
cytotoxic potency. We found that IC50 value
was 34.3 nM (Figure 4A). Assessment of phase
contrast microscopy (10x magnification) on
cells treated with BEZ235 expressed alteration
in cell shape (rounded cell), detachment from
cell substrate and cell fragments after 48
hours and 72 hours of treatment (Figure 4B).
We concludes that the dual PI3K/Akt/mTOR
inhibitor BEZ235, was more efficient in Killing
glioblastoma cells than individual PDGFR or
VEGFR small molecule inhibitors (AG1433 and
SU1498), used in our experiments.
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Caspase 3, 8 and 9 activity in GB9IB cells after
AG1433, SU1498 and BEZ235 treatment

It is already known that GB is characterized by
resistance to apoptosis induced by therapy.
One mechanism by which the GB cells evade
apoptosis may be an impaired caspase func-
tion. Caspase 8 and caspase 9 are initiator cas-
pases while caspase 3 is an executioner cas-
pase. These proteases play significant role in
GB apoptosis [43]. Therefore is important to
know whether the inhibitors used for GB treat-
ment are capable to activate those proteins. In
our work we investigated the activity of cas-
pase 3, caspase 8 and caspase 9 after treating
GBO9B cells with AG1433, SU1498 and BEZ235.
Three hours after treating GB cells with
AG1433, all three caspases were activated
(Figure 5A). At 8 hours after the treatment only
caspase 3 and caspase 8 remained activated
(Figure 5B), while at 24 hours after the treat-
ment only caspase 3 was still active (Figure
5C). At 48 hours after the AG1433 administra-
tion, caspase 3 and caspase 8 were still active
(Figure 5D). After treating the GB9B cells with

Int J Clin Exp Pathol 2015:8(7):7825-7837
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Figure 3. The effect of SU1498 on GB9B glioblastoma cells. GBIB cells were exposed to increasing doses of
SuU1498 (0, 1, 1, 5, 10, 20, 30, 50, 60 and 100 uM) for three days. The cytotoxic effect of the inhibitor was evalu-
ated by MTT assay. (A) Results are expressed as percentage of control. Data are mean and standard error of three
separate experiments. Microscopy pictures (B) were taken at initial culture day, 48 h and 72 h after the treatment
with 10 yM SU1498 (Magnification 10 x).
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Figure 4. The effect of BEZ235 on GB9B glioblastoma cells. GBIB cells were exposed to increasing doses of BEZ235
(0.4, 1, 5, 10, 20, 30, 50, 60 and 100 nM) for three days. The cytotoxic effect of the inhibitor was evaluated by MTT
assay. (A) Results are expressed as percentage of control. Data are mean and standard error of three separate ex-
periments. Microscopy pictures (B) were taken at initial culture day, 48 h and 72 h after the treatment with 10 nM
BEZ235 (Magpnification 10 x).
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Figure 5. Assessment of the activity of caspase 3, caspase 8 and caspase 9 after treating GBIB cells with AG1433,
SU1498 and BEZ235 at 3 hours (A), 8 hours (B), 24 hours (C) and 48 hours (D). The effect was assessed by apopto-
sis assay. *represents statistically significant values expressed by p-value < 0.05, **represents the highly statisti-

cally significant values expressed by p-value < 0.005.

the VEGFR small molecule inhibitor SU1498,
caspase 3 activated at 3 hours after adminis-
tration and remained active at 8 hours and 48
hours after the treatment (Figure 5A, 5B, 5D).
Caspase 9 and caspase 8 activated only at 48
hours after SU1498 administration (Figure 5D).
When we treated GB9B cells with BEZ235, a
dual PI3K/Akt/mTOR small molecule inhibitor,
we observed at 3 hours after the treatment
that caspase 3 and caspase 8 were activated
(Figure BA). At 8 hours and at 48 hours after
the administration of the drug were activated
all 3 caspases (Figure 5B and 5D) while at 24
hours after BEZ235 administration only cas-
pase 3 and caspase 8 were active (Figure 5C).

Discussion

Growth factors (GF) and their receptors are pro-
teins capable to stimulate cell proliferation and
to regulate the growth of the cells in normal
conditions. In neoplastic cells there, an altera-
tion of the expression and activity of GFRs has
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been reported in the literature. In glioblasto-
mas, a deadly form of brain tumor, the dysfun-
ction of growth factors receptors stimulates
cells proliferation, inhibits apoptosis and stimu-
lates neo-angiogenesis.

PDGF family is involved in normal cells differen-
tiation, development of embryos or normal
response to tissue damage. The GF’s and their
two receptors o and 3 are known to be overex-
pressed in glioblastomas [5]. As glioblastomas
are highly vascularized, it was also suggested
that VEGF and its receptors have an elevated
expression in those tumors [44, 45].

In the last years, several growth factor family
inhibitors were developed for GB. These are tar-
geted drug therapies design to inhibit the RTK’s
and their intracellular pathways which are com-
monly aberrant in GB [46].

In our study we used a low passage GB cell line:
GBO9B, in order to determine the effect of some
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receptor tyrosine kinases inhibitors on GB cells
survival. The use of cell lines is the first step
which leads the research toward clinical trials.
In fact, the most important preclinical studies
which investigated the cytotoxicity of several
targeted drugs used immortalized cell lines.
However, the results of these studies often do
not correspond to the in vivo observations. One
of the causes might be that established tumor
cell lines fail to reproduce the tumor heteroge-
neity. Another cause is that all long-time culture
cancer cells accumulate a series of mutations.
Unlike immortalized cell lines, low passage
tumor cell cultures are capable to preserve
original tumor phenotype and genotype [47,
48]. The low passage GB9B proliferation rate
was 0.3024 and the DT was of 2.29 days.

The targeted therapies against PDGFR have
been used in several preclinical cancer studies
with promising results. STI-571 (an unspecific
PDGFR inhibitor) induced cell death in GB pre-
clinical model [7, 49] while in clinical trials the
therapeutic effect of the drug was limited. STI-
571 was used as a single-agent in phase | and
Il clinical studies. The results demonstrated
that the drug didn’t have significant effects in
glioblastoma patients [8, 9]. In one study, STI-
571 in combination with hydroxyurea showed
positive results, however the clinical trial was
stopped because of the paucity of results [10,
11]. Other clinical studies that use STI-571 and
hydroxyurea are still ongoing.

In our study GB cells responded in a dose and
time dependent manner to the PDGFR inhibi-
tion by AG1433. However, the drug was unable
to induce more than 57% cytotoxicity, even in a
concentration 100 uM, which is reported to be
very high. Thus, the cytotoxic effects of AG1433
on GB9B cells were modest.

Besides PDGFR, vascular endothelial factor
receptors (VEGFR) were also associated with
the development of brain tumors including GB.
Malignant gliomas are characterized by a very
active neo-angiogenesis. VEGF and VEGFR’s
are the most important mediators of the angio-
genic processes in those tumors. The expres-
sion of VEGFR was reported to be very low in
normal brain cells and therefore targeted ther-
apy against VEGFR was proposed to be a good
choice for GB treatment [6]. In practice, target-
ed therapy against VEGFR proved to have only
modest results. Vatalanib is a small molecule
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VEGF receptor tyrosine kinase that inhibits
VEGFRs, as well as PDGFR-B and c-KIT. The
drug is most selective for VEGFR-2. The inhibi-
tor was used in combination with imatinib and
hydroxyurea in a phase | pharmacokinetic study
for recurrent GB treatment. Vatalanib was well
tolerated and seemed to enhance the antian-
giogenic activity [12]. Similar results were
obtained in another phase | clinical trial in
which the drug was used in combination with
anti-epileptic drugs and radiotherapy and ter-
mozolomide for the treatment of new diag-
nosed GBM patients [13].

Another small molecule inhibitor that targets
VEGFR'’s is Cediranib a pan-VEGFR, PDGFR, and
c-kit inhibitor. In a phase Il clinical trial the sub-
stance proved to decrease tumor vessel size
and permeability, blood volume and blood flow,
consistent with vascular normalization. All
these effects reversed after the interruption of
drug administration [14]. A phase Il random-
ized trial compared the efficacy of Cediranib as
monotherapy with the administration of the
inhibitor in combination with Lomustine, and
with Lomustine alone in patients with recurrent
GB. Unfortunately the study did not realize its
primary end point to improve the progression-
free survival. However Cediranib proved to have
clinical efficacy on secondary end points like:
time to deterioration in neurologic status and
corticosteroid-sparing effects [50]. Sorafenib,
another VEGFR2-3 small molecule inhibitor,
was also used in a phase I/l clinical study in
combination with temsirolimus for the treat-
ment of recurrent GB or gliosarcoma. At the
end of the study, only minimal activity in recur-
rent glioblastoma multiforme was seen at the
maximum tolerated dosage of the 2 combined
agents [15].

In 2013 bevacizumab in combination with
sorafenib was used in a phase Il study for in
recurrent glioblastoma treatment. The combi-
nation did not improve outcome of patients
with recurrent glioblastoma when compared
with bevacizumab-treated controls [51]. The
drug is still under investigation in other clinical
studies for GB treatment. Pazopanib is another
small molecule inhibitor that was tested in sev-
eral clinical trials in association with lapatinib
[16] where proved only limited results. The drug
is under evaluation in ongoing clinical trials
for GB. Sunitinib (SU11248), a tyrosine kinase
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inhibitor targeting VEGFR 1-2, PDGFR -, c-kit,
bFGF, (CSF-1), FLT3 and RET did no showed
activity as monotherapy in glioblastoma [17].
The drug is still investigated in other clinical tri-
als. Thalidomide, an antiangiogenic agent was
also tested in clinical trials for recurrent glio-
blastoma multiforme. The drug was well toler-
ated and may have some activity in the treat-
ment of recurrent glioblastoma [18]. In another
phase Il clinical trial, which results were pub-
lished in 2008, thalidomide in association with
irinotecan showed promising activity against
recurrent GBM [52]. Here we found that
SU1498, a VEGFR inhibitor, had antiprolifera-
tive effect on GB9B cells in vitro. The cells
responded in a dose-time dependent manner
to the treatment. The SU1498 cytotoxic effect
is comparable to AG1433 antiproliferative
effect on GB9B cells. A very low drug concen-
tration (0.1 uM) induced a significant cell death
in GB9IB cells.

Although AG1433 and SU1498 had good cyto-
toxic effect on the proliferation GB9B, their
anti-tumor activity was not effective as expect-
ed. One explanation of this observation might
be the co-activation of alternative tyrosine
kinases which leads to the activation of other
intracellular signaling cascades. Among them
are phosphatidylinositol-3 kinases (PI3K) and
protein kinase B (AKT)/mammalian target of
rapamycin (mTOR), both very important in glio-
magenesis by regulating cell growth and sur-
vival. It is already known that PI3K/AKT/mTOR
pathway is overactivated in almost 70% of GBM
[53-55]. Clinical trials with single PI3K inhibi-
tors for GB are ongoing [56, 57]. AKT inhibitors
have also entered clinical trials but with mini-
mal single-agent effect [58]. Meantime, clinical
trials with mTOR inhibitor rapamycin and its
analogs did not have a significant therapeutic
effect on cancer diseases [59]. The dual inhibi-
tion of both pathways seems to be more effec-
tive in GB treatment. Among the dual inhibitors
that are currently under investigation is
BEZ235. The drug proved to be a potent dual
inhibitor studied in preclinical models for vari-
ous types of solid tumors including gliomas [26,
60-63]. It is under investigation in clinical trials
in patients with advanced solid tumors and the
preliminary results are promising [24].

In our study we also investigated the impor-
tance of PIBK/AKT/mTOR pathway on GB9B
cells survival. BEZ235 was used to assess the
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importance of this pathway in GB9B cells prolif-
eration. We found that the inhibition of this
pathway was more efficient in Killing glioblasto-
ma cells than the individual PDGFR or VEGFR
small molecule inhibitors, used in our experi-
ments.

Next, we wanted to determine whether the
small molecule inhibitors used in our experi-
ments are capable to activate caspases 3, 8
and 9 in GB9B cells. In fact, in the last years,
were designed drugs that are capable to syn-
thetically activate caspases. Among those are
small molecule caspases activators [64]. He-
re we determined the capability of AG1433,
SU1498 and BEZ235, all small molecule inhibi-
tors, to activate caspases: 8, 9 and 3 in GB9B
cell line. AG1433 activated all three caspases
at 3 hours after administration. After 8 hours,
only caspase 3 and caspase 8 were still acti-
vated. The same effect was observed at 48
hours after the treatment while at 24 hours
only caspase 3 was activated. The treatment
with the VEGFR inhibitor SU1498 activated only
caspase 3 at 3 hours and 8 hours after drug
administration while at 48 hours all three cas-
pases were activated. The treatment of GBOB
cells with the dual inhibitor BEZ235 determined
at 3 hours and 24 hours after administration
the activation of caspase 3 and caspase 8. At 8
hours and 24 hours after the drug administra-
tion all 3 caspases were activated.

Conclusion

The authors conclude: the present study sh-
owed that dual PISBK/Akt/mTOR inhibition by
BEZ235 was more efficient in killing glioblasto-
ma cells than individual PDGFR or VEGFR tar-
geted by AG1433 and SU1498 respectively.
Glioblastomas remains a very aggressive brain
tumor, characterized by heterogeneity and very
complex pathogenesis. Their treatment is still a
challenge for oncologists and discovery of new
targeted drugs is the hope for improving the
survival of these patients.
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