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Introduction

Valproic Acid (2-propylpentanoic acid; VPA) is a branched

Abstract

Purpose: Glioblastoma Multiforme (GBM) is a heterogenous and highly
vascularized brain tumor that avoid apoptosis due to P-glycoprotein (P-gp)
mediated multi-drug resistance. Therefore, development of new therapeutic
strategies that induce apoptosis, inhibit proliferation, and overcome multi-drug
resistance is urgently warranted. We examined the efficacy of combination of
Valproic Acid (VPA) and knockdown of AKT3 and PI3KCA genes in human
glioblastoma T98G and U87MG cell lines.

Material and Methods: T98G and U87MG cells were transfected with
AKT3 or PI3KCA siRNAs. Transfection efficiency was assessed using Flow
Cytometry (FC) and fluorescence microscopy. The influence of AKT3 and
PI3KCA siRNAs in combination with VPA on T98G and U87MG cell viability,
proliferation, apoptosis and autophagy was evaluated as well. Alterations in the
mRNA expression of apoptosis-related genes (CASP3 and Bid) were analyzed
using QRT-PCR.

Results: The transfection of T98G and U87MG cells with AKT3 or PI3KCA
siRNAs and exposition on VPA led to a significant reduction in cell viability, the
accumulation of subG1-phase cells and a reduced fraction of cells in the S and
G2/M phases, apoptosis or necrosis induction and induction of autophagy.

Conclusions: The siRNA-induced AKT3 and PI3BKCA mRNA knockdown in
combination with VPA may offer a novel therapeutic strategy to more effective
control the growth of human GBM cells. Thus, knockdown of these genes in
combination with valproic acid inhibits proliferation, induces apoptosis and
autophagy in T98G and U87MG cells, but further studies are necessary to
confirm a positive phenomenon for the treatment of GBM.

Keywords: Glioblastoma multiforme; Valproic acid; siRNA; Proliferation;
Cell death

cells. There are evidences that VPA also reduced proliferation rates
in glioblastoma-derived stem cells and decreased cell viability of
primary human glioblastoma cells. It is very important that VPA may

short-chain fatty acid used as an antiepileptic drug traditionally used
for the treatment of certain types of seizures [1,2]. Meta-analysis
performed by Yuan et al. suggests that glioblastoma patients may
experience prolonged survival due to VPA administration [3]. For
being identified as a potent selective histone deacetylase inhibitor,
VPA has gained much attention of its potential central role in
epigenetic gene regulation. Histone lysine residues acetylation and
deacetylation are posttranslational modifications that influence
gene expression activating and repressing gene transcription,
respectively [1]. Thus, histone deacetylases play an important role in
epigenetic regulation of various programmed cellular processes both
in physiological and pathological conditions. VPA is often used to
treat seizures in glioblastoma patients. It is known that VPA inhibits
cell proliferation by causing cell-cycle arrest in the G1 and/or G2
phase and that it induces differentiation and/or apoptosis in cancer

downregulate the expression of MGMT (O-6-methylguanine-DNA
methyltransferase) and sensitize human glioma cells to temozolomide
and irradiation [4]. Valproic acid has been also shown to induce
cellular differentiation, growth arrest and apoptosis in gliomas [5].

Malignant gliomas are characterized by lack of response to
implemented therapy leading to a quick recurrence and short lifetime,
as well as chemo- and radiotherapy resistance. One of the reasons
of observed clinical therapy resistance and malignance of human
gliomas is overexpression of PI3K/Akt pathway molecules. PI3Ks
(phosphoinositide 3-kinases) constitute a family of lipid kinases
that are capable of phosphorylating the 3’OH of the inositol ring in
phosphoinositides. These kinases are divided into three classes - class
I consists of two subclasses-class IA and class IB, respectively. Class IA
includes heterodimers that are composed of a p110 catalytic subunit
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and a p85 regulatory subunit. A pl110 subunit has three isoforms
(p110a, p110P and p110y) that are encoded by the three different
genes [6-8] and these isoforms are involved in the regulation of
processes such as proliferation, cell survival, degranulation, vesicular
trafficking and cell migration.

It is known that in cells in which the p110a isoform of PI3K is
predominant or in which both p110a and p110p isoforms are equally
important, the knockdown of PIK3CA (p110a) interferes with PI3K/
AKT signaling [9]. The PI3KCA gene has been found to be amplified
and overexpressed in several types of cancers including gliomas. It
has been suggested that the point mutations that activate the PI3KCA
gene may represent a novel mechanism for the induction oncogenic
PI3K signaling pathway [10,11]. The PI3K gene amplification may
cause the increased AKT activity in tumors. The activation of AKT
has been found in approximately 80% of human GBMs [12].

The AKT kinase plays an important role in the PI3K signaling
pathway and AKT activity is induced following PI3K activation in
various growth factor receptor-mediated signaling cascades [13].
There are three isoforms of AKT (AKT1, AKT2 and AKT3), which
are encoded by three different genes. The AKT2 and AKT3 (but
not AKT1) isoforms are pathologically amplified in human cancers
[14]. AKT3 is primarily expressed in the brain and testis [15]. It is
known that AKT2 and AKT3 are overexpressed in glioma cells
and play a pivotal role in malignant gliomas [16]. Bearing in mind
that cellular behavior is result of intracellular signaling network
activation and depends on cross talks between different pathways, it
is very interesting to verify if siRNA silencing of PI3K/Akt pathway
accelerate VPA-mediated effects.

Thus, the aim of our study is concerned on proliferation, apoptosis
and autophagy processes induction and changes in cell cycle AKT3
and PIK3CA genes knockdown and valproic acid exposure. Current
study was also undertaken to examine the effect of the siRNAs
targeting AKT3 and PIK3CA genes on T98G cells susceptibility on
VPA.

Materials and Methods

Cell cultures

The T98G (American Type Culture Collection - ATCC, Manassas,
VA, USA) cell line derived from a 61-year-old male [17] and
U87MG (Sigma Aldrich) cell line derived from a 44-year-old male.
Glioblastoma multiforme cells were cultured in modified Eagle’s
Minimum Essential Medium (ATCC) supplemented with heat-
inactivated 10% fetal bovine serum (ATCC) and 10pg/ml gentamicin
(Invitrogen). Cell lines was maintained at 37°C in a humidified
atmosphere of 5% CO, in air.

Knockdown of AKT3 and PI3KCA genes using specific
SiRNA

Transfection of T98G and U87MG cells with specific siRNAs
targeting AKT3 or PI3KCA mRNA was performed using FlexiTube
siRNA Premix (Qiagen, Italy) according to the manufacturer’s
protocol, as we have described previously [18].

Valproic acid uptake

Freshly prepared stock solutions of VPA was made in serum-free
medium just prior to treatment. Dose-response studies were carried

out to determine the suitable doses of the drug for the inhibition of
cell growth and induction of cell death and 0.5mM concentration
of VPA was chosen. T98G and U87MG GBM cells transfected with
AKT3 and PI3KCA specific RNAs were treated with valproic acid
(0.5mM) for 96h (48h after transfection).

Cell cycle analysis

T98G an U87MG cells were seeded in 6-well plates (at a density
of 1.6 x 10" cells per well), cultured overnight (24h) and after AKT3
and PI3KCA genes siRNA silencing, cells were exposure to valproic
acid and cell cycle was analyzed. After incubation with specific
siRNA, cells were washed with PBS buffer, trypsinized and washed
once more with cold PBS buffer. Then, after suspending the cells in
300ul of cold PBS bufter, 70% cold ethanol was added dropwise in
a volume of 4mL on a vortex. The cell suspension in ethyl alcohol
was incubated at -20°C for 1h, and the contents of the tube were
gently mixed every 10 minutes. After incubation with ethanol, the
fixed cells were centrifuged and washed with PBS buffer. The cells
were then resuspended in 250p] of PBS and RNaseA (10mg/ml final
concentration) and propidium iodide (1mg/ml final concentration)
were added. Cells were incubated for 1h under standard conditions,
and the contents of the tube were gently mixed every 10 minutes.
The percentage of cells at different phases of the cell cycle (subGl,
G1/G0, S, G2/M, polyploidy) was assessed using a FACSAria II flow
cytometer (Becton Dickinson, USA).

Apoptosis assay

T98G and U87MG cells were seeded in 6-well plates (at a density
of 1.6 x 10* cells per well), cultured overnight (24h) and after AKT3 and
PI3KCA genes siRNA silencing, cells were treated with valproic acid.
Cells were analyzed using flow cytometry and a Vybrant DyeCycle™
Violet/SYTOX AADvanced™ Apoptosis Kit as described previously
[18].

Total RNA extraction

Total RNA was isolated from cells cultured by TRIzol reagent
(Life Technologies, Inc, Grand Island, NY, USA) according to the
manufacturer’s protocol. The integrity of total RNA was checked by
electrophoresis in 1% agarose gel stained with ethidium bromide.
All RNA extracts were treated with DNAse I to avoid genomic DNA
contamination, and assessed qualitatively and quantitatively.

Changes in mRNA copy number of apoptosis-related
genes by RT-qPCR

We have performed QRT-PCR for selected genes associated
with apoptosis: CASP3 and BID. RT-qPCR assays were performed
using specific primers (KiCqStart™ Primers; Sigma Aldrich) and
SensiFAST™ SYBR Hi-ROX One-Step kit (Bioline) according to the
manufacturer’s protocol. (CFX96 Real-Time System; BIO-RAD).
Real-time fluorescent RT-PCR was performed using Following
conditions were taken: 45°C for 10min, 95°C for 2min, followed by 40
cycles of 5sec at 95°C, 10sec at 60°C and 5sec at 72°C. RNA for human
TBP (Tata Binding Protein) was used as an endogenous control. The
copy numbers for each sample were calculated by the CT-based
calibrated standard curve method. Each of 12 data point for mRNA
copy numbers is the average of duplicates on the same analyzed plate.
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Autophagy identification using LysoTracker Red and flow
cytometry

T98G and U87MG cells with or without treatment were loaded
LysoTracker Red (LTR) (100nM; Invitrogen), according to the
manufacturer’s instructions by incubating cells with dye for 15min at
37°C, respectively. LTR loading was shown to be optimal at 100nM
after 15 minutes incubation for both cell lines. Cells were then washed
in PBS buffer and resuspended in 500l of PBS. Cells were analyzed
for LTR Median Fluorescence Intensity (MFI) levels by first gating
on all cell material except small debris in the origin of a FSC versus
SSC dot-plot.

Statistical analysis

Data were presented as mean = SD. One way ANOVA and post
hoc Tukey’s multiple comparison test were used for comparing
analyzed groups. The power of all tests was not less than 1-f=0.8.
Data were analyzed with the Statistica software (StatSoft, Inc. 2008),
version 10.0 (www.statsoft.com). All of the tests were two-sided and
p<0.05 was considered to be statistically significant. The proliferation
and apoptotic indexes were determined according to Darzynkiewicz
et al. (1994) and Henry et al. (2008) [19,20]. Hierarchical clustering
of the results based on the Euclidean distance was carried out using
GenExEnterprise 5.4.3.703. QRT-PCR analysis was performed in
accordance with the mathematical rules that this program uses. In
order to identify differentially expressed, autophagy- and apoptosis-
related genes, linear regression was performed. Data of QRT-PCR
analysis were also clustered using SOMs.

Results

Cell cycle changes after siRNA silencing and valproic
acid treatment

In order to examine the possible mechanisms of the
antiproliferative activity of AKT3 and PI3KCA siRNAs combination
with Valproic Acid (VPA), cell cycle distribution using flow
cytometry was performed. Proliferation index (PI), i.e. percentage of
proliferating cells in S+G2/M cell cycle phases, was determined. PI
was quantified in untransfected T98G and U87MG cells and after the
knockdown with adequate InM siRNA and valproic acid exposition.
It was found that AKT3 and PI3KCA siRNAs increase the percentage
of the cells in the subG1 phase as compared to untransfected (control)
T98G (8.4% vs. 41.1% and 52%) and U87MG cells (1.6% vs. 20.7%
and 18.7%) (Figure 1A and 1B) and AKT3 and PI3KCA siRNAs in
combination with 0.5mM valproic acid decreased percentage of the
T98G (Figure 1A) (14% vs. 5.1% and 5% for S phase; 5.7% vs. 2.2%
and 1.9% for G2/M phase) and U87MG (Figure 1B) (15.1% vs. 10.4%
and 9.6% for S phase; 13.2% vs. 5.6% and 8.6% for G2/M phase) cells
in the G2/M and S phases as compared to untransfected (control)
after their exposition to VPA.

We have also revealed that AKT3 and PI3KCA siRNAs in
combination with 0.5mM VPA decrease proliferation index, as
compared to untransfected (control) T98G (17.68% vs. 7.03% and
6.9%) and US7MG (28.12% vs. 15.75% and 18.15%) cells after or no
their exposition to VPA. It was found that AKT3 and PI3KCA siRNAs
increases proliferation index as compared to untransfected (control)

siNNA PIZKCA+VPA

siRNA AKTI+VPA

siRNA PI3KCA

siRNA AKT3

untransfected cells

o

subGl =™ G1/GO

VPA

SIRNA PISKCA+VPA

SIHNA AKT34VIPA

SIRNA PI3KCA

sIRNA AKT3

untransfected cells

% 10% 20% 30%

SUDG1 W GL/GO
B

S0%

=S5 G mpolyploid

40% 0%

G2/ m polyploid

60% T0% BO% 0% 100%

s

Figure 1: The cell cycle distribution in the T98G (A) and U87MG (B) cells that had been transfected with AKT3 and PI3KCA siRNAs and treated with Valproic Acid
(VPA), respectively. Results are presented as a percentage contribution of number of cells located in each cell cycle phase, including subG1 population. Presented
data are obtained from DNA histograms and represent an average of six independent repeats.
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Figure 2: The proliferation index in the T98G and U87MG cell culture that had been transfected with AKT3 and PI3KCA siRNAs and treated with Valproic Acid
(VPA), respectively. Presented data are obtained from DNA histograms and represent an average of six independent repeats. Bar graph shows the mean of the
percentage of cell in S and G2/M phases with error bars (S.E.M.) from three independent experiments. To estimate statistical significance date were analyzed by
one way ANOVA and post hoc Tukey’s multiple comparison test and Statistica software (StatSoft, Inc. 2008), version 10.0 (www.statsoft.com) (p <0.05); *, **, ***,
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U87MG cells (Figure 2).

Apoptosis and necrosis induction after siRNA silencing
and valproic acid treatment

To further characterize glioblastoma cell response to siRNAs
and VPA, we next analyzed apoptosis by flow cytometry. Necrotic
and apoptotic cells were detected using flow cytometry and double
staining with mentioned apoptosis kit following siRNA silencing
and valproic acid exposition. The knockdown of AKT3 and PI3KCA
genes in combination with VPA led to apoptosis induction in 43.8%
cells (AKT3 siRNA+VPA) and 45.9% cells (PI3KCA siRNA+VPA),
respectively, compared to 8.7% in the untransfected (control) T98G
cells and in 54.9.8% cells (AKT3 siRNA+VPA) and 69.9% cells
(PI3KCA siRNA+VPA), respectively, compared to 33.47% in the
untransfected (control) U87MG cells (Figure 3A and 3B; p<0.05; by
one way ANOVA and post hoc Tukey’s multiple comparison test).

In contrast, the necrosis rates of transfected T98G cells were 25.9%
and 16.6% after AKT3 and PI3KCA silencing in combination with
VPA, respectively, compared to the necrosis rate of the untransfected
(control) cells, which was only 1.8%. (Figure 3A; p <0.05; by one-
way ANOVA and post hoc Tukey’s multiple comparison test). We
observed a 5-fold and 5.3-fold higher apoptotic index value after cell
transfection with AKT3 and PI3KCA siRNAs in combination with
VPA for T98G cells (Figure 3A; p<0.05; by one way ANOVA and
post hoc Tukey’s multiple comparison test) and 1.6-fold and 2.1-fold
higher apoptotic index value after cell transfection with AKT3 and
PI3KCA siRNAs in combination with VPA for U87G cells (Figure
3B; p<0.05; by one way ANOVA and post hoc Tukey’s multiple

comparison test).

We found that the changes in apoptosis-related genes (CASP3 and
Bid) after AKT3 knockdown in combination with VPA are manifested
mainly in: (1) decreased CASP3 gene expression in U87MG cells as
well as increased CASP3 gene expression in T98G cell. The CASP3
gene expression was highest in T98 cells after PI3KCA knockdown in
combination with VPA (Figure 4A and 4B).

Silencing of the AKT3 gene in combination with VPA is
connected with decreased Bid gene expression in U87MG cells, as
well as silencing of the AKT3 and PI3KCA genes in combination
with VPA is connected increased Bid gene expression in T98G cells
(Figure 4C and 4D).

Autophagy induction in T98G and U87MG GBM cells with
down-regulated expression of AKT3 and PI3BKCA genes
exposed to valproic acid

To test our hypothesis that the knockdown of AKT3 or PI3KCA
gene in cells exposed to VPA causes the induction of autophagy,
we tested it with LysoTracker Red (a deep red-fluorescent dye for
labeling and tracking acidic organelles in live cells) that preferentially
accumulates in vesicles with an acidic pH and may be used to examine
the efficiency of autophagosome/lysosome fusion in live cells. Our
results indicate that AKT3 and PI3KCA genes silencing in T98G and
U87MG cells exposed to VPA is associated with an increased intensity
of red fluorescence, which indicates an increased number of vesicles
with an acidic pH characteristic for autophagy (Figure 5; *A p <0.05;
by one way ANOVA and post hoc Tukey’s multiple comparison test).
These changes are more significant in U87MG than in T98G cells.
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Figure 3: The influence of AKT3 and PI3KCA genes knockdown on the induction of apoptosis and necrosis in T98G and apoptosis in U87MG cells treated with
Valproic Acid (VPA). Results are presented as a percentage contribution (Y-axis) of number of viable cells, apoptotic cells and necrotic cells (A) in the groups that
were analyzed. The data are expressed as the means of four separate experiments (p <0.05; by one-way ANOVA and post hoc Tukey’s multiple comparison test).
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Discussion

Numerous studies have shown promising results with Histone
Deacetylase (HDAC) inhibitors in various malignancies also
including brain cancers [21]. Actually new therapeutic strategies are
being tested in patients with GBM, such as HDAC inhibitor (HDACiH)
either alone or in combination with other therapies. HDACi activity
inhibition on class I and IIa HDACs has been described [22-24],
and anti-neoplastic effects have been demonstrated in multiple pre-
clinical studies in various solid tumours including glioma [25-28].

It is known, that aberrant or overexpressed Akt signaling is a
major event in glioblastoma, therefore our aim was to characterize
the molecular changes induced by HDAC inhibitor - valproic acid
(VPA) that are used for T98G and U87MG glioblastoma cells after
knockdown of AKT3 and PI3KCA genes.

Glioblastoma multiforme (GBM) is most common brain cancer
with high aggressiveness and resistance to conventional anti-tumoral
therapies. Despite optimal multimodality treatment including
debulking surgery, radiotherapy and temozolomide chemotherapy,
the median survival is 12-15 months [21].

Two HDACi - Suberanilohydroxamic acid (SAHA) and
valproic acid (VPA) has been tested by Cornago et al. (2014) to
characterization their effects on glioma cell growth in vitro and to
determine the molecular changes that promote cancer cell death. We
have analyzed influence of VPA in combination with knockdown
of AKT3 and PI3KCA genes on T98G and U87MG GBM cells. We
found that both this combine method change cell cycle progression,
reduce glioblastoma cell viability, proliferation and induce apoptosis
and autophagy.

According to Cornago et al. (2014) we found decrease percentage
of the cells in the G2/M phase after VPA treatment, but this effect
was higher in combination with AKT3 and PI3KCA specific siRNAs.
Cornago et al. (2014) found that HDAC:i alter cell cycle progression
by decreasing the expression of G2 checkpoint kinases Weel and
checkpoint kinase 1 (Chkl) and reduce the expression of proteins
involved in DNA repair (Rad51), mitotic spindle formation (TPX2)
and chromosome segregation (Survivin) in glioma cells and in human
glioblastoma multiforme primary cultures [4]. Contrary to us earlier
studies showing that, VPA in LN18 and U251MG cell lines caused
G2/M arrest [29]. Our findings showed that VPA in combination
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with knockdown of AKT3 and PI3KCA genes in T98G and U87MG
cell lines caused G1/GO arrest. Similar to us other studies reported
that VPA induces not only growth arrest and apoptosis, but also
senescence in medulloblastoma and glioma cell lines by increasing
histone hyperacetylation and regulating expression of p21Cipl,
CDK4, and c-Myc [29-31].

It is known, that HDAC inhibitors typically inhibit cancer cell
proliferation by induction of cell cycle arrest, differentiation and/or
apoptosis. Our results revealed that VPA in combination with AKT3
and PI3KCA siRNAs decrease proliferation index. Bacon et al. (1997)
showed the growth inhibitory effect of VPA upon C6 glioma cultured
continuously in the presence of ImM valproate. Authors suggested,
that it is associated with an inhibition of transient alpha2,3 sialylation
of a 65 kDa glycoprotein expressed maximally at 4h into the G1 phase
of the cell cycle [32]. VPA at the same concentration has also shown
profound growth inhibitory activity of D54 glioma cell line [26].
Kniipfer et al. (1998) revealed that VPA at concentrations ranging
from 0.1 to 1 mM strongly inhibits proliferation of A172, 86HG39,
85HG66 and rat glioma C6 cells in a dose-dependent manner,
whereas T98G cell growth remained unchanged [33].

Cell cycle analysis showed that combination therapy (VPA and

AKT3 and PI3KCA specific siRNAs) increased the apoptotic subG1
population and apoptosis was further confirmed by flow cytometry
and RT-QPCR. Combination therapy has also caused increase of
caspase-3 (CASP3) and Bid mRNA copies in T98G cells. This result
may indicate the induction of apoptosis. There is evidence that all
HDAC inhibitors activate either one or both (extrinsic and intrinsic)
pathways of apoptosis in cancer models [5,34].

Das et al. (2007) reported that VPA reduced cell proliferation,
induced cytotoxicity in human glioblastoma cells, and increased
GFAP expression for astrocytic differentiation [29]. Our results show
that the knockdown of AKT3 or PI3KCA gene in cells exposed to
VPA causes the induction of apoptosis of T98G and U87MG cells.
In addition, when VPA and specific siRNAs were combined an
additive, rather than synergistic effect was noted. Hosein et al. (2015)
analyzed the effect of valproic acid in combination with irradiation
and temozolomide on primary human glioblastoma cells and they
found synergistic effect of this combination [35].

Our study revealed that the transfection of T98G and U87MG
cells with AKT3 or PI3KCA siRNAs and exposition on VPA led to a
significant induction of necrosis in T98G cells. Similar to us Schwartz
et al. (2007) reported that VPA induces nonapoptotic cell death in

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Anat 8(2): id1101 (2021) - Page - 06



Paul-Samojedny M

Austin Publishing Group

LysoTracker Red

VPA UBTMG

v

v

siRNA AKT3+V PA USTMG

272774

untransfected UBTMG A

VPA T98G
SIRNA PI3KCA+VPA T98G -
SIRNA AKT3+V PA TO8G -

untransfected T98G

The median of red fluorescence intensity

Figure 5: A comparison of red fluorescence intensity (after LysoTracker Red staining) indicated an increased number of vesicles with an acidic pH characteristic
for autophagy in cells that had been transfected with a specific sSiRNAs as well untransfected T98G and U87MG cells exposed to Valproic Acid (VPA). The red
fluorescence intensity after LysoTracker Red staining was determined using flow cytometry; (p<0.05; by one-way ANOVA and post hoc Tukey’s multiple comparison
test); * and *: Indicates a significant difference between untransfected cells and analyzed groups.

multiple myeloma cell lines [36]. Bollino et al. (2015) report that VPA
induces neuronal cell death through an atypical calpain-dependent
necroptosis pathway connected with downstream activation of c-Jun
N-terminal kinase 1 (JNKI) and increased expression of receptor-
interacting protein 1 (RIP-1). Authors suggest, that it is accompanied
by cleavage and mitochondrial release/nuclear translocation of
apoptosis-inducing factor, mitochondrial release of Smac/DIABLO,
and inhibition of the anti-apoptotic protein X-linked inhibitor of
apoptosis (XIAP). Results indicate that VPA induces phosphorylation
of the necroptosis-associated histone H2A family member H2AX,
which is known to contribute to lethal DNA degradation. There is
evidence that these signals are inhibited in neuronal cells that express
constitutively activated MEK/ERK and/or PI3-K/Akt survival
pathways [37].

Previous studies indicated that several anticancer drugs have been
shown to induce not only apoptosis, but also autophagy in cancer cells
[38]. There is evidence that autophagy can have a tumor-suppressive
role, and loss of autophagy regulators has been described in several
human cancers [39]. Autophagy may be important in the regulation
of cancer development as well as progression and in determining the
response of tumor cells to anticancer therapy. Therefore, we have
analyzed efficacy of VPA in combination with silencing of AKT3 and
PI3KCA genes on this type of cell death. A few reports suggest that
HDAC inhibitors, including VPA, induce autophagy in mammalian
cells [40]. Ouyang et al. (2013) showed that valproic acid induced
conversion of LC3-I to LC3-II and formation of LC3 puncta, the
typical markers of autophagy, in prostate cancer LNCaP and PC-3
cells [41]. Accordance to these observations we showed induction
of autophagy by VPA, but this process was more pronounced after
knockdown of AKT3 and PI3KCA genes and exposition to VPA.

Similar to previous study [40], we have found that even in apoptosis-
proficient U87MG cells that harbor wild-type P53 and functional
caspase-3, most of the cell death can be attributed to autophagy. Fu et
al. (2010) showed that VPA induced autophagy in malignant glioma
cells through modulating oxidative stress [40].

It should be taken into account that effects of VPA seem to be cell
type specific, which may depend also on the level of differentiation
and the underlying genetic alterations [25].

Conclusions

In conclusion, our results show that VPA in combination with
knockdown of AKT3 and PI3KCA genes is more efficient than VPA
in killing glioblastoma cells, reducing proliferation and inducing
autophagy. Therefore, combination of specific siRNAs and VPA can
be used as an effective treatment for controlling growth of human
glioblastoma cells, but further studies are urgently needed to fully
elucidate the mechanism behind these phenomena.
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