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Abstract

Background: Glioblastoma (GBM), the most aggressive and common form of glioma, accounts for
over 13,000 death per year in the United States which indicates the importance of developing novel
strategies for the treatment of this fatal malignancy. Although Arsenic trioxide (ATO) hinders the
growth and survival of GBM cells, the requirement of concentrations higher than 4 uM for triggering
apoptotic cell death has questioned its safety profile. Since the NF-kB signaling pathway plays a crucial
role in tumorigenesis and chemo-resistance, targeting this oncogenic pathway may sensitize GBM cells
to lower concentrations of ATO.

Methods: Anti-tumor effects of ATO as monotherapy and in combination with Bay 11-7082 were
determined using MTT, crystal violet staining, Annexin V/PI staining and scratch assays. Quantitative
reverse transcription-PCR (qRT-PCR) analysis was applied to elucidate the molecular mechanisms
underlying the anti-tumor activity of this combination therapy.

Results: Our results revealed that ATO and Bay 11-7082 synergistically inhibited the proliferation and
survival of GBM cells. Also, it was revealed that NF-kB inhibition using Bay 11-7082 enhanced the inhibitory
effects of ATO on migration of GBM cells via suppressing the expression of NF-kB target genes such as
TWIST, MMP2, ICAM-1, and cathepsin B. Furthermore, combination treatment of GBM cells with ATO and
Bay 11-7082 significantly induce apoptotic cell death coupled with downregulation of NF-kB anti-apoptotic
target genes including Bcl-2 and IAP family members.

Conclusions: Altogether, these findings suggest that combination therapy with ATO and Bay 11-7082
may be a promising strategy for the treatment of GBM.
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Introduction

Glioblastoma (GBM) is the most common and
aggressive primary malignant brain tumor with
an average incidence rate of 3.22 per 100,000
people (1, 2). It is estimated that each year over
13,000 patients die from this malignancy in the

United States (3). The standard therapeutic
strategy for newly diagnosed GBM includes
maximal surgical resection followed by
concurrent radiotherapy and chemotherapy
(4). Moreover, Bevacizumab, a monoclonal
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antibody that binds to vascular endothelial
growth factor, has been clinically approved for
the treatment of recurrent GBM (5). However,
despite these advances, the prognosis of GBM
remains poor and only 5% of patients survive
more than five years (6) which highlights the
necessity of developing new therapeutic
strategies for this fatal malignancy.

Arsenic trioxide (ATO), a clinically
approved chemotherapy drug for the treatment
of acute promyelocytic leukemia (7), has been
demonstrated to induce significant antitumor
effects in a wide range of solid tumors
including liver, lung, and glioma models in
vitro and in vivo (8-10). However, one major
problem in using ATO as a chemotherapeutic
agent in GBM is the requirement of high
concentrations for its anti-cancerous effects,
which makes it physiologically intolerable for
patients (10, 11). Furthermore, the
heterogeneous nature of GBM leads to
resistance to chemotherapy (12). Therefore,
using other therapeutic strategies in
combination with chemotherapeutic agents
such as ATO may enhance its efficiency
against this type of cancer.

There is evidence that activation of NF-xB
signaling pathway is a common event in GBM.
It has been demonstrated that elevated levels
of nuclear p65 and NF-kxB-dependent gene
expression have been found in GBM stem-like
cells. This activation of NF-kB signaling
pathway may be a major reason for resistance
to therapy in GBM cells (13). In this regard, it
has been demonstrated that NF-xB mediates
resistance to radiotherapy and chemotherapy
in GBM cells (14, 15). For instance, inhibition
of NF-xB synergistically enhances the
antitumor activity of temozolomide, a first-line
chemotherapy drug in the treatment of GBM
(16). NF-xB inhibitors have also been found to
overcome cisplatin resistance in GBM cells
(17). Altogether, these findings suggest that
targeting NF-kB signaling pathway may be a
promising strategy to sensitize GBM cells to
low concentrations of ATO.

Bay 11-7082 is a potent inhibitor of NF-«xB
signaling pathway and its mechanism of action
involves suppressing the phosphorylation of

IxB by IKK, thereby maintaining NFkB in its
inactive form (18). Several studies have
revealed the potential of Bay 11-7082 in
combination with various chemotherapeutic
agents. We have previously shown that
inhibition of NF-xB signaling pathway using
Bay 11-7082 significantly enhances the
antiproliferative  activity = of  cisplatin,
carboplatin, and paclitaxel in ovarian cancer
cells (19). In addition, co-treatment of GBM
cells with Bay 11-7082 reverse temozolomide
induced significant antitumor effects through
induction of apoptotic cell death (16). In the
present study, it was investigated whether NF-
kB inhibition using Bay 11-7082 sensitizes
GBM cells to lower concentrations of ATO.

Materials and Methods

Cell lines and drug treatment

U87 (glioblastoma), OVCAR-3 (originally
from ovarian cancer ascites), and PANC-1
(Pancreatic ductal adenocarcinoma) cell lines
were purchased from the National Cell Bank
of Iran, Pasteur Institute of Iran (Tehran, Iran).
All cell lines were maintained at 37 °C in 5%
CO2 in a humidified incubator and cultured
according to NCBI recommendations, using
RPMI with 10% of fetal bovine serum (FBS)
and 1% Pen-Strep. Arsenic trioxide was
purchased from SinaDarou (Tehran, Iran) and
diluted in culture medium to produce a stock
solution of 0.5 mM. Bay 11-7082 was
purchased from Adooq Bioscience (Irvine,
CA, USA) and was dissolved in DMSO. The
final concentrations of DMSO did not exceed
0.1% [v/v] in all the treatments.

Cell viability assay

MTT assay was performed to evaluate
cytotoxic effects of ATO/Bay 11-7082 on
cancer cells based on the amount of thiazolyl
blue tetrazolium bromide (MTT, Sigma)
uptake by viable cells. Briefly, cells were
plated in 96-well plates and then treated with
different concentrations of ATO (0, 1, 2, 3, 4,
5, and 6 uM) and Bay 11-7082 (0, 2.5, 5, 7.5,
and 10 uM) alone for 24 h. In combination
treatment series, cells were co-treated with
Bay 11-7082 (7.5 and 10 uM) and ATO (O, 1,
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2, 3,4,5, and 6 puM) for 24 h. Then, MTT
solution (0.5 mg/ml in PBS) was added to each
well and the plate was incubated for 4 h at 37
°C. After incubation, the remaining
supernatant was removed, and the resulting
formazan crystals were solubilized with
DMSO. The absorbance of each sample was
measured at 570 nm using a microplate ELISA
reader.

Drug combination analysis

To determine whether there was a synergistic
effect between ATO and Bay 11-7082, the
combination index (CI) was calculated using
CalcuSyn Software based on the method
developed by Chou-Talalay (20) and
according to the classic isobologram equation:
Cl= (D)1/(Dx)1 +(D)2/(Dx)2, where (Dx)1
and (Dx)2 indicate the individual dose of ATO
and Bay 11-7082 required to inhibit a given
level of viability index, and (D)1 and (D)2 are
the doses of ATO and Bay 11-7082 necessary
to produce the same effect in combination,
respectively. The Cl values of< 1, =1, and> 1
indicate synergism, additive effect, and
antagonism of drugs, respectively. The dose
which may be reduced in a combination for a
given level of effect as compared to the
concentration of individual drug alone is
defined as dose reduction index (DRI) and was
calculated as follows: (DRI)1=(Dx)1/(D)1 and
(DRI)2= (Dx)2/(D)2. Moreover, to further
evaluate the interactions between ATO and
Bay 11-7082 the Bliss SynergyFinder was
applied to analyze drug combinations (21). An
average synergy score of 0 is considered
additive, < 0 as antagonistic and > 0 as
synergistic.

Crystal violet staining

Cells were seeded at a density of 5 x 10*
cells/well in six-well plates and then treated
with desired concentrations of the agents for
24 h. Then, the media was removed and the
cells were washed with PBS, fixed with ice-
cold methanol and stained with crystal violet
solution (0.5% w/v). Cell morphology was
evaluated using an inverted microscope.
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Wound healing (scratch) assay

Cells (3 x 10° cells/well) were seeded in 12-
well plates to reach 80-90% confluency. After
24 h, the cell monolayer was scraped to create
a scratch and then, cells were treated with
desired concentrations of ATO and Bay 11-
7082. The first photographs were taken
immediately after treatment. After 24 h,
another photograph was taken to show the
width of the scratch to investigate the effects
of the inhibitor on cell migration.

Annexin V/PI apoptosis assay

Apoptosis analysis was performed using an
Annexin V-FITC apoptosis detection kit
(Invitrogen). The results were analyzed using
a Partec PAS IlI flow cytometer (Partec) and
the Windows™ FloMax® software (Partec).

Real-time quantitative PCR analysis

Cells (2 x 10° cells/well) were seeded onto six-
well plates, treated with ATO and Bay 11-7082
for 24 h, and then total RNA was extracted
using a highly pure RNA isolation kit (Roche).
After quantification of the isolated RNA by a
Nanodrop instrument (Nanodrop ND-1000
Technologies), 1 ug of RNA from each sample
was utilized to synthesize cDNA using
PrimeScript RT reagent Kit (TaKaRa, Tokyo,
Japan) according to the manufacturer’s
instructions. Quantitative reverse
transcription-PCR (qRT-PCR) analyses were
performed using a Light Cycler 96 instrument
(Roche Molecular diagnostics). To normalize
the expression levels, B2M was used as the
housekeeping gene and the mRNA expression
was quantified using the AACT method against
the untreated control cells. The list of the used
primers is seen in Table 1.

Statistical analysis

All data were evaluated in triplicate against the
vehicle-treated control cells and collected from
three independent experiments. Data were
graphed and analyzed by GraphPad Prism
Software 8.0a using the unpaired two-tailed
Student’s t-test. All data are presented as
meanzstandard deviation (SD).
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Table 1. Nucleotide sequences of primers used for real-time RT-PCR.

Gene Accession Number Forward primer Reverse primer (St;S
B2M NM_004048.3 GATGAGTATGCCTGCCGTGT CTGCTTACATGTCTCGATCCCA 79
Cathepsin B NM_000100 CTGTCGGATGAGCTGGTCAAC TCGGTAAACATAACTCTCTGGGG 152
BCL2 NM_000633 CGGTGGGGTCATGTGTGTG CGGTTCAGGTACTCAGTCATCC 90
MMP2 NM_ 001302508 CTTCCAAGTCTGGAGCGATGT TACCGTCAAAGGGGTATCCAT 119
c-IAP1 NM_001166 AGCACGATCTTGTCAGATTGG GGCGGGGAAAGTTGAATATGTA 102

c-IAP2 NM_001165

TCCTGGATAGTCTACTAACTGCC GCTTCTTGCAGAGAGTTTCTGAA 160

Survivin - NM_001012270.1 CCACCGCATCTCTACATTCA TTTCCTTTGCATGGGGTC 184
XIAP NM-001167 ATAGTGCCACGCAGTCTACAA  AGATGGCCTGTCTAAGGCAAA 101
ICAM-1  NM_000201 AGCTTCGTGTCCTGTATGGC TTTTCTGGCCACGTCCAGTT 70
Twist NM_000474 GTCCGCAGTCTTACGAGGAG GCTTGAGGGTCTGAATCTTGCT 156
Results

ATO and Bay 11-7082 synergistically inhibit
the growth and proliferation of U87
glioblastoma cells

Given the significant regulatory role of NF-xB
signaling pathway in cell survival and
tumorigenesis, it was tempting to evaluate the
inhibitory effects of Bay 11-7082, an inhibitor
of IkB kinase (IKK), on viability of cancer
cells (22). To do so, we exposed a panel of
human cancer cell lines including U87
(glioblastoma), OVCAR-3 (originally from
ovarian cancer ascites), and PANC-1
(Pancreatic  ductal adenocarcinoma) to
increasing concentrations of Bay 11-7082. Our
results demonstrated that Bay 11-7082
inhibited proliferation of all cancer cell lines in
a concentration-dependent manner (Fig. 1a).
Based on the results of MTT, the
concentrations of 7.5 uM and 10 pM of Bay
11-7082 were selected for use in combination
with ATO. Next, cancer cells were treated with
ATO as asingle agent and in combination with
Bay 11-7082 for 24 h. Here, it was discovered
that NF-xB inhibition using Bay 11-7082
significantly reduced the viability of U87 and
OVCAR-3 cells compared to either drug
individually (Fig. 1b). However, Bay 11-7082
did not enhance the cytotoxic effects of ATO
on PANC-1 cells, suggesting the interaction
between ATO and Bay 11-7082 is cell-type

specific. Since U87 cells were more sensitive
to combination therapy with ATO and Bay 11-
7082, this cell line was selected for further
experiments.

To further indicate the stimulatory effects
of Bay 11-7082 on antiproliferative activity of
ATO in U87 cells, the EC50 shift graph (Fig.
2a). Moreover, to evaluate the interactions
between ATO and Bay 11-7082 in U87 cells,
Bliss synergy scores were calculated using the
SynergyFinder analysis, where we uncovered
considerable synergism between drugs (Fig.
2b). To further confirm this, normalized
isobologram and Fa-Cl plots were graphed
using CalcuSyn software. As depicted in
Figure 2c, all points are below the additive
line, suggesting the synergic effects between
ATO and Bay 11-7082. Table 2 summarizes
the values of DRI and CI after 24 h for U87
cells. Finally, crystal violet staining was
performed to evaluate the effects of ATO/Bay
11-7082 on morphology of U87 cells. We
confirmed that combination treatment with
ATO and Bay 11-7082 not only decreased the
number of viable cells but also altered the
morphology of cells compared to either drug
individually (Fig. 2d). Collectively, these
results suggest that NF-kB inhibition using
Bay 11-7082 sensitizes U87 glioma cells to
ATO.
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Fig. 1. Inhibitory effects of ATO and Bay 11-7082 on proliferation of cancer cells. (a) The viability of U87 (glioblastoma),
OVCAR-3 (originally from ovarian cancer ascites), and PANC-1 (Pancreatic ductal adenocarcinoma) cells was evaluated
after exposing to increasing concenfitrations of Bay 11-7082 (0, 2.5, 5, 7.5, and 10 uM) for 24 h using MTT assay. (b)
U87, OVCAR-3, and PANC-1 cells were treated with designated concentrations of ATO individually and in combination
with Bay 11-7082 for 24 h and cell viability was assessed using MTT assay. Simultaneous exposure to ATO and Bay 11-
7082 caused a significant decrease in the viability of the U87 and OVCAR-3 cells but not in PANC-1 cells, compared to
using either drug alone. Values are given as meanzSD of three independent experiments. *p< 0.05, **p< 0.01 and ***p<
0.001 represents significant changes from untreated control.
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graphs were provided which showed the significant changes in EC50 values (b) The results of Bliss synergy analysis also
indicated significant synergistic interactions between ATO and Bay 11-7082 in U87 cells (represented in red). (c) The
isobologram and FA/CI plots were drawn using Calcusyn software to show the interaction between two agents. Points
below the additive line represent synergism. (d) Crystal violet staining was performed to observe the effects of ATO/Bay

11-7082 on proliferation and morphology of U87 cells. Data are as mean * S.D. of three independent experiments.

Rep. Biochem. Mol. Biol, Vol.10, No. 4, Jan 2022 607


http://dx.doi.org/10.52547/rbmb.10.4.602
https://rbmb.net/article-1-836-en.html

[ Downloaded from rbmb.net on 2026-02-15 ]

[ DOI: 10.52547/rbmb.10.4.602 ]

Nasrollahzadeh A et al

Table 2. Combination Index (CI) and Dose Reduction Index (DRI) for drug combination by ATO and Bay 11-7082.

ConE:Xt:;t-iZ)??uM) IR Concenﬁ‘l’tci)on (UM) IR el
75 4.290 1 36.856 0.260
7.5 4.819 2 24.167 0.249
7.5 4.910 3 16.831 0.263
7.5 5.205 4 14.463 0.261
7.5 5.722 5 14.428 0.244
7.5 6.362 6 15.396 0.222

ATO/Bay 11-7082 suppress the motility of
uU87 cells

Emerging evidence indicates that NF-xB
signaling pathway plays an important role in
promoting invasion and metastasis in GBM
cells (23). Therefore, it was tempting to
examine whether NF-«xB inhibition using Bay
11-7082 enhances the inhibitory effects of ATO
on motility of U87 cells using wound healing
assay, a simple laboratory technique to evaluate

the effects of drugs on invasion and migration
of cancer cells. To conduct this test, a scratch is
generated on a cell monolayer to assess the
ability of GBM cells to migrate and fill the gap.
According to the width of the wounds,
combination treatment with ATO and Bay 11-
7082 significantly suppressed invasion and
migration of GBM cells compared to treatment
with either drug as a single agent (Fig. 3).

Untreated (24 h)

Control (0 h)
e

ATO 4 M + Bay 7.5 uM (24 h)

Fig. 3. ATO/Bay 11-7082 inhibited migration of U7 GBM cancer cells. The results of the scratch assay, according to
the width of the gaps, showed that Bay 11-7082 at 7.5 uM concentration enhanced the inhibitory effects of ATO on

migration abilities of U87 cells after 24 h treatment.
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Bay 11-7082 enhanced ATO-induced
apoptotic cell death in U87 cells

To investigate whether NF-xkB inhibition
enhanced the cytotoxic effects of ATO in U87
cells via induction of apoptosis, the percentage
of apoptotic cells was measured using Annexin
V staining. The results of flow cytometry
confirmed that although mono treatment with

ATO and Bay 11-7082 can elevate the portion
of apoptotic cells to 20% and 26% respectively,
after co-treatment of U87 cells with both agents,
77% of cells have undergone apoptotic cell
death, suggesting that the synergistic effects
between ATO and Bay 11-7082 may be due to
induction of apoptosis (Fig. 4).

Control ATO (2 uM)

01 o.20% Q2 7.34%

' o R
mf o4 5
ra‘ T

01 += Y
5 1 1" o
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1000 1000
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0_
ATO (2 M) - + - +
Bay 11-7082 (7.5 uM) - - + +

>

Annexin

Fig. 4. NF-kB inhibition using Bay 11-7082 could enhance the ATO-induced apoptotic cell death in U87 cells. Data are
shown as mean+S.D. of three independent experiments. Statistical significance was defined at ***p< 0.001.

ATO and Bay 11-7082 hinder the
transcription of NF-«kB target genes involved
in metastasis and apoptosis
NF-xB promotes migration of cancer cells via
induction of its downstream genes including
Twist, MMP2, ICAM-1, and cathepsin B (23).
Hence, we investigate the effects of ATO/Bay
11-7082 on the expression of the
aforementioned genes in U87 cells using RT-
gPCR. Combination treatment with ATO and
Bay 11-7082 significantly reduced the mRNA
levels of Twist, MMP2, ICAM-1, and cathepsin
B compared to ATO-treated cells (Fig. 5a).
NF-xB directly regulates the transcription
of several anti-apoptotic target genes such as

Bcl-2 as well as inhibitor of apoptosis (IAP)
family members (23). Based on this and the
significant role of ATO/Bay 11-7082 in
apoptosis induction, we sought whether NF-
kB downstream genes are involved in
apoptotic effects of combination therapy with
ATO and Bay 11-7082. ATO/Bay 11-7082
inhibited the expression of Bcl-2, survivin,
XIAP, c-IAP1, and c-IAP2 in U87 cells (Fig.
5b). Altogether, these results suggest that the
combination of ATO and BAY 11-7082 may
suppress invasion and induce apoptosis in U87
GBM cells via downregulation of NF-«xB
target genes.
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Fig. 5. Combination treatment with ATO and Bay 11-7082 inhibited the transcription of NF-kB target genes involved in
metastasis and apoptosis evasion in U87 cells. (a) The expression of metastasis-related target genes of NF-«B including
Twist, MMP2, ICAM-1, and cathepsin B was examined in U87 after a 24 h exposure to ATO/Bay 11-7082 using RT-
gPCR. (b) The expression of NF-kB anti-apoptotic target genes (Survivin, XIAP, c-IAP1, c-1AP2, and Bcl-2) was
examined in U87 after a 24 h exposure to ATO/Bay 11-7082 using RT-gPCR. Values are given as mean=SD of three
independent experiments. *p< 0.05, **p< 0.01 and ***p< 0.001 represents significant changes from untreated control.

Discussion

ATO, a clinically approved chemotherapeutic
agent for the treatment of APL (7), has been
found to induce antiproliferative activity in
solid tumors such as glioblastoma (GBM).
However, it has been shown that ATO at
concentrations lower than 4 UM cannot induce
potent apoptotic cell death in GBM cells.
Therefore, the limited success of ATO as a
single agent at a clinical dose of 0.5-2 uM in
GBM has generated a great deal of interest in

610 Rep. Biochem. Mol. Biol, Vol.10, No.4, Jan 2022

using ATO in combination with other
anticancer agents to enhance its antitumor
properties (10, 11). For instance, we have
previously indicated that telomerase inhibition
using BIBR1532 sensitizes breast cancer cells
to low concentrations of ATO (24). In the case
of GBM, erlotinib, an inhibitor of epidermal
growth factor receptor (EGFR), has been found
to enhance the cytotoxic effects of ATO (25).
These findings suggest that using ATO in
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combination therapy with small molecule
inhibitors is a promising strategy for treating
GBM.

Previous studies have highlighted the
association of deregulated NF-«B signaling
pathway with tumorigenesis. The activation of
NF-kB pathway in GBM is strongly correlated
with shorter survival and considerable
resistance to chemotherapy and radiation (15).
There is evidence that suppression of NF-xB
not only induces potent antitumor activity in
cancer cells but also sensitizes them to
chemotherapeutic agents (14). In one study, we
showed the synergistic interactions between
NF-«B inhibition by Bay 11-7082 and a panel
of chemotherapy drugs including paclitaxel,
cisplatin, and carboplatin (19). Furthermore, it
has been demonstrated that Bay 11-7082
reverses resistance to temozolomide in human
glioma cells (16). Based on these findings, was
decided to evaluate the synergistic effects
between ATO and Bay 11-7082 in GBM cells,
where it was revealed that NF-xB blockade
using Bay 11-7082 synergistically enhances the
ATO-induced antiproliferative activity in U87
glioma cells. These findings suggest that
suppression of NF-kB may be an effective
strategy to sensitize GBM cells to lower
concentrations of ATO.

Aggressive invasion into surrounding
tissues, a major hallmark of GBM, has limited
the therapeutic options for this malignancy (26).
It has been reported that RelB, a member of NF-
kB family, promotes migration of GBM cells
and its knockdown has been found to attenuate
cell invasion and matility (27). In cancer cells,
the process of metastasis can be positively
regulated by NF-«xB through upregulation of its
target genes including Twist, MMP2, ICAM-1,
and cathepsin B (27). Overexpression of Twist
in glioma cell lines promotes tumor invasion
and metastasis and is correlated with the highest
grade gliomas (28). In addition, brain tumors
with higher expression of MMP2 are associated
with higher degrees of invasion and metastasis
(29). Another study has indicated that ICAM-1
plays an important role in promoting tumor
migration in bevacizumab-resistant
glioblastoma and its knockdown inhibited cell

motility in vitro and in vivo (30). It has been
shown that the higher activity of cathepsin B in
glioma cells compared to adjacent normal brain
tissues is a critical mediator of cell invasion.
Moreover, inhibition of cathepsin B
significantly diminished the migration and
metastasis of glioma cells (31). In this context,
we sought whether NF-«kB blockade using Bay
11-7082 enhances the inhibitory effects of ATO
on the motility of U87 glioma cells. Our data
displayed that ATO/Bay 11-7082 not only
suppressed the invasion and metastasis of U87
cells but also decreased the mRNA levels of
Twist, MMP2, ICAM-1, and cathepsin B
compared to ATO-treated cells. Collectively,
these findings suggest that combination therapy
with ATO and Bay 11-7082 impairs the
migration and metastasis of GBM cells through
downregulation of NF-«B target genes.
Previous studies have revealed that the
deregulation of apoptosis in GBM is a
formidable challenge for the treatment of this
disease. It has been demonstrated that
radiotherapy and antitumor drugs could not
efficiently activate apoptotic pathways in
gliomas which can lead to resistance to these
therapeutic strategies (32, 33). Emerging
evidence indicates the association between
activation of NF-kB signaling pathway and
evasion of apoptosis in cancer cells. The
inhibitory effect of this oncogenic pathway on
apoptosis may be due to inducing the
transcription of several anti-apoptotic target
genes including Bcl-2, survivin, XIAP, c-1AP1,
and c-1AP2 (23). One study showed that Bcl-2
is highly expressed in glioma malignancies
and its inhibition can sensitize GBM cells to
cytotoxic drugs (34). The overexpression of
XIAP is correlated with poor prognosis in
GBM patients (35). Moreover, XIAP
inhibition has been found to overcome
radiotherapy resistance in GBM through
induction of apoptotic cell death (36). Another
study has demonstrated that the mRNA level
of survivin is negatively associated with
overall survival in GBM patients (37). In this
regard, it was of particular interest to examine
whether NF-xB inhibition enhances ATO-
induced apoptotic cell death. The combination
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treatment with ATO and Bay 11-7082
significantly induces apoptosis in U87 cells,
coupled with downregulation of Bcl-2,
survivin, XIAP, c-IAP1, and c-lAP2 genes,
suggesting that ATO/Bay 11-7082 may trigger
apoptotic cell death in U87 cells via
suppressing the expression of NF-kB anti-
apoptotic target genes. Taken together, our
results indicate that NF-xB blockade using
Bay 11-7082 may be a promising approach to
sensitize GBM cells to lower concentration of
ATO via downregulation of NF-xB target
genes involved in metastasis and evasion of
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