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Abstract. Tumors of the brain are very diverse in their biological
behavior and are therefore considered a major issue in modern
medicine. The heterogeneity of gliomas, their clinical presenta-
tion and their responses to treatment makes this type of tumor a
challenging area of research. Glioblastoma multiforme (GBM)
is the most common, and biologically the most aggressive,
primary brain tumor in adults. The standard treatment for
patients with newly diagnosed GBM consists of surgical resec-
tion, radiotherapy and chemotherapy. However, resistance
to chemotherapy is a major obstacle to successful treatment.
The aim of this study was to examine the changes occurring
in the expression levels of apoptosis-associated genes in tumor
tissue biopsy samples from 7 patients diagnosed with GBM
and compare our results with a human astrocyte cell line (used
as a reference) cultured under basic conditions. For molecular
analysis, we used a commercial pre-designed microfluidic array
to quantify the expression of 93 apoptosis-associated human
genes. Significant changes in the expression levels of genes were
observed in the tumor tissue samples obtained from patients
with GBM. We determined significant changes in gene expres-
sion (n=32) in all apoptotic signaling pathways (BCl-2, TNF,
Caspases, NF-kB, IAP and CARD), while the most pronounced
deregulation (>5-fold) were observed in 46.9% events. The
results of this study underline the importance of apoptosis in
heterogenous tumor tissue. The identification of the apoptotic
gene panel in tissue biopsies from patients with GBM may help
improve the effectiveness of treatments for GBM in clinical
practice and may broaden our understanding of brain tumor cell
metabolism. Recognizing the changes in the expression of pro-
apoptotic and anti-apoptotic genes may aid in the development
of novel treatment strategies founded on a molecular basis.
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Introduction

Changes in programmed cell death and the loss of regulation in
cell growth and anti-growth signals may result in uncontrolled
proliferation, the disorganized growth of tissue cells and tumor
formation. The malignant transformation of cells is accompa-
nied and characterized by the disruption of genetic material
and the aberrant expression of multiple genes. Tumors of the
central nervous system (CNS) are characterized by heteroge-
neity within the cell population and are the cause of severe
serious medical conditions (1,2). Brain tumor cells with a low
growth rate have a benign character and are classified as grade I
or II, according to the World Health Organization (WHO) clas-
sification of tumors of the CNS. However, tumor cells with a
malignant character are classified as grade III or IV, according
to WHO, and can grow into surrounding tissue (3).

In relation to brain tumors, there is little knowledge of
the genetic patterns of inheritance, and it is often difficult to
diagnose a patient in the early stages of the disease. The treat-
ment of brain tumors depends on the histological diagnosis.
The mainstay of therapy is tumor resection through surgery.
Post-operative radiotherapy and chemotherapy improve the
survival rate of patients with high-grade brain tumors. Gliomas
originate from dedifferentiated mature neural cells that have
transformed into cancer stem cells (CSCs), or neural stem and
progenitor cells (2,4,5). Moreover, there is a close association
between tumor progression and CSCs. In order for treatment to
be successful, it is crucial to eliminate CSCs, which play a key
role in tumor recurrence (6-8). The classification system estab-
lished by WHO in 2007 divided gliomas into astrocytomas
(grades I-IV), oligodendrogliomas (grades II and III), ependy-
momas (grades I-III) and mixed gliomas (grades II and III).
Malignant gliomas are the most common type of primary brain
tumor, with an annual incidence of 5/100,000 individuals (3).
Glioblastoma multiforme (GBM), which is classified as
grade I'V according to the malignancy grading system, account
for 60-70% of all gliomas (9-11). Currently, the prognosis
for patients with GBM remains very poor, with the majority
of patients succumbing to the disease within 1 year of diag-
nosis (12). The term ‘multiforme’ reflects the heterogeneity
of this type of tumor as regards clinical presentation, genetic
variability and the varying responses to treatment (13). The
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majority of glioblastomas arise de novo and are designated
as primary glioblastomas, which manifest in older patients.
By contrast, secondary glioblastomas develop at slower rate,
by malignant progression from astrocytomas, and manifest
in younger patients (4,9,14-16). The mean age of patients
with primary glioblastoma is 62, and the median survival is
4.7 months, whereas patients with secondary glioblastoma
have a mean age of 45, the median survival is significantly
longer (7.8 months) (10,12).

Standard treatment for patients newly diagnosed GBM
consists of surgical resection, radiotherapy and chemotherapy;
however, resistance to clinical therapy is a major obstacle to
successful treatment (8,17,18). Despite extensive investigations,
a cure for GBM is not currently available. Radiotherapy and
chemotherapy work predominantly by inducing apoptosis (19).
The unfavorable prognosis for patients with glioblastomas
is also due in part to poor knowledge of alterations to the
molecular pathways involved. The identification of common
differences in apoptosis-related genes in the apoptotic pathway
may provide new knowledge of strategies to avoid resistance
to therapy in GBM (17,18,20). The deregulation of the normal
mechanism for programmed cell death also plays an impor-
tant role in the pathogenesis and progression of gliomas. The
majority of spontaneous cell deaths in malignant gliomas are
due to apoptosis (11,16,21,22). Apoptosis can be activated by
multiple pathways that differ in terms of tissue type and patho-
logical conditions. Understanding the mechanisms involved
in the apoptotic signaling pathway in glioblastomas may help
us to identify target molecules for molecular therapies (23).
Apoptotic pathways have been classified into two main types, the
extrinsic receptor pathway and intrinsic mitochondrial pathway,
depending on the origin of the death stimuli (24-26). The activa-
tion of effector caspases by apoptotic signaling pathways leads
to programmed cell death (apoptosis) (27). The extrinsic apop-
totic pathway is activated by the stimulation of tumor necrosis
factor-a (TNF-a) or Fas cell surface death receptors. The TNF
family and its corresponding receptors play important roles in
cell death, as well as survival, proliferation and maturation. All
members of the TNF superfamily activate the nuclear factors
of the « light polypeptide gene enhancer in B-cells (NF-kB)
family, which suppresses apoptosis, cell survival and prolif-
eration (28-30). The B-cell lymphoma-2 (BCL-2) family
consists of approximately 15 proteins, which are divided into
anti-apoptotic subgroups: BCL-2, BCL-xL, BCL-w, MCII,
Al and the pro-apoptotic subgroup: BAX, BAK, BOK, BID,
BAD, BIM, BIK, BLK, HRK, NOXA and PUMA (27,31).
Whereas anti-apoptotic members stabilize mitochondrial
membrane potential and prevent the release of cytochrome ¢
and apoptosis-inducing factors, pro-apoptotic members lead
to programmed apoptotic cell death (30,32-34). The release
of cytochrome c into the cytoplasm results in the formation of
apoptosomes composed of cytochrome ¢, apoptotic peptidase
activating factor 1 (APAF1) and deoxy-adenosine triphos-
phate (ATP) (35,36). Apoptosomes stimulate caspases, a family
of apoptosis-related cysteine proteases that initiate cell death
and play critical roles in human cell apoptosis. Caspases are
divided into two classes, initiator caspases-1, -2, -4, -5, -8, -9,
-10, -12 and -13, and effector caspases-3, -6 and -7 (30).

In previous studies, we focused on gene expression profiling
in different types of healthy and tumor tissues (37,38). Genomic
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characterization could rapidly expand our knowledge of the
molecular basis of GBM, and may lead to the development of a
more precise classification system which may become a prereq-
uisite for achieving individualized clinical care for patients
with glioma (39,40). We hypothesized that the deregulation of
the apoptotic pathway in GBM cells may contribute to tumor
formation and treatment resistance. Thus, the identification of
changes in apoptosis and apoptosis signaling pathway-related
genes may broaden our understanding of the importance of
apoptosis in heterogenous tumor tissue, and may expand our
knowledge of brain tumor cell metabolism. Thus, targeting
the apoptotic pathway in GBM offers a unique opportunity
to develop novel therapeutic strategies that may serve to
overcome tumor resistance. Furthermore, cDNA microarrays
may improve gene expression patterns which are capable of
predicting individual responses to therapy.

Thus, the aim of this study was to examine the changes
occurring in the expression levels of apoptosis-associated
genes in tumor tissue biopsy samples from 7 patients diagnosed
with GBM and compare our results with a human astrocyte cell
line (used as a reference) cultured under basic conditions.

Materials and methods

Cell culture. The human astrocyte (HA) cell line was purchased
from ScienCell Research Laboratories (San Diego, CA, USA).
The cells were cultured in 96% (v/v) astrocyte medium with
2% (v/v) fetal bovine serum, 1% (v/v) astrocyte growth supple-
ment and 1% (v/v) PS solution (all from ScienCell Research
Laboratories) and incubated in a humidified atmosphere with
5% CO, at 37°C.

Glioblastoma samples. Native tumor tissue samples obtained
during GBM tumor resections were provided by the Clinic
of Neurosurgery, Jessenius Faculty of Medicine in Martin,
Comenius University in Bratislava and University Hospital in
Martin (Martin, Slovakia). Biopsy tissues were obtained from
7 patients, 4 males and 3 females, whose ages ranged from
55 to 88 years (median age, 65.7 years), who had not previ-
ously received radiotherapy or chemotherapy. All tumors
were histologically confirmed to be glioblastomas according
to the criteria of the most recent WHO Classification of CNS
Tumors (3), with Ki67 levels ranging from 15 to 40% (Table I).
The experimental protocols were approved by the local
Ethics Committee (Jessenius Faculty of Medicine in Martin,
Comenius University in Bratislava).

RNA extraction and reverse transcription. Total RNA was
extracted from the HA cell line and tissue biopsy samples using
TRI Reagent® (Molecular Research Center, Inc., Cincinnati,
OH, USA), according to the manufacturer's instructions. The
RNA isolation quality was examined using a NanoDrop®
spectrophotometer (Thermo Scientific, Waltham, MA, USA).
Five micrograms of total RNA were reverse transcribed in
a total volume of 14 pg using a Maxima First Strand cDNA
Synthesis kit (Thermo Scientific) according to the manufac-
turer's instructions.

Microarray analysis. The regulation of gene expression was
examined using a TagMan® Human Apoptosis Array (Applied
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Table I. Characterization of patients with glioblastoma multi-
forme in the present study.

GBM no. Gender Age (years) Ki67 (%)
1 Male 55 40
2 Male 71 40
3 Male 61 30
4 Female 65 15
5 Female 88 15
6 Male 61 30
7 Female 59 40
Average Male, 57.1% 65.71+11.03 30+11.18

Female, 42.9%

Gender, age in years and proliferation marker Ki67 levels (%) in tumor
cells of patients with glioblastoma multiforme (GBM no. 1-7).

Biosystems) based on the RT-qPCR reaction. The pre-designed
384-well microfluidic card contained an assay for 93 human
apoptotic genes and 3 endogenous control genes: eukaryotic
18S rRNA (18S), B-actin (ACTB) and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH). A reaction mixture with
100 ng cDNA template and an equal volume of TagMan®
Gene Expression Master Mix was loaded into each line of the
microfluidic card. The PCR mix was distributed into the wells
by 2 centrifugations, each at 450 x g, for 1 min, and were sealed
and loaded into the ViiA7 Real-Time PCR system (Applied
Biosystems). The tissue biopsy samples were measured in
duplicate, samples of the HA cell line in triplicate, data trans-
formation was corrected for the signal from the 3 endogenous
controls (/8S, ACTB and GAPDH) and the level of target gene
expression was determined using the AACt method. Genes with
a significant difference in expression were considered those with
an average fold change of <-2.0 or =2.0 and statistically signifi-
cant differences were those with a corresponding p-value <0.05.

Results

The expression of the 93 apoptosis-related genes was examined
in the tissue biopsy samples from 7 patients with diagnosed
with GBM, and we used the HA cell line as a reference. The
pre-designed microfluidic cards in the TagMan® Human
Apoptosis array (Applied Biosystems) contain the most
significant apoptosis- and apoptosis signaling pathway-related
genes and 3 internal controls (I8S, ACTB and GAPDH) used
for data normalization.

BCL-2 family-regulated pathway. The expression patterns
of the apoptotic genes differed significantly in the tissue
biopsy samples obtained from the patients compared to the
reference HA cell line (Fig. 1 and Table II). The significantly
higher expression of the BCL2 (FC=12.45, p=0.0012) and
BCL2L2 (BCL-w) [fold change (FC) = 3.23, p=0.0222] genes
noted in the GBM tissue biopsy samples may serve as a protec-
tive factor against apoptosis. The other upregulated genes
noted include the facilitator of apoptosis, BCL2LI1 (BIM),
which plays an important role in neuronal apoptosis and can
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be induced by nerve growth factor, and BNIP3L, BNIP3,BBC3
(PUMA) and BAD. On the other hand, the most pronounced
decrease was noted in the PMAIPI (NOXA) gene (FC =-30.78,
p=0.0015), and the lower expression of the BOK (FC = -3.94)
and BCLI0 (FC = -2.54) genes was also noted, indicating the
increased anti-apoptotic properties of the glioblastoma tumor
tissues. A statistically significant downregulation of BCL2L1
(BCL-xL) and MCLI genes was also noted.

TNF receptor pathway. In the tissue biopsy samples from
the patients with GBM, the altered regulation of the TNF
receptor pathway (Fig. 1 and Table IT) was noted, and the most
pronounced change was the statistically significant decrease
in the expression of TNFRSFI0A (FC = -15.58, p=0.0045),
TNFRSFI10B (FC = -8.30, p=0.0003) and the increase in the
expression of TNFRSFIB (FC = 8.82, p=0.0173). A slight
upregulation in expression was detected in the TNFRSF25 and
TNFRSF21 genes, whereas a slight downregulation in expres-
sion was detected in the FADD, FAS and TNFRSFIA genes.

Caspases. It is clear from our results that, of the caspases,
the most pronounced statistically significant increase was
in observed in CASPI0 expression (FC = 29.46, p=0.0006)
followed by the upregulation of the associated caspases, CASPI
(FC =741, p=0.0161) and CASP4 (FC = 2.47). However, the
expression of CASPS and that of the effector caspases, CASP6
and CASP7, was only slightly downregulated, suggesting that
these caspases do not seem to play an important role in apop-
tosis in GBM (Fig. 1 and Table II).

NF-xB signaling pathway. Genetic analysis revealed a
statistically significant upregulation of REL, NFKBIA and
TA-NFKBH expression, whereas a statistically significant
downregulation of NFKB2 expression was detected (Fig. 1
and Table II).

Inhibitor of apoptosis (IAP) family. Baculoviral IAP repeat-
containing (BIRC) proteins are members of the IAP gene
family, which encode proteins that prevent apoptotic cell
death (41-43). In this study, as regards the IAP family, the most
pronounced statistically significant increase in expression was
noted in BIRCI (FC = 147.09, p=0.0001) and a less pronounced
decrease in expression was noted in the BIRC6 and BIRCS
genes (Fig. 1 and Table II). The NLR family, apoptosis inhibi-
tory protein (NAIP or BIRCI) acts as a mediator of neuronal
survival under pathological conditions and prevents neuronal
apoptosis induced through a variety of signals (44.,45).

CARD family. Caspase activation and recruitment domains
(CARDs) are interaction motifs that are found in a wide array
of proteins, typically those involved in apoptosis (46-48,63).
In this study, in the tissue biopsy samples obtained from
patients with GBM, the PYCARD gene was significantly
upregulated and the APAFI gene was downregulated (Fig. 1
and Table II). The downregulation of APAFI can negatively
affect apoptosome formation and may thus inhibit apoptotic
cell death (49-52).

Changes observed in the expression of other genes. There was
a slight, but statistically significant increase in the expression of
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Figure 1. Gene expression changes in human glioblastoma tissue biopsy samples. Differentially expressed genes in tissue biopsy samples from patients with glio-
blastoma multiforme (GBM) as compared to the human astrocyte cell line (used as a reference), are divided into 3 indicated general subgroups according to coded
proteins: (A) mitochondrial membrane-associated proteins, (B) caspases and their associated proteins and (C) tumor necrosis factor (TNF)/FAS receptor pathway.

DAPKI,HIPI, DIABLO and BCAP3I. Less substantial changes
in expression were observed for the ESRRBLI and HTRA2
genes; these changes were not statistically significant (Table II).

Discussion
Glioblastomas are the most common and the most malignant

brain tumors in adults and are often resistant to radiotherapy and
chemotherapy (53). According to WHO, glioblastomas are clas-

sified as malignant at grade IV (3). Searching for new markers
and treatment targets is the purpose of many studies. However,
the aim of the present study was to analyze pro-apoptotic and
anti-apoptotic gene expression using a commercially available
set of genes included in the microarray cards of the TagMan®
Human Apoptosis Array (Applied Biosystems). The results of
our study demonstrated the anti-apoptotic properties of the
tissue biopsy samples from patients diagnosed with GBM, and
it was clear that the expression patterns of the apoptotic genes
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Table II. Microarray-based gene expression changes in tissue biopsy samples from patients with GBM.

Gene name

Fold change p-value

Gene description

BCL-2 family-regulated pathway

BAD 2.33
BCL2 12.45
BCL10 -2.54
BCL2L1 -12.03
BCL2L2 323
BCL2L11 18.32
BBC3 2.51
BNIP3 445
BNIP3L 5.09
BOK -3.94
MCL1 -3.64
PMAIP1 -30.78
TNF receptor pathway
TNFRSF1A -2.34
TNFRSF1B 8.82
TNFRSF10A -15.58
TNFRSF10B -8.30
TNFRSF21 2.60
TNFRSF25 2.80
FAS -3.00
FADD -3.87
Caspases
CASP1 741
CASP4 247
CASP6 -3.08
CASP7 -3.17
CASPS8 -3.17
CASP10 29.46
CASP8AP2 2.74

NF-«B signaling pathway

NFKBIA 8.15
NFKBIZ -2.40
NFKB2 -3.31
REL 922
TA-NFKBH 290
TIAP family
BIRC1 147.09
BIRCS -2.02
BIRC6 -2.18
CARD family
APAF1 -2.35
PYCARD 6.96
Others
BCAP31 2.04
DAPK1 544
DIABLO 2.76
ESRRBLI1 2.19
HIP1 431
HTRA2 246

0.1395
0.0012
0.1654
0.0023
0.0222
0.0001
0.0177
0.0027
0.0026
0.0137
0.0171
0.0015

0.0628
0.0173
0.0045
0.0003
0.0741
0.1072
0.0222
0.0261

0.0161
0.0889
0.0034
0.0114
0.0594
0.0006
0.0116

0.0042
0.1366
0.0252
0.0007
0.0037

0.0001
0.0959
0.0031

0.0307
0.0442

0.0454
0.0313
0.0014
0.1333
0.0215
0.0633

Bcl-2 associated agonist of cell death

B-cell CLL/lymphoma 2

B-cell CLL/lymphoma 10

BCL2-like 1

BCL2-like 2

BCL2-like 11 (apoptosis facilitator)

BCL2 binding component 3

BCL2/adenovirus E1B 19 kDa interacting protein 3
BCL2/adenovirus E1B 19 kDa interacting protein 3-like
BCL2-related ovarian killer

Myeloid cell leukemia sequence 1 (BCL2-related)
Phorbol-12-myristate- 13-acetate-induced protein 1

Tumor necrosis factor receptor superfamily, member 1A
Tumor necrosis factor receptor superfamily, member 1B
Tumor necrosis factor receptor superfamily, member 10A
Tumor necrosis factor receptor superfamily, member 10B
Tumor necrosis factor receptor superfamily, member 21
Tumor necrosis factor receptor superfamily, member 25
Fas (TNF receptor superfamily, member 6)

Fas (TNFRSF6)-associated via death domain

Caspase-1, apoptosis-related cysteine peptidase
Caspase-4, apoptosis-related cysteine peptidase
Caspase-6, apoptosis-related cysteine peptidase
Caspase-7, apoptosis-related cysteine peptidase
Caspase-8, apoptosis-related cysteine peptidase
Caspase-10, apoptosis-related cysteine peptidase
CASPS associated protein 2

Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha
Nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor zeta
Nuclear factor of kappa light polypeptide gene enhancer in B-cells 2 (p49/p100)

v-rel reticuloendotheliosis viral oncogene homolog (avian)

T-cell activation NFKB-like protein

Baculoviral IAP repeat-containing 1
Baculoviral IAP repeat-containing 5 (survivin)
Baculoviral IAP repeat-containing 6 (apollon)

Apoptotic peptidase activating factor
PYD and CARD domain containing

B-cell receptor-associated protein 31
Death-associated protein kinase 1
Diablo homolog (Drosophila)
Estrogen-related receptor f3 like 1
Huntingtin interacting protein 1
HtrA serine peptidase 2

List of genes whose expression in tissue biopsy samples from patients with glioblastoma multiforme (GBM) differed from that in the human astro-
cyte cell line (used as a reference). The genes are divided into 7 subgroups: BCL-2 family-regulated pathway, TNF receptor pathway, caspases,
NF-«B signaling pathway, IAP family, CARD family and others. Genes with a significant difference in expression were considered those with an
average fold change of <-2.0 or =2.0 and statistically significant differences were those with a corresponding p-value <0.05. TNF, tumor necrosis
factor; NF-«B, nuclear factor-xB; IAP, inhibitor of apoptosis.
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differed significantly between the GBM tissue samples and the
HA cell line (used as a reference; Table II). Our knowledge
of the biological attributes and molecular phenotypes of GBM
cells is still limited, and developing our understanding of
these factors remains a major challenge worldwide. The gene
expression signatures described in the present study may help
broaden our understanding of the mechanisms responsible for
malignant transformation and may increase our knowledge of
GBM physiology.

Previous studies on human tumors have analyzed and
confirmed the changes in p53 gene expression, which are associ-
ated with programmed apoptotic cell death (54-57). Therefore,
it can be said that alterations in apoptotic pathways play a key
role in tumor formation and progression. Tumorigenesis can be
driven by the deregulation and perturbation of apoptotic cell
death and is one of the major reasons for the failure of conven-
tional anticancer treatment (32,58,59).

Human malignant gliomas express high levels of BCL-2
protein, which may thus provide glioblastoma cells with the
ability to resist apoptosis (11,60). The overexpression of BCL-2
provides cancer cells with a survival advantage in response
to a wide range of apoptotic stimuli by inhibiting the release
of mitochondrial cytochrome ¢ (30). A potential function of
the BCL-2 protein in neuronal cells was first described by
Reed et al (61). Consistent with these previous studies, we
noted high levels of BCL2 expression and the upregulation
of BCL2L2 (BCL-w) in human malignant GBM tissue biopsy
samples, which may serve as essential protective factors against
apoptosis. On the other hand, a statistically significant decrease
in PMAIPI (NOXA) and BOK gene expression is indicative of
the increased anti-apoptotic properties of GBM tumor tissue.

In the present study, our results demonstrated that the gene
coding NAIP (BIRC1) exhibited the most pronounced statisti-
cally significant increase in expression (FC = 147.09). Protein
BIRC1, which is coded by this gene, prevents neuronal apop-
tosis and plays a role in neuronal survival under pathological
conditions (62). NAIP is likely an essential protective factor
that helps GBM cells avoid apoptotic cell death through the
inhibition of caspase-7 (44).

The slight downregulation of APAFI can negatively
affect apoptosome formation and thus inhibit apoptotic cell
death (49-52). The apoptosome stimulates caspases that
initiate cell death and plays a critical role in human cell
apoptosis (30,63). Our results demonstrated that there was an
increase in the expression of initiator caspase-10, and a less
marked upregulation of associated caspases, caspase-1 and
caspase-4 was also noted. However, caspase-8 and the effector
caspases, caspase-6 and caspase-7 do not seem to play an
important role in apoptosis in GBM, as their expression was
only slightly downregulated. Caspase-10 may not be capable
of functionally replacing caspase-8 unless it is present at very
high levels. Although it seems likely that GBM tissues that
express high levels of caspase-10 would have been sensitive to
apoptosis, it does not necessarily follow that GBM tissue would
also express higher levels of the effector caspases, caspases-8,
-6 and -7 and would thus be resistant to apoptotic signals. It
has previously been suggested that low endogenous levels of
caspase-8 are responsible for the resistance of GBM cells to
death ligands (64). The upregulation of caspase-10 would not
necessarily functionally substitute caspase-8 or increase the
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expression levels of its gene in the apoptotic signaling pathway
in GBM tissue. The frequent occurrence of low levels of
caspase-8 in gliomas may complicate the future development
of therapies for patients with this malignancy.

The extrinsic apoptotic pathway is triggered by the TNF
family, which is responsible for the transmission of signals from
extracellular death ligands through appropriate death receptors
to the cells apoptotic machinery (29). The significance of the
NF-«B signaling pathway in GBM cells has been reported in
several studies. Active NF-kB stimulates the expression of genes
that maintain cellular proliferation and protects cells from the
conditions leading to apoptosis. The involvement of the NF-xB
signaling pathway in responses to DNA damage mediates
chemoresistance in GBM cells (28,65,66). Our data revealed
chanes in the expression of various members of the TNF and
NF-«B signaling pathway. Pro-caspase-8 associates with FADD
to form the death-inducing signaling complex (DISC), whereby
pro-caspase-8 converts itself into an active cleaved form and
activates effector caspase-3 (67). It has previously been shown
that GBM cells are resistant to Fas-related apoptosis, exhibiting
absent or low levels of caspase-8 or caspase-3 (11,64). We
observed similar results, as caspase-8 was downregulated in
the GBM samples we examined. The role of the extrinsic apop-
totic pathway in human GBM has not yet been systematically
investigated; however, previous studies have demonstrated the
inhibition of this pathway in high-grade gliomas (21,64,68). Our
results revealed a statistically significant downregulation in the
expression of TNFRSFI0A, TNFRSF10B, FADD and FAS, and
this can affect DISC formation or caspase-8 activation and may
provide GBM cells with the ability to avoid apoptotic cell death.

In the present study, we demonstrate that tissue biopsy
samples obtained from patients diagnosed with GBM are
more resistant to apoptosis than human astrocytes. We assume
that apoptosis resistance of glioblastoma cells can be partially
based on the upregulation of anti-apoptotic genes (BCL2,
BCL2L2, BIRCI) and the downregulation of pro-apoptotic
genes (PMAIPI, BOK, CASP6, CASP7, CASP8, APAFI). The
improved characterization of the differences in apoptotic gene
expression between astrocytes and GBM cells may lead to
improvements in the diagnosis, prognosis and treatment of this
disease. Glioblastoma cells have totally defective apoptotic
signaling pathways compared to astrocytes, and this results
in a rise in cell proliferation and uncontrolled tumor growth.
Monitoring differentially expressed apoptosis-associated
genes in tissue biopsy samples from patients with GBM
may broaden our understanding of the metabolism of brain
tumor cells, and may aid in the identification of differentially
expressed apoptosis-associated genes in human cell lines
which may in turn provide a useful research tool for investi-
gating the experimental model of CNS cells. Further studies
are warranted in order to evaluate the therapeutic potential of
apoptotic gene expression in relation to the treatment of GBM.
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