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Abstract. Apoptosis, whose mechanism remains unclear, is 
regulated by multiple factors. B‑cell lymphoma 2 (Bcl‑2) is a 
well‑known anti‑apoptotic mediator. Survivin is also a recently 
recognized novel family inhibitor of apoptosis protein, which 
inhibits apoptosis via a pathway distinct from Bcl‑2 family 
members. Survivin and Bcl‑2 are expressed in various types 
of human cancer. In the present study, survivin and Bcl‑2 
expression were characterized in glial cell tumors, and the 
correlation with pathological malignancy and anti‑apoptotic 
properties were investigated. Fifty‑eight patients who had 
undergone surgical resection for glial cell tumors were 
evaluated. The pathological types of glial cell tumors were 
categorized according to the World Health Organization 
classification. Survivin and Bcl‑2 expression levels were inves-
tigated by western blot analysis, and apoptosis was detected by 
DNA fragmentation analysis. The anti‑apoptotic rate of glial 
cell tumors was calculated in tumor samples according to the 
expression of survivin and Bcl‑2 or co‑expression. Survivin 
was characterized in 60.3%, and Bcl‑2 was expressed in 43.1% 
of glioma samples. Co‑expression of survivin and Bcl‑2 was 
observed in 25.9% of the tumor specimens. Survivin expres-
sion in astrocytic tumors was identified to be significantly 
associated with the pathological grade (P<0.05); however, 
Bcl‑2 was not (P>0.05). Anti‑apoptotic rate of glial cell tumors 
were detected in 91.4, 92.0 and 100% of patients exhibiting 
survivin, Bcl‑2 or co‑expression, respectively. However, 
the difference in anti‑apoptotic frequency between the 
three groups was not identified to be statistically significant 
(P>0.05). The present study suggests that survivin expression 
is correlated with pathological grades of gliomas. In addition, 
the expression of survivin or Bcl‑2 exerts potent anti‑apoptotic 

properties in gliomas. Thus, survivin or Bcl‑2 may serve as 
potential targets for inducing the apoptosis of gliomas.

Introduction

Glial cell tumors form the most common group of primary 
brain tumors, accounting for 40% of all central nervous 
system (CNS) neoplasms  (1). Despite marked efforts to 
improve the clinical outcome of glioma patients, very 
little progress has been made, particularly in patients with 
high‑grade gliomas (2). As in other types of cancer, malig-
nant progression of glial cell tumors is accompanied by 
abnormal molecular changes (3). Various molecules are vital 
in the pro‑ or anti‑survival signaling pathways (4). Therefore, 
the identification and development of chemotherapeutic 
agents that selectively target molecular events associated to 
malignant progression may be an effective strategy for the 
treatment of glial cell tumors (5).

The molecular mechanisms of tumorigenesis and malig-
nant progression of tumor cells have been identified to be 
correlated with the inactivation of tumor suppressor genes or 
the overexpression of oncogenes. However, the mechanisms 
of tumorigenesis and malignant progression of glial cell have 
remained unclear. Survivin is a bifunctional member of the 
inhibitor of apoptosis protein (IAP) family that counteracts 
cell death and controls mitotic progression. The expression of 
survivin is among the most tumor specific of all human genes. 
It is undetectable in the majority of healthy adult tissues, but 
becomes prominently expressed in nearly all types of human 
cancer. Tumors with overexpression of survivin generally have 
a worse prognosis and are associated with resistance to radio-
therapy or chemotherapy (6).

By contrast, B‑cell lymphoma 2 (Bcl‑2) is one of a family 
of interacting proteins involved in the regulation of controlled 
cell death, apoptosis. Bcl‑2 appears to inhibit apoptosis by 
preventing cells from responding to stimuli to initiate apop-
tosis. Apoptosis is a recognized feature of malignant glioma, 
however, the association with Bcl‑2 expression remains 
unclear. Furthermore, it is unclear whether Bcl‑2 expression is 
associated with the pathological grade of glial cell tumors. In 
a previous study, survivin expression was significantly associ-
ated with Bcl‑2 expression and anti‑apoptotic properties, which 
were strongly correlated with poor clinical outcome following 
resection in gastric and colorectal cancers (7).
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The aim of the present study was to analyze survivin 
and Bcl‑2 expression in glial cell tumors, and investigate the 
correlation of survivin and Bcl‑2 expression with pathological 
malignancy and anti‑apoptotic properties.

Materials and methods

Patient population. Tumor specimens from 58  patients 
with glial cell tumors were prospectively collected from 
consecutive patients who had undergone curative resection 
between July 2003 and December 2004 at the Department 
of Neurosurgery, Hanyang University Guri Hospital (Guri‑si, 
South Korea). Donors provided informed consent. The patho-
logical types were categorized according to the World Health 
Organization classification (8). Clinical data were reviewed for 
each medical record and follow‑up information was retrieved 
from medical records, including neuroradiological images. All 
tumor specimens were immediately frozen following surgical 
removal and stored in a liquid nitrogen tank (at ‑80˚C) until 
performance of experimental procedures. The study protocol 
was approved by the Institutional Review Board of Hanyang 
University Medical Center.

Western blot analysis. Tumor specimens were washed three 
times for 15  min each time in phosphate‑buffered saline 
(PBS) and lysed using a homogenization buffer containing 
0.1 M sodium phosphate buffer (pH 6.1), 1 mM ethylenedi-
aminetetraacetic acid (EDTA), 1 mM dithiothreitol, 0.1 mM 
phenylmethylsulfonyl fluoride and 1 mM benzamidine (1%). 
Following protein quantification using the DC Protein Assay 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA), 15 µg protein 
was loaded into each lane and subjected to SDS‑PAGE on 
10% acrylamide gel. Proteins were transferred overnight onto 
polyvinylidene difluoride membranes (Bio‑Rad Laboratories, 
Inc.) at a constant voltage (40 V). Membranes were satu-
rated for 1 h using 5% dry milk in Tris‑buffered saline with 
Tween‑20 [10  mM Tris‑buffer (pH  7.5), 100  mM NaCl 
and 0.1% Tween‑20] and incubated overnight with 1 µg/ml 
anti‑survivin antibody (cat. no. NB500‑238; Novus Biologicals 
LLC, Littleton, CO, USA) or Bcl‑2 monoclonal antibody (cat. 
no. sc‑7382; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) 
at 4˚C. The membranes were then incubated for 1 h with a 
mouse anti‑mouse immunoglobulin G antibody conjugated to 
alkaline phosphatase (cat. no. CN55455; Zymed Laboratories, 
Inc., San Francisco, CA, USA). Detection was then performed 
using an ECL detection system (GE Healthcare Life Sciences, 
Arlington Height, IL, USA). The blots were washed in PBS 
for 2 min, and the bands were visualized using ECL plus (GE 
Healthcare Life Sciences) and autoradiography (Fig. 1).

DNA fragmentation analysis. Tumor specimens were washed 
with PBS (pH 7.4) three times and homogenized with lysis buffer 
(10 mM Tris‑HCl, 100 mM EDTA and 0.5% SDS; pH 8.0). 
The homogenized samples were centrifuged at 15,000 x g for 
5 min at 4˚C and 50 µg of the supernatants were placed in fresh 
tubes. During the time course experiments, the experimental 
cells and control cells (normal glial cells) were terminated at 
the same time. Samples were dissolved in 20 µl sample buffer 
(50 mM Tris‑HCl, 0.05% SDS and 10 mM EDTA; pH 8.0) and 
incubated with 10 mg/ml heat‑treated RNase A (Sigma‑Aldrich 

Corporation; Merck KGaA, Darmstadt, Germany) at 56˚C for 
1 h. Proteinase K (10 mg/ml; Promega Corporation, Madison, 
WI, USA) was added to each sample and incubated for 1 h at 
37˚C. The reaction was stopped by increasing the temperature 
to 70˚C for 10 min. Five microliters of loading buffer (20% 
glycerol, 20 mM EDTA and 0.15% bromphenol blue) were 
added and the samples were analyzed on 2% agarose gels in 
Tris/boric acid/EDTA buffer (89 mM Tris base, 89 mM boric 
acid and 2.5 mM EDTA; pH 8.0) containing 50 ng/ml ethidium 
bromide. Electrophoresis was performed at 100 V for 50 min 
and DNA fragmentations were visualized by ultraviolet trans-
illumination (Fig. 2). An anti‑apoptotic rate was defined as the 
percentage of patients that did not exhibit apoptosis.

Statistical analysis. Statistical analysis was performed using 
SPSS 10 software (SPSS, Inc., Chicago, IL, USA). The differ-
ence between survivin and Bcl‑2 expression levels according 
to the pathological type of brain tumor was analyzed using 
the Kruskal‑Wallis test. To determine whether there was an 
association between anti‑apoptosis and survivin or Bcl‑2 
expression levels, or between the co‑expression of survivin 
and Bcl‑2, a χ2 test was performed. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Demographic data and tumor pathology. The patient groups 
comprised of 32 males and 26 females with a median age of 

Figure 1. (A) Western blot analysis of survivin protein expression using 
monoclonal anti‑survivin antibody. Positive expression is apparent in lanes 
1‑3, 5, 6 and 10. (B) Bcl‑2 expression analysis by western blotting using Bcl‑2 
monoclonal antibody. Positive expression was observed in lanes 1, 4 and 5. 
Bcl‑2, B‑cell lymphoma 2.

Figure 2. DNA fragmentation in agarose gel. Fragmented DNA was isolated 
and electrophoresed in a 2.0% agarose gel containing 50 ng/ml ethidium 
bromide. A typical laddering pattern represents apoptosis in cases 32 and 34. 
M, marker.
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40 years (range, 6‑68 years). The tumor specimens consisted of 
45 astrocytic tumors (comprising 15 astrocytomas, 7 anaplastic 
astrocytomas and 23 glioblastomas), 6 oligodendroglial tumors 
(including 2 oligodendrogliomas and 4 anaplastic oligoden-
drogliomas) and 7 ependymal tumors (4 ependymomas and 
3 anaplastic ependymomas).

Expression levels of survivin and Bcl‑2, and apoptosis in 
tumor specimens. Survivin and Bcl‑2 expression levels were 
analyzed by western blotting in 58 brain tumor specimens. As 
demonstrated in Fig. 1, survivin and Bcl‑2 were detected in the 
specimens from the majority of tumor types. The positive expres-
sion of survivin was exhibited in 35 (60.3%) of the 58 patients. A 
high expression level of survivin was observed in glioblastomas. 

The frequency of survivin expression in the tumor samples was 
significantly correlated with the pathological grade of glial cell 
tumors (P<0.05; Table I). Positive Bcl‑2 protein expression was 
observed in 25 (43.1%) of 58 patients, although its expression 
was not correlated with the pathological grade. Survivin and 
Bcl‑2 were co‑expressed in 15 (25.9%) patients.

Apoptosis in tumor specimens was investigated using DNA frag‑
mentation. A typical laddering pattern of DNA fragmentation is 
presented in Fig. 2. Apoptosis was confirmed in 14 (24.1%) of 
the 58 glial cell tumor samples obtained from patients (Table I).

Association between survivin and Bcl‑2 expression levels, and 
anti‑apoptosis. To investigate the anti‑apoptotic rate and its 
association with survivin and/or Bcl‑2 expression in glial cell 
tumor specimens, the anti‑apoptotic rate was compared between 
the survivin‑positive, Bcl‑2‑positive and co‑expression groups. 
Anti‑apoptosis effects were detected in 32 (91.4%) of 35 patients 
for survivin‑positive tumors, while anti‑apoptosis effects for 
Bcl‑2‑positive tumors were found in 23 (92%) of 25 patients. An 
anti‑apoptosis effect was observed in all cases of co‑expression 
of survivin‑ and Bcl‑2‑positive tumors. A statistically significant 
association was observed between an anti‑apoptosis effect and 
the expression of survivin or Bcl‑2, and the co‑expression of 
survivin and Bcl‑2 (P<0.05; Table II). However, no difference 
in the frequency of anti‑apoptosis was identified between the 
three groups, including patients expressing survivin, Bcl‑2, 
or patients co‑expressing survivin and Bcl‑2 (P>0.05). The 
anti‑apoptotic rate between the positive and negative expression 
groups of survivin, Bcl‑2 or survivin and Bcl‑2 was identified to 
be significantly different (P=0.003; Fig. 3).

Discussion

Survivin is a unique member of the IAP family. It is of 
special interest in oncology, as it is strongly expressed in 

Table I. Expression levels of survivin and Bcl‑2 protein, and apoptosis in 58 patients with glial cell tumors.

	 Expression rate, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Pathological type	 Survivin	 Bcl‑2	 Apoptosis n (%)

Astrocytic tumor, n=45
  Astrocytoma, n=15	 7 (46.7)	 9 (60.0)	 4 (26.6)
  Anaplastic astrocytoma, n=7	 4 (57.1)	 1 (14.3)	 2 (28.5)
  Glioblastoma, n=23	 17 (73.3)a	 7 (30.4)	 7 (30.4)
Oligodendroglial tumor, n=6
  Oligodendroglioma, n=2	 2 (100.0)	 2 (100.0)	 0 (0.0)
  Anaplastic oligodendroglioma, n=4	 2 (50.0)	 3 (75.0)	 1 (25.0)
Ependymal tumor, n=7
  Ependymoma, n=4	 1 (25.0)	 2 (50.0)	 0 (0.0)
  Anaplastic ependymoma n=3	 2 (66.7)	 1 (33.3)	 0 (0.0)
Total, n=58	 35 (60.3)	 25 (43.1)	 14 (24.1)

aP<0.05 glioblastoma vs. astrocytoma and anaplastic astrocytoma (Kruskal‑Wallis test). Bcl‑2 was not correlated with pathological malignancy. 
Bcl‑2, B‑cell lymphoma‑2.

Table II. Association between apoptosis, and survivin and 
Bcl‑2 expression levels in 58 patients with glial cell tumors.

	 Apoptosis, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Expression	 (+)	 (‑)	 P‑valuea

Survivin expression			   0.001
  Positive, n=35	 3 (8.6)	 32 (91.4)
  Negative, n=23	 11 (47.8)	 12 (52.2)
Bcl‑2 expression			   0.01
  Positive, n=25	 2 (8.0)	 23 (92.0)
  Negative, n=3	 12 (36.4)	 21 (63.6)
Survivin and Bcl‑2 			   0.000
expression
  Positive, n=15	 0 (0.0)	 15 (100.0)
  Negative, n=13	 9 (69.2)	 4 (30.8)

aχ2‑test. Bcl‑2, B‑cell lymphoma 2.
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embryonic and fetal organs, undetectable in the majority of 
healthy adult tissues, and markedly overexpressed in various 
types of human cancer (9,10). In the present study, survivin 
was expressed in 35 of 58 glial cell tumor patient samples. 
Furthermore, survivin expression was identified to be 
correlated with pathological grades of astrocytic tumors and 
anti‑apoptosis in glial cell tumors. In addition, the co‑expres-
sion of survivin and Bcl‑2 exerted a potent anti‑apoptotic 
influence, although, did not exert a synergistic effect on the 
anti‑apoptotic properties of glial cell tumors. The current 
results indicate that proteins involved in anti‑apoptosis are 
actively expressed in glial cell tumors. Proteins, such as 
survivin and Bcl‑2 may, therefore, promote the malignant 
progression of glial cell tumors.

Novel anti‑apoptotic proteins that signal through 
caspase‑dependent and ‑independent mechanisms have previ-
ously been described. Six members of this IAP family have 
been introduced in humans: HIAP1, HIAP2, XIAP, NIAP, 
survivin and livin (11). Survivin is a member of the IAP family 
that directly inhibits caspase‑3 and ‑7 activity and regulates the 
G2/M phase of the cell cycle. Its gene is encoded at chromo-
some 17q25. Furthermore, survivin links to microtubules of 
the mitotic spindle (12). Interruption of survivin‑microtubule 
interactions resulted in the loss of anti‑apoptotic proper-
ties and increased caspase‑3 activity during mitosis. The 
over‑expression of survivin in cancer may eliminate apoptotic 
checkpoints and allow aberrant progression of transformed 
cells through mitosis.

Expression of survivin has been reported in various types 
of human cancer, including lung, stomach, colon, pancreas, 
breast and prostate, as well as neuroblastomas, melanomas, 
and lymphomas (7,13). Survivin is normally expressed during 
development, but it is undetectable in healthy adult tissues 
and prominently overexpressed in human cancers. However, 
the timing of its overexpression during tumorigenesis and 
malignant progression remains unknown. Survivin was identi-
fied to be expressed in primary brain tumors, particularly in 
glioblastomas, meningiomas and schwannomas (14,15). The 
present results demonstrate that survivin was expressed at 
high levels in high‑grade glial cell tumors. A previous study 
indicated that survivin expression in human cancers was asso-
ciated with a more aggressive and invasive clinical phenotype, 
and correlated with the inhibition of apoptosis (7). IAPs may 
have greater anti‑apoptotic properties than any other family of 
apoptotic inhibitors, including Bcl‑2.

The expression of survivin has been significantly corre-
lated with the malignant grade of astrocytic tumors and a 
worse clinical outcome (16). Furthermore, patients who had 
been diagnosed with glioblastomas, with over‑expression of 
survivin, have been observed to have a significantly shorter 
survival time (17). Therefore, it is suggested that survivin may 
be involved in tumorigenesis and malignant progression of glial 
cell tumors (18). Therefore, survivin may be a useful indicator 
for predicting the clinical outcome of patients and may be an 
ideal target for novel chemotherapeutic agents. Consequently, 
survivin inhibition may manage glial cell tumors without 
affecting normal brain tissue (19). In the current study, the 
association between survivin expression and pathological 
malignancy of astrocytic tumors was also consistent with 
previous findings  (16). However, the association between 
survivin expression and the pathological malignancy of oligo-
dendrogliomas or ependymomas has not been confirmed.

Various previous studies have shown a correlation between 
survivin expression and radiation resistance in certain human 
cancers. Chakravarti et al (17) reported that survivin improves 
double‑strand DNA break repair in tumor cells, inhibiting 
radiation‑induced cell death. Sasaki et al (15) demonstrated 
that suppression of survivin by small interfering ribonucleic 
acid improved the radiosensitivity of tumor cells. Based on 
these results, anti‑survivin therapeutic strategies may enhance 
the radiation response and be correlated with favorable clinical 
outcomes (20).

Bcl‑2 regulates cytochrome c release from mitochondria 
and suppresses upstream initiation of the caspase activation 
cascade. Bcl‑2 acts to extend cell survival by blocking apoptosis 
and may, therefore, influence pathological malignancy (21). In 
the current study, Bcl‑2 expression was not correlated with a 
malignant grade of astrocytic cell tumors. Numerous authors 
previously reported that cytoplasmic Bcl‑2 expression levels 
were higher in low‑grade astrocytomas than in high‑grade 
astrocytomas and were not associated with the pathological 
malignancy of astrocytic cell tumors.

Survivin and Bcl‑2 possess potent anti‑apoptotic proper-
ties. Survivin reportedly affects caspase‑3 or ‑7 via various 
signaling pathways of the Bcl‑2 family. In addition, Bcl‑2 
expression was identified to be positively correlated with 
survivin expression in epithelial ovarian cancer (22). However, 
survivin expression was not correlated with Bcl‑2 expression 
in glial cell tumors  (16). Due to these varying results, the 
anti‑apoptotic effect of survivin remains controversial and 
is not clearly understood. Low survivin expression levels 
in certain human cancer cells were associated with apop-
totic properties and correlated with Bcl‑2 expression  (23). 
Conversely, survivin expression in bladder tumors was not 
associated with high expression levels of Bcl‑2. This result 
was not surprising, due to the fact that survivin and Bcl‑2 do 
not share completely common mechanisms of transcriptional 
activation (11). However, the expression levels of survivin and 
Bcl‑2 in melanomas may provide two independent mecha-
nisms of apoptosis inhibition leading to malignant progression 
of cancer cells (24).

Survivin and Bcl‑2 expression in breast cancer cells 
is significantly involved in apoptosis inhibition, which 
potentially contributes to malignant progression of cancer 
cells and resistance to chemotherapy or radiotherapy. Survivin 

Figure 3. Line graph displaying the anti‑apoptotic rate between positive 
and negative expression groups of survivin, Bcl‑2, or survivin and Bcl‑2 in 
58 samples of glial cell tumor (Kruskal‑Wallis test, P=0.003). Bcl‑2, B‑cell 
lymphoma 2.
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expression was significantly associated with Bcl‑2 expression 
and anti‑apoptotic properties, which were strongly correlated 
with a worse clinical outcome following resection in gastric and 
colorectal cancers (7). Expression of the survivin gene alone or 
the survivin gene plus other anti‑apoptotic genes, such as Bcl‑2 
may have more noticeable anti‑apoptotic properties in breast 
carcinomas (13). However, in the current study, no synergistic 
anti‑apoptotic effects were noted in the co‑expression group 
using glial cell tumor samples. Differences in the results may 
arise from the small number of glial cell tumors, which may be 
unrepresentative due to the tumor heterogeneity.

A major limitation to verifying the hypothesis of the 
current study is the small number of glial cell tumor samples. 
Additionally, anti‑apoptosis in the same pathology of glial cell 
tumors was not quantitatively evaluated. Thus, studies of other 
molecular markers, such as other IAP members, and investi-
gations into the response to treatments, such as radiotherapy 
and chemotherapy, are required. Furthermore, the correla-
tion between molecular markers and the clinical outcome of 
glial cell tumors requires investigation. Larger prospective 
studies using the same pathology of glial cell tumors must be 
performed to determine the association between apoptosis, 
and survivin and Bcl‑2 expression levels.

Previous studies have indicated that survivin is an ideal 
target for cancer treatment, either directly or by affecting 
endothelial cell viability (25). A previously reported study 
on survivin antisense treatment demonstrated that survivin 
caused regression in vascular capillary formation (26). Thus, 
survivin antisense treatment has anti‑angiogenic effects and 
anti‑tumor cell effects, and may present as an attractive target 
for glial cell tumor treatment.

In conclusion, the current results indicate that survivin or 
Bcl‑2 expression exert potent anti‑apoptotic effects in glial cell 
tumors. In addition, survivin expression in astrocytic tumors 
was identified to be significantly associated with pathological 
malignancy. Survivin or Bcl‑2 may be attractive targets for 
use in cancer therapy to target tumor cells while leaving 
the normal cells unaffected. Thus, suppression of survivin 
or Bcl‑2 expression may be an effective treatment modality 
against glial cell tumors.
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