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Abstract Survivin is a member of the inhibitor of

apoptosis family, and is expressed in various malignant

tumors. Survivin overexpression has been reported to be a

poorer prognostic factor in various malignancies. However,

the prognostic value of survivin expression in patients with

glioblastoma is still controversial. Therefore, in this study

the role of survivin as a predictor for survival was inves-

tigated in patients with glioblastoma. Tissue specimens

were obtained from 66 patients with glioblastoma treated

with radiotherapy. Survivin expression was detected by an

immunohistochemical method. Nuclear and cytoplasm

survivin scores were defined by using the cell positivity

and staining intensity. The scores were defined as follows,

0 (no staining), 1 (less than 50% of cell positivity and any

staining), 2 (more than 50% of cell positivity and weak to

moderate intensity) and 3 (more than 50% of cell positivity

and strong intensity). The correlation between survivin

scores and the overall survival rate was evaluated. Nuclear

and cytoplasm survivin staining were noted in 47 and 58

patients, respectively. The number of patients with nuclear

survivin score of 0, 1, 2 and 3, were 19 (28.8%), 26

(39.4%), 9 (13.6%) and 12 (18.2%), respectively. The

3-year overall survival rate of the nuclear survivin score 3

was 0%, significantly lower than the 11.6% of the nuclear

survivin score B2 (P = 0.0003). Cytoplasm survivin score

did not correlate with the prognosis. Nuclear survivin

expression may be a useful biomarker for predicting

prognosis in patients with glioblastoma.
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Introduction

Glioblastoma, the most malignant brain tumor in adults, is

highly resistant to radiotherapy n and chemotherapy. The

recent standard treatments of this disease are considered to

be surgical resection to the extent feasible, followed by

radiotherapy and chemotherapy including temozolomide.

The median survival time of the patients with glioblastoma

has remained approximately 12 months over the last few

decades, even though multimodal therapies have been

applied.

Survivin is 16.5-kDa protein and a member of the

inhibitors of apoptosis family. It is expressed in fetal tissues
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and tumor cells but not in normal adult differentiated tissues

[1, 2]. Survivin is thought to inhibit the processing of

procaspase-3 and procaspase-7 by direct binding [3]. Sur-

vivin overexpression is reported to be an unfavorable

prognostic factor in various malignancies, including pros-

tate cancer [4], colorectal [5], pancreatic [6] and non-small

cell lung carcinomas [7, 8]. However, several reports have

shown survivin expression to be associated with a favor-

able prognosis in gastric cancer [9], transitional cell

carcinoma of bladder [10], breast cancer [11] and osteo-

sarcoma [12]. Chakravarti et al. [13] reported that survivin

expression in glioblastoma patients was an adverse prog-

nostic factor, by using semiquantitative western blot

analysis. However, their study did not distinguish between

nuclear and cytoplasm survivin expression and the

prognostic value of survivin expression by immunohisto-

chemistry is still controversial. Therefore, we assessed the

prognostic value of nuclear and cytoplasm survivin

expression by immunohistochemistry in patients with

glioblastoma.

Materials and methods

Patients and specimens

Available tissue specimens were obtained from all of the

66 patients with pathologically confirmed glioblastoma

treated with radiotherapy at the Gunma University Hospital

(Maebashi Japan), Takasaki National Hospital (Takasaki

Japan) and Maebashi Red Cross Hospital (Maebashi Japan)

between 1982 and 2005. The median follow-up period was

12 months. Sixty-one patients died due to tumor progres-

sion and 5 patients were alive with follow-up period

ranging from 15 to 60 months. The mean and median of

age were 55.1 ± 16.2 and 59 years old, respectively. There

were 40 male and 26 female patients. Gross total resection

was performed in 18 patients, partial resection in 43

patients and biopsy in 5 patients. The mean and median

radiation doses were 56.9 ± 9.3 Gy and 60 Gy, respec-

tively. In general, radiotherapy was performed by the

conventional therapy (5 days 9 2 Gy/week). However,

some patients were performed by hyper- and hypo-frac-

tionated radiotherapy. Therefore, we used the biological

effective dose (BED) for analysis and set the a/b ratio as

10.0 Gy. The mean and median BED were 68.7 ± 10.9

and 72.0, respectively. Chemotherapy was performed in 45

patients as an initial treatment before and/or after irradia-

tion. There were 64 patients with glioblastoma multiforme

in 64 patients and 2 with giant cell glioblastoma, and the

pathological diagnosis was based on the WHO Classifica-

tion of Tumors of the Nervous System (2000) [14]. The

pathological features, including the extent of necrosis,

vascularity, cell density and existence of giant cells were

evaluated.

Immunohistochemistry

The tissue specimens were cut into 4 lm sections on

cylan-coated slides, then were deparaffinized and hydra-

ted. For antigen retrieval, they were heated by microwave

for 75 min in Dako Target Retrieval Solution (Dako, CA,

U.S.A.) at 93.0�C and were cooled for 20 min. After

washing with Phosphate Buffered Saline (PBS), nonspe-

cific binding was blocked with peroxidase-blocking

solution (Dako) for 15 min. The specimens were incu-

bated overnight at 4.0�C with anti-survivin antibody

(Novus Biologicals, CO, U.S.A.) diluted with antibody

diluent (Dako) at 1:300. Then, they were washed with

PBS. They were incubated with a labeled-polymer con-

jugated second antibody EnVision ? kit (Dako) for

30 min. After washing in PBS, the specimens were

developed with 3,30-diaminobenzidine tetrahydrochloride

(Dako) for 2 min. Specimens were slightly counterstained

with hematoxylin, and finally dehydrated and mounted.

As a positive control, a known positive control (breast

cancer) specimen was handled in parallel. As a negative

control, a specimen was treated without a primary anti-

body in the incubation step.

Evaluation

All immunohistochemical stained slides were pathologi-

cally assessed by one of the authors (K.O.), without

knowledge of the clinical data. The cell nuclei and cyto-

plasm of more than 500 tumor cells were evaluated in each

specimen. Only the viable glioblastoma areas were evalu-

ated, while the necrotic and non-viable areas were

excluded. Nuclear and cytoplasm survivin scores were

evaluated with cell positivity and staining intensity. Scores

were defined as follows, 0 (no staining), 1 (less than 50%

of cell positivity and any intensity), 2 (more than 50% of

cell positivity and weak to moderate intensity) and 3 (more

than 50% of cell positivity and strong intensity). The cor-

relation between nuclear and cytoplasmic survivin scores

and overall survival were evaluated.

Statistical analysis

The overall survival period was calculated from the date of

operation to the date of death or last follow-up. The

Kaplan–Meier method was used for the overall survival

curves, and differences were statistically analyzed with the

Log-rank test. The multivariate analysis for overall survival

was applied with the Cox proportional hazard model with a

95.0% CI. The differences were considered statistically
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significant at P \ 0.05. All analyses were performed with

SPSS 11.0 for Windows.

Results

The overall survival rates of all patients at 3 and 5 years

were 11.1% and 5.9%, respectively (Fig. 1). The median

survival period was 12 months. The overall survival based

on clinical characteristics and survivin scores were shown

in Table 1. The 3-year survival rates of patients aged \60

and C60 were 11.5% and 10.3%, respectively (P = 0.26).

The 3-year survival rates of male and female were 5.4%

and 19.2%, respectively (P = 0.71). As for the extent of

surgery, the 3-year survival rates of patients performed

gross total resection was 22.2%, significantly higher than

6.7% performed partial resection and biopsy (P = 0.02).

The 3-year survival rates of patients irradiated with BED

B72.0 and with BED [72.0 were 9.7% and 13.6%,

respectively (P = 0.40). The 3-year survival rates of

patients on which chemotherapy was performed was

11.6%, significantly higher than 10.0% patients on which

chemotherapy was not performed (P = 0.04).

Nuclear and cytoplasm survivin staining were noted in

47 and 58 patients, respectively (Fig. 2). The nuclear sur-

vivin score 0, 1, 2 and 3, were 19 patients (28.8%), 26

patients (39.4%), 9 patients (13.6%) and 12 patients

(18.2%), respectively. The 3-year overall survival rate of

the nuclear survivin score 3 was 0%, significantly lower

than 11.6% of the nuclear survivin score B2 (P = 0.0003,

Fig. 3). The cytoplasm survivin score 0, 1, 2 and 3, were 8

patients (12.1%), 47 patients (71.2%), 6 patients (9.1%)

and 5 patients (7.6%), respectively. These cytoplasm sur-

vivin scores did not correlate with the prognosis. With

regard to histology, the 3-year overall survival rates in

glioblastoma multiforme and giant cell glioblastoma were

11.4% and 0 %, respectively (P = 0.90). The other path-

ological features, including the extent of necrosis,

vascularity, cell density and existence of giant cells were

not significant prognostic factors (P = 0.94, P = 0.71,

P = 0.13 and P = 0.64, respectively).

The results of multivariate survival analysis for the

clinical characteristics and the nuclear survivin score were

given in Table 2. The factor with the strongest impact on

overall survival was nuclear survivin score (P = 0.003,

hazard ratio = 0.35).

Discussion

Sasaki et al. [15] reported that survivin expression

increased in parallel with malignant grade in astrocytic

tumors. Kajiwara et al. [16] also reported that survivin

expression was significantly associated with malignant

grade, and they concluded that survivin might play an

important role in the oncogenesis and progression of

astrocytic tumors. They mentioned that the median survival

period for patients with survivin positive tumors was

shorter than that for patients with survivin negative tumors

in astrocytic tumors [16]. Saito et al. [17] reported

that simultaneous survivin expression in both nucleus

and cytoplasm was worth prognosis in high-grade
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Fig. 1 The overall survival rate of 66 patients with glioblastoma

Table 1 Results of univariate analysis of prognostic factors

Variable No. of

patients

3-year survival

rate (%)

P

Age

C60 years old 29 10.3 0.26

\60 years old 37 11.5

Gender

Male 40 5.4 0.71

Female 26 19.2

Extent of surgery

PR and biopsy 48 6.7 0.02

GTR 18 22.2

BED

B72.0 44 9.7 0.40

[72.0 22 13.6

Chemotherapy

Yes 43 11.6 0.04

No 20 10.0

(Unknown) 3

Nuclear survivin score

3 12 0 0.0003

B2 54 11.6

GTR gross total resection, PR partial resection, BED biological

effective dose
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astrocytomas. Uematsu et al. [18] compared the survivin

index and MIB-1 index, and investigated a positive linear

correlation of them was weak. And they mentioned that

survivin index was more sensitive marker to predict sur-

vival than MIB-1 index in low grade gliomas.

Previously 4 studies have been attempted among the

immunohistochemical analyses of glioblastoma. Das et al.

[19] firstly reported that the survivin was highly expressed

in glioblastoma, but did not discuss the relationship to

prognosis. Xie et al. [20] reported a difference in the

survivin expression between primary glioblastoma

and secondary glioblastoma, but also did not mention

prognosis. Preusser et al. [21] reported that survivin did not

seem to be useful as a prognostic factor in 104 patients with

glioblastoma. Recently, Mellai et al. [22] showed that a

positive linear correlation was found between survivin

expression and proliferation, whereas inverse correlation

did not found between survivin expression and apoptosis.

However, they did not indicate the correlation between

survivin expression and survival. The present study is the

first report to show that the nuclear survivin score correlate

with a worse prognosis in the patients with glioblastoma.

Fortugno et al. [23] reported that survivin existed in 2

distinct nuclear and cytoplasmic subcellular pools in

human cervical carcinoma HeLa cells. Nuclear survivin has

been proposed to serve in the maintenance of the integrity

of the mitotic spindle in HeLa cells [24]. In many immu-

nohistochemical studies, nuclear survivin expression has

been shown to be an unfavorable factor for prognosis,

including prostate cancer [4], rectal cancer [25], oesopha-

geal squamous cell carcinoma [26], colorectal carcinoma

[27], soft-tissue sarcomas [28], breast cancer [29], lar-

yngeal squamous cell carcinoma [30], hepatocellular

carcinoma [31], ovarian carcinoma [32] and non-small cell

lung carcinoma [7, 8]. Shinohara et al. [7] suggested that

strong nuclear staining of survivin may represent increased

mitotic events, hence resulting in poor survival. Recently,

it was reported that survivin has 3 splicing variants, sur-

vivin-DEx3, survivin-2B, and survivin wild type [33, 34].

Survivin-DEx3 exists in the nucleus, and nuclear survivin

has been considered active in the maintenance of the

integrity of the mitotic spindle. Yamada et al. [35] reported

that survivin-DEx3 was significantly more increased in

malignant brain tumors than benign brain tumors in vitro

setting. Both survivin-2B and survivin wild type exist in

the cytoplasm, and cytoplasmic survivin has been consid-

ered to be anti-apoptotic factor [36]. However, Islam et al.

[37] reported that survivin wild type can inhibit apoptosis

and survivin-2B does not. Immunohistochemically, a few

studies have reported cytoplasmic survivin expression to be

Fig. 2 Immunohistochemical

staining of nuclear (a) and

cytoplasmic (b) survivin.

(Original magnification: 4009)

Nuclear survivin score 3 (N=12)

Nuclear survivin score <2 (N=54)

P = 0.0003
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Fig. 3 The overall survival rate of 66 patients with glioblastoma and

nuclear survivin score. The overall survival rate of patients with the

nuclear survivin score = 3 was significantly lower than patients with

the score B2 (P = 0.0003)

Table 2 Results of multivariate analysis of prognostic factors

Variable HR (95% CI) P

Extent of surgery (biopsy and PR vs. GTR) 0.60 (0.33–1.08) 0.09

Chemotherapy (Yes vs. No) 0.82 (0.46–1.45) 0.48

Nuclear survivin score (3 vs. B2) 0.35 (0.18–0.70) 0.003

HR hazard ratio, CI confidence interval, PR partial resection, GTR
gross total resection
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an unfavorable factor in patients with colorectal cancer [5],

pancreatic cancer [6], and oral squamous cell carcinoma

[38]. Previously, we reported that cytoplasmic survivin

expression was an unfavorable factor in patients with cer-

vical squamous cell carcinomas [39]. However in this study

cytoplasmic expression is not a prognostic factor for sur-

vival in patients with glioblastoma. Shinohara et al. [7]

suggested that cytoplasmic staining might represent the

combined level of 2 functionally opposing variants of

survivin wild type and survivin-2B, and therefore, as a

result, cytoplasmic survivin expression was not a signifi-

cant prognostic marker. Cytoplasmic survivin score was

tended to be higher in relatively large cells (alike a giant

cell; data not shown). In this report, we showed correla-

tions between prognosis and the pathological features,

including the existence of giant cells. We additionally

analyzed the correlation between cytoplasmic survivin

score and the existence of giant cells. Then, higher survivin

score was significantly correlated with the existence of

giant cells (Pearson test; P = 0.048). Though the existence

of giant cells does not correlate to tumor phenotype

exactly, cytoplasmic survivin score might have a correla-

tion with tumor phenotypes.

Survivin has been expected to serve as a treatment target in

various malignancies. Yang et al. [40] reported that apoptosis

was induced when the activity of survivin was blocked by the

expression of dominant-negative mutant survivin in various

tumors, including pancreatic cancer cell lines, breast cancer

cell lines, and a colon carcinoma cell line, but not normal cell

lines. Ansell et al. [41] reported that cell growth was signif-

icantly inhibited by using an antisense oligonucleotide

approach in aggressive non-Hodgkin’s lymphomas. Van

Houdt et al. [42] reported that transcriptional targeting ther-

apy of the survivin promoter significantly inhibited the

growth of glioma xenografts in vivo.

Survivin expression was associated with radiation

resistance in various malignancies. Chakravarti et al.

reported that survivin enhanced double-strand DNA break

repair and tumor cell metabolism, and thereby survivin

suppressed radiation-induced cell death in primary human

glioblastoma [43]. Saito et al. [44] showed that survivin

suppression by small interfering RNA (siRNA) enhanced

radiosensitivity in glioma cells. And they analyzed the cell

death induced by radiation was mitotic cell death correlated

with chromosome instability. Rodel et al. [25] reported that

the attenuation of survivin mRNA and protein by siRNA

enhanced radiation sensitivity in colorectal cancer cell

lines. They suggested that anti-survivin strategies improved

the radiation response, and may be ultimately correlated

with the better outcome [25, 43, 44].

In conclusion, we suggest that nuclear survivin score is a

useful biomarker to predict survival outcome in patients

with glioblastoma.
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