SOHAG MEDICAL JOURNAL
Vol. 11 No. 2 July 2007

Role of Survivin in Glioma Progression: A Clinico-
Pathological Study

Eman MS Muhammad®, Hala SA Mohammed?, Howyda | Hassan?,
Mohamed Abdelaal’,

Departments of Pathology™? 3, Sohag'®? and Assiut® Universities,
Department of Neurosurgery #, Sohag University*

Abstract

Object: Gliomas are among the most aggressive of all human malignancies. Glioblastoma
multiforme is the most malignant histopathological subtype. Survivin is one of the inhibitors
of apoptosis. It is over-expressed in many human cancers. We performed clinical and
pathological study aimed to clarify its role in glioma progression.

Methods: This study included 34 glioma patients. Clinical evaluation including age, sex,
clinical presentation and location of the tumor, was done. Sections from glioma specimens
were stained with H&E, classified and graded according to WHO classification, (2000) and
then immunostained to detect Survivin protein expression.

Results: The study included 34 glioma cases. Survivin was expressed to a variable extent in
most groups of gliomas (in 21/24, 1/4, 1/1 and 5/5 cases of astrocytomas,
oligodendrogliomas, mixed oligoastrocytoma and ependymomas respectively). Survivin
expression showed gradual up-regulation with increasing grade of astrocytomas from
pilocytic astrocytomas (66.7%) — diffuse astrocytomas (77.8%) — anaplastic astrocytomas
(100%) — glioblastoma multiforme (100%). This study showed that there is a strong
correlation between the distribution and staining intensity of Survivin protein expression and
the tumor grade (P< value< 0.01 and < 0.00 respectively). Also there is a strong correlation
between Survivin protein expression as evidenced by immunoreactivity score (IRS) and
tumor grade and proliferative activity (P value< 0.00 & <0.002 respectively).

Conclusion:  Survivin plays an important role in the initiation of gliomas and their
progression towards higher grades.

86

r——
'



SOHAG MEDICAL JOURNAL
Vol. 11 No. 2 July 2007

Role of Survivin in Glioma Progression
Mohammed HAS et al

Introduction

Gliomas/glial ~ tumors  are
primary brain tumors arising from glial
cells, which form the supporting tissue
of the nervous system. They account
for about half of primary intracranial
tumors . About half of all childhood
brain tumors are astrocytomas®. In
adults, gliomas are the most common
malignancy of the central nervous
system ®). The most frequent types of
glioma are astrocytic  (mainly
astrocytomas and glioblastoma
multiforme) “. In Egypt, brain tumors
are particularly common, comprising
16.5% of tumors below the age of 20
years ©.

The clinical behavior of
gliomas is variable according to type
and grade of it. Nearly two thirds of
gliomas are highly malignant lesions
that account for a disproportionate
share of brain tumor-related morbidity
and mortality. Despite recent advances,
two-year survival for glioblastoma
with optimal therapy is less than 30%.
Even among patients with low grade
gliomas that confer a relatively good
prognosis, treatment is almost never
curative ©.

Survivin has been identified as
an important member of the inhibitor
of apoptosis protein (IAP) family ). It
is over-expressed in many human
cancers ®. It has been shown that
Survivin is highly expressed in gliomas
and its high expression correlates with
more aggressive behavior, decreased
response to chemotherapeutic agents,
and  shortened  survival  times.
Manipulation of Survivin regulation
and expression may lead to the
development of new immunotherapy
and gene therapy strategies for the
treatment of cancer .

Hoshino et al.®®* found that
the proliferative activity is a useful
predicting factor for both low and high
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grade gliomas, whereas Onda et al.,*?
found that the proliferative potential of
diffusely infiltrating astrocytomas
correlates with histological grade.

In this study, we aimed to
emphasize the role of Survivin in
glioma and to study the correlation
between Survivin expression and
tumor grade and proliferative activity
as indicators for prognostic outcome.

Patients and methods:

This study was conducted to 34
glioma patients admitted to Sohag
University Hospital during the period
from 2005 to 2007. Clinical data
including: age, sex of the patients, and
location of tumors were reviewed for
the 34 patients.

The specimens were formalin
fixed and paraffin embedded. Five-
micron tissue sections prepared and
stained with hematoxylin and eosin
(H&E). Sections were examined and
each tumor typed and graded according
to WHO classification (2000).

Reagents used in
immunohistochemical  study  were
concentrated rabbit polyclonal

antibody for Survivin (Catalog # RB-
9245-po, LabVision  Corporation,
Fremont, USA), and Universal
Staining Kit (Catalog # TA-015-HP,
LabVision  Corporation,  Fremont,
USA), coated slides (Pre-cleaned
Superfrost®)/Plus-Fisherbrand USA).
The antibody was used at a dilution of
1:100 and its incubation period was
two hours in a humid chamber at room
temperature. The steps are the same as
illustrated by the manufacturer.

Positive and negative control:

Sections from colon cancer
known to express Survivin were used
as positive control®. The negative
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control slides were stained in parallel, from Xie et al, (2006). The
but with omission of the primary immunoreactivity score (IRS) was
antibody. done for each case. It is equal to the

extent of staining multiplied by its
intensity 9. The mitotic figures were

counted/10 HPF for each case in the
Survivin  was identified as most active area.

brown cytoplasmic staining. The
distribution and intensity  of

Evaluation of the immunostaining
findings for Survivin:

Statistical analysis

immunostaining were assessed at X40 Results  were  statistically
& X100 magnifications, and semi- analyzed by ANOVA (Analysis of
quantitative analysis was done using Variance) test and  Pearson’s
X200 & X400 magnifications. The Correlation Coefficient using
staining distribution was expressed as Statistical Package for Social Sciences
negative if staining in <1% cells (0), (SPSS) for Windows.

focal (+1) and diffuse (+2) modified

Results

Clinicopathological characteristics:

The 34 specimens included 24 (70.6%) astrocytomas, 4 (11.8%)
oligodendrogliomas, 5 (14.7%) ependymomas and one case (2.9%) mixed
oligoastrocytoma (table 1). The 24 astrocytomas included 3 (12.5%) pilocytic
astrocytoma, 9 (37.5%) diffuse fibrillary astrocytomas, 3 (12.5%) anaplastic
astrocytomas, and 9 (37.5%) glioblastoma multiforms (table 2). Their age ranges, sex
distribution and topographic sites of the studied tumors were illustrated in tables (1-
4),

Immunohistochemical findings:

Survivin was expressed in tumor tissue, weakly expressed in the nearby brain
tissue in a case of glioblastoma multiforme. Survivin was also weakly expressed in
inflammatory cells and vascular endothelial cells in some cases.

Positive cases showed brown cytoplasmic Survivin staining, but only one case
of diffuse fibrillary astrocytoma showed nuclear expression. Survivin
immunoreactivity was variably expressed in glioma groups. Tables (5&6) illustrate
Survivin distribution and staining intensity of the 34 studied cases.

Tables (7&8) illustrate Survivin immunoreactivity in astrocytic tumors
according to their grades. There is a significant statistical difference in Survivin
distribution (P < 0.01) and staining intensity (P < 0.00) and tumor grade. Table (9)
showed a statistically significant relation between tumor grade and IRS (P < 0.01),
and table (10) showed a statistically significant relation between the IRS and number
of mitosis /10HPF in each tumor (P < 0.01).
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Table (1): Types, age and sex gliomas
: . Age Sex
nliel g e NO | Mean | Range Male Female
Astrocytomas 24 | 70.6 | 43 2m-70y | 16 (66.7%) | 8 (33.3%)
Oligodendrogliomas 4 | 11.8 | 43 39y- 46y 2 (50%) 2 (50%)
Mixed oligoastrocytomas | 1 | 2.9 40 40y 1 (100%) 0 (0%)
Ependymomas 5 | 14.7 26 4y- 55y 1 (20%) 4 (80%)
Total 34 | 100 | 40.3 | 2m-70y 58.8% 41.2%
No = number, M = month, Y = year
Table (2): Types, age and sex of astrocytomas
. : Age Sex
nliel o e N Mean Range Male Female
Pilocytic astrocytomas 3 |125| 20.7 12-38y | 2 (66.7%) | 1(33.3%)
Diffuse astrocytomas 9 |375| 34 2m-50y | 3 (33.3%) | 6 (66.7%)
Anaplastic astrocytomas 3 [125| 50.3 47-57y | 3 (100%) | 0 (0%)
Glioblastoma multiforme | 9 | 37.5 | 56.6 28-70y | 7 (77.8%) | 2 (22.2%)

Table (3): Histological classification of the studied 34 cases in relation to site

Sites
Histological types No. ) Ce_rebral Posterior Spinal cord | Thalamus
emispheres fossa

Astrocytomas 24 21 3 - -
Oligodendrogliomas 3 - - 1
Mixed oligoastrocytomas 1 1 - - -
Ependymomas 5 4 - 1 -
Total 34 | 29(85.3%) 3(8.8%) 1(2.9%) 1(2.9%)

Table (4): Topographic distribution of the studied astrocytic tumors

Pilocytic Diffuse Anaplastic | Glioblastoma Total
Sites astrocytomas | astrocytomas | astrocytomas | multiforme
No | % No | % No % No | % No | %
Parietal 1 33.3 5 55.6 2 66.7 | 4 444 | 12 | 50
Frontal - 2 22.2 1 333 | 5 55.6 8 | 333
Fronto-parietal | - 1 11.1 - - - - 1 4.2
Table (5): Survivin expression in the studied gliomas
Distribution of Survivin Intensity of
Positive cases staining Survivin staining
Type of glioma None | Focal | Diffuse | 0 | +1 | +2
Astrocytoma 21/24(87.5%) 3 12 9 3 | 13 8
Oligodendroglioma 1/4(25%) 3 1 0 3 1 0
Mixed oligoastrocytoma | 1/1 (100%) 0 1 0 0 1 0
Ependymoma 5/5 (100%) 0 3 2 0| 2 3
Total 28/34 (82.4) 6 17 11 6 | 17 | 11
[ 8]
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Table (6): Survivin expression in astrocytic tumors
. Distribution of Survivin Intensity of
Types of astrocytoma P05|lt\|l\£0/(;ases staining Survivin staining

None | Focal | Diffuse | O | +1 | +2
Pilocytic astrocytoma 213 (66.7%) 1 2 0 1 0
Diffuse astrocytoma 7/9 (77.8%) 2 5 2 2 1
Anaplastic astrocytoma 3/3  (100%) 0 1 2 0 2 1
Glioblastoma multiforme | 9/9 (100%) 0 4 5 0 3 6
Total 21/24 (87.5%) 3 12 9 3 |13 | 8

Table (7): The relationship between tumor grade and Survivin expression distribution

. Distribution of survivin staining
Grade of the tumor Positive cases :
None Focal Diffuse
Low grade tumors (I & I1) 9/12 (75%) 3 7 2
High grade tumors (I11 &1V) | 12/12 (100%) 0 5 7
Total 21/24 (87.5%) 3 12 9
ANOVA test is used P<0.01

Table (8): The relationship between tumor grade and the intensity of Survivin

expression
. Intensity of Survivin staining
Tumor grade Positive cases None 0 | Weak +1 | Strong +2
Low grade tumors (grade-1 & II) 9/12 (75%) 3 8 1
High grade tumors (grade-111 & 1VV) | 12/12 (100%) 0 5 7
Total 21/24 (87.5%) 3 13 8

ANOVA testisused P <0.00

Table (9): The relationship between tumor grade and the immunoreactivity score (IRS):

Immunoreactivity score (IRS)
Histological type y L 2 3 4 P value
No | Grade | No No No No No
(a) Astrocytomas: 24 3 11 3 0 7
(1) Pilocytic astrocytoma 3 1 1 2 0 0 0
(2) Diffuse astrocytoma 9 2 2 5 1 0 1
(3)Anaplastic astrocytoma 3 3 0 1 1 0 1
(4) Glioblastoma multiforme 9 4 0 3 1 0 5
(b) Oligodendrogliomas 4 2 3 1 0 0 0 0.01
(c) Mixed oligoastrocytoma 1 2 0 1 0 0 0
(d) Ependymomas 5 0 0 3 0 2
(1) Well differentiated 1 1 0 0 1 0 0
(2) Poorly differentiated | 4 2 0 0 2 0 2
Total 34 6 13 6 0 9

The test used is Pearson correlation.
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Table (10): The relationship between the IRS and the number of mitosis/I0HPF

Histological type Immunoreactivity score Number of mitosis/10 H.P.F P value
(IRS)/number of cases
(a) Astrocytomas:
(1) Pilocytic astrocytoma 0/1 0
1/2 0
(2) Diffuse astrocytoma 0/2 0
1/5 0
2/1 0
4/1 0 5
(3) Anaplastic astrocytoma 11 2 %
21 4 3
411 7 2
(4) Glioblastoma multiforme. %
Case No. 1 1 0 3
Case No. 2 1 2 ;
Case No. 3 1 0 ;
Case No. 4 2 0 5
Case No. 5 4 1 _é
Case No. 6 4 5 qé
Case No. 7 4 4 N2)
Case No. 8 4 0 §
Case No. 9 4 9 ¥
(b) Oligodendrogliomas. 0/3 0 o
1/1 0
(c) Mixed oligoastrocytoma. " 0
(d) Ependymomas o3 0
412 0

91

r——
'



SOHAG MEDICAL JOURNAL Role of Survivin in Glioma Progression
Vol. 11 No. 2 July 2007 Mohammed HAS et al

Figure (1): Giant cell glioblastoma Figure (2): Oligodendroglioma showing cells
showing with mitosis (arrow) (H&E X400) with clear cytoplasm and rounded nuclei
(H&E X200)

Figure (3): Ependymoma forming
papillae (H & E X200)

Boe _‘L:_“_ A 4“9 o~ . 2 A '“"' g -‘.J’:‘.‘ “‘. " . o
Figure (5): Anaplastic astrocytoma Figure (6): Glioblastoma multiforme
showing strong Survivin immunoreactivity ~ showing weak Survivin expression (X400)
(X200)
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Discussion:

Gliomas are among the most
aggressive of all human malignancies.
Glioblastoma multiforme is the most
malignant histopathologic subtype. It
carries the worst prognosis, with
median survival 9 to 10 month, despite
aggressive surgery, radiation, and
chemotherapy ™.

Gliomas remain one of the
human tumors most refractory to
treatment, despite continuing advances
in radiotherapy, chemotherapy, and
surgical techniques >1°).

The ability of gliomas to avoid
apoptotic death, both spontaneous and
treatment-related, may permit
progression to more  aggressive
phenotypes and may explain why
gliomas, even at their earliest stages,
are so resistant to conventional
chemotherapy and radiation "%

Because long term cure of
glioma patients presently is elusive,
understanding Survivin protein
expression is  fundamental to
developing better therapies for these
tumors, the most difficult human
tumors of all 9.

We found that Survivin is not
only expressed in tumor tissue, but also
weakly expressed in the nearby brain
tissue in a case of glioblastoma
multiforme. Survivin protein  was
expressed weakly in inflammatory
cells and vascular endothelial cells in
some cases. These findings are in
concordance with Das et al.,®,
Fangusaro et al.,®¥, Yagihashi et al.,??
and Fukuda and Pelus®® who found
that Survivin may show a low
expression in a subset of adult normal
differentiated tissues. The role of
Survivin in normal cells has remained
uncertain®®.

In this study Survivin protein
expression  was almost  always

(
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cytoplasmic except in one case which
showed nuclear expression. Survivin
has both nuclear and cytoplasmic
targets which appear to serve different
functions®®. Two forms of Survivin
antibodies, which recognize
predominantly nuclear and cytoplasmic
forms of Survivin are commercially
available ®®,

Nuclear Survivin has been
suggested to play an important role in
chromosomal  segregation  during
mitosis®?®, while  cytoplasmic
Survivin has been characterized as
antiapoptotic ®®. The two forms have
some overlapping activity ©” and this
may explain the single case of nuclear

expression in this study.

In our study Survivin was
found to be expressed in most gliomas
(28/34, 82.4%). These results are in

agreement with Sasaki et al.,®?,

Chakravarti et al.,*?  and

Kleinschmidt-DeMasters et al., ©2.
Astrocytic  tumors  showed

positive Survivin immunoreactivity in
87.5% of cases; 66.7% of pilocytic

astrocytoma, 77.8% of diffuse
astrocytoma, 100% of anaplastic
astrocytoma, and 100% for

glioblastoma multiforme.

In concordance with Sasaki et
al.,®» who found that the intensity and
degree of Survivin protein expression
showed an increase with tumor grade
toward glioblastomas. We found
gradual Survivin expression with
increasing tumor grade from pilocytic
astrocytoma — diffuse astrocytoma —
anaplastic astrocytoma — glioblastoma
multiforme. These findings suggest the
role of Survivin in both the formation
of low grade astrocytoma and the
progression toward glioblastoma.

One of the four cases of
oligodendroglioma showed positive
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Survivin which is focal and mild. The
rest of cases were not reactive. These
findings are in keeping with that of
Sasaki et al., ®? who studied six cases
of oligodendroglioma and all were
negative for Survivin except for mini-
gemistocytes. In contrast
Kleinschmidt-DeMasters et al.,®?
found that oligodendrogliomas grade-11
and anaplastic oligodendrogliomas
showed strong and diffuse staining for
Survivin.

In agreement with Sasaki et
al.®Y who studied six cases of
ependymoma and all were positive
with various degrees. Our results
showed that the five studied
ependymomas were Survivin positive.

Cunningham et al.,®® found
that the histological grade is a useful
parameter in  distinguishing the
behavior of the tumor. In the present
study a highly significant relationship
was found between tumor grade and
Survivin IRS. So Survivin can be used
for prediction of tumor behavior.

The mitotic activity and the
histological grade are clinically useful
in distinguishing the biologic behavior
of tumors ©Y. The relative radio-
sensitivity of  proliferating  cells
compared with non-proliferating cells
has long Dbeen known. Highly
proliferating tumors are associated
with shorter postoperative progression-
free intervals and with higher intrinsic
radio-responsiveness, although not
necessarily higher radio-curability ©°.

In our study mitosis was
evaluated and used as a simple
indication for proliferative activity of
tumor cells. A high significant
correlation  between the  mitotic
count/10HPF and the Survivin IRS was
found. So Survivin expression could be
used as a predictive factor for the
biologic behavior of the tumor.
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Our results are consistent with
those of Hoshino et al.,*** who found
that the proliferative activity is a useful
predicting factor for both low and high
grade gliomas. Also, Montine et al., ©®
found that the proliferative activity in
astrocytomas strongly predict survival.
Coons et al.,®” and Heegaard et al.,®®
found that the higher proliferative
activity in oligodendrogliomas has
been correlated with shorter survival,
and they suggest that the proliferative
activity can be used as a predictive
factor for glial tumors.

Conclusion

As Survivin is positive in most
cases of gliomas, so it may be involved
in their tumorigenesis. Up-regulation
of Survivin expression with higher
grades of astrocytomas, and with
increased proliferative activity, suggest
its role in the transition of
astrocytomas to higher grades by
preventing apoptosis, and accelerating
cell growth and proliferation.

Recommendations:

Studying the expression of
Survivin on a large number of cases
and follow up of patients to emphasize
the relation  between  Survivin
expression and the prognosis are
recommended.

References:

1. Chosdol K, Chattopadhyay P and
Sinha S: Molecular pathways of
glial  tumorigenesis. Current
Science 2000;182:648-54.

2. American Cancer Society: Brain
Central Nervous System (CNS)
Tumors in children. Available at:
http://www.3.cancer.org/cancerinfo
1999.

'


http://www.3.cancer.org/cancerinfo/
http://www.3.cancer.org/cancerinfo/

SOHAG MEDICAL JOURNAL

Vol. 11 No. 2 July 2007

Role of Survivin in Glioma Progression

Mohammed HAS et al

10.

11.

Sarela Al, Scott N, Ramsdale J, et
al: Immunohistochemical detection
of the anti-apoptosis protein,
Survivin, predicts survival after
curative resection of stage |l
colorectal carcinomas. Ann Surg
Oncol 2001;8:305-10.

Preston-Martin S, Mack W:
Neoplasms of the Nervous System.
In cancer Epidemiology and
Prevention. 2nd Ed, edited by
Schottenfeld D, Fraumeni. JF. New
York: Oxford University Press
1996.

El-Bolkainy MN: Epidemiology of
cancer. In: General Pathology of
Cancer, EI-Bolkainy MN. Al-
Asdekaa Graphics Center (AGC),
Cairo, 1991:68.

Norden AD, Wen PY: Glioma
therapy in adults. Neurologist
2006;12:279-92.

Zhen HN, Zhang X, Hu PZ, et al:
Survivin expression and its relation
with proliferation, apoptosis, and
angiogenesis in brain gliomas.
Cancer 2005;104:2775-83.

Pizem J, Cort A, Zadravec-Zaletel

L,: Survivin is a negative
prognostic marker in
medulloblastoma. Neuropathol

Appl Neurobiol. 2005;31:422-8.

Johnson ME, Howerth EW:
Survivin: A bifunctional inhibitor
of apoptosis protein. Vet Pathol
2004;41:599-607.

Hoshino T, Prados M, Wilson C B,
et al: Prognostic implications of the
bromodeoxyuridine labeling index
of human gliomas. J Neurosurg
1989;71:335-41.

Hoshino T, Ahn D, Prados MD, et
al: Prognostic significance of the
proliferative potential of
intracranial gliomas measured by
bromodeoxyuridine labeling. Int J
Cancer 1993;53:550-5.

r——

95

12.

13.

14.

15.

16.

17.

18.

19.

Onda K, Davis RL, Shibuya M, et
al:  Correlation  between the
bromodeoxyuridine labeling index
and the MIB-1 and KI-67
proliferating cell indices in cerebral
gliomas. Cancer 1994;74:1921-6.

Kleihues P and Cavenee WK:
Pathology and Genetics: Tumors of
the Nervous System. World Health
Organization  Classification  of
Tumors. IARC Press. 2000:6-7.

Davis FG, McCarthy BJ, Freels S:
The conditional probability of
survival of patients with primary
malignant brain tumors:
Surveillance, epidemiology, and
end results (SEER) data. Cancer
1999;85:491.

Walker MD, Alexander E, Hunt
WE: Evaluation of BCNU and/or
radiotherapy in the treatment of
anaplastic gliomas: a cooperative
clinical  trial, J  Neurosurg
1978;49:333-43.

Walker MD, Green SB, Byar DP:
TNF- and cancer therapy-induced
apoptosis: Potentiation by
inhibition of NF-kappaB, New
Engl. J. Med 1980;303:1323-9.

Weller M, Malipiero U, Aguzzi A:
Proto-oncogene bcl-2 gene transfer
abrogates Fas/APO-1 antibody-
mediated apoptosis and confers
resistance to chemotherapeutic
drugs and therapeutic irradiation. J
Clin Invest 1995;95:2633-43.

Shinoura N, Yoshida Y, Asai A:
Relative level of expression of bax
and bcl-xI determines the cellular
fate of apoptosis/necrosis induced
by the over-expression of bax.
Oncogene 1999;18:5703-13.

Chakravarti A, Noll E, Black PM,
et al: Quantitatively determined
Survivin expression levels are of
prognostic value in human gliomas.
J Clin Oncol 2002;20:1063-8.

'


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Zhen+HN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Zhang+X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Hu+PZ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Cancer.');

SOHAG MEDICAL JOURNAL

Vol. 11 No. 2 July 2007

Role of Survivin in Glioma Progression

Mohammed HAS et al

20.

21.

22.

23.

24,

25.

26.

27.

Das A, Tan W, Smith DR:
Expression of the inhibitor of
apoptosis  protein  Survivin in
benign  meningiomas.  Cancer
letters 2003;193:217-23.

Fangusaro JR, Jiang Y, Holloway
MP, et al: Survivin, Survivin-2B,
and Survivin-deltaEx3 expression
in  medulloblastoma:  Biologic
markers of tumor morphology and
clinical outcome. British Jour
Cancer 2005;92:359-65.

Yagihashi A, Ohmura T, Asanuma
K, et al Detection of
autoantibodies to Survivin and
Livin in sera from patients with
breast cancer. Clinica Chimica
Acta 2005;362:125-30.

Fukuda S, Pelus L M: Survivin, a
cancer target with an emerging role
in normal adult tissues. Mol Cancer
Ther 2006;5:1087-98.

Dohi T, Salz W, Costa M, et al:
Inhibition of apoptosis by Survivin
improves transplantation of
pancreatic islets for treatment of
dibetes in mice. EMBO Rep
2006;7:438-43.

Mahotka C, Wenzel M, Springer E,
et al: Survivin-DEx3 and survivin-
2B: Two novel splice variants of
the apoptosis inhibitor survivin
with different antiapoptotic
properties. Cancer Res
1999;59:6097-102.

Altura RA, Olshefski RS, Jiang Y,
et al: Nuclear expression of
Survivin in paediatric
ependymomas and choroid plexus
tumors correlates with morphologic
tumor grade. Br J Cancer
2003;89:1743-9.

Uren Ag, Wong L, Pakusch M, et
al: Survivin and the other inner
centromere protein INCENP show
similar cell-cycle localization and

r——

96

28.

29.

30.

31.

32.

33.

34.

35.

36.

gene knockout phenotype. Curr

Biol 2002;10:1319-28.

Honda R, Korner R, Nigg EA:
Exploring the functional
interactions between Aurora B,
INCENP, and Survivin in mitosis.
Mol Biol Cell 2003;14:3325-41.

O’connor DS, Wall NR, Porter AC,
et al: A p34 (cdc2) survival
checkpoint in cancer. Cancer cell
2002;2:43-54.

Xie D, Zeng YX, Wang HJ, et al:
Expression of cytoplasmic and
nuclear Survivin in primary and
secondary human glioblastoma.
British Jour Cancer 2006;94:108-
14.

Sasaki T, Lopes M, Hankins G, et
al: Expression of Survivin, an
inhibitor of apoptosis protein, in
tumors of the nervous system.
Acta Neuropathol 2002;104:105-9.

Kleinschmidt-DeMasters BK,
Heinz D, McCarthy PJ, et al:
Survivin in glioblastomas. Arch
Pathol Lab Med 2003;127:826-33.

Cunningham J, Kimmel D,
Scheithauer B:  Analysis  of
proliferation markers and p53

expression in gliomas of astrocytic
origin: Relationships and
prognostic value. J Neurosurg
1997;86:121-30.

Patsouris E, Stocker U, Kallmeyer
V: Relationship between Ki-67
positive labeling indices obtained
using MIB-1 monoclonal antibody
in patients with supratentorial
astrocytomas. Cancer 1996;77:373-
80.

Little JB: Differential response of
rapidly and slowly proliferating
human cells to X-irradiation.
Radiology 1969;93:307-13.

Montine TJ, Vandersteenhoven JJ,
Aguzzi A, et al: Prognostic

'


http://www.sciencedirect.com/science/journal/00098981
http://www.sciencedirect.com/science/journal/00098981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Altura+RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Olshefski+RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Jiang+Y%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Br%20J%20Cancer.');

SOHAG MEDICAL JOURNAL
Vol. 11 No. 2 July 2007

Role of Survivin in Glioma Progression
Mohammed HAS et al

37.

significance of Ki-67 proliferation
index in supratentorial fibrillary
astrocytic neoplasms. Neurosurg
1994;34:674-9.

Coons SW, Johnson PC, Pearl DK,
et al: Prognostic significance of
flow cytometry deoxyribonucleic

39.

immunohistochemistry of
oligodendrogliomas with special
reference to prognosis. Cancer
1995;76:1809-13.

McLendon RE, Wikstrand CJ,
Matthews MR, et al: Glioma-
associated Antigen Expression in

acid analysis of human Oligodendroglial Neoplasms:

oligodendrogliomas. Neurosurg Tenascin and Epidermal Growth

1994;34:680-7. Factor Receptor. Journal of
38. Heegaard S, Sommer HM, zHéggzgngos-ignd Cytochem

Broholm H, et al: Proliferating cell e '

nuclear antigen and Ki-67

r——

97

'



SOHAG MEDICAL JOURNAL Role of Survivin in Glioma Progression
Vol. 11 No. 2 July 2007 Mohammed HAS et al

A ol il ASaals) Al A8l ol oY) gl (B (i puad) 90
Aoma Jeland 1y ga e Guall 73ba A daaaa Gual) 73a daaa Glal

40l ae daai dasa
Tzl s ol Cliac V) 5 geall dal ja ansd 53 o gad 5 122 s ala s ol L) L)

ST I IRU S (| RUCORECH By B RPN ER DI RPN R R SRV TP IS PPN
LY gn oo on 1l Cpied o) gy Bl sl Wl e L S gt o JISCEY) sukae
Lete bl B gl il ASCadST 2ulys Lyl a3y 0LV Sl o S (3 1S s opems OF LS o

Ayl oW ks 3 Cndiddl 93 e
gy rmed) ¢SSV il L U5y Liage (3 iyl e ) s clast) WGy dedsiianall G )
ceSyladl alauly Bl pedl Slie e ol 2lio cf W08l Oy a5 U1 s 2y by
1259 2000 plad il all dadite Gl it Lk Lgomys dudd 69 oY1 iy sVl

bl (59 gl dydoed el s

WO ol 2l 24 ¢ VS NS wal o150 aie 34 e gl Slgiadl Gt fazd) 3y : el
Byl By Al UL (e Jaliie ayg sy Al ciail) el il LA a)l oY 4 (aad
24 Lsae i &g Bl LI sl oV s 5 5 L amaall Blad) 25 SV 5 (2Bl dad)
oy V= Oy Uyt B> g V- 3y e B> g V- Dms 2y V> 3 al>

Y sdaze i)

/T A1 24/21y asline ol 2l sVl Slesast clane 3 Cpid ol jeond Aoy A3
saaze LoV ¥l il oyl (sl ol ol tall ll a gl gt i) sl e ISO5/5
o 33 jacae 3345 el pidd el e O A Rilol) el 2L a1l 1Y Al 5 () e SIS
asl = (Y0 T7.8) ;azll sl = (gl (%0 66.7) il pysh) con damid) 21 09 3y 8315
0100y JSCaY sanze LoV i) ) oyl = (Y0 100) Jsm) 2

psll omy3g Cnhed ol (150 Bres BUSY gan iSO g Be Alas O Ayl oda (3 Loy 139
Jins oo b ed) 500 e O Bush 8D iyl Uiy 3y . J1sdl e (P< 0.01& < 0.00)
s Ae(P < 0.00 & <0.002) 85 amy59 psll 2my35 L Jolid)

sle V) dal yall b skt GUAS g Aiaall al 551 055 e 3 Lala |50 (i yul) ey sz A

98

——
| —



