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The genetic alterations frequently involved in glial
malignancies are in the tumor suppressor genes, Rb
and p53. An altered Rb expression or p53 overexpression is thought to indicate defective tumor suppression and subsequently more aggressive tumors.
Therefore, to assess the alterations in the conjoint
expression of Rb and p53 proteins in formalin fixed
paraffin embedded sections, 64 astrocytic tumors
were studied (16 astrocytomas, 7 gemistocytic astrocytomas, 19 anaplastic astrocytomas and 22 glioblastomas) using the avidin biotin immunoperoxidase
technique. Fifty two cases (81.25%) were found to be
positive for p53 protein. Seventeen of these showed
aberrant heterogenous staining for pRb, of which 7
were glioblastomas. Only one case of astrocytoma

showed aberrant expression of both p53 and Rb.
Thus, of the 64 tumors, simultaneous aberrant
expression of both p53 and Rb was seen in 21.9% of
cases. This was more commonly observed among
glioblastoma cases (7/22). No statistical difference
was found between the survival rate of heterogenous pRb and p53 positivity in different grades of
tumors. In glioblastomas, the survival rate appeared
to be less in patients expressing heterogenous pRb,
but this was not statistically significant. These
results lead us to suspect that p53 and pRb pathways
are inactivated, either through mutation or as part of
the neoplastic process in astrocytic tumors. (Pathology Oncology Research Vol 5, No 1, 21–27, 1999)
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Introduction
Alteration in oncogenes and tumor suppressor genes are
now well documented to be associated with the genesis and
progression of many human malignant tumors including
gliomas.5,24 Restriction fragment length polymorphism
(RFLP) analysis of gliomas has revealed a non-random
loss of heterozygosity (LOH) for markers on 5 chromosomes at the following loci 9p10, 10, 22q, 13p and 17p.14
The latter two allelic losses have raised the question of
involvement of the retinoblastoma (Rb) and p53 genes in
the formation and progression of these tumors. The
retinoblastoma (Rb) gene, the prototypic tumor suppressor
gene, located at 13q14, encodes for a nuclear protein of
110 Kd22 which is expressed by all normal tissues,15 but is
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frequently seen in altered form in a variety of tumors.
While germline mutations of this gene have been implicated in the development of hereditary retinoblastoma,4
somatic mutations have been associated with a variety of
human malignancies, most notably osteosarcomas,12 soft
tissue sarcomas,20 bladder carcinomas,19 and breast carcinomas.29 In gliomas, specific evidence for Rb gene
involvement was shown by Tsuzuki et al30 who noted aberrations of the Rb gene in 3 of 23 astrocytomas (13.2%), all
of which were Grade 4. It was also demonstrated that Rb
gene inactivation and loss of its protein (p110 Rb) expression may be associated with glial tumor progression.11,14
Mutation of the p53 tumor suppressor gene located on
chromosome 17p is the most frequent genetic abnormality identified in a wide range of human malignancies.6 Loss
of portions of the short arm of chromosome 17 has been
found in gliomas, most of them being glioblastomas.9,25
The p53 tumor suppressor protein is a nuclear phosphoprotein and mutations of the p53 gene often result in the
accumulation of an abnormal mutant p53 protein. This
mutated p53 protein has been demonstrated by immuno-
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histochemical staining in gliomas and strong correlation
with malignancy grade has been established.
Though mutations of both Rb and p53 tumor suppressor genes and aberrant expressions of their proteins have
been individually documented in gliomas, little is known
about the relationship between these two genes in various
grades of astrocytic tumors. The only reports are by Lee et
al23 who reported LOH on chromosome 10, Rb, 17p and
p53 gene and Tsuzuki et al30 who documented aberrations
in the Rb, p53 and p16 gene in astrocytomas using PCRSSCP analysis. To our knowledge, there is no report on the
correlation of aberrant p53 protein expression and Rb protein expression in gliomas.
Hence the present study was undertaken to establish the
incidence and pattern of Rb and p53 protein expression in
a series of 64 astrocytic tumors of varying grades and to
correlate the results with the histological grade and clinical outcome. The Rb and p53 protein expression were
studied simultaneously in each tumor in order to determine
whether there were specific types of alterations in their
conjoint expression, and to assess whether such types of
alterations were associated with specific tumor grades.
Materials and Methods
The tumor samples of 64 astrocytic tumors of varying
grades were obtained at surgery from the Department of
Neurosurgery, AIIMS, New Delhi with clinical information including age, sex, location of tumor, extent of resection, primary or recurrent tumor, treatment, overall survival and recurrence free survival. Survival time was computed from the date of diagnosis.
Histologic grading

and the sections were incubated overnight at 4°C with
rabbit anti-Rb antibody (C-15; M/S Santa Cruz,
California) at 1:100 dilution (with 2% bovine serum and
0.1% Triton-X-100). After thorough rinsing in phosphate
buffered saline (PBS) sections were incubated with 1:100
diluted biotinylated anti-rabbit antibody for 30 minutes
followed by avidin-biotin complex (M/s Vector
Laboratories, USA) at 1:100 dilution for 1 hour. A case of
osteosarcoma was taken as a negative control. The antigen was localized using diaminobenzidine (DAB) as
chromogen with 0.3% H2O2. Rb was evaluated as positive
and negative nuclei. Tumors with >20% negatively
stained nuclei were considered as showing altered protein
expression.
p53 – After rehydration the endogenous peroxidase
was blocked with 2% H2O2 in methanol for 20 minutes
followed by thorough PBS washing. The slides were then
placed in staining trough kept in a 1 litre beaker containing preboiled 0.01 M citrate buffer (pH 6.0) and
microwaved (BPL microwave oven, 700W), first for 10
minutes at 100% power and then for 5 minutes at 50%
power and then cooled for 20 minutes. A thorough Tris
buffered saline (TBS 0.05 M, pH 7.6) wash was followed
Table 1. Summary of patients with p53 and pRb expression

Immunohistochemistry and assessment
of Rb and p53 protein expression
A modified Avidin-Biotin Conjugate immunoperoxidase method of Bourne2 was used for immunohistochemical staining. Five micron sections on gelatin coated slides
were deparaffinised and rehydrated.
pRb – Endogenous peroxidase was blocked with 4%
H2O2 in methanol followed by incubation with normal
goat serum for 45 minutes. Excess serum was tapped off

GA
(n=7)

AA#
(n=19)

GBM
(n=22)

18–60
34.0

19–39
32.8

10–60
32.35

25–60
40.4

7:1

5:2

12:7

15:7

12
3
1

4
2
1*

10
2
3

5
3
3+11*

0–56
17.9

13.6–70.6
41.8

0–77
32.14

12.3–85
42.3

5
0
2

13
0
6

15
6
1

Age (Yrs.)
Range
Mean
Sex (M:F)

Five micron sections stained for haematoxylin and eosin
(H&E) were available in all cases. Histopathologic evaluation and tumor were reconfirmed by CS according to the
new WHO classification.21 The analysis revealed 16 astrocytomas, 7 gemistocytic astrocytomas, 19 anaplastic astrocytomas and 22 glioblastoma multiforme. Out of these 64,
4 were pediatric and the rest 60 were adult tumors.

A
(n=16)

Survival Status
Well
Recurred
Expired
p53 positivity
Range
Mean
pRb
No.of cases positive 14
No.of cases negative 0
No.of cases+/–
2

A
– Astrocytoma
AA – Anaplastic astrocytoma
GBM – Glioblastoma multiforme
*
– Expired after recurrence
#
– Lost to follow up – 4 patients
n
– number of case
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Figure 1. Immunopositive pRb (c-15) nuclear labelling in a
representative astrocytic tumor. (a) Most of the nuclei are pRb
immunopositive (x400). (b) Heterogenous immunopositive pRb
staining in a case of glioblastoma multiforme. Note the negative
nuclei amidst the positive ones (x100). (c) Higher magnification (x400).

by blocking of non-specific sites with normal horse
serum (30 minutes). Excess of serum was drained from
the sections, and antimouse p53 antibody (DO-1, M/s
Santa Cruz, California) diluted 1:80 in TBS with 2%
bovine serum and 0.1% Triton X-100 was applied and
incubated overnight at 4°C. After thorough rinsing in
TBS, section were then incubated with 1:100 diluted
biotinylated anti-mouse secondary antibody for 45 minutes followed by avidin-biotin complex in 1:100 dilution
(M/s Vector laboratories, USA) for 1 hour. A case of
GBM which showed a very high positivity for p53 was
taken as a positive control.
A negative control was run parallel with each batch by
omitting primary antibodies. The antigen was localized
using diaminobenzidine (DAB) as chromogen with 0.3%
H2O2 in TBS and counterstained lightly with hematoxylin.
p53 reactive cells were examined and evaluated quantitatively. Endothelial cells and areas of tumor necrosis
were excluded from evaluation. For each tumor, 1000 cells
were counted and the p53 labelling was quantitated as percentage of labelled nuclei per 1000 cells.
Statistical analysis
The correlation between pRb, p53 and survival was
analyzed using Kaplan Meier test. Fischer exact test was
used to correlate pRb, p53 and tumor grade.
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Results
The 64 astrocytic tumors chosen for the present study
comprised of 16 astrocytomas 7 gemistocytic astrocytomas, 19 anaplastic astrocytomas and 22 glioblastoma
multiforme (GBM). The diagnosis with patient characteristics is shown in Tables 1. The difference in survival time
between astrocytoma and gemistocytic astrocytomas was
not found to be statistically significant. However, statistically significant difference in the survival time was found
between patients of astrocytomas vs those of anaplastic
astrocytoma/glioblastoma (p=0.0135). The survival time
for glioblastoma was much less.
Reaction patterns
pRb – The Rb protein was localized to the nucleus and its
expression showed considerable variation. Forty seven out
of 64 tumors (73.4%) expressed normal homogenous uniform Rb positivity in essentially all of the tumor cells
(Figure 1 a). Of these, 14 were astrocytomas, 5 gemistocytic astrocytomas, 13 anaplastic astrocytomas and 15 were
GBM. Seventeen (26.5%) tumors showed abnormal heterogenous Rb staining pattern with an admixture of variable
number of negative cells along with the positively stained
cells. Of these, 2 each were astrocytomas and gemistocytic
astrocytomas, 6 anaplastic astrocytomas and 7 were GBM.
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The negative cells were present in small groups intimately
admixed with the positive cells and were scattered throughout the tumor (Figure 1 b, c). In one case of GBM expressing pRb heterogenously, a single tumor fragment was found
to be completely devoid of pRb expression. Though heterogenous pRb expression appeared more common in GBM
than in the other types of astrocytic tumors, statistically this
was not significant and no correlation of altered pRb
expression with tumor grade was found.
p53 – A strong immunostaining for p53 localised essentially to the nucleus was observed in 52 of 64 (81.2%)
tumors (Figure 2). Of these, 10 were astrocytomas, 7
gemistocytic astrocytomas, 9 anaplastic astrocytomas and
20 GBM. The mean percentage of p53 positive cells were
17.9, 41.8, 32.2 and 42.3 for astrocytoma, gemistocytic
astrocytoma, anaplastic astrocytoma and GBM respectively (Table 2). There was no statistically significant correlation of p53 positivity or the percentage of positive cells
with the grade of the tumor.

A fragment of tumor which was completely devoid of
pRb expression showed a strong p53 positivity (100%).
This tumor was heterogenous for pRb and also expressed
mutant p53 protein.

Correlation of altered p53 and pRb expression

Glioma grades with p53 and pRb expression

Overexpression of p53 protein was observed in 52/64
tumors (81.2%). Of these, 14 (27%) also showed altered
pRb expression – one astrocytomas (7.1%), 2 gemistocytic astrocytomas (14.3%), 4 anaplastic astrocytomas
(28.5%) and 7 GBM (50%). (Table 2.)
Apart from these 14, 3 tumors (one astrocytoma and 2
anaplastic astrocytomas) also expressed pRb heterogenously but these were negative for p53. The remaining 47
showed normal homogenous pRb expression. Most of the
cases with heterogenous pRb expression were also positive for p53 and this was more common in GBM (50%).

Of the 16 astrocytomas, 10 (62.5%) were positive for
p53. One of them expressed pRb heterogenously. Six
tumors were negative for p53 but expressed pRb homogenously except for one which expressed pRb heterogenously. Thus one tumor showed simultaneous abnormality of
both p53 and pRb expression. (Table 2.)
All the 7 gemistocytic astrocytomas showed p53 positivity. Of these, 5 (71.4%) showed normal Rb positivity
while 2 (28.5%) expressed pRb heterogenously. Thus, 2 of
the 7 (28.6%) gemistocytic astrocytomas showed simultaneous p53 and pRb abnormality.
Of the 19 anaplastic astrocytoma, 15 (78.9%) were p53
positive. And of these 4 showed heterogenous Rb positivity, while in the remaining pRb was uniform. Two tumors
which expressed pRb homogenously were also negative
for p53. Out of the four tumors which were negative for
p53, two expressed pRb homogenously and two heterogenously. Thus, 4/19 (21%) anaplastic astrocytomas showed
simultaneous altered expression of p53 and pRb.
Out of 22 glioblastomas, 20 (91%) were p53 positive.
Thirteen of these tumors expressed pRb homogenously
while 7 (31.9%) showed heterogenous pRb positivity. Two
(9%) tumors were negative for p53 and also showed normal
pRb staining. Thus, 7/22 GBM (31.8%) tumors showed
double abnormality of p53 and pRb expression.
Kruskal Wallis one way nonparametric analysis did not
show any statistically significant difference between the
different grades of tumor expressing both p53 and pRb
(p=0.8344). However, 31% of GBM showed heterogenous
pRb expression along with p53 overexpression as compared to 6 % of astrocytoma, 28.6% of gemistocytic astro-

p53–/pRb+

p53–/pR±

(%)

(%)

(%)

(%)

A
GA
AA
GBM

9 (56.3)
5 (71.4)
11 (57.9)
13 (59.1)

1 (6.2)
2 (28.6)
4 (21.0)
7 (31.9)

Total
Cases

38 (59.4)

14 (21.9)

A
GA
AA
GBM

–
–
–
–

Astrocytoma
Gemistocytic Astrocytoma
Anaplastic Astrocytoma
Glioblastoma Multiforme

Total

p53+/pRb±

Cases

p53+/pRb+

Table 2. Immunopositivity for p53 and pRb in 64 astrocytic tumors

5 (31.25) 1 (6.25)
0 (0)
–
2 (10.5) 2 (10.5)
2 (9)
–

16
7
19
22

9 (14.0)

64

3 (4.7)

Figure 2. Immunopositive p53 (DO-1) nuclear labelling in
glioblastoma multiforme (x400).
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cytoma and 21% of anaplastic astrocytoma. No statistically significant difference (p=0.6065) in survival rate could
be found between the double positive cases with homogenous pRb staining and those with heterogenous pRb
expression. The survival in GBM, appeared to be lower in
patients expressing altered pRb, though statistically this
was not significant.
Discussion
Our study on the expression of Rb and p53 protein
included tumors from 64 patients classified according to
the new WHO classification.21 It follows several recent
observations that suggest the involvement of these genes
in the formation and progression of astrocytic tumors.8,18
Rb gene inactivation has been noted in astrocytic
tumors by several investigators.11,13,14,16,23,30 Hamel et al14
studied the pRb expression in glioma cell lines using
immunoprecipitation and reported that 8 of 24 lacked p110
Rb expression. Among the 17 primary brain tumors studied by them using Western blotting, 3 of the 10 WHO
grade 3 and 4 gliomas showed loss of pRb expression.
However, none of the WHO Grade 2 gliomas lacked pRb
expression. Henson et al documented loss of heterozygosity (LOH) in 16 of 54 (30%) of high-grade astrocytomas,
however LOH was not detected in 12 low grade gliomas.14
When studied by immunohistochemistry, 3/9 cases with
LOH and one tumor without LOH showed altered Rb protein expression. Nakamura et al27 also reported altered pRb
expression in 25/74 (34%) high grade astrocytoma using
immunohistochemistry. Similar altered expression of the
Rb protein was also observed in 26.5% of cases (17/64)
with a portion of one GBM completely lacking pRb
expression. Seven of these 17, were GBM (41.1%) indicating that pRb alteration is possibly more common in
high grade gliomas. The definition of altered Rb protein
reactivity differs greatly between the published reports.
Some investigators consider that all nuclei in tumor cells
should be positive17 while others also include tumors with
admixture of positively and negatively stained nuclei.7
There are reports that only pRb is phosphorylated during
G1/S phase while unphosphorylated pRb which cannot be
detected by immunohistochemical procedures15 is found
only in GO and G1 phase of the cell cycle.3,26 At any given
time the population of cells in Go and G1 phase is approximately 30–40% and considering that the half life of pRb in
at least 12 hours,3 we employed a 20% cut off for altered
pRb. Hence, only tumors with more than 20% of negatively stained nuclei were considered as expressing altered
pRb using this criteria.
There is substantial evidence implicating p53 in astrocytic tumors. Haapasalo et al10 in a large series of astrocytic tumors (102 cases) detected positive p53 immunostaining in 49% of grade 3 and 4 tumors and 19 to 29% of
Vol 5, No 1, 1999
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grade II astrocytomas, but none in grade I astrocytomas.
Aka et al1 described LOH of the p53 gene in 11/16 (69%)
cases of malignant astrocytoma of which 10 (91%) overexpressed p53 protein. Rasheed et al28 reported p53 gene
mutation in 17/120 gliomas with an increased incidence in
patients with anaplastic astrocytomas. Iuzzolino et al18
studied 52 low grade astrocytomas immunohistochemically and documented p53 overexpression in 32 of them
(61.5%). Ellison et al,8 using a panel of 5 antibodies to p53
noted detectable quantities of p53 in the cells of 3/16 diffuse astrocytomas, 8/14 anaplastic astrocytomas and 24/34
GBM. In our study 52/64 (81.2%) tumors were immunopositive for p53 protein which is in concurrence with the
results of Aka et al.1
No association was observed between the p53 expression and patient survival in the present studies which is
similar to the report by Rasheed et al.28 However, our
results vary from earlier reports in that there was no significant correlation of the p53 positivity or the percentage
of p53 positive cells with the histological grade of tumor
malignancy. Thus 62.5% of astrocytomas,100% of gemistocytic astrocytomas, 79% of anaplastic astrocytomas and
91% of GBM were p53 positive.
Recently Watanabe et al31 reported p53 positivity in gemistocytic astrocytomas. Our study echos their findings in
that 100% of the gemistocytic astrocytomas showed p53
positivity. This is of interest in view of the well documented progression of gemistocytic astrocytomas to GBM.
The present study highlights the simultaneous expression of p53 and Rb proteins in gliomas. In the English literature, there are only two reports, one by Lee et al23 and
another by Tsuzuki et al.30 Lee et al documented LOH in
33 human gliomas on chromosome 10 and 17p in addition
to Rb and p53 mutation using by RFLP-SSCP. They
observed LOH on Rb in 54% of the gliomas with only
38% showing p53 mutation. Tsuzuki et al30 studied alterations in the Rb, p53 and p16 genes in 23 astrocytic
tumors, using PCR-SSCP followed by sequencing. They
reported aberrations of the Rb gene in 3/23 cases (13%)
and p53 gene mutations in 4/23 cases (17.4%), combined
or simultaneous Rb and p53 aberrations were not noted in
any case. However, in 2 cases, simultaneous point mutation of the p53 gene and deletion of the p16 gene was
observed in their series. Unlike them, we found abnormal
expression of both pRb and p53 in 14/64 cases (21.9%)
immunohistochemically. It was also observed that Rb negativity along with p53 overexpression was more common
in GBM (31.9%). This association was not present in any
case of low grade astrocytoma. Our finding that p53 expression may co-exist with Rb loss, and implies some form
of relationship between them.
The point in tumorigenesis at which a gene is implicated is an important issue and the immunostaining pattern
for p53 and Rb may reflect this. For example, if all cells
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lack Rb expression (or if there is a homogenous p53 positivity), it would suggest that the gene is related to tumor
initiation. On the other hand, if Rb reactivity is heterogenous with admixture of positive and negative cells, a progressional role would be implied. Both of the above patterns of expression are noted in our present study. The
identification of a complete pRb negative fragment in one
of the tumors with homogenous p53 expression is in agreement with the alterations occurring early in the tumor
transformation resulting in growth advantage. However, a
heterogenous staining for pRb was observed in 17/64
tumors, which favours a progressional role for Rb in astrocytic tumor evolution. Since p53 staining was observed in
majority of the tumors including low-grade astrocytomas
with little difference in the percentage of positivity, an initiational role can be assigned to it but it may be of very little importance for progression.
The Rb and p53 genes control distinct regulatory pathways in the cell cycle, and are undoubtedly modulated at
the gene or the protein level by the integration of various
factors and intracellular signals. Both pathways are inactivated, either through mutation or as part of the tumor progression in astrocytic tumors. Though this is a preliminary
study with small number of cases, there is no such report
till date available in the English literature on the simultaneous expression of these two proteins in various grades of
astrocytic tumors. The trend is promising in that a higher
percentage of GBM cases showed simultaneous abnormality in both p53 and pRb expression. Detailed molecular
studies are warranted in this direction to confirm this association. Further elucidation of the cell cycle regulatory
pathways would help in classifying the role of Rb and p53
alterations in astrocytic tumorigenesis.
Acknowledgements
We wish to thank Mr. Rajbir Singh for his valuable help in statistical analysis, Mr. Kishore Chandra Singh, Mrs. Kiran Rani and
Mrs. Simbolini for their technical assistance and Mr. Kamal for typing the manuscript. The authors Annapurna Rathore and P.
Kamarajan wish to thank CSIR for providing the fellowship.

References
1.² Aka K, Barner JM, Bondy ML, et al: Detection of p53 alterations in human astrocytomas using frozen tissue sections for
the polymerase chain reactions. J Neurooncol 16:125-133,
1993.
2.² Bourne JA: Handbook of immunoperoxidase staining methods.
Dako corporation, USA, 1983, p17.
3.² Buckovich K, Duffy LA, Harlow D: The retinoblastoma protein
is phosphorylated during specific phases of the cell cycle. Cell
58:1097-1105, 1989.
4.² Cavenee WK, Dryja TP, Philips RA, et al: Expression of recessive allele by chromosomal mechanisms in retinoblastoma.
Nature 305:779-784, 1983.

5.² Collins VP, James CD: Gene and chromosomal alterations associated with the development of human gliomas. FASEB J 7:926930, 1993.
6.² Cordon-Cardo C: Mutation of cell regulators. Biological and
clinical implications for human neoplasia Am J Pathol 147:545560, 1995.
7.² Cordon-Cardo C, Wartinger D. Petrylak D, et al: Altered expression of the retinoblastoma gene product: Prognostic indicator in bladder cancer. J Natl Cancer Inst 84:1251-1256, 1992.
8.² Ellison DW, Gatter KC, Steart PV, et al: Expression of the p53
protein in a spectrum of astrocytic tumors. J Pathol 168:383386, 1992.
9.² Fults D, Brockmeyer D, Tullous MW, et al: p53 mutation and
loss of heterozygosity on chromosome 17 and 10 during human
astrocytoma progression. Cancer Res 52:674-679, 1992.
10.² Haapasalo H, Isola J, Sa P, et al: Aberrant p53 expression in
astrocytic neoplasma of the brain. Association with proliferation. Am J Pathol 142:1347-1351, 1993.
11.² Hamel W, Westphal M, Shepard HM: Loss in expression of the
retinoblastoma gene product in human gliomas is associated
with advanced disease. J Neuro oncology 16:159-165, 1993.
12.² Hansen MF, Koufos A, Gallie BL, et al: Osteosarcoma and retinoblastoma: a shared chromosomal mechanism revealing recessive predisposition. Proc Natl Acad Sci USA 82:6216-6220,
1985.
13.² He J, Jeffrey JO, James CD: Lack of p16 INK4 or Retinoblastoma protein (pRb) or amplification associated over expression
of cdk4 is observed in distinct subsets of malignant glial tumors
and cell lines. Cancer Res 55:4833-4836, 1995.
14.² Henson JW, Schnitker BL, Lorrea KM, et al: The retinoblastoma
gene is involved in malignant progression of Astrocytomas.
Ann Neurol 36:714-721, 1994.
15.² Hesketh R: The oncogene handbook. Academic Press, California, 1994, p526.
16.² Ichimura K, Schmidt EE, Loike HM, et al: Human glioblastomas with an alteration of the CDKN2A (p16 INK4A, MTS1)
and CDK4 gene have frequent mutations of the retinoblastoma
gene. Oncogene 13:1065-1072, 1996.
17.² Ishikawa J, Xu H.J, Hu S-X, et al: Inactivation of the retinoblastoma gene in human bladder and renal cell carcinomas. Cancer
Res 51:5736-5743, 1991.
18.² Iuzzolino P, Ghimenton C, Nicolato A, et al: p53 protein in lowgrade astrocytomas: a study with long-term follow-up. Br J
Cancer 69:586-591, 1994.
19.² Jahnson S, Risberg B, Korlsson MG, et al: p53 and Rb immunostaining is locally advanced bladder cancer: Relation to prognostic variables and predictive value for the local response to
radical radiotherapy. Eur Uro 28:135-142, 1995.
20.² Karpeh MS, Brennass MF, Canee WG, et al: Altered patterns of
retinoblastoma gene product expression in adult soft tissue sarcomas. Br J Cancer 72:986-991, 1995.
21.² Kleihues P, Burger PC, Scheithauer BW: Histological typing of
tumors of the central nervous system. International classification of tumors No. 21, 2nd edn. World Health Organization, Geneva, 1993.
22.² Lee WH, Shew JY, Hong FD: The retinoblastoma susceptibility
gene encodes a nuclear phosphoprotein associated with DNA
binding activity. Nature 329:642-645, 1987.
23.² Lee SH, Kim JH, Rhee CH, et al: Loss of heterozygosity on
chromosome 10, 13q (Rb), 17p and p53 gene mutations in human brain gliomas. J Korean Med Sci 10:442-448, 1995.
24.² Levine AJ: The tumor suppressor genes. Ann. Rev. Biochem
62:623-651, 1993.

PATHOLOGY ONCOLOGY RESEARCH

pRb and p53 Expression in Astrocytic Tumors

25.² Louis DN, von Deimling A, Chung RY: Comparative study of
p53 gene and protein alterations in human astrocytomas. J Neuropathol Exp Neurol 52:31-38, 1993.
26.² Mihara K, Cao X-R, Yen A, et al: Cell cycle-dependent regulation of phosphorylation of the human retinoblastoma gene product. Science 246:1300-1303, 1982.
27.² Nakamura M, Konishi N, Tsunoda S, et al: Immunohistochemical evaluation of pRb, p16, INK4 and cyclin D1 as a prognostic factor in astrocytic tumors (Abst) J Neurooncol 30:111,
1996.
28.² Rasheed ABK, Mchendon RE, Herndon JE, et al: Alterations of
the TP53 gene in human gliomas. Cancer Res 54:1324-1330,
1994.

Vol 5, No 1, 1999

27

29.² Trudel M, Mulligass L, Cavenee WK, et al: Retinoblastoma and
p53 gene product expression in breast carcinoma: Immunohistochemical analysis and clinicopathologic correlation. Human
Pathol 23:388-1394, 1992.
30.² Tsuzuki T, Tsunoda S, Sakaki T, et al: Alterations of retinoblastoma, p53, p16 (CDKN2), and p15 genes in human astrocytomas. Cancer 78:287-293, 1996.
31.² Watanabe K, Tachibana O, Yonekawa Y, et al: Role of gemistocytes in astrocytoma progression. Lab Invest 76:277-284, 1997.
32.² Whyte P, Buchkovich KJ, Horowitz JM, et al: Association
between an oncogene and an anti-oncogene: the adenovirus EIA
proteins bind to the retinoblastoma gene product. Nature
334:124-129, 1988.

