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Abstract 

Immunohistochemical analysis of the p53 protein in human glioblasto- 
mas with known genetic profiles of p53 mutations and allele losses on 
chromosome 17p demonstrated a heterogeneous pattern of subcellular 
compartmentalization of the p53 protein. Tumors with a single wild type 
copy of the 1753 gene but with allelic deletions on chromosome 17p exhibit 
nuclear and/or cytoplasmic accumulation of p53, whereas tumors with 
both copies of the wild type gene and no allele losses on chromosome 17 do 
not accumulate p53. Glioblastomas with one normal and one mutated 
copy of the 1753 gene and allelic deletions on 17p distal to p53, on the other 
hand, show predominantly cytoplasmic staining, probably originating 
from the wild type p53 protein. Furthermore, tumors with mutations in 
the same codon of p53 display quite different intracellular distribution 
suggesting that, in addition to the genotype of p53, the intracellular mi- 
croenvironment of a particular tumor is important in determining the 
subceilular localization of the p53 protein. 

Introduction 

Mutational inactivation of the p53  gene is a frequent feature of 
many human neoplasms. The molecular mechanisms by which p53  

may contribute to deregulation of cellular growth and malignant pro- 
gression are not clearly understood. Many studies have suggested that 
the protein product of the wild type human p 5 3  gene plays a negative 
regulatory role in cellular proliferation and tumor formation, a con- 
tention that is consistent with several observations: (a) p53 is a 
nuclear protein with nuclear localization signals in the COOH-termi- 
nal region of the protein (1-3); (b) it binds to DNA in a sequence- 
specific manner (4, 5); (c) p53 may regulate, directly or indirectly, 
DNA replication and gene expression. The NHE-terminal region of 
p53 contains an acidic domain (6-8), a characteristic feature of tran- 
scription factors, and has been shown to function as a transcriptional 
activator in vitro and in vivo (9-11); (d) p53 appears to play a crucial 
role in arresting the cell cycle at the late G1 phase (12), especially in 
stressed cells following DNA damage (13); and (e) wild type p53, 
when expressed in transformed cells with endogenous mutant p53 or 
in cells nullizygous for p53, exerts an antiproliferative and antitumori- 
genic effect (14-18). 

The function of the p53 protein can theoretically be disrupted by 
multiple mechanisms. In human tumors, the most prevalent mecha- 
nism of p53 inactivation is through missense mutations (19). Most 
point mutations in the p 5 3  gene alter the conformation and/or prolong 
the half-life of its protein product (20, 21), which can then be detected 
by immunohistochemical techniques. Both exclusively cytoplasmic 
and exclusively nuclear staining patterns for p53 protein have been 
detected in various cell culture systems (3, 22, 23). Immunohisto- 
chemical analysis has demonstrated a pattern of mostly nuclear stain- 
ing for p53 in a wide variety of human tumors (24). However, reten- 
tion of the wild type and mutant p53 proteins in the cytoplasm has also 
been reported in subsets of breast (25, 26) and lung tumors (27), 
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respectively. Cytoplasmic sequestering of the wild type and mutant 
p53 proteins could result from binding to an altered tumor-specific 
cytoplasmic protein. In soft tissue sarcomas, for example, p53 is 
rendered inactive apparently by binding to the protein product of the 
amplified M D M 2  gene (28). It has recently been shown that this 
inactivation is the result of masking of its acidic activation domain by 
the MDM2 protein (29). 

We have previously reported that glioblastomas, which are among 
the most malignant human cancers, carry allelic losses of genes on 
the short arm of chromosome 17 in combination with various pat- 
terns of abnormalities of the p 5 3  gene, including a single mutant al- 
lele, a single wild type allele, and one wild type and one mutant al- 
lele (30). Here we have studied the subcellular localization of the 
overexpressed p53 protein in glioblastomas and determined the rela- 
tive expression of both alleles in tumors with one wild type and one 
mutant allele of the p 5 3  gene. 

Materials and Methods 

Immunohistochemical Analysis. Tumor tissues were fixed in 10% neutral 
buffered formalin. Five-/xm sections from paraffin-embedded blocks of tumor 
tissues were dewaxed and rehydrated. Endogenous peroxidase activity was 
inactivated with 0.03% H202 in methanol. After blocking the nonspecific 
binding with normal goat serum, the sections were incubated overnight with 
diluted antibodies at 4~ Primary antibodies used were CM-1 (Novocastra 
Laboratories, Newcastle, United Kingdom; Signet Laboratories, Inc., Dedham, 
MA) and a monoclonal antibody 1415-1 to histone 1 (Biogenex, San Ramon, 
CA). Antigen/antibody complexes were detected by subsequent incubation 
with biotinylated goat anti-rabbit antibody and avidin-biotin complex conju- 
gated to horseradish peroxidase (Vectastain Elite ABC kit; Vector Laboratories, 
Burlingame, CA). The slides were lightly counterstained with hematoxylin. 

Subcloning and Sequencing of p53 cDNAs from Glioblastomas. First 
strand cDNAs 2 were synthesized from total RNA (2/xg) of three glioblastomas 
(Nos. 5, 7, and 10) with Moloney murine leukemia virus reverse transcriptase 
(BRL). The following primers were used for the cDNA synthesis: 5'-GGAGC- 
TGGTGITGT-fGGGCAG from exon 9 for tumor 5 with a mutation in codon 
273 of exon 8 (30) and 5'-GTCATCCAAATACTCCACACG from exon 6 for 
tumors 7 and 10 with mutations in codon 194 of exon 6 and codon 151 of exon 
5, respectively (30). An aliquot of the cDNA was amplified in a PCR reaction 
using 5'-ACCATCATCACACTGGAAGACTCC from exon 7 as the sense 
primer for tumor 5 and 5'-GGGACAGCCAAGTCTGTGACT from exon 4 as 
the sense primer for tumors 7 and 10. The antisense primers were the same as 
used for the cDNA synthesis. The amplified PCR products were spin-dialyzed 
through Centricon 100 columns (Amicon) and cloned into the pCR T M  cloning 
vector from Invitrogen. Multiple clones from each tumor were sequenced from 
both directions using the Sequenase kit (USB). 

Results 

Subcellular Distribution of p53 in G|ial Tumors. To examine the 
subcellular distribution of the p53 protein in human glioblastomas, 
tissue sections of tumors with loss of heterozygosity of genes on 
chromosome 17 and/or missense mutations of the p 5 3  gene were 
examined immunohistochemically with a polyclonal antiserum to p53. 

2 The abbreviations used are: cDNA, complementary DNA; PCR, polymerase chain 
reaction. 
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This polyclonal antibody was raised against wild type human p53 and 
recognizes both wild type and mutant forms of the p53 protein (25). 
Contrary to most other tumor types, in glial tumors a very heterog- 
eneous subcellular compartmentalization of the p53 protein with fre- 
quent cytoplasmic staining was observed (Table 1). To evaluate the 
possible association between specific patterns of p53 immunostaining 
and a particular genotype, the molecular genetic profiles of p53 mu- 
tations and gene losses on chromosome 17 in these tumors (30) are 
also presented in Table 1. Tumors with identical or similar genetic 
profiles exhibited diverse compartmentalization of their p53 protein. 

Fig. 1, A and B, displays cytoplasmic staining, especially of gem- 
istocytic astrocytes, in tumor 7. The immunohistochemical pattern of 
the glial specific cytoskeletal protein, glial fibrillary acidic protein, 
compared to that of the p53 protein is shown in Fig. 1C. That the 
cytoplasmic staining of the p53 protein was not an artifact resulting 
from leakage of the nuclear antigen into the cytoplasm was demon- 
strated by exclusively nuclear staining of an adjacent section with the 
antihistone antibody (Fig. 1D). An example of the nuclear staining of 
the p53 protein that is characteristically observed in human tumors is 
shown in a colon carcinoma (Fig. 1E). Human brain did not show p53 
immunoreactivity, presumably because of the short half-life of the 
wild type p53 protein (data not shown). 

Examples of glioblastomas with different expression profiles of the 
p53 protein despite similar or identical p53 mutations and/or allelic 
deletions on chromosome 17 are shown in Fig. 2. Immunostaining of 
glioblastomas 32 and 22, which had one wild type allele of the p53 
gene and an identical profile of allelic losses at multiple loci on 
chromosome 17p, including the p53 locus, demonstrated an increased, 
rather than decreased, expression of p53. Tumor 32 showed predomi- 
nantly nuclear staining for p53 (Fig. 2A). The highly pleomorphic 
tumor 22, on the other hand, showed a heterogeneous pattern of 
nuclear, cytoplasmic, or both nuclear and cytoplasmic reactivity (Fig. 
2C). This is in contrast to tumors with both copies of the normal p53 
gene and no gene losses on chromosome 17, which were negative for 
p53 immunostaining. An example of one such tumor, tumor 26, is 
shown in Fig. 2E. 

Immunostaining of two sets of tumors with mutations at the same 
codon in the p53 gene is shown in Fig. 2, B, D, F, and G, H. Tumors 
5, 14, and 4 had point mutations in codon 273 replacing arginine with 
histidine in tumor 5 and with cysteine in tumors 14 and 4. The wild 
type p53 allele was lost in tumors 5 and 14, whereas tumor 4 sustained 
allelic losses distal to the p53 locus while retaining the wild type p53 
allele. An almost exclusively nuclear expression of the mutant p53 
was observed in tumor 5, whereas in tumor 14 a predominant nuclear 
expression with about 20-30% of positive cells also showing cyto- 
plasmic reactivity was noted. In tumor 4, on the other hand, cells with 

predominantly cytoplasmic p53 expression were more numerous but 
stained somewhat less intensely than the fewer cells with nuclear 
staining. The second set of tumors, tumors 13 and 35, had a mutation 
in codon 145 of the p53 gene replacing cysteine with arginine and 
proline, respectively, and loss of the normal copy of p53. The mutant 
protein was localized in both nuclear and cytoplasmic compartments 
in tumor 13, whereas in tumor 35 a predominantly cytoplasmic 
localization occurred. 

cDNA/PCR Sequencing of p53 in Glial Tumors. The relative 
levels of p53 transcripts originating from wild type and mutant alleles 
were analyzed in tumors with one wild type and one mutant p53 allele 
and predominantly cytoplasmic localization. RNA was available from 
two of these tumors (tumors 7 and 10) and from another tumor (tumor 
5) that contained only the mutant allele and showed mostly nuclear 
localization. The RNAs were reverse transcribed using p53-specific 
antisense primers and subjected to PCR amplification. The PCR- 
amplified p53-specific cDNAs were subsequently cloned and multiple 
clones were sequenced from all three tumors. As expected, in tumor 5, 
4 of 4 p53 cDNA clones contained the mutant allele. In tumors 7 and 
10, however, mutations were detected in 1 of 13 clones and 2 of 10 
clones, respectively (Fig. 3). 

Discussion 

Experimental evidence suggests that the subceUular localization of 
p53 is important for its growth-regulatory function and is temporally 
and spatially regulated in a cell-cycle dependent manner (31-33). The 
intracellular distribution of p53 can also be modulated by the confor- 
mation of p53 (34) and by its interactions with other viral or cellular 
proteins (3). Furthermore, when the wild type and mutant forms of 
p53 coexist, the mutant form may act in a transdominant fashion by 
sequestering the wild type protein in the cytoplasm (33). In vitro 
experiments also suggest that the mutant protein behaves in a domi- 
nant negative fashion by oligomerizing with the wild type protein and 
attenuating its function (35, 36). In such model systems pronounced 
overexpression of the mutant p53 protein is usually required to 
achieve a dominant negative effect. 

Analysis of p53 expression in glioblastomas revealed a rather com- 
plex and heterogeneous pattern of subcellular compartmentalization 
with frequent cytoplasmic staining (Table 1). This was particularly 
true for tumors with one normal and one point mutated copy of the 
p53 gene and allelic deletions on the short arm of chromosome 17 
distal to the p53 gene. Examples of tumors with one wild type and one 
mutant allele of p53 are relatively rare. In glioblastomas, however, 
25% of the tumors (3 of 12) with gene losses on chromosome 17 
contained one wild type and one mutant allele (30) and displayed 

Table 1 Genetic mutations and expression of the p53 gene in glioblastomas 
Although the staining patterns represent an accurate generalization in the tumors, variability was noted in almost all cases. For instance, in tumors 5 and 32, mostly nuclei were stained 

with p53, but it was not unusual to find areas containing isolated cells with cytoplasmic or both cytoplasmic and nuclear staining. Similarly in tumors 7 and 35, occasionally cells were 
seen with nuclear or nuclear and cytoplasmic reactivity. 

Tumors" Chromosome 17 p53 Codon Mutation Amino acid change Staining 

7 + * b W/M 194 CTG--~ CCT Leu--~ Pro CYT 
10 + * W/M 151 CCC-->GCC Pro-->Ala CYT/nuc 
22 + - fW None CYT/nuc 
32 + - fW None NUC 
20 c W/W None None 
5 + - /M 273 CGT---~ CAT Arg--* His NUC 
14 + - /M 273 C G T ~ T G T  A r g ~ C y s  NUC/cyt 
4 + * W/M 273 CGT---~ TGT Arg--~ Cys CYT/nuc 
13 + - /M 135 CTG---> CGG L e u ~  Arg CYT/NUC 
35 + - /M 135 CTG---~ CCG Leu--~ Pro CYT 

a Genetic analyses of these tumors were reported previously (30). 
b +,  lOSS Of heterozygosity on chromosome 17 including the p53 locus; +*, loss of heterozygosity on chromosome 17 not including the p53 locus; W, wild type allele; M, mutant 

allele; - ,  deletion of the wild type allele. 
c Five other tumors with identical 17p/p53 prof'de were negative for p53 immunostaining upper case CYT and NUC signify predominant cytoplasmic and nuclear staining, 

respectively. 
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Fig. 1. Cytoplasmic staining of p53 in glioblastoma 7. A. B, polyclonal 
antiserum CM-I, B is without counterstain; C, anti-glial fibrillary acidic 
protein (gfap) antibody; D, antihistone antibody; E, colon carcinoma stained 
with CM-1; F, negative control for tumor 7 p53 immunostaining omitting the 
primary antibody CM-I. The cytoplasmic staining pattern of p53 (A, B) is 
distinguishable from the cytoplasmic staining pattern of gfap (C) and very 
different from the nuclear staining in colon carcinoma (E). The background 
in glial tumors and in normal brain (not shown) is generally high with 
multiple antibodies probably because of the nonspecific adherence of the 
antibodies to the brain tissue. Original magnification, • 

F 

cytoplasmic localization of the p53 protein. These tumors showed 
almost exclusively (tumor 7) or predominantly (tumors 4 and 10) 
cytoplasmic staining patterns. We determined the relative expression 
of the wild type and mutant alleles in two of these tumors by cDNA/ 
PCR sequencing. Unexpectedly, tumors 7 and 10, which had one 
wild type and one mutant allele in genomic sequencing (30), con- 
tained a disproportionately large number of the wild type transcripts, 
i.e., 12 of 13 in tumor 7 and 8 of 10 in tumor 10. The basis for this 
highly imbalanced transcription of the wild type and mutant alleles 
is not clear. The relative lack of mutant p53 transcripts has also been 
reported in the normal tissues of a patient carrying a germline p53 
splicing mutation, whereas the mutant RNA was expressed in the 
tumor tissue (37). Although neither the stability of the wild type and 
mutant p53 transcripts nor their relative expression at the protein 
level in tumors 7 and 10 is known, it seems unlikely that the domi- 
nant negative mechanism of the mutant allele was operative in these 
tumors. 

The central function of the p53 gene, i.e., growth suppression, is 
probably mediated by modulation of transcription of crucial genes 
(9-11) and can be compromised by different mechanisms in different 
tumor-specific milieux. The overexpression of the wild type p53 in 
some tumors could be a consequence of the loss of another tumor 
suppressor gene in the distal region of chromosome 17p, the potential 

involvement of which in glial tumorigenesis was suggested by dele- 
tion mapping analysis (30). Lesions in this gene may result in altered 
transcriptional regulation of p53, as suggested in a subset of breast 
tumors (38), in impairment of its degradative pathway (39), or in 
alterations of phosphorylation affecting its conformation (40). The 
importance of the conformational phenotype of p53 in determining its 
compartmental distribution and its antiproliferative function has been 
shown previously in cell culture systems (34, 41). 

Our results clearly show a heterogeneous subcellular localization of 
wild type and mutant p53 proteins in glioblastomas. Tumors with 
mutations in the same codon, including those with identical mutations 
in the same codon, exhibit diverse compartmentalization of their p53 
protein. Our analysis of p53 alterations at the genomic and transcrip- 
tional levels and of its subcellular localization suggests that the intra- 
cellular targeting of p53 in glioblastomas is not solely a function of its 
genotype but is also a reflection of specific interactions of p53 in 
individual tumors with their own sets of specific genetic abnormali- 
ties. Although the complex nature of the interactions of p53 with 
tumor-specific proteins remains to be elucidated, the heterogeneity of 
intracellular distribution of wild type and mutant proteins suggests 
that the tumorigenic potential of the p53 protein can be realized in 
nuclear and cytoplasmic compartments of the cell. This has analogy 
with the v-rel oncogene of the avian reticuloendotheliosis virus, which 
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Fig. 2. Heterogenous subcellular compartmentalization of p53 in glioblastomas: A, nuclear staining in tumor 32: C, heterogeneous staining (nuclear and/or cytoplasmic) in tumor 
22; E, negative staining in tumor 20: B, nuclear staining in tumor 5; D, nuclear and/or cytoplasmic staining in tumor 14; F, cytoplasmic staining in tumor 4; G, nuclear and/or cytoplasmic 
staining in tumor 13; H. cytoplasmic staining in tumor 35. Original magnification. • 
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Fig. 3. Sequencing of p53 cDNA from three glioblastomas (5, 7, and 10) overexpressing the p53 protein. N, normal allele; M, mutated allele; boxed nucleotides, mutations. 

is equally transforming in its nuclear or cytoplasmic forms (42). Our 
data underscore the crucial role of the intracellular microenviron- 
ment of a particular tumor with its specific set of genetic abnormali- 
ties in modulating the subcellular localization and function of the 
p53 protein. 
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