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Fig. 1. Loss of  heterozygosity at loci on chromosome 17 and point mutat ions in the p53 gene in glial tumors. L, lymphocyte DNA; T, tumor  DNA. 
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Table 2 Mutations of the p53 gene in glial tumors 

Conserved 
Tumor Allele Exon Codon Mutation AA changes region Conversion 

A 2 M a 8 270 TTT~TTC Phe~Leu N TV 
5 M 8 273 CGT~CAT Arg~His Y TS 

13 M 5 145 CTG--.CCG Leu--Arg Y TV 
14 M 8 273 CGT--~TGT Arg~Cys Y TS 
25 M 7 248 CGG-.CAG Arg~Gln Y TS 
35 M 5 145 CTG-,CCG Leu-,Pro Y TS 
37 M 8 306 CGA-~TGA Arg-~Stop N TS 

C 4 WM 8 273 CGT-~TGT Arg-~Cys Y TS 
7 WM 6 194 CTT--.CCT Leu-~Pro N TS 

10 WM 5 151 CCC-~GCC Pro~Ala N TV 
a M, mutant; W, wild type; Y, yes; N, no; TS, transition; TV, transversion. 

three most frequently mutated codons of the p53 gene in mul- 
tiple human cancers (16), was the target of mutations in three 
tumors. Transitions, mostly on CpG dinucleotides, were more 
prevalent (7 of 10 mutations), but transversions were also de- 
tected (3 of 10 tumors). Of  the seven transitions, two were T to 
C conversions and five occurred as C:G to T:A substitutions at 
the CpG sites. 

Discussion 

Mutational inactivation of the p53 gene occurs in many hu- 
man neoplasms. The data presented here support the crucial 
involvement of the p53 gene in the tumorigenic process of as- 
trocytomas and suggest the potential contribution of another 
tumor suppressor gene on the short arm of chromosome 17 in 
glial tumors. In 7 of 12 tumors (58%) that sustained somatic 
deletions on chromosome 17, we detected homozygous inacti- 
vation of the wild-type p53 gene through loss of one copy and 
mutation in the other (group A tumors), a pattern that con- 
forms to the classical paradigm of tumor suppressor genes. 
However, the remaining 42% of tumors with loss of heterozy- 
gosity on chromosome 17 had either no detectable mutation 
(group B tumors) or deletion (group C tumors) of the p53 gene. 
In these tumors as well as in the 28 tumors without gene losses 
on chromosome 17 or mutation in the p53 gene, the oncogenic 
process may have still targeted the p53 gene by other mecha- 
nisms. Sequestering of the wild-type p53 protein, observed in 
the cytoplasm of a significant number of breast tumors, may 
represent one such mechanism (45). Amplification of the 
MDM2 gene, whose protein product binds to the p53 protein 
(46), has been observed in many sarcomas (47), suggesting that 
complexing of the M D M 2  protein with p53 may provide yet 
another mechanism of its inactivation. Analysis for possible 
genetic alterations of the MDM2 gene in all 40 glial tumors 
examined in this study showed no evidence of amplification or 
other rearrangements (data not shown). It is conceivable that in 
some glioblastomas the negative regulatory function of the p53 
gene is compromised by similar or heretofore unidentified 
mechanisms. Alternatively, mechanisms other than the inacti- 
vation of the p53 gene may exist on chromosome 17 involving 
other tumor suppressor genes. The latter possibility has been 
suggested for some breast tumors that sustain gene losses on 
chromosome 17 and retain a single wild-type p53 allele (25). 

The data from group B and group C tumors in our study 
support the presence of another tumor suppressor gene on chro- 
mosome 17 distinct from p53 in glial tumors. In the two group 
B tumors, which lost one copy of the p53 gene, there was no 
mutation in exons 5-9, and the search for rare mutations in the 
rest of the exons and the intron/exon boundaries of all 11 exons 

was unsuccessful. Although mutations in the intronic sequences 
affecting the transcription of the p53 gene cannot be ruled out, 
in these tumors deletions may be targeting a gene other than 
p53 on chromosome 17. 

The presence of another potential tumor suppressor gene on 
chromosome 17 in glioblastomas is further suggested, and its 
map position defined, by somatic deletions in tumors of group 
C. The p53 locus was not included in the region of allele loss in 
the three tumors (tumors 4, 7, and 10) of this group. Further- 
more, retention of constitutional heterozygosity attwo 17pl 3.3 
loci, D17S5 and D17S28, but reduction to homozygosity at 
another 17p13.3 locus, D17S34, in tumors 4 and 7,define the 
proximal boundary of the deleted region harboring a poten- 
tial tumor suppressor gene between the D17S5/D17S28 and 
D 17S34 markers. The unavailability of polymorphic markers in 
the telomeric region distal to the D17S34 locus (13) did not 
allow definition of the distal boundary of the deleted region. 

All three tumors of group C contained one normal and one 
mutated copy of the p53 gene. The hypothesis that tumors with 
one wild-type and one mutant allele of the p53 gene may rep- 
resent an intermediate stage during tumor progression, eventu- 
ally leading to the loss of the remaining wild-type copy (42), 
may not be relevant in the case of glioblastomas, which are very 
advanced and malignant tumors at presentation. Furthermore, 
two of these tumors, from patients 4 and 7, were recurrent 
tumors, whereas the tumor from patient 10 was a primary tu- 
mor. This tumor recurred 8 months after surgery, and the 17p 
deletions and p53 mutation profile of the recurrent tumor was 
identical to that of the primary tumor (data not shown). 

The role of the p53 gene in tumors of group C, however, 
remains speculative at the present time. Several mutant forms 
of p53 protein have been proposed to confer growth advantage 
on cells and function in a dominant negative fashion (15), pre- 
sumably by blocking the physiological function of the wild-type 
form by oligomerization (48). Normal p53, on the other hand, 
seems to negatively regulate the cell growth probably by virtue 
of its transcriptional regulatory activity (49). Furthermore, the 
phenotypic dominance of the normal p53 gene over its mutant 
form in a two-allele configuration has been demonstrated (50). 
The functions of wild-type and/or mutant forms of p53 may be 
modulated by the nature of the p53 mutation as well as by the 
microenvironment resulting from various patterns of genetic 
mutations in a particular tumor type. It is conceivable that in 
glioblastomas the homozygous functional loss of a gene in the 
telomeric region of chromosome 17 may enhance the dominant 
negative action of the mutant form of p53 in the presence of its 
normal allele. This notion is further supported by the fact that 
the region distal to the D17S5/D17S28 markers was always 
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included in chromosome 17 deletions in all of the tumors ana- 18. 
lyzed here except for one tumor (patient 37) from group A. 

The tumorigenic process involves many mutational steps on 
multiple chromosomes and considerable interactions between 19. 
various mutant products. For example, in Wilms' tumor (22, 
23), neurofibrosarcoma (24), breast cancer (25-26), renal can- 20. 
cer (27), and lung cancer (28), single chromosomes seem to be 

21. 
the site of multiple independent mutations, which may either 
cooperate with each other or provide alternative genetic mech- 
anisms for tumor development. Here we provide evidence for 22. 
the presence of another potential tumor suppressor gene dis- 
tinct from p53 on chromosome 17 in glioblastomas and define 23. 
its map position in the telomeric region of the short arm of 
chromosome 17. This gene may act alone or in conjunction 24. 
with the p53 gene. Future studies aimed at the cloning and 
characterization of this gene should provide a better under- 
standing of the various mutational mechanisms involved in 
glioblastomas. 
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