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Abstract

Cytogenetic and molecular studies of medulloblastomas have demon
strated frequent loss of sequences from the short arm of chromosome 17,
possibly implicating loss or inactivation of the p53 tumor suppressor
gene. We amplified exons 5 through 8 of the p53 gene by the polymerase
chain reaction technique. These segments, which encompass the regions
usually mutated in human tumors, were sequenced to search for pS.i
mutations in 12 medulloblastoma tumors, 8 xenografts, and 3 permanent
cell lines. Mutation of the p53 gene was found in only 1 of 3 cell lines
tested and in none of the xenografts or primary tumors studied. Our
results suggest that p53 is mutated in an unusual way or that a second
tumor suppressor gene on the short arm of chromosome 17 is involved
in the pathogenesis of medulloblastoma.

Introduction

Medulloblastoma is the most common histolÃ³gica! type of
malignant central nervous system neoplasm in the childhood
years (1). The most common cytogenetic abnormalities seen in
medulloblastoma are rearrangements of chromosome 17 and
double minute chromosomes (2, 3). The latter abnormality
indicates the presence of gene amplification. The gene most
commonly amplified is MYC, but MYCN and erb B1 amplifi
cation have also been described (4-6). Rearrangements of chro
mosome 17 occur in about 50% of the tumors that have been
studied and frequently result in 17p monosomy and 17q trisomy
(2, 3). Molecular studies of the short arm of chromosome 17
have confirmed allelic loss and suggest the possible involvement
of the p53 tumor suppressor gene (7-10). We report here our
analysis of p53 gene sequences in order to detect mutations in
medulloblastoma tumors, xenografts, and permanent tissue
culture lines.

Materials and Methods

Tissue from primary tumors was obtained at the time of initial
diagnostic surgery, immediately frozen in liquid nitrogen, and kept
frozen until used. The medulloblastoma cell lines (D283 Med, D341
Med, and DAOY) and xenografts used in this study have been charac
terized previously (4, 5, 6, 11, 12, 13). Genomic DNA was prepared
from each tumor and cell line and quantitated by a fluorometric assay
as described previously (6, 14).

A strategy utilizing the direct sequencing of PCR3 products from the

p53 gene was used (15). Two sets of PCR primers, flanking either exons

Received6/3/91; accepted7/15/91.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' This work was supported in part by the Children's Cancer Research Fund

(R. L. S.); N1H Grants CA 39771 (G. M. B.), CA 43466 (B. V.), and CA 09071
(D. S.); and the Preuss Foundation.

3To whom requests for reprints should be addressed, at Department of

Pediatrics, Washington University School of Medicine, 400 South Kingshighway
Blvd., St. Louis, MO 63110.

3The abbreviation used is: PCR, polymerase chain reaction.

5 and 6 or exons 7 through 9, were used to generate a single specific
amplification product from each sample. These primers encompass the
region previously shown to contain over 95% of p53 gene mutations in
other tumor types (16). The reaction products were extracted twice with
chloroform and residual primers were removed using a Centricon 100.

For the direct sequencing of PCR products, a modification of the
method of Gyllensten and Erlich (15) was used. Annealing was accom
plished by heating 25 to 50 ng of PCR product and 3 pmol of primer
to 97Â°Cfor 7 min followed by cooling in air for 1 min. To this were

added 7.3 //I of labeling mixture containing either the standard mag
nesium reaction buffer or, for reading sequences very close to the
sequencing primer, a manganese-containing reaction buffer. Sequenase
version 2.0 and [a-35S]Â«-dATPwere used for all sequencing reactions.

The solution was incubated on ice for 3 min followed by the usual
termination steps. The products were separated on 6% polyacrylamide-
9 M urea gels and the films were exposed to Kodak XAR film without
an intensifying screen for 48 h. Alternatively, exons 5 through 8 of the
p53 gene were amplified using flanking primers and the products ligated
to Lambda Zap (Stratagene) (16). Pooled clones were sequenced as
described previously (16). Allelic losses were evaluated using the probes
pYNZ 22.1 and pl44D6 as described previously (17).

Results

Primary Tumor Tissue. Sufficient tissue for complete study
was available from 12 medulloblastoma tumor specimens. No
mutations were found in the coding portions of the p53 gene in
any of the specimens.

Xenografts. Xenograft tissue was available from 8 tumors.
All of the tumors had loss of heterozygosity on the short arm
of chromosome 17, yet mutations in the coding regions of the
p53 gene were not detected in any of the tumors.

Cell Lines. Cell lines D283 Med and D341 Med were derived
from the same tumor tissue as the xenografts D283 Med-X and
D341 Med-X discussed above. These permanent cell lines also
were studied for mutations in the coding sections of the p53
gene. No mutations were found in the p53 coding regions in
these lines, suggesting that p53 mutation does not occur nec
essarily with the establishment of permanent cell lines. In
addition, the medulloblastoma cell line DAOY was studied,
and a previously undescribed mutation in codon 242, which
predicts a cysteine to phenylalanine amino acid change, was
detected (Fig. 1). This result was confirmed on 3 separate PCR
reactions and was detected as well on archival material which
was available from the fourth passage of this cell line, suggesting
either that this mutation was present in the primary tumor or
that it was acquired early in culture.

Discussion

The p53 gene has been implicated in the pathogenesis of
diverse tumor types, including cancers of the colon, esophagus,
bladder, liver, breast, leukemias, and glial brain tumors (18,
19). These tumors, as well as many other advanced or highly
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Fig. 1. Sequence of the p53 gene from the medulloblastoma cell line Daoy
extending from codon 240 to 243. Note the change in sequence at codon 242
from the wild-type TGC. which codes for cysteine. to TTC, which codes for
phenylalanine.
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malignant tumors, including medulloblastoma, have frequent
cytogenetic abnormalities of the short arm of chromosome 17.
A number of studies on medulloblastoma tissue have appeared
in the past several years which further define the cytogenetic
abnormalities of chromosome 17p at the molecular level (2, 7-
10). The majority of these studies indicate a common region of
17p loss of heterozygosity centered around band 17pl2-pl3.1,
which appears to include the p53 tumor suppressor gene locus
on band 13.1. These cytogenetic and molecular data suggesting
the possible loss or inactivation of p53 prompted us to search
for mutations in the p53 tumor suppressor gene. Despite the
high frequency of 17p loss of heterozygosity in the region
containing the p53 gene, we were unable to demonstrate mu
tations in any of the medulloblastoma xenografts or primary
tumors available for study and were able to demonstrate a
mutation in the coding sequence of the p53 gene in only one
tumor cell line.

Interestingly, the cell line DAOY, which is the only specimen
in which we could demonstrate mutation of the p53 gene, was
initially derived from a desmoplastic medulloblastoma (11). In
the initial biopsy there was a small population of cells that were
S100 and glial fibrillary acidic protein positive, indicating a
small degree of glial differentiation of the tumor, but these cells
have been lost with serial passages in culture (11). We speculate
that the mutation in the p53 gene in the cell line DAOY may
reflect the capacity of medulloblastoma cells to differentiate
along glial lines (1), so that examination of other medulloblas-
tomas that exhibit glial features may reveal further instances of
p53 mutation. In light of this finding, it may be informative
also to examine a number of childhood astrocytomas of varying
histolÃ³gica! grade in an effort to demonstrate p53 mutations,
as occurs in astrocytomas arising in adult patients (17).
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Two possible interpretations of these data arise: (a) the p53
gene is altered outside of the region we examined or is inacti
vated by another mechanism; and (b) the p53 gene is not the
target of allelic loss in medulloblastoma; i.e., a second tumor
suppressor gene lies on the short arm of chromosome 17p. The
vast majority (>95%) of mutations found in the/75:? gene have
been contained within exons 5-8 and gross rearrangements of
the gene or mutations outside of these exons are rare (19).
Therefore, if p53 is altered in medulloblastomas, such altera
tions would involve unusual mechanisms compared to other
tumor types.

The region of chromosome 17p in medulloblastoma most
consistently deleted is 17p 12 â€”Â»pter (7-10), although one study
suggests a more complex pattern of loss with retention of
sequences around 17pl3.2 in some cases (7). Recent studies of
human breast carcinoma have also suggested the existence of a
tumor suppressor on 17p distal to p53, a region which is
commonly deleted in medulloblastoma (20, 21). Based on this
information, a second tumor suppressor gene may lie either
proximal or distal to p53. If another candidate gene on 17p is
identified, its investigation in medulloblastoma would seem
justified.
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