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Absence of p53 Gene Mutations in Primary Neuroblastomas1

Kyle Vogan, Mark Bernstein, Jean-Marie Ledere, Linda Brisson, JosÃ©eBrossard, Garrett M. Brodeur, Jerry Pelletier,
and Philippe Gros2

Department of Biochemistry and McGi/l Cancer Center, McGill University, Montreal, Quebec, Canada H3C 1Y6 Â¡K. V., J. P., P. G.j; Department of Pediatrics, Montreal
Children's Hospital, Montreal, Quebec, Canada H3H 1P3 fM. B.J; Department of HemaÃ®ology,HÃ´pital Sainte Justine, Montreal, Quebec, Canada H3T IC5 [J. M. L.J;
Department of Hematology, Le Centre Hospitalier de l'UniversitÃ©Laval, Quebec, Canada G1V 4G2 [L. B.j; and Department of Pediatrics, Le Centre Hospitaller de l'UniversitÃ©

de Sherbrooke, Sherbrooke, Quebec. Canada J IH 5N4 Â¡J.B.j; Department of Pediatrics, Washington University School of Medicine, St. Louis, Missouri 63130 fG. M. B.Â¡

ABSTRACT

Neuroblastoma is a common childhood malignancy of the sympathetic
nervous system. Mutations in p53, a tumor suppressor gene located on the
short arm of chromosome 17, are one of the most common genetic lesions
in human cancers. The evidence for trisomies of 17q with loss of 17p in
some cases of neuroblastoma led us to consider whether pS3 mutations
might contribute to the onset and progression of this malignancy. In this
study, primary tumors from 38 neuroblastoma patients were screened for
mutations within the coding exons of the p53 gene by single-strand con

formation polymorphism analysis, and potential mutations were further
analyzed by nucleotide sequence analysis. Previously described sequence
variations were detected in many of the tumors, including a silent poly
morphism at codon 213 (CGA to CGC) and the nontransforming Pro to
Arg substitution at codon 72 (CCC to CGC). However, no other sequence
variations were detected within the coding portions of the p53 gene. This
finding suggests that p53 mutations do not contribute to the etiology of
neuroblastoma and that the chromosome 17 alterations observed in
neuroblastoma involve genes which are distinct from the p53 locus.

INTRODUCTION

Neuroblastoma is the most common extracranial solid tumor of
early childhood, with a prevalence of about 1 in 6000 children under
5 years of age (1). Since 85-90% of neuroblastomas secrete catechol-

amine metabolites that are detectable in the urine (2), and since
advanced stages of this disease are difficult to cure (3), the Japanese
have initiated a nationwide urine screening program (4). In an effort
to assess the impact of infant screening on neuroblastoma incidence,
survival, and mortality, the Quebec Neuroblastoma Screening Project
implemented a province-wide two-stage urine screen on samples ob
tained from air-dried urine-soaked filter papers at 3 weeks and 6

months of age (5). Children found to have tumors either through the
screening program or through clinical detection are uniformly man
aged according to Pediatrie Oncology Group protocols (6). Samples of
tumor tissue are then submitted for biological analysis, both for fea
tures known to be of prognostic significance such as DNA ploidy and
N-/WVCcopy number (7) and for more investigational studies including

analysis of candidate tumor suppressor loci which might be implicated
in the etiology of the disease.

p53 is a tumor suppressor gene located on the short arm of chro
mosome 17 (reviewed in Ref. 8). Originally identified as a tumor
antigen in SV40-induced tumors (9), the p53 gene product is currently

thought to suppress tumor formation by regulating the transcription of
a set of genes which can prevent cells from entering into a state of
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uncontrolled growth (reviewed in Ref. 10). The inactivation of p53 by
allelic deletion and point mutation is one of the most common genetic
changes in human malignancies, contributing to neoplastic growth in
such diverse tissues as brain, colon, breast, lung, blood, liver, and
bladder (reviewed in Refs. 11-13). These mutations, which are clus

tered in several conserved regions of the p53 gene (12, 14), are
thought to prevent the p53 protein from fro/is-activating its putative

target genes, thereby releasing cells from the normal state of growth
inhibition (10). Alternatively, recent findings have demonstrated that
p53 has the ability to induce apoptosis (15); thus, p53 inactivation
may result in increased cell survival, allowing cells to accumulate
additional mutations which in turn produce the transformed pheno-

type.
A common genetic alteration in neuroblastoma is loss of heterozy-

gosity for sequences on the short arm of chromosome 1, suggesting
the existence of a tumor suppressor locus in this region (16-18).

However, trisomy for the long arm of chromosome 17 also occurs
with increased frequency in neuroblastomas (17), and this change is
often associated with monosomy for the short arm of chromosome 17,
suggesting the involvement of an additional tumor suppressor gene on
17p. The evidence for such chromosome 17 aberrations, together with
the frequent occurrence of p53 mutations in other human neoplasms,
led us to examine the integrity of the p53 gene in primary tumors
obtained by resection from 38 neuroblastoma patients. To screen for
potential mutations in these tumors, we have analyzed the coding
exons of the p53 gene by SSCP3 analysis (19).

MATERIALS AND METHODS

Patients and Tumor Samples. Primary tumor samples were obtained from
38 neuroblastoma patients who had undergone resection at Sainte Justine's
Hospital, the Montreal Children's Hospital, the University of Sherbrooke, and

the University of Laval Medical Centers between 1989 and 1992. Tumor
staging at diagnosis was based on the International Neuroblastoma Staging
System (20) and is summarized in Table 1. Tumor samples were frozen using
liquid nitrogen and stored at -80Â°C until analysis.

Analysis of the p53 Gene by PCR-SSCP. Genomic DNA was prepared

from each sample according to standard protocol (21) involving proteinase K
digestion, serial phenol and chloroform extractions, and ethanol precipitation.
Pairs of oligonucleotide primers overlapping the intron-exon boundaries of the

p53 gene were designed to amplify by PCR the coding portions of the p53
gene, as described by Murakami et al. (22). The position and sequence of each
primer are given in Table 2.

For PCR-SSCP analysis, primers were first end-labeled with [y-12P]ATP

using T4 polynucleotide kinase (Pharmacia) as described previously (23). PCR
amplification was then performed as described (23), using 25 cycles of dena-
turation (94Â°C,1 min), annealing (56Â°C,1 min), and extension (1 min, 72Â°C).

For each amplified genomic fragment, the two complementary DNA strands
were analyzed independently by including only one radiolabeled primer in
each reaction mixture. SSCP analysis was then performed as described (23).
Briefly, amplified products were denatured by boiling for 5 min in 90%
formamide and then analyzed by electrophoresis in an 8% nondenaturing

3 The abbreviations used are: SSCP, single-strand conformation polymorphism; PCR,

polymerase chain reaction.
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Table 1 Clinical staging of neuroblastoma samples

SampleJ-01J-02J-06J-07J-16J-19J-20J-28J-33J-37J-42J-45J-47L-12

M-23S-04Anatomical

Stage
site of tumor oftumor"AdrenalAdrenalAdrenalPreaorticAdrenalParavertebralAdrenalAdrenalAdrenalMediastinalMediastinalParavertebralMediastinalRetroperitoneal

MediastinalAdrenal.. .

J-34 Mediastinal 2A

J-17J-18J-46L-10M-21J-03J-04J-09J-40M-16J-08J-13J-32J-43L-05

M-17M-20S-02J-35J-38J-44AdrenalCervicalAdrenalPresacraiParaaorticPelvicAdrenalMediastinalAbdominal

midlinePresacraiAdrenalRetroperitoneal

ParavertebralAdrenalRetroperitoneal

AdrenalRenalAbdominal

midlineAbdominalAdrenalAdrenal2B2B2B2B2B3333344444

4444S4S4S

" Staging according to the International Neuroblastoma Staging System (20).

Table 2 Primers used for amplification of the coding portion of the p53 gene

Genomic DNAfragmentNameABCDBFGSize

(basepairs)270293406139330139202Exonsamplified2

and345

and678

and91011NameAlA2BlB2ClC2DlD2ElE2FIF201G25'5'5'5'5'5'5'5'5'5'5'5'5'yOligonucleotide

primersSequenceTGG

AT CCTCT TGCAG CAGCC3'AACCC
TTGTC CTTAC CAGAA3'ATCTA

CAGTC CCCCT TOCCO3'GCAAC
TGACC GTGCA AGTCA3'TTCCT

CTTCC TGCAG TACTC3'AGTTG
CAAAC CAGAC CTCAG3'GTGTT
GCCTC CTAGG TTGGC3'CAAGT
GGCTC CTGAC CTGGA3'CCTAT

CCTG A GTAGT GGTAA3'CCAAG
ACTTA GTACC TGAAG3'TGTTG
CTGCA GATCC GTGGG3'GAGGT
CACTC ACCTG GAGTG3'TCTCC

TACAG CCACC TGAAG3'CTGAC
GCACA CCTAT TGCAA 3'

polyacrylamide gel at 30 W for 5-6 h or at 6 W overnight in a room maintained
at 4Â°C.The gels were dried on filter paper and exposed to X-ray film at -80Â°C

for 2 h with an intensifying screen or for 16 h with no screen.
Isolation of Genomic Clones and Sequence Analysis. Fragments showing

mobility shifts by SSCP were reamplified from the original DNA samples by
PCR using the amplification conditions described above. Amplified fragments
were then analyzed by electrophoresis in a 1% low- melt agarose gel, purified,
and cloned into a dT-tailed (24) pBluescript plasmid (Stratagene), and at least

three independent clones were sequenced by the dideoxy chain termination
technique (25) using modified T7 DNA polymerase (United States Biochemi
cal Corp.).

RESULTS

Thirty-eight neuroblastoma biopsy specimens were analyzed by
PCR-SSCP for p53 gene mutations. The tumors were classified at the

time of diagnosis according to the International Neuroblastoma Stag
ing System (20) and were variable with respect to location and staging
(Table 1). Sixteen patients had stage 1 tumors (localized and com
pletely resected), 1 had a stage 2A tumor (localized and resected, with
gross residual disease), 5 had stage 2B tumors (localized with ipsi-

lateral nodal involvement), 5 had stage 3 tumors (tumor on both sides
of the midline based on contiguous infiltration or nodal regional nodal
involvement), 8 had stage 4 tumors (distant mÃ©tastases),and 3 had
stage 4S tumors (otherwise stage 1 or 2 with dissemination limited to
liver, skin, and bone marrow). Also, 37 of 38 tumors were tested for
N-rayc amplification, and all were normal (data not shown). To iden

tify all potential mutations within the coding portion of the p53 gene
in these tumors, 7 pairs of oligonucleotide primers (A to G) were
designed to amplify exons 2 through 11 of the p53 gene (Table 2).

Since moslp53 mutations are clustered within the highly conserved
domains in exons 5 through 8 (12,14), we began our analysis with this
portion of the gene. Fig. 1 shows the results of PCR-SSCP analysis of

fragments C (exons 5 and 6), D (exon 7), and E (exons 8 and 9). In
fragment C, three patients (J-20, S-02, and J-43) showed a band with

an altered electrophoretic mobility, suggestive of a sequence alteration
within this region; a fourth patient (J-32) whose DNA failed to am

plify in this first analysis was shown upon further analysis to carry a
polymorphic variant with this same altered mobility (data not shown).
Conversely, no mobility shifts were observed for fragments D and E
in any of the samples analyzed (Fig. 1) or in control DNA samples
from two unaffected individuals (data not shown). These conserved
exons were further analyzed by PCR-SSCP with the complementary

strand labeled, and no new polymorphic variants were observed (data
not shown).

To directly analyze the putative sequence alteration within fragment
C, this genomic fragment was amplified from the four individuals
carrying this polymorphism using the original DNA samples prepared
from the primary tumors as templates for PCR amplification. The
amplified fragments were then gel purified, cloned into a pBluescript
plasmid vector, and sequenced from at least three independent clones.
Sequence analysis of clones from all four patients revealed a silent
base change at codon 213 (CGA to CGG) which does not alter the
primary sequence of the p53 protein (Table 3) and which has been
reported previously in other studies (26, 27). Thus, analysis of the
tumors failed to detect any mutations within the highly conserved
regions of the p53 gene.

To complete the analysis of the remaining coding exons of p53 in
the primary neuroblastoma specimens, fragments A (exons 2 and 3), B
(exon 4), F (exon 10), and G (5' portion of exon 11) were analyzed by

PCR-SSCP. No mobility shifts were observed in fragment F or G in

any of the tumors or in control DNA samples obtained from unaf
fected individuals (data not shown). However, in fragment A, two
distinct allelic forms of p53 were observed within the population
under investigation as evidenced by the appearance of a faster mi
grating band in several samples (Fig. 2); further analysis of these
amplification products under different electrophoresis conditions re
sulted in an identical shift in the mobility of the faster migrating
fragment in all samples analyzed (data not shown), suggesting that all
patients with this additional band carried a common polymorphic form
of the gene. To identify the nature of the sequence variation, each
allelic form was amplified and subcloned from a representative patient
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Fig. 1. Analysis of cxons 5 through 9 of the />5.Ã®
gene in 38 neuroblastoma tumors by PCR-SSCP.

Mobility shifts were detected in fragment C (exons
5 and 6) in patients J-20, S-02. and J-43. Patient

J-32, whose DNA failed to amplify in this first

analysis, was shown upon further analysis to carry
a fragment with this same altered mobility. Nuclco-

tide sequence analysis (not shown) of clones from
patients J-20, J-32. S-02, and J-32 identified a silent

polymorphism at codon 213 (CGA to COG) which
does not alter the primary sequence of the resulting
p53 gene product. No mobility shifts were detected
in fragments D (exon 7) or E (exons 8 and 9) in any
of the tumors or in control DNA samples from
unaffected individuals (not shown).

Fragment C

(exons 5 & 6)

Fragment D

(exon 7)

Fragment E

(exons 8 & 9)

l l l l l l l l l l l
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'-nAA.j 2 AAcn S Â¿5252 AAAAâ€” lAAÂ«-Â»
l l l I I I I I I Il i l l l l l

l l l l I I I I I I I l l
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Table 3 Summary of f>(>lymorpttum.\identified by PCR-SSCP and sequence analysis

Patients with neuroblastoma
(n = 38)

LocationIntron

2
Exon 4 (codon 72)
Exon 6 (codon 213)Nuclcotidc

changeccg

to ccc
CGC to CCC
CGA to COGAmino

acid No.
changehÃ©tÃ©rozygotesArg

to Pro
Arg to Arg15

143No.

homozygotes2

2

homozygous for either the slower (J-13) or faster (J-34) migrating

conformer; sequence analysis of these clones revealed a single base
difference, a G to C transversion within the intron separating exons 2
and 3 (ccccgacccc to cccccacccc, 38 nucleotides downstream of the 5'

splice junction). This sequence variation does not fall within the
branch site, the polypyrimidine tract, or the donor or acceptor splice
sites, and is not expected to interfere with splicing of the intron.
Among the 38 patients analyzed, 21 were homozygous for one alÃele,
2 were homozygous for the second alÃele,and 15 were heterozygous
(Table 3).

Similarly, analysis of fragment B revealed the presence of two
different alÃelesin the sample population (Fig. 2); among the 38
patients analyzed, 22 were homozygous for one alÃele,2 were homo
zygous for the second alÃele,and 14 were heterozygous (Table 3).
Sequence analysis of clones from representative DNA samples (M-20
and J-03) revealed that this sequence variation is the CGC (arginine)

to CCC (proline) polymorphism previously described at codon 72
(28). Interestingly, the intron polymorphism (ccg to ccc) and the
sequence variation at codon 72 (CGC to CCC) occur together in all
but one individual (J-19); an additional polymorphism generating a

novel Bglll site within intron 1 has also been shown to be associated
with the Arg to Pro polymorphism at codon 72 (29), suggesting that all
three polymorphisms arose on the same chromosomal segment. How
ever, since these polymorphisms have been shown to be present in the
normal population (28, 29), they are not expected to be related to the
etiology of the disease in the patients examined in this study.

Altogether, our analysis of the 38 primary neuroblastomas by
PCR-SSCP and nucleotide sequencing failed to detect any mutations

within the coding portions of the p53 gene, suggesting that p53 mu
tations do not play a significant role in the onset and progression of
this malignancy.

DISCUSSION

Neuroblastomas are solid tumors of the sympathetic nervous system
which display clinical heterogeneity with respect to age of onset,
aggressiveness, and response to treatment. Analysis of these tumors by
cytogenetics, flow cytometry, and molecular genetic approaches has
identified several characteristic abnormalities which allow subclassi
fication of these tumors into genetic/clinical subtypes (reviewed in
Ref. 30). Two of the most common genetic changes which occur in
these tumors are amplification of the cellular protooncogene N-myc

and loss of heterozygosity for sequences on the short arm of chromo
some 1. These genetic changes frequently occur in the same tumor and
correlate with advanced stages of the disease and a poor prognosis. A
distinct subset of neuroblastomas is characterized by a hyperdiploid or
near-triploid DNA content, which generally correlates with lower

stages of the disease and a good prognosis. A third subset of neuro
blastomas is characterized by a near-diploid or ncar-tetraploid karyo-

type and an intermediate prognosis, but no consistent genetic abnor
mality has been identified in these tumors. Interestingly, cytogenetic
and molecular genetic studies have shown that loss of sequences from
chromosomes 11 (31), 14 (31-33), and 17 (17) occurs with increased

frequency in neuroblastoma, implicating putative tumor suppressor
loci in these chromosomal regions. However, with the exception of
double minute chromosomes and homogeneously staining regions,
which can be correlated with amplification of the N-mvc protoonco

gene, the chromosomal abnormalities observed in neuroblastomas
have not yet been associated with specific alterations at the gene level.

In this study, we have assessed whether the p53 tumor suppressor
gene might be the target of the chromosome 17 aberrations which
occur with increased frequency in neuroblastoma (17). p53 is dis
rupted in several human cancers (11-13) and is thought to play a key

role in tumor suppression ina variety of different cell types (10). Also,
in a recent in vitro study, a mutant form of p53 was shown to spe
cifically stimulate the promoter region of the multidrug resistance
gene MDRÃŒ,while wild-type p53 exerted specific repression (34).
Overexpression of P-glycoprotcin, the product of the MDRl gene,

confers cellular resistance to a variety of chemotherapeutic drugs and
has been correlated with the advanced stages of neuroblastoma and a
poor prognosis (35). These observations suggested a potential role for
p53 mutations in neuroblastoma progression.
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Fig. 2. PCR-SSCP analysis of exons 2 through 4

of the p53 gene in 38 neuroblastoma specimens.
Common sequence variations were identified
within fragments A (exons 2 and 3) and B (exon 4)
(arrows). Sequence analysis of fragment A from
patients J-13 and J-34 identified a single base dif
ference wilhin intron 2 (ccccg to ccccc, 38 nucleo-
lides downstream of the 5' splice junction). Simi

larly, sequence analysis of fragment B from
patients M-20 and J-03 identified a previously de
scribed sequence variation at codon 72 (CGC to
CCC). Neither polymorphism is thought to be re
lated to the etiology of the disease in the patients
examined in this study.

Fragment A

(exons 2 & 3)

I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I

Fragment B

(exon 4)

i i i i i i i i i i i i i i i i i i i i i i i i i

Using PCR-SSCP to screen for mutations in the coding portions of tivation, which may in turn help to clarify the role of the p53 gene

the p53 gene (exons 2 to 11), we did not detect any p53 mutations in
38 primary neuroblastoma specimens. Although SSCP has been
shown to be a fairly sensitive method for detecting point mutations
(19), it is possible that some mutations were missed by this screening
method. However, since each fragment was analyzed in duplicate by
independently labeling each strand, and since we were able to detect
sequence polymorphisms within three different regions of the p53
gene using this technique, most sequence variations should have been
detected. Also, while loss of heterozygosity was not formally tested,
18 of 38 tumors demonstrated heterozygosity for at least one of the
three polymorphisms detected in this study, suggesting that both cop
ies of the p53 gene were intact in these tumors. This finding is
consistent with a recent study which reported no loss of heterozygos
ity in the vicinity of the p53 gene in 20 primary neuroblastoma
specimens (33). Therefore, inactivation of p53 by point mutation or
deletion does not appear to have contributed to the development or
progression of the malignant phenotype in the neuroblastoma tumors
examined in this study.

The absence of p53 mutations in primary neuroblastomas suggests
that the inactivation of this gene does not play a significant role in
tumor development in the neurogenic cells of the sympathetic nervous
system, consistent with a recent study performed with human neuro
blastoma cell lines (36). While 4 of 5 cell lines showed overexpression
of the p53 protein, sequence analysis of exons 5-8 of the cellular p53
transcript from these cell lines revealed no deviations from the wild-
type p53 sequence. It is not clear by what means transformed neuro-
blasts overcome the tumor suppressor effects of wild-type p53. It is

possible that the p53 protein does not play an important role in
neuroblast growth suppression, or alternatively, that growth suppres
sion by p53 can be overcome fairly easily in these cells by mutations
in other genes.

In the central nervous system, it also appears that p53 inactivation
is important only in the transformation of certain cell types. In par
ticular, gliomas (11, 37) and astrocytomas (26, 38, 39) frequently
harbor p53 mutations, while medulloblastomas (40-42) and ependy-

momas (40) show a low frequency of p53 mutations. Other neoplasms
which show a low frequency of p53 mutations include primary naso-

pharyngeal carcinomas (43), germ cell tumors (44, 45), and mouse
plasmacytomas (46). These observations suggest that the ability of the
p53 gene product to suppress tumor formation may vary among dif
ferent cell types, reflecting possible differences in embryonic origin,
degree of differentiation, or sensitivity to apoptosis. As additional
studies emerge, it should be possible to define which cell types and
lineages are sensitive to tumor development as a result of p53 inac-

product in normal growth suppression.
The significance of chromosome 17 aberrations in neuroblastomas

remains unresolved. However, this question seems particularly inter
esting in light of a recent study which showed that introducing a
genetically marked chromosome 17 into a neuroblastoma cell line by
microcell transfer techniques decreased the tumorigenicity of the cells
without affecting in vitro growth (47). This effect was not due to p53,
which appears to be normal in the NGP.1A.TR1 cell line used in this
study (47). However, mutations in the neurofibromatosis gene (NFI ),
which maps to chromosome 17q, have recently been identified in
some neuroblastoma cell lines (48). There is also evidence for an
additional tumor suppressor gene on chromosome 17p, distal to p53
(37, 39, 42). These genes, or others, may be the targets of the chro
mosome 17 aberrations which have been observed in some primary
neuroblastomas. Characterizing this chromosome 17 locus and the
other putative tumor suppressor loci on chromosomes 1 and 14 (33)
will help define the etiology of neuroblastoma, which can then serve
as a basis for devising new therapeutic strategies to treat affected
patients.
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