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In adults, the TP53 tumor suppressor gene is fre-
quently mutated in astrocytic brain tumors which is
supposed to represent an early event in their devel-
opment. In juvenile pilocytic and low-grade astrocy-
tomas, however, TP53 mutations have until now been
reported as rare, which has led to the suggestion
that these tumors may follow a different molecular
pathogenesis with an involvement of genes other
than TP53. Our analysis of 20 pilocytic and two low-
grade astrocytomas of childhood, based on a com-
prehensive denaturing gradient gel electrophoresis
(DGGE) mutation detection assay of the entire cod-
ing region, including all splice site junctions of TP53,
showed mutations considered as causative in 7 of
the 20 (35%) pilocytic astrocytomas and in one of the
two low-grade astrocytomas. Our finding is signifi-
cantly different from the mutation frequency of 1.3%
(2/155) previously reported for these tumor types.
This may be attributed to the mutation detection sys-
tem used, which also detects mutations occurring
outside the evolutionary conserved region of TP53.
Our results suggest that, contrary to the present
notion, TP53 mutations may well play a role in the
development of juvenile astrocytomas. Furthermore,
no mutations were found in tumors of patients with
progression of residual tumor after postoperative
follow-up.This suggests that TP53 mutations may be
associated with less aggressive forms of juvenile
astrocytomas, analogous to the situation in adult
astrocytomas.

Introduction
The TP53 tumor suppressor gene is the most com-

monly mutated gene in human neoplasms (8, 18),
including tumors of the brain (reviewed in 1, 15). The
gene, located at band p13.1 of chromosome 17, consists
of 11 exons of which exon 1 is noncoding (11). TP53
codes for the 393 amino acid residues-long p53 protein
that plays an essential role in DNA damage-induced cell
cycle arrest and apoptosis. Most of the evolutionarily
conserved region of TP53lies within exons 5 to 8, con-
taining the DNA-binding domain of p53 (8, 13, 18, 25).
Studies to date, have therefore generally been restricted
to the analysis of this region.

Astrocytic tumors are the most common primary
brain tumors in children, accounting for 30-40% of all
neoplasms of the central nervous system (4). In contrast
to astrocytic tumors in adults, those in childhood are
most frequently of the pilocytic type (5). Pilocytic astro-
cytomas constitute a well-defined histopathological
entity, differing from the low-grade astrocytomas (WHO
grade II astrocytoma), that occur less frequently in chil-
dren. Both juvenile pilocytic and low-grade astrocy-
tomas tend to be of a slowly growing, clinically more
benign nature (4). Previous studies have indicated that
TP53mutations represent an early event in the genesis
of astrocytomas in adults (reviewed in 15). These adult
astrocytomas may be further divided into primary and
secondary glioblastomas. TP53mutations are rare in the
aggressive, more rapidly developing primary (de novo)
glioblastomas, but do occur in the early stages of sec-
ondary glioma progression. This suggests, that there are
two different genetic pathways involved in the evolution
of glioblastomas (27). According to the literature, as
summarised in Table 1, mutation of TP53seems to be a
rare event in pilocytic and low-grade astrocytomas of
childhood. It has therefore been suggested, that the
molecular pathogenesis of these tumor types is different
from that of most astrocytic brain tumors in adults and
would involve genes other than TP53(26).
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Using an assay based on denaturing gradient gel elec-
trophoresis (DGGE), we have analyzed a series of 20
paraffin-embedded pilocytic astrocytomas and two low-
grade astrocytomas of childhood for mutations in the
entire coding region, including all splice site junctions,
of the TP53 gene. Here we present the results of this
study.

Materials and Methods

Tumor samples.Formalin-fixed paraffin-embedded
tumor material was obtained from 22 patients, all Dutch
Caucasians with the exception of one patient from
African ethnic origin, who underwent surgery between
1975 and 1995 at the University Hospital, Groningen,
The Netherlands. At the time of primary surgery, all
patients were in the pediatric age group (0-16 years).
The tumors were histologically classified according to
WHO criteria and included 20 pilocytic astrocytomas
and two low-grade (fibrillary) astrocytomas. The 20
pilocytic astrocytomas were further classified after post-
operative follow-up, done by MRI- or CT-scanning. For
9 patients surgery resulted in total tumor resection. For
7 patients with residual tumor, follow-up scans revealed
that the tumor showed no progression and remained sta-
ble. For 4 patients progression of the tumor was found
after 12 months of the primary surgery. The clinical fol-
low-up period of the patients ranged from 12 to 133
months.

Genetic Analysis.DNA was extracted from 5 x 10
mm sections of paraffin-embedded tumor by the chelex-
boiling method (24). The entire coding region, including

all splice site junctions, of the TP53gene were ampli-
fied in 12 amplicons using nested PCR primers and con-
ditions described elsewhere (6). All amplicons were
electrophoresed in a 9% polyacrylamide gel containing
5% glycerol and a 35-75% urea-formamide (UF) dena-
turing gradient (100% UF = 7M Urea/40% deionised
formamide). The gels were stained with ethidium bro-
mide and photographed under an UV transilluminator.
Samples showing mobility shifts in the DGGE gels,
were subjected to single-stranded automated sequencing
on an ABI Prism 377 DNA sequencer, using a non-GC-
clamped primer and the Perkin Elmer dye terminator
sequencing kit. All mutations were confirmed either by
sequencing from the reverse primer or by restriction
digestion. PCR artifacts were excluded by independent
PCR-DGGE of mutant amplicons.

Results
In our study, 17 TP53-DGGE variations were found

in 13 of the 22 astrocytomas. The DGGE-patterns are
depicted in Figure 1. Direct sequencing revealed DNA
sequence variations, listed in Table 2 according to the
exon/ intron in which they occur. Twelve of the 17 vari-
ations occurred outside exons 5 to 8. Eight mutations (7
in pilocytic astrocytomas and 1 in a low-grade astrocy-
toma) are considered as being causative, as they result
either directly in a truncated protein (2 nonsense muta-
tions) or in a non-conservative amino acid substitution
(6 missense mutations). A non-conservative amino acid
substitution is defined as a replacement of an amino acid
by another with different chemical properties. The six
possibly causative missense mutations are currently
under further investigation by computational protein
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Study Method applied 1 TP53 exons Astrocytomas (n = 155 ) 2 Mutation 3

Mashiyama et al.,1991 (17) SSCP 2-11 6(lga) none

Hunter et al.,1993 (10) SSCP 5,7,8 8(pa) none

Ohgaki et al.,1993 (19) SSCP 5-8 12(pa) none

Lang et al.,1994 (12) SSCP 2-11 7(pa) exon 4: Pro47-Ser

Litofsky et al.,1994 (14) SSCP 5-8 17(pa) none

4(lga) none

Rasheed et al.,1994 SSCP 5-8 28(lga) exon 6: Arg213-Arg

Felix et al.,1995 (2) SSCP 4-8 17(lga) none

Schiffer et al.,1995 (23) SSCP 5-8 11(pa) none

Willert et al.,1995 (28) DGGE 4-9 20(pa) exon 7: Trp248-Arg*

Patt et al.,1996 (20) SSCP 5-8 7(pa) exon 9: Asp324- Asp

18(lga) exon5: Pro151-Leu*

1 Abbreviations of mutation detection methods used are as follows: SSCP = single-stranded conformation polymorphism, DGGE = denaturing gradient gel elec-
trophoresis.
2 Juvenile astrocytomas are classified into the following two categories; pa = pilocytic astrocytomas (n = 82), lga = low-grade astrocytomas (n = 73).
3 Mutations of a possibly causative nature are represented with a (*), the remaining 3 mutations are non-causative (2 silent and 1 rare polymorphism).

Table 1. Literature summary of TP53 mutation screening of juvenile pilocytic and low-grade astrocytomas,ordered according to the
year of study.



analysis to determine the nature of these mutations.
Nine possibly non-causative mutations were found to

occur in six of the pilocytic astrocytomas, including two
silent mutations, one previously described rare poly-
morphism, four conservative amino acid changes occur-
ring outside the p53 DNA-binding domain and two
intronic mutations not involved in the splicing mecha-
nism as defined by the NetGene2 prediction program
(7). Tumor B1 presented with four such mutations, 2
silent (codons 126 and 320) and 2 conservative amino
acid substitutions (codons 218 and 379). The common
exon 4 polymorphism Arg72-Pro, was found as an argi-
nine homozygote or hemizygote in 10 of the 22 astrocy-
tomas, as an arginine/ proline heterozygote in 8 tumors,
and as a proline homozygote or hemizygote in 4 tumors.

No mutations (causative or non-causative) were
found to occur in the four pilocytic astrocytomas show-
ing progression of residual tumor. Six of the seven pilo-
cytic astrocytomas with residual tumor that remained
stable after postoperative follow-up, however, had one
or more TP53 mutations, four with possibly causative
mutations (B6, B21, B23 and B25) and two with possi-
bly non-causative mutations (B24 and B28).

Discussion
By using a comprehensive DGGE mutation detection

assay to screen the entire TP53 gene coding region,
including all splice site junctions, in 20 juvenile pilocyt-
ic and two low-grade astrocytomas, we found that seven

of the 20 pilocytic astrocytomas (35%) and one of the
two low-grade astrocytomas had a causative TP53muta-
tion. The frequency of TP53mutations in our study is
significantly higher than previously reported in studies
of these tumor types. A compilation of data from the lit-
erature (Table 1) gives a mutation frequency of 1.3%
(2/155). Based on that, it has been proposed that muta-
tion of TP53 is a rare event in the genesis of these
tumors (14, 26). In almost all of the previous studies,
however, single-stranded conformation polymorphism
(SSCP) analysis has been used for mutation detection.
The sensitivity of that method is significantly lower (22)
than that of the DGGE-method which we applied.
Moreover, most of the previous studies were restricted
to the analysis of the evolutionarily conserved region of
TP53 (exons 5-8). The high mutation frequency we
found, may thus be attributed to our highly sensitive and
comprehensive mutation detection system, which
detected a majority of mutations (12/17 or 71%) outside
the evolutionarily conserved region. Although numbers
are small, our results suggest that, contrary to the pres-
ent notion,TP53mutations may well play a role in the
development of childhood astrocytomas.

The homozygous (or hemizygous) missense muta-
tion Pro47-Ser, occurring in our only patient with an
African ethnical background (B11), was previously
reported as the first possibly causative mutation found in
a pilocytic astrocytoma (12). Functional studies, howev-
er, proved this mutation to be a rare germline polymor-
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Tumor Tumor Type 1 Mutation Exon/Intron 2 Codon Amino Acid Change Mutation Type 3

B13 pa(r) CAG-TAG 2 5 Gln-Stop cnm

B11 pa(r) CCG-TCG 4 47 Pro-Ser rp

B6 pa(s) CCA-TCA 4 67 Pro-Ser cmm

B21 pa(s) ACA-ATA 4 81 Thr-Ile cmm

B21 pa(s) GCC-GTC 4 84 Ala-Val  mm

B28 pa(s) GCC-GTC 4 84 Ala-Val  mm

B26 pa(r) TGG-TAG 4 91 Trp-Stop cnm

B23 pa(s) AAG-ATG 4 120 Lys-Met cmm

B12 lga ACT-ATT 4 123 Thr-Ile cmm

B1 pa(r) TAC-TAT 5 126 Tyr-Tyr silent

B8 pa(r) AAG-GAG 5 132 Lys-Glu cmm

B7 pa(r) deletion gg int5 +13,14 - intd

B1 pa(r) GTG-GGG 6 218 Val-Gly mm

B24 pa(s) c-t int8 +6bp - intbc

B1 pa(r) AAG-AAA 9 320 Lys-Lys silent

B25 pa(s) GGG-GAG 10 356 Gly-Glu cmm

B1 pa(r) CGC-CAC 11 379 Arg-His mm

1Tumor type abbreviations are as follows; pa = pilocytic astrocytoma, lga = low grade astrocytoma. Postoperative follow-up classifications in closed brackets are as
follows; r = totally resected, s = stable residual tumor.
2 An intronic mutation is indicated by the abbreviation int.
3 Mutation types are abbreviated as follows; cnm = causative nonsense mutation, cmm = possibly causative missense mutation, mm = possibly non-causative mis-
sense mutation, rp = previously reported rare polymorphism, silent = silent mutation, intd = possibly non-causative intronic deletion, intbc = possibly non-causative
intronic base change. The terms possibly causative and possibly non-causative are defined in the text.

Table 2. TP53 mutations found in 20 pilocytic and 2 low-grade juvenile astrocytomas.



phism with an allele frequency of 4.7% among African-
Americans (3). The nonsense mutation occurring in the
pilocytic astrocytoma B13 in exon 2 (Gln5-stop) and
resulting in a severely truncated protein of only four
amino acid residues, is the most 59 situated TP53non-
sense mutation reported to date (TP53 database, 9). A
clustering of four non-causative mutations in a single
tumor, as was found in tumor B1, may be the result of
“stuttering” during DNA synthesis, followed by defec-
tive mismatch repair.

No mutations were found in the residual tumors
showing progression of the tumor during postoperative
follow-up. The time to progression ranged from 2 to 12

months. Of the 7 stable residual tumors, 4 (57%), how-
ever, presented with a possibly causative TP53 muta-
tion. The clinical follow-up period of the patients with
tumors with a mutation ranged from 32 to 81 months
(average 59 months). Although random variation cannot
be excluded as a possible cause, this observation might
suggest an association of TP53 mutations with the
development of less aggressive forms of this tumor type.
If so, there is in this respect some parallel to the devel-
opment of adult astrocytomas (27). In the stable, less
aggressive, juvenile pilocytic astrocytomas, mutation of
TP53 seems to be an early event, as also observed in
adult secondary glioma formation. However, in the pro-
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Figure 1. Aberrant DGGE banding patterns for all TP53 mutations found in 20 pilocytic and two low-grade juvenile astrocytomas
(Table 2), listed according to the amplicon (amp) in which they were found. Abbreviations used are as follows; c, control, and B, rel-
evant brain tumor. The common codon 72 polymorphism (16) occurs within the overlapping region of amplicons 4.1 and 4.2, and is
represented by the following abbreviations; aa, ArgArg; ap, ArgPro; and pp, ProPro. The mutations occurring in samples B26 (ampli-
con 4.2), B1 (amplicon 5) and B1 (amplicon 9) appear as a single aberrant DGGE band and are therefore hemizygous or homozy-
gous mutations. All remaining mutations appear as four bands (two homoduplex and two heteroduplex) as seen in samples B12
(amplicon 4.3) and B8 (amplicon 5), and are heterozygous. DGGE analysis was performed on DNA extracted from paraffin-embed-
ded material in which the proportions of normal and mutant cells per sample may vary. This may explain the differences in intensi-
ties of the homozygous normal and mutant bands in samples B24 (amplicon 8) and B1 (amplicon 11). An excess of normal DNA will
result in the mutant alleles being exhausted during heteroduplex formation and therefore loss of the homoduplex mutant band. This
may be the explanation for the patterns from B13 (amplicon 2), B7 (amplicon 5) and B25 (amplicon 10). Presence of more mutant
than normal cells will result in loss or weaker intensity of the homozygous normal band. B28 (amplicon 4.2), B23 (amplicon 4.3) and
B1 (amplicon 6) may represent this situation. In B6 (amplicon 4.1), the heteroduplex bands have the same melting profile and there-
fore appear as a single DGGE band. The large number of bands seen in samples B11 (amplicon 4.1) and B21 (amplicon 4.2) results
from the presence of two variations per amplicon.



gressive juvenile pilocytic astrocytomas, as in adult
aggressive primary glioblastomas, mutation of TP53is a
rare event.
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