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Abstract

In this report we examined p53 alterations at the DNA, inKN A, and
protein levels on tissue from 39 patients with different subtypes of sar
coma. Loss of heterozygosity for the chromosome 17p region was found in
60, 63, and 33% of 10 informative osteosarcomas, 11 malignant fibrous
histiocytomas, and 6 leiomyosarcomas, respectively. In addition, 2 of 10
tumors belonging to a heterogeneous group of soft tissue sarcomas showed
loss of heterozygosity. Elevated levels of p53 mRNA were found in six
tumors, four had a truncated transcript, and in six patients no mRNA was
detected. In most cases, elevated transcript levels were accompanied by
overexpression of protein as studied by immunohistochemistry, whereas
the presence of truncated transcripts was associated with negative im-
munostaining. Point mutations in exons 5, 7, or 8 of the TP53 gene were
detected in seven tumors. Six of these expressed high levels of mRNA and
protein, probably reflecting a point mutation in one of the alÃelesand loss
of the other. Three of the mutations have not previously been described.
Taken together, /<5.l abnormalities were found in approximately 65% of
the osteosarcomas, malignant fibrous histiocytomas, and leiomyosarcomas
examined and in 30% of the other soft tissue tumors. The results indicate
that the 77*53 gene is involved in the tumorigenesis of several sarcoma

subtypes in a higher fraction of cases than was previously recognized.

Introduction

Sarcomas consist of tumors originating from bone, cartilage, and
various types of connective tissues. Clinical and epidemiological find
ings have spurred interest in investigating genetic factors possibly
involved in sarcoma tumorigenesis. Obvious candidate genes include
the retinoblastoma and TP53 tumor suppressor genes.

It is well known that patients with retinoblastoma have a high risk
of osteosarcoma ( 1, 2), and evidence has been provided for the in
volvement of the retinoblastoma gene in the development of osteo-

genic and soft tissue sarcomas (2, 3).
Missense mutations and rearrangements of the TP53 gene on chro

mosome 17pl3 are among the most common genetic alterations ob
served in human malignancies (4-8). Such alterations have been
found in osteosarcomas (8-11), as well as in rhabdomyosarcomas,
MFH,3 leiomyosarcomas, and in one unclassified sarcoma (4-8). Mul

ligan et al. (8) reported p53 abnormalities in a high fraction of rhab
domyosarcomas and osteosarcomas, but only a few of the latter were
examined for mRNA and protein, and none were examined for point
mutations. Among 94 soft tissue sarcomas Stratton et al. (4) found
TP53 gene alterations in only 13 cases, 6 of which were leiomyosar
comas. In their study, only a few cases, most of which were cell lines,
were examined for gene expression and mutations. In the present
work, 39 sarcomas of various subtypes were studied for LOH on
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chromosome 17p, for p53 mRNA and protein expression, and for gene
mutations in exons 5, 7, and 8.

Materials and Methods

Clinical Samples. Fresh biopsies, xenografts, or cell lines from 39 patients
admitted to The Norwegian Radium Hospital were frozen in liquid nitrogen.
Nucleated cells from peripheral blood from the respective patients were iso
lated and frozen for later use, except in one case where skin dermal fibroblasts
were cultured. The different morphological subtypes were represented by 11
osteosarcomas, 12 MFH, 6 leiomyosarcomas, 3 synovial sarcomas, 3 unclas
sified sarcomas, 1 undifferentiated sarcoma, 1 malignant schwannoma, 1 chon-

drosarcoma, and 1 epitheloid sarcoma.
Southern Blot Analysis. DNA was isolated, digested, and separated by

standard procedures. The material was transferred by alkaline blotting onto
f-probe (Bio-Rad, Richmond, CA) or Hybond-N+ membranes (Amersham,

Amersham, United Kingdom) and hybridized under high stringency (13), using
as probes the cloned DNA fragments listed in Table 1, labeled by random
priming (14). Autoradiographs were developed and LOH was scored visually
as a complete loss of one alÃele,comparing the digested products prepared
from the tumor and normal material from the same patient.

PCR Analysis. To detect restriction enzyme polymorphisms within exon 4
of the TP53 gene, genomic DNA from tumor and blood cells or fibroblasts was
amplified by PCR using two 23 oligomer primers as described by Ara et al.
(15). The PCR products were digested with the BstUl restriction enzyme
(isoschizomer to Accll) and the fragments were resolved with polyacrylamide
gel electrophoresis.

In addition, a 20 and a 24 oligomer primer was used to amplify the exon 6
to intron 6 region of the TP53 gene which contains an Mspl polymorphic site.
The procedure was similar to that described by McDaniel et al. (16), except
that we used the following primers: sense 5 '-GCTGGGGCT-GGAGAGAC-
GAC-3'; and antisense TCATGGGGTTATAGGGAGGTCAAA-3'. LOH was

scored visually as described above.
p53 Mutation Analysis. Possible TP53 mutations within exon 5, 7, and 8

were screened for by the CDGE method (17, 18), covering codons 128-153
(fragment A) and 155-185 (fragment B) residing in exon 5, codons 237-253
(fragment C) of exon 7, and codons 265-301 (fragment D) of exon 8. Samples

that had aberrantly migrating bands were submitted to PCR, which was per
formed with one biotinylated primer. The biotinylated PCR products were
sequenced directly with standard dideoxy sequencing reactions, using Dyna-
beads M280-Streptavidin (Dynal AS) as solid support (19).

Northern Blot Analysis. Total RNA was isolated from the frozen tumor
tissue as described by Chomczynski and Sacchi (20), run in 0.8% agarose gel
with formaldehyde (54 ml/300 ml gel) in 20 mm NaH2PO4, and blotted in
10 X standard saline citrate onto membranes as described for Southern
blot analysis. The membranes were hybridized with the TP53 cDNA probe
(Table 1), labeled as previously described (21 ), and autoradiographed at -70Â°C

for 1-2 weeks. The intensity of the bands was scored visually by comparing on
the same blot signals obtained with an 18-S oligonucleotide probe (5'-C-
CCGCGAAGGGGGTCAGCG-3'). The mRNA levels were scored and
grouped as: N, "normal" p53 expression; + + to + + +, overexpression; and -,

no transcription.
Immunohistochemistry. Frozen sections of 31 sarcomas, 2 cytospins, and

formalin-fixed paraffin-embedded tissue from the remaining 6 cases were
immunostained using the avidin-biotin-peroxidase complex method (22).
Briefly, the sections were incubated for 18-22 h at 4Â°Cwith the PAb 1801

monoclonal znli-p53 antibody (Oncogene Science, Manhasset, NY), diluted
1:300, and a polyclonal p53 antiserum, diluted 1:500 (NCL-CM1, Novocastra,
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Newcastle upon Tyne, United Kingdom), detecting both wild-type and mutant
l>5.1,and then the sections were sequentially incubated with a biotin-labeled
secondary antibody and avidin-biotin-peroxidase complex, using diaminoben-

/idine as chromogen substrate. In all series, positive controls were included,
and negative controls included substitution of polyclonal primary antiserum
with normal rabbit serum and mouse myeloma proteins of the same subclass
and concentration as the monoclonal antibody. Four semi-quantitative classes
were used to describe the fraction of positively stained cells: -, none; +, <5%;

+ +. 5-50%; and + + + , >50%.

Results

DNA from paired tumor lines and normal samples from the 39
patients were studied by using the different chromosome 17p probes
listed in Table 1, and the LOH results are summarized in Fig. 1.

LOH Involving the TP53 Gene. Using the polymorphic markers
within the TP53 region LOH was found in 4 of 8 of the informative
cases of osteosarcoma, in 3 of 5 of the MFH, in 1 of 3 leiomyosar-

comas, in the 1 malignant schwannoma examined (patient 34), and in
I of 3 unclassified sarcomas. In addition, the CDGE analysis permit
ted detection of LOH in TP53 exon 7 (C fragment) in patient 13
(MFH) as a change in relative band intensity of mutated versus normal
alÃelewas observed (not shown). In the other sarcoma types no LOH
was observed.

Taken together, the fraction of the informative cases of sarcomas
with LOH involving the TP53 gene was 48% (11 of 23), with most
cases in the osteosarcoma (4 of 8) and MFH (4 of 6) groups.

LOH in the Region Distal to the TP53 Gene. Two probes
(144-D6 and YNZ22) covering loci in band 17pl3.3 were used.

Among the osteosarcomas, LOH was found in 5 of 7 informative
cases with the 144-D6 probe and in 4 of 6 with YNZ22 (Fig. 1).

In the MFH group the fraction of LOH was 4 of 10 with 144-D6

compared to 1 of 4 with YNZ22. The corresponding numbers for the
leiomyosarcomas were 2 of 4 and 1 of 4. In the other sarcoma
subtypes no LOH was detected.

The total fraction of 17pl3.3 LOH in the sarcoma material was 37%
(11 of 30) with 144-D6 and 26% (5 of 19) with YNZ22.

LOH in the Region Proximal to the TP53 Gene. To detect pos
sible deletions involving the whole chromosome 17p arm we also
hybridized with the pHF12-2 probe (D17S1), which maps proximal to
the TP53 gene (17p 12.2-13.1). In only one case (patient 3) LOH was

found (Fig. 1), indicating that in all the other cases the loss were
restricted to the tip of the p arm, with or without involvement of the
TP53 gene.

Relationship between p53 mRNA and Protein Expression. The
level of p53 expression, studied in parallel on Northern blots and by
immunohistochemistry, is given in Fig. 1.

Six of 34 Ã©valuablesarcomas lacked mRNA transcript and also
stained negatively for the p53 protein.

Elevated p53 mRNA levels were found in 2 osteosarcomas and
3 MFH. Four of the 5 tumors contained numerous highly immun-

ostained cells, whereas one (patient 16) lacked protein. A very high
protein level was found in patient 21, but no mRNA was available for
analysis in this case.

One leiomyosarcoma (patient 28), which had a normal-sized

mRNA together with high amounts of a shorter transcript (Fig. 2), had
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Fig. I. Schematic illustration of LOH in the chromosome 17pl3 region, of TP53
mRNA and protein levels, and of TP53 mutations in tissues from 3 sarcoma patients. In
the group of other soft tissue sarcoma patients 30-32 had synovial sarcomas; patient 33

had an undifferentiated sarcoma; patient 34 had a malignant schwannoma; patient 35 had
a chondrosarcoma; patients 36-38 had unclassified sarcomas; and patient 39 had an

epithelioid sarcoma. T. tumor biopsy; B, blood; X, xenograft; C, cell line; F. fibroblasts;
NA. not available; alt, truncated transcript; alt*, this patient had both a normal and a

truncated transcript; â€¢¿�LOH in exon 7 detected with the CDGE method.

very high protein levels. In one case (patient 26) a normal level of
mRNA was accompanied by a high fraction of positively stained
tumor cells.

In 3 osteosarcomas a small transcript was associated with the lack
of detectable protein, possibly reflecting lack of translation of a trun
cated mRNA.

Altogether 18 sarcomas with normal levels of mRNA could be
tested for protein expression, but only 3 of these stained positively
with the antibodies, a finding that may reflect a limited sensitivity of
the immunostaining method.

No clear correlation was found between the LOH results, p53
mRNA, and protein expression.

Mutations in the TP53 Gene. By using the CDGE screening
method aberrantly migrating bands, indicating the presence of TP53
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Fig. 2. Northern blot analysis of 3 human sarcomas (Left Panel}. The same filter,
containing RNA from patients 11 (Lane I ), 3 (Lane 2), and 28 (Lane 3), was hybridized
with the TP53 probe (a) and with an 18-S oligonucleotide probe (b). Immunohistochem-
ical analysis of the tumor of patient 28 (with antibody NCL-CM1) (c).

gene mutations, were detected in 7 of the 39 tumors. PCR products
prepared from the samples were sequenced and the mutations
were confirmed and identified in all cases, as indicated in Fig. 1 and
Table 2.

Interestingly, mutations were found in 6 of the 7 patients that had
very high levels (+ + + ) of p53 protein. The only mutation not asso
ciated with high p53 protein expression was found in patient 14, in
which case no tissue was available for mRNA analysis. No mutation
was detected in the 4 tumors (patients 6, 20, 21, 39) with elevated
(+ to + + + ) protein levels or among the 6 cases that lacked p53
mRNA as well as protein.

Three of the 7 cases with mutations involved changes not previ
ously reported (23), in codons 132, 143, and 244. Two of the 3 tumors
were MFH, and one was a leiomyosarcoma.

Discussion

Only a limited number of studies addressing TP53 gene alterations
in sarcomas have been reported (4, 8-11). In most cases these have
concentrated on structural changes in the gene, mainly in osteosarco-

mas and rhabdomyosarcomas. In the present work, 39 sarcomas of
various subtypes were examined by several different approaches. p53
abnormalities were detected in about 65% of the osteosarcomas,
MFH, and leiomyosarcomas examined; in addition, they were de
tected in 30% of the cases belonging to a heterogenous group of other
soft tissue sarcomas. In comparison, 45% of the rhabdomyosarcomas
and 41% of the osteosarcomas examined by Mulligan et al. (8)
showed p53 alterations, whereas this was found in 30% of the lei
omyosarcomas and only a few of the MFH studied by Stratton et al.
(4). That p53 was affected more frequently in our study may reflect
that in most of the cases we had material to examine in parallel LOH,
mRNA, and protein expression and to screen for gene mutations.

The frequency of LOH involving the TP53 locus on chromosome
17 varied here from 30-60% in the 3 main groups of sarcomas. Also

in the more distal 17p 13.3 area of the p arm the frequency of LOH was
of the same magnitude and showed the same distribution among the
different tumor subtypes. Other investigators have postulated the ex
istence of a gene in the 17pl3.3 region involved in the regulation of
p53 (24, 25). No association between LOH in this region and expres
sion of the TP53 gene was, however, observed in the present study.

Recently it has been suggested that a new tumor-associated locus on

17pl3.3, independent of the TP53 gene, might exist (26). Thus, in
primitive neuroectodermal tumors, allelic loss for the most telomeric

locus in this region was found without parallel mutations in the highly
conserved coding regions of the TP53 gene. Although 4 of our cases
showed LOH in the 17pl3.3 and not in the 17pl3.1 region, the mRNA
results indicate that the 77*55 gene nevertheless was affected.

All our cases were examined for protein, and all but 5 for mRNA,
allowing for a direct comparison of p53 mRNA and protein expres
sion. In most cases, elevated levels of mRNA were accompanied by
overexpression of the gene product, and with very few exceptions, the
presence of truncated transcripts was associated with negative im-
munostaining. That several cases with apparently normal mRNA lev
els had no detectable protein may reflect limited sensitivity of the
immunostaining method.

The biochemical and biological function of the p53 protein as a
transactivator of transcription (27, 28) and as a G l checkpoint control
for DNA damage seem to be established (29). Several models for
inactivation of the p53 pathway, resulting in an escape from the
p53 regulated growth control, have been described (29-34), some of

which involve alterations of other genes (29, 33, 34). Missense mu
tations in the evolutionarily conserved codons of the TP53 gene are
commonly implicated (35), and, in our material, 7 cases were found to
contain such mutations. Six of these showed high levels of both
mRNA and protein, probably reflecting a point mutation in one alÃele
and loss of the other (34). In the last case with a missense mutation
(patient 14), no protein was detected. No obvious explanation for this
is at hand, but it might be speculated that the mutation at codon 143,
which has not previously been observed, may be without functional
effect (36). In patient 28, a mutation in codon 132 was found in
association with a combination of a truncated and a normal-sized

transcript, and high protein expression. This may be the result of a
missense mutation in one alÃele,resulting in the high protein level,
together with a short transcript caused by a mutation for which it was
not screened.

The spectrum of TP53 mutations may differ among cancers of
different types (35). It is therefore of interest whether specific base
mutations common to all sarcomas, or to individual morphological
subtypes, might be found. Only one of the mutations detected in our
tumors has previously been found in a sarcoma, i.e., in a rhabdomyo-

sarcoma cell line (4, 35). This mutation in codon 248, resulting in an
amino acid change from arginin to tryptophan, is frequent in colon
cancers (35). Of the remaining 6 mutations, 3 have not been previ
ously described. The material consists of too few tumors to draw any
firm conclusions, but the findings encourage further studies on the
frequency and type of TP53 mutations in sarcomas.

In a few of the cases only hypothetical explanations can be provided
for apparent discrepancies between the results of the mutation studies
and the levels of mRNA and/or protein expression. Conceivably,
mutations not screened for might be present in some of these cases. In
others, increased stability of the protein might be caused either by
undetected mutations or by binding of the p53 protein by products of

Table 2 TP53 mutations found in the different subtypes of human sarcomas

HistologypatientOsteosarcoma13MFH121314Leiomyosarcoma2628Codon281286163244Â°143"248132Â°MutationGAC-GAA,

Asp-GluGAA-AAA,
Glu-LysTAC-TGC,

Tyr-CysGGC-GAC,
Gly-AspGTG-ATG,
Val-MetCGG-TGG,

Arg-TrpAAG-ATG,
Lys-Met

' Mutations that have not previously been reported.
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other genes that may affect the p53 pathway (34). One such example
is the MDM2 gene which has been found to be frequently amplified in
sarcomas (29).

In conclusion, the present study confirms and extends previous
reports indicating a role for the TP53 gene in the tumorigenesis of
human sarcomas. The frequency of p53 abnormalities was found here
to be higher than was previously recognized, possibly because a
number of different approaches were applied. Comparison of mRNA
and protein expression with extended mutation studies may allow for
elucidation of mechanisms involved in the development and progres
sion of sarcomas. Such studies on a much larger panel of human
sarcomas have been initiated, in parallel with examination of aberra
tions involving the RBI and AÃ•DA/2genes.
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