
Abstract Alterations to p53 seem to be of prognostic
significance in soft tissue sarcomas, but their signifi-
cance for synovial sarcomas has not been studied. We
analysed 34 synovial sarcomas in 19 patients for p53 al-
terations (p53 gene mutations + p53 immunopositivity)
and examined this factor for its prognostic value in a
group of 15 primary tumours. DNA was prepared from
paraffin-embedded tumour material by a modified pro-
teinase K/phenol/chloroform extraction. p53 gene muta-
tions of exons 5–8 were analysed by the PCR-SSCP-se-
quencing method. p53 protein expression was evaluated
by immunohistochemistry using the murine monoclonal
antibody DO1. We found two missense mutations (5.9%)
and ten p53 immunopositive cases (29.4%). Both tu-
mours with p53 mutations showed p53 protein expres-
sion. There was no significant correlation between p53
alteration and histological subtype, age, sex, or tumour
size. The 5-year survival rate was 24.1%. Overall surviv-
al was significantly reduced in patients having synovial
sarcomas with p53 alterations (P<0.001). In the multi-
variate Cox’s analysis, only p53 alterations (P=0.032)
and tumour size (P=0.023) emerged as independent
prognostic factors. We suggest that p53 alterations may
be a useful prognostic indicator in synovial sarcomas, al-
lowing rational clinical treatment and follow-up.
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Introduction

Synovial sarcomas account for 5–10% of malignant soft-
tissue tumours in adolescents and young adults. The tu-

mours include two distinct histological subtypes (bipha-
sic and monophasic) defined by the presence and ab-
sence of glandular epithelial differentiation against a
background of spindle-shaped tumour cells. More than
90% of synovial sarcomas are characterized by the chro-
mosomal translocation t(X;18)(p11;q11) as the sole cyto-
genetic abnormality [10]. It has been reported that a tu-
mour size larger than 5 cm, positive resection margins,
histological subtype, and/or mean mitotic activity greater
than 10 mitoses per 10 hpf (high-power field) should be
considered prognostic factors in synovial sarcomas [13,
22, 28]. Furthermore, Kawai et al. [18] found that the
type of SYT-SSX fusion transcript correlated with the
clinical behaviour of synovial sarcoma; cases with the
SYT-SSX1 fusion transcript had a poorer metastasis-free
survival. Oda et al. [22] and Lopes et al. [20] found that
a high proliferation index measured by the PCNA- or
Mib-1 labelling correlated with poor clinical outcome.

Synovial sarcomas have rarely been investigated at
the molecular genetic level. Florenes et al. [11] found no
mdm2 amplification or p53 mutations in three synovial
sarcomas investigated. Cordon-Cardo et al. [5], investi-
gating mdm2 amplification in a mixed group of soft tis-
sue sarcomas including 13 synovial sarcomas, did not
specify the results according to the histological entity.
Andreassen et al. [1] examined three synovial sarcomas
and found no evidence of allelic loss at the p53 locus,
nor did they observe p53 mutations in these tumours.
Taubert et al. [30] failed to detect p53 mutation in four
synovial sarcomas. In our previous study no p53 muta-
tion was noted in three synovial sarcomas [24], nor did
we see p16 gene alterations in a group of 11 synovial
sarcomas [25]. According to the database of Hainaut et
al. [14], no p53 gene mutations have been reported in sy-
novial sarcomas. There are few data on the prognostic
significance of p53 alterations in synovial sarcomas. In a
study by Kawai et al. [17], investigating a mixed group
of soft tissue tumours including six synovial sarcomas,
p53 overexpression was closely associated with a shorter
metastasis-free and overall survival. Jensen et al. [16]
found that the bcl-2 protein had prognostic significance
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in synovial sarcomas. Nakanishi et al. [21] reported that
p53 expression did not correlate with the survival of pa-
tients with soft tissue sarcomas, including 11 with syno-
vial sarcomas.

The aim of our study was to determine the frequency
of p53 alterations (p53 mutations + p53 immunohisto-
chemistry) in a larger group of synovial sarcomas and
to evaluate p53 alterations as a possible prognostic fac-
tor.

Materials and methods

A total of 34 synovial sarcomas from 19 (12 female and 7 male)
patients were investigated, all of whom had been treated surgically
at Magdeburg University or at Cracow Center of Oncology be-
tween 1984 and 1997. There were 15 primary tumours, 13 recur-
rences and 6 metastases. Tumour material was fixed in formalin
and embedded in paraffin. Synovial sarcomas were classified by
histology [9] using HE staining and additional immunohistochem-
ical stainings for vimentin (Clone 3B4), S100 (polyclonal, Dako,
Germany); desmin (Clone D33), m-actin (Clone 1A4: Immuno-
tech, Germany); cytoceratin (Clone AE1/AE3; Biogenex, Germa-
ny); and KiM1p (Kiel University, Germany). The group of prima-

ry tumours consisted of 9 biphasic, 4 monophasic-fibrous and
2 monophasic-epitheloid synovial sarcomas. There were 3 recur-
rences of the biphasic subtype, 6 of the monophasic-fibrous sub-
type, and 4 of the monophasic-epitheloid subtype. The group of
metastases consisted of 2 biphasic, 2 monophasic-fibrous, and
2 monophasic-epitheloid synovial sarcomas. The mean age of the
patients at the time of primary diagnosis was 35 years (range:
5–69 years), with a peak between the 31st and the 40th year of
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Table 1 Clinico-pathologic and p53 data in synovial sarcomas (na
not analysed, DOD died of disease, PT primary tumour, Met me-
tastasis, Rec recurrence, A/B/C secondary tumours; Mono-ep

Fig. 1 SSCP-analysis of exon 5 of the p53 gene. 1–10 synovial
sarcomas; aberrantly migrating single strand (case 3, Table 1) is
marked by an arrow (↑ ) c: negative control without DNA

monophasic-epitheloid, Mono-fibr monophasic-fibrous, Tumour
pres tumour presentation, p53 alt p53 alterations)

Case Histological Tumour. Age Sex Localization Tumour p53 Rec/Met Clinical Duration
type pres size alt number outcome of follow-up

>/</=5 cm (months)

1 Mono-ep PT 33 m Arm < – 2/1 Alive 78
1A Mono-ep Rec Arm < –
1B Mono-ep Rec Arm < –
1C Mono-ep Met Lymph node < –
2 Biphasic PT 69 f Abdominal wall > + 0/1 DOD 1
3 Biphasic PT 39 f Chest wall > + 0/1 DOD 8
4 Biphasic PT 17 f Leg > – 1/2 DOD 60
4A Biphasic Rec Leg > –
4B Biphasic Met Lung < –
4C Biphasic Met Lung na –
5 Biphasic PT 34 M Arm < – 0/0 Alive 135
6 Mono-ep PT 58 M Leg > + 0/1 DOD 2
7 Mono-fibr PT 39 F Chest wall < + 0/1 DOD 10
8 Mono-fibr PT 46 M Leg > – 2/1 DOD 13
8A Mono-fibr Rec Leg > –
8B Mono-fibr Rec Leg < –
9 Mono-fibr PT 23 f Leg < – 0/0 Alive 10

10 Biphasic PT 21 f Arm < – 1/0 Alive 15
10A Mono-ep Rec Arm < +
11 Mono-fibr PT 31 F Leg < + 0/0 Alive 6
12 Biphasic PT 41 F Arm < – 1/2 DOD 23
12A Mono-fibr Met Lymph node < –
13 Biphasic PT 31 M Leg > – 0/0 Alive 9
14 Biphasic PT 56 F Leg na + 1/0 DOD 2
14A Biphasic Rec Leg na +
15 Biphasic PT 8 M Neck < + 0/0 DOD 0
16A Mono-fibr Rec 46 F Neck < – 1/0 Alive 73
17A Biphasic Rec 39 F Leg < – 1/1 DOD 96
17B Mono-fibr Met Lung > –
18A Mono-fibr Rec 5 F Chest wall < – 3/0 alive 125
18B Mono-fibr Rec Chest wall < –
18C Mono-fibr Rec Chest wall < –
19A Mono-ep Rec 37 M Leg > – 1/1 DOD 50
19B Mono-ep Met Lung < +
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age. Age distribution and localization of tumours were in accor-
dance with the literature [9].

Clinicopathological data from all tumours are summarized in
Table 1. The median follow-up period for surviving patients was
44 months (range, 6–135).

For DNA preparation, paraffin-embedded material (three
10-µm sections) was cut on a microtome. After deparaffinization,
sections were incubated for 48 h at 55°C in 100 µl of digestion
buffer (10 mM Tris-hydrochloric acid, pH 8.3; 1 mM EDTA;
0.5% Tween 20) and 8 µl proteinase K (20 mg/ml, Promega,
Madison, Wis.). DNA was isolated by phenol-chloroform extrac-
tion and a final purification step using spin columns (Quiagen,
Santa Clarita, Calif.). This procedure minimized background
smear in PCR.

The conserved regions of the p53 gene (exons 5–8) were in-
vestigated. The oligonucleotide primers and annealing tempera-
tures are described elsewhere [24]. The PCR products were detect-

ed on ultrathin polyacrylamide gels (0.3–0.45 mm thick, and
8%–15%, depending on the fragment length to be separated) at
15°C for approximately 2.5 h in horizontal electrophoresis
(Multiphor, Pharmacia/Biotech). DNA fragments were visualized
using a modified silver-staining protocol according to Budowle et
al. [2]. The single-strand conformation polymorphism (SSCP)
technique was used to prescreen for mutations. A 4.5-µl sample of
the PCR product and 4.5 µl 100% formamide buffer (0.05% brom-
phenol and 0.05% xylencyanol) were denatured at 98°C for 5 min
andsubsequently chilled on ice and applied to a 0.5×MDE gel
(Mutation Detection Enhancement/AT Biochem). Electrophoresis
was performed at 10°C for 2 h and gels were silver-stained ac-
cording to the method of Goldman and Merril [12].

PCR products showing mobility shifts of their single strands
were directly sequenced on an automated fluorescence sequencer
(373A, Perkin Elmer Cetus, N.J. or ALF Express, Pharmacia Bio-
tech, Uppsala, Sweden).

Fig. 2. A Monophasic epitheli-
oid synovial sarcoma. H&E,
×200 B p53 immunohistochem-
istry, note the high percentage
of immunopositive nuclei in
monophasic synovial sarcoma.
APAAP, ×400



p53 protein expression was evaluated immunohistochemically
as described elsewhere [24]. Briefly, after 15 min of dep-
araffinization, sections were dehydrated and boiled in sodium ci-
trate (pH 6.0) for 3×10 min in a microwave oven, followed by in-
cubation with murine monoclonal antibody DO1 (Oncogene Sci-
ence, New York) at a dilution of 1:50 for 60 min. The alkaline
phosphatase/anti-alkaline phosphatase (APAAP) technique (Dako,
Germany) was used for staining.

Immunohistochemical reactions for p53 were scored as fol-
lows: – negative; + not more than 10% of tumour cells were
stained; ++ 10%–50% of neoplastic cells were stained; +++ more
than 50% of tumour cells were stained. Only a distinct nuclear im-
munoreaction was judged as positive for p53.

Like Casey et al. [3], we added the frequency of p53 gene mu-
tations and p53 immunopositivity. The combined parameter was
defined as “p53 alterations” and used for statistical analysis. To
assess the association between clinicopathological variables and
p53 alterations, Fisher’s exact test (two-tailed) was used. Prognos-
tic analysis in primary tumours was done using the cumulative
survival functions according to Kaplan-Meier. The log-rank test
was used to estimate the differences in survival between the
groups of patients. The univariate and multivariate Cox’s regres-
sion model was used to estimate the prognostic significance and
independence of the following parameters: histological subtype,
tumour size, and p53 alterations. A P-value of <0.05 was consid-
ered statistically significant. Statistical analyses were done using
SPSS software (SPSS, program version 7.5 for Windows, 1996).

Results

SSCP-analysis revealed two band shifts in p53 (Fig. 1).
These aberrantly migrating bands were confirmed as p53
mutations in two biphasic synovial sarcomas (tumours 2
and 3, Table 1). Both mutations were C-to-T transitions
in codon 128 (CCT to CTT) and codon 248 (CGG to
TGG), respectively. The heterozygous mutation in exon
5 resulted in a substitution of proline by leucine. The
CpG mutation in exon 7 caused an exchange of an argi-
nine by a tryptophan and was obviously accompanied by
an allelic loss confirmed by the only presence of the mu-
tant allele in sequence analysis. p53-positive immunore-

actions were found in 10 of 34 synovial sarcomas
[29.4%, +: 8 (23.5%); ++: 0 (0%); +++: 2 (5.9%)]. Both
tumours with p53 mutations were p53 immunopositive:
tumour 2 (+++) and tumour 3 (+), (Table 1, Fig. 2a, b).
p53 alterations occurred more frequently (although not
in a statistically significant manner) in primary tumours
than in recurrences and metastases (primary tumours:
46.7% versus recurrences: 15.4% versus metastases:
16.7%).

The statistical analysis was done for the 15 primary
synovial sarcomas. The 5-year survival was 24.1%. Nine
patients died of disease; among them were the two pa-
tients affected by tumours with p53 gene mutations.
There was no correlation between p53 alteration and his-
tological subtype, sex, or tumour size (Table 1). Howev-
er, the two tumours with p53 mutations were larger than
5 cm and of the biphasic subtype. The univariate Cox’s
regression analysis revealed that the 5-year survival of
patients who had tumours with p53 alterations (0) was
significantly shorter than that of patients with p53-nega-
tive tumours (41.7%; Fig. 3). Multivariate Cox’s analysis
confirmed only p53 alterations (P=0.032) and tumour
size (P=0.023) as independent prognostic factors.

Discussion

We determined the frequency of p53 alterations (p53
gene mutations and p53 protein expression) in a group of
34 synovial sarcomas. The findings were correlated with
the overall survival of the patients to estimate the prog-
nostic relevance of p53 alterations in synovial sarcomas.

We observed a low frequency of p53 gene mutations
in synovial sarcomas (2/34: 5.9%). This mutation fre-
quency is lower than that observed in other soft tissue
sarcoma entities (leiomyosarcomas: 20% [23, 29], 16%
[7]; malignant schwannomas: 33%, MFHs: 21% [24]; li-
posarcomas: 13% [8, 26, 27], 15% [30], 7% [31]). To
date, according to the p53 data bank of Hainaut et al.
[14], there are no records on p53 mutations in synovial
sarcoma. In our study, one mutation occurred in codon
128 (exon 5), which is located in the S-S’ ß hairpin of
the loop–sheet–helix motif in the DNA-binding domain
of the p53 gene. The second mutation was localized in
codon 248 (exon 7). Among the frequently mutated resi-
dues, Arg248 is one of the six hot-spots constituting 9.6%
of all p53 mutations described. This codon plays a cen-
tral role for the protein structure and directly contacts the
DNA [4]. Therefore, mutations of codons 128 and 248
lead to the loss of DNA-binding ability that is critical for
the tumour suppressing function of p53 [4]. Thus, the
immunohistochemical presence of a mutated protein in
these tumours was both expected and found.

In our tumour group, we found p53 immunopositivity
in 10 of 34 synovial sarcomas (29.4%, 7/15 primary tu-
mours, 2/13 recurrences and 1/6 metastases). This fre-
quency is in agreement with the findings of Kawai et al.
[18], who reported p53 protein expression in 50% of the
cases and of DeiTos et al. [6], who reported p53 protein
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Fig. 3 Kaplan-Meier overall survival curves for patients with sy-
novial sarcomas according to p53 alterations. Patients who have
tumours with p53 alterations have a significantly poorer prognosis
than those without p53 alterations
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expression in 33% of synovial sarcomas. Like Kawai et
al. [18], we found no differences between the biphasic
and the monophasic subtype. There were 8 tumours
showing p53 immunopositivity without detectable p53
gene mutations. Possibly activation of other regulatory
pathways is responsible for this phenomenon, such as
mdm2 interaction [15, 19] or linkage to the Rb/cyclin D1
signal chain [32]. It is also possible that p53 mutations
exist outside the conserved p53 regions (exons 5–8). The
combination of both screening techniques (mutation
analysis and p53 immunohistochemistry) seems useful to
discern all the alterations.

Synovial sarcomas usually have a poor clinical out-
come [31]; the 5-year survival rate of patients with pri-
mary tumours was 24.1% in our study, corresponding to
the rate found by Enzinger and Weiss [9]. Our data con-
firmed that p53 alterations also correlate strongly with
poor clinical outcome in the case of synovial sarcomas.
We demonstrated that p53 alterations were associated
with a shorter overall survival. This indicates that syno-
vial sarcomas fall into two distinct subgroups in terms of
prognosis and that both groups can be distinguished by
p53 alterations. According to Lopes et al. [20], high
Mib-1 index, the biphasic subtype and DNA aneuploidy
seem to be indicators of poor prognosis in synovial sar-
comas. Kawai et al. [18] found that all biphasic synovial
sarcomas had an SYT-SSX1 fusion transcript, simulta-
neously showing shorter metastasis-free survival in the
multivariate analysis. In contrast to Lopes et al. [20], the
study revealed that the histological subtype alone was
not important prognostically. Besides p53 alterations, we
confirmed the tumour size as an independent prognostic
factor in synovial sarcoma.

Our study reflects the fact that in synovial sarcomas
recurrences and metastases are very common. Four of
six metastases occurred in the lung and two in the lymph
nodes. According to Enzinger and Weiss [9], young age
(15 years or younger) is associated with a more favour-
able clinical course. In our group there were 2 patients
younger than 15 years of age. One 5-year-old girl devel-
oped three recurrences without p53 alterations and is still
alive, while the 8-year-old boy had a p53-immunoposi-
tive primary tumour (4 cm in diameter) and died of dis-
ease. These findings seem to confirm our findings of a
prognostic role for the p53 alterations in synovial sarco-
mas, showing that tumours with p53 alterations are more
aggressive.

In summary, we found that the overall incidence of
synovial sarcomas showing p53 alterations is approxi-
mately 30% and that p53 alterations imply a shorter
overall survival. We suggest that p53 alterations be con-
sidered an useful prognostic indicator in synovial sarco-
mas, allowing rational clinical treatment and follow-up.

Acknowledgements The authors thank Mrs. Simone Staeck and
Mrs. Ingrid Roeseler for their excellent technical assistance. The
work was supported by the Deutsche Krebshilfe (No 10-1074-SchnI),
and the Rudolf-Bartling-Foundation, Hanover, Germany.

References

1. Andreassen A, Oyjord T, Hovig E, Holm R, Florenes VA,
Nesland M, Myklebost O, Hoie J, Bruland S, Boresen AL,
Fodstad O (1993) P53 abnormalities in different subtypes of
human sarcomas. Cancer Res 53:468–471

2. Budowle B, Chakraborty R, Giusti AM, Eisenberg AJ, Allen
RC (1991) Analysis of the variable number of tandem repeats
locus D1S80 by the polymerase chain reaction followed by
high resolution polyacrylamide electrophoresis. Am J Hum
Genet 48:137–144

3. Casey G, Lopez ME, Ramos JC, Plummer SJ, Arboleda MJ,
Shaughnessy M, Karlan B, Slamon DJ (1996) DNA sequence
analysis of exons 2 through 11 and immunohistochemical
staining are required to detect all known p53 alterations in hu-
man malignancies. Oncogene 13:1971–1981

4. Cho Y, Gorina S, Jeffrey PD, Pavletich NP (1994) Crystal
structure of a p53 tumour suppressor – DNA complex: under-
standing tumorigenic mutations. Science 265:346–355

5. Cordon-Cardo C, Latres E, Drobnjak M, Oliva MR, Pollack D,
Woodruff JM, Marechal V, Chen J, Brennan MF, Levine AJ
(1994) Molecular abnormalities of mdm2 and p53 genes in
adult soft tissue sarcomas. Cancer Res 54:794–799

6. Dei Tos AP, Doglioni C, Laurino L, Barbareschi M, Fletcher
CDM (1993) P53 protein expression in non-neoplastic lesions
and benign and malignant neoplasms of soft tissue. Histopa-
thology 22:45–50

7. Dei Tos AP, Maestro R, Doglioni C, Piccinin S, Libera DD,
Boiocchi M, Fletcher CD (1996) Tumour suppressor genes
and related molecules in leiomyosarcoma. Am J Pathol
148:1037–1045

8. Dei Tos AP, Doglioni C, Piccinin S, Maestro R, Mentzel T,
Barbareschi M, Boiocchi M, Fletcher CD (1997) Molecular
abnormalities of the p53 pathway in dedifferentiated liposar-
coma. J Pathol 181:8–13

9. Enzinger FM, Weiss SW (1995) Soft tissue tumours, 3rd edn.
Mosby, St Louis Baltimore

10. Fletcher JA (1996) Cytogenetics and molecular biology of soft
tissue tumours. Monogr Pathol 38:37–64

11. Florenes VA, Malandsmo GM, Forus A, Andreassen A,
Myclebost O, Fodstad O (1994) Mdm2 gene amplification and
transcript levels in human sarcomas: relationship to p53 gene
status. J Natl Cancer Inst 86:1297–1302

12. Goldman D, Merril CR (1982) Silver staining of DNA in poly-
acrylamide gels: linearity and effect of fragment size. Electro-
phoresis 3:24–26

13. Gustafson P (1994) Soft tissue sarcoma. Epidemiology and
prognosis in 508 patients. Acta Orthop Scand [Suppl] 259:1–31

14. Hainaut P, Soussi T, Shomer B, Hollstein M, Greenblatt M,
Hovig E, Harris CC, Montesano R (1997) Database of p53
gene somatic mutations in human tumours and cell lines: up-
dated compilation and future prospects. Nucleic Acids Res
25:151–157

15. Haupt Y, Maya R, Kazaz A, Oren M (1997) MDM2 promotes
the rapid degradation of p53. Nature 387:296–299

16. Jensen V, Sorensen FB, Bentzen SM, Ladekarl M, Nielsen OS,
Keller J, Jensen OM (1998) Proliferative activity (MIB-1 in-
dex) is an independent prognostic parameter in patients with
high-grade soft tissue sarcomas of subtypes other than malig-
nant fibrous histiocytomas: a retrospective immunohistologi-
cal study including 216 soft tissue sarcomas. Histopathology
32:536–546

17. Kawai A, Noguchi M, Beppu Y, Yokoyama R, Mukai K,
Hirohashi S, Inoue H, Fukuma H (1994) Nuclear immunoreac-
tion of p53 protein in soft tissue sarcomas. A possible prog-
nostic factor. Cancer 73:2499–2505

18. Kawai A, Woodruff J, Healey JH, Brennan MF, Antonescu
CR, Ladanyi M (1998) SYT-SSX gene fusion as a determinant
of morphology and prognosis in synovial sarcoma. N Engl J
Med 338:153–160

19. Kubbutat MH, Jones SN, Vousden KH (1997) Regulation of
p53 stability by Mdm2. Nature 387:299–303



20. Lopes JM, Bjerkehagen B, Holm R, Bruland OS, Sobrinho-
Simoes M, Nesland JM (1995) Proliferative activity of syno-
vial sarcoma: an immunohistochemical evaluation of Ki-67 la-
beling indices of 52 primary and recurrent tumours. Ultrastruct
Pathol 19:101–106

21. Nakanishi H, Ohsawa M, Naka N, Uchida A, Ochi T, Aozasa
K (1997) Immunohistochemical detection of bcl-2 and p53
proteins and apoptosis in soft tissue sarcoma: their correlation
with prognosis. Oncol 54:238–244

22. Oda Y, Hashimoto H, Takeshita S, Tsuneyoshi M (1993) The
prognostic value of immunohistochemical staining for prolif-
erating cell nuclear antigen in synovial sarcoma. Cancer
72:478–485

23. Patterson H, Gill S, Fisher C, Law MG, Jayatilake H, Fletcher
CDM, Thomas M, Grimer R, Gusterson BA, Cooper CS
(1994) Abnormalities of the p53, MDM2 and DCC genes in
human leiomyosarcomas. Br J Cancer 69:1052–1058

24. Schneider-Stock R, Radig K, Oda Y, Mellin W, Rys J,
Niezabitowski A, Roessner A (1997) P53 gene mutations in
soft-tissue sarcomas – correlations with p53 immunohisto-
chemistry and DNA ploidy. J Cancer Res Clin Oncol 123:211–
218

25. Schneider-Stock R, Walter H, Haeckel C, Radig K, Rys J,
Roessner A (1998) Gene alterations at the CDKN2A
(p16/MTS1) locus in soft tissue tumours. Int J Oncol 13:325–
329

26. Schneider-Stock R, Walter H, Rys J, Radig K, Hoang-Vu C,
Roessner A (1998) No correlation of c-myc overexpression

and p53 mutations in liposarcomas. Virchows Arch 433:315–
321

27. Schneider-Stock R, Walter H, Radig K, Rys J, Bosse A, Kuh-
nen C, Hoang-Vu C, Roessner A (1998) MDM2 amplification
and loss of heterozygosity at Rb and p53 genes: no simulta-
neous alterations in the oncogenesis of liposarcomas. J Cancer
Res Clin Oncol 124:532–540

28. Singer S, Baldini EH, Demetri GD, Fletcher JA, Corson JM
(1996) Synovial sarcoma: prognostic significance of tumour
size, margin of resection, and mitotic activity for survival. J
Clin Oncol 14:1201–1208

29. Stratton MR, Moss S, Warren W, Patterson H, Clark J, Fisher
C, Fletcher CD, Ball A, Thomas M, Gusterson BA (1990) Mu-
tation of the p53 gene in human soft tissue sarcomas: associa-
tion with abnormalities of the Rb1 gene. Oncogene 5:1297–
1301

30. Taubert H, Wurl P, Meye A, Berger D, Thamm B, Neumann
K, Hinze R, Schmidt H, Rath FW (1995) Molecular and im-
munohistochemical p53 status in liposarcoma and malignant
fibrous histiocytoma; identification of seven new mutations
for soft tissue sarcomas. Cancer 76:1187–1196

31. Van der Heide HJ, Veth RP, Pruszczynski M, Wobbes T,
van Hoesel QG, Lemmens JA (1998) Synovial sarcoma:
oncological and functional results. Eur J Surg Oncol 24:114–
119

32. Xiao ZX, Chen J, Levine AJ, Modjtahedi N, Xing J, Sellers W,
Livingston DM (1995) Interaction between the retinoblastoma
protein and the oncoprotein MDM2. Nature 375:694–698

412


