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Abstract Fibrosarcomatous (FS) change in a rare, tKéy words Dermatofibrosarcoma protuberans -
well-known phenomenon encountered in dermatofibrBibrosarcomap53- mdm2- p21

sarcoma protuberans (DFSP), and an increased chance in

an adverse outcome has been suggested in patients with

DFSP having FS areas (DFSP-FS). As altered p53 pdtitroduction

way has been suggested as having a potential role in tu-

mour progression, we analysed thg3 gene and p53 Dermatofibrosarcoma protuberans (DFSP) is a fibrohisti-
protein together with the p53-related protein mdm2 andytic tumour of intermediate malignancy, which has a
p21Wafl in 5 cases of DFSP-FS and 13 of DFSP to ascesndency to locally recur but rarely metastasizes. Fibro-
tain whether the p53 pathway correlates to the fibrosaarcomatous (FS) areas are occasionally encountered in
comatous transformation of DFSP. Three of the fitke primary and/or recurrent lesions of DFSP, and the tu-
DFSP-FSs overexpressed p53 protein immunohistoeur with the FS areas (DFSP-FS) have been considered
chemically, and one of them had a “missense” mutatitmbehave more aggressively than ordinary DFSP [2, 4, 9,
of the p53 gene without immunohistochemical overex21, 23, 26, 30].

pression of mdm2 or p2#f. The other two DFSP-FSs p53 is a nuclear phosphoprotein encoded by a tumour
with p53 overexpression demonstrated increased lalselppressor gene and is involved in the control of cell
ling indices of both mdm2 and p24. The three DFSP- proliferation [1]. Mutations of th@53 gene result in the

FS patients with overexpression of p53 protein had fieezcumulation of altered gene products having longer
guent local recurrences, ranging from 3 to 5 in numbwalf-lives, which are detectable immunohistochemically
with increasingly short intervals (mean 4.5 years), whiéend permit unregulated cell growth, cellular transforma-
one of the other two had no recurrences and the othien and tumour progression [12]. Although it has been
only one. None of the 13 DFSPs showed any alteratimmhfirmed thatp53 mutations are correlated with a poor
in the p53 gene or overexpressions of p53, mdm2 amdognosis in a variety of soft tissue sarcomas [18, 29,
p21Wafl - except for one DFSP having a “silent” mutatioB2], investigation of the p53 status in DFSP-FS is limited
of thep53gene. Three DFSPs had local recurrences orfi8e 11]. It is well known that immunohistochemical de-
or twice with longer intervals to recurrence (mean 10t&ction of p53 does not allow conclusions abgh® mu-
years). Although the number of cases examined is lim#tions and associated changes in cell growth, cellular
ed, the results suggest that alterations in the p53 pdthnsformation and tumour progression. Moreover,
way, such as overexpression of p53 protein by a mutatedm2 and p2#¥afl, recently identified p53-related mole-
gene and mdmz2 overexpression, are involved in fibrosemes regulating the p53 pathway in the cell cycle, have
comatous transformation in a subset of fibrohistiocytimt been examined in this type of tumour.

tumours and possibly correlated with its more locally ag- We analysed th@53 gene and p53 protein together
gressive behaviour than that without p53 alterations with p53-related proteins mdm2 and p2flin DFSP

ordinary DFSP. and its fibrosarcomatous variant to ascertain whether the
p53 pathway is involved in the fibrosarcomatous trans-
M. Hisaoka - S. Okamoto - Y. Morimitsu - S. Tsuji formation of this subset of fibrohistiocytic tumour.
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Table 1 Primer sequences and

PCR product sizes for p53 ex- Primer Nucleiotide sequence PCR product size (bp)
ons 5-8
Exon5 Forward S5TCTTCCTGCAGTACTCCCCT-3 205
Reverse 5AGCTGCTCACCATCGCTATC-3
Exon 6 Forward S5GATTGCTCTTAGGTCTGGCC-3 130
Reverse 5GCAAACCAGACCTCAGGCGG-3
Exon7 Forward STTGTCTCCTAGGTTGGCTCT-3 136
Reverse 5GCTCCTGACCTGGAGTCTTC-3
Exon 8 Forward S5TCCTGAGTAGTGGTAATCTA-3 157
Reverse 5GCTTGCTTACCTCGCTTAGT-3

groups of the FS area of DFSP-FS, the DFSP area of DFSP-FS

and ordinary DFSP by means of the Mann-Whitney U test. The

correlation among these parameters was estimated by Spearman

Eighteen cases were retrieved from the files of soft tissue tumorinsk correlation coefficient.

held in the Department of Pathology and Oncology, School of

Medicine, University of Occupational and Environmental Health.

The tumours were 5 DFSP-FSs and 13 ordinary DFSPs.
Formalin-fixed, paraffin-embedded tissues were cut and exaRgsults

ined microscopically and immunohistochemically. The following

primary mouse monoclonal antibodies were used: anti-CD34e clinical findings recorded for the 18 patients are

(QBEND10, Immunotech, Marseilles, France, dilution 1:100), a8uymmarized in Table 2. The ages of the 5 patients with

ti-p53 (DO-7, DAKO Japan, Kyoto, Japan, 1:50), anti-mdm2 (IF _
Oncogene Science, Manhasset, N.Y.. 1:100), anf4§20EA1O, DFSP-FS ranged from 14 to 91 years (mean, 46.2 years).

Oncogene Science, 1:100) and anti-Ki-67 (MIB1, ImmunotechOUr patients were male and 1 was female. Except for
1:100). Before immunostaining with the latter four antibodies,case 2, the patients had one to five local recurrences. The
standard microwave antigen retrieval was done. The tissue jatervals before recurrence in these cases with DFSP-FS
tions were incubated with the antibodies for 1 h, and the reactivlit?]ynged from 8 months to 10 years (mean, 4.6 years). The

was detected with a streptavidin—biotin—peroxidase complex met . . ]
od and subsequently visualized with diaminobenzidine (DAB). #J€ range of the 13 patients with ordinary DFSP (8

each lesion, the percentages of positivity (labeling indices) fatales and 5 females) was 28-82 years (mean, 49.6
p53, mdm2, p2#a and Ki-67 were accomplished by counting thgears). Three of them had one or two local recurrences,
number of cells with distinctly stained nuclei per 500 tumour Ceg‘hd the intervals to recurrence ranged from 6 to 15 years

in representative cellular areas at a magnification of x400. Appra- . : -
priate positive and negative controls were included in this imm@nean’ 10.3 years). No metastatic lesion was recognized

nohistochemical study. In DFSP-FS lesions, the counting wisany of the cases examined. _
done separately in DFSP and FS areas. PCR-SSCP analysis of thEb3 gene disclosed aber-
For molecular analysis, DNA was extracted from paraffin-eignt bands of exon 8 in one DFSP-FS (the fourth recur-

bedded tissues of the lesions using a DNA extraction kit (Sepag ; —
Sankojunyaku, Tokyo, Japan) according to the manufacturer’s(:i ?lce of case 4) and one ordinary DFSP (case 3; Fig. 1).

structions, after deparaffinization and overnight digestion with prellbsequent determination of the sequences showed point
teinase K (Merck, Darmstadt, Germany). Polymerase chain reactibitations in exon 8 as follows: DFSP-FS case 4, G-A
(PCR) was carried out to amplify tp&3gene with the primers for transitions at codons 262 (Valal), 281 (Lys- Lys)

exons 5-8 (Table 1) [28]. The reaction mixture was composedd?{d 293 (Ser Asn, missense mutation); DFSP case 3
100 ng genomic DNA, 1 pmol of each primer, 200 dNTP and At N 'd 282 (LvsL: ’ ’
2.5 U of Tag DNA polymerase (AmpliTaq Gold, Perkin-Elmer, Nof>-A transition at codon (LysLys).

walk, Conn.) in a standard reaction buffer (10 mM Tris-HCI, 50 mM The cases of DFSP-FS and DFSP shared a macro-
KCI, 1.5 mM MgCI and 0.001% gelatin). PCR consisted of 40 cgcopic appearance of dome-shaped, uni- or multinodular
cles of denaturation for 45 s at 94° C, anneling for 45 s at 60°|esjons involving the dermis and the subcutis. Micro-

and strand elongation for 1 min at 72° C. Amplified exons of tl . . .
p53 gene were screened by single-strand conformation polym -opically, the lesions of ordinary DFSP were composed

phism (SSCP) analysis usingi2l PCR product in sample-denaturOf @ monotonous proliferation of small to medium-sized
ing buffer (99% formamide, 5 mM Tris-HCI, 0.5 mM EDTA, 0.05%spindle cells, usually arranged in a distinct and compact
xylene cyanol and 0.05% bromophenol blue). After denaturationggbriform pattern (Fig. 2a), showing honeycomb-like in-

95° C for 10 min, the samples were loaded onto a precast polyagiy=. i ; ; _
lamide ready-to-run gel (GeneGel Excel 12.5/24, Pharmacia Bm{fratlon into the subcutaneous fatty tissue. The histolog

tech, Uppsala, Sweden) at 15° C for 90 min with a peltier tempeie@! features of the DFSP areas of DFSP-FSs were indis-
ture-regulated electrophoresis unit (GenePhor, Pharmacia Biotetiiguishable from those of oridinary DFSPs. The FS ar-
To visualize nucleic acids in the gel, a silver staining kit (Bio-Radas of DFSP-FSs consisted of a cellular proliferation of

Hercules, Calif.) was used. Aberrant bands were excised by use ; ; ; ;
clean scalpel blade, and PCR products extracted from the remor\)?ferger spindle cells with hyperchromatic nuclei arranged

bands were directly sequenced with an automated sequencer (AlFvariably interlacing fascicles, often displaying a her-
express, Pharmacia Biotech). In PCR-SSCP analysis, tumours ¢dtg-bone appearance (Fig. 2b). In 8 of the 11 lesions of
taining FS areas were examined without separating the DFSP #yel DFSP-FS cases analysed, FS areas were present in
FS areas because of difficulties in precise isolation of FS areas figaitying proportions ranging from approximately 10% to

these paraffin-embedded tumour specimens, most of which w i,
made up predominantly of FS areas £60% of the tumour (Table 2), and the transition between

The mitotic rate and the immunohistochemical labelling indthe two areas was generally indistinct. The other three le-
ces for p53, mdm2, p2#fl and Ki-67 were compared among thresions were made up exclusively of ordinary DFSP areas.

Materials and methods
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Table 2 Clinicopathological

details in cases of dermatofi- Case no. Age (year) Site ~No. of recurrences Fibrosarcomatous
brosarcoma protuberans with Isex (intervals) area (% °
(DFSP-FS or without OFSP
fibrosarcomatous are:s DFSP-FS
1 47/F Abdominal wall 3 0/60/90/90

(2 years/8 months/
1 year 2 months)

2 14/M Thigh (It.) 0 90
3 40/M Abdominal wall 1 (6 years) /10
4 91/M Abdominal wall 5 90/-/-/0/100/0
(3/2/6/218 years)
5 39/M Chest wall 5 —/—/-/-1-180
(4/5/6/8/10 years)
DFSP
1 64/F Chest wall 0 0
2 44/M Shoulder (It.) 0 0
3 31/F Abdominal wall 0 0
4 60/F Abdominal wall 1 (15 years) 0
5 39/M Chest wall 0 0
6 28/M Shoulter (rt.) 0 0
7 53/M Back 0 0
8 51/M Abdominal wall 1 (6 years) 0
a| | d 9 35/F Chest walll 0 0
ntervals to recurrences and - 82/M Abdominal wall 2 (12/8 years) 0
percentages of fibrosarcoma- 71 72/F Groin (rt.) 0 0
tous areas are indicated in ordeq » 49/M Abdominal wall 0 0
of recurrence 13 37/M Shoulder (It.) 0 0

b Lesion not examined (--)

F1 F2 F3 F4 F5 F6 F7 D1 D2 D3 D4 PBC In DFSP-FS case 4, the initial lesion showed a predomi-
- nance of an FS area, whereas the lesions at the third and
i 7Y fifth recurrences were composed only of DFSP areas.
———— N W— — — ' === === There were no significant morphological differences
W W . wee s e BB e = among the DFSP area of the initial lesion and the recur-
' rent DFSP lesions in this case. The mitotic rates were
significantly higher in the FS areas [mean, 9.3 mitoses
Fig. 1 Single-strand conformation polymorphism analysis of tlﬁ_ﬁr 10 high-power fields (HPFs)] than N the -DFSP areas
p53gene. Aberrant bands are seeiaimes F6[dermatofibrosarco- ean, 0.7/10 HPFs) of DFSP-FSs orin ordinary DFSPS
ma protuberans with fibrosarcomatous areas (DFSP-FS) caséMgan, 1.1/10HPFs€<0.005). CD34 immunoreactivity
and D3 (DFSP case 3)Lanes F1-F7DFSP-FS casedanes in DFSP with or without the FS area was consistently
D1-DADFSP casedane PBCperipheral blood mononuclear cellsphserved in an almost diffuse fashion, while the FS areas
(control} were faintly stained or negative for this antigen.
The labelling indices of p53 (Fig. 3a—c) in the FS ar-

Fig. 2 a Photomicrograph of DFSP showing a distinct and com, B 0 0
pact storiform pattern of spindle cells. H&E, x86FS area of "as of DFSP-FSs ranged from 0.6% to 42.6% (mean

DFSP-FS commonly displays a fascicular proliferation of spindld-9%), and thr_ee of the five DFSP-FS cases, in_cluding
cells arranged in a herringbone pattern. H&E, %66 one have mutation of thgs3gene, had FS areas with el-
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Fig. 3 Immunostainings fop53 mdm2andp21, showinga—c p53-positive,d—f mdm2-positiveg—i p21-positive tumour cells ia, d, g
FS areas of DFSP-F®s e, hDFSP areas of DFSP-FSs and, i ordinary DFSPs. Immunoperoxidase-DAB, x120

Table 3 Summary of resultd( labelling index MR mitotic rate;

p53LI (%) mdm2L1 (%) p21LI (%) Ki-67 LI (%) MR (/10HPFs)

FS of DFSP-FS 0.6-42.6 0-9.8 0-18.5 0-19.6 5-15
(n=7) Mean 15.9 Mean 3.6 Mean 7.1 Mean 7.1 Mean 9.3

* *
DFSP of DFSP-FS 0.6-3.8 0-1.1 0-2.1 0-4.4 0-2 *k
(n=6) Mean 1.4 Mean 0.2 Mean 0.7 Mean 1.7 Mean 0.7
Ordinary DFSP 0.1-3.4 0-1.0 0-4.8 0-11.8 0-4
(n=13) Mean 1.1 Mean 0.1 Mean 1.1 Mean 2.5 Mean 1.1

* P<0.05, ** P<0.00¢%

evated labelling indices of more than 10% and frequanbre than 5%, except for tipd3mutated case. The dif-
(more than three) local recurrences. p53 immunoreactii@rences in the mdmz2 labelling index between FS areas
ty was also detected in the majority of DFSP areasaffDFSP-FSs and ordinary DFSPs were also statistically
DFSP-FSs and DFSPs, with the indices ranging fraignificant P£<0.05).
0.6% to 3.8% (mean,1.4%) and 0.1% to 3.4% (mean,Immunoreactivity to p2%afl was seen in all three
1.1%), respectively. The differences in the p53 labeliggoups (Fig. 3g—i), and the labelling indices ranged from
index between FS areas of DFSP-FSs and ordinfryo 18.5% (mean, 7.1%) in FS areas of DFSP-FSs, 0 to
DFSPs were statistically significarR<0.05). 2.1% (mean, 0.7%) in DFSP areas of DFSP-FSs, and 0
mdm2 protein immunoreactivity was observed exclte 4.8% (mean, 1.1%) in DFSPs. Although the majority
sively in FS areas of DFSP-FSs, with the exceptionsadfthe lesions with p53 immunoreactivity had P2t
one DFSP area of DFSP-FS (index 1.1%) and one DR&Ritive cells, thgp53mutated case showed no immuno-
(1.0%; Fig. 3d-f). The labelling indices of mdm2 in F&activity to p21vafl,
areas of DFSP-FS ranged from 0 to 9.8% (mean 3.6%)Ki-67 labelling indices ranged from 0 to 19.6%
and those of the lesions having elevated p53 indices wgnean, 7.1%) in FS areas of DFSP-FSs, 0 to 4.4%
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Table 4 Correlation matrix fop53, mdm2, p2and Ki-67 label- Alterations of thep53 gene or in the short arm of
ling indices and mitotic ra:= chromosome 17, where tipd3 gene is located, or over-

D53 mdm2 p21 Ki-67 MR expression of the p53 protein are common events in soft

tissue sarcomas and appear to be associated with patho-

p53 1.000 logical indicators of poor clinical outcome [18, 29]. In
mdm2 0.556 1.000 our series, overexpression of the p53 protein was not un-
p21 0652 0.665  1.000 common in DFSP, but the number of tumour cells immu-
Ki-67 0.596 0.653 0.515 1.000 ;
MR 0338 0503 0.295  0.443 1.000 horeactive to p53 was small. In contrast, FS areas of

DFSP-FSs had much increased p53 labelling indices,
@ Association not statistically significanP{value is more than which may correlate with a more adverse or aggressive
0.05) clinical course of DFSP-FS than of ordinary DFSP. The
findings are in accordance with those of Goldblum et al.

(mean,1.7%) in DFSP areas of DFSP-FSs and oWpo concluded that histological progression of DFSP
11.8%’(mean, 2.5%) in DFSPs, respectively. was associated with increased p53 immunoreactivity

Although the labelling indices of p?4f and Ki-67 [11]. Our results also suggest that alternative mecha-

appeared relatively higher in the FS areas of DFSP-FigNS are involved in the overexpression of ps3 in
than in DFSP areas of DFSP-FS or ordinary DFSP¥ SP-FS, namely mutation in tipg3 gene or more of-
there were no statistical differences in these indic&) overexpression of mdm2.

among the three groups. A summary of the results is tab-] "€ human homolog of the ratdm2oncogene prod-

ulated in Table 3. The labelling indices of p53, mdm¥Ct is a cellular phosphoprotein with a molecular mass
g b of 90 kDa which can bind to the acidic activation do-

Wil - oy e C
Pezlitedi?rgbﬁ 3; and mitotic rate were significantly Cormain of p53 [25]. Thus, the expressionnafim?2inhibits

the function ofp53 resulting in the inactivation in the
p53regulated growth suppressive pathway. Recent mo-
lecular studies showed that amplification of timelm?2
gene or overexpression of the mdm2 protein are detect-
Fibrosarcomatous change is an uncommon but a welt in a subset of human sarcomas including liposarco-
described phenomenon in cases with DFSP [2, 4, 9, 81, malignant fibrous histiocytoma and osteosarcoma
23, 26, 30]. This change is of prognostic significan¢g, 19, 20, 22, 24, 27]. However, mdmz2 has not been in-
and should be sought in all DFSP cases. Ding et al. fivesstigatd in soft tissue tumours of intermediate malig-
stressed the unfavourable course of DFSP-FS in theirmancy, such as DFSP. In the present study, the DFSPs
port of nine cases of DFSP-FS having a recurrence ratel DFSP areas of DFSP-FSs examined showed no or
of 89% and shorter prerecurrent intervals than thoseanly subtle mdm2 immunoreactivities, and higher
ordinary DFSP, together with one case demonstratingndm?2 protein labelling indices were observed particu-
hipbone metastasis [9]. We have now described an addity in FS areas of DFSP-FSs. Interestingly, recent
tional five examples of DFSP-FS, also showing theitudies have demonstrated the correlation between am-
tendency to recur with shorter prerecurrent intervabification or overexpression ahdm2and histological
than those of ordinary DFSP, though none of our pgrrade of adipose-tissue tumours and suggested a poten-
tients had a distant metastasis. Recently, two clinidéal role of this molecule in tumour progression [7, 22].
pathological studies with a large series of DFSP-P$though the cases examined are limited, the relation-
cases have added to the consensus opinion that this sbip betweenmdm?2 overexpression and progression
type of DFSP had a worse prognosis than ordinanay also exist in a subgroup of this fibrosarcomatous
DFSP [21, 26]. variant.

The shorter prerecurrent interval and the higher recur-p53 and mdm2 proteins interact with each other,
rent rate observed in the cases with DFSP-FS appediotoing a self-regulating feedback loop, and wild-type
be related more to the higher cell proliferative activity p53 can upregulate the transcription of thdm2gene
the FS areas than in ordinary FDSP. In our study, the ii3i- 16, 31]. A recent molecular study has reported that
totic rates were sigificantly higher in the FS areas oVer-expressedndm2can stabilize wild-type p53 pro-
DFSP-FSs than in DFSP areas of DFSP-FSs or ordintiyp, resulting in prolongation of half-life and accumula-
DFSPs. Relatively elevated values for the Ki-67 labellidipn of p53 protein [17]. In contrast, more recent investi-
index and the flow cytometric proliferative index (datgations by different research groups have simultaneously
not shown) were seen in the FS areas of DFSP-FSsshbwn that mdm2 promotes the rapid degradation of p53
though the differences between FS or DFSP areasttobugh the ubiquitin-proteasome pathway [14, 15]. De-
DFSP-FSs and ordinary DFSPs were not statistically sigiled molecular mechanisms underlying the co-overex-
nificant. Diaz-Cascajo et al., in a recent series of DFPRession of both proteins in a subset of the present tu-
reported similar results in a case of DFSP-FS [8]. Pizamwmurs and the other soft tissue sarcomas previously in-
et al. briefly reported that Ki-67 values correlated witvestigated [5, 7, 17, 19, 27] remain to be elucidated. An
their histological classification; DFSP-FS, hypercellulaberrant metabolic pathway of p53 or the mutation of the
DFSP and DFSP [26]. mdm2gene may be involved in these cells.

Discussion
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p21Wafl js a recently identified protein involved in 8. Diaz-Cascajo C, Bastida-Inarrea J, Borrego L, Carretero-
cell cycle regulation through cyclin/cyclin-dependent Hernandez G (1995) Comparison of p53 expression in der-

. L e S . . matofibrosarcoma protuberans and dermatofibroma: lack of
kinase (CDK) complex inhibition and induced in a p53- ;. ejation with proliferation rate. J Cutan Pathol 22:304—

dependent or p53-independent manner [6, 10, 13, 33].309
In our study, the increased labelling index of W& 9. Ding J, Hashimoto H, Enjoji M (1989) Dermatofibrosarcoma

was observed not in p53-mutated case of DFSP-FS, Protuberans with fibrosarcomatous areas. A clinicopathologic
but was in nonmutated cases. The findings indicate thatsmdgf;znl'nencgses and a comparison with allied tumors. Can-
) cer . -

p21Wal is likely to be induced in response to p53-depeio. El-Deiry WS, Tokino T, Velculescu VW, Levy DB, Parsons R,
dent SlgnaIS in our series. However, its activity in re- Trent JM, Lin D, Mercer WE, Kinzler KW, Vogelstein B

straining cell proliferation seems not to be effective in (1993) Wafl, a potential mediator of p53 tumor suppression.

DFSP-FS; the higher mitotic rate and Ki-67 Iabellingl CC:Bec:IId7b5IL:J?r:1L7J_R82FSrank TS, Poy EL, Weiss SW (19983 muta-

index were seen in DFSP-FSs. The altered p53 pathWaions and tumor progression in well-differentiated liposarcoma
by overexpressed mdm2 may overcome the inhibitory and dermatofibrosarcoma protuberans. Int J Surg Pathol
activity of p2Mafl in cell proliferation. Owing to the  3:35-42 _ _

limitation of the available material in our study, paf 12- Hall PA, Ray A, Lemoine NR, Midgley CA, Krausz T, Lane

DP (1991) p53 immunostainings as a marker of malignant dis-
and mdm2have not been evaluated at the DNA and/or _,qe'in diagnostic cytopathology. Lancet 338:513

mMRNA level. It is also necessary to clarify whether thg. Harper JW, Adami GY, Wei N, Keyomarsi K, Elledge SJ
tumours have mutations in tpR1Wafl gene, which may  (1993) The p21-Cdk-interacting protein Cip1 is a potent inhib-

i i i isitor of G1 cyclin-dependent kinase. Cell 75:805-816
\?v?léetSpgTZible for progression in tumours where p531hsl Haupt Y, Maya R, Kazaz A, Oren M (199vim2 promotes
YPE : the rapid degradation of p53. Nature 387:296-299
_ The fibrosarcomatous change of DFSP appears tojBekupbutat MHG, Jones SN, Vousden KH (1997) Regulation of
linked with its more aggressive biological behaviour, p53 stability byndm2 Nature 387:299-303

shown not only by a higher rate of metastases and ¥g-Juven T, Barak Y, Zauberman A, George DL, Oren M (1993)
| Wild type pS3 can mediate sequence-specific transactivation

mour-related deaths [21, 26] and by more frequent loca
recurrences with shorter prerecurrence intervals than in

of an internal promoter within thendm2 gene. Oncogene
8:3411-3416

ordinary DFSP. Such biological features may be related Keleti J, Quezado MM, Abaza MM, Raffeld M, Tsokos M
to the higher proliferative activity and deranged p53 (1996) The MDM2 oncoprotein is overexpressed in rhadbo-
pathway, including mutatep53 gene andndmz2overex-

pression in the FS areas of DFSP-FSs.
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