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Abstract Soft tissue tumours represent a heterogeneagically by two variant translocations t(2;13)(g35;914)
group of mesenchymal lesions, and their classificationaisd t(1;13)(p36;q14). Among tenosynovial tumours, the
the subject of continuous debate. Chromosome analykisalised type of giant cell tumour of tendon sheath ex-
molecular cytogenetics and molecular assays may hiits two different karyotypic changes. One involves
come increasingly useful in diagnosis, and this reviglpll in a translocation with chromosome 2 or with an-
summarises advances in the cytogenetic characterisatiirer chromosome. A second type involves 16g24. Syno-
and classification of soft tissue tumours. Among theal sarcoma is characterised cytogenetically by a trans-
group of fibrous lesions, superficial fibromatosis exhibitscation occurring between chromosome 18 and presum-
trisomy 8. This genomic change is also observed in dably two adjacent loci on the X chromosome. In neural
moid fibromatosis in association with trisomy 20. Tritumours, abnormalities of chromosome 22 have been re-
somy 11 is the most frequently observed chromosorpalted in benign schwannomas and perineuriomas. Ma-
aberration in congenital fiborosarcoma. Dermatofibrosdignant peripheral nerve sheath tumours exist in two
coma protuberans and giant cell fibroblastoma sharenain forms: sporadic and associated with the NF-1 syn-
translocation t(17;22), which supports the concept of tieome. Karyotypes are very complex, but chromosomes
existence of a common differentiation pathway. Adipod&q and 22q are very often involved. Clear cell sarcoma
tissue tumours is the group in which integration of genét- characterised cytogenetically and molecularly by a
ics and pathology has been most fruitful. Ordinary liptranslocation t(12;22)(q13;q12). The Ewing’s sarco-
mas cytogenetically show an abnormal karyotype imma/peripheral neuroectodermal tumour category shows a
about half the cases. Genomic changes of the 11gl3cemtral karyotypic anomaly represented by the transloca-
gion are observed in hibernoma. Lipoblastoma exhibitsian t(11;22). The two variants t(21;22) and t(7;22) are
specific 8q rearrangement in 8q11-q13. Loss of materfialind in some cases. Among cartilaginous lesion, the
from the region 16ql13-qter and 13q deletions are ahest frequently described anomaly is the 1(9;22)(g22;q12)
served in spindle cell/pleomorphic lipomas. The wellhn extraskeletal myxoid chondrosarcoma. Intra-abdomi-
differentiated liposarcoma/atypical lipoma group is chanal desmoplastic small round cell tumour is character-
acterised karyotypically by the presence of one extra risgd by a t(11;22)(p13;q12).

and/or extra giant chromosome marker. Myxoid and

round cell liposarcoma share the same characterii&y words Soft tissue tumours - Classification -
chromosome change: t(12;16)(q13;p11) in most casesCltogenetic::

the group of smooth muscle lesions most data are de-

rived from uterine leiomyomas, which can be subclassi-

fied cytogenetically into seven different types. Half of alhtroduction

leiomyomas are chromosomally normal; the other half

have one of six possible consistent chromosome chaBgft tissue tumours are a heterogeneous and complex
es. Alveolar rhabdomyosarcoma is characterised cytogesup of mesenchymal lesions, which may show a broad
range of differentiation [35, 39, 40]. The WHO classifi-
cation recognises benign, malignant and borderline (lo-
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the classification of mesenchymal neoplasms is still tRérous tissue tumours
subject of continuous debate.
Correct recognition of soft tissue tumours represer@tinically, five subcategories of fibrous lesions can be
an essential prerequisite for proper treatment and alistinguished: reactive processes such as nodular fascii-
auxiliary method able to improve both the sensitivity artid, hamartomatous lesions, benign and locally aggres-
specificity of current diagnostic procedures is importargive tumours, and true malignancies. Histologically, fi-
As with leukaemia two decades ago [80], chromosormeus tumours are actually composed usually of a vari-
analysis, molecular cytogenetics and molecular assaip$e admixture of fibroblasts and myofibroblasts [69].
may become increasingly useful in the diagnostic ap-In the group of reactive/benign processes few cases
proach to solid tumours in general, and to soft tissue have been investigated cytogenetically, and normal
karyotypes or inconsistent changes have been observed.
Among the fibromatoses, however, a group of locally

mours in particular.

Genomic changes in soft tissue tumours

ready available for each of the groups (Tables 1, 2).

aggressive nonmetastasising neoplasms which are char-
acterised by infiltrative, destructive growth, the superfi-

cial palmar and plantar variants (also known under the
For the purpose of uniformity the WHO system, whickponyms of Dupuytren’s and Ledderhose’s diseases, re-
classifies the more than 200 entities in distinct subgrowggectively) exhibit trisomy 8, which is also found in the
will be followed [108]. Nonetheless, major contrastdeep-seated desmoid tumours [7]. In the deeper seated
concerning tumour classification will be addressed spesmoid fibromatoses clones may be found with tri-
cifically. Indications will be given in this overview onsomy 8, others with trisomy 20; and in some other cells
where reliable information on genomic changes is &leth trisomies are present together [87]. In desmoid tu-

mours associated with familial adenomatous polyposis

For further details on this topic the reader is also fg&ardner’s syndrome) 5q rearrangements have been de-
ferred to more detailed sources that focus on genor@cted which, however, may be more related to the
aberrations in neoplastic disease [75, 90] and in soft flyposis than to the desmoid tumour [20]. Nonethe-
sue tumours [11, 31, 42, 91, 102, 106] as well as on ness, a role for inactivation of th&PC gene in the de-
lecular analysis [62, 67] and pathology of soft tissue teelopment of desmoid tumours has been postulated

mours [35, 39, 40].

Table 1 Specific (primary)
chromosome changes in soft
tissue tumour s

[76].

Benign soft tissue tumours

Lipoma (ordinary)

Lipoblastoma

Hibernoma

Spindle cell and pleomorphic lipoma
Leiomyoma (uterus)

Giant cell tumour of tendon sheath
Schwannoma

Myxoma (cardiac)

Superficial fibromatosis

Borderline soft tissue tumours

t with 12q15/t with 6p21/139-

t with 8911-13

t with 11913
loss of 16gq13-qgter

t with 129-15/7q9-/+12/13q-/
t(1;2)(p36;p24)/t with 6p21/39-
t with 1p11/t with 16924

=22

t with 12p12
+7/+8

Atypical lipoma/well-differentiated liposarcoma + ring or long marker (sequences 12q13-q15)

Dermatofibrosarcoma protuberans and
Giant cell fibroblastoma

Congenital fibrosarcoma

Aggressive angiomyxoma

Desmoid tumours

Malignant soft tissue tumors

Liposarcoma
(myxoid/round cell)
Leiomyosarcoma (Gl)

Rhabdomyosarcoma (alveolar)
Synovial sarcoma

Extraskeletal myxoid chondrosarcoma
Ewing’s sarcoma/PNET

Clear cell sarcoma
Desmoplastic small round cell tumour
Alveolar soft tissue sarcoma

t(17;22)(q22;q13); +r (sequences 17q and 22q)

combination of trisomies (8, 11, 17, 20)
t with 12q14-15
+8/+20/+8, +20

t(12;16)(q13;pl11)

1(12;22)(q13;q12)

Monosomy 1p12-1pter with
hypodiploid chromosome number
t(2;13)(q35;914)/t(1;13)(p36;q14)

t(X;18)(p11.2;q11.2)

t(9;22)(q22-931;q12)
t(11;22)(q24;912)t(21;22)(922;q12)
1(7;22)(p22;912)
t(12;22)(q13;q12)
t(11;22)(p13;912)
t with 17925
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Translocation Tumour Affected gene
t(11;22)(q24;q12) Ewing sarcoma/PNET FLI1 (11924)
EWS(22q12)
t(21;22)(922;912) Ewing sarcoma/PNET ERG(21g22)
EWS(22q12)
t(7;22)(p22;912) Ewing sarcoma/PNET ETV1(7p22)
EWS(22q12)
t(12;22)(q13;912) Clear cell sarcoma ATF1(12913)
EWS(22q12)
t(12;16)(q13;pl1l) Liposarcoma (myxoid/round cell) CHOP(12q13)
FUS(16p11)
t(12;22)(q13;912) Liposarcoma (myxoid/round cell) CHOP(12q13)
EWS(22q12)
t(2;13)(q35;914) Alveolar rhabdomyosarcoma PAX3(2q35)
FKHR (13g14)
t(1;13)(p36;914) Alveolar rhabdomyosarcoma PAX7(1p36)
FKHR (13g14)
t(X;18)(p11.2;911.2) Synovial sarcoma SYT(18g11.2)

t(11;22)(p13;912)
1(9;22)(q22-q31;q12)
t(3;12)(q27;915)
t(17;22)(q22;915)

t(12;V)(q15;V)
t(16;V)(p21;V)

SSXI(Xp11.2)
SSX2Xp11.2)

Desmoplastic small round cell tumour WT1(11p13)

EWS(22q12)
Chondrosarcoma TEC (9931)
(extraskeletal myxoid) EWS(22q12)
Lipoma (ordinary) HMGI-C (12q15)
LPP (3927)
DFSP/giant cell fibroblastoma COL1A1(17922)
PDGFB(22q13)
Benign mesenchymal tumours HMGI-C (12g15)
Benign mesenchymal tumours HMGI-Y (6p21)

As far as the malignant fibrous tissue tumours af@FH) [38]. Pleomorphic MFH, once the most com-
concerned, with the advent of electron microscopy ambnly diagnosed sarcoma, probably reflects a histolog-
immunohistochemistry, which allow easier recogniticical feature common to a variety of unrelated high-
both of monophasic spindle cell synovial sarcoma andgshde malignancies, in which a recognisable line of dif-
malignant peripheral nerve sheath tumours (MPNSTgrentiation is demonstrated by adequate sampling and
the adult form of fibrosarcoma is currently regarded by the application of ancillary diagnostic procedures.
rare [15, 39]. The congenital or infantile fiorosarcomdahe MFH category, in addition to the prototypic stori-
which in stark contrast to the adult form, has an 80% ferm and pleomorphic variant, includes myxoid (myxo-
year survival rate, has numerical chromosome changibsosarcoma), giant cell and inflammatory subtypes.
only, with trisomy 11 as the most frequently occurrinlglyxofibrosarcoma (myxoid MFH) is a distinctive clin-
trisomy [93]. Although not pathognomonic, the chromaeopathological entity, which exhibits a broad spectrum
some changes in this type of tumour may help in seleé-histological grades but in which fibroblastic or focal
tion of the more adequate treatment.

Fibrohistiocytic tumours

myofibroblastic differentiation alone can be demon-
strated [73]. As far as the giant cell and inflammatory
variants are concerned, they most probably represent a
heterogeneous group of malignancies [39, 71].The an-
giomatoid variant, a lesion that clinically tends to occur

Before analysing the cytogenetic data, it has to lea younger age group and which histologically may
stressed that the term “fibrohistiocytic” is most prob&xhibit myoid differentiation [37], has been moved in
bly a misnomer. Even if this denomination is retaingdde WHO classification from the malignant to the bor-
for the purpose of diagnostic homogeneity, virtuallgerline category [108].

none of the lesions included in this subgroup exhibits No consistent karyotypic changes have so far been re-
true histiocytic differentiation [39]. Moreover, strongorted in the benign tumours belonging to this group. In
arguments have been raised recently against the MeigH, karyotypes are mostly abnormal and complex,
existence of the clinically most relevant subtype of sarerhaps with involvement of the 19p13 region [63], but
coma belonging to this category: the storiform arillis finding is largely meaningless as it refers to a broad-
pleomorphic variant of malignant fibrous histiocytomly heterogeneous group of unrelated lesions.
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Fig. 1 G-banded karyotype showing der(22)t(17;22)(q21,q18uimours. Full credit must be given to the work carried
(arrow) represents a characteristic chromosome change in gig(jt by a cooperative group named CHAMP (CHromo-
cell fibroblastom:: . : .
some And MorPhology), which includes cytogenetists,
clinicians and pathologists from Europe and United
In the group of so-called intermediate malignancy twi#tates [41, 64, 89, 97, 103].
tumours are progressively becoming characterised genettipomatous tumours are the most common soft tissue
ically. Dermatofibrosarcoma protuberans (DFSP) isl@sions encountered by every practising surgical patholo-
low-grade dermal neoplasm with a tendency to recur;gist. Numerous variants exist, both in the benign and in
a minority of cases it may undergo tumour progressitre malignant category, which may pose diagnostic prob-
with acquisition of metastatic potential. Cytogeneticalliems. A thoughtful review focusing upon the most im-
DFSP shows extra ring (80%) or extra marker (20%drtant conceptual problems concerning adipocytic tu-
chromosome(s) in which material from chromosomes fburs and summarising the contribution of cytogenetics
and 22 is involved [78]. Giant cell fibroblastoma (GCFhas been published recently in this journal [68]. More
a dermal lesion mainly occurring in infants and yourgpta concerning the molecular aspect of the genomic
children, has been shown to demonstrate a t(17;2Rpnges observed in adipocytic tumours have been pub-
(Fig. 1). In both tumours this translocation leads to tfished recently and deserve comment.
fusion of the platelet-derived growth factor B-chain Ordinary lipomas usually represent a straightforward
(PDFGB) gene with the collagen typenl (COL1A1) diagnosis. In contrast, cytogenetically half of all cases
[98]. Interestingly, the coexistence of DFSP and GQrve an abnormal karyotype. Three main subgroups can
has been described repeatedly along with CD34 ibe identified: (1) a major group involving 12g13-15,
munopositivity in both lesions [4, 94]. Cytogenetic dataith several possible partners, of which 3922 is a prefer-
support the concept that GCF and DFSP represent clasgial one; (2) a deletion of 13q; and (3) a rearrangement
ly related entities [17]. of 6p21-22.
The target gene in 12g-15 is a member of the High
Mobility Group Protein (HMG) gene family [2, 92],
Adipose tissue tumours HMGI-C, which, in its preferential translocation with #
3, fuses its DNA-binding domains to the protein-binding
The tumour types in which integration of genetics anmaterfaces of the protein of a gene calledP, which
pathology has been most fruitful are the adipose tiss®ws sequence similarity to the LIM protein family
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[86]. The members of this family all possess so-call :

LIM domains (i.e. cysteine-rich, zinc-binding protein se '
guences found in transcription regulators, proto-onc

gene products and adhesion plaque constituents), wt

seem to play some part in cell signalling and control ‘
cell fate during development [92]. HGM proteins are d Y
vided into three distinct families, the HMG box contair ‘ "
ing HMG1/HMGZ2, the active chromatin-associate \ S
HMG14/HMG17, and the HMGI proteins [49]. At pres / iy ’ >
ent, the last family consists of three genebiGl, ‘ v "
HMGI(Y)andHMGIC. In humans, some members of th ‘I‘ / -

HMG family have been localized. For instaneviGIC \

is mapped to 12q15HMGI(Y) to 6p21, HMG17 to .

1p36.1-35,HMG14 to 21g22,HMGLL to 13gq12, and

HMG2 to 4931; all these are chromosome regions i A }

volved in mesenchymal benign tumours or in tumou b \

with a mesenchymal component. : wh

In addition to lipomas, théiIMGIC gene was shown ;
to be disrupted in uterine leiomyomas, salivary gland 1 A== B
mours and pulmonary chondroid hamartomas [55, 9.

Recently, rearrangements of thtMG(Y) characterised Fig. 2 Partial G-banded metaphases showAnthe giant chromo-
by involvement of 6p21 have been demonstrated in Beme marker anB the ring chromosome generally found in atypi-
nign mesenchymal tumours such as uterine leiomyontaklipoma/well-differentiated liposarcoria

[56, 57].

Hibernoma is a rare benign tumour, mostly occurring
in the interscapular region of adults; its histological habtal lipomatous tumours. The reader is referred to the pa-
mark is the presence of brown fat. Cytogenetically tper by Mentzel and Fletcher [68] for a historical recon-
11913 region has been involved in all cases examirgdiction of this controversy, but we wish to emphasise
[74]. the concept that well-differentiated liposarcoma and

Lipoblastoma is also a rare tumour, occurring moatypical lipoma should be considered as synonyms. Their
commonly in infants and young children. Lipoblastomase should depend on the degree of reciprocal compre-
can mimic myxoid liposarcoma morphologically andjension between the surgeon and the pathologist to pre-
when it occurrs in adolescents, the differential diagnosisnt either inadequate or excessive treatment.
becomes really challenging [70]. The identification of a Karyotypically these tumours are characterised by the
specific 8q rearrangement in 8q11-q13, as opposed tofghesence of one extra ring and/or extra giant chromo-
12;16 translocation seen in myxoid liposarcoma, indieme marker [89] (Fig. 2). At the molecular level, these
cates the benign nature of the tumour so that overtreatgs and giant markers proved to present amplifications
ment can be avoided [13]. of the 12q13-15 region [12]. Importantly, gain of 12q

Spindle cell/pleomorphic lipomas represent a groupaterial has been detected in a case of spindle cell lipo-
of lesions characterised by a somewhat overlapping ckarcoma, which supports the inclusion of this rare variant
ical and morphological picture. Predominant occurrence the well-differentiated group [64]. This finding has
in the shoulder and neck region of middle-aged menbisen confirmed recently in two additional cases (C.D.M.
reported [39]. The characteristic chromosome chanfgletcher, unpublished observations).
represented by loss of material from the region 16gq13-Which genes from that region are amplified is not yet
gter, along with 13q deletions [41], supports the concdptally elucidated but among the possible and known
of spindle cell and pleomorphic lipomas as a spectrumcaindidatesGLI (GLIoblastoma), CHOP (CCAAT/en-
lesions and also justifies their separation from both bBencer-binding proteinHOmologous Protein), ATF1
nign lipomas and atypical lipomas/well-differentiated liGActivating Transcription Factor 1), SAS (Sarcoma
posarcomas. Amplified Sequence)CDK4 (Cyclin-DependentKinase

Angiolipomas occur most often as multiple, somd&), andMDM2 (Murine Double Minute 2), the last three
times painful, lesions, and interestingly, chromosomeay be especially involved, but the amplification pattern
changes have not been detected so far [97]. is not consistent in all tumours.

Well-differentiated (WD) liposarcoma represents a Dedifferentiated liposarcoma is considered by WHO
group of tumours further subclassified by WHO into aaé&s a distinct type of liposarcoma, in which transition
ipocytic (lipoma-like), sclerosing and inflammatory suldffom low-grade to high-grade morphology within a WD
types [108]. Recently, a rare spindle cell variant has bdgosarcoma is observed. First described by Evans in
described, which fulfils criteria for inclusion under th&979 [36], such a phenomenon may occur either in the
same heading [23]. Great controversy has been generat@dary tumour (de novo) or in recurrences. Surprising-
by the introduction of the term atypical lipoma or atyply, the clinical outcome of dedifferentiated liposarcoma
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common. Karyotypic data for both benign and malignant
soft tissue smooth muscle tumours are generally sparse,
while more information is available for visceral sites.
q ' ‘ Uterine leiomyomas, which are often multiple, pres-
‘ ' t(12;16)(q13;p11) ent seven different types cytogenetically. Half of all leio-
myomas are chromosomally normal. The other half has
one of six possible consistent chromosome changes. The
most common among these involves the 12g14-15 region
- in a translocation with chromosome 14 as a preferential
‘ b A A t(12;22)(q13;q12) partner. Equal in frequency is a deletion of 7q, followed
by anomalies involving 6p. Much rarer are trisomy 12,
translocation t(1;2) and deletions of 3q [16]. Molecularly
some information is already available for the 12q region
where theHMGI-C is involved [92]. There is no infor-
Fig. 3 Partial G-banded karyotypes showing t(12;16(q13;p1ipation as yet about the molecular changes in the 14
and its variant t(12;22)(q13;q12), found in myxoid and round céflanslocation partner or in the other structural abnormali-
liposarcomas ties. With regard to the malignant tumours in this group,
leiomyosarcoma of the gastrointestinal tract (malignant
gastrointestinal stromal tumour with smooth muscle dif-
is less aggressive than that of other high-grade pleonferentiation) is the only site where chromosome changes
phic sarcomas [66]. Interestingly, in stark contrast witiave been found. They include hypodiploidy with con-
the complex karyotypic aberration observed in pleomaistent loss of 22 and a structural change: deletion of
phic sarcomas, dedifferentiated liposarcoma usually é&pl11-12 [6].
hibits the same cytogenetic anomalies as WD liposarcomaVhilst karyotypic analysis of soft tissue leiomyosar-
[41]. At the molecular level, overexpression dDM2 coma has not revealed specific genomic changes, mole-
has been observed along with integrity of pB&gene in cular analysis has been more fruitful, showing aberra-
the majority of cases [26]. A significant increase in th®ns of the CyclinD1-Rb pathway at the G1-S cell cycle
level of bothMDM2 overexpression and amplification ircheckpoint in more than 90% of cases, along with rare
the high-grade areas has been observed, which mayp&3gene mutations [22, 25].
count for the tumour progression in this subset of sarco-
mas [26, 79].
Myxoid and round cell liposarcoma, even if stilStriated muscle tumours
sometimes classified as two distinct subtypes, share both
clinical and morphological features. Lesions combinir@f the different subtypes into which rhabdomyosarcoma
both patterns are relatively frequent, and it is widely subdivided (embryonal, spindle cell, alveolar and pleo-
agreed that round cell liposarcoma can be consideredri@phic), alveolar rhabdomyosarcoma is the only one to
high-grade counterpart of myxoid liposarcoma. Furthdye well characterised both cytogenetically and molecu-
more myxoid and round cell liposarcoma share the salady [32, 109]. There are two variant translocations, in-
characteristic chromosome change: t(12;16) [9, 59, 6@)lving chromosome 13 and either chromosome 1 or 2.
At the molecular level fusion occurs between @¢OP Molecularly, the gene involved on 13AKHR (ForkKHead
gene on 12913, which belongs to the CCAAT/enhanc&®elated gene), a putative transcription factor. The genes
binding protein family and is involved in adipocyte difinvolved on 1 and 2 are from the PARAjred box) fam-
ferentiation, and thEUS (or TLS gene on 16pl1, whichily: PAX7on 1 andPAX3on 2. The result of the translo-
has an RNA-binding domain. THEHOP gene is a tran- cations is a novel fusion gene and a chimeric gene prod-
scription factor that normally promotes growth arrestt [21, 45].
(i.e. antiproliferative activity), but the fusion product Interestingly, the solid variant of alveolar rhabdomyo-
CHOP-TLSfails to induce it. Th&US gene shows greatsarcoma, which lacks the distinctive alveolar growth pat-
homology with theEWS gene, both in structure andern, also exhibits the t(2;13) [83]. In embryonal rhabdo-
function. It is not surprising therefore that the only cyteayosarcoma, gain of chromosomes 2, 7, 8, 12, 13, 17,
genetic variant of myxoid liposarcoma so far known ii-8, and 19 along with loss of chromosomes 10, 14, 15,
volves chromosome 12 witBHOP and chromosome 22and 16 was seen by comparative genomic hybridisation
with EWS[19, 82] (Fig. 3). Trisomy 8 has been observgd07].
as a non-random secondary change [101].

Tenosynovial tumours
Smooth muscle tumours

Some preliminary information is available on giant cell
While benign smooth muscle tumours are common, letamour of tendon sheath. These tumours may occur in a
myosarcoma outside visceral soft tissues is much léssalised or in a diffuse type. In the localised form two
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Neural tumours
" , . ‘ The range of structure and cell type toward which the so-
called peripheral nerve sheath tumours can differentiate
Y derX 18 derl8 is so broad that their classification is very complex and
diagnostic criteria somewhat imprecise. Furthermore,
s. 7

differentiation but for which demonstration of their ori-
gin from a peripheral nerve is totally lacking. Data on
genomic changes are available only on two benign and

'_ ‘ there are tumours that show clear-cut neuroectodermal

X derX I8 derl8 three malignant entities.
Schwannoma (or neurilemoma) represents a benign
/ \ Schwann cell proliferation in which monosomy 22 has
SSX2 ssxi been reported. As the tumour suppressor ge¢R2 re-

sides in 22q12, a close relationship with the neurofibro-
Fig. 4 Both monophasic and biphasic synovial sarcomas are cH&atosis type 2 (NF-2) syndrome in at least some cases
acterised by the same t(X;18)(p11;q11), but the genes involvddy be postulated and, as a matter of fact, bilateral
seem to be differe 't acoustic schwannomas are considered pathognomonic of
the syndrome [65].

Perineurioma is a benign nerve sheath tumour distinct
different karyotypic changes seem to occur. One involviesm hypertrophic neuropathy, which superficially bears
1pll in a translocation with chromosome 2 or with aa- striking resemblance to meningioma. Immunohisto-
other chromosome. A second type involves 16g24 witthemical demonstration of EMA positivity along with S-
out any obvious preference for a partner chromoso®@0 protein and CD34 negativity plays a central part in
[14]. The diffuse type so far only shows simple but dithe differential diagnosis with other neural or fibrohistio-
ferent numerical changes. cytic lesions [39, 72]. Cytogenetically, abnormalities of

Synovial sarcoma, which is not thought to be derivetiromosome 22 have been described [48].
from synovium, is subclassified into two main types: Malignant peripheral nerve sheath tumours (MPNST)
spindle cell monophasic and biphasic, in which a vagxist in two main forms: sporadic and associated with
able number of glandular structures are present. The titme NF-1 syndrome. Karyotypes are very complex but
munohistochemical coexpression of mesenchymal (ehromosomes 17qg and 22q are very often involved [53].
mentin) and epithelial markers (cytokeratins, EMA) is a Clear cell sarcoma represents a malignant lesion aris-
valuable diagnostic aid. Recently, CD99 and S-100 piing mostly around tendons and aponeuroses and is char-
tein immunoreactivity has been reported, which repraeterised by melanocytic differentiation; hence the de-
sents a potential diagnostic pitfalls [24, 50]. Synoviabmination malignant melanoma of the soft parts. Clear
sarcoma is characterised cytogenetically as well as nsell sarcoma is now characterised cytogenetically and
lecularly. Translocation occurs between chromosome m®lecularly. The characteristic chromosome change is a
and, presumably, two adjacent loci on the X chromt{d12;22)(q13;q12) which leads to the fusion between the
some. One of these translocations may be more assBWS(EWng’'s Sarcoma) gene on 22 and a transcription
ated with the monophasic type, the other with the bipHaetorATF1on 12q [110].
sic type (Fig. 4). The gene involved on chromosome 18 The Ewing’s sarcoma/peripheral neuroectodermal tu-
is SYT(SYhovial sarcomdranslocation), which is unre-mour (ES/PNET) category represents a spectrum of
lated to any other known gene but contains a predictedind cell sarcomas exhibiting a partial neuroectodermal
glutamine-proline-glycine-rich region suggestive of phenotype. These are characterised by expression of the
transcriptional activation domain. The genes involvegD99 antigen and their differential diagnosis includes all
on the X-chromosome are call&bBX (Synovial Sarco- the other small round cell paediatric malignancies. The
ma X breakpoint) andSSX and are also unrelated tccentral karyotypic anomaly is a t(11;22) [3, 28, 105]
other known genes. The translocation leads to the faith two other variants found in some cases of Ewing
mation of a chimeric transcript as in other sarconsarcoma: a t(21;22) [99] and a t(7;22) [52, 100], and a
translocations [8, 43]. It is important to emphasise thder(16)t(1;16) [77] as a secondary change. Molecularly
synovial sarcoma occasionally shows a primitive, routite result of the t(11;22) is a fusion of tB&VSgene
cell morphology, which may cause diagnostic difficultyvith a truncated transcription factor FLIEr{end Leuke-
Separation from other spindle cell sarcomas is crucialia virusIntegration sitel) on 11q24 belonging to the
because synovial sarcoma is chemosensitive, and cH®S (avian Erythroblastosis virusTransforming Seq-
genetic analysis is a particularly useful diagnostic toeénce) family, resulting in an oncogenic conversion of
in this context. the EWSgene, the normal function of which is still un-
known. The gene contains an RNA-binding domain in
the C-terminal portion and a region with transcriptional
activating property in its N-terminal half, and it is ubig-
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uitously expressed. The other translocations occurring inintra-abdominal desmoplastic small round cell tu-
less than 10% of cases also result in fusion betE®@8 mour (IADSRCT) is a highly malignant disease origi-
and a member of th&TS family, ERG (ETS-Related nally described as occurring predominantly intrabdomi-
Gene) on 21, anBTV1(ETS TranslocatiorVariantl) on nally, but a broader distribution has been demonstrated
7p22 [29]. [10, 46, 85]. Morphologically, it is characterised by a
polyphenotypic differentiation that includes expression
of epithelial, neural and myoid markers. Because it usu-
Cartilage and bone tumours ally involves mesothelium-lined sites, such as peritone-
um, pleura and tunica vaginalis, a mesothelioblastic
Cytogenetic data concerning this group of tumours afiéferentiation has been postulated [46, 85]. This tu-
still sparse. Yet, preliminary observations in soft panmsour is characterised by a t(11;22)(p13;q12), which re-
chondroma indicate the involvement of chromosomesshijts in oncogenic activation of tHEWSgene by the
11 and 12q [18]. Wilms’ tumour gene\(VT): a unique example of a sup-
Among the malignant tumours the more closely chagressor gene causing oncogenic conversion of another
acterised anomaly is represented by the t(9;22)(q22;q@2pe [47].
in extraskeletal myxoid chondrosarcoma (EMC) [96]. IADSRCT belongs to the family of small round cell
EMC has a tendency to indolent growth but shows a sigmours, along with PNET, neuroblastoma, alveolar
nificant metastatic potential, especially to the lungs, ihabdomyosarcoma and some lymphomas. The charac-
long-term follow-up observations. Main differential diteristic genomic changes observed are a valuable diag-
agnoses are other myxoid sarcomas, such as myxoichtistic aid for the pathologist. In these cases, chromo-
posarcoma and myxofibrosarcoma, and mixed tumosme as well as molecular analysis [1, 34] can provide
of adnexal origin, which may arise in the soft tissue [5&.quick and accurate diagnosis. Nonetheless, it must be
Recently, in stark contrast to popular belief, it has besmessed that as more sarcomas are karyotyped and
demonstrated that immunostaining for S-100 proteindsalysed at the molecular level it is becoming evident
negative in most cases [27]. The characteristic t(9;22fhat such genetic abnormalities are less specific than
found neither in other chondrosarcoma types nor in otlpgeviously believed. Classic t(11;22) translocation has
lesions that have to be considered in the differential didmpen recently reported in a bona fide alveolar rhabdo-
nosis. Molecularly th&EWSgene on 22q this time fusesmyosarcoma [104], indicating the need at least for eval-
with TEC, the promotor region &WS causing onco- uation of cytogenetic analysis with reference to mor-
genic conversion of TEC, which is an orphan nuclear giology.
ceptor [61]. Interestingly, the occurrence of reciprocal transloca-
tions seems to represent a relatively common phenome-
non in several subsets of soft tissue sarcomas (Table 2).
Miscellaneous and unclassified soft tissue tumours ~ The underlying molecular mechanisms need to be clari-
fied and may serve as a general explanation of the mech-
Among the benign tumours listed under this headirgpism of production of fusion proteins as well as of their
which include several entities in which the line of differole in molecular oncogenesis of sarcomas. In most ex-
entiation is poorly understood or even unknown, cardiamples the basic molecular aberration resulting from
myxomas may show a rearrangement of 12p12 [30]. translocations is represented by the substitution of the
Aggressive angiomyxoma, which is characterised BNA-binding domain EWS FUS) with a DNA-binding
predominant (but not exclusive) occurrence in the vuldamain FLI, ERG ETV, ATF1, CHOP, WTJ). The final
or pelvis of adult women, has shown involvement of thesult is that a protein involved in postranslational modi-
MAR region 12q13-q15 [54]. The malignant tumours ifications tends to acquire transactivating properties,
clude several entities that have been characterised. Alwbich confers the ability to interact with DNA and to
olar soft tissue sarcoma, a somewhat enigmatic lesiorstimulate the transcription of target genes. This appears
which skeletal muscle differentiation has been postulatedbe true in a large variety of chimeric trancripts de-
on the basis of MyoD expression [44, 95], shows igeribed so far, even if the actual functions of the normal
volvement of 17qg25. genes involved remain to be fully elucidated in most cir-
Extrarenal rhabdoid tumours (ERT), again, are a hetimstances.
erogeneous group of lesions, probably a phenotype rathit must also be noted that tB&VSgene exhibit a high
er than a true entity [84]. The morphological hallmarkdegree of “molecular promiscuity” as it plays a key role
of this rare lesion are large intracytoplasmic inclusiorig, a variety of sarcoma-specific translocations (ES/PNET,
which appear ultrastructurally as whorls of intermediagxtraskeletal myxoid chondrosarcoma, myxoid liposar-
filaments, and macronucleoli. So far ERT, with the egoma, clear cell sarcoma, IADSRCT). The recent dem-
ception of central nervous system lesions, which exhibitstration of loss of tumorigenicity in Ewing sarcoma
monosomy of chromosome 22 [5], have failed to presemils expressing antisense RNA to tEé&/Sfusion tran-
consistent chromosome changes, and the rather minis@ilpt [81] indicates the therapeutic potential of the in-
karyotypic anomalies observed contrast with the highigrmation provided by the genomic analysis of soft tis-
malignant behaviour of this tumour [33]. sue tumours.
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10. Cummings O, Ulbright TM, Young RH, Dei Tos AP, Fletcher
CDM, Hull TM (1997) Desmoplastic small round cell tumors

] o o of the paratesticular region: a report of six cases. Am J Surg

Recent cytogenetic and molecular genetic investigations Pathol 21:219-225

in soft tissue tumours have provided us with new insighs!- Dal Cin P, Van de Berghe H (1997) Ten years of the cytoge-

into the mechanisms underlying malignant transforma- netlcss of soft tissue tumors. Cancer Genet Cytogenet (in
tion In mesenChym_a|_ tissues. _Some S_Oft tissue tUMOWS Dal Cin P, Kools, P, Sciot R, De Wever I, Van Damme B, Van
now also have a distinct genetic identity represented by de Ven W, Van Den Berghe H (1993) Cytogenetic and fluo-
specific chromosome aberrations and by molecular rescence in situ hybridization investigation of ring chromo-
changes related to these chromosome anomalies. SuchSomes characterizing a specific pathologic subgroup of adi-
. . . pose tissue tumors. Cancer Genet Cytogenet 68:85-90
genomic changes, when evaluated in context with mo§s ‘o5 cin P. Sciot R. De Wever |. Van Damme B. Van den
phology, represent an extremely valuable diagnostic aid Berghe H (1994) New discriminative chromosomal marker in
to the pathologist. In the future, cytogenetics is bound to fs}dl%tl)se tlssuectumorsG. The ghromosorr;% gg%l-z%lg region in
i i i i i toma. Cancer Genet Cytogenet . -,

play an important diagnostic role in the case of lesions, 'Poblas .

. . . 4. Dal Cin P, Sciot, R, Samson |, De Smet L, De Wever |, Van
show'lng_ a borderline morphology and ,W'th the group 0* Damme B, Van den Berghe H (1994) Cytogenetic character-
paediatric small round cell malignancies. Moreover, as ization of tenosynovial giant cell tumors (nodular tenosynovi-
for N-myc amplification in neuroblastoma, the possibili- tis). Cancer Res 54:3986-3987

ty of a prognostic significance of genetic aberration$5. Dal Cin P, Moerman P, Deprest J, Brosens |, Van den Berghe

Conclusions

should be further explored.
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