
&p.1:Abstract Soft tissue tumours represent a heterogeneous
group of mesenchymal lesions, and their classification is
the subject of continuous debate. Chromosome analysis,
molecular cytogenetics and molecular assays may be-
come increasingly useful in diagnosis, and this review
summarises advances in the cytogenetic characterisation
and classification of soft tissue tumours. Among the
group of fibrous lesions, superficial fibromatosis exhibits
trisomy 8. This genomic change is also observed in des-
moid fibromatosis in association with trisomy 20. Tri-
somy 11 is the most frequently observed chromosomal
aberration in congenital fibrosarcoma. Dermatofibrosar-
coma protuberans and giant cell fibroblastoma share a
translocation t(17;22), which supports the concept of the
existence of a common differentiation pathway. Adipose
tissue tumours is the group in which integration of genet-
ics and pathology has been most fruitful. Ordinary lipo-
mas cytogenetically show an abnormal karyotype in
about half the cases. Genomic changes of the 11q13 re-
gion are observed in hibernoma. Lipoblastoma exhibits a
specific 8q rearrangement in 8q11-q13. Loss of material
from the region 16q13-qter and 13q deletions are ob-
served in spindle cell/pleomorphic lipomas. The well-
differentiated liposarcoma/atypical lipoma group is char-
acterised karyotypically by the presence of one extra ring
and/or extra giant chromosome marker. Myxoid and
round cell liposarcoma share the same characteristic
chromosome change: t(12;16)(q13;p11) in most cases. In
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 all
leiomyomas are chromosomally normal; the other half
have one of six possible consistent chromosome chang-
es. Alveolar rhabdomyosarcoma is characterised cytoge-

netically by two variant translocations t(2;13)(q35;q14)
and t(1;13)(p36;q14). Among tenosynovial tumours, the
localised type of giant cell tumour of tendon sheath ex-
hibits two different karyotypic changes. One involves
1p11 in a translocation with chromosome 2 or with an-
other chromosome. A second type involves 16q24. Syno-
vial sarcoma is characterised cytogenetically by a trans-
location occurring between chromosome 18 and presum-
ably two adjacent loci on the X chromosome. In neural
tumours, abnormalities of chromosome 22 have been re-
ported in benign schwannomas and perineuriomas. Ma-
lignant peripheral nerve sheath tumours exist in two
main forms: sporadic and associated with the NF-1 syn-
drome. Karyotypes are very complex, but chromosomes
17q and 22q are very often involved. Clear cell sarcoma
is characterised cytogenetically and molecularly by a
translocation t(12;22)(q13;q12). The Ewing’s sarco-
ma/peripheral neuroectodermal tumour category shows a
central karyotypic anomaly represented by the transloca-
tion t(11;22). The two variants t(21;22) and t(7;22) are
found in some cases. Among cartilaginous lesion, the
most frequently described anomaly is the t(9;22)(q22;q12)
in extraskeletal myxoid chondrosarcoma. Intra-abdomi-
nal desmoplastic small round cell tumour is character-
ised by a t(11;22)(p13;q12).
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Introduction

Soft tissue tumours are a heterogeneous and complex
group of mesenchymal lesions, which may show a broad
range of differentiation [35, 39, 40]. The WHO classifi-
cation recognises benign, malignant and borderline (lo-
cally aggressive, nonmetastasising) categories [108]. The
histological classification is based upon morphological
demonstration of a specific line of differentiation but, de-
spite the contribution of ancillary diagnostic techniques
such as electron microscopy and immunohistochemistry,
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the classification of mesenchymal neoplasms is still the
subject of continuous debate.

Correct recognition of soft tissue tumours represents
an essential prerequisite for proper treatment and any
auxiliary method able to improve both the sensitivity and
specificity of current diagnostic procedures is important.
As with leukaemia two decades ago [80], chromosome
analysis, molecular cytogenetics and molecular assays
may become increasingly useful in the diagnostic ap-
proach to solid tumours in general, and to soft tissue tu-
mours in particular.

Genomic changes in soft tissue tumours

For the purpose of uniformity the WHO system, which
classifies the more than 200 entities in distinct subgroups
will be followed [108]. Nonetheless, major contrasts
concerning tumour classification will be addressed spe-
cifically. Indications will be given in this overview on
where reliable information on genomic changes is al-
ready available for each of the groups (Tables 1, 2).

For further details on this topic the reader is also re-
ferred to more detailed sources that focus on genomic
aberrations in neoplastic disease [75, 90] and in soft tis-
sue tumours [11, 31, 42, 91, 102, 106] as well as on mo-
lecular analysis [62, 67] and pathology of soft tissue tu-
mours [35, 39, 40].

Fibrous tissue tumours

Clinically, five subcategories of fibrous lesions can be
distinguished: reactive processes such as nodular fascii-
tis, hamartomatous lesions, benign and locally aggres-
sive tumours, and true malignancies. Histologically, fi-
brous tumours are actually composed usually of a vari-
able admixture of fibroblasts and myofibroblasts [69].

In the group of reactive/benign processes few cases
have been investigated cytogenetically, and normal
karyotypes or inconsistent changes have been observed.
Among the fibromatoses, however, a group of locally
aggressive nonmetastasising neoplasms which are char-
acterised by infiltrative, destructive growth, the superfi-
cial palmar and plantar variants (also known under the
eponyms of Dupuytren’s and Ledderhose’s diseases, re-
spectively) exhibit trisomy 8, which is also found in the
deep-seated desmoid tumours [7]. In the deeper seated
desmoid fibromatoses clones may be found with tri-
somy 8, others with trisomy 20; and in some other cells
both trisomies are present together [87]. In desmoid tu-
mours associated with familial adenomatous polyposis
(Gardner’s syndrome) 5q rearrangements have been de-
tected which, however, may be more related to the
polyposis than to the desmoid tumour [20]. Nonethe-
less, a role for inactivation of the APC gene in the de-
velopment of desmoid tumours has been postulated
[76].
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Table 1 Specific (primary)
chromosome changes in soft
tissue tumours&/tbl.c:&tbl.b:

Benign soft tissue tumours
Lipoma (ordinary) t with 12q15/t with 6p21/13q-
Lipoblastoma t with 8q11-13
Hibernoma t with 11q13
Spindle cell and pleomorphic lipoma loss of 16q13-qter
Leiomyoma (uterus) t with 12q-15/7q-/+12/13q-/

t(1;2)(p36;p24)/t with 6p21/3q-
Giant cell tumour of tendon sheath t with 1p11/t with 16q24
Schwannoma −22
Myxoma (cardiac) t with 12p12
Superficial fibromatosis +7/+8

Borderline soft tissue tumours
Atypical lipoma/well-differentiated liposarcoma + ring or long marker (sequences 12q13-q15)
Dermatofibrosarcoma protuberans and t(17;22)(q22;q13); +r (sequences 17q and 22q)

Giant cell fibroblastoma
Congenital fibrosarcoma combination of trisomies (8, 11, 17, 20)
Aggressive angiomyxoma t with 12q14-15
Desmoid tumours +8/+20/+8, +20

Malignant soft tissue tumors
Liposarcoma t(12;16)(q13;p11)
(myxoid/round cell) t(12;22)(q13;q12)
Leiomyosarcoma (GI) Monosomy 1p12-1pter with

hypodiploid chromosome number
Rhabdomyosarcoma (alveolar) t(2;13)(q35;q14)/t(1;13)(p36;q14)
Synovial sarcoma t(X;18)(p11.2;q11.2)
Extraskeletal myxoid chondrosarcoma t(9;22)(q22-q31;q12)
Ewing’s sarcoma/PNET t(11;22)(q24;q12)t(21;22)(q22;q12)

t(7;22)(p22;q12)
Clear cell sarcoma t(12;22)(q13;q12)
Desmoplastic small round cell tumour t(11;22)(p13;q12)
Alveolar soft tissue sarcoma t with 17q25

&/tbl.b:



As far as the malignant fibrous tissue tumours are
concerned, with the advent of electron microscopy and
immunohistochemistry, which allow easier recognition
both of monophasic spindle cell synovial sarcoma and of
malignant peripheral nerve sheath tumours (MPNST),
the adult form of fibrosarcoma is currently regarded as
rare [15, 39]. The congenital or infantile fibrosarcoma,
which in stark contrast to the adult form, has an 80% 5-
year survival rate, has numerical chromosome changes
only, with trisomy 11 as the most frequently occurring
trisomy [93]. Although not pathognomonic, the chromo-
some changes in this type of tumour may help in selec-
tion of the more adequate treatment.

Fibrohistiocytic tumours

Before analysing the cytogenetic data, it has to be
stressed that the term “fibrohistiocytic” is most proba-
bly a misnomer. Even if this denomination is retained
for the purpose of diagnostic homogeneity, virtually
none of the lesions included in this subgroup exhibits
true histiocytic differentiation [39]. Moreover, strong
arguments have been raised recently against the very
existence of the clinically most relevant subtype of sar-
coma belonging to this category: the storiform and
pleomorphic variant of malignant fibrous histiocytoma

(MFH) [38]. Pleomorphic MFH, once the most com-
monly diagnosed sarcoma, probably reflects a histolog-
ical feature common to a variety of unrelated high-
grade malignancies, in which a recognisable line of dif-
ferentiation is demonstrated by adequate sampling and
by the application of ancillary diagnostic procedures.
The MFH category, in addition to the prototypic stori-
form and pleomorphic variant, includes myxoid (myxo-
fibrosarcoma), giant cell and inflammatory subtypes.
Myxofibrosarcoma (myxoid MFH) is a distinctive clin-
icopathological entity, which exhibits a broad spectrum
of histological grades but in which fibroblastic or focal
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
in a younger age group and which histologically may
exhibit myoid differentiation [37], has been moved in
the WHO classification from the malignant to the bor-
derline category [108].

No consistent karyotypic changes have so far been re-
ported in the benign tumours belonging to this group. In
MFH, karyotypes are mostly abnormal and complex,
perhaps with involvement of the 19p13 region [63], but
this finding is largely meaningless as it refers to a broad-
ly heterogeneous group of unrelated lesions.
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Table 2 Molecular genetics in
soft tissue tumours&/tbl.c:&tbl.b: Translocation Tumour Affected gene

t(11;22)(q24;q12) Ewing sarcoma/PNET FLI1 (11q24)
EWS(22q12)

t(21;22)(q22;q12) Ewing sarcoma/PNET ERG(21q22)
EWS(22q12)

t(7;22)(p22;q12) Ewing sarcoma/PNET ETV1(7p22)
EWS(22q12)

t(12;22)(q13;q12) Clear cell sarcoma ATF1(12q13)
EWS(22q12)

t(12;16)(q13;p11) Liposarcoma (myxoid/round cell) CHOP(12q13)
FUS(16p11)

t(12;22)(q13;q12) Liposarcoma (myxoid/round cell) CHOP(12q13)
EWS(22q12)

t(2;13)(q35;q14) Alveolar rhabdomyosarcoma PAX3(2q35)
FKHR (13q14)

t(1;13)(p36;q14) Alveolar rhabdomyosarcoma PAX7(1p36)
FKHR (13q14)

t(X;18)(p11.2;q11.2) Synovial sarcoma SYT(18q11.2)
SSX1(Xp11.2)
SSX2(Xp11.2)

t(11;22)(p13;q12) Desmoplastic small round cell tumour WT1(11p13)
EWS(22q12)

t(9;22)(q22-q31;q12) Chondrosarcoma TEC (9q31)
(extraskeletal myxoid) EWS(22q12)

t(3;12)(q27;q15) Lipoma (ordinary) HMGI-C (12q15)
LPP (3q27)

t(17;22)(q22;q15) DFSP/giant cell fibroblastoma COL1A1(17q22)
PDGFB(22q13)

t(12;V)(q15;V) Benign mesenchymal tumours HMGI-C (12q15)
t(16;V)(p21;V) Benign mesenchymal tumours HMGI-Y (6p21)

&/tbl.b:



In the group of so-called intermediate malignancy two
tumours are progressively becoming characterised genet-
ically. Dermatofibrosarcoma protuberans (DFSP) is a
low-grade dermal neoplasm with a tendency to recur; in
a minority of cases it may undergo tumour progression
with acquisition of metastatic potential. Cytogenetically,
DFSP shows extra ring (80%) or extra marker (20%)
chromosome(s) in which material from chromosomes 17
and 22 is involved [78]. Giant cell fibroblastoma (GCF),
a dermal lesion mainly occurring in infants and young
children, has been shown to demonstrate a t(17;22)
(Fig. 1). In both tumours this translocation leads to the
fusion of the platelet-derived growth factor B-chain
(PDFGB) gene with the collagen type 1α1 (COL1A1)
[98]. Interestingly, the coexistence of DFSP and GCF
has been described repeatedly along with CD34 im-
munopositivity in both lesions [4, 94]. Cytogenetic data
support the concept that GCF and DFSP represent close-
ly related entities [17].

Adipose tissue tumours

The tumour types in which integration of genetics and
pathology has been most fruitful are the adipose tissue

tumours. Full credit must be given to the work carried
out by a cooperative group named CHAMP (CHromo-
some And MorPhology), which includes cytogenetists,
clinicians and pathologists from Europe and United
States [41, 64, 89, 97, 103].

Lipomatous tumours are the most common soft tissue
lesions encountered by every practising surgical patholo-
gist. Numerous variants exist, both in the benign and in
the malignant category, which may pose diagnostic prob-
lems. A thoughtful review focusing upon the most im-
portant conceptual problems concerning adipocytic tu-
mours and summarising the contribution of cytogenetics
has been published recently in this journal [68]. More
data concerning the molecular aspect of the genomic
changes observed in adipocytic tumours have been pub-
lished recently and deserve comment.

Ordinary lipomas usually represent a straightforward
diagnosis. In contrast, cytogenetically half of all cases
have an abnormal karyotype. Three main subgroups can
be identified: (1) a major group involving 12q13-15,
with several possible partners, of which 3q22 is a prefer-
ential one; (2) a deletion of 13q; and (3) a rearrangement
of 6p21-22.

The target gene in 12q-15 is a member of the High
Mobility Group Protein (HMG) gene family [2, 92],
HMGI-C, which, in its preferential translocation with #
3, fuses its DNA-binding domains to the protein-binding
interfaces of the protein of a gene called LPP, which
shows sequence similarity to the LIM protein family
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Fig. 1 G-banded karyotype showing der(22)t(17;22)(q21,q13)
(arrow) represents a characteristic chromosome change in giant
cell fibroblastoma&/fig.c:



[86]. The members of this family all possess so-called
LIM domains (i.e. cysteine-rich, zinc-binding protein se-
quences found in transcription regulators, proto-onco-
gene products and adhesion plaque constituents), which
seem to play some part in cell signalling and control of
cell fate during development [92]. HGM proteins are di-
vided into three distinct families, the HMG box contain-
ing HMG1/HMG2, the active chromatin-associated
HMG14/HMG17, and the HMGI proteins [49]. At pres-
ent, the last family consists of three genes, HMGI,
HMGI(Y) and HMGIC. In humans, some members of the
HMG family have been localized. For instance, HMGIC
is mapped to 12q15, HMGI(Y) to 6p21, HMG17 to
1p36.1–35, HMG14 to 21q22, HMG1L to 13q12, and
HMG2 to 4q31; all these are chromosome regions in-
volved in mesenchymal benign tumours or in tumours
with a mesenchymal component.

In addition to lipomas, the HMGIC gene was shown
to be disrupted in uterine leiomyomas, salivary gland tu-
mours and pulmonary chondroid hamartomas [55, 92].
Recently, rearrangements of the HMG(Y) characterised
by involvement of 6p21 have been demonstrated in be-
nign mesenchymal tumours such as uterine leiomyomas
[56, 57].

Hibernoma is a rare benign tumour, mostly occurring
in the interscapular region of adults; its histological hall-
mark is the presence of brown fat. Cytogenetically the
11q13 region has been involved in all cases examined
[74].

Lipoblastoma is also a rare tumour, occurring most
commonly in infants and young children. Lipoblastoma
can mimic myxoid liposarcoma morphologically and,
when it occurrs in adolescents, the differential diagnosis
becomes really challenging [70]. The identification of a
specific 8q rearrangement in 8q11-q13, as opposed to the
12;16 translocation seen in myxoid liposarcoma, indi-
cates the benign nature of the tumour so that overtreat-
ment can be avoided [13].

Spindle cell/pleomorphic lipomas represent a group
of lesions characterised by a somewhat overlapping clin-
ical and morphological picture. Predominant occurrence
in the shoulder and neck region of middle-aged men is
reported [39]. The characteristic chromosome change
represented by loss of material from the region 16q13-
qter, along with 13q deletions [41], supports the concept
of spindle cell and pleomorphic lipomas as a spectrum of
lesions and also justifies their separation from both be-
nign lipomas and atypical lipomas/well-differentiated li-
posarcomas.

Angiolipomas occur most often as multiple, some-
times painful, lesions, and interestingly, chromosome
changes have not been detected so far [97].

Well-differentiated (WD) liposarcoma represents a
group of tumours further subclassified by WHO into ad-
ipocytic (lipoma-like), sclerosing and inflammatory sub-
types [108]. Recently, a rare spindle cell variant has been
described, which fulfils criteria for inclusion under the
same heading [23]. Great controversy has been generated
by the introduction of the term atypical lipoma or atypi-

cal lipomatous tumours. The reader is referred to the pa-
per by Mentzel and Fletcher [68] for a historical recon-
struction of this controversy, but we wish to emphasise
the concept that well-differentiated liposarcoma and
atypical lipoma should be considered as synonyms. Their
use should depend on the degree of reciprocal compre-
hension between the surgeon and the pathologist to pre-
vent either inadequate or excessive treatment.

Karyotypically these tumours are characterised by the
presence of one extra ring and/or extra giant chromo-
some marker [89] (Fig. 2). At the molecular level, these
rings and giant markers proved to present amplifications
of the 12q13-15 region [12]. Importantly, gain of 12q
material has been detected in a case of spindle cell lipo-
sarcoma, which supports the inclusion of this rare variant
in the well-differentiated group [64]. This finding has
been confirmed recently in two additional cases (C.D.M.
Fletcher, unpublished observations).

Which genes from that region are amplified is not yet
totally elucidated but among the possible and known
candidates GLI (GLIoblastoma), CHOP (CCAAT/en-
hancer-binding protein HOmologous Protein), ATF1
(Activating Transcription Factor 1), SAS (Sarcoma
Amplified Sequence), CDK4 (Cyclin-Dependent Kinase
4), and MDM2 (Murine Double Minute 2), the last three
may be especially involved, but the amplification pattern
is not consistent in all tumours.

Dedifferentiated liposarcoma is considered by WHO
as a distinct type of liposarcoma, in which transition
from low-grade to high-grade morphology within a WD
liposarcoma is observed. First described by Evans in
1979 [36], such a phenomenon may occur either in the
primary tumour (de novo) or in recurrences. Surprising-
ly, the clinical outcome of dedifferentiated liposarcoma
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Fig. 2 Partial G-banded metaphases showing A the giant chromo-
some marker and B the ring chromosome generally found in atypi-
cal lipoma/well-differentiated liposarcoma&/fig.c:



is less aggressive than that of other high-grade pleomor-
phic sarcomas [66]. Interestingly, in stark contrast with
the complex karyotypic aberration observed in pleomor-
phic sarcomas, dedifferentiated liposarcoma usually ex-
hibits the same cytogenetic anomalies as WD liposarcoma
[41]. At the molecular level, overexpression of MDM2
has been observed along with integrity of the p53gene in
the majority of cases [26]. A significant increase in the
level of both MDM2 overexpression and amplification in
the high-grade areas has been observed, which may ac-
count for the tumour progression in this subset of sarco-
mas [26, 79].

Myxoid and round cell liposarcoma, even if still
sometimes classified as two distinct subtypes, share both
clinical and morphological features. Lesions combining
both patterns are relatively frequent, and it is widely
agreed that round cell liposarcoma can be considered the
high-grade counterpart of myxoid liposarcoma. Further-
more myxoid and round cell liposarcoma share the same
characteristic chromosome change: t(12;16) [9, 59, 60].
At the molecular level fusion occurs between the CHOP
gene on 12q13, which belongs to the CCAAT/enhancer-
binding protein family and is involved in adipocyte dif-
ferentiation, and the FUS (or TLS) gene on 16p11, which
has an RNA-binding domain. The CHOP gene is a tran-
scription factor that normally promotes growth arrest
(i.e. antiproliferative activity), but the fusion product
CHOP-TLSfails to induce it. The FUSgene shows great
homology with the EWS gene, both in structure and
function. It is not surprising therefore that the only cyto-
genetic variant of myxoid liposarcoma so far known in-
volves chromosome 12 with CHOP and chromosome 22
with EWS[19, 82] (Fig. 3). Trisomy 8 has been observed
as a non-random secondary change [101].

Smooth muscle tumours

While benign smooth muscle tumours are common, leio-
myosarcoma outside visceral soft tissues is much less

common. Karyotypic data for both benign and malignant
soft tissue smooth muscle tumours are generally sparse,
while more information is available for visceral sites.

Uterine leiomyomas, which are often multiple, pres-
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 12q14-15 region
in a translocation with chromosome 14 as a preferential
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 the HMGI-C is involved [92]. There is no infor-
mation as yet about the molecular changes in the 14
translocation partner or in the other structural abnormali-
ties. With regard to the malignant tumours in this group,
leiomyosarcoma of the gastrointestinal tract (malignant
gastrointestinal stromal tumour with smooth muscle dif-
ferentiation) is the only site where chromosome changes
have been found. They include hypodiploidy with con-
sistent loss of 22 and a structural change: deletion of
1p11-12 [6].

Whilst karyotypic analysis of soft tissue leiomyosar-
coma has not revealed specific genomic changes, mole-
cular analysis has been more fruitful, showing aberra-
tions of the CyclinD1-Rb pathway at the G1-S cell cycle
checkpoint in more than 90% of cases, along with rare
p53gene mutations [22, 25].

Striated muscle tumours

Of the different subtypes into which rhabdomyosarcoma
is subdivided (embryonal, spindle cell, alveolar and pleo-
morphic), alveolar rhabdomyosarcoma is the only one to
be well characterised both cytogenetically and molecu-
larly [32, 109]. There are two variant translocations, in-
volving chromosome 13 and either chromosome 1 or 2.
Molecularly, the gene involved on 13 is FKHR (ForKHead
Related gene), a putative transcription factor. The genes
involved on 1 and 2 are from the PAX (PAired boX) fam-
ily: PAX7on 1 and PAX3on 2. The result of the translo-
cations is a novel fusion gene and a chimeric gene prod-
uct [21, 45].

Interestingly, the solid variant of alveolar rhabdomyo-
sarcoma, which lacks the distinctive alveolar growth pat-
tern, also exhibits the t(2;13) [83]. In embryonal rhabdo-
myosarcoma, gain of chromosomes 2, 7, 8, 12, 13, 17,
18, and 19 along with loss of chromosomes 10, 14, 15,
and 16 was seen by comparative genomic hybridisation
[107].

Tenosynovial tumours

Some preliminary information is available on giant cell
tumour of tendon sheath. These tumours may occur in a
localised or in a diffuse type. In the localised form two
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Fig. 3 Partial G-banded karyotypes showing t(12;16(q13;p11)
and its variant t(12;22)(q13;q12), found in myxoid and round cell
liposarcomas&/fig.c:



different karyotypic changes seem to occur. One involves
1p11 in a translocation with chromosome 2 or with an-
other chromosome. A second type involves 16q24 with-
out any obvious preference for a partner chromosome
[14]. The diffuse type so far only shows simple but dif-
ferent numerical changes.

Synovial sarcoma, which is not thought to be derived
from synovium, is subclassified into two main types:
spindle cell monophasic and biphasic, in which a vari-
able number of glandular structures are present. The im-
munohistochemical coexpression of mesenchymal (vi-
mentin) and epithelial markers (cytokeratins, EMA) is a
valuable diagnostic aid. Recently, CD99 and S-100 pro-
tein immunoreactivity has been reported, which repre-
sents a potential diagnostic pitfalls [24, 50]. Synovial
sarcoma is characterised cytogenetically as well as mo-
lecularly. Translocation occurs between chromosome 18
and, presumably, two adjacent loci on the X chromo-
some. One of these translocations may be more associ-
ated with the monophasic type, the other with the bipha-
sic type (Fig. 4). The gene involved on chromosome 18
is SYT(SYnovial sarcoma Translocation), which is unre-
lated to any other known gene but contains a predicted
glutamine-proline-glycine-rich region suggestive of a
transcriptional activation domain. The genes involved
on the X-chromosome are called SSX1 (Synovial Sarco-
ma X breakpoint) and SSX2 and are also unrelated to
other known genes. The translocation leads to the for-
mation of a chimeric transcript as in other sarcoma
translocations [8, 43]. It is important to emphasise that
synovial sarcoma occasionally shows a primitive, round
cell morphology, which may cause diagnostic difficulty.
Separation from other spindle cell sarcomas is crucial,
because synovial sarcoma is chemosensitive, and cyto-
genetic analysis is a particularly useful diagnostic tool
in this context.

Neural tumours

The range of structure and cell type toward which the so-
called peripheral nerve sheath tumours can differentiate
is so broad that their classification is very complex and
diagnostic criteria somewhat imprecise. Furthermore,
there are tumours that show clear-cut neuroectodermal
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
three malignant entities.

Schwannoma (or neurilemoma) represents a benign
Schwann cell proliferation in which monosomy 22 has
been reported. As the tumour suppressor gene NF2 re-
sides in 22q12, a close relationship with the neurofibro-
matosis type 2 (NF-2) syndrome in at least some cases
may be postulated and, as a matter of fact, bilateral
acoustic schwannomas are considered pathognomonic of
the syndrome [65].

Perineurioma is a benign nerve sheath tumour distinct
from hypertrophic neuropathy, which superficially bears
a striking resemblance to meningioma. Immunohisto-
chemical demonstration of EMA positivity along with S-
100 protein and CD34 negativity plays a central part in
the differential diagnosis with other neural or fibrohistio-
cytic lesions [39, 72]. Cytogenetically, abnormalities of
chromosome 22 have been described [48].

Malignant peripheral nerve sheath tumours (MPNST)
exist in two main forms: sporadic and associated with
the NF-1 syndrome. Karyotypes are very complex but
chromosomes 17q and 22q are very often involved [53].

Clear cell sarcoma represents a malignant lesion aris-
ing mostly around tendons and aponeuroses and is char-
acterised by melanocytic differentiation; hence the de-
nomination malignant melanoma of the soft parts. Clear
cell sarcoma is now characterised cytogenetically and
molecularly. The characteristic chromosome change is a
t(12;22)(q13;q12) which leads to the fusion between the
EWS(EWing’s Sarcoma) gene on 22 and a transcription
factor ATF1on 12q [110].

The Ewing’s sarcoma/peripheral neuroectodermal tu-
mour (ES/PNET) category represents a spectrum of
round cell sarcomas exhibiting a partial neuroectodermal
phenotype. These are characterised by expression of the
CD99 antigen and their differential diagnosis includes all
the other small round cell paediatric malignancies. The
central karyotypic anomaly is a t(11;22) [3, 28, 105]
with two other variants found in some cases of Ewing
sarcoma: a t(21;22) [99] and a t(7;22) [52, 100], and a
der(16)t(1;16) [77] as a secondary change. Molecularly
the result of the t(11;22) is a fusion of the EWSgene
with a truncated transcription factor FLI1 (Friend Leuke-
mia virus Integration site 1) on 11q24 belonging to the
ETS (avian Erythroblastosis virus Transforming Seq-
uence) family, resulting in an oncogenic conversion of
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 ubiq-
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Fig. 4 Both monophasic and biphasic synovial sarcomas are char-
acterised by the same t(X;18)(p11;q11), but the genes involved
seem to be different&/fig.c:



uitously expressed. The other translocations occurring in
less than 10% of cases also result in fusion between EWS
and a member of the ETS family, ERG (ETS-Related
Gene) on 21, and ETV1(ETS Translocation Variant 1) on
7p22 [29].

Cartilage and bone tumours

Cytogenetic data concerning this group of tumours are
still sparse. Yet, preliminary observations in soft parts
chondroma indicate the involvement of chromosomes 6,
11 and 12q [18].

Among the malignant tumours the more closely char-
acterised anomaly is represented by the t(9;22)(q22;q12)
in extraskeletal myxoid chondrosarcoma (EMC) [96].
EMC has a tendency to indolent growth but shows a sig-
nificant metastatic potential, especially to the lungs, in
long-term follow-up observations. Main differential di-
agnoses are other myxoid sarcomas, such as myxoid li-
posarcoma and myxofibrosarcoma, and mixed tumours
of adnexal origin, which may arise in the soft tissue [58].
Recently, in stark contrast to popular belief, it has been
demonstrated that immunostaining for S-100 protein is
negative in most cases [27]. The characteristic t(9;22) is
found neither in other chondrosarcoma types nor in other
lesions that have to be considered in the differential diag-
nosis. Molecularly the EWSgene on 22q this time fuses
with TEC, the promotor region of EWS, causing onco-
genic conversion of TEC, which is an orphan nuclear re-
ceptor [61].

Miscellaneous and unclassified soft tissue tumours

Among the benign tumours listed under this heading,
which include several entities in which the line of differ-
entiation is poorly understood or even unknown, cardiac
myxomas may show a rearrangement of 12p12 [30].

Aggressive angiomyxoma, which is characterised by
predominant (but not exclusive) occurrence in the vulva
or pelvis of adult women, has shown involvement of the
MAR region 12q13-q15 [54]. The malignant tumours in-
clude several entities that have been characterised. Alve-
olar soft tissue sarcoma, a somewhat enigmatic lesion in
which skeletal muscle differentiation has been postulated
on the basis of MyoD expression [44, 95], shows in-
volvement of 17q25.

Extrarenal rhabdoid tumours (ERT), again, are a het-
erogeneous group of lesions, probably a phenotype rath-
er than a true entity [84]. The morphological hallmarks
of this rare lesion are large intracytoplasmic inclusions,
which appear ultrastructurally as whorls of intermediate
filaments, and macronucleoli. So far ERT, with the ex-
ception of central nervous system lesions, which exhibit
monosomy of chromosome 22 [5], have failed to present
consistent chromosome changes, and the rather minimal
karyotypic anomalies observed contrast with the highly
malignant behaviour of this tumour [33].

Intra-abdominal desmoplastic small round cell tu-
mour (IADSRCT) is a highly malignant disease origi-
nally described as occurring predominantly intrabdomi-
nally, but a broader distribution has been demonstrated
[10, 46, 85]. Morphologically, it is characterised by a
polyphenotypic differentiation that includes expression
of epithelial, neural and myoid markers. Because it usu-
ally involves mesothelium-lined sites, such as peritone-
um, pleura and tunica vaginalis, a mesothelioblastic
differentiation has been postulated [46, 85]. This tu-
mour is characterised by a t(11;22)(p13;q12), which re-
sults in oncogenic activation of the EWSgene by the
Wilms’ tumour gene (WT): a unique example of a sup-
pressor gene causing oncogenic conversion of another
gene [47].

IADSRCT belongs to the family of small round cell
tumours, along with PNET, neuroblastoma, alveolar
rhabdomyosarcoma and some lymphomas. The charac-
teristic genomic changes observed are a valuable diag-
nostic aid for the pathologist. In these cases, chromo-
some as well as molecular analysis [1, 34] can provide
a quick and accurate diagnosis. Nonetheless, it must be
stressed that as more sarcomas are karyotyped and
analysed at the molecular level it is becoming evident
that such genetic abnormalities are less specific than
previously believed. Classic t(11;22) translocation has
been recently reported in a bona fide alveolar rhabdo-
myosarcoma [104], indicating the need at least for eval-
uation of cytogenetic analysis with reference to mor-
phology.

Interestingly, the occurrence of reciprocal transloca-
tions seems to represent a relatively common phenome-
non in several subsets of soft tissue sarcomas (Table 2).
The underlying molecular mechanisms need to be clari-
fied and may serve as a general explanation of the mech-
anism of production of fusion proteins as well as of their
role in molecular oncogenesis of sarcomas. In most ex-
amples the basic molecular aberration resulting from
translocations is represented by the substitution of the
RNA-binding domain (EWS, FUS) with a DNA-binding
domain (FLI, ERG, ETV, ATF1, CHOP, WT1). The final
result is that a protein involved in postranslational modi-
fications tends to acquire transactivating properties,
which confers the ability to interact with DNA and to
stimulate the transcription of target genes. This appears
to be true in a large variety of chimeric trancripts de-
scribed so far, even if the actual functions of the normal
genes involved remain to be fully elucidated in most cir-
cumstances.

It must also be noted that the EWSgene exhibit a high
degree of “molecular promiscuity” as it plays a key role
in a variety of sarcoma-specific translocations (ES/PNET,
extraskeletal myxoid chondrosarcoma, myxoid liposar-
coma, clear cell sarcoma, IADSRCT). The recent dem-
onstration of loss of tumorigenicity in Ewing sarcoma
cells expressing antisense RNA to the EWS-fusion tran-
script [81] indicates the therapeutic potential of the in-
formation provided by the genomic analysis of soft tis-
sue tumours.

90



Conclusions

Recent cytogenetic and molecular genetic investigations
in soft tissue tumours have provided us with new insights
into the mechanisms underlying malignant transforma-
tion in mesenchymal tissues. Some soft tissue tumours
now also have a distinct genetic identity represented by
specific chromosome aberrations and by molecular
changes related to these chromosome anomalies. Such
genomic changes, when evaluated in context with mor-
phology, represent an extremely valuable diagnostic aid
to the pathologist. In the future, cytogenetics is bound to
play an important diagnostic role in the case of lesions
showing a borderline morphology and with the group of
paediatric small round cell malignancies. Moreover, as
for N-myc amplification in neuroblastoma, the possibili-
ty of a prognostic significance of genetic aberrations
should be further explored.

&p.2:Acknowledgements The authors are grateful to Professor Her-
man Van den Berghe, University of Leuven, Belgium and to Pro-
fessor Christopher D. M. Fletcher, Harvard Medical School, Bos-
ton, USA, for help and advice. A.P.D.T. is supported by the Lega
Italiana per la Lotta Contro i Tumori (Sez. di Treviso). P.D.C. is
supported by the Belgian Interuniversitary Poles of Attraction Pro-
gram (initiated by the Belgian State, Prime Minister’s office, Sci-
ence Policy Programming).

References

1. Alava E de, Ladanyi M, Rosai J, Gerald WL (1995) Detec-
tion of chimeric transcripts in desmoplastic small round cell
tumor and related developmental tumors by reverse transcrip-
tase polymerase chain reaction. Am J Pathol 147:1584–1591

2. Ashar HR, Schoenberg Fejzo M, Tkachenko A, Zhou X,
Fletcher JA, Weremowicz S, Morton CC, Chada K (1995)
Disruption of the architectural factor HMGI-C: DNA-binding
AT hook motifs fused in lipomas to distinct transcriptional
regulatory domains. Cell 82:57–65

3. Aurias A, Rimbaut C, Buffe D, Zucker J-M, Mazabraud A
(1984) Translocation involving chromosome 22 in Ewing’s
sarcoma. A cytogenetic study of four fresh tumors. Cancer
Genet Cytogenet 12:21–25

4. Beham A, Fletcher CDM (1990) Dermatofibrosarcoma protu-
berans with areas resembling giant cell fibroblastoma: report
of two cases. Histopathology 17:165–167

5. Biegel JA, Rorke LB, Packer RJ, Emanuel BS (1992) Mono-
somy 22 in rhabdoid or atypical tumors of the brain. J Neuro-
surg 37:710–714

6. Boghosian L, Dal Cin P, Turc-Carel C, Karakousis C, Rao U,
Sait S, Sandberg AA (1989) Three possible cytogenetic sub-
groups of leiomyosarcomas. Cancer Genet Cytogenet 43:
39–49

7. Bonnici AV, Birjandi F, Spencer JD, Fox SP, Berry AC
(1992) Chromosomal abnormalities in Dupuytren’s contrac-
ture and carpal tunnel syndrome. J Hand Surg [Br] 17:
349–355

8. Crew AJ, Clark J, Fisher C, Gill S, Grimer R, Chand A, Ship-
ley J, Gusterson BA, Cooper CS (1995) Fusion of SYT to
two genes, SSX1and SSX2, encoding proteins with homology
to the Kruppel-associated box in human synovial sarcoma.
EMBO J 14:2333–2340

9. Crozat A, Aman P, Mandahl N, Ron D (1993) Fusion of
CHOP to a novel RNA-binding protein in human myxoid li-
posarcoma. Nature 363:640–644

10. Cummings O, Ulbright TM, Young RH, Dei Tos AP, Fletcher
CDM, Hull TM (1997) Desmoplastic small round cell tumors
of the paratesticular region: a report of six cases. Am J Surg
Pathol 21:219–225

11. Dal Cin P, Van de Berghe H (1997) Ten years of the cytoge-
netics of soft tissue tumors. Cancer Genet Cytogenet (in
press)

12. Dal Cin P, Kools, P, Sciot R, De Wever I, Van Damme B, Van
de Ven W, Van Den Berghe H (1993) Cytogenetic and fluo-
rescence in situ hybridization investigation of ring chromo-
somes characterizing a specific pathologic subgroup of adi-
pose tissue tumors. Cancer Genet Cytogenet 68:85–90

13. Dal Cin P, Sciot R, De Wever I, Van Damme B, Van den
Berghe H (1994) New discriminative chromosomal marker in
adipose tissue tumors. The chromosome 8q11-q13 region in
lipoblastoma. Cancer Genet Cytogenet 78:232–235

14. Dal Cin P, Sciot, R, Samson I, De Smet L, De Wever I, Van
Damme B, Van den Berghe H (1994) Cytogenetic character-
ization of tenosynovial giant cell tumors (nodular tenosynovi-
tis). Cancer Res 54:3986–3987

15. Dal Cin P, Moerman P, Deprest J, Brosens I, Van den Berghe
H (1995) A new cytogenetic subgroup in uterine leiomyoma
is characterized by a deletion of the long arm of chromosome
3. Genes Chromosom Cancer 13:219–220

16. Dal Cin P, Pauwels P, Sciot R, Van den Berghe H (1996)
Multiple chromosome rearrangements in a fibrosarcoma.
Cancer Genet Cytogenet 87:176–178

17. Dal Cin P, Sciot R, De Wever I, Brock P, Casteels-Van Daele
M, Van Damme B, Van den Berghe H (1996) Cytogenetic
and immunohistochemical evidence that giant cell fibroblas-
toma is related to dermatofibrosarcoma protuberans. Genes
Chromosom Cancer 15:73–75

18. Dal Cin P, Qi H, Sciot R, Van den Berghe H (1997) Involve-
ment of chromosomes 6 and 11 in a soft tissue chondroma.
Cancer Genet Cytogenet (in press)

19. Dal Cin P, Sciot R, Panagopoulos I, Aman P, Smason I,
Mandhal N, Mitelman F, Van de Berghe H, Fletcher CDM
(1997) Additional evidence of a variant translocation t(12;22)
with EWS/CHOP usion in myxoid liposarcoma: clinico-
pathologic features. J Pathol (Lond) (in press)

20. Dangel A, Meloni AM, Lunch HT, Sandberg AA (1994) De-
letion (5q) in a desmoid tumor of a patient with Gardner’s
syndrome. Cancer Genet Cytogenet 78:94–98.39

21. Davis RJ, D’Cruz CM, Lovell MA, Biegel JA, Barr FG
(1994) Fusion of PAX7 to FKHR by the variant
t(1;13)(p36;q14) translocation in alveolar rhabdomyosarco-
ma. Cancer Res 54: 2869–2872

22. 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

23. Dei Tos AP, Mentzel T, Newman PL, Fletcher CDM (1994)
Spindle cell liposarcoma: a hitherto unrecognized variant of
well-differentiated liposarcoma: analysis of six cases. Am J
Surg Pathol 18:913–921

24. Dei Tos AP, Wadden C, Calonje E, Sciot R, Pauwels P,
Knight JC, Dal Cin P, Fletcher CDM (1995) Immunohisto-
chemical demonstration of p30/32MIC2 (CD99) in synovial
sarcoma. A potential cause of diagnostic confusion. Appl Im-
munohistochem 3:168–173

25. Dei Tos AP, Maestro R, Doglioni C, Piccinin S, Della Libera
D, Boiocchi M, Fletcher CDM (1996) Tumor suppressor
genes and related molecules in leiomyosarcoma. Am J Pathol
148:1037–1045

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

27. Dei Tos AP, Wadden C, Fletcher CDM (1997) Extraskeletal
myxoid chondrosarcoma: an immunohistochemical reap-
praisal of 39 cases. Appl Immunohistochem (in press)

91



28. Delattre O, Zucman J, Plougastel B, Desmaze C, Melot T,
Peter M, Kovar H, Joubert I, Jong P de, Rouleau G, Aurias A,
Thomas G (1992) Gene fusion with an ETSDNA-binding do-
main caused by chromosome translocation in human tu-
mours. Nature 359:162–165

29. Delattre O, Zucman J, Melot T, Garau XS, Zucker J-M, Le-
noir GM, Ambros PF, Sheer D, Turc-Carel C, Triche TJ, Au-
risa A, Thomas G (1994) The Ewing family of tumors. A
subgroup of small-round-cell tumours defined by specific
chimeric transcripts. N Engl J Med 331:294–299

30. Dijkhuizen T, Berg E van den, Molenaar WM, Meuzelaar JJ,
Jong B de (1995) Rearrangements involving 12p12 in two
cases of cardiac myxoma. Cancer Genet Cytogenet 82:
161–162

31. Donner LR (1994) Cytogenetics of tumors of soft tissue and
bone. Implications for pathology. Cancer Genet Cytogenet
78:115–126

32. Douglass EC, Valentine M, Etcubanas E, Parham D, Webber
BL, Houghton PJ, Green AA (1987) A specific chromosomal
abnormality in rhabdomyosarcoma. Cytogenet Cell Genet 45:
148–155

33. Douglass EC, Valentine M, Rowe ST, Parham DM, Wilimas
JA, Sanders JM, Houghton PJ (1990) Malignant rhabdoid tu-
mor: a highly malignant childhood tumor with minimal
karyotypic changes. Genes Chromosom Cancer 2:210–216

34. Downing JR, Khandekar A, Shurtleff SA, Head DR, Parham
DM, Webber BL, Pappo AS, Hulshof MG, Conn WP, Shapiro
DN (1995) Multiplex RT-PCR assay for the differential diag-
nosis of alveolar rhabdomyosarcoma and Ewing’s sarcoma.
Am J Pathol 146:626–634

35. Enzinger RM, Weiss SW (eds) (1995) Soft tissue tumors, 3rd
edn. Mosby, St. Louis

36. Evans HL (1979) Liposarcoma. A study of 55 cases with a
reassessment of its classification. Am J Surg Pathol 3:507–
523

37. Fletcher CDM (1991) Angiomatoid “malignant fibrous his-
tiocytoma”. An immunohistochemical study indicative of
myoid differentiation. Hum Pathol 22:563–568

38. Fletcher CDM (1992) Pleomorphic malignant fibrous histio-
cytoma: fact or fiction? A critical reappraisal based on 159
tumors diagnosed as pleomorphic sarcoma. Am J Surg Pathol
16:213–228

39. Fletcher CDM (1995) Soft tissue tumors. In: Fletcher CDM
(ed) Diagnostic histopathology of tumors. Churchill-Living-
stone, Edinburgh, pp 1043–1096

40. Fletcher CDM, McKee PH (1990) Pathobiology of soft tissue
tumours. Churchill-Livingstone, Edinburgh

41. Fletcher CDM, Akerman M, Dal Cin P, De Wever I, Mandahl
N, Mertens F, Mitelman F, Rosai J, Rydholm A, Sciot R,
Tallini G, Van den Berghe H, Van de Ven W, Vanni R, Willen
H (1996) Correlation between clinicopathological features
and karyotype in lipomatous tumors. Am J Pathol 148:
623–630

42. Fletcher JA (1995) Cytogenetic analysis of soft tissue tumors.
In: Enzinger RM, Weiss SW (eds) Soft tissue tumors, 3rd
edn. Mosby, St Louis, pp 105–118

43. Fligman I, Lonardo F, Jhanwar SC, Gerald WL, Woodruff J,
Ladanyi M (1995) Molecular diagnosis of synovial sarcoma
and characterization of a variant SYT-SSX2 fusion transcript.
Am J Pathol 147:1592–1599

44. Foschini MP, Eusebi V (1994) Alveolar soft part sarcoma: a
new type of rhabdomyosarcoma? Semin Diagn Pathol 11:
58–68

45. Galili N, Davis RJ, Frederickx WJ, Mukhopadhyay S, Rausc-
her FJ III, Emanuel BJ, Rovera G, Barr FG (1993) Fusion of
a fork head domain gene to PAX3 in the solid tumour alveo-
lar rhabdomyosarcoma. Nat Genet 5:230–235

46. Gerald WL, Miller HK, Battifora H, Miettinen M, Silva EG,
Rosai J (1991) Intra-abdominal desmoplastic small round-
cell tumor. Report of 19 cases of a distinctive type of high
grade polyphenotypic malignancy affecting young individu-
als. Am J Surg Pathol 15:499–513

47. Gerald WL, Ladanyi M, de Alava E, Rosai J (1995) Desmo-
plastic small round-cell tumor: a recently recognized tumor
type associated with a unique gene fusion. Adv Anat Pathol
2:341–345

48. Giannini C, Scheithauer BW, Jenkins RB, Erlandson RA,
Borell TJ, Hoda RS, Woodruff JM (1997) Soft tissue peri-
neurioma. Evidence for an abnormality of chromosome 22,
criteria for diagnosis, and review of the literature. Am J Surg
Pathol 21:164–173

49. Grosschedl R, Giese K, Pagel J (1994) HMG domain pro-
teins: architectural elements in the assembly of nucleoprotein
structures. Trends Genet 10:94–100

50. Guillou L, Wadden C, Kraus MD, Dei Tos AP, Fletcher CDM
(1996) S-100 protein reactivity in synovial sarcomas: a po-
tentially frequent diagnostic pitfall. Immunohistochemical
analysis of 100 cases. Appl Immunohistochem 4:167–175

51. Hindkjaer J, Hammoudah SAFM, Hansen KB, Jensen PD,
Koch J, Pedersen B (1995) Translocation (1;16) identified by
chromosome painting and PRimed IN Situ-labeling (PRINS).
Cancer Genet Cytogenet 79:15–20

52. Jeon I, Davis JN, Braun BS, Sublett JE, Roussel MF, Denny
CT, Shapiro DN (1995) A variant Ewing’s sarcoma transloca-
tion (7;22) fuses the EWSgene to the ETS gene ETV1. Onco-
gene 10:1229–1234

53. Jhanwar SC, Chen Q, Li FP, Brennan MF, Woodruff JM
(1994) Cytogenetic analysis of soft tissue sarcomas. Recur-
rent chromosome abnormalities in malignant peripheral nerve
sheath tumors (MPNST). Cancer Genet Cytogenet 78:
138–144

54. Kazmierczak B, Wanschura S, Meyer-Bolte K, Caselitz J,
Meister P, Bartnitzke S, Van de Ven W, Bullerdiek J (1995)
Cytogenetic and molecular analysis of an aggressive angio-
myxoma. Am J Pathol 147:580–585

55. Kazmierczak B, Rosigkeit J, Wanschura S, Meyer-Bolte K,
Van de Ven WJM, Kayser K, Krieghoff B, Kastendiek HK,
Bartnitzke S, Bullerdiek J (1996) HMGI-C rearrangements
at the molecular basis for the majority of pulmonary chon-
droid hamartomas: a survey of 30 tumors. Oncogene
12:515–521

56. Kazmierczak B, Wanschura S, Rommel B, Bartnitzke S,
Bullerdiek J (1996) Ten pulmonary chondroid hamartomas
with chromosome 6p21 breakpoints within the HMG-I(Y)
gene or its immediate surroundings. J Natl Cancer Inst
17:1234–1236

57. Kazmierczak B, Bol S, Wanschura S, Bartnitzke S, Buller-
diek J (1996) A PAC clone containing the HMGI-(Y) gene
spans the breakpoint of a 6p21 translocation in a uterine leio-
myoma cell line. Genes Chromosom Cancer 17:191–193

58. Kilpatrick SE, Hitchcock MG, Kraus MD, Calonje E, Fletch-
er CDM (1997) Mixed tumor and myoepithelioma of soft tis-
sue: a clinicopathologic study of 19 cases with a unifying
concept. Am J Surg Pathol 21:13–22

59. Knight JC, Renwick PJ, Dal Cin P, Van den Berghe H,
Fletcher CDM (1995) Translocation t(12;16)(q13:p11) in
myxoid liposarcoma and round cell liposarcoma: molecular
and cytogenetic analysis. Cancer Res 55:24–27

60. Kuroda M, Ishida T, Horiuchi H, Kida N, Uozaki H, Takeu-
chi H, Tsuji K, Mori S, Machinami R, Watanabe T (1995)
ChimericTLS/FUS-CHOP gene expression and heterogeneity
of its junction in human myxoid and round cell liposarcoma.
Am J Pathol 147:1221–1227

61. Labelle YK, Zucman J, Stenman G, Kindblom L-G, Knight J,
Turc-Carel C, Dockhkorn-Dworniczak B, Mandahl N, Dezm-
ase C, Peter M, Aurias A, Delattre O, Thomas G (1995) On-
cogenic conversion of a novel orphan nuclear receptor by
chromosome translocation. Hum Mol Genet 4:2219–2226

62. Ladanyi M (1995) The emerging molecular genetics of sarco-
ma translocations. Diagn Mol Pathol 4:162–173

63. Mandahl N, Heim S, Willén H, Rydholm A, Eneroth M, Nil-
bert M, Kreicbergs A, Mitelman F (1989) Characteristic
karyotypic anomalies identify subtypes of malignant fibrous
histiocytoma. Genes Chromosom Cancer 1:9–14

92



64. Mandahl N, Akerman M, Aman P, Dal Cin P, De Wever I,
Fletcher CDM, Mertens F, Mitelman F, Rosai J, Rydholm A,
Sciot R, Tallini G, Van Den Berghe H, Van de Ven W, Vanni
R, Willén H (1996) Duplication of chromosome segment
12q15-24 is associated with atypical lipomatous tumors: a re-
port of the CHAMP collaborative study group. Int J Cancer
67:632–635

65. Martuza RL, Elridge R (1983) Neurofibromatosis 2 (bilateral
acoustic neurofibromatosis). N Engl J Med 318:684–688

66. McCormick D, Mentzel T, Beham A, Fletcher CDM (1994)
Dedifferentiated liposarcoma. Clinicopathologic analysis of
32 cases suggesting a better prognostic subgroup among
pleomorphic sarcomas. Am J Surg Pathol 18:1213–1223

67. Meltzer PS (1995) Molecular biology of soft tissue tumors.
In: Enzinger RM, Weiss SW (eds) Soft tissue tumors, 3rd
edn. Mosby, St. Louis, pp 89–104

68. Mentzel T, Fletcher CDM (1995) Lipomatous tumours of the
soft tissues: an update. Virchows Arch 427:353–363

69. Mentzel T, Fletcher CDM (1997) The emerging role of myo-
fibroblasts in soft tissue neoplasia. Am J Clin Pathol (in
press)

70. Mentzel T, Calonje E, Fletcher CDM (1993) Lipoblastoma
and lipoblastomatosis: a clinicopathologic sudy of 14 cases.
Histopathology 23:527–533

71. Mentzel T, Calonje E, Fletcher CDM (1994) Leiomyosarco-
ma with prominent osteoclast-like giant cell. Analysis of
eight cases closely mimicking the so-called giant cell variant
of malignant fibrous histiocytoma. Am J Surg Pathol 18:
258–265

72. Mentzel T, Dei Tos AP, Fletcher CDM (1994) Perineurioma
(storiform perineurial fibroma): clinicopathologic analysis of
four cases. Histopathology 25:261–267

73. Mentzel T, Calonje E, Wadden C, Camplejohn RS, Beham A,
Smith MA, Fletcher CDM (1996) Myxofibrosarcoma. Clini-
copathologic analysis of 75 cases with emphasis on the low
grade variant. Am J Surg Pathol 20:391–405

74. Mertens F, Rydholm A, Brosjo O, Willen H, Mitelman F,
Mandahl N (1994) Hibernomas are characterized by rear-
rangements of chromosome bands 11q13-21. Int J Cancer 58:
503–505

75. Mitelman F (1994) Catalog of chromosome aberrations in
cancer, 5th edn. Wiley-Liss, New York

76. Miyaki M, Konishi M, Kikuchi-Yanoshita R, Enomoto M,
Tanaka K, Takahashi H, Muraoka M, Mori T, Konishi F, Iw-
ama T (1993) Coexistence of somatic and germ-line muta-
tions of APC gene in desmoid tumors from patients with fa-
milial adenomatous polyposis. Cancer Res 53:5079–5082

77. Mugneret F, Lizard S, Aurias A, Turc-Carel C (1988) Chro-
mosomes in Ewing’s sarcoma II. Nonrandom additional
changes, trisomy 8 and der(16)t(1;16). Cancer Genet Cytoge-
net 32:239–245

78. Naeem R, Lux ML, Huang S-F, Naber SP, Corson JM,
Fletcher JA (1995) Ring chromosomes in dermatofibrosarco-
ma protuberans are composed of interspersed sequences from
chromosomes 17 and 22. Am J Pathol 147:1553–1558

79. Nakayama T, Toguchida, Wadayama B, Kanobe H, Kotoura
Y, Sasaki MS (1995) mdm2 amplification in soft tissue tu-
mours: association with tumour progression in differentiated
adipose tissue tumours. Int J Cancer 64:342–346

80. Nowell PC, Hungerford DA (1960) A minute chromosome in
human chronic granulocytic leukemia. Science 132:1497

81. Ouchida M, Ohno T, Fujimura Y, Rao VN, Reddy ESP
(1995) Loss of tumorigenicity of Ewing’s sarcoma cells ex-
pressing antisense RNA to EWS-fusion transcripts. Onco-
gene 11:1049–1054

82. Panagopoulos I, Höglund M, Mertens F, Mandahl N, Mitel-
man F, Åman P (1996) Fusion of the EWSand CHOP genes
in myxoid liposarcoma. Oncogene 12: 489–494

83. Parham DM, Shapiro DN, Downing JR, Webber BL, Dou-
glass EC (1994) Solid alveolar rhabdomyosarcomas with the
t(2;13). Am J Surg Pathol 18:474–478

84. Parham DM, Weeks DA, Beckwith JB (1994) The clinico-
pathologic spectrum of putative extrarenal rhabdoid tumors.
An analysis of 42 cases studied with immunohistochemistry
and/or electron microscopy. Am J Surg Pathol 18:
1010–1029

85. Parkash V, Gerald WL, Parma A, Miettinen M, Rosai J
(1995) Desmoplastic small round cell tumor of the pleura.
Am J Surg Pathol 19:659–665

86. Petit MR, Mols R, Schoenmakers EFPM, Mandhal N, Van de
Ven WJM (1996) LPP, the preferred fusion partner gene of
HMGIC in lipomas, is a novel member of the LIM protein
gene family. Genomics 86:118–129

87. Qi H, Dal Cin P, Hernández JM, Garcia JL, Sciot R, Fletcher
C, Van Eyken P, De Wever I, Van den Berghe H (1996) Tris-
omies 8 and 20 in desmoid tumors. Cancer Genet Cytogenet
92:147–149

88. Rabbitts TH (1994) Chromosomal translocations in human
cancer. Nature 372:143–149

89. Rosai J, Akerman M, Dal Cin P, De Wever I, Fletcher CDM,
Mandahl N, Mertens F, Mitelman F, Rydholm A, Sciot R,
Tallini G, Van den Berghe H, Van de Ven W, Vanni R, Willén
H (1996) Combined morphologic and karyotypic study of 59
atypical lipomatous tumors: evaluation of their relationship
and differential diagnosis with other adipose tissue tumors.
Am J Surg Pathol 20:1182–1189

90. Sandberg AA (1990) The chromosomes in human cancer and
leukemia, 2nd edn. Elsevier, New York

91. Sandberg AA, Bridge JA (1994) The cytogenetics of bone
and soft tissue tumors. Landes, Austin, pp 75–124

92. Schoenmakers EFPM, Wanchura S, Mols R, Bullerdiek J,
Van den Berghe H, Van de Ven W (1995) Recurrent rear-
rangements in the high mobility group protein gene, HMGI-
C, in benign mesenchymal tumours. Nat Genet 10:436–444

93. Schofield DE, Fletcher JA, Grier HE, Yunis EJ (1994) Fibro-
sarcoma in infants and children. Am J Surg Pathol 18:14–24

94. Shmookler BM; Enzinger FM, Weiss SW (1989) Giant cell
fibroblastoma. A juvenile form of dermatofibrosarcoma pro-
tuberans. Cancer 17:165–167

95. Sciot R, Dal Cin P, De Vos R, Van Damme B, De Wever I,
Van den Berghe H, Desmet V (1993) Alveolar soft part sar-
coma: evidence for its myogenic origin and for the involve-
ment of 17q25. Histopathology 23:439–444

96. Sciot R, Dal Cin P, Fletcher CDM, Samson I, Smith M, De
Vos R, Van Damme B, Van den Berghe H (1995) t(9;22)(q22-
31;q11-12) is a consistent marker of extraskeletal myxoid
chondrosarcoma: evaluation of 3 cases. Mod Pathol 8:
765–768

97. Sciot R, Akerman M, Dal Cin P, De Wever I, Fletcher CDM,
Mandahl N, Mertens F, Mitelman F, Rosai J, Rydholm A,
Tallini G, Van den Berghe H, Vanni R, Willén H (1997) Cyto-
genetic analysis of angiolipoma: further evidence against its
neoplastic lipogenic nature. A report of the CHAMP study
group. Am J Surg Pathol (in press)

98. Simon M-P, Pedeutour F, Sirvent N, Grosgeorge J, Minoletti
F, Coindre J-M, Terrier-Lacombe M-J, Mandhal N, Craver
RD, Blin N, Sozzi G, Turc-Carel C, O’Brien KP, Kedra D,
Fransson I, Guibaud C, Dumanski JP (1997) Deregulation of
the platelet-derived growth factor B-chain gene via fusion
with collagen gene COL1A1 in dermatofibrosarcoma protu-
berans and giant cell fibroblastoma. Nat Genet 15:95–98

99. Sorensen PHB, Lessnick SL, Lopez-Terrada D, Liu XF,
Triche TJ, Denny CT (1994) A second Ewing’s sarcoma
translocation, t(21;22), fuses the EWSgene to another ETS-
family transcription factor, ERG. Nat Genet 6:141–151

100. Squire J, Zielenska M, Thorner P, Tennyson S, Weitzman S,
Pai Mohan K, Yeger H, Ng Y-K, Weksberg R (1993) Variant
translocation of chromosome 22 in Ewing’s sarcoma. Genes
Chromosom Cancer 8:190–194

101. Sreekantaiah C, Karakousis CP, Leong SPL, Sandberg AA
(1991) Trisomy 8 as a nonrandom secondary change in myx-
oid liposarcoma. Cancer Genet Cytogenet 51:195–205

93



102. Sreekantaiah C, Ladanyi M, Rodriguez E, Chaganti RSK
(1994) Chromosomal aberrations in soft tissue tumors. Rele-
vance to diagnosis, classification, and molecular mecha-
nisms. Am J Pathol 144:1121–1134

103. Tallini G, Akerman M, Dal Cin P, De Wever I, Fletcher
CDM, Mandahl N, Mertens F, Mitelman F, Rosai J, Rydholm
A, Sciot R, Van den Berghe H, Van de Ven W, Vanni R,
Willén H (1996) Combined morphologic and karyotypic
study of 28 myxoid liposarcomas: implications for a revised
morphologic typing. Am J Surg Pathol 20:1047–1055

104. Thorner P (1996) Is the EWS/FLI1fusion transcript specific
for Ewing’s sarcoma and peripheral primitive neuroectoder-
mal tumor? A report of four cases showing this transcript in a
wider range of tumor types. Am J Pathol 148:1125–1138

105. Turc-Carel C, PHilip I, Berger M-P, Philip T, Lenoir GM
(1984) Chromosome study of Ewing’s sarcoma (ES) cll lines.
Consistency of a reciprocal translocation t(11;22)(q24;q12).
Cancer Genet Cytogenet 12:1–19

106. Van den Berghe H (1996) The marriage of pathology and ge-
netics in soft tissue tumours. EACR – Mühlbock Memorial
Lecture. Eur J Cancer [A] 32:1849–1856

107. Weber-Hall S, Anderson J, McManus A, Abe S, Nojima T,
Pinkerton R, Pritchard-Jones K, Shipley J (1996) Gains, loss-
es, and amplification of genomic material in rhabdomyosar-
coma analyzed by comparative genomic hybridization. Can-
cer Res 56:3220–3224

108. Weiss SW (1994) WHO histological typing of soft tissue tu-
mours, 2nd edn. Springer, Berlin Heidelberg New York

109. Whang-Peng J, Knutsen T, Theil K, Horowitz ME, Triche T
(1992) Cytogenetic studies in subgroups of rhabdomyosarco-
ma. Genes Chromosom Cancer 5:299–310

110. Zucman J, Delattre O, Desmaze C, Epstein AL, Stenman G,
Speleman F, Fletcher CD, Aurias A, Thomas G (1993) EWS
and ATF-1 gene fusion induced by the recurrent t(12;22)
translocation in malignant melanoma of soft parts. Nature
Genet 4:341–345

94


