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Genetic studies of soft tissue sarcomas have revealed 
tumor-specific alterations with striking similarities 
between the diverse tumor types within this entity. 
Cytogenetics, i.e., the study of chromosomes, has 
identified about 1500 soft tissue tumors with chromo­
somal aberrations (Mitelman 1996), including tumor­
specific aberrations and phenomena such as intratu­
mor heterogeneity and clonal evolution. These aber­
rations may be numerical and/or structural and are 
classified as primary, secondary and cytogenetic 
noise. Primary chromosomal aberrations are usually 
tumor type specific, often occur as the sole anomaly 
and play an important role in tumorigenesis. Second­
ary aberrations are non-random but less specific, oc­
cur in addition to the primary abnormality and may be 
of importance for tumor progression. Cytogenetic 
noise can be seen as multiple numerical and structural 
changes and is the ultimate consequence of genetic 
instability. Recognition of cytogenetic abnormalities 
indicates mutated genes at the loci involved. Molecu­
lar genetics has in soft tissue sarcomas revealed gene 
amplification, isolated genetic segments frequently 
lost and identified mutated genes and novel gene 
products. This molecular and cytogenetic knowledge 
provides insight into soft tissue sarcoma histopatho­
genesis, refines tumor diagnostication, may be prog­
nostic and perhaps paves the way for new treatment 
modalities. 

Characteristic molecular and cytogenetic alter­
ations 

Malignant fibrous histiocytomas (MFH). Clonal chro­
mosomal aberrations have been demonstrated in 
about 80 cases (Mitelman 1996 ). Most of these tu­
mors have complex rearrangements with chromo­
some numbers in the triploid range with duplicate 
marker chromosomes. Several cases, however, also 
exhibit near-haploid or hypodiploid metaphases con­
taining single copy markers. These findings suggest 
that structural rearrangements and chromosomal loss 
preceed polypolidization. No specific chromosomal 
abnormality has been identified, much because of the 
difficulties in distinguishing primary and secondary 

aberrations from cytogenetic noise and probably also 
because of the histologic heterogeneity within this tu­
mor type. 15% of MFH show cytogenetic signs of 
gene amplification, either as homogenously staining 
regions (hsr) or as double minute chromosomes 
(dmin). The pattern of chromosomal aberrations is, 
however, non-random; of the karyotypically aberrant 
tumors 40% have rearrangements of lqll-12, 25% 
carry aberrations of 19p 13 and other bands frequently 
involved in rearrangements are Ip36, lq21, llpll, 
17p II and 19q 13 (Man dahl et al. 1989, Orndal et al. 
1994b). One third of MFH show ring chromosomes, 
which occur in two different contexts; as supernumer­
ary rings with few numerical or no other changes in 
the 12% of the reported cases that represent MFH of 
low malignancy grade, and together with multiple 
other aberrations in MFH with complex karyotypes 
(Mandahl et al. 1989, Mandahl 1996). These rings 
contain genetic material from chromosome 12 and 
about 20% of MFHs show amplification of genes in 
the 12q 13-15 region (Oiiner et al. 1992a, Forus et al. 
1993, Nil bert et al. 1994 ). Studies of recurrent MFH 
indicate that the acquisition of rings is an early event 
in tumorigenesis whereas 19p rearrangements occur 
later during tumor progression (Orndal et al. 1994b). 

Dermatofibrosarcoma protuberans. Of the 15 cases 
reported, 13 had supernumerary ring chromosomes, 
in several tumors as the sole abnormality (Bridge et 
al. 1990). These rings have by Fluorescence in situ 
Hybridization (FISH) analysis been shown to contain 
material from chromosomes 17 and 22 (Pedeutour et 
al. 1993), but whether the rearrangements in the rings 
lead to gene amplification or represent a specific 
chromosomal recombination is unknown. Trisomy 8 
has also been found repeatedly. 

Infantile (congenital) fibrosarcomas have shown 
chromosomal aberrations in 10 cases. These tumors 
show hyperdiploid karyotypes with whole chromo­
some gains, in particular of chromosomes 8, II, 17 
and 20 (Sankary et al. 1993, Heim and Mitelman 
1995, Mitelman 1996). The 4 cases of adult fibrosar­
comas that have been characterized (Mitelman 1996) 
had hypodiploid karyotypes with multiple structural 
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chromosomal aberrations, which include addition of 
genetic material to 5p and loss of chromosome 21 
(Orndal et al. 1993a, Heirn and Mitelman 1995). 

Liposarcomas have been chromosomally charac­
terized in about 100 cases (Mitelman 1996). 

Well-differentiated liposarcomas (also diagnosed 
as atypical lipoma) often show supernumerary mark­
ers, either as rings or as giant chromosomes (Mandahl 
et a!. 1994 ). These markers contain chromosome 12 
material, and in addition variable sequences from 
chromosomes I, 4 and 16 (Pedeutour et a!. 1994 ). 
Gene amplification studies and comparative genomic 
hybridization (CGH) have shown amplification of the 
segments 12q 14-15 and 12q21-22 (Suijkerbuijk et al. 
1994). 

Myxoid and round cell liposarcomas show the spe­
cific translocation t( 12; 16)(q 13;p II) in 90% of the tu­
mors and less than I 0 % carry alternative trans loca­
tions involving 12ql3, e.g., as t(l2;22)(ql3;ql2) 
(Sreekantaiah et al. 1992, Heim and Mitelman 1995). 
Trisomy 8 and isochromosome 7q occur as nonran­
dom secondary changes in about I 0 % of the tumors 
(Heim and Mitelman 1995). The molecular conse­
quence of the t( 12; 16) is a fusion between the C/EBP 
homologous protein (CHOP) gene on chromosome 
12 and the fusion (FUS) gene on chromosome 16 
(also referred to as TLS for translocated in liposarco­
ma) (Aman et al. 1992, Rabbits et al. 1993). The 
CHOP gene possesses a leucine zipper dimerization 
domain, whereby the protein can bind to C/EBP-like 
proteins and block their interaction with DNA. CHOP 
thus acts as a dominant inhibitor of transcription. The 
FUS gene carries an RNA binding domain, which 
probably provides transcriptional activation. In the 
new hybrid gene, FUS/CHOP, the RNA-binding do­
main from FUS is fused to the entire CHOP coding 
region (Crozat et al. 1993). In variant translocations 
involving 12ql3 and 22ql2 the CHOP gene has been 
found to be fused with the Ewing sarcoma (EWS) 
gene on chromosome 22 (Panagopoulos et al. 1996). 
How these novel proteins contribute to tumorigenici­
ty is not known. 

Pleommphic liposarcomas show complex aberra­
tions. Rearrangements of 19q 13 have been found re­
peatedly and no t(l2; 16) has been reported (Mitelman 
1996). 

Synovial sarcomas are cytogenetically well charac­
terized; more than 70 aberrant tumors have been re­
ported (Mite! man 1996). 90% of these carry the trans­
location t(X; 18 )(p II ;q II), in one third of the cases as 
the sole anomaly (Limon et al. 1991, Heim and Mitel­
man 1995). Variant translocations, involving X or 18 
with another partner, have been observed. The X; 18-
translocation involves the synovial sarcoma translo-

61 

cation (SIT ) gene in 18q II, which is fused to either 
of the two related synovial sarcoma X chromosome 
breakpoint genes (SSXJ and SSX2) located in Xpll 
(Clark et al. 1994, de Leeuw et al. 1994a). The SSX 
proteins show homology to the Krlippel-associated 
box, but seem to lack DNA-binding regions. The SYT 
gene on chromosome 18 contains several putative 
SH2 and SH3 binding domains, which may be of im­
portance for intracellular signalling (Clark et al. 
1994 ). The derivative X-chromosome is believed to 
be required for tumor formation, whereas the deriva­
tive 18 is sometimes lost and has as yet failed to show 
any fusion gene transcript (Limon et al. 1991 ). 
Secondary numerical aberrations include + 7, +8, + 12 
and -3. 

Leiomyosarcomas have been reported to carry 
chromosomal aberrations in about 50 cases, one third 
of which were of soft tissue origin (Mitelman 1996). 
The pattern of aberrations is complex with consider­
able intertumor variability. Cytogenetic signs of gene 
amplification--dmin and/or hsr-are present in 20% 
and structural changes of I q32, 14p 11-13 and 19q 13 
in 15-20% of leiomyosarcomas (Heim and Mite! man 
1995). 

Rhabdomyosarcomas have shown cytogenetic ab­
normalities in about 80 tumors; 60% of the alveolar, 
20% of the embryonal and 20% of unspecified histo­
pathologic subtype (Mitelman 1996 ). 

Alveolar rhabdomyosarcomas carry the specific 
translocation t(2;13)(q35;ql4) in 75% of the cases, 
usually together with other aberrations (Whang-Peng 
et al. 1992). The variant translocation t(l; 13) (p36; 
q 14) occurs in 5% of the tumors (Biegel et al. 1991 ). 
The forkhead-domain (FKHR) gene on chromosome 
13q 14 is fused to either of the paired box genes PAX3 
in 2q35 or PAX7 in I p36 (Barret al. 1993, Davis et al. 
1994 ). The PAX genes encode developmentally regu­
lated trancription factors with DNA-binding domains 
(paired box and homeodomain) located at the 5'end 
of the genes. The FKHR gene encodes a transcription 
factor of the fork head domain family, containing 
DNA-binding motifs related to those of the Drosophi­
la homeotic fork head gene. The chimeric protein en­
coded by the der (13) consists of the PAX3 or PAX7 
DNA-binding domains and a truncated FKHR fork 
head and C-terminal. 

Embryonal rhabdomyosarcomas often contain 
multiple numerical chromosomal aberrations; most 
commonly +2, + 8, +12 and +20 (Whang-Peng et al. 
1992, Mitelman 1996). Loss of heterozygosity from 
II p 15 and structural rearrangements of 8q 11-13 and 
12ql3 also occur repeatedly (Heim and Mitelman 
1995). 

Malignant peripheral nerve sheath tumors (MPNS) 
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have in the 40 chromosomally aberrant cases reported 
shown complex abnormalities, often with near-trip­
loid chromosome numbers. Loss of the X chromo­
some and rearrangements of 7p22, 17p II, 17q II and 
22q II have been seen repeatedly, but no specific ab­
erration has been identified (Glover et al. 1991, 
Mertens et al. 1995). Loss of genetic material from 
17p, which is the locus for the TP53 tumor suppressor 
gene and loss of material from 17q, locus of the neu­
rofibromatosis type I ( N F 1) gene responsible for von 
Recklinghausen's disease, both occur in one third to 
half of MPNS (Glover et al. 1991, Mertens et al. 
1995). No systematic differences have been detected 
between the aberrations in MPNS from patients with 
and without von Recklinghausen 's disease. 

Hemangiopericytomas have been characterized cy­
togenetically in 15 cases (Mitelman 1996). These tu­
mors show near-diploid karyotypes, half of which 
contain aberrations of 12q 13-15 (Mandahl et al. 
1993). Also 19q 13 and 7p 15 have recurrently been in­
volved in the alterations, which in the majority of he­
mangiopericytomas have led to unbalanced karyo­
types. 

Extraskeletal myxoid chondrosarcomas with chro­
mosomal aberrations have been reported in only 4 
cases, 2 of which had identical t(9;22)(q22;ql2) and 
the third tumor had a variant translocation involving 
the same regions (Heim and Mitelman 1995, Mitel­
man 1996). The genes involved in this translocation 
are, again, the EWS gene on chromosome 22 and a 
recently identified gene on chromsome 9 termed 
translocated in extraskeletal chodrosarcoma (TEC) 
(Labelle et al. 1995). TEC is a member of the subfam­
ily of orphan nuclear receptors and may play a role in 
cell proliferation and differentiation by modulating 
growth factor response or by interfering in the retino­
ic acid signalling pathway. The fusion gene created by 
the 9;22-translocation is composed of part of EWS 
and the whole TEC coding region, and thus resemble 
the FUSICHOP fusion in myxoid liposarcomas. 

Parosteal osteosarcomas appear to have a charac­
teristic cytogenetic profile. The 4 aberrant cases re­
ported have all shown a supernumerary ring chromo­
some consisting of chromosome 12 material (Mertens 
et al. 1993). 

Clear cell sarcomas of tendons and aponeuroses 
(also referred to as malignant melanoma of soft parts) 
have displayed aberrations in 15 cases; an extra chro­
mosome 8 was found in II of these tumors and a 
translocation t(l2;22)(q 13;q 12) in 9 tumors (Bridge 
et al. 1995). This translocation results in the fusion of 
the EWS gene on chromosome 22 and the cAMP reg­
ulated transcription factor gene ( ATF 1) on chromo­
some 12 (Zucman et al. 1993). The fusion gene ere-
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ates a hybrid protein consisting of the N-terminal of 
EWS, which carries transcriptional activation ability, 
linked to the functionally important DNA-binding 
bZIP domain of ATF 1. The consequence of the 12;22-
translocation thus resembles those of the EWSIFL11 
and EWSIERG fusions in Ewing sarcoma. 

Desmoplastic small round cell tumors have been 
characterized cytogenetically in only 5 cases (Mitel­
man 1996). Interestingly, 3 of these carry an identical 
t(ll ;22)(pl3;q 12) translocation and the remaining 
two show variants of this anomaly (Heim and Mitel­
man 1995). The II ;22-translocation fuses the EWS 
gene in 22q 12 with the WT 1 gene in II p 13, which is 
involved in Wilm 's tumor development (Ladanyi et 
al. 1994). In the EWS-WT1 fusion gene the RNA­
binding domain of EWS is replaced by the C-terminal 
DNA-binding domain of WT 1. Thus, the breaks with­
in the EWS gene occur in the same region as in Ewing 
sarcoma. 

Only few cases of epithelioid cell sarcomas, hem­
angiosarcomas, lymphangiosarcomas and Kaposi's 
sarcomas have been cytogenetically characterized 
and no recurrent changes have yet been recognized 
(Mitelman 1996). 

Hereditary sarcomas 

Li-Fraumeni syndrome patients carry germ-line mu­
tations in the TP53 gene and have an increased risk of 
developing malignancies of the breast, brain, adrenal 
cortex, blood, bone and soft tissue (Malkin et al. 
1990). Constitutional TP53 mutations have been 
found in 1-2% of "sporadic" sarcoma patients 
(Toguchida et al. 1992). Molecular genetic diagnosti­
cation of Li-Fraumeni families raises difficult ethical 
questions considering the wide array of tumors asso­
ciated with the disease and the limited possibilities to 
screen for these tumor types. 

Gene amplification and tumor suppressor gene 
mutations 

Gene amplification increases the copy number of the 
amplified segment. These segments contain several 
genes, one or more of which are believed to be the 
target of the amplification. Surrounding genes may be 
co-amplified, i.e. constitute part of an amplicon. A se­
lective advantage as a result of an increased expres­
sion of these genes is believed to be the mechanism 
behind amplification. The oncogene MYCN on chro­
mosome 2p23-24 is a member of the MYC gene fami­
ly, which encodes proteins that play a role in the con­
trol of cell proliferation and differentiation. Aberrant 
expression of MYCN has been detected in several 
childhood tumors, including neuroblastoma where it 
is associated with a poor outcome. MYCN amplifica-
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tion occurs in almost half of the alveolar rhabdomyo­
sarcomas investigated, but has only occasionally been 
detected in embryonal rhabdomyosarcomas (Driman 
et al. 1994). The biological significance of MYCN 
amplification is unknown. Amplification of genes on 
chromosome 12q in soft tissue sarcomas have been 
associated with the presence of marker ring chromo­
somes and the amplification is seen in two different 
contexts; in tumors with simple aberrations and su­
pernumerary ring chromosomes such as atypical lipo­
mas and well-differentiated liposarcomas, and in tu­
mors with complex aberrations without specific 
changes, but sometimes displaying ring chromo­
somes, such as pleomorphic liposarcomas and MFHs 
(Omdal et al. 1992, Mandahl et al. 1994, Nil bert et al. 
1994 ). In mixed series of soft tissue sarcomas 15-25% 
of the tumors have shown amplification of the human 
homolog of the murine double minute type two 
(MDM2) gene (Oiiner et al. 1992a, Nil bert et al. 1994, 
Omdal et al. 1994 ). The amp Iicon usually includes 
the segment 12q 13-15, but in well-differentiated li­
posarcomas a second amplicon located in 12q21-22 
has also been found (Pedeutour et al. 1994, Suijker­
buijk et al. 1994 ). The amplified segments contain 
several different genes that may be important in tu­
mor development, but among the candidate target 
genes are the sarcoma amplified sequence (SAS), the 
MDM2 gene and the cyclin-dependent kinase gene 
(CDK4) (Forus et al. 1993, Nil bert et al. 1995). The 
MDM2 gene product functionally interacts with 
TP53; when overexpressed the MDM2 protein com­
plex binds TP53 and inhibits the function of the latter 
(Oiiner et al. 1992b). Whether this occurs by inhibit­
ing TP53 binding to specific binding sites or by inhib­
iting its transcriptional activation is unknown, but im­
portantly, MDM2 amplification and TP53 deletion 
may in the cell be alternative pathways. In a series of 
24 soft tissue sarcomas one third of the tumors carried 
MDM2 amplification and one third had TP53 muta­
tions, but no tumor contained alteration of both genes 
(Leach et al. 1993). In addition to the 12q amplicon, 
CGH studies of soft tissue sarcomas, including lei­
omyosarcoma, liposarcoma, MFH and neurofibrosar­
coma, have revealed amplification of sequences from 
I q21-22 in one fourth of the tumors, but the target 
gene in this novel amplicon is unknown (Forus et al. 
1995). 

Two important tumor suppressor genes in sarcoma 
tumorigenesis are the TP53 gene (see pages 68-73) 
and the retinoblastoma gene (RBI). TP53 abnormali­
ties, including point mutations, deletions and overex­
pression have been detected in one third of soft tissue 
sarcomas, most commonly in MFH, leiomyosarco­
mas and liposarcomas (Andreassen et al. 1993, Leach 
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et al. 1993, Cordon-Cardo et al. 1994). The spectrum 
of TP53 mutations in soft tissue sarcomas is similar to 
that observed in other tumor types. Patients with ret­
inoblastoma have an increased risk of osteosarcoma 
and second malignancies and loss of heterozygozity 
corresponding to the retinoblastoma gene locus in 13q 
has been detected in half of osteosarcomas and in one 
third of soft tissue sarcomas, including as MFHs, syn­
ovial sarcomas and leiomyosarcomas (Stratton et al. 
1989). Altered expression of the RBI protein have 
been reported in more than half of soft tissue sarco­
mas (Cance et al. 1990). Childhood sarcomas, other 
than osteosarcoma, rarely display RBI alterations. 

Genetic heterogeneity 

Tumor progression is a multistep process during 
which the proliferating cells gradually acquire new 
changes. A tumor thus contains subclones that are het­
erogenous with respect to a number of properties. 
Mutations and most likely also epigenetic phenomena 
such as methylation and imprinting drives the clonal 
evolution. Intratumor heterogeneity was found in 23/ 
29 tumors in a series of soft tissue sarcomas, most of 
which were MFH (Omdal et al. 1994a). This implies 
that the molecular and cytogenetic picture derived 
from a single tumor sample analysis may be incom­
plete. However, in all cases where a primary aberra­
tion could be identified this was present in all the ab­
normal clones. Clonal evolution over time (multiple 
local recurrences and/or metastases from the same pa­
tient) was in the same series detected in 10/12 cases. 
In some of these tumors the cytogenetic complexity 
also paralleled clinical and histopathological tumor 
progression. In the initiation of metastatic growth the 
new lesion will be dominated by a subclone from the 
primary tumor, but gradually new subclones appear in 
the metastasis. Cytogenetic analysis is one way of de­
termining the origin of metastasis. In a case of MFH, 
cytogenetic data showed two different lineages in the 
primary tumor, one of which gave rise to a local re­
currence and the other to a pulmonary metastasis, 
whereas in a synovial sarcoma the cytogenetic find­
ings suggested that a pulmonary metastasis, rather 
than the local recurrence, gave rise to a second pul­
monary metastasis (Omdal et al. 1993b). The notion 
that metastases may metastasize needs further investi­
gation, but may influence the timing and the extent of 
surgery for metastatic disease. 

Diagnostic, prognostic and therapeutic possibili­
ties 

Primary chromosomal aberrations and their underly­
ing molecular genetic alterations have potential diag­
nostic value. Several soft tissue sarcoma types are 
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Characteristic molecular and cytogenetic features of soft tissue sarcomas 

Tumor type Cytogenetics Molecular genetics 

Clear cell sarcoma 

Dermatofibrosarcoma protuberans 

Desmoplastic small round cell tumor 

Extraskeletal myxoid chondrosarcoma 

Fibrosarcoma 

+8, I( 12;22)(q 13;q 12) 

+r(l7;22) 

t(ll;22)(p13;ql2) 

t(9;22)(q22;q 12) 

EWSIATFI 

17 and 22 amplification 

EWS/WTI 

EWSITEC 

infantile 
adult 

+8, +II, +17, +20 
complex 

Hemangiopericytoma 

Leiomyosarcoma 

Liposarcoma 

12q 13-15 aberrations 

complex 

+r(l2) well-differentiated 
myxoid and round cell 

pleomorphic 

1(12; 16)(q 13;pll) 
t(l2;22)(q 13;q 12) 
complex 

12ql4-15, 12q21-22 amplification 
FUSICHOP 
EWSICHOP 

Malignant fibrous histiocytoma 
myxoid 
storiform-pleomorphic 

ring chromosome 
complex 

12q 14-15 amplification 
lq21-22 amplification 

Malignant peripheral nerve sheath tumor 

Parosteal osteosarcoma 

Rhabdomyosarcoma 

complex 

+r(l2) 

17p, 17q loss 

alveolar 1(2; 13)(q35;q 14) 
t(l; 13)(p36;q 14) 

PAX3/FKHR 
PAX7/FKHR 
MYCN amplification 

embryonal 

Synovial sarcoma 

+2, +8, +12, +20 

t(X; 18)(pll ;q II) SYTISSX I or SSX2 

characterized by highly specific chromosomal trans­
locations. Molecular and cytogenetic studies can thus 
provide valuable information that may distinguish 
neoplastic from nonneoplastic conditions, differenti­
ate between benign and malignant lesions, and sug­
gest a specific diagnosis. Perhaps, genetically based 
classifications will in the future redefine the current 
histopathologic entities. Molecular and cytogenetic 
techniques can be applied on material derived from 
fine needle aspirates, tumor biopsies and fresh or fro­
zen tumor tissue. DNA studies and CGH can be per­
formed also on archival, paraffin embedded tissue, 
which opens new possibilities for retrospective stud­
ies. 

Rhabdomyosarcoma accounts for half of the soft 
tissue sarcomas in children and adolescents. Reliable 
distinction between the embryonal and alveolar sub­
types is necessary as each carries a different progno­
sis. Genetic analysis demonstrating numerical chro­
mosome aberration and loss of llpl5 material (and in 
the future direct mutation testing of the underlying 
genetic defect) in embryonal rhabdomyosarcoma, and 
2; 13 or I; 13-translocations and/or their correspond­
ing fusion proteins PAX3 or PAX71FKHR and MYCN 
amplification in alveolar rhabdomyosarcoma are 

valuable tools to distinguish between these two major 
subtypes. Synovial sarcomas, especially of the 
monophasic variant, may be difficult to distinguish 
from poorly differentiated spindle cell tumors. The 
identification of a t(X; 18) or a SYT/SSX fusion can be 
helpful for diagnosis. Cytogenetically, the transloca­
tions in the monophasic and the biphasic histopatho­
logic subtypes are indistinguishable. It is possible, 
however, that the exact Xp breakpoint at the molecu­
lar level influences the phenotype and determines 
whether the growth pattern be mono or biphasic; 
SSX2 rearrangements seem to be commoner in 
monophasic synovial sarcomas (de Leeuw et al. 
1994b ). Cytogenetic studies of lipomatous tumors 
have revealed distinct patterns of aberrations. E.g., 
myxoid liposarcomas may be morphologically hard 
to indistinguish from lipoblastomas. Genetic analysis 
can give valuable diganostic information; the t( 12; 16) 
or a FUS/CHOP fusion is pathognomomic for myx­
oid and round cell liposarcomas, whereas a derivative 
chromosome 8q 11-13 would argue for a lipoblasto­
ma. Furthermore, atypical lipoma and well-differenti­
ated liposarcoma both show karyotypes containing a 
supernumerary ring chromosome and giant markers 
involving chromosome 12 (Mandahl et al. 1994). The 
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cytogenetic data thus suggest that these two histo­
pathologic entities are identical. The cytogenetic find­
ings in typical lipomas are, however, completely dif­
ferent with recurrent aberrations of 12q 13-15, 6p and 
13q (Mitelman 1996). The tumor type specific trans­
locations characteristic of several soft tissue sarcomas 
can also be used to detect occult tumor cells and may 
thus influence tumor staging (Peter et al. 1995). 

In general, there seems to be a relationship between 
increasingly complex karyotypes and poor prognosis. 
Likewise are simple changes more commonly a fea­
ture of tumors of lower malignancy. Supernumerary 
ring chromosomes have been detected in e.g., atypical 
lipoma, parosteal osteosarcoma, dermatofibrosarco­
ma protuberans and low malignancy grade MFH 
(Omdal et al. 1992, Heim and Mitelman 1995). Some 
structural aberrations do, however, seem to be of im­
portance for clinical tumor behaviour. In MFH, 19p 13 
abnormalities have been associated with a higher rate 
of local recurrence and with metastases, trisomy 8 
more often occurs in relapsing MFH, whereas pres­
ence of ring chromosomes has been associated with a 
lower tendency for tumor relapse (Choong et al. 1996, 
Mandahl 1996). In alveolar rhabdomyosarcomas, an 
association was found between t(2; 13) and older 
patient age and truncal location, but the genetic 
change did not seem to influence the tumor response 
rate after treatment (Douglass et al. 1993 ). Reduced 
expression of the RBI protein have been detected 
more often in metastatic sarcomas (Cance et al. 1990) 
and an increased expression of the TP53 and MDM2 
proteins have been shown to correlate with poor sur­
vival (Cordon-Cardo et al. 1994 ). With an increased 
understanding of the relation between the genetic sta­
tus of the tumor cells and other tumor characteristics 
the genetic analysis add valuable information about 
the clinical outcome. 

Some of the genes affected by translocations, such 
as CHOP and ATF 1 seem highly tumor type specific. 
EWS, on the other hand is involved in several differ­
ent recombinations and tumor forms, e.g., in the 
t(9;22) of extraskeletal myxoid chondrosarcoma, the 
t( II ;22) of desmoplastic small round cell tumors, the 
t(12;22) of clear cell sarcoma and in the t(l2;22) vari­
ant of myxoid liposarcoma, but the exact fusions in 
which it participates are tumor type specific. For in­
stance, EWS on chromosome 22 and FUSon 16 show 
strong homology and both genes, when recombined 
with CHOP on chromosome 12, result in a myxoid 
liposarcoma. The promiscuous pairing of the N-ter­
minal parts of EWS and FUS with the DNA-binding 
domains of other genes, including CHOP. ATF 1, FL/1 
and WTJ seem to be necessary for EWS or PUS-asso­
ciated oncogenesis and these fusions may perhaps de-
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!ermine the exact phenotype in some undifferentiated 
sarcomas. 

Several of the type-specific trans locations and sub­
sequent gene fusions such as e.g., the t(l2; 16) - FUSI 
CHOP in myxoid and round cell liposarcomas, the 
t(12;22) - EWS!ATF 1 in clear cell sarcoma and the 
t(2;13)- PAX3/FKHR in alveolar rhabdomyosarcoma 
involve transcription factor genes. These novel tran­
scription factor containing fusion genes presumably 
result in the activation of downstream target genes, 
which are still largely unknown. The fusion proteins 
generated are tumor specific antigens at which new 
therapeutic strategies could be directed. Unfortunate­
ly, these chimeric proteins are located inside the cell, 
and often even in the nucleus. Gene therapy directed 
at these would therefore have to interfere somewhere 
between transcription and protein function. Such an 
approach would, however, have the advantage that 
since presence of the fusion protein is necessary for 
tumor cell persistance, development of resistant cells 
seems less likely. 

Summary 

Molecular and cytogenetically soft tissue sarcomas 
are a well-characterized tumor entity with several tu­
mor type specific changes understood also at the mo­
lecular level. Most likely, additional characteristic al­
terations will be detected, recurrent aberrations char­
acterized at the molecular level, new clinical and his­
topathological correlations will be found, and little is 
known about how the genetic changes lead to tumor 
formation, promote progression and sometimes give 
tumor cells the ability to reccur locally or distantly. 
The possibility to detect cells with these acquired ge­
netic alterations may increase the reproducibility of 
tumor classification, yields promising possibilities for 
early diagnosis of tumor recurrences and/or metasta­
sis, and may allow development of therapeutic regi­
mens targeted at the genetically alterated cell. 
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