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Fusion genes consisting of TLS/FUS and CHOP or EWS
and CHOP are characteristic markers for myxoid/
round cell liposarcomas (MLS/RCLS). Several differ-
ent structures of the fusion genes were reported in
the case of the TLS/FUS-CHOP form, whereas only
one type of structure has so far been found for the
EWS-CHOP form, which consisted of exons 1 to 7 of
the EWS and exons 2 to 4 of the CHOP gene. Here
we describe a novel type of EWS-CHOP fusion gene in
two cases of MLS/RCLS, which were found in a con-
secutive analysis of 21 cases. This fusion gene con-
sisted of exons 1 to 10 of the EWS and exons 2 to 4 of
the CHOP gene. The two cases with this fusion gene
shared several clinical features, such as a large tumor
mass, rapid and invasive growth, and local recurrence
within 12 months after surgical resection. Histopatho-
logical findings also showed common features charac-
terized by the diffuse proliferation of small spindle
cells with a primitive mesenchymal appearance. The
association of these clinical and histopathological fea-
tures suggests a distinct biological property for this
rare type of fusion product. (J Mol Diagn 2002,
4:164–171)

Tumor-specific fusion genes resulting from reciprocal
chromosomal translocations have been detected in many
bone and soft tissue tumors, and are now regarded as a
major factor in the development of these tumors.1 One of
the common features of the fusion genes found in sarco-
mas is structural diversity, which is created by two fac-
tors: the component genes themselves, one is usually

common and the other variable; and genomic break-
points or alternative splicing in the components. The
diversity of fusion genes is most striking in Ewing’s sar-
coma. So far five different partners of the EWS gene have
been reported,2–6 and at least 12 different structures
were found in the case of EWS-Fli1 fusion gene,7,8 which
is the most prevalent form of the fusion gene in Ewing’s
sarcoma.8 In some tumors, the diversity seems to have
biological significance, and several particular types of
fusion genes were demonstrated to be associated with
certain phenotypes such as prognosis or histological
subtype.8–12

In the case of MLS/RCLS, either the TLS/FUS (hereaf-
ter simply called TLS)-CHOP or EWS-CHOP fusion gene,
the result of a t(12;16)(q13;p11) or a t(12;22)(q13;q12)
translocation, respectively,13–15 was found in almost all
cases16–18 and the two are now considered a hallmark of
this type of liposarcoma. Previous data indicated that the
TLS-CHOP fusion gene was far more prevalent (95 to
98%) than the EWS-CHOP gene,16–18 having at least nine
different structures due to breakpoints or alternative
splicing.19 On the other hand, only five cases of MLS/
RCLS harboring the EWS-CHOP fusion gene have been
reported in the literature, all of which shared the same
structure consisting of exons 1 to 7 of the EWS gene and
exons 2 to 4 of the CHOP gene (designated as the type 1
EWS-CHOP fusion gene in this report).15,20,21 No definite
correlation has been reported between any particular
type of TLS-CHOP or EWS-CHOP fusion gene and the
clinicopathological features of MLS/RCLS. In this report,
we describe the results of fusion gene analyses of 21
cases of MLS/RCLS, in which we found a novel type of
EWS-CHOP fusion gene in two cases.

Materials and Methods

Tumor Samples and Nucleic Acid Extraction

Twenty-one cases of MLS/RCLS were examined in this
study, 13 of which were used previously in breakpoint
analyses of the TLS-CHOP fusion gene.22,23 Clinical and
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histopathological features of each case are presented in
Table 1. Tumor tissues were frozen immediately after
surgical resection and stored at �80°C until nucleic acid
extraction. High molecular weight genomic DNA and total
RNA were extracted from tissues as previously de-
scribed.22

Histopathological Analysis

Hematoxylin and eosin-stained glass slides obtained
from several representative areas in each tumor were
available in all cases, and reviewed by two of the authors
(Y.N. and J.T.).

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Strict precautions against contamination were taken and
negative controls were always included. cDNAs were syn-
thesized from 1–3 �g of total RNA by Superscript II reverse
transcriptase (Life Technologies, Inc., Rockville, MD) using
oligo d(T) primer or random primer, and 0.5–1.0 �l of the
cDNA products was amplified by rTaq polymerase
(Toyobo, Osaka, Japan). TLS-CHOP fusion transcripts were
amplified using primers TLS294F (5�-CAGAGCTC-
CCAATCGTCTTACGG-3�) and CHOP176R (5�-GAGAAAG-
GCAATGACTCAGCTGCC-3�), while EWS-CHOP fusion
transcripts were amplified using primers EWS501F (5�-
CCAGCCCAGCCTAGGATATGGACA-3�) and CHOP194R
(5�-CTGGACAGTGTCCCGAAGGAGAAA-3�). After purifi-
cation, the PCR products were cloned into TA vector (In-
vitrogen, Carlsbad, CA) and sequenced with ALF express
(Amersham-Pharmacia, Piscataway, NJ) as previously re-

ported,22 or directly sequenced with an ABI Prism 377
Genetic Analyzer using the BigDye Terminator Cycle Se-
quencing Ready Reaction Kit (Applied Biosystems, Foster
City, CA).

Genomic Long Distance PCR

Genomic DNA (100 ng) was amplified by LATaq polymer-
ase (Takara Shuzo Co., Shiga, Japan). TLS-CHOP genomic
fusion fragments encompassing the breakpoints were
amplified using primers TLS431 (5�-CAGCCAGCAGC-
CTAGCTATG-3�) and CHOP105 (5�-CTGCTTTCAGGTGT-
GGTGATGTAT-3�) or TLS847 (5�-GGGACCAA-GGATCAC-
GTCATGACT-3�) and CHOP105. Amplified fragments were
sequenced according to the same methods used for RT-
PCR products.

Results

Detection of Fusion Transcripts

RNA of appropriate quality was available in 18 of 21
cases, and reverse-transcribed cDNAs from each case
were used to amplify either the TLS-CHOP or EWS-CHOP
fusion transcript by one-step PCR. Among these 18
cases, TLS-CHOP fusion transcripts were detected in 14
cases, including four types of fragments of different sizes
(Figure 1, lanes 1–4). Sequence analyses of the amplified
fragments revealed five cases with the type 1, six cases
with the type 2, two cases with the type 4, and one case
with the type 5 TLS-CHOP transcript according to the
classification used in a recent report.19 EWS-CHOP tran-
scripts were detected in the remaining four cases, show-

Table 1. Clinical, Histopathological, and Molecular Findings of MLS/RCLSs in This Study

Patient
ID Location Age Histology* Tumor size

Local
recurrence†

(months)

Distant
metastases†

(months)

Follow-up
period

(months)
Final

result‡
Fusion
gene Subtype

373 buttock 53 classical 20 � 15 � 10 11 ND 59 NED TLS-CHOP 1
410 knee 46 classical 14 � 14 � 0 ND ND 70 CDF TLS-CHOP 1
427 leg 48 classical with R 9 � 7 � 4 ND ND 65 CDF TLS-CHOP 1
455 thigh 40 classical 15 � 12 � 12 ND ND 66 CDF TLS-CHOP 1
559 leg§ 41 classical 13 � 10 � 6 9 3 19 DOD TLS-CHOP 1
227 thigh 36 classical 10 � 5 � 5 ND ND 102 CDF TLS-CHOP 2
282 thigh 27 classical 23 � 10 � 10 ND ND 25 CDF TLS-CHOP 2
287 thigh 58 classical 12 � 6 � 5 39 ND 140 NED TLS-CHOP 2
374 thigh 32 classical with R 10 � 10 � 8 60 149 150 DOD TLS-CHOP 2
376 thigh 43 classical 17 � 11 � 8 ND ND 72 CDF TLS-CHOP 2
518 buttock 58 classical 5 � 4 � 4 16 ND 68 NED TLS-CHOP 2
534 groin 27 classical 6 � 4 � 3 64 ND 151 NED TLS-CHOP 2
555 thigh 33 classical 16 � 8 � 7 ND ND 44 CDF TLS-CHOP 2
386 groin 54 classical 4 � 3 � 2 ND ND 52 CDF TLS-CHOP 3
469 knee 48 classical with R 12 � 10 � 9 ND ND 50 CDF TLS-CHOP 4
509 thigh 62 classical 18 � 10 � 10 ND ND 52 CDF TLS-CHOP 4
180 thigh 24 classical 5 � 5 � 4 108 ND 289 NED TLS-CHOP 5
307 thigh 26 classical with R 13 � 11 � 8 ND ND 10 CDF EWS-CHOP 1
753 thigh 48 classical with R 8 � 6 � 4 49 ND 54 NED EWS-CHOP 1
682 thigh 26 unusual 35 � 20 � 20 12 10 16 AWD EWS-CHOP 2
685 retroperitoneal 16 unusual 30 � 25 � 20 8 ND 15 AWD EWS-CHOP 2

*Classical, classical MLS; classical with R, classical MLS with round cell portion; unusual, MLS with unusual findings. See details in text.
†ND, not detected.
‡CDF, continuous disease free; NED, no evidence of disease; AWD, alive with disease; DOD, dead of disease.
§Synchronous multifocal lesions in shoulder, chest wall, and lung.
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ing two fragments of different size (Figure 1, lanes 5–6).
The shorter fragment was detected in two cases includ-
ing KS307, in which we failed to detect the TLS-CHOP
transcript despite an apparent rearrangement of the
CHOP gene by Southern blotting in a previous report.22

Sequence analysis of this fragment revealed the fusion of
exon 7 of the EWS gene with exon 2 of the CHOP gene,
which was identical with the structure of the EWS-CHOP
fusion gene found in five previously reported cas-
es.15,20,21 The structure of the longer fragment detected
in the other two cases showed an in-frame fusion of exon
10 of the EWS gene to exon 2 of the CHOP gene (Figure
2), which had not previously been reported (designated
as a type 2 EWS-CHOP fusion gene in this report).

Detection of Genomic Fusion Fragments

For three cases in which the quality of RNA was poor, we
carried out PCR to detect genomic TLS-CHOP fragments
encompassing the fusion point. All three cases showed
an amplified fragment of different size on one-step PCR
(Figure 3). Sequence analyses of each fragment revealed
that in two cases (KS227 and KS287), intron 5 of the TLS

gene was fused to intron 1 of the CHOP gene, which
presumably resulted in the fusion between exon 5 of the
TLS and exon 2 of the CHOP gene, creating the type 2
TLS-CHOP fusion gene.22 The third case (KS386) proved
to have a fusion of intron 8 of the TLS gene and intron 1
of the CHOP gene, which presumably resulted in the
fusion of exon 8 of the TLS gene with exon 2 of the CHOP
gene. This structure was classified as a type 3 TLS-CHOP
fusion gene according to the classification in a recent
report.19

Relationship between Subtypes of Fusion
Genes and Clinicopathological Findings

Seventeen of 21 cases (81%) were found to have TLS-
CHOP fusion genes, including five cases with the type 1,
eight cases with the type 2, one case with the type 3, two
cases with the type 4, and one case with the type 5 gene
(Figure 4). The remaining four cases (19%) had EWS-
CHOP fusion genes, two each with the type 1 and type 2
fusion genes (Figure 4). No significant association was

Figure 1. Detection of fusion transcripts by RT-PCR. cDNAs were amplified
by TLS 294F and CHOP176R (lanes 1–4) or EWS501F and CHOP194R (lanes
5–6). M, molecular size marker; lane 1, type 1 transcript (653 bp); lane 2,
type 2 transcript (377 bp); lane 3, type 4 transcript (329 bp); lane 4, type 5
transcript (284 bp); lane 5, type 1 transcript (441 bp), lane 6, type 2
transcript (693 bp).

Figure 2. Partial sequences of the type 2 EWS-CHOP fusion transcript (a).
The exon 2 sequence of the CHOP gene was found at the end of exon 10 of
the EWS gene (b).

Figure 3. Detection of the TLS-CHOP genomic fusion fragments by PCR.
Genomic DNAs derived from KS227 (lane 1), KS287 (lane 2), and KS386
(lane 3) were amplified by the following primers: KS227 and KS287,
TLS431F, and CHOP105R; KS386, TLS847F, and CHOP105R. M, molecular
size marker.

Figure 4. Structure of TLS-CHOP and EWS-CHOP fusion genes. The struc-
ture of each fusion gene is schematically represented. Hatched, gray, and
open boxes represent exons of the TLS, EWS, and CHOP genes, respectively.
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found between the type of fusion product and any clinical
factor (Table 1).

Histopathologically, 19 of 21 tumors showed classical
MLS features to some extent (Table 1). Among these 19
tumors, 14 were solely composed of such features (des-
ignated as “classical” in Table 1). Features of RCLS were
found in the remaining five cases, for which the fusion
gene was a type 1 EWS-CHOP gene in two cases, and

type 1, 2, and 4 TLS-CHOP genes in one case each
(designated as “classical with R” in Table 1). Because the
clinical and histopathological findings of the remaining
two cases harboring the type 2 EWS-CHOP fusion gene
were distinct from those of other cases, we describe
these cases in detail.

Case KS682

A 26-year-old male visited a hospital for a medical eval-
uation of a rapidly growing mass on his right thigh in
November 2000. Magnetic resonance imaging (MRI) re-
vealed a huge mass occupying the entire anterior aspect
of the thigh extending in the proximal direction and cross-
ing the inguinal ligament (Figure 5). The patient was
referred to Kyoto Prefectural University of Medicine in
January 2001, and an open biopsy was performed. His-
tologically mononuclear small round cells proliferated dif-
fusely in the edematous stroma together with a small
amount of collagen fibers, providing a relatively cellular
appearance (Figure 6A). Microcystic change due to
prominent stromal edema or myxoid change was seen in
several foci (Figure 6B). Neoplastic cells had a primitive
mesenchymal appearance, hyperchromatic nucleus, and
scanty eosinophilic cytoplasm of fibrillar quality. A single
nucleolus was generally prominent and mitosis was rela-
tively frequent (1 to 5 in 10 high power fields). Several

Figure 5. MRI findings of KS682. Coronal T2-weighted image shows a large
mass with high-signal intensity, extending proximally across the inguinal
ligament (a). The entire anterior aspect of the thigh is occupied by tumors as
shown in axial T2- and T1-weighted images (b and c, respectively).

Figure 6. Histopathological findings of biopsy specimens of KS682. A: Round mesenchymal cells show undifferentiated features with prominent nucleoli
(hematoxylin and eosin, original magnification, �780). B: Cystic change with myxoid material is seen in several foci, and some cells show lipoblastic features with
vacuoles in the cytoplasm (hematoxylin and eosin, original magnification, �780).
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cells showed lipoblastic features with cytoplasmic vacu-
oles (Figure 6B), but a capillary network with a fine plex-
iform pattern was not typical. RT-PCR analysis revealed a
novel type of EWS-CHOP fusion transcript as described
in the previous session. He was treated with neoadjuvant
chemotherapy for MLS/RCLS, which reduced the size of
the tumor by 40%. The patient underwent the surgical
resection of tumors followed by postoperative chemo-
therapy, and was free from disease until 10 months after
surgery, when he started suffering from back pain and a
gradually progressing paraplegia. MRI of the thoracic
spine revealed a metastatic lesion in the second thoracic
vertebral body, which was compressing the spinal cord.
Two months later, local recurrence was detected proxi-
mal to the site of index operation.

Case KS685

A 16-year-old female had endured gradually increasing
lower back pain for six months before seeking medical
attention in September 1999. MRI of lumbar vertebrae
revealed a mass in the lumbar paravertebral muscles and
also in the epidural space at the fourth lumbar vertebra.
An open biopsy was performed, and a tentative patho-
logical diagnosis of intramuscular myxoma was made.
The patient underwent no further examination until the
pain became severe and bladder and bowel dysfunction
occurred in February 2000, when the second MRI re-
vealed a huge retroperitoneal mass occupying almost the
entire pelvic cavity, connecting with the lumber lesion
through the neural foramens in the sacrum (Figure 7). She
was referred to Kyoto University Hospital, and underwent
further biopsy. Histologically, the tumor was composed of
a diffuse and monotonous proliferation of small round
mononuclear cells with an edematous background (Fig-
ure 8,A and B). Like the tumor in case KS682, individual
neoplastic cells had undifferentiated or primitive mesen-
chymal features with a round to oval or slightly angulated
hyperchromatic nucleus and a narrow eosinophilic cyto-
plasm frequently extending an elongated dendritic cyto-
plasmic process in the transparent stroma, where extra-
cellular matrix including collagen fiber was not prominent

(Figure 8, A and B). A fine plexiform capillary network was
not characteristic, and typical lipoblasts were not identi-
fied (Figure 8, A and B). Mitotic figures were infrequent.
RT-PCR analysis revealed that this tumor had the same
EWS-CHOP fusion transcript as case KS682. Six cycles
of neoadjuvant chemotherapy for MLS/RCLS was admin-
istered, which proved to be very effective, reducing the
tumor size by approximately 80%. The patient underwent
surgical resection of the residual tumor in August 2000.
After the chemotherapy, the tumor showed prominent
necrosis with degenerative changes, and there were only
small foci of lipogenic quality with histological features of
atypical lipoma or well-differentiated lipoma-like liposar-
coma. Nuclear atypia was not prominent, and myxoid
change with a plexiform vascular network pattern was not
identified. Despite four cycles of postoperative chemo-
therapy, local recurrence was detected by MRI in Janu-
ary 2001, the tumor was subsequently resected, and
postoperative local radiotherapy was administered.

Discussion

Classical MLS, the most common subtype of liposar-
coma, is classified as a low-grade sarcoma. Patients with
MLS have a low risk of metastasis and prolonged sur-
vival. RCLS, by contrast, is a high-grade subtype of lipo-
sarcoma.24 It is, however, now accepted that RCLS is a
poorly differentiated form of classical MLS, as myxoid
and round cell areas are not infrequently found within the
same tumor, and the proportion of round cell components
often increases in association with the progression of the
disease.25 Recent molecular findings have strengthened
this assertion, showing that the two share common onco-
genic fusion genes consisting of either TLS and CHOP or
EWS and CHOP genes.26 Because almost all MLS/RCLSs
were found to have either of these two fusion genes,16–18

and these events occurred exclusively in MLS/
RCLSs,16,27 it is likely that these fusion genes play an
essential role in the development of MLS/RCLS. However,
it is unclear whether the structural variation in these fusion
genes has any bearing on the clinical and/or histopatho-
logical variation in MLS/RCLS. Among the 21 cases ex-
amined in this study, TLS-CHOP fusion genes were found
in 17 cases and had five different structures. There
seemed to be no definite association of any type of
TLS-CHOP fusion gene with a particular clinical feature.
Among five cases with a type 1 TLS-CHOP fusion gene,
four were either continuous disease free (CDF) or no
evidence of disease (NED) at the last follow-up, whereas
the clinical course in the last case (KS559) was extremely
aggressive, showing synchronous multifocal tumors at
four different anatomical sites (Table 1). The fusion gene
in a case of multifocal MLS/RCLS reported by Schneider-
Stock28 was a type 2 TLS-CHOP gene. It is thus clear that
the fusion type of TLS-CHOP is not the sole determinant
of clinical course. Several reports showed that the fusion
gene found in RCLSs was preferentially a type 2 TLS-
CHOP gene,17,26,29 although the proportion of round cells
in each sample was accurately described in one report.26

In our series, only one case (KS374) may be regarded as

Figure 7. MRI findings of KS685. Sagittal (a) and axial (b) T2-weighted
images show a large mass occupying the entire pelvic cavity. The axial
T1-weighted image indicates tumor invasion into the epidural space at the
fourth lumber vertebra (c).
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pure RCLS, in which the round cell portion occupied
more than 90% of the area examined (data not shown),
and the fusion gene detected in this case was also a type
2 TLS-CHOP gene. Because the entire resected speci-
men was not available for the histopathological analysis
in most cases, we will not refer to this issue further in this
study.

Only five cases of MLS/RCLS with a type 1 EWS-CHOP
fusion gene have been reported to date.15,20,21 From the
description in each report, two cases had round cell por-
tions, one case was classified as high-grade MLS/RCLS,
and two cases were classified as low-grade MLS/RCLS.
The clinical course in these cases was not remarkable,
except the case with multifocal MLS/RCLS.20 Therefore, it
seemed that there was no clear difference between tumors
with the TLS-CHOP fusion gene and tumors with the type 1
EWS-CHOP gene in terms of clinical and histopathological
features. Several reports have indicated that the structural
difference among fusion products is related to clinical phe-
notype in certain kinds of sarcomas.8–12 In the case of
Ewing’s sarcoma, the survival of patients bearing a type 1
EWS-Fli1 fusion gene containing exons 1 to 7 of the EWS
and exons 6 to 9 of the Fli1 gene is markedly better than that
of patients bearing other fusion types.8,12 Lin et al30 pro-
posed that this difference was related to the difference in
the transactivation activity of each fusion protein as de-

tected by reporter assay. In their study, it was shown that
when the EWS component (exons 1 to 7) of the type 1
EWS-Fli1 fusion gene was replaced with exons 1 to 10 of the
EWS gene, the transactivation activity increased approxi-
mately twofold.30 Interestingly, the difference in EWS com-
ponents between these two fusion products is identical to
that between the type 1 and type 2 EWS-CHOP fusion
products. The CHOP protein is known to function as a
transcriptional factor by forming a heterodimer with other
C/EBP family members,31 but the oncological function of
TLS-CHOP or EWS-CHOP fusion protein was not yet clear.
Because these cases are the first two with a type 2 EWS-
CHOP fusion gene, the number is too small to suggest that
it is indeed associated with a more aggressive behavior. It
is of interest whether the novel EWS-CHOP fusion product
has different activity from other types of CHOP-associated
fusion products found in MLS/RCLS.

The relationship between histopathological features
and the type of fusion genes is an another intriguing
matter. For example, the presence of epithelial features in
synovial sarcoma was found to be associated with the
SYT-SSX1 fusion genes.9,11 MLS/RCLS usually shows a
histological transition from a typical paucicellular area of
MLS with scattered lipoblasts in a faintly bluish myxoid
background partitioned by a plexiform capillary network
to a dense cellular area of RCLS. The latter cellular area,

Figure 8. Histopathological findings of biopsy specimens of KS685. A: Small spindle cells with a primitive mesenchymal appearance proliferate diffusely in an
edematous background. Dendritically elongated cytoplasms form a network-like structure making vacuolar space in the myxoid stroma. Unequivocal lipoblasts,
however, are not identified (hematoxylin and eosin, original magnification, �780). B: Myxoid change in the stroma is prominent. Plexiform fine vascular network,
however, is not identified (hematoxylin and eosin, original magnification, �780).
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mainly composed of lipoblastic cells, tends to be located in
the periphery of the lobular arrangement of the MLS/
RCLS.24 However, these classical features were not prom-
inent in the two tumors with the type 2 EWS-CHOP gene.
These two tumors shared common histopathological fea-
tures in that small cells with primitive or undifferentiated
mesenchymal qualities proliferated with a moderate degree
of intercellular edema or myxoid change. These tumors may
even simulate, in some respects, the primitive or undiffer-
entiated cellular area of embryonal rhabdomyosarcoma.24

Rhabdomyoblasts, however, were not identified. Although
these features can be regarded as indicative of a variant of
MLS/RCLS, a diagnosis of MLS/RCLS might not be appro-
priate especially in the case of KS685, where no typical
lipoblasts were found. The diagnosis made by an external
consultant was a high-grade myxoid liposarcoma for KS682
and an undifferentiated spindle myxoid sarcoma for KS685.
To determine whether the novel type of EWS-CHOP fusion
gene described in this study relates to a specific histology
or not, a molecular investigation of tumors with histopatho-
logical features comparable to our two cases should be
carried out. Such tumors could have been diagnosed as, for
example, cellular MLS/RCLS,32 atypical MLS/RCLS, or in
some cases, even primitive or unclassified mesenchymal
tumor.
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