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Myxoid liposarcomas have a unique and specifc
t(12;16)(q13;p11) chromosomal translocation.
The breakpoint has recently been identified and
shown to involve the TLS/FUS gene on chromo-
some 16 and the CHOPgene on chromosome 12.
This translocation causes fusion of these genes
resulting in the expression of a novel chimeric
TLS/FUS-CHOP message. Using the polymerase
chain reaction with primer sets derived from
sequences of TLS/FUS and CHOP cDNAs, we
could amplify three types of the fusion tran-
scripts from seven of seven samples of myxoid
and round cell liposarcomas. In six of the seven
positive samples, two kinds of chimeric messen-
ger RNAs were found that have been reported
previously. However, the last sample had a novel
chimeric message that had an extra sequence of
33 bp derived from the TlS/FUS gene. Thus, it
was shown that these fusion transcripts had a
varying extent of the sequence of TIS/FUS gene
incorporated at the site of thefusion. However,
the TLS/FUS-CHOP fusion transcripts were not
detected in two pleomorphic liposarcomas or in
three myxoid variants of malignantfibrous his-
tiocytomas. Ourfindings indicate that in liposar-
comas TLS/FUS-CHOP fusion transcripts have

variations at thejunction ofchimeric messages,
which was the casefor Ewing's sarcoma. Detec-
tion of the chimeric message by reverse tran-

scription polymerase chain reaction was also
suggested to be a useful approach for the diag-
nosis of myxoid and round ceUl liposarcomas
that have (12;16) translocation, and for distin-
guishing them from pleomorphic liposarcoma
and myxoid variant of malignantfibrous histio-
cytomas. (AmJPathol 1995, 147:1221-1227)

Liposarcoma is one of the most common soft tissue
sarcomas of adulthood. Liposarcoma originates in
primitive mesenchymal cells rather than mature ad-
ipose tissue.1 According to the classification of En-
zinger and Weiss,1 liposarcomas are classified into
four basic histological categories: 1) myxoid liposar-
coma, 2) round cell liposarcoma, 3) well differenti-
ated liposarcoma, and 4) pleomorphic liposarcoma,
which corresponds well to those of the World Health
Organization (IA/HO) classification. Myxoid liposar-
coma is the most common variant and accounts for
up to 50% of all liposarcomas. Histologically, the
tumor is composed of lipoblasts in various stages of
differentiation with a prominent plexiform capillary
pattern and abundant myxoid matrix. Although round
cell liposarcoma is closely related to myxoid liposar-
coma and seems to represent its poorly differenti-
ated form,2 it deserves separate consideration be-
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cause of its aggressive clinical course and
metastatic potential.2

Myxoid liposarcomas share a specific reciprocal
translocation between band q13 on chromosome 12
and band p11 on chromosome 16. The chromo-
somal breakpoints involved in t(12;16) have recently
been identified at a molecular level.9'10 The break-
point on chromosome 12 involves the transcription
factor CHOP gene, a member of the CCAAT/en-
hancer binding protein family, which may be in-
volved in adipocyte differentiation.11,12 The CHOP
protein has a leucine zipper dimerization domain,
and it can bind to CATA-box-binding (C/EBP-like)
proteins, blocking their interaction with DNA.11'12
The CHOP gene is rearranged with a gene on chro-
mosome 16, designated TLS or FUS.9'10 The TLS/
FUS has an extensive similarity to the recently de-
scribed EWS gene,13 which has been shown to be
rearranged in Ewing's sarcoma/primitive neuroecto-
dermal tumors13 and clear cell sarcoma.14 Like the
EWS protein, the TLS/FUS protein has a glutamine-
serine-tyrosine-rich segment, three glycine-rich
stretches,9'10 and an RNA-binding domain.9

The structural consequences of these transloca-
tions were revealed on liposarcoma,9 10 Ewing's sar-
coma,13 rhabdomyosarcoma,15 and synovial sar-
coma.16 One of the characteristics of these
chromosomal translocations is that they all have the
genes for the DNA-binding factors, resulting in ex-
pression of fusion transcripts. The function of these
chimeric proteins and their roles in tumor genesis
have not been well clarified. Sanchez-Garcia and
Rabbitts17 showed that the N-terminal domain of the
TLS/FUS-CHOP protein can act as a transcriptional
transactivator. Barone et a118 have reported that the
TLS/FUS-CHOP protein blocks the induction of Gl/S
arrest by native CHOP protein, suggesting a role of
the chimeric protein in the establishment of myxoid
liposarcoma.
Two types of translocations, EWS/Flil and EWS/

ERG, have been reported in Ewing's sarcoma/prim-
itive neuroectodermal tumors, and the fusion tran-
scripts have been revealed to have considerable
variations in the sequences around the junc-
tion. 13'19-23 As for liposarcomas, Panagopoulos et
a124 recently found a variant (type 11) of the chimeric
TLS/FUS-CHOP transcript,24 suggesting that the
junction of the chimeric TLS/FUS-CHOP mRNAs also
shows considerable variation. However, the possible
functional diversity among the variant fusion proteins
remains to be studied.

In this study, we examined the expression of the
TLS/FUS-CHOP fusion transcripts by means of re-
verse transcription polymerase chain reaction (RT-

PCR) in malignant myxoid tumors including myxoid
liposarcoma, round cell liposarcoma, pleomorphic
liposarcoma, and a myxoid variant of malignant fi-
brous histiocytoma (MFH). We also studied the rela-
tionship between the histological subclassification of
liposarcoma and the types of TLS/FUS-CHOP fusion
transcripts.

Materials and Methods

Tumors

The tumors used in this study were as follows: four
myxoid liposarcomas (Figure 1A), two mixed type
liposarcomas (myxoid with round cell areas, Figure
1B), one round cell liposarcoma (Figure 1C), two
pleomorphic liposarcoma, and three tumors of myx-
oid variant of MFH. All these tumors were diagnosed
by detailed histopathological observation. Among
these, the tumor of case 8 showed unusual features
corresponding to those of round/pleomorphic lipo-
sarcoma in Evans'25 classification. However, we di-
agnosed it as pleomorphic liposarcoma according to
the WHO classification.

PCR Analysis
Total RNA was extracted using RNA zolB (Biotecx,
Houston, TX). Template cDNA was synthesized from
0.5 ,ug of total RNA using Superscript (Life Technol-
ogies, Inc., Gaithersburg, MD). One-tenth of the
cDNA was used as template DNA for PCR amplifi-
cation. Amplified sequences were resolved by elec-
trophoresis on a 1% agarose gel, and were extracted
from the gel with Geneclean 11 (BIO 101 Inc., Vista,
CA) followed by subcloning into the pCRII vector of
the TA cloning kit (Invitrogen, San Diego, CA). The
nucleotide sequences of the primers are as follows:
5'A; 5'-GGCAATCAAGACCAGAGTGG-3' (nucleo-
tide position 661-680), 5'B; 5'-TTATAGCCAGTC-
CACGGACA-3' (nucleotide position 198-217), 3'A;
5'-TCATACCAGGCTTCCAGCTC-3' (nucleotide po-
sition 1006-1025). PCR proceeded for 40 cycles in a
50 [l reaction mixture containing 200 ,mol/L of each
of four deoxynucleotide triphosphates, 0.1 g.mol/L of
each primer and 1 unit of Taq polymerase (Boeh-
ringer Mannheim, Germany).

Genomic DNA Analysis
DNA was extracted from the frozen specimens and
when available from peripheral blood lymphocytes
using standard methods.28 For Southern blot analy-
sis of the rearranged CHOP gene, 10 ,mg of Sstl-



Figure 1. A: Myxoid liposarcoma (case 1, type 1). Proliferation qf
lipoblasts, u'itb plexiform capillary netuork and abundance ofmyxoid
material. (H&E, X456). B: Mixed type (myxoid and round cell lipo-
sarcoma) (case 4, type III). Transitional area between myxoid and
round cell liposarcoma consisting ofnumerous undifferentiated tumor
cells in addition to scattered multivacuolated lipoblasts. (H&E, x 456).
C: Round cell liposarcoma (case 7, type If) showing uniform, rounid
cell proliferation. The vascular pattern is obscured by cellular prolif-
eration, and there is a scattering of lipoblasts. (H&E, X 456).

digested genomic DNA was used for agarose gel
electrophoresis followed by capillary transfer with
20X SSC to positively charged nylon membranes
(Biodine B, East Hills, NY). After ultraviolet fixation,
hybridization was performed in a buffer containing
0.2 mol/L NaHPO4, 1 mmol/L EDTA, 1% bovine se-
rum albumin, and 7% sodium dodecyl sulfate (SDS)
at 60°C for 12 hours with IN2 probe24'27 that was
32P-labeled by a random prime labeling kit (Mega-
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prime, Amersham International plc, Little Chalfont,
UK). The membranes were washed in a buffer con-

taining 2X SSC and 0.1% SDS at room temperature
for 30 minutes and then in 0.5X SSC and 0.1% SDS
at 650C for 30 minutes. Detection of the hybridization
signals was performed by the use of image analyzer
(BAS2000 system, Fuji Film, Tokyo, Japan).

DNA Sequence Analysis
The nucleotide sequence of the insert DNA was de-
termined using a T7 Sequencing Kit (Pharmacia LKB
Biotech Inc, Uppsala, Sweden). More than two plas-
mid clones for each PCR product were determined
to discriminate in vivo mutations from base substitu-
tions caused by misincorporation by Taq poly-
merase.

Results

Detection of the Chimeric mRNAs
The initial RT-PCR reaction was performed using the
primer set of 5'A and 3'A that are located in the
glycine-rich segment of TLS/FUS and exon 3 of
CHOP, respectively (Figure 2C).910 The chimeric
mRNA was amplified in four of the seven samples of
myxoid, mixed, and round cell liposarcomas. One of
the amplified products, had the same size as the
originally described chimeric mRNA (type 1), and the
other was larger than the size of type transcript
(Figure 2B). PCR analysis using another pair of prim-
ers, 5'B and 3'A, detected the chimeric transcript in
all three samples that were negative in the initial
primer pair (Table 1). Together, all seven samples
studied expressed the TLS/FUS-CHOP chimeric
transcripts: four of myxoid liposarcomas, two of
mixed type liposarcomas, and one round cell lipo-
sarcoma. The chimeric messages were not detected
in two pleomorphic liposarcomas, and in all the three
samples of myxoid variant of MFH.

Nucleotide Sequence Analysis of the
Junction of the Chimeric Messages
Analysis of the nucleotide sequences of the ampli-
fied cDNA revealed that the 364 bp sequence am-
plified by 5'A-3'A primer pair was identical to the
originally described TLS/FUS-CHOP chimeric tran-
script (type 1),9 10 and the other 397 bp fragment was
a novel chimeric transcript having an extra 33 bp at
the junction in addition to the type transcript. This
extra sequence was derived from the 3' terminus in
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Figure 2. A: Schematic diagramn ofthe TLS/FUS and CHOP genes anld
their predicted proteini products.29 The t( 12;16) involves the CHOP
gene on chromosome 12 anid a gene designated TLS/FUS on chromo-
some 16. The large black inverted arrous indicate translocation fision
points. 7he CHOP getne encodes a leucine zipperprotein. TLSIFUS is a
glycine-rich proteitz (cross-hatched region) together uwith a glutamine-
serne-tyrosine (QSY)-rich N-terminal portion and a domain homolo-
gous to RNA-binidinig protein. B and C: Diagram of the t(12.16)-
specific TLS/FUS-CHOP ftisioni transcripts (tvpes I to II) anid the
location oJfoligonucleotideprimersfor the RT-PCR analysis. 7he break-
age in tvpes I anzd III in TLS/FUS excludes the RNA-binding domnain
from the TLS/FUS-CHOP fusion buit include,s the QSY-rich stretch and
onie of the glvcine-rich stretches. Hoiever, type IIfiJrther excludes the
glycine-rich stretch.24 The brceakage in CHOP leaves the coding se-
quences intact and includes a segment translated from a normally
noncoding exoni from CHOP. C: Additional 33 base pairs, nuiicleoticde
sequence oJ the type III comnplementary DNA TLS/FUS-CHOP fiusion
traniscript obtainied by RT-PCR and thepredicted aminco acid sequience.

TLS/FUS, and combined with the entire exon 2 of
CHOP, which results in the addition of 11 amino
acids to the fusion protein (Figure 2C). We desig-
nated this new chimeric transcript as type 111.

Using the 5'B-3'A primer pair, we detected a 551
bp fragment that corresponded to the size of the
type 11 chimeric transcript. The nucleotide sequence
analysis confirmed that this cDNA fragment actually
represented the type 11 transcript of TLS/FUS-CHOP
(Figure 2B).24

Genomic Southern Blot Analysis
The genomic rearrangement of CHOP gene was
studied by Southern blotting with IN2 probe that can
detect rearranged CHOP gene24 using Sstl-digested
genomic DNA from four samples of liposarcoma
(one myxoid, one round cell, and two pleomorphic
liposarcomas). The results demonstrated a re-
arranged band of CHOP gene in addition to that of
normal constitutional configuration in myxoid and
round cell liposarcoma (cases 1 and 7), but not in
two pleomorphic liposarcomas (cases 8 and 9) (Ta-
ble 1 and Figure 3B), which is in agreement with the
previous reports of Southern blot analysis24 and
classic karyotyping studies.4'8

Discussion
Using RT-PCR, we have demonstrated the presence
of TLS/CHOP chimeric transcripts in all samples with
the histological diagnosis of myxoid and round cell
liposarcomas. Southern blot studies to detect the
rearranged CHOP gene provided evidence verifying
that results of our RT-PCR study reflected the pres-
ence or absence of its rearrangement. In terms of the
classification of liposarcomas, Ohjimi et al7 have pro-

Table 1. Suimmary of Clinicopathological Data and Charactor of Fusion Products of Myxoid Tumors

Histological
diagnosis

Myxoid LPS
Myxoid LPS
Myxoid LPS
Myxoid/round LPS
Myxoid/round LPS
Myxoid LPS
Round cell LPS
Pleomorphic LPS
Pleomorphic LPS
Myxoid MFH
Myxoid MFH
Myxoid MFH

Chimeric Type of fusion
message product

Il

III
11
11
11

Bands detected
with IN2 probe*

N, R (6.4)
nd
nd
nd
nd
nd
N, R (3.4)
N
N
nd
nd
nd

Retro: Retroperitoneum, LPS: Liposarcoma.
*Based on Southern analysis of Sstl-cleaved DNA. Rearranged DNA fragment sizes are estimated in kilobases. N, normal, constitutional

fragment; R, abnormal rearranged fragment; nd, not determined.

A

B

C

Case

2
3
4
5
6
7
8
9
10
1 1
12

Age/Sex

40/F
56/F
36/F
43/F
32/M
27/F
33/M
59/F
55/M
78/F
66/M
57/M

Site

Buttock
Leg
Flank
Neck
Thigh
Thigh
Leg
Retro
Thigh
Retro
Thigh
Buttock



Chimeric TLS/FUS-CHOP Gene Expression 1225
AJP November 1995, Vol. 14 7, No. 5

A

U i~~~~~~~~

-23 4

nob

-9.4

- 3.4

Figure 3. A: Restriction miap ofCHOP gene. The position and length of

the IN2probe are indicated.24 B: Southern blot analysis ofSstl digested
DNA from myxoid, rounid, andpleomorphic liposarcoma and normal
peripheral blood mononiuclearcells. The case numbers are indicated at
the top of each lane. PBMC, normal peripheral blood mononuclear
cells. The size ofthe hybridized bands are indicated at the right of the
figure in kb.

posed three subgroups on the basis of their detailed
cytological analysis. The first group is characterized
by the presence of t(12;16)(q13;pll), the second
group has a tendency to occur in the retroperito-
neum,8 chromosomal abnormalities of ring chromo-
somes, telomeric associations and giant markers,
and the last by complex numerical and structural
aberrations.

Very recently, Knight et al28 found the chimeric
transcript of the TLS/FUS-CHOP gene in round cell
liposarcoma, suggesting that myxoid and round cell
liposarcomas have common chromosomal aberra-
tions. The present findings are consistent with their
observations and provide another support for dis-
criminating myxoid and round cell liposarcomas
from other malignant myxoid tumors including pleo-
morphic liposarcoma and a myxoid variant of MFH.
We could not detect the fusion transcripts or

genomic rearrangement of CHOP gene in two pleo-
morphic liposarcomas, one of which arose in reto-
peritoneum and showed unusual histological fea-

tures. This could be due to the different breakpoints
of the translocation, or a lack of the specific chromo-
somal translocations, or the presence of alternative
combinations of chromosomal translocations that
have not been recognized in these liposarcomas.
Although our present study did not provide clues to
discriminate these possibilities, absence of typical
rearrangements in the CHOP gene suggested that
the second group of the classification of Ohjimi et al
may constitute a genetically distinct entity with
unique histological and clinical characteristics.
We described the third type of the chimeric tran-

script (type 111) in liposarcoma. Thus our study dem-
onstrated that at least three types of the chimeric
transcripts are expressed in liposarcomas, suggest-
ing the presence of variation in the junction of the
TLS/FUS-CHOP chimeric transcripts as was the
case for the EWS-Flil of Ewing's sarcoma. Detection
and characterization of the variant chimeric mRNA
will help us to understand the underlying mechanism
for chimera formation, and the biological function
and active domains of the protein.

Panagopoulos et a124 reported that the type 11
fusion transcript is most commonly expressed in
myxoid liposarcoma. On the other hand, Knight et
a128 detected only the type 11 fusion transcripts in all
10 samples of myxoid and round cell liposarco-
mas.28 Our findings demonstrated that the type 11
transcript is expressed in one myxoid liposarcoma,
one mixed type liposarcoma, and one round cell
liposarcoma. Taken together, these findings suggest
that the round cell liposarcoma expresses only the
type 11 transcript. This notion should be confirmed by
a survey on a larger number of samples, to deter-
mine whether the type 11 transcripts play an important
role in the specific histological subtype of liposarco-
mas, which have a poorer prognosis.

Our findings also indicated that the presence of
the chimeric TLS/FUS-CHOP transcripts can be
pathognomonic for the most liposarcomas, and help
to distinguish them from pleomophic liposarcoma
and myxoid MFH, which is sometimes a diagnostic
challenge to surgical pathologists. The diagnostic
value of the chimeric transcripts should be clarified
by an extended study on a larger number of patients.
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