
&p.1:Abstract Clear cell sarcoma (CCS), a rare tumour of
deep soft tissues, often has a t(12; 22) (q13; q12) translo-
cation that induces the formation of a hybrid EWS/ATF-1
gene. To investigate these alterations further, we estab-
lished a new continuous cell line directly from a CCS
taken from a 9-year-old girl. The cultures were charac-
terized with respect to morphological, ultrastructural,
immunohistochemical and karyotypical features and
were tested by reverse transcription PCR (RT-PCR) for
chimaeric EWS/ATF-1transcripts. The continuous cell
line, designated KAO, is tumorigenic in nude mice, and
the resultant tumours resemble the primary CCS. The tu-
mour cells and the cultured cells have melanosomes in
their cytoplasm and are immunoreactive with the mela-
noma-specific antibody HMB45, but do not express S-
100 protein. The cultured CCS cells have the t(12;
22)(q13; q12) translocation and express the hybrid
EWS/ATF-1gene. No transcripts of the hybrid gene were
detected in a malignant cutaneous melanoma tested si-
multaneously. Although CCS and malignant melanoma

are morphologically related, the present results suggest
that their geneses differ at the chromosome and molecu-
lar levels. They also indicate that chromosome analysis
and detection of fusion EWS/ATF-1transcripts may be
useful adjuvant tools for the diagnosis of CCS.
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Introduction

Clear cell sarcoma (CCS) is a rare malignant neoplasm
that occurs in deep soft tissues, usually near tendons and
aponeuroses in the extremities of young adults. Although
recognized as a clinicopathological entity more than
three decades ago by Enzinger [10] its histogenesis has
not been fully established and remains controversial.
Thus, some investigators have considered that CCS is of
synovial origin because of its histological appearance
and ultrastructure, and the intimate anatomical relation-
ship between the tumour and tendons or aponeuroses of
synovial tissue [19, 33]. However, the presence of mela-
nosomes within the cytoplasm of CCS cells of some
cases [2–4, 9, 17, 18, 24] and the expression of S-100
protein by the tumour cells [3, 7, 17, 24, 34] have led
other investigators to believe that CCS is of neural crest
origin. Although the results of ultrastructural studies on
several CCSs suggested schwannian differentiation [1,
26], most tumours have shown melanocytic differentia-
tion [2, 7, 17, 34]. These findings prompted the designa-
tion of malignant melanoma of soft parts rather than that
of CCS for the malignancy [7]. Moreover, phenotypic
analyses of cell lines derived from CCS have also re-
vealed melanocytic differentiation [12, 30, 35].

The results of recent chromosome analyses indicate
that the reciprocal translocation, t(12; 22)(q13–14;
q12–13), is a specific primary cytogenetic abnormality in
CCS [5, 6, 13, 23, 27–29, 31, 32, 36]. In addition, it was
shown by Zucman et al. [40] that this chromosomal
translocation fused the EWSgene to the gene encoding
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the transcription factor ATF-1, thus producing a chimaer-
ic EWS/ATF-1 protein that may be involved in oncogen-
esis. To investigate these CCS alterations further, we es-
tablished a new continuous cell line directly from an ex-
ample of the tumour. We describe the characteristics of
the cell line, and present data pertaining to cytogenetic
studies and to the detection of hybrid EWS/ATF-1tran-
scripts.

Materials and methods

The patient was a 9-year-old Japanese girl, who felt a mass in the
lateral side of her left thigh. The T1-weighted magnetic resonance
image showed a low intensity mass (size: 3.5×3.5×4.0 cm) located
on the deep fascia that invaded the long head of the biceps muscle
and subcutaneous tissue. Lymphangiography revealed several en-
larged lymph nodes in the left inguinal region. Examination of a
needle biopsy revealed that the girl had a CCS. Wide resection of
the tumour and inguinal lymphadenectomy were performed. The
patient was given adjuvant chemotherapy consisting of five cours-
es of dacarbazine, nimustine hydrochloride and vincristine sulfate
(DAV). She has been well, and there has been no evidence of local
recurrence or metastasis for the 6.5 years since her hospitalization.

A portion of the surgically resected tumour tissue was cut and
minced with scissors into small fragments and incubated for
20 min at 37°C in 5 ml of medium RPMI-1640 containing 1.0%
collagenase. The supernatant was removed after centrifugation for
5 min at 1500 rpm, the cells suspended in RPMI-1640 containing
10% heat-inactivated fetal bovine serum, penicillin G (100 units/ml)
and streptomycin sulfate (100 mg/ml), and inoculated into colla-
gen-coated culture dishes. The cultures were incubated at 37°C in
a humidified atmosphere of 5% CO2 in air. Upon reaching conflu-
ency, the monolayers were dispersed with trypsin and the cells
transferred into new culture dishes. The resulting continuous cell
line was designated KAO. The doubling time of the cell popula-
tion was determined with 1×106 cells per 25-cm2 collagen-coated
dish. The number of cells in three dishes was counted at 24-h in-
tervals for up to 120 h and averaged.

For heterotransplantation studies, 2×107 KAO cells were sus-
pended in 0.5 ml of potassium phosphate buffer (pH 7.4) and in-
jected s.c. into athymic nude mice (BALB/cAJclnu/nu, Nihon
Clea, Tokyo, Japan). The experimental protocol was approved by
the Animal Committee of the Institute for Animal Experimenta-
tion of Hokkaido University School of Medicine.

Specimens of the primary tumour and of the transplanted tu-
mours formed in nude mice were fixed in 10% neutral, buffered
formalin, embedded in paraffin and stained with haematoxylin-eo-
sin (H&E), periodic acid-Schiff, and Fontana-Masson stains. For
electron microscopic examination, specimens of the primary and
transplanted tumours and of the cultured cells were fixed in 2%
glutaraldehyde, post-fixed with 1% osmium tetroxide and embed-
ded in Epon 812. Ultrathin sections were prepared, stained with
uranyl acetate and lead citrate and examined with a Hitachi H-800
electron microscope.

Paraffin-embedded sections of the transplanted tumour and of
cultured cells grown in chamber/slides (Nunc, Naperville, Ill.)
were used for the immunohistochemical assays; the standard
three-step indirect streptavidin–biotin–peroxidase method was em-
ployed. In addition to the melanoma-specific antibody HMB45
(DAKO; diluted 1:50), antibodies against S-100 protein (Dako-
patts, Glostrup, Denmark; 1:10000), vimentin (Bioscience, Em-
menbrucke, Switzerland, 1:200), keratin (wide-spectrum screen-
ing, DAKO, 1:500), and epithelial membrane antigen (EMA, Dak-
opatts, 1:100) were used.

For cytogenetic analysis of KAO cells, exponentially growing
cultures were incubated for 1 h at 37°C with colcemid
(0.2 mg/ml). The cells were then treated for 15 min at 37°C with a
hypotonic solution of 0.7% sodium citrate and fixed with acetic
acid–methanol (1:3) at 4°C. The cell suspension was centrifuged

at 1500 rpm for 5 min and fixed three more times. The cells were
then dropped onto cold, wet slides precleaned in ethanol. After 2
weeks, the slides were stained for G-bands using the trypsin-Gi-
emsa banding technique.

A reverse transcription polymerase chain reaction (RT-PCR)
was used to assay for the presence of hybrid EWS/ATF-1tran-
scripts in KAO cells. Fuji cells, a line derived from a synovial sar-
coma [25], and a malignant melanoma resected from the skin of
the scrotum were included in the assays and served as control
specimens. Total RNA was extracted with ISOGEN, and 1µg was
reverse-transcribed using random hexamers and the GeneAmp
RNA-PCR kit (Perkin-Elmer) in accordance with the manufactur-
er’s protocol. The resulting cDNA was amplified by PCR using
the oligonucleotide primers 22.1, 5′-CCCACTAGTTACCCACC-
CCA-3′, and ATF-1.1, 5′-AAAACTCCACTAGGAAATCCATTT-
3′. These primers correspond to exon 7 of EWSand the 3′ untrans-
lated region of ATF-1, respectively [40]. As an internal control,
the cDNAs were amplified with primers specific for β-actin. Am-
plification was carried out in a final volume of 100µl using Amp-
liTaq polymerase (Perkin-Elmer) and a Perkin-Elmer thermal cy-
cler. We performed 30 amplification cycles, each consisting of
30 s at 94°C (denaturation), 30 s at 60°C (annealing) and 90 s at
72°C (extension). Tubes with all reagents except template were in-
cluded in each run. The amplified products were separated by aga-
rose (3%) gel electrophoresis and transferred onto nylon mem-
branes. The membranes were hybridized with the 32P-labelled oli-
gonucleotide probe CCP-1, ATCTATCAGACTAGCAGCGGA, de-
rived from ATF-1sequence data [40].

For sequencing, single-strand DNA was generated by asym-
metric PCR, using an annealing temperature of 58°C. The result-
ing products were purified with QIAEX (QIAGEN, Chatsworth,
Calif.) and sequenced with the 7-DEAZA sequencing kit.

Results

On gross examination, the cut surface of the primary tu-
mour appeared brown in some parts, and white in others.
Histologically, the CCS showed a varied architecture,
consisting of a diffuse pattern and nests or fasciculi of
polygonal or fusiform cells bordered by a delicate frame-
work of fibrous tissue. The individual cells had round to
ovoid vesicular nuclei with prominent nucleoli and a
finely stippled eosinophilic cytoplasm (Fig. 1). Melanin
granules were seen in the cytoplasm; their presence was
verified with the Fontana-Masson stain. Ultrastructurally,
the tumour was seen to be composed of oval to fusiform
cells with round nuclei each containing one or more
prominent nucleoli. The cytoplasm contained multiple
round mitochondria, little glycogen, and melanosomes at
various stages (Fig. 2). One of the inguinal lymph nodes
had a metastasis with similar features to those of the pri-
mary tumour.

Most cells grew on the surface of the collagen-coated
dishes, forming a loosely adherent monolayer. A small
proportion of the cells was suspended in the medium.
The attached cells proliferated rapidly without exhibiting
contact inhibition. On examination with the phase-con-
trast microscope, the adherent cells appeared spindle-
shaped, or tripolar (Fig. 3). The cells showed stable
growth and no contamination after more than 50 passag-
es, indicating that we had established a bona fide contin-
uous CCS cell line. This was designated KAO from the
patient’s first name, Kaori. The doubling time of the
cells was approximately 34 h. Electron microscopic ex-
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amination revealed that most of the cells had some filo-
podia, abundant cytoplasm and a large round nucleus
with a single prominent nucleolus. The cytoplasm of the
cultured tumour cells contained numerous free ribo-
somes, some mitochondria, Golgi apparatus, and a few
melanosomes. The latter were atypical in that the mem-
branous filaments failed to align properly (Fig. 4), thus
resembling the melanosomes seen in malignant melano-
ma of the skin [8].

KAO cells inoculated into the subcutaneous space on
the back of nude mice formed tumour masses that
reached 18 mm in diameter within 2 months. The histo-
logical features of these tumours were identical to those
of the original CCS. The same was true of their ultra-
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Fig. 1 Histological appearance of the primary tumour. Nests of
polygonal and fusiform cells with vesicular nuclei and prominent
nucleoli are evident. H&E, ×180&/fig.c:

Fig. 2 Electron micrograph of the primary tumour. Melanosomes
(arrows) are seen in the cytoplasm. ×8,900&/fig.c:

Fig. 3 Phase-contrast micrograph of the cultured cells photo-
graphed at the 50th passage, 24 h after subculture. Spindle-shaped
cells are seen&/fig.c:

Fig. 4 Electron micrograph of the cultured cells. The cytoplasm
contains abundant free ribosomes, some mitochondria, Golgi ap-
paratus, and few melanosomes (arrow). ×12,600&/fig.c:



structure. Thus, the tumour was composed of nests of
polygonal cells defined by a delicate framework of fi-
brocollagenous tissue. The individual tumour cells pos-
sessed round to ovoid vesicular nuclei with prominent
nucleoli and finely stippled eosinophilic cytoplasm
(Fig. 5). Intracellular melanin was seen in H&E-stained
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Fig. 5 Histological appearance of the tumours formed in nude
mice. Similarity to the primary tumour is evident. Melanin pig-
ment is noted (arrow). H&E, ×300&/fig.c:

Table 1 The number of chromosome copies/cell in the KAO cell linea &/tbl.c:&tbl.b:

No. of Normal chromosome
copies/
cell 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X

0 1 1
1 18 18 18 1 17 18 18 1 17
2 18 18 18 7 18 18 18 17 18 3 18 18 18 18
3 10 15 18
4 18

No.of Marker chromosomeb

copies/
cell der (12) der (22) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 NCAc

0 1 6 1 10 3 7 7 15 13
1 18 18 18 18 18 18 18 17 18 18 12 17 8 15 11 11 3 5

a Data based on the analysis of 18 G-banded cells.
b Marker chromosome: der(12); der(12)t(11;22)(q24;q12), der(22); der(22)t(11;22)(q24;q12)
c NCA; noclonal abnormality
&/tbl.b:

Fig. 6 Electron micrograph of the cells of tumours formed in
nude mice. The cytoplasm contains many melanosomes in a vari-
ety of stages and some of them are atypical (arrow). ×44,200&/fig.c:

sections. This was verified with the Fontana-Masson
stain. Electron microscope examination revealed that the
cells of the tumours produced in nude mice were ovoid
or short and spindle shaped, and that they had numerous
filopodia. Their nuclei were round with an irregular nu-
clear membrane and had one or two prominent nucleoli.



The cytoplasm had numerous free ribosomes, mitochon-
dria, Golgi apparatus, and arrays of rough endoplasmic
reticulum. The cytoplasm of these tumour cells had
more melanosomes than that of the cultured cells from
which the xenografts were derived. The melanosomes
were in various stages, and some of them were atypical
(Fig. 6).

Most CCS cells of the primary tumour, of the cultures
and of the tumours formed in nude mice were stained by
the vimentin and melanoma-specific antibody HMB45
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Fig. 7 Immunostaining of the cultured cells for HMB-45 showing
granular staining in most cells&/fig.c:

Fig. 8 Karyotype of a cultured
CCS cell. Arrow headspoint to
the chromosome 12; 22 translo-
cation. M denotes marker chro-
mosomes. Two types of marker
chromosomes of the other
metaphases (inset). G-banding&/fig.c:

Fig. 9a–c Detection of fusion EWS/ATF-1transcripts in KAO
cells by reverse transcription-PCR (RT-PCR). Total RNA extracted
from KAO cells, Fuji cells and an excised cutaneous malignant
melanoma was subjected to RT-PCR using EWS- and ATF-1-spe-
cific primers. The amplified DNA was separated by electrophore-
sis using 3% agarose gels. a Ethidium bromide-stained gel show-
ing the approximate 950 bp PCR product (arrow) in lane 1. b Con-
trol for RNA integrity: RT-generated β-actin cDNA amplified by
PCR. c Amplified DNA, transferred from the gel to nylon mem-
brane, and probed with the 32P-labelled ATF-1-specific oligonucle-
otide probe CCP-1. M = φ X174DNA-Hae III digest (size marker).
Lanes 1KAO cells; 2 malignant melanoma of the skin; 3 synovial
sarcoma cell line Fuji&/fig.c:



(Fig. 7). In contrast, they did not react with the antibod-
ies to S-100 protein, keratin, or EMA.

The chromosome number of KAO cells varied from
31 to 103, with a mode of 58. The karyotypes of 18 G-
banded cells, an example of which is shown in Fig. 8, are
summarized in Table 1. The KAO cells usually had the
reciprocal translocation involving chromosomes 12 and
22, t(12; 22)(q13; q12), as well as various numerical and
structural chromosome abnormalities, including tetra-
somy of chromosome 7, monosomy of chromosome 17,
and 15 consistent markers.

The RNA from KAO cells yielded a major, approxi-
mately 950-bp DNA fragment by RT-PCR. The frag-
ment’s identity as a portion of the cDNA of the chimaer-
ic EWS/ATF-1transcript was verified by hybridization
with the ATF-1-specific oligonucleotide probe CCP-1
(Fig. 9). Sequencing of the amplified DNA revealed the
same in-frame junction as was previously described by
Zucman et al. [40]. In contrast, the RT of the RNA from
the synovial sarcoma cell line and from the malignant
cutaneous melanoma tumour did not promote DNA am-
plification with the EWS- and ATF-1-specific primers.
Nevertheless, amplification of b-actin DNA was seen in
all instances (Fig. 9).

Discussion

There are relatively few reports on the establishment of
continuous CCS cell lines [12, 30, 35]. As shown here,
we initiated a new cell line directly from the surgically
resected CCS of a 9-year-old girl. The cells grow in
monolayers, and upon injection into nude mice produce
tumours that display ultrastructural and immunohisto-
chemical features similar to those of the primary human
sarcoma. It is of particular interest that melanosomes
were identified in the cytoplasm of the primary tumour
cells, KAO cells and cells in the tumours generated by
heterotransplantation. It is evident from these sets of ob-
servations that KAO cells have retained characteristics of
the original CCS. Moreover, the continuous cell line, like
the primary tumour, showed positive immunoreactivity
with HMB45, but did not express S-100 protein, which
was different from the reported CCS [24, 30]. The reason
for the S-100-non-reactivity of our CCS is unknown.

Recent studies revealed a similar or identical translo-
cation, t(12; 22) (q13-14; q12-13), in 11 of 18 CCSs [5,
6, 12, 13, 20, 22, 23, 27–32, 35, 36], and it has been sug-
gested that this translocation represents a primary cyto-
genetic abnormality. As our data indicate, KAO cells
have the t(12; 22) (q13; q12) translocation. As shown by
Zucman et al., the genes involved in the translocation
form hybrid transcripts of the N-terminal domain of
EWS and the bZIP domain of ATF-1 [40]. We found that
KAO cells had the fused gene that encodes the chimaeric
EWS/ATF-1 protein, and we verified, by sequencing the
PCR product, that the breakpoint of the translocation
was the same as that previously reported [40]. These
findings are the first confirmatory results in CCS cell

lines that the t(12; 22) translocation in CCS induces fu-
sion of portions of the EWSand ATF-1genes.

The protein encoded by the ATF-1gene is a transcrip-
tion factor that may normally be regulated by cAMP [14,
38]. However, in CCS, the chimaeric protein lacks a con-
sensus protein kinase A phosphorylation site which
might contribute to the regulation of the transcription ac-
tivity of AFT-1 by cAMP, but retains the bZIP domain
necessary for heterodimerization and DNA binding
[16,38]. Fujimura demonstrated that EWS-ATF-1 binds
weakly to DNA in vitro but functions as an efficient con-
stitutive transcriptional activator, unlike the normal ATF-
1, which needs to be induced with cAMP [15]. Conse-
quently it is possible that the fused EWS/ATF-1gene also
acts as a potent oncogene that may be involved in the
genesis of CCS. This hypothesis may be verified by
experiments using this cell line in addition to the previ-
ous ones. They include transfection of the antisense
EWS/ATF-1expression plasmids to the cultured cells or
microinjection of anti-fusion protein antibody to them.

Although there is still some controversy regarding a
synovial or neuroectodermal histogenesis [37], the idea
that CCS is a homogeneous clinicopathological entity of
neural crest origin has found increasing support [7, 11,
24]. Our finding of numerous melanosomes in the tu-
mour cells and the positive immunoreactivity with
HMB45 favours the latter notion. However, it is not clear
whether CCS is a subtype of malignant cutaneous mela-
noma, since there are several ultrastructural [2], immu-
nohistochemical [7, 17, 34], and phenotypical [12, 30,
35] similarities. However, it is difficult to explain differ-
ences regarding the biological behaviour and clinical fea-
tures of CCS and malignant melanoma of the skin.
Moreover, since the t(12; 22) (q13; q12) translocation
and chimaeric EWS/ATF-1transcripts are not found in
the latter condition, we postulate that the mechanisms in-
volved in the oncogenesis of CCS and malignant cutane-
ous melanoma are dissimilar. Therefore, we agree with
the suggestion of Enzinger and Weiss that CCS should
not be considered to be a malignant melanoma, but rath-
er segregated as a unique tumour of the soft parts [11].

In the differential diagnosis of CCS synovial sarcoma,
fibrosarcoma, malignant peripheral nerve sheath tumour,
malignant melanoma, and metastasis from renal cell car-
cinoma, all have to be considered, as well as metastases
of malignant melanoma simulating soft tissue sarcoma
[21]. Although chromosome analysis is useful for differ-
entiating CCS from other tumours, it is inconvenient in
clinical use and not always sensitive enough. For exam-
ple, a rearrangement of the EWSgene was detected by
Southern blotting and hybridization in a case of Ewing’s
sarcoma, yet the characteristic t(11; 22) translocation
was not found by chromosome analysis [39]. However,
RT-PCR is a highly sensitive and feasible method, which
yields results in 2 days.
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