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Summary. In order to clarify the histogenesis of  
clear cell sarcoma of tendons and aponeuroses 
(CCS), two cases of  human and one nude mouse- 
transplanted CCS line were studied using an ultra- 
structural and enzyme cytochemical approach. 
Most  of  the tumour cells obtained from the prima- 
ry and transplanted CCS demonstrated melano- 
somes in various stages of  development within the 
cytoplasm, whereas no melanosomes could be 
identified in the metastatic CCS. However, cholin- 
esterase and tyrosinase activities could be demon- 
strated not only in the melanotic primary and 
transplanted CCS but also in the amelanotic meta- 
static CCS. The results therefore support the hy- 
pothesis that CCS is a soft tissue tumour derived 
from the neural crest. 
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Introduction 

Since Enzinger (1965) first described clear cell 
sarcoma of tendons and aponeuroses (CCS) as a 
distinct soft tissue sarcoma entity, many additional 
cases have been reported in the literature. Some 
authors have considered that CCS is of synovial 
origin, based on its histological appearance and 
the apparent intimate anatomical relationship be- 
tween the tumours and tendon or aponeurosis syn- 
ovial tissue (Enzinger 1965; Kubo  1969; Hajdu 
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et al. 1977). However, electron microscopic investi- 
gations have revealed the presence of  melanosomes 
within the cytoplasm of CCS cells in some cases 
(Dutra 1970; Hoffman and Carter 1973; Macken- 
zie /974; Bearman et el. 1975; Boudreaux et al. 
1978; Ekfors and Rantakokko 1979; Chung and 
Enzinger 1983; Raynor  etal .  1979; Parker et el. 
1980; Eckardt et el. 1983; Kindblom et al. 1983; 
Mukai et el. 1984; Benson et el. 1985; Ohno et el. 
1986). Furthermore, recent immunohistochemical 
studies demonstrated S-100 protein positivity for 
this neoplasm (Kindblom et al. 1983; Mukai et el. 
1984; Benson et el. 1985). These observations have 
therefore lead some investigators to conclude that 
CCS might be a variant of  malignant melanoma 
(Ekfors and Rantakokko 1979; Chung and Enz- 
inger 1983; Benson etal.  1985) or malignant 
schwannoma (Azumi and Turner 1983; Ohno et el. 
1986). Although some cytochemical studies of this 
neoplasm have been performed, there is only lim- 
ited information available regarding enzymatic evi- 
dence of melanogenesis in CCS cells at the electron 
microscopic level. 

In order to clarify the histogenetic origin of  
CCS, ultrastructural and enzyme cytochemical 
characteristics including the expression of  tyrosin- 
ase and cholinesterase activity, were studied in two 
primary cases of  CCS, a metastatic lesion and in 
one transplantable CCS line derived from one of  
the two cases and established in nude mice. 

Materials and methods 

Two cases of CCS (case 1 and 2) were selected for electron 
microscopic investigation. Relevant clinical data are summa- 
rized in Table I. Specimens were obtained from the primary 
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Table 1. Clinical data for CCS patients 

Y. Mii et al. : Clear cell sarcoma of tendons and aponeuroses 

Case Age/Sex Location Therapy Metastasis Follow up 

1 51/M 1. Buttock* Resection Lungs Died, 2 years postoperativ. 

2 50/M 1. Foot* Thigh amputat ion Back*, Thighs, Died, 1.5 years postoperativ. 
Chemotherapy Leg, Lungs 

* Specimens obtained from these tumours were processed for this study. CCS : Clear cell sarcoma of tendons and aponeuroses 

Table 2. Enzymes, substrates, capturing agents and inhibitors used for the cytochemical studies of CCS 

Enzyme Substrate Capturing Inhibitor 
agent 

5'-Nucleotidase AMP Cerium Levamisole 
Alkaline phosphatase fl-Glycerophosphate Lead Levamisole 
Acid phosphatase fl-Glycerophosphate Cerium - 
Thiamine pyrophosphatase Thiamine pyrophosphate Lead - 
Acetyl cholinesterase Acetylthiocholine Copper iso-OMPA, Eserine 
Tyrosinase L-DOPA -- -- 

AMP:  Adenosine 5 '-monophosphoric acid; iso-OMPA: Tetraisopropylpyrophosphoramide; L-DOPA: L-3,4-dihydroxyphenylalan- 
ine 

tumour in each of two cases, a metastatic tumour of case 2, 
and from transplantable tumours established in nude mice. For  
the enzyme cytochemical study, specimens from the metastatic 
tumour and transplantable tumours were used. Transplantat ion 
was carried out by the following method:  tissue fragments of 
about  1 mm in diameter which were obtained from the case 2 
primary were subcutaneously transplanted with a trocar into 
two areas in the back of BALB/c nu/nu mice under aseptic 
conditions. In each generation, five animals were used as recipi- 
ents. When the transplanted tumours reached about  10 mm 
in diameter, the next t ransplantat ion was performed. Trans- 
planted tumours of the 5th and the 6th generations were used 
in this study. Small blocks were fixed in 2% paraformaldehyde 
and 2.5% glutaraldehyde in 0.1 M cacodylate buffer at 4 ° C 
for 2 h and then washed with 0.1 M cacodylate buffer contain- 
ing 0.25 M sucrose at 4 ° C for 12 h. The specimens were post- 
fixed in 1% osmium tetroxide in 0.1 M cacodylate buffer at 
4°C  for 1 h, dehydrated in a graded series of ethanols, and 
embedded in Epon 812. Thick sections cut at 0.5 gm were 
stained with toluidine blue to allow selection of representative 
areas from which to prepare ultrathin sections for electron mi- 
croscopic observations. These sections were cut with an LKB- 
8800 Ultrotome and stained with uranyl acetate and lead ci- 
trate. They were examined under a JEOL 1200-EX electron 
microscope. 

For demonstrat ion of enzyme activities at the electron mi- 
croscope level, small blocks of tumour tissue were fixed in 4% 
paraformaldehyde and 0.5% glutaraldehyde in 0.1 M cacody- 
late buffer at 4 ° C for 30 min;  sections about  40-60 gm thick 
were cut on a model G Vibratome (Oxford Instruments Inc.). 
These sections were incubated in the various reaction media 
prepared for demonstrating activities of the following enzymes : 
5'-nucleotidase (Robinson and Karnovsky 1983a), alkaline 
phosphatase (A1Pase, after Mayahara  et al. 1967), acid phos- 
phatase (AcPase, after Robinson and Karnovsky 1983b), thia- 
mine pyrophosphatase (TPPase, after Novikoff and Goldfischer 
1961), acetylcholinesterase (AchE, after Karnovsky 1964), and 
tyrosinase (after Hunter  et al. 1970). For controls, substrate 
free media were used for all the reactions. In addition, the 

following inhibitors were applied to determine reaction specific- 
ity: 0.5 mM levamisole (an inhibitor of nonspecific A1Pase), 
0.1 m M  tetraisopropylpyrophosphoramide (iso-OMPA, an in- 
hibitor of nonspecific cholinesterase), and 0.2 mM eserine (an 
inhibitor of esterase). Enzymes, substrates, capturing agents 
and inhibitors used in the cytochemistry are summarized in 
Table 2. Following the incubation, the sections were processed 
for electron microscopy as detailed above, and ultrathin sec- 
tions were contrasted only with lead citrate. 

Results 

Light microscopy: The primary tumours in both 
of the cases show similar histological characteris- 
tics. They are composed of round or oval, packed 
cells with clear cytoplasm, arranged in small nests 
separated by collagenous stromal elements (Fig. 1). 
The histological appearance of the metastatic tu- 
mour from case 2 is essentially similar to that of  
the primary. In nude mouse-transplanted tumours, 
the major histological features of the original tu- 
mour from case 2 are retained, the lesions present- 
ing as relatively uniform populations, mostly com- 
posed of small round cells arranged in sheets. 
However, slight changes occur during serial trans- 
plantation, and the fibrous septa separating each 
cell nest are observed to be thinner and less pro- 
nounced than those evident in the original tumour 
(Fig. 2). Mitotic figures are infrequent in all except 
the transplanted lesions. Melanin pigments can be 
detected only in limited areas of the two primary 
tumours in sections stained with haematoxylin and 
eosin for light microscopy. 
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Fig. 1. Histology of the primary tumour from case 1. Tumor cells with clear cytoplasm are observed arranged in small nests 
separated by fibrous stromal elements. Haematoxylin and eosin stain, x 200 

Fig. 2. Histology of the transplanted tumour at 6th generation. Note the uniform populat ion of small round cells without cell 
nest formation. Haematoxylin and eosin stain, x 250 

Immunostaining for S-I00 protein in paraffin 
embedded sections is positive in most of  the tu- 
mour cells from both metastatic and transplanted 
lesions. 

On electron microscopy the ultrastructural ap- 
pearance of  the primary tumours in the two cases 
is also similar. Tumour  cells are arranged in com- 
pact sheets, separated into nests by collagenous 
stroma, each group of  closely apposed cells being 
surrounded by a continuous basal lamina (Fig. 3). 
The cells are oval or round with abundant  cyto- 
plasm and the nuclei are irregular in outline with 
chromatin granules generally being dispersed and 
only thin peripheral condensation being evident. 
Nucleoli are prominent in most of  the cells. Occa- 
sionally, the tumour cells have cytoplasmic pro- 
cesses and the intermediate type of  intercellular 
junction, but interdigitation of cytoplasmic pro- 
cesses is not observed. The cytoplasm contains 
moderate amounts of  organelles including numer- 
ous mitochondria, free ribosomes, single elements 
of rough endoplasmic reticulum with thin cister- 

nae, and well-developed Golgi areas (Fig. 4A). In 
many tumour cells, abundant cytoplasmic glyco- 
gen is observed. Most  of  these particles are nega- 
tive in routinely stained sections, but can be clearly 
stained by alkaline bismuth (Fig. 4B). Many tu- 
mour cells contain abundant  melanosomes in var- 
ious stages of  development (Fig. 5). The ultrastruc- 
tural characteristics of  the metastatic tumour from 
case 2 are essentially similar to those of  the prima- 
ry turnout with the exception that no melanosomes 
can be detected in the cytoplasm, even after exten- 
sive searching. In the transplanted lesions, the cells 
are small and their nuclear-cytoplasmic ratio is 
high. These tumour cells are closely apposed and 
arranged in sheets without forming cell nests. Basal 
laminae are inconspicuous and absent in some ar- 
eas. The organelles are generally well developed 
but only few, immature melanosomes are ob- 
served. 

One metastatic tumour and the nude mouse- 
transplanted turnouts were examined for cyto- 
chemistry in this study, the results being similar 
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Fig. 3. Electron micrograph of primary tumour cells from case 2. Note the irregularly shaped nuclei and prominent  nucleoli, 
and an aggregate of melanin pigments (arrow head) in the cytoplasm. Each cell nest is surrounded by a continuous basal lamina 
(arrows). Bar = 2 gm. x 4400 

Fig. 4. Electron micrographs of primary tumour cells from case 2, Note the presence of short cell processes, numerous mitochondria,  
free ribosomes, irregular rough endoplasmic reticulum, and well-developed Golgi areas (A), and glycogen particles (B). Bar = 1 gm. 
x 16600 (A), x 7500 (B) 
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Fig. 5. Cy top la smic  detail  f rom the case 1 p r i ma ry  t umour .  No te  a b u n d a n t  m e l a n o s o m e s  in var ious  stages o f  deve lopment .  Bar  = 
0.5 gin. x 52000 

in both cases. Under  the electron microscope the 
5'-nucleotidase and A1Pase activities are positive 
on the cell surfaces of most tumour cells (Fig. 6A 
and 6B). The reaction for A1Pase is completely 
inhibited by adding of levamisole to the medium, 
this latter not affecting the reaction for 5'-nucleoti- 
dase. AcPase activity is localized in lysosome-like 
dense bodies which are rarely observed in the tu- 
mour cells. TPPase activity is found in the trans- 
face of the tumour cell Golgi complexes. AchE 
activity is localized in the cell membranes, perinu- 
clear cisternae, and small vesicles in the cytoplasm 
(Fig. 7A). Iso-OMPA almost completely inhibits 
the reaction in the cisternae of the perinuclear 
spaces and the vesicles in the cytoplasms (Fig. 7 B), 
whereas eserine completely inhibits at all sites 
(Fig. 7 C). These results indicate that the activities 
demonstrated in the cisternae of the perinuclear 
spaces and the vesicles are probably derived from 
non-specific cholinesterase, and those in the plas- 
ma membranes are from AchE. Tyrosinase-reac- 
tion product is observed within the cytoplasm of 
some tumour cells, localized in Golgi lamellae and 
vacuoles, and premelanosomes. The activity of  this 
enzyme can be demonstrated not only in the trans- 
planted cells but also in the metastatic tumour in 
which no melanosomes are detectable by routine 
electron microscopy (Fig. 8). Using substrate-free 

control media, no reaction products are observed 
with any of the cytochemical procedures. Findings 
for subcellular localization of reaction products of 
all enzymes investigated this study are summarized 
in Table 3. 

Discussion 

The ultrastructural characteristics of the two CCS 
cases examined in the present study were similar 
to those previously reported in the literature (Kubo 
1969; Tsuneyoshi etal .  1978; Kindblom etal .  
1983; Epstein et al. 1984; Mukai et al. 1984; Ben- 
son et al. 1985). The tumours were composed of 
closely apposed cells forming cell nests surrounded 
by continuous basal laminae. The irregularly- 
shaped nuclei with prominent nucleoli, well-devel- 
oped cytoplasmic organelles, and abundant glyco- 
gen particles observed in most of  these tumour cells 
have all been described as characteristic. In addi- 
tion, the observation that primary tumour cells 
contained melanosomes in various stages of devel- 
opment, while transplanted tumours contained im- 
mature melanosomes is also in line with previous 
reports. 

The histogenesis of  CCS was initially consid- 
ered to be tenosynovial because the tumours fre- 
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Fig. 6. Cytochemistry of 5'-nucleotidase (A) and A1Pase (B) in the metastatic tumour. Note localization of reaction products 
of these enzymes on the cell surfaces. Bar = 1 gm. x 22000 (A), x 22 500 (B) 
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Fig. 7. Cytochemistry of AchE in the metastatic tumour. Reaction product is observed in the cell membranes, perinuclear cisternae 
and cytoplasmic small vesicles (A). Iso-OMPA inhibits non-specific cholinesterase activity in the perinuclear cisternae and the 
vesicles (B), whereas eserine completely inhibits the activity of esterase at all sites (C). B a r = l  gm. x 11250 (A and C), x 15000 
(B) 
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Fig. 8. Cytocbemistry of tyrosinase in the amelanotic metastatic tumour. Note the reaction product localized in Golgi lamellae 
and vacuoles. Ba r=  1 gm. x 30000 

Table 3. Subcellular localization of enzyme activities and effects of enzyme inhibitors 

Enzyme Localization of Effect of inhibitor 
reaction product 

5'-Nucleotidase 

Alkaline phosphatase 

Acid phosphatase 

Thiamine pyrophosphatase 

Acetyl cholinesterase 

Tyrosinase 

Cell membrane 

Cell membrane 

Lysosome 

Trans-face of Golgi complex 

Cell membrane 
Perinuclear cisterna 
Small vesicle 

Golgi lamella 
Golgi vacuole 
Premelanosome 

- (Levamisole) 

+ (Levamisole) 

N.T. 

N.T. 

- (iso-OMPA), + (Eserine) 
+ (iso-OMPA), + (Eserine) 
+ (iso-OMPA), + (Eserine) 

N.T. 

N.T. : Not  tested, + : Completely inhibited; - : Not  affected; iso-OMPA: Tetraisopropylpyrophosphoramide 

quently develop within tendons or aponeuroses 
(Enzinger 1965; Kubo 1969; Hajdu etal.  1977). 
Recently, however, most investigators have consid- 
ered the lesion to be of neural crest origin, on the 
basis of  melanin identification in a large number 
of CCS cases. Some authors have therefore re- 
garded this neoplasm as a variant of  malignant 
melanoma, or schwannoma (Azumi and Turner 
1983; Ohno et al. 1984). Production of  melanin 

has been reported in normal dermal Schwann cells 
(Garcia and Szabo 1979) as well as in experimental 
melanotic tumour cells (Nakai and Rappapor t  
1963). Azumi and Turner (1983) described a case 
of  CCS with an characteristic appearance which 
they interpreted as indicating melanotic Schwann 
cell differentiation, observation of  basement mem- 
branes, interdigitation of  neighboring cells and in- 
tracytoplasmic microfilaments being cited as evi- 
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dence. In the present study, although we frequently 
observed basal laminae surrounding each cell nest, 
at least in the primary tumours we could not iden- 
tify any other features supportive of Schwann cell 
differentiation. 

To the authors' knowledge, this is the first ul- 
trastructural study on tyrosinase activity of CCS 
cells. This enzyme is of  direct relevance since it 
is well known that identification of tyrosinase ac- 
tivity is evidence of melanin production, according 
to investigations of melanogenesis of  normal pig- 
ment cells or malignant melanoma cells (Seiji and 
Iwashita 1965; Mishima 1966; Novikoff  etal .  
1968; Hunter etal .  1970; Maul and Romsdahl 
1970; Hunter et al. 1978). In the present study, 
tyrosinase activity could be clearly demonstrated 
in cells from both primary turnouts under the elec- 
tron microscope. Furthermore, this activity was 
also confirmed in metastatic tumour cells in which 
melanosomes could not be found even after exten- 
sive seaching. The finding of tyrosinase activity 
within amelanotic CCS cells is in line with the ear- 
lier demonstration of this enzyme in amelanotic 
melanoma cells reported by Hunter et al. (1978). 
Recently, Mukai et al. (1984) suggested that the 
DOPA reaction is negative in both melanotic as 
well as amelanotic CCS on the basis of  light micro- 
scope findings. As shown in the present study, 
however, reaction product may be difficult to de- 
tect under light microscope because of its localiza- 
tion within the Golgi areas. 

Another striking new observation in this study 
is the demonstration of cholinesterase activity 
within the turnout cells. According to Mishima 
(1966), this enzyme can be expressed concomi- 
tantly with tyrosinase in the cytoplasm of melano- 
some-producing melanoma cells. The present en- 
zyme cytochemical study therefore supplies further 
evidence of  their twin involvement in melanin pro- 
duction by turnout cells in CCS. 

The significance of the positive enzyme histo- 
chemical results for 5'-nucleotidase, A1Pase, Ac- 
Pase and TPPase is obscure. It is likely, however, 
that expression of these enzymes is not specific for 
this neoplasm since they have been demonstrated 
in many other types of neoplastic cells (Mayahara 
et al. 1967; Tokumitsu etal.  1981; Robinson and 
Karnovsky 1983 b). 

The present immunohistochemical results con- 
cerning S-100 protein positivity in metastatic and 
the nude mouse transplanted CCS are in agreement 
with the findings of other investigators (Chung and 
Enzinger 1983; Kindblom et al. 1983; Mukai et al. 
1984; Benson et al. 1985). According to Nakajima 
et al. (1982a, 1982b), this protein is a highly selec- 

tive marker of Schwann cells and melanocytes. 
However, its expression is not specific and similari- 
ties between melanocytic and peripheral nerve 
sheath tumours are considered to be only reflec- 
tions of the same embryological derivation from 
the neural crest. 

In conclusion, the findings for tyrosinase and 
cholinesterase activities in CCS cells documented 
in the present report taken together with the other 
evidence available in the literature are strongly in- 
dicative of a neural crest origin for CCS. Why this 
soft tissue tumour develops frequently in tendons 
or aponeuroses is unclear, but a derivation from 
deeply migrating melanocytes or melanotic 
Schwann cells as suggested by Azumi and Turner 
(1983) is a clear possibility which warrants further 
investigation. 
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