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Abstract. A case o f  p a r a c h o r d o m a  o f  the left calf  in 
a 19-year-old Chinese female is reported.  The t umour  
showed mul t inodular  growth  pat tern  and consisted o f  
round  or  oval t umour  cells with abundan t  eosinophilic 
cy toplasm and myxoid  matrix. T u m o u r  cells formed 
small nests and sometimes showed concentr ic  arrange- 
ment.  Physaliferous-like cells and undifferent iated spin- 
dle cells were occasional ly observed a m o n g  the cell nests. 
The myxoid  matrix was positive for  high-iron diamine 
stain, indicating the presence o f  chondro i t in  4- and 6- 
sulphates and kera tan  sulphate. Ultrastructural ly ,  well- 
developed rough  endoplasmic reticulum, abundan t  inter- 
mediate filaments, microvil lous cytoplasmic  processes, 
pinocytic  vesicles, and desmosome-l ike junct ional  struc- 
tures were found.  T u m o u r  cells were positive for  S-100 
protein and vimentin,  but  negative for  cytokerat in,  epi- 
thelial membrane  antigen, ca rc inoembryonic  antigen, 
and desmin. These results are consistent  with the defini- 
t ion o f  p a r a c h o r d o m a  as a soft tissue neoplasm consist- 
ing o f  cells with his tology and ul t rastructure similar to 
those o f  c h o r d o m a  cells but  with immunohis tochemis t ry  
similar to that  o f  chondro id  t umour  cells. 
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tures. This neoplasm can be distinguished f rom extraske- 
letal myxoid  chondrosa rcoma ,  which is also called chor-  
doid sa rcoma  (Enzinger and Shiraki 1972; Mehio  and 
Ferenczy 1978; Dard ick  et al. 1983; Enzinger  and Weiss 
1988a), because o f  its distinct histological appearance.  
A l though  p a r a c h o r d o m a  resembles the fetal cho rda  dor-  
salis or  n o t o c h o r d  histologically, the exact histogenesis 
o f  the t u m o u r  is uncertain.  In the present study, we 
per formed ul t ras t ructural  and immunohis tochemica l  
studies in a case o f  p a r a c h o r d o m a  to elucidate its histo- 
genesis. 

Case report 

The patient was a 19-year-old Chinese female with a history of 
a tumour of the left calf which had been resected under the diagno- 
sis of myxomatous tumour at a hospital in Shanghai in 1987. How- 
ever, no detailed clinicopathological information about the lesion 
could be obtained. She had subsequently noticed a painful mass 
in the same region of the lower leg in 1990, and was admitted 
to the National Medical Center Hospital on 30 November 1990. 
Computed tomography revealed a low-density tumour without cal- 
cification in the left lower leg. It appeared as a low-intensity mass 
on Tl-weighted magnetic resonance imaging (MRI) and as a nodu- 
lar high-intensity mass on T2-weighted MRI. Recurrence of the 
tumour was suspected, and wide resection was performed on 7 
December 1990. There has been no evidence of local recurrence 
or metastasis for over I year after the operation. 

Introduction 

P a r a c h o r d o m a  is a rare soft tissue neoplasm first re- 
ported by Laskowski  and later extensively studied by 
Dabska  (1977). Accord ing  to Dabska ' s  report ,  the lesion 
usually arises in the deep soft tissues o f  the extremities 
adjacent to the tendons,  synovium, and osseous struc- 
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Materials and methods 

Histological sections stained with haematoxylin and eosin, periodic 
acid-Schiff (PAS) with and without diastase digestion, Azan Mal- 
lory, and silver impregnation were examined microscopically. For 
histochemical study of the tumour myxoid substance, sections were 
stained with alcian blue at pH 2.5, colloidal iron with and without 
testicular hyaluronidase (Sigma) digestion, and high-iron diamine 
(HID). 

For electron microscopy, small fragments of tumour tissues 
were fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer at 
4 ~ C. They were then post-fixed in 1% osmium tetroxide and em- 
bedded in Epon 812. Ultra-thin sections were stained with uranyl 
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Fig. 1. a The tumour shows a multinodular pattern. Haematoxylin 
and eosin, x 17. b Tumour cells form small nests, and undifferen- 
tiated spindle cells are sparsely scattered in the myxoid matrix. 

Haematoxylin and eosin, x 340. e Concentric arrangement of cres- 
cent-shaped cells. Haematoxylin and eosin, x 340. d, e Physalifer- 
ous-like cells. Haematoxylin and eosin, x 680 

acetate and lead citrate, and examined in a JEOL JEM-1200 EX 
electron microscope. 

Immunohistochemical studies were performed on paraffin-em- 
bedded sections using the avidin-biotin-peroxidase complex (ABC) 
method (Hsu et al. 1981). Normal mouse or rabbit IgG was used 
for a negative control instead of the primary antibodies. For immu- 

nohistochemical studies, monoclonal antibodies for cytokeratin 
(KL-1, lmmunotech), epithelial membrane antigen (EMA, 
DAKO), vimentin (DAKO), and desmin (ICN) and polyclonal 
antibodies for carcinoembryonic antigen (CEA, DAKO), S-100 
protein (DAKO), and factor VIii-related antigen (FVIII-RA, 
DAKO) were used. 



Fig. 2. The myxoid matrix is 
stained black by high-iron dia- 
mine stain, indicating the pres- 
ence of chondroitin sulphates and 
keratan sulphate, x 170 

Fig. 3. Adjacent round or ovoid 
tumour cells form a tumour cell 
nest. A vacuolated physalipher- 
ous-like cell is found. Some very 
elongated undifferentiated spindle 
cells are seen surrounding a tu- 
mour cell nest (arrowheads). 
• 3860 
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Fig. 4. Microvillous cell processes 
protrude from the cytoplasm and 
pinocytotic vesicles are also 
found, x 1600(1. Inset: Intermedi- 
ate filaments are abundant and 
occasionally arranged in bundles. 
x 48250 

Fig. 5. Rough endoplasmic reticu- 
lure and Golgi complexes are well 
developed. Desmosome-like junc- 
tional structures are also found. 
x 9600 

Results 

Macroscopically, the turnout was situated in the left so- 
leus muscle and attached to the Achilles tendon from 
which it was easily separated. It was white with ill-de- 
fined, mult inodular  and myxoid appearance, and mea- 
sured 3 cm in diameter. Microscopically, it showed mul- 
t inodular growth pat tern with abundant  myxoid matrix 
(Fig. I a). Tumour  cells formed small nests or cords simi- 
lar to those in chordoma (Fig. 1 b). Small nests of  cells 

sometimes showed a concentric arrangement  (Fig. I c) 
and were enclosed by crescent-shaped turnout cells. The 
nuclei were round and the cytoplasm was abundant,  usu- 
ally eosinophilic and occasionally vacuolated as in phy- 
saliferous cells (Fig. I d, e). Moderate  amounts  of  glyco- 
gen granules were present in the cytoplasm demon- 
strated by PAS stain. In addition, small, undifferentiated 
spindle cells were found around the tumour  cell nests 
in the myxoid matrix. The myxoid matrix contained a 
large amount  of  acid mucopolysaccharide which showed 



Table 1. Summary of light and electron microscopic differences 
between parachordoma, extraskeletal myxoid chondrosarcoma and 
chordoma 

Findings Para- Extra- Chordoma 
chordoma skeletal 

myxoid 
chondros- 
arcoma 

Undifferentiated + - • 
spindle cells 

Vacuolated cells + - + + 
(physaliferous cells) 
Intermediate filaments + + + + + 
Pinocytic vesicles + • § 
Junctional structures + _+ + 
RER-mitochondrial -- -- + 

complex 
Microtubular aggregates - + • 

in RER 

--, Not found; •  rarely found; +, commonly found; + +,  abun- 
dantly found; RER, rough endoplasmic reticulum 
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Table 2. Summary of immunohistochemical characteristics of para- 
chordoma, extraskeletal myxoid chondrosarcoma and chordoma 

Para- Extra- 
chordoma skeletal 

myxoid 
chondros- 
arcoma 

Chordoma 

Vimentin + + + 
Cytokeratin - - + 
Desmin - - - 
S- 1 O0 protein + + + 
EMA - - + 
CEA -- - + 
FVIII-RA -- -- -- 

+,  Positive; - ,  negative; EMA, epithelial membrane antigen; 
CEA, carcinoembryonic antigen; FVIII-RA, factor VIII-related 
antigen 

positive reaction for alcian blue, colloidal i ron and H I D  
stains (Fig. 2). Colloidal  i ron staining o f  the myxoid  ma-  
trix was decreased after testicular hyaluronidase  diges- 
tion. 

Ultrastructural ly ,  the t umour  cells forming the nests 
or  cords presented a round,  indented nucleus with evenly 
distributed he te rochromat in  and p rominen t  nucleolus 
(Fig. 3). The cy toplasm o f  the cells was abundan t  and 
round  or  ovoid in shape, with microvil lous cell processes 
and pinocytic  vesicles (Fig. 4). Golgi complexes and 
rough  endoplasmic  ret iculum (RER)  were well devel- 
oped, and prominent  intermediate filaments were found  
(Fig. 5). RER-mi tochondr i a l  complexes, a characterist ic 
ul t rastructural  finding in chordoma ,  were not  seen. Tu- 
m o u r  cells conta in ing  the large cytoplasmic vacuoles 
which characterize physal iferous cells were seen bo th  
light microscopical ly  and electron microscopically.  Des- 
mosome-l ike junct ional  structures were relatively well 
developed. The undifferent iated spindle cells seen by 

Fig. 6. a Tumour cells and capillary endothelial cells are positive 
for vimentin. Methyl green counterstain, x 225. b The cytoplasm 
and nucleus of tumour cells are positive for S-100 protein. Methyl 
green counterstain, x 225 

light mic roscopy  showed electron microscopic  character-  
istics which were essentially the same as the other  cells 
observed in the tumour .  The myxoid  matr ix conta ined  
granulofibri l lar  material.  Light  and electron microscopic  
differences between p a r a c h o r d o m a ,  extraskeletal myxoid  
chondrosa rcoma ,  and c h o r d o m a  are summar ized  in Ta- 
ble 1. 

The immunohis tochemica l  results are summar ized  in 
Table 2. The cy toplasm o f  t u m o u r  cells was positive for  
vimentin (Fig. 6a). Positive immunoreac t ion  for S-100 
protein was observed in the cy top lasm as well as in the 
nucleus (Fig. 6b), whereas t u m o u r  cells were negative 
for  KL-1,  E M A ,  CEA,  desmin, and F V I I I - R A .  

Discussion 

P a r a c h o r d o m a  was first described by Laskowski  and has 
been recognized as a separate cl inicopathological  enti ty 
since Dabska ' s  repor t  o f  10 cases in 1977 (Dabska  1977). 
Only 11 cases o f  p a r a c h o r d o m a  including tha t  described 
by Enzinger  and Weiss (1988c) have been reported in 
the English literature. The mean  repor ted  age is 35 years 
and the age distr ibution o f  the patients,  7 o f  w h o m  are 
under  30, is bimodal .  In  contrast ,  extraskeletal myxoid  
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chondrosarcoma is a neoplasm which usually afflicts pa- 
tients older than 35 years (Enzinger and Shiraki 1972; 
Enzinger and Weiss 1988a) and is rare in children and 
adolescents (Jessurun etal. 1982; Hachitanda etal. 
1988; Klijanienko et al. 1990). Chordoma, other than 
spheno-occipital chordoma, is uncommon in patients 
less than 35 years of age (Dahlin and Unni 1986). Para- 
chordoma affects males and females equally (Dabska 
1977), whereas both extraskeletal myxoid chondrosarco- 
ma and chordoma show male preponderance (Enzinger 
and Shiraki 1972; Dahlin and Unni 1986; Enzinger and 
Weiss 1988a). Four of the 12 cases of parachordoma 
have recurred locally, but no metastasis have been re- 
ported (Dabska 1977). 

There are also a few cases of chordoma periphericum 
arising in the appendicular skeleton (Povysil and Mate- 
jovsky 1985); however, the histological details are not 
available for review. It is therefore difficult to determine 
whether chordoma periphericum can be categorized as 
being the same entity as parachordoma of the soft tis- 
sues. 

Parachordoma is very similar to chordoma in that 
it presents lobular or multinodular growth pattern tu- 
mour cell cords in an abundant myxoid matrix back- 
ground. This pattern of chordoma cell arrangement is 
similar to that of extraskeletal myxoid chondrosarcoma 
(chordoid sarcoma). However, the histological appear- 
ance of parachordoma differs from that of chordoma 
or myxoid chondrosarcoma in that it consists of two 
types of turnout cells, those with abundant eosinophilic 
cytoplasm which form cords or whorls and the small 
spindle-shaped cells. 

The myxoid substance of chondroid and chordoid 
turnouts contains chondroitin 4-sulphate, chondroitin 6- 
sulphate, and keratan sulphate (Kindblom and Anger- 
vall 1975). In other myxoid tumours of the soft tissues, 
such as intramuscular myxoma, myxoid liposarcoma, 
and myxoid malignant fibrous histiocytoma, mucosub- 
stances sensitive to testicular hyaluronidase have been 
demonstrated (Martin et al. 1973 ; Kindblom and Anger- 
vall 1975; Enzinger and Weiss 1988b). Enzinger and 
Weiss (1988c) reported that parachordoma contains 
hyaluronidase-sensitive mucinous material and that it 
was thought unlikely to be of chondroblastic or chor- 
doid origin. Testicular hyaluronidase digests not only 
hyaluronic acid but also chondroitin 4- and 6-sulphates. 
Although the matrix of normal hyaline cartilage is hard- 
ly digested with testicular hyaluronidase, colloidal iron 
staining of the matrix in poorly differentiated chondro- 
sarcoma, extraskeletal myxoid chondrosarcoma, and 
chordoma is reduced after digestion with testicular hyal- 
uronidase (Martin et al. 1973; Tsuneyoshi et al. 198l; 
Fletcher et al. 1986). The mucosubstances in our case 
showed reduced staining with colloidal iron after testicu- 
lar hyaluronidase digestion but was positive for HID 
stain. This result indicates that the mucosubstances in 
parachordoma contain chondroitin 4- and 6-sulphates 
and keratan sulphate, as does chondroid or notochord. 

Electron microscopically, the cells of both chordoma 
and extraskeletal myxoid chondrosarcoma show promi- 

nent RER, Golgi complexes, glycogen granules, and mi- 
crovillous cell processes (Enzinger and Shiraki 1972; 
Weiss 1976; Mehio and Ferenczy 1978; Tsuneyoshi et al. 
1981 ; Dardick et al. 1983; Valderrama et al. 1983; Povy- 
sil and Matejovsky 1985; Hachitanda et al. 1988). We 
have found that parachordoma cells contain all these 
structures. Although microtubular aggregates in the 
RER in some cases of extraskeletal myxoid chondrosar- 
coma and chondroid chordoma have been described 
(Vernick et al. 1977; Wetzel and Reuhl 1980; Dardick 
et al. /983; Valderrama et al. 1983; Povysil and Mate- 
jovsky 1985; DeBlois et al. 1986), they were not detected 
in our case. Desmosome-like cell junctions are reported 
to be scarce in extraskeletal myxoid chondrosarcoma 
(Wetzel and Reuhl 1980; Tsuneyoshi et al. 1981; Povysil 
and Matejovsky 1985; DeBlois et al. 1986), while they 
were relatively well developed in this case, as they are 
in chordoma. RER-mitochondria complexes, which are 
characteristic of chordoma (Valderrama etal. 1983; 
Persson et al. 1991), were not seen in this parachordoma. 
The abundant intermediate filaments observed in the cy- 
toplasm of parachordoma cells by electron microscopy 
correspond to the eosinophilic cytoplasm of turnout cells 
observed by light microscopy. All these ultrastructural 
findings as well as the microvillous cell processes suggest 
that the tumour exhibits chordoid rather than chondroid 
differentiation, in spite of the absence of RER-mito- 
chondria complexes. 

Not only normal chondrocytes but also benign and 
malignant cartilaginous tumour cells show positive im- 
munoreactivity for vimentin and S-100 protein. The par- 
achordoma cells in this case were positive for both vi- 
mentin and S-100 protein. Extraskeletal myxoid chon- 
drosarcoma has also been reported to be positive for 
vimentin and S- 100 protein (Fletcher et al. 1986; Fukuda 
et al. 1986; Hachitanda et al. 1988; Klijanienko et al. 
1990), whereas chordomas, even in the chondroid areas 
of chondroid chordoma, are positive not only for immu- 
noreactive vimentin and S-100 protein but also for cy- 
tokeratin, EMA, and CEA (Miettinen et al. 1983; Aben- 
oza and Sibley 1986; Meis and Giraldo 1988; Persson 
et al. 1991). The tumour cells in the present case were 
negative for cytokeratin, EMA, and CEA, and thus 
showed distinctive immunohistochemical differences 
from those in chordoma. These immunohistochemical 
results suggest that parachordoma is chondroid in na- 
ture despite its chordoma-like histology and ultrastruc- 
ture. 
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