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Extraskeletal myxoid chondrosarcomas do not
show a chondrocytic phenotype

Thomas Aigner', André M Oliveira®* and Antonio G Nascimento?

'Department of Pathology, University of Erlangen-Niirnberg, Erlangen, Germany and ?Department of
Laboratory Medicine and Pathology, Mayo Clinic, Rochester, MN, USA

Extraskeletal myxoid chondrosarcoma is a rare mesenchymal soft-tissue malignancy of putative chondrocytic
differentiation. Occasional overt cartilage formation, positivity for S-100 protein, and ultrastructural analysis
have supported this view. However, most extraskeletal myxoid chondrosarcomas do not show chondroid tissue
formation, and S-100 protein is found much less commonly than has been reported. Both these observations
cast doubt on the histogenetic classification of extraskeletal myxoid chondrosarcoma as a chondroblastic
entity. Mostly using matrix proteins as markers of mesenchymal cell differentiation, we investigated the
biochemical matrix composition and cellular phenotype of the tumor cells in representative specimens from 14
extraskeletal myxoid chondrosarcomas. In all but one tumor specimen, which showed histomorphologically
overt cartilage formation, only occasional staining for the proteoglycan aggrecan was found. Specimens from
two tumors showed presence of collagen type I, and none was positive for collagen type X. Instead, collagen
types |, lll, and VI were diffusely positive. Also, S-100 protein was largely absent. Our results suggest that the
basic cellular phenotype of extraskeletal myxoid chondrosarcoma is not chondrocytic or prechondrocytic and
that extraskeletal myxoid chondrosarcoma is not a chondrosarcomatous entity. Extraskeletal myxoid
chondrosarcoma consists most likely of primitive mesenchymal cells with focal, multidirectional differentiation.
Chondrocytic differentiation is an unusual facet in the spectrum of differentiation patterns exhibited by these
lesions.

Modern Pathology (2004) 17, 214-221, advance online publication, 5 December 2003; doi:10.1038/modpathol.3800036

Keywords: chondrosarcoma; collagen; differentiation; tumor

Extraskeletal myxoid chondrosarcoma is a rare
mesenchymal malignancy. It was first described by
Stout and Verner' in 1953 and later in more detail
and as a distinct entity by Enzinger and Shiraki? in
1972. Despite older studies that considered extra-
skeletal myxoid chondrosarcoma a variant of myx-
oid chondrosarcoma of bone,' later work did not
fully support this.® Extraskeletal myxoid chondro-
sarcoma may occur anywhere outside the bony
skeleton, including the synovial membrane and the
neurocranium,* and rarely within the bones.® Even
dedifferentiated variants have been described.®
Early studies reported a better overall prognosis
than that for conventional chondrosarcomas,? but
long-term studies have shown the contrary.”®
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The histopathologic spectrum of extraskeletal
myxoid chondrosarcoma ranges from lesions with
densely packed rounded cells to those composed of
cords of cells and lesions with focal cartilage
formation.> This cartilage formation, the originally
reported positivity for S-100 protein,®™"® and the
ultrastructural resemblance of the neoplastic cells to
chondroblasts*®'® were the source of the term
‘extraskeletal myxoid chondrosarcoma’ for this type
of soft-tissue tumor.” However, most extraskeletal
myxoid chondrosarcomas do not show chondroid
tissue formation.**"® Also, S-100 protein positivity
is found much less commonly than was reported
originally.®”-*®'? Both observations cast doubt on the
histogenetic classification of these lesions as chon-
droblastic entities. Additionally, the relationship
between extraskeletal and skeletal myxoid chondro-
sarcoma is unclear,® and molecular and ultrastruc-
tural evidence suggests both being completely
different tumor entities.>*®

Chondrogenic differentiation in fetal develop-
ment,*>?*! in adult secondary chondrogenesis,?* and
in chondrogenic neoplasms***° can be identified
and monitored by investigating marker genes of



chondrocytic differentiation such as collagen sub-
types. In particular, collagen types II and X are
distinct markers for the chondrocytic cell lineage
(for a review see Cancedda et al?”). Positivity for
collagen types I, IlI, and VI indicates a fibroblastic
phenotype, whereas the presence of type I collagen
alone suggests an osteoblastic cell type. The pre-
sence of aggrecan, another typical gene product of
chondrocytic cells, is, however, not a specific
marker but also occurs in noncartilaginous tissues
and nonchondrocytic neoplasms such as chondro-
blastoma.?® This neoplasm, formerly suggested to be
of chondroid origin due to ‘pink-chondroid’ tumor
areas, failed to express collagen type II, the main
marker of chondrocytic differentiation, in our
analyses. Also the expression of S-100 protein was
not correlated with areas of assumptive chondro-
genesis.

In this study, we investigated the presence of
various matrix genes in a representative series of
extraskeletal myxoid chondrosarcomas to determine
the cellular phenotype of these neoplasms. Using
this approach, we previously identified or rejected
real neoplastic chondrogenesis independent of
morphological appearance in lesions of uncertain
origin such as chondroblastomas,” mesenchymal
chondrosarcomas,*® chondromyxoid fibromas,*® and
clear cell chondrosarcomas.*® Thus, for example,
chondroblastomas were found to lack chondroid
differentiation mainly as they do not express
collagen type II, the main marker of chondrocytic
differentiation. Also, the expression of S-100
protein was not correlated with areas of assumptive
chondrogenesis.

Materials and methods
Tissue Preparation and Histology

The specimens were derived from tumors of 14
patients with a diagnosis of myxoid chondrosarco-
ma of the soft tissues. The tumors were identified
from the Mayo Clinic Tissue Registry/Soft Tissue
and Bone Sarcoma Database according to estab-
lished criteria described previously.*® The material
was fixed with 10% formalin and embedded in
paraffin. Paraffin sections (4-um thick) were cut and
stored at room temperature until use.

Histomorphological and Histochemical Detection of
Mucopolysaccharide Content

The histomorphological characteristics of the tumor
specimens were evaluated by conventional hema-
toxylin—eosin staining. The content of mucopoly-
saccharide in the extracellular tumor matrix was
demonstrated by toluidine blue staining. The con-
tent of collagens in the extracellular tumor matrix
was demonstrated by Masson—Goldner staining.
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Immunohistochemical Analysis

Deparaffinized sections were enzymatically pre-
treated, incubated with primary antibodies (Table
1) overnight at 4°C, and visualized with use of a
streptavidin-biotin complex technique (Super Sen-
sitive Immunodetection System for mouse and
rabbit primary antibodies; BioGenex, Mainz, Ger-
many) with alkaline phosphatase as the detection
enzyme and 3-hydroxy-2-naphthylacid 2,4-dimethy-
lanilid as the substrate. Nuclei were counterstained
with hematoxylin.

As specificity control for immunohistochemical
stainings, samples of human fetal growth plate
cartilage were stained in parallel. As negative
control, the primary antibody was replaced by
nonimmune mouse or rabbit serum (BioGenex, San
Ramon, CA, USA) or Tris-buffered saline (pH 7.2) on
control sections.

Results

Histologically, extraskeletal myxoid chondrosarco-
mas showed the typical features previously de-
scribed'*® (Table 2) (Figures 1a and 2a). All
specimens showed somewhat cellular lesions with
neoplastic cells in a mucous matrix. Only part of one
specimen (case 5) (Figure 2) showed histologically
overt cartilage matrix formation with rounded
chondrocyte-like cells embedded in cartilage-typical
lacunae (Figure 2b). In accordance with the litera-
ture,” mitotic activity tended to be low, and only
occasional mitotic figures were found.

Proteoglycan Histochemistry and
Immunohistochemistry

Histochemically, only weak metachromatic staining
for glycosaminoglycans was obtained with use of
toluidine blue staining (Figure 1b). The only excep-
tion was specimen 5, which showed moderate to
abundant metachromatic staining for glycosamino-
glycans in the chondroid tumor areas (Figure 2c).
Immunostaining of aggrecan core protein was
completely absent in 71% of specimens (10/14)
(Figure 1c) or was observed only focally within the
tumor matrix in 29% of the specimens (4/14) (Figure
1d). Only the chondroid areas of specimen 5 showed
strong staining for aggrecan core protein throughout
the tumor matrix (Figure 2d). The nonchondroid (ie,
myxoid) areas of this lesion were morphologically
indistinguishable from those of the other extraske-
letal myxoid chondrosarcomas and were also nega-
tive histochemically for glycosaminoglycans and
immunohistochemically for aggrecan.

Collagen Histochemistry and Immunohistochemistry

Histochemically, only weak staining for collagens
was obtained with use of Masson—Goldner staining
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Table 1 Primary antibodies and enzymatic pretreatments used for immunohistochemical analysis

Antigen Type Dilution Digestion Source
S-100 protein r 1:1000 P Dako, Glostrup, Denmark
Collagen type
I r 1:200 H, Pt Synbio, Berlin, Germany
I r 1:50 H, P Novacastra, Peterborough, United Kingdom
I r 1:5000 H, P Dr K Giinzler, Aventis, Frankfurt, Germany
VI r 1:5000 H,P Dr R Timpl, Munich, Germany *°
X m 1:100 H, P Dr K von der Mark, Erlangen, Germany *’
Aggrecan m 1:5000 H, Pt Dr R Perris, Avioli, Italy

H, hyaluronidase (bovine testis in 2 mg/ml, phosphate-buffered saline (PBS), pH 5, 60 min at 37°C); m, mouse monoclonal; P, pronase (2 mg/ml,
PBS, pH 7.3, 60 min at 37°C [Boehringer, Mannheim, Germany]); Pt, protease XXIV (0.02 mg/ml, PBS, pH 7.3, 60 min at room temperature (Sigma,

Berlin, Germany)); r, rabbit polyclonal.

Table 2 Immunohistochemical reaction patterns in extraskeletal myxoid chondrosarcomas

Specimen HE-chondroid GAGs Agg Col Col I Col IT Col 1IT Col VI Col X S-100
1 0 2 ff3 0-1 2 0 1 2 0 f2
2 0 2 0 0-1 2 0 1 F2 0 2
3 0 2 0 1-2 3 0 2 3 0 f3
4 0 F2 f2 1 3 0 2 2 0 0
5 J— J— J— J— — J— J— J— _— J—
Nonchondroid areas 0 0 0 1 1-3 0 2 it 0 f2
Chondroid areas 3 3 3 2 1 3 1-2 pc 0 3
6 0 2 3 1 2-3 0 1-2 2 0 f2
7 0 2 f1 1 1-3 0 2 2 0 3
8 0 0 0 1 1-2 0 2 1 0 ff2
9 0 0 0 1 2 0 2-3 1-2 0 0
10 0 2-3 0 1 2-3 0 2 2 0 0
11 0 1 0 0-1 1-2 2 2-3 0-2 0 2
12 0 0 0 1 1-3 0 2 2-3 0 0
13 0 1 0 1 2 0 3 1-2 0 ff2
14 0 1-2 0 1 2 0 2 2 0 ff1

Agg, aggrecan; Col, collagen content as estimated by Masson—Goldner stain; Col I, II, ITI, VI, and X, collagen types I, IL, III, VI, and X; f, focally (less
than 25% of the tumor); ff, very few cells (less than 2%); GAGs, glycosaminoglycans as shown by toluidine blue staining; HE, hematoxylin—eosin;
it, interterritorial staining (ie staining throughout the matrix); pc, pericellular staining; S-100, S-100 protein. Staining intensity: 3, strong; 2,

moderate; 1, weak; 0, no staining.
See text.

(Figure 1e). The only exception again was specimen
5, which showed moderate collagen staining in the
chondroid tumor areas (Figure 2e). None of the
extraskeletal myxoid chondrosarcomas showed
any presence of collagen type II (Figure 1f) except
specimen 5 in the chondroid areas (Figure 2f)
and specimen 12, which showed no morphological
signs of chondroid tissue formation. None of the
samples expressed collagen type X, including the
chondroid areas of specimen 5 (Figure 2g). Collagen
types I, III, and VI were diffusely positive in all cases
within the extracellular tumor matrix (Figure 1g—i).
Of note, in the chondroid areas of specimen 5 that
expressed collagen type Il and showed chondrocytic
cells lying in lacuna-like matrix spaces, collagen
type VI was concentrated in the pericellular matrix
(Figure 2h). In addition, less collagen types I and III
were found in the tumor matrix. In the nonchon-
droid portion of this specimen, collagen type VI was
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observed throughout the intercellular tumor matrix,
together with collagen types I and III, as in all other
cases.

S-100 Protein Expression

Most extraskeletal myxoid chondrosarcomas (9/14)
showed signals for S-100 protein only focally (< 5%
of cells) (Figure 1j) or not at all (5/14). In contrast,
the chondroid areas of specimen 5 showed strong
staining for S-100 protein (Figure 2i). In the
nonchondroid areas of this specimen, similar to
the other specimens, only focal signals for S-100
protein were found.

In all samples, the non-neoplastic nervous or
fatty tissue was strongly positive for S-100 protein,
thus representing an excellent internal positive
control.
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Figure 1 Extraskeletal myxoid chondrosarcoma shows classically neoplastic cells often lying in cord-like arrangements within mucous
tumor matrix (a, hematoxylin—eosin staining), which shows hardly any proteoglycans (b, toluidine blue staining; ¢, d: immunostainings
for proteoglycan aggrecan). Staining for collagens (b, Masson—Goldner staining) was also very weak and no type II collgean could be
detected immunohistochemically (f). In contrast, collagen types I (g), III (h), and VI (i) were found multifocally in the intercellular tumor
matrix. S-100 protein was seen only focally in the cells of extraskeletal myxoid chondrosarcomas (j).

Discussion

The main result of this study was that only two of 14
extraskeletal myxoid chondrosarcoma specimens
showed signs of chondrocytic differentiation. This
was shown not only histomorphologically*® but also
at the cellular level, as indicated by the absence of
collagen type II in all except the two specimens.
This was further stressed by the absence of S-100
protein in most tumor cells of extraskeletal myxoid
chondrosarcoma, a marker rather consistently pre-
sent in neoplastic chondrocytes.?®***" In addition,
aggrecan, another typical gene product of chondro-
cytes, was not found in extraskeletal myxoid
chondrosarcomas. However, one extraskeletal myx-
oid chondrosarcoma specimen, identical in most
areas to the others examined, showed focal areas of

chondroid differentiation. This was proven not only
by histomorphological appearance but also at the
cellular level by using collagen type II, aggrecan core
protein, and S-100 protein as markers of chondro-
cytic cell differentiation. These findings agree with
those of previous studies that demonstrated collagen
type Il expression in single examples of extraskeletal
myxoid chondrosarcoma.’®'® Collagen type X, a
marker of terminal chondrocytic maturation and
differentiation in fetal growth plate cartilage,** was
absent in all investigated samples, suggesting the
absence of full chondrocytic differentiation capacity
of extraskeletal myxoid chondrosarcomas. This and
the lack of cartilage formation in extraskeletal
myxoid chondrosarcoma explain why calcifica-
tion, which occurs in other chondrosarcomatous
entities, is not a feature of extraskeletal myxoid
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Figure 2 One extraskeletal myxoid chondrosarcoma showed areas of classical morphology (a, hematoxylin—eosin (HE) staining) and
areas of overt chondroid differentiation (b, HE staining). The chondroid areas showed abundant glycosaminoglycan-positive (c, toluidine
blue staining; d: immunostaining for aggrecan proteoglycan) and collagen-positive (e, Masson—Goldner staining) tumor matrix.
Immunohistochemically, collagen type II (f), but not type X collagen (g) was shown in the interterritorial tumor matrix, whereas type VI
collagen was concentrated pericellularly (h). S-100 protein was strongly positive in nearly all cells of the chondroid tumor areas (i).

chondrosarcomas,"” because collagen type X expres-
sion is known to correlate with cartilage matrix
calcification.?*** This does not exclude dystrophic
calcification in areas of tissue necrosis, which might
occur in any neoplasm.

The presence of interstitial collagen types I, III,
and VI in various amounts in extraskeletal myxoid
chondrosarcomas in a basically mucin-rich, col-
lagen-poor tumor matrix supports the idea of
extraskeletal myxoid chondrosarcomas having a
(primitive) mesenchymal phenotype, which is also
indicated by their vimentin positivity.?® These
results specify biochemically previous ultrastruc-
tural findings that described the extracellular matrix

Modern Pathology (2004) 17, 214—221

of extraskeletal myxoid chondrosarcoma as consist-
ing mainly of amorphous material with few collagen
fibrils.’® Our findings indicate that these fibrils are
composed mainly of collagen types I and III. The
fine fibrillar networks between them seem to
consist, at least in part, of collagen type VI. Our
study could not confirm previous reports of
the extensive presence of cartilage-typical proteo-
glycans within extraskeletal myxoid chondro-
sarcomas.' Although histochemical staining for
glycosaminoglycans occurred,"" it was weak'® com-
pared with the staining evident in physiologic and
neoplastic cartilages.*®*** Most importantly, im-
munolocalization did not demonstrate cartilage-



typical aggrecan in most tumor areas. This was not
the case in the chondroid areas of specimen
5, which showed both clear metachromasia and
aggrecan immunostaining. Other mucins such as
decorin, biglycan, or versican, which occur in
cartilage and are also present in many other
tissues,®®*” may occur in the extracellular matrix
of extraskeletal myxoid chondrosarcoma. The
presence of other mucins may explain as to why
most authors reported hyaluronidase resistance
of histochemical staining,*'* which does not fit
with the presence of the hyaluronan-bound cartilage
proteoglycan aggrecan.

Our results indicate that the basic cellular
phenotype of extraskeletal myxoid chondrosarcoma
is not chondrocytic or prechondrocytic. Also the
classification of primitive or undifferentiated me-
senchymal cells as chondroblastic by electron
microscopy has to be considered with caution,'® as
demonstrated recently for chondroblastomas.?®
Chondroblastomas do not show chondroblastic
differentiation despite morphological and ultra-
structural resemblance to chondroblastic cells.?®??
This is in contrast to mesenchymal chondrosarco-
ma, a neoplasm we recently identified as the
prototypic lesion of chondroprogenitor cells.?®
Thus, extraskeletal myxoid chondrosarcoma cells
must be considered to display an undifferentiated
mesenchymal phenotype without a single specific
differentiation. In extraskeletal myxoid chondro-
sarcomas, multidirectional differentiation of cells
occurs, which is documented by the focal positivity
for many different cell differentiation markers
such as epithelial membrane antigen, epithelial
cytokeratins, S-100 protein, and neuron-specific
enolase.”'®*%*" This is further supported at the
histomorphological level because numerous speci-
mens exhibit areas with morphological features
similar to those of other tumors such as synovial
sarcoma, fibrosarcoma, rhabdoid tumor, and other
poorly differentiated lesions.”*? The common pre-
sence of neuroendocrine differentiation in extraske-
letal myxoid chondrosarcoma®®*®*? further supports
the presence of a cellular phenotype not restricted to
the chondrocytic cell lineage.

An important issue concerning the diagnosis of
soft tissue lesions is accurate identification of the
tumor type.'" For example, the distinction between
extraskeletal myxoid chondrosarcomas and myxoid
variants of chondrosarcoma may be difficult. How-
ever, the cell biology and tumor matrix biochemistry
of these two histologically similar neoplasms are
much different. Myxoid areas of conventional
chondrosarcomas strongly express aggrecan®**?
and, at least focally, collagen types IT and X, features
not seen in extraskeletal myxoid chondrosarco-
ma.**** The difference between these two types of
neoplasms is also evident at the genetic level.
Myxoid variants of skeletal chondrosarcomas do
not show the chromosomal translocations found
typically in extraskeletal myxoid chondrosarco-

Extraskeletal myxoid chondrosarcoma
T Aigner et al

d

mas.”** Another tumor that may be difficult to
distinguish from extraskeletal myxoid chondrosar-
coma is chordoma.®'® Chordomas show even stron-
ger aggrecan positivity than extraskeletal myxoid
chondrosarcomas and in many cases positivity for
cartilage collagen type II even in the absence of
ouvert cartilage formation.** Chordomas are also
strongly positive for S-100 and epithelial cytoker-
atins and EMA throughout the lesion. The matrix
gene pattern in extraskeletal myxoid chondros-
arcomas distinguishes them from soft-tissue chon-
dromas.

In summary, extraskeletal myxoid chondro-
sarcoma is a tumor entity different from any
myxoid variant of conventional chondrosarcoma,
mesenchymal chondrosarcoma, and chordoma.
The specific differences are not only its clinico-
pathologic and genetic features”*' but also the
characteristics of its cell and tumor matrix. Extra-
skeletal myxoid chondrosarcoma consists most
likely of primitive mesenchymal cells*® with
focal, multidirectional differentiation with chondro-
cytic differentiation being an unusual but histo-
morphologically the most obvious differentiation
pathway.
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