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Type Il collagen as specific marker for
mesenchymal chondrosarcomas compared
to other small cell sarcomas of the skeleton

Susanna Miiller"*, Stephan Soder"*, André M Oliveira®, Carrie Y Inwards® and
Thomas Aigner’

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

Mesenchymal chondrosarcoma is a rare, usually highly malignant chondrogenic neoplasm. The diagnosis of
mesenchymal chondrosarcoma can be challenging, it nonetheless has important therapeutic and diagnostic
implications. Thus, biopsies of mesenchymal chondrosarcomas without conspicuous cartilaginous differentia-
tion cannot be safely distinguished from other small cell mesenchymal neoplasms such as Ewing’s sarcoma
and peripheral neuroendrocrine tumors, synovial sarcomas and hemangiopericytomas, because all of these
neoplasms might show overlapping histological features, and so far, there have been no safe immunohisto-
chemical markers available in order to differentiate these neoplasms. In our study on a large series of
mesenchymal chondrosarcomas (n=30) and other small cell sarcomas (Ewing’s sarcomas (n=12), synovial
sarcomas (n=6), hemangiopericytomas (n=5), small cell osteosarcomas (n=3), and desmoplastic small round
cell tumors (n=1)), we could establish the presence of type Il collagen in the extracellular tumor matrix of the
small cell areas of mesenchymal chondrosarcomas as a specific and sensitive marker to identify mesenchymal
chondrosarcomas and to exclude other small cell neoplasms (except chondroblastic areas in small cell
osteosarcomas). In contrast, the S-100 protein was less sensitive and vimentin and total collagen content
unspecific for discriminating these neoplasms. Thus, the presence of type Il collagen in the extracellular tumor
matrix significantly facilitates the diagnosis of mesenchymal chondrosarcomas in the absence of histologically

visible chondroid matrix formation.
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Mesenchymal chondrosarcoma is a rare, usually
highly malignant chondrogenic neoplasm.'™ It
represents about 1% of all chondrosarcomas*®
and affects all ages with a peak incidence during
the second decade of life.® As a particularity of this
neoplasm, about one-third of the cases develop
outside the bone, including a significant number of
them arising in the meninges.”*™® Morphologically,
mesenchymal chondrosarcoma is mainly composed
of two characteristic tumor components: one being
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highly cellular and poorly differentiated and the
other showing cartilage formation.

The diagnosis of mesenchymal chondrosarcoma is
partially very difficult, although this has important
therapeutic and diagnostic implications.’® It is
rather straightforward as long as areas of cartilagi-
nous differentiation are present. However, no safe
diagnosis of mesenchymal chondrosarcoma can be
made in the absence of this feature,’*'"'? and
mesenchymal chondrosarcoma cannot be ruled out
safely at the moment in cases of indefinite small cell
mesenchymal neoplasms. In contrast, small cell
epithelial neoplasms as well as hematopoietic
malignancies, which might be histologically in the
differential diagnosis, can safely be identified by
using immunodetection of epithelial cytokeratins as
well as leukocyte common antigen (CD45). Thus, the
major differential diagnosis for small cell sarcomas
includes—besides mesenchymal chondrosarco-
mas—Ewing’s sarcoma—peripheral neuroendrocrine



tumors (PNETs), synovial sarcomas, hemangioper-
icytomas and rhabdoid sarcoma. So far, for this
distinction except for rhabdoid sarcoma, no specific
markers are available. S-100 protein, a standard
marker for chondrogenic neoplasms, is in mesench-
ymal chondrosarcomas largely negative outside the
cartilaginous areas and therefore not helpful.***?
Vimentin is partly positive, but not specific for
mesenchymal chondrosarcoma.'* Recently, positiv-
ity for CD99 was reported to be a potential marker
for mesenchymal chondrosarcomas.’* However,
CD99 is also positive in other small cell neoplasms
of the skeleton such as Ewing’s sarcoma and is, thus,
also not diagnostic.

In this study, we tried to evaluate whether the
expression of type II collagen, a specific marker gene
of physiological and neoplastic chondrocytes,*>'®
which was previously shown to be expressed not
just in the chondroid areas of mesenchymal chon-
drosarcomas,"” is of potential use for the identifica-
tion of mesenchymal chondrosarcomas without
overt cartilage formation. We analyzed small cell
areas of a large series of mesenchymal chondrosar-
comas and compared the found expression patterns
with those detected in synovial sarcomas, Ewing’s
sarcomas and PNETs, hemangiopericytomas, small
cell osteosarcomas and one case of desmoplastic
small round cell tumor. Small cell epithelial
neoplasms, rhabdomyosarcomas as well as hemato-
poietic/lymphoid malignancies can easily be ruled
out by other means and were, therefore, not
included in the study.

Materials and methods
Tissue Preparation and Histology

Specimens of 30 patients with diagnosed mesench-
ymal chondrosarcomas from the Mayo Clinic bone
tumor registry and the Department of Pathology,
University of Erlangen-Niirnberg, FRG, were used
for the study. Additionally, 12 specimens of Ewing’s
sarcomas and synovial sarcomas partly showing
hemangiopericytoma-like growth pattern, five cases
of true hemangiopericytomas, three cases of small
cell osteosarcomas and one case of desmoplastic
small round cell tumor were investigated. The
material was routinely fixed with 10% formalin,
decalcified and embedded in paraffin. Paraffin
sections (5-um thick) were cut and stored until use
at room temperature.

The histomorphology of the tumor specimens was
evaluated on conventional hematoxylin and eosin
(H&E) stains.

Histochemical Methods

The total collagen content in the extracellular tumor
matrix was demonstrated by Masson Goldner’s
trichrome stain.
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Immunohistochemistry

Deparaffinized sections were enzymatically pre-
treated (Table 1), incubated with primary antibodies
(Table 1) overnight at 4°C and visualized using a
streptavidin-biotin complex technique (Biogenex,
Mainz, Germany: Super Sensitive Immunodetection
System) with alkaline phosphatase as detection
enzyme and 3-hydroxy-2-naphtylacid 2,4-dimethy-
lanilid as the substrate. Nuclei were counterstained
with hematoxylin.

As negative controls for immunohistochemical
stainings, the primary antibodies were replaced by
nonimmune mouse or rabbit serum (BioGenex; San
Ramon, CA, USA) or Tris-buffered saline (pH 7.2) on
control sections.

Results
Histomorphology and Cytoprotein Analysis

Histologically, the investigated neoplasms showed
the typical features described in the literature
according to Unni et al'®"? (Figure 1,1_; and 2,;_).

Cytoprotein analysis looking at the reaction for S-
100 protein and vimentin is given in Table 2 for each
neoplasm. In short, all of the investigated neoplasms
were largely positive for vimentin (Figures 1y, and
2.2_02), €xcept the mesenchymal chondrosarcomas in
their matrix-poor areas (Figure 1.,) and some
Ewing’s sarcomas (Figure 2...). S-100 protein was
positive in mesenchymal chondrosarcomas in the
chondroid areas (Figure 1.3), but not in the small cell
areas (Figure 1.s) except for a very few cells in the
matrix-rich areas in part of the neoplasms (6/30)
(Figure 1,3). All other neoplasms investigated were
consistently negative for S-100 protein in the tumor
cells (Figure 2.5 .3) except the cartilagenous areas in
small cell osteosarcomas (Figure 2441,).

Table 1 Primary antibodies and enzymatic pretreatments used
for immunohistochemical analysis

Antigen Type  Dilution Digestion Source

S-100 protein T 1:1000 P Dako,
Glostrup,
Denmark

Vimentin (clone V9.1) m 1:200 Pt Dako,
Glostrup,
Denmark

Collagen type II r 1:50 H, P

Novacastra,

Peterborough, UK

H: hyaluronidase (bovine testis) (2mg/ml (Boehringer, Mannheim,
Germany), phosphate-buffered saline, pH 5, 60min at 37°C); P:
pronase (2 mg/ml, phosphate-buffered saline, pH 7.3, 60 min at 37°C
(Boehringer, Mannheim, Germany)); Pt, protease XXIV (0.02 mg/ml,
phosphate-buffered saline, pH 7.3, 60min at room temperature
(Sigma, Berlin, Germany)); m: mouse monoclonal; r: rabbit polyclonal.
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Collagen Content and Type II Collagen
Immunohistochemistry

Collagen histochemistry showed in all neoplasms
more or less abundant extracellular collagen deposi-
tion with no obvious significant differences detectable
except abundant extracellular matrix formation in the
cartilaginous area (see Table 2). Of interest, a remark-
able feature was observed in mesenchymal chondro-
sarcomas: the vimentin negative areas showed
basically no extracellular collagenous tumor matrix.

Immunodetection for type II collagen showed, in
all cases of mesenchymal chondrosarcomas, exten-
sive extracellular type II collagen in the chondroid
islands typical for this neoplasm (Figure 1.).
However, also the collagenous tumor matrix of the
nonchondroid areas stained strongly for type II
collagen (Figure 1.4.p4). Only tumor areas showing
histologically and histochemically no or hardly any
collagenous tumor matrix were negative for type II
collagen (Figure 1,4,). No mesenchymal chondrosar-
coma specimen was encountered, which showed no

Figure 1 Representative samples of mesenchymal chondrosarcomas with undifferentiated small cell areas (a;—as,) with hardly any
matrix in between the tumor cells, matrix-rich small cell areas still without any overt cartilage formation (b,—b,) and areas of overt
cartilage formation (¢,—c,). Whereas matrix-poor small cell areas were negative for vimentin (a,: vimentin is only positive in the vascular
endothelia) and S-100 protein (a;), they were often focally positive for collagen type II (a,,), although not everywhere (a,,). In contrast,
matrix-rich tumor areas were strongly positive for type II collagen (b,), whereas the positivity for S-100 was restricted to single cells (bs).
Vimentin was expressed by all cells in the tumor areas (b,). In cartilagenous tumor areas, all markers investigated were positive
thorughout (c,: vimentin; ¢;: S-100 protein; c,: type II collagen). (a;—c,: H&E; a,—c,: immunostaining for vimentin; a;—c;: immunostaining
for S-100 protein; a,—c,: immunostaining for collagen type II; magnification bars: 50 um).

>

Figure 2 Representative samples of synovial sarcomas (a,—a,), hemangiopericytomas (b,—b,), Ewing’s sarcomas (c,—c,), small cell
osteosarcomas (small cell area: d,,—da4.; chondroblastic area: d,,—da4;,) as well as desmoplastic small round cell tumor (e,—e,). Except in
chondroblastic areas of small cell osteosarcomas (ds, dap), no expression of collagen type II (a;—d,,, €4) or of S-100 protein (as—ds,, €s)
within the tumor cells could be detected in any of the neoplasms investigated (including the small cell areas of small cell osteosarcomas
(dsa, daa)). In contrast, most neoplasms were at least in part positive for vimentin (a,—e,). (a,—e;: H&E; a,—e,: immunostaining for
vimentin; a;—e;: immunostaining for S-100 protein; a,—e,: immunostaining for collagen type II; magnification bars: 50 um).
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Table 2 Expression pattern of the cytoproteins vimentin and
S-100 protein as well as type II collagen

Tumor type Vim S§-100  Col i

Mesenchymal CS (n=6)

Matrix-poor small cell areas —/+ - (+)2 (+)2

Matrix-rich small cell areas + b ++ ++

Cartilaginous areas + + +++ +++
Ewing’s sarcoma (n=12) +/(=) - + -
Synovial sarcoma (n=6) + — + -
Hemangiopericytoma (n=5) + - ++ —
Small cell osteosarcoma (n=3)

Small cell areas + — + _

Cartilaginous areas + + +++ ++
Desmoplastic small round +/— — ++ —

cell tumor (n=1)

#Focally positive.

b .

Except single rounded cells.

Additionally, the presence of collagen (Col) as determined by
histochemistry is listed.

type II collagen positive extracellular tumor matrix
in any part of the specimens.

All other investigated small cell neoplasms were
completely negative for type II collagen in the small
cell areas (Figure 2.4 .). The only positivity was
observed in areas of overt cartilage formation in the
small cell osteosarcomas (Figure 244,), whereas the
small cell areas were also completely negative in
these neoplasms (Figure 244,).

Discussion

Mesenchymal chondrosarcomas are so far very
difficult to diagnose with certainty if no overt
cartilaginous differentiation is visible in the tissue
specimen, which is in particular possible with small
biopsy specimens.®'>** In this situation, other
mesenchymal neoplasms such as Ewing’s sarcoma,
hemangiopericytoma, and synovial sarcoma, and
small cell osteosarcomas come into the differential
diagnosis; they might at least be possible, in part, to
be identified by chromosomal rearrangement analy-
sis, but this is mostly restricted to synovial sarcomas
and Ewing’s sarcomas and the technology is not
available on a wide-spread basis. Nonmesenchymal
small cell malignancies, especially malignant lym-
phomas and metastatic carcinomas, do not present
practical problems, because simple immunohisto-
chemical markers, such as common leukocyte
antigen and epithelial cytokeratins, can identify
these neoplasms and are negative in mesenchymal
chondrosarcomas.**®2° Also, neuroblastomas and
embryonal rhabdomyosarcomas are readily distin-
guishable using S-100 protein and actin and desmin
as molecular markers, respectively.’?

The distinction, however, from other mesenchy-
mal small cell neoplasms is of major clinical interest
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as it implicates different treatment protocols as well
as a different prognosis."* Thus, the 10-year survival
rate after adequate treatment of Ewing’s sarcoma is
greater than 70% whereas it is less than 30% for
mesenchymal chondrosarcomas.' This is in parti-
cular important, because many of the small cell
neoplasms including mesenchymal chondrosarco-
mas tend to affect younger people.?

It is well established that mesenchymal chondro-
sarcoma consists of basically two tissue types.
Besides the histologically identifiable and diagnos-
tic cartilaginous areas, areas composed of small and
poorly differentiated cells may represent a high
portion of the neoplasm. These small cells largely
lack S-100 protein expression, which is one widely
used marker for chondrocytic differentiation within
neoplasms.*"?? This is the reason why S-100 protein
cannot be used to identify mesenchymal chondro-
sarcoma if there are no chondroid islands present,
a feature largely confirmed in this study.>*>* A
potential, but rather rare, indicator of mesenchymal
chondrosarcoma are single large rounded -cells,
which are positive for S-100 protein.**** Of note,
these cells are always surrounded by an extracel-
lular matrix positive for collagen type I.>*®> The
staining pattern for vimentin is also not per se
helpful for the distinction from other mesenchymal
small cell neoplasms, although vimentin-negative
areas in a nonepithelial small cell neoplasms is
suggestive of mesenchymal chondrosarcoma, in
particular, if no or hardly any pericellular (collage-
nous) matrix is detectable. Also, other investigated
markers showed a very inconclusive picture of
expressed phenotypes in the small cell compart-
ment. Thus, some studies found positivity for NSE,
GFAP, Leu-7, factor-VIII, and even desmin and
cytokeratins in some cases whereas others did
not."*° Recently, positivity for CD99 was reported
to be a potential marker for mesenchymal chondro-
sarcomas.'*** However, CD99 is also positive in
other small cell neoplasms of the skeleton such as
Ewing’s sarcoma.?’” SOX9, one key transcription
factor involved in fetal chondrogenesis,”® was
recently suggested to allow distinction of mesench-
ymal chondrosarcomas from other small cell neo-
plasms.? Clearly, this might be another suitable
approach as soon as a reliable antibody is commer-
cially available.

Type II collagen is a selective marker for chon-
drocytic cell differentiation and, therefore, charac-
teristic for chondrogenic neoplasms.">'® The
alternative splice variant of collagen type II, COL2A,
which is also recognized by antibodies against
conventional type II collagen, identifies chondro-
progenitor cells,*® which represent the dominant
small cell population in mesenchymal chondrosar-
comas."” Our study clearly demonstrates that the
detection of type II collagen in the extracellular
tumor matrix is a sensitive marker for the identifica-
tion of mesenchymal chondrosarcomas among small
cell tumors within and outside the bone. All other



mesenchymal small cell neoplasms, which come by
mere histology into differential diagnosis, did not
show any presence of collagen type II at least in the
small cell areas. Instead, one has to expect that small
cell osteosarcomas should specifically show deposi-
tion of type I collagen, the major protein of bone
matrix. One potential limitation is that the total lack
of tumor matrix formation can result in the absence
of type II collagen. In these areas, the tumor cells are,
however, also negative for vimentin, hinting to the
correct diagnosis, although other neoplasms such as
Ewing’s sarcomas may be partly negative. A second
caveat is that cartilage formation secondary to
fracturing should not be misinterpreted as neoplas-
tic type II collagen production. Obviously, overtly
cartilagenous areas in small cell osteosarcomas are
positive for type II collagen similar to conventional
chondroblastic osteosarcomas (own unpublished
observation); however, the small cell areas were
negative.

Overall, our study suggests that immunostaining
for collagen type II might be used in any unclear
cases of small cell skeletal and nonskeletal neo-
plasms. Type II collagen allows the identification of
mesenchymal chondrosarcomas that lack overt carti-
lage formation, particularly in small biopsy speci-
mens. It is, thus, a helpful additional tool for the
diagnosis of small cell mesenchymal malignancies.
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