
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2021 Jun; 165(2):203-208.

203

Target-like chondrocytes with thick perichondrocytic rings in cartilage-forming 
tumours. Preliminary report

Ctibor Povysila, Martin Kanab

Background. Here we present our experience with the occurrence of neoplastic chondrocytes with target-like appear-
ance surrounded with unusual hypertrophic thick eosinophilic perichondrocytic rings (baskets), sometimes containing 
two or several layers.
Methods and Results. Pericellular rings (baskets) were positive in APAS and Masson’s staining method and showed 
immunoreactivity with antibody against type IV collagen. Such single cells or small groups of such cells were observed 
rarely in 3 osteochondromas, 2 skeletal chondromas, 2 extraskeletal chondromas and 2 skeletal and 1 laryngeal chon-
drosarcomas. Moreover, 1 unusual soft tissue chondrosarcoma was composed entirely of target-like chondrocytes with 
hypertrophic extremely thick perichondrocytic rings. Such cartilage-forming tumour with target-like cells, which, to 
the best of our knowledge, is the first such chondrosarcoma reported in the literature. 
Ultrastructural evidence is presented that perichondrocytic rings have complicated structure.They contained microfibril-
lar component with abundant admixture of irregular aggregates of dense amorphous non-fibrillar material localised 
in lacunar spaces. In outer part of the rings predominated microfibrillar structures corresponding to type VI collagen 
that produced a rather dense capsule-like demarcation line against surrounding intercellular spaces. 
Conclusions. The described unusual changes are probably the result of hyperproduction and remodelation of perichon-
drocytic matrix by abnormal neoplastic chondrocytes in response to unknown factors. Local vascular and molecular 
signals, may be supposed as probable causes of this phenomenon. 
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INTRODUCTION 

Articular non-neoplastic chondrocytes as well as tu-
mour chondrocytes are situated in lacunar spaces sur-
rounded with a thin ring composed of type VI collagen 
fibres1,2. The collagen in the pericellular matrix shows 
the basket-like morphology3. This unique region is called 
“pericellular matrix“ (PCM) that integrates with sur-
rounding tissue via the “periterritorial matrix“ connect-
ing the PCM to the “interterritorial matrix“. Together the 
chondrocyte and its PCM have been termed the “chon-
dron“3. Chondrons are primary functional and metabolic 
unit of cartilage protecting the integrity of the chondro-
cytes4,5. The chondrons represent a distinct functional 
compartment within articular cartilage. Cartilage matrix 
turnover is a slow, continuous process. As the PCM sur-
rounds every chondrocyte, all matrix components secret-
ed by chondrocytes must pass through this region3,5. We 
suppose that similar situations are also possible to occur 
in conventional cartilage-forming tumours. We know, on 

the basis of our experience, that rings of majority neoplas-
tic chondrocytes are thin and usually contain only sparse 
collagen fibrils6-8. 

During the review of our files containing 500 chon-
drogenic tumours we recognised, that neoplastic cell 
population was not homogeneous and in some tumours 
contained small component of cells with unusual thick 
APAS positive perichondrocytic rings. In this preliminary 
report we present our experience with this rare phenom-
enon, that will be described in details in our next study 
describing chondrogenic tumours completely composed 
of such unusual cells. Here we shall present only basic 
morphological characteristics of neoplastic so-called tar-
get-like chondrocytes. Because of the rarity of such un-
usual histological pattern of chondrogenic tumours, that 
was probably not described in the literature, we present 
our first histological, immunohistochemical and electron 
microscopic findings. 
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MATERIAL AND METHODS

A review of the 500 chondrogenic tumours from the 
bone and soft tissue files of Institute of Pathology of 1st 
Medical Faculty and General Medical Hospital in Prague 
and a review of consulting files of the author of this article 
were undertaken. Haematoxylin and eosin stained slides 
were available in all cases. We identified and selected 3 
osteochondromas, 2 skeletal and 2 extraskeletal chondro-
mas and 3 chondrosarcomas that contained an admixture 
of target-like neoplastic chondrocytes with thick perichon-
drocytic rings. Moreover, 1 soft tissue chondrosarcoma 
entirely composed of target-like chondrocytes was recog-
nised and examined.

In some cases we completed staining with Alcian blue 
and Safranin O that enabled evaluating the content of gly-
cosaminoglycans. Masson trichrome, Gomori impregna-
tion technique and Sirius red was used for demonstration 
of collagen fibres. Picrosirius red detected collagen-type 
I to V collagen. PAS staining in diastase treated sections 
showed tissue carbohydrates. Immunohistochemical ex-
amination with antibodies against S-100 protein, D2-40, 
type VI and II collagen was performed in three cases.

Electron microscopic findings in cartilaginous tu-
mours were reviewed from our files of bone tumours, 
that were summarised in our monographs6,7. In soft tis-
sue chondrosarcoma entirely composed of target- like tu-
mour chondrocyte we used formalin fixed samples from 
paraffin-embedded tissue, because glutaraldehyde-fixed 
material was not available. Ultrathin section were exam-
ined under JEM -1400 Plus Jeol electron microscope. 
Furthermore, samples were analysed by transmission 
electron microscopy and these findings were compared 
with our ultrastructural findings in the group of different 
types of chondrogenic tumours examined and reported 
previously in our laboratory6-8.

RESULTS

Microscopical examination
Histologically we identified 10 cases in total with fo-

cal occurrence of target-like chondrocytes (3 osteochon-
dromas, 2 skeletal and 2 extraskeletal chondromas and 2 
skeletal and 1 laryngeal chondrosarcomas). These unusual 
cells occurred as single elements (Fig. 1 and 2), some-
times in areas with calcification of matrix (Fig. 2), or they 
formed small groups in tumour hyaline cartilage matrix 
(Fig. 3 and 4). In one case of skeletal chondrosarcoma, 
these cells dominated in one tumour lobules (Fig. 3), 
while in other lobules of this tumour occurred usual cell 
population with thin perichondrocytic rings. However, 
peripheral part of some lobules again contained irregular 
layer of chondrocytes with thick rings (Fig. 4). Moreover, 
1 soft tissue chondrosarcoma was completely composed 
of target-like cells with extremely thick pericellular rings 
(Fig. 5 and 6), however, it will be described in details in 
our next presentation.

Perichondrocytic rings had homogenous structure or 
were composed of two or several concentric hyalin lay-

Fig. 1. Detail of several malignant chondrocytes with thick 
perichondrocytic rings as they were observed in mesenchymal 
chondrosarcoma. HE, x100.

Fig. 2. Target-like chondrocytes in calcified periosteal chon-
droma. HE, x200.

Fig. 3. Skeletal conventional chondrosarcoma contained one 
neoplastic lobule predominantly composed of malignant chon-
drocytes with APAS positive thick rings, x50.
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Fig. 4. Skeletal conventional chondrosarcoma also contained 
chondrocytes with thick APAS positive rings at the periphery 
of some neoplastic lobules, x50.

Fig. 5. Chondrosarcoma of soft tissue, that contained only 
target-like malignant chondrocytes in all its parts. HE, x50.

Fig. 6. Detail of target- like chondrocytes with thick APAS posi-
tive rings that form the majority of cell population in soft tissue 
chondrosarcoma from previous picture. APAS, x100.

Fig. 7. Detail of target-like chondrocytes in Masson’s staining 
method demonstrating the presence of collagen, x200.

Fig. 8. Gomori’s method impregnated sparse collagen fibres, 
x200.

Fig. 9. Target-like chondrocytes in bone trabeculae of the stalk 
of osteochondroma.HE, x100.
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ers showing APAS positivity (Fig.3, 4 and 6). The most 
intensive APAS positivity usually occurs in outer compact 
zone of ring in contrast to inner layer that stained weak. 
Moreover, in some lacunar spaces between the chondro-
cytes bodies and the rings occurred small aggregates of 
APAS positive material. These fragmented aggregates 
of APAS positive material formed the majority of the 
perichondrocytic mass in some chondrons. In Masson’s 
trichrom method the rings had more compact structure 
and stained as collagen (Fig. 7). In Gomori method there 
occurred single impregnated fibres in these rings (Fig. 8). 
Some lacunar spaces lacked cells and were completely 
substituted by APAS and collagen positive acellular tissue 
forming together with rings compact round formation, 
corresponding to globally sclerotic chondrons (Fig. 6). 
Other specific methods could not be used in our study, 
because the occurrence of such cells was only sporadic.

We also observed similar cells in bone trabeculae of 
stalk of osteochondromas. The persisting cartilage in in-
completely ossified central part of bone trabeculae con-
tained some chondrons with thick perichondrocytic rings, 
but in other elements was difficult to differentiate these 
cells from osteocytes with osteoid rings (Fig. 8 and 9). 

Basic immunohistochemical examinations showed that a 
majority of the tumour cells reacted strongly diffusely or 
focally with the marker against vimentin, osteonectin, 
podoplanin and S-100 protein. The staining with anti-
body against Ki67 showed minimal proliferative activity 
of neoplastic chondrocytes in chondromas as well as in 
chondrosarcomas. 

Immunoreactivity of type VI collagen in the pericellu-
lar rings (Fig. 10) and type II collagen in the extracellular 
interterritorial matrix was recognized. Antibody against 
type VI collagen stained intensively peripheral parts of 
the rings, small aggregates in interterritorial regions and 
in globally sclerotic acellular chondrons positivity was 
also observed.

Electron micrographs revealed many relatively normal ap-
pearing chondrocytes with intracytoplasmic organelles 
such as rough endoplasmic reticulum, mitochondria, gly-
cogen granules and lipid droplets. The chondrocytes of 
different shape were deposited in round lacunar spaces 
containing small amount of proteoglycan granules and 
irregular aggregates of the amorphous dense material of 
different size and shape (Fig. 11). The dense material 
resembled dense product accumulated sometimes in di-
lated rough endoplasmic reticulum observed regularly in 
the cytoplasm of neoplastic chondrocytes examined in 
our laboratory. The outer zone of pericellular ring was 
formed by the layer of condensed thin collagen fibrils 
with an admixture of less dense trabecullar material ori-
ented parallel to the chondrocytes and producing capsule-
like demarcation line against surrounding intercellular 
spaces (Fig. 11). Matrix of intercellular spaces contained 
identical thin collagen fibrils with irregular orientation 
in the form of network. In the spaces between microfi-
brils there were small dense granules corresponding to 

Fig. 10. Positivity of type VI collagen in pericellular rings of 
tumour chondrocytes, x200.

Fig. 11. Electron microscopy of neoplastic target-like chondro-
cyte from unusual soft tissue chondrosarcoma. Chondrocyte 
(CH) is surrounded with thick ring composed of internal (IC) 
and external EC) component together producing thick capsule. 
Both components differed in their internal structures. Original 
magnification x8000.

Fig. 12. Electron microscopy picture from conventional chon-
drosarcoma shoving usual neoplastic chondrocytes surrounded 
with normal thin capsule, containing only fibrillar component. 
Original magnification x3500.
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glycosaminoglycans (Fig. 11). Control figure from our 
chondrosarcoma files shows usual pattern of normal thin 
perichondrocytic ring occurring in conventional cartilage 
forming tumours (Fig. 12).

DISCUSSION

Cartilage-forming tumours are heterogeneous group 
of tumours with well known histological features6,8-11. 
The hallmark of all differentiated cartilaginous tumours 
is the presence of neoplastic chondrocytic cells produc-
ing characteristic cartilaginous tumour matrix. The tu-
mour cells, embedded in the hyaline cartilage matrix, 
resemble normal chondrocytes of hyaline cartilage and 
lie in lacunar spaces sometimes surrounded with very 
thin rings. Cartilaginous tumours are the most common 
neoplasms affecting bone6,9-11. Conventional soft-tissue 
cartilage-forming tumours are predominantly benign tu-
mours, with local recurrence rate of 17 to 18% (ref.11,12-16). 
They usually arise from soft tissue adjacent to tendons in 
the hands and feet of adults. They may exhibit variable 
degrees of cytological atypia, including enlarged cells15,16. 
Some soft-tissue chondromas show a striking resemblance 
to chondroblastoma of bone17 or contained lipoblast-like 
cells18. It is well known that these tumours may undergo 
secondary changes or exhibit features such as dystrophic 
calcification, endochondral ossification or focal myxoid 
degeneration or CPPD deposition19. Such changes may 
make the diagnosis more difficult. Histological structure 
of skeletal enchondromas is similar. Osteochondromas 
have well known classic histological picture with carti-
laginous cap, and bony stalk, with endochondral ossifi-
cation in the interface between cartilage and bone. Our 
chondrosarcomas had lobular pattern with heterogeneous 
composition of cell population containing rare target-like 
chondrocytes and the chondrocytes without pericellular 
rings predominated. From these finding is evident that 
tumour chondrocytes are phenotypically unstable. Basic 
immunohistochemical examination showed S-100 protein 
and podoplanin positivity of neoplastic chondrocytes as 
it is typical for cartilage cells6,20,21. Positivity with anti-
body against collagen type VI confirmed that target-like 
tumour cells are surrounded with identical collagen fibres 
described in the rings of normal articular chondrocytes1, 
as well as in neoplastic chondrocytes, where regulates 
pericellular matrix properties2 . However, their thickness 
was different. 

During review of our collection of chondrogenic tu-
mours we observed solitary neoplastic chondrocytes with 
thick perichondrocytic rings, that occurred sometimes in 
areas with calcification of the intercellular matrix. In one 
chondrosarcoma these cells formed the majority of neo-
plastic chondrocytes in one lobule of this neoplasm, that 
showed distinct APAS positivity. In one other cartilage 
forming soft tissue tumour the whole population of neo-
plastic cells was composed of chondrocytes with target-
like appearance. This unusual chondrogenic tumour will 
be described in our next publication in details, because 
it has some specific histological features and different 

genetic profile that probably represent specific subvari-
ant of chondrosarcoma. However, we could specify the 
structural characteristic of the APAS positive rings that 
contained collagen type VI and on the ultrastructural 
level they were composed of microfibrils, proteoglycan 
granules and and irregular deposits of dense non-fibrillar 
material. We are proposing for such tumours the term 
„cartilage forming tumour with target-like chondrocytes 
containing hypertrophic pericellular rings. 

Chondrocytes represent a unique cell type that can 
undergo dynamic multimorphological signals. It is well 
known that each step of chondrocytic differentiation 
pathway in developing endochondral bone is character-
ized by specific histological features, and gene expression 
profiles22,23. They are regulated by complex and multifac-
torial signals23. That was a reason why we looked for the 
existence of similar cells with thick perichondrocytic 
rings in developing skeleton. Unfortunately, we found 
no information in the literature about the existence of 
cartilage cells with hypertrophic rings in normal chon-
drogenesis23,25. Review of growth plate cartilage in skeletal 
samples from our autoptic normal foetal bone tissue files 
finished also with negative results. However, information 
that hypertrophic chondrocytes occurring at the chondro-
osseous front in growth plate cartilage express EGFR1 
and beta-catenin26 are interesting, but thickness of their 
pericellular rings was not changed. Similar situation with 
hypertrophic chondrocytes surrounded with normal peri-
chondrocytic rings was also described in osteoarthritis27. 
Moreover, mutations in EGFRs cause several skeletal phe-
notypes such as limb defects, achondroplasia and cranio-
synostosis or they are associated with the development of 
some cartilage tumours28.

In summary, this is the first histological analysis de-
scribing the occurrence of neoplastic chondrocytes with 
unusual hypertrophic thick pericellular rings observed in 
soft tissue and bone cartilage-forming tumours. Analysis 
of the literature data and our files showed that cartilagi-
nous tumours with the target-like chondrocytes is uncom-
mon feature occurring rarely in limited number of cases. 
Histogenesis and etiopathogenesis of this phenomenon 
is poorly understood and the clinical significance is un-
clear. However, their existence confirmed the heteroge-
neity of neoplastic chondrocytes in some tumours. Our 
findings bring the first level of information about such 
unusual transformation of neoplastic chondrocytes that 
can predominate in some cartilage tumours and than 
histological pattern of chondromas or chondrosarcomas 
is completely modified, as we observed in one our neo-
plasm. We propose for such tumours the name “cartilage 
forming- tumour with target-like chondrocytes”. Details of 
such tumours will be reported in our next work. Electron 
microscopy confirmed that perichondrocytic rings have 
complex structure composed of several types of various 
material produced by these phenotypically unusual neo-
plastic chondrocytes. 
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