Oncogene expression in the peri-articular osteophytes

*Temitope O. Alonge’, Paul Rooney? and Olusola O. Oni®
!Division of Orthopaedics and Trauma,
Departiment of Surgery, College of Medicine, University of Ibadan,
s University College Hospital, Ibadan, Nigeria
“Laboratory Medicine Academic Group, Department of Pathological Sciences
, University of Manchester, Manchester U.K.
“University Department of Orthopaedics, The Glenfield Hospital
Leicester, U. K. E-mail: alonget@skannet.com

Summary

Objective: The aim of this study was to ascertain the
proliferative and probably reparative potentials of the peri-
articular osteophytes by evaluating the sites of expression
of c-myc, c-jun and c-fos oncogenes in this neoplastic repair
tissue.

Materials and Methods: Sections of osteophytes were
obtained from knees of patients undergoing total knee
arthroplasty for osteoarthritis. Decalcified sections of
osteophytes were stained for c-myc and c-jun oncogenes
using the avidin HRP technique. Sections of breast
carcinoma were used as positive controls. Undecalcified or
frozen sections of osteophytes were stained for c-fos
oncogene using the avidin alkaline phosphatase technique.
Sections of the human skin were used as positive control.
For both techniques, sections of normal articular cartilage
were used as negative controls.

Results: The chondrocytes of the entire cartilage mantle of
the peri-articular osteophyte had positive staining for c-myc
oncogene but no staining for c-jun oncogene. The basal
chondrocytes of the deep layer of the cartilage mantle of the
peri-articular osteophyte had positive staining for c-fos
oncogene. The normal articular cartilage sections had no
staining for any of the oncogenes evaluated.

Conclusion: The expression of c-myc oncogene in the
osteophytic chondrocytes suggests that these cells are
actively proliferating. However, c-fos expression in the ba-
sal chondrocytes implies that these cells are capable of
transformation. This result confirms the proliferative ability
of the peri-articular osteophytes and this may suggest that
this osteochondral repair tissue, which is apparently wrongly
sited, may be a source of tissue for osteochondral grafting
for full thickness articular cartilage defects.
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Résumé

Objectif:- 1’objet de cette étude est de décider des
possibilités de réparation probable et prolifération de
I’ostéophyte péri-articulaire a travers I’évaluation des siéges
de I’expression de 1’oncogenes c-myc, c-jun et c-fos dans
cette réparation néoplasie d’un tissu.

Matériels et Méthodes:- Parties des ostéophytes ont été
obtenues a partir des genoux des patients qui suivent un
treatement d’arthroplastie complexe du genou pour I’
ostéoarthrite. Les parties decalcifiées d’ ostéophytes ont
été tachées pour I’ oncogénes c-myc et c-jun avec I’ utilisation
de la technique HRP avidin. Des parties du carcinome du
sein ont été utilizés comme des contrdles positifs. Les parties

nondécalcifiées ou surgelées d’ostéophytes ont été tachées
pour ’oncogéne c-fos tout en utilisant la technique de I’
alkaline phosphatase avidine. Parties de la peau humaine ont
été utilisées comme contrdle positif. Pour les deux techniques.
Des parties du cartilage articulaire normal ont été utilizés
comme controles négatifs.

Résultats:~ Les chondrocytes du manteau du cartilage tout
entire de |’ostéophyte périarticulaire avait une teinture positive
pour 1’oncogéne c-myc mais pas de teinture pour ’oncogéne
c-jun. Les chondrocytes basales de la couche profonde du
manteau du cartilage de 1’ostéophyte péri-articulaire avait
une teinture positive pour I’oncogéne c-fos. Les parties
articulaire normales du cartilage articulaire n’avait aucune
teinture pour aucune des oncogenes évaluées.
Conclusion:- L’ expression de I’oncogene c-myc oncogene
dans les chondrocytes ostéophytiques évoquent que ces
cellules sont activement en prolifération. Toutefois,
I’expression c-fos dans les chondrocytes basales laisse a
penser que ces cellules sont capable d’une transformation.
Ce résultat confirme la capacité prolifératoire de I’ostéophytes
péri-articulaire et ceci pourrait évoquer que la réparation du
tissu de ce osteochondral, que est apparemment faussement
siegé, pourrait étre une source pour la greffe ostéochondrale
pour une pleine épaiséeur des défauts cartilage articulaire.

Introduction

Osteophytes are neoplastic intra-articular outgrowths
that are commonly found at the margins of the articular carti-
lage in response to a more central full thickness damage to
the articular cartilage. They are oslteochondral repair tissues
that are apparently wrongly sited . Osteophyte formation is
presumed to be a response to subtle changes in the bio-
chemical composition and stiffness characteristics of the dis-
eased articular cartilage . The presence, number, size and the
rate of growth of osteophytes have been found to be
influenced in part by ztnfﬁxe predisposing disease process and
certain growth factors . The exact mechanism of formation
of this repair tissue remains unclear, however, two types of
osteophytes; ‘white’ and ‘pink’ have been described based
on the thickness of their cartilage mantles, and this is prob-
ablya reﬂ7ection of the stage of maturation or development of
the tissue .

Oncogenes are genetic proteins, which are capable of
promoting the transformation of normal into neoplastic cells.
Cellular oncogenes (c-oncs) are derived from proto-
oncogenes, which are pre-existing in the cells. C-myc, C-jun
and C-fos are nuclear binding oncogenes and their productﬁ,
myc-, jun- and fos-proteins are nuclear transcription factors .
Myc oncoprotein is required by cells to enter and transit thg:
cell cycle, and hence it is required for cell proliferation .
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Expression of c-myc has been shown to drive quiescent cells
into the ce]lgcycle and at the same time block cell
differentiation’. C-jun and c-fos belong to the bZIP (basic/
leucine zipper) super family of transcription factors. C-fos is
involved in the determination of cell differentiation along the
osteoclast/rrlléicrophage lineage and it is crucial for bone
remodelling . However, c-jun on the other hand is a relatively
weak inducer of transformation and in general, normal mam-
malian cells (including humans) are resistant to transforma-
tion by c-jun.

The aim of this study was to localise the site(s) of ex-
pression of c-myc, c-jun and c-fos oncogenes in periarticular
osteophytes with a view to ascertaining the proliferative
ability or otherwise of this repair tissue.

Materials and method

Osteophytes were obtained from the margins of the
fernoral condyles in 6 patients aged 66-88years undergoing
total knee replacement for osteoarthritis (OA). Visually nor-
mal articular cartilage was obtained from the compartments
not affected by the disease (for example posterior femoral
condylar cuts) in another 6 patients undergoing total knee
replacement for OA.

Decalcified specimens’

One set of specimens was formalin fixed, decalcified,
routinely processed and embedded in paraffin. 7um sections
were obtained and stained for c-myc and c-jun oncogenes
using the avidin HRP immunohistological technique.

Undecalcified or Frozen specimens

Another set of specimens from the same patients were
embedded in Cryo-M-Bed (Bright) on a piece of cork and
snap frozen in liquid nitrogen. Thereafter, 7um sections were
cut using the Bright cryostat model with a blade specifically
designed for skeletal tissue. Sections were stained for c-fos
using the avidin alkaline phosphatase immunohistological
technique.

Staining technique.
Avidin HRP technique for c-myc and c-jun.

Sections were de-waxed through graded alcohol and
xylene, taken to water and dipped in 6% hydrogen peroxide
{to block endogenous alkaline phosphatase) for 10 minutes.
Thereafter they were washed in water and PBS (pH 7.6). Sec-
tions were now flooded with normal goat serum at 1 : 20
dilution in tris-buffered saline (TBS) for 10 minutes and excess
buffer drained but not washed. Primary antibody was added
to labelled slides (100ul/slide): mouse anti-myc (Novocastra
Lab. Ltd. Newcastle-upon-Tyne, UK) primary antibody at 1 :
150 dilution in TBS and mouse anti-jun (Novocastra Lab. Ltd.
Newcastle-upon-Tyne, UK) primary antibody at 1 : 20 dilu-
tion in TBS. The primary antibody was allowed to incubate
for 60 minutes before washing the sections in phosphate
buffered saline (PBS) for 20 minutes. Biotinylated goat
universal anti-mouse secondary antibody (DAKO Ltd. High
Wycombe, UK) at 1 : 200 dilution was then added to the
sections and left to incubate for 30 minutes. Thereafter, the
sections were washed in PBS for 20 minutes before adding
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the ABC complex horse radish peroxidase (HRP) (DAKO Ltd.
High Wycombe, UK) for 30 minutes. The sections were then
washed in PBS for a further 30 minutes before adding 0.05%
DAB (BDH) solution (Sigma, Poole. UK) for 5 minutes. Sec-
tions were then washed in tap water for 5 minutes and the
nuclei were counterstained with haematoxylin for 30 seconds
before rinsing again in running tap water. The sections were
now dehydrated through graded alcohol and xylene, mounted
and examined with the light microscope.

Avidin alkaline phosphatase technique for c-fos.

Sections were brought to room temperature, washed in
water for 2 minutes and flooded with TBS buffer for 2 minu-
tes. Excess buffer was wiped from the slides and the sections
flooded with normal rabbit serum in TBS at 1 : 20 dilution
(DAKO Ltd. High Wycombe, UK) for 10 minutes. Excess buffer
was drained and mouse anti-fos primary antibody (100ul/
slide) was added to the sections at 1 : 20 dilution in TBS
{Novocastra Lab. Ltd. Newcastle-upon-Tyne, UK). The
primary antibody was allowed to incubate for 60 minutes and
thereafter, the sections were washed in TBS for 20 minutes.
Biotinylated rabbit anti-mouse secondary antibody was now
added to the sections at 1 : 400 dilution in TBS (DAKO Ltd.
High Wycombe, UK) for 30 minutes after which the sections
were washed in TBS for 20 minutes. Avidin conjugated alkaline
phosphatase (ACAP) at 1 : 400 dilution in TBS (DAKO Ltd.
High Wycombe, UK) was now added to the sections and
allowed to incubate for 30 minutes. The sections were washed
in TBS for a further 20 minutes before immersing the sections
in a developer made up of: Levamisole (24mg), Fast Red TR
(50mg), Veronal acetate buffer (VAB) pH 9.2 (100ml) and
Naphthol as B1 PO, (50mg) for 60 minutes. Thereafter, the
sections were washed in water for 5 minutes, counterstained
with haematoxylin for 30 seconds, washed again in running
tap water, mounted and examined with a light microscope

Result
C-myc.

Sections of breast carcinoma (positive control) had
brownish cellular staining. Positive staining was observed in
the chondrocytes in the entire cartilage mantle of thé osteo-
phyte sections (Figure 1). Positive staining was also observed
in the vascular endothelium and the endosteal lining of the
subchondral bone of the osteophytic sections. There was no
staining in the chondrocytes or the subchondral bone of the
visually normal articular cartilage (negative controls).

C-jun.

Sections of breast carcinoma were also used as positive
controls and these sections had brownish cellular staining
(positive control). The chondrocytes of the osteophyte and
those of the normal articular cartilage did not stain for c-jun
either in the cartilage mantle or the subchondral bone.

C-fos.

Sections of the human skin used as controls for c-fos
had a reddish cellular staining (positive control). The
chondrocytes at the upper and middle layers of the cartilage
mantle of the osteophyte sections had negative staining.
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Fig. 1a  C-myc expression in the chondrocytes of the cartilage
antle of osteophytes (superficial and middle zones).

Mag x 100.

Fig. 1b

C-myc expression ui ilie cnondrocytes of the cartilage
mantle of osteophytes (decp zone including the subchondral

bone). * Mag x 100.

However, the basal chondrocytes of the deep layer of the
cartilage mantle of the osteophytic sections had intense po-
sitive staining (Figure 2). The vascular endothelial lining and
the endosteal lining of the cancellous subchondral bone also
had positive staining. The chondrocytes in the entire car-
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Fig. 2 C-fos expression in the chondrocytes at the basal region of

the deep layer of the cartilage mantle of osteophyte.
Mag. x 100.

tilage mantle of the visually normal articular cartilage had a
negative staining for c-fos.

Discussion

From this study, the expression of c-myc oncogenes by
the chondrocytes in the entire cartilage mantle of osteophyte
suggests that active proliferation is apparent in these cells.
The lack of expression of c-myc in the chondrocytes of the
visually normal articular cartilage suggests thag these cells
are propelled towards terminal differentiation . This may
suggest that the metabolic activities of osteophytic
chondrocytes are higher than those of normal articular car-
tilage and it might be appropriate to view osteophytes as
repair tissues.

The poorl y regulated cellular localisation of c-jun com-
pared to c-fos  may explain the lack of expression of c-jun
oncogene in both the osteophytic tissues and the normal
articular cartilage.

The cellular localization of ¢-fos is well regulated and the

expression of this oncogene is found and retainec}) in the
nuclei of quiescent or non-active proliferative cells . C-fos
has also been shown to aid the transformalt(i]on of fibroblasts
into osteogenic and chondrogenic lineage . The expression
of c-fos by the chondrocytes at the basal region of the deep
layer of the cartilage mantle of osteophytes where the cartilage
is continuous with bone strongly suggests that this oncogene
has been switched on in osteophytic tissues and that these
cells are capable of transforming into bone.
This result shows that osteophytes are truly reparative tis-
sues and that the chondrocytes in the various layers of the
cartilage mantle have different peculiarities similar to what is
observed in the normal articular cartilage
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Although the cartilage mantle of os%cophytes are thinner
than that of the normal articular cartilage , the cartilage mantle
of osteophytes may be capable of undergoing adaptive
hypertrophy if osteophytes were to be used as osteochondral
grafts for full thickness articular cartilage defect. The ability
of the c-fos expressing basal osteophytic chondrocyte to
transform into bone along with the proliferative ability of the
remaining chondrocytes may further aid good integration of
the osteophytic osteochondral graft into the recipient bed.
The proliferative potential of the chondrocytes may also make
osteophytes an alternate source of abundant chondrocyte
for autologous chondrocyte implantation when osteophyte
is founl(li in conjunction with full thickness articular cartilage
defect .
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