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Although osteoarthritis is characterized by a progres-
sive loss of the extracellular cartilage matrix, very
little is known about the fate of articular chondro-
cytes during the progression of the disease. In this
study we examined the expression of syndecan-3, a
marker of early chondrocyte differentiation, and an-
nexin VI, a marker of late chondrocyte differentia-
tion, in mammalian embryonic growth plate cartilage
and normal and osteoarthritic human articular carti-
lage. Whereas syndecan-3 was expressed in the pro-
liferative and hypertrophic zones of growth plate
cartilage, immunostaining for annexin VI was
predominately found in the hypertrophic and miner-
alizing zones of fetal bovine growth plate cartilage.
Approximately 20% of chondrocytes were immu-
nopositive for syndecan-3 in normal human articular
cartilage, the number of syndecan-3-expressing chon-
drocytes significantly increased during the progres-
sion of osteoarthritis with more than 80% syndecan-
3-positive cells in the upper zone of severely affected
osteoarthritic cartilage. Similarly, the number of an-
nexin VI-expressing cells significantly increased in
the upper cartilage zones during the progression of
osteoarthritis. Furthermore, immunostaining for
proliferating cell nuclear antigen, a marker for cell
proliferation, was detected in chondrocytes in the
upper zone of osteoarthritic cartilage. Double-
labeling experiments with antibodies against synde-
can-3 and annexin VI revealed chondrocytes that ex-
pressed only syndecan-3, and cells that expressed
both syndecan-3 and annexin VI. These results sug-
gest that the expression of early (proliferating cell
nuclear antigen, syndecan-3) and late differentiation
markers (annexin VI, alkaline phosphatase) is acti-
vated in chondrocytes of osteoarthritic cartilage.
(Am J Pathol 2001, 159:1777-1783)

Osteoarthritis (OA) is characterized by a progressive
damage of articular cartilage, secondary inflammatory
processes of the synovialis, the formation of osteophytes,
and an increase in subchondral bone mass." In healthy
human articular cartilage chondrocytes are responsible
for maintaining a balance of anabolic and catabolic path-
ways to stabilize cartilage integrity. In OA, this balance is
disturbed and pathohistological signs of cartilage dam-
age become visible. In particular, fibrillations of the su-
perficial layer, a progressive loss of proteoglycans, and
the appearance of both mitotic cell division and chondro-
cytic cell death are apparent.? The coexistence of cell
death and mitotic cell division contributes to the typical
image of severe OA with extensive chondrocyte clusters
and hypocellular areas combined with a total loss of
cartilage organization.

During early stages of OA articular chondrocytes try to
repair the cartilage matrix by increasing the synthesis of
type Il collagen and aggrecan in response to the ongoing
enzymatic and biomechanical degradation.®* Eventually
these reparative processes fail leading to the destruction
of cartilage. Although much effort has been devoted to
characterize the synthesis patterns of OA chondrocytes,
little is known about possible phenotypic changes and
the resulting loss of maintenance of cartilage integrity
Several studies have demonstrated the expression of
proteins, such as type X collagen, annexins Il and V, and
alkaline phosphatase.®>® These proteins are predomi-
nantly expressed by hypertrophic and terminally differ-
entiated, mineralizing chondrocytes during endochon-
dral ossification, and thus are considered as markers for
chondrocyte hypertrophy.®2='° In contrast, other studies
have provided evidence that OA chondrocytes express
proteins, such as type | and Il collagen, which would be
indicative for a dedifferentiation process of these
cells.""'® An exact understanding of the ultimate fate of
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chondrocytes during the progression of OA might be of
great importance, because it could provide novel thera-
peutic strategies to stop the progression of the disease.

During endochondral ossification, chondrocytes in
growth plate cartilage undergo a series of differentiation
events, including proliferation, hypertrophy, and terminal
differentiation.® Each zone of differentiation is character-
ized by the expression of specific genes. Previous stud-
ies have provided evidence that syndecan-3 is restricted
to the zone of proliferative chondrocytes in embryonic
chicken growth plate cartilage, whereas alkaline phos-
phatase; annexins Il, V, and VI; and type X collagen are
highly expressed in the zones of hypertrophic and termi-
nally differentiated chondrocytes.® 1014

Syndecan-3 is a member of a family of heparan sulfate
proteoglycans that are associated with the cell surface.
These macromolecules contain a hydrophobic mem-
brane-spanning domain, a short cytosolic domain, and
an extracellular domain. Syndecans are known to interact
with several matrix molecules, and thus are thought to
serve as structural and functional links between the cell
surface and the surrounding extracellular matrix. Further-
more, syndecans interact with growth factors, such as
fibroblast growth factor, insulin-like growth factor, and
epidermal growth factor. These interactions are required
for biological activity, because these factors must first
interact with the heparan sulfate chains of the syndecans
before they can interact with their high-affinity signaling
receptors. Thus, syndecans seem to play important roles
in modulating cellular activities, including cell prolifera-
tion and differentiation.'®

Annexin VI belongs to the annexin protein family.
These proteins have in common that they bind to acidic
phospholipids in the presence of calcium.'® Annexins Il
V, and VI, which are expressed in growth plate cartilage,
have been shown to form Ca®* channels, suggesting
possible roles in controlling or altering Ca®* homeostasis
in cartilage.’"® In addition, annexins II, V, and VI are
major components of matrix vesicles that initiate the min-
eralization process in growth plate cartilage. The annex-
ins enable influx of Ca®" into the vesicles and the forma-
tion of the first crystal phase inside the vesicles.'®?°

Chondrocytes in normal articular cartilage have a sta-
ble phenotype in contrast to growth plate chondrocytes,
and maintain a functional articular extracellular matrix.
However, the possible expression of proteins, which are
normally produced by chondrocytes during various
stages of differentiation in growth plate cartilage, by
chondrocytes in OA cartilage could lead to altered func-
tional activities and the loss of their ability to maintain a
functional articular cartilage matrix. Thus, the goal of this
study was to examine whether articular chondrocytes
express proliferating cell nuclear antigen (PCNA) and
syndecan-3, early differentiation markers, which are pro-
posed to play roles in proliferation and differentiation of
growth plate chondrocytes, 2" and alkaline phospha-
tase and annexin VI, late differentiation markers, which
are involved in Ca®* homeostasis and mineralization of
terminally differentiated chondrocytes.®°

Materials and Methods

Tissue Preparation

Seventeen OA human cartilage samples (five samples of
mild OA, five samples of moderate OA, and seven sam-
ples of severe OA) were obtained from patients under-
going total knee replacement. Clinical data were carefully
reviewed to exclude any forms of secondary OA and
inflammatory joint diseases. Five normal human cartilage
samples were obtained from patients who underwent
amputation or during autopsies within 24 hours after
dead. In addition, fetal bovine growth plate cartilage was
used in this study. Samples were fixed in 4% paraformal-
dehyde, decalcified in 0.2 mol/L ethylenediaminetet-
raacetic acid, embedded in paraffin, and 6-um-thick sec-
tions were cut perpendicular to the cartilage surface.

Histological/Histochemical Grading

Safranin O-stained sections of normal and OA cartilage
were graded by two different observers according to
Mankin and colleagues.?? Furthermore, cartilage sam-
ples were classified in normal cartilage with no signs of
OA (Mankin 0 to 1), mild OA (no signs of fibrillation, loss
of proteoglycans in surface areas; five samples; Mankin 2
to 5), moderate OA (no signs of fibrillation, some loss of
superficial zone, some clustering of cells evident; five
samples; Mankin 6 to 9), and severe OA (extensive fis-
suring and fibrillation, clustering of chondrocytes, loss of
cartilage; seven samples; Mankin =10) as described
previously.?3

Immunohistochemistry

After deparaffinization, sections were incubated with
sheep testicular hyaluronidase (2 mg/ml; Sigma, St.
Louis, MO) in phosphate-buffered saline (PBS), pH 7.5,
for 30 minutes at 37°C. Immunostaining was performed
using the Histostain SP Kit (Zymed Laboratories Inc., San
Francisco, CA) following the manufacturer’s instructions.
Briefly, after incubation with a blocking solution for 10
minutes at room temperature, sections were incubated
overnight at 4°C with primary antibodies followed by bi-
otinylated secondary antibodies for 10 minutes at room
temperature. After washing, sections were incubated with
a streptavidin-peroxidase conjugate for 10 minutes at
room temperature followed by a solution containing dia-
minobenzidine (chromogen) and 0.03% hydrogen perox-
ide for 5 minutes at room temperature. Control sections
were incubated with nonimmune rabbit serum. Speci-
mens were viewed and analyzed under a Zeiss-Axiophot
microscope (Zeiss, Goettingen, Germany). To determine
the percentage of immunostained cells, 100 cells were
counted in each of two different areas of each cartilage
zone of separately stained sections from different donors.
The average of the two counts was used for statistical
analysis. Statistical analysis was performed on all data
points with regard to immunopositive cells in normal ar-
ticular cartilage in each zone by an unpaired Student’s



t-test. Each data point represented the mean of five or
seven samples from different donors with the corre-
sponding SD. P values <0.05 were considered signifi-
cant.

To stain sections with antibodies specific for PCNA,
deparaffinized sections were treated with 0.1% Triton
X-100 in PBS (pH 7.4) for 2 minutes at room temperature.
After blocking with 5% bovine serum albumin the sec-
tions were incubated with primary anti-PCNA antibodies
(DAKO, Hamburg, Germany) for 30 minutes at 37°C fol-
lowed by incubation overnight at 4°C. After washing,
sections were incubated with biotinylated secondary an-
tibodies followed by avidin-biotin-alkaline phosphatase
conjugate and staining with Fast Red (DAKO). Sections
were counterstained with hematoxylin.

Antibodies

Rabbit polyclonal antisera were generated through im-
munization with recombinant full-length human annexin
VI protein or a recombinant fusion protein containing GST
and a syndecan-3 fragment encoding amino acids 215 to
313 of chicken syndecan-3 as described previous-
ly. 11824 This fragment is located in the extracellular
domain of syndecan-3 and shows no homology to other
syndecans. Preimmune sera were collected from the
same rabbits before immunization. The antisera were
produced by Cocalico (Reams, PA). IgG fractions were
purified by affinity chromatography using Protein
A-Sepharose columns (Pharmacia, Piscataway, NJ). The
amino-acid sequence homology between the fragment of
chicken syndecan-3 used to prepare the antibodies and
the human syndecan-3 is 60%, whereas the amino acid
sequence homology between human annexin VI and bo-
vine annexin VI is 98%. Monoclonal antibodies specific
for bone and liver human alkaline phosphatase were
obtained from the Developmental Studies Hybridoma
Bank (University of lowa, lowa City, |IA) and were de-
scribed by Lawson and colleagues.?®> Monoclonal anti-
bodies specific for PCNA were obtained from DAKO.

Double Immunostaining and Confocal
Microscopy

Double immunolabeling with antibodies against annexin
VI and syndecan-3 was performed on paraffin-embed-
ded specimens of normal and OA cartilage. Sections
were deparaffinized in xylene and a graded series of
ethanol.

One mg of the polyclonal rabbit anti-annexin VI 1gG
fraction (1 mg/ml) was labeled with Alexa Fluor 568 dye,
whereas 1 mg of the polyclonal rabbit anti-syndecan-3
IgG fraction was labeled with Alexa Fluor 488 dye using
the Alexa Fluor protein-labeling kits (Molecular Probes,
Eugene, OR) following the manufacturer’s instructions.
Labeling of the anti-annexin VI IgG fraction resulted in 3.8
mol of Alexa 568 dye per mol of antibody, whereas label-
ing of the anti-syndecan-3 IgG fraction resulted in 2.4 mol
Alexa 568 dye per mol of antibody.
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Figure 1. Immunohistochemical analysis of syndecan-3 (A) and annexin VI
(B) in sections of embryonic bovine growth-plate cartilage. Sections were
stained with anti-syndecan-3 IgG fraction (A) or anti-annexin VI IgG fraction
(B) as described in Material and Methods. Staining for syndecan-3 was
obtained in the zone of proliferative (PZ), hypertrophic (HZ), and terminally
differentiated (TDZ) chondrocytes, whereas no staining was obtained in the
zone of resting chondrocytes (RZ). In contrast, staining for annexin VI was
obtained in the zones of hypertrophic and terminally differentiated chondro-
cytes, whereas little or no staining was detected in the zones of proliferative
and resting chondrocytes. O, osteoid. Scale bar, 100 wm.

After pretreatment with hyaluronidase for 30 minutes at
37°C, sections were blocked with 5% bovine serum al-
bumin in PBS for 10 minutes. The two fluorescence dye-
labeled antibodies against annexin VI and syndecan-3
were mixed and incubated on the sections for 2 hours at
room temperature. After washing three times with PBS,
sections were mounted and viewed under an Olympus
Fluoview laser-scanning confocal microscope.

Results

Embryonic Bovine Growth Plate Cartilage

In the first set of experiments we analyzed the immuno-
localization of syndecan-3 and annexin VI in the embry-
onic bovine growth plate. The antibodies specific for
syndecan-3 showed staining in the zones of proliferative,
hypertrophic, and terminally differentiated chondrocytes,
whereas the zone of reserve chondrocytes showed no
staining (Figure 1A). In contrast, most intensive staining
for annexin VI was obtained in the zones of hypertrophic
and terminally differentiated chondrocytes, whereas little
or no staining was observed in the zones of proliferative
and resting chondrocytes (Figure 1B). In 18-day chicken
embryonic tibia immunostaining for syndecan-3 was re-
stricted to the zone of BrdU-positive, proliferating chon-
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Figure 2. Immunohistochemical analysis of syndecan-3 (B, E, H, and J),
annexin VI (C, F, I, and K), alkaline phosphatase (L), and PCNA (M=O) in
sections of human normal and osteoarthritic cartilage. A: Safranin O staining
of normal articular cartilage. B and C: Note the absence of staining for
syndecan-3 (B) and annexin VI (C). D: Safranin O staining of moderately
affected OA cartilage. Note the loss of the superficial zone and the loss of
safranin O staining in the middle zone. E and F: Cells in the middle and deep
zones of moderately affected OA cartilage showed immunostaining for syn-
decan-3 (E) and annexin VI (F). G: Safranin O staining of severely affected
OA cartilage (deep clefts down into the deep zone, extensive chondrocyte
clusters, and loss of cartilage). H and I: Note the intense staining for synde-
can-3 (H) and annexin VI (I) of chondrocytes in the middle and deep zones
of severe OA cartilage. J, K, and L: Higher magnification of cell clusters
showing immunostaining for syndecan-3 (J), annexin VI (K), and alkaline
phosphatase (APase, L). M: Note the absence of staining for PCNA in normal
articular cartilage. N: Chondrocytes close to the joint surface in moderate OA
cartilage showed immunostaining for PCNA (arrows). O: Chondrocytes in
clusters of severe OA cartilage showed immunostaining for PCNA. B, C, E, F,
H, I-L: Brown staining indicates immunopositive cells. M—O: Red staining
indicates immunopositive cells. Scale bar, 100 wm.

drocytes, ' suggesting possible species differences be-
tween the mammalian and the chicken growth plate.

Normal and OA Human Articular Cartilage

We next analyzed the expression of syndecan-3 and
annexin VI in normal and OA human articular cartilage
samples by immunohistochemistry. Five normal articular
cartilage samples, five mild, five moderate, and seven
severe OA cartilage samples from different donors were
investigated in this study. Normal cartilage samples were

uniformly stained with safranin O (Figure 2A), indicating
no loss of proteoglycans, and with antibodies specific for
type Il collagen (data not shown). However, most of the
cells showed no immunostaining for syndecan-3 and an-
nexin VI (Figure 2, B and C). To obtain the percentage of
syndecan-3 and annexin VI-positive cells in normal artic-
ular and OA cartilage, we counted 100 cells in each of
two separated areas of the superficial, middle, and deep
cartilage zones in normal and mild OA cartilage, and the
middle and deep zones of moderate and severe OA
cartilage (superficial zone is lost in moderate and severe
OA cartilage). Approximately 20% of cells showed immu-
nostaining for syndecan-3 in the superficial and middle
zones of normal articular cartilage, whereas ~13% of
immunopositive cells were detected in the deep zone
(Table 1). Only between 9 and 15% of cells in the super-
ficial and middle zones of normal articular cartilage
showed immunostaining for annexin VI, whereas the per-
centage of positive cells was higher in the deep zone
(~30%; Table 1). There was a slight increase in synde-
can-3-positive cells in the superficial, middle, and deep
zones of mild OA cartilage, whereas a slight increase of
annexin VI-positive cells was only observed in the middle
zone of mild OA cartilage (Table 1). The percentage of
syndecan-3-positive cells increased to ~57% in the mid-
dle zone and ~40% in the deep zone of moderately
affected OA cartilage (Figure 2E, Table 1). Moderately
affected OA cartilage was characterized by a loss of the
superficial zone, loss of safranin O staining in the middle
zone, indicative for proteoglycans loss, some evidence of
cell clustering, and some beginning fissuring (Figure 2D).
The percentage of annexin VI-positive cells increased to
~29% in the middle zone of moderately affected OA
cartilage (Figure 2F, Table 1). Severely affected OA car-
tilage was characterized by extensive chondrocyte clus-
ters, fissuring, fibrillation, and loss of cartilage (Figure
2G). Most of cells in clusters showed strong immuno-
staining for syndecan-3, resulting in ~87% positive cells
in the middle zone and >60% positive cells in the deep
zone of severely affected OA cartilage (Figure 2, H and J;
Table 1). Also intensive staining of many cells in clusters
for annexin VI was detected in severely affected OA
cartilage (Figure 2, | and K), resulting in ~45% immu-
nopositive cells in the middle zone and ~34% immu-
nopositive cells in the deep zone of severely affected OA
cartilage (Table 1). Furthermore, many cells in clusters
immunostained with antibodies specific for alkaline phos-
phatase (Figure 2L), which is another marker for hyper-
trophic chondrocytes. 026

We next determined the expression of PCNA, a marker
of cell proliferation.?”?® Although no immunostaining for
PCNA was detected in normal human articular cartilage
(Figure 2M), some chondrocytes close to the joint surface
showed staining for PCNA in moderately affected OA
cartilage (Figure 2N). Furthermore, chondrocytes in clus-
ters in severely affected OA cartilage showed immuno-
staining for PCNA (Figure 20).

As shown in Table 1, more chondrocytes were immu-
nopositive for syndecan-3 than for annexin VI, suggesting
a similar sequence of differentiation events in OA carti-
lage as in growth plate cartilage. To further test this
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Table 1. Percentage of Cells in Normal, Mild, Moderate, and Severe OA Cartilage Showing Immunostaining for Syndecan-3 or

Annexin VI

Cartilage Superficial zone Middle zone Deep zone

Normal (n = 5)

Syndecan-3 23674 20.8 9.5 132+ 84

Annexin VI 95 *6.1 147 = 11.2 29.8 £ 95
Mild OA (n = 5)

Syndecan-3 320+ 9.8 313+ 16.5 27.8 = 11.41

Annexin VI 11.9+84 26.2 = 145 31.0+85
Moderate OA (n = 5)

Syndecan-3 57.4 + 27.6" 40.8 + 21.71

Annexin VI 28.9 = 12.1 221179
Severe OA (n = 7)

Syndecan-3 86.7 = 14.9* 65.7 = 16.4*

Annexin VI 44.9 = 10.0* 34.1+£99

One hundred cells were counted in each of two separate areas of the various zones of normal articular cartilage, mild, moderate, and severe OA
cartilage using a high-power magnification field (superficial, middle, and deep zones in normal and mild OA cartilage; middle and deep zones in
moderate and severe OA cartilage; the superficial zone is lost in moderate and severe OA cartilage). Data are expressed as the mean = SD of the

percentage of total cells which show cell-associated staining.
*P < 0.01.

TP < 0.05 (versus percentage of immunopositive cells in normal articular cartilage).

hypothesis, we used double staining with antibodies
against syndecan-3 and annexin VI to determine whether
chondrocytes in OA cartilage, like growth plate chondro-
cytes first express syndecan-3 followed by the synthesis
of annexin VI. For double staining, the anti-syndecan-3
IgG fraction was labeled with the fluorescence dye Alexa
Fluor 488-nm dye, whereas the anti-annexin VI 1gG frac-
tion was labeled with Alexa Fluor 568-nm dye; double-
stained sections were viewed under a confocal micro-
scope. In normal articular cartilage the majority of cells
showed no staining for syndecan-3 and annexin VI (Fig-
ure 3; A, B, and C). Normal and OA articular cartilage
matrix showed autofluorescent, resulting in a relatively
high background in the matrix (Figure 3). In moderately
affected OA cartilage, some cells were detected that

-
-

Figure 3. Double immunostaining for syndecan-3 (A, D, G) and annexin-VI
(B, E, H) of sections from normal (A—C), moderate (D-F), and severe OA
specimens (G-I). Sections of normal, moderate, and severe OA cartilage
were double immunostained with antibodies specific for syndecan-3 and
annexin VI and viewed under a confocal microscope as described in Material
and Methods. In normal articular cartilage most of the cells showed no
immunostaining for syndecan-3 (A) and annexin VI (B). Because of the
autofluorescence of the cartilage matrix, the background in the matrix was
relatively high. C: Overlay image of A and B. In moderate OA cartilage cells
were detected that showed staining for syndecan-3 (D), but no staining for
annexin VI (E). F: Overlay image of D and E. In severe OA cartilage-clustered
chondrocytes showed immunostaining for both syndecan-3 (G) and annexin
VI (H). I: Overlay image of G and H. Scale bar, 50 um.

showed staining for both syndcan-3 and annexin VI (data
not shown). However, many cells that were immunoposi-
tive for syndecan-3 (Figure 3D), showed no staining for
annexin VI (Figure 3E). The overlay of both images re-
vealed only a green staining of the cells (Figure 3F). In
severely affected OA cartilage, most of the cells in clus-
ters showed immunostaining for both syndecan-3 (Figure
3G) and annexin VI (Figure 3H), resulting in a yellow
signal in the overlay of both images (Figure 3I). No cells
were detected in moderate or severe OA cartilage that
showed immunostaining for annexin VI but not for synde-
can-3. Thus, the majority of cells in OA cartilage first start
to synthesize syndecan-3 followed by synthesis of an-
nexin VI similar to chondrocytes in mammalian growth
plate cartilage.

Discussion

In this study, we provide evidence that the percentage of
chondrocytes expressing syndecan-3 and annexin VI in-
creases significantly in OA cartilage compared to normal
healthy human articular cartilage. The percentage of im-
munopositive chondrocytes gradually increases in the
various stages of OA to up to 87% cells positive for
syndecan-3 and 45% positive for annexin VI in the middle
zone, and 66% cells positive for syndecan-3 and 34% for
annexin VI in the deep zone of severe OA cartilage.
Furthermore, chondrocytes in OA cartilage also show
immunostaining for PCNA and alkaline phosphatase,
clearly establishing that these cells activate the expres-
sion of proteins, which are produced during early (PCNA,
syndecan-3) and late stages (alkaline phosphatase, an-
nexin VI) of maturation of growth plate chondrocytes.
Our double-staining experiments with antibodies spe-
cific for syndecan-3 and annexin VI reveal cells that are
positive for syndecan-3 but not for annexin VI, and cells
that are positive for both syndecan-3 and annexin VI.
However, no cell was detected that shows only staining
for annexin VI but not for syndecan-3. These findings
suggest that the temporal expression pattern of synde-
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can-3 and annexin VI is similar to the pattern found in
embryonic mammalian growth plate cartilage, where syn-
decan-3 immunostaining is found in the proliferative and
hypertrophic zones, whereas annexin VI staining is re-
stricted to the hypertrophic zone. The immunostaining
pattern for syndecan-3 in mammalian growth plate carti-
lage is different from the pattern obtained in embryonic
chicken growth-plate cartilage, where syndecan-3 stain-
ing is restricted to the proliferative zone.'* Based on the
restricted localization of syndecan-3 to the proliferative
zone in embryonic chicken growth-plate cartilage and the
fact that it binds mitogenic factors, such as fibroblast
growth factor-2 or insulin-like growth factor-1, it has been
suggested that syndecan-3 might be involved in regulat-
ing chondrocyte proliferation.’ However, based on its
localization in the proliferative and hypertrophic zones of
the embryonic mammalian growth plate, the protein
might have other additional functions than regulating cell
proliferation. Interestingly, syndecans have been shown
to bind to extracellular matrix proteins, and it has been
suggested that these molecules might be involved in
cell-matrix interactions.’® Thus, the functions of synde-
can-3 during normal chondrocyte differentiation and in
OA cartilage remain to be established.

Previous studies from our and other laboratories have
demonstrated that OA chondrocytes express annexins |l
and V.”® Here we show that OA chondrocytes also acti-
vate the expression of annexin VI. Thus, OA chondrocytes,
like terminally differentiated growth plate chondrocytes, ex-
press annexins I, V, and VI. These three annexins are major
components of matrix vesicles.'®2° These vesicles are bud-
ded off from the plasma membrane of terminally differenti-
ated chondrocytes, and after being released initiate the
mineralization process in growth plate cartilage.'®?° By
forming Ca®* channels in these vesicles, annexins Il, V, and
VI play crucial roles in regulating matrix vesicle-mediated
mineralization.'®2° Interestingly, mineral deposits and ma-
trix vesicles are also present in OA cartilage.®2°3" Thus,
OA chondrocytes activate the expression of major com-
ponents (alkaline phosphatase; and annexins Il, V, and
VI) of mineralization-competent matrix vesicles.

Interestingly, chondrocytes in the upper zones of mod-
erate and severe OA cartilage are immunopositive for
PCNA. PCNA, also known as cyclin, is a 36-kd intranu-
clear protein that is synthesized in the late G; and S
phase, and is localized to sites of DNA synthesis.3%33
Monoclonal antibodies against PCNA have been used to
detect proliferative cells in a variety of different tis-
sues.?”?8 Studies on rat growth plate cartilage have
demonstrated that PCNA staining is restricted to chon-
drocytes in the proliferative zone.?" In addition, PCNA-
positive, proliferating chondrocytes were detected in the
fracture callus.®* We detected staining for PCNA of artic-
ular chondrocytes close to the joint surface in moderate
and severe OA cartilage, especially in cell clusters, fur-
ther confirming our hypothesis that articular chondro-
cytes in OA cartilage undergo similar differentiation
events as growth plate chondrocytes, including cell pro-
liferation and hypertrophy. In addition, these findings are
in agreement with previous studies suggesting that cell

clustering in OA cartilage results from proliferative
events 3536

The final fate of chondrocytes in OA cartilage is not
clear yet. Several studies have provided evidence that
chondrocytes in the upper zones of OA cartilage undergo
programmed cell death (apoptosis).®?%3” However, it is
still controversial whether OA chondrocytes before un-
dergoing cell death, maintain their articular phenotype, or
undergo similar differentiation events as seen in growth
plate cartilage. Several studies have demonstrated the
expression of alkaline phosphatase, annexin Il, annexin
V, osteopontin, osteocalcin, and type X collagen that are
all considered as markers for hypertrophic and terminally
differentiated chondrocytes in OA cartilage 510263840
In this study we extend these findings by showing that the
expression of another marker for hypertrophic chondro-
cytes, namely annexin VI, is activated in OA chondro-
cytes. Furthermore, we provide evidence for the first time,
that OA chondrocytes not only produce markers of hy-
pertrophic chondrocytes, but also activate expression of
the proliferation and early differentiation markers, PCNA
and syndecan-3. Taken together, these findings suggest
that chondrocytes in OA cartilage indeed undergo a dif-
ferentiation process similar to growth plate chondrocytes,
possibly resulting in terminal differentiation and ultimately
in cell death. However, it is possible that OA chondro-
cytes besides undergoing these terminal differentiation
events activate the expression of proteins that are nor-
mally not found in growth plate cartilage, including type
Il collagen.™ Nonetheless, our and other findings sug-
gest that instead of repairing and producing a functional
articular cartilage matrix, differentiated chondrocytes in
late stages of OA produce a matrix, which probably
closely assembles the matrix produced by hypertrophic
and terminally differentiated growth plate chondrocytes.
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