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Increased Type II Collagen Degradation and Very Early
Focal Cartilage Degeneration Is Associated with
Upregulation of Chondrocyte Differentiation Related
Genes in Early Human Articular Cartilage Lesions
ELENA V. TCHETINA, GINETTE SQUIRES, and A. ROBIN POOLE

ABSTRACT. Objective. Articular cartilage degeneration in osteoarthritis (OA) involves excessive degradation of
extracellular matrix (ECM) and chondrocyte differentiation (hypertrophy). We determined the inter-
relationship between the extent of collagen cleavage by collagenase, cartilage degeneration, and dif-
ferentiation related gene expression in patella-femoral condylar cartilages of patients bearing very
early focal OA-like articular cartilage lesions. 
Methods. Articular cartilage specimens with very early focal lesions and adjacent normal cartilage
from 3 donors were removed at autopsy as full-depth slices cut from the femoral condyle surface that
articulates with patella. Slices were divided into sections and used for Mankin grading, examination
of collagenase cleavage of type II collagen by ELISA, and gene expression by RT-PCR.
Results. Early focal cartilage degeneration was associated with increased collagenase cleavage of
type II collagen. The collagenases metalloproteinase-1 (MMP-1), MMP-14 (MT1-MMP), and
aggrecanase ADAMTS-5 (a disintegrin and metalloprotease with thrombospondin motifs) (but not
ADAMTS-4); cytokines interleukin 1α/ß and tumor necrosis factor-α (TNF-α); chondrocyte termi-
nal differentiation-related genes COL10A1, MMP-13, MMP-9, Indian hedgehog; and caspase 3
were often upregulated in the vicinity of the lesion. Growth factors associated with growth plate
chondrocyte proliferation, namely fibroblast growth factor-2, parathyroid hormone related protein,
transforming growth factor (TGF)-ß1/2, as well as the matrix molecules COL2A1 and aggrecan were
expressed adjacent to and remote from the lesion. Of all genes only caspase 3 and ADAMTS-5
expression was exclusively seen in association with these early lesions. Elevation of collagenase
activity was associated with a frequent elevation of expression of COL10A1, caspase 3, IL-1α/ß,
MMP-1, and ADAMTS-5, and a decreased expression of Sox-9 (SRY-type high-mobility-group box
transcription factor-9), TGF-ß1, TGF-ß2, TNF-α, and aggrecan. Other genes showed no observable
difference with changes in collagenase activity.
Conclusion. Very early focal degeneration in knee articular cartilage is accompanied by upregula-
tion of collagenase activity and expression of genes associated with chondrocyte terminal differen-
tiation and matrix degradation. Thus chondrocyte differentiation may be closely related to the very
early development of cartilage degeneration such as occurs in OA. (J Rheumatol 2005;32:876–86)
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Osteoarthritis (OA) involves progressive degeneration of
articular cartilage. This leads to a loss of joint function
accompanied by pain. The mechanism by which OA devel-
ops has been poorly understood and there are as yet no dis-
ease modifying treatments. Only symptomatic treatment
(pain relief) is achievable therapeutically.

Cartilage degeneration in OA involves degradation of
extracellular matrix (ECM), composed mainly of type II col-
lagen and aggrecan. This is mediated mostly by matrix met-
alloproteinases (MMP), probably in response to increased
production of cytokines such as interleukin 1 (IL-1) and
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tumor necrosis factor-α (TNF-α)1,2. Collagenase 3 (MMP-
13) is thought to be mainly responsible for cartilage colla-
gen degradation3-5. In animal models, early cartilage loss is
focal and resembles cartilage loss seen in human aging6,
with progressive proteolysis and loss of cartilage matrix
components starting from the superficial zone and extending
progressively deeper in the cartilage7,8.

We have shown recently that focal lesions observed in
human aging exhibit molecular changes in matrix turnover
similar to those seen in OA, but not in normal aging carti-
lage9. The more degenerate cartilage from the lesion and
adjacent to the lesion exhibits significantly more type II col-
lagen cleavage (by collagenase) and degeneration than car-
tilage remote from the lesion. Type II collagen and aggrecan
content decrease with degeneration, with the lowest levels in
the lesion.

In addition to descriptions of ECM degeneration in OA
cartilage many authors have reported evidence for chondro-
cyte differentiation, characterized by proliferation, cell
cloning, expression of collagen type X10-12, annexins and
alkaline phosphatase13, parathyroid hormone related protein
(PTHrP)14, matrix calcification15, and apoptotic cell death
of the terminally differentiated chondrocytes16. All these
cellular changes including increased cleavage of type II col-
lagen by MMP-13 are observed in the growth plate17.

As articular cartilage shares a common embryological
origin with the epiphyseal growth plate18, we hypothesized
that destruction of the collagen network in early OA may
involve some of the same cellular and regulatory mecha-
nisms that govern normal chondrocyte terminal differentia-
tion and ECM resorption in skeletal growth and repair. We
and others have shown that chondrocyte proliferation, mat-
uration, and terminal differentiation in the growth plate is
accompanied by the sequential expression of genes respon-
sible for ECM remodeling and regulatory growth factors19.
Thus in the early proliferative zone PTHrP and fibroblast
growth factor-2 (FGF-2) were expressed. In contrast the
expression of collagen type X, transforming growth factor-
ß1 (TGF-ß1), Indian hedgehog (Ihh), and MMP-9 was
observed during chondrocyte late/terminal differentiation.
MMP-13, Sox-9 (SRY-type high-mobility-group box tran-
scription factor-9), and TGF-ß2 exhibited 2 maximums of
expression in the early and more pronounced in late chon-
drocyte differentiation.

In this preliminary study of articular cartilage we use the
same analytical methodology [including reverse transcrip-
tion polymerase chain reaction (RT-PCR)] to show that in
very early lesion formation in aging human articular carti-
lage increased cleavage of type II collagen by collagenase is
accompanied by the expression of these collagenases and
other MMP, in conjunction with genes associated with chon-
drocyte differentiation as in the epiphyseal growth plate.
These observations suggest that chondrocyte differentiation
is a very early event in the development of OA lesions.

MATERIALS AND METHODS
Cartilage. Human articular cartilage was obtained less than 12 hours post
mortem at autopsy from the femoral condylar surfaces of the knee that
articulate with the patella. These cartilage samples contained normal carti-
lage (as revealed by Mankin grade20 of 1) and very early focal lesions with
Mankin grades of 3 or 4: there was no eburnation of bone. No patient had
received chemotherapy or had had diabetes or lower limb vascular insuffi-
ciency. In each knee, full-depth cartilage (to subchondral bone) was
removed as 3 mm wide and 20 mm long slices cut starting from the medi-
al and extending to the lateral side of the condyle (Figure 1). Cartilage from
these slices was cut full-depth as 2 mm × 3 mm sections separately ana-
lyzed for histology (sections e and g), collagen cleavage (30–50 mg of car-
tilage by wet weight, sections c, f, and i), and gene expression (100–200 mg
wet weight of cartilage from the remaining sections combined). All carti-
lages were histologically graded for degeneration using the Mankin grad-
ing system20 as modified for cartilage lacking attached subchondral bone21,
where a low number represents more normal cartilage.

Total RNA isolation. Total RNA was isolated from fresh cartilage tissue by
a modification of the method of Chomczynski and Sacchi22 as
described6,19.

Reverse transcriptase reaction. The RT-reaction was performed using total
RNA isolated from fresh cartilage tissue and SuperScript TMII H Reverse
Transcriptase as recommended by Gibco BRL-Invitrogen, Burlington,
Ontario, Canada, as described19.

Polymerase chain reaction. Oligo sequences used for PCR are shown in
Table 1. PCR was performed in a total volume of 25 µl as described19.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as refer-
ence for gel loading.

The isolated clones of each amplified cDNA fragment were sequenced
to verify the identity of the cDNA products. In our study only RNA sam-
ples having no DNA contamination were used. To confirm the lack of
chromosomal DNA contamination of RNA, PCR was performed with the
aliquots of RNA from each sample. To avoid potential variation in effi-
ciency between experiments, all sections were simultaneously subjected to
RT and all samples of cDNA were simultaneously amplified in PCR.
Results were analyzed using NIH 1.60 software to determine the pixel
intensity for each band and autobackground subtraction was used to control
for background signal19.

ELISA of collagenase-cleaved type II collagen. Cartilage sections were
digested with α-chymotrypsin to cleave and solubilize denatured collagen
including the carboxyterminal neoepitope COL2-3/4C short (C1,2C) epi-
tope generated by cleavage of type II collagen by collagenase. This was
measured as described in α-chymotrypsin extracts by ELISA3,4.

RESULTS
We present examples of 3 separate early lesions as repre-
sentative of our preliminary analyses. We defined an early
lesion as a site of elevated collagenase activity over the sur-
rounding activity, combined with a Mankin grade of 3 or
above. The non-lesional site (more than 2 slices from the
lesion) acts as a control for the lesion.

A specimen from the femoral lesion of a 71-year-old man
(Figures 2, 3 and Table 2) was characterized as histological-
ly normal cartilage (Mankin grade 1), except in slice 3,
located in the medial trochlea, which exhibited early degen-
eration (Mankin grade 3). Increased type II collagen cleav-
age by collagenase was observed only in slices 3 and 4,
which correspond to or were adjacent to the site of the high-
est Mankin grade. Within the lesional site (slices 3 and 4)
analysis of gene expression revealed the ECM remodeling
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Figure 1. A representative post mortem knee. Cartilage was removed from patella-femoral
condyle as slices 3 mm wide and 20 mm long (1-9). Slices were divided into 10 sections each
2 × 3 mm (a–j) and analyzed for histology (sections e and g), collagen cleavage activity assay
(sections c, f, and i), and gene expression studies (the remainder).

Table 1. Oligo sequences for PCR.
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genes collagen type II (predominantly in slice 4) and aggre-
can (slice 4) were expressed, as well as collagenases MMP-
13 and MMP-1 together with MMP-3 and ADAMTS-5
(aggrecanase 2) in slice 4, where histology was normal but
cleavage by collagenase had increased. MT1-MMP showed
weak expression only in slice 1, the area adjacent to the

Figure 2. Analyses of gene expression, collagenase-mediated type II colla-
gen cleavage activity, and Mankin grades in early lesion (71-year-old man).
Slices are shown numerically from 1 to 9.

Figure 3. Relative RT-PCR analysis of gene expression in slices 1–9 in rela-
tionship to GAPDH expression determined using NIH 1.60 software in
early lesion (71-year-old man).

879Tchetina, et al: Chondrocyte differentiation genes

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2005.  All rights reserved.

 www.jrheum.orgDownloaded on May 26, 2023 from 

http://www.jrheum.org/


880 The Journal of Rheumatology 2005; 32:5

lesion where MMP-13, MMP-1, and MMP-3 were also
expressed. Cathepsin K was very weakly expressed at the
site of the lesion and immediately adjacent to it (slices 2 and
3). ADAMTS-4 (aggrecanase 1) expression was not detect-
ed in this series, although it was detected in chondrocytes
isolated from human fetal growth plate as a positive control
(data not shown).

The process of ECM degradation and its remodeling was
also accompanied by the expression of chondrocyte differ-
entiation related genes. Thus genes associated with the onset
of chondrocyte proliferation in the growth plate19, namely
PTHrP (slices 1–4) and FGF-2 (mainly in slice 1 and weak-
ly in slices 2 and 4), were expressed both in and close to the
lesion (slices 1–4) but were also weakly expressed remote
from the lesion (slices 8 and 9 for PTHrP and slice 9 for
FGF-2), whereas MMP, type II collagen, and aggrecan were
generally expressed in both sites. No expression of FGF-2
was found in slices 5, 6, and 7. The terminal differentiation
related gene MMP-9 was expressed weakly in and strongly
close to the lesion (slice 1). Genes that are most strongly
expressed in both the proliferative and hypertrophic zones in
the bovine growth plate, namely TGF-ß2 and MMP-1319,
were expressed within and more strongly adjacent to the
lesion (slices 1 and 2) and also remote from it (slices 7, 8).
Although collagen type X and TGF-ß1 were expressed only
in the hypertrophic zone of the growth plate, during lesion
formation their expression was found within (slice 4) and
adjacent to (slice 1) and more remote from the lesion (slice
9). In contrast, Sox-9 expression was clearly observed in

slice 5 adjacent to the lesion and in slice 8 away from the
lesion where COL2A1 expression was noted.

Expression of the caspase 3 gene, indicative of apopto-
sis23, was observed only within the lesion (slices 3 and 4).
Cyclin B2 was not clearly expressed, in contrast to its
expression in bovine growth plate cartilage19 or in the iso-
lated human growth plate chondrocytes (data not shown). Its
weak expression is seen in slices 6 and 9. Weak expression
of the cytokines IL-1ß and TNF-α was observed within the
lesion and adjacent to it (slices 1–4). IL-1α expression was
hardly detected adjacent to the lesion in slice 2.

At the site of highest collagen degradation (slice 3,
Mankin grade 3) and highest collagenase cleavage activity,
however, we did not observe strong expression of differen-
tiation related genes compared to the adjacent slice 4, hav-
ing high gene expression and collagenase activity and lower
Mankin grade of 1. As these cartilage samples had equal
expression of a housekeeping gene, GAPDH, and therefore
did not differ in the amount of RNA, we think that articular
chondrocyte proliferation and hypertrophy revealed by cor-
responding gene expression is a transient process that pre-
cedes collagen cleavage, which happens as in the growth
plate as a late differentiation event in the hypertrophic zone.

A specimen of a 58-year-old man was almost normal his-
tologically (Mankin grade 1), except for an early degenerate
region in slice 5 (Mankin grade 3) located in the central
trochlea (Figures 4, 5 and Table 2). Here, collagenase activ-
ity was also at its highest as in adjacent sections.

Expression of collagenase MMP-1, MT1-MMP, and
MMP-9 was detected mainly in slices 4 and/or 5. MMP-13
expression was only seen in slice 7 adjacent to this site,
where MMP-3 has highest level of expression and MT1-
MMP and cathepsin K are weakly detected.

Collagen type X, a marker of terminal differentiation,
was also upregulated within the lesion (slice 5) and in slice
7 close to the lesion. Ihh, which is upregulated also in the
hypertrophic zone of the primary bovine growth plate19, was
expressed adjacent to the lesion in slice 4 and in slice 7 (the
latter where MMP-3 and -13 are upregulated) and more
remotely but weakly in slices 1 and 2. Early differentiation
related genes TGF-ß2 and FGF-219 were also clearly
expressed in slice 7. PTHrP was expressed both in and
immediately adjacent to the lesion (slices 5 and 4, respec-
tively), but not in slice 7. It is also coexpressed with TGF-
ß2 in slice 1. IL-1α and TNF-α expressions were seen in
slice 7, whereas IL-1ß was expressed only in slice 5 within
the lesion. Type II collagen was expressed close to the lesion
in slice 7, whereas weak aggrecan expression was noted
remote from the lesion in slice 1. No clear expression of
ADAMTS-4, TGF-ß1, caspase 3, cyclin B2, and Sox-9 was
seen in this set of samples.

In the case of a 51-year-old woman (Figures 6, 7 and Table
2), there was a single lesion in the medial trochlea character-
ized by a localized site of degeneration (Mankin grade 4) in

Table 2. Summary of gene expression in early focal lesions of 71-year-old
man, 58-year-old man, and 51-year-old woman.

Expression in Lesion Expression Remote from
and/or Adjacent Slice Lesion (more than 2 slices)

Patient age, yrs 71 58 51 71 58 51
Genes

COL10A1 + + – + – –
MMP-9 + + + – – +
MMP-13 + – + + – –
Sox-9 + + – + + –
Ihh – + + – + +
TGF-ß1 + – + + – +
Caspase 3 + – + – – –
TGF-ß2 + – – + – +
PTHrP + + + + + +
FGF-2 + – + + – +
Cyclin B2 – – + + – +
IL-1α + – – – – –
IL-1ß + + + – – +
TNF-α + – + – – +
MMP-1 + + + + – –
MT1-MMP – + + – – +
MMP-3 + + + + + +
ADAMTS-5 + – + – – –
COL2A1 + – + + – +
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slices 6 and 7, where collagenase activity was also elevated.
Collagenase activity was also up in slice 3, which histology
reflected a normal grading (Mankin grade 2).

MMP-13, MMP-1, MT1-MMP, MMP-9, and MMP-3
were expressed adjacent to (slices 4 and 5) and within the
lesion (slices 6 and 7). In particular, MMP-13 and MMP-1,
were upregulated in slice 6, MT1-MMP in slice 7, and

Figure 4. Analyses of gene expression, collagenase-mediated type II colla-
gen cleavage activity, and Mankin grades in early lesion (58-year-old man).
Slices are shown numerically from 1 to 8.

Figure 5. Relative RT-PCR analysis of gene expression in slices 1–8 in
relationship to GAPDH expression determined using NIH 1.60 software in
early lesion (58-year-old man).
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MMP-3 was predominantly expressed in slice 6, although it
was weakly expressed in slice 7. In the area adjacent to the
lesion MMP-9, MMP-13, and MT1-MMP all exhibited
increased expression in slice 5. MMP-1 and MMP-3 were
expressed in both slices 5 and 6. MT1-MMP, cathepsin K,
and MMP-3 were also expressed in slices 1, 2, and 3 adja-
cent to and within slice 3, where collagenase activity was
elevated. ADAMTS-5 was upregulated in the lesion (slice
7), where collagenase activity was also increased. In con-
trast, ADAMTS-4 was not expressed. Collagen type II and
aggrecan expression was found in slice 7 as well as in slices
1 and 2, adjacent to the focal elevation of collagenase activ-
ity in slice 3.

The expression of early differentiation related genes
PTHrP and FGF-2 was observed remote from (slices 1, 2, 3),
adjacent to, and within (PTHrP) the lesion. TGF-ß2 was
weakly detected in slice 1. TGF-ß1 (very weakly) and cas-
pase 3 were expressed in the lesional area (slice 7) as well
as remote in slice 1 (TGF-ß1 only). Ihh expression was
observed both in (slice 6) and adjacent to the lesion (slice 5)
as well as in slices 1, 2, and 3. Cyclin B2 expression was
noted mainly in section 2 adjacent to a site of collagenase
increase, where MMP-3 was also detected with IL-1ß.
Expression of type X collagen and Sox-9 was not detected.
TNF-α was only clearly expressed in the site adjacent to the
lesion (slice 5) and in slice 2. IL-1α was not expressed in
this patient. Thus in this patient gene expression was often
increased where only collagenase activity was elevated in
the absence of any histological evidence of early degenera-
tion.

Distribution of genes expressed in this lesion (Figure 7)
demonstrates a sequential pattern of differentiation related
gene expression during lesion formation, as is seen in the
fetal growth plate19. The perilesional state of articular carti-
lage characterized by upregulation of collagen cleavage
(slice 3) without ECM degradation detected histologically is
accompanied by higher expression of proliferation related
genes TGF-ß2 (slice 1), PTHrP (slices 1–3), and FGF-2
(slices 2 and 4) in comparison with the lesion area (slices 6
and 7). In contrast, in the lesion (slices 6 and 7) and adjacent
to it, terminal differentiation related genes have higher
expression levels, namely MMP-9 (slice 5), Ihh (slice 6),
TGF-ß1 (slice 7), and caspase 3 (slice 7). These genes have
lower levels of expression in the perilesional area (slices
1–3). Associated with the increased collagen cleavage activ-
ity in the lesion (slices 6 and 7), MMP-13 and MMP-1 are
upregulated adjacent to the lesion (in slices 4, 5, and 6).

In these different cases gene expression within the
lesions and remote from them is summarized in Table 2.
This demonstrates that of all these genes, only caspase 3 and

Figure 6. Analyses of gene expression, collagenase-mediated type II colla-
gen cleavage activity, and Mankin grades in early lesion (51-year-old
woman). Slices are shown numerically from 1 to 7.
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ADAMTS-5 are selectively expressed in 2/3 lesional sites
but not in regions remote from the lesion. In the case of
other genes these are to be found in both sites.

Regarding gene expression in cartilage slices in which
collagenase activity was “elevated” over the background
activity, when these data were combined from all 3 lesions
and compared to expression of genes in regions of “back-
ground” collagenase activity, the expression of chondrocyte
differentiation related genes was more frequently observed
in slices where collagenase activity was elevated (Figure 8).
Thus caspase 3 was only expressed in the slices with active
collagenase. COL10A1, MMP-1, ADAMTS-5, IL-1α and
IL-1ß also showed increases on elevation of collagenase
activity. In contrast, Sox-9, TGF-ß1, TGF-ß2, TNF-α, and
aggrecan revealed less expression when collagenase activi-
ty was elevated. Other genes showed no marked differences.

DISCUSSION
Maintenance of integrity of articular cartilage relies on
remodeling of extracellular matrix by chondrocytes. Early
OA is characterized by focal cartilage degradation and loss
of matrix caused by mechanisms that involve enhanced pro-
teolysis and increased matrix synthesis9. A current working
hypothesis of the mechanism of cartilage damage in OA is
that cartilage breakdown is caused by the excessive activity
of proteases produced by articular chondrocytes in response
to increased expression of cytokines such as IL-1 and TNF-
α1. This involves an imbalance in protease/inhibitor levels
that results in net gain of MMP activity24. The results pre-
sented here suggest that very local upregulation of MMP
activity involving collagenases (MMP-13 and MMP-1) and
ADAMTS-5, IL-1α/ß, but not TNF-α, expression is associ-
ated with very early degenerative changes (recorded histo-
logically) and with terminal chondrocyte differentiation
(COL10A1 and caspase 3 expression). The implication is
that ECM resorption involving these proteinases and
cytokines is an early pathological event in the degeneration
of the articular cartilage and is closely associated with
changes in the chondrocyte phenotype.

Early macroscopic focal lesions, which are much more
pronounced than those studied here, are characterized by
increased collagen cleavage by collagenases with net loss of
collagen and proteoglycan9. This was accompanied by
increased matrix synthesis and turnover. We also observed
that a gradient of histological and molecular damage radi-
ates out from lesion foci, which may progressively involve
healthy cartilage9. Therefore we hypothesized that if carti-
lage damage in OA involves articular chondrocyte differen-
tiation, the onset of this process should be observed as a
very early event in lesion formation.

In our growth plate studies of chondrocyte hypertrophy
in development we previously localized 2 groups of genes
upregulated either early in chondrocyte differentiation/pro-
liferation, namely PTHrP and FGF-2, or later during differ-

Figure 7. Relative RT-PCR analysis of gene expression in slices 1–7 in
relationship to GAPDH expression determined using NIH 1.60 software in
early lesion (51-year-old woman).
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entiation in the hypertrophic zone, namely COL10A1,
Cbfa1, MMP-9, Ihh, and TGF-ß1. In contrast, TGF-ß2,
MMP-13, cyclin B2, and Sox-9 all have expression maxi-
mums in the proliferative zone and even more pronounced
in the hypertrophic zone of the growth plate19. These genes
are involved in the differentiation that includes proliferation
of these chondrocytes17,25-29.

Our study shows that these chondrocyte differentiation
related genes are expressed in association with very early
focal lesions, defined as a site of elevated type II collagen
cleavage by collagenase (over the background level) com-
bined with histologically defined early degeneration
(Mankin grade 3 and above). In our analyses of lesions from
3 patients, collagen cleavage was often associated in the
lesion and adjacent tissue with the expression of chondro-
cyte differentiation related genes, namely COL10A1 (2/3),
TGF-ß1 (2/3), Ihh (2/3), MMP-9 (3/3), caspase 3 (2/3),
PTHrP (3/3), and FGF-2 (2/3). In the more normal areas
remote from the lesion (more than 2 sections adjacent), dif-
ferentiation related genes that were usually not upregulated
included caspase 3, whereas TGF-ß2 (2/3), PTHrP (3/3), and
cyclin B2 (2/3) were generally expressed. The collagenases
MMP-1 (3/3) and MT1-MMP (2/3) were usually expressed
in association with the lesion and/or adjacent to it, as was
ADAMTS-5 (2/3), an aggrecanase implicated in aggrecan
degradation30 and which is expressed by isolated growth

plate chondrocytes (Tchetina EV, Poole AR, unpublished
data).

In contrast, expression of ADAMTS-4 was never detected
in these samples, although it was observed in fetal human
growth plate cartilage (Tchetina EV, Poole AR, unpublished
data) and isolated chondrocytes from normal and OA knee
articular cartilage31,32. MMP-13 expression was associated
with 1/3 lesions and 1/3 non-lesional areas. The cytokines IL-
1ß (3/3) and TNF-α (2/3) were also expressed in or adjacent
to the lesion. IL-1α was mostly not expressed. Thus, expres-
sion of collagenases (as observed by others33,34), aggrecanas-
es, and these proinflammatory cytokines is often associated
with cartilage degeneration, but not necessarily with sites of
increased cartilage matrix degradation, such as that produced
by collagenases. Aggrecan and COL2A1 expression was seen
associated with lesions and remote from them.

Sox-9 was never coexpressed with caspase 3, the latter
being an indicator of cell apoptosis23. The expression of cas-
pase 3, seen in the hypertrophic and early proliferative zones
of bovine growth plate, where it is coexpressed with MMP-
13 (Tchetina EV, Poole AR, unpublished data), was associ-
ated with elevation in collagenase activity in the early
lesions. Together with ADAMTS-5, caspase 3 expression
was never observed remote from the lesion.

Proliferation in normal adult chondrocytes is negligi-
ble35-40. An increase in the number of proliferating chon-

Figure 8. Frequency of gene expression in patellofemoral articular cartilage slices in 2 groups char-
acterized by “background” (n = 14) and “elevated” (n = 10) collagenase activity. Slices with “ele-
vated” collagenase activity (grey bars) include slices 3 and 4 from a 71-year-old man (Figure 2),
slices 4–8 from a 58-year-old man (Figure 4), and slices 3, 6 and 7 from a 51-year-old woman
(Figure 6). The remainder are the slices with “background” collagenase activity (solid bars). The
percentage was calculated as a ratio of the number of slices where the gene was expressed to total
number of slices in each group.
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drocytes, which are in the S- and G2-phases, is observed in
OA cartilage compared to normal-aged cartilage, where
cells are mainly in the G0-phase37,38,41. Upregulation of
cyclin B2 expression, which is reflective of mitosis42,43, was
occasionally (1/3) observed, but not necessarily in close
association with early lesions.

Normal healthy articular cartilage is characterized by a
very low expression of collagen type II, no expression of
type I, III and X collagens, a relatively high turnover rate for
aggrecan, and very restricted chondrocyte replica-
tion38,40,43–49. It is also characterized by limited expression
of TGF-ß1, complete lack of expression of TGF-ß2, PTHrP,
FGF-2, IGF-1 and Ihh50,51, and negligible chondrocyte
apoptosis52-54. In our analyses of very early lesion develop-
ment in articular cartilage, expression of these genes was
observed, indicating that the cartilage was no longer normal
in this respect.

Increased collagen cleavage activity in very early
lesions was clearly accompanied by the expression of chon-
drocyte differentiation related genes, as seen in the growth
plate19. We suggest that articular chondrocytes can undergo
phenotypic changes similar to those that growth plate chon-
drocytes undergo during terminal differentiation.

The expression of chondrocyte differentiation related
genes that was not accompanied by collagen cleavage and
matrix degradation (Mankin grade 1) was observed in some
cases (in slice 8 in the 71-year-old patient and slice 7 in the
58-year-old patient), may represent a response to an altered
loading and/or matrix remodeling that may precede the
manifestation of a disease phenotype characterized by ele-
vated collagenase activity.

Whether those pre-disease changes result in the develop-
ment of persistent pathology called OA may depend upon
whether the cells can revert to the “normal” state or contin-
ue their differentiation to hypertrophy, resulting in excessive
matrix degradation and disease. Those tissues revealing an
association of increased collagenase activity, cartilage
degeneration with an increase in expression of COL10A1,
caspase 3, ADAMTS-5 and IL-1α/ß, and reduced aggrecan
expression may represent early disease.

Our preliminary results, limited by the lack of access to
autopsy tissue, reveal that, in regions of early lesions of
articular cartilage degeneration involving increased collagen
cleavage by collagenase, there is expression of genes close-
ly associated with chondrocyte differentiation. In adjacent
regions there is also evidence of early differentiation.
Whether this change is reversible remains to be established.
Chondrocyte differentiation may thus represent a very early
event in cartilage degeneration resulting in increased matrix
resorption. It may be a useful therapeutic target in the treat-
ment of OA.
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