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Abstract A disintegrin and metalloproteinase with
thrombospondin motif (adamalysin-thrombospondins,
ADAMTS) degrades aggrecan, one of the major extra-
cellular matrix (ECM) components in cartilage. Mandib-
ular condylar cartilage differs from primary cartilage,
such as articular and growth plate cartilage, in its metab-
olism of ECM, proliferation, and differentiation. Man-
dibular condylar cartilage acts as both articular and
growth plate cartilage in the growing period, while it
remains as articular cartilage after growth. We hypothe-
sized that functional and ECM differences between con-
dylar and primary cartilages give rise to differences in
gene expression patterns and levels of aggrecan and
ADAMTS-1, -4, and -5 during growth and aging. We
employed in situ hybridization and semiquantitative RT-
PCR to identify mRINA expression for these molecules
in condylar cartilage and primary cartilages during
growth and aging. All of the ADAMTSs presented char-
acteristic, age-dependent expression patterns and levels
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among the cartilages tested in this study. ADAMTS-5
mainly contributed to ECM metabolism in growth plate
and condylar cartilage during growth. ADAMTS-1 and
ADAMTS-4 may be involved in ECM turn over in artic-
ular cartilage. The results of the present study reveal that
ECM metabolism and expression of related proteolytic
enzymes in primary and secondary cartilages may be
differentially regulated during growth and aging.

Keywords ADAMTS - Aggrecan - Mandibular
condylar cartilage - Articular cartilage - Growth plate -
Growth - Aging

Introduction

Aggrecanase is a member of the metalloproteinase family
which degrades a major cartilaginous extracellular matrix
(ECM) component, aggrecan (Abbaszade etal. 1999;
Arner etal. 1999; Tortorella et al. 1999; Caterson et al.
2000; Tang 2001; Arner 2002). Three members of the
adamalysin—thrombospondins (ADAMTSs), ADAMTS-
1, -4 (aggrecanase-1), and -5 (aggrecanase-2), are capable
of cleaving an aggrecan molecule (Abbaszade et al. 1999;
Tortorella et al. 1999; Kuno et al. 2000) at its specific sites,
in a different manner from matrix metalloproteinases
(MMPs), another large family of ECM degrading
enzymes. Together with MMPs, ADAMTSs play a role in
cartilage ECM metabolism during the development of
cartilage and progression of joint diseases (Lohmander
et al. 1993; Fosang et al. 1996; Lark et al. 1997; Caterson
et al. 2000; Sandy and Verscharen 2001). Most studies
have focused on the activity of aggrecanases, especially
their production and activation under disease conditions,
such as inflammatory responses and joint diseases,
whereas their physiological expression patterns have not
been determined during growth and aging.

Synovial joints are classified into two types, primary
joints, such as the knee, and secondary joints, such as the
temporomandibular joint (TMJ) (Ten Cate 1994). In



primary joints, primary articular and growth plate carti-
lages function separately for articulation and growth,
respectively, whereas mandibular condylar cartilage per-
forms both of these functions during growing period.
ECM components and cellular organization of mandibu-
lar condylar cartilage, as a secondary cartilage, are differ-
ent from those of primary cartilages as demonstrated
previously (Silbermann et al. 1987; Luder etal. 198§;
Mizoguchi et al. 1992). While mandibular condylar carti-
lage has been shown to have five distinct layers, primary
cartilages, including growth plate and articular cartilage,
is composed of four layers during the growth period
(Luder et al. 1988; Mizoguchi et al. 1992). Primary carti-
lage cells express both type II collagen and aggrecan, car-
tilage-specific ECM components; however, cells in the
upper two layers of mandibular condylar cartilage do
not express either of these molecules (Mizoguchi et al.
1992; Takahashi et al. 1996; Shibata et al. 2001). Prolifer-
ating cells in growth plate and articular cartilage are
well-differentiated chondrocytes, but those in mandibu-
lar condylar cartilage are not (Mizoguchi et al. 1992).
Thus, cell proliferation and matrix synthesis in mandibu-
lar condylar cartilage are regulated differently from those
of primary cartilages. In addition, during the growth,
development, and maturation of the synovial joints,
growth plate cartilage disappears by the end of the
growth period. Similar to articular cartilage, which
remains in the epiphysis of long bones, mandibular con-
dylar cartilage becomes articular cartilage by losing
hypertrophic chondrocytes after growth. Therefore, it
can be considered that ECM metabolism in primary and
mandibular condylar cartilage is differently regulated.

In this study, we examined the hypothesis that func-
tional and ECM differences between condylar and pri-
mary cartilage give rise to differences in gene expression
patterns and levels of ADAMTS-1, -4, and -5 during
growth and aging. To test this hypothesis we used semi-
quantitative reverse transcriptase polymerase chain reac-
tion (RT-PCR) and in situ hybridization (ISH) using a
newly identified rat ADAMTS-5 mRNA and subcloned
aggrecan, ADAMTS-1 and ADAMTS-4.

Materials and methods
Experimental animals and tissue preparation

Male Wistar rats 4, 8, 16, and 32 weeks old were used in
this study. Five animals for each age group were per-
fused via the ascending aorta with 4% paraformaldehyde
and 0.5% glutaraldehyde in phosphate-buffed saline
(PBS), pH 7.4, under pentobarbital anesthesia as
described previously (Sasano et al. 1996). Procedures for
tissue preparation were basically identical to our previ-
ous report (Bae etal. 2003). After the animals were
perfused, TMJs and knee joints were dissected, further
fixed in the same fixatives, and decalcified in 10%
ethylene diamine tetra-acetic acid (EDTA). They were

dehydrated, embedded in paraffin, and 8-um-thick sagit-
tal sections were cut for ISH analysis under RNase-free
conditions and hematoxylin and eosin (H&E) staining.
Animal experiments were conducted under the approval
of the Animal Care and Use Committee of Tohoku Uni-
versity, Japan.

Cloning aggrecan and ADAMTSs and generating cRNA
probes

Reverse transcriptase polymerase chain reaction-based
cloning was employed to obtain partial or full clones of
each molecule. Based on the homology between mouse
and human ADAMTS-5cDNA sequences, degenerate
amplimers were designed as shown in Table 1. For other
molecules, amplimers were designed based on the cDNA
sequences of rats shown in Table 1 and in our previous
study (Nakamura et al. 2005). PCR conditions used in
the present study are also summarized in Table . The
c¢DNA fragments obtained were subcloned into pCRII-
TOPO vector (Invitrogen, Carlsbad, CA, USA), accord-
ing to the manufacturer’s instructions. Nucleic acid
sequences of ADAMTS-5 were analyzed by the dye-ter-
minating method using ALF express II sequencer
(Amersham Pharmacia Biotech, Buckinghamshire, UK)
and the other fragments were analyzed by Takara
(Osaka, Japan) to confirm the nucleic acid sequences. To
create Dig-labeled riboprobes for sense and antisense
fragments, the plasmids were linearized and transcribed
by using Sp6 or T7 RNA polymerases (Stratagene, La
Jolla, CA, USA) into cRNA as indicated in Table 1.

In situ hybridization

The protocol for ISH has been described previously
(Ohtani et al. 1992; Sasano et al. 1996; Zhu et al. 2001).
Sections were deparaffinized, rehydrated, and immersed
in 0.2 N HCI for 20 min at room temperature, then incu-
bated with 20 pg/ml proteinase K (Roche Diagnostics,
Indianapolis, IN, USA) at 37°C for 30 min. After sec-
tions were dehydrated in ethanol, they were hybridized
with approximately 400 ng/ml riboprobes at 45°C for
16 h. Sections were incubated with 20 pg/ml RNase A
(Sigma, St Louis, MO, USA) in 1x SSC (saline—sodium
citrate buffer) during stringent wash in 2x SSC and 1x
SSC at 45°C. After sections were incubated with anti-Dig
alkaline phosphatase-conjugated antibody (Roche Diag-
nostics) at 4°C overnight in a moisture chamber, signals
were visualized and nuclear counterstaining was per-
formed using methyl green. Sections were mounted and
observed under light microscopy.

Semiquantitative RT-PCR

Gene expression of aggrecan and ADAMTS-1, -4, and -5
were semiquantified by RT-PCR in three types of carti-
lage. Bilateral mandibular condylar, growth plate, and
articular cartilages were dissected from 4-week-old and
adult male Wistar rats killed by ether anesthesia.



RNA polymerase

Sp6
T7
Sp6
T7
T7
Sp6
NA
NA
Spé6
T7

EcoRV
BamHI1
EcoRV
BamHI
Spel
EcoRV
NA
NA
Spel
Xhol

Restriction enzymes for

Anti-sense
Anti-sense

Sense

NA

Anti-sense

Anti-sense
Sense
Sense
Sense

NA

for semi-quantitative

Cycle number
RT-PCR
32 cycles
48 cycles
48 cycles
48 cycles
30 cycles

Product
length (bp)
634

1,123

445

602

1,395
1,685

758

485

annealing
temperature(°C)

PCR
55
68
62
60
60
60
58
56

TGACACCCTG
GATCTCTAGAAACCACAGGCT

AACATTTC
GGCTGTGGTGTGCTGTG

GTTAGTGGAGGGCGTGAC
CTTGGCTGTTTCTGCTGTT
GTTGGGAAAGGAAAGCAGA
AGGGTTGTGGCAGGAAATA
GGCGGAGGACGAAGAGT
Downstream-2 GGAAGCGAGGAGTAGCAAC
CTACAACCACCGAACCGAC
TGCCAGCCACCAGAACTT
ATGCKNCTYGRNTGGGC
ACCGTCATCCAGAAATTC
GATCTCTAGAATCATTCATG
CTGGTCTTTGGCTTTGAAC
TGTTTGTGATG GTGTGAA
ATGGGAGTTGCTGTTGAG

Nucleic acid sequences of amplimers

Downstream
Upstream-1
Downstream-1
Upstream-2
Downstream
Upstream-1
Downstream-1
Upstream-2
Downstream-2
Upstream-3
Downstream-3
Upstream
Downstream

Upstream
Upstream

ADAMTS-1
ADAMTS-5

AF142099

Table 1 Conditions for cloning, creating riboprobes and semi-quantitative RT-PCR

Gene name and

accession no.
NM_0221%0
NM_024400

ADAMTS-4
XM_237904
NM_011782
GAPDH
MN_017008

Aggrecan

Mandibular condyles and tibial epiphysis were removed
from mandibular bone and tibia, respectively. Cartilagi-
nous tissues in the articular surfaces of mandibular con-
dyle and tibia were removed carefully under dissection
microscope in ice-cold PBS by using fine scalpels. After
articular cartilage was obtained, bone tissue in secondary
ossification center and cartilaginous tissue fragments of
remained articular cartilage were carefully removed, then
growth plates were separated from tibial epiphysis of 4-
week-old rats. The specimens were frozen in liquid nitro-
gen and homogenized in lysis buffer to isolate total RNA
using the RNeasy Lipid Tissue Mini Kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions.
Standardized 200 ng amounts of total RNA were reverse
transcribed before PCR amplification. PCR conditions
and number of reaction cycles were empirically deter-
mined by drawing amplification curves at each annealing
temperature for each molecule (Table 1). Optical density
from each amplified product separated on 2% agarose
gel was digitized and measured using NIH imaging soft-
ware (National Institutes of Health, Bethesda, MD,
USA), and relative gene expression levels were semi-
quantified against glyceraldehyde-3-phosphate dehydro-
genase. Expression levels were statistically analyzed by
Scheffe’s test.

Results
Cloning rat ADAMTS-5

The deduced amino acid sequence of rat ADAMTS-S5 is
shown in Fig i, aligned with human and mouse
ADAMTS-5. The coding sequence of rat ADAMTS-
5 mRNA consists of 2,787 bp (GenBank Accession No.
AY382879), which generates 928 amino acid residues.
Rat ADAMTS-5 mRNA had 93.6 and 84.9% homology
with that of mice and humans, respectively. The amino
acid sequence of rat ADAMTS-5 showed 96.2 and 90.3%
homology to that of mice and humans, respectively. Rat
ADAMTS-5 protein lacked two amino acid residues in
the metalloproteinase domain at Asp**® and Thr3?” when
compared to mouse ADAMTS-5. Pre- and pro-domains
were less conserved in rats when compared to mice or
humans. The domain structure of ADAMTS-5 in rats
was identical to that in other species with a metallopro-
teinase domain including a catalytic domain, two throm-
bospondine-1 motifs, and a disintegrin-like motif.

Histological observation (Figs. 2, 3)

During the growth period, mandibular condylar carti-
lage consisted of five cell layers: a fibrous layer with
fibroblasts embedded in the fibrous connective tissue, a
proliferative cell layer with undifferentiated and prolifer-
ating polygonal cells, a transitional cell layer with flat-
tened cells without cytosolic lipid droplets, a mature cell
layer, and a hypertrophic cell layer (Fig. 2a, b). Tibial



Fig. 1 Theamino acid sequence
deduced from the ADAMTS-5
c¢DNA is shown aligned with
those of human and mouse AD-
AMTS-5. Residues matching
the consensus sequence of the
three proteins are dotted in the
human and mouse sequences.
The conserved zinc-binding mo-
tif and “Met turn” are boxed.
TSP thrombospondin motif

epiphyseal growth plate cartilage and articular cartilage
consisted of four layers: a resting cell layer with chondro-
cytes, which was the smallest in size of all the layers; a

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human
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Mouse
Human
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Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse

Human 6

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human

Rat
Mouse
Human
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177:
1751

295:
295:
2956:

60: -
56
117

7.
115

2355
2353

Signal sequence Propeptide

EWLLE“ASLLLLLLLLCASCLALAADNPAAAPAQDKTRQPRAAAAAAQPDQRQWEETQER—

'—~GHPQPLARQRRSSGIVQVTDQIYQGCG VC\IVYACCRRFL]DLFRDDTVCAAGGTV

P....T..PWR..S......... A P..
ook Fok K ok
Icychln switch

hSh~~RV\GDGSSRILHVYthGbSFhALPPRTSCETPASPBGPQESPSVISSSRRRg%L

EXKC....... A Aol TPEAH HAPA. - NPSG. AA
sksk

Metalloprotolnase

APQLLDHSAFSPAGNAGPQTWWRRRRRSISRARQVELLLVADSS“A%MYGRGLQIYLLTL

Q
Fodopbk ok Rk R ok

ASTANRLYSHASIENHIRLAVVKVVVLTDK—SLEVSKNAATTLKNFCKWQHQHNQLGDD

. . At—"l.
Disintegrin—like

: VPRKQILGPEELPGQTYDATQQCNLTFGPEYSVCPGMDVCARLIFCAVVRQGQMVCLTKKL

Spacer

fNNPAPRNSGRYCTGKRAIYRSCSV%PCPPNGKSFRHEQCEAKNGYQSDAKGVKTFVEWVP

fLALKKKTGEYLINGK\MISTSETIIDIVGTVM\\SGWSIRDDFLHGMGYSATKEILIVQI

r TSP-submotif
ELATDPTKALEVRYSI VPKKTTQR\ASVISHSS\KVGPHSPQIQWVTGPSLACSRTCDTG

59
5

55
116
114

176
174

234
234

294
294
294

352
3

412
414
414

472
474
474

532
534
534

> 592

594

652
6
654

S 712

714

772
774

832
834
834

892
894
894

928
930
930

proliferative cell layer with flattened, proliferating cells; a
mature cell layer containing ovoid-shaped well-differen-
tiated chondrocytes with lipid drops; and a hypertrophic



cell layer consisting of enlarged cells with disorganized
cytosolic structures during the growth period (Fig. 3a, b).
Mandibular condylar cartilage showed characteristics of
growth plate cartilage with a hypertrophic cell layer at
the lower border involved in endochondral bone forma-
tion during growth. In contrast, mandibular condylar
cartilage at 16 and 32 weeks of age mainly consisted of
three layers: a resting cell layer, a proliferating cell layer,
and a mature cell layer (Fig. 2¢, d), and closely resembled
articular cartilage lacking the hypertrophic cell layer
seen in younger animals (Fig. 3c). The uppermost layer
of aged mandibular condylar cartilage was a fibrous
layer with elongated fibroblasts embedded in fibrous
connective tissue, the second layer was a proliferating
cell layer consisting of small proliferating cells, and the
lower layer was a mature cell layer with well-differenti-

Fig. 2 Sagittal sections of man-
dibular condylar cartilage
stained with H&E from 4-week-
old (a), 8-week-old (b), 16-week-
old (¢), and 32-week-old (d) rats.
Fi fibrous layer; Pr proliferative
cell layer; Tr transitional cell
layer; Ma mature cell layer; Hy
hypertrophiccell layer. Scale bar
50 um; original magnification:
x40

Fig. 3 Sagittal sections of
growth plate and articular carti-
lage stained with H&E. Growth
plate cartilage from 4-week-old
rats (a) and articular cartilage
from 4-week-old (b), and 32-
week-old (¢) rats. Re resting cell
layer; Pr proliferative cell layer;
Ma mature cell layer; Hy hyper-
trophic cell layer. Scale bar

100 pm; original magnification:
x20

ated chondrocytes, including some hypertrophic cells
(Fig. 2¢, d). Tibial articular cartilage consisted of three
layers at 32 weeks of age (Fig. 3c).

Gene expression patterns (Figs. 4, 3, 6)
Age 4 and 8 weeks (Figs. 4, 5

At 4 and 8 weeks of age, positive hybridization signals
for aggrecan were observed in mature and hypertrophic
chondrocytes in condylar, articular, and the growth plate
cartilage (Figs. 4a, e, 5a, ¢). While condylar cartilage did
not show positive signals for aggrecan in the upper three
layers (Fig. 4a, ), a positive signal was observed in the
resting and proliferating cell layers in both articular and
growth plate cartilage (Fig.5a, e). ADAMTS-I]




expression was observed in all of the cell layers in the
three types of cartilage during growth (Figs. 4b, f, 5b, f).
In condylar cartilage, mature chondrocytes showed the
strongest hybridization signals to ADAMTS-l com-
pared to the other layers at ages 4 and 8 weeks (Fig. 4b,
f). The cells in the transitional cell layer and below were
positive for ADAMTS-4 in condylar cartilage, with the
strongest expression in hypertrophic chondrocytes
(Fig. 4c, g). Cells in all four layers showed positive sig-
nals for ADAMTS-4 in growing articular cartilage at
4 weeks (Fig. 5g), while cells in the proliferating cell layer
were negative in growth plate cartilage (Fig. 5c).
ADAMTS-5 showed positive hybridization signals local-
ized in mature and hypertrophic chondrocytes in both
condylar (Fig. 4d, h) and growth plate cartilage (Fig. 5d),
while it was observed in all cell layers in articular carti-
lage at 4 weeks of age (Fig. 5h). During the growth
period, the expression domain of aggrecan covered that
of ADAMTS-5, while other ADAMTSs had a greater
expression domain than that of aggrecan, especially
ADAMTS-1, which was expressed ubiquitously in all

Fig. 4 Insitu hybridization
analysis for aggrecan (a, e), AD-
AMTS-1 (b, f), ADAMTS-4 (c,
g), and ADAMTS-5 (d, h) of
sagittal sections of mandibular
condylar cartilage from 4-week-
old (a-d) and 8-week-old (e-h)
rats. Fi fibrous layer; Pr prolifer-
ative cell layer; Tr transitional
cell layer; Ma mature cell layer;
Hy hypertrophic cell layer.
Brown-purple staining in the
cytosol is a positive hybridiza-
tion signal. Scale bar 50 pum;
original magnification: x40

types of cartilage during the growth period. In addition,
all types of ADAMTSs were expressed in all four layers
of articular cartilage during growth.

Age 16 and 32 weeks (Fig. 6)

After growth was completed and the hypertrophic cell
layer disappeared, positive hybridization signals for agg-
recan were localized in mature chondrocytes of condylar
and articular cartilage (Fig. 6a, e, 1). With aging, aggrecan
expression was maintained in the well-differentiated
chondrocytes in the mature cell layers. However, the
strength of the hybridization signal decreased with age.
The hybridization signal for ADAMTS-1 in the fibrous
layer, which was positive at 8 weeks (Fig. 4b, f), was nega-
tive at 16 and 32 weeks (Fig. 6b, f). Consequently, the area
negative for ADAMTS-1 in condylar cartilage expanded
from the fibrous layer to the proliferating cell layer by
32 weeks (Fig.6b, f). The hybridization signal for
ADAMTS-1 remained in all of the cell layers in articular
cartilage at 32 weeks of age (Fig. 6)). ADAMTS-4 was

7
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Fig. 5 Insitu hybridization
analysis for aggrecan (a, e), AD-
AMTS-1 (b, f), ADAMTS-4 (c,
2), and ADAMTS-5 (d, ) of
sagittal sections of growth plate
(a-d) and articular cartilage (e~
h). Re resting cell layer; Pr pro-
liferative cell layer; Ma mature
cell layer; Hy hypertrophic cell
layer. Brown-purple staining in
the cytosol is a positive hybrid-
ization signal. Scale bar 100 pm;
original magnification: x20

localized in mature chondrocytes at 16 weeks of age
(Fig. 6¢) and remained so at 32 weeks of age in condylar
cartilage (Fig. 6g). It was only localized in mature chon-
drocytes in articular cartilage (Fig. 6k). ADAMTS-5 was
expressed in the lower part of the mature cell layers in
condylar cartilage at 16 and 32 weeks (Fig. 6d, h), while it
was not expressed in aged articular cartilage (Figs. 61, 7).

Gene expression levels

The expression level of all ADAMTSs examined was
maintained during aging in mandibular condylar carti-
lage, whereas that of ADAMTS-4 and -5 decreased in
articular cartilage during aging (Fig. 7a, b). ADAMTS-4
expression in growth plate cartilage was significantly
lower than that in articular cartilage at the same age
(Fig. 7a, b). Gene expression levels of aggrecan and
ADAMTS-1 were similar in all types of cartilage and at
all ages examined, while slightly, but not significantly,
less expression of ADAMTS-1 was observed in aged
mandibular condylar cartilage (Fig. 7a, b).

e nl
5 L Smade

1 Adamts-4  Adamis-5

Discussion

ADAMTS-5 is also known as aggrecanase-2, which
cleaves aggrecan, one of the cartilage-specific macromol-
ecules (Doege et al. 1991). While all three ADAMTS
genes examined have been identified in mice, cattle, and
humans, this is the first time that ADAMTS-5 has been
identified in rats. Rat ADAMTS-5 conserved all of the
domains seen in mice and humans (Abbaszade et al.
1999). Since rat ADAMTS-5 lacks two amino acid resi-
dues in the metalloproteinase domain and the catalytic
domain is conserved completely when compared to
humans and mice, aggrecanase activity of ADAMTS-5
may differ in rats from other species.

The age-dependent changes in aggrecan expression in
condylar cartilage were similar to those of type 1I colla-
gen demonstrated previously (Ohashi et al. 1997; Bae
et al. 2003); expression and localization of type II colla-
gen becomes restricted to mature cell layers as aging pro-
gresses. In addition, the expression pattern of versican is



Fig. 6 In situ hybridization
analysis for aggrecan (a, e, i),
ADAMTS-1 (b, f,j), ADAMTS-
4(c,g,k),and ADAMTS-5 (d, h,
1) of sagittal sections of mandib-
ular condylar cartilage from 16-
week-old (a-d) and 32-week-old
(e-h) rats and articular cartilage
from 32-week-old (i-1) rats. Re
resting cell layer; Fi fibrous lay-
er; Prproliferative cell layer; Ma
mature cell layer. Brown-purple
staining in the cytosol is a posi-
tive hybridization signal. Scale
bar ina-h 50 pm and i-1100 pm;

original magnification: x40 (a—
h) and x20 (i-1)

regulated differently in condylar and primary cartilage
during growth (Shibata et al. 2001). While versican is co-
expressed with aggrecan in primary cartilage, its expres-
sion is restricted to the fibrous layer of condylar carti-
lage, while aggrecan is expressed in the mature and
hypertrophic cell layer during embryonic growth. Several
researchers have investigated the substrate specificity of
the three ADAMTSs: ADAMTS-1 cleaves aggrecan and
versican (Kuno et al. 2000; Sandy and Verscharen 2001);
ADAMTS-4 cleaves aggrecan, brevican, and versican
(Matthews et al. 2000; Nakamura et al. 2000; Tortorella
et al. 2000; Sandy and Verscharen 2001; Sztrolovics et al.
2002); and ADAMTS-5 cleaves aggrecan (Abbaszade
et al. 1999; Arner 2002). Since ADAMTS-1 is the only
ADAMTS among those examined in the present study
that is expressed in the fibrous layer of condylar carti-
lage, it may contribute to versican metabolism in this
layer. Thus, specific expression patterns of each
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ADAMTS may reflect the expression of their specific
substrates during endochondral ossification.

Tibial growth plate and mandibular condyle are sites of
endochondral bone formation. Chondrocytes in the
growth plate and condylar cartilage deposit cartilaginous
ECM components such as aggrecan and type II collagen to
provide a template that is subsequently replaced by bone
tissue. Cell volume increases as chondrocytes differentiate
during this process (Luder et al. 1988). Besides the expres-
sion of ADAMTSs, chondrocytes produce several types of
MMP during growth (Bae et al. 2003; Gepstein et al. 2003).
Therefore, once deposited, ECM components such as type
II collagen and aggrecan are degraded by aggrecanases in
combination with MMPs. ADAMTS-5, mainly expressed
in mature and hypertrophic chondrocytes in both condylar
and growth plate cartilage, may provide space for expand-
ing chondrocytes during terminal differentiation. In addi-
tion, recent studies have demonstrated that targeted



Fig. 7 Graph indicating the re-
sults of semiquantitative RT-
PCR (a) and representative im-
ages of agarose gel electrophore-
sis (b} (n=3). MCC mandibular
condylar cartilage (closed bar
growing; open bar adult), GP
growth plate cartilage (oblique
stripe bar); and A C articular car-
tilage (shaded bar growing; verti-
cal stripe bar adult). *P <0.05
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disruption of active ADAMTS-5, but not ADAMTS-4,
inhibits experimentally induced inflammatory degeneration
of cartilage (Glasson etal. 2005; Stanton et al. 2005) in
growing mice. Therefore, it may be that ADAMTS-5 is a
major aggrecanolytic enzyme contributing not only to such
pathological processes, but also to physiological degrada-
tion of ECM molecules during the growth period.

After growth, all ADAMTSs expressed in the mature
chondrocytes of condylar cartilage may play a role in the
physiological turnover of aggrecan in order to maintain
cartilage tissue. However, ADAMTS-1 and ADAMTS-4,
but not ADAMTS-5, could contribute to the physiologi-
cal turnover of aggrecan in aged articular cartilage.
Therefore, ECM remodeling in aged mandibular condy-
lar cartilage could be regulated differently from that in
articular cartilage.

In summary, ADAMTS-5 appears to contribute
mainly to degradation of ECM molecules such as aggre-
can in growth plate and condylar cartilage, depending
upon its ECM composition and cellular organization
during growth. In conclusion, the results of the present
study reveal that ECM metabolism by ADAMTSs and
expression of ADAMTSs in primary and secondary car-
tilage may be differentially regulated during growth and
aging, depending upon the functional differences in
different types of cartilage.
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