








"Aggrecanase"activity in tumour necrosis factor a mediated cartilage aggrecan breakdown

-r Proteoglycanr extracted fromri
cartilage

..@...
A A

- P roteog Iyca rftrag 1-l erits frco
w; explarit cornditioried medlLilm

t ~~
670 335 168 84 42

Figure 3 Dot blot immunoassay of aggrecan fragments obtainedfrom cartilage explant
culture media and extractedfrom cartilage. Samples (1 ,ul), the proteoglycan contents of
which are shown (in ng), were spotted on to the filter and probed with antibody BC3.
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Figure 4 Semi-logarithmic standard curves for the
quantitative detection ofBC3 reactive aggrecan fragments.
The readings were obtained by densitometric scanning of
dots that had been loaded with increasing amounts of
aggrecan fragments obtainedfrom cartilage explant
conditioned media (horizontal axis). The experiments
differed in terms of the amounts of antibody that were used:
* BC3 1:1000, second antibody 1:1000; * BC3 1:1000,
second antibody 1:500; * BC3 1:1000, second antibody
1:250; V BC3 1:500, second antibody 1:1000; 0 BC3
1:500, second antibody 1:500; BC3 1:500, second antibody
1:250.

DOT BLOT IMMUNOASSAYS FOR AGGRECANASE

CLEAVED AGGRECAN

We used aggrecanase generated aggrecan
fragments to develop a dot blot assay using
BC3. The assay specifically detected aggreca-

nase cleaved fragments of aggrecan but did not
detect uncleaved aggrecan from bovine nasal
cartilage (fig 3). The lack of BC3 reactivity in
our preparation of aggrecan extracted from
bovine cartilage was an important prerequisite
for the aggrecanase assay in which uncleaved
exogenous aggrecan acts as the substrate. Den-
sitometry of the signals produced from the dot
blots (fig 4) indicated that there was a dose
response up to at least 100 ng of sGAG
(estimated by the dye-binding assay22 before
deglycosylation), equivalent to 0.25 pmol
aggrecan, with 1 ng being the limit of
detection. The relation between the amount of
aggrecan fragments added to a dot and the
subsequent density was not linear, but when
the log of the dose was plotted against
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Figure 5 Dot blot immunoassay of chondrocyte lysates before and after anion-exchange
chromatography. The filter was probed with antibody BC3.

the density (fig 4) an approximate straight
line was produced. The sensitivity of the assay
(but not the useful range) depended on the
concentrations of BC3 and the second anti-
body.

AGGRECANASE ASSAYS ON CHONDROCYTE
LYSATES AND CULTURE MEDIA

Crushed cartilage extracts, lysed chondrocytes,
and conditioned media from chondrocyte cul-
tures were assayed for aggrecanase activity.
Using both western or dot blots, BC3 reactiv-
ity could not be detected following incubation
of intact aggrecan with extracts, lysates, or
conditioned medium under two sets of condi-
tions chosen for the manifestation of serine,
cysteine and metalloproteinase activities. In-
creasing the concentration of Triton X-100 in
the lysis buffer from 0.1-3%, a concentration
that is known to solubilise a membrane-bound
metalloproteinase,"6 did not lead to detection
of BC3 reactivity associated with the superna-
tants. Aggrecanase activity was not detected in
vitro despite the presence of endogenous BC3
reactive fragments in the chondrocyte lysates
and the conditioned medium (fig 1B, fig 5),
which were removed by ion-exchange chroma-
tography prior to assay (fig 5).

Discussion
The release from cartilage cultures of aggrecan
fragments having the sequence ARGS at the
N-terminus, and the presence of similar frag-
ments in synovial fluid has been reported.6 12-18
The existence of this N-terminus is consistent
with a large proportion of hydrolysed aggrecan
being produced by an unidentified glutamyl
endopeptidase, termed aggrecanase. We have
confirmed that a monoclonal antibody recog-
nising the ARGS neoepitope specifically detects
aggrecanase cleaved fragments of aggrecan in
the culture media of cartilage explants treated
with IL-I or Ret, and shown for the first time
the presence of aggrecanase generated aggrecan
fragments in cultures treated with TNF.
One of the aims of this study was to develop

an in vitro assay for aggrecanase activity. We
were able, specifically, to detect aggrecanase
cleaved aggrecan using BC3 in a dot blot assay.
The ARGS neoepitope was detected in proteo-
glycan fragments obtained from cartilage con-
ditioned culture medium and in crude extracts
obtained after lysis of chondrocyte cell layers
(where the fragments may have been cell asso-
ciated or intracellular). However, exogenous
deglycosylated aggrecan was not cleaved by
cartilage explant cultures. In addition, samples
of lysed chondrocytes, crushed and extracted
samples from cartilage, and explant culture
media did not cleave aggrecan to yield BC3
reactivity under conditions designed for the
assay of three classes of proteolytic enzyme that
are implicated in proteoglycan breakdown.6 27
A number of factors may be responsible for

our failure to detect aggrecanase activity from
extracts of cells which are producing aggreca-
nase cleaved aggrecan in culture. First, in order
to carry out the in vitro assay we removed
endogenous aggrecan fragments from the
cultures; this was achieved by anion-exchange
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chromatography in high salt, followed by
desalting. Such treatment might either destroy
aggrecanase activity or, if the enzyme is associ-
ated with the extracellular matrix, remove the
enzyme from the extract. A second possibility is
that the incubation conditions employed in the
assay did not include factors required for
aggrecanase activity. These factors might
include potential activators of the proteinase,
which may exist largely as an inactive proen-
zyme, or putative cofactors required for
enzyme activity. Finally, the assay substrate,
uncleaved aggrecan removed from its native
cartilage matrix, may be in a form which is not
recognised by aggrecanase.

The lack of aggrecanase activity in cartilage
conditioned culture medium may indicate that
the activity is cell or tissue associated, and the
inability of cartilage explants to cleave exo-

genous deglycosylated aggrecan suggests that
the activity of aggrecanase may be a tightly
regulated cell surface event. Recent evidence
points to aggrecanase being a metalloprotein-
ase, but not one of the known members of the
matrix metalloproteinase family." 28 Mem-
brane bound metalloproteinases that are closely
related to the matrix metalloproteinases, such
as the reprolysins or adamalysins,29 have been
identified in mammals.26 3

The resistance of exogenous deglycosylated
aggrecan to hydrolysis by aggrecanase, and the
inhibitory activity of exogenous aggrecan, may

suggest a role for sGAG chains in the
regulation of aggrecan breakdown. We cannot,
however, discount the possibility that our

preparations of deglycosylated aggrecan con-

tained a component other than aggrecan that
was inhibiting endogenous proteoglycan
breakdown, although we simply added back
the components of our explant system that
were present during the breakdown of endo-
genous proteoglycan. There has been a report
of the inhibition of cartilage explant proteo-
glycan breakdown by exogenously added
hyaluronate31; we did not take any steps to
remove hyaluronate from our aggrecan prepa-

ration, and this molecule could, therefore,
have contributed to the inhibition of prote-

oglycan breakdown in our experiments. How-
ever, the IC50 for the effect of exogenous

hyaluronate was 500 jg/ml,3' whereas our

preparation of deglycosylated aggrecan was

much more potent, with an IC5, of- 20,ug/ml.
The hydrolysis of aggrecan may be regulated

by association with cell surface components.
For instance, it is known that binding,
internalisation, and breakdown of hyaluronate
is mediated by its cell surface receptor, CD44,32
and that the t,5 for turnover of both hyaluro-
nate and aggrecan is similar.33 As previously
noted,34this apparent co-ordinate regulation,
and the likelihood that hyaluronate destined for
breakdown will be associated with numerous

aggrecan molecules, might suggest that the
internalisation of hyaluronate and breakdown

of aggrecan are functionally and topographi-
cally linked.The inhibition of aggrecan break-
down by exogenous hyaluronate lacking bound
aggrecan" could then be explained by compe-
tition for CD44. It is known that chondrocytes

express the haematopoietic variant of CD4435
and that the number of cell surface CD44 mol-
ecules is up-regulated by IL-1 treatment36 that
also leads to increased aggrecan breakdown.
Thus, a molecular association between CD44
and a cell surface proteinase, aggrecanase, may
exist. The hypothesis would therefore predict
that exogenous aggrecan was resistant to cleav-
age because it was not bound to CD44 via
hyaluronate, rather than because it was degly-
cosylated.
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