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Petulant cellular acts: destroying the ECM
rather than creating it
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What is called osteoarthritis is the most
common type of joint disease in
humans. This term is doubly unsatis-
factory, first because it implies that a
bony abnormality, consisting of sub-
chondral dense bone and/or osteo-
phytes, is prominent when in fact it is
often absent, and second because it
does not describe a single disease.
Osteoarthritis is usually used to
describe the clinical and pathological
changes that are the end result of a
number of different disorders (1) that
lead to degradation of the ECM of the
articular cartilages and therefore to loss
of function of the articular cartilages in
joint movement and weight bearing.

The capacity of the articular cartilages
to withstand repeated motion and
loading is ascribable to the unique
ECM produced by the component
chondrocytes. The uniqueness of the
ECM in turn results from the interac-
tion of the fibrillar and nonfibrillar
components. The fibrillar components
comprise the collagens, types II, IX, and
XI; nonfibrillar components include
the major large proteoglycan aggrecan,
other small proteoglycans, and a num-
ber of noncollagenous proteins. Most
of these components are important for
normal function of articular cartilages
since spontaneous and/or engineered
mutations in the corresponding genes
result in disturbances that range from
mild to lethal.

It was shown first in the 1960s, short-
ly after the discovery of animal collage-
nases in tadpoles (2), that collagenases
are produced by cultured fragments of
inflamed synovial tissue and that they
occur in synovial fluid aspirated from
involved joints in inflammatory joint
diseases, such as rheumatoid arthritis
(3, 4). Later, it was found that the major
source of the collagenase was the
fibroblast-like cells in the synovium (5,
6). It was recognized at the time that
neutrophils also produced a collage-
nase (7). Over the past three decades
numerous studies have shown that the

production of collagenase and other
enzymes by synovial cells or chondro-
cytes is stimulated, predominantly via
transcriptional mechanisms, by inflam-
matory cytokines, particularly IL-1α,
IL-1β, and TNF-α, but by other ligands
as well (8). Furthermore, mesenchymal
cells can be induced to produce collage-
nases by integrin-mediated interactions
with components of the ECM (9). Thus,
cells that at one stage function to syn-
thesize the ECM may at another stage,
influenced by ligands in the environ-
ment or the ECM itself, destroy the
ECM. Production of enzymes capable
of destroying the ECM is thought to be
a major event in osteoarthritis as well as
rheumatoid arthritis.

The collagenases that act at neutral
pH are matrix metalloproteinases
(MMPs), members of a subfamily of
more than 20 proteinases, each of which
is the product of a different gene. Struc-
tural features shared among the MMPs
include a catalytic zinc-binding domain
with a conserved sequence motif His
Glu xxx xxx His (10, 11). Although there
is considerable conservation of amino
acid sequences and sequence motifs
among the MMPs from humans and
other species, only the products of spe-
cific MMP genes have the capacity to
cleave native, undenatured, interstitial
collagens (types I, II, III, and X) within
the triple helical domain. Of the human
MMPs, three were initially described as
collagenases (MMP-1, -8, and -13, [col-
lagenase-1, -2, and -3 respectively]),
although other MMPs (gelatinase A
[GelA or 72 kDa gelatinase] or MMP-2
and MT1-MMP or MMP-14) can also
function as collagenases in vitro. The
collagenolytic activity of GelA was
demonstrated by using recombinant
protein or, after purifying the enzyme
free of the tissue inhibitor of MMPs
(TIMP) (12). An expressed soluble form
of MT-1MMP has also been shown to
behave as a collagenase (13).

These MMPs (MMP-1, -2, -8, -13, and
-14) all cleave triple helical interstitial

collagens in vitro at the same locus. In
type I collagen, the cleavage occurs
between Gly775/Ile776 in the α1(I) chain
and a corresponding Gly/Leu in the
α2(I) chain, three quarters of the dis-
tance from the NH2-terminus, to yield
a larger (A) fragment and a smaller (B)
fragment (14). Each of these collage-
nases cleaves types II and III collagens at
sites with similar amino acid sequences.
It should be noted that the orthologues
of human MMP-2, -8, -13, and -14, but
not MMP-1, have been identified in the
mouse. MMP-1, -2, -8, and -13 are
secreted as inactive zymogens that must
be activated to function as proteinases.

In the report in this issue of the JCI,
Neuhold et al. (15) introduced a consti-
tutively active form of one of these col-
lagenases, human MMP-13, into trans-
genic mice, allowing it to be expressed
postnatally under control of the rat
Col2a1 promoter. Their aim was to
demonstrate whether high levels of col-
lagenase active in articular cartilage
would reproduce features of the
pathology of human osteoarthritis.
They showed that high levels of active
collagenase were present in chondro-
cytes associated with excessive degrada-
tion of the type II collagen in the ECM.
Depletion of proteoglycan was also evi-
dent based on the loss of safranin red O
staining of the articular cartilages in the
transgenic mice, similar to what is seen
in different types of human osteoarthri-
tis. The findings are not unexpected,
since many studies have shown that col-
lagenases have the described effects in
vitro and that local stimulation of col-
lagenase expression, using LPS endo-
toxin injections into the joints, induces
inflammatory cytokines and provokes
similar histological changes in cartilage
and cleavage of type II collagen (16).
The present findings emphasize, how-
ever, that changes characteristic of
osteoarthritis can be produced by
expression of active MMP-13 alone.

It should be noted that MMP-13,
whether of rat, mouse, or human ori-
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gin, is a promiscuous proteinase and
can cleave substrates other than type II
collagen (17). MMP-13 is distinguished
from MMP-1 and other collagenases by
its ability to cleave type I collagen at a
site in the N-telopeptide (18, 19), just
downstream from the putative
crosslinking lysine residue. Osteoblasts
and fibroblastic cells can also poten-
tially regulate collagen resorption by
specifically removing ambient MMP-13
through binding and internalization
(20). The specific binding of MMP-13
in osteoblastic and fibroblastic cells is
mediated by a high affinity 170 kDa
protein receptor on the cell surface, but
internalization requires the cooperative
action of the LDL receptor–related pro-
tein (21). Chondrocytes might also pos-
sess this MMP-13 receptor system that
is presumably involved in MMP-13
clearance or scavenging, but it remains
possible that the receptor could also
have a role in some form of cell signal-
ing. In the model of Neuhold et al. (15),
levels of active MMP-13, probably in
considerable excess over those found
spontaneously in osteoarthritis and
unopposed by sufficient TIMP, might
saturate the MMP-13 receptor system
or alter cell function in other ways.
These could include modulating pro-
duction or action of the other collage-
nases and/or enzymes of the ADAMTS
family that have potent aggrecanase

activity (22, 23). The products of colla-
genase cleavage might also have impor-
tant effects on cells, such as influencing
the synthesis of the ECM itself. High
levels of active MMP-13 might thus
directly or indirectly trigger a host of
events in cartilage, the end result of
which are pathological changes that
look like those of osteoarthritis.
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