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Joint destruction

MMPs and rheumatoid synovial
fibroblasts: Siamese twins in joint

destruction?
U Moller-Ladner, S Gay

MMPs and RA-SF act together in matrix degradation; targeting
one will provide details about the other

n this issue of the Annals, Tolboom and

coworkers present functional data on

the intensive invasive potential of
rheumatoid synovial fibroblasts (RA-SF)
into matrix as well as a direct correlation
of this destructive property with distinct
members of the large matrix metallo-
proteinase (MMP) family.'

Key findings of this study include (a)
demonstration of the higher and
disease-specific ability of RA-SF—in
comparison  with  other  synovial
fibroblasts—to grow through artificial
matrix; () demonstration of a lack of
correlation between invasive growth and
the rate of fibroblast proliferation; (c) the
dominant role of MMP-1, MMP-3, and
MMP-10 in this model of a joint destruc-
tive process; and (d) the finding of an
association between members of the
MMP family—namely, MMP-1 and
MMP-9, with the diagnosis of rheuma-
toid arthritis (RA). Basic as well as clini-
cal rheumatologists may feel that the
results of the study could have a direct
impact on future developments in diag-
nosis and treatment of RA but also feel
the need to discuss a number of ques-
tions arising from these interesting data.

EVALUATION OF HUMAN RA
JOINT DESTRUCTION: HOW
CLOSE ARE WE TO “THE"”
EXPERIMENTAL APPROACH?
Unfortunately, nature provides only the
human being as a potential “model” for a
number of rheumatic diseases, especially
for RA. Therefore, the various animal
models used in basic science, including
antigen-induced as well as mutation-,
knockin-, and knockout-induced ar-
thritides, always have the disadvantage
of a certain experimental and clinical
distance from human disease. On the
other hand, all “humanoid” experimen-
tal settings have failed to resemble a
whole joint completely, leaving each of
these approaches with its individual
shortcomings. In the present approach,'
which examines the invasiveness of
RA-SF into an artificial matrix
(Matrigel) consisting predominantly of

collagen type 1V, the authors deal specifi-
cally with this problem. They note and
balance the advantage of the stability
and validity of the system against the
preselection of MMPs-2, -3, -7, -9, and
-10, which preferentially degrade colla-
gen type IV and not “cartilage collagen”
type IL. This problem was underlined by
the fact that contact with a certain type
of matrix can induce differential MMP
synthesis.” On the other hand, the
present paper together with data derived
from similar approaches examining the
interaction between RA-SF and articular
matrix or cartilage, support, at least in
part, the hypothesis that these non-
animal models for RA may be sufficient
or preferable for examining the patho-
physiology at the sites of invasion and for
the comparison with other arthritic
synovial fibroblasts.

“Targeting one twin will
also provide details about
the other”

For example, Ermis ef al evaluated the
invasiveness of multicellular spheroids
derived from rheumatoid synovial tissue
when co-incubated with human articu-
lar cartilage’ and obtained similar results
to those seen in the SCID mouse model
for RA,* showing that destruction of car-
tilage by matrix MMPs and cathepsins
was predominantly driven by RA-SF and
not by osteoarthritis fibroblasts. In addi-
tion, by demonstrating a lack of correla-
tion between invasion and the rate of
proliferation of the RA-SF, the authors
contribute significantly to the long-
standing discussion of an enhanced rate
of proliferation versus a dysbalance of
pro- and anti-apoptotic pathways in
these cells.” ®

Most notably, the present study' illus-
trates also the problems that every
researcher nowadays encounters in the
developing world of high sensitivity and
high throughput molecular biology. Thus
the measurement of a variety of param-
eters in parallel—that is, more than 10
(of more than 20 known) MMPs that are
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potentially inherent or correlated with
the disease and with each other, requires
an experienced statistician to clarify
which of the different multivariant
analyses, such as principal component
analyses, analysis of variance, or Bonfer-
roni, needs to be applied. After the first
detailed multiparameter studies using
differential subtraction techniques to
identify genes that characterise the phe-
notype of RA-SF,” the introduction of
cDNA arrays has further complicated
this issue, resulting in the need for
adequate normalisation strategies and
for mandatory confirmation of the spe-
cific differences on different expression
levels.® This development resulted also
for the first time in defined, method
dependent, manuscript submission cri-
teria in a scientific rheumatology
journal.’

Therefore, a possible answer to the first
question might be that we appear to get closer
to real life and its complexity but actually
move further away from a single experimental
setting for RA.

MMPs AND RA-SF: HOW
“SIAMESE” ARE THEY?
Among other proteinases such as serine,
cysteine, and aspartate proteinases, ma-
trix MMPs have been shown to be essen-
tial for degradation of articular matrix as
they not only cleave extracellular matrix
components'’ but also cleave each other,
resulting in a domino effect of MMP
propeptide and MMP activation." This is
further supported by recently discovered
extracellular MMP inducers that are
closely associated with MMP-1 and
MMP-3 synthesis in RA-SE'' In total,
about 20 members of the growing family
of matrix MMPs are currently known
(MMPs 1-3, 7-17, 19-21, 23, and 24), of
which some belong to membrane-type
(MT) MMPs—for example, MT1-MMP
(MMP-14) and MT3-MMP (MMP-16)
and to the MMP subfamily of
aggrecanases.’

Numerous researchers have provided
a large body of data showing that
MMP-1 and MMP-3 are most important
for joint destruction in RA." The present
study underlines this hypothesis by
associating MMP-1 and MMP-3 expres-
sion directly with a functional
parameter—that is, the number of cells
that is actively passing through a matrix
transwell system.' In addition, in the
past years synovial fibroblasts have not
been only demonstrated as a major
source of these enzymes but MMP-1
expression has also been linked to sites
of erosions."” Although MMP-1 seems to
be the most prominent matrix MMB
almost all other MMPs have been de-
tected in RA synovium"” and, as the
present article shows, the association of
MMP-3 appears to be restricted to
invasiveness—probably because it paves
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the way for transmigration of inflamma-
tory cells through basement membrane
containing blood vessels into the syn-
ovium instead of solely reflecting carti-
lage destruction—but not to the diagno-
sis RA. This finding also favours the
hypothesis that RA-SF not only partici-
pate in joint destruction but also pro-
mote inflammation by extensive tissue
remodelling. Most recent experiments
have shown a link between the new
membrane-type MMP family members
MT1-MMP (MMP-14) and MT3-MMP
(MMP-16), which can cleave extracellu-
lar matrix components as well as activate
other MMPs, and RA-SE. In RA syn-
ovium, abundant expression of MMP-14
and MMP-16 could be demonstrated,
with MMP-16 being expressed by syno-
vial fibroblasts and MMP-14 being syn-
thesised both by synovial fibroblasts and
CD68 positive osteoclasts and
macrophages.” This led to the concept
that matrix degradation driven by RA-SF
at sites of synovial cartilage invasion is
based on a complex consisting of MMP-
14, tissue inhibitor of matrix
metalloproteinase-2  (TIMP-2), and
MMP_Z.IZ 13

Supporting the conclusions of the
present article,’ molecular biology
showed also that extracellular and intra-
cellular signalling pathways resulting in
MMP synthesis can be attributed to and
induced in RA-SE. For example, after
stimulation by tumour necrosis factor a
(TNFa), MMP-8 was subsequently up
regulated in cultured synovial
fibroblasts' and MMP-13 was produced
after stimulation of various proinflam-
matory cytokines, including interleukin
1 (IL1) and TNFa."” ' On the other hand,
it is most likely that the interaction of
RA-SF with other cells is critical for long
term destruction as MMP-13 was not
only associated with raised inflamma-
tion parameters” but could also be found
in synovial fibroblasts at sites of
synovium-cartilage interaction in close
proximity to lymphocytes expressing IL1
and TNFa." Both IL1 and TNFa may
drive the fibroblasts to produce MMPs
also on an intracellular signalling level.
For example, within the MMP-3 flanking
region a binding site sensitive for TNFa
could be identified, which appears cru-
cial for the IL1 mediated up regulation of
stromelysin gene transcription.'” More-
over, intracellular IL1 dependent signal-
ling pathways induced production of
MMP-1 that was mediated by NF-KkB.
Further experiments may show that this
IL1-induced activation of MMP synthe-
sis in RA-SF was restricted to a distinct
section within the MMP-1 promoter."
Last but not least, cartilage destruction
in RA is a complex interaction of
synovial cells with the cartilage itself. As
shown by Neidhart ef al, the production
of IL1 by chondrocytes may further
enhance the activity of cartilage-
invading rheumatoid synovial
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fibroblasts."” Because Tolboom et al did
not examine chondrocytes in their
system,' the cartilage mediated part of
joint destruction appears lacking.

In summary, it appears that in matrix degra-
dation, RA-SF and MMPs act as Siamese
twins, with a key problem still remaining:
what cascade of events created their alliance?

MMPs IN RA: MEDIATORS OR
MARKERS?

An intriguing part of the presented
article' is the fact that the authors show
a significant association of two
parameters—that is, MMP-1 and
MMP-9, which can be measured easily
with current methods on the mRNA and
protein level as well as in rheumatoid
cells and tissues, with the diagnosis of
RA. As this has been calculated from the
basis of a rather large number of
patients, it will be most interesting to see
whether these parameters will facilitate
carly diagnosis in mini-arthroscopy sam-
ples derived from early unclassified
arthritides, especially as matrix degrad-
ing enzymes can be detected in RA
synovium at a very early stage of the
disease.” In contrast, the value of deter-
mination of MMP-1 and -9 expression in
synovial tissue might be restricted to
diagnosis itself rather than to evaluation
of disease activity. The rationale for this
more cautious statement is the fact that
although the number of MMP-1 produc-
ing cells reflects the degree of synovial
inflammation,” other members of the
MMP family—for example, MMP-9, ap-
pear to be markers for inflammation
rather than being specific for RA. This is
supported by the fact that MMP-9 is not
restricted to synovial fibroblasts, but is
also synthesised by endothelial cells,
macrophages, and leucocytes.” * More-
over, matrix degradation in the human
joint cannot be separated from the obvi-
ous degradation of bone by the aggres-
sively growing rheumatoid synovium, in
which the fibroblast dependent mecha-
nisms differ from those mediating carti-
lage degradation. In the former, the
cysteine proteinase cathepsin-K, for ex-
ample, is not only expressed by synovial
fibroblasts* * but is also found in syno-
vial macrophages and osteoclasts, sup-
porting the hypothesis that cooperation
of these cells, presumably including
membrane-type matrix MMP-1, is
mandatory for fibroblast dependent
bone degradation.

Thus, a possible answer to the question posed
above might be that there is little doubt about
MMPs being “the mediators” but there s still a
long way to go before they become a therapeu-
tic or diagnostic marker.

LEADER

MMPs AND SYNOVIAL
FIBROBLASTS: WHICH OF THE
“TWINS” IS THE BETTER
THERAPEUTIC TARGET?

Progressive destruction of the structural
integrity of articular components is one
of the key features of RA pathophysiol-
ogy, although recent advances in treat-
ment arrest radiological joint destruc-
tion for two years, none of the hitherto
used disease modifying antirheumatic
drugs, including the biological agents,
has yet provided long term, problem-free
joint protection. Owing to its key role in
joint destruction, MMP inhibition has
been an attractive strategy but regardless
of initial in vivo data obtained from the
application of a collagenase inhibitor in
an animal model,” and of inhibition of
cathepsin synthesis in RA-SF by highly
specific ribozymes,* none of these ap-
proaches has yet produced sufficient
results in clinical trials. This outcome
may be predominantly due to the fact
that in view of the potentially severe side
effects,” elimination of only one enzyme
involved in matrix degradation may not
be sufficient to inhibit the destructive
process.”

RA-SF, on the other hand, are even
more difficult to target, as neither spe-
cific markers for these deleterious cells
exist, nor do we have substantial data to
unveil potential effects of current treat-
ments on this synovial cell type.

Therefore, the answer to the last question is
that targeting one of the twins will probably
provide certain details about the other one.
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