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Abstract
Objective—To define the pattern of mRNA
expression of all human matrix metallo-
proteinases (MMPs) described to date in
rheumatoid arthritis (RA) and traumatic
synovial membrane, in order to diVerenti-
ate between a physiological tissue remod-
elling pattern and that associated with
inflammatory tissue destruction.
Methods—Analysis of SwissProt protein
and EMBL/GenBank nucleotide sequence
banks, protein sequence alignment, re-
verse transcriptase-polymerase chain re-
action and nucleotide sequencing were
used.
Results—MMP-2 (gelatinase A), MMP-3
(stromelysin-1), MMP-11 (stromelysin-3)
and MMP-19 were constitutively ex-
pressed. MMP-1 (fibroblast type colla-
genase), MMP-9 (gelatinase B) and
MMP-14 (MT1-MMP) were expressed in
all RA, but only in 55–80% of trauma sam-
ples. MMP-13 (collagenase-3) and
MMP-15 (MT2-MMP) were expressed
exclusively in RA (80–90% of the samples).
MMP-20 (enamelysin) was absent and
MMP-8 (collagenase-2) was rarely found
in RA or trauma. All other MMPs (-7, -10,
-12, -16, -17) had an intermediate pattern
of expression.
Conclusions—Some MMPs without inter-
stitial collagenase activity seem to have a
constitutive pattern of expression and
probably participate in physiological syno-
vial tissue remodelling. Some MMPs are
exclusively associated to RA synovitis, for
example, MMP-13, which preferentially
degrades type II collagen and aggrecan,
and MMP-15, which activates proMMP-2
and proMMP-13 and is involved in tumour
necrosis factor á processing. This clear cut
rheumatoid/inflammatory MMP profile,
more complex than has been previously
appreciated, may facilitate inflammatory
tissue destruction in RA.
(Ann Rheum Dis 1999;58:691–697)

Matrix metalloproteinases (MMPs) form a
family of enzymes, which share a structurally
similar domain structure, in particular the zinc
dependent catalytic domain and the activation
peptide (propeptide) thought to be responsible
for the latency of the proMMP enzyme
species.1 More specifically, the main domains

of the MMPs are (1) the signal peptide respon-
sible for the endosomal translocation of the
enzyme protein; (2) the activation peptide or
propeptide containing a cysteine at the position
73, which is supposed to occupy the critical
fourth coordination site of the active site zinc
and is thus responsible for the latency of the
proMMP species; (3) the catalytic domain,
which contains the three conserved amino
acids/ sequences binding the active site zinc;
(4) the proline rich hinge region; and (5) the
hemopexin-like domain (not found in MMP-7
(=matrilysin, PUMP-1)), which is supposed to
play a part for the substrate specificity. In addi-
tion, gelatinases contain gelatin binding,
fibronectin-like inserts in the catalytic domain
and gelatinase B (MMP-9) contains a type V
collagen-like domain. Finally, membrane type
MMPs (MT-MMP) contain a C-terminal
insertion with a transmembrane domain inte-
grating them to the cell membrane, plus a
domain between the propeptide and the
catalytic domain. This domain is also ex-
pressed by MMP-11 (stromelysin-3) and is
recognised by furin, a Golgi associated intrac-
ellular proMMP activator.

Because of the ability of the activated MMP
enzymes to mount a nucleophilic/peptidolytic
attack in the neutral pH prevailing in the extra-
cellular space, and because of their substrate
specificity, they are believed to play an
important part in inflammatory, tissue destruc-
tive diseases, including rheumatoid arthritis
(RA). Since the detection of the first member
of the MMP species—that is, tadpole
collagenase—they have attracted the interest of
rheumatologists. Fibroblast type collagenase,
later renamed MMP-1, was the first MMP
detected in the rheumatoid synovial
membrane.2 Later, also “neutrophil-type colla-
genase” or MMP-83 4 and stromelysin-1 or
MMP-3, which was also called “proteoglyca-
nase”,5 6 have raised interest.

Most of the studies so far performed in rheu-
matoid arthritis (RA) have analysed only one
member of the MMP family. However, a
comparative analysis of the human MMP family
tree, based on amino acid sequence data
obtained from the protein and nucleotide
sequence data banks, disclosed a tree with 16
branches (see fig 1). MMP-4, MMP-5 and
MMP-6 have been only tentatively described,
but not cloned and sequenced. According to
currently registered sequence data, MMP-18
and MMP-19 seem to be identical, but are not.
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MMP-18 corresponds to Xenopus
collagenase-4, an enzyme whose human homo-
logue has not been identified.7 Without knowing
this, Cossins and coworkers identified simulta-
neously “another” MMP-18 and described it as
a putative novel human matrix metalloprotein-
ase.8 This has been later characterised in more
detail and is now known as MMP-19.9 These 16
human MMPs are often divided into sub-
families, usually termed interstitial collagenases,
gelatinases, stromelysins, MT-MMPs, and oth-
ers, although it is unclear whether this subdivi-
sion reflects the true degree of complexity.

Because of the rapid expansion of the human
MMP family, well characterised and monospe-
cific antibodies are scarcely available. Because
of the obvious interest in comparing, not just
individual MMPs, but the overall MMP profile
in RA versus that of “non-inflammatory” con-
ditions, we designed specific primers for each
and every human MMP, to compare their
expression in rheumatoid and traumatic syno-
vial membrane samples. This study reports also
on the primers that have been tested and found
suitable for polymerase chain reaction studies
on human MMPs.

Methods
FAMILY TREE OF THE MMPS AVAILABLE IN THE

SWISSPROT PROTEIN SEQUENCE DATA BANK OR IN

THE EMBL/GENBANK NUCLEOTIDE SEQUENCE BANK

Protein sequences were aligned in a server
Cypress by a metacomputer (Silicon Graphic
Power Challenge) in the Center for Scientific
Calculation (CSC), Finland. The GCG’s (Ge-
netics Computer Group, Madison, WI, USA)
program used for the aligning (PileUp) creates
a multiple sequence alignment using a simplifi-
cation of the progressive alignment method of
Feng and Doolittle.10 The method used is simi-
lar to that of Higgins and Sharp.11 The

alignment procedure begins with the pairwise
alignment of the two most similar sequences,
producing a cluster of two aligned sequences.
This cluster can be aligned to the next most
related sequence or a cluster of aligned
sequences. Two clusters of sequences can be
aligned by a simple extension of the pairwise
alignment of two individual sequences. The
final alignment is achieved by a series of
progressive, pairwise alignments that include
increasingly dissimilar sequences and clusters,
until all sequences have been included in the
final pairwise alignment. Distance along the
vertical axis in the family tree is proportional to
the diVerence between the sequences (fig 1).
The horizontal distance has no significance
(Program Manual for the Wisconsin Package,
Version 9, Genetics Computer Group, Madi-
son, Wisconsin, USA). The matrix used in this
alignment was blosum 62, the gap creation
penalty was set to 12 and the gap extension
penalty to 4. Both gelatinases (MMP-2 and
MMP-9) were modified so that the amino acid
sequence between Val 221 and Asp 392 in
MMP-2, and the sequence between Val 218
and Asp 390 in MMP-9 was removed. This
modification was performed because the long
gelatin binding sequence distorted the other-
wise good aligning within the given penalty val-
ues. When less stringent values (10 and 2) were
used, the aligning was not acceptable.

PATIENTS AND SAMPLES

The study design was approved by the Institu-
tional Review Board of the Helsinki University
Central Hospital. Recommendations of the
Helsinki Declaration (Hong Kong amend-
ment, September 1989) were followed. Syno-
vial tissue specimens were obtained at synovec-
tomy or diagnostic/therapeutic arthroscopy
(see also table 1). Of the RA patients,12 eight
were women and two men, with a mean age of
62 years (range 33 to 81). Samples were
obtained from four knees, three hips, two
elbows and one shoulder joint. Seven RA
patients were taking non-steroidal, anti-
inflammatory drug medication, two were
taking analgesic drug medication, and one
patient did not use any non-steroidal, anti-
inflammatory drugs. Six RA patients were
receiving a low dose (10 mg prednisolone or
equivalent) corticosteroids. As to the disease
modifying, anti-rheumatic drugs, six were
receiving a single drug therapy (one methotrex-
ate, two sulfasalazine, one D-penicillamine,
one chloroquine, one azathioprine). Two pa-
tients had a combination treatment, one with
sulfasalazine and methotrexate and one with
cyclosporine, methotrexate and hydroxychlo-
roquine. Two patients did not receive any
disease modifying, anti-rheumatic drugs, but
only low dose corticosteroids and non-
steroidal, anti-inflammatory drugs. Nine pa-
tients (seven women and two men, mean age
35 years, range 21 to 55) had traumatic or
painful “non-inflammatory” knee disorders
(that is, rupture of the meniscus (n=2),
chondromalacia patellae (n=2), subluxation of
the patella (n=2), rupture of the anterior
cruciate ligament (n=1). The two remaining

Figure 1 Family tree of the matrix metalloproteinases.
Distance along the vertical axis in the family tree is
proportional to the diVerence between sequences. The
horizontal distance has no significance.
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controls had knee injury and pain, but no
arthroscopic and bioptic signs of specific
disease). All samples were snap frozen, embed-
ded in Tissue-Tek OCT Compound (Lab-Tek
Products, Elkhart, IN, USA) and stored at
−70°C until further processing.

DESIGN OF MMP PRIMERS AND REVERSE

TRANSCRIPTASE POLYMERASE CHAIN REACTION

(RT-PCR)

For the design of the primers, sequences were
searched in the NCBI Entrez search system
(table 2). Sequence similarity search was done
using the NCBI blastn program, and comple-
mentary search using Primers service in Wil-
liamstone Enterprises (http://www.williamstone.
com/primers/index.html).

All samples were analysed for the mRNA
expression of MMP-1 through MMP-20.
Breast cancer, fibroblast, keratinocyte and
bone marrow mRNA were used as positive
controls. Finally, the full length cDNA for
MMP-20 was obtained from odontoblastic
cells13 (table 2). Nine to 80 cryostat sections
(6 µm), depending on the sample size, were
prepared for mRNA extraction using oli-
go(dT)25 covalently attached to magnetic poly-
styrene microbeads via 5’ linker group (Dyna-
beads mRNA DIRECT kit, Dynal, Oslo,
Norway). Extraction, performed according to

the manufacturer’s instructions, was controlled
using RT-PCR for â-actin and spectrophoto-
metric measurement. Sixty ng mRNA of each
sample was used for first strand cDNA synthe-
sis. This was performed with SuperScript
Preamplification System, using oligo(dT)12–18

for priming and RNase for removal of mRNA
(GibcoBRL, Life Technologies, Paisley, Scot-
land, UK). cDNA synthesis without enzyme,
without sample, or with control RNA were
used as negative and positive controls, respec-
tively. PCR amplification14 was performed
using 0.2 µM of target specific primers (table
2), 100 µM of dATP, dCTP, dGTP and dTTP
and 2U of the thermostable DNA polymerase
(Finnzymes, Espoo, Finland) in 50 µl of PCR
buVer (10 mM TRIS-HCl, pH 8.8, 1.5 mM
MgCl2, 50 mM KCl, 0.1 % Triton X-100). The
reaction was run in a thermal cycler (RoboCy-
cler 40 Temperature Cycler, Stratagene, USA)
for 40 cycles of one minute denaturation at
+95°C, one minute annealing at the optimal
temperature (table 2), one minute extension at
+72°C and finally 10 minutes extra extension
for the last cycle. Amplifications without
template, or without both template and
primers, were performed as negative PCR con-
trols. Extraction and RT-PCR were done at
least twice for each sample. Amplified DNA
was run on a 1% modified agarose gel (FMC

Table 1 Demographic and clinical data of patients, from whom synovial membrane samples were available for RT-PCR analysis of the matrix
metalloproteinases

Patient Diagnosis Sex Age Joint operated Medication

1 RA F 68 elbow low dose peroral prednisolone, methotrexate
2 RA F 81 knee tramadol, sulfasalazine
3 RA F 61 knee NSAID, D-penicillamine
4 RA F 77 knee NSAID, low dose peroral prednisolone, alendronate
5 RA F 62 knee NSAID, low dose peroral prednisolone, sulfasalazine, methotrexate
6 RA F 33 hip NSAID, hydroxychloroquine, methotrexate, cyclosporine A
7 RA F 77 hip NSAID, chloroquine
8 RA F 69 elbow NSAID, low dose peroral prednisolone, sulfasalazine
9 RA M 49 shoulder NSAID, low dose peroral prednisolone
10 RA M 44 hip tramadol, low dose peroral prednisolone, azathioprine
11 rupture of the meniscus F 55 knee NSAID
12 subluxation of the patella F 21 knee —
13 chondromalacia patellae F 42 knee —
14 chondromalacia patellae F 30 knee NSAID
15 rupture of the ACL F 33 knee NSAID
16 distensio genus F 37 knee —
17 distensio genus M 29 knee —
18 rupture of the meniscus F 27 knee NSAID
19 subluxation of the patella M 41 knee —

RA = rheumatoid arthritis, ACL = anterior cruciate ligament (of the knee), NSAID = non-steroidal anti-inflammatory drug.

Table 2 Sequences of PCR primers, length of PCR product, optimal annealing temperature, sequence accession number from the NCBI Entrez search
system and source of positive control

Primers (5'-3')

Template bp Annealing °C
Sequence AC
number Positive controlsense antisense

MMP-1 CTGAAGGTGATGAAGCAGCC AGTCCAAGAGAATGGCCGAG 428 62 X05231 fibroblast
MMP-2 GCGACAAGAAGTATGGCTTC TGCCAAGGTCAATGTCAGGA 390 62 J03210 fibroblast
MMP-3 CTCACAGACCTGACTCGGTT CACGCCTGAAGGAAGAGATG 294 58 J03209 fibroblast
MMP-7 GTGGTCACCTACAGGATCGT ACCATCCGTCCAGCGTTCAT 282 62 Z11887 breast cancer
MMP-8 ATGGACCAACACCTCCGCAA GTCAATTGCTTGGACGCTGC 532 64 J05556 bone marrow
MMP-9 CGCAGACATCGTCATCCAGT GGATTGGCCTTGGAAGATGA 406 62 J05070 keratinocyte
MMP-10 GTCCTTCGATGCCATCAGCA CTTGCTCCATGGACTGGCTA 380 62 X07820 fibroblast
MMP-11 CAGGTGGCAGCCCATGAATT GTACTGAGCACCTTGGAAGA 456 58 X57766 breast cancer
MMP-12 CCACTGCTTCTGGAGCTCTT GCGTAGTCAACATCCTCACG 367 62 L23808 breast cancer
MMP-13 CTATGGTCCAGGAGATGAAG AGAGTCTTGCCTGTATCCTC 390 62 X75308 breast cancer
MMP-14 CAACACTGCCTACGAGAGGA GTTCTACCTTCAGCTTCTGG 380 60 D26512 breast cancer
MMP-15 GCATCCAGAACTACACGGAG TACCGTAGAGCTGCTGGATG 474 62 Z48482 breast cancer
MMP-16 TGTACCTGACCAGACAAGAG AGTGTCCATGGCTCATCTGA 384 58 D50477 breast cancer
MMP-17 GACCTGTTTGCAGTGGCTGT ACGATCTTGTGGTCGCTGGT 473 64 X89576 breast cancer
MMP-19 CAGGCTCTCTATGGCAAGAA GAGCTGCATCCAGGTTAGGT 397 62 X92521 breast cancer
MMP-20 GACCAGACCACAATGAACGT GTCCACTTCTCAGGATTGTC 374 62 Y12779 odontoblast
â-actin CACCTTCTACAATGAGCTGC AGGCAGCTCGTAGCTCTTCT 466 62 X00351 breast cancer
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Bioproducts, ME, USA) and visualised with
ethidium bromide for size verification. PCR
fragments were extracted from the gel using
silica gel membrane based QIAquick columns
according to manufacturer’s instructions (Qia-
gen Inc, Chatsworth, CA,USA) and quantified
spectrophotometrically. Approximately 100 ng/
DNA fragment was sequenced using fluores-
cein labelled dye terminator kits (ABI, PE
Applied Biosystems, Foster City, CA, USA)
and analysed on Applied Biosystems automatic
sequencer 373 A (PE Applied Biosystems,
Foster City, CA, USA).15 One positive and one
RA sample for each MMP were used for
sequencing. The acquired sequence was veri-
fied with NCBI blastn program.

Results
MMP FAMILY

Altogether 16 diVerent human MMP enzymes
were identified (fig 1). Although numbered
through 1 to 20, MMP-4, MMP-5 and MMP-6

have only been tentatively described, but to date
have not been cloned and sequenced. MMP-18
is Xenopus collagenase-4, which does not have a
human homologue. The most interesting find-
ing was that the MMP-2/MMP-7 relation is
closer than the MMP-2/MMP-9 relation when
gelatin binding domain is left out.

MMP FAMILY MEMBERS AS IDENTIFIED IN

TRAUMATIC AND RHEUMATOID SYNOVIAL

MEMBRANE

Messenger RNA extraction, as demonstrated
using â-actin PCR, was successful for all RA
(n=10, fig 2, panel A, upper part) and all
trauma samples (n=9, fig 2, panel B, upper
part). cDNA synthesis was controlled by
experiments, in which no RT enzyme was used
and showed that the PCR products were
derived from RNA (fig 2, panels A and B, lower
parts). The expected size of the genomic
â-actin would have been 907 bp. Negative con-
trols for cDNA synthesis without RNA were
negative and positive controls for cDNA
synthesis with control RNA (523 bp), repre-
senting in vitro transcribed RNA from the
chloramphenicol acetyltransferase (CAT) gene
provided with the kit, were positive. Negative
PCR controls, without sample and primers, or
without sample, performed to exclude con-
tamination of the reagents, were negative. Posi-
tive PCR control of â-actin derived from breast
cancer cDNA was positive. All samples were
analysed for the MMP mRNA (fig 3, table 3).

In addition to the size and sequence verified
specific MMP bands, MMP-15 gels consist-
ently showed an extra band below the 474 bp
MMP-15 amplicon and MMP-19 an extra
band above the 397 bp MMP-19 amplicon.
The sequence of the last mentioned extra band
was at the 3’-end the same as that of the
MMP-19, but the extra band contained an
approximately 100 bp insert in its middle. It is
unclear at present whether these extra bands
represent results of alternative splicing, new
MMPs or something else. However, they do
not represent genomic DNA, because the con-
trols for this were negative.

Briefly, the results can be summarised as fol-
lows, when expressed as the number of positive
samples / total number of samples:

Group A (high % of positive samples in both
conditions): MMP-2 (gelatinase A; 9 of 9 in
trauma, 10 of 10 in RA), MMP-3
(stromelysin-1; 8 of 9 in trauma, 10 of 10 in
RA), MMP-11 (stromelysin-3; 9 of 9 in
trauma, 10 of 10 in RA) and MMP-19 (8 of 9
in trauma, 10 of 10 in RA). These MMPs
seemed to be constitutively expressed.

Group B MMP-1 (fibroblast type colla-
genase), MMP-9 (gelatinase B) and MMP-14
(MT1-MMP) were always, without exception,
expressed in RA samples, but were found to be
positive in the control samples to a lower extent
as follows: MMP-1 in 6 of 9, MMP-9 in 5 of 9
and MMP-14 in 7 of 9 cases.

Group C (exclusive expression in RA sam-
ples): MMP-13 (collagenase-3; 9 of 10 in RA
versus 0 of 9 in trauma) and MMP-15 (MT2-
MMP; 8 of 10 in RA versus 0 of 9 in trauma)

Figure 2 Reverse transcriptase polymerase chain reaction (RT-PCR) control analysis. (A)
Ten synovitis tissue samples from RA patients (lanes 1–10). (B) Nine control non-arthritic
knee injury samples (lanes 1–9). In both (A) and (B), the upper panel shows mRNA
extraction control with â-actin PCR (466 bp) and the lower panel cDNA synthesis control
with no RT enzyme (to exclude contamination with genomic DNA), but with regular PCR
for â-actin. The expected size of the genomic â-actin would have been 907 bp. Samples are
in same order. L indicates 100 bp DNA ladder, starting from 300 bp; N for negative PCR
control without sample and C for negative PCR control without sample and primers were
performed to exclude contamination of the reagents and found to be negative; P for positive
PCR control of â-actin derived from breast cancer cDNA; M for negative cDNA synthesis
control without RNA and R for positive cDNA synthesis control with control RNA
representing in vitro transcribed RNA from the chloramphenicol acetyltransferase (CAT)
gene provided with the kit (523 bp).

B

L N C R P 1 2 3 4 5 6 7 8 9 L

A
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were only expressed in RA, but were not found
in any of the control samples.

Group D (complete lack or low % of positive
samples): MMP-20 (enamelysin; 0 of 0 in RA,
0 of 0 in trauma) was not found at all, although
the probes worked very well for the positive
MMP-20 control.13 MMP-8 (collagenase-2)
was rarely found in traumatic (3 of 9) and
rheumatoid (4 of 10) samples.

Group E All the other MMPs had an
intermediate pattern of expression (table 3),
usually with a slight predominance in RA com-
pared with trauma (MMP-7: 70% versus 33%;
MMP-10: 60% versus 11%; MMP-12: 60%
versus 33%; MMP-16: 60% versus 77%;
MMP-17: 90% versus 33%).

ASSOCIATION OF THE MMP PROFILE WITH THE

SYNOVIAL MEMBRANE HISTOLOGY AND

MEDICATION OF THE PATIENTS

Samples were separately and blindly scored to
those containing no (−), mild (+), moderate
(++) or strong (+++) mononuclear cell
infiltrates. The evaluation of mononuclear cell
infiltration was as follows: − = no histological
signs of mononuclear inflammatory cell infil-
trates; + = only occasional and small inflamma-
tory cell infiltrates; ++ = numerous perivascu-
lar cell infiltrates; +++ = many tight
perivascular and diVuse inflammatory cell
infiltrates.16

Only one of the controls, a 42 year old man,
who had had a subluxation of patella, had mild

Figure 3 Reverse transcriptase polymerase chain reaction (RT-PCR) analysis of MMP-1 through MMP-20. (A) Ten
synovitis tissue samples from RA patients (lanes 1–10). (B) Nine control non-arthritic knee injury samples (lanes 1–9).
Samples are in the same order as in figure 2. It should be noted that the weakest bands are not visible in the photographic
reproductions. Therefore, all data given in the results section and in table 3 are based on observations made from the
original gels and photographs. L indicates 100 bp DNA ladder, starting from 300 bp; N for negative PCR control without
sample; C for negative PCR control without sample and primers; and P for positive PCR control.
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mononuclear cell infiltrates in his knee synovial
membrane. His MMP profile was diVerent from
the other controls and very reminescent of the
RA MMP profile in that he expressed all except
three MMPs. Interestingly, those that were not
expressed were MMP-13, MMP-15 (MT2-
MMP) and MMP-20. Three of the RA samples
contained only mild mononuclear cells infil-
trates and those patients had the lowest levels of
MMPs: one did not express MMP-7, MMP-8,
MMP-10, MMP-12, MMP-13, MMP-16 or
MMP-20, one did not express MMP-7,
MMP-8, MMP-10, MMP-12, MMP-16 or
MMP-20 and one did not express MMP-8,
MMP-10, MMP-12, MMP-15, MMP-16 or
MMP-20. In contrast with the association with
the degree of synovial inflammation, there were
no clear cut associations between the MMP
profile and medication, although disease modi-
fying, anti-rheumatic drugs can aVect MMP
gene expression.17–19 Synovial samples were
taken from diVerent joints and from diVerent
regions of the synovial tissue. These diVerences
could have a dramatic eVect on the expression of
MMPs. However, the same pattern of MMP
expression emerged from all joints aVected by
RA. It seems, that the rheumatoid disease proc-
ess rather than the site of the sample is decisive
as to what type of MMP profile will be expressed
at the mRNA level.

Discussion
Some of the MMPs seem to be expressed in all
or almost all traumatic synovial membrane sam-
ples. Traumatic synovial membrane is naturally
not normal synovial membrane. However, this
may imply a constitutive expression pattern and
a role in normal tissue remodelling processes.
These MMPs were MMP-2 (gelatinase A or 72
kDa type IV collagenase), MMP-3 (stromelysin-
1), MMP-11 (stromelysin-3) and MMP-19.
Their constitutive expression does not mean
that they could not play a part in pathological
tissue destruction, for example, because of their
increased synthesis in diseases and/or insuY-
cient regulation of their degradative potential.
For example, MMP-2 has recently been found
to be part of a cell membrane associated ternary
MT1-MMP/TIMP-2/MMP-2 complex, which

may contribute to proMMP-2 activation and
focused, pericellular targeting of its action.20 In
addition, MMP-2 is, not only gelatinase, but
also a collagenase active against interstitial type I
and II collagens.21 22

Some MMP mRNAs were found in all RA
synovial tissue samples, namely MMP-1
(fibroblast type collagenase or collagenase-1),
MMP-9 (gelatinase B, 92 kDa type IV
collagenase) and MMP-14 (MT1-MMP). In-
deed, MMP-1 and MMP-9 are known to be
induced by cytokines like interleukin 1 (IL1),
tumour necrosis factor á (TNFá), interferon ã,
transforming growth factor á and epidermal
growth factor. In this respect the two “gelati-
nases”, MMP-2 and MMP-9, diVer in that
MMP-2 is constitutively expressed and rela-
tively unresponsive to most growth factors and
cytokines, whereas MMP-9 is quite responsive.
Less is known on the regulation of MT1-MMP
gene transcription. Okada and coworkers have
shown IL1á and/or TNFá driven MT1-MMP
induction in chondrocytes.23 In RA synovial
membrane MT1-MMP seems to follow in its
expression the same pattern as MMP-1 and
MMP-9.

MMP-20 (enamelysin) was not expressed in
any of the trauma or RA samples. MMP-8
(neutrophil type collagenase, collagenase-2)
was only found in 4 of 10 RA and 3 of 9 trauma
samples. The formerly used term “neutrophil-
type collagenase” seems to be a misnomer. It
was originally considered to be neutrophil spe-
cific. MMP-8 is synthesised during the myelo-
cyte stage of development and stored in the
specific or secondary granules to be released
upon neutrophil activation. More recently, it
has been shown that chondrocytes24 and TNFá
stimulated rheumatoid synovial fibroblasts25

synthesise a less glycosylated, mesenchymal
form of MMP-8, which is occasionally also
found in rheumatoid synovial membrane.

MMP-13 or collagenase-3 was not found in
any of the trauma samples, but was found in
almost all (9 of 10) rheumatoid samples. This is
in accordance with earlier observations, which
demonstrate MMP-13 enzyme protein in
immunohistochemical staining in RA to a
much higher extent than it was found in
osteoarthritis and that the expression of
MMP-13 seems to correlate with the degree of
inflammation.26 27 IL1â and TNFá induce
fibroblasts to synthesise and secrete
MMP-13.28 These cytokines may aVect the tet-
radecanoylphorbol acetate (TPA) responsive
TRE element of the collagenase-3 gene,
because also TPA leads to stimulation of
fibroblast mediated collagenase-3 synthesis.29 30

It seems therefore, that inflammatory cytokines
with a central role in arthritis—that is, IL1â
and TNFá, induce MMP-13 gene transcrip-
tion and expression in the RA synovial
membrane.

Another enzyme, which was not found in any
of the trauma samples, but was found in 8 of 10
RA samples, was MMP-15 or MT2-MMP.
MT2-MMP is a member of the membrane-
type MMP subfamily. MT2-MMP can de-
grade fibronectin, tenascin, nidogen, aggrecan,
perlecan and laminin, process pro-TNFá to a

Table 3 Matrix metalloproteinase (MMP) family members as found in the traumatic and
rheumatoid synovial membrane. MMPs are identified according to the MMP nomenclature
and their synonyms. Results of the RT-PCR are given as the number of positive samples per
all samples tested

MMP type Synonyms

Positive samples/all

RA Control

MMP-1 Fibroblast type collagenase, collagenase-1 10/10 6/9
MMP-2 Gelatinase A, 72 kDa type IV collagenase 10/10 9/9
MMP-3 Stromelysin-1, transin-1, proteoglycanase 10/10 8/9
MMP-7 Matrilysin, uterine metalloproteinase, PUMP-1 7/10 3/9
MMP-8 Neutrophil type collagenase, collagenase-2 4/10 3/9
MMP-9 Gelatinase B, 92 kDa type IV collagenase 10/10 5/9
MMP-10 Stromelysin-2, transin-2 6/10 1/9
MMP-11 Stromelysin-3 10/10 9/9
MMP-12 Macrophage metalloelastase 6/10 3/9
MMP-13 Collagenase-3 9/10 0/9
MMP-14 MT1-MMP 10/10 7/9
MMP-15 MT2-MMP 8/10 0/9
MMP-16 MT3-MMP 6/10 7/9
MMP-17 MT4-MMP 9/10 3/9
MMP-19 10/10 8/9
MMP-20 Enamelysin 0/0 0/0

696 Konttinen, Ainola, Valleala, et al

http://ard.bmj.com


mature form and activate proMMP-2.31 32

Although gene regulation of MT2-MMP has
not been studied yet, the present results suggest
that, like MMP-13, MT2-MMP is induced in
inflammation. Because of its direct degradative
potential and its activator role for MMPs and
TNFá,31 32 it may play an important part in the
MMP mediated, proteolytic processes. How-
ever, it should be noted that mRNA expression
is not equivalent with a subsequent translation
of the mRNA to the corresponding enzyme
protein and does not necessarily mean that the
latent proenzyme zymogen synthesised is
secreted and activated. Furthermore, regula-
tion of the activated MMP enzyme species by
their endogenous inhibitors, such as TIMPs or
á2-macroglobulin, adds more to the complexity
of the situation. Therefore, much work remains
to be done until it is possible to understand the
MMP mediated local tissue destructive proc-
esses in any detail. This study gives some solid
foundation for future work in demonstrating,
which of the MMPs are locally transcribed and
which are not.

In conclusion, there are distinct diVerences
in the expression of MMPs in traumatic and
rheumatoid synovial membranes. Some MMPs
are not expressed at all (MMP-20) or are
expressed only rarely (MMP-8) in any synovial
tissue samples whether inflamed or not, some
are “constitutively” expressed in both trauma
and RA (MMP-2, MMP-3, MMP-11 and
MMP-19), whereas some are only (MMP-13,
MMP-15) or predominantly (MMP-1,
MMP-9, MMP-14) seen in RA. The rest of the
MMPs have an intermediate pattern of expres-
sion (MMP-7, MMP-10, MMP-12, MMP-16,
MMP-17) usually with a slight predominance
in RA. Despite clear diVerences in the MMP
profiles of RA and “non-inflammatory” con-
trols, the synovial MMP network responsible
for remodelling and inflammatory tissue de-
struction may be more complex than has been
anticipated. Nevertheless, the excessive expres-
sion of some MMPs in the RA synovial mem-
brane may facilitate the development of
selective diagnostic and therapeutic measures.
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