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Background: Matrix metalloproteinases (MMPs) have a pivotal role in the destruction of cartilage in
rheumatoid arthritis (RA), which is mediated by the fibroblast-like synoviocytes (FLS).
Objective: To examine the in vitro invasiveness of synoviocytes obtained from inflamed joints of
patients with arthritis in relation to the expression of MMP 1–14, 17, 19, cathepsin-K, the tissue inhibi-
tors of matrix metalloproteinases TIMP-1 and TIMP-2 by FLS.
Methods: FLS were derived from 56 patients (30 with RA, 17 with osteoarthritis (OA), and nine with
avascular necrosis (AVN)). Invasive growth of FLS through an artificial matrix (Matrigel) was measured
in a transwell system. The number of cells that migrated through the matrix were counted. Proliferation
rate was determined by counting the FLS after seven days of culturing. Expression of MMPs, cathepsin-K
and TIMPs was investigated with reverse transcriptase-polymerase chain reaction and related to the
expression of a household gene, β-actin.
Results: FLS from RA showed greater invasive growth than FLS from OA and AVN. The median number
of cells that grew through the matrix membrane was 4788 for RA, significantly higher than the number
for OA, 1875 (p<0.001) and for AVN, 1530 (p=0.014). The median rate of proliferation of RA FLS
was 0.27 per day compared with OA 0.22 per day (p= 0.012) and AVN 0.25 per day, but there was
no correlation between the rate of proliferation and invasive growth in vitro. FLS from RA and OA that
expressed MMP-1, MMP-3, or MMP-10 were significantly more invasive (median number of invasive
cells: 3835, 4248, 4990, respectively) than cells that did not express these MMPs (1605, p=0.03;
1970, p=0.004; 2360, p=0.012, respectively). There was also a significant relationship between the
expression of MMP-1 and MMP-9 and the diagnosis RA (both p=0.013). The expression levels of
mRNA for MMP-1 and MMP-2 correlated with the protein levels produced by the synoviocytes as
measured by an enzyme linked immunosorbent assay (ELISA).
Conclusion: FLS of RA invade more aggressively in a Matrigel matrix than OA and AVN FLS; this is
not because of a higher rate of proliferation of RA FLS. The significant correlation between the expres-
sion of MMP-1, MMP-3, and MMP-10 and invasive growth in a Matrigel transwell system suggests that
these MMPs play a part in the invasive growth of FLS obtained from patients with RA.

Rheumatoid arthritis is a chronic disabling disease in
which the progressive destruction of joints is an
important characteristic. Hyperplasia and chronic in-

flammation of the synovial membranes characterise the
disorder and eventually the synovial membranes invade
deeply into the articular cartilage and bone. Activated
fibroblast-like synoviocytes (FLS) in the lining layer of the
synovium contribute significantly to this process.1 2 Synovial
hyperplasia may be explained by an increased rate of
proliferation or a decreased rate of apoptosis of FLS.

An increased expression of proliferation markers such as
proliferating cell nuclear antigen, c-myc, and nucleolar organ-
ising region was seen in FLS from patients with rheumatoid
arthritis (RA) compared with FLS from patients with
osteoarthritis (OA).3 Therefore, it is possible that FLS of
patients with RA show greater proliferation than FLS of
patients with OA. However, as far as we know, no study has
directly investigated the proliferation rate of FLS from patients
with arthritis. Both increased proliferation and invasive
growth characteristics may underlie joint destruction.

Using the SCID mouse co-implantation model of RA it has
been shown that FLS of patients with RA attach to and invade
normal human cartilage in vivo, whereas normal FLS do not
invade normal human cartilage.2 4 Clearly, intrinsic features of
RA FLS underlie this invasive behaviour. In this study, invasive

growth is demonstrated in an in vitro Matrigel transwell sys-
tem, enabling the analysis of a potential correlation between
invasive growth and proliferation rate.

FLS are characterised by an up regulated expression of
adhesion molecules and matrix degrading enzymes. Matrix
degrading enzymes remove the extracellular matrix (ECM),
providing space for FLS to invade. Matrix metalloproteinases
(MMPs) are thought to be the most important matrix degrad-
ing enzymes in RA. This family of enzymes comprises 19
members, MMP1–3, 7–17, 19–21, and 23–24. MMPs can
degrade a wide variety of components of the ECM, including
the fibrillar collagens. In normal tissue, it is thought that the
MMPs exist in balance with their inhibitors, primarily the tis-
sue inhibitors of metalloproteinases (TIMPs).5 Another family
of enzymes thought to have a significant role in the degrada-
tion of cartilage of RA are the cathepsins. Cathepsin-K,
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particularly, is found in the synovium of RA and at sites of

synovial bone destruction.6

Therefore, in this study the expression of MMP 1–3, 7–14, 17,

and 19, cathepsin K, TIMP-1 and TIMP-2 was investigated in

FLS obtained from various patients and compared with the

invasiveness of the FLS in an in vitro Matrigel transwell system.

MATERIAL AND METHODS
Synovial tissue samples
Synovial tissue was obtained from 56 patients (30 with RA, 17

with OA, nine with avascular necrosis (AVN) or fractures) at

joint replacement surgery or synovectomy. All patients with

RA met the criteria of the American College of Rheumatology.

Tissue was harvested by an orthopaedic surgeon and collected

in sterile phosphate buffered saline (PBS).

Connective tissue and fat were removed and tissue was

digested with collagenase IA (1 mg/ml; Sigma, St Louis, MO,

USA) for at least two hours at 37°C.

Cells were separated from the tissue using a 200 µm filter

(NPBI, Emmer-Compascuum, The Netherlands) and cultured

in 75 cm2 culture flasks (Cellstar, Greiner, Alphen aan de Rijn,

The Netherlands) with Iscove’s modified Dulbecco’s medium

(IMDM; Biowitthaker, Verviers, Belgium) supplemented with

glutamax (GibcoBRL, Paisley, UK), penicillin and streptomy-

cin (Boehringer Mannheim, Germany), and 10% fetal calf

serum (FCS; GibcoBRL, Paisley, UK) at 37°C and 5% CO2.

When the cells had grown to confluence they were detached

with 0.25% trypsin and split in a 1:3 ratio. For RNA isolation

and invasive growth analysis passage 1 or 2 FLS were used.

Light microscopy and Giemsa staining indicated that more

than 95% of cells were FLS .

RNA isolation and cDNA synthesis
One day before RNA isolation, cells were plated at a density of

100 000 cells per well (six well flat bottom plate). Total RNA

was isolated from FLS using RNAzol B (Campro, Veenendaal,

The Netherlands) according to manufacturer’s protocol. RNA

pellets were resuspended in diethyl pyrocarbonate treated

water.

cDNA was synthesised from 1 µg total RNA with oligo-dT

(GibcoBRL, Paisley, UK) and mouse murine leukaemia virus-

reverse transcriptase (MLV-RT; GibcoBRL). In short, 1 µg RNA

and 0.5 µg oligo-dT in 11 µl water was incubated at 72°C for 10

minutes and then put on ice. 1.2 mM dNTPs (GibcoBRL), 10 U

RNAsin (Promega, Madison, WI), 5 mM MgCl2 (Perkin-Elmer,

Branchburg, NJ, USA), 50 mM KCl, 10 mM Tris-HCl pH 8.3

(PCR buffer II, Perkin-Elmer), and 20 U mouse MLV-RT was

added to a final volume of 20 µl. This mix was incubated at

37°C for one hour and 95°C for five minutes.

Design of primers and reverse
transcriptase-polymerase chain reaction (RT-PCR)
The sequence of the primers for MMP 1–14,17, and 19 was

used according to Konttinen et al.7 The sequence of the prim-

ers for TIMP-1 was used according to Keyszer et al,8 and for

TIMP-2 according to Sodin-Semrl et al.9

PCR amplification for MMP 1–12, 14, 17, and 19, cathepsin

K, and TIMP-2 was performed using 1 µl cDNA mix and 0.2

µM of primers for the proteinase under investigation or

β-actin, 100 µM of dNTP, 2 U TAQ polymerase (Perkin-Elmer),

50 mM KCl, 10 mM Tris-HCl pH 8.3, and 1.5 mM MgCl2 to a

total volume of 50 µl. PCR amplification for MMP-13 was per-

formed using 0.33 µM of primers for MMP-13, 10 µM dNTPs,

0.6 U TAQ polymerase, 0.1 mg/ml bovine serum albumin, 50

mM KCl, 10 mM Tris-HCl pH 8.3, and 3.6 mM MgCl2 to a total

volume of 30 µl.

PCR amplification for TIMP-1 was performed using 1 µM of

primers for TIMP-1, 50 µM dNTPs, 1 U TAQ polymerase, 50

mM KCl, 10 mM Tris-HCl pH 8.3, and 1.5 mM MgCl2 to a total

volume of 50 µl. The reaction was run in a thermal cycler

(Perkin-Elmer 9700 or Perkin-Elmer 2400, Branchburg, NJ,

USA) for 25 cycles (TIMP-1), 30 cycles (TIMP-2), or 40 cycles

(MMPs and cathepsin K) for one minute denaturation at 95°C,

one minute annealing at the optimal temperature, one minute

extension at 72°C, and finally, 10 minutes’ extra extension for

the last cycle. The optimal temperatures were 58°C (MMP-3,

-11, cathepsin-K), 60°C (MMP-14), 62°C (MMP-1, -2, -7, -9,

-10, -12, -13, -19, TIMP-1), and 64°C (MMP-8, -17, TIMP-2).

Samples without reverse transcriptase were used as a negative

control to exclude contamination with genomic DNA.

PCR products were run on gel electrophoresis using a 2%

agarose gel (Roche, Mannheim, Germany) with ethidium bro-

mide, and results were visualised with ultraviolet light.

Invasiveness of FLS in Matrigel matrix
The transwells in the transwell plates (6.5 mm diameter, 8.0

µm; Costar, Cambridge NY, USA) were coated with paraffin to

avoid meniscus formation.

The Matrigel (Matrigel basement membrane matrix,

Becton Dickinson, USA) was diluted in IMDM to 0.375 mg/ml.

Thereafter the transwells were preincubated with 100 µl

IMDM for 30 minutes at 37°C and, after removal of the

medium, coated overnight with 100 µl of 0.375 mg/ml

Matrigel in IMDM in a full functioning laminar flow cabinet.

The next day the Matrigel coated wells were preincubated

with 100 µl IMDM for one hour at 37°C. After removal of the

medium, 200 µl of 100 000 FLS/ml in IMDM was seeded in the

inner well of the transwell system. In the outer wells 900 µl

IMDM/10% FCS/10% human serum was pipetted and the

transwells were incubated for three days at 37°C and 5% CO2.

After three days, the cells were fixed with 2% glutaralde-

hyde in PBS for 30 minutes at room temperature. After

removal of the glutaraldehyde and subsequently washing with

PBS, the cells were stained with a crystal violet solution for 30

minutes at room temperature. The wells were thoroughly

washed with water and the cells that did not invade through

the Matrigel and the transwell membrane were removed by

cleaning the inner wells of the transwell system with a cotton

bud. The number of cells that had grown through the matrix

and the transwell membrane was counted under a light

microscope. All experiments were done in duplicate.

Rate of proliferation
FLS were seeded at a density of 5000 cells per well (12 well flat

bottom plate) and cultured in 1 ml of IMDM/10% FCS. After

days 3, 7, 10, 14, and 17 the cells were trypsinised and counted

in a counting chamber. The cells were stained with trypan blue

to exclude dead cells.

From the data obtained, growth curves were established and

the rate of proliferation was determined from the steepest slope.

For [3H]thymidine incorporation, cells were cultured as

described above for cell counting. After three and seven days

0.5 µCi/well [3H]thymidine was added and the plates were

incubated at 37°C. After four hours, [3H]thymidine incorpora-

tion was stopped and the cells were washed twice with 1 ml

PBS, then with 1 ml 10% trichloroacetic acid (TCA), and again

twice with 2 ml PBS. Plates were kept at –20°C.

0.5 ml 0.3 M NaOH was added to each well and incubated

for 30 minutes at room temperature. Then 10 ml emulsifier

save (Packard) was added and samples were counted using a

tricarb scintillation counter for three minutes for each sample.

Measurement of protein levels of MMP-1 and MMP-2
To measure quantitatively the protein levels of MMP-1 and

MMP-2 an enzyme linked immunosorbent assay (ELISA) was

performed according to the manufacturer’s protocol with an

ELISA kit from Amersham Pharmacia Biotech (UK). The

samples for MMP-1 were tested undiluted and those for

MMP-2 were diluted 50 times. In total, 34 samples were used

in duplicate.

976 Tolboom, Pieterman, van der Laan, et al

www.annrheumdis.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.61.11.975 on 1 N
ovem

ber 2002. D
ow

nloaded from
 

http://ard.bmj.com/


Statistical analysis
Statistical analysis was carried out with the aid of SPSS 8.0

software. p Values were estimated using the Mann-Whitney

test for unpaired groups. In this article 16 different mRNA

species were tested to see if they correlated with the number

of cells on the filter. Of these mRNA species, mRNA encoding

MMP-2 was always present, thus this variable was excluded

from the analysis.

To test if correction for multiple testing should be applied, an

initial analysis of the possible correlation between variables was

performed. A Spearman’s correlation test was performed that

yielded a significant correlation between a large number of

enzymes. Thus it was concluded that the problem of multiple

testing was best approached by a principal component analysis.

RESULTS
Patients
The median age of the patients with RA was 62.5 years (mean

63.4; 25–75% interquartile range (IQR) 57.3–74.3; n= 30), of

the patients with OA 70 years (mean 65.5; 25–75% IQR 60.5–

72; n= 17), and of the patients with AVN 63 years (mean 61.7;

25–75% IQR 49.5–73.5; n=9). The median disease duration of

the patients with RA was 14.5 years (mean 15.4; 25–75% IQR

11.8–20; n=18).

Comparison of invasiveness of FLS obtained from
different patients
The number of cells from patients with RA that invaded the

Matrigel layer and were attached to the lower side of the filter

was: median 4788 (mean 5255; 25–75% IQR 2709–7778;

n=30); for the patients with OA, median 1875 (mean 2566;

25–75% IQR 721–3708; n=17, p<0.001); and for the FLS from

the patients with AVN, median 1530 (mean 2586; 25–75% IQR

333–5310; n=9, p=0.014 and p=0.833 (RA v AVN and OA v
AVN respectively) (fig 1).

To determine whether these results were caused by a differ-

ent rate of proliferation of RA FLS, OA FLS, and AVN FLS, the

rate of proliferation was measured by counting the number of

cells after 3, 7, 10, and 14 days and determining the growth

curve. The median rate of proliferation of RA FLS was 0.27 per

day (mean 0.27; 25–75% IQR 0.24–0.32; n=30) compared with

OA FLS 0.22 per day (mean 0.22; 25–75% IQR 0.19–0.26;

p=0.012, n=17) and FLS from AVN and fractures 0.25 per day

(mean 0.23; 25–75% IQR 0.19–0.30; RA v AVN: p=0.242; OA v
AVN: p=0.533; n=9). No correlation was found between the

rate of proliferation and the invasiveness of the FLS (fig 2).

Because Matrigel contains several growth factors which might

be released upon digestion of matrix by proteinases the rate of

proliferation was also studied when cells were grown on

Matrigel. Cells grown on Matrigel had a higher rate of prolif-

eration than cells grown in 10% FCS in normal tissue culture

dishes, but still no correlation between rate of proliferation

and invasiveness existed (data not shown).

To measure the rate of proliferation we seeded a number of

cells and determined the growth curve by counting the cells

after a number of days. To test whether this technique gives an

accurate view of the rate of proliferation, the incorporation of

[3H]thymidine was also analysed. A significant correlation

existed between the results obtained with these two

techniques (data not shown) and it was concluded that

counting the number of cells measures the rate of proliferation

accurately.

Role of MMPs, cathepsin-K, and TIMPs in FLS
To investigate whether the expression of certain MMPs was

related to the invasive behaviour of the FLS, the expression of

MMPs was tested in FLS with RT-PCR. The level of expression

of MMPs, cathepsin-K, and TIMPs was related to the expres-

sion of a household gene, β-actin, primers of which were in the

same PCR mix.

Table 1 shows that FLS that expressed MMP-1, MMP-3, or

MMP-10 were significantly more invasive (median number of

invasive cells 3835, 4248, 4990, respectively) than cells that

marginally expressed or did not express MMP-1, MMP-3, or

MMP-10 (1605, bivariate Mann-Whitney U test p=0.03; 1970,

bivariate Mann-Whitney U test p=0.004; 2360, bivariate

Mann-Whitney U test p=0.012, respectively). Expression of

MMP-9 showed a trend towards higher expression in more

invasive cells (p=0.066). Expression of the other MMPs and

cathepsin K did not show a significant relationship with inva-

sive growth.

To avoid the issue of multiple testing we first tested whether

the expression of MMPs, cathepsin K, and TIMPs was related

to each other. This was the case, therefore a simple Bonferroni

correction (the p value divided by the number of independent

tests that were analysed using this dataset) could not be per-

formed. To correct for multiple testing, as the tests performed

on this dataset were not independent, a principal components

analysis was performed, that yielded two components. Subse-

quently, an analysis of variance was performed, in which the

two components were the predictors and the number of cells

Figure 1 Invasive growth in relation to diagnosis. Invasion of FLS
in Matrigel matrix was measured in a transwell system. Three days
after seeding on matrix the number of FLS grown through Matrigel
and transwell membrane was counted. Shown is the number of cells
grown through the Matrigel and the transwell membrane. RA v OA:
p<0.001; RA v AVN + fractures: p=0.014; OA v AVN + fractures:
p=0.833.
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on the filter was the dependent variable. This yielded a value

of p=0.024 (F=4). So, it can be concluded that a significant

correlation between expression of degradative enzymes and

invasion exists.

Expression of MMPs, cathepsin-K, and TIMPs in relation
to disease
The relation between the diagnosis for the patient from whom

the FLS were harvested and expression of MMPs, cathepsin-K,

and TIMPs in FLS was also analysed. Table 2 shows a relation-

ship between the expression of MMP-1, MMP-3, MMP-9, and

MMP-10 and the various disease states. The odds ratios for

expression of MMP-1, MMP-3, MMP-9, and MMP-10 for the

diagnosis RA or OA were 6.5 (p=0.013); 1.9; 10.7 (p=0.013);

and 1.4, respectively (table 3). There was no obvious relation-

ship between expression of the other MMPs, cathepsin-K, or

TIMPs and the diagnosis.

Correlation between mRNA and protein levels of
MMP-1 and 2
To test if a correlation existed between mRNA of MMPs and

the protein level of MMPs an ELISA was done for MMP-1 and

MMP-2; the results obtained with the ELISA were comparable

with the results obtained with RT-PCR (data not shown).

DISCUSSION
This study shows that the FLS harvested from patients with

RA exhibit a significantly more invasive behaviour in a

transwell system than FLS from patients with OA. This

transwell invasion system was described previously as a model

for tumour metastasis and showed a correlation with lung

colonisation in vivo.10

The in vitro invasion data shown here are consistent with a

study by Müller-Ladner et al,4 in which isolated FLS from

patients with RA were more invasive than FLS from patients

with OA when co-implanted with normal human cartilage in

SCID mice. In this last study the FLS kept their transformed

appearance and produced proteases at the site of invasion.4

In our study we show that FLS from RA have a 25% higher

rate of proliferation than OA. However, the lack of correlation

between the rate of proliferation and the invasive growth in

Matrigel matrix indicates that this higher rate of proliferation

is not an explanation for the invasive behaviour of FLS from

patients with RA.

The higher rate of proliferation is also consistent with an

earlier study of Qu et al,3 who found that the proliferation

markers, proliferating cell nuclear antigen, c-myc, and

nucleolar organising region were more abundant in FLS from

Table 1 Average invasiveness in relation to expression of MMPs, cathepsin-K, and
TIMP-1 and TIMP-2

Average invasiveness

Mann-Whitney
test (p value)

Low expression
median (mean [IQR], n)

High expression
median (mean [IQR], n)

MMP-1 1605 (2663 [418–3916], 14) 3835 (4458 [1867–6679], 42) 0.03
MMP-2 0 (0 [0–0], 0) 3504 (4009 [1578–6486], 56) –
MMP-3 1970 (2730 [740–4581], 26) 4248 (5118 [2239–7943], 30) 0.004
MMP-7 3504 (4001 [1545–6408], 54) 4247 (4247 [1843–6650], 2) 0.844
MMP-8 3523 (3995 [1668–6448], 53) 1413 (4259 [1365–10000], 3) 0.810
MMP-9 3375 (3578 [1245–5203], 41) 5050 (5190 [2695–7500], 15) 0.066
MMP-10 2360 (3411 [1125–5400], 39) 4990 (5383 [3280–8070], 17) 0.012
MMP-11 3504 (3996 [1545–6409], 54) 4358 (4358 [1915–6800], 2) 0.717
MMP-12 3504 (3903 [1535–6141], 52) 4855 (5388 [2179–9131], 4) 0.396
MMP-13 3599 (3942 [1377–6486], 44) 3133 (4254 [1996–6250], 12) 0.576
MMP-14 3774 (4026 [1660–6650], 27) 3185 (3994 [1540–6448], 29) 0.812
MMP-17 3133 (3731 [1516–5413], 34) 3708 (4439 [1639–6975], 22) 0.45
MMP-19 3599 (3663 [1265–5104], 34) 3335 (4545 [1801–7028], 22) 0.322
Cathepsin-K 1915 (3295 [205–7765], 3) 3523 (4050 [1605–6448], 53) 0.654
TIMP-1 2010 (3273 [1007–6005], 12) 3675 (4192 [1728–6650], 43) 0.271
TIMP-2 2498 (2464 [1439–3766], 8) 3599 (4267 [1581–6736], 48) 0.198

Table 2 Comparison of expression of MMPs,
cathepsin-K, and TIMP-1 and TIMP-2 and diagnosis

RA expression OA expression

Low (n) High (n) Low (n) High (n)

MMP-1 3 27 7 10
MMP-2 0 30 0 17
MMP-3 11 19 9 8
MMP-7 29 1 17 0
MMP-8 27 3 17 0
MMP-9 18 12 16 1
MMP-10 20 10 10 7
MMP-11 29 1 17 0
MMP-12 27 3 16 1
MMP-13 22 8 14 3
MMP-14 13 17 9 8
MMP-17 19 11 9 8
MMP-19 16 14 11 6
Cathepsin-K 1 29 0 17
TIMP-1 6 24 4 12
TIMP-2 3 27 2 15

Table 3 Odds ratios for the relation between
diagnosis and expression of MMP-1, MMP-3, MMP-9,
and MMP-10

OA RA OR p Value

MMP-1 6.5 0.013
Low expression 7 3
High expression 10 27

MMP-3 1.9 0.283
Low expression 9 11
High expression 8 19

MMP-9 10.7 0.013
Low expression 16 18
High expression 1 12

MMP-10 1.4 0.595
Low expression 10 20
High expression 7 10
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patients with RA than in FLS from patients with OA.3

Although a structural basis for this increased rate of prolifera-
tion was proposed, these data were not confirmed in
replication studies.11–16 It is known that proteases can degrade
ECM proteins, allowing the invasion of FLS in cartilage. Now
we have shown that FLS that express MMP-1, MMP-3,
(MMP-9), or MMP-10 are significantly more invasive than
cells that do not express these MMPs. No significant relation-
ship was found between invasive growth and expression of the
other MMPs, cathepsin-K, and TIMPs. The expression of
MMP-1 and MMP-9 was significantly higher in patients with
RA than in patients with OA. MMP-3 and MMP-10 showed a
non-significant correlation with RA.

The expression of MMPs in RA has been extensively
researched. In these studies mRNA for MMP-1, MMP-3,
MMP-13, and TIMP were found in the lining layer cells,17–29

which consist mainly of FLS and macrophages. MMP-1,
MMP-3, and TIMP were also found in some sublining layer
cell populations.17–19 Moreover, MMP-3 knockout mice show no
joint erosions at two weeks after induction of antigen-induced
arthritis,30 implying a role for this protease in the destruction
of cartilage. The expression of MMP-9 and MMPs 14–17 was
also found to be greater in synovial tissue of patients with RA
than in that of controls.31–33 MMP-8 was reported to be
expressed by FLS in the rheumatoid synovial membrane and
its expression is up regulated after treatment with tumour
necrosis factor α.34

In synovium, the expression of MMP-1 to MMP-20 from
patients with RA was compared with FLS from trauma
patients.7 In this study it was found that MMP-2, MMP-3,
MMP-11, and MMP-19 were constitutively expressed.
MMP-1, MMP-9, and MMP-14 were expressed in all RA sam-
ples and in 55–80% of trauma samples. MMP-13 and MMP-15
were expressed exclusively in RA samples, and MMP-8 was
rarely found in both RA and trauma. MMP-20 was absent in
all samples. The other MMPs (MMP-7, -10, -12, -16, and –17)
had an intermediate pattern of expression.7

No previous studies have directly studied the expression of
MMPs in FLS, neither has expression been correlated with
invasive behaviour of these cells. In this study the expression
of MMPs is compared with the invasive behaviour of FLS in an
in vitro invasion system. Furthermore, the expression of
MMPs was compared with a diagnosis of RA or OA.

In another study adenoviral gene transfer of TIMP-1 and
TIMP-3 was used to test the effect of MMP inhibitors on the
invasiveness of FLS in an in vitro invasion model and in vivo
in an SCID mouse model.35 Adenoviral gene transfer showed
that TIMP-1 and TIMP-3 significantly decreased invasiveness
in both these systems as compared with Adcontrol-transduced
FLS. Moreover, marimastat, a synthetic inhibitor of MMPs was
shown to decrease the invasiveness of FLS in vitro.35 In
summary, all these data point to a pivotal role for MMPs in the
invasive behaviour of FLS in RA.

A limitation in the interpretation of the data in our study is
that the expression of MMPs is determined on the mRNA level
with RT-PCR, whereas MMPs need cleavage of the propeptide
for full activation. Thus, RT-PCR cannot distinguish between
inactive and active MMPs.

Matrigel consists, in addition to other components of the
ECM, particularly of collagen type IV, whereas human
cartilage consists mainly of collagen type II and the proteogly-
can aggrecan. MMP-2, -3, -7, -9, and -10 can degrade collagen
type IV.36–41 In this study, no relation between invasion and
expression of MMP-2 and MMP-7 was found, but a significant
relationship existed between invasion and expression of
MMP-3 and MMP-10 and there was a trend towards a
relationship for MMP-9. In this study the expression of differ-
ent enzymes was correlated with one variable (the number of
cells grown through the matrix). Because the expression of
the enzymes tested correlated with each other, the method to
control for multiple testing was a principal component analy-
sis. With this analysis a significant result was still obtained.

In conclusion, a relationship exists, between the expression

of MMP-1, MMP-3, MMP-9, and MMP-10 and invasive

growth in a Matrigel transwell system. This relationship is also

seen between the expression of MMP-1 and MMP-9 and a

diagnosis of RA.
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