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Abstract 

Gelatinase A (MMP-2) is important for the degradation of various components of the extracellular 

matrix among which several types of collagen and proteoglycans. In the present study we investigated 

whether cytokines and/or matrix metalloproteinases (MMPs) are involved in its release from connective 

tissue cells and its subsequent activation. Periosteal expiants obtained from rabbit calvariae were 

cultured with or without (i) a variety of cytokines (TGF-ß, aFGF, TNF-a, IFN-y, IL-la and IL-11) 

or (ü) selective low molecular weight inhibitors of MMPs (CT1166, CT 1399, CT 1746). The tissue 

samples were extracted and both conditioned media and extracts were analysed for the presence and 

amount of active and inactive MMP-2. 

The data demonstrated that none of the cytokines tested had any measurable effect on the level 

of the enzyme. Interference with the activity of MMPs, however, significantly affected both release and 

activation of MMP-2. By blocking the activity of all MMPs, the conversion of proMMP-2 into its 

active form was completely prevented. Selective inhibition of the activity of gelatinase itself, however, 

did not influence this conversion and even resulted in a significant increased level of MMP-2. 

Our observations indicate that in soft connective tissue: (i) several cytokines, among which 

cytokines that are known to affect MMP production and activation, do not have any influence on 

MMP-2, (ii) the conversion of proMMP-2 into its active form depends on the activity of MMPs other 

than gelatinases, and (iii) the release of MMP-2 is modulated by MMP-activity, probably by the active 

enzyme itself. 

Introduction 

The extracellular matrix of soft connective tissues, the bulk of which is formed by collagenous proteins, 

is liable to a continuous synthesis and digestion under both physiological and pathological conditions . 

Enzymes belonging to the group of matrix metalloproteinases (MMPs), including the coUagenases 

(MMP-1, -8 and -13), gelatinases (MMP-2 and -9), stromelysins (MMP-3, -10 and -11), matrilysin 

(MMP-7) and membrane type-MMPs (MMP-14, -15, -16 and -17) play an essential role in the 

degradation of the extracellular macromolecules2"*. The coUagenases, in particular MMP-1, have long 

been taken to be crucial for the degradation of fibrillar collagens. Recent data, however, have shed 

some doubt on a ubiquitous role of this enzyme. First, during physiological turnover and remodelling 

of various soft connective tissues the presence or activity of coUagenases could not be demonstrated 

so far, not even in tissues with a very rapid turnover, such as the periodontal ligament1' . Second, Liu 
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et al.1 have shown that a strain of mutant mice with MMP-1-resistant type I collagen appear to develop 

normally. Finally, by using a soft connective tissue culture model, it was shown that not MMP-1 but 

MMP-2 is essential in the breakdown of collagen6. Taken together, these observations suggest that 

collagen breakdown in soft connective tissue under physiological conditions is likely to be mediated 

by enzymes other than MMP-1, among which MMP-2. 

In line with the view that MMP-2 is involved in soft connective tissue homeostasis, is its 

constitutive expression in fibroblasts and its presence in almost all (non-inflamed) connective tissues". 

Moreover, it has been established that MMP-2 has the capacity to digest most constituents of the 

extracellular matrix, among which denatured type I and III collagen and native type IV, V, VI, VII and 

type X collagen, elastin, fibronectin and proteoglycans2'8'9. Recent data even suggest that MMP-2 has 

triple helicase activity and is able to digest type I collagen, also in its native form1 . 

MMP-2, like most MMPs, is synthesised and secreted as an inactive pro-enzyme and prior to 

its action in the extracellular space, activation has to take place. In vitro this can be achieved by 

treatment with APMA (p-aminophenylmercuric acetate) which activates all MMPs including MMP-2. 

However, several proteinases (among which plasmin) that activate MMPs" have no effect on the 

conversion of proMMP-2 into its active form1213. It was demonstrated14 that activation of MMP-2 

could be accomplished by incubating the enzyme with isolated fibroblast membranes and that this 

activation depends on the activity of MMPs1516, in particular MT1-MMP (MMP-14)17'18. It is unknown 

yet, however, how activation of MMP-2 occurs in tissues. 

Even less is known about the regulatory pathways involved in the synthesis of this enzyme. In 

contrast with other members of the class of MMPs, of which the synthesis is up- or down-regulated 

by a wide variety of cytokines and growth factors19,20, only a limited number of these compounds, in 

particular TNF-oc and TGF-ß21"23, seem to have the capacity to modulate synthesis of MMP-2. Since 

these studies were performed with isolated cells and the matrix surrounding the cells greatly affects 

cellular activity and behaviour24'25, an important question is how MMP-2 synthesis and/or activation 

is modulated by cells embedded in their natural tissue environment. In order to answer this question, 

we employed a three-dimensional soft connective tissue model system consisting of periosteal expiants 

of rabbit calvariae26 and studied the effect of various cytokines and MMP-inhibitors on MMP-2 

modulation. 

Materials and methods 

Materials 
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Iscove's modified Dulbecco's medium (IMDM), penicillin, streptomycin, amphotericin were purchased 

from Gibco (Gibco Lab., Grand Island, NY) and bovine serum albumin (BSA, fraction V) and 

peroxidase conjugated donkey-anti-[sheep IgG] were from Sigma (Sigma Chem. Co., St. Louis, MO). 

Multi-well culture dishes were from Costar (Costar, Cambridge, MA), Euthesate from Apharmo 

(Apharmo, Arnhem, The Netherlands), gelatin (from porcine skin, 250 bloom) from Fluka (Fluka 

Chemie, Buchs, Germany) and 40% acrylamide/Bis. 37.5:1 from Bio-Rad (Hercules, CA). 

Transforming growth factor-ß (TGF-ß) and acidic fibroblast growth factor (aFGF) were purchased 

from BTI (Biochemical Technologies Inc., Stoughton, MA). Human recombinant interferon-y (IFN-y) 

was kindly provided by Dr. P.H. van der Meide (TNO, Rijswijk, The Netherlands). Recombinant 

human tumor necrosis factor-a (TNF-a) was purchased from Genzyme (Cambridge, MA), 

recombinant human interleukin-1 a (IL-la) was a kind donation of Dr. J. Saklatvala (Department of 

Development and Signalling; The Babraham Institute, Cambridge, UK) and recombinant human 

interleukin-11 (IL-11) from Sanver Tech (Pepro Tech Inc., Canton, MA). The synthetic MMP-

inhibitors CT 1166 (Nl-[l-(S)-(morpholinosulphonylaminoethylaminocarbonyl)-2-cyclohexyl-ethyl]-

N4-hydroxy-2-(R)[3-(4-methylphenyl)propyl]succinamide), CT 1399 (N4-hydroxy-N 1 -[ 1 -(S-

morpholinosulphonylaminoethylaminocai'bonyl)-2-cyclohexyl-ethyl]-2-(R)-(4-chlorophenylpropyl]-

succinamide) and CT1746 (Nl-[2-(S)-(3,3-dimethylbutanamidyl)]-N4-hydroxy-2-(R)-[3-(4-chloro-

phenyl)-propyl]succinamide)27"29 were kindly provided by Drs. T. Crabbe and R. Morphy at the 

Departments of Biology and Chemistry, respectively (Celltech Therapeutics Ltd., Slough, UK). The 

K-values for these MMP-inhibitors are presented in Table I. A sheep antibody (IgG fraction) to rabbit 

gelatinases A and B was kindly donated by Drs. R. Hembry and G. Murphy (School of Biological 

Sciences, University of East Anglia, Norwich, UK) and Dr. J.J. Reynolds (Department of Orthodontics 

and Paediatric Dentistry, United Medical and Dental School, London, UK). All other reagents were 

of analytical grade. 

Tissue culture 

One week old Chinchilla rabbits were killed with Euthesate and decapitated. Calvariae were dissected 

and cut into fragments of 2 x 2 mm2, after which the periosteum was removed. The periosteal expiants 

were cultured in 24-well culture dishes in IMDM supplemented with 4 mg/ml BSA, amphotericin (0.25 

mg/ml), streptomycin (100 mg/ml) and penicillin (100 U/ml), and incubated for 24, 48 and 72 h in a 

humidified atmosphere containing 5% C02 in air at 37°C. 
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Table I 

Ki values of MMP-inhibitors 

Inhibitors GLA 

(MMP-2) 

GLB 

(MMP-9) 

SL-1 

(MMP-3) 

fb-CL 

(MMP-1) 

385 

MAT 

(MMP-7) 

CT 1166/ 

CT1399 

0.01 0.016 2.8 

fb-CL 

(MMP-1) 

385 6400 

CT 1746 0.04 0.17 10.9 122 6400 

K-values of the used LMW-inhibitors are given in nM and are derived from Hill etal. and Anderson etal2HJ'J 

GLA. gelatinöse A: GLB, gelatinöse B; SL-1. stromelysin-1; fb-CL, fibroblast collagenase; MAT, matrilysin 

Cytokines were added to the culture medium at the onset of the culture period in the following 

concentrations: TGF-ß: 0.1 to 10 ng/ml; TNF-a: 0.1 to 500 ng/ml; IFN-y: 10 to 10,000 U/ml; 

aFGF: 1 to 100 ng/ml; IL-la: 10 ng/ml and IL-11: 1 to 50 ng/ml. The MMP-inhibitors (CT1166, 

CT1399 and CT1746) were added at final concentrations of 0.1 to 10 uM. The inhibitors were 

dissolved in dimethylsulfoxide (DMSO), which was added to controls at equal amounts, its 

concentration never exceeding 0.1%. 

At the end of the incubation period, tissue and conditioned media were collected and 

immediately frozen at -20 °C. Cell viability was tested by measuring the activity of the lysosomal 

enzyme ß-glucuronidase towards the synthetic substrate 4-methylumbelliferone30 in conditioned 

medium. This parameter was not affected by either of the cytokines or the inhibitors used. 

The level of gelatinases in the tissue was analysed following extraction of the explants as 

described by Eeckhout et al?\ Briefly, expiants were taken up in 200 ul extraction buffer ( 10 mM 

sodium cacodylate, 1 M NaCl, 0.01% Triton X-100 and 1 mM ZnCt, pH 6.0), sonicated (3x5 

sec), and incubated overnight at 4°C in the same buffer. The extracts and conditioned media were 

analysed for the presence and activity of gelatinases, MMP-2 and MMP-9, by zymography and 

Western blotting (see Zymographic and Western blot analysis). Although the MMP-inhibitors are 

reversible and probably washed out during the extraction procedure, in a preliminary set of 
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experiments we tested whether the inhibitors influenced the outcome of the zymographic analysis. 

To this end high concentrations of inhibitors were added to conditioned medium of expiants 

cultured without inhibitors. The conditioned media with and without inhibitors were analysed 

zymographically. Densitometrie analysis of these zymograms revealed that the presence of the 

inhibitors in the medium prior to electrophoresis had no effect on the gelatinolytic activity in the 

zymograms. 

The actual breakdown of collagen in the tissue expiants was established by measuring the 

hydroxyproline content in conditioned medium (see Hydroxyproline assay). 

Cell isolation and culture 

Periosteal expiants were washed in IMDM supplemented with 10% FCS and 10 x antibiotics (amp

hotericin (2.5 mg/ml), streptomycin (1 mg/ml) and penicillin (1000 U/ml)). The tissue samples were 

placed in 6 well culture plates and incubated with growth medium consisting of IMDM sup

plemented with 10% FCS and 10 x antibiotics in a humidified atmosphere containing 5% C Q in 

air at 37 °C for 1 day, after which the culture medium was changed twice a week with growth medi

um with 1 x antibiotics until the cells, grown out of the tissue expiants, were confluent. The cultures 

were then trypsinised with 0.25% trypsin and 0.1% ethylenediaminetetraacetic acid (EDTA) (pH 

7.3), transferred to 25 cm2 culture flasks and designated as 'passage one' (PI). For the experiments, 

cultures between P3 and P8 were used. Four days prior to the onset of the experiment the medium 

of the cells was changed with IMDM supplemented with 5% FCS and antibiotics, which was 

changed after three days with IMDM supplemented with 4 mg/ml BSA and antibiotics. The isolated 

cells (3 x 104 cells/well) were incubated with 300 ul IMDM (+ 4 mg/ml BSA) in 24-well culture 

plates with or without 10 ng/ml TGF-ß and cultured in a humidified atmosphere containing 5% , 

C0 2 in air at 37 °C. After a culture period of 48 h the media were collected and the cells were 

extracted as described above. Conditioned media and cell extracts were analysed for their presence 

of MMP-2 by zymography. 

Zymographic analysis 

Aliquots of 5 ul of conditioned medium or tissue extracts were 1:1 diluted with sample buffer (0.1 

M Tris-HCl, 4% SDS, 20% glycerol, 0.005% BFB, 10 mM EDTA) and electrophoresed through 

a 10% Polyacrylamide gel containing 2% gelatin as substrate. After electrophoresis, the gel was 

washed for 15 min in a buffer containing 50 mM Tris-HCl, 2.5% Triton X 100 and 5 mM CaCfe 
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(pH 7.5) and transferred to incubation buffer consisting of 50 mM Tris-HCl, 1% Triton and 5 mM 

CaCl2. After an overnight incubation at 37 °C, the gel was stained with 0.1 % Coomassie Brilliant 

Blue and cleared with 7% acetic acid and 5% methanol. Gelatinases (MMP-2 and MMP-9) were 

visualized as unstained bands. To ascertain that these bands reflected gelatinase activity, a number 

of samples was preincubated with an activity blocking anti-gelatinase antibody which resulted in 

the disappearance of the lytic bands. 

To assess whether differences in the level of gelatinases occurred, each zymogram contained 

control and experimental samples. In order to quantify the amount of active (66 kDa) and inactive 

(72 kDa) MMP-2, the zymograms were scanned with a densitometer. The readings were analysed 

by using a Quantimet 500 (Leica, Cambridge, UK) image analysis system and the Qwin v02.00B 

software program. In preliminary experiments we established that a linear relationship existed 

between 0 - 3 mU recombinant MMP-2 and the densitometric values obtained. Densitometrie 

analyses of the conditioned media and tissue extracts were performed within this range. 

Western blot analysis 

Aliquots of 15 ul of conditioned medium or tissue extracts were 1:1 diluted with sample buffer (0.1 

M Tris-HCl, 4% SDS, 20% glycerol, 0.005% bromophenol blue, 10 mM EDTA) and elec-

trophoresed through a 10% Polyacrylamide gel. Following electrophoresis, proteins were transferred 

onto a nitrocellulose membrane (0.45 um, Bio-Rad) with a Trans-Blot cell system (Bio-Rad 

Laboratories). The blots were preincubated with PBS, 0.05% Tween 20 and 5% Protifar (Nutricia, 

The Netherlands) for 1 h, followed by an incubation with sheep anti-rabbit MMP-2/-9 (80 ug/ml, 

5% Protifar/PBS) for 2 h at 37 °C. The blots were washed and the bound antibodies were detected 

by a peroxidase-conjugated donkey anti-sheep IgG (20 ug/ml, 5% Protifar/PBS) for 60 min. After 

washing (in 5% Protifar/PBS) the blots were stained with H202 and 3,5,3',5'-tetramethylbenzidine 

(Pierce, Rockford, IL) as chromogen. 

Hydroxyproline assay 

The amount of hydroxyproline in the conditioned medium was assessed by the method of Creemers 

et ali2. Briefly, 200 ul conditioned medium (for the construction of the standard curve non-

conditioned medium was used containing 0-5.0 ug/ml hydroxyproline) were precipitated overnight 

at 4 °C with 400 ul 100% ethanol. The samples were centrifugea after which the pellet was washed 

with 70% ethanol. The supernatants were combined and evaporated under vacuum, hydrolysed for 
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3.5 h at 135 °C with 6 N HCl, desiccated and dissolved in demineralized water. After centrifugation 

the supernatant was dispensed into a 96-well microtiter plate. To each well assay buffer and chlora-

mine-T reagent were added. After a 20 min incubation at room temperature DMBA (dimethyl-

aminobenzaldehyde) was added. The microtiter plate was incubated for 25 min at 60 °C. Extinction 

was read at 570 nm in a Bio-Rad microplate reader. The hydroxyproline content of the samples was 

calculated using the standard curve. 

Statistical analysis 

The densitometric and hydroxyproline data were presented as mean± SD of at least 10 samples per 

incubation. Statistical analysis was performed by a Mann Whitney test. P<0.05 (two-tailed) was 

assumed to indicate statistical significance. 

Results 

In previous studies it was shown that conditioned medium of periosteal expiants collected after 24, 

48 and 72 h of culturing revealed a time-dependent increase of the level of MMP-26. The 

conversion of inactive into active enzyme was most strongly enhanced between 48 and 72 h of 

culturing. Therefore, in the experiments described in this study tissues samples were analysed after 

a 72 h culture period. 

The effect of cytokines on the expression of MMP-2 

Zymographic analysis 

The conditioned media and extracts from the tissue expiants revealed gelatinolytic activity at 66 

kDa and 72 kDa (corresponding to active and inactive MMP-2, respectively) and at 92 kDa 

(corresponding to gelatinase B, MMP-9). These bands also proved to be present in conditioned 

media and extracts of the expiants cultured with TGF-ß (0.1-10 ng/ml), TNF-a (0.1-500 ng/ml), 

IFN-y (10-10,000 U/ml), aFGF (1-100 ng/ml), IL-la (10 ng/ml) or IL-11 (1-50 ng/ml). However, 

none of the cytokines tested had an effect on the release and/or activation of these enzymes. An 

example of this is given in figure 1 A. 

Since these findings seemed to contradict data presented by others who demonstrated that 

some of these cytokines, in particular TGF-ß23, enhanced MMP-2 production by isolated cells, we 

decided to test whether periosteal cells isolated from the tissue had the capacity to respond 
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accordingly to TGF-ß. Fibroblasts obtained from outgrowths of the tissue expiants, were cultured 

in the presence or absence of TGF-ß (10 ng/ml). Zymographic analysis demonstrated that under 

these conditions TGF-ß did indeed induce an increased level of MMP-2 and MMP-9 (Fig. IB) . 

control TGF-ß k!)a control TGF- Fig. 1. Gelatin zymogram showing the 
presence of gelatinolytic enzymes in 
conditioned media of tissue explants (A) 
and isolated periosteal fibroblasts (B). 
Bands at 92 kDa represent MMP-9 and 
the bands at 72 and 66 kDa represent the 
inactive form and the active form of 
MMP-2, respectively. The tissue and 
isolated cells were cultured for 72 h with 
or without 10 ng/ml TGF-ß. Note the 
increased amount of gelatinöses in 
medium conditioned by isolated 
fibroblasts in the presence of TGF-ß. 

Hydroxyproline release 

The hydroxyproline analyses of the conditioned media demonstrated that most cytokines tested 

(TGF-ß, TNF-a, IFN-y, aFGF and IL-11) had no effect on the degradation of collagen of the soft 

connective tissue explants (data not shown). The only cytokine affecting this parameter proved to 

be IL-la. In line with previous findings33 a significantly decreased amount of hydroxyproline was 

noted in its presence (control: 424 ± 13 ng/explant; with IL-la: 275 + 19 ng/ml; P<0.05). 

The effect of MMP-inhibitors on the expression of MMP-2 

Low concentrations 

Periosteal expiants were cultured in the absence or presence of low concentrations of synthetic 

MMP-inhibitors (100 nM CT1166, 200 nM CT1399, and 200-500 nM CT1746). At these 

concentrations all three inhibitors block the activity of MMP-2, MMP-3 and MMP-9, whereas 

MMP-1 is inhibited by CT1746 only (Table I). 

Zymographic analysis 

By comparing control with inhibitor-cultured expiants, it was seen that the extracts and the media 

of the expiants incubated with either inhibitor contained higher levels of MMP-2 (Fig. 2A and 2B). 

This was confirmed by densitometric analysis (Fig. 2C and 2D). In particular the extracts proved 
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to contain an almost three fold higher level of MMP-2 following incubation with the inhibitors 

(Fig. 2C). No differences were found in the amount of MMP-9. 

control lOOnM kDa control lOOnM kDa 

— 72 
— 68 
^-66 

B 

Fig. 2A/B. Gelatin zymograms showing inactive (72 kDa), intermediate (68 kDa) and active (66 kDa) 
MMP-2 in tissue extracts (A) and conditioned medium (B) of periosteal expiants cultured for 72 h without 
or with 100 nMCT1166. In the presence of the MMP-inhibitors an increased amount of MMP-2 is seen. 

H 66 kDa band (active MMP-2) 

1 66, 68 and 72 kDa bands (total MMP-2 ) 

O 
H 

U 

control CT1166/1399 CT1746 control CT1166/1399 CT1746 

D 

Fig. 2C/D. Densitometrie analysis of the MMP-2 bands in tissue extracts (C) and conditioned media (D) 
of non-incubated expiants vs inhibitor-incubated expiants (100-200 nM CT1166/CT1399; 200-500 nM 
CT1746). Values are expressed as the mean ratio experimental versus control (E/Q+SD of at least 10 
expiants per incubation. *: p<0.05: **: p<0.01: ***: p<0.001 
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Western Blot analysis 

Western blot analysis of conditioned media and tissue extracts with anti-MMP-2/-MMP-9 

demonstrated that culturing of expiants in the presence of low inhibitor concentrations resulted 

in an enhanced protein level of MMP-2 (Fig. 3). 

tissue medium kDa 

Fig. 3. Western blot showing MMP-9 (92 kDa) and MMP-2 (72, 68 and 66 kDa; inactive, intermediate 
and active form, respectively) in tissue extracts (lanes 1-3) and in conditioned medium (lanes 4-6) of 
expiants cultured for 72 h without (lanes 1 and 4) or with 100 nMCT1166 (lanes 2 and 5). Note the 
increased level of MMP-2 when cultured with the inhibitors. Lanes 3 and 6 represent samples obtained 
from expiants cultured for 72 h with 10 /uMCT1166. In the presence of this high concentration of the 
inhibitors a decreased amount of MMP-2, but not of MMP-9, is noted. 

Hydroxyproline assay 

As a measure of the effectivity of the MMP-inhibitors the amount of degraded collagen was 

measured by assessing the level of hydroxyproline in conditioned medium. In line with previous 

results6 the MMP-inhibitors almost completely blocked the release of hydroxyproline in the 

medium (« 80%;data not shown). 

High concentrations 

Zymographic analyses of expiants that were incubated with inhibitor concentrations high 

enough to block the activity of all MMPs (10 uM; see Table I) demonstrated that the active 

fraction of MMP-2 was almost completely absent (Fig. 4). This finding was confirmed at the 

protein level by Western blotting (Fig. 3). Densitometrie analysis of the zymograms 

demonstrated a significant decrease of active MMP-2 of expiants cultured with the MMP-

inhibitors. Comparable effects were noted in the extracts and in the conditioned media (Fig. 4 C 

and D). The densitometric analysis of the inactive, the intermediate and the active band of 

MMP-2 revealed lower total level of MMP-2, which was statistically significant in expiants that 
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were cultured with CT 1746 (Fig. 4C). As with the lower concentration, the incubation with higher 

concentrations of the MMP-inhibitors resulted in a statistically significant inhibition of the release 

of hydroxyproline (>85%; not shown). 

control CT 1166 CT1746 CT1399 kDa control CT1166 CT1746 CI 

92-— 

A B 

Fig. 4. Effect of high concentrations of MMP-inhibitors on the gelatinöses of explants 
A.B: Gelatin zymograms showing MMP-2 and MMP-9 in tissue extracts (A) and in conditioned media 
(B) of expiants cultured for 72 h without or with 10 mM MMP-inhibitors. In both extracts and media 
obtained from inhibitor-cultured expiants, the active fraction of MMP-2 is almost completely lacking. Note 
that the level of MMP-9 in the media is not influenced by the inhibitors. 

i I * 

Si 
CT1 166 /1399 

C T I 7 4 6 control 
C T I 166/1399 

C T I 7 4 6 

H B 6 6 kDa band (active M M P - 2 ) 

WMb 66 . 68 and 72 kDa bands (total M M P-2 ) 

CD: Densitometrie analysis of the MMP-2 bands of tissue extracts (C) and conditioned media (D) of non-
treated expiants vs expiants treated with 10 mM MMP-inhibitors. Values are expressed as the mean ±SD 
ofatleast 10 expiants per incubation. *: p<0.05: **: p<0.001 
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Discussion 

Cytokines and MMPs are supposed to be involved in the release and subsequent activation of 

MMP-215"1821"23. Since most studies were performed with cultured cells or purified enzyme, it is 

uncertain whether the same principles of regulation apply to cells within a tissue. 

We showed that, in contrast to what happens with cultured cells'9"23, the cytokines TNF-a, 

TGF-ß, aFGF, IFN-y, IL-la, and IL-11 do not affect the release or activation of MMP-2 in 

periosteal expiants. Possible explanations for this discrepancy are: (i) the cytokines were unable to 

reach the cells because the extracellular matrix constituents prevented their penetration, (ii) 

periosteal cells do not respond to these cytokines, or (iii) the extracellular matrix somehow prevents 

the cells from responding. The first two possibilities do not apply since Van der Zee et al. 

demonstrated, with the same model system, that IL-la and TGF-ß greatly affected the release of 

another MMP, interstitial collagenase (MMP-1). Since we now show that periosteal cells, isolated 

from the tissue, responded to TGF-ß by an increase of MMP-2, we conclude that it is the 

extracellular matrix that somehow influences the cellular response. In any case it is clear that plated 

cells react differently compared to cells maintained within their own extracellular matrixsee a s(> ' . 

Further support for this conclusion is provided by a study in which the stimulatory effect of TGF-a 

on the synthesis of matrix components proved to be reduced when the cells were kept in a 

collagenous gel34. This altered response was explained by assuming that the number of free growth 

factor-receptors on the cell surface was reduced. Moreover, growth factors and cytokines3536, but 

also extracellular matrix components, appear to be involved in the expression of integrinsJ , 

which themselves can induce changes in the modulation of MMPs" . 

In contrast to cytokines, selective low molecular weight inhibitors of MMPs had a profound 

effect on the synthesis and activation of MMP-2 in the tissue model. Our data clearly demonstrated 

that the conversion of proMMP-2 into active MMP-2 was blocked by the inhibition of all MMP-

activity. In contrast herewith, a more selective inhibition of gelatinase activity did not affect MMP-2 

activation. This finding is of interest since it has been suggested that, following the MT1-MMP-

mediated conversion of the 72 kDa into the 68 kDa form, autoactivation is involved in the final step 

of the activation process of MMP-2, resulting in the 66 kDa form40. Our data do not seem to support 

this option since by blocking the activity of the active fraction of MMP-2, no effect on the 

occurrence of the active 66 kDa form was seen. Further, the results also showed that depending on 

the concentration of the selective MMP-inhibitors used, the level of MMP-2 is up- or down-

regulated. Thus MMP-activity not only plays an essential role in MMP-2 activation, but also in the 
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modulation of its expression. 

Incubation with low concentrations of MMP-inhibitors resulted in an increased release of 

MMP-2. Since in the present and in a previous study6 it was shown that under these conditions 

collagen breakdown was almost completely blocked, the increase of MMP-2 may be caused by 

feed-back from changes in the concentration of extracellular matrix degradation products. This 

explanation is doubtful, however, since we found recently that, in the absence of inhibitors, the level 

of MMP-2 increased as a function of time with a concomitant rise in the amount of degradation 

products41. Another explanation for the observed increase of MMP-2 could be a modulating activity 

of the MMPs present in the expiants. Of these enzymes it is unlikely to be MMP-1, since no 

differences were found in the level of MMP-2 of expiants incubated with the "gelatinase"-inhibitors 

(CT1166/ CT 1399) and those that were cultured with the inhibitor that also blocked MMP-1 

(CT1746). Another candidate is MMP-3 which is inhibited also by these compounds. So far, 

however, we have not been able to detect MMP-3 in the periosteal expiants6. 

It is possible that the active fraction of MMP-2 somehow modulates its own synthesis and 

release. A comparable self-regulatory principle has been proposed for MMP-1 by Clark et al. . 

These authors demonstrated that inhibition of MMP-1 by its natural inhibitor, TEVIP-143, stimulated 

secretion of the enzyme by human fibroblasts. Analogously, it is conceivable that we mimicked this 

situation in the present study with the synthetic inhibitors and thatw vivo TIMP-2 regulates MMP-2 

synthesis. TIMP-2 appears to be tightly associated with MMP-2 and binds to the MMP-2/MT1-

MMP complex44'*6. Such a complex makes it not only possible to modulate its activity but perhaps 

also synthesis of MMP-2. 

Taken together, we have demonstrated that blocking the activity of gelatinase resulted in 

an increased MMP-2 secretion by soft connective tissue expiants and we hypothesise that this is due 

to a feedback by the active enzyme itself. Other, yet unknown, MMPs are also involved in this 

process since inhibition of the activity of all MMPs inhibits expression of MMP-2. 
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