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Abstract

Objective. The aim of the present study was to analyze the relationship between systemic 

levels of proMMP-3, -8 and -9, MMP activity in 2M/MMP complexes and the progression 

of joint destruction in recent-onset rheumatoid arthritis (RA) patients. 

Methode. One hundred and nine patients diagnosed with RA of recent-onset were entered 

in this study. In this longitudinal study, the patients were followed for 2 years; clinical 

data, blood samples and radiographs were obtained at baseline, at 1 year and at 2 years. 

Serum levels of MMPs were quantified using sandwich ELISA and MMP activity assays. 

Results. During the 2-year study, joint damage progressed from 0 to 10 (median Sharp 

score, P < 0.001). Stable levels of proMMP-3 and a significant decrease in the levels of 

proMMP-8 and -9 and 2M/MMP complexes were observed throughout the 2 years. 

Regression analysis showed that serum proMMP-3 levels at the disease onset were 

independently associated with the progression of joint damage (B: 0.37, 95% CI: [0.13-

0.61], P = 0.003).

Based on the rate of joint destruction, the patients were divided into two subgroups: 

patients with mild and severe joint damage progression. The proMMP-3 levels were 

significantly higher in the severe vs. mild group at all time points, a decrease in the levels 

of proMMP-8 and -9 was found in both groups whereas 2M/MMP complexes levels 

decreased in the mild group only. 

Conclusion. Whereas serum levels of studied MMPs are associated with the disease 

activity, serum proMMP-3 levels at the onset of disease are also predictive of joint damage 

progression.
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Introduction 

Rheumatoid arthritis (RA)
I
 is a chronic and potentially crippling disease characterized by 

systemic inflammation and joint tissue degradation. Degradation of articular cartilage is 

one of the early features of the disease and is mediated by the increased activity of 

proteolytic systems.
1

Among several enzymes involved in the process, matrix 

metalloproteinases (MMPs) have been shown to play an important role in the invasion of 

the synovial tissue in cartilage, cartilage destruction and bone erosion formation.
2,3 

Increased levels of MMPs are found at tissue level, in the synovial fluid (SF) and in the 

systemic circulation of the RA patients. Based on the substrate specificity, the family of 

MMP enzymes is subdivided into subgroups such as stromelysins (MMP-3, -10, and -11), 

collagenases (MMP-1, -8, -13), gelatinases (MMP-2, -9) and membrane type MMPs 

(MMP-14, -17, -22, -24, -25).
4

Stromelysins have a wide range of substrate specificity and are also capable of activating 

other MMPs, thus playing an important role in the MMP cascade.
5-7 

ProMMP-3 levels 

were shown to correlate with systemic inflammatory markers and were suggested to be 

involved in cartilage degradation.
8-10

 Collagenases are capable of degrading the intact 

collagen molecule, one of the main components of the articular cartilage. SF proMMP-1 

(collagenase-1) levels were shown to correlate with the degree of synovial inflammation
11 

and serum proMMP-1 levels with development of joint erosions.
12

 Systemic levels of 

proMMP-8 (collagenase-2) are increased in clinically and serologically active RA and are 

correlated with markers of the systemic inflammation.
13

 Gelatinases degrade the denatured 

collagen and were also shown to be associated with the development of radiographic 

erosion in RA patients.
14

 After MMPs are produced and activated their action is further 

controlled by specific inhibitors of Matrix Metalloproteinases (TIMP). Normally a tight 

balance exists between MMPs and their tissue inhibitors. However, in pathological 

situations such as rheumatoid arthritis, an MMP/TIMP imbalance is present which leads to 

an excess of activated MMPs and has been implicated to play an important role in the 

chain of event leading to the excessive cartilage degradation.
15

 In the systemic circulation 

and SF, MMPs are also readily captured by 2Macroglobulin, a natural protease 

inhibitor.
16-18 

It has been previously shown that in SF and in the systemic circulation of RA 

patients the levels of MMP/ 2M complex are increased, suggesting that levels of 

MMP/ 2M complexes represent the MMP/TIMP imbalance present in RA.  

The present study was designed to investigate whether levels of matrix metalloproteinases 

measured in the systemic circulation have predictive value with regard to joint destruction. 

Since our previous results of MMP measurements in SF and systemic circulation yielded 

the highest differences between RA/OA and healthy controls for proMMP-3, 8 and -9 

(Tchetverikov, unpublished results), the present study focused on these enzymes. 

Thus, in the present large longitudinal study, the serum levels of stromelysin-1 (proMMP-

3), collagenase-2 (proMMP-8) and gelatinase B (proMMP-9) as well as general MMP 

I Abbreviations: 2M: alpha2Macroglobulin; CRP: C-reactive protein; DAS: Disease Activity Score; EAC: Early Arthritis 

Clinic; JDS: Joint Damage Score; MMPs: Matrix Metalloproteinases; proMMPs: pro-Matrix Metalloproteinases; RA: 

rheumatoid arthritis; SE: Shared Epitope; SF: Synovial Fluid; TIMPs: Tissue Inhibitors of Metalloproteinases. 
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activity in 2M/MMP complexes were analyzed in relation to the rate of radiological 

progression and disease activity in recent-onset RA patients. 

Patients and Methods 

In 1993 a special Early Arthritis Clinic (EAC) was started at the Department of 

Rheumatology of the Leiden University Medical Center, the only center for rheumatic 

patients in an area with 300,000 inhabitants. The general practitioners were encouraged to 

refer patients to the EAC if at least two of the following features were present: joint pain, 

joint swelling or reduction of joint mobility. All patients referred to the special EAC were 

seen within two weeks. The patients were included in the EAC if 1) the arthritis was 

confirmed by a rheumatologist, 2) the history of symptoms lasted less than 2 years and 3) 

the patients had not been visiting a rheumatologist elsewhere for the same problem.  

In the present study, only patients with the diagnosis RA defined according to the 1987 

ACR criteria
19

or probable RA using the 1958 ACR criteria,
20

 but without the 6 weeks 

duration observed by a physician,
21

 were analyzed. Sixty six percent of the patients who 

were initially diagnosed as having probable RA according to the 1958 ACR criteria 

fulfilled the 1987 ACR classification criteria for rheumatoid arthritis during the follow-up 

period (Table 1).

Table 1. Demographic and clinical data from the patient group at study entry 

 RA patients (N = 109) 

Age, years
*
 58 [44 - 67] 

% Female 73 

Duration of symptoms, days
*
 162 [89 - 311] 

Time from symptom onset to initiation of 

DMARD, days 331 [199 - 545] 

Disease duration before treatment, days 123 [50 - 273] 

RA  (%)
*, **

probable RA (%)
*,***

68

32

Rheumatoid Factor, % positivity 58 

Shared Epitope, % positivity 69 

Baseline joint damage
*
  0 [0 - 2] 

*
Data shown is median [25

th
- 75

th
 percentiles] 

**
 RA = rheumatoid arthritis according to the 1987 ACR classification criteria 

***
probable RA = probable rheumatoid arthritis according to the 1958 ACRclassification 

criteria. Sixty six percent of the patients who were initially diagnosed as having probable 

RA according to the 1958 ACR criteria fulfilled the 1987 ACR classification criteria for 

rheumatoid arthritis during the follow-up period. 

The study group comprised 109 patients recruited to the EAC. All patients were initially 

treated with nonsteroidal anti-inflammatory drugs (NSAIDs). After approximately four 

months those still having active disease received disease modifying anti-rheumatic drugs 
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(DMARDs) such as chloroquine (CQ) or sulfasalazine, if CQ was contraindicated. This 

was the treatment strategy for RA at that time in The Netherlands. After the initial 

treatment, the rheumatologists were free to choose another DMARD for patients who 

experienced side effects or required a treatment change due to lack of efficacy.
22

 Six 

patients received prednisone at some point during the study.  

For further analysis, the whole study population was divided into two subgroups. The 

subgroups were defined based on the joint damage score (JDS, represent the Sharp-van der 

Heijde total damage scores
23

). The mild disease progression group (mild progressors) had 

JDS lower than or equal to the median of the JDS of the whole study population during the 

2 year follow-up (the median Sharp score of the whole group is 10) and comprised of 59 

patients (mean ± SD age: 54 ± 16; 73% females, 39% received DMARD). Patients with 

JDS greater than the median of the whole group were assigned in the severe disease 

progression group (severe progressors, N = 50; mean ± SD age: 57.2 ± 14; 72% females, 

72% received DMARD). 

Clinical examinations 

In the study group, clinical variables of disease activity were assessed at study entry and 

thereafter at one and two years. We used a modified Disease Activity Score 3 (DAS)
24,25

 to 

measure disease activity. The formula for the disease activity score 3 was as follows: 

disease activity score 3= 0.54*( Ritchie score) + 0.065*(number of swollen joints) + 

0.33*ln erythrocyte sedimentation rate + 0.224. All joints were assessed as in the Ritchie 

Articular Index except for the acromioclavicular, subtalar and midtarsal joints. For the 

swollen joint index the metacarpophalangeal, proximal interphalangeal and 

metatarsophalangeal joints were scored as one unit. These “modified” DAS will be further 

referred to as DAS. 

Radiographs of the hands and feet were obtained at study entry, one year and two years. 

Radiographs were scored randomly by one experienced rheumatologist according to the 

modified Sharp/ van der Heijde method.
23

 The intra-class correlation coefficient for the 

assessor’s scoring was 0.95, as measured in 39 patients. The laboratory variable RF-IgM 

was determined at study entry and measured by ELISA as described previously.
26

 RF-IgM 

titers of  5 units were considered positive. Also the HLA phenotypes according to the 

Shared Epitope (SE) model were analyzed at study entrance.
27,28 

DNA isolation, DRB1 

typing and subtyping were performed as described previously.
27

 SE-positive DRB1 alleles 

were *0101, *0102, *0401, *0404, *0405, *0408 and 1001. The demographic, clinical and 

radiological data of the patient group are shown in Table 1.

MMP analyses 

Serum was prepared after blood collection and all samples were stored at –20 °C prior to 

analysis. ProMMP-3 was analyzed using the sandwich ELISA for proMMP-3 according to 

the manufacturer’s instructions (Amersham Biosciences, Little Chalfont, UK). MMP-8 and 

-9 (proMMPs were captured using monoclonal antibody and its activity was measured after 

APMA activation) were detected using respective MMP activity assays according to the 
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manufacturer’s instructions (Biotrak activity assay, Amersham Biosciences, Little 

Chalfont, UK). General MMP activity in 2Macroglobulin complexes was measured using 

10 µM (all concentrations are final) fluorogenic substrate TNO211-F
17

in the presence or 

absence of 10 µM BB94 (a general MMP inhibitor). It has been shown previously that 

activated MMPs form complexes with 2M in biological fluids such as SF, serum or 

wound fluid.
17,18 

After the complexes are formed MMPs loose the ability to degrade their 

natural substrates such as collagen type II, but can still be detected using small molecular 

weight substrates,
16

 such as TNO211-F. TNO211-F is mainly converted by MMP-2, -8, -9 

and -13 and at lower rate by MMP-3 and -1.
17

 Serum samples were diluted (final dilution 

1/50) in MMP buffer
17

containing EDTA-free Complete
TM

 (1 tablet in 10 ml). The MMP 

activity in each sample was calculated as the difference in the initial rate of substrate 

conversion (linear increase in fluorescence in time) between samples with and without 

BB94 addition. Fluorescence was measured for 6 hrs at 30°C using a Cytofluor 4000 

(Applied Biosystems, Foster City, CA, USA).  

Statistical analysis 

Differences between the subgroups of interest were tested with the Mann-Whitney U test. 

The changes within patients in time were analyzed using linear mixed model per study 

subgroup (repeated measurements parameter was entered into the model, data is log 

transformed for JDS and proMMP-3 levels and square-root transformed for promMP-8 and 

-9 levels for the analysis). Correlations for non-parametric data were evaluated by 

calculating the Spearman rank correlation coefficients. Within the study group, the log-

transformed Sharp progression score was the outcome parameter in a stepwise linear 

regression analysis that included the following possible baseline predictors: DAS, CRP, 

RF, SE, log transformed proMMP-3, -8, -9 and activated MMP in 2M. Before log 

transformation, 1 point was added to all progression scores (  Sharp score = Sharp 

scoreendpoint - Sharp scorebaseline) to avoid a zero  Sharp score in order to be able to perform 

log transformation. All tests were two-tailed and P  0.05 was considered significant. The 

statistical analysis was performed using S-Plus (MathSoft, Seattle, WA) and SPSS 

(Chicago, IL) statistical software.

Results

Total group

During the two-year follow-up, the median DAS score in the present study group declined 

significantly from 3.4 to 2.5 (P < 0.001), the median CRP levels from 20 to 10 mg/L (P < 

0.001), and the joint damage progressed from a median Sharp score of 0 at baseline to 10 

after 2 years (P < 0.001). A stable serum level of proMMP-3 throughout the two years 

follow-up was observed in the study group (median [25
th

 - 75
th

 percentiles]: 25 [11 - 47], 

26 [16 - 65] and 25 [14 - 58] ng/ml, at baseline, at 1 and 2 years, respectively; Figure 1). A 

significant decrease in levels of proMMP-8 and -9 was found in the study group: proMMP-

8 decreased from 91 [57 - 127] to 54 [33 - 108] U/ml (P = 0.002) and proMMP-9 from 53 

[44 - 71] to 41 [31 - 56] U/ml (P = 0.001). Levels of MMP activity in 2M complexes 
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decreased slightly, but significantly during the 2-year follow-up period (4.4 [3.5 - 6.0] 

U/ml at baseline, 3.9 [3.0 - 5.3] U/ml at one year and 4.0 [2.5 - 5.4] U/ml at 2 years, P <

0.001). MMPs correlated significantly with the CRP levels and DAS at several time points 

(Table 2).

Table 2. Correlations (rs) between proMMP and activated MMP levels and CRP and DAS 

in the rheumatoid arthritis patients at baseline, one year and two years. 

Baseline CRP DAS

ProMMP-3   0.33
a
    0.28

 b

ProMMP-8   0.32
a
 -0.03 

ProMMP-9  0.04 -0.18 

MMP activity in 2M   0.36
a
    0.28

 b

   

One year CRP DAS

ProMMP-3    0.70
a
    0.38

 b

ProMMP-8   0.28
b
 -0.04 

ProMMP-9  0.12 -0.03 

MMP activity in 2M   0.54
a
    0.41

 a

   

Two years CRP DAS

ProMMP-3    0.52
a
  0.22 

ProMMP-8  0.14 -0.12 

ProMMP-9 -0.03 -0.13 

MMP activity in 2M   0.46
a
    0.33

 b

a
P<0.005,

b
P<0.05 (Spearman’s rho). CRP = C-reactive protein, MMP = matrix 

metalloproteinase, DAS = disease activity score

ProMMP-3 is an independent predictor of joint damage progression in RA 

It was previously suggested that both CRP and systemic proMMP-3 levels
9
 at disease onset 

are predictive of joint damage progression. To analyze which baseline parameters were 

associated with progression of joint damage, a stepwise log linear regression analysis was 

performed. Next to proMMP-3, -8, -9 and MMP activity in 2M/MMP complexes other 

potential predictors such as Rheumatoid Factor (RF), Shared Epitope (SE), DAS and CRP 

levels at baseline were included into the model. The strongest association between the 

input factors and joint damage progression was found for proMMP-3 levels at onset of the 

disease. The association between joint damage progression and proMMP-3 levels (B: 0.7, 

95% C.I. [0.3 - 1.01], P < 0.001) was independent from all other parameters. From the 

others potential predictors included in the analysis, only SE was also independently 

associated with progression of joint damage (B: 1.02, 95% C.I. [0.3 - 1.74], P = 0.006). 

The baseline parameters RF was also associated with joint damage progression in this 

model, however not independently. Since MMPs are likely to be mainly involved in 

cartilage degradation in RA, similar stepwise log linear regression analysis was performed 

for joint space narrowing as outcome measure. Joint space narrowing is a part of the total 

Sharp-van der Heijde joint damage score and represent loss of the articular cartilage. From 

the input parameters, the strongest association with joint space narrowing progression was 
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found for baseline levels of proMMP-3 (B: 0.58, 95% C.I. [0.23 - 0.92], P = 0.001). Again, 

the association was independent from all other input parameters and only SE was also 

independently associated with joint space narrowing (B: 0.7, 95% C.I. [0.09 - 1.31], P = 

0.026). To complete the analysis, the erosion sub-component of the Sharp-van der Heijde 

joint damage score was used as outcome measure. The results showed that in this model 

proMMP-3 levels at the onset of the disease and RF were the strongest predictor of the 

erosion formation (B: 0.49, 95% C.I. [0.1 - 0.88], P = 0.015 and B: 0.98, 95% C.I. [0.26 - 

1.7], P = 0.009, respectively).

Figure 1. Group median (+ SE) values of Matrix Metalloproteinases (MMPs) measured in 

serum of 109 patients with recent-onset RA. Levels of proMMP-3, proMMP-8, proMMP-9 

and MMP activity in 2Macroglobulin/MMP ( 2M/MMP) complexes were measured at 

baseline and at 1 and 2 years of follow-up.

A. ProMMP-3 levels remain stable during the follow-up period. 

B. MMP activity in 2M/MMP levels showed slight but significant decrease. 

C. ProMMP-8 levels decreased significantly during the follow-up period. 

D. ProMMP-9 levels decreased significantly during the follow-up period. 

P value indicates the significance of changes within the group in time (Linear mixed 

model). 
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Patients with severe vs. mild disease progression

Inasmuch as proMMP-3 levels were found to predict joint damage progression and 

proMMP-8 and -9 were not, the study population was divided to elucidate the involvement 

of the MMP subclasses in the disease process. Two subgroups were defined based on the 

progression of the joint damage score (JDS, represent the Sharp-van der Heijde total 

damage scores
23

). The mild disease progression group (mild progressors) had JDS of  10 

during the 2-year follow-up (the median of the whole group), whereas the severe disease 

progression group (severe progressors) included patients with JDS greater than the median 

JDS of the whole group.The results are shown in Table 3.

Table 3. Differences within the patient groups with mild or severe disease groups in 

disease activity score, levels of proMMP-3, -8, and -9 and activated MMP levels at 

baseline, one year and two year follow-up. 

For detailed analysis of the MMPs during the study follow-up, the study group was divided 

into two subgroups according to the joint damage score (JDS) progression. Patients who 

had JDS progression lower than or equal to the median JDS progression of the whole 

study population comprised the mild disease group, whereas patients with JDS progression 

greater than the median of the whole study population were included in the severe group. 

Data shown are median [25
th

 and 75
th

 percentiles]. DAS = Disease Activity Score, 

(pro)MMP = (pro)Matrix Metalloproteinase, MMP/ 2M = MMP/ 2Macroglobulin

complexes. P values show the significance of the changes per group in time (Linear mixed 

model).  

Mild Group P value Severe Group P value 

 (N = 59)  (N = 50)  

JDS     

Baseline 0   [0-0]  2   [0-11]  

Year 1 0   [0-3] <0.001 18   [13-41] <0.001 

Year 2 2   [0-6]  26   [17-52]  

DAS     

Baseline 3.2   [2.6-4.0]  3.8   [3.1-4.6]  

Year 1 2.7   [1.3-3.5] <0.001 3.4   [2.6-4.2] <0.001 

Year 2 1.6   [1.1-3.0]  3.0   [1.9-3.4]  

ProMMP-3, ng/ml    

Baseline 17   [9-46]  31   [19-50]  

Year 1 18   [12-27] NS 42   [26-77] NS 

Year 2 20   [11-28]  46   [22-76]  

ProMMP-8, U/ml    

Baseline 91   [54-121]  93   [59-130]  

Year 1 78   [43-102] <0.001 65   [45-111] <0.001 

Year 2 51   [23-108]  65   [49-102]  

ProMMP-9, U/ml    

Baseline 54   [44-66]  53   [42-74]  

Year 1 51   [34-57] <0.001 50   [40-60] <0.001 

Year 2 39   [31-48]  49   [30-59]  

MMP/2M, U/ml    

Baseline 4.2   [3.5-5.7]  4.6   [3.6-7.4]  

Year 1 3.4   [2.7-4.6] <0.001 4.0   [3.5-6.1] NS 

Year 2 3.4   [2.3-4.8]  4.4   [3.7-5.5]  
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The RA patient group with mild disease progression showed a 50 % improvement in DAS 

(3.2 to 1.6, P < 0.001, Table 3). In the patient group with severe disease progression, the 

DAS decreased less, but statistically significant over two years (3.8 to 3.0, P = 0.001, 

Table 3). Similar results were seen with regard to the CRP levels. CRP (mg/L, mean ± 

SEM) was significantly decreased both in the patient group with mild disease (from 25 ± 4 

to 11 ± 2, P = 0.008, baseline vs. 2 year) and in the patients group with severe disease 

(from 38 ± 5 to 28 ± 6, P = 0.03). 

ProMMP-3 levels  

Comparison of serum proMMP-3 levels between the 2 subgroups (severe vs. mild) 

revealed higher proMMP-3 levels in patients with severe progressive disease at each time-

point (31 vs. 17 ng/ml at baseline, P = 0.02; 42 vs. 18 at one year, P < 0.001, and 46 vs. 20 

ng/ml at two years, P = 0.004, Table 3). Overall, proMMP-3 levels were correlated with 

CRP at different time points for both groups (at baseline and one year in mild progressors 

and at one and two years in severe progressors, data not shown). Although proMMP-3 

levels and CRP were correlated, the proMMP-3 levels did not decrease in either mild or 

progressive patients group during the 2-year follow-up, whereas a significant decrease in 

CRP levels for both groups was observed, implying that proMMP-3 and CRP may not 

reveal the same information. 

ProMMP-8 and -9 levels

No differences in proMMP-8 and -9 levels between mild and severe disease progression 

groups were observed at baseline or at later time points (Table 3, ProMMP-8: P = 0.802, P

= 0.581, P = 0.226 and proMMP-9: P = 0.993, P = 0.580, P = 0.159 for T = 0, T = 1, T = 

2, respectively). ProMMP-8 and -9 levels decreased during the 2-year follow-up period in 

both disease groups, (all P < 0.001, Table 3). 

MMP activity in 2M complexes  

At baseline, no differences were seen between the patients with mild and severe disease. A 

significant decrease in MMP activity was found in the mild progression group (P < 0.001; 

Table 3), while a slight decrease in the MMP activity levels in the severe group did not 

reach the level of statistical significance. Levels in the severe group were significantly 

higher at one and two years (at one year: 4.0 U/ml vs. 3.4 U/ml, P = 0.01, and at two years: 

4.4 U/ml vs. 3.4 U/ml, P = 0.04; Table 3).

Discussion

In the present longitudinal study, we observed that high levels of proMMP-3 at onset of 

RA are associated with severe joint damage progression. This association was independent 

of known risk factors such as SE, RF and CRP. Further, we found that a decrease in the 

disease activity was accompanied by a decrease in the proMMP-8 and -9 levels in serum of 

RA patients. Moreover, a detectable surplus of activated MMPs, captured by 

2Macroglobulin, was found in serum of RA patients. This surplus was higher in the 
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systemic circulation of RA patients with high rate of joint damage progression compared to 

the patients with low rate of joint damage progression. 

Contradictory reports have been published regarding the role of MMP-3 in joint tissue 

degradation and/or joint inflammation. Cumulative serum proMMP-3 levels have been 

shown to correlate with joint damage progression,
10,29 

suggesting involvement of proMMP-

3 in the process of joint tissue degradation. Yamanaka et al.
8
 indicated in a small group 

that serum proMMP-3 levels at onset of disease may predict radiological joint damage. In 

line with the latter, we show in a longitudinal study, which comprised of 109 recent-onset 

RA patients, that baseline levels of proMMP-3 are predictive of the loss of articular 

cartilage and total joint damage progression. Moreover, regression analysis showed that 

association between proMMP-3 levels and joint damage progression was independent from 

other know prediction factors such as SE, RF and CRP, thereby suggesting a crucial role of 

MMP-3 in joint destruction.

However, other studies suggest that MMP-3 mainly reflects the inflammatory component 

of RA. Indeed, ample evidence have been generated that proMMP-3 levels are correlated 

with systemic CRP,
12

 which is generally regarded as an inflammatory marker.
10,30-32 

This

interrelationship between MMP-3 levels and CRP, which is also found in this study, is not 

unexpected since both CRP and proMMP-3 are regulated through pro-inflammatory 

cytokines. However, our results also show that proMMP-3 and CRP do not necessarily 

reveal the same information. Firstly, data analysis showed that proMMP-3 levels at onset 

of disease were associated with joint damage progression, whereas CRP levels were not. 

Secondly, a significant decrease in CRP levels was observed in the study group during the 

2-years follow up period, whereas proMMP-3 levels remained unchanged in the whole 

group. These differences could be explained by the nature of CRP and proMMP-3. CRP is 

an acute phase protein produced by the liver in response to circulating pro-inflammatory 

cytokines and is therefore regarded as a marker of systemic inflammation, including that 

originating in the joint. ProMMP-3 measured in the systemic circulation of RA patients is 

likely to be produced in the affected joints, where it is directly involved in tissue 

degradation and therefore, serum levels of proMMP-3 may more specifically reflect the 

destructive disease process. Further, proMMP-3 levels were found to be significantly 

higher in the patients group with severe disease when compared to the mild disease group 

not only at baseline but also during the 2 years of follow up. Moreover, we observed that a 

decrease in proMMP-8 and -9 levels, and not proMMP-3, was accompanied by a decrease 

in disease activity. Taken together, these results indicate that MMP-3 may be seen as a 

constitutive marker of the pathological process underling joint tissue degradation in RA. 

It could be questioned whether the treatment, which patients in this study received, could 

be a confounding factor in the relationship between MMP levels and joint destruction. The 

results, however, showed that patients in the severe group had higher MMP levels and 

higher increase in joint damage during the study than patients in the mild group while they 

also received more treatment than patients in the mild group did. Given these observations, 

it seems unlikely that the treatment regiment as such could disturb the interpretation of the 

results or undermine the conclusions of this study.  
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ProMMP-8 and -9 levels measured in the systemic circulation of RA patients were not 

predictive of progression of joint damage in the whole group during the study period. The 

absence of this correlation between the baseline proMMP-8 and -9 levels and radiological 

joint damage progression is not entirely surprising. ProMMP-8 and -9 are produced mainly 

by leukocytes: neutrophils (proMMP-8 and -9)
33

 and macrophages (proMMP-9).
34

 In case 

of RA, leukocytes are recruited into the joints during inflammation
35

and are highly 

increased in SF. According to our previous results (Tchetverikov, unpublished), systemic 

circulation and synovial fluid levels of proMMP-8 and -9 in RA patients are highly 

correlated, suggesting that proMMP-8 and -9 levels found in the systemic circulation may 

represent the situation in the affected joints. Since proMMP-8 and -9 are produced by 

inflammatory cells and are subject to fluctuations of inflammation in RA, their levels are 

likely to change during the course of RA according to the disease activity. Indeed, in our 

study population, we observed a 33% reduction in DAS, decreased CRP levels and also 

significant decreases in the proMMP-8 and -9 levels. Altogether, these results imply that 

MMP-8 and MMP-9 are involved in the disease process in RA and may indicate the 

current status of this proteolytic system, involved in joint inflammation.

In our study group MMP activity in 2Macroglobulin/MMP complexes was detected in 

both the mild and severe disease groups. However, a significant decrease of approximately 

20%, which was detected in the mild disease group over the 2-year follow-up period, was 

not observed in the severe disease group indicating insufficient reduction of the disease 

activity as suggested by DAS and CRP. The presence of activated MMPs captured by 2M

in the systemic circulation of RA patients supports the theory of the imbalance between 

MMP and their natural inhibitors, TIMPs. In pathological situations, such as RA, an 

imbalance exists between levels of MMPs and TIMPs.
15

 It has been previously shown that 

when a surplus of active MMPs over TIMPs exists
16,17

 activated MMPs can be captured by 

the natural proteinase inhibitor 2M.
36

 Thus, our findings of higher MMP activity in 2M

complexes in RA patients with severe disease activity indicate a significant imbalance 

between MMPs and TIMPs in favor of MMPs, which are involved in the disease process of 

early RA. 

In conclusion, this study shows that MMP-3, -8, -9 are involved in the pathophysiology of 

recent-onset RA regarding both joint inflammation and joint damage. ProMMP-8 and -9 

were decreased during the study period as well as the disease activity; proMMP-3 and -8 

were correlated with levels of C-reactive protein in the systemic circulation, whereas 

serum proMMP-3 levels predicted the progression of joint damage in the study group. 



  MMPs AS MARKER OF DISEASE IN RA

79

References 

 1. Werb Z and Alexander C. Proteinases and matrix degradation. Kelley WN, Harris 

ED, Ruddy S, and Sledge CB. Textbook of Rheumatology, 4-th edition. Philadelphia, 

W.B. Saunders Company 1993:14,248-268.  

 2. Bresnihan B. Pathogenesis of joint damage in rheumatoid arthritis. J Rheumatol 

1999;26:717-19.

 3. Kaneko M, Tomita T, Nakase T, Ohsawa Y, Seki H, Takeuchi E. et al. Expression of 

proteinases and inflammatory cytokines in subchondral bone regions in the 

destructive joint of rheumatoid arthritis. Rheumatology (Oxford) 2001;40:247-55.  

 4. Nagase H and Woessner JF Jr. Matrix metalloproteinases. J Biol Chem 

1999;274:21491-4.

 5. Murphy G, Cockett MI, Stephens PE., Smith, BJ and Docherty AJ. Stromelysin is an 

activator of procollagenase. A study with natural and recombinant enzymes. Biochem 

J 1987;248:265-8.

 6. Unemori EN, Bair MJ, Bauer EA and Amento EP. Stromelysin expression regulates 

collagenase activation in human fibroblasts. Dissociable control of two 

metalloproteinases by interferon-gamma. J Biol Chem 1991;266:23477-82.  

 7. van Meurs J, van Lent P, Holthuysen A, Lambrou D, Bayne E, Singer I et al. Active 

matrix metalloproteinases are present in cartilage during immune complex-mediated 

arthritis: a pivotal role for stromelysin-1 in cartilage destruction. J Immunol 

1999;163:5633-39.

 8.  Yamanaka H, Matsuda Y, Tanaka M, Sendo W, Nakajima H, Taniguchi A et al.

Serum matrix metalloproteinase 3 as a predictor of the degree of joint destruction 

during the six months after measurement, in patients with early rheumatoid arthritis. 

Arthritis Rheum 2000;43:852-58.  

 9. Posthumus MD, Limburg PC, Westra J, Cats HA, Stewart RE, van Leeuwen MA et

al.  Serum levels of matrix metalloproteinase-3 in relation to the development of 

radiological damage in patients with early rheumatoid arthritis. Rheumatology 

(Oxford) 1999;38:1081-87.

 10. Posthumus MD, Limburg PC, Westra J, van Leeuwen MA and van Rijswijk MH. 

Serum matrix metalloproteinase 3 in early rheumatoid arthritis is correlated with 

disease activity and radiological progression. J Rheumatol 2000;27:2761-8.  

 11. Maeda S, Sawai T, Uzuki M, Takahashi Y, Omoto H, Seki M et al. Determination of 

interstitial collagenase (MMP-1) in patients with rheumatoid arthritis. Ann Rheum 

Dis 1995;54:970-5.

 12. Cunnane G, Fitzgerald O, Beeton C, Cawston TE and Bresnihan B. Early joint 

erosions and serum levels of matrix metalloproteinase 1, matrix metalloproteinase 3, 

and tissue inhibitor of metalloproteinases 1 in rheumatoid arthritis. Arthritis Rheum 

2001;44:2263-74.

 13. Kullich WC and Klein G. Correlation among macrophage inflammatory protein 

1alpha levels, matrix metalloproteinase 8 levels, and systemic inflammation in 



CHAPTER 5  

80

rheumatoid arthritis: comment on the articles by Yamanaka et al and Mattey et al.

Arthritis Rheum 2001;44:2940-1.  

 14. Goldbach-Mansky R, Lee JM, Hoxworth JM, Smith D, Duray P, Schumacher RH Jr 

et al. Active synovial matrix metalloproteinase-2 is associated with radiographic 

erosions in patients with early synovitis. Arthritis Res 2000;2:145-53.

 15. Martel-Pelletier J,  McCollum R, Fujimoto N, Obata K, Cloutier JM and Pelletier JP. 

Excess of metalloproteases over tissue inhibitor of metalloprotease may contribute to 

cartilage degradation in osteoarthritis and rheumatoid arthritis. Lab Invest 

1994;70:807-5.

 16. Barrett AJ. Alpha 2-macroglobulin. Methods Enzymol. 1981;80 Pt C:737-54.  

 17. Beekman B, Drijfhout JW, Ronday HK and TeKoppele JM. Fluorogenic MMP 

activity assay for plasma including MMPs complexed to alpha 2-macroglobulin. Ann 

N Y Acad Sci 1999;878:150-8.

 18. Grinnell F, Zhu M and Parks WC. Collagenase-1 complexes with alpha2-

macroglobulin in the acute and chronic wound environments. J Invest Dermatol 

1998;110:771-6.

 19. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS et al. The 

American Rheumatism Association 1987 revised criteria for the classification of 

rheumatoid arthritis. Arthritis Rheum 1988;31:315-24.  

 20. Ropes MW, Bennett GA, Cobb S, Jacox R and Jessar RA. 1958 revision of 

diagnostic criteria for rheumatoid arthritis. Arthritis Rheum 1959:2:16-20.  

 21. van der Horst-Bruinsma I, Speyer I, Visser H, Breedveld FC and Hazes JM. 

Diagnosis and course of early-onset arthritis: results of a special early arthritis clinic 

compared to routine patient care. Br J Rheumatol 1998;37:1084-88.  

 22. Lard LR, Boers M, Verhoeven A, Vos K, Visser H, Hazes JM et al. Early and 

aggressive treatment of rheumatoid arthritis patients affects the association of HLA 

class II antigens with progression of joint damage. Arthritis Rheum 2002;46:899-905.  

 23. van der Heijde DM, van Riel PL, Nuver-Zwart IH, Gribnau FW and van de Putte LB. 

Effects of hydroxychloroquine and sulphasalazine on progression of joint damage in 

rheumatoid arthritis. Lancet 1989;1[8646]:1036-38.  

 24. van der Heijde DM, van 't Hof MA, van Riel PL, Theunisse LA, Lubberts EW, van 

Leeuwen MA et al. Judging disease activity in clinical practice in rheumatoid 

arthritis: first step in the development of a disease activity score. Ann Rheum Dis 

1990;49:916-20.

 25. Stenger AA, van Leeuwen MA, Houtman PM, Bruyn GA, Speerstra F, Barendsen 

BC et al. Early effective suppression of inflammation in rheumatoid arthritis reduces 

radiographic progression. Br J Rheumatol 1998;37:1157-63.  

 26. Visser H, Gelinck LB, Kampfraath AH, Breedveld FC and Hazes JM. Diagnostic and 

prognostic characteristics of the enzyme linked immunosorbent rheumatoid factor 

assays in rheumatoid arthritis. Ann Rheum Dis 1996;55:157-61.  



  MMPs AS MARKER OF DISEASE IN RA

81

 27. van der Horst-Bruinsma I, Visser H, Hazes JM, Breedveld FC, Verduyn W, 

Schreuder GM et al. HLA-DQ-associated predisposition to and dominant HLA-DR-

associated protection against rheumatoid arthritis. Hum Immunol 1999;60:152-8.  

 28. Winchester R, Dwyer E and Rose S. The genetic basis of rheumatoid arthritis. The 

shared epitope hypothesis. Rheum Dis Clin North Am 1992;18:761-83.  

 29. Roux-Lombard P, Eberhardt K, Saxne T, Dayer JM and Wollheim FA. Cytokines, 

metalloproteinases, their inhibitors and cartilage oligomeric matrix protein: 

relationship to radiological progression and inflammation in early rheumatoid 

arthritis. A prospective 5-year study. Rheumatology (Oxford) 2001;40:544-51.  

 30. Ribbens C, Andre B, Kaye O, Kaiser MJ, Bonnet V, Jaspar JM , et al. Synovial fluid 

matrix metalloproteinase-3 levels are increased in inflammatory arthritides whether 

erosive or not. Rheumatology (Oxford) 2000;39:1357-65.  

 31. Manicourt DH, Fujimoto N, Obata K and Thonar EJ. Levels of circulating 

collagenase, stromelysin-1, and tissue inhibitor of matrix metalloproteinases 1 in 

patients with rheumatoid arthritis. Relationship to serum levels of antigenic keratan 

sulfate and systemic parameters of inflammation. Arthritis Rheum 1995;38:1031-9.  

 32. Ribbens C, Porras M, Franchimont N, Kaiser MJ, Jaspar JM, Damas P et al.

Increased matrix metalloproteinase-3 serum levels in rheumatic diseases: relationship 

with synovitis and steroid treatment. Ann Rheum Dis 2002;61:161-6.  

 33. van den Steen PE,  Proost P, Grillet B, Brand DD, Kang AH, Van Damme J et al.

Cleavage of denatured natural collagen type II by neutrophil gelatinase B reveals 

enzyme specificity, post-translational modifications in the substrate, and the 

formation of remnant epitopes in rheumatoid arthritis. FASEB J 2002;16:379-89.  

 34. Murphy G, Knauper V, Atkinson S, Butler G, English W, Hutton et al. Matrix 

metalloproteinases in arthritic disease. Arthritis Res 2002;4 Suppl 3:S39-49.

 35. Halloran MM, Woods JM, Strieter RM, Szekanecz Z, Volin MV, Hosaka S et al. The 

role of an epithelial neutrophil-activating peptide-78-like protein in rat adjuvant-

induced arthritis. J Immunol 1999;162:7492-500.  

 36. Barrett AJ and Starkey PM. The interaction of alpha 2-macroglobulin with 

proteinases. Characteristics and specificity of the reaction, and a hypothesis 

concerning its molecular mechanism. Biochem J 1973;133:709-24. 




