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In idiopathic inflammatory arthritides, proliferating
synovial membranes play a pivotal role in cartilage and
bone destruction1,2. In these disorders, macrophages and
fibroblast-like cells are the major component of the lining
layer of the synovial tissue, especially at the level of the
cartilage-pannus junction. Both cell types produce proin-
flammatory cytokines, growth factors, chemokines, and
degrading enzymes that combine to determine and perpet-
uate tissue damage3,4.

Matrix metalloproteinases (MMP) are a large family of
proteolytic enzymes produced by fibroblasts, macrophages,
neutrophils, and chondrocytes upon stimulation with a

number of growth factors, proinflammatory cytokines, and
hormones5. The proteolytic activity of MMP is thought to
represent a crucial component of both physiological (embry-
onic development, organ morphogenesis, angiogenesis) and
pathological (chronic inflammatory diseases, tumors) condi-
tions6. The main function attributed to MMP is the remod-
eling of extracellular matrix during tissue resorption7.

In adult rheumatoid arthritis (RA), a clear overexpression
of a number of MMP has been reported at the level of
rheumatoid synovial tissue8-16. Some MMP (MMP-1, MMP-
3, MMP-8, and MMP-13) are mainly produced by synovial
macrophages and fibroblast-like cells of the lining layer,
where they carry out proteolytic digestion of the extracel-
lular matrix of cartilage and bone as well as synovial tissue
remodeling.

Four different natural inhibitors of MMP are known
(namely, tissue inhibitor of metalloprotease, TIMP-1 to 4),
which interact with activated MMP in the inflamed tissue,
forming a 1:1 stoichiometric complex5. TIMP-1 is the
natural MMP inhibitor most abundantly expressed in the
lining cells of adult rheumatoid synovium12-14,17,18.

We investigated synovial tissue expression of the main
proteolytic enzymes (MMP-1, MMP-3, and MMP-13) and
of TIMP-1 in juvenile idiopathic arthritis (JIA), which, at

Synovial Membrane Expression of Matrix
Metalloproteinases and Tissue Inhibitor 1 in 
Juvenile Idiopathic Arthritides
MARCO GATTORNO, VALERIA GERLONI, ADRIANA MORANDO, FEDERICO COMANDUCCI, 
ANTONELLA BUONCOMPAGNI, PAOLO PICCO, FLAVIO FANTINI, VITO PISTOIA, and CLAUDIO GAMBINI

ABSTRACT. Objective. Matrix metalloproteinases (MMP) are a large family of proteolytic enzymes involved in
the remodeling of extracellular matrix during tissue resorption. We investigated synovial tissue
expression of the main proteolytic enzymes (MMP-1, MMP-3, and MMP-13) and tissue inhibitor of
metalloprotease 1 (TIMP-1) in juvenile idiopathic arthritides (JIA).
Methods. Expression of MMP-1, MMP-3, MMP-13, and TIMP-1 was studied by immunohisto-
chemical analysis of synovial tissues, obtained at synoviectomy or arthroplasty from 9 patients with
JIA, and was correlated with mononuclear cell infiltration into the lining layer.
Results. MMP-1 and MMP-3 were abundantly expressed in the lining layer, showing a high degree
of correlation with macrophage infiltration (CD68+ cells). MMP-13 showed a lower degree of
expression, with tissue distribution almost restricted to the sublining regions. TIMP-1 tissue distri-
bution was similar to that observed for MMP-1 and -3, although with a definitely lower number of
positive cells.
Conclusion. The expression of MMP-1 and MMP-3 in the synovium of patients with JIA was
clearly correlated with the degree of inflammation. This indicates the possible role of MMP in the
pathogenesis of synovitis in this group of pediatric idiopathic arthritides. Inadequate expression of
tissue inhibitors may represent a crucial event for the development and perpetuation of tissue
damage. (J Rheumatol 2002;29:1774–9)
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least in its oligoarticular and systemic subtypes, can be
considered characteristic of the pediatric age.

MATERIALS AND METHODS
Synovial samples obtained at synovectomy or arthroplasty from 9 patients
with JIA diagnosed according to the Durban criteria19 were studied (Table
1). Patients’ ages at the time of the study ranged from 10 to 29 years (mean
18.8). Disease onset occurred for all patients before the age of 16 years and
disease duration ranged from 6 to 20 years (Table 1). Three patients had had
a systemic onset with polyarticular course, one patient had a polyarticular
RF negative onset, and 5 patients had oligoarticular onset (3 extended and
2 persistent)19. Prolonged drug treatment with nonsteroidal antiinflamma-
tory agents, systemic and local steroids, and second-line therapy was
administered to all patients. Treatment at the time of the study is reported
in Table 1. Steroid administration in the previous 6 months was considered
a criterion of exclusion from the study.

Evaluation of overall disease activity and the degree of active inflam-
mation at the level of the involved joint at the time of surgery (measured on
a 0–10 cm visual analog scale) was performed by 2 expert pediatric
rheumatologists (VG, FF) and recorded together with the number of active
joints, number of joints with limited range of motion, and erythrocyte sedi-
mentation rate (ESR)20,21.

Synovial membrane samples from a 24-year-old woman with RF posi-
tive RA and from a 13-year-old girl who underwent meniscectomy due to
traumatic injury were studied as positive and negative controls, respec-
tively (Patients 10 and 11, Table 1). Eleven synovial membrane specimens
of 5 to 12 mm maximum diameter (mean 8 mm) were studied. Immuno-
histochemical staining was performed according to standard technique.
Briefly, all specimens were fixed in 10% formalin for 24 h and embedded in
paraffin. Four millimeter paraffin sections were deparaffinized in xylene,
and rehydrated in descending grade (100–70%) ethanol. Endogenous perox-
idase activity was blocked by 10 min treatment with 3% hydrogen peroxide
in distilled water. Pretreatment of tissue sections in a 750 W microwave was
performed for staining with MMP-1 and MMP-13 monoclonal antibodies
(Mab) to carry out heat induced epitope retrieval. For MMP-3 and TIMP-1
Mab staining, enzymatic digestion was performed with pepsin (final
concentration 2.5 mg/ml; Bio Genex, San Ramon, CA, USA).

Immunohistochemical reactions were performed in an automated
immunostainer (Optimax, Bio Genex). Sections were incubated 30 min at
room temperature with the following Mab: anti-CD68, clone kp1 (diluted
1:50; Dako, Glostrup, Denmark); anti-MMP-1, clone 41-1E5 (diluted
1:1000; Chemicon International, Temecula, CA, USA); anti MMP-3, clone
55-2A4 (diluted 1:1000; Chemicon); anti-MMP-13, clone 181-15A12
(diluted 1:400; Chemicon); and anti-TIMP-1, clone 147-6D11 (diluted

1:1000; Chemicon). All the anti-MMP Mab reacted with the precursor and
with the biologically active form of the respective MMP. Sections were
subsequently reacted for 30 min at room temperature with an anti-mouse Ig
antibody conjugated to peroxidase labeled dextran polymer (EnVision,
Dako). Reactions in the absence of primary antibody and with irrelevant
antibodies of the same isotypes (anticytomegalovirus, clones DDG9 and
CCH2, Dako) were carried out as negative controls. The antigen-antibody
immunoreaction was visualized by diaminobenzidine substrate (DAB,
Dako)22. Slides were counterstained with Mayer’s hematoxylin.

Slides were evaluated blindly on 2 different occasions by 2 expert
pathologists (CG, AM). In each sample all synovial areas were evaluated at
the level of the lining and sublining layers. However, based on previous
observations showing a prevalent expression of MMP and TIMP in the
lining layer3-6, a semiquantitative evaluation was performed at the latter
site, according to the following criteria: macrophage (type A synoviocyte)
infiltration was evaluated as number of CD68 (kp1) positive cells/high
power field (hpf/40×) and classified as absent (–, < 3 positive cells/hpf),
weakly positive (+, 3 to 10/hpf), moderately positive (++, 10 to 30/hpf),
strongly positive (+++, 30–50/hpf), or intensively positive (++++, 
> 50/hpf)13. Expression of MMP and TIMP-1 was evaluated according to
the same criteria. Type B synoviocyte infiltration was calculated as number
of CD68 (kp1) negative fibroblast-like cells/hpf13. A mean of 6 hpf (range
4–12) were evaluated for each sample. The assignment of each sample to
one of the above categories was based upon the predominant pattern
observed. Intra- and interobserver variability was less than 5%.

Correlations among the above variables was performed using nonpara-
metric Spearman’s rank test. Differences between the degrees of concomi-
tant MMP and TIMP-1 expression were evaluated by the Wilcoxon rank
test.

RESULTS
The results of the studies on the degree of synoviocyte infil-
tration are reported in Table 2. A slight predominance of
type A (CD68+) versus type B synoviocytes (CD68–) was
noted both in patients with JIA and in the RA control.
Conversely, as expected, fibroblast-like cells were found to
be predominant in posttraumatic synovial membrane (Table
2 and Figure 2, panel A)1. Thus, infiltration of type A
synoviocytes (CD68+) was considered a sensitive marker of
the degree of synovial inflammation1,2.

The proportion of CD68+ cells was significantly 
correlated with the physician clinical assessment of the

Table 1. Clinical characterization of JIA and RA patients and control (Patient 11) at the time of study.

Patient Sex Disease JIA Subgroup or Ongoing Source Global Single No. of Active ESR
Duration Other Conditions Treatment Disease Score Joint Score Joints

1 M 7 Extended oligo NSAID, MTX Knee 2 0.8 6 16
2 F 20 Systemic CS, MTX Hip 6.8 0.9 0 62
3 F 11 Polyarticular CS, AZA, NSAID Knee 6.7 3.2 6 40
4 M 18 Systemic NSAID Hip 7.1 4.9 28 50
5 M 6 Persistent oligo CSA, NSAID Knee 4 6.8 1 14
6 M 13 Extended oligo NSAID, MTX Wrist 5.2 5.4 3 23
7 M 7 Extended oligo CS, MTX Knee 3.9 2.8 1 18
8 M 10 Persistent oligo NSAID Knee 1.8 2.9 1 14
9 F 7 Systemic CS, NSAID, MTX Knee 5 3.8 4 13
10 F 7 RA CS, CSA, NSAID Knee 6.9 6 33 6
11 F — Posttraumatic — Knee — — — —

NSAID: nonsteroidal antiinflammatory drugs, CS: corticosteroids, MTX: Methotrexate, CSA: Cyclosporine, AZA: Azathioprine, ESR: erythrocyte sedimen-
tation rate, mm/h.
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Table 2. Immunohistochemical analysis of type A (CD68+) and B (CD68–) synoviocyte infiltration, and MMP and TIMP-1 expression in respective synovial
tissue.

Synoviocytes
Patient Source Type A Type B MMP-1 MMP-3 MMP-13 TIMP-1

1 Knee 1+ 2+ 1+ 1+ 1+ 1+
2 Hip 2+ 2+ 2+ 1+ 1+ 1+
3 Knee 3+ 3+ 3+ 3+ – 2+
4 Hip 3+ 2+ 3+ 4+ 2+ 2+
5 Knee 4+ 3+ 4+ 3+ 2+ 2+
6 Wrist 4+ 3+ 3+ 4+ 2+ 1+
7 Knee 2+ 2+ 2+ 2+ 1+ 1+
8 Knee 2+ 2+ 2+ 2+ 2+ 1+
9 Knee 3+ 2+ 3+ 2+ 2+ 2+
10 Knee 4+ 3+ 4+ 3+ 2+ 2+
11 Knee 1+ 2+ 2+ 2+ – 2+

–, negative: < 3 positive cells/high power field (hpf); 1+, weakly positive: 3–10 cells/hpf; 2+, moderately positive: 10-30 cells/hpf; 3+, strongly positive: 
30-50 cells/hpf; 4+, intensively positive: > 50 cells/hpf.

Figure 1. Immunohistochemical study of the synovial tissue of a 14-year-old boy with persistent oligoarticular JIA (Patient 5). Expression of CD68, MMP,
and TIMP-1 within the same synovial area. The intraanalysis negative control was performed using irrelevant isotype matched primary antibodies (see
Materials and Methods). The lining layer appears thickened and heavily infiltrated with type A (CD68+) synoviocytes. MMP-1 and -3 are clearly expressed
in the lining layer with the same distribution of CD68+ cells. MMP-13 expression is restricted to the deepest portion of the lining layer. TIMP-1 distribution
shows a lower number of positive cells in respect to MMP-1 and -3. Original magnification ×10.
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Figure 2. Panel A. Pattern of synoviocyte infiltration at the level of the lining layer in Patient 11 (posttraumatic meniscectomy): a few macrophage-like CD68+
cells (type A synoviocytes, arrows) are surrounded by fibroblast-like CD68– cells (type B synoviocytes) that represent the predominant cell type. Original
magnification ×40. Panels B–E. Differential expression of MMP-1 and MMP-3 in JIA patients with different degree of synovial inflammation: B and C, low
expression of MMP-1 and MMP-3, respectively, in Patient 2 (original magnification ×10; see Table 2); D and E, higher expression of the same MMP in Patient
5 (original magnification ×10; see Table 2). F and G, expression of CD68+ and MMP-1 in the same area at different magnifications (×10 and ×40, Patient 5);
expression of MMP-1 by both CD68+ and CD68– synoviocytes (arrows) at high magnification (×40) is shown.
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degree of inflammation of the involved joint (r = 0.89, p =
0.001), but not with the overall score of disease activity,
number of active joints, and ESR.

For JIA patients and the RA control, MMP-1 and 
MMP-3 displayed a variable expression, with a prevalent
localization at the level of the lining layer (Figure 1 and
Figure 2, panels B–E). A clear, albeit weak, expression was
noted in posttraumatic synovial membrane as well (Table 2).
In patients with JIA a clear correlation between the propor-
tion of MMP-1 and MMP-3 positive cells and type A
synoviocyte infiltration was found (r = 0.95, p < 0.001; r =
0.83, p = 0.003, respectively). Similarly, both MMP-1 and
MMP-3 expression correlated with the physician clinical
assessment of the degree of joint inflammation at the time of
the study (r = 0.83, p = 0.005; r = 0.88, p = 0.002, 
respectively). Notably, at high magnification, MMP-1 and
MMP-3 were found to be expressed by both CD68+ and
CD68– synoviocytes (Figure 2, panels F and G).

MMP-13 expression was detected in 8/9 patients with
JIA and the RA control, but not in posttraumatic synovial
membrane. In JIA, the proportion of cells staining for
MMP-13 was less than that of cells reactive with MMP-1
and MMP-3. Further, MMP-13 positive cells were detected
almost exclusively in the deepest portion of the intimal layer
(as shown in Figure 1). A significant correlation was noted
with the clinical assessment of the degree of joint 
inflammation (r = 0.76, p = 0.02), but not with type A
synoviocyte infiltration (r = 0.5, p = 0.16).

TIMP-1 tissue distribution was similar to that observed
for MMP-1 and -3, in both JIA patients and controls, with a
prevalent localization in the lining layer (Figure 1).
However, the number of cells staining for TIMP-1 was 
definitely lower than that of MMP-1 (p < 0.05) and MMP-3
(p < 0.05) positive cells in the same samples. TIMP-1
expression showed no significant correlation with either
CD68+ cells (p = 0.09) or physician clinical assessment of
the degree of joint inflammation (p = 0.1).

DISCUSSION
The synovial membrane consists of 2 components: the
intimal (or synovial lining) and subintimal layers. The
intimal layer is highly cellular and, in normal conditions, is
prevalently constituted by fibroblast-like (type B, almost
75%) and macrophage-like (type A, 25%) synoviocytes1.
The subintimal layer is formed mostly by fibrous or adipose
tissue and exerts essentially supportive functions. During
chronic inflammation cells from the monocyte-macrophage
lineage are recruited from circulation into the intimal lining
layer, where they contribute to the development and perpet-
uation of tissue damage and synovial hypertrophy through
the production of inflammatory cytokines, growth factors,
and proteolytic enzymes1,2.

MMP are a large family of zinc dependent endoproteases
that degrade most extracellular matrix components. All

MMP are synthesized as proenzymes and their expression is
transcriptionally regulated by different growth factors and
proinflammatory cytokines. Inactive pro-MMP are secreted
and subsequently activated in vivo by tissue or plasma
proteinases through proteolytic cleavage of the propeptide
domain at the N-terminus of the molecule5–7.

The crucial role of these proteolytic enzymes in the
pathogenesis of cartilage and bone damage related to
inflammatory synovitis has been shown in adult RA.
Fibroblast collagenase (MMP-1) and stromelysin-1 (MMP-
3) were the first MMP found to be overexpressed in RA
synovitis11-14. Recently, collagenase 3 (MMP-13) mRNA
has been detected consistently and specifically in the RA
synovium15,16,23.

To our knowledge, no information is available yet on the
expression of MMP in synovial tissue of patients with JIA.
Serum stromelysin-1 has been reported to be elevated in
patients with JIA24. Recently, a clear overproduction of
stromelysin-1 was found in synovial fluids of patients with
JIA, in comparison with paired serum samples25.

In our study, immunohistochemical investigation of JIA
synovium showed clear expression of MMP-1 and MMP-3
in all the specimens examined11-14, especially at the level of
the lining layer13,14. Moreover, a clear correlation between
such expression and type A synoviocyte infiltration was
observed1.

Thus, in our experience, the presence of a low number of
CD68 and MMP positive cells in some patients appears to
be related to the low degree of synovium inflammation at
the time of the study. MMP expression in posttraumatic
specimens has been reported15 and was attributed to consti-
tutive production of these MMP (or their proenzymes) by
resident fibroblast-like synoviocytes, which represent the
prevalent cell population at the level of the normal lining
layer15. It is thus conceivable that recruitment of activated
macrophages stimulates overexpression and activation of
MMP proenzymes by macrophages themselves and by resi-
dent fibroblast-like synoviocytes (Figure 2, panels F and G)26.

Recently, a comparative mRNA analysis of all human
MMP in RA and traumatic synovial membrane showed that
MMP-13 expression was restricted to patients with RA15. In
our study MMP-13 was detected in 8/9 specimens, mainly
from the deepest intimal layer. This observation has been
reported in adult patients with RA and seems to be related to
a predominant production of MMP-13 by fibroblast-like
synoviocytes of the subintimal layers23.

Another interesting point comes from the possible inade-
quate regulatory role of natural tissue inhibitors of MMP in
the development of JIA associated synovitis. The biological
activity of all MMP is inhibited in vivo by 4 specific endoge-
nous tissue inhibitors. The TIMP control connective tissue
breakdown both by blocking the action of the activated
MMP and by preventing their activation5.

In our study, immunohistochemical analysis showed
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expression of TIMP-1 in all the specimens examined.
However, the proportion of TIMP-1 positive cells was
generally lower than that of MMP-1 and MMP-3 positive
cells. This feature is consistent with an inbalance between
MMP and TIMP protein concentrations at the level of
synovial fluid, as described in patients with RA27,28 and
JIA25.

We show that overexpression of MMP-1 and MMP-3 is
clearly related with synoviocyte infiltration in the affected
joints of patients with JIA. These findings point to the path-
ogenic role of matrix metalloproteinases in this group of
pediatric idiopathic arthritides. Inadequate expression of
their tissue inhibitors may represent a crucial event for the
development and perpetuation of tissue damage.
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