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Pigmented villonodular synovitis (PVNS) is an idiopathic,
proliferative synovial lesion that involves joints, tendons,
and bursae. It is characteristically monoarticular, and
usually affects the knee joint1 and much less commonly the
hip, ankle, shoulder, elbow, carpal joints, other joints of the

hands, wrist, and tarsal joints2. It is classified by location
(articular, tenosynovial, or bursal) and by lesion type
(diffuse or localized). In some cases, these types may be
difficult to distinguish. The predominant symptom is pain,
which may be mild and intermittent over a long period, and
the main sign is joint swelling due to synovial proliferation
and effusion. Histologically it is typically characterized by
(1) histio-fibroblastic and capillary hyperplasia; (2) forma-
tion of villi and/or cavities having a synovial cell coating;
(3) intense macrophagic activity of the cells, which particu-
larly encapsulate the hemosiderin pigment; (4) foam cells
with lipoid content; and (5) multinucleate giant cells3.
Whether PVNS represents a true neoplasm of synovial
tissues or a proliferative reaction to recurrent hemarthrosis
is not clear. Based on karyotypic abnormalities4,5 and aneu-
ploid DNA found by flow cytometry6, a neoplastic origin for
aggressive forms of this disease has been suggested.

Although PVNS can occur as a focal lesion within a
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ABSTRACT. Objective. Pigmented villonodular synovitis (PVNS) is an uncommon idiopathic, proliferative
synovial disease. Since matrix metalloproteinases (MMP) are assumed to play an important role in
the pathogenesis of PVNS, we examined the expression and activity of MMP and tissue inhibitor of
metalloproteinases (TIMP) in PVNS.
Methods. Synovial tissue samples were obtained from 10 patients with PVNS (knee 8, ankle 2) and
4 patients each with rheumatoid arthritis (RA) or osteoarthritis (OA) for comparison. Protein depo-
sition and mRNA expression were determined by conventional immunohistochemical studies and
reverse transcription-polymerase chain reaction (RT-PCR), respectively. Gelatin zymography was
performed for detection of gelatin-degrading activity. The quantity of MMP and TIMP was measured
by ELISA.
Results. Intense immunostaining for MMP-1 was detected in both the multinucleated giant cells and
mononuclear cells, whereas TIMP-1 was weakly positive. MMP-9 immunostained predominantly in
the multinucleated cells, whereas other MMP and TIMP were weakly detected. RT-PCR analysis
showed that mRNA expression of MMP-9 was stimulated in PVNS, whereas MMP-2 mRNA was
not, compared to RA or OA. The gelatin zymogram indicated protease activities predominantly at 92
kDa and 67 kDa. In accord with the immunostaining results, the amount of MMP-1 and MMP-9
protein was significantly higher than that of TIMP-1 and MMP-2, respectively.
Conclusion. We characterized the expression and activity of MMP in PVNS and observed that
PVNS tissues predominantly produce MMP-1 and MMP-9. Given that PVNS occasionally induces
joint destruction, stimulated expression of MMP-1 and MMP-9 may contribute to the invasive
activity and the bone and cartilage loss in PVNS. (J Rheumatol 2004;31:110–9)
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joint, it commonly involves the entire synovium and may be
locally invasive into adjacent cartilage and bone.
Roentgenographic examination shows the occurrence of
bony erosion as subchondral or paraarticular cysts,
surrounded by a well defined sclerotic line that may involve
both sides of a joint. The differential diagnosis of cystic
lesion, which involves both sides of the joint, includes
osteoarthritis (OA), rheumatoid arthritis (RA), hemophilia,
gout, and calcium pyrophosphate dihydrate crystal deposi-
tion disease7. Although early in the course of PVNS the
cartilage space is preserved, as this lesion progresses a loss
of cartilage space is often observed, and in some cases
complete destruction of the articular cartilage and as well as
extensive bone erosion has been known to occur that leads
us to consider the disease as malignant8-10.

The pathogenic mechanism involved in cartilage and
bone loss together with tissue invasion into adjacent struc-
tures in PVNS is not well understood. Bone erosions have
been attributed to pressure from the lesions growing in a
confined joint space11, by invasion through vascular
foramina12, or to active pannus erosions at a chondro-
osseous junction13. Other than these observations, the asso-
ciation of matrix metalloproteinases (MMP) with the
progression of osteochondral destruction in PVNS has been
suggested. Collagenase-1 (MMP-1) and stromelysin (MMP-
3) are produced by PVNS synovial tissues14, and the giant
cells in PVNS express an osteoclast phenotype15,16.
However, the proteinase activity, the quantity of these
enzymes, and the balance between MMP and tissue
inhibitors of MMP (TIMP) in PVNS remain less well
known.

The family of MMP is a group of matrix-degrading
enzymes that can degrade a variety of extracellular matrix
components including interstitial and basement membrane
collagens and glycoproteins17. These MMP include intersti-
tial collagenases (MMP-1 and MMP-8), type IV collage-
nases/gelatinases (MMP-2 and MMP-9), and stromelysins
(MMP-3 and MMP-10), all of which are encoded by sepa-
rate genes but share some protein sequence homology and
activation mechanisms17,18. MMP are secreted as latent
enzymes and undergo enzymatic activation following the
cleavage of their N-terminal cysteine, thus unmasking their
active catalytic site19. The MMP activity is tightly controlled
by the inhibitory action of α2-macroglobulin and TIMP,
which include soluble TIMP-1, TIMP-2, and extracellular
matrix-associated TIMP-3, by binding to activated MMP,
binding in a 1:1 stoichiometry and inhibiting their
action20,21. In the inflammatory arthritides, such as RA and
OA, MMP have been suggested to play critical roles in the
erosion of articular cartilage and bone. In RA synovial fluid,
stromelysin-1 concentrations are more increased than those
in the synovial fluid from patients with post-traumatic
injury22. As well, in RA synovial fluid, collagenase concen-
trations are more increased than those in synovial effusions

of OA23. The involvement of MMP-1 and -3 in the patho-
genesis of PVNS tissue has been suggested by Northern
blotting and in situ hybridization14. Although both RA and
PVNS occasionally result in destruction of the affected
joint, the clinical features such as joint effusion, pain, and
swelling are not identical between these diseases. This
prompted us to investigate the involvement of other MMP
and to analyze the imbalance of MMP and TIMP, which has
not been well documented in PVNS.

We examined the expression of collagenases, gelatinases,
stromelysin, and TIMP in PVNS tissues by immunohisto-
chemistry, gelatin zymography, ELISA, and reverse tran-
scription-polymerase chain reaction (RT-PCR) analysis. A
novel finding from our study is that MMP-9 is produced
predominantly in multinucleated giant cells, and MMP-1 in
both mononuclear and giant cells, whereas the concentra-
tions of MMP-2 and -3 expression were not intense. The
expression patterns of MMP and TIMP in PVNS are
different from those in OA and RA; however, an imbalance
between MMP and TIMP exists in PVNS as well as in OA
and RA24. Taken together, the expression of MMP and TIMP
may play a significant role in the pathogenesis of PVNS,
including cartilage and joint destruction.

MATERIALS AND METHODS
Tissue samples. Synovial tissue samples were obtained as discarded mate-
rial excised from the knee joints of 8 patients and the ankle joints of 2
patients with a prior diagnosis of PVNS between August 1993 and
November 2001. These were 5 women and 5 men with a mean age of 38
years (range 16–67). Synovial tissue samples from each of 4 patients with
OA and 4 with RA undergoing knee arthroplasty were also collected (Table
1). Among patients with PVNS, none had received nonsteroidal antiin-
flammatory drugs until the time of surgery. All patients gave signed
consent. Tissues were fixed in 10% formalin and embedded in paraffin for
immunohistochemistry. Other PVNS tissues were subjected to tissue
culturing for zymogram or ELISA analysis. PVNS, RA, or OA synovial
tissues were snap-frozen in liquid nitrogen and stored at –80° for the isola-
tion of total RNA.

Immunohistochemistry. Conventional immunohistochemical studies were
performed using a streptavidin-biotin complex technique on the formalin-
fixed, paraffin-embedded sections (8 µm thickness) to detect MMP and
TIMP expression. Deparaffinized and rehydrated sections were immersed 3
times in phosphate buffered saline (PBS). Endogenous peroxidase activity
was blocked by incubation with 0.3% hydrogen peroxide in methanol for
30 min and rinsed in PBS. The slides were then soaked 30 min in normal
rabbit serum as a blocking agent. Then primary specific antibodies for
MMP-1, -2, -3, -8, -9, and -13 and TIMP-1, -2, -3, and -4 (Daiichi Fine
Chemical Co., Toyama, Japan) were applied, and the slides were incubated
at room temperature for 1.5 h. After rinsing with PBS, anti-mouse rabbit
polyclonal antibody conjugated with peroxidase was applied for 30 min as
a second antibody, and the sections were exposed to diaminobenzidine and
diluted hydrogen peroxide. The reaction was quenched with tap water.
After being counter-stained with hematoxylin, sections were dehydrated
and mounted.

Tissue culture. Tissue samples from 3 cases of PVNS (Patients 4, 6, 8) and
2 cases each of RA (Patients 11, 13) and OA (Patients 15, 17) were
subjected to tissue culture. Obtained tissue samples were rinsed in saline
buffer, and minced to 1–3 mm3 fragments. They were replated and cultured
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in Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal
bovine serum (FBS) in the presence of penicillin and streptomycin. After
48 h culture in DMEM with 10% FBS for tissue recovery, the culture
medium was removed and the PVNS tissues were rinsed twice with serum-
free DMEM and subjected to another 24 h culture in serum-free DMEM at
37°C under 5% CO2 in air. These serum-free culture media were collected
and used for the zymogram and ELISA analysis to determine the gelatinase
activity and the quantification of MMP and TIMP, respectively.

Gelatin zymography. Gelatin zymography was performed to determine the
gelatinase activity in PVNS cultures. The conditioned medium from tissue
cultures was directly subjected to sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) under nonreducing conditions in 10%
polyacrylamide gel containing 2 mg/ml gelatin. After removal of SDS from
the gel treated twice with 2.5% Triton-X for 15 min, the gel was incubated
in gelatinase-activating buffer (5 mM CaCl2, 1 µM ZnCl2, 200 mM NaCl,
50 mM Tris-HCl, pH 7.6) with gentle agitation for 24 h at 37°C. After incu-
bation, the gel was stained with 0.25% Coomassie brilliant blue R-250 in
30% methanol and 7% acetic acid. The gels were destained in 30%
methanol and 7% acetic acid, and zones of gelatinolytic activity were noted
by negative staining. The observed gelatinolytic activity was confirmed
since these bands failed to demonstrate gelatinolytic activity in replicate
gels incubated in the presence of 10 mM EDTA.

Reverse transcriptase-polymerase chain reaction. Total cytoplasmic RNA
isolated from PVNS (Patients 4, 6, 8), RA (Patients 11, 13), and OA
(Patients 15, 17) tissue was subjected to RT-PCR. Briefly, 0.25 µg of total
RNA was converted to single-stranded complementary DNA (cDNA) using
Moloney murine leukemia virus RT (Perkin Elmer, Foster City, CA, USA)
in the presence of oligo d(T) primer. The cDNA corresponding to glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), a housekeeping gene,
was analyzed as an internal control. All primers specific for MMP or TIMP
were obtained from Biologica (Aichi, Japan). The primers used are listed in
Table 225-28. Aliquots of sample cDNA were amplified as templates in the
presence of 0.15 µM downstream primers and 0.15 µM upstream primers
for MMP or TIMP, in a PCR mixture consisting of 2 mM MgCl2, 200 µM
of each deoxyribonucleotide, and 2.5 units of AmpliTaq DNA polymerase
(Perkin Elmer). The DNA was denatured by heating at 95°C for 2 min,
followed by 29 cycles of 1 min at 95°C, annealing at 60°C, and extension
at 72°C for 1 min with a Gene Amp 2400 PCR system (Perkin Elmer). With

this cycle number, concentrations of mRNA could be semiquantified. This
reaction was followed by a final elongation step of 7 min at 72°C. The
amplified products were analyzed by electrophoresis on 1.5% agarose gels.
Video images of the agarose gels, visualized with ethidium bromide, were
obtained with a CCD camera.

ELISA. Three samples of PVNS tissues obtained at surgery (Patients 4, 6,
8) were minced to 1–3 mm3 fragments under sterile conditions. Then the
tissues were cultured in 2 ml DMEM containing 10% FBS for 48 h,
followed by washing with serum-free DMEM twice, and subjected to
another 24 h culture in serum-free DMEM at 37°C under 5% CO2 in air.
The media were harvested and spun for 5 min at 10,000 RPM to remove
small tissue fragments. The supernatants were stored at –20°C until used
for biochemical analyses. The concentrations of MMP-1, -2, -9, and TIMP-
1 in the culture media were determined using corresponding ELISA kits
(Daiichi) according to the manufacturer’s instructions. Assay for MMP-1
reacts with both latent and active forms of MMP-1, although the sensitivity
for the latent form is 50% less29. MMP-1 complexed with TIMP-1 or
TIMP-2 is also detected by the assay, although the sensitivity for the
complexes is only 10% and 3%, respectively. MMP-2 assay reacts with the
latent form and MMP-2/TIMP-2 complex, but not the active form of MMP-
230. The MMP-9 assay detects the latent form and MMP-9/TIMP-1
complex, but not the active form of MMP-931.

Statistical analysis. ELISA results were expressed as the mean ± SD of trip-
licate samples. Analysis was performed using Student’s unpaired 2-tailed t
tests. P values ≤ 0.05 were considered significant.

RESULTS
Synovial tissues with diagnostic histological features of
PVNS were obtained at surgery of 8 knee joints and 2 ankle
joints (Table 1). The distributions of age, sex, and location
were similar to those reported in a larger series3.

Immunolocalization of MMP and TIMP. PVNS samples of
the 10 cases examined revealed numerous multinucleated
giant cells and mononuclear cells. These tissues included
some reactive mononuclear cells, such as those of mono-
cyte-macrophage lineage and lymphocytes, that were diffi-
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Table 1. Demographic data of patients.

Patient Sex Age, yrs Diagnosis (subtype) Disease Affected Joint Surgery
Duration, yrs

1 F 38 PVNS (diffuse) 1 Ankle Synovectomy
2 F 31 PVNS (diffuse) 3 Knee Synovectomy
3 M 16 PVNS (diffuse) 2 Knee Synovectomy
4 F 24 PVNS (diffuse) 2 Knee Synovectomy
5 F 62 PVNS (diffuse) 1 Knee Synovectomy
6 M 23 PVNS (nodular) 6 Ankle Synovectomy
7 M 33 PVNS (nodular) 6 Knee Synovectomy
8 M 41 PVNS (diffuse) 3 Knee Synovectomy
9 M 67 PVNS (diffuse) 7 Knee Synovectomy and TKA
10 F 51 PVNS (diffuse) 3 Knee Synovectomy
11 F 65 RA 15 Knee TKA
12 M 68 RA 8 Knee TKA
13 F 66 RA 5 Knee TKA
14 F 73 RA 7 Knee TKA
15 M 72 OA 8 Knee TKA
16 M 75 OA 9 Knee TKA
17 F 69 OA 9 Knee TKA
18 F 71 OA 5 Knee TKA

TKA:  total knee arthroplasty. 
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cult to distinguish from neoplastic stromal cells. MMP-9
was immunolocalized intensively and predominantly in the
multinucleated giant cells, while only some mononuclear
cells were also positively stained (Figures 1B, 1H), whereas
MMP-2 was weakly immunostained (Figure 1A). Although
MMP-1 was immunolocalized in both mononuclear cells
and multinucleated giant cells (Figure 2A), the intensity of
the immunostaining and the number of cells positive for
MMP-1 varied slightly among the cases. MMP-8 and -13
were rarely immunostained (Figures 2G, 2H). MMP-3,
which plays an important role in joint destruction, showed
weak staining (Figure 2B). TIMP-1 was expressed mainly in
mononuclear cells (Figure 3A), but the number of cells was
fewer than for MMP-1 stained cells. TIMP-2 was rarely
positive, as well as TIMP-4 (Figures 3C and 3G, respec-
tively). TIMP-3 was weakly positive in a small number of
mononuclear or multinucleated cells (Figure 3E). In
synovial tissues from RA and OA joints, positive immunos-
taining of MMP-1 (Figures 2C, 2E), -2 (Figures 1C, 1E),
and -3 (Figures 2D, 2F) was observed, with MMP-3 being
most prominent, whereas MMP-9 was more weakly stained
in RA or OA tissues than in PVNS samples. No immuno-
staining was observed when the specimens were reacted
with nonimmune mouse IgG (Figure 1G). Results of
immunohistological analysis are summarized in Table 3.

Gelatin zymography. Immunohistochemical analysis
revealed that gelatinase B (MMP-9) and collagenase 1
(MMP-1) were predominantly detected in both multinucle-
ated giant cells and mononuclear cells, which led us to the
hypothesis that gelatinolytic activity specific for MMP-9
could be detected in PVNS. We examined gelatinase activity
with gelatin zymography using serum-free media harvested
from 24 h PVNS tissue cultures. Using this method, several
gelatinolytic species were identified in culture media at
approximate molecular weights of 92 kDa and 72 kDa,
which represent progelatinase B (MMP-9) and progelatinase
A (MMP-2). PVNS culture medium showed a weaker band
of MMP-2, but showed more activity in MMP-9 (Figures 4A
and 4B) compared to the medium from RA or OA samples
(Figures 4C and 4D, respectively). This gelatinolytic activity
was sensitive to the action of EDTA as described above.
Culture medium without PVNS tissues as a negative control
showed no gelatinolytic activity (data not shown).

Immunoassays of MMP and TIMP-1 in culture media.
Immunohistochemical analysis showed that MMP-1 and -9
were the predominant MMP expressed in PVNS samples.
However, the actual amounts of MMP-1 and -9 expressed
were not determined, thus those amounts as well as the
amount of MMP-2, the gelatinolytic activity of which was
detected with zymography, had to be determined subse-
quently by ELISA. ELISA also measured the amount of
TIMP-1, which was more positively immunostained in
PVNS than TIMP-2 samples in the culture media. The data
are shown in Figure 5. Among the 3 MMP examined, MMP-
1 was the dominant proteinase (31.85 ± 1.06 nmol/l). MMP-
2 and -9 were also detected, but their respective values were
10- and 3-fold lower (MMP-2 3.33 ± 0.48 nmol/l; MMP-9
11.32 ± 4.67 nmol/l) than those of MMP-1. Between the 2
gelatinases (MMP-2 and -9), the value for MMP-9 was
significantly higher than MMP-2 (p = 0.042), which is in
accord with the immunohistochemistry results. TIMP-1 was
also detected (23.48 ± 5.59 nmol/l), but its value was less
than that of MMP-1, although the difference was not signif-
icant (p = 0.064).

RT-PCR. To confirm whether the immunohistochemical
staining observed in PVNS tissue sections corresponded to
local synthesis by PVNS tissues, total cytoplasmic RNA
extracted from the PVNS tissues was analyzed using 29
cycles of RT-PCR. A lower cycle number for RT-PCR
enables comparison of mRNA expression between RA, OA,
and PVNS. Concentrations of MMP-9 mRNA in PVNS
were higher than those in RA or OA, whereas levels of
MMP-2 mRNA were lower than those in RA or OA (Figure
6). The size of the PCR products obtained corresponded to
the expected values (Figure 6), 438 bp (for MMP-1), 480 bp
(MMP-2), 640 bp (MMP-9), and 469 bp (GAPDH).
Sequence analysis of the amplified products confirmed that
they consisted of authentic MMP cDNA.

DISCUSSION
The pathogenesis of bone and cartilage destruction in PVNS
and the mechanisms by which PVNS tissues invade local
structures are not well known. It has been suggested that
rapid synovial tissue growth and joint effusion lead to
elevated intraarticular pressures, resulting in bone deminer-

Table 2. Primers used for RT-PCR.

Genes Primer Primer Sequence (5′ to 3′) Product Size, bp

GADPH Sense TTCATTGACCTCAACTACAT 469
Antisense GAGGGGCCATCCACAGTCTT

MMP-1 Sense GGTGATGAAGCAGCCCAG 438
Antisense CAGTAGAATGGGAGAGTC

MMP-2 Sense CCACGTGACAAGCCCATGGGGCCC 480
Antisense GCAGCCTAGCCAGTCGGATTTGATG

MMP-9 Sense GGTCCCCCCACTGCTGGCCCTTCTACGGCC 640
Antisense GTCCTCAGGGCACTGCAGGATGTCATAGGT
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Figure 1. Immunolocalization of MMP-2 and -9 in PVNS tissues (A, B), RA (C, D), and OA (E, F) synovia followed by hematoxylin counterstain.
Immunostaining was performed with antibodies to MMP-2 (A, C, E) and MMP-9 (B, D, F, H). MMP-9 was immunolocalized predominantly in multinucle-
ated giant cells, and in some mononuclear cells. MMP-2 stained a smaller number of cells than MMP-9. Panel G depicts immunostaining with nonimmune
mouse serum as a negative control (original magnifications ×400; H is enlargement of MMP-9, panel B).
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Figure 2. Immunolocalization of collagenases and stromelysin-1 in PVNS tissues (A, B, G, H) and RA (C, D) and OA (E, F) synovia followed by hematoxylin
counterstain. Immunostaining was performed with antibodies to MMP-1 (A, C, E), MMP-3 (B, D, F), MMP-8 (G), and MMP-13 (H). In PVNS tissues, MMP-
1 immunolocalized in both mononuclear cells and multinucleated giant cells, whereas MMP-8 and -13 are rarely immunostained (original magnifications are
×400).
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alization and subsequent cyst formation11. Others suspect
that cartilage erosion at the chondro-osseous junction may
be the origin of bone cysts13. In RA joint destruction, which
displays a loss of articular cartilage and bone, MMP in the
synovial tissue have been shown to play a crucial role.
MMP-1, -2, and -3, in particular, have been well investi-
gated and shown to have the ability to destroy joint struc-
ture32. MMP-9 has also been reported to play an important
role in joint destruction in the subchondral region in RA33.
For these reasons, synovial tissue from patients with PVNS
was examined for the production of the various MMP and
TIMP.

Our immunohistochemical studies on MMP-1, -2, -3, -8,
-9, -13 and TIMP-1, -2, -3, -4 demonstrated that MMP-1 and
MMP-9 are the predominant MMP in PVNS. MMP-9 is
expressed exclusively in the multinucleated giant cells, and
MMP-1 is expressed in both mononuclear and multinuclear
giant cells. Although the number of the samples examined
was small, we detected MMP-1, -2, and -3 expression in
synovial tissues from RA or OA joints, consistent with find-
ings of previous studies32-35 that MMP-1, -2, and -3 are
expressed in OA and RA synovial tissues. Compared to OA,
MMP-1 and -9 are strongly expressed in PVNS. RT-PCR
analysis indicated the stimulated expression levels of MMP-
9 mRNA in PVNS were greater than those in OA and RA,
whereas MMP-2 mRNA expression was lower in PVNS
than in RA or OA. In addition to the protein and mRNA
expression analyzed by immunolocalization and RT-PCR
study, gelatin zymography revealed the activity of MMP-2
and -9 in PVNS culture media was in accord with results of
the immunohistological and RT-PCR study. ELISA for

MMP-1, -2, and -9 and TIMP-1 also confirmed the stimu-
lated production of MMP-1 and -9 by PVNS tissues. The
amounts of MMP-1 in the culture media were 10-fold and 3-
fold higher than those of MMP-2 and MMP-9, respectively.
Between gelatinolytic enzymes, the expression level of
MMP-9 was 3.4-fold higher than that of MMP-2, suggesting
that multinucleated giant cells that mainly produced MMP-
9 may play a critical role in gelatinolytic activity. One of the
characteristic features of MMP is the inhibition of activities
by TIMP. TIMP-1 and TIMP-2 inhibit MMP activities in a
1:1 stoichiometry, and prevent MMP activation, suggesting
that an imbalance in the amounts of MMP and TIMP leads
to MMP activation and the digestion of adjacent extracel-
lular matrix. In this study, immunohistochemistry and
ELISA analysis revealed that MMP-1 and -9 expression
levels surpassed those of TIMP-1 both qualitatively and
quantitatively. Thus, the data suggest that MMP-1 and -9
secreted by the multinucleated giant cells and mononuclear
cells would be active in the tissue by their imbalance
compared to TIMP.

The extent of joint destruction in PVNS varied among
our cases. Joint space narrowing is considered an unusual
manifestation of PVNS early in the disease9. However, some
cases did display both progressive joint space narrowing and
joint destruction10. Most of the hip cases showed a loss of
joint space or degenerative arthritis11. A few studies of MMP
expression in PVNS have been performed previously. One
study of mRNA expression of MMP-1 and -3 in PVNS
suggested that those MMP may destroy the connective
tissue and promote bone resorption via the enzymatic break-
down of a lining layer on the bone surface consisting
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Table 3. Overall assessment of immunohistochemistry.

Patient Diagnosis Collagenases Gelatinases Stromelysin TIMP
MMP-1 MMP-8 MMP-13 MMP-2 MMP-9 MMP-3 TIMP-1 TIMP-2 TIMP-3 TIMP-4

1 PVNS ++ – – – ++ ± + – – +
2 PVNS ++ ± + ± ++ ± ± – ± _
3 PVNS ++ – ± – ++ – + – ± ±
4 PVNS ++ – ± + ++ + + ± – –
5 PVNS ++ ± + ± ++ ± + – – –
6 PVNS ++ – ± ± ++ + ± – ± ±
7 PVNS ++ + – ± ++ – + – – –
8 PVNS ++ – – + ++ + ± – – ±
9 PVNS ++ ± ± + ++ ± + ± ± –
10 PVNS ++ – ± – ++ – ± – – –
11 RA ++ ± + ++ + ++ + + + –
12 RA + ± – + + ++ + + ± +
13 RA + – ± ++ + + + + ± ±
14 RA ++ – – ++ + ++ + + – ±
15 OA + – – ++ + ++ – + ± ±
16 OA + ± ± + – + – + – ±
17 OA ++ + ± + ± + ± + + ±
18 OA ++ – – + – ± – ± – –

++: Positive in most of synovial tissue, +: positive in partial synovial tissue, ±: positive in a small number of cells, –: negative. 
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Figure 3. Immunolocalization of TIMP in PVNS tissues (A, C, E, G) and RA (B, D, F, H) synovium followed by hematoxylin counterstain. Immunostaining
was performed with antibodies to TIMP-1 (A, B), -2 (C, D), -3 (E, F), and -4 (G, H). Some multinucleated giant cells and mononuclear cells are positively
stained with TIMP-1, whereas TIMP-2 and TIMP-4 positivity is rarely observed. Some cells of PVNS tissues stained with TIMP-3, but less strongly than
those of RA synovium (original magnifications are ×400).
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predominantly of type I collagen14. In our study, immunolo-
calization indicated that MMP-3 was only weakly expressed
in PVNS tissues. The discrepancies between these studies
could be explained by the different sensitivities of transcrip-
tional and immunohistochemical analysis. Our study illus-
trated the involvement of MMP-9 expression and activity in
PVNS.

Cathepsin K, which is capable of cleaving the triple helix
of native collagens and is involved in bone resorption, is
also thought to play a significant role in the pathogenesis of
RA. Kaneko, et al reported the colocalization of cathepsin
K, MMP-9, and the inflammatory cytokines in osteoclast-
like cells of RA synovial tissues, suggesting involvement of
this proteinase in the occurrence of erosion in subchondral
bone and cartilage33. In our study, cathepsin K in PVNS was

not analyzed. Further investigation for MMP and also
cathepsin is necessary to clarify the mechanism of cartilage
and bone destruction in PVNS.

In RA, the imbalance between MMP and TIMP has been
considered a causative factor in joint destruction24,35. We
observed that expression levels of MMP, especially MMP-1
and -9, surpassed those of TIMP-1. This imbalance between
MMP and TIMP in PVNS could also be critical for joint
destruction. In RA patients with early synovitis, active
MMP-2 level in synovial tissue has been suggested by the
association with radiographic erosions36. In PVNS, reduced
activity of MMP-2 relative to RA may result in slower
progression of cartilage loss.

MMP inhibitors are now in clinical use for treatment of
RA. Similar treatment could be used to prevent joint
destruction in PVNS. Further studies of MMP and TIMP
involvement in PVNS pathogenesis may shed more light on
these issues.
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