
Abstract In 78 patients undergoing a total hip replace-
ment we examined the production of matrix metallopro-
teinases (MMP) by the fibroblasts from the connective
tissue of the acetabulum; we then correlated these find-
ings with clinical and radiological characteristics of the
same patients. In 53 patients only MMP-2 was produced;
in 15 cases MMP-1, -2 and -3 were present; and in 10
cases not only MMP-1, -2, -3 but also MMP-9. Signifi-
cant differences among the clinical and radiological pa-
rameters were found in the 3 subsets. A positive correla-
tion between the production of MMP-9 and a rapid de-
struction of the hip joint was found.

Résumé Nous avons examiné la production de métallo-
protéinases (MMP) par des fibroblastes dans 78 patients
souffrant d’une ostéo-arthrite de la hanche. La produc-
tion de MMP fut classée en 3 sous-sembles: 53 patients
dans lequel seulement des MMP-2 furent détectées; 
15 patients dans lequels des MMP-1, -2 et –3 étaient pré-
sentes; et 10 patients où des MMP-1, -2, -3 et aussi des
MMP-9 furent détectées. Des différences importantes fu-
rent découvertes pour des paramètres cliniques et radio-
logiques parmi les sous-sembles. Il y’a une correlation
positive entre la production de MMP-9 et une destruction
rapide de la hanche.

Introduction

The natural history of osteoarthritis (OA) of the hip is
variable. It has been suggested that different subsets with
distinct etiological pathways [16] may exist. Radio-
graphic classifications of OA of the hip are most com-
monly used by clinicians [1,2]. However, radiological
assessment has limitations in terms of prognostication of
disease progression. In this respect, a biochemical classi-
fication might be useful for disclosing subtypes with dif-
ferent biological conditions leading to joint destruction.

Matrix metalloproteinases (MMPs), a family of en-
zymes capable of degrading extracellular matrix at phys-
iological pH, are thought to play an important role in
degradation of cartilage matrix during the course of OA,
since the cartilage matrix pH is believed to be near neu-
tral [9,10]. Here we report the patterns of expression of
MMP-1, MMP-2, MMP-3 and MMP-9 by fibroblasts in
subchondral defects from patients with OA of the hip.

Patients and methods

Patients

Total hip replacement was performed on 85 patients with OA of
the hip between 1994 and 1996 at our institution. Samples of fi-
brous connective tissue within subchondral cystic defects were
obtained from 78 of these patients, including 6 men and 72 wom-
en. The mean age of the women was 61 (39–83) years, while that
of the men was 62 (45–72) years. Twenty-nine patients had bilat-
eral OA and 49 patients had unilateral OA. Duration of symptoms
varied from 3 to 195 months. Clinical assessment of the hip joint
was based on the hip rating scale adopted by the Japanese Ortho-
paedic Association [6]. This system assigns a maximum of 100
points with the following maximum scores: pain 40, mobility 20,
walking ability 20, and activities of daily living 20 points. The
osteoblastic response to OA of the hip was classified radiographi-
cally into three types based on osteophyte formation, i.e., hyper-
trophic (Fig. 1A), normotrophic (Fig. 1B) or atrophic (Fig. 1C)
[1].
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Western blot analysis

When fibroblasts reached confluence in small flasks (25 cm2), the
medium was replaced by 2 ml of fresh serum-free medium. The
medium was collected after incubation for 3 days and used in the
immunoblotting analyses. For immunoblotting, proteins of the cul-
ture medium (10 µl from 1×106 cells) separated by sodium dode-
cyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under
reducing conditions were transferred onto a nitrocellulose mem-
brane. The membrane was blocked and treated for 1 h at room
temperature with antibodies against human MMPs (anti-human-
proMMP-1, proMMP-2, proMMP-3 and proMMP-9) [10,15]. The
rest of the samples were stored at –80° for further Western blotting
as controls. After extensive washing with phosphate-buffered sa-
line (PBS) (pH 7.4), the membrane was incubated in alkaline
phosphatase-conjugated rabbit IgG against sheep IgG. Immunore-
active MMPs were visualized using 5-bromo-4-chloro-3-indoyl
phosphate and nitro blue tetrazolium.

Gelatin zymography

The same medium as used for Western blotting was analysed on a
10% SDS-PAGE containing 0.8 mg/ml of gelatin under reducing
conditions as previously described [5]. Gels were washed in 1%
Triton X-100 for 30 min and then incubated for 16 h at 37° in 
50 mmol/l Tris buffer, pH 7.5, containing 0.15 mol/l NaCl and 
5 mmol/l CaCl2 or a buffer solution to which 10 mmol/l EDTA
was added to inhibit MMP activity. Gels were stained with Coo-
massie Brilliant Blue R-250.

Results

In all OA cases, fibroblasts began to migrate from the
explants after incubation for at least 1 week and reached
confluency (0.93~1.01×106 cells/case) at 2–3 weeks..
Production of proMMP-1 and proMMP-3 was detected
for 25 patients (Figs. 2, 3). There were two more cases
that had very faint bands identical to MMP-1 and anoth-
er three cases that had a small faint band identical to
MMP-3 in subset 1. Synthesis of proMMP-2 was dem-
onstrated for all OA patients (Fig. 4). However, the
amount of proMMP-2 appeared to be constitutively high
in 25 patients, which was confirmed by determination of
the gelatinolytic activities of the samples (Fig. 5). Fur-
thermore, fibroblasts from 10 patients also secreted
MMP-9 (Fig. 6).

Based on production of MMPs within the hip joint,
OA of the hip could be classified into three subtypes:
subset 1, with only MMP-2 detectable, subset 2 with
MMP-1 and MMP-3 detectable in addition to MMP-2,
and subset 3 with MMP-1, 2, 3, and 9 all detectable. Sig-
nificant differences in parameters among the three sub-
sets were as follows:

1. Age: patients in subsets 2 and 3 were older than those
in subset 1 (P<0.01, Mann-Whitney test). There was
no significant difference between subsets 2 and 3 in
age.

2. Sex: No significant difference was found among the
three subsets for sex (chi-square test).

3. Unilateral or bilateral disease: Compared to patients
in subset 1, those in subset 2 (P<0.05, chi-square test)
and 3 (P<0.02) had mostly unilateral disease. There
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Fig. 1A–C Roentgenographic classification of osteoblastic re-
sponse in OA of the hip. A Hypertrophic type with marked osteo-
phytes and a large capital drop. B Normotrophic type with moder-
ate osteophyte formation. C Atrophic type with little osteophyte
formation

Cell culture

Fibrous connective tissue from subchondral cystic defects at
weight-bearing sites of the acetabulum was obtained during opera-
tion. The tissue was cut into small fragments and incubated in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10%
fetal calf serum. When fibroblasts had migrated sufficiently from
the explants, they were subcultured with typsinization.
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was no significant difference between subsets 2 and 3
in laterality.

4. Duration of symptoms (months): Duration of symp-
toms was shorter in subset 3 than in subsets 1
(P<0.01, Mann-Whitney test ) and 2 (P<0.01). It was
also shorter in subset 2 than that in subset 1
(P<0.01).

5. Hip rating scale: A significant difference between
subsets 1 and 2 was found solely in activities of daily
living, the score for which was lower in subset 2
(P<0.05, Mann-Whitney test ). Pain (P<0.01), walk-
ing ability (P<0.01), activities of daily living
(P<0.01), and total hip score (P<0.01) were lower in
subset 3 than in subset 1. On the other hand, mobility
was larger in subset 3 (P<0.05) than in subset 1. A
significant difference was observed between subsets 2

and 3 only in total hip score (P<0.02), which was
lower in subset 3 than in subset 2.

6. Radiographic assessment: There was significantly
more atrophic osteoblastic response in subsets 2
(P<0.01, chi-square test) and 3 (P<0.01) than in sub-
set 1. No significant difference was found between
subsets 2 and 3.

Discussion

The results of Western blotting and gelatin zymography
in the present study suggest that there are at least three
subtypes of OA of the hip differentiated by production of
MMPs in the affected joint. One of the most prominent
differences was in duration of clinical symptoms, which

Fig. 2 Western blot detection of proMMP-1 in culture supernatant
of fibroblasts (10 µl from 1×106 cells ) from patients in subset 1
(Lanes 1–5), subset 2 (Lanes 6 and 7) and subset 3 (Lanes 8–10)
Fig. 3 Western blot detection of proMMP-3 in culture supernatant
of fibroblasts (10 µl from 1×106 cells ) from patients in subset 1
(Lanes 1–5), subset 2 (Lanes 6 and 7) and subset 3 (Lanes 8–10)
Fig. 4 Western blot detection of proMMP-2 in culture supernatant
of fibroblasts (10 µl from 1×106 cells ) from patients in subset 1
(Lanes 1–5), subset 2 (Lanes 6 and 7) and subset 3 (Lanes 8–10)
Fig. 5 Gelatin zymography of culture supernatant of fibroblasts
(10 µl from 1×106 cells) from patients in subset 1 (Lanes 1–5),
subset 2 (Lanes 6 and 7) and subset 3 (Lanes 8–10). Lanes 6–10
exhibit more gelatinolytic activity
Fig. 6 Comparison between fibroblasts in subset 1 (Lanes 1 and
2) and those in subset 3 (Lanes 3 and 4) for their production of pro
MMP-9. Gelatin zymography (left) and immunoblotting (right)
were done as described under materials and methods
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was shorter in subset 2 than in subset 1 and least in sub-
set 3. The three biochemically different subtypes we iso-
lated can therefore be referred to as the slowly progres-
sive subset corresponding to subset 1, the moderately
progressive subset corresponding to subset 2, and the
rapidly progressive subset corresponding to subset 3.

MMP-2 (gelatinase A) can degrade denatured colla-
gen as well as gelatin, fibronectin and elastin. Although
this proteinase was detected in all subtypes by Western
blot analysis, gelatinolytic activity was higher in the rap-
idly progressive subset than in the slowly progressive
subset on zymographic testing. This difference in gelati-
nolytic activity may be related to the more rapid course
of destruction in subset 3. MMP-1 (collagenase) and
MMP-3 (stromelysin) are thought to play essential roles
in degrading the matrix of bone and cartilage, respective-
ly [3,10]. The larger amounts of MMP-1 and MMP-3 ob-
served in the moderately and rapidly progressive subsets
could be required for degeneration of bone and cartilage
matrix and rapid scavenging of degradation product.
MMP-9 has been implicated in the cellular migration and
invasion in conditions such as inflammation, tumor inva-

sion and metastasis [7]. In addition, recent studies of this
proteinase in skeleton suggest that MMP-9 can digest
cartilage proteoglycans and also play a role in osteoclas-
tic bone resorption [12,17]. In the present study, MMP-9
was found only in the rapidly progressive subset. Pro-
duction of MMP-9 might play a role in rapid invasion of
fibrous connective tissue leading to massive destruction
of osteoarthritic joint without compensatory bone forma-
tion.

Clinical characteristics of the rapidly progressive sub-
set appear to coincide with those of a peculiar subset of
OA previously termed rapidly destructive osteoarthritis
(RDO) [11,13]. Six of 10 patients in the rapidly progres-
sive subset had previous roentgenograms revealing mini-
mal joint space narrowing 3–10 months prior to the first
visit to our outpatient clinic (Fig. 7). Only one biochemi-
cal study of RDO is available, in which interleukin 
(IL)-1 stimulated synovial cells from patients with RDO
produced significant amounts of MMP-1, 2 and 3 [8]. In
our study, fibroblasts in the rapidly progressive subset
generated detectable amounts of MMP-1, 2, 3 and 9
without stimulation by IL-1. Furthermore, fibroblasts 
in the slowly progressive subset secreted significant
amounts of MMPs following stimulation with 10 ng/ml
of IL-1 (data not shown). This finding suggests that fi-
broblasts in the rapidly progressive subset might be up-
regulated under specific conditions.

Recent advances in enzyme immunoassay using
monoclonal antibodies have enabled quantitative analy-
sis of MMPs [4,18]. Elevated serum levels of MMP-3
have been observed in patients with rheumatoid arthritis
and generalized OA [14]. It is possible that large
amounts of MMPs are produced by fibroblasts in some
subsets of OA of the hip and released into serum via
bone marrow microcirculation. In addition, chondrocytes
in articular cartilage and bone cells in subchondral bone
have been reported to produce MMPs. When these cells
undergo rapid degeneration, MMPs might be released
and contribute to an increase in concentration of MMPs
in the hip joint. Thus, detection of elevated serum levels
of MMPs could be of diagnostic significance in order to
identify the rapidly progressive subset. Further attempts
to quantitate concentrations of MMPs in serum as well
as in culture medium are clearly needed to obtain a more
precise biochemical classification of OA of the hip.

Acknowledgements We thank Dr. H. Nagase of The University
of Kansas Medical Center for kindly providing polyclonal anti-
bodies to human pro-MMP-1,2,3 and 9. We also thank Dr. H.
Clarke Anderson of the same institution for critical reading of the
manuscript.

References

1. Bombelli R (1983) Classification of osteoarthritis of the hip.
In: Bombelli R (ed) Osteoarthritis of the hip. Springer, Berlin
Heidelberg New York, pp 89–108

2. Cameron HU, Macnab I (1975) Observations on osteoarthritis
of the hip joint. Clin Orthop 108:31–40

3. Delaisse JM, Eecjhout Y, Neff L, Gillet ChF, Henriet P, Su Y,
Vaes G, Baron R (1993) (Pro) collagenase (matrix metallopro-

Fig. 7A,B A 73-year-old woman (Case 72). A A roentgenogram
taken in Feburuary,1995 showed mild joint space narrowing. B A
roentgenogram taken in June,1995. In the short term, both of ace-
tabulum and the femoral head were markedly damaged



tion of matrix metalloproteinase 3 (stromelysin) in osteoar-
thritic cartilage and synovium. Lab Invest 66:680–690

11. Postel M, Kerboull M (1970) Total prosthetic replacement in
rapidly destructive arthrosis of the hip joint. Clin Orthop
72:138–144

12. Rice DP, Kim HJ, Thesleff I (1997) Detection of gelatinase B
expression reveals osteoclastic bone resorption as a feature of
early calvarial bone development. Bone 21:479–486

13. Rosenberg ZS, Shankman S, Steiner GC, Kastenbaum DK,
Norman A, Lazansky MG (1992) Rapid destructive osteoar-
thritis. Clinical, radiographic, and pathologic features. Radio-
logy 182:213–216

14. Sasaki S, Iwata H, Ishiguro N, Obata K, Miura T (1994) De-
tection of stromelysin in synovial fluid and serum from pa-
tients with rheumatoid arthritis and osteoarthritis. Clin Rheu-
matol 13:228–233

15. Sato T, Ito A, Ogata Y, Nagase H, Mori Y (1996) Tumor ne-
crosis factor (TNF) induces pro-matrix metalloproteinase 9
production in human uterine cervical fibroblasts but interleu-
kin 1 antagonizes the inductive effect of TNF. FEBS Lett
392:175–178

16. Solomon L (1976) Patterns of osteoarthritis of the hip. J Bone
Joint Surg [Br] 58:176–183

17. Vu TH, Shipley JM, Bergers G, Berger JE, Helms JA, 
Hanahan D, Shapiro SD, Senior RM, Werb Z (1998) MMP-
9/gelatinase B is a key regulator of growth plate angiogenesis
and apoptosis of hypertrophic chondrocytes. Cell 93:411–422

18. Zhang J, Fujimoto N, Iwata K, Sakai T, Okada Y, Hayakawa T
(1993) A one-step sandwich enzyme immunoassay for human
matrix metalloproteinase 1 (interstitial collagenase) using
monoclonal antibodies. Clin Chim Acta 219:1–14

96

teinase-1) is present in rodent osteoclasts and in the underlying
bone-resorbing compartment. J Cell Sci 106:1071–1082

4. Fujimoto N, Hosokawa N, Iwata K, Shinya T, Okada Y, 
Hayakawa T (1994) A one-step sandwich enzyme immunoas-
say for inactive precursor and complexed forms of human ma-
trix metalloproteinase 9 (92 kDa gelatinase/type IV collage-
nase, gelatinase B) using monoclonal antibodies. Clin Chim
Acta 231:79–88

5. Hibbs MS, Hasty KA, Seyer JM, Kang AH, Mainardi CL
(1985) Biochemical and immunological characterization of the
secreted forms of human neutrophil gelatinase. J Biol Chem
260:2493–2500

6. Ito T, Nakayama Y, Tanaka H, Ishida K, Masuda K (1990)
Distraction arthroplasty of the hip by bicentric femoral head
prosthesis. Clin Orthop 255:186–193

7. Kawashima A, Nakanishi I, Tsuchiya H, Roessner A, Obata K,
Okada Y (1994) Expression of matrix metalloproteinase 9 
(92 KDa gelatinase/ type IV collagenase) induced by tumor
necrosis factor correlates with metastatic ability in a human
osteosarcoma cell line. Virchows Arch 424:547–552

8. Komiya S, Inoue A, Sasaguri Y, Minamitani K, Morimatsu M
(1992) Rapidly destructive arthropathy of the hip. Studies on
bone resorptive factors in joint fluid with a theory of patho-
genesis. Clin Orthop 284:273–282

9. Martel-Pelletier J, Pelletier JP, Cloutier JM, Howell DS, 
Ghandur-Mnaymne L, Woessner JF Jr (1984) Neutral proteas-
es capable of proteoglycan digesting activity in osteoarthritic
and normal human articular cartilage. Arthritis Rheum 27:
305–312

10. Okada Y, Shinmei M, Tanaka O, Naka K, Kimura A, 
Nakanishi I, Bayliss, MT, Iwata K, Nagase H (1992) Localiza-


