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Immunolocalisation of matrix metalloproteinase 3
(stromelysin) in rheumatoid synovioblasts (B cells):
correlation with rheumatoid arthritis
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SUMMARY Metalloproteinases produced by connective tissue cells may play a key part in the
destruction of joints in rheumatoid arthritis. Matrix metalloproteinase 3 (MMP-3; stromelysin)
capable of degrading cartilage proteoglycans and type IX collagen and of activating procollagenase
was immunolocalised in hyperplastic synovial lining cells in rheumatoid synovium, but not in the
cells of normal synovium. Cells responsible for synthesis of MMP-3 have the phenotype of
synovioblasts (B cells) by immunoelectron microscopy, but not of phagocytic synovial
macrophages (A cells). Cultured monolayer of rheumatoid synovial cells synthesises MMP-3 only
under treatment with macrophage conditioned medium. Immunolocalisation of MMP-3 in
rheumatoid synovium and cultured synovial cells was possible when the specimens were treated
with a monovalent ionophore, monensin. These results suggest that MMP-3 is synthesised and
secreted continuously without storage from hyperplastic synovioblasts stimulated by factor(s)
derived from activated macrophages present in the synovium.

In rheumatoid arthritis the joints affected show
chronic proliferative synovitis that causes destruc-
tion of articular cartilage, subchondral bones, ten-
dons, and ligaments, resulting in deformity and
disability of the joints. Although mechanical factors
or oxygen derived free radicals, or both, may
contribute to progressive damage in inflamed joints,
the degradation of the major extracellular matrix
components of articular cartilage, proteoglycans,
and collagens can be attributed to proteolytic
enzymes.' All classes of proteinases have been
implicated in the degradation of connective tissue
matrix components in various forms of arthritis.2
Among them, matrix metalloproteinases (MMPs)
derived from connective tissue cells are considered
to play an important part in joint destruction during
the long course of rheumatoid arthritis. They
include collagenase (EC 3.4.24.7) that digests col-
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lagen types I, II, III, and X,"5 MMP-2 (also called
'gelatinase')f' 7 and MMP-3 (stromelysin).8 9 Their
synthesis and secretion are induced by factors such
as interleukin 1,10 tumour necrosis factor a,1" and
substance p.12 MMP-3 degrades a wide spectrum of
extracellular matrix macromolecules, including car-
tilage proteoglycans, fibronectin, type IV collagen,
and laminin. It also cleaves type IX collagen
(manuscript in preparation), a recently charact-
erised collagen that stabilises cartilage by interacting
with the triple helical domains of the type II collagen
molecule.1314 In addition, an endogenous activator
of procollagenase reported in various connective
tissues in culture'57 has been proved to be MMP-3
(stromelysin).'8 19 Direct evidence of the involve-
ment of MMP-3 in rheumatoid arthritis has not been
obtained, however, and identification of the cells
leading to the synthesis and secretion of MMP-3 has
not been investigated. Here we report that MMP-3
is immunolocalised in hyperplastic synovial lining
cells and its synthesis is specific to synovioblasts (B
cells) of rheumatoid synovium.
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646 Okada, Takeuchi, Tomita, Nakanishi, Nagase

Materials and methods

PURIFICATION OF ACTIVE AND PRECURSOR
FORMS OF MMP-3
Active MMP-3 with relative molecular weight (Mr)
28 000 and 45 000 and the precursor forms with Mr
57 000 and 59 000 (proMMP-3) were purified to
homogeneity from the culture medium of rheuma-
toid synovial cells treated with macrophage con-
ditioned medium as described.8 20 Enzymic activities
against [14C]collagen, [14C]gelatin, and [3H]car-
boxymethylated transferrin were assayed as de-
scribed.8 Purified proMMP-3 (17 1Ag) of Mr 57 000
was coupled to cyanogen bromide activated
Sepharose 4B (Pharmacia Fine Chemicals) accord-
ing to the manufacturer's directions and used for the
absorption of the specific antibody.

PREPARATION AND CHARACTERISATION OF
ANTIBODY TO MMP-3
A 50 1.g sample of purified MMP-3 with Mr 28 000
was emulsified with an equal volume of Freund's
complete adjuvant (Difco Laboratories) and in-
jected into an adult male sheep. Two further
subcutaneous injections-30 [ig and 10 ,ug of enzyme
in incomplete adjuvant-were given after 14 and 24
days. A preimmune bleed and further bleeds were
taken on days 0, 14, 24, 35, 46, 49, 56, 60, and 67.
The titre was checked by double immunodiffusion
on Ouchterlony plates. Immunoglobulin G was
prepared from the antiserum with the highest titre
and preimmune serum by precipitation with ammo-
nium sulphate (30% saturation) and column chro-
matography on diethylaminoethyl cellulose equili-
brated with 0-1 M trometamol (TRIS)-HCl pH
8-0/0-02% NaN3. IgG F(ab')2 was purified by
application of the IgG digested with 2% (w/v)
pepsin for 49 hours at 37°C to a column of Ultrogel
AcA 44 (15x 115 cm) equilibrated with phosphate
buffered saline (PBS) containing 0-02% NaN3.
The ability of the antibody to inhibit MMP-3 was

checked by using purified active MMP-3 of Mr
45 O008 in [3H]carboxymethylated transferrin and
[14C]gelatin assays. Purified IgG F(ab')2 treated
with 2 mM di-isopropyl fluorophosphate was incu-
bated with the enzyme solutions (110 ng) for one
hour at 37°C and for an additional two hours at 22°C
before the enzyme assays. Inhibitory activities of the
IgG F(ab')2 to partially purified collagenase and
pure MMP-2 from the culture medium of rheuma-
toid synovial cells were also examined in
[I4C]collagen and ['4C]gelatin assays respectively.
Antibody specificity was studied by double im-

munodiffusion, immunoprecipitation, and electro-
phoretic immunoblotting. Double immunodiffusion
was performed by the methods of Ouchterlony and

Nilsson.21 Immunoprecipitation of MMP-3 with the
antiserum was carried out with a culture medium of
[3H]leucine labelled . rheumatoid synovial cells
stimulated with rabbit macrophage conditioned
medium22 according to the method of Nagase et al.23
[3H]Leucine labelled MMP-3 was immunoprecipi-
tated before and after treatment with 1.5 mM 4-
aminophenyl mercuric acetate for two hours at
37°C. For electrophoretic immunoblotting analysis
concentrated culture medium and two purified
forms of proMMP-3 with Mr 57 000 and 59 00020
were electrophoresed in sodium dodecyl sulphate/
polyacrylamide gel (10% total acrylamide) under
reduced conditions. Proteins separated in the gel
were electrotransferred to nitrocellulose paper. The
paper was incubated for one hour at 22°C in the
antiserum diluted 1:1000 in PBS/1% bovine serum
albumin/0005% Tween 20, washed, and incubated in
an alkaline phosphatase conjugated rabbit IgG to
sheep IgG (Cappel). Immunoreactive MMP-3 was
visualised with 165 jig/ml of 5-bromo-4-chloro-3-
indolyl phosphate (Sigma Chemical Co) and 330
Rg/ml of nitroblue tetrazolium (Sigma Chemical Co)
in 0-1 M trometamol-HCI pH 9-5 containing 0-1 M
NaCl and 5 mM MgC12.

SYNOVIAL TISSUE AND CELL CULTURE

Synovial tissue obtained at arthroplasty from nine
patients with classical (five cases) and definite (four
cases) rheumatoid arthritis was cut into pieces and
incubated in Dulbecco's modified Eagle's medium
containing 10% fetal calf serum in the presence or
absence of 1 FiM monensin (Sigma Chemical Co) for
10, 30 minutes, 1, 2, and 3 hours. The tissue
specimens freshly excised or incubated with or
without monensin were embedded in Tissue-Tek
OCT compound (Miles Scientific) without fixation,
and frozen sections (4-6 ,um) were prepared for
immunofluorescent studies. Another set of samples
was fixed in periodate-lysine-paraformaldehyde
fixative24 for 15 hours at 4°C and embedded in Epon
812 for immunohistochemistry of 1 tm sections by
the avidin-biotin-peroxidase complex method and
immunoelectron microscopy. As controls, three
samples of synovium with normal histology were
obtained from an ankle joint of an amputated leg of
a patient with malignant giant cell tumour, from a
knee joint at meniscectomy, and from an elbow
joint of a patient with osteochondritis dessicans.
They were treated with or without monensin in
Dulbecco's modified Eagle's medium containing
10% fetal calf serum for three hours and embedded
in Tissue-Tek OCT compound. For ordinary histo-
logical examination synovial tissue used in this study
was also fixed in formaldehyde, and paraffin sec-
tions were stained with haematoxylin and eosin.
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Immunolocalisation of matrix metalloproteinase 3 in rheumatoid synovium 647

Dissociated cells in the first generation of passage
were prepared from the above mentioned rheuma-
toid synovial tissue according to the method of
Dayer et al5 and cultured on two-well Lab-Tek
slides (Miles Laboratories) in Dulbecco's modified
Eagle's medium with 10% fetal calf serum for five to
seven days. The cells were stimulated with mac-
rophage conditioned medium for three to five days
to produce a large amount of MMP-3 and then
treated with or without 1 [M monensin for 10
minutes to three hours. The cells that were not
stimulated with macrophage conditioned medium
were also treated with or without monensin to serve
as control. Attempts to cultivate normal synovial
cells for immunolocalisation were given up as very
small amounts of tissue were obtained from the
samples of normal synovium.

IMMUNOHISTOCHEMICAL METHODS
Rheumatoid synovial cells grown on Lab-Tek slides
were fixed with periodate-lysine-paraformaldehyde
fixative for two hours at 4°C and rinsed with PBS.
The cells were incubated for two hours at room
temperature with either sheep anti-(MMP-3) IgG
F(ab')2 (65-130 ig/ml) or non-immune sheep IgG
F(ab')2 (65-130 tLg/ml). They were then washed and
treated with fluorescein isothiocyanate(FITC) con-
jugated rabbit IgG to sheep IgG (Cappel, diluted
1:20) for one hour at room temperature. The cells
were observed with an Olympus Vanox AH2-FL
microscope fitted with standard FITC filters. Photo-
graphs were taken on Kodak Ektachrome 400 films
uprated to 1600 ASA. To confirm the specificity of
the antibody for MMP-3, antibody IgG F(ab')2 (130
pg/ml) was allowed to react with proMMP-3-
Sepharose for two hours at room temperature, and
the supernatant was used as the primary antibody
for immunohistochemistry.

Frozen sections from rheumatoid or control nor-
mal synovium were washed free of fixative with PBS
and reacted with either sheep anti-(MMP-3) IgG
F(ab')2 (65-130 ,ug/ml) or non-immune sheep IgG
F(ab')2 (65-130 [tg/ml), followed by incubation with
FITC conjugated rabbit anti-(sheep IgG) antibody
(dilution x20). Some sections were also reacted with
sheep anti-(MMP-3) IgG F(ab')2 absorbed with
proMMP-3-Sepharose. Photographs were taken as
described above.

Sections (1 iim) prepared from Epon embedded
materials were first treated with a saturated solution
of KOH in ethanol for five minutes to remove Epon
and incubated with either sheep anti-(MMP-3) IgG
F(ab')2 (16 ig/ml) or non-immune sheep IgG
F(ab')2 (16 iig/ml) for one hour after blocking
endogenous peroxidase with 3% H202. They were
then washed with PBS containing 0-05% Tween 20,

incubated with biotinated rabbit IgG to sheep IgG
(Vector Laboratories, diluted 1:200) for 30 minutes
and with an avidin-biotin-peroxidase complex (Vec-
tor Laboratories) for 30 minutes at room tempera-
ture. Colour was developed with 0-03% 3,3'-
diaminobenzidine tetrahydrochloride in 50 mM
trometamol-HCI pH 7-6 containing 0-006% H202.

For immunoelectron microscopy ultrathin sec-
tions mounted on nickel grids were treated briefly
(30 seconds to one minute) with 15% KOH in
ethanol and reacted with either sheep anti-(MMP-3)
IgG F(ab')2 (16 ig/ml) or non-immune sheep IgG
F(ab')2 (16 gig/ml). They were then incubated with
biotinated rabbit IgG to sheep IgG and with an
avidin-biotin-peroxidase solution as described
above. Grids were reacted with 2% (w/v) osmium
tetroxide for five minutes and stained with uranyl
acetate and lead citrate. Specimens were examined
in a Hitachi HU-500 electron microscope (75 kV) at
a magnification ranging from 3000 to 10 000.
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Fig. 1 Inhibition ofmatrix metalloproteinase 3 (MMP-3)
activity by anti-(MMP-3) IgG F(ab')2. Purified MMP-3 was
incubated with different amounts ofanti-(MMP-3) IgG
F(ab')2 as described in 'Materials and methods'. The
residual activity ofMMP-3 was assayed with
[3HJcarboxymethylated transferrin (@-*) and
['4C1gelatin (f-U) at37°Cfor three and 16 hours
respectively. Inhibitory activity was expressed as a
percentage ofthe activity ofthe controls that were prepared
by incubation without the antibody. Non-immune sheep
IgG F(ab')2 did not inhibit the enzyme activity (data not
shown).
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648 Okada, Takeuchi, Tomita, Nakanishi, Nagase

IMMUNOLOCALISATION OF MMP-3 IN
CULTURED RHEUMATOID SYNOVIAL CELLS
The production of MMP-3 was first examined in
cultured rheumatoid synovial cells. Dissociated cells
in the first generation of passage grown on Lab-Tek
slides were stimulated with rabbit macrophage
conditioned medium to produce a large amount of
MMP-3. They were then incubated with or without 1
[M monensin, which is known to cause intracyto-
plasmic accumulation of metalloproteinases26 and
tissue inhibitor of metalloproteinases.27 Figure 5a
shows that about 95% of the cultured cells displayed
bright fluorescence in the perinuclear region after
treatment with monensin for two to three hours. No
fluorescence was detected when non-immune IgG
F(ab')2 was used as first antibody (Fig. 5b). Absorp-
tion of the antibody with purified zymogen of

Fig. 2 Double immunodiffusion analysis of
anti-matrix metalloproteinase 3 (anti-(MMP-3)) antiserum.
As=antiserum (20 p1); A =concentrated culture medium
(2 0 units); B=partially purified Mr 45 000form of
MMP- 3 (1 2 units); C=purified MMP-3 ofMr 45 000
(1 5 units); D=partially purified Mr 28 000form ofMMP-3
(4.8 units); E=purified MMP-3 ofMr 28 000 (6 0 units).
One unit ofMMP-3 activity is defined as that digesting 1 p.g
ofcarboxymethylated transferrin in one minute at 37°C.

Results

CHARACTERISATION OF THE ANTIBODY
Purified IgG F(ab')2 preparations of the antiserum
against MMP-3 were tested for their ability to inhibit
the enzymic activity of MMP-3 with Mr 45 000 on
two different substrates. The antibody inhibited
the activity of MMP-3 by 89% in the [3H]carboxy-
methylated transferrin assay and by 100% in the
[14C]gelatin assay (Fig. 1), but it did not inhibit the
activities of collagenase or MMP-2 (data not
shown).

In immunodiffusion a single line was observed
when the antiserum was run against the crude
culture medium and against the two partially puri-
fied and purified active forms of MMP-3 with Mr
28 000 and 45 000 (Fig. 2). The antiserum immuno-
precipitated the zymogen of MMP-3 (Mr 57 000)
and its glycosylated form (Mr 59 000), 0 as well as
an Mr 45 000 form of MMP-3 from the crude culture
medium partially activated with 4-aminophenyl-
mercuric acetate (Fig. 3). Immunoblotting showed
that IgG of the antiserum reacts with both active and
zymogen forms of MMP-3 (Fig. 4). These data
indicate that the antiserum is monospecific for
MMP-3 and reacts with both active and zymogen
forms of MMP-3.

1 2
kDa

94-
77-
68-
55-

29-

2i-
Fig. 3 Immunoprecipitation of[3H]leucine labelled
matrix metalloproteinase 3 (MMP-3) with anti-(MMP-3)
antiserum. Anti-(MMP-3) antiserum and protein
A-Sepharose CL-4B were used to immunoprecipitate two
precursorforms of[3H]leucine labelled MMP-3 (Mr 57 000
and 59 000) from culture medium (lane 1) and both 3H
precursors and an activeform of[3HJMMP-3 (Mr 45 000)
from the culture medium treated with 15mM
4-aminophenylmercuric acetate for two hours at 37°C (lane
2). The samples were studied by 10% sodium dodecyl
sulphate/polyacrylamide gel electrophoresis and
photofluorographed.
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Immunolocalisation of matrix metalloproteinase 3 in rheumatoid synovium 649

MMP-3 abolished the labelling (Fig. 5c), indicating
that the antibody and methods used are specific for
the detection of MMP-3. Less intense fluorescence
was seen within the cells treated with monensin for
30 minutes or one hour, and very little immunoreac-
tive material was detected in less than 25% of the
cells without monensin or with only a 10 minute
treatment. Without stimulation with macrophage
conditioned medium no fluorescence was observed,
even when cells were treated with monensin for
three hours.

IMMUNOFLUORESCENT LOCALISATION OF
MMP-3 IN RHEUMATOID AND NORMAL
SYNOVIUM
Rheumatoid synovium fixed with formaldehyde and

1 2 3
kDa

130-
75-

50-
39-
27-

Fig. 4 Immunoblotting. Concentrated culture medium of
rheumatoid synovial cells (lane 1), two purified zymogen
forms ofMr57 000 and 59 000 (lane 2), and the zymogen
incubated with 1-5 mM 4-aminophenylmercuric acetate for
four hours at 370C to produce active matrix
metalloproteinase 3 (MMP-3) with Mr 45 000 (lane 3) were
electrophoresed on 10% sodium dodecyl sulphatel
polyacrylamide gel under reducing conditions. The proteins
in the gel were then electrotransferred to a nitrocellulose
membrane and MMP-3 visualised using anti-(MMP-3) IgG
and an alkaline phosphatase conjugated anti-(sheep IgG)
antibody. The relative molecular weights (Mr) of the
prestained standards are indicated.

stained with haematoxylin and eosin showed hyper-
plasia of synovial lining cells and lymph-mononuclear
cell infiltration in the sublining cell layer (Fig. 6).
Bright immunofluorescent precipitates were
observed in most hyperplastic lining cells, especially
in the perinuclear region, in all nine samples treated
with monensin for three hours (Fig. 7). Very weak
or no fluorescent staining was seen in the specimens
freshly excised or those treated with monensin for a
short period of time (10 minutes to one hour) or
without monensin treatment. None of the specimens
was fluorescence positive when reacted with non-
immune sheep IgG F(ab')2 or with anti-(MMP-3)
IgG F(ab')2 absorbed with proMMP-3-Sepharose
and when the first antibody was omitted. No
immunoreactive materials were detected by the
staining with anti-(MMP-3) IgG F(ab')2 in three
control synovia with normal histology even after a
three hour treatment with monensin.

IDENTIFICATION OF SYNOVIOBLASTS
(B CELLS) AS MMP-3 PRODUCING CELLS IN
RHEUMATOID SYNOVIUM
Sections (1 ,um) prepared from Epon embedded
materials and stained by anti-(MMP-3) IgG F(ab')2
and the avidin-biotin-peroxidase method showed
that hyperplastic synovial lining cells comprise two
types of cells: major cells (approximately 60%)
intensively labelled with immunoperoxidase reac-
tion products and cells without staining (Fig. 8). The
former cells had oval cytoplasm with very few
projections and showed perinuclear immunoreactive
materials, whereas the latter were characterised by
an indented nucleus and cytoplasmic processes. The
immunoelectronmicroscopic properties of the cells
reactive to anti-(MMP-3) antibody were characteris-
tic of synovioblasts28 29 or B cells3" that have well
developed rough endoplasmic reticulum and multiple
Golgi apparatus. In monensin treated cells MMP-3
localised in Golgi related vacuoles that were caused
by the action of monensin (Fig. 9). Synovial macro-
phages28 29 orA cells30 contained no immunoreactive
materials. No immunoreactive materials were seen
in the specimens reacted with non-immune sheep
IgG F(ab')2-

Discussion

Probably, in rheumatoid arthritis the proteinases
have a major role in degradation of extracellular
matrix macromolecules of articular cartilage and
other joint components. Thus enzymes present in
synovial fluid and released by the proliferative
synovium and pannus have been examined by many
investigators. They include cathepsin D,31 neutro-
phil elastase and cathepsin G,3'3 collagenase,34 3
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650 Okada, Takeuchi, Tomita, Nakanishi, Nagase

Fig. 5 Immunohistochemical localisation ofmatrix metalloproteinase 3 (MMP-3) in cultured rheumatoid synovial cells.
Rheumatoid synovial cells were cultured as described in 'Materials and methods' and treated with I F.M monensin for the
final three hours. (a) The cells were stained with sheep anti-(MMP-3) IgG F(ab')2followed byfluorescein isothiocyanate
(FITC) conjugated anti-(sheep IgG) antibody. Note that approximately 95% ofthe cells have adjoining nuclear bright
fluorescence (arrows). (b and c) The cells were reacted with (b) non-immunesheep IgG F(ab')2 or with (c) anti-(MMP-3)
IgG F(ab')2 absorbed by proMMP-3 (Mr 57 000) coupled to Sepharose 4B and stained with FITC conjugated anti-(sheep
IgG) antibody. No staining is visible. Bars=50 wn.

gelatinase,36 and MMP-3.8 The development of
antisera to these proteinases is a useful tool for a
study of their localisation and production in vivo;
collagenase37 and neutrophil cathepsin G and
elastase38 have already been immunolocalised in
rheumatoid synovial tissue. In this paper we have
prepared the monospecific antiserum against MMP-
3 and used the antibody to show the synthesis and
secretion of the enzyme in both rheumatoid syno-
vium and synovial cells in culture.
The monovalent ionophore, monensin, has been

used to immunolocalise secretory proteins such as
procollagen and fibronectin,39 tissue inhibitor of
metalloproteinases,27 collagenase and stromelysin26
in cultured connective tissue cells. It is reported to

interfere with the processing and secretion of
proteins from various cells in culture probably by
blocking the function of Golgi apparatus at or near
the trans-face.40 41 As MMP-3 was clearly detected
by its accumulation in the perinuclear region of the
cultured cells only when cells were treated with
monensin for more than 30 minutes this indicates
that the proteinase passes through the Golgi appar-
atus and is not stored in the cell after synthesis. This
is consistent with the biochemical observation of
procollagenase, which was shown to be synthesised
and secreted within 35 minutes without storage after
the initiation of its synthesis by rabbit synovial cells
in culture.23
Our study also showed that MMP-3 is synthesised
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Immunolocalisation of matrix metalloproteinase 3 in rheumatoid synovium 651

by synovial lining cells in rheumatoid synovial tissue
but not by normal synovial cells. The absence of
immunoreactive material without monensin treat-
ment indicates that MMP-3 is rapidly secreted after
synthesis from rheumatoid synovial lining cells
without intracellular storage, as shown in the cell
culture system. The cellularity of inflamed synovium
in rheumatoid arthritis is heterogeneous. Although
there is a debate about the distinction of synovial
lining cells, originally named A and B cells by
Barland et al,30 accumulated evidence has indicated
that synovial lining cells consist of two structurally
and functionally different cell types: phagocytic
synovial macrophages (A cells) and synthetic syno-
vioblasts (B cells). 829424Immunohistochemistry
of 1 iim sections from Epon embedded materials
(Fig. 8) has clearly shown two types of lining cell
with or without immunoreactive materials. Accord-
ing to our ultrastructural criteria the cells which
produce MMP-3 are synovioglasts (B cells).

In our parallel experiments with cultured rheuma-
toid synovial cells MMP-3 was detected only when
cells were treated with macrophage conditioned

Fig. I Immunotocalisation of matrix metalloprotelnase 3
(MMP-3) in rheumatoid synovial tissue. The tissue was
treated with I FtM monensin for three hours andfrozen
sections were stained by afluorescein isothiocyanate
immunofluorescent method with anti-(MMP-3) IgG
F(ab')2. Note bright immunofluorescence in hyperplastic
lining cells. Bar=SO wn.

dr. 4 WJW wfff -_v

Fig. 6 Light photomicrograph ofrheumatoid synovial
tissue showing hyperplastic synovial lining cells and
lymph-mononuclear cell infiltration in the sublining cell
layer. Haematoxylin and eosin stain. Bar=50Snm.

Fig. 8 Immunohistochemistry ofmatrix metalloproteinase
3 (MMP-3) in Epon embedded rheumatoid synovial tissue.
Rheumatoid synovial tissue incubated with I FM monensin
for three hours was fixed with periodate-lysine-
paraformaldehyde fixative and embedded in Epon 812.
Sections (I rn) were reacted with anti-(MMP-3) IgG
F(ab')2 followed by the avidin-biotin-peroxidase complex
method and counterstained with toluidine blue. Two types
ofsynovial lining cells showing positive and negative
(arrows) immunoreactivity were observed. Bar= 10 nm.
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652 Okada, Takeuchi, Tomita, Nakanishi, Nagase

Fig. 9 Demonstration ofmatrix
metalloproteinase 3 (MMP-3) in
the rheumatoid synovioblast (B
cell) by immunoelectromicroscopy.
Ultrathin sectionsfrom Epon
embedded synovial tissue treated
with monensin were stained with
sheep anti-(MMP-3) IgG F(ab')2
followed by the avidin-
biotin-peroxidase complex
method. After reaction the sections
were stained with uranyl acetate
and lead citrate. Note the presence
ofthe reaction products in Golgi
related vacuoles (arrows) ofa
synovioblast (B cell) characterised
by well developed rough
endoplasmic reticulum and
multiple Golgi apparatus.
Bar=1 pm.

medium. This is in agreement with our previous
biochemical studies.8 Factors relevant to the in-
flammation such as interleukin 1 10 26 tumour necro-
sis factor a, 1 and substance p12 stimulate cultured
connective tissue cells to produce collagenase and
MMP-3. Murphy et al immunolocalised collagenase
and MMP-3 (stromelysin) in interleukin 1 stimulated
rabbit articular chondrocytes in culture.26 Histolo-
gical studies of human rheumatoid synovium, in
contrast with control normal synovium, show
marked infiltration of inflammatory cells containing
macrophages and lymphocytes in the sublining cell
layer and hyperplasia of the lining cells, suggesting
that interleukin 1 and tumour necrosis factor a
generated by activated macrophages might regulate
the production of MMP-3 and collagenase in
rheumatoid arthritis.

Matrix metalloproteinases are secreted from the
cells as inactive zymogens. The key step appears to
be the activation of proMMP-3, as MMP-3 can both
degrade various extracellular matrix components8
and activate procollagenase.18 19 Our recent bio-
chemical studies showed that various proteinases,
such as plasma kallikrein,20 plasmin," neutrophil
elastase, and cathepsin G (unpublished work), can
activate proMMP-3. Thus in inflamed joints it is
likely that proteinases derived from plasma, tissue,
or inflammatory cells can initiate the activation of

proMMP-3 and the subsequent activation of procol-
lagenase.

We are grateful to Dr Edward D Harris Jr of the Department of
Medicine, Stanford University, Stanford, CA, for his support and
encouragement. This work was supported by Uehara Memorial
Foundation and grant-in-aid (63570142) from the Ministry of
Education, Science, and Culture of Japan to YO and by NIH grant
AR 39189 to HN.

Addendum

Our recent data, quoted in this paper as unpublished work, have
been accepted and published (FEBS Lett 1989; 244: 473-6 and
FEBS Lett (in press)).
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