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Interaction of VLA-5 Molecule With Rheumatoid Articular
Cartilage Surface: An Electron Micrqscopic,,Evidence of
~ Expression of VLA-5 on Pannus Invading Cells

Hitoshi Ishikawa', Souichirou Hirata', Ryuuichi Saura’,
Yoshihiro Andoh’, and Kosaku Mizuno’

Pannus is made up mainly of fibroblasts, macrophages and lymphocytes. VLA-5
positive cells are present in the pannus in large numbers. It is likely that the tis-
sue distribution of infiltrated cells derived from post—capillary venules is influenced -
by the ECM of the pannus and the ability of these cells to interact with the
ECM through surface receptor expression. VLA-5 molecules are the predominant
B 1 integrins expressed by synovial pannus. Since the VLA integrins function as
fibronectin receptors, it is possible that the fibronectin—rich environment of the
rheumatoid cartilage surface effectively traps pannus cells expressing high levels of
these molecules. Furthermore, an increase in P 1 integrins may be necessary for
the growth of the pannus and also for the upregulation of the VLA molecules,
leading secondarily to increased attachment.
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Introduction

Rheumatoid arthritis (RA) is character-
ized by two distinct types of pathological
responses in the joint: an exudative
phase involving the synovial lining layer
and the synovial effusion, which are as-
sociated with an immune complex in-
duced reaction, and by a cellular immune
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response in the sublining tissue'™.

As a part of the synovial tissue reac-
tion, proliferating synovial cells penetrate
the cartilage in the form of a pannus,
and cartilage destruction takes place in
the zone between the cells and carti-
lage™”. The mechanisms responsible for
pannus formation are not fully - under-
stood, but there is general agreement as
to the role of pannus, growing over the
cartilage surface and invading the carti-
lage matrix*'?, in the production of carti-
lage injury. Little is known about when
pannus first appears and its initial local-
ization, but in established disease, the
pannus is commonly regarded as an ex-
tension of synoviocytes from the joint
lining layer expanding under the influ-
ence of an immunologically mediated
process'”.

The cellular origin of rheumatoid pan-
nus has been debated by many investiga-

tors''"”, based upon their histologic
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analysis of pannus specimens from pa-
tients with RA (Figure 1). It is ac-
cepted that fibroblast proliferation, endo-
thelial cell proliferation and monocyte
chemotaxis are probably involved. Re-
cently, it has been noted that synovio-
cytes may be stimulated by cytokines
and growth factors released by the acti-
vated macrophages and synoviocytes of
the chronically infiltrated synovial tis-

e

Figure 1. Pannus-—cartilage junction stained

with anti-VLA-5 antibody, showing
almost all cells of the invading into
cartilage showed strong VLA-5
staining.

Zvaifler and Firestein identified cells
which are unlike typical fibroblast-like
synoviocytes, and designated these as
pannocytes. These cells have attributes
in common with the primitive mesenchy-
mal cells responsible for the initiation of
cartilage damage in RA'?.

We have previously shown that when
rheumatoid articular cartilage samples are
incubated with normal polymorphonuclear
leukocytes (PMN) in vitro, large number-
sof PMN are seen to be attached to the
articular surface®™. As observed by elec-
tron microscopy, significant numbers of
these cells invaded the cartilage tissue
and phagocytosed amorphous material
which presumably contained immune

complexes.  These results demonstrated

that immune complexes trapped in the
superficial region of rheumatoid articular
cartilage’ *” may play an important role
in the destruction of cartilage by the re-
lease of lysosomal enzymes from the
PMN.

Although Shiozawa et al.  observed
that the pannus—free surface of cartilage
contained deposits of immunoglobulin, ar-
eas covered by pannus showed none™.
These authors concluded that rheumatoid
pannus invasion of the free cartilage sur-
face containing trapped immune com-
plexes results in the disappearance of
such complexes.

In a previous study™, we have shown
when rheumatoid articular cartilage sam-
ples are incubated with normal peripheral
blood monocytes and cultured synovial
cells in the presence of recombinant hu-
man IL-1 in vitro, large numbers of
monocytes and cultured synovial cells are
seen to be attached to the articular sur-
face. There was a significantly greater
attachment of monocytes to rheumatoid
than to normal cartilage. These results
indicated that increased levels of IL-1 in
the rheumatoid joint may play an impor-
tant role in joint destruction by stimula-
tion of pannus formation through induc-
tion of synovial cell attachment to the
articular surface.  Synovial cell attach-
ment to cartilage may be the initial step
in pannus formation. Our data suggested
that the elevated levels of collagenase
and IL-1 present in synovial fluid may
contribute to pannus formation in the
rheumatoid joint by stimulation of the at-
tachment of monocytes and synovial cells
to cartilage matrix proteins.

Recent studies™ *” have demonstrated
interactions between adhesion molecules
of the B1 group of the integrin super-
family, specifially VLA-4 and VLA-S5,
as well as other adhesion receptors pre-

29)
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sent on nucleated hematopoietic cells,
with collagen, fibronectin and laminin
ligands of the connective tissue matrix.
It islikely that binding of synovial cells
to cartilage in the presence of IL-1, as
observed in our experiments described
above®, results from stimulation of inter-
actions between VLA receptors on the
synovial cell and these matrix protein
ligands. Furthermore, we have recently
shown that the increased expression of
VLA-5 and the intercellular adhesion
molecule-1 (ICAM-1) at the cartilage—
pannus junction may result from the in-
teraction of ‘synovial mononuclear cells
with matrix proteins”™. These findings
have supported the role of adhesion
molecules in pannus formation and its at-
tachment to cartilage.

In the present study, an immunoperoxi-
dase staining method has been used to
determine whether adhesion molecules
and ligand expressed on pannus and car-
tilage respectively play a role in pannus
formation.

Materials and Methods

Twenty—eight samples of rheumatoid
articular cartilage covered with pannus
from 28 patients were obtained during
synovectomy or joint replacement surgery.
All patients were rheumatoid factor sero-
positive and fulfilled the ACR 1987 diag-
nostic criteria for rheumatoid arthritis.
Several samples of pannus—cartilage junc-
tion from the same patients were selected
to contain active pannus on the basis of
naked eye examination, and this was
confirmed by light microscopy using hae-
matoxylin and eosin staining.  Fibrous
pannus was discarded on the basis of
lack of cellularity. Each specimen was
treated immediately after collection.

Purified anti-human monoclonal anti-
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“tained from Vector Laboratories

Synovial-Pannus Formation in RA

body denoted CDw49e (aS5SB1, VLA-
5) was obtained from Immunotech (Mar-
seilles, Cedex, France). Purified mouse
IgG was obtained from Cappel Laborato-
ries (Cochranville, Pa.).  Avidin bioti-
nylated peroxidase (ABC-kit) was ob-
(Burl-
ingame, Calif.), and 3-3’-diamino-
benzidine was purchased from Sigma
Chemical Co. (St. Louis, Mo.). Frozen
sections, about 4-6—mm thick, were cut
on a cryostat (Bright, Huntington, Eng-
land) at -20°C, and mounted on gelatin
and egg albumin coated slides.  After
drying at room temperature, the sections
were washed with phosphate—buffered sa-
line (PBS). Normal goat serum, diluted
1:200, was applied to the sections for
20 min. After washing, they were incu-
bated with 100-200 ul of diluted mono-
clonal antibody for 60 min. After wash-
ing with PBS, biotinylated peroxidase
conjugated goat anti—-mouse IgG antibody
was added, and this was followed by an
avidine peroxidase complex. The tissue
was then incubated with 3 mg of 3-3'-
diaminobenzidine in 10 ml of Tris HCl

buffer, pH 7.5, for 10 min. The speci-
mens were then washed in PBS and
dried at room temperature. For electron

microscopic examination, the sections
were fixed with 1% osmium tetroxide
(OsO4) for 1 h and washed in PBS and
that was dehydrated in graded alcohol to
100%. While the sections were still wet,
plastic capsules filled with Epon 812
were inverted over the sections. After
polymerization of the Epon 812, the
slides were heated on a hot plate and
the sections were removed from the
slides.

Fields were chosen for electron micro-
scopic study by examing the light micro-
scopic pictures on a dissecting micro-
scope. Sections were cut on an LKB
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microtome and examined in a Hitachi H
—300 electron microscope.

Results

When the synovial pannus cartilage tis-
sue samples were stained with antibody
toVLA-5, almost all cells, including the
synovial lining cells, mononuclear cells
and endothelial cells of the post—capillary
venules showed strong VLA-5 staining
(Figure 1). Some degree of hyperplasia
of the synovial lining cells was observed.
In agreement with previous report, the
cellular components of the rheumatoid
pannus varied in their numbers> . VLA
—5—-positive cells were observed in a lin-
ear distribution along the border between
the synovium and cartilage (Figure 2 and
3). In the electron microscopic examina-
tion, the electron—dense materials were

TR

L&

Figure 2.
junction.

observed in a patchy distribution on the
cell membrane, and these materials were
observed to be in contact with cartilage
matrix (Figure 4). The cell membrane
of the chondrocytes located at or close
to the pannus—cartilage junction also
showed strong anti-VLA staining when
examined under the electron microscope
(Figure 5).

Discussion

The integrins are a family of ubiqui-
tous cell-surface receptors that bind to
extracellular matrix (ECM) protein. Re-
cent studies have demonstrated an inter-
action between adhesion molecules of [ 1
group of the integrin supergene family
and fibronectin, collagen and laminin of
the ECM™ *, and stimulation of synovio-
cyteproliferation by a reaction between

Immuno—peroxidase staining of VLA-5 at rheumatoid pannus—cartilage
Most of the cells located at the cartilage border show strong

stainig with anti VLA-5 antibody.
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Figure 3. VLA-5 positi\}e cells were observed in a linear distribution along the
border between the synovium and cartilage.

Figure 4. The eclectron dense materials were observed in a patchy distribution
(arrows) on the cell membrane.
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PGB

Figure 5. The cell membrane of the chondrocytes located at the pannus junction
also showed anti-VLA-5 staining.

membrane—bound VLA-5 and fibro-
nectin®® *.  Rheumatoid synovial tissue,
moreover, is rich in lymphocytes express-
ing high levels of integrins®>®. We have
raised the possibility that VLA-5 may
facilitate the growth of pannus by virtue
of its ability to react with fibronectin
with  resulting proliferation of the
synoviocytes of the pannus®.

Adhesion molecules are critically im-
portant for the binding of inflammatory
cells to ECM proteins, such as fi-
bronectin and collagen, via the B 1 in-
tegrins® “”.  Thus it is likely that the tis-
sue distribution patterns of infiltrated
cells derived from post—capillary venules
are influenced by the ECM of the pan-
nus and the ability of these cells to in-
teract with ECM through cell surface re-
ceptor expression.

The strong expression of VLA-5 on
chondrocytes™ would suggest that interac-
tions between chondrocytes and fi-

bronectin may occur in the course of
pannus formation through the activation
of chondrocytes by various cytokines™ *".
Many of the known ligands for integrins,
including collagen, fibronectin, laminin
and thrombospondin, are present at the
pannus—cartilage junction in RA.  Their
presence may be related to increased de
novo synthesis by chondrocytes”.  Fur-
thermore, type II collagen binding pro-
teins including anchorin, have been iden-
tified on chondrocytes. However, the
role of integrins in collagen—chondrocyte
interaction is, as yet, not clarified”. The
finding of VLA-5 molecules in a
pericellular as well as an interterritorial
matrix distribution in our study® strongly
suggests that a receptor—ligand interaction
between VLA-5 and cartilage matrix
may occur at the early stage of pannus
formation.
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