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Extracellular matrix of the synovial intimal cell
layer

P A Revell, N Al-Saffar, S Fish, D Osei

The synovium is lined by a layer of cells,
variously called lining cells, intimal cells, or
synoviocytes, which have historically been sub-
divided into type A and B cells. ' Recent
studies, including our own, using monoclonal
antibodies have shown that the type A synovio-
cytes are macrophages or macrophage like,
while the type B cells are fibroblast like.2 The
exact nomenclature which should now be used
is a matter of some confusion, but most are
agreed in principle on these basic cell types.
It is important to recall the classical electron
microscopical appearances of these two cat-
egories of cell: type A cells have a much folded
surface membrane, plentiful lysosomal bodies
and fairly abundant mitochondria, while type
B synoviocytes have abundant endoplasmic
reticulum, a well developed Golgi apparatus
and numerous secretory vesicles.' 5 Recognition
of these features is important to the under-
standing of observations at electron micro-
scope level described later in this review. It is
also now fairly widely agreed that there is no
basement membrane delineating the synovial
lining cell layer from the underlying connective
tissue. This is clearly demonstrated in semithin
sections and in ultrastructural studies of both
inflamed and normal synovium in man and
animals.' 6 Our own observations5 7 and those
of others8 show, however, that there is a clear
organisation of the cells in the synovial lining
and that particular extracellular matrix com-
ponents and adhesion molecules have a well
defined distribution. The following description
will concentrate on these various proteins, their
presence and distribution, and the evidence for
their production in the synovial intimal layer.
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Extraceliular matrix ofthe synovium
Hylauronan synthesis by synovium was recog-

nised more than 30 years ago.9 Since that time,
relatively little further work had been done on

this molecule until the work of Edwards and
colleagues, who have published papers on the
subject and the related matter of uridine
diphosphoglucose dehydrogenase (UDPGD)
expression in synovium.'0 " This area is the
subject of several presentations during the current
symposium and it would be inappropriate to

pursue these aspects separately in this review.
Our own group has localised chondroitin 4
and 6 sulphates (unpublished observations)
and heparan sulphate'2 to type B synoviocytes
in the deep part of the intimal cell layer in
the inflamed and non-inflamed synovium.
Others have been unable to show chondroitin
sulphate in synovial lining using the same

monoclonal antibodies (J G Worrall, personal

communication). In contrast, keratan sulphate,
which is also demonstrable in the synovium,
was confined to the subintimal connective
tissue and absent from the intimal layer in man
in our own (unpublished) studies, though
others have suggested that keratan sulphate is
confined to the intimal cell layers."'

Extracellular matrix components which have
been shown to be present in the synovium
include:

hyaluronan,
chondroitin 4 sulphate,
chondroitin 6 sulphate,
heparan sulphate,
keratan sulphate,
entactin,
type III collagen,
type IV collagen,
type V collagen,
type VI collagen,
fibronectin, and
laminin.

The presence of fibronectin in the intimal
matrix is well established. 14-16 This glyco-
protein is present both within the intimal cell
layer and in the underlying connective tissue.
We have made the original observation that
type IV collagen and laminin are also present
in the synovial intimal layer.7 Moreover, we
have shown that these two proteins are
specifically localised to the basal part of the
intimal cell layer, where they are found
surrounding the type B fibroblastic synovial
lining cells.7 They are absent from the general
underlying connective tissue matrix. Others
have shown the presence of types III, V and VI
collagen in the synovial lining matrix of
rabbits,'7 recognising also the characteristic
fibrous long spacing pattern of type VI collagen
by electron microscopy. 18 Our own studies
in man have been able to demonstrate the
presence only of type V collagen (fig 1); that
is, we have failed to demonstrate types III
and VI collagen immunohistologically. All of
these molecules (fibronectin, collagen types IV
and V, laminin, heparan sulphate, chondroitin
sulphate) are components of, or commonly
associated with, basement membrane. A
further substance, entactin, is also found in
basement membrane.'2 We have demonstrated
that all of these substances have a clearly
outlined pericellular distribution in relation to
the fibroblastic (type B) cells of the synovium.
In each case, these molecules can be clearly
localised to the basement membrane of under-
lying blood vessels in the synovial subintimal
tissue,7 12 and this serves as an inbuilt positive
control for any immunohistochemical localis-
ation studies relating to them.
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Figure 1 Photomicrograph showing synovial distribution of type Vcollagen which is found

mainly in the lining cell layer. Rheumatoid arthritis; indirect immunoperoxidase method.

Horizontal bar represents 1,0 um.

Production of these proteins by the fibro-

blast like cells (B synoviocytes) of the synovial

intimal layer is demonstrable by their immuno-

localisation, at ultrastructural level, to the

cytoplasm of these cells. Earlier work' has

shown the presence of fibronectin in the dilated

endoplasmic reticulum and secretory vesicles

of type B synovial cells. More recently, we

have shown the presence of type IV collagen,

type V collagen, laminin and heparan sulphate
in the endoplasmic reticulum of type B cells,

and in association with collagen fibres in the

surrounding matrix (fig 2). It is likely that all
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Figure 2 Electron micrograph ofpart of a synovial intimal

lining fibroblast (type B synoviocyte) showing the

distribution of nm and 10 nm colloidal gold particles
corresponding to the localisation of laminin and type IV

collagen, respectively. The endoplasmic reticulum is indicated

bvy arrows. Rheumatoid arthritis; immunoelectron microscopy,
immunogold method. Horizontal bar represents 500 nm.

of these proteins are present in the same
distribution, but the above mentioned pairs are
the only ones we have studied formally. It is
noteworthy that those substances which
surround type B (fibroblastic) synovial intimal
cells are also those found in normal basement
membrane:

fibronectin,
laminin,
type IV collagen,
type V collagen,
entactin,
chondroitin sulphate, and
heparan sulphate.

It seems likely that one function of the deeper
type B synoviocytes might be to produce a
basement membrane like anchorage for the
synovial lining. The intimate intertwining of
cell processes in the cell lining, with the
presence of long, finger like processes extending
from the deeper type B cells to the surface,8
may serve as a means of anchorage for the
macrophage like cells and provide overall
cohesion to the lining.
Some years ago, while performing early

studies of macrophage populations in the
synovium, we used the monoclonal antibody
67.'9 At the time, the specificity of this anti-
body, raised against spleen cells, was unknown.
Somewhat to our surprise, it proved to label
the cells of the synovial lining,'9 and a
subsequent study at light and electron micro-
scope level demonstrated clearly that it was
distributed in a pericellular manner in relation
to type B synovial lining cells.20 The labelling
of nearby collagen fibres and subsequent
investigations with this antibody after various
enzyme digestion procedures on tissues before
immunostaining, have suggested to us that it
may be an as yet uncharacterised connective
tissue or adhesion molecule component.
Edwards and Hogg (personal communication)
are performing further studies on the charac-
terisation of this antibody and the results of
these are awaited.

Adhesion molecules
The synovial intimal layer shows the presence
of adhesion molecules, expressed prominently
in relation to the lining cells: vascular cell
adhesion molecule-I (VCAM-1), CD44, and
1 integrin have been demonstrated recently.2'-25
Whether the VCAM-1 is expressed by macro-
phage like or fibroblast like cells remains a
matter of debate. Our own immunohisto-
chemical localisation of anti-VCAM-1 reaction
product to more superficial cells in the
thickened rheumatoid synovial intima, and
demonstration that the cells are CD68 positive,
suggest that they are macrophages, though the
specificity of CD68 as a macrophage marker is
questioned by some, including a contribution
to the second part of this meeting.26 The
presence of intercellular adhesion molecules
(ICAMs) in the extracellular matrix in
inflamed and non-inflamed synovium has also
been noted:25 27-30 the predominant molecule
expressed in the synovial lining is ICAM-1,
which is upregulated in rheumatoid arthritis.30
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Relatively few cells in the synovial intimal layer
show expression of ICAM-2 or ICAM-3 in
rheumatoid arthritis or osteoarthritis. Signifi-
cantly more cells were positive for ICAM-3 in
RA compared with OA.30 The presence of
VCAM-1, ICAMs 1, 2 and 3, and E-selectin
on synovial vessels is well described, but will
not be discussed further in this review of the
extracellular matrix of the synovial intimal
layer.

The synovium like lining which develops
adjacent to orthopaedic implants
Orthopaedic implants used in total joint
replacement become surrounded by a layer of
fibrous tissue which is of variable thickness and
which separates the biomaterial (metal alloy,
plastic or bone cement) from the bone.3'
Routine histological sections showed that a
synovium like structure may develop on the
side of this membrane next to the implanted
biomaterial; Goldring et a132 described it well
for the bone-cement interface. Recently, we
have used a series of monoclonal antibodies
and immunohistochemical techniques to
demonstrate that this synovium like layer
contains macrophages and fibroblasts arranged
in a manner similar to that of the synovium.33
Moreover, when the distribution of the extra-
cellular matrix proteins is investigated adjacent
to implants in this cellular layer, it can be
readily demonstrated that the fibroblastic cells
are surrounded by fibronectin, type IV collagen,
and laminin,34 35 that these cells are marked
with the monoclonal antibody (MAb) 6735 and
that other components ofbasement membrane
(type V collagen, heparan sulphate) are also
present (unpublished observations). Our most
recent studies have been concerned with the
expression of cellular adhesion molecules near
to implanted prostheses, as part of an
investigation of the inflammatory processes
involved in aseptic loosening of total joint
replacements. Again, for the purposes of
this presentation we shall omit details of
the vascular expression of these molecules,
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Figure 3 Photomicrograph showing the synovial distribution of VCAM-1I
in the lining cell layer. Rheumatoid arthritis; biotin streptavidin/alkaline ph(
immunohistochemical method. Horizontal bar represents 100 ,um.

but it has been possible to show the presence
of VCAM-1 in the synovium like layer
(fig 3). 24 25 36 Examination of serial sections
showed the majoritiy of the VCAM- 1
expressing cells to be CD68 positive and there-
fore macrophages, but a proportion showed
intense immunoreactivity with the monoclonal
antibody 5B5, which detects prolyl 4
hydroxylase and is the best approximation at
present available for a fibroblast marker.25
ICAM-1 expression was more prominent on
the lining cells forming the synovium like layer
than on nearby vascular endothelium;24 25 its
induction on these lining cells may serve to
regulate cell to cell interactions and may be
involved in the process ofhomotypic adhesion.
Mediated by the ICAM-1/CR3 linkage,
reactions between phagocytes may be essential
in cell aggregation. We have noted the presence
of persistent expression of both the receptor
and ligand on foreign body giant cells in the
superficial layers on the implant interface
fibrous tissues, and that the deeper macro-
phages and foreign body giant cells express
CR3 only. A recent report by our group
described the functional and phenotypic simi-
larities of these foreign body giant cells to
osteoclasts.37
While there are clear similarities between the

matrix proteins and adhesion molecules found
in true synovium and the synovium like lining
of the implant interface, there are also clear
differences. Thus in both instances the fibro-
blastic cells seem to become locally modulated
to produce proteins normally associated with
basement membrane and to express the
epitope for MAb 67, yet there is evidence that
ICAM-1 expression in the implant interface
might play an important role in cell to cell
adhesion and giant cell formation, rather than
in cellular migration as may be the case in
rheumatoid synovium.

Conclusion
The presence of several different extracellular
matrix proteins in the synovial lining has
recently been demonstrated. These proteins
are of importance in discussion of the
mechanisms for retaining the integrity of the
intimal cell layer. In these circumstances, fibro-
nectin, types IV and V collagen, laminin,
entactin, chondroitin sulphates, and heparan
sulphate are distributed in such a way as to

,Ri' ;,> provide a basement membrane like anchoring
function. Together with other proteins,
particularly types III and VI collagens, they are
important to consideration of the physiological
role of three dimensional meshworks in the
diffusion of molecules, particularly proteins
such as albumin, through the synovium, as
discussed by Levick and McDonald at this

2 symposium.38 Fibronectin and laminin play an
important role in cell adhesion and migration
in the inflamed synovium. The presence of cell
adhesion molecules, particularly VCAM- 1 and
ICAM-1, in the synovial lining, has also been

which isfound recognised. It is becoming well recognised that
osphatase the synovium like layer of cells seen adjacent

to orthopaedic implants bears resemblances
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to true synovium, and this similarity so
far seems true also for the expression of
extracellular matrix proteins and adhesion
molecules.

This review has attempted to show the
differences in localisation of different mol-
ecules within the synovium. By no means are
all the findings described agreed upon by those
who have studied this aspect of joint structure
and there is a need for further work,
particularly collaborative studies, to resolve the
differences.
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