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Distribution of type VI collagen expression in
synovial tissue and cultured synoviocytes: relation to
fibronectin expression

J Wolf, S E Carsons

Abstract
Type VI collagen has recently been shown to
be an important component of connective
tissue. Double label immunofluorescence
procedures were used to immunolocalise type
VI collagen in normal and rheumatoid syno-
vium and its distribution was compared with
that of fibronectin. In normal synovium type
VI collagen is expressed in the synovial
membrane but not in the interstitium of the
villus. In rheumatoid synovium, however,
type VI collagen is extensively deposited in
both the interstitial connective tissue and
along the lining of the synovial membrane.
Cultured rheumatoid and normal synoviocytes
produce type VI collagen and fibronectin and
incorporate them into their extraceilular
matrix. These data suggest that type VI
collagen may play a part in matrix remodelling
of the inflamed joint.
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Type VI collagen has been identified as a

component of connective tissue derived from
placenta, aorta, ligament, skin, cornea, and
articular cartilage.1-l Morphologically, it has
been localised to fine fibrillar structures associ-
ated with 100 nm periodicity." Biochemically,
type VI collagen is composed of a short triple
helix with large globular domains at both
ends.'2 13 Type VI al and ct2 chains have a

molecular weight of 140 kilodaltons and can be
represented as al(VI)/a2(VI).

Tissue culture studies show that type VI
collagen is synthesised and deposited in the
extracellular matrix of fibroblasts and smooth
muscle cells. It is not deposited in the extracel-
lular matrix of SV40 transformed fibroblasts,
however, and is only weakly detected in the
extracellular matrix of human tumour cell

lines.6" 14 15 SV40 transformed fibroblasts
have been shown to contain low concentrations
of mRNA specific for type VI collagen.'6 17
These data suggest that tissue proliferation may
affect type VI collagen expression.
The function of type VI collagen is not clear.

In vitro type VI collagen promotes fibroblast
cell adhesion.'8 19 In tendon and placenta it is
associated with types I and III collagen bundles,
suggesting a structural role."l 20
Type VI collagen has also been shown to

colocalise with fibronectin in placenta and in
neoplasms.20 21 In tumour the hyperplastic
vasculature expressed higher concentrations of
type VI collagen than did normal blood vessels.

Rheumatoid arthritis is characterised by a

proliferation of the synovial lining associated
with an increase in fibronectin deposition.2223

Previously we showed that type VI collagen is a
major extractable component of synovial extra-
cellular matrix.24 In this paper we examined the
distribution of type VI collagen and compared it
with that of fibronectin in tissue sections of
normal and rheumatoid synovium and in cul-
tured human synoviocytes.

Methods
SYNOVIAL TISSUE SPECIMENS
Rheumatoid synovial tissue (eight specimens)
was obtained during knee replacement surgery
from four patients fulfilling the revised American
Rheumatism Association criteria for rheuma-
toid arthritis.25 Normal synovium (two speci-
mens) was obtained from a young patient
undergoing diagnostic arthroscopy for trauma.
This patient was without clinical or radiographic
evidence of arthritis.

Tissue samples were embedded in OCT
compound, quick frozen in liquid nitrogen, and
stored at -70°C until needed. Sections (6 im)
were cut with a cryostat, mounted on slides, and
fixed with cold acetone.

SYNOVIOCYTE CULTURES
Cultures were established and maintained, as
previously described, in Dulbecco's modified
Eagle's medium (DMEM; Gibco) containing
5% pooled human serum and antibiotics.26 For
immunofluorescence studies, first passage cells
were dissociated with trypsin-EDTA solution
(Gibco) and plated onto 12 mm round glass
coverslips (Beilco), which were placed in 24 well
plates (Coming). Cells were plated at 2x104
cells/well in DMEM containing 5% human
serum depleted of fibronectin by passage over
gelatin-Sepharose.27 Cells were grown for seven
days before staining and fixation.

IMMUNOFLUORESCENCE PROCEDURES
All staining in double label immunofluorescence
studies was done at 4°C. Cells were first stained
with rhodamine conjugated goat antihuman
fibronectin (Jackson ImmunoResearch Labora-
tories 109-025-059 diluted 1:1) for 45 minutes.
Cells were then rinsed three times with phos-
phate buffered saline (PBS) and incubated for
45 minutes with rabbit antihuman type VI
collagen (Telios A112, diluted 1:20). This
antibody has been shown to be monospecific for
type VI collagen. 14 Cells were rinsed again three
times with PBS and incubated for 45 minutes
with fluorescein conjugated goat antirabbit IgG
Fab (Accurate Chemical and Scientific JGZ- 1645
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diluted 1:20). The cells were washed three times
in PBS, fixed in 95% alcohol, mounted in
glycerol-veronal NaCi buffer (1:1) pH 8-6, and
then examined under a Nikon Labophot micro-
scope equipped with epifluorescent optics. Peak
fluorescein and rhodamine spectral transmis-
sion were at 445 and 545 nm respectively. When
replicate sections stained by both single and
double label procedures were compared, red
and green staining patterns were distinctive,
suggesting minimal channel cross over.
To control for non-specific binding the cells

were incubated with rhodamine conjugated
non-immune goat IgG (Jackson Immunoresearch
Laboratories 005-020-003, diluted, 1:10),
washed, and then incubated with fluorescein
conjugated normal rabbit IgG (Organon 1011-
0110 diluted 1:10). No staining was seen. The
final protein concentration of the non-immune
rhodamine conjugate ([1 mg/ml) and the
rhodamine antifibronectin (0-65 mg/ml) were
similar. Absorption of the rhodamine con-
jugated antifibronectin with fibronectin-
Sepharose 4B eliminated all staining, whereas
incubation with ethanolamine blocked Sepharose
4B did not. Incubation of cells with fluorescein
conjugated goat antirabbit IgG Fab' alone at a
1:20 dilution produced no staining.

Results
DISTRIBUTION OF TYPE VI COLLAGEN IN NORMAL
AND RHEUMATOID SYNOVIUM
Immunofluorescent staining of a normal
synovial section (fig IA) showed that type VI
collagen sparsely stained the villus membrane

(large arrow) and vessel walls (small arrow) and
was not present in the interstitium of the villus
(arrowhead). In rheumatoid synovial sections
(fig 2A) type VI collagen was strongly expressed
in the lining of the synovial membrane (large
arrow) and in the blood vessel walls (small
arrows) as well as in the interstitial connective
tissue (arrowhead). This staining pattern was
consistently seen in all rheumatoid sections
examined.

DISTRIBUTION OF TYPE VI COLLAGEN AND
FIBRONECTIN IN NORMAL AND RHEUMATOID
SYNOVIUM
Double label immunofluorescent staining of
normal synovium (fig 1B) showed that fibro-
nectin was localised to the villus membrane
(large arrow) and was strongly expressed in the
blood vessel walls (small arrow). Type VI
collagen was weakly expressed in these regions
(compare figs IA and B). In rheumatoid syno-
vium fibronectin (fig 2B) was codistributed
with type VI collagen (fig 2A) at the synovial
membrane (large arrow), in the interstitium
(arrowhead), and in the blood vessel walls
(small arrow). Fibronectin staining seemed
more dense at the synovial membrane, whereas
type VI collagen was more prominent in the
interstitial connective tissue.

DISTRIBUTION OF TYPE VI COLLAGEN AND
FIBRONECTIN IN CULTURED SYNOVIOCYTES

After seven days in culture normal synoviocytes
formed parallel arrays (fig 3C). Type VI col-
lagen staining (fig 3A) colocalised with that of
fibronectin (fig 3B) on thick fibrils. A fine

Figure I Distbuion oftype VI collagen andfibronectin in normal synovium. Double immunofluorescence labelling was performed on sections ofnormal
hunan ynoviun. Sections were first stained directly with rhodamine conjugated goat antihumanfibronectin and then indirectly with rabbit antihuman type VI
collagenfollowed byfluorescein conjugated goat antirabbitIgG. (A) Indirect staining with anti-type VI collagen; (B) direct staining with antifibronectin; (C)
phase contrast photomicrograph ofsection. Large arrows point to synovial membrane; small arrows point to blood vessels; arrowheads point to interstitium.
Bar=SO ,um.
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Figure 2 Distibuton oftype VI collagen andfibronectin in rheumatoid ynovium. Double immunofluorescence labelling was performed on sections of
rheumatmid synovium. Sections wereftrst stained directly with rhodamine conjugated goat antihumnanfibronectin and then indirectly with rabbit anthuman type
VI collagenfollowed byfluorescein conjugated goat antirabbit IgG. (A) Indirect staining with anti-type VI collagen; (B) direct staining with antifibronectin;
(C) phase contrast photomicrograph ofsection. Large arrozvs point to ynovial membrane; small arrows point to blood vessels; arrowheads point to interstitiwrn.
Bar=50um.
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Figure 3 Distribution oftype VI collagen andfibronectin in normal synovial cells. Normal synovial cells were grown for seven days before double label
immunofluorescence staining was performed. Cells were first stained directly with rhodamine conjugated antifibronectin and then directly stained with rabbit
antihuman type VI collagen. (A) Synoviocytes stained with anti-type VI collagen; (B) synoviocytes stained with antifibronectin; (C) phase contrast
photomicrograph. Bar=50 pm.
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Figure 4 Distribution oftype VI collagen andfibronectin in rheumatoid synovium. Rheumatoid synovial cells were grown for seven days before double label
immunofluorescence staining was performed. (A) Rheumatoid synoviocytes stained with anti-type VI collagen; (B) rheumatoid svnoviocytes stainied with
antifibronectin; (C) phase contrast photomicrograph. Bar= 50 lrm.

punctate distribution of type VI collagen was

also seen. Rheumatoid synoviocytes cultured
for seven days seemed confluent and showed
some overlapping and piling up (fig 4C). There
was extensive codeposition of fibronectin (fig
4B) and type VI collagen (fig 4A) in the
extracellular matrix, forming a network of fine
fibrils.
The amount of type VI collagen expressed on

matrix fibres of cultured rheumatoid synovio-
cytes did not exceed that of normal synoviocytes.
Expression of type VI collagen in the extracel-
lular matrix of rheumatoid synovium exceeded
that of normal synovium.

Discussion
The distribution of type VI collagen was studied
in normal and rheumatoid synovial tissue sec-

tions and in cultured rheumatoid and normal
synoviocytes. Rheumatoid synovium is charac-
terised by a proliferation of pannus, which is
infiltrated by monocyte and fibroblast-like
cells.22 This is accompanied by an increase in
synthesis of extracellular matrix proteins, such
as fibronectin, leading to their enhanced
deposition.

In the section of normal synovium studied
type VI collagen is not expressed in the inter-
stitium of the villus but is expressed in the
synovial membrane, suggesting basal synthesis
by synoviocytes. Type VI collagen is also found
in the blood vessel walls. This is not surprising
because type VI collagen has been previously
isolated from vascular connective tissue.5 10 In
rheumatoid synovium type VI collagen is exten-
sively deposited both in the interstitial connec-

tive tissue and along the lining of the synovial

membrane, suggesting increased synthesis by
the proliferating lining cells and by interstitial
connective tissue cells. These findings suggest
differences in the expression of type VI collagen
between rheumatoid and normal synovium.
These differences, however, require validation
in further controls matched for age. Previously
we have shown that type VI collagen is a major
component of pannus and represents about 17%
of extractable protein.24 Recently, Levick and
McDonald studied normal rabbit synovium by
transmission electron microscopy. They sug-
gested that the fibrous long spacing bundles
characteristic of synovial microfibrils are com-
posed of type VI collagen.28 Trueb et al have
shown that type VI collagen is a major extract-
able component of placenta, uterus, and
chicken gizzard.29 Recently, Olsen et al re-
ported that type VI procollagen mRNA was the
major collagenous gene expressed by skin fibro-
blasts in culture.30 Thus our finding of signifi-
cant amounts of type VI collagen in synovium is
consistent with data showing that type VI
collagen is a major component of connective
tissue.

Alterations in the amount and distribution
of the type VI collagen have been found in other
pathological processes. Enhanced type VI col-
lagen deposition has been reported in multiple
fibromatosis with multiple articular dysplasia.3'
Expression of type VI collagen was found to be
greatly increased in the hyperplastic vasculature
of brain neoplasms compared with the blood
vessels of normal brain.21 Fibronectin and type
VI collagen have been shown to colocalise to
matrix fibrils in placenta and in brain neo-
plasms.20 21 Similarly, type VI collagen colo-
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calised with fibronectin in normal and rheuma-
toid synovium, though differences in their
relative distribution patterns were suggested by
the specimens studied in this report. In the
normal synovial specimen studied fibronectin
expression exceeded that of type VI collagen in
the blood vessels and the synovial membrane.
In rheumatoid synovium type VI collagen stained
the interstitial connective tissue more intensely
than did fibronectin. Both molecules seem to be
of basic importance to the structure and stabil-
isation of extracellular matrix. These data sug-
gest that type VI collagen also has a significant
function in the remodelling of synovial connec-
tive tissue in chronic arthritis.

Passaged rheumatoid and normal synoviocytes
produce type VI collagen and fibronectin and
incorporate them into their extracellular matrix,
indicating that their presence in pannus is at
least in part secondary to their production by
synoviocytes. These molecules can be shown to
colocalise in culture. In rheumatoid synovial
cultures fibronectin staining appears pre-
dominantly in fine fibrils, whereas type VI
collagen staining is more punctate (fig 4). This
may suggest that a fraction of type VI collagen
molecules is not incorporated into synoviocyte
matrix fibrils as efficiently as fibronectin. In
rheumatoid synovium type VI collagen expres-
sion appears increased. In vitro, however,
where rheumatoid and normal synoviocytes
were maintained under the same culture con-
ditions, type VI collagen expression in cultured
rheumatoid synoviocytes did not exceed that of
normal cells. In vivo, rheumatoid synoviocytes
are exposed to high concentrations of cyto-
kines such as transforming growth factor j,
which has been shown to enhance matrix
protein expression.32

Fibroblast adhesion has been shown to be
mediated by type VI collagen a2 and a3
chains.'8 19 Chu et al reported RGD sequences
in the collagenous domain of type VI collagen. 6
Polypeptides containing these sequences bind to
both fibronectin receptors and other extra-
cellular matrix receptors. Wayner and Carter
have shown that adhesion receptors for type VI
collagen and fibronectin contain a common
subunit.33 Previously it has been assumed that
fibronectin is the major extracellular matrix
molecule containing RGD responsible for cell
adhesion to synovial matrix. The data reported
here suggest that type VI collagen may also be a
major determinant of cell adhesion and invasion
in synovial tissue.
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