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Abstract
The distribution of fibronectin, an extracellular matrix glycoprotein which plays a
part in fibrosis and tissue repair, has previously
been described using immunohistochemical
methods. These do not differentiate between
locally synthesised and plasma derived fibronectin. In this work the distribution of cells
actively synthesising fibronectin was assessed
by in situ hybridisation using a radiolabelled
antisense RNA probe in synovial biopsy
samples from patients with rheumatoid arthritis, osteoarthritis, ankylosing spondylitis,
and control subjects without inflammatory
disease. Large amounts of fibronectin mRNA
were found specifically in synovial lining cells,
providing evidence for the local production of
fibronectin in the synovium. Levels of fibronectin mRNA were variable between patients.
These differences were not related to the
diagnosis or to the subintimal inflammatory
cell infiltrate; where there was synovial lining
cell hyperplasia there was a concomitant
increase in the number of cells containing
fibronectin mRNA, which was consistent with
increased levels of immunoreactive fibronectin
at this site. Increased levels of fibronectin in
synovial fluid in patients with rheumatoid
arthritis may be due to an increased number
of lining cells secreting the protein, rather
than upregulation of the gene by these cells.
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Fibronectin encompasses a family of high
molecular weight adhesive glycoproteins which
are widely distributed in the extracellular
matrix and tissue fluids, including plasma.
Different molecular forms of the protein are
structurally similar and show immunological
cross reactivity. Structural variants arise from a
single gene via a complex pattern of posttranscriptional and post-translational events.
Through the ability to bind cells and components
of the extracellular matrix, fibronectin plays
important parts in normal tissue development
and turnover, wound repair, and inflammatory
processes characterised by tissue remodelling. 14
The distribution of fibronectin in the
rheumatoid synovium has been extensively
studied using immunohistology at light and
electron microscope levels.-'0 Fibronectin is a
major extracellular matrix component of
synovial tissue and, similar to its distribution in
other tissues,4 is found to codistribute with
fibrin, immature collagen, and reticulin fibres.
It is also located in the perivascular connective
tissue and basement membranes of capillaries
and small blood vessels. Extracellular fibronectin

is prominent in the synovial lining cell layer and
is increased at sites of synovial cell hyperplasia, with intracellular fibronectin often
evident.5 6 9 10 There is a marked increase in
extracellular fibronectin particularly associated
with the proliferative pannus, though there is
no evidence that changes in the distribution of
fibronectin are disease specific. " 12 The level of
synovial fluid fibronectin in rheumatoid arthritis
is increased compared with plasma levels5 7 8 13
and extracellular fibronectin is secreted by
synovial cells in culture.'4 These observations
strongly suggest that fibronectin is synthesised
within the synovium, and that the synovial
lining cells provide a source of synovial fluid
fibronectin, though plasma fibronectin may also
contribute a considerable amount.
To ascertain the sites of fibronectin synthesis
within the synovium we used in situ hybridisation.15 Synovial biopsy samples from patients
with rheumatoid arthritis, ankylosing spondylitis, osteoarthritis, and control subjects without
inflammatory disease have been investigated to
evaluate possible differences in fibronectin
synthesis in these patients, and to determine the
source of increased synovial fluid fibronectin
in patients with rheumatoid arthritis.
Patients and methods
PATIENTS

Frozen synovial biopsy samples were taken
from 22 patients with rheumatoid arthritis
(mean age 72 years; 14 women and eight men),
27 with osteoarthritis (mean age 66 years; 16
women and 11 men), three with ankylosing
spondylitis (mean age 47 years, three men), and
three control subjects without inflammatory
disease (mean age 66 years, two women and one
man).
TISSUE PREPARATION AND FIXATION

Synovial tissues were freshly collected during
operations and immediately snap frozen to
preserve mRNA. Tissue blocks were stored at
-70C -until sectioning. To prevent RNAse
contamination, gloves were worn when handling
tissues and slides, and only RNAse free plastic
and glassware were used. Wherever possible,
solutions were treated overnight with 0-1% v/v
diethylpyrocarbonate and autoclaved to inhibit
RNAses.'6 All reagents were purchased from
Sigma (Poole, United Kingdom) unless otherwise stated.
Tissue sections (4 Rm) were mounted onto
slides coated with 2% v/v aminopropyltriethoxysilane, briefly air dried, and fixed in 4%
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minutes in 4% paraformaldehyde/PBS, sections
were washed and acetylated in 0 I M triethanolamine pH 8, and 0-25% v/v acetic
anhydride for 10 minutes to reduce the autoradiography background (this step was omitted
for the poly d(T) controls). Sections were then
dehydrated and air dried before hybridisation.

PREPARATION OF RNA PROBES

A recombinant plasmid pFH 117 8 containing a
cDNA insert representing 2 1 kb of human
fibronectin mRNA was digested with HindIII
and SStI (Boehringer Mannheim, Sussex,
United Kingdom). The resultant 2 kb fragment
was separated from the vector by agarose gel
electrophoresis.'6 The required fragment was
extracted and purified from the gel using the
Isogene method according to the manufacturer's
instructions (International Laboratory Services
Ltd, London, United Kingdom). The purified
fragment was then subcloned into the Riboprobe
vector pGEM-blue (Promega Corporation,
Madison, USA) to prepare single stranded RNA
sense and antisense probes.'9 20 Linear DNA
transcription templates were prepared by
restriction with HindIII or SStI. The SStI
linearised template was treated with Klenow
DNA polymerase (Boehringer Mannheim) to
remove 3' overhangs, which can lead to aberrant
transcripts.'6 20 Radiolabelled RNA probes
(specific activity 2 5 x 108-3 x 108 cpm/tg RNA)
were prepared by in vitro transcription using
CTP labelled with sulphur-35 (2-96x 1010 MBq/
mol (Amersham International, United Kingdom)
and SP6/T7 RNA polymerase as appropriate
(Boehringer Mannheim transcription kit). To
achieve optimum probe lengths for tissue penetration, alkaline hydrolysis was carried out to
give an average probe length of 100 bases.'9 The
probes were checked by gel electrophoresis and
subsequent autoradiography of blots to ensure
the correct size of transcripts and the success of
hydrolysis.'6 Radiolabelled probes were stored
at -20°C and used within two weeks.
OLIGONUCLEOTIDE POLY d(T) PROBE

A synthetic poly d(T) probe, 30 nucleotides in
length (synthesised on an Applied Biosystems
380A oligonucleotide DNA synthesiser), was
used to assess the relative preservation of total
mRNA.2' Oligonucleotides were fully deprotected after synthesis and used without further
purification. To enable the evaluation of any
differences in mRNA preservation a less sensitive
non-isotopic method of detection was used. The
probe was labelled with Digoxigenin-UTP
(Boehringer Mannheim) using terminal deoxynucleotide transferase" and was stored at
-20°C until use.
TISSUE SECTION PRETREATMENTS

Sections were rehydrated in PBS before permeabilisation with 03% w/v Triton X-100 in
PBS for 15 minutes. After washing in PBS the
sections were digested with proteinase K (Sigma)
for 20 minutes at 37°C (1 ig/ml in 0'1 M TRIS,
50 mM EDTA, pH 8). Proteinase Kwas inhibited
by immersion of the sections in 0 1 M glycine/
PBS for five minutes. After fixation for three

IN SITU HYBRIDISATION

Hybridisation was carried out in hybridisation
medium consisting of 50% v/v formamide,
2xSSC (lxSSC is 0-15 M sodium chloride,
0-015 M sodium citrate, pH 7), 10% w/v
dextran sulphate, 0 25% w/v bovine serum
albumin, 0-25% w/v Ficoll 400, 0-25% polyvinylpyrrolidone-40, 10 mM TRIS pH 7.5,
0 5% w/v tetrasodium pyrophosphate, 0 5% w/v
sodium dodecyl sulphate, 10 mM dithiothreitol,
and 250 ,ug/ml denatured salmon sperm DNA.
Radiolabelled RNA probes were diluted to give
a concentration of 0-2 ng/,l of hybridisation
medium (5 x 104-6x 104 cpm/,l) and were
denatured at 80°C for one minute before
incubation with the sections. The poly d(T)
probe was diluted to give a concentration of
1 ng/,ul. To achieve even coverage of the
hybridisation solution, coverslips were placed
over the sections. Hybridisation was carried out
at 37°C for approximately 16 hours in a humid
chamber.
WASHES AFTER HYBRIDISATION

Coverslips were dislodged by immersion in
4x SSC. Excess probe was removed by two
washes in 4xSSC followed by a 2xSSC wash
(20 minutes each at 37°C). Unhybridised RNA
probe was removed by incubation with 20 [ig/ml
RNAse A (Sigma, DNAse free) in 0-5 M NaCl;
10 mM TRIS hydrochloride pH 8; 1 mM
EDTA for 30 minutes at 37°C. Sections were
then washed in 2 x SSC and finally in 0 1 x SSC
for 30 minutes at 37°C before dehydration in
graded alcohols containing 0-3 M ammonium
acetate (the dehydration step being omitted for
the poly d(T) controls).
AUTORADIOGRAPHY

Dried slides were dipped in 50% (v/v in distilled
water) Ilford K5 nuclear emulsion (Ilford,
Mobberly, United Kingdom), and air dried for
a minimum of two hours before exposure in
darkness for four days at 4°C. Sections were
developed in Kodak D19 developer, fixed in
Hypam fix (Kodak, Hemel Hempstead, United
Kingdom) and were counterstained with
haematoxylin.
d(T) PROBE
After the posthybridisation treatments the
sections were washed in TBS (0A05 M TRIS,
0-15 M NaCl, 2 mM MgCl2, pH 7-6) and
blocked with 3% normal sheep serum for 20
minutes. Sections were then incubated with
alkaline phosphatase conjugated sheep antidigoxigenin (Boehringer Mannheim), diluted
1:200 in TBS containing 3% normal sheep

DETECTION OF POLY
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w/v paraformaldehyde in phosphate buffered
saline (PBS) (pH 7-3) for 20 minutes at room
temperature. After fixation sections were briefly
rinsed in distilled water, dehydrated in three
changes of absolute alcohol, air dried, and
used within two to three hours.
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IN SITU HYBRIDISATION CONTROLS

Various controls were used to ensure specificity
of hybridisation signals. These were: (a)
Incubation with hybridisation buffer alone; (b)
incubation with radiolabelled sense strand for
fibronectin; (c) predigestion of the sections with
RNAse A (20 jig/ml); (d) higher stringency
post-hybridisation washes, with increasing
temperature and formamide content (up to
50%) and decreasing salt concentrations (factors
which act to destabilise hydrogen bonding)'6 19;
and (e) increased autoradiographic exposure (up
to two weeks).
IMMUNOHISTOCHEMISTRY

Serial sections were examined by immunohistochemistry to compare the distributions of
fibronectin protein with message. Cryostat
sections were acetone fixed for 10 minutes at
room temperature, air dried, and incubated
with polyclonal rabbit antihuman fibronectin
(Dako, High Wycombe, United Kingdom) at a
dilution of 1:200 in PBS for 45 minutes.
Immunohistochemical detection was with
fluorescein (FITC) conjugated swine antirabbit
at a dilution of 1:20 (Dako). Sections were then
glycerol mounted and visualised by fluorescence
microscopy.

Results
Sites of hybridisation for fibronectin mRNA
were seen as aggregates of silver grains over the
cytoplasm of positive cells (fig IA). No signal
above background was obtained with hybridisation buffer alone, or with the radiolabelled
sense strand for fibronectin mRNA. Predigestion
of the section with RNAse completely abolished
the hybridisation signal for the antisense probe
(fig IB). Higher stringency washes, which
reduce mismatch base pairing of hybrids,
decreased the overall background but did not
alter the specific signal. These results confirm
that the signal obtained with the antisense probe
results from specific hybridisation of the probe
with fibronectin mRNA.
Intense hybridisation signals for fibronectin
mRNA were localised within the synovial lining
cell layer of all biopsy samples studied, and
almost all of these cells were positive (fig 1A).
Where there was synovial lining cell hyperplasia
there was a concomitant increase in the number
of cells containing fibronectin mRNA (fig IA).
Owing to the high intensity of the signal in the
lining cell layer, it was not usually possible to
observe differences in the levels of fibronectin
mRNA between cells of the lining layer, although
biopsy samples giving lower hybridisation
signals did show considerable variations in the
level of fibronectin mRNA in adjacent cells of
the lining cell layer (fig 2).
Levels of fibronectin mRNA within the
synovial lining cells were variable between
patients but did not appear to relate to diagnosis
or the underlying inflammatory cell infiltrate
(fig 2). There were few positive cells in the
subintimal layers, and where present these cells
gave only low levels of signal (fig IA). Increasing
the duration of autoradiographic exposure gave
higher overall signals (including background)
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Figure 1 In situ hybridisation of rheumatoid synovial tissue. (A) Hybridisation with antisense probe for fibronectin. Intense
signals are localised in the synovial lining cells, almost all of these cells being positive. Note the increase in the number of
positive cells at sites of synovial lining cell hyperplasia (large arrow). Occasional positive cells offibroblast-like appearance
were seen within the subintimal tissue, with a weaker signal (small arrow). (B) Comparable section predigested with RNAse.
Hybridisation with the antisense probe is completely abolished. Bar= 100 ,im.
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serum, for 30 minutes. After washing the
sections were transferred to TRIS developing
buffer (0a 1 M TRIS, 0-1 M NaCl, 5 mM MgCI2,
pH 9 5). Immunohistochemical detection was
carried out using NBT/BCIP (0-3 mg/ml nitroblue tetrazolium, 0-15 mg/ml, 5-bromo-4chloro-3-indoxyl phosphate in developing
buffer, overnight) and sections were briefly
counterstained in haematoxylin.
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Discussion
Fibronectin plays an important part in cell-cell
and cell-matrix interactions and is capable of
influencing the proliferation, differentiation
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dense fibrillar meshwork surrounding the cells
of the lining cell layer and was increased at sites
of synovial cell hyperplasia. Fibronectin was
also prominent in the perivascular connective
tissue and basement membranes of small blood
vessels. Comparison of the distribution of
fibronectin mRNA with that of immunoreactive
fibronectin showed a positive relationship
between message and protein product at the
lining cell layer, but not in the deeper layers. At
sites of synovial lining cell hyperplasia there was
an increase in the number of cells containing
message and the level of extracellular protein
surrounding these cells. Occasional cells containing intracellular fibronectin were also
evident at this site. In the subintimal tissue,
while immunoreactive fibronectin was especially
marked around small blood vessels, virtually
no hybridisation signal for fibronectin mRNA
was seen. The distribution of immunoreactive
fibronectin in our study was consistent with that
described in previous work.5 12
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Figure 2 In situ hybridisation of synovial tissue with
antisense probe forfibronectin. (A) Rheumatoid synovium.
(B) Osteoarthritic synovium. Owing to the high intensity of
the signalforfibronectin in the lining cell layer ofthese
samples it is difficult to observe differences in the levels of
fibronectin mRNA between adjacent cells. (C) Osteoarthritic
synovium with low signals. Considerable variations in the
level offibronectin mRNA between adjacent cells of the
lining cell layer are discernible. Two cells showing moderate
labelling are indicated with small arrows, the remainder of
the lining cells giving low signals. Bar= 100 Mm.

and organisation of cells within a tissue. 1-4
Owing to its central roles in inflammation,
tissue development, and remodelling, various
studies have investigated the distribution of
fibronectin in inflammatory joint tissue.512 The
site of fibronectin synthesis within the synovium
has been the subject of debate as different
molecular forms of the protein show immunological cross reactivity. Intracellular fibronectin
has been shown in synovial lining cells by
immunohistochemistry at light and electron
microscopic levels,5 6 9 10 and extracellular
fibronectin is secreted by synovial cells in
culture. 14 These results suggest that fibronectin
is synthesised locally within the synovium and
that the lining cells provide a source of synovial
tissue and fluid fibronectin. Other studies,
however, have implicated endothelial cells as
the major source of fibronectin in the synovium,8
and it is also possible that plasma fibronectin
may contribute a significant proportion.
Monoclonal antibodies have been used to differentiate between cellular and plasma forms of
fibronectin, though there are questions about
the potential cross reactivities of these antibodies.23 24

but did not reveal additional positive cells in the
lining cell layer. Additional fibroblast-like cells
with lower levels of signal were, however, seen
scattered throughout the subintimal synovium,
and weak signals were occasionally observed
within the endothelial cells of blood vessels.
Hybridisation of sections with the poly d(T)
probe did show some variability in the preservation of total mRNA between biopsy
samples, but, variations in the levels of fibronectin mRNA did not reflect these differences.
Pretreatment of the sections with RNAse completely abolished the signal with the poly d(T)

To determine the sites of fibronectin synthesis
within the synovium we used the technique of
in situ hybridisation. As mRNA molecules are
generally rapidly degraded within cells,'6 19 the
demonstration of fibronectin mRNA within the
synovium provides evidence of active gene
transcription. Intense hybridisation signals for
fibronectin mRNA were localised within the
synovial lining layer of all biopsy samples
studied and almost all of these cells were
positive. This was consistent with the distribution of extracellular protein at this site.
Owing to the high intensity and poor cellular
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probe, confirming that the technique is identi-

fying an RNA target.
Immunoreactive fibronectin was evident as a
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variations, however, were evident in biopsy
samples which gave lower overall signals. Variations in gene expression across the lining layer
may be due to different levels of expression in
type A and type B cells. It has been shown that
cells of similar lineage, present in the same

This work was supported by the Joint Research Board of St
Bartholomew's Hospital and the Arthritis and Rheumatism
Council. We thank Peter Crocker for the photomicrography and
Ian Thompson for providing the oligonucleotide used in this
study. Dr Scott is the Muir Hambro Research Fellow of the
Royal College of Physicians. Dr F E Baralle (William Dunn

synovium.

Increasing the duration of autoradiographic
showed additional positive endothelial
and fibroblast-like cells within the subintimal
tissue, demonstrating the lower comparative
expression offibronectin by these cells. Different
levels of gene expression shown by cells of the
lining layer and underlying tissue could be a
reflection of different turnover rates of the
protein, or the synthesis of different molecular
forms of the molecule. For example, basement
membrane fibronectin produced by endothelial
cells may be relatively long lived and therefore
these cells would have a slower turnover of the
protein. Fibronectin produced by synovial
lining cells may be of a form which is more
susceptible to degradation by proteases, giving a
higher turnover of the protein at this site.
Synovial fluid analysis has shown that degraded
fibronectin is often found.'3 28 The presence of
degraded fibronectin in synovial fluid could
indicate that synovial lining cell fibronectin is
more susceptible to enzymic degradation,
though there is no direct evidence that this is
true. In rheumatoid arthritis, but not other
arthritides, fragmented fibronectin is associated
with immune complexes.28 The incorporation
of fragmented fibronectin into immune complexes may impair their effective removal from
the joint, thereby leading to tissue damage via
complement activation. Again, it is not clear
whether the different degradation products of
fibronectin in rheumatoid arthritis are related to
the synthesis of a different molecular form of
the protein, or are due to differences in the local
environment.
Immunohistochemical studies at the electron
microscope level have indicated that fibronectin
is synthesised predominantly by fibroblast-like
type B cells of the lining layer.'° Our results
suggest that fibronectin is synthesised by
macrophage-like type A and type B cells. Owing
to the high intensity of silver grains over the
lining cells in most biopsy samples, relative
differences in gene expression between the

exposure
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lining cells were not discernible. Considerable

anatomical compartment, can vary considerably
in the expression of the fibronectin gene,
indicating that not only tissue specific controls
are involved in the expression of fibronectin but
additional controls at the cellular level are
implicated. 5 Therefore, variations in expression
across the lining cell layer may also be shown by
cells of the same lineage.
The overall levels of fibronectin gene expression localised within the cells of the synovial
lining cell layer were variable between patients.
These variations did not appear to relate to the
diagnosis or to the degree of underlying
inflammatory cell infiltrate. Differences were
not due to the relative preservation of total
mRNA, which was assessed by hybridisation of
serial sections with a poly d(T) probe. Comparison of different regions of the synovial
lining in individual patients using frozen tissue
is difficult. Only relatively small areas of tissue
can be sectioned, and morphology and localisation with respect to the rest of the joint is
poor. Variations in the hybridisation signal
between patients may simply reflect differences
in the levels of fibronectin synthesis in different
areas of the synovium. To investigate this
question we are currently adapting our method
for application to formalin fixed, paraffin
embedded tissues, allowing larger areas of tissue
to be examined.
In areas of synovial lining cell hyperplasia,
there was a concomitant increase in the number
of cells containing fibronectin mRNA, with an
associated increase in the deposition of immunoreactive fibronectin at this site. These results
suggest that the overall increase in fibronectin
production in the hyperplastic synovium is not
due to increased levels of synthesis by individual
lining cells, but that it is mediated by an
increase in number of cells actively synthesising
fibronectin. This increase in fibronectin
synthesis is likely to be a major cause of
increased synovial fluid fibronectin levels in
inflammatory joint disease. Although the
distribution of fibronectin mRNA and immunoreactive fibronectin is not disease specific, there
is considerable evidence that fibronectin may
influence the chronicity of inflammatory joint
disease by providing an appropriate environment
to support connective tissue proliferation and
recruitment of cells to the synovium.1 12
In conclusion, we have shown the synthesis of
fibronectin within cells of the synovial lining
layer. These cells synthesise far higher levels of
fibronectin message than subintimal endothelial
and fibroblast-like cells, indicating that they are
the major source of fibronectin in synovial
tissue. To further our understanding of the
precise part played by fibronectin in the pathogenesis of inflammatory joint disease it will be
important to determine the molecular form(s) of
fibronectin synthesised and secreted by synovial
lining cells, and to relate these to degradation
products in the synovial fluid.

resolution of the signal it was not possible to
quantify the proportion of positive and negative
lining cells. There were few positive cells in the
subintimal layers, and where present these cells
gave comparatively low signals. Little fibronectin
mRNA was localised to the endothelial cells of
blood vessels, though abundant immunoreactive
fibronectin was present in the perivascular
connective tissue and basement membranes at
this site. In cells of macrophage and fibroblast
lineage the control of fibronectin synthesis has
been shown to be mainly at the level of
transcription'5 2%27 which is therefore likely to
be so for synovial lining cells, as these are
thought to be of the same lineages.'2 Thus our
results signify that the cells of the synovial
lining are the major site of active fibronectin
synthesis, and presumably secretion, in the
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