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Immunoelectron microscopic demonstration of
fibronectin in rheumatoid pannus and at the
cartilage-pannus junction

SHUNICHI SHIOZAWA*AND MORRIS ZIFF

From the Rheumatic Diseases Unit, Department ofInternal Medicine, the University of Texas Health Science
Center at Dallas, Texas, USA

SUMMARY The presence of fibronectin (Fn) in rheumatoid pannus was investigated by an
immunoelectron microscopic method using horseradish peroxidase-conjugated antibody to stain
Fn. Large amounts of Fn were demonstrated in the interstitial collagenous tissue of invasive
rheumatoid pannus. Fn was also observed on the surface of both fibroblast-like and macrophage-
like pannus cells, suggesting that it was secreted by these cells and that the secreted Fn might
facilitate the spreading of the pannus cells over the cartilage matrix. However, decreased amounts
of Fn were observed in areas of contact between pannus cells and the cartilage matrix. The
reduction in the amount of Fn demonstrable at the cartilage-pannus junction may be a consequence
either of proteolysis of Fn by enzymes secreted at the junction, inhibition of Fn synthesis in cells in
contact with cartilage matrix, or transfer of Fn from the pannus cell surface to collagen of the
cartilage matrix.

Fibronectin (Fn) is a cell surface glycoprotein of fib-
roblasts' and other cell types2-4 which is believed to
have an important role in the adherence and spread-
ing of these cells on substrates.5`7 The plasma con-
tains an Fn of slightly different physicochemical
characteristics.8 Antisera against the plasma and cell
varieties readily cross-react, indicating the
similarities between these molecules.9 Both cell and
plasma Fn mediate the attachment of normal6 and
transformed5 cells to collagenous substrates.

In rheumatoid arthritis proliferating synovial
membrane or pannus covers and invades the cartil-
age, frequently leading to severe injury to this tis-
sue.10 Increased levels of Fn have been reported in
rheumatoid synovial fluids.11 12 It has also been
demonstrated in pannus tissue by an immunofluores-
cent staining technique.13 In view of its role in cell
adherence and spreading, it is possible that Fn pro-
duced in situ participates in the adherence of the
synovial tissue to the cartilage and its invasion of the
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matrix. For this reason the presence of Fn in the
pannus and at the cartilage-pannus junction (C-P
junction) was investigated by immunoelectron mic-
roscopy using horseradish peroxidase-conjugated
antibodies to stain these tissues. Fn staining material
was observed in large amounts in the interstitial tis-
sues of active rheumatoid pannus and on the surface
of pannus cells. However, at the points of contact
between pannus and cartilage decreased amounts of
Fn were stained.

Materials and methods

Samples of cartilage covered with pannus were
obtained during joint surgery from 5 patients with
classical rheumatoid arthritis."4 Tissue specimens
were cut in small pieces and fixed in 2% paraformal-
dehyde, 0 075 M lysine, and 0-01 M sodium period-
ate solution for 4 hours at 4°C as described by
McLean and Nakane.1' They were then washed with
phosphate-buffered saline (PBS), pH 7-2, for 24
hours. Tissue sections of approximately 50 ,m thick-
ness were treated with the IgG fraction of rabbit
antihuman fibronectin antibody (Cappel
Laboratories, Downingtown, Penn in a dilution of
1 :10) for 4 hours at room temperature with agitation
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Immunoelectron microscopic demonstration offibronectin in rheumatoid pannus 255

and then at 4°C overnight. Communication with Dr
W. J. Stegeman of Cappel Laboratories disclosed
that this antibody preparation has been extensively
absorbed with whole plasma (lacking cold insoluble
globulin) coupled to Sepharose-4B. The antibody
preparation at a protein concentration of 100 mg/ml
did not react with human fibrinogen or any other
plasma protein by double immunodiffusion even
after repeatedly refilling of antigen and antibody
wells to increase sensitivity. Control tissue sections
were incubated in identical fashion with normal rab-
bit IgG. After washing with PBS for 24 hours the
sections were reacted with horseradish peroxidase
(HRP)-conjugated IgG fraction of sheep antirabbit
IgG (Cappel) for 4 hours at room temperature with
agitation and then at 4°C overnight. They were then
washed with PBS and reacted with
diaminobenzidine-H2-O2 solution, ph 7 6, for 30
minutes at room temperature as described by
Graham and Karnovsky.'6 Sections were then fixed
with 1 % OS04 for 1 hour at 4°C, dehydrated in
graded alcohol, and embedded in Epon 812. Sections
100 nm thick were cut perpendicularly to the articu-
lar surface with an LKB microtome and examined for
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Fig. 1 Light microscopic view ofactive rheu,

Perivascular cellular infiltrates and invasion

the pannus are observed. Stained with toluidi
(x335).

peroxidase staining in a Phillips 300 electron micro-
scope without counterstaining in order to observe
small degrees of electron-dense staining. In order to
evaluate the degree of penetration of the HRP anti-
bodies, control studies, in which the depth of penetra-
tion of (HRP)-conjugated IgG antibodies at the C-P
junction was measured, were carried out."7 On the
basis of the results obtained, which showed penetra-
tion to a depth of 30 /m from the cut surface, the
ultrathin tissue sections examined were selected from
areas which were within 15 ,m of the cut surface of
the specimen.

In each of the 5 patients at least 20 different areas
of the tissue were examined. In all experiments a
positive control using HRP-anti-Fn and a negative
control using HRP-normal rabbit IgG for staining
were included. To confirm the specificity of the HRP
staining for Fn, tissues from 2 rheumatoid patients
were stained with anti-Fn antibody preabsorbed with
human Fn (Sigma Chemical Company, St Louis,
Mo). This absorption was carried out by coating Fn
on to a plastic dish and layering on the HRP-anti-Fn
antibody.

Results

HRP STAINING FOR FIBRONECTIN IN

RHEUMATOID PANNUS
Pannus containing perivascular infiltrates of mono-
nuclear cells and classified as active by previous
criteria'" was examined in this study (Fig. 1). Almost
all areas of such tissue obtained from 5 rheumatoid
patients showed strong HRP staining for Fn in the
interstitial collagenous tissues of the invading pannus
(Figs. 2A, 4). The major portion of interstitial stain-

* ing for Fn appeared to be present on collagen fibrils
leading to visualisation of the fine structure of the
collagen fibrils (Figs. 2A, 3A). Staining for Fn was

;--~ also observed on fine reticular structures in the inter-
stitum (Figs. 2A, 3A) which may represent newly
synthesised Fn unassociated with collagen fibrils"
but may also represent Fn bound to matrix material.
Some of the interstitial staining appeared to be
present on fibrin. Control sections stained with nor-
mal rabbit IgG and HRP antirabbit IgG did not show
staining (Figs. 2B, 2C, 3B). In tissue from 2 patients
antifibrinogen antibody, which was applied before
HRP-anti-Fn antibody, did not reduce the staining
for Fn. On the other hand when the same tissues were
stained with anti-Fn antibody preabsorbed with
human Fn there was complete absence of Fn staining.
The surfaces of pannus cells also stained strongly

matoidpannus. for Fn. Both fibroblast-like and macrophage-like
ofcartilage by cells of the pannus were stained (Figs. 2A, 4). On the
ine blue. surface of these cells, especially on fibroblast-like

cells, clustered areas of dense staining for Fn were
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Fig 2A Rheumatoid pannus stained first with the IgG fraction ofrabbit antihuman fibronectin antibody and then with the
HRP-conjugated IgG fraction ofsheep antirabbit IgG antibody without counterstaining. Both the cell surface of2
fibroblast-like cells and interstitial tissue are stained. The collagen fibrils stain for fibronectin (Fn), showing their periodic
structure. The arrows indicate clustered dense staining for Fn on the cell surface. A fine reticular network ofmaterial staining
positively for Fn is also observed (arrowhead). ( x21 500).
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Immunoelectron microscopic demonstration offibronectin in rheumatoid pannus 257

observed (Figs. 2A, 3A). This staining was frequently
associated with pit-like indentations in the cell mem-
brane (Fig. 5). Fn staining of the interstitial tissue was
usually stronger in the vicinity of the cell surface (Fig.
6).

A *

At

& .d~
/

2B 1.)

Fig. 2B Control section stained with normal rabbit IgG
instead ofrabbit antihuman Fn. Note the absence of
staining on the cell surface and in the interstitium.
(x6925).

2C 1.0

Fig. 2C Magnified view ofa control section similar to B.
Clustered dense material on cell surface is not stained
(arrow). (x19 630).

FIBRONECTIN AT THE CARTILAGE-PANNUS
JUNCTION

Strong staining for Fn was observed throughout the
pannus tissue. At the C-P junction, where pannus
cells were in contact with cartilage matrix, less Fn
appeared to be present. Moreover decreased staining
for Fn was observed on the lower borders of the cell
surfaces which were in contact with the cartilage mat-
rix (Figs. 7-9). In contrast, the upper border of the
cells showed fairly strong staining for Fn. Fig. 8 shows
variable staining for Fn on the plasma membrane of
cytoplasmic extensions of the invading cell. It
appeared from these observations that decreased
amounts of Fn were present on surfaces of cells which
were in close contact with cartilage matrix.

Discussion

Immunoperoxidase staining for Fn showed the pres-
ence of fairly large amounts of Fn in the interstitial
connective tissues of invasive rheumatoid pannus
when examined in the electron microscope. Most of
the staining appeared to be localised on collagen
fibrils. These findings are consistent with previous
studies of the binding of Fn to collagen.56 19 A
collagen-binding site has in fact been demonstrated
on the Fn molecule.20-22 Furthermore immuno-
fluorescence studies have shown extensive codistri-
bution of Fn and collagen in cultures of normal
fibroblasts.23
The present study also showed the presence of Fn

on the cell surface of pannus cells. Both fibroblast-like
and macrophage-like cells present in the pannus tis-
sue stained positively for Fn. Areas of clustered
dense staining for Fn were often observed on the
surface of these cells. Fn staining of the interstitial
tissue was also more intense in the vicinity of the cell
surface. These findings, in conjunction with the
observation of increased levels of this protein in
rheumatoid synovial fluids,"1 suggest that Fn is sec-
reted by these cells and that the secreted Fn may
mediate the attachment of the pannus cells to the
collagenous substratum (and its subsequent spread-
ing over the cartilage) as previously observed by
Weissmann et al. in a study of neutrophil attachment
to a gelatin-coated surface.24 Grinnell and Feld2"
have shown that cultured fibroblasts secrete Fn on to
the surface of substrates, and this secreted Fn inter-
acts with fibroblasts to promote further attachment.
Fn has in fact been shown to enhance the attachment
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Fig. 3A Magnified view of the interstitial collagenous tissue ofpannus stained with rabbit antihuman Fn followed by
HRP-anti-rabbit IgG without counterstaining. The HRP staining of the collagen fibrils as in Fig. 2 has shown their
periodic structure. Amorphous dense material on the cell surface has also been stained (arrow). In addition staining of
fine reticular material is also observed in the interstitial area (arrowhead). ( x38 200).

Fig. 3B Control section treated
with normal rabbit IgG as in Fig.
2. Note the absence ofstaining for
Fn on collagen fibrils. (x38 200).
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aK.R ^0fi-KIt.

Fig. 4 Rheumatoid pannus stained first with the IgG fraction of rabbit antihuman Fn and then with the HRP-conjugated
IgG fraction ofsheep antirabbit IgG without counterstaining. Dense staining for Fn is observed in the interstitial
collagenous tissue and on the surface ofthe pannus cells. M: macrophage-like cell. F: fibroblast-like cell. ( x8660).

Fig. 5 Staining ofpannus tissue
without counterstaining as in Fig. 4.
Pit-like indentations of the cell

> surface show HRP staining for Fn.
Amorphous material showing

- positive staining is seen on the
&< surface. (x23 100).
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Fig. 6 Staining ofpannus tissue
without counterstaining as in Fig.
4. There is relatively strong
staining for Fn around the cell and
weaker staining at a distance.
(x22 200).
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Fig. 7 Cartilage-pannus junction stained as in Fig. 4
without counterstaining. The upper surface ofthe cell
shows HRP-positive staining, while the lower surface
which contacts cartilage matrix shows decreased staining.
(x6830).

8B
Fig. 8A Magnification ofcytoplasmic processes which
are in contact with the cartilage matrix from Fig. 7. Cell
surface staining for Fn is observed in some areas (arrow);
however, other areas are not stained (arrowhead). Matrix
collagen is also weakly stained. (x12 200). B Control
section for A. Staining for Fn is not seem. ( xl l 000).
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Immunoelectron microscopic demonstration offibronectin in rheumatoid pannus 261

was decreased in comparison with that stained in the
.pannus tissue proper. This weak staining at the C-P

junction noted by us in the electron microscope has
also been observed at this site by Scott et al.13 using an

-> .^ ffi>_ >immunofluorescent staining technique.
One possible explanation for this diminished stain-

ing at the C-P junction by the electron microscopic
immunoperoxidase method would be that there was
limited penetration of the antibodies used for stain-
ing at the C-P junction. To avoid this possible source
of error serial ultrathin sections were obtained at
depths of less than 15 ,um from the cut surface of the
specimen, since, as previously shown,"7 there is ade-
quate penetration of HRP antibodies to a depth of at
least 30 Am at the level of the C-P junction.
Moreover, strong staining was present in other por-
tions of the section which lay at a similar depth from
the surface.

Another possible explanation of the decreased
amount of Fn staining at the C-P junction is that Fn is
digested by pannus cell-derived proteases at this site.
Fn has been shown to be extremely sensitive to a
number of proteases,19 28 29 and increased enzymatic
activity does appear to be present at the C-P junction

9 1.0 in rheumatoid joints. Woolley et al.30 have demon-
9....... strated the presence of collagenase at the C-P junc-

tion by immunofluorescent staining. Moreover in a
Fig. 9 Cartilage-pannus junction from another area previous study17 the present authors have noted the
stained as in Fig. 7 without counterstaining. In contrast to absence of immunoglobulins at the C-P junction,
the positive HRP staining on the upper side ofthe cell although these were present on the free surface of the
(arrow), almost no staining is observed at the junction, cartilage, suggesting the release of digestive enzymes
possibly because the cell is undergoing degenerative change at the junction.
and may be releasing proteolytic enzymes. Note the It is also possible that the synthesis of Fn stops
disruption of the cytoplasm (arrowhead). (x14 700). when pannus cells come into contact with cartilage

matrix. Dessau et al.31 observed that the in-vitro
and spreading of fibroblasts' and macrophages26 on synthesis of Fn by chondrocytes ceased in the pres-
collagenous substrata. ence of intact cartilage matrix and was resumed after
Kukinen et al.27 have demonstrated the sequential removal of the cartilage matrix. It is known that,

appearance of collagen followed by Fn in experimen- although Fn is abundant in primitive mesenchyme, it
tally induced granulation tissue. The sequential disappears during differentiation of these cells into
appearance of collagen and Fn has also been parenchymal bone, muscle, and cartilage.3134 These
observed in fibroblast cultures.25 These findings sug- observations suggest that accumulation of certain
gest that collagen-bound Fn may play a role in prom- types of extracellular matrix is accompanied by the
oting the assembly of collagen fibrils and in this way termination of Fn synthesis. This would be consistent
may provide an interstitial framework proliferation with the observation25 that cells harvested from post-
of inflammatory cells. In the rheumatoid pannus Fn confluent fibroblast cultures, in which a large
appears to be present mainly in the active cellular extracellular matrix containing Fn was present, did
variety of pannus, since preliminary observations of not secrete appreciable amounts of Fn. Finally, as
inactive fibrous pannus from 2 additional rheumatoid observed by Weissman et al.24 in the case of polymor-
patients showed only weak staining for this protein. phonuclear leucocytes in contact with gelatin-
The possibility existed that Fn might mediate the Sepharose beads, there may be a transfer of Fn from
attachment and spreading of the pannus cells over the the cell surface to the collagen substrate leaving the
cartilage matrix in view of the fact that fibronectin surface of the cell in contact with cartilage matrix
was often stained on the cell surfaces of the invading depleted of Fn.
pannus cells. Unexpected, however, was the observa- Although Fn plays an important role in mediating
tion that the amount of Fn stained at the C-P junction cellular attachment to the substratum, it appears not
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to be absolutely required for adherence to native
collagen.35 Linsenmayer et al.36 and Kleinman et al.37
have observed Fn-independent adherence of fibro-
blasts to type III native collagen. Similar results were
also obtained in a macrophage system,26 although Fn
enhanced the attachment. It may therefore be poss-
ible that the pannus cell, once having become
attached to the cartilage matrix with the participation
of Fn initially, may continue to adhere to collagen
without the aid of Fn.

In summary, these studies have shown the pres-
ence of large amounts of Fn in the interstitial connec-
tive tissue of invasive rheumatoid pannus, suggesting
a possible role of Fn in promoting pannus prolifera-
tion and adherence to cartilage. Strong staining of Fn
on the surface of both fibroblast-like and
macrophage-like pannus cells suggests that Fn may
be produced in situ in the rheumatoid pannus. Fn was
also stained at the C-P junction, but the intensity of
staining was decreased in comparison with that
observed in more superficial areas of the pannus.
This decrease may be a result either of enzymatic
digestion of Fn at the C-P junction, termination of
synthesis as a result of contact of pannus cells with
cartilage matrix, or transfer of Fn from pannus cell
surfaces to cartilage matrix collagen following con-
tact between the cell and the cartilage.

We thank Ms Devonda Warren for secretarial assistance and Dr
Kazuko Shiozawa for discussion and help. This study was supported
by USPHS Program-Project Grant AM09989.
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Book review
Care of the Arthritic Hand. 4th Edn. By Adrian E.
Flatt. Pp. 305. £31 50. C. S. Mosby: London. 1983.

Not unlike a Rolls-Royce, Adrian Flatt is one of our top
quality exports. Trained at the London Hospital, he has
been appointed Professor to one of the most prestigious
units in the United States of America, has become a doyen
of American hand surgery and national consultant for the
United States Air Force
He has revised his classic monograph on the care of the

rheumatoid hand, which first appeared in 1963 and has
deservedly reached a fourth edition. The editing has of
necessity been radical, even extending to a change of book
title, for the state of the subject has changed considerably.
Although he says in his preface that he considers it no sin to
split an infinitive, his English origins are fortunately
reflected in the quality and style of the writing, which helps
the reader considerably. To understand the nature and pro-
gress of a deformity requires an intimate knowledge of the
anatomy and biomechanics of linked joint systems and the
forces acting upon them. These are thoroughly and clearly
explained. Under nonsurgical management some mnethods
for protecting the hand against deforming forces are cited.
One example relates to screw topped devices which are
designed for 'right handed' use. If the role of the hands is

reversed in unscrewing them, then forces applied push the
finger radially or in a counter ulnar drift direction.
There are some omissions of useful methods and techni-

ques-for example, the Oakley splint in correcting defor-
mity; the Harrison-Nicolle fusion peg, so useful for fixing
small joints; the Mannefelt wrist fusion technique, espe-
cially when employed with the Day compression staple; the
Nalebuff-Millender technique of dealing with swan neck
deformity. It is I suppose difficult to bury one's own off-
spring. On page 254, referring to his own biflanged metal hinge
prosthesis, the author says, 'I believe this device has rightly
been generally abandoned in favour of a flexible implant,'
and yet this edition contains 10 illustrations of this device
against 6 of every other type of implant.

I feel the book deserves a better index and more extensive
bibliography. The last sentence in the book is 'This edition
is this bastard's view of the problem at this time. . .'. How
refreshing to have an author print so frank an acknow-
ledgement of the evanescent state of our knowledge in a
rapidly advancing field.

This fourth edition will be a great help to all who deal with
this disease and can be read with much benefit by non-
medical stadf such as physiotherapists and occupational
therapists.

B. HELAL
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