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cein-labelled antiserum to this protein we found
little or no evidence of persistence of human fibrino-
gen in sections from the injected joints of animals
of either dietary group, even in material from

Fig. 9 Extracellular fat droplets and fat-filled cells

in the synovial tissue of the antigen-injected joint of a
group B rabbit taken 14 days after the last intra-articular
injection. (Oil red O and light green, X 125)

Fig. 10 Xanthomata-like structure in the synovial
tissue from the injected joint of a group B rabbit taken
8 weeks after the last intra-articular injection. (0il red O
and light green, x 125)
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rabbits killed within 1 day of intra-articular chal-
lenge.

The pattern of specific fluorescence seen in sections
treated with fluorescein-labelled anti-rabbit IgG
or antirabbit C’3 proteins varied with the duration
of induced arthritis in the affected joints of both
groups of animals. In sections taken from animals
killed within 1 or 4 days of intra-articular challenge
intracellular specific fluorescence for IgG was seen
in cells of the superficial and deeper layers of the
synovial membrane (Fig. 11). A very similar pattern
was seen in corresponding sections of the same tissue
examined for C’3 (Fig. 12). In animals killed after 10
days specific fluorescence was seen as linear deposits

Fig. 11 IgG containing plasma cells and macrophages
containing ingested immune complexes in'the synovial
tissue from the injected joint of a group A rabbit taken
24 hours after the last intra-articular injection. (FITC
guinea-pig antirabbit IgG, x 500)

Fig. 12 Macrophages containing ingested immune
complexes in the synovial tissue from the injected joint
of a group A rabbit taken 24 hours after the last intra-
articular injection. (TMRITC guinea-pig anti-rabbit
C’3, x 500)
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and streaks on the surface or articular cartilage,
menisci, and on collagenous intra-articular struc-
tures (Fig. 13a). A similar appearance of superficial
deposition was seen with anti-C’3 (Fig. 13b). No
specific staining of any kind was seen in the tissues
from the control joints.

In areas corresponding to those seen in conven-
tionally stained sections to contain clusters of
lymphoid cells and plasma cells, sections treated
with labelled antirabbit IgG revealed cells reacting
with the antiserum to show cytoplasmic fluorescence
and the general morphological characteristics of

Fig. 13 Meniscus from the injected joint of a group A
rabbit. (a) FITC guinea-pig and antirabbit IgG (X 250);
(b) TMRITC guinea-pig antirabbit C’'3 (x 250)

typical plasma cells (Fig. 14). Many of these cells
also bound human fibrinogen strongly (Fig. 15) when
examined by indirect immunofluorescence.

On examining sections from the joints of all the
group B rabbits after treatment with fluorescein-
labelled antirabbit apo-B we saw linear streaks
beneath the lining layer of the synovial membrane,
suggesting deposition of this antigen on the surface

Fig. 14 IgG containing plasma cells in the synovial
tissue of the injected joint of a group A rabbit taken
5 weeks after the last intra-articular injection. FITC

guinea-pig antirabbit IgG (< 125)

- W

Fig. 15 Antihuman fibrinogen antibody-producing cells
in the synovial tissue from the injected joint of a group A
rabbit taken 5 weeks after the last intra-articular
injection (see ‘Methods’). (X 250)
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of collagen or in the interfibrillar matrix. In this
material in contrast only occasional synovial
lining cells showed specific fluorescence for the
lipoprotein, and this was variable in intensity. In
addition lipid staining and specific staining for
apo-B were detected on the surface of articular
cartilage, menisci, and other avascular collagenous
intra-articular structures (Figs 16a and b).

These appearances were not seen in tissues taken
from the affected joints of normolipidaemic rabbits
or in tissues taken from the control joints of either
group. It was also noticeable, in tissues from
cholesterol-fed animals taken 10 days or more
after induction of arthritis, that in areas where oil
red O staining had revealed the presence of aggre-
gates of fat-filled cells forming xanthoma-like
clusters in the deeper portions of the synovial
membrane (see Fig. 10), most of these fat-filled

Fig. 16 Meniscus from the injected joint of a group B
rabbit. (a) FITC-guinea-pig antirabbit apo-B; (b) the
same frozen section stained with oil red O and light
green (X 125)
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cells failed to react with the labelled anti-apo-B
antiserum.

Discussion

The principal features of the immune arthritis
elicited in our experiments correspond closely with
those described by other workers who have used
this animal model.4 417 In particular, we have
confirmed the rapid disappearance of the provoking
antigen from the joint; the subsequent evidence
of sustained local intra-articular synthesis of speci-
fic antibody to this antigen; and the presence of
antigen-antibody-complement complexes bound in
the superficial layers of certain intra-articular
structures—all these features occurring in association
with a chronic arthritis resembling human rheu-
matoid arthritis in many respects. We have also
confirmed the infrequent occurrence of serum
antiglobulin (rheumatoid-factor-like) activity in this
model, a feature perhaps distinguishing the model
from human rheumatoid disease.

The induction in one group of our animals of
concurrent hyperlipidaemia, and the experimental
design in which arthritis was induced on one side
only (ensuring that each animal served as its own
control in relation to challenged and unchallenged
joints), allow certain additional observations to be
made.

For example, in relation to the topographic
distribution of lesions it is noteworthy that the
apo-B-containing lipoprotein (LpB) of the choles-
terol-fed rabbits consists of large macromolecules
which are mainly confined to the circulation but which
can be shown to ‘leak’ into the extravascular com-
partment at sites of altered vascular permeability.®

Where transudation of LpB molecules occurs into
the connective tissue in hyperlipidaemic humans
or animals and where lipid reactive with fat stains
is demonstrably bound to connective tissue ele-
ments, apo-B is also present in a precisely similar
distribution. This identity of distribution between
lipid ‘staining’ and immunochemical reaction for
apo-B has been interpreted as indicative of the
presesnoe of the intact lipoprotein molecule at such
sites.

In contrast, fat-filled cells in connective tissues
react variably with fluorescein-labelled anti-apo-B,
some cells reacting brightly, others weakly, and
some failing to react. It has been suggested that full
immunoreactivity in such cells is compatible with
the uptake of intact lipoprotein by phagocytosis;
whereas relative lack, or loss of immunoreactivity,
is due to progressive degradation and modification
of the ingested lipoprotein molecules by intracellular
enzymatic processes. It has also been proposed that,
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after digestion of the apolipoprotein, the lipid
residue may be further modified by cholesterol
esterification and contributed to by local lipid
synthesis of triglyceride and phospholipid.®

In the light of the above considerations, the
following conclusions can be drawn. (i) The presence
of lipid in intra-articular structures in this model
derives initially from plasma lipoproteins, though
the lipid residues may subsequently undergo modi-
fication. (ii) The occurrence of lipid (lipoprotein)
in the arthritic joint suggests that marked local
increase of vascular permeability must occur in the
challenged joint to allow permeation of the macro-
molecular lipoprotein into the joint cavity. There
is evidence for similar alteration of permeability
in human arthritic conditions.181? (iii) The severity
and extent of lipid (lipoprotein) infiltration of the
joint appears to reflect the severity of the hyper-
lipidaemia in that heavy tissue deposits were easily
demonstrable in the affected joint of the hyper-
lipidaemic animals, whereas only an occasional
lipid droplet was found in the tissues of the affected
joints of normolipidaemic rabbits; (iv) Synovial
cells of the type A variety are known to be actively
phagocytic and the presence of abundant lipid in
many of the cells in situ in the synovial lining,
suggested uptake of lipid and lipoprotein by these
cells. (v) Intact LpB, on the other hand, was identi-
fied on the surface of connective tissues beneath the
lining layer of synovial cells in the synovial mem-
brane and the superficial layers of menisci, articular
cartilage, and intra-articular ligaments. Firm binding
of intact LpB has been shown to occur selectively
to elements of the ground substance or to fibres of
the connective tissues elsewhere in hyperlipidaemic
animals and in man,?® possibly via interaction of
LpB with the glycosaminoglycans or proteoglycans
of these tissues.

The lipid residues, and in particular crystalline
cholesterol and cholesterol esters deposited intra-
articularly, appear to persist for relatively long
periods. For example, free cholesterol crystals were
identified in the affected joint of an animal killed
9 months after the induction of arthritis and hyper-
lipidaemia. Crystalline cholesterol and its esters
are known to be markedly irritant and sclerogenic
when implanted in connective tissues.2! It seems
possible therefore, that the cholesterol found in
joint effusions in human rheumatic sufferers with
concurrent hyperlipidaemia also originates from
plasma lipoproteins insuding into inflamed joints
as previously suggested,® and that cholesterol crys-
tals, so derived, contribute nonspecifically to the
maintenance of chronic inflammation in the joint.

Recent work?? suggests that persistence of ‘un-
digested’ antigen (as bound immune complexes)

in the joint is not in itself the crucial factor respon-
sible for the persistence of immune arthritis. Never-
theless, the topographic distribution of the immune
complex deposition may still be determined by the
initial acute inflammation in the joint, which
probably causes not only increase of vascular
permeability but also increase in the permeability
of the connective tissue gel of intra-articular struc-
tures. This latter change would account for the
permeation of immune complexes and lipoprotein
molecules in the joint fluid into the superficial
layers of these structures.

The chondromucoproteins of cartilage form
insoluble complexes in vitro with LpB,2* making
this a possible mechanism for the entrapment of the
lipoprotein in articular cartilage and menisci.
Electron microscopic observations made on this
model?* suggest permeation of intra-articular
structures by preformed immune complexes rather
than trapping of antigen by pre-existing antibody.1? 25
In the case of autologous LpB no evidence was
obtained of the formation of autoantibodies to the
lipoprotein to account for an immunological
mechanism for its entrainment in joint structures.

In the arterial wall it has been shown that LpB
molecules bound to fibrous tissue are demonstrable
not only on the outer surface of bundles of collagen
microfibrils but also along the course of individual
microfibrils within the bundle? LpB binding is
attended both by increased collagen synthesis? and
by significant qualitative changes in this type of
normal collagen formed.2” On the other hand in
some circumstances ‘abnormal’ polymorphic forms
of collagen are also detectable. Among these is a
form known as fibrous long spacing collagen, which
has low tensile strength.28 It seems possible that
these effects on the quality of the collagen may also
occur in intra-articular structures, induced by LpB
deposition, and may be of equal or even greater
importance than the irritant effect of cholesterol
derived from hydrolysis of the lipoprotein gaining
access to the joint cavity. This hypothesis is under
current investigation.

This work was supported by the Arthritis and Rheumatism
Council, to which our grateful thanks are due.
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