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SUMMARY
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The prevention of immune complex precipitation (PIP) is the phenomenon
whereby immune complexes formed at or near equivalence in serum are held in
solution and an immune precipitate does not form. PIP is mediated by the
complement system via activation of the classical pathway. The formation and
deposition of circulating immune complexes is an important cause of
immunologically mediated tissue injury. The complement system through the
PIP mechanism therefore acts to prevent the formation of these large insoluble
complexes which might deposit in tissues and thereby cause disease. My
hypothesis was that if PIP was important in inhibiting the formation of these
phlogistic complexes then one might expect there to be defects in PIP in
patients with immune complex disease. I therefore developed an assay and
proceeded to measure PIP in the sera of patients with rheumatic disease in

which immune complexes were implicated in disease pathogenesis.

The sera of forty seven per cent of patients with seropositive rheumatoid
arthritis (RA) failed to prevent the precipitation of antigen - antibody
complexes. This was not due to hypocomplementaemia suggesting that the

impairment of PIP in these sera was due to the presence of an inhibitor of PIP.

An assay to measure this inhibitory activity was developed. Inhibitory activity
was found in the majority of patients with seropositive RA in both sera and
synovial fluid. Sera from patients with seronegative arthritis contained little or
no inhibitory activity. In seropositive RA sera inhibitory activity was inversely
correlated with PIP. Inhibitory activity in the serum did not correlate with
indices of generalised disease activity (articular index, erythrocyte
sedimentation rate (ESR), haemoglobin, white cell count or platelet@. In the
synovial fluid (SF) inhibitory activity did not correlate with SF protein content
or white cell count and only weakly with a localised joint activity score.

However, the level of inhibitory activity was associated with the presence of
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the extra-articular features of RA being highest in those patients with nodular
disease and especially in RA patients whose disease was complicated by skin or

major organ vasculitis.

Although significant levels of inhibitory activity were only found in sero-
positive RA the correlation between inhibitory activity and IgM-RF (as
measured by ELISA) was poor. Some patients sera displayed high levels of

inhibitory activity and low IgM-RF and vice versa.

The purification of the molecule(s) responsible for inhibitory activity was
carried out. Inhibitory RA serum was subjected to IgG Sepharose
chromatography and subsequent gel filtration on Sepharyl 5300. IgM-RF
co-chromatographed ‘with inhibitory activity at all stages of the purification

procedure.

However, studies on the mechanism of action of the inhibitor of PIP in RA sera
showed that IgM-RF was not alone responsible for the phenomenan in whole RA
serum. The inhibitor of PIP reduced C4 consumption by antigen - antibody
complexes but purified IgM-RF did not display that capacity; furthermore
purified IgM-RF inhibited PIP to a greater extent than the same amount of

IgM-RF in RA serum.

To delineate these aspects of inhibitory activity more clearly further
purification procedures were developed. Inhibitory activity was shown to exist
in the higher molecular weight fractions in both RA and normal serum when
these sera were subjected to sucrose density gradient ultracentrifugation.
Inhibitory activity was expressed differently in RA and normal serum and this
final expression of inhibitory activity in serum was dependent on the modulating

influences of various antagonists found in the whole serum. Further purification
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using small columns of IgG Sepharose revealed that the majority of inhibitory
activity bound to the column and could be eluted with 0.4M NaCl (normal
serum) or 2M guanidine hydrochloride (RA serum). SDS-PAGE analysis of the
protein bands revealed a constant band representing a protein of MW 60,000
Daltons. | have suggested that this protein was responsible for the inhibition of

PIP found in RA and normal serum.

In the final chapter I have discussed the significance of my findings and the
role of PIP in immune complex processing in health and disease in the light of
recent work by other authors in this field. The failure to prevent immune
precipitation in RA serum may have pathogenetic significance as indicated by
the close relationship with reduced PIP and the extra-articular manifestations
of the disease. Further studies are suggested to address this problem including
prospective studies on the natural history of inhibitory activity in the individual
RA patient, the effects of disease madifying drugs (eg gold, penicillamine and
chloroquine) on the process and' the relationship between the inhibitor of PIP
and IgM-RF. PIP is only one aspect of a highly complicated physiological
phenomenon whereby immune complexes are processed and safely disposed of by
the reticuloendothelial system in man. The requirement for continued studies at
basic level is stressed in both normal and pathological sera in order to place in

perspective the role of inhibitory molecules in the PIP reaction.
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CHAPTER ONE

INTRODUCTION
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PREF ACE

The experimental work contained in this thesis is concerned with the specific
interaction of immune complexes with the complement system. 1 have
concentrated on the phenomenon of complement mediated prevention of
immune complex precipitation, a consequence of the interaction between
immune complexes and complement whereby the complexes remain small and
soluble and the formation of large insoluble lattices is prevented (Schifferli,
Bartolotti & Peters, 1980). In this introduction [ will survey the general
background to the studies contained in this thesis. The experimental work
contained herein was commenced in 1983, and against this background of
previous work in this field I was able to formulate my ideas for further
research in this area leading up to my own observations which are set out in

the first results section,
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INTRODUCTION

When an individual is exposed to an antigen, specific antibodies are
synthesised which interact with the inciting antigen, uniting with it
non-covalently to form immune complexes. This normal phenomenon is
designed to benefit the host by eliminating and/or neutralising the antigens.
There are however some circumstances where the formation of immune
complexes is detrimental to the host. These harmful effects of immune
complexes were first noted by von Pirquet (1911), who, when studying the
course of serum sickness, proposed that the interaction of antigen with host
antibody in the circulation produced toxic factors. He related the production
of these toxic factors to the onset and the course of the serum sickness
reaction. Other workers made similar observations (Longcope, 1915; Rich &

Gregory, 1943; Hawn & Janeway, 1947).

In the 1950's the definite pathogenetic role of the immune complexes was
demonstrated by the experiments of Germuth (1953), Germuth & McKinnon
(1957) and Dixon and associates (Dixon et al, 1958; Dixon, Feldman &
Vazquez, 1961). The original theory of von Pirquet was confirmed and
expanded using the experimental rabbit model of 'one-shot' serum sickness.
The onset of generalised vasculitis and glomerulonephritis in this model
co-incided with the appearance of soluble immune complexes in the
circulation of the rabbits, at the same time serum complement activity
decreased and immune complexes were deposited at the sites of tissue injury

(Dixon, 1963).

Many factors involved in immune complex formation, removal and localisation

have been clarified by in vivo and in vitro experiments.
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Formation and Fate of Immune Camplexes

Most naturally eccurring antigens are multivalent and antibody molecules
possess at least two antigen-binding sites. When complexes are formed,
extensive cross-linking may occur leading to the formation of large
aggregates of reduced solubility. These large aggregates would be difficult to
remove if formed in the tissues and, if formed in the circulation, would tend
to precipitate in the blood vessels. Insoluble complexes appear to be of
central importance in the production of immune complex-mediated tissue
injury and the evidence for this comes from several sources outlined below.
The complement system plays an important role in the inflammatory reactions
induced by these insoluble complexes. In vivo antigen-antibody complexes are
formed at three general anatomical sites viz (1) the reaction of antibody
with fixed structural antigens eg a cell surface membrane, or basement
membrane, (2) the reaction of antibody with antigen which is secreted or
injected into the interstitial fluids, (3) the reaction of antibody with soluble

antigens found in the circulation.

(1) The basement membrane is one such fixed structural antigen against which
immune responses may be directed. An example of antibasement membrane
antibody-induced disease is Goodpasture's syndrome characterised clinically by
glomerulonephritis and pulmonary haemorrhage, another is anti-tubular
basement membrane antibody tubulo-interstitial nephritis (Wilson & Dixon,
1976). ln these situations where the antigen is insoluble (basement membrane)

one ends up with an insoluble complex.

(2) The Arthus reaction is the classical experimental form of the reaction
between antibody and antigen secreted or injected into the interstital fluids
(Arthus, 1903; Cochrane & Janoff, 1974). In this reaction antigen is injected

intradermally into immunised animals and reacts with antibody in and around
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the blood vessels which carry the circulating antibody to the site of the
injected antigen. The reaction is a vasculitis which is due to the formation of
immune complexes in the region of the vessel wall. The ensuing inflammatory
response occurs secondary to the activation of mediator systems which are
activated by the complexes (Cochrane & Janoff, 1974). The Arthus reaction is
produced much more effectively by precipitating antibody as opposed to
non-precipitating antibody (Cochrane & Weigle, 1958). Sequential
immunofluorescence studies have demonstrated that following the deposition
of immune complexes and complement components in the vessel wall there is
a cellular influx of neutrophils initially but after 8 hours mononuclear cells

appear and are predominant by 24 - 48 hours.

(3) Circulating soluble antigens can react with antibody to form immune
complexes which themselves continue to circulate. The eventual fate of these
circulating complexes dictates whether the complexes become pathogenic or
not. It can be envisaged that any animal must at all times be constantly
exposed to exogenous and/or endogenous antigens which on most occasions
must gain access to the circulation. Antibody reacting with these circulating
antigens forms immune complexes and in the vast majority of instances these
antigen containing immune complexes are disposed of harmlessly by normal
physiological mechanisms. In some cases, however, circulating immune
complexes become trapped in one or more vascular or filtering structures of
the body and induce inflammatory reactions and subsequent immune complex
disease (Dixon, 1963; Cochrane & Dixon, 1978). Vascular filtering systems
include the glomerulus, choroid plexus, synovium, skin and uveal tract and
subsequently they all have a high degree of blood flow per unit mass of
tissue. Thus their potential to trap large quantities of immune complexes in
their vascular walls is great. Immune complexes may therefore cause disease

by virtue of their blocking of these filtering mechanisms and the ensuing
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inflammatory response can be seen as a protective mechanism to remove the
complexes from that organ thus restoring its function. However, on the other
hand excessive or persisting inflammation by itself will further damage the
organ. I will now briefly discuss the reaons why this might occur and the

factors which determine the fate of circulating immune complexes.

Factors which influence the fate and biological activities of immune
complexes include the nature of the antibodies and antigens invelved and on
the molar ratio of the two reactants. The immunoglobulin class of the
antibody determines the antibody's valency for a specific antigen as well as
its ability to interact with, and bind to, cellular Fc receptors. The
immunoglobulin class also determines the immune complex's ability to
activate the complement system. The avidity of the antibody for the union of
specific antibody and antigen is also important in influencing the fate of the
immune complex. The production of high amounts of antibody of high avidity
or affinity in mice allows for accelerated clearance of the antigen from the
circulation compared with mice which produce low amounts of low affinity

antibodies (Alpers, Steward & Soothill, 1972).

The importance of the nature of the antigen in influencing immune complex
disposal is illustrated by experiments using univalent and multivalent antigens.
When univalent antigens are injected into the circulation of an animal which
contains specific antibodies small complexes are formed, where each antigen
forms a separate antigen-antibody bond with a binding site on an antibody
molecule. No lattice is formed and these complexes remain in the circulation
for long periods without tissue deposition (Schmidt, Kaufman & Butler, 1974).
On the other hand multivalent antigens such as pr;Jteins when combined with
their specific antibodies do form large lattices, the varying composition of

the resultant immune complex depending on the molar ratio of the reactants
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(Haakenstad & Mannik, 1974).

The most important factor determining the fate and biological activities of
immune complexes is the ratio of antigen to antibody in the immune complex.
Larger immune complexes are in general rapidly removed f[‘Oﬁ“\ the circulation
(Mannik et al, 1971; Haakenstad & Mannik, 1974). Immune complexes formed
at large antigen excess are typically very small containing antigen and
antibody in the ratio Angb,I. They often circulate for long periods but
because of their size do not fix complement well and generally are unable to
initiate inflammatory processes. Immune complexes formed with a large
excess of antibody over antigen are very large and insoluble. Although being
very capable of fixing complement and having phlogistic potential their rapid
phagocytosis ensures that their phlogistic potential is limited. Immune
complexes of intermediate size lying between these two extremes, formed in
modest antigen excess are soluble but not rapidly phagocytosed. These
complexes can fix complement and thus their phlogistic potential is
considerable. This important role of the size of the immune complex and its
phlogistic potential was clearly shown by Dixon (1963) in the experimental
model of chronic serum sickness in the rabbit where progression of disease
was only seen when the immune complexes were soluble. The size of the
immune complexes was varied by changing the dose of antigen. Progression of
the disease could be arrested by either lowering the dose of antigen to give
antibody excess complexes or raising the dose to give antigen excess
complexes (Dixon, 1963). However it should be noted that immune complex
glomerulonephritis only occurred in those rabbits which made precipitating
antibodies. Renal disease only occurred in those rabbits in which immune
complexes were formed at equivalence or in antibody excess (Dixon et al,
1961). If the rabbits were maintained in permanent antigen excess renal

disease did not develop.
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Immune Complex Deposition and Tissue Injury

The development of an immune complex disease is also dependent on the
magnitude and duration of antigen exposure. The potential exists for chronic
immune complex formation in situations where there is long term antigen
exposure such as in chronic infections or with autoantigens. The nearest
experimental model to this situation in humans is probably chronic serum
sickness (Cochrane & Dixon, 1978). At any given time the concentration of
immune complexes in the circulation depends on the rate of immune complex
formation and on the rate of immune complex removal. Complexes formed at
equivalence are usually large and if injected intravenously are rapidly
removed from the circulation by the liver (Haakenstad, Case & Mannik, 1975).
Thus one can postulate that such complexes can only produce tissue damage
in vivo if they are allowed to circulate, ie if their removal from the

circulation by the reticuloendothelial system is impaired.

It is conceivable that large insoluble complexes may be formed within the
microcirculation and deposited locally. In experiments where rabbits or pigs
were pre-immunised with protein antigens, the injection of small amounts of
antigen directly into the renal artery resulted in acute glomerulonephritis
(Gabbiani, Badonnel & Vassalli, 1975; Shigematsu et al, 1979) However, in
another study rabbits maintained in permanent antigen excess over prolonged
periods never developed glomerulonephritis (Boyns & Hardwicke, 1968).
Therefore it would appear that large immune complexes formed at or near
equivalence by precipitating antibodies are incriminated in the pathogenesis of

some types of experimental glomerulonephritis or vasculitis.

It has been demonstrated in experimental animals that release of vasoactive
amines and increased vascular permeability are prerequisites for immune

complex deposition (Cochrane, 1963; Kniker & Cochrane, 1968) and that large
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immune complexes of 195 or greater are necessary for induction of vasculitis
(Cochrane & Hawkins, 1968; Wilson & Dixon, 1971). Henson & Cochrane (1971)
described a mechanism in the model of acute experimental serum sickness in
the rabbit whereby immune complex deposition was mediated by a
complement independent, leukocyte dependent process. The mechanism
involved the degranulation of basophils sensitised with IgE antibody and
antigen with subsequent release of a platelet aggregating factor (PAF). This
PAF subsequently caused aggregation of and release of vasoactive amines
from platelets (Benveniste, Henson & Cochrane, 1972)., PAF is present in
human basophils (Benveniste, 1974) and similar mechanisms may operate in
man. The anaphylatoxins C3a and Cb5a produced after complement activation
by immune complexes also increase permeability. Vasoactive amines are
released from platelets after the direct interaction of immune complexes with
the platelet Fc or complement receptors in experimental animals as well as
after direct or indirect lysis of platelets by immune complex induced
complement activation (Henson & Cochrane, 1971). It is of interest to note
that depletion of platelets, the principle reservoir of vasoactive amines,
prevents the development of immune complex disease in the rabbit (Kniker &

Cochrane, 1968).

When immune complexes are deposited along vascular basement membranes
the inflammatory response which is evoked is largely dependent on the
biological activities produced by complement activation. These biological
activities are generated and mediated by either the immune complex fixed
complement components or by fluid-phase activated coemplement components
and their fragments. The biological activities produced secondary to
complement activation includes increased vascular permeability, chemotaxis,
immune adherence and lysis of cells. The cleavage product of C5 (Cba) is the

major chemotaxin which promotes an influx of inflamsmmatory cells to the site
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of immune complex deposition. The anaphylatoxin activity occurs via the
binding of C3a and C5a to mast cells and basophils with the subsequent
release of vasoactive amines (Hugli & Muller-Eberhard, 1978). Immune
adherence is the process in which immune complexes containing C3b bind to
specific receptors on various cell types, including neutrophils, resulting in
phagocytosis. Neutrophils may release lysosomal enzymes thus increasing
tissue injury (Cochrane & Dixon, 1978). This sequence of events operates as a
general mechanism of immune complex mediated tissue injury in experimental
animals. It should be noted that depletion of complement by cobra venom
factor or depletion of neutrophils can prevent the development of necrotising
arteritis, but the glomerulonephritis can still occur (Henson & Cochrane,
1971). Although complement may not always be necessary for the production
of the lesions of immune complex disease, the results of the cumulated
studies of immune complex induced tissue lesions in experimental animals
implicated complement activation as playing a major role in the pathogenesis

of immune complex mediated tissue injury (Cochrane & Koffler, 1973).

The Complement System

At this point I would like to briefly review the complement system as this
will allow for easier understanding of the complement-immune complex

interactions described below.

Complement activity is the result of the sequential interaction of a number
of plasma and cell membrane associated proteins. There are two pathways for
complement activation, the classical and the alternative. The classical
pathway is activated by antigen-antibody complexes (immune complexes) of
the 1gG and IgM classes, while the alternative bathway is activated in the
absence of antibody by a variety of agents including bacterial

lipopolysaccharides, virus infected cells, protozoa, aggregated immunoglobulins,
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cobra venom factor and C3 nephritic factor. Activation of either pathway
leads to the generation of multi-molecular enzymes which will activate the
third (C3) and the C5 components of complement. These enzymes are called

C3 convertases and C5 convertases respectively.

The classical pathway is activated by the binding of C1 to antigen-antibody
complexes (containing IgM or IgG,, IgG, or IgG antibody molecules). C1 is a
macromolecular complex composed of three proteins Cilq, Cir and C1s
(Cooper, 1985). C1q is the recognition unit which binds to immunoglobulin and
undergoes ‘a conformational change leading to activation of Cir to its
enzymatically active form C1;, which then enzymatically activates C1ls to
become an active enzyme Cls. C1s is the active site of macro-molecular C1
and has two natural substrates C4 and C2. This active C1 then cleaves the
next two components, C&4 and C2, in sequence. Active C1 produces a limited
proteolytic cleavage in the oL -chain of C4, separating a 6000 molecular
weight peptide, Cd4a (Schreiber & Muller-Eberhard, 1974). The remainder of
the molecule, Cé4b, is able transiently to bind to antigen-antibody complexes
via a labile binding site. This ability of C4b to bind to surfaces is due to the
presence of an internal thiolester group in C4. C4b binds to surfaces (eg
immune complexes) by covalent bond formation and thus serves to target the
rest of the complement sequence to that surface. C4b also possesses a Mg++
dependent binding site for C2 and this C2 is cleaved by activated C1 to yield
two fragments, C2a and C2b. C2 binds to Ci4b via the C2b fragment which
remains bound to CZ2a by non-covalent bonds. The enzymatic site of this
molecule is contained in the C2a (Nagasawa & Stroud, 1977). C4b2a is the C3

cleaving enzyme (C3 convertase) generated by classical pathway activation.
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The alternative pathway C3 convertase is formed when C3b binds to factor B,
in the presence of MgJ”L ions, to form C3bB. B is then cleaved by D to form
C3bBb which is the unstable alternative pathway C3 co'nvertase. This enzyme
is unstable because Bb rapidly decays from it. However the enzyme is
stabilised by the binding of P to C3b which prevents the decay of Bb from
the complex (Fearon & Austen, 1975) This complex C3bBbP is called the
properdin stabilised C3 convertase (C3bBbP). Thus two C3 convertases are
formed one from classical pathway activation (C4b2a) the other from

alternative pathway activation (C3bBbP).

C3 is cleaved to release a small peptide C3a. The remainder of the molecule
C3b contains a labile binding site which like C4b allows C3b to bind to
surfaces (eg antigen-antibody complexes or polysaccharides). The mechanism
of binding of C3b to surfaces is the same as that for Cib. C3 contains an
internal thiolester bond (Tack et al, 1980) and the cleavage of C3 by the C3
convertase results in the appearance of a single thiol group (Janatova et al,
1980). The transfer of an acyl group from the thiol to an hydroxyl group in
the acceptor molecule results in covalent bond formation (Pangburn &
Muller-Eberhard, 1980; Tack et al, 1980). Again it will be evident that this
ability of C3b to bind to surfaces allows for the subsequent complement

activity to be localised close to the site of activation.

C3b is a product of the enzymatic action of C3 convertases on C3 while at
the same time being a constituent of the alternative pathway C3 convertase.
Thus a positive feedback mechanism exists which would continue to cleave C3
until the supply of C3 or B became exhausted. This does not occur because of

the presence of the control protein factor | and its co-factor H. I in the

presence of H will cleave the o chain of C3b to form C3bi which can no

longer bind B and thus form a C3 convertase.
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The terminal sequence is activated by the cleavage of C3 by Ci4bZa and
C3bBbP. As stated above C3b binds to its target (eg immune-complex) by its
labile binding site. Close binding of the C3b to the C3 convertase changes the
specificity of the enzyme to that of a C5 convertase. C5 is cleaved to
release C5a (MW 12,000) and the C5b which is the remainder of the molecule
binds to cell membranes via a labile binding site, however, this binding of C5b
is not covalent (Law, Lichtenberg & Levine, 1980) but binding to C6 helps to
stabilise the binding of C5b in its active state. C7 binds to C5b6 forming
C5b67 which is inserted into lipid membranes. Reaction with CB to form the
C5b-8 complex allows for partial penetration of the lipid membrane. C9 then
binds to C8 to form the cytolytic C5b-9 complex which results in osmotic

lysis of the cell as proposed by Mayer (1972).

The Biological Activities of Complement

Apart from the cytolytic effect of the complement cascade many other
biological activities are generated during complement activation. These
activities are important in the expression of the inflammatory events which

take place following complement immune complex interactions.

Increased Vascular Permeability

The breakdown products Céa, C3a and Cba are anaphylatoxins. Cb5a which is
the most potent acts, as does C3a, to release histamine from mast cells and
basophils. C3a releases serotonin from platelets (Johnson, Hugli &
Muller-Eberhard, 1975). C3a and Cb5a can induce smooth muscle contraction in
the absence of histamine. The anaphylatoxic activities of C3a and Cb5a are

inhibited by carboxypeptidase N.
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Chemotaxis

C5a and Cb5a which has been degraded by carboxypeptidase N (C5a )} are

desArg

powerful chemotaxins. They will affect neutrophils, eosinophils and monacytes
(Fernandez et al, 1978) C3bBb is chemotactic for polymorphonuclear

leukocytes (Ruddy, Austen & Goetzl, 1975).

L eukocytosis

The peptide C3e, derived from the ol chain of C3, causes an initial
leukopenia and then a leukocytosis. The mechanism is thought to be by C3e
mediated mobilisation of neutrophils from the bone marrow (Reother, 1972;

MecCall et al, 1974).

Solubilisation of Immune Complexes and Prevention of Immune Precipitation

These two aspects of complement function will be discussed in a later

section.

Opsonisation

One of the most important biological functions of complement is opsonisation,
the process whereby antigen-antibody complexes or other particles aré coated
with C3b. These opsonised particles can bind to receptors for C3b (CR1)
found on a number of cell surfaces including polymorphonuclear leukocytes,
mononuelear phagocytes and B lymphocytes. There are also receptors for C3bi
and C3dg ( o(zD) which are further breakdown products of C3b. C3bi binds to
CR3 and CR1 and C3dg (OQZD) bind to CR2. When the particle is coated with
C3b alone adherence is promoted, however, when IgG antibody in addition
coats the particle ingestion is enhanced. C3b acting on C3b receptors on
macrophages results in the enhanced intracellular killing of bacteria (Lei‘jh et

al, 1979).



28

Up until the early 1970's complement had always been thought of as being
detrimental and playing a significant pathogenetic role in the production of
tissue injury in immune complex diseases. In human immune complex disease
much evidence has been accrued to support this concept of complement being
the major effector mechanism of immune complex mediated tissue damage.
The finding of hypocomplementaemia in patients with immune complex
disease {(Franco & Schur, 1971; Schur, 1975; Whaley & El-Ghobarey, 1981) and
the detection of complement components in the involved tissues go a long

way Lo support this idea (Rodman et al, 1967; Koffler et al, 1969; Verroust et
al, 1974).

However in the past 15 years or so our views on the role of complement in
immune complex disease have been altered by the observations that patients
with inherited complement deficiency syndromes have a high incidence of

immune complex disease.

Immune Complex Clearing Mechanisms

[ have discussed the reasons and possible mechanisms whereby circulating
immune complexes are deposited in tissues thereby causing disease. This must
only happen when there is a breakdown of the normal mechanisms whereby
immune complexes are cleared from the circulation. In experimental animals
immune complexes containing IgG antibodies, when injected intravenously are
cleared from the circulation mainly by the non-parenchymal cells of the liver
(Mannik & Arend, 1971). 1IgG immune complex entrapment in the liver is
mediated mainly by interaction with cellular Fc receptors {van Es, Daha &
Kijlstra, 1979). It can be envisaged that if the reticuloendothelial system
became overloaded with immune complexes the complexes may then deposit

in the tissues (Haakenstad & Mannik, 1974) and initiate active disease.
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Studies on the clearance of IgM coated erythrocytes from the circulation have
emphasised the importance of complement in the clearance process. When
erythrocytes are sensitised with IgM antibody their fate in the circulation is
quite different from that of erythrocytes sensitised with IgG. Unlike IgG
sensitised cells, in vivo complement activation is critical for the clearance of
the IgM sensitised cells (Frank et al, 1977). The cells are cleared when C3b is
deposited on their surface after complement activation and they are then
sequestered by the Kuppfer cells in the liver. This hepatic localisation of
sequestered erythrocytes is very different from the splenic clearance seen in
the removal of IgG sensitised erythrocytes from the circulation. Following the
hepatic sequestration of IgM coated erythrocytes, they are then released back
into the circulation because of the action of factor I and H on the cell bound
C3b which is cleaved to C3bi and then subsequently to C3c and C3dg(eh2D).
The C3dg coated erythrocytes then are released back inte the circulation
where they continue to circulate with a half«life equal to that of unsensitised

cells.

Complement appears impaortant in the ciearance of particulate antigens from
the circulation (Brown, Lachmann & Dacie, 1970) but whether it affects the
elimination of circulating immune complexes is somewhat controversial. L.arge
immune complexes greater than 30S are more readily endocytosed by adherent
macrophages if complement is present (van Snick & Masson, 1978). The
degradation of soluble immune complexes is enhanced by complement
(Kijlstra, van Es & Daha, 1981). However complement is not essential for the
attachment of soluble immune complexes to macrophages in suspension (Arend
& Mannik, 1972) nor does complement appear to mediate the blood clearance
of IgG containing soluble immune complexes when these are injected

intravenously (Bockow & Mannik, 1981). Skogh & Stendahl, (1983) when
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studying the blood clearance of small IgG immune complexes found that the
clearance of these immune complexes from the circulation was actually
retarded by fresh normal mouse serum and not by complement depleted mouse

Serume.

Although these above studies cast some doubt on the role of complement in
the elimination of circulating immune complexes a body of evidence has
grown in recent years which has established complement as having a central
role in immune complex processing and the subsequent safe disposal of
potentially phlogistic immune complexes in the circulation. Central to this has
been the recognition of inherited deficiences of the complement components.
It is only in recent years that the widespread availability of reagents with
which individual complement components can be measured has allowed these
complement component deficiencies to be recognised. Individuals deficient in
complement have a predilection to development of disease and certain
syndromes appear associated with particular complement component
deficiencies (Agnello, 1978; Rynes, 1982). In Table 1.1 I have listed the cases
reported up to 1983, this table being taken from that of Schifferli & Peters
(1983(a)). Ascertainment bias is of course inevitable especially when dealing
with small numbers, complement being measured in people presenting with
immunological disease much more frequently than in the general population.
However even allowing for this, scrutiny of Table 1.1 allows some general
conclusions to be drawn. Infection is much more common and widespread in
patients with complement deficiencies thus emphasising the major
antimicrobial role of complement. However, patients with deficiencies of the
early acting components of the classical pathway seem prone to the
development of immune complex mediated disease, this seems to be

particularly the case for deficiencies of C4 and the C1 subcomponents.
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Component

Classical pathway

Cilq

Cir or C1s
C4

C2
C1-inhibitor

C3 and alternative pathway

C3
B/D
Properdin

Fac I
H

Membrane attack complex
C5
Cé6
C7
Cc8
C9

TABLE 1.1
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TABLE 1.1

Number with  Associated Disease
homozygous

deficiency
IC disease Infection
15 14 )
8 6 ) many
16 14 ) pyogenic
66 38 )} infections
7500 2% )
1 8 10 pyogenic
- - (+ Neisseria)
3 - 2 {(+ 3 died of
fulminant
infections)
5 1 4 pyogenic
21 1 (HUS)
12 1 9)
17 2 10)
14 1 6) Neisseria
14 2 8)
Many no disease
associated

Reported cases of complement deficiencies and associated diseases

{ partial deficiency < 10%

IC disease = SLE, SLE-like syndromes, glomerulonephritis, vasculitis
HUS = Haemolytic-uraemic syndrome

(taken from Schifferli & Peters, Lancet, 1983)
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I have stated previously that complement activation is a major effector
mechanism of inflammation in immune complex mediated tissue injury.
Although this concept still holds true the evidence gleaned from studies of
complement deficiency syndromes has led us to reappraise the role of
complement in immune complex disease and also puts forward the idea that
normal compiement function protects against the development of immune

complex associated disease.
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The Raole of Complement in Immune Complex Clearance

(1 The Interaction of Opsonised Immune Complexes with Complement

Receptors

Opsonisation is the coating of antigen-antibody complexes or activators of the
alternative pathway with large numbers of C3b molecules and is a major
biological function of complement. The process of opsonisation permits more
efficient clearance of complexes by the fixed macrophage system. The fate of
opsonised complexes is dependent on their interaction with specific receptors

for C3b found on the surfaces of various cells.

The complement receptor (CR1) is a glycoprotein with four major allotypic
forms, molecular weights being 160, 190, 220 and 250 kD (Fearon, 1980;
Fearon, 1984; Ross & Medof, 1985). The major ligand for CR1 is C3b and it
binds especially well when the C3b is present in clusters. CR1 is found an
polymorphonuclear leukocytes, macrophages, B lymphocytes, some T
lymphocytes, dendritic reticular cells in germinal centres and glomerular
podocytes. In primates CR1 is also found on erythrocytes and it would appear
that 90-95 per cent of CR1 is found on the surface of erythrocytes in the
circulation of humans (Siegel, Liu & Gleicher, 1981). In vitro complement
reacted immune complexes attach mainly to the CR1 found on erythrocytes
(Schifferli & Peters, 1983(b)). In vivo immune complexes bind to erythrocytes
when injected into the aortas of baboons and monkeys. The binding of
opsonised immune complexes to erythrocyte CR1 is a transport mechanism
whereby immune complexes are carried safely to the fixed macrophage
system (Cornacoff et al, 1983). Immune complexes formed in the extra
vascular spaces are probably removed via the lyﬁphatics and then trapped in

the regional lymph nodes (Pepys, 1976).




34

In -studies in monkeys Cornacoff et al,(1983) showed that under normal
circumstances immune complexes were bound to erythrocytes by a
complement dependent mechanism, transported to the liver and then stripped
from these erythrocytes. Failure of this mechanism occurred in animals which
had been depleted of complement and instead of being cleared by the liver
the complexes were found widely distributed in the body (Waxman et al,
1984). Immune complex binding to erythrocytes is therefore thought to be a
protective mechanism which transports immune complexes to sites of safe

disposal.

The mechanism whereby complexes are transferred from erythrocytes to
macrophages is obscure. It may involve enzymatic removal or it may be
related to the high density of Fc receptors and CR1 on macrophages. This
will provide stronger binding for the complex than the relatively low density
CR1 on the erythrocytes and may allow for preferential uptake of the
complex by the macrophage. It should also be remembered that the binding of
immune complexes to erythrocytes is a relatively transient phenomenon in as
much that CR1 also has a potent inhibitory function in the complement
cascade being a co-factor for factor | in the cleavage of C3b to C3bi and
subsequently to C3dg (Medof et al, 1982; Medof & Prince, 1983). C3dg is thus
left attached covalently to the immune complex but C3dg does not bind to

CR1 and the immune complex is then released from the receptor.

The range of the numbers of CR1's on the erythrocytes of normal individuals
is large (200 to 1,000 per cell) (Ross & Medof, 1985). Reduced numbers of
CR1 have been found on the erythrocytes gf patients with SLEj initially
thought to be an inherited defect (Wilson et al, 1982) it has now been shown
that low CR1 numbers on erythrocytes occurs secondarily to the disease

process (Walpart et al, 1985; Holme et al, 1986). Reduced binding of immune
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complexes to CR1 has been observed in various diseases including rheumatoid
arthritis, SLLE, haematological neoplasia and cold agglutinin disease (Miyakawa

et al, 1981; Taylor et al, 1983).

(2) The Interaction of Complement with Immune Complexes

In recent years it has become clear that complement can interact with
immune complexes and cause profound changes in the properties of the
immune complex. These changes occur in the solubility, composition and
aggregation of the complexes (Miller & Nussenzweig, 1975; Casali & Lambert,
1979; Schifferli et al, 1980). Insoluble antigen-antibody complexes become
soluble when incubated with serum (Miller & Nussenzweig, 1975) and immune
complexes formed at equivalence or in antibody excess do not precipitate but
are held in solution (Schifferli et al, 1980). Both these phenomena termed
immune complex solubilisation and the prevention of immune precipitation
respectively are brought about by complement activation. I will now describe
these phenomena in turn and discuss their possible relevance to immune

complex disease.

Solubilisation of Immune Complexes

In his classical paper of 1941 Heidelberger when studying complement
incorporation into precipitates formed from pneumococcal polysaccharides and
rabbit antibody noted that, somewhat unexpectedly, the amount of bound
complement per complexed antibody actually decreased as the amount of
added serum increased. The explanation of this phenomenon was not
forthcoming untit 1975 when Miller and Nussenzweig described solubilisation
of antigen-antibody aggregates. Since this observation several papers have
appeared which have defined the mechanism of solubilisation of immune
precipitates and demonstrated the radical alterations which take place in the

physical and biological properties of immune complexes on interaction with
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complement.

The solubilisation phenomenon is a general phenomenon and many kinds of
Ag-Ab complexes formed with soluble antigen can participate. Antibodies of
IgG, IgA and IgM from several mammalian species can be invaolved although
the efficiency of the serums show some species differences. Complement can
solubilise precipitates formed with the F(ab')2 fragment but less efficiently
than with the whole immunoglobulin molecule (Miller & Nussenzweig, 1975).
The rate of solubilisation depends on the amount of immune complexes, the
properties of antigen and antibody, the composition of the complexes and the
conditions of incubation. Precipitates formed at or near equivalence can be
solubilised most efficiently (Miller & Nussezweig, 1975) and the affinity of
the complexed Ab for Ag is very important suggesting that the primary
antigen-antibody bond is implicated in the solubilisation process (Czop &
Nussenzweig, 1976). Solubilisation is a complement dependent phenomenon,
heat-inactivation of serum (56°C for 30 minutes) or treatment of serum with
EDTA, zymosan or cobra venom factor will abrogate the solubilising activity

of that serum (Miller & Nussenzweig, 1975).

The solubilisation phenomenon has an absolute requirement for the alternative
pathway of complement. Sera which had been depleted of the alternative
pathway components, D, B or P were unable to support solubilisation.
Replacement of the missing component resulted in the solubilising capacity of
the serum becoming normal (Miller & Nussezweig, 1975). In similar
experiments using C3-deficient human serum (Czop & Nussenzweig, 1976) or
factor D-depleted or properdin-depleted serum (Takahashi et al, 1978) all of
these components of the alternative pathway were found to be essential. More
recent work using purified alternative pathway components (C3, B, D, P, H

and I) has re-emphasised the essential role of the alternative pathway in this
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process. Omission of the control proteins either H or I resulted in
inappropriate fluid phase turnover of C3 and solubilisation did not occur

(Fujita, Takata & Tamura, 1981).

The classical pathway is not essential for solubilisation, sera deficient in C4
or C2 were able to support solubilisation but the onset was delayed and the
extent of the reaction was reduced (Czop & Nussenzweig, 1976; Takahashi et
al, 1978). C3=~deficient serum does not support solubilisation (Czop &
Nussenzweig, 1976) but sera deficient in C5 or Cé6 does (Takahashi et al,
1976). This suggests that the complement components beyond C3 are not
involved in the reaction. Up to 95% of the solubilised complexes can be
precipitated by antiserum to C3 showing that C3 is bound to the complex

(Takahashi, Takahashi & Hirose, 1980).

The kinetics of the solubilisation process have been studied. Deposition of C3b
on the surface of the immune complex occurs first. This can occur rapidly if
the immune complex can fix C1, the initial C3b deposition taking place due
to classical pathway activation (Takahashi et al, 1976). The phase of
amplification begins once the first few molecules of C3b are deposited on the
complexes with the assembly of the alternative pathway C3 convertase
(C3bBbP) on the complex. More molecules of C3 are cleaved and increased
deposition of C3b on the complexes ensues. Massive deposition of C3b leads
to disruption of the immune complex lattice and solubilisation occurs
(Takahashi, Tack & Nussenzweig, 1977). C3b deposition by classical pathway
alone is insufficient to produce solubilisation. It has been suggested that the
interaction of C3 with antigen-antibody complexes during solubilisation results
in the formation of an ester bond, the C3b binding sites possibly being located
on amino acid residues in the Fd region of the IgG melecules and the C3b

binding to antigen via ester bonds (Takata, Tamura & Fujita, 1984).
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When l'arge quantities of C3b have been deposited on the complex the final
phase of the solubilisation process begins. Sucrose density gradient studies on
the precipitation of radio-labelled antigen with ammonium sulphate (final
conc ' 50%) show that mast of the soluble antigen is present in the form of
immune complexes (Takahashi et al, 1980) C3, C4 and P are found in
solubilised complexes (Takahashi et al, 1978) and the molar ratio of C3b to
antibody is approximately 1:1 (Takahashi et al, 1977). The size of solubilised
complexes is heterogeneous,a large part of the complexes showing

sedimentation co-efficients between 115 to greater than 19S.

The mechanism of solubilisation seems best explained by the intercalation
hypothesis advanced by Miller & Nussenzweig (1975). Briefly it states that
during the interaction of immune complexes with excess complement a large
amount of C3 is incorporated into the immune complex lattice, combining
with antibody and thus tending to decrease the affinity of antigen combining
sites on the antibody maolecule. There is breakage of a few antigen-antibody
bonds and a reorganisation of the lattice takes place favouring production of
smaller aggregates. In favour of this hypothetical mechanism is the fact that
degradation products of antigen and antibody have not been found (Czop &
Nussenzweig, 1976). Solubilisation does not occur in the absence of C3 and C3
levels in sera correlate well with solubilisation in individual sera (Czop &
Nussenzweliq, 1976). Incorporation of large quantities of C3b into the
antigen-antibody lattice occurs during the solubilisation process and the
degree of solubilisation appears dependent on the amount of C3b available
(Takahashi et al, 1977). Incubation of complexes with the monovalent Fab
fragments of antibodies to the immunoglobulin in the complex can mimic
solubilisation; in contrast 7S antibody and F(ab")2 fragments to the antibody
in the compliex prevented solubilisation. This process would favour

cross-linking of the antibody and thus promote precipitation (Czop &
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Nussenzweig, 1976).

Some evidence can be presented to explain the mechanism whereby C3b
effects solubilisation. The result of the early experiments of Miller (1977)
support the mechanism of the reduction of the affinity of antibody for
antigen with subsequent dissociation of the complex as a possible means of
C3b induced solubilisation. Indeed insoluble complexes formed with high
affinity antibody are solubilised more slowly than complexes containing
antibody with low affinity for the antigen (Takahashi et al, 1978) suggesting a
role for primary antigen-antibody bond disruption. Fe-Fe interactions are
important in immune precipitation (Moller, 1979) and C3b fragments may
interfere with lattice formation by inhibiting these Fc-Fc interactions. The
overall solubility of the immune complex may be modified by the sheer
numbers of C3b molecules which bind to the immune complex tending to

favour dissaciation of the immune complex.

Solubilisation of preformed immune complexes is a phenomenon studied in
vitro. Whether this phenomenon occurs in vivo is open to debate. If indeed it
does how important is it in health or disease? Solubilisation occurs as a
general phenomenon under physiological conditions and with a variety of
antigen-antibody systems both from human and animal sera (Takahashi et al,
1980). In_ vivo solubitlisation must be important in clearing large
antigen-antibody complexes which are formed or found deposited in the

tissues and this concept is supported by the observation of the delayed
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clearance of complexes from the glomeruli of decomplemented rabbits with
acute serum _sfickness (Bartolotti & Peters, 1978). It has been suggested that
solubilisation of complexes by C3 may be important for the generation of
B-memory cells based on experimental evidence showing a small proportion of
solubilised complexes taken up and retained in the germinal centres of the
spleen (Malasit, Bartolotti &Humphrey, 1983). Solubilisation is one of the
protective mechanisms against the occurence of large aggregates in the body
which would almos;t certainly cause tissue damage. For this to be important it
must be assumed that antigen-antibody immune precipitates are formed
and/or deposited and then are acted upon by complement and thus solubilised.
This seems an unlikely occurence and it is difficult to conceive of many
situations where antigen-antibody immune precipitates are formed in the
presence of an intact complement system. In the vast majority of instances
antigen-antibody complexes must be formed in the presence of complement

(Schifferli et al, 1980).

Schifferli and his colleagues (1980) argued that the action of complement on
immune complexes at the time of their formation was likely to be more
important than the action of complement on preformed complexes. They
carried out studies on immune complex formation in the presence of fresh
serum and were able to show that complement prevented the formation of
immune precipitates. In this study complexes formed at equivalence or in
antibody excess in the presence of human serum did not precipitate but

remained soluble for up to 2 hours.

This phenomenon of prevention of immune precipitation had been encountered
by several workers previously. Heidelberger noted that "particulation was
greatly delayed in the tubes containing active complement"” in his studies of

complement fixation (Heidelberger, 1941). L.ater workers, during attempts to
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develop double radio-immunoassay techniques, noted inhibitory activity in
normal serum and attributed it to the complement system (Morgan, Sorenson
& Lazarow, 19643 Grant, 1968) It was also noted that BSA anti-BSA immune
caomplexes did not precipitate when formed at equivalence in the presence of
fresh serum at 37°C. Following isolation these immune complexes were found
to contain C1qg, C1r, C1s and C3 in addition to antigen and antibody (Casali &

Lambert, 1979).

Schifferli and his colleagues called prevention of immune precipitation
inhibition of immune precipitation (IIP). 1 have preferred to use the term
prevention of immune precipitation (PIP) because this thesis contains work on
an inhibitor(s) of this process. It is far easier to discuss an inhibitor of
prevention of immune precipitation rather than an inhibitor of inhibition of

immune precipitation.

Complement mediated prevention of immune precipitation

Immune precipitation was prevented by fresh normal serum via activation of
the complement system. This effect of human serum was blocked by prior
treatment of the serum with EDTA or by heating to 56°C for 30 minutes,
procedures which would abrogate complement function (Schifferli et al, 1980).
Serum which had been depleted of B or P, thus being able only to sustain
classical pathway activation, was however able to prevent immune
precipitation. Immune complexes formed in Mg2+ containing EGTA-treated
serum displayed an early phase of precipitation which was then followed by a
phase of resolubilisation (Schifferli, Woo & Peters, 1982). The importance of
the classical pathway in the prevention of immune precipitation phenomenon
is further emphasised by the observation that excessive immune precipitation

is known to occur in sera which are deficient in C1iq, C4, C2 and C3
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(Schifferli et al, 1980; Schifferli et al, 1982) but not in sera which are
deficient in C5 or C7 (Naama et al, 1983). These findings again underline the
importance of the classical pathway in this phenomenon and show that the
terminal components beyond C3 (C5-C9) are not required for the process. As
in the complement mediated solubilisation of preformed precipitates C3
activation and binding is the important step in the prevention of immune

precipitation phenomenon.

The role of C1 in prevention of immune precipitation is interesting. Purified
C1 is able to block the early aggregation of immune complexes and appears
to be the first line of defence against immune precipitation (Schifferli et al,
1982; Naama et al, 1984). The C1 molecule is bound to the Fc portion of
immunoglobulins and probably interferes with Fec-Fc interactions by steric
hindrance. These Fc-Fc interactions are probably the main mechanism by
which aggregation of immune complexes occurs (Moller, 1979). However when
the C1 molecule was dissociated into its subcomponents by the r;amoval of
calcium an immediate aggregation of the immune complexes was seen
(Schifferli et al, 1982). This was due to the effect of C1q which remained
fixed to the immunoglobulins enhancing the interactions between the
complexes (Agnello, Winchester & Kunkel, 1970). These opposite effects of C1
and C1q bhave been reported in other situations including the C1q induced
agglutination of IgG coated latex particles and enhanced agglutination by
rheumnatoid factor (Hallgren, Stalenheim & Venge, 1979; Hallgren, 1979). Both

of these reactions were abrogated by purified whole C1.

The use of individual purified complement components have allowed for
precise dissection of the roles of the classical and alternative pathways in the
prevention of immune precipitation reaction (Naama et al, 1984; Naama et

al, 1985). The anti-aggregational properties of C1 were confirmed. No effect
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on immune precipitation was noted with C4 or C2 alone, but when present
with C3 at the same concentrations as in normal serum, immune precipitation
did not occur. When the six alternative pathway components (C3, B, D, P, H
& [) were present immune precipitation occured but this was followed by a
phase of resolubilisation. Addition of the alternative pathway components to
the components of the classical pathway did not allow for more effective
prevention of immune precipitation than the classical pathway components by
themselves (Naama et al, 1985). This study indicates that the alternative
pathway is of secondary importance to the classical pathway in the prevention
of immune precipitation reaction in contrast to the situation with

solubilisation of preformed immune precipitates.

At this point it is worth making other comparisons of these two complement
mediated phenomena (viz solubilisation and prevention of immune
precipitation). Solubilisation is more efficient when complexes are formed in
antigen-excess whereas prevention of immune precipitation is more efficient
for antibody- excess complexes (Schifferli et al, 1980). The size of the
complexes produced after the two reactions were similar. Sucrose gradient
ultracentrifugation revealed the size to be approximately 255 which is similar
to the size of the complement solubilised immune complexes (Takahashi et al,
1980). Normal serum could maintain about twenty times more complexes in
solution by the process of prevention of immune precipitation compared to
solubilisation (Schifferli et al, 1980). This may have relevance to the greater
biological importance of prevention of immune precipitation compared to

solubilisation in the processing of immune complexes in vivo.

The mechanism of prevention of immune precipitation involves the
attachment of C3b to immune complexes. Radio-labelled C3 studies have

shown that the molar ratio of C3b to IgG in the soluble complexes is 2:5
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(Naama et al, 1985), and immune precipitation experiments have shown that
over 90% of immune complexes formed in serum are preciptated by anti-C3
antiserum. Antisera to C1q, C4 and C2 preciptated much smaller proportions
of immune complexes (Naama et al, 1985). Further work in this field has
shown that fragments of C3 and C4& are incorporated into the soluble immune
complexes (the C3 fragments which were incorporated were C3b, iC3b, C3c
and C3d). Some of these fragments were bound covalently with heavy chains
of IgG antibody molecules. It was considered by these workers (Hong et al,
1984) that the formation of covalent bonds between IgG and C3 and probably
C4 was essential for the prevention of immune precipitation process. The
covalent linkage between IgG and C3 did not appear to be an ester bond
(Hong et al, 1984) although this type of bond was reported to be the linkage
between IgG and C3 when preformed precipitates were dissolved by

complement (Takata et al, 1984).

It is clear therefore that the immune complex lattice is greatly modified
following the interaction of antigen and complement fixing antibody in body
fluids. A large number of C3b molecules are bound to an immune complex
through activation of the classical pathway followed by rapid engagement of
the alternative pathway (via the C3b feedback loop) with the result that large

lattices are not formed and immune precipitation is prevented.
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Hypothesis and proposed investigation

If the phenomenon of prevention of immune precipitation is important in the
handling and safe disposal of these circulating immune complexes then a
failure of this mechanism would be expected to be associated with immune
complex diseases. The most extreme example of this would be hereditary
deficiency of one or more of the classical pathway complement components,
and indeed these are associated with a high incidence of immune complex like
diseases (see Table 1.1). However complement deficiency states are rare in
the general population, Hassig and colleagues (1964) found 14 individuals from
41,083 military recruits with persistently undetectable total haemolytic
complement, a frequency of 0.03%. Torisu and his colleagues (1970) found
only 37 of 42,000 normals to have low CH50 levels. Since genetic deficiencies
of complement proteins are therefore probably quite rare in the general
population, studies have tended to concentrate on patient populations. Of 545
patients with rheumatic disease Glass et al (1976) found one C2 deficient
homozygote and 10 definite, 5> probable and 4 possible C2 deficient
heterozygotes. Among 509 controls without rheumatic disease only 6 possible
heterozygotes were found. This gave an estimated frequency of 1.2% for the
null gene in the general population. Patients with systemic lupus

erythematosus had the highest frequency (5.9%) of C2 deficiency.

It is clear that hereditary complement deficiency states are rare even when

patient populations, with their considerable ascertainment bias, are screened.

Up until the work contained in this thesis was started in 1983 no studies had
been undertaken to measure prevention of immune precipitation in disease.
The work of Schifferli and his colleagues (Schifferli et al, 1980; Schifferli et
al, 1982; Schifferli & Peters, 19823Schifferli & Peters, 1983(b)) had

concentrated on elucidating the detailed mechanisms of the reaction but no
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work on the clinical relevance, if any, of prevention of immune precipitation
had been undertaken. The aim therefore of my initial work was to measure
prevention of immune precipitation in diseases associated with immune

complex formation.

If prevention of immune precipitation (PIP} was important in this respect and
as inherited defects of complement are rare one might expect there to be
other defects in PIP in patients with immune complex disease. If indeed this
was the case I planned to examine the mechanism whereby this occurred and
also to study the detailed clinical features of each disease to ascertain which
clinical features might be most strongly associated with the failure of
prevention of immune precipitation. The sera originally chosen were from
patients with systemic lupus erythematosus (SLE) and glomerutonephritis (GN).
I also included osteoarthrosis as a disease control being an example of a
non-inflammatory rheumatic disease. However in routine clinical practice
these diseases {SL.E and GN) are relatively rare and I therefore decided to
look more closely at sera from patients with rheumatoid arthritis, which is a
common, serious rheumatic disorder in which immune complexes are

implicated in disease pathogenesis.

Although there is no doubt that cell mediated immune responses play an
important role in the pathogenesis of rheumatoid synovitis, humoral immune
mechanisms are also intimately involved in the disease process. The
histopathological features of the rheumatoid synovium with proliferation of
lining cells and intense cellular infiltrate which includes (in established
rheumatoid synovitis) large numbers of lymphocytes, plasma cells,
macrophages and occasional germinal centre .fcrrmation testifies to the
importance of cellular immune mechanisms in the rheumatoid process

(Sokoloff, 1979). In rheumatoid synovitis initially there is congestion and
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oedema most marked at the internal surface of the synovium and these
changes are associated with the development of effusion into the joint space.
Small numbers of polymorphs emigrate with the oedema fluid. In early lesions
especially, the principal infiltrating cell is a small lymphocyte. Many of the
lymphocytes in the synovial infiltrates are T cells (Van Boxel & Paget, 1975).
Studies using OKT4 and OKT8 antibodies have shown two types of T cells,
namely helper-inducer and suppressor-cytotoxic, in the synovium (Duke et al,
1982; Kurosaka & Ziff, 1983). In late lesions the majority of infiltrating cells
are plasma cells (Piatier et al, 1976) which synthesise rheumatoid factor

(Nowoslawski & Brzosko, 1967).

The late lesions are marked by gross synovial thickening, proliferation of
synovial fibroblasts and synovial lining cells. Multi-nucleated giant cells may
be seen (Grimley & Sokoloff, 1966). This chronic inflammatory tissue which
extends over the articular cartilage is called pannus and is accompanied by
cartilage destruction. Chondrolysis may occur because of pannus induced
disturbance of normal cartilage nutrition or because of the elaboration of
proteolytic enzymes from polymorphs and other cells in the chronic

inflammatory tissue.

In the synovial fluid however, there is evidence of an acute inflammatory
reaction with a predominantly neutrophil accumulation and plasma exudation.
Humoral immune mechanisms therefore, especially involving immune
complexes, are also considered to be important in rheumatoid arthritis
pathological processes. The concept that antigen-antibody complexes might
mediate rheumatoid synovitis is supported by the demonstration of phagocytic
synovial lining cells and polymorphonuclear leukocytes showing cytoplasmic
g ranules containing immunoglobulins, anti-IgGs (rheumatoid factors) and

complement components (Hollander et al, 1965; Kinsella, Baum & Ziff, 1969;
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Kinsella, Baum & Ziff, 1970; Vaughan et al, 1968). Further evidence for this
notion came from the demonstrations of decreased haemolytic complement
levels in rheumatoid synovial fluids (Hedberg, 1963; Pekin & Zvaifler, 1964).
The immune complex nature of the molecules responsible for this decreased
synovial fluid complement was recognised and rheumatoid factor was also
shown to be a part of the synovial fluid immune complex (Winchester, Agnello

& Kunkel, 1970; Winchester, 1975).

The experimental model of antigen-induced arthritis originally described by
Dumonde and Glynn (1962), where chronic synovitis in rabbits was induced by
intradermal immunisation with fibrin in Freund's complete adjuvant followed
in 2 to 3 weeks by an intra-articular injection of fibrin, showed that immune
complexes could mediate a rheumatoid-like synovitis. An identical chronic
synovitis could be induced by antigens such as ovalbumin and bovine serum
albumin injected into the joints of previously sensitised animals (Consden et
al, 1971; Cook & Jasin, 1972). The histological features described by Dumonde
and Glynn included hyperplasia of synovial lining cells, infiltration of
synovium with plasma cells and lymphocytes, pannus formation and bone
erosions and were similar in many respects to rheumatoid arthritis synovitis.
Subsequent studies on antigen—induced arthritis have demonstrated the
retention of radio-labelled antigen in the menisci of arthritic rabbits with the
immunofluorescent demonstration of antibody and C3 in the same location as
the antigen (Jasin et al, 1973). Indeed immune complexes have been found in
the hyaline articular cartilage in a majority of patients with rheumatoid

arthritis (Cooke et al, 1975; Ishikawa, Smiley & Ziff, 1975).

Circulating immune complexes are also found in rheumatoid arthritis patients

(Luthra et al, 1975; Zubler et al, 1976; Hay et al, 1979) and the potential

‘pathogenicity of circulating complexes has been discussed above. The presence
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of systemic hypocomplementaemia in some patients with rheumatoid arthritis
(Hunder & McDuffie, 1973) and the hypercatabolism of complement
components in many others (Kaplan et al, 1980; Krick et al, 1978) suggest
that circulating immune complexes may play a role in RA with and without
the extra-articular manifestations of the disease. The self association of IgG
and IgM rheumatoid factors is well described (Pope, Teller & Mannik, 1974)
and may be responsible for a proportion of circulating immune complexes in
patients with rheumatoid arthritis (Pope, Yoshinoya & McDuffy, 1981).
Circulating immune complexes in patients with rheumatoid arthritis may form
cryoglobulins. IgM rheumatoid factor and less frequently IgG rheumatoid
factor containing cryoglobulins appear to be associated with, and may indeed
mediate rheumatoid vasculitis (Weisman & Zvaifler, 1975). Using the
polyethylene glycol precipitation technique over half of the sera from patients
with rheumatoid arthritis (32 of 63) contained immune complexes. This
compared with only 2 of 52 normal controls who had immune complexes
detectable in their sera (Barnett et al, 1979). Using a platelet aggregation
assay circulating immune complexes were found in approximately 25% of
seropositive rheumatoid arthritis sera (Norberg, 1974). Apart from these
studies which were carried out on patients with established disease other
studies have shown that circulating immune complexes can be detected in
patients with very early disease and even many months before the actual
diagnosis of rheumatoid arthritis can be made (Jones et al, 1981). The
importance of this study is that there are obviously abnormal circulating
immune complexes right at the very inception of disease. From the foregoing
I therefore felt justified in looking at rheumatoid arthritis as an immune
complex disease although I have taken cognisance of the evidence that there
is an ongoing cell-mediated reaction in the rheumatoid synovium along side

the type 3 reaction.
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The presence of circulating immune complexes in rheumatoid arthritis, often
early in the disease, taken with the evidence of systemic hypercatabolism of
complement, raises the question of whether there is a failure of clearance of
these complexes. Defective reticulo-endothelial function in rheumatoid
arthritis has been reported by Williams and colleagues (1979). In this study
only 13 patients were studied but the authors could relate the levels of
circulating immune complexes and splenic function to disease activity; there
was also an inverse relationship between levels of circulating immune
complexes and splenic function suggesting a causal relationship. However
other studies have not been able to substantiate these findings (Gordon et al,
1981; Henderson et al, 1981). Interestingly, in vitro studies (Hurst & Nuki,
1981) have shown a selective impairment of complement-mediated
phagocytosis in patients with rheumatoid arthritis with vasculitis but not in
those without vasculitis. Fc receptor function was normal in all patients.
Elkon and associates have shown, using heat-damaged erythrocytes, defects in
clearance in SLLE and various vasculitides (Elkon et al, 1980). Indirect methods
of assessing the function of the reticulo-endothelial system by studying its
capacity to clear erythrocytes coated with IgG (Rh-D) antibody (splenic Fe
mediated clearance) and erythrocytes sensitised with IgM antibody (usually
human IgM anti-blood group substance A) and C3 (hepatic clearance) have
shown defective reticulo-endothelial function in patients with various immune
complex diseases (Frank et al, 1983) but in rheumatoid arthritis the role of
reticulo-endothelial blockade in pathogenesis remains unclear. As discussed
above complement reactions with immune complexes are important in the
processing and delivery of immune complexes to the reticulo-endothelial
system for safe removal. Complement mediated prevention of immune
precipitation by maintaining complexes small and soluble and by initiating
opsonisation whereby the complexes are coated with C3b, is central to this

clearance process. It is clear that tissue damaging immune complexes are
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made when precipitating antibodies are formed (Dixon et al, 1961). Therefore

the ability of complement to keep complexes soluble is of critical importance.

Certainly, at least some of the manifestations of rheumatoid arthritis may be
mediated by immune complexes (eg vasculitis) and the fact that immune
complexes in serum can be detected very early on in the disease suggests that
immune complexes may be important in mediating the early features of the
disease. The presence of insoluble immune complexes in the circulation and

the synovial fluid may in part be due to the failure of normal clearance

mechanisms.

The work in this thesis concerns studies which I carried out between
1983-1986 concerning the investigation of complement mediated prevention of
immune precipitation (PIP) in rheumatic diseases. For the reasons discussed
abave [ focussed on rheumatoid arthritis and attempted to relate the findings
in serum and synovial fluid to the clinical and laboratory features of disease.
If, as has been postulated, a defect of PIP did exist in RA serum or synovial
fluid what was its nature and its mechanism of action? If a failure of PIP did
exist in RA was it related to any specific clinical or laboratory aspect of the
disease? These were the questions which [ set out to answer at the beginning

of this work.
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CHAPTER TWO

MATERIALS & METHODS
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I have arranged this chapter in three parts, namely:

(1) Clinical methods

(2) Experimental methods

(3) Statistical methods.

The chapter is arranged in sections and subsections and enumerated as

follows:

2.1, 2.2, 2.3, the figure after the point denoting the section.

The figure after the second point indicates the subsection eg 2.1.1, 2.1.2,

2.1.5 ete.
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Reagents Obtained Commercially

Gelatin (Merck)

Purified agarose (BDH)

Sheep erythrocytes (Gibco)
Bovine serum albumin (Sigma)

Freund's complete adjuvant ] (Difco)

Freund's incomplete adjuvant ]

Tyrosine (Sigma)

Phenylmethylsulphonyl fluoride (PMSF) {Sigma)
Soyabean trypsin inhibitor (SBTI) (Sigma)
Pepsin (Sigma)

Trypsin (Sigma)

RA latex test (Wellco test, Wellcome)

125—[ (Radiochemical Centre, Amersham)

Tween-20 (Sigma)
o-phenylene-diamine (OPD) (Sigma)
TEMED (BDH)
Acrylamide

] (BDH)
Bisacrylamide ]

Antibodies

Peroxidase labelled goat antihuman antibodies (Cappell Laboratories,
Pennsylvania).

M F(ab')2 anti-human rkchain 1 (Cappell

(2) F'(ab')2 anti-human thchain ] Laboratories

(3) F(ab‘)2 anti-human IgG ] Pennsylvania)

Sheep antihuman IgM ] (Scottish Antibody
Sheep antihuman IgG ] Production Unit)

Chromatography Reagents

DEAE cellulose (DE52) (Whatman)
Dowex 1x8-200 (Aldrich Chemical Co)
Sepharose 4B ]

Sephadex G-200 ] Pharmacia
Sephacryl S300 ]

All other general laboratory reagents used for solutions and buffers were

Analar grade and were obtained from BDH Chemicalis.
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2.1 CLINICAL METHODS
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2.1.17 Collection and preparation of biological materials

Serum samples

Blood was collected by venepuncture and allowed to clot at 37°C for 30
minutes and for one hour on ice for clot retraction to occur. After
centrifugation at 2000g for 10 minutes the serum was separated and stored in

aliquots at -70°C.

Synovial fluid samples

Synovial fluid (SF) was collected from the knee joint of patients undergoing
therapeutic arthrocentesis. This was carried out under local anaesthesia and a
strict aseptic procedure was employed. The volume of SF aspirated was

recorded.
Samples were centrifuged at 2000g for 10 minutes to remove any cells and
particulate debris. The supernatants were divided into aliquots and stored at

-70°C.

Clinical studies - patient details

2.%2 Measurement of PIP in patients' sera (see Chapter 3, Section 2)

In this study blood was collected from 32 patients with systemic lupus
erythematosus (SLE) (Cohen et al, 1971), 75 patients with classical or definite
rheumatoid arthritis (RA) (Ropes et al, 1958) who were seropostive for
rheumatoid factor as measured by haemagglutination and 11 with RA who
were seronegative for rheumatoid factor. Also included were 9 patients with
psoriatic arthritis, 12 with ankylosing spondylitis and 8 with degenerative joint
disease (osteoarthritis). All these patients attended a routine rheumatology
out-patient clinic. Blood was also collected from a group of patients with
glomerulonephritist-14 with membranous glomerulonephritis (GN), 2 with focal

GN and 1 with acute post-streptococcal GN. The diagnosis of GN was based
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on renal biopsy findings. Blood samples were also obtained from 25 healthy

laboratory personnel, 13 male and 12 female. These served as normal controls.

2.1.3 Measurement of inhibition of PIP in sera of patients suffering from

rheumatic disease (See Chapter 3, Section 4)

In this study sera was oblained from 25 normal laboratory personnel (see
above). Serumwas prepared from venous blood obtained from 130 patients with
seropositive RA (Ropes et al, 1958), 25 with seronegative RA, 5 with psoriatic
arthritis and 6 with ankylosing spondylitis. Synovial fluid (SF) was obtained
from 13 patients with RA as described above. Venous blood was obtained from

these patients at the time of arthrocentesis.

2.1.4 The relationship between inhibition of PIP (inhibitory activity) and

clinical features of disease.

Study A

2.1.4(a) Twenty-nine patients who underwent therapeutic arthrocentesis of the
knee joint, were divided into the following three groups: group A-I included 15
patients with RA positive for IgM-RF, group A-II included 8 RA patients who
were seronegative for IgM-RF and group A-III included 6 patients with
miscellaneous arthritides (2 psoriatic arthritis, 2 reactive arthritis, 1 sarcoid
arthropathy and 1 pyrophosphate arthropathy). Clinical evidence of generalised
disease activity and activity within the joint to be aspirated were assessed

prior to arthrocentesis.

Clinical assessment of disease activity

Generalised disease activity was assessed by recording the duration of
morning stiffness (minutes), pain score (scale 0-3) where 0 = no pain and 3 =

severe pain and articular index of joint tenderness (Ritchie et al, 1968).
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The degree of inflammation in an aspirated knee joint was assessed clinically
by using a cumulative index (scale 0 - 12). This index comprised assessments
of pain, synovial hypertrophy, tenderness and effusion (each scored on a scale

0- 3.

Laboratory assessment of disease activity included the measurement of
haemoglobin (Hb), white cell count (WCC), platelet count and erythrocyte
sedimentation rate (mm in first hour, Westergren). Total haemolytic
complement (CH50) was measured by haemolytic assay (see 2.2.14(b) and C3,
C4 and Factor B by nephelometry (see 2.2.14(a) IgM-RF, IgA-RF and IgG-RF

was measured in serum by ELISA {see 2.2.7(d).

Synovial fluid analysis included measurement of volume aspirated (mls), WCC,
total protein, C3, C4, Factor B, CH50 and rheumatoid factor (IgM, IgA and

IgG-RFs) by ELISA (see 2.2.7(d).

Study B

2.1.4(b) Fifty-eight consecutive patients with definite or classical RA (Ropes
et al, 1958) were divided into the following three groups according to the
presence or absence of extra-articular features of RA. Group B-I included 20
RA patients with articular disease alone; group B-1I included 18 RA patients
with subcutaneous nodules, and group B-IIl included 20 patients with RA

complicated by systemic vasculitis.
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2.2 EXPERIMENTAL METHODS
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2.2.1 Assays to measure the complement mediated prevention of immune

precipitation (PIP) and inhibition of PIP (see Chapter 3, Sections 1-4)

Reagents

1. GVBZ+ pH 7.4, This was made as described (2.2.14(b).

2. Phosphate buffered saline (PBS) pH 7.4

3. 121Bsa

4. anti-BSA antiserum

5. Trichloroacetic acid (TCA) 20%
6. BSA (5mg/ml) -

Phosphate buffered saline (PBS) pH 7.4

8g of sodium chloride, 1.21g of potassium phosphate and 0.34g of potassium
hydrogen p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>