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INTRODUCTION 

Although the first autoimmune disease - the 
haemolytic anaemia associated with the Donath- 
Landsteiner autoantibody, has been known since 
1902,' the recognition that autoimmunity is a 
common cause of a wide variety of diseases really 
stems from recognition of the autoimmune nature 
of systemic lupus erythematosus (SLE) between 
1948 and 1954 and the description of autoim- 
mune thyroiditis at approximately the same 
In the intervening forty years an extensive number 

of autoimmune diseases have been described and 
a great deal has been published on the origins of 
autoimmunity and on the aetiology and pathogen- 
esis of the diseases concerned. However, it must 
be admitted that in very few cases is a complete 
explanation of autoimmune disease available. It 
has, however, become abundantly clear that auto- 
immunity is not a si~igle phenomenon but that 
there are a variety of quite separate mechanisms 
that can lead to autoimmune reactions and auto- 
immune disease (Table 1). 

TABLE 1: Autoimmune disease 

Type Examples Proposed aetiological Genetic 
mechanism association 

Anti - receptor Myasthenia gravis ) "Internal image" 1 (female only) 
antibody ............................... ) Idiotype network ..................... ] AI B8 DR3 
mediated Grave's disease ) derangement 1 

solvent exposurep 
"Sequestered goodpasture's disease ) Abormal (or infection) 
antigen" 

l 
............................... ) release of .............................. ] DR2 
Phaco-anaphylaxis ) antigen surgery 1 

Strep pyogenes ] 
& heart muscle 1 

Autoimmune Rheumatic fever ) Antigenic mimicry 
l 

disease from ............................... 
l 

) between self antigen ----------------- ] 
mitigenic Reactive Arthritides ) and infecting pathogen 1 

1 
Enteric pathogens j 
(Shigella 
Chlamydia 

l 
] B27 

Klebsiella & B27) ] 

Autoimmune I D D M  ) Aberrant Class I1 MHC 1 & DR4 
endocrine- ) expression on hormone -------------- ] AI B8 DR4 
pathies Hashimoto's disease ) producing cells 1 

"T-cell" Multiple sclerosis/EAE ) Unknown DR2 
mediated ------------- ----- ----- ------- - ) ?Response to unknown 
disease Rheumatoid arthritis ) infectious agent DR4 

Autoimmune Systemic L E ) Defect in 1 Complement 
immune complex ............................... ) immune complex 1 deficiency 
disease Glomerulonephritis ) handling 1 
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It is the last category on Table 1, that of 
autoimmune immune complex disease, which is 
to be the subject of this lecture. The prototype 
disease in this group is SLE, where autoantibod- 
ies are formed to a substantial number of non- 
organ specific intracellular cell components, 
noticeably the components of the DNA nucleo- 
protein particle and where immune complexes 
involving these antibodies and their respective 
antigens are largely responsible for the pathogen- 
esis. The genetic predisposition to this group of 
diseases can be found in deficiencies of the early 
components of the classical pathway of the 
complement system (Table 2).4 

Subjects who have homozygous deficiencies 
of C1 or C4 have an incidence of autoimmune 
immune complex disease close to 100%. Those 
deficient in C2 appear to have an incidence of 
more than 50%, although this may be high since 
C2 deficiency is relatively common and clinically 
normal subjects with C2 deficiency are probably 
under-reported in the literature. Presumably, pa- 
tients with C2 deficiency are less affected than 
those with C 1 and C4 deficiency because they can 
fix C4 on their immune complexes and bound C4 
shares many of the activities of bound C3. It is 
interesting that C3 deficient subjects tend to suf- 
fer from infections rather than immune complex 
disease, although a vasculitic illness is not un- 
common and it may be that failure to fix C3 by 
either the classical or the alternative pathway 
interferes with the mediating mechanisms of the 
disease as weU as those that normally prevent it. 

Although the incidence of SLE among pa- 
tients with homozygous deficiencies of the clas- 
sical pathway complement components is so high, 
such patients make up a trivial percentage of 
patients with SLE. However, when it became 
apparent that heterozygous deficiencies of C4, or 
at least of one of its isotypes was relatively 
common, surveys were done to investigate the 
frequency of partial C4 deficiency among pa- 
tients with the disease. It is now clear that not only 

in Caucasians but also in Orientals and in Ameri- 
can blacks, there is a significant increase in the 
incidence of C4A null alleles among patients with 
SLE; indeed more than half such patients carry at 
least one C4A null allele compared to between 20 
and 30% of the various normal populat i~ns.~,~ 

It has long been known that complement plays 
a role in the mediation of immune complex in- 
flammation and the association of complement 
deficiency with its occurrence was therefore sur- 
prising. The association is physiological and not 
due to genetic linkage since the genes for C l and 
C4 are not on the same chromosome and even the 
secondary deficiencies of C2 and C4 found in 
hereditary angioedema carry an increased inci- 
dence of SLE. 

THE CONSEQUENCES OFCOMPLEMENT 
DEFICIENCY THAT MAY PREDISPOSE 
TO IMMUNE COMPLEX DISEASE 

Effects on antibody formation 

There is extensive work on animals demonstrat- 
ing that deficiencies of the early classical comple- 
ment components and of C3 impair antibody 
responses, especially to low doses of antigen 
given without adju~ants.'-'~ It has recently been 
demonstrated that in C4 deficient guinea pig such 
responses can be reconstituted by the passive 
administration of human C4A but not human 
C4B." The two human isotopes differ in that 
C4A preferentially makes amide bonds and there- 
fore binds particularly to immune complexes 
whereas C4B preferentially forms ester bonds 
and binds particularly to carbohydrates and cell 
surfaces. This suggests that not only predisposi- 
tion to SLE but also the effect on antibody for- 
mation is mediated by that isotope of C4 that 
binds to immune complexes. It was long ago 
demonstrated by Klaus and Humphrey (1977)12 
that an important mechanism for the role of 
complement in the immune response is its re- 
quirement on immune complexes for the binding 

TABLE 2: Complement deficiencies of the early classical pathway components (from Lachmann4) 

Component Chromosomal Number Healthy I/C disease (SLE) Infections (Neisseria) Other 
i o c l l ~  

c l q  1 P 17 2 15 (7) 5 (2) Skin lesions 
Clr/Cls 12 9 2 7 (6) - - - 
C4 6P 16 2 14 (12) 6 - - 
C2 6P 77 15 43 (23) 30 (3) - 

C1 - Ina 11 >500 2 - 5% ? (not reported) hereditary 
cedema (all) 
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of antigen and this takes place in the germinal 
centres of lymph nodes, the site at which B cell 
memory is generated. 

In humans, there is no overall antibody defect 
in patients with these early complement compo- 
nent deficiencies but it has been demonstrated 
that they do have lower IgG4 levels than n ~ r m a l . ' ~  
C3 deficient patients also have some defect in 
lgG2 formation. IgG2 is the penultimate, and 
IgG4 the ultimate IgG subclass formed in the 
immune response and these deficiencies presum- 
ably reflect a difficulty in generating B cell 
memory. It is therefore possible that the failure to 
generate these final isotypes may play some role 
in the pathogenesis of immune complex disease. 
However, IgG4 does not itself fix the classical 
pathway of complement or indeed the alternative 
pathway and it is not immediately apparent how 
this defect would lead to immune complex disease. 

The more likely mechanism concerns the 
"handling" of the immune complexes. 

It was known to Heidelberger some fifty years 
ago that in the presence of complement, immune 
precipitation was delayed and the precipitates 
formed were finer and non-flo~culent.'~ This 
phenomenon was rediscovered in 1975 by Miller 
and Nussenzweig" who showed that preformed 
immune complexes could be resolublised in the 
presence of serum providing the alternative 
complement pathway was intact. If, however, 
this experiment is done in a more physiological 
way by forming the immune complexes in the 
presence of complement, it is apparent that it is 
the classical pathway that is required to keep the 
complex soluble."' 

The explanation for this effect of complement 
on immune precipitation is not intuitively obvi- 
ous and has been explained in terms of an inhibi- 
tory effect by fixedcomplement on Fc-Fc interac- 
tions. It seems more likely, however, that the 
effect can be explained in terms of the Goldberg 
hypothesisof imm~neprecipitation.''~'~ This states 
that the composition of immune complexes can 
be predicted solely from knowledge of the con- 
centrations of antigen and antibody and the valency 
of each. The complex most likely to form is that 
which can be formed in the maximum number of 
different ways. The mathematics involved are 
extremely complex, but they predict that the like- 
lihood of precipitation falls sharply as the valency 
of the antigen is reduced and as the valency of 
antibody is reduced from two towards one. It 
seems highly probable that the binding of C4 and 
C3 onto the antigen antibody lattice (and it is 
known that C3 binds preferentially to the Fd 
portion of antibody molecules) will reduce the 

valency of antibody molecules that are already 
bound by one valency and that this will lead to an 
effective valency drop from two downwards. 
This change will tend to favour the formation of 
a large number of small complexes at the expense 
of a small number of large complexes and account 
for the failure of precipitation seen. This effect 
may be important in the pathogenesis of immune 
complex disease, since very small complexes are 
not apparently capable of inducing inflammatory 
disease. Large insoluble immune precipitates do 
not enter the circulation and can therefore cause 
inflammation only locally and it is only the com- 
plexes of intermediate size that give rise to immune 
complex disease. What this size is, obviously, 
depends on the nature of the antigen, but in the 
experiments of Cochrane and HawkinsI9 it was 
around 19s. In the presence of an intact 
complement system this critically sized fraction 
of immune complexes may be reduced in amount. 

A second phenomenon of perhaps even greater 
importance is whether the immune complexes 
that are potentially pathogenic are canied in the 
circulation free in the plasma or whether they are 
carried bound to red cells through the comple- 
ment receptor CRl. Immune complexes free in 
the circulation may come into contact with endo- 
thelial surfaces across which they are transported 
and where they can then give rise to inflamma- 
tion. This may occur in the kidney, the lungs, 
skin, or joints. Immune complexes bound to 
erythrocyte CR1 will, providing there is stream- 
line flow in the vessels, not come into contact 
with the endothelia and will be remo;ed in the 
sinusoids of thereticulo-endothelial system where 
the red cells come into,contact with the macroph- 
ages lining the sinusoids. Here, the immune 
complexes will be transferred to receptors on the 
macrophages (CR1, CR3 and Fc receptors) and 
here it is believed that CR1, which is highly 
sensitive to proteolysis, will proteolysed by mac- 
rophage enzymes. 

Removal of antigens in the reticulo-endothe- 
lial system, perhaps particularly in the liver, al- 
lows them to be removed without feedback anti- 
body formation. Where immune complexes are 
removed in the periphery, an inflammatory re- 
action ensues with liberation of the autoantigens 
and the opportunity to make further autoantibody, 
thus establishing a vicious circle which leads to 
the formation of immune complex disease. This 
pathogenesis is shown in Fig 1. 

Some of the earlier evidence for such a scheme 
was the observation that CR1 levels on erythro- 
cytes of patients with SLE were reduced in num- 
ber proportional to disease activity. The observa- 
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tion originally gave rise to controversy in that data is therefore accumulating about the abnor- 
there is some genetic association of CR1 numbers malities of immune complex clearance. 
and it was originally believed that low CR1 num- 
bers may predispose to the disease.20.21 However, The antibody response in SLE is antigen driven 
this does not appear to be the case, since the 
genetic level of CR1 numbers on erythrocytes can 
be predicted from an RFLP polymorphism in the 
CR1 gene22 and low levels are found for each 
phenotype. Furthermore, the average risk for 
SLE associated with the low allele for CR1 is 
below 1, so that there appears to be no increased 
risk of developing disease on the basis of genetic 
CR1 numbers.23 Recently, we have been able to 
raise antibodies that react specifically with a 
neoantigen exposed in CR1 after p ro te~lys i s~~ 
and it can be shown that there is some elevation of 
levels of proteolysed CR1 on the erythrocytes in 
a group of patients with SLE. 

Furthermore, studies of a C2 deficient patient 
with SLE who was substantially improved by 
infusion of fresh plasmaz5 have shown that this 
improvement is associated with changes in im- 
mune complex clearance, notably increased up- 
take of immune complexes in the spleen and a 
more prolonged retention of immune complexes 
in the liver. Experiments by the same group on 
the handling of artificial immune complexes made 
with hepatitis B virus antigens and immune se- 
rum have shown that patients with SLE, whether 
or not they are genetically complement deficient, 
have shown reduced splenic uptake and reduced 
liver retention of immune complexes compared 
with normal subjects (data from K Davis and M J 
Walport, personal communication). The in vivo 

If the pathogenic scheme outlined in Fig 1 is 
correct, it must follow that the autoantibody re- 
sponse in SLE is driven by antigen rather than by 
the idiotype network or by polyclonal activation. 
I think that this view is no longer disputed, partly 
because the spectrum of specificity of antibodies 
found is clearly related to antigenic particles, 
notably the DNA-nucleo protein particle, to all 
components of which (DNA, histone, the native 
DNA histone complex and non-histone proteins) 
antibodies are found. Further evidence for this 
point of view is found in that antigen presentation 
appears to be required for the formation of such 
autoantibodies since interference with antigen 
presentation in mice with SLE by infecting them 
with LDH virus (which apparently uses Class 2 
MHC as a receptor and kills Class 2 positive 
macrophages) leads to arrest of formation of 
nuclear an t i b~d ie s .~~  

A further requirement from the pathogenetic 
scheme outlined is that the formation of at least 
small amounts of such autoantibodies should not 
be regarded as essentially abnormal, for it is the 
failure to eliminate the complexes and prevent the 
establishment of feedback cycles which seems to 
be important. In this connection it is interesting 
that there are studies as long ago as 1967" which 
show that the formation of low levels of IgM 
antibodies to nuclear antigen arecommon follow- 

Pr~teolysis of Ag 
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formation 

Sequestration in 2 
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FIG. 1 : Pathogenesis of immune complex disease (from Lachmann4) 
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ing pulmonary infarction. In all such patients the 
antibodies had totally disappeared again four 
weeks later. 

Summary 

It has been proposed that autoimmune im- 
mune complex disease, of which SLE is the type 
example, is caused essentially by a failure to 
properly metabolise immune complexes and that 
this allows the establishment of feedback cycles 
which cause more immune complexes to be 
formed. The essential genetic predisposition to 
this disease is complement deficiency of the com- 
ponents of the early classical pathway and some 
degree of genetic complement deficiency, par- 
ticularly of C4a, is found in more than half the 
patients. It seems likely that acquired comple- 
ment deficiencies, possibly present at the time of 
initiation of the disease, may be important in 
many of the other cases. 
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