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INTRODUCTION

Although the first autoimmune disease - the
haemolytic anaemia associated with the Donath-
L andsteiner autoantibody, has been known since
1902, the recognition that autoimmunity is a
common causeof awidevariety of diseasesreally
stemsfrom recognition of theautoimmune nature
of systemic lupus erythematosus (SLE) between
1948 and 1954 and the description of autoim-
munethyroiditisat approximately thesametime.??
Intheinterveningforty yearsan extensivenumber

of autoimmunediseases have been described and
agreat deal has been published on the origins of
autoimmunity and on theaetiol ogy and pathogen-
esisof thediseases concerned. However, it must
be admitted that in very few casesis a complete
explanation of autoimmunedisease available. It
has, however, becomeabundantly clear that auto-
immunity is not a single 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 agtiological Genetic
P mecheniam % associaion
Anti - receptor Myasgtheniagravis g "Internal image' ] (femaeonly)
antibody Idiotype network -----=-----veeeeeeev ] Al B8 DR3
mediated Grave's disease )  derangement
solventexposure
"Sequestered goodpasiure's disease Abormal (orinfection) |
antigen” : release of ] DR2
Phaco-anaphylaxis ) antigen urgery
Strep pyogenes ]
& heart musde 1
I
Autoimmune Rheumatic fever ) Antigenic mimicry |
dissasefrom between SHf antigen ----------------- ]
mitigenic Reactive Arthritides 3 and infecting pathogen
!
Enteric pathogens
(Shigdla |
Chlamydia ] B
Klebsiella & B27) ]
Autoimmune IDDM )  Aberat ClassII MHC ] & DR4
endocrino- expressonon hormone-------------- ] Al B8DR4
pathies Hashimoto's disease }  producing cdlls
"T-cell" Multiplesclerosiss EAE ) Unknown DR2
mediated - - - 7Response to unknown
disease Rheumatoid arthritis ) infectiousagent DR4
Autoimmune SydemicL E )  Defectin ] Complement
immune complex immune complex deficiency
disease Glomerulonephritis )  handing
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It is the last category on Table 1, that of
autoimmuneimmune complex disease, whichis
to be the subject of this lecture. The prototype
diseasein thisgroup is SLE, where autoantibod-
ies are formed to a substantial number of non-
organ specific intracellular cell components,
noticeably the componentsof the DNA nucleo-
protein particle and where immune complexes
involving these antibodies and their respective
antigensarelargely responsiblefor thepathogen-
esis. The genetic predispositionto this group of
diseasescan befound in deficienciesof theearly
components of the classical pathway of the
complement system (Table2).*

Subjects who have homozygousdeficiencies
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
C2deficiencyisrelativelycommonandclinically
normal subjectswith C2 deficiency are probably
under-reportedin the literature. Presumably, pa
tients with C2 deficiency are less affected than
thosewith C1and C4 deficiency becausethey can
fix C4 on their immunecomplexesand bound C4
shares many of the activitiesof bound C3. Itis
interestingthat C3 deficient subjectstend to suf-
fer from infectionsrather than immunecomplex
disease, although a vasculitic illness is not un-
common and it may be that failure to fix C3 by
either the classical or the aternative pathway
interfereswith the mediating mechanismsof the
diseaseas well asthosethat normally prevent it.

Although the incidence of SLE among pa
tientswith homozygousdeficienciesof the clas-
sical pathway complementcomponentsissohigh,
such patients make up a trivia percentage of
patients with SLE. However, when it became
apparent that heterozygousdeficienciesof C4, or
a least of one of its isotypes was relatively
common, surveys were done to investigate the
frequency of partial C4 deficiency among pa-
tientswiththedisease. Itisnow clear that not only
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in Caucasiansbut alsoin Orientalsand in Ameri-
can blacks, there is a significant increase in the
incidenceof C4A null alleles among patientswith
SLE; indeed morethan half such patientscarry at
least oneC4A null allelecomparedto between20
and 30% of the various normal populations.*®

It haslong been known that complement plays
arole in the mediation of immune complex in-
flammation and the association of complement
deficiency withitsoccurrence was thereforesur-
prising. Theassociationis physiological and not
dueto geneticlinkagesincethegenes for Cl and
C4 arenot on thesamechromosomeand even the
secondary deficiencies of C2 and C4 found in
hereditary angioedema carry an increased inci-
denceof SLE.

THECONSEQUENCESOFCOMPLEMENT
DEFICIENCY THAT MAY PREDISPOSE
TO IMMUNE COMPLEX DISEASE

Effectson antibody formation

Thereis extensive work on animals demonstrat-
ing that deficienciesof theearly classical comple-
ment components and of C3 impair antibody
responses, especialy to low doses of antigen
given without adjuvants.”® It has recently been
demonstratedthat in C4 deficient guineapigsuch
responses can be reconstituted by the passive
administration of human C4A but not human
C4B." The two human isotopes differ in that
CAA preferentiallymakesamidebondsand there-
fore binds particularly to immune complexes
whereas C4B preferentially forms ester bonds
and binds particularly to carbohydrates and cell
surfaces. Thissuggeststhat 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)'2
that an important mechanism for the role of
complement in the immune response is its re-
guirementon immunecomplexesfor the binding

TABLE 2 Complement deficienciesof theearly classical pathway components(from Lachmann?)

Component Chromosoma  Number Hedthy I/Cdisease (SLE)  Infections (Neisseria) Other
locus

Clq Ip 17 2 15 O] 5 (2) Skinlesions

Cli/Cls 12 9 2 7 6 - - -

C4 6p 16 2 14 12) 6 - -

c2 6p 77 15 43 23) 30 3) -

Cl-Ina 11 >500 - 2-5% ? (not reported) hereditary

cedema(al)




of antigen and this takes place in the germinal
centres of lymph nodes, the site a which B cdll
memory is generated.

In humans, thereis no overall antibody defect
in patients with theseearly complement compo-
nent deficiencies but it has been demonstrated
that they do havelower 1gG4levelsthannormal.’
C3 deficient patients also have some defect in
1gG2 formation. 1gG2 is the penultimate, and
IgG4 the ultimate IgG subclass formed in the
immuneresponseand thesedefi cienciespresum-
ably reflect a difficulty in generating B cell
memory. Itisthereforepossiblethat thefailureto
generatethesefinal isotypesmay play somerole
in the pathogenesisof immunecomplex disease.
However, 1gG4 does not itself fix the classica
pathway of complementor indeed the alternative
pathway and it is not immediately apparent how
thisdefect would lead toimmunecomplex disease.

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

It wasknown to Heidel berger somefifty years
agothat in the presenceof complement, immune
precipitation was delayed and the precipitates
formed were finer and non-flocculent.’  This
phenomenon wasrediscoveredin 1975 by Miller
and Nussenzweig'® who showed that preformed
immune complexescould be resolublisedin 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 complexesin the
presence of complement, it is apparent that it is
the classical pathway that is required to keep the
complex soluble.”

Theexplanationfor thiseffect of complement
on immune precipitation is not intuitively obvi-
ous and hasbeen explained in termsof aninhibi-
tory effect by fixedcomplement on Fc-Fcinterac-
tions. It seems more likely, however, that the
effect can be explained in terms of the Goldberg
hypothesi sof immune precipitation.'”'® Thisstates
that the composition of immune complexes can
be predicted solely from knowledge of the con-
centrationsof antigenand antibody and thevalency
of each. Thecomplex most likely toform is that
which can beformed in the maximum number of
different ways. The mathematics involved are
extremely complex, but they predict that thelike-
lihood of precipitationfallssharply asthevaency
of the antigen is reduced and as the valency of
antibody is reduced from two towards one. It
seemshighly probablethat 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
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valency of antibody molecules that are already
bound by onevalency and that thiswill lead toan
effective valency drop from two downwards.
This change will tend to favour the formation of
alargenumber of small complexesat theexpense
of asmall number of largecompl exesand account
for thefailure of precipitation seen. This effect
may beimportantin the pathogenesisof immune
complex disease, sincevery small complexesare
not apparently capableaf inducinginflammatory
disease. Largeinsolubleimmune precipitatesdo
not enter the circulation and can therefore cause
inflammationonly locally and itisonly the com-
plexesdf intermediatesizethat giverisetoimmune
complex disease. What this size is, obvioudly,
depends on the nature of the antigen, but in the
experiments of Cochrane and Hawkins'® it was
around 19s. In the presence of an intact
complement system this critically sized fraction
of immunecomplexesmay bereducedinamount.

A second phenomenon of perhapsevengreater
importance is whether the immune complexes
that are potentially pathogenic are carried in the
circulationfree in the plasmaor whether they are
carried bound to red cells through the comple-
ment receptor CR1. Immunecomplexes freein
thecirculation may comeinto contact with endo-
thelial surfaces acrosswhichthey aretransported
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 thereis stream-
line flow in the vessels, not come into contact
with the endothelia and will be removed in the
sinusoidsof thereticulo-endothelialsystemwhere
thered cellscomeinto,contact with the macroph-
ages lining the sinusoids. Here, the immune
complexeswill be transferredto receptorson the
macrophages (CR1, CR3 and Fc receptors) and
here it is believed that CR1, which is highly
sensitiveto proteolysis, will proteolysed by mac-
rophageenzymes.

Removal of antigensin the reticulo-endothe-
lia system, perhaps particularly in the liver, a-
lows them to be removed without feedback anti-
body formation. Where immune complexesare
removed in the periphery, an inflammatory re-
actionensues with liberation of the autoantigens
andtheopportunity tomakefurther autoantibody,
thus establishing a vicious circle which leads to
the formation of immune complex disease. This
pathogenesisis shownin Fig 1.

Somedof theearlier evidencefor suchascheme
was the observation that CR1 levelson erythro-
cytesof patientswith SLE werereduced in num-
ber proportional todiseaseactivity. Theobserva-
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tion originally gave rise to controversy in that
thereissomegeneticassociationof CR1 numbers
and it wasoriginaly believedthat low CR1 num-
bers may predisposeto thedisease.”?' However,
this does not appear to be the case, since the
geneticlevel of CR1 numbersonerythrocytescan
be predictedfrom an RFLP polymorphismin the
CR1 gene?? and low levels are found for each
phenotype. Furthermore, the average risk for
SLE associated with the low alele for CR1 is
below 1, so that there appears to be no increased
risk of devel oping disease on the basisof genetic
CR1 numbers.? Recently, we have been ableto
raise antibodies that react specifically with a
neoantigen exposed in CR1 after proteolysis®
and it can beshown that thereissomeel evation of
levelsof proteolysed CR1 on theerythrocytesin
agroup of patients with SLE.

Furthermore, studiesof a C2 deficient patient
with SLE who was substantially improved by
infusion of fresh plasma® 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
thehandlingof artificial immunecomplexesmade
with hepatitis B virus antigens and immune se-
rum have shown that patients with SLE, whether
or not they aregenetically complement deficient,
have shown reduced splenic uptake and reduced
liver retention of immune complexes compared
with normal subjects (datafromK Davisand M J
Walport, personal communication). Thein vivo
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data is therefore accumulating about the abnor-
malities of immune complex clearance.

The antibody response in SLE is antigen driven

If the pathogenic scheme outlined in Fig 1 is
correct, it must follow that the autoantibody re-
sponsein SLE isdriven by antigen rather than by
theidiotype network or by polyclonal activation.
| think that thisview isnolonger 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 isfound 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 antibodies.?

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
failuretoeliminate thecomplexesand preventthe
establishment of feedback cycles which seemsto
be important. In thisconnection it isinteresting
that thereare studiesaslong ago as 1967 which
show that the formation of low levels of IgM
antibodiesto nuclear antigenarecommon follow-

Proteolysis of Ag

No antibody
formation

Sequestration in

the liver '/

to RBC CRt
Poor C
fixation
Y Circulate in
plasma

FIG. 1: Pathogenesis of immune complex disease (from Lachmann?)



ing pulmonary infarction. Inall such patientsthe
antibodies had totally disappeared again four
weeks | ater.

Summary

It has been proposed that autoimmune im-
mune complex disease, of which SLE isthetype
example, is caused essentially by a failure to
properly metaboliseimmune complexesand that
this allows the establishment of feedback cycles
which cause more immune complexes to be
formed. The essential genetic predisposition to
thisdiseaseiscomplement deficiency of thecom-
ponentsof theearly classical pathway and some
degree of genetic complement deficiency, par-
ticularly of C4a, isfound in more than haf 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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