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gp Glycoprotein

HBSS Hanks Balanced Salt Solution

HEM Hepes Buffered Earles Minimal Essential Medium
HMV High Molecular Veight

HRP Horseradish Peroxidase

IATH Immune Adberence Haemagglutination

MF Microfilaments

Min Minute

Mol 17" Moles Per Litre

ns Microspheres
MT Microtubules
ND Not Determined

NHS Normal Human Serum



MS
NP-40
KRS
OPD
PAGE
PBS
PDBu
PEG
PHA
PMA
PMN
PMSF
Poly G
PVM
PVP
RA
RIA
SAS
SBT1I
SDS
SEM
SLE
TCA
TEMED
TRITC
Tween
VBS
v/v
v/

Normal Mouse Serum

Nonidet

Normal Rabbit Serum
o-Phenylene-Diamine
Polyacrylamide Gel Electrophoresis
Phosphate Buffered Saline

Phorbol Dibutyrate

Polyethylene Glycol
Phytohaemagglutinin
Phorbolmyristate Acetate
Polymorphonuclear Leukocytes
Phenylmethanesulphonyl Fluoride
Polyguanylic Acid

Pake Weed Mitogen
Folyvinylpyrrolidene

Rheumatoid Arthritis
Radioimmunoassay

Saturated Ammonium Sulphate
Soybean Trypsin Inhibitor

Sodium Dodecyl Sulphate

Standard Error of the Xean
Systemic Lupus Erythematosus
Trichloroacetic Acid

N N N', N'- Tetramethylenediamine
Tetramethylrhodamine isothiocyanate
Polyoxyethylenesorbitan Monolaurate
Veronal Buffered Saline
Valume/Volume

Weight/Volume
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It is the glory of God to conceal
things,
but the glory of kings is to search
things out,
(Proverbs 25:2)
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L[ummary

The C3b receptor (CR1L) wa=z first isolated from human erythrocyte
membranes in 1979 and shown to be a large single chain polypeptide
glycoprotein with a molecular weight of 205,000 daltons. CR1 isolated
from erythrocyte membranes has been shown in vitrg to possess cofactar
activity for the I mediated cleavage of C3b to iC3b and C4b to iCdb. It
also plays a role in the prevention of lysis of bystander erythrocytes by
its ability to cause the decay dissociation of C4b2a3b and C3bBb formed
on these cells. In addition erythrocyte CR1 jn_vivg is thought to play a
role in the transport of opsonised immune complexes from the circulation
to the re%uylo~endokkahqlsygémwhere Lhey can be removed. On unstimulated
phagocytic cells the primary function of CR1 is the binding of complexes
opsonised with C2 and C4 degradation while on stimulated phagocytes CR1
iz able to directly mediate fthe phagocytosis of opsonised particles. CR1
may play a role in the regulation of B lymphocyte function and on kidney
podocytes CR1 may serve %o prevent complement activation on the basement

membrane of the glomerulus.

The 1level of erythrocyte CRI is diminished in patients with systemic
lupus erythematosus and at the onset of this study it had not been
established if these reduced levels were inherited or 1if they were
acquired as a result of the disease process. One of the main aims of this

study was the comparison of CR1 expression on the erythrocytes of

o

monozygotic and dizygotic twins in order fto establish the relative roles
of genetic and environmental factors on the regulation of erythrocyte CR1

numbers in the normal population.

In order to quantify the nomber of CR1 sites per erythrocyte CR1I was
purified from human erythrocyte membranes and a polyclonal antiserum was
prepared. When the monoclonal antibody, El1l became available this was
used instead of the polyclonal antiserum as one point determinations
could be performed. VUsing Ell the number of CRl sites on the

erythrocytes of 62 dizygotic and 61 monozygotic twins was calculated. The
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CR1 levels on these twins were found to be distributed in a log-normal
fashion with no evidence of dintinct grovps of individuals having high or
low phenotypes. Also there was no significant difference in CR1 levels
between the sexes nor was there any differences associated with age.
Analysis of variance of the log.e transformed CR1 sites/erythrocyte
revealed that fthe intra-pair variance for identical twins was nat
significantly different from the inter-pair variation between all the
twins and the F ratio to compare monozygotic intra-pair variance with
dizygotic intra-pair variance was not significant. These results suggest
that as the differences between dizygotic twins were no greater than the
differences bhetween monozygotic twins, differences in erythrocyte CR1

levels may arise largely or wholly as a result of environmental factors.

As the structural gene for CRL is present on the gene cluster with Cdbp
and H, and all three are cofactors for I, the serum levels of C4bp, H and
I were measured for each of the twins. It was found that there was no
significant genetic influence on the regulation of any of these proteins.
However there was a significant increase in the levels of all of these
proteins with age. Correlations were found between H and C4bp and between
Cibp and I but there were no correlations found between CR1 and any of

the other proteins.

Having established that environmental factors play a significant role in
the regulation of erythrocyte CR1 numbers in normal individuals,
experiments were performed to defermine which environmental factors
could modulate erybhrocyte ©CR1L  expression. Overnight storage of
erythrocytes at 4°C or 37°C in RPMI/ESA or autologous serum did not
result in a significant reduction in CRl sites/erythrocyte and storage
for two days at 37°C in autologous plasma did not result in an inability
to immunoprecipifate CR1 from radiclabelled erythrocytes. Thus it was
concluded that spontaneous shedding of CR1 from erythrocytes in vivey was
unlikely. High concentrations of the proteolytic enzymes trypsin and
elastase removed all CR1 detectable by radioimmunoassay, but aft
physiological concentrations these enzymes plus thrombin, plasmin,

kallikrein and cathepsins C and D had no effect on the number of CR1
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sites/erythrocyte. The results of on in_vitro and an in_vivo experiment
suggest that reduction in erythrocyte CR1 numbers could occur as a result
of Dblockade of the receptor by immune complexes. In_vitro it was shown
that . CR1 numbers on the erythrocytes of +two individuals were
considerably reduced in the presence of large opsonised IgG aggregates as
compared with CR1 levels in the presence of large unopsonised aggregates.
In_vivg numbers of CR1 sites on erythrocytes were reduced in six
individuals two hours after drinking 1.2 litres of cows milk which is a
rich source of food antigens. These experiments suggest that E CR1
numbers are not a stable heritable characteristic but may be strongly

influenced by simple environmental factors.

Having investigated CR1 on erythrocytes afttention was then fturned to the
study of CRY on polymorphonuclear  leukocytes. The number of
polymorphonuclear leukocyte CR1 sites/cell was calculated on 14 normal
individuals and on 15 patients with systemic lupus erythematosus using
the polyclonal anti-CR1 antiserum. It was shown that polymorphonuclear
leukocytes express three distinct pools of CR1. CR1 expression was lowest
at 0°C (mean 87,593 * BSEM 7,350) but increased when the cells were
incubated at 37°C (124,932 % 16,188) or when the cells were exposed to
the chemotactic peptide N-formyl-methionyl-leucylphenylalanine (FMLP) at
37°C (206,591 = 21,3968). The increased expression at 37°C was not
dependent upon an intact cytoskeleton or energy. Although the response to
FMLP did not require de novo protein synthesis, increased CRI expression
was dependent upon an intact <ytoskeleton and energy. Trypsinisation of
polymorphonuclear leukocytes remaved all CR1 detectable by
radioimmunoassay; however after incubation for one hour at 37°C the

surface expression of CR1 was restored almost to naormal levels. The

{

return of CR1 was nnt affected by inhibitors of protein synthesis or
inhibitors of cytoskeleton assembly. All three polymorphonuclear leukocyte
CR1 pools were reduced in patients with active systemic  lupus
erythematosus, the most severely depleted pool being that which was
nobilised in response to chemotactic agents. Polymorphonuclear leukocyte
CR1 numbers were normal in pabtients with inactive systemic lupus

erythematosus, Serial studies performed on  three systemic lupus
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erythematosus patients showed that polymorphonuclear levkocyte CR1
numbers were low during periods of disease activity and increased during

remission. These dabta suggest thaft low polymorphonuclear leukocyte CR1
numbers in sysftemic lupus erythematosus are a consequence of the

disease.

An attempt was made fto study the synthesis of CR1 in cultured monocytes
and lymphocytes from normal individuals. The aim of this was to compare
the rate of synthesis of CR1 in normal cells with the rate of synthesis
of CR1 in the cells from, patients with SLE in order to determine if the
reduced CR1 levels associated with <fhe disease were as a direct
consequence of the cells inability to synthesise the protein. Although CR1
was successfully immunoprecipitated from one lymphocyte and two monocyte
cell cultures, the method did not prove to be sufficiently reliable to be
considered suitable for the study of CR1 abnormalities in systemic lupus

erythematosus patients.

Clearly environmental factors are important in the reduction of CRI
numbers an the erythrocytes and polymorphonuclear leukocytes of patients
with systemic lupus erythematosus. Although immune complexes will reduce
CR1 numbers on erythrocytes in vitrg it is not known if this is the
cause in vivo. The cause of the reduction of polymorphonuclear leukocyte
CR1 in patients with systemic lupus erythematosus is unknewn and needs
to be resolved. In addition fthe biological significance of reduced CR1

numbers in polymorphonuclear leukocytes remains to be investigated.



CHAPTER ONE
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1.1 History of Complement

As early as 1792 it was noted that blood putrified more slowly than
other substances, but it was not until almost a century later that
studies on the capability of blood serum to kill certain microorganisms
led to the discaovery of complement. Following earlier work by Grohmann
(1884) and Nuttall (1888), Buchner (1889) showed that bacteria could be
killed and lysed by fresh cell free serum and that this activity was
destroyed if the serum was heated to 55°C for 30 minutes. He called this
activity "alexin", meaning a protective substance, and he considered the
killing action to be due to serum proteins with enzymatic activity since
it was heat, labile and most readily demonstrable at body temperature.
Following this, Pfeiffer and Issaeff (1894) showed that the destruction
of some microorganisms, for example, Vibrio cholera, required specific
antibody as well as alexin. This was a major advance the real
significance of which became evident three years later from the work of
the Belgian Jules Bordet (1898). Bordet noted that rabbit erythrocytes
(E) were dissolved by the addition of horse serum which had been injected
previously with rabbit E. If this immune serum was heated to 55°C it lost
this activity, but activity could be restored by the addition of serum
from an unimmunised guinea pig which had no haemolytic effect on its
own. From this Ehrlich and Morgenroth (1900) concluded that there were
two substances concerned in the haemolysis reaction: +the first, which
they called "the immune body", was developed in serum by the process of
immunisation and was heat resistant; the second, which was present in
fresh serum and was susceptible to heat, they called "complement".
Ehrlich went on to show that complement could only act to lyse E when it
was linked to the E via the immune body.

Most of the fundamental discoveries concerning complement action were
made during the first quarter of this century and sprang from the
recognition that complement was a multi-component system. Ferrata
(1907) noted that dilalysis of fresh guinea pig serum against water
yielded a precipitate and a supernatant. On adding the supernatant to
sensitised E no haemolysis was observed but if the dissolved precipitate
was recombined with the supernatant then haemolysis was restored. Brand
(1907) called the factor in the precipitate "midpiece" and the factor in

the supernatant "endpiece". These names were given to imply the
sequential nature of complement action. The endpiece was found to
contain two components called respectively "the second component" and
*the third component”. The third component was relatively heat stable.

and could be removed from serum by the action of zymosan or yeast.
Serum treated in this way became inactive although it still contained the
first and second components. Gordon, Vhitehead and WVormal (1926)
demonstrated the existence of a fourth component which could be
destroyed by treatment with ammonia. Ueno (1938) showed the sequence of
action of these four components: E sensitised with antibody first
combined with midpiece, now known as activated Cl, then with the fourth
component C4, and then with endpiece containing C2 and C3.
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In 1946 a major advance in the study of complement was made possible by
the development of a means to measure quantitatively the extent of
haemolysis. This enabled a more detailed study of the conditions which
influenced the action of complement. By 1961 Mayer (1961) had
demonstrated that the sequence of interaction was Cl, C4, C2 and C3 with
a requirement for calcium and magnesium. He also introduced the theary
that only one lesion per E was necessary for lysis, this was termed "the -
one hit theory of haemolysis".

Complement research proceeded rapldly: by 1969 C5, C6, C7, C8 and C9 had
been purified. By then 1t was known that complement was a system
comprising at least 11 glycoproteins and several inhibitors which could
be activated by aggregated immunoglobulins. It was also during the
1960's that the breakdown of the complement proteins C3, C4 and C5 to
smaller inflammatory fragments was recognised. With this discavery came
the realisation that the complement system not only aided the
immunologically specific effects of antibody by the opsonisation and
lysis of E and bacteria but also the release of these smaller peptides
had effects on the activation of the immune system itself. The study of
the role aof complement in defence against microbial infections and auto-
immune diseases has therefore come to occupy a central position in
clinical medicine.

1.2 }HMMMMMLM@L

During the early part of this century there was much controversy over the
mechanisms involved in the apparent ability of the body to destroy
bacteria and viruses despite the fact that it had not been previously
challenged with these organisms. Vhile some attempted to explain this
natural immunity on the basis that the body had natural antibodies which
could destroy foreign organisms immediately on their first encounter,
others felt that there was an alternative means of protection which did
not involve specific antibody.

In 1954 Pillemer isolated a new serum protein which he believed could be
the mediator of natural immunity. This protein was called "properdin"
from the Latin pro _perdere: to prepare to destroy (Pillemer et al 1954).
Pillemer observed that when zymosan particles were added to serum
haemolytic complement activity was depleted and the zymosan particles
became coated with properdin. This activation step occurred in the
absence of antibody and the concentration of the early components Cl1, C4
and C2 remained unaltered. Thus it was postulated that the properdin
system comprised an alternative means of activating the later components
without involving the classical pathway. This claim was substantiated by
the work of Schur and Becker (1963) which showed that antigen-antibody
(Ag/Ab) complexes containing only rabbit F(ab"=z fragments could only
turn over complement to a limited extent. To turn over the remainder,
the whole antibody molecule was necessary, indicating that there were two
kinds of complement in serum, one which bound to F(ab')z and one which
could only bind to the whole molecule.
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Sandberg, Oliveira and Osler (1971) studied the ability of the two
subclasses of guinea pig 1gG to activate complement. IgGz could utilise
all the complement components while IgG: was only capable of reducing
the late components. If IgGz was digested to yield F(ab"z fragments
then only the late components could be activated. It appeared that there
were two different sites on IgGz, one on the Fc portion which could
activate the early components and one on the F{(ab')z portion which could
activate the terminal components. This second pathway was subsequently
found to be activated by microorganisms, endotoxins, certain classes of
immunoglobulin and  immunoglobulin  fragments (Gewurz, Shin and
Mergenhagen 1968, Miuller-Eberhard and Schreiber 1980).

Further evidence for the existence of an alternative pathway came from a
different area o©of research, the study of snake venom. A factor from
snake venom was found to activate the terminal components with little
consumption of the early components. (Gétze and Miller-Eberhard 1971),
Purification of this factor resulted in the ability to analyse more fully
the molecular mechanisms of the alternative pathway. It was found that
cobra venom factor interacted with two serum proteins termed "factor D"
and “"factor B" to form a C3 convertase which cleaved C3 and resulted in
the activation of the terminal components (Cooper 1973). The knowledge
gained from these early studies formed the basis of the current
understanding of the alternative pathway which will be reviewed later in
this thesis.

1.3  Complement

To date recent research has shown that the complement system is
comprised of 20 proteins which are for convenience divided into four
groups: the classical pathway, the alternative pathway, the terminal
sequence and a group of control proteins. The proteins of the classical
and alternative pathways form two enzyme cascades which proceed in an
orderly sequential fashion similar to the activation of the coagulation
and fibrinolytic systems. These enzyme cascades are activated when
inactive precursor molecules lose a small fragment through limited
proteolysis by a membrane-bound enzyme. The loss of this small fragment
reveals a nascent membrane binding site on the remaining larger enzyme
precursor which can then bind to the membrane. This membrane-bound
enzyme becomes the next functionally active enzyme of the sequence. Each
membrane-bound enzyme can activate many substrate molecules so that each
step is amplified. The end result of both pathways is the cleavage of C3
which is the central event in the complement system. Following this the
proteins of the terminal sequence become assembled into membrane attack
complexes which are responsible for the lethal lytic lesions in the lipid
bilayers of invading microorganisms. As has been previously described
much of the early work on complement focused on the lysis of sheep E in
an attempt to define the mechanism of cell lysis. This lysis step was
originally thought to be the major role of complement in vivo however,
in the light of current research the known biological activities of



KR

The components of the classical pathway and the terminal sequence are

designated numerically in order of their discovery, eg Ci, C2, €%, C&, 5,
€6, C7, C8, C2. This numbering system can be slightly confusing as the
numbers do not pecessarily correspond to the order in

components react. The fragmenis formed from these mnative cowmplemen

1 the

components by limited proteclysis are assigned small letters, eg Cla, C
Céo, C4E. The E.;l‘ef native pat £

way components are termed fac

factor D, factor
These names can be abbreviated to B, D and P respectively, TL-c
proteins are referred to by their trivial names indicating
funciional or historical meaning eg. €1 inhibitor (CITEHE), C4
protein (Cébpl), C3b inactivator (C3DIFAY and B1H globulin (B1H),

T

anéd B1H have recentiy heen renamed I and H respectively. The poly:

is represented by a letler, eg factor B,

chains of each component are suffixed with a Greek letter with o for

%6
largest then 8 them ¥, eg Cdo, C48 and C44.

1.5 The Classical Complemen® Pathway

The classical patbway (Fig 1.1) is the name given to the series of plasma

proteins which are involved in the assembly of the C3 splitiing enzy
the C3 ccmvertas-se. It is distinguished from the alternative palhway ii:n
that it wusually requires +the binding o©f an antigen %o its specific
antibody for its activation. Once activated a series of reactions woccur
during which five proteins are transferred from the fluid-phase cnton the

surface. These five proteins are Clg, Clr,

t‘:&

e E]

menmbrane of the target cell
Cls, C4 and C2., Top ensure that the classical pathway proleins are uot
activated continuously three control proteins operate, these are CIiRE,
Cabp and I.

1.6 Activation of Ci

Cl is the recognition unit of the classical pathway. IL consists of three
distinct protein molecules, Clg, Cir and Cls (epow et al 1963; Gigli,
Porter and Sim 19762, These are held together by a calcium cependent
bond. Ci circulates in the plasma as a pentamoiecuiar complex copiaining
one molecule of Clg, two molecuies of Cir and two molecules of Clis, tn

give a structural formula of Cig., Cirz, Cls=.

During activation of
bind to antigensantibody cumplexes coni
subclasses. IgGy, Igh= and IgGs all activate
the most polent. oG, does nobt activate the pathway
do IgA, Igd or IgE.
the Cpéd dowain of

the Cn2 comain of Igh aund

ieads to a conformational change

iy Ehe oo




Table 1.1 DBiological Activities of Complement

Activity

Product

Pro-ipflammatory
1. Increased vascular permeability
2. Chemotaxis

3. Lysosomal enzyme secretion
Cytolytic
Bystander Lysis

Opsonic
1. Adherence to receptors
2, Enhancement of phagocylosis

3. Increased intracellular killing
of bacteria

4, Increased intracellular degradation
of immune complexes

S]]'].- !2 EC ]p »

Aptibody Producti
1. T-dependent responses

2. Generation of B memory cells

C4a, C3a. Cha, C2-kinin
C5a, C5a desarg, C5b67, C3bBb

C3b

C5b-9

C5b-7

C4b, C3b, iC3b, C3d

C3b

C3b

C3b

C3b £ C4b

C3

c3




‘Fig 1.1 Classical Pathway Activation

Legend

Diagram showing classical pathway activation., A ~ above a symbol
indicates that the component has undergone a conformational change. A bar
above a symbol indicates that the component is in its activated state.

(From Whaley, K. (1980,
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Clg bas a molecular weight of 410,000 daltons it is formed from 18
peptide chains in three subunits of six. When visualised in the electron
microscope each six peptide subunit resembles a bunch of six tulips with
the lower half of the stem comprising two pairs of triple peptide helices
joined together and the upper half of the stem splitting to form six
separate stems, each ending in a globular head (Porter and Reid 1978).

The sites for attachment of Clq to the Fc portion of IgG are found in
these heads, thus imposing on Clq the potential for multivalent
attachment to immune complexes. Indeed for activation of Cl1, Clq mnust
bind to at least two IgG antibody molecules although one IgM antibody
molecule is sufficient (Reid and Porter 1981). The remaining portions of
the Cl1 molecule, Clr and Cls, bind to Clq through Clr which in the
presence of calcium ions will bind to the central region of the stalks of
the Clq molecule. Cls does not interact with the antibody bound Clq
molecule and therefore it is Clr which acts as a bridge between the two
molecules. The ultrastructure of both Clr and Cls is now known. They
both have molecular weights of 83,000 daltons and are both chemically
very similar, each comprised of a single polypeptide chain. Exactly how
Clqg is able to activate Cls is unknown as Clq has no known enzymatic'
activity. It is thought that when the heads of the Clq molecule bind to
IgG they undergo a conformational change which results in the realignment
of the Clr molecule. This realignment of Clr may allow an enzymatic site
within the molecule itself to attack one of its own peptide bonds, thus
autocatalysing the conversion of inactive Clr to its enzymatically active
form, CIr. CIr bas the ability to enzymatically activate Cls by cleaving
a single peptide in the molecule. Once CIs acquires proteolytic enzyme
activity it can activate the next two proteins in the sequence C4 and C2
thus causing continuation of the cascade. After formation of Cls the
initial recognition phase of the classical pathway is completed and the
antibody is no longer required. The control protein C1INH, which is a
single chain polypeptide molecule with a molecular weight of 150,000
daltons, binds to the active sites of Clr and Cls. This results in the
release of the Cir:Cls:C1INH complex into the fluid-phase where it no
longer has any ability to cleave C4 or C2 (Cooper 1985).

1.7 Activation of C4 and C2 by Cls

The next phase in the classical pathway is the formation of C4b2a, the
classical pathway C3 convertase. This bimolecular complex is formed only
after the cleavage of C4 and C2 by Cls. C4 is composed of three
disulphide linked polypeptide chains, an o chain of molecular weight
03,000 daltons, a § chain of molecular weight 75,000 daltons and a Y
chain of molecular weight 33,000 daltons (Schreiber and Miller-Eberhard
1974). Tls cleaves a single peptide from the a chain of C4 to produce
C4a and a nascent C4b molecule. Cda is released into the fluid-phase
while C4b binds covalently through its labile binding site to activating
target particles. If C4b does not bind within 50 milliseconds, then the
molecule is released into the fluid-phase.
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In addition to its labile binding site, C4b possesses two additional
stable binding sites. One of these stable binding sites is able to bind
to C2 in the presence of magnesium ions to form a C4bC2 complex. C2 has
a molecular weight of 100,000 daltons-It binds to C4b, initially in an
inactive form, but upon cleavage by Cls, the fragments C2a and C2b are
generated. The enzymatic site is present on C2a the largest of these twa
fragments (Nagasawa and Stroud 1977). C2a remains bound to C4b toc form
the C3 convertase C4b2a (Ichihara et al 1986).

1.8 Cleavage of C3 by C4baa

The substrate for the classical pathway C3 convertase is C3.  This
protein is functionally the most important component of the complement
system. The molecule consists of two polypeptide chains: an o chain of
molecular weight 120,000 daltons and a B chain of molecular weight 75,000
daltons. These are linked together by disulphide bridges to give a
combined molecular weight of 195,000 daltons. Cléavage of the N-terminal
end of the « chain of C3 results in the formation of a small peptide C3a
(molecular welght 9,000 daltons). C3a is an anaphylotoxin which has a
number of biological functions, (i) it directly acts on smooth muscle
causing it to contract; (i) it stimulates mast cells and basophils to
release histamine, (ii1) it stimulates platelets to release serotonin,

(iv) it can 1induce platelet aggregation and (v) at very high
concentrations (50 pg/ml) it may also be a chemotactic factor. C3a is
released into the fluid-phase where it exerts these biological effects for
a short while before belng inactivated by carboxypeptidase N, The
remainder of the « chain and the intact B chain comprise C3b (molecular
weight 185,000 daltons). C3b is able to bind to target surfaces via its
labile binding site which consists of an internal thiolester linking
together a cysteinyl and a ¥-glutamyl residue (Law and Levine 1977; Tack
et at 1980). Upon cleavage of C3 by the C3 convertase, the labile
binding site becomes exposed due to structural rearrangement of the
molecule so that the glutamyl residue is available for covalent binding
of C3b to hydroxyl or amine groups on the surface of cell membranes or
immune complexes. This binding site 1is avallable for only a few
milliseconds after which the molecule undergoes secondary changes which
cause it to lose its binding site. This inactive C3b remains in the
fluid-phase where it is unable to participate in formation of a C5
convertase. Approximately 10% of the C3b molecules bind leaving the
remaining 90% inactive in the fluid-phase. C3b also possesses a stable
binding site which can bind to specific membrane receptors on a variety
of cell types, including E, polymorphonuclear leukocytes (PMN), monocytes,
macrophages and lymphocytes. Once bound to these cells many important
biological functions are elicited. These receptors and their functions
are the subject of this thesis and will be discussed more fully in a
later section.
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1.9 Regulation of CAbza Formation

Since uncontrolled proteolysis of C3 would result in the total depletion
of the classical pathway components and = consequently an inability fo
destroy pathogens by this means, regulation of the C3 convertase is
vital. For this reason there are a number of control mechanisms.

Internal regulation results from the fact that the labile binding site of
C4b is availlable for a very short period, after which the binding
activity is lost. This means that large numbers of C4 molecules must be
cleaved to ensure binding of some onto the activating particle. Even
when formed, the C4b2a complex is unstable and it decays rapidly by
spontaneous dissoclation, releasing C2a into the fluid-phase in an
inactive form. The natural decay of the enzyme is accelerated by the
action of the control protein C4bp (Cooper 1975). C4bp binds to the
stable binding site on C4b accelerating the intrinsic decay
dissociationof the C3 convertase by displacing C2a from C4b. Recently it
has been shown with the aid of monoclonal antibodies that C4b has two
stable binding sites. One monoclonal antibody was able to inhibit the
binding of both C2 and C4bp to C4b and it could also accelerate the
decay dissociation of the C3 convertase. This indicated that the binding
sites for C2 and C4bp on C4b are the same or that they partially overlap
(Ichihara et al 1986). As well as its ability to 'decay dissoclate the C3
convertase, C4bp can also act as a cofactor for the cleavage of C4b by a
third control protein, I (Fujita and Nussenzweig 1978; Gigli, Fujita and
Nussenzweig 1979). :

I was originally discovered by Nelson (1966) who noted the ability of
this protein to abrogate both the haemolytic and immune adherence
activity of C3 fixed to sheep E. Fearon (1977) and Pangburn, Schreiber
and Muller-Eberhard (1977) isolated I and showed it to be a serum
glycoprotein of molecular weight 93,000 daltons which was composed of
two non-identical polypeptide chains held together by disulphide bridges.
I, together with its cofactor, C4bp, cleaves the o chain of fluid-phase
and substrate-bound C4b into the four chain iC4b intermediate (Pangburn
et al 1977),

In addition to the cofactor activity of C4bp, the presence of a membrane
glycoprotein termed "CR1" can also help to control formation of the C3
convertase (Fearon 1979). This protein was first isclated by Fearon in
1979 and found to have a molecular weight of 205,000 daltons. It was
subsequently identified as the C3b receptor responsible for the immune
adherence first described by Nelson (19353).

Iida and Nussenzwelg (1981) showed that CR1 had the ability to inhibit C3
convertase activity by competing with C2 for the stable binding site on
C4b. In this way it could cause acceleration of the decay dissociation of
the convertase in an analogous manner to C4bp. In the presence of high
concentrations of I and high concentrations of C4b, CR1 can also promote
the degradation of C4b to C4c and C4d by I (Medof and Nussenzweig 1984).
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This cofactor activity of CR1 is 10®-fold greater than C4bp.
Additionally, when C3b molecules are also present on the substrate, CR1
is able to mediate the cleavage of C4b even when C4b, CR1 and I are
present in low concentrations. Thus before deposition of C3b, C4b is
less subject to inactivation (Medof and Nussenzweig 1984).

Apart from the necessity to control C3 convertase formation on target
particles there is a further requirement for the protection of the hosts
own cells, Accidental formation of convertases on these cells would
result in their destruction. A protein has been isolated from the
membranes of human E, which has the ability to decay-dissociate C3
convertases formed on E membranes. This protein has been termed "decay.
accelerating factor" (DAF) and it is proposed that DAF is responsible for
intrinsic regulation of convertase formation.

DAF was originally isolated from guinea pig E stroma by butanol
extraction (Nicholson-Weller, Burge and Austen 1981) and 1t had a
molecular weight of 65,000 daltons. Although DAF had the same activity
as C4bp, antisera raised against DAF did not react with C4bp. These two
proteins thus appeared to be distinct. Nicholson-Veller et al (1982)
isolated a similar protein from human E and it was found to cause an
accelerated decay of C4bz2a. DAF was found to be five times more active
in decaying the classical pathway convertase than the alternative pathway
convertase, whereas the opposite was true of CR1, which decayed the
alternative pathway convertase with a ten times greater efficiency than
the classical pathway convertase.

Formation of a fluid-phase C3 convertase would result in the undirected
activation of the complement system. To prevent this from occuring,
fluid-phase C4b' can be inactivated by I in the presence of CA4bp r
which 1s  present in high concentrations in the serum, 500 mg/am/
There is now evidence for a soluble form of CR1-.
which is structurally and functionally related to membrane-bound CR1 and
therefore it too may act as a cofactor for the I mediated cleavage of
fluid-phase C4b (Yoon and Fearon 1985).

Recently a third group of proteins have been isolated from human
leukocytes which may function alongside CR1 and DAF to prevent
autologous complement activation. Cole et al (1985) isolated a group of
C4b/C3b binding proteins from PMN, lymphocytes and mononuclear cells,
These proteins had molecular weights between 45,000 daltons and 70,000
daltons and were thus termed “"gp 45-70". They could be isolated by both
iC4~ and iC3-Sepharose affinity chromatography showing that they have an
affinity for both C4b and C3b. These proteins did not appear to be
functioning as receptors as polyclonal anti-CR1 inhibited rosette
formation between C3b coated E and PMN, monocytes and B lymphocytes. It
was therefore postulated that they could be analogous to DAF in that they
could bind to C4b and prevent formation of a C3 convertase. Seya, Turner
and Atkinson (1986) have also isolated C4b/C3b binding proteins with a
molecular weight within the range of 45,000 to 70,000 daltons from human
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blood plateleté. These proteins are identical to those isolated from
human leukocytes and are 50 times more efficient than H in the cofactor
I mediated first cleavage of C3b. They also have cofactor activity for
the cleavage of C4b but are not as efficient as C4bp. However they do
not mediate the decay dissociation of the classical or alternative
pathway C3 convertase. These C4b/C3b binding proteins have been re-
named "membrane cofactor protein" (MCP>.

1,10 Terminal Sequence: Formation of the Classical Pathway C5 Convertase

The terminal sequence 1is activated when C3 1is cleaved by C4b2a,
hydrolysing an arginyl serine bond in the N-terminal end of the a chain
of C3, resulting in the formation of C3a and C3b. C3b molecules which
bind in close proximity to C4b2a on the cell surface change the
specificity of this enzyme to one which is capable of cleaving C5. This
is termed the C5 convertase C4bza3b.

C5 consists of a double polypeptide chain with a molecular weight of
185,000 daltons. When C5 binds to the C3b portion of the enzyme it
renders it susceptible to proteolysis by C2a, resulting in the production
of two fragments, CSa and C5b with molecular weights of 12,000 daltons
and 173,000 daltons respectively. Cba is released into the fluid-phase
where it exerts a number of effects; (i) it is a potent chemotactic agent,
causing neutrophil migration into sites of tissue damage, (i1) it
activates neutrophils by triggering the bactericidal oxidative burst,
(iii) it switches on neutrophil production of leukotrienes, (iv) it
increases vascular permeability, (v) it causes most cell degranulation and
(vi) it causes smooth muscle contraction.

The larger fragment, C5b possesses a labile binding site which is exposed
only for a few milliseconds. During this time a small percentage of C5b
molecules will bind to the cell surface. Both bound and fluid-phase C5b
may bind to C6. the next protein in the terminal sequence to form an
active C5b-6 complex. This complex then binds to C7 to form C5bL67.
Fluid-phase Cbb67 has a labile binding site which is available for a
short while during which it may bind to any 1lipid layer within its
diffusion radius. If it then binds to C8 and (8 cytolysis of adjacent
host cells may result. To increase the efficiency with which C5b67 binds
to target cells it is thought that these complexes may bind reversibly to
fixed C3b molecules scattered over the surface of the cells. Hammer,
Abramovitz and Mayer (1976) showed that sheep E bearing rabbit antibody
and guinea pig C4b and C3 (EAC4b3) could adsorb C5b6 reversibly. This
served to increase the efficiency of the terminal sequence by 100 times
over that of cells which bhad no fixed C3b. In addition, reversible
binding meant that C5b could be bound transiently to the C5 convertase,
be released and bind to an adjacent C3b molecule leaving the C5
convertase free to cleave another C5 molecule.

C5b6 is a hydrophilic complex, but upon binding to C7 its ability to bind
lipid increases. The CBb67 complex becomes firmly attached to the
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phospholipid bilayer of the cell membrane where it then binds to C8. This
binding initiates the cytolytic reactior which is considerably accelerated
by the binding of C2 to C8. The complex which is formed from these five
proteins, C5b-C8 is termed the membrane attack complex (Podack,
Biersecker and Miller-Eberhard 1978). In a dimeric form the C5b-C9
complex becomes inserted into the lipid bilayer of the cell membrane to
form a transmembrane channel. The disruption of the membrame in this
manner leads to the breakdown of the cells ability to control the
exchange of ions across its membrane and thus eventually to the lysis of
E, the killing of nucleated cells, bacteria and the destruction of
enveloped viruses (Miuller-Eberhard and Schreiber 1980).

1.11

The last enzymatic step in the complement pathway is the cleavage of CS
to form C5b which then initiates the whole of the terminal sequence. As
with the C3 convertase, there are a number of mechanisms which exist to
ensure that the C5 convertase does not activate the terminal components
in an uncontrolled mannper.

Intrinsic comtrol results from the fact that like C4b, the labile binding
site of C3b is available for a very short half life of approxzimately 50
milliseconds. Within this time there is competition between water
molecules in the surrounding solution and the protein and carbohydrate
moieties on the substrate for the binding site on nascent C3b. This
means that only a very small proportion of the C3b molecules will
actually bind to the substrate in the vicinity of the C3 convertase to
allow formation of a C5 convertase.

C4b is a component of both enzymes and as such it regulates the activity
of the C5 convertase in a similar way to its regulatior of the C3
convertase. C4bp @ and DAF - ©bind to C4b and cause the displacement
of C2a and thus the active disassembly of the C5 converiase (lida and
Hussenzweig 1981). CR1 has also been shown to be an inhibitor of the C5
convertase. Here it is likely that CR1 competes with C5 for a binding
site on the C3b subunit of the enzyme rather than by binding directly to
Cib as is the case with the C3 convertase. Fishelson, Schreiber and
Killer-Eberhard (1985) showed that addition aof ipg of CR1 inhibited the
binding of C9 to zymosan particles bearing C3b by 75%. Addition of
purified C5 also blocked the binding of C3b to CR1I of E, thus
demonstrating that C5 and CR1 compete for the same site on C3b.

The development of a strain of guinea pigs which were totally deficient
in haemolytically active C4 and yet could display normal complement
dependent inflammatory responses (Frapk et al 1971) confirmed the earlier
claim by Pillemer (Pillemer et al 1954) that there was an alternative
pathway into the complement system. This pathway was subsequently found
to be activated in the absence of specific antibody and to result in the



generation of an alterpative pathway C2 convertase which could generate
€3 meolecules (Fig 1.2Y. The alternative pathway can bz activated by a

variety of complexes, which include, polysaccharides, fongi, bacteria
lipopolysaccharides, certain immunoglobulins and some animal cells an
parasites. (Gitze and Miller-Eberhard 1278), Four serum proteins are
required for the generation of the alternative pathway C3 convertase: C3
itself, B, D and P.

[«

Initiation of the pathway is a result of the binding of C3b to B. This
binding will only occur in the presence of magnesium ions. The complex
which is formed, C3bB, has in itself no enzymatic activity. it requires to
be activated by another serum serine proftease D which is preseat in
serum in its active form. D cleaves B once it has bound to C3b and
produces two fragments: a srpall one with a molecular weight of 33,00
daltons termed "Ba" and a larger one with a molecular weight of 66,000
daltons termed "Bb" (Lesavre and Hiller-Eberhard 1978), This larger
fragment contains fthe active site and it remains in complez with the C3b.
It is still uncertain whether Ba is released intoc the fluid-phase or
whether it remains in association with Bb. The resulting enzyme which is
formed C3bBb is known as the alternative pathway C3 convertase. D is
not incorporated into the enzyme and so it is always available in the
fluid-phase 1fo activate more C3bB complexes. D is essential for
activation of the alternative pathwey in whole serum although serine
proteases such as trypsin and plasmin may also be able ta cleave C3bB
complexes (Brade et al 1976), Formation of the C3 convertase resulis in
the proteolytic cleavage of C3 fo C3a and C3b. Thus a positive feedback
reaction is set in motion where the product of the enzyme action, C3b, is
incorporated into the enzyme itself. This is known as the alternative
pathway amplification loop.

At present it is umcertain how the first C3b molecule which activates the
whole alternative pathway is generated. There are two main hypothesis.
The first is that native C3 may interact in solution at physiological
concentrations with B, D and magnesium ions to form the initial C2Bb
(Schreiber et al 1978). The C3b maolecule produced by this enzyme could
then participate in the feedback mechanism. The second is that it may be
possible for native C3 to undergo spontaneous hydrolysis as a result of
nucleophilic attack on its internal thiolester bond (Pangburn and Miller-
Eberhard 1980). The generation of a €3 molecule which is haemolytically
inactive but which has properties similar to C3b would enable it to bind
to B to form a convertase., This haemolytically inactive C3 has been
termed C3(Hz0), "C3b like C3", C3u or iC3. Certain chemical groups on the
surface of cells may facilitate the cleavage of a thiolester bond in C3
and result in the binding of C3(Hx0) to the cell surface via the active
carbonyl group present in the putative thiolester. Like ©3b, C3(H20) is
cleaved by I in the presence of CR1, gp45-70 or H to iC3(Hz0) which is
similar to iC3b being unable fto bind with B to form an alternative
pathway C3 convertase thus preventing uncontrolled accumulation of C3bEb
on the cells surface.
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Fig 1.2 Alternative Pathway Activativation

Diagram showing alternative pathway activation. A # above a symbol
indicates that the component has undergone a conformational change. A bar
above a symbol indicates that the component is in its activated form.

(Fram Whaley, K. (128%)),
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1.13 Formation of the Alternative Pathway C5 Convertase

A build up of C3b around the C3bBb complex is required to form the C5
convertase (Daha, Fearon and Austen 1976). It was realised that the
formation of the C5 convertase required more molecules of C3b than the
C3 convertase following experiments which showed that in the fluid-phase
combination of C3b, D and B led to very limited lysis of E. However if
C3b molecules were fixed to antibody coated sheep E and then the
components C3 to C9 were added, the haemolysis reaction was completed
with comparable efficiency to that of the classical pathway (Fearon,
Austen and Ruddy 1973). Thus the C5 convertase was only formed when the
C3 convertase could interact with additional C3b molecules. It is now
known that the additional C3b molecules are required since both C5 and B
compete for the same or closely adjacent binding sites on C3b. This
competition would result in steric inhibition between the two molecules
thus preventing formation of a C5 convertase.

The C3/C5 convertase 1s capable of initlating the cytolytic membrane
attack complex, but as with the classical pathway C3 convertase, the
alternative pathway C3 convertase 1s thermodynamically unstable and
decays rapidly within two to three minutes due to spontaneous
dissociation of Bb. The binding of P stabilises the convertase such that
its half life is extended to approximately 30 seconds (Fearon and Austen
1975; Medicus, Gotze and Muller—-Eberhard 1976). Properdin was first
recognised by Pillemer et al (1954) and thought to be an essential
component of the alternative pathway. This however is now known not to
be the case for, although the activity of the already formed C3
convertase 1is considerably enhanced by its presence, the alternative
pathway can function in the absence of P.

Stabilisation of the convertase can occur by two additional means. In the
sera of patients with membrane proliferative glomerulonephritis an
autoantibody termed “C3 nephritic factor" (Nef) binds to its antigen
C3bBb, reducing the natural rate of decay and increasing the half life of
the enzyme. As a result, C3 cleavage is considerably augmented and a
severe depletion of C3 occurs in the serum of these patients (Daha,

Austen and Fearon 1978).

The second means of stabilisation is by addition of cobra venom factor
(CoVF) to serum. Cobra venom contains a factor which produces
alternative pathway turnover. Isclation of the factor and the
demonstration of its crossreactivity with antibody to human C3 showed
that the factor was cobra C3b antibody. Cobra C3b forms a complex with
human B thus forming the alternative pathway C3 convertase. As cobra
C3b is resistant to the action of H and I the convertase is extremely
stable and large amounts of C3 are converted to C3b (Alper and Balavitch

1076; Nagaki et al 1978).
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1.14 Control of Alternative Pathwav Convertase Formation

The ability of C3b to amplify its own production requires that a number
of control mechanisms operate to ensure that the system does not become
exhausted. This control 1is mediated by the action of two control
proteins, H and I.

H was purified from bhuman plasma and characterised by Whaley and Ruddy
(1976) It was shown to be a single polypeptide chain glycoprotein with a
molecular weight of 150,000 daltons. Antisera against this glycoprotein
reacted with a protein which had previously been known as C3b
inactivator accelerator (A C3bINA) because of its ability to enhance the I
mediated cleavage of C3b to haemolytically iractive 1C3b. From this study
it was proposed that H was responsible for this cofactor activity. 1In
this respect it is analogous in function to C4bp of the classical pathway
since they both prevent formation of a C3 convertase. In addition to
this cofactor activity H has been shown to have two other regulatory
actions. It causes decay dissociation of both the C3 and C5 alternative
pathway convertase and it can prevent the interaction of C3b with C5 and
B thus controlling formation of both classical and alternative pathway CB5
convertases. The mechanism by which it exerts this effect is by direct
binding to C3b. Evidence for this came from studies which showed the
binding of fluorescent and radiolabelled H to C3b coated particles. This
binding was in direct proportion to the amount of C3b on the particles
and was not observed if the particles were coated with C4 or C2 (Conrad,
Carlo and Ruddy 1978). Thus H can bind directly to C3b and displace Bb
from the convertase. It can also compete directly with B and C5 for a
site on C3b. If H binds in preference to B then no alternative pathway
C3 convertase can be formed and if it binds in preference to C5 then no
C5 convertase is formed. C3b which has been bound by H is subject to
inactivation by I. The 1C3b molecule which is formed is unable to bind
B. Ross et al (1983) proposed that the B binding site in C3b was
probably destroyed totally by cleavage with I as no binding of B to iC3b
was detected even in the presence of low ionic strength and nickel
cations, conditions which enhance the binding of factor B to C3b. Thus
formation of a C3 convertase is inhibited. Whether C3b will bind to H or
to B depends primarily on the nature of the surface to which the C3b is
fixed. Surfaces which favour the interaction of B with C3b and thus the
formation of the alternative pathway C3 convertase are known as
"activators". The surface of certain parasites, bacteria, fungi and animal
cells are able to activate the alternative pathway by favouring the
uptake of B onto C3b (Miiller-Eberhard and Schreiber 1980). In this way
many microorganisms become coated with large quantities of C3b which
eventually leads to their lysis or their ingestion by phagocytic cells.
It is possible to convert non-activating surfaces to activating surfaces
by chemical modification. This is the case with sheep E which are non-
activators. Removal of 80% of their membrane sialic acid results in
activation of the alternative pathway and lysis of the cell. The removal
of sialic acid from human E does not cause such activation because of the
protective function of CRI. As mentioned previously CR1 is a regulator of
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the classical pathway C3 convertase, but it was first described as an
inhibitor of C3bBb because of its ability to decay dissociate this enzyme
and its ability to act as a cofactor for the I mediated cleavage of C3b
(Fearon 1979>. CR1 thus functions in an analogous manner to H but it
differs in that its decay dissociation activity is independent of
membrane surface sialic acid. Removal of sialic acid from hwmgn E
results in an increase in the amount of H required to decay dissociate
50% of the C3bBbP sites on the E whereas the amount of CR1 required
remains the same (Fearon 1979). Differences have also been found in the
ability of H and CR1 to inactivate the NeF stabilised C3 convertase.
Approximately 100 times more H is required to inactive the C3bBbNeF
convertase to the same degree as the C3bBb convertase (Weiler et al
1976), while CR1 is five times more efficient at inactivating C3bBbNeF
than H (Daha, Kok and Vanes 1982). Thus in patients with NeF, CR1 may
serve to protect the host from tissue injury.

DAF causes decay acceleration of the alternative pathway C3 convertase in
addition to the classical pathway C3 convertase. In contrast to CR1
which is ten times more efficient in decaying C3bBb than C4b2a, DAF is
five times more effective in decaying C4b2a than C3bBb. DAF acts by
binding to Bb and causing dissoclation of the convertase (Pangburn 1986).
In patients with paroxysmal nocturnal haemoglobinuria (PNH), the host red
blood cells are unusually sensitive to lysis by complement surviving only
six days in comparison to normal E which survive from 80 to 100 days.
These patlents have an 1inability to accelerate the decay of C3
convertases which are formed on E due to the random deposition of C3b
from the fluid-phase. It was originally proposed that C3 was deposited
onto the surfaces of cells from the fluid-phase and that this would
result in the continual deposition of low levels of C3 on both host cells
and foreign pértioles alike (Muller-Eberhard, Dalmasso and Calcott 1966).
As described earlier spontaneous hydrolysis of C3 results in C3b like C3
which if randomly deposited on cells would be able to bind B and activate
the alternative pathway. Normally CR1 and DAF act to protect the E from
formation of a C3 convertase but in PNH patients there may be a
deficiency of these control proteins. Severely affected PNH-E (type 111
PNH-E) are completely deficient in surface expresslion of DAF but CR1 from
these E appears to be normal as determined by antigenic number, binding
affinity, decay accelerating activity and cofactor activity (Roberts et al
1985), From this study it would appear that a deficiency in DAF is a
more important contributory factor to the disease than CR1 deficiency.
CR1 may be more important in decaying C3 convertases and for
inactivation of C3b by I on adjacent surfaces than DAF which may be
primarily responsible for regulation of C3 convertases and breakdown of

C3b formed on the same cell.

It has recently been reported that CR1 and DAF are restricted from
interacting with the alternative pathway C3 convertase to different
extents on different cell surfaces. The regulatory activity of DAF
towards C3bBb bound to zymosan particles and rabbit E is reduced whereas
it is normal when C3bBb is bound to sheep E or bovine E. CR1 has
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decreased regulatory activity towards C3bBb on sheep E and on zZymosan
but not on rabbit E (Pangburn and Tyiska 1985). Thus it may be concluded
that the regulatory properties of CR1 and DAF are complex.

1.15 Degradation of C3b

Breakdown of C3b exposes a number of binding sites within €3 for a
variety of membrane receptors. The first step in the degradation of C3b
is the cleavage by I to iC3b. Pangburn et al (1977) showed that in the
fluid-phase I in the presence of its cofactor H could cleave the o chain
of C3b. This cleavage resulted in a molecule which had the same
molecular weight as intact C3b and was termed inactive C3b (iC3b). The
two o chain fragments remained bound to the B chain by means of
disulphide bonds., It was later shown that in fact I can produce two
cleavages in the « chain resulting in the release of a tiny fragment
termed C3f (molecular weight 3,000 daltons) (Harrison and Lachmann 1980).
Cleavage of substrate bound C3b by I can proceed in the absence of H
(Whaley and Ruddy 1976) although breakdown occurs very slowly. Pangburn
et al (1977) showed that dissociation of the o rchain from the $ chain
of 1C3b only occured in vitro after the addition of tryptic enzymes such
as trypsin or elastase. Addition of these enzymes resulted i1in the
production of two fragments termed C3c (molecular weight 14,000 daltons
and C3d (molecular weight 30,000 daltons). C3¢c was released into the
fluid-phase leaving C3d bound to the substrate.

Lachmann, Pangburn and Oldroyd (1982) used monoclonal antibodies +to
investigate the breakdown of C3. They found one monoclonal antibody
which bound to C3c and one which bound to C3d and one which bound to an
antigen present in native C3. This last monoclonal antibody was found tfo
be reacting with a fragment termed C3dg. A modified scheme of their
proposed breakdown of C3 1is shown in Fig 1.3,

Thus iC3b degradation does nof result in the immediate formation of C3d,
but in the preoduction of C3dg which was previously known as o2D.
In_vivg it is thought that C3dg is not cleaved to C3d and C3g as only
C3dg has been detected as the final fragment of complement activation on
E (Lachmann 1981; Ross et a2l 198%). If is also uncertain which of the
serum proteases are responsible for the in vivgo cleavage of iC3b to C3c
and C3dg. In_vitro proteolytic encymes such as trypsin and plasmin act
on 1iC3b resulting in the generation of C3dg. They may also be
responsible for in vivo cleavage of iC3b (Lachmann et al 1982). Plasma
kallikrein can also cleave iC3b to produce a fragment termed C3d-k (Meuth
et al 1983). C3dk is larger than C3d (molecular weight 41,000 daltons)
and it was suggested that it could be similar to C3dg and that kallikrein
may be the protease responsible for cleavage of iC3b jn vivo. C3d-k is
capable of inhibiting mitogen, antigen and alloantigen induced T
lymphocyte proliferation, functions which are not expressed by C3c, C3a
or C3b. It is also capable of inducing a two- to three-fold increase in
the number of circulating leukocytes when it 15 intraveneously injected
into rabbits. This ability to induce leukocytosis has also  been



Fig 1.3 Degradation of C3

ege

Schematic diagram showing the structure of C3 fragments produced by I
proteolysis of substrate-bound C3b fragments., In reaction 1 the «
polypeptide chain of C3 is cleaved by a C3 convertase to generate the
9,000 dalton (9K) molecular weight C3a polypeptide and the 186K molecular
weight C3b polypeptide. In the presence of H or CR1, I cleaves the a-
chain of C3b at two claosely spaced sites (I,, and Iz). This cleavage
releases a 3K malecular weight fragment termed C3f, and generates the
three chain C3hi fragment. In reaction 3, I in the presence of H or CRI1
cleaves the o C3dg chain of C32hi, to release the C3c fragment into the
fluid phase leaving the C2dg fragment bound to the substrate, Although
the 8K molecular weight C3g fragment may be cleaved from the C3dg
fragment by various proteases forming fluid-phase C3g and substrate-
bound G3d (33K), it is not thought that this final breakdown occurs in

the blood.
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attributed to a fragment termed C3e which is presumed to be cleaved from
the o chain of C3c¢c by an as yet unknown proteolytic reaction. This
fragment was isolated by Ghebrehiwet and Miller-Eberhard (1979), it had a
molecular weight between 10,000 and 12,000 daltons and it could induce a
two- to three-fold increase in the number of circulating leukocytes in
rabbits. Meuth et al (1983) concluded that as C3d-k and C3e could both
induce leukocytosis that C3d-k contained both the C3e and C3d portions.

1.16 The Role of H, C4bp and CR] in the Protealytic Breakdown of C3b

As previously mentioned H 1Is an essential cofactor for the I mediated
cleavage of G3b in the fluid-phase, being more important for this
cleavage than C4bp. Fujita and Nussenzweig (1979) showed that on a
weight basis H was 20 times more efficient than C4bp in acting as a
cofactor for the cleavage of C3b in solution. In the case of cell-bound
C3b, although I can function in the absence of H, the presence of H can
potentiate the cleavage of C3b by approximately 30 fold (Whaley and
Ruddy 1976). C4bp is without effect even at 300 times the amount of H
on a weight basis (Fujita and Nussenzweig 1979)). Therefore it is likely
that the main function of C4bp is directed towards cleavage of C4b and
not C3b. ‘

CR1 has been reported to be 10% to 10% times more effective on a weight
basis than H in acting as a cofactor for the I mediated conversion of
substrate-bound C3b to iC3b (Medof et al 1982; Medof and Nussenzweig
1983). It has also been proposed that under physiological conditions CR1
acts as a. cofactor for the further cleavage of iC3b to C3c and C3d
(Medicus, Melamed and Arnacut 1982; Medof et al 1982; Ross et al 1982).
Medicus et al (1982) reported that in the presence of CR1, I could cleave
iC3b bound to human or sheep E to release C3c 'into the fluid-phase. In
the presence of I depleted serum no other serum enzyme was capable of
cleaving iC3b bound to human E. Thus it appeared that CR1 and not H was
responsible for the further breakdown of iC3b. In vivo this suggested
that one of the functions of CR1 was to allow breakdown of iC3b to
smaller degradation  fragments thus avolding an  inappropriate
inflammatory response caused by biologically active fragments of C3b.
These conclusions were supported by the findings of Ross et al (1982)
who observed that sheep E coated with C3b and incubated with isotonic
heat inactivated serum for four hours at 37°C had 1little or no bound
C3dg. If however the EC3b were treated in the same serum in the presence
of 10pg/ml of purified CR1 for 1 hour at 37°C, 50% of the bound iC3b was
cleaved into bound C3dg. In the presence of low ionic strength and heat
inactivated serum, 95% of the bound iC3b was converted to C3dg,
indicating that under low ionic strength conditions H can act as a
cofactor for the cleavage of iC3b.This suggests that under physiological
serum concentrations in whole blood that it is CR1 rather than H which

is the cofactor for I.

Medof et al (1982) investigated a previous observation which had shown
that when soluble immune complexes are added to a mixture of normal
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human serum and autologous unseparated whole blood cells they fix
complement and become bound to E via C3 fragments (Medof and Oger 1982).
This binding could not be prevented by preincubation of the complexes
with I and H, indicating that E could bind iC3b containing complexes.
Subsequent addition of I alone to the E resulted in the release of the
complexes and the concomitant release of C3c indicating that E CR1 was
capable of cleaving membrane-bound iC3b to C3dg and C3c in the presence
of I. These findings have been interpreted as meaning that processing of
C3b containing immune complexes in vivo occurs on the surface of red
cells., This function of E CR1 will be discussed more fully in a later
section.

Medof and Nussenzweig (1984) have reported that the presence of C4b
molecules can enhance the CR1 cofactor I mediated cleavage of iC3b. This
enhancement can be inhibited by addition of anti-C4b antiserum or C2a
thus indicating that C4b molecules are responsible. This effect was
explained by postulating that C4b acts to promote the interaction of iC3b
with CR1. CR1 may be present on the membrane of PMN and monocytes in
discrete clusters (Petty et al 1980; Abrahamson and Fearon 1983),.
Clusters of C4b and C3b could serve as more effective ligands for CR1
allowing formation of multiple bonds between ligand and CR1. This in
turn may explain why CR1 is a more effective cofactor for I than H on
substrate-bound C3b. Medof and Nussenzweig (1983) showed that in the
fluid~phase H and CR1 support the cleavage of C3b to 1C3b with
comparable efficiency. However CR1 was 10® times more effective than H
in the cleavage of substrate-bound C3b and this efficiency increased as
the number of C3b molecules increased due to clustering around the C5
convertase, Thus in vivo it may be that CR1 is capable of inactivating
C3b found clustered around the C5 convertase whereas H is able to bind
to and inactivate unclustered fluid-phase C3b molecules.

Although it is generally accepted that the breakdown of surface-bound
iC3b is mediated by I plus CR1, recent studies by Malhotra and Sim (1984)
" and Jepsen et al (1986) suggest that breakdown could be mediated not by
I plus CR1 but by leukocyte proteases which may be present in fhe
experimental systems used due to the contamination of E by leukocytes.
Evidence also exists to suggest that the cleavage of soluble iC3b is
mediated by proteases. Sim and Sim (1983) could not demonstrate the
breakdown of purified soluble iC3b in the presence of I and CR1, and Yoon
and Fearon (1985) found that the breakdown of soluble iC3b in the
presence of I required a concentration of CR1 which was two orders of
magnitude higher than the concentration of the receptor which was

detectable in the plasma.

1.17 Introduction to Complement Receptors

As can be seen from the preceding account, the receptor for C3b, CR1,
plays an important role in many of the functions of the complement
system. However, although researchers have been aware of the existence
of such a receptor for more than 30 years it is only within the past ten
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years that significant advances have been made in understanding its
properties and functions. The remainder of this introduction will
address itself specifically to CR1 and to the additional receptors which
have been discovered for the further proteolytic cleavage products of C3b
namely CR2, CR3 and CR4.

1.18 History of Complement Receptors

In 1953 FNelson (1953) observed that treponemes isolated from testicular
syphilomas of rabbits would in the presence of antiserum from syphilitic
patients adhere to normal human E. This adherence was found %o be
dependent on the presence of a specific antibody and some component of
normal human serum which was thought to be complement. Nelson termed
this immunologically specific reaction immune adherence. Tweshy Huse years
before this Duke and Wallace (1930) had described an adhesion phenomenon
in which, under certain conditions, red blood cells from a monkey adhered
to Ireponema pallidium in the presence of specific trypanosomal antibody.
They called this "red cell adhesion". In 1959 Nelson and Nelson (1959)
characterised the nature of this adhesion bond and found it to be
temperature sensitive, destroyed by trypsin treatment, and stable at high
salt concentrations and over a wide pH range. They therefore suggested
that as adhesion was destroyed by trypsin a receptor may have been
responsible for the bond. In the years which followed attempts were made
to discover which components of complement were responsible for immune
adherence. Nishioka and Linscott (1963) noted that although guinea pig
and human complement were equally reactive in immune adherence the
guinea pig serum was more haemolytically reactive than the human serum.
This implied that there was a difference in the participation of
complement in immune adherence and in haemolysis. They postulated that
a complex intermediate step between the first three reactive complement
components and the final 1lysed E may be responsible for immune
adherence. By preparing sheep E sensitised with antibody against the
Forssman antigen on E and then coated with Cl, C4 and C2 (EAC142) they
were able to demonstrate that no immune adherence occurred. However if
C3 was added to the EAC142 the E became reactive in immune adherence.
The work of Nelson (1963) confirmed these results and also provided
evidence that complement could function as an opsonising agent. Vhen
EAC1423 were mixed with leukocytes from a guinea pig there was a marked
increase in the rate and degree of phagocytosis of the complex as
compared to phagocytosis when C3 was absent from the complex. A year
later Gigli and Felson (1968) provided further support for the theory
that C3 was the ligand responsible for both immune adherence and
opsonisation of immune aggregates. They showed that C4 and C3 were
essential for immune adherence and immune phagocytosis and that neither
the removal of Cl and C2 from the complement coated E nor the addition
of C5, C6, C7 or C8 changed their reactivity in these reactions.

It therefore seemed possible that receptors on leukocytes which reacted
specifically with C3 bound to the surface of E or immune complexes caould
promote phagocytosis and immune adherence.
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Lay and Nussenzweig (1968) presented evidence for the existence of such a
C3 receptor. VWhile investigating the binding of mouse leukocytes to
sheep E it was found that the leukocytes would cluster around E which
had been sensitised with antibody and then incubated in fresh normal
mouse serum (EAC). These clusters were called rosettes. This was the
first semi-quantitative method for evaluating the interaction of receptors
and ligands on various cell surfaces. Using this technique it was found
that E sensitised with IgG antibody (EAIgG) formed spontaneous rosettes
with mouse peritoneal cells but not with blood lymphocytes; further
incubation of EAIgG with serum caused a large increase in the percentage
of rosettes formed on blood lymphocytes, monocytes and PMN. However, E
sensitised with IgM antibody <(EAIgM) did not form rosettes with any
cells unless they had first been incubated in fresh mouse serum where-
upon they rosetted with peritoneal cells and some blood leukocytes.
These results indicated that there were at least two different types of
receptor involved in adhesion of leukocytes to E. One which involved IgG
and which has become known as the Fc receptor.and one which involved
some component of complement. Huber et al (1968) reported that human
monocytes also had distinct receptors for complement and IgG. Monocytes
bound to and ingested EAIgG; this binding was inhibited by the addition
of fluid-phase IgG, but binding could be restored by addition of C1, C2,
C4 and C3. Thus he proposed that these two receptors cooperated in
attachment and ingestion of particles. Bianco, Patrick and Nussenzweig
(1970) showed that B lymphocytes had a receptor for complement. It was
noted that T Ilymphocytes did not bind to EAC complexes whereas B
lymphocytes did and it was proposed that binding to EAC could be used as
a marker to distinguish between the two populations. The B lymphacytes
were called complement rosetting lymphocytes (CRL). C3 was necessary
for this rosetting since, (1) EAC prepared with C4 alone did not bind,
(i1) depletion of C3 by CoVF also destroyed rosetting and (iii) addition
of papain F(ab) fragments of rabbit anti-mouse C3 inhibited rosetting
(Eden, Bianco and Nussenzweig 1971). As C3 on EAC1423 cleaved to C3b it
was proposed that C3b was the ligand involved in the binding of EAC to
CRL. It seemed possible that there could be an intimate relationship
between the immune adherence receptor on human B lymphocytes, monocytes
and PMN since both require the presence of C3 or its breakdown product
C3b.

Cooper (1969) demonstrated that the immune adherence receptor on E could
also bind C4b as well as C3b. It was not then known if there was a
separate receptor for C4b or if the same receptor for C3b was
recognising a common reactive group on both protginS. However, Ross and
Polley (1975) showed that human E, B lymphocytes, monocytes and PMN all
had a receptor activity for C4b and for the C3c region of C3b thus
demonstrating that the immune adherence receptor of these cells was

specific for both C4b and C3b.

The existence of a second complement receptor on lymphocytes was
discovered following a consideration of questions raised by a study to
determine if lymphocytes from patients with chronic lymphatic leukemia
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(CLL) resembled more clossly B or T cells (Ross et al 107320, This study
showed that the levkemic cells reacted poorly with human C3 as compared.
with mouse C3. EAC  mouse (FACHW) could detect up to 20-fold more CRL
than EAC human (EAChuw). Since thiz finding was in marked contrast to
normal CRL which reacted more strongly with EAChu, Ror rroceeded to
investigate why this should be =p (Ross et al 1973b). It was found that
EACm which had been prepared with C3b deficient mouse serum contained
two forms of C3, C3b and a product of C3h cleavage C3d while EAChu which
had been prepared with purified complement components contained only
C3b.  Thus it was propused that a sacond complement receptour for C3d
existed, The discovery of the C3d receptor made it possible to
understand the results of the first =tudy (Ross et al 1973a). Leukemic
lymphocytes reacted poorly with EAChu because they lacked the C3b
receptor but they reacted strongly with EACm indicating that they
possessed a C3d receptor. This C34 receptor on leukemic lymphocyles was
antigenically relsted to 2 receptor found on normal P lymphocytes »s
antisera to leukemic cells could  inhibit rosettes befween normal
lymphocytes and EACm.

Confirmation of the existence of » second complement rec ptor for €34
was provided by Eden, Miller and I'-Iu_ussenzwelg (1973  who rie cnstrated

that normal B cells could bind fo EAC3b and EAC3d, while granulocytes

could only bind to BAC3b. It was concluded that human B cells possessed
a complpmpni‘ receptor for G3d and also one for C2b while sranuvlocytes
only possessed one for C3b,

Reynolds et al (1973) reported the existence of a C3d receptor on human
monocyhes and alveolar macrophages, However this receplor was only
detected when EA were reacled seguentially with individusl complement
components to form EAC3d and not when fresh homan serum was used as the
complement source. Later work revesled that the C3 used Lo prepare EAC3d
was contaminated with traces of H and I which had resulfted in the
conversion of C3b to iC3b (Faungburn eb a2l 1977) and not to C32d as was
originally thought. EACZd complexes prepared with whole serum did contain
C3d as the presence of serum enzymes allowed the further cleavage of
iC3v to €34, Therefore it amed  possible  that  monocytes  and
macrophages could in fact be binding to a third siable binding site for
iC3b.

Ross and Rabellino (1979 tested a variety of cells with EACZd prepared
with H and I and enzymes and EAC3hi prepared with H and I alone. They
found that PHN and monocytes were unreactive with EAC34d whereas variable

proportions of these cells formed rosebbtes with EAC3bi. These 1C3b
rosettes could not be inhibited with fluid-phase C3c or C3d fragments
which inhibit the C3b receptor and the C3d receptor resp w-‘rlvely. Thus

PMN and monocyles were proposed Lo pos 3 & receptor fur iC3h which
was distinct from Lhe receptor for C3d and C3h.

Using fluorescent microspheres (ms) cnated with iC3h, Rnss and Lambris

(1982) reported that, E, PV, ponocytes and a proportion of lymphocytes
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bound to these ms. This binding on nonlymphoid cells could not be
inhibited by fluid-phase C3b, C3c or C3d or antiserum against the C3b
and C3d receptors. On B cells the situation was more complex as binding
of iC3b to the C3d receptor occurred by way of the d region of the intact
iC3b molecule. A small population of B cells were found to rosette with
iC3bms even when all the C3d receptor sites were blocked with fluid-
phase C3d. This subset of B cells were separated on a fluorescent
activated cell sorter and were found to contain all the natural killer
(NK) activity in the human blood (Ault and Springer 1981). These KK
cells also reacted with the monoclonal antibody M170 directed against the
iC3b receptor (Beller, Springer and Schreiber 1982).

The realisation that specific fragments of C3 could have a binding site
for more than one ligand meant that the distribution of the receptor
types on different cells required reappraisal. Ross et al (1983)
demonstrated that iC3b could bind to all three of the complement
receptors but with differing affinities, Fluorescent ms coated with 1iC3Db
bound to E in the presence of ethylenediamine tetra-acetic acid (EDTA),
which inhibited binding to the iC3b receptor. The addition of fluid-
phase C3b or iC3b inhibited this binding and indicated that E possessed
only one receptor for C3b which could also bind iC3b. The binding of
iC3b to E was weak and required ten-fold more iC3b molecules than C3b
molecules to achieve the same level of adherence. In addition, i1iC3Db
binding only occured at low ionic strengths and not at physiological salt
concentrations. Microspheres coated with 1C3b were also found to rosette
with Raji cells which bear only the C3d receptor. This result confirmed
the earlier work of Ross and Lambris (1982) which had proposed that
lymphocytes could bind iC3b complexes to the C3d receptor by way of the
d region of the molecule.

¥onocytes and PMN were also studied for their ability to rosette with
EC3d, C3dms, EC3dg and C3dgms. It was found, in agreement with other
studies, that these phagocytic cells did not bind to C3d, having no C3d
receptar. They did however bind C3dgms and EC3dg. This binding
occurred in the presence of EDTA and anti-CR1 antisera indicating that
C3dg was not binding to the iC3b receptor or to the C3b receptor.
Addition of soluble C3d sheep E membrane complexes (C3d-OR) did inhibit
rosettes. This suggested two possible explanations. First, it was
proposed that phagocytic cells express C3d receptors but in very low
numbers detectable only with C3dg which has a higher affinity for the
C3d receptor than C3d. Secondly, it was suggested that these cells may
possess a fourth receptor similar in ligand specificity but different in
structure from the C3d receptor of lymphacytes. In support of this
second theory Frade et al (1985a) showed that neutrophils could form
rosettes with E bearing large amounts of C3dg. This rosetting could not
be inhibited by the addition of excess anti-C3d. From this observation
the receptor aon phagocytic cells has tentatively been described as the

fourth complement receptor.
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Since the receptors had originally been named according to the ligand to
which they bound the discovery of their ability to bind to more than one
ligand threatened terminological confusion. It was therefore decided to
rename the receptors according to their order of discovery.
Accordingly, the nomenclature is now CR1, the original immune adherence
C3b receptor, CR2, the C3d receptor, CR3, the 1iC3b receptor and CR4, the
C3dg receptor. Table 1.2 lists the specificity and cellular distribution
of these four receptars.

1.19 Isolation and Structure of CR1

Most recent research on complement receptors was made possible by the
ability to isolate the receptors thus allowing a more detailed study of
their structure and function.

Following the observation that desialated human E were protected from
lysis in normal human serum, Fearon (1979) attempted to discover 1if a
regulatory protein was responsible for this. He succeeded in isolating a
glycoprotein (gp) of molecular weight 205,000 daltons from human E. This
protein was found to accelerate the decay of the properdin stabilised
amplification C3 convertase, C3BbP, by displacing Bb from C3b. It could
also promote cleavage of C3b by I. Attempts to identify the protein
showed that anti-gp 205 could block in a dose dependent manner the
ability of human E, PMN monocytes and B cells to rosette with sheep
EAC3b (Fearon 1980)., This inhibitory effect of anti-gp 205 was specific
for C3b as it did not inhibit rosettes between monocytes and EiC3b or
lymphocytes and EC3d. These experiments established gp 205 as CR1.

Prior to this discovery, Dierich and Reisfeld (1975) had succeeded in
solubilising C3 receptor material from a human lymphoid cell line. The
protocol for this involved three main steps: (1) isolation of membrane
fragments bearing receptors for C3b and C3d by nitrogen cavitation, 1i)
solubilisation of the fragments in potassium bromide (2 mol 17') and
(iii) characterisation of the receptors which revealed them to be highly
complex structures. Seven years later Mussell et al (1982) carried out a
more detailed characterisation of CR1 from human E. Following hypotonic
lysis of E and solubilisation in potassium bromide (2 mol 17'), the
lysate obtained was passed over a C3-Sepharose column which was then
eluted with potassium bromide (2 mol 17'). Though the activity isolated
in this manner could inhibit the immune adherence reaction between E and
EACl40xy23b it could not agglutinate EAC1423b and for this reason it was
termed a monovalent C3b receptor. VWhen analysed by sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) it was revealed to
have a molecular weight of 55,000-66,000 daltons. This protein was

thought to be the head portion of gp 205.

Fearon's (1979) method of isolating CR1 employed the use of the nonionic
detergent Nonidet (NP-40). Splubilisation of E was followed by a series
of chromatographic procedures, cation exchange chromatography, affinity
chromatography and gel filtration, in an attempt to purify the receptor



Table 1.2

~

Membrane receptors for bound fraegments of C23: CRI,

C

R2, CR3

and CR4

ot

Receptor Type Specificity Cell Type Distribution
CR1 C2b, Cib, Erythrocytes, Granulocytes,
iC3b, C3i,C3c Monocytes, B and some T
Lymphocytes, Kidney Podocytes
Dendritic Reticulum Cells
CR2 iC3b, C3dg, B Lymphocytes, Dentritic
C3d, C3b Reticulum Cells
CR3 1C3Db Monocytes, Macrophages,
Granulocytes, Natural Killer
Cells, Dentritic Reticulum Cells
CR4 iC3b, C3dg, C3d Monocytes, Macrophages,

Granulocytes
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to homogeneity. The protein isolated by this means ran as a single band
on SDS polyacrylamide gels under reducing and nonreducing conditions
indicating that CR1l consisted of a single pdlypeptide chain. In the
reduced form its molecular weight was 205,000 daltons and it was a
glycoprotein as indicated by its ability to bind to C3-Sepharose and
lentil lectin-Sepharose. Employing a different procedure Gerdes and Stein
(1980) also attempted to isolate CR1. Following solubilisation of human
E in potassium bromide (2 mol 17'), the CR1l active lysate was
radioiodinated and passed aver a gel filtration column. All of the
material which possessed CR1 activity eluted as a single sharp peak in
the void volume of the column, indicating a molecular weight of more than
100,000 daltons. Immunoprecipitation of this fraction with antisera
prepared from crude CR1 active membrane fragments, revealed three bands
on SDS polyacrylamide gels having molecular weights of 100,000-130,000
daltons, 80,000 daltons and 60,000 daltons. This suggested that E CR1
was a macromolecule with a molecular weight greater than 100,000 daltons
and that the protein moiety consisted of non-covalently linked protein
molecules of molecular weight 80,000 daltons and 60,000 daltons.

As can be seen from the preceding account the isolation and

characterisation of CRl1 has been a complex process. However, 1in the
light of results from recent research workers it 1is now generally
accepted that Fearon's view of CR1 structure is correct. Iida and

Nussenzweig (1981) isolated a protein of 200,000 daltons from human E.
This protein had the ability to decay dissociate both the classical and
alternative C3 convertases and was also found to be a powerful inhibitor
of the classical pathway C5 convertase. Using a modification of Fearon's
technique Dobson, Lambris and Ross (1981) solubilised CR1 from E. Their
protein had a molecular weight of 195,000 daltons in the reduced and
nonreduced form and was identified as CR1 by its abilify to bind to
EAC3b and EAC14b in a dose dependent manner and by the blocking of
rosetting activity between E and leukocytes with antiserum raised against
this protein.

1.20 Polymorphism of CRI

CR1 was initially thought to be homogeneous with respect to size, but in
the past few years two groups have independently described a structural
polymorphism of CR1.

Previously when isolating CR1 from E it was necessary to use a large
pool of donors in order to obtain a sufficient volume of blood. However
by immunoprecipitation of E CRl from individual donors Dykman et al
(1983a) were able to reveal a hitherto unknown polymorphism of the
receptor.  Erythrocytes  from each donor were radiolabelled prior to
solubilisation in NP-40. The lysates were immunoprecipitated with
monoclonal anti-CR1 and samples analysed by SDS-PAGE and autoradiography
which revealed three types of CR1 structure, one with a major band of
160,000 daltons, the second with a major band of 220,000 daltons and the
third with two major bands of 190,000 daltons and 220,000 daltons.
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Characterisation of the receptors of 33 unrelated individuals revealed
that the major band of 190,000 daltons, which was assigned the name "type
a" was present in 70% of individuals, the major band of 220,000 daltons
named “type b" was present in 3% of individuals and 27% of individuals
were found to have both bands named "type ¢". The fact that type a CR1
structure was found in the majority of donors could be the reason why
purification of CR1 from pooled donors only revealed this CR1 structure
and not the less frequent types. Family studies suggested that this
polymorphism was governed by two codominant alleles at a single
autosomal locus. This was shown by the fact that parents who were
homozygous for the type a CR1 structure only had children with type a
CR1l structure. Families where one parent had type a CR1 structure and
one parent had type b CRl structure only had children with type ¢ CR1
structure and parents who were homozygous (type a) and heterozygous
(type c) had children with type a or type ¢ CR1 structure. Thus there
were postulated to be two alleles termed A for the more frequent one and
B for the less frequent one.

A second group studying polymorphism of CR1 reported similar findings,
(Wong, Vilson and Fearon 1983). Again two forms of CR1 were found
having molecular weights of 250,000 daltons and 260,000 daltons.
Individuals expressed either one of these major bands as in types a and b
described by Dykman et al (1983a) or both as in type c. The higher
molecular weights found by this group could be accounted for by the
difference in the analytical systems used. The two bands were assigned
the letters F for fast and S for slow to signify the speed at which they
migrated into the gel. The F band corresponded to the 190,000 dalton
band found by Dykman et al (1983a) while the S band corresponded to the
220,000 dalton band. The presence of av F band or an S band alone
represented the type a or type b CR1 structure respectively while the
presence of both the F and S band corresponded to the type ¢ CR1
structure. Analyses of the occurrence of F and § forms in 15 families
yielded the same conclusion as Dykman et al (1983a’, viz. that these two
forms were regulated by two alleles which were transmitted in an
autosomal codominant manner.

Both Dykman et al (1983b) and Wong et al (1983) found that polymorphism
of CR1 was also evident on peripheral blood leukocytes with these cells
expressing the same phenotypes as E. Further experiments revealed the
presence of an additional two alleles one coding for a CR1 of molecular
weight 160,000 daltons was assigned the letter C (Dykman, Hatch and
Atkinson 1984) and the other, coding for a CR1 of molecular weight
250,000 daltons was assigned the letter D (Dykman et al 1985). The
160,000 dalton band was found on individuals with either the 190,000
dalton band or the 220,000 dalton band and it was found to be most
prevalent in patients with systemic lupus erythematosis (SLE). In a
study of 104 unrelated normal individuals ©69.2% expressed the AA
phenotype, 24% expressed the AB phenotype, 3.8% expressed the BB
phenotype and 2.9% the AC phenotype. No individuals expressed the CC
phenotype. These phenotypic frequencies agree.with the expected values
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from calculations based upon the Hardy Veinberg equation for three
codominant alleles at a single locus. In 45 SLE patients the frequencies
for the different CR1 phenotypes were similar to normal, but three SLE
patients with the 160,000 dalton band demonstrated a higher intensity of
labelling in this band than normal. Since a healthy brother of one of
the patients also had a large amount of the 160,000 dalton band it was
considered unlikely that this was acquired and accordingly it was
suggested that a heritable factor governed expression of this band. The
fourth allelic form was found on one donor from a total of 200 which
were tested. This donor also possessed a 190,000 dalton band and was
assigned the phenotype AD (Dykman et al 198%5),

Treatment of all four forms of CR1 with endoglycosidase F, an enzyme
which removes both simple and complex sugars, decreased their molecular
weight by 10,000 daltons while treatment with endoglycosidase H, which
removes high mannose sugars, had no effect (Vong et al 1983; Atkinson
and Jones 1984; Dykman et al 1985). It is therefore probable that CR1
possesses N-linked complex sugars with no high mannose sugars though it
is unlikely that differences in N~linked sugars alone can account for the
wide variation in the polymorphic forms of CR1. The corntribution of O-
linked carbohydrates is as yet unknown. These carbohydrates can account
for 40,000 dalton molecular weight differences in other proteins but it
remains to be determined if differences are due to this or to differences
in the protein structure itself.

The functional capacities of the variants appear to be similar. Seya,
Holers and Atkinson (198%5) have isolated CR1 variants A, B and C and
assessed their individual functional capacity as cofactors for the I
mediated cleavage of C3b and for their ability to decay dissociate fluid-
phase C3 convertases and found them all to be equal.

It would appear that the gene coding for polymorphism of CR1 is not
linked to the human leukocyte antigen (HLA) region, which is located on
chromosome six. Hatch et al (1984) reported that family studies
indicated that while siblings could inherit identical CR1 phenotypes from
a heterozygous parent they could inherit different HLA haplotypes from
the same parent. The reverse was also true that siblings from a
heterozygous parent could inherit different CR1 phenotypes and identical

HLA bhaplotypes.

1.21 Biopsynthesis of CR1

Little has been reported on the biosynthesis of CR1. One study on the
human promyelocytic leukemia cell line HL-60 has indicated that CR1 may
be initially present as a 188,000 dalton intracellular precursor (Atkinson
and Jones 1984). These cells can be induced to differentiate into
granulocytes by a number of components including dimethylsulphoxide
(DMSQ). Once differentiated these cells synthesise relatively Ilarge
amounts of CR1 as assessed by their increased ability to form rosettes
with EAC43b and the ability to isolate large quantities of CR1 by
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immunoprecipitation with anti-CR1 antiserum or affinity chromatography
on 1C3-Sepharose. Following the acquisition of the receptor over various
time intervals it was revealed that there was a progressive increase in
CRl1 aver a period of two days. Pulse studies were therefore performed
after two days in culture. Cells were pulsed for eight hours with =5S-
methionine, or alternatively incubated for eight hours in media and then
surface labelled with '#°I. Comparison of cells after these different
treatments revealed that while both expressed CR1 with a molecular weight
of 210,000 daltons, the pulsed cells had an additional band of molecular
weight 188,000 daltons. This was designated pro-CR1l. Pro-CR1 could be
detected at 0 hours after a 15 min pulse but it took a further 60 min for
conversion to the 210,000 dalton molecular weight form to occur. The half
life for the disappearance of CR1 from the cell surface was 10 hours. The
molecular weight of pro-CR1 was reduced by treatment with
endoglycosidase H, suggesting that it contained high mannose
oligosaccharides and that it was the partially glycosylated form of CR1.

1.22 Binding Site Characteristics of CR1

CR1 is known to bind to a number of ligands apart from its major ligand
C3b. These include C4b, iC3, C3c and iC3b which like C3b may all be bound
in both soluble and particulate form.

Binding of solid phase C3b to human cells has been studied mainly using
the rosette technique; however most of the information regarding the
interaction between CR1 and C3b has come from the measurement of the
direct binding of radiolabelled fluid-phase dimers and monomers of C3b to
CR1. Treatment of purified native C3 with trypsin followed by application
to a gel filtration column yields two distinct peaks, the first containing
soluble monomeric C3b and the second dimeric C3b formed from the
covalent association of C3b monomers. Arnaout et al (1981) studied the
binding of radiclabelled dimeric and monomeric C3b to sheep and human E.
Sheep E do not bear CR1 and did not bind significant amounts of thesé
two ligands. Human E bound seven times more dimer and one and a half
times more monomer than sheep E indicating that the dimer was more
effective than the monomer in binding to CR1l.. Specific binding of
radiolabelled monomer and dimer was followed using increasing amounts of
1251 mopnomer or dimer with and without increasing amounts of the
appropriate unlabelled dimer or monomer. Specific saturable binding was
only observed with the dimer. Scatchard plot analysis revealed that the
binding affinity of the dimers to human E was 6.5x107 mol 17" which was
similar to the binding affinity to other human cell types. Later
experiments revealed that fluid-phase C3b monomer could also be bound
specifically to CRl in a saturable manner, but this only occurred in low
ionic strength buffer (u=0.0513) with a binding affinity of 2.2x107 mol
1=' which is very much lower than the affinity of the dimer under low
ionic strengths (ka=2.36x10%) (Arnaout et al 1983). These data suggest
that the interaction of C3b and CR1 involves ionic forces, a conclusion
supported by the finding that elution of solubilised CR1 from C3-
Sepharose requires the combination of high salt and nonionic detergent.



The higher affinity of +the C3h dimer probably reswlhs from the
interaction of the dimer with preclusterad CR1 (Abrahsmson »nd Fearon
19835, In support of this, it may be noted that oligameric C3b prepoared
by cross-linking dimeric C3bh with dimethylsuberimidate, has a binding
affinity for CR1 which is 3.3 fold higher than C3b dimers.

As previously mentioned <(1.18), iC3b iz » ligand for CR1 (Ross et al
1983) although it binds a% low ionic strengths and only when there is a
high density of iC3b moleculez (2.5x104/E) on the E.

C4b is also a ligand for CRL. Cooper (1969) was the first to show that
C4ib was involved in immune adherence. He found that EAC14 could adhere
to E and the titre of adherence was dependent on the number of C4
molecules per E. Bokish and Snbhel (1974) found that cell-bound C4b and
C3b seemed fo coooperate to enhance the hinding of cells to EAC1423. VWhen
batches of EAT14 were prepored with differing amounts of C4, it was
found that the number of C3bh nmolecules required to achleve maximum
binding was reduced if the EAC14 contained a large number of Cé4b
molecules. In vivo this cooperative function may be of impertance in the
degradation of immune complexes costed with both C4b and C3b. Medof and
Nussenzwelg (1984) have reported that the cofactor activity of CR1 is
enhanced by the deposition of clusters of C4b and C3b adjacent to one
another on the substrate. They also found CRL to be a more effective
cofactor for the I mediated cleavage of C4b than C4bp when the density
of C4b molecules was greater *than 3x10%/cell. Addition of C3b to EAC14
promoted in a dose dependent fashion cleavage of C4b hy I and CR1 and
this enhancement was observed even when cells contained low densities of
C4b molecules. The converze was also true that C4b could enhance the
factor 1 plus CR1 mediated degradation of C3b and iC3b on EAC143b.

The CR1 binding site for C3b, iC3b and C4b is found in the ¢ region of
the C3b fragment. Ross and Polley (1975) nbserved that the binding of
EAC143b tn tonsil lymphocyftes and human E could be inhibited by the
addition of fluid-phase CZ2c. Later it was shown that f{luorescent
microspheres ceated with C3c oould bind to CR1 on E, monncytes and
neutrophils and that this binding covld he inhibited by anti-CR1 or
fluid-phase C3b, iC3b and C3c. Cio mirrc*%pherers did nnt bind to Ra

cells which bear only CE2 (Ross et al 1283).

Vhether native C3 is able to bind to CR1 without prior cleavage to C3b
has occassioned considerable controversy. The issue is nf importance
because, since C3 is present in plasma in such high quantities, an ability
to bind CR1 directly would result in the occupation of the majority of
CR1 on phagocytic cells and their consequent inability *o participate in
multivalent interactions with C2b on opsonised particlesz. Berger ef al
(1981) showed that native C3 did noft inhibit rosette formation between
EAIgMC43b and PMN or E whereas C3D did. This was confirmed by Berger
and Fleischer (1983) who showed the inability of C3 %o block rosettes
between EAIgMC43b and lymphocytes. Howaver Sim and Sim (1231) reported
that fluid-phase C3 did inkibit rosette formstion btetween EAC143b and

2
[o%
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tonsil lymphocytes over the same concentration range as fluid-phase C3b
and that this binding was not due to cleavage of C3 to C3b. These results
were similar to those of Frade and Strominger (1980), who explained the
binding of C3 to lymphocytes as being due to its cleavage to C3b during
the binding reaction. Dixit et al (1982) isolated CR1 from rabbit alveolar
macrophages and showed that the purified receptor had a greater binding
affinity for C3b than for C3. The binding affinity of C3 for CRl could be
increased by treatment with methjgamine which causes hydrolysis of an
internal thicester bond in C3 to reveal a sulfhydryl group which is
normally only found present in the o chain of C3b which contains its
labile binding site. Spontaneous hydrolysis of this bond can occur after
prolonged storage or after denaturation with ammonium. This C3 is
haemolytically inactive and is designated iC3. Originally, Pangburn and
Miuller-Eberhard (1980) reported that spontaneocus hydrolysis of C3 in
plasma resulted in iC3 which could bind to B and H. Dixit et al (1982)
showed that this iC3 could inhibit the rebinding of purified CR1 to C3b-
Sepharose as well as to C3c and C3b indicating that iC3 displays binding
activity for CR1l. Findings by Berger et al (1981) support the conclusion
that iC3 has a binding site for CR1 since they showed that haemolytically
active C3 had a much lower affinity for CR1 than did iC3. The previous
reports that C3 could bind to lymphocyte CR1 may have been due to the
presence of a mixture of C3 molecules with spontaneous lysed internal
thiolester bonds along with haemolytically active C3. It 1s therefore
probable that in vivo CR1 sites on phagocytic cells are unoccupied by
native C3.

1.23(a) Function of Erythrocyte CR1

CR1 is the only C3 receptor which has been detected on E. Although E
possess lower numbers of CR1 than any other CR1 bearing cells, the
proportion of E in peripheral blood, in comparison to these other cell
types, is such that 95% of CR1l in peripheral blood is found on E (Siegel,
Liu and Gleicher 1981).

As already discussed, E CRl1 plays a role in the prevention of lysis of
bystander cells by its ability to decay dissociate convertases on these
cells and by its cofactor activity for the I-mediated cleavage of C3b to
the smaller degradation fragments iC3b and C3dg and the cleavage of C4b
to iC4b (Iida and Nussenzweig 1981). In addition to this important
function a role for E CR1l in the processing of immune complexes has been
proposed. Nelson (1953) first described a role for E in immune defence
after he observed that presensitised Ireponema pallidium adhered to human
E. Prior to this Duke and Vallace (1930) had reported the adhesion of
monkey E to Trypanosomes in the presence of specific trypanosomal
antibody. This clearance of microorganisms from the serum has also been
observed in rabbits, guinea pigs and mice where CR1 on blood platelets
can stick to bacteria and thus remove them from the circulation (Taylor
et al 1985). It is now postulated that E in primates and platelets in
non~primates are essential components of ftheir respective immune systems,
in that they bind opsonised soluble immune complexes via CR1 and remove
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them from the circulation (Siegel et al 1981; Medof and Oger 1982;
Cornacoff et al 1983; Jepsen et al 1986; Sherwood and Virella 1986). The
fact that 95% of CRl/f’peripheral human blood is present on E means that a
circulating immune complex has a 500 to 1000 times greater chance of
meeting a red blood cell than a white blood cell (Siegel et al 1981). It
would be highly advantageous if red blond cells could bind to these
complexes and carry them to a phagocytic cell for disposal. Such a role
for E CR1 has been studied in vitro by Medof and Oger (1982) and in viva
by Cornacoff et al (1983). In_vitrop it was found that when radiolabelled
BSA anti-BSA complexes, which had been incubated with normal serum, were
added to unfractionated whole blood the majority of immune complexes
became associated with the red blood cells rather than the white blood
cells. The lack of immune complex binding after depletion of C3b from the
serum by heat inactivation or treatment with zymosan suggested that this
binding of immune complexes was to E CR1. Thus under certain conditions
the E in human blood were able to compete successfully for immune
complexes and remove them from the fluid-phase. The possibility that this
occured in vivo was shown by Cornacoff et al (1983). Radiolabelled BSA
anti-BSA complexes were infused intravenously into bhaboons and blood
samples removed from a variety of veins after specific time intervals.
The areas where E had bound immune complexes were determined by
measuring the amount of radiation associated with the cells. Erythrocytes
drawn from the portal vein had large amounts of associated immune
complexes in comparison to E drawn from the hepatic vein. This suggested
that as the blood traversed the liver, immune complexes had been removed
from the E. The E themselves were returned undamaged to the circulation.
The release of immune complexes from E in the liver may have resulted
from the degradation of C3b in the immune complex to iC3b and C3dg by
the action of CR1 and I (Medof et al 1982). Sherwood and Virella (19886)
have shown that PMN and monocytes bind significant amounts of immune
complexes from the surfaces of human E following incubation with immune
complexes bearing E. Thus binding of immune complexes to E CR1 followed
by the removal of these complexes by the phagocytic cells in the liver
would not only prevent deposition of these complexes in susceptible
tissues, it would also prevent overloading of CR1 bearing leukocytes in

the circulation.

1.23(b) CR1 Number on Erythrocytes

The number of CR1 expressed per E appears to be highly variable among
individuals. A functional variation in expression of CR1 on E f{from
different donors was described by Miyakawa et al (1981) after the
observation that the immune adherence reactivity of E could vary by as
much as 10 to 100 fold in different individuals. Variations in E CR1
number have also been described quantitatively using the direct binding
of anti-CR1 antibodies. This variation is termed numerical or quantitative

polymorphism.

A wide variety of figures are cited in the literature to indicate the
average number of CRI molecules per E. Using a polyclonal anti-CR1
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antiserum Fearon (1980) reported that there were 950 molecules of CR1
per E, while Vilson et al (1982) reported an average of 5,101 and Holme
et al (1986) an average of 2,200. Using the monoclonal anti-CR1 antibody
57F, Iida, Mornaghi and Nussenzweig (1982) found an average of 1,400 CR1
sites per E and using the monoclonal anti-CR1 antibody E11, Hogg et al
(1984) and Ross et al (1985) found 610 and 707 sites per E respectively.

1.23¢c) Inberitance of CR1 on Erythrocytes

Vilson et al (1982) observed that the frequency distribution of E CR1
levels on normal individuals appeared to be trimodal. One group contained
34% of subjects with E CR1 numbers between 5,500 and 8,500, the second
group contained 54% of subjects with E CR1 numbers between 3,000 and
5,499, and the remaining 12% of individuals had E with CR1 numbers
between 1,000 to 2,999. Analysis of nine families showed that low levels
of E CR1 were more frequently found in offspring of parents with low CR1
numbers and high levels of CR1 were found in offspring of parents with
high CR1 numbers. They therefore proposed that numbers of CR1 on E were
genetically regulated and described a simple model to explain the
inheritance based on the existence of two co-dominant alleles which
determine high (H) and low (L) numbers of CR1. A phenotype of HH was
proposed to indicate a person who was homogeneous for the high CR1
allele which was expressed phenotypically in CR1 numbers greater than
5,500 per cell. LL was the proposed genotype for phenotypically low CR1
expression, that is, numbers less than 2,999 per E and an HL genotype was
phenotypically expressed as numbers of CR1 between 3,000 and 5,500 per
cell, The frequencies with which these phenotypes were observed in the
normal population were consistent with the Hardy WVeinberg equation for
inheritance regulated by two co-dominant alleles at a single locus. Nojima
et al (1985) also reported a trimodal distribution of E CR1l, however
others have found that E CR1 are distributed in a normal fashion (VWalport
et al 1985a; Ross et al 1985) or a logarithmic fashion (Holme et al
1986), Thus it may be that genetic control is more complex than
originally thought involving more than two alleles.

Originally it appeared that there was no relationship between structural
polymorphism of CR1 and quantitative polymorphism (Wong et al 1983).
Individuals who had the AA, AB, or BB structural phenotypes were all
expressed along with the HH, HL and LL numerical phenotypes. This
suggested that the gene which regulated structural polymorphism was
distinct from that which determined CR1 number. However a recent report
by Wilson et al (1986a) described a restriction fragment Ilength
polymorphism of the CR1 structural gene involving fragments of 7.4kb and
6.9kb which appeared to correlate with variation in the numerical
expression of E CR1. Four individuals with high CR1 levels had only the
7.4kb fragment, four individuals with intermediate E CR1 levels had both
the 6.9kb and 7.4kb fragments and four individuals with only the 6.9kb
fragment had low E CR1 expression. The  presence of the restriction
fragment was independent of the structural allotype expressed (Wilson et
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al 1985a). These results suggested that a factor controlling quantitative
polymorphism may be linked to the CR1 structural gene.

1.24 Low Erythrocyte CRI Numbers on Patients with Systematic Lupus
Erythematosus (SLE)

SLE is a disease which is associated with a number of defects in the
immune system, these defects include the presence of large amounts of
circulating antigen/antibody complexes (CIC) and the formation of auto-
antibodies (Tan et al 1982). As previously mentioned one of the functions
hypothesised for E CR1 is the processing and removal of immune complexes
from the circulation. Much evidence is accumulating to suggest that the
reason for the large amounts of CIC in patients with SLE is due to a
defect in the ability of their E CR1 to perform this function.

Vhile investigating the agglutination of human E by immune complexes
bearing C3b it was found that the reactivity of E from patients with SLE
was considerably lower than in the normal population. Out of a group of
56 ©SLE patients studied in Japan 37 did not  show any detectable
reactivity with the C3b-coated complexes, while only one out of 51
normals was found to be unreactive (Miyakawa et al 1981). This low
immune adherence haemagglutination (IAHA) reactivity was shown to be a
stable characteristic which persisted during active and inactive phases
of the disease, suggesting that the defect was inherited and not acquired
as a result of the disease state. The finding that six out of 24 healthy
relatives (25%) of patients with SLE had low IAHA reactivity compared
with 2% of the normal population suggested that low IAHA reactivity might
be a genetic marker for SLE.

Since this initial observation additional studies have been performed
which provide further support for the existence of lower CR1 numbers and
impaired CR1 activity on E from patients with SLE (Iida et al 1982;
Vilson et al 1982; Valport et al 1985a; Holme et al 1986). However, the
main point of contention is in deciding if this abnormality is inherited
or acquired. Iida et al (1982) using the monoclonal antibody 57F found
that whereas the mean number of CR1l on E from 52 normal individuals was
1,410, the mean number obtained from 34 SLE patients was significantly
lower at 600. Following four patients throughout phases of disease
activity and inactivity revealed that while two patients expressed larger
amounts of CR1 when in remission, two others did not change at all. The
low level of CR1 was expressed independently of steroid therapy as
treatment of asthmatics with prednisolone did not result in CR1 levels
out with +the normal range. In addition low levels of CR1 correlated with
low levels of C4 and with high levels of CIC. These results had twao
possible explanations, one was that CR1 levels were inherited genetically
and that the low numbers of CR1 predisposed these patients to the
disease. This is consistent with the finding that CR1 levels did not
change in two patients irrespective of disease activity. Alternatively the
low number of receptors could have been a secondary manifestation of the
disease caused by either blockade of the receptor with CIC or auto-
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antibodies to CR1, or by the removal of the receptor by an unknown
mechanism. This explanation is supported by the finding that two patients
increased expression of CR1 numbers when in remission and by the fact
that low numbers of CR1l correlated with high levels of CIC and high
turnover of the complement pathway.

Vilson et al (1982) studied E CR1 from 38 SLE patients in Boston and
found that the reduced numbers of CR1 could be detected on this group
using both radiolabelled dimeric C3b and radiolabelled polyclonal anti-
CR1. The ratio of the sites determined by the two methods was the same
on both the normal and the patient group with approximately nine
molecules of antibody bound per functional CR1 site. Thus the lower
number of CR1 detected in the patient group was due to an absolute
reduction in the number of receptors and not to a reduction in the number
of functional receptor sites. Family studies showed that the healthy
relatives of SLE patients expressed low CR1 numbers. The frequency
distribution of patients and their relatives was very much different from
the normal frequency predicted by the Hardy WVeinberg equation. The
families of SLE patients expressed a three- to four-fold higher frequency
of the LL phenotype than did the families of normal individuals and the
HH phenotype did not occur. Thus the results of Wilson and his colleagues
suggested that the low CR1 numbers in SLE patients were an inherited
characteristic.

Minota et al (1984) determined CR1 sites by radioimmunocassay with
monoclonal anti-CR1 and CR1 activity by IAHA. The majority of SLE
patients had low CR1 sites and low IAHA. The binding of radiolabelled
monoclonal anti-CR1 to E and to E lysates was distributed continuously in
a wide range for both normal controls and SLE patients. When however the
number of CR1 sites determined on 120 controls were standardised on the
basis of wheat germ agglutinin binding sites to avoid errors due to
differences in E surface area, there appeared to be three distinct peaks
oorrespohding to low, intermediate and high CR1 expression. Thirty six
percent of control subjects had high CR1 sites, 53% had intermediate
numbers and 11% had low numbers. Of SLE patients, the number of CRI1
sites were high in 0%, medium in 52% and low in 48%. They proposed that
as the prevalence of the high phenotype exceeded that predicted by the
Hardy Weinberg equation, the expression of CR1 may be governed by
multiple genes.

Nojima et al (1985) determined the reactivity of CR1 by measuring the
capacity of E to bind to radiclabelled heat aggregated human gamma
globulin (AHG) in the presence of complement. Normal E showed a range of
high, intermediate and low binding capacities while E from SLE patients
bound the radiolabelled complexes at a low or intermediate level but
never at a high level. This low binding of SLE persisted during steroid
therapy which improved other parameters of disease activity such as E
sedimentation, leukocyte count and complement titre. Thus the persistence
of low binding of SLE E during active and inactive phases of disease
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favoured the genetic control of CR1 expression and argued against the
view that CR1 expression was dependent on disease activity.

However the bulk of recent experimental evidence supports the view that
reduced numbers of CR1 in patients with SLE are acquired as a result of
the disease. Inada et al <(1982; 1983a) reported that defective CR1
activity in SLE patients correlated with the presence of CIC in serum.
This group used a new method to detect CR1 activity. Sheep E coated with
antibody and C3b (EAC3b) were incubated with a detergent solubilised
lysate of the test E. Depending on the amount of CR1 available in the
lysate to bind with the EAC3b, when indicator human E were added there
were variable amounts of inhibition of agglutination detected. Normal
human E totally inhibited haemagglutination at a lysate concentration of
6% while lysate from 95% of patients with CIC present in their serum did
not inhibit IAHA. Vhen a comparison was made between patients with CIC
and those without CIC, it was found that approximately 68% of patients
with CIC had no inhibitory activity while only 2% of patients without IC
showed no inbibitory activity. Circulating immune complexes disappeared
from the patients serum as the patient entered remission and concomitant
with this there was an increase in the activity of CRl. These results
suggested that the defects in CR1 activity were not genetically
controlled but were dependent on the availability of CR1 sites which in
the active disease state may have been blocked due to the increased
amount of CIC. Uko et al (1985) found CR1 deficiency in 37% of the SLE
patients studied as measured by the lack of ability of these E to
agglutinate in the presence of opsonised heat aggregated human IgG.
Serial studies performed on E from seven normal individuals showed very
little variation in IAHA titres while IAHA titres of three SLE patients
varied from negative to positive IAHA and vice versa. The reduction in
IAHA was usually associated with rises in serum anti-DNA binding and
increases in in vivo complement activation, which are indicative of a
rise in auto-antibodies and in CIC respectively. These experiments
indicated that CR1 numbers were probably acquired and were in agreement
with the observation of Yoshida et al (1985) who found that CR1 values
on some SLE patients correlated with complement titres and changed in
parallel with clinical status.

Family studies by Walport et al (1985a) have also indicated that reduced
CR1 1levels in SLE are acquired and not inherited. No significant
difference was found between the distribution of CR1 in normal families
and the distribution of CR1 in relatives of patients with SLE, findings
that are in contradiction to those of VWilson et al (1982)., In addition
four SLE patients who were shown to express the genotype for high CR1
expression, phenotypically expressed low CR1 numbers. In agreement with
these data Holme et al (1986) reported that an SLE patient with
phenotypically low CR1 levels was the progeny of parents with high and
intermediate genotype. These results suggest that while inheritance may
play a role in determining CR1 numbers in healthy individuals, CR1
numbers in SLE patients may be modulated by certain physiological
factors associated with the disease.



Page 60

A major area of controversy at the present moment is whether reduced
numbers of CR1 occur as a result of the actual loss of the receptor from
the E membrane by proteolysis, or as a result of blockade of the receptor
by CIC or auto-antibodies. Blockade of CR1 by auto-antibodies to CR1 may
result in the inability to detect CRl by polyclonal or monoclonal anti-
CRl1 as in the case of one SLE patient (Wilson et al 1985b). In this
patient periods of disease activity were associated with absence of
detectable CR1 on E and high titres of auto-anti-CR1. Uko et al (1985)
have also reported a reduction in IAHA which is assoclated with increases
in auto-antibodies to DNA. However in an earlier study Wilson et al
(1982) could detect no auto-antibodies to CR1 in seven SLE patients or
their relatives. In the same study blockade of CR1 by immune complexes
was not considered to be a possible cause of lower CR1 numbers as only
two out of 22 patients studied had serum levels of immune complexes
which were out with the normal range. Ross et al (1985) found no
evidence to indicate that reduced CR1 levels were due to surface-bound
immune complexes as E from SLE patients did not contain abnormal amounts
of C3 antigen, which is necessary for the binding of C3b or iC3b bearing
complexes to CRI1.

Patients with proliferative glomerular nephritis have very low or totally
negative staining with anti-CR1 on frozen kidney sections. This

reduction in CR1 activity is not thought to result from blockade of the
receptor by immune complexes as kidney podocyte CR1 still retains the
ability to bind to polyclonal anti-CR1 even after the kidney sections
have been preincubated with normal human serum containing aggregated IgG,
treatment which blocks the binding of podocytes to EAC3b (Kazatchkine et
al 1982). This indicates that even although receptors may be blocked
with complexes the antibody can still recognise and bind to an epitope on
CRL1. This is in agreement with the result of Hogg et al (1984) who
showed that as E11 binds to a specific sife in CR1 which is not part of
the C3b binding site that CR1 numbers may be quantified even when
receptors were occupied with soluble complexes, and with results of Ross
et al (1985) who found that the binding of E1l1 to E CR1 was unaffected
even when E were shown to be binding to circular double stranded (ds)
DNA anti-dsDNA immune complexes, as assessed by their content of C3.
Although most experimental data seem to imply that blockade of CR1 by
immune complexes is not the reason for reduced numbers of CR1 in SLE
patients, work in our own laboratory by Dr E Holme suggests that the true
picture may be more complex. It was found that large opsonised immune
complexes could bind to E and block uptake of both monoclonal and
polyclonal anti-CR1, whereas small opsonised complexes did not block this
uptake. Thus in some SLE patients reduced levels of CR1 may be due to
the binding of large complexes which sterically hinder the binding of
radiolabelled probes.

Alternative explanations for low CR1 numbers include the proteolytic
stripping of CR1 from the E surface (Ross et al 1985; Ripoche and Sim
1986) or the presence of an inhibitory substance in SLE serum which may
modulate CR1 expression. Yoshida et al (1985) suggested that CR1 levels
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may be controlled by a factor in the serum of the SLE patient which
causes removal of the receptor. The presence of a substance in SLE serum
which may inhibit CR1 function has been suggested by the work of Ng
(Personal Communication 1986). It was found that serum from an SLE
patient could inhibit the binding of immune complexes to E in the
presence of normal human serum. This inhibitory activity was destroyed
by heat inactivation of the SLE serum. As yet there is no published work
to support this theory. Experiments by Ross et al (1985) favour the view
that CR1 is physically lost from the E cell surface in SLE patients.
This may result from the stripping of the receptor from the membrane
along with the immune complex as the E traverses the liver and spleen.
His basis for this theory was the observation that SLE patients with low
CRl have a larger than normal amount of fixed C3dg molecules on their
surface. Less than 100 molecules of C3dg per E were found in normal
subjects while 100 to 800 molecules per E were found in patients with
SLE. This larger amount of fixed C3dg was thought to have arisen from
increased complement activation caused by the presence of auto-antibodies
or CIC. Other diseases which were associlated with complement activation
such as chronic cold agglutinin disease, auto-immune haemolytic anemia
Sjogrens syndrome and paroxysmal nocturnal haemoglobinuria (PNH) type 11
also had reduced E CR1 numbers and excess amounts of fixed C3dg per E.
In active phases of disease SLE patients had reduced levels of E CR1 and
low complement activity which correlated with high levels of fixed C3dg.
As the patients entered remission E CR1 numbers increased and the levels
of fixed C3dg fell. Incubation of fresh normal blood with dsDNA anti-DNA
complexes in vitrg, resulted in the deposition of C3dg on E, but this
deposition was not accompanied by a reduction in E CR1 numbers,
suggesting that neither CIC nor serum enzymes were responsible for the
removal of CRl. Ross therefore explained his results by proposing that
the receptor was lost during interaction of the E bearing complement
coated immune complexes, with the macrophage phagocytic system during
circulation through the liver or spleen. In agreement with this Walport
et al (1985b) found that transfusion of E with high CR1 numbers into
patients with low E CRl numbers resulted in a gradual loss of receptors
from the transfused blood. CR1 levels on the transfused blood fell from
493 to 202 CR1 sites per E over 112 hours. This was accompanied by the
deposition of 410 C3dg molecules per E.

The finding of a soluble form of CR1 (Yoon & Fearon 1985) which was
structurally and functionally similar to E CR1 may indicate that cellular
shedding of CR1 occurs in vivo. It would be of interest to examine serum
levels of CR1 in patients with SLE to determine if they are higher than
normal, a finding which may lend support to the theory of increased

receptor shedding in SLE.

1.25 Binding of DNA anti-DNA Complexes to Erythrocytes

A number of experiments have now been performed which show that reduced
E CR1 numbers are associated with reduced E binding of complement coated
immune complexes. Taylor et al (1983a) analysed the ability of E from
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normal individuals and E from patients with SLE to bind to opsonised
antibody/dsDNA  immune complexes. They found that while normal
individuals bound approximately 88% of a standard amount of these
complexes half of the SLE patients studied had pronounced defects in
their ability to bind the complexes. This defect could not be overcome
by the addition of more E from the patient. This finding is consistent
with the hypothesis that for immune complexes to bind to E there must be
clustering of CR1 (Medof and Nussenzweig 1984), If this is the case then
lower CR1 densities would result in less clustering and consequently lead
to a reduced ability to bind complexes.

Horgan and Taylor (1984) studied the kinetics of binding of the DNA
complexes to both normal and SLE E. Complexes opsonised in normal human
serum bound rapidly within 4 minutes to normal E at 37°C and at a
reduced extent at 0°C. Binding to patients E occurred very slowly
requiring 30 minutes to reach equilibrium with less complexes being
bound. Previously Taylor et al (1983a; b ) had reported that as less
than 100 DNA anti-DNA immune complexes could bind to each normal E
bearing approximately 500 CR1 sites per cell that the complexes probably
bound via multivalent attachments to clusters of CR1. Clustering of CR1
requires movement of receptors in the plane of the membrane and in the
case of SLE E the longer time taken to achieve maximum binding could
reflect the longer time taken to organise CR1 into clusters. This theory
is consistent with the finding that at temperatures below 21°C, the
transition temperature for alteration of membrane fluildity, binding of
complexes to normal E occurs more slowly, probably due to restriction of
CR1 movement in the more rigid membrane (Zimmer and Schirmer 1974).

Thus low E CR1 in patients with SLE could contribute towards the
pathogenesis of the disease by reducing the ability of the E to clear
immune complexes from the circulation, thereby increasing the risk of
complexes becoming deposited in the kidneys or other susceptible tissues
leading to inflammation and tissue damage.

1.26 CR1 on Dendritic Reticular Cells

The B cell dependent areas of both the spleen and the lymph nodes
contain nonphagocytic cells known as dendritic reticular cells (DRO).
These cells are postulated to play a role in the retention of antigens in
lymphoid follicles which is essential for the generation of B memory
cells (Klaus et al 1980). It has been shown by ilmmunofluorescence and
autoradiographic studies that antigens are capable of binding to the
surface of DRC and by so doing they become trapped in the follicular
region in close proximity to the B cells (Nossal et al 1968). Binding of
antigen/antibody complexes to DRC is mediated by complement receptors on
the cells (Klaus et al 1980). This was first suggested by the work of
Vhite et al (1975) and Klaus and Humphrey (1977) in animal models. Heat
aggregated human gamma globulin which had been intravenously injected
into chickens was found to attach to the surface of DRC in the spleen in
the absence of specific antibody, but not when the complex was treated
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with pepsin such that it couldzoz;ctivate complement, or when the chicken
was depleted of complement in vivo by treatment with cobra venom factor.
This failure to bind complexes was accompanied by the failure of germinal
centre formation (Vhite et al 1975). Thymectomized mice depleted of
complement by treatment with cobra venom factor were also unable to bind
injected complexes to DRC which resulted in an inability to produce B
memory cells (Klaus and Humphrey 1977). Gerdes and Stein (1982) were
able to prove conclusively that DRC possessed complement receptors for
C3 by staining frozen tissue sections with polyclonal anti-C3R.  This
antiserum was unable to distinguish between the various types of
complement receptors, but recently using monoclonal antibodies it has
been shown that DRC possess CR1, CR2 and CR3 (Hogg et al 1984; Reynes et
al 1985). Monoclonal antibodies against P150/95, the proposed CR4 do not
bind to DRC (Hogg et al 1986). The presence of CR1, CR2 and CR3 on
these cells will thus optimise the binding of immune complexes containing
C3b and its degradation fragments to the surface of the DRC.

1.27 Humber of CR1 on PMN

Human PMN possess CR1 and CR3 and possibly also CR4. The primary
function of these receptors is to establish contact between soluble
immune complexes and other opsonised particles prior to their ingestion
or degradation by cytotoxic reactions. PMN have been reported to possess
approximately 57,000 specific binding sites for CR1 as determined by the
uptake of F(ab"z anti-gp 205 (Fearon 1980). Higher numbers have been
detected using the monoclonal antibody 57F,(140,000 sites/cell) (Iida et
al 1982) and lower numbers are found using the monoclonal antibody
E11,(46,000 molecules/cell) (Hogg et al 1984)., These numbers are known
to increase significantly upon exposure of cells to chemotactic stimuli
such as C5a or N-formyl-methionyl-leucyl-phenylalanine (FMLP). The first
indications of this were given by Anwar and Kay (1978) who reported that
the eosinophil chemotactic factor of anaphylaxic (ECF-A) and histamine
could selectively enhance rosettes between EC3b and human eosinophils in
a dose and time dependent fashion. Human neutrophils and monocytes
could also enhance complement receptors following incubation with
chematactic substances (Kay, Glass and Salter 1979). Additionally human
monocytes increased complement receptor expression upon stimulation with
cagein, a known chemotactic agent of monocytes and after stimulation with
a synthetic chemotactic peptide FMLP or after stimulation with
supernatants from lymphocytes stimulated with phytohaemagglutinin (PHA)
(Glass and Kay 1980). The maximum increase in complement receptors was
seen by 30 minutes and this increase was dependent on the concentration
of agent used and on the temperature of the incubation. At 4°C no
stimulation was seen, whereas at 37°C maximum stimulation was achieved.
This stimulation was specific for CRl as there was no concomitant
increase in Fc receptors. These early experiments were all performed
using the rosette technique for quantification and thus it could not be
distinguished between increase in CR1 number and other membrane changes
which may have resulted in an increased affinity of preexisting CR1 for
the ligand. Fearon and Collins (1983) provided direct evidence for the
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enhancement of CRl. Employing fluorescein conjugated anti-CR1 and
radiolabelled dimeric C3b they showed that C5a desarg and FMLP caused a
ten-fold increase in CR1 numbers in whole blood. Whole blood was used
because it was discovered that isolation procedures alone could increase
the expression of CR1 on neutrophils. It was suggested that the
enhancement seen with chemotactic agents was purely a result of warming
the cells to 37°C and that the actual response to the chemotactic agent
was minimal. Berger et al (1984) showed that FMLP did markedly enhance
CR1 number over the spontaneous increase seen at 37°C. This work was
confirmed by Richerson et al (1985) who reported that there was a three-
to four-fold rise in CR1 following incubation at 37°C for 30 minutes and
a further two- to three-fold rise upon stimulation with FMLP. Apart from
chemotactic agents, phorbol myristate acetate (PMA) a tumour promoting
agent which causes activation of neutrophils and monocytes (Wright and
Silverstein 1982) causes an increase in CR1 number on human neutrophils.
Changelian et al (1985) found that at low concentrations (4ng/ml) PMA
induced an increase in CR1 expression. This increase which was initiated
by PMA was abrogated by incubation with FMLP prior to incubation with
PMA, indicating that the two agents draw the additional CR1 from the
same source. High concentrations of PMA (greater than 16ng/ml) resulted
in a decrease in CR1 expression. This decrease was not due to receptor
shedding as the total cellular CR1 remained the same both before and
after treatment with PMA, Tt was thus concluded that internalisation of
CR1 bhad occured. The increase in receptor number which resulted from
treatment with FMLP or low concentrations of PMA was not accompanied by
a change in total cellular CR1 indicating that CR1 were probably being
translocated from an intracellular pool. Evidence for the existence of
such a pool has come from the work of O'Shea et al (1985a) who found
that neutrophils which were deficient in specific granules increased CR1
expression in a normal fashion after stimulation with FMLP, although
augmentation of CR3 expression was not observed. Neutrophil cytoplasts
were prepared which were  depleted of internal organelles and which
expressed approximately 50% of the total membrane surface area of intact
neutrophils. These cytoplasts were not found to increase surface
expression of CR1 at 37°C or upon stimulation with FMLP suggesting that
additional CR1 come from organelles within the cell, To determine- if
this might be the case, normal neutrophils were fixed with acetone to
allow fluoresceinated monoclonal anti-CR1 to penetrate the membrane and

O
bind to internal proteins. After this treatment a large amount of
internal fluorescence was Seen. An attempt was made to locate the
organelle which contained the intracellular pool.of CR1. Neutrophils were
disrupted and fractionated on sucrose gradients to obtain plasma
membrane, specific granule, and azurophilic granule enriched fractions.
Radiolabelled mopnclonal anti-CR1 bound to the plasma membrane enriched
fraction but not Vto any of the other fractions. It was suggested that
CR1 could possibly be located in the Golgi apparatus as this organelle
was present in the plasma membrane enriched fragment. CR3 was thought
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to be located in the specific granules in agreement with the work of Todd
et al (1984).

Evidence for the in vivo increase in CR1 expression on neutrophils has
come from studies on patients undergoing haemodialysis. This treatment
results in activation of the complement system due to exposure of blood
to fresh cellulose membrane which activates the alternative pathway. C5a
which is generated by this activation may be the in vivo stimulus which
augments CR1 expression on neutrophils. In vitro a direct relationship
was shown between CR1 numbers on neutrophils and the concentration of
Cba added. The ability to augment expression of CR1 on neutrophils may
be an important mechanism for increasing phagocytic activity at sites of
inflammation in_vivo (Lee, Hakim and Fearon 1984).

1.28 Function of CR1 on Phagocytic Cells

The function of CR1 on phagocytic cells 1s primarily concerned with the
binding of cells to particles opsonised with fragments of C3 degradation
which are ligands for the receptor, namely C3b, iC3b, C4b, C3c and iC3.
Attachment of CR1 to opsonised particles does not necessarily lead to
their ingestion. Originally it was proposed that CR1 acted in synergy
with the Fc receptor on phagocytic cells to promote ingestion with CR1
acting exclusively to establish contact between the cell and the
opsonised particle and ligation of the Fc receptor being required to
directly trigger ingestion. Ehlenberger and Nussenzweig (1977) found
that the presence of C3b on a particle could reduce by 100-fold the
amount of IgG required to produce ingestion but other non-immunological
agents which brought phagocyte and particle into close contact could
also reduce the amount of IgG required for ingestion. It was thus
concluded that while CR1 may be necessary to establish a strong contact
it had no direct role in the phagocytic process. Newman and Johnston
(1979) provided evidence to support this conclusion, when it was
observed that gheep E coated with C3b were bound but not ingested by
neutrophils. Addition of small amounts of IgG to the sheep cells
triggered ingestion and release of superoxide anions .

Studies of the CR1 receptor on resident and thioglycollate elicited mouse
peritoneal macrophages revealed that nonactivated macrophages bound to
sheep EAIgMC3 but did not ingest them to a significant degree, while
activated macrophages bound and ingested these complexes even when Fc
receptors were blocked by an anti-macrophage IgG fraction (Bianco,
Griffin and Silverstein 1975). As thioglycollate elicited macrophages
behave similarly to macrophages that have been stimulated with
lymphokine Griffin and Griffin (1979) examined the effect on macrophages
of a soluble factor produced from T cells. They found that macrophages
treated with this factor could be converted in_vitro from only mediating
binding to EAIgMC3b to promoting ingestion of this complex. Thus
complement receptors on mouse peritoneal macrophages could exist in two
states an inactive one which mediated only binding and an activated one

which mediated both binding and ingestion.
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In an attempt to determine the mechanism whereby this transition toock
place, Griffin and Mullinax (1981) studied the topography of CR1 on
active and inactive mouse peritoneal macrophages. Previously it had
shown that macrophages plated on coverslips coated with IgG containing
immune complexes or opsonised IgG immune complexes could mobilise their
Fc and complement receptors in the plane of the membrane so that they
accumulated in the basal portion of the membrane in contact with the
substrate leaving the surface void of these receptors (Michl et al 1979).
Vhen inactive macrophages were plated onto surfaces bearing unopsonised
IgG containing immune complexes they could bind to but not ingest sheep
EAIgMC3b. Macrophages treated with lymphokine could ingest sheep
EAIgMC3Db while plated onto these same surfaces, but binding and ingestion
was abolished by plating the activated macrophages onto surfaces coated
with opsonised IgG containing immune complexes. Binding of EAIgMC3b by
nonactivated macrophages was not altered on surfaces containing
opsonised IgG containing immune complexes. These results were explained
by proposing that treatment with the lymphokine resulted in the ability
of CR1 to trigger ingestion and also to become mobile in the plane of the
membrane. Inactive macrophages could not mobilise CR1 in the plane of
the membrane as indicated by the retention of rosetting ability with
EAIgMC3b while plated on complement coated surfaces thus it was
postulated that activation of CR1 resulted from its release from a
normally anchored position allowing it to become active in phagocytosis.

PMA was found to be capable of promoting ingestion of sheep EAIgMC3b in
cultured human monocytes. Wright & Silverstein (1982) plated monocytes,
which had been pretreated with PMA, onto IgG coated surfaces. These cells
were able to both bind and ingest sheep EAIgMC3b and iC3b whereas
control monocytes could only bind these complexes. However control
monocytes were able to modulate CR1 in the plane of the membrane unlike
unstimulated mouse macrophages, which indicated that mobility alone was
insufficient to promote ingestion. To date the biochemical reaction which
accounts for the transition of CR1 from an inactive state to an active
one remains unknown although  recent evidence  suggests  that
phosphorylation of the receptor may occur. Changelian and Fearon (1985)
studied phosphorylation of CR1, CR2 and CR3 in phagocytic and
nonphagocytic cells. Neutrophils, monocytes and lymphocytes were
labelled with 2#P0. and incubated in buffer alone or in buffer containing
PMA which is known to increase protein phosphorylation. After an
appropriate time interval CR1 was immunoprecipitated from cell lysates
and analysed by autoradiography. CR1 from unstimulated cells was not
phosphorylated whatever the length of incubation time. PMA stimulation
induced phosphorylation of CR1 in monocytes and neutrophils and CR2 in B
lymphocytes. CR3 was not phosphorylated in any of the cells and neither
was the Fc receptor. Phosphorylation seemed to correlate with
acquisition of a phagocytic function in monocytes and neutrophils. CR1
from unstimulated monocytes did not promote ingestion of EAIgMC3b nor
did it become phosphorylated whereas upon stimulation with PMA CR1 was
phosphorylated and ingestion occurred. Acquisition of a phagocytic
function by neutrophils requires prior stimulation with chemotactic
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factors before activation of CR1 by PMA occurs. Treatment of neutrophils
with FMLP and PMA resulted in phosphorylation of CR1 with the
concomitant ability to ingest EAIgMC3b. These authors thus suggested
that phosphorylation of CR1 may be the structural basis for the activated
state of CR1.

In addition to PMA other proteins have been found which may represent
physiological regulators of complement receptor function in  vivo.
Pommier et al (1983) found that soluble fibronectin (fn) could induce
peripheral blood monocytes to ingest sheep EAIgMC3b and could also
increase the phagocytosis of EAIgG. This activation was not as a result
of denovo synthesis of CR1 as the response was initiated very quickly
and could not be prevented by protein synthesis inhibitors. It could
however be inhibited by the addition of colchicine a microtubule
depolymeriser. Wright, Craigmyle and Silverstein (1983a) found that
substrate-bound fn and substrate-bound serum amyloid P component caused
activation of both CR1 and CR3 on cultured human monocytes. These
monocytes bound to fn—coated surfaces by way of a fn receptor. Ligation
of this receptor on the basal surface of the membrane resulted in
activation of complement receptors over the whole cell membrane.
Collagen and fibrin can also bind to fn receptors, these are proteins
which are usually present at sites of tissue injury and could be
important in_ vivo for activation of complement receptors in areas of
inflammation.

Neutrophils were not initially found to be activated by fn (VWright et al
1083a). However when they were exposed to chemotactic factors such as
FMLP, fn was found to activate phagocytosis of EAIgMC3b (Pommier et al
1984>. This could be an important jn vivo mechanism for effectively
limiting neutrophil phagocytosis to sites of inflammation where they have
accumulated as a result of chemotaxis. Both monocytes and neutrophils
bear a receptor for Clg through which they can attach to Clg-coated
immune complexes. This binding is inefficient and can be enhanced by
preincubating the cells with fn, which leads to ingestion if C3b or iC3b
are present on the complex. Fibronectin may act by enhancing the ability
of Clq receptors to bind to Clq or alternatively fn may itself bind to
Clq to promote a stronger interaction between immune complex and
phagocyte. Vhatever the explanation the presence of Clg, C3b or iC3b on
immune complexes greatly enhances their phagocytosis by fn-stimulated
monocytes. (Bohnsack et al 1985, Sorvillo, Gigli and Pearlstein 1986).

CR1 undoubtedly plays an important role in phagocytosis by its ability to
promote strong binding between phagocytic cells and opsonised particles;
however CR3 may be much more effective in triggering ingestion and
mounting a respiratory burst than is CR1. VWright and Silverstein (1982)
reported that PMA treated monocytes which were bound to surfaces coated
with IgG and C3b were still able to bind and ingest EAIgMC3bi by way of
CR3. The reverse was also true that monocytes bound to surfaces coated
with iC3b and IgG could bind and ingest EAIgMC3b by way of CR1 however
CR3 was ten times more effective than CR1 1in ingestion of these
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complexes. Ross, Cain and Lachmann (1985) observed that rabbit E coated
with C3b (RaBC3b) were ingested by monacytes and neutrophils. Addition
of monoclonal anti-CR3 blocked the ingestion of these E complexes but did
not affect the binding of the phagocytic cell to E. This implies that
the CR1 mediated binding of RaEC3b to phagocytes does not induce
ingestion, but that a synergism between CR1 and CR3 may exist where CR1
promotes strong binding which allows weak binding to CR3 which in turn
triggers ingestion.

1.29 Endocytosis by PMN

Phagocytosis of large particles and pinocytosis of soluble material and
small particles are two processes collectively termed endocytosis. CR1
of unstimulated neutrophils while being unable to initiate phagocytosis
can pinocytose small particles and soluble complexes into clathrin-coated
pits. Fearon, Kaneko and Thomson (1981) noted that PMN preincubated with
F(ab"= anti-CR1 fragments at 0°C and then subsequently treated with a
fluorescent second antibody, tetramethylrhodamine isothiocyanate
(TRITC)IgG F(ab")z fragments demonstrated a patchy fluorescence while PMN
treated in the same way at 37°C showed very few fluorescent clusters and
in some cases none at all. Thus at 37°C anti-CR1 F(ab"z fragments were
not accessible to the fluorescein labelled second antibody as they had
been internalised. Subsequent experiments revealed that more than 90% of
the bivalent F(ab")z anti-CR1 which bound at 37°C became internalised,
while monovalent anti-CR1 Fab fragments were not internalised. Thus
cross—linking of the receptors was required for internalisation to
proceed, an indication that the trigger for endocytosis required the
binding of the ligand to several CR1 simultaneously.

Incubation of PMN with cytochalasin B, an agent which disrupts
microfilaments (MF) did not affect the uptake of F(ab%“z anti-CR1
implying that the structural mechanisms leading to this type of ingestion
differed from that involved in phagocytaosis a process which is inhibited
by cytochalasin B (Allison, Davies and De Petris 1971). It was therefore
proposed that internalisation was mediated by a structural protein termed
clathrin. Many nonphagocytic cells have the ability to internalise
membrane receptors and their ligands as a means of taking up nutritional
and regulatory proteins from the extracellular fluid. This is achieved by
the clustering of receptors in specific regions of the plasma membrane
which overlie clathrin-coated pits. These invaginate into the cell to
form coated vesicles which transport the receptor-ligand complex to
lysosomes where the internal contents are degraded (Goldstein, Anderson
and Brown 1979). Abrahamson and Fearon (1983) were able fto visualise
the intracellular distribution and fate of bound anti-CR1 F( ab"=
fragments on PMN and monocytes, using a fluorescent- or ferritin-
conjugated second antibody. In both cell types upon warming to 37°C for
20 minutes bright fluorescence was ohserved in inftracellular bodies. The
ferritin label showed that at 37°C the complexes were taken into
clathrin-coated pits within five minutes and subsequently delivered to
azurophil granules in PMN and lysosomes in monacytes. Hogg et al (1984)
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reported that the monoclonal anti-CR1 antibody, E11, was not endocytosed
by PMN unless it was firstly cross-linked with F(ab"z anti-mouse Ig.
Changelian et al (1985) studied the uptake of the monoclonal anti-CR1
monoclonal antibody, YZ-1, by neutrophils in response %o PMA. High
concentrations of PMA (over 16ng/ml) resulted in internalisation of the
receptors. Internalisation occurred when monovalent antibody fragments
were bound to CR1 indicating that PMA allows endocytosis to proceed even
in the absence of a cross-linked ligand. O'Shea et al (1985b) also found
that a second phorbol ester, phorbol dibutyrate (PDBu) caused
internalisation of anti-CR1 Fab fragments by neutrophils which bad been
stimulated with FMLP and also by unstimulated neutrophils. Monocytes and
macrophages spontaneously internalised Fab fragments, but this could be
considerably enhanced by addition of PDBu or PMA. Endocytosis of soluble
complexes and small particulate material which can be contained within
the 100nm clathrin-coated pits may provide an important additional
clearing mechanism at sites of tissue injury.

1.30 Role of the Cytoskeleton in Endocytosis

In an attempt to understand the mechanisms whereby 1ligation of CR1
causes endocytosis the distribution and lateral mobility of CR1 in the
plane of the neutrophil and monocyte plasma membrane has been studied.
Clustering of receptors is a prerequisite for the endocytosis of many
ligands. Some receptors require first to bind to their ligand before
accumulating in regions of the plasma membrane which overlie clathrin-
coated pits, others reach these areas without any involvement of their
ligand. In the former case ligation of receptors may result in an
alteration in the interaction with the underlying cytoskeleton and in the
latter case receptors may be actively moved or passively moved as a
result of membrane flow. Petty et al (1880) reported that CR1 appeared
to be present in discrete clusters on the membranes of PMN and
monocytes. This clustered distribution was observed with both bivalent
and monovalent FITC labelled anti-CR1 Fab fragments which indicated that
the clustering was not due to cross-linking by the antibody. No
redistribution of fluorescence was seen after photobleaching indicating
that CR1 was not free to move in the plane of the membrane. Hafeman et
al (1982) subsequently showed that plating neutrophils onto glass slides,
as had been the procedure in the previously described experiment, caused
the redistribution into clusters. Plating onto slides coated with a lipid
monolayer to which neutrophils do not adhere allowed CR1 to maintain
their initial uniform distribution. Neutrophils which adhered to glass
coverslips displayed an erratic fluorescence recovery when measured using
the photobleaching technique indicating that the clustered receptors were
not freely diffusing whereas those plated onto a lipid monclayer showed a
recovery consistent with free mobility in the plane of the membrane.
These findings may indicate that CR1 is not preclustered but is normally
uniformly distributed throughout the membrane and only upon binding to a
particular surface or to its ligand does 1t become redistributed into
clusters. This redistribution may involve an association with the
cytoskeleton an intricate network of microfilaments (MF), 10nm filaments
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and microtubules (MT) which lies just underneath the cell membrane. It
is thought that MF may attach to specific integral membrane proteins and
cause them to be actively moved in the plane of the membrane. This kind
of movement is energy dependent and sensitive to calcium concentration.

In an attempt to follow the involvement of the cytoskeleton in the
redistribution of CR1 and Fc receptors on neutrophils Jack and Fearon
(1984) employed two drugs which interfere with ¥F function;
chloropromazine which alters calcium concentration and cytochalasin D
which is one of a class of compounds isclated from the culture fluid. of
certain moulds, which can block the polymerization of MF. Neutrophils
labelled with F(ab"= anti-CR1 followed by a TRITC conjugated second
layer antibody showed a patchy fluorescence after incubation for five
minutes at 30°C. Capping of unoccupied CR1 sites was also observed and
all caps were assoclated with an intense staining of myosin underlying
the area of the cap. Previously Jack and Fearon (1983) had reported that
neutrophils labelled with '#%I-F(ab")z anti-CR1 and then solubilised had
83% of this ligand assoclated with the insoluble cytoskeleton, while only
5% of a monovalent ligand remained in association with the cytoskeleton
thus indicating that cross-linking of CR1 resulted in an association with
the cytoskeleton. Chloropromazine and cytochalasin D were both found teo
inhibit the redisftribution of cross-linked CR1 into patches providing
further support for the involvement of MF in the redistribution of CR1.
An additional finding was that capping of CR1 was accompanied by the co-
capping of Fc receptors while distribution of other receptors was not
altered. The reverse was also true that capping of Fc receptors resulted
in co-capping of CR1. Both types of receptors become located in the same
areas 0f intense myosin staining. This has led to the hypothesis that
both types of receptor interact with the cytoskeleton such that
redistribution of one causes the same altered distribution of the other.
This might explain why phagocytosis is synergistically enhanced following
the opsonisation of an IgG coated particle with C3b (Ehlenberger and
Nussenzwelg 1977),

Internalisation of monovalent anti-CR1 ‘Fab fragments by neutrophils and
monocytes in response to PMA and PDBu is also considered to arise as a
result of association of CR1 with the cytoskeleton. O0'Shea et al (1985b)
showed that +treatment of these cells with cytochalasin B prior to
stimulation with phorbol esters abrogated internalisation of Fab anti-CR1
fragments. This group also found that PDBu induced a time dependent
association of CR1 with the cytoskeleton and they suggested that phorbol
ester mediated internalisation is as a result of association of CR1 with
the cytoskeleton.

The exact role of MT in endecytosis is not clear although they are
thought to be responsible for the movement of other surface proteins away
from the area of plasma membrane where specific receptors are being
internalised. Colchicine, an alkalold derived from the autumn crocus
Colchicum autumesie is a potent inhibitor of many cell functions which
involve MT. As colchicine prevents the movement of proteins which are



Page 71

not involved in the internalisation process, it is probable that MT are
involved in the localisation of membrane proteins. In support of this
theory, capping of Concanavalin A receptors 1s induced by colchicine
suggesting that these receptors are held in place by MT and only upon
depolymerization of MT do the receptors bhecome free to move in the plane
of the membrane.

1.3 GCRl aon B Lymphocytes

Lay and Nussenzweig (1968) were the first to describe a complement
receptor on blood lymphocytes after they observed that lymphocytes would
not form rosettes with EAIgM unless the EAIgM had first been incubated
with serum. The receptor was later shown to be specific for both C3b
and C4b (Ross and Polley 1975). It is now known that the majority of all
B lymphocytes from the spleen and peripheral blood express CR1 (Tedder
et al 1983) while 75%-85% of peripheral blood B lymphocytes also express
CR2 (Ross et al 1978). B lymphocytes are not thought to express CR3
(Ault and Springer 1981). ‘

CR1 levels on B lymphocytes have been quantified by the use of polyclonal
and monoclonal anti-CR1 antibodies and by a C3b dimer. The numbers
reported by these various means are 20,000 (Fearon 1980), 360,000 (Iida
et al 1982) and 21,000 (Arnacut et al 1981). Fearon and Collins (1883)
found that unlike PMN these numbers do not spontaneously increase upon
warming to 37°C nor upon stimulation with chemotactic factors. They
therefore suggested that B lymphocytes express all their CR1 on the
plasma membrane and do not have any intracellular pools of CR1 available
for translocation. However Sim and Sim (1983) found that the rate of
cleavage of C3b to iC3b in the presence of I and B lymphocytes (a CR1
source) was greatly increased if the cells were rendered permeable by the
addition of detergent indicating that B lymphocytes may have
intracellular pools of CRI. ‘

The ontogeny of CR1 on B lymphocytes was initially studied by Tedder et
al (1983). Using the technique of indirect immunofluorescence with F(ab"a
anti-CR1, it was shown that B lymphocytes gradually acquire the ability
to express CR1 as they become more mature. Fifteen percent of large pre-B
cells, 35-48% of small pre-B cells, 60-80% of immature B cells and 99% of
mature B cells were found to express CR1. The receptor was lost when B
cells differentiated into mature plasma cells.

The function of CR1 on B cells is still largely speculative. Iida and
Nussenzweig (1983) showed that CR1 on B lymphocytes could inhibit the
formation of C3 and C5 convertases on sheep E. This inhibition of
convertase formation could be reversed by approximately 60% by the
addition of fluid-phase C3b or monoclonal anti-CR1. In the presence of I,
lymphocyte CR1 could also mediate the release of a C3c fragment from
EACl40xy23b. Thus CR1 on lymphocytes, possibly in combination with
membrane cofactor protein, may act to protect cells from damaging effects



Page 72

of complement activation caused by immune complexes trapped in areas of
B cell activation such as the lymphoid tissue.

B lymphocyte CR1 is also thought to play a role in the triggering of an
antigen specific response by binding to immune complexes containing C3
and activating B cell proliferation. In vitro studies performed by Daha,
Bloem and Ballieux (1984) have shown that high doses of F(ab")= anti-CR1
can enhance in a dose-dependent fashion the production of IgG by B
lymphocytes, when these cells in the presence of T cells and monocytes
have been stimulated with sub-mitogenic doses of pokeweed mitogen (PVM).
This suggests that if ligation of more than one CR1 on B lymphocytes
occurs it can lead to the modulation of antibody production, although
ligation of CR1 on T cells and monocytes, the other cell types necessary
for a response to PWM, cannot be ruled out as a prerequisite for the B

lymphocyte response. Experiments performed by Frade et al (1985b) have
indicated that CR2 may also be involved in the proliferation of B

lymphocytes. Thus CR1 and CR2 may cooperate in the activation of B cells.
1.32 CR1 on Podocytes

The existence of a complement receptor on the human renal glomerulus was
first suggested by Gelfand, Frank and Green (1975) after the abservation
that sheep E or bacteria coated with C3b could adhere to the glomeruli
in frozen sections of human kidney. This finding was supported by the
work of Carlo, Nagle and Shin (1978) who observed that C3b coated
fluorescein labelled bacteria could bind to human renal tissue. The
receptor was thought to be CR1 as treatment of C3b with H and I resulted
in the generation of iC3b which did not bind to the kidney. A year later
sheep E coated with iC3b were shown to bind to the glomeruli and it was
thus concluded that perhaps both CR1 and CR3 were present in this tissue
(Carlo et al 1979). Since that time iC3b has been shown to be a ligand
for CR1 and monoclonal antibodies against CRZ2 and CR3 have not been
found to bind to kidney sections (Kazatchkine and Fischer 1984). In
addition sheep E coated with C3dg and C3d do not adhere to kidney
sections indicating that only CR1 is present in the glomerulus (Fischer
et al 1986).

CR1 is located exclusively in the podocytes of the glomerulus
(Kazatchkine et al 1982; Emancipator et al 1983>, and Fischer et al
(1986) have estimated that there are approximately 200,000 CRl molecules
per podacyte. CR1 is distributed homogeneously on the plasma membrane of
these cells and as CR1 is seen in the Golgi apparatus it is probable that
podocytes synthesise the receptor. There are two main proposed functions
for CR1 on kidney podocytes. The first is a protective function in that
it may behave similarly to CR1 on other cell types in being able to decay
dissociate C3 and C5 convertases and being able to act as a cofactor for
the I mediated cleavage of C3b (Iida and Nussenzweig 1983; Fischer et al
1986). In' this way CR1 on kidney podocytes may help prevent complement
activation on the basement membrane of the glomerulus. Secondly, CR1 may
be able to directly mediate adsorptive endocytosis of soluble complexes
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which bear C3b. These complexes may filter through the basement membrane
if it has been altered in some manner by a disease process (Fischer,
Appay and Kazatchkine 1984).

Altered patterns of staining on podocytes are seen in patients with
proliferative SLE nephritis (Kazatchkine et al 1982). These patients have
very low or totally negative staining with anti-CR1 whereas patients with
non praliferative nephritis have normal staining. SLE is a disease which
is associated with the deposition of antigen/antibody complexes in the
glomeruli therefore low numbers of CR1 on the kidney podocytes of these
patients with proliferative nephritis may affect the efficlency of immune
complex processing. -

1.33@>  CR2 Structure

Barel, Charriaut and Frade (1981) isolated a CR1 like molecule from the
menmbranes of Raji cells. This protein had a molecular weight of 140,00
daltons and it bound to both C3b-Sepharose and lentil lectin-Sepharose.
For this reason the protein termed "gp 140" was assumed to be a receptor
similar to CR1l. However in 1983 and 1984 two groups presented evidence
to suggest that gp 140 was in fact the C3d receptor CR2. Iida, Radler
and Nussenzwelg (1983) investigated the possibility that a surface marker
called, "B2" purified from human B lymphocytes, and CR2 were identical.
Gp 140 was isolated from Raji cells and tonsil lymphocytes. This protein
had the same molecular weight as the B2 marker and it was found to have
an affinity for monoclonal antibodies to B2 and also to C3 fragments.
Anti-B2 partially inhibited rosette formation between tonsil lymphocytes
and EAC3d. Total inhibition was only observed if the lymphocytes were
first incubated with anti-mouse IgM, thus indicating that inhibition of
rosette formation was as a result of cross-linking of B2 receptors and
not a direct competition between B2 and C3d. These experiments suggeéted
that the 140,000 dalton B2 antigen was CR2.

A second lymphocyte surface marker postulated to be CR2 was a protein of
molecular weight 145,000 daltons recognised by the monoclonal antibody
HBS (Weis, Tedder and Fearon 1984). HB5 induced partial inhibition of
rosetting between EC3d and Raji cells. Again total inhibition was only
achieved by first cross-linking the HB5 receptors with mouse IgG. When
detergent lysates of Raji cells were passed over a protein A column to
which HB5 was bound, a 145,000 dalton protein was extracted from the
lysates and conferred on the protein A particles the ability to bind
specifically to EC3d or EC3bi, This directly demonstrated the CR2
function of HBS. Neither monoclonal antibodies, anti-B2 or HBS mask the
ligand binding site of CR2 as they do not prevent the binding of C3d to
CRZ without prior cross-linking of CR2 by a second antibody. For this
reason it was uncertain if they did actually represent CR2. A polyclonal
antisera raised against gp 140 did prevent rosetting of EC3, EC3b and
EC3d with Raji cells without a second antibody being necessary.
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A series of experiments by Frade et al (198%5a) confirmed the identity of
gp 140 as the C3d/C3dg CR2 and also showed that CR2 was recognised by
anti-B2, HBS and OKB7. The epitopes of CRZ2 recognised by these three
antibodies are distinct as binding of one antlbody does not prevent the
uptake of the others,

Previous fto these studies a 72,000 dalton glycoprotein had been isolated
from the medium of B lymphoblastoid cells (Lambris, Dobson and Ross
1981)., Antibodies prepared against this protein could inhibit lymphocyte
rosette formation between EAC3d but not EAC3b. Gp 72 was also shown to
bind to EAC3d but not EAC3bl and it was this concluded that B type
lymphoblastoid cells synthesis and secrete a C3d binding protein into

their surrounding culture medium and that this protein resembles CR2.
Recently it has been reported that gp 72 can bind to soluble '#=I-C3b

and induce a cleavage in the C3b molecule (Conseiller et al 1985). It was
proposed that gp 72 was a serine protease which may function to augment
cleavage of C3b as well as perhaps representing the fragment of gp 140
which contains the C3d binding site.

1.33() Binding Site Properties of CRz

Binding sites for CR2 were first shown to be present in both C3d and
1C3b (Ross et al 1973b; Ross and Lambris 1982). Ross et al (1983) showed
by the binding of fluorescent microspheres coated with C3dg to monocytes
and Raji cells that CR2 also had a binding site for (C3dg. It was
controversial however if C3b bound to CR2 or not. Frade et al (198%a)
showed that Raji cells which do not possess CR1 (Lambris, Dobson and
Ross 1980; Iida et al 1982; Tedder et al 1983) had the ability to bind
C3b and that this activity was as a result of binding to CR2. All Raji
cell rosettes hetween EAC3b, EAC3bi, EAC3dg and EAC3d were completely
inhibited by anti-gp 140. Rosettes formed between Raji cells and EAC3b
required approximately 100-fold more fixed C3b molecules per E than fixed
EAC3bi, C3dg or C3d. This indicated that CR2 probably has a low affinity
for the C3d region of uncleaved C3b.

B lymphocytes bear a membrane receptor specific for the Epstein Barr
virus (EBV) (Jondal and Klein 1973). EBV is a ubiquitous virus which
infects essentially all the normal adult population. In vivo it is
assoclated with malignancy of many epithelial cells and in vitro it
induces B cell proliferation with the concomitant ability to secrete
immunoglobulins. WVhen the EBV receptor was first discovered its
biochemical nature was vunknown but since that +time evidence is
accumulating to suggest that it is identical with CR2. Yefenof et al
(1976) performed studies with two colour staining in order to visualise
the relationship between the two receptors on human B cells. They found
that two colour fluorescence stalning of EBV receptors and CR2 showed
complete overlapping of red and green fluorescence. In addition capping
of EBV receptors induced co-capping of CR2 suggesting a close association
between EBV receptor and CR2 on B cells. Hutt-Fletcher et al (1983)
isolated fluid-phase CR2 which bound to C3d .fragments on E and which



Page 75

could inhibit rosettes between EC3d and B cells, It could not however
inhibit the binding of B cells to the EBV. Isolated EBV receptor was
found to inhibit EBV binding to B cells, but did not inhibit binding of
EC3d to B cells. It was therefore concluded that CR2 was probably not
the binding site for EBV. This group had however only isclated gp 72
which is now known not to be the intact CR2. Fingeroth et al (1984)
found that the rank order of binding of fluorescent labelled EBV to four
lymphoblastoid cell lines was identical to the order of binding of HBS
and anti-B2, also binding to EBV to a B lymphoid cell line could be
inhibited by pretreating the cells with HB5 and a second antibody to
cross-link the receptors. Finally when CR2 was linked to Staphylcoccus
aureus (S. aureus) by means of HB5, it resulted in the ability of the
bacteria fto bind '2%I-labelled EBV. Nemerow, Siaw and Cooper (1985)
isolated gp 145 from Raji cells. A dot-blot immunoassay demonstrated the
ability of gp 145 to bind to either EBV or C3dg indicating that purified
gp 145 had a binding site for both C3d and EBV. Mold, Cooper and
Nemerow (1985) incorporated purified CR2 into phospholipid liposomes
which were then found to bind to EC3d. This binding was inhibited by
OKB7. CR2 liposomes bound to a cell line which expressed the EBV
membrane antigen but could not bind if these cells were treated with a
virus inhibitor. Thus to date the existing experimental data suggests
that CR2 and the EBV receptor are identical.

1.33¢c> Function of CR2

CR2 1is expressed exclusively on B cells (Ross 1980) and as such it
probably plays some role in the regulation of B cell function. Frade et
al (1985b) have provided some evidence that CR2 is involved in the B cell
proliferative response to T cell products. ACA-54 a B cell growth factor
(BCGF) produced from activated T cells caused proliferation of B cells.
This effect was potentiated by the addition of anti-p-antibody which is
another stimulator. F(ab"z fragments of anti-gp 140 were prepared and
these enhanced in a dose dependent manner the proliferation of B cells in
the presence of ACA-54, but not in its absence. The mechanism whereby
CR2 exerts this effect 1s unknown.

Changelian and Fearon (1985) have shown that PMA induces phosphorylation
of CR2 in B cells, while no phosphorylation of CR1 occurs. This may
indicate that CR2 rather than CR1 may be more important in regulation of
B cell function.

1.34() GCR3 Structure

The structure of CR3 1like CR2 has been elucidated with the aid of
monoclonal antibodies. The rat anti-mouse monoclonal antibody anti-Macl
which defines the antigen M170 or Macl on the surface of mouse
macrophages has been of particular importance in this respect (Ho and
Springer 1982). M170 is expressed on mouse thioglycolate elicited
macrophages and on other mouse macrophages, blood monocytes,
granulocytes and NK cells but is absent from lymphocytes. Anti-Macl
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cross reacts with the same cell population in humans (Ault and Springer
1981) and it 1s probably identical to the OKMI antigen (Breard et al
1980)> and the Mol antigen (Todd et al 1982).

The function of this antigen when it was first discovered was unknown
although it had been structurally characterised and found to contain two
noncovalently associated a and B subunits with molecular weights of
170,000 daltons and 95,000 daltons respectively (Kurzinger and Springer
1082). Beller et al (1982) presented evidence that this antigen was
intimately associated with or actually represented CR3. They found that
mouse macrophages were inhibited from forming rosettes with EAC3bi by
prior incubation of the macrophages with anti-Macl. In confirmation of
this hypothesis Wright et al (1983b) showed that EAC3bi could bind to &
aureus particles coated with OKMI antigen in a similar fashion to their
ability to bind to phagocytic cells bearing CR3.

Interest in the Macl antigen has been further aroused by the finding that
it is structurally related to an antigen on cytotoxic T cells. These T
cells can recognise the presence of a foreign antigen on the surface of a
particular target cell when it is in association with the correct major
histocompatability (MHC) products (Springer et al 1982). Monoclonal
antibodies bhave been used as probes to determine the surface component
on the lymphocyte membrane which is responsible for recognising and
binding to target cells. A monoclonal antibody against the lymphocyte
function associated antigen (LFA-1) was consistently found to inhibit
killing by cytotoxic T lymphocytes. Thus LFA-1 was postulated to
participate in the magnesium-dependent antigen recognition and adhesion
step of cytotoxic T cell-mediated killing. LFA-1 has also been shown to
be present on B cells, granulocytes and monocytes and to be involved in
natural killing and T helper cell respanses.

LFA-1 contains an o chain of molecular weight 180,000 daltons and a B
chain of molecular weight 95,000 daltons (Kurzinger and Springer 1982),
The B chains of both Macl and LFA-1 are highly homologous although the o
chains are found by tyrosyl tryptic peptide mapping to be quite
different. Monoclonal antibodies against Macl and LFA-1 do not cross
react as revealed by immunoprecipitation experiments. Anti-Macl
immunoprecipitates Macl from macrophages whereas LFA-1 can not. Anti-
LFA-1 immunoprecipitates LFA-1 from con A blasts but anti-Macl does not.
In contrast to this polyclonal antisera prepared against purified Macl
can immunoprecipitate both Macl and LFA-1. This suggests that the cross
reaction is between the B subunits and not the a subunits.

Ho and Springer (1983) studied the biosynthesis and assembly of the «
and $ subunits of Macl. Their results are consistent with the hypothesis
that the two subunits of Macl are synthesised separately from different
messenger RNA's and then they are associated noncovalently to form «,f
complexes.
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A third protein with structural similarities to Macl and LFA-1 was
described by Sanchez-Madrid et al (1983). Monoclonal antibodies against
the 95,000 dalton B subunit immunoprecipitated three o chain structures
from ’'#%I-labelled granulocytes. These were the o subunit of LFA-1
(180,000 daltons), the a chain of Macl, (170,00 daltons) and an additional
subunit of 150,000 daltons. This new « subunit was found to be
covalently associated with a B subunit of 95,000 daltons in an o fs
structure similar to Macl and LFA-1. This new glycoprotein termed
P150/95 was a distinct protein and not a degradation product or an
immature form of Macl or LFA-1. Thus Macl, LFA-1 and P150/95 appear to
be a family of related polypeptides with a common B subunit and a
distinct a subunit.

Evidence that these three glycoproteins are related comes from the
observation that patients with recurrent bacterial infections are
deficient in all three of these profteins (Springer et al 1984). It was
reported by Todd (1982) that a deficiency in Mol antigen on the surface
of human granulocytes was associated with defects in the C3 and IgG
dependent phagocytosis of these cells. Both the o and B subunits of the
Mol antigen appeared to be deficient in these patients. In agreement
with these observations. Dana et al (1984) found that patients with Mol
deficiencies on both granulocytes and monocytes were defective in IgG and
C3 dependent phagocytosis. Todd et al (1984) studied the subcellular
location of the Mol antigen and found it to be primarily located in the
specific granules, with only a small proportion present on the membrane.
Stimulation of the granulocytes with chemotactic agents 1led to
translocation of Mol from the specific granules to the plasma membrane
resulting in a five- to ten-fold increase in surface expression. This
increase was associated with an increase in surface adhesion of the
neutrophils. Neutrophils from two patients who did not express the Mol
antigen were defective in both adherence and chemotaxis. Arnaout et al
(1984) showed that stimulation of the patients' granulocytes led to an
Increase in surface expression of Mol but this was still considerably
less than normal, From these experiments it was concluded that Mol
deficiency may be partly responsible for the functional abnormalities
which lead to recurrent bacterial infection in these patients. Springer
et al (1984) found that the entire family of glycoproteins, Macl, LFA-1
and P150/95 were deficient in this group of patients, while CR1 was

present in normal amounts. Recently monoclonal antibodies have been
developed against P150/95 (Lanier et al 1985; Springer, Miller and
Anderson 1986). The monoclonal anfibody anti-leu M5 reacts with a

specific epitope in the 150,00 dalton o« subunit. Leu M5 is found to be
expressed on monocytes and granulocytes but not bleod lymphocytes.
Patients who are defective in Mol and LFA-1 expression also fail to react
with anti-leu M5. Springer et al (1986) have suggested that the primary
defect in these patients is the failure to synthesise the common B
subunits. It was proposed that while the o chains of the fthree proteins
were synthesised normally they require to become associated with the §
subunit before being tramsported to the cell surface and as the B subunit
was not synthesised transportation did not occur.
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1.34(b)  Binding Site Properties of CR3

CR1, CR2 and CR3 all have binding sites for iC3b. The binding of iC3b to
CR1 is weak and requires large amounts of fixed iC3b (Ross et al 1983).
CR3 does not bind to any other C3 fragments apart from iC3b. Because of
the possibility of iC3b binding to all three receptors, when studying the
binding of CR3 it 1s necessary to ensure that CR1 and CRZ sites on the
cell surface are preblocked with saturating amounts of anti-CR1 and anti-
CR2 antisera. The binding of CR3 to iC3b resembles the binding of bovine
serum conglutinin (K) to iC3b in that they both require the presence of
carbohydrates and calcium ions. The sugar, N-acetyl-D-glucosamine (NADG)
inhibits the binding of both K and CR3 to iC3b. Both K and CR3 binding
is also inhibited by EDTA (Ross et al 1983). It was originally thought
that CR3 might be the human homologue of bovine K but the observations
of Davis and Lachmann (1983) which showed distinct structural differences
between the two imply that this is not the case. Recently Ross et al
(1985) showed that K 1like CR3 can bind directly to unopsonized yeast or
zymosan particles. It was found that neutrophils treated with a
- monoclonal antibody against CR3, (Leu 15) could bind directly to yeast
particles in the absence of fixed iC3b and trigger their ingestion.
However these same neutrophils could not bind to EC3bi. Vhen treated
with the monoclonal antibody, OKMI, the reverse was true, binding to
EC3bi was normal and no ingestion followed but binding %o yeast
particles was inhibited. The results were explained by suggesting that
there are two binding sites in the o« chain of CR3, one which can be
blocked by Leu 15 and which is responsible for binding to fixed iC3b and
one which can bind directly to yeast or zymosan without the presence( of
fixed iC3b and which triggers ingestion. This binding site can be
blocked by OKHMI.

This conclusion has been supported by Arnaout et al (1985) who also
using monoclonal antibodies has shown that there are two functional
domains in CR3. One of these domains is involved in binding iC3b and
one is involved in inhibiting leukoaggregation, chemotaxis, spreading and
zymosan induced 0%~ production. Ross et al (1985) have reported that the
sugar to which both K and CR3 bind is B-glucan. Neutrophil binding to
yeast particles could be inhibited by addition of soluble f-glucan but
EC3bi rosettes were not affected by this f-glucan. This again implies the
presence of two binding sites in CR3, one for yeast B-glucan and one for
iC3b which is not inhibited by B-glucan.

1.34(c) Function of CR3

As has already been mentioned CR3 appears to be more effective than CR1
in promoting 1ingestion of iC3b opsonised particles (Vright and
Silverstein 1982)., CR3 and CR1 may also act in synergy to promote
phagocytosis of C3b opsonised particles (Ross et al 1985) with CR3 being
responsible for triggering ingestion. Ross et al (1985) have indicated
that CR3 may be able to bind directly to unopsonised zymosan particles
to promote their phagocytosis. Phagocytosis of wunopsomrised zymosan
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results in the generation of a respiratory burst a feature which has not
been found to be associated with phagocytosis of C3b coated particles
(Newman and Johnston 1979). Even after stimulation of monocytes with
PMA no respiratory burst was observed (Wright and Silverstein 1982). It
therefore appears that CR3 may be more effective than CR1 1in
phagocytosis. This may be of particular importance in phagocytosis of
particles opsonised via the alternative pathway. Particles which activate
the alternative pathway have surfaces which favour the formation of a C3
convertase. This might be due to the lower affinity of regulatory
proteins such as CR1 for fixed C3b on these surfaces. If this 1s the
case then ingestion of opsonised particles which contain both iC3b and
C3b is more likely to be mediated through the binding of iC3b to CR3.

1.35() Siructure of CR4 and Binding Characteristics

Suggestion that a fourth complement receptor might exist arose from the
observation that monocytes and neutrophils which were considered to lack
CR2 bound to fluorescent microspheres coated with C3dg (Ross et al 1983).
That the rosettes were due to contamination of the C3dg with iC3b or C3b
was ruled out by the addition of EDTA which blocks CR3 activity and
anti-CR1 which blocks CR1 activity. These observations suggested that
perhaps phagocytic cells did possess a receptor similar to CR2, but the
exact nature of this receptor was unknown. Frade et al (1985a) noted
that neutrophils could form rosettes with E bearing over 45,000 molecules
of C34dg. This rosetting was not due to the presence of CR2 as
determined by the lack of uptake of '#%I-labelled polyclonal or
monoclonal anti-CR2 and by the inability of large excesses of anti-CR2 to
inhibit C3dg rosettes. This receptor on phagocytic cells has tentatively
been described as CR4. Its structure remains unkpown although a report
by Wright, Licht and Silverstein (1984) suggests that it could be the
pl50/95 antigen recognised by the monoclonal antibody IB4. 1B4
immunoprecipitates CR3 and LFA-1 and an o chain of 153,000 daltons from
cultured monocytes. Once stimulated with PMA cultured monocytes formed
rosettes with EC3d. These stimulated monocytes were allowed to spread on
surfaces coated with OKMIO, which recognises the a« chain of CR3, or on
surfaces coated with TA-1, which recognises the o chain of LFA-1 or on
surfaces coated with IB4. The nonadherent side of the monocytes which
were spread on these various surfaces were then tested for their ability
to rosette with EC3d. It was found that only spreading on IB4 abolished
rosetting activity. They concluded from this that the CR2 like receptor
was being bound by IB4 at the substrate attached portion leaving the
apical portion of the membrane void of these receptors. Inada et al
(1983b) also showed that unstimulated monocytes did not bind EC3d but
required first to be cultured in the presence of foetal calf serum (FCS)
whereupon they showed a progressive increase in ability to rosette with
EC3d. Frade et al (1985%5a> found that rosettes did not form with E
bearing over 100,000 molecules of C3d., They did however rosette with E
bearing 45,000 molecules of C3dg. Vik and Fearon (1985) studied the
binding of neutrophils to soluble rather than substrate-bound C3. In
this way they were able to analyse the reversibility, saturability and
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ligand specificity of the reaction. They found that uptake of '#€I-
labelled C3dg was saturable and specific with approximately 14,000 C3dg
binding sites per cell abt safturation. This number increased to 21,000
sites per cell when labelled dimeric C3dg was used. Uptake of labelled
C3dg was competitively inhibited equally well with C3dg, C34 and iC3b and
20-fold less well with C3b. The ability of CR4 to bind to iC3b bhas alsao
been suggested by the work of Frade et al (1985a) who showed that E
bearing over 45,000 molecules were only partially inhibited from binding
to neutrophils by the addition of anti-CR1 and anti-CR3.

1.35(b) Function of CR4

The function of CR4 is unknown. It may have a role in the binding of
soluble complexes released from E bearing C3dg or iC3b. It is uncertain
at the moment if CR4 is able to induce particle ingestion (Ross and Medof
19857,

1.36 Aims of this Study

Vhen this study was begun in 1982 it was known that patients with SLE
had reduced numbers of CR1l sites on their E but it was not known if this
abnormality was acquired or inherited., Family studies conducted that year
(Valport et al 1982) found that low CR1 numbers on E tended to cluster
in families. This suggested that CR1 numbers on E were inherited buf this
hypothesis remained to be proved. Moreover, although it was known that
reduced CR1 numbers on E was a general feafture of the disease it was not
known if this was also true of other cell types.

This study sought to determine the possible mechanism leading to the
reduced number of CR1 sites on the E of patients with SLE. In addition
the CR1 numbers on the neutrophils of SLE patients were quantified in an
attempt fo determine if reduced CRl numbers in SLE patients were also
evident on this cell type. The aims of this study were therefore (i) to
- purify CR1 and prepare an antibody to it, (ii) to compare the expression
of E CR1 on identical and nonidentical twins in order to establish the
relative roles of genetic and environmental factors in the regulation of E
CR1 numbers in a normal population, (iii) to investigate the role of
plasma and tissue enzymes and santigen/antibody complexes in the
reduction of E CR1, (iv) to study CR1 on neutrophils from SLE patients to
determine if this cell type alsc had reduced numbers of CR1, and finally,
(v) to study the biosynthetic rates of CRl in monocytes and lymphocytes
from normal individuals and from patients with SLE.
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2.1 Introduction

The isolation of CR1 and the production of a polyclonal antiserum was a
prerequisite for this project. Using the method described by Fearon
(1979 a small quantity of CR1 had previously been isolated by Dr W &
Kilpatrick. This purified CR1 was shown to be homogeneous by analysis on
5% SDS-PAGE gels which were run under reducing and nonreducing
conditions. These revealed a single band of molecular weight 200,000
daltons when stained with 0.1% PAGE blue G-90. Antiserum raised to this
preparation was shown to be specific by its ability to give a single line
of identity with a crude CR1 preparation using double immunodiffusion in
agarose gel and also by its ability to agglutinate human E, but not human
E which had been trypsinised to remove CR1. As supplies of this original
material were limited it became necessary to prepare a new batch.

Three attempts were made to purify CR1 from human membranes, only the
last of which resulted in a homogeneous preparation of the protein. Each
of the three attempts will be described and the modifications to the
method which resulted from the experience gained over the course of the
procedure will be discussed.



Materials and Methods

2.2 Chemicals and Reagents

Page &2

Chemicals and other reagents were obtained from the following companies:

Aldrich Chemical Company, Gillingham, Dorset
Benzamidine
Ethanolamine

Amersham Interpational Buckinghamshire

V4C Methylated Molecular Veight Markers
British Drug Houses (BDH) Chemicals Litd, Poole, Dorset
All reagents were of Anlar quality

Acetic Acid

Agarose

Barbitone

Calcium Chloride

Copper Sulphate

D-Glucose

Dimethylsulphoxide (DMSO)
Dipotassium Hydrogen Phosphate
Disodium Hydrogen Phosphate
Ethylenediaminetetraacetic Acid (EDTA)
Gelatin '

Glycine

Hydrogen Chloride

Magnesium Chloride

Methanol

Nonidet (NP-40)

Potassium Dihydrogen Phosphate
Potassium Iodide

Sodium Azide

Sodium Barbitone

Sodium Carbonate

Sodium Chloride

Sodium Dihydrogen Phosphate
Sodium Hydroxide

Sodium Potassium Tartarate
Trichloroacetic Acid

Tris (hydroxylmethyl)methylamine (Tris)

Sigma Chemical Company, Fancy Rd, Poole, Dorset

Acrylamide



Ammonium Persulphate
Alpha-Methylmannoside

¥,N'-Methylene Bisacrylamide

Bovine Serum Albumin (BSA)

Chloramine T

Coomasie Blue

Cyanogen Activated Sepharose 4B
Dowex-1 (mesh 100-200)

Folin and Ciocalteu's Phenol Reagent
Glycerol

Lentil Lectin

2' Mercaptoethanol

High Molecular Weight (HMW) Markers

¥ K N,'N'-Tetramethylenediamine (TEMED)
Phenylmethanesulphonyl Fluoride (PMSF)
Sodium Dodecylsulphate (SDS)
Polyoxyethylenesorbitan monolaurate (Tween 20)
Tyrosine

Zymosan

Flow Laboratories, Irvine, Ayrshire

Sheep E in Alsever's solution

Difco Laboratories, PO Box 14B. Central Ave, Molsey, Surrey
Freund's Incomplete Adjuvant

Lin] Fl Lal tori Irvi Avrshi

Microtitre Plates

Luckman Ltd, Victoria Gds, Burgess, Hill, Sussex

LP3 Tubes

Hampshire

Visking Tubing

Cellophane Membrane

Amicon Corporation, lLexington, Mass 02173, USA

Amicon P 10 Membrane
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Amicon PM 30 Membrane
Bio-Rad Laboratories Ltd, Caxton VWay, Watford, Hertfordshire
Biogel AS-M

Biorex 70 (mesh 200-400)
Silver stain kit

Millipore (UK) Ltd, Peterborough Road, Harrow, Middlesex
Pellicon Cassette.

Blood Transfusion Service, Law Hospital, Carluke

Units of fresh and expired packed red cells.
Isotope Dispensary, Western Infirmary, Glasgow
1281 carrier free

2.3 QOptical Density (OD) Readings

OD readings were measured on a Shimadzu spectrophotometer, Model No
Uviz20-02.

2.4 Conductivity Measurements

Conductivity was measured at O°C on a conductivity meter, Model CD M3
(Radiometer Copenhagen).

2.5 pi Readings

PH was measured on a pye model 292 pH meter (Pye Unicam).
2.6  General Methods

2.6(a) Preparation of Normal Rabbit Serum (NRS)

Rabbit blood was allowed to clot at 37°C for 30 min and then placed on
ice for 30 min to allow the clot to retract. After centrifugation at
2000g for 5 min at 4°C the clear serum was separated from the clotted
red cells. The serum was heat inactivated for 30 min at 56°C and stored
at ~20°C until required.

2.6(b) Dialysis

Visking tubing was boiled 3 times in EDTA (1 mmol 17') before being
rinsed in deionised water. An appropriate length of tubing was cut and
tied at one end, the open end was filled with the sample to be dialysed
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and then tied firmly leaving no air spaces. The dialysis sac was then
placed into the appropriate buffer.

8g of sodium chloride, 1.21g of dipotassium hydrogen orthophosphate and
0.34g of potassium dihydrogen orthophosphate were mixed together in 1
litre of deionised water.

0.1%(w/v) BOA/PBS
0.1g of BSA was dissolved in 100mls of PBS.

Reagent A

Reagent A was prepared by dissolving 2g of sodium carbonate and 20mg of
sodium potassium tartarate in 100mls of sodium hydroxide (0.1 mol 17%).

Reagent B

Reagent B was a 0.15%(w/v) solution of copper sulphate in deionised
water.

Reagent C

Reagent C was made up fresh daily by mixing 5mls of A with 100ul of B.

Reagent D

Reagent D consisted of a 1 in 2 dilution of Folin and Ciaocalteu's phenal
reagent in deionised water.

Procedure

Two millilitres of reagent C were added to a series of glass test tubes
to which a 50pl aliquot of the sample to be tested was then added. After
addition of 200pl of reagent D the tubes were mixed thoroughly and left
to stand at room temperature for 30 min. The tubes were spun at 2000g
for 5 min at 4°C and the ODroomm 0f the supernatant was measured.
Controls included a background, to which 50pl of sample buffer had been
added, and a set of standards which comprised of a series of tubes to
which different quantities Gug to 100pg> of a 0.1%(w/v) BSA/PBS solution
had been added. The background reading was subtracted from all the
other readings and the protein concentration determined by constructing a
standard curve with the BSA concentration of the standards plotted
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against the ODvoonwm (Fig 2.1). From this graph the protein concentration
in the samples could be determined,

Heasurement of Protein Concentration in Samples containipg NP-40

As NP-40 in buffers interfered with direct spectrophotometer readings at
ODzeonw the proftein content in such samples was measured by Folin assay.
After the 30 min incubation aft room femperature the +tubes were
centrifuged at 2000g for 5min at room temperature and the clear
supernatant was removed from the precipitated NP-40. The ODyoowwm of the
supernatant was then measured,.

2.6(d> Radiolodination of Anti-CR1 IgG by the Chloramine T Method
(McConahey and Dixon 1966)

Reagentis

Rabbit anti-CRL IgG

Rabbit anti~CR1 IgG had previously been prepared by Dr W S Kilpatrick,
Buffers and Solutions

Q;lﬁ&ﬂlll_BSAiﬁﬁﬁ

0.1g of BSA were dissolved in 100mls of PES.

Chloramine T

5mg of chloramine T were dissolved in 1ml of PBS.

L-TIyrosine

0.5mg of L-tyrosine were dissolved in 1ml of sodium hydroxide
(0.1 mol 17" ),

10%(w/v) BSA/PBS
10g of BSA were dissolved in 100mls of PBS.
20%(w/vy TCA

20g of TCA were dissolved in 100mls of deionised water.



Fig 2.1 SA Stand curv

Legend

A linear standard curve for B3SA was constructed by plotting the ODraovim
of a known concentration of BSA against iLhat concentration.
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Chromatographic Material
Preparation_of Dowex Column

Dowex, an anion exchange resin, was washed 3 times in 0.1%(w/v) RSA/PBS
before pouring into a 10ml glass pipette. The column was washed with
this buffer until it had equilibriated,

Procedure

Anti-CR1 IgG (lmg/ml) was dialysed for 3 hours against 5 litres of PBS
at 4°C. One millilitre of this solvtion was placed into a glass vial
containing 1 mCi (37MBq) of carrier free '®%I. After the contents were
mixed thoroughly, 10pl of a freshly prepared solution ©of chloramine T
were added and mixed for 90 seconds. The reaction was shtopped by the
addition of 50pl of L-tyro=zine. To separate the protein which had bound
1251 from the unbound 'F®I the solution was passed over the Dowex
column. One millilitre fractions were collected and screened by counting
a 1:100 dilution of each in an avtomatic gamma (¥) counler. An elution
profile was drawn by plotting the cpm in each fraction against the
fraction number (Fig 2.2). Fractions containing the highest counts were
pooled as indicated and analysed by trichloroacetic acid (TCA)
precipitatinn to determine the percentage of radinlabelled protein fto free

26(e) Acid Precipitation of Frotein

Two hundred microlitres of a 10%(w/v) BSA/PES solution were added to a
microcap centrifuge tube and 10pl of a 1:100 dilution of the pooled
fractions were added followed by lml aof 20%(w/v) TCA solution. The tube
was mixed thoroughly and centrifuged at 10,000g for 5 min at room
temperature. The supernatant was decanted inta a glass ftube and the
pellet was cut from the bottom of the microcap tube and placed into a
second glass test tube. The '*FI content of the supernatant and the
pellet were determined using an automatic ¥ counter. The percentage of
TCA-precipitable radioactivity was determined according to the following
formula:

1

CPM in pellet - CPM in background (2g)
(cpm in pellet-cpm in Eg>+(cpm in supernatant-<pm in Bg)

X 100

The background was determined by adding 10pl of PBS to fthe microcap tube
instead of the labelled sample, following by tresiment in the same way as
the sample.

If the TCA precipitation was less than £5% the label was not used. The
efficiency of labelling was defermined by expressing the number of counts



Pyrification of '*%]-labelled anti-CR1 IgCG from free iodine using a 10ml
Dowex column. Fractions(500ul) were collected and the amount of '*®I-cpm
in a2 1:100 dilutiom of each fraction was plotted against the fraction
number. The peak contains '*“I-bound to anti-CR1 IgG as determined by
acid precipitation with TCA. Fractions 5 and 6 were pooled.
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in the pooled fractions as a percentage of the total counts put over the
column.

The protein concentration of the pooled fractions was obtained by
measuring the ODzaso of the pool and subtracting the ODzeo of the
0.1%(w/v) BSA/PBS solution from the ODxs. of the pooled fractioms.

2.6(f> Double Immunodiffusion in Agarose Gels (Ouchterlony 1958)
Buffers

Barbitone Buffer

9.21g of barbitone, 51.44g of sodium barbitone and 5g of sodium azide
were dissolved separately in hot deionised water before being mixed
together and made up to a final volume of 5 litres.

Preparation of Agarose Gel

Agarose (5g) was added to 500mls of hot barbitone huffer. Vhen
dissolved 15g of polyethylene glycol (PEG) with a molecular weight of
4,000 daltons were added.

Pracedure

Hot agarose gel (Gml)> was poured onto a glass slide which had been
washed, swabbed with alcohol and placed onto a levelling tray. Once set
wells were punched in the gel using a template (Fig 2.3). The agarose
plugs were removed by vacuum pump suction and a sufficient volume of
antiserum to fill each peripheral well was added. CR1 (32pg/ml) was
added to the central well and the plate was left for 48 hours in a humid
atmosphere to allow precipitation lines to develop.

Staining Ouchterlony Plates

Buffers and Solutions

Half Normal Saline

0.45g of sodium chloride were dissolved in 1 litre of deionised water.
0.1% Coomassie Blue Solution

A methanol: acetic acid: water solution was made up in the proportions

1:1:8 (v/v/v). To 100mls of this solution 0.1g of coomassie blue were
added.



Fig 23 Template for Quchierlony Plate

Legend

Bach well is 3mm in diameter and there is a distance of 10mm between the
centre point of the central well and the centre of the peripheral wells.



«—3mm-—>



Page 89
Destain Solution

A methanol: acetic acid: water solution was made up in the proportioné
1:1:8 (v/v/v),

Procedure

The plate was washed extensively in half normal saline for 1 day and
then in deionised water for 1 day. The plate was dried overnight between
sheets of filter paper. WVhen dried, the plate was soaked for 2 to 3 min
in 0.1% coomassie blue solution after which it was destained by soaking
overnight in destain solution.

2.6(g) Preparation of Anti-CR1 Antiserum

One millilitre of purified CR1 (32pg/ml) plus 1ml of PBS were emulsified
in an equal volume of Freund's complete adjuvant. Two millilitres of this
solution were injected subcutaneously into 2 rabbits. This primary
immunisation was followed by 2 weekly injections of the same quantity of
CR1 until the antiserum obtained by test bleeds was assessed to be
specific for CR1 by double immunodiffusion in agarose gels.

2.6(h) Sodium Dodecylgulphate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) (Laemmli 1970)

Buffers and Solutions

Electrophoresis Buffer

10mls of 10%{(w/v) 8DS, 33mls of Tris W.75 mol 17') and 220mls of
glycine (0.86 mol 17') were mixed together in a total volume of 1 litre
in deionised water.

Sample Buffer (reducing)

3mls of 10%<(w/v) SDS, 0.85mls of Tris (0.75 mol 17"), 1ml of glycerol,
150pl of bromophenol blue (0.1% w/v), 0.5ml 2-mercaptoethanol and 5mls of
deionised water were mixed together.

Acrylamide/Bisacrylamide Solution

30g of acrylamide and 0.8g of bisacrylamide were made up to 100mls with
deionised water and stored at 4°C for up to 4 weeks.

10% Gelatin Solution

10g of gelatin were dissolved in 100mls of deionised water by heating in
a pressure cooker this solution was then stored at 4°C. Prior to use the
gelatin solution was desolidified by placing in boiling water.
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Coomassie Blue Stain Solution

A methanol: acetic acid water solution was made up in the proportions
5:1:4 (v/v/v), 0.1% (w/v) coomassie blue was then dissolved in this.

Destain Solution

Destain solution was made up as previously described in section 2.6 (f).

Gel Recipes
Separating Gel
¥ Gel Acrylamide/ Water | Tris (0,75 mol 177 10% TEMED | Ammonium/Per~
Bisacrylamide (nl) pH 8,8) (nl) spS(pl) (pl) | Sulphate (mg)
5 10 19,4 30 0.6 30 40
Th 10 9.5 20 0.4 20 £0
Stacking Gel
% Gel Acrylamide/ Water | Tris (0,75 mol 177 10% TEMED | Ammonium/Per-
Bisacrylamide (ml) pH 2.8) (n]) ShS(pl) (pl) | Sulphate (mg)
3 1.8 13 3 0,18 9 18
Procedure

Slab gels were poured between glass plates 20cmx20cm separated by lmm
spacers and sealed with 10% gelatin. The separating gel was poured first
and allowed to polymerise for 1 hour at room temperature with a layer of
water carefully added to the surface to prevent evaporation. After setting
the water was removed carefully and the stacking gel was poured. A
spacing comb was placed into the stacking gel prior to setting to allow
formation of lanes. The gel was then clipped into the electrophoresis
tank which had been filled with electrophoresis buffer.

2.6(1) Preparation of Samples for SDS-PAGE

To 40ul of sample, 40ul of sample buffer were added and the samples
boiled for 2 min. The reduced samples were then layered carefully into
the individual lanes using a micropipette and electrophoresed for 3 hours
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at 35mA at room temperature. Once the electrophoresis was complete the
gel was treated by staining with coomassie blue or the silver
impregnation technique.

2.6(j) Coomassie Blue Staining

The gel was fixed and stained for 1 hour at 37°C in stain and then
destained overnight in destain solution at 37°C. This type of staining
does not detect proteins with a concentration of less than 0.2pg and
therefore some gels were silver stained as this is a more sensitive
method of staining being able to detect 2- to 5-fold lower protein
concentrations than coomassie blue sftaining.

2.6 Silver Staining

Gels were silver stained using a silver stain kit. After the protein in
the gel had been fixed for 30 min in 400mls 0Of 40% methanol/10% acetic
acid(v/v), the gel was washed twice in 10% ethanol/5% acetic acid
(v/v)(15 min each wash). This was followed by addition of 200mls of
oxidising solution for 5 min and then by sufficient washes in deionised
water to ensure that all colour was removed from the gel. The silver
reagent (200mls) was added and the incubation continued for 20 min after
which a quick wash in deionised water was followed by the addition of
the developing reagent. The reaction was stopped by the addition of
5%(v/v) acetic acid once the protein bands had reached the desired
intensity.

2.6(1) Determination of Molecular Weight

The molecular weight of unkown protein samples was determined by running
on the same gel a series of proteins of known molecular weight from
which a standard curve could he constructed (Fig 2.4). In the case of
gels stained with coomassie blue nonradicactive high molecular weight
markers were used and '“C methylated molecular weight markers were used
if the gel was %o be subjected to autoradiography. By calculating the
relative mobility (Rf valve) of the unknown sample, which is equivalent
to:
the distance travelled by the protein.

the distance travelled by the dye front

the molecular weight of the protein could be determined from the standard
curve.

2.7 Screenine Columns for CRL

Over the course of the 3 CR1 preparations 3 different methods were used
for screening the columns for CR1  activity, radioimmuncassay,
agglutination of EAC43b and inhibition of alternative pathway C3
convertase activity.



Fig 2.4 Molecular Vejght Standards
Legend

A standard curve was constructed by plotting the known molecular weight
of a series of proteins against the relative mobility (Rf value) of that
sample, The proteins used in the consfruvction of this curve were BSA
(molecular weight 69,000 daltons), phosphorylase b (molecular weight
92,000 daltons) and myosin (molecular weight 200,000 daltons). )
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2.7¢(a) Radioimmunoassay For Screenipg Columpg (Iida et al 1982)
Reagents
C3

C3 was purified by Dr E Holme. It was diluted in PBS to a final
concentration of 50pg/ml. ' '

Anti-CR1 IgG

Anti-CR1 IgG had previously been prepared by Dr ¥V S Kilpatrick and was
radiolabelled as described in (2.6(d)).

Buffers
Blocking Buffer

lg of BSA was dissolved in 100mls of PBS/BSA.

Yash Buffer

PBS/BSA containing 0.005%(v/v) Tween 20.

Pracedure

Fifty microlitres of purified C3 (50pg/ml) were added to plastic LP3
tubes and the tubes incubated for 2 hours at room temperature. The C3
was then removed by vacuum suction and the tubes washed 3 times in
blocking buffer after which 100ul of blocking buffer were added and the
tubes left to incubate overnight at room temperature to allow blockage of
free Binding sites. After removal of the buffer, 25u1 of test sample or
25p1 of diluted purified CR1 (1:5 to 1:20) were added and the tubes
" incubated at 37°C for 2 hours to allow binding of CR1 to C3 after which
the sample was removed and the tubes washed 3 times with wash buffer.
Twenty five microlitres of '#%1 anti-CR1 IgG (B500ug/ml) diluted in
blocking buffer were added and incubation continued for 1 hour at room
temperature. Finally the label was removed and the tubes washed 4 times
in wash buffer. The amount of bound '*%1 anti-CR1 IgG was measured as
cpm by counting the plastic tubes in an automatic ¥ counter. The
background from a control tube containing 25upl of PBS instead of sample
material was subtracted from each reading to give the specific cpm for
each sample.

Standard Curve for CRI1

A small quantity of CR1 had previously been purified by Dr WV S Kilpatrick
but as there was an insufficient volume of the material to allow an
accurate estimation of protein content the assay could not be
standardised in terms of its sensitivity to detect CR1. However, the
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purified CR1 was used at a 1:5 to 1:20 dilution to form a standard curve
for the RIA (Fig 2.5). There was 2 linear relationship between the titre
of CR1 and the number of cpm in the assay. For this reason the total
number of cpm in a sample was taken 25 an estimate of the amount of CR1
in the sample assuming tha®t the CR1 present had not lost any of its
activity.

2.7(M) Agglutination of EACAZDL

The presence of CR1 in a sample can be detected by its ability *fo
agglutinate EAC43b. The concentration of CR1 present is indicated by the
titre of sample at which haemagglutination is obtained.

Reagents Anti-sheep E stroma IgM antibody was prepared by
Professor K Whaley.

SxVBS _ (Veronal Dx buffer)

85g of sodium chloride and 3.75gz of scodium barbitone were mixzed ftogether
in 1 litre of deionised water. This was fthen heated until almost boiling
whereupon 5.57g of barbitone were added and the solution made up to 2
litres with deionised water.

1xVBS (Isotonic VES)
A 15 dilution of SxVES was made in deinnised water,

GYB=~
10mls of a 10% gelatin solution (10g of gelatin per 100 mls of deionised
water) were added to 200mls of 53VBS which was then made to 1 litre with
deionised water.

GVB=*

10mls of a 10% gelatin c=olution were added to 200mls of 5xVBS after
which 5mls of calcium chloride 0.03 mol 177 and 10mls of magnesium
chloride (0.1 mol 17') were added and the solution made to 1 litre with
deionised water.

DEW=E"

50g of D-glucose were dissolved in 790mls of deionised water after which
5mlis of calcium chloride (0.03 mol 17') and 10mls of magnesium chloride
(0.1 mol 17") were added and the solvtion made to 1 litre with deionised
water.



Fig 2.5 CR1 Standard Curve

A linear standard curve for purified CR1 was constructed by plotting the
'zs]-cpm of a known dilution of CR1 against that dilution.
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DGVB_ =+
An equal volume of D5W** and GVE®* were mixed together.
EDTA GVB®~ (0.04 mol 17")

230mls of EDTA (0.086 mol 17') pH 7.4 were mixed with 200mls of GVB=-.

Isotonic EDTA (0.086 mol 17 pH 7.4)

22.3g of EDTA were dissolved in 500mls of deionised water to make a
0.12 mol 17" EDTA solution. 3.6g of sodium hydroxide were dissolved in
300mls of water to make a 0.3 mol 17' solution, 500mls of EDTA <0.12 mol
17') were then mixed with 185mls of sodium hydroxide (0.3 mol 1-') to
result in a pH of 7.4.

Normal Saline

0.9g of sodium chloride were dissolved in 100mls of deionised water.

P . ¢ EAIGHCASD for Agglubination ?

Sheep E in Alsever's solution  were centrifuged at 2°C for 5 min at
2000g. The supernatant, plasma and buffy coat were removed by
aspiration. The cells were then washed 3 times in EDTA GVB=—- (0.01 mol
177) and resuspended in this buffer. One hundred- microlitres of the E
suspension was added to 29mls of deionised water and the 0D was
measured on a spectrophotometer at 541nm wavelength (ODzsainm?. An OD
reading of 0.385 caorresponds to a sheep E concentration of 1x10%/ml
(Whaley 1985). Thus the E were adjusted to 1x10®/ml using the formula:

~

: ODsa1 Measured
Vol E required = Initial volume X 0.365

EA

Anti-sheep E stroma IgM antibody was titrated to find the maximum
subagglutinating dose. Fifty microlitres of PBS were added to the wells
of a microtitre plate, 50ul of the neat rabbit anti-sheep IgM was then
added to the first well and serially diluted out to 1: 2000. Sheep E
(50ul 1x10®/ml) were added to each well and the plate was mixed and left
to stand at room temperature for 1 hour and the haemagglutination pattern
observed. The lowest dilution of antibody which did not cause
agglutination was used for the preparation of antibody sensitised sheep E
(EA). The maximum subagglutinating concentration of IgM antibody diluted
in 0.01M EDTA GVB®— (0.01 mol 17') was warmed to 37°C and added to pre-
warmed E (1x10®/ml) and the mixture continually shaken for 30 min at
37°C. The EA were centrifuged at 2,000g for 5 min at 2°C and washed once
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in GVB*~ EDTA (0.01 mol 17') and twice in GVB®* and resuspended to
1x10®/ml in GVB=".

Preparation of R3

One hundred milligrammes of zymosan were suspended in 10mls of isotonic
VBS and boiled for 30 min then centrifuged at 2000g for 5 min at room
temperature. The pellet was washed twice in isotonic VBS and resuspended
in 10mls of isotonic VBS. One millilitre of this zymosan (10mg/ml) was
put’ into a test tube and centrifuged at 2000g for 5 min at room
temperature. Ten millilitres of fresh NHS were added to the pellet and
the mixture incubated for 1 hour at 37°C. The zymosan was centrifuged at
2000g for 5 min at 2°C and the supernatant which contained R3 was
decanted and stored in aliquots at -70°C.

Preparation of EAC43

Nineteen millilitres of EAIgM (2x10%/1ml) were warmed to 37°C. One
millilitre of R3 pre-warmed to 37°C was added to the EA in a shaking
water bath. Incubation was continued for 75 seconds whereupon 200ul of
pre-warmed antrypol (100mg/ml) were added and incubation continued for a
further 2 min. The cells were then diluted in an equal volume of ice-
cold EDTA (0.01 mol 1-') GVB®~ and centrifuged at 2000g for 5 min at 2°C
then resuspended in this buffer and incubated for 2 hours at 37°C to
decay off the C2, after which the cells were again centrifuged at 2000g
for 5 min at 2°C, resuspended in DGVB®*, washed once and finally
resuspended to 1x10%/ml in DGVB=".

Procedure

One hundred microlitres of PBS were added to each well of a microtitre
plate. Five microlitres of test sample were added to the first well and
serially diluted out to 1:2500. Fifty microlitres of EAC43 (1x10%/mD)
were then added to each well and the plate was shaken and left to stand
at room temperature for 3 hours to allow the cells to sediment. The
pattern of haemagglutination was then noted. Control wells had no test
sample added and were always haemagglutination negative.

2.7¢(c) Inhibition of Alternative Pathway C3 Convertase Activiiy

CR1 has been reported to accelerate the decay of C3bBbP, the alternative
pathway C3 convertase (Fearon 1979; Iida and Nussenzweig 1981).  The
presence of CR1 can be measured by determining the ability of a sample
to inhibit the lysis of EAC43bBbP.

Reagents
C_Rat

Rat serum was used at a 1:15 dilution in EDTA (0.04 mol 17') GVB=~.
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Factors B, D and P

Factors B, D and P were kindly donated by Professor K Whaley. The optimal
concentrations of these facturs had been predetermined by titration of
each one individually.

EAC43DEL

EACA3bBb were prepared by incubating an equal volume of EAC43b(1x10%/ml)
in DGVB®* with DGVB*" containing the appropriate dilutions of B, D and P
for 30 min at 30°C. The EAC43bBhP were centrifuged at 20008 for 5 min at
2°C, the supernatant was decanted and the wells washed once in ice-cold
EDTA (0.01 mol 17') GVB#®~ and resuspended in this buffer at 1x10%/ml

Samples to be tested were diluted 1:25 in EDTA (0.01 mol 1-') GVB2".
EAC43bBbP (100u1) were incubated with 100pl of the diluted sample for 15
min at 30°C to allow CR1 in the sample to accelerate the decay of the C3
converfase. C rat (300p1) was added to each tube to supply the terminal
components in order to develop haemolytically active sites. Incubation
was continued for 1 hour at 37°C during which lysis of E occurred, the
extent depending on the amount of converftase activity remaining on the
cells. A series of control tubes were set up the contents of which are
shown below: '

Materials Added

Controls 0.01M EDTA/GVB*~ EACA3bBbP EAC43 C-Rat
Reagent Blank 1001 - 100p1  300p1
Cell Blank 400p1 10041 - -

Complement Colour 200u1 - - 300pu1
100% Lysis 100p1 100p1 - 300l
Solo 1001 100u1 - 3001

The reaction was stopped after 1 hour by the addition of 2mls of saline
to each tube except the 100% lysis control to which 2mls of deionised
water were added instead. The tubes were then centrifuged at 1000g for 5
min at 4°C and the ODa:14 was read on a spectrophotometer.
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Calculation of results
The results were calculaoted according to the formuls described by Gigli,

Ruddy and Austen (1GG&) which is shown below:

ODara inhibitory sample - ODgva reagent blank
ODa1a 30lo - ODsva reagent blank

Z' = -In

Vhere Z' is a measure of the degree of inhibition of lysis.
2.8 Buffers for CR1 Purification

Phosphate Buffers
A stock solution of disodium hydrogen phosphate 0.1 mol 17') and a
stock solution of seodium dihydrogen phosphate (0.1 mol 17') were

prepared. These 2 solutions were added together until the desired pH was
obtained and then diluted to give the appropriate molarity.

Vash Buffer
9g of sodium chloride were dissolved in 1 litre of deionised water.
Lysiz Buffer

Sodium phosphate buffer (5 mmol 17 pH 7.8) containing PMSF
(0.5 mmol 17') and 0.02%(w/v) sodium azide. '

S] ]-10 ,!- E ir(‘r_
Sodium phosphate buffer (5 mmol 17' pH 7.5) containing sodium chloride

0.15 mol 17'), 1%(v/v) NP-40, PMSF (0.5 mmol 17') and 0.02%(w/v) sodium
azide.

Bigrex Eqm’ljb[jaj‘jng Buffer

Sodium phosphate buffer (0.05 mol 17' pH 7.2) containing sodium chloride
(0.02 mol 17') and 0.2%(v/v) NP-40.

C3-Sepharose [«gn,j.!j briating Buffer
Phosphate buffer (0.01 mol 17" pH 7.5).
Biogel Equilibriatine Buffer

1 x VB3, prepared as described in chapter 2.7(b), containing 0.1%(v/v) FP-
40,
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Tris (0.01 mol 17') hydrogen chloride (Tris HC1) pH 7.4 containing sodium
chloride (0.2 mol 17'), calcium chloride <€0.7 mmol 1), manganous
chloride (0.7 mmol 17'), magnesium chloride (0.7 mmol 1-') and 0.1%(v/v)
NP-40.

These buffers were used in the first and second CR1 purification
attempts. In the third purification the following inhibitors were added to
the afore mentioned buffers, benzamadine (0.01 mol 1-'), PMSF

(0.5 mmol 17%), 0.02%wW/v) sodium azide, and isotonic EDTA

(0.5 mmol 17" pH 7.4). In addition these inhibitors were added to the
water which was used to dilute material before application to the
chromatography celumns.

2.9 Preparation of Chromatographic Material
2.9¢a) Biorex

Biorex, a cation exchange resin, was equilibriated in 5 1litres of
equilibriating buffer, degassed and poured into a column (5x30cm). The
column was equilibriated at 4°C by the passing through of 5 column
volumes of equilibriating buffer. When the conductivity at 0°C and the pH
of the eluate buffer were the same as the equilibriating buffer the column
was ready for use.

2.9(b) Cyanogen Bromide (CNBr> Activated Sepharose 4B-C3
Reagents

c3

Purified C3 was kindly donated by Dr E Holme.

Sodium Carbonate Buffer (Coupling Buffer)

A stock solution of sodium carbonate (1 mol 17') and a stock solution of
sodium hydrogen carbonate (1 mol 17') were prepared and mixed together
until the desired pH of 9 was obtained. After dilution to give the
appropriate molarity, 0.1 mol 17', sodium chloride (0.5 mol 17') was
added.

Acetate Buffer

A stock solution of sodium acetate (1 mol 17') and a stock solution of
acetic acid (1 mol 17') were prepared and mixed together until a pH of 4
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was obtained. This solution was diluted to give a 0.1 mol 17" solution
after which sodium chloride (1 mol 17') was added.

Borate Buffer

A stock solution of Dboric acid (1 mol 17') and a stock solution of
sodium tetraborate (1 mol 1°') were prepared and mixed together to
obtain a pH of 8. This was then diluted to give a 0.1 mol 1-' solution
after which sodium chloride (1 mol 17') was added.

Procedure

CNBr-activated Sepharose 4B (6g) was washed in a Buchner funnel for 15
min with HC1 (1 mmol 17') and then mixed with C3 (7mg/ml) in coupling
buffer. The Sepharose beads and C3 were mixed end over end on a Matburn
mixer for 2 hours at room temperafture, centrifuged at 2000g for 5 min
and then resuspended and washed 3 times in coupling buffer. Any
remaining active groups on the Sepharose were blocked by exposure to an
equal volume of ethanolamine (1 mol 17" pH 8.0) and then mixed end over
end for 2 hours at room temperature. The beads were then washed in
acetate buffer and then 1in borate buffer. This washing cycle was
repeated 3 times before the beads were finally resuspended in C3-
Sepharose equilibriating buffer, poured into a 10ml syringe barrel and
washed with a sufficient quantity of buffer to equilibriate® the column.

2.9 el-A-

Biogel was equilibriated in VBS containing 0.1% NP-40 degassed and poured
into a column (2.6x90cm). This column was equilibriated by passing 1
column volume of equilibriating buffer through the column.

2.9() Lentil Lectin-Sepharose

The Sepharose beads were washed as previously described and mixed with
20mg of lentil lectin in coupling buffer plus o methylmannoside (0.1 mol
17'), The beads were rotated end over end at 4°C overnight and then
washed in coupling buffer 3 times before being mixed with ethanolamine
(1 mol 17" pH 8.0) for 2 hours at room temperature. This was followed
by 3 cycle washes with acetate and borate buffer before resuspension in
lentil lectin equilibriating buffer. The beads were then poured into a
iml Pasteur pipette which had been plugged with glass wool and washed
with 10mls of equilibriating buffer.

2.10 Purification of CR1 from Erythrocyte Membranes (lst and 2nd

Attempts)

Ten (500ml) aliquots of expired blood were centrifuged at 4°C at 2000g
for 10 min. The plasma and buffy coat were removed and the cells were
washed 3 times in wash buffer. The packed red cells were then lysed by
stirring overnight at 4°C in 15 litres of lysis buffer. The lysed
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membranes were centrifuged in a Beckman Ultracentrifuge model L2-65B at
50,0008 for 30 min at 4°C and the membranes collected as a flocculent
pellet. The membranes were washed in 9 1litres of 1lysis buffer by
continual centrifugation at 50,000g for 30 min until they were free of
haemoglobin after which they were suspended overnight at 4°C in 15
litres of solubilisation buffer. The solubilised membranes were
centrifuged at 50,000g for 30 min at 4°C and the supernatant collected.

The supernatant was diluted with sufficient lce-cold water to lower the
conductivity to below 6mS at O°C and applied to the equilibriated Biorex
column by means of a peristaltic pump at a constant flow rate of 100mls
per hour. The insoluble Biorex particles contain mobile positively charged
ions on the surface and these ions exchange with positively charged
molecules (such as CR1) in the applied sample. These molecules were
eluted by application of a linear salt gradient of 500mls with the limit
buffer containing sodium chloride 0.6 mol 17'). Ten millilitre column
fractions were collected and screened for CR1 activity by R1A. The
fractions containing CR1 activity were pooled and concentrated by
positive pressure ultrafiltration using an Amicon PM-30 membrane.

This poal was diluted with 600mls of ice-cold  water to lower the
conductivity to below 6mS and applied at 4°C to the C3-Sepharose column.
This column was washed through with equilibriating buffer and then
sequentially with  equilibriating  buffer containing 0.1%  NP-40,
equilibriating buffer containing sodium chloride €0.2 mol 17') and
equilibriating buffer. These washes were to ensure the removal of
molecules bound weakly by both hydrophobic and charge interactions to
the C3-Sepharose. Elution of solubilised CR1 from the C3-Sepharose
followed application of equilibriating buffer containing both 0.1% NP-40
and sodium chloride (0.2 mol 17'). Ten millilitre fractions were collected
and screened in a similar way to the Biorex column. Those with CR1
activity were pooled and concentrated using an Amicon PM-30 membrane.

Five millilitres of the concentrated pool were carefully layered onto the
Biogel column. Fractions (3mls) were collected and screened by RIA.
Those with greatest CR1 activity were pooled and concentrated using an
Amicon PM-10 membrane.

This pool was then added to the lentil lectin column. CR1 bhas a
carbohydrate moiety which binds to the lentil lectin and which can be
eluted by addition of equilibriating buffer containing o methylmannoside
(0.2 mol 1-') which has a stronger affinity for the lentil lectin than
CR1.

2.11 Yashing Erythrocyte Membranes with the Pellicon Cassette System

Eighteen packs'of mixed fresh and expired blood were washed 3 times in
wash buffer and lysed overnight at 4°C in 7 litres of lysis buffer. The
lysates were washed free of haemoglobin in the Pellicon cassette. This
apparatus allowed the E ghost membranes to be passed over a 0.45uM
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Durapore filter cassette, which retained the membranes while allowing the
haemoglobin to pass through the filter into a filtrate channel which was
then discarded. The membranes were pumped back into a reservoir to
which lysis buffer was added and the membranes were then allowed to flow
back over the filter where more haemoglobin was removed and the retained
membranes were cycled back to the reservoir to repeat the process until
the membranes were completely free of haemoglobin. Erythrocyte membranes
were washed in 100 litres of lysis buffer to remove all haemoglobin. In
the final cycle 2.2 litres of solubilisation buffer were added to the
membranes in the reservoir. This was collected and the E were left to
solubilise overnight at 4°C. The insoluble membrane fragments were
separated from the supernatant by centrifugation at 50,000g for 30 min at
4°C, The supernatant containing solubilised CR1 was diluted with 500mls
of ice-cold water to lower the conductivity to 6mS at 0°C and applied to
a Biorex column (5x30cm). This column was eluted with a linear sodium
chloride gradient as before. Thereafter a similar chromatographic
procedure to that described for the first and second purification
attempts was followed with some modifications which will be described in
the results section. All columns in the third purification attempt were
screened by measuring the ability of each fraction to agglutinate EAC43b.
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Results

2.2 Flrst CR1 Purification Attempt

The starting material for the Biorex column contained approximately
750mg of protein which represented 47% of the original solubilised
membranes (Table 2.1)>. This was eluted from the Biorex by application of
a linear sodium chloride gradient. The conductivity and protein
concentration of each fraction was recorded and the column was then
screened for CR1 activity by radicimmunoassay (Fig 2.6). Two peaks of CR1
activity eluted between 8 and 13mS and the fractions containing this
activity were pooled. The pool contained approximately 171img of protein
representing 23% of the applied protein. After concentration using an
Amicon PM-30 membrane and dilution with water to lower the conductivity
the material was applied to a C3-Sepharose column. Elution of this column
revealed 2 fractions which contained CR1 activity (Fig 2.7). As the
exclusion fractions also contained CR1 activity these were concentrated
as before and recycled over the C3-Sepharose column. The fractions
containing CR1 activity which eluted from this second column were added
to the pool from the first column and the concentrated pool which
contained 15.3mg of protein, representing 15% of the applied protein, was
subjected to gel filtration on a Biogel column.

CR1 did not filter as a distinct peak from this column but represented a
broad band of activity between 50% and 80% of the bed volume (Fig 2.8).
The pool of CR1 activity from the Biogel was concentrated to 1llmls using
an Amicon PM-10 membrane. This contained 2.42mg of protein representing
6.8% of the applied protein. The pool from the Biogel column was
subjected to affinity chromatography on a 1iml lentil lectin column and
the bound CR1 eluted with equilibrating buffer containing o
methylmannoside (0.2 mol 17'). Each fraction was dialysed into VBS 0.1%
NP-40 and assayed for CR1 activity (Fig 2.9), No CR1 activity appeared to
have eluted from this column and so a higher concentration (0.5 mol 1—°
and 1 mol 17') of «a methylmannoside was added to the equilibrating
buffer in an effort to elute any protein which may have stuck to the
column. This again proved unsuccessful.

To exclude the possibility that CR1 was present, but was not being
detected fractions were screened for their ability to decay dissociate
C3bBbP as CR1 is known to accelerate the decay of this enzyme (Fearon
1979, Iida and Nussenzweig 1981). However, none of the fractions
contained convertase activity. Thus it appeared that all CR1 activity
had been lost.

2.13 Second Attempt at CR1 Purification

A second CR1 purification was attempted using 15 units of packed red
cells with a protein content of 3600mg. The same protocol for obtaining
the solubilised receptor was used and the resultant material containing
2680mg of protein was applied to a Biorex column. This gave a similar



Table 2.1

Protein Profile for the First CR1 Purification

Total Peatein CR1cpm(25p1) Total cpm cpm/mg Volume
Solubilised
Membranes 1600mg ND ND ND 1500m1
Solubilised
Supernatant 750mg 163 10x 108 13333 1500ml
Pool from ‘
Biorex 171mg 736 3,6x108 21052 125m1
Pool from C3-
Sepharase 15, 3ng ND ND ND Eml
Pool from
Bingel 2. 4209 246 0, 11210 44629 1iml
Paol from
Lentil lectin D U] 0 0




Fig 2.6 Biorex Column

Legend

Purification of CR1 from solubilised E membranes by passage over a
Biorex column (5x30cm). Fractions (10ml) were collected and screened for

CR1 activity by RIA x). Protein concentration was delermined by
Folin analysis (x_._._.x) and conductivity was measured at 0°C
A{x----x).The arrcws on the X axis represzent: 1 the application nof the

soulubilised membranes to the column, 2 the washing of the column with
equilibrating buffer and 3 the application of a linear sodium chloride
gradient. Fractions 245 to 285 were pooled as they contained the greatest
CR1 activity.
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Fig 2.7 C3-Sepharose Column
i.sgm

Purification of CR1 from the concentrated pool oblained from the Biorex
column by passage over a C3-Sepharose column (10ml). Fractions (10mD)
were collected and screened for CR1 activity by RIA (x--—-x). Protein
concentration was determined by Folin analysis (x_____x). The arrows on
the X axis represent: 1, application of the Biorex pool, 2, wash with
equilibrating buffer, 3, wash with equilibrating buffer containing 0.1%
NP-40, 4, wash with equilibrating buffer containing sodium chloride (0.2
mol 17'), 5, application of elution buffer containing NP-40 and sodium
chloride. Fractions 47 and 48 were pooled as well as fractions 5 to 11
from the exclusion peak.
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Fig 2.8 Biogel Column
Legend

Purification of CR1 from the concentrated pool obtained from the C3-
Sepharose column by application to a Biogel gel filtration column
(2.6x90cm). Fractions (3ml) were collected and screened for CR1 activity
by RIA (& x). Protein concentration was determined by Folin analysis
(x_._._x>. Fractions 47 to 63 were paoled.
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Fig 2.9 Lentil lLectin Colunmn
Legend

Purification of CR1 from the concentrated Biogel pool by application to a
1 ml lentil lectin affinity chromatography column. Fractions (1ml) were
collected and screened for CR1 activity by RIA (x——--x). Protein
concentration was determined by Folin analysis (x x). The arrow (1)
on the X axis represents the application of the elution buffer.
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profile to the one shown in Fig 2.6 with CR1 activity eluting between 8
and 13m3. The CR1 active fractions from this column were concentrated
down to a pool of 80mls containing 142mg of protein. This ponl waes
divided into 4 lots of 20mls. Each 20mls was then diluted with 100mls of
ice-cold water prior to application to a C3-Bepharnse column. All of the
CR1 active {fractionz from each column were pooled to give a pool of
48mls with a total protein content of 2.12mg. Instead of putting this
material over a Biogel column, the pool was dialysed into the
equilibrating buffer for the Biorex column and put over a lml Biorex
column to concentrate CRL activity. Elution of +his column with
equilibrating buffer containing sodiuvm chloride (0.6 mol 17') resulted in
no detectable CR1 activity in any fraction as assessed by RIA or the
C3bBbP convertase inhibition assay.

2.14 Purification_of CRI U=sing the Pellicon Cassette Syslen

The membrancs from 18 units of mixed fresh and oxpired blood were
collected and washed until they were free of haemoglobin in a Pellicon
cassette. This procedure took 1 day. The hsemoglobin free membranes were
then solubilised as before, centrifuged and the supernatant containing the
solubilised CR1 retained. The prolein content of this starting material
was 2015mg, it was diluted with 500mls of ice-cold water and applied to
a Biorexz column which was washed and eluted as previously described.
Each fraction was screened for CR1 activity by agglutinstion of EACA3b
(Fig 2.10).

CR1 activity eluted as a single peak baeftween 8 and 10m3. The fractions
containing the highest CR1 ackivity were pooled and concentrated to
234mls. This pool gave a positive hoemagglutination at up to a2 1 in 32
dilution (Plate 2.1>, and conftained 166mg of protein (Table 2.2
representing 8.2% of the sftarting material., One hundred millilitres of
this pool were diluted with 400mls of ice-cold water and the remainder
was shtored at -70°C. The diluted material was applied o C3-Sepharose
and eluted as before (Fig 2.11). The protein content of the naterial
eluted from *this column could not be accurately measured, however,
positive haemasgglutination was seen in a number of the fractions, with
the highest titre being 1:1280. Fraclions containing CRl activity were
pooled and dislysed into the equilibrating buffer for fhe lentil lectin
column. This pool which had a ftot2l volume of 4%mls with agglutinating
activity of 1:320 was applied to 2 lentil lectin column. Elution with o-
methylmannoside(0.2 mol 17') revealed that CR1 activifty eluted as 2 very
sharp peaks with peak CR1 activity at 1:1280 dilution (Fig 2.12) (Plate
2.1). Two pools were made from fthesze fractions. The first pool was
concentrated to 2mls and contained 43pg/ml of protein while the second
was concentrated to 2.5mls and contained 32pg/ml of protein. Samples from
both of these pools were analysed by EDS-PAGE on 5% gels. The gels were

either silver slained or stained wilh conmassic brilliant blue. Silver
stain anslysis of both pools revesled =2 band of molecular weight 230,000
daltons (Plate 2.2). No minor lower molecular weight contaminating bands
were present indicating that the preparation was homogeneocus., Samples of



Fig 2.10 Biorex Column

Legend

Purification of CR1 from solubilised E membranes by passage oaover a
Biorex column (5x30cm). Fractions 15ml were collected and screened for

CR1 activity by agglutination of EAC43b (x x). Protein concentration
was measured by Folin amalysis (x_._._.x) and conductivity was measured
at 0°C (x———- x>, The arrows on the ¥ axis represent: 1, application of

protein, 2, wash with equilibrating buffer and 3, application of a linear
sodium chloride gradient. Fractions 270 to 300 were pooled as these
contained the greatest CR1 activity.
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Plate 2.1 Haemagglutination of EACA3%

A sample Gul) of fraction 27 from the lentil lectin column (Fig 2.12)
was serially diluted out in PBS to 1:2500 (row 1). A sample Bpl) of
fraction 285 from the Biorex column (Fig 2.10) was also serially diluted
out in PBS to 1:2500 (row 2), as was a sample GBpul) of an exclusion
fraction from the Biorex column (Fig 2.10) (row 3). After addition of
EAC4A3b the heemagglutination pattern was noted., Row 1 shows the
haemagglutination at up to a 1:1280 dilution of purified CR1 from the
lentil ‘lectin column, row 2 shows the haemaggluftination of EAC43b at up
to a 1:320 dilution of CR1 from the Biorex pool and row 3 shows the
haemagglutination of EAC43b at up to a 1:20 dilution of the exclusion
fraction from the Biorex column. The last well in each row represents the
control wells in which no test sample was added.






Table 2.2 Protein Profile for the Third CR1 Purification

Protein(mg/ml) Haemagglutination Titre Volume

Solubilised

Membranes ND 1:160 1300ml
Solubilised

Supernatant 1.55 1:160 1300ml
Pool from

Biorex 0.71 1:320 234ml

Pool from C3-

Sepharose Ox 1:320 45ml
Pool from (1>48pg/ml 1:1280 2ml
Lentil Lectin (11)32pg/ml 1:1280 . 2.5ml

Note: O#; No protein could be detected.



Fig 2.11 C3-Se g C

Legend

Purification of CR1 from the concentrated pool obtained from the Biorex
column by application to a C3-Sepharose affinity chromatography column
(10ml). The arrows on the X axis represent: 1, application of protein
(15m1 exclusion fractions were collected), 2, wash with equilibrating
buffer Gml fractions were collected), 3, wash with equilibrating buffer
containing NP-40 (5ml fractions were collected), 4, wash with
equilibrating buffer Gml  fractions were collected), %, wash with
equilibrating buffer containing sodivm chloride (0.2 mol 17') (Bml
fractions were collected), 6, wash with equilibrating Dbuffer (Gml
fractions were collected) and finally, 7, application of elution huffer
(2ml fractions were collected). Fractions were screened for CR1 activity
by agglutination of EAC43b (x %) and protein concentration was
determined by Folin analysis (x_._._.x). Fractions 92 to 104 were pooled
as these contained the greatest CR1 activity.
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Fig 2.12 Lentil Lectin Column

Legend

Purification of CR1 from the concentrated C3-Sepharose pool by
application to a 1ml 1lentil lectin affinity chromatography column.
Fractions (2ml> were collected and screened for CR1 activity by
agglutination of EAC43b (x x). No protein could be detected by Folin
analysis. The arrows on the X axis represent: 1, application of protein,
2, wash with equilibrating buffer and 3, application of elution buffer.
Two pools were made, the first containing fractions 23 to 25 and the
second containing fractions 26 to 31.
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Plate 2.2 @ilver Stain of Purified CRL

The purity of the CR1 which was obtained from the lentil lectin column
was assessed by SDS-PAGE analysis. Samples from both of the pools from
the lentil lectin column (Fig 2.12) were analysed on a 5% slab gel run
under reducing conditions. A band with a molecular weight of 230,000
daltons (230K) was seen in both cases (track a, pool 1; track b, pool 2O
after the gel was silver stained. No other contaminating hands were
observed. The last track represents the high molecular weight markers
(HMW), '
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the 1lentil lectin beads were also analysed by SDS-PAGE and silver

staining revealed a band with a molecular weight of 230,000 daltons
(Plate 2.3)

2.15 Specificity of the CR1 Antiserum

Antiserum to the purified CR1 was raised in rabbits. The serum obtained
from 20mls of clotted rabbit blood was serially diluted into PBS and
tested against purified CR1 by double immunodiffusion in agarose gel.
Single 1lines of precipitation were seen between CR1 and each of the

diluted anti-CRl samples. This indicated that the antiserum was specific
for CR1 (Plate 2.4).
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identical to the molecular weight of purified CR1 and it was therefore
concluded that this band represented CR1. The first track represents the

high molecular weight markers (HMV).

Plate 2.4 Immupodiffusion in Agarose Gels Between Apti-CR1 and CR1

Double immuncdiffusion in agarose gels of purified CR1(48pg/ml), (central
well) against rabbit anti-CR1 antiserum, img/ml {(well a), 0.5mg/ml (well
b), 0.25mg/mi (well <) and 0.125mg/ml (well d). A precipitin line of
identity was formed between CRL and each of the anii-CR1 samples.
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2.16 Discussion

It was realised after the failure of the first 2 preparatlons that, as CR1
was an extremely labile protein (Sim 1985; Ripoche and Sim 1986), some
modifications would have to be made fo the purification procedure. It was
decided to shorten the length of the procedure in 2 ways, (i) by speeding
up the washing of the E membranes and (ii) by using a quicker method of
screening the columns. In addition extra protease inhibitors were added
to the buffers in an attempt to cut down proteolysis of the receptar.

In order to decrease the time spent washing the menmbranes, a Pellicon
cassetle system was used. This system had previously been successfully
utilised by Wong et al (1985) in their preparation of CR1. The efficiency
with which this machine operated meant that the cells were ready to be
put over the Biorex column within 24 hours of beginning the preparation.
As both the RIA and the C3bBbP convertase inhibition assay were time
consuming, agglutination of EAC43b was used instead to screen the
columns. This was a sufficiently relisble method %o ensure that CR1
activity could be detected quickly and accurately.

Two modifications were made to the chromatographic procedures, (i) only
100mls of the concenfrated pool from the Biorex column were applied to
the C3-Sepharuse column. This helped to decrease the overloading of the
column which had occured in the first preparation (Fig 2.7) and (1i) the
Biogel column was not used as previcus experience had suggested that this
column did not greatly add to the purity of CR1 and may have in fact
diluted the receptor pool (Fig 2.8). The pool from the C3-Sepharose
column was therefore dialysed into the equilibrating buffer for the lentil
lectin column, followed by application to the column and successful
elution of 2 peaks of CR1 activity by o methylmannoside (0.2 mol 17%)
(Fig 2.12>. Vhen ©pooled these 2 peaks both gave a positive
haemagglutination titre of 1:1280, The {first of +these pools when
concentrated had a total protein content of 96pyg and the second a total
of 80pg. This gave a combined total of 176pg of purified CR1 from 100mls
of the original Biorex pool. If the remaining 134mls from the Biorex pool
were to yield a comparable amount of CR1 then it can be estimated that
from this purification 412pg of CRL1 were obtained. This is 3 times in
excess of the amount of purified CR1 which Fearon obtained although the
amount of protein in the initial Riorex starting material was comparable
in both cases (Fearon 1979).

The purified CR1 was analysed by 5% SDS-PAGE and a single band of
maolecular weight 230,000 daltons in the reduced form was seen with
coomassie blue staining. When the gel was silver stailned, a process which
is 2- to 5-fold more sensiftive than coomassie blue staining, no
additional bands were observed indicating that the preparation was pure
(Plate 2.2).
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The specificity of the anti-CR1 antiserum was shown by the observation
that a single precipitin line was formed when it was tested by double
diffusion in agarose gels against purified CR1 (Plate 2.4).



CHAPTER THREE
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3.1 Iniroduction

In 1965 Klopstock et al (1965) observed a wide variation in the immune
adherence activity of E from different individuals. From the results of
family studies they concluded that the capacity of E to mediate immune
adherence was inherited. Since that time it has become generally accepted
that E CR1 numbers in the normal population are inherited (Wilson et al
1982; Minota et al 1984; Valport et al 1985a; Holme et al 1986). VWilson et
al (1982) enumerated CR1 on E from a section of the normal population
and found that the numbers appeared to fall into a trimodal distribution.
On this basis they suggested the existence of a genetic locus with 2
codominant alleles (encoding high (H) and low (L) expression) determining
the level of E CR1 expression. The data of Valport et al (1985a) also
indicated that in the normal population there was a heritable component
in the expression of CRl number. However this group did not agree with
the simple model of inheritance proposed by Wilson et al (1982)
considering it more likely to be under polygenetic control.

The numerical polymorphism of CR1 has aroused considerable interest due
to the discovery that patients with SLE have reduced E CR1 levels. This
finding has been unequivically proven by studies in laboratories from
different parts of the world (Miyakawa et al 1981; Iida et al 1982;
Vilson et al 1982; Taylor et al 1983a; Ross et al 1985; Holme et al 1986).
The mechanism whereby this reduction occurs is unknown, although 2
general mechanisms bhave been proposed, (i) low CR1 numbers are inherited
by means of an allele(s) associated with low CR1 number or (ii) they are
acquired as a result of a pathological process. Most recent evidence
indicates that low E CR1 numbers in SLE patients are acquired with the
level of CR1 expression being related to disease activity (Ross et al
1985; Holme et al 1986), ’

In order to compare the influence of genetic and environmental factors on
E CR1 expression in the normal population, it was decided to undertake a
study of E CR1 levels in twins. The twin study method was first proposed
as a technique for differentiating between the influence of heredity and
environmental factors by Sir Francis Galton (1875). He reasoned that
since monozygotic twins have exactly the same hereditary structure, any
difference between the pailr must be caused by environmental factors. The
converse, that if a pair of monozygotic twins are alike in any given
trait that this trait is inherited is not necessarily true as twins
usually share a close common environment. Unless this limitation is
recognised the role of genetic factors may be overestimated. Thus the
twins study method is possibly more useful for demonstrating that
environmental rather +than hereditary factore are important in the
development of any given trait (Buchanan et al 1967).

In addition to measuring E CR1 numbers on the twins, the serum levels of
Cibp, H and I were measured by enzyme linked immunosorbent assay
(ELISA). CR1 is known to be closely related in function and binding
activity to the other cofactor proteins H and C4bp (Iida and Nussenzweig
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1981), Moreover Rodriguez de Cordoba et al (1985) have shown that the
structural genes for CR1, H and Cdbp are closely linked and recently the
structural genes for CR1, H and C4bp have all been mapped to chromosome
1 (Klickstein et al 1985). The genetic 1linkage and the functional
homologies have led to the hypothesis that these 3 proteins, (and
possibly DAF and gp45-70 also) may comprise a new human complement-
regulatory gene family analogous to the C4/C2/B and C6/C7 gene families
already described (Holers et al 1985).

This chapter will describe the analysis which was performed to determine
the relative roles of genetic and environmental factors on E CR1
expression and on the serum concentrations of H, C4bp and I. In addition
the levels of each of the proteins were examined to see if age or sex had
any influence on them. Finally an analysis was carried out to determine
if there were any correlations evident between CR1, C4bp, H and I.
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Chemicals and other reagents were obtained from the following sources:

Sigma Chemical Company, Fancy Rd, Pople, Dorset.

Caprylic Acid

Hydrogen Peroxide (Hz0z)
o-Phenylene-Diamine (OPD)
Polyvinyl Pyrrolidone (PVP)

Dynatech Laborataories Lid, Daux Rd, Billingshurst, Sussex.
Flat Bottomed Micro-Elisa Plates

EI“E hﬁbg“a!‘“: eg, I[yl“e, Ag[ﬁh re

RPMI-1640 medium without sodium bicarbonate, without glutamine, with
HEPES.

Pharmacia House., Midsummer Boulevard, Milton Keynes

Sephadex G-50, (medium)

Pierce and Varriner UK Ltd, 44, Upper Northgate St, Chester, Cheshire
Iodo-Beads

British Oxygen

Liquid nitreogen was supplied by British Oxygen.

3.3 Twins

One hundred and twenty three sets of twins were recruited into this study
as a result of an advertising campaign on radio and in the local and
national press. The zygosity, sex and age distribution of the twins are
shown in Fig 3.1. Both members of each twin pair were interviewed at the
same time and the presence of existent disease noted. HNone of the twins
had any chronic inflammatory rheumatic disease.

3.4 Blood Samples

At the time of interview, 60mls of venous blood were taken, 40mls were
allowed to clot at room temperature for 1 hour and then incubated on ice
for 30 min to allow the clot to retract. The clot was separated from the



Fig 3.1 Zygosity, Sex apd Age Distribulion of the Twing

-~

Lagan_i

Frequency histograms showing the age distribution of each set of twins;
(a) all twins, (b) monozygotic female, (c) monozygoltic male, (@) dizygotic

female, (@) dizygoltic male, (f) dizygotic male and female.
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serum by centrifugation at 2000g for 5 min at room temperature. The
serum was removed and stored in aliquots at -70°C.

The remaining 20mls of blood were anticoagulated with heparin and frozen
as described in section 3.5.

3.5 [Ireezing Blood Samples
Reagents
30%w/v) Polyvinyl/Pyrraolidone (PVP)

30g of polyvinyl/pyrrolidone were added to 100mls of PBS in a glass
bottle. The bottle was then put into a pressure cooker and heated until
the polyvinyl/pyrrolidone had dissolved.

RPMI/BSA

lg of BSA was added to 100mls of RPMI.

Procedure

Six millilitres of 30%(w/v) PVP were added dropwise to 20mls of
beparinised blood from each of the twins. Using a Pasteur pipette the
blood/PVP mixture was then added draopwise into a steel bowl containing
liquid nitrogen. The individual frozen pellets were collected and stored
at -70°C in plastic universals prior to measurement of CR1 numbers and
blood group analysis.

3.6 Thawing Blogd Samples

Vhen required the blood droplets were thawed out by adding one droplet
to 05mls of warm (37°C) RPMI. The thawed cells were centrifuged at
2000g for 5 min at room temperature and the buffy coat removed by
aspiration. As the thawing process resulted in a variable degree of
lysis each twin sample was given 5 50ml washes in warm (37°C> RPMI and
resuspended in RPMI/BSA. One hundred microlitres of the E suspension was
then added to 2.9mls of deionised water and the optical density was
measured at 541lnm. The E were adjusted to 2.5x10%/ml using the following
formula:

' ODsav Measured
Volume of E required = Initial volume X 0185 X2

3.7 Determination of Zygosity

The first priority in any twins study is to establish the zygosity of the
twins. In this case zygosity was determined by similarities in the
physical appearance of the twins (eg. hair colour, eye colour, facial
appearance) and the reply to the question, "Have you always been
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considered to be identical twins?™. On this basis 61 pairs were
considered to be monozygotic and 62 pairs dizygotic. Erythrocytes from
the monozygotic twins were then subjected to blood group analysis. This
analysis was carried out by the Department of Haematology in the Western
Infirmary, Glasgow. The groups studied were ABO, Rh CDE, Ms Ns, Pi, Le®,
K, Fy» and JK . There was no discordance between any of the twin
members fested. The chances of dizygosity based on the twins being
members of the same sex and the results of blood group analysis were low
ranging from 2% to 14% This analysis did not take into account their
physical appearance (other than sex), so clearly the possibilities of
dizygosity were less than 2% to 14%.

3.8 Determipation of E CR]1 Number Using the Monoclonal Antibady E11

E CR1 number on the twins was measured by means of a RIA which employed
the use of a radiolabelled monoclonal antibody to CR1, E11. Before E11
could be labelled the IgG fraction was isolated from the mouse ascites
fluid; this fraction was then labelled with '#%] using Iodo-beads.

3.8@) Isolation of IgG Fractions from Mouse Ascites Fluid
(Steinbuch and Audran 1969)

Reagents

The monoclonal antibody anti-CR1 (E1l) was a gift from Dr N Hogg,
Cambridge, England.

Buffers

Acetic égid 0.1 mol 1-")

600ul of glacial acetic acid were added to 99.4mls of deionised water.
Saturated Ammonium Sulphate (SAS)

760g of ammonium sulphate were added to 1 litre of almost boiling
deionised water. The solution was stirred until as much of the ammonium
sulphate as possible had dissolved. The SAS was left overnight at room
temperature and the pH was adjusted to 7.2 with sulphuric acid before
use.

Procedure

The E11 mouse ascites fluid (Iml) was adjusted to pH 4.5 by addition of
acetic acid (0.1 mol 17')., Caprylic acid was then added such that a 5%

(v/v) caprylic acid soclution was obtained. The solution was shaken
vigorously by hand and then centrifuged at 10,000g for 7 min at room
temperature. The supernatant was carefully removed and the pellet

discarded. While the supernatant was being stirred on a magnetic stirrer
an equal volume of SAS was added dropwise to the supernatant. Stirring
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was continued for 2 hours at room temperature to allow precipitation of
IgG. The solution was then centrifuged at 10,000 for 7 min at room
temperature and the supernatant removed. The pellet containing IgG was
redissolved in 2mls of PBS. This was then placed into dialysis tubing
and dialysed against 2 litres of PBS overnight at 4°C. Following this,
protein concentration was determined spectrophotometrically by reading
the optical density at 280nm and dividing this number by 1.43 which is
the extinction coefficient for IgG. The protein solution was then divided
into aliquots which were stored at -20°C.

The purified IgG fraction showed a single line of identity with rabbit
anti-mouse IgG in double immunodiffusion agarose gels, a technique which
has been described previously in chapter 2.6 (f)-

3.8(b) Radiojodination of Ell Using lodo-Beads (Markwell 1982)

Each of the nonporous Iodo-beads are covalently modified with an
oxidizing agent which facilitates the smooth and reproducible iodination
of the tyrosine residues of peptides. This system of iodination is
gentler than the chloramine-T method and it was therefore used to
radiolabel the monoclonal anti-CR1 antibody E11.

Buffers
Sodium Phosphate Buffer

A stock solution of phosphate buffer was prepared as described in chapter
2.8. This was made to a pH of 7.4 and diluted to give a 0.05 mol 1-°
solution.

Procedure

The Iodo-beads were washed twice with sodium phosphate buffer, each time
using 1lml of buffer per 2 beads. The beads were then dried on filter
papers and added to 1mCi of carrier free '#%] which had beea diluted
with 200pl of phosphate buffer. The beads were incubated with the '=S]
for 5 min at room temperature with occassional mixing by hand. El1
(lmg/ml) was then added to the preloaded Iodo-beads in the reaction vial
(2 lodo-beads were used to label 1lmg of protein). A 15 min incubation at
room temperature with occassional mixing by hand was the reaction time
for maximal incorporation of '#%I into the protein. Following this
incubation the bound and free iodine were separated by putting the
reaction mixture over a 10ml Sephadex G-50 column which had been
equilibrated with PBS. Gel filtration separates molecules on the basis of
molecular weight thus the iodinated proteins, being heaviest, were eluted
first from the column before the free iodine, thus separating the bound
from the free iodine. Fractions (500ul) were collected and screened for
'#%] content by counting a 1:100 dilution of each fraction in an
automatic ¥ counter (Fig 3.2). In this case fraction 6 and 7 were pooled
and tested for precipitable counts by the acid precipitation technique
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Fig 3.2  Rurification of ‘Z*I-labelled E11 from Free lodine

Legend

Purification of *Z*%I-labelled IgG from free iondine using a 10ml Sephadex
G-150 column. Fraction (500pl) were collected and the amount of '*SI-cpm
in a 1:100 dilution of each fraction was plotted against the fraction
number. The first peak contained '*%I-bound to Ell1 as determined by acid

precipitation with TCA. Fractionz 6 and 7 were pooled. The second peak

contained free jodine.
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which has been described in chapter 2.6(e). The percentage of acid
precipitable counts was always greater than 95%. The protein
concentration of the pool was then determined spectrophotometrically.
This concentration was usually between 0.2 and 0.3mg/ml.

3.8¢c) Quantification of CR1 sites/E using E11

Firstly the amount of CR1 specific IgG in the mouse ascites fluid was
quantified. This was achieved by incubating a vast excess of E (1x10'©)
with 250ng of '#5I-E11-IgG in the presence and absence of a 100-fold
molar excess of unlabelled E11-IgG. This experiment was performed with
cells from 3 individual donors. The mean percentage of specific binding
of Eli-IgG was 32%. It was therefore decided to add 700ng of purified
Ell-IgG to 5x107E. Of this 32% was capable of binding to CR1 which
represents 224ng of specific E11-IgG which was sufficient to saturate all
available CR1l sites.

Reagents
Dibutylphthalate/Dinonylphthalate
60mls of dibutylphthalate were mixed with 40mls of dinonylphthalate.

Procedure

Triplicate aliquots (200pl) of E (2.5x10%/ml) 1in RPMI/BSA were
transferred to microcap tubes. To each tube 700ng of '=<I-El1l were added
and then the E were incubated for 1 hour at 4°C with end over end mixing
on a Matburn mixer. In order to assess nonspecific binding of '2%I-Ell, a
10-fold molar excess of unlabelled E11 was added to separate triplicate
aliquots (200ul) of E (2.5x10%/ml). These cells were incubated for 30 min
at 4°C with end over end mixing on a Matburn mixer before addition of
700ng of '#%I-El1l1 and incubation for a further 1 hour at 4°C. When the
incubation periods were complete the E were layered onto 300pl of
dibutylphthalate/dinonylphthalate in microcap tubes and the bound and
free '#5]-Ell separated by centrifugation at 10,000g for 2 min at room
temperature, The supernatant was removed and the red cell pellet was cut
from the bottom of the tube using a hot scalpel blade. The pellets
containing '*#I-E11 bound to E were placed into glass carrier tubes and
counted in an automatic ¥ counter. )

3.8(d> Calculation of E CR1 Number

The amount of radicactivity bound in the absence of unlabelled El1
represents the total amount of '#5I-E11 bound to the E. The amount of
radioactivity bound in the presence of unlabelled Ell represents the
nonspecific binding of '#%I-E11. The specific number of bound cpm were
obtained by subtracting the mean of the nonspecific binding from the
mean of the totdl binding. The number obtained represented the number of



Page 114

bound cpm to 5x107E. To convert the bound cpm into CRl antigenic sites
per cell the following calculations were performed.

The number of molecules in lcpm =

285 x 100=

Number of cpm in 700ng of IgG anti-CR1

The number of antigenic sites per cell =

The number of molecules in lcpm x The number of bound cpm in 5%x107E

5x107

The explanation for this calculation is as follows, 1 mole of IgG
contains 150,000g or 6.03 x 107 molecules (Avagadro's number), therefore
700ng of IgG molecules contains 2.82x10'# molecules. For each assay the
number of molecules in lcpm were defermined by dividing 2.82x10'%® by the
number of cpm in 700ng of IgG anti-CR1. This input at 700ng varied for
each assay according to the natural decay of the '#%I 1label. Having
obtained the number of molecules in lcpm it was then possible to
calculate the number of molecules contained in the number of bound cpm
which was for the total E input of 5x107/tube. Division of this number by
5x107 resulted in the number of CRI molecules (antigenic sites) per E.

3.9 Control for E Lysis During Determination of E CR1 Number

As already menfioned (3.6) the thawing process resulted in a wvariable
degree of lysis. Although before standardisation each sample was given 5
washes in RPMI until no further lysis occured, durin‘g the assay procedure
itself additional lysis occurred. To control for this a 1ml E sample
(2.5x10%/ml) from each twin was placed into a microcap tube and subjected
to the same conditions as the test samples. After centrifugation over
dibutylphthalate/dinonylphthalate a 100pl aliquot of the supernatant was
removed and added to 2.9mls of deionized water and the O0ODsar was
measured. The number of lysed E were then calculated and subtracted from
the total input into each microcap ftube. This number was then used in the
calculation described in 3.3(d) instead of Hx107.

Electron microscopy of the E pallet revealed that the membranes from

the lysed E were not pelleted out during the centrifugation procedure and
therefore did not contribute to the final E CR1 number.

3.10 Validity of CRI Number after Freeze/Thawing

To ensure that the freezing andi thawing process did not result in
alterations of E CR1 number the following control experiments were
performed. Venous blood (20mls) was collected from 5 donors; this was
divided into 2 10ml aliquots. The E from 1 of the aliquots from each
donor was washed and standardised to 2.5x10%/ml and E CR1 number
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determined. The remaining aliquot from each donor was frozen and stored
at -70°C. Following storage the E were thawed and CR1 number determined..

3.11 Intra-Agsay Variation

In order to assess the reproducibility of the assay a blood sample was
taken from 1 individual and divided into 3 aliquots. Each aliquot was
treated as a separate sample and the E CR1 number for each was
calculated. All of the assays were performed at the same time. Table 3.1
shows that for 3 donors the greatest variation was 9% from the mean.

3.12 Inter-Assay Variation

In order to assess the inter-assay variation, aliquots of frozen red cell
pellets from the same twin sample were thawed out on 2 separate
occassions and E CR1 number determined. As is shown in Table 3.2 the
greatest inter-assay variation for 6 donors was 7% from the mean.

3.13 Enzyme Linked Immunosorbent Assay (ELISA)

The basis for this method involves the attachment of antibody to plastic
microtitre plates. Following blockade of any free binding sites left on
the microtitre plate with BSA, antigen was added to the wells. Antigen
bound to antibody is detected by the addition of a second antibody to the
antigen labelled with horseradish peroxidase (HRP). This enzyme catalyses
the reduction of hydrogen peroxide and oxidation of OPD from a clear to a
coloured solution. The intensity of colour, which is an indication of
antigen concentration, 1is measured spectrophotometrically at an
absorbance of 492nm on an ELISA reader.

Reagents
Coating Antibodies

Coating antibodies were donated by Dr L Morrison. They were stored at
-20°C and contained 0.01% thiomersal as a preservative. Prior to use they
were diluted in coating buffer to the concentrations indicated below.

Anti-H Bpg/ml)

Anti-C4bp (10pg/ml)

Anti~I (10pg?ml)

Conijugates

All conjugates were kindly donated by .Dr L Morrison, they were stored at
4°C and contained 0.01% thiomersal as a preservative. Prior to use they

were diluted in 0.05%(v/v) Tween/PBS to the concentrations indicated
below:



Table 3.1 Infra-assay Variation

Sample Aliquot 1  Aliquot 2  Aliquot 3 Mean+3D % Variation

1 271 313 295 29321 +7 -7
2 1105 1096 953 1021485 =9 15
3 1046 1100 1023 1056439 -3 +4

Note: The mean of each set of 3 measurements was calculated. The
difference between the 2 extremes and the mean in each set was then
expressed as a percentage of the mean.

Table 3.2 Inter-assay Variation

CR1 Sites/E

Sample st 2nd Mean % Variation
Measurement Measurement from the mean
1 618 633 ’ 650 +5 -5
2 1856 2117 1986 +7 -7
3 752 754 753 0
4 1536 1385 1460 +5 -5
5 635 705 670 +5 -5
6 953 027 940 » +1 -1

Fote: The mean for each 2 measurements was calculated. Each number was
then expressed as a percentage of this mean.
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HRP anti-C4bp (diluted 1:250)
HRP anti-H (diluted 1:10,000)
HRP anti-I (diluted 1:100)
Standard
A serum standard consisting of a pool of serum from 50 normal donors
was used in each assay. This standard contained H (300pg/ml), C4bp
(250ug/m1> and I (GOpg/ml). This standard was diluted in Tween/PBS from

1:500 to 1:512,000 for the H ELISA, from 1:2,000 to 1:128,000 for the C4bp
ELISA and from 1:20 to 1:5120 for the I ELISA.

Iwin Serum Samples

The 1twin serum samples were diluted in 0.05%(v/v) Tween/PBS to the
dilutions indicated below.

C4bp (1:8,000>, H (1:32,000) and I (1:320)

Substrate

17mg of OPD were dissolved in 50mls of phosphate/citrate buffer.
Immediately before use 20ul of hydrogen peroxide (Hz0z) were added to
this solution.

Buffers

Iween/PBS 0.09%(v/v)

0.5mls of Tween 20 were added to 1 litre of PBS.

Coating Buffer<{(carbonate/bicarbonate buffer (0.05 mol 1-' pH 9.6)

0.79g of sodium carbonate and 1.46g of sodium hydrogen carbonate were
made up to a final volume of 500mls with deionised water.

Blocking Buffer
0.5g of BSA were added to 500mls of PBS.

Phosphate/Citrate Buffer

11mls of citric acid (0.1 mol 1°') were mixed with 14mls of disodium
hydrogen phosphate (0.2 mol 17') to give a final pH of 5.6, 25mls of
deionised water were then added.
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Fig 3.3 Standard Curve of Serum Pool

Legend

A standard curve was constructed by plotting the ODasz of a dilution of
the standard containing a known concentration of H against that
concentration. The linear regression analysis performed on these points

gave a correlation coefficient of 0.996,
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3.16 Inter—Assay Variation for the ELISA Assay

The inter-assay variation for all the proteins tested was x6% of the
mean.

3.17 Statistical Apalysis
3.17(@) Genetic Analysis

The most commonly employed techniques in the genetic analysis of
continuous characteristics are the study of intra(within)-pair and
inter (between)-pair variances (Osborne and De George 1959) and the intra-
class correlation coefficient.

The Intra-pair Vari

The intra—pair variance is calculated by the equation shown below (which
has N degrees of freedom):

L (A-3)=
2N

where A and B are the assay results for a pair of twins and I donates
summation over a set of N pairs.

The Inter-pair Variance

The intesi-pair variance (which usually has N-1 dégrees of freedom) is
calculated by the equation shown below:

1 I (A+B)= I (A+B)=
"DF -z 2y

where DF, the degrees of freedom is at most equal to N-1. However when
carrections were made for batch effect several degrees of freedom were
lost and this affected the calculation.

Variances were compared by dividing the larger by the smaller, the ratio
being referred to as 'F', the statistical significance of which can be
determined from standard tables of F values.

- 3 e i C cient
In measuring correlations between twins it 1s not possible to decide

which measurement on a pair of twins is x and which is y. For this
reason, the intra-class correlation coefficient (r), which treats each
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pair of twins symmetrically, is preferred to the most usual inter-class
correlation coefficient. It is equal to:

Inter-pair Variance -~ Intra-pair Variance

Inter-pair Varlance + Intra-pair Varilance

3.17(b) Batch Effect

Vhen E CR1 numbers and serum concentrations of H and C4bp were measured,
each member of a twin pair was measured in the same batch. This may have
led to similarities between twins which were purely as a result of the
twins being in the same batch. Statistical tests were therefore performed
to determine if there was a batch effect. One way analysis of variance
showed that there was a significant difference between batches for each
of the 3 proteins. Therefore each measurement was first corrected by
subtracting its corresponding batch mean and adding to this number the
grand mean of all the measurements for that particular protein. These
corrected numbers were subsequently used to test for age effects and for
correlations between sets and subsets of twins.

3.17() Age Effect

A pair of twins may resemble each other not only because they have the
same genes but also because they have the same age. The correlations of
H, C4bp and I levels with age were significant, with serum concentrations
of each increasing with age. It was therefore necessary to age-adjust the
measurements to ensure that age effects would not contribute to any
correlation between the twins. This was achieved by calculating the
increase observed each year and subtracting this from the measurements
for each year above the mean age of the population studied and adding the
increase on for every year below the mean age.

3.17(d> Hean Values

In this analysis the geometric mean values are quoted as opposed to the
arithmetic mean values. The geometric mean value is the anti-log of the
mean value of the logio value of each protein. This 1is more
representative of a positively skewed distribution than is the arithmetic
mean, because the latter is very sensitive to measurements at the high
end of a skewed distribution. '
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Results

3.18 VYalidity of CR1 Number after Freeze/Thawing

Before any of the twin blood samples were collected and frozen it was
first of all established that the freezing and thawing process did not
alter E CR1 expression. Table 3.3 shows the number of CR1 sites/E
calculated on unfrozen blood samples and on the same sample after it had
been frozen and thawed. As can be seen from the table the largest
percentage variation in CR1 number was #6% of the mean.

3.19 Distribution of CR1 Sites/E in all of the Twins Studied

Using the raw data a histogram was constructed showing the distribution
of CR1 sites/E in all of the twins studied (1 pair of twins is missing in
all of the CR1 data) (Fig 3.4(a)). As can be seen from Fig 3.4(a) this
approximates to a log-normal distribution. For +the purposes of
statistical analysis it was necessary to transform each of the CR1
measurements to the logio value (Fig 3.4(b)). The anti-log geometric mean
of CR1 sites/E was 837.

3.20 Comparison of CR1 Measurements in Males and Females

After correction for batch effect the geometric mean E CR1 values for
males and females were compared to determine if there was a relationship
between CR1 and sex. The geometric mean for males was 839 and that for
females was 829. As these mean values were almost identical it may be
concluded that sex does not influence the mean value of E CRI1.

3.21 Effect of Age an CR1

The CR1 numbers from all the twins were used to test for age effects. The
correlation coefficient between CR1 and age was not significant. Therefore
it may be concluded that there is no relationship between CR1 and age.

3.22 Gepetic Analysis of CR1 Sites/Erythrocyte

The intra-pair and inter-pair variances and the intra-class correlation
coefficients were calculated for all the sets and subsets of twins. The
results are shown in Table 3.4.

None of the F values quoted in
Table 3.4 are significant <(apart from the F value for the batch
variation). This indicates that the differences between dizygotic twins
were no greater than the differences between monozygotic twins. There is
also no evidence of any correlations between any of the sets or subsets
of twins (Fig 3.5(@),(b) and (c)). Thus it may be concluded that the
genetic influence on E CR1 numbers in the normal population, if it exists,
was too small to detect. Differences between twins must therefore arise
largely as a result of environmental factors.



Donor Unfrozen Blood Frozen Blood Mean %rg;rti;gzi?{gan .

1 466 473 469 +1 -1
2 333 337 335 +1 -1
3 2b8 229 243 +6 -6
4 338 362 350 +3 -3
5 219 214 216 +1 -1

Note: CR1 number was calculated on freshly isolated E. An aliquot of E
from the same donor was then frozen and stored at -70°C. The blood was
thawed and CR1 number determined taking into account the degree of lysis.
The mean of both determinations was calculated for each set of
measurements. Both measurements were then expressed as a percentage of
the mean.



Fig 3.4(a> Distributi ites/E

Legend

Frequency histogram showing the distribution of CR1 sites/E on 122 pairs

of twins.
Fig 3.4() Distribution of logio Transformed CR) Sites/E
Legend

Frequency histogram showing the distribution of CR1 sites/E in 122 pairs -

of twins after fransformation of each to the logio.



Number of Individuals
150 —

100

50

0

—400 400 1200 2000 28070 3600 4400 5200 6000 6800
CR1 Sites/E ‘

Number of Individuals
80 —

70—

60 —

30—

10 —

0 -
1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80
Log,, Transformed CR1 Sites/E



Table 3.4 Applysis of Variance of Log.. CRL Sites/E

Notes

+ This figure was obtained by subtracting each individual measurement
from the grand mean of all the measurements, squaring this figure and
then adding up all the squares. It gives an indication of what the
variation from the mean is in each of the groups indicated under
source of variance,

° The degrees of freedom for the inter-pair variation are low hecause
of correction for batch effect. This correction is not necessary for
intra-pair variation as the pairs of twins were measured in the same
batch and therefore the difference between one individual and his ftwin
is always the same,

[l The mean square 1is obtained by dividing the sum of squares by the
degrees of freedom. This figure corresponds fo the intra-pair or
inter-pair variance.

* Variances wera conmpared by dividing the inter-pair mean square by
each mean square the ratio being referred to as F. This figure
indicates whether the difference within 2a pair of +twins 1is
significantly different from the differences between pairs of twins.

# This F value 1is significant. This indicates that there was a
significant difference between batches, larger than might be expected
by random sampling error. Correction for batch effect was necessary
because of this.

NS = Not Significant

DF = Degrees of Freedon
F = Female

M = Male



Table 3.4

Saurce of
Variance

Total

Batch Effects
Age Effects
Inter-pair
Intra-pair

Sum of+
Squares

26,4236

11,4381
0.0012
6.24256
8.74181

...divided as follows

Monozygotic
Dizygotic

5. 00698
3.73483

DF~

243
40

30
122

60
62

..and subdivided as follows

Monozygotic F
Monozygotic M

Dizygotic F-F
Dizygotic M-F
Dizygotic M-M

4,54759
0.459390

2.78563
0.801119
0.148083

53

35
21

o O O O

Hean {1
Square

. 28359
.00116
. 78032
. 071654

. 083450
. 060239

. 085804
. 065627

. 079589
. 038149
. 024681

F Retio*

. 644n
67.

269

. 089

. 069
. 295

. 100
. 189

. 020
. 045
.162

Significance

P < 0,001
NS

s

K¥S
§Ss

§S
NS

NS
NS
NS



Fig 3.5() Correlations Between CRl Levels in Twinz

Legend

(]

Scatter graph showing a plot of logie E CR1 levels in twin 2 against

twin 1. The correlation coefficient was not significant.
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Fig 3.5() Correlations Between CRI Levels in Twins
Legend
Scatfer graph showing a plot of logvo E CR1 levels in identical twins

only. Twin 2 is plotted against twin 1. Again the correlation coefficient

was not significant.



Log CRL" -
for Twin 2 -

+of
L

2.90 3.05 3.20 3.3% 3.50 3.65 3.80
Log CRY for Twin | -

.

(=)
w

2.30 2,45 2.40



Fig 3.5(c> Correlations Between CRI levels in Twins

Legend

Scatter graph showing a plot of logio E CR1 levels in nonidentical twins
only. Twin 2 is plotted against twin 1. The correlation coefficient was

not significant.
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3.23 _Analysis of Serum Concentrations of H in Twins

The distribution of H levels in all of the twins studied is shown in Fig
3.6(). The distribution shows a strong positive skew. As in the CR1
assay the H levels had to be transformed to a normal distribution for
the purposes of statistical analysis. This was achieved by subtracting 80
from each of the original measurements and faking the logio of this
number (logio(H-80)) (Fig 3.6(b)), The mean value of logi«(H-80) in all
the samples tested was 2.39, which corresponds to a concentration of
324pg/ml.

3.24 Effect of Age on Serum Concentration of H

The correlation between transformed H levels and age was 0.43. This
number is significant (p < 0.005) (Fig 3.7). Thus H levels do appear to
increase significantly with age. The data was therefore corrected for
both batch and age effect as described earlier and analysed for
differences between males and females.

3.25 Comparison of H Levels ip Males and Females

To determine if males and females have different amounts of H, the mean
values of H were calculated for males and females. The mean for males was
341pg/ml and the mean for females was 320pg/ml. As there was no
significant difference between the two it may be concluded that there is
no difference in serum concentrations of H between males and females.

3.26 Genpetic Analysis of H lLevels

The data were corrected for both batch effect and age affect and the
results of the analysis of variance are shown in Table 3.5.

There was some resemblance between twins of various sets and subsets, as
seen by the fact that the intra-pair variances were generally smaller
than the inter-pair variance. These resemblances showed moderate degrees
of statistical significance as is indicated in Table 3.5, However, when
the F ratio to compare dizygotic  intra-pair variance (0.03005) with
monozygotic intra-pair variance (0.02540) was calculated the value
obtained 1.18311, was not at all significant (P > 0.1), There was
therefore no evidence at all of any genetic influence on H levels.

3.27 Analysis of CAbp Measurements in Twins

Once again there was a strong positive skew in C4bp distribution when
the raw data were plotted as a frequency histogram (Fig 3.8¢(a)). The
distribution was made almost normal by subtracting 85 from each of the
original measurements and taking the logio of this number (log:o(C4bp-
85)).(Fig 3.8¢(b)>. The mean of this transformed data was 1.943, which
corresponds to a C4bp concentration of 173pg/ml.



Fig 3.6(a) Distribhution of H levels

Legend

Frequency histogram showing the distribution of serum levels of H in 123

pairs of twins.

Fig 3.6(b> Distribution of Log:o (H-30) Levels

Legend

Frequency histogram showing the distribution of serum levels of H in 123

pairs of twins after transformation of each to logie (H-80).
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Fig 3.7 Correlation Between H lLevels and Age

Legend

Scatter graph showing a plot of serum concentration of H against the age

of the twin. The correlation coefficient was 0.43 which is significant.
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Table 3.5 AllﬁlX_’SI‘: nf Variance of Logio (H-30) Levels

Source of Sum of

Variance Squares
Total . 0.65146
Batch Effect 0.686095
Age Effect 0.62553
Inter-pair 4,92002
Intra-pair 3.41256

«v.divided as follows

Monozygotic 1.54919
Dizygotic 1.86337

...subdivided as follows
Dizygotic F 1.1310

Dizygotic M/F 0.47144
Dizygotic M 0.26093

DF

61
62

Mean

Square

OO O O

o

. 0357569
. 62553
. 04354
02774

L0254
03005

. 03231
02245
. 04349

F Ratio

1.9696
14,3668

1.5696

1.7142
1.4489%9

1.3476
1.9394
1.0001

Significance

P~ 0.05
P < 0.005

P<0.01

P <0.025
NS

XS
P<0.05
NS



Fig 3.8¢a) Distribution nf C4bp Levels

Frequency histogram showing the distribution of serum levels of C4bp in

123 pairs of twins.

Fig 3.8(b)

I!F’Q’Qm]

Frequency histogram showing the distribution of serum levels of C4bp in

123 pairs of twins after transformation of each to logie (C4bp-85).
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3.28 Effect of Age on C4bp lLevels

There was a significant correlation between age and Cdbp levels r=0.457
(Fig 3.9). It was calculated that for a C4bp concentration of 173 pg/ml
that each years increase in age would, on average, result in an increase
of about 1.6 pg/ml of Cdbp (e almost 1% per annum). The data were
corrected for batch and age effect as described for CR1 assays and then
analysed for differences between males and females.

3.29 Comparison of C4bp Levels in Males and Females

The mean value of CAdbp levels in males was 173 pg/ml and that for
females was 173 pg/ml. Thus it may bhe concluded that there is no
difference at all befween males and females in C4dbp levels,

3.30 Genetic Anélyf;‘j!‘: of (‘Abp_l‘mr-

The results of analysis of variance are shown in Table 3.6, The F ratio
to campare dizygotic intra-pair variance (0.0455295) with monozygotic
intra-pair variance (0.044597) was 1.0202 which is not significant (P >
0.1>. Therefore there was no evidence or suggestion of genetic influence
on the levels of C4bp.

3.31 Analysis of ] Measuremeplts_ in Twins

The distribution of I levels in all of the twins is shown in Fig 3.10(a).
The distribution shows a strong positive skew and was ‘transformed to a
normal disftribution by taking the logie values of I measurements (Fig
3.10(b)). The geometric mean value of I levels was 55pg/ml. As
individvals, not twins were assigned randomly to batches for assay of I
no batch correction was necessary.

3.32 Effect of Age an_ 1 Levels

There was a significant correction between age and I lavels (r=0.186; P
< 0.00%) (Fig 3.11)>. Each years increase in age was associated with an
increase of about 0.00223 in Logie I levels. Therefore the I level
increased by about 5% for every 10 years increase in age. After
correction for age effect the Logio I levels were analysed for
differences between the sexes.

3.33 Comparison of I MNeasurement in Males and Females

The mean values of 1 were calculated for males and females. For males
there was a mean of 58pg/ml of I and for females a mean of 55pg/ml.There
was no significant difference between I values in males and females as
revealed by a pooled T test. Therefore it may be concluded that males
and females have the same mean levels of I.



Fig 3.9 Correlation Between C4bp Levels and Age

Legend

Scatter graph showing a plot of serum concentration of log:e(C4bp-85)
against the age of the twin. The correlation coefficient is 0.457 which is

significant.
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Table 3.6 Analysis of Variapnce of Lug.. (C4bp-89) Levels

Source of Sum of Dr Mean Square  F-Ratio  Significance
Variance Squares

Total . 20.32986 245 0.374195

Batch Effect 3.74195 10 3.47885 5.4336 P < 0.001
Age Effect 3.47285 1 0.056315 50.5155 P < 0.001
Inter-pair 7.64428 111 0.063867

Intra-pair 5.53349 123 0.0444988 1.5368 P ~ 0.01
«..divided as follows

Monozygotic 2.7204 61 0.0447297 1.5442 P < 0.05
Dizygotic 2.82283 62 0. 0455295 1.9126 P < 0.05
.».subdivided as follows

Dizygotic F 1.918 35 0.0548 - 1.2567 NS
Dizygotic M/F  0.775587 21 0.0369327 ©1.8647 NS
Dizygotic M 0.129243 6 0.0215405 3.1971 NS
Monozygotic F  2.24031 53 0.04227 - 1.6292 P ~ 0.025

Monozygotic M 0.480086 8 0.0600107 1.1476 NS



Fig 3.10(> Distribution of I Levels

Frequency histogram showing the distribution of serum levels of I in 123

pairs of twins.

Fig 3.10(b) Distribution of Logi T Levels

Legend

Frequency histogram showing the distribution of serum levels of I in 123

pairs of twins after transformation of each to log.o I.
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Fig 3.11 Correlation Petween I Level and Age

Legend

Scatter graph showing a plot of serum concentration of I against the age

of the twin. The correlation is 0.186 which is significant.
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3.34 Genetic Analysis of 1 Levels

The intra-pair and inter-pair variances and intra-class correlation
coefficients were calculated for each set and subset. The results are
shown in Table 3.7. They indicate that there is no real evidence of any
correlation between twins of any category and therefore no evidence of
any genetic influence on I levels.

3.35 Correlations Among C4bp, H, I and CR1

All the analysis for correlation between the proteins were carried out
using assay results which had been corrected for batch and age, whether
or not the batch and age effects were statistically significant. (Even if
too small to be significant, various batch and age effects might in
principle contribute cumulatively to an inter-protein correlation which
would be significant but spurious).

The 4 protein levels of, C4bp, H, CR1 and I transformed and corrected for
age and batch were then tested for male-female difference because, if
present, the differences could violate the assumption of homogeneous data
on which correlation analysis depends, and might give rise to spurious
inter-protein correlations. As previously recorded there was no
evidence of any difference between males and females and this was not
changed by correction for batch and age effects.

Inter-protein correlations were then sought: these are recorded in Table
3.8 (0 and (©.

This was a preliminary screening analysis as for correlation analysis to
be strictly valid, the individuval items of data must be mutually
independent. As the data come from sets of twins this requirement is not
met, and the observed correlations may be rather maore prone to extreme
deviations from the true values than would be observed in a population of
unrelated independent individuals.

However, the negative results from the analysis should be dependable, as
the resemblance between twins can only exaggerate the random sampling
error, not reduce it. Therefore it is reasonable to conclude that there
is no correlation between CR1 and any of the other 3 proteins. Nor is
there any significant difference in the correlation coefficients between
the two sexes.

A further negative conclusion may be drawn concerning the correlation
between I and C4bp. Since both of these factors correlate fairly well
with H, one would expect that they would have to correlate with each
" other. Partial correlation analysis showed that the correlation between I
and C4bp could be explained entirely by their correlation with H.

More formal rigorous analysis depended upon the division of each twin
pair into 2 sets. Set 1 consisted of the member of each pair who had



Table 3.7 Analysis of Variance of Logio 1 Levels

Set of Number
Twins nf Pairs

Dizygotic F 3
Dizygotic M/F 21
Dizygotic M £

Monozygotic F 53
Honozygotic ¥ 8

Dizygotic B2

Monozygotic 6]
All Twins 123

Notes

Intra-pair

Variance

0,029982
0,035302
{,00945]

0,025089
0,011929

0,029741
0,023363
0.026578

Inter-pair

Variance

025297
0430768
0279919

039723
0472148

032557
0399456

0,0373

r = intra-class correlation coefficient.

r

-0,08309
0,09320
0,49518

0,22579
0,59651

0,0452
0,26194
0.16785

0,63
0,6k
0.26

0,72
0,04
0,062

Significance

NS
NS

N§
NS

NS



Table 3.8 Inter-Protein Correlation Goefficients

(a) Yhole Data Set

Cébp () H () CR1 ()
H 0.427 (P < 107%)
CR1 0.066 (WS 0.074 (ES)
I 0.188 (P < 0.005) 0.248 (P < 107 0.048 (NSO
(b) Females Only
Cabp () H (r CR1 (™
H 0.447 (P <107%)
CR1 0.028 (NS) 0.049 (FS)
I 0.17 (P < 0.02) 0.243 (P <107=) 0.006 (NS)
(c) Males Only
© C4bp () H (r CR1 (>
H 0.342 (P < 0.02)
CR1 0.241 (NS 0,210 ((E3)
I 0.287 (P < 0.0% 0.247 (¥S) 0.257 (N3
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the lower serum serial number while Set 2 consisted of the member of
each pair who had the higher serum serial number. Studying set 1 alone.
for evidence of inter-protein correlation was completely valid and set 2 .
was also studied for confirmation. When analysis of the 2 twin sets were
performed separately, as expected, there was no significant difference
between - the P values obtained for +the inter-proteins correlations.
Therefore the evidence from twin 1 and twin 2 was combined to obtain a
combined confidence level, or P value. These P values are shown in Table
3.9, Fig 3.12(@@) and (b> illustrate correlations between C4bp and H and
between I and H respectively.

In addition to calculating the inter-protein correlation coefficients for
twin 1 and twin 2, the inter-protein correlation coefficients were also
calculated for the differences between twins ie twin 1 - twin 2, and for
the sums of twin 1 + twin 2. This further analysis was undertaken in an
attempt to determine if the factors responsible for the correlations
between the different proteins occured as a result of genetic or
environmental influences. If the correlation was a result of genetic
factors then the correlation would be more apparent in the sum and not
the difference between twins. This occurs when each individual in the
twin pair has the same amount of a particular protein. The subtraction
of one from the other cancels out the genetic influence, and what remains
must be due to the environmental effect. Conversely if the serum levels
of 2 proteins correlated because they were both influenced by the same
environmental factors, then the correlation of the differences between
individual twins would be stronger than the correlation of the sum of the
values of each set of twins.

The correlation based on the sum of pairs of assays ie twin 1 + twin 2
are listed in Table 3.10 and those based on the differences between pairs
are listed in Table 3.11.

The results of these studies show that the correlation between H and C4bp
and between C4bp and I are rather more apparent in the differences
within twin pairs than in the sums of twin pairs. This might imply that
environmental influences were  predominant i determining  the
correlations. However, this conclusion did not satisfy any formal
significance tests. On the other hand the correlation between H and I
was marginally more apparent in the sums of twin pairs than in the
differences. This might indicate a genetic influence on the inter-protein
correlation but again this conclusion was not supported by any formal
statistical tests.

In summary the main conclusions which can be drawn from this correlation
analysis are (1) CR! numbers did not correlate with Cd4bp, H or I, i) H
levels correlated significantly with C4bp (r=0.427; P < 0.00001), (ii) H
levels correlated significantly with I (r=0.248; P < 0.0001), (iv)> C4bp
and I correlated with each other (r=0.188; P < 0.01> but this is no more
than would be expected from conclusions (ii) and (1ii), (v} there is no
evidence of any male-female differences in the mean values of any of the



~

Table 3.9  Inter-Protein Correlation Coefficients for the Combined
Twin 1 + Twin 2 P Values
Cdbp (1) H (o CR1 (r)
H 0.427 (p < 107%)
CR1 0.066 (NS 0.074 (K3
I 0.188 (P < 0.0L> 0.248 (P < 10~ 0.003 (NS
Table 3.10 Inter-Protein Correlation Coefficients for Twin 1 + Twin 2
C4abp (o H () CR1 ()
H 0.339 (p < 0.00L)
CR1 0.008 (83 -0.020 (NS)
I 0.114 (XS 0,280 (P < 0.002> -0.063 (NS
Table 3.11 Inter-Protein Correlation Coefficients for Twin 1 - Twin 2
Cébp () H () CR1 (r)
H 0.552 (P < 107%)
CR1 0.125 (NS) 0.169 (E3
I 0.290 (p < 0.001> 0.205 (P < 0.005) (NS)




Fig 3.12¢@) Correlation Petween C4bp and I

Legend

Scatter graph showing serum levels of C4bp plotted against serum levels

of H. There is a significant correlation (r = 0.427).
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Fig 3.12(b) Carrelation Between I and H

Legend

Scatter graph showing serum levels of I plotted against serum levels of

H. There is a significant correlation (r = 0.248).
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4 proteins and finally (vi) C4bp, H and I all increased significantly
with age. ‘



3.36 Discussion

¥endel was the first to explain heredity simply in terms of genes. His
experiments with pea varieties that differed in qua fitative clear-cut
visible traits such as size and colour showed that some differences were
simply ‘inherited and caused by one pair of alleles at a single gene
locus. However, not all inheritance is so clear—-cut: variations such as
those in stature, weight and skin colour in humans are quantitative
rather than qualitative and can be accounted for by supposing that
continuously varying traits are due to the joint action of several or
many genes each of which has individually only a small effect on the
traits in question. Such inheritance is said to be under polygenic
control. Polygenes, the genes that bring about heritable variations in
quantitative traits are genes, the alleles of which, produce small
phenotypic differences, which are similar to differences which could be
caused simply by environmental factars.

The number of CR1 sites per E have been shown to vary by as much as 10-
fold among normal healthy individuals as assessed functionally by
binding of dimeric C3b as well as antigenically using polyclonal or
monoclonal antibodies (Wilson et al 1982; Iida et al 1982; Minota et al
1984; Ross et al 1985; Valport et al 198%5a; Holme et al 1986). A genetic
basis for this variation has been proposed.

Vilson et al (1982) enumerated CR1 on E from a section of the normal
population and noted that the numbers appeared to fall into a trimodal
distribution. They suggested that the difference in CR1 numbers was
clear - cut with individuals having 2 codominant alleles coding for either
low or high CR1 expression. This model was used to explain why patients
with SLE had reduced E CR1 1levels as it was concluded that these
patients had an increased prevuoilence of the allele determining low
numerical expression of E CR1. In agreement with this model of
inheritance, Nojima et al (1985) found that the capacity of E to bind to
radiolabelled aggregated human ¥ globulin(’*®I-AHG) was distributed in a
trimodal fashion in the normal population. Thirteen percent of normals
showed low binding capacity, 58% intermediate and 29% high. These
frequencies did not deviate significantly from frequencies calculated from
the Hardy-Veinberg equilibrium assuming a 2 codominant allele model
determining low and high binding values. Others have disagreed with this
simple model of inheritance suggesting that inheritance is as a result of
the contribution of many genes (Walport et al 1985a). This proposal is
based on the observation that E CR1 numbers in the normal population are
distributed continuocusly and not in clearly defined .groups of individuals
with high, intermediate or low CR1 numbers (Ross et al 1985; Valport et
al 1985a; Holme et al 1986). Normally distributed quantities are usually
the result of a number of factors both genetic and environmental; however
the distribution by itself gives no indication as to how many of these
factors are environmental and how many are genetic. Walport et al (1985a)
studied CR1 numbers on 86 normal subjects. The range of CR1 numbers was
large (145-1214 sites/E) and they were distributed in a normal fashion
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with no evidence of a trimodal grouping. In an attempt to study the
genetic influence on this distribution the mean parental CR1 numbers for
10 normal families were plotted against the CR1 numbers of each of their
children . A strong correlation (r=0.58, P < 0.001) was found between CR1
numbers in parents and children. They stated that although their data
was insufficient to establish the precise nature of inheritance which may
be controlled by one or more genes, their data fitted a polygenic model
of inheritance {(ie influenced by many genes) analogous to that involved
in the control of height. However upon closer analysis of their data it
would appear that some fundamental errors were made in the calculation of
their carrelation coefficient between parents and children. Firstly their
data were not homogeneous in that a mixed population of normal and SLE
families were included in the calculationy secondly for a valid
correlation all data must be independent; this was not the case as more
than one child from each family was included and thirdly they did not
state whether grouping of samples into baftches for E CR1 assays were
random. A spurious carrelation could have arisen simply because all
samples from the one family were measured in the same batch. For a valid
correlation the data must be homogeneous, independent and necessary
corrections must be made for batch effects when required. As this
correlation was presented as their strongest evidence for an inherited
component in the expression of E CR1 their conclusions must be viewed
with caution.

In order to study the proposed genetic inheritance of CR1 in the normal
population it was decided to study E CR1 levels in monozygotic and
dizygotic twins. This study involved the collection of blood samples from
123 pairs of twins. It was necessary to freeze the blood as CR1l sites
could not be measured at the time of venous blood sampling. Thawing of
blood samples resulted in a variable degree of lysis. However as can be
seen from Table 3.3 when the number of E which had lysed were accounted
for the final E CR1 number was within the inter-assay error for a fresh
unfrozen sample.

CR1 levels in the twins were distributed in a log-normal fashion similar
to that observed by Holme et al (1986). This distribution was transformed
to a normal bell shaped distribution by converting each measurement to
the logio. The frequency histogram obtained by this transformation (Fig
3.4()) showed that the transformed data approximated to a normal
distribution. There was no evidence of distinct groups of individuals
having high or low phenotypes. Thus the distribution was not consistent
with a simple model of genetic inheritance. The geometric mean value of
CR1 sites/E obtained for all the twins studied was 837. This is within
the normal range of 300-1200 sites/E reported by Hogg et al (1984) who
used the same monoclonal antibody to quantify CR1 sites on the E of 38
normal subjects.

Using the logio transformed E CR1 numbers statistical analyses  were
performed to determine if there were significant differences between the
sexes or 1if there were differences associated with age. No significant
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differences were found between CR1 number in males or females and there
were no significant correlations beftween CR1 and age. The results are in .
agreement with reports from various other groups. lida et al (1982) found
that there was no significant difference in CR1 number according to age,
sex or blood type. Jouvin et al (1986) found that CR1 number was
independent of age and sex of the donors and VWilson et al (1982) found
po significant difference in CR1 numbers between males and females.

The data were then analysed to determine how much the distribution was
dependent on genetic factors . The basis for the genetic analysis of CR1
levels on the E of identical and nonidentical twins was the comparison of
differences in CR1 levels within sets of twins (intra-pair variance) and
between sets of twins (inter-pair variance). If it is to be supposed that
CR1 numbers are inherited then the numbers of CR1 sites on the E from
identical twins should be closer than the number of CR1 sites on the E
from nonidentical twins. This in turn implies that the intra-pair
variation in identical twins should be smaller than the inter-pair
variation between all twins if CR1 numbers are genetically controlled.
This however was not found to be the case as there was no resemblance
between twins of any of the sets or subsets as seen by the fact that the
intra-pair variances were not any smaller than the inter-pair variances
(Table 3.4> The F ratio to compare monozygotic intra-pair variance with
dizygotic intra-pair variance was not significant which indicates that
the difference between monozygotic twins was not any smaller than the
difference between dizygotic twins.

From this genetic analysis it was concluded that the data failed to
demonstrate any genetic influence on E CR1 levels in normal twins. It
must therefore be supposed that differences in E CR1 levels must arise
largely or wholly as a result of environmental factors. In support of
this conclusion experiments in our own laboratory by Dr E Holme have
shown that E CR1 levels on the cord blood of new born monozygotic twins
differ quite markedly from each other.

A recent publication which would seem to contradict this conclusion is
that by Vilson et al (1986a) which states that there appears to be a
restriction fragment length polymorphisim involving fragments of 7.4kb
and 6.9kb which correlates with variation in the quantitative expression
of E CR1. In a preliminary study they showed that 4 individuals with high
CR1 levels bhad only the 7.4kb fragment, 4 individuals with intermediate
CR1 levels had both the 7.4kb and the 6.9kb fragments and 4 individuals
with only the 6.9kb fragment had low CR1 numbers. However even in this
small sample there were exceptions. Two individuals with intermediate
expression had only the 6.9kb fragment. A larger study of 50 normal
individuals showed that E CR1 numbers in groups with the 7.4kb fragment-
overlapped the group with the 7.4kb and 6.9kb fragments, while the group
with the 6.9kb fragment had low CR1 numbers. These data would appear to
suggest that while low E CRl numbers are genetically controlled the
phenotype of those with the restriction fragment length polymorphism
associated with high CR1 numbers is modified by factors which are not
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the product of the CR1 structural gene. These results suggest to me that
it is not possible to make clearly defined groupings on the basis of’
possession of one or other or both of these fragments.

As mentioned in the introduction to this chapter CR1, C4bp and H are
thought to comprise a new human complement regulatory gene family
(Holers et al 1986). They each have similar roles in that they all
interact with either C4b or C3b. In addition they all act as cofactors
for either the I mediated cleavage of C3b or C4b. There may also be
structural similarities in that they all might possess a homologous
domain involved in C3b/C4b binding (Sim 1985; Sim et al 1986). Sequence
studies on C4bp have indicated that it is composed of 8 internally
homologous repeating segments about 60 amino acids long. H is made up of
20 of the same repeating structures and CR1 is thought to contain at
least 8 of these repeating units (Sim et al 1986).

Gene linkage studies by Rodriguez de Cobra et al (1985) have shown that
the structural genes for each of the proteins are closely linked. Because
of the close association between these 3 proteins it was decided to study
Cibp and H levels in the serum collected from the twins to see if the
levels of these proteins correlated with levels of CR1 and also to
investigate the influence of genetic factors on C4bp and H. In addition,
I, the enzyme for which all these proteins are cofactors, but which itself
is not part of this complement family, was studied as a control.

It was found that like CR1 there was no difference in levels of H and
C4bp between males and females. However, unlike CR1 there was a
significant age effect on levels of H and Cdbp, both of which increased
with age (Fig 3.7 and Fig 3.9). Like CR1 there did not appear to be any
evidence of a genetic influence on H or C4bp levels (Tables 3.5 and Table
3.6). There were no correlations found between CR1 levels and C4bp or H
levels although there was a significant correlation between H and C4bp
levels (Fig 3.12(a).

Thus it would appear that there are differences between the regulation of
CR1 levels and the regulation of the levels of the other 2 cofactor
proteins. This may in part be accounted for by the fact that H and C4bp
are plasma proteins whereas CR1 is a membrane-bound protein. In addition
CR1 has a number of unique roles which are not possessed by the other
cofactor proteins. It is thought to act as a cofactor for the I mediated
breakdown of surface-bound iC3b to C3dg and C3c (Medof et al 1082). It
1s also involved in phagocytosis and the accompaning metabolic events
(Pommier et al 1984; Changelian and Fearon 1985). It may play a role in
the regulation of immunoglobulin secretion from lymphocytes (Daha et al
1984) and in the retention of antigens in lymphoid follicles (Reynes et
al 1985) and in vivo it has been shown that E CR1 is involved in the

transportation of immune complexes (Medof and Oger 1982; Cornacoff et al
1983).
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Levels of E CR1 are significantly reduced im patients with active SLE
(Miyakawa et al 1981; Ross et al 198%; Holme et al 1986) and so are-
levels of C4bp and H (Vhaley, Schur and Ruddy 1979; Daha et al 1983). The
cause of the reduced levels of 3 proteins which control complement
turnover is not known. However the environmental factors which result in
the reduction of E CR1 in active SLE may be different to those which
result in the reduction of H and C4bp levels as in normals expression of
CR1 and H or C4bp do not correlate.

Analysis of I revealed that there was no significant difference in serum
concentration of I between males and females. There was a significant
increase in 1 levels with age (Fig 3.11)(r=0.186; P < 0.005), Increase in
I, C4bp and H levels with age may be as a response to an increasing
requirement for the regulation of complement activation.

There was no evidence for any genetic influence on I levels (Table 3.7). 1
levels correlated significantly with H and C4bp levels but not with CRI.
Correlations between I and C4bp and H may be of biological value as 1
requires the presence of one of its cofactors to mediate cleavage of C3b
and C4b. Correlations between H and I have previously been noted by
Vhaley et al (1979).

Thus it may be concluded from this study that environmental factors and
not genetic factors are mainly or wholly responsible for variations in
the expression of I, C4bp, H and CR1. The environmental factors which
influence CR1 expression appear to be different to those governing the
expression of the other 3 proteins. The precise nature of the factors
governing expression of all of these proteins is not known. However in
the following chapter the results of investigations into some of the
environmental factors which may influence CR1 expression are reported.



CHAPTER FOUR




Page 131
4.1 Introduction

The results from the previous chapter demonstrated that E CR1 number
could be measured by monoclonal anti-CR1. By this method E CR1 numbers
were analysed on 122 sets of twins. This showed that the major factors
governing CR1 expression are environmental and not genetic,

Patients with SLE have reduced numbers of E CR1 (Miyakawa et al 1981,
Vilson et al 1982; Walport et al 1985a; Holme et al 1986). Recent
experimental evidence suggests CR1 numbers are reduced as a consequence
of the disease (Ross et al 1985; Valport et al 1985a; Holme et al 1986).
If it is to be concluded that these numbers are not reduced by genetic
factors but are acquired as a consequence of the disease, mechanisms must
exist which modulate CR1 numbers.

One possibility may be that the E of SLE patients do not synthesise
sufficient quantities of the receptor. Two main pieces of evidence exist
to refute this possibility. Firstly, it was found that transfusion of E
with high CRl numbers into SLE patients expressing low CR1 numbers
resulted in a gradual loss of CR1 from the transfused cells. There was a
loss of 50% of CR1 during the first 5 days after transfusion (Walport et
al 1985b). Secondly, E normally circulate in the bloodstream for aver 3
months before they are destroyed, however, serial studies on SLE patients
have found that their CR1 numbers change by over 100% in 2 months or
less (Ross et al 198%5; Holme et al 1986). This suggests that some
mechanism operates in these patients to remove or block E CR1.

It has been reported that CR1 levels per E are higher on younger less
dense E in both normal and patient groups than on older E (Wilson et al
1982; Sim, Roord and Sim 1983; Ripoche and Sim 1986). Thus there exists
in vivo a general nonpathological mechanism for causing a reduction in E
CR1 numbers. Ripoche and Sim (1986) have suggested that this same
mechanism may also be responsible for the accelerated loss of E CR1
which is seen in SLE. They consider the most likely mechanism to be the
remaval of CR1 by proteolytic enzymes.

CR1 1is known to be destroyed by proteases. Nelson and Nelson (1959
originally reported that as immune adherence was trypsin sensitive, this
could indicate the destruction of a receptor responsible for the
adherence. Four years later Nelson (1963) found that adherence was also
destroyed by chymotrypsin and papain. As discovered earlier. in attempts
to purify CR1 <(Chapter 2), the purified receptor is very sensitive to
prateolysis. This sensitivity of isolated CR1 to proteolysis was also
observed by Sim (198%). Ripoche and Sim (1986) have since found that CRI1
is sensitive to the plasma proteases, thrombin and plasmin and conclude
that it is possible that proteolysis of CR1 occurs when E carrying
immune complexes (Siegel et al 1981; Cornacoff et al 1983; Medof & Oger
1982) come into contact with the proteinase-rich tissue phagocytes of the
reticulo-endothelial system in liver and spleen., Such a mechanism of
removal was also suggested by Ross et al (1985). Removal of CRl in this
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manner may occur under normal physiological condifions but in SLE as the
immune complex load is greater (Tan et al 1982) there would be an
increased chance of CR1 removal.

Alternative explanations for the low E CR1 numbers in SLE patlents
include, (i) the internalisation of CR1 by E. This 1is a remote
possibility as there is no electron microscopic evidence for the
existence of endocytic vesicles in E (Dr I More, personal communication)
and (ii) the blockade of CR1 by antigen/antibody complexes which may
hinder access of the radiolabelled antibody %o the receptor. Studies in
our own department by Dr E Holme suggest that this may be the case.
However, the situation appears to be complex as illustrated by the
observation that when E from SLE patients were examined for the presence
of immune complex material such as C3 antigens or IgG antigens, there
was no correlation between IgG content and CR1 level but some correlation
between C3 levels and CR1 numbers (Dr E Holme, personal communication).
Thus it is possible that the receptors are not being blocked by immune
complexes but by some other as yet unknown factor such as polysaccarides
or histone complexes which =activate complement (Robey, Jones and
Steinberg 1985).

In this chapter I have investigated some of the more likely possibilities
which might cause an alteration in CR1 expression. Firstly, the
sensitivity of CR1 to enzymes was studied. The serum proteases, plasmin,
thrombin and kallikrein, the leukocyte proteases elastase and cathepsins
C and D and the pancreatic enzyme frypsin were examined for their
ability to remove CRl from E. This was achieved by measuring E CR1
numbers by RIA before and after ireatment with the enzymes. In addition
the sensitivity to trypsin wes assessed by immunoprecipitation of CR1
from surface labelled E before and after trypsin treatment.

The possibility that an as yet unknown factor exists in SLE sera which
can remove or block CRl1 was investigated by incubating E overnight in
SLE sera followed by analysis of CR1 by RIA and surface labelling.

A preliminary study was also undertaken to determine if blockade of CR1
resulted from incubation of opsonised aggregated immune complexes with E.
In addition studies on the modulation of CR1 expression in response to
oral antigen (cows milk) challenge were performed.
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Materials and Methads
4.2 Chemicals and Reagents
Antisera were obtained from the following sources:
= erci ; t e
Surrey.

Mouse Monoclonal Anti-CR1

Rabbit Anti-Mouse IgG (H+L fractions)

Scottish Antibody Production Unit (SAPU),  JLaw Hospital,  Carluke,
Scotland

Sheep Anti-Human 1gG

Cappel laboratori cocl i1le. PA 10330 USA

Sheep Anti-Rabbit F(ab')=z Fragment
Sheep Anti-Rabbit IgG

est G
¥ouse Serum

The following reagents were purchased from these companies:

2igma Chemical Company, Fancy Rd., Poole, Dorset

Aprotonin

Cathepsin C (from bovine spleen)

Cathepsin D (from bovine spleen)

Elastase (from porcine pancreas)

Glucose Oxidase

Iodoacetamide

Kallikrein (from human plasma)

Lactoperoxidase (from bovine milk)

Pepsin

Plasmin (from human plasma)

Protein A Crude Cell Suspension (10% w/v) of S. Aureus
Soybean Trypsin Inhibitor (SBTI) ‘
Trypsin (from bovine pancreas)

Thrombin (from human plasma)
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BDH Chemical Company Ltd, Poole, Darset

Potassium Iodide
Sodium Acetate

X-Ray Developer LX24
X-Ray Liquid FixerFX40
X~-AR5 X-Ray Film

Yhat Lal ! Sales Ltd. Upit 1. Coldred Rd, Maidst K
DEAES2 Diethylaminoethyl Cellulose (DE52 Cellulose)

Pharmacia, Pharmacia House, Midsummer Boulevard, Central Milton
Keynes, Bucks

Sephadex G-150

4.3 SDS-PAGE in Glass Tubes
Buffers

Tank buffer

100mls of sodium phosphate buffer (1 mol 1~' pH 6.5) and 10mls of 10%
(w/v) SDS were made up to 1 litre with deionised water.

Gel Recipe (7%

10mls of acrylamide/bisacrylamide solution, prepared as described in
chapter 2.6(h), 25.6mls of delonised water, 4mls of phosphate buffer (1
mol 17'), 10mls of 10%(w/v) SDS, 20pl of TEMED and 40mg of ammonium
persulphate were mixed together, the last ingredient ©being added
immediately prior to pouring the gel.

Destain Soluti | Stain Soluti
These solutions were prepared as described in chapter 2.6(h),

Sample Buffer

Sample buffer was prepared as described in chapter 2.6(h).

Procedure

The lower ends of glass gel tubes were sealed with Parafilm and placed

into a rack. The gel mixture (7%%) was added to the tubes leaving a
space of lcm at the top. The gel was overlaid with water and left to
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polymerize at room temperature for 1 hour. The Parafilm was removed and
the tubes were placed into an electrophoresis tank filled with tank
buffer. An equal volume of sample and sample buffer were mixed and
applied to each gel after remaval of the water. The electrophoresis was
run at a constant current of ©mA/tube until the bromophenol blue marker
was almost at the end of the gel. The gels were then removed from the
tubes and stained with coomassie brilliant blue before being destained
and photographed. )

4.4 Immupoelectrophoresis
Buffers
Tank Buffer

17g of sodium barbitone and 23.5mls of hydraogen chloride (1 mol 17")

were made up to 2 litres with deionised water to give a buffer with a pH
of 8.4.

0.5%(w/v) Bromophenol Blue
0.5g of bromophenol blue were dissolved in 100mls of delonised water.

Reagents

Agarose Gel was prepared as described for double immunodiffusion in
chapter 2.6 (f).

Procedure

A glass plate (8x8cm) which had been washed in hot water and ‘swabbed
with alcohol was coated with 10mls of agarose gel. Wells and troughs
were cut using a template and the wells were filled to the brim with
sample using a micropipette. One well was filled with normal human
serum containing 0.5%(w/v) bromophenol blue which acted as a marker
allowing the progress of the separation to be followed. The gel was
placed into an electrophoresis tank, filled with tank buffer, in direct
contact with the wicks and electrophoresed at a constant current of
15mA/cm of gel until the bromophencl blue marker was lcm from the end
of the plate. When the electrophoresis was complete the troughs were
filled with an appropriate antiserum and left at room temperature in a
humid chamber for precipitin arcs to develop.
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45 Preparation of F(ab": anti-CR1 and F(abU:Normal Rabbit Serum (NRS)
Buffers
Phosphate Buffer

Phosphate buffer (0.01 mol 17" pH 7.6) was prepared as described in
chapter 2.8.

PBS

PBS was prepared as described in chapter 2.6(c).

Sodium Acetate

Sodium acetate was prepared as a 0.1 mol 17' solution at pH 4.5.
Cl N hpic Material

DEAE 52 Cellulose (DESZ2)

DE52 was equilibrated in phosphate buffer (0.01 mol 17" pH 7.6) and
poured into a 60ml syringe barrel. ‘

e G-1¢

Sephadex G-150 was equilibrated in PBS degassed and poured into a
1.5%x90cm column.

45(@) Preparation of IgG from Anti-CR1 Antiserum and NRS

Before the preparation of F(ab" = fragments the IgG fraction had ta be
extracted from the serum. The principal of this method depends upon the
observation that during anion exchange chromatography on DE52 run at
pH7.6 1in the absence of sodium chloride, IgG does not bind to the
exchange resin but passes directly through the column. The only minor
contaminants being P and Clqg.

Procedure

Ten millilitres of rabbit serum or anti-CRl antiserum were adjusted to a
PH of 7.6 by addition of hydrogen chloride prior to dialysis avernight at
4°C against 5 litres of phosphate buffer (0.01 mol 1~ pH7.6). Following
dialysis the pH and the conductivity of the serum were checked to ensure
that the dialysis was complete. The dialysed antiserum was passed over a
DESZ column and 5ml fractions were collected. The protein concentration
of each fraction was then plotted (Fig 4.1) and the fractions containing
a high IgG concentration were pooled. -



Fig 4.1 DES2 Column

Legend

Purification of 1IgG fractions from rabbit serum by anion exchange
chromatography using a 60ml DE52 column. The ODzeonem o0f each 5ml
fraction was plotted against the fraction number. The fractions
containing the highest protein content (fractions 7-10) were pooled.
The IgG content of these fractions was pure as determined by SDS-PAGE
analysis.
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Vhen the pooled fractions were analysed by double immunodiffusion, a
technique described in chapter 2.6(f), against sheep anti-rabbit IgG a
single precipitin line was observed which showed that the pool contained
IgG. The purity of the IgG preparation was assessed by analysis on a
10% slab gel run under reducing and non-reducing conditions. Two bands
were seen on reduced samples after silver stalning (Plate 4.1). The
molecular weights of these bands were 50,000 daltons and 25,000 daltons
which are the molecular weights of the heavy and light chains of IgG
respectively. A single band of 150,000 daltons was seen on the non-
reduced sample (Plate 4.1)>. The protein concentration of the IgG pool was
0.7mg/ml. This was concentrated to 10mg/ml by pipetting the material
into a dialysis sac and placing the sac into a large volume of sucrose
(sucrose concentration).

45(b) Preparation of F(ab"): Fragments of IgG

The basis of this method is the digestion of IgG with pepsin at a low pH.
Pepsin cleaves the IgG molecule between the Cny and Cuz domains on the
carboxy~terminal side of the interheavy-chain bridges to result in the
production of a bivalent F(ab"z fragment and small peptide fragments
derived from the remainder of the Fc fragments.

Procedure

Two millilitres of IgG (10mg/ml) from either NRS or anti-CR1 antiserum
were dialysed against 5 1litres of sodium acetate (0.1 mol 17' pH 4.9)
overnight at 4°C., -The pH of the IgG solution was adjusted to pH 4.5 (the
optimal pH of pepsin) with acetic acid (0.1 mol 17'). The IgG was warmed
to 37°C and pepsin was added so that an enzyme to substrate ratio of
1:50(w/w) was achieved, The mixture was 1ncubated overnight at 37°C
after which insoluble material was removed by centrifugation (700g for 10
min at room temperature). The supernatant was collected with a Pasteur
pipette and the pH adjusted to 7.4 using solid Tris base. Following
dialysis against % 1litres of PBS the preparation was subjected to gel
filtration chromatograhpy on Sephadex G-150.

45() Gel Filtration on Sephadex G-150

High molecular weight F(ab"z fragments (100,000 daltons) were separated
from intact IgG and small degradation Fc peptides and pepsin on the
basis of molecular weight on Sephadex G-150. Large molecules such as IgG
(150,000 daltons) pass through in the void volume of the column while
smaller peptides are retained in the gel and elute after the larger
F(ab"> fragments.

Procedure

The Sephadex G-150 column was washed with 1 column volume of PBS before
the application of 3mls of pepsin digested IgG anti-CR1 or IgG NRS. One
millilitre fractions were collected and following the measurement of the



Plate 4.1 SDS-PAGE Analysis of IgG

Legend

The purity of the IgG pool abtained fraom the DE52 column was assessed by
analysis on a 10% slab gel. Samples were run under reducing and non-
reducing conditions. In the reduced form 2 bands were seen after silver
staining (tracks c and d>. These bands had molecular weights of 25,000
and 50,000 daltons. They represent the light and heavy chains of the IgG
molecule respectively. In the non-reduced form a single band with a
molecular weight of 150,000 daltons was seen after silver staining
(tracks a and b). This represents the whole IgG molecule,
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protein content of each fraction the elution profile was plotted (Fig
4.2), This showed a major peak of protein which was F(ab"lz and a
subsidiary peak eluting later in the chromatogram. Fractions 47 to 53
were pooled. This pool had a protein concentration of 0.984mg/ml. When
analysed by double immunodiffusion against sheep anti-rabbit F(ab": a
single- precipitin line was observed which showed that the pool contained
F(ab"z (Plate 4.2). A sample was also tested by immunoelectrophoresis
and a single precipitin arc was formed between the purified F(ab%“=z and
sheep anti-rabbit F(ab": (Img/ml). The F(ab')= fragments being more
electronegative than whole IgG migrated further towards the anode

than the larger IgG molecules (Plate 4.3>. The purity of the F(ab"=z
preparation was determined by analysis on a 7%% tube gel run under non-
reducing conditions. A single band was seen after staining with
coomassie blue. The molecular weight of this band was 100,00 daltons
which is the molecular weight of bivalent F(ab": (Plate 4.4). This
preparation contained no residual IgG. '

4.6 i § D -
Reagents

Dibutylphthalate/dinoylphthalate

This solution was prepared as described in chapter 3.8¢c).

128 T~ {~ '

'2s]-anti-CR1 F(ab")> was prepared as described in chapter (2.6(d)) using
the chloramine T method.

Buffers

RPMI/BSA

RPMI/BSA was prepared as described in chapter 3.6.

Procedure

Five millilitres of venous blood were transferred to a universal container
containing 100yl of sodium heparin to prevent clotting. The E were
separated from the plasma and buffy coat by centrifugation at 4,000g for
10 min at 4°C. The E were then washed 3 times in ice-cold RPMI/BSA and
standardised to 2.5x10%/ml in RPMI/BSA. Triplicate aliquots (200ul) of E
(2.5x10%/m1) were transferred to a series of 8 wmicrocap tubes.
Unlabelled non-immune NRS F(ab": fragments (12.5pg/tube) were added to
tubes 1 to 4 and unlabelled anti-CR1 F(ab"z fragments (12.5pug/tube) were
added to tubes 5 to 8.

The tubes were rotated end over end at 4°C for 1 hour on a Matburn mixer,
after which incremental quantities of '=%]-anti-CR1 F(ab" =z



Fig 4.2 Sephadex G-150 Column
Legend

Purification of F(ab"= {fragments from anti-CR1 IgG by gel filtration
using a 15x90cm Sephadex G-150 column. The ODzsonw ©f each 1ml fraction
was plotted against the fraction number. Two protein peaks were seen, the
first of these contained F(ab"> fragments as determined by double
immunodiffusion in agarose gels against sheep anti-rabbit F(ab"= and
immunoelectrophoresis. Fractions 47 to 53 were pooled. The second peak
contained smaller Fc degradation fragments.
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Plate 4.2 Apalysis of F@b". Fragments by Double Immunodiffusion in
Agarose Gel

Legend

Double immunodiffusion in agarose gel of : A, F@bh"= fragments prepared
from rabbit anti-CR1 IgG(img/ml) <(wells 1 and 2) against sheep anti-
rabbit F(ab"z (lmg/ml) (central well, a)> and B, F{ab"=z fragments
prepared from normal rabbit IgG (lmg/ml) (wells 1 and 2) against sheep
anti-rabbit F(ab"z (Img/ml) (centiral well b)., Single precipitin lines of
identity were formed in all cases.






Plate 4.3 Analysis of [eG-Anti-CRL and F(ahD= Apti-CRl by

Legend

Immunoelectrophoretic analysis of whole IgG anti-CR1 (Img/ml) (well a)
and Fab" = anti-CR1 (Img/ml) (well b) against sheep anti-rabbit F@b" =z
(Img/ml) <(trough 1). As the Flab"2 fragments were more electronegative
than whole IgG, they migrated further towards the ancde (A) than the
whole IgG molecule which remained closer to the cathode ().

Plate 4.4

Legend

A sample of F(ab": anti-CR1 from the pool obtained from the Sephadex G-
150 column was analysed on a 7%% tube gel run vunder non-reducing
conditions. After staining with coomassie blue a single band of molecular
weight 100,000 daltons was revealed. This is the molecular weight of
purified F(ab")= fragments. No contaminating proteins were gbserved.
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(Apg,2pg,3ug,4pg) were added to each set of 4 tubes. Following a further
1 hour incubation period at 4°C the samples were layered onto 300ul of a
mixture of dibutylphthalate/dinoylphthalate in a microcap tube and the
bound and free '?%I-/4bl separated by centrifugation at 10,000g for 2 min
at room temperature. The supernatant was removed and the red blood cell
pellet -was cut from the bottom of the tube using a hot scalpel blade.
The pellets were placed into glass carrier tubes and counted in an
automatic Y counter.

4.6(M Calculation of CR1 Number Using Scatchard Plot Analysis

(Scatchard 1949)

The amount of radicactivity bound to E in the presence of non-immune
F(ab"=z fragments, which represents the total binding of '#%I-anti-CR1
F(ab"=z and the amount bound in the presence of excess unlabelled anti-
CR1 F(ab": fragments, which represents the nonspecific binding were
plotted against the total input of '=%I-anti-CR1 F(ab")z (Fig 4.3). Each
point on the graph represents the mean * the standard error of the mean
(SEM) of 3 separate aliquots taken from the same sample and treated as 3
individual samples. The cpm obtained from all 3 samples were analysed
and if they all fell within a 10% range of one another the mean + SEM
of all 3 was calculated. If however 1 sample was outwith this range it
was discarded and the mean * SEM of the remaining 2 was taken. If all 3
differed by more than 10% the mean + SEM of all 3 was calculated.

The specific number of bound cpm were obtained by subtracting the lower
nonspecific binding curve from the higher total binding curve and the
number of free cpm were obtained by subtracting the specific number of
bound cpm from the total radiocactivity added to each tube. From this
data a plot of bound cpm divided by free cpm against bound cpm was
drawn (Fig 4.4), The point where this line crossed the Y axis was
determined by linear regression analysis, with this point, (&450),
representing the number of bound cpm to 200pl of the original E
suspension in each tube, which comprises a total of 5x107E. The points on
the Scatchard plot in Fig 4.4 were taken from the straightest part of the
original total binding curve shown in Fig 4.3.

To convert the bound cpm obtained from the linear regression analysis
into CR1 antigenic sites per cell the following calculations were
performed.

The number of molecules in 1 cpm =

6.03x10"=

number of cpm in 1lpg of Flab')z anti-CR1

The number of antigenic sites per cell =

number of molecules in 1 cpm x number of bound cpm in 5x107 cells
5x107




Fig 4.3 BRinding of '#%I-Anti-CRl FabY. To Erythracyles

Legend

The amount of radicactivity bound to E in the presence of non-immune
F(ab"z fragments (tubes 1-4) and the amount bound in the presence of
anti-CR1 F(ab" =z fragments (tubes 5-8) were plotted against the total
input of anti-CR1 F(ab")» fragments, with each point being performed in
triplicate (the vertical bars represent the SEM). The binding curves show
the total amount of '#*%I-anti-CR1 F(ab"z bound (fubes 1-4) (x x) and
the nonspecific binding of '#®I-anti-CR1 F(ab"z (tubes 5-8) (x—---x).
The ordinate axis shows the total input of '#5I-anti-CR1 F(ab"z
fragments (expressed as cpm) and the abscissa shows the total amount of
125]-anti-CR1 F(ab"=z fragments which were bound (expressed as cpm).

Fig 4.4 Scatchard Plot

Legend

A Scatchard plot was constructed by plotting the number of specific
bound '#®I-anti-CR1 F(ab"z fragments (expressed as cpm) against the
bound/free '*%I-anti-CR1 F{(ab"z fragments (expressed as cpm). The point
where this line crosses the Y axis (5450) represents the number of bound
cpm to 5x10” E. The points taken for +this graph were from the
straightest part (from an input of 140,000 to 280,000 cpm of F(ab"=
anti~CR1) of the total binding curve (Fig 4.3,
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The basis for this calculation was explained previously in chapter 3.8(d).
In this case 1lpg of Flab"z molecules contains 6.03x10'#® molecules,
Having obtained the number of molecules in 1 cpm 1t was then possible to
calculate the number of molecules contained in the number of bound cpm
calculated from the linear regression analysis which was the total E
input of 5x107. Division of this number by 5x107 resulted in the number
of CR1 molecules (antigenic sites) per E.

4.7 Inira-Assay Variation

To assess the reproducibility of the assay a blood sample was taken from
1 donor and divided into 3 aliquots. Each aliquot was treated as a
separate sample and the number of CR1 sites per E was calculated by
Scatchard plot analysis. All of the assays were performed at the same
time. Table 4.1 shows that the maximum intra-assay variation was 5% of
the mean.

4.8 Inter-Assay Variation

To assess the inter-assay variation a blood sample was collected from 1
donor and CR1 number determined immediately. The remainder of the blood
which had not been used in the assay was standardised to 2.5x10%/ml in
RPMI/BSA and stored overnight at 4°C. The following day the number of CR1
sites/E was determined. As is shown in Table 4.2 the maximum inter-assay
variation was *5% of the mean.

4.9 Qtability of E CRI

To assess the stability of E CR1, E were standardised to 2.5x10%/ml in
RPMI/BSA and CR1 sites/E calculated by RIA. The cells which were not used
in the first assay were resuspended in either RPMI/BSA or a 1:4 dilution
of autologous serum. These cells were kept overnight at 37°C. The
following day they were centrifuged at 2,000g for 5 min at 4°C, the pellet
was washed twice in ice-cold RPMI/BSA and the cells resuspended in
RPMI/BSA at 2.5x10%/ml whereupon the number of CR1l sites were calculated
by RIA.

4.10 Ireatment of E with Proteolytic Enzymes

As discussed earlier removal of E CR1 by proteclytic enzymes is one of
the methods whereby a reduction in CR1 numbers is thought to occur (4.1).
To investigate this possibility E were treated with a number of enzymes.

Procedure

Erythrocytes were standardised to 2.5x10%/ml in RPMI/BSA. The
concentrations of enzymes shown in Table 4.3 were added to S5mls of the E
suspension and the cells incubated for 1 hour at 37°C in a shaking water
bath. Following this incubation the cells were centrifuged at 2000g for 5
min at 4°C, the supernatant was removed and the cell pellet washed twice



Table 4.1 . - Ao —

CR1 Sites/E

First Second Third MeantSD % Variation

Measurement Measurenent Keasurement from Mean
Domor 1 1255 1248 1298 1267427 2 -2
Donor 2 4341 4610 874 44752134 +3 -3
Donor 3 5092 BE00 5353 5348254 +5 -5

Note
The meaniSD was calculated for each set of measurements performed on
the 1 donor. The highest and lowest CR1 numbers in each set of

messurements were then expressed as a percentage of the mean., This
result is tabulated in the end column (% variation from the meand.

Table 4.2 Infer-Assay Variation

CR1 Sites/E

First Second MeantSD % Variation
Measurement Measurement from Mean
- Donor 1 3952 3543 37531289 +5 -5
Donar 2 1424 1563 1498491 +4 -4
Bonoe 3 1785 1923 1884£140 +5 -5

Note

The first measurement was performed on freshly isolated E, while ‘the
second measurement was performed after overnight incubation of the E at
4°C in RPMI/BSA. The meant+SD for the 2 measurements was calculated and
then the percentage variation from this mean for each of the 2 numbers
was determined.



Table 4.3 TIreatment of E with Frotecolvtic Enzymes

Enzyme Concentration

Plasmin 9. 1pz/mi

Thrombin 5 vnits/ml

Kallikrein 1.8pg/ml

Cathepsin C# 9.0%pg/ml

Cathepsin D# 9. 09pg/ ml

Elastase 54.4pg/ml or 2.27mg/ml

Trypsin Img/ml, 0.0lmg/ml or 0,0001mg/ml

Note

* The RPMI/BSA was made tu a pH of 5 (the optimal pH for these 2
enzymes) using hydrochloric acid (0.1 mol 17').
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in ice-cold RPMI/ESA and the cells restandardised to 2.51¢10%/ml. In the
experiments where trypsin was wsed a 2-fold nmolar excess of soybean
trypsin inhibitor was added at the end of the 1 hour incubaticon. The
cells were incubated for 2 further 2 min and then treated as described
above.

As none of the profenlytic enzymes uzed in the study are normally present
in serum under physiological conditions a concentration within the
physiological range of their proenzyme was selected, As there are
approximately 5.5x10° E in 1ml of packed red cells the proenzyme
concentration was divided by 4.4 to adjust the concentration for the
number of cells used in the assay (1.25x109/5mls).

4,11 Effect of SLE Sera op E CR1

This study was undertaken to investizate the possibility that sone
component present in the sera of SLE patients could remove CR1 from E or
block CR1. PRlood was taken fraom doncrs who had the blood group 0 and
who were rhesus positive (Q'Y") +o prevent 1lysis of the E due to
complement activation upon addition of heterologous serum.

Procedurs

Ten millilitres of blood were collected and 8mls of this was allowed fo
clot at 37°C for the preparation of autologous serum as was described
previously in chapter 2.6¢a). The remaining 2mls were mixed with sodium
heparin and the E isolated and standardised fo 2.5x10%/ml in RPMI/ESA.
Erythrocyte CR1 numbers were then calculated by RIA. The remaining blood
not used in the assay was re-standardised to 1x10®/ml in SLE serum
(diluted 1:4 in RFMI/B3A) from patients who had active or inactive
disease at the +time of venous blood sampling. Cells were also
resuspended in pooled beteroleogous normal  serum  (diluted 1:4  in
RPMI/ESAD.

This number of cells and this dilution of serum were usad as they
approximate to a physiological ratio of E to plasma., The blood was then
stored overnight at 37°C in an incubator. The following morning the E
were centrifuged at 2000g for 5 min at 4°C the supernatant was removed
and the E weré then washed 3 ftimesz in ice-cold RFMI/RBSA, standardised to
2.5%10%/ml and the number of CR1 sites per E calculated by RIA.

4.12 Preparation of C3h Coated IgG Agzaregates

One of the possible mechanisms for the reduction of E CR1 in SLE
patients is the blockade of fthe receptor by large opsonised complezes.

In order to study this possibility it was decided to prepare such
complexes and incubate them with E and then measure residual CR1 sites.



Page 142

Reagents

Human plasma was supplied by the Blood Transfusion Service Law Hospital
Carluke Scotland. :

Buffers
Saturated ammonium sulphate was prepared as described in Chapter 3.8 (a).

Phosphate Buffer

Phosphate buffer (0.01 mol 17" pH 7.6) was prepared as described in
Chapter 2.8

oXVBS

5xVBS was prepared as described in Chapter 2.7 (b).

4.12(a) Lyophilisation

The sample was put into a round bottomed flask and quickly frozen by
placing the flask into a mixture of methanol and dry ice. The flask was
attached to a freeze drier and dried under vacuum for 5 hours. The
protein precipitate was redissolved in deionised water.

4.,12(b) Sucrose Gradients

Sucrose solutlons, 10%w/v), 20%(w/v), 30%(w/v) and 40%(w/v) were made up
in deionised water after which BSA (0.5%(w/v)) was layered on top and
left to dissolve. The sucrose solutions were chilled on ice to O°C.
Using a 1lml syringe the 10% solution was added to an ultracentrifuge tube
which was also on ice. The 20% solution was then carefully underlayed by
gently injecting 1ml of the solution under the 10% solution. Following
this the 30% and finally the 40% solutions were underlayed in a similar
manner. All solutions were kept on ice.

4.12(c) Preparation of JgG from Human Plasma

One pack of expired plasma (250mls) was thawed at 37°C and placed into a
volumetric flask. The plasma was allawed to clot by the addition of 4mls
of calcium chloride (1 mol 17') and the mixture stirred overnight at 4°C.
The serum was separated from the clot by filtration through a Buchner
funnel. An equal volume of SAS was added dropwise to the serum which
was being constantly stirred at room temperature. Stirring was continued
for 30 min following the addition of the SAS. The precipitate was removed
by centrifugation at 1000g for 25 min at 4°C and redissolved in 5xVBS.
This was then dialysed against 24 litres of phosphate buffer (0.01 mol

17" pH 7.6) for 2 days at 4°C and then passed over a DE52 column which
had been equilibrated with the same buffer. The protein concentration of
each fraction was measured spectrophotometrically at an absorbance of
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280nm and the exclusion peak was pooled and tested for IgG concentration
and purity as described earlier (4.5(c)). Sheep anti-human IgG was used
in the double immunodiffusion analysis instead of sheep anti-rabbit IgG.

4.12() Preparation of Alkali Aggregated IgG

Purified human IgG was lyophilised and reconstituted in deionised water
to give a final concentration of 20mg/ml. To 5mls of the IgG solutionm,
5mls of sodium hydroxide (0.2 mol 17') were added and the mixture was
immediately dialysed against 5 litres of PBS pH7.2 at room temperature
for 2 hours. The buffer was then changed and the dialysis continued
overnight at room temperature.

The aggregates (200ul) were applied to 10% to 40%(w/v) sucrose gradients
(4m1l) containing 0.5% BSA(w/v) and subsequently ultracentrifuged for 16
hours at 288,000g in a SV4l1 Beckman roter. After centrifugation the
gradients were fractionated into 15 fractions using a Beckman fraction
recovery system which punctures the bottom of the ultracentrifuge tube.
Thus the fractions containing the larger aggregates are collected before
the smaller aggregates which do not sediment as quickly. These fractions
were dialysed against PBS overnight at 4°C to remove the sucraose and
tested for protein concentration by Folin analysis as described in
chapter 2.9 (Fig 4.5). The first 6 fractions containing the largest
aggregates and the highest protein concentration (1.5mg/ml) were pooled.

4.12(e) Opsonisation of Aggregated IgG with C3b

The pool of aggregates were divided equally into 2 aliquots. To 1 of
these aliquots an equal volume of fresh NHS was added and the mixture
was incubated for 20 min at 37°C, These aggregates were separated from
free C3 and C3 degradation products by ultracentrifugation at 288,000g
for 1 hour at 4°C on 10% to 40% discontinuous sucrose gradients
containing 0.5%(w/v) BSA. The gradients were collected in 20 fractions
which were then dialysed against PBS to remove the sucrose. Their protein
concentrations were tested by Folin analysis as described in chapter
2.6(c). Each fraction was then tested for C3b content by its ability to
agglutinate human E.

4.12(f> Agglutination of Human E

Human E were washed 3 times in RPMI/BSA and standardised to 2.5x10%/ml.
Each fraction from the sucrose gradient was then serially diluted to a
1:256 dilution in a microtitre plate. Erythrocytes (50pl) were added and
the was plate left to settle for 3 hours after which the agglutination
pattern was noted. Controls using unopsonised IgG aggregates showed no
agglutination while coated aggregates caused haemagglutination at up to a
1:8 dilution. The agglutination of) Eaby g?b co !}%% ?ggregates could be
inhibited by addition of 50;;1/{0;‘.L the “t3b Coated aggregates This proved
that the agglutination produced by the serum-treated aggregates was due
to the binding of aggregate-bound C3b to E CRI.



Fig 45 Le ali Aggregat g

Legend

The protein content of the aggregated IgG fractions from the sucrose
gradients were determined by Folin analysis and plotted against their
fraction number. The first 6 fractions containing the heaviest IgG
aggregates and the highest protein content were pooled. Fractions 10-15
contained monomeric IgG.
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4.12(g) Measurement of CR1 Antigenic Sites in the Presence of Aggregates

Human E (4.8mls) 2.5x10%/ml were incubated with C3b coated aggregates (at
the predetermined highest dilution which caused agglutination) at 37°C
for 1 hour with end over end mixing. The same volume of E were incubated
with . the same dilution of uncoated IgG aggregates from the pool
described in 4.12(d). After 1 hour 200pl aliquots of E from both sets of
cells were transferred to microcap tubes and the number of CR1 antigenic
sites was measured as before (4.6(ad)).

4.13 @) i essi ac ae
(Cows Milk) Challenge

High levels of circulating immune complexes have been detected following
food consumption in some normal individuals (Paganelli et al 1979).
Sandilands et al (1982) found that after consumption of 1.2 litres of
cows milk by normal human adults that there was a rapid fall in the Fc ¥
receptors on peripheral blood lymphocytes. It was thus decided to
investigate the possibility that food antigens could block CR1 expression
on E.

Procedure

Following an overnight fast 5 normal males and 1 normal female drank 1.2
litres of cows milk over a period of 10 min. Heparinised (@mls) and
clotted Gmls) blood samples were collected immediately before milk
consumption and at 5 intervals thereafter. The heparinised samples were
washed and standardised to 2.5x10%/ml in RPMI/BSA and incubated on ice
until all the samples had been collected., Thereafter CR1 number was
determined on each allquot using the monoclonal antibody E1l1 as described
earlier in chapter 3.8(c). The serum far each time interval was stored at
-70°C until required. The control for this experiment involved an
overnight fast with no milk consumption. Heparinised and clotted hlood
samples were then collected at similar time intervals to those in the
previous experiment.

4,13 (b

To investigate the possibility that immune complexes had formed after
milk consumption, E from a donor with the blood group 0 who was rhesus
positive (O*¥*)were incubated with the serum from each of the different
time intervals before and after milk consumption,

Procedure

Erythrocytes from an O0*v® donor were standardised to 2.5x10%/ml in
RPMI/BSA and aliquots (200pl) were placed into microcap tubes. These
tubes were centrifuged for 30 seconds at 10,000g at room temperature and
the supernatant removed. Neat sera (9pl) from each time point in the milk
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experiment were added to a set of 6 E pellets. The E were resuspended in
the serum and incubated for 30 min at 37°C after which 200ul of RPMI/BSA
were added to each microcap. To 3 of the sets of E for each time point
700ng of *#*%I-E11 were added and to the remaining 3 sets a 10-fold molar
excess of non-radicactive E11 was added. The number of CR1 sites per E
was then determined as previously described in chapter 3.8(c).

4.14 @& ioiodinati ipitat

As an alternative means of studying E CR1 it was decided to label E CR1
with '#%I, This provided a means of visualising CR1 on autoradiographs
and gave an indication of any change in CR1 structure which may be
brought about by treatment with serum enzymes or patient's serum.

Addition of D-glucose fto E in the presence of '*%I, lactoperoxidase and
glucose oxidase, results in the formation of small amounts of hydrogen
peroxidase (Hz02) at a steady rate. The lactoperoxidase in turn catalyses
the oxidation of the radiolabelled icdide to iodine which reacts with the
E surface protein. This reaction may be summarised by the following
equation,

B-D Glucase + 0= Glucose Qxidase s = Hz=0= + Gluconalactone
Hz0z + '#%I" + protein _ lactoperoxidase . = Iodoprotein
Reagents

Lactoperoxidase was stored desiccated at -20°C. Prior to use a 1mg/ml
solution was made up in deionised water.

Glucose Oxidase

Glucose oxidase was stored at 4°C in acetic acid buffer at 12000 units/ml

A 50mg/ml D-glucose solution was made up in deionised water on the day
before use to allow rotation to the B form,

Protein A Sepharose
A protein A crude cell suspension (10%w/v) of Sﬁaphylgggggu5~_auzgus

(Cowan strain) cells was stored in potassium phosphate buffer (0.05 mol
17" pH 7.5) at 4°C. Prior to use the suspension was centrifuged at 10,000g
for 2 min at room temperature and the pellet resuspended in 1ml of PBS.
The pellet was washed twice in PBS and finally resuspended to a 10%(w/v)
suspension in PBS.
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Destain Solution
Destain solution was prepared as previously described in chapter 2.6(f).
Buffers

Deionised water containing EDTA (3 mmol 17') iodoacetimide ¢0.02 mol 17D
PESF (2 mmol 177) and 0.33 units/ml aprotonin

ide ease ibit
Sodium chloride (0.3 mol 17') containing the same proteases as abave.
1ml of NP-40 was mixed with 100mls of PBS,

y; - tease t

1% NP-40/PBS containing EDTA (3 mmol 1-'), IA (0.02 mol 17'), PMSF (2
mmol 17'), 0.33 units/ml aprotonin, pepstatin A (25 pmol 1-').

3mls of 10%<(w/v) 8DS, 0.85mls of Tris (0.75 mol 1" pH6.8), 1ml of
glycerol, 150yl of bromophenol blue and 5mls of deionised water were
mixed together.

Sample Buffer

Dissociating buffer was made up containing 0.5mls of 2-mercaptoethanol.
Procedure

Ten millilitres of venous blood were mixed with 160 units of sodium
heparin in a universal container and centrifuged at 2000g for 8 min at
4°C and the plasma and buffy coat removed by aspiration. The cells were
then washed 4 times in PBS and standardised to 1.25x10%/ ml in PBS and
4mls were transferred into a glass bijoux bottle containing 120pl of
lactoperoxidase, 25pl of potassium iodide (0.3 mmol 17') and 5pl of
glucose oxidase, '#%1 (0.25mCi) and 120pl of R-D glucose were then added.
The reaction mixture was rotated end aver end an a Matburn mixer for 15
" min at room temperature after which the reaction was stopped by the
addition of L-tyrosine to a final concentration of 2 pmol 1-'. The E were
washed 3 times in ice-cold FBS by centrifugation at 2000g for 5 min at
2°C. The E were chilled on ice for 15 min and then lysed by the addition
of 15mls of ice-cold water/protease inhibitors. Two minutes later 15mls
of sodium chloride/protease inhibitors were added to restore isotonicity.
The lysate was centrifuged at 33,000g for 30 min at 4°C and following the
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removal of the supernatanft the membrane pellet was resuspended in 1ml of
1% NP-40/PBS. The solution was incubated on ice for 60 min to allow
solubilisation of CR1. Erythrocyte CR1 was collected by centrifugation of
the solubilised membranes at 10,000g for 30 min at 4°C. The clear
supernatant containing CR1 was removed and stored at -70°C and the
membrane pellet discarded.

4.14 (b Immunoprecipitation of Radiglabelled CR1 from Solubilised E

a e

The basis of the procedure is to add anti-CR1 to the '=%I1 labelled
solubilised membranes. CR1 binds to the antibody and can be removed from
the mixture by hinding to a protein A cell suspension. In preliminary
experiments it was found that the monoclonal anti-CR1 did not bind to
the protein A, therefore a second antibody, the IgG fraction of rabbit
anti-mouse globulin, was added to the incubation mixture before the
addition of the protein A cell suspension,

Procedure

To reduce the problem of nonspecific binding of membrane proteins ta
protein A, the iodinated lysates were preabsorbed with 25ul of a protein
A cell suspension by incubation for 30 min at 4°C with end over end
mixing. The pellet was collected by centrifugation at 10,000g for 2 min
at room temperature and the supernatant was removed and divided equally
between 2 microcap tubes. To 1 of these tubes 5pl of normal mouse serum
was added . This was designated the control tube. To the second microcap
5ul of monoclonal anti-CR1 IgG was added. This was designated the
specific tube. These 2 tubes were incubated for 1 hour at 4°C with mixing,
followed by addition of Spl of a second antibody, rabbit anti-mouse IgG
(2.4mg/ml). The tubes were incubated for a further 1 hour at 4°C after
which 25ul of a protein A cell suspension were added and the incubation
continued for 30 min at 4°C. The pellet was collected by centrifugation
and washed 5 times with a 1% NP-40/PBS buffer. An aliquot of dissociating
buffer (40ul) was then added to each pellet which was mixed tho.roughly
and set in boiling water for 2 min . The pellets were centrifuged at
10,000g for 2 min af room temperature and the supernatants were removed
and diluted with an equal volume of sample buffer containing 2~
mercaptoethanol. These were then subjected to SDS-PAGE on 5% slab gels.
Vhen the electrophoresis was complete the gel was incubated for 30 min
in destain solution to fix the protein. The gel was then transferred to a
slab gel drier and dried under vacuum for 2 hours at 70°C. After drying,
the gel was removed and placed in an X-ray cassette. A sheet of X-ray
film was placed on top of the gel and the cassettie stored in the dark at
room temperature for the required time. After this the film was removed
and developed using Koda k developer and fixer according to the
manufacturers instructions.
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4'15 +. 1113 - ac
Chromatography

It was decided to use an alternative method of isolating CR1 from E for 2
reasons, (i) to see if the proftein immunoprecipitated by the monoclonal
anti-CR1 antibody was the same as the protein isolated by affinity
chromatography on C3-Sepharose and (ii) to determine if this method
would be quicker or more convenient than the alternative means.

Reagents
IgG Sepharose

IgG Sepharose was prepared by Dr ¥ Mitchell.

SE_.'S"‘S_Q“!]&[ Qze
C3-Sepharose was prepared as described in chapter 2.9(b).

Barate Buffer

Borate buffer was prepared as described in chapter 2.9(b).
Elution Buffer

Acetic acid (0.1 mol 17'), sodium chloride (0.4 mol 17) 'and 1ml of NP-40
were mixed together in 100mls of deionised water.

Neutralisation Buff

Tris HCl (2 mol 17" pH 8.6) and 1Iml of NP-40 were made to a final volume
of 100mls in deionised water.

Procedure

Solubilised membranes from 2x10'° E were incubated with end over end
mixing on a Matburn mixer at room temperature for 30 min with 400ul of
IgG-Sepharose to absorb nonspecific proteins. The solution was
centrifuged at 300g for 5 min at room temperature and the supernatant
removed and diluted with 2 parts of deionised water containing 1% NP-40
to reduce the conductivity of the solution. Half of this solution was
added to 400pl of C3-Sepharcse and half was added to 400pl1 of IgG-
Sepharose to provide a control for nonspecific binding. After a 1 hour
incubation with end over end mixing on a Matburn mixer at room
temperature the samples were centrifuged at 300g for 5 min at room
temperature and the supernatants removed. Six millilitres of borate buffer
were added to the beads which were then transferred to a 2ml syringe
barrel and washed with 4mls of the same buffer. Each of the 1ml acid
eluates were collected into microcap tubes containing 125p1 of
neutralising Ybuffer for immediate neutralisation. Each eluate was
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precipitated with 5 volumes of acetone and after a 5 min incubation at
roon temperature the samples were centrifuged for 5 min at 10,000g at
room temperature. The supernatants were dilscarded and the pellets
redissolved in Trizs HC1I (€2 mol 17" pH 6.8). The protein was
reprecipitated with acetone by mixing with 5 volumes of acetone for 5
min at room temperature followed by centrifugation at 10,000g for 5 min
at room temperature. The supernatant was removed and the pellet dissolved
in 40pl of dissociating buffer prior fto SDS-PAGE analysis on 5% slab
gels.

4.16 Stability of E CRL

The stability of E CR1 was assessed affer the E had been surface labelled
by incubating the labelled E for a particular time interval before lysing
the cells and immunoprecipitating CR1. If the receptor was shed within a
certain time interval then the radiolabelled CR1 would be lost and would
not show up on autoradiographs.

4.17 ahelled E

After having surface labelled E with "*%I it was possible to study how
the expression of CR1 was affected by treatment with various
concentrations of +trypsin. This particular study had 2 aims, (1) to
discover if the concenftraticon which removed all CR1 detectable by RIA was
in fact removing all CR1 and (ii) to investigate the possibility that
regeneration of E CR1 could occur after trypsinisation.

Procedure

Erythrocytes  were standardised to 1.25x10%/ml in PBS and warmed to
37°C. Four millilitres of the appropriate concentration of prewarmed
trypsin  solution  Q.1mg/ml, 0.0lmg/ml, 0.005mg/ml, 0.00lmg/ml or
0.0001mg/ml) were added to 4mls of E in a universal container. The cells
were incubated at 37°C for 20 min after which a 2-fold molar excess of
SBTI was added. Incubation was continued for 2 min, the cells were then
centrifuged at 2,000g for 5 min at 4°C. The cell pellet was washed 3
times in ice-cold PBS. The cells were finally resuspended in 4mls of PBS,
surface labelled and CR1 immunoprecipitated,

In order to assess if trypsinised E could regenerate CR1, after the E
were trypsinised, 1 aliquot was surface labelled and immunoprecipitated
immediately. The remaining aliquots were incubated in either PBS, RPMI/BSA
or plasma for different time intervals at 37°C and then radiolabelled,

lysed and immunoprecipitated for CR1.
4.18 Treatment of Radinlabelled E with SLE Sera and RA Sera

After surface labelling the F the cells were not lysed but were incubated
overnight at 37°C in 1:4 dilutions of normal sera or sera from either SLE
patients or RA patients. Following this incubation the E were lysed as
before, the membranes solubilised and CR1 immunoprecipitated.
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4,19 Determination of E CR1 Number

Erythrocyte CR1 could be measured successfully by polyclonal anti-CR1
antiserum. The mazimum intra-assay variation was £95% of the mean (Table
4,1) which indicated that the assay was reproducible. The range of E CR1
numbers obtained from 27 individuals was large (1,255 to 33,854) with a
mean value of 3,773. A large range of E CR1 levels has also been found by
others using polyclonal anti-CR1 to quantify CR1 (Wilson et al 1982;
Holme et al 1986),

The maximum inter-assay variation was 15% of the mean (Table 4.2). The
fact that this variation in CR1 number was small after storage overnight
at 4°C in RPMI/BSA allowed E suspensions to be stored on ice for a
number of hours or overnight at 4°C before measuring CR1 numbers.

4.20 Stability of E CR

The results from the infer-assay variation gave some indication that E
CR1 was stable and was not affected by oavernight storage at 4°C. To
determine if E CR1 numbers were stable at 37°C, E were incubated
overnight at 37°C in RPMI/BSA or autologous serum (Table 4.4), This
storage overnight at 37°C did not affect E CR1 number,

4.21

Erythrocyte CR1 levels were calculated on E after incubation with
proteolytic enzymes at the concentrations indicated in Table 4.5, As can
be seen from this table, when the physiological concentrations of these
enzymes were used none of the enzymes reduced CR1 levels. However, high
concentrations of elastaze (2.27mg/ml) and trypsin (1 and 0.0lmg/ml)
removed all CR1 detectable by anti-CRl and at a trypsin concentration of
0.1pg/ml, E CR1 receptors were reduced by 40%.

422 Effect of SLE Sera op E CRl Levels

It is possible that some proteolytic component in SLE sera is able to
remove or block CR1. Experiments were therefore performed in which E
from 0*v® blood group donors were incubated overnight at 37°C in sera
from patients with active or inactive SLE. The results of this study are
shown in Table 4.6. As can be seen, CRl numbers fell most after an
overnight incubation in pooled heterclogous sera. Erythrocyte CR1 numbers
fell to a lesser extent in sera from a patient with active SLE.



Table 4.4 QSiability of B CR1 after Storage Overnight at 27°C

Medium for Overnight Number of Mean percentage
Incubation Sanples Change from ControlxSE
RPMI 3 -4122

25% Autologous Serum 3 - —9x14

Note

CR1 levels were measured on the E of 3 individuals immediately after
isolation or after storage of the E in RPMI or 25% autologous serum
overnight at 37°C. The change in E CR1 number after storage was
calculated as a percentage of the E CR1 number on freshly isolated E
(control). The mean percentage change of the 3 individual donors was
then calculated.

Table 4.5  Effect of Proteolytic HEnzymes on E CR1
Enzyme Concentration ¥ean percentage Change

from Control

Thrombin 5 units/ml 26x18
Elastase 45pg/ml -14+2
Elastase 2.27mg/ ml -100x0
Kallikrein 1.8pug/ml ~-519
Cathepsin C 9.09ug/ml +1%16
Cathepsin D 9.09pg/ml ~-4x15
Plasmin 9. 1pg/ml -11x1
Trypsin lmg/ml -100+0
Trypsin 0.01lmg/ml -100%0
Trypsin 0.0001mg/ ml -40x21
Note

E CR1 levels were measured on E after incubation with the enzymes
tabulated above. The change in E CRl number caused by each enzyme was
then expressed as a percentage of a control E sample from the same
donor which had not Dheen exposed *to the enzyme. FEach enzyme was
incubated with E from 3 different donors and the mean percentage change
from the control was determined.



Table 4.6 Effect of SLE Sera on E CRL

Medium for Overnight Number of Mean Percentage Change
Incubation Samples from Control +SE

25% Heterologous

2 ~-40+20
Normal Serum
25% Active SLE 4 —27+18
Serum
25% Inactive SLE 5 150424
Serum
Note

CR1 levels were measured on freshly isolated E (control) and on E which
had been incubated overnight in the 3 types of sera indicated above. The
change in E CR1 number caused by the incubation was expressed as a
percentage of the control. The mean percentage change from the control
was then determined for each group of samples.
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4.23 Measurement of CR1 Numbers in fthe Presence of Complement Coated
IgG Aggregates ‘

The number of CR1 detectable on the E of 2 donors fell considerably in
the presence of large opsonised IgG aggregates as compared with the
measurement in the presence of large unopsonised IgG aggregates (Table
4.7,

4.24 Modulation of E CR1 Expression in Response to Oral Antigen
Challenge

Erythrocyte CR1 levels were measured before and after oral antigen
challenge. The results are tabulated in Table 4.8 and presented
graphically in Fig 4.6. The maximum drop in E CR1 levels was achieved 2
hours after drinking 1.2 litres of cows milk. By 4 hours the E CR1 levels
had returned to normal. Two control experiments were performed in which
blood samples were collected after an overnight fast. These individuals
did not drink any milk and no food was consumed until the last blood
sample had been removed. As can be seen from Table 4.9, CR1 levels
remained constant at all time points. '

In order to determine if there were antigen/antibody complexes in the
serum which could block E CR1 expression the sera from individuals who
had ingested 1.2 litres of cows milk were incubated with E from 0*ve
blood group donors. Erythrocyte CR1 number was then determined. The
results showed that the sera do not produce E CR1 blockade (Table 4.10).

4.25 Immunoprecipitation of CR1 from E
Erythrocytes were radiolabelled and the membranes collected and

solubilised. CR1 was immunoprecipitated from the supernatant of these
solubilised membranes using both a commercially available monoclonal
anti~-CR1 antibody and the IgG fraction of the antiserum to purified CR1.
Both of these antisera precipitated a band of molecular weight 220,000
daltons (Plate 4.5). A band of similar molecular weight was separated

from solubilised membranes by affinity chromatography on C3-Sepharose
(Plate 4.6). This indicated that CR1 could be isoclated by both methods,
however as purification of CR1 on C3-Sepharose was very time consuming
it was decided to use the immunoprecipitation technique in all subsequent

experiments.

4.26 Stabllity of E CR1

The stability of CR1 on E was assessed by radiolabelling the E and
incubating the cells for 1 hour, 2 hours or 4 hours in PES at 37°C before
lysing the E. Plate 4.7 shows that within a 4 hour incubation period a
CR1 doublet of 220,000 daltons and 250,000 daltons could be seen at all
times. When the cells were labelled and incubated for 48 hours at 37°C or
4°C in autologous plasma or RPMI/BSA a band of 220,000 daltons could be
seen indicating that the receptor had not been shed (Plate 4.8).



Table 4.7 Dete C in t e g e

Aggregates
CR1 Sites/E
Unopsonised IgG Opsonised IgG Percentage Change
Donor 1 4057 0 -100
Donor 2 5717 1621 -72

Note

CR1 numbers were measured on E in +the presence of opsonised and
unopsonised IgG aggregates. The change in CR1 levels caused by opsonised
IgG aggregates was calculated as a percentage of the CR1 sites per E in
the presence of unopsonised IgG aggregates.

Table 4.8 ( i ers i e t
Challenge
Interval after Oral Number of Mean Percentage Change
Antigen Challenge (min) Donors from Control+SD
30 6 -5£9
60 6 + 5£16
120 6 -33+13
180 6 -1447. 4
240 5] -4.6%10
Note

CR1 levels were measured on E at varicus time intervals up to 240 min
after ingestion of 1.2 litres of cows milk. The change in E CR1 number
at each time interval was calculated as a percentage of the CR1 sites
present on the donors E immediately prior to milk consumption (contral).
The mean percentage change in E CR1 levels was calculated for each
group of 6 donors at each time point.



Fig 4.6 Modulation of E CRI Expression in Response to Oral Antigen

enge

Legend

Erythrocyte CR1 levels were measured on 6 individuals at various time
intervals up to 240 min after ingestion of 1.2 litres of cows milk ( X
axis). The change in E CR1 for these 6 donors was calculated as a
percentage of the 0 ftime point ( Y axis). The 0 time point represents the
number of CR1 sites per E present immediately prior to milk consumption.
The plotted values represent the mean * SEM for 6 donors.
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Table 4.9  Modulation of E CR1 Numbers in Fasting Individuals

Interval after Oral Number of Mean Percentage Change

Antigen Challenge (min) Donors from Control
60 2 +1.75
120 2 -5.50
180 2 ~-3.50
Note

CR1 levels were measured on E at various time intervals following an
overnight fast. The change in E CR1 number at each time point was
calculated as a percentage of the CR1 sites present on the donor's E
when the first blood sample was collected (control). The mean percentage
change at each time point was calculated for each 2 donors.

Table 4.10 Incubation of E with Sera Collected from Donors after
I i F 1.2 Lit F C Mill
Interval after Ingestion Number of Serum Mean Percentage Change in ECR!
of 1,2 Litres of H?lk {nin) Samples Tested Levels on an Q*v® Blood DonortSE
30 2 -1,049,2
) 4 -10,049,5
120 4 +7,25%11
180 4 +1,25¢7,0
240 . 3 -3,2118
Note

CR1 number was calculated on the E of an O"¥* blood group donor after
incubation of their E in the sera from individuals who had ingested 1.2
litres of cows milk. The number of CR1 sites present on E affer
incubation in sera collected before milk consumption was used as a
control and the subsequent measurement of CR1 sites on E which had been
incubated in sera collected after milk consumption were expressed as a
percentage of this control.



Plate 4.5

Legend

Immunoprecipitation of CR1 from humen E using an anti-CR1 monoclonal
antibody (track a) end polyclonal IgG anti-CR1 (neat; track b and diluted
1:10; track c¢). Samples were analysed on %% slab gels run under reducing
conditions. A band of molecular weight 220,000 daltons is seen in tracks
a, b and c¢. Tracks d and e are controls immunoprecipitated with NMS.
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Legand
LEgBo

A band with a molecular weight of 220,000 daltons was separated from
solubilised E membranes by affinity chromatography on C3-Sepharose
(tracks a and b). No bands were seen in the control samples (tracks c
and d) which were eluted from IgG-Sepharose. Samples were analysed on 5%
slab gels run under reducing conditions.
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srvaia After

Erythrocytes were labelled with '#%1 and either lysed immediately and
immunoprecipitated with anti-CR1 (track a) or incubated for 1 hour (track
c), 2 hours (rack e) or 4 hours (frack g), before being lysed and
immunoprecipitated with anti-CR1. Tracks b, d, f and h are controls
immunoprecipitated with NMS. When samples were analysed on 5% slab gels
run under reducing condiftions, 2 bands with molecular weights of 220,000
and 250,000 daltons were immunoprecipitated from E treated with anti-CR1.
This represents 1 of the structural polymorphic variants of CR1 (Dykman
et al 1983a0.
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Erythrocytes were labelled and incubated for 48 hours in RPMI/BSA at 4°C
(track b), autologous plasma at 37°C (track d) or autologous plasma at
4°C rack f), before being immunoprecipitated with anti~-CR1. Track h
shows E with no incubation. Tracks a, ¢, e and g are controls
immunoprecipitated with NMS. Samples were analysed on 5% slab gels run
under reducing conditions. A band of molecular weight 220,000 daltons was
immunoprecipitated from each of the samples which were ftreated with

anti-CR1. No specific bands were immunoprecipitated with NNS.
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4.27 Trypsinisation of E CR1

The same concentrations which were used to study fthe removal of all CRI1
detectable by RIA were used to sftudy removal of CR1 on surface labelled
cells, A concentration of 0.0lmg/ml was found to be the minimum
concentration which removed all CR1 <(Plate 4.9)., This 1is the same
concentration which removed all CRl detectable by RIA (Table 4.5).

4,28 Effect of Patients Sera on E CR1

To investigate whether some component of patients serum could cause
partial proteplysis of CR1, E from a donor known to have CR1 numbers in
the middle of the normal range were radiolabelled and incubated overnight
at 37°C in serum from a patient with SLE in the active phase.

As can be seen from Plate 4.10 a band of molecular weight 220,000 daltons
representing CR1 was immunoprecipitated from the E after an overnight
incubation at 37°C in this serum. There were no other specific bands
‘evident indicating that the SLE serum did not contain any component
which altered CR1 structure. Radiclabelled [ were also incubated overnight
at 37°C in the serum from 2 patients with RA, 1 in an active state of
disease and 1 in an inactive state of disease. Patients with RA have been
shown to have slightly reduced E CR1 levels as compared with normal
individuals (Ross e al 198%; Holme et al 1286),

Plate 4.11 (tracks a, ¢ and e) shows that a band of 220,000 daltons could
be immunoprecipitated from the E in each case. No other specific bands
were seen indicating that the CR1 structure had not been altered.

The cells from the donor used in this experiment were also treated with
0.0lmg/ml of trypsin which removed all CR1. After removal of CR1 the E
were not surface labelled but incubated overnight at 37°C in PBS or sera
from RA patients in active and inactive states of disease to see if
reconstitution of CR1 occured after removal of CR1 by trypsin. No
regeneration of the receptor was found on the E incubated in any type of
medium <(Plate 4.11 tracks f, h and i), Even when trypsinised E were
incubated for 3 days at 37°C in autologous plasma, PBS or RPMI/BSA no
regeneration of CR1 occurred (results not shaown).



Plate 4.9 Effect of Varying Concentrationsz of Trypsin on Expression of
CR1 on E :

(E‘-’PHS!

Erythrocytes were trypsinised with various concentrations of trypsin,
img/ml <(track <>, 0.,0lmg/ml (track e) and 0.00lmg/ml (track gJ,
radiolabelled and immunoprecipitated with anti-CR1. Track a shows
untrypsinised E and tracks b, £ and h are the controls immunoprecipitated
with NMS. Samples were analysed on 5% slab gels run under reducing
conditions. A band with a molecular weight of 220,000 daltons was
immunoprecipitated with anti-CRl from unftrypsinised E (track a) and E
trypsinised with 0.00lmg/ml of trypsin.
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E were radiolabelled and incubated overnight at 37°C in serum from a
patient with SLE in an active phase. The E were then Ilysed and
immunoprecipitated with anti-CR1 <(track B> and WNKS (rack a). The
samples were analysed on a 5% slab gel run under reducing conditions. A
specific band with a molecular weight of 220,000 daltons, representing
CR1, was seen on the E immunoprecipitated with anti-CR1 (track b). No
other specific bands were seen,
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Erythrocytes were radinlabelled and incubated overnight at 37°C in PBS
(track a» or serum from a RA patient whose disease was in remission
(track <) or serum from a RA patient whose disease was in an achtive
phase (track e). The E were then lysed and immunoprecipitated with anti-
CR1 '

Erythrocytes from the same donor were treated with 0.0Img/ml of trypsin
and incubated avernight in PBS rack f) or in sera from RA patients in
an inactive (track h) or an active (track i) state of disease. These E
were then lysed and immunoprecipitated with anti-CR1. Tracks b, 4, g and

J are controls immunoprecipitated with NMS.

B

All samples were analysed by SDS-PAGE (5% slab gels) run under reducing
onditions. A band with a molecular weight of 220,000 daltons was seen on
E immunoprecipitated with anti~-CR1 after incubation overnight in PBS or
in sera from RA patients (iracks a, ¢ and e). No specific bands were
immunoprecipitated from trypsinised E (tracks f, h and D).

10
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4.29 Discussion

The results of the twin study showed that in an normal population E CR1
were regulated by environmental factors. The experiments described in
this chapter were performed to investigate possible mechanisms which may
account for the reduced E CRl expression which 15 seen in patients with
SLE. Three possibilities were examined, (i) CR1 stability, (ii> CR1
sensitivity to proteolytic enzymes, and (iii> CR1 blockade by opsonised
immune complexes.

The 2 methods selected to investigate these possibilities were (1)
quantification of E CR1 using a polyclonal or monoclonal antiserum and
(11> surface labelling of E CR1 and analysis of the receptor visually by
autoradiography.

Using the polyclonal antiserum a mean of 3,773 CR1 sites/E was obtained.
This is within the normal range of that reported by Holme et al (1986)
using the same polyclonal antiserum (range 335-8,009). The polyclenal
antiserum was vused in some instances as supplies of the monoclonal
antibody El1l were limited.

Surface labelling of E and immunoprecipitation of CR1 with a monoclonal
anti-CR1 antiserum resulted in the precipitation of 2 polymorphic forms
of CR1. One with a major band of molecular weight ;. 220,00 daltons
(Plate 4.5) and 1 with 2 major bands of molecular weight 220,000 and
250,000 daltons <(Plate 4.7). The 250,00 dalton band represents a less
common phenotypic variant of CR1 and the individual from whom these E
were obtained is heterozygous expressing 1 allele for the common CR1
form and 1 for the less common higher molecular weight variant. These
bands are 30,000 daltons higher than the bands reported by Dykman et al
(1983¢a)) who ran gels under non-reducing conditions. In reduced gels the
estimated molecular weight of CR1 is 30,000 daltons greater than that
which is estimated in gels run under non-reducing conditions. In some
instances a less intense band was seen which was 15,000 daltons higher
than the major band (Plate 4.11). This is similar to a band described by
Dykman et al (1983(=)). However, the nature of this band is unknown.
CR1 was also successfully isolated from radiolabelled E by C3-Sepharose
affinity chromatography (Plate 4.6).

Having established that the 2 methods were valid for detecting E CR1, the
stability of the receptor was investigated. Storage overnight at 4°C or
37°C in RPMI/BSA or autologous serum did not result in a significant
reduction in CR1 sites/E (Table 4.2; Table 4.4). This conclusion was
supported by the finding that CR1 could ©be immunoprecipitated
successfully from surface labelled E after incubation for 2 days at 37°C
in autologous plasma (Plate 4.8). Thus in normal individuals it would
appear that shedding of E CR1 is unlikely. It has been reported that E
with low CR1 activity show high osmotic fragility (Inada et al 1983a) and
it is known that anaemia is a common manifestation in SLE appearing in
approximately 80% of patients. Thus it is possible that alterations in
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the membrane physiology of the E of patients with SLE does result in a
spontaneous release of CR1. In this respect it would be interesting to
measure the serum concentrations of the soluble form of CR1 to see
whether they are higher in patfients with SLE in an active phase than
they are in normal individuals (Yoon and Fearon 198%9) or in patients
with SLE in remission.

The removal of CR1 by proteases is at present thought to be the most
likely explanation for reduced E CR1 numbers (Ross et al 1985; Ripoche
and Sim 1986). Proteolytic enzymes such as thrombin, plasmin and
kallikrein normally circulate as inactive precursaors and not in their
active form. However when tissue damage occurs such as in immune complex
disease, activation of the plasma mediator systems occurs so that plasma,
thrombin and kallikrein are present in their active form for short
periods. It is possible that these enzymes could proteolytically strip CR1
from the surface of E membranes.

Experiments were performed tc determine if these proteases could remove
CR1 in vitro. It was found that at the physiological concentrations used
thrambin, plasmin and kallikrein did not significantly reduce E CR1
numbers (Table 4.5). This is in contrast to the findings of Ripoche and
Sim (1986) which showed that in vitirg CR1 was sensitive to physiological
concentrations of plasmin (1.56-100pg/ml) and thrombin  (1.25-20
units/ml). At. these concentrations CR1 was removed from E as assessed by
the appearance of a form of CR1 in the supernatant which had a cofactor
activity for the I mediated cleavage of C3b to iC3b., However they could
not demonstrate the loss of CR! from E during clotting in whole blood
which is an indication that during clotting jin vitro there is an
insufficient amount of free thrombin and plasmin generated to cause
removal of CR1 from E.

The leukocyte proteases cathepsins C and D were also included in the
study but they were not found to have any effect on CR1 (Table 4.5).

The trypsin sensitivity of CR1 has been well documented  (Nelson and
Nelson 1959; Sim 1985; Ripoche and Sim 1986) and in this study I have
shown that trypsin could remove CR1 from E at a concentration of
0.0lmg/ml. Elastase, a protease secreted by leukocytes also caused removal
of CR1 when it was used at a high concentration (Table 4.5). It is
unlikely that the amount of elasfase or trypsin in the serum would be
sufficient to remove CR1 as the serum protease inhibitors ol -
macroglobulin and o« l-anti-trypsin are present in serum in such high
concentrations that they would inactivate these enzymes. However if E
were in intimate confact with phagocytic leukocytes such as is the case
when E carrying immune complexes pass through the liver and the spleen
(Cornacoff et al 1983) remaval of CR1 may occur randomly through contact
with the proteinase-rich tissue phagocytes. In patients with SLE the
extent and duration of contact between E and tissue phagocytes might
increase due to the elevated levels of immune complexes present on the E
surface.
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The experiments with trypsin also indicated that once CR1 was removed no
new receptars could be brought to the cell surface (Plate 4.11). This
indicates that there is no obvious internal pool of CR1 or that if one
does exist, that under the ip vitro conditions used, the E were unable to
mobilise the pool perhaps due to membrane damage caused by trypsin. Sim
and Sim (1983) also concluded that there was no internal pool of CR1 in
E after the observation that the cofactor activity of CR1 for the I
mediated cleavage of C3b on intact E was comparable to that of soluble E,
indicating that all of the E CRl was expressed on the cell surface.

Treatment of soluble CR1 with +trypsin results in its breakdown to
disulphide-linked fragments with molecular weights of 65,000 and 160,000
daltons. These fragments are subsequently degraded to lower molecular
forms upon prolonged treatment with trypsin (Sim 1985). CRl was
immunoprecipitated from E affter an overnight incubation at 37°C in serum
from patients with active SLE (Plate 4.10) and active RA (Plate 4.11). No
lower molecular weight degradation fragments of CR1 were observed
indicating that these sera did not contain active proteases.

The final aspect which was looked at was the ability of the receptors to
be blocked by immune complexes. It has been documented that E CR1 is
not a stable phenotype in patients with SLE as the CR1 levels on the E
of these patients can increase or decrease as a patient enters an active
or inactive state of disease. Ross et al (1985) and Holme et al (1986)
have shown that when a patient enters remission, E CR1 numbers increase
within a time interval which is incompatable with entry of newly
synthesised E into the blood stream. Thus the possibility exists that
complexes may have been blocking the access of radiolabelled probes to
the receptor when the disease was in its active phase with high levels of
circulating immune complexes and as the patient went into remission that
the complexes were removed leaving the CR1 binding site free. In favour
of this hypothesis Inada et al (1982)> observed that the E from SLE
patients showed defective CR1 activity when immune complexes were
present in the serum and Vilson et al (1935b) found that high titres of
an autoantibody to CR1 were correlated with the absence of CR1 from E
and heightened disease activity in 1 SLE patient.

However Vilson et al (1982), Minota et al (1983) and Ross et al (1985)
published findings which were inconsistent with blockade of existing
receptors by immune complexes. Ross et al (1985) failed to find evidence
that E from SLE patients contained abnormal amounts of C3 antigen an
indication that E did not contain surface bound C3b aor iC3b and therefore
could not contain CR1 bound complexes which required either C3b or iC3b
for attachment. CR1 sites could also be detected with '25I-E11 even when
E had bound dsDNA/anti-DNA complexes. However the concentration of
complexes may have been too small to cause hlockade of CR1 sites.
Experiments in our laboratory by Dr E Holme suggest that the size of
immune complex is crucial as E CR1 numbers were unchanged by small
complexes but could be blocked completely when large complexes were
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bound. This was probably as a result of steric hindrance between the
complexes and '#%I-E1l which was used as the probe.

The results of an in vivo and an in vifro experiment are presented in
this chapter. Both suggest that blockade of CR1 by complexes could occur.
In vitro it was shown that CR1 number on the E of 2 individuals were
considerably reduced in the presence of large opsonised IgG aggregates as
compared ta the levels in the presence of large unopsonised complexes
(Table 4.7).

Food consumption is one aspect of daily living which results in the
formation of immune complexes containing food antigens (Paganelli et al
1979). It was therefore decided to study CR1 levels on the E of
individuals after they had consumed 1.2 litres of cows milk which is ‘an
easily absorbed rich source of food antigens to see if in vivo formation
of complexes would reduce E CR1 levels. It was shown that 2 hours after
milk consumption E CR1 levels were reduced and by 4 hours they had
returned to normal (Table 4.8). The E used in control experiments where
no milk was consumed showed no change in E CR1 number (Table 4.9).

To test for the presence of complexes containing food antigens in the
sera from individuals after milk consumption the sera were incubated with
E from donors with an 0*v< blood group. The results showed that there
was no significant change in E CR1 numbers caused by any of the sera
(Table 4.10). This does not necessarily imply that the sera did not
contain complexes. The complexes may have been in a form which were
unable to rebind E CRl as a result of processing of C3b into smaller
fragments such as C3dg which is not a ligand for CRI.

Time did not permit further investigation of this phenomenon. Future
studies could look for the presence of C3 and IgG on the surface of E
after milk consumption and also for the presence of complexes containing
the milk antigens caesin and lactalbumin on the surface of E and in the
serum. Even if these studies could not show the presence of complexes aon
the cells the results from the experiment indicate that some mechanism
nust exist which allows rapid increases and decreases in E CR1 numbers
which can definitely not be accounted for by proteolysis.

Thus the situation would appear toc be complex and at the present moment
it is not possible to determine if blockade by complexes or enzymatic
removal of CR1 is the cause for reduced E CR1 numbers in E SLE. The
fact that serial studies show that E CR1 levels can return to normal
befare new E can be produced (Ross et al 1985, Holme et al 1986) argues
against the theory that proteolytic stripping of CR1 is the mechanism;
however it cannot be excluded that proteolysis contributes towards the
extent of reduced CR1 expression in SLE. The results presented in this
chapter indicate that CR1 levels can be modulated by environmental
factors such as the presence of high concentrations of proteases or the
presence of large immune complexes. They also lend support to the theory
that E CR1 numbers are not a stable heritable characteristic but that
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they may be strongly influenced by simple environmental effects such as
eating a meal.



CHAPTER FIVE
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5.1 ducti

In the previous chapter 1 discussed mechanisms whereby E CR1 levels may
be reduced in patients with SLE. There are few published studies of CR}1
numbers on the peripheral blood leukocytes of patients with SLE. Such
studies are important as leukocytes play a major role in host defence and
thus leukocyte CR1 deficiency might produce serious impairment of the
ability of the individual to combat infection. As discussed in the
introduction CR1 plays a' number of important roles on phagocytic cells
(1.28). It has the ability fo promote endocytosis of small immune
complexes <(Abrahamson and Fearon 1983) and when CR1 becomes activated
it can directly mediate the phagocytosis of large particles such as E and
bacteria (Griffin and Griffin 1979; Wright and Silverstein 1982; Wright et
al 1983a; Pommier et al 1984) Phosphorylation of CR1 on phagocytes may
account for +the +transition of CR1 from an inactive to an active
phagocytic state (Changelian and Fearon 1985)),

In order to gain an understanding of possible defects in CR1 levels on
the PMN cof patients with SLE it was first of all imporfant to define more
closely the distribution of CR1 on normal PMN., CR1 levels on PME have
been quantified previously using both polyclonal and monoclonal anti-CR1
antisera. Fearon (1980) reported that PMF expressed approximately 57,000
binding sites for CR1 using a polyclonal antiserum, whilst Hogg et al
(1984> reported 46,000 using the monoclonal E11. Early studies with
rosettes revealed that the number of CR1 on the surface of PMN could be
increased significantly by exposing fthe cells to chemotactic stimuli such
CBa, histamine or FMLP (Anwar and Kay 1978; Kay et al 1979). It is now
known that CR1 numbers on PMN will spontanenusly increase when PMN are
warmed to 37°C (Fearon and Collins 1983) and increase a further 2- to 3-
fold when stimulated with FMLP (Berger et al 1984; Richerson et al 1985)
or with low concentrations of phrobolmyristate acetate (PMA), a tumour
promoting phorbolester (Changelian et al 1285). This increase in CR1
number is not accompanied by an increase in total cellular CR1 indicating
that the additional receptors are being translocated from an internal
pool (Changelian et al 1985; 0'Shea et al 1885a).

In this chapter I will describe attempts which were made to establish
how many pools of CR1 were contained within FMN. The cytoskeletal and
energy requirements for expression of these pools were also investigated.
This was achieved in 2 ways, (i) removing the receptors from the surface
membrane by trypsinisation and then quantifying the receptors which were
regenerated and (ii) treating FMN with FMLP in order to allow maximum
expression of CRl1. In addition various drugs which cause inhibition of
protein synthesis or inhibition of energy production or disruption of
cytoskeleton assembly allowed the mechanisms which control the
translocation of intracellular CR1 to the surface to be investigated.
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Having defined the number of CR1 pools and the conditions under which
they were expressed it was then possible to study CR1 on the PMN of
patients with SLE to determine if there were any major differences.



Haterial and Methods

5.2 Chemicals and Reagents
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Chemicals and other reagents were obtained from the following companies:

Sterling Research, Onslow Street. Guilford, surrey, England
Hypaque (Sodium Diatrizoate injection BP) 45% |

Pharmacia House, Midsummer Boulevard, Milton Keynes, England

Ficoll

Sigma Chemical Co, Fancy Road, Poole, Dorset

Colchicine

Cycloheximide

Cytochalasin B

Dextran

Dinitrophenol (DEP) _
N-Formyl-Methionyl-Leucylphenylalanine (FMLP)
Leupeptin

Lummicolchicine

Pepstatin A

Puromycin

Soybean Trypsin Inhibitor (SBTD

Trypan Blue

Trypsin

AB plasma pack

Mil lijI:e (UK?) Limited, Ep'gnrbgtgugh Road Harrow Middlesex

Sterile Millipore Filters
e enfrewshire <ot

Hepes Buffered Earles Minimal Essential Medium (HEM)
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5.3 Isolation of PMN from whole Blood
Buffers and Solutions

Ficoll-Hypaque
Ficoll-Hypaque (SG 1.077) was prepared by mixing 20mls of 45% Hypaque

with 6.5mls of deionised water fto achieve a 33.9% solution. After removal
of 15mls of this solution 60mls of 9%(w/v) Ficoll were added.

Normal Saline
Normal saline was prepared as described in chapter 2.7(b>.
oxt uti

Dextran solution was prepared by mixing 6g of dextran in 100mls of
normal saline.

Twice normal saline (0.3 mol 17') was prepared by mixing 1. Bg of sodium
chloride in 100mls of deionised water.

RPMI/BSA/EDTA
RPMI-1640 containing 0.5%w/v) BSA and EDTA (Q.02 mol 1-")
ce =)

Sixty millilitres of fresh venous blood were transferred to 3 universal
containers containing 100upl of sodium heparin(1000 units/ml) to prevent
clotting. The blood was then layered onto 15mls of Ficoll-Hypaque in 2
sterile Falcon tubes. The tubes were centrifuged at 400g for 30 min at
room temperature. The mononuclear cells were removed and the remaining
blood was mixed with an equal volume of autologous plasma, which had
been removed from the top of the Ficoll-Hypaque column, and allowed to
sediment at 37°C in the presence of 6%(w/v) dextran, The PMN enriched
supernatant was removed and the cells pelleted by centrifugation at 200g
for 5 min at 4°C. Contaminating E were lysed by resuspending the cell
pellet in deionised water for 10 seconds followed by the addition of an
equal volume of 2N saline to restore isotonic conditions. The cells were
centrifuged at 200g for 5 min at 4°C and the lysed E removed with a
Pasteur pipette. The PMN were resuspended in 20mls of RPMI/BSA/EDTA, 10ul
of this suspension were diluted with 180p1 of white cell counting fluid
and the number of cells counted wusing an improved Neubauer
haemocytometer. The PMN were <then resuspended in RPMI/ESA/EDTA at
5x10%/ml.
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Pepstatin A was stored at -20°C at lmg/ml in DMSO,

Leupeptin

Leupeptin was stored at -20°C at 1mg/ml in delonised water.
Buffers

RPMI/BSA/EDTA/L

0.1%(w/v) soybean trypsin inhibitor (SBTI), 25ug/ml pepstatin A and
25ug/ml leupeptin were added to a volume of RPMI/BSA/EDTA. These
inhibitors were added +to prevent proteolytic degradation of CR1 by
enzymes released from the PMN during the assay.

Procedure

Triplicate aliquots (200ul) of PHN (5}{10"’//»*) in RPMI/BSA/EDTA/I were
transferred to a series of 8 microcaps. Unlabelled nonimmune rabbit
F@b"z fragments (12.5ug/ml) were added to tubes 1 to 4 and unlabelled
anti-CR1 F(ab"z fragments (12.5mg/ml) were added to tubes 5 to 8. All of
these additions were made while the microcap tubes were being incubated
on ice., The cells were then mixed on a Matburn mixer at 4°C for 30 min
after which incremental quantities (lug,2ug,3ug,and 4ug) of "*=I-F@b"=
anti-CR1 were added to each set of 4 microcap *tubes. Again tfhese
additions were performed on ice. The cells were mixed on a Matburn mixer
for 1 bour at 4°C after which each sample was layered over 300ul of
dibutylphthalate/dinonylphthalate in microcap tubes and centrifuged at
10,000g for 2 min at room temperature. The cell pellets were cut from the
microcap tubes as before and counted in an automatic ¥ counter. This
procedure for measuring PMN CR1 numbers is essentially the same as that
adapted for measuring E CR1 numbers there are however 2 major
differences. Firstly, all additions to the PMN were made on ice, this
prevented internalisation of the F(ab"’z anti-CR1 fragments. Secondly, the
first incubation time was shortened from 1 hour to 30 min to lessen the
chance of CR1 being degraded by PMN proteolytic enzymes or F(ab'z anti-
CR1 fragments being internalised.

Total binding and nonspecific binding curves were constructed as
previously described in chapter 4.6(b) and a linear regression analysis
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performed. The number obtained from this analysis was converted into CR1
sites per PMN according to the following formula:.

The number of molecules in lcpm (N) =

6.02x10'=
cpm in lug of F(ab')z anti-CR1

The number of CR1 molecules/PMN =

N x the number of bound cpm in 1x10%

1x10% (number of cells/microcap tube)

Intra-A Variati

Reproducibility of the assay was assessed by calculating the CR1 number
on 3 separate aliquots of an individual blood sample all at the same
time. The mean of the 3 numbers obtained in this manner was calculated
(Table 5.1). The intra-assay variation was + 9%.

5.5 Heasurement of PMN CRI1 Numbers uwsing the Monoclonal Antibody Ell

Triplicate aliquots <(200ul) of PMN (Bx10%/ml> in RPMI/BSA/EDTA/I were
mixed on a Matburn mixer with incremental quantities of '#%I-E11 (0.07,
0.7 and 1.4pg) for 1 hour at 4°C., Nonspecific binding was assessed by
firstly incubating triplicate aliquots of PMN (B5x10%/ml) with a 10-fold
molar excess of unlabelled E11 for 30 min at 4°C before addition of 0.7pg
of '#*%I-E11. As with the polyclonal anti-CR1 all additions to the cells
were made on ice. The cells were layered over dibutylphthalate/
dinonylphthalate in microcap tubes, centrifuged at 10,000g for 2 min at
room temperature and the cell pellets collected and counted in an
automatlic Y counter. '

Calculation of CR1 Sites per PMN

The amount of radicactivity bound in fhe absence of cold Ell represents
the total amount of '#=I-E1l bound to the PMN. The amount bound in the
presence of 0.7 pg of cold Ell represents the nonspecific binding of
'#51-E1l. The nonspecific binding of '2%I-E11 increased in a linear
fashion (Table 5.2) and therefore to conserve supplies of E11 which were
limited, the nonspecific cpm obtained from this 1 point were doubled and
plotted against the total input in order to draw a line representing
nonspecific binding of '*%I-E11 (Fig 5.1¢a)). The total amount of '25I-
Ell bound was then plotted against the total input of '#SI-E11 (Fig
5.1¢@)). From this data a Scatchard plot was constructed as previously



Table 5.1 Intra-Assay Variation

CR1 Sites/PMN

First Second Third MeanSD % Variation

Heasurement Measurement Measurement from mean
Donor 1 5%, 566 58,6837 53,363 56,52212,787 -4 44
Donar 2 158,463 155,271 178,373 164,037412517 -9 45

Hote: The mean of the 3 measurements was calculated and the percentage
variation of the highest and lowest measurement from the mean was
calculated.

Table 5.2 Nonspecific Binding of '=°I-F11

Bound. cpm to 1x10% PMN incubated with 7ug of cold El1l

Input of
1251-11 (pg) Donor 1 Danor 2 Daonor 3
0.7 386 331 319

1.4 666 710 620




Fig 5.1(a)> DBinding
Legend

The amount of radicactivity bound to PMN in the presence of incremental
quantities of '#%I-El1l <0.07, 0.7 and 1.4pg> and the amount bound in the
presence of a 10-fold molar excess of unlabelled E11 were plotted against
the input of Ell, with each point being performed in friplicate (the
vertical bars represent the SEM). The binding curves show the total
amount of '#%I-E11 bound ( > and the nonspecific binding of '*=I-Ell
(- - -). The ordinate axis shows the total input of "#®I-E11 and the
abscissa shows the total amount of '#®I-E1l which was bound expressed
as cpmx10~Z,

Fig 5.1(b Scatchard Plat

Legend

A Scatchard plot was constructed by plotting the number of specific
bound '*%I-Ell against the bound/free '#=I-E11 cpm. The point where this
line crosses the Y axis, represents the number of bound cpm ta 1x10%pmMwM.
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described in chapter 4.6(b) (Fig 5.1(b>). The point where this 1line
crossed the Y axis was determined by linear regression analysis with
this point representing the number of bound cpm to 1x10% PMN. This
number was converted into CR1 sites per PMN according to the formula
shown below.

The number of molecules in lcpm (W) =

2.81x10"# (number of molecules in 0.7ug)
cpm in 0,7pg of F(ab')z anti-CR1

The number of molecules per‘PMN =

N x the number of bound cpm in 1x10% cells

1x10% (number of cells per microcap tube)

Intra-Assay Variation

The reproducibility of the assay using the monoclonal antibody was
assessed by calculating the CR1 number on 3 separate aliquots of an
individual blood sample all at the same time (Table 5.3) The intra-assay
variation was x8%.

5.6 Comparison of Polyclonal Antiserum with Monoclopal Antiserum

Vhen binding of the polyclonal Fab"’z anti-CR1 antibody to PMN of 3
normal donors was compared with that of monoclonal anti-CR1 antibody a
mean of 2.2 molecules of F(ab"z polyclonal antibody was bound -per
binding site for monoclonal antibody E11l. Thus it is possible to compare
results obtained by both methods.

5.7 Study of PMN CR1 Number Changes in Response to Drugs

Reagents

E-Formyl-Methionyl-Leucyl-Phenylalanine (FMLP)

FMLP a synthetic chemotactic peptide which causes chemotaxis of PMN and
other phagocytic cells, was stored at -70°C as a 102 mal 17" stock
solution made up in dimethyl sulphoxide (DMSO). This stock solution was

diluted to a final concentration of 10~% mol 1-*' when added to PN
(Atkinson et al 1977).



Table 5.3 Intra-Assay Variation

CR1 Sites/PMN

First Second Third MeanzSD % Variation

Measurement Measurement Measurement from Mean
Donor 1 34,159 39,879 37,863 37,30012,901 +7 -8
Donor 2 £3,059 55,971 k2,615 £0,54843,970 +t§ -8

Fote: The mean of the 3 measurements was calculated and the percentage
variation of the highest and lowest measurement from the mean was

calculated.
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Colchicine

Colchicine is an alkaloid derived from the autumn crocus, Colchicium
autumnal. It binds to tubulin dimers and causes depolymerisation of
microtubules MTY. It was stored desiccated at 4°C. Prior to use a stock
solution of 10"% mol 17" in RPMI/BSA/EDTA was made and diluted to a
final concentration of 107® mol 17' when added to PHN (Atkinson et al
1977).

Lummicolchicine

Lummicolchicine a functional analogue of colchicine, which does not affect
MT structure, was stored desiccated at 4°C. Prior to use a stock solution
of 1072 mol™' in RPMI/BSA/EDTA was made and diluted to a final
concentration of 10°% mol 17’ when added to PXN.

Cytochalasin B
Cytochalasin B derived from the fungus, Helminthosporium dematioideum is

thought to bind to actin and dissoclate microfilaments. It was stored
protected from light at -70°C as a 107% mol 17' stock solution in DMSO.
This stock solution was diluted to a final concentration of 107% mol 177
when added to FMN (Atkinson et al 1977).

Puromycin

Puromycin, a protein synthesis inhlbitor, was stored desiccated at -20°C
at 2%mg/ml in deionised water., It was diluted to give a final
concentration of 40pg/1x10€ PMN (Rosso di San Secondo et al 1979).

Cyclobeximide

Cyclobeximide, a protein synthesis inhibitor, was stored desiccated at
4°C. Prior to use a stock solution of 5Smg/ml was made in RPMI/BSA/EDTA.
This was diluted to give a final concentration 200p1/1x10%® (Rosso di San
Secondo et al 1979), '

DNP

DNP was stored desiccated at room temperature prior to use a stock
solution of 3 mol 17' was made in RPMI/BSA/EDTA and diluted to a final
concentration 3x10™* mol 17’ when added to PMN.

Rotenone

Rotenone, which is light sensitive, was stored {protected from 1light)
desiccated at -20°C. Prior to use a stock solution of 10-2 mol 1-' was
made in acetone and diluted to a final concentration of 104 mol 1-' when
added to PHMN,
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Aptimycin A
Antimycin A was stored desiccated at -20°C. Prior to use a stock solution

of 0.1%(w/v) was made in DMSO and diluted to a final concentration of
0.01%(w/v) when added to PMN.

DHSQ

At the concentration used (0.1%(v/v)) DHSO had no effect on CR1 number
(Table 5.4).

FRat-

0.75g of trypan blue were dissolved in 100mls of normal saline to result
in a 0.75(w/v) solution.

CR1 numbers on PMN are reported to increase spontaneously by warming to
37°C or by treatment with FMLP (Fearon and Collins 1983; Berger et al
1984; Richerson et al 1985),

PMN (Bx10</ml) in RPMI/BSA/EDTA were incubated on ice for 30 min after
which an aliquot was removed, centrifuged at 1,000g for 3min at 4°C,
resuspended in RPMI/BSA/EDTA/I (5x10%/ml) and CR1 numbers determined.
The remaining cells were then incubated at 37°C in a shaking water bath
for 30 min alone or in the presence of FMLP affter which the cells were
collected by centrifugation at 1,000g for 3 min at 4°C and resuspended in
RPMI/BSA/EDTA/I (5x10¢/ml) and CR1 numbers determined.

PMN were treated with drugs to determine what effect protein synthesis
inhibitors, energy inhibitors and inhibitors of cytoskeleton assembly
would have on expression of CRI.

Procedure

PMN ®x10%/ml) in RPMI/BSA/EDTA were incubated on ice for 30 min after
which an aliquot was removed and CR1 numbers determined. The remaining
cells were divided into separate aliquots and the following drugs were
added, colchicine, lummicolchicine, cytochalasin B, puromycin,
cyclobeximide, DNP, rotenone and antimycin A. The incubation on ice was
continued for 10 min to allow absorption of these drugs before the cells
were transferred to a 37°'C shaking water bath and incubated for 30 min.
The cells were then centrifuged at 1,000g for 3min at 4°C, resuspended in
RPMI/BSA/EDTA/I at 5x10%/ml and CR1 numbers determined.



Table 5.4 Effect of DNSO on PMN CRI Numbers

CR1 Sites/PMN 37°C + DHMSO Percentage
37°C (0.1% (v/v)) Change
Donorl 60,586 56,731 -6
Donor2 31,977 36,187 +13
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Yiabili f the PHN

After treatment with drugs a small aliquot of the PMN suspension was
removed and diluted 1:20 with 0.75%(w/v) ftrypan blue. The cells were then
mixed for 2 min before being placed on a slide and counted under a light
microscaope. The number af cells which excluded trypan blue were divided
by the total number of cells counted and this number was expressed as a
percentage. The proportion of viable cells in each PMN preparation was
always greater than 95% when assessed by trypan blue exclusion.

5.8 Ireatment of PEN with Trypsin
Reagents
AB Plasma

One unit (200-250mls)> of AB plasma was thawed at 37°C and the plasma
placed into a volumetric flask. The plasma was allowed to clot by the
addition of 4 mls of 1 mol 17" calcium chleoride and the mixture stirred
overnight at 4°C. The serum was separated from the clot by filtration
through a Buchner funnel. The serum was heat inactivated at 56°C far 2
houré to destroy endogenous complement activifty and dialysed against PBS
(100x the serum volume) overnight at 4°C before uliracentrifugation at
28,000g to remove 1lipid and particulate material. The serum was then
filtered through a sterile Millipore filter and stored at -20°C.

Irypsin

Trypsin was stored desiccated at -20°C. Prior to use, trypsin was made
up to a stock solution of 10mg/ml in RPMI/BSA/EDTA and  diluted to
0.2mg/1 x 105 cells for use. *

Buffers

- BBS

PBS was made as previously described in chapter 2.6<c).

RPMI/BSA/EDTA/AB

A volume of RPMI/BSA/EDTA was made up containing 5%(v/v) AB serum. The
AB serum was added to prevent clumping of the PNN.

RPMI/BSA/EDTA/AB/SBTI

A volume of RPMI/BSA/EDTA/AB was made up containing 0.lmg/ml SBTI.
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Trypsinisation of PHN

PMN were trypsinised to remove all surface CR1 so that regeneration of
CR1 could be studied.

Procedure

PN were suspended in RPMI/BSA/EDTA/AE at 4x10¢/ml and prewarmed to
37°C in a shaking water bath. Prewarmed trypsin solution was added to
the cells and incubation continued for 1% min affer which a 2-fold molar
excess of SBTI was added to inactivafte the enzyme. The cells were
incubated for 2 min, then centrifuged at 1,000g for B min at 2°C. The
cell pellet was given a further 3 washes in ice-cold RPMI/BSA/EDTA and
the cells resuspended in RPMI/BSA/EDTA at 5x10%/ml.

Regeneration of PMN CRI fQ”QWng i[;!p@\'ﬂj.ﬁ@fjgn

An aliquot of trypsinised cells wzs removed immediately following
trypsinisation and CR1 antigenic sites measured by RIA. The remaining
PMN were incubated at 37°C in RPMI/BSA/EDTA/SBTI for 1 hour in a shaking
water bath to allow regeneration of PMN CR1. When the incubation was
complete the cells were centrifuged at rcoom temperature for 5 min at
1,000g, resuspended in RPMI/BSA/EDTA/I  (Bx10%/ml> and CR1 number
determined by RIA.

To determine if PMN CR1 were regenerated at 0°C the cells were incubated

on ice for 15 min following trypsinisation. After the incubation was
complete the cells were centrifuged at 4°C for 9 min at 1000g and
resuspended in RPMI/BSA/EDTA/I (5x10%)/ml. CR1 number was then

determined by RIA.

Inhibition of PMN CR1 Regeneration

After trypsinisation PMF were incubated at 37°C in RPMI/BSA/EDTA/AB/SBTI
(Bx10%/ml) and puromycin, cyclcoheximide, cytochalasin B, or colchicine, at
the same concenfrations used previously (©.7) were added to the PHN
suspension to see if they could inhibit the reappearance of CR1. After a
1 hour incubation the cell pellet was collected by centrifuged at 1,000g

for 5 min at 0°C and given 3 washes in RPMI/BSA/EDTA/ before being
resuspended RFMI/BSA/EDTA/I (5x10%/ml and CR1 number determined by RIA.

5.9 Rosette Assays

Reagents

EAIgMCA3Y

EAIgMCA3b were prepared as described in chapter 2.7 ().

EAlgG
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EAlgG prepared with rabbit IgG anti-sheep red blood cells were kindly
donated by Mrs J Veitch,

Yaseline

Vaseline for sealing the coverslips was melted at 80°C on a hot plate.
B”i(fﬁ[s ﬁ“d S“I”!;i““ﬁ

3%(w/v) Gluteraldehyde

3mls of gluteraldehyde was added to 100mls of normal saline.
HEM/EDTA/NaN=

Hepes Earles Medium (HEM) containing EDTA (0.02 mol 17') and 0.2%(w/v)
sodium azide (NaN=z). These inhibitors were added to prevent PMN proteases
from cleaving C3b to 1C3b. If this were to happen then both CR3 and CR1
rosettes would be measured (Ross et al 1983).

gi!l B‘Iz-’-
GVB®* was prepared as described in chapter 2.7 (I
Procedure

Rosette assays were performed as an additional means of studying removal
and regeneration of PMN CR1. Rosettes with EAIgG showed the proportion
of PMN which bound EA by Fcy receptors and rosettes with EAIgMC3b
showed the proportion of PMN binding EAIgMC3b through CRI.

Before trypsinisation, immediately after frypsinisation and 1 hour after
trypsinisation, PMN were standardised to 4x105/m1 1n HEM/EDTA/NaNg Equal
volumes of the PMN suspension (250u1) and EAIg(‘A Ly(lxloe/ml in GVB=*)
were mixed in round bottom test tubes and centrifuged at 200g for 5 min
at room ‘temperature. The cells were resuspended in the original
supernatant and 500ul of 3%(w/v) gluteraldehyde were added to fix the
cells. After incubation for 20 min at room temperature, 2mls of deionised
water were added to the test tubes and the contents mixed by inversion.
The cells were centrifuged at 200g for 5 min at room temperature and the
supernatant discarded. The cells were resuspended in 250pl of 0.75%(w/v)
trypan blue and a drop of this suspension was placed onto 3 glass slides.
Rosettes were examjned under coverslips sealed with melted vaseline. At
least 200 cells were counted per slide and the mean percentage of cells
forming rosettes with 3 or more E was calculated.

5.10 DPatients with OLE and Normal Controls

15 patients with SLE (1 male and 14 females) (Tan et al 1982) and 14
healthy normal controls & males and 2 females) were included in the
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study. Immediately prior to venous blood sampling the SLE patients were
examined for evidence of disease activity, which was defined ‘as
continuing clinical activity of involved organ systems. These features
included polyarthritis, rash, conftinuing active vurinary sediment with
cells and casts alone or in addition *to proteinuria when present. Seven
of the patients were in active phase of disease and 8 were in inactive
disease at the time of study.

Fifty millilitres of venous blood were collected from each individual,
40mls of this were mixed with a 100 units of sodium heparin in a
universal container and the PMN isolated as previously described (5.3).
The isolated PMN were suspended in RPMI/BSA/EDTA at 5x10%/ml and PMN
CR1 number was determined at 0°C, 37°C and in the presence of FMLP as
previously described (5.7). The remaining 10mls of blood were centrifuged
at 1000g for 5 min at 4°C and the plasma and buffy coat removed. The red
cell pellet was then washed 3 +times in RPMI/BSA, the cells were
standardised to 2.5x10%/ml and E CR1 number determined by RIA.

5.11 Serial Studies

The CR1 number on E and PMN (at 37°C) were measured on 3 patients during
periods of disease activity and also during remission.



Page 171

=) s

5.12 Quantificalion and Distribution of PMN CR1 at 37°C

A method for quantifying CR1 on FMN was successfully adapted from the
method used for quantifying E CR1. Using this method the average number
of PHN CR1 sites per cell on 33 normal individuals at 37°C was calculated
to be 198,000 * 33,000 using the polyclonal anti-CR1 F(ab":z antiserum.
The average number on 14 normal individuals at 37°C was 75,000 %+ 7,000
as determined by the monoclonal antibody E11. When the number of
receptor sites per cell among theze normal individuals were depicted as
frequency histograms (Fig 5.2(a) and Fig 5.2()) they were distributed in
a logarithmic fashion.

5.13 Expression of Different Pools of PMN CR1

The number of PHMN CR1 sites per cell was calculated on 14 normal
individuals using '*=I-F(ab": anti-CR1l, at 0°C, 37°C and at 37°C in the
presence of FMLP. At 0°C PMN expressed 87,000 7,000 CR1 antigenic sites
per cell, at 37°C 125,000 + 16,000 CR1 sites per cell and in the presence
of FMLP (107% mol 17') 206,500 + 21,000 sites per cell (Fig 5.3). The
difference in CR1 number at 0°C and at 37°C was significantly different
(P<0.0%). The increase in expression of CR1l seen in the presence of FMLP
was significantly different from +the spontaneous increase at 37°C
(P<0.05).

5.14 Effect of Protein Synthesis Inhibitors on Expression of CRL

PMN were stimulated with FMLY in the presence of cycloheximide and
puromycin and CRl numbers calculated using '#®I-E1l. Neither of these 2
protein synthesis inhibitors were found to have any effect on the
stimulation of CR1 expression with FMLP (Fig 5.4) (P>0.05 in both cases).
As protein synthesis inhibitors did not reduce CR1 expression in the’
presence of FMLP no studies were performed on fhe effect of these drugs
on CR1 expression at 37°C,

5.15 Effect of Inhibitors of Cytoskeleton Assembly on Stimulation of CR1
Expressi

Cytochalasin B and colchicine did not affect +the increase in CR1
expression which was seen upon warming PMN to 37°C (Fig 5.5 (P>0.0%
in both cases). However both of these drugs abrogated the increased
expression of CR1 seen in the presence of FMLP (Fig 5.50).
Lummicolchicine a functional analogue of colchicine which does not affect
microtubule structure (Wilson and Friedkin 1967) had no effect on FHLP.
stimulated expression of CR1 (Fig 2.6) (P>0.05), These results indicate
that microtubule and microfilament assenbly are important for the
mobilisation of CR1 in response to FMLP, The specificity of the
colchicine response is indicated by the observation that lummicolchicine
did not prevent the FMLP induced increase in CR1 numbers.



Figure 5.2(a) Distribution of PMN CR1 in 33 Normal Individuals
) Determined by Polyclonal Anti-CRI Flab')=

age

Histogram showing the frequency distribution of the number of binding
sites on PMN for ‘'2SI-F(ab"z anti-CR1 among 33 normal individuals. The
intervals are 50,000 sites/PMN.

Figure 5.2(M) Distribution of PMN CR1 in 14 Normal Individuals
Determined by Ell

Legend

Histogram showing the frequency distribution of the number of binding
sites on PMN for '2S1-Ell among 14 normal individuals. The intervals are
10,000 sites/PMN.
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Figure 5.3 Distribution of PEN CR1 at 0°C, 37°C and in the Presence of
EMLE

Legend

Distribution of CR1 number {(determined by polyclonal F{ab'’z anti-CR1) on
PMN from 14 normal individuals after incubation at 0°C, . 37°C or
in the presence of FHLP (103 mol 177). The top of each bar
represents the mean and the horizontal line represents the SEM.
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Fig 5.4 Effect of Protein Synthesis Inhibitors on PN CRI1

Legend

Distribution of CR1 number <{(determined by E11) at 0°C, at 37°C, at 37°C
in the presence of FHLP (10-5 mol 17'), and at 37°C in the presence of
FMLP plus puromycin (40pg/1x10S cells), or cycloheximide 200pg/1x10°
cells). Each bar represents the meant+SEM of 3 experiments.
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Fig 5.5(a) Effect of Inhibitors of Cytoskeleton Assembly on PMN CR1 at
- :’37 °£2

khmgpnd

PHN CRl number was measured using '2%I-E11 at 0°C and at 37°C in the
presence of colchicine (1075 mol 17') and cytochalasin B (1075 mol 17%).
The top of each bar represents the mean of 4 experiments and the
vertical line the SEN.

Fig 5.5 M e ibitor: Cytnskele sse C
the presence of TMLP

Legend

Distribution of CR1 number {(determined by polyclonal Fl@b":= anti-CR1) at
0°C, at 37°C, at 37°C- in the presence of FMLP (10~® mol 17') and at 37°C
in the presence of FMLP plus colchicine (107 mol 17') or cytochalasin B
(cyt B 107 mol 17'). Each bar represents the mean * BSEM of O
experiments.
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Fig 5.6 Effect of Lummicolchicine on PMN CRI Expression

Legend

PMN CR1 number was measured using '=%I-Ell at 0°C), 37°C, 37°C in the
presence of FMLP (10™S mol 17") and at 37°C in the presence of FMLP plus
colchicine (10~ mol 17') or lummicolchicine <10~% mol 1-'). The top of
each bar represents the mean of 3 experiments and the vertical line the
SEM. ‘ '
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The energy inhibitors, DNP, rotenone and antimycin A did not affect the
increased expression of PMN CR1 which was seen upon warming the cells
from 0°C to 37°C (Fig 5.7()) (P>0.05 for all inhibitors). However in the
presence of FMLP these drugs inhibited the FMLP induced expression of
CR1 at 37°C (Fig 5.7 (b)) (P<0.05 for all inhibitors).

5.17 Effect of Trypsin on PEN CR]

Incubation of PMN with 0.08%(w/v) trypsin removed all CR1 detectable by
radioimmunoassay using F(ab" 2z anti-CR1 (Fig 5.8). After incubation at
37°C for 1 hour the surface expression of CR1 was restored almost to
normal levels (Fig 5.8) ( P<0.05). CRl number was not restored if PXN
were incubated at 0°C (Table 55). That CR1 were being removed was
substantiated by the finding that while the percentage of PHN rosetting
with EAIgG (which measures the binding of the PMN Fc¥ receptors)
remained the same bhefore and after frypsinisation, the percentage of PHN
rosetting with EAIgMC3b (which measures the binding of the PMN CR1) fell
significantly (Table 5.6). After incubation for 1 hour at 37°C the
percentage of PMN rosetting with EAIgMC3b increased significantly, again
indicating that CR1 were being translocated from an intracellular site to
the cell surface (Table 5.6).

5.18

Addition of the protein synthesis inhibitors puromycin or cycloheximide
to trypsinised PMN did not affect the reexpression of CR1 which was seen
after 1 bour (Fig 5.9) (P»0.05 in both cases). Addition of colchicine or
cytochalasin B to trypsinised PHN also had no effect on the return of
CRI to the membrane over 1 hour (Fig 5.10) (P>0.05 in both cases)

5.19 CR1 Numbers on PMN and E from Patients with SLE

The mean number of E CR1 on 9 normal individuals was 2,516 + 826 sites
per cell whereas the mean number of E CR1 from the 7 patients with
active disease was significantly lower (393 + 370 sites per cell)
(P<0.001>. This number was also significantly lower than the mean number
of E CR1 from the 8 patients with inactive disease (2,795 + 814
sites/cell) P<0.001 (Fig 5.11)>. The difference in E CR1 numbers befween
normal individuals and those with inactive SLE was not significant
(P>0.05). This reduction of E CR1 in SLE patients with active disease is
in agreement with the findings of others (Ross et al 1985; Holme et al
1986).

The number of CR1 sites on patients PMN was measured at 0°C and at 37°C
in the absence and presence of FMLP. In patients with inactive SLE the
numbers of CR1 sites at fthose temperatures were 124,528 + 37,208,
165,672 * 62,932 and 209,344 + 57092 respectively (Fig 5.12). These



9.7¢a> ELffect of EBpergy Inhibitors on PMN CR1 Expresszion at 37°C
Legend

PMN CR1 expréssion was measured using '*SI-Ell at 0°C, 37°C and at 37°C
in the presence of rotenone (104 mol 1-'), antimycin A (0.01%> or DKP
(3x10~% mol 17'). The +top of each bar represents the mean of 3
experiments and the vertical line represents the SEM.

5.7(b> Effect of Energy Inhibitors on PEN CR1 expression in the Presence

Legend

Distribution of CR1 number at 0°C, at 37°C, at 37°C in the presence of
FMLP (10™% mol 17') and at 37°C in the presence of FMLP plus DNP (3x10~F
mol 17') or rotenone (1074 mol 17') or antimycin A (0.01%(w/v)). CR1
number for rotenone and antimycin A treated PMN were defermined by E11
and CR1 number for DNP treated PMN was determined by polyclonal F{ab"’z
anti-CR1. Each bar represents the meantSEM of 5 experiments. ‘
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Fig 5.8 Incubation of Trypsinised IMN for 1 Hour at 37°C

Legend

PHN CR1 number was measured on control cells aft 37°C, on trypsinised PHN
immediately after frypsinisation and after the ftrypsinised cells had been
incubated at 37°C for 1 hour. The ftop of each bar represents the mean of
12 experiments and the vertical lines the SEM. CR1 was measured using
128]-F(ab'")z anti-CR1.
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Table 5.5 CR1 Antigenic Sites on TME

CR1 Antigenic Sites on PMN

Normal (37°C) T2 15 min(37°C) 15 nin(0*C)
Donor 1 232,434 20,313 97,544 20,299
Donor 2 94,196 0 36,960 0
Donor 3 820,403 0 202,908 0

Note: T2 = Trypsinised PMN at time 0 hours.

Table 5.6 PMN Rosettes with EAIgMC3b and EAIgG

Percentage of FMN Rosetting with:

EAIgMC3b  TEAIgMC3b  TEAIGMC3b  EAIge  TEAIQE  TEAIgG

(1hr incub) ; (Thr incub)
Donor 1 2713 911 2714 R6t12 75210 70210
Donor 2 3215 412 2424 6515 6116 hbtd
Donor 3 4915 511 11¢1 7315 7318 8018

Note: T = Trypsinised PMN; lhr incub = 1 hour incubation



5.9 Effect of Protein Synthesis Inhibitors on Trypsinised PMR

Legend

PMN CR1 was measured on control cells at 37°C, on frypsinised PHN
immediately after trypsinisation and on trypsinised PMN after a 1 hour
incubation at 37°C alone or in the ©presence of cycloheximide
(2001g/1x10% cells) or puromycin (40ug/lx10® cells). CR1 was measured
using ‘2%I-F(ab*)z anti-CR1. The top of each bar represents the mean of 4
experiments and the vertical lines the SEHN.

5.10

Legend

PMN CR1 number was meazured on control cells at 37°C, on trypsinised PMN
immediately after trypsinisation and on ftrypsinised PMN after a 1 hour
incubation alone or in the presence of colchicine (1075 mol 17") or
cytochalasin B (1075 mol 1-'). The top of each bar represents the mean of
4 experiments and the vertical lines the SEM. CR1 was measured using
'281-F(ab"z anti-CR1.
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Distribution of CR1 on E determined by polyclonal F(ab"z anti-CR1 on 9
normal individuals, on 7 SLE patients with active disease . and on
8 SLE patients with inactive disease,
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Fig 5.12 PMN CR1 Number on SLE Patients

Distribution of CR1 number determined by polyclonal Flab“?= anti~CR1 on
PMN from 7 SLE patients with active disease (#), and 8 with inactive
disease (0) after incubation at 0°C, 37°C or in the presence of FMLP (10~
& mol 17'). Assays on FMLP treated PHN were performed on only © patients
with active SLE.
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numbers were nob significantly lower than +the numbers expressed on
normal individuals (Fig 5.3 (P » (.09 in all cases).

However in patients with active SLE the numbers expressed at 0°C and at
37°C in the absence and presence nf FMLP were 19,394 & 7809, 68,388 =%
2,2921 and 69,361 % 2,2972 respectively (Fig 5.12). These numbers were
significantly lower than normal PMN CR1 and lower fthan PHN CR1 patients
with inactive SLE (P<0.05 in all cazes?. In the SLE patients with active
disease the level of expression of CR1 fnllowing exposure to FMLP was not
significantly different from that expressed at 37°C.

5.20 Serial Studies

CR1 numbers on E and PMN were messured on 3 patients during periods of
disease activity and also during remission. In the active state CRI1
numbers were low on both E and TN whereas they increased on both cell
types when the disease hecame inactive (Table 5.7).

5.21 Correlstion Between CRI Siftes non F and P¥N

In normal individuals there was a significant correlation (& = 077
between the number of CR1 expreszion on PHMN at 37°C and the number of
CR1l sites per E (P ¢ 0.0%), (Fig 5.13(a Similar results were found in

SLE patients where the number of PMY CRI expressed at 0°C, at 37°C and
in the presence of FHLF correlated significantly with the number of CR1
sites per E r = 057, 057 and 0.5% respectively), ((Fig 95.13(b),
and{d?>, (P < 0.05 in all cases). In SLE patients correlations were found
between PMN CR1 expression at 0°C and at 37°C (r = 0.94%5; P < 0.001),
(Fig 9.14(a)), hetween CR1 expression at 0°C and in the presence of FMLP
(r = 0.9%4; P < 0.001>, (Fig 5.14(b)) and between CR1 expression at 37°C
and in the preseace of FMLP (r = 0.96; P < 0.001), (Fig 5.14(c)).

In normals correlations were not zignificant between PMN CR1 expression
at 0°C and at 37°C (r = 0.434; P > 0.05), (I‘lg .15(a)) or between PMN
CR1 expression at 0°C and in the presence of FMLP (r = 0.434; P > 0.09),
(Fig 5.15MmN. However there was a significant correlation between
expression at 37°C and in the presence of FMLP ( r=0.705%5; P < 0.0D1),
(Fig 5.15).



Table 5.7 Serial Study

CR1 sites/cell

PMN E
.Patient Active Inactive Active Inactive
1 41,847 53, 146 0 440
2 0 257,927 361 2859
3 70,048 185,669 2876 9526




Fig 5.13¢(a) Correlation hetween PME CRL Expression at 37°C and E CRI
Expressiou in Novmals

The number of CR1 sites on the E and PMV of 9 normal individuals was
determined and then the number of CR1 sites per E was plotted against
the number of PMN CR1 sites. The line obtained from linear regression
analysis had a significant correlation coefficient. (r = 0.77; P < 0.0%).

Fig 5.13¢(b> Correlation between PMN CRI Expression at 0°C an L CRI
Lpgand

The number of CR1 sites on the E and PMN of 13 patients with SLE was
determined and then the number of CRl sites per E was plotted against
the number of PMN CR1 sites. The line obtained from linear regression
analysis had a significant correlation cosfficient (r = 0.57; P < 0.0,

Fig 5.13¢c) Correlation between PMN CR1 Expression at 37°C and E CRI
xpressi S tients
Legend

The number of CR1 sites on the E and PMN of 8 patients with SLE was
determined and then the number of CR1 sites per E was plotted against
the number of PMN CR1 sites. The line obtained from linear regression
analysis had a significant correlation coefficient (r =0.57; P < 0.05),.

Fig 5.13(d> Correlation between PMN CR1 Expression in the Presence of
FMLP and E CR1 Erxpression in SLE Patients
Legend

The number of CR1 sites on the E and PHN of 10 patients with SLE was
determined and then the number of CR1 sites per E was plotted agsinst
the number of FMN CRl sites. The line obtained from linear regression
analysis had a significant correlation coefficient (r = 0.59; P < 0.09),
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Fig 5.14() Correlation hetween FMN CR]1 Expression at Q°C and af 37°C in
SLE Patients

Legend

The number of CR1 sites on the PMN of 8 patients with SLE was determined
at 0°C and a%t 37°C. The number of PMN CR1l sites at 37°C was then plotted
against the number of PMN CR1 sites at 0°C. The line obtained from linear
regression analysis had a significant correlation coefficient (r = 0.945;
P < 0.001),

Fig 5.14(b) Correlation between PMN CR] Expreszion at 0°C and in the

ce tie

Legend

The number of CR1 sites on the PMN of 10 patients with SLE was
determined at 0°C and in the presence of FMLP. The number of PMN CR1
sites calculated in the presence of FMLP was then plotted against the
number of PMN CR1 sites at 0°C. The line obtained from linear regression
analysis had a significant correlation coefficient (r = 0.954; P < 0.001).

Fig 5.14(c) Correlation between PMN CRI Expression at 37°C and in the
' Presence of FMLP in SLE Patienis
Legend

The number of CR1 sites on the PMN of 9 patients with SLE was determined
at 37°C and in the presence of FMLP. The  number of PMN CRl sites
calculated in the presence of FMLP was then plotted against the number of
PMN CR1 sites at 37°C. The line obtained from linear regression analysis
had a significant correlation coefficient (r = 0.96; P < 0.001).
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Fig 5.15(a) Correlation between PMN CR1 Expression at 0°C and at 37°C in

Legend

The number of CR1 sites on the PMN of 12 normal individuals was
determined at 0°C and at 37°C. The number of PMN CR1l sites at 37°C was
then plotted against the number of PMN CR1 sites at 0°C. The line
obtained from linear regression analysis did not have a significant
correlation coefficient (r = 0.434; P > 0.09).

Fig 5.15()  Correlation between PHN CR] Expression at 0°C and in the

esenc f M j

Legend

The number of CR1 sites on the PMN of 12 normal individuals was
defermined at 0°C and in fthe presence of FMLP. The number of PMN CR1
sites calculated in the presence of FMLP was then ploftted against the
number of PMN CR1 sites at 0°C. The line obtained from linear regression
analysis did not have a significant correlation coefficient (r = 0.434;

P > 0.05).

"Fig 5.15¢c)  Correlation between PMN CR] Expression at 37°C and in the

Legend

The number of CR1 sites on the PHN of - 14 normal individuals was
determined at 37°C and in the presence of FMLP. The number of PMN CR1
sites calculated in the presence of FMLP was then plotted against the
number of PMN CR1 sites at 37°C. The line obtained from linear regression
analysis had a significant correlation coefficient (r = 0.705%; P < 0.01).
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The average number of CR1 sites per PMN on 33 normal individuals
calculated at 37°C using a polyclonal antiserum was 197,715 * 33,577
(range 50,000-500,000). This is higher than that reported by Fearon who
using a polyclonal antiserum found only 57,000 CR1 sites per PMN.
However this was calculated on 1 sample and falls within the range of
PMN numbers quoted abave. Using a monoclonal anti-CR1 antibody, 57F,
Iida et al (1982) reported that there were 140,000 CR1 sites per PHMN,
This calculation was performed on PMN which bad been detergent
solubilised therefore intracellular CR1 would have been included in this
estimation. Hogg et al (1984) reported an average of 46,000 CR1I sites
per PMN on 4 normal individuals at room temperature. I have found using
the same monoclonal, that on 14 normal individuvals the average number of
CR1 sites per PMN was 75,558 + 7,613 at 37°C (range 40,000-140,000). The
higher temperature which I calculated PMN CR1 may have been responsible
for this difference.

The range of CR1 sites per PMN calculated by both methods was large. A
large range of CR1 sites is also found on E. (Wilson et al 1982; Holme
et al 1986)-.

The distribution of PMN CR1 number calculated by both polyclonal and
monoclonal antisera was logarithmic (Fig 5.2@>&(b)) like that found on E
by Holme et al (1986). Studies on the distribution of E CR1 have yielded
conflicting results. In some, E CR1l levels were reporfed to be trimodally
distributed (Wilson et al 1982; Minota et al 1984; Nojima et al 1985)., As
previously described in chapter 3.1 this distribution originally led to
the hypothesis that CR1 levels on E were inherited with the level of
expression being controlled by 2 codominant alleles at a single locus.
¥ore recent studies have found that E CR1 are distributed in a normal
fashion (Walport et al 1985; Ross et al 1985).

It would be interesting to determine which of these categories of
distribution PMN CR1 falls into. Although the size of sample in my own
study was small in comparision to the size of samples used in E studies,
as the number of E CR1 and PMN CR1 number on normals appears to
correlate (r=0.77) the distribution of PMN CR1 probably parallels E CR1
distribution in being distributed in a logarithmic fashion (Holme et al
1086).

In agreement with the work of others (Fearon & Collins 1983; Berger et al
1984; Richerson et al 1985) I have found that PMN CR1 expression can be
increased by warming PHN to 37°C and further increased by stimulation
with FMLP (107% Mol 1i7') (Fig 5.3). This increased expression was not
as a result of de novo protein synthesis as it was not inhibited by the
presence of puromycin or cycloheximide indicating that the additional
receptors were probably being translocated from an intracellular pool
such as was described by 0'Shea et al (1985a).
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The results with the energy inhibitors DEP, raotenons and antimycin 4 and
inhibitors o0of cyltoskeleton assembly, colchicine and cytochalasin. B
suggest fthat CR1 which are brought to the surface upon warming teo 37°C
come from a different source than do CR1 which are expressed affer
stimulation with THLP, DN? is a drug which uncouples the election
transport chain from the production of energy by preventing the
phosphorylation of ADP to ATP. Rotenone and antimycin A both inhibit
energy production by blocking election transport flow between the reduced
form of nicotinamide adenine dinucleotide (NADH) and cytochrome b and
between cyftouchrome b and cytochrome ¢ respectively. In the presence of
these drugs expression of CR1 at 37°C was normal (Fig 5.7(»). However,
the increased expression following exposure to FMLP did not occur (Fig
5.7(b)). This finding implies that translocation of CR1 from an internal
pool is an energy dependent process, while CR1 brought to the surface in
response to warming to 37°C does not require energy.

In support of the theory fthat intracellular CR1L comesz from 2 different
sources it was found that cytochalasin B and colchicine had no effect on
the expression of CR1 at 27°C while fhey abrogafed the increase seen in
the presence of FHLF at 37°C. Therefore an intact cytoskeleton was not
required for the spontaneous  increase (Fig 5.5@)) at 37°C but it was

required for the mobilisation of CR1 in response to FMLF.

The cytoskeleton has been shown to play a role in the distribution of CR1
in the plane of the membrane a5 cross-linking of PMN CR1 by FGbYa
anti-CR1 resulted in an association of CR1 with the underlying
cytoskeleton (Jack and Fearcon 1533). In addition treatment of monocytes
with colchicine resulted in the inhibition of the activation of CR1 which
follows stimulation with fibronectin (Wright et al 19847, Therefore
intact microtubules may be a prerequisite for activatlion of CR1 as well
as for responding to chemotactic stimuli such as FMLP. Lummicolchicine is
a functional analogue of colchicine, produced by irradiation of colchicine
with longwave ultraviolet light. It has no measurable affinity for
microtuble subunits and does not affect microtubule polymerisation. This
drug had no effect on the FHMLF stimulated increase (Fig 5.6) indicating
that it is specifically disruptlion of microtubules which is responsible
for the lack of response to FMLP, Similar results were found with
cytochalasin B which inhibits polymerisation of microfilaments.

These results may indicate that there are 3 distinct pools of FMN CR1.
One poal is expressed on the membrane at 0°C, a second is expressad at
37°C and does not require energy or an intact yt skeleton for its
expression, while a third pool which is expressed in the presence of
chemotactic agents such as FMLP depends vupon energy and an intact
cytaskeleton for translocation to the membrane. Whether differentiation
between pools 1 and 2 is of any value is questionable as PMN in_ vivo
circulate at 37°C

Further evidence for the existence of an internal ponl of CR1 in PHN
comes from the frypsinisation studies. It was found that trypsinized PMN
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which were depleted of CR1 on the membrane surface, could regenerate CR1
following an incubation of 1 howr at 37°C (Fig 5.0 Table 9.6). The
trypsinisation was carried out by incubation at 37°C for 15 min,
Richerson ef al (1985) studied the time course of *emperature induced
complement receptor enhancement. They found thal warming to 37°C alone
rapidly enhanced CRL to nearly maximum levels within 5 min although
further incubation up to 1 hour resulted in further slight enhancement.
Thus during the frypsinisation process additional CR1 would have been
translocated from an internal ponl to the surface and removed by trypsin.
Although this was the case, the pool of intracellular CR1 could not have
been completely deplefed as rogeneration' of CR1 did occur affer
incubation for 1 hour. Expression of this pool did not occur when the
trypsinised PMN were held at O C indicating that the regeneration of CR1
was temperature dependent (Table 5.5). Cytochalssin B and colchicine did
not affect regeneration of CR1 on trypsinised PMN (Fig 5.10) suggesting
that an intact microfilament and microtubule system were not important
for expression of this pool of CR1.

This observation lends further support to the theory that 2 intracellular
pools of CR1 exist. The CRl pool expressed affter frypsinisation of FMN
is different to that expressed after stimulation with FMLP as the former
iz not sensitive to inhibitors of cytoskeleton formation whereas the
latter is. Further support for fthis may be provided by experiments in
which frypsinised PHNN are stimnlated with FMLP fto see if enhanced
expression of CR1 over and zbove that seen at 37°C is obse rvpd and if
this enhanced expression can be inhibited by cytochalas B and
colchicine,

It is now well established that patients with SLE have reduced E CR1
(Miyakawa et al 1981; VWilson et al 1982; Inada et al 1982; Iida et al
1982; Valport el al 198%5; Ross et al 1985; Holme et al 1986). This
deficiency is now known not to be restricted to E. Emancipator et al
(1983) showed that patients with SLE proliferative nephritis had a
deficiency of CR1 on their glomerular podocytes. Hurst, Nuki and
Vallington (1984) reported a significant reduction in *the rate of
complement mediated phagocytosis by blood monocytes in patients with
SLE. This reduction was most evident in patients with active disease.
Vilson et al (1986Db), evaluated the expression of CRL on B cells by 2
colour fluorescent flow' cytometry and found that +the mean relative
fluorescence in 17 SLE patients was 29% lower than in 17 normal
individuals. They also studied the CR1 content of detergent lysates of
patients neutrophils and found them +to be 41% lower than normal.

However they could not find any relationship between CR1 number and
laboratory parameters of disease activity such as auto-anti-CR1, C4, C3
and immune complex levels. ,

I have found that all 3 pools of PMN CR1 were reduced in SLE pati

with active disease (Fig 5.12). In fact there was no significant increase
in PMN CR1 expression found by stimulation with FMLP 1in patients in an
active state of disease over the spontanenus increase seen at 37°C (Fig
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This may indicate that, 5 the FMLP CR1 pool in these patients is

5.12)

severely depleted or (i1) that these patients have a defect in the
mechanism leading to translocation of CR1 or (iii) that there are a2
diminizhed number of chemotactic receptors for FXLP on the surface of

the PMN from pstients wilh SLE. If this last possibility was found to be
true it may be that a CR1 deficiency is nonly one representation of a
wider membrane defect on the PM¥ of these patients.

In SLE patients there were significant correlation coefficients between
levels of E CRl and levels of CRL in each of the 3 PMN pools, (Fig
5.13(, (ery and (). In  addition there were also significant
correlations coefficients betw2en each of Lthe 3 pools of PMN CR1, (Fig
5.14(>, M) and (). Before besinning this <study on PMN it was not
known if the reduction in CR1 on the E of patients with active SLE could
be compensated by higher CR1 levels on their peripheral bloed cells. The
significant correlation coefficients between the differing pools of PMN
CR1 and between E CR1 levels a=nd PHN CR1 levels indicate that a
deficiency in E CR1 is not compensated by increased PHE CR1 levels nor
is a deficiency in surface expression of FMN CR1 compenszated by larger
internal pools of PKN CRI.

The finding that SLE patients in remission had increased CR1 expressi
in all 3 pools (Fig 5.12) and that PMN CR1 numbers rose when t
entered phases of remiszsion (Table 5.7) suggests that this abnormality is
an acquired defect.

The role of CR1 on PMN in the process of phagocytosis is still unclear.
Unstimulated PMN will not ingest sheep EAIGMC3b but require first to be
activated by chemntactic factors such as FMLP or CS5a des Arg followed by
stimulation with PMA or fibronectin ‘Pommier et al 1984 and Changelian et
al 1985%). This acquisition of a phagocytic function correlates with
phosphorylation of CR1 (Changelian and Fearon 1985) which may represent
the structural basis for the activated state of the receptor. Both
chemotactic factors and fibronectin are present at sites of tissue injury
and they may represent an important in_ vivo mechanizm for the
augmentation of CRl expression and activation at these =sites. A reduced
number of CRL on the surface of PMN of patients with SLE and a depleted
internal CR1 pool available for translocation may result in the inability
of these cells to deal efficiently with the internalisation and
degradation of immune complexes and the phagocytosis of opsonised
bacteria. This in turn may predispose to bacteria infection a well known
complication of SLE (Steinberg 193%) and also to the severity and
duration of immune complex mediated tissue injury.
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6.1 Introduction

In the previcus chapter it was shown that the PMN from patients with
active SLE were not only deficienf in surface expression of CR1 but the
internal pools of CR1 were alsc depleted. One possible explanation for
such a depletion could bhe +that some abneormality exists in the
biosynthesis of the receptor.

To date little is known of the biosynthesis of the receptor. One study
on the human promyelocytic leukemia cell line has revealed that CR1 may
be initially present as a 188,000 dalton intracellular precursor
(Atkinson and Jones 1984); however no data exists on the synthesis,
secretion and turnover of CR1 in cells from normal individuals and SLE
patients. It was decided that as PMN are difficult to culture for long
periods of time, to initially try to study the rate of synthesis of CR1
in cultured monocytes and lymphocytes from normal individuals. If this
proved to be successful cells from patients with SLE - could then
be cultured and the rate of CR1 synthesis in these patients compared
with normal individuals.

As there was no established method available for the immunoprecipitation
of CR! from ®%S-methionine labelled monocytes, the optimal conditions
for this technique had first to be characterised.

It was first necessary to optimize the culture conditions for protein
synthesis by monocytes and lymphocytes before pulsing the cultures. In
the case of monocytes the production of C2 was used as an indication
that +the monocytes were healthy and synthesising proteins. The
stimulation of lymphocytes with mitogens ensured that the lymphocytes
were synthesising an increased amount. of protein. The
immunoprecipitation of C3 f{from monocyte culture supernatants was an
indication that the immunoprecipitation technique was reliable.

In this chapter I will present the methods used and the resulfs obtained
in attempting to establish optimal conditions for pulsing lymphocytes
and monocytes and I will discuss the difficulties which were found in
trying to immunoprecipitate CR1 from those cells.



Page 179

Materials and Methods
6.2 Chemicals and ofher Reagents

Chemicals and other reagents were obtained from the following companies:

Antibiotic-Antimycotic Solution (100x) containing 10,000units Penicillin,
10,000pg Streptomycin and 25pg Fungizone

Basal Medium Eagle (BME) with Hepes (0.025 mol 17'), without L-
Glutamine

Dulbecco's Modified Eagles Medium (DMEM) with Sodium Bicarbonate,
without Methionine, without L-Glutamin
Foetal Calf Serum (Sterile) (FCS)
Hanks Balanced Salt Solution (HBBS)> without Sodium Bicarbonate
L-Glutamine (100x)

Sterile Nunclon Microtitre Plates (96 round bottomed wells with 1id)
Sterile Nunclon Screw Cap Test Tubes (vol 13mls)

D

1,4 bis [2({4 methyl-5-phenyloxazolyl)] benzene (Dimethyl POPOP)

Deoxyribonucleic Acid (DNA) from Calf Thymus
L-¥ethionine

Phytolacca americana Mitogen (Pokeweed Mitogen (PWM))
Polyguanylic Acid (Poly G>

torie: vi 5 =)

Linbro (24 well plates 16mm diameter) Tissue Culture Plates
Titerteck Cell Harvester Filter Paper

Aldrich Chemical Company, Gillingham, Dorset

3'-5-Diaminobenzoic acid dibydrochloride (DABA)
2-5-Diphenyloxazole, Scintillation Grade (PPO)

a =t Kibri 5

G/Fibre Filter Circles (GF/C) 25mm
Vhatman Grade 1 Filter Paper

¢ 3111 Se e ate

¥iddlesex

Millex-GS Sterile Filter Units (0.22pm pore size)
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Sodium Deoxycholate

Toluene
Triton X-100

Acetone

Methanol

James Burrough, 60 ¥ontford Place, London
Ethanol
Pharmacy, Vestern Infirmary, Glasgow

Mannitol Injection BP 20%(w/v) in water

6.3 Monocyte Culture from Buffy Coat Blood Pack
Reagents
Buffy Coats

Buffy coats from fresh (citrate phoshate dextrose anticoagulated) blood
donations were supplied by the Blood Transfusion Service, Law Hospital,
Carluke.

AB Plasma
AB plasma was prepared as previously described in chapter 5.9.
Foetal Calf Serum

Sterile foetal calf serum was heat inactivated at 956°C for 2 hours fto
destroy endogenous complement activity,

Buffers and Solutions
S i [ te

A 75%(w/v) sodium bicarbonate solution was made up in deionised water.
This solution was sterilised by passing through a Millex-GS filter.

Ficoll-Hypaque

Ficoll-Hypaque was prepared as previously described in Chapter 5.3.



Hanks Balanced Salt Solution (HBRS)

One packet of powdered HEBS was dissolved in 80mls of deionised water
and 5mls of 7.5%(w/v) sodium bicarbonate were added. This.solution was
then made to 100mls with deiopised water and filtered through a Millex-
GS sterile filter into 900mls of sterilised deionised water.

RPMIL

500mls of RPMI-1640 were supplemented with 5Smls of antibiotic-
antimycotic solution (100x), 5mls of L-glutamine <(100x) and 5mls of
7.5%w/v) sodium bicarbonate.

RPMI/AB

10mls of AB serum were added to 100mls of RPMI to give a 10%w/v)
solution.

RPMI/ECS

20mls of FCS were added to 100mls of RPHI to give a 20%(v/v) solution.
Procedure

Thirty millilitre aliquots of blood were centrifuged at 600g for 10 min
at room temperature in sterile 55ml Falcon tubes and the plasma removed.
The white cells were removed carefully from the ftop of the red cell
pellet and made up to a volume of 40mls with HBBS. Twenty millilitres
of this cell suspension were layered on to 15mls of Ficoll-Hypaque and
centrifuged at 500g for 30 min at room temperature. The cells were
collected from fthe interfacial layer and washed 4 times in HBBS. The
first wash was for 10 min at 400g at room temperature and the remaining
ones were washed for 5 min at 200g at room temperature. The cells were
resuspended in RPMI containing 10% AB, counted in an improved Neubauer
haemocytometer and standardised to 6x10% cells/ml in the same medium.
One third of the cells were plated directly into Linbro wells
(500pl/well) and incubated at 37°C in a humidified atmosphere of 5% CO=
in air. After 30 min the non-adherent cells were removed from the wells
by aspiration and the second third of the cells (which had been kept on
ice for 15 min before warming to 37°C for 15min) were plated out onto
the same Linbro wells at 500pl/well. This procedure was repeated for
the last third of the cells which were kept on ice until 15 min prior fo
plating out where upon they were warmed to 37°C. After the final 30 min
incubation +%he cells were washed gently 3 times in warm RPMI and
finally cultured in 1ml of RPMI plus 10%AB. After 3 days in culture the
culture medium was remaved, the monolayer was washed 3 times in warm
RPMI and cultured thereafter in 1ml of RPMI containing 20% FCS/well.



6.4 Ca Assay
Reagents
termediate

EAC4 intermediates were prepared by Mrs L Jones.
Human Cl and C2

Human Cl1 and C2 were prepared by Mrs L Jones.
Buffers and Solutions

DBOS

50g of glucose plus 5.95g of sodium chloride were dissolved in 100mls of
deionised water.

GVB?* was prepared as previously described in Chapter 2.7(b).

DQHBz—r
DGVB=* was prepared as previously described in Chapter 2.7(b).

t 2

Three volumes of 20% mannitol solution were added to one volume of
GVB=", "

C-Rat

C-rat was prepared as previously described in Chapter 2.7(c).

Saline

Saline was prepared as previously described in Chapter 2.7(b).
cedure

To ensure that the monocytes were healthy and synthesising protein,
100pl samples of the culture supernatant were removed from each Linbro
well on day 6 and day 11 of culture. One hundred microlitres of fresh
culture medium was then added back to the wells., The removed culture
samples were centrifuged for 2 min at 10,000g at room temperature to
remove loose cellular debris and the supernatants were either stored at
-70°C or transferred to an ice bath for immediate assay.
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Frozen EAC4 intermediates were quickly thawed at 37°C in a shaking
water bath and reconstituted according to the procedure shown below:

Additions Volume (ml) Length of Incubation (min)
D508 0.23 5
Mannitol GVB** 1.0 2
Mannitol GVB™* 2.0 2
Mannitol GVB#* 8.0 5
DGVB=" 5.0 2
DGVE=" 10.0 2
DGVB=* 10.0 2
DGVB=~ 10.0 5

All additions were made dropwise while the cells were being shaken
constantly. After the final addition of DGVB*" +the cells were
centrifuged at 2,000g for 10min at 2°C. The cell pellet was washed 3
times in DGVE=", resuspended %o 1x10%/ml in DGVB®* and warmed to 30°C
in a shaking water bath. An equal volume of functionally purified human
Cl din DGVE®" (100units/ml) was pre-warmed to 30°C and added to the
EAC4 with constant shaking. The cells were incubated at 30°C for 15
min before centrifugation at 200g for 5 min at 20°C. The cell pellet
was resuspended to 1x10%/ml in DGVEB** and warmed to 30°C.

Twenty five microlifre aliquots cof the supernatant from the monocyte
cultures were added to a series of tesl tubes containing 100pl of DGVB2+
and the tubes were warmed Lo 30°C. One hundred microlitres of EAC14
were added to each tube and incubaled for a pre-determined T max of 2%
min after which 300pl of C-rat were added and the fubes incubated at
37°C for 1 hour in a shaking water bath for lysis to occur. The
reaction was stopped by addition of 2mls of saline to all tubes except
the 100% lysis control, to which 3mls of water were added. The tubes
were centrifuged at 2,000 for 5 min at 4°C and the 0ODara o0f the
supernatant was measured.

A series of control tubes containing the additives shown hbelow were
measured along with the culture samples.

Control Tubes Reagents Added to the Control Tubes
DGVB=z* a1 EAC14p1 C-Ratpl
Cell Blank (CB? 400 100 -
Reagent Blank (RB) 100 100 300
100% Lysis 100 100 300

Complement Colour (CC) 200 - 300
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A standard C2 curve was also prepared by doubly diluting purified C2 of
a known nunber of effective units/ml, in DGVE®*. One hundred microlitre
aliquots of theze dilutions (1/220-1/2000) were added %o separate test
tubes and the tubes were treated in the same manner as the samples,
this providing a positive control for the azsay.

Calculation of Resulis

The results were calculated according fto the formula:

on Sa.mple = DD

0D 100% ly=is-ODre

Percent lysis = 100 x Y
The number of haemolytic units (€Y was calculated using the formula:

ISN]
1]

~ln (1-Y)

The em of C2/ml of culture fluid for a 25pl sample (corracted for the
number of EAC4 added to each tube =

10001
2541

x 107

NN}

The em of CZ/well are expressced per microgram of DNA, therefore:

em of C2/wall

g DNA/well

= C2 em/well/pg DNA

6.5 DNA Assay
ers tions
27 v) SDS

2g of B5DS were added to 100mls of deionised water.
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Tris Q.1 mol 1" ') EDTA pH 7.5

121g of Tris were dissolved in 10mls of deionized water and the pH
adjusted to 7.5 using concentrated HC1. 57.5mls of EDTA (0.086 mol 17%)
(prepared as described in Chapter 2.7(h») were added and the solution
was made up to 1 lifre with deionised water.

Polyguanylic Acid (Poly G) Solution

10mg of Poly G were added to 10mls of Tris (0.1 mol™') EDTA pH 7.5.

Deoxyribonucleic Acid (DNAY Solufion

DNA from calf thymus was made up to a lmg/ml stock solution in 2%(w/v)
SDS and diluted as appropriate.

’

In order to quantify the number of adherent monocytes in the Linbro
wells the culture medium was removed from 6 sample wells and the
monolayer washed gently with warm RPMI to remove debris and
nonadherent cells. One millilitre of SDS{(Z%(w/v) in water) was added fo
each of the wells and the plate incubated for 1 hour at 37°C. The cell
lysates were removed and 460l of each were transferred to microcap
tubes . To precipitate the DNA from these cell lysates, 10pl of poly-G
solution and 900pg of ice-cold ethanol were added fo the tubes which
were vortexed and stored for 18 hours at -20°C. Upon  thawing, the
micracap tubes were centrifuged at 900z for D9 min at room temperature,
the supernatants were discarded and the pellets washed 3 times in 500pl
of absolute ethanol and dried for 30 min at 100°C. Fifty microlitres of
deionised water were added to each pellet, which was then resuspended
and incubated at room temperature for 30 min. Twenty five microlitres
of diaminobenzoic dibydrochloride (DABA) an agent which flucresces when
bound to DNA was added, the tubes were vortexed and incubated for a
further 30 min at 60°C after which 500pl of hydrogen chloride (1 mol I-
V) were added to solubilise the pellet. The fubes were centrifuged at
9,000g for 5 min at room ftemperature and the supernatants were then
read using a Perkin Elmer 100 Spectrofluorimeter with excitation at
400nm and emission at 500nm.

A standard DNA curve was consfructed by preparing samples containing 9,
2.5, 1.25, 0625 and 0.312pg of DNA/ml in 460pl of 2% w/v) SDS. These
samples plus a blank containing only 460pl1 of 2%(w/v) SDS were treated
in the same way as described above. The fluorimeter was zeroed with the
blank and the standard containing 5Spg/ml DNA was read on the
fluorimeter. This standard was used to calibrate the machine and once
calibrated the concentration of DNA/ml in the remaining standards and
samples were read directly from the fluorimeter. The number of cells
per well could be estimated from +the DFEA content, 1 to 1.5pg of DNA
being equivalent to 1x10% monocytles,
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6.6 Internal Labelling of Monocyte Proteins with **S-Methiopine
Buffers and Qolutions
Dulbecco's Modified Eagles Medium (DMEM) (Melhionine-Free)

100mls of DMEM without methionine, without sodium bicarbonate and with
L-glutamine were supplemented with 1iml of antibiotic antimycotic
solution (100x) and 1ml of L-glutamine (100D,

DMEM (Containing Methionine)

30pug of methionine were added to 10mls of mnethionine-free DMEX
supplemented with antibiotic antimycotic solution and L-glutamine as
before.

Lysis Buffer

PBS (prepared as described in Chapter 2.6(e)) containing 1%(v/v) NP-40
0.5%w/v) SDS, EDTA (3 mmol 1-') and PMSF (2 mmol 171),

3855-Methionine

#85-Methionine was made to a concentration of 500 pCi/ml in methionine-
free DMEN.

Procedure

The culture fluid was removed from each Linbro well and the monocyte
monolayers were washed 3 times with warm methionine-free DMEM. Two
hundred microlitres of the same medium were then added to each well and
the monolayers were incubated at 37°C for 15 min. The medium was
removed and 333pl of *®S-methionine were added. The monocytes were
incubated for the desired pulse times at 37°C in a humidified atmosphere
of 5% COz in air. VWhen the pulse was complete the supernatant was
removed from each well, placed into a microcap and centrifuged at
10,000g for 5 min at room temperature to remove cellular debris. The
supernatant was placed in%to a fresh microcap and 5pl of FMSF (1 mol 1
') and 5ul of EDTA (0.086 mol 17') were added. These proteases were
added to prevent proteolysis of soluble CR1 which may have been present
in the supernatant.

The cells in the monolayer were washed once in methionine-free DMEM and
then incubated in DMEM containing methionine (5 pg/ml) to "chase" the
=5S-methionine through the protein synthetic pathway. Once the chase
was completed the supernatant was removed and ftreated in a similar way
to that described previously., The remaining monocytes were lysed by
incubation for 1 hour at 37°C in im  of 1lysis buffer. The lysis
buffer was then removed and placed into microcaps. These were
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centrifuged at 10,000g for 5 min at room temperature fto remove the
insoluble membranes. The lysates containing solubilised proteins were
transferred to fresh microcaps and protease inhibitors were added as
before. The lysates were stored at -70°C, '

6.7 Determination of ®®*S-Methionine Incorporation into Cell Lysates and
Supernatants using the Filter TCA Precipitation Methad.

Reagents

GF/C circle filters were soaked in methionine (1 mmol 17') and dried
- overnight at room temperature.

Solutions

Kethionine (. mmol 1°%)

A 1 mmol 17" methionine solution was made vp in deionised water.
ICA Solution

A stock solution of 20%(w/v) TCA in deionised water was prepared and
diluted as appropriate.

e/Et, Soluti
An equal volume of acetone and efthanol were mixed together.
Scintillation Fluid

0.18 of 1.4 bis (2 (4 methyl-5-phenyloxazolyl) 1 benzene (POPOP) and 3g
of 2-5 Di-phenylozazole (FFO) were dissolved in 600mls of toluene at
56°C, 300mls of Triton ¥~100 were then added and the solution was mixed

thoroughly.
Procedure

In order to determine the amowunt of radicactive methionine which had
been incorporated into the cellular proteins during fthe pulse-chase
experiments, 5pl of the supernatant or lysate were spotted onto the pre-
soaked filters. These were then dried in an oaven at 80°C. The filters
were then given a series of 1 min washes in each of the following
solutions, (i) 10% TCA, «ii) 5% TCA, (1ii) acetone, (iv) acetone/ethanol
solution and (v) 100% ethanol. These washes result in the precipitation
of protein including that which has inceorporated ®*S-methionine. This
protein remains bound to the filter while free *=S-methionine is washed
away. Affer the final wash in ethanol, the filters were dried in an oven
and then placed into scintillation vials containing Smls of scintillation
fluid. The amount of incorporated *=5-melhlonine was then determined by
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counting the scintillation vials in a B counter. The efficiency of
incorporation was determined by the following equation:

Total ¢ in the lysate
otal cpm i y « 100

Total cpm input

6.8 Viability of Monocytes in Methionine-Free DMEN
Solutions

[rypan Blue (Q.75<w/v))

Trypan blue solution was prepared as described in chapter 5.7.

Normal Saline

Normal saline was prepared as described in chapter 2.7(Db).

Procedure

In order to assess how long the monocytes could be pulsed 1in
methionine-free DMEM while still remaining viable the following
experiment was performed. The culture medium was removed from 8 wells
of a monocyte culture. To 7 of these wells 100p1 of =®S-methionine
(500p1l/ml) were added after washing the monolayers once with
methionine-free DMEM. Trypan blue (200ul) was then added fto the eighth
well which was the control and the cells were incubated for 2 min. After
removal of excess frypan blue by aspiration the viability of the
monocytes was assessed by observing under a light microscope the number
of cells which bad excluded frypan blue. The wells to which =%8-
methionine had been added were pulsed for a variety of time intervals, 1
hour, 2 hours, 3 hours, 4 hours and 6 hours. At the end of each time
interval the medium was removed and 200pl of trypan blue were added to
the wells. The viability of the monolayer was then assessed by trypan
blue exclusion.

6.9 Immunoprecipitation of C3 from Monncvte Supernatants

Reagents
Anti-C3 Antiserum apnd Anti-BSA Anliserum

Anti-C3 antiserum and anti-BSA antiserum were donated by Mr A Hamilton.
These were diluted 1:10 in PBS for use.
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Protein A Cell Suspension

A protein A cell suspension was prepared as described in chapter
4,14 ).

Procedure

Monocytes are known to synthesis C3 in nanogram quantities,( Strunk,
Kunke and Giclas 1983). It was therefore decided to immunoprecipitate
this protein from the supernatants of monocytes which had been pulsed
with ®®S-methionine to establish that the immunoprecipitation technique
was reliable.

One millilitre of a monocyte supernatant from a monolayer which had
been pulsed for 2 hours was absorbed with 25pl of a protein A cell
suspension as was described in chapter 4.14(). The supernatant was then
divided equally between 2 microcap tubes. To 1 of these microcaps Sul of
a 1:10 dilution of anti-C3 antiserum was added and 5pl of a 1:10
dilution of anti-BSA antiserum was added fto the second microcap tube.
These tubes were rotated end over end on a Matburn mixer for 1 hour at
room temperature after which 25pl of a protein A cell suspension was
added and the incubation continued for 30 min at room temperature. The
proteins which had bound to the protein A cell suspension were eluted
as described in chapter 4.14 ().

6.10 Immunoprecipitation of CR1 from Monocytes
Reagents

Anti-CRI1
A commercially available monoclonal anti-CR1 antibody was utilised.

2 _Se 4 )
NMS was supplied by the Animal Laboratory, Glasgow University.
Procedure

The monocyte lysate (1ml) was absorbed with 25pl of a protein A cell
suspension. The lysate was then divided equally between 2 microcap
tubes. To 1 of these tubes 5pl of neat mouse anti-CR1 ascites fluld were
added and 5pl of NMS were added to the other. These tubes were rotated
end over end on a Matburn mixer for 1 hour at 4°C after which 5pl of
the second antibody rabbit anti-mouse IgG was added to both tubes and
the incubation continued for 1 hour at 4°C. Following this, 25pl of a
protein A cell suspension were added and fthe tubes were incubated for a
further 30 min at 4°C. The proteins which had bound to the protein A
cell suspension were eluted as previously described in chapter 4.14(b).
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CR1L was immunoprecipitated from monocyte supernatants using an
identical procedure to that described for the lysates.

6.11 ZDS-PAGE

Samples were electrophoresed on 5 and 7%% slab gels as described in
chapter 2.6(h) and then subjected to fluorography.

6.12 Fluorography

Solutions

Destain Soluki

Destain solution was prepared as previously described in chapter 2.6 (D).
— 9 )

24g of 2-5 diphenyloxazole (PFQ) were dissolved in 100mls of pre-heated
DMSO. '

Glycerol Solution
2.4mls of glycerol were mixed with 97.6mls of deionised water.
Procedure

The slab gel was fixed for 30 min in destain and then given 2 500mls
washes in DMSO for 30 min each. This was removed and the gel was
incubated in 200mls of PPO-DNSO solution for 45 min after which the gel
was washed in delonised water for 1 to 2 hours. Finally the gel was
soaked in glycerol solution for 30 min to prevent cracking.

The gel was transferred to a sheet of Whatman No 1 filter paper and
placed on a drying board. The board was sealed with cellophane and
the gel dried overnight under vacuum on a freeze drier,

The dried gel was then placed into a X-ray cassette in contact with a
sheet of ¥ Ray film and placed at -70°C for the required time. The
exposure time required was estimated from the #3Z-methionine
incorporation into the sample put onto the gel. A perind of 2 weeks was
usually sufficient to allow development of bands containing more than
3,000cpmn. The film was then developed as previously described in
chapter 4.14(b).

6.13 Lymphocyte Culture from 60mls of Plogd

Buffers and Solutions



Saline was prepared as described previously in Chapter 2.7(b). This was
then filtered through a Millex-GS sterile filter unit.

Ficoll-Metrizoate

30mls of sodium metrizoate 32%(w/v) were mixed with 72mls of Ficoll
8% w/vy (SG 1.077).

Basal Medium Eagle (BME)

BME with Hepes (0.025 mol 17').

RPMI/AB

RPMI was supplemented as previously described in (6.3) and 5%(v/v) AB
serum was added.

Procedure

60mls of venous blood were collected inta 3 vuniversal containers
containing 300p1 of sodium heparin (1000 units/ml). The blood was then
placed into a beaker and diluted 1 in 2 with sterile saline and 15ml
aliquots were layered over 10mls of Ficoll-Metrizoate in sterile
universal containers. The blood was centrifuged at 400g for 30 min at
room temperature after which the white interfacial layer composed of
mononuclear cells was removed and placed into a universal container.
The cells were made up to a volume of 20mls in BME and centrifuged at
200g for 30 min at room temperature. The supernatant was discarded and
the cell pellet washed by resuspension in BME and centrifugation at 200g
for 10 min at room temperature and then at 200g for 5 min at room
temperature. The cells were resuspended in 20mls of RPMI. A 10pl
‘aliquot of the cell suspension was diluted with 190pl of white cell
counting fluid, the mononuclear cells were counted in an improved
Neubauer haemocytometer and standardised to 1x10%/ml in RPMI/AB. Five
millilitres were added into sterile culture test tubes and incubated at
37°C in a humidified atmosphere of 5% CO= in air.

6.14 Stimulation of Lymphocytes with Pokewsed Mitogen (PWM)

Re@gpn‘ra
P¥M

PVM was stored at -20°C as a stock solution of img/ml in RFMI. It was
then diluted as appropriate.



NGRS
RPFI

Scintiilation Fluid
Scintillation fluid was prepared as described earlier 6.7).

Procedure

Lymphocytes (1x10%/ml) in RPNI/ABR were plated ouf
microtitre plates (200pl/well). Ten microlitres of
concentrations of PWM (1.29-50Cug/ml) were then added in triplic:
the wells, leaving 6 wells as conftrols. The cells were incubated
hours at 37°C in a humidified atmosphere of 5% CO: in air. On the

day the lymphocytes were pulsed by the addition of 0.1pCi H-thyn!
and incubation continued for 12 hours, The cells were harvested onic

filter papers using a izZ-well multimesh cell harvester. The harvesting
process consisted of a series of washes in deionised water follaowed 1
5% TCA and finally by methanol., The filters were dried at 37°C fur 30
min, each filter was +%then placed into a v '

scintillation fluid and counted in a2 liguid scintillation B counter. A
plot of the PWH concentration per 1x10% cells against the number ‘
was then drawn (Fig 6.1, As a concentration of 0Dpg/lxzl0®
resulted in the greatest amount of FH-thymidine incorporation, thisz wasn

-

used in all subsequent lymphocyte transformations

Internal Labelling of Lymphocyte Proteins with®H-Thymidine

Before a lymphocyte culfture was pulsed 1t was first of all
that the cells had been stimulated by the PWM. This was a
hocytes (1

by setting up a mnicrotitre plate containing Iympho
200u1/well) at the same time as the lymphooyie cultures were sel up.
The Ilymphocytes in the microtitre plate were freated with PWVH
(0.5pg/1lxl0% cells) and pulsed with *H-fhymidine on the third day. The
incorporation of #H-thymidine into these cells indicated whether the
cells had been stimulated or not. I
the lvmphocytes in culiure had alsc be
then pulsed with ##5-methionine.

6.15 Internal Labelling of Lymphocyte Proteins with ®®S-Methionine

Sterile culture test fubes

stimulated with 05pg of TV

min at room temperature. The su,perna.tant WAS CAart

cells were resuspendad in D00pl of ware wethionine-free DHEW  aw
incubated for 1% min. Tha at 400g for o amin
room  Femnseature  the supernatant  was  removed and  the oells
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resuspended in 400pl of the above medium. One hundred microlitres of
2sS-methionine (ImCi/ml) were added to each tube and the cells were left
to incubate for the desired pulse time.

Once the pulse time was completed the cells were washed twice in DMEM
containing methionine (3pug/ml), resuspended in 500pl of this medium and
incubated at 37°C for the appropriate chase time. When the chase period
was completed the supernatant was removed and placed into a microcap
tube which was Llhen centrifuged aft 10,000g for 5 min to remove any cell
debris. The supernatant was removed and 5pl of PMSF (1 mmol 17') and
5pl of EDTA (0.086 mol 17') were added and this was stored at -70°C.
.The cell pellets were resuspended in 9500pl of lysis buffer and the
lysates were mixed overnight at 4°C to allow solubilisation of CR1,
finally they were centrifuged at 10,000g for 2 min at room temperature
to remove the membranes. The clear lysate was then stored at -70°C.

6.16 1 cipitati C g cyte sates

Supernatants

An identical protocol to that described earlier for monocytes was used
(6.10), However, as the lymphocytes lysates and supernatants were in a
total volume of 500yl and not 1ml which was the case for monocytes, a
separate sample was used for the control and specific precipitation
instead of dividing +the lysates and supernatants after the first
absorbtion with the protein A cell suspension. '

6.17 Isnlation of CR1 from Lymphocytes Lysates by Chromatography
As an alternative means of isclating CR1 from the lysates of

lymphocytes it was decided to fry a series of purifications steps on a
Biorex column and a C3-Sepharose column. “

SZb[QmQ'ngI:Qpbjp Material
Biorex Column
A 1ml Biorex column was poured in a 2ml syringe barrel. This column

was equilibrated with Biorex equilibration buffer as described in
Chapter 2.9(a).

§§—Spphazggg
C3-Sepharose was prepared as previously described in Chapter 2.9 (b).

IgG-Sephargse

IgG-Sepharose was prepared by Dr W Mitchel.
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Buffers
Borate Buffer

Borate buffer was prepared as described in Chapter 2.9(b) and sodium
chloride <0.05 mol 17') and NP-40 1%(v/v) were then added.

Acetic Acid Solution

Acetic acid (0.1 mol 17') containing sodium chloride (0.4 mol 17') and
FP-40 1%v/v).

Reutralisation Buff
Tris HC1 (2 mol 17' pH 8.6) containing 1% NP-40.

Procedure

Fourteen test tubes containing 5x10% lymphocytes were pulsed separately-
for 2 hours and chased for 1 hour. Five hundred microlitres of lysis
buffer were then added to each cell pellet and the cells were stirred on
a magnetic stirrer overnight at 4°C. The lysates were then pooled and
centrifuged at 10,000g for 10 min at room temperature to remove the
membranes. Sufficient deionised water to lower the conductivity to
below 6mS at 0°C was added fo the lysate before it was put over the
Biorex column. The column was washed with 10mls of equilibrating buffer
and CR1 was eluted with equilibrating buffer containing sodium chloride
(0.6 mol 17D,

Fractions (Iml) were «collected and the column was screened by
measurement of TCA precipitable protein as described previously (6.7),
The fractions from the Biorex column which contained the highest
incorporation of ®%S-methionine were pooled and preabsorbed with 25pl
of a protein A cell suspension and then divided equally between 2 tubes.
One hundred microlitres of C3-Sepharose were added to 1 tube and 100pl
of 1gG-Sepharose were added to the remaining tube. Both were mixed for
2 hours at 4°C and both pellets were then collected by centrifugation at
10,000g for 2 min at room temperature. The pellets were washed 4 times
in borate buffer and bound protein was eluted by 10 washes of 40pl each
with acetic acid solution. Each 40pl was neutralised by addition of Spl
of neutralisation buffer.

A 5yl sample was measured for TCA precipitable counts and the remaining
40ul were mixed with sample buffer and analysed by SDS-PAGE.
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supernatants fto establis 1 5 were synthesising
befare exposing them i The mean amount of CZ
production from 6 wells of a sample culture after 6 days synthesis was
42+12x107 effective molecules (em) of C2 per well and the DNA confent
0f fthese wells was 1l.4pg/ml. T days there were 3048.9x1 0 en
of C2 per ug of DNA in each well. This was comparable to that found oy
Einstein, Schneeberg and Colten (1976). The culture was incubated for =z
further 5 days and the C2 content was measured again after 1l days
synthesis and found to be 3846x10” em C2/pg DFA/well., It was therefore
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decided to measure the CZ production of all subsequent cultures
and if this production was normal they would be pulsed
methionine on day 7.

[N

6.19 Pulse-Chase Study in Monocytes

As shown below the wviability of the monocytes as assessed by trypan
blue exclusion decreased affter the monocytes had been pulsed for 2 hours
in methionine-free DMEM containing *#%*S-methionine.

Length of Pulse (hoursd O 1 2 4

Percentage Viahility 166 100 100 64

It was therefore decided to pulse 7 day old monocytes for a maximum of
2 hours and to chase them for up to 2 hours in DMEM r"cm*rum ing
methionine. Incorporation of ®%S-methionine was then measured in Dboth
the cell lysates and the culiure supernatants. As might be expec t
with increasing chase time the TCA precipitable protein in the c-r-\l}
lysate fell while that of the supernatant increased, indicating that
radiolabelled proteins were being secreted from the monocytes into the
surrounding culture medium (Fig 6.2)

Having established a2 method which resulted in the incorporation of
between 5% and 12% of the added radiocactive methionine into cellular
proteins it was decided to immunoprecipitate the Ilysates and
supernatants for C3 and CRI1.

6.20 Immupoprecipitation of C3

Immunoprecipitation of C3 from the supernatant of a culture which had
D 4

been pu‘zar-‘.d for 2 hours revealed 2 specific bands of nolecular
116,000 daltons and 75,000 daltons (Plate 6.1>, which represent the «




Fig 6.2 Pulse-Chase Study in Monocytes

Legend

Five microlitres of supernatant or lysate from 2 monocyte culture, which
had been pulsed for 2 hours and chased for uvp to 240 min, were spotted
onto filter papers pre-soaked with methionine (1 mmol 17') and the
amount of ®5S-methionine incorporation was deltermined using the filter
TCA protein precipitation technique. The number of cpm in each was then
plotted against the chase time. As con be =een from fthe graph with
increasing length of chase time the TCA precipitable protein in the cell
lysate fell ( >, while that in the supernatant increased (- - -).
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Plate 6.1 Impuncprecipitation of C3 from Monocyte Culture Superpatonis

Monocyte culture supernatants were immunoprecipltated with anti-C3
antiserum. Samples were then analysed by SDS-FAGE on a 7%% slab gel run
under reducing conditions. Tracks d, e and f show purified radiolabelled
C3, +track b shows the sample from +the culture supernatant
immunoprecipitated with anti-C3 antiserum and track ¢ shows the control
sample immunoprecipitated with anti-BSA. The « and § chains of C3 with
molecular weights of 116,000 and 75,000 daltons can be seen in tracks d,
e and f and very faintly in track b. No speciflic bands were seen in the
control track.






and B chains of C3. This established that the immunoprecipitation
method was working.

6.21 Immunoprecipitation of CR1 from Monocyte Superpmatanis and Lysates

Immunoprecipitation of CR1 was performed for each supernatant and
lysate of a monocyte culture which had been pulsed for 2 hours and
chased for 15, 30, 60, 120, 240 and 360 min.

The immunoprecipitation samples were subjected to SDS-PAGE on 5% slab
gels followed by fluorography. Plate 6.2 shows that a specific band of
molecular weight 230,000 daltons was seen in each of the lysates
precipitated with anti-CR1. This band was not seen in the controls
which had been immuno-precipitated with NMS. Precipitation of the
culture supernatant did not result in any specific bands.

Unfortunately, the precipitation of CR1 from 8 subsequent pulse-chase
experiments did not result in any obvious specific bands apart from in
one other case where a specific band of molecular weight 225,000 daltons
was immunoprecipitated by anti-CRl1 from a monocyte culture which had
been pulsed for 3 hours with no chase (Plate 6.3).

6.22 Mitogenic Stimulation of Lymphocyles

¥hen a mitogen such as PWM binds fo T and B lymphocytes the cells are
stimulated to increase protein synthesis and to undergo cell division.,
Lymphocyte cultures were therefore treated with PWM to ensure that
synthesis of protein by the lymphocytes would be maximised. The degree
to which the lymphocytes were stimulated was determined by measuring
the amount of 2H - thymidine which was incorporated into newly
synthesised DNA, Lymphocytes which had been stimulated with PWM
incorporated more than 30-fold more *H — thymidine than unstimulated
lymphocytes. Prior to pulsing lymphocyte cultures with ®SS-methionine,
incorporation of ®H-thymidine was measured in the fest microtitre plate
set up at the same time as the culture, if transformation had occured
the lymphocytes in the sterile culture fest tubes were pulsed with 3SS-
methionine, Pulsing PWM stimulated lymphocytes resulted in a 6-fold
greater incorporation of ®%S-methionine into the cells (Fig 6.3),

6.23 Qptimal Culture Conditions for Pulsing Lymphaocytes

Pulse-chase studies were performed on stimulated lymphocytes on day 1,
3 and 5 in culture in order to determine which period of culture
resulted in maximum incorporation of 2SS-methionine. The maximum
percentage of 2%S-methionine incorporation into +the lysates of 3
lymphocyte cultures which had been given a 2 hour pulse followed by a 2

hour chase was on day 3 in culture.



Plate 6.2 Immupoprecipitation of CRI from Manocyte Lysates

CR1 was immunoprecipitated from the cell lysates of a monocylte culture
which had been pulsed for Z hours and chased for 15 min track a, 30 min
track b, 60 min track ¢, 120 nin ftrack d, 240 min track e and 360 min
track f. Tracks h and i represent the confrol precipitations with FMS and
track g the HMW markers. Samples were analysed on a 5% slab gel run
under reducing conditions. A specific band of molecular weight 230,000
daltons was immunoprecipitated from lysates which had been chased for 15
min, 30 min, 60 min, 120 min and 240 min. No specific band was seen in
the lysate chased for 360 min or in the 2 control precipitations.
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which had been pulsed for 3 hours with no chase (racks a, % and <.
Track d represents the control precipitation with NMS. Samples were
analysed on a 5% slab gel run under reducing conditions. A specific band
of 225,000 daltons was seen in each of the lysates immunoprecipitated
with monoclonal anti-CR1. No specific bands were seen in the control.
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Lymphocytes which bad been treated with PWVM (0.5ug/1x10% cells) and
unstimulated control lymphocytes were pulsed with =%S-methionine for 2
hours and chased for up to 240 min. The amount of ==S-methionine
incorporation into the lymphocyte cell lysates was determined for the PVM
stimulated lymphocytes (- - =) and for the control lymphocytes < b
This number was then plotted against the chase time. The graph indicates
that PWM stimulated lymphocytes can incorporate approximately 6-fold
more “¥S-methionine than control lymphocytes.
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6.24 Pulse Chaze Study in Lymphacytes

A lymphocyte culture which had been stimnlated with PWM was pulsed for
2 hours and chased for 30, 60, 120 and 240 min on day 3 in culture.
The lysates and supernatants were measured by TCA precipitation for
incorporation of ®SS-methionine. As with the monocytes (Fig 6.2), TCA
precipitable protein in the lysate fell with increasing chase time, while
those in the supernatant increased indicating that radiolabelled proteins
were being secreted,

The lysates and supernatants were immunoprecipitated with anti-CR1 and
the samples obtained were run reduced aon a 7%% slab gel followed by
fluorography. No specific band were detected in the lysates or
supernatants (Plate 6.4). Numerous repeat pulse-chase experiments, with
minor modifications in pulse and chase time were performed but no
evidence of CR1 labelling was obtained.

6.25

Following the ~failure to isclate CR1 from Ilymphocyte 1lysates by
immunoprecipitation it was decided to ftry to isolate the receptor using
similar chromatographic procedures to those employed in the purification
of CR1 (Fearon 1979). The method chosen was a modification of the one
described by Dykman et al (1984) which had resulted in the successful
isolation of CR1 from '2%I-surface labelled PMN and monocytes.

The 3SS-methionine labelled lysates from 14 separate lymphocyte culture
tubes were put over a Biorex column which was then screened by
measurement of TCA precipitable protein (Fig 6.4). The 2 elution
fractions conftaining the most precipitable protein were pooled and then
mixed with either C3-Sepharose or IgG-Sepharose. ‘

The first 2 elution fractions from both the C3-Sepharose (Fig 6.5) and
the IgG-Sepharose were subjected to SDS-PAGE on a 5% slab gel and
fluorography. A faint band of approximately 210,000 daltons molecular
weight was seen in the elution fractions from the C3-Sepharose. This
band was not seen in the elution fractions from the IgG-Sepharose (Plate
6.5).



Plate 6.4 Immunoprecipitation of CR1 from Lymphocyte Lysates and

Supe

il

Cell lysates and supernatants from a lymphocyte culture which had been
pulsed for 2 hours with variable chase periods were immunoprecipitated
with monoclonal anti-CR1. Tracks a o d represent the lysates chased for
30, 60, 120 and 240 min respectively. Tracks { to h represent the
supernatants chased for 30, 60 and 120 min respectively. Track e is the
lysate control and track 1 is the supernatant control which were
immunoprecipitated with NMS. Samples were analysed on a 7%% slab gel run
under reducing conditions. No specific bandse were seen in any of the
tracks. ’






Purification” of CR1 from PWM stimulated Ilymphocytes <(which bhad been
pulsed with #*S-methionine for 2 hours and chased for 60 min), by cation
exchange chromatography on a lml Biorex column. One millilitre fractions
were collected and screened for CR1 by measurement of TCA precipitable
protein. The number of “%S-methionine cpm in each fraction was then
plotted against the fraction number. The arrow marked 1 on the X axis
represents the application of the elution buffer. Fractions 9 and 10 were
prooled as they confained the highest incorporation of *

labelled protein.
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Fig 6.5 C3-Sepharose Affinity Chromatagraphy
[pgpnd

The pool from the Biorex column was absorbed with 25ul of a protein A
cell suspension and then divided equally between 2 microcaps. To 1 of the
microcaps 100ul af C3-Sepharose was added and to the other 100pl of IgG-
Sepharose was added. After incubation for 2 hours bound protein was
eluted by a series of 10 washes in elution buffer. The number of 2%5-
methionine incorporation into the eluted proteins was +then plotted
against the wash number.
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Plate 6.5 _Chromatographic Purification of CR1 from Lymphocyte Lysates

CR1 was purified by chromatographic procedures from the cell lysates of
a lymphocyte culture which had been pulsed for 2 hours and chased for 1
hour. Tracks a and b show the first and second elution fractions from the
C3-Sepharose pellet while tracks ¢ and d show the first and second
elution fractions from the IgG-Sepharose pellet, Samples were analysed on
a 5% slab gel run under reducing conditions. A very faint specific band
with a molecular weight of 210,000 daltons can be seen in tracks a and b
(the bands in track b is marked with a dot). This band was not seen in
the elution fractions from the IgG-Sepharose pellet, although 2 very faint
_bands may be seen (these bands in track d are marked with a do%t). The
nature of these bands is unknown.



210k-

200k-



Page 198

6.26 Digcussion

The original intention of this study had been the comparison of CR1
synthesis in cultured monocytes and lymphocytes from normal- individuals
with the synthesis of CR1 in the same cells from patients with SLE.
Before this could be attempted the conditions which would result in good
incorporation of *%S-methionine into CRI1 had to be established, as had
the ability to immunoprecipitate CR1 from culture supernatants and cell
lysates.

Monocytes were pulsed on day 7 of culture as Cz2 production (a measure
of monocyte viability and ability to synthesis protein) is maximal at
this time. Lymphocytes were pulsed on day 3 in culture after they had
been stimulated with a concentration of PYM which was sufficient to
produce maximum protein synthesis by the cells.

The immunoprecipitation methnd used was one which had resulted in the
successful precipitation of CR1 from surface-labelled E using bhoth a
monoclonal and a polyclonal anti-CR1 antiserum (Plate 4.5). This method
was also successfully utilised in the precipitation of C3 from 258-
methionine labelled monocyte suvpernatants (Plate 6.1). Thus the
precipitation method was considered to be suitable for obtaining CR1
from cell lysates and culture supernatants.

CR1 was successfully immunoprecipitated from 2 of the 10 monocyte cell
cultures set up (Plates 6.2 and 6.3). The molecular weights of these
bands were 230,000 daltons and 225,000 daltons respectively. As
previously discussed E CR1 expresses a size polymorphism. The most
common of the E CRl1 size variants has a molecular weight of 190,000
daltons when analysed under non-reducing conditions on SDS-PAGE.
Analysis under reducing conditions increases the molecular weight of
this band by 30,000 daltons. Dykman et al (1983bh) showed that CR1 on
the surface of monocytes had an identical molecular weight to that of
the donors E, thus it may be that these bands represent the 190,000
daltons form of CR1. That the molecular weights of these bands are
slightly higher than 190,000 daltons may be due to differences in the
analytical systems used or they may indicate that there isahigher
molecular weight intracellular form of CR1, which may result from the
presence of a signal sequence which allows the receptor to  become
properly inserted into the membrane after which it is removed, To
investigate this possibility more fully it would be necessary to compare
the molecular weights of surface labelled monocyte CR1 with
biosynthetically labelled monncyte CR1 to zee if there was indeed a
difference.

Atkinson and Jones (1984) studied the biosynthesis of CR1 in the HL-60
promyelocytic cell line and +they have reported that there is an
intracellular deglycosylated precursor form of CR1 with a molecular
weight of 188,000 daltons which is 22,000 daltons smaller than the
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surface CR1 form. The fact that thess stodi
line may account for the difference bebwesn
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is observation and my own. -

No CR1 was immunoprecipitated from 2ny of the monocyte culture
supernatants. There iz one reporl of a soluble form of CR1 (Yoon and
Fearon 1989) but from ithe negative results of these experiments it was
not possible to say if this could have arisen by secretion of CR1 from
monocytes.

CR1 could not be immunoprecipitated from any of the 30 lymphocyte
cultures using monoclonal or polyclonal anti-CR1 antisera. However, on
one occasion when CRl was isolated from lymphocyte cul’furrafr by cation
exchange on Biorex and affinity chromatography on C3-Sepharose, a
specific band with a maolecular weight of 210,000 daltons was bsexved
(Plate 6.5). In the non-reduced form this band would be equivalent to
a band with a molecular weight of 180,000 daltons. A CR1 precursor
(pro-CR1) can be immunoprecipitated from Epstein Darr virus transformed
lymphocytes. The molecular weight of pro-CR1 was 9,000 daltons lower
than the membrane-bound form of 190,000 daltons (Lublin et a2l 1935),
Thus the band immunoprecipitated from +the lynphocytes may be the
proform of the 190,000 dalton CR1 variant. However, from the results of
1 culture it is not possible fo make any conclusive statement.

This means of isolating lymphocyte CR1 was only attempited after the
failure to immunoprecipitate the receptor by means of nti-CR1
antiserum. It proved to be a very tims consuming pr‘oc-edurp and to
require the use of a large quantity cf cells and other reagents. As time
was limited it was not possible to continue this line of sftudy although
it may be that this method could be used to isolate CR1 from
lymphocytes in fufture studies.

There are a number of explanations which may account for the inability
to reproducibly immunoprecipitate CR1  from 2S3-mefthionine labelled
monocytes and lymphocytes. Firstly, synthesis nf CR1 in these cell may
normally proceed at a very low level, such that during the pulse period
of 2 hours minimal amounts of CR1 were being synthesised. A low level

of CR1 synthesis could arise if the wmonnc ﬁ and lymphocytes have
internal reserves of CRL as does the PN (2'Shea et a3l 123%2). Sim and

Sim (1983) were able to s
more Cofactor activity for the I mediated cleavage of C3b than did whole

R g

how fthat solubilise d 1ymphocyt’es pussessed

lymphocytes suggesting that 1ym hotytes have intracellular reserves of
CR1 amnd Fearon and Collins (1233 ireported that monocytes could up-
regulate CR! expression in response to chemotactic agents., Rapid
synthesis of CR1 would not he required in the presence of large
intracellular pools of the receptor. Thus in future =tudies it may be
necessary fto stimulate the monocytes with compounds which are known to
increase the synthesis of CRI.

Secondly, CR1 moy nobt contain enowgh methionine residues to allow
sufficient incorparation of 3S5-methionine into the molecule within the
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short pulse time. Wong et al (1985 determined *the amino acid
composition of purified CR1 and found that methionine was the least
abundant of the amino acids. Thirdly, Esparza, Fox and Schreiber (1986)
showed that cell surface expression uf CR1 on monocytes could be dawn-
regulated by exposure of the cells to recombinant interferon Y. This
down-regulation was considered to be due to shedding of the receptor as
the total cellular levels of CR1 were also decreased. Sztein et al (1984)
have shown that isolated human lymphocytes produce interferon ¥
constitutively. Thus if some lymphocyftes were present as contaminants in
the monocyte culfures they may have been producing sufficient quantities
of interferon to cause down-regulation of CR1. This may have been a
third contributory factor to low CR1 levels. This down-regulation of CR1
may have also applied in the lymphocyte cultures.

Although there was some degree of success in isolating CR1 from
biosynthetically labelled monocytes and lymphocytes it was not a
sufficiently reliable method to be considered suitable for the study of
CR1 abnormalities in SLE patients. However I feel that this is an
important area in which further research would be valuable as it may
perhaps answer the question as %o whether lower CR1 levels on these
cells are caused by environmental factors or by a primary cellular
defect.



Final Discussian

In the late 119%™ century it was noted that there seemed to be a
protective substance in blood serum which could kill and lyse bacteria
(Nuttal 1888; PBuchner 1889). This profective substance was called
complement (Ehrilch and Morgenroth 1906). In the first half of this
century it was discovered that complement was a system comprising a
number of proteins which interacted in sequence fo cause lysis of
sensitised E. In the latter half of this century research has shown that
the complement system is comprised of at least 20 proteins which form
the classical pathway, the alternative pathway, the terminal sequence and
a group of control proteins. The end result of the activity of both the
classical and alternative pathways is the cleavage of C3 which is the
most abundant of the complement components being present in plasma at a
concentration of 1-2mg/ml. This cleavage allows the assembly of the
proteins of the terminal sequence into membrane attack complexes which
result in the lysis of cells and invading microorganlsms. In addition to
this major function complement has a number of other biological
activities (Table 1.1). One of the most important of these is the
coordination of interactions between appropriate host cell types and
pathogenic substances. This is achieved Dby means of complement
receptors on the surface of host cells which can bind to fragments of
complement proteins which are covalently attached to activators of
complement,

Research into complement receptors was initiated in 1953 when Nelson
(1993) described an adhesion phenomenon between human E  and
presensitised Treponema pallidjum. As this adhesion was shown to be
heat labile and destroyed by trypsin it was postulated that a receptor
was responsible for the bond (Nelson and Nelson 1959). A few years
later Nishioka and Linscott (1963) and Gigli and Nelson (1968) were able
to demonstrate that C3 was the ligand responsible for immune adherence.
This receptor has since become known as the immune adherence receptor,
the C3b receptor or CR1. CR1 has now been shown to bind to a number of
ligands apart from its major ligand C3b; these are: C4b, iC3, C3c and
1C3b (Cooper 1969; Bokish and Schel 1974; Ross and Polley 1975; Berger
et al 1981; Medof and Nussenzweig 1934).

In the last few years much progress has heen made in defining the
receptor in molecular terms. The receptor was first iscolated from E in
1979 and shown to be a large single chain polypeptide glycoprotein
with a molecular weight of 205,000 daltons (Fearon 1979). There is now
known to be a size polymorphizm of CR1 with 4 separate  allotypes
having molecular weights of 190,000, 220,000, 250,000 and 160,000
daltons (Dykman et al 1983a and b; Wong et al 1983; Dykman et al 1984;
198%). This difference in size is not thought to be due to variations in
the carbohydrate structure of fthe molecule (Wong et al 1983; Atkinson
and Jones 19384; Dykman et al 1225>. It may however bhe due to differences
in the amino acid structure of the polypeptide chain. Klickstein ef al
(1985> have partially sequenced CR1 and shown *that the polypeptide
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chain consists of repeating homologous amino acid sequences. They
therefore suggested that differences in size could be accounted for by
addition or deletion of groups of repeabt units of amino acids,

Although there are differences in size the functional capacities of fthe
variants are similar (Seya et al 1985). These functions have been
described in detail in the introduction. Briefly, CR1 isolated from E
membranes has been shown in vitrg to possess cofactor activity for the
I mediated cleavage of soluble and surface-bound C4b and C32b to iCAb
and iC3b respectively (Fearon 1979; Iida and Nussenzweig 1981). It may
also act as a cofactor for the I mediated further cleavage of surface-
bound iC3b to C3c and C3dg (Medof et al 1982) and substrate-bound C4b
to C4c and C4d (Medof and Nussenzweig 1984) and it plays a role in the
prevention of lysis of bystander cells by ifts ability to decay
dissociate C4b2a3b and C3bEbL formed on these cells (Fearon 1979; Fearon
1680). In vivo E CR1 is thought to play a role in transporting opsonised
immune complexes from the circulation to the reticulo - endothelial
system where they can be removed (Siegel et al 1981; Medof and Oger
1982; Cornacoff et al 1983; Jepson et al 1986; Sherwood and Virella
1986), The removal of complexes from the E is facilitated by the ability
of CR1 fo process the fixed C3b and C4b on the surface of the complexes
to iC3b and C3dg and iC4b and C4d respectively. That this processing
pccurs is indicated by the obhservation that complexes which have been
released from E show enhanced hinding to CRZ bearing cells (Lam and
Medof 1982). This capacity of E CR1 may therefore be of imporfance in
the transfer of complexes from one cell type to another, as is the case
where E transfer complexes fto the cells of the liver during the passage
of blood from the . ... portal vein to the hepatic vein (Cornacoff et
al 1983).

The primary function of CR1 on phagocytic cells is the bhinding of
complexes opsonised with fragments of C3 and C4 degradation
(Ehlenberger and Nussenzweig 1977). On stimulated phagocytes CR1 is
also able to directly mediate phagocytosis of opsonised particles
(Wright and Silverstein 1982; Pommier et al 1984; Changelian and Fearon
198%5), and on unstimulated phagocytes CR1 can pinocytose small particles
and soluble complexes into clathrin-coated pits (Fearon and Abrahamson
19835, This function of phagocytes may be importent for the elimination
of soluble immune complexes at sites of tissue inflammation.

Although the function of CR1 on B lymphocytes 1is still largely
speculative 1t may play a role in the friggering of antigen-specific
responses by binding to immune complexes containing C3 and activating
B cell proliferation (Daha et al 1934).

CRl on kidney podocytes may serve fto prevent complement activation on
the basement membrane of the glomervlus, It may also be able to
directly mediate adsorbtive endocytosis of soluble immune complexes
(Fischer et al 1286).
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On nonphagocytic dendritic reticular cells CR1 may play a role in the
retention of complement coated immune complexes in lymphoid follicles.
(Klaus et al 1980) thus allowing the production of B memory cells (Klaus
and Humphrey 1977).

Accordingly the main physiological functions of CR1 may be summarised
as, (1) regulation of complement activation on adjacent cell surfaces,
(i1) transport of immune complexes to suitable sites of removal, (1ii)
ingestion of opsonised particles and immune complexes and (iv)
regulation of B lymphocyte function,

In the 4 years since this study was first initiated knowledge concerning
the properties and functions of CR1 has considerably expanded., However
one of the main issues to which this thesis addressed itself, that is,
what is the cause of the reduced levels of E CR1 seen in patients with
SLE, is still controversial. Originally the problem was deciding if the
reduced levels were inherited or if they were acquired as a result of
the disease process. Consequently one of the main aspects of this study
was the comparison of CR1 expression on the E of identical and
nonidentical ftwins in order to establish the relative roles of genetic
and environmental factors in the regulation of E CR1 numbers in the
normal population.

Prior to the twins study a polyclonal antiserum to CRI1 was successfully
raised. It was proposed to use this antiserum to measure E CR1 levels on
the twins. However when the monoclonal antibody, E11, became available
it was decided to use this instesd of the polyclonal as one point
determinations could be performed on the E. The conclusion from this
study, which involved the measurement of E CR1 siftes on 244 individuals
(the largest number of individuals included in any E CR1 study thus
far), was that genetic factors did not play a significant role in the
regulation of CR1 expression on E. Thus CR1 numbers appeared fto be
regulated entirely by envirecnmental factors. This finding is difficult to
interpret in the 1light of recent findings by Wilson et al (1986a). In
1982 this group proposed a model which could account for the numerical
polymorphism seen in the normal population. They showed that when CRI
sites on the E of 113 normal individuals were measured that the numbers
appeared to fall into 3 groups, those with high numbers of [ CR1l, those
with low numbers and those with intermediate numbers. This suggested
that in the normal population there were 3 phenotypes, one for high (HH
CR1 expression, one for low (LL) CRl expression and one for intermediate
(HL) CR1 expression. The frequencies of these phenotypes in the normal
population did not differ significantly from the frequencies predicted
by the Hardy-VWeinberg equilibrium for a 2 codominant allele model of
inheritance and pedigree analysis of 7 families supported this
conclusion. They went on to suggest that low levels of E CR1 expression
seen in GSLE patients were as a result of the prevalence of alleles
determining low CR1l expression (Wilson et al 1982). In the past year
this same group have published findings which lend further support to
this 2 codominant allele model (Wilson et al 1996a). They have reported
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the discovery of a restriction fragment length polymorphism of the CR1
structural gene which appears to correlate with low E CR1 expression:
Individuals with 1low E CR1 expression have a 6.9 kb fragment,
individuals with high CR1 expression have a 7.4 kb fragment and
individuals with intermediate CR1 expression have bhoth fragments. On
analysis of their data it is difficult fto ignore the evidence for the
possession of only the 6.9 kb fragment resulting in low E CRI1
expression. However the numerical expression of E CR1 in individuals
with both fragments or individuals with only the 7.4 kb fragment was
not quite so convincing as there was a considerable degree of overlap
between the two groups. A possible reason for this overlap may be thatb
CR1 numbers on individuals who are genetically predisposed to express
high CR1 numbers on their E may have their E CRLI numbers reduced by
environmental factors. In conftrast individuvals who express low CR1
numbers because of genetic factors, may have fairly constant CRI1
numbers because fhey cannot be reduced significantly by environmental
factors and they cannot be increased hecause of genetic control. This
may explain the close correlation between the presence of the 69 kb
fragment and low E CR1 numbers. If enviroumental influences were such
that modulation of receptor numbers could occur easily in normal
individuals this may be one explanation for the observation that no
genetic influence could be demonstrated on E CR1 expression in twins., To
test this hypothesis it may be interesting to sftudy the influence of
genetic and environmental factors on +the expression of E CR1 only on
those twins who have low CR1 numbers since these receptors may be less
susceptible io modulation by environmental factors.

Having shown that environmental factors play a role in the regulation of
E CR1 numbers in the normal population, it was decided fo investigate
possible environmental factors which could modulate CR1 expression on
normal' E in an attempt to determine if these same factors could
contribute towards the low numerical expression of CR1 seen on the E of
patients with SLE.

At the present moment the most likely explanation for reduced CR1 levels
on the E of patients with BLE is the protenolytic stripping of CR1 from
E as the E carrying immune complexes come into contact with the
protease rich reticulo-endothelial cells. Thus the. ability of a selection
of proteolytic enzymes to remove E CR1 was investigated, It was found
that at physinlogical concentrations none of the enzymes tested had the
capacity to decrease E CR1 (Table 4.5). At high concentrations, trypsin
and elastase could significantly decrease CR1 sites (Table 4.5). However
it was considered unlikely that these concentrations of proteases would
be present in the plasma and in any case the plasma contains a variety
of protease inhibitors which would rapidly inactivate these proteases. It
could not however be ruled out that E CR1 could be remaved when the
cells come into close contact with the proteinase rich phagocytes during
transfer of immune complexes in the liver and spleen.
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The blockade of E CRl sites by immune complexes is considered by most
to be a less likely explanation for reduvced E CR1 levels (Vilson et al
1982; Minota et al 1983; Ross et al 198%). However experiments performed
in this thesis would seem to indicate that such a mechanism may indeed
result in the inability to detect E CR1. In_vitro it was shown that E
CR1 could be blocked by large opsonised IgG aggregates (Table 4.7) and
in _vivo it was shown that E CR1 expression on 6 individuals was reduced
by the consumption of 1.2 litres of cows milk, a rich source of food
antigens (Fig 4,6; Table 4.8). This latter experiment in particular
indicated how easily CR1 expression could be modified by environmental
influences. Further experiments in this particular aspect might be of
value in deciding if blockade of E CR1 does +truly constitute the
mechanism of reduced CR1 levels on the E of SLE patients.

Although it has been known for a number of years that patients with SLE
have low CR1 levels, at the start of this study it was not known if CR1
was reduced on other cell types. One of the aims of this study was the
measurement of CR1 on the PHMN of normal individuals and on patients
with SLE in order to determine if both cell types in these patients had
reduced levels nf CR1 expression in comparison to normal. It was shown
that PMN from normal individuals expressed 3 distinct pools of PMN CR1.
One of these pools was expressed at 0°C, a second was expressed after
warming the cells to 37°C and the third was expressed in response to
stimulation with the synthetic chemotactic agent FMLP. Expression of the
pool at 37°C was noft dependent upon protein synthesis, an intact
cytoskeleton or energy while the pool eupressed in response fo FMLP was
dependent upon an intact cytoskeleton and energy but did not require de
novo protein synthesis.

All 3 of these pools were found to be reduced in patients with active
SLE but were normal in those with insctive SLE (Fig 5.12). The most
severely depleted pool was that which was expressed in response to
stimulation with FMLP. If this mechanism of increasing CR1 expression in
response to chemotactic stimuli relezsed at sites of tissue Inflammation
is defective then it may indicate that the recognition of and phagocytic
function for pathological particles by those PMN may be impaired. If
this were so it would contribute to the tissue depusits of immune
complexes seen in SLE.

The mechanism whereby this reduction is brought about is unknown. As in
the study of reduced levels of E CRl1 expression in SLE the question
arises whether reduced levels result from a genetic defect or are caused
by the disease process. PMN show a numerical polymorphism in CR1
expression with numbers varying widely among individuals. These numbers
do not appear to fall into distinct groups of individuals having high,
medium or low CR1 expression. Wilson et al (1986a) reported that the
presence of restriction fragments (6.9 kb and 7.4 kb) did not influence
expression of CRl on neuvtrophils as fthey did on E although these
fragments are linked Lo the same structural gene which controls the
structure of both E and PMN CR1. Thus there is no evidence as yet to
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suggest that PMN CR1 expression is genetically controlled in the normal
population. The results from my studies do however suggest that in
patients with SLE CR1 expression on PMN can be modulated by factors
associated with the disease as it was found that the number of PMN CR1
correlated significantly with the number of E CR1 in SLE patients (Fig
5.13 b, ¢ and d) and both changed in parallel with disease activity
(Table 5.7). In addition it was shown that SLE patients who were in an
inactive phase of disease had levels of PMN CR1 expression which did
not differ significantly from normal (Fig 5.12). This svggests that the
decrease in PMN CR1 number is an acquired defect., The precise mechanism
whereby this occurs is outwith the scope of this thesis however. it must
merit further investigation.

It may be possible that loss of the receptor occurs affter binding to
opsonised immune complexes bearing C3 fragments. It has been shown by
a number of groups that PMN can internalise CR1 bound to its ligand by
the process of endocytosis ((Fearon el al 1981; Abrahamson and Fearon
1983; Hogg et al 1984). Abrahamson and Fearon (1983) showed that once
the receptor-ligand complexes had been taken into clathrin-coated
vesicles they were transported to azurophile granules where they were
degraded., Thus the receptors were not recycled. This might imply fthat as
the immune complex load is greater in SLE patients more receptors are
internalised and degraded. Thus there is an increased demand for
receptors to be brought to the surface from internal pools and therefore
both surface expression of CR1 and internal pools of CR1 eventually
become depleted., As the disease becomes inactive less complexes are
available for clearance and so the demand for receptors iz reduced and
expression of PMN CR1 can return to normal.

However Taylor et al (1983b) has reported that there was no significant
internalisation of soluble immune complexes which contained dzDNA and
anti-dsDNA from SLE patients, after they had bound to FMF through CRI1.
It may therefore be possible +that internalisation o0f CR1-ligand
complexes in SLE patients accurs not by endocytosis but by phagocytosis.
PMN stimulated with FMLP and soluble fibronectin are able fto phagocytose
particles by means of CR1 (Pommier et al 1984). As chemotactic factors
are released at sites of tissue inflammation and soluble fibronectin is
also present PHN may become phagocytically activated and internalise
complexes with the same resultant depletion of internal poeols. Taylor
et al (1983b) may not have observed internalisation of complexes because
the conditions were not appropriate for activation of PMF CRI.

An alternative explanation for fhe depletion of PN CR1 expression is
that there is a defect in the ability nf the cell to synthesise CR1 as a
result of a primary abnormality in the CR1 gene or in its expression. To
investigate t{his possibility monocyte and lymphocyte cultures were
pulsed with ®%S-methionine with the aim of immunoprecipitating CR1 from
cell lysates and supernatants. Both of these cell types have been shown
to be defective in CR1 function vr CR1 expression in SLE patients. Hurst
et al (1984) reported a significant reduction in the rate of complement
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mediated phagocytosis by blood monocytes in patients with SLE. This
reduction was most evident in patients with active disease and Wilson et
al (1986Db) reported that B cells from 17 SLE patients had significantly
reduced CR1 expression in comparison to normal individuals.

CR1 was successfully immunoprecipitated from 2 normal monocyte culture
lysates (Plate 6.2 and Plate 6.3) and was isolated from 1 normal
lymphocyte culture lysate by affinity chromatography on C3-Sepharose
(Plate 6.5)., For reasons discussed 1in chapter 6.26 it was not
considered to be a viable method for studying the biosynthesis of CR1
in patients with SLE. This is unfortunate as the ability to do so nay
provide a valuable insight into the mechanism of reduced CRI numbers on
peripheral blood leukocytes

In conclusion therefore the different aims of this study have been
achieved though in varying degrees. Although 4 years have passed since
the start of this investigation the questions which were raised at the
beginning are still extremely topical. Thus far no one has been able to
study the biosynthesis of CR1 in normal leuvkocytes nor in leukocyfes
from patients with SLE. Therefore the question still remains unanswered
as to whether there is a defect in the biosynthesis of CR1 in SLE
patients. The few results obtained from the Dbiosynthetic study 1in
chapter 6 show that it is possible to immunoprecipitate CR1 from normal
~cells and perhaps studies in the future should continue to look at this
aspect.

Although in the past year one group has published a report on the
reduction of CR1 on the neutrophils of SLE patients no one has defined
the pools of CR1 which exist in normal PMN. In this thesis I have been
able to show that there are 3 pools of CR1 which all have different
requirements for their expression. In addition I have shown that there
is a numerical polymorphism of CR1 on PMN and that the numbers of CR1
on PMN of patients with SLE are severely depleted. This depletion seenms
to correlate with disease activity. The cause of this depletion still
remains to be investigated.

In conclusion therfore we have been unable to find genetic control of E
CRl expression in normal individuals., However it i3 quite possible that
regulation of the expression of the CR1 structural gene is under genetic
control and at some fime in the life span of the E the CR1 genotype
reflects the phenotype, but at other times as environmental factors have
a significant influence on E CR1 numbers the phenotype is altered. It
may be that the suseptibility of the phenotype to environmental factors
is exaggerated on the E of patients with SLE where levels of CR1 can be
reduced dramatically during periods of disease activity and return to
normal when the patient is in an inactive phase of disease (Ross et al
1985; Holme et al 1986). The factors which reduce E CR1 numbers have
still not been characterised and must therefore merit further
investigation.
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