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ABSTRACT

The Regulators of Complement Activation gene cluster on
chromosome 1 includes genes for regulatory proteins which
interact with complement component C3. The general aim of this
project was to explore genetic variation and/or immunological

function of certain of these proteins.

One specific aim was to assess factor H, facthr I and
complement receptor 2 (CR2) genetic polymorphisms. An
immunodetection system was ceveloped to identify Ffactor H
variants separated by isoelectric focusing. The method is
economical and suitable for population surveys. Allele
frequencies estimated from 129 serum samples are FH*1 0.597
and FH*2 0.403. No association was observed between factor N
types and rheumatoid arthritis. A new variant, IF*Bl1, was
found when 288 Caucasians were typed for Factor I. The results
from this survey also indicated that IF*A is present at a much
lower frequency in Caucasians than in Asiatics. SDS-PAGE
followed by immunoblotting was used to define a new, 75 kba
variant (CR2 L) of CR2 (CR2 H). Six CR2 L heterozygotes and
one homozygote were observed in 63 unrelated samples and
segregation of CR2 L was demonstrated by a family study. Flow
cytometry analysis of the binding of EBV and various anti-CR2
monoclonal antibodies to a CR2 L homozygous cell line did not

ii



clarify the molecular basis for the reduced size of CR2 L.

A second specific objective was to explore in vivo, using
a mouse model, the regulatory role of CR2 in the immune
response. Pretreatment with anti-CR2 significantly depressed
the primary response (mainly IgM) to a T-dependent antigen and
impaired the generation of immunological memory, but did not
eradicate an already established immunological memory. The
suppressive effect was different from that initiated by cobra
venom factor pretreatment (C3 depletion) where only the
primary 1gG response was affected. Antigen complexed with
anti-CR2 is physiologically analogous to C3d-Ag-Ab. Ag-anti-
CR2 complexes evoked an in vivo secondary response at a 100~
fold lower Ag dose than Ag alone. Taken together, these
results suggest, but do not prove, that (i) when stimulated by

a single signal from CR2, B cells can become anergic and (ii)

CR2 can the y either by signalling
via CR2 complexed to IgM or CD19, or by localizing Ag-Ab

complexes on follicular dendritic cells.

KEY WORDS: Factor H Factor I CR2 Polymorphism

Immune response
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CHAPTER 1

INTRODUCTION

1. History of complement research

Study of the complement system began in the late 19th
century when scientific debate was focused on the mechanisms
by which the body defends itself against microorganisms. At
that time there were two distinct schools of thought:
"cellular immunity" versus "humoral immunity". A group of
humoralist giants, including Buchner, Ehrlich and Bordet,
demonstrated that bacteriolysis required two factors in the
bloodstream, a heat-stable factor (antibody) and a heat-labile
factor (called alexin and later designated "complement") . Over
the next two decades, accumulated evidence provided by the
pioneering work of Ferrata, Coca, Whitehead and others
indicated that complement was a complex rather than a single
substance. This complexity of the complement system was not
clearly elucidated until the 1940s when the development of
protein purification and electrophoresis allowed individual
complement components to be characterized. The nomenclature of
complement components was simplified by the WHO Committee in

1968. With the help of recombinant DNA technology, a number of




studies from the past two decades have enriched and broadened
our understanding of complement proteins with special emphasis
on the correlation of structure and function. The discovery of
cell-bound complement receptors shed new 1light on the
biological importance of the complement system. Here, the
biochemistry of complement components, activation pathways and
biological functions are summarized from various reviews
(Miller-Eberhard, 1988; Campbell et al., 1988; Mollnes and
Lachmann, 1988; Hourcade et al., 1989; Kinoshita, 1991; Sim

and Reid, 1991; Colten and Rosen, 1992).

2. The complement cascade

Complement is a major defence and clearance system that
forms the principal effector arm of humoral immunity. Today,
it is known that this system is a group of more than 30
different proteins, present in serum and on cell surfaces,
shown in Table 1.1. Most soluble components are synthesized by
the 1liver, although some are extrahepatically produced at
local sites of injury and inflammation. Hepatocytes,
macrophages, fibroblasts and epithelial cells are major sites
of synthesis and secretion. The membrane-bound regulatory
components, of course, are synthesized in the cells on which

they are expressed. Activation of the complement system



Table 1.1. A summary of biochemical and structural features ot
complement components, regulatory proteins, and memb
receptors.

Number  Concen-

Components m.w. of tration
(kDa) chains  (ug/ml)
Classical
pathway
c1
Clq 460 18 80 Collagen-1ike
cir 166 2 50 tierine
protease, HeR
Cls 166 2 50 serine
HOR
ca 205 3 400-450
c2 102 1 30
HOR
c3 185 2 1,300 Similar to ¢4
Alternative
pathway
Factor D 24 1 1 Serine Proto;
Factor B 92 1 210 ine rotein,
c3 185 2 1,300 1o ¢4
Terminal
proteins
Cc5 190 2 70 milar to
ci/ea
c6 120 1 64 Pore-torming
protein, G
c7 110 : 56 Similar to o
c8 155 3 50 Pore=formineg
protein
c9 73 1 59 Por ormineg

protein




Table 1.1. (continued)
Humber Concen— Structural
Components m.w. of tration features
(kba) chains (ug/ml)
Rogulatory
protoins
Cl-inhibitor 110 1 200 Serine protecase
inhibitor
Ca-binding 570 7 250 SCR
protein
Properdin 220 3 or 20 cyclic polymer
Factor 1 150 2 480 SCR
Factor T 88 2 5 Serine protease
S-protein 85 A 505 ?
Mombrana
5) 70 1 N/A SCR
MCP (CDAG) 45-70 1 N/A SCR
HURF or (CBbp) 65 1 N/A Phosphatidyl-
inositol anchor
MIRI, (CD59) 20 1 N/A Phosphatidyl-
inositol anchor
Complement
receptors
CR1 (CD3Y) 160-250 1 N/A SCR
CR2 (CDh21) 145 1 N/A SCR
CR3 165 (a) 2 N/A Leukocyte
(chi1b/cns) 95 (B) integrin
CR4 150 (@) 2 N/A Leukocyte
(chiic/cpis) 95 (f) integrin
Cl1q receptor 56 ? N/A
C3a/Cda k-4 ? N/A
receptor
C5a receptor 50 ? N/A G protein
coupling

W/R, hot applicable



initiates a sequence of biochemical reactions, each component
activating the next in a cascade fashion. There are two
distinct routes to activate the system: the classical and
alternative pathways. Both pathways lead to the generation of
C5 convertases that induce terminal assembly of the membrane

attack complex (MAC) C5b-C9, as shown in Figure 1.1.

2.1. Complement activation

The classical activation pathway

The classical pathway can be initiated primarily by
interaction of C1 with antigen-antibody complexes or
immunoglobulin aggregates (IgG or IgM). Cl is a multimeric
complex containing C€lg, Clr and Cls subunits. Clq is a
multichain molecule with a collagen-like stem portion and six
globular heads. Multivalent binding of Clg, via its heads to
specific sites in the Fc region of IgG or IgM, leads to
conformational changes within Clq and Clr and results in the
activation of Clr and Cls. Subsequently, activated Cls, a
serine esterase, splits C4 into two fragments, C4a and C4b. By
the exposed internal thioeste> group in the a« chain, C4b can
covalently bind to OH- or NH,~groups on the target surfaces.

The next stage involves the binding of C2 to C4b in the



Ag-Ab Complex Classical Pathway

C1 c2

C4 —3 cab —cab2a C4b2a3b c7 c9
\3\ l I Membrane
Cs ——,*—\—)Anack
oF Csb /’ | Complex
ce CB

c3 T—) C3b ——> C3bBb (C3b)nBb

i
C3(H,0) Bb B

D f . Microbes Alternative Pathway

Polysaccharides, etc.
C3(H0) B

Figure 1.1. Complement System Activation



presence of magnesium ions. Following cleavage by activated
Cls, C2a, a large fragment, remains asscciated with cib to
form a C4b2a complex, which is the classical-pathway C3
convertase. C2a in the complex cleaves C3, releasing an N-
terminal fragment C3a. The remaining pertion of €3, the C3b
fragment, undergoes a conformational change and binds to the
target surfaces in the vicinity of the C4b2a complex via an
ester or amide bond. Thus, the target-bound C4b2alb complex,

the classical pathway C5 convertase, is formed.

The alternative activation pathway

The initial interaction which triggers the alternative
pathway is not understood as well as that for the classical
pathway. The alternative pathway activation does not depend
upon antibody-antigen complexes; rather, a wide range of non-
immunoglobulin activators such as fungi, yeast,
lipopolysaccharides, can mediate activation. It relies on the
continuous activation of C3 by a low-level hydrolysis in the
fluid phase. This results in the formation of €3(H,0) capable
of binding factor B, and in the presence of factor D, in the
formation of the alternative pathway C3 convertase (C3bBb),
which functions the same way as the C4b2a of the classical

pathway to produce more C3b fragment. Next, C3b is deposited



on the target surfaces, and eventually becomes the C5
convertase (C3bBbC3b) of the alternative pathway. Compared to
the classical pathway, C3 convertase (C3bBb) initiates the
activation of more and more C3 by a positive feedback cycle.
Thus, the alternative pathway of complement activation

provides a quick, ific natural system.

Activation of C5 and Assembly of the membrane attack complex

(MAC)

C5 can be activated by either the classical (C4b2a3b) or
the alternative (C3bBbC3b) pathway. After cleavage of C5 by
the C2a or Bb subunit of the C5 convertases, the smaller
fragment, C5a, is released into the fluid phase and the larger
one, C5b, remains attached to the target surfaces and
expresses transient binding sites for C6. The C5b-6 complex is
subsequently stabilized by binding of C7, C8 and C9. It has
been widely accepted that C9 in the MAC is present in multiple
copies from 12 to 18. Although the complex C5b-8 is lytic,
incorporatior of C9 to the complex greatly enhances membrane
perturbation and increases the size of the transmembrane pore,

giving a higher efficiency of lysis.



2.2. Control of complement activation

Like any cascade system with a rapid and amplified
reaction, the complement cascade must be strictly controlled,
otherwise a vast amount of active intermediates from
continuous activation can cause cell damage and even death. At
several stages the control of complement activation is ensured
by two different mechanisms: natural decay processes and
active regulation. Natural decay processes occur in two ways:
First, in the absence of a substrate, an active binding site
will usually be inactivated over & period of milliseconds.
Second, the proteins constituting a convertase will
spontaneously dissociate from each other, a process that
usually takes minutes. Active regulation, performed by
inhibitor/regulatory proteins, also occurs in different ways.
Spontaneous dissociation of a convertase can be facilitated by
a regulatory protein. Alternatively, the individual proteins
can be inactivated, either by changing the structure of the

protein, or by degrading it into two or more pieces.

Cl level:

Control at the stage of Cl activation is achieved by C1

inhibitor, a plasma serine esterase. It not only restricts the



half-life of activated Cl1 but also dissociates Clr and Cls
from Clg. Inhibition of activated Cl1 involves the covalent
binding of C1-INH to the catalytic sites on Clr and Cis,
followed by dissociation of these molecules from Clg. Cl
inhibitor is also a potent inhibitor of other serine esterases
such as plasma kallikrein, factor XIa, factor XIIa and
plasmin. People with genetic deficiency of Cl inhibitor suffer

from hereditary angioedema.

C3-convertases:

Several proteins are involved in control at the stage of
assembly and decay of the C3-convertases (C4b2a in the
classical pathway and C3bBb in the alternative pathway).
Characterization of these regulatory proteins is shown in

Table 1.2.

Dissociation of C2a from C4b is accelerated by C4b-binding
protein (C4BP) which competes with C2a for the binding sites
on C4b. C4BP then acts as a cofactor to render C4b susceptible
to cleavage by the serine protease factor I. Similarly, the
dissociation of Bb from C3b is accelerated by factor H, which
also acts as a cofactor for cleavage of C3b by factor I.

Properdin, present in the form of a mixture of cyclic polymers
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Table 1.2. Proteins involved in the control and regulation of

C3 convertases

Enzyme  Decay Cofactor  Main
Proteins Ligands activity accelera- activity Source:s
tion
Factor I C3b/Cdb + Plasma
Factor H C3b - + + Plq
C4BP cdb - * '
Properdin C3bBb - stabilizes
c3/cs
conver-
tases
CR1 c3b/cab - 4 " 1, PMH OB,
ic3b some T,
¥De,
Platelet
Monozs
CR2 c3d - i 1 B, Fix
c3dg a tew T
DAF Cib2a - L - E
C3bBb ALl PBIL
MCP C3b - - 4 !\_Il PR

Abbreviations: E, erythrocytes; PMN, polymorphonuclear

leukocytes; B, B lymphocytes; T, T Iymphocyte ¥be,

follicular dendritic cells; Monos, monocytes; PBL, peripherial

blood leukocytes.



of a 56 kDa polypeptide, is another regulator in the
alternative pathway. It has the opposite effect of factor H,
i.e. it stabilizes the alternative C3 convertases, thus
preventing the inactivation of C3bBb by factor I and H. Factor
I is a regulator enzyme involved in the cleavage of the a'-
chains of activation products (C3b and C4b) of complement C3
and C4. These specific cleavage reactions cause C3b and C4b to
lose their ability to function in the C3 convertases.
Regulation of C3 convertases is also mediated by membrane-
bound molecules, including decay accelerating factor (DAF,
CD55), membrane cofactor protein (MCP, CD46), complement
receptor type 1 (CR1, CD35) and probably complement receptor
type 2 (CR2, CD21). The genes encoding these six complement
proteins, CR1, CR2, DAF, MCP, C4BP and factor H are closely
linked on chromosome 1 in a region now known as the regulators
of complement activation gene cluster (RCA). The RCA protein
group is also sometimes called the superfamily of C3b/Céb
binding proteins, based on their ligand binding abilities,
functional similarities and genetic linkage. The structural
and functional characterization of factor I and its six

cofactors will be reviewed in detail in CHAPTER 2.



C5 and the membrane attack complex (MAC):

Control of the C5b-7 complex is mediated by several plasma
inhibitors. The S—protein is the most efficient and probably
the major controlling factor of the lytic potential of the
MAC. This glycoprotein with a single chain of 80 kDa can bind
to C5b-7, forming a SC5b-7 complex. The binding of S-protein
thus prevents the C5b-7 complex from binding to the cell and
therefore protects bystander cells against lysis by the MAC.
On the membrane, the homologous restriction factor (HRF) known
as C8 binding protein (C8bp), and the membrane inhibitor of
reactive lysis (MIRL, CD59), have the capacity to regulate the
assembly of the MAC, by inhibiting the binding and
polymerization of C9. It is known that human complement is
more efficient at lysing erythrocytes of other species than at
lysing homologous erythrocytes. This phenomenon has been
termed homologous species restriction of complement-mediated
hemolysis. This may also be the case in other species. HRF is
a 65 kDa protein and is localized on erythrocyte and leukocyte
membranes. Whereas DAF, MCP, CR1 and probably CR2 regulate
activation on the membrane at the level of C3 convertases, HRF
serves to control the final assembly of the terminal
complement complex to protect autologous cells against

complement-mediated lysis. It is able to inhibit the channel-



forming function of both polyC9 and C5b-8. There is an
abnormally high amount of hemolysis in patients with
paroxysmal nocturnal hemoglobinuria (PNH), a disease in which
cell lacks HRF. The complete functional role of HRF is yet to

be defined.

Membrane Inhibitor of Reactive Lysis (MIRL) is an 18 kDa
glycosyl phosphatidylinositol-anchored membrane protein that
inhibits complement-mediated lysis by binding to C5b-8 and
inhibiting €9 multiplicity. It also appears to modulate the
activity of the alternative pathway C3 convertases, although

the mechanism of regulation has not been elucidated.

3. The Biological Role of complement activation

The complement system is one of the most important humoral
systems mediating many activities that contribute to
inflammation and host defence, even in the preimmune phase
when specific antibody and lymphocytes are not available.
Activation of the complement system results in the production
of molecules with potent biological activities. The major
biological functions of these activation fragments are exerted

by binding to their specific receptors.



Inflammation: Activation of the complement system by an
infectious agent causes the release of three anaphylatoxins,
C3a, C4a and CS5a, from their parent molecules. They are very
similar in structure and mediate a similar set of activities
but with different efficiencies (C5a >> C3a >> C4a). The
anaphylatoxins induce smooth muscle contraction and enhance
vascular permeability by binding to specific receptors and
inducing the release of vasoactive amines such as histamine
from mast cells and basophils and lysosomal enzyme release
from granulocytes. C5a functions also as a chemotaxin,
inducing the migration of leukocytes into an area of infection

or tissue destruction.

Cell lysis: Complement was originally discovered by its
lytic activity. Insertion of MAC into the cell membrane
results in membrane disturbance and leakage of intracellular
material. Complement-mediated lysis has been shown for many
kinds of cells: platelets, Gram-negative bacteria, viruses

possessing a lipoprotein envelope, and lymphocytes.

Opsonization and phagocytosis: Phagocytes are able to
ingest and eliminate cell debris, immune complexes and foreign
microorganisms only if they can recognize and distinguish them

from host cells. This requires that these targets have been



marked by antibody and/or complement fragments. This process
of coating targets with antibody and/or complement fragments
is termed "opsonization". The phagocyte population includes
macrophages, monocytes and polymorphonuclear leukocytes.
Phagocytes use their Fc receptors for arrest of antibody-
coated targets, and use their complement receptors for capture
of targets coated by C3 fragments. The interaction of Fc
receptor and antibody is sufficient to trigger the ingestion
process provided the level of antibody on the target is high
enough to initiate a stable binding to phagocytic cells. In
the case of only a small amount of antibody on the target,
active C3b and C4b fragments deposited on the target will
facilitate uptake by phagocytes by enhancing the efficiency of

phagocyte binding via the complement receptors.

Immune complex clearance: Interaction of antibody and
antigen in vitro can result in the formation and precipitation
of a large immune complex. In_vivo, precipitation of immune
complexes in tissues is strongly inhibited by complement. The
size of the complex formed is dependent on the ratio of
antigen tec antibody and, once it reaches a certain size,
maximum precipitation occurs. Preformed immune complexes can
be solubilized by the action of the alternative pathway

components C3, B and D, resulting in both antigen and antibody



in the complex becoming coated with C3b. Association of IgG or
IgM antibodies with antigen initiates the classical pathway
component Cl activation. Binding of Cl to the immune complex
also causes inhibition of precipitation, followed by C3b
coating of the complex. Once immune complexes are coated with
C3b, they can be recognized by the CR1 receptor on red blood
cells and eliminated from the circulation by monocytes in the

bloodstream or by macrophages in liver and spleen.

Immune regulation: Although the complement system has been
studied for over a century, possible roles in the immune
response for the various complement components and fragments
were not formulated until the 1970's. This topic will be

addressed in detail in CHAPTER 3.



CHAPTER 2

FACTOR I, ITS COFACTORS AND RELATED PROTEINS

2.1. Factor I

2.1.1. Biochemical properties

Factor I (formerly C3b inactivator, C3bINA) is involved in
the regulation of the C3 convertases of either pathway. Human
factor I is synthesized in liver and in extrahepatic tissues
(monocytes and endothelial cells) as a single chain precursor
of 88 kDa, which is then processed to yield the active form,
of two disulfide-linked chains of 50 kDa and 38 kDa. Factor I
is found in plasma at a concentration of about 35 ug/ml
(Pangburn et al., 1977). It has been suspected for some time
that factor I might belong to the serine protease family.
Definitive evidence was obtained from amino acid sequence
studies on the 38 kDa light chain which showed the presence of
the characteristic set of residues found in the active sites
of other serine proteases such as chymotrypsin and trypsin

(Yuan et al., 1986).



2.1.2. Genetics

The known amino acid sequence of the 38 kDa light chain of
factor I was used to generate oligonucleotide probes which
allowed the isolation, from a liver cDNA library, of a clone
containing the whole of the coding region (Catterall et al.,
1987) . The mRNA size in liver is 2.4 kb and the cloned DNA has
1750 bp encoding the single polypeptide chain of 565 amino
acids. The sequence includes a putative leader peptide of 18
residues, a cysteine rich (29 Cys residues) heavy chain of 317
residues and a catalytic light chain of 240 residues. Six
potential N-linked glycosylation sites are also seen.
Activation of the precursor factor I probably involves the
limited proteolysis and trimming of a highly basic peptide
sequence (-Arg-Arg-Lys-Arg-) located at the C terminus of the
heavy chain. The gene for factor I has been mapped to human
chromosome 4, at g25, by the somatic cell hybrid method

(Goldberger et al., 1987; Shiang et al., 1989).

A number of cases of complete deficiency of factor I have
been reported (Rasmussen et al., 1988). The RFLPs of factor I
have been identified in a study of several factor I-deficient
kindreds (Kolble et al., 1989), but little is currently known

about the mutant genes. Inherited deficiency of factor I is



usually associated with increased susceptibility to infection
by pyogens such as pneumococci, Hemophilus influenza, and
meningococci. Some patients exhibit circulating immune
complexes and/or recurrent urticaria. As woulcd be expected
from the regulatory role of factor I, affected individuals
have 1little or no native C3 in their plasma due to the
uncontrolled formation of the C3bBb complex which splits C3.
Infusion of factor I in vivo restores the serum concentrations
of the complement proteins (C3, factor B, etc.) to normal

values in the patients (Rasmussen et al., 1988).

Genetic polymorphism of factor I was first found by
Nakamura et al. (1985) in the Japanese population. Using
polyacrylamide gel isoelectric focusing electrophoresis of
neuraminidase-treated EDTA plasma samples followed by western
blotting, 435 unrelated individuals and some families living
in the Tokyo area were typed. Three different phenotypes
controlled by two alleles, with frequencies of IF*A (acidic)
0.1069 and IF*B (basic) 0.8931, of a single locus were found.
One year later, Nishimukai et al. (1986) published the second
report of Factor I polymorphism in the Japanese population and
described a modified method of typing. The gene frequencies of
the two alleles calculated from this study in the western part

of Japan were similar to those published by Nakamura et al.
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The two allelic variants of factor I differ by charge and size
homogeneity has been verified by sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis. There has been no DNA
sequence information from individuals with different
phenotypes to account for the charge polymorphism. Nor are
there any functional differences between the two forms. Factor
I polymorphism provides a new marker for human genetics,
anthropologic studies, and forensic science. Further
investigations may provide useful information about the

deficiency of factor I.

2.1.3. Immunological function

The third component of complement, C3, consists of two
polypeptide chains (a 110 kba a-chain and 75 kDa p-chain)
linked by one disulfide bond and by noncovalent forces
(Bokisch et al., 1975; Janatova, 1980), as shown in Fig. 2.1.
It contains two N-linked carbohydrate moieties at residues 63
and 917, with 8-9 and 5-6 mannose residues, respectively.
During complement activation C3b is produced by proteolytic
cleavage of the C3 a-chain by the classical (C4b2a) or
alternative (C3bBb) pathway convertases with release of the
amino terminal C3a peptide (Reid and Porter, 1981). The

nascent C3b has a labile binding site and binds covalently to
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target molecules through an ester or amide bond to nearby
hydroxyl or amino groups (Reid and Porter, 1981; Law et al.,
1983) . Factor I, which controls the concentration of C3b bound
or in the fluid phase, is an essential part of the regulation
of complement activation. The digestion of C3b by factor I
proceeds in several steps and requires the presence of one of
several cofactors (Reid et al., 1986; Mitomo et al., 1987).
The first two cleavages of the a-chain of C3b by factor I
occur between Arg-Ser residues at positions 1281-1282 and
1298-1299, liberating a 2-kDa C3f-fragment and yielding iC3b.
This degradation of C3b to iC3b 1is accompanied by
conformational changes of the molecule. An additional factor
I cleavage site exists between residues 932-933 (Arg-Glu) in
ic3b generating C3c and C3dg (Ross et al., 1982; Lachmann et
al., 1982; Davis et al., 1984). Further proteolysis of C3dg by
trypsin, elastase or plasmin generates C3d. These C3
fragments, both soluble and/or surface bound, generated during
complement activation can bind specifically to several cell

surface receptors (Bacherer et al., 1989).
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2.2. Factor H

2.2.1. Biochemical features

Factor H is a single chain glycoprotein of 150 kDa which
acts as the main soluble regulatory protein involved in the
acceleration of the decay of C3bBb and as a cofactor in the
factor I-mediated breakdown of C3b to iC3b. It is likely that
factor H also regulates the C5 convertase since it competes
with ¢€5 for C3b (Isenman et al., 1980;, DiScipio, 1981).
Factor H has been described in a .umber of species including
man. It has been found to be very similar both chemically and
functionally in all species where it has been described. The
concentration in plasma is 500 ug/ml in man, 230 ug/ml in mice
and 130 ug/ml in rabbit (Kristensen et al., 1987). In addition
to its presence in serum, factor H is also found on the cell
surface of monocytes and lymphocytes, although its role here
is unclear (Sim et al., 1986). A factor H membrane receptor
has been identified on B cells and monocytes (Lambris and

Ross., 1982).

24



2.2.2. Genetics

Factor H polymorphism has been described in humans and mice
(Rodriguez de Cordoba and Rubinstein, 1984; Natsuume-Sakai et
al., 1984). There are five allelic variants which differ by
charge. This can be demonstrated using high-resolution
isoelectric focusing of immunoprecipitated proteins under
denaturing conditions. Each of the variants of factor H
consists of one major band and four minor bands, two with
slightly higher pI values and two slightly lower. The range of
pI for all of the bands is 6.50-6.75. Based on the analysis of
208 unrelated Caucasians living in New York city, the gene
frequencies for the factor H alleles FH*1, FH*2, FH*3, FH*4
and FH*5 are 0.685, 0.301, 0.006, 0.002 and 0.006,

respectively.

Factor H variations at the cDNA level and in amino acid
sequence have also been observed. The complete cDNA coding
sequence has been derived from overlapping clones, and a
polymorphism at base 1277 has been characterized (Day et al.,
1988). In four clones there is a T at nucleotide 1277 and in
two others there is a C. This T/C change represents a
Tyrosine/Histidine polymorphism at position 384 in the derived

amino acid sequence. Protein sequence studies on purified
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factor H from pooled plasma from 12 donors confirmed the
presence of both tyrosine and histidine at this position.
Tyrosine and histidine were observed in a ratio of 2 : 1,
respectively. This polymorphism is likely to represent a
sequence difference between the two most abundant charge
variants, FH 1 and FH 2. A Bgl II RFLP of factor H has also

been observed.

CDNA clones have been isolated and sequenced in both humans
and mice. The derived amino acid sequence indicates that the
mature protein consists of 1213 residues in humans and 1216
residues in mice (Kristensen et al., 1986; Kristensen and
Tack, 1986), and the two sequences are 61% homologous. Both

human and mouse factor H are of 20

repeating units of 60 amino acids. For human factor H, three
different mRNA species are abundantly expressed in liver: 4.3
kb, 1.8 kb and 1.4 kb. The 4.3 kb mRNA codes for the common
factor H of 150 kDa (Schwaeble et al., 1987). The sequence
analysis of the 1.8 kb mRNA showed that this species is
largely identical to the 5' portion of the 4.3 kb mRNA,
suggesting that the 1.8 kb and the 4.3 kb mRNA arise by
alternative splicing from a single structural gene (Estaller
et al., 1991). The 1.4 kb mRNA is highly homologous to the 3'

end of the 4.3 kb mRNA of factor H (Schwaeble et al., 1991).
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