CHAPTER 11

REVIEW OF LITERATURE
Structure of C4

The fourth component f complement (C4), a serum
glycoprotein, of which 7% W, is primarily synthesized

in the liver by extrahe no‘?yt - acrophages, as a single

chain promolecules cailﬂ-——- '

directed by a polyaden

- ynthesis of pro-C4 is
ximately 5.6 kilobases
coding for 1722 amino 8 [tea), e promolecule of C4, an

approximate 200 kil ), was then processed

by two intracellul ecreted three-subunit

molecule (C4%) (26,27) lphide-linked structure

consists of an alpha chain (‘%}Bﬂ& M

i,
-

)
a gamma chain (35:&00 M) ‘(g‘_ﬂ(
5 ’ B 4%

‘The beta chain is

equivalent to the , the alpha chain,

the central, and theﬂamma r oxy&rminal. These three

chains are separated inmthe precurser protein by arginine - rich
intersubunit lﬁlu ﬂpgdm ﬂmﬁtwﬂ I]nﬂnﬁ peptide between
the beta and a};l)ha subunits off pro-C3 ands pro-C5 pretirsors of the
third a.nﬂq mﬂﬁ)ﬁnntimnumg)q uﬂﬂtﬁtﬂ processing
of pro, - C4 involves excision of the linking peptide , sulfate
modification of residues within the region of the thiolester site Of,
alpha chain and glycosylation of alpha and beta chains. Finally,
extracellular modification of secreted form of C4 (C4S) by removing a
5 Kd fragment from the carboxy-terminal of alpha chain y?elds the

plasma form, C4P (28,29).



In the classical pathway of complement activation (30), C4 is
cleaved by C1S, a subcomponent of activated Cl, into two fragments,
C4a and C4b. The larger fragment, C4b, or activated C4, is composed
of beta and gamma chains, and thé carboxy-terminal portion of alpha
chain. It has transient ability to bind to the Fc part of antibody

’y antibody and antigen. The C4

or cell surface through a

and must therefore be very clo
molecule forms a covalent
'_1 from an intra-chain

thioester bond.

When c4 is proteolysis by CT,

interacts non-covale ive protease C42, or

3, binds to the C42

of C4 by an enzyme ﬁctor : PO elnmcofactor, C4 binding

protein (C4bp), yielding £4c and C4d fragments (Figure 3).
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C4 has dlcentral role 1n the actlvatlon of complement by the
st EQ Y R PS8 B st
uptake by phagocytic cell depends on the binding of C3 and C4 to the
aggregates and on the presence of receptors for bound C3 and C4 and
their breakdown products on macrophages and other cells. The quantity
of bound C3 will depend on the efficiency of the C3 convertase and

hence indirectly on the C4 surface. Thus reactions of C4 with



antibody, cell surface molecules, Cl, C2 and C3, both as substrate and
as component of C5 convertase, factor I, C4 bp and also C4 receptor
will depend on the pattern of amino acid residues on the surface of
the C4 molecule and if all the polymorphic forms recognized so far do

have different amino acid sequences the strength of binding or rate of

coworker in 1969 (31) Ftw 3 immunoelectrophoresis
or prolonged agarose Lo} _ -plasma followed by

antigen-antibody cross '_ ectro is to define C4 patterns.

electrophoresis follqE}d by immu at witdﬂppecific C4 antibody,
postulated the stru€tare locus determining an electrophoretic

variation in cﬂsuﬂcgmm &lmsﬁaw Brglﬂlﬁus, c4¥ and c45.

This has been shown to be HIA linked lemi. Neverthéless, various
cttenpt Yo df N Fehed-OLb L VYL N Q) wencersn
inheritancg of alleles at a single locus has failed (33,34). O’ Neill
et al.1980 (35) also used agarose gel electrobhoresis with a
discontinuous buffer, intrepreted the electrophoretic pattern in ;
completely different way. They stated that only three kinds of

patterns could be reproducibly observed : C4F, C4S and C4FS, and they



concluded that C4F and C4S could not be produced by C4 alleles at a
single locus. They then postulated that the genetic loci controlling
the fourth component of human complement was two distinct, closely

linked loci, C4F and C4S, controlling an electrophoretically fast and

slow form respectively, and that deficiency state for one or the other
occur together. Furthermore,

of these loci were common b t’

Y
0’Neill and co-worker (3& a &
that two blood grou@ wgers (Rg) antigenic

determinants, previo linked to HLA were

ery important observation

N,

carried on the C4 m

exhibit Rodgers sero

individuals, Chido

A
Hﬁiﬂfnr
teolytic degradation fragicul
proteoliytlic egraaatlion ra 0% L iLe
-a.?-f?:‘ﬁ-;,{, -

in accordance wit ,}ev s’s finding th

determinants expressing

determining the eleg lies in the C4d

fragment (39).

Awdeh %uéjﬁm&niwgﬂeﬂﬁdetemming the

éxtent of structural polymorphiém of the 4wo C4 loci by pretreatment
of plasm%owsaﬁ ﬁtﬂrﬁlmuam ’-(Laﬂ%lﬂeayﬂ was used to
reduce the heterogeneity of the C4 molecule by removing sialic acid‘
and increased resolution of C4F and C4S that partially overlap in the
electrophoretic pattern. In addition, they proposed the C4

nomenclature that the protein of which most variants have more acid



(anodal) or fast migration (C4F) be called C4A, the more basic

(cathodal) or slow migration (C4S), C4B (41).

On the basis of charge separation by eletrophoresis, more than
35 alleles (13 alleles of C4A and 22 alleles of C4B) have been

identified , including non expressed or "null alleles" at each

locus (10). These null alleles (or genes) corresponding to the

absent (deletion) gene e the abbrivation "QO"

-

(Quantitative Zero).7‘

The Two Isotypes of the Fourih Comp. ent mponent.

The molecularbagis _thejt types of C4, C4A and C4B

have shown marked differences ir re and function.

Lundwall et al 198 ated and distinguished large

homologous tryptic peptides -

ol BN
D

equivalent to the u,a!d' fragment,

nt forms of C4, approximately

Jability to inhibit

anti Rodgers or anti Chido ant: able to demonstrate

that a tryptic C4d

and that of ZﬂﬂOUE};’%ﬂ ﬂﬂ%ﬁlﬁﬂ\fﬁ). This finding |

agreed with Roodlet al 1982 (42) who demonstrated that the alpha chain

o o AR PR S Y i wreome

weight from that carrying the Rodgers determinant (94,000 Mr)’ The

agment of 30,000 M, carried the Rodgers (C4A)

apparent 2000 daltons molecular weight difference of the two alpha
chains resides in the C4d fragment. Moreover, amino acid sequence
analysis of the fragment of C4A and C4B from pooled serum showed the

difference between C4A and C4B (43). The specific characteristics of



the two classes of C4 found from the derived amino acid sequence have
been called the class-specific difference or isotypic difference

(Table 1).

The functions of the products of the C4A and C4B loci differ

forms exhibit a difference in

UM; preferentially to amino

d C4B more efficiently

considerably, for instance,

thiolester reactivity.(11,

groups of peptide antig
— e —
binds to hydroxy groud——' 0 dgm.

nly to C4A than C4B

Thus, hydralazine
(an amino group nucl

(44). The intrinsic binding affinity also

results in 3-to 4-f antibody-coated red

blood cell which ex er activity in the

classical haemolytic as

The molecular basis f ence in immune haemolysis is

..-e*""" L%

that once C4 has b % cleaved b’; ’ covalent binding of

nascent C4b to cel “involves a specific

internal thioester nd located in the alpha chain (47). This

thioester may ﬁauﬂx? ?TE W?(w EJ dTﬂ TOups present on

the acceptor surface or proteln to form ester and amide bond
e QAR VAR TO AN TS e =
efficient thaemolytic activity implied that the red cell surface have
abundant hydroxyl acceptor sites, whereas the lower C4A binding is

explained by less numerous amino group on erythrocyte membrane (13).
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The two forms of C4, C4A and C4B, have been shown to differ not
only in their capacity to mediate hemolysis but also in their ability
to inhibit immune precipitation (11,12,14). While C4B was more
efficient than C4A in the haemolytic assay, the reverse was true in

inhibition of immune precipitation. Thus, C4A is likely to be

preferentially involved in im ex clearance reaction (12). For

instance, two C4 allelic Bl have been compared for

the solubilization an melex formation. Both
appeared to be equal / 13 yilize immune complex but
differ with respect inhi i e complex formation.

C4A3 was 1.5 to 2-fol e Eu" i inhibiting immune

C4 Gene.

I » -
The region o; the short arm of human "chromosome 6 encoding

- LY
class 1 and clﬁsﬂ gxﬁ?ﬂ ﬂ mwgﬁmatibility complex

(MHC )involved inh immune recognition also encodes a group of molecules
¢ o v/

et RWARGTIU IR YINYTRE = ™

four genes encoding the cbmblément proteins occupy about 120 Kb of

genomic DNA between HLA-B and HLA-DR. C2 and factor B are less than

1Kb apart, and are about 30 Kb from the two C4 genes which are

separated by about 10 Kb (48,49,50). Interestingly, a gene coding for
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steroid 21-hydroxylas (21-OH) was later identified at less than 2 Kb

3’ to each C4 gene (50,51,52)(Figure 4).

'Of the human C4 A genes analyzed to date, all are about 22 Kb,
as are some C4B (C4B long); however, about 45% of C4B gene are only 16

Kb in size (C4B short) (53,54) The difference in size can be

explained by a single larg 1ocated about 2-2.5 Kb from

the 5’ end of the gene (

The Genetic Polymorphi

The primary ed using recombinant

DNA techniques t prepared from C4

mRNA (24,56,57). Com arison of micleotide sequence of C4A and

C4B demonstrated tha nucleotide sequence

LT
differences out of more *4£;'“ oM} d between C4A and C4B (24,57).

. LT T . . .
Twelve of the differe 5~ “were/ clu: d_in the C4d region, which

contains the inter yr d wo were in the beta
and gamma chain resigctive » e 1 nuiapotide differences in
C4d, nine resulted #rem codon changes leading to amino acid

subsmumsatua’mw@w fibs| has., 1188 ana 1101

(24,57)(Table 1).

QW?E‘!\"Iﬂ‘iﬂJ URIANYIQ Y

structural basis for the polymorphism of human C4 was
further determined in order to correlate the structure and function of
the two C4 isotypes particularly with respect to the structural basis
of the differential thiolester reactivity and the antigenicity of

Rh/Ch blood group (55,58). It had been previously shown that there are
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two Rodgers (Rg:1,2) and 6 chido (Ch:1,2,3,4,5,6) antigenic
determinants (59). For example, C4 A3 was deduced to be Rg:1,2 / Ch:-
1,-2,-3,-4,-5,-6 and C4B1 Rg;-1,-2/Ch;1,2,3,4,5,6. On the other hand
C4A1 and C4B5 are exceptional variants which possess the class-
specific chemical reactivities, but express essentially the revefsed
antigenicities. Thus, C4Al

whereas C4B5 as Ch :-1,-2 -w

structural data of C4A 1 !_!th-eﬁ-ﬁd C4B5, C4A and C4B can

Rg :-1,-2 / Ch :1,-2,3-4,5,6
sitive. By comparing the
be defined by only four differences at position
1101-1106 of the pro- region C4A has the
sequence of PCPVLD (P i Aeime: “ line-Leucine-Aspartic)
while C4B the sequenc Jlen e-Serine-Proline-Valine-
acid differences at

the difference in

position 1101-1106 are s

thiolester reactivity bet ,and C4B isotypes (55,58,60).

g -
o

However, the Rodgekr;y(}hi_do antige: related to the four

amino acid differeneés at positi ead, the expression
I ’1
of Rg/Ch antigenicitJis partly determined by : ino acid sequence of

'3
VDLL (Valine-wgin' —ﬁﬁw ﬂg‘lﬂ ADLR (Alanine-
i i I?lh on 88-1191 (55,58).

Aspartic-LeucmvSerme ) +) at posit

AR BT ED VAR B

modulating the thiolester reactivity although the putative thiolester
and the isotypic residues are separated by 106 amino acid. It is
likely that the proposed conformational change during activation by C1
would bring the isotypic and thiolester residue close together for

contain interaction. The negatively charged Aspartic acid (1106) of
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C4A might increase the nucleophilicity of the nearby amino/amine
groups towards the thiolester carboxyl. This may provide an
explanation for the higher covalent binding affinity of C4 A to
peptide antigen. By the same analogy, the positively charged
histidine (1106) of C4 B might participate in hydrogen bonding charge
‘y te antigen. Beside the

& he other three isotypic
—

ghtmtant in modulating the

bui\"tle f Cysteine for Serine

shift in hydroxyl groups of

Aspartic acid/Histidine E otyp
residues and the seq?y

thiolester reactivity
at residues 1102 redu o 2- fold but did not
result in an increase te (60). Interestingly,
a Proline/Leucine resulted in a shift of
ide gel electrophoresis,

yet it did not appear to ct he ivity (60). In addition,

Furthermore, comparison of thejnucleotide sequence of the C4d

region of thre%ugxﬁcm&niﬁmﬂaﬂﬁtypm difference

may be due to single amino acid substitmtion (60). Based on known
haplotyp@ ﬁﬂtaqo‘ﬂtﬁm um;]!g u\ﬂﬂﬁﬂgnmwts of
allotypes qwere' made (Table 1). One possible allelic difference was
observed between the two C4A sequences at position 1182. C4A3 showed
Serine while C4A4, Threonine. The Serine - Threonine difference
propabably represents an allelic variation between the C4A4 and

C4A3. In addition, position 1054 in C4B was identified in which
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Aspartic acid in C4B2 was substituted for Glycine in C4Bl1, explaining

the faster mobility of C4B2.

Molecular Basis for C4 Null Allele

. Genetic studies in human have demonstrated that deficiency in

f tively common. 0’Neill et al

tein in the serum as the

.-J

the result of delet‘n of a 8 Kb of DNA

+D4Y. Although the

precise llmltsﬁ ﬂﬁxﬁg ﬂvw ?Wﬁqﬂdj they appeared to

include either he 21 - OHA or 21 - OH B gene. The three common
e RIS m AT e =
21 - OHB gene. Deletion of C4A and 21 - OHB together has not been

observed (54).
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Unequal crossing-over mechanism has been suggested to account
for the generation of deletion and duplication. An alternative
hypothesis first suggested by Palsdottir et al is that the non-deleted
null allele are transcriptionally active but have been converted to

code for a product similar to the adjacent locus. Thus, both loci

Systemic lupusr watc \ g hE )™ chronic inflammatory
ny different organs
y disorder throughout
all compartments of t il i: D] 4,65). Serologically,
autoantibodies agairist M 11 nucleus including
RNA, nucleoproteins and

histones can be detected. er . g i abnormalities include

Fr.

hypergammaglobulineiiia. ., several independent

defects are evident 1nc1ud1ng B cell hypera tivity, a loss of T

suppression arﬂ uﬂeﬂz%lﬁﬂ ﬂwﬂﬂ ﬂﬁthynuc precursor

cells. In addiltion, both the natural 111er cell (NK) and the

R IR TINY T

Some of these defects may be due to a loss of responsiveness or
production (or both) of the immunomodulating factor, interferon and

interleukin 2.

016295
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The etiologies of SLE and other 1lupus like disease are
unknown. However, evidence from both human and animal studies suggest

that multiple factors including genetic, endocrine and environmental

een suspected to be involved in the
: :s (SLE). Indirect evidence

has been derived from @ .ii showing multiple members

elements are involved (63,65).

Genetic factors have long

development of systemic lu
affected with SLE, , and autoantibodies,
(66,67). (2) Twing" s : 'f"»lﬂ ‘greater concordance for
SLE in monozygotic udies reporting that
approximately 7-12% thgr first-or second-
degree relative with r evidence is derived

from the association L} : ¥ ically determined antigens

of the HLA system (15,19

al, Urowitz at al,

Kjellman et al and Marcar Lem ugfested that SLE is

itary deficiencies of the fourth component of

o

complement (70ﬂ1ﬁg}fj% ﬁmrwgiﬂﬁ, thirteen of the

17 subjects with homozygous C4 deficien e had SLE or lupus

ke AT SRR TR e e

genetic d&ficiency of C4 occurs in 30-40% of the Caucasian population

associated with hered

and has also been associated with susceptibility to SLE (15,19,76,77).
Several studies have shown an increased frequency of C4A null allele
(C4A*Q0) in Caucasian and Black patients with SLE and that appeared to

be one risk factor for SLE (15,19,76,78). According to Bruun et al,
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and Awdeh et al, C4A*Q0 linked to certain extended HLA haplotypes,
particulary HLA-A1, B8, DR3 (79,80). In addition, HLA-B8, DR3 have
been reported to be in linkage disequilibrium with the C4A%*QO in
Caucasian SLE (19,78,81). In contrast, there is evidence of an
increase in the frequency of C4A*QO in Chinese SLE although DR3 was of
low frequency indicating that sociation was present (69).

Unlike the HLA-DR and E, C4A null allele was

significant in Cauca31 panase patient with SLE

(19,22,68,82). Further actors DR2 and C4A*QO,

occured simultaneou t synergistically,
it has been found that
if two C4 null alleles | ecombination, (C44*Q0, Q0), it markedly

increases the relati&e iy LW kel significance of the C4A

The molecu and C4 deficiency of v

patients with SLE rther analyze y blotting technique

revealed that the cB:mon ' 4A rﬂll phenotype is the

deletion of the C4A gemegand 21-hydroxylase A gene (81,83,84).

AULINENINYINT

C4 and Rheumatofid Arthritis (RA‘)

RBEAAIDINNA VLN LIA e

disease usually affecting multiple diarthrodial joints with varying
degree of systemic involvement (64,65). Females are more affected
than males by a three to one margin and the prevalence increases with

age, peaking at 35 to 45 years of age.
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Rheumatoid arthritis is probably the best known of the
autoimmune rheumatic disease. Immunological abnormalities are
evident, the most remarkable being the presence of autoantibodies,
rheumatoid factor (RF), antinuclear antibodies (ANA), immune complex

in the joints and characteristic complement level.

lp//)lay a major role in the

interaction of IgG and

Immunologic reacti

perpetuation of rheumatoﬁmmati
‘~ - ‘—
rheumatoid factor se{

fluid. The sustaine

al menbrane and joint

the joint can lead eg : 1 event giving rise to
joint damage and ev lex fixes complement
by either the classi ys. The subsequent
release of biologicall ruits polymorphonuclear

attempt to phagocytose and

i=

es

eliminate the immu;:g conpfé a product of this

|
reaction. In addi =

1 e the release of
hydrolytic and proteogrtic e soson@. These enzymes are

believed to play a majors, role in thesproliferative and destructive

aanee e UEL SNYNINEANT
YRR L DY VR R o

However, Qenetic factor may contribute to the pathogenesis of the
disease. As suggested by Grennan et al, part of this genetic
susceptibility may be accounted for by genes within the HLA region,
and a class 11 MHC anf,igen, HLA-DR4, which increases the relative risk

for rheumatoid arthritis by up to fourfold (85). The association of
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HLA-DR4 in RA patients is found in many ethnic populaitons including
Caucasian, Oriental and Black North Americans. However, a second,
weaker association with HLA-DR1 has been seen in different ethnic
groups, for instance, in the Asian Indian populaiton (86).

Furthermore, various subtypes of DR4 exist, only some of which was

found associated with RA. DN A- W
genes‘encoding the DR4 sub ﬂ";s;

analysis of the DR-beta chain

ealed that similar third

conformational and

functional attributes . jmdant esentation and immune
regulation

s a high incidence of a rare
C4B variant closeli1 resenﬁi t hie 39 ~iant_in RA (16,17). This

cathodal mobility éEb was \ s (PE}th). In contrast,
Thomson et al reportedfneysuch increaser (88). However, they did find

assocmmﬂuﬂﬁhﬂcﬂﬂﬁ WhE \Bhsmo) and rerty’s

syndrome, an uncommon compllcatfbn of rheumatoid disease/characterized
by a conﬁuﬂ ,1 aﬁnimtumq leeﬂ r]aa E.Jlenomegaly.
Moreover, the association between C4B*QO and'HLA -DR4 in Felty’s
syndrome have been found; 19 of 20 Felty’s patients were DR4-positive
and 11 of 19 DR4-positive arthritis subjects typed for C4B*Q0 (89).
Both rheumatoid arthritis and Felty’s syndrome has been described

previously that they are associated with the presence of HLA-DR4(90).
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As a result, Thomson suggested that C4AB*Q0 may identify individuals
within the rheumatoid population at risk of developing Felty’s
syndrome. They also found that in all cases where haplotypes could be

assigned, DR4 and C4B*Q0O were in "cis" haplotypic combination.

Takeuchi (91) described a

significant increase in both ) f32%sversus 12%) and C4B*5 (36%
versus 17%) associated oh B A - é? japanese rheumatoid
 arthritis patients i \\ ~difference concerning C4B*QO

between RA patients a ed. Whether C4 gene is
really involved in suscgftibid it ‘te ¥ rheumatoid arthrithis remains to

be elucidated.

{
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Figure 1  Structurdl féafuzes of human C4 Pro C4 is synthesized as

acids and is processed

by proteolyti 1 > \ ader peptide, short basic

\
\

alpha, alpha and gamma

structure and subsequently

furthe ‘,___ —a p ‘ he C-terminal end of

the alphm chain.

pol sacchiride on asparagine residues as shown, a
£

w2l B hod M) B LN Tonsene 10 ataca.
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Ab - Ag aggregates
C A g1
Cc2

+ C4b2a C4b2a3b
Cs C3convertase ; CS convertase
c3 L C3bindiil | C5b+C6+C7+C8+C9 —> C56789
| “’/ : ' Lytic complex
C3b '

L C3b=;f'::—-‘ (C3Ein5i
B ‘ C3convertase .~ CSconvertas

(o]

Figure 2 Activatié ' . of Gomplement he upper section shows

the clas ( - s primarily by antibody -

er section shows the
fi , . A . .

alternative pathway ac - by antibody - antigen

aggregates o
; Y
em., 50, 433-464, 1981.

1
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- Figure 3 The threes peptide.
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. 20 21-OH
C4 A A c4B B
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Figure 5 Model proposgd to P“’ >\ C4 and 21-0OH genes on
some haplotypes - $\ n others. Gene deletion

and duplication would ‘ m unequal crossover events

. n o ‘..-JJ .
between sister c romatidss ng meiosis.

Carroll, M.C., EMBO.J., 4, 25 4742552, 1985.
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Table 1 Proposed C4 isotypic and allotypic differences.

Position c4 allotype
A3 A4 Bla Blb B2
1054 Asp
10011 Leu
10021 Ser
10051 Lle
11061 His
1157 Ser
1182 Thr
1188} Ala
11911 Ala
1267 Ala
ND = Not ded

|
1 Proposed isoﬁ{pic positions.

Fron; : ﬁ}uﬂﬁﬂﬂ mim,ﬂe’(}nzi%zwz, 1987.
RINNTUNRIINGAY
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Table 2 The Association of MHC Antigen in Systemic Lypus Erythematosus.

Ethnic groups Associated MHC antigen Reference

——— — o o e ————— o — — — —— G -

1. Caucasian HLA-A, 1B 5, B7, B8 Fielder et al 1983 (15)

(United Kingdom)

2. Caucasian ,VT v Howard et al 1986 (19)
(UsSA)
3. Japanese ' \\K; jashimoto et al 1985 (20)
N
4. Sounthern Chinese . - awkins et al 1987 (69)

] g
AugInenineans
RN IUNRIINYIAL
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