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I . L ABSTRACT

i

“1857 Serum’samples from healthy. individuals, patients,

«. ' . - and thelr families were characterized .with respect to C4 -

polymorphic variants, the relationship between  genotype and
_CU“Concentration, associations  betweén.Ch haplotypes ~ and
other MHC variants, and the ' inheritance of G4 and e
i allotypes in * multiple sclérosis (MS) and insulin-dépendent
diavetes (IDDM) familtes. - i PR £

}’a’tbe\ms ‘obtained werd cnnsucént with (1) two - gene “"
products; CHA. (Rgt) ‘and CAB(Ch#), (11) two loel, ‘A and B,
pes ohromosome, (111) at Teast five alleles . af each. .locus;, = i
A3 and Bl be{ngv the’ most common,  and {iv) Vmodsrately 1
froquent null alieles, AQD and BQO. Some individuals with

the rare patterns A3A2 and B2Bl' appeared to have two A or

F * ' . two B genes 'per chromosome. For - two. rare ,pl:'odugts, B3 and
R BY, the appropriate’ Chido antigen could not always be
aemonstrated. : N . :
; £ % i
Null alleles could . not-be exclided from many K3BL
. phienStypes. Measurement of relative amounts of CHA and CUB
products ‘per individual and of .total serum - C4 is of limited
value in pz:edicting the number of genes. - an 4ndividual
= posiesses. ~Factors other than m-lct‘—linked genes are likely s

| " %o be important in determining serum CA levels.

Frequencies of Ci ‘haplobypes and /of CY*A and CL*B i o

genes' were estimated from,1048:founder /haplotypes. Five A-B
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combinations had frequencies >°2% ,and . were non-randomly"
B e gt \ :

associdved. e " 5 P d

. Meny ic alleles, CA-C2-BF complotypes, and - extended &
WHG supratypes choyed nigh positive linkage disequilibria. ')
The  assoéiations suggest that the 0k loci are between.ILA-B
and HLA-DR, closer to. HIA-DR. hg frequert clustering of

rare (4, BF, and C2 alleles ‘in the same supratype indicates

that some may be hypermutable.

Suptatypes " of patients wére ,compared with  nofi-disease’
supratypes from the ame families HLA-B] O4¥A3BI BFXS 02%1
HEAZDR2 ‘wao incressed in “MS-patient’ supratypes..Tnis - is,'
1ikely ‘to refiect -strong assoclations among these alleles *
and | between MS “and  HLA-DR2. suggesting . thab an MS
suscetibility “gene '1s ‘very olosely iinked :to ' HLA-DR.
cluAQosl_ and - CY¥B3  occurred more frequently - in. IDDM "
supratypes: ' These associations ey wiss be kecondary o
strong “assoclations’ reported for IDDM - and HLA-DR - or,:
because other . rare complement variants. are associated with

IDDM, may indicate a direct ‘role for particular complement._

variants. in this disease.
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CHAPTER I * * INTRODUCTION

A. The complement system . \ £ e
3 s

Activated components of  the complement  System.
constitute ‘an important. effector 'arm of ‘the immune system,.
carrying out - such biological ex‘cci;zities as . lysis of
cellular antigens, chemotaxis 'and anaphylatoxic . activity,
opsoriization and. -immune’-adherence, and - viral neutraliz—
ation. During the past twenty years, a'large volume of ‘data

on' ‘the! " structurey. ‘molecular. interactions,  ‘biologlcal

‘activities; . and genetic 'polymorphisms of the. .complement
glycoprotéins has accumulated.. Only a:brief summary- will-be
"attempted here. Varlous aspects of complement -have  been

refﬁievvded by a large number of investigators, 'and -this
s .

summary has been abstPacteéd primarily from reviews by Rapp
and Boursos (1970), Muller-Eberhard (1975),  Porter and Reid
(1978), *Fearon and Austen (1980a), “Alper (1981), and Whaley

and Ferguson (1981).

1. Historical background' &

Grohmann, * in’ 1884, - showed that blood plasma = was
‘badbericiddl and ‘thife: Sbiervitlon wes cinfivied for frest
serun by Buchner in isas.‘ Attributing the }ampercy to ‘serum
enzymes, Buchner. further noted . that 1t was sensitlve . to

heat. “and to dialysis . agalnst water. -Bordet, = in papers

|




published 1n 1896 and 1898, gave evidence that two compon-
ents’of the immune ‘serum were “essential for bacteriolysis.

‘ The'" first, a specific, i?efativqu heat-stable factor, is

now ‘krown to be antibody: The second, called alexine; was i

heat-labile and present ‘in immune and non-immune animals.

complement, »:} known to consist of euglobulin, or.. mid-
5.

doglobulin, * or -énd-piece. Four: 'components

i
|

i

t Y ' . During the early - twentieth - céntury,” "alexine, . or
: ] ) : .

|

i plece, *-and pi

Lo oo were 1ldenbified, distinguished by .euglobulin precipitation, i

heat-sensitivity, treatment with zymosan ‘or cobra  venom,

and' ammonia-sensitivity.’ Euglobilin contained® the  first
; component s heat-inactivated ~serum was dévold of components

4 g i, End tHo;, treatiient by zymodan” or: cobra. verio removed
5, 1l the third component, * and treatment with ammonia removed the

i

| v fourth. S ¢ ¥ *
! s

1

I

While  the “sequential activity of complement was
clearly demonstrated. by these early ' inyestigators, 1t was-
not “until 1958 that *Rapp demonstrated that the  third
component’ was‘likely to. conslst‘or multiple factors. During -
‘the’same period, begween 1954 and 1959, Pillemer “and .his

' assoclates showed that zymosan affected the.third component ° ‘

! via the protein properdin; and suggested the ' possibl

existence of ,an alternative activating pathway.

"i.2. e pathway

Some twenty * proteins are. now -known to  make .up’ the. t
i Y 0 i i




\ complement . ~system. The, structural features ‘‘and -serum,
: 1oty ; serul

b

| complete complement pathway 15 i1Bustrated in Figure 11

\Foz- converdends, ‘this has’ been ‘aiviedd | invg (a). the
\classical. activation  sequence, (n) ‘the late-actlng
(sequence, and (c) the Qlternat*ve actlvating sequerice. 3
\‘a. The classical activa’t“.lng sequence
. This sequence is initiated when' Igh 'or TG antipody)
'becomes_ altered py combinacion with antlgen and acquires
the ability to bind Clq. of the molecular‘ cwmplex, oL
inding of twc'snciboéy‘ recepror sices by’ Clq_ results . 1;’1
tize successive enzymatic acblvatinn ‘of Clrand Cls, Ch apd

cg, Two . ex sally-active

CZa, rom thes nlaasical c3-convenase " Glibza-

oleaves -~ 03 ' to T leadlng ) ;}éoduccﬁ.on of»; [ the

cé-uonvercase Clib2a3b. The ents of' I:hese

can bind-target membranes by means ar lahile binding sites

exposed during énzymatic cleavage. ;
“‘ ‘At least. three protétns;  Citinactivator, Ciibinding
protein, and.| C3b- inacblvator act ‘to reguls

acnva:icn sequerice

- +g sités. When one .moléecule of the’ Cl-molecular. complex - binds:

Cl-inhibitor,” the - complex comes ‘@part, reléasing  smailer’

complexes - .which -~ have ~been .Shown ' to consist: -of "two

| congentrations - of - these are given ‘in Table' I-1, ' The

Dl‘ Cl4’ and ‘2, .Chb. snd "

" This’ enzyme :

this classical

: Cl—lnh_if)itdr binds:Cls-and Clr at or near.their active

I
|

i
-
L

'

i
‘




Table’

: Protetns of the complement systen (1)

Component - ' “Molecilar
. B Welght o

Number Serum.  Genetlc Variafion
of pep-‘concen-
tide  trapion® Defi-  Poly-

chainks (ug/ml) clency ~morphism

o Classlcsl actlvstlng sequence

clg O 400,000
Clr o 90,000
ols - 90,000
Ch 204,000
c2:: .+, 100,000
€3, 7190, ooo

C5. 185,0007 .
cé . .128,0006 .
o7 ‘1215000,
+/08 ; 153,000

cg 4779000

©e..Altérnative activating sequence.

636 181,000
B 93,000
25,000

ok 22,000

d. ‘Control proteins gt

Cl—lnhlbltcr

:90,000" .

<Ch-binding 540,000

1nacv1va:er * 300,000

pratein; - - 590,000
.+ C3b= : ize
inactivator - 90,000
IR . ..'' 150,000
S protein 88,000
Anaphyla= 3
[ toxin- et

18(6.-x3). "250 + =

1 - 1007 +, -
1 - 80 & - .
3L * g0 +(2) . #(2)
B <20 +(2). -+(2)

2R 1300 +(3) "+

: 3 i

+. +

+ +

+ *

3 4 -

2 s see C3 '"5e¢.C3
W1 AL+ (@)
? <} " - &
i 30 - 3
L1180 +, +
8 - 2 - +
* et .
2 50 + -
1 300 + -
? - -
K ? - -

(1) Adapted from Hauptmar
(1981). (2) Ltnked to', A (chromosome 6). (3) Chromosome
19.

(1979) and Whaley and. Ferguson
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j ; b, ALTERNATIVE ACTIVATING
% SEQUENCE C3a.- .c6

Canzasi
C3bBbPC3b

o’
N
5

|
|




Cl-inhibitor molécnles s.s:o;:ie.ted with ' one each of Clr and

Cls.

CA-binding protein birds Clb forming stable complexesy.’

.and 1in -so doing acts as a cofactor for the enzymatic

degradation of Cib by " C3b-inactivator. Ci-binding protein
dlso accelerates the decay of the Cib2a complex, probably
by displacing C2a. The effect of these proteiné on Clhb. will

" In ‘bhe' absence of céf&ctorev, C3b-inactivator * will

_be discussed in. Sectlon B2 of this chaptef.
interact with. cell-bound C3b to. block participation of C3b
in the C5-gonvertase, to inhibit the binding. of C3b-coated
particles with C3b receptors on a variety of cells, and to

produce ‘a' 1imited cleavage of C3b.

b. The late-acting Components

05 - convertase -cleavés .C5..and’ leads  .to complex

formatlon with C6 and CT. The terminal components C8 .and C9

attach = to. the membrane-bound, = trimolecular  complex,

5b,6,7. One dimeric complex of C56-9 is believed to insert

itself into the target membrane leading to a "complement
lesion" by disarrangement of the phospholipid bilsyer at or

near the site of insertion.

The effects - of this membrane attack complex are

nodified by S-protein, which competes ~for the: .membrane-

-binding ‘site thus. blocking cytolysis,- S-protein has also
5 : i ]




been Shown to prevent ‘dimerization of the C5-9" complex.

c. The alternative activating sequence.

. This system is initiated:'when Factor B, Factor' D, and -
C3b interact’so.that Fector, B 15 cleaved and activated by
Factor D forming the C3 coﬁvep:ue, m This convertase .
provides the a.mpluicati.on loop of - the utermtiye pathvay
by generating more C3b. It 15 stavilized by th blnding\nk/
properdin which ‘retards’ decay of the Bb component . .
¢ i,

) T3b pluya two roles_in' the alternative sequence. Ih‘is‘_

an 1nte5ral parc of o3 convertase, ‘and 1f'is glso essential:

to “the assembly of C5 convertase for which an extra ' G3b

molecule 15 necessary.

“Initiation of the alternative pathway is mediated

primartly by C3b,; 'romed ‘by classical  or alcemacive‘

_activation or by the actlon of /enzymes such as plumi.n n

1s prevenced ‘from .driving/-the alcemnte‘ pathway ot
exhdustion by the “action of the - control- proteins

C3b—inactivator and -81H.. C3b mae:ivutor»lntencts’ with

cell-bound C3b to -block: participation of - C3b  in the

formation ~of the convertases. £1H controls the pathway . on

three.. levels. First, thts molecule binds . to, C3b ‘and
prevents binding of &gctor B. Second, B1H . can. displace Bb &
‘from TG3bBb and  O3bBOF, . rendering C3b ..susceptible . to.

C3b~inactivator.  Third;.BlH 1§ pequtrgd’ for "qo;npl'eee'-

' proteolytic degradation of C3b.by C3b-inactivator..




* Substances known to 'stimulate the ~alternative pathway
circumvenc the regulatory ' activities of these proteins.
Cobra venom factor is cobra Cab which is resistant te human
CBb—inlcbiVator, quhribic , factor, an antibody to.
determinants  formed by < C3b - and Bb, stabilizes he
-alternative C3-convertase. It has  been shom’n‘thac bindiné »
X of ‘BIH “to 03h is decreaseﬂ on wrf&ces having low sialic

.. '8cld ‘content, s5 that forsation.of T3bBD 1s favoured. It
i g has  been suggésted that -the ~ the  complex . surface
polysaccharides - of gram-negative bacteria and yeasts -are

defibient in sialic ‘acid, and thab these surfaces provide

‘midro'—envin?nmenhs which- ‘are therefoz-e protected I‘!‘om the
. adtivities .ofi' ‘B1H and C3b-inactivator.. In other'-words,

agents - ‘which stlmulate the  alternative pathway ‘simply

_amplify the, pre-existing low-grade turnover of the systeim.
i l & . N »' ‘ @ o

, . " '3. Regulation of complement activation '»

It.1s possible. to distinguish -three levels of control.
Theve is, irst, “the extr@me 1lability of the  binding sites
" exposed by ehgymatic cleavage' -of CH, C3 and O5..It has been .
estimated that Cb, Canv‘and 5b ", retain “the ability to bind - L

» céll me-fm-an’es for 1less than ' 100 milliseconds. Second, . i

thers 1s’the mabural decay of . the 3 and 05 convertases.

S C2a and Bb “are known . to decay . from -, their respective

s enzymes. © Fmally sthers 1s. the combrol afforded by the.

. : r'egulator- proteins; Cl-inhibitor, C3-inactivator, -
Gi-binding protein, and pIH. ?




4. Biological activities of the complement. components

Activation of the late’ components ‘results in . lysis of
target cells. In addition, intermediate products.are known
to  produce. a varlety of bilological letrects including
anaphylatoxic activity and  chemotaxls, opsonization and
immune adherence, virus neutralization, and modification of

immune complexes.

a. Anaphylatoxic activity ,and chemofaxis

The siiall products of the enzymatic cleavage of 03 and
€5, C3a and Csa, have anaphylaboxic activity. This sctivity
1s removed by the 'action  of anaphylatoxic inactivator,
carboxypeptidase By C5a 'is known to -be °chemotactic - form
polymorphonuciear leukocytes, as 1s Bb, .the cleavage

product of Factor B.

b. Opsonization and immune adherénce

' Human erythrocytes,, mononuclear phagocytes, poly- °

Dl lear ‘ytes, and B-lympt ' . have D
for €3b and probably &lso for CAb. These permit interaction
between - complement—coated immune ‘complexes and these cells.
Interaction ‘With mononuclear phagocytes and po}ymorpno:
nuclear . phagocytes .may result in’ increased shagoeytosis.

Furthermore, C3b and Cib on bacterial sirfaces facilitate

.at to phages and 1 bacterial killing.

|
A
|
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c. Neutralizati®n of viruses *

\ S e

A number of complement components, notably. Cl, C2, and
ch, mave  been shown" to have anti-viral sctivity..Daniels et
al. (1970) have shown, for example, that while neither C1

<
2lone nor Ch. alone was able to neutralize TgM-sensitized
Herpes simplex virus, C4 was -~ capable of neutralizing
virus-IgM that had been exposed to CI.

4. Solubilization of immune’compléxes

'Czop and Nussenzweig (1976) have shown that immune

precipitates. are = solubilized - by interaction ' with the
classical complément components and this effect {s thought
to - depend on the intercalation ‘of C3b .gnd C4b into the
antigen-antibody lattice. The same group (Milier ot al.,
1973) have demoristrated - that dissociation - of eeﬁ.bound_
immune complexes from cell' mempranes requires an intact
Skt pathway. * -

5. Genetic variation of human -complement proteins

Complement proteims . show'..two kinds .of gemetie
variation (Table I-1). The ‘first 1s deficlency of  &n
individual component, which has been shown for all proteins
of the }:_1' sloal activation  séquence, for all late-scting
proteins, for factor B and properdin of . the alternate
act‘iv‘atvion ‘sequence, and for the  control - proteins

fe b - <y
. Cl-inhibitor, C3b-inactivator, and BlH.*

ik




The 'second type of variation 1s bolynorphisn: due  to
charge. differences, which is usudlly identifled by the use
of electl“ophoneysia in agarose .gels ‘or by isoelectric
focusing. It is likely that charge differences hive arisen
from: single point itations resulting in. amino ‘acid

aifferences.
a. Cl

CIEq deficiency has been reported’ by  Berkel et
al.(1979) and Thompson et &l. (1980). In ' neither case has
the genetic basis been-firmly established..One - propositus,
a four-year-old boy, appeared ‘to possess -an abnormal,

antigenically-deficient -Clg which.did ' not acbiva\ﬁe Clr and

Cls. It was suggested that the trait was transmitted as an

autosomal dominant.

Eight individuals ' from four families' have been -shown
to be Clr-deficient. In one family (Lee et al., 1978) this

trait seemed to' be transmifted by an autosomal recessive

gerie. All . Clr-deficient -individuals so far described have

half-levels of Cls.

'Two families have been identiffed contalning five

Cls-deficient indiyiduals (see Tappeiner, 1982). No data
are available on the genetic basis: of the trait in either

case.




b. C2 .

Approximately 50 cases of complete C2 deficiency have
been reported. The deficlency trait, which 1s consistent
with an autosomal recessive mode of inheritance (Klemperer
et al.,” 1966), 1s linked to the HLA reglon (Fu et al.,
1974). Heterozygous individuals are detected 'as obligite
heterozygotes in C2-deficiency. families, or in randomly
sampled. individuals by quantitative determination of
half-levels of C2 antigen or 02 functional activity: By
these. means,. the deficfency tralt has been estimated at 1%
of thes Caucasian 'papu.la'éiun'. Evidence froi''a - .mmber of
investigatord (inclidthg bey et al., 1976, Agnells,..1978,
and Hauptman et al., . 1977) tndtcates strong - 11nkage
disequilibivium between C2-deficlency and.the alleles of the
MHC haplotype “A10(25)  B18 Dw2 DR2. By analyzing the

segregation of C2-polymorphic  varignts 1n 'C2-deficlency

families, Pariser et al. (1978), ‘Marshall et al. (1980a)

and Mortensen et al.” (1980) . were-able to show n‘:\a: the

deficiency gene 1s an allele’at the structural locus.

Polymorphism of €2 and- its linkage té HLA was - first -

. described by Hobart. and lachmann (1976a) and’ - further

characterized by Alper (1976) and Meo et-al., (1977). It is
detected by iscelectric focusing of serum, - followed by
C2-deficient haer_nolytlc’ overlay. At least four ﬁ:enot‘yges

have been observed in Caucasians and these are combinations

..of three allelle products of‘ autosomal codominant genes.
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B C2#1 «(Meo, 1976) or 2+C (Alper, 1976).1s the gosb  commonly

occurring 'while the basic (C2*2 or C2%B) A acidic (c2%a1)

variants * are ‘rare. The frequencies .of Ahese variants are

C2*A1, 0.001,

for C2%1, 0.96, for C2*2, D.Dj}and foy

c. ch /

C4 polymorphism and feficiency will be considéred in

Sections B and D' of this .chapter. ' .

Q= o3

= e B
Deficiency of - C3 was|first ‘reported by Alper et’ al

(1969) ,1n heterozygotes |with hai\\l}‘ ‘hormel. ‘levels'.of 636
protein. By - tracing tﬂf segug&tion patterns’ of "3
polymorphic  variants in| “Tamilies * With heberczygous—
deficient individuals,. : these in'vestigamrs demonstraceﬂ
that the deficiency trsit/ vaf controlied by an’ allele” at

the . .structural- Al o hosokygous . individual ‘ was

Subsequently  observed (Alper et al., ' 1972a) and - six
2 N 14
i g additional completely 03—¢er1c1em individuals have since

R \been described. | /

Pc‘lyn‘wrthic variants of C3 are detected by agarose gel
eiectroPhMesia of - whole serum in ° the presence of Cat+

ions. The most ..common form in Caucasians 1s'C3*S with the

rarer  variant C3*F occurring at a frequency of 0.20. A
number - of very rare. variants have been described. - ALl

- variants are inherited as autosomal codominant traits. c




.l

"es o5 B

* MeLean et al. 1981)+ Heterozygotes have been identified

14

Whitehead et al. ,(1982), 'using ' mouse—huran somatic’®

cell hybrids, have localized the structural: loocus for C3 to

humar ‘chromosome, 19.

Rosenfeld et al. (1976) described an individual with
no immunochemical ~or haemolytical C5: Two additional

families . dontaining seven C5-deficient individuals have

tly been ( et al., 1979 and

both families‘on’ the basis -of half:levels of serum C5,  andi:

an sutosomal recessive modé' of inheritance appears likely.

Although ' otder ' populations havé been = . tested,
separation” of ‘serun by isoelectric. focusing followed by
C5-deficlent ' haemolybic  overlay hds - revealed . C5
polymorphisn in Melanesians ‘only (Hobart -et al, 1981). Two
codomtnant alleles - Were reported, the common C5%1with - a
f;'e_quency of '0.93 and the rare C5%2 with "va frequency of
0.07. :

£..06

Eight C6-deficient individuals in seven families have
been reported (Leddy et al., 1974 and _Petérsen .et al.,
1979). Segregation patterns of. the polymorphic variants 1in
] se’fﬂmilies indicate that Gs—daficien; ’lndividub;la are

homozygotes for a null . allele at the structural locus:
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Polymorphism is detected by ‘iscelectric focusing'end
haemolytic overlay contatning C6-deficient. rabbif . serum.
Patterns -detected are combinations < of products. of two
common ' codominant alleles, CG6¥A and C6¥B, and ‘a number of

rare ones, collectively referred to as C6*R. These alleles

" occur with relatively similar frequencies in all the major

races of man, that is, = 0.56=0.61 for C6¥A, 0.35-0.38 for

C6%B and 0.015-0.06 for C6*R. A

g C7 f 2

Deficiencles of. this ;om%opent have - been observed: in
cleven propositi and family studles . fn “most cassd show a
pdttern consistent ‘with ailtosomal = transmission. of  the
deficlency gene. Indlviduals in two families have proved .to
be, deficient in both . C6 and:C7. Lachmann et -al. '(1978a)
have: described an ‘)ndividual with low serum levels of -.C6
and C7, 1in whom the €6’ moleciile vas dyifuncitonal hile the
7 molecule -was not, The combined deficlency was shown to
be inhertted as a single Mendeliap trait with heterozygotes
having half—roral levels of both proteins, & second ramiy
(class et al., '1978) with combined 06/C7 deficiency showed

no evidence of synthesis of a dysfunctidnal protein.

Hobart . et ‘al: (1978): using 1so§1ecy:r1c focusing and
Of-defictent’ haemolytic ~ overlay ~ obtained ' patterns
consistent - with  the -existence of three codominantly-
expressed structural alleles for C7. CFRY 18 Jthe .’ comibH

allele and O7*2 and  CT*3 , are rare 'ones with -combined




frequencies of -less than 0.01. Through family studies of C6
‘and C7,. these investigators were able to show cloase linkage

"between the .two loci.
b c8 5

'Bignt -indiviauals with OB  deflciency have  been
observed since the first report by Petersenm et al. in 1976.
Fanilial patterns - are consistent with an’ sutosomal
recesslve mode’of inhéribarce and * Reun et al. (1979a) have
shown Ynds _the ' CB-deficiency gene 1is jan allels at the
structural -locus. Two . types of CB8 ‘deficlency are -now
recognized. In type I, the a=¥ chains of the ' three-chain.c8
molecule are absent. In  type II, only the B-chain 18

absent. . : S

. Reum et al. (1979a) have used isoelectri¢ focusing and
C8-defjctent overlay to identify patterns consLstbent . with
the existence of three. codominant® alleles. The most common’
1s CB¥A, with a frequency of ‘approximately 0.7 - in.white,

black, aid oriental  populationa. C8*B has a frequency of

approximately 0.3, while CB%Al -occurs mainly in- black °

populations . with. a  fréquency - of _0.03-0.05. . This
polymorphism 1s thought to reside on the ;—1 portion of (8.
Marcus et -al. (1982) used type It " C8-defLotent overlay to
détect a' second ~polymorphtsm on. the Bchain of . the . 08

molecule. These investigators have stated that 5 and s~y

alleles sesregate independently  in families,  suggestiig




1. 09

fdentification of C9-deficiént individuals ‘“has been

hampered by ‘the fact.-that lysis will proceed ' slowly in the

absence " of  C9. .Three ' unrelatéd  individuals - with- C9

deflctency have ' been.  detected, . however, .whose  Serum

predictably did -exhibft both  ‘haemolytic and bacteriolytic

activities, but &t much slower ‘rates than normal..Family

'studles (Lint et al,, 1980) indicaté’ half-normal. levels of

CY “in heterozygotes and ar autoscmal ‘modé’ of | transmission

Of ‘the deficiency ‘gene: . . 5 .

Tactor 3

No'.conpletely , Factor B-deficlent individual has = been
described. Hauptmann  (1976) . @nd . O'Nelll (1982a) have
desertbed rare polymopphic variants with ro functional
activity; and a fam¥ly has' been described uciu-Foca et

al., '1980) in which BF - patterns 1in three siblings are

consistent with transmission of a . BF null sllele at  the

structural locus..

BF polymorphism .was first described by Alper ‘et al.
(1972b) and was subsequently shown to be HLA-linked (Allen
et al., 1974). Variants are detected by .immunofixation

‘electrophoresis ‘with spec¢ific anti-Factor EB. 'Two _common

allelic variants, F and S, two' rare ones, Fl and SI, and at

least  seven : -yery 'rare | variants ' have been " detectéd..
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‘Population 'studies have. shown significant sassociations
" betwden . alleles &t the . BE' locus and HLA alleles;

‘particularly HLA-B and HLA-DR. These associations will be -

considered.in Section Ol this-chapter.

K. Factor D. y

Hobart and Lachmann (see 1976b) using isoelectric
focusing ‘and D—deficlent haemolytic overlay found & variant
of - Factor D-in. three individuals of West African origin.
They ' observed rio wariants in plasmas from 115 British -and

25 Indians, .and - noted that. - Factor D,  unlike -other

‘components  examined, ' gave a - single-banded pattern  1in

-1soelectric focusing.

1. Cl-inhibitor
. -

Donaldson and ~ Evans (1963) . demonstrated’ a2 -

‘genetically-deternined .deficiéncy ' of ' Cl-imhibitor ~in
patients with angloneurotic = edema, a genetic disease which
16 transmitted as an sutosomsl dominant. There are two
forms of 'this disease. In ' approximately 80% of affected

families, *individuals with the ‘dfporder .have low serum

levels ' of - normal Cl-inhibitor. In the remaining families, ..

affected individuals 'have . normal gr. high levels “of 'a
dysfunctional protein. Comparison of -dysfunctional proteins

produced by, patients of the . second type 'shows that - these

vary in electwhnretic mobility, and in their &bility to'

“bnd“end inhibi% Cls . (Rosen et al., 1971). It 'seems 1ikely
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that the disease state can 'be produced by a number of
‘ -
different mutant genes.

m. C3b-inactivator

‘At least two cases of C3b-inactivator deficiency bave
been observed (Alper et al., 1970 and Thompson et al.

1977) 2nd, as. expected,.the . consequence is hypercatabolism

of ‘' Factor B.and more especially C3. Although presumed

heterosygotes for this -deficiency have half-normal 1levels
“of -the protein, - they have normal levels of C3 ‘and ‘Factor B.
The . precise genetic . control of this deficiency i= still

uncertain.
n.. Cl-binding progein

Rodriguez de Cord’cba et “al. (1982) mave  demonstrated
polymorphism 6f Ci binding protedn by the - techniqie of
uoelentrlc fodusing 1in agarose followed by Ammunof 1xation
With polyclonal and monoclonal antibodies: They found . two

banding patterns: with frequencies of 98% and 2%.
0. RlH-globulin

Thompson and * Winterborn (1981) have described a case
of hypocomplementaemia.in an - Asian “male infant'due : to a
“defictency of f1H. They found very low: levels - of B1H ‘in-a
elinically healbhy sibling; and - half-levels in the parents
#ho were. £1rat cousins.’A ‘genetic. defect thereforé appears

ukely. ' " : ¢ B

4

: L,_m._-ﬁﬁ_ AP
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B. The fourth complement component in men

Gordon” et al,,  1in:-1926, reported that ' a lipese
preparation suspended -in ammonia-contalming buffer °could
apolish the haemolytic &etivity of human serum without

affecting the -other three components'known at .the time.

These investigators subsequently showed that there was, a’
fourth component, chsraccerized by 4ts 'sensitivity, not to
lipase, but to -amonia and.other primary amines, by its’

relative heat-stability, and , by , its absence from . the =

cuglobulin frastion of plasma. Muller-Eberhard  and Biro

(1963) ~ localized haemolytic dctivity of the Fourth

component to: plE-globulin, . an ~immunologically  and

slectrophoretically pure . serum’ proteln of . the ' pseudo-

globulin fraction with a ‘sedimentation,coefficient of 10S..

1. .Structure of G

Data  from . various lgboratories = (Schreiber - “and .

Muller-Eberhard, 1974; Gigll et al., 1977) indicate  that’

Cthe Cl ‘molecule considts <of  three .disulphide-1inked

. polypeptide chains, @, B, end vy, with molecilar weights of

93,000, 78,000, - and. 33,000, = respectively (Figure I-2).
Carbohydrate’ cohstitutés -approximately 7% of --total protein
Welght . Oligosaccharides . are  present on both - and §.-
Ghalnﬁ, with the @-chain ‘r‘}nnbaining Beveral Olvigosﬁccharide

moletiles, and the B-chain  containing a high-mannose unit.

|
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.and 78 of the a-chain

== : L2z

There is minimal, 1f any, carbobydrate on the Y-chain
(Gigli et al.,. 1977).

2. Function of C4 P

|

G4 - 1s converted™\to its rungtlonﬂ\\ form. when Cls,
generated by the mce:r}fon _of Cl with an| inmune complex, i
- produces ‘conformational alterations in the native. molecule
and cleavage of a single peptide bond between residues 77

An activation peptide, Ca _(m.w.

9000), “and & ‘major cléavage fragment, Cib ' (m.w. 186,000)

are produced.

a. Cha

- Gorski et ~al. (1979) have shown ‘that - Cha 1is
Biologically similar- to, but less potent than, thé C3a and
C5a anaphylatoxins in~ inducing ileal contractions and skin .
wheal and - flare. Electrophorests at pH - 8.6.indtcates an
isoelectric point . for Cda very near that of C3a, _and
spectral analysis implies that the molecule,. im common with
C3a ‘and C5a, hes & part alpha-helical .configuration.
Partisl sequencirg data show homology ' between the cm-e§
. anaphylatoxins. . s = g
b. cipr

“‘Conformational changes ~induced by  ocleavage' of Cla
result in acquisition by Cib of four - interactive. sites.
There’ 1s' a labile-bindfng - site by_ which Cib * ‘binds
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covalently to the  activating _surface, most likely through

the Fd region of -antiZén-bound Iga (Campbell et al., 1980).

. Thére .are stable s'iEes for interaction with Qu—bindiné

proteln - and corisequefit degradation . by. C3b-Inactivator.

There is a stable site. for C2 producing the CHbC2a complex, '

the classical C3-convertase. Finally, there 1s ‘a stable
site "by which Cib attaches to ‘a variety of circulating

cells via their immune adherence-receéptors. :

| G

1. The labile binding site .
. The"chemical nature of . the lablle bit\:}ng site has
recently been substantially clarified. When native Ch is
‘treabed with bg primary amine (Gorski ' and . Howard, 1980,
Janatova and Tack, 1981) the product 1s a Chb-like molecule

which, though 'retaining ability ‘to .function 1in - the

N
¢ S
1/ftuid-phase C3-convertase, has 'lost 1ts ability to .bind

target surfaces and 1s ‘therefore haemolytically inactive.
Such’ treatment 1éads- to liberation in the Cf molesulesof a
free ' sulphydryl grbup and a. reactive acyl group which 1s
attacked by the nitrogen nucleophile (:Ianntova and ' “Tack,
1981). Tt is now believed _that Ci possesses an. internal
thiocester bond which, when the molecule, is cleaved to Clb,
produces 'a reactive ‘mcyl group through which 1t forms an
ester: or amide link . with the 'target surface (Law.et-al.,
1980) . The frbe . thiol group so formed has been localized to
a cysteine residue on ‘the Chd fragment. (Figure. I-2) of the
a—chain and the reactive acyl group -to a . glutamic acid

three residues removed from this cysteine (Campbell ‘et.&l.,

-,
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1981)..

.
It has.also been shown that haemolytic inactivation: of
Cl and concomitant sulphydryl exposuré -can also = be produced

by low concentrations of chaotropic. lons or—by 'slow

L
freesing and thawing (von Zabern' et al., 1981). In this
case, . the nucleophile 1is thought to be water. Scission of

the thioester bond can lead therefore to ‘production  of ;

haemolytically-active CAb,. through ¥ covalent attachment by . i
transacylation to the target surface, or; by hydrolysis. by
water; to production of haemolytically-inactive A\un in the

p fluid phase. ‘\

o ® 11.-Proteolysis of -Clb

i \y'cub is aegréded by’the action - of, csb.-maA\nya:or
(Co\cper, 1975) ,and 1its high molecular weighyt coftactor,
i -Gibinding protetn. (Scharfsteiri- et dl., 1978).  Cli-binding
© protetn appears’ to’ be “esténtial’ + ‘forr “proteciysis bt

o fluid-phase Clb' (Fujite et al., 1978), and, while not’/an

absolute requirement for degradatiori of cell-bound Chb, /1t
greatly acr‘:ye‘fepa.tes the process (Gigli et .al., 1979).
Preliminary evidence  suggests that C‘l-b]:r;ding protein may H
bind Clb by a’ transacylation ' mechanism similar. to' that .

described for the attachment of Chb to ' tanget surfaces

! (Villlers et al., 1982), ¥

J .. C3bsinactivator cleaves CAb at two sites on the ' 'a'-
_chain, ' producing Chd (m.w. 44,000 - 46,000) which is the

a2-fragment, and two smaliér fragments, o3 (m.w.. '25,000) ' 0




and "al (m.w. 16,000 ~ 17,000). The & 3- and’ wlh-chains remain
asoclated with the &= and y-chalns . forming Clhe  (Figure
1-2). Data from tiwo laboratories (Nagasawa et al., 1980 and

von. Zabern et.al., 1982) 1indicate that this protéolysis is

a two-stage process in. which the -smaller o4 1s first:

cléaved from the remalning a3-CAd- fragment, followed by

cleavage of this latter fragment, .releasing Clid. Further-
more,  amino ac;/g/éequencing of " the ‘w-chain products’ so
formed (Press and Gagnon, 1981) and SDS-electrophoretic
separatlionn of  the cleavage .products: of dinactive C4
molecules (von Zabern et -gl.s 1982) ‘provide evidence
consigtént' with the order, o3, a2 (Chd),'.ad, "of ‘the

fragments 1in. the intact a'-chaln of Clb.

111. Interaction with C2
When activated by Cls, 02 is cleaved ‘into C2a and C2b
(Polley and Muller-Eberhard, 1968) and . thé' fragments

reversibly bind to CH, possibly via the N-terminal C2b_part'

of the molecule’ (Kerr, 1980). C2a and Clib interact to form

the C3-convertase, CWGZA. Decay ' of the convertase oceups
because C2a, which .carriés the enzymatic 'site for CHBZa,

decays from the complex (Nagasawa.and Stroud, 1977).

‘Since the ability to bind C3a -is unaffected. by
treatment of CU'with amines -and chaotropic. lons (von Zabern
ot al., 1981)  the site for C2a bindirg 1s assumed o . be
spatially removed from the labile . binding  site.
Furthermore; since C2a protects C4b from the activity of
o
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C3b-inactivator (Cooper, 1975), the receptor for C(2a is

1likely to be proximate to.a C3b-inactivator, cleavage site.

1v.' Immune-adherence

Cboper (1969)"was 4blé to show ' that Gib,.as EACIH, had
the ability ~ to produce immune adherence when . human
erythrocytes * were - used .as -indicator particles: This
activity ' was: abolished by enzyme-treatment o the human
erythrocytes: ' Clark and  Klebanoff (1978) 'found that
opsonization of zymosan by AR markedly impaired when
Cli-deficient  serum was used. Perrone et al.. (1976) have
suggested that. lymphocyte-bound Ch appears to be necessary

for mixed lymphocyte responses and mitogenic responses.

ks
From'studies on the effect of C3b-inactivator on,Chb,
Cooper (1975) was able to show that the stable binding site

by which ClUb ~attaches - to rec\epmp-bearmg‘ceus 18

‘spatially removed from the 02 binding site,  since

attachment' of C2a to C4b has no effect on immuie adherence

activity. Furthermore, cleavage - of cell-bound CUb by
C3b-inactivator resulted -in. concomitant. loss of immune

adnerence activity and loss of Clc, tmpiying . that the site

‘for immure adherence is in this fragment.
Py

3. Blosynthesis of Ch

- Availdble evidence indicates .that the -chief . extra-

hepatic ' sites of Ci synthesis' are the macrophages (see

“Colten, 1982).

i
|
|



Hall and-Colteri (1977) .in cell-free synthetic studies,

identified a single.chain pretein, . immunochemically.related

* to guinea pig U, which they suggested was. a precursor of

the native Ci -molecule.: It was subsequently shown (Gorski
and Nuller-Eberhard, 1978;  Gigli, 1978) - that human plasma
contained a small amount of single—cha‘iﬁ cl  which,. while
antigenically .1dentical to the three-chain molecule, was -
raemolytically’ inactive. Parker at al. (1979) and Tey et
al. (1980, using pulsé-chase ‘experiments ‘on c\‘;icuned
peritoneal "exudate macrophages; showed ' thab singleschain
precursor Ci (pro-Ch) ~ disappears from ‘cytoplasmic extracts
in a reciprocal manner to the appearance of extracellular
mature protein. No pools of. exbracellvullar precursor or  of,
intracellular mature proteln weré found, indlcating that’
processing took place «in .association with cells and -the

secretory process.

. By comparing amino acid sequences ‘obtained-from pro-Cl
and G4 subunit ‘-chains, & mumber < of ‘investigators
(Goldberger et al., 1980a; Parker - et al., . 1980; Karp et
al., 1981) have sstgblisﬂed that the‘ order of C4 subunits
in pro-Ci is p—a-v. The, production of «, 8 , and y-chains by
plasmin treatment of . pro-Cl - implicates a  plasmin=like
enzyme 1in the post-translational processing of the molecule

(Goldberger-and Colten, 1980b).

Glycosylation has also been shown to  be essential to

intracellular processing. Matthews.et al. (1982) ihave shown
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that  pro-C4 is glycosylated post-translationally-t

and
inhibition « of g1ycosylsuon_‘uecreaées the rate- of Cl
secretion and. increases ' the rate of intracellular . Ch
catapoligm “but doss. a0t affect the haemolytic ~ activity-of

the sécreted underglycosylated native CH.

A recent’ report by C;imn'et al (1983) suggests that
extracellular proéesung also.- plays "a* role in the
production. of native circulating Cl. hese - 1nvestigators
have described a secréted form'of O, comprising” up to . 8%
of plasma Ci, ands ‘the predominant form se&reted b‘y a. human

hepatoma ~cell line: The a-chdin of 'this .secreted. form was

5000 daltons”ihéaviér than that.of the major plasma form and

this difference was not removed by deglycosylation.

. b. Polymorphism of C

a: The genetic model

Electrophoretic. .polymorphism of the ‘fourth component

“in man was first described by Rosenfeld ‘et -al., (1969)

using - the technique  of = antigen-antibody . crossed
electrophoresis on human plasmas. They found five complex
patterns which were combinations of three subtypes, A1, A,

and.C. The genetic .'contfol of thesé variants was unclear

but it was suggested that''A and Al might be allelic foriis

at' & structural locus separate from that of subtype . Bach

et al. (1971) used the .same techilque to -examine paired

\

i
i




" segregate 4n families according to a one-locus pattern

¢ L . :
‘were antigenic determinants of C4. The fast-moving ~CAF

\ '-
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mgteg-m'u and ’ cord plasmes. By, sampliig fatliers of _those
pairs wnich differed - in Ci patterns, 1t was shown that
foetal Ci patterns were indeed combinations -of -parental
ones. Although . the ~exact genetic ' mechanism wis mot
clarified, the suggestion of two structural loci was- again

madet

E N
- Teisberg - et al. (1976) using immunofixation

electrophoresis  found  three . common elecvropbor(étc

patterns: F, .a  "short" anodal vartant, .S, ‘a "short
cathodal variant, and FS, extending through the .F ;\d
regions. These iagoducts wers vho&ghb"to be derived. Aoﬁl
alleles’ at a single structural locus; BS being . the

heterozygous product. - Mauff. et ‘al. (1978) introduced-

modified buffer system, obtained 'similar results, and
;

described an additional varient. Subsequent repofts : added i

more rare variants and & "long" variant similar in position !

and pattern to 'FS but whose F snd S..components &id- not
(Teisberg €'t al., 1977).
O'Neill et al. (1978) made the important observation

that Chido and Rodgers antigens, known to be non-allelic,

carried the. Rodgers = antigen ‘and the slow-moving C4S carried
Chido. It was suggested that a -two-locus genetic model best '
£it the array of phenotypes. These investigators  postulated

a common .hull alléle at ‘each locus.. such that ~F variants -
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(Ch-Rg+) ' 'were genotyped Fso/Fso, S variants (Ch+Rg-)
£0S/£6S, and "long" . variants,. FS (Ch+Rg+), carried null
alleles at ome or two or ho loci. The homozygous null’

condition was Gl deficient and rare.

That ‘there are two Ci' genes on some chromosomes’ was
Verified by Olatsen ‘et. al. (19790). A high-titre anti-Ch
antibody was:. used . to. remove the S component only ' from
plasmis of individuals known .tG carry FS_ haplotypes, that
1s, from- Individuals who had inherited the FS haplotype
from ohie ‘parent, apd: sithér. B, or'S. froi the bthets, Dosi on'a
single FS haplotype in these individuals were ‘thus -shown to
aireot - the production of two antigenically distinct sets of

C4 molecules. .

Using immunofixation = elesctrophoresis and untreated

EDTA or heparin plasmas, FS, F, 'S, and F1 (fast F) patterns

could be clearly distinguished but interpretation of many

) v‘aj{a}ts was: complicated by combinations of these common

vayiants with rarer ones which had ' intermediate mobilities
and . by the difficulty of making genotypic ~assignments 'of

the phenotype FS,

The method of Awdeh et -al: '(1979, 1980) has helped to

solve ~ ‘the first problem.’ Pre-treating EDTA-plaéma . with

neuraninidase resulted in modified electrophoretic mobiilty

such that the F variants ' (called A.by these investigators)

moved faster relative® to the S variants (called B) and the

wiole pattern was move spread out.and more clearly banded
’ ) g

I
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on the electrophorefic plate. Intermedlate. variants were
more easily idE_nbi(‘ied and small differences’ 1in - the wholé
pattern more  readily seen. Since 1980, two naming systems

have existed. The letters F, S (and'Fl, D, I, M, etc.) have

"been used by Teisberg et al. (1980a), Petersen et 'al.,

(1979), Rittner et al. . (1980a) and O'Neill et al. (1980a)
to  identify, in ‘most cases, . variants obtained = from
untreated samples. Thé letters A (A3," A4, A2, AQD) ~and B
(B2, Bl," BQO). have been ‘used m; Awdeh” and”’ Alper (1980a),

Bruun-Petersen et .al.:(1981), Roos ‘et al.. (1982d), and

pretreatment with neuraminidase. These variants. .. are

described in'the next sectior. .

"“The problém -of assigning genotypes to FS phenotypes
has been less éasuy resolved. 0'Neill and Dipont (1979a)
described three FS:types: FS where F and’'S  stained with
equal - inténsity after immunofixation;  F'S .where & the F
component” was'- heavieri'FS' -where the'‘S component’ stained
more heavily.  Where the S or F component’was weaker

relative to the other' compopent 1in a haplotype, ‘it was

".0'Neill et al. (1982b) to. identify variants' seen after

assumed - to.: be = heterozygous null. Typing . unrelated

individuals in. this. manner gave'' observed . phenotype

frequencies' which did - mot it  the ' Hardy-Welinberg-

equilibrium. = Petérsen et al.”. (1979) made similar

assumptions and got similar results. In both cases, there

was ‘an excess, of observed FS phenotypes over expected and a '

decrease 1in F'S and FS', 1ndlcating likely ' mistyping “or
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misinterpretation of the genotypes which FS phenotypes
represented.

Awdeh =t cali (1979) proposed the use .of antizer}—‘

antibody ' crossed electrophoresis ' (AACE) as:‘a ‘partial

solufion = to this: problem. . MCE gave somewhat more

quantitative indication of” relative F (or A) and S (or ' B)

dose in a phenotype. This mebhod still did not distinguish

FS/FS from foS/Fso. There were, . moreover, no data presented

by these  investigators on the relativé quantity of Ch

e " proguced per F and § gene:

The exact genetic -mechanism by which CA 1is’ controlled

i is. st111 unclear.. Awdeh and ‘Alfer (1980a),” 0'Neill et'al.
i SR E
(1978), and .others .favour the -interpretation. that ' the

possession of two loci per chromosome is universal in man

and that all "short" haplotypes carry null alléles at one
locus. There are two loci in-the mouse (Roos. et al., 1978)

which may be comparable. A recent"report (Granados’ et al.,

'1982) * indicates ‘the likely existence of two loci in other T
non-human_ primates. Olaisen et ali (1979b).have postulated

that. the precise number of CH genes per chromosome may vary

! dnd that “the. - nuiber  an individual. possessés /me{:e a
: polymorphisn'in 1itself. These investigators acéept that in
"long" haplotypes there are, two genes. producing two protein
products. They o not ‘accept that "short" haplotypes are
necessarily d'uplicvated._»ﬂull genes cannot be demonstrated

directly. .Ch double-null haplotypes must be rare. Only one

s
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* locus( has been’ demonstrated’ in guinea pigs (Bitter-Suermann

et al., 1977).  Recent reports. (Bruun-Pegersen et .al., 1982,
and work described in this ~thes1s) of humin haplotypes
bearing tWo A or two B genes indlcate that. there may be

more than two. genes per chromosome.

Thése ape dlfferent’ interpretations . of similar date:
It 18 1ikely .'that arguments wfu be resolved  only  when
details of' the’ organization of i DNA . becore ~available.' In
this. regard, Carroll and Porter -(1983) . have - recently

P o a5 & 3
reported cloning of a' human . complément Cl gene in which a

CcDNA- probe specific . for the ' amino’ acid sequence of CHd was.

used , to. fdentify.~C4 DNA ‘sequences ' in'a’ human . genomic

‘library. Only one gene was - identified in this prelimihaz‘y.

investigation but - the . exlstence 'of ‘a -second was .not

exclided, and no data were given on the Cl phenotype of the
“1ibrary donor. Two.. single amino acid substitutions in the

clhd- sequence  Were confirmed and a third: described, -

interpreted by the authors, as allelfc.or locus variation.

b. The ‘elegtrophoretic patterns

Although ~ different naming systems _and = somewhat

different techniques have been: used, patterns can be-

compared. "Table' I-2 -~ lists gene products reported by

different laboratories arranged so  that’ those likely to .be

identicel are ~1lsted in-the same column. The most common

allelic product at one locus 1s’ A3 (or F or  F3) with

frequency’ estimates ranging from .66 to '.81l. The products
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Table 1-2 : Comparison of proposed G gene products
reported by various investigators. Gene products entered in
the same column (except where indicated by paremtheses) are

_ assumed identical.

Invest- LI Cl gehe products Sl

1gator fy .
“'F or A prodficts S or B prodicts
: Mot o
3 H
B % P fo § s
2% ® p fo. 8 0 4
3% D S oM s (1)
hx o T P (BY) e fo .- (8Y) S, Sl so
5% FL . ¥ foi ' M .8 81 so
6 L F. 1 S (SR)
7* D1 ‘D2 F I g nos
8 A6 AL A3 A2 AL" AQQ B2 Bl BQO
9% A6 A5 A4 A3 A2. AT AL’ AQO B2 | Bl BQO

10# ‘F6  F5 F’-J_FS‘ (F2) FT F1 .-82 's1

1 0'Neill ‘et.al. (1978) <. 2 Petersen et-al. (1979)

3 Olaisen et .al. (1980) .. 4 O'Neill (1981) -

5 Rittner et al. .(1980a) 6 Greiner et al. (1980)

7 Teisberg et al. (1980b) 8'Awdeh and.Alper (1980a)

9 Alper, pers. comm.. (1980) %o gruun—?etersen et al
1981)
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+.005, A4 (or D2) at

35

of other &lleles at this locus, in order of. decreasing -

mobllity, are A6 (D1, Fl,. Fx, or F6) at to .07, A5 at

.03.to .06, A2 (or I) at .08 to .09,

and the null allele (AQD or fo) estimab’ed at'.DE to .19.
I s «

The most frequent product at the second locus is Bl (or-S

or’'S1) with ‘an estimated frequency of . .64 ‘to .76. The next_.

5 4 s . .
most common allelic products are B2 (or M or - Sv) at .11 to

.19 and the miu BQO (or' s0).at .14 tG .16.- Rare allotypes

sh; ss, 7, 51, \and sk have also been reported:
\
. The approximate; electrophoretic positions of ~these :°
products are given in Figures I-3 and I-h. ‘Figure -I-3 shows

_some.of the gene products obtained ,using untreated plasma
samples. Figure I-4, adapted from ‘one. prepared ror the *
Gomplement Genetics . Workshdp, 1982, shows all common ' and

rare, gene prodicts. cbtained from deaialaf.ed samples by ‘four
groups of | investigators. Many of the rare allelic.products

shown ‘1n “the latter figure have ‘been described 1n "one or a

-~ few familie: Only and - are as yet unpubll.shed.

The distinction bebween A.and B (or F and §) allnbyp'e?

was .originally made on - the basis of
mobility, A allotypes being anodal to B. With . the, alscovery

nf’ inte!‘medinbe products, -this distinction was less uséful,

. particularly when using \mcreated samples. Awdeh’ and Alper

(19808) observed that.after. neuraminidase treatment the A -

products were inactive ol' .weakly actlve functionally, .and

d1d not develop._when vere

Cl-deficient haemolytic- overlays

. electrophoretic ™.
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Figure I-3: Allotypic patterns- of mative CU (presented .to
the ‘Complement Genetics Workshop, Boston, 1982).
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used to -visualize the CH patterns. B-locus variants

retained full activity. The assignment of A and B’identlty
has _therefore .been made primarily - on  the  basis of

functional activity. (Alper, pers. comm., 1980).

Figure I-5 shows schematic representations of the

haplotype products - obfafned by two investigators using (a)

untrdated gnd  (b) neuraminidase-treated samples. Table I-3

shows haplotype-.p rep by four fes
arranged so that haplotypes assumed to be identical are- in

the same column. Not all haplotypes are shown. )iam (FS or

F3s1) ‘Is = ‘the " most frequent haplotype with 'frequency

estimates ranging from .47 to. .74. The half-null A3BQ0 and
AQOB1 ("short" F and S, or' Fso: anid foS). are mext with .14

to .22 and .07 to .17, respectively.

Comparing haplotype frequencies ,(Table I-3) ~with‘ gene

frequencies (Table I-2) reported by the same laboratory

‘indicateg that some haplotypes, -A4B2 from Awdeh and Alper

(19802), for example; occur more frequently than expected
from the corresponding gene frequencies. Others;, like A6BQO

(or D1) bhave never been reporfed. Finally, there has been

., no repbr of ‘recombination between alleles of the C4A and

c. Chido and Rodgers antigens®

Chido and Rodgers, were first defined as red cell
antigens through.the use of patients . whose blood. proved

.
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al., 1980a)
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I-5: Schematic representation of Ci  haplotype
products obtained from (a) native plasma (after Teisberg et

and

(b)

(after Bruun-Petersen ‘et al., _1981).

from neuraminidase-treated -plasma »

#
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Table I-3:- Comparison. of | most . commonly: occurring Ol

haplotypes regorted by various investigators. Haplotypes in
the " same ‘ column .are assumed. identical _except . where

- indicated by parentheses.

Invest- ' 4 haplotype

igator f

1% DS | F FS . M s .
2% FXS Fso  FS A . . fos
3 Fso FS. . i ros
I, " D1S F AFS

5% \"ABBI A3BQ0 A3B1 42B1  A3B2°AUB2 AQOBZ AQOBZ
6+ \ F6B1 F3 F381 (F2) (pzsn F382

7% \D1s F. . pan M s

8 F1S Fso FS ; . § ‘(SY). "foS .

¥ 1 Olaisen .et al. (1979&) 2 Petersen et al. (1979)

3" Awden et al. (1! 4 Bruun-Petersen and Lamm
(1980)
5 Awdeh et al, (1980a 6 Bruun-Petersen et al. (1981)

7 Nordhagen et’ al. (1981) 8. O'Neill (1981)
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difficult to matech for ~transfusion (Harris et al., 1967,

Longster and Giles, 1976). Anti-Chido sera were described

as "mebulous" because of the difficulty in dlstingulshing
weak. posiva'e from n’egatlve results in direct agglutination
tests. This difficulty was overcome by the dlscovery that
plasma from individusls whose: red. cells were. weakly or
Strongly Chido positive inhilbited 'the reaction between
anti-Chido and, Chido positive red, cells (Middleton, 1972a).
Thus Chido substance was. reliably identiffed in’ plasma and.
proved to be present in the plasmas of some 98% of the

Caucasoid population (Middleton and Crookston, 1972b).
W . 15

Fodgsfs. antigen: was. also found. in  plasma with a
frequency of apyx-oximacel‘y 371 in Caucasoids (Longster and
Gilés:l‘ 1976). .k small ~fraction (3%) of Rodgers. positive
1individuals were shown to'be Rodgers "partidl inhibitors",
Whose plasnas ' weakly.' ‘inhibited ‘the. 'reaction between

anti-Rodgers and Rodgers positive red cells.

The genetiés ‘of these antigens proved difficult to
characterlze. ‘Both Ch.and Rg traits were: genetically
controlled and both were coded by genes in . the - major

histocompatibility complex, . situated - close to .HLA=B

‘(Middleton et al., 1974; .6lles .et al., 1976). Population

studles showed the absence of each antigen to be associated

" with products - of . particular HLA-B_ alleles. While Tow

frequencies of Ch-' and Rg--phenotypes implied’ that the

traits. were not l;npithétical, no Ch-Rg-. individuals were'
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A major breakthrough in interpreting . these ‘data “came . Tl
with 0'Neill's observation thgt 'Ch and Rg' substances were [

separate antigenic determinants. or two subpopulations of Ch
| molecules. ' A Ol .deficient individual. was :shown. to be
‘ Ch—ﬁg-l Frequencies of Ch- emd Rg- .individuals ‘reflec;t:;d
frequencies of C4 < Fso and. foS individuals. Associations.
With partloular HHC alleiésvreflected associhtions between

these alleles and CH (0'Neill et al,, 1978).
. & T - o s

¢ Si'r‘)‘ce‘ these 'discoveries,. interest 1in Ch - and Rg
antigens has been _dirécted towards . three. general areas,
i namely (1) '‘the relationship. ‘hetween- plsbma: mmd red cell
L cn/ﬁg/ch,_.(u;‘1oc$11zation of Ch and Rg deterainants on Cl

molecules, and = (111) characterization: of the Ch and Rg

antigens of G polymo‘rpﬁlc}ariants.

(1), The relationship between plasma and red cell :Ch/Rg/Cl i

It 1s generally accepted that the -presence. of Chido
" and Rodgers antigens on human red cells 4s .the result of
uptake of 'Cib from plasma - after complement activation, a
process similar to the 'in vitro" coating of red cells by
the activation of autologous serum with low ionic - strength

sucrose (Tilley et al., 1978). Rosenfield- and Jagathambal

(1978)  have shown ‘that normal; red cells carry’ low. and
variable levels of 'Cld, acquired elther "in vivo" or "in
vitro".. "In - vitro" uptake could be ' ‘the  outcome . of @

. complement activation.by ' cold ha.emagglutlns known to. be




present.at low levels in. many sera (Nordhagen et al.,

1979). Chido antigen on red cells is known to increase on

. storage. ‘Te 1individual varistion in red pell Ch and Rg
.nctivit‘y “which ;B well known, - may reflect differences in
.the lsusc_epﬂhillty of different plasmas to the »activ_ation
of complement (Rosenfield and Jagathambel,- 1978), - or

- individual differences in the quantity of plasma - Rg, Ch;

and/or O (Mlley et al., 1976).

Nordhagen ‘et al.. (1979) have found that , the Cl/Ch/Rg
T on 'cells -coated "in' vitro" by low tonic acrength.sucrgse
Vbreatment fa - resistant’ to -enzmgbic actack, vhereas
e C4/Ch/Rg on normal untreated. cells is readily destroyed by
enzymes. Activated CA“has a Isblle binding site (In the Chd

fragment) by which ‘Clb attaches covalently to target cell

" surfaces and a stible ‘site (in the Cic fragment) by which
A . Clib, attaches to the C3b/CAb. immne adherence receptor of a
‘" . .variety of cells. Binding through the latter 1s susceptible !
to “ensymatic attagk, -through the former is not. The

" suggestion ‘nes  been made that two mechanisms of uptake of
C4/Ch/Rg fron plassa may be possible; one is via Cd-and is
enzyme-resistant .while the other,. immne adherence, 1s via

i * 'Clc and is enzyme-susceptible (Nordhagen et al., 1979).

{ . o (11). Te localization of Childo and Rodgers determinants on
! 7 ch molecules ) i -

" it has been shown, through theuse of anti-sera. to Ch, »

Rg, and to activation fragments. of Ch (Clc and C4d), that
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red -cells coated with Ch and Rg. antigens by treatment with

low lonlc strength ‘sucrose carry C4d (Tilley et al:,1978,
Nordhagen .et: al.,1979). A. recent report, ' however,  has

challenged -these findings. Chu et al. (1982) have found

snit “ieris.oonted 1 ‘thia anaee with' Ch/Rg ‘at 4 C carry

Chc and C4d and cells treated st  37°C carry Chc  only: They
have further demonstrated -that the reactions between
ant1-Ch 'and ‘anti-Rg and the R and Ch antigens “on these
cells could be neutrallzed: by purified  whole CH, Cid, Cllc;
and by, the b fragment of Cic. Ch and Rg antisers therefore
appear &c\\be pélyspeclfi_c, -%;iencuyiing detérminan:g.on‘cl;d

L .
(¢2 chain of\ C¥) and on Cic ( of chain)  .as well. Since im—

mune adhierence -1s mediated - through the Clic Tragment of Ch,

these data may be taken as further evidence .that this

- process plays a role in the attachment of Ch . and Rg
antigens to red cells. ki ‘ ;

Mevag et al. | (1981); using ,two-dimenstonal ~electro-
phoresis . of :'Cl -, B-, and y-chains,. have. localized -the
charge -differences. responsible ‘ for' ~Clh electrophoretic

‘polymorphism to.the s-chain'of the O4 molecule. Lindwall et

al. (1982) have shown that fragnents resembling Clc and CAd

_are liberated from G = by reatment with “ trypsin. Trypsin:
Cdd  carries, the labile-binding 'site with cysteine at.

position 31 and  the methylamine-binding residue  at residue

.
30, They found four forms of trypsin-Cld differing in

charge and size but Very similar in chemical composition as

judged by reaction with  xenoantibody.and overall ‘amino geid
¢ o ; : 7

i
1
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composition. The size . difference pafallelled the presence
of Rodgers and Chido antigens, such that tryp-Cid of 30,000
miw.  catried the Rodgers antigen .and tryp-Gld of’ 28,000
mow. oarefsd’; Chido. Furbhermore, evidence for dn éxtra
cysteinyl residue in ‘the 285000 fragments and an increased

ability : to :pind methylamine. and iodoacetic, acid was

(111) . Ghiaracterizabion - of  the Ch and Rg antigens of ol
polymorphte  variants e .

« The introduction 'of neuraminié;ae treatment of p‘laema
éamp}e‘s has ‘ uncovered ‘sn impr‘essivev degreé of polymrimiém
of Ci~ protelns. The distinction betweer A (or F) and B (or
S) genie’ products has not been made . primarily on the. basts
of - the presencé or absence of .Ch and ‘Rg.antigens,- but
rather o the ‘bases  of - electrophoretic mobiliby, functional
haemolytlc- activity, and segregation in families assuming
two - linked genes per haplotype. Generally speaking,
however; . CU#A variants - have been shown to carby 'the Rg
determinants. These include’ D1, D2, ¥, and I gene products
desoribed by Teisberg et al. (1980a) and the ' equivalent A6,
A, A3; and A2 * of Awdeh and-Alper (1980a). The GH¥B (or - S)

" variants carpy Chido. Olaisen.. et al. (1979b) were able o

remoyé §'.and M products with anti-Ch .from known haplotype

. products ' MS, FS, 'M,'S; and Awdeh - and Alper (1980a) ‘and

others have stated that the'Bl.and B2 variants are Ch+Rg-.

There - are’ five reports of ‘varlants which'-do. not
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completely fit this general pattern:
(a). Mauff et al.(1978)  described a fast' F variant called
Fl. This variant has been observed by -others dnd identified
variously as Fx, D1, F6 anrd* A6.'In all cases it, occurs on a
F1S (or DIS or A6B1) haplotype. The variant is functionally

inactive on many (0'Neill ‘et al., 1980a) or all (Telsberg

_et al., 1980b) ' haplotypes. 0'Neill et ,al. have reported

that this variant has  always typed.Rg "partial, .inhibitor",

_whereas others have found 1t to be Rg-positive..

(b). Bruun-Petersen and  Lamm (1980) “have .descrived ah*

intermediate variant, & fast S, called G, usually found on
an FG haplotype. The.product of this allele was typed as g
"weak inhibitor". ‘ :

(g). By careful titration of anti-Ch sera, Nordhagen et al.

" (1980) - have - found individuals who were . ch "paptial *

inhibitors" 1in- the . agglutination  test. 'This- trait & was

strongly associated with .the possession of the CAN . (B2)-

haplotypé product.. . i .
€d). Nordhageén et -al.  (1981) found 10 1informative - Rg
"partial tnhibitor” ‘haplotypes; of which five carried the

‘CY haplotype  FI, three carried I, one . carried . IM end one

“FS. Fand I are alleles of the .F (or A) lociis, and the

haplotype FI represents the very uiusual situation where

two F-genes are ' carried on bhe sime . chromosome. ALl FI

haplotypes and ‘three out of four I. haplotypes found by:

these investigators were Rg ' 'partial’inhibitors". -
(e).°0'Neill- et al. (1979b) have described a Cii-deficlent.

&

|
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|
i
|
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patient -with no plasma Ch. and Rg antigens, but whose red

cells type positive for both. Family members, typed CU¥FS,

have Ch antigens in plasma ‘and or red cells, but Rg antigen

only on thelr -cells, The I product 'in all “cases was
reported- to be non-functional in haemolytic overlay.

N
5. Similarities between 04 and.other/complement. proteins

Ci shares - structural and Functional characteristics
with gmér complement . proteins:
4. .03, OB, and 05 4re each ectivated by . cleavags of-a small
peptide of about 80" residues from. the Nebermifug - ‘of. 1€s
single (C5) or larger ~(C3)- or largest (CH) Vpepl:lde chain..
C3a, "Cha) and ' C5a have ‘been sequenced and = are homologous
/. (see Hugli, 1981), In addition, Cla “has " been : shovn b

possess bilologlcal activity similar to C3a and C5a.

b. C3 and 04, in comnon with' the plasma. protease inhibitor
o siAGHOEIGhULL, eaolpossstias tai ArferAal thislester
bpn.d shich <1s * broken. duping" ctivabiom. of the. molesule
generating's reactive acyl. group which is involved with the
[covalent binding ‘reaction . to target suraces . (Tack et al.,
1980). These 'thiolester links ‘occupy Homologous positions
in’ the: molecules and are contained in aress . of near
identical anino dold sequences. in the three molecules

(Campbell et-al., 1981).

c. Both C3 and.Cl are produced as- single-chain precursors.
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| - d. Active C3 and CH, and also.active s;-macroglobulin each.., ;

undergoes comparable denaturant-induced autolysis (Sim and

Sim, 1981) ‘which’ involves reactive, sites prggumed o be
close to'or the same 4s° those involvéd in covalent binding

reactions: - M B '

. The ' structural : genes for the complement components, Cd,

8 o ( - 4 g
».  Factor B, and €2 are closely “linked and situated within the. . %

mejor histocompatibility . complex on chromosome - six. . This:

gene cluster will be.discussed in the next ‘section. “

C. cm_nplement alleles and the major histocdmpatlbility"’ " |

| e + :
[. complex | im—o e "
| ) o = 7 s
! 7. s, The genetic  information which - codes for the ‘major-
{
|
|
|

histocompatibility. complex in man ' 1is.located on . the short

arm . of chromosome §ix. - Inclided in -this cluster. .are ‘genes:
* for the, leukocyte antigens, HLA-A;- ' =B, -C, -D, and -DR,

structural genes. for. complement Factor By ' (2 and C4, ~and

putative . '1m|9un‘e response and disease susceptibility genes. i
The gene for 2l<hydroxylase has also been localized to.this
‘region as ‘has f:he‘locus for the-red cell ;nzyme glyoxalase
I. A schematic representation St tha e pegtin s shown'in

Figure I-6.
. A

1. Histocompatibliity antigens -

The HLA system includes five 1dei, with the A-Tdcus
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-+ CAH = CUIGENITALADRENAL
U RYRPLASIA .

"B s B B . G
Figure “I-6:. Lqci “mapped - to *the short arm -of .
“chromosome -6 (after Fleischnick. et. al.,” 1983). -

l()ls;lnces between loci are given in centimorgans
oM). o % - L fios
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being. most ‘distal . and'the D/DR loci most proximal to the
centromere. The positions and map distance of _these looi
have been ' shown by studiee of families with chromosomal
rearrangements (%mm et al., 1974, Pearson et al., 1979),
of human-hamster ce‘l\} hybrids. (van Sommeren et al.,  1974),

* of human-mouse cell - hybrids (Jones et ‘al., 1976),and by

re{crbs from various laboratories of recombinant families.' °
) . i y

“The’ &, B, @nd C antigens are mémbrane glycoproteins,
each consisting.of 'rme 1light chain, Ezvn;icraglobuli;l, and
one heavy chain. It 1is the heavy chain which carries the
- determinants redognized by HLA-typing sera and “which 1s
encoded 1in the MHC region. Although® the antigens e widely
distributed .on most nucleated cells,. typing is usually

perfornéd on ‘peripherdl blood lymphocytes.

Products' ‘of the D-locus aré less well characterized.
. —THey- afe lymphocyte-activating detérminants ~measured by the
\gﬁferutiver response  of peripheral blood lymphocytes in
u;i‘xed “Lymphocyte culture: Very little. 1s i(no;ln'abcntt the
structiire of | D-determinarits. They are known to -be presént
o : B'—lymphocy‘::es "and ‘cells of the monocyte-macrophage
septaE, WA o b deEsolstes waEN, “Hetnet Menbteat: b,

tHe serologically-defined B-cell, or HLA-DR, alloantigens.

HLA-DR, 'or D-related, antigens are algo. membrane
glycoproteins; known to occur on . B-lymphocytes, monocytes,
sperm cells, and stimulated’ T-cells. Each DR: molecule

consists of two polypeptide: chains,  and . B, and 1t is the
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g-chain  which ' carries the _ polymorphic . determinants
identified - serologically in B-cell enriched peripheral
blood P '1y{nphocyte preparations. A th;rd 1!'\VS!'15|’H:v
polypeptidé chain has been detected (Jones et al., 1979)..
The \/\d\iscovery of  DR-related specificities has
uncovered " further complexity 1in ‘this region. There’ is
mounting evidence for the éxistence of additional leei
1inked to DR and coding fo;r one or both chains of at 'least
two. DR-related molécules, 1deﬁtlf1ed as “the D and SB

series 'of antigens.

Linkage disequilibrie befween alleles of the HLA-loci

The most -remarkable feature of the HLA system is the

‘extreme degree of genetic polymorphism. More than 90

alleles have been recognized afb' these loci. There ‘is -

considerable variation in gene rpegueqcies' from- population
%o~ population and from race fo race. ' As these alleles are
encoded by linked genes, they are-inherited as haBlotypes.
Kncwn./ alleles at ythe serologically-defined locl make

possible someé 150,000 haplotyplc combinations.

Certain antigens are non-randomly associated of are in
linkage disequilibrium, occurring together on a haplotype

. - -
more  fréquently . than ° would -be -expected) from their

¥

individual. frequencled. Some positively assoclated pairs of

alleles -are given in' Table I-4. The virious combinations
? -

_of alleles fn. linkage - disequilibrium vary in frequency

|
I
i
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Table “I-4: Some. linkage duequxubrs.a and_haplotype
frequencies of - and -DR antigens
‘ g in European Causcasoids.(1)
Haplotype A x 100 (2) HF x 100 (3)..°
| - g
! Al B8 57.2° 20,6
g Aw23 ' B12 17.6 . 19.3
A29 Bl2 27.3 33.1
Aw30.  B18 16.6 -17.0
B1Y L . 6.4 6.6 °
B12 Cw5 . < ho.2 48.2
B15 Cw3 - -28.3 29.9
B17 . Cwb 35.4 38.7
B18 Ccws 19.4 23.6
Bw22 © Cwl 114 12.2
Bw22 Cw3 18.9 20.
B27 Cw2 22. 22.7
Bw35 Cwh 842 89.7
B4O cw3 24.5 - 26.4
BT DR2 37.2 46.2
B8 DR3 62.3 70.1
Bl2 DR7 26.7 1.3
B13 DR7 16.8 18.5
B17 DR7 22.8 29.3
B18. DR3 12.9 18.2
Bw35 - DRI 15.1 19.2

(1) Adapteg from Bodmex‘ and Bodme!', 1978 and van Rood
1981

l (2)A=

observed haplotype frequency -- éxpected haplo- -
type frequency :
(354 = haplotype frequency.
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‘between populations. The ‘phenoménon may be - explained in.a
varfety of ways: by .the ccurrence of a new mitdtion Which
has not  had time < to " be* atstributed randomly by. trans-
location “throughout. the various . haplotypes; by founder
effects and bottlenecks 1in particular populations; by
recent admixture of = two equilibrium populations; by

selective pressure.maintaining preferred .combinations.

3. Chromosomal position of ‘the complement loci

MHC recombinant data suggest that the complement loci’

11e between HLA-B and- HLA-DR. A. large number of" A-B
‘ecombinanta informative ‘for BI have been described (by,
for example, ' Telsberg' et al., 1975; Bijnen et al., 1976;
Olaisen €t al., 1981). In all cases: BF segregates with
HLA-B.  Olaisen et al. .(1981) have reported  four A-B

crossovers where ‘an informative CU remains - linked - to
®

HLA-B. Raumet’ ‘al.. (1981) have -déseribed two ‘A-B

recombinants, one informative for CH .where CU. remains

linked t6' B and one informative for BF, 'CH and C2 in which

the alleles for &1 /jthree  complement . components segregate-

with ..HLA=B." - Dewald and’' Rittner (1979) have reported a
| \

single A-C crossover where Cl segregates .with HLA-C and B,

separating from HLA=A.

At least - twenty HLA-B - HLA-DR recc}nh‘fxyg:_:s inform-
ative for one or more ' of the complerent loci 'have beer
observed. 4p eleven cases, complement alleles ~segregated
with HLA-B (see, for example, Hawkins. et al.; 1980, for' B,




c2; /Eruﬁn‘—l’éteraen ép ' al., 19}31, m’r BF, Cl; . OlaiSen et
al:;" 1981, for.BF, O, C3; Rittner et al.; 1976, for BE).
In niné cases; complement a121gs segregated  with HLA-D/DR
(Hawking' ‘et al., 1980, for BF; Rittner et -al., 1980b, for
BF and Cl; Suclu-Foca et 'al., 1980, for BF; Raum et al.,
1981, for C4, BF, C2; Bruun-Petersen st al., 1981, for Cl;

Olaisen et al., 1981, for BF).

No . recombinants have ‘been observed among BF, C2, and’

‘o4, “isuggesting that the 'loci .are' very close together.
Little, is kiown about thelr relative order. Awden et..al.
(1981&)"\ have ' reported strong linkage diseguilibrium between
the .CY

haplotype: AUB2 and the C2-defiétency allele. The
ocourrence “of 24 {AlB2 and a single “AUBQO .on 25 0200
haplotypes suggests that the ClA-locus ¢ is ~ closer .than .CiB

to the lecus for C2.

4. . Linkage . disequilibria between .complement alleles and

other alleles of the MHC

Table I-5 lists assoclations for Caucasolds which have
been found  1in two or more separate studies. In addition,
polymorphisms - of . BF, ' CH, ‘and “C2 ‘nave been described in
Japanese  populations.. - Tokunaga et al. (1981) have reported
frequencies of approximately 94 C2%C; <3.4% C2%A, |2.2%

C2*B, and 0.6%  C2%A'. C2#A is positively assoclated with

'_HLA-slSv,-wnue C2%B  1s positively associated with HLA-Bw61l.

Horai et al. (1979) have found non-random associations
between BFYS - and HLA-B7,  BF*F and 'HLA-B12, BF¥F and

|
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Table I-!

other - alleles

found ‘in two or more. studies.
-

I-5: Associations between
of  th ma jor

complement

alleles and
histocompabibility complex,

Complement ‘allele

MHC alleles

C2%Q0

c2%2
BF*s
BF#F.

BF¥S1

BROFL

cus (AdGEL)
CU*F (A3BQO)
_CH¥FL (AGB1)
ChxM (AQOB2)

clwaLB2

A10(25) B18 Dw2/DR2, cu*.\‘lmz,
BF*S %

BT, B7 Dw2, B8, BLO, Cch¥s

B21(50), B2l DRT
B27, .B13, BIl4
Cw5 B18 DR3

: BB; BF#S
B2, B35, - BEXF |
BL7, DR7
BLO

B2, B35, Bls, B3T

or' 3, Bl2,
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A

HLA-B35.. ‘A report- by  Tokunaga et. al.’. (1979) ~on Ch
_polymorphism gives assoclations - between C4*S " and* HLA—@},

CU¥F and HLA-By52, =-Bl2 ' and -=BW54. - '‘Whether. these Ci’

variants ‘are comparable to.those which have been reportéd
for ‘Caucasoids. is unclear, however, since the investigators
obsérved variants . which they interpreted as ’ccmbinatioqs of

two common-alleles at a.sirgle.C4 locus.
5. Immune response and /or disease susceptibllity genes

Specific’ immune ‘résponse geres ‘1linked to  the murine
H-2 region have.'béen shown  to control:a variety of traits,

such-as susceptibility -to infectlon by Gross leukemia virus

(Lilly e al., 1964). This immune responsiveness appears to

involve ‘interaction between génes of loci 1in different I
reglons ‘of the H-2 complex. The ‘existence of these genes
and ‘the _apparent homology. between murine H-2- and . the
HLA-region have provided the sationira for 1investigating
the' relgcvicnsﬁip‘ between the possession of- particular MHC
antigens - and fman diseases.” The §trongest correlation

found was that for ankylosing spondylitis, where HLA-B2T

“Was present in about 90%/of propositi (Brewerton et s

1973). S

Table 1-6 shows somé of  the dfseases which have been
eported as non-randomly assoclated with LA alleles. only
he strongest sssoclations are given. Juvenilé - insulin-
pendent dlabetes,  for example, 15 shown here. as

associated with DR3/DR4. C4¥BY,  CY¥B2 (Bertrams et al.,




Table I-6 : Some examples
diseases.(1) %

of HLA-associated
.

Disease

HLA association:

Ankylosing spondylitis
Reiter's disease

Acute anterior uveitls
Rrieumatold arthritis
Membranous’ glomerulonephritis
Coeliac disease

Chronic active hepatitis
Multiple sclerodis
Type I diabetes |
Graves' disease L3
Addison's disease

Myasthenia gravis

Psoriasis

Behcet's disease
Haemachromatosis * (1diopathic)

. 21-hydroxylase deficiency

Dw3 DR3
Cwé
BS
A3
BAT

(1) adaptkd from Cudworth and Wolf, 1981.
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1981a), cu!roé (Awdeh . et al., 1980b; :Lamm et ‘al., 1980),
BF#F1 (Bertrams et al., . 1979; Kirk et al., 1979;’ Reum et
1., +1979b; Lamm® et al., 1980), C2*2 (Kirk et als, - 1980;
Lamm . &t al., 1980), HLA=-B18° and HLA-BS (see Davidet gnd
Svejgaard,” 1977i have also been reported to be increased in
1nsul;n—depe&‘ndent atabetes patients. Simtlarly, HLA-BT is

increased in multiple sclerosis (Jersild et al., 1973):

N
It 1s generally: assumed that the strength of the ;
“gtbeise ‘mesoctatibn . providan’ Infobbistion  dtoubs fthe ‘
chiromésomal. position of a particular disease susceptibility
L. . seme, 1t belng mSit abrorgly assoclated with the MHC marker
1 . closest to 1t. “Other associations are thought' to reflect

4 " linkage diseéquiiibrium between fhe marker in question ’and

other MHC alleles of a.particular haplotype.

D. Levels of serum C4

Kohler and Muller-Eberhard (1967), using the method of k!
single radial -immunodiffusion (SRID) of Mancini (1965),
found . the mean serum level of Ci to.be 43.6 + 11.8 mg/ul.
Subsequent reports, using the same technique, have ‘give’n

_mean values of 25 - 45 mg/ml. but there is a conglderable

‘degreée  of 1individual variation. and an . acceptable normal

;
|

range - as great as |15 - 100 mg/ml. The techniques of , - )
- electroimmunoassay, nephelometry, and fluorometry have also

been . used for. Cl determinations, with nephelometry giving

N X ho %
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higher valiies than sa\m, (Bruver and Salkie, . 1975) and
fluorometry lower (Koelle and Bartholemew, 1982).
1. Sex; race, age . -

; No differences in serum CA4 have been obperved with
respect’ to séx in either -adults (Kohler - and Muller-
Eberhard, '‘1967) or- in children.(Roach et al., 1981), nor

have'racial differdnces been demonstrated.

5 Fireman et al.(1969) found that I levels incréased
proportionally with gestational ’ag‘e‘,"anq comparison of cord
and maternal ‘plasmas indicatea that O ' levels of cord: N
plasmas were approximately. 50% of that fourd . in mabernal‘v
plasma. Newborn infants have 'been shown; However, to
possess 70~ 100% of that' found in normal adults - (Strunk ‘et

-al.,  1979) 'and - Gallery et 'al. (1981) have observed

significantly elevated Cl4 levels in pregnant women.

“Norman et al. (1975) showed that,_’ although there was a
significant reldtionship of CA level to -age throughout' bhe
0-14 year age - range; * 90% of .adult levels was attained. by
/ two. years ,of age, and. essentially aduit 'Ievels by the age

of six:

{ .
[ ' '\ 2. Disease
I :

a. Acute. phase .

‘i 4s widely -regarded as .an acute phase protein, . i

[N although the actual .amount ‘of empirical data” is small. i

»




. There. are no reports of post-surgical changes in C4 levels,

only very small changes after’ myocardial infargtion - (see

K111 th . and K111 th, ~1981) and . moderate ' 1in=‘

creases during serous meningoencephalitis, peritonsillitis,

and influenza A (Ganrot, 1974). A
b. Other diseases

Low levels of = serum CA hawe been reported for a small
number, of diseases.. .Ci can be decreased in systemic lupus

erythematosus due to activabion of the compleiment system by

_circulating immune complekes .(K1llingsworth ~and 'Killings—

worth, 1981) and by the same mechanism 1in  rheumatold
arn‘u“itis (ﬁicsc}le ét al.,. 1981). Low r;;ean levels hﬁv; also
been 'reported: in  insulin-dependént’ ~diabétes - patients
(Vergani et al., 1982), in some. HLA DR3+/DR2+ multiple
sclerosis pattents (Nerl Ve(:‘ a1.,; 41980), . and ih HLA-BB+ T
Graves'.disease ' patients (Tom .and Farid, 1981). It seems

likely, however, that low CH levels in Wiabetes 'and Graves'

" atsease | result’ from' possession’.of particular disease-

assostated Ci null alleles (see.Discussion).
3. O defictency
a. Complete deflclency - .

Complete deficiency of C4 has - been described for' at
least’ 16 cases - in 11.' families. Cl-deficiency 1s not
assoclated with a particular MHC haplotype, but nine of ' the

sixteen. cases are "homozygous, suggésting  consanguinity
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(Hauptmann, 1982a). Most deficient individusls have lupus

or lupus-like syndromes, which supports - the suggestion
e : . R

(Lachmann and Hobart, 19780) that very low levels of
classical . complement '~ components - . predispose to  the

development of immune complex diseases sigh’as SLE.

Two Cl-deficient patients have been shown to be  Rg~Ch~

(0'Neill e‘(: al., 1978, Awdeh ‘et -al., 1981b), "suggesting

that the deficiency results firom mill alleles -at the CH4
' structural , loct. ~O'Neill -et al. . (1979b, '1980b) ' have

described affamily (see ‘Section Blc, this chapter) "in which

‘-the deficlency - pattern 1is more . complex. One Ch-deficlent

-individual had Ch and Rg antigens . expressed on red .cells, .

as measured by direct erythrocyte typing, but neither Ch

nor Rg antigens in plasma. Other ‘family  members: carrying

the deficiency haplotype also had Rg antigen present on

cells but- - absent .from plasma. The investigators suggest

‘hat, in this family at leaSt,. there exists .a'mechanism for

controlling Rg' and Ch* expression .which 15 separate from

that controlling the serum level of CH protein.
b. Partial deficiency

The currently accepted model of C4 genetics - assumes
null’ alleles at _each of. the A and B loci with frequenctes
of approximately 0.15 for AQO and 0.10 for BQO (sée . Section
Bib, bhls chapter). Demonstration of a -Cl-gene dosage

effect has,’ however, 'been  difficult: Awdeéh «et al.(1979)

reported that the mean plasma C4 concentration (expressed
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as % of normal) were 75. & '24%, 70 % 243, and ‘67 & 2% for

..for F/F, 8/S, and F/S individuals -as -compared to 109 '+ 44%,

101 +'48%, and 100 + 56% Ffor FS/FS, F/FS) 'and S/FS
individuals respectively. Thus, while 2-gene individuals
had 1owe;~ mean Ci,  there was considerabie overlap befween
these and the 3- and 4-gene groups. and individual-vm:iation
was high. Olaisen et al. (1980) also compared Oh levels of
2-, 3-, and l-gene individuals. They were &ble t&' show.that

a group of 2-gene individuals had significantly lower  ,mean

o

A} @ . '
4 but could show no'significdnt difference between 3= and

"' lj-gene groups. From these data, it seems likely that simple

gene dosage effects only partially account for the . very

wide renge of -serum Cl levels obsérved,

E. Summary

Th‘e complement system. is a EE!‘ieE‘OI‘ protei_ns which,
when activated, brings. about lysis of cellular ‘antigén and
a variety of othér blological effects such as anaphyla-
toxic . activity, chemotaxis, opsonization, neutrtl;zabiun of
viFuses; and,selubilisstion’. of, ismune’oomplezen.: Host: cof
the . complement protéins show genetic variation in thé form

of deficiency or of. polymorphism.

The  fourth component 1s produced 1in the liver or = by
macrophages as'a single-chain .precursor but takes -the form

of & three-chain glycoprotein in plasma. This glycoprotein,
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when_ activated by Ol of the clagsical sequence produces- the

anaphylatoxin, .Cla, and . CUb. - Cib exhibits sites = for

attachrent to target surfaces,. for association. with C2a

to the receptors of - a variety of circulating cells, and for :
proteolytic degradation by - the control ‘proteins - C3b= - ... |

| % 3 & X
thereby. forming the classical C3-convertase, 'for attachment
inactivator and CH binding protein.

L C4 ‘is highly polymorphi¢ and production-is directed by
genes at  two closely-linked 1061, namely the A-lobus i Whope
products ‘carry. the Rodgers antigen, and. the B-locus: . whose
.products - carry ' Chido. . The -antigenic. determinants wnich
distinguish CHA' ‘and CAB, &nd’also’ those ‘which aisc;nguxs'h o
Rodgers and Chido, have been ;ucalizéd to a t;‘amenc.cf the
a-chain ~of the ' CI moleculé celied  Glid. ~There. are
N S approximately 'eighc"aixelea at the A-locus and four< at _ the
« - :B-locus, including, for, both loci, mull alleles which ocour ]

with estimated frequencies of approximately 10-15%,

e ' loci ‘for Ok . are sitliated ''in the major
histocompatibility complex of ma, very closely linked o'
. - the genes for Factor B and 02, and, presumably, between the
o loci for HLA-B and HLA-DR. ~Populatfcn studies indicate
egk, as 1s the case for other élleles of this complex, Cl

alleles show - non-random. assoclations with each other, with -

other MHC alleles, and with certain diseases:

‘Levels of plasma Ch aré highly variable and -are likely

influenced” by a number .of fadtors, ‘including disease
- T - * \ P
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- status, and geretic considerations such a5 the .number of

genes an individual possesses.

T

Ser e 4




CHAPTER II

AIMS AND. OBJECTIVES

This project originated with the general objective of
develbping a ‘reliable technique for identifying 'poiymurphiu“
variants of the complement “factor, 'Ci; in order: ‘to augment
HLA data be‘ing accumulated - in this laboratory’ on..an
axtensive ' oollssticn:of, faptifes primarily from Newfound-'
land and Labrador-but also from éc_per parts of Canada. Many
of th_ese families include ~ lndiviéuals * aut‘t‘erin; from

- diséases such as multiple sclerosis and insulin dependent -

diabetes mellitus. .

The particular aims of the studies reported “in ‘thls
% P iy w WY

thesis are:
A. To determine.the nature and  number . of ci ‘allotypic

variants in this ramu'y_»msteiial.' N .

. . @ 3 v

B. To' investigate the relationship Detineer +Rodgers afl

Chido antigens @nd CH allotypes: ) '

= ®

C. To examine the relationship between the relative amounts
of ‘CU¥A ‘and CH¥B protein in individual setun samples’ énd
+ Gk genotypes, in. order to assess the usefulness of semi-
7 quantitative . techniques in CA-typing. :

D. To estimate frequencies of' G4 haplotypes and C4 genes in




the family-based population material.
E. To examine the relationship between C4 . haplotypes and -
£ the major histocompatibility complex (MHC) ' in parti-
cular to-look for .non-random associations and linkage

disequilibria between Ci haplotypes. and MHC alleles.

F. To: investigate the distribution of ~various' extended MHC i
haplotypes, ~and of slieles’ within haplotypes, with a
" view to localizing: more precisely the position of the
04 1oeci. . ‘ 4 : ® S .

2] 2 G. To investigate "the -distribution of .CH haplotypes in. -
disease families, . in particular those with multiple

sclerosis and insulin-dependent dlabetes mellitus.
) g i

Hi To examine the factors which contribute to variatioln-in .

levels of serur .Ch, in particular the relationship be-
o .

‘tween' CY genotype end serum C concentration.
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CHAPTER III: MATERIALS AND METHODS

A, BLood samples

Col. Collection

Blood -was ‘collected by 'venipuncturé . into Vacutainer
tubes. ALl sariples were . separated ,within onie  hour and:
stored immediately at ~70° Ci Where samples were, collected
by other iahora:lpr-'igs, they .were shipped on . COy ice.
Samples were collected as serum, héparln piaama,‘_,or EDTA
plasma. Cabe was taken to maintain  samples n the best
possible Sonatbons: Whenever & sample . was ' used, '1t ' Qas

thawed. quicklyin a 37°C watérbath, kept over crushed ice

* While belng used, and refrozen as Soon as pogsible.

2. Sources’ of. samples

a. Family material

(1) The FS Jseries of samplés came ‘from | 65 local (Ne'v?-
foundland). families. Donors were either healthy volunteers '
‘or_' family .-members of patlents \re!‘erx;ed to the Clinical
Inmunology ‘l}ldgnostip Laboratory -for - HLA-typing; immtno-
globulih :'or complement ‘asssys, and/or ot‘xer diagnost;c‘

tests of immune dysfunction.. These .patients - included.

prospective kidney OF bone -marrow recipients, and indiv-

iduals with .diabetes, = urolifhiasis and ‘other kidney
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disorders, dupus, . immunodeftctency, ‘and a - variety of
&
imnuneZrelated disorders.
(11). The TA seriesbof samples ‘were . from a large family

with ‘multiple. . cases of . myotonle’ 'dystrophy from ‘two

commuriities in‘tcastal-Labrador (Larsen et‘al., 1980).

(1i1). ‘The WC series of. samples came from a large Kindred

and other  families residing in three communities on ' the

northwest . coast of Newfoundland.  These communitles were

" extensively studied, “both -¢linically and -serologlcally,

during the West Coast.Health Surveys. of 1974 and 1976
(Salimonu ec»'all., 1980) gna‘ were shown; by pedigree
ahalysis, to have a high degree of - consangulnity: Twenty—
‘one cases of lymphoreﬁicularVmalignémcy and = embryonal
tunour’ have .been reported .(arshall“et™ al:, 1580b). Blood

sfuples were collected in 1974 and 1976, A small’ number

»
were. collected in 1979 as part of-.the contribution of this .

laboratory -to the VIIIth Internatiohal - Histocompatibility
Workshop. ' ’

“(1v). " The WP serles of 'samples ¢ame from 31 families

provided by Dr. M. Schroeder. These ‘{ere‘collecced in the
Wirnipeg area mainly from -immunodeficiency patients and

their: 'l;ami].les A

(v),! The MV series- of samples (‘were collected from ' nine .
PR =

Tamilies of Red Cross 'Blood Donors’ in.Toronto by Dr.. H.
Mervart and selected primarily ‘on the ‘bagls .of thelr
possessing unusual HLA-A, -B, and ~C antigens. s

-(v1) The MS series .of samples .came from60 fanilies with




two or more cases of  multiple sclerosls. Samples were
collected by Dr. G.'C. Ebers vﬁ:um families of ‘patients at
7the MS Clinic at University Hospital, Lom:lcn, Ontqrio
_(Evers et al., 1982).

b. Control panel : ) :

Fourfeen healthy, -unrelated members of ‘the laboratory
staff' served as a -control panel for  C4 quantitative
determindtions. These individuals were bled weekly for 1%
weeks \rid monthly ‘for the following four months’

B.' Complement factor 4

. ; .“\

“1. .Immunofixation. electrophoresis

‘Two variations of the method of Alper (1969) have been

used 1n this study, and the. details of these are simmarized -

in" Table. III-1. Technique A is the method used by.Teisberg
et al. - (1977) for cn-cypmg.um;reate&nep'arm plasma

samples: Samples - were applied to a gel contalning tris/

" citrate/borate. buffer and run for four hours it 50v/cm.

Techpique B -is essentially the method. developed' by
i !

Awdeh and’| Alper. (1980a) -for . typing the. Cl 'variants . of.

desialated plasma samples, Sérum samples were pretieated
with EDTA and neuraminidase and applied to a gel containing

I, N i ”
agarose, tris-glycine 1 buffer, and EDTA - and -run for




Table III-1:

TWo methods

immundbfixation elec trophoresis.

70

-for typing 4 variants by

Technique A(1)
- %

Technique B(2)

Sample
~
Pretreatment

| of sample

Gel buffer

Gel

Plate size

S

. EDTA plasma or

heparin plasma
Norle

0.025M tris/citrate/

borate (Mauff,1978)

: i agarose (Litex)

in 40 nl gel buffer. .

20em x 20cm.

Serum ‘with 0.02M -
Na, EDBA added .

*1 part neuraminidase
(sigma, Type VI,
50u/ml in potaulum
phouphste buffer) to
8 parts. EDTA-serum
incubated at room
cemperature 18 hours

Veaael buff’er,
diluted 1:4

0.5% low ‘EEO agarose
(Seakem) in 50 ml
gel buffer to which
0.005M Nas, EDTA had
been -added

20cm x 25em

Sample vélume Tgl- 5ul
. i) ~
Slot size 0.5¢cm % S LFend 0.5cm.
Cooling Water-cooled metal Water—cooled metal
support plate ¢+ support plate “
Vessel buffer - . 0.05M tris/citrate/ Tris-glycine -
- .. borate, reused three _ (0'Neill, 1978)
- times. L3 used, once. -
{ - 1l000ml/tank 1200m1 /tank
Wicks “ Whatman #3 paper, Whatman #3 paper,
2 (ehromtography) ,. (chromatography)
3 sh " 2 sheets,
. y) §
s
continued i
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‘- Table III-1: con

tinued.
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Technique A(1)

Technique B(2)

Run

Overlay

4 hours, 50V/¢a
(800V, 50mA)

0.7 ml anti-C
undiluted, applied

‘ directly to the gel

Incubation

" Whsh

" 1.5 hours, '37°C

24 hours. in_two
changes of PBS,

“24hours in ‘water

Stain

0.1% Coomassie blue.

3 hours, 550-560V
(80m#) g

0.4 ml anti-Ch

diluted 1:3 with |
PBS, applied direct-

‘1y.’to the gel

1 'hour) - 3790.

Press 10 minutes
18 hours in PBS,
press 10 minutes
1 hour 1in water

0.2% Coomassie blue

(1) Fron TetsSirg st al. (1977)

.ples.

for typing unmtreated sam—

(2) Prom Awdeh and Alper (1980a) for typing neuraminidase—

treated samples.

\
‘o5 A
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three hours at approximately -30v/cm.

Thé | electrophoresis . tank used, for both. methods
contained & metal support plate which was cooled by a
continuously running stream of tap-water. (ab é-lu“c)“‘. aper
Wlcks were used to connect gel fo-vessel buffer and . a glass

plate served as.condensation 1id.

For routine Cl-typing. the overlay was  goat anti-G4
{Atlantic’ Antibodies) " applied directly to the gel‘ after

electrophoresis. Control'plates were . repested using rabbit

“anti-Ch (Behring) and rabblt anti-CH' (Pel-freeze).

.2, Electrophoresis with-haemolytic overlay: '

After  electrophoresis  with ~ deslalated samples by
Technique B,. Table III-1, the gel was overlaid .with a

mixture of agarose, sensitized. sheep. erythrocytes,  and

Ci-defictent -guinea pig, serun, :prepared.in the following

nmenner:

15 ml of molten 0.75f indublose (IBF): in- complement

fixation diluent (0xoid), 0.5 ml: 10%. sensitized’ sheep

erythrocytes  (heat-inactivated rabbit anti-shesp ambo—

ceptor, Grand: Tsland), and' 0n35 mi Ch-defictent guinea plg:

serum were mixed et 45 °C.and. poured on & 13em x .20cm sheet

of Gelbond - film - (FHC), using gasket, clips,’ and a' level

surface. This gel  was allowed to set, applied face ‘down to

* the gel contalning séeparated samples, and ' incubated at 37°

C. Bands ‘of haemolysis ~appeared -'in - 10230 ‘mirutss. The
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overlay was removed and fixed' in 1% glutaraldehyde for 20
minutes.

3. Crossed immunoelectrophoresis (CIE).

The method’ of Laurell  (1965) was used with' the

" following modifications :

a. First run

Two gels - were prepsrg each’ .containing 32 ml of 0.5%

low EEO agarose (Seakem) ' in gel buffer - (technique B, Table

III-1) poured on a'9em x 18em s!’:rlp of Gelbond. Desialated

plasia samples (5 yI) were applied to eight T-mm slots made

lem apart, 2cm  from one long edge of ‘éach gel as shown in

Flgure III-la. Both gels were electrophoresed  three hours

on two lent sets: of el D 1s equipment.

.b. Second run : =) ! B

== A mixture . of 4oml ‘of 0.5% low EEO agarose and-0.3ml of .

‘ant1-ChTn gel buf!‘er (technique B, ' Table III-1) was' poured

on a 20cm x 25cm glass plate at 40°C.and the gel allowed to

set. Both gels from A were carefuny applied face down and

slde by side on r.his plate, 38 ahoqn in  Figure ITI-1b."This
'
plate uas eleccrophoresed 2.5 hours at 500V (95mA to

.atar:) The Gelbond overlays were removéd. wéshed, and

stained as in Technique B, Table III 1.

_To quantify-A *and B variants, A'and ‘B CIE curves were

"..cut fron the stained, dried Gelbond films' and welghed.
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i 4. Rodgers and:Chido antigens. e . [
! . i 3% : ) {.
Rodgers typing was performed in tubes -using serial
dilutions — of = anti-Rg antibody- ~-(provided - by--C.diles,
* Hammersmith Hospital, London -and by R. Berger, Toronto). To
3 two volumes of antibody was added one volume of tést serum.

After five minutes, one yolulé of a 1.5% suspension. of Rg

i positive-.cells . (group. 0) - was  added: The ‘tubes were’ i
% incubated at 37°.C for 45 minutes, the red c_é_lls‘ washed '
| thiee’ times, .dnd . one drop of anti-human 1g&" (Ortho ‘
diagnostics) ‘was qued. T_v‘ha‘ tubes  were centrifuged, .the

cells poured onto a microscope slide, and 'the sgglutination .

read ‘un’der .a.microscope. A control (test serum + ' cells. +

was  judged to be = Rgt; Rg-, or Rg(partial inhibitor) . S K
. ; depending on the inhibition pattern obtained:

1 s “ B
o I . enti-human Ig6) wes.included for each serun tedted. - A serum
]
i
|

Ant1-Rg diluted . 1:64 1:128 - 1:512 - fg type
‘-*Test serum I o8 - s = F«E*’
nr‘ Fre : T T T 7 o
3 o T ¥ 4+ g partial :

bcr;mo: “tfplng vas girCorkad’ Ln.'the swesl way... AutiaOh
{from C. Giles and . R. Bergér) was diluted 1532, 164, and
1:256, A’ _ser\gﬁx Was considered” ‘to' 'be Cht .if 1t mlfy t |
tnnisited’ agglutination and Ch- 17 it d1d ‘mot. inhibit, No : ¥t

_serum’was . found .that-.could - clearly’ be classified  as -\




|
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i
l " For ‘the US' semples only, samples which ‘were phenotyped 4381
I

i 2 waegvinn

oo =0k AR A

Ch(partfal irhibitor) although a small -number.of - samples

5 could mot be definitely typed. K N
‘ 5. Protocol for Cl-typingthe ‘samples
{ 2. Samples ‘were run.as fanilies (for BS, - LA, -WC; “and MV
? o samplea) or ‘in random: orﬂer (WP and, *¥S samples).
P b Each phendiype was recorded for -each sample as 4t vas
t - read. rrnm\she ):late. s B Wkl \ e s e )
i

.c. For. each nmple pqssessing both A alnd B .variants, a

. \ qualitutive_ 1mpreulon of . the rela“tive 5 conc’entrat‘ion was
i noted, for example, A heavy, B weak. o B

d. Phenocypes for each family: were entered on 1its pedisr'ee

- ‘and C‘A genohypes were. assigued as complntely as possivle.

were ‘subjected to.crossed Lmumelectmphoresis wben A381
was the only pheriotype 1in (:he fa.uy.
. Entry or-founder haplotypes u:re deduced for each- fa-ily

and’ stored in a computerized hapmtype file (Datatrieve). - o
: N p

6. Analysis of CA4 family material
; Cl phenotype  frequencies were dq_bermir;ed ‘by . direct

-cuunﬁin; of  all samples typed.. Haploéy‘pe frequencies :were . :
) i

2 vdete}mineQ by direct counbing_‘frbm“ﬂ 1ist of all - entry .

haplotypes .. 1‘n the ' total family naterial. _ Entry hnplotypea“

are founder or, - unrelated haplotypes’ sglec;ed from the

e ﬂmly pedigreea. Gene rrequencleu were estimated dire.ctly .




from entry haplobypes.

¢..Other MHC: antigens : v Pt o

o B he ¥ v
1. Histocompatibility antigens
HLA-A, -B, '=C, and" “DR typing ‘was  performed'by. ‘the - .

»two-’atagﬁ 1ymphocy totoxlcity assay - by the 4nvestigators ‘in

whose laboratories the 'blood was- collected. Newfoundland
HLA typing was-performed . in the- tissue .typing ' ‘labogatory

supsbvised by Mr. ‘J. M. Barnard.
; e

A portion of the West Goast (WS):aample's was ”H;A—Ytyped'v

in 1974 accordinz to 1974 standardss— so thaf;' ‘some’ "uplit\s”,

for example, of Bl2; weré not identified. For purposes of

assoclation analyses -these early categories were rétaineg

for all data, e.g. Bl2 contalns all-samples identified ‘as -

B12,"Bik, or Bi5.

|
. \

| 2. Gomplement Fictor 2,

Variants of  the Second component’ of 'comp1emem: were.
Hypéd ‘anaobatng o the methed af Mgé et Al (1377). Typing
was perforned in the laboratory. of m;.‘w.' H, Marshall’ and
the date n;ade available to ‘me. " Serun proteétns, - were

separated by isoelectric. focusing in the pH range 4 to . 8 on
A s

‘. thin-layer polyacrylanide slabs: C2 bands . Were developed By

the - zymogram .method, -with ‘functional’ haemolytic- overiay




- 02-1* was‘ used

“eontaining 5.2l ‘1: 55 indubtose - tn . GFD, i 0.35m1 10%

amhacepdcr), and

“{nmunofixation’ lectrophcresls. mms typing “wais” per!‘or-med'h

'1n the labor’stcry of. DI'. \B. Llraen aceording to che methﬂd

. zone- elee&u‘nphcresl A

‘identifiéd s combinations of" four alleli¢ patterns,. s, F,

Serisitized eryehébcytes (heaf: 1nacc1vated rabbit

ml C?-deficienf: human serum, Cé P & )

Variants ‘ were "1deéntified “ds. combinations - of .’ three '

A,alle 1e pabberne, 02*1 ‘c2*2; and CZ‘QO The. deslgnation - £, e

o dqscribe,cne haplocype found- 1n: ramnes yail v

technlque of

cf Alper et  aly (1969) Serum p!‘ﬂteins were separateﬂ by‘

Irf barbifal ' buffer. BF  bands’: were

dsveloped byv overlayins .the ;preparation ' with' . goat

anu-mccnz;_"'a ‘(Atlantic - Antibodies). - Variants were

4. ‘Analyses of extended: haplotype data

Complete haplotypes weré. derived by:dpplylng HLA, ©2,

‘and.BF-“ddta | to: pedigree sheets conbaining Ck=haplotyped -

individuals.

“ Tyo-way i associatlons = between all  pairs’ -of 'HLA<B, 2
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il ,(a+b)(c+d)(a+_g)(mar)_*‘“' Wit T Yabds 1
correction) ) el e A
i 11. p'= (&b l(c+d)l(a+c)l(b+d)| g

Wher‘e

B

N‘lﬂlblcldl (FlshEl’ s exact tes“

he approprlata 2 x 2"

a,b, ,a are the ceus of

(b): Delta standard method -

i ndes
'(1978). and. Grange, et al-(‘lQB_l)., Sm

':oca; haplotypes Cesteﬁ for both

Yaleulations  vere suggested by Dausset et al.

ot Delta = "Pab - Pa x Pb .

1v. Sbnndard daltx _=' be.=. B Py (,\ I

where

.. Dmax

v. For poai&ive{mluea of delta, Db: .
Démax: = (I = .pp) where Pa < Pb a.nd
for, negdtive values of delta, n-

D-max -Pul-x -Bb ) 1 L

Pa’ and ‘Pb .are 'the .observed . frequencies of -’ the




v

nnr.lgen.! (or. alieles; -of for CA, two-locus haplotypes)
_being compared, aner Pab " is:the frequency -With which . they

becur together. S R &

Three—,  four-, - ‘and - five-way assoclaticns . were
. - : 2 & R o, 2
determined by extending. thess formulas (Grange et al.,
1981) “so_that - ?

L. De Pave,.iz - P xPbXPe.i. X Pz

Chp U DaeTEN

Wheré Pa

-Pa x Pb'x 'm.

whers _Fa, Pb, . Pe,...Pz are the frequéncies of ‘the ,ﬂleleu‘

(or for, Ch, two-locus hlplotype!) and Pabe. 18" - the

obsérved frequency of the 3-, A or S-component haplotype.

L e o, 4
D. Quantitation of C4 protein
T - %

Serum Ch . e ons “were ed by the

techyique of single radial Lmunuduruuon (SRID, Mancint,

A 1965) using dommercially prepsred plutea (Behx-ing). The
; ;

mathod was exaotl}' au desnrihed by ths mcmuruccurer.' Three

- dtlutions of ‘a kiown'standard serun (Behring atandurd 30




% 2 3 ) . ~ 81
mg#% G4) and 1:2 dilutions
the wells "of the SRID plate 1in volumes of . 5 wl. The-same

the test sera:were .applied to

volume of & known control (Behring control ~plasma, 25mgh
Ch) wgs dpplied to-every ' second plate. Two determinations

were made for each sample. ] ro
- Pl -

Ring diameters -iWere -measured after 72-hours and Ci ' °

* e
concentrations (mg%) - were calculated from- . standard.

reférence curves. Values™ .for duplicate . samplés were

averaged. : Ly S 5
LA




CHAPTER IV: ' " RESULTS.

. S - ) .
A. Description and ahalyses of CA4 electrophoretic patterns
1. Untreated samples

a. Phenotypic patterns after immunofixation elecbrophor%Ms

.. samples from 520 tndividuals were . CA- -typed | by tech-

“nique A’ ‘(Methods, Table ITI-1), With . thrde comion/. and *six

- ‘rare precipltin patterns betng detected. A seléction . of

thése patterns is shown in Figure IV-1, The common pheno- -’

types ‘consisted of F, with - 3-4 .anodal bands, S with 3-4'
caghodal ba‘nﬂs, and - FS with all 6-8 bands of "' F aria s, The
rare .p!{enntypes consisted of combinations of T or - 6f both
with ‘the ra‘r‘e patterns: 'D,’ I, M, or Sx. Dand T were con—

stdered” to” be allelic to F. D resénbled ¥ but | &1 -binds

"were shil‘ted Blightly toward: the ariode. The bands ‘of I'were

!hifted slightly from F to the'cathode. ‘M was cnnsidered to

toward ‘the anode. Sx. was identical to F

be Bllel‘ic cé‘.s. It l’esembled §-but all b?s were shlfted

t differed in

‘Chido typing.

. ‘Genotypes

Genotypes were assigned’ by applying the ' phenotype
lnfurmatior; to" family - data, nssumlng Y:Wo loei: for CH per

chromosome : - The voccurrence or two null ‘allelés;~die at each
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l
K
1

PHENOTYPES FS ' F 1S’ DS FMS M S FS FS S

GENOTYPES  FS ‘Fsg "lsg" |
2 Fs

FS foS foS foM foM foS FS FS “FS
3 or
. . 130 foM - i
T foM fns B

83

MS g
Ds. ‘Fs f_lLF_uf&F_S

Figure IV-1: Precipitin patterns seén  after immino—

fixatioh ‘electrophoresis of  hepaiinized plasma.  samples.
TIrtérpretations of. phenotypes and genotypes are " given below
the photograph. A

e




: FS/!‘OS if the s r'egion was’ aensel". FS patbel’nﬁ with F ‘and S

“1ilthose familles here tne\

: va
null B.llele ﬂt kahex‘ 1oeus\of o -BB.YI\E =

ehromSsone ‘was ; assuned comton.: Thus lndividuals with - tndF

patter:

were genotyped: ‘Fgo/Fao. Simila-rly maﬁznuals With

“'the's” pa::ern vere genoby ped. ros/ros “'FS. phanotypés eould

be any - one." of, four- genobypea.

A sample vas typed.” PS/Fso u’v, {

‘precipitation in the F !‘eglpn s much denser thai 8, * and

-+ réglons .of roughly equal 1nbsnsity could be Emocyped only

and s segpegaeemcleauy in

other . - family membe}-s. Threer families “are shown dn  Figuré.

LIV2. 70f the 113 unrelatea” people An this’ sample, *only 93

'meaning those in parents or der‘ived from. other founders in

':‘:auldr be, vdet‘initely- genotyl\:ed. The" pro“gor-t_lonak of b

“ution. of . Ch haplotypes is glven ‘In Tablé IV-2.

gonotypes An' these -aré shown in, Table" IV-1.

c. Haplotypes'. o3 :

There were 2'41 entry haplcbypes in this materiiﬂ.,\

gk Taniiys 8o ot the! haplotypes. were’ drawn, not from
¥ o
the founder who was unbyped, but from.the ‘offspring, which.

accounts for the discrepancy between number: of unrélated

people (113) .and number 'of  entry haplotypes. The dlstrib-

d.Ch1dé and ‘Rodgers typing
A1l individualg' who carr‘;.ed the paftez_‘r‘l only iwere,
found to'be Ch-Rg+' and=those with §-or M only were Ch+Rg-. -
a5 . ik “ A

N
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__F—S foS  foS ey sy AT

| d 7' Pigure IV-2: Ch genotypes . of three families typed
by immunofixation electrnphoz‘esis of heparinized
plasnma samples . ¢




'

Table TV-1: 04 g otypes
using untreated. plasma: samples and . technique '
byping ch. varianta.\ A

o 93 unrelated . !,ndxvm'uus IR

'\agnctypei

! B
s =

. Fao/Fso"

£oS/IoS 7
FS/FS 18
“FEp/10S By :
FS/foS 4 .2
. .Fso/FS : 19
FS/DS 5
DS/foS". . 2
' Fs0/foM v 1
'Isc/ras 4.
Fs £
FSD/FSX or FSO/fDSx 1
Total . - v
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‘Ind;»vniuals with “§S, Y, 1S} .ea DS ‘wex\e Ch+Rg+J he, Sx(

vsrlant gavé precipitin vands’ i -the region but was Ecund 4

" on'a- cm 4 v(st) \haplo:ype.

was' therefore  ai unusual =

W‘l’re'rrsample: posiciv-e ‘for-’ thé D ‘vnz‘iaﬁ& were typed

unng runcncnu haenolybic.  ‘overlay, - no ~sample. tes'ted had

bands; of - 'haemolysis “in the D r-egian. 'I‘hus_ 1t 'is“-ev’id'ent ¥
\that _this D gene ’pmduqu sppeabs tq be ' non. funcbional
“wardiant, : : :

Neuraminidase—treated samples: - o P ey -

The lettérs A and Have “used ;népe name -vartants

“observéd by immunul‘ixation electrophoresia or desialscad/
;samples .inorder. to distinguish, [patterds obtslned by this'

mebhod from thnse seen uaing nabive C‘l “and " to fﬂcilitabe

comparison wlch other 1nveshigatnrs \mir\g r.hia mechnd.

“ Phenotyplc patterns after 1mmunor1xat1'on exeqtnpnore‘éi ]
£l . . % HEkR . *

A1l ' ‘samples typed . by “technique.-A were retyped after

" meuraminidase treatnent (rechhxqixe B, “Table TII-1)" and

additionsl 1337 samples were typed Typical 'pacténn!

‘talned ‘by this method consisc of = six to nme immunopre-

, cipitln bands spréad over a distance of appmxlmataly 2-30m”

on " the gel. Te - pattern most : fréquently. ‘seen ha | three

anodal ‘A bands. and three cathodal B bands . (Figure 1y:3,
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Figire IV-3i-Some of the Ch ‘phenotypic patterns seen/ after
imunafixation electrophores, desialized . plasia

s
“samples. Phenotypes . are givén. directly 'below: the phote-
. 'graphs , and suggested gere products to .the”left. .and right

of the pnotogrnpha. CH4A -products are allelic’ as are CiB

products’. :
* A and B patterns. cannot-be distinguished




o Forr,“‘; dif}ergnt ~p'h’eno’typ11‘:l gatg@% ne?-'e—ﬂdig:‘t’ingu_i‘s‘hed'
“4nithe . 1857 _satiples. téat‘ed in’ ‘this study.
these is‘glven e Flgure V-3, ables 3
aistribution”

% 1duan

A'selection . of".

of. phe types obbaineﬁ ‘l‘ram a_'ll the lndi

e
1n: a1

“rafe . some . ocourrif

(1). P8

uombinat j.cns

niisplac\ed "4 gma

(Figur

15 usuauy seen,’ hich,‘ 1n 5o

; distlngulsh i'r-om Ad (Flgux‘e IV-Z, )17, #22, #23;, ﬁ‘2‘l<)
‘e AL or B3 mz) “ana AT o B (ry: #ak

3 when eomblned wuh cthers, 51ve

_cpmp;exr ‘baniding  patterns

ko whi-ch are occasionully blurrad

tagether are-not ulways.

tth: A3 and A2
_Adentical Sometines 'the obitbination gives a ek A3.£irst
“ban (#32)," sometines the ‘reverss, (427, #33)’,_\&“:1» sonetimies ¥
’bo o) are relatlvely equal (M, #28, .429)

- (4v)s" A3BL - henotypie -patteris znrrep 1n the. relative




e .3 £y
Table IV-3: Ch phenotypes “in 1857 samples from-

. material,” typed by technique B:

the family !

7 o .

Yy . PS LA MS .MV WC. WP - Total

~ A3A2B1 21

. A2B2BL . :
A4A2B2B1 < 2

, A3B2
A}lAsB3Bz

A
+ AQOB3B1

Phenotype ..

Frequency

A3B1 249 64 279°°31 278 100"

23 38 5
A4A3B2B1 27
A3BQO

5
4
A3A2B2B1 3
A4A3B2 T

2

tors
@
-

A]AEBSB!
A3A2B3

AbA2BY ey
ALA3A2BY
AUBLB2" -

e
o=
=5
oW
3 B
=15

[

A6A2B2B1
A4AZBUBY - °,
A6A3ARBL

B!

AQOB2 -
Not :yptue 439

0. 0‘658

1.000°

Total 479 113 523 50 494 198 1857




B,
intensity of A and B regions. (Flgure IV-4):
b. The:gene' products

The patterrs described here appear- o be. combinatiuns

of Bllelic gene products of bwc h)ci. A-locus products are

anodal and similar ‘in position to A3, B-locus products are ~

cathédal' and Blmilsr to Bl Thie .distinction is ' not
pet!’ect, however, since a . few products, varticularly Al and
B3, A7 and BY, have bandin; positions = directly hetween A3
and Bl: In these .caees electrophoretic position cnnnob .:be

ha in ‘assigning’ .the letters A.or B and’ other criteria

must be used (see.below):.

: : XA Trumn LER
The gene produéts -are. 1llustrated . schematically in

Flguré \IV-5.  Each product usually shows three précipitin

bands of -which  the fir‘sr (anodal or upper) * stdins ' most

heavily..In some :runs, only the ‘f1rst. band 18 seen.

1. Produpts of the A 160u8

A3 . is most  commonly - -seen. Sampig #2 in Figure .IV—3‘

shows A3' alohe - and sample #6 shows this variant combinéd '

with Bl:

~ Al 18 shown in Figure IV-3, sample #22. The first band
1tes anodal to the,first A3 band by approximately one-half

position (one-half the distance between first and second A3

bands).

A6 has three bands such that the second band-of A6 is

Just - anodal to the first .band of Al —'I'Qe first ?shd of " A3’
)




'0::":::8
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Figure IV-I: Different A3B1 'patterns. observed 1in
a single -family: Possible. genotypes based on
different —staining. intensities .are given on the
pedigree. ' Phenotypes . .are  shown.-  below . the
photograph.
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5 ; 5, Sies
1lies directly between bands two and three of A6 (Figure
IV-3, 47, #8, #9). 5

A2°1s Gathodal ‘to A3,.4ts’ £irst band - lying just shead
of the second A3 band (Figure IV-3,. 410, #31). The.second

ami fthird bands of A2 are rarely discinguiahed clearly.

A7 1s identical in posibion to BU. MR o P

Al is identical dn"position’ to B3. =
AQ0. 15 the designation for the ' null llele. -Individ-
vals, with rio observable A’ patterns are. . assuigd: to be

homozygous AQQ/AQ0. - S

1i. Products of the B locus

Bl 1is the most ‘common. It  'has three bands ‘cathodal to

A3. Sample #1'in Figﬁre IV-3"shows Bl - alone ~&nd it 1is com- .

' bined with A3 in samples #3, #5, and #6: . 5
) B2 1s one full position anodal to ‘Bl so’ that -the
éecond. band of B2' overlaps the ‘first band.of Bl  (Figure
V-3, 411, #22,. #28). -
B3 1s - identical. to~ Al. There are occasionally three
‘bands with the first lying slightly cathodal to the third
band of A3 (Figure IV-3, #12) but the first' band is usually

the only one clearly distinguished (#16).

BY is identical to A7. The first band of this variant,'%.

usually the only one seen, is slightly _anodal to- the-third
‘band of A3, (Figure IV-3, nr, #2h)., d 3
BQO 15 the symbol’ for the' mull ailele ‘ana individuals

with no B patterns are assumed to be BQD/BQO.




6. Genotypes

" Genetypes, .wete assigned. using pedigrée information and

‘the two previously stated ‘assumptions, that there are twq

looi . per | chromosorie for, CH, and' that & null allele (AQO,

. BQO) 1s common - &t one locus or the othéé bub very rare -at

.difficult $o assign.” These are (1) .families in which A3B1,

both. . . %

The four . families in  Figures TV-6 to IV-9 Nlustrate

“how segrégation patterns ‘were interpreted.  Phenotypes are
‘ given underneath ‘the samples. Genotypes, aré. shown on the

pedigrees. The letters ‘a, 'b,”  ¢;’ d,, etey refer to - enn-y' or’

founde!‘ haplotypes de!‘ived from éach family. 5

.. There were three - situations where _genotypes ' were

~ : . 4 .
was. .the only"- phenotype, (i1} [‘amille’s with  the . rare
patbe‘!‘hs AL or B3, . or AT. or Bh,. and (111) famllies\ with

_either A3 and A2 or B0 .ana B3 together. |

@

; 1, Familtes in which A3B1 was the. only phenptype

‘Many fanilies were not -informative for either A3 or

"Bl, that is,’ tHese geneb .products were wnot -paired with

other ‘easily identifiable allelic ‘products in’ any indivi-

dual 1in _the ' family. . Assignment - of ~genotypes ' in. these

- individuals was ' difficult. since their genotypes - could be

any “one’ of. rive haplotyplé Nzémmnauons, Aéal/Aam,

AQOSI/A3BQO A3BQO/A351' AQ(}El/ 1, ‘and 1AQOBQO/A3B1. The

last of these was nuc considered since AQOBQ) was' .assumed
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‘Figure IV- ramtly which 1ldstrates segregation of
“the CU haplotypes ALB2 and AQOB1.. Entry  or: founder
haplotypes. are designated -'a, b, c, and d. Phenotypes

are: given beneath the photographs: |
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.Figure . IV-7:- ,A family which  illustrates

segregation of ’'the ' Ci- haplotypes  -A6Bl, AQOBL,"

A4B2, and A3Bl. Entry haplotypes.-are .designated
a,* b, c, and d. Phenotypes are given.below  the
photograph. . d
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Figure Iv-8: A family .- which 1llustrates
, segregation of the Ci haplotypes. AQOBI and - A4BA.
Entry haplotypes are indicated. as &, ' b, c, and d.

_Phenotypes are given below the photogiaph.
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it * Figure IV-9: . A family. ' which 1illustrates
ol : segregation of -the CA. haplotypes A3Bl, A2B2, ‘and *

i AQOBl. ' Entry haplotypes are designated &, b, ¢,
and d. Phenotypes are.given below the photograph.
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to be very rare: " ! % e

'l‘wo criteria Were. considered in distinguishihg AQOB1/,
A3B1 .and ASBQU/ABBI !‘r‘om A3BQO/AQOB1 and A3B17A3B1, namely,

o tmmunot 1xatton place, and «the ~results of crossedg, immuno-

\electraphoresis. e
BN A .

A qualitative impression of the relative concentration-

of ~A\<’md B immunoprecipitins: as 1fldicated -, by. staining

che z‘elahive inté/iities “of ‘the .A and. B patterns” 'on the .-

. intensity on i innunofixed pla.te, S aé recorded with each o

plrenotype. If-the A-and, B cumponents of the ABBI pat‘.ts!‘n
were equal the -genotype " was 1initially Judged to be’

" A3B17A3B1 or A3BQO/AQUB1; 16 A3 was heavier the genotype

was Judged to be ABBQO/ABBI, ~Af Bl was heayier the pattern:

wé\s judged AQOB1/A3Bl. - Individuals’ with‘ known A3BQO/A3BL

and AQOB]/ABBI usually’ . showed - these uneven staining

-  patterns. ‘Sometimes they .did

not. For 'this reason, and

‘because | A381/A3B1 and < AQQB1/A3BQ0 - could: not be dsting-

o eventually adopted- in asslgnlng genotypes. In fanilies

where' the stainfng pabterns’ were  not supported by the
| existence ‘of \ASBQO o6 AQUBL - tn informative _combinations,
. the A381' phenotype as, - genotyped A3¥B1%/AINBIN. " Where the

"alleles .at one locus were clearly .seen to segregate, -but

uished - by. any ' medrs, a - “conservative" approach. was

v

not * the. ‘alleles at.. the " other, maivmuals were | typed

A3¥B1/A3%B1 or: A3B1%*/A3B1¥%, etc. In'all: cases, the: asterisk

means’ or null'". - .

¥




“eventually recorded as A3*B1*. s %y

“eurve’ was. caretully excised ang wetghed:

e
- Figure -IV-4 shows such a; » family.. There are no definite
A3BQD or AQOBI lndlvlduals. The pedigree above- the ' figure

ahta, o the" Anterpustatisn. 4t ik pheriotype, ~made by

. comparing intensities of - the. ‘A and .B patterns. -All were

An ‘attempt - was'madé ‘both to ‘quantify these quali-:

tative. impreséioixs of, gene; ‘dcse ‘and to fuither “investigate:

the assumption chat the relatlve amounts of A and'B imlnuno-

precipitins in’a” senple indicates™ thie number ofih. and B -
‘genes present. Samples’ were: separaced by" créssed inmuno~

* electrophoresis - (CIE) on Gelbond: fnm, and; in . order to’

estimate the  area under the A and B Gurves  obtalfied, each

¢ thé' relative ‘size.of the A and B curves obtained
‘from-a sample *after CIE reflects the rumber. of  structural
genes presenr,, “then orie: would:expect to . dbtain,: in-a large
sample; “three clusfers of individuals. One cluster would’

‘contain 3-gene individuals, Aéoax/a‘sm, With -ALB T cirve

¢ ratfos of spproximately 0.5. A second * eluster’ would Anclude

the 2+ and L\-gene fmdividuals, AQOB17A3BQO . and- A3B1/A3Bl,

" with -A:B curve ratios.- of approximately 1.0 and - the third

‘ would * contain ; 3-gene individuals, ABBQO/Aiﬂl, with KB,

curve ratios of epprokimacely B0

Ten control . samplesy phenotyped A3Bl . were sub,]-eccedf

to. CIE, .and replicated once. o

plate, and twice on a second ‘plate. The' mean |

.the same electrophoretic :

B ratios for i




_the'ten samples were 1.002 and 1.067 on plate 1, and .1.068.
5 : é

and 1.025 on' plate 2. An analysis-of variance was performed
using the A:B ra.blo,.as . the dependent. var%ab‘lle agalnst the
" irigependenit. " vartavies: “sample (), same’ plate replication’
(r{),and_ aifferent, plate replication -(B): . The results are S
" glven tn'Table’ IV-U.. The ‘column on ‘the rignt of this taple
gives the standard deviation between,individuals (0.69) and:
ok o within 1nd1v1duals . 13). “The. latter figure .can. be. taken

as - b tiiate ot che error. of the . mdtnod,  which ' 1s

’appmximately 10%.. The. between—individual variatlon 18-
high, al: 0. 69 or approximately 66%, Which 15 to b expevted
" 1r the . ten' A3BI. samples ﬂ\c_luded Individials ~with i3

-
ratios-of 0.5,.1.0, and.2.0.

iy One " ‘hundred . fifty-four  samples from. MS famuies: 5 i
showiiig the A3B1 phenotype only. were subjected, b0 CIE:

: Figure :IV-10  shows . the' distribution of A

eurve | ratios
77 obtained. Tt can be seem that ‘the rhnge of -ratlos is from

'0.15 0" 3.0 with two very high ratios at'4.35 and. 5.75. The

=7 154 individuals do not all have the :'same or similar -'A:Bj

i " oubve ratids since, ‘if] this were a normal distribution ‘with

a ' mean . of - approximately 1.0 and standard deviation due  to |

experimental error only, the valies would range'fron 0.67 -
1.33 (+ 037 'S.Ds taken ‘as 0:11)." “The between-subJects

stsndard deviation for this distribution 18 0. 69.- as in the

caxﬂ:z‘ols. The . distribution 1is. therefore posltively Bkewed-

and ot syn\metrical around ‘d. fiean of 1.0+’




Z4: Analysis of (ablance’ of theiB Curve: ratios
Obtained by .crossed immunéelectrophoresis.: from 0 CM*A3Bl
samples using .-the' independent variables':'s.

“plate replication (n), and different plate re 1ication. (P). :

Stm- of -df
squares

Within samplss
Places @)
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_plasma

B curve ratios obtalned
of 154 "A3B1

Distribution of C
‘crossed immunoelectrophoresis

JIv-10

from
éamples.

Figure
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Fifty-nine of the 154 samples tested had A:B ratios of

1.0 +. 20% (+ 2 ~SD, taking experimental error only), 17
;amples had ratios - of 0.5 + 20%,-and 11 samples had ratios
of 2.0°#% .20%. In othdr words, there were 67 of 154 samples
with.A:B ratios somewhere between 0.5 and 1.0, l‘.ﬂ and 2.0,
and * above. 2.0. ‘In' -addition, 59."of 154 samples had A:B
. ratlos of approximately ' 1.0 ‘and ~cou1§ therefore. possess

elther - two or four Cl genes..Since such a - large proportion

(B2%) could .not be categorized with ‘certainty. by this |
. technique, "conservative" ' genotypes (i.e. * = "or null") ? l

¢ were retained for ali non-informative samples. " ' % A

] Both' Al or B3.and - A7 - or Bi, have electrophorétic

positions intermediate to "A3. and Bl, with Al or B3 .lying .

Just ‘cathodal’ b0 &7 or BA Since position  cannot Be ussd” inm

i
r «" 11. Famflies with the rare variants Al or B3 and A7 or Bl
1 .assigning: these to. A or'B, catégories,. three.other criteria

e - ey I :
Werg - considered,. namely, .’ other &llelic . variants::in .‘the
family, results of - Chido and Rodgers. typing, and results of - i

;i B functional haemolyfic: overlay. S ¥

Other allelic variants in the family:

- " . 1In phenotypes where there.are already two'A- or two B
gene products, these variants have beén typed. A or ' B-based
H E K on the assumption of one' A and one.B gene per.chromosome. ©

" In ‘practice,! thesé . variants have been’ seén either. in 4 Y

phenctypes  where there ‘ aré. already | two. identifiable A -

genes,

Or in - phenotypes- -which. are non-informative (one A




Results of Chido and Rodger$ typing:
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and one B'gene)..'No family. his-been .seen  in  which -

assignment of A (AL, A7) ‘is the ‘only !pessible interpret-

ation,. but there are two Tamilies where AT or B4 -must be BY

i : oy ¥ E
and -‘three where “Al 'or B3 must be. B3. In all other

*instarices, these - variants could be interpreted either way. -

[The variants were assigned the letter - B (B3, B4). 'in  all

haplotypes, - although' .assignment: to the \B 'series’ for: a

number ‘of’ th

e must ‘be considered tentative.

Table ' IV-5 shows the Rodgers “typing results of 144"

Cli<genotyped individuals informative for Rg antigen. A6,
sh/. A3y . and A2.carry 'Rg antigenic  determinants, .whereas
samples ‘typed AQD/AQD are Rg-. Thirteen 1:ndi‘v1du_als, ‘typed
Re (partfal’ inhibitor); are 'A3; A2, o both (seé 111 below,
. 112):° No individuals  were observed . with ‘AT or Bi “who
were 1nrcr_n\atlvevfdri Rg. - One individual h;as Al or ?3~ in
cobination ‘with . RQ0 . and Bli This - incividual’ 18 Re-
suggesting | that the’ pattern "sl or'B3" in "this. Individual
1§1nrac(::55. " / B

Téble ‘IV-6. shows 'the results of Chids . typing 139

‘Clicgenotyped” 'Individuals who 'are fnformative. for this

"antigen. ‘B variants (B2, 'Bl) carry ‘the ~ Ch antigenic

géterminarts “and indlviduals typed BQO/BQ0‘are Ch:

Ten

in@ividuals . carry. [ 'the’ AT- or ' Bl allelie ' .produet:- in

"combiratton with 'BQO. Of ‘these; "four are.Cht, five ‘are Ch-
‘and one has been’ tested three times  with.' varying:results

elther weakly .or 'moderately® positive. “If A locus - products




!
i g i
g, Table . IV-5: Rodgers typing ' results for C4 ' genotypes
k}_ informative for :-Rodgers antigen. i 3
| ‘Rodgers type, - A Locus/Clr genotype  Nunber Total !
e alleles’ ¢, observed.’ i i
' Re= : AQO/AQD .. - AQUB1/AQOBL.. " 36
} 5 . X ' AQOB1/AQOB2 15
th 2 "' AQOB1/AQOB3 L5 e ~
f : T Ay by
o Pl e BT e AQO/A3" .. KQOB1/A3B1 38 A ;
1 ; AQOBI/A3BI* . 12 :
| . AQOB1/A3BQ0 5
| : AQOBI1/A3B3 3 i
s St AQOB2/A3BL T 1
! AQo/A2 ‘AQOB1/A2B2 i
+ o o AQOB1/A2B1 2
i . ¢ : _."AQUBI/AZB2BI¥ . 1
e B o *"AQO/AY AQOBl/ANB2. " © 10
' S s o [Selly AQO/A6 AQOB1/A6B1 -3 B
4 - o ) : Yoy IS
' .Rg(part) " AQ0/A3 . AQUB1/A3BQD [
L e i AQD/A3A2 - AQOBI/A3A23Q0° 3
- B v AQOB2/A3A2B2* .- 1 .
. ik, 13-
‘ . Total TR P N 144 i
| .
¥ - i
» |
J ; vy |5 &
§ W g .




‘Table - TV-6:

chidg

typing results

informative for Chido antigen.

109

for <k genotypes '

Chida type

B-locus
alleles

Ch genotype

Number Total
observed

Ch=

rvéh(papc)ﬂv

3Q0/BQ0

-Boo/BY

BQO/B3

N BDO/PI

"BQd/B 2

BQO/B3

* BQO/BY

BQO/B2B1

BQO/B3,
BQO/BY. .

A3BQO/A3BQO
‘A3BQO/A2BQO
A3BQO/A3A2BQO
A3BQO/ALBY
A3BQO/A2B3
A3BQO/A3B3 .

A3BQO/A3*B1
A3BQO/A3B1
- A3BQO/AQOB1 -
A3BQO/A2B1
A2BQO/A2BY
A2BQO/A3BL
A342BQO/A3B1
A3%A2BQO/A3B1

, A3¥A2BQO/ALRY -

-AZBQO/AZ'B?$1

©A3BQO7A3]

AS'AZBQO/AAEA

16,/

Vg
wo

e oy e o o R

Total

139
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are .the ones which carry the Todgers antigen, and B the

Chido, thén' about half of these AT or Bl products would be

classified as AT, b}}e rest ,a’s B’-(- Thirceen individuals -have
Al C.H‘ B3 combined with BQO. ’l‘hreé are Ch-—,’ elght .C}.H) Jand.
two gave ‘weakly positive results on’ répeated  typings.
Although - Oh’ partial ‘nhibitors. are not-routinely. dentifed
1n’ this leboratory, 14 seems probable - that some -or all.of

these B4 and B3 products. are Ch partial’ inhibitors- ! il

Results of functional haemolytic overlay: ) . :
,Approkimately 100 ‘samplej were retested by ;:his,
P method. Albhough bhe banding patberns cbtalned ax'e‘novﬁ as.,
sharply defined es with imminofixation, aeﬁnu@ regtons. of
haefolysis are seen’ ' (Figure ~'IV-11).° Usmg desialated
samples,: B bands-(B2, Bl) are strongly f\mctlonal whereas A
bands (A6, Ak, A3, A2) -are generally nonfuncr,lonal or very,
weakly's so.’ - This alstinction s not botelly ' reliable
~ ‘howWever, since 'A regions which are non~functional or weakly
furictional ~after - 20 minutes ~Aincubation  sometimes show
blurred. areas of haemolysis.after incubstion for one hour, . !

™ © B bands always develop first and ‘always within 20 minucas.

2 A11 saiples . containing Al ‘of B3 and A7 or Bi which
3¢ were tested.’ showed patberns.of strong haemolysis 1ike k,néwnf
B variants.. Ore Tamily with B3 is- illustrated  in Figure -
IV-11. ‘Imminoprecipitation ,—m’d haemolytic pattex‘nE\ are” -
" included for domparison. Sample #7'and sample #9 have B3

_bogether With .BQD. 'Both are Ch-. The ' B3 s functionai’ in
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IMMUNOFIXATION FUNCTIONAL: .|
. HAEMOLYTIC
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Figure IV—11: A family which illustrates segregation of ‘the
‘ch ~haplotypes A3BQO, A2B3,.and A3B1. CUA gene products’are
non-functional' in' haemolytic .overlay. The B3 variant ' is
Ch-. 'Phenotypes. are given below the. photographs... - E




heemolytic overlay and - 18 most likely a product Of ‘the B .

locus sinee, if 1t'is an A allelic product, individuals f,

'8, and 9 must have three A genes.

On' the basis of fuictional overlay where tested, and

segregation where informative, Al .or B3 ahd A7 or BY

Families with - A3 and” A2 together end Bl ‘and B2

Inatviduals’ with phenobypes containing A3 and A2 'are
418 1cult to interpret. In. some cases’ individuals éan -be
genotyped A3/A2 .since the two products weve clearly seen fo

segregate to different -haplotypes in the family.. One . such

,is fllustratéd in Figurée IV-9. In other families’, A3

- A2 appear ..not to. segregate, . that 1is, there " are -

trated.. in Figures 1V-12 and .IV-13.. In the family  shown in

if they were ‘B-allelic. products. It must be
however, . ; that _all 4ndividuals ~‘with  these

do’ fiot “come  from: families informative for - Ch I’

2

who: appear. fo ~have two A genee on “the same
v .

Two pedigrees with- A3A2 haplot!ﬂ)es are illus—

"Figure IV-12,. individual -#328 with' phenotype’ A3A2B2- has

inherited - haplotype b,  AQOB2, from his mothér. . In- the’

/shown in Figure 1v-13, individual #245"  nas. given

e, 13A2800; . to two” daughters. and @ son. The

©(#217) of ‘one .’ daughter also hds A3A28Q0 agd thetr.

#249,,  is homozygous’ A3A2BQ0/A3A2BQ0.

7
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_

a A3BI . [c A4B2 ]

b-AQ0B2 | | d A3A26Q0

@@= [=] [

A3BI »vAQOB2 -
A3AZ2BQO - -A3A2BQO

A

f/ -
L= L P
4 .-\,afii!i's\a,
)h:’:);a P >p B>
N = o REa - )

Figure -IV-12: A family Whidh 111uq\ﬂ'atea segregabicn of - the
ol haplotypes: A3Bl, AQOB2, 2, and -A3A2BQQ, . Entry
haplotypes are dealgnated a;: b, c, and d. Phenotypes are
glven below the photograph.
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1 Figure IV-13: A family wihich illustbates: segregation . = ° i
i : of “the Ch " haplotypes A3Bl, AQUBl; A342BQO, and AQOB3. ' i+ . o . w
i

Entry haplotypes .are designated ~'a, b;-cj . d, etew’

5 Phenotypes are given below the photograph.
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‘all are A3A2BQO; - A3A2B1%, or A3A2B?'.

'H:ere *are ‘o’ Tew partla.lly informative - families in

which .a A3A2 haplotype ; though plausivle, Qa.nnat—v&e

.ﬂemonnnted with éel‘tllnty. Xn these cases an miv!dual /

was. essigned the huplar.ype A3‘A2 if his oener hlplotrpe ‘was

known to.contaln 23, and A3A2* 1f the ‘other h-plocype was

'\mown m concun A2. -No A3A2 hnplotype Has, been seen with 2

“démonstrable gene product’ ‘at:’the B locus. In cther words,

-The.evidence: for two B, ‘genes . on. a single haplotype is

ess secure. In mru famtlies ' with Bes) patterns; . the

familtes cannot’ be :.m;upz-s:ed ‘oria _single. B gene. per
chz-ounamne usumpuon unless one ‘hypothesizes, — in’ each
family, s recomblnl t in the MHC reglon. Onl‘y. oh 1s at ali

mromrive. The o4 pat:erns of each fmuly can be Treadily’

a3 mterpreted 1f .. one | assumes that ‘some individuals have &

naplotype containing both B2 and Bl alleles. There are four
of these: haplotype! 4n th!‘ee families. uJ._ four® have the
e HLAZC and -B ulexea. At least:two have the sane DR.

3 ('l'he other  two vers. mt tested). © T'he ped;gree of one of

these ' families = 1 ulutrated in m;uz-e TV All four
putative "double B haplotypes have A2 at the A tooks. &
naplotype was. called. AzB2BIF 1r. 16 yas rmmd enly 1n

“genotypes where the - other haplotype was rkiown to contatn’ B1

. und A2BlBZ' ir- ﬂ: wau roumi only in genotypes Hhex‘e the

othez’ haplotypa was known to’ connin B2. The: family shown

o cAm Figure Iv«u Benuinn tws " 1nd1v1.dualu who, 1r ‘the

A2B2B1 haplotype ‘inta'rprzcaum s’ correct, must  be

/
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. homozygous . A2B2B1/A2B2B1. -

" "complete" haplotypes which can'be:

= CH haplotypes have been obsex'ved

i Haplotypes

From' the six Sources of. .fanily matérial, 1048 foundér

orentry. haplotypes \wefe extracted.: Of ‘these, 603 are

efinitely assignéd a Ch

allele at each of thé two Toci. Fii‘tean different complete

_their  relative’ frequencie! are given ‘in Table T-7. Stx
haplotypss; UA3B1, AQOBL, 'A3BQO, AUBZ, A6B1, AUBN appeared‘

with a frequency greater than 2% and.gecount for 92% of the

total.

“The niddle " e1x - columng of Table IV-T. contain -the

ngmbe s and - rel atlve I‘requencies of hsplotypes observed. in

each of the sauz'ces uf family matex'ial. Cempari‘ng Haplotype

‘. frequencies’ fron’, the four‘ larger’ sources, ¥S,' M3, HC, W,

1t carr be‘seen mau five nf the s1x common’ . haplotypes vary®

n !‘l‘equency rmm one-* soureé “to" another. 454 -of the s
haplotypes are 3351 as” compared to 32% of e 13% of the ¥C
haplotypes ax-e 40081 compared With:20% ‘of “the total. A33Q0

haplotyﬁs constitute 271» of | WC but'10% .of “MS, A6B1. 1s

1ncreased In’ the WC sample with’ 10% as compared_:?» 4% or

the, total.

Thejs‘e frequencies . are distorted -howéver, - as can be

seen' from Table IV—8 gnd Figure I1¥-15.  Table IV-8 shows the

. remairiing 445 haplotypes, observed. Triend are. indefintbs Tup

The humbers observed and .




“ravlel TV~T: Nuribers. and frequencies or oomplete
5

entry” haplor.ypeL observerl An

eurces f

o 5p
ST

210

‘136,21 551 19 .5
e

= 1.0000°




Table 1V-8: Numbers and

"incomplet
material..

)

frequencies’ of partially-typed. or

entry.- haplotypes from six sources of family

140

ol ;CFs 1A MS MY WG WP Total Frequhency

haplotype ) - K .
A3*BL* 5970 3% 10 31 38 12 L3865

A3B1% 36 3730 2. 18 16 103 °i2315

A3%B1 29. 023 5 32°:9 B . 2202

A2B1%* T A R RO RO | %12 0270

A3%83 6.0 Q0 k1 1L Lo2uy

A3%B2 Sy 0 6 070G 10 - 0225

A3¥428q0 2077 0 1.0 10 - o225

A2B2B1% 1,6 4 0171 7 lois7

A3%42B1# 17 -0 2 o 0 b-. 7. L0157

A2#A3BQ0_  0° 0 0 .0 A, 1 5 . lol12

A2B1B2% 0 .0 2.0 ‘0, °F1 .3 0067

A3%B1 0 00 0.2 0 2. 10045

A2B2¥ 00,1 0 0.0 1 . loo22

A3B3% 0 .00 0.7100¢ s . 1.7 70022 )
A¥B2% . 0.0 "Y1 070 0 1 0022 !
A2¥B2B1* ©° 0 0. 0 0™ o 1 L0022

A3%A2B2% 0.0 1 0 0.0 1 loo2z :
> ; e !

&l e s . ] 3
Total 3115 17 96 T4 445 . "1.0000

4
-\) ;




|
] !
o EOMPLETEY L - v INCOMPLETE®
N() . HAPLOTYPE . HAPLOTYPE .~ N(D)
. ~e
18 - - AQOBL %
| 2% ‘a1 W)
89 A3800 103 2
8 A 1
1 AQUB3 1
o T 12
6 _ A2Q0 1 i
87w 3wl
Jig AZB2 7t
3 A3A28Q0: 1
A3*A2BQO. - 10 “
v ~AQOB2 A3AZBLY 7
2 A3B2 A2%A3BQ0 - 5 '
7 AdB2 A 1
E o L
LB A 1
15 AtB4
1 A2y i
63 - 1. UT0TAL (_mas) ; T :

Figure IV15i The pelacmnsnip between, feomplaten
and ' "incomplete" ° haplotypes. - ~Lines . cornect
tncomplete  haplotypeés on the .right with alternate
lnterpretatlons on the'lefts




" have 'been definitely  characterized alnce'}nu(xl‘g

"inc\omplete'{ since - at’legst one allale.in each:«(#)  can be -
alternatively interpreted as-mull..Of the . 445 - -incomplete
naplotypes, . 39%, 23%,. and 22% are A3#BIW, A3BL*, .and A34B1
-respectively. | Seven p?aﬁionyp'eé‘; - A3%A2BQ0, © A3*A2Bi¥,
A2XA3BQO, - A3*AZB2X, A2B2B1¥; A2%B2B1%,  and _ '\AZBVIBE‘,
'accounbing for 8% of the tot’;l‘,. are _'1_1ka1‘y‘ to have two A or

two B genes pe chromosome.

Figure IV-15 shows the . relationship ' bt complete’
"and - incomplete  haplotypes. Tadre < A, “for example; - 118
coipleté -AQUBL ' hapldtypes ‘and '95' incomplete A3*BI, 172°
A3%B1%; ‘and two.A2*Bl: Any “or . all of the latber three . may

be.interpreted  as AQUBL, 1.e. the' true frequency  of Aqom

falls between ' mintmum of '0.113 and'a maximim of 0:372.

Another example 5. 423Q0.: - There -are .only six derinilte A2BGO
haplotypes, vbut‘_‘31 anémplei;e, inoluding *A2BL¥," . AZB2Y, |
A3%A2BQ0, A3%A2B1X, and A3RAZB2Y.. Any of these may - be
A28Q0." - i 5 :

Table "IV-9. combines the ~ddta’ from  Tables IV-7 iand

V-8.. DAL - haplotypes .’ obgerved snd [ their celati‘ve

frequencies in each pnpulatlun sample (FS LA, etc.) and in '

the. total: (1048 haplutypes) are 1isted. Ot che figures

given “for: the fifteen vonfilete: HARlotymes . only four
accurately reflect their true proportions. 4s can’be seen

£rom Flgure IV-15, 25 A6B1, 73 AUBZ, 15 WABU andone A2B3

incomplete haplotypes can be A6BL;. AUBH, or: A2B3.

f

the.
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Table IV-9: Total .04 ‘entry haplotypes dentified in . 1857 . ' i
individuals ' from six-sources of family material. Frequen~
~ _cies for each.source arZ-also shown. . . .| ] o
_"ich 3 e »
. haplotype | FS’ ., LA MS. . MV. ' WC.. . WP, Total )
CA3B1 4911 112 W32 28 236 )
o e W ; 11775, 14583,3060 11111641 71854 ..2252
9 AQOBI g Y U 22 1 10 118 H
" o L1014 2500 1284 .1389°:1128 ;0662 126
Tl A3BQ0: 2831 2=y et | 1g, .89
i M - 0797 3 .0656 .0556 .1385..0795. 0849
CAkBR 5t 1o 2820, % Mg 15 sl 73 y
L LT L6503 S0k, L0BTH: .0833 L0615 10662 .0697 .
A6B1 14 0., 8t 1 0 2 -
car ‘0507 .-0219 0278 20132 ©.0239 3
A4BI He Baln gl we, ot F L al of B 15
B 10109 0137 L0556 .0051.0265 L0143
“nqoB2 1 a0 3 .0 71 3 9
. ©.0036 .0417..0082.° - 20051 .0199 .0086
heBe ! 0 5. "2 1 0 9 ;
.0036 (0137 :0556 0051 .0086
g CazBr o “ ) g Bl 3 8
.0109" T L0103 0132 .0076 .
' £3B3 2 0. 5.0 ot .8 :
L0072 L0137, L0066 .0076
- “A2BQO . gt (Rl P ] 3 6 ]
J ; :0036 L0082 L0132~ 0057
£3a2BQ0 il v 0 w0 e 00 102 eI i
- : N ;. +0051.:0132 .0029
SR R dot 0 0k 20 2.
: RN ! , b il .0019 s
S \. KavE3: 0. 10 0 01 #a0 w1 ot
% v - % . ' 7.0066 .0010 s
1 ; . :
i
| : : ; i
o z
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Table IV-9: continued.

: o
ch &
haplotype Fs L Ms My UWC', WP Total
A2B3 ‘o 0. 1 o o o 1
0027 .0010
A3¥BIX, 59 3410 007310 38 172
L5.2138¢. 10929 .2778 .1590-,2517 J1641
A3B1% 34 ¢ 37300 48l G168 L 703
SO .1232 .1250..0820 .0556 .0923 .1060" : ' .0983:
Cohawml 29 023 s 329 98
o .1051 0628 ..1389 .1641 .0596 40935, .
neB1* & W P 0 3 12 00
Tai B .0145 L0109 .0051..0199 Jo115
A3%B3 s3t.e 0 0 I i A
. - .0217 e 0205 ;0066 £0105
A3z gt g Tig T e ol Do
: T L0145 L0164 +0095
‘A3t 27¢ 0 \'3;/ 10 1 o 10
: 0072 - Vorgdi .. o051, 20095
A2B2B1¥: 1 g 4o e, 1. 7
el .. C.0036° . L0109 .".0051 ;0066 .0067
© A3¥A2B1* ey 0580 (Y05 0 4 7
. 3 .0036- <0055 -0265 .0067
A2%A3BQO ¢ T 0 .0 0.4 1. 5
I S 0205 ,0066 L0048
. A2B1B2¥ S0 .0 2 0 07 w3
“ ¢ .0055 -.770066. . 0029
As*B1. 0y 5e 0,0y e, 2
it ; . S o103
0fn el 0o o
: .0027




124
\
ol # . i
haplotype FS, LA MS MV WO WC Total
Al¥E2¥ ) 0 0 1 "
: . .0010
1 A3%B2B1 0.0 0 T
e e : L0010
A3*A2B2* 0 0 1
e .+0010C
Ll A3B3w 0 0.0 costd” V) 1
KR X L0051 L0010,

: Total

4366 36 --195° " 151

276 . -2 - S
1.000 :1.000 '1.000 1.000.:1,000 1000 -

1048 -
11,000, 4




AU®B2%, can be AUB2.

e. Gene frequencies ®

' The _ frequencies of Ci¥A and CAL%B alleles were obtained
i . by direct . count from the haplotype data. Téble IV-10 shows
a total A-gene count of 1074, which includes 26 extra genes

from haplotypes postulated to have two A genes per haplo- |

type. Of .the total. 42% 1s A3, 12% 1s AQO, ‘ana 20% 1s 43%,

* that ‘15, Ao or 3. No' Kbw and only " seven A2¥ snd one aw

©7 .0 were. cbserved.-The flgures siven, for ‘AU, 6, “and A3

the‘retore be cukan ds rairly. accuraéeu representing

! true frequencies of theue alleles in the sample.

e
Kluven of ‘the. total C4*B altezes ~given : in Table Iv-n
come ‘from- haplotypes posculated te haye two. B geneu per

haplo;ype. The “'most. frequently ‘oceurring B alleles are BI.

“'ana. -BQO with 46% B1, 11% BQO, _and 29% Bi¥} that is; BI' or

BQO. - There-are no BA* and only six B2* ‘and one B3*, so the

frequencies glven for. these alleles (10% B2, 2% B3, ’and
1.4% BI)' can be taken as accurately reflecting their f.rue

f:equencieu 1in the total B&llple.

‘The relntionsh'lp.! between ' A3, AQO, and A3% -alleles, -

and Bebween Bl, <B00; _and BI* slleles, : were examh‘ed to
detgmine if the relative frequem:l:n of A3 and AQ, and ofi.

| S Bl-and. HQD, Gould be used to Bstimste ths propnrtlona of -

o~ these alleles reproaenteﬂ by AS' ‘and 51' From Table,IV—lD

At can be ‘'seen thlt ““7 or 73’ of bh

" 575 known A3 + AQD
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Table IV-10: Frequencies of . ChA alleles cbtaineﬂ by dl!‘ect
count from: entry haplatypes (1 )

Q). Includes alleles from 26°
have two. A ‘alleles- per haplotype

em:ry “haplotypes

Allele - 'FS' LA MS MV WC " WP, TOTAL =
" Ao, 29 23 128,
R .1039 2917 .1330 138 EELUN Jodss P92
[T 0 68
- .0358 ~.090u L0556, oans osus (0633
A3 " ‘107 16 . 8 R T ]
: ~.38%5 L6867 iibo1 202 .u129 ,3797 ©Lu162
R, 118 1, 37 s iy e il - 88
~.0645 0417 098k .13B9 10647 ".0886 L0819 -
A6 14 0 8 10 2 " 25
.0502 ..0213°:0278 . . '.0127 .0233
A% g 0 0 o 6 ey
. . 40299 L0063 L0065
Azt 101 0 310 .
- 43620 Aol 31433 3291 2886 .-
alx 0 0: 0 0 1
. 0087 . .0009
Total: . 279, . 2i; 376 . 36 201 158 . 1074

which ~may




w1

Table IV-11: Frequencies of - C4B allelés ébtained by direct
count from entry .haplotypes. (1) % B ‘ 5

Mrere < ESL. Lat NS UMY WC. L WP " nomak
“Bag SR B B0 DR 33 g L n el
: +0903 :0833740914...0556 L1675 1111 1067
BL L 2207 177 18607 1501 99 w52 L ygg
o . -4332 ,7083 .5269..4167 .4569-.3399 " . .1 L4627
B2 . 22 R A S T T S
0794 . .0833:1398 ,1389°.0812°.0915. ' ' .1048
B3 8 0 6o 4 3 21
. 0289 “U0161. C 0203 L0196 : [ 10198
BY 3750 .5 2 L, Ny 15
- 20I08° 1T L0134 0556 ©0051 .0261 Lo1k2
B1* 99- 3 Th o 12 52 62 . 302
+ 3574 .1250. .1989 .3333 .2640":4052: . .2852 0 | C
pak 0 -0 g el tlg ; g
L0134 { e L0057, ,
B3x T o 0 ‘0 o Lo 5D St by U
sl 0051 ©.0009 - -
: Potal 277 tooeh o 3720 .36 197 (is3 1059; ;.

(1) -‘Inbludes alieles from 11 .entry haplotypes assumed ~.to

have 2 B alleles per haplotype.

~




“alleles ‘are A3 .and 128 or 22% are AQO:

115ted In Table Iv-1h:

‘128

Applying these

proportions o' A3¥ alleles gives 242'A3 “and..68 “AQ0. . The'

estimated frequericies of these genes:,bedome, for A3, MAT +

242 = 689.or 64%, and for AQ0, 128 + 68 = .378 “or 18%. :
Similarly;, one can estimate the frequency of Bl (from-Table..

IV-11) o.be 490+ (4907603 X' 302) = 735 or 69% and of, 3Q0

to.be 113 + (113/603-x 302) = 170 or 16%." .

' These estimates must be treated with caution. however.

Table. IV-12  shows the 'results of chi-square analysis: of

the relative frequencies of '(a) A3, AQD, and A3% and (b)

B1, BQO, . ahd B1* in each of the Sources, sampled. For both. A.-

and B .genes, the proportions of = the  ‘three allelss vary

significantly in' the six series examined.

. ‘
Associations between A and B gené products

Of the'25 - two-gene haplotyplc combinations possitle

“among five A" and five: B allelic variants,  only 14 were

_observed: " Asso¢lations between GU¥A. and CU¥B alleles’ are

glyen in Table. IV-13. Putative . "double" haplotypes were

"treatéd as’ separate categories in this analysis. . ~

are stgnificant ~at the 0.05% léevel. Thirtefn combinations

show - strong ‘negative associations and of these, '10.are

highly 'significant: Significantly assoclated’ ~pairs * are.

a

"No' family was observed -

Nine Haplotypes have high positive delta values which,




Table IV-12: Comparison-of . observed and expected CU¥A. and

C4*B .allele frequencies in the Tive sources. sampled.

_BQO o

ALLELE ‘FS LA Ms M We . owe
Bl: .'0 120 J17 196 © 15 . g0 50
©o7 e 132.11 71191 164460 15,70, Q.75 70.93"

25 2.0 fi3p 0 T o 33
e 30,47 2075 37.96 .0 3:620  2l.
B1* 0" .99 3" 7H. e i 52 62 :
e Blila . T.347 101:45°  9.68- 58.40 43,71

22 304 L 29, L1750 131

17 i
5. 16.36 - .
" 302

TOTAL

490 i

905 -

A3 00107 . 16 173 8¢ B3 g
= ‘e 119.71. 11.62 11}9-51 'l‘d-l’-l 88.39 63.64
A% 6 29 70 s g 23 5 F gy

e. 34:28 - 3.33 42,81 4.05 25.31 18.22
A3% o i01 b e 15 69 520"
: e 83.02. : °8.06 103.68  9.81  61.30. " k.14,
TOTAL “ A :
Fhida

26 2967 28 ~rs 126
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Table : TV-13: Tinkage diséquilibpiuin = values  Ffor CY¥A=" -and
ClL*B-gene " palrs. Number observeé (0), delts . (A x  10*) and
xZare shown for pau-a umber expected » 2, except.

ing
Where Indioatenr AT 12,12 are . significant at the
0.05% level and allx“> re significant ~at the. 5%
levels = - BRI, .

BQO". Bl 'Bz_'BB By ' B1# B2¥% B3* B2Bl Total
2 < e (1) :

A 0h 1189 e oo 0 0 128
A,°=132 4BBO. -3h7 <1 -3u2
Lox20L6. Y 12004 1.0 1.9t " 553 g O
a2 o 6 .89 el g'xo(z) R g
CUA g -132-, -11 :
o 055 el 17l| 0
2367 2 5 103 00710 01 L H3g :
+304° /-393 7 -8 +=192. Cehho” 5
15.6 731 0.0 93 7.5 o bl
0 5(2) 00.-0 0. 0 88

g iy 0 15(
A =91 =390 +514 “+131 * =236
X2 10.2 .Bl.4 -570.7 .15h.2 ~36.0

L TR T R A Ty AT 0 25
A 425 (4128, =23 LUE6T. : Lo L
X2 2.1:. 27.3 1.8 : .86 y K OIS i
A2RTo 0 0 B0 0 B o - 1 £y |
38 67n 0. 9810, a1 g o oo 291 v
"3 -299" 354 Li78 4k 6 +E€2 -yt i mid
X2 U7.2° 2508° 17,6 5.3 4,57 190.4 L bl
ALY 67100 007 20 0.0 ol 0.0 1
A3M2°0 18 0 oo o 0: 0 L 26,

(3) " 4. +145° =115 -24
x2 8 21.3 1.9 .

Total 113 lla7 103 ’, 21" ié 294 37 1T 1LY 1048

(1) Tncludes B2BL* and BIB2%.
- (2) Number expected: <-1.
(3) Includes A3A2, A3%A2, and A2¥A3.




_Table IV-14: ‘Non-randomly e
and CA¥B‘alleles (p < -




5,

" réxample; i‘eflecb these preferred combinabions ,‘ e D

breaks ‘re shoyn : in. Figures V:16. 0" TIV-18: In -all three

. informative, for ca. In both . dases ’ the alleles segregate

bype wa# the -‘only -possible’ interpetation,

haa anj C‘(—dericlsnt individual-been ‘observeds  Theré are:’ * . |

clearly prerepred “haplotypic combitnations AQ@BI" and #38q0/ :
high positive  deltes; -as dﬂes, (toa leusev exterit

on1y in “AUBY and MBZ haplowpes imd A‘a :

AZ A8 partj.eula.rl)(' theresting stnce it oogirs’less 'aften

“tnan

‘hﬂ lotypes, e.g. A28

iy Re'qon\,mpane ‘hapj.ocypes 5 S Lt : 4

Sr GH were'

'“Only four Dlnblnunt f&mllies mform&tl,ve

observed.:. There. wevr'av three mn-n/nm—s recombinant’

haplotypes, and ‘one " HLA<B/HLADR. The families “with A<B ' . < g7

cases ch segrega:es with  the HLA-B segrent of . il chromo-
'156me, away “from HLA-A. Fam1ly 61 (Figuz‘e : IV-16) ‘ is aiso:
informative’ for BF, while tanily 32’ (Figure IV-11) is also

‘wiﬁh G“/H/DR Family 251 (Figure IV—lS) has an }ﬂA—B/Hi;A-DH

l‘ecumbin nt B.nd J1s inrox‘mative for,’ CE Bnd Ch._ Both. of these

‘compleriént | alleles segregate.wlth' the’ DR portion of the '

chromosome.".’
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i FAMILY 22 :
A . : . i y .
A CB BF C2 C4 DR | A C B BF C2 C4 DR
u[s NT 18 S I AQOBI N'I'] c[l NT 22 S 2 A4B4 nr:l
2 N T S 1 A!!!_ NT| |a|27NT 7 s 1 A3BaONT

" : }V
g ; § Tt ACBBFC2C4DR
‘ : . d=c 2 NT22 S 2 A4B4 NT -

(2]
§

[ E Foe Figure IV—17 A fsmily with. a mterr{al recombination between . HLA-A' and
. - HLAEB, Informat:{ve for C2 and.CH. Entry haplotypes-are -designated -a, -b,
e, de o R .

RET™:
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FAMILY 251

I
d-¢c 3 4 355 2

designated a,.b, ¢, d.

A4B2 4 F

= F}u‘s IV-19i A" family 1llustrating. a’, maternal
HLA-B  ‘and’ HLA-DR Informative . for . CA. and -C2.

9ET




v’t’or HLA -BT7; . B8, and Bl2. . BT7-1is mcreased in an fou

combinations 0!' cH haplocypea and HLA-B," -Di

2. Frequencles of other MHG antigens—

Tables IV-15-to IV-18 . ‘show the frequencies- of -the MIC

alleles (except C4) in the various study populations. These.

frequencies ' were determined by direct couat - from- entry
haplotypes. Also shown, for compapison, in.Tables IV-17 ' and

IV-18 are the frequencies. of HLA-B allelés nbt;s,lned from

the pooled data at the 1980 Hisbocompﬂtibility Workshop

(Bauer - and Denilovs, -1980). - It' can be seen " that ' the

frequencies, for. HLA-B 'ane1es 1n_the spidy populations -

‘dirrez- from . the Workshop Caucaaold frequenclea primarily.

of the
larger * study populabions, and moss particularly in the S

population. B8 1§ increased 1A all .four of the larger.’

groups studied, While B2 is more frequent .in the WC group.

The frequencies of BF and C2 variants d not differ marked-

1y from published figures. Only the S populdtion was

completely- typed for HLA-DR. It can be seen  from Table
Iv-18 that DR2, DR3; ‘and DRK appear to be incressed in this
populdtion. - . ’

3. Associations among MHC ‘alleles

Two-way - assoclations -vere |calculated by both chi

square and delta standard methoda for (a) &Ll pairs of

'HLA-B -DR, 'and ' BF and C2 ‘alleles,. and " (b) all pntr-wise

and BF and €2,




Table IV-15: Numbers' and
six study populations.’

frequencies of

Allele FS LA MS. MV WC WP "Total
BF 5.° 199 19 287 .28 .138 70’
.85 383 .82 .78 .TT 80
s1- 20y 0 g 1
01 700 .01, J00 i03 .02 0L -
T F 33 .03 " 59 & 37,32 172
V14 .1_3 W17, J.22 .21 24 .18
RL- a1 2 et e ot
Th 0,00 0k .01 .00 .01..00 Jo01
Total -~ 235, :23:.351 - 36.180 134 959"
1.00

1.00 1.00 1.00 1.00 1,00,.1.00 *

. Table .IV-16: Numbers and. frequénciles of

02, alleles. "

Aliele. . FS LA M3~ MV - WC" WP

- . Total® |

Ca%1¥ (1) 78 a7t 334 - 34177 117 853
; -95°1,00 197 .97 195 .95 . © ...96
cexz v 10 0 1. 179 g .38
¢ .~ ¢05 .00° .03 :.03 -05_ +05: oy
Total 184 -1y 346" 35 186 123 891
: 1,00 1.00°1.00 1.00..1.00 _1.00 _1.00_

" (1) Includes C2¥1 and 1%,
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rable 1v-17 Numbers and. . frequencies *of MLA-B  alleles . in
the = six study populations with North American end European
. Caucasold frequencies glven for . comparison.

SN A

i
: g ? A
f , : CEkrg .
; HLA FS LA - MS uv We WP . Total s NA(?* EUC®
! - '3 0 0" o0 . 7 i o,
% ‘ - 01 <00 . .00- .00 01 .02 .06
3 - x
i 5 20 2 7ol 59,
4 5 e .08 .06 - L04. .08 .06 {06 .09
Ik 37 5.3 g AT e,
B .14 W1y .13‘ 412 ¢ «17 «10...09
‘ 8 39 TR ARV S
| 15 A7 2 w0y I3 G091 w08
l 12 .-0: 42 Cal oo 2wy 30 160 oy E .
§ +16° ".08°7:11 SJ06- .23 19 A6 als W12
13 3 07 2% s T el B 1Y o o 4 5
- .01 .00 .01 03‘\ .01 -.01 W01 «03 1,03 o
| i ‘11 : 2. kw3 TR : 5
) Y .06 1027, .02 ) .05 03!
& B A i G R TR ) 66 S
L : .07 10977406 0B .07 L0606 <
! 16 26 0 j2h% 8, L g I i3y : -
: .02. 400°.03 .06 04 .02« - . .03 . .05 .05 |
‘ AT i5 ~ 0" Vil 1.0 1 28, . y
.06 .00 .03° .03 .00 .01 03 - .09 .0k
o 1w - 9. 2100 13, 50 E S
it ! .03/ .08 05" .00 07 .06 05 77.05 .06 ) i
> 21 170000 B0 0y 13 ’ ]
%00 | .'Op .02 - .00 .00 .03 7 .01 .04 .04
& 22, .. 6 010 1 90" g T pgn e, B g 3
Fenl e ; ©7502 100,037 .03 .01 10.08- 702 03 .03
i ‘ 27 51 et BT 5 gl i gy y I
02 .04 .05 .06 .03.°.05 L0 - .04 g

continued
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Table IV-17: continued.

HIAC S LA MS U MYIWe© WR . TOTAL: NAGK EUCH

35 Lo 20 2708 420 1y
087,08 .08 i1l ..10 .09

1 3. 1

L ULBT L0000 01 b 037 202,01
40 18 a1iiy 18
0,07 0K .06 J03 107 .11

2 B ogota”
.01 .13 --00,.06 .00 .01

0 0 3 0®
400 .00 : .01 .00 . .0T.-.00
3 . §u %

88

08 0,09, d0 Ll

12

Lot ey soa

T2

077 o7 05

I 3
.01 .02.70.0L;

.t
~001, - .03 .03

‘Total 258 20 353 35 193157

1.00. 1.00°1.00 1.00 1.00 1.00

=t PR
1020 - @ R
1.00 71 1.00:1.00

*From Bauer, and Danilovs (1980):
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. Table " 1V-167 Nmbers' ‘and - fréquenties. of HA-DR ‘alleles
observed ‘in M3 family and other - haplotypes. - with North
American  and E.uropean Caucascid frequencies —included for °
i : -cmpamsan. ) T : ] :
- <

"HLA-DR * '’ 'MS - \Other “motal NACH. . EUCH

 Total”

. .
- '® From Bauer -




Ao;

" ‘expected frequericies ) 3.
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"aneles fIn_ ‘addibion; - the calculations elaborated . by

Dausset (1978) e arange of al’ (1962)" yere ‘applicd to"the

complete haplq;ype dnca “to deternine whether ' (c) three-way..
combinations -of !\ CA haplotypes and the -alleles -of the

conplement compenents BE ‘and’ 02, and () .three-, four-, and -

£1vE-way: comblnaticns ‘of C4 haplotypes = and-HLA-B, -DR,. BF

and (2. alleles were “occurring’mors frequently than might ‘be

expected from thelr individual ‘antigen frequencies.

Because' complete haplotype data on’ MHC antigens’ were

riot | available for the total -10i8'haplotypes comsidered i,

this study, the ‘N ‘value, or the number of haplotypes

considered, 15 differens for each calculation, For example,
897 haplotypes were [typed for HLA-B and G2 antigens.and N
15 therefore ‘equal to’897 in caloulating allele and faplo-
type . frequencies . for -B-C2 assoc;'un.nns. 411 - frequency

tablés used for these calculations are given 'tn Appendix 4,

- Tables A=l to A-1T. 'I'able IV-19; ch.is chapter‘, 1s:a guide

to. those rrequency bﬂbles. In addition, 8 ccmplete 1list of

haplotypes s -shown’ ‘in Appendix B. Positive  aid negative

andon associebiions are ‘glven. in Tables ‘IV-20 to 1v-28

in’which N .represents : the 'total haplotypes conis1dered . for

‘eflch . caleulation“and p 1s’ the probability ' obtained by

Fisher!s exact 'test. Positiye’ assodtations. are. ‘shown for

‘o ly thosé haplotypes with - observed rrequencies -3 whéreas

r‘lega,tlve‘ ssocun,m?a are’ -glven for haplotypes _-with




Table IV-19: Guide to ‘the frequency tables im Appendix A.

' MHG alleles @ N Y5 " Appendix table
BFZC2. . 866 A1
B-BF 966 A=2 .
B-C2 # 897 A-30
B=DR 362. -4
DR-BF. ' . 353 - A5
DR-C2 e 33T h=6"
cli( complete)=c2 52T A7
Ci(complete)-BF . . - 584 - 4-8
Ch(complete)-B - 592 - it £=9.
4 (complete)~DR - Dl o Ae10
Ch(total)~BF - 5 008 A1
Cli (total)-C2 i 305* h-12
Ch(total)-DR 368 & L3
Ch(total)-B N 1036 - T
4=B-BF 060 A=15
+".C4=B-BF~02 “ 86y . - L a6
CU—B-BRZC2-DR ._ - "y 33T ey CoaT
N =.the, nimbér . ‘conletely typed £6¢ the ‘slleles' shows and

used for. the apprapriate associauinn calculations.




[

142

a. ‘Twooway -assoclations betweéen. HLAZB, . BF, G2, #nd.: HLA=DR

alleles

Tdble IV-20 ‘shuy;'s high: positive” non-random associat—

ions .obtained by elther the Johi square method (p<.05) or by

F °
the delta standard method

values-are ~glven .in th

table. Prah:fility values scored
with an asterfsk are significant “-aftet! correction for ithe

number - of comparisons made. Fifteer pairs are significently

. 4ssbclated by’ this. latter criterion; - including B1Z {and

DRWT, Bw35 and- DRI, 'BE' -end DRI, and BF*S and DR2: Tre

strongest ‘assoclations are between B3 and BF¥S, BB and DR3, -

512 .and BF#P, BT. and DR2, BL7 and DR7, and Bi22,and C2#2.

Table IV-21 .“shows high negative non-random assoélab—

fond. In 'all’ cases strongly negative assocfations reflect

ositive. associations, fof example, B8 = and BFP,  B7 and

'BF*F, eto. o 3 8

‘b, Two-way associations  betwesn Ci haplotypes and HLASB,

BF, C2, and HLA-DR alleles . :

Associations’ between CU¥A and CY¥B alleles 'within C4

haplotypés- have already been.’ desgribed’ (see Table TV-14).

To ‘calculate -associations - between Ch and the other. MHC

vardants, the ‘two. CA locl were treated s a uwnlt, thus

*‘associations ' between. Cf haplotypes and the - other MHC
“alléles’ ‘have been  determined.. 'Of the 1048 °Cl haplotypes

considered in this study, “only 603 yere. "complete

#Ds)25) | Uncorrested probability

baplo—.




© Table 17-20%" Two-way positive assoclatiqps between HLAS, e
“BF, C2,'and HLA-DR -alleles: where number obeerlled 3. md\._/‘\
% eithex‘ P < «05.0r D+§ > 25%, o * g

“HLA-B BF C2 HLA-DR N, Nd:.'y2 ' ‘'p ':7. o Dk . Disi -
g S CLEP g (x10%) - (D)
7.8 966: 158 115.36:" ;3 x'10-% ¥ 278 .87.17°
S SR T £.966 135 30 71 : 92.59
1281 966 (G 28.29
127 F 966 »71 8 36‘ 36,21 -
R 7966 "1.73 .0 60.63
18 FY 966, s 6726 83.08
22° 'S 9667 .22 1.19° m 57.67
27 8 1966 1.18. . ns 43.81:
35 B - 966 = 32.52 t
3P 966 229,71
7 1 897 58.80: ~
8 Ll 897
15 2 897
22 2 8971 s
5 1362
5 §i 362 7
: 7.0 2 362
A < B 3 362 L1 x 1072
@ 12 7. 362 .3 x 107H ¥ ,
4 1 7. 362 i7-x 1073
1t 1. 362 .09
15 b 362 .3'x 1072
17 7 362 W5 1077 x
‘18 .2 362 in8 5 0
35 o1 362 - L1 x 1070 ¥
o’ k362 018
N 866 B x10-% %
s 5 866 - 4 x'107 3%
F1'1 866 “ns
. S1 I 866 ns
I s 2 .7353 i2 x 1072
'S 3353 021"
s 4 - 353 011 |
4, ! s1 117353 .6.x'1072
F , 1g- 353 S5ox 10730k
¥ i1, 353, STxdo e i
s 2eiZi 337 2020 L
2: 0k [ °33Y ¢ -5 x 1072

comparisons,
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o-way nesative associatiuns bebween HLA-B,

BF,‘CQ, and * HLA-DR alleles whez‘e number: expecﬁed ) 3 and P

*405 0r D=5 3. 2

D=8

BR.c2 HLA-BR "N . Now
) s Z' o

CLEWW R

NE

S EWW R

S =R 0 m® @ aU e, S Gon o o

L2x 11072

4
66,

0o

7l

R R0 00 I EOREHNIHIWAES ©N0W L 1= FW®m

B

e R R Ry
FENOW N AD VW OVUIND 1V

8o ERNOom. e R

F

F. 33 o

81, 2 .
-3 s § 2 i
s 7 53 25" 174
i 2 Hi353.,

I 3:.~'353

¥ v B 353

+'correction for " number -of s
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types, -definitely typed at both.loci. In the remaining 445

" haplotypes, a null allele could mot be excluded: at —one or

both loci. This typlng problem, alahorated 1n Chapte!‘ v,

mainly = involved AQOB1, A3B1, and AQOB1 haplotypes and the

distortion of their frequencifes in the totals. Associations

- between Ch haplotypes .have ‘therefore been. calculatéd in two

ways, (1)'using the freguencies of ‘complete" haplotypes

only{(see Tables A-7 to  A-10, Appendix A),- and (11) using

the fr'equem:ie! of the \:étal "complete"- and “incomplete" C‘)

,,haplotypes (lels!\A-ll to A=14, Appendix A,)'

(1. Using the !‘requencies of "complete" o4 haplotypes only E

" “High positive and negative nuocistions obtained: in
this way are given in Tables IV-22 and IV-23, respectively.
Twenty-two pairs have significant positive associatfons
‘after probability values are .corrected for the number. of

aompa{luonu‘nade, end. the fairly . close . correspondence

* -between chi square and delta standard ‘methods 1s apparent.

Negative assodiations reflect positive associations.
. v

:(£1)) Using the frequencies’ of " all - "complete®  and

"ingbmplete” haplotypes

Non-fandom  essociations  obtained  using - total
C‘l—haplotypu “or . Whacn “appropriate typing data were
avatlable  are’ given in Tables IV-24 and 1V-25. Stnge the

"null ‘allele could: be Gexclpded in ‘most ' rare ;haplotypes,

these . figures are. . likely = to ' accurately regresent

associations between rare. CH haplotypes and. .MHC alleles.

I i




Table IV-22 Two—way posltlva associations between complete
.Cl haplotypes and other MHC. alleles cu

where number of

haplotypes dbserved >'3 and either-.D+s > 251 or p < .05.7"

ch l-LLk BF C2 HLA N No. 2
obs.

P
(xlo )= (%)

592 . 92 -351.5

AQOB1 8
AQOBl. S 584 111 T15.0
AQOBL 1 527,101 T46
AQOB1 -, 3. 2557 41 129.3
aqos2 o R 592° 7 .57.3°
A2BQ0 5 o592 3 16.9
A2BQO R 584 -3 . 9.2
¥ 5
AZB1 s1 584 4 145.5
.-A2B2 1Y 1592 5 120.1
A2B2 sl Th255 % M- (3249
A3BQO 12 592 36 .’55.5 ¢
£3BQO F © 584 33 - hO.T
A3BQO .. F1 - 584 "5, 22.4
FEN 592 71 54.6
_ A3B1 1 527.211 . 17.2
A3B1 2' 0255 46 29.7 -
A3B3 15 592 6! 5.1
383 4. 255 .3 7 7.8
A4B27 15 592" 12.7-13:6
A4B2 . 18 L5927 712 7 16.3
A4B2 s 584 71 .12.7
ALB2 2 527 .22° 89.1
= “A4B2 4 255,714  11.8
A4BY 22 592 12°-289.3
ALBY 2 527 ‘11 129.5
A4BY -~ 255 67
A6B1- 17" 592 18 .279.2
ABB1 R 7 ‘255 10 - 66.8

.9 x 10%% 1194 -B1.6
.7 x:10"%% 248 Th.5
4 x 103* 127 100.0

x

2.x 10%% 1184 (7303

22 x 10 % © 107 .75:9" s

T R TR )

.011 51 70,6

L2 x10% % 6T 65.6

X207 811 61.4

JTox 107 . 14N 78T :
21 x 10710#% 0392 :32.1 I N
3x1070 % 32 27.1

W7 % 1074 % 73 100:0

.9 x 1071 549 55,1

+2 x 1075'* 230 85.9

2 x 107 % T48-'52:9

.1x 105 % 93 73.1

$70%.1072 95 100.0

4 x1073 128 - 23.2

.2 g 10% % 134 26.6

.1 R 10%* 190 91.8°

JUx 10%% 3397 58.1

.5.%x°10°% .. 303 - 30.0

22°x 1077% 7195 79.6 :

12 x.10%2% 1192 -90.6 -
.014 6. 23.9 b

.2 x'102%% 2867 70.8 ! R
W5 x. 107 % 345 89.8

* Significant after correction’ for

see footnote, Table -IV-23.

number of comparisons,’
X 2
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=
v

By .
{ ) - ;
. ; Table' I1V-23: Two-way negative associations between'complete
Ch: ‘haplotypes and other MHC. alleles whéré number of ~ .Ch
haplotypes. expected 1s 3 3 and elther D-s » 25% or p < .05.
‘Ch. ' HLA BF G2 HLA . N No. . .2 K D= . D-s '
-B -DR . obs. e, L(x 10 ) (%)
¥ " < " s ]
! AQOBL - 7" 592, 3 .2 x 10-6%. _273 84,2 2 .
| AQOB1 - 1. 592 3 JHex 107S#- -233.. 82.0 . B
AQOB1 35 592 0 o4 x°1072 ° ~124 100.0
X AQOB1- F 584 4 .9 x 10-5% 228 77.0
i S AQOB1 2 527" °0 <8 x 10-2° =127 100.0
% AQOB1 2 255 2 w1 x 107% =426 (BA.5
k “\ A2BQO s 584 1 .8 x, 10-2 239..70.0
! “ A38Q0 - 8 592" 2 .9 x 10%6%" _ako. 87.6
A3BQO s 584 ug .5 x 1070 " _ho1 32.3
A3Bl 8 7592 13 .9 x 10-l%  _495.7 69,2
A3B1 17 592 2 o4 ox 10-3. 72131 79.4
A3B1 22 3 ‘592 0 <1 x110-2 =119 100.0
A3B1 527 2 +2x 1075% . -230. -85.8
A3B1 it 255 5 25:% 10-%%- -692° 77.9 o -
A4B2 '8 592 1 ¢ J2.x 1075% 202 - 92,2
AlLB2 F 584 1 «3 x 10-4% 167 . 90.8
AlB2 g 1 © 527 4o o4 x 10713 -339 30.9
. AUBY 1. 527 1 129.5 .1 x 107126 _194 91.1
o s " ¥ signiricant  after correstion for n}!mher of comparisons, -
3 L1 B L
for CH '~ HLA-B, p.< .2 x 1072 i
for Ci - BF, p <'.9 x"10-3 + i
for Ch.- C2, p(.zxm? . . x !
for cu-HLA-nR,p<.ux10-




v . s 2 i " 10

Table IV-24: Two—way positive assoclations between complete
and-incomplete G4 haplotypes and- other MHC alleles .where
number observed » 3 and either D+s » 25% or p-< .05. : 5.1

cu’ HLA BFC2 HLA ‘N :No. 2 ~ ‘p
B -DR

~4ix 1079 %7234 - 89.3

D+ " D+s
obs. S (x 10") (%)
AQOB1I . 8 103692 468.1 L4 x 107 %7 5.3 3 :
Y - s 973.,111.18.1 .6 x 1076'* - ‘180 . : o
1'...905 101 4.4 - .6 x 10727 - 52.100.0
3 :368 41 154.2. .8 x 1027% 858 T7h.
=P 1036. . A4 2.7 049 28, 32,6
AQOB2 4o 1036 7 54.6 .3 x 107 % 61 .76.4
A2BQ. 5 1036 .3 1.9 03 x 107 28 7.1
® 973+ 13': 5.67 (018 2k 704 1
A2B1 o 81 973 4131:10 .6 x To-6x ¢ dio 49.2
azB2 1036 .5 '59.6, .3 x 10=5% 45 "60.8
17368, & 19.5  .5x-107%- 95, 77.9. .
A3BQ0. . 12 <1036 36 148.8' .2 x 10°8% 302 41.7
; 18 1036 -11° 10.8 .1'x 1072 65 15.1
Foe 973 ‘33 25.4 .1.x 1075 181 2h.6°. .
g Rl 973 °5 32,4 .3.x 107** 45 B80.5
A3B1, 7 1036° 71 36.6:° .3 x 107%% 300 . 22.5
1 905 211" 7.6 .9 x 1073 86 78.9 s
3 368 36,4 . :2 x 107%% 606 39.6
A383 15 ¢ 1036 © 6-,51.7° .1 x 10°5% 53 73.6
* 1 - 4 368 .37 "8.6 .6 x'103° 67.100.0
ALB2 15 1036 12 11.9.::9°x 10°7% 72 .11.8
; 18 ‘1036 127 22.2 . .4 x 1074x". 8k 19.0
8 97371 1H.9 . .17x -10-°% 134 93.0 .
3 905 ~ 26 185.9 .1 x 102 253 . 5B.9 i
3 4 368 14 13.5 °.3.x.107% 222 31.1 7 i
; 5 . f
AbBY 22 1036 12:356.4 .8 x 1078 113 79.5
A 2 90511 188.7 .6 x 107" 116 '91.3 v
- 368 3 6.6 . 65 .37.5 . |
) : - ’
A6B1 17, "-1036, 18 425.2 - .6 x 1075% 167 T71.1 i
; 68 56.6

continued




Table IV-24: continued.'

‘151

eyt HLA BF.C2 HLA- N * No.. .2 » D+’ pis
: -B ~DR.. ‘. obs. 3 (10*). (%)
"A3A2BQO. . F 37089 5% 10721 26 10040
'A3A2#BQO 35 673737 \5% 10-4% 50 56.0
9-7'31.5 .1'x 10-5% T4 87.0
o ;s Z 5-22.4 .2x 10-3 " 116 .68.3
‘A3AZ¥BQO. 12" : § "11.2 .3:x 1072 31 77.8.
A3%A2BI* 35" T . 5 27.8° L7 x 10-¥% U2 “67.8.
. P 4:713.5, .9 x 1073 34.100.0 -
LA2B1¥ s1 5'143.8 .5 x 10-7 % U9 LS
A3%3. 15 . 8 63.0° .8x107% 69 641
'A2B2B1¥ 14 7°150:4 - .7 x:109%  65.100.0
LElw ] ,_’ v E
* " Signifisant after corréction for  numbers. of comparisons
made, 1.e. ' 1 g : £
for CA - HLA-B; p < .1 x 10-3,
for C4 - BF, p < .4 x-10-3, %
£or Ch - €2, p'< .8 x 10-%, and
for CU - HLA-DR, D < .2 x.10-3.
¢ ¢ E




Table.IV=25: Two-way negative assocldtions betweéen complete
[ and incomplete CH haplotypes and. othér MHC .allelés. where
. number expected ) 3, D-5 » 25%.and p < .05, . -. :

ol HLA BF C2 HLA “N''“No. 2 p*
=] =DR

: D= D-s
‘obs. ; (x 10") (%)
> ) - AL .
AQOBL 7 1036 3" 18.7: .2 x1077
12 1036 3 16.2 .1 x.1075 * 5
- F ©0973 B T17.2 .6 X 106 #
2k . 1 2 °368 -2 10.2 .1 x 10-3#
T .leasBao 87 1036 - 2 12.7. .1 x 40°}
: g : s 973 49 34.2°.3 x 107 » »
A3 8 Y036 13 .15.4 .8 x 105 %
o 3 3685 8.6 .5 x 102
g AkB2 8 10361 8.6 .1 x1073
vt F 973 1 13.0° .4 x 105 *
; 1 905 40 185.9. .1'x 10720% J
~~° “auBy 1 905 1 188.7 .3 x 10Mx. -116 91.3
i A3B1* 8 1036 ‘0. 16.2 .1 x 10™* ' -130 100.0
A3%B1¥ 8 1036 9 11:4° .8 x'10M% 138 61.5 " 1o

* . Significant after correction for ~number of comparisons.
See footmnote, Table Iv-2i. 2 .




. above.

¢. Three-way assogiabinns smopg complement variants:.: CH

For . A3Bl, A’dosi, ‘and _A3BQO  haplotypes, cbmparisons are
necesséry hetween these.results and those given 1in -{1)

i

It can be..seen that nineteen: of ‘the . twenty-two

' ‘'significant ' pairs'ffom ‘the first set of results (Tables

Iv-22 ana “IV-23) are also. significant in -the.second set

(Tables = IV-24h and ~IV-25). An additional seven pairs,

tivolving "incomplete” haplotypes: show positive ‘non<rdridom

ussociatlons when the 1m-5er total is .used.

haplotypés and BF and G2 B

The distribution of Ch haplotypes by .‘BF and C2 is-

. 'shown ‘in Table IV-26, and positive assoclations as judged

by ‘relative ' delta’ values are given in Table IV~27. Except
for A3B1, -A3%BI, -‘and 'A3*B1*, “haplotypes  likely to' be
4dentical are grouped togethér “in thé latter table, ai:d the

calculations .appear to be = identifying up: to = 14 CcU-BPLG2

. combinftions. A por¥ion of the .A3*Bl and Aa'*Blﬁ haplotypes

_Clh-haplotypes -~ containing A4 (A4B2 and. AUBY) are assoclated *

mist be. AQUBL, * which may account for the higher relative’

delta vglués obtained for A3%BL and A3%B1%) combinations
than for A3Bl-S-1. Six combinations give relative deltas of
100%. - THese include the .combinatiohs = containing - both
putative | textra-gene'  Ch-haplotypes, A3A2BQO and - A2B2B1,

and - the' . combinations ' containing AQOB2, a&nd A3B3. Both




- Table Iy-26:

/

Distribution of Cl haplotypes.by

€2 and BF.

C2%1 ‘or C2¥1x

_BF*S .81 F FR BF*S

cox2
S1

F

F1 Total

A3B2
A3%B2B1%
A3B

A3%A2B2%

-

. o . ;
080 000RON000C0000HO0000000000EN

-

0060000005000 000000EE000000000
ES

0000000000000 000000000000WNO0D

00000000 PO0000000000000000000a00

0060006065000 060005050000060060

209
80

e
S
2EEG

so

3 o 5 v B
W00 B3 o 10 1 0 OV R~ U3 ~3 B 00 000 B

76600000600000066000000006000000

_Total.

o
K.
2




Table IV-27: Tree-way - positive  associations - betweem CH
naplotypes and - the an i
observed 33 and Dts ) 25%.4

alleles

.of C2

‘BF, Where: number

Dis(%). -

-ch BF . C2 < Noiobs. D+(x'10*):
CA2BIB2® S .1 3 9.} “100:0
AZB2BI* 5 .1 D _2k 77 100%0
‘n2B2 8k My i 25 16 56.6
A3BL . s 1 172 209 ¢ .32.7
A3BL S0, 1 66 12k 54,2
ABBIY .- 5 1 110 74 (05
TaqoB1 - ns 1 o8 273 88.7
caoB2 s .1 ! 2. 100.0
A3%B2 s a % 6. 10 4814
A6B1 - 8 20. 52 81.3
- A383 8.2 6 18 100.0
A3%B3 8 A 7 12 51.0
A2B1 *.8t %3, 5 i5 49.0
A281% s1 1 5 45 53.0
__ A28Q0 F 1 3 27 713
" a3800 P 30 206 27.7
'A3A2BQ0 F 1 3 29 100.0
A28A3BQ0 P 1 3 27 71.
A3*A28Q0 F - 1 8- 78 1100.0
- A3BQQ (5 5 IO | 3 31 740
. kP2 g ¢ .22 254 59,4 -
. ALBY Sy "B 2 a 128 92.1
- . : ~
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e Three- “fou
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amd rive-wsy

haprlotypes and. HLA=B, BF, cz, and HLA-DR . ¢

{The Fesults. £ro
Table TV-28. The relatively small amount

allowed identification of.

types, damely

HLAZB5 EF#S C2%1 CY*A3B1 -ELA-DRA .

8

15

r s

17

18

22

35

In . adaitio

s
5
8
S
s
8
s
P

n, .

'* associations . that’

identified 1in

(e)

AW
1%
1%
2
1%
1%
2 y:

S

A3BL°

AQOB:

A3B3

B2
A6B1
AlB2

AuBl |

A3*A2:

it ‘can be

a’ num

.above

HLA-B anulgens. These are,
HLA-BIZ BFEF. C2¥1% CU'AZ‘ASEQO

bU
27y
35

4o -

The- C4 haplotypes

kY
s
S
-§

A2%43BQ!

ber

are

1
1

n
L

G and

2+
1 3
[
oy
7
. 2
BQO" . 1

seen  from

'
of complement

assoclations

156

- among .CH

_f.hese calculat_iuns are summarized in
-of ‘HLA-DR data has

only ‘nine five=component . haplo—

the = four-way

combinations

assoclated with " particular

A2B2
A4B2

A3*A2B1X. are

likely to be .




' Table -IV-28:
_HLA-B, BF, C2,

 hree-,
. associations among conplete

157 -

five-way - positive

and
“and “inconplets Ch haplotypes,
. and HLA-DR -alleles -where D+s ) 25%. and
number-of haplor.ypea cbserved > 3.

"HLASB .. CY

BF C2(1) HLA-DK N.' “No. . .Dfs

: S obs.. (%)

. \5 A3B1 LETRY :337.. 6 .30.2

.u 7. . A3B1 B 960 - 68 28.3

4 7 " A3BL B, 864 29.

;T A3BL B ML . 337, 32:7 43,3

8. . "AQOBL . .S 960 - . 91 . 88.8

8 AQOBIL 8. 864" ° 80 .76.2

-8 . "AQOBL §:1 387..7%35' 75.6..

‘12 - A2%A3BQ0 F 960 3 58.6.

12 - A2%A38Q0 P 1 864 37573:2

“an . aze2 s 960 . 5 53.9

14 a282 s¢ 1 864" - .5 5h.5

3 : ~——

14 A282B1* 5 - - 960 7 .°100.0

1 A2B2B1* 8- 1 864 - .7-7100.0

15 4383 s 960 5 69:6

15 a383 81 84 . 5 70.1

15 38 85 1 337 3 7100.0

15 383 8 s 960 5 65.2

15 ~a3#B3 - s 1 864 6730

15, - AWB2: - 8.2 337 ¥ 28,7

17 A6B1 s . 960" - 17 - 73.5-

1T A6B1 8 1 864 14 . 69.2

17 2681 8. -1 337 8 0887

o183 R 864 . ' 5. 825

) 18 A4B2 8.1 337 . 4 35:6
“continued ¥
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|
Table IV-28: continued. X
1 HLA-B_ .- CW ‘B¢ c2 HLA<DR N No. . _D+s
) > - 3 I obs. " (%)
22 R : '960 .12 79.Ts
22 812,70, 864 . 10..:83.5
: it 22 o8 - 337 73 50,0
. 7227 e Bt BT TAR BT
35 7 A3eAZBI* T {960 113 o 73,0 '
35 - A3%A2BIY P01, B6W 3 100,00
; 35 - A3%A2BQO F R 960 v o6t 60,2
[o -0 i 35 7 'A3%ABQO F.. 1 . 864+ .6 -72lh
ks Loy 357 1 A3¥A2BQO P -1 s 337, A 5T42 2
3 Ko AQoB2 T8 - 960° 7 76.1
40 AQOB2 8 1 864 6. 73.6
30 Agihz' 2% 960 3 T2
i T it o Y (1) Includes C2%1 and-C2¥1%. _ 5 ~
0,




g and msunn-dependenc diabetes (DDM) pacunu &

ideritical - to each other and to the haplotypes A3A2BR0 and
A34200. ' Tne CA haplotypes AZB2 and AZB2B1¥ may ‘also -De -
ment_ica-x. No A2B2 MpIQtype came from a.family = in which a
BL ‘allele on ‘the " same -chromosome  could be Cdertntpely
excluded, vhile all AZB2B1% haplotypes  ceme-from families

in'which the possession of two B genes on the same. chromo-

. 8ome ‘was the most likely interpretation. o

1 ” i » .
. CH and/ nthur Mﬁc nllotypes in | multiple sclercsts (Ms)'

1. . “comparison "of . MHC | allotypes  in- MS . and " non-MS
haplotypes e W TS -

g iy rrd - . vE
.. Of the 366 founder or entry haplotypes collected - from

ramilies with one or more-cises.of miltiple sclerosis, 188°

in p and - 162 . in  the patients'
héalthy relatives' but .not in the patients themselves. The
former are referrdd to in. the analyses wiieh' follow a5 MS
haplotypes,  the latter as . non-MS héplotypes. sﬁceen
haplotypes. could not be' designated as MS or ron-NS, ‘either
because a.u memhera of & ra.mily were . not. haplotyped:' or

because there _wes a’. homozygous . ‘parent” and - the two.

"identical" haplotypes’ could not be _distinguished . in- the
children, These sixteen & haplotypes 'were omditted rmm the .

‘analyses’ which will'be déscribed. S8

Table - .IV-29" compares: the dlatribution ~of HLA-B, BF,




gl
!

(' . -Table:

1vi2g: Disbrdbition of WLi-B, A, BF, .02, | HLA-DR 4

allotypes ' obtalned by “-direct,: count  -from - 188 founder:
haplotypes :occurring P patients and from 162 founder!®
haplotypes occurring In; healthy members. ‘of the  same NS
families.. , 45 g

.- HLA<B -

WS honMs b Tl UMS: ron-MS. p Wl

G e 6000 “A3B1 71 41 . .0175 S
-1k N

CHOW R EUTOEN B0

49 1. 25 °  '.005H
27 - 22 li b v
"18.% 2;3 ©0543

i

L0605

..0237 S
.01 7‘

0. £000012
2870657
i

0554
5

tpr probab!lity
= not teated




¢z, and Ch - allotypes in the NS and ‘non-MS: groups. The

Bcrongeat associacion ‘was abserved between MS and. - HLA-DR2

(b = 0.00012), while "HLA-BT was also increased .in -the’

" dlsease group, (o 2=..0.0054) aé, to a lesser extent; was the
T

#~$Y haplotype. A3Bl-.(p

probably ’ distopted somewhat ' by the e‘%’istence;'of partial

0:0175)." The latter association was

haplotypes,-‘A3%B1, A3B1¥, .and A3¥B1*, any or @l1" of which

could'be A3BL. . . Al ;

Umhere  was' also - some percgrbabion in the dlscribution
of ‘other alleles, including a’ decrease of HLA—me \n  the
patient  haplotypes® and a corresponding tnoresid in the

. lHealthy [group (p = -0.0260), an ﬁcrease,or B37 in. the MS
. ‘group (p = 0.0237), and likewise of BYO (p = 0.0187), Of

the ch haplatypeﬂ, only one other besldes " A3Bl = showed. an

unusual discz‘lbucion, putative double B haplotypes, AQBZEI"

and’ AEBLB?‘ were not .observed in the patients o

0.0327). 'Finally, ‘'the proportion of :C2¥2 - allotypes was
roo : : .

“lower in ‘the group of MS-haplotypes:than ‘in the no-MS
group (p =0.0399). wN d

‘ﬂz. The: distribution ‘of ‘CA allelés 4n de non-Ms
. Heplotypes ) e

| Teble ‘IV-30 <shovs. , the number'a of various ﬁdividual'ck :

+alléles in NS and. non-MS baplotypes. A3 %.and- Bl . are

inereased . in? the' MS group and these. differences are

161"




W . Table ‘IV-30: Comparison ‘of  ‘the distribution of 'CA" alleles: . :
- : obtained . 'by ' direct . count:- from 188 ..MS. ' haplotypes
) to that obtained from' 162 non-MS'haplétypes. !

"Gl allele” - MS-haplotypes ' Non-MS haplotypes » !
a3 T R o ¢ = o3
3% 28 : 28 )
AQO 27 21
s A4 18 21
a2 9. 14
5 4 4
302 6 3 ?
‘ s “1ss w2 W
. L& J 7 -
: BL 113 . 82 J018
B1¥ . 25 30
i P | 24 %
Baw o 1
B3 L2 . i
Bl i ~
| : . BQo : g F 0 13
o : B2B1 .\ 0 23 032
" ' " ——— . . ——— " &
1884 .0 162 - K &

|
; ST or W - £ |
3 p =.probability (Fisher's Exact Test) i ‘




.. 3. The proportion of the | conbination B C2t1 BRYS CheA3B1

haplotypes was significantly decreased.-

DR2 in S and non-Ms hap,latypes

"“Thers vere 316 haplotypes 1in the MS family:collection

for ' which typing data were complete for all five . merkers;

172 ‘were NS haplotypes and’ 14 were'. noncMs. Because the

individual allotypes HLA-B7, ~ CU*A3B1; and ' HLA-DR2 _are
increased -in ‘thé ' disease’ -haplotypes, -and. because - the

combination BT C2*1  BF*S CU*A3BL DR2 'is 'likely, by the

criterion  of réelative delta (Tablé: IV-16, p. 137), to'be &

linkage disequilibrium combination, the. proportions of this

combination 1in ‘the MS. and non-M§ totals . weré :compared.’

A3Bl, A3*Bl, A3B1¥, .and A3*B1* are  combined in t?11§
co‘mparison ssince, given the: rarity of known AQUBL and A38Q0
on, B7-S-DR2 haplotypes (1/41 and - 2/41 respectively as  com-
pagvd with “38/41 A3pl), ‘the  1incompléte haplotypes .are

likely "to be' A3Bl. - Tnis particular MHC , combination, "

B7'~1-S-A331‘-DR2; constitutes approximately 174 of | the MS.

haplotypes. as ccmpared to ' approximately 9% of the . group of
non-MS haplotypes (p = 0.0045).

Table IV-31 °shows-the proportions of BT+, A3Bi-, and
DR2-containing haplotypes in the 1;12, MS ‘and 144 non-MS
haplotypes which were cyped for au markers . \gs befure,

(’I‘Bble V- 29)_, all three haplotypes are increased in.-the MS

group, DR2 bemg the 'mOst 'highly significsnt. The A3B1

|




Table -IV-31:  HLA-BT,

Ch*A3B1,

and

occurring in MS and non-MS haplctypes

markers.

HLA-DR2

164

“hapLotypes

typed . for five

G

r HS non-is (1), -
£
Total ‘haplotypes 3
typed for 5'markers 172, 144 ¢
Total BT haplotypes - - 43 25 .0256
. Total A3B1. haplotypes -(2) 93 69 .ougo
-“Total DR2 haplotypes 54 o 000043
Total BT-S—1-A3B1(2)-DR2 30 1 L0045 .
(1) probability (Pisher" s Exdct Tesb) b
(2) AEBI L A3'Hl + AEBI‘ + A3*B1%
5 1
L% ¥
. ‘\/—/‘ L
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A3B1 end

ha?lotypes g&sd in this table include complete.-

incomplete A3%B1, J3B1%, =nd AIBI® haplotypes. Some of
these, ‘particularly non-B7 non-DR2 haplotypes, are  likely
. : t:be A3B® or AQOBl; "hence the difference between HS and
| nmon-NS - 1s lower “than that shown in Table 1V-29, - where

incomplete haplotypes are separated.

gt Finally, the proportions of each of the.total 37,
3 A381, 8nd DR2 haplotypes which were’ 57-5-1 A3B1-DR2 " vere
3 calculated. Taple IV-32 shows.  these reaul\:s. Approxmatexy '
0% of - the s’ B1-hap1ucypes were 5-1-A3B1-DR2 'as cpq.payea
- to 442 of the .nun-MS B7's (p = 0:047). Thirty-two . percent
of ti')e‘ Ms ASBl-haplotype_sr were B7-S-1-DR2 as Acor‘npgreq . to
163 of the non:MS A3BI's (p . = 0.0065). Approximately equal
- 3 proportions (55%) “of MS ‘and non-MS 'DR2-haplotypes nerer_
B7-S-1-A381. Similar calculations were.not ‘performed ’for B
and C2 since almost all B7-A3Bl-DR2 huplotypeu in_both

. Jgroups were BF'S and C2%1. 2 o -

| y 4. cH haplocypu in IDDH rumiliea - Wi b
: Fourteen nuclear ramu es’ with one -case qach of
Juvenile insulin-dependent dlabetes were typed as purt of -

the FS family cunection, glving 55 haplotypes of uh:.ch 28- :

occurred in IDDH patients. Table IV-33 shows the haplotypes
which were observed in these families.. No HLA-DR data were: s
E . available. .It can be seen that.’at jleast nine, IDDN. haple-‘

g, types u'cempau:d to, at -most, "two . nori~-IDDM ﬁlplotypes are

s, o HLA-B8 and ClAQOBL. Furthernore,  fous - DK naplocypesﬂ




. - 1 B 3

Table IV-32 :. HLA-BT BF#*s (2% C‘J"A3BI DR2 haplotypes
expressed as a'proportion-of (1) total B7, (11) total A3BI,
and (1i1i) total DR2 - in MS and non-MS haplotypes. E -

of 2 . ms non-Ms : ; i

Total BY haplotypes ; : i
typed for five markers 43 25
Total B7-S-1-A3B1(1)=DR2 ' 30 11, ; y
27 of ‘total | - : 69.8 4.0 ' x* = 2.204 "
: Y : A'p.= .O0UT -
. Total A3B1(1) Haplotypes \ + , S
typed for five markers, ' - - 93 - -’69
Total B7-S-1-A3B1(1)=DR2 .- 30 1y y
% of -total 32.3 © - 189 X2 = 5.298
. | 7 ~ P = .0065.
3 E = z !
Total DR2 haplotypes . - ¥
typed for five markers . 54

-1-A3B1(1)<DR2 . 30

. Total BT
% of total L 55.6

. G e S T

« (1)°A3B1 4 A3¥BL + A3BI%. + A3¥BL*

'




t

I

: 167 : }
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g Table IV-33: Twenty-eight haplotypes from 14 IDDM patients i
and 27 haplotypes found in- healthy . members  of . IDDM i

* families. o= i L

V. EppMe T .. hon=TpDM

i / HLA-B BF .'(2 c <ot 07 HULA-BBF ‘62 A
) ¥ 8 S - It . AQOBL E . 8 s 1% A3BL
Ve 8.5, 1 “AQoBI . 8,°S ‘1% A3pl
8 8™ 1* .AQOBL = 8 NT.“'NT A3#B1
8 8 NP A3WBL 8 S 1¥ . .AQOB1 ; N
8 'NT . NT. AQUBL o -
7 87ts ‘1% AQOBL 7 F 1% A3B1
8 -5 1 'AQOB1 ;7 NT - ONT© A3BL®
~n 8 % S. 1% AQOBL /7 NT - NT - A3BL¥
8 .S 1 AQBl T NT NT A3*B1* ]
! 8 .5 1% AQOBL
12 NT. NI A3%B1¥® i
5 .75 1% A3BQO 12) .F 1¥. A3l :
5'*. 8.7 1% -A3*B3 12 NT. NT A3B1¥ bt
i~ Y12 . F. NP A3WBL. 15 F . 1% A3B1
12 N NT A3B1* .15 NT ' NT- A3BL*
12. S 1% " A3BQO 15..S 1% ABBI
: 12+ 8 1¥; A3BQO by
. AT 5T 1% ARl
15 NT NT A3%B3 p
15 NT NPT A3B3 .. « 18 NT NT A3Bl
15 .05 -1¢ -A3Bl 18 NT °© NT A3%BL*
’ ’
X 17 8 .2 AIB2 22 F 1* A3BL
.- 170 s 'NT A3B1 22 ¢ A3l
27 NT NP A3B1* e 27 s 1% Ta3B1* "
27 - s 1% A3Bl : : :
’ 35 5 1% AbB2 '
; 7 NT .NTT A3BLF . o 35 F 1% A3BI*
40 57 1¥ - A31B2 ST 3T LR 1% 3Bl
‘b0 s 1% A3BL ; .
4 4o 5. 1% A3¥B3 40 s . 1% A3%1 &
40 NP :-°1¥ A3WB1 < 40 S NTOND -
40° .S NI -A3%B1
= i 40 s .1 A3l
A !
[ Fiy

\
NT = not “tested . ’ 5 ¥




!ndividuals. Two hlylotypes, AQOB1, and A3B§ and A3'B

3 ¢ : . S - 1s8
contain the rare variant -CB3.. This variant did not occur

in the non-IDDM haplotypes. - .

Because of the relatively small number - of ~non-IDDM,

contrcl haplotypes in the

fenilies,: a larger " group .of
rmmder haplotypea was selected froin the ‘healthy uembex.';‘o'r $
the FS colleutlon. In Table IY-B'I, the - diatrlhutlon of C4
mploftypes in*.-the 14 IfDu batiznba 18" eonpared with bhe

dluc:-lbution of 98 ch hapletypea of haalthy, unralated E

combined, “are’incressed in- the - patients, with relatfve ..
risks. of 5.2 and 16.‘_2 respectively. o

dne true ‘frequency .of ' the AQOB1 haplotype . 1s
prohlémyxcnl in  the control ‘group. since & lAl'ge., number of
k3» and Bl alleles could not . ‘be de‘tinieely‘ assigned v(le
A3%*B1; 9 A3B1*, and 32- AJ.BI').‘ ‘The ‘B3 u.lele,‘ on the other

hend, 1s definite .in . all "four haplotypes shown. -This Ch

variant . 1s rare,, occurring in 17 (1.7%) ‘of 1031 non-IDDM

haplotypes’ in .the to‘ta\ family material used for this

study. -

. The uul_u' HLA-B15, BF#S, (241, C4B3 are positively .
assoclated . (Table IV-28); of: 17 ous3 haplotypes  from

- non-IDDM families, 11 nave bhlu hnplo:ype and- two have Bl15

with’ BF and G2 not jested. The remairiing: f‘onr. are all. (201
bt one 1s] BUO BIF*S, one 1s B22 BFRS, one: 15, B37 BFIF, ‘and

' one 1s - B18 BF*F. . Of the four IDDM-CA¥B3 haplotypes, two

are B15 BF%S (2-not tested, ane 1s BAO BFS czu, and _one”




‘Table IV-34: Distribution of -Ci .in 28 haplotypes  from 14

unrelated . juvenile insulin-dependent:.diabetes patients:and’
in 98 hapiotypes from 49 unrelated’members of. non-disease -
femilies. Haplotype frequericies are glven in parentheses: -

¢l haplotype IDDN patiénts ‘Gontrols:

Relative
risk
e eCTeER) 3 1
AQOBL 8 (.2857) T 07110) (1)5.2
A3BQO 3 (.1071), 9 -
4381 5 (.1786) 12 (
——ABBl ——————2-(; 071! g
43*B3 ! 3 (.1071).
A383 1 (.0357)
kB2 1(.0357)
A3*B1 3:(.1071)
A3B1* 1 (.0357)
A3¥B1® 0°(.0000)
A3%B2 -0 (,0000)
AQOB2 "0 (.0000)
AgrA2B1 0 (.0000) -
A3¥B2BI* 0 (.0000)
ALBY <0 (.0Q00)
A2B1* 1'(.0000)
A28Q0: . 0-(.0000)
Total 28 (1.000) ! 98 (1,000)

‘(1) For AQOB1 and IDDH, x2 (with'Yates! coz-recuon) =-7.60,
p= .0Q004 (uncorrected) :or .p'= .006 (corrected- for numbe
of comparigons 17).

(2) For A3B3 + 'A3%B3 and IDDM, x* (with Yates' correctinn),
8, p, = .008 :(uncorrected) or p +056 (corrented for
: number of 'comparisons = 7). 5 N

@,

i
1
{
.
1
|
4
i
b




" 10" B5 BF¥S C2¥1.

.2, Control panel s *

ST
D. Quanqitaticn of serum’ C4

Reliability of the method

Serum. concentrations of C4 protein (mg#) were measured

by ' single x-adxe: imnunodiffusion (SRID) ~ using cgimerctal
he

plates. To test Feliability of this procedure | 1ntra—
,class correlations were dztermined using Cli concencratlona

cbtained from 19 freshly dravm Bm‘] separated serum samples

170"

where —each— determ:lmtmn—wan‘d—lup Tc'§ted on _the same plate
and- froin 31 rcesh serum samples where each determination
was  duplicated:- on''a . différent plate. The 1ntra-clas=

correlation -coefficient (pj) -obtained’ for the int-raplate

comparison was 0.995'and for the interplate comparison was .°

0.933.] Thus. within - and between plate errors can be ‘nuken as
'0.5% and 6.7% ‘r‘especnveu, ‘Which values are within the 15%

allowable error suggested hy the manufacturer.

7 Fourteen volunteers from’ the- laboratory staff were
bled on the - same day each week ''for six weeks and on the

Same ' day. each month for. the following four months.' Minor

1llriesses reported by - the volunteers were recorded.. Samples

‘were divided 1nto three  aliquots and two aliquots .were

“stored at -70°c. Sez-um cu 1ons'were determined ‘on




: «
a fresh aliquot of each sample on the day of bleeding. To

| test for the effect of storege;’ determinations were
repeated on a ust ur aamplea stex‘ed at -70° six nonths
from "the first day of bleeding, and on - a-second set of

samples-stored at -70°C-nine- nt from the first saimpling
day. To test for the éffect of handling, samples collected
rrom the eleven  panel membez-z on'-a.’ single Bampllng date
. (Jan 6) were retested a!‘ter being thawed und frnzen rifteen

: clmes, cver a two—day perlod.

Pigure IV-20 shows' the ct;inpl@me'nc "prcnles for the

“inat; 1duals . sampled: For each individual, three . sets. ‘of

‘deterpinations are given, . fresh, stored up .to 81x months;

and : ‘stored - up: to: - fine ‘months. The. CH  concentrations’.

*‘obtained Trom ‘the samples = which had-been repeatedly thawed

and frozen are given In Table IV-35.

Table IV-36 shows the mean CH and standard deviation

for ‘the total sample of all- individuals at - each sampling.

“date. (up to 14 individuals/sample). Table  IV-37 shows the

mean C4 and ‘standard deviation for each individuzl over-the -

._aii-'gb_ntﬁ sampling period’ (up-to 11 samples/individual).

s % ) . R
¥ AL inﬂividuals were: not aa.mplad on eazhb day. Two
.dropped oit of. the group before the .end . (JR, LY) Five

individuala were Absenb I'rom work ‘and misaed a single

sampling dsy. Pmu- or these reporbed minnr ulnesae

data were complete 'for seven mdivldualu unly. Table IV~38

shows the  mean Of  conce ona, ‘and standard e

_Thus -




k Figure IV-20: Complement proﬂle

(mn/ll?orrgl):

_months. from the first samplir

3

5.8

5.8 8

SERUM 'C4. ‘CONCENTRATION

10 1 Ve
T 35 20 5 6 1o T % ®
NG TN MR 0 e OO Bent R :
e T “DATE SAMPLED TR SRR

of 14 he‘a

volunteers
Samples’, tested

se.mpled over: a . six-<month “period
fresh: (-----), ‘Samples tested

a Samples. tquced
after’ storage nt =70° C nine . months“frofe- the. rirsb snnpl.lng

date,.

torage *at ~70% *Cs1x,
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Table TV_35: CU concentrations . (sg¥) of the -same . serum . -
dat iample tesbed freshand after being frozen, and thawed 15
! 1mes . :

Sample * .. } , [ Frésh Frozen snd thawe;l ¢
e e . . T

2
w
W EW WS W W

om0 = Honn

|
J . ; ’s S ; s

B o o TR o e BT Y S 2

o : ! SR T "




j Table 1V-36: Means ‘and . standard . deviations of ' serum ‘Ch
E _ . concentration (mg%) -for &11.. individuals at each .-sampling
4 x date over'a six-month.period.

i -

i

- R =
Date N(1) Fresh - _ 6 months(2). 9 months(3)
- ;- -Sampled 2 [ i v g 2
% s:d.) s.d. X .eld.
Jan'5 12 41,0 12,4 41.4.° 15,1 4.0
| Jan 13 14 43.2 . 15.5, 41.9 ° ~116.8 48.5
« Jan 20 14 42,1 - :13.8 41.8° 15.0 46,0
Jan 27 13 © 43,5 19.7 41.1 "1b.o - TA7.0
X, 5 Feb 3 /1 (4) #2.7.0 14.7 Jh2.h 1545 45.3
" Feb 10 14(5) 42,7 16.7 4r.7 165 - 4b.9
Feb 17" 43.8° -18.3 40.3  14.6 47.0
Mar 20 13- °50.1.21.2 - 43.9-15.7° 1'50.2
Apr 15 1 bas5 o 16.8 40.7 -+ 13.8 - B7.1
t May 15 10 45.6 19:3 44,6 16.7 48.Y
] June 16 © 11 . .#49.1. "15.2° ', 45.9 15.5- 54.0
b _‘
“ / (1) Number of ‘samples considered.
|

(2) Samples .stored at:--70°C 6 month.! from first . sampling
day. . )

(3) " 'samples stored .at -70 °C- 9 months from first sampling vl
a % g ° i

= 12'for fresh samples.. . .
“N = 11 For fresh samples: i L |




Table TV-37: Means .and standard devidtions of -serum, CAV %
concentrations (mg#) of @11 samples from each  individusl
sampled over a six—month period. S

>
Sample 'N(1)' 'Fresh 6 months(2) | * 9 .months(3) .
TR s.al & sal Rl Tmaa) :
Ly 8 o 45iBY 16:2 Y 380 10 13.0
EL 9 35.3 4.6 ".°31.0 5 5.2
LS 1 37.8 6.0 37.8 4 el
vs 10384200 36,5 ¢ 2 2.3 i
‘BL . 11 oLk 230 & AT ] 5.8
an 1 .733,8: 543 32,7 3 b3
SB 10 31.9" ° 2.2 R 29.5 £ 4.7
JB 1 B5.1 307 436 2 =) :
PH C4) 62.7 . 5.9 62.4 Te5 i
HG 11(5) 90.4  10.1° 82,4 5.7 !
W 1 1078y 39.6 . %5 8.0 .
@s 10 " 3.5, 7000, W26 6 718
AT 11 48.1 4.9 47.8 b b3 b
JRCf.T9 25037 1.7 ek 2 1ol 0
(1) Number: of“samples considered " '
(2) Samples -stored st ~70% 6 noths’ from the first sampl- | .
n g i
@) Samples ‘stored at =70°C. 9 months from the £irst sampl- - f
1ing day. a g e i
(k) 8 samples ‘only for fresh, sBmples.
(5) 9 samples only at 6 montha ,
i ; .
!
‘ - - ..




Date tested - Sample name K x
LS - Vs BL -.JM JB WM . AT

Jan 5 ' 38.4h 39.6 140.8 35.8 42.2 32.4 47.6 39.5
Jul =70 - 39.6. 43.2 40.8 ¢32.8 U45.2° 3 50.0 _40:9
Oct -~70° 46.8 “4l.2 39.6 34.4 46.8 35.6 51.2° " 42.2
Jan 13 F. 384 37.2 448 294 50.0 “WN.0 hd.0 1.l
Jul' =70% 38.4 32.8 39.6 28.0°.45.2 U45.2° 146.8  39.4
Oct -=70° - B5.2 39.6" U5.2 . 38,1 50.0 ‘51.2" 52.8 “Bl:6
Jan 20 F 28.6. 37.2 40:0 34.0. 46.27.44.0 40.6. -38.7
Jul . +70° "' 28.4 36.8 38.4 30.4.°46.8 45.2 51.2 . 39.6
Oct ' ~70° * 38.4 38.4 k2.8 32.0 A7.6 4l.2 5l.2 W.T
Jan 27 Fn' 35.0-39.2,° 40.6 31.0 40.6 40.6 ‘yy.s 388
Jul =70°%  3h.k 36.8' 38.4 32.0 41.6 38.4 146.8 38.3
Oct” ~70° .39.6° 39.6- 38.4 '32.8" 46.8 k2.4 50.0 B}
Feb'3 F. ' 31.2 39.2 1.2 3702 38.0 39.2 49:2 39.h ..
Jul £70° 34.4:.35.6° 38.4 344 39.6 38.4 42.8 " 37.7 -
Oct [-70° '36.8 38.4 2.4 34.4 45.2 - 38.4 45.2 - 40.1
“reb 10 F 0 35.0.36.4 . 40.6 32.6 43.2 35.6 52,4

Jul '-70° 38.4 36.8 3B.4, 35.6 U45.2, 34.4 46

Oct ~=70%. 42.4° 34.4 U45.2° :32.0° 46.8 36.8 47.6

Reb 17.F 40.0 0.0 40.0° 30.0 "W 35.2..51.4
Jul-~70° ' 38.4 38.4 "35.6 32.0 ' 41.6 36.8° 47.6

Oct -70° k2.8 '39.6 141.6 32.8. 47.6 3B.4 51.2

Mar 50 B 4776 N0.6 42.6  h1.2 7.6 U3.0 49.2

Jul =70° 42.8 '35.6 38.4 36.8 U46.836.8 U7.6

Oct '=70% '46.8 35.6 .42.8  40.8 U47.6 '36.8 49.2

Apr 15 F 35.2 40.6 37.6 39:2 .48.4 k0.6 44.8

Jul -70° 33.6 36.8 35.6, 36.8 -41.6 39.6 46.8

Oct' -70° 38.4 39.6 41.2 38.4. 47.6 39.6 47.6

May 15 F_ -37.6 34.4#35.6 27.6 ‘45.6 46.8 58.4

Jul 2709 © B1.2 32.8 34.4 28.8 142.8.50.0 57.6

Oct =-70° 41.2°39.6 36.8 26 8 47.6°-54.4.60.8

Jun 16 F 48.4 .37.6° 40.6 3u.o 44.8 39.2 u6.2 .5
Jul -70°  39.6.35.6 36.8 32.0 42.8 36.8 H41.2 ' 37.8'
Oct, -70° 51.2, h2.4 D5.2 38.4 50.0 k2.8 56.2 16,6

Table,  IV-38: Serum Cl - concentrations (mg%) in fresh ' and

stored  (~70°C) samples from seven individuals samp¥ed over
a sig¥month period.

e
X 37.8,38.4-40.4 33.8 45.1 40.1° 48.1 7 40.5
X Jul —70 +37.8 36.5 37.7.32.7 43.6:39.6 47.8 39.6
ich- 42.7 39.0 419 '33.8 47.6 H4l.6 5l.2 42.5

178




I S

obtained’ for, the seven indlviduals at each sampling dace,
and  for essh’ ihdividual over the  six-month period or 11

sampling dates. : =

~—t

. G phenotypes of the - control panel are given in Table

IV-39. B

In  order - to examine, 'the . effect -of’'storage on .Ci

concentration, each value obtained s scored according.. to

weeks _in the:’freezer . (0 = 47 weeks) and ananalysis of

covariance : by multiple regression yad ‘berformed * in which "
" serum o4 coficentration (mg%) was ‘the ' dependent viriable and
date ssmp]ed -and- ~weeks ' in bhe ﬂ‘eezsx‘.wel‘e indepéndent

variables. Sample vilues used in fhis snalysis cade from *

those. seVen indfviduals for whon the data. were . complete

(Table | TV-38). Me results - or the a.nalysis dre” given 1in

Table . IV-4G. Between-individual.’ variation.. accounts ‘For

; . Y 3
approximatély 58% of. the total  variance (sum of _sguares/

total sum of squares  x 100); Neither date’ sampled nor weeks

:frozen nor the. . interaction  betwéen these variables - are’

scétis_«ucall’y sign\].}f‘icnht sources ‘of variation. Weeks

frozen accounts, for 0.8% of total variance. wee)e/ frozen’
-

plus date sampled accounts Jifor t approximately’ 1. NS

Apprqximately 4o% or the ‘variance.is resiuual, or rot due

to. the variables tésted here.

The following: observations .are made from these data: .’

(a). Individual.variation

It can be seen from Figure IV-20 and from Tables’IV—3f




14 members” of the control panel.

V-39 Mean 0} concentrations and " CHY phetiotypes for |

uj R 4 :
“Sample . . Mean serun CU (mg%) -

X"t S.D.

LboEihbuw =0 o

HEIEOUIWN ENN SR

T 7
(1) es -

p. 182)




. 3
! s % 4 e R (RIS Ty 5
" . ' 4 5 A 5181 ol
iy R SR .
" ) : : el e
_Table’ TV-M0. Analysis ~Of covariance for - indIvigual Ch “ <
concentrations where  the indspendenb variables are date
ssanpled and- the number. of ieeks ST0%C. 4, : -
e ¥ sources of " sum 6f o Caf . Yl Mean e
io TR UL variatton - o squares ¢l square -
3 5 < &5 S S i .
Between'. i il L, g £ S |
1ndlvlduala ;. 5098.01 6 . <BUILETT V.
Within P oA . u? e
individuals. . - 3656.49. 224 - - i
Date (D) 50.95. - .1 50,95 . 14720 >.05
error . 177,98 6 29.66
Weeks frozen. (W) 70.12" 1 70,120 ..3.82" 7>, 05
error 110,04 . 6 18.34 i
; Dx W ) 1.14 (RS v U >.05
error. ¢ . 326,26 209 15.53 !
Total 875051 - 2300,
i : R e 1 &
af = degrees of freedom g B : N 2 v Ve
; = probability . S !
. p g .




_and 1VL33 that 11 of the 1} individuals

concentrations. between ' 30-50 | mgh. One -

" “consistently lower (JR, x = 25.3 '+ 1.7 "mg%, fresh) and -tus

“ingividuals were 'consistently higher -at 60-70"mgg (PH) ~and

90-110 mg# (HG). These latter indlviduals gave. -téchnical

problems. Using 1:

‘dtluttons ‘for ' these - samples, their CH

) ~
levels wefe -above -the range of .accuracy of the referénce i

curve.” Corcentration -values glven: .for - ' these'  samplés,
determined’ fresh and 1in - July (6 ménths). are therefore
estimates only. For the -final ldetermingtacns (Gesober; 9
months ) l{_G was di]_utei‘i 1:8 and éﬂ 1:4, which gave 'readings
‘within * the.' accuracy ‘range of . the . reference ‘curve. The

October  curves are therefore 1fkely to: Be accurate.

(59 witnin-tnalvidual ve between-1naividual variation

The ‘analysis . of variance  results  in Table IV-ko
indicate  that -variation. between -individuals accounts for
" 58% Lof | the. total ' vaitands, - u  ooupmrel s within-
individual variatién, glven -in - Ehls analysis as sampling
dalte, whidh aceunts fof ‘omly: [0.5%. “The . seven individuals.
inclided - in ‘this analysis, however, did not . repors 1llness

during the sampling pefiod.

Table IV-37 shows 'the mean. Cl concentration for each’.
panel member over the entire sampling perlod. :Table IV-36
shows the mean Cl concentation of .al? individuals fested.
for each ‘SARPLINE devi Stantara  Bewsavicns for, the ‘former |,

range from approximately.. k. - '16% of means (except LY at




the :ampllng period, are’ censidered S

8 f il
'pprcximaw}ay 30%).. Standard deviﬂtions'fﬂr “the. 1am4,r

rangé from( dpproximate

30 = U5% of  means:  Thus the
V&Piﬂtion in cl levels in a “single 1ndiv1dual ovez‘ timé is:
st111 mar,k‘ed y less’ than variabiun a.muhg 1ndividugls: when

a1l 1nd1viduals, inoluding those reporting 11Thess during
4

-

: L My ‘ .
(c)x Et‘l‘ec‘ of ;11nes§ sl i :

o Iv-20. ’I'hqee indiv‘i.duals “réported rlu

caiise of ‘ulness. These lllnesses are tndidated. in Figure

Four | people hissed their, pre—designated ssmpling be

nttackm m each of

""tneae‘(yﬂ 6S; E) ‘there 15 & moderste elevationin cl

'.<d). Bffect of heniling ;

ievels - o the fext. sampling dabe::: One 1nd1v1dua1,(Ly)
‘ Ling:

reporced "sbr-e throat" which was confirmed by.a physicien

and: by cultuz;e. "‘his 1nd1'v1dua1" showed  an approximately a

two-fold increase of ‘serum O on. the next sampling date.,‘

Vﬂlues obtained " from. stored, samples which hﬂd been
thawed and. frozen 15 tines were not significantly ‘aifferent .
from - those obtatned . from  fregh or'. stored -only samples

e - L5 g

(Table TVi35). ’ Rk R

(e).  Effect of storage v 3
Length - of ' storage accounts..for” a relatively: small
proportion '6f the .variation' seen :in' the. samples; ’ as

indicated by the data predented | in Tables ‘Ivﬁg'é'and 1v-4o

Dirferencds are generally sma_ll and.within the srror lof the
method .(taken as a maximim of } 1.51). The valnes ‘obtatned 1n

| . i
i

|5 s




FETR

the lest set r’of‘readmg's are generally somawhat nigher than ' .

Eay 9 those rrom obtained £ Pom Eamples tested- fresh’”and i July

huc this ditrereuce £ unllke

:
& L darice s g6 example, an mdividual sample takan'In June ‘and’;
i * tesbed 1n’ October was stor‘ed apprcximately 16 weeks, where— |

"o a5 Ta ssmple takan 1n Jangary and tesced An July was s;oreé

appraxlmately 26 Wegks . Te ldgntly hrgher October read-

R - thgo are-more_ priobably due to .2 smeli ‘bystematic, error

o

Yot ‘mr.z-nduaed lnbp ‘the ‘testing prccedure

m;/ the,‘necassity ‘of

! . vusingld naw bateh of scandard sera ro{ t:he ocmber z-eaa- 2

Yl T ings. Thislierrorils Qkely” to accoum; Fop a pmportion of!

the. renaual variande: 1naicam)d inTaple’ TVEAG.

3. The e!‘f-ecc or age,. 5ex anq/or multiple gclé osis. on’ s

ey serun Ch, concem:ration

e t:ect;niqua of rdial /immunadlf[usjan was used to

neasure serun G4 concentratlons of all sal es trom the MS

family ébilecpion stored, at_<7d0c;; and these ~data’ yere used’

to sssess: the effect of age, [sex, and.the disease on “levels

+ - of“serun Ch. From che total tested, 122 completely unrelat-

5’ fndividuals,’ o possefsing two] eritry MHC-haplotypes,

ere: selected. - This group contatned: 53 males anapsg’.«‘

i’ém es. The mea‘n age of che group was 585 + 106, years

¢ “and 21 individuals ‘had . mu ti‘pla salercsts: The mean cu :

. Goncentration was 4519 £13.9 mef. .

o 1‘e e sumniar'izes the  redultsi-of an” analysis  of




“Table ' IV=AI: Analysis of - .covariance :for: serum . Cl
concentration [ (mg#) using ‘the variables  age, . sex, and
C.disease status,. in 2 completely wirelated *individuals
+', from ‘the MS ; tsmil_y maté\%i)ﬂ. . e

Suux‘ce of variatibn “Sum of 7 ar Mean F
squares . savare ]

Age (A

Dlsease status (D) = with or without NS
i{,s. = not signircan :

1,17

sex  (8) 12.39
Disease status (D) 225.01

x L 79.00
AxD 117.32
8:x:D 193.98
A% xD 124,57,
Error:. s 196.94

.3 Total” -23371.38° 121 Rk %




covariance by miltiple regression using serus Ch (ng#) as
the _dependent variable, and the ~indépendent varisbles. age,

sex, and disedse status. .It . can be seén -that ne variable
alone, mor any ‘interaction among variables,. significantly

affects the level of Ae:{m .

Wner, * the - ahalysis was repeatest using < larger samle
(n=195) containing an’ addicioml 737 mdtvidulla with -
enn-y 'haplobype, e sharing “dhe: napiothpe nzn{ ohe _other

i tnaty1dual:

on; serum

-t e érréct.of - m

© trati

_Forty of ':-h- 122 'mrei;fed mdivi_dlulu cons1dered
" above  had ok hnplot‘.ypes f!“m whigk- a nill allele could ot
- be excluded at one ‘or both loct: The ranalning 82 posseaud
two conmeeely-:yped o mplotypes. The gemcypes of  this-

Astter  group were'used to categorize. them. u two-,. three-,

“orfour-gene [individusls in the rauoum; manner : s
two-gene mdividunls = AQUBI/BBQO Aoosz/moaz, ete.
" thres-gene indj.vidua.lu Aam/Aqum ARBZ/A3BQO,
four-gene 1natviduals -.Aas_m;m, AUB2/AEB1, efic.. '

. of flie 82 inaividuals -consider

42 had three cu-genea. and'32:nad four: chguu. here ‘were




[
of w_covartance
n (ws!) using ' the variables. age, gex, . a
disease status, for 195 -Unrelated and_ partially related (1
{ndividuals fr'om the' NS Tamily, materi o

~ halysis . “fops

“Sun’ of
squares

Age.(h)
Sex (8). E G,
»'Disease :status (D)
%.8., " 2
AXD 3
ST R

A x8%x D
Error’

‘n.s. = no';

(L) T8 1ndividua1= \with one entry haplocype, hare one sidn e
“haplotype with _one, other  individual the sample ‘and) 122
With.We entry haplotypes. - i e




S0 aria-the o mean Ci concentration was 45.2 + 14.4 mgh.

The results of a nulcip}e regression maxysu using
serum concéntration /s the dependent varable and
.lncludlng number of - CH genes as m‘magpen'éanc variable,
are given in Table I
- " ) .'ugmncam‘ Source \Scua:mn (F = 13.9, p < .001)
5 accounting for 15.9R\ef the ‘total variance (sum of

squarea/tt?c\l suri of squares X wﬁ).

V-43." Number of genes alone 1is.the only

When ‘the _ analysis was - repeated using a larger. aample

(N=127) which included an additionsl 45 individuals with
. one’other individual fn the group, the -same result, “was

“number ‘of *CH genea‘slgn lcangly affects . the level of serum
< on. ; iy 2

L85 Dnmparluon 5{ !erum cy 1Evels in HHC—identical and MH!

non-identical niblingu

" 1t serun Ch concentratiom réflects, to some degree,

Vthe ‘number. of Cl 'genes an . mdividunl wussaes. then the

“levels of serum CA _m Cli-identigal (and- MHC-identical)
ts‘ibl’if\gs ar_zduld be more similar than in. CH-different (and
! '!‘ll-lc.—d'ifrerént) siblings. To test this hypdthesis, #iro
; gro\ms‘uf gibling‘pairg were,éagcted !‘r-om”the Msrfsinui»ea.

Group I contained 192 sib-pairs, the membérs of each pair

sharing both MHC haplotypes (HLA-A, -B, DR, and : C2, CH,

. . oné ‘entry haplgkype - only; i.e: sharing one h=p18eype withi. ®

‘obtained. (Table IV-44). Of the variables tested, only the -
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“fable 1IV-43: Analysis of covariance table for serum G
concentration (mg%)" using the variables. age, sex, disease

number . .of Ch..genes, in 82 ‘competely unrelated
individuals from the MS family materl‘nl.

Source of variation - Sum'of - df Mean JEL
squares square N
- 3
Age (A) L 23 53 1 23.53 0.12
Sex (§) . 1 0.50 © 0.00
- Disease 'status (D) 399-05 1 99.05 2.09
. No. of genes (G) .. 2651.32 1 - 2651.32 13.90
AxS B 185.26 1 " ¢85.26 - 0.97
A xD 392.37 1, .392.37.° 2.06
‘A x G 40.72 1 ho.72" ‘o.21
8. x.D B 6.68 1 .68 0.04
S.x G 21.53 1 21.53 0.11
Dxa - 260.19 1 260.19. 1.36
Ax 8:xD 105.81 1 105.81 - 0.55
AxSxG # 0.00 I 0.000 0 0.00 s
AxDxG-" 0.00 1 0.00 . 0.00
SxDxG 43.23 1. 7443.23. - 0.23..%" nis.
Ax:8xDXxG : 0.00 1 0. 0.00
Error. 12588.69 66 190.74
Total i 16689.68" . 81 R ¥ 5

Disease stabus (D) = with or without MS
.n.s. = not signi!‘icant




i E % Sy - e e

‘Table = IV-b4: Analysis of  covartance for .serum Ch

concengration (mg%) using the variables age, . sex, disease.
i e status, and number of genes, of 127 unrelated and.partially
related(1) -individuals from the MS family material.
Source, of variation Sum of . df - Mean. .- F -, p o
o squares . square . o
i LR -
& ,
Age (A) e 15.26 1 15.26 . 0.07
Sex (8 2 4,55, . 1. kis5- 0 0.02 .
Disease status (D) 147.7H° 417 " 147.70° ° “0.75
No. of genes (G) . 3669.37 ° 1¢" 3669.37 ~18.70
AxS i 60.22 - 1 22 0.31
AxD. »' 519,49 ° 1. 519.49 2.65
AXxG 5. 1 5.35  0.03
® S xD 10.71 1 10,71 - 0,05
R v kw3 o1 44,43 . 0.23 -
D x @ ; 253.19 - 1. 253,19 - '1.29 |
AxSxD 135.69 - 1 135.63. : 0.69
H © AxSxa@ 0.00 .1 0.00  0.00 4
i _—"_ AxDxG 39:34 1 39.34 . 0.20 .
§xDx@ 188.27 . 1 188277 0.76
i AXSxDxG ¢ 0.00 .1 0.00  0.00
4 Error .7 21783.64 111 196.25
i B
44 Total - 26764.19° 126

Disease ‘status = with or without MS
n.s. = not significant

(1) 45 individuals with one éntry haplotype, i.e. share one
haplokype with one other individual Iin the sample, and 82
with twoentry haplotypes. s ; E
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"'and BF).. Group IT containéd 178 ~sib-pairs, the members of
each pafr being - completely different for both haplotypes.
In other words, 1n Group I sibs inherited the same two’
haplotypes from. their parenbs whereas Group II pairs i
suhertted two Mifferent ones- For each family considered, “
all possible - comh‘i:ml_ons of 'siblings were used.’ For each
pair, the d;rrere_r;ce “1n CY concentration was ,obtalned by
7 subtraction. Table V-i5 shows - the mean difference ‘n G i
concentration for the two groups. s P S|
The ‘divffare‘;'mgv in Ch level 1% clearly highly variable,
" Por both MHO-identtodl and rion-identical’ siblings, and ‘the
mean difference in:Ch concenr,mtion 1s. similar’ for both

‘groups of sibling pairs.
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Table IV-45: Mean differences ~'in‘ serim GU _corcentration
(mg#). for ' MHC-identical and MHC non-identical sibling pairs
from the NS families.

Group . No. of pairs Mean difference
considered in- CY conc.(mg%)
K

I (share both

haplotypes) . 192 " " .13.45 = 10.58

II (share neither 2 oS
haplotype) . 178 : 14.58.% 11.82
: -




I .

.with no Al equivalent ' being observed. .Only ~one’haplotype’

'} % : 193 HY
CHAPTER V . DISCUSSION g Ui g L

A« Allotypes i S

1. Untreated plasma samples

Neuraminidase-treated. plasma is superior to native
plasma ijox- separating .Ch  variants as can be  seen from .the
data in -this ' thesis. For.example,.only six phenotypes were
clearly. distinguished 1in  241.founder haplotypes ' derived

from . typing untreated samplés. Of these, 108 were Ol FS .

with the I '(A2) ‘allotype and four with M° (B2) were
observed. ‘When' these numbers are compared —with the . pro—
portions of individuals :found with Ak, A2, “dnd B2 "using
neuraminidase-treated samples (Tables IV-10 and IV-11,pp.
126,  127), the obvious Gonelusion fs that many . were i

missed. Finally, no B3 - or BA equivalents' were ‘observed Ehexi i

_.native plasma was used, and * a number ; of samples could not

. be phenotyped at all because of  heavy, blurred’ precipitates

in the intermediate regions of the eléctrophoretic pattern.

Two patterns are of particular interest. There weie

séven CU*DS haplotypes.containing the D (fast F)' variant.

" The ~observations that (a) ‘five of' 'these (two ' were not

tested) were functionally inactive in the .D region and (b)
five of the seven ‘haplotypes were 4lso HLA-B1T, confirm
earlier findings by, for example, Olaisen et al. (1980b) of |

i, v
" &
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a functionally~inactive variant associated .with HLA-B17.

The DS haplotype was renamed A6Bl, after - neuraminidase :

treatment. i

One . variant, found on the haplotype CU¥FSx only, was

called Sx. because, while the whole pattern appeared . to be -

electrophoretically F, it . was ﬁg+Ch+. This haplotype. was
subséquently shown to be A3B3.

2. Neuraminidase-treated samples
a. Electrophoretic patterns

In my  typing. of 1857 ‘samples after neuraminidase

treatment, I have recognized.five ‘A and five B (including’

_AQ0 and BQO) patterns. There has: been occasion to . compare
'

these patberns with others  since;  in 1981, ‘ten . labora-

tories, including this one, participated’ in'a ‘Ch reférence

tybing of- seventeen plasma - samples. providéd by Dr. G. Mauff.

" of Cologne. The results indicated ‘clearly that all partici-

pants - using . neuraminidase-treated ' samples  and .the .A-B.

nomenclature were 1identifying the same . electrophoretic

patterns. as ‘A6, A4, A3, some A2, B2, and Bl. Results for

= s v
the  rarer, and mostly - intermediate, patterns, were 'less’
& . PR '

clear.

Patterns called - A2 in- this ‘study ‘may rot all be
ekactly “the same. A2 -‘on Some A3A2 haplotypés ‘seems closer

to A3 -than does ' A2 on some "A2Bl, A2BQO, . and A2B1* haplo-
i R e 3

‘€
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types. Five samples in the 1981 reference series were typed
A2 by me and by ‘at least three other participants. OF
these, two were named : Bn (for new B variant) by “the’ co-
‘ordinating laboratory. The electrophoretic pattern of Htﬁese'
two . variants was men.:ic%l to  the. pacéern‘ observed by me-ir
phenotypes ~which ' conta¥n ‘the ‘A3A2BQ0 haplotype. 'If. nherg"

are really .two difféerent allotypes, one-on - the A3A2BQO

haplotype and the othér A2 sloné, then the dlstance betweer

them 15 50 $mall that in most runs & distinction cannot, be

nade. *

Comparison of. the 42, B3, ‘and Bl reported here with
the allotypes 'shown in' Figure I-U (p. & 37} indicates that
the pattern ¢alled A2 in this. study 1s likely to be
identical ' to - the allotype called éz by the ua\ibhors’ of
Figure .I-4. B3 1s ' B3Bt (and BlCol), .and: B4 is B6Bt (and

B5Co1). Wubthermoré, . the. B3 and , Bi . allotypes are. also

likely -to be . identical to the ‘ones called S4 and S5

respectively by Bruun-Petersen et.al. (1981).

One other variant has been observed by me. This 1s ar
A 'variant, called A5, which is intermediate in pasj:}pﬁ o
46 .&nd AL. It was observed in aV single family ffom . whom
samples were received dfter thé study presented heré was
completed, The A5’ pattern is very . distinet and easily
récognizable, i.e. has  not been missed in my previous

typings.

" Where - precipitin bands -are very close . together,




i, 5 : .
distinguishing them depends to a large ‘extent on the type
of ‘agarose used, "that 1s, on.the -property of endoosmosis.
Thi agavose |und 1n this study ‘seemed to glve * the best

compromise - between.. sharp der‘inmgiog’@r the ‘bands and

-distarice between . thém. A few rare variants, particularly in

the B region, may-have been missed: It'is Just as likely,

however that' they 'simply'did not exist in.the populations

studted. : sl o

It is’. interesting ‘to note that although the “allotype

-Al. occurs fairly frequently (8% in this study, 6,5% by Raum

“et al.; 1980), there 1s orily one report of a possible Al

equivalent by an . investigdtor using native plasma. Teisberg

&t al. '(;98013) have described’ a haplotype D2M which appda?s .

to.: be identical to A4B2. Bruun-Petersen et al. (1981), in a
detailed report of C4- pattérns seen after desialating
plasmas, ‘have . included Al (called -FA) 1in a schematic
disgram. of gene: prodicts (Figure I-5v, . 39) but they
observed. this .Bllubype only in their population’mar,erlal
and in individuale' selected for the MHC. haplotype & A25 B18
C2%Q0. Wnile Ab 1s usually missed when native plasma 1s
used, 1 can reaaily be’distingilshed after. reuraminidase

treatment. A4/AY or A4/AQD genotypes are clearly seen _and

Al/A3 genotypes ‘are less clear, but  sufficiently different’

from A3 élupe to.be "noted. Although''12/34 B18 . haplotypes

observed -in this study  were CH*AB2 and a single - confirmed

B18 C24Q0- was also A4B2, the - A4 allotype was " observed. < 74

times on a variety of . other ‘haplotypes; notably 'as AMB2 on




“Afour are pr‘obable A2B2B1 haplo:ypes. In addition the:‘e ar

s

co¥3. This\ raloes the possibllify ‘that’the Danish and North
igridan popuiatlons genutnely aiffer’with respsct to" the
dlstributio\n of this allele. . ' i .

b. mglicab?d A and B locil
\ 5 \

- g <97 1

:BIS c2¥2, on B27 C2*%1,.and on'BY0 .. C2¥1, and as ALBA on ‘B22."

A number - of possible "double"  haplotypes;  that ‘is,

|

having ‘tWo ' 4. or two' B .gemes.’ per hapiotypé, -+ ave ‘been

observed hebe. Three. are dei’ini:e 4342840’ haplotypes and

a’ further 23 ,haplotypes I‘az‘ which % fhe A3A2 1nter‘pret‘ation

seent  to' bebt 'fLf the . electrophorétic . and on’

patterns and six for Wiich.K3B1 1s the’ besg-intérpretation.
A ¥ - : : Gl
| -, N .- +
Similar |haplotypes  have -been reported by ‘others.

N Nordhagen ‘et

types. Ramaika et al... (1962) “Have desccibed orie Aanzsq"-

haplotype and o with Aznam Bruun-Fetersen st al.’ (1983)
have reported L single family . with two naplotypes’  F3 T2 2
‘and- 85:1 S1. TAe former s likely to - be-identical tof A342,
and the latber' contains a variant $5. whlen ‘has faster
flb111ty -tnan t‘he B2 of B2B1. v
4 &
In none of' these cases, including "the oney

eported’
: | . I
here; have ‘two . separdte . molesular: . populatiofs | ibéen

demonstrated or) put another way, hae it clearly' besx shown

1. (1981) heve described. -FI. (a3a2) Hiaplo- ..

5

that an individual with the genotype ASAEBQO/AQOEQ I‘Dx‘;

example, possesses two tusrete ‘populations’ of ‘A molecules:
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Both A3 and = A2 'ana’ CH-RES: or. 'cnikg"(paéc) ;and, ca’mic:

presenbly ‘be’ separated with: an:;sera to Ch and Rg anugen.s. Y

“The possibllity that ‘the precipitin pattern’. represents .a

3 pcsitlcn'

‘single geme 'produét with : an electr‘ophoret

;
i
It
{
}} ©osimilar, to‘ | A3A2 cannot be . excluded. - T)'la same intevpret-

atian can be" applied "to .the BQBI Dorblun of _’th ©.-A2B2B1

'baplntype; &

gk Chest daublé‘ ‘B, ‘haplotypes 'réportéd. so far  apbear . to.”

- cnnbain thrae alleles, being‘AZB«ZBl,‘ or'A2B9BI | (Ramaika et

.alyy 1982) Most dbuble A hapmcypea,‘ includingr those: ,
ceri papobadr here, Have ‘no demonstrablé B ‘alleleg . and . are

AZ‘AZDQO'(mﬂ A3A2BIY). This ‘Teans ‘thab one,-of the so-‘ca;;‘lgd . :

e T T patierns n’ fnese haplouypes, most Iikely A2, gould be dn

. u ugusl kene product . which s !‘unutipnally weak and Ch.

L e discincuon ‘bétween + Avand ' B 'genes By me PU“EESN“ of

"R, and Ch: “antigens . is nct absulube—, asi dan. be'seen fro

Piguré. TV-11, - (5 241), ‘nnd HiLL e discussed 1aters) Tn

'-c' is respecb 'single A2BEBI haplotype reported by

e Hau.pf«mann ‘et a

L&l (1982); an

(1932), the kZBSBl x‘epox‘teé by Ramaika et

ported

e, pitative’ Azxazm1 naplotypés

'here are, ‘partidularly 1nteresting since’ they * definitely

< appear to eontaln three genes.

Approxj.madely 251 mf the haplncy'pgs obseryéd. in . this

scuay are 43840 AQOBJ., or: some other "o‘ne—‘gene" variety. A

'sman Humbe

-+ (up ,to 3% are Viwo-gene! of. the type 4342800,

Jon, Mthre

ene" A2B2B1- haplﬂtypes; ‘l'he_ rem&inder, app:-o;c- -




gy ; ES Sage
" imately. 70%,  are ‘the. usial "two-gene" haplotypes, A3B1

‘being  phe most' common. Many families, however, have the

- phenotype A3B1 only,. that -is have A3*B1* haplotypes-and are -
& ; x

in'no -way informative., Any of these haplotypes - could be
34381 or  A3B1BI or some othe? 'multi-gene" tombination.

The ‘possible existence of these gives new meaning -to the

_sugiestion by Olaisen et al. (1979) that the rumber of
genes an_ind4vityal possesses 1s in 1tself a’polymorphism,

¥ and rdises some 1n(:eresv:1.ng ney" problema, psrticularly with

e:pect to, 1nterpreting 1ndiv1dual ‘variation 1in  serum

1Evela ‘of .CH protein-

. Bodgel‘a and Chido- antigens % Fry

" A6 M most A3, and A2 gene prcducfu, uhez-e typed and'

" informative, , have been shown ,nere to carry the Rodgers

‘anfigen. Similarly I -have found. B2 and Bl to carry Chido.

Some’ rare allotypes, however, have unusual Rodgers or Chido'

antigens. - Three definite A3A2BQ0 hiplotype products and one

probable one (A3%A2B2%) were found to be Ch- Rg(part): This,

15 in. agreement with Nordhagen et al. "(1981) who have
descrived R (part) CH*FI products: These investigators nave

| “also -reported Rg(part) CASI produsts. In this study A2B1,

42B2,: and A2B2B1* ' haplotypes, where  tested, were found to

“be Rgt. iore, nine A3BRO haplotypes were found to : be

CRg(part). . ' Wi

. Nordhagen et al. (1980) have identified Chido . 'partial

inhibitors and in all cases this trait, pafeisl inhibition,
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was associated with the haplotype CUXM. Bruun-Petersen and. Sk

3 Lamn ‘(1980) have identified ' a haplotype product g “whifch g o
}v‘ G 1s a weak .Chido’ inhibitor. ;[n this'. study, samples. were
4 , Chido~typed before G4 ‘typing was' performed, . and _the
phenomenon of Chido partial ‘iniibition was not’antictpabed:

A1l informative B2 (or M) products tested were found to . be

b _.7cn+, . but three " ‘informative B3 ' prodicts gave weak
% . ' . innibition, B3 appears’ “to be. ‘similar in electrophoretic
position fo the "G" variant Of Bruun-Petersen ' &y Lanm but
" comparison s difficult ‘" since the latter . variant 'was
nbser\géd mng ‘native plasma. Furthgrmore', although. it "is

4 i U cevbatnly different - from B2- () when'neuraminidase-treated
] ' plésma is usgdy B3 ca;mut <be. readily disbing\;lshed from the

product M in native plasma.

Both: B3 and BA  gere products ‘show . conslderable
¢ variability with regard - to Chido 'antigens (see: Tables IV-5 :
L ttoie T oand JIV-6, pp. 108, 109) which  is " difficult to . explain.

Although 1t seems unlikely, it may be that all B3 and BY = =~ ~ 1%

products are Chido partials and samples typed positive and
negative gre actually Chido 'partial inhibitors ‘which have 5

been misclassified. 'As was stated above, the - /phenomenon of

v

partial inhibitioh was not a result anticipated at the time
© of typing. Alternatively,. and . more’ likely, Chido® determin~
ants -Whethér prégents,” abssnt, oo "parb1al,” peston another
level ' of variability:on:these ‘secmingly electrophoretically

"Ydentical molecules. In other words, all’ molecules clabs— ‘[
_ifled B3-or Bi with 'the present technique may pot . be the i
: : |




_electrophoresis into . component a-

same. Only 1in :-informetive. femilies, and assuming o

one' B locus per’ haplotype, - can these variants be " assigned:

to the A_or B locus. Naming uninformabive ories; s a:

problem.

The . family 1llustrated.in Figure” IV-11 “(p. 111).is.a

{case 1n’point. ‘Five *of the - 'six family members are . informe:
ative for. ‘Chido antigen. As ‘wis: expected, . indiVlduals with
the  genotype Aaaad/néﬁqn were Ch-. Twa‘in‘divldua’l‘s have He
-gehotype. A3BQ0/A2B3 .and were ‘alss Gh. ‘e’ variant “was
.classified B3 by . its posifion and by s strong haemolytic

acnviuy after. neuraminiddbe treatment. Two mterprecanons L

‘are. possible. ‘Elther the haplotype 4283 715 4 double A

haplotype, . A2A1, where the K1 46 unvsual 1n possessing
. | : e .

strong haemolytic activity, | or,’ alternatively,’lt “is truly’

ari A2B3 haplotype where the B3 is an unusual Ch— prm‘lucb of
: =,

“the. B-locus .

dt was negessary to. rely on. the
somewnat. unsatisfactory cPhterion. of ' hacmolytic activity

after neuraminidase treatment’ to distinguish A'and B gene.

with late. el )l

&t al.  (1982a) have - presented . a . new electrophoretic

technique - for separating . Ci variants. ‘Réduced immuno-

“precipitates ‘are’ @geparated - by SDS, . polyaérylamide. gel:
: ° :

and " y'=chains.

Phenotypically A3BQ0 plasmas have ‘d-chains of slightly

higher molecular weight than'u-chains of AQOB plasmas,’ and

ic positions. Roos

£
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_ plasmas with A and B ppoducts show both chains.’ Further—

more, the a-chain of the most comion A<gene product, A3,

redcts with anti-Rg serum and the a—chain of Bl reacts with

ant1-Ch serum: Roos (1982b) has further reported an unusual

C4 gene-product which was classified as a B allotype by
IEP, functiénal .activity, apd family segregation, but was
“Che. In the 'SDS techniaue, this variant had the B-type:
@-chain, indicating that, Che B-p‘rodu_cu_ exist:. This tech-

nique will be useful for - assigning seeiingly identicals Ch

on Rg differert, variants to A or B loci.

d. The prablem of uninformative A3B1 phenotypes’ == - Tt

"sMany indlvidudls dre phenotyplcally A3Bl and cannot be.

genotyped ‘since 1t°1s ~impossible to exclude a null allele

at one or two of . the four C4 loct. A number- of ~ investi- -

.7+ gators(notably Awdeh et al., 1979) Have. uded quantitative
‘o Semi-quantitetive méasubés of the rélstive amounts_ of A
‘and B prgiem Pper phenotype to -asalgn pnotype.s to A3B1

“ individusls. It can be seen from Figube IV-10 (p.,105) that

) A3Bl .plasmas do not always clearly display the 1:2, 1:1,
and 2:1 ratlos ' of CA.A:B protein expected Af each phenotype
one B,-éeﬁe. two A. and two, B genes; or two A and ’ohgla

Bk o 2 i Rars o 5

An attempt was made to determine ~the. sort of -.distri-

" butlon.whichi might be expected. from a ‘sample of 154 A3B1 -
{ : ! ;

phenotypéé,i! the sample were a mixture ‘of °0.§, 1.0, and:

~""Xs a combination of ‘either one A -and two B genes, one A and
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= 2.0 curve ratios. In ofder to create a  model - distributidn

1t was necessary to (1) estimate the number' of ihdividuals

in the sample ‘expected to ‘fall into each of the three

ratio group.

|
|
J groups,” and (1) estimate  the standard deviation of - each
To estirate the number of emch gerotype expedted, the
haplotype frequencies published . by Raum . et’ al., (1980,
Table V-1, p.. 207) were applied .to the sample of 154
. " individuals tested using the assumptlon, . as  these . weré
' selected A3B1 phenotypes, that only: the genotypes A3Bl/
i LA AQOB1/A3BQ0; A3§Q6/A351, . and . AQOB1/A3BL were
Geourring. ‘The expected numbers obtained are 25 AQOB1/A3BL
‘genotypes - (A:B curve ' ratios = 0.5), 111 A3B1/A3BL +
A38Q0/AQOBL (A:B cn‘rve ratios = 1.9‘) and 18 A3BQO/A3BL (A:B '

curve ratios = 2.p). Thes'eAare a ''very. ‘crude:estimates and
‘likely to overestimate three-gene and cwo-géne phenotypes ,
as. Ehle homozygotes AQOB1/AQOB1 ) and 7\3B‘QO/A3BQO were nqtv
s ob’served in the famillies from which. the ind:ividual‘s were

selected.
\ % i ’

To ‘estimate . the -standard deviation; ‘it was. assuméd
“that. the sample contairied three groups, each symietrically
distributed around mean. ratios of 0.5, ‘1.0, and 2.0. In the
£1rst group | with a mean rablo . of 0.5, ‘the lower limit is 0

and the range therefore likely to. be. 0 = 1, The ' standard

of this vablance for -the

0 and 2.0 groups is made’

deviation, taken at 1/6 of -the.renge, 1s 0.17. AdJustment. .




aceprding to cilculations elaborated by ‘Young. (1962),
: . " ¥

glving 0,17 x 1.26 = 0.21, and 0.17 x 2.0 = 0.34 ds the

estimates of  the standard deviations of the 1.0-ratio  and

O-ratio groups respectively.

Figure V-1 compares the - model distribution obtained
using ~these assurptions, - with ' the distribution actually
observed,  after ' 'the - two outllers (4.32 and 5.78) are
romoveds TUht square: Fop cbastved/aspesbed’. ve 16.86, p =
:30. This - iAdicates’ a reasonably "o6d fit. between thé

distribution of ratios obtained and the.model. proposed.

Tt  can be seen from - Figure -V-1, however, that fewer 1.0
individuals and  -more 0.5 and 2.0 individuals in the
expected distribution would increase the-similarity: between

the | two: Also, 1t 15 an. underlying assumption here fhat

.‘each: Ci*A3 gene “produces an amount of Ci equdl . to that

produced ' by each CU*Bl. gene. Preliminary studies on

half-null hombzygotes, A3BQO/A3BQO an@ - AQOB1/AQOBL

individuals, for example, suggest that this is probably not

8o.. %

.The. ‘model .described 1s only one of ‘& number . of

‘possible énes. and proves - nothing definite about . the sample

_of 'A3B1° ‘individuals ‘tested  here but ‘ two. tentative
conclusions can be drawn. -First, the curve .ratios ‘obtained
do .show a distribution consistent with-the possibility that

there “are three groups - of individusls in the sample with

curve - ratios of 0.5, 1.0,. and, '2.0. .Thé distribution
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Pigure V-1: Observed ( [J ) and expected ( ll ) _distributions
of CH A:B turve - ratios after crossed immunoelectrophoresis
of 152 A3Bl plasmas. Two - outliers have been removed from
the” observed distribution shown in Figure IV-10.
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obtained does not, in‘ other words, exclude a possible gene

dose effect within phenotypes. Second, and ‘more important,

there; 1s considerable overlap between 0.5 and 1.0 groups in

both the model and obsérved distributions. Therefore, while
there may. be three statistically -apparent groups ‘in a

population sample, as ‘Awden et-”al. (1979) have -suggested,

I
|
b . - .
i the' utility of the CIE .method for ‘assigning genotypes - to
! individuals 1s definitely limited. l
i o
i e :
| e. Haplotype and gene fregpencies
| & There' were:1048 founder haplotypes of ‘which 603 'were *
| completely typed. An additional 445 were incomplete ~or
: % partially: haplotyped, that is, had ohe locus or both - for
| which two interpFetations, . including the. existence of " &’
i ’ null allele, wete possible: 3
P b 3 g ~Of the 25 two-locus combinations possible’ from five i
. ; !
{ CA4*A’ and five CU*B' .alleles, only 14 were [obsérved. Two i
{

additional haplotypés, A3A2BQO ard A2B2Bl, were - postulated

. to contain - products of threeé loei. Six completely-typed AB 5
pairs ‘of alleles show linkage dlgequilibria and five of the -

of ‘these pairs..account for 90% of the tota} complete héplo-

types observed. In Table V-1, the .freéquencies obtained for

each haplotype are compared with frequencies published by :
Raun. et al. '(1980). The proportions of A3Bl, A3BQO, and : -
AQOBl in  the two sets of datd differ markedly. Thls 1s to - i

be expected sifce in this study approximately 46% of these

three - haplotypds have been classified A3#B1¥, A3*Rl, and
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Table . V-1:- Comparison between Ch ' haplotype. frequencies

obtained by direct count from 1046 founder hdplotypes and
C4 haplotype frequencies published by Reum et al. (1980)

Cl4 haplotype Frequency

This study Raum ‘et al. (1980)
. " 5]

a. A3Bl1 .225 & 546
AQOB1 +113 ged .123
~A3BQO " 085 - .088

b. A3¥B1* ..164
A3B1¥ . 098
A3%B1 L0947 i

¥ Total atb 779 7577,

c. AUB2 <070 & 065
AGBI- * .024 1050
ALBY 014
AQoB2 .009 .038
A2B2 009 .019
A2B1 .008 -035
A3B3 .008" ~004
A2BQO .006 004 ¥

382 002 015

AQOB3 001

A2B3 .001 .00k

A1BQO 004
1 - .00k

d. A3A2BQO : 003

e. A2B1* 012
A2¥B1 . .002
Aomzs 3 ©. w001
AUB2 ey ©.001
A3¥B2 010
A3%B3 011 >
A3B3% - 001

£. A3*A2BQO % e 010
A3*A2B1¥ 007 2
A2*A3BQO - .005
A3¥A2B2* 001
A2B2BI1* .007
A2B1B2* . .003 ),

A3%A2B1* “001. 3% i
o, ' Total cidteff .227 ©o .2k
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A3B1%* by me (category b in Teble V-1). The proportion of
neplotypes contalning A3 Or AQ0 and Bl or BQO (a+b 1n Table
'V-1) 1ssimilar in the two studies; 78% in this study and
76% 1in the data reported by Raum and coworkers. If the two

populations from which these data ave derived.have similar

frequencles of A3Bl, AQOB1, and A3BQ0. haplotypes, then

90-100% of the incomplete haplotypes (b in Table V-1) must
be A3Bl. This is surprising in view of the results given in

Pigures IV-10, p. 105 and V-1, 'p. 205. Whien 154 samples

" phenotyped A3B1 were subjected to CIE, only 64% (A:B curve

ratio = 1 + .3 .8.D.) showed approximately equal.coricen—

trations of A3’ and Bl antigens.

An alternative interpretation 1s that these populat—

e ions "' differ. More than palf the individuals bled for.this

investigation came from genetically isolated communities  in

Newfoundland and Labrador "and are mainly of English and

Irish descent. Approximately 60% of the ~sample were

patients and their families. Raum's . data came from healthy,
Caucasold, presumably urban, North Americans in the Boston
area who are. likely to be a more heterogeneous population.

Only the haplotype A4B2 has- similar frequencies in - the two

groups. A6Bl appears to be decreased in the: individuals .

used -for this. study, particularly in the WP (Winnipeg) and :°

MS ‘(London, Ont.) groups. Haplotypes containing thé variant
Al were.not observed. Neither AUBY nor A3B3 was reported by
Raum. For Igpiotypes | containtng A2 and/of ‘B2 the two

studies - cannot . be compared; since approximately 80% of the

|
%!
1
i
{
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rafe” incomplete haplotypes (e and £ in Table V1) described

by'fie. contain one: or both of thesé’ gene products.

‘Table i V-2 shows -allele frequencies obtained (1) by
direct courit ~from the founder haplotypes . fn this study,
('11).7by estimating A3, -AQo,” Bl, 'and BQO alleles from g;zm-
plete and incomplete haplotypes (seé Chaptér }v, p. 125)
.and,gun by extrapolation from Raum et al. (1980 and Table
V-1). The . figures given in column (4_)’ sre-likely to.be
accurate for ‘‘the alleles A6, A, A2, Bi, B3, and B2 s;.ncs

typing was_ definité for all but at most 1% of these. A2 and

B2 have similar freguencies at 6'and I1-14% -‘réspectively in’

Both' studles. A6 occurs leSs - frequently 'in'the- popilations
examined in’ this stuly (2.3% cf 5%), whereas.AY, B3, and' B4

_are more frequent.

Comparing estdmates (column 11) . of the 'common-alleles .

with the published data Indiates that A3; A, and Bi have

relatively ~similar-frequencies. BQO 4s more frequent in

this study with'an uncoprected frequency of “ 11%  (column-i)
B . 3 A
‘and an. estimated -frequency of -16% (column. 11i) .- as compared

with 10% in the Raum data’ This diffefence ~ is most evident

in the VG .sample where 17% Gf the founder haplotypes of

this" large kindred ,éar:-'y the ‘alleld BRO. Furthermore, 17%
1s'a conservative estimate s;\nce a 1argé proport Lor :;r this
population (40%) was typed B1¥ and some of these must be
BRO. : SN A

These comparisons must be treated cautiously, however,




Table V-2: Prequencies for’ CU¥*A and CH*B alleles ‘obtained
(1) by direct count from total haplotypes ‘observed in this
study(1), (11) by esumaces frcm total ' complete: and
incomplete haplotypes: (2), and  (i11) by. extrapolation from
haplotype frequencies published by Raum et al. (1980) (3). 2

“cli aliele e . Frequency
(1) (11) (111)
this this ® Raum !
study study et al, i
ATe L6l0 653

AQQ0 21207 180 .161

A6 .023 050 N

Al .082 065

A2 .063 - 062

Al v .008

Alx .001 A !

A3¥ .289 &

A2%e \ .+ +007,

Bl e 463 .690 758 ¢

BQO .107 1160 W 096 o |

BY ©. . L01k . 6k ‘ b

B3 1020 . . .008 - 2 .

B2 .105¢ .137

- B1% e 3 . 4 -

B2% : -

B3 L g .

(1), Includes. alleles from:26 founder haplotypes which are

‘likely to have 2 Gi*A ‘alleles/haplotype end 11 which are

1ikely to have.2 CU*B alleles. A . |

= (2) See Chapter IV, pp. 125,128, A ol X

(3). See Table V-1,"p.. 207 2 :
I

i
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‘since, as was'stated ' earlier,. a large proportion of .the .-

individuals which comprised the families’studied hére ere.)

selected because they contained individuals  #ith . disorders’:

such as fultiple sclerosis, myotonic dystrophy, Hodgkin's. "

disease, - immunodeficiency disorders, or . indlviduals: ‘who

were  prospective , . kidney or . bone = ‘marroy récipients.-

Furthermore, comparing frequencies obtained by different

investigators may - be bremature at this time-for a varlety

of ' reasons.” Thé naming system, partlcularly . fop - pane

variants is  .not uniform: There is <no method for disting-:.

uishing ~ A3BQO/AQOBL. from ' A3B1/A3B1 ' geriotypes; “and . the

published ' method ' of. - distinguishing “among A3B1/A3BQU,:

A3B1/A3B1, and A3B1/AQOB1 genotypes is not satisfactory.

B. Association data

In ‘this study, assoclatlons among MHC alleles, with
particular ‘emphasis on CU A‘ssociation’s, Were,, calofiaed | 1h
order to -confirm already published-assoglations for these
populdtions, to undover previously unreported sssgciﬂ‘hions,
and *to determine ‘whether the values Gbtained could be used
‘to_speculate-on the ‘relative position on the ‘chromosome of
the Ci ‘and oOther: complement ‘genes or on the evolution of

the-alleles, "~ i

1. Freguencies of -MHC alleles

. Freguéncies of -'BF and C2 alleles in 'the populations




‘. studied 'm “smilar. to . those re‘po‘rced' ‘elsewhere (see

Chapter I). ‘lhe Lrequenciss Of HLA-B antigens are similar

i Py g ‘thése puhllshed - for Nowbh American .and Eutopean cauc— :

— S jasoma (gee 'rable IV-17).7 'I‘he exceptlons ar-e HLA— BH which :

Gcours in’ approkimately, -13% of . the r_mpl_ot_ypes - dih this!

stidy; B12 Which gecurs in -23% of the.'WC . (West - Coast,

. : e pcpulaticn, arnid BY ‘which occurs in: 17% ofthe, total | .

haplubypes dnd’" An . -B3% ‘of- the 'MS :(multiple: sclefosis

»Lendnn, Dnt) senes.‘m addinoh, HLA-DR2 and DR3 ‘appear -’ R

to be 1ncreﬂsed in' the s rsmuy naplocypes (Table 1V-18,"

i R 1u1) : Lt
] . & % B v . *;

The- point has been mnde earlier, that a sl‘zable number
of ' the’ indivi.duals -sampled [for. tats - 1nvestlgatlon iere

“selected: because ‘phey or cheir remcwes vere pati nts, and

another gizable”, mimber wez‘ n-om the island of ' Newfound- s

:land; many from* genetically,mnlaced communities. Differ—

énces 1n rrequencles ape. bherefore not surprising and.are,

in. fact, to be expected.

2. ' Palr-wise-assoclations between MHC alleles .other than

<% % cu. '

These were aséeértalned by bothchi square and delta

standard methods and, of thé tWo, .the chi square method was .

more restrictive. ‘Thirgy—three ' pairs of  alleles- had
standard delta values ‘of gleater. - then, 25%. ¥Fhirty-two pairs

had . probability - values' of less ‘then 5% . (Fisher's ecxact

“test); . but only 15 pairs were _significant after probabllity . . |
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values were’ coprected for ‘the number of comparisons made.
In generdl, linkage disequilibria for alleles other than Ch
(Tables IV-20 and: .IV=21, pp. 145, 146) 'confirmed-those

already published.

3. Pair-wise assoclations between. Ci haplotypes and alleles

of the other MHC .loci

‘These caleulations were complicitéd.by ~the fact that 'a
i1l allele condd not be excluded from’. WIS  of the “fobal
1048 hgplotypes included in the study. ‘ont square ard delta
smn'ar_d values ‘nere therefore ‘.caléulated . twice, first
usirig\gomplete, -Gl haplotypes only, and then using the total

of all complete and incomplete haplotypes. Interpreting the

results s thepefore difficult because values for the same

palfs vary -somewhat in'the wo_ sets  of calculatidns, To

simplify interpretation, 1t. is. useful to consider -four

categories’ of haplotype

a. For haplotypes' '#h which a mull ailele’ could be.excluded

in &ll,’ or nearly all, cdses, values based on the larger

total (€.

exact. Tne ~haplotype A4BY 1s such a. case since'no - haplo-

_-typés were classified- AL¥BY ‘or . AUBU®. . There . are seven

significant palrwise assoclations ‘in this category, ‘namely

HLA-B14/A2B2; HLA-B18/ANB2, BF*3/A4B2; c2¥2/alB2,

- HLA—BW22/AUBH,  C2%3/A4BY, ' HLA-BL7/A6B1, and HLA-DR7/A6BL.

At leadt three of these have been reported by, others.

only for ~HLA-B18/AUB2 1is there a | fairly large '

.U N=1036 for' HLA-B/CH) are 'likely % be more.

i
|




discrepancy - between values. .obtélred in. the. two “sets ‘of
i .celculations. Eleven B18haplotypes ‘classified A3I*B1* were
{ o - inoluded in the larger total but obviously ebsent from the

snelier one: which 1included complete haplotypes only.”

b. A second . category includes haplotypes other than AQOUBl,

A3BQO, and A3Bl, . in which a mull allele. could not. be

A2B1 BF*Sl 18 one . such’'erample. This comblnation occirred

rour times. The latger total included an additional five

1/
If all A} * 51 haplctypeu are assumed to ve' A2B1, then the

standy delta value necomes 81% (x2= 312.66, p<.4 x 1014 ).
Stgnificantly  assoclated ‘pairs in -this category, besides

A2B1/S1, are A3B3/HLA-B15 and A282/DRI.

D .. KQoBl, A3BQ0, and’ A3BL haplotypes area special problem

gince’ -the.vast majority of incomplete ~haplotypes are -of

these three ' types ‘and “thelr frequencies are asterted. in

“both totals. Relabive deltevaluss For-the ES-AQOBI pair,
®  for example, ‘are .neverfheless similar. for  both sets of

calculabions, 'being/B1% when N=592 . and = '75% when N=1036.

36 haplotypes were B8~ A3¥B1X ‘4 A3¥B1..If
all - thes; e assuned to be AQOB1, ‘-then the }‘,0‘:81 B8—AQOB1
haploty’ée

| likely/overestimate ' of .the total AQUBl, however, but . the
: %gbh of - ‘associlation is nét ﬁ‘rected grea’tly.. Other

[ i . Thirty-three of
i
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definitely assigned or. ‘excluded in all cases. The haplotype )

4 5 hipAotypes wﬁlc/wez-e A2B1% . BF*S1, and values for the
] A:l—sl pa. fe . lower in .the second set  of 'caluummcnsh

becomes 125 and relative ' delta = 82%. Tis is a




pairs in ‘$his category’ -showing 1linkage disequilibria
AQURL/BFS, AQOBI/C2%1, AQOB1/DR3, . A3BA0/B12;  A3BAO/BF4FL,
A3B1/BT, A3B1/C2*1, and A3BI/DR2. . :

4. Putative double A'and B haplotypes fave sl bee scored
With an asterisk, - excepb for three . definité . A3A28Q0.
g stgniricanfly” essoctated pairs which © include . double 4
haplotypés - are A3*A2QO/BE'F,  43%A2BQO/HLA-B35; A3*A2BQ0/.
Bl2, and A3%A2B1%/B35. Of the three _defintte’ 4322500

& haplotypes, one was' Bl2; .21, BFF, DR NI and two'ere. 35

241 BRAF DR NT. If a1l - incomplete double A HeplotiFea- ave!

aasumed to be A3428Q0  then the relative delta for K3A2BQ07 .
B35. is b91, for® AEAZBQO/BF!F 1s. 85%, fur A3A2}3Qo/czu 1s
*'100%, for .A3AZBQ0/DRL is 1008, and - for. A3A25q0/}312 15 .
Of these neither 'the B12 assoc1ab1’on “'nor - the assoclation
with DR 15 significant. However, the ‘anount -of ‘DRt data was

llmi(:ed. ) s ¥ . 2

2

The mpletype AZBZBH which is. 1ikely ‘to, conl:aln two

"B alleles ocourred  seven. tlmea. in’ adaitional three haplo- .

typés were  Scored A2BIB24. All were Blh. Assuming all’

héplotypes are identieal, . the  relativé delta ‘1s 100%. ‘and.

the association’ between this ot hﬁploty and Bi4: is highly
_significant. Furthermore all ten haplotypes were BPYS. ‘and
Jcan. ; ] :

Two points should be: emphasized. First, ~although exact
frequericies of some G4 alleles are impossible ~to dstermins

using . present. . typing . methods, -

‘many of the  pairwdse
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‘aSsoclations that .occur are highly significant and are

‘affected Wery little by the distortions caused. by the

problem of hidden null ' alleles. "Second,'the co%‘relablon
between ' values. obtained by ‘delta standard ‘and chi square

methods s, certainly fop the CW/MHC  assoctations, fairly

high. *Thirty-six pairs gave relastive deltas of 25% or

nigher. ‘Of these, 23 pairs were Righly significant by
Fisher's -exact test; and a: further ' 11 pairs,  while . not
significant after correction for number .of comparisons, -had

p values < .01.. : R :

By Furthermore, the significance levels used here may: be
overly restrictive. Table V-3 summarizés appropriate levels
qz‘ signlficance as snggesced by Piazza (19/5) and re-
iterafed by Grange. et al. (1981) necessary to pick. out
ncn -random pairwise -associations. Usfng these criteria,
23/32 HLA-B, DR, BF; and c2' ‘pairs.and 31/36 cu_-mi-xc pairs

selected by relative deltas are significantly associlated.

. Complotypes " -

" Grange et al. (1981) have - compared - the delta standard |

method as a means of selecting multiple component associat-'

¥, o . .
- lons, with the méthod- of factorial corresporidance analysis.

They found - a fairly good -statistical correlation between
the two meéthods. For this reason, .4nd because. calculation

‘f ‘chi squares .and ~probabilities is very :cumbersome £or

multiple associations, relative deltas only were calculated

for three-, four' and fivelway ~associations. <Combinations

niaiune




Table ~ V-3: Significance’ levels necessary: to select

nonrandom 2 x 2 associations (1).

s L
° . HLA loei Number of- -~~~ Number of Significance
: possible associations level necessary
: associations. randomly_. to pick out
Bignlflcant nénrandom’
assoclations
o RS b @ prohability v
B=CH - 608(2) |30 < 0.0017
B=C2 38 2 < 0.025
B-BF’ 76 - . b © < 0.0125
.B=DR 71: © - = 9 < 0.0056
ch-c2 64(2) - 3 * < 0.0166- %
C4-BF 128(2) .6~ < 0.0083
C4-DR 288(2) - 15 < 0.0033
BF-C2 x2=8 i : § € 0.05
BF-DR x 9-= 36 2 <.0.025
C2-DR x 9'=18 1 < 0.05

. (1) Adapted from Grange 2t al., 1981.

(2) Using all . complete and partial CH haplotypes. For. 14
complete C4 haplotypes only, p < 0.004 for B-CH, p X  0.025
for C4-C2, p < 0.02 for C4-BF, and p < 0.008 for CA-DR..

5 %
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With ‘relative ‘delta values of -3 255 have been taken as

'
1ikely to be occurring more -often than expected from the
; N

Sty

frequencies of their component alleles. Although these

combinations will be = referred to' occasionally  in “this
discussion as likely linkage disequilibrium combinations,
it must be -emphasized “that Ds  values are not 1mﬁg=
disequilibrium parameters in the st®ict sense. Delta values
refer only to the difference between observed and ‘expected

haplotype frequencies and: do mot take into . account -two-,

three-, or four- (ete.) locil linkage disequilibria = among

the alleles within a haplotype:

Awdeh'et ‘al. (1983) and. Dewkins et al. (1383) have

) gugges‘ted the ‘term "complotype" to designate ' combinations
‘df.' ch, B‘F, and C2.alleles inherited as gamec‘lc units. In
“this study, relative .delfa values éf 258 or.greater have
been - tiken s - identifying three-way. combinations - of

complement alleles, or complotypes, likely to  be cccurring
more: . frequently than . .expected - from . their ‘individual
frequencies. At least 14 possible linkage disequilibrium

combinations were selected in this way. Calculations were

.based on the total of .all .complete and incompléete
haplotypes . for which .C4,. -BF; .and C2 typing data  were

avallable (N=861).

As . with the 'pairwise assoclations,

3 v 5
complicated by ' the pi of .1 c4 P YD

" only A3B1-S-1 and A3BQO-F-1 had relative deltas.  of less’

*' results were




\

than 50%, at -33% and 28% respectively. These values may be

.8lightly depressed by the presénce of A3*B1%, A3Bl¥, and

A3%BI - haplotypes in the = total. For example, a largé pro=

portion of A3%Bl and A3%B1* must be A3Bl, so the

of A3B1-S-1 45 higher .than it appears Furthermore,

46% of A3B1¥* haplot!veﬂ

here.
are BEF, 02t1, as conpared to 20%
of known A3Bl. Tiis suggests that a proportion of A3B1* are.

1 fact A3BQO-F-1. "

. Awdeh et ‘.al. (1983) have identified 14

material with frequencies

complotypes -

occurring in their of: .01 or

greater. 'Table V-4 compares these - complotypes -.to the

_combinations observed 1in thla " study. For the - complotypes

ob‘served by me, !requencl?ﬁ are alao shown, es are relative
deltas where ‘those values are greater than 25% (fmm Table
Iv-28).

of the 14 complotypes observed by Awqeh et al., all

but one, AQUB2-F-1, also occur ~1in - this' material with

frequencies of greater than .01 if one assumes that the

complotypes  bracketed in the figure are identical. Eight-of
“the - complotypes 1denc1ried by Awdeh et al. uhow ukely

linkage disequilibria, as measured by relative Teelta, 1n
_this material. Six do not. -
AUBH-3-1,  A2B1/BQO-S1-1,

"double CHM cnmp].ohypes AZBEBI-S-l and’ ABAZBQD

Five additional combinations,

‘A2BQU-F=1,. and the  putative

-1 occur in

this material more frequently than might be expeceed from

““the component allele [requencles. The. ‘existence of such -a

frequency




Table V-4 : Complement allele combinations Qbserved 171 - this

stu

dy

and T4 co-nplo:vpes with frequencies > .01 réported by

Awdeh et al. (1 95 3)%

This study

BF C2- C4 Freq. 'Ds

¢ % '
Awdeh et . al. (1983)

BF C2 ChA C4B

MEENOERNNR0RRNNKNEENNRENBEN BB
Py 2 2

b b e 1 1 i e e

[

oW EwWw ow
HNON O

woy€ weno

=

‘oo owao caaeao Qo .
MR W

AZBIB2* ' .003 100.0,

3
-A3*A2BQO ..009 100.0}—
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large number of linkagé. disequilibrium combinations can be
taken as further evidence for the very close linkage -of the

loci for the complement factors Ci, BF, anti C2.
5. Supratypes

Dawkins et -al. (1983) use the term. 'supratype" to

designate extended haplotypes, -or combinations of MHC
" alleles inherited together, as .de@uced from phenotypes and

family ‘studles. Calcujations . of - three-, four-, and. five-’

point - associations have ‘been ' used: here to. - select
nonrandomly-assoclated supratypes. Although the.amount of

ELA-DR data. was small relative to the .other. loci tested,

thére were'. nine five-point associations. identified. There

were ' four four-péint assoclations involving HLA-B and - the

. complemenit alleles only:

Avaeh 6t al. (1983) have described the distribution of
complotypes in relatlon to HLA-B-and HLA-DR. These lnvestl-
gators report eight supratypes or extended haplotypes which
show linkage disequilibria. These are HLA-B7 A3B1-S-1 DR2,
B§ AQOB1-S-1 DR3, 815 A3B3-S-1 DR, B17 A6B1-S-1 DR7,. BAO

AQOB2-S-1 DR6, B1A' A2B2-S-1 DRI, ,B12 ‘A3BQO-F-1.DRA, and B12"
A Ca

A3B1-F-1 DRT.

The first, four of these supratypes have been

confirmed in this study: Two four-way combinatioms, . B4O

AQOB2-S-1 and BLY4 A2B2-S-1, also show high ~relative delta

valies in  this wmaterial but DR data for .these are’
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* incomplete and “inconclusivé. Three out of six, BYO' AQOB2-S-1 .

combinations were DR-typed but, in contrast with the'Awdeh
supratype, none . was, DR6.. Thiee out of * five BLi A2B2-S-1

compinations were DR-typed and two were DR1. Neither of the

A3BQO-F-1. DR and Bl2. ‘A3B1-F-1- ' DR7, . showed linkage

Ds_» 25%) . in the material analysed

disequilibria (1

|

|

i : ; .

E two B12 supratypes identified ' by Awdeh et al., 1.e. Bl12

i

13

| . ‘ iy

1 here. B12 was signirféantly asscclated with A3BQO, however,
‘and the complotype A3BQO-F-1 occurred 30 . times, 14 times on

Bl2..Only two of these 14 combinations were BR-typed; and

5 . " neither was - DRY¥. Finally, B2, A3Bl-

times. Five were DR-typed, and all were DRT. '

Six - additional supratypes were observed to occur in

i

1

{
-1 ‘bccurred eleven 1
this " material ‘with ' fréquénciés - gréater than .01 - and i
relative deltas greater than: 25%. These are BS A3B1-S-1- }
DRU; B15 AUB2-S-2 DRY, B18 AUB2-S-1 DR2, B22 ALBI-S-2 DR-, }

and B35 A3%A2BQO-F-1 DRI. - Three positively" associated

) four-way ~combinations . were also identified, namely: B18

A3BQO-F1-1,: B27 AL4B2-S-1, énd Bl) A2B2B1¥*-3-1.

'6‘. Position of the-Ci loc¢i relative to HLA-B and HLA-DR

Information regarding the position of the Ch ‘loci.can

be obtained from analyses of recombinant haplotypes  and of .

extended - haplotypes = ‘of " supratypes which show linkage

. disequilibria.
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a. Recombinarits

Only’ ‘thun ‘dafinfte . reécombindnt ' haplotypes |- Weps
observed 1in this material. - Three were ~between HLA-A and
HLA-B ‘where Ch followed HLA-B in all ' cases. One’ was between
HLA-B and HLA-DR, 'wh;:be C4 (and C2) followed HLA-DR. ﬁken
alone,. these data ‘suggest only ‘that the. complement loci are

A-DR. ., At least ‘twenty ' B-DR recombinant

close to.

.haplotypés informative - -for  complement, -genes have been.:

bublished howeiér (see Chapter I Seotion 03), and of these
the compleient alleles follow HLA-B in - approximately 50% of
‘the cases and:HLA-DR' in the other 50%. The Cl :ldci are
Iikely thérefore,; -to be. between HLA-B -and HLA-DR, ‘but,
precisely where,, that 1s, whether closer to B or to DR, is

sti1l ari open question.

" b. Supratype analysis

Some. informaticn-can be gained from comparing similar
supratypes, using the assumpmogx' that . the most co}nmonly
‘occurring; " strongly associated combipa:ions of alleles are
ancestral and others, containing some, but not all, of the
same alleles have .arisen by crossovers between the ancest-
‘rdl forms and other unrelated supratypes. This spi;_mach was
taken by Olaisen et a1 (1981). These investigators compared
the - linkage . disequilibrium’ combination. B8-CL¥S-DR3 - with
-other haplotypes Which differed by one or two.alleles. They
reasoned . that ~ the ' Ci loci are likely to be between HLA-B

and HLA-DR . because . this ' position required the fewest

|
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recombinant events to ¢xplain variant haplotypes.

Another  approach, which. follows from this, .1is ' to.

compare relative deltas between pairs of alleles “within a

-supratype, on the assumption that : the - stronger the

association between pairs of alleles, the closer they are
7

“likely to be.  Ness -et al.™ (1982) have applied =this. '

feasoning to the alleles of the supratype HLA-B50-BfS1 DR 3

or 7 and. have suggested, based ‘on the magnitude of the
relative deltas between BS50' and Sl; and S1-and DR 3 and 7,

that ‘the:Pactor. B, locus: 1s dloser:to HLA-DR.
s . }

Table. V-5.shows eight supratypes- eéxtracted from Table
Iv-28, thai seem to . be " occurring - more frequently  than

expécted. (Ds - for five-point association > 25%). Relative

‘pairwise delta values for B/CH and Cl/DR- asscciations are

also. given (from Table TV-24). Tt can be seen that 1in Tive
cases ©out  of elght, the CI/DR assoctations have higher

delta” values, ‘which ‘suggests, although not  conclusively,

that the Chiloci{.afe closer to HLA-DR. There- are three

exceptions. I supratypes * HLA-Bw22 -C2%2 . BE¥S -CL*AL4BY

HLA-DR- and ~ HLA-B18 (2*1 BF¥S  CU¥ALB2 HLA-DR2- place CH

closer to HLAB,  and. HLA-B8 . C2¥1 BF*S C4¥AQOB1 - HLA-DR3

“places Cl equidistant to HLA-B.and HLA-DR.

‘The Bw22 supratype 1s rvare and, furthermore, only Five
of . the twelve BW22 C2%2 BF¥S. CU¥AUBY combinations weré

tested for HLA-DR. F
3
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Table. V-5: Comparison of relative deltas within' eight
five-component supratypes. S -

.7 Supratype .. Allele pairs s’ No.
B . C2 BF .C4 DR E 5 3 2 considered
708 p3B1 2 L i 43.3 > I
2 ‘. BT / A3B1 22,5 - 71/1036 . =
w25 A3B1./ DR2 - 39.6 . 46/368 . . .
8 15 -AQOBL*.3 1 1546 :
s .. B8 / AQOBL, 753, . 92/1036
AQOB1 / DR3 T4l 41/368 -
15 ‘1. §.A3B3. 4 . 2 10050
BI5: /. A333 73.6° 6/1036
3 A3B3 / DRY™ 10020~ 3/368 !
15 2 S. A4B2 . 4 \ 7 88 .
B15 ./ AUB2 © ¢ | 11.8  [12/1036
A4B2 7 DRY 31.1° 14/368
17 1,8 A6BL T.. - 3 <3 88.7.
. o B17 / A6B1 - - 71.1 1871036
A6B1’/ DRT " ‘89.3  10/368
18. 1 5 AuB2 2 - 35.6 L - i
. B18 '/ AUB2 19.0 ° -12/1036
i ALB2 /.DR2 8.2 9/368
22 2. S AUB4 - . . 50.0 -
' B22 / AUBY: 7945 © 12/1036 -~
K A4BH. / DR- 37.5 - 3/368
35- 1 F A3*a2BQO 1 . 57.2 ¥t
T B35 / A3¥A2BQO" . 56.0 6/1036 Ay
A3*A2BQO / DR1 -~ 68.3°  5/368 Ot
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_The B8 supratype will be discussed in'a later section.

The combination, B18 C2¥1 BF¥S ‘CA*AUB2 HLA-DR2, and

other similar supratypes are worthy of . further consider—

i
|
f ation. ‘I‘able‘V—_ﬁ Shows ;all AUB2 haplotypes whichwere typed
1 i for HLA-B. and HLA-DR, arranged ~ according to ~HLA-B. Table
i : V-7 - shois the same haplotypes arranged according to HLA—D‘R_.‘
: The variolia -combindtiéns. appear! to )be—rless variable with
respect - o HLA-DR than’ to  HLA-B. - In. fact, '90% of the
R supratypes shown- here are . three of fen possible DR types)
2,, " and -, whereas 90% " are eig'ht‘or_-nineceeh possible

HLA-B, types: ' This 1s."to ..be ' expected,- however, Af ' the’

combined ‘allele Trequenctes of the thrée DR-alleles and of
the “éight . B alleles.. are similar in the = pdpulation as' a
whole. In fact, DR2 “*. DRY ¥ DR- occurs; with a frequency of
47% in’ vorld data (Baber. and - Danilovs, 1980) and 4% in

this study. The combined. frequencies -of “the eight B ‘alléles

(15, 35,722, '5,. 40, 18,7 27,77) 15 49% in’ world data and 56%

? in this study. There is’clearly not.much to choose between

here, ' suggesting that B~Ch and C4~DR. .are recombining at

approximately equal rates.

Another approach ‘is ‘to compare thé strength of  the
association  between A4B2 and the eight B alleles with chat/
" between Cl and’ the three DR alleles. The 2  x 2 tables. in

Table V-8 show the ~distribution of AlB2 in the'- population

N ) alleles ds. 4 unit in each:case. What ;13 interesting are the.-

f
I
studied, taking ‘the. three DR alleles and the eight B g l
D, e & v i i




Table V-6
hapldtype Al
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Fi L pratyp:
B2 arrakged accdfding to HLA-B.
b i

ing ‘the' -CY

Complotype A4B2-5-2 .

Complotype ‘ANB2-5-1

B 2 BF 04 DR B c2 BP0k DR
15 2.8 aiB2 4 k
15.2 s AUB2 - 4
15 2 A4B2: 4
15. 2 s mB2 4 . ;
15 2°s AuB2 4 i
15 2.8 AyB2 .2 15. 1 8. AB2 -2
15 -2 S AUB2 2 1571, 8 AUB2Y 2
i - 2.8 B2 Y : !
i 35 2 .soakB2 4 35 71§ o Apetinn
; 3572 .S, A4B2. - b - : 5 ;
: 222 8 aup2l - 3
; 22::2. S aiB2 2 ; :
oy 5 .2 s akB2 AT g1 8
4o 2% 8 AkBZ - 40,01 8
) 18" 1.8
18, i1, 8 :
3 18 11718~
1818
: (1870 .8"
g |
. 27." 1
? 2741 R
N S
[y
T

-

[

L nan e u




Tap1&T Vo7 ve-componene supratypes concaining the
haplotype Alle arranged according to HLA-DR.
Complocype"xnsz-s-z * . " Complotype A4B2-S-1
5 DR, ‘C4 -BF C2-. B . DR, G4 . BF C2 . B
o ok 2 -'45 b2 s A
4 2. 185 4o oap2 s .Y
o4 27115, oW AMB2T s - 1
L4 2 157 b AUBZYC 8T
. Yy 2.7 15 b UabB2 oS-
: Y I 4. A4B2 S .01
: 4 T2 35 - a
) A vE2. . 35 ¥
5 4 2 Bt
y i 1221 o ST
V2 2. 15 Y S T
-2 2 1B b 20 NAMB2. 8,1 -15¢
2 2 %22 2. AbB2. s i1 18
5 2 AMB2 4 S 1,18
-2 “AMB2 -8 : 177018,
5 2 AbB2° 8 1. 18"
. 3 .(2.:A4B2 S 0 .18)
v : . 2 L.ANB27C 8. 27
i et CAUB2. §7 2L M0 wl kB2’ s -1 ep
e ) % P : - AbB2 . 5.-1. 27
: S ANB2 8 1 LT
1. A4B2..0 8% 1., 7
1 CAWBR2-.§ 135
5. AkB2 [ 5. 37




Table v-8: Cantiﬂgency tables and relative de].tll values
“the assoclation: between . (a) . .CU¥ALB® ' 'and  eight’ HLA-B

alleles.combined 'and" (b) CN'AMBZ snd three HLA-DR allelea
combined 8

BB

by

CHLA-B15. + B35
;. ¥ P22 ¥ B5; #
BLO +B1B + .

HLA-DR2 + DRM -
C+DR3. .




 Jdeus to, HLAZDR.

relstive delta va]uu ob:m_ned in this uay. ‘Ds for. CMMBZ

. _and HLA-DR 2+ 4 =18 75 6%, whereas D3 !or DQ‘ANBZ and

the -eight B nlleleu combined 1s '58.7%. zr relative- stz-ength

l‘egyect to HLA».B and HI,A-DR alleles than’ are the
supratypes. Ir aunh variability. can be taken as -a meauure
of mlntive age, then the ca*1 variam: 1s 1likely to be the

c2*2" nllela arose, perhaps by

me,esnm form from which }\\

poinc mtacion. Thia is further aupported by the “fact that

the - con1 allele 1! common in Caueauuid pcpulahtions while

the C2%2.1s relnuvely rare

One poaaibilihy is thﬁt the mutation from C2*1 to .C2%2.

arose on a BJj C2%1 . BF¥S ClliAllEZ mz or Dnll supratype and

became distfibuted r.o other "supratypes by , crossing -.over

‘between HLA-B and; 02" "and: betyeen G2 and’ HLA-DR. Tis
,‘meli,es, because ot the 'close assoclation betueén Ch*ALB2
and DR 2,7 1, a.nd - 1n both' G2+1.and. ooz shpratype‘é, that

the Cll lccl. (and pouibly a.lso BP) are closer than -the’ CZ

N -

5

of nssociatinn can be" taken as evidence of position; then .
“the cif lc_ci appear to be closer to HLA-DR. : K
, 74 The order of complement ioci' . :
" The - 'AUB2 Suprdtypes -in Tables V-6-and y- i - been
.Separated- accordlng to ‘€2 allelés-, those pn - the -left:
2 containing C2“2 and thvae on 'the ‘right: cen’caining C2%1., Tk‘}e
supr?\hypes uonynining C2%1 ‘are clearly more variable- wlth.
c2%2




8. Evolution'of MHC supratypes . W

. } b
Table V-9 ‘shows all the supratypes observed in this
material which contain the . two rare CA haplotypes, AABE and
A3B3. Only haplotypes for which typifg is definite for both

Aand B loci are given. There aré & number of interesting

similarities between. these supratypes and ‘thése  which

contain ‘A4B2 - (Tables V-6-and V-7 ). Of the total (57), 15

_contain 515, ‘and- this allele s found . with AkB2-5-2,

A4B2-8- 1,  and ASBE—S-I.‘ Fifteen: ncnnain Bwéz and this.

‘appears on - 22 of 40’ supratypes . “tested, - with AbB2SS-2,
AlIEE-S-l AUBY-S-2, and A3B3-S-1. Seven aupratypes are  DR-.

and these also include A4B2-5-2, AABZ-S-lq and AuB.—S—Z;
Furthermore, 22. of 55 complete aup-m!pu (12 varietiesf
contain.. two ' unusual complement variants on the same

supratype, namely AUB2 and - C2%2, ALB2  and: 2%0; AkBA and

~igana. ol SRR o -

If one uaunes chat (@) shnred a).lelss hply related-

neas, (o) che 'wmplement 1o<>1 are situated' betneen BLA-B

and HLA-DR; ‘and "“(c) differences “have artsen by m\tatlon,
crossing over, and recombihation, ng- edstly recognizable.-
pattern of degcent- energes.  C242, for exemple, 13 ifkely fo.

‘have originated by mutatgon. of 'c2¥1, ‘and the, most: probablé

‘candidate for -an anuea;ral haplotype 1s 515 C2%1 BF‘

chialB2 DRE.’ Yet this haplotype. has not b&

thig material. simuarly BY may have arxsen as a mutati n_

.allele 1s found *with AHEE-S—E, AHB’J-S-Z, and ABES-S-L DRY

[
|




Table V-9 : Supratypes contalning AlB4-and A3B3.

AUBE - ¥ 200 a383 (1)
HLA-B .C2 - BF C4 ' DR HLA-B 'C2 'BF. "C4 DR
& k ; :
7.7 17 8 AMBH NT (2) INT A3B3-— NT
T 7 2 's A4BA 8 A3B3.
22 NI S - A4B4 NT S A3B3 u
22 2§ AN NT S A3B3 4
22 2 5. ANB4 NT S :A3B3° 4 .-
227 -2 8°-A4BE - NT 81 A3B3" "l -
32.. 2° .S MBY4 NI S A383 N
22. "2 5 AMBY - 4 (3) F - A3B3 - NT
©22- 2 -S ANBN.. &4 o
22 -2 . S.ANBN . - 2
22° . 2 S AkBY
-22 27 .S AMBA. -
22° 2 S-AuBN 3
22" .2 TS ABN 5
40 2 S AMBM . ?

(1) “A further eleven C4 _haplotypes have been desighated
A3*B3 because‘a null allele could not be excluded- at the A
locus. -'Six were B15 C2¥1 BF¥S DR(NT). Two were Bl5-and. not
tested for. C2, BF.or DR. One ' was B4O C2*1 BF*S DR(NT) and
one was.B5 CZ'(NT) BF¥S, and one was B37 C2%1 BF*F.DR(NT).

(2) NT = not tested :
(3) This supratype was’ “fourd” in"a family ' seledted for B27

as part ‘of ‘an ankylosing spondylitis project and was not
included in the cotal haplotypes used for this study.




these ‘supratypes. -
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ond b2 C2%2 BF¥S-ALBS DRY supratype, but  this one has °

also. not, been observed. Furthermore, no. one order Of

complement’ genes with respect to HLA-B' and HLA-DR gives :a -

simple,,‘consinen: pattern of recombinamonal events ~ which

might account for the present aasortment of alleles within

.

0 PR " : N
Tne relatively small Sk for Anthmy Eesounbitan

cms confusion. Almost: o’ supratype frequencies have been -

bublished, "bit the snall mmber éf . AN ‘and A3B3 supPatypes

*‘escribed by Awdeh et al.’ (1983) appear to be relatively

similar 'in- their coméoxie;nt alleles: It . 18 tempt‘il.'lg to

° speculate that the classical . rules of mutation and crossing

over 'are not the only .'ones-operating however,. and +'that

other genetic mechanisms have played a -role in the origin.

‘and evolutlon of these combinations.

Pedse et -al. (1983)° and Melss et al.”  (1983) -have

recently reported data on murire H-2 mitants. which suggest’

thet, a copy mechanism analogous to gene conversion may play

an  important role in ‘the generation ‘of . polymorphisi. of

these genes. CH .genes are located within the HuA-reglon,
the human analog of H-2..CI genes ; are highly polymorphic,

and - the increasing number of repol‘ts“ of new variants

suggests .a dagree of diverslty which. rivals HLA.: A :gene-
cbnvetsion’ ¥ nechanten * oduld. explain ' -the. existerce. of
‘moderately ' rare Ch -alleles like Ab,” B4, B3, B2, ‘on-

relatively  similar - B-DR  supratypes. Gene:. coriversion
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provides 'a possible means by which new DNA sequences can ®

arise within, genes or.by which mutated sequences can spread

from one chromosome to ‘another, but which, unlike classical

crossing over, does' not disturb the rest of the gene or -the

rest of the haplotype. Such a mechanism could also account
for the apparent Chido and Rodgers variasility observed for
seemingly 1dent1cal cu*sa and cu-au alléles.

Tablé V-10 shows - the MHC supr'atypes "containing BF¥FL.

and BF#3l1.: F1. occurs On MHC suprnypes contﬂining C“BQD and,

51 on sipratypes containing cu-Ae, both being -unusual Ok

“alleles. Similarly, .4s stated -above, '02%2 (Tables V-7 7and -~
. V=9) ‘ocours ‘with CU*AUB2 : and AUBA,. and C2Q0 occurs - with
AB2. In.each  of these examples we are seeing ‘4 clustering -

-of' two or-more rare, .or moderately rare complement alleles

on” the - same supratype, This suggests that,: either these
complement.” loci - are “sufficiently: close ‘together to.  be

modified by the same mutational event, or 6 that the MHC

_regions of ‘some. chromosomes are_hypermutable; or both.

Natural . selection may &1s0 be  important - in
supratype’. evolution.: It is possible ‘that certain  combin-

atlons are subjected 'to' positive seléction pressures by

_virtue of ‘their linkage to important’ imwne response genes:

Present dafa only provides evidence  for negative selecti

pressures on many ' rare, ' or moderately uncommon, compleme!

genes. Rittner and.Bertrams (1981) have suggested that ‘many

MHC-assoclated - diseases  are .characterlzed . by thelr
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Table-V-10: Supratypes, containing BF*Fl and BF¥SI.
BF¥F1 BP¥S1

5 BF c2 ok DR BBF 2 oh DR
18° F1 1% 'A3BQ0 .NT 12 .§1 1. A28l < NI
18 F1 NT "A3BQO - NT- ;12 S1 -NT A2BI® ‘- NT
18 Fl 1. -A3BQO" ..NT V12 §1 1% A2BI. NT
18- F1° NT A3BQO °NT 12° §1 .1¥ A2BI* . NT
18 FI 1% A3BQ0 - ? (5 et

17 s1- 1% "A2B3. ¢ -
14, F1 1 A3BQO° 3 :

Z 21(50) S1 ‘1% A2BL¥ 7
21(50) S1 1% . A2BIX, NT
elnEly A2B1¥ NT'~

2781 .1 A2B1% NT
i 3781 °1% .A2BI* NT
42 ¥ A28 3
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‘associations ~with. rare complement variants. ‘Support  for

this hypothesis comes from the reported = associations

‘vetween IDDM and rare CYB . variants (see -Section C, this
" chapter), between congenital adrenal hyperplasia.énd rare

' C4B variants, and the - various assoclations reported between.

various disease states and. HLA-B8 CA4*AQOBI1.

+ Although these associations are likely to be secondary

to ~assoclations with dlsgasge susceptibility = genes® within

these supratypes, the .possibllity does -exist that,s in some

cases, inherited pomplement ~ variints iy . be atrectly
important. Tor . exanple, -the’ association between. systemic
lupus erythenatosus (SLE) . and. HLA-BS . was reported some’
years ago. Nany, “SLE _patients are’ known “to have inherited
compleent deficlencies; . partieularly ~ of CA .and C2
(Lachnann ‘and Hobart, . 1978b). in. . sssociation has ' recshtly
been demonstrated between SLE and C4 AQO and BQO, which is

of ‘greater magnitude then that between HLA-B8 -or DR3,

" implying ' that SLE patients are more likely to.possess

partial null "Gl - genotypes than are healthy individials
(Fielder et al., 1983). C3b-receptors have been shown to be
polymorphic (Wong et al., 1983; Dykman et al., 1983) a5
some individuals,  partialIy’ deficlent i (Wilson et -ai.,

1982).. SLE' patients are. more, likély ‘“to be- partially

deficient ' for these receptors . than -healthy 1individuals
(Wilsén et al., 1982). Finally, 'C3b *receptors have been.

shown to. function ~directly ‘in the complement . pathway, | as

cofactors for the dégradation of cellbound C3b by -C3b-Ina
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. Whether these 'observatlons .are linkéd, or how they are
. linked, to the patter of disease which is SLE, 15 unknown.

Ch and 03 form the classical - C3 “donvertase khish produces

C3b. C3b plays a role in the formation of immune complexes;
and " C3b-receptors are likely fto be - dimportant in ‘the

degradation of C3b. There may be & * single . underlying

mechariism  at work heré, or CA, C2, ‘or C3b-reeeptor.

deficiencies may be Separate -routes to the same -disease

symptoms. - In' either  case, ,the patterns of association

described certainly ‘suggest a direct role. for inherited-

complement. variants in SLE.

There is presently. little evidence for positive
selection” pressurés on particular MHCC allelss “or - duprss
tjpes: ‘The frequent appearance of "more thén ‘one‘ rare
conplement allele in the same supratype, - and of different
rare alléles. on sinilar ' supratypes; raises  a number of

interesting - possibilities.  Perhaps” a : single mutacion&l

event“has -modified more. than one _ofa gx‘cup of tandemly

arranged  genes. Perhaps elecf&opnorebicauy aifferent
complement variants are -also  functionally different’ " and
some ' combinations exhibit greater .fitness .than ‘others,

Perhdps there 18, In some haplotypes,” a direct functional

relationship between . one or more complement alleles ~ard-

other alleles of the MHC, so that certain combinations are

favoured while others are not.

One final ‘mechanism Will. be considered.  The. B8
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o “-supratype has been described. by.d mumber . of ‘investigators.

l Tt 5. ohe OF: e HE Wet comBHlY céch'rmng combinabions T
in. this magerial, and the -associstions, particularly |
bebween HLA-B8 and pﬂA§Oél and between CHAQUBL.and DR3 are |

striking. Only 21 out of 1117 AQOB1 ha'l;lot/ypes i this
matertal aré not ‘B8. Oaly 11 of 52 AQUBL haplotypes tested
are not DR3. Alper et al. :(1982) alfa el W6 a1l (1983)
" have - sugsested that certain linksge cisequilibrium. supya-
types' or extended haplotypes " are hunan analogs | of the \
murine .t mutéants.  The /¢ meglon  extends its influence. | |
through -the™ mirine MHC- region and .. associated ﬁién
crosadves iugpression £hd & posttiie .male  transmission.
it bias. To support their hypothesis; Ehege investigators. ette
o thie strong asscélatioh betwesn allélés of 'sfDB8" suprabype

and ‘the marked transmission bias they: have -found . in’ the

1 X same supratype, namely'HLAiAl B8 BF*S C2#C_ CU#AQOB1 HLA-DR3 i
|GLO2.” The 'strong linkage . disequilibrium found in this study
; . and " the relativély similar delta valued. among’ " ¢oriponent

5 . ‘alléles may lend . further support’ to . this hypothesis,

although the ‘B8 ‘supratypes described in this study have not

yet been analysed for the products of the GLO Iocus.

i
. : Such a ‘meéchanism may have been important in maintain-
ing some.of the _rare’ combinatioris .described’ in- this

material. ‘Rare variants may arise and become locked - into

1 supratypes, - or fragients - of supratypes, ' by “suppressed .

recombination. Such ~a mechanism might explain, for example,
T 2

- the' ontliued existence of. such cofbinations as B22-2-5,
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515-2-5, C2%2-S-DRY, and C2%2-3-A4B2-DRY4, etc.;, in a

variety of, slightly different supratypes.

C. Disease assoclations

Approximately = 360 - hapTotypes  were .collected' from -,
multiplex multiple ~-sclerosis' families dnd 28 from muclear
families with one, case of - insulin-deperident ' diabetes
mellitus in order ‘to 1}.vest1gbate the possible relations'l';iéi

between particular - C4 -and. othér MHC allotypes and these

diseases. .y

1. Multiple sclerosis

% The ' pedigree data  .and d].avgnosti‘cr criteria used  in

these MS familles  have already been piplished:’ (Ebers: ‘et
Call, 1982). These 1nv;st§15a}:ors have shown that, contrary
Fia a S to expectation, haplotype-sharing; specifically with regard
to |HLA-A, HLAB] ‘and HLA-DR alléles, differed 1ittle from
“that . expectéd by chance in 40 MS sib-pdirs ‘from 36
_families. Thus _the hypothesis .that & single, MHC-linked
aiaease-susceptibil ity gene 15 cperating in - thls disease

was not’ supported by this study.

A different approach ' has' been taken in this . analysis.
From ‘the pedigrees, 188 entry or founder: haplotypes, or:
_supratypes, ‘could be.identified as MS supratypes by  the

'fact. that they ‘occurred in the. patdents. . A" furtnér 162
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supratypes were observed in the ‘healthy relatives of the
patients;  blt" mot in the patients themselves. The latter
number' s - smaller because,’ although three génerations of
neny families'were sampled, most families contained two and
sometimes . three MS patients: A * number of comparisons have

been made using ‘the 162 "healthy ‘supratypes" as controls. -

HLA-BT, * CA¥A3B1; and. HLA-DR2 - each.. ocour more

fpequeh:ly in . the MS oupratypes than in  non-Ms supratypes

sélected ‘fram the same fall\ill,es. Furbhe!‘more, the increase

in- DR2, :almost three-fold, 1is ‘highly ‘stgnificant. : These.

-results are consistent with previéus- reports of -assoc-.

lations “bBetween BT, and DR2. ‘in- particular, and. ‘multiple

sclerosis. It 'should  be notéd, moreover, that these results

are likely to be conservative. Supratypes designated NS~ in

| these analyses belong. to individuals with defintbe MS. Ahy
founder supratypé in a relatlvs but Rot s faia patient was
designated non-MS and many of theses 'came from relatives
aged 45 years a.qd less who are t‘heref‘oz‘e st111 a6 risk for

the disease. . .

.Because - alleles “of . the .supratype HLA-B7 'BF*S -C2¥1. .

C4¥A3Bl . -HLA-DR2. were found to | occur .together . more .

frequently than expected in - the total - material collected
for this - study, and necsuse' 1t was 'thet most frequent
combination. encountéred in “ths Ms- ~fanily natertal, it was
‘of " taterest. to deternine vhether | this parueumr capmm-

ation “occurred . more frequently in WS pstients. In fact,




approximately 17% . of .the MS supratypeg “are. BT:S-1-h3B1-2.
The . same combination occurs ‘approximately’ one-haflf. @ as
frequently- in * the - controls; -and . this differdnce 1s
statistically significant.

Approxinately equal ,proportions of ' MS anfx non-Ms

\
DR2—3upratypes are 7-S- 1~A3Bl, whereas more MS (B —supra—
types. are S-1-A3B1-2' than ‘are non-MS$' B7—suprat /s (108 of

W), - and more ' HS A3Bl-supratypes are  7-S-1-f ° than are

hon=MS.supratypes = (32%-cf 164). These results afe confusing

ahd  not easily interpreted.. Most' 1ikely “they SIZmply;rer‘leéi:

(a) “the population  assoclation  bebween. allefles of ‘ithis
supratype;-and’ (b) - 'the highly significantly/increased PR2

in the patient grous. Since 'DR2 and A3B1 are positively

assoclated, .the ‘effect of the ~increased 'DR2 on the A3B1

frequency. 1s an. overall increase in. the /number of A3B1
haplotypes ‘in  the  patient group. - Fyrthermore, since
B7-A3B1-8-1-DR2  1s 'a linkage disequll{br‘ium combination,

the effecb 01' the 1ncreased DR2 18 an’ " Increase 'in ‘the

pmpomon of “A3BI.supratypes which are 7-§-1-2. Similerly
the eéffect of ‘the increased DR2 on " BT is .an overall

increase’in B7 and an  increasé in  the .’ proportion of- BT

_supratypes _which - aré, S-1-A3Bl-2.  Finally,’. 'the highly .

significant assdedation found ‘here between DR2: end Ms, and

the relatively equal- proportions of DR2 supratypes which

..ave 7- _1-A3B1° 1n K. and non-Hi3 groups suggest thet, 1if an h

MEC-11inked disease  susceptibility gené exists, 1t is- (a) on

the HLA-DR side of the complement -’ loci.and (b) very.close
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%o DR: T S : “

Twenty~four DR2' supratypes’ in the” MS ‘group st

7457154381, that' 15, Tack one- or more of. these ‘allelés, as. o

compared. to.fdne . 1 the Aon<Ms groups . If . ‘there i &n ‘NS

“alsease susceptlbility | gene close to HLA-DR - which is n a

' frequently fouid -on DR?,supratyp;s, thén " one would * assure

@ that . DR non-T-S=i-13B1 supratypes in batienbs‘A are - more 3

1lkely to - carry. ' the * gene.. Furthermore, “if this suscepti=

"bility ‘gene aross. on'a 7-$-1-A3Bi-2 supratype,”as. évidenoed
by 1ts ‘higher frequency in patients, and -1s. spreading to,

other supratiypes.by. récombinatich, then -DR2 non=7-S=1-A3BL :

supratypes in - patiéhts’ miay be ‘more’ similar-ts. the-” founder:

supratype 'than DR2. non-7-S-1-A3B1 supratypes in" healthy

controls.. Table V-1l ’shows thé supratypes: in ths MS-and

non“MS grougs which' e DR2-but not To5-i-A31. There = are s
too e data. to i reach’.any definité. concluslons: LIt is-.’
‘interesting:: to no‘t;e,‘ however,  that' elght™ .of 24" fs -

" DR2-supritypes are definite C2¥1 CUMAIBL (Lie: 33%) as ety

compared o one of -nine * (11¥) non-ilS. DR2-supratypes.

‘The relationship betweén . NS and putative susceptis, -
" bility genes s far from ‘clear, -One possibility is - that
théte 1s & single NS disease, ‘susceptibility . (MSDS)  gens

which: is linked to: the ,MHC Very ‘close ~to DR; " aid -which = . -

occurs most - commonily on DR2 haplotypes but also; elthough
N : ) %

“rugh less frequently, - on othe

g Posstble candidates for
es

~other supratypes ~ in., the famil considered ‘here might




Table VA11; uS and’ non-MS- mpratypea which are DR2 but not.

HLA-B] BF*S C2%#1 Cl'A3B

l 1 - Aol o
HLA-B BFC2 -CH

1% A3BQ
1#*. A3BQO

NPD RN

1% - A4B2
Ar. MB2

)

B R VR VY O
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include. _those ~containing HLA-B27, B37, or B4O- (see ~Table

IV-29, p. 160). A second possibility is that there 1s a_

single MSDS gene, MHC-1irked, but of variable penetrance.
The report by Ebers et al.:(1982) which indicates - that MS
- sibs ,sr}z no  more ‘likely -than expected to share haplotypes,
makes e, o) Carmsbives appedr unlikely: "A third possibil-

ity is - that  multiple MSDS genes- exist, onme of ‘which . is

nked. ‘In" Other words, MS - families transmit non-MHC

‘MSDS 'genes . agdinst) ‘a background  which ' includes _an

with DRZ. Per‘hApu individuala in these !'imilies_ are

Y axrenced when they 4nherit the ap_pl‘cpriata combination of.

MHC and’ non-HHC MSDS genes, ‘or of non<MHC MSDS genes alone s

".3. Insulin-dependent diabetes mellitus
i =, <

Comparison of, 28 haplotyfes from 14 IDDM patients: with

@y haplotypes occurring in their healthy relatives ‘but
not in. thems , “and (b). 98 mplocypes X'ron healthy,

unrelated FS dlvidulls, indieates Lhat),bhe C4 - haplotype

* AQOB1 alid_ the allele CABB ..are anren!ed « substantially in

‘these patients.

Acuaciacionu hehleun E-mA—BE HLA-B15 and diabeces, and
move. “particularly,’ bétween = HLA-DR3 ' and - HLA-DRL . and’
di'abe'g:ee, have’ previously beeth peﬁori_a,d. The gsupratypes B8
_BF#S. C2¥1 CS'kAQDB‘l' DA3.dnd ‘B15 BFRS czulchﬁ.nasz DRE. nave

£ 3 it i i
-been shown to be  disequilfbrium combinations in the ‘total
A T W

~linked diseasé susceptibility. gene commohly associated .
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material considered’ here.¥ It 1s likely, therefore, ‘. that

. . iost of.the B8 AQOB1 haplotypes seen in these IDDM. patients
are DR3 and that
DR4. Of ‘the

at " least some of ‘the B3 haplotypes .are

four BS IDDM-supratypes, only two are BI5,

however, . and rone were tested for HLA-DR.  Purthermore, fione

of the :.non-Bl5 CU*B3-positive haplotypes . in  the total

material “used for - this study have been tested ' for. DR.

_CH®AQOBl: and CL*B3 are clearly,marke:'s for. . some - "diabetic o

" chromosomes".. Whether these <G4 associations. are secondary

to". assoelations between IDDM ~and DR3 and DRY remains £o.be

shown..

We have

IDDM - patients (Skanes

collected CH. "phenotype

et al., .in preparation),  The

data on 48 unrelated

clwB3

allele is found in 13 of. these 48 phenctypes as compared to

b/t randomly—selected

of 10.5 (p= .00002). We could not determing the relative |
risk “for AQUBL. from 'these population data since: the
haplotypé. AQOBI - cannot be'deduced -With -certainty ‘from .
Phénotypes. We have confirmed a previbudly. reported (sbe.
Farid-and Béar, . 1981) 1ncreas:e I0DM

contiols,

glving a relative risk,

in . HLA-B8 in | this

group, however. 2

Associations between GCA allotypes and IDDM have ‘been -

Wl reported by . others." Audeh et al. (1980b) round a. two-fold
‘inorease in. Cheros (AGOBI) 1in IDDM_patlents as oompdred. to
controls. et ali

26%

Bertrams (1981a) have found a rat'e Ch¥BY

100 heslthy * *

in of '216 IDDM patientsbut in none of
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controls.. Kay'et al.’ (1983) have observed  the variant

.. CU¥B2.9. in five  of eight - .Bl5-positive ' IDDM patients.

Because the ‘two: vartants BA and B2.9 appear .similar
electrophoretically to the BS.obgerved here, and because in
W7 rbee Stishes, 18 assbelatisn. wibh.B15 DRA,. 1t mdy be.
conclided that these - studies are -identifying the same ' Ch

allotype.

There have been .reports ' of associaticns:betiween IDDM

and Pare complement variants othe? than CA¥AQOB1 and’ CL¥B3.

Significant ircreases in BF¥FL' and., 02%2 haveé beén reported | . -

. (see. . Introduction, p. 58). There are also  indications that
not orie, bt beth heplotypes of | the  pablent are somehow
important. Indiviauils with DR3 arid DRU are réportedly at

Sreater risk than those with DR3 or. DR alone (Berteans & o
al,,  1981b; Cudworth and Wolf, 1982). In addition, Da‘wki‘ns‘

et al. (1983)" report that iwo of five BI5 “CA*B3-positive '
IDDM patients alsé v‘pcsaes‘s -the éupgapypé 'B18 ‘BRR*RI CLA3BQO

DR3 or'DRE. T : e

“ The Cl genotypes of the 1l IDDM patients ~ considered in

. ‘this -study are given in Table V-12."It can be ‘seen . that"

eleven have- -‘either AQOB1,. A3B3,. or A3¥B3.. ‘One of these

eleven,  patients has AQOB1 and A3B3 together. [The second /

haplotype of the other ten .is A3BA0 in' three cdses, and . in
“TTJtWo cases & ‘null allele cannot be .éxcluded at.the A locus.

The sedond hapétype 1s - definitely A3B1 in only  three of

ten.  genotypes. In view .of the  relatively low. puiulan-on
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frequency reported for A3BQ0 (9%, see p. 207) -relative. to
A‘3Elv (55%), ‘this  result’ %5 interesting. It = suggests,
although ‘the Sample; 1s" admittedly small,, that -a  second
"haplotype,. containing A3BQ0, ‘ for example, ‘may also . be
important in these patients. . The BIB. ‘BF¥F1 .supratype

usually contains - A3BQO. ‘The three A3BQ0 . haplotypes

ocourring in these patients were ~BR¥S  C2%1%, howevér, and ’

none of the total 28 IDDM.haplotypes was B18.

Unusual” complerient variants  are ~implicated ‘in ian
inereasing numbér of ' dfscases: The CHAQQ aliex'i 1s
increased in SLE and - this increase is greater than that of

HLA-B8 . (Feilder ‘et al,,” 1983). CA*B3 1s ircréased . in

rheunatoiddarthritis patients (Dawkins ét al., "1983). The .
“associations between G4*AQOBI, CU*B3, BF¥F1,. C2*2, and ¥DDM .

have already —been dlscussed. We have further observed' an

association. betieen C4*B3 and Graves' disease - (Skanes et

2l., in: preparation). The B3 variant has been  observed in
16.4% of 61 Graves" disease patients as compared to 3.4% of

117 controls: ) .

‘There are at least  two -interpretations ‘of these
observations. One 'is that the complement associations are

secondary to $trong associations ' between these diseases and

HLA~DR alleles. ~The impllc%tiwn here’ s’ that there -are-im="

portant diseaseé: susceptibility genes and ‘one of &n unknown
: : ' Voo
number of ‘them 1s ' closely linked to the HLA-DR locus. If

some ' chromosomes are hypermutable, as the clustering ~of
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rare complement variants on some chromosomes. suggests, -then
these -chromosomes may also contain mutant immune response

genes' which produce disease susceptibilities.

An. alternate hypothesis 1s that these unusual

complement V&I‘L:I:ants play a direct role in the pathology of

‘the disorders in question, a possibility which is supported

by the fact that these diseases,. IDDM, SLE, rheumatold
arthritis, and Graves' disease, each have an autoimmune
-corponent . ‘and a ‘pathology in which the formation and
disposal ‘of immune complexes is undoubtedly important.
D. Bt;vels of *serum CH

vseru’un Ch  concentrations were det:erm:lned (%) repeatedly
over a ' 6-month period on a panel of 14 healthy volunteers,
and” (11) on va- ‘single occasion 'on the, stored MS™ Tamily
collection, '1n ordep - to 1nvestigate the: sources of
variation in 'sersn C4 concentrations; in . particular,. the
effects of handling and stovage on samples, and the effects
of age, 'sex, disease states; and gene dose ‘on 1n§1vidua;

levels.

1., Control panel - i .
C4 levels in, healthy 1nd1v1duéls*are relatively ' con-

stant over time. ' The greatest source of variation' /'detected

in this study - 1s between individusls  (56%), certain
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individuals - being  consistently - high - (>70mg%), others.

consistently low (<25mgk), and most having intermediate

levels of approximately 30 = 60 mgf.

One” of the 14 panel members, HG, had & Ci - concen-

tration in the range ‘of 90 .- 110mg%. This 1individual was
genotyped Cli A2B2B1%/A2B2B1*, HLA-B14/?Wi1. Three of his
family membérs “were also tested.. An MHC-identical b}other
alsc had extremely high serum C4. A sister, Cl-A3B1/A3B1,
had approximately 40mg#, : and the'mother, CH A3B1/A2B2B1*,
had approximatély 60mg%. Thé Ci electrophoretic - patterns $‘f
HO, his brother, .and mother vere  similar to that  found in
other = individuals ‘poaseaéing the. putative "double BY

haplotype -A2B2Bl.. Furthermore, this haplotype 1s strongly

assoclated with HLA-B14. Becausé HG and his  brother have

Blk4; it.1s likely that-both have at least one, and possible

two, A2B2Bl haplotypes. In other words, they are likely. to
3 '

possesg five or possibly six Cl structural genes. Since the

father of - this family ‘is ‘decéased, the second haplotype

cannot be conclusively.demonstrated.

N

Four members of thé contral panel missed work and/or a

sampling day, during the course . of ‘the sampling period

because of ‘minor: ‘illnesses like influenza or “streptococeal,
infection. All. four shov‘led moderate 1ncrens’es in  serum G4
levels on.the next sampling day, sugsesting that: the leyel
of:Cl protein is, Bs.has . been reporbed, influenced by viral

and bacterial infections. = ' . ¢
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No . significant  alterations in.:CH coneentration " vere
apparent ‘in samples from différent individuals stored up to
AT weeks at -700C. There are small aifferences in medn Ch
values obtained in the’ July z-ead‘mg._ (lower) and the dccoﬁer
reading (nighsr). It Was necessary to-use different batches
of standard serum for:each of the sets of determinations on

stored  samples.. It ‘seems likely ~that . these . small

.~differences are ' due to systematic technical - error,

introduced either by differences’, in concentration of tlie
standard ' sera, or a smell dilution errur'.vm;c_h may . have
‘altered the stadidard reference curve. Technical érror. 1s
1ikely to account for some of the residual variance seen in
the ‘anialysis shown in Table IV-40.(p. 181):~

he samples. could - be

No effect of handling: of

demonstrated. Samples frozen and ‘thawed fifteen times in &

two-day - period gave values not. significantly different. from

" those. obtained from: the  same samples tested withlnn one hour

of being drawn. All " samples; both the controls 'and those
from the MS families (see below) were handled in the -same
way. They were thawed in a 37° waterbath, kept over crushed

ice, and refrozen, quickly at -70°C.

Sample from 'the MS families

A11 samples from the MS families were tested within a
5-day - period, - using the same batch .and dilutions of
standards. A known control-was included on ‘every segond

plate, 1.6.31 times, 'and values obtained ranged from 21.8-




o2
25.8 ‘mg#%, which 1s within. the range of -error -(+15%)

acceptable  for ‘the method.
; s

No ‘effect’ of age, sex, of mltiple '‘solerosts, was'’
demonstrated when efther all unrelated - (two. founder
haplot‘;ypes) or, partially-related _(one founder haplotype)
individuals . were coqside;-ed.,'me average age of the group
was high (approximately 58 years), and the youngest was age
17, - suggesting that,  in, ‘adults, CA concentration  fs .
unrelated to age. : o

When unrelabed’ individuals with. known, definite'. Cl
haplotypes . were categorized ‘acaording to ‘thelir possession
of two, :hree,’ o four structural Ch genes, a significant
relationship . was demonstrated between Ci concentration and
the humber of CA genes. There 1s, in other words, an effeot

of gene dose -on serum Cl concentration.

The varidble, "number ~of genes",  accounts ' for 14-16%
of the ' total variance observed. in, the analyses shown 1n
Tablés IV-43 and IV-44 (pp. 189, 190).. This means that,

_from ‘a knowledge 'of - the number of genes an ‘individual
possesses, the CH concentration:can 'be predicted with about
15% accuracy, or alternatively,  that;- given Cl concent
tracia}l, the number: of CA structural genes can be predicted
approxifiately’ ‘one-seventh of  the time. Therefore, éibhough
there 1s a statistically apparent. effect 'of gene dose, ' Ch
serum - concentration appears to be of 1ittle value . in
establishing whether an individual has one,.two, or no mull
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e .,
alleles. ‘At 'best, 1t can oceasionally confirm . pedigree
aata. ’ d

MHC-identical and MHC-diff'ereént sib-pairs  show the

' same mean -difference 1in ~‘serum C4 levels. ' This result is

surprising in view of the fact - that gene .dose does, to some
extent, ‘affect 'Cl-, .concentration. It iin;:lies; that' other
"racr,ox-a are. also ' important in detern;inlng serum .CY
cuncentrab;on; sirice MHC-identigal #1b1ings. have inherited

the éame number and kind of Ci genes.

Clearly, 'some of the. factors are non-genetic. No data

were dvailable on the health ‘states other than MS-of the

i . 3
individuals compared: TFurthermore, .since the individuals
included 1in the.' comparison  were 'all adults, the sibling

pairs do not necessarily,share a common. environment.

. ) i
Cli-high and Ci-low. strains have been demoristrated  in

mice. “This tralt isl controlled by genes of the 'S region of

.the murfne MHC. (see Shreffler, . 1976). Genetic  factors

other than CA structural genes alone may aiso affect CH
levéls in mai. | Ir | this 1s the case, then - the sib-pair
(:.émpunon reported here . suggests a different  control
mechanism .to bhat;faund Tor cu-high and Ch-low mcusé
strains, - ahd | that fnan-m{c’genes mey" ‘be important. It is.
tempting to speculate that regulator genes' unlinked to:' the
WHG may "control either.the  rates  of '.GH synthesis .and/or

| o 4
catabolism .or, alternatively, the number of Ch-producing

|

|
i
|




E. Sumnary ,

cells an individual possesses,

‘The, data'.pf .thls  ‘thesis clearly cohfirn the' superior-
ity  of  Cl~typing seérum .samples after neuraminidase
treatment ' compared - with ~the earlier use < of unz;eaced
samples. In particular, several gene ~Vpruduct; with

electrophoreticd mobllitles between F .and S were better

‘.distinguished by'-the newer method and,: overall, a larger

number of alleles was identifiéd.” U

Generally speaking, the results were compatible’ with
the currently-accepted model for Ch'.which holds (1) that

there aretwo.loci, CU*A and CU¥B, ' per c¢hromosome; (2)- that

“null alleles,-AQO" and. BQO, are relatively common, (3). that

CU*A products carry the Rodgers- antigenic determinants and
céuis products carry Chido, and (4)° that CL¥B products - are
haemolytically active after neuraminidase treatment whéreas
Cl*a. products are mot. However, 2 number " of .families ‘showed
haplotypic -patterns which did not confor to one or fore of

these characteristids. First, a few rare gene products were

assigned  to the A or.B series of alleles based ‘on haemo-

lytic activity and ‘on the interpretation of pedigrees
assuming two loci per - ‘chromosome.. The appropriate Rg or Ch
antigen could not be-demonstrated .at-all ‘for some these

rare variants, while. in others. there was evidence -of weak

or partial. inhibition of Rg of Ch antisera. Second,  there




were 4 haplotypes which -showed A3A2-.or B2Bl ‘electro-

ph?ret'le patterns and, although two separate gene products
have not been directly demonstrated; each of these. haplo-
types appears to - contain duplicated A or B loci. If this is
thé case, then one of these haplotypes, A2B2B1, is. ldkely
to . contain . three CA _structural genes. Furthermore,  null
alleles, that 1is, 'non!‘unnt'mnlng structural genes, are
purely hypothetical. Haplotypes like AQOBL and A3BQO might
Just as easily . contain A BAHEL “ganes- eash) iMene
observations vsupporb the ‘siggestion thal’ the, mumber-of; .CH:

genes'1s & polymorphisif in humans. 'In other words, the.

‘possibility 'of one,. two, ‘snd fhree genes per 'enp&maume,

and hence the possibility  of twe, four, ‘and six geries per'

genotype, cannot be excluded. L ; "

It . has been, suggested.by others  that the rélative

quantity ‘of CHA and CUB antigen in .an - individudl - serum

'sample (as - measured by -crossed . immunoelectrophoresis)

indicates the relative numbeF of A and B genes an _1indiv-

1dual expreuseu, sha” ghat Bié retic. .of anm;ex{ can

thel‘efol‘&. be \lued in can}unctlon wlth phenotypic mtterm
to decermlne the individual's genotype. Reaults obtlined in
tnis cnesu suggest' that this 1s overly ' optimistic. While
.there 1s' likely to be a moderate’ effect of ‘A" -and'B gene
dose’” witfiin: an individual, Oh A:B ratios, in this study. at

least, -are’ highly variable ~and “of 1ittle value in pre-

dlcting’ genotype. A lafge ' number -of individuals could not

therefore.  be completely -genotyped ~because,. even  with
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‘pedigree and Qquantitative ‘data, . one or moré null-alleles

could not be assigned of excluded with certaliity.

Total serum Ch  levels are also- -highly variable.

“..Quantitative serum Cf determinatlons '(by ‘single radial

‘imiunodiffusion) from a. panel ‘of healthy donors, : showed

that, -while the concentration of samples is' affected little

by ‘Tong-tern storage 2t —70°C or by repeated freezirg ~and

‘thawing, there is' considerable and 'consistent variation

. among  individuals and that individual  levels,. - although™

S * iy \
moderately stable over time, are affected” b  bacterial.and

iviral infections. ' Furthermore,-analysisof’ serum' C4'concen-

“trations of - a group of unrelated, Cl-typed individuals from

multiple sclerosis famllles revealed no demonstrable effect

of “age, sex, or :multiple - sclerosis. Only. the . number -of

genes an - individual possesses, as¢ determined by OiStyping
and pedigree data, was'. a statistically significant factor
in determining serum leyels. Because this  variable, gene

dose, * contributed only 15% ~of the total variance, 1t s

concluded that - knowledge of serum ' Ci’" concentration is ' of
Goubtful valye 1n assigning mull alleles ' to.CH phenotypes.
In. other - yords, meither  the refative: amourits. of CH*A”and
CL*B  gene products wi‘bhinian: ‘in_d‘lvidual, ‘as - heagured by
créssed immuncelectrophoresis, & hor’ ‘the - total -serum’ Gl
concentration relative to other 1nd1vldu»%ls, " i mbasuréd.. by

single ‘réadiel " immunodiffusion, ‘can be ' used ‘to. predict

.accurately - the..number -of . Cl-structural ~ genes - in_an '

individual. Finally, the - obSérvation 'that ~MHC-1dentical




i s siblings Were no more likely:than M c-disrerent siblings to - gy

'nave similar-serum cu concentrations suggests that factors

-6ther cnan cl sbructural genes alone, or of M.Hc structural

\genes - alone, are contributing to-: individual -variauun}n

serum Ch levels. . Pl

nunmbers,’ gene :

. Because :of this uncercain’ty .about ~gene’

B and haploﬁype l'!'equencxes cculd not -be caloulqbsd with. eom—‘

plete:accurdcy. Even §3)'1t 1is apparent “that one haplotype;
i " Ch%A3BI, ‘:ls‘ exceedingly common in thig 'in‘ateéxu and’ that:
" < .four 'others, .AQOB1; A3BQ0} Auaz, and | A6B1: secur  with

frequericies ranglng -from approxima’cezy 2021840 No irecor

instlon» s’ “observed’ bstween alleles at the A a.nd B. loci

and -many’ A—B “allele.  pairs’ .show scmng .nnmge (LEE S

© equilibria:

. et x d g
Analyses of nor-rendom pairiise associations : between

o MHC slleles ek “relative “deltds. for three-, fcur ;. and,

five—way WG alielic ".combingtions indicsced o;ha: S rbatn

i psirwise ucmbir_mtians of i MHC" alleles,-’ nerl:aln GA4-BF-C2

¢ " complotypes, snd ‘a number o8 extended MHC aupraeypee (algo”

océur. | more frequently. iri this’ materlal than “éxpect

general; - the | pgrtisilar combinations observed. confirm,thode

- described 'by - bbhers, but < dome are z-eimx-:ed ‘here. for-the: _

s i .. first’-time." For. .exampi “the pubative Homoduplicated

haﬁlob’ypes, A3AEBQO and AEBEB], were nearly alwaysi * found. *
Wi'th HLA=B14 BFeS C2¥1 and HLA 335 BF*F C2%1 !‘%Epeetively :

. MHC - xx‘evcomb_lnant

‘d(at,&, ¥ a.nalyses suprafype.




loci: ‘and, on  the’‘evolution 6f MHC suprstypea. The data’ -

S S -,
composition; ‘and comparisons. of the relative strengths of
assoctations’ among p'a« rs within pé!'bicl*la,r supratypes have

been uued to speculace on cne relative.| poainion of the Ch.

suggest - that the:.Ch “loci are  betwedn' HLAB and ~ HEA-DR,.

‘closer CO Dﬂ thhn to -B. The difficulty in establishing a U

clear llne Lof. deacent f’or obv,‘lously'related supratypes

§ suggests’tmc mechantams. other than . Glassical mutatlon and

crossing. ~over,. posaibly gemﬁ ccnvex'sion n.nd/or' suppressed

'reqpmbinatlon, d may. have been . mportant in. supratype

regtons of chromosome six.

evolutlons & the frequent clustering of rare, or

mnderately z-are, complement alleles’ ‘in. the same supratype -
_suggests’” that, sokie “complotypes may  oceupy hypemucable

A

“A sizable nmimer of individuals’ who weré Ci-typed for..

thls invéstigation .’ were:'multiple bclerosis (MS) - and

insulin-dependent: diabetes - (IDDM) ~patients :and their
relatives; The NS results show..(1) - that HLA-BT, - CA¥A3B1
'\ana,  more - partigylanly, I{(,-A-DHZ occur more _frgduently in

"paclent" uupratypee “than 1n "healthy" ' ‘supratypes-from the

same . Pamilies, ‘and (2) that ‘the. supratype BT BR*S Co¥l -
~Ch*a3B1 DRé is anreased in ."patients: The lam_:er is. lilgely .

to. be an")effecb of the ! highly: aigniticnnt iaaaociation‘

_between " Dz ’and s, suggeseing that, ‘one.’ of " gh’unknown

number - of. M5 disease suscepeibili:y géries’ 18" very, clasely ¢

‘linked to" HLA-DR. High-risk haplotypes, namely CQ'AQDBI and

C‘#‘A353, : vwere ElEO demcnst%bed i’o!' IDBM. The associationa
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A " befween these haplotypes ~and IDDM may simply veflect known

associations betweepy IDDM and DR3 and DRY-and, as with. NS, =
suggest lv)R-&ssociated‘vgusueptibili;y'gen‘es. Because o‘t}mr
"rare complement Variants have plio been observed’ in’ IDDN, - e
1t may.pe that these variantd mark hypermutable supratypes |
+ """ Gontaining, mutant ‘mmune’ redponse genes. on the othep hand,” !

: : because. ‘the same. Ci variants, AQOB1’ and A3B3, " have Veen

“ observed in  other - d‘iseasea‘, systenic lupus erythematosus
,and Graves‘ +disease ror exampie, 1t 1s also poasible thatﬁ .

these Cll ‘vériants pls.y a di!‘ecb l‘ole in, cez‘tuln dluessea,

il "*mrtm&m—ﬁommmme‘wmlﬂ_fomm—‘ 4‘

complement activation are likely to be important.
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Table 'A-2: Distribution of BF alleles by HLA-B,

HLA-B ' BF
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Table A-3: Distribution of C2‘alieles by HLA-B. .
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Table A-5 : Distribution of ‘HLA-DR alleles by BF..
HLA-DR =
BF = 1772 3.47°5 6 T 8 9 i Total
S 26 26 T2 56 61 26. 0 25.1 1 294
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F 315 5 4050 4 2 16 .00 5k
F1 070 0 1 0.0 o- 00 1
; . 3
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I Table' A-6: Distribution of HLA-DR alleles by C2.
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t p c2: -1 2 .3 .4 5.6 7 8.9  Total .
N . ¥ .
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‘Table A-7: Distribution of -Ch haplotypes. 'by G2, using
-complete CU: haplotypes only.
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Table A-12: Distribution'of GU haplotypes by G2
using all complete and incomplete CA haplotypes.
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Table A-14: CA' haplotypes by HLA-B using all’ Ck haplotypes.
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