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ABSTRACT

'1857 't!"erum" samples' ft'01!J heaithy.1ndiv:Lduala,. pa~lents"

and the!!" -famll~e's were Charac.teriz.e~~lth "respect to c4

, polYlllorp~lc varlanh'" therelBtionllh1p:' betw:ee,n, ,genotype amI

r' e4·" conc,ent~at:l0n. ~~B9clatl0n:a ,,~etween. C4,' "hapJ:.ot~p!8" and,

other MHC· variant::! >: )i~ncl ,the ,:' inheritance of ell and other' MlIq

allotypea ~n' mUltlpi~ sclero81~.(MS)

,;ll8.bete..S.(iDDM) ra~il1efl.

'~att-~:ns . Ob'tal~ed ~efe 'c~ns.16t~nt

prOducts.;c.II'A, (R!!i+):~d,~4~.(Ch+)" (1~:) two. IIJC~.,'A arid
per chroomoaome. (U..l)· at J:ea8t five alleles. at, each ,locus;

. ' .. " ".... ."'. c..,' - ',' ,.-

A3 and ~l ..:belng .• 1;;he., most common, an~,. {:Lv). mode~a:te~y

rql'l.ueti.t nu.il allelell. AQO and BOO. Some lnd.lvlduallJ wl'th

the' l'al'e'patterns"'A3A2'and B2Bl' ap~'eared.' t~ have two A" ~r
. ,"'" .',' -,'.

i two B genes per chro~osome.~ Fpl' two t'al'e .. PI'Od.U?ts. B3 a,~d..

B4~ the'··.apPt"oPt"lat'~· Chido ant1g~n could not always ,I;le

'demonstt'lited.

. '\ ,."

~ull, allele~ .. cauI.d. not',,~e ex.c:1tided ft'O~, ,~YA'3B1 ,

phen6'ty'pes. Measurement ,of relat1ve' amolplta of C4A and ella

. .
t?< be' lmpol'ta,nt ,1n dete1"m:Ln1~g' se.c"um, ell l~y:eh.

Fl'eQuenc1esor, e~' 'J:lli,plo'typ'e,s and/<~f' e~IA' and. e41B

genes' ~er'e estimated rro~, i048'fp~~Mr/haplotypes.,Five 'A.-~

·1
}

i
I



1n th1s disease,

IODlfl, may' indicate a' dlreat; :r"ole Tor

Sup'utypes' . 'or' patients' were .compared With
.',< "".'."",":--~

supratypes, trom the o.eame' fam1l'lea'·. ,HLA-B7C~"A3Bi 'BF'S ,02*1

. .
that'some' may be h,.vp'e.rm!lt,~ble~

"'. ,',-- ',"
HLA'::"DR2 :was'lncl'eased In'MS-patlent' 5upratypea •. Th1"8' ·1s

Many MHG apele!"" C.ll-c2~BF' comp.~oty·pe9. and extended I"

~HG."".t,;., ~;O~'d ·h'6, ,,,,t1,, Unk.,. d1"qu'"'''" .!
The aS90c'1a~10ns su,ggest ',t,hat ,the, O~':lo'61.a~e betweEm.',HI;,.{-B

and H~A-OR, c~oser,~o HLA-DR. ,:~J1. ,fr,eq~~n't ,du~t~,1'1ng,'of

rare ¢~ •. llF,'and '02 allele's :1n the 9a~e '6\,pratY'p;~nd1'ca~e's

: "" !;'" ',',

likely ~o retiect, :o,t'l'ong ,aa'8ocia-tiona ~on~ t'heae. Il:l~el~5

and, ~etween' MS ":and HLA~DR2 suggesting th~t an' ,MS

ausce'pt1I?Uf,ty / gen~ "ia'·ver-y.' ..c],osely i~nked' 'to HLA-.DR.

C,4'AQOB~ an~ C4'B3 ocau!'t'ed mo.:e' .frequently in, IDOM'

SUpl'stypes; : Theae asa'oelatlons,' may 'alBO ,be, !l.econdary to

strong;' aSBQciat1o'mJ' ~~por":ted 'fo!" " IDO'M'" and', HLA.-DR or>

comb1nations

aasociilX.!d.
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of t"ie'dlC'1ne~MemorialUn.1~e·ti~:1.t~·, who h.ave- 'helped llJe '.in the. . ,'. - . -, -.. - - ..'" .', , ',~

pr,~p~u'a't~on of· this the~i~. _.; t. iu!! ':p~eaB ed to. ha've bE!en

·a~5'9~\a.t~d w~t~< ~~e <:. racultY,~' ~:,,ant -~t~5;! ~:f 'tr,~ 'I~UnOl~gy
'Gro~p ,an~'. ~he _ can~,cll,l-. fm.'n(mo~~gY_-D1-agn~st1c' ~aboratory and

~O~l~-', ~ae-_. ,i~.~.-ex~re~.~, ;fllY:< a~:~r'e~~a.t<~o~"\t:,o.·them~r9f ',-,~elr,

support anq:, coo.p~r'af'l~n.:,'La,ura',. s~.mPB_on-~urphY, 1n 'P~~tlC­

ullir. ~~~~, ~xP~..~,t.-~·~~hnj:ca'i ~5_lr~5·~~~~e;.' \

-'-:":-:".':,
.', _ I ..am' part,~~ui:arlY,.· l'1de~·te~., t~ ·tll.O~ pee~l~~". ~~. . '~':~".:
MarDhal1 ,haa given .... ise council, encouragement, -arld support

• "'C'. '. 'l. -'. .-
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'gen'erous with her time, tech~,Hial, a8s~st~nce~ and

tnous.-htrul 'adV1c~e' and' ha,s ilns'werM ",my q'ue~.t~ona iUld ""

wi~h . patIen.ce" cou~tesy. a~d .unfailing good



9
9
91.

10

10
11
12
13
13'" .."15
16'
17
17

',16
18
19'

LIST OF. FIGURES. '••

'CHAPTER I': n''I'RODUC~I~N~., ....'' .'•... -....;..,-;-.; ••...• '. ••.. """1
. '. .

A.,' 'I'tie d~mplementSY5te~': . '... ;' ~,•..' ~ •.. .-: ~ .'.
1. H~Btor1cal backgrouryd ,•.•' ••••.••••••••

2. ~.~T~:t~~:~si~~i· ~~ti~~t;~;'~' ~~;~~~~ . :~ :'::,:

'. tg~=·~~~~:~,~~,H~!lE:~,FE~Li~i~~~~~: :':-:": ::::t Biolog1cal -activ1t.1ell of the ,
complement. components .•••••••...•,.-•.• .'••. '. ".:' ••a.' Ar:tl!-phylatox1c. acth:ity 81\e:!" chemotaxis ',. ',' ••

b. Op~onizatlon and' illll\\.\ne adherence ••...•
c. NeutrA11z,a,tion, of 'Vi~Ull~ll.•.•.•••• '. ;
d. SOlub1l1z«tion of irnm'une_com~le,xes

5. G~net,1'c variation of h.uman com.plem':!nt

. 'a. 'g~o:~~~~.:; :-:.:::: :::; ':::::: :_:: :':~ ~::::: :-:.
b: C2
c. c4
d. C3'
-eo' C5

~: g~ '::,::::: :::: :-:s:::: ., ..
~:' g~ ::::'::: :'::::: ',"" ::::::: :'::::,:: :::
j. Factor- B •..•'.... • ..

J', ~:' ·~t:~~~~1t~~;:.:-.:: ::: ':-:.::.:::::::: :'::::::: :':::
m; c3i-.lna«t1vato.r- ••• ,.: •• ".'•••• "',' •.•.• ~ .



... ~..

~ I·
~_c_._.T~-::' t- .

r-~_.- -I 7+~-+'-

--~~~--'~~. ~. .

i.:.
.~:

1' .

\-, .

]';' ( ..

j,

~ '.Il!)

H

.. .\.. \
"·51" \53

53 ~'.

56

:58

"59

"60
60
60

,61"

<,

.:v1 .

. B. ~e<~:::~:::~:::::::t~~:::::~[:~:L\:::·::: .:::
~: .~~~~~:;o~r c~~.: :-:":.:::: :.:.:.:::": ::: :.:: :::.:: ~:.: :':~. .~~

"8. C,& •••• : •.••••• ~.~ •••••••••••• : ••• : •.••••• _ 22.
b. Cllb·~ ••••••. : .••• '-..•. _,:..•••• :.~ •••...••-.•••• : 22"

1~:·. ~~t~~~;~~l1b~~d~~ -~~~.:: ~.::: :':~':.::?: :~: .~~ :
1.~~:. ~:~~:~~~_~[':~~~. ~.~ .:;;: :':~:: ~.: ::.:::.::.: :;.:. .~~ ,:

.t ~~~~~~hn: ~~~'.;:':::'~':':::';:~::~.::~:.:'.:~~~::.:;' ~~,,'
·b.: ·.~:·::i-~~~~'p~~~~. ~tt.~~~;· :·:l~:.:·~.; ,: :.;',:,:": ~.-::':: . ~rf:
c .~~C~:i~.9~~~ r,:~:n'~~S~~1~;.~:~'~~. '.-.',',',:'.: ,"'", ,..:' .,"':: .":' 3,"8,.. 1'....

p:).88ma, 8!ld re<;l'cell Ch/,Rg/C4·,••• "••••

fi., '!hea~d~~~.~~:;;o~~~~r~~~:~~8.':' '. '1
, on' e~ 'rno1ecules •.••.•..•• '," '., .:. .._~. i '."

ai... ·eha~~~t;~,1:~~i;~·n~~~~~~ C~· '"
'. . pol"ymo'r-phlc .varian't8 .'.~. ;' •...

5; 51.allar-Hies .betw:een ell and .. 0 '.

other- complelllent;l..prbte.1na ••• t"""~"~'·'"

C •. Comple1llent all;).~·S and ·tr.e .maJor - •

. 1. ~i::~~~:=~~~gi:~'~~r~:~e:::::::::::::::::'::::';
. 2·,~f~1:~s~~U~~brrt:·~~~e~~.••• ' ': ~.:,

3. Chl'OII08oul position of the _~"

cOlllplement locl ••••.•-••....•..••.•.. .:, ..... ~
_, Linkage disequllibr".1a be.tween . .

eomplellent 811e1es and other"
. alleles or the MHe •••••..•••..••••••..••• :.

s. Immune reepenee and/or "-:isuse
lueeeptlbl1ity genee .......•..• , .•••..••• , ..

D. Leve18 of el!"UIIl ell ...•••.•••.•.••••.•.••....• .' .
1. Selt, r-Bel, age·" ;

,2,0 _~~8~~~~e: Pha;~' :,:,:: :.~::::<:: ::'::::::::: :t.:.::::·
'0 b. Other ,diseases ••.... _•... 1 ••• , •••• '.' " •••••',.

. 3. c~ d'ef.1cienoy ~'." .• ",;.'...... 0

B,•. Complete deficiency ••. :., ••
b ~ Partial, d~.flcienCY, '.' .-. '.: , ••\.

E. Summary •.• , •..••... ',.' ••...••... , ••••.•••.••..••.•..

I
I~
L
I·'
r

(

I:.

.j

f
i
t

·1
"."! .

. i

i
I
I

\

~.,_.-.~



··I-.~,-:·~-~r.•_.._;2=L:;~f-~~-·==~-~·~·~"···~=·=c.-·~ .,._.:-_..",.
1

I ,v~l ..

. ~ CHAPT&1l: II: AI.MS ~~. OBiECTIVES •••.••.••.•••• ":.... -.65

t. .;! CHAP'rE:R III: MATERIALS A.~D HlTHODS ..•••..•••••••••.•• 67

1 'C\ A". '~~og~lf::~i:~ :::~.:':::::~~::':::':~:':':::::::::::::::;::'::; ~t.
'l' 2'·r--L~h~: -um:~,:: :::::: :::::Y::: ::::;::: i!
{' .: ·.~:n~~:~~;1~:~~~~ :l~~t~~h~;~;i~'·~·::::: :.::::: :.::: ~~

· 2:'E;):ectropboresls "ltb." haemolytic overlay....... 1'r

\" .:·1 mmh~r:mmg~:gI:~;;;i~~::::::::::::: ..'U·
r~~~~!5fllitL'l:;".· .••··<·11

. 3:~ D. ·Quan.t1ta~lon lor, c~ protein ".. . .....•...••._.. .. ~O - . ". \

.~

I '.

. L .,.;.'.~_.-:

CHAP'~R"IV: Rf.=SU~~S •••:-•••• : •. : •• d •• : ••••~••••••• :.

. i:. DeacrlpHem and· anal,.,e6 or elr ,\-.. ,.

'1. ~~~~:~g~m:~r:;I:~;~~~L;~:;:;:,i::::::::.
~:. '~~~~~~:I' :::::: :"::-::::: ::'::: :'::::':~;x':::::.:;

: C!. C]llda and Rodgers; typing •...••......•.••••
· e. Typing with tunct1.oqal. \
· '".: ',' haemolytic over-!&Y ", •..•. ; ••. '.' .•.•. I' ••

~. N.e.'.uralllnldase_tre8~ed ~lDplell .•••..••••...•. _-~.

:~- , ~-: -~hlt~~~~~~·1~n~~~:1~~:~~Phor.e·8le " .. ; .. ", ~ -.'.•
b~ The genII prodUtlta _ eo ••••••• ,., •••• , •••;", ••••• "

:1. Products of th.e- A .loc..ua ••• '. , ~.

-n:Producta·or..the B·loCUQ ....•. : .•••.•..• :.

c~ .:~~n~;·~n!~i~~~:·~~~~~~:~:~~'~~~·::~::'.::':::.:: ~:.: ~':'
11. Falllll.1ea with the rare 'var-1anU

Al GIl;' 83 'and -1.7.01'._ 811 .••.•••• ~; .'~; ••• ',.,'
111. ,F~ml1~el5 ....ith. A3 and A-2', ,,". C

. ,);ogether and Bl and Sa .t~gethet'· :.;,•.••
.d. Hap1~types •.....•..••••.. :.:! .. : •.•.•...••..•.. :;.,

: --:.

B2 i

B2 \ -:\
B2 r
B2 \

. B2 -\ I
~.: ,I I

I
BB
BB.

BB
• "92

92
95

·96

9.•

~O6

:112

11'

---, '..J.



182
l83c
183
}-83

I'D
170
170,
179

.. 1811

186

D'. Quantita~i9n of e4 protein' ......•.. ; •.....•.~ ......
~" ,!1e11ab1~1-ty,of . the method' ... ' ;.;. : ......•

_~. Control panel ','
, a.' ,Individual variation

b. Within-individual.vB.. "t
between-individual ,variation-" •.. '•. ~'••. , ••

e.·Effee~',of 111ne88, "'.'~"."".,;.• ;,,~.>.~ .. ",:,~';.

:. :..... g.:.:~~ ~~~~~~~~~g •... :.: :'~,::: ::: :.: :. ':1' :,~:': :.::::',:: ,:
3 .. The effee·t,of age,ae::t, and/or '

multiple'sclerosis on serum e4
.coneentrati6n •. , ..;' ~ ......••.. .".', •••..•.' '.' .... ~'.•

4. The. effect of number 91' ~nea ':. \ .

o.n ,.e.rp-m.c4. 00.neent. "'..'l.on '\.'":'~"".."~ •.•, .
5~.' Comparison' ot Sl:!rum Cil levels ' ,

. ,.1n MIlC-1dert.1cal a.nd MHC-different
s,ibl1ngs ',~. ; .' .•.. ~ .• '......•..• ".•• ~ ;,.r .• '." ~...

. . . \

·~·_~ __~~-.~f:j-·,~· J

f. ,.~::~cf;ti.~ri~_c,.~:~.W;~~:A.·~~>'--.·.'·'-/-•.' '..,:/" "".~ ;-~:'
'B gtlfle. proauc,:ts .'..... :••••••.• ' ••• '••••••••

B. ~:~~~~~~~~~. ~~ ~~~I~~';,;e~r_~.. ~.,.,;.( , ...~ ...
t !::m~g~~;;~i:!i~:;!a~!~~::::::::::::::

HLA-B,.BF. C'2, HLA-DR ',antigens •• .- ••••.••
b. TWo-way a"1I0c1a~1ons,b~~wee'n

.' ',-'-.-.-; ~~ ~~~1.~i~~~~,':~t1:~~~E~_. ~~ ~-. ,:' ,' ~, ._,~ .
1.~' l,I'e.1ng '~h'e frfi!qu,enc1e.l:I of" .. : .. ' .- :

'''~ompleten C4.",haplotypes o.nly •.• -•..•• ~

UlI,1ng .the .frequencies -of,,"" .'"
aU ".comple.te "', Md,. :"yneomp~ete"

. c.' ·Thr;e~e~;h~~·;~~~,~~·~o~~~l'~~~g.,,~,"":','," ...__~,-
c,ompI~ment, .var~anta: G,4"h,aplotYJ?es .
and :_BF a.rid C2 •••••••••.•••• :.; .....

d. Threll:-".'rour-,' and .fj,ve.-way,-:·':
.asBoc.1atlona' among e4.· haplptYJl,e~
'and ~A-B, ,BP,:'C2, and HLA-?R.,.~.:•.•

c. ell' and' other tomc aI16typ'es in

~~~~:ii~:d:'~;~~~~~~'d~~e~ee'patle~ta :.,;'.
1 ~ A comparison o~ .MH.C, al.lotype.s

. , 1n MS' andrton-MS hap1oty,pcs,'.•:,. " ......
2. ~e·,d1stribut.ion·or C~, alle;Lell in ';,,'

3. Tfllt~r~~~ro~~~~M~~h~;o'~~~:,~~~t'i~~:"·-~···:.- ~.

. '" ~~, ~~~1n~~~$C~:~i,~~~~;" .~~..... ;...,! • • 163
4. C4 haplotypell in IODM, f"am.111.ea. '.," .,••••.. ~ .. '..•. , 165



••• .,>

28~ .'

260;.

APPEN)nX·8: COmplete list, or''1:'oundero

i~e·ef:~rir:~~;~~:i· ?~'~~~:~. ~,~~~~.. ,,.. , ,'.' , .

.~"

APPENDIX' A: . freq.u~nel:· ta.ble~ 'used ·to ~'lcu~a~e·
.. lItandard delta" val~es- and non-1'an(lo. .. ..

"assoelat;:l..one '&mong va.1'loue HLJ,-B; ·Bi, '
C"2~ HLA-pR·al;l.o],u. an.d C~ haplotypell .

.c':. ~:~:'~~~~:O~~i}!~:~'6 .:.: :.:'~: ::.::: ::::: :': :'~ ~~ ':'~: :.:: ~ .~~~
... ~ ;rio ~v:::~·:;~::::n;n~ ..~.~~~~~~. ~.:~~~~~ ~'~.~ ~: :.~ .: .~.:: ~ .. :::

1. COptrol panel ;"•••...•..... '.... •.•••. -2_9'
2. -8aJ:lp }.es,rrom KS ram1l1es ;.·:· : • •. c........ 251

E. SUlIllllarl _.' -. ,., " •.

..f. LIsT. OP.,·REF:EREHC~S." >..•.....••..,.. ; ~; '." • ,:,.

I

·f
j
i
j -
I
~i
~-_:'-._-_.,

Ii
!

I
t·

'<J:~~-'~"'~~'> ;...;.,~~~~, .•.. ,i.-:1'CT:·.~·-7:~<:~:,:

\ . '~ . (- '. <x ,J ,I~.:..·.
"cHAPTER'v: DISCUSSIOIri .••••_.:_.~.:••••••••• " .... ~ •• ~ ••••. ·~193 _

.>::. ~:~~~~~::t~·.pi~~~ '~~~i~; . :.: :.:: :::: :':.:'::::":~; ::.:. ~;~.,
2~ NeuraMinidase-treated iSaJDp1.es _,,_ •••••_ 19.~

. :.: ~:~i=~~~r~t~~~ti~~~l1 ,": ~ :-: :":::: ::'::"::: ::~. .i;;
··-e •.Rodg~ra .and Ch.1.do ant.1.gen.s ••..••••.•.• ~.... 199.

.- '.:~: .~:lJl~~:~~~y~;.s ~?~:~~.~~::.~ ,.. :.. :",... 202
,"e. Haplotype and, pne_.trequenclea.•••••..••• , .•.. 206

. B,' ·As8~·latl.o.ri data :._; .•.~ .•••< : 211
-1. F~l!q}.l.en~ell of .IUIC alle1e.s ••• ~ ••••••••.• ; •.• -211
4"' palr-wl'j' .~8~1I0cl8.~lon8-'b.etw:!!ln; . ,'. 212

...., ....·..~;;,;;iii~j!1;~i1:;~~TI;;S~:~;:.; :..;::.: ...;. ;.:,:!.!l!.-
. ,6 •. Podt.10n,o!: the. C4.Ioe~·;re.iB.t:1.ve . , .... ," 22~

.~:--~~~:~i~:~~a:~:i~,~:::,:·~;::~: ~; :::r:: :-:::-:": .::::'~. 223·

~: :~1~~~~ ~.~:=~ -~~:~;~-~~~:-':?':'~.::: :.; :::.::: :::: -iif..-.





Numbe(>~. and fr-equencies or partiaily-typed' ,C4
en't:t'y, ¥plotypes •.••..... ; ••.•'•• :; •.., .•..... ,••... 119

'~t'~l Cll entry' haplotyp~a 'identified i~ 1857 1n-
d1vidua'is, .~ ...........•.••.•...•..•,...•. : 122

123
124 .

.' ' ' '. .'
l!'requenciea' 'or,' C~.B' ~ileles ~bt'8.ined by direct
count ft'om :er:t r-y liapiotypes •.••.•,.. :. ~. ~ ..•..•.• 127

Observ'ed and' 'expected 'ClI.A'· and Cll.B allele. freq­
.quencie,s in the rive sources, of' materiao]. ;:••.•,.: 129

IV-22

.," , ..

~~\:~~ ~::~f/:1~,:f~~i~~:~_~~. ?~~~~~~:~~;~:'. ~~:' 145

IV-~.l ; ~~~t~~ ·~~~~~~V·:l~:~~;l~~:~~~. ~~'~~~~~. ~~~.~~:,. ~~: 146

o;rwo-~ay,.p0~ive· assocla tions' ,between ';complete
ClI' haplo.t?pesand other 1;!HC ·alleles .• : •..• :. '.'" 148

IV-23 . Two:"way negative: 86l3oclationa between" compl~te
,G4 haploty.pefl" and 'ot~er MtrC ',alleles.. :~. ; ••.•.... 149

IV-20

IV-8

1\0--12

"1;"-9

IV_18 ,N~mol'!r6, and "frequencies 'of HLA-DR alleles. with
North American 'snd European Ca1.\.casold frequen-
cie~ 'given'ror comparison •.• ~ •.• ,•.....••..•••• '. :141

Guide t6 the rrequency tabl'ea ln, Appendix'~ .••'. ',143

IV-13' 'Linka~e d.isequll1br.l.um ,valu~8 .to~ C••A- and, ,:
?4.*B.,-'gene p~i,rs "'~,"""">(""',""":'~' 13?

. '~t.ll1' Non'':'randO~lY B:-BBoeia'ted 'co~binations of, 'Cli.A
and C4.:&-'al1eles, -~ •••.••..•••••••' :" .• 131

iV-15' Numbe,t's lI,nd f!1equenclea'of SP alleles in six
IItudy po.pulatlons :.: ; ..•..• ~3~

-IV-Hi- Numbers" and" freqUenCles'o~ C2' alleles ~ ' 138

IV-i7 .numberS·' arid frequen~1es of H,LA-B alleles With
Nbrth _American and Eur-Opean Caucasoid rreque'"rI-

\ ~irs "glVe~' f Qr, ~or.:tpar18on ....•,.: .. c····· ••....•::' i,~r'

~,." ,,;.' , .'." " " .
'IV-lO Frequencies of C~*A allel,ea obtained by direc~

count fr-om entr-y ha.plotypea ••.••' ..••'••• '..••.•'•• 126-



·xii

1V-24 Two-way positive associations between, complete
and incomplete Cli haplotypes' and otherMHC
alleles ..•.... : •..•.•.....• ":." .•....•• ~ ••.....• 150

151

1V-25

·lV-26

IV-27

Two-way riegati ve associations between complete
and incomplete clI' ,haplotypes and other MUC
alleles ••• ; .••...•••..•..•••....•...... ; ,152

Dls,t.ribution of CII liaplotypes .by C2, and BF ; ••.. 15 11

Thr'ee-wsy positive·associations·. !?etwee~ ,C4
haplotypes and the. alleles of G2 and BF -.' .••..•• 155

" IV-28 Three'_. four-:-, and 'five,_way, al,l,l,IocfatiOI)S' among
complete ..and 'lncol!!plete 'ClI haplotypes. HLA.,.S,
SF,- C2,and,HLA-DR,alleles ••' ....••. ;' .•. ;.;.~ .•.: 157

158

160'

Means and' standarod deviations of ";gerum c4 concen­
tration. of' all sam,ples for ,each ,'individual' .,,_.~•• 1}7. -I

1.1""37

D1St,ributio~ of )lLA-B, ClI" SF; C'2, and HLA:"DR
allotypea in 188 filS hap).otypes and )62,.non-1I,3

,haplotypes [room, the salt.e fami~es .•..•••.>••••••

IV-30 Diatdbution or clI allele'S 1n 188 MS~and 162
non':'M~. haplotypea ••.• ,•.. ;'•••...•.•••..••..•,•.••• 162

1V-29

1V-~1 . ~~~i~,~~~~'-~~~~:; ~~'. ~:~~~~~. ~~. ~. ~~~. ~;~~~~. ;'.
IV-32 HLA-S'7 BF-.S <';2.1 C4 1 A'3B:l HLA,,:,DR2 haplotypes' ex-

- . proessed as,a',prooporotion- of !"i) total B7, (11)
total A3Bl, and (i11) total. DR'2 in MS and non-
MS haplo:types •.•'.•••...••..•.•••• ; ..••... '; .•. '.• 1~6

Iv-j~' ,Twcnty-e~ght haplotypes froom 111 IDDi'pll>t-ients

\ ~~~ine~o~::~~~. ~:~~,~~:~~ ~ :~~~. ~~~. ~,~~~ .,...•••. 167

1V-34 rl1stribution or Cli in 28 'haplotypes froOD! 14 ,1Dt.l~
patients and 'in 98 naplotypes f,room 49 unro,elated
mem~eros of non-dlSe2J!!.. fami~1_e8 .••• '•.••... '.•••. 169

1V-35 ';:s~~~~~~;~~t~~,sa~~e;n~ei~~Jf~~~~~:~~P~~:wed 15
ti,mes •••. ; •..••.•.•••..•. ~ ••_.' ••. '-"'," " ..• '•...• 175

tV-_36 ~~:~~'o~~o~t:~1a~~df~~~~;i~n~>~aa~r~:m;i~~;ncen- ..
date ••. '.', ....•. ; '.,..•••....• ~.; . ',' •...• ',' ,.' •. .-. ~ . ',' ,. 176



.~.~~---'~--,---

, " \ "11
IV-.38 serum C", coiicentr~lt1ons 1n fl"esh and stored

. slimp:le~ fro!!' seven 1ndivldua~8 BllJIIpled over a
11lx-montb .period .... '.' .....•....•...••••••••••• 176

V-4

V-5

v-6

V-2

.,,:

IV-'lO

:::~e~: ~~~~~~t~~~'i~~~ '~~e~4.~~~?~~~~~ .~~. ~~.. 180
Analysis' of covariance:' SeMlDl ell concentration
VB dlJte sampled and,number or,. weeks at -70 oe ..•• 181

Analysis or covariance: "erum ctl concentrstlo.n
VB age, sex. disease status 1n 122 unrelated.
Indlvldual:s (['om 1'18 fam.Hles ; ; 185

IV-42"' Arialys1.s or covarlance:-\~_e'rum'ell cOr}.,cel)..tt'8tlOn •
va age," sex, disease status in 195.1ndl:..-1duals·
from the MS.faml11es .••• {~; ..... ; •.•••. ; .••:•..• 187

IV':'43 Analys'ls ~f c.ovac1ance: ser~m C4: conc~~trat10n
•. v,s .age, sex, 'i1lsease' sta.tus, and. num~e.r of'ell

''G, '~:~~1~~ ~~. ~~~~:~~~~ .,~~~~.~~~~~:~. :~~~. ~~~. ~ ..... 1B~

IV-39

IV-lIl

. .
IV-1l4 Analysis of' covarian~e: serulli cll concent,ratton

vs age, sex".- disease ~tatus, and number' of cll
genes' in 127 ind1viduals from thl; ,.15
fsmilies ••••..••••••' :1,90

"IY-Q5 Mesn ditferences 1n serum cll concentration for'
MITC:'id.entical and. MHC n6n-iden~ica,l ~ib pa~rs" :. 192,

V-I CoIllPar-ison of cll haplotype frequencies from 1046'­
founder haplotypes lIith frequencies ,Published by
Rsum et al. (1980) •••'•••• ; ••.•••• ~.~ •••••.•••••.• :;. 207.

COlllparison 6f" cll allele fre~uencies obtained t'rom-"
(1) direct count from total haplotypes, (11)
e'lltlmates, and (111) haplotype frequencies pub-·
l1s~e4 ~y Rawn. et a1.. ~ P980) ••..•.••.•.. '.' ••..••. 210

Signlf1can"ce levell1. necesesry to select non':'
random l x 2 8sllociat10n3 211

Coinplem'ent allele combinat1on6 ob6erved 1n th1s
stud.y and. complotypes. reported by Awdeh· e·t a1.

.'(1983), , .•.•.. , 220

Comparison of' rel6,t.tv.e deltas wi,thin eight five­
component supratypes ." .••••••.••••... : .....' .... '.' 225

F1ve'-co~ponent supratypes contdning the ell r
haplotype AIlB2, arranged' according to HLA-B ... ,.. 221

,.
I

I,

i""
!
1

L. , .
------=---r- - ,"'-- - .-

r
.~. -~._- .-----. ....,.-,:_.~.~,_.- "--1.



,
.+-,.

.... !
'1

! V-l Flve-colllponen\. supr.atypes containing tho CO
haplo't1pe A_B2 arrang~4 _aecord;.ng to HLA.-DR· ,", •. 228

V-8 Contingency tables ~, relative deltas Co,

I
811soclatlonll between (1) ell'AIIs2 .n' eight
HLA-B alleles ~, (11) C4'/iIlB2 and three

. HLA-DR alleles ...... : .......................... 229
I .V-9 ,S:upratypea contaln~hg AliBI! and ")B3 ............. 232

V-IO
I .

containing a"·Fl and'SF'SI .. ... roo.. 235SUpf"stypes

V-11· MS and non-MS su'pratypell which ". DR2 h", not '"1.;
HLA-B7 BF'S e2*l ell'HBI .......... '............... -2113

V-12 c4 geno"types 'Of. 14 100M patiente .........- ....... 247

;.

• f0.
i
i
'.

'. .. . '. -..1."



LIST OF FIGURES

94

"I
98 I
99 .

100

,PageTitle

The complement sequence.

Proteolytic' degradation o~ the e4 lr.C!lecule •.•• 21

Al,lotypic patterns. of nat~ve, e4 ., ..•.••', .. ; .. :.. 36

Allotypi~. patterns ~f des1al1zed, e4 ••"••.•• ~. ':' 37

Schem~tic~epr-ellentat'1onof' ell haPlot~p1C
patter-oe obtained from ,(a) nat·ive plasma 'and
.(b) neuram~nldase-treated pl~sma' .••• ~ ••..•• •.•. 39

Loci mapped to, the. short· sl'mor. chromoso:ne Ei:. 119

Gels, for crossed immuno.electrophoresis' of ell.. 74

.Preclp,ltin' 'p~tterns':lleen ar~er llT1Jjunof~~at10n
electrophoresis, (1BP), of ,heparinized,. p_laama
samples ':"~~""'••••..•.•.: .•.~ ,,..".'~'.' 83

ell genot-ypea of thre'e r"amUles" typed by iEP ot
_hepal'inizedplasma' samples .•,' •••.•••• , •.. ,.'. . . .. 85

e4 Phenot~p.1c patterns af'tel' IEP ~~f ~esia'ilZ~d
plasma samples .'•.....• ,•••••"•.•• : .••••••...•', •.•.

Different'A3BI pat'tcl'ns observe,d 1n a single
family.. ': ',;'" ••,.••••. ";,'

Pl'oducts' Of' the .C.4*A !IDd elite 1001.seen' aft,er-·
neuramlnida,se treatment' '•.••.•.....••.•

A.family which illustrates aegregat.J,.on of the,
e4 haplotypeaA4~ and AQOBI .... '.: .••....• ; .•.

A'tamti':.- whioh··il.lustrates segregation ~r the
ell, haplot·ype,8.A6BI. -AQOBI, A4B2, ~cl, A3BI' .'._',' .

A tami·Iy 'which' illustl'ate~.·s.egregation·of the
e4 haplotype's AQOBI.and A4B4 ••• : •..•.•..•.._•.•

A.'family:which 1llustrate8 segregation of the
'C~ haplotypes A3Bl, ~A2B2, and AQOB~ ......••....

,Figure

1'::".1

1-2

]-3

1:"'4

1';'5

\
1-6

III-I'

IV-I

IV-2

IV-~i

, 1V-4

1V-5

1V-6

IV-7

IV-8

.\ IV-9



IV-I0 ell A:B curve rat1os, obtained from crossed
inununoelectrophoreiJis of,1511;',6.351 plasma
,samples .,~,"' ••.•••.•••••.•. : .... ;'....•. ' •.•.... 10'3

IV-11 A fa~lly .which'lliustr~tes '~legregat1on of the
ell haplotypea.A3BQO, A3B3. and,A3Bl ..•••. , .••. 11,1

IV-16

IV-11

TV-12,,' A family which·illustrates' 9~gregation of the:
CIl..haplotype9 A3Bl, AQOB2. AIlB2. and
AZjA2BQQ .,.'. ,_., •...••• ,.'. :."•• ~ .•'•... .- .-,'.:, ••.. ,. ,'. 113

A.famFy, wh1c:h liius,~ra,tes ,'aegregatio!\ '~f, th'.e '

~~~;p:,~:::~~:~~!~: ;~~~~~: ... ~.~~~~~~ ~,.-~~ .....:.. ~
A family \<o·ith two 'putatlve "double.'B" 'ot'·
A2B2Bl haplotypes .~; ..( .•••...••••.•••..,•.•... 116'

IV-IS Reiation'iilii'p between completeano;l 'lncomp.le£e
'hapIotyges' ... ,C~ ., •••••• '••••••••••• '•• ::•••" •••• '. '.. 120

A, family ~'ith' 'r-ecombi~a~!ofi, between fILA,..A" and
HLA-B, 1hformative for, BFand ell .• , .'..... : .... '.133

'.. '. . \
A family with matet"na1 recombination between
HLA-A and HLA-B,: informat1ve for C2 and eli .... 1311

IV-18,. 'A"'f~~llY 'With recombinatlo.n· b~twe,en' Hi~':"A and
.,HL,~~B•.1nf,o"rm.a~ive for ell ~ .' •••. ;:.:••••• "••(.' 135

IV-lo9 A: t:amlly wlth ,ma.t-e-cnal ,recombination be_~ween

HLA-B and,.Ij.,LA-,DR. info['Jllat~V~,for'"e,1l and e21~ .. 136

IV-20 Complement prori.lea 'of' ~Il ,heal't'hy voiunteer~ \
13J-mple:d over- a 31x-moJ:lth p~r1:od .' ••...•. ,.".:"... g~

1711,

V-1 Observed and 'expe~ted, distributions ,of, GIlA:B .
. cut"ve ratioB af'te'!' croBsed immunoelectt"ophot"esls
.of' ~52 A3Bl' p1a,amas .;. "." ..... '., ..••..•...•.• 't.... 205,



••.•.·•.,8.•.. •.·.....::i, ~""..._.. ::::...e';:
y.·.~_2 O"""u,,?;,or BF alle1.. byllLA-B •. ••.•....•. 286

Dlstrlbutionpf C2'allele's"by 'HL~-B- •.• ; ..•..••••• 287

A-B

A-9

A-12

Dlstribu't"1on .of e4 hap~o'types "by BF
Ylll~g complete C~' haplotypes" only ..-~ ... ",' •..• .';. 292

Dlstr'ibut1oli I)f e4 haplotypes b:( HLA-B
. U81~~;.comPlete c~r hilplotypes only,.' 293

A-I0 ~;~~~l~~;~~t~fc~\~~r~~;~~:B ~~ry HI;~:~.~,~ . ,'-.'; .'..'.. 294
A-11 Dis't~lb~t'lor:-' ,'or c4 'haPlotYPeS 'by 'aF u~i~g

: an cpmplete and incoJl1plete ,C~haplotypea .'•• .- •• -295

Dlstt"l.butlon.' of: CII :hap19types' by C2, us'ing
all, complete and' iri.co,mplctc cll haplotypea ," • . .. 296

pistt"lbution· of· G4 haplotypes b'y HL~_DR using
·all·co.mplete and lncompleteC4 hsplotypes ,.• ~.~. 297

A-T·,· Dlstr1buHo!j :ofC,4 tlsplot)'pes
uslrig c0lI!plete ~,4 haPloty~es 00l!' .•.. , ..~ ....... 291,'

A-4 Dl,8tr.lbution; Of, ~A~D~,_ail-e.~e;._b~ .. HLA:-B .: .-....... 268

A-5; ,'DlstributlPIl of 'HLA-DR "alleles', by:BF ~ •• '~,., ••. 0... 289

: A~6 D1.at.r1-bU~l~nof ~fIL'A-DR ailel~'l!: b~:-C2>,.;", :. : : ... ~ • 290·

. .
A-III • Dlstr1b'~tlon of C4 haplotypesb'y HLA':"B 'using

all complete .and, ~ncomplete, e4 haplotypes •. .'..". 298

299

L...

~~l~t~;<)'~~~:'~~;f~~Bd~~;~~'~~q~:df~~llr
960haplotype,B 'typed" for C~, B,. BF ., ..... , ... :-:.

e4 'hap1otypea, HLA~B .al'le1es,/ SF ,alleles>
and C2 an,eles obtained, from 864 haplotypes :
t-yped fo.r q.II,.S;. B~, C2 ... .-,•..,.,.~ .... ~'.' •.•• :•..:.:.I[ •• :~OO

~~~~~;~'t,~~~S HL~~RB a~i;.~~:s ~b~l~;~e~~~~ ~j7~'
haplotypes ,typed for' C4; B, BF'~, C2, an~' DR" ..• ~. 301



CHAPTER I
-,

INTRODIJCTION

\A. The co'!!plement system

Activated . components of the ,c,oll\plement ayste,m,

constitute an ,imp0.rtarit: efi~~'tor arm of the ',iJTfllune SY1te~,.

carrYl~g, oy.t such biological activities as lyels "o;~

cellulaI' antigens, chemotaxis' 'and ariaphylatoxic.', activity,"

and. '}i'erguson (1?8ij.

l~ 'lIiE!torica.l backgrou.nd'

. ..

Grohmann," in: ,1884,", llhowed ,th~t blood plasma

'bai':terlcld$.l and thIs ,obser';ation was conf.irmed for fresh

lJer-~ by, Buchne'r inI8S,9.' Attributing ,t~e ,propel'ty to 'serum

enzymes, Buct:ner, furth~r noted tnat it, 'was sen51tive to

heat . and to, dialysis, against water. J>ordet,' in ,papers

oP,sonizatiol1 ,.and, 'irnmune"'adh~l'ence. and,." vfl'al neutraliz-'

'at~oi1.' ~Du'ring the pa8't t~ent'.}/ 'ye"sl's" a' iarge volume ~f" data

on' 'the atl'uctul'e') molecular interactions, biological

- act.ivi,t.ies. and, genetic 'poiymQrphl'~m6of the, .complement'

glycoprote1ns haa, accumulated., Only a', brief summs'ry. will 'be

. attempted here; Various 'a8pe'~tl:l of 'comp}em~nt :have' 'been­

reY.1e~ed ~y a ,-lsl-ge' n~mberor inveatigato~5, '8l!d'. this

summary 'ha.S,been ~bstJacted' primarily fr-om reviews by Rapp

and' ,Boursos (1-970), MUller-Eberh~rd (19rS) .. ' Porter- and Reid

(1,9~8), 'Fearon an? Aus·ttJn '(1"980a), ',-Alper, (1981), an,d, Whaley



.. ,

While the-sequential- ilCl'tivity of ~omplement

Clearl:Yd~mo~strat-~d, by these early investigators, 1t wae:

" " - "

a~soci~te8" 3how~d ttiat zymosan ,arrec't:.d th~:-,thlrd~omponent

vl~ the ,protein, p[',Op.er:-din;, :and s~gge3ted tt:e possible~

eXiaten'ce of .Ian a1t~rnati~,e'ac~lvating pathway.

. .
not· Ii,ntil 1958 that· Rapp' 'de~on8tra'ted t!:Jat the' ,thl['d

corilpory.eht- itas l1k~lY t9_ C?ns1st'of in~ltip1e facto['s. ,Du['~n'g

the: 3,ame 'period, be,t,ween' 19'5'4, ancf, ~959, 'P1l1emer' and ,his

Some twenty . proteins ,a~e

The pathway

componimt; heat-inactivated serum. was d.evoid of components
.J -' ." •••',. '.. "

o!le, and two;,treatment by Z'ymosan J)[,. cobra venom. removed

~~lrig the, early twentieth" centu['y ,ale'xlne. or

.-', ".. '. '.
heat-s-ensltlvltY. ,tl"eatinent :wlth zymosan 'or 'c.obra - venom,

. - ';, ' .. "

the. third ClOmp_onent, . an~" treatment withallRn<:mia, roemoved the

-, ..
a·~d:amm'onla"':sen81t1V1t-y.' EuglobUl1n c6~~alne-~ the 1'1['a~

p,Ubl.1shed iii. 1'896 and' 1,898, gave eyldence that two -compl'm-

: '. '-, ,,' ,',
complement-, ~. known t.o constl3t of euglobulin, or., ml?-

ple,ce. : -~and'P6~dogl0bU"iil);" o~ 'end-p'lece," Four' :c~~~~ri.en~8
were identified, dlating'ulsned by ,eug'iobill1ri preclpft.st+on,

. .
ents 'of. the iinmune .serum we're' "essential for bacterlol'ys.ls.

, Tq.e'·'· first, a specific, ~relat1,?ely heat-stable factor', 1s

nowkriown to '~7 ~t~b~~'l'~e ~ec,?n'd. C8:l1~d' a~exl~e; .w.as

heat-labile an'd' pre~ent' '1n immune aild .no,~_immune animals..



I. - " ~" " _ " _ -.,

->(f sit-es'.· When on~' ,molecule"of th.: C1-mo"""'''<'"m,''''. ",,,:.

-~'~CC:'l~···<····~:·=:=~:~==··_~·,-·:·

\

co~p1'ement·.. " lIy~t~m. The" st'ructural

'concentrations or th'elle

... qom'iete co~plemen~ pathwa;', ~B 'l'l:l;'UlI t'r~ted' 1,n' Flgu:e

\ Polo' convenience, t~l~ has: 'been ",d'lv'lded. :'lntQ (.~.!' the

\.ciaS:llCSl activation \, 5eq.uenqe ...~:'(b) ,the late-acting

\3eQuence, and .(0) -the alternsti..ve act~~atln~,_s.~quence.

\s: clli.~lllcal. aetl,vatlng" 8eqU~n~e:..

\" _ This sequence, 16 !;ln1tla~edW~~·~.' IgM<?~.. Ig6 ~d?'o?,/
':becomes altered:by' "Com,blnation."'wlth ant,lgeti an,d- ,acquit-es't

1 ". . .. ' ' ....•..•........•, •.• ,!
the abl-Hty to ~lnd C.l:q O:f' the::: molec\JlaJ;'" q9mplex. 'Cl~'

Jlnding ~ ,.two· imt'i'bo'~Y I ,re6ePtot. ~lte~·_:. by', ~l'q, resul't~' '. 1~
,_t~~, liucceB~i've: ~nz-y:ma:tlc ': :'~~t'-iv,a~'i~~ ':':'~f ':C1r':~~.·~18~:' ~4 -,_a~~:
·1 ~,

?~'. ~~' ..~.r:ZY~a~1,ea~I:,-,~~_~t~e P:Od:ucta,_,,~~_ G4:a?d' C2~:5~_b rd .

Gta, form the.! o:l.&a:s1ca'1 C3-convertu.-e: ~~b2~<:r~~s' :e~~:Y!ll~,

cleaves' C,3. to m _:1.eadlng . -to Jlt'oduc,tion of'" I the'

:~!:':;;:'::::.tC'::::::ri.r:y·o:::::n:;':::::':i:;;::':::::
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