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ABSTRACT 

The mechanIsms bv WhlCh lupus ant ICO.l~lIl(l1lt clnd .mt 1-

phosphollPld autoantlbodlCS cause hf'mos Li tiC dhrHll m.dl t Il'S III 

patIents wlth svstemlC lupus (,lytl1('m.ltOH\I~ (SI.I'~) .HI' pooll" 

understood. We havI' approached UIlS problplIl by IlIve~t Ig .• t 11Ig th .. 

and functl0nal effl'cts of human hybr 1 dOIll •• IlIp\l~. 

antJcoagulant. antl-phosphollP Id llnd ant 1-DNA auto.lIlt 1 bof! It'~ .1-'1 1 vl'd 

from SLE patIents 011 platl'lpl::. and elldoth!'II..l1 ("'l~. Hw.1 IlIpw .. 

antlcoagulant ;tnt] bod If'S dld not hlnd to 1III.Iei JI I.III'\ .. I~. ,11111 

endothellal cells -!!l ~"!t!:.q, wllll!' manv .mll-phosphollplfl ,lIul .llIt I-DNI\ 

antlbodles Wf'l'e l't'act]v!', A comp,u-lslHl 01 SU,, ,lIlrl lIo:WdJ-IIt'r Iv(·d 

autoantlbodles demonstrated 

denved from SU': patlf'nts extlltlltf'd grPLllel .m!tg!'11 :-'\1"( IflC'ltv ,Hill 

platelet cVtotOXlClty than Slmllar dlltlbu(I)(·!~ c1f'rJvpd ftlJll1 JlUIIII.1I 

IndlV] duab. ny Western blott lnr, anal VSI· ... HldllY ',I.E-d.' 1 1 vpd 

polyspecl[lc anllbodJ.es reactf'd speclflc,11ly 1.11111 InrllvldlldJ 1'1.11 .. 1,'1 

proteJns, whel'edS normal-derlved polVSpPCltH' ,1I\tJlHldIP!-, dlcl n()'. (hl!' 

SLE-derlved antlbodv, 9604 was round tu fP,ICt wllh A(JlI_,\( 1 IV:II"I\ 

platf'lets but not restlnr, platpl~ts. Thf! react IV/' {'IlHlpllll!'/lt '-, III 

plalelets were reduClble polyppptldes or approxlm,jtr~ly :!()(),OOO .11111 

32.000 molecu!ar wClght. data Ih"l 

autoantlbodles may be able to llltf!ract with plall'lf'I'-. alld (l'slllt III 

cell lYS1S or dysfulICtlOTi ln V1VO. 
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!.PS rnécharllsmes par lf'squels les duto-antlcol-PS antIcoagulants 

lllf!H/UPS pt antJ-phosphohp~des causent des abnonnahtés hémosta­

t lfJlII'~ dan!-> Ipb palients, avpc le lupus rirythémateux dessérTtlné (LED), 

,->Ollt IIIdl conlprls. CI! problème a été appl-oché par J 'lnvestlgatlOn des 

l'Irf't~, r!p r('dcllOTI pt fonctIon des antH'oagulants luplques, ,lnll­

pho'>phollpH!PS et antl-ADN des hybrtdnmes humaIns dprlvés de p,ltIPnt~, 

,lVI'(' I.Ji/). oIVI!C' If!S pla'plettes et cellules endothélJaJel>. L-! TndJUJlté 

dl'~ cllltlcOlpS antIcoagulants luplques n'ont pas rédglt, 111 \·lllO. 

,IV,,( 1 ('~ pl dtJUt'1 1 p~ InLlctl's III <.tvpe Ips cellulf'!:> Clldothf'llitles, 

IHllllt.l11t. plllSlPlltS dl'!". .lot Icorps antI-phosphollpldes pt anll-ADN 

(' t ,1 1 ('II t 

Vldllt-> JlOr-nt:HlX pt I.EI>. a dt'montré qlll' !ps illllo-illltlcOlpl>, LED-di'ilVP::-,. 

!jlll Il',ll',I~'''t'l1t .tVl'e Jp!~ plaqUt'tte!->, pléspntent 1I11P SpéClf1C'ltf' aux 

.!lIlll',l'lIl"'" l't 11111' Cyllltoxlcltp plus élcvép que cel]ps des antIcorps 

'-.1'111111 J1J1,' d'llIdlVldlh IlllrtfldUX. Pel 1 l'analyse "Wpstl'JII hInt", plus-

It'lll~ ,llItn-,lIlll(nrpS (lOIVSPr'clflques, LFD-dpIIVés, 

11</111'1111'111 ,H'I'C dt's (lrOU'IIIP .... lndlvlduelll's de plaqucttf'~, t.iOdl:'; qllf' 

l,':, ,llltlC(llPS polVSppclflQUPS. dl'rlvPs d'llltÎlvldus normaux, II!' 1('a6]­

"'!-'t'nl p.l~. 1.',llItll'Oll'!->, (!hO/ •• I.ED-oCI1Vé, a été trouw' réagissant 

.\\'1'(' dt'::. Pt.tlIUl'ttt's c1C'tIvPPS avrc de l'adénoslnehlphosphdtf' pt non 

,IVI'(' d,,~ plaquettl's repos::tntrs. Les composantes réactIves des 

pl.l'IIII'III'S sont ot's polypeptIdes réductIbles de pOlds molpculauE' 

d'PIIVIIOII 200.000 t't 32,000. Les résultats suggèrent que quelques 

.l\IIO-,lIltICOIPS. LED-dén.vés. peuvent rtSaglr avpc les plaquettes, le 

lt':-.Ult.lt l->"lIIt 1.1 Ivst' 011 mal foncllonnement de cellules 111 v~vo. 
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PREFACE 

III r!(coldflrlCe wlth the rr'gulatlOns d~~Crlbpd ln the GUldellnes 

!{f",P,j 1 ch 01 Me(.1 1 J UTllVr' rs 1 ty. papel s winch hdve al ready been 

jlllhll:-.tlf'd 01 whleh l1<1vp hpf'n !-.ubmlttf>d for publlcatlon have> been 

ITIl'UIpOYLtlf'd Hlto thls thcSl::.. The DIVJSl0n ot ExpellmpJ"\t,d Mcdl('L1IC 

hd'. dpplOVf'd 1 hl:~ Jorn,at [or lhcs.ls subm1ss1oll. 'j'hf' folloWlllg 15 

''l'Ill' ".11111 1(1.11 t' h,tS tlll> optlon, subJect lo the dppn1vdl of the 

Ilf'!"l) t mt'll t , 0 t 11lcllHilng as (l.Ht of thf' thes"ts the t,'xt, or 

dll!, 1 1 ( ,,1,'1\ pull 1 I .... hpc! 1 pxl 

P.\I'f'I~~. III IllIs C.1Sp IIH' thpS1S must stIll confonn to ,Ill nt11er 

) t ''1 li 1 1 l 'TlII'Il 1 :. t'XI' 1 .. 1 IlPt! JII 

I~ll'l'dl.llllill. t\ddlt IOIl,d llidtt~n.tl (procedural and deSIgn datd as w('ll 

.h dt':-,t 1 Ipt IOIl~ ot f'qllIJHlIPUt) lIlu~1 hl' pruvlded 111 ~llff.lCH'nt det:ul 

tl'./:. 111 d\l\lf'nd\(('s1 to .dlow,j l'lt',lI ,illd preCJse jlldge!'iellt to lit' 

III!' IHlpOILlIlCP ,wei 01 IGln.l11ly of the lesealch reportpd. l'hl? 

1111· .... 1'-> ... :ltllild bl' 1110)(' th<ll1 ,1 nJf~te collt>ctlon of manuscnpts pubJlshed 

III III IH' pulJ\l:-.ht'll. 

IlItloduct lllll d'H\ IItl'tdture II'Vll'W ,wd a f]nal overall cOllrluslon. -- - -- ----------- ---------------~ ----------------- ---

l'tlllllt'l 1 1111', lt'xts WhlCh provldp loglcal bndges hetwe>en dlffert'nt 

11I.1I111 .... ('llptS ,ln' IISlIdlly deSlrdblf' 111 tllP lntt'rest of cohesloll. 

'l'tH' 111l'l1l:-;1Il11 of manUsCllpts co-authored by the candIdate and 

ot ht'I S IS dccPpt ,lble but thp c.:ln(hdate ]s requHed ta makp an 

!''(pllell :-.t.llf'IlIPlIt on who contrlbuted ta such work and ta what 
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extent, <ind superv1sors must attf'st ta the ;}c('ur.1CY nt the ('J.lll\I~. 

e.g. befare the Oral Cammlttee. Sll1Ce the task of tilt' t'Xamllll'IS l~ 

made more d1fflcult Hl these cases. It lS 111 tht:' c.1ud1<Lllp's 1111 t'n'st 

ta make the respûnslbllltles of allthon; pprfl'Clly Cll'dl. r.1l1l11cl"I,,<-; 

fallowlng thIS optlon must 1 nform tlw llt'p.H t llH'lIt l)('f nt e 1 t ~lIhlli1I:~ 

thp thesls for revu'w. Il 

Manuscnpts (Chapt.ers III. IV. and V) wh Ich hav(' ,III ('.HI\, IWt'1I 

publ1shed, acceptf'd or submltlf'd for pllhllcat IOH; ,Ill IIHllVldlldl 

chapter (Chapter VI) descnbIng lInpuhllshf'd )l'sults, wltlch I~, nI 

dIrect Interest lu the subJect of thlS 1 hcs !::. , hut do!'!> nol ('Ollt.llil 

sufflclent data ta warrant pllbltcatlun at thl' p}I'~l'nl 1 1 III l' ; .\lId 

appendlces (Chapter Xi IncIudJIl~ data of prelllnHl,uy t'Xpl'lllllf'lIt:-•• 111t1 

methods 'NhlCh have not been descr Ibed Ln thf~ 1lI,IllIlSC 1 1 pl S, hdVI' 111'''" 

.lm.orporated ln ta th~s theS1S. Thp Ahs 1 r-ae l, CeIlI' rai 1111 l "dll( , 1011 

(Chapter 1), RatLOnaJe, ObjectIves and SIr;nLfH'dll(,1' 01 tt\t' l'rl':,f'lIl 

Invpst 19atlon (Chapter Il) , General D1S(,U~~ Ion dlltl FlItllrl' 

Perspectlves (Chapter VII) am! St"ltplfIent of (Jr-lt",III,t/lty IGhal,tPT 

VIII) are related lu the research desCtllwd III Ch.1ptf'r:. III, IV, V 

and VI. 

In the thesJ.s, each rnanuscrlpt (Chapters III, IV and V) hM, Il:. 

own references at thp. end of ttlP chaptpr. Thf' rpff'rf'n(f'h fOl olll1'r 

chapters of the thesls are compIled Hl Chapter IX of thl' thp:.J',. 

The fOllawJ.ng lS a lIst of the publlshed, a('('f~pt('d or ~""IJf!l)ttl'd 

manuscripts whJ.ch are J.ncludpd ln thlh thesLs: 

, Chapter III. Rauch J, Meng Q-h anrI TrHITlPnhallHl Il: !,lIpIJ'-. 

i 3nt1coagulant and antl-platelet proprrtJ.ps of hUTflan 
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autoant1bod1es. Journal of Immunology 139:2598-604, 1987. 

Chapter IV. Meng Q-h and Rauch J: Differences between human 

hybr1doma platelet-b1nd1ng autoantibod1es der1ved from SLE patients 

and normal 1nd1v1duals. Autoimmunity 1989. (In press), 

Chapter V. Meng Q-h and Rauch J: An SLE-der1ved human hybridoma 

autoant1bod1es reactive w1th ant1gen~ p~~res5ed on ADP-act1vated 

platelets. Blood 1989. (Accepted, pend111g rev1510ns). 

In the study descr1bed in Chapter III, which 1 co-authored w1th 

my superv1sor, Dr. Joyce Rauch, and my co-superv1sor, Dr. Hyman 

Tannenbaum, 1 performed aIl of the experiments except fOf the enzyme 

dlgestlon experlments, WhlCh were done by Joanne Wild, a techn1clan 

ln Dr. Rauch's laboratory. 

- ---_. ----------------------------------------------------
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CHAPTER 1 

GENERAL INTRODUCTION 

A. AUTOANTIBODIES IN SYSTElUC LUPUS ERYTHEHATOSUS (SLE) 

1. Multifactorial Etiology and Pathogpnesis of SLE 

1 

Systemic lupus erythematasus (SLE) lS a dlseabe characlpr1Led by 

damage ta multIple argdns and tIssues. Hlstanca lly, Os 1er att n hlltl'd 

the systemlc farro of the dlsease ta vasculltls (1). CIlJllc .. lly. SI.E 

lS marked by the vanabIhty of ItS symptoms, WhlCh mdy lTlcllldt' Sklll 

and mucacutaneous leslons, chronic InflammatIon of connectlVf' tlS!->llf', 

arthrltls, dermatltls, vaseulltls, hematologlc dhTlOlmalllll'S, 

myosItlS, nephrItls, pen.pheral neurapathy and central nel"VOlJ::, systl'nl 

dlsease, myocard1al dIsease, and verrucous endocardltls (2). Th .. 

laboratory dIscovery of the lupus erythematosus (LE) ce II pIH'TIOITlpnOIl 

by Hargraves et al. (3) ln 1948, WhICh shawed that the nlle II' 1 of 

normal leukaeytes were stalned by SLE sera, and the dpITlon:-.I (.ll](lll 

that antInuclear antlbadles ln SLE sera were responslblp lor thl!> 

reactlvlty (4) revealed that SLE 1S an autolmmune dlsease. 

Immunolaglcally, SLE lS character1zed by the presence ot 

mul t1ple clfculatlng autoantlbodles, ln partlcular, ant Inlle 1 Cd( .HIII 

antl-deoxyrlbonuclelc aCld (DNA) antlbodles (revIewed 1TI SecllIHI /\ l 

of thls chapter), aJthough nat aIl pat lents develop hlCh !pvpls ot 

these autoantlbodles. The overproductlon of antlbodles. WhlCh IS 

thought to be at least part1ally responslble for thp pi.ltho~r·nlC 

processes ln SLE. lS a result of lncreased numbers of aetlvated B 

cells. Marked B cell hyperactlvity (5) , Inere3sed 
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prollfpratlon lb) and Jncreased numbers of plaque-formlng (antlbody-

serrptln~) cells ln penpheral blood lymphocytes have been 

dl'rnlJn~trctted ln SLE patIents (71. A strong posItIVe correlatIon 

Iwfwl'l'lI ft)\' Iflcn'ase Hl nUTflbers of Immtmoglobulln (}g)-secretlne 

(f'lh dlJd dlSl!dSe .1CtlVlty has aI&o hpell shawn (8,')). 

IJf'JJ(I';It:~ of (JIll Ir,en-.. mtlbody complexes ln varlOUS tIssues, wlth 

:-.lIb:~('qtl!'lIt ('IJTflplt>rncllt flxatl.On, l:~ a pllmary pathogenetH' rnechanLsm 

(dW,J1I1', Il:-.:.lIc lliJUiV ln SLE, ,llld hl~h lcvt'lfl of antlbodJ(~5 togethel 

Wllh low Cl Ipvels cu-e Illghly pn'dlctlve of the prpsence of actlvP 

:,1.1': d 1:-'''.\:.1' i 10-1 J). 'l'hl' rlarnagt~ m.lY be' cdused (>J ther bv Hr~m\llJe 

(,olllplf'~"~ WhlCh élle fOlmed pxogenously and trapped III VallOllS 

11·~:-.III':-.,:-'1) (11 If·Li "bv~tamAer IY:-'lS", al by Immune compl p xes formed 

III Sil Il Ilv th!' hlTldJllt'; of cHculal nit'; antlbodles to tl.SSlIP .llltlgens. 

Th" IIl1t:-.1 .I11t! 1 ng ('x.unp 1" of 1 he pal hogl'lIesls of DNA-contdlIllng ITflTflUIIP. 

('()mplt'~(·:~ III SJ.F lt,. lupu& lI(>phlltl~.,. Hl WilICh lugh concentrdtlons of 

hl!~1! .dllllity .11l11-IlNl\ dlllllJodlPS can tH' eluted frolTl kldney SpeCITfl('ns 

(12-1',1 ,li III Ilss\I(' bOlllld DNA dnd cOTflplement protelns can be detectpd 

III 11'11.11 Il:-':-'Ill' IJv Immlllloflllorescence technIques (If»). 

lrrml\lIlltv 1S also abnollnal ln SLE patIents. Althaugh 

ll1ltl.tl :.,llldlf'S DI T cel1 tunctlon showed that there WclS 110 

111111'11'11('1' III LiPldyt-.d-tvpe hypelsensltlvlty reactlOII between stE 

p.lI lf'II t .... llIti 1101 ma 1 lnd 1 vldua 1 s (lb). man y subsequent st Udl es have 

1 t'pOl tl'd Ilot Dlliv depressed del,wed-tvpe hypersensltIvlty reactlons. 

huI .1IStl Ivmphopt'IlLI and éilltl-T c(>11 antlbadles HI patIents wlth 

.1('11\'1' dlS('dse ()7-:'!O). A reduced prollferatlve respanse to T cell 

1ll1to~"IIS W.I:' roulld lU .lcllve SLE bv a maJarlty of InvestlgdtcHs (::!1-
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23). There also seemed to be a 10ss of T suppressot cl'll .1CtlVlly III 

actIve SLE (24-26). as weIl as reduced natural kll1(>\ (NK) Il!\lCIIOII 

(27) and depressed xenagenelc cell-medlatpd Ivmpholysls (28), 

EpIdernlOloglCally, the hIgher .lncldence Ilt stE ln cen,lIlI \dCt'S 

and ln womf.>n, the famlly tendenC'y of the 1I1SI>,lse. ,1\\(1 Ilw 

relatlonshlp of dlsea5C anset ta 5t'3sons (l'XpOSlIrt' lu ~IIlIIII·.ht), 

geographlC3.1 locatIons and InfectIons Indlcatp that hOlh gl'Ill" 1(' .tlld 

envIronmental factors are ITlvolvcd (2,29). LI appf'.ll:-' 1l1u'lv tholl 

varlous combInat Ions of these factors reslllt ln 1111' POIYtlllllphlc 

behavlour o( SLE. 

2. Autoantibodies in the Sera of SLE Patients and PolyspcClfH'Jly 

of Lupus Autoantibodies 

The prescncp of mlllt ]p11-' SPYïlIn .llltOdllt.lbotlll'S IS Ont' ot Ih .. 111,1111 

Immunologlcal features of SLE pal IPllt~ lO) • Tile~1' tUPI!:. 

autoant1.bodleS are surnmanzcd ln Tabl(~ 1 iJnd Inclllctl' r!OIl-t 1~-,~11f' 

speclflc antlbodles reactl ve wlth cc llular componellt s of ail ,)'.:-.11' .. ,. 

sl1ch as antInucll.!ar antIbodH~S and an! I-ONi\ ,Iflt Ibodlf':-., ,Hld t 1: ... 1-.111' 

speCIfIe antIbodles dHï?cten aga.lnst c('IIIlIal 1'1I'nll·lIt~-. {JI CI'/!.11I1 

tIssues, such as antl-platelct anl1bodH'S. Thl' pr('~-,('IIf'f' ;}II!l 111('1:-. rd 

these autoantlbodles vary 1\1 dlfferent pat1.ents. FuytilprHIIJY!', JI J:. 

dIffIcult to detenn.lne whether th!~ autoantlbodlf'!. caus!' 01 ,Hf' Ill" 

result of the dIsease and WhlCh antlbodlPS ale IlIvofvl'd III Il'-,'-.Ilf' 

damagp. 
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Table 1. Autoantlbodles ln the Serum of SLE Patlents 

----- - --- ------------_. 

Auloant 1 bod ll'S Hf'ported ln SLE 

NlIclear Antl[~enS (90%):: 
Double (80%J or s1ngle-strandrd DNA(90%) 
Deoxyr Ibonuc leoprotelns 
Ih~t('np.s 

Nonhlstonc (acldlc) prote-Ins 
/{JbonuC'leoprotews (RNP) (30-50%) 
Sm anU gen (30-40%) 
SS-A (Ra) (20-30%) 
SS-B dutleen (Ld) (12%) 

l:yl op 1 asmlC Ant 19PHS 

HNA 
Rlbosomcr-. 
S5-A (Ro) (20-1O%} 
SS-B antJgen (La) (12%) 
Ml (' rosorlll!S amI ml tochondrJ.a 
Cytoskplct on 

CelluLlr Antlgens 
Elvlhrocytf's (JB/ISO) 
Lvmphocvte cell antlgens (80ï;) 
T 1 vmphocy tes 
Npl\lï)I1S (75~~) 

l'latt'Jt'ts (7H%) 
EndothelIal eeus (45-74%) 

Soluble t:()lIIpOlll~ntb 

F.let ors VlII, IX and Xl 
Phospho 1 ~ pds (Lupus aut l('oagulant s) (20-30%) 
I/,.G (rhl'1\:l1dtold factors) (40%) 
1'01 v (ADP-rlbuse) 

References 

10,31-34 
35,36 
37-39 

40-44 
40,43,45 
45,46 
43,46,47 

48 
49 
45.46 
43,4b,47 
50,51 
52 

33 
17-19 
53 
)/ .. 
)5-59 
60-62 

63.64 
65-67 
68 
69 

~ The percentage (1) ln parentheses Indlcates the % of SLE patIents 
round to hflVP thlS reactlvl ty ln the clted stud1es. 

j 
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Untll reeently, the dIverse serolaglCtll pl1l'\10meIM WhlCh 

dlstlngU1Sh SLE from most other autalmmune dISCtlSPS hdve nol bPt'll 

well understood. However, the development of hyblldnmc1 tl'<'hnology ha:-. 

perroltted clonlng and pree lSt' ehardctl' r I7dl lOll 01 llllllvidual 

autoantlbodles. The lnltlal flndlng thal il slllgle mnnucloll<d dlll dlOdy 

to DNA was reactlVe with multIpl(' synlhetlc PUIYllll('lf'otldl'~ .lwl 

phospholiplds (PLs) (70) IndIcdtcd thal the hf'tl'IOgI'IWlt}' of Ihl' 

serolaglcal reactlons Hl sera from SLE patH'lIts rrkly n'sil 1 t Ilot mil y 

from a dlVersl.ly of autolmmllne antl.bodleS, but .ll~o fllllll nllllt Jlllp 

reactlvltles af IndiVIdua1 antlbadlCS. ln otht'l wa r d:-. , 1111' 

polyreactlve serology of lupus sera may be dup, dt least III PMt, to 

the palyreactlV.1 ty of lndlvldual autodnt 1 bodIes. For l'Xdllil'\e, 1 hl' 

reactlvi ty of certain hybndoma dntJ -DNA élut llJOdles w Ilh PLs h.ll-. 1>1'1'11 

proposed to be due to bJ ndill/; to the phosphod 1t':-.le r hackhorlf' 

structure common to bath DNA and PLs (70), 

Polyspeclflclty to several dlffprent aul (Jaul J~~n~, wa~. , 

subsequently, recogmzed to be a common characl.enst Je of bolh rnom.t' 

and human monoclonal antL-DNA autoantlbodles (71-73), wtllch hdve b(>(~n 

reported to react WI th Ig (73) , cytoskeletl.ll proteuls (7 1.,7'), 

plate lets (76,78), Sm antlgen (79) and polypeplJdf'1-, on ('l'II JIIeTflIHdrH'~ 

(80) , Furthermore, the majon ty of DNA-Inndlug fil 0 flOC 1 (J (I,t 1 

autoantlbodles and purJfJed SPfUfii antl-DNA anuLodl('h [-.ho'-J r1 WJd,' 

range of cross-reactlvlty wlth synthetJc polynlJclputldp:-" :-.uch dS 

poly (dT) and poly(I), but each monoclonal autoantJbody tends 10 h.1vl' 

a unIque binding profIle (71,73,81-83), 

It remains ta be proven deflnltlvely, how(!vl' ( 1 t ha 1 
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autoantlbodles ln SLE sera have slmllar propertles to monoclonal 

hybndoma antlbodles. Furthermore, questIons regardIng the origIn of 

po)yspeclflC and monospeciflC autoantlbodles to DNA and theJr 

lnvolv~mpnt ln pathogenesls remaln unanswered. Thpre 1S stIll 

controvcrsy concernlng the Jnvolvement of antlgen InductIon and 

polyc lonal actIvatIon ln the productIon of autoantlbodies ln SLE. 

Tlw::,e 1 ssues may be resol ved wlth the c lonlng of Genes WhlCh encode 

po 1 ySpl'C 11 lC and rnonospcC' lf lC autoant Ibodles. 

3. Antlnuclear and Anti-DNA Autoantibodies 

ConsIderable progress has heen made ln the characterIzatlon of 

lupus alltlMlIllbo(lles stnce the dIscovery of antl-DNA ()1) and 

antlnllcle(lr (84) antIbodles ~n the serum of lupus patIents USln[; 

fluorucluorne-labellpd antlbodles 111 1957. Antlllllclear antIbodlCS 

(ANAl, whJch dlC seen ln more than 90% of SLE patIents, are cornprlsed 

01 .lflllbodlCS r('actIve to four rn.nn groups of antIgens: 1) DNA; 2) 

dl!Oxyrlbonucleoprolelns; J) hIstones and 4) nonhlstone (acIdIc) 

nuclear pwteHIS (10,31-47). Of these antlbodlCS, antl-double 

stranded DNA (dsDNA) an t lboclles are consldered the most 

Ch.n,lctellst le dlld the most specif.lc for SLE, as approxlrnately 85% ot 

su: p,ltlellts dre seroposItIve for these autoant]bodleS at sorne pOInt 

111 thPI r dlsease (85). 

The tollowJn[~ speciflcltles have been observed for antl-DNA 

.lntlbodles: 1) reactlv1ty ta dellatured or slngle-stranded DNA (dDNA, 

ssDNA) ollly; 2) reactlvlty to both dDNA and native double-stranded 

DNA (nDNA, dsDNA); and 3) reactlvlty ta nDNA only. Theoretlcally, 

the hptclogcncltv of antl-DNA antlb~dles may be attrlbllted, at least 

i 
J 
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in part, to the structural complexlty of DNA moleculcs. WhlCh arc 

composed of deoxyrIbose sugars, phosphate, and purIne and pvrlmldln~ 

bases and have a hellcal structure. Although thf' Immullog'-'JllC'lty of 

nuclelc aClds has long bf'cn 111 questlon, It is wf'l1 ('st.thllshf'Ct 111 

expenmental anImais that thp Bor natlV(, douhlf'-strdlldl'd f(lIn! 01 

nuclelc aCld hellces, characlerizpd hy bab('s PPlIlt'l\(llcul.u tll .tntl 

alIgned wlth the hellx ax.lS and d relatlvely liaI nJW h .. IIC,1I 

structure, .lS not ImmunogeIUC. Un the olher hand, the /\ fOlm of 

nuclelc aCld hellces, or Z form of poly (d(G-C)), dldrdclpl17Pt! hv 

bases tllted and offset from the hellx dXLS and a mon' OpPU hell<',tl 

structure, lS Immunogenic (tevlewed ln 86,R7). 

Cross-rt'actJVlty of SOlue mUllocloTl.d antl-DNA ant I!lodll'S WJth 1'(,:-, 

suggests that phosphodJ estpr ]] nkprl gr OUpS J JI 'hf' hackl)/)lIp of DNA H1<ly 

be ant1geOlc (70). Interl'stlngly, Il was lTldet'd fOllwl th.ll DN/\-

blndlng antlbodies couid he l.ndllcf'd by Immlllllzat Hm 01 \lonn.t! lII\('1' 

wIth cardlOllPlll (CL) and th,tt thcsp antlh(Jd1f~~ bOll' .. SlllHlg 

resemblance to CL-react Ive monoclonal anll-DNA <:ln 1 1 borll 1':-; dl' r 1 vpd 

from autolmmune MRL/Ipl mIce, suggpsllng that PLs JfIdy IH' ('ap.thll' (If 

induclng the productIon of .same anli-DNA antlhodlf'S (88).111 ddrlltlOIt 

ta the deoxYllbose-phosphatp hackbow", base C'onfoym.tt Ion mll',hl ,t!E-,O 

play a role ln antlbody speclfJcJly (87,I)R). Frorll tlw~p ohsl'rv.tllou:-., 

it 15 apparent thal the tNms fiant I-dsDNA anlllJudy" and "-wt I-t-.:-,UNA 

antlbody" may be not as Immunolaelcally restYH'tlvP as Iltpy SPI'TrI. 

The pathogene~ls of antl.-DNA dnt.lbodleS HI SLl~ p<itJ('nt!:> lias bef'T1 

investlgated prlmarily ln studles of the lsotypef:>, l~()elp('trl(, pOint.., 

(pl) and blndJng speclflcltles of these anUbodles. Antl-DNA 
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antibodles have been suggested ta be responsible for SLE lupus 

nephrltls (89). A1though human lupus nephritis tends to be more 

severe when patIents have malnly antl-DNA IgG rather than antl-DNA 

IgM u theIr serum (14,90), the relatIve preponderance of IgM or IgG 

antl-DNA antlbodles does not necessarlly correlate with the severlty 

of other cllnlcal features of lupus (91). Sorne Investlgators have 

found that only certain subpopulations of anti-DNA antlbodles are 

Involved ln the pathogeneslS of renal dlsease ln human and mouse SLE. 

The pIaf monoclonal antl-DNA antlbod1es derlved from autolmmune mlce 

and patIents wlth SLE range from 5.5 to 9.0, but only those 

antIbod1es wlth pl between 8.0 and 9.0 have been e!uted from kldney 

deposlts. suggesting that antl-DNA antibodles which are positlvely 

charged may be more pathogenic ta the kldney (92-94). Antl-DNA 

antlbodles may cause damage by blndlng directly to tlssue or cel! 

membrane constltuents, such as heparan sulfate ln the glomerular 

basement membrane (95,96) and flbronectln. a proteln in the 

extracellular matrlx (97). Furthermore, the ablilty of antl-DNA 

antlbodles ta flX complement (14) and the aVldlty of antl-DNA 

antlbodles may also be relevant to thelr pathogenlclty (98). 

4. Anti-Platelet and Anti-Endotheliai Celi Antibodies 

Antl-plate1et antlbodies occur frequently ln pat lents with SLE. 

Karpatkln et al. (55) reported that antl-p1atelet antlbodies cou1d be 

detected ln 78% of pat lents wlth SLE, although only 14% of these 

patIents were thrombocytopenlc. Efforts have been made to 

characterize the reiatlonshlp between antl-p1ate1et antlbodles and 

platelet functlon and to Identify epitopes on plate lets responslb1e 

i 
i 
1 

J 



1 

1 

9 

for autoantlbody blnding. Kaplan et al. (58) studled the reactlvltles 

of sera from SLE patIents Wlth plate let membrane proteins derlved 

from normal and autologous platelets uSlng an Immunoblottlng 

technique. !WO target antlgens of 108,000 and 66,000 M.W. were found 

for sorne SLE sera. These antigenlc determinants were not removed by 

proteolytlc treatment of Intact platelets or by reductl0n and werf> 

localized in the lntra-cytoplasmlc membranes. Another group of 

investigators deteeted elevated levels of plate1et-blmhnt; l~ 111 

serum of all 10 SLE patIents wlth thrombocytopema studled hy ELISA 

and these sera conslstently bound to plate1et protelns of dpproxl­

mately 120,000 and 80,000 molecular welght (M.W.) by Western blottlng 

analysis (59). The blndlng of Immune complexes ta plate lets or an 

lncrease ln IgG bound to platelets VIa Fe receptors WolS noted i.n soml' 

autoimmune dlsorders Inciuding SLE (99,100). It was a1so reported 

that all 4 SLE sera studied caused aggregation and ImmuJlofluorescellt 

staining of normal plate lets and that the active fractl0llS ITI th .. s!' 

sera contained antibodles ta Clq, CIs and B:z-mlC[oglobtllITl (')7). 

Welssbarth et al. (56) demonstrated that anti-platelet antlbodlf'S 

from patIents wlth SLE and rheumatoid arthrl tlS lnduced se rotonl n 

release from platelets. In addItIon, the blnding of IcG-contalDlnc 

immune complexes ta platelet Fe receptors was aSSocliitf!d Wl 1 h 

platelet phagocytoslS, WhlCh Induced release of granule contents and 

aggregatl0n of clrculatlng platelets, suggesting that the formatlon 

of platelet aggregates or the destructIOn of plate) ets rnay be caused 

by cooperative effects ln these patIents. However, the role of 

plate let-bindlng autoant Ibodles ln thromboSIS, thrombocytopenla and 
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abnormal plate let function have not been as clearly deflned in SLE 

patIents as in drug-lnduced (101-105), hornosexual-related (106,107), 

and IdIopathlc (108-117) Imm~ne thrombocytopenlc purpura. 

There has been very little data on the reactIvIty of human 

hybrldoma antl-platelet antlbodles from patIents wlth either SLE or 

1mmune thrombocytopen1c purpura (76,118,119). Asano et al. (76) 

studled the platelet-blndlng propertles of monoclonal hybridoma antl­

DNA autoantlbodles derlved from SLE patlents. They found that SLE­

derlved hybrldoma autoantlbodles to ssDNA crossreacted wlth plate lets 

and that the epltopes dld not appear to Involve DNA, proteln or 

sla11c aCId. FunctIonally, these platelet-reactlve antlbodles dld not 

Inhlblt platelet aggregatlon Induced by adenoslne dIphosphate (ADP), 

thrombln or rlstocetln. Although sorne defined antigenlc epltopes on 

the surface of platelets have been shown to serve as autoantlgenS, 

the molecular mechanlsms WhlCh are Involved ln causlng lowered 

platelet counts and abnormal platelet functlon ln SLE remaln unknown. 

Relatlvely few studles have Investlgated the presence of antl­

endothellal celI (EC) antlbodles ln SLE patIents. ThlS lS probably 

due to the methodologlcal difflcultles Inherent ln rneasurlng these 

antIbodles and the fact th. ~ InJury to ECs usually results in the 

pdthogenlC lllVolvement of other cells or tlssues (60-62,120,121). 

Antl-EC antlbodles wIth the aDlllty to flX complement have been 

reported ln the sera of SLE patIents (60), but recently It was found 

thdt purlfled antl-EC IgG from SLE sera dld not Induce complement­

medlated cytOtOXIClty (61). In thls study, the IgG antl-EC antlbodles 

were not assoclated wlth either antl-CL or antl-DNA, but were 
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absorbed by human dermal llbroblasts and partl.l!lv bv C1Vt1I\Ocvtt':-' 

and leukocytes. Another recent studv of '>1 SLE sera dcmollstlall'd t!Mt 

the presence of I~G and IgM antl-f':C alltlbodIes dld not cOlTt'latt' w1lft 

antl-dsDNA, antI-CL, antI-PS or Lupus ,lllt lCOdgul allt (L.A) anll hntl 11':-' 

ln SLE sera, although ab~orplion wlth CL ll(Hlsomes palt I.llly 

Inhlblted EC bIndlng and affulltY-PUl"ltll'd antl-CI. .11I111>0dlL':-: WI'\I' 

able to reaet wIth Intact ECs, suggestlllg a part 1.11 OV!'l J.tp 01 .\lIt 1-

l':C and antl-CL ant IbodH'S (t12). Immune ln Jury 1 () ECs m,IV tH'.1II 

Important meehanIsm ln thrombot IC comp 11cal lOBS III SI.Jo: pal 11'111:" 

s1.nee ECs are HI dIrect contact wlth Circulai 111(', p).ltl'It'I:-., IniTIIllIlI' 

eeUs. antIbodles, Immune complexes and comp)PInPlIt (: .. I~(> SP('111J1I I\lb 

of thlS chdpter). Although]t lS cIf·a. th.ll thPI!' cliP .UJllbodll'!, 

reactlve wIth cultured ECs HI th!' set-a of SLE (><ltlt'lIt:-. (f-!()-(121 ,III!! Il 

has been shown that EC InJury proTTloles actlvP hlw!lrl/', ni Irnrnltnl' 

complexes ta these ceUs (122), Jt lS uncerlaln WhpUlf'\ Ilrl' II1L\('1 

endothellum 1S the target of autoantlbodles. Fllrthf>YTlioyP, Il ·PTfI.lln:, 

unresolved whether antl-PL ant lbod les fonn <Ill J.mpoyt alll )Id 1 I\lJI~"Il\!' 

subset of ant~-EC ant]bod~eb. 

5. Anti-Phospholipid and Lupus Anticoagulant AntlbodlCS 

PhosphollPlds, thp. rna.ln constltuents 01 ('1-11 H1prnbrallf's. arr' 

extremely Important ln malntalTllng normal <,1·11 tUIIC't Hm .H1r1 

commUn1.Catlon between the InternaI and pxternal pnVl(ortJliPfll ~-. III 

eells. They are also necessary components of the coagulatHHI (HOC ro~,~. 

1 
both 1n vItro and ln VIVO. PLs ----- ----- 1.n the pla td (> t TfII'lCih r anp ~,(. r VP :if. 

storage depots for arach1doDIC aCHl (AA), the efjsr'ntlOll j;ltly :-.turJ 
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requlred tor thromboxane (TXA 2 ) and hydroxy fatty aCld synthesls. 

Phosphalldylserlne ;PS) and mIxtures of phosphatldyllnosltol (Pl) and 

PS arf' almost as actlVI! as the platelet surface ltself ln the 

promollOTi ot coar,ulant acllvJty (123). PLs represent 79% of 11plds ln 

whole platelets. WhlCh are malnly composf'd of phosphatldylchol1ne 

(PCI (}k%I, phosphalldylPth,lDolamHle (PE) (27~O, sphlngomyelln (l7?(,) 

.1IId PS (10%) (124). Most PLs ln normal blologlcal membranes eXlst]n 

thf' hJlaYf>r pha~,e wlth asymmetrlc transbllayer dlstrlùutlOns. ln the 

plateld. PS and PE, wh.lch are bath Important ln lmt1at1ng the 

(o.tgulallOTI procpss. are malnly locallzed lo the tnter-lor membranes 

(1:!'>.1:!61. 

1 !-oo 1 ci t l'fi PI.s malnly eXlst ln three (hfferent structural 

cunflgllidllons: lamellar (bllayer). hexagonal (H:rr) (non-bl1ayer), 

,Hill nt ICI' 1 1.11' phases ( revlewed 127) • Bllayer PLs are 

IlOlllmmullogenlc. as repeated Immunlzalions of rabbI ts or mlce w!th 

Il l'0MlTflI'S P roduced Ile] ther a humoral nor cell-medlated Immune 

It'SIHlIlse (128). lIowever. the addItIon of a protelll carrIer (12CJ,130) 

or d ('hult!~terol/l(,Clthll1 matrlx (131-134) WIll render- bllayer I1pIds 

Immullogerllc. SlJnllal flndlngs were lIoted by Rauch et al. (88) ln the 

JI rlld lie t 10n 0 f mouse monoclonal ant 1bodles tü CL WhlCh were 

CIOSS}PdctIV~ wlth DNA. 

'l'Ill' fae t al S responslblp for Induc1ng anti-PL dntIbodles ln SLE 

p.lt lents ,He unlmown. but there are several posslb1l1tles WhlCh have 

bel'Il slIggt'stcd to ddte. When sllbjl'cted ta certaIn perturbations, 

Ildtllr.ll membranes reveal non-bllayer structures 035,136), whu'h may 

pn'sellt fUl'l'lr,1l SUl face topologIeS compared tu bllaver phase 
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phosphollpld and mlght be expected to IH' ant 19CIUC. CI.. Pl' .lIId 

phosphatldlC aCld (PA) are aIl capable of tornnng IWX.lgO\l.tl 

structures and non-bllayer l nte rmedl d tes under phvs 10 1 og ICcl1 

condItIons (127). The most strlklng examplp of \H11l-lnl,lVpl 1'1.:-0 III 

anImal cell membranes IS unsdtm"aled PE, winch adoplS tilf' IWX.lgOIl.1I 

structure ln ItS pUll' Isolated (orm. but wlwn llIl\.l'd wllh hl1.1VI'I­

formlng 11Plds, contrlbutes to Uw fornlallnn (If hlghlv .... 1 1 Ilcl III l'd 

dIspersIons contalnlllg 11PldlC partIcles. ntlgl's, .mll l:-OU),II t'd 1 Ilb,'s 

(127). These llplds. when stabJllzed lnto the bllavet. m[lY pt'Ilnll IllI' 

cell to regulate IntrlllSlC curvature <ll7) ,lIId pt'rm(·.lhllltv (lj,I{). 

and. thus. play a normal regulatOlY role III hlologlc.1I :-.yslf'lIlh. i\ 

recent study, WhlCh supports the posslbllity Ihat SOI!l!' llllll-hl).lVI'I 1'1. 

structures are lmmunogenlC. demonsl rated thtlt hpxagol\,l1 ph;lhl' 1'1.:" 

Includlng natural dnd synthetlc (orms uf l'E. WI!rp .Ihl .. 10 1I('1I11.tll/l' 

the LA actlvlty of aIl Il human hybrldoIT!tl autoé:lutlhlldll'S hl Il cl 1f'11 

(lj~j,140). [n contrasl, lamellar PLs, slIch aB PC .wel ',YlllhPII( 

lamellar fonns of PE, had no eftf'ct 011 the I.A (\CtlVlly. :.,IJI~gl'~,IIIII~ 

that thpse hybndoma LA antlbodlCS are ahlp to rllhlln/;lJl1-.h 1",lwl'I'J1 

dIfferent structural arrangements of PI': and Üldt ttu' hll lH'lllrcll 

presentatlOTl of the PL antlr,en rnay he lTlIport.mt ln yr'THII·Ylrl/'. Il 

Immunogenlc ta the hast. 

PL COTII?OSI tIan has also he en shawn to br- truPOt l:J/Il lor 

reactIvIty of antlbodles Induced by ] lposurnes. For ln1-.tanu·. thf' 

antlbodles Induced by I1posomes rrllxed wlth Ilpld A IJtll'TI apl)/'ar/'cJ III 

be dlrected agalnst the whole Ilposorne, rather th;m ag;.unst .J ~,Jnr.)p 

lIposome constItuent \128,141). 



t 14 

Arltl-PL anUbodJes ln SLE patIents and related autolmmune 

dlsorders are d group of Incompletely characterlzed autoantlbodles 

(1 /,2). Onp Dt the most commonly descnbed antl-PL antlbodles ln SLE 

1:-' th(' antl-CL antlbody. WhlCh IS responslble for a blOloglcally 

LtI:-.p Jl0ftJ t IVf' re!-.ull ln th(' Venereal Dlsease Research Laboratory 

(VDHLI test for SyphIlis whlch uses CL dS antlgen (117,143-145), 

D\1 r 1111'. 11If> l 'J 'JO ' S. Sf!Vf' ra 1 repo r ts desc rI bed a coagula t Lon Inhlbl tor , 

or "lllpul-. ant Icoagulant", found ln dSSOcléltl0n wlth the blologJcally 

1.t1:-.f' ""slIIV!' VDRL alld partwllv lnhlbltable bv CL (66,146,i47>. 

HI'C'pnllv. n1allV other Il1VE'stlgators have found that antl-CL antlboches 

,Ir l' Illghly ('0 ri f'l.ll pcj wlth the presence of LAs alld wlth cllnIcal 

eV"Ill::, pn!vluusly I1nked wlth the LA, lllCludl0g cardlovascular events 

(I/,Ii). 11'1,li dl~.trps::, <lnd death (l/I'J-15 l", and thrombos-ls and 

t1llomlJocvtOpPIlIa (]<,)-167). III addl tIan, crossreactIvlt1.eS of dlltl-CL 

.tlll tlHldl":-' wllh ilS ,wd PI': (166) h,lve been descnbed ln SLE patlents. 

LIIIlllS ant lcoagulant anUbodH!S wpre flfst recagnlled ln SLE 

1',11 Il'IlI:-. hy Cllllll'v pt al. (66) 111 l'J~:!. As IndlC'ùtf'd by Tnplett et 

,II. (lh').lhS). LA represents a group of hetet-ogeneous ,mtlbodlPS 

wllich Il],I\' posses:-. antl-PL actlVJtles and Inhlblt the assembly of the 

plotlllllmbul.1SC compJex on phosphollPlds !..l} ~~_tro, but WhlCh are not 

:-,p('CII il' 11Ihlhltors agaillst dllV 11ldlVldual cLottlng factors. LA are 

dei HIPd bv lht'lr ablllty ta prolollg the normal clottlng tlme 111 ~!' 

V 1 t lO ClI.I/',1I1.1UolI ,lssays, 111 partlcular, ln those mC<lsuring actlvated 

p~rtldl thlomboplastln tImes (APTT). Although the reagents and assays 

dit [Pl. most .1SSdyS use braln cephalll1. a IlPld extract rlch ln PE 

l 
j 
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and PS. 

RelatIvely few studles have examlned the PJ. Spt'rlfH'll1P:-; of LA, 

and those WhlCh have are not 111 complete ag1t't'ment (J)(},lh'l,J70). 

Exner et al. (169) found that LAs from SLI~ plasmas WPI P IlII1St II',H'I IVI' 

wlth PE, PS, and PI, whIle Thlagarajdn et dl. ~ 170) c!pmollslr.llt'd 111.11 

IgM paraprotelns wlth LA clCtlVlty reacted well WIIII l'S, PI, .1IId l'A, 

but not wlth PC and PE, Hanls pt al. (67,162,lfdl sllow!''' .\ :-.tlllllg 

corn'latJon between LA actlvlly and antl-CL blndlll/: III III .. St'l.1 01 

patIents Wlth SLE and found thal se1um ,1II11boc11PS wl11cll lia" IH'l'lI 

affln.lty-pur.lf.led on CL llpusomes h.:HI L/\ c\cllvlly .11\(\ INNf' .1I1lt, III 

blnd to CL, PA, PT, PS, phosphatlllylg1ycf'roi (l'G) ,11\(\ onl)' wl',tldy 10 

PE, Untll recently, rnosl stllCllf's hdVI' bt'en p .. 1f 01 1fIf',1 wlth .1111 Ihotllf"~ 

derIved from plasma 0)- sprum, and !-~o, It ]1' !~IJII 1101 (1",11 wl,.'III". 

the LA and antl-PL anllbodlcS elre the SeinlC' Ot dlll,'tf'lIl 01111 1 hocl l''!-> 

and WhlCh one .lS respol1&lble for .lbnorlllal IWffloslasl!-. In SI.F (l.II lt'III~ .. 

In our laboratory, Il hdS prev\Cl\lsly !>t>I'JI <,hmm IIt .. I '~Olllf' 

h'.brldoma LA antlbodles d(>l'lVpd ftCHn palJ(~nt:-, INJth sr.V ('.lIl ll',wt INIIII 

dDNA, CL, hurnan T gG and il IlPXagollfl 1 f () nT! fi t l'E ( 7) , 1 l 'f) .llId 1 Il.JI 

human hybndorna LA actlvJty was s}J(,clt'1c,i1ly IIIhlhllf'<j hy l\I'x.!!".!)II," 

but not lamellar PF. (H'i,llIO). Thf' f'pltopf' rl'~,pfJlI:-,JlJ!C' 101 111,,:-, .. 

multIple cross-reactlvltlP,," 1& unc\f~dr hlll fII0rt' th"l1 IHIf' "plI Il fil' fII.IY 

be Involved (71-7). 



16 

B. ABNORMALITIES OF HEHOSTASIS IN SLE PATIENTS 

/{pmostatJc dUlOrders HI SLE, whether they are manlfested as a 

hf·rrt(Jrrha~lc lf'ndency or' hypPH'oagulable state, usually result from 

rll~tlJrbaTl(,p~. HI OflP or more of three major mecharllsms: 1) platelèt 

fllJlCtlOTI; 2) vdscIJlar/endolhelJ.al structure and Integrlty; and 3) the 

('uil!.:ul il t J !JII f fiC tors. 

1. Cellular Components of the Hemostatic System 

,1._Pl~i..~.'.:k~_ ~~l~l Pla_~ele_~ Anllgens 

l'latelt'l1> ale extremelyactive, anucleate cel1s WhlCh normally 

cIIClJldt.r> III tht_' hlood III a resll.ng (InactIve) [orm. Pldlelpts 

unrll'Igu lTId)Or (uTlcllOllal chungps WhlC'h can be observed hlochemlcally 

dlill lfIotpholnglcal Iy HI response tn varl0US stlmull, such as surface 

1ll0dllicat IOn of the endothell.um 01 f:'xpOSlJre of the SUbPlldotlwllUITl ln 

VIVO, and ttC,ltnll'llt '-71th Hl vItro actlvdlors, Includlllg ADP, 

('OII.It;l'T1, ppll1ephrlnr Ol' Ihrornblll. III lcsponse to these stlrnt!lJ, the 

CP 11.., ,iS~IIlIlP a SphplolLIal shape, extend pseudopodlii, secrete the 

COIIII'IlI::. of InterndJ granules, and partIclpate ln the fornlatlon of d 

hf'lllllht.\tIC or thrombotlc plug (revlcwed ln 171,172). 

Tilt! .1II11genlc changes on the platelet membrane that accompany 

1'I.\II'Il't .!Ct Ivat IUIl and WhlCh may bl:' related ta the bl.ologlcal 

.tctlvlllt'S 01 pldteJets have been ldentlfied maIn ly by cl 

l,le 1 OP" r(lX 1 d,lhl'-ca t al yzed sur f dce radlolabellng technique. These 

ch,lIIgt'S m.ty Icsul t frolll th!' blnding of exogenous protelns to th(> 

pl.ltl'lt't ::->urLlce. S\lrL1Ce expOSl1re of endogeno\ls platelet protell1s, 

or It'.lII-allgf'!UPllt of plate let mernbrcllle protelns and/or phospholiplds. 

~'Ol 1IIStdIlCl', thrombospond!n (glycoproteln G) (173,174), Factor V 
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(175), proteln S (176), Factor VlII-reldted <lutlgen (vou Wlllt'IJl.md 

factor, vWF) (177), actln and an et-grdnu1e protf>lll w\th I/,fJ,OOO 

M.W.(I78) are secreted from actlvated platelets ilnd be('onll' olSSOCI,llpc! 

with the membrane. Plasmlnogen (179), Factol Xia (IRO), folClol Xol 

(181), Factor XIIla (182) and flln"lTlogf>n (17J,lHl,IR /d spt'C1fl<',t1ly 

blnd to actlvated platelets îlnd man y of tht'se n';!cllOnf.. lIlo\y IIlvnlvl' 

receplors newly exposed on the sm"face of actlva1<'d pI.llplt'!:-- (17/" 

180). Flbr Inogen receptors, dlscovered ln 

(183,184), are composed or glycoprotelns (Gr) IIh ,\11(1 111011111 

expressed only on actJ.vated platl'lets (18'», Io'lhrllHlgl'lI-llIIhlcf>c! 

aggregatl0n of ADP-stlmulatf'd p]atelets WolS Spf'Clflcally 11111111111'11 lIy 

an dntlbody agaJnst a 66,000 M.W. prot(>ln, wltl('h If. 10('<11,,11 on cl'rrr 

and becomps exposed upon stImulalJon nf Jntdcl p],II.'If>t:-, IIH'», 

Il 1.S a]so knolrJn that platl'Iet actlv,lllflll l~ d(,(,OIll(lrlllll'll hy ,\ 

rearrangement of membrane PLs ( 12'> , ] 86). No rrna 1] y, pl 01 1 t' 1 (' t p~; LI IId 

most of 

surface 

the platelet PE are 

of the membrane and 

locclted on 

are nOl 

Ihe ('ylopl"~Tfll{, 1 1Iltl'rJllt) 

i)CCPsslIJlp 

trlnltrobenzenesulfonate (TNBS) label HIE (12'>,12(,). Aft!'r plollpl(·I!·, 

were actlvated wlth thrombln, lncreased PE but 1101 l'S labe] Inl~ Wd~> 

detected ln l.ntact platplets, sugt~pst III~ that eXJ"JSI1P' of 1'1': on 1 1 If' 

actlvated platelet surface rnay havp a crltlcal rnlf! III p],II(·I,·t 

hemostatlc functJon (120). 

Monoclonal antlbodJes recognllJne antlgl'nS PXPO!·,I!(! on dct IVdt (·rI 

platelets, but Bot on restlng platelpl s, hrlvP hl'PJI P(or1IJ('I'd f(ulII 1111< l' 

Immurnzed wit h thrombin actlvated plate 1 ets. For l'Xdmp 1 P, a mllr 1 rJf' 

monoclonal antlbody, KC4, bound tu an antig(:n ('xpYf's~,,·tl cm tIf/' 



t 

1 

18 

platelet surface after actIvation with ADP, collagen, epInephrine or 

thrombln. By Western blottlng analysls, this antibody reacted with a 

single proteln of 140,000 M.W. (under bath reducing and nonreduclng 

condItIons), suggestlng that platelet secretion may be associated 

with the expression of an 140,000 M.W. Integral membrane proteln 

composed of SIngle peptide chain. ThIS proteln may be a component of 

the InternaI granule membrane which IS fused wIth the plasma membrane 

durIng actIvatIon (187). Another mouse monoclonal antIbody, 2.28, was 

reported ta react wIth a secreted lysosome-like granule proteln of 

53,000 M.W. on the surface of actlvated platelets (188). A slmIlar 

phenomenon was descrlbed for human monoclonal antibody, SES, derIved 

from Epstela-Barr virus transforrned B lymphocytes of a patIent WIth 

Immune-medlated thrombocytopenlC purpura (118), which recognlzed a 

neoantlgen on GPllla expressed on plate lets activated by thrombln or 

storp.d for more than 3 days. The epltope responslble for antibody SES 

blndlng 15 a proteln wlth an apparent M.W. of 95,000. 

Pl~telet proteln composItion lS tremendously complex. There are 

two sets of protelns Important for plate let functIons: membrane 

protelns and cytoskeletal protelns (revIewed ln 189,190). Most 

platelet membrane protèlns are Integral me~brâ,e glycoprotelns 

(totally or partlally embedded ln the llpid matrlX), many of WhlCh 

serve as platelet receptors and have been weIl characterlzed (these 

WIll be dlscussed ln detall ln SectIon Ble of thlS chapter). The 

platelet cytoskeleton IS capable of explosIve reorganization durlng 

platelet actIvatIon and IS composed of a group of dynamlc protelns 



1 19 

present ln the cytoplasm 0r assoclated Wl th the plasnld membrane 

(Table 2). The most dramatlc changes occurnng dUrlng plo:lll'Iet 

actlvat10n are the rapld phosphorylatlon and pol vmf:'112dt IOn of 

monomerlc actln (G-actln) to fllamentous (F-aC't ln) and thf' subsNl\lf'tlt 

aSSOcIatIon of actln with other phosphorylated cytllskl'letal P.-Ol('IIlS 

(191-196) • 

Table 2. Actln-Assoclated Protelns of the Cytoske let nll of 

Actlvated Platelets* 

------------------------- --- - ---

ProteIns 

Actin 

Ac t in-blndlng 
proteln 

Hyosln 

Alpha-actln 

TropomyoSln 

M.W. 

45,000 

250,000 

500 ,000 

105,000 

28,000 

Functlon 

Fonns mlcrofilamcnts; major st ruetural 
protcln of eYloskelcton; majnr rolv ln 
contractlilty and mobJllty 

CrOS&11nks actln 111dmpnt~; drrrJ~ralPs 
actln nuc]eallon; phosphorylrllpd 

Interacts WItt. actlTl r<lUSln~ 
contract Ion; phorphory J at!'!! 

Fonn gels wIth F-actIn; proTT\olpf, 

polymerlzatlon of actJn 

BInds F-actln; reeulat!'r-, cnnltacl Jfhl; 

blnds fIlament bundJes 
._------ ----- -- - - ------ -- -

* After Tuszynskl GP, DanIel JL and Stewart G: ASSOcIatIon of 
protelns w:üh the plate let cytoskelelon. SernIn tlemat 22: 30)-12. 
1985. 
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b. Endothehal Cells and Immune Injury to the Endothehum 

EndothelIal cplls are widely dlstributed in the body, forming 

the 100er llTlLOg of blood and lymphatic vessels, usually ln a layer 

one cell thlCk. ECs have an Important role ln phYSlOloglcal 

hemostaslS (they present a nonthrombogenlc surface ta clrcu]ating 

blood constJtuents), ln the perrneabJllty of blood vessf'ls and ln the 

sllpply of nutrlPnts to the subendothellal tissue, and ln the response 

of th.. blood vesse 1s ta physJolog.lcal and pathologlcal st Imuh. 

AbnormallllCS ln the structure and functlon of ECs may contributp 

sllhslantlally to hemostatlc dlseases, such as thrombosls (120,121). 

There lS eVldence tü sugges t the partIcipatIon of ECs ID 

autounmlJnf' dlseasps: 1) ECs share certaul Immune functlons wlth 

mOllocytes 111 presl'ntIng antIgel) to lymphocytes (1'37,198) and 10 the 

prodllctlOn of lnterleukln-l (199); 2) ECs play a raIe Hl regulating 

lymphocyte mlgratlon through vessel walls and ln the actlvatlon of T 

('l'Ils (200); ) ECs exprpss fiLA D/DR and EC-speclflc antlgens on 

tlwlI' surfaces (201,202) and Ta antigeo after stImulatlon wjth T 

cl'll-dpllved factorh (20); and 4) ECs 10 culture release soluble 

prodllcts that jnhlb~t granulocyte aggregatlon ln vitro dnd may 

tht'rt'hy IHl'Vl'lIt granlliocyte-medidted vascular in jury (204). 

The t'ndothel Hlm can be Impdl red by most major effectors of the 

Immune SYhtf'm, Incllld mg specIf]{' (ant IbodH'S and cytotoxic T cells) 

.JIllJ llonspf'(']flC (complement, lympholones, amI Inflammatory ceUs) 

1 nllnnlle IMt hW<lYS. A pot put laI raIe for speclflc ant l.-EC antibodles and 

!->ensltl2l'd lymphocytes has been demonstrated ln endothel Jal damagl' 

(20'». Al though the actual lole of Intrdvascular granulocyte 

~ • 
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aggregatl0n has not been clearly deflned, lt 18 proposed to bp 

assoclated wIth a varlet y of syndromes of vaseular endothellal damaRP 

(206-208). Adherence of actIvated leukocytes to ECs nid}' n'sul t III 

damage te the endothe11.um through the effccts of tOXH' oxygPII 

metabollte8 (209,210) and the adhesl0n may be cnhauc('d hy pl.ltt>lf't-

released products, Includlng plate} et-dcnved ~n)\~th faet 01 (pl)(a') 

(210,211). Complement components have trequently bt~ell rpportell to Ill' 

actIve medlators ln stlmulatlng the adherence 01 lCllkocytl's lot tlt' 

endothellum (20b-209,212), Immune complex dpPOSlt.l01l ou elHll1t.hellum 

is another notable pathway by whl.ch compl ernenl ('OIlipOlll'nt S llIay he 

actlvated to aet dlrectly ilS Inflammatory etfectors or tu f'nhallcf' 

leukocyte adherence to the f'lIdothe Il um (209). 

c. InteractIons between Platclets and EndothelIal Cplls 

Over the past El yeclrs, the developmPlil 01 ln vitro ":C clllluH' 

technl.ques has resulted ln slgmfIcant advances ln tht' lIndl'rstdncJln/: 

of how platelets and ECs Interaet (213). Thes!' [Hf' dJscuS!-,1'1! tH'low 

under the SIX major headIngs. 1) support1ve fUIICt.lOIl of platl'/I'ts to 

the endothellum; 2) nonthrombogenlc endothrlldl surfacp; l) 

receptors for adhesIve protelDS; I~ ) co ae ul il t Ion fil C t 0 r !-, ; ') ) 

arachldonlC aCld metabollsrn; and h) ettects of pl,lll'let-rr'lf'ilSf!d 

substances. 

1) Supportlve functlOn oL&atelets to the endotDp.t~lJ!!! 

It has been observed ln experimentally Indllced thrornbo( yloperlJc 

rabblts that the endothellum exhlblled rnarked "thJfI !..,pots", 

fenestrat1ons, and a reduced rnean thlckness, whlch wen' ('oYn'ldlecl 

i 
w1th Increased vascular permeabll1ty. The endothellal InteerJty wa!-. 
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restored when the plate let count returned ta normal, suggestlng that 

plate let counts are Important for malntalnlng the 1ntegrlty and 

contlgulty of the endothellum and for repalllng vessel Injury (214-

216). The supportlve functIons of plate lets ta the endothellum are, 

at least partlally, due to the effects of platelet-derlved growth 

factur (PDGF') or uther plate] et-released components, lncluding ADP. 

serotonln and platelet factor 4, on ECs (216-218). 

2L~g!l!!J.I.Q!~lbogeh ,e endothehal surface 

The most Important functl0n of the Intact endothellum 1s ta 

prpsent a nonthrombogenlc surface to clrculatlng blood constltuents 

(ln partlcular, platelets), thereby preventlng the InItIatIon of 

thrumboSlS. Th~s functlon Involves allOost a11 known natural 

ant lcod!',ulallt mechanlsms ln VIVO (revlewed ln 219), l.ncludlng lu10lnal 

EC SUI Llces covered by an ultrathln mucopolysaccharide (glycocalyx) 

coat, WhlCh 10r105 a negatlvely charged membrane at phySlologlc pH and 

rcpeb the ucr,..ltIVc1Y charged platelets; the elaboratlon of 

plaSmlnogen dctlvator WhlCh, ln tUln, Inltlates flbrlnolysls; 

syntheslh and pxpreSSlon of heparln-Ilke molecules and antlthrombln-

III ; the s'l'nthesIS and expreSSl.on of a unique cofactol, 

thrumbomod\llln, WhlCh promotes actIvatIon of the proteln C - proteln 

S system (220); and the productIon of prostacyclln (PGI 2 ), which 

eftl('1ent ly WhlbltS platt>let aggregatlon and Induces vasodllatlon 

t 221 ). Anv functlonal change 111 ECs or blOchemlcal modIfIcatIon of 

the cell surface WIll lead to platelet activatIon, adhes10n and 

aggregatlon. 

J 
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3) Receptors for adheslve protelns 

AdheSIve protelns Includlng collagen, lam1nln, flbrinogen. 

fibronectln, thrombospondln and vWF, WhlCh med latf' the attachment nt 

ceUs to the extracellular matrlx and cel]-cel] InteractlOlIs, mav 

induce the adherence of plate lets to ECs, Slnee n>('pptOls tur till'I-a' 

protelns have been Identlfled 1 n both cc lis (224), As ml'lIt wnNI trI 

SectIon Bla of thIs chapter, one consequence of platf'h>t [lct IV.lt 1011 

lS the expreSSIon of ceU membrane recept lHS hn t hp~t· ,ulhps 1 VI' 

proteins (173,174,177,183-185). The buuhng of tht'se llI.;.ll\ds lI) 

specIfIC platelet membrane GP recf'plors mp(\ latps t hf> ilr.r.n'/' . .!t 1011 of 

platelets and adheslon of platelets tn ImpdHed P1Hlottlf'1111fl10' 

exposed subendothellum (225). It has bPCll dpmeJllstr.ltpd th.II cult ur NI 

ECs are able to syntheslze membrane protelns WhlCh .lre IJloC'hl'lTilc.1lly 

and lmmunologlcdlly slmllal to platelet GPIIh rmd 111<1 (:.!2f») , 

suggestlng the Involvement of some adhesIve plotel ns .wd lh!' 1 r 

receptors ln the adheslon of platelets to ECs. 

Over the last few years, cell lt.>ceptors for adltesJvr- protl'lrls 

have been lntenslvely Investlgated and many of ttlf'HI IItlvP heen shown 

to be related to the famIly of "very 1 ate anl1.gpns" (Vr.A) (Yf!V 1 ('wpd 

ln 222,223). The VLA proteln faml1y, orlClnally detlw'd on ,Ictlvatr-c! 

T cells, lS also an Important Sf:>t of antlgPrJs found on pLltplpts. VLA 

molecules élre heterod1mpfs cornposed of a urnqlH! a ~Uh\lnlt (]OO-:!OOk/») 

and a common 6 subunlt (25-210kD), WhlCh glves each VLA prntplll Jl~-. 

name, such as VLA-l, VLA-:.!, VLA-) , VLA-4 and VLA- r
), On!' or more VLA 

complexes are expressed on nearly aIl cell types, WJth the except lun 

of granulocytes and red blood cells. These moleculr-b serve as 
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Tabl~ 1. Major Plate let Membrane Glycoprotelns 

-- ----- --- ---------_._------------------------

GjJ 

GPla 

GPlh 

GI'I c 

la'll h 
l;P 1 lia 

M.W. ln SDS PAGE~ 

Ih7K 

a, 140K 
B, 22K 

a, 1 j/.K 

B. 30 Ôt J1K 
douhll:'t 

l')OK 

a. 1 lOK. B, 2 JK 
11I.K 

(;Plllh (IV) 'J'>K 

GPI X 171< Ôt 2:!K 

Proposed Functlons 

Forms receptor for collagen 
when complexed wlth GPJla; 
« subunlt of VLA-2 

Forms receptor for vWF' and 
thrombln when complexed 
wlth GPIX 

Forms receptor for flbronectln 
when complexed wlth GPIla; 
a subunlt of VLA-3 

~ subunlt of VLA-2 or VLA-3 
tound corr~lpxed wlth clther 
GPla or GPlc 

Forms receptor for flbrlnogen. 
vWF and flbronectln when 
complcxed wlth GPIIla 

Receptor for Type-l collagen 

Reccptor for thrombospondln 

Substrate for thrombln 

Forms complex wlth GPIb 

References 

227,228 

223,230 

227,231 
224 

227,231 
224 

183-185 

2)2 

174 

231 

2)0,234 

- - --------- ---------------- --_._-----------------

'l'hl:' molccular welghts (M.W.) llsted ln thlS table were obtalned ln 
SOS PAGE undel reduclng condItions. 
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receptors for adhesive prote1ns and are responslble for cell-matrlx 

adheslon (222,223). VLA-2 and VLA-3 have been Identlfied ln platelets 

as the complex of GPla and lIa (collagen receptor). and the comp lex 

of GPIc and lIa (fibronectin receptor). respectlvely (227). The 

functions of platelet membrane GPs and thelr lmmunoloGlcal 

relatlonshlp to the VLA family of protelns are summanzed 111 Table). 

4) CoagulatIon factors 

A strlklng example of the dependence of plate let and EC functlon 

on coagulatIon factors 15 thelr relatl0nshlp ta the Factor VIII 

system (Le. vWF and Factor VIII antigen). whl.ch lS present unly 011 

ECs, platelets, and megakaryocytes ln VlVO. It has been shown lh.lt 

ECs syntheslZe and secrete a molecule wlth both Factor VIII allt l.gen 

and vWF actl.Vlty but wlthout antlhemophl.llC actl.Vlty. These molecules 

circulate ln plasma as elther carrIers or inactIve precursors of 

antlhemophlllC factor. When Factor VIII antlgen dnd vWF blnd ln 

subendothelial matrlx components or absorb to the pldtelet ~urface. 

they becorr,e actlvated, resulting ln normal plate let functlOn and 

plate let "StlcklneSs" ta the subendothpllum (2)5-237). 

5) Arachidonlc aCld metabahsm 

The effects of arachidonlC aCld (AA) metabolltes on platelet.:~ 

and ECs have been extenslvely Investlgated ln recent years (revlewed 

in 238). In summary. AA can be splIt from the PL pool !TI plateIr>t or 

EC membranes by phosphalIpase A2' WhlCh has been actlvated by 

collagen or thrombln. Subsequently, AA 15 catabollzed lrIto a serle~ 

of endoperox1de products by cyclooxygenase ln plate lets or ECs. The 

major cyclooxygenase product of AA ln plate lets lS TXA 2 • a potent 
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lnducer of vasoconstrlction and platelet actIvation. The maIn AA 

rnetabollte of ECs lS PGI 2 • WhlCh effectIvely inhlbits platelet 

aggregatlon, and is thus necessary for plate let compatlbility wIth 

ECs (221,2]9,240). PGI 2 probably affects platelet functlon by 

rnodulatlng the c~P concentration ln platelets, and thereby 

Inhlbltlng the mobl1lzatlon of flbrlnOgen-blndlng sltes on human 

platelets ln vltro and 11mltlng the extent of fibrlnogen-platelet 

lnteractlon (241-243). The regulation of these two AA metabolltes, 

TXA 2 and PGI~, ln platelets and ECs lS lmportant ln malntalning a 

balance between hemostaslS and thrombosls. 

6) Platelet-released substances 

Plate lets contaln several types of granules as storage-pools for 

actIve substances. The ~-granules contaln thrombospondin. platelet-

derlved growth factor. B-thrornboglobulln. fIbrlnogen, aCld hydro-

lases, and plate let factor 4. Dense bodIes contaln calclum, pyrophos-

phate, serotonln. and adenine nucleotldes (ADP and ATP) (244, 245). 

Actlvated platelets release granule contents, such as serotonln, 

WhlCh can Increase EC ln jury by causIng IndlVldual cells to contract 

and consume more oxygen or by Induclng chemotaxlS (246-248). 

In summary. the endothellurn presents a nonthrombogenic surface 

to WhlCh platelets do not adhere. Any mlnor trauma leadlng to a loss 

of endothellal contlnulty or a modIfIcatIon of the blochemlstry of 

ECs wIll permIt platelets to adhere ta subendothellal tIssue or 

endothellum. Once adheslon has occurred, the release of granule 

components causes more plate lets to aggregate and to fo~ a plate let 

plug at the slte of ln jury. A serIes of steps 10 the cascade of 
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coagulatIon lS lnltlated. resultlng ln hemostaslS undet phVSI01o~LCdl 

condItIons and thrombosls under pathogenlc condItIons. 

2. Abnormal Hemostasis in SLE patIents 

It has long been known th.1t cllnlcal 

abnormalItles of hemostasls are a fl'ature of SloE. Ollt' 01 mOIt' 

hematologlcal abnormalitles dre present 111 npally .111 SLF pal 11'111 s 

wlth actlvt' dlsease (68,249-2~1). Thl'se lllCludp .lhuofm.t1 pl.111'11'1 

functlon and coagulatIon profIles (1 b4, 2')2-2hO) • t hrombo!-.ls .md 

thrombocytoperlla (260-266), ilnd large vesspl OCCIUSlOlI .11111 g.IlIgrl'llf' 

(267). In a study of 112 consecutlvP patIents Wllh SU:, 

al. (261) round that abnormalltles of hf:'lTI11stal!C fllliet \lHl ocelllll'd 

frequently ln SLE patIents and thal \16.1blllllmalltle:-. ocelllll'" III /,/, 

of 112 (57%) patIents studll'd (Table ~). 

Table 4. Hemostatlc Abnormalltles III 112 SLE PatlPlll:-.' 

Thromboc ytopenla 18 (16.1%) 

CIrculatlng lupu& antlcoaguldnt J 'J (J7.0%J 

Decreased antIthromhln III 2ft (21.1.~) 

AbnormaJltlcs of tlbnnngpfl 2H (2') .0%) 

Abnocmal platelet factorb III and IV 7 ( 6.1'%) 

Total number of abnormalJtles 'If, 

Number of pat Hmts Wl th abnormal] t le.S 6/1 (') 7. J %) 

'/. After Gladman DD, Urowltz MB, Toman EC, and Glynn MFX: IIPTflo[-.tilt J( 

abnorTnalltles ln systemlc lupus f'rythpmato.'-.lJs. Quart J Mf'rt, Nl'w 
Serles LI! 207:424-33, 1983. 
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Abnormal plate let functlon lS commonly seen ln SLE patIents 

(249-2)3'. Plate let functlon and coagulatIon proflles studled ln 50 

SLE pallcnls showpd circulatlllg LA anllbodlCS ln 3 patIents, elevated 

fIbn nur,en degradation products ln patIents. and ISO lated 

nun::.pec] IIC' abnonnal f ludings ln 7 patIents (2)2). A quaI 1. tat IVE: 

plalelet dc[ecl was found ln 12 of 21 consecutlve patIents, Whlch 

COllsI!->tf'd 01 falllln' of plateletb to undergo col1agen-lnduced 

aggtegallon and Impalred ADP and eplnephrlne-1Dduced aggregatlon. It 

was aisll bhown lhal Impaired platelel functlOn correlated wlth the 

cllnlcal sevcrlty of dlscase. In another study of 18 consecutlve SLE 

pallt'nl~ WJlh L.A and ')'J SI.I·: patIents wlthout LA, platelet aggregatlOD 

W.lS abno}lTlal ]\1 must of the patIents and the defp.cl was mueh more 

prollouncNI If dSSO<'lat('(j wllh LA (16f.,. The detects 111 platelet 

ar,I',legat 1011 111 SL.E patIents may be pat'tlalJy related to a storage 

pool dei )('lClICV stdle. rnav be reverslble, and could be medlated hy 

pl.t~md or plalelpt-assoclated DNA (2))). 

VarVlIW, degn>ps of lhrombocytopenld occm- ln SLE patIents. Mlld 

thrombucvtuPt'T11ct lS prespnt ln about one thIrd of patlf'nts, wtl1lf' 

Sf'v('n~ thrombocytopf'll1a wlth purpura occurs ln ollly 5% (2,68,265, 

02h11). Amonr. Il:! SLE pdllenls studlf'd, 18 had thrombocytopenla, and 

la ot these 18 p.ltlents had platelet counts of less thall IOO,OaO/mm.) 

(:!b]). Il was found that thrombocytopenla was the best dIagnostIc 

-1 
1Ildlc.ltor of the seventy of lupus llephr1tls (265) and decreased 

pl.ttt'll't l'OllutS cOlreLited best wlth glomerular thrombosls and 

1 

1 

~ 
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subendothellal deposlts (262). Renal velll th."ombobls ,lIld 111ft'! llll 

vena cava thromboSlS (264). deep veln thrombosls. pulmonarv ("nl)()ll~1ll 

(261) and large vessel OCclusIon and t~angrelle (~b7) h.\Vl' ,11so lH't'll 

reported ln SLE patIents. The InCldencf' of thlOTlIhoSl1> III stE l,1I1gl'I-> 

from 5-14% and varIes ln dlffer~nt rpports lb8.164,249-2~1). 

Spec111c LA, antl-PL, antI-platel,,! or alltl-EC .lu!u.lIl!lhutllt'1-> 

could be responslble for the thrombos 1S and lhromhocylopl'1I1.1 1->('1'11 III 

many SLE patIents. A beltPl unùerstandlng ot the reLI! IOII:-.IIIP l>I'twl'l'll 

LA, antl-PL, antl-platelet and antl-EC .mlo.ml IhIHill's plt'~,I'llt III 

patIents WJth !:)LE mlght hplp tu clanCy thf' !IIPch.lIIII->II\S rl'i>Jl(lIl~ .. hll' 

for the thrombocvtopenla and thrombos1s se en III tht'se 1>.\1 Il'IIlh ,lIIrI III 

patients wlth other autolmmune (hseascs. 

c. ClllllCal ManIfestatIons ASSOCl,Ü .... rJ 

There lS a general cunscnsul-> thdt L.A ,HIll dut I-CL .lItt tI)()(J1I':-' .HI' 

strongly assoclated wlth thromhoS1S and thnlmllocytupl'lIl.l. c11TlH,1I1y. 

but Ilot wIth a tendency tu bleedlug (1'J')-If,7). Carrf'ril!~ ,1Iul V"nllvlf'fI 

(268), ln a rE:Vlew of the hlerallHf'. lf~porLl'd IlIdl <1110111 j()'i:'.ol 

patIents wlth LA had arterlal UI vellOll~', throHllJnsl~-,. 1\ ',Iully III Ih .. 

prevalence of thrornbosls and LA J li Sr.E paIl Pllls "lIowI,rI 1 h.tt 1 k 01 Il 

su: patIents wlth LA developed thtornhol->l~-,. whll .. only IlIn'l' 01 ~(J :,1.1', 

patIents wlthout LA had thrornbusls (161). Sf'vpr,lI InVPl->t Il:011 IOrr:~ holVI' 

sur,gested that lhese ant Ibodlf!~ may proHioll' 

aggregatlon by blocklng the PCOdl'('tlOfl 01 PCI .. , a pol .. nt Iflhlt.ltor 01 

• platelet aggregatlOn (221) WhlCh 15 uopllcatf'd HI Ill/' rl·I~1I1 .. 1 lOTI of 

fetai cIrculatIon (269,270). 
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lnt errlct Ion ot LA antlbodles wlth PS or PE ln the platelet membrane, 

could promote platelet actIvatIon, aggregatlon. and thrombocytopenla 

178,1661, lIowever. there lS Ilttle eVldence that Indlcates a dIrect 

b J ndl nl~ ITIPCharllsm .lnvo 1 v ln/; LA and llve plate lets , Flrstly, LA ln 

hUTflim plasma dld Ilot prolong the APTT whell platelets were substltuted 

tor Ihe PL-('ontaul1.ng APTT reagent (170), although il recent flndlng 

shows tha! afl~nlty-pur]fled ant1-CL antlbodles wIth LA activlty 

hUlIlId ln plrltelets actJvated WJth thrombll1 anel collagf'n, ADP, 

colldgroll, Pplllcphrlne, thromblll, 0)' calclllm lOnophore, but not ta 

r"~1 111/', p\.tlf'lpts (271), Second, although the LA actlvltv of SLE 

P).I..,lTid l'ould !>p nf'utrallzed by frf'eze-thawed lysed platelels, lhu; 

wa:-, lIot !nll' 01 IIIt,H't plalPLets tl6S). Till rd , ln stlJdleS From our 

I.lbo),IIIl1V, must hllmall hybndoma LA ant]badlC~S were fOlmd n01 ta lnnd 

dl\('('ll" 10 'IILacl platplPls (Chapter Ill). lt lS qU.lte llkelv thoit 

IBO'!' 111.11\ olle ITII'Ch.iI,lf;m 15 opercllional SJnCf> 1t lS clea} that LA 

.llltlh()d)t'~. ('llTIlprISe d glllUp of ant Ibodl es wlth hett~rogelleuus 

l-I'.ICI IVI t )1':-'. 

3. Rationale for the Interaction of Lupus AntIcoagulant and 

Ant l-l'hosphollpid Antlbodles wlth Plate lets and EndothelIal Cells in 

ThromboSls and Thrombocytopenla 

'!'tif' 1'11I1'1d.tllOli (If \tl!' 101(' 01 LA alllLbudles ln causlng 

h"l1lo:-,t.tt le L\bllOllllal1tJCS should ptoVldp a bette'! ullclerstanctlng of the 

p.u ,!do:>. l',ll1~t'd hv LAs, Al t hough LAs pro long lut rlnSIC clot tlng t IlTleS 

IAPTI'l 1_11 vItro. tht'se dntlbodles are cllIllCally assoclated w1th 

h"llt'll'O,tgtdable st,ttes (e.g. thrombosls) and thrombocytupenIa, but 

lIut WLlh .-l blped.lng tendellcy lIS)-167>, Slnce the coagulatIon process 



J 

n 

ln v~tro Involves the assembly of coagulatIon fdctors on a 

phospholJpld surface (272), lt lS postulated tl1at PL-n~LlctlVt' l.A 

antIbodles Interfere wIth the assembly of plothromblnasp on thpsr PI. 

surfaces (273). InterestIngly, If washed plLltf'lets, 1OIH'phult'-\ rt'.ltl'd 

platelets or lysed platelets al-e Substltuted for PLs, the ,'O.îgllt.l\ Ion 

tests are normal (170,273,274), provldlng a pusslblp t'Xpt.HI.ltlllll 1111 

the lack of cllnlcal bleedlng ln these patIents. 

!..!! ylVa, It IS possIble that LA antJbodll's IlIn(\ 10 1'1.:-. In Ih(' 

plate let and EC membranes and result ln c!amage, <1('11Voll Ion Dl 

functlonal blockage of these cells WhlCh could ll\(iu('t~ IItIOll,hoSlh or 

thrombocytopenla (162,165,266). Heducpd flbnl101ytlc C'dp.JCllv.lllet 

Inc reased vWF actlvity ln SL~: patIents Wllh LA 10 il Y IPIII'(,\ 

endothellal damage (275). IgG WI th LA a('t IVI t y flOm 2 SI.Jo: p.lt'l'lIl ~., 

has been reporled to Inhlblt the functlon of human 1 htOlllhoTTlodll1 III, .1 

unIque endochellal antIcoagulant cofactoy ln the ilcl IVoIl IOll 01 

proteln C by thrombln (276,277). A low funcLloll.J1 (l( llVlly of 

antIthrombln III was detected ln anothpl patIent WI th LA. (!rll' Il\ .. 1 J 

of these mechanlsms comblned may lrnpd J r t hf' uo r ma 1 Irl V 1 VI) 

antlcoagulant pathways (277). 

Another possIble mechanlsm ot thrombos lS 1 nvo 1 vr-!-, 1 tif' pol pnl 1,11 

lnterference of LA wlth thp PGI~ pathway. Cilly/'rat-. el. al. (l'JO) 

proposed that LA may Inhlblt thf:' productlOn or reJr-<lhf' IJr l'Gf .. lJy 

10terfering wIth the avallablilty of AA from TfIf'rnlHdllf! 1'1.:-,. TIIf" 

proposal was based on the tlndlng that a LA-c(JntalnHII~ fgC; f lacl IOn, 

lso1ated from a patlent wlth a hlstoryof artf!Ylal IhrrHllhw~J:, dnll 

multlple lntrautenne deaths, reduced thf! releasf' of 1'(;[.. 1 rOlfl raI 
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aorta rIngs or pregnant human myometrlum and the productlon of 6-

ket o-prostagland In F 10. by bovIne ECs. Th? lnhlbitory effect was 

abo 1 1 shed HI the presence of AA. In a subsequent st udy by the same 

!:rollp, an Inlllb1tory cffect of plasma on PGb productJ.on by vascu1ar 

tissue wpre detected ln 8 of 14 patlcnts wlth LA, 6 of whom had 

thrumbohls (2h81. Slmllar (IndIngs were obtalned by other groups of 

Illvest Igators (2713-281), suggestllig that the pathogeoetl.c role of LA 

may he rlSBOCJall!" wlth lnhlbltlon of PGI 2 formatJon. Howcver, these 

tlndlngs rr'qUltP contH1TlatlOll, Slnee aIl of these studJes were 

pf'rfO(llIf'd wlth p):JSTnd ,md none demonstrated the InhJbltlon of PGI 2 

(l)odllct HIll hy aIl I.A-contalmng plasmas. Furthermore. there 15 

cont lovprsv P'gclrctUlg tlu' Inhltntlon of PGI 2 productl0n by LA and 

:-.nmf' lllve.,>t 19aton; cJcllm that LA enhances PGI 2 productlon (Trlplett 

PPI ~oll,lI COlTimUnll:at Ion). Others argHe that the thrombosJs assoclated 

Wllh illlll-PL antlbndles cannat be explalned by effects on Er. and 

pl.lll'\f·\ pro~LHlold synthesls (282) and that the SlgnIflcantly 

IJlc\C'.l:,,('d EC procoagulant actlvlty Induced by sera from patIents with 

SI.F ,11111 I.A IMy .ll'COllut for the Ille H'ased HICIdence of thrombos 1S ln 

(283). These apparently contndictory data lOay 

Ilull('.1I1' tltt' tll'tl'fogel1l'lty of LA or that samp of these observat]ons 

,Il!' dlH' tll antlbodH'S othf'r than LA. Thus, more dIrect eVldence 15 

~\ll1 It'qulrpd ln explaln the aSSoClatlon of LA and antl-PL wlth 

tlllolllboSIS ,H1d thrombocytopcl1lil. 
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C. TIlEORIES or AUTOANTI80DY PRODUCTION 

1. The Generation of Immunoglobulin Diversity 

For man y years, there were two theories regardlng the gelleratlon 

of Ig dlversity. The germllne theory stated that the genps for the 

entlre repertolre of the Immune response are carrled 1n tht' ~e .. mlllw 

(sperm and egg) and passed on ta each member of the speclcs, sa th,lt 

each cell would have aIl of the varIable (V) reglons for hf'Jvy (ln 

and 1Ight (L) chains, but by sorne unknown mechanlsm, would use o/lly 

one reg10n from H and L cha1ns. The second thcory proposed thp 

meehanlsm of somatle varlatlon ln whlch a ft!w crucIal anllhody gencs 

are transmitted thnugh the gennllne and dur1n t • 1 yrnphllcytc 

differentlation, these genes undergo somatlc varl3t lUn. rCbU 1 t lllg j li 

the enormous diversity. Recent advances ln molecular lnology h"vp 

shown that. ln faet, bath theorles are correct, but lIf> l ther 1S 

complete in 1tself. In arder ta explaln haw the V-l'cglon gelles al t il Ln 

a hlgh level of dlverslty whlle the constant (C) reglOn genes rernalrl 

falrly unchanged, Dreyer and Bennett (284) proposed that V-reglO/ls 

and C-reglons must be products of two genes. In other words, there 

are two genes encading for one polypeptlù~ chaIn ln each dnt IlJorly 

molecule. The dlscavery of genetlc reorganlzatlon, ln WhlCh V ,wd C 

reglons weTe proven ta be encoded by two genes but read as a slllcle 

gene, was made by Tonegawa and hlS assoclates (285) ln a Sf! rIes of 

experlrnents. Il is weIl defwed now that two sets of gene sec,ments IV 

and J) for the L chaIn and three sets of gene segments (y. D and J) 

1 
for the H chaIn are rearranged ta form functl0nal Y genes, and then 

jOln w!th the C genes, \J. 't, (1, Eor 6 for the" chaIn genes and 
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kappa and lambda for the L chain genes. Each set of the V gene 

familles contains a number of different segments, which can be 

selected for recomblnatlon. Clearly, the tremendous dlversity of Ig 

molecules can arIse from the dIverse jOlning of these different V 

gene segments, and thlS can be lncreased by varIations in the 

comblnlng sItes between these segments (revlewed ln 286,287) and be 

further enlarged upon by somatlc mutatIon (288). 

2. Origins of Autoantibodies 

The Immune system has the potentlal to recognlze enormous 

numbers of antlgens, lncluding self components. Sorne of these are 

essentlal for a functlonal self-defence system and the regulation of 

Immune functIons (e.g. antlbodles agalnst mutated or old cells, and 

antl-Idlotype antlbodJes), while others may be pathogenlc (289). More 

knowledge about the orlglns of these non-pathogenlc and pathogenlc 

autoantl bod1es lS crucIal to the understandlng of the normal immune 

system and autoImmunlty. 

The dlscovery of antlbodles reactlve wlth dsDNA ln SLE sera (31) 

suggested that dsDNA may be IffimUnogenlC. However, the fact that 

nelther antl-dsDNA 

experlmentally by 

antlbodies nor 

ImmunIzlng normal 

SLE could not be Induced 

anImaIs wIth dsDNA (290) 

Indlcated that mechanlsms responslble for prOdUClng these 

autoantlbodles ln SLE are not slmply "antlgen-drIven". Several 

hypotheses have been proposed ta expialn the large number of 

autoantlbodles produced ln autolmmune dlseases, lncludlng: 1) genetlc 

abnormalltles; 2) loss of host tolerance; and 3) antlgen-dnven 

autOlmmUluty (modlfIcat1on of autoantlgens). 
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a. Genetlc Abnormallties 

An l.mportant questIon ln thlS area 15 wht>ther 3utnantlbodlt'!'; dl·t' 

encoded ln the germllne or result from ..,omat le mut.l t J UliS III 

antlbodIf:>S onglnally d1.rectcd agalllst t'XOt;t'T10US .111t lt~t'IIS. 

l) Abnûrma 1 rearrangemellL of Immunog 1 obnl.1.'.I .. &~'_r.n)!} I~_I' .. Ç_I'!I':'~ 

Theoretlcally, abnomalltlps 1Il tll(> polvnllllphlC n'('omtnll.lt 1011 Ill' 

Ig germl1.ne V gene segments, such df-, Inglwl fH'qIlPIl('lf'S 01" p.lI 1 l('Ilt.u 

V genc segments, may contribute to 01 bl' dSSOl'I,lIl'd wlth tIlt' 

productIon of autoantlbodH~S. However. comp.lrlSOnS of l('.;tllcl Ion 

fragment length polyrnorplllf-oniS HI DNA from rill maJol 1 \II'W' 101('1' 

stralns wlth thel! parental stralns alld wlth nOllilutlllmrollll1' :-.II,IIII~ 

revedled thdt murlTle lupus lS not aSS()('\alerl wlth ,1 p.1I1 J('lJ\cll II'.V .. 

haplotype and thal the IgVH lOCI may be pi>::.enLI<.llly rlIJlIiI,t1 1 JI 111111 ,:-, 

nllce (291.292), ThIS f'vIdl'nce stlongly su~gesl~, that (Ipff'('l!~ wlIII11I 

the Ig lOCI are unllkely ta bp the pnmary (,,1115(' of mur HIf! 

that assocldtlCHiS of Ig haplulypcb with l\lpll~. Mt' wl'dk. 

IllpUb .11111 

The posslbl LIly that autoantlhodJes ale en('()(h-!cl by :-~I'I'C11 J(' V 

gene 6egments ",as also tested Hl mICl'. AuIOdJltJ)JlJdjl'S dJlrl .tJJtIIHldIP~ 

to exogenous antleens were found lo he Pllcodpt! hy thl' '-.iUflf', 01 .tt 

least an ovedapplng, germllnp gene repertullf', altholl!~h lHlU:-,\I.t! V .. , 

VI« and 0 segments du appear 1lJ borne autOiint Joodlr::-. (2~1-2rJr,). AIl (, 

autodnlIbodles ae31Iist hrornelln treated yeti Illood ('1'11,-. (B!lŒC) 

(three each from NZB and CBA TTnce) usee:! thf~ SiU/Je, or hll;hly rl'Litl'd, 

If-, knowlI t tJdl mUll! .. !' 

lupus autoantlbodles are encoded t,y alrnost rill knowlI VII dnrJ rn.JTIY Vk 

famllles, but there lS a certa1.n extent of eerll'I J( (l'!-,t 1 J( t JOli (UflOJJ~ 
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autoantlbodles of dlfferent or slmllar speclflcltles (295). For 

example, varIOUS murIne autoantlbodles showed restrIcted VH gene 

usage, such as the J'V" gene famIlles (71B3 and Q52) (296), WhlCh 

rearranr,e early HI H-Ct'll dpvelopment (297). Lyl+ B ceUs and 

hybrIdomds selected Lor 7183 VH gene expreSSIon produced antibodles 

WIlt! ilutorPdctlvlty al a hIr.h frequency (298). It was also repolted 

that 1 he Vif gene usar,e of 39 dntl-DNA dntIbodlP-S flom MRL-lpr! Ipr and 

(NZBxNZWH'. mlce was dlst rl.butf'd ov('r most of the known Vu gcne 

fanlllies but showed a predomInance of .1558 and 7183 V .. gcnes. In 

another ill1aly!-'l[~ of I~) antl-DNA L chalns orlg"lnated from seven VK 

famIlles, M of lhesf' were encoded by VK 19 genes. but ail of these 

.lllllbod It!S wpn! derl.vpd from onl' Tnouse (revlewed 111 299). 

A reecnt studv uSlng Ail antl-arsonate IgM antIbodies addressed 

(JIll' .lSpl'ct ot thlS Issue Ly testlne the hYPo1hesls Ihat unwutated 

~prml Inl' V genf'S expressed Ly prelmmune B ce Ils encode for 

.\\Itllant Ihodlf>~ «WO). ln th1s studv. Naparstek et a1.(300) analv/.ed 

11It' .\11llgt!lI-t>1l1dlng propertI€S or antIbodles produced dUrIng the 

C(JIII~I' 01 tilt' 111U'ftIIlIC ICSpOIlSP of normal mJce to p-azophenvl arsonate 

(Ar~\. Thl'll lesults demonstldtl."d thùt a Ingh proportlon of the 

,Ill! Illlldll'~ pruduced Lv the prCUlllTlUne clones reacted wlth <1utoant1gens 

(dDNA allt! cvtoskeletdl protelnsl, whlle antIbod.les produced followlng 

AIS Inl1ll1l1l17.1t lllli shuwed less alltoreactlV.lty and more Ars reactlvltV. 

T1\1'St' lllvest 19dtors suggest that autoant IbodH'S may be encoded hy 

1I111l1\1t.lll'd gt'milille V genes and 1 hat the converSIon to Ars react1vIty 

mav havp been duc to somatle mutatlon followed by specIfIe selectIon 

of hlr.h ,ll'flnltv antl-An:; ant.lbodles. Howevel-. a larger number (Jf 



autoant1bod1es must be analyzed ta contlrm th1S hypothpSl~. 

Efforts have been made ta probe the cellulal dlltl lllolPClIl.1I 

events that determlne the flnal outcome ot (' lass dlHI :,;uhc l,lSS 

sWltch1ng and thell relatlonshlp to <'lutO<'lnt Ihody PIIHItH't \C1Il. 'l'hl' 

onset of auto1mmune d1sease spems to he COlll'latt'<1 wlth.\ ",wltch III 

antl.body productIon from predomInant IV IgM to Ige 1 .... ()I\'I"·~ (1I~.fln). 

In an analys1s of 706 human monoclonal TgA, Igfol .llld Igl; IIIvl'llIIlI.1 

protelns. ')3% of the IgG pcote1ns bear lIIg Hw 31 Id IUt vpt' 1>IHIIIII t (1 

DNA as compared with onl y 7% of th€' IgM prut!' 1 ilS hp.1I 111/', t IIC' : .... 1II1t' 

Idlotype (JOl). ThIS assoclatJOn of DNA h llId 1111', wlth Ig(; 1~lltvpf' W.t:, 

statlstically slgI1lflcant (p <- 0.0011 .wd suggrosts tllI' ImplltI.IlIC(· III 

]g l.solype III determIlllng antl-DNA dntlbody H'.tellvltv. 

2) Somatlc mutatIon ---- ---------

Autolmmurntv couLd resull From d dlstllthcd ll'eul.tllOllllt 1111' 

mechanlsms responslble for somatle TIIutatHHl lfI Ih!' lfIdllll.ll 1011 01 1111' 

normal lnUllunp response. The f Indlng thdt a slnglp rlmlno .le \II r' .... \Chu· 

replacemenl HI the first hypp(varldble reg JO TI of Ih(' IlPdVy 1'1101111 

changed th .. speclilclty of ail antlbody [rom phosl'horyi<'III1IIrIl' 10 DNA 

suggests that ln VItro somalIe nlutatlofl cali }l'~,ull 

of an antl-DNA antlbody from an antl-bactpYlal artt IIHldv (h):!,HlII. In 

a ser1es of studles on the role ot ~()rndlJ(' rrtUt.lt lOlI III t Ill' IrrlHllllU' 

response ta phosphorylchollne (TIl) SystPlli) IlSlrlp, l'rot ('1 ri ~~(''1lJen( 1I11~ 

analyslS of VH r-egions comblnpd wlth DNA st'qul'nClnr, dlhlIY!,I:-, (JI 

gerrnline VH genes, several ff'attlres of somal1l 1Tl\Jt.Jt Ion III t111' ,HIII-

1 
phosphorylchol1ne response wcre demonstratpd ()04-)OfJ ). rlf,"", ln 01 

19 VH segments analyzed had Idenllcal protelfl h('qllt'ncl'~, (I!PIIIJlf',j 
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TIS), whereas the remalnlng 9 varIants were aIl unIque and differed 

from the prototype TIS sequence by 1 to 8 amino aCld resldues. 

Second, ln the BALB/c genome, there IS one germl1ne VH gene encOdlng 

the TIS sequence. AlI of the 9 varIant VH segments appeaîed ta be 

mutated from thlS TIS gene, ImplYlng that the entlre antl-

phosphorylchollne antibody system may be derlved from a sIngle 

gerrnllne VH gene segment and that somatlc mutatIon occurs frequpntly. 

Thlrd, somatlc mutatIon correlated wlth the class sWltch because the 

varIant VH reglons appeared only ln IgG and IgA, but not ln the 

Initially expressed IgM. A subsequent analysls, done on 2 of these 

varIant IgA antlbodles, M167 and M603 (306), revealed that somatlc 

varIatIon, Includlng siient and replacement substItutIons, lS 

extensIve and sharply localized ln and around the rearranged VH 

~enes, suggestlng a specIal hypermutatlonal mechanlsm hlghly 

locallzed ln Its SIte of execution and hlghly restricted ln its time 

of operatIon durlng B-cell development. 

If somatlc mutatIons are present, frequency analysls of 

productIve versus nonproductlve mutatIons can help to detennne 

whether the antl-self response lS (auto)antigen-driven (wlth 

selectIon for replacement mutatIOns) or results from polyclonal 

actIvatIon. Two clonally unrelated murlne IgM antl-DNA antlbodles 

(MRL-DNAIO and MRL-DNA22) and, posslbly, three NZB IgM antl-BrRBC 

antlbodles shared Identicai VH gene-encoded regl0ns, strongly 

sugges t 1llg that the unmutated V germllne can be expressed ln murlne 

1 
lupus autoantibodles (293-295). However, the presence of somatlc 

mutatIons Hl J segments of sorne MRL-lpr/lpr autoantlbodies clearly 

1 
1 

J 
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shows that somatie mutation can occur ln spontaneously produced 

munne lupus autoanubodies (295). Comparlsolls of mRNA sequences 

suggested that there were low levels of somatlc mutatIOII 111 

autoantlbodles from nonautolrnrnune mlce as weIl. To date, the hlgh 

level of autoantlbody expression observed ln autolmmune mUrlnf:" mode Is 

does not appear to be caused by elther a complete lack of or an 

abnormally hlgh rate of somatlc mutatIon of Ig genes. 

From the data obtalned untll recently, some Jutoantlbodles 

appear to be encoded by the germhne whereas others may acqulle self 

speclf1cltyafter somatlc mutatlOn (299,302,303,307), The ref>pollses 

agalnst endogenous and exogenous ant 1gens appear ta he gove rne(l hy 

the same general prlnclples, and self speclflclty, llke exo~enuu!:J 

speclflcitles, may result from dIfferent recomblnatlons of normal V, 

D, J gene segments and/or somatIc mutatIon of the recomblllcd hf'Llvy 

and Ilght chalns. 

b. Loss of Immunologlcal Tolerance 

ImmunologJ.cal tolerance J.S the abll1ty of the Immune system tu 

dlscrimlnate between "forelgn" and "self". Ihstorlcally, there WI!n' 

two serJ.es of experlments to address thlS subject. Medawar pt al. 

(revIewed in 308) showed that contact wIth forelgn antl~ens at il VI!(Y 

early stage of life (fetus) allowed the Immune system to toler.1te.1 

speclflc antigen wlthout maklng a response to lt. The second apprlJach 

was based on the hypothesls that a11 antlgens are forenu un le~:" ülI!y 

contact the lInmune system before the funct lon;!.l dl fferent lat lOri of 

the Immune system takes place. ThiS was demon~trated 

experIments that pltultary glands removed from an embryoolc [log were 
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le Jected as "forelgn" when they were re-lmplanted Into the same frog 

dunng adul thood (revlewed ln 3011). It lS we 11 estabhshed that 

lolerance to an antlgen requHes that the antlgen be present and come 

lnlo contac l W1lh lhe Immune system at a critlcal stage of 

devplopmenl. Modprn molecular and cellular blologlcal approaches have 

prOVf'TI lltat t Ilf' InnuctlOn of ImTllUne tolerance lnvo 1 ves both T and B 

CI! Il repertol n!s ( 310-313 ). BALB/ c nnce Immunlzed WJ th :nonoc1onal 

.11111-J _,"1 allt Ibody, \NhlCh blocks T suppressor cell funrtlon. producpd 

,.1II11-DNA ant 1 bodIes wIth tlte T15 IdIot ype (307). Baserl on tins 

IlndITl~. Il \Nas proposerl that antl-ldlotype antlbodles produced tü 

allt I-1-J d dntllJodles may block the lnteractlon of T suppressor rclls 

WII Il acccssory eells lIecessarv for T suppressor act IVdtlon and so. 

Jpdd to ,1 Joss ot T Sllppressor eel1 fllncl10n. 

III stlrnm.ll"v. thf> HlPchanlsms of tolerance are explallled by varlOUS 

,1Itl!11l.ttlVI! thf'OrlPS (JOY,JI4). lncludlng deletlon, WhlCh rnay Involve 

phVSI(,jJ «')oll.i)l or funcllUna 1 (rcceptor blockade or abot ted 

<I111plelllldtJOld deletlon alld suppreSSIon of clones by negatlve 

:-'1!~Il.ds Ilom Vl'lo l'cIls and suppressor T eclls to the tolerant cf'lls. 

Il St't'n!!-. 1'11',11 that any [dctors resul tlng 111 thp 1058 of 

11ll1ll1l1ll1}O/:Il'dl tllierallce could lead to the subsequent devploprnent of 

.1Il1 () Illllllun!' dl SI:'dSeS • 

St'! r dut 1ge1ls • .ll-e Ilormally Ilot Immullogenic ta the Immune system. 

lI11wt'Vt'r. lhele are manv factors WhlCh could result 111 the productlon 

s lIr ,l\Itodnllgens. WhlCh are dlscussed below. 

1 

1 

~ 



1 

1 

41 

1) Chem1cal modiflcat1on 

Sorne chemical drugs. such as quinldlne. bind ta the ce Il surf ace 

and may thereby serve as antlgenlc epitopes WhlCh Induce ant Iboches 

against cellular components bound ta the drug. Some chemlcals mdy 

also mOdlfy cell antigens which could then Induce autodntlbod lf'S. 

Examples of chemlcally Induced aut 0 lUllnunit y arp Celses of ImmUIlt' 

thrornbocytopenu Induced by <l-methyldoba, narcotlcs 01 qlllOldll11' 

(101,102,104,105) and leukopenla Induced by qUlnldlne (10}). 

2) Inf ec tlon 

Infect1ng mIcrobes may act VIa several mechanlsms tn 1I1dllCI' 

autoantlbod1es. Sorne bactena or Vlruses rnay lnduce allt IbodlPS wh Ich 

are crossreactlve wlth autoant Igens. One example of sllch dll .lnt 1 body 

is a monoclonal myeloma Ig from a patIent wlth WaldellsIIOfll':~ 

macroglobu11nemla who had both antl-bactenal and .1lItl-DNA .Ult Ibody 

reactivities (315). Infectlng Viruses may also aller .\lltl~1'1I 

structure by absorptIon to the cell surface or penetratioli ttllolldl 

the cell membrane. Finally, sorne vIral genes may be Incorporiltcll 1111 Il 

host DNA and encode for new antlgens, WhlCh are seen as fOrf'IGII lo 

the host and may elicit an autoimmune reactlOn. VIral or IMctf'rl .. d 

products, such as endotoxln, mayalso result ln poly~lona} B cell 

act1vatlon and overproductlon of antlbodles. 

3) Exposure of sequestered self-antlgens 

Sorne self-antlgens, such as thyrogiobullll and ;Wtlgf?r/S p.xpn!s~ed 

on testes, braln and eye crystaillne body and humuur, are 1101 

nonnally 1n physlcal contact with Immunocompetent cells HI ~. Tf 

they are exposed ta the body's Immune system by trauma or InfectIon, 
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these se if -ant l~ens WIll be recognlZed as "forelgn" and may Induce 

cellular and humoral Immune responses, resultlng ln autolmmune 

dlsorders, such as autoimmune thyroldItIs, autoimmune Infertility and 

I->yrnpathel JC ophlhalnlléi (316). 

3. PossIble Explanatlons for the Polyspecificity of Monoclonal 

Antlbodles 

Monoe)o/l.d antllJO(lles have frequently been shown la reacl wlth 

1 WO 01 mon' ilppal pnt 1 y dlsslmilar illlll~pns, as dlscussrd ln SectIon 

Al nt thl! ... ('hapll·r. ThIs klnd of po}yspeClflclly can he attnbuted ta 

p.ut 1.1\ Ppltopt' ldcntlty on dlfferent antlgens (cammon determlnanl<;), 

11111111(11" :'lJt'(,lt 1(' blIHl1ug sItes on a sl.nglp ant1body Trlolpculf', or 

IIIPI .. Vdut Il1tl''-,lCt10IlS Illvolvlng other blndlng Interact1ons, slich as 

t'1t'\'IIO:,t.ltIC charge IlItPlil('llons Lelwef'n antlbady and antlgclls. The 

1II11'I.ICllOll belween ail ,1OtlgClI dnd antlbody molecule mily In"olvp Tllany 

IIIIJ 1 t' coul.le t po 1 n t s ttldll P lI'V lOUS 1 y be Ilpved (revlewpd HI ) 17 , 118) • 

.t. _ ç_IJJ!1l1loJ~J2.~? le 1 m lllan ts on Ali tIge ns 

Allt Il·,pn-(,ol1lhlnlll~ f,ltps on a glven Ig molecult.· ('an billd sevecJ.l 

t1111"p'I1t dlltIgl'IIS whlch are struclurally lel.1.ted tu c.1ch other 

( :,11.111' COlllll11111 dptl'llilllldIlls) (70,319). Exarnpll~s of structulillly 

lt'Lltl'd illll Lgt'IIS. winch may br> llivolvpd ln autOlJOmUll1ty al .. tllP 

l'ltu!->phlld Il'!-.I 1'1 df'll'rmlllclllts shared hy DNA dlld PLs (70) 

h. __ tt.~IJL1..l!J_~_~_E..lexlble Blndl\lg SItes on Antlbodll'S 

,\ mUlIlIclulI.tl drlllbody WhlCh bUlds dlSt1.llct m(Jlt~cules wlth I1ttlf' 

!lI 110 stllKtll\al slmllarlty may represent ail dlltllJOdy wlth 

polvtllllCt lIJu,il bIndIng SltpS. Pulyfunctlonal curnlnnlTlt; sltes, or dll 

.1IltlblHlv wlth more thal1 ont' specIflC bIlldlng SIte, was f1.lst 

J 
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demonstïated ln a myeloma protel11, c<llled 

separate bIndlng SItes for two structuraltv dlfft'lelll h,\plpJl~, 

menadl0ne and dl1lltrophenol (DNP) ():.!O). Ali anllbodv (,,\1 1 V 111/', 

multIple combullng sItes mav rpact wlth ,111 ,\III I/'.l'II ,,1 ,dl 

complementarv epltopes. lesu!tJlIg III .\ hlgh bllHllnl~ dfrlllllV, ,11111 111.\" 

a]50 crossrcdct wIth anllgpl\s brillJl\g mil',' ~1l1l11' ni 1 tlt'~l' t'p Il ()Pl'~" 

thereby dlsplavlng a lower dt fIlllty lnt 1'1 aet 1011 (~I'I' F 1l~IIlI' 1) (11 -; 1. 

The dynamH' nature of protl'IH structllrl~ III :-,01111 ICI Il ():!O,I:.'11 

suggests that both the aTltlbudy alld ,mll[';1'1I fII,IV 1,., 1 Il'' Il,) l' ,lIld 

Induce .l11 each olher an optImal cOllflr,urallOlI lor hlrlllllll',. TIll:, 

concept. slffil1ar to the "lo('k ,.md kf'\" t1WOI V tOI l'II/VIIII' ,11111 

substrate. proposes grealrf flPXllnlltv ln dntlgl'lI-,IIIII1Hlllv hllllllll/', 

InteractIons (]22'. 

c. Elf~c_l_r:.c!êLillc ctt"!rr.~ 1 11t(~~LIC.t lQTlS 

Contact between alitIbody éiwl .lnl lt!;PTI mav llJv(JlVt~ '''l'Vf'I,1I 10r('I':-" 

ITicludlng hyrJlogf~n blJnd~. hycl rophob 1 L 

InteractIOns (eleclrostalIc chcllge~) Dl COIilhlnal H)Il'", 01 ,III rd 1111"·,1'. 

Anllbodles wIth tllr,h u,oelpclrH' P(JlJlt~ c,urv Jl0<.,IIIVI' 1'\1.\11',''', 011 

phYSIologlcal pH and 50 dl~.p\.JV IJlIHIJng 10 f11'1~dIIVl'ly ('h,Jr/:f'r1 

molpcules. such Li!'> DNA ('J2-'J/.,. In .ill an,dy!-,Js 01 70(, IIIWldll myf'lrlllloi 

Igs, the proteuis focused over ,t WHJ" rdflr,p ot pl \',dw':-., hlll ,JI) III 

the DNA-blndlllg Ig~ tuclI!'>f'd .'1l il pl - 7.0, SIlP,I~f':,IIrII~ th,t! Il'. (hdf/',f' 

contnbutes to these antlgen-antIlHJoy Ùllldlrtg Jrttl!ract IIlW-, llO/l'. 



---------- -----

F11~lIrl' 1. nlP Hf'ldtlOnstllp between the Affullty of an Antlbody-

Ant lr,l'n intf'ractlOTl and the ProbabllJ.ty of Ct-OSS Reactlon 

wlth Slffillar (Group III and Dlssltnllar (GîOUp III) Epltopes 

Th,' hl~h Llffullty antlbody on th" left only shows crOS3 
l"oIct 10lIh wlth ,mtlgcns WhlCh hdve Identlcdl tGroup 1) or partlally 
1I1I'IItl(',1I (l;lIl1lp Il) ep.ltopp.s. AIl cross rpactlons of suchan 
,llIt lbodv ,lIf' therl'forc lplpvant. In contrast. the ]owafflllJty 
.1111 1 hudy 011 ltll' 1 II~ht lias spare capaclly for blrHbng to antJgens 
whlch h,1Vl' 110 (,plt()pt~ Idelltlt\ (Group 111 antlgens), ln additIon, lts 
,,1f1('II'IICV III «('1 l'cl Ion of pdrtldlly Idpntlcal (Group Il) antlgens lS 
wlleh ,!'(\tll'PÔ. In Ihe lllll'rlill'dldtt! Cdi->e shown HI the l'entre, the 
1I1111IlIClolI,1I .lllllhodv ClOSS reacls wlth most l;rollp [1 ant 1gens havlng 
p.1l11.t1 ~llll('tlll.tl Identlty but cali ,lho cross react wlth dlSs1ffilldr 
t;IIIIlP [II rtllll/',I!m,. 'l'Ill' ma]Ollty of monoclun,tl antlbody cross 
Il',ICt IOllS Irl11 lIIto tllf' Group If 1 lllelevant category and do Hot 
l"tll'ct ,IlIV -.Irlll'tur.ll u1enlltv among dntlgcllS. 

At t l' 1 l;hosh ~ .md Campbt> 1 1 AM: Mul t lspeclflc monoe Ional 
"" t 1 hot! Il':, • 1111111111101 Todd V 7:217-2:22, lYHfJ. 

, 

1 
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4. Autoreactlve Antibodles ln Normal Individuals 

AnllbodIes wlth autoreactJVlty have been reported ta eXlst ln 

'he !-,('ra of normal mJce and human subjects, suggestwg thaL 

IIHllVldUrib wllhouL ap(ldrenL illlLolTnmune dlseasp have B ceUs WhlCh 

Cdl; ht' d<,llvatl:'d 10 secrelf! autodntlbodles 023-330), Antl-DNA 

.ml lhod IN; OCCIIY trI ult! age (331), ln normal young Tuee st imulated 

Wllh B cpll TrlJlogens ())2), anrl ln ln vltro cultur<!s of mous!:' and 

IIlI1.ldH lymphocy'f'::' sLJTriulated wlth Tnltogens (25). AntJbod.le~, 10 ather 

.tIIto.lJI1IgI'U·", ~lIch a~ IhYluglol.llJ!ll1 and self led blood cplIs, wen' 

.11:-'0 dl'll'("l'd flOU! normal mOllse lYlliphucylf' cultmeb stlTrllllated wllh 

1lI111J/,YII:-' ()311, TlwSf' auto.Hltlbudles are of tell char::tclellzed by 

l'Xll'lI!~lvt' C10i-.Slf'acll\ Ily (po)ySpeCJflclly) (l~7,328,33~,33S) and 

IdlOtyplC COllrll'cllVlly (3::!IJ,J::!9,130), AlIltbodlt?S leact.lve wllh d 

V.11 If'tv 01 Ilpl<ls (PI i-. .1l1d l',lycollpuJS) have alsn been reporled HI 

1I011ll.11 (1I011-1Ir,nlUIII~('d) human and ann..al sera (142,)36). 

Sf·v!'I.!1 LtlHll.ltOlIf'S, Incluc!l.llg our own, have df'rnonslrat~d that 

11111110111 IIvlH 1 d nrli as dl'rlvpd ft'CHf! normal dOllors Cdrt producC' ant]-DNA 

.I/lllhodl(·:-;, 1l1.!lly of whlch show polySpPClflClty (7'>,337-339), AntJ-DNA 

.IIHI .1\I 1 1 -p J .1 t t'Il' t ,111t 1 bod l es have bepn p rod uc l'ct f rom hybrJ dOHli1~. 

dl'll\'l'd IIUIII tOllslli-. 01 lIormal Illdlvlduals (JI.O). Sorne pfforts have 

hPI'1I 11I,\(lf' tu l'Olllpdrp the nOlmal dIld autolmmUlw-denved antlbodJes alld 

10 stllllv tl1l' Illl'ChdlllSms hv wlllch dutoa\lllbodH'S cause pathogenesls III 

,llltOllll!lIl1llt' l'dllellts, but not Irl nonllal JndlV.Hluals. Datta et al. 

1 
:-'LF-.!t'll\'t'd 1 ymphocYles. Thpy found that cul tured nornlal-derlVerl 

1 \'TIIphol'VI f'S tu pokeweed mltogen 

1 
1 

j 
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stimulation, while SLE-derlved lymphocytes produced Id 16
/

6 wlthout 

stlmulatlon and lymphocytes from relapsed patIents spontaneously 

produced the hlghest levels of Id I6
/ 6

• The majorlty of Id l6
/

b 

produced by normal lymphocytes dld not blnd to DNA, suggestlng that 

antlbodles expressing Id 16/6 are compnsed of at least two 

populatIons w1th dIfferent antlgenIc specIflcltles. Bell et al. (J4~) 

reported slm1lar results ln thelr comparlson of the ant 1ge1l 

speclf1clty and Id10tYPIC characterlstlcs of normal lOllsll-dellvec\ 

hybridama ant1bodles and SLE-derlved serum antlbodles. One lC\JOtypl', 

4.6.3. derived from a human hybndoma IgM antl-DNA 3nllbudy 01 

tonsl1lar or1g1n, lS commonly e .. q,ressed 111 the serum of SLE p.lt It'J1l~ 

and appears to be related tu cl1.nlcal d~3ease actlvlty. ""hIle norm.tl 

tansil-derlved antlbodles expresslng thlS Idlatype fdmlly dld Ilot 

bind ta DNA. Anather recent study used sIngle cells ln examine thl' B 

cell repertolres of normal DBA/2, BALB/c, and C3H/fieJ miel' and 

autolmmune-prane MRL-lpr/lpr, NZB and C3H-gld/gld mlce (rom 1 ILly 10 

5 months of age. Althaugh there were slgnlflcantly more Jg-spcretlnc 

splenlc B cells ln autolmmune mlce thdn ln normal adul t mlce. both 

expressed a temporally hmlted number of B cel! clones .. wd a sllddpn 

Increase between 1 ta 5 weeks of ~ge ln reactlvlty agalnst many 

antlgens, encoded by germllne genes ()43j (ScctlOn C2 . .l of thl:, 

chapter). It lS praposed that such crassreacl1ve antlbodle!:> lIICre,i!:>f' 

the ablhty of the young anImal to neutrallze numerous envlrrJTIrr:f~ntLil 

antlgens uSlng a 11mlted B cell repertolre. The redctlvltles of thf'Sf' 

clones mlght then be dlverSlfled ln response to stImulatIon by 

part1cular antlgens ln the envlronment, cesultlng ln the selectIon of 
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B cells secretlng antlbodles wlth hlgh afflnity. Thus, ln older rnice 

wIth larger repertolres, each clone expresses a hlgh degree of 

speclflclty to certaIn antlgens and less cross reactlvIty 1S seen 

arnong these clones (343,344). The authors hypotheslze that the 

slmllarlty of the developlng repertolres of normal and autolmmune 

mlce could suggest a role for a polyclonal actlvator which Induces 

the hyperprollferation of antlgen-stlmulated B cells ln systernlC 

autolmrnune dlseases ln mlce. 

Although these studles provlde sorne Insight Into the orlglns of 

autoantlbodles ln normal IndlVlduals, rnany questIons remaln 

unanswered regardlng the mechanlsms responsible for their production. 

the dlfferences between antlbodles derlved from normal lndlvlduals 

and from patIents wlth SLE, and the rnechanlsms by WhlCh 

autoantibodles cause pathologlcal abnormaiities ln SLE patIents but 

not ln normal Indlvlduals. The use of hybrldorna autoantibodles, gene 

clonlng and DNA sequenclng, and Qosslbly, even transgenic mlce, 

should provlde the means ta attain more preClse InformatIon regarding 

the molecular genetlc orlglns of these antibodles dnd thelr 

pathogrnetlc relevance ln VIVO. 

, 
j 
1 

j 
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CHAPTER II 

RATIONALE, OBJECTIVES, AND SIGNIFICANCE 

OF THE PRESENT INVESTIGATION 

RATIONALE 

Although lupus antIcoagulant, antl-phosphol1Pld and dnll-DNA 

autoantibodles are cllnlcally assoclat~d wlth abnormLllltlps of 

hemostasIs ln SLE, 1t lS unclear whether these autoantlbodlPS drp the 

dIrect cause of these hemastatlc dlsorders and by what mech,llll sms 

they act. The relat10nsh1p of lupus antIcoagulant, ,H1tl-phosphullPld 

and antl-DNA antlbodles ta antl-platelet and antl-endothplldl cell 

antIbodleS lS alsa unknawn, as are the ep1tapes on plat!!!!'! S LHlIl 

endothelial cells responslble for antlbody blnd~ng. Thus, .HI 

InvestIgatIon of the abIllty of l.nd1Vldual lupus dntlcodgulanl, i.lnll-

phosphollPl.d and antl.-DNA antl.bodleS ta blnd tu platel~ts and 

endothel1al cells and ta have functl.onal effects on thes!' cl'lls 

should provl.de dIrect and relevant answers ta these quest ln(\!:>. 

Lupus antl.caagulant, antl.-phospholIPld and ,Fit I-DNA dnt IIwrJ Je.'> 

are also faund ln nonnal l.ndl.V1duais wlthout apparent .lUto IlTllflllllf' 

dIsease. It lS not known what the qualltatlve d1fferences tJl'twPt'f1 

autoantlbod1es derIved fram SLE patlents and normal lndlVldlJ .. l1s ,.lI l', 

or why these antl.bad1eS are pathagenlc ln affected Indlvldual!:>, but 

not ln unaffected IndlVlduals. These questIOns can be addressed Il'<'HI~ 

hybrl.doma autaantlbadles denved fram normal lndlvlduals and SLE 

patIents in studl.es WhlCh compare the bindwg and furie t lond 1 

propertles of these two groups of antIbodles. 
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OBJF.CTI VF.S 

Our approdch to these questl0ns has Involved the productlon of 

hllTTl,HI hyhr ldorna antlhodles from normal Indlvlduals and SLF. patIents 

and 1 hf' charaCIl'rLLallOn of the blTldlng and functlonal propertles of 

SJ.E ,lIId nn nua I-de r 1 ved hybndorna lupus antlcoagulant, antl-

ph01->pholqJJd ilnd antl-DNA rtutvantlbodles on platelets dnd elldothellal 

(,f'lls, wlth ttlf' lollowlng Slwclf:lC obJectIves: 

1. 'l'II dll,dy,,!' the ff'lat !CHlshLp of platelet i1nd endotht>lldl ceJ1-

blndlllg propelt les to lupus anticoagulant, antl-phospho]lpld and 

oillt l-lJNA 01111 Jbodv leact IVlt1t:'S; 

:!. '1'1/ ('ornparl' th" l>Jllf!tllg ,111<1 fUllel Lortal reactlvltles uf normal 

,11111 SI.F-dl'llvpd <lutoanl IbodlP.Sj 

l. To Idf'nllry thf' f'pltopPS on plat pIets dnd enelothellal cells 

S Il;N 1 FI CANeE 

'l'hl' Il''''' CI 1 llilllH)(' loua 1 hUTflan hyln] dama au toant l bod les s hou Id 

\l1t'ld m.dul ,iIId Illterpretah]l' date! dbout the tPlatlonshlp hptwl'l'1î 

.lIltHlldguldllt, ,lIItl-phllSpholIPld alld dlltl-DNA autoantlbodles 111 SIE' 

.11111 1l01Tll,tl Illlllviduab and the f'pltopf'S responslble for reacllvlty of 

tht'!">!' ,mt IhodlP'-; with pldtplpt~ ,wei endothellal cel1s. FurthellJ1ore, 

stlldll':-> lIlI thl' l'lIt'ct1-:. of IJldlVldUdl dntlbodles on plate lets and 

l'lIdoth('ll,ll cplb 111 ln vltro fUllctlonal assays should pnJ"ldp 

III:-.lrltt llltu dutOdllllbody-merlldleù mpchanlsms respulIslble for somf' of 

tilt' ht'l1IllStdtlC (Ilsorders seen III patIents wlth SLE. 
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CHAPTER III 

LUPUS ANTICOAGULANT AND ANTIPLATELET PROPFRTIES OF HUMAN 

HYBRlDOMA AUTOANTlBODIES 

RllNN J Nl~ T fTI.F. 
- -

Lupus Antlcoagulant dwl Ant Iplatplf't AlltO.lllt 1,,(Jdl"~' 

, 
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ABSTRACT 

The clllllcai aSSOcIatHJn of lupus antlcoagulant antlbodles wIth 

thrombocytopenJil dnd thrombosls WLl& the ratlonale for Investlgatlng 

thr' HI ~L~L() reac!lvlty of these hurnan hybrldorna lupus antIcoagulant 

allllbodll-'b wlth platelets. Flfty hurnan Ilybndoma antlhodll~S from 13 

p.tl lents WIlIl ::ïLE, 2 wornen with multIple spontaneous abortlon::., and 4 

JlO , HI" 1 Jl1I11VJdualf> wete doalyzed for lupus antIcoagulant, antI-

JI LIt f~ 1 l'l, "1I11-clDNA aIld dnt Iphospho tlp Id reac:tlvltles. Of the 

hyhrll!omd tlllllhodlPS f>tudIed, 25 had lupus antlcoagulant actlv1ty. 21 

had dTl! Ipldlf>lel reacllvlty and 7 of these hall bIJlh lupus an! 1-

CII.I/,,1I\.1II1 .mri anllplatelet propPl-tle:-:,. No correlatIon was romltl 

Iw! WI'I'II lupus i1111 J('oaglll dnt allt Ibody de t IV1 t y and dnt 1 plat el et. 

dll! J-dDNA. ,Ill! le.Hdlo! Ipln. dlltl-I-'gg phosphatldylethanolar.IJne. dntl­

phosplloll l(lyl~,f'r 11\1', ,Jnt Iphosphatldyllnosltol and dnt IphosphatHlyl­

lllolllll' Il',ICIIOliS. In contrast, ant lplatelpt actlvlty was stlongly 

1'IlIll'ioItl'd WItt. ,mt Iphosphat lriy 1 ct hallo 1 aTfilne (r ~O. 761. p ,0.00 1), 

dlllll',II!llftllplll ((-°.7 /111. p<O.OOI) and ,1IItl-dONA «=0.745, p<O.OOI) 

Il',jcl IVlt II'S. l'rf'lrca!mpnt of platelets w1th deoxytlbonuclease, 

nlllllllll'II'.I<"I', IIYPS1I1, or phosphollpasc's A2 .lnd C resulterl ln 

dllll'lellt f'ltl'('ts on thf' bllldll1g of Illdlvldual hybrldoma antlt.lOdlPS 

III pJ.ltt·!t'l:-., suggl'sllllg that .1nllpldlf'let antlhudlt'S may IPcognlze 

111111'II'I1t l'pltopPS on thp platelet mellibrane. OU)' data demonstratf' 

th.t! 11111 ..... ! hvhllr!oma IUpllb alltJcoagulant antIbodlPS dld nol hll1d 

dlll'(! Iv III pLitt>lt>ts!)~ ~.!tro. TIns suggests that addltIonal St~rlJlTi 

1,lI'lll\~ molY tll' ll'quued -!.!!...yI~~) tu eXplall1 the aSSUCJatlOn (Jf these 

.1Il1Ihoc!IPS '-'lth thlonlbocytopel11d .. lOd thlombo:Hs. 
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INTRODUCTI0t'! 

Lupus antIcoagulant antIbodles belong tu d broddpf CldSS uf 

antIphosphollpld antIbodlCS and are deflned by thf'H abJlJIY tn 

prolong the c!ottlng t1me 111 111 ~!t,_y~ co,lgul(ltlOIl .lbS,IYS lllP,ISlIllllf. 

the actIvated partIal thromboplastlll tlnH! (APTT1, Pal,lCtoxJ('.1I1v. tht' 

eXIstence of lupus antIcoagulallts ln sy::-.temu' Illpu1-> l'IVlhpOI.IIII:-'\!:-' 

(SLE) sera has been strongly cOffPldtl'd wlllr thr()mho~l1-> .lIltI 

thrombocytopenld but Hot wlth llleedJlIg dIS0rdl'r:-. (1-7), 

cllnlcal assocIatIons may be due to p!at€'l'!t ,ll'.r,ll'~.lt IOH ,lIul/OI 

platelet lYSIS, but few studles have demollstldtpd ,1 dlll'ct 1'11t'cl of 

lupus antIcoagulant antlbodles on platell·ts (H.'I). 

Hybrldoma technologv has permlltf'd tllf' clOlllng of 1II001l1c/OIl.ll 

lupus antIcoagulant antlbodles. Wc h"vp plevlollsly :.,tIlJWII III.tl 

hybndoma lupus alltIcoagulant anubodle:-. dpl1vl'c1 1 rom pdt Il'IIt!> Wll h 

SLE call I-eact wlth dDNA. cardlOllPlll, hllm:U1 Ig(~, alld lh" hl'x,I/'.onal 

forro of phosphalldylethanoLmullP (PEI (10,111. Ttll' l'plI 01'" (~, 1 

respansIble far these /l1Ultlplp. cros::,-reactlvltlf'b IPlTlillnr-. 11111 1 .... , 11111 

eV:ldence suggests that more than one epllope rnay he JTlvolvl'rI ('J). 

Several dlfferent phosphollPld reactlvltlf'S Il.IVt' bpI'JI Il ... 1,( r lb.," 

for lupus antlcoa~lIlant dntlbodlPS. Ttuar..trd)iUl 1'1 .11. (121 rr'porlf'rI 

the reactlvlty ot monoclonal lupus ollltJcoaguldflts wlth pllo'-.pll"tldyl­

senne (PS). phosphatldylHlosltol (Pli, and phosphatlcJH' aC1C1 <l'l\i, 

but not Wl th phospha Ud y 1 cho] 1 nI' ( PC) or fiE, whr' n-a:-, EXIII! r (1 il 

suggested the PE TOay be the IliUSt (f'actlV'" ph(J~ph()l]plll. lIilr()~. pt .d. 

(14) showed a strong correlatlon betwef'lI IUJluS .JntJ«(J<1g111iillt i!ctlVlty 

and antlcardlollpln blndlng Hl the Sf'ra ot patll'III'" WItt. SJ.E and 
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ruund that serum antIbodles WhICh had been afflnlty-purlfled on card-

lolIpIn 111HJSOfliCS had lupus antIcoagulant actIvIty and were able to 

blud tu cardlollpln. PA. PI. PS. phosphatldylglycerol (PG), and only 

w(',lkly 10 PI'-: Il')). Il 15 stIll not clear. however, whether the lupus 

antIcoagulant and antIcardIollpln antlbodles are one and the same. 

III thl' prchenl InvestIgatlon, we have sludlCd the ln VItro 

redcl IVltv uf human hybrldoma antlbodles wlth platelets and the 

,ISf-,(JClilllon uf IhlS reactlvlty wJth lupus antH'oaguldnt. dntl-

pho:-.pho] qlld dl1d dlltl-denatured DNA (dDNA) ,mt Ibody actlvJtIes. Our 

YI'l-.lIlts rll'rnonslr.ltp thdt sorne human hybndorna IUJluS antlcoagulant 

dllt Ihodll's cali rec1ct WJth bolh bve ilnd flxed platelets ami thal 

tl\l'~.1' 1IItl'r,lcl JOIII-. art! dup ln part to dDNA. protelll, and phosphollpH] 

/'llltopPS, Nu slgrllflcant C'olrelatlons weke found bet.ween t11P 1l1plls 

allll(,Oi1/',ulant <l.ctlVlty and Ihe anllpJatelet, aott-JDNA. and 

.1II11phospholIpHI actlvltles of a glven hylJrHlonla lupus antlcoClgulall1 

.Hlli hody, hut btrong pO~ltJVe correlatIons wpre spen betwecn 

.1II11p!.ltl!ll't acllvltv, antl-dDNA. and dntlpho!'>phollpld reactlvltlCS. 

MATERIALS AND METHOU~ 

l'r odile t Ion alld _ S~ Le_~~ .!Ql~_o_f ____ ._lu_l1!.a_n_-:!!ulI!.~~_-C.:H:.Ly-=b-=r-=l-=d-=o-=m=d._--=L:.:;u""p-=u=s 

AIlIIC()<i~l1L..ll)t:-. 

Vt'lIUllb hlood ('>0 ml) W..1S obtalned tram 13 patIents who satlsfled 

1 hl' n'vlsed Amerlcan Rheumatlsm ASSOCIatIon crlter~a for the 

CLl:-'Sll lC,lt 1011 01 SLE (16). :! apP..1relltly healthy women wlth lTIultlpll' 

l 
:-;POllldllt'OUS aboltlons. but wlth completely normal laboratory tpsts 

,\llli st'rnlogv. dnd l, healthv 1ndlvlduals. Of the SLE patlents, 7 of 13 
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had a lupus antIcoagulant, g of 13 had antl-dDNA ant 1 bull lf'S t -., lOt 

blndlng ln a Fan )'adIOlmmulloilssay (RIA», h of 12 tl'stt'cl h,HI ,1 taIs!' 

posItIve Venereal Dl~easc Rf'st'arch LdbordtolY (VDRJ,) st'lologu' .. l1 lesl 

for SyphIlIS, and') of 10 tf'stPd h,HI ,1 pOSltlVI' .1\ItH',lldw11l1l1l tl'hl 

(OD.Ho ~ 0.40 by euzyme-llnked ImmUnOS(llbl'llt aSh.tV (Fl.ISA)). III tlll' h 

heal thy sub]ccts (2 wlth mul tlple spont ,meous dtHll1 1011:-'), 0 lit (, h,HI 

a lupus antIcoagulant, 0 of J lest cd h,ld ant I-dDNA .11111 hnl! 11"" () 01 

tested had a l'aIse posit Ive VDRI., and U ot f, Il,111 ,1 JlII!-> Il IVI' 

antlcardlollplll tf'st. The pt»lpher,lI hlood lymphocytt'!-> WI'II' 1~1IJ.III'(1 

on a F'lcoll-BYP<,uluC denslty gradlellt and Wt'l!' tllst'd Wllt! Iht, {;M l,hl:! 

human lymphoblastold cell lHlt> (lgG-pro(\uclllg). oht.lllll'd 1'10111 11lt' 

Celi ReposItory Ill~t 1IIIte 01 Mpdlcal HeSl'illC'h, l:,Hfldf' Il , N /, al .t cP[ 1 

ratIo of 1:1, uSlng 44.4':' POIYf~thylt'llf' glycol. 'l'hl' 1 liS 11111. pl.llllI/;, 

and clonl\1g procedurps hav(' bt'f'n dp.srYïbl'd pl~l'whl'll' Iii <1"1,,11 (Ill. 

The hybndoma clones scn'pnpd alld splf'( Il'd lOI 1 li!, 11'-, 

ant}('oagulallt and anll-dDNA {lctlVltII'S. N 1111' hyhrlrllHfI,! !l',M 

antlbodles WhlCh had ne 1 ther of thes!' flet 1 Vl t II'!-. WPl f' ',l'I p(" .. d .1:-, 

negatlve l'ontrols. AlI hybndOJIiét antlbndlf's pxc!'pt 0111' (IJ70:!, dll 1",(;) 

were IgM unmunoglobul1ns, as rlptplTflll1pd by ri 0.,01 JI! pha:..,,, HIA IIHI. 

De tee t lOn 0 f Hyb r ~doma __ Lupus ~'l!:..! cuar,'l.! 'E.~_!.i'" 

Hybrldoma supernatants were tpblprl for lhl' productIon lit IlIpll~ ... 

antlcoaguI.:ll1t~ U~lnE a rnOdlfH!d actlvOltf'd parlldl IhrllJf!tJOpld!,flU fHIl" 

(APTT) assay (10). ClottlJJg tune:::. WI'!f! rlPlerrnuH'd U:-'lllt t~1f' (if'(I"/dl 

Ihagnostlcs Coag-a-mate Ise. ~1(lgle channel Jn'-'rUfrlf'nl (W,ullI'r-J.drrllll'rl 

Co., Morns PlaIns, NJ). Flfty lfIJ('rolJlf'rs of hybrldorfl<1 (IJiIII/I' 

supernatant WOlS (illuted wlth an equc.tl VOIIlWf: lit f(l'hhly (t·(/)u:..,tllllt,·d 

Venfy Normal CItrate ( poo l f~d no 1 Tria 1 huma Tl P 1 d~rr"i) ( (i,' n" r:t 1 
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DIagnostIcs, Scarborough, Ontano, Canada) ln a cuvpt ln a dlsposable 

clYcular tpst tray (Gpneral DIagnostICS). One hundred TnIcrollters of 

.. 1/12 dJlutlon of APTT rpagent (Genera] Dlagnostlcs) ln 0.025 ~·1 

'J'r).'-.-hllflprpd sallllp, pli 7.4, WhICh had been prewarmed tu 37°C, were 

thl'Il .. Hldpd alld the mlxtun' lncubated for ') mIn al )7°C. After 

TrllXllll;. 100 }JI of n.o:?') M CaC1:.I wpn' addt'd tu the cuvet through t.I11' 

Il/clIllatJon ano ln lnlliatp the clottlng Sf'quellcl'. 'l'Ill' 

cloll Jllg 1110(' WdS dl .... l'ldyed on th·' CoaC;-d-malt> Lilt:lLll tl'f1PY and 

rl·coldl'd. AIl sample::-. wpre tpsted ln dupllcate. 

III ,1 i'(('VI01lS ... tudy. '>3 of h7 Itvhrldoma antlbody slIl'f'rnatants 

",.IVP t\l'TT v.tlu!'::; bl'Iow 01- PtItlal U.: 1.2 sec.) to thilt of th.? GM !~b7'2 

( 0111 1 () 1 flIl'd IlilfI ~ rrll',trJ 1\1''1''1' (,Q sec). An dntlbody was dpflneLi as 

1t,IVJIIg .mllC'udgulalll actlvlty only If Ils APTT exceedpd the APTT uf 

1111' I;M :,1,72 «()lItrol hv ~1f'dtPI- than ') sn (6 scc) (10).1\ loLll of 27 

,lIIt lIlIlelll'S ~.11 I~fled tlus crllprIull. but only 24 WPfP ,1vJ.ilable 111 

<.,1111 Il 11'111 qu,lIIt 1 1 II'~ to tIC t ested 1.11 dll .1::.sa)'s. 

'l'III' plolo\lgalloll of tlte APTT assJ.y by .111 hybndoma lupus 

.1\I111'1I.l/',UI.1lI1 .1Iltlhollll'S was HllIllJlterl lJy IlI'Xdr,Olldl but not LilTIt:'lt.n 

1'1' \lOI. 111 slnnJ.ll InlntlltlOlI studJes wlth plaslOa sanlples, hexdgol1al 

l'F 11I11111111'd tllf' dlltH'OdguLllIl dctlvlty of p1.1StndS wllh kllOWl1 lupus 

dllt J(,().tr.,lIl.\l\t .let IVIly, hut not plcismas w1th antl-Factor VIII or 

t,WIUI dl'I\{'J(~lIl'lf':-' (J. R,lIlch dnd A. S. Jallo1f, unpubllShf'd lesults). 

)),'II'ct}OIl oJ_ ~.!!.!_!.El'!.t_~l€'t Ant 1.boLiLby FLISA 

Fullowlng the pro('(>dure of Asano et al. (19), polystyrel1f' 

InllllllllJII-:! \DYlldtf'ch) 9b-well plates were coated \.VIth 100 }JI/weIl of 

pLIIl'll'ls tIOt'!ml) Isolclted [rom normal Indlvlduals and flxed \.VIth 



.. 

'>7 

2.5% glutaraldehyde. The plates wele stoled at -70°(: for \Il' lo ::! 1110 

and washed ') tImes wIth TBS befol'e USlllt~. Thl'n 7'-> J..II of hvbl ldoma 

supernatant was added to each weIl ln dupllcate dlld lllcubalt'd Icn' '10 

mIn at room temperature. After washln,~ t Ive limes, tilt' pLllt's WI'lt' 

Incubated wIth alkal1.ne phosphatase cooJugated ,1Il11.-hum,lTI potYV.t1t'1I1 

lIDmuooglobulin (SIgma Chl~ml('al Co., St. LUUIS, MO) for IJO nUlI .11 100111 

temperature. The colom was developl'd by ,,({(ho/!, 100 ~Il 0' 
p-nltropheoyl phosphate dlsodlum (SIgma) and ttll' OU v,dll!':" Wl'II' lI',1I1 

at 410 nm uSlng a Dvnatech MR600 ELISA reader. 

Detec t 10n of Ant Ip La t eJ..~.!. An,!:..! bo<!y_Jry_B L~ 

Plate lets were lsolalf'!d from cltral(>(l hloot! of IIIHllI;t! dOlllllS hy 

centnfugatHlO of the blood al PlO x g for 15 TIIlU 10 ohLll1I pl.lIl'll'l­

rIch plasma, followed bv centnfugatJOn of Hw platf'IPI-llch pI.I!.,lII.1 

on a Percoll (PhalmaCJa, Upsalla, Sweden! (~r.1dlf'Ht }O() x g lor:lO 

mIn. The platelet-contalnlng Idyer was rl'Tflovpd ,md w.1'-.tlf'd J IIIIII'!"> 

wlth Hanks' balanced salt solutIon conlalnlr1~ l, nlM EflTA. ,Illil tlll' 

washed platelets were reslIspended III th(~ samp hul/r'f ,1lI11 ("o\llllt'd. 

FlflV mlcrollters of platelets (J x lOB plcltl'l('l~.J!III) ln d!-.f-,dy hlllll', 

(Hanks' - 0.1% bovIne serum albumln (f~SA) - 1% hovllie gd.JIIHld 1~1()I)lJlIIi 

(BGG), pH 7.2) was placet! Into 12 x 7'1 mm ~l.lf-,'~ lui)!'!.,. nif' pL11 .. 1 .. 1'. 

were then prelncubated WIth 50 J..Il :1ssay IJuffpf {or ID JUin .11 }loc, 

FIfty m.lcro Il ters of hybr HJOTnd dllll body WI' re ,Hldl!tJ 1 () ",wh IlIf)/' .HIII 

Incubated for 1 hr at 37"C. 

wlth 0.5 ml of assay buffer, and centnfuged tllr 10 win dl l'iO x I~ III 

an IEC chnlcal centrIfuge (CEC, Nf!f'dharrl JI(,IÛII~·" MA). AI IqIIOI!~ III 

100 VI of assay buffer and 100 J..I1 of t .. ··I-Idbpll(·d ralJbll ,Hl11-htlHldn 



1 58 

Ir.M Wf>re added and ITicubated tal lb to 20 hr at 4"C. The next day, 

the plate 1 ets were washed three Urnes Wl th 0.5 ml assay buffer and 

cClltnfur,ed tor 10 rnlTl at 190 x g ln an IEC cl1nlcal centrifuge. The 

pellpls werp counted for l mInute ln a Beckrnan Gamma counter. 

l'rptlpatlOent of the platplets wlth dDNA (Mlillpore CorporatlOn. 

«'rl'I'hold, NJ} followed by buffer, DNAdse (COOpf'l BlOlTlcdlca1, ~Ialvl'rn, 

l'A), or HNAaf->f! (Cooper Blomedlcall was performed l TI il 1 wo step 

procedlHP as tollaws. Flfty 1Tl1C10lI ters 01 platelets /3 x 1O~ 

pldtelf'ls/ml) HI platelet RIA buf1er were 1J1cubated wlth 100 Id of 

dDNA (O.) mr./rnl 111 salIne sodlllm cItrate buffel', pH 7.01 ur 100}.ll of 

.t~!-.,lV blltll'r lor 1.,> rnHI ,lt 37"C. After the IncubaI Ion, the platdets 

Wl'lf' wd:->lIl'd wlth O.) rnl of assay bufff'r bv centrIfugation fOl la mIn 

.t' 1'10 x 1:. 'l'hl' !-.uperndt..lnts were asplrated alld IOO}.lI of DNAdse (1 

mg/ml HI IIdllk!-.' So]utl0n -f 6.25 nlM MgSO .. ~ 5 mM CaCl,2) or 100 }.Il 

HNAd:-.(· (1 mg/ml ln Hanks' solutton) w,u, lrlcubated Wlth the platt'lets 

101 :,') 1II11l dt J7"L:. The platplets were then wash('cI tWICP wllb 0.5 ml 

.l'-.:-',IV huilPI hv l'Plltrlrtlt~atlon fOl 10 nJ1r1 at I(JO x g alld subjected to 

thl' pldlplpt-IJ1l1dlng assav descrlbed above. 

III thl' PI!'1 rt'i1tnll'ut ut platf'lPts wllh f'Tll.yme:-. onlv, the 

pI.llf'll't~ wpn' lllcub,lted for !,S mIn ,-lt 37·C wlth 100 vI of assa\ 

hullt'I 01 l'nl.vmt' (DNAase. 

HNA,ISl' • mg/nd; phospboll.pLlSf' C (Cooper BlOmedlcall. 0.5 mg/ml ~ 40 

mM (,11:1 2 ; phospholJp.1SI' A-.. ~Boehrlnget' MannheIm. Dorval. Quebecl, 0.5 

l 
\Cooper BIomedIcal), 0.5 mg/ml + 5 uM 

Coll' l:l' III ttVpSlll (Cooper BlOmedlcal). 0.5 mg/mil. Th!' platelpts 

l 
j 
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were then washed tWIce wIth assay buffer by centrIfugatIon for 10 mIn 

at 190 x g and subjected to the platelet-bIndlng assay descflbed 

above. 

Detpc.tlOn of AntlphosphollPld Antl.bodleS 

CardI01lpIn, egg PE, PS, PI, and egg PC were purchased from 

AvantI Polar LIpIds (BIrTInngham, AL), dlssolved III chloroform, alld 

stored at -70 o e. For coatlng of ELISA plates, the chloroform W.lS 

evaporated uSIng nItrogen gas and the phosphol1.pHls were sm-,pend!'!l 1 Il 

phosphate buffered sahne (PBS) (pH 7.3) at a concentratlon of 'lO 

l.Ig/ml and hydrated above theIr transItIon temppratures fpl' hou k • 

FIfty mIcrollters of the phosphollpld suspenS.lon \J.1S adtled tn 

polystyrene Immulon-2 plates well (Dynatech) and rlned for Ih to 20 

hr at 37°C. To control for nOIlspeclflc antIbody bIndIng, olle h.t1 f 01 

each plate was coated wIth phosphollPld whIle the other half WdS 

coated wlth PBS. The coated plates were washed 3 tImes wlth PHS 

contalnlng 1 mM EDTA and 0.3% gelatlll (prewarmed to 37°C). A L) mIn 

IncubatIon was used between each wash to block any free bLllcllll~ 

SItes. Test samples (50 l.II/well) were Incuhated HI dupllcat f ! (HI 

phosphollpld and PBS coated wells for 3 hr at room ternperature. 1'lu' 

plates were then washed three tImes wIth PBS contalnlng 0.4% BSA, and 

75 l.II of alkahne phosphatase-conjugated polyvalent goat dntl-hurTI.llI 

Ig (SIgma) dlluted ln PBS-0.4% BSA was added and t.he pldtes ITlCllbaled 

for 16 ta 20 hr at room temperature. The plates were then washpd 3 

tImes wlth PBS-0.4% BSA; and 100 loi 1 of p-nltrophenyl phw·,phate 

dIsodlum (SIgma) ln 50 mM carbonate buffer, pH 9.5, contalTllTle 2 rr.M 

MgC1 2 were added and Incubated for 1 hr at 37°C. The resultlne 
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eolour change was recorded at 410 nm uSIng a Dynatech MR600 ELISA 

reader. 

Anti-dDNA RIA 

RIA for antl-dDNA antIbody actIvity was performed as prevIously 

descnbed (18). 

Statlstlcs 

The negatIve ranges of the ELISA and RIA results were expressed 

by 9'3% confIdence Intervals (means ± 2 SE) WhlCh were calculated from 

tlve known negatlve sarnples ln four repeated assays. 

The correlatIon coeffICIents of the dlfferent antlbody 

.1ctlvItIes were calculated uSlng Pearson's (r) or Spearman's rank Cp 
currelatlon coeffIcIents, dependIng on their dot plots, and thelr 

estImated from correlatIon tables (20,21). 

AssocIatlon was assessed uSlng a two-talled FIsher's exact test. 

RESULTS 

PtOductIon and SelectIon of Human-Human Hybrldoma Autoantlbodies 

Flfty hybndoma clones were selected for stu-"y from 19 human 

fuslons of penpheral blood lymphocytes from 13 SLE patlents, 2 

~pparently hedlthy women wlth recurrent spontaneous abortions, and 4 

nurmal Indlvlduals. The hybndoma clones were Inülally screened and 

sPl~cted for lupus antIcoagulant and antl-dDNA actlvltles. A total of 

:!:'! SLE-derIved antlbodles and 19 normal-derlved antIbodlPS wlth 

t'lther one or bath of these actlvltIes and 6 SLE-denved and 3 

nOll1ldl-derlved antIbodles wlth neither of these actlvltles wel-e 

selected for thlS studv. Thus, of the 50 hybrldama antlbodles, 9 had 

i 
1 

ri 
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bath lupus anticoagulant and antl-dDNA actiVltIes, 16 had lupus 

anticoagulant actIvIty only, 16 antlbodles had antI-dDNA actlvlty 

only. and 9 dId not have elther lupus antIcoagulant or ant I-dDNA 

actIvity. AlI of the hybndoma antibodles except one were 19M 

immunoglobul1ns. ThIS sIngle IgG hybndorna antIbody had lllpu~ 

anticoagulant actIvIty only arù showed Slrnllar reactlvlt les to th!' 

IgM lupus antIcoagulant antIbodles. Supernatants were not dVdllablp 

from aIl of the 50 hybndoma clones to be studled ln each of tht> 

assays. 

Comparlson of the DIrect BIndlng of Hybndoma AntlbodlcS to 1.1 VI' ,Illet 

Glutaraldehyde FIxed Plate lets 

Of the 50 hybndoma antIbodles studIed, 12 anLlbodH!S werp 

tested ln d1rect bIndlng assays ta compare thelr blndlng ta l~vf' and 

glutaraldehyde flxed platelets by RIA and ELISA, respecllvely (Tahit' 

O. FIve antIbodles known ta be negative ln a11 assays were tested III 

each assay and had a mean value of 572 ± 295 (mean ± 2 SE) cpm 1 TI t hl' 

RIA and 0.02 :!: 0.05 (mean ± 2 SE) OD410 ln the ELISA. A pO~lt IV!! 

antlplatelet antIbady by RIA was deflned as havull.: eU!ater t h,HI 'JOO 

cprn and 17 of 32 hybndoma supernatant fulfllled thl~ cnterlOn. 

Table I. HybrIdama AntIbady BIndIng ta LIve and Flxed Platelet~ 

BIndlng ta FIxed Blnding ta LIve Plate lets by RIA 
Plate lets by ELISA 

POSItIve Negative 

i POSItIve 15 1 
NegatIve 2 14 



-----------------------------------------------------------------------------------

" 

l'abl!' II. AbSOclatlOn ot Lupus AntIcoagulant ACtlVlty wlth Ant1-

platelet, AnllphosphollPld. and Antl-dDNA Reactlvltles 

APTT Ac tl nt y" Corrclatlon Assac lat lone: 
Ant llJOdy BJnd]ng ------------- --_.---
/{ .. ,lCIIVlty Po!:>] tl ve Negat 1 ve CoeffJcl(>nt l> 

- ---- - ---------- ------ ---- - -- -

AnI J-Platel.'t l'o!-> l li Vpd 7 14 r--0.17!~ NS 0.05 
AllI I-PléJtf> 1 f~t Npr,at IVP lB 9 

An' l-dDNA l'os 11 1 V,~ .. 'j If, 1~-0.07b NS <: 0.0) 
Allt J-dIlNA NI'gdtJVP Ih H 

Ali' J -l:1. 1'0:-> l , 1 Vpd J ':i r=-0.1 /,') NS O.OS 
AllI J-CI. N,~gd t 1 ve 22 h 

AIlII-I'F l'os J 1 1 VP,1 b 1 3 t = -0 • 11:>8 NS NS 
AllI I -l'F Npgat Ive IH II 

Anll-fi'; ('0:" J t l Vl',l 2 4 r=--0.04'1 NS NS 
AllI J-P:-' NpgatlvP 17 14 

Allt 1-/'1 Pu~ 1 t \ Vpd 2 ) r--O.004 NS NS 
AllI \-F'[ Nt>ga t J VI' 17 11 

AllI 1 -PC Pus 1 t 1 veel L, r=--O.O j) NS NS 
Allt 1 -l'l: N,'gdt Ive 20 14 

A IHl!">lt IVP M'TT WdS deflncd ilb glcilter than 66.0 sec, wherc the 
1111'.\11 ± ')\': 01 thl! IICt;dtlvP hyhrldoHid antlbodH's vdS b1.7 ± ·'4.2. 

" 

.1 

IJf'.H~,()II'S correliltlon coettlclenl (r) was detenmned ftom the 
1Il1ll1f'llcal data .wel wab not based on the asslgnment of pos-lllVP' or 
IIl'g.11 1 ve assav resul ts. NS =- not slgnlflcant. 

'l'hl' d~SUCJ.ll1Ull. as measured by cl Flsher's exact test, lS shawn as 
.l JI v.due. 

A (Hl:-; 1 t J ve ELISA va 1 ue was grpater than 0.08 ODldO unI ts for 
<:illtlplatplet t-eactlv1ty. greater than or equal ta 0.12 OD410 unit:=. 
1(11 .llltl-PE, alld gn~ater than (H equal ta 0.10 OD410 unlts for 
dllt 1C(11 d 10 Ilplll (CL), ant I-PS. ant I-PI. and antl-PC. 

A pOSlt 1\'l' dDNA blndlng was greater than or equal la 750 cpm. 
whl'I" ttlP meiln ± :2 SE of the negatlve controls was 302 ± 178 cpm. 
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A posItIve antiplatelet ELISA result was dl'flllpd .IS .1II O/) .. lU \.Iltll' 

greater than 0.08 and 16 of 32 hybndoma anllboctl!'S Wl'n' pOSlt IV!' hv 

EL 1 SA. SlmI 1 ar resu lts 0 f hyb l" Idom,l .lll t 1 bod v h llId 11l1~ t () 1 1 VI' .lIul 

flxed platelf'ts wcrc observed wlth 2'1 of Ihl' J 2 .1111 1 ho Il Il':-' .11111 11\1' 

kappa value was 0.81, WhlCh df-'llOIf'S l'xcl'lll'nt .11'.11'1'1111'111 llI'IWI'I'1l Ih,· 

assays (Table 1). As the results of tlw FI.ISA .1ll11 HIA Wl'lt' VI'IV 

comparable, the antlplatp.l~~t ELISA was Ilsf'd tO) .111 1\lltft,·) \:--.· .. Iy·,. 

except for the dDNA a \)(1 enlyml' p)ptrf'dtmf'1I1 .... lll(llf·~. 111 Ihl' 1.\111'1 

studles, lIve pI..ltelets <\(f' reqlllfPd for clDNA hlWIIIlt: .\11,11'11/\,111.111< 

mod.lflcatloll of thp platelf't IItI'1fIDrilIlP. 

ASSOCIatIon of Lupus Antlcoagulallt _~.s.'~_I~l-~y __ W.!ltJ __ ~!111.rl~lt-,,11'1, Allt 1-

~t!OSp_h.(!_L!-.~.J ilnd_ ~!~t.}-~NA ~~.H:_t ~vlt ]1':::, 

Flfty hybrldoma antl»ndlf"- WP)" !l's!pd ln ~,lll(ly tllf' If' 1.11 11111'."11' 

of thpn lupus dllll('oagulant dct lVI!\ III th"lr .Hlt Ipldl,·II'!, .11111-

phosphollPld and illltl-dDNA PIOI}("I1 JI'S (Tahl,' Ill. SIl ri J( 1"11 t 

and, 1 Il 1 Il, 

ant 1platelet alld nntl-dDNA ..tS::'ily:::' •• md tJl'IWI'PTI 1.'2 .lIul ',0 ,tUt I1J1Jdl''', 

werf' analyzed ln the vanous alltlpho~phollplrl .tSSdy·~. No '·.l'',1I1Itc.tlI! 

corlelatJuns WPH' found bptWI'f'll thl' 1111)\1'; illlllCOdl',lll,mt ,HI IVI!Y III 

the hybn.doma antlboclles and thPH- antl-f'gg PE, il Il 1 1-1"" dlll 1-1'1, ,lrHl 

antl-PC reactlons. SllrprlSÎngly, SI,',lItllc,Hlt TIf";,l! IVI' d~:,()CldlllJlI:-, 

were demonstrated for lupus antJ('(J,lgulaTlt fict]Vlty >lJlO allllplal!'I," 

reactlvlty (p " o.or», antl-dDNA (f'aC'llvlty Ip (J,D'», ,Inti 

antlcardlollpln reactlvlty (p = O.O~). 
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Antl·Platelet Reactlvlty (0 D 410) 

~l~urp 1. CorrelatIon of Antl-Egg Phosphatldylethanolamlne 

[{t>,lCtIVltV wlth Antlplatclet Reactlvlty 

Anlt-cgg PE dnd antlplatelet reacllvltles were measured on 47 
hvlH tdOmd ant 1 twdlCS J \1 ELISA assavs. Each pOInt represents the mean 
of dupIJcdte samples. The Spearman's rank correlatIon coefficIent 
( f) \VilS O. lb 1 l P '. 0.001). 
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Table III. Conelatlon of Antlplatelet Reactlvltv wlth 

Antlphosphol1Pld dnd Antl-dDNA Reactlvltll'S 

COllt'latlun Antlbody Blndlng 
Reactlvlty" 

Blndlng tu 
FIxed platelets COl' t fic Il'n 1 Il A~~()(' 1,1 t Ion' 

Posltlve NegatIve 

------------- -----

Antl-dDNA POSl.tlvC 20 1 o . 7/,1) <- D.OOOOI 
Antl-dDNA Negatlve 4 23 

Ant I-CL PosItIve Il 0 0.7',H n.oooo:.! 
Antl-CL NegatIve 10 27 

Antl-PE PosItIve 16 :2 o . 7 f,l (J.OUOOI 
Anti-PE Ne~atlve 5 2/, 

Ant I-PS PUS] tIve b 0 O.fdh 0.01 
Antl-PS NegatIve 1 1 19 

Antl-PI PosItlVf' 7 0 0.1,')1) O.O! 
AnD-PI Negatlve 10 1 7 

Anll-PC Posltlve 5 0 O. ')')h o .0', 
Antl-PC Negatlve 12 20 

Posltlve and negatlve valucs were as d(~t Jn(~d ln Tahl .. Il. 

b Speannan's rank correlatIon coeffICient ((J W,lI-, df'll'rrnlfll'rJ by 
rankl.ng the numer lcal data and was not hasNJ on th" ,l'~S 1 (~llln"nt III 

posItIve ur ncgatlve assdy results. 

The aSsoclatl0n, as measured hy a rlsher'!-~ ",'<:d('t t(~bl, IS [-,huwn .1:. 
a p value. 
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wlth Antlphosphollpl_~~.;:.:n-=-d_A=n-,,-t-,-,l_-_dQNA 

f{Pilcl IVIl les - -

and Table III demonstrate d slgnIflcant posltlve 

(O!}"lill]{11i (If dlillpL.ltplf't reacllvlty wlth i'lntl-I'gg PE (f ,- 0.761. p 

0.0(1) rtlld ,ml !CardllJ IIpHI <let lVI ty «( - O. 7M~, P '- 0 .00l). Thr't'I" 

Wl'rf' ,jl~() 01 correlatIon found between thp 

dllt Ip('!lpl"l If'itct IVlty d.tI!l thp drIll-PC (r O.~~h, P ~ 0.001), 

O.h')'), JI' 0.0(1), ,mo dntl-PS I( O.b)h. P O.OC)}) 

IP,H'I IVlt II'~ of Ihl' hvbndotrld antlboches (Table IfI). The P Vd!UPS 

('OIII'I.tIIOII ccwfl lC/f'nt:-.. 

"'/gUI!' :! ,md Tftllll' III <!PII1f1I1 ... tr.llf' cl SIt;1l1fIcilit cOlle).!! JOli 

1)I'lw('I'1I 1111' dllllpLltPlt'1 dnd ,lI1U-clDNA Il'actl\'ltlf.'~ of 41:> hyblldnLI.l 

.1111 1 hocl /l'S (r 

.Ill t",\l't"" w/Il! pl.-Ilt'II'I<;. AlI dl111-rtONA IlPgatlVl' é1utlboctH'S (n ~ 

.!f,). wIIl1 Olll' l'xcf'plllln, weIl' antlpl,ltplf't negatlvP. The dSC,()('Jdtlon 

Clt tll .. dllllpLclelel ,H1d dlltl-clDNA leacllVlf1f'S ot the hyhndoTrid 

,llItlhodlPb W,l::, Illf,hlv sl~nlflcant Ir ( 0.00001). 

TIll' I."ffect of thp ptetledtmellt of platelets wlth ONAase and 

I{Ni\,I:-'1' l!-> ~llllwn fOl Iwo dllliplatelet hybrldorna antlbodlCS ln Flgun~ 

J. FOI both ,lllllbodles 1403 and 1400, DNAase treatment rebu1ted 1.11 (i 

~Ill,lll den t.'dSl' (lH ànd 25%, respectlvely) ln antlplatelel ,1lItlbody 

bllld Ing. Will!!' RNAase treatment hdd no effect on the blndlng tu 

pLlll'll'lS. 111 (,()\ltla~t. prell1cuhal1on of the platelets wlth dONA 
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FIgure 2. CorrelatlOn of Antl-dDNA Rf'.;\C'tJVlty INJth Ant IpJ.ll('l(~l 

Reactl vlty 

Antl-dDNA and antlpldlelet rcact lVltlCb 'y/f'((' W'<i:-.llfforj on I~k 

hybndoma antlbodl.es by RIA and ELISA a:-'bays, ff'SpeC tJ V(~ 1 y. g(j( h 
pOInt represents the rneaT! uf dupllcate salliples. 'l'hl' ~)p(·..trTflanl:, (dnl< 

correlatIon coefflcIent (() was 0.7 /1) (p <" 0 .00 ) ) . 
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FlglIll' 1. l'II{'['I~ (JI Pn'treatrnent of Plal('let~ Wllh DNAase, RNAase, 

.IIHI DNA Olt l'Lllf'll't Blflfllng of HyhndOlIiJ. AlIt1ùlldle::. IL,03 

III addlllOlI to tlu'lI ,mtlplatelet reactlvlty. boUI 1403 i1l1d 1/~00 

t1,u! :-.1 rang ant I-dDNA ,md weak ant LcaldlOllplIl reactJVlty. Antlbody 
JI,O) h.td Iupll'" ,wt 1 ('O;}g\lt.m1 .iclIVlty. whIle 1400 dld not. The bat~ 

011 tilt' 1 .. ll SHI!' ni the 111~me denote cpm bound to pldtelets 
~lIt'trt'.lIl'd Wllh bulll'r. DNA,lse, Ot RNAa:-.c. Bell!, on th!' r1ght sIde of 
nit' 11l'.\Ilt> dl'Ilote ('pm bllulld 10 pldlelf'ts pretreated tlrst wlth DNA 
.HU! tlll'n Wlttt hul[l'l. \lNi\(I~f'. or RNAase. Each kIr lepresents Lhl' 
nll'.lll III dlll'll('a\1' ~"'lIIples. The dott.ed lIlle shows the n)pan cpr. bOllnrl 
Il,, .1 III'/;.It 1 VI' ('(Jullol hvtJlldoma anl l body. 
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dboll~hed bv IncubatIon of the 

DNA-trl'dl1'(j f.diltl'll't:-. wJth DNAase but not RNAase. 

1'., ~.h()wn III l'lglnl' 4. 

.llIt lIli/dit"., ('f~OO. '170[) 1 ln c\l\pILl'lltf' f'Xl'PllmeTlt~ 1 thr- i:1(,dll:~ ± SE a!l~ 

d II f "1 ,'111 the hyln lc!OIl,,1 "lIllhudlt"~. TIH' 

III tilt' bJlldlJ1r. uf illt 1 bod') ·}~()O, 

.... ·h,·I,· ...... llNA.\Cd' .. Ill! I)Vp:~lll Ild!! Illtlf' l'ff"l,t ()H thl~. ,llIllbo"v', 

" • Ile! • 111' •• 

• \lII.hlldv h.td .1 .... Pf'l IllCltv Ittt .Ill '·Pltup .. 011 

('('"1)10:-"',] III holll dDNA .tIIt! plot!'llI. 

Dl SCI.'SS r or, 

~ 1 1 (Jl.I~ Cllllll'dl • .lS:.()" 1 d 1 LOllS lupus anll coagulant 

.Jllt Ih()tlII'S (01 .mt H'.ird \0 11 pJ n .mt] bod]e~.) .1lId t hnJmbocyt opelll cl. 

tIIIUlllbll:-'IS. ,1I1l1 IIIUltlplE' spollt.weolls ,lboltluns III SLE suggest that 

1 hl' luptJ:-. .IIIIICll.lgul.lnl antJhndlP~ Hkly be Important 111 thl' 

p.lt hOj;t'lll'S 1:-. of thesp "llnlc,tl malllfest.lt lOns. React lVlty of the 

lupus .\Ilt I('o.lglliant L1ntlbodles wlth platplet and/or pndothf'l1i.l1 cell 
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Flgure 4. Effects of Pl etreatment of Pl alelets wll h IJNAasf'. HNAri~'·. 

Phospholl.pasc A';l (PLlpasc A~), Phosphollpa~(' C 'l'I.I!,.!!,!' C), 

Protease, and Trypsln on Hybrl dOlTJa Ant iborll P!~ 'no{) f T"p) • 

and 9700 (Bollom) 

In addItIon lo Ils antlplatelpt )('actJvlty, dntlLnely 'J:100 l',HI 
strong antI-dDNA. weak antlcardl.ollpln, and /l1J lupw, tHlt !('odr,lJl.l!Il 
actlvlty. In contrast, antibody 9700 had w(',lk tH,t !-I!DNA, III! 
antlcardI01lpIn. and talrly strong lupus éintlclJéiGulant act lVlty. Ttlf' 
bars denote percent (%) maxImal blndlng of 1:;''''I-J.iLpllpr] .1II11-tlil/Ii.HI 

IgM ta platelets atter lncubatlon with the lnd lC'all'rI hyln IrlrlHltI 

antlbodyand represent the means of duplH.,tl" ('xp(,YlTrlf'llt~" wlth ~I~, 

as shawn • 

-
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T',I'rnlJrdllf' phfJ..,pho]lpld.,-> 1'-, d ] lkl']Y 11IechalllSTI'. In thls studv, 

(,oireL.lte wlth 

.JIIllpldl"I!'1 III ,!Ill Iphu:,plJoll[J/r1 11';llllVltlCS dUO, ln fact, showf-'d d 

111'1:.1 1 1 VI' ,l'-''',IH 1.11 J(III W 1 t h ,tIll IpLltplf't, .Jllll-dllt...A, 01 lit! ,lIltl-

Idrll,flllpill r l' ,1< 1 1 VII 1 r", • 

co\rploit .. r\ \"lt!1 ,lllll-

plll)"'I'IHJlll'ld ,\lJlI ,lull-II0N/\ If'.let IVll11'0". Fllllhl') ev,tlu,tllllll Ilf Ihl' 

~'(II'/.t'-,I .. d 111011 1'1()11'lii ,Jlld DNA (JI (11011'111 ,tIId l'IH)' phullllld : ,IV fI),'! 

1110' 1'1l,-,,-.IIJIIII\- \J 1 cl 1 l' Il' 1 IPdltlVII\ Il,,1\ Ill' dut-' LI) 

Tltf' pho!--I'IH} 1 1 plI! 

( 11IIIpll', Il IIlII It! 

IlItl'l 1111 ,111<1 .. \11'1 lUI Dillf 01 llll' pl..llelet cptl membranp (21,24\, <\lIt! 

,11111 l,'''' IIl,1I1 h' III tlli' l'S (+ PI) fO\lil:O tilt-> UlIlt'} hdll' of thl! SUl/..lCe 

'II JI' 11111 Id! \011 (Jj (']ol! Ilig 11'4111 rl'~, tllP 1',\IH)SUrl' Il! 

"IIIII"I-mOIlIl].\\'I'\" ]ll)\d~ :,uch IS PI', dllt! tlle 1It'/;;,ltl\l'l\' (h,'1l!~I~d 11]lld 

l "~ 
" 

'l'hl' 11\ hl 1 dama rhiC t IV JI\' W 1 t Il 

c.lIt1lld 11'111. t'f,r. PF. PS. PI. ami egg PC III FLISA, dnd li c]o~,e 

l'1l11!' Lit 1011 W.lS demonstr.lted between dlltlpLltelet dnd alltlc.-tlf1Jollp11l 

1 e,IC! 1 V1 t If'S ~r - O.7!~S; p <... 0.001). and antlplatetet and antl-PE 
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q ,. 0.761; p <. 0.001) reactIvltles. A slmIlar con t>ldt IOIl Wolf; lIott'd 

wlth platelet and dDNA-blndIng rpactlvltles «( = 0.7/,'); P'" n.OOI). 

It was found lhat DNAase, but not RNase, dlnnnls1wd lIH' bllld]1lt~ ot 

sorne antIplatelet hybrldoma antlbodles by 10-30%. DNA pl ('1Il'.l t IOl'lIt 

of platelets greatly enhanced the blndlllg 01 t1H' hybndoma O\nllbodll':-; 

tü platelcts, and th"ls enhancC'ment WdS campletelv ,loollt-.tlt'd Il,, J)NA,,~.t· 

but not RNAase dIgestIon. Lndlcatlng that DNA cOllld blllli tu Ih,' 

plate lets and lhereby augment hybt-ldoma ant"lplall>lel allt IIJoclv hllltilil/'. 

and that thlS DNA could be removrd hy DNA.tsl' PlII.ylflC cl 19t'S t 1011. 

Hm..'ever, endogenously bound DNA mav not bl:' an Impoxl.llIt ppllOlH', dt ... 

DNAase dIgestIon of untreated plat (' lets (,ften had il 1TI111lnl.11 1'11.>( 1 011 

the blndlng of antlplatelet antJbodll'!'> tu pJ.ltpll'té:.. 

Pretreatment of platelets w~lh olher 1'1I/YTlII'~', 11I('IIHIIJlI~ Iwo 

phosphollpases, proteasp and trypsln, a(f('('t,>cI the hllldlrlf', (II '00H11' III 

the hvbndoma dnllbodl.es. The ITI0st dr-ama1 le .. t 1 t'ct~, INI'l" :,1'1'11 011 

ant lbody ':J700, when~ DNAasf' and llypSHI dpcreasf'd 'Ill' .1111 Ihody 

blndlng by 28% and 43%, resppct Ivel y, sugf~pst IlIg th,1I allt IIJOdy 'j700 

wab bHldln~ ta a pldtelel detcrmlnant whlch Wdt. (orrIIH):tI·d (JI hOl" 

prote] n and DNA. The IJ.lIld~ll~ of anothf'r hyhrlc10ma .1111 IIlOdy ('J:!()O) 

Wd!, affeclpd aft el trpatrnent of p],11 f' II~t~ Yll t tl ph'l·.photlp.u·'!' A." 

phosphollpase C and protedSf' but not hy VNi\d:-,l' 01 1 1 yp~,IIl. TIt" 

blndlng ut thl~ hvtHldoma anllboùy 10 the I-'J,ltl'l .. I TfIf'Hlln,llll' ;lPJlt·,jY', 

ta lIlvolve a phosphoLlP1Ù and prolpJTI dl~terrfl)J .. mt. /)l'('II'a'-,l'd "Iurllll/: 

afler treatment wlth phosphol1pa~;I~ A2 ~IJgl~f'sts 1 hdt 1 III' 1 dl t Y 1< III III 

the 2-pOSltlOn of a mentbranf~ phosphollPHl ([Iay hl' an 1 HI fil) 1 1.1111 './1,-

for cinU body blndlng. 
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Stu(hes wlth phosphollpases on l'cd cl'll membranes have shoWIl 

that the abillty of the enzymE'S to attack m(>mbr~ll1c phosphO~lPHts 11-' 

dependent on multIple va~lable::" 1l1cludll1g tlH' substratt' SPl'C]t lClly 

of the enzyme and the sldedness 0 f tilt' pho::.pho Ill' lib III 1 hl' II11'1IIhr dlll' 

(25) • Thus, complete abrogclllon of a phosphollllld (lt'tl'lllillId.llt 1I1,IV 

not be achIeved ln dn Intact cpl]. 

phosphollpase may partlally expose or dcstroy epllllpl'!, Import.11I1 101 

some antIplatelE't antlbodlP.S (('.g. aTltlbody (I~OO), 'l'Ill' f dt' 1 1 h,11 

phospho hpase C t rea tmen t rp.sull ed ln enhancf'(1 alltl bod y ""Hluig III,IY 

be due to exposure of crypllc d('lermlllants or 11'.ICt 1011 (JI Ih .. 

hybrIdom~ antIbodles wlth enzyme bound lo the pLltplel !->1I1t.I(·P. 

Based on so Ild phasE' RIA Hl winch PI1?yrnes Wf' r l' ('oa 1 l'd 10 po 1 yh t V r 1'11(' 

test tubes, antlbody 9200 dld Ilot show sLgnd Icallt lJllldlllg tu ('llh!'1 

phosphollpast· C or A'.l' suggpstInr, lhat the .. 1I1i,uI('ed hllHllng 10 

phosphollpdse C trealed plalelf'lS rnay be due to eXflo~,11l f' /JI .. Il!'W 

phosphollPld epllope. 

Several reports have dprnonstrated thal anll-DNA <lulo.HlI JlJOdlf'!~ 

can bInd ta platelets (19,26,27). Asano l'l .. Il. (1') fOlJl1d Illal DNA 

InhIbJ. ted 1 he blncllng of lh(~lr hybr .ldorr.<l au! I-DNi\ étTll J holl J ":-, 1 Il 

plate lets and suggested that these antIl)Odll!s Intera"l WlllIl'ldt"]f'I', 

through the sanie SIte respollsltde for DNA ]lIndlng. 

enzymatlc dIgestIon studles suggested tltal thp pJélle]f-t f'pllOpp d,ri 

not appear to Involve DNA, protetn, 1)1 :nalH clC.HJ. A TfI(JlJl->f' 

monoclonal antl-DNA autoantlbody (PME??) dprlved frurn auto]rnmuur HjW 

mIce has a]so been found lo reart wIth plau'let.<·, and othpr cel J 1 YJH':.., 

(27) • ThIS ant Ibody recognlzpd ldentlca] proteln(s) Hl plalelelr-" 
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erythrocytes. glomeruli. T and B cells. and neuronal tlssue, and, ~n 

further stud~es, the target antlgens were shawn to be sensitlve ta 

prote1nase K, papaln and tryps~n (28). 

Al though DNA receptors have been descrlbed on human plate lets 

(29), our study and those of others 09,27> suggest that DNA lS not 

the major antlgen respons~ble for antibody bmdlng to the plate let 

surface. Recently, Bennett et al. (30) demonstrated that the 

majon ty of SLE patients had serum antlbodies WhlCh could Induce a 

DNA-receptor defect ~n normal leukocytes. conslstent wlth the 

hypotheslS that these antlbodles may react wlth the DNA receptor or 

an assoclated antlgen. It lS tempt~ng to speculate that sorne of our 

p latelet-reactlve hybndoma antlbod~es may reac t 1,011 th the DNA 

receptor on plate lets and he able to lnduce platelet aggregatlOn and 

serotonln release ln a manner analogaus ta DNA (31). Our data 

suggest that the antl.platelet reactl.Vlty of our hybrIdoma antIbodies 

l.S mdependent of the lupus antIcoagulant actIvlty of these 

antlbodles. and that al though both reactl.Vl tles appear ta Inval ve 

phosphollPld epitopes. these epItopes are probably not ldentl.cal and, 

ln the case of the platelet-reactive determ~nant, may requ~re 

proteln. 

Studles of antlplatelet antlbodl..es USl.ng sera from patlents with 

Immune thrombocytopenlc purpura (ITP) have Ident~fied speciflc 

reactlvltus of antl..bodleS wlth glycoprotelns IlIa (32). IIb/IlIa 

(33), and lb (34). Harns et al. OS) have reported the presence of 

anUcardlohpln antlbodles ln 30 of 96 patlents Wl.th chronlc 

autolmmune thrombacytopeOlc purpura but no overt manifestatlOns of 



1 

7h 

SLE. However, the levels of platelet-assoclated alltlbody dld not 

correlate wlth elther IgG or IgM antlcardlollpln antlbodlPH. MOlt' 

recently, the same group has reported thdt antlcar-dloltplll .lut luoll" 

actlvlty ln the serd of flve patIents WJlh illlliphospho! tpHI syndloml' 

could be partlally l1ltllblled by free7.p-thilwl~d pl;Itelets Ob). '1'0 

date, it appedrs that the antlplatplpt ill1l1hodlCS III 1'1'1' .111' tllff'cl .. d 

prlmanly at speclflc plate let glycoprolplns. whpi t',1~ t hf' ant 1 holl 1 t'~, 

rcactlve w!th platelels HI patIenls Wllil SLE <tud ,1lltlphospholJpld 

syndrome may be more heterogeneous dlld }pact wllh plllll'lllS, 

phosphol1.}Juls, or DNA on the platelet sUlfclce. It wIll hl' Import.lIlt 

to detenOllle whether the prolpilis lespon::'Jhll' for ,1II11pll1ll'll'l 

reactlvlty ln SLE are Slmllar or dlfferelIt t 0 t hnsl' III 1 TI'. Th .. 

nature ot the platelet l-eactlvlty ot antlboflj(>s flom SI.E p,Illf'lIlh rndy 

be crossreartlve, as opposed to thr appaypnlly s\lPClfH' tl'ilCtlvlly tll 

platelet glycoprotclns sepl1 ln ITP patlPnts. lIyb ri dOTII" ntllll(J(' 1 ulla 1 

antJ-dDNA and antlphospholIpld autoantlhodlf~s [rom patlf'nt~, wlth SI.F 

have been demonstrated ta lt>art wlth DNA. phoc'JlhollPllb, .Hld 

protelns, Hlcludlng hurnan uomunoI.;lobullIlS and cyt oskp Ir'ta 1 JI roI f' 1 W .. 

(9-11,37) • 

Dur i1ndlngs that antlplatelet rC..I.ctlvlly CUlrl'J.IÎf'd hlrougly 

wlth antl-dDNA and antJphosphollPHj reactlvJty and TlIay br- titi,. lu 

determlnants composed ot dDNA and protpln, Ol phospholl(lld ,uld 

proteln, are ln agreement w]th prevlously reportpd CYOf-,s-rp.tC't IVII j("'~ 

of these antlbodles. Thc lack of correlatJon, howpvc(, 1)' IIlJllJf. 

antIcoagulant activlty W1 th antlplate] et react 1 v Ity sllge''',U" 1 ha 1 

addltlonal factors may be requued to exp 1 aw the <!r"r-;OCl :11 lOri of 
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lupus antJcoagulant antlbodles wlth thrombocytopenla and thrombosls. 
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ABSTRACT 

and functionai actlvItle~ of pl.ltt'll't-ll\1II1l1l1~ 

hybndoma a::toantlbod~es from SLE patl.ents weil' compdlPd wllh tho~1' 

denved from norma 1 lnd 1 v lduab. 'l'wenl Y-II11W SI.I':-d!'1 1 VP<! hvht IlIon!.1 

anUbodles and 20 normal-denved hybndoma dllllbodlt'b Wt'It' ,1II.1IY/l'd 

for binding to glutardldehyde tlxed pLlt!'!!'t:-., dl>Ni\ <lnl! phll~,pll()-

llpids. and for lupus antIcoagulant dcllVllv. 'l'wI'lllV-!Ollt li! 111t' l'I 

SLE-df?'rlVpd anlibodieb and Y of thf> 20 HOIm.t1-dptIVt'tI .111\ Ih()dl(,~, 

showed one 01 more activities ln thf'Sf' ,ISS.lyS. Ot tllI' :,!.'f SI.I'-I\I'IIV"" 

antlbodles, 8 (33.3%) ",ert' rt'actlVt· III only ulle ,\!-oS,lV (mOllll:-.pf'ClflC'). 

whIle the other lb (66.7%) had more thall one (If 11lt':-.1' ,IcI IVJI Il'', 

(po]yspecIflC). In coutrast, none (()~,) of ttll' t) IlOlm,lI-u!'IIV!'(1 ,11111-

bodIes wlth known actl.vltIes were mOnObpl!Cl[JC, wtllll' al l 'J (100'\'.) 

shOWf'd polyspec.lflclty. Stallstical anaJybes dl'moll!->lr,ltl'd 111 .. 1 IlIt'll' 

was no correlatIon of antl-dDNi\ dctlVJty Wltll ant I-P),ltplpt ,I/HI 11111:-.1 

antl.-phosphollPld dctlVlllf~S for the SLI':-df'r1ved ;wt 1 blld If'!-> , .IIHI 

strong posltlve correlatIons between tlwse reactlvltll'."" Ifli IIIt' 

normal-dcYlVed atl:1.bodles. OJffereJlces Wf!re n!Jf>I'lvl'd IH W .. :,tf'llI 

blott1ng analyses; SLE-derl.ved antlbodles hound mort' ~pf'('1f 1(.tI Iy 10 

lndlVldual platelp! proteHls than norrnal-dPYlvl'rI antJIJ(JdJf'~-., ln "'CI 

rplease assays. aIl of the SLE-dcnved pld.telet-hllldllll', illIll!Jodl''', 

werf' cytotOXlC tu plateletb, Whl)!' none of t hl' norrn,i1-r1!'r IV!''' 

antlbodl.es showed slgnl.f lcant cylot flX1C 11 y. Our resu 1 t~ :-.IJgl',.'~~1 1 tt.JI 

hybndorna platelet-lnndlng dutoant Ibodlf':; d('(lvl'd from SI.E pal If'nl~. 

exhIb1t greater antlgen speclfIclty and fllflC'Il0nill 'J(tlvl'y''' .. n 

simllar antlbodles derlved from normal Inrllvldua) ..... 
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INTRODUCTION 

,mtlbodlCS wlth autorPilctlvltï have been reported tü eXlst ln 

HU' sera 01 lIormdl T'lICe and human sub}ects. suggest:1 ng tha t 

1 nd J v J dua 1:-. w 1 t hou t ,]l'pa rPlIl dU tOlmmune (llsease have B ce Il s WhlCh 

C.lll bp dctlvatprl to secrete dutoantlbodles l -- B • These autoantlbodles 

o1tf'T1 ('haract(~nzeù by extensl ve crossreactlvity 

(pOlYSPPClfH'ltyl",& and 1dlOtYPIC connectlvlt y4.7.8. The productlOTI 

ut auto,int Ihodles by normal IndlV:1duals raises several Important 

questlOl1S regardlng the dlfferences between the auloant I bod1 es 

df' r J Vl'd t rom pd t lent!-> Wl th systemic lupus erytherna tosu~ (SLE) and 

!Humai I11dlvldtJals, and the mf'ChanlSms by wtnch autoanUbodlC'S causp 

P,llhulo/'.l(",l1 .\huorrflaIltleb ln patIents but not ln normal Ind.lVldudls. 

Although ludlvldua 1 StudlP.S have examlned the characterlstlcs of 

l'llher 1I0rrnaJ-derlveù l .1.7 II or aulo.lmmune-derlved 12 - 21l antlboÙles 

WI t h dutoreact l VI ty • few have compdi ed 

. 1II1l1dut Lbodlt'S [rom nOlmal and autolmrnune subjects. ln parUcula', It 

h,lS IiPPlI dll11cul t ta produee human hybr~doma ant ibodles fronl 

PPI lpht'Id 1 blood 1 ymphocytC's of normal subJects ta ('omparC' Wl th 

Slnu Lui" dell\'ed antlbodl.es of SLE patlents. 

III OUI labaratorv, we have ploduced human hybrl.doma platelet-

hllldlllg alltlboUles from bath SLE pallents and normal lnd~vlduals23. 

III .1 11It'V10liS study. Wp evaluated the lupus anticoagulant, antI-

phll:-;phllllPlli and antl.-platelet pnlpeltl.eS I)f a group of hybndoma 

,litt l hod II'S ùCllved 1 rom both SLF patIents and normal Indlvlduals::u • 

SI ,lI lst l('.J 1 andl vses performl:'d on the SLE and normal-derlved antlbody 

pool :-.IIOWl'd \10 correlat.lon betweell lupus antIcoagulant antlbody 
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actlvlty and antl-platelet. antl-dDNA. or ant I-phosphollPld ,mt Ihodv 

reactlvlty. In contra~t. antl-platelet reactlvlty of lht'se hvblldom,\ 

antIbodles was found to correlate slrongly witl! 311l1-rlDNA ,1Ild sevPldl 

antl-pho~phollpld redctlvltles. fn the plesent sturtv. wt' dlVldl'd 11ll' 

hybrldoma antlbodles lnto two groups acconl1J1g t () the 1 r Of tg] Tl 1 1 o III 

elther SLE or normal Indlvlduals and anal y.'. NI t hl' ('011 ('''tllOlIS 

between antl-platelet. antl-dDNA and alltl-phosphollPHI 11',1('1 IVIIII':-'. 

as we II as dl f f e rences a.ud l:.lm1. 1 a r j lies b('twef~n the :; LI': ,11111 1101 nhll -

derlved hybndoma antlbodles 111 theu blUdlllg .1nd (1IllClllJlI,t1 

characten.stlC'S. The rcsultb dcmonstrate th,lt Oially of tllC' plall'II'I-

blndlng antlbodl.es derived from f'lther su': patl('lIt:~ (lI' fl(lllll.tl 

Indlvlduals are poly~pe(,lflc. but that the polyspt'( Il J(' ,mt Ihodll':-' 

derlved from SLE patIents dlffer from nrn11ldl-dl~nvl'd ,mll),I)lJII':. III 

thelr blnd,lng and funct lonal .let J villps. Our data r-.how 1 Il.! 1 lIIUSt :;1.1',-

derlved autoantlbodles exhlblt gleatf'r antlI':en SPP(lftc'11y illld 

functlonal aCtlVlty than autoreactJve an! üod U'S r1f'rIvpd 1 fOTII rHHIII,tI 

Ind1Vlduals, suggestlng that these rllfferences ln It'ilC! IVlly rn .. y 1)/' 

relevant ta dlfferences 10 pathogelllnty ~_!I V\VO. 

MA TERIALS AND METHODS 

Human hybrldomas wcrc producl'd from fll~lOm·, of ft\(' (,M 1,1,7'2 

lymphobiastold cel! llne (IgG-produc1.ng) vnth pf~rlpl1Pral bllllJIl 

lymphocytes from 13 patlents wlth SLE and 14 hf' .. t1thy (lomal 

f 
indlvlduals. as prevlOusly descrlbedl~. Ail of the l) l'dt 1 Prit>-. 

i 
fulfilled the Amerlcan Rheurnatlsrn ASSOClatluY! revlf .. f'd c(Jlerla lor 
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the clasS1flcatlon of SLE24 • The hybrldoma clones were screened and 

selected for antl-dDNA, antl-platelet and lupus anticoagulant 

actlvltJes. Antlbodles posItIve for any of these 3 reactlvlties were 

tphted for bJndlng to dlfferent phosphollplds. Hybrldoma clones were 

sc rePIlf'd for IgM and IgG product 1.on by SOlld phase radlolmmunoassay 

(RrA)~~. AIl hybr1.doma antlbodles used ln thlS study were IgM 

Immunoglobul lns, wllh the exceptIon of 9702, denved from fUSIon 97, 

WhlCh was an leG. 

The pllnflcatHHl of hybrldoma ant1bodles was perforrned by 

attlnlty chromatography uSlng a rabblt antl-human IgM or IgG antlbody 

COll lug.lted to CNBr-act Ivated Sepharose 4B (Pharmacla. Uppsala, 

Sweden) co 1 umn.2b. Bound Immunoglobul~n was eluted from the coluwns 

lIS1nr, 0.1 M glyclne-HCI buffer. pH 2.3, and dlalyzed agalnst 

phUbphdte-buftered salIne, pH 7.3 (PBS). 

pe~pc~ l~~~l .(Jt ~}ltl.~O~y J~.!!!~1..ng to Phosphohpl~ and Denatured DNA 

The enzvrne-Ilnked Immunodssay (ELISA) for phosphohpld blndlng, 

and t tll' rad 101mmunoassay (RIA) for blndlng to denatured DNA (JDNA) 

hdve been prevlously descrlbed III detdl1 15 • 23 • PhosphollPlds used ln 

bLlIdlnr, assays, Includlng cardl.ollpl.n (CL) , 

phosphatl.dylethanolamlne (PE) , phosphatldylglycerol 

phosphatldvlchollne (PC), phosphatldyl1nosltol (PI) 

egg 

(PG) , 

and 

phosphatldvlserl.ne (PS). were purchased from Avantl Polar Llplds 

(Blrmlnr,ham, ALI. DNA was purchasp.d from Worthlngtoll (Freehold, New 

Jersey). Brleflv. Immulon-2 plates (Dynatech. Alexandna, Vlrglnla) 

«(or the ELISA) or polystyrene tubes (for the RIA) were coated wlth 

antlgcn, incubated wl.th hybrldoma culture supernatant, and then wlth 
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alkaline phosphatase (S~gma Chemlcal Co., St. LOUIS, 'to) 01- 12"}_ 

labelled ant~-human polyvalent lmmunoglobuhn (Tago, Burllngamc, CA). 

ELISA plates were developed ~1th p-mtrophenyl phosphatt' dlS()chum (1 

mg/ml) and read al 410nm uSlng d Dynatcch MRf,OO ~:LlSA l'l'ad,· .. , ,llld 

rad~oactl.ve tubes were counted for 1 mInute 111 a fif'ckman gillnnl.l­

counter. 

DetectIon of AntIbody Blndlng to Plate lets 

Follm,nng the procedure of Asano et al. 10, polystyrent' lmmll! oll-2 

(Dynatech) 96··well plates were coated wlth 100 111/we 11 of "!.lldet s 

(lOB/ml) ~solated from normal IndlvIduals and flX,~d Wltlt 2.')% 

glutaraldehyde. The plates wcre blocked wltll 0.')% gt'1.1t Ill, slolt'd HI 

60% glycerol at -70 D C for up to 2 months, and washed tlVl' llllll'S wltll 

Tris-buffered salIne, pH 7.4, before USln~. Theil 7') }.Il nI Ityhr 1I10HI..l 

supernatant were added to each weIl ln l1upllcate and Incllhat.!d for 'fO 

mIn at room temperature. After washlng tlve tunes, thl' p]alps Wf'lf' 

incubated wlth alkahne phosphatase-collJugated anl1-human po 1 yv,!IPllt 

1mmunoglobulin (S1gma Chemlcal Co.) for ':lO mlll al rnom tl'HlpPY <lI ur e. 

The colour was developed and read as abnve. 

Act1vatt'd PartIal Thromboplast:lO Time (APTT) ASSil}' 

The d~lute APTT assay was perfonned by the IfII'thod n1 Rauch et 

a1,19 as prevlously descrlbed. Bncfly, hybrldoma ~.uJlerniitauts werf' 

incubated w1th an equal volume of freshly ff'conslltuted VprJfy Norrna) 

C1trate ( pooled normal hurnan plasma) (Geller .• ) "Ja~u(Jhl ]('1 ... 

Scarborough. Ontar~o), and a 1/32 d1lution of APTT reae'!nt Cl:pner.iJ 

DIagnostIcs) ln cuvets ln a dlsposable clrcular tpst tray for ~ ffilTl 

at 37°C. Then. 100 )JI of 0.025 M CaCl 2 was added tu Hutlatf' I.h~ 
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clottlng sequence. The clotUng tIme was displayed on the General 

Dlagnost~cs Coag-a-mate Iso sIngle channel Instrument (Warner-Lamhert 

Co., MorrIS PlaIns, NJ) dIgItal tImer. AlI samples were tested in 

dupl1cate and an antlbody was deflned as havIng lupus antIcoagulant 

actlvIty Il Its APTT exceeded the APTT of the GM 4672 control by 

grealer lhan 6 seconds 19
• 

~~~~~~_D~~e5YL_~~!t~~e PolyacrylamIde Gel Electrophoresls (SDS PAGE) 

~~L ~~§_~~!.!l J31() !-~l-ng 

Plat ciels Isolatcd from normal IndIvIduals were solublllzed in 

SDS sample buffer at 2 x 109 cells/ml and the protelns werp 

elpctrophorptlcally separated ln an 8-12% SDS polyacrylamlde gradIent 

gel • .lIlII theu transferred onto 0.45 pm nItrocellulose membrane (B]o 

Rad, RIchmond, CA) al bO volts for 17 hours at 4°C. The 

nltrocelJulosp membrane WdS cut lnto strlps and Incubated wlth 

hybrldomd antlbody fur J hours at 37 D C, followed by incubatIon wlth 

peroxldase-conJugdted goat autI-human IgM (p speclflc) antibody 

(Tago. fimllngame, CA) for 1 hour at ]7DC. The colour was developed 

uSIng dIamlnobenzldlue. 

çy_~_ot~~lc.1D~ __ oJ~ !!yp-I!doma Antlbodles to Plate lets and Lymphocyte~. 

Platclets or lymphocytes Isolated from citrated normal blood 

were Incuhat/:-d wlth !>lCr sodIum chromate (Frosst, Klrkland, Quebec) 

. .md washed to remove free radlOactlvlty. The 51Cr-labeled ceU 

suspenSIon was plated ln V-bottom mlcrotlter wells at 5 x 106 cells 

per weIl and lncubated wIth 150 pl of hybrldoma culture supernatant 

or affllll ty-purlfled ant1hody dIluted to 5 pg/ml ln PBS-A buffer, 

contalnlng 2.8 mM KH 2 P04 • 12.6 mM Na2HP04, 0.12% citr~c aCld, 0.33% 
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sodium citrat~. 0.05% EDTA, 20 mM glucose, 7.2 mM NaOH and 0.5% 

bovine serum albumin, at 37·C for 1 hour. Then, 50 ~1 of rabblt 

complement (GIBCO, Grand Island, NY) were added and the plates 

incubated for 30 minutes at 37·C. The supernatants were harvcsted and 

counted for 1 minute in a Beckman gamma-radIation counter to measure 

51Cr-release from the cells (cell ly·ns). The spontaneous relcdse was 

the 51Cr counts released from cells Incubated wlth only PBS-A buf[er 

or medIum and the total release was obtalned by TrIton XIOO lysls of 

the 51Cr-Iabeled and washed platelets. The percentage of 51Cr-release 

was calculated by dlvldlng the 51Cr release for a sample by the totdl 

5 lCr-release. 

In these experiments, MCA 167 (Serotec, Blackthorn, England), a 

commerCIal monoclonal antlbody which speciflcally blnds to Zw·, a 

platelet and megakaryocyte alloantlgen present ln 98% of Indlvlduals, 

was used as a posltive control. 

Statlstlcal Methods 

The negatlve ranges used ln a11 assays were expressed by ':)1)'% 

confidence lntervals, that lS, the mean plus or mInus 2 st andard 

devlations (mean ! 2 SD). The followlng values, WhlCh were consldered 

positive in each assay, were calculated from the mean plus 2 SO of 5 

known negatlve samples ln repeated assays: cpm > 750 ln the antl-dDNA 

radl01mmunoassay; OD410 > 0.08 ln the antl-platelet ~LISA; 00410 Z 

0.10 in the anti-phosphollPld ELISAs (except for antl-egg PE)j 00410 

~ 0.12 ln the anti-egg PE ELISA; and an APTT Z 6 seconds above the 

1 
negative control ln the APTT assay. 

The correlatIons between dlfferent antlbody actlvlties were 
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analyzed using Pearson's correlatIon coeffIcients and their 

signlficance was estimated from correlation tables 27
• ASSOCIation was 

assessed using a two-talled FIsher's exact test 28 • 

RESULTS 

Plate let BIndlng ReactIvitles and Lupus Anticoagulant Actlvity of 

Hybrldoma Antibodles DerIved from SLE Patients and Normal Individuals 

Hybrldoma antlbodles used ln thlS study were produced from 

fUSIons between the parental lymphoblastoid cell 11ne GM 4672, WhlCh 

secretes trace amounts of IgG (0.01-0.1 ~g/ml), and perlpheral blood 

lymphocytes Isolated from 13 SLE patIents and 4 normal individuals. 

Serologlcal tests do ne previous to or at the tIme of fusion Indlcated 

that of the 13 SLE patIents, 9 had antl-DNA antlbodles by a Farr RIA, 

7 had lupus antIcoagulant antibodles by APTT assay, and 9 had elther 

antI-CL antIbodles or a false pOSItIve Venereal Dlsease Research 

Laboratory (VDRL) test (Table 1). AlI of the normal donors for fUSIon 

hdd completely normal serology and were negative for aIl of these 

antlbodles. The hybrIdoma antlbodles produced from these fUSIons were 

screened for antl-dDNA, antI-platelet and lupus anticoagulant actIvI­

tles. The hybndoma antIbody reactlvltles often dId not reflect the 

donor's serology, as pOSItIve hybridoma antlbodles were obtalned from 

both SLE and normal donors who were serologlcally negatlve (Table 1). 

AlI of the hybrldoma antlbodles used ln thlS study were IgM, with the 

exceptIon of 970~. WhlCh was an IgG. The average Immunoglobulln 

concentratIons ln the hybrIdoma supernatants were 10-20 pg/ml for 

9702 IgG. dnd 2.0-10.0 pg/ml for the IgM-secretIng hybrIdomas. 



92 

Legend ta Table 1 

• This number represents the total npmber of clones analyzed ln the 
present study and not the total number of clones derlved from each 
fUSIon. AlI hybridoma clones in thIS table secreted IgM, wlth the 
exceptIon of 9702 (derived from fUSIon 97), WhlCh secreted IgG. 

b Actlvities shown are blndlng to dDNA by RIA, blndlng to flxed 
platelets by ELISA, and lupus antlcoagulant (LA) actlvlty by APTT 
assay. 

c Patlents with antl-DNA antlbodles ln thelr serum, as measured by a 
Farr RIA. 

d Patients with lupus antIcoagulant antlbodies ln thelr plasma, as 
detected by an APTT assay. 

e Patients with serum anti-CL antibodies or a faise positlve VDRL 
test. 

~ This patient had a low plate let count at the tIme of fusion. Antl­
plate let antibodies were not measured ln the serum of any of the 
patients. 
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Table 1 • Actlvlties of Human Hybrldoma Antlbodies from SLE 

PatIents and Normal Indlviduals 

- - ------------

.'US.lon Donors Total Clones wlth actlvltles b SpecifIc1ty 

Code ft (Age/Sex) Clones'" DNA Platelet LA Mono Poly None 

- - -- -- - -- -- - - --

SLE 
1 23;.'r 2 2 2 0 0 2 0 
6 2b/Fc. e 1 1 1 0 0 1 0 
8 3B/Fd • .,. 1 0 0 0 0 0 1 

1 1 44/Fc.d ... 2 0 0 2 2 0 0 
12 26/F,:·r- 4 2 2 2 1 2 1 
13 lB/F,-·d ... 1 1 1 1 0 1 0 
Il, 36/M 4 2 2 2 2 2 0 
lS '> 3 / Fol . '" 1 0 0 0 0 0 1 
2b 23/M':' d 1 1 0 1 0 1 0 
'12 29/F'" .... f 1 1 1 1 0 1 0 
'J'> b,) / F~- 2 1 1 1 0 2 0 
fJb Sb/Fd ... ) 1 0 2 1 1 1 
'37 40/~'C.,1 ... 6 :3 3 4 2 3 1 

Totdl 13 29 15 13 16 8 16 5 
--- ---- ------

Normal 
/,0 31/F 1 1 1 1 0 1 0 
100 27/F 9 0 0 0 0 0 9 
BI JO/M 9 8 8 0 0 8 1 
Hb 29/M 1 0 0 0 0 0 1 

Tot ... l :, 20 9 9 1 0 9 11 

--- ----
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1 

Solid phase immunoassays were employed to test the reactIvIt~e5 

of hybridoma antIbodies wlth dDNA and plate lets and the APTT assdy 

was used ta identlfy hybrIdoma lupus antIcoagulant ant\bodles. FIvr 

known actIvItIes were used as negatIve controls. Tabh' 1 shows the 

orlgin and dIstributIon of the hybrIdoma antIbodles an,llyzl'(l. Am()l1~ 

29 SLE-derIved hybrIdoma antlbodles, 15 antlbodles wlth dDNA-blllctlll~ 

actlvlty were derIved from 10 patIents, 13 anUbodles with pl.ltelpt­

bindIng actIVlty were from 8 patIents and 16 ,mtlbOlhes wlth lupus 

antIcoagulant actIvIty were from 9 patIents. Among 20 normal-denvl'd 

antIbodles, 9 antIbodles derived from 2 donors bound to hoth dDNA and 

platelets, whlle only one of these antibodles had lupus ant JC(J.1~uLmt 

actIvlty. 

An antlbody showlng reactlvlty ln only one of the assays for 

antI-dDNA, antI-platelet, and lupus antIcoagulant actlvlty was 

defIned as monospeclflC, whIle an antlbody poslt.lve for more than one 

of these activItles was defIned as polyspeclflc. Elght (1).1%) III th!' 

24 SLE-denved hybndoma antIbodles wlth known actlvltle!:> werl' 

monospeclflc and 16 (66.7%) of them were polyspecific. Flve of the 2~ 

SLE-derived antIbodles had no reactIvlty. In contrast. none of the 

normal-denved antlbodles were monospec.lflc. Al! ':} (100%) of the 

normal-derived antIbodles wIth known reactIvlty were polyspeclf le ;HIII 

were reactlve wIth both dDNA and platelets, whlle Il .mtlbodH!h had 

no known actlvIty. These results Indicate that althou~h POlYSPf!(,lflC 

hybndoma antibodles can be produced from bath nomal donu('~ ,Hill SLE 

patients, the frequency of monospecific and lupus antlcoa~ulant 

antIbodles in the total number of actIve antibodies was much hlgher 
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among ant1bodles denved from SLE pat1ents than from normal 

Indivlduals. In contrast, the frequency of polyspeclfic antlbod1es 

was hlgher 1n narmal-derlved antlbodies. 

Polyspeclflc antIbadles WhlCh were positive for both antl-dDNA 

and antl-platelet assays were tested for thelr phaspholipld-blndlng 

praperties. Table 2 summarlZes the reactIvitles of 12 representatIve 

SLE and normal-derlved polyspeclflc platelet-blndlng antlbodles and 

shows that there were slgnIfIcantly dIfferent patterns of reactIvIty 

between the palyspeclflc antIbadIes derlved from SLE patIents and 

normal IndlVlduals. Slnce 8 of the 9 normal-denved polyspeclflc 

antibodles were der1ved from 1 donor and showed very Slmllar blnd1ng 

reactIvltIes, three representative ant1bodles (4003, Bl22 and 8135) 

derived from 2 danors are shawn ln Table 2. These 3 antibodles shawed 

strongly posItIve reactIons to aIl phosphollpids tested ln SOlld 

phase Immunoassays. However, these three antlbodles dld nat bInd ta 

control antlgens, WhlCh Included bovIne serum albumln, gelatln, and 

Tween 20 blocked palystyrene wells or tubes. In contrast, the 9 

palyspeclflc antlbodles from 7 SLE patIents demonstrated dIverse 

reactivities ta the dIfferent antlgens, with the exceptIon of 

antIbody 103. WhlCh reacted strongly wlth aIl of the phosphollPlds 

tested. Furthermore, lupus antIcoagulant actlvlt} was found ln only 1 

of the 3 normal-der1ved ant1bad1es compared w1th 7 of 9 of the SLE­

derlved ant1badles. 
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Legend to Table 2 

a HyAb = hybridoma antlbody, deslgnated by Ils code numbcr. The leM 
concentratIons of these supernatants ranged belwccn 2.0 to 10.0 
lJg/ml. 

b A pOSItlVP value for dDNA bJ.ndIng was r;rcater than 7~0 cprn (:..,1'1' 

Materlals and Methods). 

C PosltlVP ELISA values were deflnpd aR follows: ~)eatpl thdn O.OH 
OD410 unlts for antl-platelet, greater than or l'quaI lo 0.12 ODL.tO 

Uluts for anll-PE. and grealpr than or eqllai to 0.10 OD"Jo 1If111:.. 
for ant1-CL. antl-PS. antl-PG, ,mU-PI, alld antl-PC. 

d A posItIve APTT was deflned as r,realer than or equal to hh.O ~t·(·. 

e Values for RIA and ELISA results represent the means calcllldtpd 
from 4 to 6 repeated assays on dup11cate sampics. l'oSJtlve valups 
for aIl assays are lndlcated ln bold prlnt. 

) 
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TabJe 2. Act IV] tIes of 12 Representat1ve Polyspec1flc Hybndoma 

Autoantlbod1es from SLE Pat1ents and Normal Donors 

--- -------- - -- -----_._- ----------

HyAh" Anll- Antl- Antl-Phosphollpld ELISA APTTd 

dUNA Plalelet \OD410 )" 

IHA b ELISA'" ------_._-
(cpm) (01),..10 ) CL PE PS PG PI PC 

---- --- - -------- -- --------

SL/!.-De 1" 1 ved: 

'.200 11711" 0.60 0.13 1.11 0.05 0.06 0.04 0.02 + 

1 JO') 2186 l. 74 1.00 1.96 0.03 0.51 0.21 1.04 + 

"700 2004 0.09 0.05 0.84 0 0.02 0.02 0.01 + 

'.70 j 5932 0.95 0.40 0.90 0.46 o .Oc) 0.20 1.21 + 

103 2884 0.96 1.93 1.98 1.86 1.23 1.54 1.23 

600 2664 0.10 0.0/. 0.18 u.03 0.03 0.03 0.01. + 

1206 13449 0.50 0.13 1.90 0.02 0.03 0.05 0.01 + 

1',00 11276 0.47 0.19 0.30 0.02 0.04 0.02 0 

1.'.07 11425 0.53 1.25 1.96 0.47 0.03 0.10 0.01 + 

- -- -- --- - -- ---------

Nnrmal-Derlved: - -

·tOO} 5206 0.44 1.81 1.91 1.71 1.56 0.75 0.50 + 

1\1'22 10589 0.87 1.32 1.62 1.73 1.08 0.32 0.60 

BI 3'> 6071 1.19 1.11 1.78 1.90 1.55 0.36 0.58 

- ----.--- - - --. ------ ----------
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Statlstlcal Companson of the Reactlvltler, of Hybndoma AntIbodlf~S 

Derlved from SLE PatIents and Normal IndIvIduals 

When the hybndoma antIbodles were grouped accordlng ta thelr 

ongln from SLE patIents or healthy normal dOllars. St.lt lSt le.li 

analyses revealed an InterestIng pattern. FIgure shows th ... dot 

plots for the currelatI0n of <lntl-dDNA actIvlt.y wIth platf>lt't-blndlll!~ 

activIty for SLE and normal-denved hybndoma antIbodles. Theil! W.1S .\ 

strIkIng dIfference betlo1een the SLE-denved and Ilfllm,lI-dl'r IVl'd 

antIbodles. SLE-derI ved antIbodles showed no corrr'lat 1011 bl' tW!!"1I 

these two reactIvlt1es (r = 0,35, p > 0.05), whlle lHHmal-r1l'flvl'd 

antIbodles demonstrated a hIghly slgnIflcant posItlve corrr~l.lt lllll 

(r = 0.89, p < O,OOU, Th.lS flndIng, taken together w1th thl! d,ll.l 

shawn 1n Table 2, suggest that the react1v1lles of nuon.!l ,mrl SLE­

denved hybrIdoma antlbodles wIth platelets d1ffer .1Od may LI' due lo 

bindIng ta dIfferent epltopes, where an epltope IS deflrwd .1S .111 

antlgenIc determInant, 

StatIstIcal analyses of the relatlunships between anti-II0NA .111<1 

antl-phosphollPld reactIvItIes were clone to further anaIY/.f! th .. 

dlfferences and slmllarltles between SLE and normal-denved hyùr ulnrll.l 

antlbodles (Table 3). As sufflClent supernatant was not avallabl .. fOt 

slmultaneous testIng of the antIbodles Hl aIl of the phuSllholl[lltl 

bIndIng assays, the sample numbers vaned for d1fferent a~!:Jay~. For 

the normal-denved hybndoma antlbodles, dDNA bInclln~ actlvlty W<1~ 

strongly correlated wIth reactIvIty ta platelets Ir 

0.00l), PI (r = 0.69, p < 0.01), PG (r = 0,81, Il .: 0.01), PC (r 

0,84, p < 0.001), PS (r = 0.92, p < 0.001), CL (r =- 0.80, p" a,OOl) 
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~IRllIP 1. COllelatlun ot Antl-dDNA KeactIvIty wIth Antl-Platelet 

Kract lVlty of Hybrldoma Autoantlbodles Derlved from SLE 

l'atlpnts and Normal TndlvIduals 

FOI SJ.I':-df'IIVPO antIbod1t$. thl're was no correlatIon of antl­
dUNA IPdctlVltV wlth antl-platelet reactlvlty, whIle normal-derived 
dlltlblldlCS st!owpd ct strong pOSJtIve correlatlon of these two 
lPdctlVltlPS. Each value on the dot plot represents the mean of 
dupllC.ltt' s.lmpl!'s repeated ln 4 separate Immunoassays. n = total 
llumbp\ ot hvlllidoma antibodles tested. r pearson's correlatIon 
cut' f fI(' Il'Ilt . 
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In contrast, the antIbodles denved from SLE pat lt:'nts ShOWl'iI 110 

correlatl0n of antI-dDNA reactlvlty wlth antl-platelet tr 0,)'>17, l' 

> 0.05), antl-PI (r = 0.0238, p > 0.10), antl-PC (1 O.025~1, JI ~ 

0.10), anLL-PC (r = 0.0622, p "> 0.10), antl-PS (r-' 0.11.00. Il -.. 0.10) 

and a!ltl-CL (r = 0.3292, P "> 0.05) reactlV::J.tles ('l'.tbip ) :Illd FlgUrt' 

2A). The only pOSItIve correlatJ.oll arnong t1w SLI~-d('r .lvl'd hyhll<lOnl.l 

antlbodles was found betweell antl-dDNA and ant 1-PF t'p,lct lVlllt'S (l 

0.6163, P < 0.00l) and for thlS cOlrl'latlon, t1l1'rl' W.IS 111111' 

difference between SLI':-derlved and normal-dPIIVPt! hyhl l(!OI\l.t 

antlbodles (Flgure 23). Thesp data IllclJcatl' thdt rno~t .1IltltJodlf'S I)OlT! 

normal donors showed elther poslt.lVe or negat.lvP r('acllOllS 10 ;lIl 01 

the antlgens tested 111 Solld phasp Immunoassay syslf~rns, whll,' Trlost 

antlbodles from SLE patIents showed more rf'stncll'd speclrlC1IV III 

these antlgens. 

There were less slgnlf::J.canl dlfferences spcn bptwc(!ll lllf' normal 

and SLE-denved antlbodles ln correlatIons of ant I-plall'II'I 

reactIvl ty wlth anll-phosphollPld reactl Vl tJes. Al thollgh 1 he nonll:! 1--

derIved antIbodl€'S showed conslstently tllghp r corn'Id! Jon 

coefflclents (Table 4), both groups of anLlhodH!S had S Ign JI ICoITit 

posltlve correlatl0ns for aIl of the phosphollPlfls tpsled. flowl'v('r, 

correlatIon coefflClents above 0.7 were obsprved only for anl J­

platelet and antl-CL, antl-PE. and antJ-PC for lhp SLE-dey Iv(·fI 

antlbodles and for antl-PS, antl-PG, antl-CL, .H1tl-Pf·:, and .. HIll-PC 

for the nonmal-derlved antlbodies. 
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Table 3. CorrelatIon of Antl-dDNA Reactivity wlth Anti-Platelet 

and Antl-Phospholipld Reactivities of Hybridoma Antibodies 

DerlVed from SLE Patients and Normal lndividuals 

Correlation Coefficient (r)-Corre latIOn of 
Antl dDNA 
Activity with: Antlbodies from SLE Antlbodies from Normals 

Antl-P latelet n=29, r=O. 35, p>0.05 n=14, r=O .89, p<O.OOI 

Anti-PI n=25, r=O .02, p>O .10 n=8, r=O .69, p<O .01 

Antl-PG n=27, r=O .03, p>O .10 n=7, r=O .81, p<O .01 

AntI-PC n=26, r=O .06, p>O .10 n=ll, r=0.84, p<O .001 

Antl-PS n=27, r=0.14, p>O .10 n=9. r=O. 92, p<O.OOI 

Autl-CL n=29, r=O. 33, p>0.05 n=20. r=0.80, p<O .00 1 

Anll-PE n=28, r=0.62, p<O .001 n=18, r=O .86, p<O .001 

- Pearson 's correlatIon coefficients (r) were determlned from the 
numerlcal data obtalned ln repeated assays (part of which is shown 
ln Table 2), and not based on the assignrnent of positIve or 
negatlve assay results. The n represents the number of individual 
ant 1 bodIes ln the partlcular category indlcated. 
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FIgure 2. CorrelatIon of AntI-dDNA ReactIvIty wIth AntI-Cardlollpln 

(panel A) and AntI-Phosphatldylpthanolamlne (panel 8) 

Reactiv1tIes of HybrIdoma Autoantlboches Denvp.d from SLI': 

PatIents and Normal IndIvlduals 

For SLE-derlved antlbodles, there was no correlatIOn of allll-dDNA 
wlth antl-CL reactIvlty, but there was a slgnl.flcant pOhlllVI' 
correlation between antI-dDNA and antl-PE reactIVJtlf'1';. Normal­
derIved antIbodles showed a strong posltlve corr~latHm of .mtl-dDNt\ 
reactIvlty wlth both anti-CL and anl L-PE react IVI ties. Eilch v.ilup 011 

the dot plot represents the me an of duplJcatp samples repeated ln 4 
separate Immunoassays. n total number ot hybrldornil ilnt 1 bod 1 f'S 

tested. r = Pearson's correlatIon coeffICIent. 

------ -----------------------

1 
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FIgure 2A 
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Table 4. Correlation of Anti-Platelet Reactivity with Antl-

Phospholipid Reactivities of HybrIdoma AntIbodles 

Derived from SLE Patients and Normal IndIviduals 

Corre lat ion of 
Anti-Platelet 
Activity with: 

Anti-PS 

Anti-PI 

Anti-PG 

Anti-CL 

Anti-PE 

Anti-PC 

Correlation CoeffICIent (r)-

AntIbodies from SLE Antlbodies from Normals 

n=27, r=O.45, p<O.05 n=9, r=O. 93, p<'O.OOl 

n=25, r=O.47, p<O.02 n=8, r=O .62, p<O .05 

n=27, r=O.58, p<O .001 n=7, r=0.87, p<O.OOl 

n=29, r=O.71 , p<O.OOI n=15, r=O.80, p<O.OOI 

n=28, r=O.78, p<O.OOI n=15, r=O. 90, p<O .001 

n=27, r=O .81, p<O.OOI n=10, r=0.94, p<O .00 1 

• Pearson' s correlation coefflcients (r) were detennlncd from the 
numencal data obtalned in repeated assays (part of which 1S shown 
in Table 2), and not based on the assignment of pos I t 1 VC 0 r 
negative assay results. The n represents the number of 1ndIvlflual 
antibodies in the particular category indlcated. 

-------------------------------------------------------------------
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In arder lo character1ze the epltopes responslble for the 

blndl.ng of normal and SLE-denved hybndoma antlbodles to plate lets , 

antlbody blndlng to plate let protelns separated by SDS PAGE was 

analyzed by the Western blottlng technIque. FIgure 3 shows an 

Immunoblot of whole plate let protelns wlth sorne representatlve 

platf>let-tllHlhng and non-plau>let-blndlng SLE and normal-derlved 

hyllndnma antlbodles. The lwo groups of hybrIdoma antlbodles showed 

very cl IflPH'ul paU erns of reactlvl ty. Strlps lncubated wllh SLE or 

normal-denved nonpl atelet-blndll1g hybndoma antlbodles (BI09, BII0, 

BIll, B3700, dnd B3123) dld not showany reactlvlty wlth platelet 

protelns. ln sorne of the negatlve control strlpS (B3700, B3123, 9702, 

GM 4672, dnd caseln blocked control), falnt bands wlth mobllltles of 

lA (M.W. 70.000) or 't (M.W. 50,000) heavy chaIns were cdused by 

rcac ll. v Ily ot plat('let-bound lrnmunoglobulln wlth the peroxldase-

con juga ted ant 1-1mmunoglobuhn antlbodles. Platelet-blndlng hybrIdoma 

antlhodles from both StE and normal donors bound ta a proteLn of 

M.W. 4~.000. WhlCh had the same moblilty as actln (e.g. B122, 9200, 

9~OO. ~70b and 1206). or to several proteln bands wlth relatlve 

mOblll.tles between 65,000 and 90,000 M.W. (BI05, 8122, B135, 9200, 

9500, 'Hab and 1407). However, the 4 norrnal-derlved polyspeclflc 

platelet-blndl.ng hybrldoma antlbodles (4003, BI05, B122 and BI3S) 

also bOUilli to caseln blocked nItrocellulose membrane, produclng very 

l 
h1gh background blndlng. and dld not show unique reactivlty wlth any 

platclet component. In contrast to the normal-denved antlbodles, 
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Flgure 3. Immunoblot of Platelet Protelns wlth Hybrldoma Antlbodies Derlved from SLE and Normal 

IndlVlduals 

Normal-derlved platelet-blndlng antlbodles showed hlgh nonspeclflc background blndlng to caseln 
blocked nItrocellulose membrane, wlth sorne blndlng to several common proteln bands. SLE-derived 
platelet-blnding antlbodies showed reactlvlty to varlOUS dIfferent platelet proteins. as weIl as 
blndlng to some protelns ln common wlth the normal-derlved antlbodles. An SLE-derlved plate let­
blndlng antlbody tl03-4) wlth slID11ar polyspeclflc reactlvltles to the normal-derlved polyspecific 
antlbodles ln Solld ~hase IffiWunoassays showed nelther nonspeclflC blndlng nor specIfIC reactlvlty by 
Western blottlng. 

FrOID left to rlght, Lane 1: M.W. standards; Lane 2: whole platelet prote1ns; Lane 3: case1n 
blocked control strlp Incubated wlth peroxldase-conJugated antl-human IgM; Lanes 4-6: normal­
derlved. nonplatelet-blndlng hybrldoma IgM antlbodles BI09. BI10 and BIll; Lanes 7-10: normal­
derlved. platelet-blndlng hybrldoma IgM antlbodles 4003. BI05. 8122 and 8135; Lanes 11-21: SLE­
derlved platelet-blndlng hybrldoma IgM antlbod1es 9200. 9500, 9502. 9604, 9700, 9703, 9706, 1206, 
1305. 1407 and 103-4; Lanes 22-23: SLE-derlved nonplatelet-blndlng hybrldoroa IgM antlbodles B3700 
and 83123: Lane 24: SLE-derlved nonplatelet-blndlng hybrldoma IgG antlbody 9702; Lane 25: GM 4672 IgG 
control; Lane 2b: caseln blocked control strlp Incubated wlth peroxldase antl-huŒan IgG. 

'" -t!! • 



• • 

... ~ ................. .. 
~'W ..... ~ :,,~·iZIIi 

t 
... • '!!. : . 1 ~, ,~ 

t \ 
1 1 1 1 1 1 1 1 0 00 0 0 0 0 0 0 100 0 0 0 0 0 0 NIO '" 0 0 LO "<:t 

ci 'ÔN cD It'l .... .... "<i' 0 ... en CD .". C") C\I C\I ,-

050.0 Casem 

GM 4672 

9702 

83123 

83700 

103·4 

1407 

1305 

1206 

9706 

9703 

9700 

9604 

9502 

9500 

9200 

8135 

8122 

8105 

4003 

8111 

8110 

8109 

0.5°'0 Casem 

Plate let protelns 

M.W. standard 



a 

1 

108 

several SLE-derIved platelet-blndIng antlbodles reacted wlth unIque 

proteln bands. One very C leal- example was anllbody '}h04, WhlCh hound 

ta platelet protelns of approxlmately 200,000 and 32.000 M.W •• fouml 

ln lsolated plalelet membranes (daLl not shown) as we II as Jil who II' 

platelet lysates (FIgure)). Onf> SLE-dellvl'<1 po l vsppc If le aut l hody. 

103-4. WhlCh showed an Hlpnt Ica 1 p.l t te rn of rp,lC't 1 v Il \' t 0 t tif' l, 

normal-derlved polyspeclflC antIbodles ln ~ol IIi phelse lmmllllo,lssays ml 

8 dIfferent antlgpns (Tahle 2) showed low hdckgrollnd IIl1ullllg (III 

contrast ta the normal-derlv<,d <1nllbodles) d.nd dld not "lIld tn ,IllY 

platelel protelns on the blut. These n'sults dl'rnIHl!-,t rall' th;lt SI.E­

derlved palyspeclflc hybrldorna plat!'let-lllII!1Lllg .11ItlhodlPS showl'd 

more specIfIe reactlvüy than slmllar lIorrd,ll-d(>lIVl'd ,lII11bodll'S on 

Western blots of platelet pratelns. 

CytotOXl~O[ Huma!1 lIybr ldorn~l).!:!!oa_!!~l.p'od]~l' 

CytOtOXlclty studles. uSlng fi chramlllw-'>1 re]pase as!-.ay, wert~ 

used to cumpare the functlonal etfects ot hybl IfIOTllil ,mt Ih(jdlf~!-, 

derlved from SLE patIents and normal Indlvlduals. l'J.lteleth Wl'rf' W-,I'rl 

as the spec111e larget eelIs and lymphocytes as control t.lrI~(>1 (,l'II~,, 

Figure 4 shows the cytotOXlclty of hybndorna clIlturr' slIpf'rrl,lt.mt s 

from SLE and normal-dcnved clones. In thesc eXperlTflf'ut!->, hyhl'ldlllfld 

cells were grawn ln hypoxanthuw-thymldme (JITI medlllTrl to .1VOlri ttlf' 

hlgh background lYSlS caused by amlnopterIn Hl HIf' sUIIf'rlldt,H1t:-.• AIl 

SLE and normal-derlved hybndoma supprnatants I1sed 1 ri 1 h l '-. a:~hay 

contalned between 2.0 and 10.0 ~g/ml of IgM hybrldoma dn' .body. ~IVP 

of 9 SLE-derlved hybrldoma supernatants (9604, 9703, ~70)-~, ~70~ and 

1109) caused Increaspd 51Cr release (1').3-32.4%) from platyJets, 
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'" Lgmc / •• Cvtoto:nc Effects of SLE-Oenved and Normal-Dei"1ved 

lIybndoma Cul turc Supernatants on Plate lets (Top Panel) and 

Lymphocytes (Bot tom Panel) 

AlI hybrldomds UbPd ln thlS study were IgM-secret1ng clones. 
F1\'[' of tlll' lune SI.E-denved antlbod1es caused Increased 51Cr release 
from (.Ilatclets but had llttle or no effect on lymphocytes, while none 
DL the nOrlUdl-denved antlbod1es were cytOtOXIC to either of these 
ce Ils. Rl'p t"esentat Ive resu 1 ts of repeated assays ln Whlch 
SUpf'rudt.lllts were tested ln quadrupllcate al"e shown. The eolurnns show 
the medll percl'ntage of chromlurn-Sl released from the target eeUs 
(plclt e lets 01 lymphocytes). Errol' bars show the SO of quad.rupllcate 
samples Wltll1ll one llldlvlduai assay h.e. InternaI varlatIOIl). The 
negatlve cut-oft values were calculated from the mean plus 2 SD of 
thrpe neg,lllve contl"ols (spontaneous release, HT medlum and GM 4672 
supernatant) l'un ln each assay and are represented by dot ted hnes. 
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whlle 4 of these were only shghtly cytotOX1C (b.2-7.b%) to 

lymphocytes. In contrast, aIl of the normal-derlved hybrldomd 

supernatants tested, Includlng those WhlCh contalned platplet-bllldll1l~ 

antlbodles by ELISA, were not cvtotOXlC tu Plthpl pl.ltelt'ts II) 

lymphocytes. To conflrm that the cytOtOXIClly of Ihe SL.l~-t1f'llV1'd 

antlbodles was due to the antlbod les ratht') lh.11l 1 Il a IIUI1:-'(I('(' Ille 

effect of the supernatants, afflnlly-purlfled hyhrlc!orn.1 .1Il11hod11'S 

were used ln further expenments shown lrI Table '). In th(>sl' <,tudlps. 

the values of 51Cr release for the negatlvP conl.'ols (mp.l1I 7.8%\ 

were much lower lhan ln the supernatanl studlf'S (mPilll 12. R%). At 1 

8 afflnlty-purlfled SLE-der 1 ved pla t f' 1 et - b Hld Jill'. hyh rI dOlll.1 

antlbodles, !ncludlng antlbodlf~S 9703 and 960/, winch Wl're pO:-'II IV" Irl 

supernatant forro (FIgure 4), showed cytOtOXIC]ty (1/,.7-21.0% rf'l"oIsP) 

to platelets. Flve (1104, \109, \31 1, 1:1702 and Yf)O)) 01 ttlf' H Ilon-

platelet-bIndlng SLE-derlved antlbodles wpre also cytoloXIC III 

platelets, and 4 of these S antlbodJf's had lupul-> (Hltl('oal~lIJ..lIII 

actIvlty. However, one lupus antIcoagulant antJhody, 970'), whllh W,I:, 

cytotOX1C as a culture supernatant, lost thls .H'ltVlty ITI Ilh 

afflnlty-purlfled torm. USIne d FIsher's exact test, no slat Ibt Ica) Iy 

slgnIflcant assoclatlon was round between platelpt ('yloloxlClly and 

either lupus antIcoagulant or antl-f.L dctJVlty (Table 'li. In conl rasl 

to the posItIve cytOtOX1C results of the SLE-dprlvp.d antlhorlll'~,. nlHII' 

of the affInlty-purlfled normal-derlved platelel-blnrlHI~ .HlIIIJO!tl!':" 

1ncludlng ant1bodJ.es 4003, BI22-2, and IslOS whJ('tJ W!'(P .,trrHI/~ly 

reactlve to plate lets ln a SOlld phase lTnmunoassay. had cyl nt ox JI' 

effects on platelets. These results demonstratf' that the! SLf<:-rlf!( JVf!cI 
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Lpgend ta Table 5 

ft 'l'hl' va 111('5 shown are th!' ffiPi1nS of quadrup llcate samph·s. plus or 
mJIlUS 1 SU. Ali samplcs were assayed at 5 lJg/ml, as deternnned by 
RIA 1 0 r I/;M or Il;(; , 

10 lIyb.ldmnd 'J701-1
} IS .1 slIhclolle of hvhndorna 9703 • 

. " 'l'hl' cut-ott valu!' W.IS the mean + 2 SU 0,.':\1 + 0.66, or 8.47) of the 
14 nPI' •• lt IV{' ('out roll, ShU1.Nll (!:'.R., PUS-A, GM 1.672 and HIgM) • 

• 1 S.R. Indlcatt's spontancous SICr release from platelets ln the 
ahsf'lIcl' 01 ('omp1 l'mPllt • 

.. III r.M w.ts poo 1 pd norma 1 human l gM. 

r MCA Ih7, .1 commerc Ird monoclonal <lntl-platelet antIbody (see 
M"IIlOcls), :-'l'IVl'd as POSItIve control. 

f 
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Table 5. CytotOXIC Effects of SLE-Denved and Nurmal-Ikt lvell 

AffHuty-Punfled Hybrldoma Antlbodles OH Pl.ltl'It'Is 

Non-Platelet 51Cr-Release Platelct "" 1 Cr-Hp 1 e.\sl' 

BUldlUg 

------------------ ------------- ---

SLE-Derlved Antlbod~es: 

BJ 123 8.3) :! 0.02 
B3700 6.96 :!: 0.91 
9705 8.21 :!: 0.0] 
1104 13.90 :!: 0.0'1 
1109 Il.18 :!: 0.07 
1311 9.84 :!: 1. 12 
9702 2/,.66 ± 1.02 
9603 8.54 :!: 1.05 
----------
~fean \1.45 

Normal-Derlv€'d Antlbodles: ---- -----

BI09 
B110 
BIll 

Mean 

S.R. d 

PBS-A buffer 
GM4672 IgG 

7.58 ± 0.04 
7.87 :!: 0.03 
8.08 :!: 0.03 

7.84 

8.0b :!: 0.03 
7.91:!:0.03 
7.52 :!: 0.04 

------- ----

Y200 Il •. Il') ± O.O:.! 
q')OO IH.HJ ! 1 • 1 ft 
9')02 HL'>') :! 2.0') 
%O/t 1'1. ')7 :!: 1 .70 
Y700 21 .O:.! :!: O.OH 
'J703 l'J./~O :!: 0.11'> 
lJ701-5'> ) 'J .6) :!: 1. JI, 
'3706 ) H. 17 ! LHI 
- -------- - - - -- -

Mean 

B122-2 
13105 
/,OOJ 

------- --- -

MerUl 

- -- - - - --

BleM" 
MCA 167" 

18.71. 

7.BK :!: 0.07 
8.2) ± 0.0') 
H. 1 fi ± O.Ol 

- - --- - -

H. II 

- - - -- -

7.]!):!: 0.0/, 
l 'J • l, l, :!: 0.0/, 
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antIbodles had potent cytolytic effects on platelets. while the 

normal-denved antlbodles were unable to cause slgniflcant platelet 

lyslS. 

DISCUSSION 

The present study was deslgned ta lnvestigate whether plate let-

bIndIng antlbodles derIved from SLE patIents dlffer from those 

denved from normal Indivl.duals. We addressed thlS questIon uSlng 

human hybndoma antlbodles produced from penpheral blood lymphocytes 

of SLE patIents and normal l.ndlVlduals WhlCh were analyzed for antl-

platelet, antl-dDNA. and lupus antIcoagulant actlvltl.eS and were 

deflned as elther monospeclfl.c. polyspeClfl.c, or nonreactlve 

antlbodles. One of the major technical dlfflculties ln companng SLE-

denved and normal-denved antlbodles l.S the difference ln the 

numbers of clones and reactlve antlbodles produced by fusIons of 

penpheral blood lymphocytes from these donors. ln the present study, 

2/. SLE-denved antlbodles Wl th known actlvl tles were found from Il of 

13 donors, whlle 9 nonnal-denved hybrldoma antlbodles wlth known 

act1.Vl.tles were derlved from only 2 donors. In many fUSIons using 

normal-denved lymphocytes, few or no clones secretu'g antlbodies 

wlth actlvltles were obtnned (19 of 23 fuslons using SLE lymphocytes 

pruduced hybndoma clones. whlle only 7 of 19 fusions uSlng normal 

lymphocytes produced hybndoma clones and 4 of these produced only 1 

clone pel' fuslOn). Thus. selection of the hybridoma antlbod1es 

dllalyzed ln the present study was based both upon the availabili ty of 

hybndoma supernatants and an attempt at representatlon of severa! 
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different fusion donors. As most normal-denved alltlbodies did Ilot 

show any reactivlty to the antlgens tested, there were far more 

negatlve antibodles ln this group than ln the SLE-denved gl·OUp. The 

above selectIon process could certalnly create a blas wh tch 15 

difficult to avold unless aIl hybrldoma antlbod~es obtalned were tn 

be analyzed. 

As the majority of platelet-bIndlng hybrldoma antlbodle~ welP 

polyspecific, regardless of their orlgln from SLE patlent 01' nOk"nl.1l 

Indlvldual, we evaluated whether these polyspenfH' pLltelet-hllldlllt~ 

antibodies bound to the same or dl fferent epitopes by so I1d ph.u..,p 

Immunoassays on dDNA and phosphollPlds, and by Western blot t Ill/; 

analysls on whole plate let protelns. The results of the so 1111 ph,l~,t' 

Immunoassays (RIA and ELISA) demonstrated that t he po 1 ySpf'C 1 fI (' 

platelet-blnding anclbodies from normal donors bound tl) aIl ,1lI11~en!> 

tested, while most polyspeclflc platelet-bInd.tng antlbolÎles from SLE. 

patients, wIth the exceptIon of antibody 103-/" showpd div!!)s!' 

reactIvIties to dDNA and varI0US phosphollplds. Th1s fJndw/; W,I!-> 

furthe r s uppo rted by a statlstical analysis of the blTldulL: 

reactIvItles of SLE-derlved and normal-denved antllJodles. St rrHi/; 

positl.ve correlations of dDNA blndlng actlVl.ty wlth anti-platelet and 

antl-phosphollPld reactlvltles were found for the hybr Idoma 

antlbodles derl.ved from normal Indlvlduals, WhllE' no correlatlOns I)f 

these reactlons were found for the SLE-derlved antlbodlf~S, with the 

exceptIon of a correlatIon of antl-DNA with anti-PE reactlvlty. Thes!' 

data imply that antIbodles from normal donars show elther pOSl.tlvr~ or 

negative reactl.ons ta aIl autoantlgens tested ln sollrl phase 
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ImMunoassay systems, with positive reactivlty apparently due to a 

polyspeclflc type of interaction. The binding did not appear ta be 

nonspeclfic, as these antibodies dld not bind to bovine serum 

albumln, gelatln or Tween 20 coated tubes or plates. In contrast, 

most antlbodles from SLE patients showed more restrlcted speclficity 

to the antlgens tested. These results were conflrmed by Western 

blottlng analysls, in which polyspeclflc antibodles from normal 

IndlVlduals dld not blnd ta unIque protein bands, but often showed 

hlgh nonspeclflc backgrounds wlth no dIstInct bands (e.g. 4003) or 

reactlvlty ta a serIes of common bands (e.g. BI05, B122 and BI35), 

also detected by sorne of the SLE-derived antlbodles. In contrast, 

SLE-derlved antlbodles exhlblted several dlfferent patterns of 

reactlvlty and some antlbodles (e.g. 9604) recognized \lDlque plate let 

protelns. In an attempt to Identlfy the proteln(s) bound by antlbody 

9604, varlOUS antlbodies and lectlns wlth deflned speclficitles were 

uspd to probe the blots. No correspondlng reactlvity was found wlth 

monoclonal antlbodles agalnst GPIb, GPllb and GPlllaj monoclonal 

antlboctles agalnst cytoskeletal protelnSj polyclonal antlbody against 

human factor VIII, a hlgh molecular weight glycoproteln present in 

platelet granules; and concanavalln A and wheat germ agglutlnln, 

WhlCh blnd to dlfferent platelet membrane glycoproteins (data not 

shown) . 

Another Important dlfference between the SLE and normal-derived 

antlbodles was revealed ln thelr functlonal cytotoXlC actlvity. AlI 

SLE-derlved platelet-blndlng antlbodles were cytotoXlC to plate lets 

ln vItro. In addlt:ton, several SLE-denved antlbodies WhlCh did not 
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b1nd to plate lets by ELISA or Western blot ting analysls, but WhlCh 

had lupus antIcoagulant activity, were also cytotoxic to platelets. 

Platelet cytOtOXICIty dIa not show a statistically SlgnIflcant 

aSSoclat1.0n w1.th lupus anticoagulant actlVlty among the 16 affuuty-

purified antlbod1.es analyzed, but this may have been due to the sma 11 

number of lupus antl.coagulant negatlve and platelet cytotoXlC 

negative antibodies analyzed. In contrast to the SLE-dl::l'lVed 

antibodies, none of the affinlty-purlüed normal-denved hybndoma 

antIbod1.es, includlng those wlth strong polyspeclflc and plate let-

binding propert1.es, were cytOtOX1C to platelets. These lcsults 

demonstrate that whIle the SLE-denved ant1.bodleS had pot,~nt cyto-

lytlc effects specIfIe for plate lets , normal-denved antIbod Les were 

unable ta cause sign1flcant platelet lys1s. Moreover, thf~re was a 

vast d1.serepaney between the reactlV1ty of normal-derlved "autoilntl-

bodies" l.n sol1d phase assay systems and 1n the ln VItro cytolyt le' 

assay and APTT assay, sugges t1.ng that the latter functHlnal dSt-.ay~ 

may be rrore reallstlc measures of potentlal actIvltles ln VIVO. 

Polyspeclficlty to several dIfferent antlgens 15 characterlstlc 

of both SLE and normal-derlved hybr1doma autoantlbodles5.6.q-14.1~-

21 Monoclonal hybr1doma lupus ant1-DNA autoant 1budles have bpf~n 

reported to blnd ta cytoskeleta1 pratelns 14 • 21 , platelets 1
.J.1I1.:U, Sm 

antigen 17 , Var10uS po 1 ynuc 1 eo tldes and phospho Il p Ids 12 • l'l. 20, and 

polypept1.des on ce 11 membranes 16. Several laboratorles, lTiC ludUlg ou r 

own, have a1so demonstrated that human hybridomas derIved from normal 

,. donors can produce antl-DNA ant1bodies, many of WhlCh show 

i 
polyspeeificit y9-11.21.23. In addlt10n, anllbo(hes wl.th 
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autoreactivlty have been reported in sera of normal mice and humans, 

suggestIng that IndlVIduals wIthout apparent autoimmune disease have 

B cells WhlCh can be activated to sec,ete autoantibodles 1 - S • The 

apparent slmIlarltles of sorne polyspeclfic antlbodles derlved from 

normal lndlViduals and SLE patIents suggest that immunoglobul1n genes 

encodlng autoantl~odles eXlst ln normal Indlvlduals4.9.tt.21.22.29. 

ThIS. however. requIres an explanation of why autolmrnune IndivIduals 

produce hlghly specifIc and pathogenlc autoantibodles, whIle normal 

indlvlduals do note 

AntIbodles def1ned as "polyspeclflc" by thelr abl11ty to react 

wIth more than one antlgen ln SOlld phase irnrnunoassays and lupus 

anticoagulant assays were produced from both patIents wlth SLE and 

normal Ind1vIduals. Although It lS premature to draw conclusIons, 

because of the relatIvely smal1 number of antlbodles analyzed from 

normal Ind1vIduals, our results show that most polyspeciflc 

autoantlbodles produced by SLE patIents exhlblted more restrlcted 

antlgen speclfl- cIty than antIbodies denved from normal 

Indl.Vlduals. Moreover, SLE-denved autoantlbodles exhlblted 

funct10nal actlvlty ln ln vitro assays for lupus antIcoagulant 

actlvlty and platelet cytotoXlClty, whI1e antlbodles from normal 

donors had 1Ittle or no effect ln these ln VItro systems. AntI­

phosphollPld and lupus antIcoagulant antlbo- dIes have been shown to 

be assoclated wlth thrombosls, thrombocyto- penia, and multIple 

spontaneous abortlons ln SLE patlents30 - 33 • However, It 15 not clear 

whether these hemostatlc abnormalltles are the result of pathogenic 

mechanlsms Involvlng lupus anticoagulant, anti-phospho11Pld, or anti-



1 118 

platelet antibodies or whether aIl of these antibodies are involved. 

In addition, the epitopes responsible for anti-platelet antibody 

reactivity in pat lents with SL~ rernaln unknown 18 •
23

• The bindIng and 

functional charactenstlcs of the SLE-de ri ved polyspeclflC 

autOé&llLibodies suggest tllat these antibodies may play sorne role III 

the hernostatic dlstucbances fOlmd ln SLE, whlle polyspeclflC 

antlbodles frorn normal Individuals rnay have I1ttle slgniflc311ce in 

Y!YQ. Although the epItopes Involved ln the platelet reactlvlty of 

SLE-derlved hybrtdoma antlbodles rernaln ta be deflned, our results 

are consistent with the hypothesis that SLE patIents prodllce 

autoantibodies wlth greater specificity for target autoantigens (e.g. 

platelets) than normal indlviduais. 
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CHAPTER V 

A SYSTEMIC LUPUS ERYTHEMATOSUS-DERlVED ROMAN HYBRlDOHA 

AUTOANTIBODY REACTIVE VITH ANTIGEHS EXPRESSED 

ON ADP-ACTIVATED PLATELETS 

/. 
• 
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ABSTBACT 

HematologlCal complIcations seen in systemIc lupus erythematosus 

(SLE) patIents may be caused 

autoantlbodles to platelets, 

by 

but 

the binding of specific 

the epitopes on plate lets 

responslble for antlbody blndlng and the mechanIsms by WhlCh 

autoantlbodles Induce hemostatlc abnormal1tIes in SLE patIents remaIn 

unknown. We have previously demonstrated that both speclflc and 

p01yspeclflc platelet-blndlng antlbodles are present ln SLE patIents. 

In the present study, we have characterlzed an SLE-derlved hybrldoma 

antlbody, 9604, WhlCh dld not blnd ta fixed Intact platelets ln 

enzyme-Ilnked lmmunoassays (ELISA), but reacted wlth lysed, or ADP­

actlvated plate lets ln ELISA and wlth lIve or flxed washed plate lets 

ln a radlolmmunoassay. Antlbody 9604 had lupus anticoagulant activlty 

ln a dl lute actlvated partIal thromboplastln tlme assay and was 

strongly cytOtOXlC ta platelets ln an l~ vitro 51Cr release assay. 

but dld not react wlth phosphollpids or flbrlnOgen by dIrect blndlng 

ELISA. By Western blottlng analysls, 9604 reacted mainly wlth 

pulypeptldes of approxlmately 200,000 and 32,000 molecular weight 

(M.W.) ln platelets. In blots of endothelial cell proteins, 9604 

reacted wlth a band of approxlmately 200,000 M.W., but no 32,000 M.W. 

reactlve bdnd WdS observed. Based on these flndlngs, we postulate 

that antlbody 9604 may blnd to a proteln or protelns exposed on the 

platelet surface durlng platelet actIvatIon. Further characterlzatlon 

of these protelns may pravlde lnslght lnto the mechanlsms responslble 

for the productIon and pathogenesis of antI-platelet autoantibadies 

ln patIents wlth SLE. 
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INTRODUCTION 

The sera of pat1ents with systemlc lupus erythematosus (SLE) 

frequently contain mult1ple autoant1bodies, Includ~ng antlbodles tn 

platelets l - 2 • These patIents often dlsplay hemdtolog lC.\ 1 

abnorma11t1es, including thrombosls and thrombocytopenld 2
-

6
• 1 t l1.\s 

been reported that the act1vatlOn or destruction of pLltelets III 

1mmune thrombocytopenia may be caused by the blndlng of S(lI'C1(lC 

autoantlbodles to platelets, the blndlng of Immune compll!xes to 

platelets. or an Increase in IgG bound to platelrts Vl~ Fe 

receptors 7
- 10 • The mechanlsms WhlCh result ln abllormal hemostilSlS 111 

SLE are unknown. but may Involve any or aIl of the above threp 

binding 1nteractions. A better understandlng of the plate let dnllgell~ 

recognlzed by autoantlbodles present ln patIents wlth SLE mLght hl'Ip 

to clar1fy the mechan1sms of thrombocytopenla and thi-ornbosls ln thl'Sf' 

patIents and ln patIents wlth other autolmmune dlseases. 

Platelets are Important cells lnvolved ln the Hlltldt 1011 .mrl 

propagatIon of hemostasls and thrombosls. These allUC leatf~ ('f' Il'., 

c1rculate ln the blood ln a restlng (InactIve) forme Once thpy dlP 

activated by various factors, platelets undergo a selles of 

morpholog1cal and funct10nal changes WhlCh Include the forrnatlOTi of 

pseudopods and development Into spherocytes, adheSlon to ilTl p.xpospd 

subendothellal or lnjured endothehal surface, (P lease of grawJl f! 

contents, and aggregatlon and partIcIpatIon ln the fonMl.lon of d 

hemostatlc or thrombotlc plug 11
• The molecular changes on the 

platelet membrane WhlCh accompany platelet actIvatIon have heen 

partlally characterized and may Involve blndlng of exogenous protelns 
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to the surface or exposure of endogenous antigens on the surface. 

When plate lets are st1mulated by adenosine diphosphate (ADP), 

collagen, thromb1n or eplnephrine, various proteins includIng 

thrombospond1n (glycoproteln G)12, Factor V13 , Factor VIII-related 

ant1gen (von Wlilebrand factor)14, and proteln SIS are released from 

plate let granules and become assoclated wIth the membrane. Factor 

Xla 16 , Factor XIlla 17 , plasminogen lB , fIbronectin l9 and fIbrInogen 20 

blnd speclflcally to actIvated platelet surfaces. The fIbrInogen 

receptor, composed of glycoprote1ns lIb and IlIa, 1S expressed only 

on plate lets actIvated wIth agents Includ1ng ADP, epInephr1ne and 

thrombln 2o- 22 • Receptors for h1gh molecular welght k1n1nogen on 

stlmulated human plate lets have also been reported23 , and studles 

comparlng surface structures on rest1ng and actlvated platelets have 

demonstrated that actIn and a 149,000 M.W. ~-granule proteln are 

newly expressed on the surface after plate let secretIon ln response 

to thrombln 24
• 

Hybrldoma antIbodles have been descnbed WhlCh Identify 

structures present on actIvated but not on resting platelets. 

Monoclonal antL-platelet antlbodles, KC4 25 . 26 and SI2 27 . 28 , were 

produced from mIce Immunl.zed wlth thrombln-activated washed plate lets 

and recognlzed antlgens expressed on thrombln- or ADP-activated 

plate lets but not present on restIng platelets. These antIbodies were 

reactlve wlth a platelet membrane glycoprotein of 140,000 M.W. 

Another murlne monoclonal antl-platelet antlbody bound to a 53,000 

M.W. platelet granule protel.n found on the surface of actlvated 

pl.ltelets 29
• Sl.mllar reactIvlty was also demollstrated by a human 
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monoclonal antibody der1ved from a patlent wIth Immune 

thrombocytopenia30
• However, it is not known whether autoantlbodles 

derived from SLE patIents can dIstInguISh bet\oleen restlng ,Ult! 

actIvated platelets, although \ole and others have dpmonstratpd t~lt 

sorne SLE-der1ved hybridoma ant1bodies bInd ta 11.ve dmt f Ixt'd 

platelets31
-

33
• In the present study, \ole report the chardcteflstlrs 

of one such SLE-denved hybridoma autoantlbody called 960.'" wlllch 

bound to glutaraldehyde flxed ADP-actlvated platelets, but not 10 

fixed restlng platelets. The abllity of thlS antIbody ta dl~tlllg\llSh 

bet\oleen actIvated and restIng platelets may prov Ide IIlSlght lIlt 0 the 

mechan1sms by WhICh autoantlbodles Interfere \ollth platplet [unellOIl 

in patIents Wlth SLE. 

HATERIALS AND HE1'HODS 

Production and Purification of Human Hybridoma Autoantibodies. 

Human hybrIdoma autoantlbodles were produced from f\l~IOnS of GM 

4672 lymphoblastold ceUs wIth pen.pheral blood lymphocytes ISO 1 alpe! 

from patIents \ollth SLE (antlbadles 9604, 9500, 9703, and 81121) or 

normal IndIvIduals (antIbadIes BI10 and BIll), as prevlolII-,!Y 

descrlbed34
• The SLE patIents fulflUed the Arnencan Rhellrnilt lsm 

ASSOcIatIon revIsed crIterIa for the claSSIfIcatIon of SLE 1
';. Th .. 

purificatlon of hybrIdoma antIbodles was performf~d by aff Ir: 1 t Y 

chromatography USl.ng a rabbIt antI-human IgM antIbody conjue.:tted to 

CNBr-actIvated Sepharose 4B (PharmacIa, Uppsala, Swp.den) coluTrlw1
". 

Bound immunoglahllhn \olas eluted fram the calurnn u:nne 0.1 M dycJrlP­

HCI buffer, pH 2.3, and dlalyzed agalnst phosphate buffered salIne, 
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pH 7.3 (PBS). 

Isolation and Activation of Plate lets 

Platelet-rich plasma (PRP) was prepared by centrifugation of 

cHrated blood (9 volume blood: 1 voll\me citrate) from a healthy 

donor at 180 x g for 20 ml.nutes. The PRP was dlluted wlth an equal 

volume of Tyrode's buffer wlthout Mg++ and Ca++ contalnlng 4 mM EDTA 

(Tyrode' s-EDTA) and centnfuged at 1600 x g for 15 mInutes ta pellet 

the platl;?lets. The isolated platelets were then washed 3 times and 

resusppnded ln the same buffer. 

Actl.VatlOn of plateleu was done ln PRP. ADP was added ta the 

PRPat a f:mal concentratl.On of 1.0 pg/ml (2.34 pM), which was 

maXImum ADP concentratl.on wi thout induclng l.rreversible aggregation 

under the present experlmental conditions and was the concentration 

reported prevl.ously belng able to actlvate platelets, and gently 

sWlr1ed for 2 mInutes at room temperature. The activated plate lets 

Wcrf' flxed Immedl.ately after actlvat~on by adding glutaraldehyde ta 

the PRP or plate let suspenSlOn at a fl.nal concentratl.on of 2.5~~ and 

thl>n the suspenSIon was swirled very gently on a rotator for )0 

mlnutes at room temperature. The coatl.ng and ELISA procedure were the 

same as descrlbed for the platelet-bl.ndlng ELISA above. 

Platelet-8inding ELISA 

The platelet-blndl.ng ELISA was performed followl.ng the method of 

Asano et al. 32 as prevl0usly descnbed33 • Flxed resting plate lets 

were flxed ln Pk?, as descrl.bed above, whl1e flxed washed platelets 

were lsolated as ln the platelet radlo1mmunoassay (RIA) procedure, 

uSlng a Percoil denslty gradl.ent, as preVlously descnbed33 • In the 
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platelet ELISA. antlbody 9500. which bound to platelets both ln ELISA 

and RIA. was used as a positive control and antlbodles 8110 and Bill, 

which dld not bind to platelets ln either ELISA or RIA, were used as 

negative controls. AlI negative control antlbodles gave slmllar 

results and their use in a glven assay ",as dependent onl y upon 

avallabillty of these anUbodles. 

Platelet-Binding Radioimmunoassay 

The plate let radloimmunoassay ",as 

descnbed·13 
• 

performed as prevlOlIsly 

Pretreatment of Intact Plate lets vith Enzymes 

Washed Intact plate lets ",ere resuspended ln Hank 1 s huffer and 

incubated with DNAase (Cooper BIOmedIcal, Mal vern, rA) at Imt;/ml + 

6.25 mM MgS04 + 5 mM CaCI 2 • RNAase (Cooper BlOmedl.Cdl) dt Img/ml. 

phospholipase A2 (Boehrlnger MannheIm, Dorval, Quebec) at 0.5 mg/ml + 

5 mM CaC1 2 , phospholIpase C (Cooper BIomedIcal) at O. ') mg/ml t 1,0 mM 

CaC1 2 , S. aureus straln Va protease (Cooper BIomedIcal) at O. J O1~/ml 

+ 5 mM CaCI 2 , or trypsln (Cooper BIomedIcal) at 0.5 mg/ml for tIr) 

minutes at 37·C. The platelets were then washed tWlce IN Ll.h assay 

buffer and subjected ta the platelet-blndlng assdy descrlbed abave. 

Plate let. Lysate Binding ELISA 

Pellets of lOa l.solated plate lets loIere staff·d al -20~C. fteeze­

thawed 3 tlmes. and then resuspended ln 1.0 ml la mM TBS buffl'r, l'JI 

7.4. The suspenslOn was sonIcated ln a bath sonlcatO( (LiltJOr:ll(J(y 

SupplIes Company Inc., Hlcksvllle, New York) for') mInutes to ly~-.I' 

the cells completely. ELISA plates (Immulon-2, Dynatech, Chafitilly, 

Vlrginia) were coated wlth 100 \JI of the cell lysate per Iole 1 1 and t.he 
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plates were incubated uncovered for 16 hours at 37·C. The rest of the 

ELISA procedure was as descnbed for the platelet-blnd~ng ELISA. 

Preparation of Platelet and Endothelial Cell Proteius 

SDS solubllizatl0n of whole cells: Pooled normal plate lets or 

umbl lIcal veln endothehal cells, WhlCh were prepared as descr~bed in 

Chapter VI, were solubihzed ln SDS sample buffer (2% SOS, 10% 

glycerol ln 15 mM Tus-HCl buffer, pH 6.7) wlth or wlthout 2-

mercaptoethanol (5%) at a concentratlon of 2 x 10 9 cells/ml for 

platelets and 2 x 10' cells/ml for endothellal cells, WhlCh was the 

optImal condItIOn for electrophoretlcal resolutlon. 

PreparatIon of plate let membrane proteins: Isolated normal 

platelt>t pellets were frozen at -70°C and thawed and refrozen 3 times 

at room tempe rature and sonlcated for 5 m~nutes. The cell lysate was 

centrlfuged at 100,000 x g for 1 hour. The membrane pellet was washed 

tWICP wlth PBS, pH 7.3 and then solublllzed ln SOS sample buffer wlth 

2-mercaptoethanol at a concentratIon equIvalent ta 2 x 10'3 cells/ml. 

Enzyme treatment of platelet preparatIon: Lysed platelets (3 x 

10" Iml) were Hlcubated Wl th van.ous enzymes at a fwal concent ratIOn 

of 0.25 mg/ml for 1 hour at 37°C and then solubI11zed wlth an equal 

volume of SDS sample buffer. Enzymes used ln these studles Included 

DNA.lse (Cooper BIomedIcal, Malvern, PA). RNAase (Cooper BlOmedlcal), 

phosphollpase A~ (Boehnnger Mannhelm, Dorval, Quebec), phosphollpase 

C (Cooper Bl0chemlcal), protease (Cooper BIOmedIcal), protelnase K 

(Cooper BlOmedlcal) and trypsln (GIBCO, Grand Island, N.Y.). 

Sodium Dodecyl Sulfate Polyacrylamide Gel Ell"ctrophoresis (SDS PAGE) 

and Western Blotting 
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Sulfate Polyacrylamide Gel Electrophoresis (SDS PAGE) 

and Western Blotting 

SolubIlized platelet or endothelial cell protelns were 

electrophoretically separated in an 8-12% hnear gradIent SDS 

polyacrylamide gel or a 7.5% mini-SDS 

electropharet1cally transferred onto a 

po 1 yac ry lamlde ge 1 .llld 

0.45 lJm nl t rocl~ llulosl' 

membrane (BIO Rad, Richmond, CA) at 60 volts for 16 hours dt 4·C. 

Protein transfer was shown ta be complete by CoomaSSle blue slalnUlt; 

of the gel following transfer. The membrane was blocked wlth 0.5~:' 

caseln ln 10 mM TBS, pH 7.4 at 37°C for hour and then cul JIlIIl 

vertical stnps. The stnps were Incubated wIth hybndoma ,1IItlhodlf'S 

for 3 hours at 37·C, washed 6 tImes and further Incubated w 1 th 

perox1dase- labeled goat antl-human IgM (lJ speClflc) antlbody (Til~o, 

Burl1ngame, CA) dlluted 1:1000 ln 0.5% casew ln PBS, pli 7.4 for 1 

hour at 37°C. The proteln bands reactIve wlth hybndomd ant 1 bodll'!7> 

were visuahzed wIth 0.05% d18mlnobenZldlne ln 50 mM TrIS huffer. pli 

7.4. Molecular welghts were calculated from Ilnear pluts of 

molecular we1ghts agalnst relatIve mobl11lIes of the hleh and lOIN 

molecular weight standards i-un on each ge 1. 

Electroelution of Platelet Proteins from SOS Polyacrylamide Gel 

Plate let protelns INere separated by SDS PAGE. Gel bands INI lh 

mobIlitles of M.W. 200,000 and 32.000 ( 1.e. those bands INIth wllleh 

antibody 9604 was reactIve) were eut and sllced lnto O. ')xO • ') ern 2 

pieces. The ge 1 shces were placed lnto glass tubes of an el ec t l'Of! lu-

tor (BI0 Rad, RIchmond, CA) and the protelns were electroeluted from 

the gel at 10 milliamps per tube for) hours at room tempera- Lure. 
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The electroeluted materiai was col1ected and dialyzed against PBS, pH 

7.3 for 24 hours at 2S·C with 2 changes and then concentrated uSlng 

Centricon 30 concentratlng units (Amlcon, Danvers, Massachusetts). 

Glycoprotein Staining of SDS Gel 

Glycoprotf.>lnS were stalned with fuchsin-sulphite reagent 

followlng the procedure of ZacharlUS et a1 37
• 

Isoeleetrie Focusing (IEF) 

Monoclonal myeloma IgM, Bor, was kIndly provided by Dr. MarIanna 

Newklrk. Polyclonal human IgM was purchased from Cappel (West 

Chester, PA). The IEF was performed uSlng a modIfIcatIon of the 

method of Glbson et al. 38 , as previously described39
• Briefly, 

afflnlty-purlfled hybndoma IgM was Incubated with 10 mM 

dlthlOthreltol for 60 minutes at 25·C and then with 20 mM 

lodoacetamlde for another 10 mInutes at 25°C. The samples were 

dlalyzed and concentrated ln the presence of 1% glycerol in Centricon 

JO concentratlng unlts and electrophoresed ln a urea-formate gel at 

120 volts, 50 mAmps and 10 watts for 17 hours at IOoC. The gel bands 

contalnlng the llght chains were cut out of the gel, placed on the 

anode side of an IEF gel contalning 2 M urea and pH J.5-10.0 

.\mpholilles (LKB, Brevete, Sweden), and IEF was perfonned at a ma:nmum 

cur-rent of 250 mAmps. constant power of 8 watts. and maXImum voltage 

of 1200 volts at 4°C untll 20 mInutes after the voltage reached 1200 

volts. The gel was fIxed with 12.S% trichioroacetic aCld and 4~ 

sulfosal~cyllc aCld and stalned wlth Coomasle blue. 
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RESULTS 

Binding and Punctional Activities of Antibody 9604 

The binding and functlonal characterlstics of antlbody 9604 are 

summarized in Table 1. USlng sohd phase 1n\munoassays. antibody ')604 

was shown to blnd to dDNA ln a RIA. but dld not blnd to any of th~ 

phosphol1Plds tested nor to flbrlnogen by ELISA. Antlbody 9604 alsu 

had lupus antIcoagulant antlbody actlvity ln a dllule APTT assdy .lIIll 

was strongly cytotoxic to plate lets in vltr04o • 

Reactivity of Hybridoma Antibody 9604 vith Intact Restina and 

Activated Plate lets 

Table 2 compares the dIrect bindlng reactlvltles of hybrlduma 

antlbody 9604 with flxed resting and flxed washed platelets ln bollt 

the ELISA and RIA. In the ELISA. antlbody 9604 dHJ nol bUld to 

glutaraldehyde flxed restlng platelets. but bound ta flxed W[lShf~rI 

platelets and ta platelet lysate. In the RIA, antlbody %04 bouml tu 

flxed restlng platelets. but blOdlng was slgnlf lcant 1 y h IGhp r to 

flxed or unflxed washed platelets. In both assays, poslllv(> cont fO) 

antlbody 9500 and negatlve contro 1 antlbody E 110 showed Slml) ,If 

reactlvlties, regardless of whether platelets were restlng, washprl, 

or fixed. 

In further expenments, antlbody 9604 was tested fOf blrIfJHIJ~ tu 

normal restlng plate lets and platelets activated wlth ADP. A~ shown 

in Table 3. both hybrldoma culture supernatant [rom ~~04 ce))~ dnrl 

afflnlty-purlfled 9604 IgM bound ta platelets actlvated wlth 1 velm) 

ADP (2.34 pM) and flxed wlth glutaraldehyde ln plasma, but dld not 

bind to flxed restlng platelets, whIle pOSItIve and negatlve contfol 
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Table 1. General Characteristics of Antibody 9604 

Actlvitles Tested 

Antl-dDNA 

Antl-Cardl011pln 

Antl-Phosphatldlc ACld 

Ant I-Phospha t Idy lcho 11ne 

Anti-Phosphatldylethanolamlne 

Antl-Phosphatldylglycerol 

Antl-Phosphatldylinosltoi 

Antl-Phosphatldylserlne 

Ant I-Flbnnogen 

Lupus AntIcoagulant 

Plate let CytOtOXIClty 

Reaction 

+ 

+ 

+ 

---- ------ ---
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Table 2. Binding of Hybr1doma Ant1body 9604 to L1ve and Flxed 

Plate lets 1n the ELISA and Rad10immunoassay 

Plate let Preparat10n 
Plate let B1ndlng ReactlvltlCS of 

Hybridoma Antlbody 

9604 9500· BI 10-

Flxed Restlng Plate lets 0.08 :!: 0.02 0.58:!: 0.01 0.07:!: O.O:! 

Fixed Washed Plate lets 0.17 :!: O. a 1 ** 0.64 :!: 0.08 0.02 :!: O.():! 

Platelet Lysate 0.65 :!: 0.42 0.62:!:0.12 0.01 :!: 0.02 

Radio~oassayC 

Fixed Resting Plate lets 13,756 

20,286 

15,007 

Fixed Washed Plate lets 17, 166 2, H IH 

Unfixed Washed Plate lets 21,169 14,257 1 • 1 )0 

• 

b 

C 

9500 1S a plate let-blndlng hybndoma IgM ant Ibody, 11111 a~ d 

pos1tlve control; and BIlO IS a nonplatelet-blmhng hyhrllloHl.l IgM 
antibody, run as a negat1ve control, respectlvely. 

Values represent means of 00410 values ln the platelet-Llndln~ 
ELISA plus or mInus 2 SE, calculated from dupllcate Wf'lls fUll HI :! 
separate assays. A blndlng value of 00410 ~ 0.08 was COIl~J(If'If~d tu 
be pOSl.tlve. 

Values represent the mean cpm bound ta plate lets plus or rnlrlllb 2 
SE, calculated from dupl1cate tubes run ln 2 sepdrate assays. A 
b1nd1ng value> 3000 cpm was consldered to be pOSItIve. 
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Table 3. Comparison of the Bind1ng of Hybrldoma Antibody 

9604 to Restlng and ADP-Activated Plate lets 

Hybridorna Resting ADP-Activated 

Anubody Platelets Platelets 

Supernatants 

9604 0.01 :!: 0.03- 0.29:!: 0.18 

9500 b 0.58 :!: 0.25 0.42:!: 0.18 

a o 

IgM (S pg/rnl)c 

9604 0.05 :!: 0.02 0.32:!: 0.14 

BI10 0.01 :!: 0.02 a 

Values represent the mean OD410 read1ngs plus or minus 2 SE, 
calculated from assays do ne 1n dupl1cate and repeated 7 tlmes for 
9604 supernat3nt and 4 times for 9604 IgM. 

9500 1S a platelet-blndwg hybr1doma IgM antibody, run as a 
posItIve control; and 8110 15 a nonplatelet-blnding hybrldoma IgM 
antlbody, run as a negatlve control. 

HybrIdoma IgM was purlf1ed by aff1nity-chromatography (see 
Methods) and tested at an IgM concentrat10n of 5 lJg/ml. 
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antibodles, 9500 and 8110, showed consistent results on flxed restlng 

and actlvated plate lets • As shown in FIgure l, the bUldlllg of 

affinity-purlfied 9604 19M to flxed ADP-activated plate lets Increased 

in a dose-dependent manner. 

Binding of Antibody 9604 to Plate let Pro teins by Western Blotting 

Analysis 

The reactlvity of antibody 9604 wlth plate let proteins was 

analyzed by Western blottl.ng and endothehal celi protel.ns wete IIset! 

as a cont.rol to deternnne whether the reactlVl. ty of ')f)O/, W<lS 

restrlcted te platelets. As shown ln FIgure 2A, when whale P).ltPlpl 

protelns were solublhzed and l'un under reduclng cuncl1lwTls III SUS 

PAGE, the antibody reacted malnly wlth proteln bands of apprOXlmdtp 

molecular welghts (M.W.) 200,000 (doublet) and 32,000, ,1::' weIl il~ 

wlth multl.ple bands of molecular welghts between 100,000 and 45,000 

(Lane 3). A strl.p blot ted wllh p latelet-bwdlng ant Ibody, 'J500 (I.;me 

4), showed bindlng predoml.nantly ta a band of 100,000 M.W •• <l (l,It!t'nI 

whl.ch was dlfferent from that of antlbody 9604. A 5trlp blottl'd Witt. 

control nonplatelet-blnding antlbody, BIll (Lane 5), d.ld not show ,jUY 

reactlve proteln bands. On blots of whole endothellal cell prute.lu~, 

antl.body 9604 bound ta a SIngle prateln of approxlmately 200,000 

M.W., but the 32,000 M.W. proteln was completely absent from ttll'Sf' 

blots (Lane 7). Antlbody 9500 baund strongly to il ~rnllp 01 

endothellal cell proteln bands wlth mobllltlcs close to actln (45,000 

M.W.) (Lane 8), whlle control antlbody BIll showed no reactlvlty WItt. 

endothellal cell protelns (Lane 9), Interestlngly, when the pldlelet 

protel.ns were solublllzed and run under non-reduclng cOfldltHHls 10 
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SDS PAGE (FIgure 28), the 200,000 and 32,000 M.W. bands react1ve wlth 

9604 dlsappeared from the blot, and 9604 reactive platelet proteln 

bands appeared malnly at 50,000, 92,000 and higher molecular welghts 

(~200,OOO) (Lane 5). NegatIve control 19M antlbodles 83123 and B1l0 

(Lanes J and 4), and 9703 (Lane 6), a platelet-blnding antlbody wlth 

phosphollPld but not proteln reactlvlty, showed no bands on Western 

blots. Antlbody 9500 showed several major reactive bands between 

)0,000 and 90, 000 M. W • (Lane 7). 

FIgure 2C shows the blndlng of antlbody 9604 to Isolated 

plate let membrane protelns under reduclng condItIons. The 9604 

reactive 200,000 and 32,000 M.W. bands remalned the most reactIve 

when platelet membrane proteins were used ln place of whole plate let 

protelns (Ldne 5). The negatlve control antIbodles (Lanes) and 4) 

showed no reactIvlty except for a band of approxlmately 80,000 M.W., 

Whlch lb Ilkely ta be the mu chaIn of surface bound 19M recognlzed by 

the pel'oxldase anti-human 19M antlbody. Antlbody 9500 baund ta a 

m,] J 0 r b.md of dpproXlmately 45,000 M.W., but also exhlblted 

redctIvlty wlth multIple other bands in the platelet membrane 

pr~pdratlon (Lane 7). 

In arder ta lsolate and characterlze two of the three plate let 

protellls reactlve with 9604, platelet protelns were 

electrophoretlcally separated ln a SOS gradIent gel and protelns wlth 

mobllities of approxlmately 200,000 and 32,000 M.W were electroeluted 

from the gel and rerun on a SDS-mInlgel (FIgure JA). The Isolated 

32,000 and 200,000 M.W. bands are shawn ln Lanes 2 and 3, 

respectlVely. A mIxture of these two fractIons revealed the same two 
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bands sepn in the WdIvldual fractions (Lane 4). By Western blotting, 

both of the isolated proteins retalned reactlvlty ta antIbody 9604 

(FIgure )B, Lanes 4 and 5). 

Glycoprotein Staining of Platelet Proteins Reactive with Antibody 

9604 

Glycoproteln stalnlng with fuchsln-sulfite of SDS polyacrylamide 

gels showed that the 200,000 M.W. platelet proteln band contained 

carbohydrate, whIle the 32,000 M.W. proteln band dld not (data not 

shawn) • 

B1nd1n& of Antibody 9604 to Enzyme-Treated Platelets 

The enzyme senSl tlvlty of the 9604 reactive platelet proteins 

was examlned by treatlng lysed platelets wIth protease, protelnélse K, 

t rypsHI, DNAase, RNAase, phosphollpase A2 or phosphollpase C and then 

USlllg these enzyml~ t reated p latelets 1n Western blottlng analysls. 

AlI bands reactlve wlth antlbody 9604 were completely abollshed by 

t reatment of p latelets wlth trypsln, protease, and protelnase K 

(F 19ure Z,A, Lanes 4 to 6 \, whIle only a few hlgh molecular welght 

bands (100,000 and> 200,000 M.W.) were affected by the treatment 

w~ th DNAase. RNAase, phosphol1pase A:b and phosphohpase C (Figure 

4A) (Lanes 7 to 10). DNAase, RNAase, phospho llpase A2' and 

phosphol1pase C dld not affect the reactlVlty of 9604 WIth the 

200,000 M.W. and 32,000 M.W. bands. Reactivity WhlCh appeared at 

approxlmately 40,000 M.W. after protease dIgestIon W.1S due to the 

blndlng of %04 to components ln the enzyme preparatIon as can be 

seen ln the blot of protease WI th 9604 (Lanes 5 and 12). These 

results are conSIstent wIth results obtained 1n a platelet bInding 
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FIgure 2. Western Blottlng of Hybndoma Antlbod1!!s on Pl.ltelet and 

EndothelIal Cell Protelns 

In panel A, eeUs were solulHIIZl."ct ln SDS samp le huI J pr wllh :!­
mercclptoethanol and run under reduclng l'OIHlltlOTlS. L,tl1/' 1: M.W. 
standards; Lane 2: whole plate let prot.elllS staJl1pd wlth ilmulo hldck; 
Lanes 3-5: whole platPlet protellls blotted WItt! hybndoffi.t ilut Iho(lll',s 
9604. 91)00, and BIll, respectIvely; Lan\' 6: wholp endollwl I,tl (,plI 
protelfis s talned Wl th arrudo black j Lanes 7-'J: who II~ 1'11(101 he 1 1 d 1 CI' 1 1 
protelns blotted wlth hybn.doma ant Ibodlf'S %0/1, ')')00, "lId 11111 
respee tJ ve 1 y. 

In panel B, pLltelets were solubllllPd ln sns s,impIe Imlf!'t 
WI thout 2-mercaptoethano 1 and l'UII undp r nonl'educlng COndll] on:-.. L'JlIf' 
1: M.W. standards; Lane 2: wholf' platelet proteHls stalHf'd wlth ,HIII<!O 

black; Lanes )-7: whole platelet protpllls blotled W]tlt hyblldolil.t 
antlhodles B3123. BlIO. %04. 9703, and ')00. l'f'sppct lVl'ly. 

In panel C. Isolated plateJet mf'r1bl'anf's wel-e solllbl1J/.l'd III SDS 
sample buffer wIt.h 2-M~ and nm uwlpr reduclng ('Owlilions. LaliP 1: 
M.W. standards; Lane 2: platelet n1embrane proteHIS !"lalned wlth ,unlflo 
black; Lanes 3-7: plat.elet membrane protems blol lpd wlth hyhrtrlllTnd 
antlbodles B3123. Bll0, 960 /1, '.1703, and 9)00, resppctlvf'ly. 

1 

l 
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RIA, 1n which 1ntact plate lets were flrst lncubated wlth the Sdme 

enzymes and then tested for b1nding of ant lbody 9604. The resu lts. 

shown in FIgure 4B, demonstrated that the bIndIng of antIbody 9b04 tu 

platelets was slgnlflcantly decreased by lreatment of platelpls wlth 

trypsin (25%) and shghtly decreased by tl-eatment wlth prolt'.lse a 1111 

DNAase 00-12%), but was not affected by RNAase, phosphollP..lSI! A.l. 

or phosphollpase C. 

Monoclonality of Antibody 9604 

Slnce antIbody 9604 bound to several plalelet proteuls. Il W.I~. 

necessary to Identlfy whether these reacllvitles were due to murl' 

than one antlbody present ln the preparatIon or due to th .. 

polyspeclflclty of a SIngle antlbody. The monoclonallty of aullhudy 

9604 was demonstrated by Isoelectnc focuslng gel electrophofl'SIS. lb 

shawn ln FIgure 5. the llght chaIn of 9604 IgM showed a sln~lt! maJol 

band WhlCh focused at a pl of approxlmately 5.8 (Lane )). Th IS fielD l' 

also shows the Isoelectnc pattern of llght chalns of il monoe 1 UIl.1I 

myeloma IgM proteln (Bor) (Lanes 1 and 2) and of polyclonal hum.lIl 

serum IgM (Lane 4) for comparlson. 



Flg"l" i. sus l'Al;"" and Wl'stern Blottll1g of ':1604 ReactIve Plate let 

l'llltl'lnS Isol,lt.l'd hv EIecttoelutlOIl 

lu pd!J(" A. :-'US polyacrvlam1de gels were l'un under reducilig 
('(lIIdltlOllh and <,ta 1 Il l'ri WJ111 CoOmaSSlp. blue. Lane 1: whole platelet 
"rotf'llIh; Lm,· '). Isol.ttpd 3~.OOO M.W. pJatplet proteln; Lane): 
1~.(J'li"d :!OO.OOO M.W. pl.ltl'If'1 ptotpln; Lane l-l: mIxture of lsol.JLt:'d 
:!OO .000 .1IId j 2.000 M. W. rd.1 1 t'II' 1 Il 1 fJ t P J ilS. Lane '): M. W. st anda l ds . 

1 ri p.llll'l Il. SPS PAl;!" WI'I P flln ul1d~!r reduclllg ('onell t lOliS dnd 
"101"1111> III IIH' pOlvolclvl.nnlll" gels WPle elf'CLloplJolf'tlcdlly 
It.lIIhl"ll .. d (Jlllo 1I111(JC('llul()s(~ membrane ,lne! alI.-tlyzl'd bv Western 
hl"t t IlIg. 1 .. 11It' 1: M.W. htandald:;; [,,11Ie 2: whole platell't [lloteJTlS 
h{.llllt't! WIIII ,ulIlLln hJ.lch; l.iUlPS )-): 'JbO /• was lllcuhatpd wlth blats 
III: .... hol,· pl,lt .. lpt prutf'Jns (("lIIe JI. IsoL.lted ~OO.OOO M.W. pldtplpt 
Il lot l' 1 Il (1. 01111' '. \. a fi ct 1 :-. u 1 J t p cl 1 :2 • 000 p 1 J 1 l' 1 pt pro t l' 1 Il (L a Il eS) • 

1 



1 

Flgure 3A 

• 
~~, 
;~, 

~ 
~;::".... 

148 

JI'. -200 
• g -116 
l ' 7 -92 
.-66 

"-45 

---31 

1 2 3 4 5 



t 

~'lgure 3B 

200-~ 

116-~ 
92--
66-_ 

45-'" 

31 --' 
21-
14-

iiiII .. 

-
-

1 234 5 

149 



150 

Figure 4. Western Blottlng AnalYSlS and RIA of the Blndlng of Antlbody 9604 to Enzyme Treated 

Plate lets 

In panel A, SDS gel was run under reducJng condItIons. Lane 1: M.W.standards; Lane 2: whole 
plate let protelns stalued wlth amldo black; Lanes 3-10 show platelet lysates treated with buffer or 
enzyme and then blotted wlth 9604 supernatant: nontreat~d whole plate let protelns (Lane ), platelet 
protelns treated wlth trvpSlll (Lane 4), platelet protclns treated wlth protease (Lane 5), plate let 
protelns tlcatl"d \.llth protclnase K 1 Lalle 6,. pldtelet protews treated wlth DNAase (Lane 7), 
platelet protelns trpdted wlth RNAdse 'Lane 8,. platelet protelns treated wlth phosphollpase A2 

(Lane 9). platelpt pluteills treated wlth phosphollpase C (Lane 10!. Lanes 11-17 show the enzymes 
alone blotted with '100'. supern.1tant: trypslTI fLane 11), protease ILane 12" protelnase K (Lan~ 1), 

DNA.l~e 'Lwe 14). RNA.lSe 'Lane 1~1. phosphollpasp A2 (Lane 16,. phosphollpase C (Lane Il}. 

In panel B. lntact lIve platelets wp,e treated wlth VdllOUS enzymes and then tested for 9604 
blndlng bv RIA. Thp values repreSPllt percpnt blndlng and are means of dupllcate '~amples • 

.- • 
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DISCUSSION 

Hybrldoma autoantibody 9604 was derived from the fusIon of GM 

4672 human lymphoblastold cells wlth peripheral blood lymphocytes 

from an SLE patIent. In a preVlous study WhlCh characterized the 

platelet-blndlng propertles of slml1arly denved SLE hybndoma 

autoantlbodles, most antlbodles showed slmllar reactlvlty ln a RIA 

uSlng lIve platelets and ln an ELISA uSlng glutaraldehyde flxed 

normal platelets 33
• Hybrldoma antlbody 9604, however, was dlfferent 

ln that It dld not blnd to flxed Intact platelets ln ELISA, but ho und 

to lIve platelets ln the RIA. ThIS antlbody also reacted wlth lysed 

plate lets ln ELISA, bound to unIque platelet protelns ln Western 

blottlng analysls, and was strongly cytOtOXIC to plate lets uSIng an 

ln VI t ro S1Cr release assay40. It lS noteworthy that 9604 reacted 

wlth llve platelets ln the radl01mmunoassay and cytotoxJ.clty assays, 

but not wlth flxed unactlvated platelets ln the ELISA, suggestlng 

thal there may have been sorne actIvatIon and expreSSIon of the 9604 

reactlVf' proteln durlng the washlng steps ln these ln VItro assays. 

ThiS W,l~ couflrmed by experlments showlug that antlbody 9604 reacted 

wlth flxed washed platelets ln the ELISA and that washlng of the 

pl~lelels enhanced the blndlng of 9604 to flxed or unflxed platelets 

111 the RIA. It IS not c lear whether the blndIng of 9604 to flxed 

restlng plate lets ln the RIA but not ln the ELISA lS due to 

dlfferences 111 dssay condItIons or assay sensltlvlty. 

Il has been noted by several Investlgators that the actIvatIon 

of platelets lS accompanled by the expreSSIon of new antlgens on the 

cell surface, rearrangement of membrane components, or blndlng of 
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exogenous protelns ta the surface 12 - 24 • A mouse monoclonal antIbody, 

KC4, IdentIfied a 140,000 M.W. Integral membrane proteln that was 

newly expressed on the surface of thrombln-activated plate lets and 

assoclated wIth plate let secretlon25 - 28 • Another mouse monoclonal 

antIbody, 2.28, was reported ta react wIth a secreted lysosome-Ilke 

granule proteln of 53,000 M.W. on the surface of activated 

platelets 29
• A SlmIlar phenomenon was noted for a human IgM 

monoclonal autaantIbody, SES, derlved from a rat lent wIth Immune­

medlated thrombocytopenlC purpura, WhlCh recognlzed a neoantigen on 

glycoproteln IlIa WhlCh was expressed on platelets actlvated by 

thrombln or stored for more than 3 days30. The epltape responslble 

for antlbody SES blndlng was a proteln wlth an apparent molecular 

welght of 95,000. To our knowledge, there has not been any report of 

Slmllar reactlvltles of autoantibodles derived from SLE patIents. 

In the present study, we have characterIzed hybrIdoma antIbody 

9604 dnd the platelet components ta WhlCh thlS antlbody blnds. Our 

results demonstrate that thls SLE-derIved antIbady 9604 blnds to 

,mtlgen( s) exposed on plate lets actlvated by ADP in the presence of 

plasma. The flndlng that antlbody 9604 does nat bind to fibrlnagen 

excludes the posslblilty that thIS antIbody reacts wIth plasma 

fIbrlnogen bound ta surface receptors WhlCh are exposed only on 

actlvated platelets. 

We have attempted ta IdentIfy the protelns responslble for the 

b1tldwg of 9bO~ ta platelets uSlng Western blotting analysls. The 

results of these studles demonstrated that antlbody 9b04 bound malnly 

to two plate let proteln bands of M.W. 200,000 and 32,000 ln SOS gels 
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run under reduc~ng cond~tions. These protelns were also demonstrablt' 

in isolated membrane preparatIons of lysed platelets. The 200,000 

M.W., but not the 32,000 M.W. band, WdS shown to be a glycoproteln by 

fuchsIn-sulphite stauüng. The 200,000 M.W. band was also seell on 

blots Incubated wjth other hybrldoma antlbodles and hlots of 

endothelial cell protelns Incubated wlth 9604. ThIS lS a IN Ille Il.HIII 

composed of 

approxlmately 

several plate let protelns 

200,000 M.W. ln SDS gels. 

wIth moLIIllICS 

Platelet protl'JII!:> 

nf 

of 

approxlmately 200,000 M.W. 1I1clllde the Fe receptof (210,000 N.W.)'·", 

f1lamln (250,000 M.W.), talln (215,000 M.W.) dnd myoSln (200,000 

M.W.)41. Expenments uSlng commerclally avallable specIfIe allllhodlt' .... 

to these hlgh molecular weIght protelns excluded the posslbllity 1 bdl 

9604 bInds to fI1amIn and Western blottlng analYSlS \IsIng Tntllfl XI00 

extracts of platelets ... 1 demonstrated that %04 do es not bUlcl tu tallll 

(data not shown). The 32,000 M.W. proteln band was seen ollly Olt bloh 

of platelet protelns Incubated wIth antIbody %04. ThiS pulypf!pIUIl' 

appeared to be labIle and often dIsappean'!d when the gr.Hllelll of t 111' 

gel was varled (data not shown). Moreover, when the gel WrlS rUlI ulldl~r 

non-reduclng condItIons, both 9604 n'ac lIve bands of)2 ,000 011111 

200,000 M.W. dlsappeared and antlbody 9604 showed bindll1C tu hl~hl'r 

molecular welght proteln( s). Taken together, these data sll~ge!..,t thd t 

the 9604 bound proteln(s) are located 1n the pldte1et rnl'rnhrarll' and 

may be composed of polypeptIde subunlts WhICh are llnked by (1l!~1J 1 f 1 dl' 

bonds. 

In an attempt ta IdentIfy the proteIn(s) bound by antlbudy ~~04, 

varlOUS antibodles and lectIns wlth defIned speclflcltlPs were us~d 
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to probe the blots. No correspondu}:; reactlvlty was found with 

concanavalln A and wheat germ agglutlnln, WhICh blnd to dlffecent 

plate let membrane glycop rotews; monoe 10nal antibodles agalnst GPlb, 

GPII band GPI IIa; monoclonal ant1bodleS agalns t eytoske letal 

protelnSj or polyclonal antlbody agalnst human factor VlII-related 

antIgen, a hlgh molecular welght glycoproteln present ln platelet 

granules. Enzyme dIgestIon of lysed platelets showed that the 9604 

reac t I"'o,! epl topes were comp letely degraded by protease, protelnase K 

or t t-ypSIn, suggestlng that the determlnants respon;:'lble for 9604 

tJlnd~ng .ln! proteln III nature. TrYPSln dIgestIon of lIve platelets 

also decreaseIÎ the blndlng of 9604 by 25~~, suggestlng that trypsln 

had 11mlted access to the antlgen ln Intact plate lets • treatment of 

ly::,ed platelets wlth DN.Aase, RNAase, and phosphollpases A2 and C 

showed cl 105s of reactlvlty of 9604 wlth mInor platelet proteln bands 

III Western blottIng, suggestIng thdt sorne 9604 reactIve platelet 

c(Jmpur\pnl'~ may contaln phosphodlester Ot phosphollPld mOletles. 

lIowever, tl-edtment wlth these enzymes dld not affect the 200,000 or 

12,000 M.W. components. 

Plcltelet-hlIldlng antlbodles1. 2.J2. 33 and abnormalltles of 

platelet [unctlOn J
-

6
•

42 have been demonstrated ln patIents Wlth SLE. 

K.1rp,ltkul et .11. 1 reparted that antl-platelet antlbodles could be 

lÎetectt'd Hl 78?~ of patl.ents wlth SLE but that only l4a~ of these 

pdllellts wele thrombocytopemc. Efforts have been made ta 

ch,u-actenze the relatlOnshlp between anll-platelet antlbodles and 

plate let functlOn and to ldentlfy epltopes on 1'1atelets responslble 

fOl autoantlbody bIndlng. Kaplan et al. 2 studled the reactlvltles of 
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sera from SLE pat1ents wIth plate let membrane pnJtellls denved flom 

normal and autologous platelets uSlng an Immunoblottlng technHlut>. 

Two target antlgens of 108,000 and 66,000 M.W. INere found fOl SOIll!' 

SLE sera. In another study. Il was reported thdt aIl (4/4) sel .. flom 

SLE patIents caused aggregatlOn and Immunofl uo l'escen t stLlllIlllg of 

normal platelets and that the actlVe fractlollS 111 thl'SI' SI'I.I 

contalned antIbodles to Clq, Cls and bt>ta2-nllcroglohullll·.,·'···. 

Welssbarth et a1. 45 demonstrated that antl.-platelpt Llnllhodlt'S IlIdlll'l' 

serotonln re1ease from platelets frolTl SLE alld rheum,llo ICI .11 Uu I! 1:, 

patIents. Furthermore, they found that hllldlng of IgG-ClJlIl.tllllll/: 

Immune complexes to plate let Fc receptors INas assoclclled wlth 

platelet phagocytoslS, WhlCh lnduced release of granule COlllf'IIIS .11111 

the aggregatl0n of clrculatlng plate lets • These ddta, however, t:: 1 VI' 

llttle IndIcatIon of the fIne SpeC.lflClt.tes of the pl.:ltt'lel-b 1 nd 111/: 

autoantlbodles found ln SLE patIents. 

To date, there have been relatlvely feIN ,>t li cl le!' ou 1 hf' 

reactlvltles of human hybrldoma antl-platelet aut Ihodll'S df!f Iv,.d IrOll1 

patIents Wlth SLE. Shoenfeld et al..l1 dernonstr;tlprl th.ll '>(HUI' SU:­

derived hybrldoma antlbodlPS showed plate let-blnet Ing de t 1 VII y. /\:..,;11111 

et al. 32 reported that SLE-decl ved hybCldorpa ,lUt (J.int Illoe! Il!!.., 1 li 

slngle-stranded DNA could crossceact I • .nth platelets and Ih,iI nif' 

platelet epltope l s) dld not appear ta lTlvolve DNA, protcui or :-.Jall(, 

aCld. We have prevlously shawn that several SLE and nfJcrr:.t1-dl~(IVf'd 

hybrldoma antlbodles, lnltlally selected fur dntl-DN/\ and 1111111 :. 

antlcoa~ulant actlvlty, reacted wlth platelets. Pl.itelet fP.ictlVJl.y 

of these hybrldoma antlbodles was hlghly correld.ted wlth blClrhnr. lo 
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DNA, cardlo11pln, and phosphatldylethanolamlne and was sometlmes 

affected by pretreatment of the platelets wlth trYPsln~3. However, It 

stIll remalns unclear as ta how antl-platelet antibodles cause 

abnormalltles ln platelet functlon or dlsturbances ln hemostasls in 

SLE. Although we have not examlned the effects of 9604 on plate let 

functlon, we have prevlously demonstrated that 9604 lS hlghly 

cytotOXlC to platelets ln !..l! Vl tro chromlum-51 release assays40. ThIS 

sugge~ts one possIble mechanlsm by WhlCh autoantlbodles, such as 

9604, could affect hemostasls ln VIVO. In addItIon, the reactlvlty of 

9604 wlth ADP-actlvated platelets, but not wllh restlng platelets, 

suggests that the reactIvlty of 9604 wlth platelets ln VIVO would be 

dependent upon factors or other autoantlbodles capable of Inltlatlng 

platelet actlvatlon. Further characterlzatlon of the molecular 

components on the platelet membrane la WhlCh thlS antlbody bInds may 

Il n)v Hie HIS 19h t Into the mechanlsms by WhlCh platelet-blndlng 

.lUt (Mut lbodles Interfere wlth normal p late1et functIon. 
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CHAPTER VI 

EFFECTS OF LUPUS AUTOANTIBODIES ON END011IELIAL CELLS AND ON THE 

INTERACTIONS BE'l'WEEN END011IELIAL CULS AND PLATELETS 

INTRODUCTION 

As descr.lbed ln Chapter 1, the Inter.H'llOIlS hf'twl't'lI pLIIl'lpl!. 

and endothella1 eelJ (EC)s Involve m.lOY f.lclo}"s ,wd clIP VP1-V Clllllpll'x. 

In general, any trauma to or mod1.flcat tOIl ot t Iw l'lIdot hp 1111111 Will 

permIt p1atelet adherencf'. Once adheslon has occurrl'd, Ihl' (',I!-.(',ull' 01 

coagulatlon IS Inltlated and wIll result 11\ IwmostasH, or thl()Jllh()!~I!-.. 

Immune rnecharlïsms rnay a 150 bp l nvo 1 vpd 1 n ewlo 1 hl' II dl 11I\IIIY. III 

arder to lnvestlgate whether lupus autoanllhudIP'; play ,\ 11111' III 1111' 

InteractIons between platplets ,:Hld ECs, thp l'lf·!-./'nl !-.tlldy W.I'-o 

deslgned tü examIne the bIndll1g and eytotoxlCJty of hurnalJ ltyhlHlolil.l 

autudntlbod.les tn ECs and thcu effect:; Ult the adhf'.'-,JOII 01 pl.,I,·Il'Ih 

to endothelJal monolayers ln Vitro. 

MATERIALS AND METIfODS 

Culturing of Human Umbillcal VelD Endothelial Cells 

Hllrnan llmhll1cal veln EC rnonoldyer:-. WI'If! {l(l'paIP!l 1 rom lUlIIJlI J( ,JI 

velns followl0g the nlethod ut Jafl p pt al. (~11). IIWlldJl Ufflll 1] 1 f ,t! 

cords were placed III normal sallfll' and uHP(1 WllhlrJ h Ill)ur~-, III 

dellvery. Bath ends of the cord were eut and the veln WilS (',HHIIILtlr-d 

W.ltr. butterfly needles (#6) and clamJwd. The velfl wa:. wiH-,lu-d WIll! 

Hank's buffer untl1 the wash no longer contalTlf'd aJly Illoud and lookl'd 

clear. Ten tu twenty ml11111ten, (dependuig on thr- :./1.1' of U)(! ('ord) 
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of 0.1% eol1dgenase ln Hanks' buffer was ln]ected lnto the veln and 

lncubated tor 10 mInutes at 37·C ln 5% CO 2 • The cell suspensIon ln 

the veln was then wlthdrawn uSlng a syrInge and centrlfuged at 250 x 

l', lur 10 rrunllt,·s. The cell pellet was washed tWlCE' wlth Hanks' 

buffer, re~u~pended ln 10 ml of RPMI 1640 medIum conta~nlng 15% fetai 

(.tlf ~.,·rum, SO Ulm] hepann (Leo Laboraturles, Pickenng, OntarIo) 

dllel 10 up./ml endothell.al celI growth supplement (ECGS) (Collaboratlve 

HpSPLllCh, IIIC., Bedford, MA) (Et rnedulm) and placed 1l1to 75 cm2 

1 lask~ (Coslal, Cdmblldge, MA), WhlCh were precoated with 0.2% 

g(·l.lt III fOl Ollf' houy dt IDom temperature. The cclls wele Incubated at 

37"(; 111 ~% CO? and fed lWICE' a week. When the eel1s gl-ew ta 

CUIII \ lII'J1('P , tlH'V were trvpslnlzed anci passagcd at a 1:2 dllutlOn and 

PreparatIon of Endothelial Cell Monolayers in Hicrot1ter Wells 

Contiuent Et: lTIonoLdyers ln 7':1 cm 2 [Jasks were washed tWIce with 

TVlode~' huI h'r \Vlthout calCIum and magnf':num, but eantalnlng Il mM 

!iOTA (Tyrodl'h-EO'J'Al <:.Incl lncubatprl with ~ ml of 0.02% trypsln-ED'I'A 

UilBC(), (irand lsldnd, NYl al 37°C untll all cells were completely 

dl'tactll'd t tom thE' t lask (approxlmalely 10 to 15 mInutes). The cells 

WI'lt' tlwll washed J t lmes wlth Tyrodes-EV'I'A, resuspended 111 EC medIum 

.it d ('()IlC l'II t rat 10n ot ., x ID!> cells/ml, and plated III Falcon flat-

bottom L)b-wE'll mH'rotlter plates (Becton DIckInson & Company, Oxnat-d, 

CA) pll'l'oatl'd wüh lOO Vl pcr well of a 2.5 vg/ml 501utlOn of 

flblOlll'ctlll 111 dlstilled water. The plates were lncubated olt 37°C ln 

):1. CUol for :.U, to 1~8 hours or untIl the cells formed confluent 

1U00wlayel-S. The cells were Identlfled as ECs by thelr "cobblestone" 
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appearance (polymorphlsm) (213) and by thelr pOSltlVltV wllh dllll­

Factor VIII antIbodv (see Table J of Chapter X). 

Direct 8inding ELISA on Endothelial Cells 

The EC monolayers III mlcrotltf'r wells were washed lWJ('I' Wl t Il 

Hanks' buffer and flxed by addln~ 100 \.Il of :l.st glllt.lr.lldl'hydf' III 

Hanks' buffer ta each weil and llicubat IHg fOI 30 mllllltt's .It \()Oll\ 

temperature. The plales were lhcn washed 4 tlnws wlth 10 IIlM '1'11:,­

buffered sal1ne. pH 7.4 (TBS) alld blocked with O.~·x, r.cl..t III III TI\S ,,1 

37°C for 1 hour. The wells were wdshed '> tlmps wlth TBS .11111 7') Iii 0/ 

hybridoma supernatdnt or atf Inl ty-purlt Icd hyhr HloDl.! .!Illlbody ôll ') 

)Jg/ml were added la each weIl ln dupllC.ltP and IllCllbated lOI 'Hl 

mInutes al room temperalure. Ttlf~ pLiles were wLlsllfld ') tIIlJl':-, \N111t TH:;. 

and then Incubated wtlh alkaLJne phosphat ,isp-pon )U/" •• lll'd .lllt l-hlUflilll 

polyvalent Immunoglobulln (Slt;ma ChemLcal Co •• Sl. 1.(H1IS, Mil) dt 10/1111 

temperature for another 90 minutes. After '> w.l:,he~ wlth '/'11';, th.' 

eolour was developed wIth p-nltrophenyl phosphatp dl:'Ot!IIIt', (1 TIII./IIII' 

and rcad al 00410 uSlng a Oynatech MH600 1':l.rSA fl'iHll'r. 

Effects of Hybridoma Antibod1.es on the Adhes10n of Platelcts ln 

Endothelial Cell Honolayers 

Platelets (3 x 10H~ lso1at~d froTli normal cltrated bio/HI Wl'Y(' 

radiolabeled by Incubatlng wlth 100 \.Il '>ler sndnun chro/llittp (1 

mei/mI) (Frosst, Kukland, Quebec) for 1 hom al )7°C HI ~'Y.. CO:.. 

EndothelIal monolayers ln JO lC rotl ter wc Ils wen' washed j IlJlll~'~ 

wIth Hanks' buffer contalmng 0.5% bOVIne serum ,jlbllHllfl lIIiiflk.,-/l:,A}. 

One hundred rnlcrolIters of hybrIdoma supernatant wen! addl'd t Il l'ad. 

weIl in duphcate and Incubated for 1 hour al 17°(; ITI '/%. CO:.' 'l'tir-
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pl a tes were then washed ) tlmes wlth Hanks-BSA and 50 VI of SlCr-

labpled platelets (0.3 - 0.6 x lOB) were added to each weIl and 

Incubaled Lor 1 hour at 37 D C. The wells were washed 6 times wIth 

IIdrlk~ -IISA <lnd the cPlIs remalnlng 111 the wdl werp solublhzed wlth 

:!oo ~l 010.1% 'J'nton X-lOO and 100 VI tr'om each weIl were counted ln 

il Bf'Cklllrlll E;-tmwfl-Collnter to determulP platelct adhprrl1cc (as detected 

lJy houml .., 1 Cr) \0 the endothellaJ monolayers. 

Cytotoxicity of Hybndoma Antlbodies to Endothelial CeUs 

'/'WIl dl ftplt'nt prOCedUff>S were used to prepare rad.lolabeled ECs 

lot lhl' C'ytotoXIC '>JCr-release assay. EC monolayers ln mlcrotJter 

Wl' Ils Wf' fi' ralilolabpled wlth sodlum chromate !>lCr (J mel/ml) 

("'rosst. Kukl.lnd. QUf'brc) chlutcd III 10 ml EC medlUm 1100 lJl/well) 

lOI h011l ln '):~ 1:0 ... nt J?DC, or trypsInIzed ECi-> were radiolabled 

wlth JOO vi sodJlll1l chromate slCr (1 mel/m1). washed to remove free 

l.tdIOdCllVlty. resllsJlf'IHlpd 11. EC mt>duJnJ and plated ln V-bottom 

Iii 1 (' t 0 t 11 (' t we Il::, cl t X lOb cells/wp11. The 51Cr-release assay was 

pt'yrOrrnl'(j lIS111g th!"' t-,;Il[J(' pt-ocedure as that desC'rlbed for the platelet 

cytotoXlt'ltv ,Issay (Chdpter IV). A commercIal anti-EC antlbody. MCA 

117 (SI'\olpc. RJ,ICktholll. Englandl. was tlsed as posItIve control. 

Anal ySIS of Hybridoma Antibody IHnding to Endothelial Cell Proteins 

by Western BlottlOg 

sns l'Ma·: W,IS 1 \Ill undpr reduclng condltlons and the Western 

blott Ing plocedure was the same dS that descnbed for Western 

blntt 111/\ .1II,\IV81S 011 pl,llelet protell1S HI Chapter V (Maten.als and 

~fpth()ds) • 
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RESULTS 

Direct Binding of Hybridoma Antibodies to "uman Umbilical Vein 

Endothelial Cells 

A total of 26 SLE-den.ved and 14 normal-derlvpd human hybr Idoma 

antibodles were tested for their dl rect bUldlne react.lVl ty t () 

glutaraldehyde flxed human umbllJ.cal veln ECs by ELlSA. Elght of t hl' 

26 SLE-derlved and 4 of the Il. normal-derlved antIbodles showl'd 

positive reactions to ECs (FIgure lA). A compar.lsun of the p[.lt~)II'l­

blndlng actJ.vity of these same antlbociles (FJ.gure 1 B) shmwd t h.\t 

there were fewer antlbodJ.es WhlCh bound to ECs III thp SLE grollp, 

whIle all of the normal-denved platelet-b.lndwg ant.lhod 11~S d I:·)() 

reacted with Ees. Moreover, the bJ.ndlng levels of most EC-rpact IVP 

antibodies were lower on ECs than on platelets. 

Effects of Hybridoma Antibodies on the Adhesion of Plate lets to 

Endothelial Cells 

In arder ta establlsh the optlmal condItIons tur thlB:-,t ully, .1 

prellmlnary study of the spontaneous adheslon of p latl! let s t (J EC 

monolayers was performed uSlng d] fferent numhers of '51 Cr-l dh,· LI!d 

platelets (0.4 12.5 X l06/ we ll) (FIgure 2). A concentrat 1011 nt 

between 1.5 - 3.0 x 10&/well (O.) - 0.6 x lOB/ml) labeled plateleU, 

was selected for further study because thls concentratlOn [el 1 wllhln 

the linear portIon of the curve and gave sufflclently hlgh cprn valll!!s 

to be detected. Representatl.ve results of the effect.'> of hyhr Ido(fJ,l 

antlbodles on the adheslon of plate lets to EC monolaycrs ale shOIliTl tri 

Table 1. USlng a basehne value calculated from the negatlve cl)ntlols 

of EC medIum and GM 4672 cclI supernatant. nelther SLE-(j(~rlV('r1 nOf" 
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Flgure 1. Blndlng Reactlvltv of Hyhrldoma Antlbodles to ~'lxed IImn.m 

Umb111ca1 Veln Endothel1al Cells and Platf>lelb 

A reactl0n ln thlS assay was consl_derpd Il()SllJVP Lf IIIf' UO, .. " 
was greater than 0.10 for ECs and grealer than 0.(1) lor l'Lltl'l('t~. 

winch are the rneans + 2 SE of three cOlltrol salllplp:-, tl'bl .. d III 

dupllcdte ln 4 repeated assays. Antlbody t>lwlIng ]!'vl'h to Jo:t:~ 

(Flgure lA) dnd platelets (FIgure lB) arc shown as th p m('[\11 p)W., 01 

ml nus 2 SE of sarnples tested ln dllpIH'.ltP ,Hld Il'prOdlH'ed tri 2 
separate assays. 
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• Total 51Cr added 

• ~lCr·platelets adherent to ECs 

2.5 5.0 7.5 10.0 

51 Cr-Labeled Platelets Added 

(Number/Well X 106) 

12.5 

17/~ 

Vl~Ulr 2. Sponldneous AdhesIon of 51Cr-Labeled Platelets to 

l!" Endothellal Cell Monolayels 
r' ;.. 

[':dch pOInt on the curve represents the mean of quadrupllcate 
~.lmplt'~ plus or mInus one SD. 
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Table 1. Effects ot IIvblldoma Allt Il)()d II'~ 011 , ht' Adhl':--lllll 

of Platelets to ~,Ildothellal l't'II MOllOI.IYI'IS'" 

Hybn.doma 
Antlbody 

Normal-Derlvcd 

BlOY 
B1l0 
BIll 
8105 
B122 
4003 

SLE-Oenved 

llO!~ 

1109 
1200 
1420 
9200 
gS02 
%03 
9604 
9700 
9703 
9703-'> 
9705 
83123 
---------_. --- - --

CQll.~ rl]) _J5_'!.rr.œ t~ 

Med1um 
GM 4672 
Total label added 

Adherence ot ·'ICr-l.ahf'lll'(\ "l.lt!'l!'t:, 
t () EC (~~ of '1'01.11 L.tlw 1 Addl'd) l, 

-- ---~ -- - ----

H.OO ± o .hh' 

8.'>'" ± 0.')0 
H • :U, ± O. 'l') 

1:>.00 ± 1. Il 
H.71, ± 0.040 
7. ') 7 ± 1. I:! 

h ./, 7 ± O.HO 
H. ,>1, ± (J • I, 1 
K .')h ± (). 'JH 

'J. O~ ± O. Î /, 
(, • J') ± 0.70 
7. 17 ± 1. 17 
I, • ')1, ± O.h'2 
k. J'> ± 1 .1,0 
7 • II) ± 0.77 
7. 1'2 t o 'Il . ~ , 
7.71 ± O. 'l') 

h.b! ± (). l') 
-; • 1'> ± 0.73 

- - -- - -

,q • ') 1 ± (J. 1 fi 
b.bO ± O.HI 
'> 11 '> ±: :! ') 1 (l'TIl 

------ --_.- -- -- - ._----

.. 

b 

The results ITI thl!':> t.jble arr' fram 1 ('"resf!nt.lllV(~ ('xJJf'rl'fil'lIt Cli 

a senes of '> repeated assays on hybr IdUTilil '"uIJI'rn.ll an! ~-,. 

The cut-off value ln thlS ar:.say J~J 'J.O/,:.r., Whlll, wa'-; (,!I( Illil!l'd 

from mean plus 2 SO of the) cont rul samplef·, IILf,f, 1 (j. IHl.). 

Each value repi esents the rnean plus (J( TrU nus mil' ~;J) 01 l, or H 
repllcate sarnples ln the sarnp assay. 
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normal-derlved hybrldoma antlbodles showed slgnlflcant effects 

(lIlcn'ase O[ ultnbl t iOn) on the adheslon of platelets 

mono 1 aye rs. 

Cytotoxicity of Hybridoma Arltibodies to Endothelial CeUs 

to EC 

ChronlJ\lm-')1 relpilsl' assays on ECs were ernployed to examIne the 

pusslblp roi!! 01 autoantlbodl.es ln endothellal InJury. The assays 

w(' rI' pl' ri 01 Trlf'd U!:> 11Ir, 2 Il lfferent procedures: (l) lntact EC monolayp.i S 

Wf'}(, Idhf-Ilpd wJth ::,od.tum chromate 51Cr dlluted 1 to 100 UI EC medIum 

or (2) t rypbll1Jud !~C!-:> were labeled wIth sodllim chrumate SlCr ,md 

Ilwu plated ln mlcrotlter wells for the cytotOXlClty assay. Host 

f·XIH·IIHlf>nl:-. WI~le pprformed uSlng thp second method Slnce the llllernai 

v.) r 1.111011 bl~lw('('n repl.tcate we 115 was lower u~lng thlS procpdure. 

Hf'plI'SI'IlLJt IVP tl'slIlts uSJng thls rnt!thod are shown ln Table 2. Then­

was no s l1~rllllcdllt effect Dt el ther SLE or norrnal-denvpd hybndom,J 

SUpt'lll,lt.l\Ilb on ·olCr-r('!p.asp by ECs. Although the carnmercldl ant1.-EC 

.lIltlborlv, Mf:A 117. alwdVs cclused sorne InCiease ln ~lCr-release ovpr 

11\1' 1111'.111 t 2 sn ot the llegdt~vp contraIs, lnnPdses ln !>lCr-relcase 

rtom Ilw EC munolayers caused by the punfled hybrldoma alltlhod1P.S 

(lIOO}. IIO'J. Illl .lIld ')lO:!) were not l-eproùuc1ble III rt!peated assays. 
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Legend ta Table 2 

- Results shawn for hybr1doma supernatants are from 1 represent.lllve 
experiment of 8 repeated assays. Results shawn for hybndomd 
antlbodles were abta1ned uSlng aff1nlty-purlfled hybndoma IgM or 
IgG at a fl.nal concentratl.on of 2 lAg/ml and are from 1 
representatlve expenment of 3 repeated a::.says. 

b 51Cr release l.S shawn as a percentage of the total 51Cr labeled ln 
platelets. 

C Spontaneous release. 

d HIgM and HIgG are normal paaled human IgM and IgG, respectl.vely. 

• MCA 117. a commercIal mouse monoclonal ant Ibody ta ECs (Serotec, 
Blackthorn, England) and normal mouse gamma globull.ns weI e userl ilS 

posItIve and negatIve contraIs. respectIvely. 
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Table 2. CytotOXlCltV of Hybndoma Supernatants and Afflluty-

Purltlcd Hybridoma Antlbodles ta EndothelIal Cells 

CI! 1 t lJ rf' ',1 Cr-Re lease 
Sllpprnatdllts" (rom ECi-> (%)L 

Norrna I-Df'r 1 Vf'rl: 

Il 1 O'J 
11110 
1\ 1 1 1 
BIO') 
IIln-:.! 
/.00 J 

S 1./',-De 1 1 vpd : 

1 1 ()" 
I:!OO 
'ŒIO 
'J'>02 
'JIIO 1 
'IbO 1. 

'17()(J 

"70 J 
'1701-') 

'170') 

1~.2b ± 0.88 
Ib.I:>/. ± 0.97 
15.12 ± 1.02 
1'). '::Il ± 1. 28 
IR.IH ± 1.29 
1 7.6'> ± 0.90 

11\.12 :!: 2.00 
In.18 ± 0.8h 
1').18 :!: 1. /,9 
1 H • !. :! ± O. 6 4 
Ib.~.d ! O.b) 
17.33 ± 1.17 
1').hB :!: 0.'>8 
l'J.J7 ± 0.8') 
l'). (:J7 :!: O. '>b 
Ih.:!8 :!: 2.0j 

COlltrol S,In,pl!'s: 

S.IL' 
MedIum 
GM l.h72 
HUllIdll l t~M·1 
MCA 117" 
MOllbe 1 gt;'" 

Tot .11 Hl' 1 (',15(' 

Medll ± 2 SD 

Ih.?) :!: 1.05 
18.Cl? ± 0.63 
17.1b ± 1.00 
18.?):!: 1.8.'. 
:21.:2'J ± 0.'>3 

19.18:!: 1.7B 

IdOJ ± 104 cpm 
17.90 ± 2.25 

Purified '>lCr-Release 
Antlhodles" irom ECs (%) 

BIO'J IgM 
BI10 IgM 
[\ 1 1 1 1 gM 
10032 IgM 
11122-2 IgM 
1.003 LgM 

llOq 19M 
1104 IgM 
131 1 IgM 
g200 IgM 
ij500 19t-t 

~50:! IgM 
%03 IgM 
%0/, IgM 
')700 IgM 
CJ702 IgG 
'170 j IgM 
9703-5 IgM 
970~ IgM 
~706 IgM 
BJ UJ IgM 

S.R. 
Med.lum 
GM 4672 I~G 
Human IgM 
Human IgGd 

MCA 117 

12.12 ± 1.5/ .. 
1 ) • 6 1 ± 1. b 1. 

12.1A :!: 0.79 
12.44 ± 2. 1 1 
1'>.78 ± 3.SJ 
24.68 ± I.h9 

23.64 ± 4.30 
13,J5±2.94 
2 '> • 2 b ± ~.I, ':> 
}/'.29 ± 1.56 
14.18 ± 2.':17 
18.98 ± 2.48 
19.27 ± 3.30 
21 .49 ± 1.60 
2 l. (12 ± 2.1.0 
27.73 ± 1.49 
22.91 ± 1.33 
21.83 :!: 1.55 
11.70 ± 1.3.') 
13.54 ± 1.65 
13.01 ± 1.49 

12.60 ± 1. 49 
12.43 ± 1.73 
18.97 ± 0.69 
11.37 ± 0.27 
19.94 ± 1.26 
2! •• 2 7 ± 2. 0 9 

Total Release 1952 ± 228 cpm 
Mean ± 2 sn 15.06 ± 8. 10 

, 
, 

J 
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Western 81ot.ting Analysis of Hybridoma Antibodies on Endothel1al Cell 

Proteins 

Western blat tlng analysis of hybridoma antlbodles on EC 

proteins, shawn ln FIgure 3, was performed uSlng the same panel of 

antlltodles as used ln the platelet studles (~'lgure ) of Ch,lpter- VI). 

The proteln bIndlng patterns of these antlbodles 011 Et: ploll'llIS 

dlffered from those observed on platelet pratellis. Slnps blottf'd 

wlth negatlve contraIs (0.5% caseln and GM 4b72 cell supern,ILlIlt \ ,1IIt! 

nan-EC bIndlng antlbadles (nanna1-denved antlbadle~ BlO'), 11110, .lllt! 

BIll, and SLE-denved antlhudles 9700, 'HO), 120b, 130'>,1/107 ,1IIe1 

9702) did not show any reactive t>roteul bclllds. Stnps hllltted wlth 

normal-der l.ved EC-binding antibodl.es showed hl~h bdckgroulld Il 1 Jl(lllll~ 

wlthout cleétrly defined bands (4003 and B135) or rt'dctlvltywltll 

common bands (BI05 and B122) at approxlmately 80,000 M.W., whlch m,IV 

be due ta reactIvlty with EC-bound 19M Immunogiobulln. Amollr, the SI.E­

derlved EC-blndlng anllbadles, ant lbody 9500 Wl th lupus ,lTIlIClI,ll~1I Lmt 

actlvlty showed strang and specIfIe Olndlng tu a group of !':C (Ilot l'Ill!> 

wlth mabllltles slmllar ta actln (45,000 M.W.). Anllbody 'J601, [(!.lct,.d 

malnly wlth a 200,000 M.W. proteln WhlCh was also observed III blnts 

of thlS antlbody wlth platelet protelns. ThlS part lcul.n ')fJO/, 

supernatant also shawed reactIvlty wlth man y other EC protelllb, I.JhJ(.h 

were not seen ln several other blots of EC prote HIS '..Il th ')/JO/, 

antlbody (refer ta FIgures 3 and 4 of Chapter X). Ol t.h!' othf'r 

antl.bodleS WhlCh reacted wlth ECs ln ELISA, antItJOdles ':1200, ')')O:l .Hld 

9706 showed weak blndlng ta 2 or 3 bands between 10,000 and 40,000 

M.W., whlle 103-4 dld not blnd ta any prateui bands. 
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FIt:ua' 3. Wf'stpfn Lllotllng ot Hybndomtl Antlbodles on I~ndothpl]<ll 

lIuman umbll1cdl VI'III ECs were solublllzed ln SDS sample buffet' 
.. lIId ~l)~ gels wele rUIl llllder reduclng COndJtlons. From left to nght. 
LLlIH'S 1 .. .od:! wI~re M.W. stdndards and whole EC prote111S stalned wlth 
dmldo black; Ldnes 3 to 2b were wholp EC protellls blottpd wlth 
hvhlll.!OlTla ,llItlbod1es or control samplps: Ume 3. CaSf'HI blocked 
contrul stllp 1l1cub,lted wlth peroxldase antl-human IgM; Lanes !~-]O: 
1II1rm,Il-llt'IIVl'd h"bndnlTl,1 IgM antlbodles BIO'}. BIIO, BIll. 4003, B105, 
Bln <l1l(t ;\13'>; LLllll'S 11-21: SLE-denved hyblldoma 19M antlbodlPS 
<1200. <j')OO, <j",O::!, 'jb04. ':J700. IJ703, 'J70b. 120h. 130'>. 1407, 103-4, 
IH700 ,1IId BI\21; l..:lllf' 24: SLE-dcnved hvbndomd IgG antlhody 9702; 
LI lit' ;2'): liM /'b7:2 Igl; Clllltl'ol; Lanf! :?b: CiiseHl blocked control strlp 
lncubdlrd wlth peloxlddse <lntl-human IgG. 
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Dl SCUSS ION 

III the presrnt studv. cl pdlll' l of hum.11I h\'\)\ IlIom.1 .11110,1111 Ihodlt'h 

WhlCh had bl'cn studlPd lor rCJctlvlt\ wIIIl pI.IIl'II·I~ I.'.I!-- f'XoIl1lll1t'd Itn 

k-eacl1vltv wlth F.Cs. FewP} ,llltlhodll'>; \,"1 t' tO\llld ID Il'del Wllh l'l' .. 

thdll wlth platelets bv duect blllllIlIg 1-I.I:)A. III l'Xpt'llllIl'lIl~ 1':-".111\1111111: 

the ef~{'ct:',()l thl':',(, aJlllhndlt's on 'hl' 1I11\'I.lCII01I·, 111'1\;'1"'11 pl.ltl'II'I·, 

dnd ECs and the cvtotOXlCltv 01 thl'sP .tIIt 11)(11111':, tu F(· .... 1 hl' II' WI'II' 

no COI/SlstPllt J)()SJtlVt· fl'acllflllC, fOI .IIIV 01 Ih,' .llIllhlldll·, Il'!-,II'd. 

Th!' Idck of consIstent pOSltlVP n'.lrIIOIl·, 11i,IV hdVI' bl'I'I\ tllIl' III 

mcttlOdolor.1C,~1 problcTO!->. '-,llch oiS ttlt' <11'1,1('111111'11101 Ihl' 1'1' IIIOIIII!.I\'I'I, 

III the pn'5l'IlCf' uf ::'UniP <inl Ibor!IP-, .t1HI dur 1 Ill'. Ihl' nlolllV 1111111'\ IN 01 , I)t'", 

alld the hl gh \('1,.'\.\ ni "POIlI,III I 'OtlS ',1 \' \ Il,1'',1:,1' li" H', III 'lit' 

cvtotOXlCltv dSSclV, AJIf'llwtJVf']V. JI Il,'' , 1 III' J')I k Il/ 

tunet lonal elll'( I~, ot thl'<-,I' ,llIt Ihod !t'c. 1111 1'( '" 

Immune peU tlclpat JOrt III PIHlottll'lt.t1 IIIJIII\ Il.t·~ 1"'1'1) "'1"1111'" III 

b lood vesse 1 dl '-,(·.JSl'S 1 Il ~)l.l·. pol t IP11 t ~ 1 j/l~. '. ThIl 1 l', l'V 1 dl'III 1 1 Il,\1 

foC antlgPlls expl['s::,cd on tht' :',lIILt(I' (JI IIIJl111·d (l'II' ((,01'1 PI""IJI,' 

HnmUTIP COlllp] PX tJllld lUf, t f) ( Il J t III prI hllT/'dll /'1,'-, 1 1.'.2. l',,' 1 \1 r 101-

dependent ITI0l10cvtl! hlndlll? to (,)hlil t ,1fJ1 t.l Fe:. 1 l,,",,, .11 t 1111111'11 Il l', 

stlll Tlot C]f'dr whf,tlwl InLlet l'IJdflltJ\'llIlfI, l', 1 d \ /,," l ,JI 

autodllt l.hod les. IlTIlnUJ1f> ccl 1~ or 1 rnnnllll' ( (Hl'p ]1';";"" j','I,lIJO). 'l'Ill' 

delTIOllstratlon Dt Fe l('('f'plor~, 

or antlbody-antJgf-'rt compJf'xe~" e,H1 blfld lu thr' f'udotlll'111l!rl ,HIll (,.1\1',1' 

EC damage. Slnce autoantlb(J(I1f~!-' and JTClTPIITW (OTCIpj('X I .... (.11'('·>1'·.1 trI tlll' 

clrculatl.olJ of SLE péttlent~, II IN J 1 1 1)1' 1 rr po ( 1 d 111 
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whl'ttlf'r lhf~~e ,wtoantlbadles tind Immune complexes can blnd ta normal 

JnLiet plIdothellum and thus changl' the nonthrombogenlc surfdC'p ta 

ITHIlJe!' pJ.ltf'let adhe.slOn. Alternatlvely. an altered endothrlllUfi cou1d 

1T1f11l(f tllf' [l((j(IIIC'r Ion of autoantlbodlPS WhlCh medlé.tte IroniUnf' lO)UfV. 

TlllS iaJSf'S the questIon of whether EC-blncllng .1utoantlhodles 

.JIf' HH' LiU!,!' or thl' rpsult of 1'.C In}UrV III SLF P,ltlf'l1ts, In a serurr' 

.,t\ll!v 1I~,IIlI: hlllTian umblilcai vrIn Ers, CInes pt al. (hOI ùpmonstratl'cl 

Ih.tl ',1".1 tt/HII Sil' patlt'lIt!-. dppOSltt'd slgnlftcant amollllts ot Ig(,Ol1to 

H '", dlH1 ,t1:,o 1 IXprt dppreC1abll' ilmollnts nt \;3 ta the Er SUI f<lCP. 

l'Illtlll'IWOII', tilt' l)IJldlll~ ot IgG W,lS accompan1PcI Il)' a dlSI"UptlUn of 

tll" /'IH!otltl'll.t! fltOHolavci as IoIp11 J . ., n'orpholaglCal ('hal1l~es 111 thE' 

,llld cl Iffllse p1atpll't ,}(itl('~1[)n to Fe 

WOIIO!.lVPI'., Ih()" Mc))p!Jolag!cal changes 1:1 rounded appe~:ll".In(,C'. loss of 

(IJlI!.\( 1 w 1 t Il III' If'.ht)()( llW. Ct' Ilb. and dt>t lchwpnt of ~c rrlollol.lyf'i s 1 rom 

p 1.1:-.1 IC ~111 t d( j'!o 1 Wt'It> dlso lIotpd HI OUI t'Xpf'lllTif'llts whell 11\1' I~C 

IIiOIlOI,IVI'I .. """'11' IIlC'ub.-tt,'d wlth sornp. but nol dl1, FC-blndlll~ 

II\'hlldolll.t I\lPlb .illt llJOdles Id.tta nol shown), The IlPgatlvP If'sults 111 

(llll :-.tll(\II':-' 01 tlt" L'tlj'( ts uf hvbrldorr,d antlbodlf'S 011 EC cvtotoXlCllv 

.llld tl,,' 1111 "loIct 1011 bf:'tween Et: and platelpls mav rt'flect the 

ECs IloTrl mlC'lotlter wells. ln the cytOtOXIClty 

"'PI'11111('11I:-.. El: dt tarhment may have InfluE'llCed the results If F.C-

were not ablr ta blnd to det.:lched ce Ils. 

·)lnllLnlv. thlS could have resulted ln an apparent lack of cffect on 

pLltt'lt't .idhl'rellCP to ECs ln cases where the EC monolayers became 

lie t .H' ht~d • 

N('dldlll sms Dt ht'l' th:.n a dIrect effect of antlbodles on ECs have 
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been proposed. Ant1bodleS with lupus ,wtlco..lf,uldnt JctlVltv h.tvt' 1>1'1'11 

shown to Inhlblt PGI 2 synthe:HS ln vdscu1J\- t Issue~. posslhlv b" 

lntel-ferlng wlth the IJberatlun ot drdcludonlc aClll l\om mt>lIIhr,lIl1' 

phusphohp1ds \1'>O,221,2b8\, Carrerdh et ,lI. t mlllll 1 h.t t .UI 

lupus antlcoaglilant-conla1nlnt~ 19G t r.let loti, lsolaled t tom .t l'.lt lI'lIl 

w1th a hlstory of artet-lal thrombosls .1IIe1 lTIulllplp IlIt t.\utl't 1 lit' 

deaths. reduced the release of PGI;> from l.ll .1011a nngh (lt pll'glldllt 

human myometn.llnt .uld the product10n of 6-kf'to-pro~t.lt·.1.1I111111 1·· ..... hv 

bov1ne endothellal cells. The l.nhlb1toly efl('cl was aboll:,hl'd III Itlf' 

presence of aractudunlc a('ld. III cl subsf'quent sludy, Pl;I,. pror!t1l t 11111 

by vascular tIssues was l.nhllnted by plasmas of k of 14 )ldt If'nt!-> wlIl1 

LA. b of whom had thrornbosls (~h>n. Slml)ar Ilndlrlgs Wl'lf' O!JI.lIJl"d hy 

sorne but not .. ill groups of Investlgators (27H-:2HI). ()th('r~ .ugul' th .. 1 

the t hrombns 15 a!:-,SOC1.lteri Wl th alll .1-phospho IlpHI .:tlll 1 hl/ri /(.~ c.tOllol tH' 

explalned by eftects on l'.C and plah'let pr()~t.:tn()ld :-.Ylltlt,·:-,l·-; U'1:!1 

allc! that the slgnlflcantly 1l1crcrlspd EC proCO,tl',uJ.H1t dellvlly IIHItICI'!1 

by sera from pat1ents Wl th SLE and LA may dccrmnt lot t Il!' ) lH' rr·,j:-,1·11 

IncIdence of thrombosls ln UII'SI' p.lllt'ul:-. 12H11. Ttlf'l:.l· du-,('ypp.tnl 

results may be due ta the heteror,eTlPous l'rrJpprt1f':' ot 1.1\ dlll Ihodl'''-, 

or ln the eflects of oltler dutoanL1bodles ln UI!' (Jl,t!,ma of 11lf':,1' 

pat1ents. More dlrecl eVldencf= 15 5t111 retpllrerl 10 I·XpJ.tlrl IIH' 

aSsoclatloH of LA and aHtl-PL WJth Ihrornbm,H; and thrornl)(J(ytoJII·nut. 

In our laboratory. we plau ta underlake slTflJ1tir :~tllrJll'!-, W~1T11: 

hybrJdorna LA and anll-PL antlhod.1e::. to .1dcntlfy whf'thl'r rnonoC'lfHl.t1 

antlbodles of these speclflclt.1eS are ab] e to ) nh] Int O( f!nhMIC!! pr;J:.. 

prodUt~tl0n. 
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In bummary, our studleb uSlng hybrldoma LA, antl-PL and antI-DNA 

aulodntlbodles demonstrated that fewer of these antIbodlCS bound ta 

ECs than ta platf'lets. Furthermore, nelther EC-bindJng nor non-EC-

bUHüng an! lhudles had slgnlflcdl1t cytotoxlC effects on ECs ln vItro, 

nor was there any reprodUClble effect of these antlbodJes on the 

adhel ('ncp of plate]ets tn EC monolayers. These results support the 

pOSf, ltHll t Y that mechanlsms othf'r than dIrect unmune InJury ta ECs 

Indy h,> Involved lfl c:ulslng thronlboSlS ln SLE patIents. 



1 

1 

185 

CHAPTER VII 

GENERAL DISCUSSION AND FUTURE PERSPECTIVES 

The present thesis describes our studles on the charactenzatHJ\I 

of reactl.vltles of stE and normal-derived human hybndoma lupus 

anticoagulant, antl-phosphol1Pld and antl-dDNA autoantlbodles WJlh 

platelets and endothellal cells. Thl.s work was based on the hypothe­

sis that autoantl.bodies might play a role ln hem05tatlc dlsturbanc~s 

Whlch are frequently seen ln SLE patIents (249-251). Al though Il has 

been known for sorne tl.me that hybrldoma antlbodles wlth autofl'<1ct 1-

v1tles can be derlved fra ,\ bath SLE and normal Indlvlduals, few 

studles have examlned the dlfferences between the epltopes recogI\lzed 

by SLE and normal-der1ved ant1bodles and ln the functlonal effects ot 

these antlbod1es on cells. It was a150 not clear what, If any. 

relatlonshlp eXlsts between the multIple reactlvllles (antl-DNA, 

antl-PL. LA, antl-plate let and antl-EC), or polyspec lflclty, of 'he:~p 

autoant1bodles and whether speclfIc epltopes on platelpls and ECs :Uf' 

recognized by these polyspeciflc antlbodies. 

The four maIn appro;>:::hes employed ln our studles were: 1) the 

p1toduct10n of human hybrldoma autoantlbodles from fUSlOns of CM MJ7'.!. 

human lymphoblastold cells wlth penpheral blood lymphocyt.es l'roro SLE 

patIents and normal Indlvlduals; 2) an examlnatl0n of the blndlnc 

reactlvities of these antibodles by SOlld phase Immunoassay:-.. and 

Western blottlng analysl.s, and of thelr functlonal actlvltl~S by APTT 

assay and 

analysl.s 

chroml.um-51 release cytotoxlclty assays; )) a statlstlcal 

of the re latl.onship between dlfferent 1ndJ.Vldual 
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reactIvIties (e.g. lupus anticoag~~ant and anti-platelet 

reactIvItIes), examIne~ by analyzing SLE and normal-derlved hybrIdoma 

antIbodles both together a~d as separate groups; and 4) an 

InvestIgatIon of the epitopes recognlzed by an interestIng SLE-

derlved platelet-bIndIng autoant~bcdy which reacted with ADP-

actIvated but not Wlth restlng platelets. 

In the fIrst part of our studles (Chapter III), a panel of 

hybrIdoma autc·3ntIbodles derIved from normal indivIduals and SLE 

patIents was tested and analyzed for LA, anti-PL, antI-dDNA, and 

antl-platelet reactivitles. Slnce the dIrect bIndIng reactlvltles 

were tested at an early stage of hybrIdoma productIon and only 

1Imlted amounts of supernatant were avaliable from most hybrIdomas, 

we were unable ta evaluate and adjust the Ig concentratIons prIor ta 

screenlng on the dIfferent antIgens. However, most dIrect bIndlng and 

cytotOXlClty assays uSIng affInIty-purIfIed hybrIdoma Ig at 

equlvalent concentratIons showed consIstent results wIth the 

supernatant studles. The data suggested that antl-platelet antIbodles 

may recognlze dIfferent epItopes on the platelet membrane. AntI-

plate let reactlvlty of these antIbodles was correlated wIth j)NA and 

PL-blndlng actIvItIes, but not wIth LA actIvIty. Thus, many antI-PL 

antlboOles bound dlrectly tn platelets ln VItro, whlle most LA 

antIbodles dId not. 

In the above-mentloned studies, SLE and normal-derlved hybrIdoma 

antIbodles were analyzed as part of the same group. There was a 

pOSItIve correlatIon seen between anti-dDNA and antI-platelet 

actIvitIes (FIgure 2 of Chapter III). However, when hybrIdoma 

1 , 

J 
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antlbodles were grouped accordlng to thelr ongln, from elther SLE 

patient or normal donor, the correlatIon analyses revealed dlfferent 

findIngs. Among the normal-denvcd antlbodles, there was a st rong 

positive correlatIon seen between antl-platelet and antl-dDNA 

activities. but among SLE-denved antIbodles, there was 110 

correlatIon between these two reactIvItles (FIgure 1 of Chapter IV). 

These results suggested that normal and SLE-denved ant Ibod ll'S m.ly 

differ and led to the second part of our studles (Chapter IV). 111 

WhlCh the blndlng and functional actlvltles of SLE and normal-dPI lvpd 

hybrldoma antlbodles were compared. The data demonst ra tt'd 1 h,ll 

hybndoma plate let-bindlng autoantibodles denved f rom SLE pat H'nl s 

exhlbited greater antlgen speclflclty and functlOna 1 <let l v lly 1 h.lII 

slmilar antIbodl.es derlved from normal Indl vlduals, sug[;f!::' t lll~ 1 h.ll 

SLE and normal-derlved polyspeClfl.c platelet-blndlng hyhr UjOrrtd 

antIbodles may bInd to dIfferent epltopes on platelets 01 hUlIl I() 

plate lets VIa dlfferent mechanlsms. 

An InterestIng SLE-denved hybndoma antlbody, 9601., was lIUtf'rl 

in these latter studIes. In contrast ta mast other hybr lIJorn.t 

antlbodies. WhlCh displayed cons lstent reactlons ln dlrec t blnd llll~ 

assays on lIve plate lets (by RIA) and on glutaraldehydp-fJxf!d 

platelets (by ELISA), antlbody 9604 dId not blnd ta flxed Intact 

platelets ln ELISA, but did react wlth lIve plate lets ln RIA. Il wa~ 

also strongly cytotOXlC to platelets ln VItro. We postulated that 

antibody 9604 mlght react wIth an antlgen(S) WhlCh lS nurmally nul 

expressed on resting platelets. Further expenments (Chapter V) tu 

identify the 9604 reactive epltope(s) demonstrated that antlbody ~604 
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dld not blnd to fixed Intact restlng plate lets, but reacted wlth 

freeze-thawed lysed plate lets and wlth flxed ADP-actlvated plate lets 

ln ELISA. Western blottlng analysis ldentlfled speclflc 9604 reactlve 

epltopes on reducible polypeptIdes of approxlmately 200,000 and 

32,000 M.W. The flndlng that antlbody 9604 binds ta protelns present 

on actlvated but not on restlng platelets suggests that addltl0nal 

factors may be requlred to expialn the pathogenetlc raie of thlS klnd 

of lupus autoantlbody. These addltlonai factors could lnclude other 

autoantlbodles or serum factors WhlCh lnduce plate let actIvatIon and 

thus permIt the blndlng of 9604-llke antibodles to actlvated 

platelets, and posslbly, Immune damage by these antlbodles. 

The ObjectIve of the fourth part of our studles was ta examIne 

the effects of SLE autoantlbodles on ECs and on the InteractIons 

belween ECs and platelets (Chapter VI). USlng the same panel of 

hybrldoma antlbodles as was studied for platelet reactlvlty, fewer 

anlibodles were found ta blnd ta ECs than ta platelets b> ELISA and 

Western blottlng analysls. Experlments examlnlng the effects of these 

antlbodles on the adherence of platelets ta ECs and the cytatoxlclty 

of these antlbadles ta ECs were repeated numerous tlmes uSlng 

dlfferent procedures. However, no conSIstent posltlve results have 

been obtalned ta date. ThIS may reflect a true lack of functlonal 

effects of these hybrldama antlbodles on ECs, or alternatlvely, may 

be due ta the dlfferences between ECs present ln arterles, velns and 

caplilarlcs. and ta certaIn methodologlcal problems Whlch arIse ln 

worklng wlth cultured ECs. 

Several general conclUSIons may be drawn from aIl of the data 

J 
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obtained in the above studles: 1) The dIrect blnding and 

cytotoxlcity of SLE-derlved hybridoma autoant1bodles to plate lets 

suggest that these antlbodles may play a dIrect role ln VIVO III 

causlng sorne dlsturbances of hemostasls ln SLE patIents. 2) Western 

blotting studles and statlstlcal analysls of antlbody blnchng 

reactlvltles suggest that SLE-derlved platelet-blndlng antlbodles mav 

react wlth dlffprent epltopes on platelets or blnd ta plate lets VI~ 

dlfferent meehanlsms than normal-derlved antlbodlPS. FIII th!'l mon', 

SLE-derlved antlbodles exhlblted more specIfIe blndlng . .lI1e1 I..:rt>,ltPl 

functl0nal aetlvlty than normal-derlved plate let-bllldllig .lnt Ihud J e~. 

) The charaetenzatl0n of an SLE-denved platelet-blTld.lng .lnt lbody, 

9604, demonstrated that sorne SLE-denved autoantlbodlf~s an' ab 1 e tu 

dlstlngulsh between restlng and actlvated platelets. Taken to~pthel, 

these data suggest that several klUds of auloantlhodlf'S may b .. 

lnvolved ln eauslng hemostatlc dlsorders ln SLE patIent!:>. Al tl!ollgh 

our studles provide sorne lnslght 1 n to the !TIVU 1 venll' 1\ t (J t 

autoantlbodles ln hemostatlc abnormahtles se en ln SLE pat lellt::., IllllCh 

work remalns to be done ln determlnlng the pree lSf> ep 1 lO!lp!-. 

responsible for the blndlng of these antlbodles to platelets. 

There IS no doubt that platelet-blndlng ant.lborhcs can tH' 

deteeted ln both sera (55-59) and hybrldoma autaantlbudles (76) 

derlved from SLE patIents. Efforts have been made lu ldenllfy the 

epitopes on platelets responslble for autoantlbody blndlng (5q,~~). 

Plate let target antlgens of approxlmateiy 108,000 and 66,000 M.W. 

(58) and 120,000 and 80,000 M.W. (59) were found for sorne SLE Sera. 

In our studles (Chapter V and VI), we have demonstrated that SLE-
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derlved autoantlbodles can blnd to certaIn epltopes on platelets and 

ECs. One antlbody, 9604, reacted w~th a 32,000 M.W. polypeptide on 

platelets and a 200,000 M.W. proteln present on both platelets and 

ECs, whlle another antlbody, 9500, was reactlve wlth a group of 

protelns ln ECs wlth relatIve mobllltles slmllar to actin 

(approxlmately 45,000 M.W.). Antlbody 9604 was able to dlstlngulsh 

between restlng and actlvated platelets, suggestlng that the reactlve 

epltopes may be present on actlvated platelets, but not on restIng 

platelets, and may be related ta platelet actIvatIon antlgens, sorne 

of WhlCh are analogous ta VLA famlly of protelns (222,227). Further 

ldentlflcation and characterlzatlon of the platelet and EC protelns 

reactlve with these hybrldoma autoantlbodles may provlde a better 

understanding of the blologlcal functIons and slgnIflcance of these 

protelrls. Furthermore, the ln VIVO effects of these autoantlbodles on 

these protelns may help ta explaln the mechanlsms WhlCh result ln 

hemustdtlC abnormal1tles ln SLE patIents. ProductIon of mouse 

monoclonal antl.bodleS WhlCh mlmlC the blndlng and functlonal 

prnpurtles of these human hybrldoma autoantlbodles cou Id provide 

useful antlbody probes and would help ta overcome the technlcal 

dlffIcuJtles Inherent ln produclng large quantItles 

purlfl.ed human hybrldoma antlbodles. 

of hlghly 

Pldtelet dcllvatIon results not only ln changes ln surface 

proteln antigens (173-185), but also in a rearrangement of plate let 

membrdne PLs. In partlcular, PE lS exposed on the actlvated but not 

on the restlng platelet surface, as detected by trlnltrobenzene­

sulfonate (TNBS) labellng (125). It WIll be Important to examIne 
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whether ant1bod1es reactive w1th PE (located malnly on the 1nslde ot 

the plate let membrane 1n rest1ng platelets) or w1th other PLs, and 

which do not b1nd ta intact resting platelets, are able ta blnd ta 

act1vated platelets. 

As dlscussed above, 9604-11ke antlbodles or other dntlbodles 

Wh1Ch b1nd ta act1vated but not ta restlng platelets may reql\trl~ tlll' 

act10n of add1t10nal ant1bod1es or factors on platelets tn l,pl-mIt 

the1r blnd1ng and subsequent effects. Further explorat Ion of 1 ~/p 

l.nd1Vldual and cooperat1ve raIe of these antlhodles III ImlTllmf' p.ll hn­

genesIs 1n SLE may reveal a k1nd of autoantlbody casc<llJt~ mechaUl::.m. 

AlthO\.'6h sorne authors have proposed that LA mJ.y Inh lb 1 t UIf' 

productl.on and/or release of PGI 2 , and thus promote thrombosls, mas! 

of these observatIons have been made 1.n VItro lISlllg antlbodJes 

derived from plasma or serum 050,268,278-280). FurthermUlf', 1 

controversy eX1sts as to whether LA antlbo(hes affect P(;I", productlon 

(282,283). The d1screpancy between the results fI om cl 1 t t t' r f' lit 

laborator1es may result from the use of ECs from dIfU-rellt tIS~lH' 

sources (vascular tIssues compared Wl th cul tured human t1mlJ Il 1 (',il vr~ tri 

ECs) or to the presence of autoantlbodles other than Li\ ln SLE sera. 

These Issues can be dlrectly addressed by examInlng the Infillencp nt 

monoclonal hybr1doma autoantlbodles wlth def1ned reactlvItles 00 PG[~ 

product10n by ECs and on TXA 2 product10n by platelets. 

The use of human hybrIdoma autoantibodles fcom SLE patlent6 and 

patients wlth other auto1mmune hemostatlc abnucmalltH!s ~hrJII)rl 

provide a valuable approach to elucldate the meChaTllSrnS by WhlCh 

autoantlbodles result 1n var10US dlsturbances of hemostasls. 
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Thp plate let and endothellal cell-blndlng propertles of a 

panel ot human hybrldoma lupus antlcoagulant, antl-phosphollPld and 

antl-DNA autoant Ibodles were assessed and the relat1.onshlp between 

thf'sf' dlfff'rent redctlvltJeS was analyzed. 

,'. Chrumlum-51 l'eleasf:' assays were developed to test the 

cyl ot IIX1e etfects of hybndoma dntlbodles on platelcts and 

1'1\(10 thdl al CP J 15. 

: Thf' dll'pet blndlng reactlvltles and functlonal characterlstlcs 

I( ylotoXlClty ta platelets and endothellal cells. and lupus 

.lIll1codgllLmt (lctlvltvl of SLE-denved hybrldoma antlbodles were 

comp.1red W.llh normdJ -derlved dntlbodles. 

:. A t Pchllique USIng the parental human lymphoblastOJd GM 4672 

('l'lIs .1:-; ,1 feeder layer was developed and successfully emp]oyed ln 

c\OIllllg tIlt' hvbrldumas • 

. A procedure for lsaplectllc focuslng of human hybrldama IgM 

W.IS deveJoped ta Identlfy the manoclonahty of the hybndoma 

,1111 1 hlld le!>. 

- fuI SLE-derlved human hybrldoma autoantlbody, 9604, was shawn 



1 
ta react wlth reduclble polypeptIdes WhICh werl' pl t':-.t'Ilt 011 ADI'--

actlvated platelets. but not on the ccll slIdact' of r t':-'\ 111/', 

platelets. These 9b04-reactlve platl'let polypept ldt'S h.IV(' bPI'1I 

lsolated and partlally characterlzed. 

1 
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Legend to Table 1 

ft 'l'hl' '> 1 Ct-rf' lea::.e as::.ay procedure 15 deSCYlbed ln Chapter VI. 

h fo'reshly rf'COnslltuled rabb1t serum (GIBCO, Grand Island, NY» was 
IISl'd <ts 1 hf> cornp l"rnpnl source. 

I.",H'h value rpptesents thl' me.HI uf dupllcate samples • 

.. 'l'hl' vallH't-, showH L11 bold pnHt represent IHlSI11VP Yf'dctlons • 

... NO ~ nul done. 

" 'l'hl' Cil 1 -011 V.dlll!, olbove wh leh a t-esult was consldered pOSltl ve, 
W,I~ c.llculat,>d Irurn t1lf' mf'an plus 2 sn of 4 coutroi silmples, 
Incllldlllg S.H. (~polltanf'olJs tt>lease), IIIgM (hurnan IgM), PBS-A 
hull"l aud liT mpdJum, dud WilS 18.3 for hybrtdoma supenldtants and 
7.'2 fOl ,tfllllllv-Plll JI If'd ant Iborllf.'S. 

IlI}Jl'cI IVe' .1))(1 COllclllSIOII: 

ThiS Ph(ll!rlnll'Ilt wat:. perfornll'd lo f'XaHtlne whether ]ncn~ased 
hvblldollld dllt l!lodv-Jllducpd '>'Cr release l'rom platelets was due to 
.111 t 1 hodv-dt'IH'IIÙt'lI t ('!lIIIP 1 ('melll-mpd l...lted cylotox.lC l t Y or lo camp lentent-
11HI<'PPlldt'llt nll'Ch,llll:-.m<;, such as If>!easp of platelet gLlnule contents. 

Tht' 1("~lllt~ d(,lII()lI~tl.Jtt' that thc etfcct.=. of th!' antlbodlCS on 
pLltt'lt't:-; OCC\1I1l'd ortlv ln the pl-esellce ot complemf'nt, lndlcatJlIg 
thdt Iht' 11I('I"<I:,l'll '>IC. tt'll'dSC was causpd by cOJ'llplement-medl;lted 
cvlol('XlC 1'11"('1:-. (II these antlbodH'S. 

1 

1 
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Table 1. Hybrldoma Antlbody lnduced Chrom.lllm-~1 Hpit',lst' f)om 

Platelets ln the Absence and PrpscllcP of COlJlplr'Jnl'lIt" 

Hybndoma 

9200 
9604 
9700 
9703 
970~ 

9603 
9S00 
9502 
1200 
BJ 123 

8109 
BIlO 
BIll 
10031 

S.R. 
P~S-A 

HT medIum 
HlgM 

Mean ± 2 SDi' 

51Cr-Releasc from P1att'lpl::, (~,I 

Supernatants 
---- -- --- --- -- -

Complement b 

-t 

--- -- ---- -- - -- -

2).7'" . d III • 1 
27.S lIf • b 
28.9 14.9 
19.7 1 b. ) 

28.4 15.8 
20.1 13. '1 

ND ND 
PL 1 16. ~ 
18.3 15.':1 
Ib.':1 14.'> 

lb.) 14.5 
17. 1 1:' ./f 
17. 1 16. j 

ND ND 

18.3 14.2 
ND ND 

1b.4 15.3 
\).0 l '> • ') 

Ib.6 ± 1.7 

l'lIrl f 1 pd Ant 1 lwd II'S 

Comp 1 elnl'II t 

12.1 6. <1 

./,.2 7 '1 .... 
11.1 h.U 

ND'" ND 
~ • l, h. f:J 
7.9 fI.I) 

13.3 h.'2 
1!>.9 7 • () 

NU NU 
1. j f, • (J 

IJ • If Il. 'i 

h.7 h.7 
b.H ') • H 
') .f, " • 1 

l,. H ' " ) . -
fi .') 6.k 
NU NI> 
f, • f, f, • ') 

h.1 ± 1.1 



Legend to Table 2 

n l'I<1lplf'ls Wl'le soluhlll/.ed HI S[)S sampl!' buffer conlalnlog 2-
IfIprcaptol'thanul ilnd run under reducIng condItIons lTl an 8-12/0 
l~r.HJJeTll SDS pAla·:. nI!' prOCl'dIJrP for Wpslprn tJlottlng was the same 
dl-> thal de~('r Jtwd HI Chdpter VI. 'l'hf' antJlJolhe~ uspd HI the&p 
PXPP( ITlwnls WI'If' clLlulf'd ,}cCOrthng to Instrllet JOliS provlded wlth 
Ih/' pur('hil:-'f~d i1l1tlbod],~s or :,UggPstlOIlS fronl thPJr laholatorlps of 
Cl II/'.1 Tl • 

l, HI'Lit 1 VI' TllobJlIIII'<; W(,H~ cillcuLited From a stal/dan] clIrve of tugh 
,!llfl low lIIulpcuJ.u wPIr,ht standards (BIo Rad, Richmolld. CA) rUlI ln 
tll!' ',itlilP ~:I'J. Th,> If>tlers [olloWHI/o; the mollllJtlPs rcprpsent the 
L,III'III'.t" (JI lIw bancts: s fOI ~ll{JIl~, m fUI medIum. and W for wpak • 

• Alli Il,,"111','; W/'lP 1{JlIlllv P10VlrJI'd bv Or • .J.-L. Spnec.i1 • 

• 1 AllI IlJodlP~ .Hld Ipet IlIS WPH' JllHchased J rom SlgmLi (St. LOUIS. t'fOI. 
TIIf' (vlosk .. II't.J1 proll'llIS ubed ab antJgl'ns 10 prepare thesp 
.1II11buOlP'" w,~rl' Iso)..tted fnlm chlckpns. 

l' AlIllhodv W .. • ... klllltlV pluvlllpd bv Dl. P. Bockenst(>dt. 

, AllI 1 hullv W,l~., pllrchased J rem Sf'lotp(' (Blackthofll, Engl.:tnd /. 

,. AllI "J/ldll'~ W"If' kl/I/lly pnlvlded by Drs. K ' '.:rae ,1lId D. CUles. 

l, Wltt'Il p!.II"I"t plotelllS were rUII under nun-reduclllg condJl]()!lS, 
II',\!'IIV(' h,lIHh W,'j(> :'01'('11 ""Ilh <lppfOxlmatc M.W. of 80,000 (5) and 
120, (JOU ~ III ) • 

WI'S 1 l'III Il 1 011 LlIg .111.1) V:-'f'S 

.tllilhodll'S ot kllOWll specIIICIIIPs 
pl () l ,> 1 Il:-' W 1 1 li nlO Il 1 1 l t Il' S b 1 m l î dIt () 
h\'llllltOl1l.1 ,llIto.1\I1 Illodll':-'. 

111 

thase 

periormed uS1ng varlOUS 
order to Identlfy plate} ... t 

reactlve wlth the tJurnall 

Tht' 11':-'1111:-. show th.tl mùst ot thf' deflned platt>lpt protpHI bands 
\,11'11' Ilot .... 11Il1 Ln 10 li1/' hybrH10ma anttbody rellctlVt" protl'lll bands, 
\"1111 thl' l'xcPptlUlI 01 .1CtHI, tn WhlCh manv of the hybndorna 
.1111 llHlù 1 ('S bouilli. 

1 

1 
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Table 2. ReactlVltles of Antlbod1es wlth Deflncd Spec 1 f le 1 t II'S 

wlth Plate1et Protelns ln Westel n Blot t Ing AII,lI VSlS" 

Deflned SpeclflC 
AntIbodles/Reagenls 

Mouse antl-actl ne 1: 1000 
Mouse antl-tubullnc 1:250 
Mouse antl-vHnelltm<" 1:150 

GUlnea plg anll-Vllnent lrl~ 1: 2)0 
Mouse anll-cvtokeralln~ 1:7'> 
Mouse antl-desmlnc 1: 100 
Human anll-rnlclof11amcllt'- 1:40 
RabbI t anU-ae t In,1 1: 50 
Rabblt alltl-tr-OPOTIIYOSUld 1:200 
RabbI t anll-<l-actll1ln· t 1: ')00 
Rabbll dllt l-SPPC t 1 In Ll 1: 400 
Goal antl-tllamlnd 1:100 
t-!ousp antl-Vll1CuJlI1d 1:\00 

Mouse antl-myosln tFasl)d 1:'>00 
Mousp antl-myosln 

t L ch.il TI) dl: 400 

AntI-P1atelet-AssOclated Protclns: 

Goal antl-Protcln S· 1:1000 
Mouse antl-GPlb (MCA22b)f 1:200 
MOllse antJ-liPllb (BIB'»'" 1 :400 
Mouse antl-GPIIla (SSA-h)~ 1 :lO 
Wheat Germ Agglutlrtln d 1:100 
Concanavalln Ad 1:100 

MobllltH!S of H.eactlvP H,UHls lo 

4S ,OOO( si 
!~7 ,SOO(w). ~,).OOO(m) 

b/~,OOO(W). '17.00011,,1). I:W.()()Olm). 
170.000 (nI). >200 .000t w \ 
') 4 • 500 - h·'. 000 ( Til \ 

120.000(w).170.000(W) 
Nu VIf) 1 bIt' IJdlld 
No VIS 1 li 1" h.HIII 
'> ) ,000 - h:.!, 000 ( 111 ) 

Jl.000 - 1,1. ')00 ( TIl ) 

':J7 ,OOO( w 1 

No VI!:> Il) II' balld 
8'J. 000 1 lTI 1 
7.'). ')00 ( W ). kh. ')()() (~". 'JI" 000 (W ) • 

1 1'> .000 ( s ) 
No V 1ft l tJ 1 f! halld 

Nu vls1hl" b.Hul 

r)~ ,000 (w). !-j'" 000 (:,). 1 (J') .DOOi w) 

2<),OOO(s). 120,OOOlrrti 
27,OOO(b). 2H.OOO/h) 
No vlslhle !J.wd h 

Nu VI: .. 1 b J l' !J.iIlc! 
80,OOO(sl. k2.000(ml 



Legend ta Table ) 

.. Ttlf' .t:-,i-,av wa~ JJf>rJormed on lIve endothellal cell monolavers and the 
IH()(,f'durt, IS rlescflhed HI Mel hod 2 of the Appendlces. 

l, HoIhhll dllt I-FoIClol VIII <lTIIISPY\un was klndly provlded by Davld BeLl 
i.llld Ill. H. {joldsmllh • 

• Ttll' pIOCf'r!tlrt' fur plt'pdrJU/', hllDidn umblilcal EC and flbrohlast 
mOllo).lvprs III rnlClotller platf's IS df?scnbed ln Chapter VI. The 
IlhlOhl.ll-,t (PlI 11111', GMIO-TS, from fetal skln WolS lundly provldpd 
hv DI. Jo:. l;olds. 

,1 Ede Il v,dul' n'JI rf':"PII t:-. 1 he nH'iln 0 f dup 11 C ,\ t f> samp 1 es. 

Ilh JI'('I 1 VI' ,ll1d I:OllC lUS10ll: 

'l'hli-> hUldlllg ai->t:.olV WolS pel formecl to dplfionst lilte that ~CS and not 
01111'1 ,I<II1I'H'1I1 relIs wen' coated to the plate Irl our EC ELISA. Factor 
VI Il ,1I111/',I'H IS pn'spnl U1tlV 011 I~Cs. platelets, and !TIegakaryocytes. 

TIlt' It'sull:" demo\lt:.lratf' Ihdt the cells prepaled fr-om human 
IImhlllc,tl Vl'Ill:-' alld lIst'd to coat the ELISA plate~ HI UH'se 
1':\.l't'III1II'III:-. oIrt' ECs. Hahblt dnll-Fdctor VIII dntlbodu's bOUlld ta ECs 
III d dllhl'--dl' 1"'IIlIt' Il 1 1Il.1I111P}-. bul d ld not talld tu the f Ibrobld::.t 
C()Jlllol ('t'II .... TitI' lIormal lablnt Sf'IUITI contloJ dJ.d not I-eact WJth 
1'11111'1 III Iht'SI' ('l'lb. 

1 

1 
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Table 3. Blndlng of Rabb1t Antl-Factor VIII Ant 1 bod Il'5 t (J 

Human Endothehal Cells and F.lbrobLlstS· 

--------- -------- ---- -- - - -- - -- -- -

Dl1utlon EndothelIal Cellsc F lbrublasts' 

Rabblt Antl-Factor VIII 

1:20 0.21<.1 o .O/~ 

1:40 ().16 0 

1 :80 0.11 () 

1:160 0.01 (} 

1:320 0.01 () 

1 :640 0 0 

1: 1280 0 (} 

Normal Rabblt Serum 

1 : 20 - 1: 1280 o o 

PBS Buffer o () 

o.~% BSA ln RPMI 1640 () (1 

1 



Lcr,end to Table 4 

Jmrnllloll-~ pl.ltl'S (/)ynatech. Alexandna. Vlrgln.la) were coated wlth 
Ilbr IIIOg(')J l') lIg/ml) HI 0.0') M sodlllm borate buffer, pH 8.6 for 18 
h()lJr~~ ,It l,oC. The assay was pertormed uSlng the same procedure as 
!hat c1l'scrlhed fOi the pLttf·lpt-bHldlng ELISA (Chdptf'r VI). 

1'.dCt! v.tI tif' rf'pll'!->f'nlh 1 tH' weau of dupllcilte samples. 

"Il of th .. !-tamples wprp hybll!Jom.t culture bupernatants. pxcept for 
'JfJO/, IgM, whleh WiI!-t ,lfflllitv punflpd antlbody. 

(lb J l'C t 1 VI' ,llIcl COlle) us 1 ~)II: 

Thl~ l'X!,I'I Inll'Ilt WdS pl'lfonned to l'xclude the p01:>slblllty that the 
pJ.ttl'll't-ldllllul/', ,ICtlvlty of th(J hyblldoma antlbonles, ln part.lcular, 
'lhO/I. w.t~, dul' III Witt. P'clctlVlty wlth tlbrlnogen, wtnch blnds tn 
,le Il v"ll'd Il Lit l' !pt!->. 

Th,' d .. l., ·,how:-. thdt nlost .1IlllbodH'S, Includlng 9604, dld not react 
Will! 1 tllIlllogl'll III ,1 direct blIldLng EUSA. 

1 

1 



1 

Table 4. B1ndlng of Hybr1doma Antlbodles tu 

F1brlDogen bv ELISAA 

------------

Hybndoma 

Buffer O.OIb 

B 109 0.01 
BlIO 0.01 
BI05 0.1 1 
B122-2 0.12 
4003 0.71 

134 0.10 
bOO 0.01 
1104 0.01 
1200 0.0) 
1305 O. ~'J 
1407 0.02 
1420 0.04 
%03 0.02 
%04 0.02 
9bOL. 19MC 0.02 
9702 0.01 
9703 o .O() 

9705 0.02 
970b 0.03 
B3123 0.02 
B3700 0.02 

--- - ----- ------ ~ 

1 
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Cl) 
CI) 80 ro 
Cl) • Platelets 
Cl) • ECs cr: 
~ 

60 ~Ü 
1/') -0 

Cl) 
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ro 
c 
Cl) 
(J 
~ 

Cl) 20 0-

• • • • -H,/I a 
6 ['8 1 9 2 3 4 5 

Incubation Time (hrs) 

FtglliP 1. ~polltalleOllS Release ot Cht'Ofillum-'.>l from Piatelets alld 

1':ndnthf'ltal Celis 

IlhJI'C'll\'C' ,llid Con(~.11\~10-'1: 

'\'ht'~1' ,111' }l'Slllt~ ot l'It'lllTltnary PXpellfllf'nts do ne pilor ta 
tl'~ltllg th!' cvtotO)o..,lCltv of the hyhr~dom<1 antlbodl('s to platelets and 
Et:~. Tht'St' t'Xp'~l Impnts wen' pcrformed tu detenmne the opt l.flIcl.l 
IIll'uh..ltloll lIme tOI' '>lCr-lf>lcdSe assdys on pldtPlPts dnd FC:-,. The 
·,I('I-It'lt·.I~1' dS:-..IV plocl'dures 011 p1.1tell'ts alld ECs <ln' desC'l1tJed 111 
t'h.lptl'IS IV ,lIIL! VI, IPspectIvelv. 

'l'hl' lt':-'lliis shllw th,lt th(' optImal IncubatIon perlod was between 
1 III 2 hotlls tOI bolh pLltelets dlld ECs, as the spontaneous 51Cr_ 
Il'It',ISt' <tIti Ilot Slglllllcdllllv 1I1l'l'eaSe dUrJng thlS Ume. SpontaneOllS 
""CI-lt'It>.ISI' WdS 11I11ch glt:'atel .. lI1d lIlCl'l'dSf'd more rdpldly fOl ECs than 
p l.1 t l'II' t S .1 t .11 ~ t 1 IIll' P n 1 Il t s • 
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Flgure 2. Tlme-Dependelll 131 nd l ng 0 f UVU 1 uloma An l 1 hud 1 f'~ : 0 /. 1 VI' 

Plalplels 

The pldlelpl-llll1chllg HJA wa~. pl'(forrrlf'd on IIVI' pl:Jll'lpl!-. ,HIll 1'·, 

descrlbed 111 Chapter Ill. 

The results nf lhlS experlmelll df!JfI()II~,tr;;l1' th.!1 rllfll'(f'nl 

hybrldoma antlbudH'S showed dlffplf'ut klllPt 1<: ... of blr1dIrII: III Ilv,' 
platelt:'ts. Nonplatelt>l-bll1dlng antlbodJ('s 13110 ,HIll IO!)O Illcf 1101 blJld 
ta llve platelets <tfter ally length of JTlCllbdllOII. l').Jt,.lpt-IJllldlll/: 

anl1body 'j')00 shawed hlghf!St bUII]lnr. tu IIVI' p),t!f'I/'I· .. 1"'1""1"'11 1_1', 
mInutes and 'H03 shuwed tngtw:-..t IHrllllng rlllr Inr, 1111' 11/'·,1 rr,IIIIII/', ,Jill] 

bath showed ct Sllght dp.cred~p th/'ll'dtll'r, .... hll/' .H11 dJody 'HI()lj ··.how .. rJ 
a tlme-dependent InC(eaSe 111 bIrHlIng 1)/'1\011"'11 1-]', rr,jnllt/·~ •• 



Fll~lIrl' L Western IHoltIng AnalV51s of Platelet ProtelllS uSlng 9604 

tJvhrlrlorna SUIH'rndtallts of Cells Kept ln Culture fOl 

Otlll'rpnt Per 1Oc!';; of 1'1011' 

sns l'Al,I': W,I~ 11/11 IIl1d.' 1 Il'duclng cOndltl0llS and th.~ procedure fOl" 
WI':-.ll'll1 blottlng WitS thE' SdOiC dS that descrlbed ln Chaptpf VI. L,mes 
1,1IHI :.!: M.W. ~t.JlHl,lrlls ,wei whol" pldlelpt pnltl'lns. respectlvelv. 
sl.llrll'd wlth .1I111do bLICk; I..mes j to II): whole platplt>t protplllS 
111011.'1\ wllh hvhrH\uHhl 'JhO/, (,IIJtmf' SlIpprlléltants halvl'stpd trolTl ('cils 
kl'JH III ctlllllfP 101 {Iltlerf'nl PP1IOd::. of tlm ..... 

Oh J 1'( 1 1 v.. ,Jllel COJl( 1 us JOli: 

Thl' blllt\llIl~ )Jloper! 11'5 oi YhO!, sllpprnatallt~ harvestt!d from 
IIvhllllonl.l {'l'Ils dt tPI bplng kept Hl eullulP lor dlffelpnt penods uf 
111111' W('II' p'\,tnIlJlt'd bv Wl'stprll hlot llllt; HI arder ta attf'rnpt to f'Xpldlfl 
th" IIICII'a:-'f'd polVSpPCllJCllv of SOlIiP 'JhO:, lI\'blldoma supernat:1ots. 

Tilt' 1"SIIII~ <I.'mollslral,~ th..!t lhf' blllchnr, Ch,Hcictt'oStlC'!-' ut th,> 
,1111 Ibodv :-.t'Cll'Il'd hv IIvbr JdOllid 'JhO~ dlcl hpcanle more polVSPPClflC wlth 
Ilni!' III clIlllIlP. Ali ,1l1qllot of the Oll~lllili ~lb04 cel1s frozen ln 
1'1.'111, w,,~ th,\Wl'd 111 (Jetobt:'I, 1'/.').'1, ,md that supelllatant (10/21/88' 
~hll""'d COJllpdl.lhl,' blmllllg PIIJpt·ltlcS 10 III(' Pdllv SUpf'llIatants 
Il.1\ \',':-,I .. d III l 'IHb. 

1 
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II. :. \ >J...,o .. sup ~ :. 55 

~ .. , 
4~Ù~ sup .. 8.88 .. "' .... ..,..: , 
9bO~ sup. 3 ~5:S8 

Hl: 1 1 qi:'O~ sup. I 7,88 , i 
900:' sup 3/9/88 

qbO~ .up. 3!~/8S •• 1 f .4 1 9bO~-3 sup. 8:3/87 
Il • 1 9604-2 sup. 8/3/87 If ,. 1 9604 sup. 2/30/87 
Il j •• 9604 sup. 4/16/87 
~ '''....:. ..... 9604 sup. 3/2/87 
t .... 1 .,....,. 

9604 sup. 1/21/87 

• 9604 sup. 11/17/86 

9604 sup. 10/21/88 

9604 sup. '/6/86 

9604 sup. 3/6/86 

~~oIe Pit prot~lns 

,., !-I.W. standards 

0 0 0 0 0 co 0 0 (1) 0 '" 0 0 0 ::> co 0 0 "'. "':. "'. c: cT' ~ 5-0 . :l 0 ~ N ~ .,., -: ~ on 0 .... a. "" '" N .... .... 
t:z.. 
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FI/',lIre Il. Western Blottlng Analvsls of Isolated Platelet ProteuiS and 

f',nclollwll,tI Cpll PnltelllS WJth Antlbodv gbOt. 

f').Jlplf'1 prUlf!lnS wcre J!:>olaled by an f'lpctroelutl0n procedure 
Whldl IS d('~,crjl)f'd ln Cholpll'i- V. Brlefly, platelf't protelllS werf' 
~l'p"I,ltl'd bv sos PAla·:. Gel bMld:-. WJth molJllllleS of M.W. 200,000. 
1:2.000 ,uIII 11,000 (I.I'. Iho!:>1' b.Hld:-, wlth wtllch dlllibodv 'Jb04 mlght bp 
1"drllVI') WI'YI' l'ut and f'1f'ctIOf'llItet!. Tht' plecl.oe1utf'd rndlprla1s 
W"lt' dl,dy,'l'd dr.L1ll1~t PBS .1IHi clJllcenlr,ll.>d. ThpIl. the clJlJCpnll.'lterl 
JJl(llf'lll '-)(JllIIIOIlS W('t"e Cf'ntlJlugpt! al 'j,'j'JO x g and the prPèlpltates 
'1IIi,olllIJl.· ('(JJflJHIIIf'lIl!-» .JIIII ~llpPlnatant!:> (solublp cOJllponPIIts) were 

1I~·,,'d III 1 hl:, exp"l Im!'nl • 

III 1111:-.• "pl'llfn('nl. SDS PAl;[': was nm Umll'l rf'due'JIlf, condlll0n:--
.1 III 1 WI''-,I 1'1 Il hlolllllg .1Iléllv!:>lS \,o,'d!'> periunned .].s ln Chaplcc V. 
f .. 1I1!' ): M.W. ',I.IIHl.lIds :-,t,lInpd Wilh dmldo black; l.allPs ~ ln 7 wprt> 
.111 IlIolll'd WJlh .JIIIlbody 'JhO:I. 111 I.IIW~ ~ .lIId 3. ~lIppnl-lt.Hll dJlcl 

JlI"lll'll.tl". 11'!->1'.'cIJVP1v. uf thl' I!lt'clrueluled prep;u-allon wlth d 

1I1(11))lll\' 01 .1pplOXlmatf'lv 200.000 M.W.; Lanes 4 and '): SUpf'lllatant 
.11111 1'11'('11'11.111'. rf'SpI'Cllvl'lV. 01 Ihf' (')pclroclull'd prf'palcltJOn wlth 
d HlOhllilv 01 .tppluxunatplv l:!,OOO M.W.; L.me 6 <lIld 7: supernatant 
dllt! Il l' (' 1" 1 1.11 l'. 1 f'SIH'('ll ve 1 v, ut 1 hl' l' 1 PC' t roc lut ed pl ,'p.il dt Ion Wl th 
,IIIIOhI11!V III dpploxlmalPlv Jl,OOO M.W.; Ltlle k: wholt> EC proll'lns 
,,: Il Il l'd w II h dll t 1 hodv (lhO!" 

Th" Id1'1I1111C,l1101I • 1 III 1 ISO!.iIIOIi of %04-reactlve platel!:'t 
pllltl'IIIS W.I:-' dOIl" Il) tUllhf'1 Chd\,\ctPI17l' lhf' bHJ!oglcal fUIICllOIl of 
111":-,,, pl()It'III~ .lIId Iht' plf'l'lSP l'tfl'ct of antlhocty 9hO:, on platelpts. 

'1'1\1' dd!.1 obtalllPl! tH'll' (,OlltJlnl th,it 
(,lIl11pOIlt'lIt:-. \.1'1 l' ~,\ll'c .. s:-,tlll1 \' lsol.lled 
.111"1 l'lt'CIIOt'lutlOIl. Tht' YhO{~-I('.lctlV{, 

thP:;l' 'l(IO/l-n'dcllve pl3t('ll't 
dlld l"f'tdlned thcll rC.1ctlvltv 
polvpeplldp of ~OO.OOO M.W. 

I~ 1'11':-"'111 III 

pol\'pl'pt Idt' lit 
l ",Il't IV 11 \ W.lS 

tht' Ptt'ClplLltl>d Il,lctlon IlnsullltJle HI PBS), .wel thl' 
12.000 M.W. III thl' sUpPlllatallt (soluble 1.11 PHS). No 

!:'>t'I'II w1th thl' 1I.000 M.W. balld. 

1 

1 
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Met hod 1. Preparat lOTI 01 Hybndoma AntIbady AfilnI ty Co lumns 

AI11Tlltv coJllmlls were prepared for the IsolatIon of platelet 

pl(Jtf'III~. !f',lC't IVP wlth hybrtdoma alitoantlbodléb. 

1 i HUTlI.UI hvbrIdontd IgM. punflf'd on 0:1.11 affllllty column of CNBr-

,H 1 J V ,{' f' Il ~lf'pha t ObI' I~ B ( Pha (mac ta , Uppsala. Sweden) C'ollJlIeated to 

IdlJhlt dllt l-htlTllall leM. was dla1yzed ag,:llnst cOllplHn; Imffer (0.1 M 

N,tlIClI" (J.') M NdCl. pli H.)). 

2 1 (NBt-det lVdt pd S(>phdIOSP 11I{ g('] was ~)w()11el1 HI 0.001 N Hel ,lllll 

1111'11 !,.J,I:,I ... d Wlth dl-;tlllt>d watf'r and ('ouplJnt~ hu[lel. 

jl 1111' gt'I W.t'-, nllxl'd wlth Itvhlldorna 19M (j mt P10U'lU PP) ni! ot 

gl'!' III CIItJp 1 1 Ill', bul t el ln d '>0 ml pl astH' tuile and lncubatf>d Ol! an 

l'IIII--OVt'I--('wl lot,lllli lot:.! hOlll:::' al ruaIT! tempeiatllre. 

,1 Att!'1 cl'lItillllgatlon fur 10 TTllllutp:-. al 1500 x ?, the 

If'nlOVl'd ;HIÙ thf' iC!-,xùuèll [ll-otelll ln the supeinatant 

,1 1111' 1',1'1 WoI;'; 1111'11 IIlClllldted wlth 1 M glVciIle, pli 13.0 on.tl1 f'lld-

(lV"i -('1111 IUt.ltOI fOI lb hoUls at 4°(;, 

ft 1 l'hl' /',1'\ Wol~, tbpl! w3:"hed tW1U' wlth 0.01 M PBS, pH 7.3 bv 

\t'I.llltllf,.ltl011 .1t 1,'>00 x g, pélcked 111tO d column. and washed wlth 

t'B:-' IIl1t Il 1 hl' 1I1)-:>'lo lit t lu' hllt ft'I wash was I.ero. 

1) l'Ill' ('0 1 li 1'11 \ ,-'.11' pllltt'd .... 'Ifl. 0.1 roi glyclne-HCI. pH 2.3 and then 

.... d!->tll'd wlth l'liS Illltli tl1" OD,.no ul the effluent WdS zero. 

'{) l'Ill' t' Illt lOll ,llld wash stl'pS were repeat ed once dlld the colurnn 

.... ·.lS kl'pl .lt :I"C ulltlllH't'!lt'd. 

i 
j 
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Method 2. DetectIon of the I3Hldlne of Hvbndonld Auto,lIIt Ihod 1 t'S 01 

Rabblt Antl-Facto} VIII Ant Ibod les tn Live Ihll1l.11l 

EndothelIal Cells bv El.ISA 

Chapter VI dnd cultmed humdll [ptal flhlObJ.lst 11I01l0!.lVI'I:-' WI'II' l',II/WII 

uuder SlTftI1ar condltlOlIs as ItH' ECs. 

2) The cl'll monolaYt-!rs wl~n' gCllllv w.u.;lwd 11111'1':-.1,011111 l''', 1I~i\ III 

RPMI Ib40 medulm (BSA-RPMI). 

31 'l'he cells weIl' IHcubatl'd wllh O.~"" IISA ln HI'NI 

hour at 37°C and th!' medIum wa'-, dU.,cdrclpd. 

4) Th~ cells wen' thl'II Ineull.!l!'d 1,011111 7') \.I1/wl·1I III hvlJlIf!l/lIld 

antIbodv ta be t ested or rahl)] 1 ,H1II-[o'a('\OI VIII ,11111:,1'111111 1 dllllll'II 

senal1y HI EC mpdJuJflI tOI :! IUllll!> olt l7°C. 

5) The celI monolayers WPIf> wasltpc\ " 111111'[., wlIII Il!:iA-HI'MI. 

bJ The cells Wl'(f' tben uH'uball!d wllh ,lIk,IIIf1I' pllll',pholl,I"'I'--

conjugdted goal antl-huTndll Ig or goat anll-I,tbhlt II'. ,IIIIJlJl)dv dJllltl'" 

ln EC medlwn (100 lJl/well) fOl 'HJ 1lI1T111tl'f-, .11 3rt:. 

7) The cell monolayers were wi1!-'hed ') 1IlflPo..; Wliit B~A-HI'MI. 

rntrophenyl phosphate dlsodlum HI O.O~ M NaCO 1 hlll t l'l, pif 'I.'}/ Wd:, 

added tü each well and l.ncuhaterJ lor 30 mInuIt", dl rlllllllll'rrtIJl'y,tllIr l ' 

and the plates were read olt OD~tlo ilS lne a lJYlI,l tpcl! Mt{(}OO El J :,A fI',ldl' f • 

l 
1 

J 
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Method ). Clonlng of Hybndomas USl.ng the GM4672 Ce 11s as Feeder 

Feede r Ce Ils 

The GM4672 human lymphoblastold cell hne. obtal.ned from the 

NIGMS Human Genetlc Mutant Ce 11 Reposltory (Camden, New Jersey). was 

u!'>ed as feeder. The cells were grown ln RPMI 1640 med1um eontal.nlng 

10% fetai calf serum. 

GMl.672 Cell CondltlOned Med:!.urn 

The .supernatants of GM4672 eeUs were harvested at log growth 

phdse (4-8 x 10 5 eells/ml) and used as cell COndl.tlOned rnedlUm. The 

supernatant "las flltered through a O.45um Mlillpore flIter urut 

(Nalge, Roch~ster, New York) to remove cells and celI debrls, kept dt 

!.oC and used undlluted wllhl.n two weeks. 

Endothellai Celi Growth Supplement (ECGS) 

ECGS was purchased from Collaboratlve Research Ine. 1 LexIngton, 

M<l~.saehusetts). The lyophl.l1Zed ECGS powder was dlssolved ln HAT 

mf'dlllm al a eoncentLltloll of 5mg/ml, frozen ln 0.5ml allquots al 

-20°C, Mid thawed only once. The ECGS solutIon was added ta the 

Tnl'dl.um al 100, 125 or 150ug/ml Immediately pnor ta ùse. 

CloTllng of Hyhndoma eells 

The hum,lll-human hybndoma eells, obtal.ned from fusIons of GM4672 

cells and human perlpheral blood lymphocytes from 5 patIents wlth 

svstl'ml.e lupus erythematosus and 2 normal lndlVl.duals as prevlously 

descnbed (22), were dlluted ln HAT medlum and seeded <1 t l, 2 or 5 

ct'11s pel' weIl 111 mICl-olIter wells (Costar, CambrIdge, MA) contal.nlng 

') X 10.1 GM/lb?2 eells III O.lml of HAT medl.um, 0.1 ml of GM4672 cell 

condltl011ed medlum, O.lm! of ECGS at a flnal concentratl.on of 100, 
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125 or 150ug/mlor O.lmlof HAT medlUm as control. The relIs WCII' 

Incubated at 37~C ln 5% CO 2 and fed once a week w1th HAT medlllm. IIAT 

medlum wlth GM4672 condltloned medIum. or HAT mPlllutn wltll ECGS, 

dependlng on the feeder layer used. In mast 1 IlsLIIlCt>:-.; • l~1 lIWt Il of 

clones waE. apparent at 2 ta ) weeks. but plates WPI!' kl'pt tOI :,-') 

weeks. 
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Table 5. Clon1ng Eff~c1enc1es of Human Hybr1doma Ce11s 

US1ng GM4672 Cells or ECGS as Feeder Layer 

Hybndoma Cell Number 
Cells Feeder Per Well 

9700 GM4672- 5 
1 

ECGS b 5 
1 

B122 GM4672 5 
1 

ECGS b 5 
1 

')60] GM4672 2 
ECGS<= 2 

l/.:W GM4672 2 
ECGS<= ") ... 

'~,)o :! GM4672 2 
ECGSC: 2 

'HOb GM4672 2 
ECGSC: 2 

b 

GM4672 cells at 5x10 4 /ml. 
ECGS at IOOugJml. 
ECGS a t 1 25 ug J ml. 

Subclone Number 
Per 96 Wells 

26 
Il 
14 
3 

3 
0 
3 
0 

39 
0 

11 
0 

2 
0 

1 
0 

Clon1ng 
Efbc1ency(%) 

27.1 
11.5 
14.6 
3. 1 

3. 1 
0 
3. 1 
0 

40.6 
0 

11.5 
0 

2.0 
0 

1.0 
0 



1 

1 

259 

Table 6. Compar1son of Clon1ng Eff1cienc1es US1ng GM4672 Cells 

Hybndoma 
Cells 

9703 

9700 

9703-5 

4003 

9604 

or GM4672 Cell Cond1t10ned MedlUm as Feeder Layer 

Feeder 

GM4672-

GM4672 

GCM 

GM4672 

GCM 

med1um 

GM4672 

GCM 

med1um 

GM46n 

GCM 

med1um 

Cell Number Subclone Number ClonIng 
Per Well Per 48 Wells Efflclency(%) 

5 
2 
5 
2 

5 
2 
5 
2 

5 
2 
5 
2 
5 
2 

5 
2 
5 
2 
5 
2 

5 
2 
5 
2 
5 
2 

12 
6 
o 
o 

21 
16 
o 
o 

8 
5 
o 
o 
o 
o 

Il 
9 
o 
o 
o 
o 

21 
12 
o 
o 
o 
o 

25.0 
12.5 
o 
o 

43.8 
J) • 3 
o 
o 

16.7 
10.1. 
o 
o 
o 
o 

22.') 
18.8 
o 
o 
o 
o 

Id.1i 
2'>.0 
o 
o 
o 
o 

• GM4672 cells at 5xl0 4 /ml. 
b GCM = GM4672 cel1 condlt~oned medIum at 100ul/wpll. 


