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Monocl onal ant i bodi es have at t r act ed much i nt er est as agent s t o ki l l unwant ed
cel l s f or t her apeut i c pur poses . Al i mi t at i on t o t he scope of mAb t her apy i s t he " f or ei gn-

ness" of mouse and r at ant i bodi es whi ch el i ci t an ant i gl obul i n r esponse wi t h i t s at -

t endant pr obl ems . Recombi nant DNAt echnol ogy has made i t possi bl e t o " humani ze"

t her apeut i c mAbs ( 1- 3) , whi ch i n par t shoul d r educe t hi s pr obl em. However , t he

maxi mumbenef i t of humani zed ant i bodi es wi l l depend on t hei r abi l i t y t o act i vat e

ef f ect or , mechani sms, such as compl ement - or cel l - medi at ed ki l l i ng .

To dat e, most of t he avai l abl e knowl edge about t he f unct i ons of t he human i so-

t ypes has come f r om st udi es of myel oma pr ot ei ns ( 4- 6) , whi ch i n gener al do not
bi nd t o i dent i f i ed ant i gens . Ther ef or e, al t hough t he bi ndi ng of C1q i n sol ut i on has
been ext ensi vel y st udi ed ( 7, 8) , t her e had, unt i l r ecent l y, been no def i ni t i ve exper i -
ment s t o compar e t he l yt i c abi l i t y of t he human i sot ypes . However , such st udi es wer e
made possi bl e by t he const r uct i on of a mat ched set of chi mer i c ant i bodi es ( 9) . These
consi st of t he same mouse l i ght chai n and a heavy chai n assembl ed f r omdi f f er ent
human const ant r egi ons each j oi ned t o t he same mouse var i abl e r egi on, speci f i c f or
t he hapt en 5- i odo- 4- hydr oxy- 3- ni t r ophenacet yl ( NI P) . ' The use of i dent i cal V
r egi ons means t hat t he ef f ect of i sot ype can be st udi ed i ndependent l y of any ef f ect s

due t o di f f er ences i n ant i gen speci f i ci t y or af f i ni t y . The NI P hapt en can be at t ached

t o r ed cel l s and t hus t he whol e pat hway of compl ement act i vat i on can be st udi ed

f r omCl bi ndi ng and act i vat i on t hr ough C4, C2, and C3 bi ndi ng t o assembl y of

t he membr ane at t ack compl ex and cel l l ysi s .

Among t he f our I gGant i bodi es, t he I gG3 was t he most ef f i ci ent f or Cl q bi ndi ng,
consi st ent wi t h pr evi ous f i ndi ngs f or myel oma pr ot ei ns . Supr i si ngl y, however , t he
I gGl ant i body was much mor e ef f i ci ent f or cel l l ysi s wi t h human compl ement ( 9) .
To expl oi t t he f ul l pot ent i al of compl ement l ysi s i n t her apy, i t wi l l be i mpor t ant t o
under st and t he r eason f or t hi s par adox, and t o use t hi s knowl edge t o engi neer bet t er
ant i bodi es .

Her e we exami ned human I gGl , I gG2, I gG3 ( i ncl udi ng t wo di f f er ent al l ot ypes) ,
I gG4, and I gE f or t hei r abi l i t i es t o act i vat e key st ages of t he compl ement cascade,

Thi s wor k was suppor t ed by t he Medi cal Resear ch Counci l , U. K. , and by Emmanuel Col l ege, Cam-
br i dge, U. K. M. Br 6ggemann i s t he r eci pi ent of a speci al f el l owshi p f r omt heLeukemi a Soci et y of Amer i ca .

'
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cel l s coupl ed wi t h NI P- kephal i n .
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Cl q bi ndi ng, Cl bi ndi ng and act i vat i on, C4 act i vat i on, and deposi t i on of C4 and

C3 on t he cel l membr ane. Anewchi mer i c ant i body consi st i ng of t he r at I gG2b con-

st ant r egi on j oi ned t o t he same mouse ant i - NI P V r egi on was al so i ncl uded . Thi s

i s t he opt i mum r at I gGf or f i xi ng human compl ement and cel l l ysi s ( 10, 11) and we

have f ound t hat at l east one r at I gG2b ( CAMPATH- 1G) ( 12) i s ver y ef f ect i ve f or

cel l depl et i on i n vi vo. Thus, r at I gG2b pr ovi des a st andar d agai nst whi ch t he human

i sot ypes can be compar ed . We show t hat t he l yt i c abi l i t y of t he human I gG1 i s gr eat er

t han r at I gG2b and t hat t he cr i t i cal advant age of human I gG1 over human I gG3

occur s at t he st age of C4 act i vat i on .

Mat er i al s and Met hods

Cel l Handl i ng Medi um.

	

Unl ess ot her wi se st at ed, cel l s wer e suspended and washed i n I scove' s
modi f i ed Dul beccds medi um, buf f er ed wi t h N- 2- hydr oxyet hyl - pi per azi ne- N' - 2- et hanesul phoni c
aci d ( Hepes) , and cont ai ni ng 1 %BSA. Thi s wi l l be r ef er r ed t o si mpl y as medi um.

Const r uct i on and Pur i f i cat i on of Chi mer i c Ant i bodi es.

	

The det ai l ed const r uct i on of t he chi mer i c

human ant i bodi es has been pr evi ousl y descr i bed ( 9) . A pl asmi d ( pSVVzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� P) cont ai ni ng t he

V� gene of a mouse ant i - NI P ant i body ( 3) was used t o i nser t var i ous human C� genes down-

st r eam of t he V� . The pl asmi ds wer e t r ansf ect ed i nt o t he mouse pl asmacyt oma J558L ( 13) ,

whi ch secr et es a 1l l i ght chai n, but expr esses no heavy chai n of i t s own . The endogeneous

l i ght chai n compl ement s t he t r ansf ect ed heavy chai n t o yi el d a NI P- speci f i c ant i body . A chi -

mer i c r at I gG2b ant i body was const r uct ed usi ng t he same pl asmi d and a pr evi ousl y i sol at ed

r at I gG2b gene ( 14) . The chi mer i c ant i bodi es wer e pur i f i ed f r om cul t ur e super nat ant by af f i ni t y

chr omat ogr aphy on a col umn of NI P- capr oat e Sephar ose as descr i bed bef or e ( 9) .

Ant i bodi es t o Human Compl ement Component s .

	

A pol ycl onal sheep ant i ser um t o human C4

was pur chased f r om Ser ot ec Lt d . , Oxf or d, UK ( cat al og no . AHP 032X/ Y) . I n speci f i ci t y

checks by t he manuf act ur er i t r eact ed wi t h onl y t he C4 component . A r at I gG2a mAb ( cl one

3) t o t he C3d f r agment of human C3 ( 15) was t he gi f t of Dr . R. Har r i son and Pr of essor P

J . Lachmann ( Mechani sms i n Tumour I mmuni t y Uni t , MRC Cent r e, Cambr i dge, UK) .

I t was pur i f i ed f r om asci t i c f l ui d by pr eci pi t at i on wi t h ammoni umsul phat e t o 50% sat ur a-

t i on f ol l owed by i on- exchange chr omat ogr aphy .

Radi ol abel i ng of Ant i bodi es .

	

Ant i bodi es t o C4 and C3d wer e r adi ol abel ed by t he i odogen

met hod ( 16) . Bet ween 0. 5 and 1 MCi of
1251 was used t o l abel N1 mg of t ot al pr ot ei n. La-

bel ed ant i body was pur i f i ed by gel f i l t r at i on on Sephadex G75 and st or ed at 4 ° C i n PBS

cont ai ni ng 0 . 05 %sodi um azi de . Cont r ol exper i ment s wer e car r i ed out t o det er mi ne t he per -

cent age of t he l abel ed mat er i al t hat coul d bi nd t o cel l s . A smal l amount of ant i body ( 0 . 4

gg/ ml ) was i ncubat ed wi t h a l ar ge excess of cel l s on whi ch compl ement component s had been

act i vat ed. Under t hese condi t i ons, 4% of t he pol ycl onal ant i - C4 ant i body was bound t o t he

cel l s ( consi st ent wi t h t he manuf act ur er ' s est i mat e of 5 %speci f i c ant i body) and 65 ,70 of t he

ant i - CMmAb . Despi t e t he r el at i vel y l ow act i vi t y of t he pol ycl onal ant i - C4 ant i ser um, posi -

t i ve bi ndi ng coul d r eadi l y be di st i ngui shed f r ombackgr ound bi ndi ng ( 0. 1 %) t o cel l s i ncubat ed

wi t hout t he pr i mar y sensi t i zi ng ant i body ( see al so t he l egend t o Tabl e I ) . The 1251- ant i - C3

and 1251- ant i - C4 wer e t i t r at ed t o det er mi ne what concent r at i ons wer e needed t o sat ur at e t he

cel l - bound C3 or C4 .

Compl ement Component s and Ser a.

	

1251- l abel ed Cl q and Cl wer e t he gener ous gi f t s of Dr .

N. HughesJones and B. Gor i ck ( M. I . T I . Uni t , MRC Cent r e, Cambr i dge, UK) . They wer e

i sol at ed f r omhuman ser um ( 17, 18) and l abel ed wi t h 1251 by t he l act oper oxi dase met hod ( 19) .

Pur i f i ed C1 i nhi bi t or and C4- def i ci ent gui nea pi g ser umwer e t he gi f t s of Dr . R. Har r i son .

Ser umf r om an i ndi vi dual genet i cal l y def i ci ent i n C6 was t he gi f t of Dr . A. Or r en ( Uni ver si t y

of Cape Town, Sout h Af r i ca) . I t s hemol yt i c act i vi t y wi t h r espect t o al l ot her compl ement

component s was conf i r med by addi t i on of pur i f i ed C6 ( a gi f t of Dr . A. Gal vani , M. I . TI . Uni t ) .

Thi s gave a si mi l ar hemol yt i c t i t er t o nor mal ser um. Nor mal human ser um was obt ai ned

f r om def i br i nat ed bl ood of heal t hy vol unt eer s . I t was ei t her used f r esh or st or ed at - 70° C.

Gui nea pi g ser umwas obt ai ned f r om cl ot t ed bl ood . Cyt ot oxi c ant i body was r emoved by t wo
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cycl es of absor pt i on on human RBC, on i ce, i n t he pr esence of EDTA, f ol l owed by r est or at i on
of Cat * t o 10 mM, and t he ser um was st or ed at - 70 ° C.

Pr epar at i on of NI Rcoupl ed RBC.

	

Human gr oup Or ed cel l s ( 4- 6 wk si nce donat i on) wer e
obt ai ned f r omt he Bl ood Tr ansf usi on Ser vi ce, Cambr i dge, UK. Red cel l s wer e washed ext en-
si vel y wi t h PBS and coupl ed wi t h NI P- kephal i n ( a gi f t of Dr . U. Wel t zi en, Uni ver si t y of
Fr ei bur g, Feder al Republ i c of Ger many) as pr evi ousl y descr i bed ( 20) .

Compl ement - medi at ed Lysi s .

	

NI P- RBC wer e l abel ed wi t h sodi um [ " Cr ] chr omat e and
washed t wi ce. They wer e r esuspended i n medi um at 10' cel l s/ ml and 50 I d of t he suspen-
si on was added t o r ound- bot t omed mi cr ot i t er pl at es cont ai ni ng 50 pl of an appr opr i at e di l u-
t i on of ant i body ( 0- 200 pg/ ml ) . Af t er i ncubat i on f or 10 mi n at r oom t emper at ur e, 100 pl
of a di l ut i on of compl ement was added . Human ser umwas used at a f i nal concent r at i on of

25%, and gui nea pi g ser umat a f i nal concent r at i on of 5%. The suspensi ons wer e i ncubat ed
at 37° C f or 30 mi n, t hen cent r i f uged at 100 g f or 2 mi n, and 100 pl of t he super nat ant s wer e

col l ect ed f or measur ement of r el eased r adi oact i vi t y . Cont r ol s wi t h no ant i body wer e used

t o measur e t he spont aneous r adi oact i vi t y r el ease . The per cent age speci f i c 51 Cr r el ease was
cal cul at ed usi ng t he f or mul a : Per cent speci f i c r el ease = 100 x [ ( t est - spont aneous) / ( t ot al
- spont aneous) ] .

Cl q Bi ndi ng by Ant i body- coat ed Cel l s .

	

Ant i bodi es and Cl q wer e cent r i f uged at 15, 000 g f or
10 mi n bef or e use i n or der t o r emove any aggr egat es . Washed NI P- RBC ( 20 Al at 2- 4 x
10 8 cel l s/ ml ) i n PBS cont ai ni ng 1%BSA wer e i ncubat ed wi t h sat ur at i ng amount s of ant i -
body ( 10 pl at 200 Wg/ ml ) t hen 1251- Cl q ( 10 P1 at 10- 60 gg/ ml ) was added . The suspensi on
was r ot at ed at 37° C f or 1 h, t hen bound and f r ee 125 1- Cl q wer e separ at ed by cent r i f ugi ng
each r eact i on mi xt ur e t hr ough 150 pl of oi l wi t h densi t y 1 . 028 g/ ml ( a mi xt ur e of f our par t s
di - n- but yl pht hal at e and one par t di nonyl pht hal at e) i n mi cr of uge t ubes . The cel l pel l et s wer e
separ at ed by cl i ppi ng of f t he bot t om of t he t ubes and t he r adi oact i vi t y i n t he " bound" and
" f r ee" f r act i ons was det er mi ned. Speci f i c bi ndi ng of Cl q was det er mi ned by subt r act i on of
t he amount nonspeci f i cal l y bound i n t he absence of ant i body ( <I %) .

CI Act i vat i on by Ant i body- coat ed Cel l s .

	

Thi s was al so measur ed usi ng 1251- l abel ed mat er i al ,
but el ect r ophor et i c anal ysi s was necessar y t o det er mi ne t he amount s of t he t hr ee subcompo-
nent s bound and t hei r st at e of act i vat i on . Ant i body ( 50 pl at 250 pg/ ml ) was added t o a sus-
pensi on of NI P- RBC i n medi um( 150 pl at 2- 4 x 108/ ml ) and al l owed t o bi nd at 37 °C. Af t er
10 mi n, 50 pl of 1251- Cl ( 35- 80 pg/ ml ) was added, mi xed t hor oughl y, and i mmedi at el y t he
f i r st sampl e ( 50 pl ) was r emoved and pl aced on i ce t o st op t he act i vat i on r eact i on . I n some
exper i ment s, pur i f i ed Cl i nhi bi t or ( 10 pl at 400 pg/ ml ) was added t o t he r eact i on mi x bef or e
addi t i on of Cl ( 80 gg/ ml ) . The i ncubat i on was cont i nued at 37° C and ot her sampl es wer e
r emoved at var i ous t i mes . Al l subsequent pr ocedur es wer e car r i ed out on i ce t o pr event f ur -
t her act i vat i on . Each sampl e was cent r i f uged, and t he super nat ant was r emoved . The cel l s
wer e t hen l ysed by t he addi t i on of 100 pl of one- t ent h st r engt h medi um ( di l ut ed i n wat er ) ,
and t he membr anes wer e pel l et ed by cent r i f ugat i on at 15, 000 g f or 10 mi n . The super nat ant
was r emoved, and t he membr anes wer e r esuspended and anal ysed by SDS- PAGE on a 12%
gel under r educi ng condi t i ons, f ol l owed by aut or adi ogr aphy . Act i vat i on of Or and Cl s i n-
vol ves pr ot eol yt i c cl eavage of t he 83- kD pr ecur sor s t o 56- kDand 27- kD f r agment s ( Fi g . 3) .
These i ndi vi dual bands wer e cut out of gel s and t hei r r adi oact i vi t y was measur ed t o det er -
mi ne t he amount of Cl r and Cl s i n t he nat i ve ( 83- kD) f or m, and t he act i vat ed ( 56+27- kD)
f or m ( 18) .

Cob and C3b Bi ndi ng

	

C46 and C3b bi ndi ng wer e measur ed usi ng 1251- ant i - C4 and
1251- ant i - C3 ant i bodi es . NI P- RBC ( 20 pl and 5 x 10' - 108/ ml i n medi um) wer e mi xed wi t h
10 pl of ant i body ( 200 pg/ ml ) , and 10 pl of C6- def i ci ent ser umwas added . C6- def i ci ent ser um
was used so t hat t he cel l s woul d not be l ysed . The suspensi on was i ncubat ed at 37" C f or
30 mi n t hen t he cel l s wer e washed t wi ce and 40 pl of a sat ur at i ng concent r at i on of 125 1- ant i -
C3 or 125 1- ant i - C4 was added . The mi xt ur e was i ncubat ed f or 30 mi n at r oom t emper at ur e
and t hen bound and f r ee r adi ol abel wer e separ at ed by cent r i f ugi ng each r eact i on mi xt ur e
t hr ough oi l as above . I n some exper i ment s t he cel l s wer e washed a f ur t her t hr ee t i mes and
i ncubat ed i n medi um wi t h or wi t hout 0 . 1 mMNI P- capr oi c aci d f or 10 mi n on i ce bef or e
cent r i f ugat i on t hr ough oi l . Thi s made i t possi bl e t o measur e whet her C4b or C3b wer e bound
t o t he cel l s or t he ant i body, si nce cont r ol exper i ment s showed t hat t he ant i - NI P ant i bodi e ;
coul d be el ut ed by t hi s t r eat ment ( Tabl e I I ) .
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C4 Act i vat i on.

	

Act i vat i on of C4 i n t he f l ui d phase by cel l - bound Cl s was measur ed by i t s
abi l i t y t o compl et e a hemol yt i c assay consi st i ng of sensi t i zed er t hyr ocyt es pl us C4- def i ci ent
ser um. The assay was car r i ed out i n t wo st ages . Fi r st , NI P- RBC ( 200 111 at 2 x 109/ ml i n
medi um) wer e mi xed wi t h 50 111 of C6- def i ci ent ser umon i ce and 12- 111 al i quot s wer e mi xed
wi t h 4 p1 of ant i body ( 200 gg/ ml ) . The sampl es wer e i ncubat ed at 37° C f or var i ous t i mes

t o al l ow compl ement act i vat i on t o occur . Act i vat i on was st opped by addi t i on of 300 111 i ce-
col d medi um and t he cel l s wer e pel l et ed by cent r i f ugat i on ( 3, 000 g f or 5 mi n) at 4° C. I n
t he second st age t he super nat ant s wer e assayed f or r esi dual C4 hemol yt i c act i vi t y . Sheep
er yt hr ocyt es sensi t i zed wi t h an I gM ant i - For ssmann ant i body wer e l abel ed wi t h 5 ' Cr as
above, t hen al i quot s ( 50 pl , 10' cel l s/ ml ) wer e added t o ser i al di l ut i ons ( 50 11l ) of t he t est su-
per nat ant s i n mi cr ot i t er t r ays. The r eact i on was compl et ed wi t h 100111 of C4- def i ci ent gui nea
pi g ser um( di l ut ed 1 : 10 wi t h medi um) and i ncubat ed f or 45 mi n at 37 ° C. Rel eased r adi oac-
t i vi t y was measur ed and t he di l ut i on of t est super nat ant t hat gave hal f - maxi mal l ysi s was
cal cul at ed by nonl i near r egr essi on anal ysi s .

Resul t s

Compl ement - medi at ed Hemol ysi s.

	

Lysi s of NI RRBC was measur ed usi ng bot h human

and gui nea pi g compl ement . Wi t h human compl ement ( Fi g . 1 a) t he human I gGI

was much. mor e ef f i ci ent t han any ot her i sot ype. Some l ysi s was seen wi t h human
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FI GURE 1.

	

Compl ement - medi -
at ed l ysi s of NI P- RBC sensi -
t i zed wi t h di f f er ent chi mer i c
ant i - NI P ant i bodi es. Lysi s was
measur ed by a " Cr - r el ease
assay usi ng ei t her aut ol ogous
human compl ement at a f i nal
concent r at i on of 25%( a) or ab-
sor bed gui nea pi g compl ement
at a f i nal concent r at i on of 5%( b) .
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FI GURE 2 . Scat char d pl ot of
bi ndi ng of Cl q t o NI P- RBC
sensi t i zed wi t h di f f er ent chi -
mer i c ant i - NI P ant i bodi es .
NI P- RBCwer e sensi t i zed wi t h
sat ur at i ng amount s of ant i - NI P
ant i bodi es t hen i ncubat ed wi t h
125 1- Cl q . The amount of Cl q
bound and f r ee was measur ed
af t er cent r i f ugi ng t he cel l s
t hr ough oi l .

I gG3 ant i bodi es, but t hei r t i t er s wer e 100- 500- f ol d l ess t han t hat of t he I gGI ant i -
body . The r at I gG2b was i nt er medi at e bet ween t he I gG1 and I gG3 ant i bodi es . Human
I gG2, I gG4, and I gE ant i bodi es wer e i nef f ect i ve .

Wi t h gui nea pi g compl ement t he same hi er ar chy was obt ai ned but al l ant i bodi es
t hat wer e pr evi ousl y f ound t o be l yt i c showed gr eat er ef f i ci ency . Het er ol ogous com-
pl ement i s gener al l y mor e ef f i ci ent f or l ysi s as speci es- speci f i c cel l - membr ane f act or s
i nhi bi t compl ement act i vat i on on t he homol ogous cel l membr ane ( 21- 26) . Under
t he mor e sensi t i ve condi t i ons pr ovi ded by t he use of het er ol ogous compl ement , l ysi s

coul d be obt ai ned wi t h t he I gG2 ant i body, and t o a l esser ext ent by t he I gG4, al -
t hough t he I gE r emai ned nonl yt i c .

C1q Bi ndi ng.

	

Asyst emat i c st udy of var i ous st ages of t he compl ement cascade was
under t aken, begi nni ng wi t h t he f i r st component of t he cl assi cal compl ement pat hway,
C1q, i n or der t o i dent i f y t he component t hat det er mi nes t he gr eat er l yt i c ef f i ci ency

FI GURE 3 . Ti me cour se of
bi ndi ng and act i vat i on of CI on
NI P- RBC sensi t i zed wi t h di f -
f er ent chi mer i c ant i bodi es . NI P-
RBCwer e sensi t i zed wi t h sat -
ur at i ng amount s of ant i - NI P
ant i bodi es and i ncubat ed wi t h
1251- Cl . Sampl es wer e anal yzed
on a 12%SDS- pol yacr yl ami de
gel t o det er mi ne t he f r act i on
of t he var i ous subcomponent s
bound and t he r at e at whi ch na-
t i ve ( 83 kD) Cl r and Cl s was
cl eaved t o t he 56- kDand 27- kD
f r agment s.
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Ef f ect of Cl i nhi bi t or on act i vat i on of
C1 . NI P- RBC wer e sensi t i zed wi t h I gG1 (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) or
I SGG3m( g) ( 0) ant i bodi es and i ncubat ed wi t h
15I - Cl i n t he pr esence or absence of Cl i nhi bi t or .
Sampl es wer e anal yzed on a pol yacr yl ami de gel as
i n Fi g. 3 . The summed r adi oact i vi t y i n t he 56- kD
and 27- kDf r agment s i s pl ot t ed as a measur e of act i -
vat ed C1 .

of t he I gG1 . Bi ndi ng of 1251- Cl q was det er mi ned over a r ange of Cl q concent r at i ons

and a Scat char d anal ysi s ( 27) was per f or med ( Fi g . 2) . Thi s al l ows est i mat i on of t he

f unct i onal af f i ni t y const ant s of bi ndi ng ( i ndi cat ed by t he gr adi ent of t he st r ai ght l i ne

pl ot ) , as wel l as t he number of C1q bi ndi ng si t es per cel l ( whi ch i s t he i nt er cept on

t he x axi s) . The I gG3 ant i bodi es appear ed t o pr ovi de mor e C1q bi ndi ng si t es per

cel l ( - 10, 200 f or t he I gG. G3m[ g] and 8, 900 f or t he I gG. G3m[ b] ) , t han di d t he I gG1

ant i body ( - 7, 600) . The r at I gG2b was i nt er medi at e ( - 8, 500) . However , t he af f i ni t y

of Cl q bi ndi ng ( 1 . 3- 1 . 6 x 10s/ M) was ver y si mi l ar f or each ant i body . I n ot her ex-

per i ment s usi ng a di f f er ent bat ch of NI RRBC ( not shown) si mi l ar r esul t s wer e ob-

t ai ned, but t he I gG. G3m( g) ant i body t hen gave - 14, 500 Cl q bi ndi ng si t es per cel l

and t he I gG1 gave onl y 8, 300 C1q si t es . I n al l cases, Cl q bi ndi ng by t he I gG2, I gG4,

and I gE ant i bodi es was undet ect abl e . The amount of Cl q bound, al t hough con-

t r i but or y, was cl ear l y an i nsuf f i ci ent expl anat i on f or t he degr ee of l ysi s seen .

CI Bi ndi ng andAct i oat i on .

	

The I gG1 and I gG3 ant i bodi es wer e compar ed f or t hei r

abi l i t y t o bi nd Cl and act i vat e Or and Cl s by cl eavage of t he 83- kD pr ecur sor s t o

56- kDand 27- kD f r agment s ( Fi g. 3) . Agai n, t he I gG3 ant i bodi es gave mor e C1 bi ndi ng

t han t he I gG1 . Quant i t at i ve anal ysi s ( by measur ement of r adi oact i vi t y i n bands cut

out of t he gel s) showed t hat bot h I gG3 ant i bodi es bound about t wi ce as much C1

as di d t he I gG1 ant i body . I n each case near l y al l of t he bound Cl was act i vat ed wi t hi n

10 mi n. Ther ef or e, t he super i or l yt i c ef f i ci ency of t he I gG1 ant i body coul d not be

expl ai ned by i t s abi l i t y t o bi nd or act i vat e Cl .

I t was possi bl e t hat Cl act i vat i on i n whol e ser umwoul d be di f f er ent because of

t he pr esence of C1 i nhi bi t or , whi ch mi ght be abl e t o gai n bet t er access t o Cl bound

t o I gG3 due t o t he unusual l y l ong hi nge of t hat ant i body . Ther ef or e, a si mi l ar ex-

per i ment was car r i ed out t o measur e C1 bi ndi ng and act i vat i on i n t he pr esence of

Cl i nhi bi t or . ( The mol ar r at i o of C1 i nhi bi t or t o Cl was adj ust ed t o be about t he

same as t hat i n nor mal ser um. ) For bot h I gG1 and I gG3 ant i bodi es t he ext ent of

act i vat i on was r educed ( Fi g. 4) . However , even i n t he pr esence of C1 i nhi bi t or t he

I gG3 ant i body st i l l gave mor e act i vat ed Cl t han t he I gGI di d . No addi t i onal bands

wer e det ect ed on t he gel cor r espondi ng t o a coval ent compl ex of C1 and Cl i nhi bi t or

( - 135 kD) .

C4 and C3 Fi xat i on .

	

Af t er act i vat i on of Cl , t he next st ep i n t he cl assi cal compl e-

ment pat hway i s t he act i vat i on of C4 af t er pr ot eol yt i c cl eavage by Cl s . The maj or

f r agment , C4b, can at t ach t o a near by accept or mol ecul e t hr ough a coval ent t hi ol est er
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TABLE I

Amount of C4b and - C3b Bound t o NI P- RBC Sensi t i zed

wi t h Di f f er ent Ant i bodi es

Bi ndi ng of C4b and C3b was measur ed usi ng 1211- ant i - C4 and 125 1- ant i - C3 .

The bound r adi oact i vi t y was measur ed af t er separ at i on of t he cel l s f r om f r ee l a-

bel ed ant i body by cent r i f ugat i on t hr ough oi l . The r esul t s ar e means of dupl i cat e

sampl es f r om a r epr esent at i ve exper i ment . The backgr ound r adi oact i vi t y of cel l s

i ncubat ed wi t hout sensi t i zi ng ant i body has been subt r act ed f r om each sampl e

( 289 cpm f or C4b and 583 cpm f or C3b) .

bond . The amount of C4b f i xed on t he cel l sur f ace was measur ed usi ng 1151- ant i -

C4 ant i body. The r el at i ve amount of C4 bound by var i ous i sot ypes f ol l owed a qui t e

di f f er ent hi er ar chy f r omt hat obser ved f or Cl bi ndi ng ( Tabl e I ) . The I gG1 ant i body

caused consi der abl y mor e C4b bi ndi ng t han di d ei t her of t he I gG3 ant i bodi es, whi l e

t he r at I gG2b ant i body was i nt er medi at e bet ween t hese t wo. No C4b bi ndi ng was

det ect ed wi t h I gG2, I gG4, or I gE ant i bodi es . The hi er ar chy f or C4b bi ndi ng cor -

r el at ed wel l wi t h t he l ysi s r esul t s .

C4b f i xed on t he cel l sur f ace i nt er act s wi t h C2 t o f or m t he cl assi cal pat hway C3

conver t ase ( C4bC2b) . Thi s i n t ur n cl eaves C3 t o C3b, al l owi ng i t s f i xat i on on t he

cel l membr ane t hr ough a coval ent t hi ol est er bond i n a si mi l ar way t o C4b. C3b bi ndi ng

was measur ed usi ng an mAb t o C3 . The amount of C3b bound cor r el at ed wel l wi t h

t he degr ee of l ysi s ( Tabl e I ) . The or der of ef f i ci ency f or bot h C4b and C3b bi ndi ng

was human I gG1 > r at I gG2b >human I gG. G3m( b) > human I gG. G3m( g) . These

r esul t s wer e al so conf i r med usi ng C6- def i ci ent ser um t r ace l abel ed wi t h 1251- C3 t o

measur e C3b bi ndi ng di r ect ( dat a not shown) .

Thus, t he maj or di f f er ence bet ween human I gG1 and I gG3 ant i bodi es i nvol ved

a st age bet ween t he act i vat i on of Cl , and t he f i xat i on of C4b on t he cel l membr ane .

To excl ude possi bl e ar t ef act s t hat coul d ar i se i f , f or exampl e, some f r act i on of t he

ant i bodi es wer e i nact i ve, we st udi ed t he bi ndi ng of Cl q, Cl , C4b, C3b, and l ysi s

si mul t aneousl y over a r ange of ant i body concent r at i ons ( Fi g . 5) . Onl y one I gG3

( I gG. G3m[ g] ) was used as t hey bot h appear ed si mi l ar f or Cl bi ndi ng ( Fi g . 2) and

C4b bi ndi ng ( Tabl e 1) . Over t he whol e r ange of ant i body concent r at i ons, t he r at i o

of C4b/ C1 mol ecul es bound was - 10- 12 t i mes gr eat er f or t he I gGI ant i body com-

par ed wi t h t he I gG3 ant i body ( Fi g. 5) . Li kewi se f or t he r at i o of C3b/ C1 mol ecul es

wher e t he di f f er ence was, i f anyt hi ng, sl i ght l y gr eat er .

CA and C4b Bi nd t o t he Cel l Membr ane.

	

Some st udi es have suggest ed t hat bot h C4b

and C3b bi nd ef f i ci ent l y t o ant i body mol ecul es ( 28- 31) . We t her ef or e i nvest i gat ed

whet her C4b and C3b at t ached t o t he ant i body or t o t he cel l membr ane . To do t hi s,

Chi mer i c

ant i - NI P ant i body C4b bound C3b bound

cpm cpm

Human I gG1 2, 860 8, 670

Human I gG2 0 75

Human I gG. G3m( b) 1, 190 4, 419

Human I gG. G3m( g) 926 3, 657

Human I gG4 0 0

Human I gE 0 113

Rat I gG2b 1, 850 9, 937
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Dependence of C1q
bi ndi ng, C1 bi ndi ng, C4b bi nd-
i ng, C3b bi ndi ng, and l ysi s on
concent r at i on of t he sensi t i z-
i ng ant i body . NI P- RBC wer e
sensi t i zed wi t h I gG1 (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) or
I gG. G3m( g) ( 0) ant i bodi es at
a r ange of concent r at i ons . Com-
pl ement act i vat i on andcel l l ysi s
wer e measur ed as bef or e. When
t he speci f i c act i vi t y of t he r adi o-
l abel ed r eagent s was known, t he
r esul t s wer e cal cul at ed i n t er ms
of mol ecul es bound per cel l ,
ot her wi se t hey wer e r ecor ded as
measur ed cpm.

ant i body was el ut ed f r omt he cel l sur f ace under mi l d condi t i ons usi ng sol ubl e hapt en.

The ef f i cacy of t hi s pr ocedur e was demonst r at ed usi ng 1211- l abel ed I gG1 or

I gG. G3m( g) bound t o NI RRBC. To one sampl e, NI P- capr oi c aci d was added, and

t hi s was compar ed wi t h a cont r ol sampl e of ant i body- coat ed NI RRBC t o whi ch no

f r ee hapt en was added. I n t he pr esence of added NI Pcapr oi c aci d onl y 3- 6% of

t he ant i body r emai ned bound t o t he cel l sur f ace, whi l e i n t he cont r ol sampl es, >90%

st i l l r emai ned bound af t er 45 mi n ( Tabl e I I ) . El ut i on of ant i body occur r ed equal l y

wel l when cel l s had been i ncubat ed i n C6- def i ci ent ser umt o al l owact i vat i on of com-

pl ement component s C1 t o C5 ( dat a not shown) .

Usi ng t hi s el ut i on t echni que we t est ed whet her r emoval of t he ant i body al so caused

r emoval of bound C4b and C3b, or whet her t hey r emai ned at t ached t o t he r ed cel l s .
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TABLE I I

El ut i on of Ant i - NI P Ant i bodi es f r om t he Cel l Sur f ace by NI P- Capr oi c Aci d

NI P- RBC wer e l abel ed wi t h 125 1- ant i - NI P ant i bodi es t hen i ncubat ed wi t h or

wi t hout NI P- capr oi c aci d . The per cent age of r adi oact i vi t y t hat r emai ned cel l

bound was measur ed af t er t he cel l s had been separ at ed f r om r el eased ant i body

by cent r i f ugat i on t hr ough oi l .

The I gGI and I gG3 ant i - NI P ant i bodi es wer e i ncubat ed wi t h NI RRBC i n t he pr es-

ence of C6- def i ci ent ser um, and deposi t i on of C4b or C3b was assayed wi t h

" ' I - ant i - C4 or
125

1- ant i - C3 as bef or e. Addi t i on of NI P- capr oi c aci d had ver y l i t t l e

ef f ect on t he bound ant i - C4 and ant i - C3 ant i body ( Tabl e I I I ) . Thi s suggest s t hat

most , i f not al l , of t he C4b and C3b wer e f i xed on t he cel l sur f ace r at her t han on

t he ant i body mol ecul e, f or bot h I gGI and I gG3 ant i bodi es .

C4 Act i vat i on.

	

Havi ng shown t hat C4b was not ef f i ci ent l y deposi t ed on t he mem-

br anes when cel l s wer e sensi t i zed wi t h I gG3, we measur ed t he ext ent of C4 act i va-

t i on i n t he pr esence of I gGI or I gG3 . To do t hi s we assayed r esi dual C4 act i vi t y

i n t he super nat ant and i n or der t o obt ai n a measur abl e decr ease i t was necessar y

t o use a hi gher cel l concent r at i on t han i n t he pr evi ous exper i ment s . The r esul t s ( Fi g .

6) showed t hat t he r at e of C4 act i vat i on wi t h I gG3 was much l ess t han t hat seen

wi t h I gGI , showi ng t hat t he poor l yt i c act i vi t y of I gG3 was l i kel y t o be due t o i nef f i ci ent

act i vat i on of C4 r at her t han i nef f i ci ent deposi t i on of act i vat ed C4 on t he cel l membr ane.

TABLE I I I

Ef f ect of NI P- Capr oi c Aci d on C4b and Cab Bi ndi ng

NI P- RBC sensi t i zed wi t h I gG1 or I gG3 ant i - NI P ant i bodi es wer e i ncubat ed wi t h C6- def i ci ent

ser um t hen washed and i ncubat ed wi t h " ' I - ant i - C4 or 125 1- ant i - C3 . The cel l s wer e washed

agai n and i ncubat ed wi t h or wi t hout NI P- capr oi c aci d t o el ut e t he sensi t i zi ng ant i body . The

per cent age of C4b or C3b at t ached t o t he cel l s was cal cul at ed f r om t he bound and f r ee r adi oac-

t i vi t y measur ed af t er cent r i f ugi ng t he cel l s t hr ough oi l .

Ant i body

i sot ype

NI P- capr oi c aci d

Bound Fr ee

cpm cpm

added

Per cent

bound

Bound

cpm

Cont r ol

Fr ee

cpm

Per cent

bound

C4b bi ndi ng

I gGI 22, 000 770 97 22, 800 720 97

I gG. G3m( b) 11, 700 650 95 12, 200 540 96

I gG. G3m( g) 7, 400 380 95 7, 800 350 96

C3b bi ndi ng

I gGl 9, 000 220 98 9, 700 210 98

I gG. G3m( b) 2, 500 210 92 2, 900 140 96

I gG. G3m( g) 1, 500 130 92 1, 600 50 97

I sot ype of
125 1- l abel ed ant i body r emai ni ng

l abel ed ant i -

NI P ant i body

NI P- capr oi c

aci d ( 0 . 1 mM) 5 mi n

bound t o t he

20 mi n

cel l sur f ace

40 mi n 80 mi n

I gGl + 5 6 5 4

I gGl - 94 90 94 86

I gG. G3m( g) + 3 4 4 4

I gG. G3m( g) - 95 94 96 92
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Rat e of act i vat i on of C4 . NI P- RBCwer e sensi t i zed wi t h
I gGl ( 0) or I gG. G3m( g) ( 0) ant i bodi es or medi um al one ( O) and
i ncubat ed wi t h C6- def i ci ent ser umf or var i ous t i mes . Sampl es of t he
super nat ant wer e assayed f or r esi dual C4 act i vi t y by t i t r at i on i n a hemo-
l yt i c assay.

Di scussi on

I n vi ew of cur r ent ef f or t s t o obt ai n " humani zed" ant i bodi es f or t her apy, i t i s i m-

por t ant t o est abl i sh t he r ange of ef f ect or f unct i ons of t he i ndi vi dual human i sot ypes .

I deal l y, one woul d l i ke t o opt i mi ze al l avai l abl e ef f ect or mechani sms f or cl ear ance

of cel l s i n vi vo. Di f f er ent st udi es have demonst r at ed t he i mpor t ance bot h of cel l ul ar

mechani sms ( 32, 33) and of compl ement f i xat i on ( 34, 35) . Our obser vat i ons t hat

t he I gG1 i sot ype i s t he most ef f ect i ve f or bot h compl ement l ysi s and ant i body- dependent

cel l - medi at ed ki l l i ng ( 9) suggest t hat t hi s subcl ass i s l i kel y t o be t he one of choi ce .

The super i or i t y of I gG1 f or l ysi s was demonst r at ed wi t h bot h human and wi t h

gui nea pi g compl ement , al t hough t he absol ut e l evel s of l ysi s wer e gr eat er wi t h t he

het er ol ogous compl ement . Compl ement t hat i s homol ogous wi t h r espect t o t he t ar get

cel l s i s al most i nvar i abl y l ess ef f i ci ent f or l ysi s ( 21, 22) , due t o cel l membr ane f act or s

such as decay- accel er at i ng f act or and t he homol ogous r est r i ct i on f act or whi ch i n-

hi bi t compl ement act i vat i on i n a speci es- r est r i ct ed manner ( 23- 26) . However , t he

f ul l y homol ogous syst em i s t he onl y one r el evant t o t her apy, so i n t he st udi es of i n-

di vi dual st ages of t he compl ement cascade, we used human component s and ser a .

When t he ef f i ci ency f or l ysi s was measur ed by ant i body t i t er , t he hi er ar chy be-

t ween i sot ypes ( human I gG1 > r at I gG2b > human I gG3 > human I gG2 > human

I gG4 > human I gE) was i dent i cal f or di f f er ent compl ement sour ces . As t he var i ous

i sot ypes had t he same Vr egi on and pr esumabl y i dent i cal bi ndi ng af f i ni t y, t he same

number of ant i body mol ecul es shoul d have been bound at any par t i cul ar i nput con-

cent r at i on . Ther ef or e, a hi gher ant i body t i t er i mpl i es t hat f ewer ant i body mol ecul es

bound per cel l ar e r equi r ed t o gi ve l ysi s . Condi t i ons t hat r educe t he sensi t i vi t y of

t he t ar get cel l s t o l ysi s wi l l r equi r e a hi gher ant i body concent r at i on t o gi ve t he same

amount of l ysi s . Thi s was i l l ust r at ed by t he compar i son of homol ogous compl ement

( Fi g . 1 a) wi t h het er ol ogous compl ement ( Fi g. 1 b) . I n a t her apeut i c si t uat i on we

mi ght expect f ur t her r educt i ons i n t he sensi t i vi t y of t he cel l s t o l ysi s, f i r st because

t he t ar get ant i gen may be at l ower densi t y, and second, because nucl eat ed cel l s r e-

qui r e mor e compl ement channel s f or l ysi s . Ther ef or e, t he 100- 500- f ol d di f f er ence
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St r uct ur e of t he human I gG i sot ypes, r edr awn

f r om r ef er ence 52 wi t h per mi ssi on.

i n t i t er s bet ween t he I gGI and I gG3 ant i bodi es wi l l be cr i t i cal and possi bl y onl y

t he I gG1 ant i body wi l l gi ve any l ysi s at al l .

To i nvest i gat e why I gG1 was so l yt i c we st udi ed var i ous st ages of t he compl ement

act i vat i on sequence. C1q bi ndi ng was onl y det ect ed wi t h I gG3, I gG1, and r at I gG2b

ant i bodi es, but not wi t h I gG2, I gG4, or I gE ant i bodi es . The hi er ar chy agr eed wel l

wi t h pr evi ous r esul t s f or human myel oma pr ot ei ns . Af f i ni t y const ant s f or bi ndi ng

of Cl q t o monomer i c human I gG i n sol ut i on ar e as f ol l ows : I gG3 ( Ka = 2 . 9 x

104 / M) , I gGI ( Ka = 1 . 2 x 104 / M) , I gG2 ( Ka = 0 . 64 x 104 / M) , I gG4 ( Ka = 0 . 44

x 10 4/ M) ( 8) . We f ai l ed t o det ect Cl q bi ndi ng by I gG2 and I gG4 ant i bodi es, but

i t i s l i kel y t hat some bi ndi ng t hat was t oo weak t o det ect i n t he assay used di d t ake

pl ace, whi ch woul d account f or t he hemol ysi s obt ai ned wi t h gui nea pi g compl ement .

Scat char d anal ysi s showed t hat t he I gG. G3m( g) , I gG. G3m( b) , I gGI , and r at I gG2b

ant i bodi es al l had si mi l ar f unct i onal af f i ni t y const ant s f or C1q bi ndi ng of - 1 . 5 x

108/ M. Thi s was compar abl e wi t h pr evi ous est i mat es of f unct i onal af f i ni t y const ant s

f or bi val ent bi ndi ng of Cl q ( 36) , and as expect ed, sever al or der s of magni t ude hi gher

t han t he val ues f or monomer i c bi ndi ng . Di f f er ences wer e obser ved i n t he number s

of Cl q bi ndi ng si t es per cel l ; f or exampl e, t he I gG. G3m( g) appear ed t o pr ovi de

- 1 . 35- 1 . 7 t i mes as many bi ndi ng si t es as t he I gG1 ant i body . Despi t e consi der abl e

i nf or mat i on i ndi cat i ng di f f er ences i n t he C1q bi ndi ng abi l i t y of var i ous i sot ypes i n

t he case of t he human ( 8) , mouse ( 37) , and r at ( 38, 39) , t he r easons f or t hese di f f er -

ences ar e st i l l not ent i r el y cl ear . Cl q bi nds t o t he CH2 domai n of t he ant i body Fc

r egi on, and t hr ee di f f er ent si t es have been pr oposed ( 40- 42) . However , t he pr i mar y

sequence i n each i s ver y si mi l ar bet ween t he var i ous i sot ypes . Some have suggest ed

t hat di f f er ences bet ween i sot ypes ar i se due t o t he f l exi bi l i t y of t he ant i body mol e-

cul e, and depend on t he l engt h of t he hi nge r egi on ( 43- 44) . Human I gG3 has an

ext r aor di nar i l y l ong hi nge compar ed wi t h t he ot her i sot ypes ( Fi g . 7) . Thi s coul d

r esul t i n mor e C1q bi ndi ng si t es on t he cel l sur f ace as t her e woul d be mor e oppor t u-

ni t i es f or t wo ant i body Fc r egi ons t o come i nt o appr opr i at e pr oxi mi t y.
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Pr evi ous obser vat i ons have suggest ed t hat C1q and C1 bi ndi ng may be i ndepen-

dent l y r egul at ed ( 45) and t hat bound C1 i s not necessar i l y act i vat ed ( 19, 46) . I t was

t her ef or e possi bl e t hat a di f f er ence at t hi s l evel mi ght expl ai n t he par adox bet ween

Cl q bi ndi ng and hemol ysi s . I n f act , t he super i or i t y of t he I gG3 ant i bodi es i n C1q

bi ndi ng was even mor e mar ked when t he bi ndi ng of whol e C1 was st udi ed ( Fi g. 3) .

When t he bi ndi ng of C4 and C3 wer e measur ed, a ver y di f f er ent pi ct ur e was ob-

t ai ned ( Tabl e 1, Fi g. 5) and nowt he i sot ype hi er ar chy was t he same as i n hemol ysi s .

Thi s suggest ed t hat t he cr i t i cal di f f er ence bet ween I gG1 and I gG3 occur r ed bet ween

t he st ages of act i vat ed C1 and t he f i xat i on of C4 on t he cel l sur f ace . Af t er t he en-

zymat i c cl eavage of C4 and C3, an act i vat ed mol ecul e i s pr oduced, wher e t he i n-

t er nal t hi ol est er has t he capaci t y t o f or ma coval ent bond wi t h an accept or nucl eophi l e

( hydr oxyl or ami no gr oup) on t he cel l membr ane . However , t he act i vat ed mol ecul e

has a hal f - l i f e of onl y about 25- 30 ps i n sol ut i on ( 47, 48) because t he t hi ol est er i s

r api dl y hydr ol yzed . Fur t her mor e, not al l hydr oxyl or ami no gr oups ar e equal l y ef f i ci ent

as accept or mol ecul es ( 49) and onl y a f r act i on of C4b and C3b i s deposi t ed at t he

compl ement act i vat i on si t e . The pr opor t i on t hat bi nds wi l l depend on t he pr eci se

nat ur e and vi ci ni t y of accept or gr oups t hat ar e avai l abl e . One hypot hesi s t o expl ai n

why I gG1 gave mor e C4b bi ndi ng was t hat t he I gG1 const ant r egi on mi ght have

been a par t i cul ar l y good accept or . St udi es usi ng i mmune compl exes or ant i body-

coat ed bact er i a have shown t hat ant i body can be a good accept or of bot h Cob ( 28)

and C3b ( 29- 31) . I n cont r ast , exper i ment s usi ng r ed cel l s coupl ed wi t h met hot r exat e

suggest ed t hat bot h C4b and C3b wer e bound t o t he cel l sur f ace r at her t han t o t he

ant i body mol ecul e ( 50, 51) . Our r esul t s ar e consi st ent wi t h t hese l at t er f i ndi ngs . The

abi l i t y of t he chi mer i c ant i bodi es t o pr ovi de an accept or si t e coul d not account f or

di f f er ences i n C4 f i xat i on, as most of t he C4b and C3b wer e bound t o t he cel l mem-

br ane ( Tabl e I I I ) .

The aver age di st ance t hat C4b can di f f use dur i ng t he hal f - l i f e of t he nascent t hi ol est er

bond i s - 6 nm, r at her l ess t han t he r el axed l engt h of t he hi nge r egi on ( 9 nm) i n

I gG3 ( Fi g . 7) ( 52) . Ther ef or e, i t was concei vabl e t hat C4 was act i vat ed but di d not

r each t he cel l sur f ace bef or e decayi ng . Thi s expl anat i on was r ul ed out by measur e-

ment of r esi dual ( unact i vat ed) C4 i n t he cel l super nat ant s ( Fi g . 6) . I t appear ed t hat

Cl s act i vat ed vi a I gG3 was ver y i nef f i ci ent at act i vat i on of C4 .

Per haps t he unusual si ze of t he I gG3 mol ecul e may al l ow access of Cl i nhi bi t or

t o t he act i vat ed Cl ; Cl i nhi bi t or i s a l ar ge ser um pr ot ei n, whi ch can usual l y onl y

bi nd t o C1 i n sol ut i on . Thus, C1 i nhi bi t or may at t ach t o t he act i vat ed Cl s and bl ock

C4 act i vat i on. We di d not see t he C1- i nhi bi t or - Cl r compl ex at - 135 kD on t he SDS

gel , but Cl - i nhi bi t or - Cl s woul d have been i nvi si bl e because t he 27- kD f r agment of

Cl s does not cont ai n an i odi nat i on si t e. The ot her possi bi l i t y i s t hat bi ndi ng of C4

t o t he C1 compl ex i s f avor ed by I gG1 but not by I gG3 . We coul d i magi ne a noncova-

l ent bi ndi ng si t e f or C4 on I gG1, but not on I gG3, whi ch st abi l i zes t he i nt er act i on .

Al t er nat i vel y, per haps t he l ong f l exi bl e hi nge of I gG3 al l ows pr opor t i onal l y mor e

t hr ee- headed bi ndi ng of C1, pr event i ng C4 f r om gai ni ng access t o t he act i ve si t e .

These t heor i es coul d be di st i ngui shed by usi ng chi mer i c ant i bodi es wi t h appr opr i at e

genet i c changes .

So f ar t hese r esul t s hol d f or t he model syst em of hapt en- coat ed er yt hr ocyt es . Thi s

was conveni ent f or our exper i ment s but not of gr eat physi ol ogi cal i mpor t ance. How-

ever , r ecent st udi es wi t h an anal ogous mat ched set of chi mer i c human mAbs speci f i c
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f or t he human l ymphocyt e ant i gen CAMPATH- 1 have shown t he same par adoxi cal

hi er ar chy of compl ement l ysi s when l ymphocyt es ar e used as t ar get s ( 53) , and so

I gGl does seem t o be super i or f or cel l l ysi s i n gener al . I n di f f er ent ci r cumst ances

i t i s possi bl e t hat I gG3 has a mor e i mpor t ant r ol e i n compl ement f i xat i on, f or ex-

ampl e i n cl ear ance of i mmune aggr egat es or of bact er i a or vi r uses . At pr esent we

cannot say whet her t he poor C4 f i xi ng abi l i t y woul d appl y i n t hose si t uat i ons .

An i mpor t ant concl usi on f r om t he wor k pr esent ed her e i s t hat ant i body i sot ype

can i nf l uence compl ement - act i vat i ng f unct i on at a l evel ot her t han t he bi ndi ng of

Cl q, namel y at t he l evel of C4 act i vat i on . Fut ur e ef f or t s t o i mpr ove t he l yt i c abi l i t y

of mAbs by genet i c engi neer i ng wi l l need t o al l owf or t he ef f ect of ant i body st r uct ur e

on t hi s st age i n t he compl ement cascade . By appr opr i at e genet i c mani pul at i on i t

mi ght be possi bl e t o combi ne t he gr eat er C1- act i vat i ng abi l i t y of t he I gG3 wi t h t he

gr eat er C4 f i xi ng capaci t y of I gG1 t o pr oduce an ant i body wi t h even bet t er l yt i c

capabi l i t y t han any of t he nat i ve i sot ypes .

Summar y

Humani zed ant i bodi es ar e l i kel y t o have a maj or r ol e i n t her apy and i t i s i mpor -

t ant t o def i ne t hei r i nt er act i on wi t h physi ol ogi cal ef f ect or s . By compar i ng a mat ched

ser i es of chi mer i c human mAbs we f ound t hat I gG1 was most ef f i ci ent i n compl e-

ment l ysi s, al t hough I gG3 bound mor e Cl q. To r esol ve t hi s par adox we compar ed

t he abi l i t y of human I gGl , I gG2, I gG3, I gG4, and I gE and r at I gG2b t o cause Cl q

bi ndi ng, Cl bi ndi ng and act i vat i on, C4 act i vat i on, Cob bi ndi ng, and C3b bi ndi ng .

Rat I gG2b was i ncl uded because t hi s i sot ype has al r eady successf ul l y been used f or

t her apy. Human I gG1 was l ess ef f i ci ent t han I gG3 and f i xi ng Cl q and C1 on t he

cel l sur f ace, but t he number of C4 mol ecul es bound per Cl was 10- f ol d gr eat er f or

I gG1 t han f or I gG3 . Thi s di f f er ence, ampl i f i ed t hr ough l at er st ages of t he compl e-

ment cascade, can account f or t he super i or i t y of I gGl f or cel l l ysi s . The ef f i ci ency

of I gG1 i n f i xi ng C4 was not due t o a f avor ed bi ndi ng si t e on t he ant i body mol ecul e,

si nce vi r t ual l y al l of t he bound C4b was at t ached t o t he cel l s . Rat her , i t appear ed

t hat t he act i vat i on of C4 by Cl s was gr eat l y f avor ed by I gG1 compar ed wi t h I gG3 .

I t shoul d be possi bl e t o combi ne t he opt i mal pr oper t i es of I gGl and I gG3 ant i bodi es

t o pr oduce an i mpr oved t her apeut i c r eagent .

We t hank M. Fr ewi n and C. Teal e f or gr owi ng t he chi mer i c ant i bodi es and A. Gal vani , B.
Gor i ck, R. Har r i son, M. Hobar t , N. HughesJones, P. J . Lachmann, A. Or r en, and U. Wel t -

zi en f or advi ce and gi f t s of r eagent s . We ar e par t i cul ar l y gr at ef ul t o M. Neuber ger f or gi f t s
of some of t he chi mer i c ant i bodi es and hel pf ul di scussi ons .

Recei ved f or publ i cat i on 26 Oct ober 1987 and i n r evi sed f or m 16 Febr uar y 1988.
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