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I ' h c  b i n t l i ns  o l  i gE  t o  i hc  h i gh  . r t l ì n r t ;  i c c tp i ù r s  on

Ì ì r as t  cc l l s  o r  b r ì soph r l s  i s  I  c r i t i c l i l  c vc l l ' ,  l i l  i n i i ì . Ì t i ns ,

a l le  rg ic :  rcact iL)ns.  Thc br id-c inq t ) i  IgE 
'or  

r tn l iscn t r r

hc t c ro logoL rs  ùn t i - l gL :  t hen  r csu l t s  r n  t he  î c t l \  a t i on  o f

t l re  ce l is  lbr  thc  rc le  ase of  thc  \ i l s t ) l l c t ive  n tcd iu t r - r rs  o f

i n f l nmn ta t i on  ( l sh i zaka  and  I sh i zaka .  198 '1 ;  Me tzgc r

t ' t  u l . ,  1986 ;  S i rag r tn i an .  1988 ) .  The  I gE  b inds  i o  i t s

reccptor  through the F-c  por t ior l  o f '  thc  molecu le
(Benn i ch  and  Johansson ,  1971 ;  I sh i zaka  e t  t t l . .  1970 ) .

Stud ies o f  heat  denatured IgE suggestec l  that  the C,3

and C.-1  domains are invo lved in  the b ind ing to  the

receptor  (Dorr ington and Bennich,  1978) .  However ,

the d igest ion o f  IgE bound to  the receptor  compared

to IgE in  so l r . r t ion suggested that  a  reg ion c lose to  the

C  l :C  3  j unc tu rc  m igh t  i n te rac t  r r i t h  t he  recep to r
(Perez-Mont for t  and lv {c tzger ,  1983) .  The C,-1  por-

. lbbr t , t ' ia t ior is :  BBS, 0.2 N{ borate-buf fered sal inc pH 8.0;
HR,n,  concentrat ion of  ant i - lgE' , ,  required for  -509/o
histamine re lease;  HSA. humi ' rn serutr t  a lbumin.  lgEn, '

human IgE: IgEn"(ND).  pur i l ìed human igE nt le loma
protc- in derrved f rom pat ient  "ND";  IgEn"(PS),  pur i f ied

human IgE  mye loma p ro te in  dc r i vcd  f rom pu t ien t  "PS" :

mAb,  monoc lona l  an t ibodv"an t ibod ies ;  PAAT.  0 .02  M
phosphate buf fered 0,  i  5 ù1 NaCl sal ine solut ion contain-
ing 0.25u, ' i ,  NaN,,  0.2% BSA and 0.259' i ,  Tween 20.
pH i  .1:  PIPES. 1,4-piperazinediethanesul fonic acid;
PIPES AC, buf fered sal ine contain ing t l9 mM NaCl.

5 m M  N a C l , 5 m M  K C l , 2 5 m N 1  P I P E S ,  l . - 5 m l f  C a C l '
and 0.03% human serum albumin;  RIA,  radio immuno-
assay;  Fc.RI,  h igh at ìn i ty  IgE receptor .  Fc,Rl l ,  low

athni ty IgE receptor .

Questa fotocopia viene t,iljliìi]' l],,:; ìi,"'.';lì3
per motivi strettamente personali

di studio c/o ricerca

t ion o f  thc  Ig f . . .  is  no i  h ic iden in  thc  rcc tp t r ) i : t i tc ì  ts

ru ra i l ab le  i o r  b i nd ing  by  an t i bod i cs  ( l - ì o i o *  k r t  . ' t  r r l . -

1985;  Bai rd  and Holor i 'ka ,  19t5) .  l - l i c i r  ' i t t l : r  i i l scr

suggests  that  lgE b inds v ia  on ly 'onc i : tcc ; - rnc i  t i l l t  thc

Fìc  reg ion benc is  a t  the C,  2 :C,  i  i r t tc r t 'acc *  hcn IgE

rs in i ts receptor. Hon'cver. there l tppt--;- l t-  l ,r  bc nr.r

s ignr f ìcant  changcs in  the t ìcx ib i l i ty '  o l -  tgE fo l ìorv ing

i t s  b i nd rng  t o  t hc  r t ccp to r  (S la t t e r y  e t  u l . .  1985 ) .

Bani l 'ash ent i  Eshhar  (198: t )  prodLrccc i  7  mAb t t t

c -p i topcs on the Fc rcg ion of  mousc IgE:  so lnc o l ' thcse

inh ib i ted the b ind ing of  IgE to  r i r t  basophi i ic

Ieukemia ce l ls  (RBL-2H3) .  These rnAb re le l rsed sero-

ton in  and therefore b ind to  ep i topes on the IgE

molecules accessible on the basophil  surface' How-

ever, there $'ere dif ferences in the binding of these

mAb to  IgE in  so lu t ion compared to  IgE bound to

the RBL-2H3 ce l ls  (Baniyash et  a l . .  1986) .  Sub-

sequent ly ,  another  mAb was iso la ted ( rnAb 84 ' iC)

that  bound to  moLtse IgE in  so lu t ion.  inh ib i ted
'15 l - lgE b ind ing,  d id  not  b ind to  IgE ivhen i t  w 'as on

the RBL.-2H3 cel l  surface and did not release sero-

ton in  (Baniyash e l  a / . ,  1988) .  S i te-d i rected mutagene-

sis of the IgE heavy chain gene demonstrated that

these mAb bind to the C,3 and C.4 don-rir ins and that

C,3 is  impor tant  in  b ind ing to  the receptor  on

RBL-2H3 ce l ls  (Schwarzbaum et  u l . .  1989) .

Synthetic peptides have also been used for studies

of  IgE b ind ing to  ce l ls .  Pept ides 13 to  i6  amino ac ids

long from the C.3 and C,4 regions were found to

inhibit  the binding of r15l- labeled rat igE to mast cel ls
(Burt and Stanrvorth, 1987ó). Antibodies have been

raised to synthetic peptides from dif ferent regions o[
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i l t c  c o n s t l n l  r c s i o n  i ' t ' i h c  c p : i l L r r r  c h l i n  o i  h u r t a t t  I l E .  F r t u r  t , f  i h c  t t i . - \ b  h t l L r r r c l  l r ,  t i l e  ' . ' ,  I  < l r  e a r l r  ( '  l

l i q l r r i t s :  t i r r te  t t t -1hc : . -  l - .oL tnc i  t , r  l i r . -  lg i - -  n rvc l f ) i i t . t  n f r ) i . i t  { tS  lLnd to  serum IgE b t r t  n ( ) l  t ( ì  t i l c  IuF . :  n l1 'c i t rn r r t

i t r o t c i n  . \ l ) .  
" l  

ì r , t s e  ; l A h  p r , . t i - l t b i \  r ù c o g r l ì z i  : t n  . 1  . , . , i ' .  1 - , '  r t l t r k c r .  . { n t ' t h c r  t l ; \ l l  r , : r l c t c t i  l v i t i r  h e a t -

. i c n a l i r r . : r j  .  b r r t  r i r r t  n . L t i ' t  I u F . .  f : r , - , u r  o i ' t h c  i n . - \ b  i ì r i ì l t t  l r ;  r . l i ' l t s c  h ì s t a n t i n ' , - .  l l r c  c i r : l t r 1 l . : s  r c c t l q l t i z t t i  b ' .

t h c : c  i n . - \ t l  t t l c  i n  t l t i  t ,  i .  C  :  . r n c i  ( , , ì  J  i - c l i r - r n s  , r j - i g l - .  
- f i r r c c  

o l '  i h e s c  n o n - i t i s l l l r i t i n c  t ' c l c l t s t n g  n l . ' \ l - r

. i t r i  n i t l  b in t i  t t t  1 !E  i rn  t l t c  b r tsop l . r i i  sur - t 'ecc .  
' l -hcsc  

; r . ' \b  rccogn izc  cp i t i rpcs  in  ( l  I  enc i  C ,  I  -1  tha t  . r i c

I r1 l t  i r cccss ib le  r , , ,hcn  Ig l ì  i s  bounr . i  to  r i s  r rc .p i r r r .  F r ru i  inAb inh i l ' , i t c r i  lgE ì - . rnc1rng to  b l rs r lph i l s :  tu 'o  t r t -

t n c s e  c i i c l  n o t  r c l c a s c  h i s t a n r i n , : .  u r . i d  t * o  ( ) l l r s  t h a t  b i n d  t o  c p i t o D c 5  i n  t h c  C  l ' l  c i t l m l t i l ' . .  r c l c a - s t l l

i r i s I a s r i n c  a p d  l h c r c f o r e  f , l o c k c c i  1 e l .  b r n . l i n - s  b y  s i c i , c  i i n t i r a n c e .  I n h i b r i i o n  o i  I s E  b i r r t l i n g  b 1  i ì i t i e r c n t

r n , - \ b  s u u g c s t  t h i . r t  t i r c  F c ,  R J  a n c l  t r c ,  R l i  b i n , , l  i , - r  p a r t l ' '  o r c r ì a p p r n g  r e g i o n s  o f  t h c  I g E  n l o i c c u l c  a l t i r o u g h

t Ic  s i tcs  do  p6 t  . tppc i t r  t c r  bc  idcn t ic l r l .  . - \  nu i lber  r . ' r f  : t t cs  on  C,  I  l r r ' r c i  C ' ,  - ]  -1  i re re  l t cccss ib lc  r ' i , i l . -n  lg [ :

i s  b p u n r i  t o  i t s  b a s ò p i r i i  r c c e p t c r r . ' f h . c  t i a t l  i u o p o r t  t h e  c o n c c p t  i h a l  , r n l l ' p a r t  o f ' t h c  I r c  p o r t i t l t t  o t ' I c E

i s  h i t l t j c n  i n  t h c  r c c e p r o r  a l t l  t h l t  p o r t i o l s  o i - C  i J  r r r e  a c c c s s i b i e  o n  t h ' ;  c c l l  s u r t a c c .  l - h c s c  m , ' \ b  s h t r r : Ì i i

b c  u s c l ì r i  i n  c i c t e r r l i n i n ' c  i . h c  t i o n r a i i r s , r t ' l c [ r  i r e t  i t i . ; r i t i c a l  l b r  t t s  b r o i o g r c a l  a c t i \ i t l .

, ,7<J/l:, _  [ \ { - \
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the IgE molecu le .  Ant ibod ies to  pept idcs l ront  thc

C,3 and C,4 rc5 i ions inh ib i ted t rs l -  ioE br in i i ing tc  ra t

rnast cel ls although the_v t i lsc-r released hlstaf lr ìne and

therefore brnd to the IgE on the ceìl  surlace (Burt

e t  a l . .  1987a ) .  S im i l a r l y ,  Robe r t son  anc l  I - i u  ( 1988 )

preparcd ant iscre to  mouse IgE pept ides f rom the

C,2,  C.3 unc l  ( - . -1  c lomains.  One o i  thcsc an i lsera

towards a peptidc from the C..ì  region bound r 'vcl l  to

so lub lc  IgE but  not  to  IgE on Rf lL- l i - i l  cc l l -s .

N{o lccu lar  b io iog ica l  techniqucs hare bcen uscc l  to

Droduce i i : tg rncnts  o f  human Ig l r  in  b i ic tcna.  l lo l -

ccu les that  con larn the major i t l '  o t - thc  Fc por t ion o f

IgE produced i rv  bacter ia  are ungly 'cos1, ' la tc t i  bu i  b ind

tcr hrrnran basophils with high af l tnit '" '  tLiu et ct l . .

1984 .  Ken tc r ì  i r r  a / . ,  i 984 ) .  A  recomo inan t  po l ypep -

t ir , ic s-vnthcsrzcci tn bactena containcC about two-

thr rds o f  t ì re  C. l  and a l l  o f  the C,  - l  and C,4 domains '

Th is  po l l 'pept idc  bound to  cu l turcd human basophi ls

(Ken ten  c t  a l . .  1984 )  and  i nh ib i t ec i  t he  b ind ing  o i  I gE

bolh  to  cu l tureC basophi ls  and to  sk in  I r - ras t  ce i ls

(Kcn tcn  e t  u \ . , 198 .1 ;  I sh i zaka  c r  a / . .  I 986 :  Geha  e t  a l . .

1985) .  A smai ler  IeE f ragment  o f  76 amino ac ids f rom

the  j unc t i on  o f  t he  C ,2  and  C ,3  doma ins  (G ln  301  t o

Arg 376)  inh ib i ted pass ive sens i t iza t ion o f  sk in  mast

ce l ls  and basophi ls  tor  h is tamine re iease (Helm et  u l . '

i 988 ,  Hehn  e t  u l . .  1989 ) .  I t  i s  l i ke11  t ha t  r es idues  36 i

to  376 are not  rcqu i r , :d  f t r r  b ind ing (Hc lm et  u l . .

I  989 ) .
T'he present experiments define regions oi the lgE

molecu le  tha i  are  cr i t ica l  lo r  b ind ing to  receptors

us ing monoclonai  ant ibod ies (mAb) .  I f  a  mAb reacts

wi th  igE in  so lu t ron.  but  does not  rvhen i t  is  in  i ts

receptor, this indicates that the epitope is unavail i rble

rvhen the IgE is on the cel l  surface. These epitopes

may correspond to sites that are actual ly hidden in

the receptor, or [o al losteric conformational changes

occurring when lgE bìnds to the receptor.

}ÍATERIAI-S AND }ÍETHODS

Production oJ' hybridomas

Five BALBTc mice were injected subcutaneously at

four-week intervals with 50 pg of puri f ied IgEn"(PS),

human myeloma protein from patient PS (kindly

suppiied by Dr Henry Metzger, NIAMSD, NIH)

emulsif ied in complete Freund's adjuvant (Ra 37).

Fol lowing adoptive transfer into x-irradiated

BALBic mice, the spleen cel ls were fused with the

non-immunoglobulin producing plasmacytoma

cel l  l ine X63-Ag8.653 (Kearney et  a l . ,  1919,  Fox

et al. ,  l98l) and cultured as described previously

(Siraganian et al. ,  1983). Culture supernatants were

screened after two or three weeks by radioimmuno-

assay (RIA) for binding to rrsl-IgEn,. Posit ive wells

were expanded, retested and cloned by a limiting

d i lu t ion method (S i raganian et  a \ . ,1983) .  Hybr idoma

supernatants that bound lgEnu (either to PS or ND),

and whose b ind ing was not  b locked by 170 #g ml- r

of human IgG, were injected i .p. into BALB/c mice

(8 x  i06 ce l ls ) .  prcv ious ly  pr imed rv i th  0 . i  ml  pr is tanc

(Aldr ich Chemica l  C lo . ,  Mi lw 'aukee.  Wi) .

PuriJìcation oJ' ntonoclonol untihotlie.t

Each mAb ivas purifred irom,ascit ic l luid b1 am-

monium sLr l ta te  prcc ip i ta t ion '& l lorvcd by DEAE

chromatography (DE52.  Whatman Inc ' .  C l i t ' ton '  NJ) .

Protein concentrat ion rvirs determined b1' absoroancc

at  280 nm wi th  the OD va lue for  I  my r i l l  '  takcn as

1.5.  The isotypc o{ ' the mAb rvas t le ter r r , inc ' ' l  b1 ' red ia l

immunod i l f L l 5 l r  r n  c r l . t hc  pu r i f r cd  p rcp ; l r r t l i t ' t t s  r ' : . t e  t cJ

against  s l tbc iass-spcc i f ìc  ant isera (L i t t t l l l  IJ io i le t ics .

i nc . .  C lha r l cs ton .  S .C . )

En:t'rnatic tlig:.stion oJ' IgE

IgEn"(PS)  rvas incubatcd wi th  e i thcr  pepsrn or  wt th

paparn to procir. tce t--(ab'),  and Irc rcsl;cct lve1l '  under

condi t ions as descr ibed prev ious i f  iBennich and

Johansson ,  l 97 i ;  I sh i zaka  e t  t t L . .  1970 ) .  To  p reoa re

the F (ab'),  l iagment. 100 1i g of IgEn" ( PS) w as trcatec' i

w i th  2% wi  w of  peps in  for  I  or  l8  hr  a t  i7 'C in  0 ,  I  \ ' {

pH ,1.5 acetate buf ' t-er. l -he Fc fragment \vas prt-piìred

by d igest ion o f  100 tg  o f  IgEn"(PS)  wi th  29 'o  w,* '  o i

papain  for  18 hr  a t  37 'C in  0 .2  M pH 5.6 acetate

buf fer  conta in ing 4 ml 'v l  EDTA and '1  mM crs te ine.

The t iagments were purifred by IIPLC using

7.5 x  300 mm Spherogel  T 'SK-1000 and TSK-3000

gel  f r l t ra t ion co lumns in  ser ies  (Beckman-Ai tcx .

Berke ly ,  CA) .  The F(ab ' ) ,  had a M.  o f  150k and the

Fc 85 k. The purit l '  of the fragments rvas demon-

st ra tcd bv SDS-PAGE fo i lowcd b,v  s i lver  s ta in ing.

SDS-pol1'uc11'luntide gel elet'rrophoresi's an'd int'

ntunoblots

Electrophoresis was performed on 12.5',1o poly"-

acr , r - lamide s lab ge ls  (Laemml i ,  1970) .  F-or  im-

munoblots the proteins were transtèrred to 0. '15 prm

ni t roce l lu lose membranes (Towbin e t  a l . ,  1979) '

b iocked wi th  3Yo bov ine serum a lbumin (BSA)

and  reac ted  w i t h  5p rgm l - rmAb .  A f t e r  wash ing ,
r25 l - rabbi t  ant i -mouse immunoglobul in  (0  6  pg ml- ' .

6 .7  x  l05cpmpg- '  pro te in)  was added and af ter

further washing the str ips were dried for autoradi-

ography on XAS-2 f i lm (Eastman Kodak. Rochester,

NY).

t 2iI- r adiolabeling of pr ote ins

All  proteins were iodinated using Iodo-BeaCs.f\1

(Pierce Chemical Co., Rockford, IL) as described

previously (Basciano et al. ,  1986). Specif ic act ivi ty

was 5 x  lOs to  5  x  106cpm/rg- r  pro te in .  r :s l - labe led

IgEnuND) wi th  a  spec i f ic  act iv i ty  o f  25 pCi  pg-r  and
r25l- labeled rabbit anti-human IgE (specif ic act ivi ty

of  6 .8pCimg-r )  were purchased f rom Pharmacia

Diagnostics (PiscatawaY, NJ).

Radioimmunoassay Jor anti-lgE antibodv'

Anti-IgE activi ty was measured by RIA using
r25l- labeled IgEn, myeloma proteins. The di luent for

b ind ing assays was PBS conta in ing 0.257oNaN, ,

is
tr
i
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().1') , , ,  BS,' l r  r i rr t i  U.l , jn,n TwceÌ'r  l ()  { l) . \ . . \ ,- i -) .  
'T' t t  

each
tubc  ua . ;  l t k i cd  I  t t t  10  ng  (0 .1  rn i )  , t l  l l i b c i r t i  I r L : . "
and  0 .1  rn l  o f  t hc  d i l u ted  hyb r i do rn l  supc rn i i t sn t  r r
t ,  l .  1 i ) .  - l t ;  

" r - , 6  
100pgml ' r  o t '  t hc  p ' . r r i f i c r l  m . \b .

.Af t , : r -  30 rn in  or ì  a  rù ta11 nt i rc r  r I  r {  ) '  ) r ] t  ' ,c t - t ì Ì lc ra tL l r t .

0 .  I  nr l  a i l ìn r t r . ' - r r r rnhec l  rabb i r  an l t - t i ' t t ru : re  i i i t t t tL i t l . r -
g l ohu i i n  ( i l 0  150  rg  m l  r )  r vus  adc i i : t i  anc i  t hc  r l i : < -
tLr rLr : i  ugr i r t  i i rcubatc t i  t -or  i0  rn in  F in .L i l l ' ,  t ) .5  nrL
( l 0  r , r s  ' - ' t i l s  i r l  i )  o t -  r veshcd .  f ' o rmrL l i r t - i ì , . cd  l i t t p l t . r ' -
/r-)t ' i  j r ' r '11.\ '  t  ! t  o'  (  :  i . \ ;  (  [  mmuno- f ' rcct oi t i  l t .  l ]  l ì .  t . .  Glt i  thcrs-
bur l ,  \ ' f  i )  t  r i ' c rc  aCclcd anc l  iube . :  incLrbatcd rv i th

rn i x , r i q  i ' i , i ' 1 . 5  h r .  Thc  pc l l c t s  \ \ . i J  \ \ i i 5 l ì c r i  t ì t r ee  i i n r cs

an r l  i l r c i l -  r ' r i i l i o l r c t i \ r t \  do t c r i u i r r t i l .

( '  t t  t  :  -  
i t t '  l  i  i  ì  i t  t t  r  l  d ir  :  i t t tnt l t i i t  )  u.\ . \ '  i t  - \ , , . ;  i  r  l  :  i  l t  t '  t t t .  l  t t

i  ìr , . :  , , l rr l l ' r-cnt m -1.b ;.r t  ì  i i  u ' r , l  . \cr ' . i  coLrpìcd t. .r
(  ) ' r t ì r  ; . re  t r l 'a tcc i .  , . i i scs  i t -cska r ' ' i  r ; / . .  l ' r l l ) .  

- t r rch 
n l  - \b

i - ì  l . : )  ' " v l s  r ncub i i t c r i  r v i t h  0  0 j  r r s  o i '  r  i -  i gE , . . lPS  , , i .

\D)  i -or  90 min a t  l -5  C , rn  r i  fo t i l r \ '  ' l t r ikcr .  - \ i ' le r

9( t  min,  ln , {b-coLip led c i iscs n 'erc  l ic l t icd  lur i l  thc  tncu-

but i t rn  cor r t in r re  c l  t -or -  ant t thc i -  9( )  r l in .  
' f  

hc  t i i scs  r r  t rc
' . r ' : rshcd rvr th  P, - \A l -  and the boLrnd c . )un[5 r ic ter -

mincc l .  Pcrccnt  inh ib i t ion \ \ r ìs  r ìa icLr l l tcd  i ront  thc

dete rminat ìon ot 'b indr r rg  in  thc  abscnce t t f  a  c t t i : rpc t -
ing r lAb.

Í)intlin.q {ti !::;1 rtr.'1b tu /qE ott l,u.vrtlhtls

Lcukocy'tcs \ \ 'cre cnrtc:hcd l 'or brrsrrpi-rr ls ustng
(Bcck inan  I ns t r l l n r cn t s  l nc . .  Pa l c l  , \ l t o .  ( .A )  coun t . : r -

cu r r cn t  ce r i t r i i uga l  c l u t r i a t j on  iV f cvc r  c t  t i l . .  i 9S i )

and  t hc  b r r soph i l s  s ta rnc r l  w i t h  . { i c i an  b lL t c  (C r i i hc r t

an r l  O rns t c i n .  1975 ) .  E lu t r i a t c t i  c c l l s  i t yp t c :L l l . '

- 5  x  l 0 ' . 7  i , i ' l ' i ,  basoph i l s tw 'e r c  rncuba tc r i  [ ' o r  l 8  h r  a t

35 C COr in  l5  nr l  Er ig ie 's  nr in imal  esscn l ia l  mcdi r - rn . t

conta in ing 1- i ' l rn  t 'e ta l  c lL l l -  ser t im anc i  l0o, ' i ,  poo lcd

se r r rm  con t i r i n i ng  3000  ng  m l  '  I gEn" .  A f t c r  *ash inq

rv i th  PBS conta in ing 0.0- l '1 , { r  human s t rL tm a lbumrn
(LISAt  ant i  { i .01u,1, ,  NaN, ,  cc l ls  ( f ) .1  rn l )  r i .c re  incu-

ba ted  h rs t  t o r  10m i r r  a t  ; l  C  r v i t h  0 . lm i  nonna l

rabb i t  l gE ,  ( amqml  ' )  t u  b l ock  I gG  F -c  recep to r

b ind ing,  then wi th  I r t l - labe led mAb (7  to  j7  n \ f  )  io r

2  hr  in  an ice bath . .v i th  occas ional  ag i ta t ion.  The ce l ls

were then r.vashed three t imes using the same PBS-

HSA-NaN,  mcdium.  and 0.1  ml  a l iquots  in  dupl icate

were la .vered over  0 .2  ml  o f  an o i l  mi r ture  conta in t t t -u

40o,/o bis(2-ethylhery'1) phthalate and ó0'zó dibutl ' l -

phtha la tc  (Eastman.  Rochestcr .  NY) .  Tubcs were

cent r i fuged r t  - : l  C lor  I  min in  a  Nl ic ro fuge {Bcck-
man lns t ruments  Inc . ,  Pa lo  A l to .  CA) .  The t ips  o f  the

tubes conta in ing the pe l le ted ce l ls  rvcre cut  o t l  and

counted for  ' t t l .  The react ion mix tures conta ined

3.6 + 0 .9  x  106 1r  +  SEVI)  ce l is  (21o, \ '  +  2 .60"ó baso-

phi ls).  Non-specifrc binding was determined by'

adding un labeled hybr idoma at  20-  to  100- f  o1d e. \cess

to  scme tubes i0min before the r r5 l - labe led mAb.

This  non-spec i f ic  b ind ing in  the presencc of  exccss

unlabeled mAb was I to 3 t imes the background

count and specif ic binding with the posit ive mAb was

10-  to  100- io ld  above background.  A cont ro l  for  each

exper iment  measured the capac i ty  o f  the r r i l - labe led

mAb to  b ind igF.  in  a  so l id-phasc i ìss i l ' ' :  pzrner  d iscs

coated i ' i th  : ,heep ant i -human IgE wct ' t  incubatec l

r i , i t l - r  pot r lcc l  i rLrnran serurn (conta in i l ts  l -+  ng i l i '  IgE)

washcd : rnc i  i r r .c Ìed iv i th  the Lr i l - labe lec l  m, \b .

Inhrhtt iutt  b_t '  ni , '1h ,1./ ' ' t j l - [gE bindin,q to htt,sopit i ls urid

!.ittipltor:.,. te.s

EiLr t r ì .L lc r l  i r i r l Ì5  \ ! ' c i i - '  incubatcc i  for  l8  hr  under  t l - re

conc l t t ions c lcscnb, : t1  above b, " r i  in  ihe absence o i

hunran scÌ 'Lr i ì ì  IgL: .  I 'hc  cc l ls  wcre lhen ' , , 'ashed lv i th

icc-co ic l  ù  I  r  \ f  ) iaC. l  and thc cc l l  sur face IgE

si r iopcct  bv a  i ; r t i t t  incubat ion ìn  r  g lvc i t re  pFI  2 .9

bLr ik r  ( [scrsk i  r t  t t l . ,  197: l ; .  
- [he 

c , , : i l s  r , , 'e  re  rvashed
, r i " r , . i  : r t i r l ' - t l  l r r  tubes conl l t in ing 0 . - Í  3 .0 / ig  o f
i - r :  i  Ie l : , . ,  iPS )  r r  hrch had be e n  pre incr - rbatcd for
i l r i  n r in  , . r r ih  iar ' , ing cr rnccnt ra t io t l :  o f  the c i i i ' lè rent

r l r . - \ ,b  in  iu l tu i -e  mcdiu t t - t  conte in i i rg  1? ' i ,  t ' c ta l  caì f

sc i r l rn  l in t i  l . l - - i  ing , r Ì ' r 'abbr t  igG.  . \ t ìc l '90 min on ice.

ln  l l rq i , r t , . t  o t 'e lcn sample was cent r i fugcc l  through o i l

run i Ì  thc  cc i i -bound rac i ioac l i r , ' i t - ' -  determined.  Ercess

L rn iubc le r J  l gE , . iPS)  r i ' l r s  e t i dcc  t o  t hc  b l l soph i l s  i n

s( )me iubcs to  d . lùrmine not r - .spcc i i ìc  b inc l ing.  Thc

r .a . t i on  n t i r i u res  con ta ined  l . ' 1  *  0 .24  x  l 0 '
( i  ' SF .M .  r  . =  l l )  basop i t i l s  pe r  t ubc .  I n  t he  absencc

o i  t hc  m . \b  t he re  r vas  90  f  i 7  ng  i \ ' +  SE lv f  .  n :22 )

I g E  b o u n c l  l 0  ' b a s o p h i l s .  I n h i b i t i o n  b 1 ' t h e  m A b  o f

I gE  b ind i r r u  t o  l 1 ' r nphob las to id  RPVI l  8E66  cc l l s

ha i inq thc  lor r  , i t i ìn i ty  Fc RI I  rvas donc ln  a  mal iner

srmi lar  io  thc  mùthods dcscr ibed lbovc.

f{ i .s t t tnt ine reieuse lront ht lnun leukoc.l '  t t 's

D i l u t i ons  o f  an t i - l gE r ,  ( 0 .15  m l )  * ' e re  rncuba ted  f o r
-1 , i  min e t  i7 'C , 'v i th  an equai  vo lumc of '  r lashed

lcLrkoc l  tes  l ì 'om non-a l ic rg ic  donors  as prevrous ly '

dcscnbed (S i raganian anc l  Hook.  i986) .  F i is tamine

\\ 'as assaveci bi '  an automated f luoromctric techniquc
(s i r agan ian ,  197 - { ;  S i r asan ian  and  Hook ,  i  986 ) '

Spontaneous re lease in  a l l  exper iments  rvas less than

- i9b.  Resul ts  are expre ssed as the percentage of  maxi -

mum re leasc obta ined w' i th  an opt imal  concent ra l ion

o i  goat  ant i - lgE" ,  ( f rom Mi les-Yeda.  Eìkhar t ,  IN) .

RT]SULTS

Protluction of nrcnoclonal anti - [gEn,,

Spleen ce l ls  i rom mice immunized wi th  IgEn" tPS)

ri , 'ere hvbridized rvith a non-secreting myeloma cel l

l ine. Hybridomas rvhose supernatants bound to

nat ive or  heated IgEn"(PS and ND) and d id  not  b ind

to poolcd human IgG rverc  se lected.  The pur i f ied

rmmunoglobulin from ascites was used tor al l  the

present studies. The mAb described in this report

rverc obtained from f ive dif ferent hybridizations. Of

the original 216 wells piated rvith cel is, 23 gave

posit ive results and rvere expanded and cloned.

Binding o.f the ntAb to IgEn,

The mAb chosen tor study are l isted in Table l .  Al l

were oi ' the IgG, or IgG,u isotype. The mAb 2, mAb

3 and mAb 4 bound to IgEr"(PS), but not to the

ir-ì l

i.
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ì  . rb le  I  IeE b ind inq  propcr t rcs  o i '  the  un t i - igEn,  i r . , \b*

in..\bi

Code C-c l l  Ine

- -- 
i:-

rs( l  t)  pe N a t i v e

' t x t r l  -  - - -  
J ib t i ]S ]  

c ' cncenr ra r ron  rb r

li:'ti.:r: _, _\:rliu' x:g:d _ _Ii! 
jraine$

P c r c c r r t  ,  ' i  n r . i x r m u m  b i r r d i n g
E 1 Ì - ^ \ C ] I I C ]
E l i B . { I I D I
E I  Ì B C I I t s Ó
E  i  1 , \ C ] I D 6
E i I R A ] I D ]
89 . \D l l t . . \ , i
E t i B I l i t . \ 6
E i.\ .-\ I Lr. 6
t-.5 Fì iì I I t.-\ +
E l r (  - i l Ì l l
E S R D  i I . . \ { ;
E il ..\C'I Bl

Igc , "
IgG, "
leG
IgG,"
IgG,"
IgG,"
i , *C, "
IgG
IgG,.,
I g G , .
I g G
I g C ì ,

i
I
{l

l i 7

t 0
1 0

98
l0
8 2
_5

91
89

l  1 0 9
,) 1)
-. ì  100

nN{
.13  - '  1 .5

7 S ' r  3 i . 0
2 6 1 . 0  *  1 0 5 . 0
2 0 . 0  t  i  r . 0
7 . 0  +  4 . 5
3 6 + 0 i l
1 . 2  +  0 . 7

1 .1 .0  +  19 .0
9.8 1-  ó.4
i . 7 1  1 . t

3 ì  0 1 3 4  0
l t . 0  '  1 . 0

3t{
)  +-)

I  g . \

* r l i l -  I g E , "  n v c l , ) n r s  p r o t e i n i  t \ D )  o r  i p $ )  u ' r - r c  i n c , . i h u t e t i  w i t h  c t . r n c e n t r a t r o n s  o t ' l . { J  t l
l o l lowcd b . ,  rabb i t  t ìn t i - Ì r lousc  I . tG and Staphr . i , t co t t ' l i . !  r , ' u rdu . r  c . l l s

tThc  mAo oun l ìc t l  i ronr . rsc r ies  r re re  used in  l i l l  l ssa l ' s .

; B i n r J i r t r  : r \ \ r \ \  \ \ ( : .  , * t t h  : ' l  I q E . ,  h e a t c d  . r l  j ó  (  l ì ' r  - 1  h : .
lThc  rn r tnc- rc lona l  en t r - igE!u  concent ra t ion  (n \ ' f  I  SE\ , f  )  g iv ing  5 f )9 , ,  o f ' thc  mi : r i rnL l :

The b ind ing  b ; "  each hybr idoma is  expressed as  a  n ìcan pcrc rn tag€ o f  the  r r r rx rn rLr r r ,  ' r  I
concent ra t ion  o Í -  n rouse an t i - lgEn"  serum [619 'o  *  ] .5u ,0  wr th  IgE(PS)  enc l  7 ( )9 i r  11
are  the  mean f ro rn  I  to  i l  exoenments  and SE\ f  va lucs  r i c re  l css  than Ì011r .

I  r  , l  r  , ,  g  , ' i  t h t  r i i f l c : e r r t  m A h

h i n r l i n s , - , f  ' t t l  I e F . n , ( P S ) .
l g E " "  h i n d i n g  b v  a n  o p t r r n a l
, ì ' l n  w i t h  I g i - ( N D ) ì .  [ ì c s u l t s

*
$+
t
I

rnyc loma IgEn"(ND).  Bccause the mice w 'ere or is -
ina l ly  rmmunized rv i th  IgEn"(PS) .  i t  was poss ib le  that
these mAb recognized idiotypic determinants. Holr,-
ever ,  t i r is  poss ib i l i t ) '  i s  un l ike ly :  mAb l .  3  and 4
reacted well  with serum IgE from l l  di f ferent indivrd-
uals rvhen their IgE was immobil ized on paper discs
coated wi th  po lyc lonal  ant i - IgE."  {data r ìo t  shown) .
The rnAb 6 bound bet ter  to  heated than ro  nat ive
IgEnu ,  and  bound  s im i l a r l l '  t o  hca ted  (PS)  and  (ND) .
Because th is  mAb d id  not  b ind to  nat ive IgE i t  rvas
omitted from further srudies. The renti i ining niAb
(mAb  8 -15 )  bound  we l l  t o  bo ih  I gEn , (PS)  and  (ND)
The concentrat ion of mAb that gave 50ozl, maximun
bind ing of  IgEn, (PS)  is  shown in  Table  l .  The
rec iproca l  o f  th is  va lue can be used as an appro\ l -
mat ion o f  the apparent  K.  for  IgE."  b ind ing.  Most  o f
these mAb have an apparent K" oi approximately
1 0 8 M - r  ( m e d i a n  o f  1 x  1 0 8 ì \ 4 - - r .  r a n g e  3 . 8  x  1 0 6  t o
3 . 1  x  l 0 ' M - r ) .

The mAb were tested by immunoblott ing for their
reactivi ty to both reduced and non-reduced IgEn".
Ai i  bound to non-reduced IgEn"(PS); fol iowing re-
duction, the mAb reacted predominantly with the e
chain ;  mAb 13,  i4  and 15 bound less to  the e  cha in
than to the intact molecule suggesting that a number
of determinants were lost fol iorving reduction of the
IgE molecule (data not shown).

Binding of the mAb to dffirent fragments of 125l*tgE

Human IgE was digested with either pepsin or
papain, and the respective F(ab'), and Fc fragments
purified and used to test for the binding of the
different mAb (Table 2). The F(ab'), fragment con-
tains the C, I and C.2 domains, and the Fc fragment
the C.2 to C,4 regions. Therefore, we have defined
the epitopes recognized by these mAb on the follow-
ing basis: those that bind to F(ab'),  but not Fc.
recognize epitopes in C,l :  mAb that react with both
F(ab') '  and Fc apparenrly bind to C,2 and those

rerrct ing rvith only t l-rc Fc t iagrnent probably identi fy
ep i topes in  C,2 or  C, ,1 .  In  genera l .  rhe rnAb bound
bct te  r  to  e i ther  one or  the o thcr  o f  the f rz rgme nts .  For
cxample.  mAb l ,  3 ,  4  and 8 bound wel l  to  the F(ab ' ) ,
Lru t  poor l l r .  i i  a t  a l l .  to  the Fc Í ragmcnt  o f  the
molccu le  anc i  therefbre the ep i topcs must  be in  the
C ,  I  doma in .  Ano the r  g roup  o f  r nAb  (mAb  9 .  10 .  12 .
i i  anc i  14)  bound w'e l l  to  t l ie  Fc but  not  thc  F(ab ' ) ,
fragments and therciore probably'  reco_enize cpitopes
in  t he  C ,3  o r  C ,4  doma ins .  The  rema in ing  2  mAb
( rnAb  l l and  15 )  bound  to  l - r o th  t he  F (ab ' ) ,  and  t he
Fc f ragments .  Of  thcse,  mAb l5  bound bct ter  to  the
F(ab ' ) , ,  thcrc tore t i rc  cp i tope recognized by th is  mAb
is  in  the C,2 reg ion.  in  cont rast .  n- rAb I  I  b inds bet ter
to  the Fc t rasment  and probably  has an ep i tope on
both C.2 and C,3.  \ \ t i th  3  mAb the b ind ing ro  the
F(ab ' )2  was greater  than to  the in tact  IgE.  Th is  cou ld

Tab le  2 .  B ind ing  o l  the  an t i - lgE mAb to  l ragmenrs  o f
IgEn"  (PS)*

mAb
code F(ab ' ) .  Fc

2
l
4

8
9

l 0
l l
t2
l 3
l 4

t 5

Percent of binding to
undigested IgE (x + SEM)
9 6 + 3  t 4 + 1 2
9 4 + 3  5 + 5

1 2 1 + 6  2 5 + l l
1 1 7  +  2  4  +  I

l + 0  9 9 + 5
. 1 + 0  1 0 2 + 2

4 l  +  I  9 l  +  8
l + 0  i 0 3 + 6
: 1  - t 0  9 5 + 1 3
2 + 0  9 6 + 9

1 8 5 + ó  9 4 + l

P o l l , c l o n a l t  9 0 + ó  1 1 5 + 2

ilgEn"(PS) was digested and purif ied by HPLC as
described in Methods. The dif ferent IgE tìagments
were  incubated  l8  h r  w i th  the  var ious  an t i - lgE mAb
immobil ized on paper discs. These were then washed
and incubated  w i th  I25 l - rabb i t  an t i - IgEnu.  A f te r
washing, discs were counted lor radioactiviry. The
F(ab ' ) "  p repared by  2hr  o r  l8  h r  peps in  d iges t ion
gave s imi la r  resu l ts .

tGoat  an t i - lgEr ,u .
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rnAb Number

I t ' r g .  I  l ì c c i . g n i t r o n  o 1 - : p i t o l r c s  r , n  i g H i , , ,  n r  l l t t  i l , , \ b .  I l c h  r l : \ b , , i l r s  j : t c u b t L t c d , . i i t h i ] ' l  I g E - " i f ) S  r r r - N D ). T h e  
. i i t ' l i r c n t  r i t . ' \ b  c o u p ì e i i  i ( )  Ì r a l r r , - i j s c s ' , i c r c ' , l t c n  l i r | i e r i  : r n t i  L i r c  i i r c u ' : ; r t r o n  c o n t i n u c d  l i ) r ' ) ( )  r r i r r .  

- [ ' Ì t c

t j i s c s i r c r t * ' i t s i t c , . i . t t l t i l l t . ' ' i ] r l | l i ] t i r . a t j i o l i c r i . , r t r d c t c r i l l i i l c t 1 ' I ) c l . c c r : i r . t r . : l l i i t r h i t i t r i l

b i t r t l i n g  i l r  l : ; t , :  r i b s c r l e ù  r ) l  u  c o r r . t J , . c t i i t !  : i t , - \ h .  i ì ' : S i r i l s  t i r - . '  t i i c  i l l l n s  t t l ' t i r r . . . r c  - ' \ p c f i n l c n t \ .

be c lue t t t  'L i re  incrc l rsc t l  l i cccss i i r i l i t r  o l - , -p ì i i ,1 ' r . ' '  ' , r
m.Ab t ì ; l ion ' inq t l i scs l i r tn . ' f  i tc i -c I 'L r rc .  i i r . :  r r r . - \b  b in t l  t , r
t p l t opùs  i n  d i f Ì è ren t  r ùg1 r )ns  o i '  l hc  I g  i r  r r r o i ccu l c .

Bbk l ing ( ; r ( ) . \ . \ - in l t ih i t i t t t t . , i t r t i t t , . t  t r i t i t  i l t , , t i i t ' f t , re t t t  rn ,1  l ,

Thc c ; lnac i t i .  r r f 'o i tc  nr . - \b  t , r  rn i t i i - . t t  t i rc  i - r in i i ing o f '
ru  d i f l 'e rcnt  rnAb to  ra t ì i r r i : rbc lcr i  i ; l [ :  i r  l rs  Lrsct i  ro
c ic tcrminc the rc la t ions i r rn  o l '  t l tc  d i l ' Ì ì : rcnt  c1- r i t i t1 - r . . -s
recoqnìzcc ' i  b_v '  thesc l in t ihodì ts  t  Fr  js .  I  ) .  

- l 'h t -  
n i . \b

c lc tcc l  ó  r i i r ìc rcnt  cp i toncs t )n  Is f :  rLs  t lc ternt inc t i  b1
cross- inhrb i t ion s tuc l ics .  Frour  o i  rhcst -  rp t i topcs.  rhosc
recogn rzcc i  bv  n tAb  + .  8 .  l l  anc l  l i  a r c  un iq r i e  r i i t h
l i t t l c  or  no cross- inh ib i t ion br ,  o thcr  r t r , \b .  . \nother-
ep i topc is  recognizcd by t *  r t  d i f ì ' c re  n t  ant ihod ie  s .
mAb 2 anc l  i .  The hnal  ep i topc is  rccognrzcc i  bv  a
q roup  o f 'mAb  (mAb  9 ,  1 ( ) ,  11 .  l 3  anc l  l - l )  a l l  o iw ,h i c i r
ha r ,e  s im i l a r  c ross - i nh ib i t i on  pa i r r r ns  and  p robab l r
b ind to  the sante reg ion of  thc  IeLr  rno lccu le  .

Irthihition l',y' tlrc nt.lh oí' i:tl-,[14E,,,,('PS) hinttiil:< to
bo.sophils

The dif l 'erent mAb w'ere testecl lbr their capacitr, ,  ro
i nh ib i t  t he  b ind ing  o f  r : 51 - l gE  ro  Fcc  R l  on  basoph i i s .
In ieukocvte preparations enriched b,"-- basophils. IgE
on the cel l  surtace was str ipped b1, '  ior.r, '  pH and the
cel ls  used for  b ind ing exper iments  . .v i th  I :51- lgE.  Onl l '
four  o f  the mAb inh ib i red the b indrng of  IgE to
basophils (Table l) .  There rvas 5002t, rnhibit ìon w'tth
mAb  10  and  11  a t  concen t ra t i ons  o f  3  t o  5  7 l g  m l - r .
whereas mAb 13 and l5  inh ib i ted a t  h igher  concen-
t ra t i ons .  A l t hough  mAb  9 .  10 .  11 ,  13  and  i 4  be long
to one ep i tope c iuster .  mAb 9 and 14 d id  not  inh ib i t
r rs l - IgE b ind ing at  concent ra t ions as h igh as

l 0 ( )  1 r u  n r l . - l - i r c r i t ì r r e . ' l  n r . \ b  ( n r , { b  1 0 .  I  t .  1 - l  u n d  l 5 )
i nh ib i t cd  l r i n . ' i i ng  o i -  I g l - :  t o  t hc  Fc .  R I  c r t hc r  hv  s renc
h inc i r ance  r r r  b r  b i n t l i ng  t o  s i t es  i n ro l ve t , i  i n  b i n r l i ns

Itt l t i l t t t i r t t t  ,b.t '  t l t t '  t r t . .1h i t l '  i : ' I - [ .qL:,, , ,{ l ' . \ )  btnding to t l te
í< P \ l  L\t i66 !t  ntpirohlu.sroi l  r ;el!  l ine

- f  
hc  d i t ìc rc i t t  nr . {b  w 'crc  a lso tcs icc i  ib r  rhc i r  ca-

p lLc i iy  Lo inh ibr i  brnc i ing o l ' i5 i  Ig i :  to  1 i1g 16\ r ,  a t Ì ìn i t r ,
Igc  rccept ( ) r  (Fc RI i )  on i . tuman l ; . 'mphoblasto id
RP\ l l  Sf i ( r ( j  ce l ls  (Tabìe - ì ) .  Sc, . ,era l  c i l ' the rnAb rhat
rnh ib i r c r i  I gF .  b i nd ins  t o  Fc .  R I  on  basoph i l s  a l so
sLrppre-sscd brnc i ing to  RPVf  I  8866 ce l ls .  Thus.  m. \b

l , r b l c  l .  I l i o c k r n s  b r  t h e  n t . \ b  o f  ' r i l  I u F ì r " 1 P S )  b r n d r n e
t o  h u r r a n  b a s o p h i l s  o r  l l m p h o b l a s t o i d  c e l l  l i n e  R P \ f  I

Concent ra t ion  tb r  i0? i ,  inh ib i t ion
, ' r '  r ' l  I u E n ,  b i n t l i n s  t . r : +  1 i t g  n r l  

' )

B a s o p h i l s  R P \ f  I  R 8 6 6  c c l l s

. r  > 100

l 0
l t
l i
l - l
1 5

* ' : j [ , , l u E " u 1 P S )  a r  . 1  1 g  m l  i  w a s  i n c u b a t e d  9 0  m i n  a t
room t rmpera ture  wr th  d i tTerent  concent ra t lons  o l
each mAb ( .1 - l l0  ae  ml ) .  Human basoph i ls
1 l - l  x  l 0 ' )  o r  R P l l l  8 8 6 6  c e l l s  ( 2  x  1 0 6 )  w e r e  a d d e d
and tubes  rncubated  90  min  in  an  ice  ba th ,  fo l lowed
bv centn iugat ion  th rough o i l  and  count ing  fo r  L :5 I .

+The 50% inh ib i to ry  concent ra t ion  was de termined
graph ica l i y  f rom the  inh ib i t ion  curve .  Each va lue  is
the  i - -  SE\ f  o f  - l -9  exper iments .

l T h e  u n l i s t e d  n A b  l m A b  l . 3 , 4  a n d  l 2 )  d i d  n o t  i n h i b i t
b ind ing  (  <  l0o"o)

: '  1()0
+ . 8 ' 0 - l
-1.0 :  0.  I

l J . 0  -  1 1 . 0
>  1 0 0

76.0 -  . ló.0

1 l  -  _ i . i
l . l  -  0 . 5 0

0.17  ' '  0  0 .1
1 6 :  l l

0 . 1 9  *  0 . 0 - s
1 . 1 I 0  6 l
i . 7  '  1 . 5

i
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10 .  l i ,  l 3  and  l 5  i n t r i b i t ed  l g f  b i nd ing  t b r  bo th  t he

high i int i  low atl lni tv igh rccrlptol-5. ' t tnong these

mAb l l  ha<l  re la t ivc ly '  lcs .  ac t iv i ty '  io r  suppress ing

IgE b inc i ing to  basophi ls  w 'hereas m' \b  I  I  was le  ss

act i r , 'e  in  inh ib i t rng b ind in5 l  to  RPl f  I  E866 ce i ls .  In

cont ras l .  rnAb 8.  9  and 1 '1  rnh ib i ted tgE b ind ing t t - r

R l ) ] " 11  8R66  cc l l s  b t r t  r v t r ' . :  i t t . L i t i r c  j r t  supp r t ss l ng

binc i ing to  the basophi ls .  Thc mAb that  inh ib i ted

b inc i i ng  t o  bo th  Fe .  r cccp i ' r t 'S  r ' t ì u i r c . . i  l o * c r  conccn -

t ra t ions for  suppress ing b inc l i r lq  to  Fc.  R i l  on l -vn l -

i . r i rocytes than to  Fc,  RI  on Lr i tso i lh i ls .  The rank order

of  ihe act iv i t .v  o f  d i t Ì ì rent  m.{b  for  rnh ib i t ion o f

b inchng IgE to  basophi ls  r l t rc l  ì i rnphocvtes rvas a lso

c l is t inc t ,  fur ther  s l rggcst tng th l t  thc  s i tcs  for  b ind ing

to th t  t rvo receptors  arú n t l t  idcnt ic l r i .

[{ i . t tr : t t t i r t t  l i ' / r ' r / . î t '  i t t  t t t . l l
- I-hc 

dif ferenl tnAb \\cre testcd t 'or their ct lpacltv lo

re le lse h is tanr ine i rorn  the washed lcukocvtes o f  l l

< i i f ie rcnt  donors  (Tablc  l ) .  The rn .A.b l .  3  and 8-11

rcrir-ased histarnine fror.n the cc' l ls oi l l l  the donors

testcd. ancl nvo of the mi\b (nrAb 9 and l0) t ' re-

quent ly  re leased more h is taminc than d id  po lyc lonal

goat  ant i - [gEn, ,  (Tablc  4) .  There \ \ 'as  no re la t ionsh ip

bct rveen thc scrum IgE leve i  t r f  the donors  and the

sens i t iv i t ,v  o f  t i re i r  ce l ls  to  re leasc h is tamine '  NIax i -

mum re lease wzìs  genera i l -v  induced x i th  lU 1rg ml  I

o f  the mAb.  and ant ibod l '  c t lnce nt ra t ions o f -

1001rg ml  I  or  grcater  usual l l '  resu l tcd in  decre l tsed

his tamine re lcasc (data not  shorvn.1.  The concen-

t ra t ion o i  tnAb requi rec l  for  -50o ib  re lease (HR; ' , )  was

gcnera l iy  less than I  pg rn l  I  (appror imate ly '  6  n ÌVf  ) .
F t r r  most  o f  the mAb,  thc  concet l t ra t ion tor  509 ' í

maximum h is tamine re lease w'as s imi lar  to  the con-

cent ra t ion f  or  50% of  maximal  b ind ing in  the rad io-

immunoassa-v  (Table  l ) .  There \ ! 'e re  two except ions:

wi th  mAb 2 the 50% b ind ing was at ' i .0  nM whereas

t'o'' * to'""T;::o;:i:'J 
'?';iJiÍ*u 

'"^o n"-

m A b
code

Histamine Concentrat ion fbr

release' 500,"0 ma.rimum releaset

(9/o maxrmum)
6 8  +  8 . 5
98  -  9 .2

0
0

79  _  4 .5
l 3 l  -  1 7 . 0
l t 0  -  1 8 . 0
69  X  5 .7
90  -  9 .7

0
0
0

*Washed leukocytes, from I i  di f ferent donors, were each

incubated  w i th  0 .1 ,  t  and 10  pg  o f  the  d i f fe ren t  mAb '

or with one of trve di lutrons of goat anti- lgEn"

antibody. Histamine release is expressed as the

.r- + SEM of maximum release achieved by the polv-

c lona l  (goat )  an t i - lgE (56o/o  +  7 .9o /o) .  Zero  ind ica tes

no histamine release at any concentrat ion of mAb.

tThe mAb concentrat ion (nM) giving 50% of the maxi-

mum histamine release achieved by the goat anti-

IgE. Data are the -t  + SEM from 15 to 27 t i tratrons
of mAb. The minus sign ( - )  indicates no histamine

release observed at anv mAb concentrat ion.

thc t. lR.,,  wÍ.ìs at 78 nÌvf :  i t i ic l  r ' ' , i th rrr,{b i ,  the 509"t

bincirng valuc w:ìs 76 nNl l tr t t l  1-{R,so \À'as

5.7 n lv{  - r -  i .9  nM (Tablcs  i  ant l  4) .  Th is  suggcsts

d i f ì i rences in  the a f f in i ty  o t -b in t l ing o i '  thcse mAb to

1gF.  ln  so iu t ion comparec i  to  IsE on the basophr l
,  . | Ía

sur l1cc.  ry
F i v c  o f  t h e  m A b  ( n r A b ' f .  6 .  1 3 .  l ' 1  l n d  i 5 )  i a i l e d

lo rnclucc histaminc relcase f ' r ' t rm the cel ls t-rf  al l

i r . i tJ i i ' i c i t ia ls  tes ted (Tablc  -1) .  Ant iboc lv  conce nt ra t ior ts

o f  100 i rgm l  I  o r  g rea te r  r v t ; - e  a l so  rncapab l c  o f

re leas ing h is lamrnc.  Thc ecìd i t ion o f  i ì  s ! -cond r ln t i -

boc l t '  ( rabb i t  ant i -mouse i i t tn - i r . rnog lobul in ;  r ' , ' r ts  r t lso

incf fec t i , ,e  in  inc l r - rc ins  rc lcesc , r i th  these rnAb.  Pre-

trcai inent of lcr,rkocvtc:;  rvi ih a t tott-rcle asing mAb' dit l

not  inh ib i t  Ìhe re leasc indLrced 'ny  a  h is tarn ine re ìc l rs -

i ng  mAb  (da ta  no t  5 [ s r * t t ) .  
' [ i l c  

r ange  o f  concen -

t ra t ions for  50 '2 ,  b i r , t i ins  t r t '  I ! {Hr ,u  in  the RIA rv i th

rnAb  8  t o  l l  r s  s i n . r r l a r  t o  t i l a t  o f  t he  h i s tan l i ne

re leas ing  mAb  i i  i o  l - j .  l - hc re f  o re  .  i he  l ack  o i

h is t i rminc re leas ing cr tp t rc i t l  c i . I I ìnot  be at t r ibutcd tc r

tr low binding afhnit. ' ' .  The ci i l ta that fol low' sul lgesl

that  the non-h is tamine rc icas ing mAb \ \ere  a ls t r

incapabie  o i  b ind ing to  IgEn"  on the basophi l  sur iace.

Binding o.f't::I-lubeLetl mAh to [gE ttn humdn husophiis

Three hrs tamine re leasrng rnAb (mAb 8.  9  and l l )

ancJ 3 mAb that  d id  not  re leasc h is tz imine (mAb l -1 .

l -1  and 15)  rvere tes ted for  the i r  capac i ty  to  b ind to

IgE-sens i t ized basophi ls  (F ig .  l ) .  Thc - ì  h is t rminc

releasing mAb bour-rcl rvel l  (2'1i :  l8 fmok-s lÙ "

basophi ls .  , i  +  SEl f  .  n  :  l7 ) .  Thc curves of '  these

3 mAb rvere s imi lar  for  b ind ing to  lgE both on

basophi ls  and a so l id  matr ix .  
' f  

here werc

I  . 3  x  105  +  0 .2  x  105  (  i -  +  SEM )  mAb  mo le  cu le  s

b a s o p h i l  I  r t n g e  5  x  l 0 ' r o  - { . 1  x  I U ' ) -  l n  c o n t r a s t .

the 3  mAb thzr t  d id  not  re lease h is tamine (mAb 13,

i4  and 15)  bound poor l -v  to  basophi is  1 l . l  t<  x  10r- t -

1 .6  x  l0r :  " r  +  SEÌVI  rnAb molecu ies basophi i  
' ' )

desp i te  b ind ing wel l  to  igEn"  on a so l id  matr ix '  The

mAb 13,  which had an apparent  b ind ing constant

similar to mAb 8 or mAb 9 (Table l)  did not bind at

a l l  to  sens i t ized basophi ls .  However ,  mAb l4  and

mAb 15 appeared to bind somewhat at the highest

mAb concentrat ions tested. Therefore. compared to

IgE on a so l id  sur face,  the b ind ing to  basophi ls  o f  the

non-h is tamine re leas ine mAb was e i ther  absent  or

sreatlv reduced.

DISCUSSION

We have isolated 12 mAb that bind to dif lerent

port ions of the human lgE molecule as demonstrated

by binding studies with intact igE or F(ab'),  and Fc

fragments (Fig. 3). By cross-inhibit ion studies. i t  was

establ ished that these mAb recognize six dist inct

epitopes. There were two epitopes that appeared to be

on the C, I  domain of IgE: one epitope to which mAb

2 and 3 bound and a second epitope for mAb 8. A

th i rd  ep i tope for  mAb 4 appears  to  be at  the C,1 lc ,z
junction. A f ourth epitope, that identi f ied by mAb 15,

s
g

I

2
3
/1

6
ó
9

l 0
u
T2
l l
1 4

1 5

nìvl
78 .0  +
5 . 7  +

1 8 . 0
1 . 9

l l . 0  -  5 . 1
7 . 9  +  2 . 5
5 . 1  : 1 . , 1

3 2 . 0  :  1 0 . 0
15.0  !  .1 . .1



\ \ as  i n  t i r c  C .1  r cg ion .  The  l as t  two  cp r t r r pes  \ \ c r i - -  t n

i i rc  C.  - l  J  donl r rns lnd we re  thc  b ind inc s i tes  for

; r , - \b  1 l  e i i t ' l  o i  t l i c  c l i ts tc r  recognizcc l  b1 'mAb f .  i0 .

I  i .  l l  a r r r i  l - 1  
- f  

he  b inc ing  s tud re  s  w i t h  I gE  l ' r agmen ts

suggcs l  t hu l  n r . \ b  l i  b i nd  t o  t he  C , f  'C , - ì  j unc t i on .

, \ l thor , rg i r  inAb I I  rs  in  thc  santc  tp l topr -  s ro t rp  rs

rn , {b  9  i i  app.c l r rs  t r t  bc  c ioser  thr tn  thc  o thcrs  to  C. l .

T i re  rc i ì r rc .  the cp i topes dc l ìnec i  bv  thesc ntAb are on

d i f Ì i r en t  don ìa ìns  o f  t hc  i gE  mo lccu i c .

'  . '  F ( a b ' ) 2  -

ír37

Thc  - l  m . {b  lmAb  l .  I  and -11  t ha t  bound  to  l hc  C ,  1

do rna in  o f ' I gE  r cuc t cd  r v i l h  r n l e  l oma  p ro t c i n  PS  b t t t

not , ,vi th thc sc-cttnci ln,, 'c lonttt  protcin Nf). Tircsc

ntr\b also bor-rnd io IgE frottr 22 indi l ' idual serl i  l tnd

inAb I  and I  re leascc i  l t i s tamine f rom lcLrkoet ' tcs  t ) t '

a l l  tcs tcd donors .  fhcreforc .  thesc n lAb rccogt t izc  a

t le terminanl  on C,  i  that  is  prescnt  on IgE, . , , (PS)  but

not  on lgEr , , , (ND).  Thesc mAb could  be re l tc l tng w ' r th

an a l lo ty 'p ic  s i te  , ,vh ich is  present  a t  h igh f requencv in

thc popula t ion that  r i , ' c  s tud icd.  Th is  cou ld  bc s i rn i ia r

to  the rare IgE a l lo typc lhz i t  has bcen descr ibed bv

1r , 'an Loghem e ' t  r r i . .  198 '1) .  A l ternat i rc ly .  the i  mrght

b inc l  an ep i tope in  C,  1  that  has beerr  a l tercd in

IgE" "  1ND1 .
The heat ing o f  IgE causes prominent  changes in  the

\ {onoc lona l  . rn i rboc i i - ; s  t i , .  hLr rn l in  IgF-

4&1 i  y .5 49

300 '

200 |

t u l O i \ j O C L O N A L  A N T I  H U M A N  l g E  A D L ì E D  i r \ l )

f r ìg .  Ì .  f ì i t td r r rg  , . , i '  r ' l i l - iabe  lec i  1 t , {b  to  l sE" ,  t r f l  i l r l rnun b . isoph i ls  ( ) r  on  nepc t '  r . l i sc r ; .  Basonh i ìs  f ro r r  se  vcn

i 1 d i . ,  i d r r r i  t l i t n o r s  a r e  r ì c s i g n a i c i i  i r v  t i i c  , l i t l è r e n t  o p e r ì  s y m b o i , s .  R c l t c l i i l : t  t n i x t u r c s  c o n t l l l n c ( l

ì . { r  I  0 . 9  : .  i ( ' ) ó  c r l l s  ( l l  : -  l . ó  b a s , r p h i l : ) .  I  r t t g  r t l  
- i  

o f  r l t r b i t  i g G .  l i n d  i  t t l  : l i n \ T  o i ' r 5 l - r t r . \ L r '  . \ l l c r  I  h r

i l r  r rn  i cc  ba th  cc i l s  wcrc  6 ,ashec i  and t l - l c  cc i l -assoc ia ted  c t run ts  de termi r '1 . :c i  . i s  t i cscr ibcd  in  \ ' {e thoc is .  Jhc

spcc i l ì ca l l r , -bount l  ceupts  a re  cxprc : ìsed  ls  i ì r ro les  l0  "  basoph i ls .  f ì inc i i r tg  , t i  the  1r ' J - lab ,e1 . ' t l  r r r ,A .b  t t r  IgE. , , ,

b o u n c l  t o  a n r i - h u m a n  l g E  i ì r c d  t o  o a p c r  d i s c s  i s  s h o w ' n  b v  c Ì c r s c d  s v n t b t l i s  ( O  O )
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Fig i .  Sumrnary oi  b inding,  inhib i t ion and histamine
reiease resul ts.  Beneerth the schemat ic of  IgE is shown where

the var ious mAb bind to enzy me-fragmented IgEi"(PS).  The

mAb rv i th aster isks block the binding of  labeled IgEn, lPS)
to basophi ls .  Cross- inhib i t ing epi topes are designated by

cont iguous symbols.  The histamine-releasing rnAb are des-
ignated by c i rc les and the non-releasing b-""  squares.

,  
" t '  

, ,  s t ructure o f  the C,3 and C.4 reg ions (Dorr ington and

l lenn ich,  1978) .  In  the present  exper iments .  the heat -

ing o f  the igEn,  resu l ted in  a l tera t ion o f  thc  s i tes

avai lable lor binding by the dif tèrent mAb. One of the

monoclonai  ant iboc i ies  reacted wi th  heat -denatured.

but  not  nat ive IgE.  In  cont rast ,  the b ind ing of  a l l  the

other mAb rvas markedly decreased when IgE wzrs

heated tor  i  hr  a t  56 'C.  Th is  suggests  that  the ter t ia ry

s t ructure o f  IgE is  impor tant  for  recogni t ion o f

epitopes in not only the C,3-.+ domains, but in al l  the

constant  reg ions o i  the IgE molecu le .

The mAb can be divided into trvo groups depend-

ing on rvhether or not they released histamine [rom

human basophi is  (Table  4) .  F ive o f  the mAb fa i ied to

release histamrne with cel ls of al l  donors tested. The

epitopes recognized by these mAb are in the C, l .  C.2

and C,3-4 regions oi IgE. The capacity to release

histamine did not appear to be related to the binding

constant  o f  the mAb rv i th  IgE;  e .g .  the two non-

h is tamine re leas ine mAb l3  i rnd l5  had b ind ing

L
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coÌ . ìs i , r Ì ' ì ts  s i rn i l l r  tc - r  thc  h is ia t t r t r l , . l  r t ì l l ts i i tg  mAb r )

ar ìd  l l .  F t r r the rmorc.  thc  a t ic i i t i t ' r r l  t ) Î -  the h is taminc-

n<tn-rclettsing nrAb ioi l , ' l r ,vccl bt,  l lnt i-nrouse Iq wets

i i rc f Ícc i ive rn  caus i t tg  h is t i tnr i t tc  rc ic t tsc .  
- fherc tore.  

t l - rc

l l i c k  o l ' h i s t am ine  re l easc  by '  t l t c s t  r n . ' \ n  i s  no t  l i k c l v

duc  t , , i  i hc  mAb  b ind ing  un t r r l cn t l v  i o  I gE  on  t he  cc i l

.sur f ì rcc  us has been suegcstcJ in  thc  i i t i t r inc  sy 's t r ' l r l
(  f  lann r rsh c t  t r l . .  198(r ) .  

'1 - l tc  
conc, ' r t t Ì - i i l io r l  ib r  509t ,

n , i rx i r i . i rL l  h is t i t tu i r te  re l . l ìs t  \ \ ' t ìs  ! l t i l c i r i i l v  s imi lar  tc r
t l re  ar ' , rount  fbr  50 ' ) î  nr ts . inr ; r l  b rn t i inu io  IgE.  Thcrc
r . ,c re .  hor . 'evcr .  [ \ , \ 'o  crcupt i r . r r ts .  both  *cre  rv i th  mAb
t i re t  Ì r ind to  the C,  1  r 'cg ion.  [ ' c rh : rps thcse cp i topcs
arc  n- r r . , r i i f ìcc i  w 'hen the IcE is  borr r rd  io  lhe rcce ptor
rcsr r l t rnq in  r ìn  incrcasr-  or  dr -cr .asc in  access ib i l i ty  o î '
t hc i r  s r t cs .  

- f  
hc re  h l r , e  becn  sugg ts t i ons  o f  con to r -

r ìa t iona l  bcnding o i  t i i c  I ,sE moiccu lc  r l 'hen i t  b inds
lc)  i ts  rcceptor  un thc cc i l  sur l ìce (Bai rd  anc l
Ho lou , ka .  i 98 - j :  F {o lo r . r ka  a r rd  Ba i rd .  1983 ) .

Fou r  o l ' t he  n rAb  de f ì ne  cp i t opes  on  I gE  tha t  a re
i lo t  i ìccessrb le  w 'hcn i t  is  bour id  to  Fc RI  on the ce l l
su r f ace .  Such  a reas  o l  I gE  cou ìd  be  rn rpo r t l n t  i o r
b i nd ing  t o  t he  basoph i l .  The  rn , \ b  l i  and  mAb  i 5  d i d
not  re le : rse h is tamine.  inh ib i ted ' r i i  IgE b ind ing and
did  not  b ind to  igE on the basophi l  ce l l  sur f i rce.  These
mAb b inc l  to  ep i topes in  the C, I  and C,  - l - -1  re  g ions
of  IgE.  There n 'c rù  t lv r - r  o ther  nrAb tmAb. l  anc l  1 .1)
that  d id  not  re leasc h is t : rmine.  but  ia i led to  inh ib i t  thc
h rnd ine  o f  l abe led  l sE  t o  basoph i ì s .  Bo th  o f  t hesc
an t i bod ies  appea r  t o  ha re  a  l owe r  b rnd ing  a l i i n i t l ,
t han  o r i r e r  mAb  tha t  i nh ib i t ed  b ind ing .  A l t e rna t i ve l y .
the b inc l ing o l  IgE to  the rc-cep ior  cou ld  causc a
conf  ormat iona l  changc in  thc-  ep i tope s  prevent inq thc
binding of t l -resc n'rAb.

Ant iboc i ies  cou ld  a lso b ind to  s i tes  d is tant  f rom thc
r r -cr -p tor  b ind ing s i tcs  but  s t i l l  b lock b ind ing t r . )
Fc ,  R I .  Thc  rnAb  l 0  anc l  l l  r e l eased  h i s ta rn inc  i nd i -
ca t i ng  t hc  access ib i l i t y '  o f ' t he i r  cp i t opes  when  IgE  i s
on the basophrl surlace horvc-r 'er, the-v" also blocked
the b inc l ing o f ' r r5 l - - lgE to  ce l ls .  There are o ther  mAb
wi th  s imi lar  a f i i ìn i t ies  that  do not  inh ibr t  r :51- lgE

b i n d i n g  t o  b a s o p h i l s ,  e . g .  m A b  2 . 8 . 9  a n d  1 2 .  T h e
epitopes recognized b.v these mAb must therefore be
more d is tant  f rom the receptor  b ind ing s i te  to  exp la in
their lack of interfèrence with the binding ol IgE,.
A l though mAb 9 and 10 have s imi lar  a thn i t ies .
cross- inh ib i t ion pat terns,  and both re lease h is tamine:
on ly  mAb l0  inh ib i ted IgE b ind ing.  Therefore.  mAb
9 and 10 must bind to sl ightly dif ferent port ions of the
same epitope cluster in the C,3--4 domain.

There were dif lèrences in the capacity of the mAb
to inh ib i t  the b ind ing of  r r i l - lgE to  the h igh and low
aff ini t .v IgE receptors (Table 3). In general,  more
mAb inhibited binding to Fc, RiI than to Fc. RL
Several mAb that did not inhibit  binding to the high
affinity receptor were very active in blocking binding
to Fc,RII ( i .e. mAb 9 and 14). The mAb that
inhibited binding to both receptors had different rank
orders for their capacity to block binding to one or
other receptor. The most act ive mAb in blocking
binding to the Fc. RII were mAb that react with sites

in  thc  C, I  anc l  C ' ,  - l  domaip5.  { - ler l , : r ' c r .  thc  n- rA l - r  tha l
r cac t  r i ' i i h  t hc  C , I  doma in  r vc r c  u l so  a ( r t i ve  i n  i nh ib r t -
i i r g  bu r t i i nq  t o  t he  Fc ,  R f  I . ' I ' hese  resL r l t s  a re  s im i l a r  t o
tnc pLrb i is i icc i  repor ts  that  mr \b , that  b ind to  the C. -1
r i r r n ra jn  d i d  r Ì o t  i nh ib i t  h i nSng  to  t he  Fc ,  R I i :
, " r , i i c rcr ì .s  . in t ibod ies that  b inc l  to  cn i topes in  the C, l
and  ( ,  j  r i on - ra i ns  i nh ih r i t cd  b inc l i nq  ( f  h rè t i e  n  . ' t  r i [ . .
1988 :  ! ' c r cc l i i  c l  r r l . .  1989 ) .  l . ) u r  c rpe r i r ncn l s  c i cn ron -
s i ia t r  that  the I "c ,  RI  lnc l  l rc ,  I { f  i  h ind par t lv  svcr lap-
p ing  r cg io r r s  o i '  t i r c  I gE  mo lccu l c .  Hou ,cvc r ,  t he  s i t t s
c1o nc. t  l r f rpsx l -  to  bc idcnt ic l i l .

Thcsc expcr iments  c . icnronst ra t r :  that  thc  er r i topcs.
r c r c t i v c  w i rh  n rAb  l - 5  l nc l  l 3  a re  s i l es , rn  I gE  i h : r t  l l r c$
in  ihc  C, I  and C.  j - -4  doura ins ant i  arc  not  acccss ib lc  ù
rvhcn igE is  bound to  i ts  rcccptor .  The resu l ts  do no i  i
d is t ingu ish w 'hether  thc  s i tes  rcco 'gn ized by mAb J

and m^{b 14 on C,  I  and C. l  -1  are actua l ly  h idCen
on a par t  o f  the IgE rv i th in  the reccptor  or  are
conf 'ormat iona l l - ' "  changed on b ind ing to  the ce l l .  The
epi tope recognize d by m.{b I  I  a t  the junct ion o f
C , l :C ,3  and  t ha t  o f  r nAb  l 0  s te r i ca l l i r  h i ndc rs  b i nd -
ing to  the receptor .  Fur thermore.  i t  is  c lear  that  a
number  o f  s i tes  on C,  I  anc l  C.3- . {  are  access ib le  q ,hen

IgE is  bound to  i ts  basophi l  rcceptor .  The data
sLrppor t  thc  concept  t ì ìa t  on iv  par t  c r f  the Fc por t ion
of  IgE is  in  the recr -p tor  lnc i  thet  por t ions o f  C, - l  are
acccss ib lc  on thc ce l l  sur face .  F  r - r r thcr  s tud ies r r  i th
these nr , \b  cou lc i  de- f rne bet ter  the s i tes  on Is t l
i n rpo r t ; . r n t  i n  h i n t l i ng  t o  i t s  r ccc f ì t ( ) r s .  Thcsc  n r . ' \ b
cor" i lc l  a lso bc used to  modulate  the synthes is  t r f  IgL:
by  B  ce l l s  (Shc r r  a t  u l . ,  1989 ;  Haba  and  N i sono tT .
I  q90)
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