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Our previor-rs st t rd ies using murine ant i - lgE ant ibodies

have showl that they have variable and sometiures evell op-

posi te biological  ef fects [1]  We fbLrnd lnt i - lgE ant ibodies

that r,vere anaphylactogenic and some that r 'vcre not. Inter-

e st inely,  one ant ibody interfereci  rv i th the bi ld ing of  lgE to

basophi ls.  vvi thout recogniz ing the [gE receptor bipcl ing

si te .  Because this ant ibocly rerì loves st t r face igE i t  can be

regarded as  a 'c lesens i t i z ing '  an t ibody .

Sirnilar nrultifunctional effècts \,vere obscrved fbr the

bincl ing of  IgE to thc lorv-af f in i ty receptor CD23 12'  3 l '

Some irnt ibodieS ren' ìovec1 surf i rce-assocìated IgE, ot l ters

boLincl  n lorc to the ccl l  surfàce of  CD23+ cel ls by an as yet

unknor,vn.  but eventuai ly Fcy-rr"recì iated cf fèct .  Ot i rcr  ant i -

boclie s prevcnteci IgE binding, atrd tr fourth type clicl not it-t-

f luence the binci ing of  IgE to CD23 at  a l l .

Ant i - lg l1 ant ibodies also var iecl  great ly in their  capaci ty

to ip i r ib i t  IgE, synthesis [4] .  A fèw ant ibodies were found

Abstract
In vivo expe rirnents using anti-lgE antiboclies havc clearly docutnented that they

inhibit IgE production. In vitro experiments sholvecl t l iat not only IgE synthesis

but aiso the ef fector phase of  the al lergic response may be inf luenced. becausc

alti- igE antibodies can prevent basophil sensitiziation with lgE or cven remove

lgE,-receptor-boulcl lgE, nolecttles. Horvever, the question remains whether nat-

urally occurring anti-igE, atttoantibodies possess sirnilar biological activity' To

generate such antibodies for the necessal'y in vitro studies, we have clpned human

lg variable genes and selectecl anti-lgE antiboclies using phage clisplay l ibraries.

Most of  the human ant i - lgE ant ibocl ies were ant i - id iob'pes, but ar l t i - isotypes

were also isolated.

that even enl-rancecl an interleLrkin-4 i l-rclLiced IgE synthesis

in per ipheral  b loocl  n lononLlc lear cel l  (PBMC) cul tures.  our

murine arrti- igE, monoclotral antiboclies u'ere all mapped for

their  domairr  speci f rc i ty using recotnbiuant IgE cot lstant

clomains.  From these data,  i t  becat le c lear that  certain bi-

ological  funct ions cor-r ld be correlatecl  to the dornain specr-

t ìc i ty of  the ant iboci ies [3.  4] .  Clearty sorr le ant ibodies that

recognized the thi rd or secot ld e domain were not or werc

or-r ly rveakly anaphylactogenic ancl  a lso e xhibi ted the most

potent inhibi t ion of  IgE synthe sis.  T 'ht ts,  i t  nray be possibie

to select  ant ibocl ies according to their  epi tope speci f ic i t l '  te

obtain optirnal antibociies for in rrivt-r treattrlent.

Among the nrur ine tnottoclor1al  a6t i - lgE, ant ibocl ics rve

testecl. lve have tbund llone against the first IgE donrain. In

contrnst. i-ttt t lan serLIl ' ìì cortta i ni n g rlertural ly occttrri n g anti-

IgE, ar-r toant ibocl ies,  Seel l1s to ct-r t l ta in ant ibodies t l lat  recog-

nize al l  for- t r  t :  donlains.  I r l terest i r tg ly,  the rat ios of  ant ibod-

ies against tottr e clotlraìtis vary it l  diffcrent patient srouils.

sugeest ing that c i i f fèrences in the amount of  ant i - lgE, ernt i -
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boclies and in their domain speciticity may retlect diffcrent nrore effìcient in neutralizing tetanÙs toxjn then a combina-

b i o l o g i c a l a c t i v ì t y i n v i v o [ 5 ] . t i o n o | t w o n e u t r a l i z i n g h u n r a n r r r o n o c l o n a l a n t i t e t a n u s t o x -
one of the major problems cletermining anti-tgE anti- in antibodies. These results ate iÍnpoltant for doctlrnentrng

bodies in serum is the fact that the antigen (lgE) as well as that the antibodies isolated resemble specific antibodies in

tlÌe autoantibody coexist in approximaiely à{uimola, con- all important aspects lLang et al.,.in prep l'

ceutrations and lorm tmmune compìexes [6, 7]. Thus, anti- It is commonly realized nowadays that it is not practical-

bodies binding to the relevant tgU epitopeì may previously ly p^ossible to isoiate antjbodies against any given specifici-

h a v e n o t b e e n d e t e c t e d d l a g n o s t l c a l l y b e c a u s e t l r e y r , o r ' r l d t y f r o m a n o n i m m u n e l i b r a r y . \ \ ' c w e r c s u l p r i s e d b y t h e
be buried within immune conplexes. f-or these rcasons, it is great uunber of anti-lgE antibodies isolated from the li-

also not possible to isolate antr-lgE autoantibodies and brary ofthe atopic donor However'.not evely lgE Inyeloma

study their biological functions in viro [7]. Thus, we clecid- was equally ,uitnbl" to enrich the library tbr anti-lgE anti-

ed to isolate hurnan anti-lgE autoantiboàies fron.r the hunian bodies, because the majority ofanti-.tgE, antibodies were ac-

g e n o n r e u s i n g p h a g e d i s p l a y Ì i b r a r i e s [ 8 ] . T h i s t e c h n i q u e t u a l l y a n t i - i d i o t y p i c a n t i b o d i e s , a n d o n l y a f e w w e r e e t s o -
enablecl us to express antibody fragments from a cloned rep- type specific l.ier estingly'. i' the library oftlìis atopic indi-

ertoire ofan atopic individual [91.-O,r results show that a.,- vitiuai, only antiboclies against the second IgE domain were

toant ibodies,especia l lyant i - i t l io typesaswel lasant i - IgEfbund.Wearenowscleeningphagcdisplay l ibrar iesf ronr
oìuii*vp. un,l,oai", "un u. outJií";;; ;hi;;;;i";; ilffi:T';J*,ffi:ilîJ;!1i;ji11""'[]i:::ffi;::::

those exhibìting the most beneficial effects in our in vitro

Results and Discussion "-ofi[."tÎ;"" ,ecombinant anri-rgE antibodies will then

Forthe construction ol an lg variable-gene combinatorial be screened in difîerent bioassays Fof this pul?ose' the re-

library we selected a human donor. witl detectable serurn combinant human Fab anti-lgE antibodies have to be trans-

anti-lgE autoantibodies. The donor was immunized with formed into bii'alent or complete antibodies This step ts re-

tetanus toxoid to ensufe that the intended phage display li- quired, because univalent Fab fragments could not inhibit

brary would contain un 
"t"uut"a 

iropo.tion orip"";t," unti úuman lgE synthesis or trigger mediatÒr release from hu-

bodies against tetanus toxoicl natural and nonspecific anti- 'ian basJphiis' Our recent results using murine anti-lgE an-

bodies. A combi'atorial library oî v, and v;. with v heavy- tiboclies confirm this finding [4] we demonstrated that Fab

chain immunoglobulin genes was generated using the Ml3- gererated from monoclonal anti-lgE antibodies did not in-

based phage vecto. ro. ctoning in? r,eauy-chain iepertoire, hibit lgE synthesis, while the complete antibodies' or F(ab')'z

we used a set oîprimers within the first;onstant domain ot antiboiies, were inhibitory [4] The same principle holds

lgGl. This enhances the probability that the ampltfied V6 true forthe triggering oÎhuman basophils'

genes from B cells are those thaihíve already encountered one of the Àost prominent questiorls is' of course' the

ant igen.Usingthephagesystem,Fabant ibodyfragnrentsmechanismof lgEsynthesis inhib i t ior r .Whenweanalyzed
are expressed as a fu.ion pro,.rn-rui,n protein 3 of tiie M13 cells staining for both IgE and Bcl-2 by FACS analysis' it

phage. There are only 3-4 
"opl"vpiug" 

from rhis protein became cleàr that inhibitory antibodies down-regulated

. and due to a coinfection with a helper phage, one finds on Bcl-2 expression. This suggests that antilgE antibodies

.avefage one Fab/phage, which forms a u^"walent recogni- down-reiulate lgE synthcsis by inducing apoptosis in the

tion unit or a Phab. Thrs means that Phabs selected via tlre B cells ihe feu'antibodies that enhanced human lgE syn-

antigen are at the same trme setectecl for affinity. Phabs are thesis did lrot shor'v this effèct on purified B cells' but only in

then passed several times ov"r tie antig.n bouni to o solid- unfractionated PIIMC cell cultures Thus' antibodies that

p l r a s e ( c a l l e d . p a n n i n g ' ) , e l u t e c l , a n d " a g a i n a r r r p l i f i e d , r e - a r e c a p a b l e o f c r o s s - Ì i n k i n g m e m b r a n e l g E n r a y i n d u c e
sulting in a library of antigen-specific phages. apoptosis, while antibodies that calìnot cross-link may nev-

The results obtained by 
"-, 

ì"tii i"."""""o1, nameiy ertl-Leless trigger stu tàce -bound IgE on other etfector cells'

phabs specific for tetanus toxin, èvealed that by means or e.g. r cetts, *ronocytes or basophils. In the case ofr cells or

phage display ìibrari"r, u"ry ,i,.,.,i1", ontibodies tó those pro- basophils, such an interaction may lea6 to tlre production of

ducecl in humans can be obtained. we tbund a similar oligo- .yrokin"r, including interleukin-4, resulting in the indirect

clonality and the same alÎnity ofPhabs, comparing them to elTect of IgE enharÌcement'

antibodies in a commercial human antitetanrts toxoid prep- our observation, thÎt some anti-lgE antibodies can re-

aration. lnterestingìy, the toxin-spccific phage ìibrary rvas move surface-bound lgE' cven fìonr human basophils' has

1c)



now aiso been reproduceci at the rnolecular level. These de-
sensi t iz ing ant ibodies are aiso capable of  renroving IgE
tiorn recornbinant o chains of the FceRI bound on a solicl
phase. These data suggest that  such ant i - lgE, ant ibocì ies may
tre used therapeut ical ly,  part icular ly in syrnptomat ic pa-
t ients.
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