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AGAI NST ANTI BODI ES WHI CH | NHI BI T THE BI NDI NG OF | MMUNOGLOBULINE TO I TS HI GH
AFFI NI TY RECEPTOR The present | " ates to anti-idi ot}y i C

ant i bodi eWO¥632% i r ect ed tommmmmumm\wm bition of int & |°@Pﬁ§%i ch
woul d normal Iy cause the triggeri n%o(%l,rrast cell s and basophil s i nduced by
cel | -bound i mmunogl obulin E (IgE) I'tnked to an allergen, resulting in the
rel ease of histam ne and other nediators as well as the de novo synthesis
of cytokines involved in the regulation of allergic and inflammatory
reactions. | tA}é'BhHHOﬂ'é’Pé(ﬁﬁNTIBO&Iﬁ%MMTMT@BESMW@H%I'@H nents t hat
i nterfere wTHE BINDING QMY MUNQELOBYLMNG IO TSHIGFRAFEINIRE %P'&?Ri nity
receptor for IgE. Know edge of specific binding sites on IgE which interact
with its high affinity receptor (FcgRI) provides a basis for the generation
of antibodi es wWhighremVehtiddieftdsi ehtlfeidific Bifibb @68 IR is7dirdtelt AWl Wk NY

epi topes. I nduction of such antibodies by Vaccination results 1n a novel
and geneinhibition gp interacsiohsewhinle wapld noomallylchusedhe trigperingrof snast: cells snsthasephils

ant 1 body PP REEbou i sfei e B et Tk o RrpurBof BBt e ffgcer ' "o
gener at | Riftafineand btheBimedidtbisie Wellas YHeidehoPs Sintiebis bf Sidkingd dvolved iPthe

| gE-nedi ated ,al l ergic reactions. Allergic synptons are induced by the
rel ease Feulptenefallergic apd inflammatary resctinns) Jt cobecams aptitidiotypie antibodieson cel | s

into the | | . sl ! i rmal |
tored | AMBFHEHeAG i SRTerd Wnn PR o 6 HpBh o T IEHRL Rl il ™0 ¥
mast cel tesepporcforiigiper sed t hr oughout ani noal tissue whereas the basophils
circulate within, the vasgul ar. sysfem Thes ell.s synthesi ze, and, store

A1 St am e w ¢ hi rKAOREEAGEPf SRore BUTE Sk RARE AP Gt Hgh BARLY occur s o
trigger }eEﬁ)téﬁF@élﬁEproﬁaés 4 BdsR 16¢ thk §Eneitioh BPaH B dibs whieH g&%ﬁ%@hﬁ&. o

reactions i's well known. IgE is a conplex arrangenent o0f polypeptide chains
whi ch, aby repognizingrth¢ binding gpitsipes. i Induation of sich antibodies by vagcinationiresuits imaavy

chains |] t er i.sul phd de. bon in a. "Y' shaped.copfiguration.
Each |i gﬁ&gﬁl&igﬁgﬁ% W@%@&@?’@E°Bﬁ%§'%rﬁ§8f°&“{‘% ntquef ed to a
gomai n \(/\idéﬁliﬁaattdhl antl bﬁdﬂh&tidnrbgﬁhipaﬂicumirﬂﬁmﬁhﬂ ﬁﬁbb@rfmglnfeﬂﬂg Imﬁl:hébai(ieﬂ)s't anéI
omai n ) avy chajns, contras ave one variahle domain (V and in
t he case‘%‘%’“l? ,mt%mcce's%%rtta%se%m’av Hé”{‘éﬂEla“)‘b‘lﬁlﬁ,Wlﬂﬂ@,m@ﬁH@‘al so known as
Ca | ) Gaductichafl ediated AiRrgi¥Feacdnd®” Of the antibody are innun~ WO

001 63252 PCT/ EPOCU/ 03288 -2 responsi ble for antigen binding, having regions
where the pol ypeptide structure varies, and are ternmed Fab' fragnents or

F(ab')2 which r e t Al i.hke r i.sul phide bonds.
The "tail" or cgﬁ{e&z‘i a Foﬁggﬁﬂgcegﬁ%éo}g%ggorﬁglﬁﬁéﬂg af‘%égm%&a@g st ant

S equenc enordblykisthunite Sfra Gelis intb SligSaerolfidingisshe A@vastiular Stpgctives.! HidGuiiie is
contains interactive sites which enable the antibody to conmunicate with

other i Yoo ih eeqial cellsdaoyn a8 aptoells andibaRaph sraguloppes e mastesliors. Fo
r eCept Or ge @fsferitl!thiblistivnt ¥inarlishic \Whet e Bl taSchnt1y citAaRCWiNiR KB aSGilrar Sites
wi t hi n i mmunogl obulin Fc regions. Fc receptors may exi st as Integral

menbr anesyptemt opllst synthesizeaat Istoge histamine withinthe nellinless @ spacialized sequence as &ee

"sol ubl e" ich.freely circulate in blood plasm or other body
f1uids. ‘?fr?q?'hs:&i%h‘r%g% E'é%ﬁ"ia‘ﬁ'?é/gh affinity binding of 1gE to FCERl is

acconpl i shed by Tae roliol IRE anribddidsiin mediafigaillergio Yesutions is wellikiw@hy IgRis¥ar i ous
parts of the third heavy chain constant region domain (Ce3) of IgE and the

menbr ane&FOMplEX SRRRgemeN bipepsisg shains which, s inptherimpungglebuling eonsistsiof two

subuni t .y i 1 j . . L Qf n j

ot ong ght xS el S hitP el idbether B gt BNBRA ¥ ¥ iafAbohicklen.

i npor t arach tighttehainl hasgwotdoeaihs; eriel vaciable(Vi) domain difikedite aldomdinwitlps ocess sti | |
remai ns to.be characterized. Experinenptal evidence s_.sho t hat human | gE
oot o By GBS A daqupies serled p apustant dOBOR (Colp HeaVY Qe o O
af fi ni t Yeofifrast Bivefont vizebidl dontash g’H}Qﬁd inMhe cab®bEIRE four EdHstanbddthaifs r UCt Ur e is

al so postul ated to be responsible for the equinolar conplex bet ween | gE and
cel | boukul:$m2s6idsEld, alse-kmpwn ag CehdcrgnCedn Eed)y Thedwe Janms” abthe antthody aree

i dentical epitopes on the two CE3 domains for receptor binding. This
nonoval ency is a functional necessity if receptor triggering in the absence
of allergen is to be avoided. Interactive sites, depending on their
function, may akeady be exposed and therefore able to bi nm"’mmmm"mmn
receptors. Alternatively, they nmay be hidden until the an to

t he anti gen, whereupon the anti body may change in structure amr@soe
subsequent |y expose other active sites which can then trigger a specific

i mmune activity. A conformational rearrangenent affecting Ce3 upon receptor
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Usi ng reconbi nant | gE fragnents as i munogens for the generation of a
protective anti-IgE vaccine has also been tried and shown to be effecyve.
The mai n obpegss agai nst such a vaccine results fromthepdEocwbbiksty that
using large IgE fragnments for imunization could initiate not only the
production of inhibitory antibodi es but -Zl so generate crosslinking and

t her eby anaphyl act ogeni ¢ anti bodies in the patients. A strategy to overcone
t hi s pr obl esponsible doradntigen biiidisg, having segionaiwhera thefpolypeptidentrhetaie vagjes, tidgaent

i bl e, ideal i sti f th t i ndi Sit I ich,i
Dor T en v t AR SRRt ot HONE,Eoorteate (op R s iRkt Kegeieh Py SRSt o
accessi bl epdyat. EheOGAl" 0B 'ééx{iﬁli\l Bils iR MO @nERRA BeE br édmllaaeseaeeieeafs e.

Al t hough attenpts are sti made this strategy is unlikely to be successful
i n view of peptidessypd is tatmedithe Efragment. Thh &c fragnent sontaiBs integaative sites wdlicheealbile,

Il gF. JIgERI ,intergction. The praoblens intrinsicaldy.link tq.the .
o1 nas? cal the BaFpR S ikt il B bt SRR EGo et SRl t il t et
pepti des fRyredépiory.CF¢ rodkioms atd Mbleculdstwhidh bkl allftd sctivy Rolweblarsids pept i des
" Gval Dilih iguncgisbuy B roBiopi. KRISoaHHGss DEY SRtk aF e BRIIGEr FEPiEne i | Ope
e.g. oval b¥ J i tope
regog”i Zedw@ﬁ%% Qe lasﬂﬁ[n#em e%ﬁ)%feﬁ%ﬁ@e%ﬁ%“' uies GRIth pyong'
epi tope on Fc vmajﬁ a part Othlt rezl ngﬁv‘\gltlhm Ce3d and a part ofea?t
resi di ng weitchiate itBlbod Pheminybotherdody fleids. Inithehymandystem,ghigitatfiity bisditgedh
depQ-~i tge n nber 19 ytl)o 6 witr] ECACC under ~he ln’aj‘:o.vi i, ns of th
Budapest - TEEAP et & FeomBled BY & FOmRIe 0T ARaAE MR BLSRISF s pa
96121916. JfthSthitd hbdlyeHaif b&i@iaﬁhb’ﬁgﬁﬂ dnghﬁlr(teét«}) lof (o EarfA(thé Rembraé Opredintad

activities as sumarized in >h~igure 2. i's —~ WO 00/63252 PCT/ EPOO/ 03288
-4 by it seimmunoglobuiinplike demain éeid) of therfigeRiocubunits Although residuescwithinthg G@3

agents. - By HEe RO RR e eh R B e REHETRN Bien fenBE i,

syst em pr odre ihportanfonbihdingithe detdilet nseolvanizyh of the bifdity proceys sdilbretnaing gebeé ng of  »

mast cells and hasophi)s through c titive, inhibptioon of the | gEJlI gERI

i nt er act i ofhaERREriEAd. ﬁ’{lfp%m‘ll ﬁ&g?@f’ gghpﬂ?'@@ that, hyran F@G@WS a&aﬁ#&gﬂgawlﬁ of
the | gE sy ' ibF Yfihit Ly g ninte- | gE .
ant i body e‘g%ﬁg@?d g(ﬂ%m cal %Eﬂs‘%/]r]llkﬁey z}éﬁﬁé%%ﬂﬁ{rgnwngédoggmpog%% ?’gig?aiv%’d%e an

i Mmune r eshpohsiaiciing islalse pestilated ito1be fespamsible fert the equitholBSiiMpléx betweentlgibentl es i n

the host. Since BSW7 en.sh be, ngn _anaphyl.act.ogeni ¢, inhi bitory
to 1 gpat gesal DR e e BB e 168 ROIROE PR BT ERcBiotsS Op o) s o
agai nst t hiie BvéSCHY dofndinsTo RPeptattitidinge FhisiasiRMalviRyGd Minbiotal SeceSsitpif
protective properties. A possible disadvantage of such a BSW 17 m not ope
pepti de - TSEEPEY tgacEng, i thegbsence of allergemis obeg¥eidedsi t y of coupling the
chem cal ly synt hegi : ' . ' ' |

I mmunogeni city of %%t e&gggﬁsldg?%mli:lg%ts gﬂ&mngﬁsﬁh%&?tﬁ ?u th?' g‘?& g(dltg?rﬁo{ey of
short peptablége bindltowslluidn eereptorsa ddietnativaly; tibymiayrbe hidden emtil checantibadyrbinids dms .
Thus, only. a fraction of the polyclonal anti-m notqpe imune response wll
be ¢ her apli PRS- PO 8 andipt Sed Aitngtl B e HEe AR GHboe e PO Qg

i nventi on ued ées whRh aﬂﬁmexbir@%g@ 2SSpEMACHBAME abthvity] AsdoafdrMationl RRrAREmARPt i de
approach. 1t is based upon antibodies or antibody fragnments which-are

anti -i di otafiertingt(ce3 apen reseptesbinding has bee prepasedips an exglanationdomge 44 its hi gh

amty recept.qQr. i.n rtd upon a recomhi nant anti-idiotypic antibody to
BSWL7. Ac csg?la}'%etfyooﬁléer%c?%gweﬁq?ﬁ??% WE%?%%’F%%& N., Ann. 1nmmunol. 125C
[1974] 373)) hyperHailiesdit GmifEblogic) Ricaiivf aRtiatoRchwithiABhe) orgaiknt REMERI M@s act

as antigens., The ant]bodies produced in this way are known as anti-idiotype
(anti-id) ca¥sandasopbily cap pnlypcenranderahe following girqumstanggsyan fgEcmelegylemusyt t he

first anti ' © 3w s ‘BM L rect he

bi ndi ng silpe B‘géﬁéﬁ%@}‘&yf‘”‘ﬁﬁgﬁf iadraglkonatﬁtt%gy (,&b%‘fe%;&asﬁ%r usg&rdggﬁecsent an
“internal IgBamdeculsito theemast ceffion bhsophil; iand:the Falo npoetipns of the cell-beurdigE- | d

anti bodies ((A62), terned infernal inmage antibodi es or 2~, ar | so

apabl e ofmUrNIES TP ress Bk 1ok PR, comERtb R g eomy e AlarBrmlo BNk i¢Bns.
These ant ignadibractioh GRBir @:e%sa@&eﬁepsasofmriysﬁtumdauym &di@ﬁeldaééﬂtgﬂﬂeﬁi Abl
and therefore have sim /|l ar biological properties as the Abl antibody. In
case of the hlgFJBSWL7 system |IgE represents the original antigen and
BSWL7 the anti body Abl. The paratope of an anti-BSW7 idiotype anti body Ab2
therefore represents a structural mmc of the hlgE region (the epitope)
recogni zed by BSWI 7. WO 00/ 63252 -5 PCTI EPOO/ 03288 Structurally, the Ab2
paratope is equivalent to the chem cally synthesized BSWL7 m not ope

pepti des nentioned above. If such a (reconbinant) anti-BSW?7 idiotype

anti body is used as a vaccine, a BSW7-|ike i mune response (Ab3) wll be
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WD 00/ 63252 -6 PCT/ EPO0/ 03288 - or subparts thereof, in particular at |east
t he hypervariabl e subparts thereof, such as peptides nade up of stretches
of am no woiods328bnpri sing at | east one CDR) e.g. conpri SPOD/ERM0/0BEASt oOne
CDR, or preferably two, or nore preferalhly the three COR of Figure 5a, Sb,
Sc or Sdi(,~.id. no. 2. 4. 6. 8), optiohally together with adjacent
framewor k sequences) e.g. of up to_about 10 am no _acids at one or both CDR

ends. The theilpesbenyiresment, mpgifestingfamiliarallergic wyaptoms diguredy Qther bigshemigal | al | y

Bt -1 anfot B PR Rl (AR udeh ¥ By SARAPM Bleask BRI . o
ot her ant iahdothersmedistdsr "substantially pure " is to be understood a purity

of at |east about 60 !'o by weight, preferably about 90 % by wei ght, nore
preferably about 99 Jo by weight or nore. The invention al so concerns

phar maceuti cal cofpRehidralppréshaGH alldry iatmbi Rave TR SheRicthéRRORiues of
the invention, either as a single noleCular entity or as"a protein

conj ugat e aotirbisfaoiries gr attempte:tb desensitizé patientsgappraaches whichrhave hetadresjedwher e

appropri ate tagether w1 n adjuyant , and further conventipnal excipients.
TP Ot hos et i iR mBt b aRnd lerkdtob Apa e AP scf i conicrhed

phar maceuitsélfabith the pralitiienbfipolypsptiie\Chains dapablé of Hlédkingahe Binding of the IFE eat ment
of I gE-nedi ated di seases. It further concerns the use of antibodies that

i nt er f er e 2ROy toytbe Bt rereptgren the gellsurfages @P‘@)ﬂ‘sﬂf"i‘f&g@fﬂ’m hiéd'ﬁ_g gtFsame y
receptor gfchhigfls aﬁt’é&c@' BoanB A vaegt%éteﬂ tg%s atlizl Bf]z( 8Vl “Ef@{:}om e R Of

the i nvention,~using cConventi onal t suc s phage display
t echnol ogY¥gE F¢ regiontvitch wasspeculatedtorprovidedandmniunelegicalsignelf whictiriggets atastd

di seases b in riicular, vaccination) conprising admnistration of a
t her apeut Féyblaippgisf%ﬁhs@@%@?ﬁe' of the minobodies of the invention to a
patient in need Ofisigdifddombiatit TR fragthentPdsGmitmhbg¥is for thel g&nbraBon SO 5iBlebivel NE

use of the m nobodies of the invention in the preparation of a mnmedi canent

abai nst | gmti-lgFiyageine has alwbees tried angh shomndo be effestive, Thecwnin @bjestionfagainster
' . o - . T | |
o ronocl Shdhe Bk reblS ORISR LI ina ing R TLE Berlils (R RtV ! O

pr epar at i oouldinitintd yatloalyathe produstionf imhibitosrantibmiiesdat algmgenetatedrontinidngamdof
the invention for Bassi ve | ni zatjion, either by adm nistration of

mi mobodi ejéhcéqb_}'taﬂ@h ‘ﬁ?f@ﬁ?’?‘bﬁ‘f’_t d‘&‘@ﬁ’?’tl’éﬂﬁgs'non- human ani mal aril isolation
and purification Rfstrﬁtgﬁy RYveROte s EﬁBﬁfrﬁL@lﬂd ﬁiﬂ?itmlabc atich’of e smallest

conventional hybridonma technol ogy; and the use of polyclonal or nonoclonal
ant i bodi edgEvragment possibleaideally donsistingiofitheackeptor binding sité¢ ondy,whichnis buriedne

treatnment of. | gE ' d di ses b Sive i nizatio WO 00].63252
eI EPos) G TeEERR Fomple® 855 Boihd o8 Rist G u S TbeC fethRle for rrieibhing, o
t he ni nobegiRyacdine fepelatedamiugdreghonse) Altiguih a@empts @efill infagé this shategy & | Y
occurring anti-idiotypi¢c anti-IgE antjbodies; - i1solati ng fragments_ .
t her eof ; Hplgkely to be successful in view of the spatial distances of the various Ce3 regions involved in
IgE/IgERI interaction.
The problems intrinsically linked to the "classical” vaccine approach may be
overcome by using short mimotope peptides for active immunization, either as chemically
synthesized peptides coupled to appropriate carriers, or as recombinant fusion constructs with
e.g. ovalbumin or IgG. Such peptides are structural mimics of the epitope recognized by
monoclonal antibody BSW17, which recognizes a conformational epitope on Fce with a part of

it residing within Ce3 and a part of it residing within Ce4. The hybridoma cell line producing

BSW17 has been deposited on December 19, 1996 with ECACC under the provisions of the
Budapest Treaty on the deposit of microorganisms, under deposit number 96121916. This

antibody displays an interesting profile of biological activities as summarized in Figure 2. It is



- selecting reconbi nant fragnments thereof by binding to a suitable anti-IgE
monocl onal anti body) such as BSW17) which interferes with the binding of
the Ce3 rdYPeM3¥R IgE to the high affinity receptor for [PGE/EPOHe3SS
identified and characterized, the m nobogi es of the invention nay be
prepared in conventional nmanner, e.g. by reconbi nant DNA technol ogy or

chem cal synthesis. For the idenfification of anfi-idiotypic antibodies
di spl ayi ngPY el §aR-anap actpgenic, gnd.proterts hmnﬂﬁmf}ée@%%!’a%@_ fMoned above
(i.e. the pel QoLAflnERihARE rdbast HideddyRAgdeRing QRNAI BV EPOABSWIPIRE Y can be

used which™'s expressing the Fab part”of "a human antibody repertoire. This
| i brary i santibodies circnlating wighin ftheovasculay systern progect pmsalisigicareansidng byo g) inbibiting s  of

human subj ects, and j bi..i z 7_ant i body..us.

b1 opanni e FEssAREgFAR: Sis eB8 hesBphl o RV REORE PERBRISRL | (1o
t hat speci itegatiby afice OpByioerifbsbhin IgH levels thiauph doeareghlatiomdf thalpgH syagesint s
are m nobodi es lof t he igﬂventi on andgrepres,ent anti-idjotypes _]z:ag ai nst the
hyper var i a®f ®e Bgsildovsl ohs strpiural nygnics, of anantilgE anybodyiepitope; ghepnicallyuce an

i nmune res S48 PO et i il .bodi es in
the aller g%ﬂlgatl enﬁlgﬁﬁggﬁgﬁﬁﬁnﬁcﬁgﬁ%% ’ggc’iﬁ\é%\%%ﬂ {'ﬂg\@tsﬁ H|¢bi tory to
| gE/ | gERI produtition o BEW1JHikeantibodies in the héstc Sincs BSWiG hapbsealsbowam toebetnionodi es

o Tar  preomBeiasene B o tet et bidng Sod e uBtnifh B A el "< nce)
simlar pr . ’ since) in
contrast tghibbies falsed fgatit the BEW MemidRoedseptide NhsddVacélfd have dimilaprBtedtive

fragments are present which could generate crosslinking antibodies in the
i muni zed prapérties: SA passiblecdisaduantage of sucha BN 1T mimetape paptide vibased vagcinedaayoi d

of carrier,. ~ i [ e . i I i i body

fr agnent o ¥BRESEE B oPPaRihE e Uhéint A bRl ol Rty Bl e 1Y

( G domuai nsincrdaseiimmiinégenititi ofitha peptides) dfirtherthore, the stfuveurali flekibiligndf shbrones

(cl ones 52 ang gz‘), %i ch di spl ag fferent m_nobqd ,h@uagmant %laon their

sur f ace) heePEdesAliaws Hem torareet AR sﬂ%&gﬁwﬁﬁgcwrgm 0! ﬁ‘;pw_ebj_e F‘Eﬂ"aﬂr}é ‘Elgsmgn :

i nobi |1 z egh RN anfidhinktftshe imiitRe FspaHR0 Wil B thetapeéutidallyac Crossre

epi t ope oﬁ%ﬁun&g}al gE res?%ees V\,i%hisn t he hypervgéfﬂi’ abl'e reglfyons (&DR and

adj acent fhumapdgkk regi ons (FR) of the V-domains. The cDNA and ami no acid

sequences of the heavy and |ight chain V-donmains of clone 52 and cl one 43

are shown in Figures 5a to 5d (S~.id.no. 1 to 8). WO 00/ 63252 g_

PCT/ EPO0O/ 03288 Thd he lpsgsent mvehtiandvoiils herpossibls tisadvantages Ghtyidsic oncminictope!  a

dinmeric “dab-like" |jght, chain fra it. The full structure of .these,

BSWL7- trrggfa%@ma%ﬂi%ﬁfﬁ @P;;@ﬁ hg&aw dy #a&taﬁz whighafe gng HolyRigtR by
e cons ; ; ; : ﬁaﬂﬁﬁ{?}& ,i,géargélgg ring

m nor steri clbérrtgﬁt??c@téffo%s lsggﬁ asdﬁlfggﬁntdh%gn al | otq;_/gﬁg variants u S ﬁenti oned

above. Therecorbinang antitidiasypie antibodyto BSWh7.c Acgsirding tohtemels netwiorkithgory chai n of

these clongs | phrovided i i 1 Jdd. no.. . The
i mobodi ec0gP Frreai bl 1O 313 rierbeigle Foflors oy oo kT B

t her ef or e thexflselvab a¢t af antiges e Antibddidspeoducedinthis wag aredSodntas Gfiidictype

vacci nes. Wil e being substantially incapabl e, of nediating non-cyt ol ytic

hi st ami ne (aagi-id) aatibodies (AbR)esinee they biad &9 the|idietypic segiomef the. Biseantibpds st r ong

serol ogi c - PRI 00 AGI f the Fc
regi on of g@é@%eﬁﬁ%%ly 18\89%&{)'?5 %ﬁen%ﬁ)%éh%%%m?ﬂb%ﬁ%?%?g%g from
about 0. OSentibodyd Abibparid thusgpregeneireintetnal iniagelt of thewriginal antigeh. Genseqirntly,st er ed
e.g. nasally) or. sybcutanegusly or infra-nusgularly) followed by repeat
(boost er) ‘bawkidntipgties{ARg), “é!”@‘i)mi%“ﬁlan%&aa‘équé’f@?&%%lﬁb%ﬂ%‘&e used
w | depeng ¥riiafi adﬁﬁe. : C B ot 1y, e
patient an itrtrig ﬁ@e%ggj ust{éo ashgggﬁoprl at e? orrﬁgglgg\%%gfciﬁlr?al??%@rfg&%?ﬁ
active i nmstmictacally orimio théparhteperpibloahddherefore linae similanbiologicaliprdpepies hethabl y be
caned out i na. recqgnbi na i (Fab_f ment . | ght .chain or heavy
chai n) whi Ay %@W‘ﬁ’eqﬂ oag ot Mﬁ%ﬁ%ﬁ%@%ﬁm@%ﬁ%@? anfgen ami_}
bacteria) BSWET theQntissdyABIOtThe pafitdpe of in &RPBSWIT idisdypd@itibedy AB @erefore

adm ni stration of free reconbi nant m nobody is preferred. However) it is

al so possiTepresents 3 sipetwsal mimiccof the:high eagion (Hherepitepe) recognizadhydW1%.ur t her by
chem cal coupling to a i mmunogenic carrier. The term "i munogenic carrier
material™ herein includes those materials which have the property of

i ndependently eliciting an i nmunogeni c response in a host animal and which
can be covalently coupled to polypeptide either directly via formation of
pepti de or ester bonds between free carboxyl) am no or hydroxyl groups in

t he pol ypepti de and correspondi ng groups on the i mmunogenic carrier

material or alternatively by bonding through a conventional bifunctional

| i nki ng group. Exanples of such carriers include al bum ns of aninal sera,
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of, antigens can be enpl oyed. The coval ent coupling of the m nobodies of the
I nvention to the i nmunogenic carrier material can be carried out in
convent i oW1 00/6@2%aer . For exanple, for direct coval ent courolITEPgO/0X284 S
possible to utilize bis-Nsuccinimdyl dgrivatives, nost preferably

bi s(sul fosucci ni m dyl ) suberate as couplimg agent, or glutaral dchyde or
carbodi i m de, nost preferably (dicycl ohexyl%émrbodl I mde_ or

1- et hyl - 3 S(tswmr#bftﬂw%mmpm@@ﬂ%m thrheanically syntbasized B§W Hapimatope

hapt t t d
bat 1t i o Ropges teBibril G 1r Al o RcbinBimt PRSP BRSPS N BT
times, pr efeciod)k\BSAWhllikelimmune besponst (Ab3jewill be induesdgh theofactinatedipguienta, Liken d

Li mes. ¢ no TRV B eeeareD o e AR nihibe bidins hefregates or

the carriepdiig g%ﬁ%ﬁﬂnty?ec%ﬂ%r,mta%ﬁn%/hsamﬁltﬂe s, Cﬁfédnﬁ-ﬁstlib REkible spfifdtic to

obtain a desir anti gen conposed a peptide-carrier conplex of m notope
of the i nweimotepe peptidescthe Ab2 pamtowe Mllébqtrptleeqqurto e eniizonment

resul t ant d QD ner)
such as byi%iM bﬁ] e oy a?%%nc'gd}*ﬁ %ﬁ%{ .h‘gr?%g‘[‘]eé’e‘ﬂg :&Lpe%ﬁ

00/ b3252 -thépefotel tﬁﬁ&ﬁ/sa&ms MbﬁoWrEﬁ(ﬁhﬁtemlm‘gmnrmhnbgcnﬁﬂ&ﬁﬁﬁrlpﬁdtbm wdll bect ed
to active i mmuni zati on qﬁ/ di rect vaccination; however, it also contenplates

passi ve i meEERsa%t Possible sidestiosts caused by & Rrotein rasHerdike detanusitoxoid Ay diphtetid, ar e
adm ni ster tﬁéll* ‘%b‘fi human ani nal and anti bodi es generat ed

t her eagai ntsﬁgoxgﬁgﬂl SO tgt ed an deurl fied, and subsequently adm nistered to a
human subject for inducing alleviation of aUcrgic synptons. The m nobodi es

of the invention e indicated for use as pharmaceu al s) es |aIIy
Vaccines. i par t D PIEReT A ERen DI AR ies gER R, AN YEG

® such as

al l'ergy) %ﬁ-l&@@bféff&)mtﬁoaﬂk Qu&% ms é&liz%ma@ﬂ erIGPSB%pr@ef&ab%OBSW%ht' a,
rhinitis) chronic urticaria and ies. "Treatnent" is to be

under st oodmaéel@onﬂrths binding pbtbn;ﬂeaa@mm astgE/étb theehgtmﬁmuyu re@ptqré@n IgEnthey mge

Lo essent 1rsa el AP b o B o el gt B 58 ichode ™" ©
Expl anat i ap BSW1they i@ henafter titielly niréTBEW1 D-iilobudies?, IgE and its high "tv
receptor. i a 2: ProRerties of the nmpnpclonal anti-hlgE antibod BS\NL? Fi

ure : The anti-i dﬂbﬁymbq#aswsmmmwemw@mwwwlww

recogni zedfm?y‘] @&qﬁ ggg{, |y
i ndicated a F‘g\?{(ﬂ%‘o S. %ngﬁaré??%&es |n Flgat ﬁﬁ%orﬁ%l%@g ﬁ&)ﬂ&
hyper var i akiieh reeogniues thefsite.oh tHedCh3 rEior of théligE maleculp tiay bindstal thehigh bffditgs 3

(Ab3), induced b nuni zation with the anti-idiotypic antibody Ab2. Fi _
Qure 4: StrFEﬁPEQirfé"IISE (Rl r econmbi nant BSWL7 i nobodi es:

The mimobodies of the invention are in principle of human origin, insofar as use in

D-IT

humans is contemplated. They preferably are recombinant. They preferably are monoclonal.

They preferably are antibody fragments, e.g. con;isting of or comprisiné: i

- either both heavy and light chains (e.g. Fab fragments), or single heavy or light chains
(e.g. light chain dimers), preferably together with their constant region component stretches,
e.g. as defined in Figure 4 (Seq.id. no. 35, 36, 37 and 38), whereby "constant region” is to be
understood as also covering minor steric modifications, such as found in allotypic variants,
e.g. at 1 to 5, normally just one, amino acid position in the constant part;

- or parts thereof, in particular at least the specificity-determining parts thereof, e.g. as defined

in Figures 5a to 5d (Seq.id. no. 2, 4, 6, 8);



A: Anti-id-BSW17) clone 52 (SDS426); light chain: (L.C )2 (Sea.id. no. 36)
B: Anti-id-BSW7, clone 52 (SDS427); Fab: F,ee (Seq.id. no. 35 and 36) C .
Anti -i d- BBWOPH3S2 one 43 (SDS463); Fab: F,,s (SeQid. no. PGERWK3IBS) | ure
5: Anti-BSWL7 Fab cl ones: DNA seguence of bacterio~ge-dis~l aved human

i mmunogl _obulin and deduced am no acid sGequence: Hypervari abl e regions
(Conpl enentarity Determ ning Regions; CDR) are in italics: Figure 5a:clone

52 vari ablogsubparstheteaf, in pastiular ableast shechypamriablesubparts theseafosush ds peptidesRy

Seq. i d. no.

variabl e | iﬂ%ﬁfaﬁﬂgﬁﬂ e %ﬂaﬁggﬂ*‘gmg%é’“ﬁ? ?@E%iéﬁ-%ékr ! no%@ggﬁi‘g‘? CDR2:
Seq. i d. no. ofig CBRG oﬂﬁ'ﬁfeﬁWtwoSﬁﬁanefanﬂlyEﬁB mﬁiegIDle obFRigarese; 5B35¢ orBd abl e
heavy chain (Seq |§ ;' Ch)]gl Se Q ,51 and 52; CDR2;

Seq. i d. no. A Pwy@ﬁ [epetisr with %‘ﬂ%?es anEWORK ESERCEP SrRe O t0
variabl e Ilg‘gg Iag.ﬁ,{b‘{cﬁgqtbﬁg&%tgcgﬁ%@(m Seq.id.no.57 and 58; CDR2:
~ed, . i d. no. CDR3: Seq.1d.no.61 and 62). Figure 6 : Amino arid

sequence honol oggfhmhm‘bedle&nfﬂleBﬂmibnrrﬁa@eahsbhth@ambummﬂnpmﬁ human | gE:
A atlti-id F

Seq. i d. no a%go gﬂf d*ﬁﬁg 0%5’ %‘gfmrfll E‘Hf Cﬁ?'ﬂ'msgj tb’ﬂﬁﬂﬁtlg%mat#f:’é%n%egz

Seq. i d.nom 1cnﬂirplh€¥|&% ‘subst@fiiallyifréof dter aibodies. dURRR "subbtan@allp pure! "ugtbtbe
chain, alignnent 2 (hlGE, C-3: id no. 29; clone 52: S%ldn

respect i vangerstood apyinisy paideast a@t&%mmcmfar@y ahaug 20 % byareig umfe 43)
heavy chai %?F cl one 43 Seq.id.no.32); anti-id Fab)
cl one 43) pPeférEt%l %ﬁg ?ﬁﬁ%g_le%@rﬁ}n@ i d. no. cl one 43: ~gqg.i ~~o0. 34),

respectivel y. Am Tie iavéntios alqumenmbhzgnmutmal cﬁiﬁanitmh espezially esccimes shown

in black boxes) simlar, am no, acids are |n LI pman and _Pearson).
The positic BWE"‘%‘?g wpimebpdies of fhe inyention, etheras ‘P%‘ c‘g“}" gﬂ'é’ﬁ”&f PRINERt . The

cont ri but icggy &mﬁﬁanﬂééﬂﬂon ﬁmuﬁgdmé Eﬁ'ﬁ&”&ﬁél&di@@h@fésapﬁ:o%ha@fto%:ﬂgur o 7

r econbi nant b ragments are shown béel ow each pair of sequences
Conpetiti mmbnndmn@tendmnmvmdexmwts)n | gE-primed CHOa cells with

E‘: -rl;tc)jbgg gLe:ﬂ ml"?;\?\r% glo f Fé\ﬂg:gllfng q}?u mani){)d’% &f&eoeﬁénnli 1%ngor u@?%%& %*FASIECF E@QHH

anti-m rmlpmdiyulmmaham hyparﬁamhmmihelﬁbht&em oflIgE-needidtddndiseasesf f uti ty-purified.

anti-BSW.7 ni nobod e aratigns we xed. at, equi mpl ar concenfration and
i ncubat ed over ni g‘iﬁ °"Fﬁ§’°|'ﬁ%8 “rff'?(‘t"éff"g%m\?@ﬁhéh%ﬁlﬂg'%ﬂ the | y added
to mcrot AGat as B 7 (
I pg/m) aldggifﬁq ur| l\'t\/%a{rl{ltglhgdy \(%Jr? omq%ﬁﬁﬂéﬂ gG V‘\gé‘hdgt ecte gtz)at

anti-r abbmmog@elsinﬁhe@mnm:g Esing mm@nelmmhMewch as phage display Eﬁlsmlcﬂgy

conpl exes. ' ure ti S n bl.c mce: ~ =
mouse 1; 1 = m)usré ﬁ.é’[}:er CO%W%"?%% O?Yrﬁ%tﬂ’& 3 Ig? n%aﬁgeﬁsdésegseﬂ) ’

anti - i d- Bpiiidulax? vadcingtidn, ebmpris n(gsdaﬁﬂiﬂﬁiahoﬁof @thetapblicBBViTecive anht 6IGRS427) ;
C. anti-id-BSW.7.43; Fab (SDS463); QO D. val ues represent the optical

density _ rmew@sesomerl@@pwmp jentinyResd ofi sugh teataent of YRSPIMIOR: ed wel | s.

oaer o yS 0 o ERHHEEcEb By P e ke RS G Sl ot

i mrunoaf f amietlicpmert hgsinkt 3gE-mediared ldisdases; i particuda of Avaceire. BSWL7 1 = anti-cl one
52; light chain (SDS410) a = gnti-c Fab_(SDS411 = anti - ne, 52;
'l ght chain (col R )“3%0} 5 iradlagips ofthe mveation for raling polycions

or monoclonal antibodies thereagainst for passive immunization; the preparation of polyclonal

or monoclonal antibodies against mimobodies of the invention for passive immunization, either
by administration of mimobodies of the invention to a suitable non-human animal and isolation
and purification of the antibodies generated thereagainst, or by conventional hybridoma
technology; and the use of polyclonal or monoclonal antibodies whenever obtained from
mimobodies of the invention in the treatment of IgE-mediated diseases by passive

immunization.



1 = anti-clone 43 Fab (SDS476) WO 001 63252 -13 PCT/ EPO0/ 03288 Fi gure 11:
PCA score~rofiles off rhesus nonke~r group~n = 2). immunized with various
m nobody~mapewaeszons: A: | ni xnunogen: anti-id-BSW7.S2; |dayiiposisass
(SDS426); B: I nununogen: anti-id-BSWL7.52; Fab (SDS427); C. I|nmunogen:
anti-id-BSW7.43; Fab (SDS463). Passive “dut aneous anaphyl axi s ( PCA)
reaction in rhesus nonkey skin at various time points after inmmunization.
PCA score val ues rléfirthereancernpa pracessden theidentificationefthe miraphodi¢s obthea under

t he curves; é}&‘]] vﬁﬁi&é\ by plotting the dianeters of the blue skin dots
agai nst thg&l njecte ?%E%V\B) concentrations. Scores are average nunbers
for each gr idemifgihg havaraliy obeamyring antividiotypit anti<IfE titébodiese m nobody preparati on,

calculated fromthe si ngk’e r’rtpgrgey val ues shown in Table 4. Variations are
shown as er Sghtipg;iragmeasipereot; p val ues are indicated above error bars.

Ti me poi nt Ssé?éctii?g’fb'éﬁwinﬂﬂaﬂt'ﬂa@ﬁﬁﬁ@ﬂﬁre%fﬁy bifldihg & £6hifaBk AT monéoidmal | a 12:
Conpl ete amno acid s uences for the heav~r and light chain of the three
r econbi nant aBibody,-sn¢hnastBSIV t7; whichgotedereo with thethinding afshe C¢3 regioneof &E to(tBeq. i d.

no. 35); Figure b: Antizid-BSWL7, clone 52: (S~.id. no. 36); Figure 12c:
Anti-id-B_S\/\ﬁlﬁg‘“@I_}’ﬁ%é“ﬁ@?rf(’ég&Eid. no. 37); Figure 12d: Anti-id-HSW7, clone
43: (5eq.id. no. 3Buice identifiedar chixdctetized] the ainbBities&F (R ivenfbn ABPBY Chai n
vari abl e and constant domai ns of kappa |ight chain variable and first

constant dpreRrid ingonyensipyal saesner, &grhyapeambinggt BDsteehnology or Fhesmienl synthesisa
Lt ohan T il fi o RIS g il BAOHER &
Fi gure 4A. thehaimotope peptidet-fientidned @bdv (i iR seleeted epicopeionlIEE); Adacteridphhgegur e
pound by HEBRY HETRsAR e used i ppResie s Fob i Of A R anpappsREotsan
clone 43 coyRlibafpis thRtibedb.gCReh pabl SIS obrfhed frofftohds oPRumaGubRad, t he
_hgayy chain of Fi'gure 12c (Seq.id. "no. 37)1)prt;ound. by disul fide bridges as
i hdi cat ed and mimnbilized BSW17\aatibsilysesas tagst forbiopaningsHuman Fiheexpressing phage
Exanpl es i lleleigltesr a% ?soiape% dnﬁ\éggéﬂe&) %a??p%cﬁ&ﬁy'i&%g‘lﬁ'ﬁ%ﬁ%ﬁy “Thus these recombinant
Fab fragments are mimobodies of the invention and represent anti-idiotypes against the
hypervariable regions of BSW17. When used as a vaccine, they induce an immune response
which results in the production of BSW17-like antibodies in the allergic patient. Since BSW17
is non-anaphylactogenic and inhibitory to IgE/IgERI binding and IgE synthesis on B cells, the
polyclonal antibodies raised in the patient against the BSW17 anti-idiotypic Fab vaccine have
similar properties. The immune response is very specific and safe since, in contrast to the
“classical vaccine approach”, no IgE-derived protein fragments are present which could
generate crosslinking antibodies in the immunized patients, and compositions can be
contemplated which are devoid of carrier.

These BSW17-mimobodies are recombinant antibodies or antibody fragments
consisting of variable domains (V-domains) and constant domains (C-domains) derived from
human immunoglobulin G. Two different clones (clones 52 and 43), which display different
mimobody fragments on their surface, have been identified by biopanning of antibody phage
libraries on immobilized BSW17 antibody. The mimobody structure which mimics the BSW17
epitope on human IgE resides within the hypervariable regions (CDR) and adjacent framework
regions (FR) of the V-domains. The cDNA and amino acid sequences of the heavy and light
chain V-domains of clone 52 and clone 43 are shown in Figures 5a to 5d (Seq.id.no. 1 to 8).



Tenperatures are in degrees Celsius. The follow ng abbrevi ati ons are used:
anti-id- anti-idiotypi cCABTS- [2,2'-azinodi(3-ethyl-benzthiazoline)

sul phonat ¥088/&32580vi ne serum al bum nBSWL7- nouse nonocl oREI/ERMNG3288UNaNn | gE
anti body; CE3 specificCDR- conplenmentarijty determning regionsCe3- third
heavy chain constant regi on domain of IGEC~4- fourth heavy chain constant

regi on donai n_of ECE mm)tope eptide m m . ckin the Ce3d e tope regi on
ot il

of BSW 17G%clone 33 ﬁP?SEFEC‘rfF -BIEPRYStS ol dimgricy k@gp Bpgment.
BSWL7cf u- gpl ﬁ%ﬂ sayFab-
ant i body fragférlpe%tttjcﬁia%flﬁgééhmgx?_c al naggﬁs%%%ﬁégqfﬂgﬁgﬂg% Fieee%I§ YgERI -
hi gh af bnito yG wbepbpthetonstdng&l@mlﬁlaas tliaregftSMilfdrbetupderetoeqbamlsd mveh@;mmr

hai nFCS- f et al I k F1TC- fl ,
St hi ooy et drodiplin e tegeun i SR AcRs BF B iened RSHS. TR AHC 8Pl

al bum n(h)skgifence faH 8RR kcompRtY He Rt chENOT tHEB \l61ies Bprovidd A FEtiRE 120

nmononucl ear cel | sl VI P- 3 Vitro-4- hygroxy i odophenyl acetic acidp.c.-
pol ycl onaltPA2® (Seqidce. 35 tu3&yi ng Fab fragnents (Fab expressing

bact eri ophage) PBS- phosphat e- buf fered sal i nePCA- passi ve cut aneous
anaphyl axi sPWM pokeweed mitogenr- reconbi nant RT- room t enper at ur eSPR-
surface plasnon r FTheminictwddies YAhE divertidhdossehs ghafmaeblogital acaviel I'They aen of

~hage di su| ay I|brar| e&ﬁa) So e of IXnnh~ es PCT/ EP00/ 03288 Two. nmal e adul t

donors wertBeréfe maetﬁe al$, ece P AUERASAOT YacgiRes SVIIRRENE bl 00d.
A first ﬁﬁﬂﬂl ¢ By S
boost ed wi tﬁ“an |nltnr Qnﬂggﬁ] ar |§j\ﬂggt P«%ﬁtﬁ?ﬂso 5 ﬁﬁg%pgﬁg%tca£a%¥éb(g{§'%ﬁe%nus
t oxoi d ( Tenbuliesweith sBiong sersingica c@ss-raactivity Withcthe tasget aminotagidsequBaces of the

Swit zerl ag_dc) The C were isolated 7 days |ater using Ficoll gradient
centrifugat fﬁt hoprep, Pharmacia, M| waukee) W) USA) and then
cultured far 3 danemmmotﬁﬂﬁbm ofiiie inveritivitsle.g EmﬂhbouSmwz%ioand)
containing 103 UmM of ilL- Sigma, St-Louis) MO USA Pansor bi n
cells (St apﬁgt|50eedtsefsrahlxeh%ut&dwrnrw1§tbpamm %ﬁ%ﬁd@??é% or|sy Quslygny usa) -
and tetan was t hen
pr epar ed ]Hﬁ%&mﬁ\? glelgc% @trﬁ%atl&gﬁm&zf@o%%%g?orm uani dé)éu&gys e
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1987] 156) The %eco d (ggﬁ adul tewgnor) a hyperi mmune Rhesus D donor, was
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donor of bl 00d gr wact&amon,md%@mmﬁm@tﬁm thy nfto6tidies OF i ent
centrifugation at_+18 days after the boost. The cells were first cultured

for 3 daydnyeRtiqewill prefarsb F%FHF‘?:%‘Ht“ﬁWE Fosgmbiganigeptides (Fab ragmepts liglht chgn ni of

k d t
R Fmar PR g hich Gt prociiin il hbot StpleLiin JHlth, B, Badteril Rt 10
chil dren. oTeuien'ycnlcweﬂsanmmnmUmmeRPM 1640 mediumin sterile petri
di sh d cut i t.t Ti | | d pedi th
ransterred |t o SpesdmisfaBat i elonatmt migopty MireBiey Hoveierdl 858na we
were i sol gogblé folieredre tlfellﬁﬁ{uﬂééeﬂi% Hﬁ!h@ﬁmﬁhﬂ‘dﬁhﬁ figfheeibyedhemicaNdoupfingddtal on. B

cells were sel ected by incubating MNC wi tth CD 19-coat ed paramagnetic
beads and IMAYACIRRNIA caisr. T@gmmgwcwgmeomweﬂp herainl inclydes those materials

Por i oni iy B BRcry O ARy MR NS Ao B R iR 100

ggs earch land tvr]ﬂchtcm becolalehtdy) coﬁﬁlecé tg??bl@pﬁmrl:éﬂ du)ecdrl]& Via f(ﬁﬁﬂtldxﬁcrmpudd:brA )

ani on Met hods. Enz 1991] 1 e Escherichia, coli strain
XLIrrpBI ue Ggéﬂbqng ﬁﬁ)gg??r‘iwgna‘%‘fm Ph %WHE:?“B%‘BFWP%P‘E‘}?@“@’CSNES hel per
h 2 -16
D) Qonet r GoRHBERTRE frobbeuh i iindopbdie Cdrier ey ooy by poldrd dhivig ®

libraries awen'enumaéblﬁmcumnnmgroup;tmeplesafswucBﬁexfsmmlndbtaﬁ)umﬁufsol at ed

fromthe firs oplc do or t he on one.cal l e LD2fro the MN\C
har vest ed Eﬂ}’aﬁ’&qu %ﬁ’@ﬂﬂ @ *and the

third one h@ﬁbé §3f dnirfiR 1caaﬂ>ekby1ﬁmlﬁba¢1mymt %IGIH]?fprMUEs eRtPdclded
fromthe children's tonsils. Total RNA was E epared fromthese cells using

t he phenolfroghasesrisi ©emsearissrEctisurh ag thosselp indelmmen. 1t} 619781h260-268) 10 pg
were used to make cDNA using an oligo(dT) priner (400 ng) and reverse
transcribed with M MILV reverse transcriptase according to the conditions
specified by the supplier (Boehringer Mannheim GCermany). PCR anplification
was perfonmed as described in Vogel, M et al., E J. of Immunol. 24 ( 1994)
1200. Briefly, 100 E, il of PCR reaction nedi um contai ned Perkin-Eliner
buffer with 10 n~IVI M z, 5 N, 1 cDNA, 150 ng of each appropriate 5 and
3" prinmer) all four dNTP at 200 E.~M each and 2 U m Taq Pol ynerase (Perkin
El mer, NJ, USA). The PCR arrpI|f| cat| on of the heavy and Ilght chal ns of the

o o o, o . .y




PCT/ EPOQ/ 03288 VHI 5'- CAC TCC CAG GTG CAG CTG CTC GAG TCT GG 3'
(,~~e_g.id.no. 9);:VH |5 - GTCCTGTCCCAGGTCAACTTACTC GAG TCT GG 3' (Seq. i d. no.
10) ; VHI | | S0 (BBEBAGGT GGAGGTGCAGCTGCTC GAG TCT GG 3' (Seq. i CHEPodds)ss

VHI V5' - GTCCTGTCOCAGGTGCAGCTGCTC GAG TCG GG 3' (~e_g.id.no. 12);

VHV5' - GTCTGTGOCGAGGTGCAGCTGCTC GAG TCT &5 3' f, s~ id. no. 13);

VHVI 5' - GTCCTGTCACAGGTACAGCTGCTC GAG TCA GG 3 sgg id. no. 14); 5|) 5"
- AGC ATC Acimmur 12ZHN 9783027308 cEdmmun. I&[1967] cPOD@n@m,iaBLumL(mg[%

oCT T AAS IR SRRRGD AR hrebo liint i lg Mg, o T

C-3' (Seq. aoﬂolmers;taamyh‘b(sm)uaﬁmg 1ﬁuﬁ@%o@@humm&eﬁm VaHiheShEeBEen GTG GTG

ACT CA-3' CTA TTA TGA ACA TTC
TGT AGG G(R“P%‘CC 1%3%‘02‘%9)5“& \F&B%b%%’és‘é" %‘ggb‘m&em%a@{anpl e
2: Selectipg E&OtMnE”E 2By § Didefised 98] dopa@Beasc

BSW 17-m rmb%rﬁsegﬁl from phtase I braries 3 e (ﬁﬁog‘!ﬂof BSW 17- sop%]m fic

phages wadsBeuaeryi Bt @bt_nfggigmﬂ_dmm_mgy 431983139+ and thesertokeid materials canund

Cheant - 1356 CrpEats TrooBite B et ok dpent b e RicoBing,” ' " "

I nmunot ubefuthdd dipheEin foxid ORM 192 ispréfembiytised. ta GRM]J-970:he Fg&ﬂe& Qesnmé i )
overnight at 4) then blocked for 2 h at 37 with 4 PBS/ 2k ski mmed

m k. A fireplaced by glusgmic peid.pulting ibA nan axifarodney- GBM19? isrwelbeharagterizad f or 30
mn with IH f hage
l'ibrary (é@mﬂﬁé wﬂl a?iﬁ gleagl%aeé}éa ﬁgﬁgﬁ%g%lg’f S‘Pt?é%hﬁéd ?&9 epsegond
t ube and tdeavmrveoéﬂﬁemam (rP@D&mdlsomeasedAﬁtlmr"actttve" et tipn sn%mﬂnesmq:ﬁ.l on the
non- Le27- s ecific added, tg. a tube at ith 4 of BSW 17
(20 por i A5k gossmobwatoes 1o Brsipomeiselt Grrath b t-cusapiendopodontl.  Ar ¢ o1
i ncubat i OrpefifVes 4s {'fully pﬁ&s@eu ﬁmf#&ﬂﬁ{d“@f&ogm&ﬂwqf SIS Sich; h@)wbﬁnmtovas hed
successively 10 tinmes with SIO.1 % Tween and 10 tinmes wth

adher ent mnagéﬂle\msep@m&lébamut cassisrsy & the linkedyreqogpition mode and 46) xsfcarobel M

triethyla ah times rinse in PBS, with 500 pl of 0.1M
HCO adj us{HS%F’P pH %@@\oﬁbﬁ{heﬂt@%@ e and containing 1 ng/ M BSA. Each

el ution step was (Aambpteidc;ﬁﬂér Bisdingl4ents ) thede dBiFv@ﬁdlaﬂlhemployécEﬁl m&mpﬁaw e
neutralized with 25 of IMTris.Cl, pH 7 ~t | M Tri s base,
respect i vetfgntigeRge é&ipw% hE’&e@VGJSF‘eWHPF&Sﬂf 1@@519%‘%@ %wen;ee& tgthge

cells as Jpamhbdinkt &&eﬁﬂﬁféﬁ&l it k%ﬁ@@&ﬂt:ﬁ@&fv@ntﬁ%@hﬁn&“ﬁ%ﬁﬁﬁﬁl@%

subsequent|y used in three nore rounds of panning. After eac oun
panni ng t idirecti opalensfcoupling dds ptbﬁargbsto wtiizerhisaNtsueainimisly] defrivatitees.omest pmfﬂebly

Tabl 2 hle 2. i.ch BSW 17 Lfi habs .b
Counds of HtioRcEnBRsieMIERS cotpiienl of kel MRELaNBRIRSY 510 ¢
2 x 104 3 pamﬁayz(msmexﬁ)mraomaebr 1-ethyH3-¢3-dinsethylangndprop l;earbmmee

particles were preabsorbed twice in tubes coated with 20 pg/m of Le27

fol l owed by i ncubdbs EaHos pf hapten: haptenccagries finding ageny andigaggier gan hesgppropriajqly
001 63252 I%ﬁ%ﬁg &n%r SHeM I nant
BSWL7- m nobodi es é.]ﬂ mﬁ(ffﬁ%ﬁ%?ﬁom se eé’?ﬁwﬁ‘“&’g@% onegln{\;?/:agggtrde%g?g;g usi ng
a Nucl eot rpagfedably abditdhte tabedﬂégnﬂxe)s tihet weiglit, of tbrhmmy,)andmb hapteinadarriea binding
sequenci n carri ed n n ABl 373A s ue St sin PRI SM
Regdy Rea%ﬁ?’ﬁiﬁ}'é fﬂ'abeﬁ}'c‘?be q “%Pfe%{%@g}’gﬁlﬁe |€’é9’§t ens)
Cer many) . 'thé d :Ia@ & ® R
SRS a?b&d&g?_lg%%ﬁbn BlthoE: @éiﬂ&{l@bél?xsgg ﬂfegﬂ[r)] b @i%? %téﬂpc%&w(a fiafg¥pe

- GGCOGCAAAT vhsmimaTdesiretimtigen cotrposed Qf apgptidetgarrier complex of mimotope of the

invention and carrier.

After completion of the reaction, the resultant immunogen can be isolated and

purified in conventional manner, such as by dialysis, gel filtration or fractionation precipitation.



To obtain the light chain sequences the follow ng primers were used: C/l
(5" - GAGACACACCAGTIGIGEC-3 ' ) (Se~.id.no. 22), Cx (5 '

- CACAACAGR(IIOMSASPCC- 3' '} (Seq.id.no. 23) and pCL (5" - CTAR&REPMABISRGTCGCC- 3'
) (Seqg.id.no. 24). The priners were synthesized by Mcrosynth (Bal gach,
Switzerland). Fromthe DNA sequences of "18-sel ecti on of various phage
clones) two different am no acid sequences for BSW7-specific, reconbinant
anti body heavy andheipegsentdnvgntion isessentigBy|dicested te pesive immunigationdyaipct The

sequences [ cak k £ i .. and framework
e B e g
e am no ies) € inverajon red pea sifitable he: ies
fragnents di splayed by, cl ongs, 52 and 43 w th human | reveal s honol ogi es
with str ets,qve@teefthqr??@wmls@e‘ggasﬁa? eiAnd sufseayenyy, ‘E‘@B“WF%ﬁP ARURERt 0 t he
hi gh af fi nij¥ct BF HBEQHK &Ebﬂ%@o@lt&% b@n30- 25 to 34). Thus) the
par at opes &ﬁ%ﬁlayed bJ;the reconbf ant antibody fragnents m m c defined
structures present in human | gE ("m nobodi es"”). Antibodies generated in
allergic patienfs by vacci ion with these reconmbi nant m odi es. wi |
therefore r ecoghleilé'}é’ﬁé?fﬁ?fq i wﬁ?@‘? cafed far Yse & B@ﬁ%’?‘f°&ﬁ‘l§£%§sﬂeﬂﬁl¥ybi ting
| gF, / | gERI vdotineh| itGarticuldinQfit fréatmentRIET¢H-Iefialed dfd€ases? Sudhes Allérdy, . PagtRma,at i on
and purification of reconbi nant BS W 17-roi npbodi es Solyblég%iégbodies
derived fr#apipHergnatids, glieraic foyms of cosinophilia, rhigitis,)chronicprtigariaand foadallergioser e
generated. In a v QL . gll
B U G N G A T
repl ace eatmée X The bdst e ,aot the inverti cable raatatiomuiahdi a
fragnment by N p+-chelate affinity chromatography. Phagem d DNA was prepared
using a Nd%ﬁ@ﬂ%b&ﬂyﬁ?FmF*ﬁﬂhéfé *PE , Diiren, Germany) and digested with
Spel and Nhel. The 4.7 kb DNA fragnent |acking the glll portion was treated
wi t h al kal i ne phosphatase and purified by agarose gel el ectrophoresis. The
| ineari zed DNA was ligated with a six histidine encoding DNA fragnent at
the 5° and 3' ends of Spel and Nhel restriction sites) respectively. After
ligation the DNA was transfornmed into E. coli XLI-Blue cells and i ndividual
cl ones produci ng sol ubl e m nobodi es were sel ected. One of these clones was .
cho?ep for ggrge/ﬁfale Eurififﬁpiontagg ras grgEF ;nllé SF éggper BrgLP%
cont ai ni ng pg carbenicillin a 0 an o] .0 a run. ure
was then induced with 1 nM i sopropyl ~-D-thiogal actopyranoside (IPTGQ
(Bi ofi nex, Praroman, Switzerland) and growmn for 4 h at 37. Bacteria were
pell eted at 6000 rpmfor 20 mn at 4, resuspended in 30 m sonication
buffer (0.1 M NaP0O4, 8 Murea) pH 8.0) and subsequently sonicated on ice.
I nsol ubl e conponents were then renoved by centrifugation at 15" 000 rpm for
30 min at 4 and the supernatant containing Fab was purified on a 1 nl of
ni ckel -nitril oacetate colum. The colum was washed with sonication buffer
to renove contam nants followed by two elution steps with sonication buffer
at pH 5.1 and 4.9, respectively. Fractions were nonitored at OD 280 nm and
al i quots were anal ysed by SDS-PAGE ( 12% non reducing) to confirm m nobody
purity and identity. Fractions containing m nobodi es were then pool ed)
concentrated and di al ysed agai nst PBS. The purity of the final m nobody
gésparationf (?sdsgecified.in Figuref 4bangDé2LAEESgg.i?._nob 3g. 36. 37.
was eval uated by assaying a sanple by - . Protein bands were
detected by Coomassi e blue staining. The concentration was determ ned by
c?npgrigg thf Cbo?ggzge bhuelstaLned nignboﬂytban? mﬁt?hknomn_angugts of a
standard protein and al so by spectrophotonetry. ese m nobody
preparations were subsequently used for connpetitive binding assay and for
i mruni zati on of rabbits. WO 00/ 63252 PCT/ EPO0/ 03288 -21 graml e 5:
I nhi bition of BSWL7-nedi at ed di spl acenent of receptor-bound |IgE by
reconbi nant BSWL7- m nobodies B S W17 recogni zes and di spl aces I gE bound to
its high aff pity receptor. In order to determne that the anti-id BSW 17
rFab fragnents are able to inhibit this displacenent reaction, a
conpetitive binding assay using IgE attached to cell surface exposed | gER

was performed. A reconbi nant Chinese hanster ovary cell line (CHO) stably
transfected with DNA encodi ng the a-chain of human 1 gERI was used for the
assay [CHOa cell line; Blank, U et al., I~ J.Biol. hem2~6 ( 1991 ) 2639]

. A series of test sanples containing 5 x 104 CHGCa cells were incubated in
FRCS buffer (PBS) 0.3% BSA, 0.02% NaN3) with 48 ng of IgE B1ll hybri dona

(Ztircher) AW et al., hnir,~nol.L,etx. ~ (1995) 49-57] for 15 mn at RIT.
After washing once with FAGS buffer each sanple was incubated for 15 mn at
RT with prefornmed conpl exes of fluoresceine isothiocyanate-conjugated BSW7
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Exanpl e 6: Inmmunization of rabbits with reconbi nant BSWL7 m nobodi es This
Exanpl e shows that inmmunization with either anti-BSW7 rFab (consisting of
heavy pl u¥va0ogha2s2chai n of cl one 52 as shown in Figure 4BPorg@rotiesesswi t h

Fi gures 12a and 12b) (~ea.id.no. 35 and 36), or the reconbi nant m nobody
consisting of only the Iight chain (Figluré 4A together with Figure 12b)
(S~q,id.no. 36) induces_in rabbits a hunoral inmune response which

cr ossr eactExplanation ofthe Fignres:\\o New Zeal and white female rabbits were given
a primary imuni zation subcutaneously with 300 wglml anti-BS W17 rFab or
i ght chain fragnment of clone 52, errulsified 1:1 in Freund's conplete

adj uvant d the boao 1§ t;[err eIeEtlgrqs heecg e anount of m nobody
enul sifie » y two weeks. Sera were
collected at day O (pre-bleed) and animals were bled 7 days after the | ast

i njection. E%__ tPropBMiE O f 8 rhontRlofalfihi JEoshtBYdy M?af finity

chromat ography using human IgE (SUS-11 IgE)) chemcally crosslinked to
Sepharose 4B colum. By this procedure the anti-hlgE fraction can be

i sol ated fimﬁofﬁtémmmmlmﬂts al l owi ng accurate characterization of

t he therapeuti cal l ¢ h._respect. t nti body
titers and affinit Rawhfrheggg' “dx}’yaﬁt; ﬁ?é}é{\q {hgﬁ‘mb'f %XP‘FP%“%BSI&

anti bodi e%cﬂhmhalgrmsmaﬁbmtd&tshamn ck@és ifd16fid the BEmBlogbihypbivRsabld N t he
first step the @tg fraction was isolated fromthe rabbit antiserum by

anmoni um sraglpat 3ptbedyBIWLT 6hb1)iapd pelclonat antipodieh (A, induged by irarpinization
ant i -BS\M? re bound to human IgE (SUS-11 IgE),
covalently coupl e%yc%l&% ephgf&gge 4B, followed by elution, dialysis and
concentrati on Concentr ati on-dependent codex formation of the

i mmunoaf fi p ifred nIbuI| th unIgErn sol ution was
confirmed L WS e qui nol ar anount s of

anti-m ﬂDb&dyAﬂtmaltmewmkkderﬁ (smsm)gmu aﬁmxfl (Lkhg cony

sbl uti on feAﬁﬂﬁ@swerl&l{e@z'(seswham wel | SF)gxh' ch hae

t he rmnocI@naA,’t kﬂ.@t&g é?) .as capturing
te

anti - m nobod vvas d'et ec ycI onal *®ant i - r abbF G HR
results are shovvn in Figure 8. WO OOI 63252 PCT/ EP00/ 03288 - 23 Exani ne 7:

| mruni zatign of mce fr , BSWL7 , _ ‘

m nmobodi esﬁﬂgﬁéve “ e ORES _~ ATRIREE O 8 SHIOPHARCIGRAEC MR i nobody
anti bodi es. | mmunitREe S By ; Groups of f| ve Bal b/c
mce were injected subcut aneously with 5 ~Cg_per npuse of reconbi nant BSWL7

ni i nobodi es whi ch Hypervaeable ssgiony alqm@tanebwtememe Regions; @I%B)rar«r indiglicsy
ni ckel af fFigire paciglospaziogriableheavachein (emidpelrland e (GRB 1:uSegiidane. 3Nand At -
G oup 1 was i muniGRRR:wheqrid.natHrandd2y SDR3: Segiid. Ing. 438d14432; | i ght chain
G oup 2 waRigurafbniclome 524 vahiatletight cBiSSEn.idna & dndid)l-(EDRI7 . $£3:id. fal#5@nd ¥6; 3 was
i muni zed with batCDRBEG3.ne. 4Mind 480 CERY: Sed3d.nd-a9 o SQRys 21 and 41 after

primary i nppute 5at icie 48Varilo Béavy chdih (b Qs sga'iad 1) (gwkln@%mg@_an_w
adm ni st ered. Bl o@gHhRANgH 88 nv! gue@m Qind38); 35) 42, 49 and 56

after pri ”ﬁgﬂt 'SHméﬂinZa’SJ vaHablefi lttféhé{iﬁ‘ G@H@r 3‘5‘ (8)2)33 8 esiﬂ fi@ho 1979mis8sENCE
of anti m no X Lg%'i%tﬂﬁﬁﬁ’i S were coat ed
wthl-~g/ n pon an |nc i ©50 diluted nouse

sera prepared from bl ood sarrpl es taken at the indi cat ed time points after

prlrraryr ation. Bq nd antl-m' bd
agai nst 'J"'-'»-‘ quence homology bet by a

second i ncubati on%—%r se rad| sh per oxXi dase conj ugat ed goat anti - nouse

| gG (gam gG-HRP). The col our reaction was devel oped usi ng chronogeni ¢ ABTS

subst r at e. A:Al ativid Fab, glovel 62.detagnehainn(hiGB4i89: Seq.idmodR8:sclafid £2: Seh.dd. me26)nd

boost with aldntii@Psbyilones?, lighteHain ighmemal IGB)CE3{ 'gm@ 9Y:. WD 00/ 63252

-24 PCT/ EP00103288 Exanpl e 8: | munogl obul tloge s 5e4.ai @ 28)n rabbits against
O

r econbi nant BT 4E, BRAP Y ABhDURAR, SniHePIVHIGE (851 Beli g, 365N tV

Vacci nation with reconbl nant BSWL7 m aod _ B e T uce a
hunoral i mmune response w th high affr nity ?orsﬁu ' JE. %ﬁ%&k él?lgtl C

paraneters representative for the binding of the imunoaffniity-purified
anti - m nobody i mmunogl obulins to human | gE were anal yzed by surface plasnon
resonance (SPR). SPR neasurenents were performed in a Bl Acore instrunent

(Bi acore, Uppsala, Sweden). Specific binding surfaces were prepared by
coupling human IgE or marine 1gG3 to a CMb sensor chip using am ne coupling
according to the manufacturer's instructions. Using this procedure,

bi onol ecul es are attached via primary am no groups to the carboxynet hyl at ed
dextran surface of the sensor chip. 10 pnol es of human nyel oma | gE or
SUS—ll IgE wer e coupled to separate f|OM/Ce||S of the chrp The narrne IgGB

______ [ A = N~ T v o - o o, "




at 25) using HBS (I OrM Hepes, pH = ?.4, 150 mM NaCl, 3.4 nmM EDTA, and 0. 005
% v/v surfactant P-20) as the continuous flow buffer. The concentration ’
range of Wa@#63afal yt e passed over the sensor chip surfadECTERIORI2BRL | C

analysis was from33 nMto 499 nM The f]J]ow rate was S~d/ m n. The anal ytes

were injected for 1200 s, foll owed by for approximtely 1800 s to
nmoni tor the dissocjation of bound analyte. The chip was regenerated with a
120 s pul Be anti-id Fabagloned3, beany ehade (HGE.GR3p O 31islene 43 09,d2)si ng t he
anal yt es oveamtitid FapRilong @3, light chain (WGB3 Seqid.no.B3:r elonadB: Segi ific

bi nding prior to kinetic araspsctively. Bi ndi ng curves generated by SPR
measur enent s wer eAmine layid seljuesderadighrhent:Hileiticallresidues are Shéwminchlackiboxgsack age.

For relative conpari son of the an{i -m nmohody / I i nf eractlons,
monophasi HMAFAEND S el ST AYEY ?‘Bﬁi‘a}“g%@z’ﬁ%‘ﬂsﬁﬁ@tﬁﬂsﬂﬁ;é‘%ﬁ $H¥h rate
const ant sinlietted B §6 eﬁ&%ﬂ[ggﬁéﬁtméjéo%ﬁ-%li@ﬁ b p& AR (CDRYAnd Hakbwbit” =

affinity constant) 'were ca ated for every curve and are summari zed in

Tabl e 3: regings (FR)6E Bisxecqrabinkab [Feb Jrapaents pGhORR Selowienelt pair afsequendess ( SPR /
Bl Acore) of the interaction between polyclonal (p.c.) rabbit anti-m nobody
| g preparations and hl g Myel oma I gE SUS-11 I gE HSWL7 K, (I/Ms) n.d. Ka

((1/32_ n. gFi %@Mﬁn t'tﬂt?e pjndin ?"K) 2B ¢
al(antl -1d- . \ W al n .
104( SDS410) Ka (I/_TZdl8_s 8t 0.5x 10~2.3t 0.2 x
10" 4KD( My =:_“2'. FaffniitvEpu 1.‘ Wi BSW 1 ; g

1 042. 5 -éﬁﬁl-i-.rl“‘*"h ﬁ GRSy 10" 2 e
10' 4Kp(nM 5. Ot 2. 26 Gt

.a(anti-id-BSV\l7.45 Fab)3~K, (I/Ms)u.d.2.2 t 0.4 x
104(SDS476) 1 Cd (| d.1.6.t 0.1 X 10'.SKD .d.0.75 .t = antj-'~
i . e.( anti - )SDS42g5r#°(SS‘;‘%l"aH8'E 08@6&’ ﬁ?‘ﬁ@&?%yésg%gﬁs%@#ﬁ%&é‘a *ﬁa‘? ?“—“:EDS463
| appear o el 3SR AP BRI AT Fciilgh D | nduced

in rabbits i mmuniZe r econbi nant m nobodi es (Kn val ues in

nanonol ar congengrajion @idonenbad gxernightiat 6. ThoBgeRtiormixtures were subgequantly BSW

17.43) hag,t capaci t Fndu I r f .V [ ffinity
for humanaqdéé&( Wpogﬁfm .‘Oveif‘sf‘foﬁgeﬁb R'Lfg?'}?ﬁﬂ) dﬁ%ﬁ%ﬁ%&%ﬁﬁl Qi "%P ?gi c

anti body istcagmﬁng)ﬁ&ﬁ)bb}.eBétﬁldirﬂdjdbéﬂyﬂthwamﬁtebQHWﬂh@w antiSabtsi(lpgG-HBR] nst | gE.
as i ntended hyI t he_hupan vacci nati on strategy. WO 001 63252 PCT/ EPO0/ 03288
-26 Ex m Pe=:MgRf/mRa41 beammnlexesiyenerat ed in rabbits agai nst reconbi nant
BSWL7- i ®bodieh/ $Rpddi complexes- ngof human 1eE to its high afRnitv receptor
For being active as an anti-allergy vaccine, conplex formation between
anti-m ant 1 .oogk ' tevent | gE from binding
toits HF%E&%—% i8S 7 oot b 2PREL Shalide Bl Vat (370) - @ y(379)
in stretch Vat (Bfbudsh( B3 mdus@ly v & niduse §; i &l. 20moudb ¥; Whi £ lincilk®S\s am no
aci d sequanhcatiiaBsvwoys2Might cBaM(EDSusebody CDR is involved in high affinity
receptor Bi ngting-BsWer s eassbes27); specific antibodies rai sed against the

r econbi nagt ﬁ@{g@swm@g@?gg@&%pect ed to exert their therapeutic effect
by inhibiting binding of IgE to its high affinity receptor by bl ocking the
bi ndi ng domai n. TsDcvaldesrepresantthe optisaldensifyi reatoats; Forndctediforigackgroumsodi es

obt ai ned Bindimg tomonwoated welih bVean vabies of medserdnieots in diplibate arershown.hVeyfiationd-c ERl a
bi ndi ng i wer@ genpaligtd 0.090.IELI SA. As a di sease-rel evant readout) free |gE was
nmeasured by its ability to bind to reconbi nant FCERI a (Rl a- HSA- Rl a doubl e

fusion prekgeio: tidn A fRHEE / o binding by immunoaffinity-purified anti-mimobod
antibodies:

A: m = BSW17
@ = anti-clone 52; light chain (SDS410)
A = anti-clone 52; Fab (SDS411)
¥ = anti-clone 52; light chain (column flowthrough)

B: m = BSWI17
® = anti-clone 43 Fab (SDS476)



hlgE (SUS-11; 1 Itg/m in Fig. 10A and 0.1 p,g/m in Fig. 10B) was
pre-incubated 16 hrs at +4 with increasing anounts of anti-m nobody

i mmunogl oW 60/6325dr mAb BSWL7 as a reference. The bul k i nronegbondsessi ns
present in the immnoaffinity colum flow hrough of the SDS410 preparation
was i ncluded as a negative control. Thel$or med conpl exes were added to
mcrotiter plate vveIIs coated wth IIt/n1 of the antl-IgE antlbody Le27 as

a cat chi ndfigure 1150BCAS00 BSYS ; ‘ j ¢ viith
FceRla - HSA - FCMHIMI on prot ein (DFP) for 1 hr at 37 Bound DFP
was detected with a chronogenic substrate. O D. values are expressed as %
bi ndi ng. BR:nimMmgndgenc anpikBSW7 52dizhStiainl(BDSgE6as set as 100 % Mean

val ues of BIeaanifsRAL SntivRKBSWN7 80{Fabq8D842Me shown. Variations were

gener al | y dhelgiffurogén: IMeid-BSWIY 33 SEuBWSDBA§3)i nmuni zation with BSW 17
ni nobodi es results in the generation of specific hi h affi nlt}l: anti-hl gE

anti bodi es i n r odenPassivegatancons anaphylamhHFhA) aeactip i 1 QSUB mionket s VBRiQHSi ng

f 1gE . he
Bt - m iy el A RERT RER o0 St epteBink 224 AYntS chbGaitonh o
WO 00i 6323kt aréa/urfder theCOEHRARD) dexerared dy pibttingvhe iaineefts offthblas skig détgt aneous
anauhvi axi s by vacci nation of rhesus, nonkeys with reconbi nant BSW.7

ni mobodi e889iphths; injegipd IBE 9&@FweﬁtﬁﬁtQﬁéoﬁ@r%ﬁrﬁ?)ﬁVF%ﬁlnﬁmP?‘@ﬁSf cafh B9HRE&Ys can
be used t Ig SEP nmobody
vacci nat i g‘ﬁa?‘gsu }{g?nﬁlghmﬁ‘%ﬁhlgon 0 anap%&fég?t%lﬂc g I'n fgggﬁ%ggm n rhesus
nonkeys. @onkgsva:hfes tskmvnmr‘lfwym Weéarniations are skavrsasterior hare.o 8&tigtioal p MalédGere-t g

per ani nal, reconbi na i - BSW 1 bodi es. After prinmary .

P runt 2o insige e RO HCRSER Bere; o ot o BS<ERe i it otk BB Hoe ways at ¢ e
each boosting, PCA tests were perfor med. Monkeys VI 91, VI 92) VI 93 and VI
95 were tested for PCA reactlon once nore three nonths after the |ast

boosting i OR 2d he foll ow ng
e 10 LS o _ e
9lanti-i d- BSWL7. 52 4, 920, 30) 61 105) 203SDS426 Fi

ure 4AVI Qzant |l '&5%%3\%7‘:“&'1’%8@3*2@“@35 s St o)

203SDS426 189 ;
i d- Fab0, 21, 54 0, 30) 61, 105
[ &103335 %;t‘ﬂ(‘]”sé@‘ dB‘Ea“‘%‘ifg‘@PP?s gg'zté )

203SDS427 _Fi .

203SDs427 Figurg %2954 Eipti-ida

123SDS463 Fi ure 4G98i4:29530): i - BS\M? 43 FabO) 21, 54, 1120, 33, 64
123SDs463 Figuir E2ca Athid REW D lang 431 veniablecand dirsticonstang domainvefheaysy chaitt ani ne
hydrochl ori de (10-@®aidymRg37)i . m) (Ketalar, Parke Davis, GB) to keep them
i mobi | i z&igure Exki Anddid-BSW17,rglane 430 variable andrcopyant domains oﬂamg&'a light\Bhain
(Serotec) Oxford, (3etid. non3®). t he skin of the abdonen. IgE (JWB) is a
chimaeric anti body consisting of a nouse antigen-binding part specific for
t he hapten 1VIP and a, human Fce heavy_chai n. IncreaS| ng amunts (0, 2, 10)

50, 250 ng/nml sal TPR:-'?“’@H fiy @MO%&%C?W%t% light chaippotHeyeddbal series
with a 30 d1861bdani B a,s‘\ggm i sg%as"@&catbﬁmﬁ%emurs | ater, 25 ng of

1VI P conj tha ed 10 BSA we
The mimobody Fab clone 52 comprises the light chain of Figure 12b

(Seq.id. no, 36) and the heavy chain of Figure 12a (Seq.id. no. 35), bound by disulfide bridges
as indicated in Figure 4B.

The mimobody Fab clone 43 comprises the light chain of Figure 12d
(Seq.id. no, 38) and the heavy chain of Figure 12c (Seq.id. no. 37), bound by disulfide bridges
as indicated in Figure 4C.



WO 00/ 63252 PCT/ EPO0O/ 03288 -28 i.v. per animal. The animals were sedated
again after the intravenous challenge with N P-BSA conjugate. Por the’

vi sual i zaWWQW/6d252t he skin reaction, Evans blue dye ( 1 %PCHEBOHREg) was
injected intravenously immnedi ately aft_%_ the antigen chall enge. The skin
reactions were read 20 mn after antigen i njection by neasuring two

di aneters of the blue spot and calculating their mean in mm PCA was tested
at the indicated tinme points after primary i munization and boosting. PCA
intensity was cal qHé fil6Widg 126 ilRkteate tHe Gfventidiand Fe/5t litnhtelRe. geNer at ed by
plotting the dianeters of the blue skin areas against the injected IgE
(JWB) conckempersturesare indegreecfielsivsr Ehe following pbbraviations arefused:each si ngl e
nonkey represent the cal cul ated AUC val ues: Table 4 Effect of

BSWL7- m rmbodc\{ vacci nat i on._.gnt}ﬁ))assi ve cut aneous anaphylaxis in rhesus
monkeys Aaﬁ%-racor eDays TEP ni zati anl npunogen: ar]1ti -id-BSWL7. 52;

fi ght chai nogen:“a:LQiz_-'Pﬂ'-’ ‘%’é’%‘m‘ azoline) stiphonate

FabMonkeVESfhbnkeVi 92fbri0&YF § 5011.61100, ,

~10. 6100185 b0) 15. 610030A%Se HReRagiond antshupan gk gntihedy(Gedppedificn. 81721. 413916.
51061054. §R) 2. 1205.%( PoMplemestaniletarpinng regioas) 12, 6§ 80)11.2(72) B PCA
scor eDays G&Bt er i murr z dhirdheavyrobrineonstantregion dorpan\eflgh3; FabMonke

VI 2MonkeVICE8015. 8 ~~ = 0(oarti hea8y ClpdBaodstant regiasdeman 6£IgES 6213. 0(8212416. 8
(10618. 91TRE~ PCA scox egninmkape|peptidd rhimickinghthe Gecepitopelmgidniod BSW1kes ( AUC)
gener at ed 0eM pl ot t i ng=t hfindtepepeptide mimidking thé 06! epitope RgivAIBIWITt t he
injected kfiE (JWB) cancenidnfifbreisg @fitspr evi ously described (77) 2' PCA
intensitypigsAti ve t o= pregzy ed Bhin@idsdBbrt@ssay PCA at day 0 = 100% WO
001 63252 pGJ/ EPOO/ 03288 ma’godﬁaﬂe "*Pfﬂ“agne g bR coisin kegRbHRIoZaNIz0N PCA

SCOres (dﬁelg;i@ﬂESE 25high r&&kptor for IgE
FceRIa = high affinity receptor for IgE, a chain
FCS = fetal calf serum
FR = framework regions
FITC = fluoresceine isothiocyanate-conjugated
HRP = horse radish peroxidase
HSA = human serum albumin
(h)Igi = (human) immunoglobulin E
mAb = monoclonal antibody
MNC = mononuclear cells
NIP = 3-nitro-4-hydroxy-iodophenyl acetic acid
p.c. = polyclonal
Pha = phage displaying Fab fragments (Fab expressing bacteriophage)
PBS = phosphate-buffered saline
PCA = passive cutaneous anaphylaxis
PWM = pokeweed mitogen
r = recombinant
RT = room temperature
SPR = surface plasmon resonance
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The pComb3 vector used for cloning of the chains for all mimobodies was obtained
from the Scripps Research Institute La Jolla, CA, USA (Barbas III, C.F. and Lerner, R.A.,
Companion Methods Enzymol. 2 [1991] 119). The Escherichia coli strain XI1-Blue used for
transformation of the pComb3 vector and the VCSM13 helper phage were purchased from
Stratacyte (La Jolla, CA, USA).



WO 00/ 632S2 3 ~ PCT/ EPO0/ 03288 8. A m nobody according to any one of clains
1 to 6 for use as a pharnmaceutical, in particular in the treatnent of - ’
| gE- medi a¥Q0Mi328ases) such as allergy, in particul ar astPGREPOGA3LES C
dermatitis, rhinitis, chronic urticari alg_nd food allergies, or the use of a
m nobody according to any one of clains Y to 6 in the preparation of a

medi canent agai nst | gE-nedi ated di seases, in particular of a vaccine. 9. A
nmet hod of treatnent of |gE-nedi ated di seases by) in particular)

vacci nat i 0,2 PREdich dTHaeiBoihsd fddeen of a therapeutically effective
anount of nmobody according to any one of clains 1 to 6 to a patient in
need of such tr eatTimesetseparate libraricsavére nonstirdctedsthe fifst anacakied BS\fraax the MINGg t o
any one of, ¢l ai tp 6 for raisin ol ycl.onal .or. cl anal ti bodi,es
hor eagai rietaBy Thadtt (sl mr P g e ok rulbe 1D JG BV Tgrestee
nonocl onal 31 g idRyAdifesi. A Bobst HonPthe keEbRP file AGAAaHd Bk thifd 87Y/calBECIffrdbh fHens 1
to 6 for passive inmmunization, either by adm nistration of a m nobody

accor di ng BeehenyichedpapnlationphNC iselated fromgheschildeenisdonsdls- FetabRiNAWasal ~ and

i sol ation i fl j | } rat.ed, . t b
convent | orBiFPoRgb e iedl ¢ b dondtts UGG, SIERENA SbIRRAERRUER. bedth ©Y
ant i bodi esthistRN®,\VIErugobéra nseddo niakectBNA using @d wliga(dD) phime (400 ny)andreversé cl ai ns
1to 6 in the treatment. qof |gE-nediated di seases &é passi ve immni zation;
or use of WEsebed BHGM-MLV seyersetrpascripiate aceprding &o s cop MSHBCOET@EH&M& of the

iden': |e19 : g;%u?%lh&gffoégﬁnnééﬁ%ody agéci%ﬂr"%r%% to a mg%%&gds%ﬁg?ﬁn@fg 'P gscgl.)edm

. A9e. AL. A ¥ogeh MeetAl., BB of Immusol /24 (18943s1200.ABEeflyi 1 @hulaf RCRAehction nRdiam Ah2. A.

. A AsE . A. AA, AP. CA? A . .

e 1 xorontteg PariisFitner pufferwith 18.mM MeCt, 5 W PRS0 7 5f £aeh ARPTORTNE o) ca

}%/Ta%gillggﬁ'ggc}%’@hﬁﬁh%ﬂk&ﬂm@@m&mﬂﬁﬂﬂ?aﬁ?dm&s- 158 (Mrkih Elther) * * . , - -,
r C 1o,

3~ysnhc” YTINH UBAYa [The PER| amplifieatipn of she pavyjand Jight chains of hy Rab) reelequlenvesaU] ca] ca] -

c”a] ca] ¢/ %‘l‘@%]é'@%’g %@J&%@%ﬁﬁ] §§°}< 6f pirhét fromlstflatte (detall £iVAR below). For the

55(5a6i 6
; <§f3~lyt 8] leaychdinsy “P/?!fﬁ@} pdhers werd used thai liybfidiag tedachpLihp sixdfrodied afaheal)] ca] c.
oS AR TRLI Pl RRERE R TR ISR AR PR itk asch s gk ebpos T cay
caU] ca] calfidwikeadd sithlrs Velecdrbigaddad atcl iihifgd fepbn of fRlcsak s lisAhhe plidaa] cal ¢
g(%?’%’%%&é?ﬂdéamm the lightafhainthe domnsirean) hiinders Petecmitchelddathed' end ca] ¢
~a] ca] c*a] gal c~al ~alcalcral call U.cal cal.cral cal akcal gal cal cal cal cal ca
] ca] ca] craPh\pappa ﬁﬁ%kﬁﬁ?&@%’ﬁ@ﬂc?@?@&‘hﬁhﬁg@%ﬂ%% P ditts were pl,&%

eae} wr | gb] s¥p@ately] gelphiifiddeantl ead witll Knsi/spd1canll saell aht pkeftadcalgmbe " a] cal] ca

U c”a] caU] cal ca] calca)lcalcalcalcalcalUcaljca . . .

U\z/{ i:?g; ;ia] e %W?'ffffsg@fdggmgﬁ'ﬂ?ﬁgﬁwwﬁ PRORPGAP PG V) e [ Xi d
_5] c"al cal c_’\ai (g::ta cAa&g{%@Ag}lﬁmjmﬁﬂ%ﬁLﬁﬁiigJ I%?ﬁe??%ﬁaﬁt}rf:] S Jiii
j ki(l:\é]qléf a][lhgaeﬁ(l:qn\dfgha@(}:l}qgﬁcﬂe&g]geﬁeq E%ﬁ';gm;tgx}d:#tn?iqu@g’hga}tm]ocfd}aﬂ‘m}/d&b}ah“a] cajc
/\a N N ./\ N N N N ,

kGKLK] kkkk‘ﬁ%&é%ﬂ%&?‘l‘%ﬁ‘ﬂﬂ%W%ﬁﬁﬂ%%&%@%&#‘&@%@&f@aﬂéﬁm cal c
a] ca] c"a] Gbdichibe 8f sHagesordré plrfcined b dekéritell frB aba A LF, ahd BémerdRoAY] ca] cal] ¢

aJ cal] c™a] ca i
Pp[ p] phpj feqmpspiopddethods-Enzyraol( 2 {1901} 1% Aftes trensformgtien ofishel XY.$:Blug Ecelf c”a] ca]

U] ca] caunely ABRRRL RS SRULORER ARG SIeHnE Deibhhy &5, lsSisiy o7 ¢

UU| ca] ca] dndicsted expiessiag itmafies of ¢ a]10%, 3] Ta] 0°ahd 3lxcHF e sledycfolmitghisies) &ra] ca] c”

a] ca] ca] ca] c”al cal.c cal cal ca] ca

y]z#szV]zt zéé ]E@U’EPSR“]‘ A} | , ~xsnhc”™YT) d_ZTi dU] ca] ca] ca] ca] c*a] ca] cal] c
aJjc”alca U cnaU ca

Ul cral] cal] ca] cal] ca] cal] ca] ca] ca] ca] caU] cal] ca] ca] ca] c*a] ca] c™a] ca, Vbgj x

=| I

KX{vpke  ZU d_ZTi dU] ] ca] c*a] ca] c*a] cal] ca] ca] c”a] ca] c”a] ca] cal] ca] c*a] cal] ca
U] ca] ca] c"a] ca] c™a] ca] cal] ca] cMa] ca] cal] ca] ca] c*a] ca=LQ@>?LOY79?8yr mhb] WRj d_
ZT] caU] ca] caU] ca]ca]ca U c”a U c"alca

Ul c”a] caU] cal] ca] ca] c™a] ca] c™a] ca] ca] c”a] ca] ca] c”a] ca] ca] c”a] ca] ca]c™a]calc
Na8>9] Bl bkm ! . 4Xfi ~wgl fa] TNnbU] ca U] c*al] ca] ca] c”a] caU ca U] c*al] cal] ca

U c”al] ca] caU] ca] ca U c”alU ca U] c”a] cal] ca]ca]c”a]ca] cal]ca U c”al ca

U] c”a] ca] cra6DAD?Z_di VQXYcgk{ upke™ ZT] ca] c™alU] ca] caU] ca] ca] cal] ca] caV] ca] ca]
cal c”a]jca U] cna]cnha




Ul.c”a] caU] ca] caU] ca] ca] c*a] ca] ca] c™a] ca] ca] ca] ca]c”a]ca', 7zHzZi ' 7X" 2Zuzk;
}woke™ ZUP] ] ca] ca] c”a] ca] c”a] ca U] c”al] ca

U] c*a] caUvoapssest ca] cal] ca] cal] ca] ca] c”a] ca] c”a] ca] ca] carth/epavio32ss

Ul cral] ca] cal] cal] ca] ca9PWs %=?yt ni c\ Vg, ZUP] ] ca] U] ca

Ul cral] ca] cal] ca] caU] ca] caU] ca] cal] ca] CEJJ] cal] caU] ca] cal] ca] cal] ca] cal] ca] ca
U c”a] ca] c*a U] c™a] cal] ca] ca] ca?xF,

r$flr~. 4] #| wlga\V]]ca] U ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] cal] ca] c”a

Ul c*a] caULc g, i ca] ca] ca] ca] ca] ca] cal ca] ca] cajca U cha

Ul cra#04@( IX

9@t nhc] XS¥HIc] ca] c@Af cAC DA &Tcc SpcallrGalTa] ARG Teljas]3call ca U c”a Ul cna
U] c*a] cal] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] cal] cBegddd. Dxz: km zER) . } xsni c] X
Sc] ca] caUjvgal)] csl ceic ajra] e oakc alrcapae] oaa e adm]wd @d—ga] ca] ca] ca] ca

U c”a U c”aU ca U craU]ca] ca] ca]ca]ca]ca

EVoqug%é{ yitira\ ¥¢] g5d @I@Qi@b%l @;@bCéMJ;C@b& C@}@ s @aélaoal ca] cta ca] c”

a] ca] ca] ca] ca U c*a] cal ca] ca] ca] ca] ca] ca] ca] calga 1@ 1 cal U cal
2  Gal ca] c*al] ca] ca

]éigg] \;:é] C;] Eg d:a%é\ﬁ HC?:{C%% H %" é'b?aé ye8 ‘ 14.00,12); ] cal] ca] ca] ca]
C’Qa] cal ca] \{t % éfi f@g’i(g}%ﬁ@ F@gl gg%; 8%333%,1? v} g bJ %2610%-1& ()-

"L0%! ()5 3 109 ( 31 100 &) 610%6a6ag’ g
+dELOI " 10W( 2 LoF T4 0% AG. G9gQAE)C 0'11%% ;
394.0%4& () - & 10%4& () - b@K F'1009<?<& ()- F" (Semidne)l4); 1008 () - L
10%& ()- 10H 10H
CHI(yI) 5' -AGC ATC ACT AGT ACA AGA TTT GGG CTC-3’

(Seq.id.no, 15);

VL(x) 5‘- GT GCC AGA TGT GAG CTC GTG ATG ACC CAG TCT CCA-3’

(Seq.id.no. 16);
CL(x) 5’- T CCT TCT AGA TTA CTA ACA CTC TCC CCT GTT GAA GCT
CTT TGT GAC GGG CGA ACT C-3’

(Seq.id.no. 17);

VL(A) 5’- C TGC ACA GGG TCC TGG GCC GAG CTC GTG GTG ACT CA-3'
(Seq.id.no. 18);

CL() 5’'- G CAT TCT AGA CTA TTA TGA ACA TTC TGT AGG GGC-3’
(Seq.id.no. 19).
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X; ; dEM?1 panning. Each round comprised two pre-absorptions on the anti-IgE mAb Le27 before
absorption on the anti-IgE mAb BSW17. Preabsorption was performed as follows: two
immunotubes (Maxisorp, Nunc) were coated with 4 ml of Le27 (20 pg/ml) overnight at 4°,
then blocked for 2 h at 37° with 4 ml of PBS/2% skimmed milk. A first tube was incubated on
a under-and-over-turntable at RT for 30 min with 4 ml of blocking solution containing
2 x 10" cfu of each phage library (BS, LD2 and CT). The phages were then transferred into
the second tube and the process was repeated once. After the second pre-absorption the
non-Le27-specific phages were added to a tube coated with 4 ml of BSW17 (20 pg/ml) and
blocked with PBS/2% skimmed milk as described above. After incubation for2 hat RTona
under-and-over-turntable the tube was washed successively 10 times with PBS/0.1% Tween
and 10 times with PBS. The adherent phages were eluted successively with, first, 500 ul of
0.1 M triethylamine and then after three times rinse in PBS, with 500 ul of 0.1M HCI adjusted
to pH 2.2 with glycine and containing 1 mg/ml BSA. Each elution step was carried out for
10 min at RT and the elutéd phages were neutralized with 250 pl of 1M Tris.Cl, pH 7.4 and
30 pl of 2 M Tris base, respectively. The selected phages were amplified using E. coli
XL1-Blue cells as described in Barbas and Lerner, supra (1991) before being subsequently used
in three more rounds of panning. After each round of panning the titer of eluted phages was
monitored by cfu determination (Table 2):

Table 2
Enrichment of BSW17 specific Phabs by consecutive rounds of panning

Round of panning® Number of eluted phages
(cfu)
1 3x10°
2 2x 10*
3 3x10°
4 5x10’

® For each round of panning 6 x 10'2 phage particles were preabsorbed twice in tubes coated
with 20 pg/ml of Le27 followed by incubation in one tube coated with 20 pg/ml of BSW17
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(Machery-Nagel, Diiren, Germany) and nucleic acid sequencing was carried out on an
ABI 373A sequencing system using a PRISM Ready Reactin DyeDeoxy Terminator Cycle
Sequencing Kit (Applied Biosystems, Germany).

Primers used for sequencing of the heavy chain sequence were:
CHyl (5'-CGCTGTGCCCCCAGAGGT-3"') (Seq.id.no. 20) and
pCH (5’'-GGCCGCAAATTCTATTTCAAGG-3’) (Seq.id.no. 21).

To obtain the light chain sequences the following primers were used:
Ca (5’ -GAGACACACCAGTGTGGC-3 ') (Seq.id.no. 22),
Ck (5’ -CACAACAGAGGCAGTTCC-3"') (Seq.id.no, 23) and
pCL  (5'-CTAAACTAGCTAGTCGCC-3 ') (Seg.id.no, 24).

The primers were synthesized by Microsynth (Balgach, Switzerland). From the
DNA sequences of a selection of various phage clones, two different amino acid sequences for
BSW17-specific, recombinant antibody heavy and light chains were deduced (clone 52,
clone 43). The sequences and their allocation to hypervariable regions (CDR) and framework
sequences are shown in Figures 5a to 5d (Seq.id.no. 1 to 8).

Alignment of the amino acid sequences of the BSW17-specific recombinant
antibody fragments displayed by clones 52 and 43 with human IgE reveals homologies with
stretches of the human Ce3 domain which is involved in binding to the high affinity receptor
(Figure 6) (Seq.id,no. 25 to 34). Thus, the paratopes displayed by the recombinant antibody
fragments mimic defined structures present in human IgE (“mimobodies™). Antibodies
generated in allergic patients by vaccination with these recombinant mimobodies will therefore

recognize human IgE and prevent allergic reactions by inhibiting IgE/IgERI binding.



"10%@ () - @(10%@ ()- SMLOY%@ ()- ~UUcYZ[\ #] dEbC 10bf Y(10% u& ()- f

"10% u& ( FflO%u&() "10% u& ()-f "10% u& ()-f 10% u& ()-#] V '~ bC’
10b10%h& MQPBYP&' ()- 10-u 10-u 10-u ,5"10% u& ()-f3 1096 TEPQ0y03288

)"10% u& ()-__ - maa#bbdEbC 10b3

10%4& () -3M T0%E () - MLO%&: () -3f & 100/%% )y 10% ()1 L10%& () -bb2e ¢
cacbcncschC 10bml0%p& ) 0% -3 10%h& ()-9

10%& () - legi: j Jispatation and ation ¢ Bhing poanimobogles 1 nofppg () -3
10% & () 10%&’ () - dd eaeeexdebC 10b3' 10%0& ()- OFClO%o& ()-3110%& ()-33Y
10%& () -3Y" 10%0&(5) 3y 10%& ) xfng% gaBbC
10b3$F" 10%&' () - &% @riemai&d(e)‘ er)\@@lﬁ' ge ¢lpnes3prd 52 (igureS)a) y#10%h&' () - !

Tocpaert s beaid pR SR IUL Brcraien. In order o piipes solyble Eab ragepts thesequence.

h8h9h" FhCglll encoding the pIll tail protein of the phage particle was removed and replaced bya

10b3$F" 109%W&: (),-.a#3cF" 3 10%& () -a3$F 10%b F 3$F" 10% &
) - aQﬁnhnhB??S‘H{(s i qgg@ fastjz;ljlzxtate the pungcatmf? of t%xe Fab &fragment lsfy Ng"qche%it gﬁ% > (

3$E" 109 o gRSRROD () - a3F" 1098 () - a#3CF" JISF" 10%E () - a38F 1098 ()-
a3$F" 10%& %’Yﬁ BERi i eKlC
3$F" 10908 () - a3$mmgem& TINA 2GS Breparet) asiog a Nogtetrarokib@idcherapMagdODben, ) - a#3cF

sapr 1 onon Betrbiod) vk cageslef siinSoepbel, T 420 DA Sopment acking o allh )  aacr b

1 i111111] bb¥tfon was treated with alkaline ho hatase and purified by agarose Eel clectrophores:s The
63 /3" 100 - 3$F" 10%& (3@ cF 138$F" 10%& () - a3$F" 10%& () - a3$F" 10%h&
RV

() - a3$F" M«&N wasdigard indistidine eneprlingON. )ﬁ:agmentat the5’an 3’ ends
iggg s Oi/fpgg?%f ;Q{ﬁ??jfgi‘ﬁ“ﬁﬂ‘gp mﬁé&%@ A hé%a mgﬁﬁo}/[g@}&@fb{&a fito

1 10%s" s& €) eoli X]].Dmu& cells andl mtll\ix&%i &oﬁés—produtmg@bln&e(n)xmqh&diesnnqne\lsﬂ'lcicltedUOne
101 WG e e o a5 B bty

K* 3" 10%3 é@ﬂr@&%eﬁémm% 1P a0 bf {.0 5( 600 xﬁﬂre‘ﬁiﬁue wadieRGadtéed( ) -
y109&" &&' () - I 1 %& 101010& OMLO%&' ()- #OMLOYs"s& ()-risssLtnvv|[:vWA

- 710%2" z &\»ﬁtﬁ -1mM isopgylfRD¢thiogalactopyranoside (IPTG) (Biofinex, Praroman, Switzerland) and
grown for 4 h at 37°. Bacteria were pelleted at 6000 rpm for 20 min at 4°, resuspended in
30 ml sonication buffer (0.1 M NaPO4, 8 M urea, pH 8.0) and subsequently sonicated on ice.

Insoluble components were then removed by centrifugation at 15’000 rpm for 30 min at 4° and
the supernatant containing Fab was purified on a 1 ml of nickel-nitriloacetate columnn. The
column was washed with sonication buffer to remove contaminants followed by two elution
steps with sonication buffer at pH 5.1 and 4.9, respectively. Fractions were monitored at
OD 280 nm and aliquots were analysed by SDS-PAGE (12% non reducing) to confirm
mimobody purity and identity. Fractions containing mimobodies were then pooled,
concentrated and dialysed against PBS.

The purity of the final mimobody preparations (as specified in Figures 4 and 12)
(Seq.id. no. 35, 36, 37, 38) was evaluated by assaying a sample by SDS-PAGE. Protein bands
were detected by Coomassie blue staining. The concentration was determined by comparing
the Coomassie blue stained mimobody band with known amounts of a standard protein (BSA)
and also by spectrophotometry. These mimobody preparations were subsequently used for

competitive binding assay and for immunization of rabbits.
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BSW17 recognizes and displaces IgE bound to its high affinity receptor. In order

to determine that the anti-id BSW17 rFab fragments are able to inhibit this displacement
reaction, a competitive binding assay using IgE attached to cell surface exposed IgERI was
performed. A recombinant chinese hamster ovary cell line (CHO), stably transfected with
DNA encoding the a-chain of human IgERI was used for the assay {[CHOu: cell line;

Blank, U. et al., Eur,J.Biol.Chem. 266 (1991) 2639]. A series of test samples containing

5 x 10* CHOu cells were incubated in FACS buffer (PBS, 0.3% BSA, 0.02% NaN,) with

48 ng of IgE B11 hybridoma (Ziircher, A.W. et al., Immunol.Lett. 46 (1995) 49-57] for 15 min
at RT. After washing once with FACS buffer each sample was incubated for 15 min at RT
with preformed complexes of fluoresceine isothiocyanate-conjugated BSW17 (BSW17-FITC)
and increasing amounts of anti-id BSW17 rFabs. The complexes were prepared as follows:

50 ul of BSW17-FITC at a concentration of 1.3 nM were incubated with different amounts of
anti-id-BSW17 rFabs (40 nM; 200 nM; 1 uM; 4 uM; and 40 pM) for 30 min at RT. A control
sample containing only the CHOq. cells was incubated for 15 min at RT with BSW17-FITC for
determination of non-specific binding. The CHOw cells were washed once with FACS buffer
and after addition of 100 pl of FACS buffer the cells were analysed in a FACSCalibur (Becton
Dickinson) flow cytometer equipped with an Argon laser tuned to 488nm. Gates in the
forward scatter/side scatter dot blot were set around monomeric cells and fluorescence was
quantitated and expressed as mean channel fluorescence (mcf). The percentage of positive
cells was calculated as the percentage of BSW17 binding to CHOa. cells. As seen in Figure 7,
the binding of BSW17 to CHO« cells decreased with increasing concentrations of
anti-id-BSW17 Fab fragments, indicating that the two anti-id BSW17 Fab clones were able to
inhibit the binding of BSW17 to IgE.
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Example 6: Immunization of rabbits with recombinant BSW17 mimobodies

This Example shows that immunization with either anti-BSW17 rFab (consisting of
heavy plus light chain of clone 52 as shown in Figure 4B together with Figures 12a and 12b)
(Seq.id.no. 35 and 36), or the recombinant mimobody consisting of only the light chain
(Figure 4A together with Figure 12b) (Seq.id.no. 36) induces in rabbits a humoral immune
response which crossreacts with human IgE. Two New Zealand white female rabbits were
given a primary immunization subcutaneously with 300 pg/ml anti-BSW17 rFab or light chain
fragment of clone 52, emulsified 1:1 in Freund’s complete adjuvant and then boosted three
times with the same amount of mimobody emulsified 1:1 in Freund’s incomplete adjuvant every
two weeks. Sera were collected at day O (pre-bleed) and animals were bled 7 days after the
Iast injection.

Rabbit immune sera were purified by immunoaffinity chromatography using human
IgE (SUS-11 IgE), chemically crosslinked to Sepharose 4B colums. By this procedure the
anti-hIgE fraction can be isolated from total immunoglobulins allowing accurate
characterization of the therapeutically relevant immune response with respect to antibody titers
and affinity.

The immunoaffinity purification of anti-mimobody antibodies which crossreact with
human IgE consisted of two steps. In the first step the IgG fraction was isolated from the
rabbit antiserum by ammonium sulfate precipitation, in the second step the hIgE-specific
anti-BSW17 mimobody antibodies were bound to human IgE (SUS-11 IgE), covalently
coupled to CH-Sepharose 4B, followed by elution, dialysis and concentration,

Concentration-dependent complex formation of the immunoaffinity-purified
immunoglobulins with human IgE in solution was confirmed by ELISA: SUS-11 IgE was
incubated with equimolar amounts of anti-mimobody immunoglobulins overnight at 4°, The
complexes formed in solution were added to microtiter plate wells which had been coated with
the monoclonal anti-hIgE antibody LE27 as capturing antibody. Bound anti-mimobody IgG
was detected with polyclonal anti-rabbit IgG-HRP. The results are shown in Figure 8.
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anti-mimobody antibodies. Immunizations were carried out in mice. Groups of five Balb/c

mice were injected subcutaneously with 5 ug per mouse of recombinant BSW17 mimobodies
which had been produced in E. coli bacteria and purified by nickel affinity chromatography.
Aluminum hydroxide was used as adjuvant:

Group 1 was immunized with batch SDS5426 = anti-Id-BSW17.52; light chain

Group 2 was immunized with batch SDS427 = anti-id-BSW17.52; Fab

Group 3 was immunized with batch SDS463 = anti-Id-BSW17.43; Fab

On days 21 and 41 after primary immunization, two booster injections (5 pg per
mouse) were administered. Blood samples were taken on days 0, 20, 28, 35, 42, 49 and 56
after primary immunization. Serum was prepared and probed for the presence of anti-
mimobody antibodies by ELISA.

Microtiter plate wells were coated with 1 pg / ml polyclonal human IgG and
incubated with 1:50 diluted mouse sera prepared from blood samples taken at the indicated
time points after primary immunization. Bound anti-mimobody antibodies (ahIgG, directed
against the human framework and constant domain regions) were detected by a second
incubation with horse radish peroxidase conjugated goat anti-mouse IgG (gamIgG-HRP). The
colour reaction was developed using chromogenic ABTS substrate.

All mice produced anti-mimobody antibodies after the second boost with all

recombinant mimobody preparations (Figure 9).
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Example 8: Immunoglobulins generated in rabbits against recombinant

BSW17 mimobodies bind to human IgE with high affinity

Vaccination with recombinant BSW17 mimobodies is shown here to induce a
humoral immune response with high affinity for human IgE. The kinetic parameters
representative for the binding of the immunoaffinity-purified anti-mimobody immunoglobulins
to human IgE were analyzed 'by surface plasmon resonance (SPR).

SPR measurements were performed in a BIAcore instrument (Biacore, Uppsala,
Sweden). Specific binding surfaces were prepared by coupling human IgE or murine IgG; to a
CMS5 sensor chip using amine coupling according to the manufacturer’s instructions. Using
this procedure, biomolecules are attached via primary amino groups to the carboxymethylated
dextran surface of the sensor chip. 10 pmoles of human myeloma IgE or SUS-11 IgE were
coupled to separate flow cells of the chip. The murine IgG; mAb, ABL 364 (ATCC HB 9324),
was immobilized to a separate track of the same sensor chip. ABL 364 was used as a reference
for determining binding of the anti-mimobody antibodies to non-hIgE immunoglobulin
structures and to correct for possible changes of the refractive index caused by buffer changes.
Coupling densities were ~ 13000 RU.

All biomolecular interactions measured in the BIAcore instrument were carried out
at 25°, using HBS (10mM Hepes, pH = 7.4, 150 mM NaCl, 3.4 mM EDTA, and 0.005 % v/v
surfactant P-20) as the continuous flow buffer. The concentration range of each analyte passed
over the sensor chip surface for kinetic analysis was from 33 nM to 499 nM. The flow rate
was Sul/min. The analytes were injected for 1200 s, followed by HBS for approximately
1800 s to monitor the dissociation of bound analyte. The chip was regenerated with a 120 s
pulse of 10 mM HCl. Non-specific binding was monitored by passing the analytes over the
ABL 364 control track to be subtracted from specific binding prior to kinetic analysis.

Binding curves generated by SPR measurements were analyzed using the
BIAevaluation 3.0 analysis package. For relative comparison of the anti-mimobody / IgE
interactions a monophasic model was used. Association rate konstants k,, dissociation rate
constants kq and the equilibrium dissociation constants Kp = 1/Ks (Ka = affinity constant)

were calculated for every curve and are summarized in Table 3:
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Table 3

Kinetic constants (SPR / BlAcore) of the interaction between polyclonal (p.c.) rabbit
anti-mimobody Ig preparations and hIgE

Myeloma IgE SUS-11 IgE
BSW17 K.(1/Ms) nd. 0.8+0.3 x 10*
Ks (1/8) n.d. 42+09x10*°
Kp(nM) n.d. 0.53+0.33
a(anti-id-BSW17.52;light chain)’ K, (1/Ms)  2.1+0.8 x 10* 22+09x10*
(SDS410) Ks (1/s) 2.8+0.5x 10* 2.3+02x10*
Kp(nM) 133168 10.7 £ 3.3
a(anti-id-BSW17.52;Fab)? K,(1/Ms) 4.6+27x10* 2.5+1.0x 10
(SDS 411) K (1/s) 2.3+0.3x10* 1.5+0.1 x 10"
Kp (nM) 5022 60118
a(anti-id-BSW17.43;Fab)” K.(1/Ms) ud. 2.2+0.4x10*
(SDS476) Ky (1/s) ud. 1.6+0.1 x 10°
Kp (M) un.d. 0.75 £ 0.02
a = anti- D je. anti-SDS426
nd. = not determined 2 j.e. anti-SDS427

Y je. anti-SDS463

It appears that high affinity antibodies against human IgE could be induced in rabbits

immunized with recombinant BSW17-mimobodies (Kp values in nanomolar range).
Clone 43-derived Fab (SDS463; Figure 4C; anti-id-BSW17.43) has the capacity to induce an

immune response of very high affinity for human IgE (Kp < 1 nM).

Thus by using a monoclonal anti-idiotypic antibody it was possible to induce a strong

polyclonal response against IgE as intended by the human vaccination strategy.
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Example 9: Immunoglobulins generated in rabbits against recombinant
BSW17-mimobodies inhibit binding of human IgE to its high affini

receptor

For being active as an anti-allergy vaccine, complex formation between
anti-mimobody antibodies and hIgE is expected to prevent IgE from binding to its high affinity
receptor. The Ce3 epitope region Val(370) - Gly(379) in stretch Val(370-Asn(383) (Figure 6)
(Seq.id.no, 25) which shows amino acid sequence homology with BSW17-mimobody CDR is
involved in high affinity receptor binding. Therefore, IgE - specific antibodies raised against
the recombinant BSW17 mimobodies are expected to exert their therapeutic effect by inhibiting
binding of IgE to its high affinity receptor by blocking the binding domain. To confirm this, the
purified anti-mimobody antibodies obtained from immunized rabbits were tested for inhibition
of hIgE / FceRla binding in a competition ELISA. As a disease-relevant readout, free IgE was
measured by its ability to bind to recombinant FceRIa. (RIa-HSA-RIo. double fusion protein;
DFP) (Figure 10).

hIgE (SUS-11; 1 pg/ml in Fig. 10A and 0.1 pg/ml in Fig. 10B) was pre-incubated
16 hrs at +4° with increasing amounts of anti-mimobody immunoglobulins or mAb BSW17 as a
reference. The bulk immunoglobulins present in the immunoaffinity column flowthrough of the
SDS410 preparation was included as a negative control. The formed complexes were added to
microtiter plate wells coated with 1ug/ml of the anti-IgE antibody Le27 as a catching antibody
and incubated with horse radish peroxidase labeled FceRIa - HSA - FceRIo double fusion
protein (DFP) for 1 hr at 37°. Bound DFP was detected with a chromogenic substrate.

O.D. values are expressed as % binding. Binding to competitor-free SUS-11 IgE was set as
100 %. Mean values of measurements made in duplicate are shown. Variations were generally
below 2 %.

The results show that immunization with BSW17 mimobodies results in the
generation of specific high affinity anti-hIgE antibodies in rodents. These anti-mimobody
antibodies inhibit the binding of IgE to its high affinity receptor in vitro, indicating the value of
the BSW17-mimobody vaccination strategy for anti-allergy vaccine development.
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Inhibition of passive cutaneous anaphylaxis (PCA) in monkeys can be used to test

Mimobody vaccination results in inhibition of anaphylactic skin reactions in rhesus

monkeys. Groups of two monkeys were injected subcutaneously with 500 ug per animal of

recombinant anti-BSW17 mimobodies. After primary immunization, two booster injections
were administered. About 10 days after each boosting, PCA tests were performed. Monkeys
V191, VI 92, VI 93 and VI 95 were tested for PCA reaction once more three months after the

last boosting injection. The immunization scheme is summarized in the following Table 1:

Table 1

Boosting PCA
Monkey Immunogen (day no.) (day no.)

VIol anti-id-BSW17.52; light chain 0, 21, 54,92 0, 30, 61, 105, 203
(SDS426) (Figure 4A)

VI92 anti-id-BSW17.52; light chain 0,21, 54,92 0, 30, 61, 105, 203
(SDS426) (Figure 4A)

VIio93 anti-id-BSW17.52; Fab 0,21, 54,92 0, 30, 61, 105, 203
(SDS427) (Figure 4B)

VI 95 anti-id-BSW17.52; Fab 0,21, 54,92 0, 30, 61, 105, 203
(SDS427) (Figure 4B)

VIi2 anti-id-BSW17.43; Fab 0,21,54, 112 |0, 33,64,123
(SDS463) (Figure 4C)

V175 anti-id-BSW17.43; Fab 0,21, 54,112 0, 33,64, 123
(SDS463) (Figure 4C)

Rhesus monkeys pretreated with small doses of ketamine hydrochloride

(10-15 mg/kg, i.m.) (Ketalar®, Parke Davis, GB) to keep them immobilized, received
i.c. injections of various doses of IgE (JW8) (Serotec, Oxford, U.K.) into the skin of the

abdomen. IgE (JW8) is a chimaeric antibody consisting of a mouse antigen-binding part

specific for the hapten NIP and a human Fce heavy chain. Increasing amounts (0, 2, 10, 50,
250 ng/ml saline) of IgE (JW8) were injected in a cephalocaudal series with a 30 gauge needle
in a volume of 100 ul. Two hours later, 25 mg of NIP conjugated to BSA were administered
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61 10.1 (87) 1.8 (17) 21.4 (139) 16.5 (106)
105 4.6 (40) 2.1 (20) 5.6 (35) 7.0 (45)
203 9.8 (84) 6.3 (59 12.6 (80) 11.2 (72)
B
PCA score
Days after Immunogen:
immunization | anti-id-BSW17.43; Fab
(SDS463) (Fioure 4C)
Monkey VI2 Monkey VI75
0 15.8 Y (100)? 158 (100)
33 16.5 (104) 18.9 (120)
64 9.8 (62) 13.0 (82)
124 16.8 (106) 18.9 (120)

D PCA scores calculated from the area under the curves (AUC) generated by plotting the
diameters of the blue skin areas against the injected IgE (JW8) concentrations as
previously described (77)

?  PCA intensity relative to pre-immunization values. PCA at day 0 = 100%
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regions therein also cover minor steric modifications such as found in allotypic variants.

4, A mimobody accor&ing to claim 1 consisting of or comprising an amino acid sequence of

Figure 5a, 5b, 5c or 5d (Seq.id.no. 2.4. 6 and 8).

5. A mimobody according to claim 1 consisting of or comprising at least one CDR, or
preferably two, or more preferably the three CDR of Figure 5a (Seq.id.no, 2 and no. 40, 42
and 44), 5b (Seq.id.no. 4 and no. 46, 48 and 50), Sc (Seq.id.no. 6 and no, 52, 54 and 56)

or 5d (Seg.id.no. 8 and no, 58, 60 and 62), optionally together with adjacent framework

sequences of up to about 10 amino acids at one or both CDR ends.

6. A mimobody according to claim 1 consisting of or comprising at least one of the sequences
defined in Figure 6 for clones 52 and 43 which are homologous to the Ce3 domain of human

IgE (Seq.id.no. 26, 28, 30, 32 and 34).

7. A pharmaceutical composition such as a vaccine consisting of or comprising a mimobody
according to any one of claims 1 to 6 either as a single molecular entity or as a protein
conjugate chemically coupled to an immunogenic carrier molecule, where appropriate together

with an adjuvant and further conventional excipients.
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8. A mimobody according to any one of claims 1 to 6 for use as a pharmaceutical, in particular
in the treatment of IgE-mediated diseases, such as allergy, in particular asthma, atopic
dermatitis, rhinitis, chronic urticaria and food allergies, or the use of a mimobody according to
any one of claims 1 to 6 in the preparation of a medicament against IgE-mediated diseases, in

particular of a vaccine.

9. A method of treatment of IgE-mediated diseases by, in particular, vaccination, comprising
administration of a therapeutically effective amount of a mimobody according to any one of

claims 1 to 6 to a patient in need of such treatment or vaccination.

10. Use of a mimobody according to any one of claims 1 to 6 for raising polyclonal or
monoclonal antibodies thereagainst by passive immunization; preparation of polyclonal or
monoclonal antibodies against a mimobody according to any one of claims 1 to 6 for passive
immunization, either by administration of a mimobody according to any one of claims 1 to 6 to
a suitable non-human animal and isolation and purification of the antibodies generated
thereagainst, or by conventional hybridoma technology; use of polyclonal or monoclonal
antibodies whenever obtained from a mimobody according to any one of claims 1 to 6 in the
treatment of I[gE-mediated diseases by passive immunization; or use of an antibody such as
BSW17 that interferes with the binding of the Ce3 region of IgE to the high affinity receptor
for IgE, for the identification of a mimobody according to any one of claims 1 to 6.



