Antibodies against 11-13 receptor alphal and uses thereof The present invention relates to human
antibodies against IL-13 receptor alphal (IL-13Ra (alpha)l), methods for their production, and uses.
5Background of the Invention 1L-13 is a secreted monomeric peptide produced mainly by Th2 cells
but also by mast cells and MC cells. Biological functions of IL-13 include regulation of IgE production
and modulation of Th2 development. IL-13 binds to a receptor complex consisting of IL-13 receptor
alphal (IL-13Ral) chain and 11-4 receptor 10 alpha (IL-4Ra) chain. 11-13 binding triggers signal
transduction events mainly through STAT6. IL-13 binds with low affinity to the 11-13 Ral alone and
does not bind to IL-4Ral. Contrary to this, IL-4 binds to IL-4Ra alone and does not bind to IL-13Ral
alone. Another receptor femlibddiBagheandeserkeh:thgik: 13RaZ./Lid3pinds with high affinity to
this receptor. Likely this receptor acts as a decoy 15receptor. Inducible overexpression of IL-13 in
transgenic mlcﬁiresults in. g}heno éy e that shares many characteristics with asthmatic patients. They
show mucus metapiasia, mac 6?559 il ARHASHS AEPRTL e i frssatidFhadpregulation of
proteases like Hy. (alpha)i3, ﬂ?ﬁﬁ’é&@ teeitiepdin®mkid amd.S and they also 20 present
subepithelial fibrosis. Knockout mice for EL-13 show a significant reduction in na cytolcine production
due to mnpairngikin.ihd develppment.These mice do not develop airway hyperreactivity (AHR) in
spite of the presence of eosinophil inflammation. The AHR was restored by administration of 11-13,
indicating that |L-13 is necessary and sufficient for the induction of AHR in mouse. Other 25 important
biological funchhd BraEFs ! reaRewErm RRF‘aStraachictadelihbyifddotids oiigshidticell metaplasia
and mucus progksttishs keictSiticeltyBariainlajoepitieliol tblls, fibablasis.angaipvaysmooth muscle
cells and indugesiftaseniizanssainians! progiae nearhof fisCelpes. Ingresiinaly. |L-13

decreases the I selins h S, contn to afrway 30narrowing.
IL-13 E){;omote?@)L'HPﬁx{j{gj&?gq Fﬁ??? ted W %O%reaqugﬁﬁ% hAG i‘t EBBYmorphisms in

yl@fs) (%j ? assomate
the IL-13 gené % eﬁ‘@ﬁ}h g iggers) sigard Sﬁ%@ﬁ%@e@ﬁé@ pojtorphism in the
intergene sedicREivERALHS b&@m&i@m@ewes b aFsasiatedawith atodis-asthma. 11-13 an
mists have bebindititizbdiku arimak mpetas:if or samiiera SOl gl ROLSE doks 1k -2 IgGF: fusion
protein has begnyggd 10, shown SIBMEY.IN, COMPIRtely reversing, OV%!?%'HI% If%ﬁeg AHRand the

r

number of mug cantalr,zhnﬁTl illi lirue rev rsal was obtained even 1 eatmentis given after full
development o enotyp@ BTGt AP S SRR KT B R ZYOT TS F18idYtotoacin
molectile resufféﬁ’ﬁ?rreductlon of all features of airway disease in a chronic fungal-induced allergic
inflammation. in conclusion, 11-13 is a =him] mediator of the effector arm 10of the allergic response.

11,13Rrilis a tﬁﬂ%ﬁﬁkﬁﬁh@x@%&ﬁp@nrg@@@% f@ﬁ@g%mgj g%ggg%{;ggggtor family) and

identified and | 7-8804) and WO 96129417.
It is a protein (%qggggrgspﬁfg&%%gﬁcﬁ%& ihé?a%]a equence Its f) AEHY IﬁF&éW@muences are

ciesthibed in W&T5 KA &wis F(S’IS’N?P%’S@SZHE%W% upFRgEdEiatedf protein binding
to 11-13 with RFREeRitFeRdM R feniinkEY Witnd4Ricicatharivatdrddirie aitdosnads! 1Ad43aith high affinity.
This GSmplm: pseatst sargdtpiot ﬁhrﬂzﬁsﬂ(ﬂcﬁtfﬁaﬁdtﬁ&@@aﬂstikhé%%%iﬁﬁ%éﬁﬂ@%&féﬁ% WO 96129417,

WC) 97/1566%1m@%ﬁ@ﬁgéﬁ%c{%ﬁ%@d&t&ﬁﬁfya&x%nﬂm%@&lw& Q%Z% ;1238; Poudrier J., et
20al., J. mmHQQId,e‘}g (%Hg, IR ek byuer . etal. 4R Ihmuo 30 3157-3164;
Aikawa M., et.a Cyto ine, 1 ?% ntibodli "By ‘ffiei"gﬁfanFQS&%‘?ﬁ

rcially available
from R&D Sy TREoySe ﬁéf&i%éﬁbéé?éréﬁmaﬁse@‘ & Bhtibdidytvipding to 1L-13Rul

and inhibitingIiaﬂi@?%?@ﬁél’wm}lﬁchaﬁ@wmm i¢hatitheivaridblaireayy-chak) amaiee acid seatinice

CDR3:f saidianiibedy lsefeatethiramheamoup congisingiaf theheaw.chain, GDR.3 sequences of
SEQ ID NO: lm@txéngn%f%oblet cell metaplasia and mucus production. It acts directly on airway
epithelial cells, fibroblasts and airway smooth muscle cells and induces different
transcriptional programs in each of this cell types, Interestingly, IL-13 decreases the
alpha-adrenergic response in smooth musde cells, coniributing to airway
30 narrowing. IL-13 promoter polymorphism is associated with increased risk of
allergic asthma. Polymorphisms in the [L-13 gene are associated with high serum




2a variable heavy chain amino acid sequence CDR3 of said antibody is selected from the group
consisting of the heavy chain CDR3 sequences of SEQ ID NO: 1,3 or 7, whereby said antibody is
obtained from hybridorna cell line DSM ACC2709, DSM ACC2710 or DSM ACC2712. In another
aspect, there is provided an antibody binding to IL-13R] and inhibiting IL-13, characterized in that the
variable heavy chain amino acid sequence CDR3 of said antibody is selected from the group
consisting of the heavy chain CD R3 sequencés of SEQ ID NO: 1. 3. 7 or 9 and comprises as heavy
chain variable region SEQ ID NO: 1 and as light chain variable region SEQ ID NO: 2. as heavy chain

variable reggfi&EQ 3N @uaandasdighbebiainyariaheregionakaERIRNR-4 s heavy chain

variable region 25Q 1B NO-..4.and as.lghkehain.yariable region SEQ ID NO: 8 or as heavy variable
region SEQ ID NO: 9 and as light chain variable region SEQ ID NO: 10. The antibody is preferably a

human antibody. - 3 - The antibody is preferably characterized by an affinity of 10-9 M (Ka) or less;
preferably 610 & FESMETor B dieg terizad Rulznimpbforediti tHoantibodie is chaaeterized in that its
heavy chainiGBRIL CRRZgEE GRRS seqdeieedaie selbaied fommthe,groupeanasisting of the heavy

chain CDR}-RGRRS ADeGRRAsequentes 0kSEQIRNQ: 13,5, 7,08 9, The antibody is preferably
characterlzed mngat th% va T’?ble Ilgilrntﬁgham mlno .add sequenc ton%lgfm C’gli r;lltrlwa CDR3 of said

antibody are selgcted egroup consiet |ng 55t thé Tight £ffa EqEhGELRF SEQ ID NO: 2, 4,
6, 8 or 10. ?ﬁ@ﬁﬁ?ﬁd&f@ﬁ@e’?ﬁ&mﬁ Ster v irmat iicwaskableohsan yreheimiamino acid 10
sequences Rt @&R@c‘aﬂﬁl ﬁ'[aﬂz&mﬁxswGhﬁﬁﬁmmaa&esseie@te&a‘j&gﬂk@gﬁg&@u@&gngstlng of the
heavy chainiCRR sesmences gk SEQURMNO: 1535, Zer9 and:the vatablelight chain amino acid
seqyences &%R%HggDRg?a})nd _CDR3, of said antibody are selected from the group consisting of the
light chain CDR seq%len S of"SEQ ID NO: 2, 4, 6, 8 or 10. 15The CDR sequences are preferably
selected independently of each other and are separated by PR (framework) regions. The antibody is
preferably dharittéry edxiamsomn o dhgbashpeiviic Tainr@D RepirdaGiDREeE SEGHRIMNO: 1 and as light
chain CDRsdhetGIREef SEQalﬁiﬁ.@d 2@ ARAKECRAIDGRRS the:GDRSmASERID NO: 3 and as

light chain G%Rﬁghﬁ( GRRs:ef %E@dpd\l@@fgasi a%avyb%gg%am the CDRs. fSEQ ID NO: 5

and as light chain CDRs th Rs o eav RSthe EDRs of SEQ ID NO:
7 and as lig RESeER @ﬁﬁs ?E' 15} Hﬂg‘é‘rsﬁ%&%ﬁéﬁénﬁ%ﬁﬂﬁ@%DRs of SEQ ID
NO*0 and &%/ ﬁé?@cﬂ%@@ﬁﬁ@tﬁ@dﬁ@&@&@ﬁ@ O EcFHes O DR sey bentes can be determined
according tdthé wsitridardsfinition ehedSikabiavahdl. - Seouenses:elRreteins ofd mmunological

Interest, 5th eghaPulliesagliTSerdes:Nationak instiutesofitiealth, Bethesda, MD (1991). On this
basis, the complementarity determlnlng regions (CDRs) of SEQ ID NO: 1-8 have the following

sequences:, - Tlnvy Qha s, CDR1 (at 31- 35),ﬁf SE%ID NO: 1, 3,5, 7,9, CDR2 (aa 5066) of
SEQ ID NOARZL%O go¢ 1555t 5B 941 79 VD R85 99%B7) of SEQ ID NO:
5, CDP3 (a&@@ﬁfi@za @r@e@ ||§*Nb s ghnenainlC RS ODRE §as 24 MufiSEQ4D NO: 2, 4, 6, 10,
CDR1 (aa 24- J. Immunol., 163 (1998) 1133-1161; Poundrner 1., et al, Bar. |. Immunol, 30

(2000) 3157-3164; Alkawa M., et al., Cytokine, 13 (2001) 75-84. Antibodiss against

IL-13Ral are commercially available from R&D Systems Inc. TISA.

Sumngmary

The disclosure comprises an antibody binding to IL~13Ra! and inhibiting [L-13
25 bicactivity, charactsrized in that the variable heavy chain amino asid seguence
CDR3 of said antibody is selected from the group consisting of the heavy chain

CDE3 sequences of SEQ ID NO: L, 3, 5,7 or 9.

In one aspect, there is provided an antibody binding to IL-13Ral and inhibiting IL-13, characterized in that the



5) of SEQ ID NO: 8, CDR2 (at 50-56) of SEQ ID NO: 2, 4, 6, 10, CDR2 (as 51-57) of SEQ ID NO:8
and CDR3 (aa 89-97) of SEQ ID NO: 2, 4, 6, 10, CDP3 (az 90-97) of SEQ ID No: 8. Preferably,
the disclosure provides an antibody comprising as complementarity 10determining regions (CDRS) the
following sequences: a) an antibody heavy chain comprising heavy chain CDRs of SEQ ID Nal, 3, 5, 7
or 9; b) an antibody light chain comprising light chain CDRs of SEQ ID NO:2, 4, 6, 8 or 10, 15wherein
the CDRs are selected independently of each other. The antibody is preferably characterized in
comprising as heavy chain variable region SEQ ID NO: 1 and as light chain variable region SEQ ID
NO: 2, as hefym%wmm region SEQsH)NaC3 @@Ragdi%ﬁ&@a’tﬁwagi%@eglé&i&ﬂ brkfd 1D
20NO: 4, ashHgavy.cha i ! o as Ji in variable region SEQ ID NO:
6, as heavy ch Ql% VA gg@%ﬁ%% %ﬁ@?ﬁ%@uﬁgﬁ%ﬂgﬁ? \g?iat?\lje re&gidnoéeégﬁ”?ﬁr§é: 8 or as
heavy variaﬁ?é%@ﬂfg??%ﬁé %"N@. I BRI ESTIgAtEh AR VERBIRMedioh SR8 IBENOALE.2HE antibody is
preferably chrhttetized id.comorising a) as heavy chain variable region SEQ ID NO: 1, as light chain
variable region SEQ ID NO: 2, asic light chain constant region SEQ ID NO: 11 and as .yl heavy chain

constant regjQR.REQ IR NG ' lyyith mutations L 234A and L2.35A or D265A and N297A,
b) as heavy chain var‘igatgle reé%%@%% I\{I}lbO:(i r%an%nééeI%Hﬁgﬁéiﬁ‘@réﬁéﬁé@éré’gi@ﬁ%@@@*@ﬁé@%

as r light chaRi'ebifshsat Yegiorn SPOIDNOsHLeme: 4SHR hesgachainibodstantaegion SER R NO: 12
optionally W.it_ﬂ”bthﬁﬁmﬁﬂ@Bfﬁq@ﬂﬁa@ﬁﬁ@g.@?ﬁ@%&ﬁ&ﬂ\é@Ef\s5§ 11532\5%"5: Eﬁaé’ﬁy'fc*&fa%‘é%”ab'e
region SEQ X light chain variable regi NO: 6, as K i 1t c ain constant region
SEQ ID Noiégril%%%ﬁagp?‘ﬁa@vgfhﬁ%ﬁ ac%ar%g?aﬁ%ie%g!o%@%ﬁ g Nio' f@%ﬁﬁéﬂéﬁy%ﬁﬁ%ﬁ’ﬁf&ﬁ%s L234A
and L235A 6?@%26%&%3/‘8 NS 7A 2sd)ay hehaap cridiatiarkiien r8Gan SEQID NG % ardiasdight chain
variable regicm8HEQ ¢RI MO SR Klight chain leenstanbiegianSE R NQxbLiangas ylheavy chain

constant regjoR; SEQH RN 1 2.9R1 ithymutati 234A and L235A or N297A, or
e) as heavy Ve riaﬁl.e re io% ééé%cg%@o YY?]E\J a@}qs'lig @%ﬁg}ﬁ%gﬂ%ﬁgkgg%ﬁi E%I 10, as Ic
i SR 1D MRkaly

light chain cOISESHTRGBASERTIDINERI i 45

The antibody is preferably a human antdbody.



chain constant region SEQ ID NO: 12 optionally with-mutations L234A and L235A or D265A and
N297A. Preferably the antibody is characterized in binding to IL-131al in competition to 15 antibody
L05002-002, L05002-003, LC5002-005, LC5002-007 and/or LC5002-01E. Preferably the antibody is
characterized in comprising as variable regions the variable regions of LC5002-002, L05002-003,
LC5002-005, LC5002-007 or LC5002- 018. The variable regions of these antibodies are shown in SEQ
ID NO: 1-10. Useful constant regions are wellkknown in the state of the art. Examples are shown
in SEQ 20ID NO: 11-12. The antibody is preferably a monoclonal 07 a recombinantly produced
antibody. In one embaqdiment of the disclosure the antibody is a class-altered human antibody. In a

preferred embodifaRt Xt thdsdreeitrehibe theabsdy Womtat Eth Wnah 74 Hdmlyshisis.comprising a)
amino acid seqerefreebBrof 3VatZiiRIng 86 withidetetibr 8RGlyz36 and/or amino acid sequence
Gly3z7Leu325Pro325Ser3505n331 b) amino acid sequence AlazacAlaro or ¢) amino acids Ala265 and

Alazr. 30 Prefesably fi sordi ] i re inhibits IL-13.ind Stat-6
phosphorylatio %%ugga% %%5%%%3% %fgg%%%ﬂ%%%g%ogw%r%fglﬁ%%fﬁﬁf ai“r?d%}gg{g’eq axmaﬁ(r%oduction with
an IC 50 value% PRRA B RSVIES SSIGST RIS B9 GPoFring i dhe heamprbfiverabién,; preferably of

TB-1 cells (ATERBRpOOOB withvenyer 0585 IEENP1D AN, Grootver (IL-13) and 60 nM or lower (11-4).
11-13 induced Stat-6 phosphoryiation, eotaxin production and induction of cell proliferation are
determined acenidlpartapiapalettoia-The:anORY ARCQNg 9 e lisclosyrs preferably does
not bind to den&turﬂe&%%ﬁ&%{é girﬁj&% afgfinit%{ 104%9? or %% er). ] e antl o%gcf%fpreferably
characterized by Showing substantialfy no crosSle ALty fH 3 13655 SRR 429 BRETKp for binding
affinity 104M oF HigReR cFikediskishairhitrerpriteSSBibHy bR a%e4l6ifes Which produce
antagonistic monoclonal antibodies against IL-13Ral . The preferred hybridoma cell lines according to
the disclosure (fHeMABsd-1b p1 38 AphaRk62002: H0RABRINLAGEZLOD chain amino acid
In-MALgo1 1Ll gRAIRhATHE, S98R- PRSI AP9ZF Ol MABGfadls RA1phe L 5002-005
(DSM A00271 13, lau- .

consisung of the heavy chain CDR sequences of SEQ ID NO: 1, 3, 5, 7 or 9 and the

variable light chain amino acid sequences CDRI, CDR2 and CDR3, of said

antibody are selected from the group consisting of the light chain CDR sequences of

SEQIDNO:2,4,6, 8or'10.

15 The CDR sequences are preferably selected independently of each other and are
separated by FR (framework) regions.

The antibody is preferably characterized in comprising as heavy chain CDRs the
CDRs of SEQ ID NO: 1 and as light chain CDRs the CDRs of SEQ ID NO: 2, as
heavy chain CDRs the CDRs of SEQ ID NO: 3 and as light chain CDRs the CDRs of

20 SEQ ID NO: 4, as heavy chain CDRs the CDRs of S8Q ID NO: 5 and as light chain
CDRs the CDRs of SEQ ID NO: 6, as heavy chain CDRs the CDRs of SEQID NC: 7
and as light chain CDRs the CDRs of SEQ ID NO: 8 or as heavy chain CDRs the
CDRs of SEQ ID NO: 9 and as light chain CDRs the CDRs of SEQ ID NO: 10.

The CDR sequences can be determined according to the standard definition of

25 Kabat et al, Seguences of Proteins of Immunological Interest, 5th ed., Public
Health Service, National Institutes of Health, Bethesda, MD ( 1991). On this basis,
the complementarity determining regions (CDRs) of SEQ ID NO: 1-8 have the
following sequences:



MAB<E-EL-13R alpha>LC-5002-007 (E/SM A0C2712)) were deposited 13.01.2005 with Deutsche
Saumalung von Miloroorganis-men und Zellkulturen GmbH (DSMZ), Germany. In a further aspect,
there is provided a hybridoma cell line DSM A0C2709, DSM ACC2710 or DSM ACC2712. The
antibodies obtainable from said cell lines are embodiments of the disclosure. The disclosure further
provides nucleic acids encoding polypeptides of which antibodies according to the disclosure are
comprised, expression vectors comprising said nucleic acids, and host cells for the recombinant
production of such antibodies. In a further aspect, there is provided a nucleic acid encoding an
antibody binding to IL-13Rccl and inhibiting IL-13, comprising as heavy chain variable region SEQ ID
NO: 1 and as IGFERE farkble PN SEQI6) NESIR, ap hgavy chain.variable.r gign SEQ ID NO: 3
and as light chain véfaiiEERdiDNNGSE® DNQ 4nas pa%ay m%@iné/dnébfe re%oi %ﬁb ID NO: 7 and
as light chain variabletegionsSE@, IR %% ﬁjori}ﬁ? Eegﬁi\éarla B SEQND NO%. Pand as light
chain variablef%%l{o%ﬁ(%ig NO; 10. n a furthe ict WetbAbasidiiat an@xpression vector
compriging a nucleic acid as defi Hé%g%gégpb@@Eﬂei@rmwﬁg sail nuetejs acid 4n a prokaryotic or
eukaryotic host cell”in & ffithdPasfsech, (Heke i8PEVERGAIOKERY IS, OF ué<a1¥0g§)rg§st cell
comprising the vecter s Wefidetabnyveima Baghenasnectydhere s ( Tflgé 'a recomBiinant host cell
capable of producing, @m@gc{g&m@@% ‘8‘?§'§§di’ﬁ‘?\z‘2§f' ed above. The dl c@sﬁ‘?@‘f&rtﬁe@provides
methods for the recombinant production of such antibodies. Hence, in a further aspect, there is
provided a mell_;pe?g f&r ttkgecproduction of an antibody binding to IL-13Rccl and inhibiting the binding of
IL-13 to IL-13Ral, ch r‘acfiefff%oa%?pé%ijé"sé‘i‘r?@tﬁ)mdmaﬁi@aﬁle@dmﬂ@@@yy chain and a nucleic
acid “'i" irpasdeiig akovldnapiakaryatic or eukaryotic host cell and recovering
said antibody from said cell. The polypeptides encoded by the nucleic acids according to the
disclosure argp) a [ eayy,chain comprisinc, heavy chain CDP.s of SEQ ID NC: Nal, 3, 5, 7
or 9 and b) an gntil?]qijl& %ng%r%ﬁm "":" G Brh EORSBRS BFID ND: R¢4:,65 B or 10. These
polypepticies are cdpablé of assembling together with the respective other antibody chain to generate
an antibody. 2% - ﬁ@h%‘ﬁméﬁmmngcmﬁpﬂsmgq@gyggﬁg@%ﬁg%gﬁoﬁjo?%gs in need of

ené

corticosteroid ther&pmy 1T,he antibodies according to the disclosure hav w andrtnefitive properties

causitig a berafittor @-ratgnssuffering from asthma or an allergic disease. The disclosure further
provides methods for treating asthma aﬁln(? gﬂeéxf'g?@n%ﬁ’s‘gﬁ@%ﬁﬁfé-further aspect, there is provided an
antibody as dﬁéned bove for use in the treatment of a patient in need of an asthma or antiallergic

therapy. The 8IS

RISt RSP b ridesatieruse of apraphbady-A0arding, 19 the disclosure for

asthma treatfFéfratil) #PNOrthemdspesthforihe manwiac (= f 'ceutlcéjlacoemposition
according to theidisciebidreslpasitiiion, the gi%@%lsjé%hitn ) urfk?é‘?k;;%%c ) Co?’nﬁrﬁ%‘?é’%l method for the

mangfacture gta @,f@rﬁgﬁgﬂ:ﬁml osition accor otr v&fﬁ?‘%’sﬂ?@??ﬂﬂfé@ﬁit@aﬂy, in a further
?_spect, therer' 8&0 ide chO@%éa&% ag%%o@g?@m&ﬂﬁa@é@nadmmmﬂm charact_erized
in producing an antibody as efin&d OV EBIP HieErEofmeorBBipant BXpression, eeavering said

antibody and CBMBIFRY SarPaniio &) With & pharmacewisaliacespta Pty andior adjuvant.
as hght chain variabie region SEQ ID NO- 10. = ? N wnd

The antibody is preferably characterized in comprising
- =]

a) as heavy chain variable region SEQ ID NO: 1, as Lght chain variable regon

SEC% ID NO: 2, as x light chain constant region SEQ ID NO: 11 and as vl heavy
constant region SEQ ID NO: 12 opiionafiv w: )

chain : puonally with muta

L235A or D2654 and N297A, T s e

b) a5 heavy chain varigble region SEQ ID NO: 3 and as Iight chain varizble

region of SECQ‘ ID NO: 4, a5 x light chain constant region SEQ ID NO: 11 and as
Y1 heavy chain constant region SEQ ID NO: 12 o

L234A and L2354 or D265A and N297A,

30

pionally with mutations



The disclosure, in a further aspect, comprises a pharmaceutical composition comprising an antibody
according to the disclosure. The pharmaceutical composition may comprise an antibody with a
pharmaceutically effective amount, optionally together with a buffer and/or an adjuvant useful for the
formulation of antibodies for pharmaceutical purposes. The disclosure further provides pharmaceutical
compositions comprising such antibodies in a pharmaceutically acceptable carrier. In one
embodiment, the pharmaceutical composition may#e included in an article of manufacture or kit. The
disclosure further comprises a vector comprising a nucleic acid according to the disclosure, capable of
expressing said nucﬁleajqchacid i%%_rroka otic or eukaryotic host cell. The disclosure further comprises a
prokaryotic or eukafyotic NOst ¢ gﬁ?g&ﬁ?élﬁnv%%%r@ciﬁw tielgisclasittevarfgbThe disclosure
further comprises &HfEEH Bt the: frouuctisht oheinecombinasibumag antipedy;aggarding to the
disclosure, charactérizedyhyhexpressing aé@g@efjg@ct@qq@grquotﬁﬁ@e is% sure in.a prokaryotic or
cukaryotic host cell aad ﬁ@g@g@g%gg%g%&(gp said cell. The disclosure Tthe? mprises the
antibod;g obtainablg ba¥ gga;:h %nrecombi nt method. The disclosure further comprises a method for the
preparation of a pharmaceuticat formpagitiortfaractel ddth 2eteétimgightantibody-against IL-13Ral
from a plurality of ZRABodedagHitidh s x3iRbI vhin comipareskiorssich an assay Withowt said antibody,
producing said antibddyvby-mieansostacempbin gt e xpregsion, r ' id antibody and combining
said antibody withiaphaimaceudical gggg?mﬁggfgroﬁogad%ﬁ%geﬁgﬁﬁﬁb%ogﬁﬂbody has one
or more of the 5ab§v§ﬂya%?tion§% additior%;eleggﬁgl rties. Detailed Description of the Invention The terms
a -

CLEOFTRHET?

"IL-13Ral, murine [L-13RL-13Ra2 and It- hé A ES ereiwettikhiowngimtiBtate of the art
and e.g. defined Zq:hsﬁﬁssllg’réi 71855 50 500Bg PRE2RE; GRZERTIANd 1224394 i nptetherwise stated,
the terms "IL-I3Rathai0| 18t 18R ZBAIL MRat Thegeloraidensies,ihedaman polypéeptides
IL-13Ral, IL-13, IL:23Ra% B 2adde term "human antibody”, as used herein, |nX§§des antibodies
having variable and constant regions (domains) which can be assigned to defined human germ line
immunoglobuliprgpeg%qu%sa_gggg €0 th_eig h.igq sequenu similarity or identity 15 with these germ line
sequenges Human antibodies are wel-known i h%%fﬁf&’iﬁ‘ ‘Eﬂg*aﬂtz@é]n@i‘fl%wmanwvan de Winkel,
J.G., Curt. OpiA™ERER B2 P50 7 ¥E80874)- Baihdf aititrdisramalse Desprockiged in transgenic
animals (e..g. rﬁim?ra’am dre eafisdtle, Mpﬂﬁﬂm%%oﬁlfp%?ﬂg%%ﬁ .fgqer%ggebgtow%nor a selection of
human antlbod}%mg%gpé‘gf@eﬁbgmggé%i _'.H%?Ljf&%‘)bu“ﬂ lﬁropluc:tlon. rl'fransqfer of the
human germ-IiBtF infgguno ;?bulin gene array In suc ’germ-ﬂ:r)fé)[?ﬁ SR T E5 S I e production
of human antibodies up"%ﬁ? Lﬁﬁﬁ%ﬂ“&ﬂlf@?@é%gh%?@memmtgmmmz, RrocUNgth Acad, Sci,
USA 90 (1993 Fesamsggng aiconeiits.onn et Gt mw@@%ﬁl%@%}g@a@?&&w%gﬁgnn, M., etal,
Year IBmunol 1P 1098) 83-40). Human antibodies can also be produced in phage 25 display libraries
(Hoogenboom, H.R., and Winter, G., J. Mol. Biol. 227 (1992) 381- 388; Marks, J.D., et al., J. Mol. Biol.
222 (1991) 581-597). The techniques of Cole et al. and Boerner et al, are also available for the
preparation of FurratihwdrioplofataintibadiesiGalest al-ddannsion Hiihadigs and Cancer Therapy,
Alan R. Liss, p. 77 (1985); and Boerner, P., et at, J. Immunol. 147°(1991) 86-95). A'human 30
antibody encolfpiissesimdirasisusiichmsist antinodiesaprafsrably mepeglonakanthadies including but
not being Iimitggigg,a\fhole antibodies, antibody fragments, class-altered antibodies and genetically
engineered antibodies (variant or mutant antibodies) as long as the characteristic properties according
to the invention are
N Ina pr?ferred em-bodimen’f (‘}f the disclosure the antibody contains a human 71
25 heavy chain comprising
a) a:c.ni.no acid sequence Progs;VabsiAlasss with deletion of Gi¥2as and/or armino
adid sequence GlyszLenssProneSersySerss; |
b)  aminoacid sequence AlagsAless or
c) amino acids Alasss and Alag.
30
Preferably the antibody according to the disclosure inhibits IL-13 induced Stat-§
phosphorylation with an ICs valee of 6 nM or lower,
eotaxin prodection with an ICs, value

inhibits I1-13 indnced
of 20 oM or lower and/or inhibits IL-13 or



retained. Especially preferred are recombinant human antibodies. The term "monoclonal antibody" as
used herein refers to a preparation of antibody molecules all having substantially the same amino acid
sequence. The term "recombinant human antibody", as used herein, is intended to include all human
antibodies that are prepared, expressed, created or isolated by recombinant means, such as
antibodies isolated from a host cell such as a NSO or CHO cell or from an animal (e.g. a mouse) that
is transgenic for human immunoglobulin genes or_antibodies expressed using a recombinant
expression vector transfected into such a host cell. Such recombinant human antibodies have variable
and constant 1Gsregi in a rearrapged form. The recombinant human antibodies according to the
invention have %Ié%%%%%jééﬁc%% }%SD%PE\%\?&%&?FF&%@?p%@%%ﬁ%@H@ P00 sitd sequences of
the VH and VL 1egidHE0pHE rdéormBiment Entibodies sresequanaes that can_be assigned to defined
human germ linkavdd sindbb:Sbaaneas RUL MAY-N xist within the human antibody germ
line repertoire inyivo.: 15The ferm '%%Iass-ak'[t%rgd n%g(%y % ér% ) éggln%%ng%ﬂf FHEPRiIBSEY, preferably
a human antibody, comprising a \garlé%?éuFe&gSi - fe., binding region, from one source or germ line and
at least a portion of a constant region that matches a constant region of an antibody from a different

source or germ ﬁlliisi‘anlt[SbtﬂJBé@fiﬂﬂ@@dh@)&iﬁ@l@@&ﬂ@?@%@%e&e&g%ﬂg?S- Such class-altered antibodies
r

0 dena

are not 20 natuig%%ﬁcugln%and therefore nat available directly from xen%‘é?gﬁLmice. Fowls of
"class-altered antibodi&s™encomp: s§§6“ﬁ§ the pleBnbishenticrrarestfosty ifs whishrtheyconstant

region has diffeTREEE HeRbP I aHiacFybezconlrant regiensegitenca that Tesuliin anantibody having
different propertiesiacooring in regard to Clg binding and/or Pc receptor
(FcR) binding, i.e. 25 by change or mutation of Fc. Class-altered antibodies are the product of
expressed immgya | ising DNA ments encoding irnmunoglobulin variable
regions and DNA g;g—,l aﬁ%ﬂ?ﬂﬁk@oﬁégﬁb@%%ﬁhgaﬁ)%eﬁiﬁgﬁ%ﬁgimr@ﬁfﬁ%%iﬁ%s for producing
class-altered ahtibodres iyBRIEEaFRshtiohEt¥ecombinant DNA and gene transfection techniques are
well known in the art (see, e.g., 30Morrison, S.L., et al., Proc. Nad, Acad, Sci. USA 81 (1984)
6851-6855; US Raient-MNes.12: 204.244). -.10 - heavy chains which is involved directly
in binding the %%%%@@%%%géiﬁgéﬁ%%gm S O VARSI '&M%ﬂi‘ﬁﬁ?ﬁeavy chains have the
same general zggg&u %&Eﬁ Scicg omain comprisés 3 WMQ@ sequences
are widely consérved, cof Ble %‘W&é‘%ﬁ&%@@@fmﬁ(wmemrm5 determining
regions, CDRs)AHREtBmaR et triopt Epridert)cshee) coafounaion amldhesDRs may form

loops connectimgitiestBsshetimitictyreon Wi Rarneash chainmis heldin E@_?Kﬂgﬂg -dimensional
structure by thefamework regions and form together with the CDRs from the other chain the antigen

binding site. The antibody heavy and light chain CDR3 regions, preferably the heavy chain 10 CDR3,
play a particulagly irpRestan g&e&[&r@l% ';bq,'tagdsg cificity/affinity of the antibodies according to the
invention and BQS %?re pro%ide a furthetirJ obﬁect oﬁt’ﬁ%ﬁ?%@?\fgﬁWeQ§%§%&%aH§Me region’ or
"antigen-binding é t*&%?ﬁ%é‘?ﬁfﬁ%@{r’" when used herein refer to the amino acid residues of an
antibody which are responsible 15 for antigen-binding. The hypervariable region comprises amino

acid residues fierathedicompismeniatity, determining regiops” or "CDRs". "Framework" or "FR" regions
are those variable domain regions otherathan tﬂ%&%if%emrr\l/%aor%g?gt?ggfg%dijé‘gf’dﬁrés as herein defined.

Therefore, ther!rilg tsgﬁg hee vy chains of an antibody comprise from N- to C-terminus the domains FR1,
CDR1, FR2, CDR?, FR3, POYITA R B Re R PRoeRidar efdebisimined according to the
standard defifftiBREFRetsat e WithSbeimneces-abRroteins:pldmmuralagical interest, 5th ed., Public
Health Servicesiblaiifieialabisditiesat kaalibh Belbesta. MPda21);, e  constant. domains™ are not
involved directly in binding of an antibody to an antigen, bu?exhl %i)t)?/g?isouﬁs %?fégé ‘cs)lre functions.
Depending or%ntge%ga ino acid 25 sequence of the constant region of their heavy chains, antibodies or
immunoglobuling &f FiGAET T Py ideds Typleiymid gRodae andrghddahihdmgaral of these may be
further dividedﬁﬁﬁwisbib'obﬁsé%,(@Wﬁﬁ,@.@&g@hdﬂ@%ﬁg@%gﬁ&% frr 194! and JaA2 %?I'{he heavy
im cdlled ;a, 8,y

chain constangtggionsiiRat saur the different classes of imrnunoglobulins are a, 8,,
a, and c, respectively. 30Th%g§n$%o |esﬁ%)'cl(3:b?fj%xne§"% %ﬁ%ﬁﬁ\?@ﬁ%@ﬁ%@“ﬁ@%@%ﬁl@@ﬂype. The Fc

part of an antiBSG§RHIBEREIFRENe FEE0M Piekéris aetvatibrin @hejdviedingeCFactivationand Fc
receptor binding 2Binging: Gieidsicauseddnoderines PiRANgsitesn.ie, BSRaLE SShRinging sites
are known 'ng‘@a§t§éﬁt%£1£?nevariab}e region SEQ ID NO: 10. |




art and described e.g. by Lukas, T.J., et al., J. Lmmunol. 127 (1981) 2555-2560; Brunhouse, R., and
Cebra, J.J., Mol. Irnnumol. 16 (1979) 907-917; Burton, D.R., et al., Nature 288 (1980) 338-344;
Thommesen, J.E., et al., Mol. Immunot 37 (2000) 995-1004, Idusogie, RE., et at, J. Immunol. 164
(2000) 4178-4184; Hezareh, M., et al., J. Virol. 75 (2001) 12161-12168; Morgan, A., et al.,
Immunology 86 (1995) 319- 324; and EP 0 307 434.63uch binding sites are e.g. L234, L235, D270,
N297, E318, 1(320, IC322, P331 and P329 (numbering according to EU index of Kabat, see below).
Antibodies of subclass IgGl, 1gG2 and 1gG3 usually show complement activation, Clg binding and C3
activation, wHe@%@tﬁbﬁ&?&ﬁngﬁﬁﬁé%%VW&&mfﬁﬁ“ e COrABRRER AR 3‘38 RSB clq and
do not activate&.3d, Asabsed beneiithedermudien pat derjrekkfrorit htismam-arigindwletidtes a Fe part
which preferably has an amino acid sequence of a Fe part of a human antibody of the subclass 1gG1
modified in such ? way that ng ClI %blndln ctlvat.uon and/or Fc blqdl can be. det%cted or
binding is at 18551 Fell A8 Fbr 506; %rr%‘t‘é“F W%%%ra?u t‘goui © ucrﬁan TGETAibody. An "Fe
part of an antikoey'4s defeun el &known to the skilled artisan and defined on the basis of papain
cleavage of antibodies. The antibodies according to the invention contain as Fe part, preferably with
an amino acid se%,cjence ofaF part derived from human ori g|n anﬁ pref aII ther parts of the

human constdhEregiBis?PFste %@H%@%%grﬁl’éeﬁommﬁtgb Whta W Hffrfan 19G1
subclass. Mogtly:prsiemeshaifepatssampising a yl-heavy chain constant region (an example is
shown in SEQ ID NO: 11) with mutations L234A and L235A or D265A and N297A (W099/51642).
Human constant chains, e.g. yl-heavy chains are described in detail by Kabat et al., Sequences of
Proteins of Infhenidcigicad fiteresty:bihdEd niktiblic Health Servitendatipndhdnstitafes:df Health,
Bethesda, MD,£1984), and by Brtiggemann, M., et at, J. Exp Med. 166 (1987) 1351-1361; Love, T.W.,
et at, Methods Enzymol. 178 (1989) 515-527. The constant domains preferred in the invention provide
no complement binding. The 'variable region" (variable region of a light chain (VL), variable region of a
heavy chain (V$#)}.as uBetidiesehyidéntstésspeardhed tivetivad forf Bolgpduahdndanpetlaifs which is
involved diregflydndindingshe antibattadhenamigan. Fheteinbnucleicacicher.aieglieic acid molecule,
as used herelb is intended t]%cl %u‘gle DN d&nolec}gjles and. Ry moLe elil(!:es 1dAemé8a§ %amd molecule
may be single- ystra%ass&% jie-&trant buit pre ?Wa%ly is"dodble- stranged B - 12 - A nucleic
acid is "operaligitliefiedt a%/\ﬂ‘@rfiﬁit’|Sbﬁl‘@cédalr%’@‘hiﬂﬂﬁl%%@Mt&n%?ﬁb%tﬁ‘%fﬁﬁé’?ﬁ%le|c acid
sequence. Fofrixamipley BowAsiad eepresequence or secretory leader is operably linked to DNA for a
polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide, a
promoter or 5 enhancer is operably linked to a coding sequence if it affects the transcription of the
sequence; or@ﬁb&éﬁ?ﬁ@‘ﬂﬁﬁdﬁ‘i@c’gﬁ@ & ofsr g/ sinkaddo Feuding LedleriEipstie Sositioned so as to
facilitate translation. Generally, "operably linked" means that the DNA sequences being linked are cis,
and, in the cask of 2 seutetdry heatic Crevntiguausmsdtirere agiat flaie. FloWEver, ehhtincers do not
have to he 10 contighwoys. 3, mkirgasdaccomplished by ligation at convenient restriction sites. If such
sites do not exjst, the synibetigaligendclstideadantorsiorlinkers arestsehinaccordance with
conventional practlge ft? used herein, the expressions "cell," "cell line," and "cell culture" are used
interchangeably and it Such designations include progeny. Thus, the words 15 "transformants" and
"transformed cells" include the primary subject cell and cultures derived therefrom without regard for
the number of TrastsfergHtisiats cunderstsod thiatalbbrogepytrraytidt the pravisety iekaatical in DNA
content, due to.galiberaig-ofinacvertentamiations. Variant progeny that have the same function or
biological activity as screened for in the originally transformed cell are included. 20Where distinct
designations are intended, it will be clear from the context. The term "binding to IL-13Ral" as used
herein means the binding of the antibody to IL-13Ral in an in vitro assay, preferably in a binding assay
in which the antibody is bound to a surface and binding of IL-13Ral is measured by Surface Plasmon
Resonance (SPR). Binding means a binding affinity (ICD) of 104 M or less, 25 preferably 10-13 to
10-9 M. "No binding' means a KD of 10-6 M or more. The antibodies according to the invention bind to
the extracellular domain of human IL-13Ral and preferably also of mouse IL-13Ral. Binding to IL-13Ral
can be investigated by a BIAcore assay (Pharmacia Biosensor AB, Uppsala, Sweden). The affinity of
the binding is defined by the terms ka (rate 30constant for the association of the antibody from the
antibody/antigen complex), kd (dissociation rate), and KD (kclika).



- 13 - The binding of IL-13 to IL-13Ral is inhibited by the antibodies according to the invention. The
inhibition is measured as IC 50 in an ELISA for binding of IL-13 to IL-13Ral/IL-4Ra heterodimer. For
performing such an assay IL-13Ral is immobilized and IL-13 and IL-4Ra are added. The IC50 values
of the antibodies 5 according to the invention for the binding of IL-13 to IL-13Ral are no more than 6
nM. IC50 values are measured as average or medjan values of at least three independent
measurements. Single 1050 values may be out of the scope. The antibodies according to the invention
show preferabfyrebsihelingoasntiessdetepitbpaestelLsi3RAras En dhtibpiipaéletteterdndthe group
consisting of 16-@steadiesHefapP02102ntiKea02:003dih e 50020085 difsbR02-007 e &&002-018 or
are inhibited in_binding to 1L -13Ral due to sterichi of binding. by | e antibodies. Binding
bition can B e B A R R R e grovp
consisting of 2M#YAIEELE5002-002, L05002-003, LC5002-005, LC5002-007 or LC5002-018 and
IL-13Ral at a 15 concentration of 20-50 nM and the antibody to be detected at a concentration of 100
nM. A signal reductionaf-50%her mnare-shawsdhaltheantibosycompetasaitkamsantibody selected
from the group consisting of antibodies LC5002-002, LC5002- 003, LC5002-005, LC5002-007 or
LC5002-018. The [erm.nepliopen means.a protein determinant eapable.of speqfic pipding to an
antibody. Epitopes usuall%/%onsst.of 20 chemlca}ly active surface groupings o molecules such as
amino acids ol &gigisiefeachrtingt dmasd iRl sRcHEHFS HiffEMYonal structural
characteristics, as well as specific charge characteristics. Conformational and nonconformational

epitopes are digfingyfished In that the [ iHE}BQJOI&I&e fl%femeorfb%r!gén'é%%éz?“eic%%,lé%ﬁéi”f;Ehet LeSANGSat

denaturing solvents, The invention comprises also a human antibody 25 binding to IL-13Ral and_
inhibiting 1L-13%iBeREvitfeRmaracietiZad By Hisatiity 618K 6 s RhreracsHiy o ey ion
10-13 M for bindingite k-8R akaad-dhynamidiffinityhof d@iFsMe(' GR) onlesssipreferalphysef tentetlk@- 8l ther
binding to muring ILI3Ral.#0 spreiersdcoahpdimentaldhsinention i antibodies according to the
30 invention are further characterized by one or more of the characteristics selected from the group
selected from the binding parameters ka, kd and KD, binding to the same epitope to which an antibody
selected from #tf gddtioednsistirfgrétanmioddibet C500R802E 1806200 3141@80020005, LC5002-007

or LC5002-018hindseutiddt colbesantinodieaaceargingtodhe invaniivaase pieietatly.produced by
recombinant means. SU(%h methods are widely known.in thedstatceboé thegrt ari)d comqorgﬁe protein

. . MEANs of recombinani express TeCOVeTHIZ saia anli Voand Compming & .
expression in p¥o_'karyot|_c an eulkaryqﬁg cells with subs quent Isolation of the antl%o%lly polypeptide
and usually putHieatioin 16 apramtatiicsrspableptaband(figdimsinthe protein expression, nucleic
acids encoding light and heavy chains or fragments thereof are inserted into expression vectors by

standard methads, Expiessionsmetipumed inARRIRdAlE RIRkAIE AL AUARRli pst cells ke
CHO cells, NSO cells, SP2/0 cells, HEK293 cells, COS cells, yeast, or E.coli cells, and the antibody is

recovered frorf e BeIfS (SiTsSratabit b e SR REF RIS i FIBBI IR AFeY SFOUtIESh B Biftibodies is
well-known in tit: steitenitheaiyafidcdesaribed, dpiiexnlethm Wi zdvigw articles wiMalcrides, S.C.,
Protein Expr. B iy hd 99N b8 2020 B8IRSGorDhbhleufi@igipdsxpr. Purif. 8 (1996) 271-282;
Kaufman, R.J., Mol. Biotechnol. 16 (2000) 151-161; Werner, R.G., Drug Res. 48 (1998) 870- 880.
15The antibodies may be present in whole cells, in a cell lysate, or in a partially purified or
substantially plre ferrrloRurifibation igpedermedinierdénto elinmdtendtranueiiiar esthponents or
other contaminantsde:g. iethenaetiiEnusieic acgsoiprateins, by standamsbteelnigues, including
alkaline/SDS treatmen C1 banding, column. chr togr , : e ophoresis, and
others well ZOE%%}}%%% iﬁgéegl art. 8Segt5\’§slﬁ§%%eﬁ?g§%ﬁj%e§ g?ﬁ%ﬁ%ﬁ%ﬁ?{lﬁ A'I\(I/Iegfécular Biology,
Greene Publishing and Wiley Interscience, New York (1987). Expression in NSO cells is described by,
e.g., Barnes, IIM., &ichbsufeytotechnolagyis32 (200691108+p23inand BalnesatidMaceiraingBiotéeh. Bioeng.
73 (2001) 2615240, JransientieXpressiRmin deSEHPRELRY: &:dd DEracheliYyobl by NHEh-GidS. Res.
30 25 (2002) E9. Cloning of variable domains is described by Orlandi, R., €t at, Proc. Natl. Acad. Sci.
USA 86 (1989)%8%3'3837: Carter, P., et at, Proc. Natl. Acad. Sci. USA 89 (1992) 4285-4289; and
Norderhaug, L., et at, J. Inununol. Methods 204 (1997) 77- 87. A preferred transient expression
system (HEK 293) issdesedbady Sehpegsr EmdiandiChiistensend adk GQuotesiaglogy 30 (1999)
71-83 and by Sctglae er, E,- 30J., in J. Immunol. Methods 194 (1996) 191-199.

vector atcording to ﬁgé’ 1sclosure.



- 15 - Eukaryaotic cells are known to utilize promoters, enhancers and polyadenylation signals. The
monoclonal antibodies are suitably separated from the culture medium by conventional
immunoglobulin purification procedures such as, for example, 5 protein A-Sepharose, hydroxylapatite
chromatography, gel electrophoresis, dialysis, or affinity chromatography. DNA and RNA encoding the
monoclonal antibodies is readily isolated and seqlt%enced using conventional procedures. The
hybridoma cells can serve as a source of such DNA and RNA. Once isolated, the DNA may be
inserted into expression vectors, which are then transfected into host cells such as 10 CHO cells,

HEK 293 cellsyo¢ myelama calisthad:siainet athemise mrogice-immunoglioulin pretsin; to obtain the
synthesis of rqﬁcg}qg}pigatgjt OQ&%lf %I ?ntépeg%iieaoiguggecrﬁgr%% t%ellsd 'I;}he antibodies acc]ording to the
invention include, In a |ﬁoyn, such antibodies avmg’"conser\r/lé ve %e%ﬁgﬁ%n fodifications”,
nucleotide and*&@fift dditesdgudnceisassibdificatiordimieith do sokaffest desltselthend
above-mentioned-ehagactefistiesefthe-antibody @acordingite the-dnventian..Madifiatians can be
introduced by §ﬁ?ﬁ@g$f%ﬁ?ﬁﬁmﬂyﬁ$sﬁ@&‘ﬁ’?@&%m@?& Sugh as site-directed mutagenesis and
PCRmediated mutagenesis. Conservative amino acid substitutions include ones in which the amino
acid residue is replaced with an amino add residue having a 20 similar side chair Families of amino
acid residues Aavihigsrmnitdnisidecchains havehbéén tiebnedrandhef agharhesadesnilies include amino
acids with basi, Sidle eRAIR. (8-t IaiNE A ARINE, Disfidineloasidia side chains, (¢-9., aspartic acid,
glutamic acid), uncharged polar side chains (e.g. glycine, asparagine, glutamine, serine, threonine,
tyrosine, cysteine, tryptopban), nonpolar side chains (e.g., alanine, 25 valine, leucine, isoleucine,
proline, phenylalanine, methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) and
aromatic side chains (e.qg., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted
nonessential amino acid residue in a human anti-IL-13Ral antibody can be preferably replaced with
another amino acid residue from the same side chain family. 30Amino acid substitutions can be
performed by mutagenesis based upon molecular modeling as described by Riechmann, L., et al.,
Nature 332 (1988) 323-327 and Queen, C., et al., Proc. Natl. Acad. Sci. USA 86(1989)10029-10033. -
16 - Amino acid sequence variants of human IL-13Ral antibody are prepared by introducing
appropriate nucleotide changes into the antibody DNA, or by peptide synthesis. Such modifications
can be performed, however, only in a very limited range, e.g. as described above. For example, the
modifications do not alter the 5 abovementioned antibody characteristics such as the 1gG isotype and
epitope binding, but may improve the yield of the recombinant production, protein stability or facilitate
the purification. Any cysteine residue not involved in maintaining the proper conformation of the anti-
IL-13Ral antibody also may be substituted, generally with serine, to improve 10 the oxidative stability
of the molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to the
antibody to improve its stability (particularly where the antibody is an antibody fragment such as an Fv
fragment). Another type of amino acid variant of the antibody alters the original glycosylation pattern of
the antibody. By altering is meant deleting one or more carbohydrate 15 moieties found in the
antibody, and/or adding one or more glycosylation sites that are not present in the antibody.
Glycosylation of antibodies is typically N-linked. N-linked refers to the attachment of the carbohydrate
moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X-serine and
asparagineX-threonine, where X is any amino acid except proline, are the recognition 20 sequences
for enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence
of either of these tripeptide sequences in a polypeptide creates a potential glycosylation site. Addition
of glycogylation sites to the antibody is conveniently accomplished by altering the amino acid
sequence such that it contains one or more of the above-described tripeptide sequences (for
25N-linked glycos-ylation sites). Nucleic acid molecules encoding amino acid sequence variants of
anti-IL-13Ral antibody are prepared by a variety of methods known in the art. These methods include,
but are not limited to, isolation from a natural source (in the case of naturally occurring amino acid
sequence variants) or preparation by



30 oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and cassette
mutagenesis of an earlier prepared variant or a non-variant version of antilL-13Ral antibody. - 17 -
Another type of covalent modification involves chemically or enzymatically coupling glycosides to the
antibody. These procedures are advantageous in that they do not require production of the antibody in
a host cell that has glycosylation capabilities for N- or O-linked glycosylation. Depending on the.
coupling mode 5 used, the sugar(s) may be attached to (a) arginine and histidine, (b) free carboxyl
groups, (c) free sulthydryl groups such as those of é)ﬁs’[eine, (d) free hydroxyl groups such as those of
serine, threonine, or hydroxyproline, (e) aromatic residues such as those of phenylalanine, tyrosine, or

tryptophan, or () thedimide-grupief ghitasmine; sFhesenmethads.ake gescrngd.in WRH87/05330, and in

Aplin, J.D., and 1QWriston, & CoiLaGRE Qrit Rey, Bioghem. (1981) 259-306. Removal of any
carbohydrate mojeties res&ez’?é%n 1 ay,lge Q%:noefgnnpslig ed ChemmieaI &F Bfi%matically.

the antibody ] "
Chemical deglycdSyTation can baeﬁgggﬁﬁﬁgh‘é HodiRgihe antiBedy fo rRfiBEMEERRNesUlfonic
acid, or an equivaferreBimpelicriies adiatarnt idoullyitthetiesicge ofmestoralistgars 15
except the linkingsuganéiacstyldiiibasapineat-N-acetylgalactosamine), while leaving the antibody
intact. Chemical deglycosylation is described by Sojahr, H T, and Bahl, 0.P., Arch. Biochem. Biophys.
259 (1987) 52-57@9&@(@1&9&%@3}8&%&% @g\n%lhgiochem. 118 (1981) 131-137. Enzymatic cleavage of
carbohydrate moieties on an ved by the use of a variety of endo- and exo-
glycosidases 20as described by Thotakura, N.R., and Bahl, 0.P., Meth, Enz-yrnol. 138 (1987) 350-
359, Another typé st sovalEht-hiddificationofthis kmtibhdyscampsises dinking4he” antibady:to one of a
variety of nonproteinateausRIl¥RSHS 18 Ge ROlYStRYlene.glyeol Relyprapyienssaly %%5%%
holyoxyalleylenee,diiernanachsgt o MBSl e FalNas. d BiBBTR A PE3, 4501, 144

4,670,417 4,79 79,337, In yet another aspect. the mventon provides 1sofitét B-cells from
atransgezr{%ic norjlﬁ}l]grir%a%{é 4128 iﬁ%’ﬁn HiR rbTsses Hhrdi ey aslyasatisapian BRELL-13Ral

antibodies accoréﬁﬂ&t&ﬁéﬂﬁ%éﬁﬁdﬁ:%ferably, the isolated B cells are obtained from a transgenic
non-human animal, e.g., a transgenic mouse, which has been 30 im.munized with a purified or

enriched preparatign:efid ktl3Ral M%’?Q@’%e&%&&é?{ﬁ&%@& Iali-&é%{)%%l. E&&EJ%Q%‘D@E transgenic
non-human anim%d%&.sﬁagﬁgs ggl' mouse, r}g.sha(%?? ome co g{{%ng a I%umari’heavy chain
transgene and a_human light ¢hain transgene encodi geaﬂfsd%%‘?% RS AR RABIB6EY ERthe - 18 -
invention. The isOTTER R FeapraTsReSHEi 28 dherphiridesaueosr sinfdag tradnyidrdoma) of human
anti-IL-13Ral antib8dibese/mseordimgbpgtivepreBemianveniiod adseprelitesashybiidema eapable of
producing humarhmanoelanzjlanibodies aeeeding: ke he:Invantien. I eRe.HRedImeRL,)the
hybridoma inoludes 573 csh shiplaeliem & A0SEN RO LNAR ANl 9. & rabegenic mouse
having a genom%l%%)mgrisi a human heavy chain ﬁansg,ene ané%enuman | ?1& ﬁié?ﬁc ansgene
encoding all or a_portion of a1 antibody B e IR h BRI GEES 9 hFrRsTiRBRAN 268 €8P particular
embodiment, the’Ha8gaHiRabF:Hantkh e iof ccndomgenicitOmmuogebhliving@igeiome comprising
a humarzheavy chainitT afisheheand gehudian tightebaiottansgeseneedingialarapprtion of an
antibody of the inwveRtomiEhesURNSOBRISRAHMA, animal,6an Re ImmHnize gn"%EbE]’u%P‘é”ﬁed or

iched [ I -antj I ' - . Pref the t '
ﬁﬂﬂf’huemSﬁeﬁrﬁiﬁ%ﬁ%h&%‘“ﬁé’?&'%”&%ea%o%édé?é%%?é’%?;%%é%%% USHHET otypeS ot human
odi

monoclonal anti B 1t-13RA1 THIHENEN (SHo doraP anfibetiesaseovliny -tiednvention can
be produced by HRmHtRRZING & Pinstedic. Monstumenibniinalce gl ttensgehieaustipaving a
genomeZomprisitglaytiibrasiesherogaitaisciansgend and@-hampandightchaisytransgere encoding all
or a portion of angntibedy phthe invention,wish rifi Qr-anriched.preparation of |L-13Ral
antigen and/or cgllls I?&(%%%%gig%tﬁ}lg%g%gg%% g&é %Eﬁgﬁ%géﬁéﬁ}s%egﬁﬁgcﬁnﬁﬁg@r% then obtained
and fused with myeloma cells to Bra S ARG G SR P LR AR S8 e mapRaAcRBRocional
antibodies agairfiPofsRErOMR & pretéonsdlembouaithedies rohaanaroAbetoppldatiBoties girected
against IL- 25 13Ralié&nbengeferated Wsing tehnsgbniaunide carryingipagtsef the hwman immune
system m)thher thagmﬂwm@g}gyg@nmg'h@%%ga@%n{g %G@gg,rrggg&algﬁ;% a8 iHuM ab"I mgc?,
contain a huma iloci.that encodes tuirearrange man imrnunog,lobulin
genes which incr%'é)g%% 5%;%%%{%%%%% aqﬁlg%ﬁr}%f:%ﬁrg (Cotist: %‘%ffé’g%ﬁ}fé’gﬁé”ﬁﬁ@@fher with
targeted mutatioh® tHar 30 iNASIRAR #E & GEHEREK ErEhadisei (2obery, Mutentat, Nature 368
(1994) 856-859 P AbESHnaToftieamibe eheritsteristiacedpexire ssiominfamotise itlghhaskK aand in
response to immunization, the introduced human heavy and light chain transgenes undergo class
switching and somatic mutation to generate high affinity



- 19 - human IgG monoclonal antibodies (Lonberg, N., et at, Nature 368 (1994) 856-859; reviewed in
Lonberg, N., Handbook of Experimental Pharmacology 113 (1994) 49- 101; Lonberg, N., and Huszar,
D., Intern, Rev, Inamunot 25 (1995) 65-93; and Harding, F., and Lonberg, N., Ann. N. Acad, Sci 764
(1995) 536-546). The 5 preparation of HuMab mice is described in Taylor, L., et al., Nucleic Adds
Research 20 (1992) 6287-6295; Chen, J., et al., International Immunology 5 (1993) 647-656; Tuaillon,
N., et al., Proc. Natl. Acad. Sci USA 90 (1993) 3720-3724; Choi, T.K., et al., Nature Genetics 4 (1993)
117-123; Chen, J., et at, EMBO J. 12 (1993) 821-838;"Tuai|ion, N., et at, Immunot 152 (1994)
2912-2920; Lonberg, N., et at, Nature 368 10 (1994) 856-859; Lonberg, N., Handbook of
Experimental Phasimiaed|ofppdd3i(1 904489t 16%; Taylabitanetiatadni. bnmeaek. 611994),579-591;
Lonber N.. anchHusgae, o sy RevUINRHAPI A5 A990) BRLG MR NG, i A banber N.. Ann
N. Acad, Sc-i 764,(1995) 536.546- Fishwild, D.M., et at, Nat Blotechnol. 14 (1 56) BABEB 1, the
contents of all of WhICh &re Rereby ihcorporated by Tafetehtdif their 15 entirety. See further, US
Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,789,650; 5,877,397; 5,661,016; 5,814,318;
5,874,299; 5,545180 7515, 7 TQ#A20{nM/OH8124 88d4H MIHD, 941RBG BB Qs D34b22T rWWRiQ2622645; and WO
92/039185To gerarale Ml sumanmenpripaiathodies dtdhad SRabFMab R SaRDe
immunized wit i r.enti . prepatatiqn of IL- antjgen or ells expressing
IL-13Ral in acco?nga%%ég\%ﬁ%ﬁ %ng‘egﬁglr%l lrsrgg&i e(éj’(% % aglgg%iﬁedsﬂfl B agr% ﬁ.%&élﬁe&gfhre 368
(1994) 856-859; ERRARAAER et A RISE) Biatdtimereais f0bwyensies1iaaeWe e81zas84.
Preferably, the nficepiilidsies-apmseks ohage mponttiherfaskinuaimization. fratséxamplepa purified or
enriched preparatieh ohselublie kud3Rabantigen (a.d.Purfiseiam.l- 13Bsl-expressing: 25 cells) can
be used g Immumgz%&p%la%\g@&gy&%mr%fp&aﬁﬁlmaé@ A0g.gyeptthatimmunizations using
purified or enrlch]g1 J%%Paﬁa\trlo 0 IL-13F§ %ntljgen do not result in antibodies, mlcg can also be
immunized with ¢&lig BSBrARERGT IR Y T BT RER RS BrGRTbta Rt e &%ésonses.
Cumulative expetféhceIiiir ¢afbiRearigens Nas stium tiatithedsdomizbaransgeniianioe respond best
when 30 initiallysimmanrtiz do intrape iteinealyo(Hpihwdthuantiggs in compleieFvelaeis adiyvant,
followed by everyathay wagk:AltemaUnoWii Bl GriMHAZAIRS(REEXAMRIS. UP g A total of 6)
with antigen in incomplete Freund's adjuvant. The immune response can be monitored over the course
of the immunizatjgn protogol with plasma samples being obtained by retroorbital bleeds. The plasma
can be 355creened by ELISASAIEHF ARt surfitsEnitifeRROBRSINMAL 2ntiRedih e ably op-

unoglobulin can bexaeddsbadimetratbzéticn ofveorids pegidingi B colisliMicegan Hehoasted
intravenously wittvartigensario Adaysdefoassacsifierand reroaviahofthgspigenandymph nodes. It

is expected that 2;3dusionsifor each aptigeamay-needitp.hg pesformed. Several mice will be
immunized for eacI:Q %régggn}eligr exarplgcgr attoflal_ of fivg t%é\gelve HUM&D [gice of the HCo7 and
HCo12 strains can ba immunized Tha HCG 7 Fics ave' s iR AR RREIF A &nous light
chain (kaPpa) getie ehE eserBeanf Ersfrrs nemxpiltingordin fqmrogsps2t-888) FaoMD disruption
in their endogenefisdrsawiichdiangbuds(asmdesgribed iy Ekampledt ahvifdO01 £h4424), a KCo5
human kappa light:ehathdransgenertasndascyibadimEishwild, t@eMmﬂ@It?jyé NatsBiptechpgl 14 (1996)

845-851), and a HGQZ human heavy, Ghain transgene (as.described in Patent No.5,770,429). The
HCo12 mice hav.ega%KD disruption i% thegig E%%%g' e,%g?%s%gﬁec taﬁ)ﬁo eé%%agccoe%%rég(g% ajeescribed in

Chen, J., et al., EMBO S I {r485)"65¢: g Ridon SR SR TR SR dEyERSUS heavy chain
genes (&9 describeehinEe e tiast v 0dsaabardendosinumathk appautighf chaistdnsgene (as
described in Fishwiith:Ddidleinalgehiat. Biotesho DIk (109684 =85 Hnaneha ek fnan heavy
chain transgene {as.grseibsd %EWL%ﬁ&kw&%ﬁé‘&&ﬁu@%&ﬂ%%mﬁ{%%%%%&és.ca” be

isolated and fusgd with a-mouse myelgma cell line 20 ysing P ased_.on standard protocols to
generate hybridoneas. The résu t‘fﬁg{%ﬁ arslsdgr%gép 5?&%&1&55‘?%0 ﬁeeﬁofbvreﬁ?é”bﬁ%ﬁﬁ% PPER

antigen-specific 2bdtesSESr BRatbersigheisansasp ardiokacssprethe aatl (yerpk-Bode-derived
lymphoc$fes frofiirmsemizde wiieb, dimfubld.tdade SixtiThe himber afsSBBH) Torkaereting mouse
triyeloma cells (AKkE.G,2CA134 584 with52@% PEG. Cells are plated at 25approximately 2 x 105 in flat
bottom microtiter plate, followed by about two weeks

The "variable region” (variable region of a light chain (VL), variable region of a
beavy chain (VH)) as used herein denotes the part of each of the pair of light and



incubation in selective medium. Individual wells are then screened by ELISA for human anti-IL-13Ral
monoclonal 1gM and IgG antibodies. Once extensive hybridoma growth occurs, medium is analyzed,
usually after 10-14 days. The antibody secreting hybridomas are replated, 30screened again, and if
still positive for human IgG, anti-IL-13Ral monoclonal antibodies, can be subcloned at least twice by
limiting dilution. The stable - 21 - subclones are then cultured in vitro to produce antibody in tissue
culture medium for characterization. Because CDR sequences are responsible for antibody-antigen
interactions, it is possible to express recombinant antibodies according to the invention by constructing
expression vectors that include the CDR sequences according to the invention onto framework

sequences from bediffeientwhidni aiiibbey {seeleig hiRibehmanRbsdetatnNaMER33%,(1998)
323-327; Jones, Ranflat oNaturgi 314 - gg,j- and. n,C., etat Proc. Natl, Acad, See,
U.S.A. 86 (1989)10029,10033). Such %r%?h%v%’r% %e%e%%&%%%r? be Shaes ngsnyblﬁgb i€ DNA
databases 10 that ,mc?uéle genniine haman antiboay gen ETRQE THE GerfmmTe S&quences will
differ from matur&"SRHSEyGEe SaqERAtEE Haen e thayishlt neriomelUde conpleteyassembled
variable genes, witterreaninformgdrsy IR}, jclhingbduting B calbimatusation..Carmatinegene sequences
will also differ fropadhesessiences.etmrs mbjab-affiolyssecondary feperipite antibady-atindividual

evenly across th japle 15regio inventi referably comprises a nycleic add fragment
encoding a polyp%%%pb%%gg%g ?E?}E%au, @v Eé%gﬁ%eélél ef)}‘osyﬁl%ef) i g‘ilﬁ?ﬁﬁ'it EHEBIRKRG of IL-13to
IL13Ral, selecteé%}@&sﬁ%@ P ESHEstiG By AR dfriBoay Hesvsheinthecorpprishiedieavy chain
CDRs of SEQ IDSNOThe 3n0gBly ey, b)drghntipoo\Cligth clyaincomprisingtlightohaihEDRs of SEQ
ID NO: 21%4, 6, 8 GDRS, Hlag reeansiuctahpeavy: 2ot ightehaivariablaiagions are, combined with 25
sequences of pramalsridransiaian DA AARSIAAAROIAN. THNiANSIated. polyadgnyiation, and
transcription termination to form eXpression vector constructs. ‘The heavy and gt chiain expression

IVEL TN, . . . -
constructs can be compihied into a single vector, co-transfected, serially transfected, or separately

transfected into host cells which are then fused to form a single host cell expressing both chains.
30Accordingly, thigvirventiGyproviddseasyiettied torihe prodigtionobasecombinant human antibody
according to the iRventam, Q%Rﬂ%a%%@&ﬁ%glﬂ%%ggw dingn 'a?gr_esponsibie
15 for antigen-binding. The hypervariable region comprises amino acid residues from
the "complementarity determining regions” or "CDRs". "Framework or "FR"
regions are those variable domain regions other than the hypervariable region
residues as herein defined. Therefore, the light and heavy chains of an antibody
comprise from N- to C-terminus the domains FR1, CDR1, FR2, CDR2, FR3, COR3,
20 and FR4. CDR and FR regions are determined according to the standard definition
of Kabat et al., Sequences of Proteins of Immunological Interest, 5th ed., Public
Health Service, National Institutes of Health, Bethesda, MD (1991).

The “constant domains” are not involved directly in binding of an antibody to an

anfigen, but exhibit various effector functions. Depending on the amino acid
25 sequence of the comstant region of their heavy chains, antibodies or

immunoglobulins are divided into the dasses: Iga, IgD, IgB, igG and Igh, and

several of these may be further divided into subclasses (isotypes), e.g. [sG1, IgG2,

IgG3, and IgG4, IgAl and IgA2. The heavy chain constant regions that correspond

to the different classes of immunoglobulins are called p, 8, v, ¢, and €, respectively.
30 The antibodies according to the invention are preferably of IgG1 type.

The Fc part of an antibody is direcily involved in complement activation, Clq
binding, C3 activation and Fc receptor binding. Binding to Clq is caused by
defined binding sites in the Fc part. Such binding sites are known in the state of the



an antibody heavy chain comprising heavy chain CDRs of SEQ ID NO:1, 3, 5, 7 or 9; b)an antibody
light chain comprising light chain CDRs of SEQ ID NO: 2, 4, 6, 8 or 10. The invention further
comprises the use of an antibody according to the invention for the detection of IL-13Ral in vitro,
preferably by an immunological assay determining the binding between IL-13Ral of a sample and the
antibody according to the invention. 10In another aspect, the present invention provides a
composition, e.g. a pharmaceutical composition, comprising one or a combination of human
monoclonal antibodies, Or the antigen-binding portior'thereof, of the present invention, formulated
together with a pharmaceutically acceptable carrier. As used herein, "pharmaceutically acceptable

rattier" includes amy and abssabeents, 15 dispersian medliag qoatings; airﬁt}b?i@tgfj?isaﬁggzggglfungal

agents, isotonic agg.ah iC ' , and the.li re physialogically compatible.
Preferably, the cagi |%ﬁ%@§%€%§ggﬁ% %ﬁﬁ%gglé?ﬁéﬁé%%gﬁé&%ﬂ%éﬁeﬁ spinal or
epidermal administ"r’zlﬁgrll1 (Cxeh @P [LCtioH B INFAEIRER Iphafhthciilchiyraccbprakiacslt refers to a
salt that retains t@%ég%é%ﬂﬁiﬁlgg%a’{tabtibiﬁmuhdvaﬂid@dwaﬂdmgesmdﬁmtmn%yndesired
toxicological effects (s¥&€. g5 Ba@e, 15151, 101 8, MoFRaIm, S6i. S 159) S4sh; salts are
included in the invenfian; Examplesof gggg}ﬁggﬁlgggggrg%% ﬁﬁiﬂf’g% aB ?g%%%s addition salts.
Acid addition saltg-inglufle thase g_nn(\{e&%go nogtoxic inorganic adds, such &s hydi foric salts. 25A
composition of the present Ivention can be SRTTEHE EI B g aitelFoitfetidBabsowasin the art. As
will be appreciate%”fhé%%@&%ﬁfsﬁ%ﬁcﬁﬁ‘é rélre Agfeformdddebiadinistatiomvpiinany depending
upon the desired #eStAtstTE ladridistera C3mpoutidnfihe davRition By &BEaip fevies.of.

administration, it thay ke ecesSamELe %@E&P%iﬁ@'@ﬂﬁ?‘éﬂg &gtgopg&%gen%gisj{gru the compound with,
30a material to pgﬁgqg&t%g@gﬁv@g@. @ngﬁ%“rrnngleb he ¢o IPound may be administéred to a subject
gt B8 G Reh E s MBICB e R A ceptable

in an appropriatei_gzarrier, for example, liposomes, Or
o

diluents include safine and SoEbLFS e P5AIfitiBHE. PR aramiccendngy achptabléesaigiats include

sterile aqueous sBIAHESE Brigrbpersibtand Starilepogdes s dovdhenexi@mpRianaQUsHraparation of

sterile injectable beldtiersdondisptingiens TaauseRbeyshImedia andiagoms f&rn%ma%csuticany active
dministered

substances is knawmdn 16 25hbhE,PRASes %Qﬁrgf*k%r%hﬁgﬁéj”iStratit%?x;avfr‘g]" T i)
er

H 18
parenterally” as ygafl herein means modes of administration gtherathan enterar ant
administration, usually by |ﬁj%&?gn:§ea@nn(f%n8ﬁﬁ & RAfth Uit RRRRER SIS TRER PE IS odBmtimuscular,

intraarterial, intratRECAf- MicoApEe I httacimien, santabnrdidepart, preferably with an amino
acid sequence of a Fc part derived from human origin and preferably all other parts

of the human constant regions, Preferably the Fc part is a mutated human Fe part

20 from human IgG1 subclass. Mostly preferred are Fc parts comprising a v1-heavy
chain constant region (an example is shown in SEQ ID NO: 11) with mutations
12344 and 1.235A or D265A and N297A {(W(099/51642).

Human constant chains, e.g. v1-heavy chains are described in detail by Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, MD. (1991), and by Briiggemann, M., et al.,
J. Exp. Med. 166 (1987) 1351-1361; Love, T.W., et al., Methods Enzymol. 178
(1989) 515-527. The constant domains preferred in the invention provide no
cornplement binding, The "variable region” (variable region of a light chain (VL),
variable region of a heavy chain (VH)) as used herein denotes each of the pair of

30 light and heavy chains which is invoived directly in binding the antibody to the
antigen.

>
w

The term nucleic acid or nucleic acid molecule, as used herein, is intended to
include DNA molecules and RNA molecules. A nudleic acd molecule may be
single-stranded or double-stranded, but preferably is double-stranded DNA.



intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subc,apsular,
subarachnoid, intraspinal, epidural and intrasternal injection and infusion. These compositions may
also contain adjuvants such as preservatives, wetting 15 agents, emulsifying agents and dispersing
agents. Prevention of presence of microorganisms may be ensured both by sterilization procedures,
supra, and by the inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic agents,
such as sugars, sodium chloride, and the like into théZompositions. 20 In addition, prolonged
absorption of the injectable pharmaceutical form may be brought about by the inclusion of agents

which delay absorptionsUshas alyimmeosiear ate Agelatin, Regardless of the foute of

administration sel% ed I CO@Q%%”&% ogghgegggs%t invent%n which may be used in a suitable
hydrated form, and/or the 25 p Sracstica] Compositions of eD&%sé‘F‘h hVERtiBR afe ormulated into

pharmaceutically SEt&paks Hos Sgs Rslinc b i/ BRTb R fricthisastidedi tostosecofskill in the art.
Actual dosage levskpofithe thetiveniigradients firthe pharmsciutisalypepigesiignsafithesjpresent
invention may beivieeksn astaropiain-amarnount ofdhe.active.0ingiedient which iseeffective to
achieve the desired igraARRYIAISIRGSE [ALARAIGHIBIRAISRL, composition, anc mode.of

administration, without bef!Cr; toxic, -.24 - to the patient. 1he selected dosage TevaWwii ‘d&pend upon a

variety of pharma&BitiRBtic TRtk 6P arehath iR thatesn S e e prefrbl nFEERoAatshthe present
invention employé&t orsseeesesr bsilg dirdldertheseofndherraibite ofadministation; thedime of
administration, theoratgrotexcrétion akiiespariieylar Sweomperng beingemployae the duration of the

treatmentother diygs, campauads andior.materials used n sombination with the particylar
compositions emgéog}esldtést e age sgcxthwei;% t, con |t|on,f.§eg§ral healt and prior meﬁlcalhlstory of the
patient being treated, and Tke LS5 Wefl Kntivh TAEE e SRSRREOT 98 WU 38TISASt be sterile
and fluid to the e AERTIrRICIHE R eRRPBI0EA Rratbcgieliverable by syringe. in addition to water, the carrier

can be an isotonic buffered saline solution, ethanol, polyol (for example, glycerol, propylene glycol,
and liquid polyetheylene dlxesh, and thelke)andauitable @gpumthgg@%ﬁﬁgpe&gujggx can be

maintained, for e%@lﬁngéé%i e of;comting,such.as lecithin, by, maintenance of required particle size in
nd b §sae fg?SSls%%fa%%%?g%?ﬁ Sm%fr%P “y%%s%‘é’,gﬁf% p ’fléra%’(fle ¥Piiciude isotonic

the case gof dispefsion Y . L n i .

agents, fc{))F’ examp‘ig“;ng@é’é’lﬁgf,{boWﬁcotﬁ?fﬁrgffeﬁdaée#faﬂﬁﬁm‘%r Sorsrancdgeriretniadde in the
composition. LongtEties alsaseptibaref tie trijbotdblezoohipodiionsnian béthnedeht mboulsby including in
the composition amégentitiichatielaysabsarphion {orexamplenatminurienesteatate or gelatin.

20The following exapwplesorefasenes: saamense Yaling and.figuies arg provided to aid the
understanding ofgp%.gesea?t invention, the trufe scope of which is set forth in the ap ended claims. It is
1| cal a er el %

understood that modi g&fimnscggln be made in the procedarss s&tes PR EERelS MRS from the spirit
of the invéhtion. DEXERFITSRG LI REgne A 1iRstieg 25SR b IeNGortagyrengin variable domain of
HuMab LC5002-002 SEQ ID NO:2 light chain variable domain of HuMab LC5002-002 SEQ ID NO:3

heavy chain variatiie gamaimafd ub/lab bEH002-003 BEQ:IRNQ:4light shaiy variablgdomain of
HuMab LC5002-Q03; -13Ra1 in an in vitro assay, preferably in a binding assay in which the antibody
is bound to a surface and binding of IL-13Ral is measured by Surface Plasmon
Resonance (SPR}. Binding means a binding affinity (Kp) of 10° M or less,
25 preferably 107 to 10° M. “No binding” means a Kp of 10° M or more. The
antibodies according to the invention bind to the extracellular domain of human
[L~13Re] and preferably also of mouse IL-13Ral.

Binding to IL-13Ral can be investigated by 2 BlAcore assay (Pharmacia Biosensor
AB, Uppsala, Sweden). The affinity of the binding is defined by the terms ka (zate

30 constant for the association of the antibody from the antibody/antigen complex),
kd (dissociation rate), and Kp (kd/ka).



- 25 - SEQ ID NO:5 heavy chain variable domain of HuMab LC5002-005 SEQ ID NO:6 light chain
variable domain of HuMab LC5002-005 SEQ ID NO:7 heavy chain variable domain of Hu_Mab
LC5002-007 SEQ ID NO:8 light chain variable domain of HuMab LC5002-007 5 SEQ ID NO:9 heavy
chain variable domain of HuMab LC5002-018 SEQ ID NO:10 light chain variable domain of HuMab
LC5002-018 SEQ ID NO:11 Ic light chain constant region SEQ ID NO:12 yl heavy chain_consta_n_t
region Description of the Figiur 10Figure 1shows bin{ﬁing of anti-IL-13Rccl antibodies to immobilized

recombinant human IL-13Ral polypeptide. Included

e polyclonal rabbit-anti-human IL-13Ral antibody

AF152 (R&D systems) and and-KLH as a negative control HuMab. Figure 2shows iphibition of IL-13
binding to immobﬁ"ﬁzéﬂd&hﬂﬁ&”aiﬂﬁaliﬁémamﬁeﬁidfxﬂﬁ;i@mﬁﬁ&ﬁk&’&ﬁ%mQ@ﬁ&e@nl;lgﬂ@e%hows the

blockade of IL-13-hinging torCHSsels ﬁ@&%&%@%k@%a&ﬂ%@m&s

antibodies. As a o%ﬁlﬁﬁgn%ﬁ% %%om rma;%éa\ggure chI ?r.%‘grr]\tl 3!(!5'5?’

R&D Systems, nneapo was J0imclu

'- -13Ral
antlbody (AF152,
]IinéRéﬁ antibodies to

hiL-13Ral and bRy Breparic &%nﬁ%&f&ﬁy @%@@?@c@b@o@%ﬁ@%ﬁé}%@ﬂhﬂ@a - 26 -
Figure 5shows thecoapagity dfeantietitidrBRatlanitibdiiesi6lbindddliriabilizecrecombinant murine IT r

I3Rexl polypeptidgviineiydediase polyclanalaoai-antipumanlaiiRalantibody AE153 RE&D Systems)

and anti-ICLH a%z?d%%%ﬁ@ﬂ?rﬁ@ﬁﬁ@n%ﬁ&Mﬁggl@fégg 9!1%.?&3 may be out of the scope.
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The antibodies according to the invention show preferably a binding to the same
epitopes of IL-13Rel as an antibody selected from the group consisting of
antibodies LC5002-002, LC5002-003, LC5002-005, LC5002-007 or LC3002-018 or
are inhibited in binding to IL-13Ral due to steric hindrance of binding by these
antibodies. Binding inhibition can be detected by an SPR assay using an
immobilized antibody selected from the group consisting of antibodies LC5002-002,
LC5002-003, LC5002-005, LC5002-007 or LC5002-018 and IL-13Rel at a
concentration of 26-50 nM and the antibody to be detected at a concentration of
100 oM. A signal reduction of 50% or more shows that the antibody competes with
an antibody selected from the group consisting of antibodies LC5002-002, LC5002-
003, LC5002-005, LC5002-007 or LC5002-018. The term "epitope” means a protein
determinant capable of specific binding to an antibody. Epitopes usually consist of
chemically active surface groupings of molecules such as amino acids or sugar side
chains and usually have specific three dimensional structural characteristics, as well
as specific charge characteristics. Conformational and nonconformational epitopes
are distinguished in that the binding to the former but not the latter is lost in the
presence of denaturing solvents. The invention comprises also a human antibody
binding to [L-13Ral and inhibiting IL.-13 bioactivity, characterized by an affinity of
10 M (Kp) or less, preferably of 10 to 10™ M for binding to IL-13Ra1 and by an
affinity of 107 M (Kp) or less, preferably of 107 to 10 M for binding fo murine IL-
13Ral.

In a preferred embodiment of the invention, the antibodies according to the
invention are further characterized by one or more of the characteristics selected
from the group selected from the binding parameters ka, kd and Kp, binding to the
same epitope to which an antibody selected from the group consisting of antibodies
LC5002-002, LC5002-003, LC5002-005, LC5002-007 or LC5002-018 binds.



Example i Generation of hybridomas The human monoclonal antibodies according to the invention can
be produced by 10 immunizing a transgenic non-human animal, e g a transgenic mouse having a
genome comprising a human heavy chain transgene and a human light chain transgene encoding all
or a portion of an antibody of the invention, with cells expressing human IL-13Ral. B cells (e.g. splenic
B cells) of the animal are then obtained and fused with myeloma cells to form immortal, hybridoma
cells that 15 secrete human monoclonal antibodies against IL-13Ral. Human monoclonal antibodies
directed against human IL-13Ral can be generated tising transgenic mice carrying parts of the human
immune system rather than the mouse system. These transgenic mice, referred to herein as "HuMab"
mice, contain a lTimantindienagtobidingencmininels-that e pRouRfeRrARgsAhuman 20

immunoglobulin genes which,inglude the: h Q&&mdﬂ)@ and %Oggggaa}llqht chasgg(gj%g%tant region

genes), together with targeled tations that inactivate the endogenous afr)l%qf(% a chain loci
(Lonberg N., et al.FNattre 36819 ﬁ’?‘%?g- SHf*REEGr GRS Hrte e eRhilsr FEAR R tB%pression of
mouse IgM or K 28H89AT espaistde mrnumizbiicrrthetismotiueethaumsasntiedyy mneptight chain
transgends 25 undéngGolassswitchingrantbspmatifcriistiascarganeratedtighatiniyshuman 19G
monoclonal antibpgigsnkowrapsraie fulichumandneaclanal antibadies to human llal3Ral, HuMab
mice can be imrrgﬁ%%qgvﬁ/itg cglg g_@ressejg%hu%n‘LL-lBRal in accordanc witﬁ]t e general method,
as described by Lonberg, N, /et al.. Nature 368 9@%’5@@%@;%5 85 MoseEdl ST Biotechnol.
14 (1996) 845-8%&%&%@8@%@&?% ' ¥ el o ol beas- 16 WewdkeeBt age upon the first
immunization. Fékexeiihply, Hlret8Reldfansitotedlcélipeanhatuseditadmmunize the HuMab mice
intraperitoneally. The immune response can be monitored over the course of the immunization
protocol with pla ing: obtained-by..- 27 - retoorbital bleeds. The plasma can be
screened by EL]? g?&%lﬁr?%(?l ?:?i\%%g&m%ge%ﬁ?ﬁ%’ggﬁﬁe}ﬁpﬁ%%n of ; gnﬁ{ﬁﬁ?n%%“if%l%ﬁaﬁrﬁﬁ& n
immunoglobulin C&iT D& us{%%ﬁ%&{&ﬁﬁmw arEdercdpdriaidg a3 celisowir Emantsaiboosted
intravenously with’ Ahtifer & 1602 Saisschdictalsdinifive Bret rBmib\al Bk aplesh Baddymph nodes.

For 5 example, RiMebinticacohtioe HGaF0y HTakZ;SivaineaRn. oe mmunized begi@ayl mice have a
JKD disruption irgheir endogenous light chain (kappa) genes (as described in Chen et al. (1993)
EMBO J. 12: 821-830), a CMD disruption in their endogenous heavy chain genes (as described in
Example 1 of WQ 01/14424), a KCo5 human kappa light chain transgene (as described in Fishwild,
DM., et af 10 (1688)REpGrE B hhoRsETR LA bBE Fllanit & o7 tanan ineawpcidin transgene
(as described in I3 70 #pekiThEy HEe| mic® hbdfetodkDodistptid tiniheiresdaganous light chain
(kappa) genes (ashdeseliied dfnipbaantd .o ebaler EMRMhahe, (1293082 1:83Q). 2. GND digruption in their

endogenous heayy yﬁlg’elg s{as ' in.Exampl 1of1¥\é90 4424)) a KC uman kappa
light 15 chain tr stlgglie é jeéck?rgggﬁﬁ%%%g ?ﬁ? D%]I%A%(%e?gal a?eéﬂPectﬁ%go.?’( ) 845-851,

0
and a HCo12 human Héavy chain transe e%ﬁ"e"gé(s LI el if SR D of WP BEFE4484). The mouse
lymphociites carBeWBdmtRtrEn e rAeaRet afduse MysormBresidnmlidrigPEGésed on standard
protocols to genérataehybbitbmasnd Helsedutting imydaridemdsrang 4Ben screened for the production of
antigen-specific 20 antibodies. For example, single cell suspensions of splenic and lymph node
derived lympho immynized mice are. fused to SP 2/ nsecreting. mouse myeloma cells
(ATCC, CRL 13}%‘? %%ﬁggocyo PE%@gérﬁlgsﬁé% e?&%cf’ﬁt%%%%?ﬁ%éﬁ? é:?é@gﬁfg‘ﬁ%’lﬁg%’ Bttom micro
titer plate, follo Q%} abour TG e BRS Mcabdtiof iAtsdhtide riasiin 7 éRPRaPHlelZlare then
screened by ELIBAMIEICEPARGIS oy deGHiaa & ari- D« GRat, Hiorbelomaldg MdahdRgGantibodies,
Once exensive {Blodlistaigiong breesibss daenantihodysacetpohybridemasare-kepiaied, screened

again, and if stillpQgitie foeh NigH-r. ongclanal antibodies, ca bcloned at
least twice by Iirgic%gg %ﬁg&%zﬁggggﬁﬁgﬁﬁﬁ%e?hgﬁﬁ%éd #\P v%%éfgc E&%&%ﬁantibody in
tissue culture medium J0for e aracterization. frh u%i%t'oﬁ“‘t%’i’@ PSP e e Three HCo7
mice (3 males), $frainREEPFO ITaNReHrexrsHiPy sxeeoAHEE RP At Sesttibad tmibebldepsale and 1
female), strain G32198}(Metktrexp ShniddsepCindBbA) Wekeimmuszesdaitsdnudls, HEIC293 cells,
transfected withjan:expressien. ealtids 24 ¢ fosdl-133Rad. In total eight immunizations were given
alternating intraperitoneally (i.p.) and subcutaneous (s.c.) at the tail base. For the first immunization,
100 pl of 1 x 10%{@029 . IL-13Ral cells, was mixed with 100 pl complete Freund's adjuvant (CFA;

Difco LaboratorieS: DEHO, FERRELIG BheH MRS AIoHE P8 pPofeairrln FEBidas mixed with
100 pl incomple® FrEHd $Ridpnednt ICPAsBIfco FeBoastinguod micebosome binding  site.



When serum titers of anti-IL-13Ral were found to be sufficient, mice were additionally boosted twice
with 1 x106 HE1C293: IL-13Ral cells in 200 pi PBS intravenously (i.v.) 4 and 3 days before fusion.
10Example 2 Testing the binding of HuMab to immobilized 11,43Ral by ELISA To deteuuine the
ability of the antibodies of the invention to bind to recombinant IL-13Ral, the extracellular domain of
IL-13Ral (R&D Systems, UK) was dissolved in PBS (1 pg/m1) and allowed to adsorb to microtiter
plates (NUNC Marisorb) by 15incubation over night at 4C. After washing the plates with washing buffer
(WB 0.9 % NacCl; 0.1% Tween(r) 20) unspedfic blndllnlsg sites were blocked by addition of 100 ul
incubation buffer (TB = PBS with 1% crotein C and 0.1% Tween(r) 20) and incubation for 30 min at
room-temperaturé{REoFhedis serathdilutediiudab.antsontzahanibadies (08.pl el dilutions in
TB) were added ggd.incubated for 20 1 hour at RT. The plates were again washed and bound human
antibodies were detected by incubation with peroxidase-conjugated rabbit anti-human kappa (DAKO,
Denmark) in a final dilution of 1:500 in TB. Polyclonal goat anti-hIL13Ral antibodies were detected
with peroxidase-corjdared gl ersivarins rikeysuitiblyoapig@e(Shnta CruzyititutiondikO00/in TB). After
incubation for Ih aeREnsindaRSiasubsgiquieit vyﬂﬁfﬁegisteq;ﬁk&dﬂ%%ﬁggr%p%@m&gh

ready-to-use ABTa{f:s0l ga@gcggdgj tga@gﬁ%gagt@ E%th%c OA&sogalgnce was

measured at 405 @M sor anc of onc reac a su |C|eﬂ'§ %DD All
antibodies against IL- 1é pﬂml te§¥ Were ab fhsdifsntains of
human IL-13Ral. i Ee ﬁe\fla%} §%€F@ﬁ?ﬁﬁ’é5‘%\féﬁé"ﬁﬁ“ﬁﬁ@%@mﬁg@@ﬁ @E&f@bmﬁnﬁwct%vanous LC
antibodies tested=Fhemegatveovomtin HuBbANM:K LN didmet binghtelthedmmabilized,extracellular

domains of IL. -SeriBfak Rolysionakanataniumen i LIeLasthody, gl ggad A3 positive
control, atso boupg;efficignthyie the-immobilized eelxtracell]_L[JIar domains of [L13Ra (F| Example 3

Sinhibition of IL-13 binding o, JL-13Ra1/IL- 4Ranﬁreterod|mer (E?_@ﬂ)rl\ﬂ P&ﬁf%?a@? fe coated with
100 pl hiL- 13Rallﬁ‘r9mﬁ%% HEh BRI REDP B ete e, RYRTIPBE Heamhimt avatevaright on a
shaker. After Wﬁﬁﬁ‘ﬁ?% ﬁlé@é@WﬁFﬁWS serially dlluted HuMab and control antibodies (100 p1 /well;
dilutions in TB) were added and incubated for 30 min at RT. The plates were agaln 10 washed, and

then a mixture omla%ﬁms%&@mﬁ W0 9 0 with ;T8) and | R&D Systems,
UK; 0.75 pg/m1;¢ % n with TB) were added gél[ﬁéﬂ qgt%%%?orxi %xf Sﬁfﬁera\rllv%]is g the plates

100 pl bigtinylated anfi Icf;mifwa ody (BAF2TS! %ﬁ%ys@ "é’t{fjki‘?ﬂ %&ﬁé@%ﬁﬁiﬂ%%? 0.4 pg/m1
was add&dl and iRABEEHPRSrEak Y nR?téﬁ%@hﬁ%Eitﬁéepﬁa@S beuihtd- i wesrieteotéd by 15
peroxidase-coupies smlfé{wavmrmémghwDlagmhc@zemm&;ﬁhﬁ)dﬂs&ﬁkﬂ%@nn@fo&&@@%
(incubation pericdalxiatdRadfipbRlaies Werervashes %ﬁ@ﬁ?é@é@ﬁﬁ&%&%@%%e ABTS(r)

solution (Roche Diaghostics & é?i D, temperat n the bsorbance was
measured at 405 E]t% fter 45 t 60, 1 ﬁérﬁg‘%‘?ﬁt odies Lé%%%’é%‘bt?“[_c‘g 50831 £5002-005,

LC5002-007 and 5. ﬁfﬁl\?veafé |ﬁ%fﬁﬂlﬁﬁ%lﬁg%ﬁﬁ iR Wh@@é‘?ﬁdlh@éﬁk%réceptor with
maX|mafz%h|b|t|d¥%ﬁ§§?ah%g?ﬁ@%ﬁeaﬁ§@%@aﬁ@@/ BOte B0:85%mitusitivechainiblawas AF152
(polydonal rabbibesriBeityd s ibxpectEiesthixmégative chnimlanicKUREg.aotinbibit kinding of IL-13
to the heterodimeyie, r@@@@;%g]}hgel%gﬂﬁjg)e%gmglggg Mr?e%et\%%%pt& 24 C{\/Iga nd H]h% 1 nM for

LC5002-002, LC&Q&Z 99‘—%' l'g(géoé)‘%af side chaing (e.g. glycine, asparagine, glutamine, serine,

threonine, tyrosine, cysteine, tryptophan), nonpolar side chains {e.g.,, alanine,

25 valine, leucine, isolencine, proline, phenylalanine, methionine), beta-branched side
chains {e.g., threonine, valine, isoleucine) and aromatic side chains {e.g., tyrosine,
phenylalanine, tryptophan, histidine). Thus, a predicted nonessential amino acid
residue in a human anti-IL-13Rel antibody can be preferably replaced with another
amino acid residue from the same side chain family.

30 Amino acid substitutions can be performed by mutagenesis based upon molecular
modeling as described by Riechmann, L., et al., Nature 332 (1988) 323-327 and
Queen, C., et al., Proc. Natl. Acad. 5c. USA 86 {1989)10025-10033.



LC5002-007 and LC5002-018 (Fig.2). Example 4 Radioligand Binding Assay 125I-1L-13 binding
assay was performed using CHO cells expressing human IL- 3013Ral and human IL-4Rcc in binding
buffer (25 raM HEPES, 150 mM NaC1, 1 m/VI CaC12, 5 mM MgC12, and 0.5% bovine serum
albumin, adjusted to pH 7.2). 1x105 - 30 - cells per well were mixed with the antibodies and
preincubated for 15 minutes to 1 hour. 0.1 nM 1251-IL-13 was added, and the mix was incubated at
4C for 4 hours. The concentration of 125I-IL-13 used in the assay was determined from saturation
binding analysis, competition analysis and determin&tion of input 125I-I1L-13 to 5 reach equilibrium
binding with the cell line Samples were harvested onto a GF/C filter plate pretreated with 1% PEI/0.5%
BSA and counte(Aﬁﬁnﬁ’a@kﬁrﬁkd'm&oh&@:ﬁ&ﬁmﬁﬂ&i@ﬁz&omﬁRQﬁt&ﬁg@%&ng&?ﬁg@rggpd in PRISM
b

using nonlinear r. g&ﬁ_g{% ' ware Diego, CA)..All antibodies aganist
IL-13Ralphal testi%rggldcks %gg\ﬁ?p m%%%%ggﬁ%%j{zg%&ﬁ%%f a?ﬁﬁ- %’“’é’ér%"b%eﬁ e calculated
IC50 values for antibodies %%5‘6‘8 G5 LB A5 PEEb IR0 L e iR DoTakaiteb002-018
were between 0.59$MCEn G OB HREA HE B, Sion fermniel 5 Fip Q)i Esample bot altetntibition of IL-13
induced upregulationcofe@dasdoarhitman Beetsands1hmongcyiesiy eMab Rariphesglblood

mononuclear cells{BRM&)WeLs iSQ| icoll ity.gradient. After washing the cells
with RPMI they we: lgé\gu : i%r?gg %%@%C%ﬁ%%%t}n utﬁe ta %&f&%Bﬂ&%&%ll (volume 50
V¥ f)eflz or%fc%x ie F: a?gggégilpn

pl) in 96 well fiat bottorn microtiter p ning Incorporated Costar). Then, 25 pl of an anti- 20

human CD40 antibody (Imrnunotech) in a final concentration 0.5 pg/nal in RPMI1110% FCS and 25 ul

of an anti-humanigAwrgGtgiiantibody (imhinoreseatbly) theapfiophcongentationofa0 pg/ril in

RPMI/10%FCS wesie mmmamwa&wﬁwmmﬂa&a}gg&gmtg@ggg%@g pd/well; dilutions
5 :

in RPMIAK% FC$) e h Is incybated for, 30 min in the incubator, 25 §7C; 5% CO2).
Then recombinapt hﬁ%{%ﬁ?fil%a?ﬁ%% fycs?tgégms ?l?qe%ﬁﬁnaaflgo%gﬁ?étié%ﬁrﬁﬁ?6??13@57 &s added (50

pl/well) and the coIETELAEHT6PIBR R B7EYE 9O Kiecamiihodhidaramanreie piakiirvere

centrifuged and fR&frebminvasHiihettbod tistec mmtntipfagherent delis200 prahAagutase (PAA)
was added and the cells incubated for approximately 5 min at 37C; 5% CO2. The cells were 30

detached by repgatad.flushin ranst tora T t late, @ftr?r o gtrif ation and
aspiration of the salép%nﬁtsg %{ﬂ%& ﬁ?ﬁ%v??%c%f%i%ﬁv%i@é% E)El)o a rr’r‘ﬁlxta& Yo?sgg -Cb23-PE,
anti-CD20-Ff fCFand anﬂ%f)fﬁ-i?’%‘(aﬁ frIo%nﬁbs BISER P R fiR Ga e SER BiEhatecA). The cells
were inclibated f8PSHsMiRraGip thaentibriy o ridingrin e sprerdacanistaspitaetiaThis washing
step was repeatétk ontereand finkdiy thid ol Syererresupehdeid4di200 HhRERBSIBN human serum
albumin and anaiysed iefas kMG Galihu-Howr evtamnelel BR.BiRs6iences Bharminggp, san Diego,

CA) using the CeliQues! saityatexin masheases,40,090,sevents were acauired and gated on a igh
scattgr gateto i _Hggogpgg v‘l&tgelre; I)ﬁnghgn tg;gﬁda@gn&@jet%e censwiere fﬁ%ﬁﬁ%ﬁ on a CD19
nositive cluster for ) pt proline, are the recognition
20 sequences for enzymatic attachment of the carbohydrate moiety to the asparagine

side chain. Thus, the presence of either of these tripeptide sequences in a

polypeptide creates a potential glycosylation site. Addition of giycosylation sites to

the antibody is conveniently accomplished by altering the amino acid sequence

such that it contains one or more of the above-described tripeptide sequences {for
25 N-linked glycosylation sites).

Nucleic acid molecules encoding amino acid sequence variants of anti-IL-13Rai
antibody are prepared by a variety of methods known in the art. These methods
include, but are not limited to, isolation from 2z natural source (in the case of
naturally occurring amino acid sequence variants) or preparation by
30 oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and

cassette mutagenesis of an earlier prepared variant or a non-variant version of anti-
IL-13Ral antibody.



B lymphocytes or a CD14 positive cluster for monocytes and analyzed further for CD23 expression.
The observed IC50 values for inhibiting of CD 23 upregulation on B-lymphocytes 10 were between 0.5
n_M and >70 nM for antibodies LC5002-002, LC5002-003, LC5002-005, LC5002-007 and
LC5002-018, and 13.6 nM for AF152. A similar profile was found for inhibition of IL-13 induced CD23
upregulation on human monocytes. On monocytes the 1050 values were between 0.1 nlVI and 62.8
nM for antibodies LC5002-002, LC5002-003, LC5002-005, LC5002-007 and LC5002-018, 15and
62.9 nM for AF152. Example 6 TF-1 proliferation aé%gy in response to IL-13 or 11-4 as stimulus TF-1
cells (ATCC # CRL 2003) were grown in media containing ATCC modified RPMI, 10% PBS, 1X.
Pencillin/Streptomyeithe2 NgHn 1o MrkaShr. &g&ﬁ@rﬁ@ht%mggm&%cgys%gﬁﬁ@ﬂpined in
GM-CSF free medj well.werejncubated with appropriate concentragions of
anti-IL-13Rccl an?li)%)cﬁg)é%?%ggg%f ?Lﬁﬁg%trlb% %rﬁl%gegéﬁ?%% aéilt%r%‘g‘l% e With2 alﬁiegf human
IL-13 (R&D Systéms MATIEEpSTS MR oo T g sPhtinfak it 44R1s Syseimestalimieapolis, MN)
and incubated at @Pe>fdrsagtHolirsoRelivdtid Weresplatsed Withe0BrGiBkk Toyplidine:ade incubated at
37C for 16-18 houssd.Shmples(werahisr westdd DrIGS heplades pratieatedwith 1% REMR. 25% BSA

using Perkin Elmgroilerale. 96 manasiel TG LRABIRIRRNEIR cOUNRE QR BELn cimer Top

count Scintillatiorsju%%untg{é Dg}aseanal;{%s was peréoimed In PRISM usihg no egfggsion curve fit
(GraphPad Software, San Diego, CA). SURRKE Ygﬁ?fﬁ'gﬁ?}%ﬁ oOPEHBA S FHITDHON 3 this assay.
The same was trifet6r YCEE o oAl Bherantbodierkibited th tésponsk, everpthgugh
LC5002-007 inhilsitdertive rébpensetivith highertBsdainertbantiient)erantibadies;, Themabserved - 32

- IC 50 vaiues forvikadiffgrent antioodigsnvesiol330. TIMfosAFLR2, 9.21 ni\4 for LC5002-002, 3.07
nM for LC5002-003 and 0.39 nM for LC5002-005 A similar profile was found for IL-4-induced TF-1 cell

proliferation, hov\%vert e potency of the antibodies was decreased compared to IL-13-induced
responses. IC50 VEREE fo! 5374 HARET o fRsHEHEN WiErend. 02 nitdoruilteivaReantibody, 74.37 nM

for AF152 and fot%htdidhes Lds0821002r LEB002:00Y, L C50612:0 05elyCHHRR 00 ZancthtC5002-018
between 4.68 nManth6ishéi lby exposing the antibody to trifiuoromethanesulfonic acid, or an

equivalent compound. This treatment results in the cleavage of most or all sugars

15 except the linking sugar (N-acetylglucosamine or N-acetyigalactosamine), while
leaving the antibody intact. Chemical deglycosylation is described by Sojahr, H.T.,
and Bahl, O.P., Arch. Biochem. Biophys. 259 (1987) 52-57 and by Edge, A.S., et al.
Anal. Biochem. 118 (1981) 131-137. Enzymatic cleavage of carbohydrate moieties
on antibodies can be achieved by the use of a variéty of endo- and exo- glycosidases

20 as described by Thotakura, N.R,, and Bahl, Q.F., Meth. Enzymol. 138 (1987) 350-
359,

Another type of covalent modification of the antibody comprises inking the

antibody to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol,

polypropylene glycol, or polyoxyalkylenes, in the manner set forth in US Patent
25 Nos. 4,640,835; 4,496,689; 4,301, 144; 4,670,417; 4,791,192 or 4,179,337,

In yet another aspect, the invention provides isolated B-cells from a transgenic non-
human animal, e.g. 2 transgenic mouse, which express the human anti-IL-13Ra1
antibodies according to the invention. Preferably, the isolated B cells are obtained
from a transgenic non-human animal, e.g., 2 transgenic mouse, which has been
30 immunized with a purified or enriched preparation of 1L-13Ral antigen and/or
cells expressing I1-13Ral. Preferably, the transgenic non-human animal, eg. a
transgenic mouse, has a genome comprising a human heavy chain transgene and a

humar light chain transgene encoding all or a portion of an antibody of the



Example 7 Inhibition of eotaxin production in response to IL-13 by human lung fibroblast 10The assay
was performed using HFL-1 cells (Human Lung Fibroblast, ATCC # CCL-153). Cells were plated at a
density of 100,000 cells per well in a 12-well plate and incubated at 37C for 72 hours to reach
continency. Cells were then starved in serum free medium for 24 h and treated with anti-IL-13Ral
antibody at 37C for 1 h. Following this treatment cells were stimulated with 10 ng/m1 IL-fl (R&D 15
Systems, Minneapolis, MN) at 37C for 48 h. Supernatants were collected and eotaxin determinations
were done using commercially available Rl ISA fronf R&D Systems (Cat. No. DTX00). Absorbance
was read using Spectromax microplate reader and the data was analyzed using PRISM (GraphPad
Software, San DiegoyiGA)TRO Thkadtibodiestested 3&&%@&1@&%6%@@3&@@%&1&%QE‘%'tantaxm

release. With the gegtian ogb%%0%@@195@%9ng999$%§5;esgc%o§a%@ sgme inhiition. The
calculated aver 31 lues frog Q84 different e 6%%rm¥ents were 115 n/s4 fo? Ksﬁ 2 and
between 2.45 n n?\/lpfror SiSodieE P B0 B 0TS T8% EC5002-007
and LC5002- omn %ﬁﬁﬁf@@%ﬁ%%ﬁ%’ﬂ@%-ﬁﬁd@éé@@@dt%%h@%hﬁmt&ﬂawnﬂhdman bronchial
smooth nfuscle eelsctiushiinBichehial SmepthdtuscleGels (BHN) Gy ClonetisgfakhNe.CC-2576)

were grown follqmmggtaegeaﬁiéfas%mlwtﬁmqpﬁe lig.ere, 0roMe i d 2-well fisgpg, S0culture
plates until they ggﬂgt}e&g nflu OQ/vaere Iarv for %%Q %’1 seé_ym free medium and variable
rib

amounts of antibody Were ded ates wer |ncu pated” ﬁtﬁgﬁ%ﬁﬁfﬂ? B4 with 2.5
rig/nil IL-13 (R&Iﬁ“éw &5 min incubation, supernatant was removed cells were washed with
phosphate buffer and 100 pl of lysis buffer was added. The mix was briefly sonicated on ice and

centrifuged. Lysateanasises fandWestem, Blot detpetion abrhephorviated:Stal 6., fdual amounts of
protein were loa embrane. Anti-Stat-6 antlbody was
AeAQuRaD SDSRL LA ATSIRIEd a9 NSRS,

from Santa Cruthh? no %Nat a‘secondary Antiboc y cou f€d to

peroxidase was ﬁetef‘:ltI %1 §§C8 iR RETEBLoP Tﬂ?sa%‘i}%‘?@ﬁf’?r%%?ﬁ@?%ﬁaﬁe(cm No RPN

2132). Quantltat%?%%‘aéﬁé ey hEer 9400 kmirferiBE ottt eMabdidstedemmitttislassay

(LC50002-003 arei@5082005) ithibitetsta kddlatudbd-Sinkenpospreryl atiee:bRepetency found in

this assay was m@@g@ctnamﬁl%%mm | @SSRS, I;l;s@ %@é@%@&ﬁ%‘é"é@'ﬁ%ﬂ%ﬂ% 18.64 nM for
oning a

AF152, 9,98 nM %Qg ngpz 3 aggnll 18 OnaPanIﬁ 5 : ple 9 15C d sequence
analysis of antl RAFHUMaD variapi omalns Ilegftﬁ an -heavy chains) The nucleotide

sequences coding for the light chaln varlable region VL and the heavy chain variable region VH of the
anti hiL-13Ral Him dysowe recinothed pytigodies according to the invention can be produced by

immunizing a transgenic non-human animal, e.g. 2 transgenic mouse, having 2

genome comprising a human heavy chain transgene and a human light chain
transgene encoding all or a portion of an antibody of the invention, with a purified

20 or enriched preparation of IL-13Rol antigen and/or cells expressing IL-13Ral.
B cells (e.g. splenic B cells) of the animal are then obtfained and fused with
myeloma cells to form immortal, hybridoma cells that secrete human monoclonal
antibodies against IL-13Ra.1.

in a preferred embodiment, human monoclonal antibodies directed against IL-
25 13Rel can be generated using transgenic mice carrying parts of the human immune
system rather than the mouse system. These transgenic mice, referred to herein as
"HuMab" mice, contain a human immunoglobulin gene minilod that encodes
unrearranged human immunoglobulin genes which include the heavy (p and v) and
¥ light chain (constant region genes), together with targeted mutations that
30 inactivate the endogenous p and x chain loci {Lonberg, N., et al., Nature 368 (1994)
856-859). Accordingly, the mice exhibit reduced expression of mouse IgM or &,
and in response to immunization, the introdnced human heavy and light chain

transgenes undergo class switching and somatic mutation to generate high affinity



standard cDNA synthesis / PCR procedure. Total RNA was prepared from 1x106 - 20 1x107
hybridoma cells using the GeneRacer.' Kit (Invitrogen). Hybridorna derived RNA was used as a
template for the 1st strand cDNA synthesis and ligation of the GeneRacer Oligo-dT Primer. 26d-strand
cDNA synthesis and further PCR amplification of VI and VH encoding cDNA fragments were
performed with reverse light and heavy chain primers complementary to nucleotide sequences of the
K- 25 light and yl-heavy chain constant region and 5'-specific GeneRacer"" primers, respectively. The
PCR products were cloned using the TOPOw TA clotfing kit from InvitrogenThi Life Technologies and
pCR4-TOPOTh' as a cloning vector. Cloned PCR products were identified by restriction mapping of
the appropriate plagmig ' i [ d expected Icul DNA fragment sizes of
about 30 740 angeleQV %%Sﬂ?%lggr?%%{tﬁggg %@?ﬁ@bﬁ%i@@%ﬁ%ﬁ?ﬁ@@%&@é& fragments
was determined By HoubIS ARG & uHeE A Bisaketitarcerninmet BrddptMadison,
Wisconsin) softwards g&tkstie Versioh Hoszaant Viador-NRed Sxinfordlaxs lncpsiassuseddar general
data processing. BatdimmFprateinLerdérgsequenses WereAianed/using s LG mpdul CLUSTALW.
Sequencesalign NieLe snagdeidsi : C (version 2.1). Example 10
Construction of $§§@9%ﬁ%955ﬁ?§%%@1§%ﬁ921 eéﬁ%‘/%% %Cé%ﬁtlﬁ;ﬁﬁ%%Ral HuMab
light and heavy chain encoding Genes Were Separdtan) ALeethBRaAAREmTAREH Eéfl-Expression
vectors. Thereby tH& iEh& s&bheriieceleBliigtisiibiAril (1 3rABFRIMAB i glitct Ak, variable region
(VL) and the hunddriediéivnctiairt cOPRTANT Fetfion(Bdn, SEQ D, NOIELL) wererjgined-assyere gene
segments for theaniiibil, 113Ral HuMah.beayy gbain yaraple agion.(VH) and;the 10 human yl-heavy
chain copgtant re(gm)(%lg%g';i@gﬁb@%’zﬁplﬁﬁhg&%g% O;e Ilﬂ? %ﬁggﬁral information regarding the
nucleotide sequefices o h"%\fﬁr}nag light &nd"heavy chains from HIEH THEBBa81 EisHge 1§ien in: Kabat,
E. A, Wu, T. T., Periy, H/" Gottetlmah, lomingh & Boeier7e s3udonpseqienndsiotRroteins of
Immunological InteréStemiftie & dnmmHob 251iG806h 896239 8242, Fherttahsesiption. Lnitofthe anti-
15hIL-L3Ral HuMabxxSgtieahiisots cooipasesatine DliaviacelomenissHhiedmmedige early
enhancer and preazoget from:dhe-humam etomegaloviys (HOMY), A synthetic 5-UT Including a
Kozak sgguence, .. SAemrJ[{% e ir?ﬁ%p?%?lfiylin heavvé I:Ialnnsjl ngel §ey%1enc et ﬁiﬁ the signal
20sequence intron Fhe Toned Srti-hiL-15Ral BuNsh FarabRO SR cAG cBNA-BPGed with a
unique Bsml restHEion Cite R HHa%s cAdEnel & spifte-dbForssie-anY asmiouae7Nai]amsitietion site at the
3'end, Th¥ geAtAdRSALMIaN S/ B5RS Colistantinagionoinaluding thedirons3 moyge 25Ig-k.
enhancer [Picard, D., and Schaffner, W., Nature 307 (1984) 80-82] and The human immunoglobulin

ic-polyadenylatiof(RQN.A"} Si nce. The transeription ynit of the anti-ML-13Ral Hulviab
yl-heavy chain is. cogggﬁggéd%?é?g%ﬁﬁ\%i%né % er%ent@?%cgﬁspﬁogitfﬁr%%ﬂigg%ﬁlﬂﬁ%cﬁﬁéﬁéﬁ and

Vi GRTOVRLS (RIS SRR iRBtR SLUTRAL aalisgrackdiaak sequence,

IIIJﬁllu i3
promoter from the human cyto
20 cells expressing IL-13Ral in accordance with the general method, as described by

Lonberg, N., et al, Nature 368 (1994) 856-859; Fishwild, D.M., et al, Nat.
Biotechnol. 14 {1996) 845-851 and WO 98/24884. Preferably, the mice will be 6-16
weeks of age upon the first immunization. For example, a purified or entiched
preparation of soluble [L-13Ral antigen (e.g. purified from iL-13Rai-expressing
25 cells) can be used to immunize the HuMab mice intraperitoneally. In the event that
immunizations using a purified or enriched preparation of IL-13Rel antigen do
not result in antibodies, mice can also be immunized with cells expressing IL-13Ral,
€.g.» & tumor cell line, to promote immune responses. Cumulative experience with
various antigens has shown that the HuMab transgemic mice respond best when
30 initially immunized intraperitoneally (ip.} with antigen in complete Freund's
adjuvant, followed by every other week alternatingly L.p. or s.c. immunizations (for
example, up to a total of 6) with antigen in incomplete Freund's adjuvant. The
immune response can be monitored over the course of the immunization protocol
with piasmg. samples being obtained by retroorbital bleeds. The plasma can be
35 screened by ELISA, and mice with sufficient fiters of anti-IL-13Rol human



- 35 - A modified murine immunoglobulin heavy chain signal sequence including the signal sequence
intron, The cloned anti-hIL-13Ral Hu.Mab variable heavy chain cDNA arranged with a unique Bsml
restriction site at the 5' and a splice donor site and a unique Notl restriction site at the 3' end, 6 The
genomic human 71-heavy gene constant region, including the mouse Ig u-enhancer (Neuberger, M.S.,
EIVIBO J. 2 (1983) 1373-1378), The human 71-immunoglobulin polyadenylation ("poly A") S|gnal
sequence. 10 Functional elements of the anti-hIL-13Ral HuMab x-light chain and 71-h¢avy chaln_
expression plasmids: Besides the anti-hlL-13Ral HLﬁ\Qléb x-light chain or 71-heavy chgln expression
cassette these plasmids contain 15 A hygromycin resistance gene 6 An origin of repllcathn, an, of .
Epstein-Barr virusnte@ylsmidrigim dkreptichtidmfrematbeuactsr ki enahics allawseplication of this

plasmid in E. coliaand wdsdaciamase asne:which canfers AmpElR [SSISIANCe I a0l 20 Bxample
11 Construction gf, xpression ﬂjasmldn% or %Jatan é{\:(t%n nt% grm-f;lL-l R;a %Gl Expression p_Iasmlds
encoding mutant anti-hiL-13R4 TPERGAS BréatedT PSS - e AREBR B enesis of the

eavy chains can be ¢ ( : tage
wild type expresSigit 6%&?1i6§r§§i‘ﬁ§dth%e%5‘bW&@Cﬁﬁhééﬂmgﬁ@l@#e&témﬁm@g@qes@%t |
(Stratagefe) andxreplesrited ivf fable twviinifduatitisdre ainbBed ageadipgteEilsambering
[Edelman, G.M.etisdmfseedNatl. Acad. Sci. USA 63 (1969) 78-85; Kabat, E. A., Wu, T. T, Per_ry, H.
M., Gottesman, K 5, and Foeller, C., (1991) Sequences of Proteins of Immunological Interest, Fifth

icaf] . 91-3242]. - 36 - Table 1
Ed., MH Pubhcatﬁg %%07 m%ce h!ewe & JKD disruption in their endogenous light chain (kappa)

genes {as described in Chen, ], et al., EMBO . 12 (1593) 821-830), a CMD
disruption in their endogenous heavy chain genes (as described in Example 1 of

10 WO 01/14424), a KCoS5 human kappa light chain transgene (as described in
Fishwild, D.M., et al., Nat. Biotechnol. 14 (1996} 845-851), and a MCo7 human
heavy chain transgene (as described in US Patent No. 5,770,429),

The HCol12 mice have a JKD disruption in their endogenous light chain (kappa)
genies (as described in Chen, J., et al, EMBO }. 12 (1993) 821-830), a CMD

15 disruption in their endogenous heavy chain genes (as described in Example 1 of
WO 01/14424), a KCo5 human kappa light chain transgene {as described in
Fishwild, D.M., et al,, Nat. Biotechnol. 14 (1996) 845-851), and a HCo12 human
heavy chain transgene (as described in Example 2 of WO 01/14424).

The mouse lymphocytes can be isolated and fused with a mouse myeloma cell line

20 using PEG based on standard protocols to generate hybridomas. The resulting
hybridomas are then screened for the production of antigen-specific antibodies. For
example, single cell suspensions of splenic and lymph node-derived lymphocytes
from immunized mice are fused to one-sixth the number of §P 2/0 nonsecreting
mouse myeloma cells (ATCC, CRL 1581) with 50% PEG. Cells are plated at

25 approximately 2 x 10° in flat bottom microtiter plate, followed by about two weeks
incubation in selective medium.

Individual wells are then screened by BLISA for human anti-IL-13Ral monocional
IgM and 1gG antibodies. Once extensive hybridoma growth occurs, medium is
analyzed, usually after 10-14 days. The antibody secreting hybridomas are replated,
3¢ screened again, and if still positive for human IgG, anti-Ii-13Ral monoclonal
antibodies, can be subcloned at least twice by limiting dilution. The stable



Mutation Description PVA-236; GLPSS331 as specified by E233P; L234V; L235A; delta G236; The
amino acid sequence G1lu233Leu234Leu235Gly236 of the human ylheavy chain is replaced by the
amino add sequence Pro233Val234A1a235 of the human 72- heavy chain. A327G; A330S; P33 IS
The amino acid sequence Ala327Leu32sPro329Ala330Pro331 of the human 71- heavy chain is
replaced by the amino acid sequence Gly327Leu32aPro329Ser3305er331 of the human y4-heavy
chain 234A; L235A The amino acid sequence Leu254Leu235 of the human 71 -heavy chain is
replaced by the amino acid sequence Ala234A1a235! Example 12 Production of recombinant
anti-h1L-13Ral HuMabs Recombinant HuMabs were generated by transient transfection of adherent
HEK293-EBNA CRRIALT &Gk 40852 aulivalesin OME M (3ihen) supplementad i 10%
ultra-low 1gG PC%;@{%Q&%)‘E I%Zgwhml\ﬂ Glutamine (Gibco), 1% v/v nonessential aminoacids f%ibco) and
250 ig/m1 0418 (Roche Diagnostics GmbH, DE). For transfection Eugene' 6 (Roche Diagnostics
GmbH, DE) 10 transfection reagent was used in a ratio of reagent (ul) to DNA (fig) ranging from 3:1 to
6:1. Immunoglobfitrtigthaiitl freavycehainsrwpreséXprésseddvory-madiffdrentplasmids wsing a molar
ratio of light chaipdesiteavy caairseneadingpiasmicfFemed 20,2k HuMab-confaining %gjl culture
supernatats weggﬂwy&g%@}%gg%ﬁ\;&g&aa&g{ Eg%%e |§r&}:;}§s(3€eg€el§al n;]iz%mgatlon regarding the

recombinant expregsign of éméian antilié)dy ine.g 3 1S glveﬁ In: el_ssﬁf ll’?%’.t,oe |, Biotechnol

Bioeng 75 (2001(3;165]?-1583911-% TESEM ELE v Aaribire’ Srmamangbres de- 03, -005, and

-007 using chimeHe Mna B Ral:FiFe-Fdletnterdttid AR aIRIs d Bifiwere BORO istriumentwas used. As

running and 5 red@6hnRes; HESIR620aNM HERES MLB0 46| NaGils 0.007 fespolysssfactant P, pH

7.4) at 25C was ugesh)Capty rﬂ%@%@ﬁ@%@ﬁeﬂ@%&?%Hﬂiﬁﬂé@%oéﬁu%%%cﬂﬁ:?ﬁw&{%%mi”e'COUp'ed at
v

. h S5E5
a concenfgation qf 20 ug/ral at a flow rate of 5 uil/min for 20 minutes, Halvlabs were |njec?ed ata
concentration of%fgg}r%%éé% ?%V‘%/J}E & 'ot'1d" %ljgr’nolgrj?rfg?rff ﬁﬁl‘fﬁé‘feéli‘éﬁfﬁémhﬁeﬁé‘é“ﬁ%%ami human

IgG, Fcy was acRibvEd o olsyirfattifg FERRHT ganfniadgotsatirpeqaBo0thir anill 80t dimiréor 3 minutes,
Analyte (h1L-13¥2100}iF ehirmblid prowil)gwas, injected-fob tredinvies) pidive cangaatrmations
between 5.63 nMding AG-ahbarckyashestwith HBS-R fan five minutesRagensation fthe surface
was accomplishegd Ry, Buainjection; 00.mM HEl for 1 min each. The chip, assay format and
sequenc%of injegéug(?ng an(t}rl 15 kingg{%f %%at"a"o%é“é%Snd%%‘%hé“ eusacﬁ‘ﬁflg‘ﬁ %ﬁr%g%%ez.al{fé ive control
data (e.g. buffer c&r\c/)xel's) were subtracted from sample curves for correction of system intrinsic baseline

drift and for noise signal reduction. BiaEvaluation version 4.01 was used for analysis of sensorgrarns
and for calculaticthofaffiriyndatde:Kihetiogataveractalcibatod dy-fittingddngticdaiainiacl: 1 Langmuir
binding model (Tiahlerg) 20T able 2 wAlfniysanalysiseptibiMams yeing ikl 3R 5RG. Data analysis

based on 1:1 13Ral, selected from the group consisting of

a2)  an antibody heavy chain comprising heavy chain CDRs of SEQ ID NO: 1, 3,
20 5 70r%;
b)  an antibody light chain comprising light chain CDRs of SEQ ID NO: 2,4, 6,
8 or 10.

The reconstructed heavy and light chain variable regions are combined with

25 sequences of promoter, translation initiation, constant region, 3' untranslated,
polyadenylation, and transcription termination to form expression  vector
constructs. The heavy and lght chain expression constructs can be combined into a
single vector, co-transfected, serially transfected, or separately transfected into host
cells which are then fused to form a single host cell expressing both chains.

30 Accordingly, the invention provides a method for the production of a recombinant

human antibedy according to the invention, comprising expressing a nucleic acid
encoding



Langmuir binding model. Chip Capturing Ligand Analyte Ic., (1/Ms) 1Q (1/s) KD (M) CMS Anti-hFcy
LC5002- 003 hlL-13 Ral:hlc 2.1x105 1.4x10-6 <6.5x10-12 CMS Anti-hFcy LC5002- 005 hiL-13
1.73x105 3.12x10-6 1.8x10-11

-9 .

a}  an antibody heavy chain comprising heavy chain CDRs of SBQ 1D NG:1, 3, 5,
7019

b} an antibody light chain comprising light chain CDRs of SEQ 1D NO: 2, 4, 6,
8 or 10.

The invention further comprises the use of an antibody according to the invention
for the detection of IL-13Ral in vitro, preferably by an immunological assay
determining the binding between IL-13Ral of a sample and the antibody according
to the mvention.

10 In another aspect, the present invention provides a composition, eg. a
pharmaceutical composition, comprising one or a combination of human
monoconal antibodies, or the antigen-binding portion thereof, of the present
invention, formulated together with a pharmaceutically acceptable carrier,

As used herein, "pharmaceutically acceptable carrier” includes any and all solvents,
15 dispersion media, coatings, antibacterial and antifungal agents, isotonmic and
absorption delaying agents, and the like that are physiologically compatible.
Preferably, the carrier is suitable for imtravenous, intramuscular, subcutaneosus,

parenteral, spinal or epidermal administration {e.g. by injection or infusion).

A "pharmaceutically acceptable salt" refers to a salt that retains the desired

20 biological activity of the antibody and does not impart any undesired toxicological
effects (see e.g. Berge, S.M., et al., . Pharm. Sci. 66 (1977} 1-19). Such salts are
included in the invention. Examples of such salts include acid addition salts and
base addition salts. Acid addition salts include those derived from nontoxic
inorganic acids, such as hydrochloric salts.

25 A composition of the present invention can be administered by a variety of
methods known in the art. As will be appreciated by the skilled arfisan, the ronte
and/or mode of administration will vary depending upon the desired results.

To administer a compound of the invention by certain routes of administration, it
may be necessary to coat the compound with, or coadminister the compeund with,
30 a material to prevent its inactivation. For example, the compound may be

administered to a subject in an appropriate carrier, for exarple, liposomes, or a



RalthFc CM5 Anti-hlcy LC5002--007 hIL-13 Rul:h.Pc 1.19x105 Ix10-6 <8.4x_1042 - 38 - b) Affinity
analysis of HuMabs LC5002-003, -005 and -007 using the extracellular domain pf ML-13Ral cleaved
from of hiL-13RalthFc chimeric protein For interaction analysis, a Biacore 3000 instrument was used.
Running and reaction buffer was HBS-P (10 mlyl HEPES, 150 mM N_aCl, 0.005 % polysurfactar_1t P,
pH 5 7.4) at 25C. Capturing antibody molecules (anti-hFcy) were qmlne-coupled at a concentration of
100 mg/m1 at a flow rate of 5 plimin for 20 minutes. HuMabs were injected at concentrations of 10
ug/m1 at a flow rate of 10 ul/min for 30 seconds. Cléaved hiL-13Ral molecules (Mw 401cDa) were
injected for 200 seconds at seven concentrations between 136 nM and 100 nM and washed with

HBS-P for five 1fiiminutés:Regenerijonabtissufacawasaccemplished Ly.wq ipiggtions of 100
rriM Ha for 1 minygaeh,at a flow rate of 10 pg/ml. The chip, assay format and sequence of injections
and kinetic data correspond to the description in the following Table 3. Kinetic data were calculated by

fitting kinetic data to a 1:1 Langmuir binding model. 15Table 3: Chip Capturing Ligand
Pharmaceutically acceptable carriers include sterile aqueous solutions or

dispersions and sterile powders for the extemporaneous preparation of sterile
5 injectable solutions or dispersion. The use of such media and agents for
pharmaceutically active substances is known in the art.

The phrases "parenteral administration” and "administered parenterally" as used

herein means modes of administration other than enteral and topical

administration, usually by injection, and includes, without limitation, intravenous,

10 intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,

intradermal,  intraperitoneal, transtracheal, subcutaneous,  subcuticular,

- intraarticular, subcapsular, subarachnoid, intraspinal, epidural and intrasternal
injection and infusion.

These compositions may also contain adjuvants such as preservatives, wetting

15 agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, supra, and by the
inclusion of various antibacterial and antifungal agents, for -example, paraben,
chlorobutanol, phenol, sorbic acid, and the Bke. It may also be desirable to include
isotonic agents, such as sugars, sodinm chioride, and the like into the conpositions.

20 [n addition, prolonged absorption of the injectable pharmaceutical form may be
brought about by the inclusion of agents which delay absorption such as aluminum
monostearate and gejatin.

Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the

25 pharmaceutical compositions of the present invention, are formulated into
pharmaceutically acceptable dosage forms by conventional methods known to
those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of
the present invention may be varied so as to obtain an amount of the active
30 ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic



Analyte k, (1/Ms) k (1/s) KD (M) CI Anti-hFcy LC5002- 002 hiL-13Ra 1 1.1x106 6.5x10-4 6.2x10-1 ClI
Anti-hFcy LC5002- 003 h1L-13Ral 1.3x106 5.1x10-4 3.9x10-10 CI Anti-hFcy LC5002- 005 hiIL-13Ral
1.4x106

-4 -

to the patient. The selected dosage level will depend upon 2 variety of
pharmacokinetic factors including the activity of the particular compositions of the
present invention employed, or the ester, salt or amide thereof, the route of
administration, the time of administration, the rate of excretion of the particular

5 compound being employed, the duration of the treatment, other drugs, compounds
and/or materials used in combination with the particular compositions employed,
the age, sex, weight, condition, general health and prior medical history of the
patient being treated, and like factors well known in the medical arts.

The composition must be sterile and fuid to the extent that the composition is

i0 deliverable by syringe. In addition to water, the cartier can be an isotonic buffered
saline solution, ethanol, polyol (for example, glycerol, propyiene glycol, and liquid
polyetheylene glycol, and the like), and suitable mixtures thereof.

Proper fluidity can be maintained, for example, by use of coating such as lecithin,
by maintenance of reguired particle size in the case of dispersion and by use of

15 surfactants. In many cases, it is preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol or sorbitol, and sodium chloride in the
composition. Long-term absorption of the injectable compositions can be brought
about by including in the composition an agent which delays absorption, for
example, aluminum monostearate or gelatin.

20 The following exarnples, references, sequence listing and figures are provided to aid
the understanding of the present invention, the true scope of which is set forth in

the appended claims. It is understood that modifications can be made in the
procedures set forth without departing from the spirit of the invention.

Description of the Sequence Listing

25 SEQIDNO:1  heavy chain variable domain of HuMab LC5002-002
SEQID N2 light chain variable domain of HuMab LC5002-002
SEQID NG:3  heavy chain variable domain of HuMab LC5002-003

SEQIDNO:4  light chain variable domain of HuMab LC5002-003



3.0x10-4 2.2x10-th C | Anti-I1Fci LC5002- 007 hLL-13Ral 1.9x105 8.3x10-4 4.4x10-9 ci Anti_hFcy
LC5002- 005, mutant L234A; blL-13Ral 1.4x106 2.9x10-4 2.1x10-1 L235A

- 25 .
SEQID NO:5  heavy chain variable domain of HuMab LO5002-005
SEQIDNO:6  light chain variable domain of HuMab LC5002-005
SEQIDNO:7  heavy chain variable domain of HuMab LC5002-007
SEQIDNO:8  light chain variable domain of HuMab LC5002-007
5 SEQID NG9 heavy chain variable domain of HuMab LC5002-018
SEQIDNO:10  light chain variable dormain of HuMab LC5002-018
SEQID NO:11  «xlight chain constant region
SEQIDNO:12  y1 heavy chain constant region

Description of the Figures

10 Figure 1 shows binding of ant-IL-13Rc] antibodies to immobilized
recombinant human I[L-13Ral polypeptide. Included are
polyclonal rabbit-anti-human IL-13Ral antibody AF152 (R&D
systems) and anti-KLH as a negative control HuMab.

Figure 2 shows inhibition of 1L-13 binding to immobilized IL-13Ra1/IL-
15 4Rd receptor by anti-IL-13Ral antibodies.
Figure 3 shows the blockade of I1-13 binding to CHO cells {expressing {1~

13Ralphal and IL-4Ra2) by anti-IL-13Ral antibodies. As &

positive control, a commercially available polyclonal anti-IL-

13Ral antibody {AF152, R&D Systems, Minneapolis, MN} was
20 inciuded.

Figure 4 ~shows binding of anti-IL-13Ral antibodies to hIL-13Ral and
binding properties to functionally related receptors hllL-13Raz
and hIL-4Ra.



- 39 - ¢) Comparative affinity analysis of recombinant variants of LC5002-005 using the extracellglgr
domain of hiL-13Ral cleaved from hIL-13RalthFc chimeric protein In these experiments, the affinity of
the original IgG1 derived from hybridorna was 5 compared with the affinities of the recombinant
variant IgGl-Ala-Ala. For interaction analysis, a Biacore 3000 instrument was used. Running and
reaction buffer was HBS-P (10 rnM HEPES, 150 mM NaC1, 0.005 % polysurfactant P, pH 74) at 25C.
Capturing antibody molecules (anti-hFcy) were amine-coupled at a concentration of 20 pg/ml at a flow
rate of 5 pl/min for 20 minutes. HuMabs were 10 inj%‘%ted at concentrations of 10 pg/m1l qt a flow rate
of 10 plimin for 1 minute. Cleaved hIL-13 Ral molelcules (analyte) were injected for five minutes at

eight concentratiops:keiween 156:HM@pd200-mM andawashedwith, HBSR.{of fivg mintes.
Regeneration of the surface was aC%%H%QeIEh%Qc%m%NO injections of 100 rriM HC1 for 1, min each. The

e CT3RQ ) eadl]
chip, assay format and sequence of injections and 1bkinetic dats correspond tBYREBEEEription in

Table 4. Kinetic data were calcUH3TH Yy fErRPRrens! B & bivarest é@%@%ﬁfﬁiﬁ@%ode]. Table
4: Chip Capturing Ligand Analyf&’16a, (Radis) k(tfs)senakiz @/REEIkaz (d/skBvEV)oaitd Anti-hFcy
LC5002- 605 HuMab.

Examples

Example 1
Generation of hybridomas

The human monoclonal antibodies according to the invention can be produced by
10 immuniziog a transgenic non-human animal, e. g. a transgenic mouse having a
genome comprising a human heavy chain transgene and a human light chain
transgene encoding all or a portion of an antibody of the invention, with cells
expressing human IL-13R01. B cells (e.g. splenic B cells) of the anima! are then
obtained and fused with myeloma cells to form immortal, hybridoma cells that
15 secrete human monoclonal antibodies against IL-13Ral. Human monoclonal
antibodies directed against human IL-13R01 can be generated using transgenic
mice carrying parts of the human immune system rather than the mouse system.
These transgenic mice, referred to herein as "HuMab" mice, contain 2 human
immunoglobulin  gene minilocus that encodes unrearranged human
20 immunoglobulin genes which include the heavy (i and v) and K (kappa) light chain
(constant region genes), together with targeted mutations that inactivate the
endogenous pand kappa chain loci (Lonberg N, et al., Nature 368 (1994) 856-859).
Accordingly, the mice exhibit reduced expression of mouse IgM or K, and in
response to immunization, the introduced human heavy and light chain transgenes
25 undergo class switching and somatic mutation to generate high affinity human 1gG
monoclonal antibodies. To generate fully human monodlonal antibodies to human
IL-13Ral, HuMab mice can be immunized with cells expressing human IL-13Ra1
in accordance with the general method, as described by Lonberg, N., et al.,, Nature
368 (1994} 856-859; Fishwild, D.M., et al., Nat. Biotechnol. 14 (1996) 845-851 and
30 WO 98/24884. Preferably, the mice will be 6-16 weeks of age upon the frst
immunization. For example, IL-13Rd1 transfected cells can be used to immunize
the HuMab mice intraperitoneally. The immune response can be monitored over
the course of the immunization protocol with plasma samples being obtained by



hiL-13 Rai 1.33x10 3.6x10-4 5.8x10 0.06 2.7x10' CM5 And-hFcr IgG1 ala- ala L05002005 hIL-13 Rd 1
1.53x10' 4.2x104 4.1x10-' 0.04 2.8x10-9 Example 14 20Testing the crossreactivity of HuMab with
hiL-13Ra2 and hiL-4Ra by EL1SA Chimeric proteins hlL-13R02:hFc and hIL-4Ra:hFc (R&D Systems,
UK) were dissolved in PBS (1 pg/m1) and allowed to adsorb to microtiter plates (NUNC Maxisorb) by
incubation over night at 4C. After washing the plates with washing - 40 -

-7

retroorbital bleeds. The plasma can be screened by BLISA and/or FACS. Mice with
sufficient titers of anti-human 1L-13RaL human immunoglobulin can be used for
immortalization of corresponding B cells. Mice can be boosted intravenously with
antigen 3 to 4 days before sacrifice and removal of the spleen and lymph nodes. For
5 example, HuMab mice of the HCo7 or HCol2 strain can be immunized. The HCo7
mice have a JKD disrupton in their endogenous light chain (kappa) genes (as
described in Chen et al. (1993) EMBO ]. 12: 821-830), a CMD disruption in their
endogenous heavy chain genes {as described in Example 1 of WO 01/14424), a
KCo5 human kappa light chain transgene (as described in Fishwild, D.M., et al.
10 {1996} Nature Biotechnology 14:845-851), and a HCo7 human heavy chain
transgene (as described in US 5,770,429). The HCol2 mice have a JKD disruption
in their endogenous light chain (kappa) genes (as described in Chen, §., et al,
EMBO J. 12 (1993) 821-830), a CMD disruption in their endogenous heavy chain
genes (as described in Example 1 of WO 01/14424)) a KCo5 human kappa light
15 chain transgene {as described in Fishwild, D.M., et al., Nat. Biotechnol. 14 (1996}
845-851, and a FICo12 human heavy chain transgene (as described in Example 2 of
WO 01/14424). The mouse lymphocytes can be isolated and fused with a mouse
myeloma cell line using PEG based on standard protocols to generate hybridomas.
The resulting hybridomas are then screened for the production of antigen-specific
20 antibodies. For example, single cell suspensions of splenic and lymph node derived
lymphocytes from immunized mice are fused to SP 2/0 nomsecreting mouse
myeloma cells (ATCC, CRL 1581) with 50% PEG. Cells are plated at approximately
0.75 x 107 in flat bottom micro titer plate, followed by about two weeks incubation
in selective medium. Individual wells are then screened by ELISA and/or FACS for
25 humarn anti-IL-13R0al monoclonal IgM and IgG antibodies. Once extensive
hybridoma growth occurs, the antibody secreting hybridomas are replated,
screened again, and if still positive for human IgG, anti-IL-13Ra1 monoclonal
antibodies, can be subcloned at least twice by limiting dilution. The stable
subclones are then cultured in vitro to produce antibody in tissue culture medinm

30 for characterization.

Immunization procedure of transgenic mice
Three HCo7 mice (3 males), strain GG2201 {Medarex, San Jose, CA, UUSA) and 2

HCo12 mice (1 male and I female), strain GG2198 (Medarex, San Jose, CA, USA)
were immunized with 1 x 10° HEK293 cells, transfected with an expression vector



buffer (WB = 0.9 % NaCl; 0.1% Tween(r) 20) unspecific binding sites were blocked by addition of 100
pl incubation buffer (TB r- PBS with 1% crotein C and 0.1% Tween(r) 20) and incubation for 30 min at
room-temperature (RT). Then serially diluted HuMab and control antibodies (100 id/well; dilutions in
IB) were added and incubated for 1 hour at RT. The plates were again washed and bound antibody
was detected by incubation with peroxidase conjugated rabbit anti-human kappa (DAICO, Denmark) in
a final dilution of 1:500 in IB. After incubation for Ih g RT and a subsequent washing step, the plates
were developed with ready-to-use ABTS(r) solution (Roche Diagnostics GmbH, DE) at RT in the dark.
Absorbance was 10measured at 405 urn after absorbance of the highest concentration reached a
sufficient OD. Alfrfibbthies. dganis 9Bkt Sralplisd testcteware sibiiamding twdmentbiliz8d extracelluar
domains of huméirp) «i3Re-brhaatsrieiher fie: il 13RI 10k rsFithARaAHign A)od BRrample 15

Crossreactivity of fhat\iabwithrmurine é@;%@@&@m% REBLE! %&&gﬂa@ #m&?f@@mg@ AR&D Systems,
UK) was dlssolvgg%n Ff%@f (}A%%mclh Ilgjyv ,Q a sor t crotiter plates (NU ’g axisorb) by
incubation over {tar4C rwaseh1n & plate gwffﬁ WaSHiRG BUEH RS 28°0% 95 Nacl; 0.1%
Tween(r)20), urféheEiiEBiNamg sty %ER%‘H‘HV‘:%W%Q b?dl‘@f@%ﬂ (l%]ffbé?i?&?buffer (IB = PBS
with 1% Crotein C and 0.1% Tween(r) 20) and incubation for 30 min at room-temperature (RT). Then,
serially diluted I—Maﬂ@@gﬁg@trol antibodies (HuMab anti-KLH and polyclonal goat anti-hlL-13Ral

(R&D Systems)) were added to the wells (100 ul /well; dilutions in TB) and 25 incubated for 1 hour at

RT. The plates V%E% again washed and bound human antibodies were detected by incubation with

permddase conju %f?ﬁ%lt%ﬁﬁhﬂhﬂ?@pﬁ%%ﬂ’@@ Bk kY iS4 RAANHiIlGHEh BFE500 in TB.
Goat anti-hIL13Rast#iemsBlibedstsdneies thétpl atetWeFBiRStbclbdl Bycperdkidasestodjutpted donkey
anti-goat 19G (Safttavesudsly 10004anEB)d Afteefiredbatian for Ih at RT and 30 a subsequent washing
step, the plates were developed with ready-to-use ABTS(r) solution (Roche Diagnostics GmbH, DE) at
RT in the dark. rbance was measured at 405 nm after absorbance of the highest concentration
reached'a sufflc%ﬁ% 5). -41 - ExampLi Crossreactivity of HuMab with Cynomolgus 11-13Ral

The gene coding-f§Fhe- @Iﬁ&k%ﬁ%ﬁ%ﬁ’ B PR dim 1GHHd pofjdgAissue and transfected into in

the marine cell line Ba/F3. In order to test whether the HuMabs crossreact with Cynomolg-us IL-13Ral,

}:le I\itabbly t(;ansf%tla@ltﬁaiﬁé gellsas g t'&@%ﬁ%&ﬁé@@%@%&ﬁ%ﬂ%’%@ '{T&%BS%Q%%P 810 ;19/ m)l of
uiviab and con Irl contr al-anti ystems
bl 3piibagl e %‘éig% i %%ég&@gbge FARED

was used. Negatlv cont were: a an myelo aprétel normal goat

serum. Bound arlﬁl t?ﬂ ‘§ @éﬂ%?ﬁg?ﬁﬁsm% ﬁ tééi against
human 1§G conjergca%e%wmwm% @été@:t%@mﬁ@a-dbmmﬁam dirddtedafain¥lgoat 1gG
conjugated with &5 lf&'hdbt(ea:efcg’@aéamitmdiﬁ@d&iﬁamﬂdﬁrgm&nﬁ&élﬁﬁﬁ&ﬂeﬁrM&iﬁx&&‘ﬁé@ compared

for the 'nleltduah@Oté@Qgéégg@&txzﬂgg&mﬁ “@’mﬁgﬁdgggféfﬂ%@mﬁ%@%ﬁ i Qi?““ﬁabi
of the invention \f\xﬁ%ﬁ%% etol %’8 18 ynomo yn%er ﬁp{%slslese ans %% cells. As
et fGusfi=13 3y

expected from the C ose omo ween human an ynomo clonal AF152

antibody also botfft gl i@ﬁaﬁ%ﬁé&&ﬁ@&éﬁrﬁ%éﬁﬂéd@?@@%@%d only a
margma?%creasbimlm & Wﬁeﬁh@ﬁe@wmqhe%mmﬁécth@mlﬂuhmm(‘éablm&)as wég - Table 5:

detected by incubation with peroxidase-conjugated rabbit anti-human kappa
{DAKO, Denmark) in a final dilution of 1:500 in IB. Polyclonal goat anti-hIL-
13Ral antibodies were detected with peroxidase-conjugated polyclonal donkey
anti-goat IgG (Santa Cruz; dilution 1:1000 in IB). Afier incubation for 1h at RT and

25 a subsequent washing step, the plates were developed with ready-to-use ABTS®
solution (Roche Diagnostics GmbH) at RT in the dark. Absorbance was measured
at 405 nm after absorbance of the highest concentration reached a sufficient OD.

Al antibodies against IL-13Ralphal tested were able to bind to immobilized
extracelluar domains of human IL-13Ral. The EC50 vaiues determined were in the
30 range of 0.5 - 2 nM for the various LC antibodies tested. The negative control
HuMab anti-KLH did not bind to the immobilized extracellular domains of IL-



Antibody MPI Ba/F3 MFIBa/P3_Cyno_IL- 13Ral Fold Increase in MPI in the presence of Cyno_
1L-13Ral HuMobs LC5002-002 33 83.7 79.8 LC5002-003 3.4 82.4 79.0 LC5002-005 14.8 101.5 86.7
LC5002-007 4.1 ‘

- 20 .

13Ral. Poiyclonal goat-anti human IL-13Ral antibody, induded as positive
control, also bound efficiently to the immobilized extracellular domains of IL~
13Ral (Fig.1).

Example 3
5 Inhibition of IL-13 binding to IL-13R0}/IL-4R 0 heterodimer (ELISA)

Microtiter plates were coated with 100 pl hil-13Ral:hFc chimeric protein (R&D
Systems, UK} in PBS at 3 pg/ml at 4°C overnight on a shaker, After washing the
plates with WB, serially diluted HuMab and control antibodies (100 ul fwell;
dilutions in IB) were added and incubated for 30 min at RT. The plates were again

10 washed, and then a mixture of IL-13 (R&D Systems, UK; 0.5 pg/ml; dilution with
IB) and IL-4Ra (R&D Systems, UK; 0.75 pg/ml; dilution with IB) were added and
incubated for 1 h at RT. After washing the plates 100 ] biotinylated anti 11-13
antibody (BAF213; R&D Systems, UK) in a concentration of 0.4 ug/ml was added
and incubated for 1h at RT. After washing the plates, bound IL-13 was detected by

15 peroxidase-coupled streptavidin (Roche Diagnostics GmbH, DE) in a dilution of
1:5000 in IB (incubation period 1h at RT). Finally, plates were washed and
developed with ready-to-use ABTS® solution (Roche Diagnostics GmbH, DE) at
room temperature (RT) in the datk. Absorbance was measured at 405 nm after 45
to 60 minutes.

20 Amntibodies LC5002-002, LC5002-003, LC5002-005, LC5002-007 and LC5002-018
were able to inhibit binding of IL-13 to the heterodimeric receptor with maximal
inhibition values ranging from approximately 50% to 80-85%. Positive control was
AF152 (polyclonal rabbit antibody). As expected, the negative control anti-KLH did
not inhibit binding of IL-13 to the heterodimeric receptor. The ICs, values obtained

25 were between 1.5 nM and 10.1 nM for LC5002-002, LC5002-003, LC5002-005,
LC5002-007 and LC5002-018 {Fig.2).

Example 4
Radioligand Binding Assay

7.11-13 binding agsay was performed using CHO cells expressing human IL-
30 13Ral and human IL-4Re in binding buffer (25 mM HEPES, 150 mM NaCl, 1 mM
CaCly, 5 mM MgCly, and 0.5% bovine serum albumin, adjusted to pH 7.2}, 1x10°



19 14.9 Controls AP152 3.2 21.2 18.0 Normal goat | gG 3.3 5.7 2.4 Normal human 3.5 10.2 6.7 IgGl
(Nordic)  Anti human IgG- ETC only

-30-

cells per well were imixed with the antibodies and preincubated for 15 minutes to 1
hour. 0.1 oM "I-1L-13 was added, and the mix was incubated at 4°C for 4 hours.
The concentration of "I-IL-15 used in the assay was determined from satwration
binding analysis, competition analysis and determination of input I.IL-13 to

5 reach equilibrium binding with the cell line. Samples were harvested onto a GE/C
filter plate pretreated with 1% PEI/0.5% BSA. and counted on Packard TopCount
Scintillation counter. Data analysis was performed in PRISM using nonlinear
regression curve fit (GraphPad Software, San Diego, CA).

All antibodies aganist IL-13Ralphal tested block binding of Jabeled IL-13 to the IL-
10 13Re1/IL~4Ro. complex. The calcalated ICsy values for antibodies LC5002-002,

LC5002-003, LC5002~005, LC5002-007 and LC5002-018 were between 0.05 nM and
0.32 nM and 84.8nM for AF152 (Fig.3).

Examplie 5
Inhibition of IL-13 induced upregulation of CI323 on human B cells and
i5 monocytes by HuMab

Peripheral blood mononuclear cells (PBMC) were isolated by a Bicoll Hypaque
density gradient. After washing the cells with RPMI they were resuspended in
RPMI/10% FCS and distributed at 3x10° PBMC/well (volume 50 pl) in 96 well flat
bottom microtiter plates (Corning Incorporated Costar). Then, 25 pl of an anti-
20 buman CD40 antibody (Immunotech) in a final concentration 0.5 pg/ml in
RPMI/10% FCS and 25 pl of an aoti-human Igh+IgGHgM antibody
(Immunoresearch) in 2 final concentration of 10 pg/ml in RPMI/10%FCS were
added. Then serially diluted HuMab and control antibodies (50 jd/well; ditutions in
RPMI/10% FCS) were added and the cells incubated for 30 min in the incubator
25 {(37°C; 5% COs2). Then recombinant human IL-13 {R&D Systems) in a final
concentration of (.67 ng/ml was added (50 ul/well) and the cells incubated for 72h
at 37°C/5% CO7. After this incubation the plates were centrifuged and the medium
aspirated. For detachment of adherent cells 200 pl of Accutase {PAA) was added
and the celis incubated for approximately 5 min at 37°C; 5% COs. The cells were
30 detached by repeated flushing and tramsferred to a round bottom plate. After
centrifugation and aspiration of the supernatants the cells were incubated with 200
ul of & mixture of anti-CD23-PE, anti~CD20-FITC and anti-CD14-APC (all from
BD Biosciences Pharmingen, San Diego, CA). The cells were incubated for 30 min



3.35.52.2 Example 17 Binding of IL-13Ral HuMabs to Fcy receptors (binding to FcyRlIlla on NK cells)
5To determine the ability of the antibodies of the invention to bind to FcyRIlla (CD16) on Natural Killer
(N1C) cells, Peripheral Blood Mononuclear Cells (PBMCs) were isolated and incubated with 20 pg/ml
of HuMab antibody and control antibodies in the presence or absence of 20 pg/m1 of a blocking
mouse antibody to FcyRllla (anti-CD16, clone 3G8, RDI, Flanders, NJ), to verify binding 10 via
&id:Ulla. As negative controls, human IgG2 and IgG 1(]'he Binding Site), that do not bind Fc-yRllla,
were used. Human IgG1 and IgG3 (The Binding Site) were included as positive controls for FcyRllla
binding. Bound antibodies on NK cells were detected by PACS analysis using a PE-labeled mouse
anti-human CD56({Keeftsuffaseeerkendatitibody (BRBiosgieaces Pharmingen sSaniego, CA) in
15 combination witheatd be-tabelegkghatif ()2 antiamaniaG, (Be) @M&E’M@

X: %ﬁ#d}ev o?;ﬁ]he HuMab

&ff

immunoresearch Burlingame, GA). b 20 jig/m1l (Bma
tested was deters ined. - 43, L%gggﬁg LiV%]aas a eg%’:l 1%115 %’Ee‘i)sﬁiwg K cotparable to the
cont-ol IgG1 anti oay%uélgellrlfd‘%gtede By e )%@Eeétf y8hver4 Srgmmeidiaen of HBocking

antibody against FEJRINE titaRehNp fetrice dbindlimiofa@5002065 tachbeais(Brmask (MFI) value
of 260.495.90) indoating spesifimbinding 1aHC:yR Ware prédarishof Reforsnges Akawa, M., et al.,
Cytokine 13 (ZOOﬂ)ﬁﬁpgé}cﬁQgi@r;.@@g@go%@qﬁsgepfog@m '§§n§s@}h ev. Bi%gleég. (Jf981) 259-306
Ausubel, F., et algred. C Ir‘gentnProtocoIs in Molecular Biology, Greene lﬁ’l%'}@ﬁlng Hd %iley
Interscience, New York 19%% Barnes, EM., et at, Cytotechnology 32 (2000) 109-123 Barnes, L.M., et

at, Biotech. Bioeng. 73 (2001) 261-270 Berge, S.M., et al., J. Pharrn, Sci. 66 (1977) 1-19 Boerner, P.,
et at, J. Immunol 14 7i901) 186 95! 16Bweghitiapn M Det Bt sl FpMed; 166,(1987)1351-1361
Bruggenisrm, M weteabeMeas Imsnunot .61998) 3340, Bruahouse 1 Rsand Gehras ). Mel. Immunol.
16 (1979) 907-9;&%@%53%&5®5§607I\@g@@1% |2(~ 0%3 8-.344 Carter, P., et'at, Proc. Nall, Acad.
Sci. USA 89 (1992) 4285-4289 15Chen, J., et al. gni%?r%a %d:,a*r”lﬁwﬁﬁné%g“y?%%g”gé)%ﬁ%esﬁ

profile was tound for bition of 11-13 induced CD23 upregulation on human

monocytes. On monocytes the 1Csp values were between 0.1 nM and 62.8 nM for

antibodies LC5002-002, LC5002-003, LC5002-005, LC5002-007 and LC5002-018,

15 and 62.% nM for AF152,

Example §
TE-1 proliferation assay in response to IL-13 or IL-4 as stimulus

TF-1 cells (ATCC # CRL 2003) were grown in media containing ATCC modified

RPMI, 10% FBS, 1X Pencillin/Streptomycin, 2ng/m! GM-CSE. A day prior to the
20 assay the cells were maintained in GM-CSF free media. 5 x 10° cells per well were
incubated with appropriate concentrations of anti-I1L-13Rei antibodies at 37°C for
1 hour. Then the cells were stimulated with Zng/ml of human IL-13 (R&D Systems,
Minneapolis, MN) or 0.1 ng/ml of human I1-4 (R&D Systems, Minneapolis, MN)
and incubated at 37°C for 48 hours. The cells were pulsed with 0.5 pCi *H-
Thymidine and incubated at 37°C for 16-18 hours. Samples were harvested onto
GFC plates pretreated with 1% PEI/0.25% BSA using Perldn Elmer Filtermate 96
harvester. The GFC plates were counted on a Perkin Fimer Top count Scintillation
counter. Data analysis was performed in PRISM using nonlinear regression curve it
(GraphPad Software, San Diego, CA).

B2
L

30 Anti-KLH antibody did not show any inhibition in this assay. The same was true for
LC5002-007. All other antibodies inhibited the response, even though LC5002-007
inhibited the response with higher IC value than the other antibodies, The observed
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Inhibition of eotaxin production in response to I1-13 by human lung fibroblast

16 The assay was performed using HFL-1 cells (Human Lung Fibroblast, ATCC #
CCL-153). Cells were plated at a density of 100,000 cells per well in a 12-well plate
and incubated at 37°C for 72 hours to reach confluency. Cells were then starved in
serum free medium for 24 h and treated with anti-IL-13Ra] antibody at 37°C for 1
h. Following this treatment cells were stimulated with 10 ng/ml IL-13 (R&D

15 Systems, Minneapolis, MN} at 37°C for 48 h. Supernatants were collected and
eotaxin determinations were done using commercially available ELISA from R&D
Systems (Cat. No. DTX00). Absorbance was read using Spectromax microplate
reader and the data was analyzed using PRISM {GraphPad Software, San Diego,
CA).

20 The antibodies tested showed different capability to inhibit eotaxin release. With
the exeption of LC5002-007 all other antibodies tested showed some inhibition.
The calculated average ICs; values from 3 to 4 different experiments were 11.5 oM
for AF152 and between 2.45 nM and 19.8nM for antibodies LC5002-002, LC5002-
003, LC5002-005, LC5002-007 and LC5002-018,

25 Example 8
Inhibition of 1L-13-induced Stat-6 phosphorylation in human bronchial smooth
muscle cells

Human Bronchial Smooth Muscle Cells (BSMC; Clonetics, Cat. No CC-2576) were
grown following the manufacturer’s instructions. Cells were grown in 12-well tissue
30 culture plates until they reached confluency. Cells were starved for 24h in Serum~
free medium and variable amounts of antibody were added. Plates were incubated
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Quantitation was done in a Typhoon 9400 Imager.

10 Both FluMabs tested in this assay (LC50002-003 and LC5002-005) inhibited IL-13-
induced Stat-6 phosphorylation. The potency found in this assay was sirnilar to that
of other functional assays. The calculated 1Cs; values were 18.64 nM for AF152, 5.98
nM for LC5002-003 and 1.18 aM for LC5002-005.

Example 9
15 Cloning and sequence analysis of anti-hIL-13Ra1 HuMab variable domains (x-
light and y1-heavy chains)

The nucleotide sequences coding for the light chain variable region Vy and the
heavy chain variable region Vy of the anti hIL-13Ral HuMabs were isolated by a
standard cDNA synthesis / PCR procedure. Total RNA was prepared from 1x10° -
20 1x10” hybridoma cells using the GeneRacer™ Kit (Invitrogen). Hybridoma derived
RNA was used as a template for the 1* strand cDNA synthesis and ligation of the
GeneRacer™ Oligo-dT Primer. 2™-strand cDNA synthesis and further PCR
amplification of Vi and Vy encoding cDNA fragments were performed with reverse
light and heavy chain primers complementary to nucleotide sequences of the K-
25 light and yl-heavy chain constant region and 5-specific GeneRacer™ primers,
respectively. The PCR products were cloned using the TOPO™ T4 cloning kit from
Invitrogen™ Life Technologies and pCR4-TOPO™ as a cloning vector. Cloned
PCR products were identified by restriction mapping of the appropriate plasmids
using EcoRI for digestion and expected / calculated DNA fragment sizes of about
30 740 and 790 bp for Vi and Vu, respectively. The DNA sequence of cloned PCR
fragments was determined by double strand sequencing. The GCG (Genetics
Computer Group, Madison, Wisconsin) software package version 10.2 and Vector-
NTI 8 (InforMax, Inc) was used for general data processing. DNA and protein



20 WO 87/05330 WO 92/22645 WO 92/03918 WO 93/1227 WO 94/25585 25 W096/29417 WO
97/15663 WO 98/24884 WO 01/14424 WO 03/080675 -47 - Patent Claims 1. An antibody binding to
1L-13Ral and inhibiting IL-13, characterized in that the variable heavy chain amino acid sequence
CDR3 of said antibody is selected from the group consisting of the heavy chain CDR3 sequences of
SEQ ID NO: I, 3 or 7, whereby said antibody is obtained from hybridoma cell line DSM ACC2709,
DSM ACC2710 or DSM ACC27 2. 2. An antibody pgﬂng to IL-13Ral and inhibiting 1L-13,
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light chain variabberegierigE Chib: MN@stA0; agilight ShairDognstantregipreEQ Wek dkhand as 71
comprising n ackor Iatars {2 A e S 1A Dob NG R T B ibod
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according to claimsto 4 ?fbr the manutac harmiaceutical

composition comPFRHY B arEBoRuyEERERaifG 1 ekl ptaunyes A BEBbiiEt rRedcesl capable of
producing a recothisimameantitidd yhacodedinspte lgivas ib:tEabalyBthodifor The.nPanyfattivie of a

pharmaceutical compastigrcompismngirn anlinooly) degaediag O BIRMS b0 dnudSogAinucleic acid
encoding an ant'ﬂﬂgéé}?,' @@M{%H{ hﬁ%ﬂ%ﬂ@l’f’i@@%l‘zé%& The transcription unit of the anti-

15 hIL-13Ral HuMab x-light chain is composed of the following elements:

¢

¢ The immediate early enhancer and promoter from the human
cytomegalovirus (HCMV),
¢ Asynthetic 5-UT including 2 Kozak sequence,
¢ A murne immunoglobulin heavy chain signal sequence including the signal
20 sequence intron,
s The cloned anti-hiL-13Ral HuMab variable light chain ¢cDNA arranged
with a unique Bsml restriction site at the 5’ end and a splice donor site and a
unigue Not! restriction site at the 3’ end,
¢ The genomic human x-gene constant region, including the intron 2 mouse
25 Ig-x enhancer {Picard, D., and Schaffner, W., Nature 307 (1984) 80-82] and
© The human immunoglobulin k-polyadenylation {“poly A”} signal sequence.

The transcription unit of the anti-hIL-13Rai HuMab yl-heavy chain is composed
of the following elements:

30 ¢ The immediate early enhancer and promoter from the human
cytomegalovirus (HCMV),
& A synthetic 5-UT inciuding a Kozak sequence,



comprising as heavy chain variable region SEQ ID NO: t and as light chain variable region SEQ ID
NO: 2, as heavy chain variable region SEQ ID NO: 3 and as light chain variable region of SEQ ID NO:
4, as heavy chain variable region SEQ ID NC): 7 and as light chain variable region SEQ ID NO: 8 or as
heavy variable region SEQ ID NO: 9 and as light chain variable region SEQ ID NO: 10. 10An
expression vector comprising a nucleic acid according to claim 9, capable of expressing said nucleic
acid in a prokaryotic or eukaryotic host cell. A prok: gqtic or eukaryotie host cell comprising the vector
according to claim 10. 12. A method for the production of an antibody binding to IL-13Ral and inhibiting
the binding of 11,13 to LL-13Ral, characterized by expressing a nucleic acid encoding a heavy chain
and a nucleic acid ehcatifgairghnehamniacoordig ielhiayOdm piokdsygtienor cukatyetic host cell
and recovering said antibodyniiomtsaigeGeltor, 50 - 11 Antibody according to claims 1 to 4 for use in the

reatment of & patieat I Reef ol AMMRERHARIOGIGIARK, &7 MENed Pn D, prgparation of a
pharmaceutical compo%}}@nactpnalr%ctgr%gd in producing an antibody‘according o_crial S1to 4 by
means of recombinant Expréssion. reco @Fﬁ?ﬁocggfb Séﬁtﬂ?o%&? AnBPEohBliin G SHR ey with a
pharmaceltical acceptaftgusutet aprstemsiivanthad’ sadbrid ta cell line DSM ACC2709 DSM
ACC2710 or DSM ACCZ#ignoeibit kuntibpdiesagainstdhslaregepionalphal anduses thereof Abstract
An antibody binding to J{ o487 INhiEING- A3 igaetvily andoormprising,a variable heavy and a
variable light chain, gh%gt%gﬁgninéy_%%thgn\g%ii%?lﬁ heavy chain aming acid se,ggence CDR3 of said
antibody is selected from the uroup onsgflng P e%eg\(\/}g eé’i‘fﬁlaeﬁh eue%ﬁeﬁc SW@EQ ID NO: 1,
3,5, 7 or 9 is useful in ffi8*frégment of asthma and allergic diseases. Fig. 3 SEQUENCE LISTING
<110> FlHoffmann-La Roche AG <120> Antibodies against IL-13 receptor alphal and uses thereof

<130> 22922 <15z H5000003 51 5>2005101503 <150nER0R802229 +1a17.2005702-03 <160>

12 chain expression plasmids:

Besides the anti-hIL-13Ra1 HuMab w-light chain or yl-heavy chain expression
cassette these plasmids contain

15 e A hygromycin resistance gene
¢ An origin of replication, oriP, of Epstein-Barr virus (EBV)
© An origin of replication from the vector pUC18 which allows replication of
this plasmid in E. coli, and
¢ A B-lactamase gene which confers ampicillin resistance in E. coli,
20
Example 11
Comstruction of expression plasmids for mutant (variant) anti-hil-13Ra1 1gG1

Expression plasmids encoding mutant anti-hIL-13R01 yi-heavy chains can be
created by site-directed mutagenesis of the wild type expression plasmids using the

25 QuickChange™ Site-Directed mutagenesis Kit (Stratagene} and are desribed in
table 1. Amino acids are numbered according to EU numbering |Edelman, G.M., et
al., Proc. Natl. Acad. Sci. USA 63 (1969) 78-85; Kabat, E. A., W, T. T., Perry, E. M,
Gottesman, K. S., and Foeller, C., (1991) Sequences of Proteins of Immunological
interest, Fifth Ed., NIH Publication No. 91-3242].



<170> Patentln version 32 <210> 1 <211> 119 <212> PRT <213> Artificial <220> <223> LC5002-002
VH gamma/heavy chain variable domain <400> Glu Val Gin Len Len Gin Sex Gly Gly Gly Leu Val Gin
Pro Gly Gly 151015 Sex Len Arg Len Ser Cys Ala Ala Sex Gly Phe Thr Phe Asn lle Tyr 202530 Ala
Met Asn Tp Val Arg Gin Ala Pro Gly Lys Gly Len Glu Trp Val 354045 Ser Val lle Sex Gly Arg Gly lle
Thr Thr Tyr Tyr Ala Asp Sex Val 505560 Lys Gly Arg Phe Thr lle Sex Arg Asp Asn Sex Lys Asn Thr
Len Tyr 65707580 Leu Gin Met Asn Sex Len Arg Al ggsp Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys
Gly Sex Sex Sex Trp Thr Asp She Asp Tyr Trp Gly Gin Gly 100105110 - 2 - Thr Leu Val Thr Val Set
Set 115 <210> 2 <211> 107 <212> PRT <213> Atrtificial

Tablel
Mutation Description
PV A-236; GLPSS331 as The amino acid sequence
specified by E233P; L234V; GluagssLeuysaLevzssGlyass of the hurman yi-
L235A; delta G236; heavy chain is replaced by the amino acid
sequence Progs;ValyyAlasss of the human y2-
heavy chain.
A327G; A3308; P3315 The amino acid sequence

AlazyrLetsnsProseAlasecPross of the human y1-
heavy chain is replaced by the amino acid
sequence GlyspLeuasProspSersySerss; of the
human y4-heavy chain

12344A; 12354 The amino acid sequence LeussLeusss of the
human v1 -heavy chain is replaced by the

amino acid sequence AlassAlass

Exampie 12

Production of recombinant anti-hIL-13Rat HMuMabs

5 Recombinant HuMabs were generated by transient transfection of adherent
HEK293-EBNA  cells (ATTC CRL-10852) cultivated in DMEM (Gibeo)
suppiemented with 10 % ultra-low IgG FCS (Gibco), 2 mM Glutamine (Gibco), 1%
v/v nonessential aminoacids (Gibco) and 250 pg/mi G418 (Roche Diagnostics
GmbH, DE). For transfection Fugene™ 6 {Roche Diagnostics GmbH, DE)

10 transfection reagent was used in a ratio of reagent (pl) to DNA {pg) ranging from
3:1 to 6:1. Immunogiobulin light and heavy chains were expressed from two
different plasmids using a molar ratio of light chain to heayy chain encoding
plasmid from 1:2 to 2:1. HuMab confaining cell culture supernatants were
harvested at day 4 to 11 after transfection.

15 General information regarding the recombinant expression of human antibody in
e.g. HEK293 is given in: Meissner, P., et al,, Biotechnol Bioeng 75 (2001) 197-203.



<220> <223> L05002-002 VL kappa light/chain variable domain <400> 2 Asp lle Gin Met Thr Gin Set
Pro Set Set Leu Set Ala Set Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Ala Set Gin Gly lle Set
Arg Tp 202530 Val Ala Trp Tyr GIn Gin Lys Pro Glu Lys Ala Pro Lys Set Leu lle 354045 Tyr Ala Ala
Set Set Leu Gin Set Gly Val Pro Set Arg She Set Gly 505560 Sex- Gly Set Gly Thr Asp She Thr Lev
Thr lle Set Set Leu Gin Pro 65707580 Glu Asp She Ala Thr Tyr Tyr Cys GIn Gin Tyr Asn Set Tyr Pro
Trp 859095 Thr She Gly GIn Gly Thr Lys Val Glu llg,L.ys 100105 <210> 3 <211> 119 <212> PRT
<213> Artificial <220> <223> LC5002-003 VS gamma/heavy chain variable domain <400> 3 - 3 - Ser
Leu Arg Leu Per Cys Ala Ala Bar Gly Phe Thr Phe Ash lle Tyr

Example 13

a) Affinity analysis of HuMabs LC5002-003, -005, and ~007 using chimeric hIL-

13Rat:hfc

For interaction analysis a Biacore 3000 instrument was used. As running and

5 reaction buffer, HBS-P (10 mM HEPES, 150 mM NaCl, 0.005 % polysurfactant P,

pH 7.4) at 25°C was used. Capturing molecules (goat anti-human-IgG, Fey specifc)

were amine-coupled at a concentration of 20 pg/ml at a flow rate of 5 ul/min for 20

minutes. HuMabs were injected at a concentration of I pg/ml at a flow rate of

10 plmin for 1 minute. Blocking of the free goat anti human IgG, Pey was achieved

16 by injecting human gamma globulin at 500 nM and 30 pl/min for 3 minutes.

Analyte (hIL-13Ral:hFc chimeric protein) was injected for two minutes at five

concentrations between 5.63 nM and 90 nM and washed with HBS-P for five

minutes. Regeneration of the surface was accomplished by two injections of 100

mM HCI for 1 min each. The chip, assay format and sequence of injections and

15 kinetic data correspond to the description in table 2. Negative control data {e.g.

buffer curves) were subtracted from sample curves for correction of system intrinsic

baseline drift and for noise signal reduction. BiaFvaluation version 4.01 was used

for analysis of sensorgrams and for calculation of affinity data. Kinetic data were
calculated by fitting kinetic data to a 1:1 Langmuir binding model (Table 2).

20 Table 2:
Affinity analysis of HuMabs using hIL-13Ra1:hFe. Data analysis based on 1:1
Langmuir binding model.
Chip | Capturing | Ligand | Analyte |k, (1/Ms) | kq (1/8) Kp (M)
. , LC5002- | hIL-13 5 5 fot 12
CMS5 | Anti-hFey 003 RaLhEc 2.1x10 1.4x10 <6.5x10
. LC5002- | hIL-13 5 6 1
CMS5 | Anti-hFey 005 Ral:hFe 1.73x10 3.12x10 1.8x10
. LC5002- | hil-13 5 6 iz
CM5 | Anti-hFPey 007 RaihEc 1.19x10 1x10 <8.4x10




202530 Ala Met Asn Trp Val Frig Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 354045 Per Val lle Bar Gly
Arg Gly lle Thr Thr Tyr Tyr Ala Asp Ser Val 505560 Lys Gly Arg Phe Thr lle Per Arg Asp Asn Per Lys
Ash Thr Leo Tyr 65707580 Leo Gin Met Asp Per Leo Arg Alg Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Lys Gly Per Per Tyr Trp Thr Asp Phe Asp Tyr Trp Gly Gin Gly 100105110 Thr Leo Val Thr yal Per
Per 115 <210> 4 <211> 107 <212> PRT <213> Atrtificial <220> <223> LC5002-003 VL kappa/light
chain variable domain <400> 4 Asp lle Gin Met Thrg?@)n Per Pro Per Per Leo Per Ala Per Val Gly

51015 Asp Arg Val Thr lle Thr Cys Arg Ala Bar Gin Gly lle Per Per Trp 202530 Leo Ala Trp Tyr Gin

Gin Lys Pro Glu Lys Ala Pro Lys Bar Leo lle 354045 Tyr Ala Ala Per Per Leo Gin Per Gly Val Pro Per
Arg Phe Per Gly 50556mity analysis of HulMabs LC5002-003, -005 and -007 using the extracellular

domain of hIL-13Ral cleaved from of hIL-13Rat:hFe chimeric protein

For interaction analysis, 2 Biacore 3000 instrurnent was used. Running and reaction

buffer was HBS-P (10 mM HEPES, 150 mM NaCl, 0.005 % polysurfactant P, pH

5 7.4) at 25°C. Capturing antibody molecules {anti~hFey) were amine-coupled at a
concentration of 100 pg/ml at a flow rate of 5 ul/min for 20 minutes. HuMabs were
injected at concentrations of 10 pg/m! at a fiow rate of 10 pl/min for 30 seconds.
Cleaved hil-13Ral molecules {(Mw 40kDa) were mjected for 200 seconds at seven
concenfrations between 1.56 oM and 100 nM and washed with HBS-P for fve

10 minutes. Regeneration of the surface was accompiished by two injections of 100
mM HCl for 1 min each at a flow rate of 10 ug/ml. The chip, assay format and
sequence of injections and kinetic data correspond to the description in the
following Table 3. Kinetic data were calculated by fitting kinetic data to a 1.1

Langmuir binding model.
15 Table 3: -
Chip | Capturing | Ligand | Analyte | k, (1/Ms) ke {1/s) | Kp (M)
Cl | Anti-hFey 352500,:- hiL-13Ral 1L1x16° | 6.5x107% | 6.2x10°%
Cl | Antj-hFey I[;g;oez- hiL-13Ral 1.3x10° 1§ 5.1x107™* | 3.9%1071°
Cl | Anti-hPey g&sooz- hii-13Ral 14x10° | 3.0x107 | 22x10%®
Cl | Anti-hFey é‘gfgoz' BIL-13Ral | 1.9%10° | 8.3x10% | 4.dxi0®
LC5002-
005,
Cl | Anti-hFoy |DHUBRL oy gsper | 14x105 | 2.9%10% | 2.1x107°
L2344
L235A




- 4 - Ser Gly Ser Giy Thr Asp Phe Thr Leu Thr lle Ser Set Len Gin Pro 65707580 Glu Asp Phe Ala Thr
Tyr Tyr Cys Gin Gin Tyr Asn Ser Tyr Pro T p 659095 Thr Phe Gly Gin Gly Thr Lys Val Gin lle Lys
100105 <210> 5 <211> 118 <212> PRT <213> Artificial <220> <223> LC5002-005 VS gamma/heavy
chain variable domain <400> 5 Gin Val Gin Val Len Asp Ser Gly Gly Gly Len Val Gin Pro Gly Gly
151015 Ser Len Arg Len Ser Cys Thr Ala Ser Gly Phe Thr Phe Arg Len Tyr 202530 Thi Met Se_r Trp
Val Arg Gin Thr Pro Gly Arg Gly Len Gin Trp Val 354045 Ser Gly lle Ser Gly Ser Gly_ Len Ser Timr Tyr
Phe Ala Asp Ser Val 505560 Lys Gly Arg Phe Thr né“ser Arg Asp Asn Ser Lys Asn fir Val Tyr
65707580 Len Gin Met Asn Ser Len Arg Ala Gin Asp Thr Ala Val Tyr Tyr Cys 859095

¢) Comparative affinity analysis of recombinant variants of LC5002-005 using the

extracellular domain of hiL-13Ral cleaved &om hil-13Ro1:hFe chimeric

protein

In these experiments, the affinity of the original IgG1 derived from hybridoma was

5 compared with the affinities of the recombinant variant IgGl-Ale-Ala. For
interaction analysis, a Biacore 3000 instrument was used. Running and reaction
buffer was HBS-P (10 mM HEPES, 150 mM NaCl, 0.005 % polysurfactant P, pH
7.4) at 25°C, Capturing antibody molecules (anti-hFey) were amine~coupled at a
concentration of 20 pg/mi at a flow rate of 5 yl/min for 20 minutes. HuMabs were

10 injected at concentrations of 10 ug/ml at 2 flow rate of 10 ul/min for 1 minute.
Cleaved hil-13 Ral molelcules (analyte) were injected for five minutes at eight
concentrations between 1,56 nM and 200 nM and washed with HBS-P for five
minutes. Regeneration of the surface was accomplished by two injections of 100
mM HCl for 1 min each. The chip, assay format and sequence of injections and

15 kinetic data correspond to the description in Table 4. Kinetic data were calculated
by fitting kinetic data to a bivalent anaiyte binding model.

Table 4:
. - . K ka kg -
Chip | Capturing | Ligand | Analyte a mlis) Yegs (Ufs) wrUs) | (1 /;) Kp (M)

CM5 | Apti-hFey | LC5002- hIL-13 1.33x107 | 3.6xi0™ | 5.8x107 [ 0.08 2.7x107
805 Ral

CMS5 | Anti-hFey | lgGlala- | hIL-13 | 153xI0° | 42107 | 4.1x10° | 0.04 | 2.8%10°

ala Ral
LC5002-
Q435
Example 14
20 Testing the crossreactivity of HuMab with hil-13R¢2 and hIL-4Ra by ELISA

Chimeric proteins hiL-13Ra2:hFe and hIL-4Ra:hFe (R&D Systeras, UK) were
dissolved in PBS (1 pg/ml) and allowed to adsorb to microtiter plates (NUNC
Mazxisorb} by incubation over might at 4°C. After washing the plates with washing



Ala Lys Gin Gly Asp Trp lle Tyr Phe Asp Ser Trp Gly Gin fly Thr 100105110 Len Val lle Val _Ser Ser_
115 <210> 6 <211> 107 <212> PAT <213> Atrtificial <220> <223> LC5002-005 VL kappa/light chain
variable domain <400> 6 Asp lle Gin Met Thr Gin Set Pro Set Set Leu Set Ala Set VaI.GIy.151015 Asp
Arg Val Thr lle Thr Cys Arg Ala Set Gin Gly lle Set Set Trp 202530 Leu Ala Trip Tyr Gin Gin Lys Pro
flu Lys Ala Pro Lys Set Leu lle 354045 Tyr Ala Ala Set Set Leo Gin Se_t Gly Val Pro Set Arg Phe Set
Gly 505560 Set Gly Set fly Thr Asp Phe Thr Leu Thr jle Set Set Leu Gin Pro 65707580 Glu Asp Phe
Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Set His Pro Pro 859095 Thr The Gly GIn fly Thr Lys Leo Glu lle

Lys 100105 A . ' )
buffer (WB = 0.9 % NaCl; 0.1% Tween“? 20) unspecific binding sites were blocked

by addition of 100 i incubation buffer (IB = PBS with 1% crotein C and 0.1%
Tween® 20) and incubation for 30 min at room-temperature (RT). Then serially
diluted HuMab and control antibodies (100 pljwell; dilutions in IB) were added
5 and incubated for 1 hour at RT. The plates were again washed and bound aniibody
was detected by incubation with peroxidase conjugated rabbit anti-human kappa
(DAKO, Denmark) in a final dilution of 1:500 in IB. After incubation for 1h at RT
and a subsequent washing step, the plates were developed with ready-to-use ABTS®
solution (Roche Diagnostics GrubH, DE) at RT in the dark. Absorbance was
10 measured at 405 nm after absorbance of the highest concentration reached a
sufficdent OD.

All antibodies against I1-13Ralphal tesied were able to bind t¢ immobilized
extracelluar domains of human IL-13Ra1, but not neither to hIL-13Ra? nor to hil-
4Ro (Fig. 4).

15 Exasmple 15
Crossreactivity of HuMab with murine IL-13Ral

Chimeric protein murine IL-13Ral:hFe (R&D Systems, UK) was dissolved in PBS
(1 pg/ml) and allowed to adsorb to microtiter plates (NUNC Maxisorb) by
incubation over night at 4°C. After washing the plates with washing buffer (WB =

20 0.9 9% NaCl; 0.1% Tween® 20), unspecific binding sites were blocked by addition of
100 ul incubation buffer (IB = PBS with 1% Crotein C and 0.1% Tween® 20) and
incubation for 30 min at room-temperature (RT). Then, serially diluted HuMab
and control antibodies (HuMab anti-KLH and polycional goat anti-hIL-13Ral
(R&D Systerns)) were added to the wells {100 pl fwell; dilutions in IB) and

25 incubated for 1 hour at RT. The plates were again washed and bound human
antibodies were detected by incubation with peroxidase conjugated rabbit anti-
human kappa (DAKOQ, Denmark) in a final dilution of 1:500 in IB. Goat anti-hIL-
13Ral antibodies bound to the plates were detected by peroxidase-conjugated
donkey anti-goat IgG (Santa Cruz; 1:1000 in IB). After incubation for 1k at RT and

30 a subsequent washing step, the plates were developed with ready-to-use ABTS®
solution (Roche Diagnostics GmbH, DE) at RT in the dark. Absorbance was
measured at 405 nm after absorbance of the highest concentration reached a
sufficient OD (Fig. 5).



<210> 7 <211> 123 <212> PRT <213> Atrtificial <220> <223> LC5002-007 VS gamma/heavy chain
variable domain <400> 7 Gin Val Gin Leo Val Gin Set Gly Ala Glu Val Lys Lys Pro fly Set 151015 Set
Val Lys Val Set Cys Lys Val Set Gly Gly Thr Phe Set Set Tyr 202530 - 6 - Ala Phe Sex- Trp Val Arg
Gin Ala Pro fly Gin Gly Len Gin Trp Met 354045 (fly Arg lle lle Pro lle Leu Gly Arg Thr Asn Tyr Ala Gin
Lys Phe 505560 Gin Gly Arg Val Thr lle Thr Ala Asp Lys Sex- Thr Sex- Thr Ala Tyr 65707580 Met Gin
Val Set S Len Arg Sex- Gin Asp Thr Ala Val Tyr Tyrécr‘ys 859095 Ala hg Gin Gly Gin Thr Len Asp Tyr
Phe Tyr Tyr Gly Met Asp Val 100105110 Trp Gly Gin Gly Thr Thr Val Thr Val Ser Sex- 115120 <210>
8 <211> 107 <212> PRT <213> Artificial

Example 16

Crossreactivity of HuMab with Cynomolgus IL-13Ral

The gene coding for IL-13Ral was isolated by RT-PCR from Cynomolgus tissue
and transfected jnto in the murine cell line Ba/F3. In order te test whether the
5 HuMabs crossreact with Cynomolgus IL-13Ral, the stably transfected Ba/F3 cells as
well as the parental Ba/F3 cells were incubated with 10 pg/ml of HuMab and
control antibodies. As positive control, a polyclonal goat-anti hIL-13Ral(R&D
Systems] was used. Negative conirols included were: a human IgGl myeloma
protein (Nordic) and normal goat serusm. Bound antibodies were detecied by FACS
10 analysis using an antibody directed against bumen IgG conjugated with FITC to
detect HuMabs and an antibody directed against goat 1gG conjugated with FITC to
detect goat antibodies. Mean fluorescence intensities (MFI) were compared for the
individual antibodies tested on the transfected Ba/F3 line versus the parental line.

All HuMabs of the invention were able to bind to Cynomolgus IL-13Ral expressed

15 in transfected Ba/F3 cells. As expected from the close homology between human
and Cynomolgus IL-13Ral, the polyclonal AF152 antibody also bound to the
Cynomolgus IL-13Ral. The negative control antibodies showed only a marginal
increase in MFI when tested with the transfected Ba/F3 cell line {Table 5).



<220> «<223> LC5002-007 VI kappa/light chain variable domain <400> 8 Glu lle Val Len Thr Gin Sex-
Pro Gly Thr Len Ser Len Sex- Pro Gly 151015 Gin Arg Ala Thr Len Sex- Cys Arg Ala Sex- Gin Sex-
Val Sex- Sex- Sex- 202530 Tyr Lea Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Len Len 354045
lle Tyr Gly Ala Sex- Sex- hg Ala lle Gly lle Pro Asp Arg Phe Ser 505560 Gly Sex- Gly Ser Gly '_I'hr Asp
Phe Thr Len Thr lle Sex- Arg Len Gin 657075BO - 7 - Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gin His
Tyr Sly Sex- Sex- Leo 859095 Thr Phe Sly Sly Gly Thy Lys Val Glu lie Lys 100105 <210> 9 <211> 119
<212> PRT <213> Artificial <220> <223> LC5002-018 VH gamma/ heavy chain variable domain
<400> 9 Glu Val Gin Len Leo Glu Sex- Gly Sly Sly Leo Val Gin Pro Sly Sly

Tuble 5:
Antibody MFI MFIBa/F3_Cyno_IL- Fold Increase in M¥] in the
Balv3 13Ral presence of Cyno_| IL-13Ra!
LC5002-002 3.9 83.7 79.8
LC5602-003 3.4 B2.4 79.0
HuMabs LC5002-005 14.8 101.5 86.7
LC5002-007 4.1 15 4.9
AB152 3.2 2L.2 18.0
Normal goat 1gG 3.3 5.7 2.4
Controls | Normal human 2.3 10.2 6.7
| IgG1 (Neordic)
Antl human IgG- | 3.3 5.5 2.2
FITC only
Example 17

Binding of IL-13Rel HuMabs to Foy receptors (binding to FcyRIlla on NK cells)

5 To determine the ability of the antibodies of the invention to bind to FeyRIlIa
(CD16) on Natural Killer (NK) cells, Peripheral Blood Mononuclear Celis
(PBMCs) were isolated and incubated with 20 pg/ml of HuMab antibody and
control antibodies in the presence or absence of 20 pg/ml of a blocking mouse
antibody to FeyRlIIla (anti-CD16, done 3G8, RDI, Flanders, NJ), to verify binding

10 via FoyRIlla. As negative controls, human IgG2 and IgG4 (The Binding Site), that
do not bind FcyRIlla, were used. Human 1gG1 and IgG3 (The Binding Site} were
included as positive controls for FeyRIfa binding, Bound antibodies on NE cells
were detected by FACS analysis using a PE-labeled mouse anti-human CD56 (NEK-
cell surface mazker) antibody (BD Biosciences Pharmingen, San Diego, CA) in

15 combination with a FITC-labeled goat F(ab), anti-human IgG (Fc) antibody
(Protos immunoresearch, Burlingarne, CA). Maximum binding at 20 peg/ml (Bmax:
MFI:!:st.dev‘) of the HuMab tested was determined.



51015 Sex- Len Arg Len Sex- Cys Ala Ala Ser Sly Phe Thr She Asn lle Tyr 202530 Ala Met Asn Trp
Val Arg Gin Ala Pro Sly Lys Sly Leu Gin Trp Val 354045 Ser Val lle Sex- Sly Sex- Sly Val Thr Thr Tyr
Tyr Ala Asp Sex- Val 505560 Lys Sly Arg Phe Thr lle Ser Arg Asp Asn Sex- Lys Asn Thr Len Tyr
65707580 Leo Gin Met Asn Ser Leo Asp Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Sly Sex-
Ser Trp Tyr Val Asp She Asp Tyr Trp Sly Sin Sly 100105110 Thr Len Val Thr Val Sex- Sex- 115
<210> 10 <211> 107 <212> PAT <213> Atrtificial 220> <223> L05002-018 VL kappa/light chain
variable domain <400> 10 Asp lle Gin Met Thr Gin'Set Pro Set Set Len Set Ala Set Val Gly 151015
Asp Arg Val Thr lle Thr Cys Arg Ala Set Gin Gly lle Ser. Set Trp 202530 Len Ala Trp Tyr Gin Gin Lys
Pro Glu Lys AlalRPb6U2y80Serdserblieto bind to FoyRIIla efficiently (comparable to the control

IgGl antibody) as indicated by a Bmax (MFI) value of 580.6£245.8. Addition of 2
blocking antibody against FoyRilla dramatically reduced binding of LC5002-005 to
NK cells (Bmax (MFI) value of 260.4::95.90} indicating specific binding to FcyRIIa.



Ala Ala Set Set Leu Gin Set Gly Val Pro Set Arg She Set Gly 505560 Set Gly Set.GIy_Thr
iigogge?;]r Len Thr lle Set Ser. Leu Gin Pro 657075BO Gin Agp She Ala Thr Tyr Tyr Cys GIanf;nl-g));r
Asn Set Tyr Pro Trp 859095 Thr She Gly Gin Gly Thr Lys Val Gin lle Lys 100105 <210> 11 < v
<212> PAT <213> Homo sapiens <400> 11 Arg Thz Val Ala Ala Pro Set Val She lle She Pro Prop e
Asp Gin 151015 Gin Len Lys Set Gly Thr Ala Ser Val Vgl Cys Len Len Asn Asn She 202?3()8Tt3/\r/ |r9rhr
Arg Gin Ala Lys Val Gin Trp Lys Val Asp Asn Ala Len Gin 354045 Set Gly Asn Set Gin Glu zl Zs
Gin Gin Asp Set Lys Asp Set 505560 -9 - Thr Tyr Sét Leo Set Set Thr Leo Thr Leo Set Lyé aV | '?‘hr
Tyr flu 65707580 Lys HIS Lys VaI Tyr Ala Cys Glu Val Thr His Gin Gly Leu Set Set 859095 Pro Va

Lys Set Phe Asn B!
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_47 -
Patent Claims

An antibody binding to 1L-13Ral and inhibiting IL-13, characterized in that the
variable heavy chain amineo acid sequence CDR3 of said antibody is selected from the
group consisting of the heavy chain CDR3 sequences of SEQ 1D NO: 1, 3 or 7, whereby
said anttbody is obtained from hybridoma cell line BSM ACC2709, DSM ACC2710 or
DSM ACC2712.

An antibody binding to 1L-13Ral and ishibiting 1L-13, characterized n that the
variable heavy chain amino acid sequence CDR3 of said antibody 1s sclected from the
group consisting of the heavy chain CDR3 sequences of SEQ [ID NO: 1, 3, 7 or 9 and
comprises as heavy chain variable region SEQ ID NO: 1 and as light chain variable
region SEHQ ID NO: 2, as heavy chain variable region SEQ ID NO: 3 and as light chain
variable region of SEQ ID NO: 4, as heavy chain variable region SEQ ID NO: 7 and as
light chain variable region SEQ 1D NO: 8 or as heavy variable region SEQ [D NO: 9
and as light chain vanable region SEQ 1D NO: 10.



