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 chainGRRIL CRRZghE GBRS seqdencedare selbaied fioarthe-group.cansisting of the heavy
chain CDR1-RGRRZA0OERRS: HREQ R r9. The body is preferably
characterlzed in Fgat th% va ﬁbleﬁ%ﬁ?ﬁi ino add%lc(e3 %%%th%ﬁm C’gli r;lltrlwa CDR3 of said
antibody are selgcted e group consﬁatlng 5t theTightcHa 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 R @ﬁﬁs ?E' i5} Hﬂg‘é‘rsﬁ%&%ﬁéﬁénﬁ%ﬁﬂﬁ@%DRs of SEQ ID

oo oy,

NO*0 and &%/ ﬁé?@cﬂ%@@ﬁﬁ@tﬁ@dﬁﬁ@ﬂ@&@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 determining regions (CDRs) of SEQ ID NO: 1-8 have the following

sequences:
9 Amt?bom..,s against IL-13Ra] are known from WO 96/20417, WO 97/15663, WO

3/080675, Graber P., et al,, Bur. |. Immunal., 28 (1998) 4286-4798; Poudrier 1., et

20 al, |. Immunol., 163 (1998) 11533-1161; Poundrier 1., et al., Far. I lmmunel., 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



Tinvy chain CDRs. CDR1 (at 31-35) of SEQ ID NO: 1, 3, 5, 7, 9, CDR2 (aa 5066) of SEQ ID NO: 1, 3,
5,7,9, CDP.3 (as 99-108) of SEQ ID NO: 1, 3, 9, CDR3 (aa 99-107) of SEQ ID NO: 5, CDP3 (aa
99-112) of SEQ ID NO: 7; Light chain CDRs:CDR1 (aa 24-34) of SEQ ID NO: 2, 4, 6, 10, CDR1 (aa
24- 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 anitigdy lightchbamcanipasiog lightehain DRSO SEQARNG 25 4 BB Oy, J5wherein
the CDRs arg indepe 0 h-ather. Lhe antibody.i ferably characterized in
comprising é(%%%gg ﬁ?@gﬁfgaggﬁé%igﬁgéEQ ID Nsbggfgacr? %§¥%§1§r§vgriéﬂ% re‘ﬂ{?)ﬁi‘ieth ID
NO: 2, as héﬁ%%ﬁ%ﬂ SSRGS SEGE RIS 235 A 8% WY chain VARABIS MG BISEQ ID
20NO: 4, aslhelvy chainivariable region SEQ ID NO: 5 and as light chain variable region SEQ ID NO:
6, as heavy chain variable region SEQ ID NO: 7 and as light chain variable region SEQ ID NO: 8 or as
heavy variapl ' - NO): light chain variable region SEQ ID NO: 10. The antibody is
preferably ﬁg}fg%%ﬁ%é%gi%i%%%‘g%gqgﬁ% éé’\“&%?:“ﬁé‘iﬁ%%ﬁéw EYEGIHSED- 1D ’eaderiaed i hwechain
variable regisHSEQN NG 17t e chai corstaRbReyinhs SE QHOLMG: it 1sairdies fydnhgrvy chain
constant regienSEQIRNDoL hepanalinwithamrationsd3dA 0886 2394 D265A 20d NP2OTA,

b) as heavy chal g/gsrigpl&!l%gi%&iSE%llD I}Ieor; %&nd@gﬁig@t {S{E‘in variable 30region o SE%l D No: 4,
as r light chain constant region SEQ | Ko} 113nd a3 avy-Chhif CoASHAR TediBH SEGIS NO: 12
optionally wfﬁ%m&ht%%@n&%@zt&nﬁ&“ﬁE@\sﬁsSAb&W%ﬁME@ 15 N@) dsthdawyiigaichyariable
region SEQDiNi: Gaiod as 5t HhaiDvatiablectogianSEQHIING 6 RsIE lighb Ghain-capstant region
SEQ ID NOJi3and s uheRwe chairseenstant¢poiB: SF QR NQi 3 ontionallywithymutations L234A

and L235A Eoilrl E%SGEQI? &9&%2\,%%’5{’)16 region SEQ ID NO: 10,

The antibody is preferably a human antdbody.



d) as heavy chain variable region SEQ ID NO: 7 and-as light chain variable region SEQ ID NO: 8, as K
light chain constant region SEQ ID NO: 11 and as yl heavy chain constant region SEQ ID NO: 12
optionally with mutations L234A and L235A or D265A and N297A, or e) as heavy variable
region SEQ ID NO: 9 and as light chain variable region SEQ 10ID NO: 10, as Ic light chain constant
region SEQ ID NO: 11 and as yl heavy 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 LC5069-88 145505063 IEG@%?%?L@S@BZ&WOPEL@?OM-@EB.GTHGS%riable regions
of these antibopiefszatdysHaWntmISEQIDN@AbA & Usefkl.  constant regions are well known in the
state of the art. Examples are shown in SEQ 20ID NO: 11-12. The antibody is preferably a monoclonal

07 a recombin Ihody... In odiment of the discl t tibady is a
class-altered h%%ﬁg@rﬁi%%%%%%gg%%h%%g §Z% g(]) w%%t%f ﬁagydfsggfgs%?eﬁg\egg)rg%%%% contains a
human 71 heaﬁ g?afﬁq&lgﬁ?ﬁsrigﬁﬁéem fFrsaltn SElBeTraE Bver SV e amia shg it Bbletion of Glyz36

and/or @mino defeFSeticRed BrBErLwsws SERMBBDEBE53505h831 b) amino acid sequence AlazacAlaro
or ¢) amino acids Ala265 and Alazr. 30 Preferably the antibody according to the disclosure inhibits

IL-13 induced %‘&Wﬂ%ﬂé@%‘ﬁﬂ}&&ﬁ@éﬁﬂ%@&LQJ%Q@EQEJ%\{V%}E_mhMS FL-13 induced

eota}xin p.roducgeorgm\/vié[hS 58§/§iue %fégng or Jower, and/or inigbits. agﬁnfla Induced cell
proliferation, preferaply of T8-1¢ells {A KL S6037 Wit RATs G8E-VEIEBE T SRAWR lower (IL-13)
and 60 nM or IGAsISEREPF e ighibabealgiaes prsssh SRREON Qe dtdxm braddction and induction of
cell proliferation are determined according to mtamples 6 to 8. The antibody according to the
MR ot ot s capleophyiicesh e A R
antibogy is pre e ubstan no crassreactivity wi -13Ra.2 and a
i 4_Raq(?’2p fF())r é%ﬁ%%ﬂ%fﬂg% %%g%r;i]c? %@ St AL OXY are s 'ecte L‘i(";{om Xihﬁ group
: vy chamn TDR sequences of SEG 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:



The disclosure further provides hybridoma cell lines which produce antagonistic monoclonal antibodies
against IL-13Ral . The preferred hybridoma cell lines according to the disclosure (hu-MAB<h-IL-13R
alpha>LC.5002-002 (DSM ACC2709), Ini-MA13cli-IL-13Ralpha>LC.5002-003 (DSM A002710),
ho-MABGia4L-13Ralpha>LC.5002-005 (DSM A00271 1), lau- 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 ACC271Z." The antibodies obtainable from said cell lines are
embodiments of the disclosure. The disclosure further provides nucleic acids encoding polypeptides of
which antibodiESATE SBrNG R the il deurs dte cOBHIIged APIesSIon vged%g ,)c{omprising said
nucleic acids, and kﬁ@bééﬁ@f@mh@eﬁ@ﬁingt@@ﬁé’%?%?{&gﬁ&g%%ibﬁﬁﬁéﬁ Ffiltther aspect,
there is provided a @g@g(gﬂa@glgﬂc%g%ﬁ%g% lgog:lﬁf}mdmg 0 1L-1 WittiRg IL-13,

comprising as-heavy ch ariable regi D .@éﬁ%gﬁsﬂﬁhtﬂéﬁaﬁé \Brialaeregion SEQ ID
NO: 2, as hea\?ﬁgﬁ%%mvgﬁg%le re@&%é@éﬁﬁﬂ@@ﬁ@d@s ightchain variable regign of SEQ ID NO:

4, as havy chain v"éri%lﬁéﬁ@g@n KEQICING: (Zzanm 55 bglst:ehain yawiable r gj rg%% ID NO: 8 or as
heavy variable regitm SEQ)IGf BED Srandcas light ehain Yﬁrigé)—lg‘??e&i §Eg§ ?D ﬁr “10° 6a In a further
aspect, there is proMdedran £ esSIoRYertay q@@p ising a'nucleic i définedtabove, capable of
expressing said nucleic acid in a prokaryotic or eukaryotic host cell. In a further aspect, there is
provided a prq}g@l%{%ic %r %ukaryotic host cell comprising the vector as defined above. In a further
aspect, there is provided‘a Irs&ogfﬁ%ﬁ’i%?ﬁ@@taééheéapamtﬁiﬁhgE@duﬁm%x{ﬁﬁgmbinant antibody as
definég abovelcraaicgrgimes e mre Vidksmethods, for. the recombinant production of such
antibodies. Hence, in a further aspect, there is provided a method for the production of an antibody
binding to IL-43Rc inhibiting the.binding of IL-13 to IL-13Ral, characterized by expressing a
nucleic acid eniod%%%%l{gﬁ/%%h‘%i%hgﬁd: TIRIEHE SeadvetednRE BelightichaiD asmiefised above in a
prokaryaotic or eukafyo‘ﬁcf ’host cell and recovering said antibody from said cell. The polypeptides
encoded by tffe nu%@@%@&@%@@%@@%@%@gﬁ%ﬁg heavy chain comprisinc,
heavy chain CDP.¢ af BEQ ID NC: Nal, 3, 5, 7 or 9 and b) an antibody Iig rﬁgﬁﬁ“’tﬁirﬁprising light
chainDRs a2k H2 Nb; 2, r.10. These polypepticies are capable of assembling together
with the respective other antiboéd’sy;é Eﬁglgnn%(()% eeﬁ‘g?ﬁf&a ¥\ iBglﬁ-. -7-

The antbody is preferably characterzed in com
region SEQ ID NO: 1 and as light chain variable

chain variable region SEQ ID NO- 5 and as light chain variable region of SEQ ID
NQ_: 4, as heavy chain variable region SEQ ID NO: 5 and as ignt chain C'zbi

r;e:gi:.on SEQ ID NO: 6, as heavy chain variable region SEQ ID NO: 7 and ‘eri .
chain variable region SEQ ID NO: 8 or as heavy variable region SEQ; D NO: 9nbht
as hight chain variabie region SEQ ID NO: 10. e

Prising as hieavy chain variable
region SEQ ID NO: 2, as heavy

20

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 : puonaliy with muta

L235A or D2654 and N297A, A

b) ;as heavy chain varizble region SEQ ID NO: 3 and as Iight chain varizble
region of SEQ ID NO: 4, as Light chain constant region SEQ ID NO: 11 and .
Y1 heavy chain constant region SEQ ID NO: 12 o tations
L234A and 12354 or D265A and N2974,

30

puonally with mutstons



Antibodies according to the disclosure show benefits for patients in need of corticosteroid therapy. The
antibodies according to the disclosure have new and inventive properties causing a benefit for a
patient suffering from asthma or an allergic disease. The disclosure further provides methods for
treating asthma and allergic diseases. In a further aspect, there is provided an antibody as defined
above for use in the treatment of a patient in need of an asthma or antiallergic therapy. The disclosure
further comprises the use of an antibody accordingsto the disclosure for asthma treatment and, in a
further aspect, for the manufacture of a pharmaceutical composition according to the disclosure. In
addition, the discloaua(se in a fLEllrther as[%) ct, comprises a method for the manufacture of a
pharmaceutical composiiion SCcordiiy i tHE aRsSlosuFe. B ddabraliighinchdurtheraspect, there is
provided a method t8PEheRrEp A¥atién sfniisharhmiventisalceapasition thatacterizeg ip,producing an
antibody as definel abowve dyimeans:ef regaminantexpigssion vering. said antibody and
combining said anib@ym&tﬁg@bgg@g@gg%gl@%ptaggb%?fe? %%%ﬁ%&%u%anﬁ%?%%%sclosure, ina
further aspect, Corﬁﬁ)g?%% %(phar.macelﬁgal composition comprising an antibody according to the
disclosure. The pharaceuticar compBSrtiorFity conpridd@n’amibedyighithrahasmadeutically
effective amount, 5fftithafly (ytRefvativ digifrbrianciostan: adjinaptgsefulforsthe, formulation of
antibogii_es for phamhhmﬂi@@pummm. %@@ﬂ@@%q\ﬁ@;hﬁr gggg%%ﬁap%rhma% Lglggé compositions
comprising such amm%§m3@@|g§m@§g%%@¥%%?table carrier. In one embodiment, the
pharmaceutical COQB;Q&%Q%%@%%%U%%S n article of manufacture or kit. The disclosure further
comprifgs a vectoy comprising aqﬁuc%lc' o ac %i%@%%é@k@@%?@?éépa@@mﬁ@@ressing said
nucleic acid in a prokaRotfe &y &drbhérérhesEEat, ThediSEpdiredurthereemprisesaprokaryotic or
eukaryotic host cetbebnmprising wsiectSEGcHdMHiRg 1D thedisglosHe: d@ta%sdﬁ%!&%@ urther
comprises a methaoktor dhe produstionof 4 recombinant human antibody according to the disclosure,
characterized by expressing a nucleic acid according to the disclosure in a prokaryotic or cukaryotic
host cell and regeyeris ' ibody from said cell.. The disclosure further comprises the antibody
obtainaple by such ayggggn%%%r’\%sgt ?&%%eé?ié%léﬁﬁ?ﬁm%r%bﬁ%é@@w@hodt@or the
prepal%ion of SFRAfHceticaPedrhEBRiiB cHarabte AeadLinsselolingrananlitody.against IL-13Ral
from a pluralitfsefamtibctlie srafaitstibl akmeaen ;6o C ssay without said antibody,
producirﬁ)g saidfaﬁggggzégxsrgpg@;ggéiggarg%% t I%E%&B%ﬁ%gc%ge_gﬁ%& r?ﬁ%o’g%,eand combinin)g/;
said antibody 't%ﬁpharnr@ceutical accepta Ieégchéi an§¢8f?'§8ﬁj\;§ﬂ 87 4B FAR0Ntibody has one
or more of the Habave Mentonet auBiters FdseHse s baue dSESCHPHED: of thetlmsmntion The terms
"IL-13Ral, murfitefert srionssRa? sirich thvd Ratandathelf gemnains.amwell koown i, the state of the art
and e.g0 defindihycSwissProt P78552, 009030, P35225, Q14627 and 224394. If not otherwise stated,
the terms "IL-I3Ral, 10IL-13, IL-13Ra2 and IL-4Ra" therefore denotes the human polypeptides
IL-13Ral, IL-13, IL-13Ra2 and IL-42a. The term "human antibody", as used herein, includes antibodies

having variabl&anensbpdtant regigns tdomanalalbich-eabaassigprthiv.aefingd human germ line

In one embodiment of the disclosure the antibody is

a class-altered human
antibody.

In a preferred embodiment of the disclosure the antibody contains a human y1
beavy chain comprising

a)  smino acid sequence Prom;Vabs,Alay: with deletion of Glyys and/or amino
adid sequence GlyszLenssProneSersySerss; |

b)  aminoacid sequence AlagsAless or

<)  amino acids Alayg and Alagg,.

by
U1

30
Preferably the antibody according to the disclosure inhibits IL-13 induced Stat-§

phosphoryiation with an ICs valze of 6 aM ar lower,
eotaxin prodection with an ICs, value

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



immunoglobulin sequences because of their high sequenu similarity or identity 15 with these germ line
sequences Human antibodies are well-known in the state of the art (van Dijk, M.A., and van de Winkel,
J.G., Curt. Opin. Chem, Biol. 5 (2001) 368-374). Human antibodies can also be produced in transgenic
animals (e.g. mice) that are capable, upon immunization, of producing a full repertoire or a selection of
human antibodies in the absence of endogenous immunoglobulin production. 20 Transfer of the
human germ-line immunoglobulin gene array in sgcéw_germ-line mutant mice results in the production
of human antibodies upon antigen challenge (see, e.g., Jakobovits, A., et al., Proc. Natl. Acad, Sci,
USA 90 (1993) ﬁ@g%% §%cﬂfgkob?ﬁgit3,.A., et %%Fé%ature 362 (1993) 255-258; Bruggemann, M., et al.,
Year Immunol. 7 (199 %% 0\ HIMARCEN BB E8h Hish BstbaGECRR piYgerias display libraries
(Hoogenboom, {¥RV2isA PN e G lowmdlLBibl 227 {1992)383w3881 Marks.d. D.agtal., J. Mol. Biol.
222 (1991) 58185687 phbeteehnitiesofGolestak; rner.et al, are alsg.available for the
preparation of %@&%ﬁggnm %gltibodi?‘tf%Co@ggggigﬁﬂ%%ﬁgﬁa?%% @5%‘9@% Gancer Therapy,
Alan R. Liss, p. 77 (1985): and Boerner &t & <. Immunol. 147 (1991) 86-95). A human 30

antibody encompasses the various forms of antibodies, preferably monoclonal antibodies including but
not being limitedtoanioke a&ﬁh@@%r@@&ﬁﬂ%@r@g@%ﬁ%&é?ﬁ&'% red antibodies and genetically
engineered am@%ﬁﬁ(\%ﬂzgl ar mutant antibpdies) as long as the charadtirtite properties according
to the invention are etaine .Eggjﬁlécf’a%ﬁl reterrdd e Mgembinamt mifnediy aistibesiesbFhe term
"monoclonal ariti3oth & AEretivrefersiliaprepasatiomofantibody metesuas alk having
substantially théFsdpnésiadiino foiih Blﬁlﬂmﬁ@;igia@term “recombinant human antibody", as used

herein, is intended to include all human antibodies that are prepared, expressed, created or isolated by
recombinant meangsueh. ag-Anthodies isplated from a host cell such as a NSO or CHO cell or from
an animal (e.g. a mouse) that is t%n}s&n?%?’%ﬁ%ﬂ‘q%ﬁiﬂ%@qﬁ‘i}lﬁﬁﬁlﬁ@%@t@r antibodies expressed
using a recombinant SXprELadsAsaRst takldtetted into such a host cell. Such recombinant human

antibodies have variable and constant 10 regions in a rearranged form. The recombinant human
antibodies accurdipgrtadg,inventicanaye Resn; subjected fo in vivo somatic hypermutation. Thus, the

1SC

amino acid se ahieuH LT, f the recomBnant dntsddied e sequences that
can be assigne Eghd%:&gz? #g‘" a?l@ée%{m ﬁer%é%?ggghd ~Méhrdnled SBabhay-A60RRMRAIlY exist within
the human antibody geri i ’r:éjﬁ’é’ shilbiveRabrhreliErpi02Iaes-aNskeamibody’ Fefers to a
monoclonal an%%%&ﬁe*é&b@@?%ﬁﬁﬁ%‘ﬂﬁ?o@ﬂ?}vcmawmg)Wia@g‘g{@giqgﬂh%@@nding region,
from one souroeithrlgmmﬂm&anﬂiﬁtgaaatm@gﬁm&m{m@&%t@g‘f,g‘lfonStant region
of an antibody.Gemaaglifferent source or germ line, usually prepared by recombinan A techniques.
Such class-altered antibodies are not 20 naturally occurring and therefore not available directly from
xenograft micgy Rowlshef - ibodies; encompassed by the present invention are those in
which the consfap! rae ion %%Et?d%ﬁée%gcgg?%%g t%heh il %%?c&ﬁ%aﬁ?%%@%%eﬁ%%hat result in
an antibody havm; i @Féﬁ%ﬁréﬁ&%@according to the invention, especially in regard to Clqg binding
and/or Pc receptor (FcR) binding, i.e. 25 by change or mutation of Fc. Class-altered antibodies are the
product of expressegdaun I rising, DNA segments encoding irnmunoglobulin
variable regions and DNA@%%%%@%%@%%&%%%?S utin tégrggs SAPHEGIBhs. Methods for
producing claﬁéacliter%gugen i% dies inyolve conventional recombinant DNA and gene transfection
techniques are well known i theP St (S8 8 E5C suivetsrstig B ivpestides ®robichiad, Acad, Sci. USA 81
(1984) 6851-685Fdissamratding Moke 8:202y238anthEnRMAd}si nbQudieapiFhaips which is involved
directly in bindig ihaeanitaedy:io ibe antigsrnd hesamains.alyariable hu aq.%x and heavy chains
have the same general structure and each domain comprises four framewor t ﬁsegions whose
sequences arg wi g&/ conserved, connected by three "_hypervariable regions” (or complementarity 5
determining regions ¢ IFREF-HHES A Revititk  8trdrie ssiibpreedinbetadnshedt torfagmationsaad the
CDRs may fo_ami lobibstiogihdt ngripasidssharbSirie Gardddf G235 26383 r‘%%e Neld in their
three-dimensignal sirugide (yntggérﬁgrgwogk Ledions and form together with the CDRs from the other
chain the antigé_jn binding site. The antibody heaw and TYNEEARIR e $FSHIBEOhActadasly the heavy

chain 10 CDRE" IR Fiftlearannint e Nk 4n ateeimdingnspeiieityfasinicofthe@ntibodies
according to te invightiom:ana.daBreiaiR PIRONS NG QBIGE) inventio !
"hypervariabl&gegiggﬁp&;gng e%}lgipjgtzg gg@t@g Tgf an ana?ibody Q\‘/fvaﬁ%%r)ll%segap ﬁégr%%?éﬁg?g the amino
acid residues of an antibodrﬁl which aré respo O180%0r 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, CDR3, 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 antigen, but exhibit
various effector functions. Depending on the amino acid 25 sequence of the constant region of their
heavy chains, antibodies or immunoglobulins are divided into the classes: IgA, IgD, IgE, IgG and IgM,
and several of these may be further divided into subclasses (isotypes), e.g. IgGl, IgG2, IgG3, and
lgG4, IgAl and IgA2. The heavy chain constant regiofis that correspond to the different classes of
imrnunoglobulins are called ;a, 8, y, a, and c, respectively. 30The antibodies according to the invention
are preferably of IgG1 type. The Fc part of an antibody is directly involved in complement activation,
Clg binding, E32EM&tBHShEE RESHEFLIRETRISBIRITE 0 ClPISTasRer by defrisd Bifting sites in
the Pc part. Stichebiaging siteg araiknesddacibie stateafiearart ancediesstibetlosigeiby 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 98(? 338-344; Thommesen, J.E.. et al., Mol. Inmunot 37
(2000) 995-1603 FHIEGERERE P AT 7Y M HRSI 264 (2660) 1 7B 4184 SHE RIS NRE &tal., 3. virol.
75 (2001) 1216d:d2ka68&:MargaoyA., et al., Immunology 86 (1995) 319- 324; and EP 0 307 434. Such
binding sites are e.g. L234, L235, D270, N297, E318, 1(320, 1C322, P331 and P329 (numbering
according to EU index of Kabat, see below), Antibodies, of subclass IgGl, I1gG .an%ll G3 usually show
complement SetvEGST ASREGINHIFG ét%%r@@dﬁétﬂl’éetmwggﬁﬁéhc ﬁB%o‘?i?r& ‘fgé]ﬁ%étivate 10 the
complement systeipirdainetbing eiqiand-dabetactivate C3. As used herein the term "Fc part derived
from human origin" denotes a Fe part which preferably has an amino acid sequence of a Fe part of a
human antibody of the subclass IgG1 modified in such a way that no CI q binding, C3 activation and/or
FcR binding cér hisdetectetirorbindingds atcbadt redubeddomaiifenpraterably: 700spcompared to a 15
human IgG1 gptiboey. An "Fe part of an antibody" is a term well 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 sequence of a Fe part derived from human origin and
preferably all Bthes. prast§ohthespremtinreonptaritrégiowdiod refarsbilipdvetica gl bpdiitated human Fe
part 20 from hymandoE L srbclass Wnstiyprefermachare He parsicomREsingAaytheavy chain
constant region gan examgl? i%lesag%\évi ienn%'él Il;a) lI}\Ie(a): 1C a’}/vitakga @gt}gt& ns al,_czlg%ACg&g LgSSA or D265A
and N297A (W0 @?Ef%ﬂ%). Human constant ghalns,vé.g. y'Il-hea_vy chains are escrléed in detail by
Kabat et al., Siehuekde ot PRGHYGT ImBIvGREYIES] theavesy ctthhed. el HReaHF 8% rvice, National
Institutes of HaritiBethesaasMRe1(1991), 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 régiBharaieniiadsth iy dLitlgsaisteir edibededif SIHi¥PaiRtt 30light and
heavy chains which is involved directly in binding the antibody to the antigen. The teini nucleic acid or
nucleic acid ndlecate saghestrdbvareinhn nteRaaling inchRTdeDNA Mdlecties?ashdiRRA molecules. A
nucleic acid molecwermay he sirgiadtranded or double-stranded, but preferably is double-stranded
DNA.. - 12 - Anuclaic agidds igperally dinkedswharit is plaeedintefynetianal felationship with
another nucleic acig Seguence. For example, DNA for a presequence 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 dithe sefuentésora repsome! bindmyisite thgoperatliblitkethtpearvodifigesequence if it is
positioned so asaMBciiiedansiation Gepeelly, "operably linked" means that the DNA sequences
being linked are cis, and, in the case of a secretory leader, contiguous and in reading frame. However,
enhancers do not have to he 10 contiguous. Linking is accomplished by ligation at convenient
restriction sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice. As used herein, the expressions "cell,” "cell line," and "cell
culture" are used interchangeably and all 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 transfers It is also understood that all progeny may not be precisely
identical in DNA content, due to deliberate or inadvertent mutations. 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 1§D 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. Bindiritjtedies13Rardan be ithvestigdrstrby 4Bl Aserelissshy (PHEritadh Bisdensor AB,
Uppsala, Swe@l@ﬂ)soatele;afftmttﬁé;gf thebingimgdrdeficadihy the terniskasiatend@canstaatdor the
association of the tlbod om the antlbo nco ) sQciati ) KD (kclika).
-13-The blndlng otvei_ to Ieslgaﬁlaﬂé inhi |t3§gbﬁ;} tt%ebgﬁtleg)é 5@6% ?g)lﬁg%%gﬁltéelﬁﬁeaﬁtlon The
inhibition is mé%’@r‘édﬁé@%@ 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. Biacsardingite thevaventiondordhechinding afalhnd 31t dic 13Rabare no more than 6
nM. IC50 values are measured as average or median values of at least three independent
measurement Hg{ 1050 vgl&ee%r?sagrg% Qut o of th I@g Ef}en%&ltl 89& BX: according to the invention
show preferab y 2 pind e same epitopes ot Iaas an antio ody selected from the group
consisting of OB @E@@W%Qp E@%@@@D@Sf pEEOSBOHIAP5002-007 or LC5002-018 or
are inhibited in binding to IL-13Ral due to steric hindrance of binding by these antibodies. Binding
inhibition can be.deffeiod 0y 4 sPR Basax.using anmmebilged atigody, selegled f1om e QAR
consisting of antlbo les LO5002- 002 L05002-003, LC5002-005, LC5002-007 or LC5002-018 and
IL-13Ral at a D5 BSHERrtFAIER of 0 B0 BRGPIREA b oMy TOBE thite Aba AbHRBEERt £6BR Y10
nM. A signal reduction of tho%soilmerdshbi®thdidtiedmibody conmpetegwith-anmaintibedyibeletiethe
from the group,cARSIStinG. 2} 3RHIRAMISALEEARRAA% AG50A21 PR3 kE5Q)2-005, LC5002-007 of
LC5002-018. The term nepitopen means a protein determinant capable of specific binding to an
antibody. Epitopes usually consist of 20 chemically active surface groupings of molecules such as
amino acids oPsligdditinel bhainsfeatignasoedly thavesspedifid thiregdinferibianab sl
characteristicqatﬁw&thﬁ@dse&ﬁHtelghﬁltgerga@m@teﬁtsgti@au&@bntaraaatj'@@at@a@m@mmf@rmational
epitopes are |st|n%U|shefdreco1 ‘Ednan‘? bi nrcélsrg o }Qc% Jori']r]negal%) adrlt tthe I er |sbllo“§t mqth presence of
denaturing solvents. The invention com’f)rlses also a an ant blnglnglt% IE 3Ral and
inhibiting IL-13"Bibetivith Traaesitedy b‘iﬁ‘ﬁﬁ%ﬁﬁﬁﬁ%ﬂ@@ EN?‘IJ‘G@B or less, preferably of 10-9 to
10-13 M for binding to IL-13Ral and by an affinity of 10-7 M ('CD) or less, preferably of le to 10-9M for
binding to murffe {384, 1 2:ergleuse.cobpdmenofibe.invaning. fe Anfipedine gocording o the

30 invention are further characterized by one or more of the characteristics selected from the group

selected from tﬁ%ba%&ﬁ?arﬁa%&ﬂtété%%ﬁ%%’ﬁ@h&ﬁlaﬁmﬂgcmﬁeﬁgafﬁ@f@ﬁ%ﬁé@@ {HiHban antibody
selected from tié grbamecnsistingticantibodies dpG5002 100 EBDO Bu0B83;rid©b00RL00H LC5002-007

or LC5002-018binds; melmuliieARtiRedigs a6e arding.ta:he inyertion are preferably produced by
recombinant means. Such methods are widely known in the state of the art and comprise protein

expression in prokaryotic and eukaryotic cells with subsequent isolation of the antibody polypeptide
and usually putificatisricora phafirtraceytidatly BleeaptabieabueRyrPotidhie srotelitiakpr@ssion, nucleic
acids encodinglighidandiheavyrehainseichiagmeanisdhiereehaic inseiieddntwexpiession vectors by
standard methqds. Expr. rfor B d%@”f? prekaryetic oreukaryotic host cells like
CHO cells, N§3 a%e sé%é%ﬁlg ﬁg%‘h\é agpb § COS cell srtyeast ornE %%I‘ilc }fs and the antibody is
recovered from the cells (supernatant or cells after lysis). 10Recombinant production of antibodies is

well-known in the statéeafrthéuaticancdgseribed;dfaoexamplepin itheundviewcaltislesdfdalctides, S.C.,

Protein Expr. Bupis it (199M1d 83 2065 GEIRSSaid:» flcdlic PO EXPhEYfo@ (1298h G282,
Kaufman, R.J., Mol Biotechnol. 16 (2000) 151-161; Werner, R.G., Drug Res. 48 (1998) 870- 880.

15The antlbod ied ﬁ‘?Hy be present in whole cells, in a cell lysate, or in a partially

The disclosure further comprises a prokaryotic or eukaryotic host cell comprising a

vector according to the disclosure.



purified or substantially pure form. Purification is performed in order to eliminate other cellular
components or other contaminants, e.g. other cellular nucleic acids or proteins, by standard
techniques, including alkaline/SDS treatment, CsC1 banding, column chromatography, agarose gel
electrophoresis, and others well 20known in the art. See Ausubel, F., et al., ed. Current Protocols in
Molecular Biology, Greene Publishing and Wiley I?terscience, New York (1987). Expression in NSO
cells is described by, e.g., Barnes, L.M., et al., CytStechnology 32 (2000) 109-123; and Barnes, L.M.,
et al., Biotech. Bioeng. 73 (2001) 261-270. Transient expression is described by, e.g., Durocher, Y., et
al., Nucl. Acids:nRess3@38 (2002) Ehfalening afvaiiable domainsis.degcrbed hnQxlandi, R., et at,
Proc. Natl. Ac%g. Sci, IEPAA 8%%}? 39) 3833-3837; Carter, P., et af, Proc. Natl. Acad. Sci. USA 89
(1992) 4285-4289" and Nordérhaug L., etat, J. Inununol. Méthods 204 T68H 77°87A preferred
transient expré&sionrsysiam HEK 20398 destribed By SettasgettBRyiaidChitstetisen, K., in
Cytoteduaology30:(:999)id 1-88-and laySchiarger]. Ern304disdnsdd minbanl.cMetheds 494 (1996)
191-199. -15 afnﬁb'&?ﬁé%{ﬁ%n%%ll'@@&m%"%’&&%&mﬁﬁ RIomaters, enhancers and polyadenylatlon
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
chromatograpfs getlekectfophoresisisiakysish o faffimi tyglhramatdgraphy.hAeand RNA encoding the
monoclonal antibadiesis (aadibeisRlatad a0diseaHeRGES) %g&ﬂ&@&%ﬁ%%&ﬁ%edure& 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 cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the
synthesis of recombinant monoclonal antibodies in the host cells. The antibodies according to the
invention include, in addition, such antibodies having "conservative sequence modifications",
nucleotide and amino acid sequence 15 modifications which do not affect or alter the
above-mentioned characteristics of the antibody according to the invention. Modifications can be
introduced by standard techniques known in the art, such 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 having similar side chains have been defined in the art. These families include amino
acids with basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., 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.g., 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™ c§r|g|nal 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 glycosylatipniSiiashtitaienet rasest inthe @&H@Q@i t@b{f‘c@zs&ﬂaggggg, Qf:aptinodies is

typically N-linked N+ linked, sefers ta,the atfachmaent of the carbohydrate moiety to the side chain of an
asparagine residue. The trlg? Elg%en esa a%gﬁe X-serine and%sp%%g’?é%sﬂﬁ%onlne where

X is any amino aid except prol‘?{gagé’ there iGA S or én@%ﬁ%ﬁﬁ*ﬁﬁéhment of the
carbohydrate mofétfRB ke alparagine @H@‘E@ﬁaﬁi"fﬁﬂﬁ@’ the présedichaofoeithermftheseripeptide
sequences in a palypeptiddwrebiddiaopatentiphghicosylation 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 abgg&%gslgngreldgg epgl & Sequences (for 25N-linked glycos-ylation sites). Nucleic acid
molecules encodi n_g“mﬁ‘—a%mume-vmm'ﬁs 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 ca&"éfofemm?ﬁwmrdngiaﬂﬁhdmyﬁqmﬁmmaﬂam@ or.-prepajatiandy 30
oligonucleotide-ndediaiechonsiterdivected)snuiagenasis, KGRMuAeNe SIS, Apd. casselte mutagenesis

of an earlier pre r I n of nt|IL-13RaIa ibod 17 - Another type of
p@éggggap@itzg @ﬁ%\@dﬁ%ﬁ%ﬁug ycouplngg q& ﬁtéét(}jth]e?’%ﬁfrbody These

covalent od|f|c inv cal

procedurieb; are a \(/)%;}Ht%“ %%‘f ﬁnl%gfr B TR e enpseh iha R SlleerRtitsddy!tRa host cell that
has glycosylatloﬁ%ééé%ﬂh@WFﬁWﬂmked 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 groupsradGi-as @K\Qﬁ@:@&%&%&ﬁe &%U@%QXQO&L&{& 8?%1%:18{‘ ag those of serine,

threonine, or hydr &(}é rolln atlcr sidues su has f enyla ann‘fe atyrosme or
tryptophan, or (f). the gml e%?%]zj fatamine: '?h &%s(ﬂ%%‘éé?eda%%@n%%‘&%ﬁ $WE §705330, and in

Aplin, J.D., and 1BVRHEEEHDS: f’Fq‘@R‘és@ﬁfﬁ?&/oé%éﬁéﬁgf(r%&eyl%%ﬁ@&@emoi/alltctffany
carbohydﬁate mdﬁéﬂéﬁlpﬂ%@@m bmtheqamdaaoiyimyi hetiechenplishetl-themicalhosenzymatically.
Chemical deglycosyiaticacaiibeascamplished y:gxposingthe apliRodydq tHiliosompthianesulfonic

acid, or an equ?(gg[gygg)rgpl%m§dgr(§%@§ﬁ5E)esult in the cleavage of mo tor all sugars 15
except the linkin sy?gfar (N- q[ Iucos%mlne or N-Acetylgalactosa mefnu%a% Fé%\fi‘ﬁ@e‘%e antibody
ation

intact. Chemical deglycosyt ndxgélgﬁﬁgﬁ URP<ERINA GRS &Yl mERrtetp osridedBRseREm. Biophys.
259 (1987) 52- 5?%%%@8@@%% tes abxngt. Hiceresnots (198LoLRLRT7 pEnzymatic cleavage of
carbohyéfate mdietieéeon ailiibodies: qanbéac iaved Qyotheinseof avarigvehends-and exo-
glycosidases 20asueiascriedhyid hotakpraadl Ry agBah aQtf%nciYé? o'i% ol 1 8 1987) 350-

359, Another typ@segf g%vm%mgglf gatltgn ofI;he BO% k|n e ant / to one of a
variety of nonpr ace polymers, e.g., po yea# ene g yco ?3 ’75:7&0% or’
polyoxyallcylenes nifbrbetTorktints ﬁggérﬁﬁsﬁ& 4"6&918@5; M% 8B89Y42801, 144;

4,670,417; 4 7911%921@1471?99%@73%49& Hrothereasiedicthemndsntion praiddes isgiated B-cells from
a transgéhic nontisphaiiaainalFegabansgans Mmauseawhich pm&ps&gﬁgﬁ% aj-IL-13Ral
antibodies accorgigia-1ae; iBveation; Rf@f%ﬁﬁ'%zﬁhﬁ@? a§§fj % 3,2 ?cﬁbta'nedﬁféofn a transgenic

non-human anlrg@l e gTB artran nic m use&,\gﬁgif% éi been im.muniz a puﬁfled or
enriched preparatlon of 1L ’ﬁ At R Rp ISR RR L3R4 aReRRsPoale transgenic
non-human aninf3E@gies! gﬁﬁﬁéﬁ&%ﬁ%@“ﬁd@ﬁ@é@ﬁ@(ﬁﬁﬂ%ﬁhﬁh@dﬁ&hﬁ@)@chmn
transgene and a%uﬂ&%];gmttifwﬂrmﬁeeﬁe @ndodingralidr asportieg pisaroantibadynofthe
30 antibody encompasses the various forms of antibodies, preferably monoclonal
antibodies including but not being limited to whole 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



- 18 - invention. The isolated B-cells are then immortalized to provide a source (e.g. a hybridoma) of
human anti-IL-13Ral antibodies. Accordingly, the present invention also provides a hybridoma capable
of producing human monoclonal antibodies according to the invention. In one embodiment, the
hybridoma includes a B cell obtained from a transgenic non-hunian 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, fused to an immortalized cell. In a particular
embodiment, the transgenic non-human animal is a[tgrénsgenic 10 mouse having a genome comprising
a human heavy chain tTansgene and a human light chain transgene encoding all or a portion of an
antibody of the investiah. Thedrinsgesicradnhumansinimal canhe inmupized with a-pwified or
enriched preparatiagofilhsh IRabaniaenandarsela xessing il el pielsiabiy, i tansgenc

non-human animgl,.e g the transgenic mouse, is capable o ducing 15Ig sotypes of human
monoclonal antib%H |§‘§?§ Tﬁb%éai The ﬁﬂﬁ?ﬁﬁﬁlﬁ%% [ora attibodies according to the invention can
be produced by immunizing a transgenic nhon-human animal, e.g. a transgenic mouse, having a
genome comprisitig: &hurhesribawnchainatranshedd andahhemdn, lighitehain tansgaagiencoding all

ora loorticasréI /of amlaﬁﬁmdmmdﬁ@ ma&egﬂ epeﬂula,aem@'&%?, %&%@Bﬁ%@&&ﬁ%@&&?&&&#lﬁm_ .
antigen and/or c S al. B cells (e.g. nic, B cells) of the a are then obtaine
and fused with m%g?gr%%%?lel%%%ﬁl fﬁn%%ﬁ%%?ﬁé@ri%g%g%%ﬂ? aats)sae{c\ﬁgfég Q&ﬁ%nc offoclonal
antibodies againé{qlﬁ-féﬁﬁﬁ?}] (& profaffed drbsdrmsstniuimbrmenseprardatibbu ks directed
against IL- 25 13Ratel#rediesgemerstet ubiggitransydnienmicecasiyingepartsahtherthiiman immune
system rather thancthe imeusdl sysiemedhasedianseanicmicsireiermedie.herein as,fMab” mice,
contain gduman;| lobuji QeNg IRHOC tuirearranged human imrnunog,lobulin
genes which inclu%lég%:égglieg%g % an%igig a@%ﬁ%@%ﬁ%ﬁ %é%?ﬁfﬁtﬁ ré)égfgﬁac{éor{é%},g 1?8g%t er with
targeted mutatiohs that 30 nacivate %#5%6% OSHREHY DERERIBEPT SRBer NTE L, Nature 368
(1994) 856-859) 2AecHiBifese e hicEExHiBit fedisstsuiebrissiveoiimonsetdgivbdiek aand in
response to immemizatientttiecanttedusgd-Humdsihebiyranddight khairndtiansgengs andergo class
switching and sopaetic.phsation o genaraiehigh: affiniy ahﬂiﬁoa?‘g@ﬁm!&@ﬁ&%%'%%ﬂ“bOdieS
(Lonberg, N., et at, Nature 368 (1994) 856-859; reviewed in Lonberg, N., Handbook of Experimental
Pharmacalogy 1JF1 (1994),49- 101, Lonberg, N., and Huszar, D., Intern, Rev, Inamunot 25 (1995)
65-93; and Hardi %‘? FIn FI5RBEN RPTAMH NCIREA, Sanomeiorgdsy Sasisasefmrblysapreparation of
HuMab mice is desefbet i TEylopripriengl 2 Nucible AdisnRésedrohli?g (992) 6287-6295; Chen, J.,
et al., Internationahdremungtagyin{ 1993): 4656 oHiuaillon: Norglak Biee. NatlnAsads Sci USA 90
(1993) 3720-3724; 4R, dfonel BlnNAIEFENRHCS 4R J1L:-123: Cheny.J, etal, EMBO J. 12
(1993) 821-830; Tuailio RF et at, Nature 368 10

., etat, Imm 152 (1994) 2912-2920; Lonberg, N,
(1994) 856-859; TR 5%?&???_?5’%%8%%&%‘%%6%%# 85 a% a% DIsE f_“L%%@f%%&f&g‘!?bl; Taylor, L.,
et at, Int*Tmmun8B Doy 570 e therierpN avainbla dizally omntenegREvniranianot 25 (1995)
65-93; Harding, Pf arlesd-aitdyedgaNih oy’ NnokoseksSd-b7 64 198Eh 6 36-a4bnFishwlilshD:M., et at, Nat
Biotechnol. 14 (1036) 845-85k:ihe &@H@mssomﬁ%&ﬁwbi%ﬁr%e%m&%ﬁomﬁg%%d@gi gference in
their 15 entirety  Sgg.further, t NOS. 806;.5,569,825: 5,625 126; 5,633,425; 5,789,650;
5,877,397; 5,661.0 3;.%%%1%,3%%@%3%?‘ %?’%gfzgs%ﬁ%;d%%%i%‘?% E75%8EE W 64125585, WO
03/1227: WO 921 58NS i SRS 10 HF 8 TR . B Rt HEmReRs a6 BRo i SiRgbblies to
IL-13RaPHuMalPfibeneanroayaRammE & witiisalienstlaa Brasirichie dhoreparation obieséSRal antigen
and/or 20 cells éxpressizighillil 3frakin @contdapcoMWithsdiegenesatsnathachasdeaibed by Lonberg,

N., et al., Nature\368n{d 9843.856:859dkisbuiich D Mo £h i NAl RIRISAINGn 4,(1996),845-851 and
WO 98/24884. Pﬁa §{§£|¥¢ th% mice WI|{ bea_€ﬁ;—16 Weﬁ s(g %iﬁr#@on the fast immunizZation. For
e 1L- a

example, a purified or enricHed preparation oefrg%ﬁﬂa % 3R ARG b URTRE B IL-13Ral
-expressing 25 CHIE) 8% BEPGsBATSSTRARUATZROIIESS FAaNHhikaitaperbsnaall{sch theevent that
immuniz&tions udegragmufifledebrbnficlietigteperdtitn 67k -8 BRb&NtESH-685 ROUEBEIEAR antibodies,
mice can also berisarsjzozesk with edls expressing IL-13Ral, e.g., a tumor cell line, to promote immune
responses. Cumulative experience with various antigens has shown that the HuMab transgenic mice
respond best wh%? 20 initially immunized intraperitoneally (i.p.) with antigen in complete Freund's
adjuvant, followe %yvé‘\rflé%’é/eo%/??é?f\liv Xig zeen{ﬁ%fﬂﬁI;?fi.b.hégg?g%ﬁwmfz’éﬂ&%e(fégléﬁéfﬁﬁle, up to a
total of 6) with aRfGBICifmESR P eeFe dnrs sepnianthT perimfrade sbtpansedaigiieambnitored over
the course of the immunization protocol with plasma samples being obtained by retroorbital bleeds.
The plasma can be 35screened by ELISA, and mice with sufficient titers of anti-IL-13Rai human



-20 - unoglobulin 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. It
is expected that 2-3 fusions for each antigen may need to be performed. Several mice will be
immunized for each antigen. For 5example, a total of five to twelve HuMab mice of the HCo7 and
HCo12 strains can be immunized. The HCo7 mice have a JKD disruption in their endogenous light
chain (kappa) genes (as described in Chen, J., et al,, EMBO J. 12 (1993) 821-830), a CMD disruption
in their endogenous heavy chain genes (as descriﬁe]tgl) in Example 1 of 10 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 H@uy dhuimantidaychataittansgeneiasagsarbedind) & RateptNg. 91/.70,429). The

HCo012 mice havgga. Kb dissuptiemninthel | Iny(kappa) genes (as described in
Chen, J., et al., EM 93‘% 12 (1993 821-8%@%?%%%%%%%&%%?& %‘r‘i’rdggséﬁéﬁ"éheaw chain
genes (as descri%]é in Example 1 ot wWo 0 Ha SHTE AR AR9ACItSERSN TFansgene (as
described in Fish(Higymame e conptciaidte chirsl M {roge)ig48:881) (encbapl@oishisman heavy
chain transgene (ateteiunpedtivExabiple)2 Ohw OB/ k442410 Maise lyrpphegyiBs.can be
isolated and fuseswfiframaause myeiomancs!ding 120vsing.REG basedinn siandard @%%toco's 0
generate hybridomsg Teseshling yAridomas are len ssreencd fof the prodiction o
antigen-specific antjbodie .éfor example, sin e ce suspensions of si_%‘f@?ﬁ d Wﬁ’ﬁc‘ﬁ}éde-derived
lymphocytes frorﬁeﬁ’f?ﬁﬁﬁﬁg arﬁﬁi%%fﬁ’g&f%%%ﬂg‘%%&ﬁlﬁ%’é AilsEriarSPplgHoblsdineting mouse

triyeloma cells (#ite Ghemt i ywithes0%ePEGIEC I3 drecplatechati2Eapriaximatelia:x 105 in flat
bottom niicrotiter(iléte, Iﬁéﬂjowg&mmuﬁipwtma@iﬂp@b@ggmggs@g&g@m' m,dngividual wells
are then screen%m&&%@aﬁgm&&%&a&%%@&%%P&S%Q”a' LIy % G aﬁii les. Once

extensive hybrid%}rggn%%wth occurs, medium is analyzed, usuﬁff/wé ter &3&%‘?_ e §ntibody
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 th€hedattusétypevitngatdeprodutesdatibigety inntissyposuluiie mesisadorsharacterization.
Because CDR SQ@&@H@@&;&@:&Q@D@@%@Eé@c@@%@%ﬁ@?&@@@%ﬂﬁﬁ’ail;é%e@?éﬂgé?eto express
recombipant antipodies g&g‘%%gé?eg tg the inventi Fg by ccg)nngtructing expressian vectors that include the
CDR sequences.according to the invention onto framenork SRqtEAELE HsH A8t dRPRuman
antibody (see, e.tgf_R‘fggf? DAY CEErRGHTe £EPE098) 5231807 Fameyork! earal FRAture 321
(1986) 522-525; BAPBUBEDCs: eprbPRrderiat roxtad, Sbe; thS: Ah86apasNHOR28KR033). Such
framework sequesiésccan bedbtaifieefrum peblic BNABatabasasO-hal nclkidg.gegaline human
antibody gene sequggeschhgse.cenmiing seavacesWItdIfia kpmmatye aptbadygene
sequences beca&'&&éﬁ@ﬁ% 28&'?&'999 completel m"i‘l??f;“b'eé%&%‘%e e which are formed by
V(D)J joining during,B cell maturation. Garmiine gene sequet (Bt fisiiti@sequences of
a high affinit 3&%&5@%&@% ShtiBeEratThdmTaReevisaly Hieress it sdariBiigd Sregion.

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



The invention preferably comprises a nucleic add fragment encoding a polypeptide binding to
IL-13Ral, whereby said polypeptide inhibits the binding of IL-13to IL13Ral, selected from the group
consisting of a) an antibody heavy chain comprising heavy chain CDRs of SEQ ID NO: 1, 3, 205,7 or
9; 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 ITglﬁt chain expression constructs can be combined
into a single vector, co-transfected, serially transfected, or separately transfected into host cells which

are ttttﬁn dfltj‘se?hto mﬁm@ams@@t expessing Mht %hm,&%%t E@E% £l§§5 r%ggbttlon provides
a method for the gy, n an an Ing to the invention,” comprising
e BTy mamaaeavyt@?r? CB e Bab

expressing a nuclqlc Cld eg §f§§? 22 an ant h%n CDRs of
SEQ ID NO:1, 3, 5.7 619" § ot SRS tﬂgﬁﬂ@ﬁa{mm&s?@ﬁ 8BW)ID NO: 2, 4,
6, 8 or 10. The |n\?gﬁtﬂé’ﬁﬁéﬁ%ﬁ@n%@%tﬁelmmd%tmymmmﬂﬂehm&emon for the
detection &f IL-138al. |NwﬁﬁvnmmUyﬁbmammﬂg@9gca{ assay-setsr. glng between
IL-13Ral of a sanyle mgpe(@@ab@gy %&PE%%EOSH%Q inv ntl]%t:.s 1 %gr}g’%n the present
’i % combination

invention prOV|de§<§2go S CF
of human monoclo%l nt| he ant HBihdhGHo 58 tiefdof %éfpt{éééfntsﬁn/entlon

formulated togeth% ééﬁﬁéalﬁﬁﬁa}ééﬂpt%ﬁé cafrigGAssdly hieseinoiphiarmaceutically
acceptable ratt|eraq'ﬁtﬂtlﬁgsflambmddlgldambma&va&ﬂtsﬁw&&l’lmdﬂﬁmmﬂﬁwm@ﬂé@ﬁ%@rial and

antitngal agentstisataniscand:aaeratan dslauia-agenisaani e ie.hat arc physiologicall
compatible. Prefegably.the:carrier s suitable for intravengu Intramuscufar, subcutaneous, parenteral,
spinal or epidermal administration (e.g bylnjeu{non Sriiffus 8?6”3&“ a‘??ﬁfa'%’ W&Sﬁ%ptable salt

refers to a salt t?a%‘?éatralr?“?ﬁe %@ﬁ%ﬁ% BidiSGieartin/yrernatirmiboel tansiddes mtimpart any
undesired toxicolBiidificdfie stsksaeap haBerdd odiMdines, &5, aktiPhuingrides: GeH L8 ¥hd -49). Such salts

are included in thecidventdny Bxatingles:0fcuch salts insluge Seickaddy '9('51’/?345%? 5’%?% addition
salts. Acitbadditiafsalisrialudedhesedesped. ffomp Jontexic,inorganic adds, such as hydrochloric
salts. skilled artisan and defined on the basis of papain cleavage of antibodies. The
antibodies according to the invention contain as Fc part, preferably with an amino
acid sequence of a Fc part derived from human origin and preferably all other parts
of the human constant regions, Prefer ably the Fc part is a2 mutated human Fc 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
L234A and L235A or D265A and N297A {(W(099/51642).

utica co osmén com
Tl cott

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.



25A composition of the present invention can be administered by a variety of methods known in the
art. As will be appreciated by the skilled artisan, the route 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 compound with,
30a material to prevent its inactivation. For example, the compound may be administered to a subject
in an appropriate carrier, for example, liposomes, Or a - 23 - diluent. Pharmaceutically acceptable
diluents include saline and aqueous buffer solutions.lPharmaceutically acceptable carriers include
sterile aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solyiiaas o5 ispersiony Thrdee,aksych medin;and.aqanis for harmageutically active
substances is knqwn in the art. The phrases “parenjeral admgns&g{lon“ and "a ministered
parenterally” as used herein means modes of administration: oth hiafPBritersP s tonital
administration, usGEIRE fEcs P ParaInbrigdsoMitb fetimialion: tidr alsno e e8idtramuscular,
intraarterial, intrathrspedidmtraeagsutaipimtranrital sintedoardiaticintehdermal; intrapasiteneal,
tra%stralchegl_, suQ@ﬁi@ﬁ@qgap&ibﬁbﬁ&gﬂéwQ%@&E&%@@Ee&é@?i@ﬂ%@é%ﬁ%?ﬁ%@ﬁ@ﬂ@ﬁ%ﬁ%EaSpi”al’ )
epidural and intr i [ n..These c itions may,.also contain.adjuvants suc
as preservativese,j‘%vt(g%}ﬁdg’QJSF ga%%%%?%rﬁﬁ%ﬁﬁﬁ@égé}ﬁ%ggw ! |se§ét%?’ncoé1§§ﬁfgpuﬁ}‘éfif AtiBn of presence
of microorganismgaﬁﬁgg}]ﬁisgr?ﬁ?e%cﬂﬁf‘ﬁeﬁ?gi‘ '%ﬁﬁ‘i%f‘&é@ﬂ?@@#&%ﬁkﬁ?%ﬁ@%&%ﬁh@lusion of
various antibacteFAlAridentitandeinzg s dorexamplel, parabe n;ashlofobutarab-pHentk, sorbic acid,
and the like. It maysigade desirabledaing|yee-s0tapic-agenisLsuch asSugars,.sodiym,chloride, and
the like info the cagaRealiRneiANn;adelianptploBoe aRaclption ofthe Iieciabie, pharaceutical
form may be brousggﬁ%t{e%% b O%he.lrgcl smnégf %g@lln S v%ch_gglay absorption stich as aluminum
monostearate and gelath. Regardless of the Toute B BtriHET ATEHUS Rickelei# Toifhunds of the
present invention®Siei A Bevssatinuisungite hydrated form, and/or the 25 pharmaceutical
compositions of the present invention, are formulated into pharmaceutically acceptable dosage kilns
by conventional methees kaewn tR-thepeQfskillinitherant. Actual dosage |aysls.of the active
ingredients in the. jcal gsitions of the present jnvention may be varied so as to obtain
an amount of the:gr%iv 3%;%8%3%3103&%#1sﬁéaﬁé%%/%gtso %(%E%%ep TREBEsitedthEtapEutie response for
a ansiormants’ and “transformed cells” include the primary subject cell and

cultures derived therefrom without regard for the number of transfers. It is also

understood that all progeny may not be precisely identical in DNA content, due to

deliberate or inadvertent mutations. Variant progeny that have the same function

or biological activity as screened for in the originally transformed cell are included.

20 Where distinct designations are intended, it will be clear from the context,

The term "binding to IL-13Ra1" as used herein means the binding of the antibody
to 1L-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 (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).



particular patient, composition, and mode of administration, without being toxic - 24 - to the patient.
The selected dosage level will depend upon a variety of pharmacolcinetic 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 compositioqﬁ?[nployed, 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 fluid to the extent that the composition is 10
deliverable by syFingeiridiagdition o watet sthe dairibivian be @e isalenicbudferad salinasolution,
ethanol, polyol (ferexamp'esalvsanelPiomdens.alyeak.and liaridpoketieyiene glycol, and the like),

and suitable mixtyresthereof Proper fluidity can be maintained, for example, iy use of coating such as
lecithin, by main%n%%%%?o rélgﬁirggt?g(rjﬁ%%r”s?%ﬁn %Qggzslxel*’of%f%pe%io Sﬁ‘ﬁd‘%yi &lof'®15

surfactants, In maHPEaEe #7¢ Sreterapidtotie prferditonicademyhorn alaimhntiogies,
polyalcohdls suctrens rerinitbecn sothitofpatic bodiim aliloiited il Hiefeomposition 4 Hag-rm

absorption of thenirjecblecempesitions.cad be braughtabautiy ingluding in the gompesition an
agent which de'qxa@@ﬁaémig{éaéa&%&mpgﬂgﬂ%fg%@u@;on%%%%{@&ﬁ gelatin. 20The following
k g 5| jaal e

examples, references, sequence listing and figures are provided to al he aﬁ%erstanding of the
present invention, the true scope of which is set forth in the appended claims. It is understood that
modifications car Meafarislies tiisprdep duthbs Bothsitn withoptdephbrtingfrdmathe $piktofthe invention.
Description of therSegrenéel ListiRgi2aSERQ RN baavydchain varaplegomainahHuab
LCO002902 SEQ R babsha vesablosoma of MEEhERP2092 SRQJR NO:S heavy
chain variable dorr;:a’@E f.%M?.L 5092&?&&%%@ NO:4,f|. ht chain variable %maln of HuMab
LC5002-003 - 25 < %‘ NOERBEVY cham variah e dbmsinBrEEMAb PesHs 2065 SEQ 1D NO:6
light chain variaSE#ofign 8@&%@@%@'@925@95@5@@9@0?? heasPBhaitsayatiaibie domain of
Hu_Mab LC5002:007$Ee)] Mhiiods St ehainydriabtetomaistiof bitddadn BES0020005, SEQ ID
NO:9 heavy chaircsatialoies danstivabbiMais665092-018 SN0 lighthain yarjable domain
of HuMah, LC50Q2; =0 | ok light.chain constant region SEQ ID NO:12 yl heavy chain
constant%egion (%%igc%ﬁt% E%of% %}%%Hﬁlé I t%?g ‘%é%%@%?%n?ﬁd?ﬁ%e%% aﬁ%l@fﬁ?&ﬁ%ﬁ’tﬁgdies to
immobilized rec ??Qb it RS Qﬁ&fﬁg%ﬁéﬁﬂaﬁsmﬁcﬁléﬁ *BERRIB R RBEIAR-human
IL-13Ral antibodfPAFIBGREErSjIemshastbandortiFins o reduiie toANI-PLMAERMBIUre 2shows
inhibition of IL-13WGiNditgto-0einoOieeHz-33R28002-018. The term "epitope” means a protein

determinant capable of specific binding to an antibody. Epitopes usually consist of

20 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

25 binding to [L-13Ral and inhibiting IL.-13 bioactivity, characterized by an affinity of

10 M (Kp) or less, preferably of 107 to 10 M for binding to IL-13Rol 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
30 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.



154Ra receptor- by anti-IL-13Rccl antibodies. Figure 3shows the blockade of IL-13 binding to CHO
cells (expressing IL- 13Ralphal and IL-4RaZ2) by anti-IL-13Ral antibodies. As a positive control, a
commercially available polyclonal anti-IL- 13Ral antibody (AF152, R&D Systems, Minneapolis, MN)
was 20included. Figure 4shows binding of and-IL-13Ral antibodies to hl1L-13Ral and binding
properties to functionally related receptors hlL-13Ra2 and KIL-4Ra. - 26 - Figure 5shows the capacity
of anti-IL-13Ral antibodies to bind to immobilized recombinant murine IT r I3Rcx| polypeptide. Included
are polyclonal goat-anti- human IL-13Ral antibody'A?f—iISZ (R&D Systems) and anti-ICLH as a negative
control 5HuMab, Examples Example i Generation of hybridomas The human monoclonal antibodies
according to the invesitidandepiogused-Nyvdimneizing.air sASALRICHARpMRAR.ANIMal, e g a

transgenic mousg, having & g@éﬁ&&@@aggwieg&?ggo%ﬁqggﬁ

D feRk aal ansgene.and 2 fyiman lont
chain transgene een%gsdsgg all or %#Pcr)rnon of‘'an.antibo Zﬁﬁ tﬁe Invention, wi Eels B ressing human
IL-13Ral. B cells fg}% Sp ehic B cé

_ 1556 SRR Sre e bt anserare frskdwitiiniheloma cells to
form immortal, hgBHEeWiPebRsEHEt a5isanrdis Rurfimtnorioctophiantibodiedagainstiiel 3Ral.
Human nfonoclopatigntbodieditgstegagdinshdriaadis kaRalisande grnesaiedusing.transgenic
mice carrying pagig:aidhe feman imuegsysign raihesdiandhe moyse system. Jhese transgenic

e
mice, referred toﬂ;{ Q%&”‘ as ."Hul\gab"e@igue, contain a human immuno lObgilfgigé?ne minjlocus that

Nimah 20 ThmUnogTo DA gEhSL AR ShE 29t 4 y) and K

encodes unrearrafiged huma
(kappa) light chaift {CdrataltPesiin Gefiee s ddernar witlh tarye tels nieasitionE-thlcmiactivdte the

endogenous [landékeapigzoehiretogetdinbertheeibt (ahp Matuer 368:(1984)1886:859). Accordingly, the
mice exhibit reduced expression of mouse IgM or K, and in response to immunization, the introduced

R B B D o

generate high aff&nitc\é.gug’%g r?onoclona _antlgsqgié”s. 0 generate _ )

antibodies to humar L <13Raf 2B G SEEY BERTmUrddRidatnScend Bt pre sing Huthan LL-13Ral
in accordance with th¥YeléraPthetise, astidsdtibtanfxpo foeifys KL% a7 | NatiFe368:(1994)
856-859; Fishwild,] DNhi. iatchiatl. Beoteohn) ol s 1441986384 5:85] and BQ WO 8824874 Preferably,
the mice will be @g46 weeks of age upon the first immunization. For example, IL-13Ral 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
' 15 The antibodies may be present in whole cells, in a cell Iysate, or in 2 partially

purified or substantially pure form. Purification is performed in order to eliminate
other cellular components or other contaminants, e.g. other cellular nudleic acids
or proteins, by standard technigues, including alkaline/SDS$ treatmment, CsCl
banding, column chromatography, agarose gel electrophoresis, and others well

20 known in the art. See Ausubel, F,, et al,, ed. Current Protocols in Molecular Biology,
Greene Publishing and Wiley Interscience, New York (1987).

Expression in NSO cells is described by, e.g., Barnes, L.M., et al., Cytotechnoiogy 32
{2000) 109-122; and Barnes, LM, et al, Biotech. Bioeng. 73 (2001} 261-270.
Transient expression is described by, e.g., Durocher, Y, et al., Nud. Agds. Res. 30
25 (2002) ES. Cloning of variable domains is described by Orlandi, R., et al., Proc, Natl,
Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et al., Proc. Natl. Acad. Sci. USA 89
(1992) 4285-4289; and Norderhaug, L., et al., ]. Immunol. Methods 204 (1997) 77-
87. A preferred transient expression system (HEK 293) is described by Schiaeger,
E.-J., and Christensen, K., in Cytotechnology 30 {1999) 71-83 and by Schlaeger, E.-
30 J., in . Immunol. Methods 194 (1996) 191-199,

The control sequences that are suitable for prokaryotes, for example, include a

promoter, optionally an operator sequence, and a ribosome binding site.



- 27 - retoorbital bleeds. The plasma can be screened by EL1SA and/or FAGS. Mice with sufficient
titers of anti-human IL-13Ral human immunoglobulin can be used for immortalization of corresponding
13 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 HCo12 strain can be
immunized. The HCo7 mice have a JKD disruption in their 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 WO 01/14424), a KCo5 human kappa light chain transgene
(as described in Fishwild, DM., et at 10 (1996) Nature Biotechnology 14:845-851), and a HCo7 human
heavy chain transiens das desatibaainiy e S, 428)dloe Heplgmiceays AJR. disgption in their
endogenous Iightsi%gggj (kappa) genes (as described in Chen, J., 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 ka[;)fa light 15 chain transgene (as described in Fishwild, D.M., et al., Nat.
Biotechnol. 14 (1596 sz aﬁ@@%ﬁ@o@? Bieieilnl beravytehdinitrahsgehtertaseliiaetilbed in Example
2 of WO 01/1442apEneamduserdympkiobytes sanderisalatestangdusagwith amasse giyeloma cell
line using=PEG b?ﬁﬁ@@ﬁ-@@lﬂgﬁfgﬂ{mmm@ﬁg@%@i ?’rgg%ie'légeo rﬁgrmti'{,‘%i "E{édomas are

then screened fo roduction, of antigen-specific. 20 anti %% or example, ‘single cell
suspensions of s{)jiltgr%? f naﬁfﬁ%}%o%%gﬁeg iﬁ%}gﬁﬁgm%ﬁﬁ%%?ﬁﬁﬁeimﬂ?ﬁﬁ il die fased to SP
2/0 nonsecreting MOHEE M GRA BNt O ECRI BB IRt Bd%tER £B: IGbidare pHited at
approximately 0.78%07 # fiabbottorh mitrdtiter platpallawed bylaboutiwoweeks,ingubation in
selective mediunmdnaividiial anelissare $hep-sorsaned b ELISAandlor FAGS for, 25 human

anti-IL-13RRal mopey Ig G antibodies, Once extensive hybridoma growth occurs, the
antibody secretin&%%%%%g%?@a%é?eﬁégé ,ng}%%%xgg ga%nfgﬁﬁﬁ it gﬁﬁ pO&ﬁﬁWffoPWﬁiﬁﬁn IgG,

anti-IL-13Ral monoCionar BodeE alf heP&iB cibh etk feiisphwree By Hamtimgodinglion] The stable
subclones are thatFearissea thevias telsroduce antibody in tissue culture medium 30for
characterization. Immunization procedure of transgenic mice Three HCo7 mice (3 males), strain

CC2201 (Medareke San5I88, CobaAl AR 246012 Migedd Malaand. . [emale), stiain GG2198
(Medarex, San JQ%%}%’?:‘ nlgg.@g were wgrggnlzgﬂinwmh 1Xx 10%!’496 Cé”%, ransfec &d with an
expression vector - -?or fL-f‘S‘rEeébﬁlantotgfoelg EHRPuMyafoRdesefegrreratersaanes
intraperitoneally TP EATPEH SR N0 Bt 3ty 4 trieraib b abev Foettiorfrs tdmmuniastionf 100 pl of 1 x
106 HEIC293: || t13Reitelts aprasdinged Withib@ohpbeomipléter-Frewnd:s: asiuvanidGRARIfco
Laboratories, DetroitjakiS#iignallather immupizaionss 100.plakcelisin RBS was mixed with 100 pl

incomplete Freund's; adiuvant (GEA; Rifca). Baosting of mice When serum titers of anti-IL-13Ral were
found to be suffic“ifglr}ii mice wegrlee%acll itior%ally, b%%a ?éigl?ﬁiéélﬁiﬂ%l%%(tf%g%Ei%f)ff-slérﬁ?al cells in

200 pi PBS intravenously (V)% Ahd FUaYs Befgracisisih 1oexminplas Teidighnetsinding of
HuMab & immoBiEkd $4c45ra Bymlitsal Tometetdimsithvedpiitysof thitasiib obigs ofike invention to
bind to recombiriet|i=i8Ria the extribetuianionmaimat lk-i3RakR&RSYSENS: Hik)was dissolved
in PBS (1 pg/mLjeandiatiowvackiniadsasbdnmiciatiterplates, (NUNE Marisorb) by 1bincubation over
night at 4C. Afteﬁéé@?hiﬂ&&?&@ I%tiggr\l\élit LV gpﬂy eré?ffg?§ '\1/1\{:? asparagine, giutaminj 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.



0.9 % NaCl; 0.1% Tween(r) 20) unspedfic binding 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-temperature (RT). Then, serially diluted HuMab and control antibodies (100 p1 /well; dilutions in
TB) were added and 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-conjugated polyclonal donkey antl“-&éét IgG (Santa Cruz; dilution 1:1000 in TB). After
incubation for Ih at RT and 25 a subsequent washing step, the plates were developed With

ready-to-use ABTS{R)sakifiondiRoeche/Riagnostics cambi) aif3 ] 'éhE'ﬂj% was
measured at 405@@@{&3{ f. oncentratio f|C|ent D. All
antibodies agalnst I % @%%3“%3%%%%%%% %% %o %@hmo |zeYd extr hce ﬂgF%%‘?ﬁams of

human IL-13Ral. W’u Sé aﬁig MNED! é?@rfﬂrfﬁ%d?)@%é‘fof)@{%lﬂzﬁ IRV fBritse various LC
antibodies tested™¥¥fe ﬁég%l@@%ﬁﬁolﬁm dlyraprrible diek novBificttothelimmiokilized extracellular
domains 6f IL- - 2@vei3RainBblyakinalygcat-antibumands -1314el nofibedbdngludsdigspositive

control, also bougd gfficientlya.the,i qug u f IL13Ral Example 3
SInhibition of IL-13 bdrgcmlq to lé_}:l Rgp:tg/(l; -4Ra hglxtet?gc%?r%e%%(gé%%}%m rofl“}tessp ét%s wéz?e coated with

100 pl hiL-13Ral: hFc hlmerlc pro elr‘P ﬁtgystems UK) in PBS at 3 jig/m1 at 4C overnight on a
shaker. After washing the plates with WS, serially diluted HuMab and control antibodies (100 p1 /well;
dilutions in TB) were atided amidlinculiatediferid0 mimetiRig Themplatescagteragain «kQuvashed, and
then a mixture ob#:r18 (B&ED SYSEIMS IH<BySH DR dilution, with, TRYand L %R&éﬁ)@ Systems,

UK; 0.759/m1;diution with TB: e added an ubat for 1 1 at RT. After w hlng the plates
100 pl biotinylated anti IL.-13 ant Bl %gl’ 13 R Olgﬂ? S gtenlljs SGRY i tbﬁrﬁ%ﬁc 8 0.4 pg/m1
&

was added and mcuf)ﬁfga f‘é’rsfﬁl%ef %X/Qﬁ ﬁ?ﬁt%%“ rf’@ inaregas gebdited by 15
peroxidase- coup%%f%‘ﬂaé%iﬁ\‘ﬁhﬂﬁe(ﬁe@hé@iﬁ’gﬁ@sme@mgﬁﬁ)ﬂmahdmm 6835000 in TB
(incubation period |b at RT). Finally, plates were washed and developed with ready-to-use ABTS(r)

solution (Roche Rirgnostics o the dark., Absorhance was
measured at 403j {E n aftg tgiﬁgﬁ%? ?@t%f%géﬁg%%sg e Qé% ﬁ%@%’ 3 1 ¥5002- 005,

LC5002-007 an gWwere gb £ it BidHg tl‘_ngs‘)?ﬁ ﬂ?e%@?é@ﬂ%‘éﬁ%‘?%eeptor with
maximal'hhibitidAEEE L PRAgihg  oRt eraakiereldsmene Snsse s rosiimTentsahaas AF152
(polydonal rabbitzmtibodssenasidipentiadih Gnegative oot mnteKid Fipdidinst inmikit kinding of IL-13
to the heterodimisle-deeepian HhetGE0nalussiohtaines, 3anners Remwsen: 1ia-nangk 10-1 nM for

LC5002-002, LCa g[ggg}gp %@%)%QQQ r0Q2-:007 and LC5002: 1 F| ) Example 4 Radioligand
Binding Assay X_B ) %Id z%lgsay was performedtusing Is S BpE88ing human IL-

3013Ral and huiman fl?nzﬁtc i i BF® r&ﬂ‘fjl—%?f@é PIS@“&WN&@l“T%W#@aClZ 5 mM
MgC12, “hd 0. 5%%5%?!%@%%%@?%@]@@1@8 fﬂ@"ﬁ?‘l‘mﬂ)’dﬁﬁﬁﬁomw 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.



- 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-1L-13
used in the assay was determined from saturation binding analysis, competition analysis and
determination of input 125I-IL-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 counted on Packard
TopCount Scintillation counter. Data analysis was performed in PRISM using nonlinear regression
curve fit (GraphPad Software, San Diego, CA). All anfibodies aganist IL-13Ralphal tested block
binding of labeled IL-13 to the IL- 1013Ral/lL-4Ra complex. The calculated IC50 values for antibodies
LC5002-002, LC5Q2H003yb 500205 L65082:004 anebheS0A2:9181were between §:09 nM and

0.32 nM and 84.8aM for %gg{g.@é Exam IeI% Inhibition of |L- 3induce%§ regulation of
CD23 on humang%gllsga%f%. 15mo§ocy€éls%oc%l'uM%S§ JLTe}frjl’e‘p jeral biGod manont ?‘Pég (PBMC)

were isolated by a%f%%[l%ﬁ%%q@é) ﬁy“gﬂﬁffié%f?%r%&sﬁﬂ?b tHe Behd:witehRENRtRRY Were
resuspended in RPIPLOSs oc S any dismitdtalyensgikios PBMG e (ualumeGdipt) incde well fiat
bottom mitrotiterplates:Gagniiy dngdsparatedCostayk-Fhenr 35! phiafanani-£20 Human CD40
antibody (Imrnun@{@g&)" fip BRRCH ' | 110%.ECS and 25 ul of an
anti-human |gA+!S%(CEE Al t@fgnta%d (I&%%r%&lﬁafg%%% ?%&%Aofﬁ{rﬁr"é%‘ r?a“l 8?“{?(? 8 Gl in
RPMI/10%FCS were added. 1hen serafiy aitit&t A ecéf‘?tﬁff’ﬁﬁf?ﬁéﬂ?@é’“{%ﬁl Rfell; dilutions

in RPMI/10% FCEfiferd d0deHMimhe Bt ncbd@atobaD min (A thes inculbatero2s (87C; 5% CO2).
Then recombinargiiamian. [[hi8 (REDSysteinsyivea finalcosweseatiendoh0:671g/m| was added (50

pl/well) and the Wiﬁt't&gl;l,b;ayegdg@?@@;ﬂ@&?@&?{g&@gg%jtgggm%[ncubation the plates were
centrifuged and the medium aspirated. For detachment of adherent cells 200 pi of Accutase (PAA)

was added and '@: cel%?slljinc;ubated for pproximatelé?g min at 37C; 5% CO2. The cells were 30
detached by repéstad ftisHingHn Bd BOCHsEnBEBGitbnY Pl AREPeENtHfagation and
aspiration of the 3tfsernkthets themdedlly werecinpubékedwitBh200cpi ofeaimixilréoafl anti-GD23-PE,
anti-CD20-Ff fC andrapiiicD b4-ABGsi@ll flonnBByBjosciemses2harmingan, SaniRiega, CA). The cells

were incubated fog,30.0R caRb AkACTIRen cenkifug d.the supernatants aspirated. This washing
step was, tepeate ong%gﬁd mallglthe Ilesw re regs%tgeﬂrllé%%ﬁ%a%%eﬁ of Eé%r/ ; %‘%%sman serum

albumin and anafysed in a FA Aftbur T%‘\:ﬁtg BrRETRMB B BibAcTERELe rIpRfga™San Diego,
CA) using the Ceftyirsstsamiiardy ftars<toamsicsl deEbonrdeaiienis drerstadduitsdeandgEted on a light
scatter gate to inehstBabhig ViableHyRipHeoyt8saigk mem oc3aess T he aellsweie pregates on a CD19
positive cluster fomfi/yimpheaeytes o1 GBI4 positive slustendor.nonacyies Andanalized further for

10 were homeor D e o REena =0 uhl oy SRUBOISS LB b a0 OOM T CLOED.005,

10 were %%tweenaoé's n .%ggdg?%agM far
LC5002-007 and’t EB683°018, ‘A1 S ANt FSPAE 1B Oa sinieiP pFamtEnflad ¥ (3§ 707 Mhibition of
IL-13 induced CB2% 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, 15an6@:9M for Ao modification of the antibody comprises linking 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; 4,496,68%; 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 6 TF-1 proliferation assay 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/Streptomycin, 2ng/m1 GM-CSF. A day prior to the 20assay the cells were maintained in
GM-CSF free media. 5 x 103 cells per well were incubated with appropriate concentrations of
anti-IL-13Rccl antibodies at 37C for 1 hour. Then the cells were stimulated with 2ng/tn1 of human
IL-13 (R&D Systems, Minneapolis, MN) or 0.1 ng/m| of human IL-4 (R&D Systems, Minneapolis, MN)
and incubated at 37C for 48 hours. The cells Were"pi'@léed with 0.5 pCi 3H- Thymidine and incubated at
37C for 16-18 hours. Samples were harvested onto GFC plates pretreated with 1% PEI/0.25% BSA
using Perkin Elnievdritienie S6hedviesig Faakek Qrplatesivare, caunied oma:Rerkin Elmer Top
count Scintillatiog,gseupBigs: Data ysis, we ' | SM usi nlinear regression curve fit
(GraphPad Softovg;ie n%agjgy%c})ﬁ%?if 3%%%%@5\%%%@% I%%F?ﬁ%%\ﬁ}gﬁﬁy %\%iﬁi&c%rﬁtn this assay.
The same was tru ,fior_f 0 rﬁlﬁ S ATl OHRE S G &Y GBS s s @ RS BRbUgh
LC5002-007 inhSiHRegifs sespaimecavitn ngméorc vatoe dshndivecottibe At doiesiiThdsbserved - 32
- IC 50 values for thedllifferentantibodieswseraicl 330 MiMaioeAED 2,0, 21makdsfar65002-002, 3.07
nM for LC5002-0a3ia0d QeaSuM-dal-Gia 02-0en A mislanprofilewas found, far l.-4qinduced TF-1 cell
proliferation, howgé{grt}g% otency %thﬁla@tiabogi S W a_Iglec %aggd W ared to :é.l-l -iInduced
responses. IC50 values fot, 5 IL-4-induced prgll eration were'0°02 AM o SRt RIS fﬁody, 74.37 nM
for AF152 and féPamiBUdRE T EB002-002, LC5002-003, LC5002-005, LC5002-007 and LC5002-018
between 4.68 nM and 60 n/vl. Example 7 Inhibition of eotaxin production in response to IL-13 by
human lung fibrablaspa@ithierassayias-petformed ssingddrndneslis dHuman,Lung Fibroblast, ATCC
# CCL-193). Celisquerg plaled abadensitaid00 200 selis.periiel in.a g2l piaic and incubated at
37C for 72 hourﬁtg rgk%cht%ontlnenc;{. %% s%ﬁ/e e then staryed In serum ee.mecﬁumr?or 24 h and
treated with anti-1E- 13541 ATBGAY A3FEEB! TH. BUHSR it BrAg tResingd MheEeniare Simulated with
10 ng/m1 ILfl (Q@Bsgenic non-human animal can be immunized with a purified or enriched

preparation of IL-13Ral antigen and/or cells expressing IL-13Ral. Preferably, the

transgenic non-human animel, e.g. the transgenic mouse, is capable of producing

15 IgG1 isotypes of human monoclonal antibodies to IL-13Ral,

The human monoclonal antibodies 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



15 Systems, Minneapolis, MN) at 37C for 48 h. Supernatants were collected and eotaxin
determinations were done using commercially available Rl ISA 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). 20The 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 IC50values from 3 to 4 different experiments were 11.5 n/s4 for AF152 and
between 2.45 nM and 19.8nM for antibodies LC5002:902, LC5002- 003, LC5002-005, LC5002-007
and LC5002-018. 25Fxample 8 Inhibition of11-13-induced Stat-6 phosphorylation in human bronchial

smooth muscle Cﬁl&%ﬁ%@@%ﬁ%@ﬁ*ﬂ&'aﬁﬁb HMaRe E RISABPNE N0, LAL N £C-2570)

were grown foIIOW|Q%1t § u,bact |n fructions. lls"were’grown in
ed cof

plates until they reac fheney: SR IO Eh ThesERARlo Bkl d8RENYEnd variable
amounts of antibd8{s weréagdde. @%@@%ﬂfméﬂmé@md{e—ﬁfs&ﬁmmm(ttms)sﬂmﬁﬂatﬂdiwnh 25
rig/nil IL-13 (R&DBydtem)E. Atted Tnnbierdncabation, superatant was rqoyayess£ells wege washed with
phosphats bulferaagAobof i nultesyes et T i s ef sonica igd.on jce and
centrifuged. Lysajg W@gﬂgg%fg?@/ ern Plot ?ci etection opFﬁ Y/ &t ﬁqﬁ amounts of
protein were Ioadglf nto an ruh and tran2fEnaie ?ﬁ‘@‘f‘ﬁﬁ?}é’ﬁé SAMPB &R Ebody was
from Santa Cruz IS g 5‘?‘31\1\6&%@‘3&‘17562@%% @558 ¢ondasy ahtiBodyTdoupted, to
peroxidase was d$eerDetectioniwassdona usig the L Plis Systeny from Amgrshams(Cat No RPN
2132). Quantitationaiths.done: i, aimm%%é M&z%oﬂaﬁﬂ%! ,g@s %eateﬂ;@p th'§5%553y
(LC500025003 a 13- Stat 6 orylation ency found in
'%@'9'9@%@%@@: Rd -3 f#g %@[ oz %%p

this assay was simil t of other unctlona ASSEy 76)18.64 nM for
AF152, 5.98 nM #B id&’gf)a@fg’ bo3 Sttt WWL@%W@ -~Plakiplecs. MoCGlohimgsaard sequence
analysis of anti-hii-» 13w RevEBovarilbhs d6A2ies (36 itlang §i-heavy:ahains). The:nycleotide
sequences codingcfat. the fight c¥sain sarisdde Fepian Vb Bnd:thg, h%WB%B{%%H@”@Q'? Ergion VH of the

and hiL-13Ral Hebtabs wese.splatedinna slandard RN, 1 95“%%%&ﬁm#ﬂ%ﬁ?&‘éiﬁ%@ﬁ?ﬁﬂé was

prepared from 1 2 7 hy. ma cells u3|
derived CIg%\IA Wa)é%l?ge a%ea>l§mghe ét?%gfr? K8h °§trg’ﬁ’ BRiR Ghtresiss %%&ﬁéﬁ%ﬁﬁe GeneRacer
Oligo-dT Primer.268:84na 801 I’gﬁ?syﬁtﬁ@s@%mé Ftid 8P CR74mpifi calithaor V| ari,¥2d.encoding

cDNA fragments ¥{eré@ Peifermedwitixesss 38 dight/ary Heavyegham primers complementary to
nucleotide sequences of the K- 25 light and yl-heavy chain constant region and 5'-specific

Geneecer” i EspeBy i IIEORNANGE NI Soredun0g i TOPOW T8 coning

from InV|trogenTh| Life T gies
were identified by reéirlcf’:E on %55573636 e & faﬁ‘?lﬁféfﬁ@@ﬁﬂd%f@ﬂié}@éom%ﬁﬂdwéémn and
expected? calcu%&@ﬁﬁ@ﬁ*&éh%@ﬁz&%ﬁme 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 piasma samples being obtained by retroorbital bleeds. The plasma can be
35 screened by ELISA, and mice with sufficient titers of anti-TL-13Ral human



30 740 and 790 bp for V. and VH, 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-N 11 8 (InforMax, Inc) was used for general data
processing. DNA and protein - 34 - sequences were aligned using the GCG modul CLUSTALW.
Sequence alignments were made using the program GENEDOC (version 2.1). Example 10
Construction of expression plasmids for an anti-hlL-13Ral IgG1 Hulvlab 5The anti-hIL-13Ral HuMab
light and heavy chain encoding genes were separét%?y' assembled in mammalian cell expression
vectors. Thereby the gene segments encoding the anti-hlL-13Ral HuMab light chain variable region

(VL) and the humamksligihtioliainopbstastregioncka SR QIDoNEi)onene:) ained agrwere gene
segments for thecantlleldRahitMandeany chalavatishledegion, (N and s L9 Juman ybheavy
chain constant r%qi&@ gaHeI{xla}x“@%;e' H2- 'j?it SE ICE% % 12), e,ner%?in ormation regarding the
nucleotide sequences of human NGHt and Heavy CRAINS f P thici9Re ‘Rb 88T A8HER &G ven in: Kabat,
E. A, Wu, T. T., Bsfh/oHPaPeEsiRsdmener! suca gl dullénoniadohy Seduentesiof Rroteins of
Immunoldyical IrtermesteFiftod of, ivH-cPubliedtion ftomdt-3242 Ther tsansedplipa-tanit of the anti-
15hIL-13Ral HuMabmdight-chain is composed of the following elements: The immediate early
enhancer and promoter from the human cytomegalovirus (HOMY), A synthetic 5'-UT including a
Kozak sequenc A murine immunoglobulin hea\%ﬁqhain signal sg;;;ence including the signal

20sequence intregll?,e e tisten Hia-hrs PHR b Dl aecrgrr ehisiicERIA Srpanged with a
unique Bsml res#iétdn asitdeatthedsirefdeand.a gplibe HaRer SitdantbasiriaueNptlrestiotion site at the

3 ﬁnd, y Thésg@mmimh;ma@@e@ena@mt@rﬁﬂﬁgi@éjaéag&%i@gﬂgegri@y%@lwsg@5lg-lk-b .
enhanc Icar . a AT r : - an e man ienmunogionbulin
ic-polyazfg[ny!at@%)fig?%‘%}%f %gfgow%lh_‘yﬁﬂ %gg[%an c§ri i?%ﬁ}lﬁﬁgtﬁe%%ﬁﬁﬁ?%ﬂaﬁ HuI?/iab
yl-heavy chain is compdse of%he fbﬁ\gwfﬁﬁotee%ﬁ@n 5 heitthed e 2atly%EntHesr and
promoter from thFHRaH Cire1RERa ey ersid MG S 8 eayMinelie’6:14¢M . including a Kozak sequence,
-35- ‘

The HCo12 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



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") signal
sequence. 10 Functional elements of the anti-hIL-13Ral HuMab x-light chain and 71-heavy chain
expression plasmids: Besides the anti-hIL-13Ral Huklab x-light chain or 71-heavy chain expression
cassette these plasmids contain 15 A hygromycin resistance gene 6 An origin of replication, oriP, of

Epstein-Barr virugu(eRBW}3s A griginpbreplication #om theveciarpUG 18.which allows replication of this

L . . d
plasrnid in E. COI'fo?Qﬂa{Q‘céfﬁ%a%%mase gene which confers ampicillin resistance in £ coli. 20 Example
11 Construction of expression pr‘éismids for mutant (variant) anti-hiL-13Ral igG1 Expression plasmids

encoding mutant anti-hlL-13Ra 1 71-heavy chains can be created by site-directed mutagenesis of the
wild type expressisteptasmils usirgthes?s CuickGiarigend Site:Direigted intaiagrResis Kit
(Stratagene) andpassiislestibegpnetablecd Avning agids MeNumbeisd ageording, 1o, Bl humbering

f=]

[Edelman;G.M., ghalmPEQgs. Acad. Sl 9)48:83; Kabat, E. A.. Wu, T. T., Perry, H.
M., Gottegman, K5, and F%%%l%?ﬁ%%%%%%ﬁ%%%%&%It%rfg%ufeﬁ%ersnﬁ%cgfcc;[éri“éaﬁ rest, Fifth

Ed.. MH Publicaﬁ%‘r’u jonyqnio, < SHUISRCYS FRm igifierent buman antibody (see, e.g.,
Riechrnann, L., et al, Nature 332 (1998) 323-327; Jones, P., et al., Nature 321

{1986) 522-525; and Queen, C., et al., Proc. Natl, Acad, See. U.G.A. 86 (1989310029~
10033). Such framework sequences can be obtained from public DNA databases
10 that include germiine human antibody gene sequences. These germline sequences
will differ from mature antibody gene sequences because they will not include
completely assembled variable genes, which are formed by V(D)] joining during B
cell maturation, Germline gene sequences will alse differ from the sequences of a

high affinity secondary repertoire antibody at individual evenly across the variable
15 region.

The invention preferably comprises a nudleic acid fragment encoding a polypeptide
binding to IL-13Ral, whereby said polypeptide inhibits the binding of IL-13to IL-
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



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 humgn 71 -heavy chain is replaced by the amino acid

sequence Ala234A1a235 Example 12 Production b? ecombinant anti-h1L-13Ral HuMabs

Recombinant HuMabs were generated by transient transfection of adherent HEK293-EBNA cells
(ATTC CRL-10852) cuttimaibodinHvE-Mi(Gilhoo)isuglemeties Witk 109natraslowsigG, BRCS (Gibco), 2
m_M Glutamine (Gibcg)h: 1% v/v nonessential aminoacids (Gibco) and 250 ig/m1 0418 (Roche
Diagnostics GmbH, DE). For transfection Eugene’ 6 (Roche Di stics, H, DE) 10 fransfection
reagent was used in aarga%%gé ?%%ég%% %T‘)?%RI%&%%%%&%&%?&%%%@%.NR' ufioglobulin light
and heavy chains weré %essed from two different plasmids using a molar ratio of light chain to
heavy chain encoding plasmid from 1:2 to 2:1. HuMab containing cell culture supernatants were
harvested at fdﬁly Artoiddkemiter ﬂﬁﬂéﬁ%ﬂ%ﬁs&é@@%é&lﬂﬂ%ﬁ%@% &@&ﬁ%&%@ﬁe@g@%ﬁﬁgant
expression of hu [ ' b is.Qiven in: Msissner, P.. et al., Biotechnol Bioeng 75
(2001) 197-203. %ﬁ%ﬁ?ﬁ%ﬂ%ﬁ%ﬂﬁ% iiﬁ%@ 8¥ﬁﬁet%§gb%§}L€%d}5§I}68§i,oﬁ% Y 007 using
chimeric MI,- 13&5%?&%%%%%@%&%@’& %E8fE S0RISAEH (RS eRtReE aseu RS running and
5 reaction buffer, FIBSIPERBomM HEPES, 150 mMI NaC1, 0.005 % polysurfactant P, pH 7.4) at 25C
was used. Capturing molecules (goat anti-human-lgG, Fcy specifc) were amine-coupled at a

concentration of 20 Ualsgl &AW rale alaulimin/ar20.minues. HaMaRs N ,i,ni%gge% at a
concentration of | ggr/ml aL%aIIoc\:/y\ rate %‘1]‘ 10 pi/min for 1 minute. Blocking of the free goat anti human

IgG, Fcy was achieved. 10 by injecting huthan gamimea giobulff at SEERNEHRA 30 aiifii%or 3 minutes,
Analyte (h1L-1312¢eHebrtHerisrateit)narsingeciading rusiamnthesedt Mfelvoneesstations
between 5.63 nMuziredB0.riMramdtviashetaviththHBS:Rforc fivécaiintes:Rrganeration of the surface
was accomplished by two injections of 100 mM HCI for 1 min each. The chip, assay format and

sequence of We%@&%cﬁﬂé}eﬁ;?”ﬁ&?ﬂ% @Cgﬁféeg%ﬁg%ggléo C&p&g@e&g@égn in ta I&Zb&e ative control

data (e.qg, buffer caprves) were subtracted fro e curves for correction 0 system intrinsic baseline

drift and 6r noisé SiRarPe dUiEton PR GRHBH Rl GRS Hs 8RS afaIg &S Fnsorgrarns
and for calculatiotP&fafifity datiieKnsenis:dass vikeeltal clizitedhpitsintp Kiméitic datadddel:1 Langmuir
binding model (T&bie2)iR0habler Affinitgidadlysinwitdudds bstsitgdalhrls3Rakices Data analysis

based on 1:1  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



Langmuir binding model. Chip Capturing Ligand Analyte Ic., (1/Ms) I_Q (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

-5

dituent. Pharmaceutically acceptable diluents include saline and aqueous buffer
solutions.

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



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. Clé4ved hiL-13Ral molecules (Mw 401cDa) were
injected for 200 seconds at seven concentrations between 136 nM angj 100 nM anq vyashed with
HBS-P for five 1 minutesidRegameratinpaf t/b@s&_%%f%@e_iwwwﬁif Iﬁ%dbééwﬁé%ic%f?nsjeﬂg%
rriM Ha for 1 mi 1 . cli:gp_ ssay for )

and kinetic datang%?réﬁgsfgﬁét %g%ggggggﬁ%?gﬁ in %haé’%gﬁ ?v%r%ée gb?ec YKHeRE S\K’/‘%a‘f%"calculated by

fitting kinetic dat&'to a 11 TARGMAFBNEhg ot ciBT 4ble 3: aiip 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



[ [ I- - 002 hiIL-13Ra 1 1.1x106
Capturing Ligand Analyte k, (1/Ms) k (1/s) KD (M) Cl Anti-hFcy LC5002- 00 :
6.5?(10-496.2x10-1 Cl Anti-hFcy LC5002- 003 h1L-13Ral 1.3x106 5.1x10-4 3.9x10-10 Cl Anti-hFcy

- 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.



LC5002- 005 hIL-13Ral 1.4x106 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; bIL-13Ral 1.4x106 2.9x10-4 2.1x10-1
L235A

- 26~

Figuzre 5 shows the capacity of anti-IL-13Rx} antibodies o bind to
mnmobilized recombinant murine IL-13R0L  polypeptide.
Included are polyclonal goat-anti- human [L-13Ral antbody
AF152 (R&D Systems) and anti-KLH as a negative control
5 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



- 39 - ¢) Comparative affinity analysis of recombinant variants of LC5002-005 using the extracellular
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 am|§§ coupled at a concentration of 20 pg/ml at a flow
rate of 5 pl/min for 20 minutes. HuMabs were 10 injected at concentrations of 10 pg/m1 at a flow rate
of 10 plimin for 1 minute. Cleaved hIL-13 Ral molelcules (analyte) were injected for five minutes at
eight concentratisistetiweeinetss Bt sk 280 PivicarmdaidshBd Wit HBSFR TS Filie: ritiutes.

Regeneration ofMMfaﬁerW@&aaﬁcmmﬁnedsmImmiﬁ&@%@ﬂaz@gl&%ﬁﬂl\éahl@éd%dlf@?in each. The
chip, assay format.anel-seaiance anisslians Anduokinlic daiag g&{&%@%@ 104 g g, dgsgription in
Table 4. Kinetic data were culgegjg Yggg etic d %o a Sg ent anal m di model Table
4: Chip Capturlngtllﬁgané[i0 dijte’s é 3) érf]é’r‘? R Ymp
example, HuMab mice of the HC07 or FlCo12 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



(1/s) KD (M) CM5 Anti-hFcy LC5002- 005 hIL-13 Rai 1.33x10 3.6x10-4-5.8x10 0.06 2.7x10' CM5
And-hFcr IgG1 ala- ala LO5002005 hIL-13 Rd 1 1.53x10' 4.2x104 4.1x10-' 0.04 2.8x10-9 Example 14

- 28 -

for IL-13Ral. In total eight immunizations were given alternating intraperitoneally

(ip.) and subcutaneous (s.c.) at the tail base, For the first immunization, 100 1l of 1

% 10° HEK293: IL-13Ral cells, was mixed with 100 ul complete Freund’s adjuvant

(CFA; Difco Laboratories, Detroit, USA). For all other immunizations, 100 pl of
5 cells in PBS was mixed with 100 1l incomplete Freund’s adjuvant (ICFA; Difco).

Boosting of mice

When serum titers of anti-IL-13Ral were found to be sufficient, mice were
additionally boosted twice with I x10° HEK293: 1L-13Ral cells in 200 pl PBS
intravenously {i.v.) 4 and 3 days before fusion.

10 Example 2
Testing the binding of HuMab to immobilized I1-13Ral by ELISA

To determine the ability of the antibodies of the invention to bind to recombinant
I1~13Ral, the extracellular domain of IL-13Ral (R&D Systems, UK) was dissolved
in PBS (1 pg/ml) and allowed to adsorb to microtiter plates (NUNC Maxisorb} by

15 incubation over night at 4°C. After washing the plates with washing buffer (WB =
0.9 % NaCl; 0.1% Tween® 20) unspecific binding sites were blocked by addition of
100 yl incubation buffer (IB = PBS with 1% crotein C and 0.1% Tween® 20} and
incubation for 30 min at room-temperature (RT). Then, serjally diluted HuMab
and control antibodies (100 ul fwell; dilutions in IB) were added and 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 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-



20Testing the crossreactivity of HuMab with hiL-13Ra2 and hiL-4Ra by EL1SA.Chimeric proteins
hIL-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 - 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). Thep serially diluted HuMab and control antibodies
(100 id/well; dilutions in IB) were added and incubatéd 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, DenmariiFiniia finictitudioprof dn60BimiB. BfteFincubationiforittiatiRT angdaisubsequent
washing step, theqlates averesievelepacd withyaadyionusa:ABTS() SelutiopdRaghe Diagnostics
GmbH, DE) at RT4inth g%a:[y Absorbance was 10measured at 405 urn after absorbance of the
highest concentration reached a sufficient OD. All antibodies against IL-13Ralphal tested were able to
bind to immobilized extracelluar domains of human IL-13Ral, but not neither to hiL-13Ra2 nor to
FilLARa (Fig. 4). BsExyaible 15 Crossreactivity of HulVlab with murine IL-13Ral Chimeric protein
murine IL513Ral-hfeHR&D Sy stermmduikvas dnaelvedin RES (:uaimidiiend allowed to adsorb to
microtiter plates (NUNC Maxisorb) by incubation over night at 4C. After washing the plates with
washing buffer ( = 20 0.9 % NaCl; 0.1% Tween(r), 20), unspecific binding sites were blocked by
addition of 100 u |'ﬁ%8%aeﬁ§r?aﬁaﬁf%?flﬁoa:t @%i%ﬂ%%%ﬁﬁﬁé&%%@%ﬁ%@%f%@%nd
incubation for 30§ aS rEBm FeRSerafurs/ tR Tt £ Renvaseishliypuiisheleiu i anshoanthel antibodies
(HuMab anti-KLhpiard poliyclBalsgoatyaritisndti - IBR&HR&D Sysiemaivweaie addeditoshe wells (100 ul
well; dilutions indFianch2 SneuRaled otk U al R o IE-BIRIRS WeFE A0 Washed:and bound

uman aptibodie, etecte incuba [ r ase conjugated rabbit antthuman kappa
(DAICOa,ﬂ[);en ma?%\@%& ﬁﬁg%%tﬁo%i?ﬁlﬁ]ﬁ@%%ﬁ 5%{{5?1 Iﬁ%1 égl%ﬁéo‘%‘%g%’o to the plates
were detected by earﬁgigééggcﬁﬁ%ﬂé@%‘éng&/oaﬁiw?ld@ﬁsﬁﬂf&}dﬁﬁz"@ﬁ@@% TR). After
incubation for |h EcRRRAJG0 shsutb8Eqidnt washingtbteplathe Iiaidshivenededelogperl viih
ready-to-use ABISi{thdpliBion (Raehe Biegaestins Gl RENA R Tomibe daik.Absprhance was
measured at 10%.pmallaLaRsANER of MieNiaheRl canssiataneachad. g suficient OD (Fio. ©)

' %Igu [-1 al ) Cﬁr]

-41 - ExampLi Crossreactivity of HuMab with Cynom e gene coding 6 IL-13Ral was
isolated%g; RT-PCR rf)fl?ﬁe“ Oééir%é(_)'%ﬁfgtﬁ%h’é %%%Faﬁé?@&?é%c?nﬁﬂhﬁhg Pﬁéﬂr%%]lﬁﬁeoéa/ F3.In
order to test wheth®Pth& begerr@sedith GinBiol §iugli - pBRal wite stahisdtraméfected Ba/F3
cells as well as tHevparedtaliBarEs celsvwerd TSCubatad vy 36 Ughpdostdsl aabiand cantrol

antibodies. As pestivecapiok:a pelyclonal aaa-aihll-L3RAIRER Sysiems) wasused. Negative
controls included wgre:.a human IgG1 myeloma protein (Nordic) and normal goat serum. Bound

antibodies were detected by FAGS 10 analysis using an antibody directed against human IgG
conjugated with FITC to detect HuMabs and an antibody directed against goat IgG conjugated with
FITC to detect gdatiadisadiesOMcia. flierReEOne o infdRSites, (MIfiPiReley comJaraeied the individual
antibodies testedvere thigettanstabiethRads biink- versusdheparematilingceptor 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°



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-13R§ 1, t.he
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 I|_ne (Table 5). -
42 - Table 5: Antibody MPI Ba/F3 MFIBa/P3_Cyno_IL- 13Ral Fold Increase in MPI in the presence
of Cyno_ 1L-13Ral HuMobs LC5002-002 33 83.7 798 LC5002-003 3.4 82.4 79.0

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



LC5002-005 14.8 101.5 86.7 LC5002-007 4.1 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

-31-

at 4°C, then centrifuged and the supernatants aspirated. This washing step was
repeated once, and finally the cells were resupended in 200 ul of PBS/0.1% human
serum albumin and analysed in 2 FACS Calibur flow cytometer (BD Biosciences
Pharmingen, San Diego, CA) using the CellQuest software. In most cases, 10 000

5 events were acquired and gated on a light scatter gate to inciude only viable
lymphocytes and monocytes. The cells were pregated on a CD19 positive cluster for
B lymphocytes or a CD14 positive cluster for monocytes and analyzed further for
CD23 expression.

The observed 1Cs; values for inhibiting of CD 23 wpregulation on B-lymphocytes
10 were between (.5 nM and >70 nM for antibodies LC5602-002, LC5002-003,

LC5002-005, LC5002-007 and LC5002-018, and 13.6 nM for ARI52. A similar

profile was found for inhibition of IL-13 induced CD23 upregulation on human

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

antibodies LC5002-002, LC5002-003, LC5002-005, LC5002-0067 and LC5002-018,
15 and 62.9 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 [1-4 (R&D Systems, Minneapolis, MN)
and incubated at 37°C for 48 hours. The cells were pulsed with 0.5 pCi *H-

25 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).

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 1C value than the other antibodies. The observed



6.7 1gGIl (Nordic) Anti human IgG- ETC only 3.35.52.2 E>_<ample 17_ Binding of IL_—13R_’aI HuMabs .
to Fcy receptors (binding to FcyRllla on NK cells) 5To determine the a_tblllty of the antibodies of the
invention to bind to FcyRIlla (CD16) on Natural Killer (N1C) cells, If’erlpheral Blood Mononug:leqr 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 antiboo_ly to FcyRllla (anti-CD16, clone 3G8,
RDI, Flanders, NJ), to verify binding 10 via &id:UIIg32A§ negative controls, human I_gG-2 anc_i IgG4 (The
Binding Site), that do not bind Fc-yRllla, were used. Human _IgG; and 1gG3 (The Binding Site) were
included as positive controls for FcyRllla bindi_ng. _Bound antibodies on NK cells were detgcted by
PACS analysis uSiry ¥PE-fibdhedifiowse artibhinan @56 (N ek lsusice, varkenaptibody (BD
Biosciences PhaliiiigerosanDiego, &A)dsodbommbination withia Fitsedabeledogalf(ab)2 20
ant-human I9C Grarpnihor(Ryalas immupesepearch Buiiioame. Gl Maxdmum bindlng at 20
jig/m1 (Bmax: M J%ta%%%gfegheﬁHééMgatéggsged wa detg 9|nedéi§-ql, - %chfﬁ (?WFl e (l) f
FeyRllla eﬁithen%t%/o%cpmparagfe {0 the contoH tﬁr%rb%ﬂ% I AERRBEEDY Hse ) value o

580.6245:8. Add "W&%ﬁa@ﬁ%@%@ﬁoﬂ%é&@ﬁsﬁﬁcﬁm@Waﬁ&ig@mw@d@m@ of
LC5002-005 to NMEEIsafBnrane (il ivalies 0f 22602 495:90)-iowlicatipgn spreificBinding 1o Le-yRllla. - 44
- LC5002-018 between 4.68 nM and 60 nM.

Example 7
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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10 Both FHuMabs tested in this assay (LC50002-003 and LC5002-005) inhibited I1-13-

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 nM 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
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P78552 SyvissPref,Ng, Q62§ auiahky 15k Aln NHEIGISAGINE RERERTEN 2%(H095).058 6295
asserobled in mammalian cell expression vectors. Thereby the gene segments
encoding the anti-hil-13R01 HuMab light chain variable region (Vi) and the
human k-light chain constant region (Cy, SEQ ID NO: 11) were joined as were gene
segments for the anti-hIL-13Rai HuMab heavy chain variable region (Vy) and the

0 human y1l-heavy chain constant region (Cuy-Hinge-Cpp-Crs, SEQ ID NO: 12).
General information regarding the nucleotide sequences of human light and heavy
chains from which the codon usage is given in: Kabat, E. A, Wu, T. T, Perry, H. M.,
Gottesman, K. §., and Foeller, C. ,(1991) Sequences of Proteins of Immunological
Interest, Fifth Ed., NIH Publication No. 91-3242, 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,
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93/1227 WO 94/25585 25 W096/29417 WO 97/15663 WO 98/24884 WO 01/14424 WO 03/080675
-47 - Patent Claims 1. AngfiSedyobiingo:a0s t8RE dnavintibitingikt 18eharacierzed in that the
variable heavy chain antiasgeidaeguenee-£DR3 of said antibody is selected from the group

consisting of the heavyghain.GRR3sequenses f .|, 3.0r 7, whereby said antibody is
obtained from hybridomat%ell line D%M ACCZ?OQ,U%%I%I %6%%7 oo E%lﬁ}] (gjﬁgzaffﬂ? n antibody

binding to IL-13Ral and mhibitingtiE-137 cREFACHeH 8t iff ﬁbﬁt%h@‘\‘;aariﬁﬂiéem ¥ @mino acid
sequence’CDR3 of saidAtpOU i dataadrahilnd ghsup consisting of the heavy chain CDR3
sequences of SEQ 1D N gsrpfic8rand sheapriges: astheavy ghainvariablereginSEQ ID NO: 1
and as light chain variafle.rggien @g@@g}g%gl M@a}\% q@@\@g@qg@{gggion SEQ ID NO: 3 and as
light chain variable regien of, SEQ ID NO: 4, as heayy chain variable region SEQ_ID NO: 7 and as light
chain variable regioﬁ S (5' um%%s 3?%%%%@\%“}%@ ?gﬁfgﬁ?%@ﬁnl% ?\?&5’: %d%‘@ﬁbht chain
variable region SEQ ID’f&™6: - 48 - An antibody according to claim 2, characterized in comprising
a) as healy chain variable region SEQ ID NO: 1, as light chain variable region SEQ NO: 2, as K light

chain constant régieni&RQE:N: lband aﬁt?-ﬂﬂbe@m@hﬁwﬁﬂ%ﬁ{%iﬁﬁ %%9& -12,b) as
heavy chain vari%rg&@&@ﬁ JD,NO: 3 and as light chain variable region of SEQ ID NO: 4, as K
light chain constant region SEQ ID NO: 11 and as 71 heavy chain constant region SEQ ID NO: 12,

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].



c) as heavy chain variable region SEQ ID NO: 7 and as light chain variable region SEQ ID NO: 8, as K
light chain constant region SEQ ID NO: Il and as 71 heavy chain constant region SEQ 11.) NO: 12, or
(1) as heavy variable region SEQ ID NO: 9 and as light chain variable region SEQ ID NO: 10, as K
light chain constant region SEQ NO: 11 and as 71 heavy chain constant region SEQ 1l) NO: 12. 4. An
antibody according to claim 3, characterized in comprising in addition mutations L234A and L235A or
D265A and N297A. 5. The use of an antibody accorgling to claimsto 4 for the manufacture of a
pharmaceutical composition. 6. A pharmaceutical composition comprising an antibody according to
claims 1 to 4. 7. A recombinat.t host cell capable of producing a recombinant antibody according to
claims 1 to 4. Method for the manufacture of a phaaiadeutical composition comprising an antibody
according to claims 1 to 4. -49- 9 A nucleic acid encoding an antibody binding to IL- I]I and inhibiting
IL-13, comprisinggsfgayy chain variable regiqp. 5| j&jlg NO: t and as'Tight chain variable region SEQ

ID NO: 2, as heauythainv leTegionr SEQ1D-NO-3-and-as-ight-chatr-variable-regien of SEQ ID
NO: 4, as heavy %%grlgé%%%ﬁﬁﬁ SEQ 1D Ne P anac4sighEwkain variable region SEQ ID NO: 8
or as heavy variaBrsFégiory SESFIDAEY;9 and Glvdightchbinyafiahle fegibnSB@i1D NO: 10. 10An
expression vectoicoraptisingaaicleic acid iRGae g@é@&g@gpgmgﬁn%@@ssing said nucleic
acid in a prokaryotic or eukaryotic host cell. A ic_ or-gukaryotie hast.cell comprising the vector
according to claim 10. 12. A method for the pt Qé%%%%gg%éﬁ%% ?Bﬁggzyaﬁb(fg ﬁligmtrémlﬁ-7 3Ral and inhibiting
the binding of 11,13 to LL-13Ral, characterize&%%%%f‘éjssing a nucleic acid encoding a heavy chain
and a nucleic acid, engod 1 hain accorging to ctaim. 9 in a prokaryotic or cukaryotic host cell
and recovering s%’ﬁ%ﬁiéggg% frjb:g}lr%&égaid cell. - %E%ﬁl hiBSE5EESTding to claims 1 to 4 for use in the
treatment of a patient in need of an asthma o é}i’ﬁaﬁél&g@tp fiResseipsod 2o effibeitforeser preparation of a
pharmaceutical composition characterized in phedgtihguai antibedyateorling teigélaims 1 to 4 by
means of recombinant expression, recovering sajdeantibpdy and, goemhiningsaid antiody with a
pharmaceutical acceptable buffer and/or adju u/ﬁgﬁ.lg']é?ﬂybrid t a%ell line DSM ACC2709 PSM

o eavy
ACC2710 or DSNT A 112
\?‘23mi235A 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.



- 51 - Antibodies against !L-13 receptor alpha! and uses thereof Abstract An antibody binding to
IL-13Ra , inhibiting IL-13 bioactivity and comprising a variable heavy and a variable light chain,
characterized in that the variable heavy chain amino acid sequence CDR3 of said antibody is selected
from the uroup consisting of the heavy chain CDR3 sequences of SEQ ID NO: 1, 3, 5, 7 or 9 is useful
in the treatment of asthma and allergic diseases. Fig. 3 SEQUENCE LISTING <110> F. Hoffmann-La
Roche AG <120> Antibodies against IL-13 receptor, lehal and uses thereof <130> 22922 <150> EP
05000003 <151> 2005-01-03 <150> EP 05002229 <151> 2005-02-03 <160> 12 <170> Patentln
version 32 <210> 1 <211> 119 <212> PRT <213> Atrtificial <220> <223> LC5002-002 VH
gamma/heavy cBaimgtgaitble domain <400> Glu Val Gin Len Len Gin Sex Gly Gly Gly Leu Val Gin Pro

Gly Gly 151015 Sexkairisgdan sSerysiianBexChoRhed WolhsAsmbe.fyr 02530
13Ro1hPe

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




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 Ala Asp 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 <220> <223> L05002-002 VL kappa
light/chain variable domain <400> 2 Asp lle Gin Me_t3 hr 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
b) Affinity analysis of HulMabs LC5002-003, ~005 and -607 asing the exiraceliular

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




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 lle Lys 100105 <210> 3 <211> 1.19
<212> PRT <213> Atrtificial <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 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 Péﬁ%\fg Asp Asn Per Lys Ash Thr Leo Tyr 65707580
Leo Gin Met Asp Per Leo Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

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

extracelludar domain of hiL-13Ra1 cleaved from 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;

. - . kzl kaz kdl '
Chip | Capturing Ligand Analyte (1/Ms) kgt (1fs) (1/RUs) (1/s) 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



859095 Ala Lys Gly Per Per Tyr Trp Thr Asp Phe Asp Tyr Trp Gly Gin Gly 100105110 Thr Leo Val Thr
Val 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 Thr Gin 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 2025_30 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 \_/al Pro
Per Arg Phe Per Gly 505560 - 4 - Ser Gly Ser Giy :I'j;tg 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 )
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).



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 Thr Met Ser Trp
Val Arg Gin Thr Pro Gly Arg Gly Len Gin Trp Val 354045 Ser Gly lle Ser Gly Ser Gly Len Ser Tim r Tyr
Phe Ala Asp Ser Val 505560 Lys Gly Arg Phe Thr lle 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 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

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).



<212> PAT <213> Avrtificial <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 Val Gly 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 Set Gly Val Pro Set Arg Phe Set Gly 505560 Set Gly S_et
fly Thr Asp Phe Thr Leu Thr lle 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 G_Iq{ly Thr Lys Leo Glu lle Lys 100105 _<210_> 7
<211> 123 <212> PRT <213> Artificial <220> <223>1.C5002-007 VS gamma/heavy chain variable

domain <400> 7

Fable 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.



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 Tyr Cys 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 Tht,Val Ser Sex- 115120 <210> 8 <211> 107 <212>
PRT <213> Artificial <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

LC5002-005 was able to bind to FoyRIlla 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.



Gin Arg Ala Thr Len Sex- Cys Arg Ala Sex- Gin Sex- Val Sex- Sex- Sex- 202530 Tyr Lea Allal;l'rp;) Tyr
Gin Gin Lys Pro Gly Gin Ala Pro Arg Len Len 354045 lle Tyr Gly Ala Sex- Sex- hg Ala lle Ccs;y e Pro
Asp Arg Phe Ser 505560 Gly Sex- Gly Ser Gly Thr Asp I?he .Thr Len Thr lle Sex- Arg Len ;SnTh o
657075BO - 7 - Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gin His Tyr Sly Sex- Sex- Leo 85909 220r> e
Sly Sly Gly Tbr Lys Val Glu lie Lys 100105 <210> 9 <211> 1_19 <212> PRT <213_> Artificial < 202
<223> L.C5002-018 VH gamma/ heavy chain variable domain <400> 9 Glu Val Gin Len IF]eoTGh uShex-
Gly Sly Sly Leo Val Gin Pro Sly Sly 51015 Sex- Len Arg Len Sex- Cys Ala Ala Ser Sly Phe Thr She

Asn lle Tyr 202530
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Ala Met Asn Trp Val Arg Gin Ala Pro Sly Lys Sly Leu Gin Trp Val 354045 Ser Val lle Se;- SIyL Sse:\-sfly
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<210> 12 <211> 330 <212> PRT <213> Homo sapiens <400> 12 Ala Set Thr Lys Gly Pro Set Val Phe
Pro Leo Ala Pro Set Set Lys 151015 Set Thr Set Gly Gly Thr Ala Ala Leo Gly Cys Leo Val Lys Asp Tyr
202530 Phe Pro Gin Pro Val Thr Val Set Trp Asn Set Gly Ala Leo Thr Set 354045 Gly Val His Thr Phe
Pro Ala Val Leu Gin Set Set Gly Leo Tyr Set 505560 Leo Set Set Val Val Thr Val Pro Set Set Set Leo
Gly Thr Gin Thr 65707580 Tyr lie Cys Asn Val Asn #is Lys Pro Set Asn Thr Lys Val Asp Lys 859095
Lys Val Glu Pro Lys Set Cys Asp Lys Thr His Thr Cys Pro Pro Cys 100105210 Pro Ala Pro Gin Leo
Leo Gly Gly Pro Set Val Phe Leo Phe Pro Pro 115120125 Lys Pro Lys Asp Thr Leo Met lle Ser Arg
Thr Pro Giu Val Thr Cys 130135140 -10- Val'\#%/- ®&BYal Her His Gin Asp Pro Giu Val Lys Phe
Asn Trp 145150155160

1. An antibody binding to IL-13Ra! 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.

2. 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.



Tyr Val Asp Gly Val Gin Val His Asn Ala Lys Thr Lys Pro Arg Gin 165170175 Glu Gin Tyr Asn Her Thr
Tyr Arg Val Val Per Val Len Thr Val Len 180185190 His Gin Asp Trp Len Asn my Lys Gin Tyr Lys Cys
Lys Val Her Asn 195200205 Lys Ala Len Pro Ala Pro lle Gin Lys Thr lle Her Lys Ala Lys Gly
210215220 Gin Pro Arg Gin Pro Gin Val Tyr Thr Len Pro Pro Per Arg Asp Gin 225230235240 Leu Thr
Lys Asn Gin Val Her Len Thr Cys Len Val Lys Gly Phe Tyr 245250255 Pro Her Asp lle Ala Val Gin Trp
Gin Per Asn Gly Gin Pro Gin Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val Len Asp Per Asp Gly
Per Phe bhe 2/ 5280283 Len TYroer LyaLeu Thi Vel AcpLys PerArg Tro Gin Gin Gly Asn
290295300 Val Phe er)bys erval Met' iz G AR &N HiSAERBIE yr Thr 305310315320 Gin Lys
Per Len Per Leu Per Pro Gly Lys 325330
a) as heavy chain variable region SEQ 1D NO: 1, as light chain variable region SEQ ID
NGO 2, as « Hght chain constant region SEQ D NO: 11 and as v1 heavy chain
constant region SEQ 1D NO: 12,
b) as heavy chain variable region SEQ 1D NO: 3 and as light chain variable region of
SEG 1D NO: 4, as « light chain constant region SEQ ID NO: 11 and as v1 heavy
chain constant region SEQ D NO: 12,
¢} as heavy chain variable region SEQ 1D NO: 7 and as light chain variable region SEQ
ID NO: 8, as « light chain constant region SEQ 11D NO: 11 and as y1 heavy chain
constant region SEQ 1D NG: 12, or
d) as heavy variable region SEQ ID NO: 9 and as light chain variable region SEQ ID
NO: 10, as « light chain constant region SEQ 1D NO: 11 and as y1 heavy chain
constant region SEQ 1D NO: 12.

4, An antibody according to ¢laim 3, characterized in comprising in addition mutations
1.234A and L235A or D265A and N297A.

5. The use of an antibody according to claims 1 to 4 for the manufacture of a

pharmaceutical composition.
6. A pharmaceutical composition comprising an antibody according to claims 1 to 4.

7. A recombinant host cell capable of producing a recombinant antibody according to

claams | to 4.

8. Method for the manufacture of a pharmaceutical composition comprising an antibody

according to claims I to 4.
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12.
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A nucleic acid encoding an antibody binding to IL-13Ral and inhibiting 1L-13,
comprising as heavy chain variable region SEQ ID NOG: | and as light chain variable
region SEQ 1D NO: 2, as heavy chain variable region SEQ 1D NO: 3 and as light chain
variable region of SEQ 1D NO: 4, as heavy chain variable region SEQ 1D NO: 7 and as
light chain variable region SEQ ID NO: 8 or as heavy variable region SEQ 1D NO: 9
and as light chain variable region SEQ 1D NO: 10.

An expression vector comprising a nucleic acid according to claim 9, capable of

expressing said nucleic acid in a prokaryotic or eukaryotic host cell.
A prokaryotic or eukaryotic host cell comprising the vector according to claim 10.

A method for the production of an antibody binding to 1L-13Ral and inhibiting the
binding of 1L-13 to [L.-13Ral, characterized by expressing a nucleic acid encoding a
heavy chain and a nucleic acid encoding a light chain according to claim 9 in a

prokaryotic or eukarvotic host cell and recovering said antibody from said cell.



14.

15.

-~ 50 -

Antibody according to claims 1 to 4 for use in the treatment of a patient in need of an

asthma or antiallergic therapy.

Method for the preparation of a pharmaceutical composition characterized in producing
an antibody according to claims 1 to 4 by means of recombinant expression, recovering
said antibody and combining said antibody with a pharmaceutical acceptable buffer

and/or adjuvant.

Hybridoma cell line DSM ACC2709, DSM ACC2710 or DSM ACC2712.



