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 begmuggd 19,30 SIRMGY AN, CORPIeIEl faversing, OV%!?%'HI% I”ﬂ%ﬁeg AHR and the
I

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) 97115663 WE0HGR0E Lo LR A 1ok Rbaibitad T Gl &%286 1238 Poudrier J., et
20al., J. mmHQQId,e‘}g (1999) 1153-1 a/%} Poytigier 1. et al. 4R Ihmuo 30 3157-3164;
Aikawa M., et.a Cyto ine, 1 B Ak odli B4y ‘ffiei"gﬁfanFQS&%‘?ﬁ rcially available
from R&D Sy malopy ghbe R Was restored by administration of IL-13, indicating that
IL-13 is necessary and. sufficient for the induction of AHR in mouse. Other
25 important biological functions of I1L-13 in relationship with asthma indude the
induction of goblet 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




Summary The disclosure comprises an antibody binding to 1L-13Rul and inhibiting 1L-13
25bioactivity, characterized in that the variable heavy chain amino acid seatinice CDR3 of said
antibody is selected from the group consisting of the heavy chain CDP.3 sequences of SEQ ID NO: 1,
3, 5,7 or 9. 2a variable heavy chain amino acid sequence CDRS3 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 ACC27I2. In another
aspect, there is provided an antibody binding to IL-13R] and inhibiting IL-13, characterized in that the

variable heaysylehginsagiinouakiskisie quéncerbiing of saithantbodyis. seleciaddam.the group
consisting @i@ﬁﬂmﬁé%&%%@%@ﬁ@@m JD NO: 1. 3.7 or 9 and comprises as heavy
gh

chain variable region SEQ ID NO: 1 and as light chain variable region SEQ ID NO: 2. as heavy chain
variable re |on SEQ ID NO: 3 and as light chain variable region of SEQ ID NO: 4. as heavy chain
variable redion "SEGABHRO b7vartkens HEhtshainaritublensglonBEGHNO 2 8Gras heavy variable
region SEQuBuN@--%ant hsslighitshain vatiohie regionSEQ:HING: 20y Fhe,antibhady is preferably a

human antibagdyiss 3vaibhe:anthadyis preisrably msg@gi%ﬁmeyc%&gmé@; edﬁ 0:9 M (Ka) or less;
preferably of 10t 103Mfor indin I%?,E%IL 13Ra| Prefera y tl aracterlzed in that its

an
heavy chain G nd”% sequenc“% are’Sete BB Briditing of the heavy
chain CDR¥; W%ﬁé@WB dHaercesBrsEEn Bro! i‘ﬂ-gﬂ@ Freri@RT eokastibody is preferably
characterizeghitisthat tmlmmb@aﬂgmmwmﬁmsadﬂﬁwuelmcﬁﬁ%@Dﬁa@mg CDR3 of said

antibody argiselected @&e@rmmemnmwm shain, GDR seanences,of SEQ ID NO: 2, 4,
6, 80r 10. Th g&g referably characterized in that the variable heavy chain amino acid 10
&

sequences CDR1, d CDR3 of said antibody are selected from the group consisting of the
heavy chain CDR sequences of SEQ ID NO: 1, 3, 5, 7 or 9 and the variable light chain amino acid
sequences BBRRIGDRR2:anbC DRS¢ dkswdcantiboedyme sefeetedio(yihel graupisensisting of the
light chain Glafpeetuehoes iRl NQ: @s4iBrer 30-18The £RRseguenges are preferably
selected in@e@e@g@r}tlgﬁg; %ggjg ofhgrard ase,separated bybgo%gra@%or&rggion

inchuding the signal sequence. Its DINA and protein sequences are described in WO

87/15663 and SwissProt No. P78552. IL-13Ral is a giycosyiated protzin binding 1o

I1-13 with Jow affinity, but, when linked with IL.-4Ra to a heterodimer, it bings I~

13 with high affinity. This compler is also a receptor for IL-4.

gt
{51

Antibodies against I1-13Ral are known from WO 96/20417, WO §7/15663, 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



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
SEQ ID NO: 5 and as light chain CDRs the CDRs of SEQ ID NO: 6, as heavy chain CDRs the CDRs
of SEQ ID NO: 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., Sequences of Proteins of
Immunologicak iérdey Stietedh, Ruiblicaddatty ServiceNationaklnstiiutes of Health.Bethgsda, MD
(1991). On thighasisthe.con arity: ming regions I SEQ ID NO: 1-8 have the
following se% nce :Sggfi’?%\%@gﬁ% ?r? é%g!s%?éﬁ%%g%%%gfé%@é% %@E&Qf %’r’,\?%'@"? *DR2 (aa
5066) of SE%‘M‘&OJ‘?? 35 g ,dc?bﬁ?é‘(%@@ﬁieg)‘:lﬁfi%@ DINGI T B, DR 2 (H2990107) of
SEQ ID NOI1BEBRE (d4-99-112) 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) : 9-97).0f SEQ ID NO: 2, 4, 6, 10, CDP3 (az 90-97) of SEQ
DNO: 6. Brcteraily (he Aoy o Celu A B Corehii s Boffplemariyn s
10determinitigf iyjfoAsaic BRa) thie el owin §esbguendeBRE) ahsantibadydisaisyehaircaraprising heavy
chain CDRsgeh GEQRsblak & e hon ) bian amiRack fighi-chain samnrising ightchaip GRRs of SEQ

ID NO:2, 4, 6, 8 or 10, 15wherein the CDRs are sele i ndently of each offier. The antibody is
preferably ¢ ar ctén%g%ﬁﬁn %8mcgﬁls?n\éagg%§gJ\?V%%na%tg\gr{ﬁb?g egiofPSES NG A RAaES Fght chain

variable regi6ASESH D INA9: asHhdisey BN sAEpRresiom SEQ ID N6Y:3aumd! as fight chain variable
region of SE@ri&ble region of SEQ ID NO: 4. as heavy chain variable region SEQ 1D NQO: 7 and as

light chain variable region SEQ ID NO: 8 or as heavy variabie region SEQ ID NO: 9

and as light chain variable region SEQ 1D NO: 10.

The antibody is preferably a human antdbody.



20NO: 4, as heavy chain variable 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 variable region SEQ ID NO: 9 and as light chain variable region SEQ ID NO: 10. The antibody is
preferably characterized in comorising a) as heavy chain variable region SEQ ID NO: 1, as light chain
variable region SEQ ID NO: 2, asic light chain constant region SEQ ID NO: 11 and as .y1 heavy chain
constant region SEQ ID NO: 12 optionally with mutations L234A and L2.35A or D265A and N297A,

b) as heavy chain variable region SEQ ID NO: 3 and as light chain variable 30region of SEQ ID No: 4,
as r light chain constant region SEQ ID NO: 11 and as yl heavy chain constant region SEQ ID NO: 12
optionally with FttaioRE T2 B4R Arrabin Sba6HB TS AVar NEGFACL B~ ¥ sEheanyeehain variable
region SEQ 1D Nek-Bének 48 lightcH aifvdsiablereglon BEQ. ID NO: 6, 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 B265A in yariable regign S .. and as light chain
variable region I I%C%I%J§%%%%%¥%§§%%Er%l§ﬁa§%%ﬁ%gl%§r% & %I heavy chain
constant regior@%%sfﬁ%?sﬁ% B AR P BB O TP8RA a9 besA B S8BRand N297A, or
e) as heavy vafabie tedioR SEoEnMe S ERdAHHS 3haii watiable region SEQ 101D 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 m@gﬁﬂéﬁl}@ééfé@g&%ﬁ&t@fi&ﬁ%%@?%&%@ EW%I%_%%%&%%@S%%%%QS

characterized in bindin -131al.in c ition t0.15 antibo
LC5002-005, LEB002- @ é%]ld o%%%%%%%%é%%?%ﬂg%cﬁ& HAtiH6E G HArE SR 7% in comprising
as variable regfSR&tieariiablishedisn i csoozaes SEQSE0E G053 4L€ 60025005, LC5002-007 or
LC5002- 018. The variable regions of these antibodies are shown in SEQ ID NO: 1-10. Useful
constant regionsacedvekKnawsrdnhesiate of e At Exanaesiare ) AN S5R.2MD NO: 11-12.
The anpody iselpianbr eaadonal 05 ey seombinanlprodused antbody: . o

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

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

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

SEQIDNO:2,4,6,80r10.

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:



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 71 heavy chain comprising a) amino acid
sequence Pror3ValzmAlaz35 with deletion of Glyz36 and/or amino acid sequence
Gly3z7Leu325Pro325Ser3505n331 b) amino acid sequence AlazacAlaro or ¢) amino acids Ala265 and
Alazr. 30 Preferably the antibody according to the disclosure inhibits IL-13 induced Stat-6
phosphorylation with an 1050 value of 6 iaM or lower, inhibits FL-13 induced eotaxin production with
an IC 50 value of 20 iaM or lower and/or inidbits 11213 or 114 induced cell proliferation, preferably of
TB-1 cells (ATCC CRL 2003) with an 1050 value of 10 nM or lower (IL-13) and 60 nM or lower (1I-4).
11-13 induced ST EBirspRsryisHOR! émaﬂkﬁiﬁroﬁsgtﬁoﬂ;aq@dng,%tg)hg %ﬁﬁﬁ?g%rgtion are
determined accordifg td SBRMDles® 0 8.7 he antiady acgording to t € disclosuré“preferably does
Ygrias %ﬁcﬁgg |g%pé5r§91' he dftibbdys i& preferably

not bind to denatureghis-1L3Ra indi finity 104
{ @W&?gﬁ%‘%&?gﬁé Cﬁ%&%ﬁ%g\?ﬂim.%m MORa (Kp for binding

characterized @%ﬁ{h win bsta%&'?élgve

affinity 104M or |g:%éar]3§. e disc (pirthetor 6B Hibridonta el lineshich pseduce
antagonistic monocionaf &Rt SeiesAdaifstHL (b8 Ral 55T he m@‘q@rﬁ%@(migoy%c%gzes according to
the disclosure (hu-MAB<H7) oA SE0alpharh€.5002-002 E*S%@%é%%%%ﬂ s 6, 107
Ini-MA13c1-IL-13Ra|l5e G 5002 P98 RS AQIZ( 10), ho-MABG AL - 13REEhRa©.5002-005

(DSM A00271 1), lau-

Preferably. the disclosure provides an antibody comprising as comp

10 determining regions (CDRs) the following sequences:

lementarity

a)  an antibody heavy chain comprign i
P g heavy 3
e g neavy chain CDRs of SEQ ID NOu, 3,
b} an antbody light chain compris; h hain C
prising light chain CDRs of § : '
Sorto of SEQ ID NOz, ¢, 6,
15 wherein the CDRs are selected mdependenﬂy of each other

'I‘he antibody is preferably characterized In comprising as heavy chain variab)
regl.on SEFQ > N.C}: 1 and as light chain varable region SEQ ID NO: 2, as ;:avi
N ;é;m;:aiie regxon. SEQ 'ID NO: .3 and as light chain variable region of SEQ ID
4 £avy chain variable region SEQ ID NO: 5 and as Hght chain variabje
r;e:gx.on SEQ ID NO: 6, as heavy chain variable region SEQ ID NO: 7 and as i’igh;:
¢hain variable region SEQ ID NO: 8 or as heavy variable region SEQ D NO: 9
as hight chain variabie region SEQ ID NO: 10. e

The antibody is preferably characterized in comprising
- =]

Y . . )
5 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

[.235A 0r D24854 and N257A, Tone ph

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

rig:l;n of SECQ‘ ID NO: 4, a5 x light chain constant region SEQ ID NO: 11 and as

Y1 heavy chain constant region SEQ ID NO: 12 optionally with mutations

L234A and L2354 or D2654 and N2974,

30



MAB<E-EL-13R alpha>LC-5002-007 (E/SM A0C2712)) were deposited 13.01.2005 with Deutsche
Saumalung von Miloroorganis-men und Zellkulturen GmbH (DSMZ), Germany. In a further aspect,
there is provided a hybridoma cell line DSM A0C2709, DSM ACC2710 or DSM ACC2712. The
antibodies obtainable from said cell lines are embodiments of the disclosure. The disclosure further
provides nucleic acids encoding polypeptides of which antibodies according to the disclosure are
comprised, expression vectors comprising said nugjeic acids, and host cells for the recombinant
production of such antibodies. In a further aspect, there is provided a nucleic acid encoding an
antibody binding to JL-13Rccl and inhibjting IL-13, comprising as heavy chain variable region SEQ ID
NO: 1 and as light ¢ h%ﬁ%%ié@?é"ré’é‘i&‘?%é@l% RIES2 2D R dvgmehairiighriabiésreginh SEQ ID NO: 3
and as light chain VERDIEYBIIR TS EQeI NGt pasheavy:efiain sRmablestsgion.SEQ,ID NO: 7 and
as light chain var@blé:mglmhaﬁE@zLBaﬁi@re%i@ﬁ geheRyyarigble region, SEQ,ID NO: 9 and as light
chain variable regm@@@&%&%ﬁ%m@&%ﬁ aspect, there Is prgw ed an ea%’r%sssmn vector

comprising a nuclefig; %Cf')d as géaflned abb(ive, capabléof eﬁ)ressing said nucleic acid in a prokaryotic or
eukaryotic host cell? Ifi & Turther aspact thefE e prordet M Prokamjotic e wkaiy otieididst cell
comprising the veclfElPas aefimell @bbves iriiahfuher aspect; theterisprovidadarecgpbinant host cell
capable of producifighesrgodrbinantantibagdyrasndefmed;above. J{&Q&ﬁ%ﬁ%&%@%@fw'des

methods for the rmmmﬁﬁm@ﬂwﬁﬁg@%@e& Hence, in er aspect, there is
L dinding to IL-13Rccl and inhibiting the binding of

provided a method for the production of bo to. '
IL-13 to_|L-13Ral, %ara%ﬁ%%%&%%ﬁ%&% akﬁéé%ﬁ?gﬁﬁ%ﬁémvawghaimdanucleic

acid engoding a light SHailP-a® dehifarapavenzrprokay @R Maryatichost oelhand, recovering
said antibody from%m@mwmm@mcm%mmwggﬁ@&g%%n to the

disclosure are a) dranatiauyheayy shaicomprisine, heavy chain CDP.s of SEQ ID :Nal, 3,5,7
or 9 and b) an antibody light rhwin comprising light chain CDRs of SEQ ID ND: 2, 4, 6, B or 10. These

polypepticies agsgeﬁaim.}o of assembli Loqethe with the respective other antibody chain to generate
an antilhjody. 5 k2 0%{;'15 G LS m lgmmng to IL-13Ral in competition to

antibody LC5002-002, LC5002-003, LC5002-005, LC5002-007 and/or LC5002-018.
Preferably the antibody is characterized in comprising as variable regions the
variable regions of LC5002-002, LC5002-003, LC5002-005, LC5002-007 or LC5002-
018. The variable regions of these antibodies are shown m SEQ ID NO: 1-10. Useful
constant regions are well known in the state

. of the art. Examples are shown in SEQ
26 ID NO: 11-12,

The antibodyis preferably 2 monodonal or a fecombinantly produced antibody

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,.

I
i

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

phosphoryiation with an ICs valze of 6 aM ar lower, inbibits IL-13 indnced
eotaxin production with an ICspvalne of 20 oM or lower and/or inhibits IL-13 or



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 accordin_gég the disclosure for asthma treatment and, in a
further aspect, for the manufacture of a pharmaceutical composition according to the disclosure. In
addition, the diq@&s&ﬁmi&%%&rtpﬁgas ect, camprises a method for the manufacture of a
pharmaceutical Composition according 5 thesfEabsafe Tstinda ditdRaIIGRI 2098 theshaspect, there is
provided a metto# T8iuthe! pie pafatiolveta Bhiaimeané Wicalc ompasition chatacterized,inproducing an
antibody as defledsalioughb) ahS:eLEeCcombiRan.e lon, recovering said antibody and
combining said @&Mﬁg@ﬁﬁh rmacetaticgl a ceptg&giﬁe%%%?é%ogn@%%{a%? @%é““’(ﬁsclosure, ina
further aspect, comprises a pﬁarrﬁac%ﬁuc% c8Mptsition comprising an antibody according to the
disclosure. The pharmaceutical composition may comprise an antibody with a pharmaceutically
effective amourthogtiboaly:-togriber mgmsalmﬁegr@,@g{% 9&%@1&’}‘3’1%5‘ u eG;\]ful :_for the formulation of
antibodies for gfegti,c%igur O%ﬁj‘ghe disclosure further provicfes peﬁ%%ﬂc"eutical compositions
comprising such anti o?dlé)‘s in aaﬁ%d Butitaliateepigbe camerdione empedirbht, the
pharmaceutical tBRFB& O Hagrhesinteaetell o articte-of manuiacture: ok Kitn T Ine_gigclosure further
comprises a veGtoicormgiigingtan wéimaﬁiﬁigﬁgqrding to the disclosure, capable of expressing said
nucleic acid in a prokaryotic or eukaryotic host cell. The disclosure further comprises a prokaryotic or

eukaryotic hostrgelicOmPUSING. A VEFIRL fi‘y%%%rod:g}g él?ni;%ef ﬁ{?ﬁgﬁ%‘%@%&g&%ﬁf 5 l:(;et:]irg]i zglosure

comprises a m%thodlfor the production of a recom
characterized byog?((b?g‘gsam&%fiﬁﬁ%i’@‘a%id%ﬁ%]ofding to the disclosure in a prokaryotic or cukaryotic

host cell and recovering said antibody from said cell. The disclosure further comprises the antibody
obtainable by sueh-aftacombiRALNANRAd [N disclosure further comprises a method for the

e dis

preparation of gphafmpagaytical c sit Cterized i S8 I8eiMg BfdhtSdy against IL-13Ral

from a pluralit)fl%@n}i@%i; 6§J'ainstl -1‘% al'wheén con shto-stiFriRRESSafORRIEG said antibody,
producing said an[l’l%o Y ﬁé%@”%ﬁ%ﬂbﬁ%ﬂl@(ﬁégﬁémﬁtio{lbﬁhdg_fs@tdzamibqﬁy_and combining
said antibody ré‘rH@céﬁﬁéﬁlﬁé@@@tﬁ@ﬂém%m@ﬂmzaﬂﬁ&&%@&e{&@@y@h@gﬁﬂbOdy has one

or more of the ﬁ%d&@h@mﬁ@n&ﬂﬁ@%ﬁ%ﬁ@&@ﬁ@éﬂﬁ&&%ﬁ%ﬂﬁﬁﬁ@%@&gg%g&%’fgion The terms
"IL-13Ral, muribgeMah3dRL-13Ra2 and IL-4Ra’ and their domains are well known'in“thie"state of the art

and e.g. defined by SwissProt P78552, 009030, P35225, Q14627 and 224394. If not otherwise stated,
the terms

IL-13R&lfurther aspect, there is provided a hybridoma cell Line DSM ACC2709, DSM
ACC2710 or DSM ACC2712.

The antibodies obtainable from said cell lines are embodiments of the disclosure.,

The disclosure further provides nucleic acids encoding polypeptides of which
antibodies according 1o the disclosure are comprised, expression vectors comprising

said nucieic acids, and host cells for the recombinant production of such antibodies.

In 2 further aspect, there is provided a nucleic acid encoding an antibody binding to IL-13Ro]
and inhibiting IL.-13, comprising as heavy chain variable region SEQ ID NO: 1 and as light
chain variable region SEQ ID NO: 2, as heavy chain variable region SEQ ID NO: 3 and as
light chain variable region of SEQ ID NO- 4, as heavy chain variable region SEQ ID NO: 7

and as light chain variable region SEQ ID NO: 8 or as heavy variable region SEQ ID NO- 9
and as light chain variable region SEQ ID NO: 10.



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 variable and
constant regions (domains) which can be assigned to defined human germ line 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@t (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 thé XHSEMESHEHioGarOUS iR GHEGIST N HOUIRRIH S0 ifster 6F e Hidman
germ-line immiegtapitin gergramay induckigesmdline proitantitice sdsuitsiinithe gefbduction of
human antibodies upon antigen challenge (see, e.g., Jakobovits, A., et al., Proc. Natl. Acad, Sci, USA
90 (1993) 2551-2555; Jakobovits, A, et at, Nature 362 (199328255-2 8; Bruggemann, M., et al., Year
Immunol. 7 (f@@f}‘%@?ﬁﬁeﬁﬁﬁ?%%%%b%%g %%’%“ LGB E proaticsy ?ihgﬁa%eqﬁn&%%ipd%%raries
(HoogenboometcRasaawintesy&., J. Mol. Biol. 227 (1992) 381- 388; Marks, J.D., et al., J. Mol. Biol.
222 (1991) 581-597). The techniques of Cole et al. and Boerner et al, are also available for the
preparation of human monoclonal antibodies {gCoIe et af, Monoclonal Antibodies and Cancer Therapy,
Alan R, Liss, B 7 1T S885PEfic BOeier 1988 Ao RGPl 4 S8Y NS Saf AU RAdn 30
antibody encempassemihevasibussiosmssaf-aatibodies, 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 inventidiardsdetainetrspeciaitiepreferrde &re tecombiramt-hymaincmntibodiesh The term
"monoclonal gpgibegy' as used herein refers to a preparation of antibody molecules all having
substantially the same amino acid sequence. The term "recombinant human antibody", as used
herein, is intended to include all human antibodies that are prepared, expressed, created or isolated by
recombinant Mesasinsutihtizs smtidotiers isoratédefromathhdsrdel swdhcaismBBBIGHMO cell or from

an animal (e.giraimOWse)- thatis fransgmie fahhymand mmunoawbulin ke nesenastipdies expressed

using a recon%blnant ex g%s]slll%{é i\éeaccggr traglcﬁg]ecge ehntoc%lé?nha% gstucc?ll. Su%he;}%ggmbmant human

antibodies have Variabie-and constant %Cregl ns in & rearrange orm. The recom ni%gnt human
antibodies actsbéifigitoahdefirasntisiinive Bekarseliettatkeivtiidoss saatmIHypetititation. Thus, the
amino acid segidencesdfibe Mid agd VL regions of the recombinant antibodies are sequences that
can be assigned to defined human germ line VH and VL sequences, but may not naturally exist within
the human antibody germ line repertoire in vivo. 15The term "class-altered antibody' refers to a
monoclonal ahlibdty RIS ARG AN IBGIRF A5iIfbASHET g abte AEi % 2 Binding region,
from one source or germ line and at least a portion of a constant region that matches a constant region
of an antibodyfronea eifferahit Seine &owy srrminags ety praparéd by @cbRibiNantbNA techniques.
Such class-altered@otihadies are and 20 naturally occurring and therefore not available directly from
xenograft micg, Fowls ofclasssaltered aptibodiss igncompassad by $he, prgsgat.invention are those in
which the constanté'egi]%n has differences from the wild-Type constant region sequence that result in
an antibody having different properties 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 exffessegoimmniiteg lebulirpgeines cormpiising Dt seynterits engoding ietminoglobulin
variable regiopsaad:RNA-segments-encedipgsinmunoglobulin constant regions. Methods for
producing class-altered antibodies involve conventional recombinant DNA and gene transfection
techniques are well known in the art (see, e.g., 30Morrison, S.L., et al., Proc. Nad, Acad, Sci. USA 81
(1984) 6851-6855; US Patent Nos. 5,202,238 and 5,204,244).



- 10 - heavy chains which is involved directly in binding the antibody to the antigen. The domains of
variable human light and heavy chains have the same general structure and each domain comprises
four framework (FR) regions whose sequences are widely conserved, connected by three
"hypervariable regions" (or complementarity 5 determining regions, CDRs). The framework regions
adopt a pcbeta)-sheet conformation and the CDRs, may form loops connecting the f3-sheet structure.
The CDRs in each chain are held in their three-dimensional structure by the framework regions and
form together itibtldésC DR HoE the Bthetehairrehehartigerrdindifg sieticTiie Bntilssdy teavy and
light chain CDR3egians prefesablyihehamaiechaito i CRR&playdcpatiawasnimpeantant role in
the binding speC|f| ity/affinity of the antlbod c or vide a
Hurter obiect ST A e s e P o an
antibody" whe &8¢ Heiasit refer to the amino acid residues of an antibody which are responsible 15
for antigen-binding. The hypervariable region comprises amino acid residues from the
"complementarity gdeterniningegiens-om&RIor thramework: afd FRrdegiensdare those variable
domain regions other than the hypervariable region residues as herein defined. Therefore, the light

and heavy ch |ns antlbi com |§(er anamlgo&ermrr&u%eg oon\?gloeg%lh %Rl, FR2,
CDR2, FR3, 8an86lE p re I0NS are determine accordlng to the standard

definition of Kﬁ@aﬂ’e@lﬁlOfWﬁE&@ﬁﬁﬁt@h@@%%@ﬁE%WF [(RERAPSE, 5th ed., Public Health
Service, National Institutes of Health, Bethesda, MD (1991). The "constant domalns are not involved

directly in bindjqg ofanantiboglyio an.aqigen. byt exibig various effsstor fungtigps. Pepnding an,the

amino acid 25 sequence of the constant ?ﬁ%lon of their heavy chains, antibodies or immunoglobulins

are divided intS IS MR SSETIGHN A8, ME HTaHRRIMOBHY SAndraTI SRRl o R 1 i Bh SPARACIEE”
into subclasses:{isotypes)hedrclgGle |HGRIAYG3 flandsigdie| gk dmuhig AgheThedngaisyschairihodristaht
regions that coerespend.torthendifferent classes . alimmunagiobuiing are.galled ;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, C3 activation and Fc receptor
binding. Bindiﬁgi1ﬁ@®ﬁ@fdsadﬂau§edfwrdeiﬁme@iebmcﬁﬁgmﬂéé@iﬁﬁh@@@%&rﬁh@g@mmﬁdw sites are known
in the state of ﬁlﬂgrmﬁ&&ﬁﬁg Q@ﬁﬁ(@ﬁ@ﬁcﬁa@bﬁéﬁﬁé@ﬁn%&@h@ an) ahdBBAYNE| 4di2t {19819 2555-2560;

Brunhouse, R and C ra Mol. Irnnumol. 168 et al.,,Nature 288
ecms Of recoOr Veri

1 id

(1980) 338- 341 ommesen, ?Eam e)é?ref\ﬁllofl Ifﬁr(??nunolf?’ssfH 666% (3%521 i%sgfmﬁiu]g g‘i%‘ RE., et at, J.
Immunol. 164m@@ymm@hemapr@?aﬁéwcwa@@&u%rW(ﬂr FEY2001) 12161-12168; Morgan, A., et
al., Immunology 86 (1995) 319- 324; and EP 0 307 434. Such binding sites are e.g. L234, L235, D270

N297, E318, 1320|322 R AR ERa UG G ASCAIAGIR R ek AR see below)

Antibodies of subclass 1gGl, | gG3 usually show complement activation, Clq binding and C3

activation, whérasgdrgewgm%ts&rééi&réoﬁﬁr AR e RSB Ry SR Sa B BEBRY Clg and
do not activatev@8a fsmused:hietbinithaitermdipe peirtrddéyivedhomithurhaicorigia! dedotesia Fe part

which preferably fiag,an-amin0-asit seqwence of g e Rartiol supsRran antibody of the subclass 19G1
modified in such a way that no CI gq binding, C3 activation and/or FcR binding can be detected or

binding is at least reduced for 50%, preferably 70%, compared to a 15 human IgG1 antibody. An "Fe
part of an antiBbely'disciserm elicknaveridesthebskilfee Betisarraneh defineeeomipesbasighof papain
cleavage of aniifiediess Theaaphihadiesaegoydingdadie imrerratiomcenéaimaﬁ)&eqeart,rmeferably with

an amino acic e AeNce €1 8 FERATLASINCANRIUrAD ofgn AN prElRragl llpiner pars of the

human constaht reglons efe part Is a mutated human Fe part 20 from human IgG1
subclass. Mostly preferred are Fe parts comprising a yl-heavy chain constant region (an example is
shown in SEQTIE: NGelddjavifirinutatiopssk?3d Acand La3hisior 226&6AcandcN2 9tAr (WD I8/ Bk642).

disclosure, capable of expressing said nucleic acid in a prokaryotic or eukaryotic

host cell.

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

vector according to the disclosure.



Human constant chains, e.g. yl-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 Brtiggemann, M., et at, J. Exp Med. 166 (1987) 1351-1361; Love, T.W.,
et at, Methods Enzymol. 178 (1989) 515-527. The constant domains preferred in the invention provide
no complement binding. The 'variable region” (variable region of a light chain (VL), variable region of a
heavy chain (VI-I)) as used herein denotes each o %he pair of 30light and heavy chains which is
involved directly in binding the antibody to the antigen. The teini nucleic acid or nucleic acid molecule,

as used hereingis intendad taineiuds: NG molasules andRNAMelesules. A Rugigisagid molecule
may be single-sltlrande or.doublestra dd%d’ Q}%& referaQI %—stranded DNA.. - 12 - A nucleic
[

A 1man  aniibody according 1o fhe SUre. C ai[a\!.:? gloe%b . EXDIessi] aucleic, . .
acid is "operat];lyqlnkea WCI]"Tenl IS pfaced Into a tunctiona rerations pvylt% another hticleic acid
sequence. For&fampfedipNAe foka presstiseriteiorsderattty feadérisdiperably dkeddo DNA for a
polypeptide if itis-expresser asiadpreproieirdbatparticipat@scisthe searation.efthe polypeptide, a
promoter or 5a%ﬂ@8‘55¢85€;§1%%?4%9'¥uﬁﬁ'éefgc%ﬁ%m%ﬁﬁ%ence if it affects the transcription of the
sequence; or a ribosome binding’site Is operably linked to a coding sequence if it is positioned so as to
facilitate translation. Generally, "operably linked" means that the DNA sequences being linked are cis,
and, in the caskhofiacksoreforicleaderiscontigtiod soarid ymepeading fraphantdaweser, enhancers do not
have to he 10.canfignpms Hhinking, i accomplished. Rydigation:atigenyanignt sgsyriction 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 KD of 10-6 M or more. The antibodies according to the invention bind to
the extracellular domain of human IL-13Ral and preferably also of mouse IL-13Ral. Binding to IL-13Ral
can be investigated by a BlAcore assay (Pharmacia Biosensor AB, Uppsala, Sweden). The affinity of
the binding is defined by the terms ka (rate 30constant for the association of the antibody from the
antibody/antigen complex), kd (dissociation rate), and KD (kclika).



- 13 - The binding of IL-13 to IL-13Ral is inhibited by the antibodies according to the invention. The
inhibition is measured as IC 50 in an ELISA for binding of IL-13 to IL-13Ral/IL-4Ra heterodimer. For
performing such an assay IL-13Ral is immobilized and IL-13 and IL-4Ra are added. The IC50 values
of the antibodies 5 according to the invention for the binding of IL-13 to IL-13Ral are no more than 6
nM. IC50 values are measured as average or median values of at least three independent
measurements. Single 1050 values may be out of the scope. The antibodies according to the invention
show preferably a binding to the same epitopes of IL8r3Ral as an antibody selected from the group
consisting of 10 ant-bodies LC5002-002, LC5002-003, LC5002-005, LC5002-007 or LC5002-018 or
are inhibited in biniingtioolldBRaldugmataricanndrngs QhbindingLy.these. antihadies. Binding
inhibition can be gdgte [p}&a . ug| immohilized antibody selected from the group
consisting of anti?&gig%%% %?raag%)%g%}/ dz-%%%, L lei%aég f@?ﬁ%‘?—%ﬁ?&eﬁﬁﬁﬁ@ms and
IL-13Ral at a 15 concentration of 2> &R0t ﬁ@éd%%sﬁé?a@f%téd%@éﬁﬁé%ation of 100
nM. A signal reddéfitirBlesovies phsbee atisves tfaettretan thoytbodpetes:with anantibody selected
from the group cehsistingnibantibddligsCHEN262, LC5002- 003, LC5002-005, LC5002-007 or
LC5002-018. The term nepitopen means a protein determinant capable of specific binding to an
ant?body._Epitop%eygggliyegcor@sti%tnog 51% gl%m&%lly acti\_/g surface _group!ngs of molecules such as
amino acids or Sng‘ar—sTdé“C‘ﬁgﬁrs—ané'um]a‘ﬁy%ave specific three dimensional structural
characteristics, as well as specific charge characteristics. Conformational and nonconformational
epitopes are distifgfutstrod H.thakete hintind ol e foines bilt- el dhe dater ixiostdn he;presence of

denaturing solvedtsndiieaRveationGormpiises.alse:auman @%ﬁ@%ﬁé&zﬁ?’ ?‘!»519&?1%@%%5%5 Ral and

inhibiting 1L-13 by At i n.affinity of 10-9 KD),or. less, preferabl of 10-9 to
10-13 M fr bind@?‘%ﬁ%%%%ﬁéég%%ﬁg %8??%%%%§%F ke 6?‘8}5&6@%%%%0 10-9M for
binding to muriné TLI3RAl BP&térat% ensendinbemigr draaiissolicsBesording to the
30 invention are f&rﬁﬁ&%ﬁﬁ%&%@@%%ﬁone or more of the characteristics selected from the group
selected from the binding parameters ka, kd and KD, binding to the same epitope to which an antibody

selected from thergeaup:consisting Afiaaibadies hGa0ge- 5002:003, L.G5002-005, LC5002-007
or LC5002-018 binds, SRS The a{gibo%iesz9 ]’%ﬁf rdin%&%%ﬁeﬁﬁ%e%z%%ﬁ%% B?E}ne‘fa‘bafﬁag?éoduced by
y

recombinant means. Such methods are wi HoGiR it Areeitdorshred R umen s hHss protein

expression in profRyGfg B AedRsaies deraummtRistisebisbnissutatio siofitneyastibbayipolypeptide
and usuafly purificitichese gephdimeaceutivatlyfacreptabid plisty:Forthepraiain @xpeessign, nucleic
acids encoding lightant-denyy, ciains.ed zagmenisitherenf arginseHedinlo expressign yectors by

standard methodg;sExression is. periorned inappropriate prokaryotic or eukaryotic host cells like
CHO cells, NSO cells, SP2/0 cells, HEK293 ceﬁtgg %Ilg ggﬁ%%ﬁ%ﬁﬁgg?l Kool %gllqg‘;ga?%c e antibody is

recovered from the calis a(%?upeér‘%%?gﬁm%ﬁ%ﬁﬁﬁe?%%@f?%%ﬁﬁﬁ%?ﬁ%%dlﬁéﬁ@?\oﬁfiéntibodies is
well-known in th&'&ite arthadizs 4ndtersbrtied, Treasesmphasinntheurogencdiniclestoftdalcrides, S.C.,
Protein BRpr. Pufitadsfe( 1G98} 1882202 Geisse iSmetafioRieieide @ witudy:996)12:41-282;
Kaufman, R.J., Maltdgicieehnohd e 2000b45d:d 6 b WRtRe trGai Y RESi A8 é%%?@ §70- 880.
15The antibodie§sgg9¥£e &%&Q{Sinfkwhe(gl%c%j}% ir}ﬁtfelﬂggg e, o in % E{:g]]rgagy uritied’or
substantially purﬁ fg[)rcr}].,blurlficatlor’m is performed’in ordérto e iFHiina call @rlé%ﬁﬁ?yonents or

other contaminatts & Y tfrer ol APRIEIERZAARRS dr ot Hgastntiar e chig berincluding
alkaline/SDS treBRABHCICEC1988hdihdg) botimmmuchmhatberaphyslagaroseodatelaetrppharesis, and

others w&ll 20kndisgiainiihesdit (Beeglulsidie) FER. el wad: & WreniRIoep!s:inMatscitar Biology,

Greene Publishipgsandilep Iniesecents, News YOk 388k Eoprassionin R0, eells. s described by,
e.g., Barnes, L.M;, etdal3 Cxtotecgnolo%y 32 . ,
al! and Bberner et al. are 450 available for the preparation of human monocional

antibodies {Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p.
77 (1985); and Boerner, P, et al, |. Immunol. 147 (1991} 86-95). A human
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



(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. Res. 30 25 (2002) E9. Cloning of variable domains
is described by Orlandi, R., et at, Proc. Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P., et at,
Proc. Natl. Acad. Sci. USA 89 (1992) 4285-4289; and Norderhaug, L., et at, J. Inununol. Methods 204
(1997) 77- 87. A preferred transient expression system (HEK 293) is described by Schlaeger, E.-J.,
and Christensen, K., in Cytoteduaology 30 (1999) 71-83 and by Schlaeger, E,- 30J., in J. Immunol.
Methods 194 (1996) 191-199. - 15 - Eukaryotic ceITgére known to utilize promoters, enhancers and
polyadenylation signals. The monoclonal antibodies are suitably separated from the culture medium by
conventional immetmnbgtbbatiregilification-pioeed ysesstichas HanhexamaladaproteindrSepharose,

hydroxylapatite chyemaiaatpRiy ! elacuenBaLesis: dialvsis. o Al shepmatagiaphy, DNA and
RNA encoding th@1 onoclgtgls%laat% ot%lles IS readlg)y |S§Iate and sequenced using conventional

procedures. The hybridoma cells can Serve 28 A Sotiteé Ftich 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 ZB8teslisrarmpelema:cells thabddyhak ozémvistnplothiesismmupagiebutin protein, to
obtain thessynthasisnef ieenmbinaniaanaelional anibodiesdn.the hostcells,The aniihgdies according
to the invention iggéggse ' hagd't' uch antibpdies having "conservati e e modifications",
nucleotide and amino 2'315(~'§id,sesqJ?jg(le%r{}])c,(:)eal T Sﬁ%%ﬁ?gé’ﬁ%ﬁs% \?vqigﬁﬁdsggrgo Sa?fé\istgo?gg%étﬁg or

above-mentioned 2HEFA BRI A& HRFE Biftboth dErewamG 1o thaavdnmemagiotifientores can be
introduced by stafidardbeEpnigmesiadowinin thearsuck assitsidirested:mutagenesisand
PCRmediated meutagenesis-Lonservativeaminolasit substitiansinclude.anesiinywhigh the amino
aci e 1 1epaGS 1,0 ANPG. MO 1SQUE N0 20 SFIEL A0 SN Eanfes o amino

F
acid residues ha\lzlllngn%:gmilgr side C aJFns have been defined in the art. These familiés mc%de amino
Lon

acids with basic Side chaina (e g. IyEME Erdihe iR SHTRES MR HP B hARS (@G 2 &8 Bartic acid,
glutamic acid), uﬁ@ﬁa?ﬁéﬁrﬁéfa%iﬁ{? chiaingdey: grzimne ofsParagieighatamimésbrinerdhreonine,
tyrosine, cysteinesdngpteplian sandrpokirssitie chidins (eughafligninein 2SN akireviaugingdsoleucine,
proline, phenylalaping:ymethiening). helashnehes side £halbs (8gn ﬂHﬁEQ&‘%ﬁé’é@%&?meucm@ and

aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted
nonessential am'rgeacid residue in a human anti-IL-13Ral antibody can be preferably replaced with
[

another afino acid r&HuS fSHHESARE Wie CHEn PafROZRFAAh G HEE U Bstititblscan be
performed by mutagenesisitrdedomorisnelecwar bhodeting, dsdésorbedrbyidRieomanne L., et al.,
Nature 332 (1988823 @2gandiRQuee :Cleat al phns. byl HEadsSeiskSAR6198219029-10033. -
16 - Amino acid segugnCce-vkapEs.of lmar.lzd3Ral aptibgdy are prepared by introdycing
appropriate nuclegtlda?egr@nge%srlnrg?ngﬂ? SR#P%)% ?Nﬁg‘s I’%%eftl e syn% esis, Suc modifications
can be performea,el?oweveyr, orﬁy In a very limi ednrgngé, 8. dryalaedimsie ﬁ’ﬁr%mple, the
modificafions doF#bsahe PeRRrring and therefore not available directly from xenograft mice. Forms
of "class-altered antibodies” encompassed by the present invention are those in
which the constant region has differences from the wild-type constant region
sequence that result in an antibody having different properties according to the
invention, especially in regard to Clg binding and/or Fc receptor {FcR) binding, i.e.
25 by change or mutation of Fc. Class-altered antibodies are the product of expressed
immunoglobulin genes comprising DNA segments encoding immunoglobulin
vaziable regions and DNA segments encoding immunoglobulin constant regions.
Methods for producing class-altered antibodies involve conventional recombinant
DNA and gene transfection technigues are well known in the art (see, ..
30 Morrison, S.L., et al.,, Proc. Natl. Acad. Sci. USA 81 (1984) 6851-6855; US Patent
MNos. 5,202,238 and 5,204,244},

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



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 g)[?iginal 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 glycosyiatibzissitesithas arenet dreseptirbibgiantibodiGhcesiationef antipodies is
wpically N-linkedlidlrinkedt afetadaibe.atiachmenieh the sarhehvilate mojety tp the side chain of an
asparagine residgg Lg&tggggtirg%osrgl%ﬁn s aspara i%%-@- ering an as%a(aglne “thréonine, where
X is any amino acid, except proliné. are the recogniion- JEROBS TSR ATHIATIESAtEEEhment of the
carbohydrate molBRF b ALHhgms STk dhash . TS arHabbreetned Ofreiteplobtnesetiripeptide
sequences in a phiipeptide creates aidtentidhglyicasylation sitsoAddition of gicegylatien sites to the
antibody is convepigbilyarcomplisbetbRy ]liernghthe, g}gigﬂgés&glﬁgﬁ&g@mtm@f contains one
ed gl

or more of the a r ' ipeptide sequences (for 25N-lin cos-ylation sites). Nucleic acid
molecules en.cocllzlti%g ﬁg(ghﬁi%%@g%a%e%?l%??geﬁea%%rn St AR SR AT AR %%X/%F PaTEd by a variety
of methods know ‘Eﬁé*‘%%ﬁ*ﬁé%%@%&éﬁﬁ&@é’é, fiRiedRe AbenTieee ths, 188Redriiéons a natural
source (in the caS&of araraiRip bearyingddipiicladid SeRtendensariaia)bdr freparationby 30
oligonuclébtide-nmEdatqdafos @H&idﬁeﬁw@ﬁﬁuﬁgeﬂﬁﬁ&tﬁ%@lﬁgﬁ%ﬁ%ﬂ%mi sgefle mutagenesis
of an earlier prepgrashyaUaRkrANIMAHIN RPN ALANIEABRAL antbody. - L pother type of
covalent modification involves chemically or enzymatically couBfing egCOS|dees itjcﬂ fh_e aritibody. These

fi0n. ) : : . :
procedures are algylghf%eous in that they do not require production of the antibody in a host cell that

has glycosylation capabilities for N- or O-linked glycosylation. Depending on the. coupling mode 5
used, the sugar(Spmaynbe tachedl (eiantinitemape histitines dh)dieg sashaxyhgromrs, (c) free
sulthydryl groups:ssicheasihone of @ysiging, {dh agudrey! graups,suehies nese.alerine,

threonines or hydgaxyproling, (e) aramatic residyes such as those of phenylalanjne, tyrosine, or
tryptophan, or (f). the argidﬁl Ignroug,ogg u ?ﬁﬁgﬁ e methods s & tesAbetft 5330, and in

Aplin, J.D., and fB?/_Vr?QfBﬁ, T@tfﬁft‘t%%e@rﬁflﬁé\ﬁ@%ﬁneﬁ{ (£88%) -2 5oz Remuvalsf any
carbohydrate mdigfiesspress s shiebdn tloowyjrnragite asbemiblishéc dhyemicalhpler egzymatically.
Chemical deglycosidations dande aucemplishethRy expasingthe.anybadintodrifivaramsthanesulfonic
acid, or an equivala:cempRUNd: IRIBHSAIMERIISIUlR Mthe-pigavagse @;ﬁgﬁg glhgygars 15
except thg linking %J?ﬁg %@Cﬁ%&lg%gﬁgr@we or N-ace%%?lg%%&?amﬁipe , while [eaving the antibody
intact. Chemical deglycosylation is described by Sojanr - H T aEBaRte B IArAE6em. Biophys.
259 (1987) 52-5‘?%&#’5& dheSnusncst At ArifimicHem epiogioBiytesst1 3. EnAwhiitc cleavage of
carbohydrate mafsatis seraesibbtiies CanthetacHiBeelith Petiesischdbd Matigty of endo- and exo-
glycosidases 20as described by Thotakura, N.R., and Bahl, 0.P., Meth, Enz-yrnol. 138 (1987) 350-

359, 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 classes: TgA, IgD, g, 1gG and IgM, 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



Another type of covalent modification of the antibody comprises linking the antibody to one of a variety
of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, or polyoxyallcylenes, in
the manner set forth in US Patent 25Nos. 4,640,835; 4,496,689; 4,301, 144; 4,670,417; 4,791,192 or
4,179,337. In yet another aspect, the invention provides isolated B-cells from a transgenic nonhuman
animal, e.g. a transgenic mouse, which express the human anti-IL-13Ral antibodies according to the
invention. Preferably, the isolated B cells are obtained from a transgenic non-human animal, e.g., a
transgenic mouse, which has been 30 im.munized With a purified or enriched preparation of 1L-13Ral
antigen and/or cells expressing IL-13Ral. Preferably, the transgenic non-human animal, e.g. a

transgenic mousegrhasda geniine &Q%@rﬁmsgﬁym@negmwrw%%ﬁ)ag a an light chain
e te

transgene encodingalQt:a ROINQ ti of the ,- 18 - | ion. The isola -¢ells are then
immortalized to pr?viﬁe assgg Lﬁ?mfﬁ%%a 0 G&'m%%ﬁé%ﬁ%-ﬁ%%ﬂ%ﬁ%@e%? Recordingly,

egd.a

the present invenfion a%éeFro%?gggef%%g@émgﬁﬁ%fé bEpfédlichg hiimameaiolibElenal antibodies

according to the invenieh. ivegisd ibodishehtitiraunybridéiainridesiass; caltabtained-from a

transgenicnon-huhidn'artinel (2001 ) aX18nSgemeMaYse, h@@m‘,qﬁmgwqg@ggﬁﬁu man heavy

chain transgene and;adwimen Jahishainansasne snseding flar enoridh ofan aniigady of the

invention, fused t?(%,i Qrtggg?dagglggggaé%%%%ular embaddiment, the trarnsgenic n Buman animal
in

is a transgenic 1Q mouse having a genome TEIRG ACFRIATAR HodW) Brign of dwdgermeand a human
light chain transg%%@nd@ﬁfh@d%f ¥ & Pshisn et hnlehtibody pbthesmibntion: Ehertiansgenic
non-human animatégiite Phakiniieg witCa puiitisdorasrichedareparationof \br 13Ralantigen
and/or celfs expressing:pchaRakyReaferbiy: thedransaaniaNap:uman aaimal, e g the transgenic

mouse, is capablg,efprodycing 151 isotypes of humap monoclonal antibodies o fLof3Ral. The
human monoclongd antibodieg a %%%(%%ﬁ%n%/r?}éuﬁ%ﬁﬁl e ﬁnﬁéefb?o%%%‘a B’Vﬁ%’]ﬁ‘fﬁﬁﬁ’iﬁ@ a transgenic

non-human animar. 6.9 A H3ASYHRPH6USE2 AV o gémeme teiprisiigle hubdass Re@vy chain
transgene and a mﬂﬁ’gﬁ‘ii@m’éhéiwatmhs@m@mhi@dﬁmg, alb actdvpostiondbabarginady efthe invention,
with a purified 20terdemichied: prediagakion iefdl -&Ral antiges g@gé?&ﬁ?%c%% ' %%-%3%1'- B cells
(e.q. splemic B cellgief the;anky eidhe | nd fused, with myeloma cells to form immortal,
hybridoma cells tgéﬁgﬂe%%ég hg}r}%&?g? o%%pgﬁ%ﬁﬁgo%ﬁgéoggaﬁs Iex-}i%fga. 1 Oévﬁrﬁéh%d
embodiment, human monocional antbodies dite et agarferin- duiar A caribedgsndiaed using
transgenic mice CRMYATEPATTLTB & KhrrarerARLFR Bys RSRa athe milvémalile wmidUse-syistem. These
transgenic mice, #efepradershefreiit asrtidatited frmicausantaifzn hamaRAMBapglabuin.gene miniloci
that encodes tuireartangechumandnnuiegratuinigenes whiehinclyde the heavy (U and y) and K

light chaisy; (constgptiegion S h ith targeted mutations that 30_|nact|vatg%ﬁe endogenous
ti and x chain Iocéﬂ%%ngo%@ng&?ﬁeiggég%gu%o\é\ﬂgap(fé%rﬁ%ﬁé%%5 TR CRBHHIFGIS, 1he BREW exhibit

reduced expression of TS SRPR R SRR TS phER 1B R GRi2GoR  eintrodetens human heavy
and light chain tfdnégeméd: 56 Hasds Rty AMA%ssadiy) mutation to generate high affinity -
19 - human IgG monoclonal antibodies (Lonberg, N., et at, Nature 368 (1994) 856-859; reviewed in
Lonberg, N., Haridhaek affssperimental,Pha logy 9- 101. Lonberg, N., and Huszar,
D., Intern, Rev, Ig@ﬁgyﬁ%g 25 $1592) %?—%a%ﬁg%giQé%ﬁ%ri%ﬁ%f%ﬁéﬁ@%%?%? ?ﬂg‘(‘fad, Sci 764
(1995) 5335-546)]5 %?iggggratlon of HUMab mice is desthin Tgk} ; ﬁ?aé‘i}}aﬁ?w&%leic Adds
Researchi 20 (19 ﬂgrj:% IEIEES BRI, RtarsdmAdiatisnh) knitunBlégsedaa9d), 644-656; Tuaillon,
N., et al., Proc. NatBchitdSEFUSAID (89035@E 28T 2AWChed, oI, Kvicthads BafprpiGengtics 4 (1993)
117-123; Chen, 19888 BEMBO Thel 261:993) Mawp%@mnwm@&é&ﬂﬂmug%ﬁ&%%@

0

2912-2920; Lonkgkgybhs At 8t Urg, 368, .; 858,859 Lonberg, N.,.Handbook of
Experimental th%&o}lrg%gnlt 3%394)%%%%31%%05155%, %rﬁ?l#r% ﬁ%f 3(11?9%)579-591;
onberg, N., an _%Jszar, - Intri RV, ffimutiot 251 F6dY 85 denairareary o therbt sviberg, N., Ann.
N. Acad>Sc-i 7645'9) BesErodaing siridisDoveivet atrady Biotiofingl e 4996 845851, the

contents of all of##geh are hereby incorporated by reference in their

The term nucleic acid or nmadleic agd 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.



15 entirety. See further, US Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,789,650;
5,877,397, 5,661,016; 5,814,318; 5,874,299; 5,545,807, 5,770,429; WO 98/24884; WO 94/25585; WO
93/1227; WO 92/22645; and WO 92/03918. To generate fully human monoclonal antibodies to
IL-13Ral, HuMab mice can be immunized with a purified or enriched preparation of IL-13Ral antigen
and/or 20 cells expressing IL-13Ral in accordance with the general method, as described by Lonberg,
N., et al., Nature 368 (1994) 856-859; Fishwild, D.M., et al., Nat. Biotec.hnol. 14 (1996) 845-851 and
WO 98/24884. Preferably, the mice will be 6-16 weeks of age upon the fast immunization. For
example, a purified or enriched preparation of soluble IL-13Ral antigen (e.g. purified from IL-13Ral
-expressing 25 cellghaan Redusee ol hecHuiviah iee pRsigneal, g event that
immunizations usjng a &ggﬁqeledno&%gr[gggd QDreparatjon of IL-13R ﬁnt:ggn do not result in antibodies,
mice can also be iImmunized with celi& exprassmng 1L 13RATES., r teff fifi8} ®Hr8mote immune
responses. CumuiEieRBXBtE fcanmithvakdad H’n@é&%?h&@@%’@wﬁiﬁﬁ# this FlaMebdrarsgenic mice
respond best wherre®nitialiy: ipariinpzed intrapesitongallyo(ihy wilhaptigeninesmplets-Freund's
adjuvant, mllowedisevety (harwagk-aliemasinglysha Ok sic: mmynizations. (o example, up to a

total of 6) with antigen jn.incomplete Freund: juvant. A ne response can he, monitored over
the course of the i%%un%’é:tion roto ?0?%%%%%%&? g%ﬁ%@é%%%no ob 3%‘%558?%%% ftal bleeds.

The plasma can B8 3BSKEE T {7 EX AT AR ke i st tiekielsrampans tsREithuman - 20 -
unoglobulin can BeNfseddertiramberiatiZétion ofrcoriespohdingB: oelis. Miceseantbe Heokted
intravenously withantigens3dad4 daysHefpre:-saerificeanc respyalef the spleenand,lymph nodes. It
s expected thal 2:6:fysions fangachaptiismmay Reefodie.perfaimed: Several mige wil be
immunized for ea§$§9%g%.lﬁj%r .exatﬁnple, t; total, fflviﬁto_twelve Hu aﬁ mice of the 1Co7 and
HCo12 strains can be immiuniged The HEH T RN e R Bt SR e R eSS Enous light
chain (kappa) ge AELTRE eS8 RREM RS PRaciiteal, EMBO J. 12 (1993) 821-830), a CMD disruption
in their endogenous heavy chain genes (as described in Example 1 of 10 WO 01/14424), a KCo5
human kapp lightchai iatsgene (@ Aaasibecn FishicleD Mo otal. gl Bgiechnal 14 (1999

845-851), and a k y_ghain,transgene (as.described in US_Patent No. 5,770,429). The
%@&Zh%g%%%g&aﬁ A el ‘5&3’ i

HCo12 mige havg a J in el Bty enous light chafn (Rappa) Gened (@& deScribed in

Chen, J.,'8t al., EMBY Y21 08%) sF1sopslcriy 1rudtuisorTimasisenasg@ioastheavy chain
genes (as descrilseBurrEsefriptetherstine Ot 249ard KE dbehummerekappadigint. chaindsansgene (as
described in Fishwildkriobti teitall, iNageBiaiaghnelhd 4619961848851 rand @ HGe1R, hwnan heavy
chain transgene (asigleserhed dnvexampie QWO Q114464), The mouse, lymphocytes can be

i

isolated and fuseg ith a.mouse.myeloma cellline 20 using PEG based on standard protocols to
generate hybridon%%?'?ﬁ,lg;%s%ﬁll, g)é1 %@%ﬁﬁlgﬁng@g are theH=g %H&ﬁs%?‘ﬂ’? fﬁ%ﬂ‘iﬁdﬁgﬁ%‘i

antigen-specific antEEHEE e SiantioR: Tnirdrstigpbhsidrms Spspikareaivetlymph node-derived

lymphocytes from immunized mice are fused to one-sixth the number of SP 2/0 nonsecreting mouse
triyeloma cells (ATkzGer@ALiAGBE wilth 5041 PRGsCelis araRiatedat.2rRappreximately2x 105 in flat
bottom microtiterglate;foliowed by #lg ':!.Es%‘?p%?&léﬁly 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).



incubation in selective medium. Individual wells are then screened by ELISA for human anti-IL-13Ral
monoclonal 1gM and IgG antibodies. Once extensive hybridoma growth occurs, medium is analyzed,
usually after 10-14 days. The antibody secreting hybridomas are replated, 30screened again, and if
still positive for human IgG, anti-IL-13Ral monoclonal antibodies, can be subcloned at least twice by
limiting dilution. The stable - 21 - subclones are then cultured in vitro to produce antibody in tissue
culture medium for characterization. Because CDR sequences are responsible for antibody-antigen
interactions, it is possible to express recombinant antibodies according to the invention by constructing
expression vectors that include the CDR sequences according to the invention onto framework
sequences from Edifferéinimirilan antitodyReees mbibiRiethroanmibediai-Natie 332:£1998)
323-327; Jones, iBvetiah. AU B21.£1986).522:5251@ne QHee s £ halaREog Math Acad, See,
U.S.A. 86 (1989)&99%? }RQ&%@II %lél%@ofcgjellnmgewgrk seguences can be obtalnedirom I#Jbllc DNA
databases 10 that inc (};e ennline human %ntlt%d;?ger%"gnsnéqfélﬁ%e%{ﬁﬁsé?é Fhde s&quences will

o

U
differ from matu@”gﬁ?%ﬁg@@#égé@%&%@ééﬁéé@ﬁ% WA dbtdrteluge ofphatdhpdissembled
variable genes, wichimetfolimeuvby (393 joiringithgriigl Biged adtikatiar: zemmlingigene sequences
will also differ fromithecseaurREES OfieasureRigh affinily secondary reperioire Anfibadyatindividual

evenly across the,\ggiable. 1oregion. The inyenti ferably comprises a nucleic add fragment
encoding a polypep%%e binding to IL-1111;3%a?%l\%%é@%]@%%%%?f(fy%e%ﬁgz%lﬁﬁ%?%ethe binding of IL-13to

IL13Ral, selected from the group consisting of a) an antibody heavy chain comprising heavy chain
CDRs of SEQ ID'RO 3 duszeorghdhainitodyigite hankobmprisingdight dhaini@DRs of SEQ
ID NO: 2, 4, 6, 8aiithPesThé fectnisttuetedrenviand lightehainvariablg segions arg.gombined with 25
s e L orecsion
construgts can baer%c’?rr%ﬁ%% Ii%%l%%?ﬁgﬁ%?\%g%% coﬂ?&ﬁsﬁ%ﬁ’%&%%ﬁ%ﬂ@%ﬁl £ &, %’F%%pgrately
transfected into ABEPodies. Binding inhibition can be detected by an SPR assay using an
immobilized antibody selected from the group consisting of antibodies LC5002-002,
LC5002-003, LC5002-005, LC5002-007 or LC5002-018 and IL-13Rel at a
15 concentration of 26-50 nM and the antibody to be detected at a concentration of
100 oM. A signal reduction of 50% or more shows that the antibody competes with
an antibody selected from the group consisting of antibodies LC5002-002, LC5002-
003, LC5002-005, LC5002-007 or LC5002-018. The term "epitope” means a protein
determinant capable of specific binding to an antibody. Epitopes usually consist of
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 10 to 10™ M for binding to IL-13Ra1 and by an
affinity of 107 M (Kp) or less, preferably of 107 to 10 M for binding fo murine IL-
13Ral.

In a preferred embodiment of the invention, the antibodies according to the
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.



cells which are then fused to form a single host cell expressing both chains. 30Accordingly, the
invention provides a method for the production of a recombinant human antibody according to the
invention, comprising expressing a nucleic acid encoding - 22 - an antibody heavy chain comprising
heavy chain CDRs of SEQ ID NO:1, 3, 5, 7 or 9; b)an antibody light chain comprising light chain CDRs
of SEQ ID NO: 2, 4, 6, 8 or 10. The invention further comprises the use of an antibody according to the
invention for the detection of IL-13Ral in vitro, preferably by an immunological assay determining the
binding between IL-13Ral of a sample and the antl'bb%:ly according to the invention. 10In another
aspect, the present invention provides a composition, e.g. a pharmaceutical compaosition, comprising

one or a combindtienofiftdkasccefagionakanibelies-On e ANigambinding-porign, thereof, of the
present invention, fopmylated, lageiher with.; m@&c&%té‘%ﬁ:e%ﬁﬁ%e%aa?fc%amer' As used herein,
' | SO S

"pharmaceuticallg acceiojtnable rattier" includes ng and al| solvent IS e%?o”'ﬁ"’%%'als, coatings,

antibacterial and aRtitungal agéh %{ﬁ%%‘fo?ﬁé SHEPRIES50h %ﬁﬂ%’éeﬁa 15AffEPthelikecthat are

physiologically cemis6sI@obrsrsidhRRdhesediriaridfinatablédor phravenousaihtramuysailar,

subcutanéous, paveitfeFal, Spinalienepjdesial, addiistidt end@ig Dy ineciine.of Misian). A

“pharmaceutically-asgaplable:salt selcrsdoa salknabletaiss tiedestied A biological agtivty of the
g g :

antibody and do impart any undesired toxicological effects {gse e.g. Berge, ..etal, J.
Pharm, Sci. 66 (%% %gsi(f ). ell%%nég 1S a?’g?ﬁ%ﬁ)ﬁi&teﬂ%ﬁo &R i&ﬁi@gﬂﬁ stotelifidigalts include

acid addition salfsAHEPasE Befditiorr2iisslaciiradation s &S nellsdestriose Hesivedifreminontoxic
inorganic adds, $hehrddgiochioricdéits: 2iAdbippsitienofthefireseriyinyention can be
administered by a variety of methods known in the art. As will be appreciated by the skilled artisan, the

route angior moge of adminisiraion. will yary. depending ypon the desired resylts. To administer a
compound of the invegéi{??ﬁ? certain routes of adminis reg'}(zliglncfﬁl’ mmaetrﬁes%‘e%gss%?yaf& %%Et the
m

compound with, %?381&3 FEIRE 3B gﬁ}qawﬁi’cies of Makrides, 5.C., Protein Expr. Purif.

17 (1999) 183-202; Geisse, S., et al., Protein Expr. Purif. 8 (1996) 271-282; Kaufmasn,
R.J., Mol. Biotechnol. 16 {2000) 151-161; Werner, R.G., Drog Res. 48 (1998) 870-
380.

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.



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. Pharmaceutically acceptable carriers include
sterile aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of
sterile 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, 10intramuscular,

intraarterial, intrathéealpittratiapstiiciniraprhiial. iptRsdiaGyintradermal ﬂ&%&%@x?f&@&?l ,
transtracheal, sugytaneous, subcuticular, intraarticular, subc,apsular, subarachnoid, intraspinal,
epidural and intrasternal injection and infusion. These compositions may also contain adjuvants such
as preservatives, wetting 15 agents, emulsifying agents and dispersing agents. Prevention of presence
of microorganisms* &P Beckersliradipsiisbyrsteriiarionppretddies, tsuprananddayithe iselusion of
various antibactevietvanigbantifiingakhagiebtsifopexample, patebenchirmbitangl, phengl sorbic acid,
and the like. It may8dgog-drsirablgi9.i -] ' sugh,as sugars, sadium chloride, and
the like into the c@m&g‘%{g%ﬂ%d 201 g@ﬁg&%ﬁ?%%m%ﬁ’ %e%o?l%%algjggé a _flglp, 5lf’maceutical
form may be brought_aboit by the Thelusion of Age AR FBBHREA stkhosieamminum
monostearate anﬁaéiéll%ﬁﬁ]:aﬁggﬁ‘gfﬁ?é@ﬁ%%@%&f@%?eﬁéﬁﬂﬂlmﬁﬁmseIébmh&hﬁéowmpﬁmnds of the
present inventiorzwisickemay berusedfimalslitabled tidteddasm;saneior the 2f pharmaseutical

compositions of the-prasars invention ake-fermiatedniephammaceuiically.accgptable dosage kilns

by conveptional mathodsknawn tthase of skill in the art, Actual dosage levels of the active
ingredients in the pharmaceutical com%éit?fngl%?l?ﬁ%ap%ﬁ%%r% BT ﬁ%@%@%é’ﬁ%ﬁ%ﬁ as to obtain
an amount of the acive SO FEMEWNith o Bife iveSts icrevé tsecadanen thomgstanid response for

a 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 PCR-
mediated mutagenesis. Conservative amino acid substitutions include ones in
which the amino acid residue is replaced with an amino acid residue having a

20 stmilar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These farmilies 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, 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.



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 compositions employed, the age, sex, weight, condition,
general health and prior medical history of the pati‘éi'ﬁ 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 sytingo incadditiaerde: waterthefCREbemcan. bsan isoten bé}@‘eiggg&ggng}ﬁdution.
ethanol, polyol (fﬂ{tﬁfﬂ%ﬁﬁﬁé%g%lé&ﬁ@e Rﬁ%%lt‘?&ecg% Qi’_i%&dt%%“igt%%' e Xle??% %’l%and the like),
, by

I
and suitable mixturetg thereo roggﬁr flyidity can be alntalned,a or exgmp‘e, fs% ? bating such as
lecithin, by maint@Rance oF FaquiTed Faritle UL BSiR FHEBXSe BPURGErsih Ent Bjruseitid 15
surfactants, In mEfjecdsesitiespiatdrabiecoipc e sotdhic agdifisyfonsesamplelsugats,
polyalcohdls suctbasemanthitetionsdisbiil cand-satium ahipride i-therqmRpsitian. &apgsterm
absorption of thesinjagtakig:campasilions Gae 19%‘%%%%%8&!%%&%‘“%‘5‘%&%&26 composition an
agent which delgys al 58{%?;_{%@49 eexa&%le aluminum monostearate or gelatin. 20TRE ollowing
examples, references,’ sequence I%tn:\)g anctfltffg)fhres 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 car-ie aséede: inethprocedurbsdet forthuithouideparingdramthe.spirtef the invention.
LC5002-002 SEQUD N2 Joht shei var o domais o oo L e ot L s

-2 light ehain varighle domain of HuMa - , :3 heavy
chain variable d@éai%%(%éﬂéM%%%LC 08%)-%53 @%%mf% I\?BE!A RGRiChal TEHAbEWUMEME HuMab
LC5002-003 - 25 " EEAITRIBRS Realy cRalPoafdle ik 4rtbe i ABIeB062:80BSEQ 1D NO:6
light chain variabRegisiHeashy whera s is0p 2-005: 8ROV DN T vedvyschdin frasiakie domain of
Hu_Mab LC5002-007 SEQ ID NO:8 light chain variable domain of HuMab LC5002-007 5 SEQ ID

NOED heavy chaiaias dorua oL el GPRRZ A1 GEQUR NOAR gt hlp yarable comaln
of HuMab LCS002:045 55 I NO:11ic ghtchaln constght fegion SECO ) KE/ 173 Héavy chain
constant region . ydrate
15 moieties found in the antibody, and/or adding one or more glycosylation sites that
are not present in the antibody. Glycosylation of antibodies is typically N-linked, N-
linked refers to the attachment of the carbohydrate moiety to the side chain of an
asparagine residue. The tripeptide sequences asparagine-¥-serine and asparagihe—
X-threonine, where X is any amino acid except proline, are the recognition
20 sequences for enzymatic attachment of the carbohydrate moiety to the asparagine
side chain. Thus, the presence of either of these tripeptide sequences in a
polypeptide creates a potential glycosylation site. Addition of 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.



Description of the Figiur 10Figure 1shows binding of anti-IL-13Rccl antibodies to immobilized _
recombinant human IL-13Ral polypeptide. Included are polyclonal rabbit-anti-huma_n II__-.1.3RaI antibody
AF152 (R&D systems) and and-KLH as a negative control HuMab. Figurg Zshows |ph|b|t|on of IL-13
binding to immobilized IL-13Ral/IL- 154Ra receptor- by anti-IL-13Rccl antibodies. Flgu_re 3shows the
blockade of IL-13 binding to CHO cells (expressing IL- 13Ralphal and IL-4Ra2) by antl-_IL-13RaI
antibodies. As a positive control, a commercially available polyclonal anti-IL- 13Ral antibody (_AF1_52,
R&D Systems, Minneapolis, MN) was 20included. FiHLIre 4shows binding of and-IL-13Ral antibodies to
h1L-13Ral and binding properties to functionally related receptors hiL-13Ra2 and KIL-4Ra. - 26 -

Figure 5shows thereapacityef aﬂt&@&%{f&aﬁg&@b&ﬁ@s to-bind t@ﬁgﬁg&gﬁ)}li;ﬁd gﬁ_ﬁ%g@&g t murine IT r
SRo polypeptic, dnehda ate-pebielonalaeg-a buman Ik 133) antibody 2124 (34D Systems)

and anti-ICLH asc?o nx?o %Fé\égjgeoggg%u%'O%Mﬁ‘ the );%rt?bpc!d'? in a host cell that has glycosylation

capabilities for N- or O-lnked 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 sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups

such as those of serine, threonine, or hydroxyproline, (&) aromatic residues such as

those of phenylalanine, tyrosine, or fryptophan, or (f) the amide group of

glutamine, These methods are described in WO 87/05330, and in Aplin, 1.D., and

10 Wriston, J.C. Jr., CRC Crit. Rev. Biochem. (1981) 259-306.

Removal of any carbohydrate moieties present om the antibody may be
accomplished chemically or enzymatically. Chemical degiycosylation can be
accomplished by exposing the antibody to trifiuoromethanesulfonic acid, or an
equivalent compound. This treatment results in the cleavage of most or all sugars

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

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

Another type of covalent modification of the antibody comprises inking the

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

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

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



Example i Generation of hybridomas The human monoclonal antibodies according to the invention can
be produced by 10 immunizing a transgenic non-human animal, e g a transgenic mouse having a
genome comprising a human heavy chain transgene and a human light chain transgene encoding all
or a portion of an antibody of the invention, with cells expressing human IL-13Ral. B cells (e.g. splenic
B cells) of the animal are then obtained and fused with myeloma cells to form immortal, hybridoma
cells that 15 secrete human monoclonal antibodies_ against IL-13Ral. Human monoclonal antibodies
directed against human IL-13Ral can be generated {félng 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 hursaivimTineglabilh ginexmibiacusibaseReodesuamaranged Byman 20
Immunoglobulln&%}%M@C%ﬁ@&&@&h%ﬂ?m&iﬂoﬁ”%&mﬂaﬁ (sapga) g %ga'%ﬁcongam region

genes), together, with targ ted mutations that nactlvat ndogenous [fand kappa chain loci
(Lonberg N., et &I, Nafur gﬁ%éj 1@% Sé“é ,3538? diy it %%%Wﬁﬁ PR ®xpression of
mouse IgM or Ka%ﬁlaﬁﬁ’%%@ﬁ%%%t@|ﬁ%%ﬁ?ﬁ%§ﬁ6nﬁtﬁ’éqw&§’é§é@1hﬁh¢éwmmdwgm chain
transgenés 25 undemjoctiassdvitchingrangsomatic- sruiationitafengraterhigheatfiniehuman 1gG

monoclonal antlt&@@t@ﬂg&:&%@&@iﬁﬁﬁék@%ﬁiﬁ%&%@%@@ﬁé Jﬂqu'%ﬁa'x'ﬂi‘ﬁﬁa' HuMab
mice can be immyniz %’u é:eJjl rgﬁa hgman %éat&n aceo rdance wn?ﬁa\?eneral method,
as described by Lonberg, et a ture 3 3 (f&%‘ dp‘f.shwﬁdﬂﬁ‘m% gt. Biotechnol.
14 (1996) 845- 851 HBCSH HEr Yk 24884, Preferably, the mice will be 6-16 weeks of age upon the first
immunization. For example, IL-13Ral transfected cells can be used to immunize the HuMab mice

intraperitoneallyid hepimnauie respdnsetambe-mapiored Qvanne course ¢f thelmpuinization

protocokwith plagma r rbifal.bleeds. The pla ma can be
screened by EL:IKSQ ér%?(?rl%% %SBQIQ%% %Qt%faigé%}(aﬁ%? f;)ntl ngmsgnnlef_ i}g uman

Mic
immunoglobulin ¢ah %ea BSEHHEFIR Er%corgﬁﬁ% §h HPBIrE &ﬁ(ﬁﬁ‘@bi’gyc%ﬁl@el\‘rﬂﬁ@%ﬁ B&%boosted
intravenously witfFaHigEn D tohargay sebeRstecanchifidaraniairefovtl of teiBpleen amityrhph nodes.
For 5 example, HeMationioé Bf hedi Goffgen HBI2 cllaineanibg IMMRRIZEREh® K @Rs mice have a

JKD disruption I&Ah@géﬁe%g%ﬁhﬁlhgﬂmaé%(@@%%%%Hr%%éésg%?‘&%?ﬁﬁ g @s&s%lg' (1993)

EMBO J-12: 82 s) dlsruptlo th Ir enc 0 vy chain genes (as described in
Example 1 of W% ? 3) % unr%gn appa I@% % lzgun tﬁa?nsgene (as described in Fishwild,

DM., et at 10 (1996) Nature Blotechnology 14:845-851), and a HCo7 human heavy chain transgene
(as described in1bs B0, 429N cThelHEBiRdivice-taving GKBedisruptioncin theirehdeg@nous light chain
(kappa) genes (as:destHiyed inaGhen: hoatBlmEMBO, J@g(@&%ﬁg@@&@%@m@ GME digruption in their

endogenous he g}g&ﬂ@lg&ﬁ;}gﬁ] S 6l 0 01/14424)) Cob human kappa
light 15 chain tr%%ns ene as gabe%%%ﬂlgggw %@mp&e&& W (9 é‘ec aI) gfﬁ %5516) 845-851,

and a HCo12 huma %eav ShamtrahdSheas aaéls%?l%boéiYnOE rﬁB’Fé"EO&W %)E)‘ﬂﬁf%) The mouse
lympho&tes caﬁrbéri‘é"ﬁh%f%aréﬁﬁﬁ%% %?%u%%ﬁ}bl@%ﬁ@%éﬁnﬁn@fmg@@@bﬁ%d on standard
protocols to genBratéshibgidepisas. Bheehesulfinbehybigdmeas éee theniseteené diesithaproduction of
antigen-specific rd@laniibadios. foonaxample, sinalacall susnensiensishlenic.ansymph node
derived lymphocytes fsam. immusizeg mice are fused to SP 2/0 nonsecreting mouse myeloma cells
(ATCC, CRL 1581) with 50% PEG. Cells are plated at approximately 0.75 x 107 in fiat bottom micro
titer plate, followed by about two weeks incubation in selective medium. Individual wells are then
screened by ELISA dHERFEAGSermesthbimarrameibciaRatntibndelonabdgl andhigEantibodies,
Once effensive I3fbridombegrantitaionting, thespatibedy.sasratingmdyidpmasarereplaied, screened

again, and if stilkpesiivefer husan 186 ¥ishl gl e 9&@9@;9@4@@@@&&% 8 subcloned at
least twice by Ilrxl_lé Wution. The stabl ubclones are cultured’in ) troé}jﬁgroc e antibody in

tissue culture ium 30for charataterlza ion. Pmmunlzg %&586@‘ T Three HCo7
mice (3 males), %?Fﬁﬁ?@@%’?ﬁéﬁﬁ?@%oéah%n@m S Ay ecaT2(Hiee (Lavsle and 1
female), strain GGlg8fviadsrenst8antdpse, GAs ISRy ether 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



wereé immunized with 1 x 106 HEIC293 cells, transfected with an expression vector - 28 - for IL-13Ral.
In total eight immunizations were given alternating intraperitoneally (i.p.) and subcutaneou_s (s.c.) at
the tail base. For the first immunization, 100 pl of 1 x 106 HEIC293: IL-13Ral cells, was mlxgd Wlth 100
pl complete Freund's adjuvant (CFA; Difco Laboratories, Detroit, USA). For all other_lmmumzatl_ons,
100 pl of cells in PBS was mixed with 100 pl incomplete Freund's adjuv_ant (ICFA; D_|f_co). Boosting of
mice When serum titers of anti-IL-13Ral were found to be sufficient, mice were additionally boosted
twice with 1 x106 HE1C293: IL-13Ral cells in 200 pi EBS intravenously (i.v.) 4 and 3 days before.
fusion. 10Example 2 Testing the binding of HuMab to immobilized 11,43Ral by ELISA To deteuuine

the ability of the gptihadies -1Hvantion to.bi recqy bin&n :%']i-:;’z  the extracellular domain of
IL-13RaIy(R&D sﬁﬂd§g§%§ qgsg%ggé_ingp?g 1 59?/31 an aﬁbw%%étélg%%ggﬁiucrﬁpterb -
plates (NUNC Marisorby by 15IRcuat aé\fié’lgﬁ ftit-aitPAe: %%Wﬂ%’bfét ¥ ashing buffe
(WB 0.9 % NaCl:’§ %% rieentt) 20§ dhapesfic bindamy Stes iweredaibcked sy Bddition e 00 ul
incubation buffer (FBImPBS with 1%beoiein.C and m%&ﬁwe@a(rﬁe@l@@g@)lr%@ﬁ@r} ﬁ@{%gﬂn at o
conemperae R saaly sk el g oo e LI LT S
TB) were adde i y . 1ed, ,
ant)ibodies were %ggelggij%%/g’?r?g%%t%%e%i i %%%Eﬁ%‘&%ﬂ?i&&f@%%ﬁ%&%ﬂ)Wn%pa (DAKO,
Denmark) in a finaf YitGo ot £5660m Ml Perfeien Al Yo Wﬁli@ﬂﬁ‘z@@m&w&&?detecmd
with peroxidase-é*@)ﬁ}tt@éﬁ@@lﬁi@l%lﬁﬁ%ﬁdfhkd)zarﬁh@ﬁai.,@@aﬁsm@ryz;ﬂUm@) 3:1000.in TB). After
incubation for Ih atREcaNN. 26 & Subsacus ms\g@gy@gﬁ%@%a% g@g&g&iﬁq%ﬁ#e%%ﬂ%&v .

- B tien. ostics ] . Abs
easures 2t 405 o A B A LA e BN B EH S LA O Al

fter absorban
antibodies againsi I[plgiﬁfﬁ%gl“tg ;fgd’tWeIr@%FéO}to%h?f@) ?ﬁ?n?%iﬂié@@%tﬁ&e@w@éﬁmmains_ of
human IL-13Ral. Fh&Eos8sales ek ity Wete 5 tHedomigent DdbRiV] fardhe various LC
antibodies testedAdiie SgativeasohtsobSublanmntick bhdidngt bind te;thedmmohilized sxtracellular
domains of IL-  845.851, the contents of all of which are hereby incorporated by reference in their
15 entirety. See further, US Patent Nos. 5,545,806; 5,569,825; 5,625,126 5,633,425;
5,789,650; 5,877,397; 5,661,016; 5814,318; 5,874,299; 5,545,807; 5,770,428;
WO 98/24884; WO 94/25585; WO 93/1227;, WO 92/22645; and WO 92/03918.

To generate fully hurman monodonal antibodies to IL-13Ra 1, HulMaeb mice can be
immunized with a purified or enriched preparation of IL-13Ral antigen and/or
20 cells expressing IL-13Ral in accordance with the general method, as described by
Lonberg, N., et al, Nature 368 (1994) 856-859; Fishwild, D.M., et al, Nat.
Biotechnol. 14 {1996) 845-851 and WO 98/24884. Preferably, the mice will be 6-16
weeks of age upon the first immunization. For example, a purified or entiched
preparation of soluble [L-13Ral antigen (e.g. purified from iL-13Rai-expressing
25 cells) can be used to immunize the HuMab mice intraperitoneally. In the event that
immunizations using a purified or enriched preparation of IL-13Rel antigen do
not result in antibodies, mice can also be immunized with cells expressing IL-13Ral,
€.g.» & tumor cell line, to promote immune responses. Cumulative experience with
various antigens has shown that the HuMab transgemic mice respond best when
30 initially immunized intraperitoneally (ip.} with antigen in complete Freund's
adjuvant, followed by every other week alternatingly L.p. or s.c. immunizations (for
example, up to a total of 6) with antigen in incomplete Freund's adjuvant. The
immune response can be monitored over the course of the immunization protocol
with plasma samples being obtained by retroorbital bleeds. The plasma can be
35 screened b}.r ELISA, and mice with sufficient fiters of anti-IL-13Ral human



- 29 - 13Ral. Polyclonal goat-anti human IL-13l4ctl antibody, included as positive control, also bound
efficiently to the immobilized extracellular domains of IL13Ral (Fig.1), Example 3 5Inhibition of IL-13
binding to IL-13Ral/IL-4Ra heterodimer (ELISA) Microtiter plates were coated with 100 pl
hiL-13Ral:hFc chimeric protein (R&D Systems, 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 added and incubated for 30 min at RT. The plates were again 10 washed, and then a
mixture of IL-13 (R&D Systems, UK; 0.5 pg/m1; difuffdn with TB) and IL-4Ra (R&D Systems, UK; 0.75
pg/m1; dilution with TB) were added and incubated for 1 h at RT. After washing the plates 100 pl

biotinylated anti inf&3ariibodin(BARRLZRED iSystemisddl) b aengentkation 0. 4mg/ml was
added and incubgted ferlhyat B Aflek, ing the plates Al detected 15
peroxidase-coup{l(}?%&%trse tavidi@i%Ro%he ia ngi%;%%%{ﬁ?%g}%%g I%ﬁé%%eg %%%%%9% B
(incubation period b at RT). Finally - plates wefé Shed Bhd deVEIBpe Wit 828 T0RSe ABTS(r)
solution (Roche Wﬁ%%sﬁ%@@@ﬁflﬁﬁﬁvéiaﬁo%etéﬁﬁ%é%‘at%mi?)% fvre dakk 2mitssorbBerce was
measured at 405 xamefter WatebhvatinuielvBAMIbodies dfAH0A2:002 1 1E5002:003 ¢ 5002005,
LC5002-007 andhkG5HAR%EE3 were able to inhibit binding of IL-13 to the heterodimeric receptor with

maximal inhibition values ranging from approximately 50% to 80-85%. Positive control was AF152
(polydonal rabbi %tié%d%)). As expected, the negative control anti-KUFI did not inhibit binding of IL-13

to the heterodim BHIOr T RETFCS GV ARIES BRI S hware Bepisight 1 AlePRa)1 nM for
LC5002-002, LCS862-00314:c 60210052k CH06R 00 Ea R €50021048 (Fig-2)0Exampie4 Radioligand
Binding Assay disrupli2blill tha:bindingrassaywpsRerfopned using-GHQ sells.aressipg human IL-
3013Ralgnd human HyAReG N binding puffer (g%gbgl\/h EPES: 190 @%glg%glﬁ 1. miv) caCl2, 5 mM

'S

MgC12, and 0.5% bovi um albumin, adjusted to pH 7.2). 13(1%15 Feeliperwéit were mixed
with the antibodigiss%“r’:ﬁﬁ i?%’%é’u%a?%ﬂ 8 F&° %fﬁﬂ? b 1%%%@@18?% E@f—l@ﬁ%ﬁ)&&é‘%ﬁded, and the

mix was incubat&fEY Ay Fanpens e AesadirddntitiBrion 2B BT24,3295ed in the assay was
determined from saturation binding analysis, competition analysis and determination of input
plte pretreated i, 16 PE 059 ROA apet Saet A o %%%EJE?&%%l S nter, Data
Znalygis as per o%?ﬁe%%inéglggf\hf%ir% %16ﬁlfnééa?$égﬁeﬁ&£|oﬁill% é%f?tgzcgr%ﬁ%égﬂas re, San
Diego, Cl ). sruption 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



All antibodies aganist IL-13Ralphal tested block binding of labeled IL-13 to the IL- 1013Ral/IL-4Ra
complex. The calculated IC50 values for antibodies LC5002-002, LC5002-003, LC5002-005,
LC5002-007 and LC5002-018 were between 0.09 nM and 0.32 nM and 84.8nM for AF152 (Fig.3).
Example 5 Inhibition of IL-13 induced upregulation of CD23 on human B cells and 15monocytes
by HuMab Peripheral blood mononuclear cells (PBMC) were isolated by a Ficoll Hypaque density
gradient. After washing the cells with RPMI they were resuspended in RPMI/10% FCS and distributed
at 3x105 PBMC/well (volume 50 pl) in 96 well fiat botfom microtiter plates (Corning Incorporated
Costar). Then, 25 pl of an anti- 20 human CD40 antibody (Imrnunotech) in a final concentration 0.5
pg/nal in RPMI11%I66:5 20eh25 alliehanami-umanlais l9GrelgM,antibody (Immugoresearch) in a
final concentratiog of a&gﬁ%ﬁgﬂRPMl/lO%FCS were added. Then serially dllutec'irl HuMab and control
antibodies (50 pl/well; dilutions in RPMI/10% FCS) were added and the cells incubated for 30 min in
the incubator 25 (37C; 5% CO2). Then recombinant human IL-13 (R&D Systems) in a final
concentration of §%7usgyfmPvasiadued (50 pipwsiilantthadetidinaupatetfonA2mat 33€/5% CO2.
After this incubatjaisihi platespvere cephituged andibaidnegdivpaspitated. Fﬂ{v@%@ﬁh@?nt of

adherent gells 2QQ pi.0f Ag e:i2AALWas added.and the incubated for approximately 5 min at
37C; 5% CO2. The cells w§%§ detached by repgﬁga Ssﬁﬁ‘?és%e et?ggﬁss?ﬁ{r:%%%’é EOrE%hd bottom

plate. After centrifugation and. %ﬁ%\vﬂ%r% SIS JErRA fa S RN fhera thedhAted it 200 pi of a
mixture of anti-CBESPE ENH-CD20-EH @ aAtlaifBD 12 ART (alidrof, BDBjdseiencesPharmingen,
San Diego, CA). (IR8s¢élis-iamenolbated-ios30, Mise Nk ak 4@, thenscent dfugedoanshae
supernatants aspigted. Fhis washinGiSLep WaS.I finally t lls were resupended
in 200 pl.ef PBS/Q, a;lr%)jggwane IS}Beﬁ_lerg]halbU%!an ﬁas]%?%%%gg%ﬁ%g%%%g%gﬁgﬁ%ﬁﬁ%%ﬁeter (BD
Biosciences Pharmjngen. San Die 0, CAJ GSing tHetCEI B0 Ret Sort P& BATHGSt CALER9F0 000
Sevents were acﬁgﬁi!ré%ﬁﬁﬁérﬁﬁtéa 4 T Statsgiae s satbretsnlhviabid ipriphobydes and
monocytes. The eeliwiicheapragbitstiveriabl CR1& pebitiverel dstekiosBUyMphasiesaiaGD14 positive
cluster for monoeyles:anckanalyzach furihen ok Gl expressionsthepbserued \G5Q yalues for
inhibiting of CD Ulati - 10 were,between 0.5 n_M and >70 nM for
antibodies LCSOEEZ%%%L ggg%(@}{%%%%%%%%o&gd&% é?azﬁ‘aﬁ‘ii‘&‘é%’éﬁgg%f’%{%ﬁk’ 3.6 nM for
AF152. A'similar p%oofﬂ'e was found for inhibition of IL-13 induced CD23 upregulation on human
monocytes. On monocytes the 1050 values were between 0.1 nlVI and 62.8 nM for antibodies
LC5002-002, LC5002+068i0bCoa82:006:h6002 0 einnd{ G500 & 1aant R -pNifor AF152.

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



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/ml_of human IL-4 (R&D Systems, Minneapolis, MN)
and incubated at 37C for 48 hours. The cells were plitsed 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 EImer Fikenmite®thapdstercdhe SRChplatesaie e sowiteehonraRerkin, Elmer Top
count Scintillation countgrgData analysis was perfoimed in PRISM using nonlinear regression curve fit

(GraphPad Software, San Diego,.CA).. 30Anti-KLH antibody did sho inhibition in this assay.
The same was t\pulh%é for E&!@%@%}*&%ﬁ'& "Btrier antibod %%ﬁﬁ%%gg}%e%ggﬁiﬁée?@&}e% ‘%thgh
LC5002-007 inhibited ff& }gsponse with higher IC value than the other antibodies. The observed - 32
- IC 50 values for the different antibodies were: 1330 TIM for AF152, 9.21 nl\4 for LC5002-002, 3.07
nM for LC5002-008nokR:39 AMHer dahRes 005 AeSimilan niolits wastannd,far.hdsingdiced TF-1 cell

proliferation, howgyey. the patency efth ibodies was decreased compared.to IL-13-induced
responses. IC50 galues for %4;% ?é%%%?ifﬁ%ﬁb %%e%%@ .02 M ornéﬁﬁg}ff%iﬁa %ﬁffﬁgdy, 74.37 nM

for AF152 and fof SRtBEHIE e 502 B0 2 ircE0eY- s heesBbaip e aridEC5002-018
between 4.68 nViaH BTk AL

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

As used herein, "pharmaceutically acceptable carrier” includes any and all solvents,
15 dispersion media, coatings, antibacterial and antifungal agents, isotonmic and
absorption delaying agents, and the like that are physiologically compatible.
Preferably, the carrier is suitable for imtravenous, intramuscular, subcutaneosus,
parenteral, spinal or epidermal administration {e.g. by injection or infusion).

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

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

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

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

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



Example 7 Inhibition of eotaxin production in response to IL-13 by human lung fibroblast 10The assay
was performed using HFL-1 cells (Human Lung Fibroblast, ATCC # CCL-153). Cells were plated at a
density of 100,000 cells per well in a 12-well plate and incubated at 37C for 72 hours to reach
continency. Cells were then starved in serum free medium for 24 h and treated with anti-IL-13Ral
antibody at 37C for 1 h. Following this treatment cells were stimulated with 10 ng/m1 IL-fl (R&D 15
Systems, Minneapolis, MN) at 37C for 48 h. Supernatants were collected and eotaxin determinations
were done using commercially available Rl ISA frorm R&D Systems (Cat. No. DTX00). Absorbance
was read using Spectromax microplate reader and the data was analyzed using PRISM (GraphPad
Software, San DiizenCA)-2R3heanlipodiesdestedisbaweskrifferant.capability.ta dnhibit eotaxin
release. With the,gxepiion 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 LC5002-002, LC5002- 003, LC5002-005, LC5002-007
and LC5002-018 Tameamipmells imsstishlof retigsndodedeSttdphesphonylatiotdntusman bronchial
smooth muscle ciiseiomansBronciiabSmianttdylusele:GelisBIMG; Glonslics, GatiNg.CC-2576)

were grown followjagdble RANKASIUIET SisskUStions, Gellsywere grownn 12;well issue 30culture

. . age .
plates until they %%gg&?(%% engy. Cells were starved fgr 24h in serum- free Medium-and variable
amounts of antibE(}:)dy were a %%9%%%%%%%%5 i’*ﬁ%ﬁ%‘é"f‘e’& tq—“@fﬂ‘for Ib and then stimulated with 2.5

rig/nil IL-13 (R&D System). After 15 min incubation, supernatant was removed, cells were washed with
phosphate buffer &hdEe&p| wirtlysis B uiferwsssddednd Hedmixiwasbriefly senigated.eaice and

centrifuged. Lysateeavasmsed fordiesterm Bietidetestion ofiphonhenylated Stat-6; @o%&'&f’" amounts of

protein were Ioagggi@gggag&ljsg)sgég?lb};qﬁg é&ﬁg ér%ggf%r&% 0a {le@j)%a:%@&%%gé%?géi?gdy was

from Sar}g\ Cruzigixgtechgﬁlog%/ &Cﬁ:/at. N%n C- ) and a secon _ _

peroxidase was tsed. Detection WASHEhe USHIY e EERHISSy SETORSHH- ARiEISHERC(Cat No RPN
2132). QuantitatiBH##§&dbne iRt TSAERBEH 940G IsagenRl] 0Bulh:Huldabs testdditidhis assay
(LC50002-003 amtirt25002;0ah)iphitiie dibatdhinddced: 26 phsspbaryiationIhe-potency found in
this assay was similaiotoathet.efgther functional assays. The calculated IC5ovalues were 18.64 nM for
AF152, 5.98 nM for LC5002-003 and 1.18 nM for LC5002-005.

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



Example 9 15Cloning and sequence analysis of anti-hIL-13Ral HuMab variable domains (x- light and
yl-heavy chains) The nucleotide sequences coding for the light chain variable region VL and the heavy
chain variable region VH of the anti hiL-13Ral HuMabs were isolated by a standard cDNA synthesis /
PCR procedure. Total RNA was prepared from 1x106 - 20 1x107 hybridoma cells using the
GeneRacer.' Kit (Invitrogen). Hybridorna derived RNA was used as a template for the 1st strand cDNA
synthesis and ligation of the GeneRacer Oligo-dT Primer. 26d-strand cDNA synthesis and further PCR
amplification of VI and VH encoding cDNA fragmeh?s4Were 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'-spesifit:SenaRacerheprners: raspestivaly. The P&;E&R{O%&ﬁs we&gng%n%@ using the
TOPOw TA cloni i Vi Thi Life Technolggies and pCR4-TOPOTNh' as a ¢loning vector.
Cloned PCR pro%%%gvggi%h %gnti%%%p@c%%%ctlgna%ﬁg p?r%thoefﬁﬁ%?%%?)rr8%’ﬁg?§’B?£§rﬂ “using EcoRl
for digestion and' éﬁsﬁg&gﬂr%uﬁ@]ﬂ“ﬁ%ﬁ?ré‘@?n%sﬁ?rsiiﬁé 6f aBide Borrab ak P9G:bpifor V. and
VH, respectively 2FHépiptisedhetisesoffcidmel e fdgmentsofvas determirae fy sloible strand
sequencifig. The-GEG(GneticaGomaL e Giaipodadison. Wisaonsin) Sefwale package version

10.2 and Vector-\ /3.8 (kpfarMax.4ng) : fQr. ral data processing. DNA and protein - 34 -
sequences were, ali ngdsusin ﬂh GCd?%%gﬁ%L%é%%g\%x%‘é@u%%oc%%ﬁlﬁr%r%seen & v%‘?g’made using
the program GE %éc &’/‘érsﬁ%e&.ﬂn O IE T CoHGr R iR 6E éﬁﬁ?@iibﬁt%%i%fm an

anti-hIL-13Ral IEFHGREISTRS ardilin Eroraredliaplightiamddealyrohain encoding genes were

separately assembled in mammalian cell expression vectors. Thereby the gene segments encoding

the anti-hiL-13RakeluMapuligik-chain variabie region.v\) anddhehumenk-light chain constant region

(CL, SEQ,ID NO; A: 0] s.were.gene segments for the anti-hiL-13Ral HuMab heavy chain
variable%agion (é/ﬁ%fﬁ%wk%%ﬁ%ﬁd%ﬁg%\%vg an %Sr'fsafé’ﬁf rcéiai%ﬁ FERR %GR8 -CH3, SEQ
ID NO: 12). Gen&raf§ Wﬁ'%ﬁ&rﬁﬂ%&ﬁ@%ﬁ@g@@iﬁéj%ﬁ%r?éég}’%ﬁfﬁtﬁﬂ@ia ligdtlmdcheavy chains
from which the coeldriiitae sireptamdribxibatafd fuitable dTixePareyedd. M., Gottesman, K. S., and
Foeller, C. ,(1991) Sequences of Proteins of Immunological Interest, Fifth Ed., NIH Publication No.
91-3242. The tranggyip 'gggwi fiheantiz 1501k - uMab x-light chain is compased of the
following elemerth?: Eh% imr@éﬁ%@% earl é%l%&;f%érg}%%op@ha gtseerof%(rﬁ%ﬂ%wﬁ?naasr?%:% olrlrlfegalovirus
(HOMY)iSA synthefic 5RO T heidiRg 8 KPR €e §iFerRehe case of dispersion and by use of

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



A murine immunoglobulin heavy chain signal sequence including the signal 20sequence intron, 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 25Ig-k. enhancer [Picard, D., and
Schaffner, W., Nature 307 (1984) 80-82] and The human immunoglobulin ic-polyadenylation ("poly A")
signal sequence. The transcription unit of the anti-ML-13Ral Hulviab yl-heavy chain is composed of the
following elements: 300 The immediate early enhancer and promoter from the human cytomegalovirus
(HCMV), 8 A synthetic 5-UT including a Kozak sequence, - 35 - A modified murine immunoglobulin

heavy chain sigrii@éuénce inabadingdheysighil seadense inttgn, THgrelgned anti-hiL-13Ral
Hu.Mab variable heavy chaln cDNA arranged with a unique Bsml restriction site at the 5" and a splice

donor site and aypigue. tion.s 3'end, 6. The omic human 71-heavy gene
uding the m % %Fd‘hvgﬁ%ﬁi’;%%%’?ﬁﬁ%}‘e%&%%\%@@%o J. 2 (1983) 1373-1378),

constant region, mcumg t
The human 71-immunoglobulin polyadenylation ("poly A") signal sequence. 10 Functional elements of

the anti-hL-13REEREMBISHZ lighteehathamd: A Hhedavisghain Bxpressiosplasmids:

SEQIDNO:8  light chain variable domain of HuMab LC5002-007
5 SEQIDNO:S  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.



Besides the anti-hlL-13Ral HuMab 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 virus _(EBV)
An origin of replication from the vector pUC18 which allows replication of this plasrnid in E._ coli,and A
E-lactamase gene which confers ampicillin resistance in E. coli. 20 Example 11 Construc_:tlon of
expression plasmids for mutant (variant) anti-hlL-13Ral igG1 Expression plasmids encoding mutant
anti-hlL-13Ra 1 71-heavy chains can be created by site-directed mutagenesis of the wild type
expression plasmids using the 25 QuickChangen4 ~Sfte-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 sgid $SA 63 (1968 7@68\%&&&%@ i WlisRal - d%%ﬁé!@'ék M. Gaoftegman, K 5, and

Foeller, C., (1991) Sequences of Proteins of Imm ical Interes Ff%& fa}lpbe blication No.
91-3242]. - 36 - Table 1 Mutation %%%cn(gtlon lﬂ% Tecifg 3P; L234V;

L235A; delta G236; The amino &eitfd %%ﬁ@@%‘?@ﬁ%ﬂtéﬁ%@@@zmﬁﬁ@%n ylheavy
chain is replaced by the amino &dd Bediériee Proas3 \ati2 34AK42850f thedgainan:g2=teavy chain.
A327G; A330S; P33 IS 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



The amino acid sequence Ala327Leu32sPro329Ala330Pro331 of the human 71- heavy chain is
replaced by the amino acid sequence Gly327Leu32aPro329Ser3305er331 of the human y4-heavy
chain 234A; L235A The amino acid sequence Leu254Leu235 of the human 71 -heavy chain is
replaced by the amino acid sequence Ala234A1a235 Example 12 Production of recombinant
anti-h1L-13Ral HuMabs Recombinant HuMabs were generated by transient transfection of adherent
HEK293-EBNA cells (ATTC CRL-10852) cultivated-jp DME.M (Gibco) supplemented with 10%
ultra-low 1IgG PCS (Gibco), 2 m_M Glutamine (Gibco), 1% v/v nonessential aminoacids (Gibco) and
250 ig/m1 0418 (Roche Diagnostics GmbH, DE). For transfection Eugene' 6 (Roche Diagnostics
GmbH, DE) 10 trshsfettighbrestgehtnassusedimasatioet redieht @iky to DNA. @ieaidging from 3:1 to
6:1. Immunoglohutii-lightane deasehainsivess exprassedofram deeidiferent plagrids:using a molar

ratio of ight chaip-ia ey chaip eneadinn AlRsbld oM d 29,2k Hubak confaiping,gel culture
supernatants were harvesteddat %’ag 4 to 1] after transfeggggé 1%?enera information regarding the
recombinant exprad&iar ot AuAta R0 5 814 TR Y93 e gRierrirnMERh apass: Bl Biotechnol
Bioeng 75 (200154 9pioginMarmEg st U aprtine atralpsiendfiomubiz¢CEB0B003, -005, and
-007 using chimeticeMblvel 3RBEENBizfaptidntesadiin aralysisr Biacae3000 nsirgsent was used. As
r7u2)nintgzgr(1:d 5 r%@&%?ﬁébﬂf{@ﬁe'ﬁl %ﬁa{?’@?ﬁ%ﬂdﬂé&ﬁ% @;59.@%}4}6 A\'Ié;&b %&Qgﬁ&qﬁ'ﬁ%&faﬂam F? gHt

4) a was used. Capturing molecules (goat anti-human- cy ifc), yere amine-coupled a
a concentration Of ?ﬁngc?‘r}glga?ta \é%f%hvxalﬂr}a%ng? g‘ i oeréjzxd}‘ hgﬁir%}g%. Hgﬁgés%g%;m&ed ata

concentration of FpRintE s ke S or R pARiTeTeE {2minsrebalderivih&hée godlt anti human
IgG, FcylWas achig%ed Ny iRjettihgogn drk:§éirinb) globlilin BB00 nvhantha6-dlAkitnfor 3 minutes,
Analyte (h1L-1312:Q%hF Colticnenicpioein) wasdnecied focdioinuies atityeLanpentiations
between 5.63 L3600 o, s Aher T LB P ot Ive. iuigs, Reqaneration oj he surface

i [ for 1 . ]

_ i . )
cectuence ofnjoEtNE Lrd (S Gk e o AP s dBSE PEGRETF HEIEns, et control
data (e.g. buffer Zpsselsy WeseiBehraSieaniiont sAMSIeld &k Fbr doreictiomat dystenkightrinsic baseline
drift and#®r noisebsignalrednetiond Biatkuh afichwikisioni4 . &layasat sadiehasiakysis sisensorgrarns
and for caloulatien:of iy fate, SiRglt etz eseicalctlaled iy f1ng kinglis dafao L1 Langmui
pinding model (Rele 21 2912 AR n ARG BREYRS QLML ER SIE Dle 3R Tt D22 analysis
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



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

- 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-



hiL-13 1.73x105 3.12x10-6 1.8x10-11 RalthFc CM5 Anti-hlcy LC5002- 007.hIL-13 Rul:h.Pc
1.19x105 Ix10-6 <8.4x1042 - 38 -

- 20 .

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

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

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

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

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

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

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

Example 4
Radioligand Binding Assay

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



b) Affinity analysis of HuMabs LC5002-003, -005 and -007 using the extracellular domain of 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 NaC1, Q.005 %
polysurfactant P, pH 5 7.4) at 25C. Capturing antibody molecules (anti-hFcy) were ar_mne-coupled ata
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 uI/rp'_%fpr 30 seconds. Cleaved hlL-13Ral molecules
(Mw 401cDa) were injected for 200 seconds at seven concentrations between 136 nM and 100 nM
and washed with HBS-P for five 10 minutes. Regeneration of the surface was accomplished by two
injections of 100 SRR ersimEaenihdtow Fbediof a@ipghiicThedtip lassayfermat and
sequence of injehﬂansoa]nﬁi\kiﬁéﬂﬁ,dwamrg&&maﬁd%m&&? %ﬁ@ﬂab@éﬁ@ﬁ%@@lgg%ﬁggﬁ Kinetic
data were calculateddhycfifingkingticdata to a.Ji 1L angmuir pinding. modsl. 15Table 3~ Chip
Capturing ngan%égx%]gtgnﬁyglls/: Mc%pg%{t%gnKaDnng)iscé Iﬁngﬁ%ﬁ%éa%ggog iéggﬁ@ﬁﬁ&&a% 1.1x106

-IE~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



6.5x10-4 6.2x10-1 CI Anti-hFcy LC5002- 003 h1L-13Ral 1.3_X106 _5.1x10-4 3.9x10-10 CI Anti-hFcy
LC5002- 005 hiIL-13Ral 1.4x106 3.0x10-4 2.2x10-th C | Anti-I1Fci LC5002- 007
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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



hLL-13Ral 1.9x105 8.3x10-4 4.4x10-9 ci Anti_hFcy LC5002- 005, mutant L234A; blL-13Ral 1.4x106 .
2.9x10-4 2.1x10-1 L235A
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ICsp values for the different antibodies werer 13.50 nM for AF152, 5.21 oM for
LC5002-002, 3.07 nM for LC5002-003 and 0.39 oM for LC5002-005. A similar
profile was found for IL-4-induced TE-1 cell proliferation, however the potency of
the antibodies was decreased compared to IL-13-induced responses. 1Csy values for

5 Ii-4-induced proliferation were 0.02 oM for anti-ILAR antibody, 74.37 nM for
AF152 and for antibodies LC5002-002, LC5002-003, L{C5002-005, LC5002-007 and
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



- 39 - ¢) Comparative affinity analysis of recombinant variants of LC5002-005 using the extracellglgr
domain of hiL-13Ral cleaved from hIL-13RalthFc chimeric protein In these experiments, the affinity of
the original IgG1 derived from hybridorna was 5 compared with the affinities of the recomblnant
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 % polysurfa_lctant P, pH 74) at 25C.
Capturing antibody molecules (anti-hFcy) were aming-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(ml qt a flow rate
of 10 plimin for 1 minute. Cleaved hIL-13 Ral molelcules (analyte) were injected for flvg-:-‘mlnutes at
eight concentrati&%’s@e%éﬁe&,Wﬁﬁd@@%ﬂ\ﬂmﬁﬁlv_@éﬁ%&%&% HBS=P tfifivesminiutes.
Regeneration of thessutifaceupasancomplishedddy e injectionsOf 1O KEMHEC bfar L Ain each. The
Table 4 Kineti Gatamiern e i e e e ot 1o e elert A it odel Table
Table 4. Kinetic data werg calculate %&lng‘}?me iC a%o a ] .
4: Chip Capturing %r%ﬁ%“yfﬁr?%@%teeﬁ%%}l{i %) K(T58n %E {iEsE) Raphophorylated Stat-6.
5 qual amounts of protein were loaded onto an SDS-gel, run and transferred to a

membrane. Anti-Stat-6 antibody was from Santa Cruz Biotechnology (Cat. No. SC-

11762R) and a secondary antibody coupled to peroxidase was used. Detection was

done using the ECL Plus System from Amersham (Cat No RPN 2132).

Quantitation was done in a Typhoon 9400 Imager.

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

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

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



(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-'
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sequences were aligned using the GCG modul CLUSTALW. Sequence alignmesnts
were made using the program GENEDOC (version 2.1).

Example 10
Construction of expression plasmids for an anti-hIl-13Ral IgGl HuMiab

u

The anti-hIl-13Ral HuMab light and heavy chain encoding genes were separately
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
10 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,



0.04 2.8x10-9 Example 14 20Testing the crossreactivity of HuMab with hiL-13Ra2 and hlL-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 roop-temperature (RT). Then serially diluted HuMab
and control antibodies (100 id/well; dilutions in IB) were added and incubated for 1 hour at RT. The
plates were again washed and bound antibody was detected by incubation with peroxidase conjugated
rabbit anti-human kdppa BAIET, meim i imegiihalidiktion dfain500dhstBuddte idadbagion for |h at
RT and a subsequent wastinglistep-taeiplaies were developed with ready-to-use ABTS(r) solution

(Roche Diagnostics G REIALRTHA Padarks. ARSORANGE Was 10measured at 405 yrn after
absorbance of the highesfilcagncentraéis%%reached a sufficl r?’tg%lgeijiﬁ %\%0%%2‘9&%%%%? -13Ralphal

tested were able to bind 10 immobilized eXtradettia fomaits orRtiman - 1areaskut#beneither to
hiL-13Ra?2 nor to FilL4&Edis G rassestempife a8hciomateactivity of HulViab with murine IL-13Ral
Chimeric protein murin@lik gi3Ralhke{RYD IBysiams; tk)twasgissolveddmpPBS thug/ml) and
allowed to adsorb to micrafiies Rlates MNNG Matses) by @gggaf@@"%%)pight at 4C. After washing
the plates with washing-huffer (WB = 20 0.9 % NaCJ 0.1% ﬁf\ilive(jpg% 20{k unspegific binding sites were
blocked by addition of 100 ul'incuba or%uﬁer% L BB & W TH2C T Btein" antt 0. 1885 veen(r) 20)
and incubation for 30 nifif&t¥Som-temperature (RT). Then, serially diluted HuMab and control
antibodié§ (HuMab anti-KLH and polyclonal goat anti-hIL-13Ral (R&D Systems)) were added to the

wells (100 ul /weltzgltigiensiankBlsagithe ant-hiL-13Ra1 HuMab x-lght chain and yi-heavy
chain expression plasmids:

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

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

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

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



25 incubated for 1 hour at RT. The plates were again washed and bound human antibodies were
detected by incubation with permddase conjugated rabbit antihuman kappa (DAICO, Denmark) in a
final dilution of 1:500 in TB. Goat anti-hIL13Ral antibodies bound to the plates were detected by
peroxidase-conjugated donkey anti-goat IgG (Santa Cruz 1:1000 in TB). After incubation for |h at RT
and 30 a subsequent washing step, the plates were developed with ready-to-use ABTS(r) solution
(Roche Diagnostics GmbH, DE) at RT in the dark. sorbance was measured at 405 nm after
absorbance of the highest concentration reached a sufficient OD (Fig. 5). -41 - ExampLi
Crossreactivity of HuMab with Cynomolgus 11-13Ral The gene coding for IL-13Ral was isolated by
RT-PCR from Cynomolgus tissue and transfectedlistteih the marine cell line Ba/F3. In order to test
whether the HuMabs crossreact with Cynomolg-us IL-13Ral, the stably transfected Ba/F3 cells as well
as the parental B@éﬁ%ﬁgﬂs were incubated Wlit@)%s%rlilgéml of HuMab and control antivodies. As

d.[-d.llll h=13RatR&D-Systems)-was-tisee—Negative-eentrols included

positive control,

were: a human Iag%{n%/ 8?839% (Nordid) 2dFetratg 6 €8F6m. Bound antibodies were
detected by FAG@EG%V@@@E IAGHY antiboiyudirboted agaifdihuriar lgGoorijugated with FITC to
detect HuMabs andzan:ahlihaipalirected againsigpatiaGicepiseatedMathhild 1@ detect goat
antibodies. Mean fluorescence intensities (Mi t)séﬁﬁéﬁc%‘i%)aﬁ% ?{}The (l)@glvhgiual anEbod es tested on
the transfected Ba/F3 line versus the parenta é} Hul\?lsabs 5t théinvention were able to bind to
Cynomolgus IL-13Ral expressed 15 in transfe %% 3 cells. As expected from the close homology
between humaniangd, -13RaT, tr%%éo%&/monal LAF152 anuoouy atsobound-to the
Cynomolgus IL-13Ral. The negativé control ah &4!6Hly a marginal increase jn MFI when
tested with the transfected Ba/F3 cell line (TapféByLeuaryapia gl rpntipidly MPRBAIFS

MFIBa/P3_Cynd_IL- 13Ral heavy chain is replaced by the amino acid
sequence GlyspLeuasProspSersySerss; of the
human y4-heavy chain

12344A; 12354 The amino acid sequence LeussLeusss of the

human v1 -heavy chain is replaced by the

amino acid sequence AlassAlass

Exampie 12
Production of recombinant anti-hIL-13Rat HMuMabs

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

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

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



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

- 57 .

Example 13
a) Affinity analysis of HuMabs LC5002-003, -005, and ~007 using chimeric hIL-
15Re kb

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




19 14.9 Controls AP152 3.2 21.2 18.0 Normal goat | gG 3.3 5.7 2.4 Normal human 3.5 10.2 6.7 1gGl
(Nordic)
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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




Anti human IgG- ETC only 3.3 5.5 2.2 Example 17 Binding of IL-13Ral HuMabs to Fcy receptors
(binding to FcyRllla on NK cells) 5To determine the ability of the antibodies of the invention to bind to
FcyRllla (CD16) on Natural Killer (N1C) cells, Peripheral Blood Mononuclear Cells (PBMCs) were
isolated and incubated with 20 pg/ml of HuMab antibody and control antibodies in the presence or
absence of 20 pg/m1 of a blocking mouse antibody to FcyRllla (anti-CD16, clone 3G8; RDI, Flanders,
NJ), to verify binding 10 via &id:Ulla. As negative controls, human IgG2 and IgG4 (The Binding Site),
that do not bind Fc-yRIlla, were used. Human IgGl"é?‘ud IgG3 (The Binding Site) were included as
positive controls for FcyRllla binding. Bound antibodies on NK cells were detected by PACS analysis

using a PE-labelell rongaratiichifinan SRH6:(ikeshsrtace mankesy anibodysBRiRiesciences
Pharmingen, S Dieg G35 somnaloRy 8 T ebpled g foblo ant human 196 (P9
in ji

antibody (Protos immyor%qresearch, Burlingame, CA). Maximum Ing at rﬁIfC(Bmax: MFIst.dev)
of the HuMab testedFwas determined. - 43 - LC5002-005 was able to bind to FeyRllla effithently
(comparable to the cont-ol IgG1 antibody) as indicated by a Bmax (MFI) value of 580.6245.8. Addition

of a blocking antizodyagajrsikayR thiastianyaifaaloridudagcinding Oibe5082:008.ta Nl cells (Bmax
(MFI) value of 26Q,49%,99) irdicaling spesificpinding . kewRIla,, 5 44 TgGl-Ala-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:
. - . ka ke kg .
Chip | Capturing | Ligand | Analyte (1/Ms) Yegs (Ufs) wrUs) | (1 /;) Kp (M)

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

CMS5 | Anti-hFey |lgGlala- | hIL-13 | 153x10° | 42xI07 | 4.1xi0° | 0.04 | 2.6%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
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and a subsequent washing step, the plates were developed with ready-to-use ARTS®

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

sufficent 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 polyclonal 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).
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and transfected into in the mxmne cell line Ba/E3. In order to 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).
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Patent No. 10 US Patent No. US Patent No. US Patent No, US Patent No. US Patent No. {15 US
Patent No. US Patent Ng. US=B%8nt No MFfAn; DIfIHA .- Wresrder, A.Eold Increase in MFI in the
Balv3 13Ral presence of Cyno_| IL-13Ra!
LC5002-002 3.9 83.7 79.8
LC5602-003 3.4 82,4 79.0
HuMabs LC5002-005 14.8 HU% 6.7
LC5002-007 4.1 15 4.9
AF152 32 21.2 18.0
Normal goat 1gG 3.3 5.7 2.4
COBU’QES Normal hurnan 3.5 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, Burlingame, CA). Maximum binding at 20 pg/m! (Bmax:
MFIZst.dev) of the HuMab tested was determined.
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97/15663 WO 98/24884 WO 01/14424 WO 03/080675 -47 - Patent Claims 1. An antibody binding to
1L-13Ral and inhibiting IL-13, characterized in that the variable heavy chain amino acid sequence
CDR3 of said antibody is selected from the group consisting of the heavy chain CDR3 sequences of
SEQ ID NO: I, 3 or 7, whereby said antibody is obtained from hybridoma cell line DSM ACC2709,
DSM ACC2710 or DSM ACC27 2. 2. An antibody_%@ging to IL-13Ral and inhibiting 1L-13,
characterized in that the variable heavy chain amino acid sequence CDR3 of said antibody is selected
from the group consisting of the heavy chain CDR3 sequences of SEQ ID NO: 1, 3, 7 or 9 and
comprises as héa¥)ihain wasiable region SEQRINO:Tandlad tightchhln vatliablesegion SEQ ID

NO: 2, as heavychainsasiahle Eﬁ&@ﬂé%@al@&h@{ﬁfﬁ)%ﬁélghs@@mw@%@gﬂ% of SEQ ID NO:

4, as heavy ch ri | n SE nd.aslight. chain v rlabl II) NO: 8 or as
heavy varlableagpovﬁ %%%g% E@@hﬁt cdﬂaz a‘rafia :é :%e %n 88%83% % -48 - An
antibody accor Cf'&lscf Hines( Qré{@t‘éf?f%%%ﬁn EOmpHd %?ﬁ%%’éﬁ@ﬁ rdins sEm ¥égion SEQ ID
NO: 1, as light cham variable region SEQ NO: 2, as K light chain constant region SEQ ID NO: Il and as
71 heavy chain constant region SEQ ID NO: 12, b) as heavy chain variable region SEQ ID 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, 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 II) 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
according to claimsto 4 fbr the manufacture of a pharmaceutical composition. 6. A pharmaceutical
composition comprising an antibody according to claims | 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 pharmaceutical composition comprising an antibody
according to claims 1 to 4. -49- 9 A nucleic acid encoding an antibody binding to IL- I]l and inhibiting
IL-13, comprising as heavy chain variable region SEQ ID NO: t and as light chain variable region SEQ
ID NO: 2, as heavy chain variable region SEQ ID NO: 3 and as light chain variable region of SEQ ID
NO: 4, as heavy chain variable region SEQ ID NC): 7 and as light chain variable region SEQ ID NO: 8
or as heavy variable region SEQ ID NO: 9 and as Ilgdchaln variable region SEQ ID NO: 10. 10An
expression vector comprising a nucleic acid according to claim 9, capable of expressing said nucleic
acid in a prokaryotic or eukaryotlc host cell. A prokaryotic or eukaryotie host cell comprising the vector
according to claimioEE efeaensethod for the production of an antibody binding to IL-13Ral and inhibiting

the binding of 11,13 to LL-13Ral, characterized by expressing a nucleic acid encoding a heavy chain

and a nucleic ac@g@g@@omga@gggm %:% 51 ftcgilalm 9 in a prokaryotic or cukaryotic host cell
-50

and recovering sgi g ntibody according to claims 1 to 4 for use in the

rom'said c
treatment of a pat| née 5%% 3%1%ﬁéfm%@&%&&@%@&bmmmtﬁ%w the preparation of a
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means of fecombinant exprassiiley ecaveiingSaishangodyand combining said antibody with a
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Asp Arg Val Thr lle Thr Cys Arg Ala Set Gin Gly lle Set Arg Tp 202530 Val Ala Trp Tyr GIn Gin Lys Pro
Glu Lys Ala Pro Lys Set Leu lle 354045 Tyr Ala Ala Set Set Leu Gin Set Gly Val Pro Set Arg She Set
Gly 505560 Sex- Gly Set Gly Thr Asp She Thr Lev Thr lle Set Set Leu Gin Pro 65707580 Glu Asp She
Ala Thr Tyr Tyr Cys GIn Gin Tyr Asn Set Tyr Pro Trp 859095 Thr She Gly GIn Gly Thr Lys Val Glu lle
Lys 100105 <210> 3 <211> 119 <212> PRT <213>Attificial <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 )
Patent Claims

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.



202530 Ala Met Asn Trp Val Frig Gin Ala Pro Gly Lys Gly Leu Glu Trp Val 354045 Per Val lle Bar Gly
Arg Gly lle Thr Thr Tyr Tyr Ala Asp Ser Val 505560 Lys Gly Arg Phe Thr lle Per Arg Asp Asn Per Lys
Ash Thr Leo Tyr 65707580 Leo Gin Met Asp Per Leo Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095
Ala Lys Gly Per Per Tyr Trp Thr Asp Phe Asp Tyr Trp Gly Gin Gly 100105110 Thr Leo Val Thr Val Per
Per 115 <210> 4 <211> 107 <212> PRT <213> Artificial <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, Vel FB5 AP LR N Laia B SIS R Ser IR,

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.



202530 Leo Ala Trp Tyr Gin Gin Lys Pro Glu Lys Ala Pro Lys Bar Leo lle 354045 Tyr Ala Ala Per Per
Leo Gin Per Gly Val Pro Per Arg Phe Per Gly 505560 - 4 - Ser Gly Ser Giy Thr Asp Phe Thr Leu Thr
lle Ser Set Len Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Ser Tyr Pro T p
659095 Thr Phe Gly Gin Gly Thr Lys Val Gin lle Lys 100105 <210> 5 <211> 118 <212> PRT <213>
Artificial <220> <223> LC5002-005 VS gamma/heahy-chain variable domain <400> 5 Gin Val Gin Val
Len Asp Ser Gly Gly Gly Len Val Gin Pro Gly Gly 151015
9 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.

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.
11. A prokaryotic or eukaryotic host cell comprising the vector according to claim 10.

12, 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.



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\al lle Val Ser Ser 115 <210> 6 <211> 107
<212> PAT <213> Avrtificial <220> <223> LC5002-005 VL kappa/light chain variable domain

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

asthma or antiallergic therapy.

14, 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.

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



<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 Set fly Thr Asp Phe Thr Leu Thr lle Set Set Leu Ciln Pro 65707580 Glu Asp Phe Ala Thr Tyr Tyr
Cys Gin Gin Tyr Asn Set His Pro Pro 859095 Thr The Gly GIn fly Thr Lys Leo Glu lle Lys 100105
<210> 7 <211> 123 <212> PRT <213> Atrtificial <220> <223> LC5002-007 VS gamma/heavy chain
variable domain <400> 7Antibodies against [1.-13 receptor alphal and uses thereof

Abstract

An anfibody binding to 1L-13Ral, inhibiting IL-13 bicactivity and comprising a
variable heavy and a vanable light chain. characterized in that the variable heavy
chaimm amino acid sequence CDR3 of said antibody is selected from the group
consisting of the heavy chain CDR3 sequences of SEQ ID NC: 1, 3.3, 7or 9 is

h

useful in the treatment of asthma and allergic diseases.

Fig. 3



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 Thr.Val Ser Sex- 115120 <210> 8 <211> 107 <212>
PRT <213> Atrtificial

<110>
<120>
<130z

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<Z213>

<220>
<223>

<400>
Glu Val
1

Ser Leu

Ser Val
50

Lys Gly
65

Leu Gln

Ala Lys

SEQUENCE LISTING
F. Hoffmann-Ta Roche AG
Antibodies against IL~13 receptor aiphal and vsss thersof
22822

EP 03000003
2005~-01-03

EP 05002228
2005-02-03

12

PatentiIn version 3.2

1

11is

FRT

Artificial

LC5002-002 VA gamma/heavy chain variable domain

1

Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Sln Pro Gly Gly

Arg Leu Ser Cys Rla Ala Ser Gly Phe Thr Phe Zspn Tle Tyr
20 25 30

Agn Trp Val Arg Glo ARla Pro Gly Lys Gly Leu Glu Trp val
35 40 45

ILle Ser Gly Arg &ly Ile Thr Thr Tyr Tyr Ala Asp Ser val
55 60

Arg Fhe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

70 75 80

Met Asn Ser Leu Arg Alz Asp Asp Thr Rla Val Tyr Tyr Cys
85 20 85

Gly Ser Ser Ser Trp Thr Asp Phe Asp Tyr Trp Gly Gln Gly
100 105 110



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

Thr Leu Val Thr Val Ser Ser
115

<Z210> 2

<21is> 107

<2312> PRT
<213> Artificial

<220>
<223> LC5002-002 VL kappa light/chain variable domain

<400> 2

Asp Tle Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gin Gly Ile Ser Arg Trp
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Glu LyslAla Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Alas Ber Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Giy Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln 8in Tyr Asn Ser Tyr Pro Trp
85 50 85

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 165

<210> 3

<Z11> 119

<212> PRT

<213> Artificial

<220>
<223> LC5002-002 VH gamma/heavy chain variable domain

<400> 3

Glu Val Gln Leu Leu Glu Ser Gly Gly Asp Leu Ile Gln Pro Gly Gly
1 5 10 15



<213> Artificial <220> <223> LC5002-018 VH gamma/ heavy chain variable domain <400> 9 Glu Val
Gin Len Leo Glu Sex- Gly Sly Sly Leo Val Gin Pro Sly Sly 51015 Sex- Len Arg Len Sex- Cys Ala Ala
Ser Sly Phe Thr She Asn lle Tyr 202530 Ala Met Asn Trp Val Arg Gin Ala Pro Sly Lys Sly Leu Gin Trp
Val 354045 Ser Val lle Sex- Sly Sex- Sly Val Thr Thr Tyr Tyr Ala Asp Sex- Val 505560 Lys Sly Arg
Phe Thr lle Ser Arg Asp Asn Sex- Lys Asn Thr Len Tyr 65707580 Leo Gin Met Asn Ser Leo Asp Ala
Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys.Sly Sex- Ser Trp Tyr Val Asp She Asp Tyr Trp Sly Sin
Sly 100105110 Thr Len Val Thr Val Sex- Sex- 115

Ser Lew Arg Leu Ser Cys Als Ala Ber Gly Phe Thr Phe Asn Ile Tyr
20 25 30

Ala Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leuw Glu Trp Val
35 40 45

Ser Val Ile Ser Gly Arg Gly Ile Thr Thr Tyr Tyr Ala Asp Ser Val
50 55 50

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

Leu Gln Met Asp Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
B85 ) 85

Ala Lys Gly Ser Ser Tyr Trp Thr Asp Phe Asp Tyr Trp Gly Gln Gly
100 103 11e

Thr Leu Val Thr Val Ser Ser
115

<Z210> 4

<Z211> 107

<Z12> PRT

<Z13> Artificial

<ZZ20>
<223> LC5002-003 VL kappa/light chain variable domain

<400> 4

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
EX 5 10 15

Asp Rrg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Iile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Tle
35 40 45

Tyr Rla Rla Ser Ser Leu Gln BSer Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



<210> 10 <211> 107 <212> PAT <213> Atrtificial <220> <223> L05002-018 VL kappa/light chain
variable domain <400> 10 Asp lle Gin Met Thr Gin Set Pro Set Set Len Set Ala Set Val Gly 151015
Asp Arg Val Thr lle Thr Cys Arg Ala Set Gin Gly lle Ser. Set Trp 202530 Len Ala Trp Tyr Gin Gin Lys
Pro Glu Lys Ala Pro Lys Set Len lle 354045 Tyr Ala Ala Set Set Leu Gin Set Gly Val Pro Set Arg She
Set Gly 505560 Set Gly Set Gly Thr Asp She Thr Len Thr lle Set Ser. Leu Gin Pro 657075BO Gin Asp
She Ala Thr Tyr Tyr Cys Gin Gin Tyr Asn Set Tyr. Rro Trp 859095 Thr She Gly Gin Gly Thr Lys Val Gin
lle Lys 100105 <210> 11 <211> 107 <212> PAT <213> Homo sapiens <400> 11

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
55 70 75 BO

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Trp
B3 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 1085

<210> 5

<211> 118

<212> PRT

<213> hrtificlal

<Z20>
<223> LC5002-005 VH gamma/heavy chain variable demain

<400> 5

Glu Val Gin Val Leuv &sp Ser Gly Gly Gly Leu Val Gin Pro Gly Gly
1 5 10 15

Ser Leu Arg Lew Ser Cys Thr Ala Ser Gly Phe Thr Phe Arg Len Tyr
20 25 30

Thr Met Ser Trp Val Arg GIln Thr Pro Gly Arg Gly DLeu Glu Trp val

Ser Gly Ile Ser ©ly Ser Gly Leu Ser Thr Tyr Phe Ala Aszp Ser Val
50 55 50

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Bsn Thr Val Tyr
65 70 75 ) 80

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 85

Ala Lys Glu Gly Asp Trp Ile Tyr Phe Asp Ser Trp Gly Gln GLy Thr
100 105 110

Leu Val Ile Val Ser Ser
115



Arg Thz Val Ala Ala Pro Set Val She lle She Pro Pro Set Asp Gin 151015 Gin Len Lys Set Gly Thr Ala
Ser Val Val Cys Len Len Asn Asn She 202530 Tyr Pro Arg Gin Ala Lys Val Gin Trp Lys Val Asp Asn
Ala Len Gin 354045 Set Gly Asn Set Gin Glu Set Val Thr Gin Gin Asp Set Lys Asp Set 505560 - 9 -
Thr Tyr Set Leo Set Set Thr Leo Thr Leo Set Lys Ala Asp Tyr flu 65707580 Lys His Lys Val Tyr Ala
Cys Glu Val Thr His Gin Gly Leu Set Set 859095 Pro Val Thr Lys Set Phe Asn Arg fly Gin Cys 100105
<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

<210> 6

<21i» 107

<212> PRAT

<213>» Artificial

220>
<223> LC5002-005 Vi keppa/licht chain variable domain

<40G> ¢§

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Lew Ser Ala Ser Val Gly
i 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ber Leu Ile
35 40 45

Tyr Ala Ales Ser Ser Leu Gin Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 &0

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gin Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Glo 8Lln Tyr Asn Ser His Pro Pro
85 80 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> 7

<zii> 123

<Z2l2> PRT

<213> Artificial

<220>
<223> LC5002-007 VH gamma/heavy chain variable domain

<400> 7

Gln Val Gin Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 1¢ 15

Ser Val Lys Val Ser Cys Lys Val Ser Gly Gly Thr Phe Ser Ser Tyr
20 25 a0



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 His 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 ife- Ser Arg Thr Pro Giu Val Thr Cys 130135140 -10-
Val Val Val Asp Val Her His Gin Asp Pro Giu Val Lys Phe Asn Trp 145150155160

Ala Phe Ser Trp Val Arg Gln Bla Pro Gly Gln Gly Leu Glu Trp Met
35 40 45 i

Gly Arg Ile Ile Pro Ile Leu Gly Arg Thr Asn Tyr Als Gln Iive Phe
50 25 &0

Gln Gly Arg Val Thr Ile Thr Ala Asp Lys Ser Thr Ser Thr Ala Tyr
65 70 75 80

Met Glu Val Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Glu Giy Glu Thr Leu Asp Tyr Phe Tyr Tyr Gly Met Asp Val
1060 108 110

Irp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
11s . 120

<210> 8

<211> 107

<212> PRT

<Z213» Artificial

<220>
<223> LCS002-007 VI kappa/light chain variable domain

<4G0> 8

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser &ln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leun
35 40 45

Ile Tyr Gly Ala Ser Ser Arg Ala Ile Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Tle Ser Arg Leu Glu
) 70 5 BO



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 Phe 275280285 Len Tyr Per Lys Leu Thr Val Asp Lys Per Arg Trp Gin Gin Gly Asn

290295300,k RheRer Ly HenYal MetHis Gin Alad en blis Asndis Tyr Thy 305310315320
g5 a0 85

Thr Phe Gly 6ly Gly Thr Lys Val Glu Ila Lys
100 105

<Z210> @

<211> 118

<212> PRT

213> Artifiecial

<220
<223> LC5002-018 VH gamma/heavy chain varizble domain

<430> 8

Glu Val Gln Lew Leu Glu Ser Gly 8ly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Asn Ile Tyr
20 28 30

Ala Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Val Ile Ser Gly Ser Gly Val Thr Thr Tyr Tyr Ala Bsp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Bsn 3er Lys Asn Thr Leun Tyr
65 70 E; 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
B5 80 a5

Ala Lys Gly Ser Ser Trp Tyr Val Asp Phe Asp Tyr Trp Gly Gln Gly
100 105 110

" Thr Lew Val Thr Val Ser Ser

<210> 19
<211> 107
<212> PRT
<213> Artificial



Gin Lys Per Len Per Leu Per Pro Gly Lys 325330

<220>
223>

<400>

LC5002-018 VL kapps/light chain variable

10

Asp Ile Gin

1

Asp

Leu

Tvr

Ser

65

Gla

Thr

Aryg
Ala
Ala
50

Gly

Asp

Phe

<210>
<211>
<212>
<213>

<400>

Arg

Gln

Ser

Thr

Leu

Pro

Gly
50

Val

Trp
35

Ala

Ser

Phe

Gly

1l
107
PRT
Homo

Lys

Arg
35

Asn

Met

Thr

20

Tyxr

Sern

Gly

Ala

Gln
100

The

Ile

Gln

Sexr

Thr

Thr

85

Gly

sapiens

Ala

Ser

20

Glu

Ser

Ala

Gly

Ala

Gln

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Pro

Thr

Lys

Glu

Cys

Lys

Gin

55

Phe

Tyr

Lvs

Ser

Ala

Val

Ser
55

Arg

Pro

40

Ser

Thr

Cys

Val

YVal

Ser

Gln

46

Val

Ser

Ala
25

Glu

Gly

Leu

Gln

Giu
1058

Phe

Val
25

Trp

Thr

Ser

10

Ser

Lys

Val

Thr

Gln

80

fle

Iie

10

Val

Lys

Glu

Leu

Ala

Pro

Ile

75

Tyr

Fhe

Cvys

Val

Gln

Ser

Gly

Pro

Ser

60

Ser

Asn

Pro

Leu

Asp

Lsp
60

domain

Ala

Ile

Irys

45

Arg

Ser

Ser

Pro

Leu

Asn
45

Ser I

Ser

Ser

30

Ser

Phe

Tvr

Ser

Asn
30

Ala

Val
15

Ser

Leu I

Ser

Gln

Pro
g5

Asp

15

Asn

Leu

Asp

Gly

Trp

Gly

Pro

Trp

Glu

Phe

Gln

Ser



Thr Tyr Ser

65

Lys His Lys

Pro Val Thr

<21i0>
<211
<212>
<213>

<400>

Phe

Gly

Leu
&5

Tyr T

Liys

Pro

Lys

Thr

Pro

Val

50

Ser

Val

Ala

Pro
130

12
330
PRT
Homo

12

Thr

Ser

Glu

35

His

Ser

Cys

Glu

Pro
115

Lys

Lau

Val

Lys
106

Ser

Ty
85

Ser

saplens

Lys

Gly

26

Pro

Thr

Val

Aan

Pro

100

Giu

Asp

[81]

Gly

Val 7

Phe

Val

Val

B5

Lys

Leu

Thr

Ser Thr Leu Thr

70

BRla Cys Glu Val

Phe Asn Arg Gly

Thr

Pro

Thx

70

Asn

Ser

Leun

Leu

Sexr

Ala

Val

Ala

55

Val

Eis

Cys

Gly

Met:
135

Val

Ala

Ser

40

Pro

Lys

Asp

Gly

120

Tle

105

Phe

Leu

23

Trp

Leu

Ser

Pro

Lys

105

Pro

Ser

Leu

Thr
90

Giu

Pro L

10

Gly

Esn

Gin

Ser

Ser

1]

Thr

Ser

Arg

Ser Lys Ala Asp Tyr Glu

75

80

His Gln Gly Leu Ser Ser

Cys

Cys

Ser G

Sexr

Ser

75

Asn

His

Val

Thx

Ala

Leu

Ser

60

Leu

Thr

Thr

Phe

Pro
140

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Leu

125

Glu

Ser

Lys

30

Len

Leu

Thr

Val

Pro

110

Phe

Val

S5

Thr

Tyx

Gln

Asp

95

Pro

Pro

Thr

Lys

Tyxr

Ser

Ser

Thr

80

Lys

Cys

Pro

Cys



Val

145

Tvr

Glu

His

Liys

Gln

225

Leu

Pro

Asn

Leu

Val

305

Gln

Val

Val

Gin

Gln

Ala

210

Pro

Thr

Ser

w3
3]
al

Tyr
2580

Phe

Lys

Val

Asp

Tyr

Asp

185

Leu

Arg

Lys

Asp

Lys

273

Ser

Ser

Ser

Asgp

Gly

Asn

180

Pro

Glu

Asn

Ile

260

Thr

Lys

Cys

Val

Val

185

Ser

Ley

Ala

Pro

Glin

245

Ala

Thr

Leu

Ser

Ser
325

Ser

150

Glu

Thr

Asn

Pro

Gln

230

Yal

Val

Pro

Thr

vVal

310

Leu

His

Val

Ty

Gly

Ile

215

Val

Ser

Glu

Pre

Val

285

Met

Ser

Glu

His

Lys
200
Gla
Tyr
Leu
Trp
Val
280
Asp

His

Pro

Asp

Asn

Val

185

Giu

Lys

Thr

Thr

Glu

265

Leu

Lys

Gliu

Gly

- 16 -
Pro
Ala
174
Val
Tyr
Thr
Leu
Cys
250
Ser

Asp

Bla

Lys
330

Ser’

Lys

Ile

Pro

235

Leu

Asn

Ser

Arg

Lau
315

Val

Thr

Val

Cvs

Ser

220

Pro

Val

Gly

Asp

Trp

3006

His

Lys

Den

Lys

205

Lys

Ser

Gln

Gly

285

Gln

Asn

Pha

Pro

Thr

130

Val

Ala

Arg

Gly

Pro

270

Ser

Gln

His

Lsn

Arg

173

Val

Ser

Lys

Bsp

Phe

235

Glu

Phe

Gly

Trp

160

Glu

Liey

Asn

a1y

Glu
240

Tyr

Asn

Phe

Asn

Thir
320



