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WO 2005/007699 PCT/GB2004/003059 HUMAN ANTIBODY
MOLECULES FOR IL-13 The present invention relates to specific binding
members, in particular human anti-IL-13 antibody molecules and

aspesiliyreshose which neutralise IL-13 activity. It further relgdasdos/on3050
methods for using anti-IL-13 antibody molecules in diagnosis or treatment

of IL-13 related disorders, including asthma, atopic dermatitis, allergic
rhinitis, fibrosis, inflammatory bowel disease and Hodgkin's lymphoma. 10

Preferred embodifHERE STRERNREHPHREREBS SFRBIot4né3antibody VH
and/or VL domain of the antibody molecule herein termed BAK502G9

nd_other antibody malecules_of the BAK502G9 |ineage and of the ,
e oo, K Ferb i deiec L5 ParhGr BraLr e Betiers 1o
Pehipliey tom plefientarityl deterbdinagridyidys {ODRs) Iof she BAK278D6a 11y
+Hagagenand praferably §£~".t§921%9a%%ﬁ%‘?ﬂ%§¥ V%@%%ghgwege_lates to

antibqdy framework regions. Further aspects of the present invention
mﬁmﬁa 5P EoMbosRiGHs cortaining SpbehbinBrtanehftferspolépmros s
oinvertmmand heiriiselin methadsiotinhibitiag o newlralising lla-d8wma,
necludin f treatment. of the, human or.animal.body, by therapy.
ag}é%% re%%%t%%\%gcr?%i%h ol r%rj\[/.rlédr e%lgntfboldillng}b?é cu%g or %sﬁarﬁ%ﬁ a?n\}rgﬁgéxy
bRV BIndifg amten tdaliipslg Wi 3s ahdnhbisref.use in any of a variety of
therapeutic treatments, as indicated by the experimentation contained
hel%ein and further, b%ghe supporting technical literature. 30 Interleukin

FHE) TS K% TG 8 0y tGRRERART SR T ubRBHMe P TRRHAY ntdss
aot dpprgxitatelyd¥2 kDal[1:2jn#i4 3015 miost elosehorplairshiodhi4 Withrein
o 0 o : .
codhich irshares 0% sequanqe silanty atihs aming acid lewes, Wes oo
human IL-13 gene Is located on chromosome 503l adjacent OTthe -2
lbgﬁ%gg and of the BAK278D6 lineage, as herein defined.
Further preferred embodiments employ complementarity
detezmining regions {(CDRs) of the BAK278D6é lineage, and
preferably BAK502GY9, especially VH CDR3 in other antibody
framework regions. Further aspects of the present invention
provide for compositions containing specific binding members
of the invention, and their use in methods of inhibiting or

neutralising IL-13, including methods of treatment of the

human or animal body by therapy.

The present invention provides antibody molecules of
particular value in binding and neutralising IL-13, and thus
of use in any of a variety of therapeutic treatments, as
indicated by the experimentation contained herein and further

by the supporting technical literature.

Interleukin (IL)-13 is a 114 amino acid cytokine with an
unmodified molecular mass of approximately 12 kDa [1,2]. IL-13
is mest closely related to IL-4 with which it shares 30%
sequence similarity at the amino acid level. The human IL-13
gene is located on chromosome 5931 adjacent to the IL-4 gene
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WO 2005/007699 PCT/GB2004/003059 [1][2]. This region of

chromosome 5q contains gene sequences for other Th2 lymphocyte

derived cytokines including GM-CSF and IL-5, whose levels together with

Nvdl Jossrenieen shown to correlate with disease severity in asthaabiss oozoso

and rodent 5 models of allergic inflammation [3][4][5][6)[7][8]. Although

ipgially ifi + lymphocyte derived._ cytokine, IL-13 is
Ly aced b0 T e T oo BSe et oo e s eies
forpGiFece T popditiBRa GuEn dembase 40 welskbasephing: Bosinsplile - CSF
andMacFIPhagess QResyLes angs alway smaoth mussle,eelise de-1dhisun o

reported to mediate its effects through a receptor system that includes the
Con S R Coplar A CRalH (t<ARE).S which 15 RSGIFRAN i T BOHHRYIL-13,

- modgrd aplbast fwo oter cdil surfate protéiis] 41-13RE it IL813Ra2 [9][10].

IL-13Ral can bind IL-13 with low affinity, subsequently recruiting IL- 4Ra

to form a high'affihity functional receptor that signals [11][12]. The ’
BltBeREENR BAtIGHSEYIistdthe BhiiRB &eid 2edliénEe 2D dnaertitRicaskved

cyteaquencenfLal 3Rakas: bR 00485k angy YARE50respectivaly s Stusties in
STATE, (si transducer and_actiyator of transcriptian 6) -defigient mice

Y R T (AT 0P Wk r A hhab CE LA ST By RS =

ce.ithe JAKR-STATE patieway fE3{ji4]s |- 13Raguslrares 3 1o rseryenseasi

21 g ptitymith 1L 1.3Ral at the amino acid level and binds IL-13 with high
affinity [15] [16] . However, IL-13Ra2 has a shorter cytoplasmic tail that

lacks known signalling motifs. Cells expressing IL-13Ra2 are not

1L+4B3pansivedo k<8 eveminthe presencer ob H-4Renfdlqh is pestdated:
therefore, that IL. 30 13Ra2 acts as a decoy receptar regulating IL-13 but

SY SIS A $indaisi A8 id Bppbried DHRRARS i IEPESRaS HRniéRAt rmittech

itswhdsephehatypewas consistent with iricreased arespanstvengssdonbrl3
ceﬂ}SQ%gk;ggeSEQEQQKQFH%EggaggE:%nd IL-13Ra? [91(10]. IL-13Ral
can bind IL~13 with low affinity, subsequently recruiting IL-
4Ro. to form a high affinity functional receptor that signals
[1111[12]. The Genbank database lists the aminc acid sequence
and the nucleic acid sequence of IL-13Ral as NP 001551 and
Yi0659 respectively. Studies in 3TAT6 (signal transducer and
activator of transcription &) —deficient mice have revealed
that IL-~13, in a manner similar to IL-4, signals by utilising
the JAK-STATE pathway {[13][14]. IL-13Rwo2 shares 37% sequence
identity with IL-13Ral at the amino acid level and binds IL-13
with high affinity [15][16]. However, IL-13Ro2 has a shorter
cytoplasmic tail that lacks known signalling motifs. Cells
expressing IL-13Ra2 are not responsive to IL-13 even in the
presence of IL-4Re [17]. It i1s postulated, therefore, that IL-
13Ra2 acts as a decoy receptor regulating IL-13 but not IL-4
function. This is supported by studies in IL-13RaZ2 deficient
mice whose phenotype was consistent with increased

responsiveness to IL-13 [18]119]. The Genbank database lists
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WO 2005/007699 PCT/GB2004/003059 the amino acid sequence and
the nucleic acid sequence of IL- 13Ra2 as NP 000631 and Y08768
respectively. The signalling IL-13Ral/IL-4Ra receptor complex is

W&%ﬁﬁ%s@ on human B-cells, mast cells, monocyte/macr

2%’04/003059

dendritic cells, eosinophils, basophils, fibroblasts, endothelial cells,
airwa% epithelial cells and airway smooth muscle cells. Bronchial asthma

thejam

PMOh DTSRIl Amn Attty DtE=EES 10T thE R eharatterised

13RAY alBvays byperIespARSYeNEss, 1adelkseverproduction, fibrosis and
raised serum IgE levels. Airways hyper-responsiveness (AHR) is the
exaggerated constriction of the airways to non-specific stimuli such as

ThecalthaisiBomgAHR-ankauyus- overpreduetion-aresthought 16 bexdbessed
esponsible for the variable airway obstruction,that leads to the shortness
on KRR P bf SArie Al ke (S AREHSSUOIR A0 WRE L

a

Characterisic of 85

atrons w IS

celigsparsitladobtiesmopiop ldssociaield wulh tis diseasdqbrednid 20001 1 s,

airdggthsiyeardnibe United Kingdom),,29 Theveidenceafasthma, along
with other allergic diseases, has increased significantly in recent years
[20][21]. For example, currently, around 10% of the population of the

Brobluitedl Kingdom (WK) hascheen dizgnasedsas astimatien250Cureiease

guide ine

of %IQSE;J hé)r%%igr%%qcieetyi(sBeTf)Dand Glabal Inifiative. for Asthma (GINA

nes

suggest a stepwise Approachio the treatment of asthma [22,

mucRg], MR B AfbHeratenasthbia eahs usaallyrbé eontroted by e usevetl s .
airiphpled saricostargids, B0-pcombination;with hetasaggnists oL g
leukotriene inhibitors. However, due to the documented side effects of

CONE Skt osterBids pallEn eI Told CUhpRRTITH e il régfhe2s
colwhicdhrreduces thereffectiveness of treatmentd24<26]lare thought to be

responsible for the variable alirway obstruction that leads to

the shoriness of breath characteristic of asthma attacks

(exacerbations) and which is responsible for the mortality

associated with this disease (around 2000 deaths/year in the

United Kingdom) .

The incidence of asthma, along with other allergic diseases,

has increased significantly in recent years [20]1[21]. For

example, currently, arcund 10% of the population of the United

Kingdom {(UK) has been diagnosed as asthmatic.

Current British Thoracic Scciety (BTS)and Global Initiative

for Asthma (GINA} guidelines suggest a stepwise approach to

the treatment of asthma [22, 23]. Mild to moderate asthma can

usually be controlled by the use of inhaled corticosteroids,

in combination with beta-agonists or leukctriene inhibitors.

However, due to the documented side effects of

corticosteroids, patients tend not to comply with the

treatment regime

[24-26].

which reduces the effectiveness of treatment
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3 WO 2005/007699 PCT/GB2004/003059 There is a clear need for new
treatments for subjects with more severe disease, who often gain very
limited benefit from either higher doses of inhaled or oral corticosteroids 5

kP69TIRRRERd by asthma guidelines. Long term treatment wifh, oraly «vos0s9
corticosteroids is associated with side effects such as osteoporosis, )

slowed growth rates in children, diabetes and oral candidiasis [88] . As
both beneficial and adverse effects of corticosteroids are mediated via the
Thesamesrereplara Ortreatmbnt isarbdlaneéhetveer safetylanelsficasyh

nordogRiialsatipnat these patients, wha sepresent araund 636 .4 MKz ron
asthma population, as a result of severe exacerbations accounts for the

el thrfolyBrthe SFifificatt edotOMAt NFrdehabf 28thim& of Heiticare

recuiRorities (89] 15 itiabelievadthatthe pathglagyof astbaaisneausechby

or=3NA0Ng, T2 9’&%@%%“?Q‘%}%‘Q&%‘;’Lé@@&”Wﬁ'ﬁ”éﬁ‘@%m%‘l}%éﬁ?@such as
inappropriate responses of the immune system to harmless antigens.

os tEvisleneeitas IsdenadcareewhicteingslicatesNiidr 2o rathetihaathand

ora“ilaééi&@k.abg%iv?gacymlﬁi@eﬂgtﬁ assthes keymedigtordadbese effects

. pathogenesis of established airway disease, Administration of
of RBHTRAREN21E To e MARShAVE 28 Ao shfketPiotfents
t reGatagac Mmany=a3peris: ok the:asthima spliengtype dnaddibgaaipvay

rodRiiammation. mugys production and  AHR [R71IZ8I29U0L A Sl ¢4 o
enotype was observedin transgenic mouse in which IL-13 was
thesBtificdliyrovareriglesséanin e Runge fititlis Plode Thdfe ErdppRELaLL10oNS

accasyrede lkyl3 alse .30 resylted infibropis [Bldahurtbeninrodenturden
models of allergic_disease man)ﬁaspects of the asthma phenotype have

of B AasSlalktPwith TRA%. BoilBle” Mfne I243Ra2, a potent IL-13

neutraliser, has been shown to
Tt is believed that the pathecliogy of asthma is caused by
ongoing Th2 lymphocyte medlated inflammation that results from
inappreopriate responses of the immune system to harmless
antigens. Evidence has been accrued which implicates IL-13,
rather than the classical Th2 derived cytokine IL-4, as the
key mediator in the pathogenesis of established airway

disease.

Administration of recombinant IL-13 to the airways of nalive
non-gsensitised rodents caused many aspects of the asthma
phenotype including airway inflammation, mucus production and
AHR [2711[28]1[29]1[30]. A similar phenotype was cbserved in a
transgenic mouse in which IL-13 was specifically overexpressed
in the lung. In this model more chronic exposure to IL-13 also

raesulted in fibrosis [31].

Further, in rodent models of allergic disease many aspects of

the asthma phenotype have been associated with IL-13. Scluble

murine IL-13ReZ, a potent IL-13 neutraliser, has been shown to



4 WO 2005/007699 PCT/GB2004/003059 inhibit AHR, mucus
hypersecretion and the influx of inflammatory cells which are
characteristics of this rodent model [27][28][30]. In complementary

WH%%:@WE@@ in which the IL-13 gene had been deleted, fai é;iri}% 66}{5}8%9059

allergen 5 induced AHR. AHR could be restored in these IL-13 deficien
imggi_ggtbyA administration of recombinant IL-13. In contrast, IL-4 deficient

mice develdped anway disEasE T iSTaad 35 (33 e udhg a
infErgeraterrvalierjbn-mtdcdd putmohansinflaminmatios medeh Tauheiahal.

gemanstrateg;thegffic tine IL-13Ra?2 against established
e airw;{y diqsa(faasga E[l34 : S%%b% %ﬁ?ﬁeﬁ%&a‘%ﬁ%ﬁl ited R miticds PR

thevEprot BT8R Bnd t82riksder Ekeht afvaSiRfAMMgTsT. 9 cobbesyels

indohdhleAtrRaprhichhiads ant-antagenises Ikrd had litlesefieeton AHR
§5 .. These findings were supported

el a}_i)r @ﬁi flammation in this system ir
ml%y BI)\éva§e%taa. &v%nést?é:vae aped %%ec réonc‘? (Rgal mddet ot astAimzCht rast
ILvéhier polyciBhardstbotirs lagaidsell=13 pui hot s weretable tadeduce
[ 32myeus 20 overproduction, AHR and subepithelial fibrosis [36]. A number
of genetic polymorphisms in the IL-13 gene have also been linked to
allergic disease. In particular, a variant of the IL-13 gene in which the
Us fargininé vesidue atam mblacid 4301 2hiis-sdbghituteshwith dlwamingsrion
JQ130R) has been assgciated wigrgh(%)ron hial asthma, atopic dermatitis
e and raised serum IgE 1%\5%% f?::ﬁ [%91]&&)] .e%%li:'écpaacri‘fcﬁgr 4394 fant is
muzise referké8ad aszher@il ORcvarldnti(@dgininetesidie ahaming 4acid
110 is substituted with glytami e)ttb some groups who 30 exclude the 20
SOla‘%%% ac lsr}genglll' seﬁqgu%%%elf?glrﬁ f’l¥éea% citfES N RT RS P EE FA PP
angeportthae tiis vatiaheist assosiated withamisad levelsref lkokh3 irnserum.
s Ol'm)elg-}ﬁm)@riant %Q%%O%)i%gd antihodies to this variant are discussed

o, W s and antagoniges 1IL-4, had little
effect on AHR or airway inflammation in this system [35].
These findings were supported by Blease et al. who developed a
chronic fungal model of asthma in which polyclonal antibodies
against IL~13 but not IL-4 were able to reduce mucus

overproduction, AHR and subepithelial fibrosis [36].

A number of genetic polymorphisms in the IL~13 gene have also
been linked to allergic disease. In particular, a variant of
the IL-13 gene in which the arginine residue at amino acid 130
is substituted with glutamine (Q130R) has been associated with
bronchial asthma, atopic dermatitis and raised serum Igh
levels [371(38]1(39]1[498]. This particular IL-13 variant is also
referred to as the Qli0OR wariant {arginine residue at amino
acid 110 is substituted with glutamine) by some groups who
exclude the 20 amino acid signal sequence from the amino acid
count. Arima et al, [41] report that this variant is
associated with raised levels of IL-13 in serum. The TL-13
variant (Ql30R) and antibodies to this variant are discussed

in WO 01/62933. An IL-13 promoter polymorphism, which alters
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in WO 01/62933. An IL-13 promoter polymorphism, which alters 5 WO
2005/007699 PCT/GB2004/003059 IL-13 production, has also been
associated with allergic asthma [42]. Raised levels of IL-13 have also

Rasnsesasied in human 5 subjects with asthma, atopic rhigjtis, aay, o100
fever) , allergic dermatitis (eczema) and chronic sinusitis. For example

levels of IL-13 were found to be higher in bronchial biopsies, sputum and
T B8 aits (B A G SRTaRCs BURpardds St
assibjectd ]431 [44] [45] [46] . Further, levels 10 of IL-13 in BAL samples
" increased in asthmatic individuals upon challenge with allergen [47][48].
The IL-13 production capacity of CD4(+) T cells has further been shown

Ra15B2 d<atal mafkel of risk B SuBssiuSRedevetasmERtof alléngran
suldjsesse virm::ﬂevwmm 6[4919ﬂ@ﬁicﬁtﬁiilgl%hEaVﬁlé%CefﬁlyéﬁPPrtgglaéd %f
ralising anti-mouse ]L-13 antibody in a.chronic mouse model o
de%&?ﬁ%ﬁ?éh%ﬁ%&& maaniﬁiéz #‘é‘ﬂgﬁl& n%es(%%%ﬁ%slﬂH R CSefeidiniay =Vels
of idflarhmatiore Hperditcudprddudtions) wasi2thiriticedin @¥Aes, sputum

an&epsilisesomice;dd ot Al 1epark thats adminisyration of an,IL 13 apgibady at
the time of each OVA challenge suppresses AHR, eosinophil infiltration,

COMRRETAGE® 160815 BroiftRmTratony Eto kbl dHembkink-leTams IRt airkaye 1S
of rémotlelling 4], 26nnlsummansdhese data pravide indication thatlkik3

sodathel ;4.1 am ftractiv for the treafment of human
pcg\%gﬁcﬁg ?s%g?e B‘{’1’?0&# L-%Gin%aé prflayFé{t ?g%e%%‘lﬂhe%glaﬁh%e rigsig%‘fducmon
ca &by Howel diseade sHeker etatfhes] kepont thatweutralisations edful

matlkel3 by aﬁi@ﬂ@-’iﬁﬂ%@s&ﬁ@@ﬂLd@%@%;ﬁ*ﬁ@%@@ie%llergic disease

in newborns [49].

Li et al [114]) have recently reported affects of a
neutralising anti-mouse IL-13 antibody in a chronic mouse
model of asthma. Chronic asthma-like response (such as AHR,
severe airway inflammation, hyper mucus productions) was
induced in OVA sensitised mice. Li et al report that
administration of an IL-13 antibody at the time of each OVA
challenge suppresses AHR, eosinophil infiltration, serum IgE
ilevels, proinflammatory cytokine/chemckine levels and airway

remodelling (147].

In summary, these data provide indication that IL-13 rather
than TL-4 is a more attractive target for the treatment of

human allergic disease.

IL-13 may play a role in the pathogenesis of infiammatory
bowel disease. Heller et al.[l16] report that neutralisation
of IL-13 by administration of soluble IL~13Ra? ameliorated
colonic inflammation in a murine model of human ulcerative

colitis [116]. Correspondingly, IL-13 expression was higher in
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colonic inflammation in a murine model of human ulcerative colitis [116].
Correspondingly, IL-13 expression was higher in 6 WO 2005/007699
PCT/GB2004/003059 rectal biopsy specimens from ulcerative colitis

Qgg%@w%g compared to controls [117]. Aside from asthnl)a(\j?]}dl?a h@sossy

been associated with other 5 fibrotic conditions. Increased levelsoriL-
up to 2 1000 fold higher than IL-4, have been measured in the serum of
reGraiertd WREFVsPREMICeRIRr6SRTSBT SAd T BRE. SarhbldSHBAT Patichidhen
comftactad vdth-ether forums of pulmonary fibrosis [51]. Correspondingly,
overexpression of IL-13 but not IL-4 in the 10 mouse lung resulted in
pronounced fibrosis [52][53]. The contribution of IL-13 to fibrosis in
As tfbsuésathestianethel Jurig hbs herrrextepsivehasedioti iha tiidGse

£1400delof parasitesinduced Jiver fingosis,Specifig infibition eflLcd32by 000
administration of soluble IL-13Ra2 or IL-13 gene 15 disfuption, but no
oL BB IL-h Bt odictlon raverBan IBSHESE frine ket {556 56),

pahonic @bshrustiee ulmonaty Diseasel (OOPD)INtudesIpatigmntles from
pa0BYAfIoNs V%E@%’}&%Q%%QJ g% 9 chranic branehilis, spal; gAYy 51 .

Isease and emphysema and is characterised by progressive irreversible

Co hneg Rirtetibrodenlineent FessErdS hooFlyth cutréit astRma baded» the
notRerapy{90l Jhe indidence,ob QR hasrrisandramatiogllysmrecent

years to become the fourth leading cause of death worldwide (World , 25
ORI G GEni8Ation), CoPD f?%%?’osfé Tepfosehts 3‘75@%%%%%%%%&%

1ungea ¥ heamnderlyirg causéy of CORBdemain pooreunderstood. The

; L I$" PIoRos dhere is common 30 susceplibiity 1913
paléggéiqgea—%g%gt érﬁag%%gt%e%%%, that sliafnpilar mechlaniéms may
by cedtribute ta#le pathoheresid b¢ bbtr disorders [FA-13 gene

disruption, but not ablation of IL-4 producticn prevented

fibrogenesis in the livexr [54][55][56].

Chronic Obstructive Pulmonary Disease {COPD) includes patient
populations with varying degrees of chronic broachitis, smalil
alrway disease and emphysema and is characterised by
progressive irreversible lung function decline that responds
poorly to current asthma based therapy [901.

The incidence of COPD has risen dramatically in recent years
to become the fourth leading cause of death worldwide (World
Health Organisation). COPD therefore represents a large unmet

medical need.

The underlying cauées of COPD remain poorly understood. The
“pDutch hypothesis” proposes that there is a common
susceptibility to COPD and asthma and therefore, that similarx
mechanisms may contribute to the pathogenesis of both
disorders [57].
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7 WO 20051007699 PCT/GB2004/003059 Zheng et al [58] have
demonstrated that overexpression of IL- 13 in the mouse lung caused
emphysema, elevated mucus production and inflammation, reflecting
t man COPD. Furthermore, AHR, an IL-13 dependent
%@ﬁg%%@?k{b ?nurine models 5 of allergic inflammation, has beeH SHEWP s
be predictive of lung function decline in smokers [59]. A link has also been
Zhedabitsiet Betvectrd |ICFPprdmaler DoIRErpHISHSART s iskeptiBiitg -
13 torevelomGQRD (a0l 16 Tbesighs ares therefore dhat kalaplays an
important rale jn . the pathogenesis of COPD, particularly in patients wi
P e L RO A S S DT TN Iy 0P+
FufEhEgriave bedliRhown d:-béhigherindambpsy tissoe esamploes-frogm nodels
of %@%@éﬂetma@1%1&%@&&@9@%%@&9%@9 t@&%‘é‘“ﬁz@fﬂ@@&féo%
subjects with no reported lung disease (J. Elias, Oral communication at

LUk ERRST THOrA66 SoGe tPARRBER Mediinyy 2062)H 1 AnbiferdbigyPesm

‘esralskddpeelshaf i kddhwene Tdembnsiraied by imaiunahistothemistty in

su@@é{@@%@;‘ﬂ!‘ﬂg sggti%% et’r#gg CAFP %t('ﬁr!ts [91]. 20 Hodgkin's disease

Is @ common type of lymphoma, which accounts for approximately 7,500
cases per year in the United States. Hodgkin's disease is unusual among

Thénglignanciesinthat 41 neaplastic Reed-Starpherg, celhRftenderiveds in
from B-cells, 25 make g{éonly a small propartion of the clinical

ly .
EhYREEABET ESS HougkinY diRBASS-Tat Jéﬁ%eﬂr}ir%%t&r’?&lﬁﬁn%d&}heed-
as Stembergcelis dragquantlirexpréssdlL ABRarch its sece piop hB1] aAs hRNIS

1ePremotes eell syrvival and proliferarion in Bgfrnalg%:e&e"fnitavm%gp%%dsue

that IL-13 could act as a 30 growth factor for Reed-Sternberg ce

samARHdEF elaf HayBCHENBidtr el HiXORSUPAIHRT BntiBe8icccagainet to
ludk-1sa6an dahibitdhe gravwh of Hodgkins disqasecderivechgellipesda (.

Elias, Cral communication at American Thoracic Scciety Annual
Meeting 2002). In another study, raised levels of IL-13 were

demonstrated by immunohistochemistry in peripheral lung

sections from COPD patients [91].

Hodgkin’s disease is a common type of lymphoma, which accounts
for approximately 7,500 cases per year in the United States.
Hodgkin’s disease i1s unusual among malignancies in that the
neoplastic Reed-Sternberg cell, often derived from B-cells,
make up only a small proportion of the clinicalily detectable
mass. Hodgkin’s disease-derived cell lines and primary Reed-
Sternberg cells frequently express IL-13 and its receptor
[61]. As IL-13 promotes cell survival and proliferation in
normal B-cells, it was proposed that IL-13 could act as a
growth factor for Reed-Sternbexrg cells. Skinnider =t al. have
demonstrated that neutralising antibodies against IL~13 can
inhibit the growth of Hodgkin’s disease-~derived cell lines in
vitro [62]1. This finding suggested that Reed-Sternberg cells

might enhance their own survival by an IL-13 autocrine and
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vitro [62]. This finding suggested that Reed-Sternberg cells might
enhance their own survival by an IL-13 autocrine and S WO 2005/007699
PCT/GB2004/003059 paracrine cytokine loop. Consistent with this
RYBAHISsISs haised levels of IL-13 have been detected in the SEIUm
some Hodgkin's disease patients when compared to normal contro
3%%?%]. IL-13 inhibitors may therefore prevent disease 5_progressi nb

o RABRING (TONFATEN B ARaliG L Hest: SEmberares KRRy fidah

ratandel eelld exprestlinimuhegenicdamodi ispetiidc antigders.ddowevel, some

Ho@URPHED Many tumoprs sepptanaously L0 fegress. a numberevade the o

immune system (immunosurveillance) by suppressing T-cell mediated

[ 6 Fhmddity: Tetabe ot P U P REVE RRRFOSTRtEF AVieNe of LS $8 968

pr HRAUHIOSUPPEESSIAR ik 2 MheUse-BIodel innwhich imelysispatianecusly

g Leqress after '!Lnitial growth and then recur. Specific inhibition of IL-13, 15
Wi seglﬁbf:eel}_-fBRaZ, protected these mice from tumour recurrence.
Terabe et al [64] went on to show that IL-13 suppresses the differentiation

va ) (WMQLE SReGIfic CRBY: cytalaxic lymphoecyiss dhatmegiale Andiiimeyr:

immune responses. 20 IL-13 inhibitors may, therefore, be used
an SRR utiCANE I Dre e Rsou R e EHEE bF tnsR_EHGS afhibiton of
redlrdSs has heafbshowr id€nhiancerantingral wacetnesiimranideh fedalsance)
and may be, beneficial.in the treatment of HIV .and gther 25 infectiou
o7 RAREE T Tt Shoi e S it SRR ert Fe et o4
hairgedeukinSES ok H138 isoércapt WhereTohteidiorres rathefsisen in a
mof@ference 1o human;ILy13. Fhisds alsorefarred i B indjaces asfihe:
antigen”. The present invention provides antibodies to human IL-13

inégﬁéﬁaﬂ§9m I?%Hﬂﬁé&%srﬂﬁﬁr' Specific inhibition of IL-13,

with soluble IL-13Ra2, protected these mice from tumour

F§B41’003059

recurrence. Terabe et al [64] went on to show that IL-13
suppresses the differentiation of tumour specific CDE+
cytotoxic lymphocytes that mediate anti-tumour immune

responses.

IL-13 inhibitors may, therefore, be used therapesutically to
prevent tumour recurrence or metastasis. Inhibition of IL-13
has been shown to enhance anti-viral vaccines in animal models
and may ke beneficlial in the treatment of HIV and cther

infectious diseases [65].

It should be noted that generally herein reference to
interleukin-13 or IL-13 is, except whers context dictates
otherwise, reference to human IL-13. This is also referred to
in places as “the antigen”. The present invention provides
antibodies to human IL~13, especially human antibodies, that
are cross-reactive with non-human primate IL~13, including
cynomolgus and rhesus monkey IL-13. Antibodies in accordance

with some embodiments of the pressnt invention recognise a
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are cross-reactive with non-human primate IL-13, including cynomolgus
and rhesus monkey IL-13. Antibodies in accordance with some
embodiments of the present invention recognise a 9 WO 2005/007699
w5 TRRAA/003059 variant of IL-13 in which the arginine f’%ﬁj@ﬁgoﬁﬁf 03059
amino acid position 130 is replaced by glutamine. In other aspects an
embodiments the present invention provides sgecifi binding members,
var SgBindmana 1L-13, SPeERcANy iU T3 "6 Brist DaSerloR D
pos FiguresiFigutes 1 showscreutsalisdtionapdteacy (% mbilsitoapplcts and
em: BAISAGTATY (60820 souorcs) i (s e BAKGASEE (0pen il g
squares) as scFv against 25 ng/ml human IL-13 in the TF-1 cell
nenprslHe AR ESs a2 THearidhgle reifresdat &t intdleVaNt S cEY Bata
represent the mean with standard error bars of triplicate determinations
within the same experiment. 15 Figure 2 shows the neutralisation potency

Brigg kRt o BAR2 78t58 {68sed squares) and its derivative
BAK502G9 (open squares) as scFv against 25 ng/ml human IL-13 in the

rightal Selnpioliferation apsay. The tHandlesyepresent amirelguant sschv.
Data represent the mean with standard error bars of 20 triplicate
BAKISEMindfers RithreSame Wi etinfe e Rigard 3w thet3 (open
squieukalisationpetengy (Weinhitsitiany of. BAK289B11(6losadsyuaresjlasal 1
cEv against 25 ng/ml murine IL-13 in the TF-1 cell proliferati
e TRETRRGIES 26 Fomeotnt o ITaIIART S 3y DA 1apiesent the Foear
scEwith Skslrlardermos daks oheaiplicaie detdrnvinations dithliv tHe eahfe oF

e 1EXRSTIMENG Figure 4 showsthe:neutralisation peteagy (% mbibition) of 30

AK278D6 (closed squares) as a scFv against IL-13 in the TF-1 cell
proliferation assay. The triangles represent an irrelevant scFv. Data
FiJepsegentibesneas witusteatasd etrat potency (% inhibition} of

BAK278D6 (closed squares) and its derivative BAKLOZGD (open
squares) as scFv against 25 ng/ml human IL-13 in the TF-1 cell
proliferation assay. The triangles represent an irrelevant
scFv. Data represent the mean with standard error bars of

triplicate determinations within the same experiment.

Figure 3 shows the neutralisation potency (% inhibition) of
BAK209B11 (closed squares) as a scFv against 25 ng/ml murine
IL~13 in the TF-1 cell proliferation assay. The triangles
represent an irrelevant scFv. Data represent the mean with
standard error bars of triplicate determinations within the

same experiment.

Figure 4 shows the neutralisation potency (% inhibition) of
BAK278D6 {closed squares) as a scfv against IL-13 in the TF-1
cell proliferation assay. The trilangles represent an
irrelevant scFv. Data represent the mean with standard error
bars of triplicate determinations within the same experiment.

Figure 4A show potency against 25 ng/ml human IL-13.

10
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bars of triplicate determinations within the same experiment. Figure 4A
show potency against 25 ng/ml human IL-13. 10 WO 2005/007699
PCT/GB2004/003059 Figure 4B shows potency against 25 ng/ml human

wlﬁaw&é’; Figure 4C shows potency against 50 ng/ml naps De/003059
primate IL-13. 5 Figure 5 shows a comparison of the potency o

anti-human IL-13 antibodies in the TF-1 proliferation assay. Data
repreBefi thé rﬁ%ﬁﬁ%é&ﬁﬁ?i@ﬁﬁoﬁ%ﬁﬁ@ﬁgy %ﬁthDﬁZﬁ‘&‘an‘lg‘ﬁBr Bars-80ér

11~D37 experiments against 25 ng/ml human IL-13. The performance 10
relhative to t%% con merci%ljéég\éailaablg ,ant(%)ogg, B-B13, was_evaluated
stat‘i"scf%aﬁy y pser%qr%iﬁg a ong-wgy ANOVA with 'Dunnett's test, *
P<:082tePZD:0l13compared to B-B13. Figure 6 shows the neutralisation
potency (% inhibition) of 15 BAK502G9 (closed squares), BAK1167F2

. (closed triangles) and BAK1183H4 (closed jnverted triangles).as human#13
F191dG4 agHifee tag G RT3 T the TR=R e Proiifetation 2854y "open "
antinangles repraseat famminr'eimtam;f@@dtﬂcata_aepraejsenvm meamwsatint the
meaSLAIAAd SNQLATS 0T SEPYALE CXPENMENIS 20 BIOWEAA ShOWSs—7

potency against ig ngl?ml human IL-13. Figure 6B shows potency against

expebimpafihurgad valiar® 1093 FigureasClshols pdtehc) Hgir&se- fig/ml
re1BenhUmPan: REMatesll=-A3: 281Figse 7ishows theneuisaljsationipgtensy

% inhibition) of BAK502G9 (closed squares), BAK1167F ed
evasr}%?nﬁgs)s, LB AKI185Ma (I s"‘ecf" n e‘?trgﬁl t?i%néle%?%s“ﬁ@m%ﬁ%%ﬁa% g
Duneoemmercial=nti-humamh. 2513 ahtiBediesy B:BiRarspeitsqbar@s? 30

JES10-5A2 - open inverted triangles) in the native 1L-13

[2)

Figure 6 shows the neutralisation potency (% inhibition) of
BAKS02GY9 (closed squares), BAK1167F2 (closed triangles) and
BAK1183H4 {(closed inverted triangles} as human IgG4 against
tagged IL-13 in the TF-1 cell proliferation assay. Open

triangles represent an irrelevant IgG4. Data represent the

~mean with standard error bars of three separate experiments.

Figure 6A shows potency against 25 ng/ml human IL-13.

Figure 6B shows potency against 25 ng/ml human variant
IL-13.

Figure 6C shows potency against 50 ng/ml non-human

primate IL-13.

Figure 7 shows the neutralisation potency (% inhibition) of
BAK502G9 (closed sguares), BAK1167F2 (closed triangles},
BAK1183H4 (closed inverted triangles) as human IgG4 and
commercial anti-human IL-13 antibodies (B-B1l3 - open sguares;
JES10-5A2 - open inverted triangles) in the native IL-13
dependent HDLM~-2 cell proliferation assay. Open triangles
represent an irrelevant IgG4. Data represent the mean with
standard error bars of triplicate determinations within the

same experiment.
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dependent HDLM-2 cell proliferation assay. Open triangles represent an
irrelevant IgG4. Data represent the mean with standard error bars of
triplicate determinations within the same experiment. 11 WO

20030094698 PCT/GB2004/003059 Figure 8 shows a COfnp?H%th&fo%mw

potency of anti-human IL-13 antibodies in the NHLF assay. Data

represent the mean neutralisation potency (IC50 pM) with standard error

bars over 5 4-5 experiments against 10 ng/ml human IL-13 in the NHLF
Figeataxi release assayohrd penforhante retativede thé eomméreialy IL-13

ant3IAPlE, a_@g;)%% ﬁéi;ﬁ%&avx@a;vawﬂ%d . tgﬁ@%%qlle/ hy,perfagning a
one-way ANOVA with Dunnett's test. * P<0.05, ** P<0.01 compared to
nevgIEdi3. SH FRjure I-siews tRenetifalistich Féenes{(h mimsitioRf6F OVver

4-BAKSOZ2GE-(plased, squares) 0 BAKKLD Hhdelosed-rmngle)n BAKLE83HA

(closed inverted triangles) as human IgG4 against, VCAM-| upregulation
o5 e 1568 Of FUVEC, 1 e SPonss AL Tortg hisart 113 Open

cortrianglesliepresentliseley ant igEddyDaBrghiesertsthe vadan vith
statandard.eror pars af triplicate, detgrminationswithin 18 8aRfnett’ s

experiment. Figure 10 shows the neutralisation potency (% inhibition) of

tesip BAKSERAES (clb&ed Syubte SPERCERs 722 Ro1Bed triangles),
BAK1183H4 (closed inverted triangles) as human IgG4 against eotaxin

. release from VCAM-| uprequlation.on the syrface of HUVEC in respon
Fi @ g s%o @he n E%% lsatigﬁ)8§#§gc§”Arh E%%tgﬁéﬁf 5€

45" Sitner mg/"r“hﬁ human igure 5N uma igure
BAKHOB): O per- viseg | esirepresent BAEBET@varmt 1gead Data aeplesent the

na16aR yith standard error -bars eftriplicatedeterminalionsiwithindheisane
experiment. Figure 11 shows the neutrallsatlcr)%n_gfotency (% inhibition) of

VCIIRNR D HBBETTHLGHARIE) AU & PEnTa fRSE aphind! g MERREIE 3013
101G fhe faciosdepenrdent BO«welkprolitesatian aspays@penirrelevant IgG4.

Data represent the mean with standard error bars of triplicate

determinations within the same experiment.

Figure 10 shows the neutralisation potency (% inhibiticn) of
BAK502G9 {closed sqguares), BAK1167F2 (closed triangles),
BAK1183H4 {closed inverted triangles} as human IgG4 against
ectaxin release from VCAM-1 upregulation on the surface of

HUVEC in response to sither lng/mi human IL-4 (Figure 10A) or

0.5ng/ml human IL-1f (Figure 10B). Open triangles represent an
irrelevant IgG4. Data represent the mean with standard error

bars of triplicate determinations within the same experiment.

Figure 11 shows the neutralisation potency (% dnhibition) of
BAK209B11 (squares) as a human IgG4 against 1 ng/ml murine IL-
13 in the factor dependent B9 cell proliferation assay. Open
triangles represent an irrelewvant IgG4. Data represent the
mean with standard error bars of triplicate determinations

within the same experiment.
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triangles represent an irrelevant IgG4. Data represent the mean with
standard error bars of triplicate determinations within the same
experiment. 12 WO 2005/007699 PCT/GB20041003059 Figure 12 shows

e wlativsgvel of IL-13 in lung homogenates from sensitis
(s)(right-hand bar) and non- sensitised (ns)(left-hand bar) miggrrf)%g%uomusosg

. challenge in a murine model of acute pulmonary allergic inflammation.
FLOM1E effécCOPE SehlRisafidh Was statibitaly evaluhted By P&Hbrming
honigdeats ¢-testcusing uaniibedf [{=13 datas*<4;:08. Bax0)0kebmpared to

NoN-$ iti contro| animals.(n=5- ice). Data r t :
R g

mo i ipfstratititoP BAKPEIB1 & akeHeghanigBemEifersnt dsufistect of
se SO LI OnaR 50ypednatched lnG 4 irseleyarticonirelantihaginen

oyalbymin induced leukocyte recruitmept tQ the lung in ovalbumin
St QPR B I T TR o 1 T 1057 dare SHe 01
cozqﬁzami@o’dy treatremnt sidsi stdistcatyrelakmaiew: ly ferdormimioge waiata
reNOVA WIth Dynnetts fest using differental.cell.gaunt data. *<0.05.

*<0.01 compared to ovalbumin challenged PBS control animals (=0%
inhibition; n=5- 8 mice). Data represent the mean with standard error bars.
ri@@rkigure 1dillystratessheeffects ofty. administratiamdf iBAK20961 1ods

0G4 in different amaunts c ared to an_isotype matched, 19G4
SRR e e N e R
istherhgrrtohalBuRtl £5isarsitsed micenThe humtidisidbgiopist isumin

indheud (19 the effect,ot antipody treatmenhwasstatistigally n
evaluated by performing one way ANOVA with Dunnett's test using

seqdrbAfdl BEiFEountldal "EB D5, ¥ B AUmbERd D BhatniH 107 -
thehaltenged PBS conyobgnimals{mef4k inhibitionaht5btically evaluated

by performing one way BANOVA with Dunnett’s test using
differential cell count data. *<0.05. **<(.01 compared to
ovalbumin challenged PBS control animals (=0% inhibition; n=5-

8 mice). Data represent the mean with standard error bars.

Figure 14 illustrates the effects of i1.v. administration of
BAX209B1l as human IgG4 in different amounts compared Lo an
isotype matched IgG4 lrrelesvant control antibedy on ovalbumin
induced eosinophil recruitment to the lung in ovalbumin
sensitised mice. The number of eosinophils is shown (x 10%).
The effect of antibody Lreaiment was statistically evaluated
by performing one way ANOVA with Dunnett’s test using
differential cell count data. *<0.05. **<0.01 compared to
ovalbumin challenged PBS control animals (=0% inhibition; n=5-

8 mice). Data represent the mean with standard error bars.
Figure 15 illustrates the effects of i1.v. administration of
BAKZOSB1ll as human IgG4 in different amounts compared to an

isotype matched IgG4 irrelevant control antibody on ovalbumin

13
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30 8 mice). Data represent the mean with standard error bars. Figure 15
illustrates the effects of i.v. administration of BAK209B11 as human IgG4
in different amounts compared to an isotype matched IgG4 irrelevant

cvatralisantivedy on ovalbumin 13 WO 2005/007699 PCT/GBZ&) 4030350
induced neutrophil recruitment to the lung in ovalbumin sensitised mice.

nal A NYMREL of pevtrophils is;shown (¢ 104) The,sffect ofgatihody
lndﬁggﬁngﬁtggv%%psﬁétflstic%}%ly evjéluaeted by perfiormingg one V\Q/)ay ANOVIA with

senpiphetts Estasingbliferehas odll ecureaal 10 bs. shgypy (x 107 .

TheCRPPSked de Qvalbumir challenged. PBa sostiakaritials (39%einhikitend

n=5- 8 mice). Data represent the mean with s ard error bars. Figure
oy FETHATARY Bl R S S o0 ST as ooman

5 of I.v. administration o
di fifeirt different amoumts: céaipared 6 ahs isofy7é nidtchedpgGad to

ovaltiglevantsantial antibody on-oyalbumin Jindueed [wnpheeye ecryiments. .
to the lung in ovalbumin sensitised mice, The induction of lymphocytes

8 mige ltodeR B pepRIERRG ihibiiSd By BAK 2688 1ARTR At GiaP HiBitidn at
15 34g/ml of BAK209B11. The effect of antibody treatment was

, Statistjcally. evalyated by performi ne . ANOVA with tt's test
Flg&éﬁﬁgﬁ |ff(§;l§n%%$%%%%guﬁg gat%rg%%%%.éf< 01 %%%%%é&%%%%ﬁrﬁrn
BAKSHHIRWy etsP BSteontial @hirial S {£694 RIHIbIHBAVHES-SRIEHT Batao an

is ﬁiﬁ%s%ﬁk%ﬁ@@e@QGM“Qf%%@@@gﬁﬁjSgﬁﬁﬁﬁﬁsaﬁgyﬂ%éfiwﬁﬁE¥§§Hﬂﬁin
eftects of i.v. administration of BAK209B11 as human 1gG4 in different

indyaelnly BBRPEYES t& SR IEbERE Matendd g dHeldvant 2ontHar™
seram'tbmhgommalbummammeﬂdmonﬁcytﬁfm}acme{fmrd@mnt to
derBeung n qvalbumin sepsitisad fpice, Thete waz.ng slonificantinarease, .
in the levels of monocytes/?fnacrophages of sensitised animals when
3pgcbmparfedaEth0Ssitiol anihelse Hitavevers saol Dackyrcuneh tevels ofas

sedPgse cellswere depressed Py RAHMLBAK209BILIY anova with
Dunnett’s test using differential cell count data. *<0.05.
**%<0) .01 compared to ovalbumin challenged PBS control animals
(=0% inhibition; n=5-8 mice). Data represent the mean with

standard error bars.

Figure 17 illiustrates the effects of i.v. administration of
BAK209B11 as human IgG4 in different amounts compared to an
isotype matched IgG4 irrelevant control antibody on ovalbumin
induced monocvte/macrophage recruitment to the lung in
ovalbumin sensitised mice. There was no significant increase
in the levels of monocytes/macrophages of sensitised animals
when compared with control animals. However, such background
levels of these cells were depressed by 236ug/ml BAK209B11 in
sensitised animals. The effect of antibody treatment was
statistically evaluated by performing one way ANOVA with
Dunnett’s test using differential cell count data. *<0.05.

*%<0.01 compared to ovalbumin challenged PBS control animals

14
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30 sensitised animals. The effect of antibody treatment was statistically
evaluated by performing one way ANOVA with Dunnett's test using
differential cell count data. *<0.05. **<0.01 compared to ovalbumin
wlietiesgeddsBS control animals 14 WO 2005/007699 PCTIGB2004/003059
PCT/GE2004/003059 (=0% inhibition; n=5-8 mice). Data represent the

V\Q.’h standard réogmg%r? 5 ngl%r% %% shggvgntpe %ﬁeggh C%tlamth

commerC|a anti-IL-13 neutra ising anfi JES10- 5A e Influx of
stapdisthember &fdeakocytes is shown (x 10)) into the murine airpouch
elicited by administration of bacterially derived recombinant human IL-13.
The effect of antibody treatment was 10 statistically evaluated by
performing one way ANOVA with Dunnett's test using differential cell
Figoeant.datshdwd.05 <0l tompared to@MGedentralranimals- 0%

neume'ﬂgﬁna L= A3 mige) s Pada represent the mea \yith standard eratmne r

bars. 15 Figure 19 shows an sequence alignment of cynomolgus IL-13

of ABHIFRENEATaH AL-1BAMinbradil ddquighc@ st e uvErFafind a8

elltaﬂdaeayﬁatdikﬁﬁ&b@ww@ﬁummalmd:@ymampjgufeux&acar@ea@adﬂaant

N Rhe nomgégus IL %TB have an |de tical amll‘]é) acid sequence.
38 Fi gure 20 Ustrates e 8ffells mbsmgl f(?mg%(g iv Bolus dose of
staBAKE02G9 psdwahan 1gG4oon serdinigEievelsdn danllaiFhurith

aunﬂg@’éﬂ?”@QQ‘éd&é@Q Agys primates {2 fale/2. Jemalekever 29 gays.

Serum IgE concentration is significantly 25 reduced from 100 % (predose
<y 86 FOWGFEShFS Ve SPEETs) 2t AR 5 TAYs Hitet dibsing THIS L
13 Invering ok iserumdgEseoncameationaecovers 088 d3 % oé eentroblevels

by day 22. * = p<0.05 as compared to predose IgE levels, repeated

measures ANOVA followed by Dunnett's multiple 30 comparisons test
Fignest dfinsdig)is an sequence alignment of cynomolgus IL-13

against human IL-13 amino acid sequences. The seven amino acid
regsidues that differ between human and cynomolgus IL-13 are
shaded. Rhesus and cynomolgus IL~13 have an identical amino

acld sequence,

Figure 20 illustrates the effects of single 10mg/kg i.v bolus
dose of BAKS02GY% as human IgG4 on serum IgE levels in 4
aliergic but non-challenged cynomolgus primates (2 male/2
female) over 29 days. Serum IgE concentration is significantly
reduced from 100 % (predose) to 66 + 10% of control values
{(p<0.05), at 4 and 5 days afier dosing. This lowering of
serum IgE concentration recovers to 88 + 8 % of control levels
by day 22. * = p<0.05 as compared to predose Igh levels,
repeated measures ANOVA followed by Dunnett's multiple
comparisons test (n=4 animals).

Figure 20B shows relative serum IgE levels of male and female
cynomolgus primates versus time following a single 10mg/kg

intravenous dose of BAK502G9. Relative serum IgE data are
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PLOPERH by SHYRF BT ary frearment (Hay 0) rd oSt S5

Figure 20B shows relative serum IgE levels of male and female

cynomolgus primates versus time following a single 10mg/kg intravenous
dose of BAK502G9. Relative serum IgE data are 15 WO 2005/007699

RO bifod20664/003059 expressed as arithmetic mean SEM pereeptiagteiose
baseline value. Figure 21 illustrates the effects of intraperitoneal 5

administration of BAK209B11 in djfferent amounts (H=237g/day. - ;
SEPRRESS g?dsayaé:ﬁ& 195 gf&%@?cﬁm%gbﬁegwﬁegr%l Zf( oetype matc?heldnlegGl
valweelevant control antibody on the lung function of ovalbumin sensitised

~and challenged mice. In Figure 21A lung function is represented by log
PC50s (log methacholine 10 concentration required to jncrease baseline
ﬁggtion,
admehalienge- and drugstieatient (day 26): Figue? 1Anshaws the+awigataday,
used to calculate the study endpoint, shown in figure 21B (Delta log

M=2pChisy/ Bava péstekaht B AEHTY ith SERAS SitéP 15 bard5Hss. In

mat Eige 248 chanaingdung fupgtionis showpbya change in wanyintividuabn
mouse's Ipg PC50 (delta log PC50). Delta log PC50 is defined as.an

°f v Hgll'%gchsa %%1%1188%%%8 a??()]%gﬁggrgus%%éy gl.erbatjé %%Fgeszelrﬁ

lungroupmieamrdelta logpPesMhtirdivivlnal chaifges avérayetithfholine

contésm%@fi%rQUPé){wi%%ta@Qaﬁ epor, hars, Thegffect of angbody sy

treatment was statistically evaluated by performing one way ANOVA with
befDEANBRYS tBEE SN Heltdady PCEG dabp *4p 2G0T doripardlo chattenge
andovalbymin 25tsensitisethand challenged €optnl ahivalst{hs8:micejata

uscfiie Snaniaeehe T TLinra o) and pvaemia fuek 218

=
administration o rent amounts

(Deddrmpared & ar isobyie nvaehed 4G4 Edtirraavantident ol aptipsdy R O

bahetetallgukocyte recruitment (Figure 22A) and eosinophil recruitment
(Figure 22B) into the

In Figure 21B changing lung function is shown by a change in
an individual mouse’s log PCsy {delta log PCsp). Delta log PCse
is defined as an individuals change in lcg PCse at day 25 verus
day 0. Data represent group mean delta log PCso {individual
changes averaged within treatment groups) with standard error
bars. The effect of antibody treatment was statistically
evaluated by performing one way ANCVA with Dunnett’s test
using delta log PCsy data. **p<0.01 compared to ovalbumin

sensitised and challenged control animals {n=8 mice).

Figure 22 illustrates the effects of local (i.po.) and
systemic (i.v.) administration of BAK502G9 as human IgG4 in
different amounts compared to an isotype matched IgGé
irrelevant control antibody on the total leukocyte recruitment
(Figure 22A2) and eosinophil recruitment {Figure 22B) into the
alr pouch of BALB/C mice. Data represent the mean with
standard error bars of n=10. The effect of antibody treatment

was statistically evaluated by performing one way ANOVA with
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air pouch of BALB/C mice. Data represent the mean with standard error
bars of n=10. The effect of antibody treatment was statistically evaluated
by performing one way ANOVA with 16 WO 2005/007699

RO bHed@id¢/003059 Dunnett's test using log-transformed ¢ata iR RMR0s0
**p<0.01 compared to hulL-13 challenged mice (n=10). Figure 23:

illustrates the effects of |.p. administration of ,5 BAKS02G9 as hyman, 4
Du%%%j: cgmtp%srgd 18 Ja%(-:[isgtgy%egr%%?&%f %eé% di?r%?évarﬁ%%hﬁf antigédy %n
comprergeldlopieht ol AHR afbllendirg imiateactical @dministration of human

IL-13 to the airways of mice. The effect of antibody treatment was

. statistically evaluated by performing one way ANOVA with 10 Dunnett's c
FLRREE uihy PEDHD Miaftfthbife Hata+50.65. #0:0F Coparediio-fiie ©
BAHIIDAA ksl 3 positive gontrobgrade dh16-8amitehData represent theG4

. __mean.with staq:darg err r.ti))a 5 Figu%yég%\is 2}@ Q&utgagis&ggn
lrrﬁot%ﬁ%??%c?nnax‘?r%al 5 résr?o se) of BAK50269O cloesed squares) as

foliyeU agaikst BORhGARN F-1 AT hbatarrB il 19E pradRRtiohas3aycOeh

aiSAAIes srepresenta irsglevant G4 RDatsorepresentithienean yvith
standard error bars of six donors from separate experim%
i

e TR bR B ARROBE B T SR HEtn A of it

ation o"f’%lgonist
Durindtitéd Ca=2+ Sigralling (hdardfectialcsmidotke ndascle céld.. Phe arég0.01

coxeégﬁ%&hgoc%% (ALIG),of the GaZt signalling sesnQse;ighistamine. was

_ determined for each antibody +/- IL-13 pre-treatment condition. Combined
i Gfelta I HBNT BRES Tiddpéritie s erinténts RS PIor irefAaht
antibody CAT-001 (a) and BAK502G9 (b) as the percentage difference

, versus untreated cells of AUC D([Q =not significant (p>0.05), *p<0.05,
S ) e Fe s (RS AANSHEAR) vl Rt ot e Ay
regralysis of SRR THHRR ANOYSdvitlu Borgerronis Fafile cohmsdriséhs /ml
1L-POSYIESE human B cell IgE production assay. Open sguares
represent an irrelevant IgG4. Data represent the mean with

standard error bars of six donors from separate experiments.

Figure 25 shows the effects of BAK502GS on IL-13 induced
potentiation of agonist induced Ca®' signalling in bronchial
smooth muscle cells. The area under the curve (AUC) of the Ca®
signalling response to histamine was determined for each
antibody +/- IL-13 pre-treatment condition. Combined data
from three independent expériments axe shown for irrelevant
antibody CAT-001 {a) and BAK502G9 (b) as the percentage
difference versus untreated cells of AUCESD (ns=not
significant (p>0.05}, *p<0.05, **p<0.0l}. The results were
statistically evaluated utilising a one-way analysis of
variance (ANOVA) with Bonferroni’s multiple comparisons post-

test.
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17 WO 2005/007699 PCT/GB2004/003059 Figure 26 shows effects of
phase Il administered BAK502G9. Figure 26A shows effect on AHR as
measured by change in area under the histamine dose response curve

e 2d)smigiare 26B shows effect on AHR as measured by changgdsheeo3uso
PC30 (n=18). Figure 26C shows effect on antigen priming (n=20). Figure

. D ct BAL inflammation (n=21).. Figure 27.s fect of
Rl oL S Pl R By A ey LA Al e o
a pBteetagé U thborespoRteasd (prl SR ries(I00Rs)ERE expredserasin

ardReaRdSEMIY% sonrtrokah separateexparinaents.fim Gindividual donors
(performed in tripli ate%é15 Figure 28 shows effect of BAK502G9 and

irrelevartIg G ort N3 BhARTILCR intitetrPBRIC 1523 Ripfoddian, 17

PCi;Dafta=dre) presented as a percentage of the response to IL-4 alone (100%)

and.expressegasmean SEM% ssgntg&'@%“eae@@%ﬁn PgIimeRts from

4 individual donors (performed in 20 triplicate). Figure 29A shows effect of
BARE2ES0 SRNHEREOELRE prftiuRfibn inddesmBy 48 culitteé with

IL-13/ TNF-a/ TGF-01 containing media. Data are shown as an arithmetic

. n,SEM 25 framriplicate deterpunations of the.media used in thjs
Fldg%g y?toElsnducg Ieukgc%%e% ap%e?cghange.oﬂggﬁé fggls%ol\}v%ee e&z%tgogf
eXIFARSOPGI oRZHapRChahis6hhamahs cdsRROPFRS tRdiecetfbiel16

redfiullion efcondiioned madia; @f:Pata Roiis represented a.meansHEN
%Dblank media shag change from separate experiments from four

CONLERId A dorisrs > Figire™3 SholE iyt & ARHaR 1L A a§amers

{pemirnedt13nhighfighting tke mutations that were introduced into human IL
i8 WO 2005/007699 PCT/GB2004/003059

Figure 28 shows effect of BAKS502GY and irrelevant IgG4 on IL-
13 and/or IL-4 induced PBMC CD23 expression. Data are
presented as a percentage of the response Lo IL-4 alone (100%)
and exXpressed as mean * SEM % contrcl of 4 separate

experiments from 4 individual donors {performed in

triplicate).

Figure 292 shows effect of BAK502GY9 on NHLF eotaxin-1
production induced by 48h culture with IL-13/ TNF-o/ TGF-B1

containing media. Data are shown as an arithmetic mean + SEM
from triplicate determinaticons of the media used in this study

to induce leukocyte shape change.

Figure 29B shows effect of BRARE02GYS on shape change of human
eoglinophils induced by 1:16 diultion of conditioned media.
Data points represented are mean + SEM %blank media shape

change from separate experiments from four individual donors.

Figure 30 shows alignment of human IL-13 against murine IL13

highlighting the mutations that were introduced into human IL-

18



ig

15

20

25

30

13 to produce the first panel of IL-13 chimaeras. The four alpha helices
are highlighted in boxes and loop 1 and loop 3 are labelled. Five chimeric
proteins were produced where helices B, C and D, and loops 1 and loop

nveiRdeRiaged with 5 the murine sequence. Four further chifpeiiG-n04/003059
proteins were produced and numbered according to the amino acid in the

13 %{g@o@&@%ﬁi@ (Pof o the numbering of the mulfiple aligment abgye)

e arginine at residue 30 (position 34 above) was mutated, residues

almmahig Buqpositioh 37 ahtisd epdverwerEad muthte CRosidaes! 3¥as 2
ar@Sl@ﬂg)lW@ﬂe. Wpﬂa&eg:fmﬁémr& 45&3:&%1425 atb)@\i%;, m&%@uﬁ&é@e&md

41 (TQ) were mutated (position 44 and 4 ove), Figure 31 shows.
e i of HRa 1L gRRRE ML P90 & EGhERG TRECS it
thenmatibns thatwere mtrddumeEinté hemarh flrelSito producenthersecsond
pr@@ﬁ'@é&f U343, 0himasias o shimasrag ware pipduged where theWman .y

residue(s) were substituted for the murine residue(s) (highlighted with
PIHOREST Fdur fRheF Bnihérie BrofiS Werd produasH SHRhGnTer AR
abh&eeprding te the-aminaacid posiioiiia the hymartpehprtesyvgreras

leycine at residue 5 2 in.abgve figure)l was mutated, leucine at,
m”?élsﬁ%é ﬂegS(LrggF u;% %62§ néjb(?\?e)e\ﬁé% i’Ln%u ate ) ysﬁ‘ﬁg a? %o%lt%‘ﬁeiﬁl sre
mu {residlie 127 above) asnduitied Vand eeginirneapiesidue 227 (iesiddé and

42 1328R0ve - Zodwas mutated 4 bigwe 32;shaws mutatons made;to Buman; on
IL-13. Mutations in dark grey reduced binding to BAK502G9, mutations in
44 ightlgrey YRPRBL alter binding. Linear sequence of pre-human IL-13 with

30 the mutated residues indicated. In various aspects and embodiments

i oﬁ%hee %}i’ef “8%&“% § I, provided the subi t'—@%“%’qggﬁ‘s?tc'ﬁh@%é%c!99%3
elow. 19 In a first aspect, there Is providead an isolated specitic |nd|ng
highdmhbBE forchurhan®utesions that were introduced into human IL-

13 to produce the second panel of IL-13 chimeeras. Six
chimaeras wexre produced where the human residue(s) were
substituted for the murine residue{s) (highlighted with
boxes) . Four further chimeric proteins were produced
{numbering ils according to the amino acild pesition in the
human pre-protein) where leucine at residue 58 (62 in above
figure) was mutated, leucine at residue 119 {residue 123
above) was mutated, lysine at position 123 (residue 127 above)
was mutated, and arginine at residue 127 (residue 132 above

was mutated.

Figure 3Z shows mutations made tc human IL~13. Mutations in

‘dark grey reduced binding to BAK502G%, mutations in light grey

did not @lter binding. Linear sequence of pre-human IL-13 with

the mutated residues indicated.

In various aspects and embodiments of the invention there is

provided the subiect-matter of the claims included below.

1%



comprising an antibody antigen-binding site which is composed of a

human antibody VH domain and a human antibody VL domain and which

comprises a set of CDR's HCDR1, HCDR2, HCDR3, LCDR.i, LCDR2 and

LCDR3, wherein the VH domain comprises HCDR 1, HCDR2 and

HCDR3 and the ¥i-demain comprises kOOKLCOR2 aftkkEDRBecific

._wherein the set of CDR's cansists of a set of CDR's selected from the

bingidgp BoTRTtIng bf tHEBAK278D6 set of CDR's, defined wherein the ‘
comBIGBRL has the ARG ackl'Sediehce ot SEEF 1BNO: 1 i HEDR S Figg = =

acid sequence of SEQ ID NO: 3,.,the LCDR1 ha theu%m; 0 ag{LdD 3 1oDR1
andsediéncs SFSES S NO:3£ the 1. CDR2 hal té armino acid’ sequérice 5~
cpBEQ IR N@5.2and; the-kEPR3 Bay thesaminoracidrserience 1 FEQ IDHCDR2
NO: 6, a set of CDR'swhich contains one or twa amino acid.substitutions. -
andeginBiredWith the BAKZ78D6 set 6F €DR's. %n‘d”%%%h s“ét((j (“)Jfa ?EDTQI}S as !
wheshownd{eringddddual cioressincEatdeé shza seécond=agpect, there is providetd=<
_an isolated gﬂrétibgglys\{ghdpmaigpf a specific binding member as defined
*OM theTirét aspect, i a tﬁl"ra%spé(:t, there is provided an isolated antibody
VL domaihrdf B sgedfic binflingembetabidefihedla f5e firsthgspectp has
- o2 fourth aspect, there s provided a.compagiiory comprisinga Speeific: n»
“h“bi"ﬁzgii“’rig mgeerﬁber, énﬁﬁéd'y"'VH"domaip or antibody \?L as defined in the
amifirst to-tirdsaspents and At Seastond' addionaitdmibetient fhsa fitR 2m-no
2 - 135Red, there is providedran igolated nucleie agid which eorapdsesa acid
nucledtide sequence encoding a qu(frlj‘lc 19a binding member or antibody
seQVRNGTaVL Hofidin B alépeciic bitding Riember s d&tinst-ntha %t to
c=hird-aspeets 4p arsixticaspect dhere:isprovided achasteel invilk acid
sequence of SEQ ID NO: €, ;

2 set of CDR's which contazins one or Two amino aci

0.

substitutions comparsd with the BRK278D6 set of CDR’s, and

each sa&t of CDR’s as shown for individuzl clionss In Table

In a second aspect, there is provided an isclated antibody
VH domain of a specific binding member as defined in the first

aspect.

In a third aspect, there is provided an isolated antibody
VL domain of a specific binding member as defined in the first

aspect.

In a fourth aspect, there 1s provided a composition
comprising a specific binding member, antibody VEH domain or
antibody VL as defined in the first to third aspects and at

least one additional component.

n a fifth aspect, there is provided an iscolated nucleic

i

acid which comprises a nucleotide seguence encoding a specific

fot
o
3



transformed with nucleic acid as defined in the fifth aspect. In a seventh
aspect, there is provided a method of producing a specific binding
member or antibody VH or VL domain, the method comprising culturing
host cells as defined in the sixth aspect under conditions for production of
said ;specific binding member;ar antigady VK or Y1, domaig. n ap eighth.
aspect, there Is provided a method for producing an antibody
binghfigeABHaFdoRain Bpecifie for TifmaRdLES, telmetid®edhtprising
providing, by way of addition, deletion, substitution or insertion of one or
more amino acids i.’\ét?f}te amino acid sequence of a,parent VH domain,_
Comprising f Daﬁ%, CDRZm d HCD % wherein the parent VA
trageirainCRRL, MCDR2Cang HCBRJafe 1he 34 KZ7F8DE6 Set of HEDR's,
defined wherein the HCDR has the amino acid sequence of SEQ ID NO:
|, the HCDR2 ha_athe amino acid sequen-- of S g ID NO: 2, the HCDR3
hasthe®afinG acid asséjqeucetrfcetof SEQ TD*NOY 57 0F tﬁer@eAtI]{‘% 9 seat of
prodCBRS, 2 defined Whelsindhe HEPRE hastherdrmidacidisequéiice of

domaEQ 1D NGl the HERR2 hagthe aming acid sequenee of SEQIB: MO

8, -the HCDR3 has .ne amino acid se uence of SEQ ID NO: 9,a"'.7v

10 §batit Which 78 &R armitis Acif S6q0enEs vaRant bf s tardnt Ve ¢

s pedarhain cand testing: sarkVPrdemaifr whiciis an afhinagidisequence
variant of the parent VH domain to identify an antibody antigen binding
domain specific for human IL-13, or combining said VH domain with one
or MBré VL Ed6Miaing i Provide’5n& ormbré \AHRA Goftbinidtiorns and

prdestingdhenvEAYL beambinatiore oF icoimtingtidnsda identify an antibody

-~-antigen binding domain specific.ig human IL-13. iyh In a ninth aspect,

“Pfhere s ﬁPdviggg léi?n?lﬂtﬁ'oﬁi Sr b’?d’dgb“lﬁazgfgﬁ a%ﬁ%%dy“ Antigen-binding

dorpairvsgecific farshuman L2135t rhethodiconsprising substitution or

insertion of one or more amino aclids in the aming acid
gszquence of & paresnt VH domain comprising HCDR 1, HCDRZ and
HCDR3, wherein ths parsnt VH domain HCDRLI, HCDR2 and HCDR3Z are

the BAKZ78D6 set of HCDR’s, defined whesrein ths HCDR1 hzs the
g

o ildentify an antibody

provide one or more VH/VL combinations and testing the VH/VL

combinstion or combinations to identify an antibody antigen

binding domain specific for human IL-13.



providing, by way of addition, deletion, substitution or insertion of one or.
more amino acids in the amino acid sequence of a parent VH domain
comprising HCDR 1, HCDR2 and HCDRS3, wherein the parent VH domain
HCDR1, HCDR2 and HCDR3 are the BAK167A11 set of HCDR's, defined
wherein the,HGRRI:has the -amino acid sequence of ﬁ&%ﬁ@ Eo: 95, the
HCDR?2 has the amino_acid sequence of SEQ ID NO: 56, the CDR3 has
PhReaminD acid SedEhee 8 SE B NG B9, i@ BAK615E3 set of
SPRCOR'S, defined-wiergin-the, HCDR Has!the aming acid sequence of
SEQ.IL 1: 193, CDRZ has the amino acid sequence of SEQ ID
| NO%&?%@@CDE% Elgﬁhoe*a%Tﬁd%ﬁa%éq%éﬁéé of BEQ FEr N 4550 °F
g SAKB8RF 7%5et 0F HODRSs, afefined avheteinithe HHEDRA: has the: o
~ seaminp-acidseguence of SEQID.NO: 141, the HCDR r&";ﬁ the aming, acid
?21 uence of SE ‘I_Dgl\%?}azc}?hq H%c%%ﬁ%%%? .QﬁazéHt ZR arriningl] g%%fl =nd
FC S leNER RS EQUDFNER 193; oY Thé! BAREL 2B 561 of HUBR '@ndeHisk3 ars

chwhergio ghe HCRRE has theramino acid seduence. oESEQ.ID NO: 147, -,
e HCDR?2 has the aming acid sequence of SEQ D NO: 148, the ' -
“THCDR3 has g aminG dtid sequéncd'of SESY ID-R®: HE85 2 Vebdémairmnino
& cwiceigiamaming aciseruence \asiant ok the parert MH domaig:and . -1 4
=lesting said VE-domain,which is an amino acid sequence variant ,of the
® %?ren%‘/ aog&a%n r%o'gicr]..“e}s\nl'tif);J ah antibody dhtigen BiRdingdoiRam speciis 1nad
wLEgrehuman $L-48PBE combirihg said WH demainswith Ed-eneer ;e 3BL o
15 8domains to- provide ong.Qr ¢ VH/VL combinations and testing the
.. VH/VL combination or com |ri%':;l;[ql(r"gné'%o"“|%IeEr;ﬂ’n%/“a“r]?w aﬁtit%dy*aﬁtigéh NO: 134
R Bintig doAmin Specifitischamas |EEB149c4n aftehtDaguectothere fs -1

=aprevided admethed:ofspraducing a specific hinding. member that binds . _

human IL-13, which method comprises:
am¢“?_ac1d seguence of SEQ ID NO: 141, the HCDR2 has the 2mino

qr
e

Fas

cidg 13 ~ & - " 3
acid sequence of SEQ ID NO: 142, +hs HCDR3 has the amino zecid

7

W)

I
jal

bl
AL

il
(53]
L&

I-Yorb \ J 3
seguence o NO: 143, or the BAKGIZES set of HCDR’ =
Y -~ " - ' 4 - o " f
Qeillned wherein the HCDR]1 has the amine acid ssguence of SEQ
T P 147, ¢ ' has ] ; 4 I
ID NO: 147, the HCDR2 hzs the amine acid sequence of SEQ ID
NO: 148, the HCDR3 h £l :
¢ lao, the |} 3 nas the amino zcig 2 EQ II
1 &nlno acia sequsnce of 880 ID NO:
1490 o~ FRR R i on 1 y
=2, @ VH domain which is an amiro acid seguence variant of
] - —— L
the parent VH domain: and
testing szid VH domain which is an amino acid.smcuﬂﬁcm

—m?" e P-4 : - h - ! y
var.ant o the parent VH domain to identify an antibody

Al
]
¥
ot
jlo}

&n binding domain specific for human IL~13, or
n I 3, or
combining said VH domain with ona Or more VL domains to
e _: 1 Trr ad 4 3 LN . )
pLovids one or more VH/VL combinaticns and Testing the VH/VI
i d A = - d al

"Ombi;“t' g e Ty 4 B~ f e
c fation or combinations to identif an antibedy antigen
1

Y
binding domain specific for human IL-12
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providing starting nucleic acid encoding a VH domain or a starting
repertoire of nucleic acids each encoding a VH domain, wherein the VH
domain or VH domains either comprise a HCDRI, HCDR2 and/or HCDR3
to be replaced or lack a HCDRI, HCDR2 and/or HCDR3 encoding region;
combining.said starting nuclejc acid;qr starting, repertoire with donor
nucleic acid or donor nucleic acids encgcflng"or produced by mutation of

PTI0 GriiRoadiB $eaiicn e 6f the HOBRISE®YD NO: 1) or HCDRI (SEQ

21 NOA: HCRR2{SER :IDINQ: 2) gk HEDRR2 (SEQ. 1D NO ,.8) and/or
HCDR3$$EQ ID NO: 3), or HCDR3 (SEQ ID NO: 9) such that said donor
nucleic acit 18 Sordaiior Ttk Iic aiitls @ré fiserfeerinto fe EDRY, €PR2n or a

st andfor cCPR2:tegiamdn the statinginucieic acid-arstasting kepeytaire;so

do22 10 provide a.product r\gfpeétoirgqof nucleic acids encoding VH domains;
expressimg the nucleic acids oF S4idt prduct réBRaiTe 16 prodtce phodiicte @

HCMH dom@ins sefetting aispedific binding-membesspecificsfor hymamz1 |,

1 He3 3. Which specific, bindir mggt}eer comprises a product VH domain or
combining said product VH domains With ohe or more VL domains and
sele€fifiy a"spetifcabidiigemenitierspetific cfor humarr |Ls 13 rwhich

r=8Recitic binding memher.comprises. aproduct.VE damainand a VL . .
domain; and recovering said specific binding member or nucleic acid "

SP&hicodiAg Tt 1989H HiFSlevEnti dsett there istftoaRitd  Areifodequence of

=heomprisnyisngtrg binding & speeifichindinggpemper that bindsb-E3 as o

TDd%grge% ;n the f_i,r(§t g%pe%t?to hu‘man IL-13 or a fragment of human IL-13.
““In'a twélth Aspect: thel's T&-provided the! use 6t & Speiibindig meniber 2
oragdefideddathe first@spect imtbe that said donor nucleic acid is

ad

(=N

nte the CDR1, CDRZ2 and/or

i

o

or doncr nucleilc acids =zres inser

+
rt
-
]

CDR3 region in the star g nucl

it

ic acid or starting

I%

repertoire, sc as to provids a product reperteire of nucleic
‘acids sncoding VH domains;

expressing the nucleic acids of said product repertoire

r

to produce preduct VH domains;

selecting a specific binding member specific for human

i

IL-13, which specific binding member comprisss s product VH
domain or
combining said product VH domains with ons or more VL

domains and selecting 2z specific binding member specific

for human IL-13, which specific binding member compriszes
a product VH domain znd 2 VL domain; and

re

0

overing said specific binding member or nucleic acid

&
=

=
1

coding it,



manufacture of a medicament for treatment of a disease or disorder
selected from the group consisting of asthma, atopic dermatitis, allergic
rhinitis, fibrosis, inflammatory bowel disease and Hodgkin's lymphoma. In
a thirteenth aspect, there is provided an isolated specific binding member
for ﬂun@@'i?@hje-;tgmqamwﬂsag Aarcanatibody aptigenekindingrdomain site

which is composed fahuman antibody- VH domain ;
g+ Whit r%pnseé% set of CDR's, HCDRI,

CT3htiBody VL Omain an ith co

'Héﬂgggngﬂat

bing€DR2} HIGBRS: LOBR 1 ECHR2%E ECORS SWhefe eV i domait

£raSR@prises HELRI HCDR2 and HCDR3 and the VL domain comprises
LCDR1, LCDR2 and LCDR3, wherein HCDR1 is of amino acid sequence
which has the formula H_X1 HX2 G HX3 S wherein HX1 is selected from
the groaptecrisisting opd:1Q, DRtrs. HRdHECMXPEE Sélectetkbfrom the

soe%r%ﬁzcenﬁ@ﬂg Yo@nekT, E'%%@@@@@te&freﬁbthﬁ%qura epasisting af\,

Fand L HCDR?2 is of amino acid sequence y whi
manﬁ@ﬁw%@f HXTEMGF X5 YHEXID AXTTAXT F

=

X

the formula N |

13%HX12"

a1 swheseinddeadXdds Selectetframotie groupteonsisting of S1DiaN, AL9R1G

der%ﬂqfiJiX5é§f§#3¥8dﬂ%§W&¥E%9“%&b%%@%%ﬂngﬁﬁféd%a€bﬂy 231N
d Y, HX6 is selected from the group consisting of N, D, L, A, P, T, S, |

dﬁéﬁ&?{ R 7t et fEAPHE Group conS|st|ng of N, T,D G,Kand |,

In a thirteesnth aspect, there is provided an isolated

specific binding member for humah-Il-13,

comprising an antibody ant

1
composad of a human antibody VH domain a

e

domain and which comprises a set of CDR

[l

WHEerein
H¥. is selectsd from the group consisting
and I,
¥, is selscted from the group consisting
E¥.: is szelected from the group consisting

lgern~binding domain site which is

human antibody VL

which has

HCDR1, HCDRZ,

@]
Fh

1 H¥.p F OH¥ia HXa
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R,

f-..

N

K

A
-

M,

30 HX6 is selected from the group consisting of D, T, E, Q, L, Y, N, V, A,
M and G, RX9 is selected from the group consisting of N, I, L, Q, S, M, H,
D and K, HX1p is selected from the group consisting of G and R, HX11 is
selected from the group consisting of Q and R, HX12 is selected from the
group consisting of E, K and G, HX15 is selected from the group
tensistingeokQantl Rx5id X4 issselected drom the group-cansistingof &
and K, HCDR3 is of amino acid sequence which has the formula D HX15
EX16 iX27 HXle W A R W HX19 F HX ,p L 10 wherein HX15 is selected
H6m ilse grdur tensistingrof SeRgand:P, ddX18 is:-selgcted mqmrthecg,rota‘p
cqtaS|$t|ng Sof, N, D, 15 and P, HX17 is selected from the group
conS|st|ng of S and R, HX19 is selected from the group consisting of S, N,
BT LR, PaRd KeRNISIs Sélectertiom the grcup consisting obF and 20
I—@(lplsqﬂe@ted from the group consisting of D and Y, 19f LCDRL1 is of
amino acid sequence which has the formula G G LX2 LX2 LX3 G LXy
%5 L BF25 Wifeih XL 5 SelaERaMrorRAe grdum cordsisting of N, DD
and S,, LX2 is selected from fire group consisting of N, I, L, N, 2,-V, K, Y
E. R, T J, A H .and G, 30 LX3 is selected from the group consisting of |
Vo 15815 SeRted Tt Groupreonsistingof' s and G LX6 s, Q.

", SBlected Fromytheengrosp consisting of K and R, LCDR2 is of amino acid

ence whic has he formula DD G D R P LX6
§§qu'n SQ% b J_ i rnc group consisting of N, I, L, Q,

H, D and K,

b
Fh

Q

H¥i;p is selected from the group consisting

ﬂ

e

.

Ffy

4

o]

=

ot

=
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(6]

H

O

£

T

O
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o o
iU

g »
(&8
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H¥,; is sele consisting

B¥1; is selected from the group consisting of E, K and G,
H{:;; is selected from the group ceonsisting of Q and R,
HX3y is selected from the group consisting of G and K,

HCDR3 iz of amino acid sequence which has the formulsz

D EXys H¥ys H¥yy HMig WA R W HXyg F Hi¥y L

H{i7 15 sezlected Zrom the group consisting of 8 and R,

H¥1s 15 selected from the group censisting of 5, N, A, I,
and K,
Hiyp 13 selected from the group consisting of F and Y,

H¥z0 1s selected from the group consisting of

1
=)
)
o]
Q,
e

19f
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wherein LX6 is selected from the group consisting of Sand T, 7 .LGDR3
is of amino acid sequence which has the formula QVWD TG SLX7 PV
LX6 10 wherein LX7 is selected from the group consisting of D and N, LX8
is selected from the group consisting of V and I. 199 In a fourteenth
aspect, there is provided an isolated antibody VH domain of a specific
rRinding. member as defined in_the thirteenth aspect. In a fifteenth aspect,
here is provided an fsofated  SRMGHY FL BF apetiit biRdingamarber as
defined in the thirteenth aspect. In a sixteenth aspect, there is provided a
compasition.,comprising the specific binding member, antibody VH
domain or ‘é%ntib%sgﬁ/%ﬁgdc?mﬁ% a§§gﬁef#ed ifl the thirteenth to fifteenth
waSHECHs and at least one additional component. In a seventeenth aspect,
there is provided an isolated nucleic acid which comprises a nucleotide
_sequence encoding a specific binding member or antibody VH or VL
Ldomain<Ste Speeifié Hiding embep asalefined im theothitfeemthaod s,
Lifteenth-agpests dn ancgighteenth aspect, there.is provided,a host cell jn

= ¢

_vitrg transformed with nucleic acid as defined in the “seventdenth aspect:

|
= Ty

“In & nifeteénthaspect, there isfproliided fethod of producing a specific
Lbinding saemberar antibodyn¥H-0rMl domains the method copprising
T9u|t;_.‘1r5ingah §Eggllg qswdefiq: d in the eighteenth aspect under conditions
“tor production of sald SPecific biiding neétibersr-amtisadySyv For A
Ldomainsmla twentieth @spect thereus provided aimethod ¥ zng =

r

LCDR2 is of aminc acid seguence which has the formula

DDGDRP L¥g

wherein

LXs is selected from the groudp consisting of § ang T

- r
e . i e u ; }
LCDR3 1s of amino acid seguence which has the formula

QVWDTGS LXy PV L

wharesin
L¥s i3 s2lect=d from the group ceonsisting of D and N
fa bl bl - 14

T - ¥ :
L¥g is selected from ths group consisting of V and I

19g



comprising in vitro binding a specific binding member that binds IL-13 as
defined in the thirteenth aspect to human IL-13 or a fragment of human
IL-13. 19h in a twenty-first aspect, there is provided the use of a specific
binding member as defined in the thirteenth aspect in the manufacture of
a medicament for treatment of a disease or disorder selected from the
group consisting of asthma, atopic dermatitis, allergic rhinitis, fibrosis,
inflapmatony, bowel diseaseand Hodgkins Iypphoma: 19 WO, o
2005/007699 PCTIGB2004/003059 The present invention provides
antgguritic Bihdifgahentders foPAEifa Sinparticharifiinan a7d/oF pHrfste ™
thdLth3 angdervardapt4k-13 (Q130R), and murine IL-13. Preferred
embodiments within the present invention are antibody molecules,
whether whole 5 antibody (e.g. 1gG, such as IgG4) or antibody fragments
(e.glnschV il caAb). 3RmES6dy ARfigen binding redions aré Sproviééd, as
ant@rsARtinady Y H apdvl gomainss Withineviband Yicgdomainsiarec ne

th.prrg\e/idej%}cgm E_!ggnentarity determining regions, CDR's, which may be
lpr‘C)vfa ed within different framework 10 regions, FR's, to form VH or VL

domains as the case may be. An antigen binding site may consist of an

antibgdy \iH ,dorairy, andlar-a Vi domains An-artigr bindingsites maynbe

proyided by means of 15 arrangement of CDR's on.non-antipo rotein
oS e SE TR AT B SHoCHBRE & S [P 15 B
anfobwhyiieedngeniovel bindibyrsites in proteinsiidve beentevidwedeh

asgietall by Nygren et al [116]. Brotein sgaffoldsfosantibody mimics are
disclosed in WO/0034784 in which the 20 inventors describe proteins.

(antibody mimics) which include a fibronectin type 11l domain having at
least:ore randormised:loep A suitable seaffoldbinty whidh ao graftierieor

nudQ& acid which comprises a nucleotide seguence encoding a
specific binding member or antibody VH or VL domain of a
specific binding member as defined in the thirteenth to

fifteenth aspects.

In an eighteenth aspect, there is provided a host cell in
vitro transformed with nucleic acid as defined in the

seventeenth aspect.

In a nineteenth aspect, there is provided a method of
producing a specific binding member or antibody VH or VL
domain, the methoed comprising culturing host cells as defined
in the eighteenth aspect under conditions for production of

said specific binding member or antibody VH or VL domain.

In a twantieth aspect, there is provided z method
comprising in vitro binding a specific binding member that
binds IL-13 as defined in the thirteenth aspect to human IL-13

or a fragment of human IL-13,

1%h



CDR's, e.g. a set of HCDR's, may be provided by any domain member of
the immunoglobulin gene superfamily. 25 Preferred embodiments of the
present invention are in what is termed herein the "BAK278D6 lineage".
This is defined with reference to a set of six CDR sequences of
BAK278D6 as follows: HCDR1 (SEQ ID NO: 1), HCDR2 (SEQ ID NO, 2),
HCDR3: 304SEQ-DL NG 3 hCDRIYSE® |IDsNO:); HSDRR2(SES® IDE 2
spe_'gpf'i@ %1%&1998{%1(@59 1D NQr6).Jn ane embadiment.the present: in

invention provides a specific binding member for human IL-13,
Ehec BRpTISHTG AT ahfibd ) ShtifEtEBinding sESARTERTS OmpoSed oty °F
dishuan satibodydVFrdomair andea:humars astibodydfl. deonhain,ard wittich
=3O, 20090007699 PGTIGR20041003089; comprisesidsetof GRS
wherein the VH domain comprises HCDR 1, BCDR2 and HCDR3 and the
disgeforiaih E6RPfsesSLEPREYEPR2 and LCDR3, wherein the HCDR1
has the amino acid sequence of SEQ ID NO; 1, the HCDR2 has the
amino acid sequence of SEQ ID 5 NO: 2, the HCDR3 has the amino acid
sequence of SEQ ID NO: 3, the LCDR1 has the amino acid sequence of
SEQ ID NO: 4, the LCDR2 has the amino acid sequence of SEQ ID NO:
5, and the LCDR3 has the amino acid sequence of SEQ ID NO: 6; or
wherein the set of CDR's contains one or two amino acid substitutions 10
compared with the set of CDR's, wherein the HCDR1 has the amino acid
sequence of SEQ ID NO: 1, the HCDR2 has the amino acid sequence of
SEQ ID NO: 2, the HCDRS3 has the amino acid sequence of SEQ ID NO:
3, the IC'DR1 has the amino acid sequence of SEQ ID NO: 4, the LCDR2
has the amino acid 15 sequence of SEQ ID NO: 5, and the LCDRS3 has
the amino acid sequence of SEQ ID NO: 6. The set of CDR's wherein the
BCDR1 has the amino acid sequence of SEQ ID NO: 1, the HCDR2 has
the amino acid sequence of SEQ 20 ID NO: 2, the HCDRS3 has the amino
acid sequence of SEQ ID NO:
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3, the LCDR1 has the amino acid sequence of SEQ ID NO: 4, the LCDR2
has the amino acid sequence of SEQ ID NO: 5, and the LCDR3 has the
amino acid sequence of SEQ ID NO: 6, are herein referred to as the

: gi‘% 2 I ". : Wi i
e

D04/0030
W D6 set of CDR's are referred to as the "BAK278DE €B3°84/003059

HCDR's" and the LCDR1, LCDR2 and LCDR3 within‘the BAK278D6ﬁset
The S ESRE ard TEteh e A0 BRI SBARD 28D BiSet bt REDR steAlsr of for

IL-ChRiswitathe cBAIéE?&Eﬁaﬁe&@EQBR'%Mé%@@ﬁSﬁ_ Oi‘wg(?;%%Eiafnt
- LCDR's, or 30 one or two supstitutions therein, is said to be of
e BAk SR b ANE ASnoted 11 ond SHBSARLAHE SRt L Chie

=he EUiRtRRTa SPEEHE LbndRRERmBErdor huiarriLi 28, comprniag ahols
ant ABibpdy2 L WOI0INACAL PLHEPA0UAIG: priigen-onding site.
whigh.is ciggm osed of 3 human antibody VH domain-and a human

St %%3/ maift PR HPEShBASe L AT Serst GE@@IWh@rﬂefm_ the set

ProwfdeBR's:s thesBAKR278BSysatinf a6 DRS, off anget IO{SCDB%%%%WF g.008,1,
It C red with the BAK278D6, set 0 DR's. In

o e O o S uAATE Bt TR 6Pfvo of

PR the BitdRhgrosidiewiireé GDRsIAr the M4 rand/of ndamains,
Fegiasieg Uresiandasdnuimbedng of ababid (171, 31, 2 34 A HEORLS2,
52A, 53, 54, 56, 58, 60, 61, 62, 64, 65 in HCDR2 15 96, 97, 98, 99, in
An aﬂ%ﬁ?ﬁ? %é:“f?ﬁ%,%ﬁ?%f‘iﬁ%éﬁﬁilﬁé S IECBRZGS5AY 9V in SCBRS
and/preferréd empediments have two substitutions compared with 'Fhe 25
BAK278D6 set of CDR's, at HCDR3"esidue 99 and LCDRI residue
An antigen binding site may be provided by means of
arrangement of CDR’s on non-antibody protein scaffolds such as
fibronectin or cytochrome B etc. (115, 116]. Scaffolds for
engineering novel binding sites in proteins have been reviewed
in detaill by Nygren et al [116]. Protein scaffolds for
antibody mimics are disclosed in WO/0034784 in which the
inventors describe proteins (antibody mimics) which include a
fibronectin type III domain having at least one randomised
loop. 2 suitable scaffold into which to graft one or more
CDR"s, e.g. a set of HCDR's, may be provided by any domain

menmber of the immunoglobulin gene superfamily,

Preferred embodiments of the present invention are in what is
termed herein the “RBAK278D& lineage”. This is definsd with
reference to a set of six CDR sequences of BAK2T78D6 as
follows: HCDR1 (8EQ ID NO: 1), HCDR2 (8EQ ID NO: 2), HCDR3
(8EQ ID WNC: 3), LCDRI1 (SBEQ ID NO: 4}, LCDR2 {S5EQ ID ND: 5} ang
LCDR3 (SEQ ID NO: 6)., 1In one embodiment, the present invention
provides a specific binding member for human IL-13, comprising
an antibody antigen-binding site which is composed of a human

antibody VH domain and a human antibedy VI domain and which
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27. Of these embodiments, preferred embodiments have S subs_,tituted for
N at HCDR3 residue 99 and/or | substituted for N at LCDR | residue 27.

Still further embodiments have a substitution at HCDR3 residue 99

%%@QJJ;@;] the group 30 consisting of S, A, I, R, P and K, 98&1@.5,%03@?3%9

substitution at LCDR1 residue 27 selected from the group con

K.Y, E.R.T,S, A Hand G. 22 WO 2005007699
| cog&c%%%z\éoil%%s%ggcR?gfefeﬂar&ﬁso&m?eﬁ% RPN SutstitasenSICDR

1 a6 TRadend 5ROBR two@f’thefdﬁtowibgafesidueﬁ;wiﬂﬂlé&hgi@ﬁﬁ%7?,??§§t
: i ' ifi f possiple substitute
of GDR's, inagsardance with-the,identified groups of
-0 esidues: 5 Po%gt%i{on of Substit_utcjeL Rgestsl'dug su sjfﬁflﬂloancs%é’ie&%@uﬁﬁﬁeth%f
SE%roup dnsisting df IBPINACORE GREne, Eand £3%NHCEREED 1D
N 842%in HPDREDW3! ane Fehs 521nHdCOR2 RluAnRe Gand £, if@ fh: 3,
thd1GPRA B.G. I, P N and Y 53%n HCDR2: D, As P, Tz S, lan 4’in
HCDR2: S. T, g G, Kand 1 561h HEBRACE, R0 ESVIR, WoA, M ey
CIHF 583 HEDRITE, @rsdMysdubrand K601 HEDRE: Rs61 i HIGRR2:
Lcﬁﬁﬁiﬂﬁ%%ﬁﬁ@da@ié5@e“'q@e'f’lgg%% %gé IEIF%BBZG .:K gg Igherein
théﬂgg¥?%fRéggig contains one or two amino acid substitutions
compared with the set of CDR’s, wherein <he HCDR1 has the
amino acid sequence of SEQ ID NO: 1, the ECDR2 has the amino
acid seguence of SEQ ID NO: 2, the HCDR3 has the aminc acid
Sequence of SEQ ID NO: 3, the ﬁéfﬁ; has the amino acid
sequence of SEQ ID NO: 4, the LCDR2 has the amino acid
sequence of 3EQ ID NO: 5, and the LCDR3 has the aminoc acid
6.

sequence of SEQ ID NO:

The set of CDR’s wherein the BCDRL has the amino acid seguence
of SEQ ID NO: 1, the HCDR2 has the amino acid sequence of SEQ
ID NO: 2, the HCDR3 has the amino acld sequence of SEQ ID NO:
3, the LCDR1 has the amino acid seguence of SEQ ID NO: 4, +the
LCDRZ has the amino acid seguence of SEQ ID NO: 5, and the
LCDR3 has the amino acid sequence of SEQ ID NO: 6, are herein
referred to as the “BAKZ78D6 set of CDR's”. Thas HCDR1, HCDR2
and HCDR3 within the BAK278D6 set of CDR’s are referred to as
the “BAK278D6 set of HCDR' s” and the LCDR1, LCDR2 andg LCDR3
within the BAK278D6 set of CDR"s are referred to as the
"BRKZT8D6 set of LODR'S”. A set of CDR's with the BAK278D6
set of CDR's, BAK278D6 set of HCDR's or BAKZ278D6 LCDR's, or
one or two substitutions therein, is said to be of the
BRKZ78DE lineage.

As noted, in one embodiment the invention provides a specific

binding member for human IL-13, comprising an antibody
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97 in HCDR3: N, D, Tand P 30 98 in HCDR3: R 99 in HCDR3: S A, |, R,

P and K 101 in HCDR3: Y 26 in LCDR1: D and S 23 WO 2005/007699

PCT/GB2004/003059 27 in LCDR1:I,L,M,C,V,K,Y,F,R, T, S, A, H

HEFYTRPLCDR1: vV 30in LCDR1: G 31in LCDR1: R 5 BETH-BED#¥03059

T 95AIn LCDR3: N 97 in LCDR3: 1 10 Preferred embodiments have the
ant B@dP 286 seg ob COR 'shwithh at substitptier ©f Stfor Natresidod I9odithifH

donblGPRI AN LILN atfesidue 24 withig L GDR 1 The: sel F GDRIS s,

defined is as follows: HCDR1 - SEQ ID NO: 7; HCDR2 - SE% ID NO: 8,
set D RBA 5 SEG IO NOLBe L EDRE L SEB18 NO: 1o LBBRI L&D °F
cDrNO okl a LEBR 3 SER1P NeYid2idhig;sehef CEOR!sis barein 1eferteshdo

comﬁ}ge%% "B 5%:2%9 §$%%L§§é;§"étﬁg¥méﬁefserred embodiments have

set with"one or two substitutions within the
CDR's, with the proviso that the pair of substitutions of S for N at residue

Tn 92MtIR HCRRZand LN atesiciye 24-within LERR 1dsrexcludede 23+
Other preferred embodiments are as follows: BAK 1166G2; HCDR1- SEQVH

one P NGH87 FCB2 SSEEPH O 768 HEDRILSEGIT RO 893 LEDRPS
andBEQ 1D NBr#QAnsCDR2 n SEQLDNENIAriCDRBe SEQ WY NQHE2R. 30
-10BAK1167F2 HCDRI- SEQ ID NO: 61, HCDR2- SEQ ID NO:62, HCDR3-

31, 32, 34 in HCDR1

52, 524, 53, b4, 56, 58, 60, 61, 62, 64, 65 in HCDRZ
96, 97, 98, 99, 101 in HCDR3

26, 27, 28, 30, 31 in LCDRI

56 in LCDR2

95A, 97 in LCDR3

Preferred embodiments have two substitutions compared with the
BAK278D6 set of CDR’s, at HCDR3 residue 99 and LCDR1 residue
27. Of these embodiments, preferred smbodiments have S
substituted for N at HCDR3 residue 99 and/or I substituted for
N at LCDR 1 residue 27. Still further embodiments have a
substitution at HCDR3 residue 9% selected from the group
consisting of 8, &, I, R, P and K, and/or a substitution at
LCDR1 residue 27 selected from the group consisting of I, L,
M, C, V, K, Y, F, R, T, S, A, H and G.
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SEQ ID NO:63, LCDR1 - SEQ ID NO: 64, LCDR2 - SEQ ID NO: 65;
LCDR3 - SEQ ID NO: 66. 24 WO 2005/007699 PCT/GB2004/003059
BAK1184C8: HCDR1- SEQ ID NO:73, HCDR2: SEQ ID NO:74, HCDR3-
SEQIB/NGF5. LCDR1 - SEQ ID NO: 76, LCDR2 - SEQ ID WEy@#1004/003059
LCDR3 - SEQ ID NO: 78. 5 BAK1185E1: HCDR1- SEQ ID NO:79,

1n BEORZ:2E QIR NQ:80, HCDR3-SEQID NQ; 8L LGDRL: SEQ IR NO%

2, LCDR2 - SEQ ID NO: 83; LCDR3 - SEQ ID NO: 84. BAK1167F4:

OneHEHRYCSER NG 83 CHETRES SEG T NG Bl HEPRIHFIERS 155

of NOR8E. LEDRLoSEQ IR NO: B LENRRNISEQRID NE: B LEDRIsible

sub%%lQEIQ NQ; 90, BAK1111D10: HCDR1- SEQ ID NO: 91, HCDR2- SEQ ID
NO* 92, HCBRS SEOQ ID NO: 93. LCDR1 - SEQ ID NO: 94, LCDR2 -

SEQ ID NO: 95; 15 LCDR3 - SEQ ID NO: 96. BAK1183H4: HCDR1- SEQ

| prostD-NG: 96 HCDRZs SEQ:HR: NQ:s98,HdCDR3- SEQ ID NO: 99. LCDR1 -

~ SEQID NO: 100, LCDRZ -SEQ ID'NO: 101; LCDR3 - SEQ ID NO: 102.
Jé%ﬁ%sub F8: 3 EBRESEENID NS #5898CDR2- SEQ ID NO: 104,
HCDRS3- SEQ ING:1305ngCORI - SEQ ID NO: 106, LCDR2 - SEQ ID
NO: 107; LCDR3 - SEQ ID NO: 108. All of these were derived from
BAK502G9 by heavy chain CDR1 and CDR2 randomisation and 25 are
31 thiystiiRé BAKS0280 nedye2 VM domain comprising a set of CDR's
32 HEDRRbLRHMCDRZ and HCDR3 of any clone as shown in Table 1. Table 1
is also prqovided by the present invention, as is separately a VL domain
34 é“élm%(r;l %%:30 a‘Z’et“Tof RSFS LCDRI, LCDR2 and LCDRS3 of the clones
shown in Table 1. Preferably such a VH domain is paired with such a VL
domain, and most preferably the VH and VL domain pairings are the

same as in the clones as set out in Table 1. 25
52 in HCDRZ2: D, N, A, R, G and E

52A in HCDRZ: D, G, T, P, N and Y

53 in HCDRZ: D, L, A, P, T, 3, T and R
54 in HCDR2: S, T, D, G, K and T

56 in HCDRZ: 7, E, O, L, ¥, N, V, A, M and G
58 in HCDR2: I, L, @, 5, M, H, D and X
60 in HCDRZ2: R

61 in HCDRZ: R

62 in HCDRZ: K and G

64 in HCDR2: R

65 in HCDR2: K

86 in HCDR3: . R and D

97 in HCDR3: N, D, T and P

98 in HCDR3: R

98 in HCDR3: 5,A, I, R, P and K

101 in HCDR3: Y

26 in LCDR1: D and 8
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WO 2005/007699 PCT/GB2004/003059 Further provided by the present
invention is a VH domain comprising a set of CDR's HCDR1, HCDR2 and
HCDR3 wherein the set of CDR's corresponds to that for any clone
Stk TEble 1 with one or two amino acid substitutions. BEUEHBIEBN4/003059

- provided by the present invention is a VL domain comprising a set of

27 EPRIsHADRRI, LCDR? and & CRR3yyhereinr the: set of £DR's eorsespends

8 to trﬁttt % hany clone shown in Table 1 with one or two amino acid

1ons. 10 A specific binding member comprising an antibody

30 am@@ril%mdln@domaln comprising such a VH and/or VL domain is also

31 Rrovided by thegoresent invention. 15 The present inventors have
identified the BAK278D6 lineage as providing human antibody
antigen-binding domains against IL-13 which are of particular value.

56 \Mithwetiae lineage, BAK502G9 has been identified to be of special value.
The BAK278D6 and BAK502G9 sets of CDR's have beén identified
already above. 20 Following the lead of computational chemistry in

95RadplyliePaultiviiriate data analysis techniques to the

g7 StuGlgre/property-activity relationships [94], quantitative activity-property
relationships of antibodies can be derived 25 using well-known
mathematical techniques such as statistical regression, pattern

Praﬁ@ngﬂﬁimmhndbtmﬁiﬁatm[gﬁaéowmﬁ@ péoperties Of @Dkibedies:tan

suh fefived from emp 'falhagg ygefglt%ﬂ%a'dﬁogﬁgnﬁw examele, an %V%%r N

of likely contact resi ues or calculated physicochemical property

at FHIcHe36 Setiiente, Rffittiohal aRBthrs-direRSiBNal &h&@u?@sféﬁéd is
as thesedquropertigpean bestansidenes: snmglmm CORMNAtiONOANg, HCDR3

tihaody antigen-binding site composed o Sfl H domain and a_ VL domai
S% o%onqgﬁgn %IS( |888 fpoﬁ)}‘:p%p%% %we% torfcPRZ — SEQ ID NO: f
LCDR3 - SEQ ID NO: This set of CDR's is herein referred
to as the “BAKLU2GY set of CDR' g”.

Further preferred embodiments have the BAK278D6 set of CDR’'s
with one or two substitutions within the CDR’s, with the
proviso that the pair of substitutions of § for N at residue
99 within HCDR3 and I for N at residue 27 within LCDR 1 is

excluded.

Other preferred embodiments are as follows: BAK 1166G2:
HCDR1~ SEQ ID NO: 67, HCDR2- SEQ ID NO: 68, HCDR3- SEQ ID NO:
69, LCDR1 - SEQ ID NO: 70, LCDRZ -~ SEQ ID NO: 71; LCDR3 - SEQ
ID NO: 72.

BAK1167F2 HCDR1l~ SEQ ID NO: 61, HCDR2~ SEQ ID NO:62, HCDR3-
SEQ ID NO:63, LCDR1 - SEQ ID NO: 64, LCDRZ - SEQ ID NO: &5;
LCDR3 - SEQ ID NO: 66.
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26 WO 2005/007699 PCT/GB2004/003059 the light chain variable

domain (VL) and three from the heavy chain variable domain (VH).
Analysis of antibodies of known atomic structure has elucidated
wiatiarshieswbetween the sequence and three-dimensional striycii@fozosse
antibody combining 5 sites[101,102]. These relationships imply that,

mfﬁ%?foﬁéﬁﬁh'rdsﬁ%g'%('ﬁep%Hﬂ VEL-demaing; binging sitedoopsfiae

one  of a small humber of main-chain conformations: canonical
SEQsEBcHedS The@brical B utRii%orméd ik EPBaricuf ot HRS bééh
r.cpshownstepbe sletermined by its size and the 10 presence of certain

residues at key sites in both the loop and in framework regions [101,102].

This study of sequence-structure relationship can be used for prediction
BAKOL fHicke: ré¥idBas irb &0 ahBibBay 6§ knBAPREeqFeritel D1 5Bt &f aiCDR3 -

suQURKNRWN thyeedimgnsionaksiryeiuge, Which arepmipartanidn maintainig
the three-dimensional structure of its CDR’ loops and hence maintain

LCDBihdingspethidty . THése predictions can be backed up by comparison of
the predictions to the output from lead optimization experiments. 20 In a

BAK?I%éjl fyal ?z%rf? ch E@?%bl?ﬁ?o bg created,of theantibedy. molegule. ..

using an ee y avali r commercial package such as WAM

SEQ[10A] NA roteihChSalisafiBR and WAalykhs séffivdfe packayd SublRas?’

neoisightdt LG5 ardDeep 25 View [106] may then be used to evaluate
possible substitutions at each position in the CDR. This information may
then be used to make substitutions likely to have a minimal or beneficial

pareffectnarn actiwimuso ThRe preseltingdntois BRaty sedisdduetice data GipR3 -

EQD%@f' e&feﬁﬁw'ch the,sets Qf SDRS afeshown ingable IyJheys,

analysis tested othesis that any blnary combinations of listed
LCO&Rino 8&f J@rlé%ns% the CDR's from

BAK1183H4: HCDR1- SEQ ID NC: 97, HCDR2- SEQ ID NO: 98, HCDR3-
SEQ ID NO: 89. LCDR1 - SEQ ID NO: 100, LCDR2 - SEQ ID NC: 101;
LCDR3 — SEQ ID NO: 102.

BAK1185F8: HCDR1- SEQ ID NO: 103, HCDR2- SEQ ID NO: 104,
HCDR3~ SEQ ID NO: 105. LCDR1 - SEQ ID NO: 106, LCDRZ - SEQ ID
NO: 107; LCDR3 - SEQ ID NO: 108. 2ll of these were derived
from BAKS502G9 by heavy chain CDR1 and CDR2 randomisation and
are thus of the BAK502GY lineage.

A VH domain comprising a set of CDR’s HCDR1, HCDRZ and HCDR3
of any clone as shown in Table 1. Table 1 is also provided by
the present invention, as is separately a VL domain comprising
a set of CDR’s LCDR1, LCDRZ and LCDR3 of the clones shown in
Table 1. Preferably such a VH domain is paired with such a VL
domain, and most preferably the VH and VL domaln palrings are

the same as in the clones as set oul in Table 1.
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27 WO 2005/007699 PCT/GB2004/003059 the presented set of scFv
variants leads to a scFv variant with at least the starting potency of the
parent scFv BAK278D6. 5 All scFv variants in the panel shown in Table 1
Wwavedsaenseselected for improved affinity and have been condirmes:t@4003059
display higher potency. The observed amino acid variations can either be
rur{RWAUrBRIS,  1Q pop-favourahle arneutral in, theireffect.on ihe;stpsting
potency of scFv BAK278D6 in the TF-1 assay of 44nM. No linkage was
conppiERE BethiderPan§ B0 arintrdcid %ﬂ%gg%%&ﬁﬁﬁﬁn@@ﬁaﬁ%&e‘the
setWaS NHRYREEYr EBphRBSIte "oz £ 55 Begative'; betweena@ny tivo Table
selected aming acid variations. There are four, sgenarios where such
WEiinary ¢conmbination Wir ‘fulfi the hypot?we&s and three scenarios where the
hypothesis will not be valid. Synergistic amino acid variants are not 20
rurtPasidered,ag e linkagewas ohservedvIhe fvpothesis ig.valishwhere:
Al: mutation 1 is favourable and mutation 2 is favourable 25 A2 : mutation

compid fvtirabReand miEhoR ZEHitutratCREZnitRidiT 25s nadEar SHd e

- setmtatiark 24ds aetitred deh dsutationtais favauraije ahdmautdtiom? iy Tablie

5 Wr.l(%Ll];fa\r/l(‘)eurgtlt‘gl(-;C with t{le Oefg%%t f &%Wﬂ%@@gﬁgg effect of 2) 30 The
ﬁypotﬂesis iS not valid where: Bl: mutation 1 is non-favourable and
mutation 2 is neutral B2: mutation 1 is non-favourable and mutation 2 is

2 sheR-faveurable 28 WRR005/007699% BGTYGER00M0B3050 B3 smetation
1 is favourable and mutatjon 2 is on-favgurab Wi tr%f effect of 2

bingifEighng the BHEE of IF6PAZ t5 be pSESHBIRT mitafion 1 heeds f5be

prchighhd by the present invention.

The piesent inventors have identified the BAK278D6 lineage as
providing human antibody antigen-binding dqmains against IL-13

which are of particular value. Within the lineage, BAK502GS

"has been identified to be of special value. The BAK278D6é and

BREK50259 sets of CDR's have been identified already above.

Following the lead of computational chemistry in applying
multivariate data analysis technigques to the
structure/property-activity relationships [94], quantitative
activity-property relationships of antibodies can be derived
using well-known mathematical techniques such as statistical
regression, pattern recognition and classification [95-100].
The properties of antibodies can be derived from empirical and
theoretical models (for example, analysis of likely contact
residues or calculated physicochemical property ) of antibody
sequence, functional and three-dimensional structures and

these properties can be considered singly and in combination.

An antibody antigen-binding site composed of a VH domain and a

VL domain is formed by six loops of polypeptide: three from
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5 favourable to counterbalance the negative effect of mutation 2 on

potency. Since such highly favourable mutation would be present in the
library of variants used for selection, it would be selected for and would
therefosemeppear frequently in the panel of variants. Since syReErgreaa @s059
excluded, such 10 mutation would be beneficial in any kind of sequence

theCON@ apeshould therefaresgappear ﬁ@iﬁﬁﬁ%tﬁﬁ@e@fmstﬁ@ heavy
example for such frequent-amino acid change is the ch Wﬂge in the Ilght

i CORT WoriFide HOWE er AR it oo A N BRAGT cloheov
atd@AKSSL1EArhasoriy a mbdesti2deld eftect oot potencys(finabC30 of

sequdiM) 08 ils,Qw %t%‘%n tation, would nat gligw the.scenario depigled, ; 4

In A4, asitis nota avourab e mutation. ThIS suggests that every

%{éﬁwﬂeo%}eséﬁt‘éﬁeséﬁ?f%lﬁl&hm &BRLE (Thble 1)9\79ﬁ?€ﬂhth§§§ the
thiight £bgineDRIAN2 Alle whange-alang withene gr mare ZLQ)E—};FH"Q{ave one

mutatlo is at least a %otent s the varia thaV| the single li c_Lhain
ot @Dﬁxflisnzn/ﬁe rﬁuta?g al%xlega%ﬁ ?éf%njén%ﬁg Sither ne ne%f‘%'lgo
stipasitiveeisut d?@ﬁochaveaa:aibgatlvemldmnmemwcafﬁemt RpAdfuithelar
Lodxamples in the,heavy shain 9@&%&98856%@% Table 1),As g.glone

carrying this particular single amino acid variation is not observed, the
PrRRENE BEsGET Btione CRas Beendstifited 1o aproxirhatehr12wAMEd
in byrthedebewing ¢atiaraler 80,BAK278D6 potency is 44nM. Alterations of

VL CDR!'N271 + VH CDR3 N99S lead to BAK502G9 with potency 8nM,

i.e. 5.5 fold improvement. 29 WO 2005/007699 PCT/GB2004/003059
ThiBAKR2P8D6 Potency En44nik Alteration oRVRICDRINNR7tdeadstorsed for

pr&%%%%Z gvth patency.23 o d-6: 1.9 fold improvgment BAKZ 808 ence,

potency is 44nM. Alteration VH CDR3 N99S to provide
of dn unknown three-dimensional structure, which are

important in maintaining the three-dimensional structure of
its CDR leoops and hence maintain binding specificity. These
predictions can be backed up by comparison of the predictions

to the output from lead optimization experiments.

In a structural approach, a model can be created of the
antibody molecule {103] using an freely available ox
commercial package such as WAM [104]. A protein visualisation
and analysis software package such as Insight II [105] or Deep
View [106] may then be used to evaluate possible substitutions
at each position in the CDR. This information may then be used
to make substitutions likely to have a minimal or beneficial

effect on activity.

The present inventors analysed seguence data of the panel of

clones for which the sets of CDR's are shown in Table 1.

The analysis tested the hypothesis that any binary

combinations of listed aminc acid variations in the CDR's from
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5 a possible clone with potency 12.2nM, i.e. 2.9 fold improvement (5.5/1.9
= 2.9). The binary combination of heavy chain CDR3 Asn99Ser with light
chain CDRI Asn271le gives a scFv BAK0502G9 with a potency of 10
wolvhoAsosymergy is excluded, the contribution of heavy chaipc@BE34/003059
Asn99Ser change in BAK502G9 is therefore additive. Therefore every

the §0€dR1AG presenied sekof -13-binding. glones(Table: ) which bae a

eavy chain CDR3 AsnH99Ser change 15 along with one or more further
withngtatGRSvoaeh&be & Patendy bR afieact 15hf 8F grdkter Shithin a
BARZIEDESSIVe assay window of 2.5-fold for n=1-2. Thus, the inventors note
that a highly favourable amino acid 20 variation which would be selected
preferentially is not observed. As discussed above, two variations which

ALl WeRY profmfinarity feprésentednin T e WofseRAParfaritsiere 2mafysed

sel1d3088r. AN SeipwvRiiantie Aable ] with either of dhase sautatinns aleng
_with one or more further mutations 25 displayed a potency which was at
disqda¥ 8 fhproRd 484 lone containing any one of these two single

amino acid variations in the parent BAK278D6. There is therefore no

The SYdeNGR that A highly. favaurable amino agid varation. fhatwoyld-allow

scenario A4, is present in the panel. 30 This observation led the inventors
non-é ORIt Théreilére nd'nbhSdvoirabREmUrELGARE prdnt iR this

pot &8t of sSeFY cyarignigp Thisaneansiscenarios Avkagd & ta Bisare not
relevant and the hypothesis is valid. 30 WO 2005/007699
PCT/GB2004/003059 - Accordingly, as noted already, the present

No idvémtion providés speeifidsingrrnmembédreccomprisingahe defintaitserss

conPL GHRS, (Rpartigulag the setof CDRS of BAKZR6-apd seis,ai COR's

5 of the' BAK278D6 lineage, with one or two substitutions within
“negative”, between any two seliected amino acid variations.

There are four scenarios where such binary combination will
fulfil the hypothesisz and three scenarios where the hypothesis
will not be walid. Synergistic amino acid variants are not

considered as no linkage was cbserved.
The hypothesis is valid where:

Al: mutation 1 is favourable and mutation 2 is favourable

A2 : mutation 1 is favourakle and mutation 2 is neutral

A3: mutation 1 is neutral and mutation 2 is neutral

A4: mutation 1 is favourable and mutation 2 is non-favourable

(with the effect of 1 outweighing the effect cf 2)
The hypothesis is not valid where:
Bl: muatation 1 is non-favourable and mutation 2 1s neutral

B2: mutation 1 is non-favourable and mutation 2 is non-

favourable
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the set of CDR's, e.g. the BAK502G9 set of CDR's. The relevant set of
CDR's is provided within antibody framework regions or other protein
scaffold, e.g. fibronectin 10 or cytochrome B [115, 116]. Preferably

waiiosiyoftamework regions are employed, and where they atg-RiBfsYRS)s0
they are preferably germline, more preferably the antibody framework

regign farthe,hgavy.chai 4 from.t l.family. The
B3 preferred?%%ew%r%%gggﬁ%}r%%ﬁgﬁ#ﬂc E;:%lrr?lrr{}agy elfS ?Lgrél}(alx—((?}i ﬁ1aeble

(wigR K5 &8 E8E6f DR sqHssremriad thaahe fafmodEfraiework
regions are for VH FRI, SEQ ID NO: 27, for VH FR2, SEQ ID NO: 28, for
VH,FR3, SEQ ID NQ_29, for |ight chain FR1, SEQ ID NO; 30, for light
FOrcl’?:finthR “SEQ'ID ."BT,ungﬁg%’t c%a?ﬁ%,@EBthN@? .Ina
LavieighRiPprefEfred20rembiodlimeat, 4 Vel denwin i protddedt with thetarninm 2
on @kid=5equense ot SEQUDNG: 15, this being iermed -BAKROPGAYH,

~domain". In a further highlygrefer(ed embodiment, a VL domain is
LSRR wWithCthb ahie alitl JERiSHESOISES KPR TSA6CtHiSBeiid
woufkdnied "BAKE0RG IV dandainsuAdighly Porprefetpg antibed¥quent 1y in

heaRtigen-bindi ite provided in accordance with the present invention is
o R B02 GO U S TR A P SRR (g oD
MUTBAKSOHSG VL 6maR SEOIDING: a8y Thisngntidbdyeamtigers binding x ¢

ancsithpavibe previdedwithin, apy desirediantibady:molseyile format; £.9.5,
oxasChY Ffat% Ing 30 IﬁG4, dAb etc,, as is discussed further elsewhere
*2R8rein 14 aflirthet TGRS PrefitetPeAbLUIMBRE dhe IFessit FhirsHERND

theprohidids ahdgGALartibddynaitiéeule omprising the 81 2005/007 69%
ownD CHOB2A0A/Q93953 AKR02 RV dopain, SEQ D NG 15 and the
EQ D NO? 16. T ed

BAK502G9 VL domain, IS Is term erein
PotesgK 5058 Ig A0 Dthér IGGAmf othEPadtiSodymdibéulescorinisingould

notther BAKSO5S e Vit domaipi SEQ1ID NQu15 sand/er the BAKSOIGI ML,
doma}j)q, SESQC IQ,NO: l? are grovided by the present invention, as are
favgﬁﬁﬁ e mudtation. This suggests that every clone in the
Presented set of IL-13 binding clones (Table 1) which has a
light chairn CDR1 Asn27Ile change along with one or more
further mutations is at least as potent as the variant having
the single light chain CDR1 Asn27Ile mutation. The other
mutations are either neutral or positive but do not have a

negative or detrimental affect.

A further example 1s in the heavy chain CDR3 Asn99Ser (see
Table 1}). As a clone carrying this particular single amino
acid variation 1s not observed, the potency of such a clone
has been estimated to be approximately 12.0nM by the following

rationale:

BAK278D6 potency is 44nM. ZAlterations df VL CDR1 N27I 4+ VH
CDR3 N98S lead to BAK502GY9 with potency 8nM, i.e. 5.5 fold

improvement.
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antibody-molecules comprising the BAK502G9 set of HCDR's (SEQ ID

NO: 7, 8 and 9) within an antibody VH domain, and/or the BAK502G9 set
of LCDR's (SEQ ID NO: 10, 11 and 12) within an 10 antibody \(L _domaln.

It js co jent to point out here that "and/or" where u_sed herein is to be
tgée%mgg) E%égcific disclosure of each of the two specified featlr&&Bpo04003059

) onents with or without the 15 other. For example "A and/or B" is to
BA%en{gl?esn B SpecHic' tisdolure S éactrbfapACT)E: aRBRM) ¥ AR 1B Adst to
BAKS Sit Bachis sepoutingividualy hefeis. As noted theipreseptinuention
provides a specific binding 20 member which binds human IL-13 and
which comprises the BAK502G9 VH domain (SEQ ID NO: 15) a_nd{or the
BABAIE R 09 VN eona@in{SBQ IDANC: 16) 1GenérallipaeVMdamatn isrovide

a pairediith aMndomain toprayide 25 aantinody a@ﬂ%%@i’%ding site,
.__although as e cussed_ further below a VH domain ‘alone may be useo[ to
e Fn%vggﬁélen. ?n%f% ‘p%e?er?eda )embodiment, the BAK502G9 VH domain

(SEQ ID NO: 15) is paired with the BAK502G9 VL domain (SEQ ID NO:

rndShi se thalan,anibedy anfioenipging siie is pmeg.comgrising, 30 both,
the BAK502G9 VH and VL domains: In other embodiments, e
Bk 5058 AR S pARCEWIES adv S B &AL HANtHeh BAKEO2GOW Iof

gnuightrohaly peorgiscuiyds wwelkestablished iy, thewart. 32,WQ %99514&0?:%%%
£T/GB2004/003059  Similar] arg/ set.of HCDR's of the BAK278D6
CDﬁnea{:jsé1 can be providedin E%%F?ﬁ frair hahg 1 RER s ﬁ%‘ﬂfe%méeblndlng
member alone or in combination with a VL domain. A VH domain may be

Therevided With.a set of FICDR's pf a BAK278D6 lineage 5 ?ﬂli\ﬁ;g‘?j%'i%&x?é
shown in Table 1, and if such a VH domain is paired with a omain,

CLEES the Vi dorhain i bepFodidRE aith dhadroDBBRiSBEAISer change
alBAKZ18D6dneage antbodfh £:0hedS mutations would have a potency

of at least 12nM or greater, within a permissive assay window
of 2.5-fold for n=1-2.

Thus, the inventors note that =a highly favourable amino acid
variation which would be selected preferentially is not
observed. As discussed above, two variations which wers
prominently represented in Table 1 of scFv variants were
analysed closer. Any scFv variant in Table 1 with either of
these mutations along with one or more Ffurther mutations
displayed a potency which was at least as improved as a clone
centaining any one of these two single amino acid variations
in the parent BAK278D6. There is therefore no evidence that a
highly favourable amino acid variation, that would allow

scenario A4, is present in the panel.

This observation led the inventors to conclude that there were
no non-favourable mutations present in this set of scFv
variants. This means scenarios A4 and B1 to B3 are not

relevant and the hypothesis is valid.
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shown in Table 1. A pairing of a set of HCDR's and a set of LCDR's may
be as shown in Table 1, providing an antibody 10 antigen-binding site
comprising a set of CDR's as shown in Table 1. The framework regions of
the Mbkandsor VL domains may be germline frameworks. Framanusseo3ose
regions of the heavy chain domain may be selected from the VH-1 family,
and a preferred VH-1 framework is DP-14 framework. Framework regions
15 of the light chain may be selected from the 23 family, and a preferred
Accegeh Wahvewsrk BIRGH2 D28 MG TORITRAY betekehifrsmitpevides

speggﬂﬁtip%%%da/ﬁgr ﬁ%{%g@ﬁ@m%@wrmg%@or@@d H¥e ansuitahle irgcmeWDH( s,
This is iIscussed further herein. BAK50 DR's.1, 2 and 3 are_,
o 5 Bk & 5w s

0 BREVHTR SEQIBNESY, 8t (PB Fedpective 565891 CBRS

of ahe Baresiawn In SEQ¢D NOTL0phE and tRo respedtiveht 25 Fheithin
£neSALE APliasior Ot@efﬁBA%QZEB%IW CDR's andhsets of CDR's as

shown in Table 1 Furthér émbodiments of the invention relate to a
specific binding member comprising the VH and/or VL domain, or an 30
TheaRtige-binding site commising £RRswf dae VH andforavik deswain of the

antibody molecule disclosed herein as 167A1 SEQ ID 23
fragprg TBNG 54 an %% “Gefvatves 6f§€£ \/}:&SE%QPD !\%% na%%
or YELSEQDNG: 34) BARSSAF7 (VECPRY BEQNDIOD4Y- 1483 R Tk

BOKS12ES MR LRRS 3%}{\&0@1%0540%@99&3@&?3%%90@959 SEQ

ID S 147-149). These recognise human IL-13. The derivatives of I67Ail
preﬁ@ﬁﬁwfc@ﬁ%m@aﬁgn BFE HORERT EcEY tnGREIRII®S- SRR TRE X
reqi@fAEblineage meayrbe @mployedsin banyoaspec‘t-ca;nd exwai)ommefﬁrmtllye

present invention as 5 disclosed herein for other m ecu es, for |nst

The RIS 5F MitaBBR LA sSi8EHGR of BhtigER birk %Wltﬁnlrﬁprove

3H.poteney. the BAK502GY set of CDR's it is preferred that the
antibody framework regions are for VH FR1, SEQ ID NO: 27, for
VH FRZ2, SEQ ID NO: 28, for VH FR3, SEQ ID NO 29, for light
chain FR1, SEQ ID NO: 30, for light chain FRZ, SEQ ID NO: 31,
for light chain FR3, SEQ ID NO: 32. In a highly preferred
embodiment, a VH domain i1s provided with the amino acid
sequence of SEQ ID NO: 15, this being termed “BAKS02GS VH
domain”. In a further highly preferred embodiment, a VL
domain is provided with the amino acid sequence of SEQ ID NO:
16, this being termed “BAR502GY9 VL domain®. A highly
preferred antibody antigen-binding site provided in accordance
with the present invention is compesed of the BAKS0Z2GS VH
domain, SEQ ID NO: 15, and the BAKS02G% VL domain, SEQ ID NO:
16. This antibody antigen-binding site may bé provided within
any desired antibody molecule format, e.g. scPFv, Fab, IgG,

IgG4, dbb etc., as is discussed further elsewhere herein.

In a further highly preferred embodiment, the present

invention provides an IgG4 antibody molecule comprising the
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Variants of the VH and VL domains and CDRs of the present 10 invention,
including those for which amino acid sequences are set out herein, and
which can be employed in specific binding members for IL-13 can be
Qhtaine % eans of methods of sequence alteration or mytation -'and
screemﬁ%. uch methods are also provided by the present %@g&{%&gﬁ]@iﬂgsasg

Variable domain amino acid sequence variants of any of the VH and VL |
BAKGERfINY Wiferddquetids e’ edialfrdlsdiBge d et 8t halfné omany
segemplayed irsaccangiapce witkthe-prasent iinveBio Essdiscyssed.

Particular variants may include one 20 or more amino acid sequence

alterations (addition, deletion, substitution and/or insertion of an amino
Othgaidhesidny), aidyebedess ity abole20 ke rawows: iessthahteb GRPH 262

vH JpRINSsigssihan@boLk 10Altergiions Or iesspaahait 3:Rlleratiens)
or 1. Alterations may be made in one 25 or more framework

4,3, 2
D 1iond andlfst SHESH e CDRYE IRBREBRdance it tiithe?s are other
an*aﬂmsmimen@oﬁﬁr\e mr@spnﬁ_m_tibhetmgﬁﬁ '{b@kﬁ_videdt acs’pei_ﬂi_fnﬂl_f)imQIrS@Q
1o REmBEr whishcompetesdon indingro,antosnwiBanspealipbinding
member which both 30 binds the antigen and comprises a specitic binding

BAKHRAHSes §H cdnd/6PYLsdomaRPdiseIdsed Rérein; bradDRY) digéloser an

anthe/&i, o vasant af any of these. Competition between binding members
may be assayed easily in vitro, for example using ELISA and/or by
tagging a specific reporter molecule to one 34 WO 2005/007699

It RETHGBROOULDA3059 hiddinganéniberavhith tahdyaldetettedprthersed

nedfgsengceqf qfher. untagged binding member(s), 49 .anabie identification of

specific binding members which bind the same epitope or an overlapping
v sitsige: B FAuE ea Friist SRb6aREREthereReRtintertio prétiges a

othexr. For exanple “A and/or B” is to be taken as specific
disclosure of each of (i) A, {ii) B and (iii) A and B, just as

i1f each is set out individually herein.

As noted, the present invention provides a specific binding
member which binds human IL-13 and which comprises the
BAK502GY% VH domain {(SEQ ID NO: 15) and/cx the BAK502GS Vi
domain ({(SEQ ID NO: 16).

Generally, a VH domain is paired with a VL domain to provide
an antibody antigen binding site, although as discussed
further helow a VH domain alone may be used to bind antigen.
In one preferrsed embodiment, the BAK5302G% VH domain (8EQ ID
NO: 15} is palred with the BAXKS502G% VL domain (SEQ ID NO: 18},
so that an antibody antigen binding site is formed comprising
both the BAK502GS VH and VL domains. In other embodiments,
the BAKS502GS VH 1s paired with a VL domain other than the
BRK502G% VL. Light-chain promiscuity is well established in
the art.
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specific binding member comprising a human antibody antigen- binding
site which competes with a BAK502G9 antibody molecule, in particular
BAK502G9 scFv and/or IgG4, for binding to IL-13. 10 In further aspects

WS Qf&?{ﬁ)% 'Qvention provides a specific binding member 0%9[#%9{%4%03059
1 ntibody

human antibody antigen-binding site which competes with ana
__antigen-binding site for binding to IL-13, wherein the antibody
simphaget-bindngSie RE cBMTdsRATE 40 88HAl RAdE VR HmEH" ard

prowhesainitheVidl Hand M. damains cosptisesa sebobCDR's dbtheling
AYK278D6 lineage. Various methods, are available in the art.fo b@ﬁglgn
memgﬁﬁbgéfé%eagoéﬁn%%ﬁ L=P33nd which H%%%o%%%ﬁ%%é%mﬁogég 20
mayahtibpdpmicledulel b antidyafolEeiié withfa BAKSEIE9 2t 6REDIR'S,
ant%@!_ﬂﬁ“@?&'y meleguig,with2 6eLeECDR's 0 BAKZ(BM6 olingagedelin is

binding to IL-13. In a further aspect, the eresent invention provides a
e

p2ifRAnYd 25 bf BhaAMyShe bP flore¥petinichity HomBerLARE 0 -
withing iléﬁ gﬂﬁgeubmesmﬂwmj magﬂormgﬁomhmgdibﬁag-ofas
sncfReSC PIRding membets apaqiging 1o e invsptignoAnd saithantigen, oc
and selecting one or more specific binding members of the library able to
LCDBihel swidl drtigen. SOOFIe ibrafpiisy be dspiaed on e stifaderdy
antlaerigphags paticles: aRshinartigle-conainiig ourleic asidercading
the antibody VH variable domain displ e&)on its surface a{}ﬁl ggtiongllsy
Tab ol dishiRy P oL R iniF BBt 35 WO J0bS006se 0 ot
mayPed /@BQQDM@OWMM@Q sEientiencafkspecific bingirmf mambaa vy
cniedaind theppioenand (isplaye ophaciaraphiage paiticies; nucleic
acid may Jbe taken from a bacteriopha efartlcle displaying a 5 said

prefassrd SPeciid BIHRE FlermBeP S5udh AEERRVAGH may SBEHIREY ifegtons
of Subsenueont pradyction.of a speeificbindingMeMBRL 2.3 family, and a

preferred such framework is A3 3H.

One or more CDRs may be taken from the BAKS502G2 VH or Vi
domain and incorporated into a suitable framework. This is
discussed further herein. BAK502GY% HCDR’s 1, 2 and 3 are
shown in SEQ ID NO: 7, 8 and 8, respectively. BAK502G9 LCODR's
1, 2 and 3 are shown in SEQ ID NO: 10, 11 and 12,

‘regpectively.

The same applies for other BAK278D6 lineage CDR’s and sets of

CDR’s as shown in Table 1.

Further embodiments of the invention relate to a specific
rinding member comprising the VH and/or VL domain, or an
antigen binding site comprising CDRs of the VH and/or VL
domain of the antibody molecule disclosed herein as

167A11 (VH: SEQ ID NO: 23 and VL: SEQ ID NO: 24) and its
derivatives 615E3 (VH:SEQ ID NO: 33 and VL: SEQ ID NO: 34}
BAK582F7 (VH CDR’s SEQ ID’s 141-143) and BAK612B5 (VH CDR’s
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or an antibody VH variable domain (optionally an antibody VL variable
domain) by expression from nucleic acid with the sequence of nucleic
acid taken from a bacteriophage particle 10 displaying a said selected
wibSsifiedigding member. An antibody VH variable domain with the, aming -
acid sequence of an antibody VH variable domain of a said selected
qpoSpeeific, bind] ember may be provided in isolatedvform, as may a 15
Qlspeci%icjb?rl?ddi%%%rﬂ]égt%reggm%ﬁgfgﬁ%hscﬁ S IEFHomai: Abifig o bind
dervaBifay etfirfdritestachmalstiabiliBAtor sothpete sithoBAKSO 2GS feng. |
scrin sefelormat and/prigG fermat ¢9.4; 10G4) for hinding tg IL-13, Ahility to
a neutralise IL-13 may be tested, as discussjéd fugr%er b |§ﬁ. 20" %\%F}Zeec%icm
AnY i RAG e P ERUGHIRG ToGhe Hresati HHwaticH FRayE bml RS13 with
dis the affihity=ofed BAKG02GRantiholly coIDieCUIE - 0: S6RYQPiRieRbl: of
mut BAKR02GY 1964, rwith an affipity that is better. 25 A specific binding
member accor%?ﬁé)% The %?egenn“ﬁ%\%ntltbolhmr?ﬁﬁf nél’]ﬁgﬁs@' {3 Wi theed
Pot@pfaicy of a BAK502G9 antibody molecule, e.g. scFv, or preferably
BAK502G9 1gG4, or with a potency that is better. 30 A specific binding
varﬂ%mber cggrdin to the present invention may neutralise naturally
oeeuringILE13 With IRE potertSFora: B ARE0 SESmiboeyamBRRER T. .
invenEicor prefeiably BAKEORE L lgG4rdranithaipetensy dhalds hetiee <3G »o
set WR-20Q3/007699 RCT/GB2004/003059 Binding affinity and peutralisation
potency of different spec%ﬁ t)%ﬁair%emgzﬁ%e?g %%nlﬁle gé’r%?a?é& uRgBAing
memgﬁiﬁog%ﬁelgbhan@ﬁ%}ge obtained by means of methods of

sequence alteration or mutation “and screening. Such methods

are also provided by the present invention.

Variable domain amino acid sequence variants of any of the VH
and VL domains whose seguences are specifically disclosed
herein may be employed in accordance with the presant
invention, as discussed. Particular variants may include one
or moere amino acld segquence alterations (addition, deletion,
substitution and/or insertion of an amino acid residue), may
be less than about 20 alterations, less than about 15
alterations, less than about 10 alterations or iess than about
5 alteratiomns, 4, 3, 2 or 1. Alterations may be made in one

or more Iframework regions and/or one or more CDR’ s,

In accordance with further embodiments of the present invention
there is provided s specific binding member which competes for
binding to antigen with any specific binding member which both
binds the antigen and comprises a specific binding member, VEH
and/or VL domain disclosed herein, or HCDR3 disclosed herein,
or variant of any of thess. Competition between binding
members may be assaved easily in vitro, for example using

ELISA and/or by tagging a specific reporter moleculs to onsa
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The antibodies of the present invention have a number of advantages
over existing commercial anti-IL-13 antibodies, in particular three
commercial rodent anti-human IL-13 antibodies namely, JES10-5A2

WRiokgeek B-B13 (Euroclone) and clone 10 321166 (R&Dpe¥t@Th8)n03050
The potency of the antibodies of the present invention was compared with

b1 rkommercial aptiodies JES10-A2 and B-B13. Clone 321166 was not
o evall?ated, asé‘f)rg\%&% égfﬁle]r?r%eﬁéc revealed that IisIGHE Wag OF other
untegEaderai 165t peraRhah other kieWwhTohdnetdidtantibogiesf15 The

speefficaey mneiuse; ofthe-todent commencial Ikyl3 égﬁef)%?%;—_%%@agrisan
Ovégzl@é{%tg Qe |£3mlt%d, tgzecause of their increased potential To induce
Imm ﬁoggnlcpr’és%hSes and therefore more rapid clearance from the
body. Kinetic analysis of the 20 antibodies of the present invention in
on- 0,0ri S. suggests these antibodies have a clearance
Thur%afte %/]vl#l[(l:% vikspé_ ginn%i}%rotcglt a‘t%f %%E%F Kndwh human or Aumanised vides a
SPESATIGIRE M AR IBFES BroViaEe by DUz drabadinierisnidive presern-
i n25 iryverition m@mi@ﬁgeﬂw@&@ﬂm@m{s@é@C'HHLPEer%Uﬁoﬁ%%g e,
y

: namolgus IL- termining efficacy and safety profiles of an antibo
= %ﬁéﬁ- Lgln%lé.lcnL}E’);ri’li))rcnsalagg s 5§tpr§m%rf§i Sfiab¥e 4s i¥15F0\1ﬁ6§§1hnrﬁe§ﬁs?é‘r‘“13-
In predidsng erpantisodyls spfetyephatmeeokineticansd pharmacadiiarsice
binkkafile i hymans, 30 Moreaver, aptibedies. of vatious embodiments of the
J:npﬁnesl%:nt inventionr?tﬂ?rthgr rc%c%n%ae&%% I%%%%a%cifylf %ﬁgn , Qtfiéing
SEERhiEH S SSOEEEaT it Bitfifia 2EFoRersactvity. ontiiatitnl - 13 wllofrs:
binantigodiesmf-the presentdnyentien ane37W0O 2005 %Z%%dﬁng site is
T Q4/003059 _compositions comprising antibodies of the present
Comgl%:se%l%&%?oa bggusge%%?hé“ Reatmént SFPatents Mith URBAGHE aHee VH

andyifhafemaiss comprise a set of CDR’s of the BAK278DE

lineage.

Various methods are available in the art for obtaining

antibodies against IL-13 and which may compete with a BAKS50230
antibody molecule, an antibody molecule with a BAKS502GY9 set of
CDR"s, or an antibody molecule with a set of CDR!’s of BAKZTS8DS

lineage, for binding to IL-13.

In a further aspect, the present invention provides a method
of obtaining one or more specific binding members able to bind
the antigen, the method including bringing into contact a
library of specific binding members accerding to the invention
and said antigen, and selecting one or more specific binding

members of the library able to bind said antigen.

The library may be displayed on the surface of bacteriophage
particles, sach particle containing nucleic acid encoding the
antibody VH variable domain displayed on its surface, and

optionally also a displayed VL domain if presant.
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5 A preferred embodiment of the present invention comprises antibodies
that neutralise naturally occurring IL-13 with a potency that is equal to or
better than the potency of a IL-13 antigen binding site formed by

BAKS2GIs¥H domain (SEQ ID NO:15) and the BAKS02G 9, VL. dpmainsso
(SEQ ID NO: 16). For 10 example, the inventors have demonstrated that

representative clones such as BAK502G9, 1167F2 and 1183H4 are

significantly more potent against naturally occurring IL-13 than known
Fobaftiteiat ahtbodies (Pigurest)i15dnaddition tenantibedy SBUHEREES,iad
rrspegiic Binding member accerding tg the present invention may comprise,

other amino acids, e. E.)f(‘;%?ning a epgdgl(%g&%ﬁggp%%%%ﬁ%ﬂ%§ arfbpl%ﬁe%llc
AHSERY 6% TAmpRRt Molextie Bhemiersaneasnidlciharkivtersticiing a
s sdldtlition ¢oability te binth antiger i2Q Spesific-hinding-membars:of thes ¢ may
bdNyeation ma rry a detecta?le label, or may be conjugated to a toxin or

a targetin%%n)ﬁo%gé/&greenﬁzy%g Sg Vg aopge?)&fidw BEAdOr rketyng membexr
oL Ptk e EFRBSGIN Sfits Vi linbésticleprdvidésminiisotaled nueleia taciddy VL

vanhichleomprises p sapUSAceANGding ASPeGfis binding ;member, VH.
Sed%mg(l:n ag?/or{ VL. domains according to the present invention, and _
ethods Of prepariiitfa Spedific BiRBINGH RN &2 %4 S aBhndis apardiale
divebomain ef thedidvertion; wehich@0-campriserpipigssingisaid nucleic
acid under conditions to bring about production of said specific binding
member, VH domain and/or VL domain, and recovering it. 38 WO

A1) 655/ 800 C TAS B20d2/UBUEY: Siedific:-bmding. membérs according: of
antosthiei iBvention maybepusedikametiodobeatment.ordiggngsis;ofithe
p;hYman %%%iryazlnbod , such as a method of treatment (which may

inclu e "prophylactic treamERY 6L didk asi drdieerde iR a Renadys &
spgatéiawhichidaraprised administering taysaigpatientraiomnain
Ability to bind IL-13 may be further tested, alsc ability to
compete with BAKS502GY9 (e.g. in scFv format and/or IgG format,
e.g. IgG4) for binding to IL-13. Ability to neutralise TL-13

may be tested, as discussed further below.

A specific binding member according to the present invention
may bind IL-13 with the affinity of a BAK502G9 antibody
molecule, e.g. scFv, or preferably BAK502GH TaG4, or with an
affinity that is better.

A specific binding member according to the present invention
may neutralise IL-13 with the potency of a BAKS502GO antibody
molecule, e.g. schv, or preferably BAK502G9 IgG4, or with a
potency that is better.

A specific binding member according to the present invention
may neutralise naturally occurring IL-13 with the potency of a
BAK502GY9 antibody molecule, €.49. scFv, or preferably BAK502G9
IgG4, oxr with a potency that is better.
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effective amount of a specific binding member of the invention.

Conditions treatable in accordance with the present invention include any

in which IL-13 plays a role, especially asthma, atopic dermatitis, allergic
MwidIitiws2076rosis, chronic obstructive pulmonary disease, selerackEmman3059
inflammatory bowel disease and Hodgkin's lymphoma. Further, the
antibodies of the present invention may also be used in treating tumours

. and viral gecti%ns as these antibodies will inhibit IL-13 mediated
= 11l

Blrllrﬁﬁnu%osupres& n {64 S 1B e EmBolfmeHt Sfheisieesapt

spavehtiontprovides mectbier acich generaliydsalatad nereading gropntikedy

coNdi vagdahle domain and/or VL variable domain disclosed herein. Another
embodiment of the present invention provides nucleic acid, generally
‘isolated, encoding a VH CDR or VL CDR sequence disclosed herein,

Thespeciiy @ik GDRrselegtaskikam §Egé@ iNQ'%JVt? %nb%gn@{& VézfggR
rom SEQ ID NO's: 10, 11 and 12, most preferably BAK50, _

o (R 5 0] ot RIUBRAE Bl G e EPAoRSE SR 10

Pa B SRS nhkse acideacoing theBAKS02G0-seteifHEDR'S andk ibodies

na$ICigic agithenceding Bﬁ'&@@@fﬁ%gg&gf PR s are also_provided by
32ﬂg§resent invention, as are nucleic acids erthcoding if;{)éll\?igdugﬁ%gchg?e

REFCBRESRS setd BE CRIDACHR st LeDREgaHé 8 of the
pr&AK278D6dineage. Adfurtbenembedinert provises @ hast6elli voaies
FanS ith-nucleic. acid of the invention. 39 WO 2005/007699
JE%%@TS/%?B”%%%\L’%S%%% ﬁlyoer%?u%%tgrfér%b%%?m%ﬁ proviads ket oEvous
X DR SATERETP o &R SaAtsb dihWH Variable Homaing thecnethde indllginge s s

potetising expeession fromensering-eucleic.agidygueh 8 method may
comprise culturing host cells under conditions for production 5 of said

antibody VH variable domain.
The efficacy and use of the rodent commercial IL-13 antibodies

in man is likely to be limited, because of their increasesd
potential to induce immunogenic responses and therefore more
rapid clearance from the body. Kinetic analysis of the
antibodies of the present invention in non-human primates
suggests that these antibodies have a clearance rate which is

similar to that of other known human or humanised antibodies.

Antibodies provided by various embodiments of the present
invention récognize non-human primate IL-13, including rhesus
and cynomolgus IL-13. Determining efficacy and safety profiles
of an antibody in non-human primates is extremely valuable as
it provides a means for predicting the antibody’s safety,

pharmacokinetic and pharmacodynamic profile in humans.

Moreover, antibodies of various embodiments of the present
invention further recognize the human IL-13 variant, Q130R,
which is associated with asthma. Cross reactivity with variant

IL-13 allows antibodies of the present invention and
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Analogous methods for production of VL variable domains and specific

binding members comprising a VH and/or VL domain are provided as

further embodiments of the present invention 10 A method of production

&RApsise a step of isolation and/or purification of the product. A

method of production may comprise formulating the producf @& Gf804/0038s9

composition including at least one additional component, such as a
CoOmPBRAMMAREUFCHIBEACEEItaPRESREIBIRAE THesEhand ot rsmem bottisndritsrofto
be uthelinentionearedasstibed infugher detail helow..20 FERMINQLOGY

varia‘?’ e ' 'ﬁ:_kiipding member This describes a member of a pair of molecules
which'haveé " 25 binding specificity for one another. The members of a

specific binding pair may be naturally derived or wholly or partially

a prsyathetisallyprodyced. %@e{ag@sggg%be alr of ;molecules has an area
. on its surface, or a cavity, which speci |catlly mgs 1fo andistheretore

antiRgHAE Mty B 30 0 tichRt SpataharmEpomnr brgafisaion of the 2

potenthersmember @t;th%gj@iﬂé Qﬁfﬂ@l@@?ﬂ@%- thus t@?@?@@%?ﬁc‘? ti% Qa}ifzz,—m
- e, the property_of hinding specifically to each other. Examples of types
an"igﬁ{p}g%l %%} di%g"ﬁaif;sogrr“e@qgn |§er?-%%%/8g8\?, Biotheaddm, (58Q 1D
NO: 1 hprvehethernBdfe bECeptvr, reeeptor-ligand, 20 WO: 20651007599
1/GB20041003059, enzymessybsia Aresentinventionis , ,
exaﬁlrﬂ%%cerned with anti%en-antibod% type ré%ac%-i%%s. g\%%b%g mo %Efét% ‘This

clongRsthb8s 3 infaAe§DbulihdvietharRatkaRspamy ori@hbfycantly
more synthatically praduced.cthe 1o alsecavess any-pelypsptide o5 protein

conn&PHIRTISING an.antibody hinding dgmain.

In addition to antibody sequences, a specific binding member
according to the present invention may comprise other amino
acids, e.g. forming a peptide or polypeptide, such as a folded
domain, or to impart to the molecule another Ffunctional
characteristic in zddition to ability to bind antigsen.
Specific binding members of the invention may Carry a
detectable label, or may be conjugated to a toxin or a
targeting meoiety or enzyme (e.g. viz a peptidyl bond or

linker).

In further embodiments, the invention provides an isclated nucleic

acld which comprises a ssguence encoding a specific binding
member, VH domain and/or VL domains accerding to the present
invention, and methods of preparing a specific binding member,
a VH domain and/cr a VI domzin of the invention, which
comprise expressing said nucleic acid under conditions to
bring about production of said specific binding member, VH

demain and/or VL domain, and recovering it.
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Antibody fragments which comprise an antigen binding domain are
molecules such as Fab, scFv, Fv, dAb, Fd; and diabodies. 10 It is
possible to take monoclonal and other antibodies and use techniques of
aC inant DNA technology to produce other antibodies or chimeric
v@o%%&@s?%hich retain the specificity of the original antibodyf; SoRH04/00309
techniques may involve 15 introducing DNA encoding the immunoglobulin
SPeGAfiableidGionY CRERP BEMAGRRITARY diteihiming ReidicCDRS) bef
use@niAnsbpdyredhe eonstant seaions rOueaRsiant Kaiens: piis, framework
api%%gi;qs of a duiﬁ?)rent immunoglobulin. See,Jor instance, EP-A-184187,
* ABE3EA G EPSA 2 IBU00° Antia FarG8 2By BPaBsdtfient ol ude
profitranmel A hysridomea o) otifercell praducing atiantiakdy maybeiuman

+ SHRjechito genel iQn .0 qhiP%§s hich, r.may not alter
e the binding srgégﬁg%@éfgaﬁﬁgﬁ%rﬁ u edF%Sé%égrﬁg%éi%rs%caannbe
&L L HodiHEd AW AGMBESr Bf RR§SiHeterim danabadrhre e tiisould be
invensstned aoaaverngnany: speeific Binding memberer.sypstance having
an antibody antigen-binding domain with the required specificity. Thus,

|s%le%rﬁvc%}v%lf§ngnﬁ88 V2Tt At dEfivat E%?irf&iﬁﬂﬁg BOCEHF 7

= sppolype|itides Somprisingogn imremrogtaliulis, biatingrddmairt s whether
£1p08018 Oéﬂ%ﬂwr&?gfé@l{yc%w&eﬂﬁlﬁeﬁgggf ?iu?sggéylees EATRISSA,

immunoglobulin binding domain, of equival ed to another

AR LRSEATIE R thbréfbreanel iRy, TGSk exiprelsivn of ivRsit,

the antibpdies ake 4t WQ2Q0/007699 RETAG82004/003059, dascribed iny,

fre E%—I@-O%%%gﬂgnd P-A-01%502 bﬁ‘i@d a Iar%e body of subsequent i
Titerature- Further Techniques avaitabis 19 e aft SFaHibod) B-_RgHeerivgL

inhhai/e hbde3t pessiblesd isotatebsmyareandohurhasisedsdntibodies. For
example, human hybridomas can be

A further embodiment of the present invention provides nucleic

acid, generally isoclated, encoding an antibody VE variable

‘domain and/or VL wvariable domain disclosed herein.

Another embodiment of the present invention provides nucleic acid,
generally isclated, encoding a VH CDR or VL CDR seguence
disclosed herein, especially a VH CDR selected from 580 ID
NOTs: 7, 8 and 9 or a VL CDR selected from SEQ ID NO's: 1¢, 11
and 12, most preferably BAK502G9 VH CDR3 (SEQ ID NO: 9).
Nucleic acid encoding the BAK502GY set of CDR’s, nucleic acid
encoding the BAK502GY9 set of HCDR's and nucleic acid encoding
the BAK502GY set of LCDR's are alsc provided by the present
invention, as are nuclelc acids encoding individual CDR's,
HCDR's, LCDR’s and sets of CDR’s, HCDR's, LCDR's of ths
BAKZ7806 lineage.

A further embodiment provides a host cell transformed with nucleic

acid of the invention.
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made as described by Kontermann et al [107]. Phage display, another
established technique for generating specific binding members has been
described in detail in many publications such 10 as Kontermann et al [107]

waneh¥¥ER3401047 (discussed further below). Transgenic njigg,BpMishotis

mouse antibody genes are inactivated and functionally replaced with
human_antibo enes while leaving intact other components of the
A yﬁmoﬁééhﬁﬁmeun%s%s e, Cary éaduesseoa f&%gg%ﬁnﬁfhﬁmpﬁﬁugﬁﬁ@&@é 615

antipgfiay Antigehs 168K Symimetic-astitmhred|dadds faybe srested by

exprexprassiendiona,genes gengrated bysmeans of gligonugleotides . .,
nthesized and assembled within suitable expression vectors, for

S
C‘Ompéia%pﬁala%uﬁéla%s%ﬁ%d B RiiapHK et af T MGt B, E00y2e8257ig6
of setlKrelisiebdly Jorrnalofdbmeunaingioal Methods 254 2001 67-84. It has

been shown that fragments of a whole antibody can perform the function

of binding antigens. Examples of binding 25 fragments are (i) the Fab
AnalfiggifeMECOrsistifg of VLoV Clorarkf CH1 dembdiis; iidibmafa: fragnibnt

spacCensistingatihendrand, CHLdemaing; (W) the Exdragment cansisting.qf,
the VL and VH_domains of a single antibody; (iv) the dAb fragment (Ward,

PTOVIIRS 23 P NAtIFE 30 BANTS A 116807 M cBATR?E e ttal'3e L1990) Nature,
348, 552-554) which consists of a VH domain; (v) isolated CDR regions;

2 meb¥)E(@R) ng%qtg anpi Ign fragment comprising two.linked Fab
m‘ f[agments%(vii) si_ngTe mcha‘?1 Fvor;na;cj)fT('Ei}l(Q:},lSEesa(s?:Q&_e ,v(\?rj?er%-:‘?r? %W%%rr?éli%/ or
PUTlanBR VIRdGmat sareirtkedtby a peptide linker which allows the two
domains to 42 WO 2005/007699 PCTIGB2004/003059 associate to form

antigen binding site (Bird et al, Science, 242, 423-426, 1988; Huston
B mefRo AR O 1

'

TEdRY SBYEC T988) (VT Bidhetit SRGIRIREY
intodmemsPCIEALIS02/09966) and £ix) Idiabodiess, muttivalentor 5

compBHQH%Pe?HEﬁ“%H“S”EH%%E%%QS%XQ!ﬁﬁ?eéyég¥kab1e excipiegt.

These and other embodiments of the invention are described in further

detail below.
TERMINOLOGY

Specific binding member

This describes a member of a pair of molecules which have
binding specificity for one another. The members of a
specific binding palr may be naturally derived or wholly or
partially syntheticelly produced. COns member of the pair of
molecules has an area on its surface, or a cavity, which
specifically binds to and is thersfore complementary to a
particular spatial and polar organisation of the other member
of the pair of molecules. Thus the members of the palir have

the property of binding specifically to each octhsr. Examples

s

o

rt

types of specific binding pairs are antigen-antibody,

biotin-avidin, hormone~hormone receptor, receptor-ligand,

46



10

15

20

25

30

(W094/13804; P. Holliger et al, Proc. Natl. Acad. Sci. USA 90 6444-6448,
1993). Fv, scFv or diabody molecules may be stabilised by the
incorporation of disulphide bridges linking the VH and VL domains (Y.
Reitaweb@dsdlature Biotech, 14, 10 1239-1245, 1996). Minibedigeszo04/003059
comprising a scFv joined to a CH3 domain may also be made (S. Hu et

enz3nEaNGEERES. 56, B055:3061,1996), ¥yharerbispecifis antihodies ate to
e used, these may be 15 conventional bispecific antibodies, which can

antyg pRaRitachred %Yﬁ“%’/aﬁ%ﬂ%mi%‘f?s (Holliger, P. and Winter G. Current
Opinion Biotechnol. 4, 446-449 (1993)), e.g. prepared chemically or from
hybrid hybridomas, or may be any of the bispecific antibody fragments

Antr“ﬁ%ﬁi? n%’c? %1%%1\’32?Examples of 20 bispecific antibodies include those of

Th itheBITETN escimol bR ohithEbinBmgrdoMaS SRtvE BntBéditE oF

whoVith different spegificitysaubedsed and directly linked viashert dlexible

peptides. This combines two antibogdies on a short single polypeptide
o AR DA B O b TGRS R S dogiee ™

a

Antisibg pnirwariabledomairts, potentiadly eeducing ¢ea effestsioly domain

ar S PLALLYRICeae 'Hn%@%%%ﬁ'f'%@@?dt%ﬁ aggppased hhispecifisyvhale
antibodies, may also be particularly useful because they can 30 be
readily constructed and expressed in E.coli. Diabodies (and many other

1t Polypenfides suehas antinasydragnantsiof appropriate bindings and use
specificities can be readily sel d, usi hage displa 094/13804)

o AOREEE ORI ST HaiS i e o ki SERSIanE LT

antdstanite swith i3 Ol 2006/007609PBFIGB2004/008058% speeifichjycity

o difgeted against 1L;13; fhan a 'i@a%c%éﬁﬁ%9@3W§§6 thegther arm is

~varied and an antibody of appropriate specificity selected. Bispecific
intassie ahHibobiEs fR5E Pfadd Dy REBBLMETbIES ehginddring (F 8- B!

or Ridgewayet@hentarity determining regions (CDRs), of an
antibody to the constant regicns, or constant regions plus
framework regions, of a different immunoglobulin. See, for
instance, EP-A-184187, GB 2188638A or EP-A-239400, and a large
body of subseguent literature. A hybridoma or other cell
producing an antibody may be subject to genetic mutation or
other changes, which may or may not alter the binding

specificity of antibodies produced.

As antibodies can be modified in a number of ways, the term
"antibody molecule" should be construed as covering any
specific binding member or substance having an antibody
antigen-binding domain with the required specificity. Thus,
this term covers antibody fragments and derivatives, including
any polypeptide comprising an immunoglobulin binding domain,
whether natural or wholly or partially synthetic. Chimeric
molecules comprising an immunoglobulin binding domain, or
equivalent, fused to another polypeptide are therefore

inciuded. Cloning and expression of chimeric antibodies are
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5 Protein Eng., 9, 616-621, 1996). Antigen-binding domain This describes
the part of an antibody molecule which comprises the area which
specifically binds to and is 10 complementary to part or all of an antigen.

Wbewesanantigen is large, an antibody may only bind to a pagticyiashaidsose
of the antigen, which part is termed an epitope. An antigen binding

aedomainm provi one Qr more gnfi variable domains (e.q.

© a so-called Fd anti og%%r%%né—irr\ltglgg)gs?g}fr?g g%(?é'vﬁ“ orﬁa?h?.r Eh gao%y

of mighsrRMREHh adtigarrbiRtging domain comprises an antibody light chain
variable region (VL) and an antibody heavy chain variable region (VH).

ecific 2Q This may be used to refer to the situation in which one

Fuy eﬁfbe%reg R5PRERicT AT p&ir Wil hBEsRGW &ty &GRiaRAY binding to
engnoleeuiasiofirerthards speaificsbitiding partnes(s) - Ehaiiesn isatso
nuAplicallewhere .9, an antigen binding demain '&%%@fpgcfé%ﬁgosr. an b
articular epitope which is 25 carried by a. number of antigens, in V{/]hICﬁ
macg%saesmé %ecﬂ)iﬁd’lnﬁ%‘éﬁ%’é‘@r%r%ﬁng“%he( aRtigen Birdiag Hotramwil

andithable tq b tonthe wayious gatigens cadyingtheRpitape: ; €ommisai3ay

his is genetally used in the sense of ipnclude, that is to say_permitting the
CET e o e S ne e A
as PORIGRB26041603059 [ISoldtedrEhiy ¢dferd i@ tie state imwdich Specifier

pe RiRding m@?bvﬁégicthﬁiieaeﬂﬂomharaaqu@ aeid encoding such binding ..

members, generally be in accordance with the present invention.

In3ESLYET Ribritbrs ARG fStafet HudBRIaGa ilf bedréwsrrsstahesly

gedtee ahmbderialavitmwhich they ate satusally asseciated susb agather
191|1)épe yysgceesmo,r %%%legea%gggv@or isolating human antibodies to

human antigens [108]1.

Synthetic antibody molecules may be created by expression from
genes generated by means of oligonucleotides synthesized and
assembled within suitable expression vectors, for example as
described by Knappik et al. J. Mol. Biocl. (2000} 286, 57-86 or
Krebs et al. Journal of Immunclogical Methods 254 2001 67-84.

It has been shown that fragments of a whole antibody can
perform the function of binding antigens. Examples of binding
fragments are (i} the Fab fragment consisting of VL, VH, CL
and CH1 domains; (ii) the Fd fragment consisting of the VE and
CH1l domains; (iii) the Fv fragment consisting cf the VL and VH
domains of a single antibody; (iv) the dAb fragment (Ward,
B.S5. et al., Nature 341, 544-546 (1989), McCafferty =t al
{1%90) Nature, 348, 552-554) which consists of a VH domain:

(v) isolated CDR regions: {vi) F¥F(ab')2 fragments, a bivalent
fragment comprising two linked Fab fragments {vil) single
chain Pv molecules (scFv), wherein a VH domain and a VL domain

are linked by a peptide linker which allows the two domains to

42



10

15

20

25

30

which they are found in their natural environment, or the 10 environment
in which they are prepared (e.g. cell culture) when such preparation is by
recombinant DNA technology practised in vitro or in vivo. Members and

Wwaclgig@eidomay be formulated with diluents or adjuvants apg-gtilkiafssezese
practical purposes be isolated - for example the members will 15 normally

a5 <& fMixed with gelatin or other carriers if used tq. cogt migrotitre plates for
use in Immunoassays, or Will'be mixed with pharm ceutlcaﬁly acceptable

Scigaffers of dilubhts ivhon GSES in BiugFeRissr therap)i2Spatifie bidings79-
oA Ay ot sole (0 CHO NS (EeA B2 be03)

[ ukaryatic.cells (e.g. ) or | ,
‘PCEZ@?;BOZ?%%? ?%ﬁy B Cffope’&)am&%aﬁ’ﬁﬂ)’o‘?ﬁed B ExbFasSial i 4
mulprtﬂmy@tfdcett)nawtmlaied.smalm’aﬂy degugrings|LERS 2mThis
(wodanerllysefers iga stale. in which they). 513 pralein o, ragments theggol,
mat%/ﬁoccur. Naturally occurring IL-13 means IL-13 protein which'is

6444561t 4fly ptodiided by ¥ ceRCinthott PrigiaAtfoBGeRsHRENEEENEhucleic

st adtitivsing secembinant desbnalogn Thasdnaturahy aecuHngdb=13 May ng
be.as 30, produced naturally by for example CD4+ T cells and/or as

theis% atgadfrr:j{}% adcr%%arﬁrrﬁgl asa% %& r:h%%? n%%-ﬁl? maﬁ%EWaete?%g&éarﬁhSu%ﬁ ‘as

123Gt lerdhousé 245 WOMR005/007.689 POTHGEZ004/60305% Redombirrantz

cu3llad3his £efera 1a.8 statednyuhich the lL-3 protein o fragmegts, tagreof
may occur. Recombinant IL-13 means IL-13 protein or 5 fragments thereof
3056r" d l})??e@ombinant DNA in a heterologous host. Recombinant

IL-13 may differ from naturally occurring IL-13 by glycosylation.
conventional bispecific antibodies, which can be manufactured
in a variety of ways (Holliger, P. and Winter G. Current
Opinion Biotechnol. 4, 446-449 (1993)), e.g. prepared
chemically or from hybrid hybridomas, or may be any of the
bispecific antibody fragments mentioned above. Examples of
bispecific antibodies include those of the BiTE™ technology in
which the binding domains of twe antibodies with different
specificity can be used and directly linked via short flexible
peptides. This combines two antibodies on a short single
polypeptide chain. Diabodies and scFv can be constructed
without an Fc region, using only variable domains, potentially

reducing the effects of anti-idiotypic reaction.

Bispecific diabodies, as opposed to bispecific whole
antibodies, may also be particularly useful because they can
be readily constructed and expressed in E.coli. Diabodies
(and many other polypeptides such as antibody fragments) of
appropriate binding specificities can be readily selected
using phage display {W094/13804) from libraries. If one arm

of the diabody is to be kept constant, for instance, with a
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in eukaryotic systems such as mammalian or insect cells are
glycosylated. Proteins expressed in insect cells however differ in
glycosylation from proteins expressed in mammalian cells. 15 By

vaubstantisdly as set out” it is meant that the relevant CDR aic\¢d®iodloososs
domain of the invention will be either identical or highly similar to the

spegified yegiop i egyence is,se herei “highl
Spesimilar" itS?s 20 c%%gr%p%gtg%}%l%at%&?’to%éﬁ%rf&%gﬁo% 1ctE§1 4}55%0 ade

Wheze Fh& 395 MEBr 278r 3% A HfRhGad dubshittePdimay b prage imte
spethefCRR andiiradd af VL Blﬁ)ﬁiﬁiﬂi'ﬁﬁe SﬂHﬁ{Mgéﬁ%%GMEﬂs&d@R% &ade
t of CDR's of the 25 invention will generally be of an antibody heavy or
Y %g(?}w{%%ghgfﬁc%eoéuogn%% S g&ﬁzﬁgﬁﬁgﬁpoﬁﬁoﬁhe%ﬁ%ﬁ @%&ﬁ%eg&[?é’or
Progerief BpR's iPlochidt 824 loddfn corresponding to the CDR or set of
CDR's of naturally occurring VH and VL antibody variable domains
Antencoded, by rearranged immunoglobulin genes. 30 The structures and
tbEaflons Bf i #ftidbulin variable domains may be determined by
ThirefdrenceitosiKatiat, BaActetd, Hequenoesnf Rroteins vf Immuplogical

ergst. 4th.Editign. epartment of Health and Human Setrvices.
COHI%S?, and u%d(la%legsg tﬁ%%gf, r?gvﬁ\é/%v%ﬁg% ef n%hlél %te?r?etaéfg\/\f(ﬁ
COMRAEBRTEYY BCTREBR004/G03055E (Fftp #irhiriLaTo-bniéhewe. ety enfingen

is Yahat, using:any Seatch£pgiRe), GRR'S Gap glsgm%tzg@grb%gﬁierof

thescaf cildggucghas 5 fibronectin or cytochrome B [115, 116]. Preferably, a
CBR &#5iR6 atid §8qhakce StbsRhally 38 SR bt fereid s CArHERFAs a

bin€DR inlarimanaariabledomaie or By suhstantiathpadiontbereafy The

variGRR3 sapuences 4O substantially a3 gek-quiNerain [ePresent preferred
consisting of a VH domain). Preferably, an antigen binding
domain comprises an antibody light chain variable regilion (VL)

and an antibody heavy chain variable region (VH).

Specific

This may be used to refer to the situation in which one member
of a specific binding pair will not show any significant
binding to molecules other than its specific binding
partner(s). The term is also applicable where e.g. an antigen
binding domain is specific for a particular epitope which is
carried by a number of antigens, in which case the specific
binding member carrying the antigen binding domain will be

able to bind to the various antigens carrying the epitope.
Comprise

This is generally used in the sense of include, that is to say

permitting the presence of one or more features or componeants,
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embodiments of the present invention and it is preferred that each of
these is carried as a HCDR3 in a human heavy chain variable domain or
a substantial portion thereof. 15 Variable domains employed in the

genkionaay be obtained from any germ-line or-rearranged WmMaa 003059
variable domain, or may be a synthetic variable domain based on
consensus sequences of known human variable domains. A CDR
sequence of the invention (e.g. CDR3) may be introduced into a
IsqépbAbire of variable 20 domains lacking a CDR (e.g. CDR3), using

ThirecestinantBN, dechnelegynFanexample Marks elial{Birf Teshpelegyor
1992, 10:779-783) descrihe methods of producing reperioires of antibod
S, S TRHET IS BontHing I Which E5hGert RGeS el St ool aRaRE >

wild thers: eatlof the Variable dofsainarea dne tisedin somjunctione withon .

1s SPRSERsHSRLmers o thedbird framework regign of iyman pH genes to

provide a repertoire of VH variable domains chkingEa CDR3. Marks et al
suligiABE daseibe Ret this BBTRperbirdhly Be@mbhRd Witk SePRS ot ¥
asqattielas aniihodys Using analagausdechsigues, the: CHR3-gerivedywitn
sequences of the present invention may be shuffled with repertoires of
W5 G dBRaing TAkRG a-CORB, Ahd he- hUfiea oM picte VH 5L
endorpainsrdombinediwith Bheograte \Nrapayei20es5M076991 culture)

whd?C HEB2004{003050,0r M demaie. Lpprovide specifichindingmembers
of the invention. The repertoire may then be displayed in a suitable host
PraghidifiSuth 45 e phage disptEy systenTof 102/ 1049 ‘G ang ot & MY
be sfibsrqlentiarge tiodyidflierature; inclydimgri€ay <, 8. K5 Wintgr d., and
McGafferty, J. (1996) Phage Display of Peptides and Proteins: A {11
P bratory SHUAl, S2 DIcgs: Achdertic Proce. Eo that Suilzbie Sheclfi
nophadihy rAénibiers tnayt e seleeied: /oreserisire ARLESKISLHT fremd to
co@BYHing dtore - 04 Individual membersupwAltS, ek axampla-frpm 10640
mixgg(ﬂgth pharmaceutically acceptable carriers or diluents
when used in diagnosis or therapy. Specific binding members
may be glycosylated, either naturally or by systems of
heterologous eukaryotic cells (e.g. CHO or NSO (ECACC
8§5110503) cells, or they may be (for example if produced by

expression in a prokaryotic cell) unglycosylated.

Naturally occurring IL-13

This generélly refers to a state in which the IL-13 protein or
fragments thereof may occur. Naturally occuzring IL-13 means
IL-13 protein which is naturally produced by a cell, without
prior introduction of encoding nucleilc acid using recombinant
technology. Thus, naturzlly occurring IL-13 may be as
produced naturally by for example CD4+ T cells and/or as
isclated from a mammal, e.g. human, non-~human primate, rodent

guch as rat or mouse,
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10 1010 members. Other suitable host systems include yeast display,
bacterial display, T7 display, ribosome display and so on. For a review of
ribosome display for see Lowe D and Jermutus L, 2004, Curr. Pharm,

RWowmeHdRd-27, also W092/01047. 15 Analogous shuffling g r/ae2004/003059
combinatorial techniques are also disclosed by Stemmer (Nature, 1994,

370:389-391), who describes the technique in relation to a R-lactamase
gene but observes that the approach may be used for the generation of
ReoprgdigsdieSLAlfdrther alternative is to generate novel VH or VL regions

ThLaredng GPR-derivad seauences ot theavention USINGaNAOR) £ragments
mutagenesis of one or more selected VH and/or VL genes to 25 generate

EhHGticRR WA the diftTEVRHBRRF dofial. SGAFa Herhiqreigein or
f r ipsenibeddne Gram etald1982, Byoed¥athvAeacht SOHAUSA 2

o EXBTLEARB0) who Used QpIONe PCRIN, preferipd embodiments

one or fwo amlnolacid substitutions are made within a sef o IﬁfﬁbR's
na Ghefor- F COR'ST 3018h other Aétod Wiiets vAak betused is to direct
mutagenesis to CDR regions of VH or VL genes. Such techniques are

R disclosed, by Barbas et al, (1994, Proc. Natl. Acad. Sci., USA, 91:3809-

S i SeRier SAT (TS5 <F N0tbl. Bich=243-0% 867 Py 21

ex 005007699 FETHC B2004/603059cAl the abdverdeseribed dechriguessed

in ARk 85 sUehindbe ;atendindbemeelues do noj fam partging, .
present invention. The skilled person will be able to use suchb

gl ¥EeRitliE_do FrevitR ISR GRE BRI mMembeRsekthes iventiowarsing

di feuiine methpseiagwinithe arkoh futherasped.of the inventionpravides.a
C‘em%thod for obtaining an antibody antigen binding domain specific for IL-

By "sﬁbstantialiy as set out" it is meant that the relevant
CDR or VH or VL domain of the inventicn will be either
identical or highly similar to the specified regions of which
the sequence is set ocut herein. By "highly similar" it is
contemplated that from 1 to 5, preferably from 1 to 4 such as
i1 to3o0rlor 2, or 3 or 4, amino acid substitutions may be

made in the CDR and/or VH or VU domain.

The structure for carrying a CDR or a set of CDR’s of the
invention will generally be of an antibody heavy or light
chain seguence or substantial portion thereof in which the CDR
or set of CDR’s is located at a location corresponding to the
CDR or set of CDR’s of naturally cccurring VE and VL antibody
variable domains encoded by rearranged immunoglobulin genes.
The structures and locations of immunoglobulin variable
domains may be determined by reference to (Xabat, E.R. et ai,
Sequences of Proteins of Immunocloglcal Interest. 4th Bdition.
US Department of Health and Human Services. 1987, and updates

therecf, now available on the Internet
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10 13 antigen, the method comprising providing by way of addition,
deletion, substitution or insertion of one or more amino acids in the amino
acid sequence of a VH domain set out herein a VH domain which is an
soipmaeidsequence variant of the VH domain, optionally cerrhimmgthesoso
VH domain thus 15 provided with one or more VL domains, and testing

?&Hﬂlﬂ%”ﬁﬁ HiYL combination,gr sembinations:teddenlysdarcn
speC| binding member or an antibody antigen binding domain specific
enggpfl-13 antigen and optionally with one or more preferred properties,

preferably ability to neutralise IL-13 20 activity. Said VL domain may have
oo arga?lo afld s%%uence WI&I |s sgpstantle}#z As st qut hergin. An

analogous metho mayJE)e empYoye in'w one or more sequence
£ 1veriagts ok aorL evhraindigcloBed hebeinldieicombined 25 with one or
more VH domains. In a preferred embodiment, BAK502G9 VH domain

(SEQ ID NO: 15 may be subject to mutation to& ovide Qn r more V t at
Prefothaint Amifo Htd Te4enes VArRRE AHdiof Y<EQiD ©
heMNQh 30:16x A furthersaspantiof the anvenion pnmadsesla methatrofor a

reparin ecific bi b e r en, which
SmpS%%nt c%&?n ﬁfégoﬁ‘g{%‘\rl%gz%gg)ocﬁggg%g%%B%ééﬁo‘@g%osg (@)
subpsvitidgd starihgSrepeptolr PETRicle ESRGES BREOBIFRES VA domain

emMish&ither #nclude aCBR3 0 baviaplaeed ghiacka GDR3ANCOLHAY that

region; (b) combinin sald repertoire with 2 donor nucleic Cld 5 encading
eagh &hi rﬁ%%% sle?qlf ?L?bft%nﬁaﬁ;a% et out hgereln fo% ¥ EBRE

vasiighltbatisaisiconer rucieicssid is. dAaserned into the<CBRE- reglon in the

repertoire, so as to provide a product repertoire of nucleic acids encoding

a VH domain;
Variable domains employed in the invention may be cbtained

from any germ-line or rearranged human variable domain, or may
be a synthetic variable domain based on consensus sequences of
known human variable deomains. A CDR seguence of the invention
{e.g. CDR3) may be introduced intoc a repertoire of variable
domains lacking a CDR (e.g. CDR3}, using recombinant DNA
technology.

For example, Marks et al (Bio/Technoleogy, 1992, 10:773-783)
describe methods of producing repertoires of antibody variable
domains in which consensus primers directed at or adjacent to
the 5' end of the variable domain area are used in conjunction
with consensus primers to the third framework region of human
VH genes to provide a repertoire of VH variable domains
lacking a CDR3. Marks et al further describe how this
repertoire may be combined with a CDR3 of a particular
antibody. Using analogous techniques, the CDR3-derived
sequencas of the present invention may be shuffled with
repertoires of VH or VL domains lacking a CDR3, and the

shuffled complete VH or VL domains combined with a cognate VL
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10 (c) expressing the nucleic acids of said product repertoire; (d)

selecting a specific binding member specific for a IL-13; and (e)

recovering said specific binding member or nucleic 15 acid encoding it.
wWwgamsamaenalogous method may be employed in which a VitcE&RBEBoo3059
the invention is combined with a repertoire of nucleic acids encoding a VL

or \H—?r&%izﬂa\’ygiCEOEig@éﬂquQ@%%t%99&%‘{%%9&|Qﬂ’< a GDR3
encoding region. Similarly, one or more, or all three CDRs may be %rtafted

1nveREl Arepeltbf e SRR IGHVE dBRYAINS GhidlF afd- iRt ¥6ene dfoP & “aP e
hosSpegHicdandingimemhberorspeeificibinding merahers spedii® 2B idrd7 or

IL-13. In a preferred embodiment, one or more_qf BAK5
2y (BE5 IBNEE S HCRbSEY N 0 A HICBHs (RN 5 br
B. K the BAKS02GY set ot COReS; fRay Be ehaployB8 S an8RrBhdEBOToRE

pepPf BAKS02GY LGRRAL(SEQIDNG: 10)( GRRZ(SEQLR NQsJd), orthe
BAK502G9 set of LCDR's. A substantial portion of an i muno%l%)ulin

hcadeRifieEdsmain Sl ot ide SERbst BRefred TORTEHIShEWBg&ther™Y
be withe 504/0O 2A05M0699 PETHEGR 26004003058 thiemitenwriingg from

« framework regions. Prefe partion _will alsq i eafdeast apo
10 é()%o'li)‘fjélt]l%ae(?rL or %o%ﬁ%egtr%mﬁgr’g?agﬁdc%?rtﬁ%%rﬁe%%or%? r%%i&?s, t%§e g(?%%r
10" ainghps ©- Rkl B0 3T tRe HRst fraehone rdgiehy it #PR%erminal
a1 sp12Qpe of the fourh framewsik regiom:AdditionakresiduesatiiBglay and
N-terminal or C-terminal end,of the sub tant'?lt%ar of the vgg%%IeDdorrqgin

50 fifhy bé ffode AET ﬁS%gi 5%%8&8{%% \%ﬁﬁ’png ralf o&&SriRg Variabie

Jertlomain Iegipns AFoCexamphea consthictioredf, spddifie Binding embers

Woggp%grgsent 10 invention made by recombinant DNA techniques may
resultinthe

Analogous shuffling or combinatorial techniques are also

disclosed by Stemmer (Nature, 1994, 370:389-381), who

describes the technigue in relation to a P-lactamase gene but
ohserves that the approach may be used for the generation of

antibodies.

A further alternative is to generate novel VH or VL regions
carrying CDR~derived sequences of the invention using random
mutagenesis of one or more selected VH and/or VL genes to
generate mutations within the entire variable domain. BSuch a
technique is described by Gram et al {19%2, Proc. Natl. Acad.
Sci., USA, 89:3576-3580), who used error-prone PCR. In
preferred embodiments one or two amino acid substitutions are

made within a set of HCDR's and/or LCDR’s.

Another method which may be used is to direct mutagenesis to

CDR regions of VH or VL genes. Such technigques are disclesed
by Barbas et al, {1994, Proc. Natl. Acad. Sci., USA, 81:3809-
3813) and Schier et al (1996, J. Mol. Biol. 263:551-567).
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introduction of N- or C-terminal residues encoded by linkers introduced to
facilitate cloning or other manipulation steps. Other manipulation steps
include the introduction of linkers to join variable domains of the invention
wduiesopsediein 15 sequences including immunoglobulin hqavy@bainsosese
other variable domains (for example in the production of diabodies) or
protein labels as discussed in more detail elsewhere herein. 20 Although
in a preferred aspect of the invention specific binding members
RL1comprigihgve par Br VI eth - VEHOHARS & SpreteifBd 2SingReBinding e
artdemainsmbasad.ar either M 05 VL slomainsequencrs fora durher
. aspects of the invention. It is known that single i unoglobulin dogmains,
lm’eeé‘gaelc?é’lry VH agﬁw?ail: §, Bfe"Eapanle ot bFr%jir?gm’faerg%? a%ﬁ%eﬁ%%a
tecdpdoific: mauenen dy tiie case ©f Bithebbhthensingkmdsacifio biridirg
1nvaRaIs. Jheqg dogainsngy dejused ig sareepyar gemplementary

domains 30 capable of forming a two-domain specific binding member
able to bind IL-13. This may be achieved by phage display screening
A fuethods using cthecso-calded hiematdhicaldtat combinatosish appfeach as

o034 WQ 20091007699 PCTIG112004/003059, disglased In 092101047, i,
Wﬁlcﬁ aﬁ‘u m%iwgué coc?gny co al,nin‘g eithe an ?—| or E chain clone is used
13 terikfegen  chimplatetibpdnconsivhas eacodmgihensthey chiamn @for H)

adcBNd the, reguiting two-chainssnecitic 8inding mesmber isnd selested §r nore
accordance with phage display techniques such as those described in

amifg: AFafEhceR ThCtedhigué s aisB SHREREBdIA Marks S8Rt 5S¢t o8t
hersgecitic Bindingumiembeis:of the present inveatidd nayfientiver #@riant of
enERPIRG:20U0OD, cqRaant Ledlghs oF PRHSINESR!. Eoh.12 Rl 2 VL
domain may be attached at its C-terminal’end to
provided with one or more VL domains, and testing the VH
domain or VH/VL combination or combinations to identify a
specific binding member or an antibody antigen binding domain
specific for IL~13 antigen and optionally with one or more
preferred properties, praferably ability to neutralise IL-13
activity. Said VL domain may have an amino acid seguence

which is substantially as set out herein.

An analogous method may bhe employed in which one oxr more
sequence variants of a VL domain disclosed herein are combined

with one or more VE domains.

In a preferred embodiment, RAKS502G% VH domain {(SEQ ID NO: 15 )
may be subject to mutation to provide one or more VH domain
amino acid seguence variants, and/or BAK502GY9 VL (SEQ ID NO:
16).

A further aspect of the inventiocon provides a method of
preparing a specific binding member specific for IL-13

antigen, which method comprises:
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antibody light chain constant domains including human Cx or CX chains,
preferably Ck chains. Similarly, a specific binding member based on a VH
domain may be attached at its C-terminal 15 end to all or part (e.g. a CH1
damaspokan immunoglobulin heavy chain derived from any@ntiBasy eo3059
isotype, e.g. IgG, IgA, IgE and IgM and any of the isotype sub-classes,
harfigniary d90d e 08 laGh.s Rieferred; LG4 s pisleued heoase
it does not bin con?plement anci1 oes hot create effector 20 functions.
encARyyMhdiic SpBthcr conbiEntabEisEvaRsit IRathdshésE Drbperties
rep@g@@&agiﬁzq%y@rigbl@jggi@}ﬁ;@dgﬁﬁg) prefersad for use in embodiments of
the present inyention. 25 gpecific %indin me&wﬁbers CPJ the invecr}%g)incméal g
be [E8ellstPHith™ 4 72188hBI6 8P fimctional [Abel. Befectable Tabe

s’include
encratliolabels sudhmas 4314l os 99T eehicl iy bé brththed 30 saitilsodies of

heAREANYERtIQN pisincheanyentional chenvistly kpown inthe-adt of anibody
~imaging, Labels also include enzyme 30 labels such as horseradish

insgareRiddse: @ dtefs filfheriReitioR thefiGalTRBREESSERN & 0idEinthich

provayde dgtesiad via hirdingiio« sgeeifie begnatedetectablodnoigty, &74.

d labelled avidin. 52 WO 2005/007699 PCT/GB2004/003059 Specific
Onﬁlﬁafng members of the present invention are designed to be used in
methods ekgicgmotistorireatrieALhhFrAAA Drodnipial SubfeAsct

ro g BIQRPLY. human. 5 Accordingly, further aspects of the invention provide

methods of treatment comprising administration of a specific bln,dlnl%%r a

mettber &EPRVIdEF fhat RaP CoMEitBHESom SRSy & e

1L-specifieibinding member, and use of such a specific binding member in

the nufacture of.a medicament faor ' iisr ti @n&?éfxé‘g‘mﬁéﬂ@i
met eo% of r@ncawr?grﬁnrﬁegi%é%esrﬁegr %%?ﬁgggut%c%l%omposition ¢
acigbraprsitigriermilating the

Again, an analogous method may be employed in which a VL CDR3
of the invention is combined with a repertoire of nucleic
acids encoding a VL domain which either inciude a CDR3 to be

replaced or lack a CDR3 encoding region.

Similarly, one or more, or all three CDRs may be grafted into
a repertoire of VH oxr VL demains which are then screened for a
specific binding member or specific binding members specific

for IL-13.

In a preferred embodiment, one or more of BAKS(02G9 HCDRI (SEQ
ID NO: 7), HCDR2 (SEQ ID ¥NO: 8) and HCDR3 (SEQ ID NC: 9}, or
the BAK502GY9 set of HCDR’s, may be employed, and/or one or
more of BAK502GH LCDRl'(SEQ ID NO: 10), LCBR2 ({SEQ ID NO: 11},
or the BAK502GY9 set of LCDR’'s.

A substantial portion of an immunoglobulin variable domain

will comprise at least the three CDR regions, together with
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specific binding member with a pharmaceutically acceptable excipient. 15
Clinical indications in which an anti-IL-13 antibody may be used to
provide therapeutic benefit include asthma, atopic dermatitis, allergic

N iEiRsiPrasis, chronic obstructive pulmonary disease, inflagpmaigivoznse
bowel disease, scleroderma and Hodgkin's lymphoma . As already
explained, anti-IL-13 20 treatment is effective for all these diseases

Eheant APIPF HeRiMEntHa) B G Sraiy Sy ifjSEISH ot Exanples O 1 On
wilSukauianeouslydintraveheuasly, intraperitdhealfor irtramusculady)y Byt the

£1,{202110 SLoneE 1y, (for, example 25 jtrapgulas intianasg!, feetab.into
wounds, on skin). The route of administration can be determined by the
texgHysdoiemithl BRardttéstics orpetréathfshtoBy 3pdcighe N-terminal
spLAsidamtionsfor the-disease origthenrequiemeriida aoptiviseieticasy
or to minimis side-efj_ects. 30 Itis era/is%gec%that %nsti-IL-%siérfatrylgntg\gll
the, fi e Yashitcted Yo Use TR THE 2inid® Thafefore, subcutaneous ihjection
theusiag ehéedlédred devizy ibalddpraferred. (B3 WO 2005/60PE%Fed with

nathel/GB2004(003059 Lombinatiogfreatments feay be used to.prayids

significant synergistic effects, particularly the combination of an anti-
conp3igpéemic BindiRg Thriber YRt BRe S RErRS ofher UitgS Ik S§8ecific
inindingmembenaccosdingiothe prosentinyention szayns berprovided in the
in‘igxoo %IQ a:Eiqu a4 q\g—itioon t%g’a},%rtn? rI{grlg J?"gg mgugesta %%Oo%{g[é’ by linkers

CorticosteroidS; cromaglycate, félKotriene receptor antagon|s¥ , methyl
inxandhices dvd frdd Behvatves, dLip mmBitersh AluStaRhR retepidy steps.

orRtaganists, 1 195 inhibitors shistaminie inhiBitarsy He@iBb#Rr$ A0 inkers
eotaxin/CCR3 inhibitors, PDE4 inhibitors, TGF-beta_antaganists, :
toineHRrSATGENE, fefenidnet chefothdipetitt o tUrther protein

sequences including immunoglobulin heavy chains, other
variable domains (for example in the production of diabodies)
or protein labels as discussed in more detail elsewhere

herein.

Blthough in a preferred aspect of the Invention specific
binding members comprising a palr of VH and VL domains are
preferred, single binding domains based on either VH or VL
domain seguences form further aspects of the invention. It is
known that single immunoglobulin domains, especially VH
domains, are capable of binding target antigens in a specific

mannexr.

In the case of eilther of the single specific binding domains,
these domains may be used to screen for complementary domains
capable of forming a two-domain specific binding member able
to bind IL-13.

This may be achieved by phage display screening methods using

the so—-called hierarchical dual combinatorial approach as

i
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agents and immunotherapeutic agents. Combination treatment with one or
more short or long acting 15 beta agonists, corticosteroids, cromoglycate,
leukotriene (receptor) antagonists, xanthines, IgE inhibitors, IL-4

NI bifargoAesd inhibitors, eotaxin/CCR3 inhibitors, PDE4 inhipHats MaXd8so
‘employed for treatment of asthma. Antibodies of the present invention

. can also he u ' ination with 20 corticosteroi a B’ﬂﬁ{ bolites,
di Sa’%%a%‘r%s%é‘ 0‘?&%&.@%@ ahdlﬁsbgc‘)ﬁ%straenarﬁ %%r?a ﬁ%g% 3f)ar%dllﬁwagys";‘or
conttedtmient of fidresisarCmbnaticrthistapy ohthdse dafsodies WilePbm

corBRbitors,; xanthines apd dhelr dgyivaliyes, muscatinic/eseRtof (L or H)
antagonists, short and long beta antagon|sts can he useful for 25 treating
anHB RIS M%‘éfiﬁr%i?@&é& iRt oS a 8RR oS
seloommbinatinns epplyitothe uselof pintige- 13 drdatmdridonatopic dennhtits,
endEYE IS, £hignis, obsiislye pulimonap: disease a0 matoy so
Dowe Isease, stleroderma and Hodgkin's lymphoma. 30 In accordance
di sty e pigsdfritireritiori Lomipdsitions provided may be administered to
individuals. Administration is preferably in a "therapeutically effective

amount”, this_ being sufficient to show benefit to a&aéieg}_. Sucgbegefi

SPeIiG JRTGG e IT PG E2004608055 ey Be'stieast arr%eslyioraLlltf:cl;Cr%1 o
corf at eastroneosyipptams Thet ackml ansount gomingstérery; e raté end

exdime-gourse,of administration, will depend.pn.the Rature andseveriteod co

what is being treated. Prescription of treatment, e.g. decisions 5 on
an'dbisade et¢gistwithinithegespoasibilidpot feaeidlcprdiitienirand Gther Ch
T e 1 R e
mebBr ebak¢d99t) Antibotiyradmuracdrjugatescmfl at its C-terminal
engag(i)og%ma,qc%g@@ls(éggwa CH1 domain) of an immunoglobulin
heavy chain derived from any antibody isotype, e.g. IgG, Igh,
IgE and IgM and any of the isotype sub-classes, particularly
IgGl and IgG4. IgG4 is preferred. IgG4 is preferred because
it does not bind complement and does not create effector
functions. Any synthetic or other constant region variant
that has these properties and stabilizes variable regions is
also preferred for use in embodiments of the present

invention.

Specific binding members of the invention may be labelled with

a detectable or functicnal label., Detectable labels include

 radiolabels such as **'I or **Tc, which may be attached to

antibodies of the invention using conventional chemistry known
in the art of antibody imaging. Labels also include enzyme
labels such as horseradish peroxidase. Labels further include
chemical moieties such as biotin which may be detected via
binding to a specific cognate detectable moiety, e.g. labelled

avidin.,
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10 922. The precise dose will depend upon a number of factors, including
whether the antibody is for diagnosis or for treatment, the size and
location of the area to be treated, 15 the precise nature of the antibody
(e.g2whetesantibody, fragment or diabody), and the nature of@iTgB2004/003059
detectable label or other molecule attached to the antibody. A typical
spaatiady dose Ml hedbe Ja0ge 09 I0.L O 19 HSeTs, apploglany, .,
" apﬁd 119 to Img for topical applications. 20 Typically, the antibody will be a
Wbl BRtibady TreradBIy the 1§eRqse§ per This Rt dpse ¥or AEnvgleor
antreatmenbdkan sadultpatieat whiehsmay. be proportionally adjusted for
children and infants, and also adjusted for other antibody formatsin
proportion to molecular weight. Treatments may be 25 repeated at daily,
Acfiedingdily, Weskiesr moptdyintefvalse attiventisioretiorof thie methods
ofphysiainfiein prefasedsembogimentss of the presgntinyention, freaiment i
neRgrodic, and th(,=:d eriod between administrations is about two weeks or
more, preferably ShoutPeERREks BitthoFE B bicta Patsty BB S 309
sufguravesies:of Arore noaboutende B, menth . .Speific binding meyabers of
ni e presentinvention will usually. be administered in. the form of a
phanrﬁ@aceutical composition, 556\3/6)1 2005 (537(%89CP CTIEB20b3003059
adWﬁW&é’rﬂpri@@%t%&%@ esmporehtiradditioaktbribe aspedficament
orbidingumembetalnumRPaFNaceulicalGOMRASIHONS, 2Raarding, Ip the,
Spgg:elsteg{wé 2 i@;\éﬁ%io% and for use in accordance with the present
invention. may comprise:n dddifioR t8AFVRTHGetfaily acceptable
exghadRateutically acceptable excipient, carrier, buffer, stabiliser or other
materials well known to those skilled in the art. Such materials should be
non-toxic and should not 10 interfere with the efficacy of the active
Clﬁﬁﬁga&”ﬂpfﬁgatlons in which an anti-iIL-13 antibody may be
used to provide therapeutic benefit include asthma, atopic
dermatitis, allergic rhinitis, fibrosis, chronic obstructive
pulmonary disease, inflammatory bowel disease, scleroderma and
Hodgkin’s lymphoma . As already explained, anti-IL-13

treatment is effective for all these diseases.

Anti-IL-13 treatment may be given orally, by injection (for

example, subcutaneously, intravenously, intraperitoneal or
intramuscularly), by inhalation, or topically {(for example
intraocular, intranasal, rectal, into wounds, on skin). The
route of administration can be determined by the
physicochemical characteristics of the treatment, by special
considerations for the disease or by the requirement to

optimise efficacy or to minimise side-effects.
It is envisaged that anti-IL-13 treatmen® will not be

restricted to use in the clinic. Therefore, subcutaneosus

injection using a needle free device is also preferred.
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,precise nature of the carrier or other material will depend on the route of
administration, which may be oral, or by injection, e.g. intravenous. 15
Pharmaceutical compositions for oral administration may be in tablet,

GRPSWEsdpyder or liquid form. A tablet may comprise a sol%%gﬁ[ﬂ%{d(%w
as gelatin or an adjuvant. Liquid pharmaceutical compositions generally

omprise a ljquid  carrier such as water, petroleum, animal or vegetable
Cm%f‘sr,lg %ﬁnéqfa oG SyhtheC 8f I‘-"ﬁ?ﬁoﬁjogi(%ﬁ%‘éﬁ 8 o ~déxtrose
syz@ff@th@t:‘saceﬁémasollm@nuirqgiye@@ssuzﬁheas:ceuhyleaejgiymifpmpwmé—
1-AYCALARARIBIENE ALY bedRFuded: 25 RRLABYEISrugs . 2
[

injection, or injection at the site of affliction, the active ingredient will
SPafLioMbfe e RRTART aéC&stabld dq oS oRmiBRASNHichng ention may
be progeaded mnebhas suitable pH, satnnicibynand stakility. Jhosemf acting

relevant skijll.in the art are well able to prepare.suitable 30 salutions using,
S chbe R e el M ot e
(repfaciion) LaetReeRiAGers ajderibnzPrédematdvesidiabitisers, buffers,

de@RfiXidants and/or pthenadditives mayche included as reauited. DRMW Ot s,
2005/007699 PCTIGB2004/003059 . A composition may be administered

Lo 1SRG Gt R bR it BtHaHieahRirts, dither SitiHRhESHSN or
eoisequeftialy depehdentupen HIE condititnitodyes ireatsk e Specific
indi m 0 e [nventi formul in liquid. ok
o oG g e S o teg o e Tblsects
a g gt Fo BTG NSRRI FESTRiTafiB 88 Fay include excipients, or
combinations of excipients, for example: sugars, amino acids and 10
urfactants. Liquid formulatjons may include a wide ran%% o{ antibody,

o kRt 2T ohE Hhd 15 sBitd PorthifiafisnE Aty BROTC ong acting

beta agonists, coriicostercids, cromoglilycate, leukotriene
{receptor) antagonists, xanthines, IgE inhibitors, IL-4
inhibiteors, IL-5 inhibitors, eotaxin/CCR3 inhibitors, PDE4
inhibitors may be employed for treatment of asthma. Antibodies
of the present invention can also be used in combination with
corticosteroids, anti-metabolites, antagonists of TGF-beta and
its downstream signalling pathway, for treatment of fibrosis.
Combination therapy of these antibodies with PDE4 inhibitors,
xanthines and their derivatives, muscarinic receptor
antagonists, short and long beta antagonists can be useful for
treating chronic obstructive pulmonary disease. Similar
consideration of combinations apply to the use of anti-IL-13
treatment for atopic dermatitis, allergic rhinitis, chronic
obstructive pulmonary disease, inflammatory bowel disease,

scleroderma and Hodgkin’s lymphomsz.

In accordance with the present invention, compositions
provided may be administered to individuals. Administration
is preferably in a "therapeutically effective amount", this

being sufficient to show benefit to a patient. Such benefit
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produced by lyophilisation, spray drying, or drying by supercritical fluid
technology, for example. Formulations of anti-IL-13 will depend upon the
intended route of delivery: 15 for example, formulations for pulmonary

d@gv%,m%§;onsist of particles With_ physi(_:al prop_erties thatr%ﬂ?ﬂ:'ﬁ?oo /003059
penetration into the deep lung upon inhalation; topical formulations may
maincgjde isiositg/ modi;iijin[g a%ents, which prolong the time that the drug is
sidert at the site Bl Action? 20°Fh& brédent R CproAERI<CE method
acdomprisimguedusitgon ialioaviag bindingrefia specifie hirding member as
achiENidad-hersln (0113 A opted suchbinding. maytgke place i o

. e.g. following administration of a specific binding 25 member, or nutleic

5, 88 BHE 0TS hsheciffEBmEing FetRb ek crrieavaitiike place imeitic fons
omxmﬁalpairbEbI,SA,sV\A&Stfemnbtq{tgngeigysggggy_tpgagurrgg_tr)%eneml )
immuno-precipitation, affinity chromatography, or cell based assays suc
o S P S e BT g R B R? ©°
anfiiPYfiay dse defernined rQuantitationnhay Seerelatédrndhe ameuntef 21 .

(1thergntigan insa tesksample; which Dy, be of diagnpstie inter, t-a%? WQq41)
A %0%07699 PCT/GB2004/003059 A kit comprising a specific binding
“IreToer or BRISOEP HBERbRS a 886t dffs PRIy BRBEEUGHEmba i e AE 6
52the present invention is also provided as an aspect of the present
invention. In a kit of the invention, the specific binding 5 member or
antibody molecule may be labelled to allow its reactivity in a sample to be
ThieR¥Fhfiéd &9sas destribedefuithardelewnTonmponents afadkitare

ingenerally stadlerand dnsealad wiads,on ather.contaipgrs, Kits pay he
<8 1110 d i%ﬁia%nostic analysis or other methods for which antibody 10
molecules are s M?A%Pné?/%ﬁgﬁ ifStrbBforis fist Ue be treated,

the precise nature of the antibody (e.g. whole antibody,
fragment or diabody), and the nature of any detectable label
or other mclecule attached to the antibody. 2a typical

antibody dose will be in the range 100pg to 1 gm for systemic

applications, and 1lpg to lmg for topical applications.
Typically, the antibody will be a whole antibody, preferably
the IgG4 isotype. This is a dose for a single treatment of an
adult patient, which may be proportionally adjusted for
children and infants, and also adjusted for other antibody
formats in proportion to molecular welght. Treatments may be
repeated at dally, twice-weekly, weekly or monthly intervals,
at the discretion of the physician. In preferred embodiments
of the present invention, treatment is periodic, and the
periocd between administrations is about two weeks or more,
preferably about three weeks or more, more preferably about

four weeks or more, or about once a month.

Specific binding members of the present invention will usually

be administered in the form of a pharmaceutical composition,

Ln
Lth
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of the components in a method, e.g. a method in accordance with the
present invention. Ancillary materials to assist in or to enable performing
~ such a method may be included within a kit of the invention. 15 The

rpaciiyitiss @b antibodies in a sample may be determined by g0y, ~eo064/003050
appropriate means. Radioimmunoassay (RIA) is one possibility.

Radioactive labelled antigen is mixed with unlabelled antigen (the test
WG IEYafeHonEY B oinGI8 207 STHRES Bouki g to the
spphysitallyp separateddraarunbound antigen and the amount of radioactive

antigen bound to the antibody determined. The more antigen there is in

the test sample the less radioactive antigen will bind to the antibody. A
Thiggnipetinve Brdingdsseyipaydidone wseePwHA RS fien-Fadionctvent

inastigennysingantigenei-an analeguedinked 19 arepestes raglegule. The
ter molecule may be a fluorochrpme, phosphor or laser dye with

. _repar
LZERE Ay oBtte A ABSa TN & SHTSUI T EndracRsistES, SRR onEr 2
phiuoroohntmeslibgludedfydresteine thogdmineg, pd:gc@qpthribz_%f_)f&m
stexes Rad Suitahle chramogenicdyes inclyde, diaminghenzidipe, Other;
reporters include macromolecular colloidal particles or particulate material

Lheuek bis latSxPedds fitdtake IGUEd, 158 WO 205007690 should not

i n PETHER2004100305% nragheiic oEparxnagniatie anduhislogieally orrhe

chemically, active agents that can directl rindire%ttl cause detectable
t .
Pr&ignals fb!bg Cisally Giservsd ™ gllécf%n%% y detsc g%loarl'ﬂo :*éjf\‘ftvéeemnd on

theequrded. Thesemioléstlesiriay bevdrizymes whieh Smedtalyse regctions

in?@g@lﬁyglro%c_) change colours or cause changes in electrical properties,
or example. They may be molecularly excitable, such that electronic

transitions between energy states result in characteristic spectral
Pharmaceutical compositions for oral administration may be in

tablet, capsule, powder or liguid form. A tablet may comprise
a solid carrier such as gelatin or an adjuvant. Liquid
pharmaceutical compositions generally comprise a liguid
carrier such as water, peltroleum, animal or vegetable oils,
mineral oil or synthetic oil. Physiological saline solution,
dextrose or other saccharide solution or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol may

be included.

For intravenous injection, or injection at the site of
affliction, the active ingredient will be in the form of a
parenterally acceptable aquecus solution which is pyrogen-free
and has suitable pH, isctonicity and stability. Those of

relevant skill in the art are well able to prepare suitable

‘solutions using, for example, isotonic vehicles such as Scdium

Chloride Injection, Ringer's Injection, Lactated Ringer's
Injection. Preservatives, stabilisers, buffers, antioxidants

and/or other additives may be included, as reguired.
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absorptions or emissions. They may include chemical entities 10 used in
conjunction with biosensors. Biotin/avidin or biotin/streptavidin and

alkaline phosphatase detection systems may be employed. The signals
genesadezby individual antibody-reporter 15 conjugates mayppq ds86hidozoso
derive quantifiable absolute or relative data of the relevant antibody

A Qnding in sampls normal and test). The present inyention also provides,
t#é%se of a spec% c(bz% %f%mdllrﬁlé ?n%r%%gr %:sf)oalb%v%rfo%%é:aosrﬁgr‘fh%agrllt?gner’i’ +th
othsjel§ it atBRipRLticA Hrsay sHRItIS 9 say almetio s ebmmasUrihthe

defrvelof antigen iR Resample by smplaying & speeifig binding member as
provided by the present invention in a competition assay. This may be

where the physical separation of bound 25 from unbound antigen is not
Speaddited HMinkibgo repdreers nudlettlke tortbespecificvbindingimesmberrso
fothRha PRysicAl 9t ARfigabehangq oeuis,an pikling s, ang paselbility. The

reporter molecule may directly or indirectly generate detecta e, and

PhYrdRPSBThEasuRBRE iGAES. Thelinkahe Bl reporibriheletaldsnay

de bevdirgctlyrarrindirectyn soxalently ce giviaa peptideondor combinations
non-cov.alentéy. Lfig%(age viafepeptide bond rg@gfbe as, a result of

oF  SESmbian &xpression of a gene fasion’ e Rg 2RtiB8d§ aAd reporter

supfslebak: 59 WOIRd050076 9% RCTHE BR2OD4100B088 Thejplesentnge of
anivanion-alsedievides ok measuring levels of-anfigen dirsgtly, Y, 1

employing a specific binding member according to the invention for
PIASRATIe T ali0RE <ors& sty SHRRYMBBYE GtHetef g Bidwyg is not
supefeatureiefthe£preisent daventiorygnd those-sikilied in thesartare@ble 4001

anfhOPRe ASyiatle mode acgording o telf Referenee 204 o gelivery:
for example, formulations for pulmcnary delivery may consist
of particles with physical properties that ensure penstration
into the deep lung upon inhalation; topical formulations may
include viscosity modifying agents, which prolong the time

that the drug is resident at the site of action.

The present invention provides a method comprising causing or
allowing binding of a specific binding member as provided
herein to IL-13. As noted, such binding may take place in
vivo, e.g. following administration of a specific binding
member, or nucleic acid encoding a specific binding member, or
it may take place in vitro, for example in BLISBA, Western

blotting, immunocytochemistry, immuno-precipitation, affinity

chromatography, or cell based assays such as a TF-1 assay.

The amount of binding of specific binding member to IL-13 may
be determined. Quantitation may be related to the amount of
the antigen in a test sample, which may be of diagnostic

interest.
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general knowledge. 10 As noted, in various aspects and embodiments,
the present invention extends to a specific binding member which
competes for binding to IL-13 with any specific binding member defined

ReteifsRdsdaAKS02G9 IgG4. Competition between binding 1. &%7)3659
may be assayed easily in vitro, for example by tagging a specific reporter

molecule to one binding memper which can be detected in the presence
B 5t RBPERLAISEE Binder TSR EH: BRSO e RicHtoh s Specifc
mobirdihg membeisiwhich bimg thepsarneepitopecctiarsoveddpiing epitopelt
infEhEPAPIUlan may e delermined Jor sxpmele Ysing i Isfetupich

L-13 is immobilisedto a plate and a first tagged binding member along
inVia-6A8 or MBréothier Untaged bivaRgRembers SRRkttt thijstats
medifesenee of arpuataggedindingune nken2h Hial competes vath thes

tagged 1?inding membe{ is %bsgrve %gmdgg&easg in thgssi%al e@%tgg
TeRythe tagged Bindmgamember- Intestng for cdmpétition & peptide
fufrdtemehkedbine aftigereomeay becdmaldyietd, @Bpesially vagdpticEmelidingnd

in 20:.8RIL0PE, Of 30 infterest, A-peplide hauing thergRitong.SeqUENGE RIS QNG n
_or more amino acids at either end may be used. Such a peptide may be

diagipidicorfdérasshhtialy ofHe Eﬁe%ﬁéi& JétfuehiteS SpRtifittifding

moReBbess aceoithrg ia the pragentmiyeatiananiay besstichdhabtheifor use

o£2inding for antigen is; 60 WO 2003/007 'GF?'Q RCILGB20041003029 4ance
inhibited By a pepﬁde With or mc?udlng the sequence given. In testing for

withistapeptiieenith Eitierséquenc@plist6As Yorwmerd hdifio eeids Mdifbe™

orUsgdepapRecifie binding members whigh hind aspesific peptidednaybgin a

_isolated for example from a phage display library by panning
kit of the inventicn.

The reactivities of antibodies in a sample may be determined
by any appropriate means. Radioimmunoassay (RIA) is one
possibility. Radiocactive labelled antigen is mixed with
unlabelled antigen (the test sample) and allowed to bind to
the antibody. Bound antigen is physically separated from
unbound antigen and the amount of radioactive antigen bound to
the antibody determined. The more antigen there is in the
test sample the less radicactive antigen will bind to the
antibody. A competitive binding assay may also be used with
non-radicactive antigen, using antigen or an analogue linked
to a reporter molecule. The reporter molecule may be a
fluorochrome, phosphor or laser dye with spectrally isolated
absorption or emission characteristics. Suiltable
fluorochromes include fluorescein, rhodamine, phycoerythrin
and Texas Red. Suitable chromogenic dyes include

diamincbenzidine.,

Other reporters include macromolecular colleoidal particles ox

particulate material such as latex beads that are coloured,
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with the peptide(s). 10 The present invention further provides an isolated
nucleic acid encoding a specific binding member of the present
invention. Nucleic acid may include DNA and/or RNA. In a preferred

P8G5 Hogssyesent invention provides a nucleic acid which godes.far 4.,
CDR or set of CDR's or VH domain or VL 15 domain or antibody

B el R R Sk DAL SR A

invention as defined above. The presentin
aCtbRetradihtheH8im SnpIRLHRES Lue ctors; idhserplign onexpressieBtabl e

s.—i_gassett%m&chfi@lgqmpr@sﬁﬂ%g,or&Qe%&ﬁh?@giﬁfya%%'e% oNe .

Otger%%%rétgn}/gggo%aéso provides a recombinant host cell whic COMPIises
One oF More Consiricts as aB6vE A RTRicE F@d PR oBmMAYARY CORMY
catalypeDReUrVHaddrhaih alevk Ricdemaimanastibedy aptiger-hinding
ch8itgor antinodymolecile, e, scFv or 1964 as provided, itself forms an
spect of the present invgnt%n, as dods ]égorﬁe&o%ng Sroduttisk Stkebs

a
MO B HEBURG P oBTGEL WiReR mEmer démprisds exprasion-frans Enbating

betueteic asid-therefor: Expression may convenienty 30:he @%E%%%%al?ging

pSYlturing under appropriate condjitions recombinant host cel ing
2 theﬁriuc%fcs a%f:d.%%ﬂso%v:‘iﬁg Sﬁrod%%ﬁ‘o’n%@yeiﬂfgéé‘iﬁﬁ EVEPSEVL dorhbid,es
US @R speciiRh bitdihg ehember nrdy berisalated aBdior purifieddusing any
bi seitaplatechiique then usedhas approntiate, Gl WQ 2005/007699
PCT/GB2004/003059 Specific binding pr%emkg)glrgcelﬁeandO\?gre "G ems
YNt eiE: 'ﬁéeﬁucleic acid molecules and vectors according to the
present invention may be provided isolated and/or purified, e.g. from 5

rhdhel ral enyi ent, in substantially. pure or homogeneous form, or,
in thé%%éa 0 %%?5?%@i$%r§en§%%luﬁ aAntriy Fes 8F AEBRICEEId or
COTHHHER 6 AgMother thePdhé sedarhve enoadingra polypenide with the

relequireddata of the relevant antibody binding in samples

(normal and test).

The present invention also provides the use of a specific
binding member as above for measuring antigen levels in a
competition assay, that is to say a method of measuring the
level of antigen in a sample by employing a specific binding
member as provided by the present invention in a competition
assay. This may be where the physical separation of bound
from unbound antigen is not required. Linking a reporter
molecule to the specific binding member so that a physical or
optical change occurs on binding is one possibility. The
reporter molecule may directly'or indirectly generate
detectable, and preferably measurable, signals. The linkage
of reporter molecules may be directly or indirectly,
covalently, e.g. via a peptide bond or non-covalently.
Linkage via a peptide bond may be as a result of recombinant
expression of a gene fusion encoding antibody and reporter

molecule.
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function. Nucleic acid according to the present invention may 10 comprise
DNA or RNA and may be wholly ox partially synthetic. Reference to a
nucleotide sequence as set out herein encompasses a DNA molecule

Widhhesspesified sequence, and encompasses a RNA molggyle. it hiase
specified sequence in which U is substituted for T, unless context

requires 15 otherwise. Systems for cloning and expression of a
polypeptide in a variety of different host cells are well known. Suitable
The, it R indiimeideerialimanmmaids el planteels; yeast 20« of

anthagetoirLBsySIgMSANdHansgamic Platsand-aninals Mammalian cell
aC(I:igea aI\llaiI%bleg the art for .expression of a heterologous polypeptide
include Chifesé hamsteP6vaR (CHOFEHRL Rieta Gellst DaBY ISy ten.

kidney cells, NSO mouse melanoma cells, YB2/0 rat myeloma cells,
Th@%mea@rage%%%y&%@%ﬂa@ gbryonig retina cells and
many others. A common, preferred I acterla(ﬁost is €. coir. The
PLeSPHrEssiON O bhfBoand &A@ antiBdyiragmientste prokanticdells such
chassie. eolsisiwelb bstablisbeddp dher130;ato FoR airevievk sse.forexample
gertdyigkthyn, A, Bio/Technology 9: 545-551 (19.91). Expression in
eukaryotic ce $95 tulture is also available to those skilled in the art as an
option for production of a specific binding memberfor example Chadd HE

2s anskehamow SM(2001), 112 Gurrent Opipion;in 62 WO 2005/007699
. PCT/GB2004/003059 Biot%chnqlogy 12: 188-194, Anc’ie%sgéen BEaNG -
ERMRBN T S EQrfertRSSinionan BB tEakh IISEPE3: ¥t chartiokiwes
foraril Thiomas DWL208 1) Ceisrent ppitiea it Biotechnolagymkind 1-44& B.ed
herauitpble v ctarg,capbe chosen of, constry ted, containing appropriate

© reguratorygsequencesl%?nc?lgg%g prg%?gérl %sfécdrﬁe%%{é%’fet%gnﬁﬁé’tg?ng
MemRGHRITRRY, Belyadieayriionastiglendes vehhancEpsequangds, markergging
a ayﬁuﬁfa@d£%QQH§§QMQH9§§§E&E to one binding member which can
be detected in the presence of other untagged binding
member (s}, to enable identification of specific binding

members which bind the same epitope or an overlapping epitope.

Competition may be deterxmined for example using ELISA in which
IL-313 is immobilised to a plate and a first tagged binding
member alcong with one or more other untagged binding members
is added to the plate. Presence of an untagged binding member
that competes with the tagged binding member is observed by a
decrease in the signal emitted by the tagged binding member.

In testing for competition a peptide fragment of the anfigen
may be employed, especially a peptide including an epitope of
interest. A peptide having the epitope segquence plus one or
more amino acids at either end may be used. Such a peptide
may be said to "consist essentially" of the specified
seduence. Specific binding members according to the present

invention may be such that their binding for antigen is
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appropriate. Vectors may be plasmids, viral e.g. 'phage, or 10 phagemid,
as appropriate. For further details see, for example, Molecular Cloning: a
Laboratory Manual: 3rd edition, Sambrook and Russell, 2001, Cold

SPHReLEARYRey Laboratory Press. Many known techniques a R 88}130 059
for manipulation of nucleic acid, for example in preparation of nucleic aci

.15 constructs, muta%enesis,_ sequencing, introduction of DNA into cells
IntiRf §&Ae RXpre S5 H85d Bhaly I of ProtBrsRdrd e SSABBATH Hetail fif -
In CGurseanhBratoeolshnVokecutarBiatogy theednh Editiongdarstebetial.one

or gggf,eJoahrlr\{\éileaf)/ &(?onsd 13?8,u§h8r} Protocols in Molecular Biology: A
~ Compendium o WMéthods™20 from Curent Protocols in Molecular Biology,
Ausubel et al. eds., John Wiley & Sons, 4th edition 1999. The disclosures

of Sambrook et al. and Ausubel at al. (both) are incorporated herein by

reference. 25 Thus, a further asg;;ct of the present invention prqvides a

SPRB5E 81 RbNHiRh g RIAER adit 5 iR HEREM StRhPEHIvSt Telltfaf®
isdinevitrocandrmaydie irfcolture. Suchea dbsp it maybedy Vo . davivmg

wi@ﬁe%%'%c%@f;gl%@%% cell may allow intracellular expression of the specific
binding members 30 of the present invention as "intrabodies" or

intracellular antibodies. Intrabodies may be used for gene therapy [112].
Thé phlkButheriaspact prevides enethod compsisig 1REaUGIAY SLEhe 1 ¢

Jr';stl:cleic aé:id into a host ,cjf;,ll. Tge %3 WO 2(38351007?9%1 .
2CBCFIEB20041603855 ntrSduction ity &Mpicy Sny availdbis 1etmique.
inFortenkaryolic cedls csuitalileneghriqué s deayp sl deldalcilkiVAphosphate
priansiection, REAE-Dextran electropatation; Jipasema-gaedigted i eic

transfection and transduction using 5 retrovirus or other virus, e.g.
aciBcimi& br o fitsed Befis CHAcbVRES. MrddiRify Rtciéit dcmanther Vi

doh@sh celt, ian padiciiar-a eukarraiicreeibmay use ayiraheriapipsmisi ecule,

e.qg. scFv or IgG4, of the invention as defined abowe.

The present invention also provides constructs in the form of
plasmids, vectors, transcription or expression cassettes which

comprise at least one polynucleotide as above.

The present invention also provides a recombinant host cell
which comprises one or more constructs as above. A nuclelc
acid encoding any CDR or set of CDR’s or VH domain or VL
domain or antibedy antigen-binding site cx antibody molecule,
e.g. sciv or IgG4 as provided, iiself forms an aspect of the
present invention, as does a method of production of the
encoded preduct, which method comprises expression from
encoding nucleic acid therefor. Expression may conveniently
be achieved by culturing under appropriate conditions
recombinant host cells containing the nucleic acid. Following
preduction by expression a VH or VL domain, or specific
binding member may be isolated and/or purified using any

suitable technique, then used as appropriate.
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based system. The plasmid system may be maintained episomally or
may incorporated into the host cell or into an artificial 10 chrom_osome_
[110,111]. Incorporation may be either by random or targeted integration

WooResREAre copies at single or multiple loci. For bacteriah&elss,004/003050
suitable techniques may include calcium chloride transformation,

electroporation and transfection using bacteriophage. 15 The intro_ducti_on

may be followed by causing or allowing expression from the nucleic acid,
Sragy. Iy chiiiig BoBesslier sndel candifionsbr éxpression ehthesgeneli2g
nudl ene ersbadimeni-theugleic acid.ofihe.jpvention is integated into the

. _genome (e.g. chromosome) of the host cell. Integration may be promoted
RSO St S8 RRES WhichS phethete AELIABINEHEH fifitlthes -9+ Trom
thgénoned;unaltcerdancenwith t stahdasa technigues. 26 Fhedresent

MB(geé]{' i Is vides a method which comprises_using g construct as
hostated%%uc%vegiﬁgglﬁ eggr'es%?)ntgﬁst%&rins% %%QP t(gf g)%ﬁ:regg & épjﬁﬁ or

SUBT@RG TR ber 6F Do epliseds above. 30 Aspects antembotimentsian

thef therpsesentdaventionwill paw-he Hlusirated by way of example with
reference to, the following experimentation. 64 WO 2005/007699
58200 HOb3050 “E XAVIPEE laticn bF SnFAESF Scr seyon may

conptibdey PEperoir&ISHA dargersimgteschain Ry (ssFvp aiwian aptibgayhetic.

re HBraryderived, from, §Q@gpdlgn?ﬂtg&q%£%séfrggw g0 donors and cloned into a
hagemid vector was used for selections [66].

encempasses a DNA molecule with the specified sequence, and

encompasses a RNA molecule with the specified sequence in

which U is substituted for T, unless context reguires

octherwise.

Systems for cloning and expression of a polypeptide in a
variety of different host cells are well known. Suitable host
cells include bacteria, mammalian cells, plant cells, yeast
and baculovirus systems and transgenic plants and animals,
Mammalian cell lines available in the art for expression of a
heterologous polypeptide include Chinese hamster ovary (CHO)
cells, HeLa cells, baby hamster kidney cells, NSO mouse
melanoma cells, YB2/0 rat myeloma cells, human embryonic
kidney cells, human embryonic retina cells and many others., A

common, preferred bacterial host is £. coli.

The expression of antibodiesz and antibody fragments in
prokaryotic cells such as E. coli is well established in the
art. For a review, see for example Pliickthun, A.
Bio/Technology 9: 545-551 (1981). Expression in sukaryotic
cells in culture is alseo available to those skilled in the art
as an option for preoduction of a specific binding memberfor

example Chadd HE and Chamow SM (2001) 110 Current Opinion in
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Selection of scFv 10 ScFv which recognised IL-13 were isolated from
phage display libraries in a series of repeated selection cycles on
recombinant bacterially derived human or murine IL-13 (Peprotech)

Ea%ygu%@ described in [67]. In brief, following inCUbationP\gE%)ﬂ%mmﬂaassz

rary, the immobilised 15 antigen, which had been pre-couplée

~ paramagnetic beads, and bound phage were recovered by magneti
B1 QERARRRIP WAL UnoBne fhad@ e STadie PRN g TBBERE azge%\%%

cuihen reseiad @s desaihed:byMaughaniet:al{67] anddhe seleclionand
rocess. I d. Different solid surfaces and captiure methods were.2Q g .
Th%&%ﬁ iﬁgjiggrﬁe%nf)ro% S %?n%e?gcjf%%ot% reduce C|)ﬁon-specifi?§lbindi'ng.
Antigen was either covalently coupled to beads (Dynabeads M-270

sufahoylicacidrar modified by biatinwationDyieor fesegpndarteaptitg by
streptavidin-coated beads (Dynabeads M-ZSO?J(%C(:ordin%to
APRTRTA Bl RerSE Proforaly de(%‘gl/ﬁ%ﬁ?ﬁ’rebflé:slen Afive BFSPEHISH of clones

sedpoen thes putputmohseélectionqoands weresupietted le DA seegentirtsas
enf?gﬁ%?e%é'&z\f&‘ﬂggép GLal6/] a@g&sbﬂxﬁn &t pl I7Q. dnigue clanes

were assessed for their ability to'neutralise IL-13 as [;urlfied scFv
aPPFOPATAEGAS in TIeABWep&ide it 36 prefferdtiditdsSays. RiBB&dfe ©F
phalplan Ijb?iwy%@@r%@dtam ; rea_megléﬁr sefoa that s@@jﬂiagy
recognised recombinant, bacterially derived .humay or murine.|L- s
o B hrotobi). ESUaRTan) 54 Hotor Bed i S WO bOUSIigoe 70 saition,
SaiY/GIB2004/803659 1Hahee et  {1iB]Stmitially therBAK278Derieaery

prElone from they initial selegtions,was £oaveited e dibospme display formatn

and this template was subsequently used for library creation. On the DNA
of | Yer 7 pohibtel WasSHdHE &t e BISRFTGH S BificRint T ptidAd
coMRNACON, theumiRNAdevel, the: ponstruatcontainediaprokaryeficDNA into
ce993$§Q§4§2ggE£§§§ession, and analysis of proteins, are
described in detail in Current Protocols in Molecular Biology,
Second Edition, Ausubel et al. eds., John Wiley & Sons, 1988,
Short Protocols in Molecular Biology: A Compendium of Methods
from Current Protocols in Molecular Biology, Ausubel et al.
eds., John Wiley & Sons, 4 edition 1999. The disclosures of
Sambrook et al., and Ausubel et al. (both} are incorporated

herein by reference.

Thus, a further aspect of the present invention provides a
host cell containing nucleic acid as disclosed herein. Such a
host cell may be in vitro and may be in culture. Such a host
cell may be in vivoe. In vivo presence of the host cell wmay
allow intracellular expression of the specific binding members
of the present invention as “intrabodies” or intracellular

antibodies. Intrabodies may be used for gene therapy [11lZ].

A still further aspect provides a method comprising

introducing such nucleic acid into a host cell. The
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(Shine-Dalgarno sequence) . At the 3' end of the single chain, the stop
codon was removed and a portion of glll (gene Ill) was added to act as a
spacer [113]. 10 Ribosome display libraries derived from BAK278D6 were
ﬁ%‘%\f utagenesis of antibody complementarity determining.reqions
%@é{s {N g%re PCR reactions were performed with non-proo @Qégﬂ%%"g‘?@a‘m
polymerase. Affinity-based selections were 15 performed whereby,

 intamswinglinBuBatio PRI aRy Afd AhibBniardThEHfan- 11293 was

sukapiyeddy-streptavidinicoated t paramagneliclhagads Dyaal M286) and

bound tertjary complexes ( A\-ribosome-scEv-IL-13) were.recovered
SRt SEDARRE i D ST SO A e Sl vy
13 fideoR@ mRNLa¢rcbdingrthédpumrhschve Wweretiriccoverdd by

re&%@%é‘s_ogeé%ﬂ%%q MH@PS@Q%F [}13land the selegion2{96e8S cells,
repeated with decreasing concentrations (100nM - 100pM over 5. rounds)

bagt bitinyhited HUARARYCFS predet HoriAG tHe 15elERfofn °8% Effor-pron®
paPGRwiIas-alsodised-tasfirtherdntrease libsarys sizer Three intepbitiesiof

error were emplayed (2.0, 3.5 and . 7.2 mutations pe §
oG A B 1A L e P e Ghena1 1y
or (CRintéetHy dringithd 3oselceionregimeahitiaberibt ofe PERificial

chieactionsdoek placeiefore saund pae seleciopspconmansedat 100RMx or
A subsequent round of error prone PCR was performed beforf round

ta gk et AMENM Biofattd RAhanItPis as hpdvada® ©F
mufiepresentative proportice ot elonksdeo she pulpacfe66 Whniques may

. 2005/00 PCT/ [0 ioR roun lected to,
AR Se LS e qet e TE A o e A o S g jand
trpro] fonlbieicloResIwers BR5ES8EE f5t their ability to neutralise IL-13 as

The introduction may be followed by causing or allowing
expression from the nucleic acid, e.g. by culturing host cells

under conditions for expression of the gene.

In one embodiment, the nucleic acid of the invention is
integrated into the genome (e.g. chromoscme) of the host cell.
Integration may be promoted by inclusion of sequences which
promote recocmbination with the genome, in accordance with

standard techniques.

The present invention also provides a method which comprises
using a construct as stated above in an expression system in
order to express a specific binding member or polypeptide as

above.

Aspects and embodiments of the present invention will now be
illustrated by way of example with reference to the following

experimentation.
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purified scFv preparations in IL-13 dependent cell 5 proliferation assays.
EXAMPLE 2 Neutralisation potency of anti-IL-13 scFv in the IL-13 -
dependent TF-1 cell proliferation assay 10 The neutralisation potency of
RetibgAE, SRk Preparations  against human and murine I1L-13 Qioactiyity. o ..o
was assessed using TF-1 cell proliferation assay. Purified scFv
preparations were prepared as described in Example 3 of WO01/66754.
in 15 concentrations of purified scFv preparations were determined
Isdlsingdhe ECAmaethod-{Plereey~TF-1 is a human premyeloid cell line
established from a patient with erythroleukemia [68]. The TF-1 cell line is
factor dependent for survival and proliferation. In this respect TF-1 cells
Sciéspphétads effee 2P hdfan or murine IL-13 [69] and were maintained
A 1psgedia containing:human GMrESH 4/ b R&B Sy stems). riphikitidred
of IL-13 depLend nt£r%lifer%tion W, dd%[g(r)misneéj %y gi%%sg({ingnt@g a
Lr 9B ER 8RN |ﬁ75n&%8 ion-of tritate thymidllfne INto the newly synthesized
phelORALOf diwiding celis. 26F6-Eeellmsbaytprotstol 9811 cells were
obtained from R&D Systems and maintained according to supplied
rotocols. Assay media comprised RPMI- 1640 with GLUTAMAX |
SekaRfitt8GeRY cSitalhing 5% foetal bovine 30 serum (JRH) and 1% sodium
scpyriMaten(SigmagnREedtoreacly assay, Tdoleld Wererpeltetgd byisplay
L sgEiugation at 300, g for § mingthe meflia.ameved by aspiration and
RRATCETE resuspenaea In assay egia. Th

IS process was repeated twice
requith ks tesuspendédidta fisalasrtertrRibrost 105 tefks/f 6PWO

(pSOAHQ07692 PCHER2004/093059 cin: assay: medy Test sohtians, of
fof¥g$§gg(y£g§wggggn with the library, the immobilised
antigen, which had been pre-coupled to paramagnetic beads, and
bound phage were recovered by magnetic separation whilst
unbound phage weﬁé.washed away. Bound phage was then rescued
as described by Vaughan et al [67] and the selection process
repeated. Different solid surfaces and capture methods were
used at different rounds of selection to reduce non-specific

binding. Antigen  was either covalently coupled to beads

{Dynabeads M-270 carboxyiic acid) or modified by biotinylation

" prior to secondary capture by streptavidin-coated beads

{Dynabeads M~280) according to manufacturer’s protocols
{(Dynal}. A representative proportion of clones from the output
of selection rounds were subjected to DNA seguencing as
described in Vaughan et al [67] and Osbourn et al [70].
Unique clones were assessed for their abllity to neutralise
IL-13 as purified scFv preparations in IL-13 dependent cell

proliferation assays.
Ribosome display libraries were created and screened for scEv
that specifically recognised recombinant, bacterially derived

human or murine IL-13 (Peprotech), essentially as described in

65



10

15

20

25

30

were diluted to the desired concentration in assay media. An irrelevant
antibody not directed at IL-13 was used as a negative control.
Recombinant bacterially derived human or 5 murine IL-13 (Peprotech)

WS048 a final concentration of 50 ng/ml when mixed gp! G 004/003050
appropriat%;tgest antibody in a total volume of 100 l/well in ag well assay

late. The concentration of IL-13 used in the assay was selected as the
Ha‘g%%eptﬁa?ét findrdssay ohckitratiortGaFR BRpximatly 800618 dfupe the

iniexinal grolifetative respopsavAllissmpleseres tabated 1oh30 o rmat,

[ temperature. 100 x| resuspended cells were then |
anad?j%%%fo%g%%rgggaﬁ point to aﬁ/%u%nt%sréfl élsss%%?v%ﬁm Y pEAFERLon -
On pszayilatessivete incdbateddorrerhowrs s $ISGlunders% GO2RS Fofr

ez Hitiatedl5 Hymiding opciayl MEN) wasthenaddadto gach assay

oint and assay plates were returned to the incubator for a further 4
RS oS e @B B BIERS HbrE 1P PGS btk Eiien
{ S using BedalltanvesteniEhymjdinaineorposatiem vas detesmined Usinehain,
d 0 ' e.liquid 20 scintillation counter. Data were
e S TR DA tE JRraeney
vagehstifsh Syclesbettieen RRARETahd Fidrine 25 antigen no cross-reactive
neutralising antibodies were obtained. Two distinct anti-human and one

i-muri = lisi btained f lections.
e b I e e

by (Wit SEQ 4B INOS 233U BEQY IR ND 124precognisecibtmanithi 1y \gﬂli@ions
2 V 1IDNQ; 25, . 26) recognise

© ne .15, SAKESDB (Fgurs 3 ahd BARIBTALE (gLre ) S GoF

*eEthAIiSed B hyRAMARan IBAS MitharP fes0lofadaNtand 1 19aM: 68

pe M¥EX 260505609 CTIGB3R04H03050, sespectivebn BAK209BLLry, the
bic@!&%{fasc)e%s gusr%aFI\{-%ErﬂiS%gszscaptured by streptavidin-coated
paramagnetic beads (Dynal M280) and bound tertiary complexes
(mRNA-ribosome-scFv-IL-13) were recovered by magnetic
separation whilst unbound complexes were washed away. The
mRNA encoding the bound scFvs were then recovered by RT-PCR as
described in Hanes et al [113) and the selection process
repeated with decreasing concentrations (100nM - 130pM over 5
rounds) of biotinylated human IL-13 present during the

selection.

Error-prone PCR was also used to further increase library
size. Three intensitlies of error were empicyed (2.0, 3.5 and
7.2 mutations per 1,000 bp after a standard PCR reaction, as
described in manufacturer’s protocol (Clontech)) during the
selection regime. Initial error prone PCR reactions took
place before round one selections commenced at 100nM. A
subsequent round of error prone PCR was performed before round
three selections at 10nM biotinylated human~IL-13. As above, a

representative proportion of clones from the cutput of
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ng/ml murine IL-13 with an IC50 of 185nM. EXAMPLE 3 5 Neutralisation
potency of lead clones from targeted optimisation of heavy chain CDR3 of
parental clones in the IL- 13 dependent TF-1 cell proliferation assay

Qabasnelsad. [70] have demonstrated that targeted 10 mutggenesis@fiosose
residues within heavy chain CDR3 can significantly improve the affinity of

s@ndibodigs. Selegtions, were perfor, e{% S ribed in Example 1, on
sckv regertoires in which resl%ﬁueecs Wit i%othe zgeef’v%/qc%ar?ﬁ R3%fiescribed

1B ARY98PB (SEGLID NG: 6rSARZBrAI (SEQIDNO! 57) Baiddeernlones

weandemised by Iomutageresis:Wnigperclones from the selectign output
re. identified by DNA sequencipng and their neutralising potency
pd;%sis,géggj %%%cf\%ﬁ?t%%a?ﬁﬁngelf“ rofitératioASREATeaS d&dcribed in

PV pRaZ 120 RestAtssSignificant gains in potency were achieved for both
lineages. The most potent clones from the BAK167A11 lineage were
BAK615E3, BAK612B5 and BAK582F7 which as scFv had IC50 of 3nM

E}fﬁwflﬁg 1% 6.6nM, 6.65nM respectively against 25ng/ml human 25 IL-13 in

Netf-gadellsprioliferationassayc Framihe BAK2786lineage, dhe mast

qdtent.clone w. s BAKS02G9,, hich.as scFv had IC50 of 8nM against 25
E;r?icsg;é/ml hu%aﬁrfv:l ?—13%?155‘1‘—?-&%%‘“3Erloqffelﬁa“fr%?‘ryassay (Figure 2). 30

EXAMPLE 4 Neutralisation potency of BAK167A11 and BAK278D6

THEAgeSr AgaNSt NON-Remangyimate i1 ;13 variant, .
assoc'agd with asthm% in thgg}T F-1 fi\pcl‘htrgr 5’55@ gn%%r%ltv C IF%‘?&E@%%%\S
R o O 20051007859 G HOR2 B0APO30BI tNeRer piRs sed. using

assay
TEBAKEETA Idrarid BAKAZRM6 haismean L2423 nevdealising lipeages Weltns were

prOPEDE T3S EERCUE; G INVENIQIS NeIeTOre o /66754 . protein
concentrations of purified scEv preparations were determined
using the BCA method (Pierce). TF-1 is a human premyeloid cell
line established from a patient with erythroleukemia {68]. Tha
TF-1 cell line is factor dependent for survival and
proliferation. In this respect TF-1 cells responded to either
human or murine IL-13 [69] and were maintained in media
containing human GM-CSF (4 ng/ml, R&D Systems). Inhibition of
IL~13 dependent proliferation was determined by measuring the
reduction in incorporation of tritiated thymidine into the

newly synthesized DNA of dividing cells.

TF-1 cell assay protocol

TF-1 cells were obtained from R&D Systems and maintained
according to supplied protocols, Assay media comprised RPMI-
1640 with GLUTAMAX I (Invitrogen) containing 5% foetal bovine
serum (JRH) and 1% sodium pyruvate (Sigma). Prior to each
assay, TF-1 cells were pellieted by centrifugation at 300 x ¢
for 5 mins, the media removed by aspiration and the cells
resuspended in assay media. This process was repeated twice

with cells resuspended at a final concentration of 10° cells/ml
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decided on the following criteria for the lineage selected for 5 further
optimisation and clinical development: should preferably be
cross-reactive with non-human primate IL-13 and should recognise a
WAk ekl 3, in which arginine at amino acid at position 130, |
substituted for by glutamine (Q130R). This variant has been gefr%%cegﬂglmsg
_associated with 10 asthma and other allergic diseases [37, 39, 41, 71].
in GRARY rB&CHity WAS Hetariinetisy the ABiyPOPurifidt SeppLtcate)
werepalations tocbinlener-biiman primaie trd Siand jln13amaiantdi a. An
. ~surface plasman resonance (BIAcore) analysis.Runctional activity was
e o?eterr%e?lnedﬁ l%ﬁ%% 24 'ﬁgni qéfﬁ% i e%aﬁg'n% ég’sé’i/? P.rodﬁction o?
negRifd-Wo Vet andesemhbiedr: pharie 1h-aBl \ eBRIVRS Wiligpesr
mudiHBan ib-13 wasphiained) fromdnyiveszen and mogified:by sigdieacted or
0 mu'?a enesis (Strata(gene 20 uikchan]?e(r kit togield a CIENQ (Ceinching
VARt I3 Thie* SO Y Se dién &R Hoth HrEs € Bhd By horsotgus ™
totaonkey Hxd 3o wasoobtained: by PGR Dregeneimic BiA fepplate Using:
degenerate primers based on the human IL-13 sequence, Both
Ot R b AL oS A AnohiblgeS dodtbnces e s
doge 25hedch btfdmaut differsd froncharhaatiol3 by sevepramintradidsy 80%
of (Bigure L3)»Recompinant-wild jupe.oarigit andiign-huiman. pripagie IL-13
were subsequently expressed using the baculovirus expression system
ingvairege e Explession tesnstiucts i deare e arioxss terkfifug hffidity tag
reégéﬁ%zﬁcﬁ’e@(F&%i%dv%Q@"%@f 3&@&3@9 EW'@%_&Q%@QW”@S%@'EQ give
conditioned media to near homogeneity. Qualitative binding assay using
a BiAgdreFhabinaihgetinfy 9 pustidd sty preparatichis®norerr0 WO
1nQH0{Q07 699 PLTGR2Q04/003959 pyman gamate, vadanhand-wigitype.. o 4
IL-13 was determined by surface plasmon resonance measurements
thysinh.aBIAtOre.20001, NEN) was then added to each assay point

and asgssay plates were returned %o the incubator for a further

4 hourg. Cells were harvested on glass fibre filter plates
{Perkin Elmer) using a cell harvester. Thymidine incorporation
was determined using a Packard TopCount microplate liquid

scintillation counter. Data were analysed using Graphpad Prism

software.

Results

Despite alternating selection cycles between human and murine
antigen no cross-reactive neutralising antibodies were
obtained. Two distinct anti-human and one anti-murine IL-13
neutralising schFvs were obtalined from selections. BAK278DS (VH
SEQ ID NO: 13; VL ZEQ ID NO: 14) and BAKIGTALl (VH SEQ ID NO:
23; VL SEQ ID NO: 24) recognised human IL-13 whilst BAKZ09B11
(VH SEQ ID NO: 25; VL SEQ ID NO: 26) recognised murine IL-13.
BAKZT78D6 (Figure 2) and BAK167A11 (¥Figure 1} as scfv
neutralised 25 ng/ml human IL-13 with an ICsp of 44nM and 111nM
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Biosensor (BIAcore AB) as described in Karlsson at al [72]. In brief, IL-13
was coupled to CM5 sensorchips using an amine 5 coupling kit (BIAcore)
at a surface density of approximately 200Ru and three concentrations of

tast SEEXdARProximately 3_50nM, 175nM and 88_nM) in HBS-@M{&{W(}S%Q
passed over the sensor chip surface. The resulting sensorgrams were

evaluated using BIA evaluation 3.1 software to provide relative binding
re§ReCt1GoPR M%Hcoﬁ i a8sal) was perfiriied eddeiftiatiyess 2°
ngdescrived i Exanige i vithetherfollowing. atadifications: non-human

primate IL-13, 15 human variant IL-13 (Q130R) and wild type human IL-13

were used at concentrations of 50 ng/ml, 25 ng/ml and 25 ng/ml
EXpEeRektively. Results 20 BlAcore binding assay data suggested that

neBAKZIIBRG byl ngh RAKI6 AL dineageadthegguired (ress-reactivity
profile for further therapeutic qlevelot%ment (Table 2). This finding was

PLBISAEG DY BibaBEA) Hatd BéthonditatiRg (RAFBRKS 78D IRRUIE 4 Hhd ™

13BAKH2(9 (Figuré 6)aveheratilé tdavenitradise 25stayman 1L-13, the human
IL-13 (Q130R) variant and non-human primate IL-13 in the TF-1 cell
proliferation assay with near equivalent potency. In contrast, although

OsBAKE15H3 ¥H SEO!DaVO: 879t sSEaHTING:34) i & Sighificantly

nuifgEeased posmnay-againsthwneani -1 ever ks pareBAKEE4AL1 (VH
SEQ .30 Il%lNO; 23; VL S%g ID %(:) 24) in tl%e TFEJ, cel proliferation ,

S198¢ay (Fire 15T Reither cidre Botnd noh-RunaR pYRRAtESSr vaiart T35

weinethpeBliXkoone binrdind assayb&erimlinErpfrairwork segorEvwoBAKRT8 DG 5

108 BAK202E9. 41 WO ROQ500Y 699-RC TL3B2004{Q03050 dhedarived sk

amino acid sequence of BAK278D6 VH (SEQ ID NO: 13) and VL (SEQ
EDIB‘IRFO;QMB% &ﬁé&ed%%@gng@m hahad been randomised by

rmutagenesis. Unigue clones from the selection output were
identified by DNA seguencing and their neutralising pokency
assessed as scFv in the TF-1 cell proliferation assay, as

described in Example 2.

Results

Significant gains in potency were achieved for both lineages.
The meost potent clones from the BAK167A1l1l lineage were
BAKG1LOE3, BAKG1lZ2R5 and BAKS82F7 which as scFv had ICsy of 3nM
(Figure 1), 6.6nM, 6.65nM respectively against 25ng/ml human
IL-13 in TF-1 cell proliferation assay. From the BAK278D6
lineage, the most potent clone was BAKLH02GY, which as scFv had
ICsp of 8nM against 25 ng/ml human IL.-13 in the TF-1 cell

proliferation assay (Figure 2).

EXAMPLE 4

Neutralisation potency of BAKI167A11 and BAK278D6 lineages
against non-human primate IL-13 and an IL-13 variant
associated with asthma in the TF-1 factor dependent cell

proliferation assay
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germline sequences in the VBASE database [73] and the closest
germline identified by sequence similarity. The closest 5 germline for the
VH domain of BAK278D6 (SEQ ID NO: 14) and its derivatives, was

'%%'%h%% P14, a member of the Viii family. The BAK278D6 VH has 9
changes fro

m the DP14 germline within framework regions. TR NG00

germline for the VL of BAK278D6 was identified as V%3 3h. The
BAK278D6 VL domain (SEQ 10 ID NO: 14) has only 5 changes from the

e 198N Within drarmewnik ragionsakrareworukegions-of BAKI8RE aithg
_ its derivatives were returned to germline by sjte djrecte mutaé;nenesls
14 eSO TREREGE K o RIHCANY mAteh RIS Rohvar SRH5OQHES.
declimEXAM PLi=5 MNedltralisationgidtenty of tead-tlonksrfrmmdargetedted for
timisati f vy chaj 21, hgavy ¢hainCPRZ ;seqauences of
fur%?&ﬁgo(g&eg%%t ﬁu%ﬁ%-@%ﬁ%ﬁ%mﬁ? TF-lngl% 20 proliferation assay
prefesebhll fHasererdtiRrRatibRwAS bBroRmal Ry BARSFSGEE-13 and
shREQUERses yithsgermingd frameworkiregionsi aswa templatgd Saelections
were performed essentiall described.in le 251 on sckv_.
am%ﬁeﬁ%}ésainr% qéﬁ%ﬁﬂ%rﬁggdﬁgs%ﬁ% %h%x%ggvgyoghéx DR
(QITEavy .clTain CORRiGIBAKS8 2GS had drenl raddomistebioy anadgehtsis.

aséﬂmgUE&H°%%%Q?“&H¥%§§E@“8@sQHE%%Wf??ﬁdgﬁﬂﬁ%QPyiﬂﬂA Cross-—

sequencing and their neutralising potency assessed as purified scFv

re3frbpEratbriEin ﬁﬂ%*?ﬂf@eﬁbrgmﬁrmégafﬁs RiESEAbEG i CFY

prép@nmplecds Viestersnte i eonshiicied fomtteenmst pptemtsciv-clanestaant
allow_re-expression as whole hum G4 antibody.as descri

Y PSP 1FFS Bene 187 58 I%wt Cg]fgr\}v ?n%a/d%ﬁcsgtlgdns%%ﬁénal

actragmentwasdedliadedisdhe veomrsie 72R00 Qpbb/goregferation

as gagl_'/G B2004/003059

Production of wild-type, variant and non-human primate IL-13
A cDNA for wild-type human IL-13 was obtained from InvivoGen
and modified by site-directed mutagenesis (Stratagene
Quikchange® kit) to yield a c¢DNA enceding variant IL-13. The
coding sequence for both rhesus and cynomolgus monkey IL-13
was obtained by PCR on genomic DNA template using degenerate
primers based on the human IL-13 sequence. Both non-human
primate {rhesus and cynomoclgus) sequences were identical to
each other but differed from human IL-13 by seven amino acids

(PFigure 19). Recombinant wild type, variant and non-human

primate IL-13 were subsequently expressed using the

baculovirus expression system (Invitrogen}. Expression
constructs added a carboxyl terminus affinity tag to the
expressed protein that allowed purification from insect cell

conditioned media to near homogeneity.

Qualitative bhinding assay using BlAcore

The binding affinity of purified scFv preparatioﬁé to non-
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facilitate use with HEK-EBNA 293 cells and to allow episomal replication.
The VH variable domain was cloned into the polylinker between the
secretion leader sequence and the human gamma 4 constant domain of
e zgsregsion vector pEUB.1(+). 5 The VL variable domain naschonedesoss
into the polylinker between the secretion leader sequence and the human

nurdamidas genstant; domain efieexibessign vectorpEEd. e YWhelRed by
antibody was purified from conditioned media from EBNA- 10 293 cells
Surc’%aiﬁ%ngﬁeacféfﬂviﬁme@(%ﬁﬁf&s‘%%Fé’s%?ﬂbQHEﬁvii%mg i§hEEAGRE By Y00

giqwel_tfa'nﬁ aﬁmmomtogmmmemm Rhaimacia) ef helpuified. In
b1 HID Jir?px? AoNS WeLe S’&%"%fafgt%f ed and stored at 4C.in phasphate
utfered saline (PBS) prior to evaluation. Protein concentration was

covpehéRAinetthy BEARRASUIAG absBiiarecatt®Bo ISty R BOA RidthbY
20dRiersey Refesmatiat-lumandgadswhele-artibedies wWerssampakeckio,

cammercially availahle anti-human IL-13 aptibodies in the TF-1
35 G e AN o0, RSO (SR S SPrBRNE AT hoRaa e =0
chiip Figuressetheemmrsrciat antbedy: BoB& 3ar{motses| g&ia Burdeidne H)ng

BTV SHAWP8Pessigndicantly.mote, polertiagaingt buman K13 than g 5 |
commercial antibody JES10- 5A2 (raf IgGl - Biosource) with IC50 o

1021pM and 471pM 25 respectively. Eight clones, namely, BAK1111D10,
Tr-BAKEE66CH tBAKIL167FO2, BAK1167F04, BAK1183H4, BAK1184C8,

BAK1185E1, BAK1185F8, derived from BAK502G9 (and so "BAK502G9

lineage"), in which the heavy chain CDR1 or CDR2 had been targeted,
Theshowslinerovedioteney assstRviover e tonimerciab80 artibByeple 2

wi theSeI MY OYSIMEis yeie Maintainad on.conveision 10 whale apfibody
human IgG4. Each of these VH and VL domains individually and in the

hunaR,daHEPpairihYs ot thedd TRinP regresEntsYRS alpRefor EmbdditREft

ns @i the presentrinventiams asficcspeaifiembinditg membess: fordb-kaythal

comprise Qne or 73
respectively.

Results

BIAcore binding assay data suggested that BAK278D6 but not
BAK167A11 lineage had the required cross-reactivity profile
for further therapeutic development {Table 2). This finding
was supported by biocassay data demonstrating that BAKZ278D6
(Figure 4) and BAK502G9 {(Figure 6} were able to neutralise
human IL-13, the human IL-13 (Q1l30R) wvariant and non-human
primate IL-13 in the TF-1 cell procliferation assay with near
equivalent potency. In contrast, although BAKELSE3 (VH SEQ ID
NO: 33; VL*SEQ ID NC: 34) had a significantiy increased
potency against human IL-13 over i1ts parent BAKLE7A11l (VH SEQ
ID NO: 23; VL SEQ ID NO: 24} in the TP-1 cell proliferation
assay {Figure 1), neither clone bound non-human primate or

variant IL-13 in the BIAcore binding assay.
Germlining framework regions of BAKZ278D6 and BAKS502G%
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WO 2005/007699 PCT/GB2004/003059 more of them, also specific
binding members comprising one or more CDR's from the BAK502G9
lineage clones, preferably a VH domain comprising a BAK502G9 lineage
Bal gFAGBR's and/or a VL domain comprising a BAK502G 3 imaaspe0sotsose
of LCDR's. These may 5 be employed in any and all aspects of the

The MYENIONAS gisclosed;elsewhere berelp. Peryatiyrs oLBAKRI2GD3§. 13)
whole antibodies (IgG4) had an IC50 ranging from 244pM to 283pM.
andgiRK5GEE9HE Aholé antiBs8y Ig&41Rsd &R 156 df@@%l\ﬁ‘.uﬁ‘\an

gerSUAHBARE RANE FBPRAYeMeNtSER 0teRs):sawd bErabtaited byd :losest

targeting heavy chain CDR1 (SEQ ID NO.7) or CDR2 (SEQ ID NO. 8) of
e O S LS o AR AN s BT A L s THiaa s
gerANOYATollowed BiHa Buraiatt's oSBT RAlySEEQINRatiSsftwalep1d 1ts
derTyEthercharaeterisation Selected anfuman aptibodiesfromrtbeyy

BAK278D6 Iineage underwent further characterisation to determine their
famdlacifilhy: PACSE RN BAKSOZBGIVASSESID NES 1574 881
withiOr o)andts dervatives BAKEL 67HSOA SEQHDING: 857 Vih20 BEQE

ID NO: 36) and BAK1183H4 (VH S ID NO: 37. SEQ.JP NO: 38),
BAKG K{HP abE FepragBittative &k gl’e3sE3’ clon8§ vﬁfﬁkﬁg cator i hBay =4

ID mainl@lDRﬂaandﬂntvﬁ m@WZMHBAKéoaeﬁrﬂéspecmyiﬁS
fraﬁéﬁ\éﬁ'-Fe%ﬂ%‘ér?"'§§El%%&8£ﬁ’é"‘i¥e8;i'gﬁ‘9 clones frompiaied ;¢ s

optimisation of heavy chain CDR1 and heavy chain CDR2 sequences of

de r@aKE0PTS0 AWREMSE ABMRRAah Drithatelil 0E3 BRI SL A P&TEs

nmutasseEiated with asthigasie the Tk-A dacter B0idepandant cell pxaliferationn
assa Cross-g%%c% vité ;“Pf anti-human IL-13 antibodies was determined by
é‘b]ﬁ [i‘ﬁ}‘to nni

nath i Fon-Ruman primate IL-13 and IL-13 74 WO

2005/007699 PCT/GB20041003059
EXAMPLE 5
Neutralisation potency of lead clones from targeted
optimisation of heavy chain CDR1 and heavy chain CDRZ
seguences of BAK502G9 in the human IL-13 dependent TF-1 cell

proliferation assay

A second phase of optimisation was performed using BAES502GH
sequence, with germlined framework regicns, as a template.
Selections were performed essentially as described 1n Example
1 on scFv repertories in which either residues within the
heavy chain CDR1 or heavy chain CDR2 of BAK502G9 had been
randomised by mutagenesis. Unique clones from the selection
output were identified by DNA sequencing and their
neutralising potency assessed as purified scFv preparations in
the TF-1 cell proliferation assay as described in BExample 2.
Vectors were constructed for the most potent. scFv clones to
allow re-expression as whole human IgG4 antibody as described
by Persic et al. (1997 Gene 187; 9-1i8) with a few

modifications. An ori?P fragment was included in the vectors teo
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variant mediated TF-1 cell proliferation as described in Example 4.
Results 5 Optimised anti-human IL-13 antibodies BAK1167F2 (VH SEQ
ID NO: 35; VL SEQ ID NO: 36) and BAK1183H4 (VH SEQ ID NO: 37; VL

@,5990%(%% 38) maintained the specificity of their parent B%g,?/%%% ; /&Aﬁ'ﬁ

SEQ ID NO: 15; VL SEQ ID NO: 16) (Figure 6) . Potency gains agains
ng;%@e IL-13 were reflected in their ability to 10 neutralise non-human
facilit

primate T ald &R 1B 58NN ERith CedbStaRtidiyreq@ibarnt poidnep
repThed €50 for BAKS02Ga abairst Humaim hunar:vataat ard soaHwuman

iRimate L 13 were 1 , .and 2.0nM respectively. The IC50 for
polfiiE aggi%qgt %mu%gr%c%%%%%%va%aantea%ds%%ﬁ%%""anaﬁﬁ*rr%a%& P
gamga rd | TN A5 ISIREHE 1 ShMre spEaHRsy LTe 150 for BAKAL 183HM-

Thea@aingt Hiipaa, BemanyaFantancsani{yBan REMale Jh-13Were, o e en

theo.ssaélcl\gég..oo%Ml%nd 1.6nM respectively, These clones are suitable for
therapautic tse 20 EXANPL B 7NEIT alfdifig hotericy 6reaa drsiamh

domp in3eintidodies: mgainstmativediemapHU 413 i-KDLM-2 cell proliferation
assay The human IL-13 sequence has four potential N-glycosylation 25
sites. The inventors have demonstrated the ability of BAK278D6 and its

Who b& g RiEL Y nddFa e reebirbifaATILC 3B peasd Teapen irfsattciRIA~
2930rbatslovirus expsessive Systarns c AMborgh: thereds evidencerdbat any

11 gREOCEsSSINg events known in mammaljan systems do alsg occur in insects
O o 50 T St T DOt EDESTER o AR b2 e
PhagRaetylatich7 4R MHetihventors iihvektigater ave abiity OBAK 286 1e

g ST O
pxieﬁe%@r%fg}ﬁqﬂiﬁﬁnaprotein concentration was determined by
neasuring absorbance at 280nm using the BCA method (Pierce).
Reformatted human IgG4 whole antibodies werse compared to
commercially available anti-human IL-13 antibodies in the TF-1

proliferation assay described in Example 2.

Results

As demonstrated in Figure 5, the commercial antibody B-B13,
{mouse IgGl ~Euroclone 5) was shown to be significantly more
potent against human IL-13 than the commercial antibody JES10-
SAZ (rat IgGl -~ Biosource) with ICsy of 1021pM and 471pM
respectively. Eight clones, namely, BAK1111D10, BAK1166G02,
BAK1167F02, BBAK1167F04, BAXK1183H4, BAK1184C8, BAKILI85E1,
BAK1185F8, derived from BAK502G9 {and so “BAKS502GS lineage”),
in which the heavy chain CDRL or CDR2 had been targeted,
showed improved potency as scFv over the commercial
antibodies. These improvements were maintained on conversion
to whole antibody human IgG4. Each of these VH and VL domains
individually and in the respective pairings of these claims |
represents an aspect or embodiment of the present invention,

as do specific binding members for IL-13 that comprise one or
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patient with Hodgkin's disease. Skinnider at al [76] demonstrated that

HDLM-2 cell proliferation was in part 5 dependent on autocrine and

paracrine release of IL-13. Lead anti-human IL-13 antibodies were

their ability to inhibit HDLM-2 cell proliferation mediated b

t e8 ?gﬁa%&ls)igé% native (or naturally occurring) 1L-13. 10 HDLMES &l gg/g?;oss:

protocol HDLM-2 cells were obtained from the Deutsche Sammlung von
mOTRiroobG&snTert and ZRRkiRGrem IS ) RaTtRREM SRR 28 EBHiRG to O
morsuietpmiegolshAssay sredia compised RPind840 withrGhasmaxal va

lnvitrogen) containin % foetal bovine 15 serum, Prior 1o each assay,
o e Do AU DA S0k & for bl S ar e & VL
domesknoved byl aspigatioBAKRE RE Lells nesgsperndedin FESRNedidhElhis may
be RIRSESTINAS FEREAIed {Aree imes.and the gellswere, fiaally sgsugpended

. to a final concentration of 2 x 105 cells/ml in 20 assay media. 501 of
415 LoRBEnBLaTEIR e lttAGdeY to BEEA VALK PSoiRirPA 0046 aj8ayhole
antplatel {kast sbyations.efl antibodigs fkrigtpligatey wereditted to desdrsired
KCReantation | say_media. An irrelevant isotype antibody .not directed
BA atIL-13 %v%asgufgg%ﬁg a Jrjleéat?\;% cg (t?%ol.%% 5@/ agg?%pﬁ"été tgeqs?%qnti Iédy
SUITR thtalPolin & BP EOVEWeR bveid andéaro the cels dscrrassaynpdiny

ta 7G¥INhE tolad assay velumsrafl 10844 well.\fissay platespiere; inggbategfor
72 haurs at 37C under 5% CQ2. 25 | of tritiated thymidine (10 RCi/ml,

8) RENGWAS tieh anbRa18 ehth asBRISint ang astal 3o plalis Rerade

us irefuroe AROWE ifclibatosdoby furthemnddours Cels wersthawestesian

(Ing§§§ fipg%{iugg:gga_tes (Pe_rkin Elmer) using a cell harvester._Thymidine
Incorporation was determined using a Packard TopCount microplate
liquid 76 WO 2005/007699 PCT/GB2004/003059 scintillation counter.

FuRaerwere apalysedsusing Sraphpad Prism
Selected anti~human antibodies from the BAKZ78Dé lineage
underwant further characterisation to determine thelr

specificity. These included BAKS502GY9 (VH SEQ ID NO: 15; VI SEQ

~ID NO: 1i6) and its deriwvatives BAKL187F2 (VH SEQ ID NO: 35; VL

SEQ ID NO: 36) and BAK1183H4 (VH SEQ ID NO: 37; VL SBEQ ID NO:
38), which are representative examples of clones with
modifications to heavy chain CDR1 and heavy chain CDR2 of
BAK502GY9 respeciively.

EXAMPLE 6

Neutralisation potency of lead clones from targeted
optimisation of heavy chain CDRI and heavy chain CDRZ
sequences of BAK502G9 against non-human primate IL-~13 and an
IL-13 variant associated with asthma in the TF-1 factor

dependent cell proliferaltion assay

Crossg=-reactivity of anti-human IL-13 antibodies was determined

by their ability to inhibit non-human primate IL-13 and IL-13
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software. Results 5 As demonstrated in Figure 7, BAK502G9 (VH SEQ ID
NO: 15; VL SEQ ID NO: 16), and its derivatives BAK1183H4 (VH SEQ ID
NO: 37; VL SEQ ID NO: 38) and BAK1167F2 (VH SEQ ID NO: 35; VL
BOFUHHNG® 36) were able to cause a dose dependent inhiBIGBFBRO¢EN3059
proliferation with relative potencies similar to those 10 observed in other
varbisassaysli€bodor BAK 562G 9p BAKIASRH 4, oB Al 167&2ras buman _
Exal@@dwere 4.6nM, 3.5nM and 1.InM respectively. IC50 for the commercial
antibodies JES10-5A2 and B-B13 were 10.7nM and 16.7nM respectively.
15 EXAMPLE 8 Neutralising potency of lead anti-human IL-13 antibodies
Resagaisst IL-13 dependent responses in disease relevant primary cells 20

ndary hioassays were performed usjng primary cells and readouts )
O A Aoy oo T eRE NEm Bt bR rAlCAeGHoriD 1O
35 ndimAFRIMANYGNng JibrobingtPARILR)3EAd (etscsiidr ddhekion Bolevulesko

1n RGANBL) Hpreguation onyhes suracs of hyman umbilical yein, BAK502G9
endathelial cells (HUVEC). 25 Both IL-13 dependent responses cou

VESHHbGE Péodmophh retfuifhelO a febturtférmecasthmaE phenstypaains
agafd2$ NHLF assapProtoeds |hd Bchasdraenshawndowalise eplaxinselease

I Q fibroblasts[77] [78] [797. Factor dependent eotaxin release
neuggglgagéﬁgsaﬁgﬁm#%ﬁlﬁ% ]EL@AEI%(I-R_ Wé)xr}enlgjﬁtrgiﬁeea Forfit with
subgiRftfitardrand wamtanedreterding (Brsupislied Hrotebiks estyagainst

humﬁil@ﬂi%ﬂ@@f@%@a@jo‘é@m%&h&%gﬁoﬂ%gg?Q%g-_13 were i.fl[nM,
PCT/GB2004/003059 Test solutions of antibody (in triplicate) were diluted
1'9%%h%n e&it 8T EonEERBALOR G ResAy fnddise AR TrERNAREARRL SR Hett

hundinectedratrl A3-wastusediasamegative gomtfelte IL-13 were 1.0nM,
1.inM and 1.3nM respectively. The ICsy for BAK1183H4 against
human, human variant and non-human primate IL-13 wexre 0.9nM,
1.0nM and 1.6nM respectively. These clones are sultable for

therapeutic use.

EXAMPLE 7
Neutralising potency of lead anti-human I%L-13 antibodies

against native human IL-13 in HDLM-2 cell proliferation assay

The human IL-13 sequence has four potential N~glycosylation
sites. The inventors have demonstrated the ability of BRK278D6
and its derivatives to neutralise recombinant TL~13 expressed
either in bacterial or baculovirus expression systems.
Although, there is evidence that many processing events known
in mammalian systems do also occur in insects there are key
differences in protein glycosylation, particularly N-

glycosylation [74].

The inventors investigated the abilityv of BAK278D6 derivatives

to neutralise native IL-13 released from human cells.
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Recombinant bacterially-derived human IL-13 (Peprotech) was 5
subsequently added to a final concentration of 10 ng/ml when mixed with
the appropriate test antibody in a total volume of 200 |. The concentration
ob dl2do3/emesh in the assay was selected as the dose that gave gas2o04/003059
approximately 80% of the maximal response. All samples were incubated
for 30 minutes at 10 room temperature. Assay samples were then added

t had been preseeded at a density of 1 x 104 cells per well in

LF tha ,
HDI&Tweﬁ%ﬁﬁy“ﬁ?&%@s?ﬁgéﬁfr%‘i}a@}é Wergihetbatedtat 37C Yo 19922 hours
paat 87C wndéer 5uIgRh Asshysplates weke sentiifuged at3q@yg for 5

ded¥RUISS to.pellst det d gells Eotaxin 15 levels in the supernatant were
" determined by E'—ls'%%%?ﬁgg rggg%n srgr%cji' Tﬁagtﬁ%ﬁg%e%%ﬁbg By the
deprRNFRELREr FREP-SAtemR) Datpweiaanafybedasing Graphpadlead

an Brismusafiware 1 Resultsd BAK22816 linsags cloneswere able.o inhilit
inﬁ}%rri%n &qﬂﬁ_gegen ent egta%in r%lease from NHLF. Relative potency
Was SimIlAT (o that bbsBRSd et TEY BEF pRoferdtbnassayF teRRRe OF

nag) VBAKS02GE: (i ISEQB:NO-iTH)VII SEQ ID NO: 16), BAK1183H4
(VH SEQ ID NO: 37; VL SEQ ID NO; 38), BAK1167F2 (VH 25 SEQ ID
NO: 35; VL SEQ ID NO: 36) had IC50 of 207pM, 118pM and 69pM

HDLEeRe QRN B§8mEt REHGAThuman IL-13. Commercial antibodies

HDUESA (:6AR:ane:BeB 13 hathzbG 06628nM 8ad 219pM J8sRECtVE <30

\ VEC assay protocol IL- s been shown to upregulate expression of
R L A ot O BN SR B0 BE ottt dApCR omE e AML
2 cexprdssiof varaptbimthad bydatéstion of apregulationohgf8 Y@ RPI-

16 2005(097 GA% PG GB2004/003089 Y CAM: L tacentor celluilar expression. |

using a time-resolved fluorescence read out. HUVEC were obtained from
SCEBWhRTIRT and MafftaiRtRdecditfhgells were pelleted by

centrifugation at 300x g for 5 min, the media removed by
aspiration and the cells resuspended in fresh media. This
process was repeated three times and the cells were finally
resuspended to a final concentration of 2 x 10° cells/ml in
assay media. 50pl of resuspended cells were added to each
assay point in a 96 well assay plate. Test solutions of
antibodies (in triplicate) were diliuted to the desired
concentration in assay media. An irrelevant isotype antibody
not directed at IL-13 was used as a negative control. The
appropriate test antibody in a total volume of 500l / well
were added to the cells, each assay point giving a total assay
volume of 100pl / well. Assay plates were incubated for 72
hours at 37°C under 5% €0,. 25 ul of tritiated thymidine (10

nCi/ml, NEN) was then added to each assay point and assay
plates were returned to the incubator for a further 4 hours.
Cells were harvested on glass fibre filter plates (Perkin
Elmer} using a cell harvester. Thymidine incorporation was

determined using a Packard TopCount microplate ligquid
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5 to supplied protocols. Assay media was EGM-2 (Biowhittaker). Test
solutions of antibody (in triplicate) were diluted to the desired
concentration in assay media. An irrelevant antibody not directed at I1L-13

was L{J}sedﬂglas a negative control. Recombinant bacterially derived human
19 3PNt ch) was 10 added to a final concentration of 18 RYFRIARRLS

mixed with the appropriate test antibody in a total volume of 200 |. The
sciggniderriation cfdurizused it the assap NakvseEdctediaotHer dioieathaf rism
s o Bavs-approximately 80% of the maximal response. All samples were

incubated for 30 minutes at room temperature. 15 Assay samples were

then added to HUVEC that had been preseeded at 4 x 104 cells per well
Redm DBswell assay plates. Assay plates were incubated at 37C for 16-20

% 2 dj jrati
B A Dlockng SBlctor, (PEL ARG 195 s Maaal(> bl

SEQJ Boliidler)t Nssagplatesweikrintaibatets abfooh tefhpeldtire for IohdGr
37 Atygopktempenatuyres ¥Yellswesawrashecbthres times withnBBSIsTweerseg

hefor 0 pl (1:500_dilution in PBST/1% Marvel(r)) .of biotinylated ,
0 ML AR B (S BT at Aot B ERER o A iR of
ceN%@fi@tﬁbammq@pwi té'rnpeﬁatliefﬁ)m drhoiur s\Welisiwere Wwashedse
obdBEERHMES with Delfia wash biffer; (Perkin Elnen befere 10Q-pieky,

Europium-labelied Streptavidin or anti-murine 1gGI (1:1600 dilution in
BAIFdIfi4 sy Btitfesn PEFRh EIfriér) vdSMddéd 6% agRdvdit Bkay plates
reRI€then incubatedmtREHer ddwewsr¥iells weare waghed 7itipes-wikk 3thd

_Delfia wash huffe (Pegéin I eQH Finall él_OOI f _enhancement solution

® ﬁ%rﬁ%ﬁn@e&)a%%f eol It%o'rggc '?\:/\?eﬁlpagrﬁ: J”ﬁ{f’éir‘e/s'cence intensity was
determined using the Wallac 1420 79 WO 2005/007699

xR KsB20041003059 VICTOR?2 plate reader (Standard Europium

protocol). Data were analysed using Graphpad Prism software. Results
Neutralising potency of lead anti-human IL-13 antibodies

against IL~13 dependent responses in disease relevant primary

cells

Secondary bioassays were performed using primary cells and
readouts more relevant to airway disease. These included
eotaxin release from normal human lung fibroblasts (NHLF} and
vascular adhesion molecule 1 (VCAM~1) upregulaticon on the
surface of human umbilical veln endothelial cells (HUVECQ).
Both IL-13 dependent responses could contribute to eosinephil

recruitment, a feature of the asthma phenctype [92].

NHLF assay protocol

TL-13 has been shown to cause eotaxin release from lung
fibroblasts[77] {78] [79]. Factor dependent eotaxin release
from NHLF was determined by ELISA.

NELF were obtained from Biowhittaker and maintained according

to supplied protocols. Assay media was FGM~2 (Biowhittaker).
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5 Typical data for BAK502G9 (VH SEQ ID NO: 15; VL SEQ ID NO: 16),
BAK1183H4 (VH SEQ ID NO: 37; VL SEQ ID NO: 38), BAK1167F2 (VH
SEQ ID NO: 35; VL SEQ ID NO: 36) as whole antibody human 1gG4 are

W\QHM 0%9 re 9. Relative potency was similar to the obse §ﬁ| i
TF-1 ceﬁ proﬁferation assay. IC50 for 10 BAK502G9, BAKll%/ é%éé]g? /003059

BAK1167F2 were 235pM, 58pM and 5SpM . respectively against long/mi
Te syt PEERAMPLE P REutRs o pdfhcy of Yt RIS 43 Enfibobifedhe
desagainstindih lsandil UndependemaALAM-Arupregulpdioankthentibody

specificity of the BAK278D6 lineage of clones was assessed_ in a
o o of s HOYEE Biosey Tomete 12" b5t 1L-4 and
Recpupi3pave brehshowd o dprdgiddteresessibnl 20 GlarcAleEdn célls
subsfaes of HUAEaES (80, 81k HWVEG assay Hietosn! The AsSAY WAS when

. performed essential%s described in Example 5 with the followin

e dificationsS RERBRIRAARuMERY LG &R L5t -2 (RREFSy& ot

200WgIE Used inplacemei-iuman bs13 8t 05 ngkal and Lmng/ad saspeatively

and represented the dose that _gave approximately 80% of the maximal
o e FEFIS S0 NG P B B DA HoT (10 AT Fes
ma inegger agutratisedAICANBRppEsg Hation imespaobed téeithed hubrartes at

xooﬂr'%@n?%ﬁé%@f@.thﬂ§é¥‘§lmggﬁg§@ shegificityfor 1-13, (RiguigA9)-Hr=4
toIL

is most closely related -13, sharing_30% seqyence identity at the

had; i aBEFRTerR2) 240 fveIBUSB0P699 PE TG 1 £5064008059e11 in
96-EXAMBLELD Neytralisation potency:Qf BAK2Q9B1 1 as.a buman 964 gy

a murine IL-13 dependent. murine B9 cell proliferation assay 5 .
16BAKR08B1 12 Tdehtife ' BE % afti-miarindFEAB RédFaRsitpre centrifuged
at 300 x g for 5 minutes to pellet detached cells. Eotaxin

levels in the supernatant were determined by ELISA using
reagents and methods described by the manufacturer (R&D

Systems). Data were analysed using Graphpad Prism software.

Results

BAKZ78D6 lineage clones were able to inhibit human TL-13
dependent eotaxin release from NHLF. Relative potency was
similar to that observed in the TF-1 cell proliferation assay
(Figure 8). BAKS502G9 (VH SEQ ID NO: 15; VL SEQ ID NC: 16,
BAK1183H4 ({(VH SEQ ID NO: 37; VL SEQ ID NO: 38), BAKI167F2 (VH
SEQ ID NO: 35; VL SEQ ID NO: 36) had ICsy of 207pM, 118pM and
69pM respectively against 10 ng/ml buman IL-13. Commercial
antibodies JES10-522 and B-B13 had ICsp of 623pM and 21%M

respectively.

HUVEC assay protocol
IL-13 has been shown to upregulate expression of VCAM-1 on
cell surface of HUVECs [80, 81]. Factor dependent VCAM-1

expression was determined by detection of upregulation of
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clone as a scFv as described in Example 1, was reformatted as a whole
antibody human IgG4 as described in Example 5 and its potency

evaluated in the murine IL-13 dependent B9 cell 10 proliferation assay. B9
wa rosrssB-cell hybridoma cell line [83]. B9 is factor depemgerdgoses/ 063059
survival and proliferation. In this respect B cells respond to murine IL-13

aand a intai i i faining human 11-6 (50pg/ml, R&D _ .
ve Syste%s%?ﬁﬁﬁgigfﬁl o%frgggnag% I-}l%g(%égglélésnltnp%ﬁfgéﬁon fgs\/f/jasv ©
FlUgERPHTIEE b $AEastiing the reduction in incorporation of tritiated

thymidine into the newly synthesized DNA of dividing cells. B9 ceII_ assay

t 20 B9 cells were obtajned from European Collection of Animal
R a%nrﬁfr%ﬁt%‘iﬁ’e%gﬁéé%&ai@f’o Sipilett pitstoasigoding

to PHERSEaY wavperolmediessentintylas dessribeld-for tie Dbl teisshy i .
TesEX3EPIE 20Ut With the fol ng mo@ﬂﬁﬁﬁ%%ﬁ“é%sak)‘egée‘%i%ﬁ?@epc{lscecg the

RPMI-1640 with GLUTAMAX | (Invitrogen) 25 containing 5% foetal bovine

A3t (RYERMET AhtBOM™2-ThercaptsetanoP nioyeRy SREcombiatty
nothadterialiy desivedLriFinealt - 13 ¢Beprotachkieptaced B@ﬁ@f‘dﬁzé?évanlga
final tiqn. of. Ing/ml. Result 209B11 (V

ne CNO:12§5§;§§I)_/ %%%Q%%q&g:i§6§3§{avﬁlﬁ1%%m?§6iﬁ'§u ralis&H ﬁélif&/‘ﬁrlﬂ ‘miififie

addgd) §Quith AAnesoTEEsEM 3 itk BY atlap¢Figlreid). BAK2EORLMh the
f : | tool_to.i tigate the ral -13 in murine

oG] WO S00L o eab FETIGRI N CRHEL of Gl i e

CongRRHY HethBnStfatbl ik EvaARIcl T2 Shkichs Bemoretrates. e eflicasy Oie

dosBAK209Bkyin amuiine madal of sacute pulmonay inflammatign 5o a1
sanp YO GEES ATIRDLOR PN RANE 22 SR et oot
Assay samples were then added to HUVEC that had been preseeded\
at 4 x 10* cells per well in 96-well assay plates. Assay
plates were incubated at 37°C for 16~20 hours under 5% CO;.
Assay media was then removed by aspiration and replaced with
blocking solution (PBS containing 4% dried Marvel® milk
powder} . Assay plates were incubated at room temperature for 1
hour at room temperature. Wells were washed three times with
PBST Tween before 100 pl (1:500 dilution in PBST/1% Marvel®)
of biotinylated anti-VCAM-1 antibody (Serotec) was added to
each well. Assay plates were incubated at room temperature for
1 hour. Wells were washed three times with Delfia wash buffer
{Perkin Elmer) hefore 100 pl of Burcpium-labelled Streptavidin
or anti-murine IgGl {1:1000 dilution in Delfia assay buffer,
Perkin Elmer) was added to each well. Assay plates were then
incubated at RT for 1 hour. Wells were washed 7 times with
Delfia wash buffer (Perkin Elmer). Finally, 100ul of
enhancement solution (Perkin Elmer) was added to each well and

fluorescence intensity was determined using the Wallac 1420
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analysis The affinity of BAK502G9 (VH SEQ ID NO: 15; VL SEQ ID NO:
16), 10 BAK1167F2 (VH SEQ ID NO: 35; VL SEQ ID NO: 36) and
BAK1183H4 (VH SEQ ID NO: 37; VL SEQ ID NO: 38) for human IL-13
BB EG9B11 (VH SEQ ID NO: 25; VL SEQ ID NO: 26) fecragmehosose
13 as human IgG4 were determined by surface plasmon resonance

vICMRasWements Using-a BiAcare: 2008 Biosensor{BIACISIAB) Bata were
esseg’;ial!fy, as described in [72]. In brief, antibodies were coupled to CM5

N3 LERES AL BsGPRH B %bﬁ‘ﬂliﬁ@’%ﬁwfglﬁt:ore) at a surface density of

approximately 500Ru and a serial dilution of IL-13 (between 50nM to
Res2#8NM) in HBS-EP buffer was passed over the sensorchip surface. The
resulting 20 sensorgrams were evaluated using BIA evaluation 3.1

Typisftware to providKinede datyIREERtS BARS02G0, BAICERS AL BAd
16) BAIGEEE34 49Gerbasimg hman: L3138 with 2Rchigh alffinityswith Kaef 168w

P Nd.81pM. respectively corresponding to_their relative potenc
0 Bed nstage. BSOS LN oLt S i R B
1gGY. |ake(Rdblen3). 820 2603/ 0 FRESOR T / GBRO04I008G5 % X AMP ItE
thelBdeflicagy of BAKZO9BAL, in.a murine madel of agyte allergic puimanary

inflammation 5 Murine model of acute allergic pulmonary inflammation
BAES G e B0F BARPGoBLE (FRFSEEY ¥ N5 5 AP BEQ 1890 26) 53R
resaBtHMUENE |bd3ineuiralming HumamigG4 antiBody, was investigated in a

murine of acute allergic pulmonary 10 inflammation. This model was

performed essentially as described by Riffo-Vasquez et al [84] and is
EXAMkaaclerised at its endpoint by increased bronchial alveolar lavage (BAL)

Neu%falisation potency of anti-IL-13 antibodies against IL-18
and IL-4 dependent VCAM-1 upregulation

The specificity of the BAK278D6 linsage of clones was assessed
in a modification of the HUVEC bioassay. Together with IL-13,
both IL-4 and IL~1P have been shown to upregulate expression

of VCAM—-1 on cell suxrface of HUOVECs [80, 81].

HUVEC assay protocol

The assay was performed essentially as described in Example 5
with the following modifications. Recombinant human IL-1f and
IL~4 (R&D Systems) were used in place of human IL-13 at 0.5
ng/ml and 1 ng/ml respectively and represented the dose that

gave approximately 80% of the maximal response.

Results .

None of the clones evaluated from the BAK278D6 lineage
neutralised VCAM~1 upregulaticn in response to either human
IL-1B or IL~4 and thus demonstrated specificity for IL-13
(Figure 10). IL-4 is most closely related to IL-13, sharing

30% sequence identity at the amino acid level [82].
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13 (Figure 12), cellular infiltration into the lung and BAL (Figure 13),
increased serum IgE levels and airways 15 hyperresponsiveness (AHR).
Model protocol Female Balb/C mice (Charles River UK) were treated with

gggezr%%éifgwrine IL-13 antibody BAK209B11 (at 12, 36, 11%%/8(?;00&/903059
2 e). Ondays

"doses) or an isotype matched control antibody (357 gg dos
0 and 7, mice in each group were sensitised by intraperitoneal injection of
10g of ovalbumin (Ova) in 0.2 ml of the vehicle (saline containing 2%
rxAF2@3 (Rehydragel) as an adjuvant). A separate control group of

on-sensitised mice 25 receiv | volume vehicle..Mice
e e g e e
muniinged bo 1 8YAGReRHESErE Salte PPioftd -hebHRsaRT BIE A58
challenges were administered in a Plexiglas exposure chamber. Ova was
aerosolised using,a deVilbiss 30 Ultraneb 2000 QiQLilgseréSgnri(?e )
BARA QARG in"S SBHAS bPthia® BRXpBRtred 8f 28 Mindtes séparated by T Hour

cldatergalsa BARKR098B ldegrcar ireelevanthemmainelgG4 wese eelhginistdiesl as

a wiggéo@ge%m'%béeﬁarmg% t?/%&ﬁt challengs. apd hen 2aours:83 Wy its
5/007699 PCT/GB2004/003059 prior to each subsequent challenge
poyanfuseimtetdlpiThe Feidrentrl dilddy’ 17°P8 MRS pbt fivar

pr&hallenge: Bload (serumpand BAkwereCcallestad. e wasassayedl ine
for tatal IgE., BAL was obtained by.injecting 3 aliquots.of saline.5 (0.3m1,

[8%].3nﬁgaﬁg O?Z—i‘r%i?%n eﬁ)c?cﬂ%%ngar%%%essfuﬁgféﬁ%gkggﬁegrgr? fd?a éar%}ﬂ?i%f

In cellicourtswyare dbtambbsframsBAbdcdlls. tRaduits Ovalblnaincciatienge of

na SEDsitised mice.caused.asignifieant HOPr0RR)incRRse/ImtotalBAL cell
recruitment over non- sensitised but challenged animals. This_recruitment

SyssRadse laBpeAddmy MmhiBitd By BAR 260872 =SigRMcaRT fidd BET - °n

was determined by measuring the reduction in incorporation of
tritiated thymidine into the newly synthesized DNA of dividing

cells.

B8 cell assay protocol

BY cells were obtained from European Collection of Animal Cell
Culture BCACC and maintained according to supplied protocols.
The assay was performed essentially as described for the TF-1
assay in Example 2 but with the following modifications. Assay
media comprised RPMI-1640 with GLUTAMAX I (Invitrogen}
containing 5% foetal bovine serum (Hyclone) and 50puM 2-
mercaptoethanol (Invitrogen). Recombinant bacterially derived
murine IL-13 {Peprotech) replaced human IL~13 with a final

assay concentration of Ing/ml.

Results

BAK209811 (VH SEQ ID NO: 25; VL SEQ ID NO: 26) as a human
IgG4 neutralised I ng/ml murine IL-13 with an ICse of 776pM in
the B9 assay {Figure 11). BAK209B1ll therefore represents a

useful tool to investigate the role of IL-13 in murine models
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inhibition was seen with 364g BAK209B11, but not control antibody
(Figure 13). Similar effects were also seen on 15 eosinophils (Figure 14)
and neutrophils (Figure 15) with significant (p<0.05) inhibition of cellular

IRf¥0asa7enimum BAK209B11 dose of 369. This inhibitionpwag; Ao s/mo3059
seen with the control antibody. Lymphocytes were also induced in

sensitised bit not non- itised mice upqn challen | ingluctiok
e e e
dengs-with 36¢-BAKIISBEEYC oftr6RdRIbEHYL had ro BREdnEigReciort
acudltheughmonesyie/masiephagas were not induced in sensitised animals
when compared to non sensitised animals, background levels were

depressed by 236g 25 BAK209B11, but not by control antibody (Figure
EXATYL8eildm IgE levels were significantly increased in sensitised animals

arPihen %eree&%}%@%;ﬁ%hsitﬁggiifﬁr_%'@9991!359&5)bg hisringjgase
was decreased after treatment with 36g BAK209B11 but not by the

anghffbf antibody. 30 In summary, systemic administration of BAK209B11,
a murine IL- 13 neutralising antibody, but not control antibody inhibited

T ot 7000 DCTICRUB04/00AS0 Teydie e by oot 3™
BRKLbGAHRErVEnARENGOHR: CYAIUAINIA ARrif:mdat! ehalldraie L8314

cvanRammation EWPR% ki %9 afe praphetic, . SiEXANPIE 13 Effigacy
of BAK209B11 in the Ll%d murine model of acute pulmonary

BRI Rinatibi16 Furifle Wodé bt altte Eferdic Puimakaryfitfamimatcn T
13 The affeetrolBAK209B] 1dedd SEQ4D NQ: 201 VA-SERQ HINGY: 2@ amance

me AOHERE 13 Reulralising antibogy,was Jovestigated 10 2, o ap)
essentially as described in [72]. In brief, antibodies were
coupled to CM5 sensorchips using an amine coupling kit
(RIAcore) at a surface density of approximately 500Ru and a
serial dilution of IL-13 (between 50nM to 0.78nM) in HBS-EP
buffer was passed over the sensorchip surface. The resulting
sensorgrams were evaluated using BIA evaluation 3.1 software

to provide kinetic data.

Results

BAK502GS, BAK1167F2 and BAK1ILI83H4 IgG4 bound human IL~-13 with
high affinity with Kd of 178 pM, 136pM and 81lpM respectively
corresponding to thelr relative potency in cell based assays.
BAK209B1l1l bound murine IL-13 with affinity of 5.1nM (Table
3.
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second murine model of acute allergic pulmonary inflammation. This
model was performed essentially as described by McMillan 15 et al. [85]
and is characterised at its endpoint by increased BAL and lung tissue

Wolosedhiar infiltration into the lung and BAL, increased sgium:186u4/0030s0
levels and airways hyperresponsiveness (AHR). 20 Model protocol

Female Balb/C mice (Charles River UK) were administered with various
doses of anti-murine IL-13 antibody BAK209B11 or an isotype matched
EXAMSWFolahtibody, as follows. On days 0 and 12, mice in each group were

iti ( intraperito injecti f 10g_of qvalbumin (Ova) in
R L st g I i
Pulnoransieldd AEsetibed in Example 12]). A separate control group of

non- sensitised mice (NS) received an equal volume of the vehicle. Mice

were challen with, ovalbymin for 20 minutes on days 19, 30 20, 21, 22,
e R A ATl PN AR FiG ™
Thengbikstiont AWIKAEREIDL dVallemges were: azhninistered inaRlexiglas an

ant@xpasuRLhaner Qa was; agrosalisduisinga deiliisairaneb 2000
nebuliser (Sunrise Medical). On days 18,19,20,21,22,23 and 24 mice

inviRhe BBNRO 2D08/0BVETF PeT/BBYED47IISUBY. AdvHiHRIER With
inflanous intraperiasealdpsesdP3 Tge 285Gn4d 23 kandenated indigure 21

a of anti-murine_IL-13 anti BAK209B11 mulgG1 or an
fies%é%p%j mga%clﬁéé fgﬁlyr%% urﬁ%o%l)%/ (ia3p7gf)§.)%ilrﬁ§3$ furictio a\ﬁﬁgg%%}éégggd at
1tsoRnRRICENEL 25WyaneAshImpnthadhelinecliallenigessarsd tidnitore-
13 Usingu senseipys plathysmography (Buxce), PERO (concenration of mar,

o metha(i;%gline, required to increase baseline PenH bC?/ 50%) was estimated
(FL R dividual TRTCESR BHth e B and a2 irdnradpaiietst unfixed

hypeumssiitting iofenethackhnline dose-response 10 curves.

Model protocol

Female Balb/C mice {Charles River UK) were treated with either
anti-murine IL-13 antibody BAK209B1l (at 12, 36, 119 or 357 ug

doses) or an isotype matched control antibody (357 ng dose).

On days 0 and 7, mice in each group were sensitised by

intraperitoneal injection of 10pg of ovalbumin (Ova) in 0.2 ml
of the vehicle (saline containing 2% A1,0; {Rehydragel) as an
adjuvant). A separate control group of non-sensitised mice
received an equal volume of the vehicle. Mice were challenged
with ovalbumin on days 14, 15 and 16. Ovalbumin was diluted to
1% (w/v) in sterile saline prior to nebulisation. All
inhalation challenges were administered in a Plexiglas
exposure chamber. Ova was aerosolised using a deVilbiss
Ultraneb 2000 nebuliser {Sunrise Medical) in 2 series of three

exposures of 20 minutes separated by 1 hour intervals.

BAKZ09B1l1l or an irrelevant human IgG4 were administered

intravenously, 1 day prior to first challenge and then 2 hours
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The model ended at day 25, 24 hours post final challenge. Blood, serum,
BAL and lung tissue were collected. 15 Results Lung function was
evaluated for individual animals at day 0 (pre-treatment) and at day 25

(Pasthnlignge) and was quantitated by calculating PC50 Valgs eaa44/003050
(concentration of methacholine required to increase baseline PenH by

. 50%) 20 (Figure 21A). An indjviduals airways hyperresponsiveness
P4 Ry R RS et B e B 104 80 ot oy B eco TRy 0
mod¢lbrdaie25RCHR Y g dag D PE5Y). Thistddltanled P&l Wwasythe printagy
(seSRFPOIHLOT RS Sidy, RG30 data log-dransformed £’§§§§%% Ofor total

requirements of endpoint ANOVA. 25 Individual changes were averaged
LB wifffir: gf6EpLRF-GeREAtEYgidtiravdragedettaliog Pes6 fas shdnm in
(0. Figyrec2 B @Ma,lb@nﬂmqh&ll@@wﬁfﬁﬂ%itﬁﬁdgng@.cma)m%@&ks
A ompared.to nan-sensitised and challenged mice (p<0.01). 3
o0 R AOBT CatsSq HoleR AR dOREd e B Ao heAG 1o
whereas the control antibody had no effect. 86 WO 2005/007699
resBGHGB2004/003059 EXAMPLE 14 Efficacy of BAK209BIl in the Gerard
murine mqde| of acute lJET)]uImonary inflammation 5 Murine model of acute

OvaLiaryie pitonaRARfgmmaTSH THREKHEE S BresesB f1 fVardLrayt
(p<N.c0525iyibﬁg@dDﬂﬁOt&@;aBA@nﬁzminﬁa&;ﬁamuﬂalisiﬁ@muman _
senlfed QUNOGY. W, iwestigalsd In.a i une medel glacuic allegic,
10 pulmonary inf ammation. This model was per%orme essen |a"fl§/ as
depgRaefbed by Himbledebal. PBERANPSIcharhortiBedatitd pRAPBM by
inniereased BAL and lung igsug éh&%&ﬁ%'@éﬂ;t"t%?naat@ thelupg.and
BAL, increased serum IgE levels "and airways hyperresponsiveness
anté&pﬁ@_{Figure 13} . Similar effects were also seen on
eosinophils (Figure 14} and neutrophils (Figure 15) with

significant (p<0.05) inhibition of cellular influx at a
minimum BAK209B1l1l dose of 36pg. This inhibition was not seen
with the control antibody. Lymphocytes were also induced in
sensitised but not non-sensitised mice upon challenge. This
induction was dese-dependently inhibited by BAKZ09R11, with
maximal inhibition seen with 36ug BAK209B1ll. Control antibody
had no effect (Figure 16). Although monocyte/macrophages were
not induced in sensitised animals when compared to non-
sensitised animals, background levels were depressed by 236ug
BAK209B11, but not by control antibedy (Figure 17). Serum IgE
levels were significantly increased in sensitised animals when
compared to non-sensitised after challenge (p<0.05). This
increase was decreased after treatment with 36ug BAKZ09B11 but
not by the control antibody.

In summary, systemic administration of BAK209B1l1l, a murine Il=-

13 neutralising antibody, but not control antibody inhibited

inflammatory cell influx and the upregulation of serum IgE
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15 Model protocol Female Balb/C mice (Charles River UK) were
administered with various doses of anti-murine IL-13 antibody
BAK209B11 or an isotype matched control antibody. On days 0, 7 and

Wb MisRR:#P each group were sensitised (SN) by intraperitgpeal iigstighso
of 10g of ovalbumin (Ova) in 0.2 ml of the vehicle (saline containing

1.125mg Al(O &3 as_an adjuvant [calculated as described in.Example
1eviﬁ). %\asgggéra? cgﬁﬁgllg%ﬁ)%apt&fo r{‘or?n;&enss???sseedqr%%é' I@??é"ceé}\ggd%lhth
ovaggual voliime ofthiel pehioled 95 Micawees ghallémgedwithtevaibumin for

20 minutes on days 21, 22, 23 and 24. Ovalbumin was diluted to 5% (w/v)

in saline _prior to nebulisation, All inhalation challenges were
Exanghfifisterettin 4 Piesiy RS WpoktFe chamber. Ova was aerosolised
using a deVilbiss Ultraneb 2000 nebuliser (Sunrise 30 Medical). The
EX Ile_gded at day 25, 24 hours post challenge. Blood, serum, BAL and
ung tissue were collected. 87 WO 2005/007699 PCT/GB2004/003059
EffgseampeE BSERGEELof BAKROIBIAHIh&  Ieye cRifd niddel &t te
pulRYlpenany, nflammatien 5 Murine model of chronic allergic pulmonary
inflammation The effect of BAK209B11 (VA SEQ ID NO: 25; VL SEQ ID
NO, 26), an anti murine IL-13 neutralising human IgG4 antibody, was
Murihvestigdied imfa awdet of theowicallerdivpuampnans lafleramiation. This
TheMOdel Was pedaimed essentiallyas 10 dencriaed by Temelkoyski ekl oy

[87] and is characterised at_its endpoint by cellular infiltration into the lung
antAnBUEALS ifdreased SBRIRIGE RIeR RPN ay ¥ hperEepbheEReRess? 2

secthdR)uls Modelprotaepl acute allergic pulmonary inflammation.

This model was performed essentially as described by McMillan

et al. [85] and is characterised at its endpoint by increased

BAL and lung tissue IL~13, cellular infiltration into the lung
and BAL, increased serum IgE lewvels and airways

hyperresponsiveness (AHR).

Model protocol

Female Balb/C mice (Charles River UK) were administered with
various doges of anti-murine IL~13 antibody BAKZ09B1l1l or an
isotype matched control antibody, as follows. On days 0 and
12, mice in each group were sensitised (SN} by intraperitoneal
injection of 10pg of ovalbumin {Ova) in 0.2 ml of the wehicle
(saline containing 2mg Al (CH}s; as an adiuvant [calculated as
described in Example 12]}). A separate control group of non-
sensitised mice (NS) received an equal volume of the vehicle.
Mice were challenged with ovalbumin for 20 minutes on days 19,
20, 21, 22, 23 and 24. Ovalbumin was diluted to 5% {w/v) in
saline prior to nebulisation. All inhalation challenges were
administered in a Plexiglas exposure chamber. Ova was
aerosolised using a deVilbiss Ultraneb 2000 nebuliser {(Sunrise

Medical). On days 18,19,20,21,22,23 and 24 mice were
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Female Balb/C mice (Charles River UK) were dosed with various. doses
of anti-murine IL-13 antibody BAK209B11 or an isotype matched control
antibody. On days 0 and 11, mice in each group were sensitised (SN) by

iatpReEienes injection of 10g of 20 ovalbumin (Ova) in 0.2 plof 48604 63650
vehicle (saline containing 2mg AI(OH)3 as an adjuvant [calculated as

described in Example 12]). A separate control group of non-sensitised

2 A 1S Gt v dVart Latial voltRTPEE Heobaml i Mige wWerd dhallehyethy

or With-pyalbuin,far 20 mi l%é&.ﬂ Q%y%}%lﬁ 2821 22,2345 2Bu3ne
32, 35,737, 39, 42, 44, 46, 49 and 51. Ovalbumin was diluted to 5% (wWiv)

ILh 3 AR s toRRSAH RBHOnMAR IhaREiHPCHARGRS Werechamimsmraal

1B Riexg xposure-chambegr Qvayas.aerosolised ysing a devilhiss,q
= Ultranigb Z?C%%ebullser (Sunrise Medical). 30 The model ended%i day

25 &Y FPRBERS HBSt B}%%ﬁé‘) CE‘éh}rﬁn%%r‘; and IR idRieRersing

coreollbsted 88 WOs2QRH/A0RE99 EQH@BZOMQ}OaQﬁQlCEXAMﬂGOf
fficacy of anti-human JL:13 antibodies against.exo g@prlLB

mﬁ%cfn%%étergj%o l‘Jle ?nelf{rlntéoag po%c 2 S‘DLI‘]hee gc%ﬁﬁ anti-hurhan

eshivpd aptibedicsieh Helpro- mﬁamnﬁd?@’ahndﬁbf Punrgh Aay3iPagrom 4

padBMestigateddn.ahasic-puirinermodel. Jhismoedelnuas perfapped e sponse
essentlally as described by Edwards et al [93] and was characterised at

CU4¥%PF0 endpoint by cellular infiltration into the airpouch. Model protocol An
air pouch was created on the back of female Balb/C mice by

Thé%&éﬁ”%&ﬁ%@i%@i% f2oml; pf ﬁ%%{ﬂ% e E % Q. The, 1§ A pouch
was reinflated with anot er 2/5mL sterile aif at day 3. 2g hulL-137in"0.75%

Blqemc ﬁ%ﬁl’mje&% Cﬁt%t|9‘% thdssue were collected.

Results

Lung function was evaluated for individual animals at day 0
(pre-treatment) and at day 25 (post-challenge) and was
guantitated by calculating PCsy values (concentration of
methacheline required to increase baseline PenE by 50%)
(Figure 21A). An individuals alirways hyperresponsiveness
(AHR} was determined by the change in log PCsy at day 25 versus
day 0 (log day 25 PCsy ~ log day 0 PCsg) . This delta 1ogPCso
was the primary endpoint of the study; PCsy data log-
transformed because of requirements of endpoint ANOVA.
Individual changes were averaged within groups to generate

group average delta log PCsy {(as shown in Figure 21B).

Ovalbumin challenge of sensitised mice caused a significant
AHR compared to non-sensitised and challenged mice (p<0.01).
BAK2(9B11 caused a clear and dose-dependent decrease in AHR

whereas the control antibody had no effect.
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pouch at day 6. 24 hours later the mice were killed and the air pouch
lavaged with 1mL heparinised saline. Antibody treatments were either
given with the hulL-13 (into the pouch) 20 or given systemically. Results

Wan@adbrded, injected into the airpouch (i.po.), caused a SigRifiEaEY¥4/0030s9
increased infiltration of total leukocytes 25 (p<0.01) and eosinophils

(p<0.01) at 24 hours post-challenge versus vehicle (0.75% carboxymethyl
cellulose (CMC) in saline i.po.) treated mice. Locally administered
EXARIE0969 (200mg, 20mg or 2mg intrapouch) 30 significantly and

errdese-dependartly infibited the totel Jewkosyte {A=0Myandgosipapbil
<0.0? infi(lé&ation into the air pouch caused by 2g hulL-13 in 0.75%
9

PUIARIE &0 WE'I868667899 PCTIGB2004/003059 Systemically
administered BAK209B11 (30mg/kg, 10mg/kg and Img/kg) also

pu9RfIGRNMLY; apg dosesdepandently.i DBML%Q@Yt%ﬁk‘f%ﬁgxtgo@@ﬂl)

and eosinophil §<0.01) infiltration into the air pouch caused by 2g hulL-I3
Thenad 7866 cMicE

anthrineithel 3 knogk ouh tiransgenig ntcrdar thespueposes of evajuating the
. __efficacy of anti-human IL;13 antibodies.in models of pulmanary allergic 10
o LY IVEHG1S S hoiter 80 B WEN Spross

rulimgmany rattidetamtrhonineThils by dehetasgeting: Jiwemhousedhtinlly

as AR Pasdesen replagad from start to;siop codon withthe 1o relevant 4+

. portion of the human IL-13 gene. This mouse strain expresses human
1S PERAtREr (RAn-RotSBIEAL AR raSfond®th thE $afnd Sarhili dihithkaT
infWild-fypd arouse; @sthe andegenalssil.13i proraetes anddikvld pAdailevels

andegy¥gg¥%uﬁg%%@%%%ﬁégg§veness {AHR) .

Model protocol

Female Balb/C mice (Charles River UK) were administered with
various doses of anti-murine IL-13 antibody BAKZ0S5B1i or an
isotype matched control antibody. On days 0, 7 and 14, mice in
each group were sensitised (SN) by intraperitoneal injecticn
off 10pg of ovalbumin {Ova) in 0.2 ml of the vehicle.(saline
containing 1.125mg Al (OH)s; as an adjuvant [calculated as
described in Example 12]). A separate control group of non-
sensitised mice (NS) received an equal volume of the vehicle.
Mice were challenged with ovalbumin for 20 minutes on days.Zl,
22, 23 and 24. Ovalbumin was diluted toc 5% {(w/v) in saline
prior to nebulisation. All inhalation challenges were
adninistered iﬁ a Plexiglas exposure chamber. Ova was

aerosolised using a deVilbiss Ultraneb 2000 nebuliser (Sunrise
Medicall.

The model ended at day 25, 24 hours post challenge. Bloocd,

serum, BAL and lung tissue were collected.
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been shown that human IL-13 can bind to and signal through 20 mouse
IL-13 receptors to generate the same physiological consequences as
signalling caused by mouse IL-13 ligating mouse IL-13 receptors. For

- ' Il pecritoent
RpR@E¥genous human IL-13 caused inflammatory cell gegru 03059
ier?g the murine air pouch (Figure 18) . These transgenic anlma?s al?gw us

ARHS) | ate 25 non-murine cross reactive anti-human IL-13 antibod_ies in
X esta\%éllis ed murine models of disease. This mouse has been used in the
EffgqnealiefgiBlineap rflammisdtionihope|s-(ascdescrineebin @@ppBsokd ry
infanehi9) apd 30 chronic allergic airway inflammation models (as_ described
in Example 20) allowing the evaluation of anti-human IL-13 antibody
pharmacology in allergic airway disease. 90 WO 2005/007699

MurB@F /@B{?@D4&ﬂ3ﬂﬁﬁoﬂmwl%é§ﬁ1}ﬂg§% g; gptij}gﬁlzg%{zlﬂ-%ﬁo n

ihadies in:t =13~ transgenic Llo murine model of acute
Theg%%%agry%ﬂ%%%%%% I\?I?}%in%%ggeﬁgf aéite ShefgiR giiOnany) » an
antih aiihagod ITHE effestafans humdnian 3 Tetiraisingbdnandgs 4

invagtiiegiesaverg iavestigated in @&myrne @9@%‘;@@%8&%%@%.
infgglﬂrpn%n%r%/ inflammation using the transgenic mice 10°generated in

example 1?.'quil%ﬁﬁoﬁtgfj\?/gis%srfm%?@nt%l?e%%Féls%:ls'ibé@ by
deseMitidn ley al 488]Lanc example 48. Ther medel was I@E}g&ﬁ%@t@@@& |tt§t
F o€ [ incre and.l tissue IL:13, cellular infiltration into
ltsth%q%%&fﬁgd %égl?%%%é%%dp éqefr#r%%g f&vels %%8 aifvaydtg and BAL,
LCRGAEREsFOriTerdSs (MR} Madel pratsest Themwotooal dasthis made|
(AHWRAS as described in Example 13 except that anti-human IL-13 antibodies
were dosed instead of 20 BAK209B11.

Model protocol
Female Balb/C mice (Charles River UX) were dosed with various
doses of anti-murine IL-13 antibody BAKZ09B11 or an isotype

matched control antibody. On days C and 11, mice in each group

were sensitised (SN) by intraperitoneal injection of 10ug of
ovalbumin {Ova) in 0.2 ml of the vehicle (saline containing
Z2mg Al (CH)3 as an adjuvant [calculated as described in Example
12]). A separate control group of non-sensitised mice (NS)
received an equal volume of the vehicle. Mice were challenged
with ovalbumin for 20 minutss on days 18, 19, 20, 21, 22, 23,
28, 30, 32, 35, 37, 39, 42, 44, 46, 49 and 51, Ovalbumin was
diluted to 5% (w/v) in saline prior to nebulisation. All
inhalation challenges were administeredlin a Plexiglas
exposure chamber. Ova was aerosolised using & deVilbiss

Ultraneb 2000 nebuliser (Sunrise Medical).

The model ended at day 52, 24 hours post challenge. BRlood,

serum, BAL and lung tissue were collected.
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EXAMPLE 19 Efficacy of anti-human IL-13 antibodies in the hulL-13-
transgenic Gerard murine model of acute pulmonary inflammation 25
Murine model of acute allergic pulmonary inflammation The effect of anti

RugARskhekdneutralising human IgG4 antibodies were investigateshi, noszoso
another murine model of acute 30 allergic pulmonary inflammation using

the transgenic mice generated in example 17. This model was performed
- essentially as described by Humbles et al, [86] and in example 14. The
EXpEUd id g¢haracterised at its endpoint by increased BAL and lung tissue

Hi-d3-gelldag infiltration inteAh ad 91. WO 2005/007699
e e o U o L ST o
hupg R e flashonRhRES tAHRY. MOJEI PrateEsRS Thrprreed! fapded model

was as described in Example 14 except that anti-human IL-13 antibodies

were dosed instead of BAK209B11. EXAMPLE 20 10 Efficacy of
?h%r%i]-? Sr%sénol{fél g’ﬁti%g i85 i%%hé[ gr;1u'ﬁ_n- gg?r%hgaeﬁfé 158%d RAfonic
infederdipuinforbipinfiaimimation The bifect of antidwimaated3in a basic

muFEMratising humand o antipodieswers vestigated.in.a medg] of
chranic allergic 15 pulmonary inflammation using the transgenic mice

deYTHERPEREN BRERTTS 195 This rhdtikl 4RAS perforfieresdaitisighst its

endiestribetly by demelkovski et Bt 871 and in fxapmple db-and is .
characterised at its endpoint by cellular infiltration into the lung and BAL,
increased serum IgE levels and airways 20 hyperresponsiveness (AHR)

Modgdderistbascol The protocol for this model was as described in Example

AnlDir pouch was created on the back of female Balb/C mice by
subcutaneous injection of 2.5mL of sterile air at day 0. The

air pouch was reinflated with another 2.5mlL sterile air at day

3. 2ug helIL-13 in 0.75% CMC was injected directly inte the
pouch at day 6. 24 hours later the mice were killed and the
air pouch lavaged with I1ml: heparinised saline. Antibody
treatments were either given with the hullL-13 (into the pouch}

or given systemically.

Results

Human IL-13, injected into the airpouch (i.po.), caused a
significantly increased infiltration of total leukocytes
{(p<0.C1) and eosinophils (p<0.01) at 24 hours post~challenge
versus vehicle (0.75% carboxymethyl cellulose (CMC) in saline

i.po.) treated mice.

Locally administered BAK502G% (200mg, 20mg or 2mg intrapouch)
significantly and dose-dependently inhibited the total
leukocyte (p<0.01l) and eosinophil (p<0.01) infiltration into
the air pouch caused by 2pg hull~13 in 0.75% CMC,
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except that anti-human IL-13 antibodies were dosed instead of 25
BAK209B11 EXAMPLE 21 Pharmacokine tics and pharmacodynamics of
anti-human IL-13 antibodies in Ascaris.suum-allergic cynomolgus

Ry 5e334 Ne pharmacokinetics and pharmacodynamics @F9R46Q/003050
were evaluated in 4 allergic but non-challenged cynomolgus primates (2

male/2 female) after a single 10mag/kg i.v bolus dose. The experiment ran
SYSHGHIS RhYYE. FARHRBOY S 4 inetic°$2 W &2005/86 7659 20
1mg Pkal/ GR 20040930592 patameteds wese -determnidedfigmimpgediveat the
Lot 2YCRAd8 SetUM-drug, cgngentration curye, and are dgtajed belaw jn Table,,
. In'the same study serum Ig% concentrations were also followed 5 using
inta HummanilgEdeliSA ki¢Bethyblabitigtories) tSA), nResUlts Se¥itm IgE
concentrations were significantly reduced after a single 10mg/kg i.v bolus
dose of BAK502G9, from 100 % control 10 levels (predose) to 66 10% of
EXA¥EAFolValues (p<0.05), at 4 and 5 days after dosing. This lowering of

GenSQWIM JGE oeoneptration-exoyered: to; 88 /800 0f sontol leyelsby dayu 22
see Figure 20). Again, these data were derived by .normalising h
b A ST ik S BT clioet 1o I i iE reaneacy of
an tdotheertratidns! Was 009 ddrd thien ravdedgingfithewcirves fivnethedgic
5 nranimals tested. The two male monkeys had relatively low predose total
serum IgE (60ng/mL and 67ng/mL). These IgE levels did not change in
20 a fashion suggesting a trend following treatment with BAK502G9
The(figere:30B).nlke twe female:mpnkeys had ielatively high aredese totakan,

e ek R T
genfetbeingteomppeodiangelyfrom start to stop codeon with the
relevant portion of the human IL-13 gene. This mouse strain
expresses human IL~13, rather than mouse IL-13, in response to
the same stimuli as in the wild-type mouse, as the endogenous
IL-13 promoter and IL~13 pA tall remaining unchanged. It has
been shown that human IL-13 can bind to and signal through
mouse IL-13 receptors to generate the same physiological
consequences as signalling caused by mouse IL-13 ligating
mouse IL-13 recepters. For example exogenous human IL-13
caused inflammatory cell recruitment into the murine aixr pouch
{(Figure 18). These transgenic animals allow us to evaluate
non-murine cross reactive anti-human IL-13 antibodies in

established murine models of disease.

This mouse has been used in the acute allergic airway
inflammation models {as described in examples 18 and 18) and
chronic allergic airway inflammaiion models (as described in
Example 20} allowing the evaluation of anti-human IL-13

antibody pharmacology in allergic alrway disease.
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25 predose levels by 28 days post-administration (Figure 20B). These
data provide indication that BAK502G9 lowers serum IgE concentrations
in animals with relatively high circulating IgE of IgE. 30 EXAMPLE 22

wiheasyoofanti-numan IL-13 antibodies in cynomolgus modelg1afshabiimkoso
allergy The effects of anti-human IL-I3 neutralising human IgG4 93 WO
20051007699 PCT/GB20041003059 antibodies were investigated in a
primate model of acute allergic dermal inflammation. This model was
EXANEASrEd by injecting human IL-13 and A.suum antigen intradermally

Effinéa cgfslwgbgg%ngﬁ&ﬁyaqﬁr%m%t%bo@%@dﬁéo@ﬁ_igszaf%sgryﬁ 5
samples were taken. The mo was C aracterised at its en Int .
traBgpenio hiaye TG tRE SRrEeEXAMBCE 5 BRI TRaE R dRERa tLon

IL-13 antibodies in cynomolgus models 10 of pulmonary allergy The

murSHectefant hyman, JL=13 peutralising hyman lgG4, antihadies yere

investigated in a primate model of acute allergic pulmonary inflammation.
TheThIRiobiePvad e fdHimed by 15 exptiding 2l diimaliigreydiolgus

antpboies tavsebulisac st syueantgen: therehy=genrerating analergic

a1 (388N, s, alleroy wes characterized atjis. end polnt by cafulal, o
m?iﬁratic?n |nr¥o Ighe ung ané‘%, mcrease?lgserum grEEl e ?S andnalrways

genhypérerbsponsivariess. 20 Plidrhsacotyaamiss were fridigchallysevdlidately

as G¥¥MOIUIROR, flevueytometde methogs SD23 i mﬁpb@fﬂaiiy gk
receptor and can be expressed on peripheral human blood mononuclear

modgd |4 D SEEXPFESSTNT SanTe iidticBRTRPIINSYS HRERE ARt RNE
lunegxpressing CD2B83andalsbinhowmiuC ration into the lung and

BAL, increased serum IgE levels and airways

hyperresponsiveness {AHR).

Model protocol
The protocol for this model was as described in Example 13

except that anti-human IL-13 antibodies were dosed instead of
BAKZ209B11.

EXAMPLE 19
Efficacy of anti-human IL-13 antibodies in the hulL-13-

transgenic Gerard murine model of acute pulmonary inflammation
Murine model of acute allergic pulmonary inflammation

The effect of anti human IL-13 neutralising human IgG4
antibodies were investigated in another murine mocdel of acute
allergic pulmonary inflammation using the transgenic mice
generated in example 17. This model was performed essentially
as described by Humbles et zl, [86] and in example 14. The
model 1s characterised at its endpoint by increased BAL and

lung tissue IL-13, cellular infiltration into the lung and

91



10

15

20

25

30

CD23 each cell expresses by both IL-13 and IL-4. The IL-13, but not IL-4,
mediated response can be inhibited by anti-human IL-13 antibodies. 30
Animals were preselected for entry into this 2-phase study on the basis of

REBURRIN-Extablished AHR following nebulised antigen (a59m9M003059

extract) challenge. In phase | airway function was assessed

intravenous histamine challenge on days 1 and 11. PC30, the histamine
BAL 4 osBTEGRIET 16 $9W 3 PD0ET367698 BE FIEE0041003059 generate a
hyp86Pe increase émbng rasistance (RL) above baseline, was determined

from each histamine dose-response curve. On days 9 and 10, animals

were challenged with individually tailored doses of nebulised antigen
Modpdewrgadly B>dhown to generate a 40% increase in RL as well as a 35%

The0SEFRASEIN BnAMIE COMmBliRNCE 46 DYN)a blisterisally inthis model, a

reater RL has been observed fgllowmg the%gcong,gg% lensge with a

EX&%R/]E% difergéfidose hah e rst WRs T antged Biming. The ‘f’v%%n‘%@sé%d

insthalienge EEXESEEAHR, as 10 measured by an increased area under the
histamine dose- response curve and/or a fall in PC30, and BAL, as well as
eosinophilia at day 11 compared to day 1. Animals displaying an
EXANPIR. pR@notype were selected to enter phase II. 15 Phase Il was run
nfraxactly asphase L exeept thatall anisidsdeseived ad8mglkg-BAK502G9
rafgion O URNS Lo 00,9 The Sriedie ol BIA0RCIae aesesed by
raé&%%%ﬁﬁg e)(:ﬂanges Séen in phase P with crhanjées seen in phase | for
individual animals. 20 Blood, serum, BAL and lung tissue were colleted.

eSS IYE, levels were moniterethby, ELISA) $eiyy framBAKER4GY

treated cynomolgus monkeys was shown to inhibit the expression of |
antebodi eh Mehan PefpheraRbRbA MoRoRbtRar CaISTHtED By H218C

pulmonary inflammation using the transgenic mice generated in
example 17. This model was performed essentially as described
by Temelkovski et al. [87] and in Example 15 and is
characterised at its endpoint by cellular infiltration into
the lung and BAL, increased serum IgE levels and airways

hyperresponsiveness (AHR]).

Model protocol

The protocol for this model was as described in Example 15
except that anti-human IL-13 antibodies were dosed instead of
BAKZOORB11

EXAMPLE 21
Pharmacokinetics and pharmacodynamics of anti-human IL-13

antibodies in Ascaris.suum-azllergic cynomolgus monkeys

The pharmacokinetics and pharmacodynamics of 502G3 were
evaluated in 4 allergic but non-challenged cynomolgus primates
{2 male/2 female) after a single 10mg/kg i.v bolus dose. The

experiment ran for 29 days. The antibody’s pharmacokinetic
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25 but not IL-4. The magnitude of this inhibition was consistent with the
serum BAK502G9 levels predicted by PK ELISA. Results BAK502G9
significantly inhibited AHR as measured by RL AUC 30 (p<0.05) (Figure

%%0@@%979)- An inhibitory effect of BAK502G9 on AHR, asp@??&ﬁ%@ﬂe@ﬁsg

PC30, was observed but did not reach statistical significance (Figure 26B,;
Table 7). BAK502G9 also significantly inhibited both antigen priming
Pargges By (HRife 28ES EF%EB}@%WB%LQﬁﬂ%%ﬁoW@ﬂﬁSﬁ?@%ﬁW@)
condBRSIBNAGAD BCAVE B20D440@3@59 =sigeificartymnhibitacitdtal dell
(p<0.05) and eosinophil (p<0.05) but not macrophage, lymphocyte or
mast cell influx into the BAL (Figure 26D; Table 7). 5 EXAMPLE 24
In Elfffcasief avbAuntarin 3shtibotienfganbote dshmatic phehbtpped

nsithatdevglops whenfiumsandbyl3 isadministered e dhednpuseiyng 10
Murine model of airways hyperresponsiveness The efficacy of the
anti-human IL-13 neutralising antibody BAK502G9, against the

Resgévelopment of airways hyper- responsiveness (AHR) following

serRMiNstration of human 13, 1o the mouse Jungwas inyestigated. Shis

model was performed 15 essentially as described by Yang et al [119] with

singie ckieptibA thathGiRana LIPS vl iPsGERe of fthind fL-3 LoRibeet
1evRIA0Gel-Ea developsthegohenatypes made BAIB/eaniceavescoxpased ta 4

two 20 doses of hyman IL-13 separated by a 48-hour interval. In brief,
‘mdn\g\écéiz'51 Sreaé%n%a%%t#éjtlssjé%ithT}rlﬁslﬂtﬁa%%%%?njggtigﬁ rgfml(%;gl] saffan
consaiutiont{iohdilstedvnweaterr. Miceweré infubsatedwith a2=dauby day

22 %@@lt%@%%@em?ugamghmgﬂ Jecampinantil»13 £2599

issolved’in 20pl phosphate-buffered 25 saline (PBS)%Qr ve@icle cogtrol
i10n 0 bhreqocse

nor@ﬁ§§?%@%iﬁ§ﬁﬁxﬂ9ﬂﬁﬁéﬁ serun IgE concentra

levels, where predose concentrations was 100%, and then

averaging the curves from the 4 animals tested.

The two male monkeys had relatively low predose total serum
IgE (60ng/mL and 67ng/mL). These IgE levels did not change in
a fashion suggesting a trend following treatment with BAK502GS
(Figure 20B). The two female monkeys had relatively high
predose total serum IgE (120%ng/mlL and 449%ng/mL). These IgE
levels were decreased following treatment with BAKLG2G9,
maximally by 60% at 7 days, and returning to approximately
predose levels by 28 days post—administration (Figure 20B).
These data provide indication that BAK502G9 lowers serum Igh
concentrations in animals with relatively high circulating IgE

of Ighk.

EXAMPLE 22

EBEfficacy of anti-human IL-13 antibodies in cynomclgus models
of dermal allergy

The effects of anti~human IL-13 neutralising human IgG4
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function was assessed 24 hours after the last administration of IL-13 by
increasing methacholine challenges and monitored using conscious
plethysmography (Buxco). PC200 (concentration of methacholine

(paulirfdadncrease baseline penes by 200%) 30 was deterginaskHiamudsoso
parameter unfixed curve fitting of methacholine dose-response curves.

ntibody treatments were admijnistered by intra-peritpneal injectiogn 24
SR S e TR A S s SR
allqOiis B2opa/oozobbareatitsintriirachaaldadtalaton of hoanad! RT3

in7 denRive wildstype mice fasulted indevelopment.of significant(p<0Q%)
airways hyperresponsiveness relative to contro| animals as determined 5

CYRRHPEBBOIMBITARDINE Contentratihs. S§&BficatPRImTAsEed SeTun
samBAES02G69 (tmpdkyg) sighificanttie(p<t:el kinhihited:thies eévelopment of
eas-t I :al.anti no, effect,(Figure 23). 10
endé!;(i%l\%l@)@é %@&%i&it’%@%&ﬁ%@ %f%%l%(@ég%a}é%g human 1gG4
against human IL-13 dependent IgE release from human B cells. 15 B
Exageltswitehing assay protocol IL-13 has been shown to induce IgE

synthesis_in human B cells._in vitro [120]. Factor dependent JgE release
Bt R o B LRI dABAAAF Oy ST IGA, That CATPASHO AEAEy
of phBAKEOPGOdsagyuman IgG4 was assessed against human IL-13 20

dependent IgE release from human B cells. Peripheral blood mononuclear
cells (PBMC) were purified from _human buffy coat (Blood Transfusion

The spffieef byeetifudaiBAlover & 1. GRHFE derisitygradmsr. BEefs were
ant puefied drom:2b PBMG wita &icekl isolatiamkitdl (MiltenyidBiotes)tysing
211553983 A0d methods described by the,manyfaciirer, ASSAY: rormed by
exposing a.suum-allergic cynomolgus primates to nebulised
a.suum antigen, thereby generating an allergic reaction. This
allergy was characterized at its end polnt by cellular
infiltraticen into the lung and BAL, increased serum IgE levels

and alrways hyper-—responsiveness,

Pharmacedynamics were additionally evaluated ex vivo using a
flow cytometric method. <CD23 is the high affinity IgE
receptor and can be expressed on peripheral human blood
mononuclear cells. CD23 expression can be induced, in terms
of the number of cells expressing CDR23 and also in how much
CDhZ23 each cell expresses by both IL-13 and IL-4. The IL~13,
but not IL-4, mediated response can be inhibited by anti-human

II.-13 antibodies.

Animals were preselected for entry into this Z-phase situdy on
the basis of previously established AHR following necbulised

antigen {ascaris suum extract) challenge. In phase I airway
function was assessed during intravenous histamine challenge

on days 1 and 11. ©PCag, the histamine dose reguired to
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media comprised Iscoves modified dulbeccos medium (Life
Technologies) containing 10% foetal bovine serum and 20}ig/mL human
transferrin (Serologicals Proteins Inc). Following 30 purification, B cells

WRISot8Rksegnded to a final concentration of 106/mL in assgy. %Qiﬁlﬂ 003059
50}il of resuspended cells were added to each assay point in a 96 we (

late. 50pl of 4pg/ml, of the anti-CD40 antibody EAS5 (Biosource)
9eNGEE S led 16 oLy TR S abRSprERELFEERSRIGNS oF 87O

Wwas Sdde
bas2005/007689 RETHEB2004/003053 antibbdessinreplioatesy svgrense
curdiiiteddp the desired, gongentration inassqumedia. /An irelevant,

. antibody not ‘directed at IL-13 was used as a negative control. 50pl / well
Inddiingddrophiaid QGBS Wére vived fPheadikd SPRBESTHIYEALY
shoactesiallyslerived human I&ﬂ&@?ﬂ&om%wla% m%gnﬁy@ed to

a final concentratian of 30ng/m1 to giv. total assay volume of, ,
A el THE S3hGe T ahat STTC. 14-E8ed in Hhe 598y Ainb SelderBhid
modgive & niExidiatreshohss Assay plates welefnddvattddot b deysratd
cha3ienilari% GO2; 4019k lexelsdn the supematant,wers determiped by

ELISA using reagents and protocols supplied by the manufacturer (BD
antRRidHcas Bhthy b drithrisd) > $hta sherk Landpse Fased GiEphpad
me aprismacsofvane. IbdRessigiAs:temonsteatedrHa Rgwea24.BAKS2GY9 (VH

-15; VL ,SEQ | : 16) was able to iphibit human_ Il -13
e O B Shich B i ECiRls BAKBObGS To ROt Ty
eospagRiiEs0 af 1d8Mldg4IABP3TEE /i hufaan 1L.-13A20rEX AMELS® P6ying

an Bfficasy{BAKE0269A0ains 13 mediated-PoigRtiatign of histamine
induced Ca 2+ signalling in primary human bronchial smooth muscle cells
Phase II was run exactly as phase I except that all animals
received a 30mg/kg BAK502GY9 infusion on days 1, 5 and 2. The
effects of BAK502GY9 were assessed by comparing the changes
seen in phase II with changes seen in phase I for individual

animals.

Blood, serum, BAL and lung tissue were colleted. Serum IgE
levels were monitored by ELISA. Serum from BAKS502G9 treated
cynomolgus monkeys was shown to inhibit the expression of €b23
on human peripheral blood mononuclear cells induced by IL-13
but not IL-4. The magnitude of this inhibition was consistent

with the serum BAK502G9 levels predicted by PK ELISA.

Results

BAK502GY significantly inhibited AHR as measured by Ry AUC
{p<0.05) ({Figure 26A; Table 7). An inhibitory effect of
BAK502GS on AHR, as measured by PCiy, was observed but did notu
reach statistical significance (Figure 26B; Table 7).

BAK502GY also significantly inhibited both antigen priming
{(p<0.01) (Figure 26C; Table 7) and BAL inflammation. BAK502GO
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25 1L-13 has been shown to directly modulate the contractility of airway
smooth muscle [121, 122]. Intracellular calcium mobilization is a
prerequisite for smooth muscle contraction. Recent studies have shown

3] hadds:eility to alter smooth 30 muscle contractility is mgdiatedin o100
part through modulation of contractile agonist induced Ca2+ signaling

. [123, 1241, The effica f BAK502G9,.an, anti- an IL-13 antibody.
549 olrr%ia?t%% al aﬁr%é ?anaain%%f- reﬁej‘clia(r]gggaltrt(ﬁelgjlti(535;5:d ine%%wogqyll
(p<20@%/D07699RC, THESPOPA/QAG3059Tprimaytisurnantahchial Smidbthux

1ntAusgle ealls (ESMG)signalling Jigsponses to the contractile agonist,
histamine, was investigated in a Ca 2+ signalling assay. 5 BSMC Ca2+

signalling assay protocol Human primary BSMC, Smooth Muscle Growth
Exaedmm® (SmGM-2) and Smooth Muscle Basal Medium (SmBM) were

btained f i0 Whittaker. BSMC were maintained in SmGM: ,
B e e e
pherybEmswWeNdl e salrmictbtirelcaiiaculttive bfatéarmiibid sifesd 6
+hataghstor 24-gours, then re-fed and incubated for a further 24 hours. Prior

to the Ca2+ signalling experiment, the SSMC were stimulated with IL-13
(Peprotech) at 50ng/ml final concentration with or without antibody and

Mun:moabazt@da‘br 45 JﬂzwdlwrSyBAWamdeamisatype matched
Thé”@l%"f‘é‘éc&or&}?P'{HQ”Q?JQE@LQBHRO%-%T%%i’%‘irfs%‘ézf’éuﬁﬂ?gi%to%y

final concentration of IOpg/ml. Changes in intracellular Ca2+

BARHH®Mratiohs i Fedpon st hrtinMe EalBioetans), fratdd from 20M,
resersMeasyEed uaing) stapdars; technigres:withthe 20-Ca2+raensitive dye

Fluo-4 (Molecular Probes) and a 96-well, Fluorescence Jmaging Plate
to IR I o B Be 58 Lt AR e e ho BV e TR LTS
esdhpiCa2i gigrmalldeprespordeb o histamate was [detéimineedfor mach cell
exNBHCAMEN: human IL-13 was used in place of murine IL-13.

Model protocol

To develop the phenotype, male BALR/c mice were exposed to two
doses of human IL-13 separated Dby a 48-hcur interval., In
brief, mice were anaesthetised with an intravenous inijection
of 100pl saffan solution (1:4 diluted in water). Mice were
intubated with a 22-gauge catheter needle, through which human
recombinant IL-13 (25 ng dissolved in 20ul phosphate-buffered
saline (PBS)} or vehicle control (PBS) was instilled. Airway
function was assessed 24 hours after the last administration
of IL-13 by increasing methacholine challienges and monitoxed
using conscious plethysmography (Buxco). PCze (concentration
of methacholine reguired to i1ncrease baseline penH by 200%)
was determined from 4 parameter unfixed curve fitting of
methacholine deose-response curves. Antibody treatments were
administered by intra-peritcneal injection ‘24 hours prior to

the each dose of IL-13.
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condition. Data analyses were performed using GraphPad Prism 25

version 4 for Windows (GraphPad Software). Results Pre-incubation of

BSMC with IL-13 significantly enhanced Ca2+ signalling in response to

Welagmngrdse-incubation of 30 BAK502G9 (Figure 258)(but2%% 004/003059

irrelevant isotype control antibody (Figure 25A)) with IL-13 signiticantly
Resi(.rgw% ited the potentiation of Ca2+ signalling in response to histamine

§éire 25). 99 WO 2005/007699 PCT/GB2004/003059 EXAMPLE 27

IntNebiratibation potencylefdntn|lei3lantibodiEs-ihia humandki$d wild-type
mlcge%mg@l\gﬁ C(%%%fé H%%ﬁono%SSQX&I%EQﬁ@CYﬁI@ 05} airways

representative IL-13 antibody was evaluated in the human IL-13

hYPEEBERRERTISFITAl B1B8bE ThERorR s teno (P BMEIad D23 Bxpphessigni ned
by @%S3y.meBME-spons tedaibrk3-and ol -4y ieareasing,call-sufact ered

ression of CD23 (120], CD 3§Fc RII) is tr{i}e low-affinity receptor for

BAK%@(E% is (fa%xpgzsseg]%%nal%/é %fil%(gfyinfla éé)&igcells?mbﬁdiﬁﬁd the
devembriegtds. whibiidh offtniman ILE18 depéhdertGD23 exptedsioly had no
e £ FdRREgUaliN-Wasdetermined by measuring the reduction in binding of
fluorescently labelled CD23 monoclonal antibody to PBMCs by flow
cytometry. 15 Assay protocol Human blood was obtained from the Blood
Transfusion Service and erythrocytes depleted by 40 minute

Ear}-gsoo (Pharmacia) sedimentation (0.6% final concentration). The

eukocyte and platelet rich fraction was then separated by a 20 minute
Neulraid eahtfigREGeBVEr aliSddtiielisaReroliugratidocd rmk 849
hundhd 5L 809 6LONMwas Sparts Bereolkang 1 RartiOx RBS).PBMCs

were harvested from the top of the 64%

EX

B cell switching assay protocol

IL-13 has been shown to induce IgE synthesis in human B cells
in vitro [120]. Factor dependent IgE release from human B
cells was determined by ELISA. The neutralisation potency of
BAKS02G9 as a human IgG4 was assessed against human IL-13

dependent IgE release from human B cells.

Peripheral blood mononuclear cells (PBMC) were purified from
human buffy ccat (Blood Transfusion Service) by centrifugation
over a 1.077g/L density gradient. B cells were purified from
PBMC with a2 B cell isolation kit II (Miltenyi Biotec}, using
reagents and methods described by the manufacturer; Assay
media comprised Iscoves modified dulbeccos medium (Life
Technologies) containing 10% foetal bovine serum and 20pg/mL
human transferrin (Seroclogicals Proteins Inc). Following
purification, B cells were resuspended to a final
concentration of lOS/QL in assay media. 50pl of resuspended
cells were added to each assay point in a 96 well assay plate.
50pl of 4pg/mL of the anti-CD40 antibody EAS5 (Bicsource) was

added to assay wells as appropriate. Test solutions of
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layer, washed and resuspended in assay buffer (Invitrogen RPMI 25 1640,
10% FCS, 200IU/mL penicillin, 100}zg/mL streptomycin, 2mM
L-Glutamine). The assay was performed in 24 well plates with 2x106

WdSodRpbsecombinant human IL-13 (Peprotech) or 21pM,l mhin
human IL-4 (R&D Systems), BAK502G9 or irrelevant IgG4, Fr?lgeflna Ailoss

volume of 500mcL. Cells were 30 culture 8h at 37C before being
antfhadgsd Hhtistired Aty ED 258 11§haélirm|nge e'@2'?)lm|rﬁjtes at

cond&nHinallsncells wese yead dhaa roMWeMeNﬁBZ@@&pMo@%s

a1 EIRIIRC Y. ODA% scqie parcent gLELARposue el mybipliep i1y
the b rg hiness' the stain (geomean 100 WO 2005/007699
of PaeT/EB2CT4bpBe5Y RiforsEREEY NI SEmMFIRE 523 thEoree vy

recoWBliiacied anddatauresentadiasa pareentage-afithenesponseto ks
alone (1000/

ahas be ne pressed s the.mean £S n.fro
subgeaushiie ?%% iménts, ijesmgﬁcecf@ romat gl8|V|(§>ual %Bglgn/gg v
a tpeddrreddy trnplicate fofed6lpbinte ResulEhincapatsia b PBME With <1~

13 %@BM IL;13:00 210M JLd-for 48, howrssresyltedin deaGbR31exuession: .
Figure 27 and Figure 28). 10 BAK502G9 dose- dependently inhibited
Assmylﬁ’iﬁ&@éed’@t?zg%iﬁm ith a §eBmEtrie mednofsEoprr “O2-

Tg(Figuieid7)in ﬁ@etr@sp&AKSQaegﬂwas ubsibde 1d. irddbib theE CDZB using

ex eSS|on indu ed by 21.4 8 ,
r‘%fgﬂfrrelaevanfiJ 1Cg é hot %? %Jf elt I_(I'I% él% (IerE\G49 Cui%ltc;ae}%e%rzze%gésm

Bicexpression, OB FBMT éﬁ@@@Z?Wﬂjlgu%‘EB) WEE St AATGIT Of PENME

cra¥ith 8ORM:ILA13 aed gL.-4pM IL-4, produced an additive CD23 response.
AK502G9, but not CAT- 001, reduced CD23 expression levels to those

seen with IL-4 stimulation alone (Figure 28). 20 EXAMPLE 28
Results

As demonstrated in Figure 24, BAK502G9 (VH SEQ ID NO: 15; VL
SEQ ID NO: 16) was able to inhibit human IL-13 dependant IgE
production by human B cells. BAKS02GS as human IgG4 had an ICyp
of 1.8nM against 30ng/ml human IL-13.

EXAMPLE 26
Efficacy of BAK502GY9 against IL-13 mediated potentiation of
histamine induced Ca®?* signalling in primary human bronchial

smooth muscle cells

TL-13 has been shown to directly modulate the contractiiity of
airway smooth muscle [121, 122]. Intracellular calcium
mobiiization is a prerequisite for smooth muscle contractiocn.
Recent studies have shown that IL-13"s ability to alter smooth
muscle contractility is mediated in part through modulation of

contractile agonist induced Ca®' signaling {123, 124].

The efficacy of BAK502GY9, an anti-human IL-13 antibody

formatted as an IgG4, against IL-13 mediated alterations in
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Neutralisation potency of a human IL-13 antibody in a human IL-13
dependent eosinophil shape change assay 25 The aims of this study were
to evaluate the effect of IL-13 antibodies on eosinophil shape change

Mggogy(@ediators released from NHLF following stimulap%&#ﬁ /003059
NG 1=

factors found in the lungs of asthmatics such as IL-13 [125,12

[127], TGF-(31 [1283. IL-13 synergises with TNF-a [129] or TGF-131 30
PP tH AT RSFOBIESS 158 BRGNS Wiich RaC théit 8bf o 129
res@iseeilys chempatiraeiransinaphils. deikosyte 1shaperchangesesponses
1 nvale mec iatgd itgr%u% feaé@r;rgﬁel ents cgsgée cellular cytoskeleton and are

essertial o the processes of feu ocgte mlgr\a’\fion from the

microcirculation into sites of 101 WO 2005/007699 PCT/GB2004/003059

psupflagimation, Anhibition.ak 1 3-dependent shape-change- inducing factor
release by NHLFs was determined bg/ measuring the reduction i

n
HUNE B R R cYetioh by ETTEAAnl 1G0&IGH MY doSHShHiFSHape Bilngd nj-e
smobow eytemetryBs AdsayeprotocdlSNBMF cellsavetetedeidtiréd avitiB fredia

Wh i%[E’QEchr megia, compining Jtimuiants (3.60M 43285 LoM J.NE -4, (RED

ystems) and 160pM TGF-al (R&D Systems) in the absence or 10
SUPPreseRcE JFBARBeRGD (Eehtentradtl rifge STEnveS 6384MVIF s

celWerethen eultureddoyaifurthes ASh atd/ Cbeforethe resyWltinge and wers

condjtioned medi s agpirated and stored at -80C. The concentratjo
L S G R Aot LE s EEbCB g I ER S LR o
a fDubberERISAsystem (R&D> 115 SystemEp Hlusiamblobinwas abtaihesnt ,

thefr%%ew@:‘?é’ds@ﬂ[%ﬂ%sér%@t Servicer ﬂﬂﬁﬁrﬁ(ﬁgB%@é&%?'%ﬁ@dS@ﬁépml

. minute dextran-T500 (Pharmacia) sedimentation (0.6% final
Linadnctftrihy 2Ere20ebRob e and plite R HERAFRCRAWAS tgg ted for
18-Sepalatetkhy BAK50269 and an isotype matched irrelevant

control monoclonal antibody, CAT-001, were evaluated at a
final concentration of 10pg/ml. Changes in intracellular Ca®
concentrations in response toe histamine (Calbiochem), titrated
from 20uM, were measured using standard technigues with the
Ca®" sensitive dye Fluo~4 {Molecular Probes) and a 96-well
Fluorescence Imaging Plate Reader (FLIPR) {Molecular Devices).
The area under the curve [AUC) of the Ca** signalling response
to histamine was determined for each cell pre-treatment
condition, Data analyses were performed using GraphPad Prism

version 4 for Windows {GraphPad Software).

Results

Pre~incubation of BSMC with IL-13 significantly enhanced Ca**
signalling in response to histamine. Pre-incubation of
BAKS02GY (Figure 25B) (but not an irrelevant isotype control
antibody (Figure 25A)) with IL-13 significantly inhibited the
potentiation of Ca®! signalling in response to histamine

(Figure 25;.
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20 minute 11379 centrifugation over a discontinuous Percoll gradient of
3mL 64% and 5mL 80% (100% was 9 parts Percoll and 1 part IOx PBS).
Granulocytes were harvested from the 64%:80% interface, washed and
reeuspesided in assay buffer (Sigma PBS, 25 1mM CaC12, kobMivaeilidsose
10mM HEPES, 10mM D-glucose, 0.1% Sigma BSA, pH 7.3). The assay
rxaydsperformed in FACS tubes with 5x105 cells, 3nM recombinant human
eotaxin-1 (R&D Systems) or conditioned media, in a final volume of 400L.
Nengendifaie! teurted ot 65 mithited Bt 37 CBERPE Bty tanértBtfth 12~
13 denantdixeshuitivadxiagmgent (Cellkixs B Biosciences) and finally
read on a flow cytometer. Eosinophils were identified by their FL-2
autofluorescence and the forward scatter (FSC) parameter read.
TheEpeisptil FSCahappeesar tesporseltb-oth Evtakiady and T oRRtoiddd
in Media previding-302 MO2005(007699 fHe HGB200HA038R8nuciear cell

measurement of shape change. Tubes were samgﬁd at hi%h flow r’i\ge and

(PBYGY dcdeisifidh Tt TeRhiratea arter 1000 SGSRSBMI Sverts Br 1minutd’

T L~whighever meassthecsaorier. Shapechanger svasicalcolatedas a[ 1201 -
co2BeRRRGS pf the E§)§ caysed-by.shape,5 change buffer alone,(100%

lank shape change) . Data have been expressed as the mean % blank
expaRgseehange SEM Biavafrohi Bl aEpaiasexpetinfent"EAER NI
mon@4ewRent uaed sels fon anhingdividual-boffyepah@ne-hencsindividual
donor), performed .in duplicate foy each point ]bO Results NHLF cells
RS SR T SRR BANIL £, S 7B PR B TS GERL and
redoyltuired fon4BhsétretedD.GhiM eataanill intbabelckidiré Miedimofpclonal

antg%rg@sttgl I—gﬁgggllsb%ulgir&g %rwc;léevy'g maintenance media secreted
0 e

InM"eotaxin-1 into the culture media. This eotaxin-1 production was
IL-13 dependent as IL-13/TNF-a/TGF-R1 co-stimulated NHLF cell
AsRQiaxitctocol

Human blood was obtained from the Blood Transfusion Service
and erythrocytes depleted by 40 minute dextran-T500
{(Pharmacia) sedimentation (0.6% final concentration}. The
leukocyte and platelet rich fraction was then separated by a
20 minute 1137g centrifugation over a discontinuous Percoll
gradient of 3ml 64% and 5ml 80% (100% was 9% parts Percoll and
1 part 10x PBS). PBMCs were harvested from the top of the 64%
layer, washed and resuspended in assay buffer (Inﬁitrogen RPMI
1640, 10% FCS, 200IU/mL penicililin, 100pg/mlL streptomycin, 2mM
IL-Glutamine}. The assay was performed in 24 well plates with
2x10°% cells, # BO0pM recombinant human IL-13 (Peprotech) or
21pM recombinant human IL-4 (R&D Systems}, = BAKS0ZGY or
irrelevant IgG4, in a final volume of 500mcL. Cells were
cultured for 48h at 37C before being harvested and stained
with CD23-PE (BD Pharmingen) for 20 minutes at 4C. Finally,
cells were read on a flow cytometer. CD23 expression was
determined by CD23 ‘score’; percent of CD23 positive cells

multiplied by the ‘brightness’ of the stain (geomean

106



10

15

20

25

30

production was dose-dependently inhibited by BAK502G9 with an 1C50 of
32.4nM (Figure 29A) 20 The primary aim of this part of the study was to
examine eosinophil shape change. The magnitude of eosinophil shape
whangnspesponse to 3nM eotaxin (positive control) was 1PC122rb864/003059
(n=4). Eotaxin-l induced shape change was 25 completely inhibited by

£1uordQuM-okan angeaiaxip Antbodyro AT 213-mean shaps, ehangea and
101.01.0% (n=4). Media from NHLF cells co-stimulated with 9.6nM IL-13,

datapgs SRt “PNFRE ah PR TR0 Tatd CuRGRRPIYF 28R cORaitionet 36
(100%mepdia)piducedsaisieat epsmephikand shape changeX FiRMed2aB). Ifirom
contrast, media from NHLF cultured for.48h ip NHL aintenance media
-6 R SR ophT thaps Shonge: (Rigire o008 o0
don2@05/087699RA T/IGB 2004003059 The addiio® ot akt-IL-13 antibody
BAK502G9 to co-stimulated media prior to NHLF culture, resulted in a
dose-dependent inhibition of eosinophil shape change, with a geometric
Resuhkan 1C50 of 16.8nM when assayed at 1:16 dilution (Figure 29B) 5 The
Incuwhilitycof stimbiints (L3, S (XantBT GF-@pNotl Bukurekwith NidLEs

Is to.ind SM il hi c a
res‘?n%é%i&&te%%%m 13 S.Q%AEA%N&%%%%%%%E}( e 428

BAKGRdGEe doekaf s iphit Shapahid gy ITHiS shifgesactHab five
expieasinephilshape chapge ability mebeonditioned media deyelepsedyring in

coniE SARIME IS D Slants o gdche el e simuens,
indwanitllbg 3Zantisdids.od Himman I8 Theepitdpalmdppimgsof Figure
28)yepf%¥gf@9¥%éLiE&ﬂpqgggynot inhibit either IL-13 or TL-4
dependent CD23 expression on PBMC (Figure 27 and Figure 28).
Co-stimulation of PBMC with 80pM IL-13 and 21.4pM IL-4,
produced an additive CD23 response., BAK502GY%, but not CAT-
001, reduced CD23 expression levels to those seen with IL-4

stimulation alone (Figure 28).

EXAMPLE 28
Neutralisation potency of a human IL-13 antibody in a human

IL-13 dependent eosinephil shape change assay

The aims of this study were to evaluate the effect of IL-13
antibodies on eosinophil shape change induced by mediators
released from NHLF following stimulation with factors found in
the lungs of asthmatics such as IL-13 {125,126], TNF-a [127],
TGF-B1 [128}. IL-13 synergises with TNF-a {129] or TGF-Bl
{130] to induce fibroblasts to produce eotaxin-1, which can
then act to directly chemoatiract eosinophils. Leukocyte

shape change responses are mediated through rearrangements of

" the cellular cytoskeleton and are essential to the processes

of leukocyte migration from the microcirculation into sites of
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BAK502G9 was performed using a molecular approach and standard 20
peptide excision. Molecular Approach IL-13 chimaeras were engineered,
where parts of the human IL 13 sequence were replaced with murine
sequenarrsbhese chimeras 25 were used in binding studies witigg2004/003059
representative IL-13 antibodies to help identify the specific epitope. Two

1nANGIE O] 413 chimagras yerg.produced,, e fisst-nans| cantained nine

chimaeras (Figure 30) and was used to locate” 30 the general position of
indHeEPItCHRE e $6¢GHRPPaR¥| Colidamatpterfalifaetas (rigyré 83§ antng
théN&%@@@@ﬂ@ﬁ”&h”@@tﬂﬂiQPE@E@réQQ¥MOH§Nﬁﬂ@9168Qd reduction in

os%%;r/ 004/00305%9 The eric IL- %3 seguences were assembled
SO%sin RN cloneélﬁﬁo é)v"\‘zfay? 8erry Yctor, which were then

recombined with a destination vector pDEST8 (modified to code for a

asdgjegtion andaffinity tag at the C-terminus of the 5 recombinant protein).
These expression vectors were used to transform DH10BacTM

NELerhitafly CoRTpSBATE BRI oWiRY dedtherifititfarispdaftibifof tagged
codmelicdL=13 [ntuthes basulawrusishuitle yestordhaemid), Regembinant

bacmid DNA was isolated for each IL-13 chimera and transfected into Sf9

Sy SpESpodstets $RMiT&THaP inseti efiy sERRPCelfeclific) 2ReaREAL OF

pr&%@%bm@rﬁm&@rum@@w@%@eﬂ&a@@@ rosiniransfectiomand
Jgjugsaged through Sf9 insect cells twice more. sﬁect 20§2 -50Q m] culture

&fant Vs flinfied o aﬁ?fsaafﬁ?ﬁﬁﬁ}BSPﬁm nd elutbd B ds™®

re sohcentratechfriotd d6etd tevliandricadethdn atside axdlusion:8dpetdex 0°C.
ThQOQO'dBQ%QQ@Jm 08%%{%@1@13'1901@“!{&@% bufier exchang %:;.é

homogenous competition assay using biotinylated human IL-13,

as Shepravidin-aatHophyoEn&iesafi Eurs My Iabeled ERRSBQGQR%S
syseamgloped. The assay is as follows: Eu-BAK502G9 binds

Human blocd was obtained from the Blood Transfusion Service
and erythrocytes depleted by 40 minute dextran-T500
{(Pharmacia) sedimentation (0.6% final concentration). The
leukecyte and platelet rich fraction was then separated by a
20 minute 1137g centrifugation over a discontinuous Percoll
gradient of 3mL 64% and 5mL 80% (100% was 9 parts Percoll and
1 part 10x PBS). Granulocytes were harvested from the 64%:80%
interface, washed and resuspended in assay buffer (Sigma PRBS,
lmM CaClZ, 1mM MgCl2, 10mM HEPES, 10mM D-glucose, 0.1% Sigma
BSA, pH 7.3}. The assay was performed in FACS tubes with
5x10° cells, * 3nM recombinant human eotaxin-1 (R&D Systems)
or conditioned media, in a final volume of 400plL. Cells were
incubated for 8.5 minutes at 37C before being transferred to
4°C and fixed with a fixing agent (CellFix, BD Biosclences)
and finally read on a flow cytometer. Eosinophils were
identified by their FL-2 zutoflucrescence and the forward
gscatter (FSC) parameter read. Eosinophil FSC changed in

response to both ectaxin-1 and conditioned media providing
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biotinylated-human IL-13, the complex is then recognised by the
streptavidin APC conjugate and when a flash of light is applied the energy
is transferred from the APC label to the 25 Europium by proximity, and
wimesssoeed florescence can be measured. Competition fardhissdadingoss
is introduced by way of the un-labelled human IL-13 (as control) and the

imeric, constructs. Thj mpetition is quantifie leulate ik ;
"% re gﬁ%/%niacffigﬁiessﬁg% ﬁe%_%§§ e?ﬁuta?l%%f%r IL-%L%teanst%b&(%d%g 3%'&er§§b % I
ratemetgticricaliaid- binding t& pENdBAiTREY . aRBsHItd @Qﬁm%ﬁ%ﬂetﬁ%%gt
evenitd 3ddelix R thahle Shwasfound tehe the weakest compeliter agaings
biogn lated human IL-13 for 105 WO 2(?815/007699 PCT/ %2095%/003059
was iR %@@Rﬁ%o@%@, iRATCATRGRS: XD RithirtHeHST3 ISR Was

changeolved igith BXKE02G 9 Epitopberiindingdd ables 6 <Reduded activittewasen
expAlSQ sgendorihe 4041 and.3334 mulapts whereesidsgg 40, 41, andas

34 of the parent sequence 5 respectively were changed indicating
sePIREALISHATSIBNIET of RBRRA FFRRFACyRitoTEEF BAKED 2B R
indireducad astiyitiesceftoophwasshiseounted asdhisiloaphas) a redugedmed
, CRiugber gf amino acigs ircl}:'{@1 mutant as compared to the human molecule
i fLsﬁi—’keE?y o altéf the BVeraN 'structure of the protein. 10 other

reductions in the ability of the chimeric IL-13 molecules to compete for
resBAK502G9 binding were not considered significant for such amino acid

changes. A more targeted set of mutations within helix D (Figure 26) 15
NHL By erelthentestidiiRdaiecobthife P arendferhbnsitateth in- Talie™ Fandtafdd

16057 fﬁ‘i@ﬁ Resyilts, shayy thatchimegg ngéyg%g»%l LT K Shere lysine

at position 116 was replaced with threonine and the aspartate 20 at
intgasifort 1l T uwes Reslaced with K58ty 23K NiwRere sine it posRBNO™LY
witdZ2wasdanlacediendal 2ERAJwdere aIgiNINeAL xin-1 into the

culture media. This eotaxin-1 production was IL-13 dependent
as IL-13/TNF-o/TGF-Bl co-stimulated NHLF cell eotaxin-l
producticn was dosa—depend@ntly inhibited by BAKE02GY9 with an
ICsq of 32.4nM [Figure 2%A).

The primary aim of this part of the study was Lo exanine
eosinophil shape change. The magnitude of eosinophil shape
change in response to 3nM eotaxin (positive control) was
122.242.1% (n=4). Botaxin~l induced shape change was
completely inhibited by 100nM of an anti-eotaxin antibody CAT-
213, mean shape change 101.021.0% (n=4).

Media from NHLF cells co-stimulated with 9.6nM IL-13, 285.7pM
TNF-a and 160pM TGF-Bl and cultured for 48h (conditioned
media), induced a clear eosinophil and shape change (Figure
29B). In contrast, media from NELY cultured for 48h in NHLE
maintenance media alone did not induce eosinophil shape change

(Figure 29B).
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position 127 was replaced) are least able to compete for binding to
BAK502G9 (123KA and 127RA do not compete at 1 pM). Other residues
implicated in binding to BAK502G9 due to their 25 reduced effectiveness
iwtmemgadition assay include the helixD residues 124Q (beiedgsingsnsose
has been replaced with glutamine) and 120121SY (a leucine histidine pair

h een changed . to a serine tyrosin i ign.of leuci
e b piad i s AR 4B o st ==
medjiéygaldd th&hiSHeBiduid patks agarist Befixbrarfd dnag eftheebecdifectly

inhgg%"f@}ﬁﬁﬁ Bgag %ﬁ?g%%%%@/%;ﬁg%i@%@'igﬂnﬁﬁmapfg@%ﬂ?f&d i 06 M\éﬁ?n

7699 PCT/GB2004 59. These experiments demonstrate that

st et R A AR IR 1k 1he B RG STBARERED DL 13, In
particular the lysine at position 123 and the arginine at position 127 are

critical for this binding as mutation to.either abolishes, 5 binding of
Theg® 9.%pi%&§ﬂ %_g%%?gn e é%ft’o&g\{ r%aa%p?ﬁggo?éilgg&@g as
culilsogserfornre N HEN ookl stdrmlard deptidecsdcisiph iprosadures HererlgG-

shalsdmmahijsed 110 onto, solid phaseandsallowed gy capture thedk-13w myp-
igand. The formed complex is then subject to specific proteolytic
o adigesfOrMdiifiy hich dceessibradpastide BbAES ape TISERR. thGWaper

chathose W@&%Ctgq@etﬁgég&aigaaﬂénf@é@%@mqinsi{g%%t- diuisy @ Reptide:
containing the epitope remains bound 15 to thel!:rgG. This can then be
0

of GSHhEHOREMeAEH HhFRIEHIARE By IhaRe HRtfoftetly RSy ¥iFo "1 th

thecamplamentagy fechniquesavere used, tfe first madewberofsthelone or in

co n%i#@ae{g%pl P(Qg%'gcpi%g{g?der MALDI-TOF mass spectrometer, 20
W b /

ere it was possible to covalently link the IgG to a mass spectrometer
chip and then perform the digestion and extraction in-situ. The second
Exdgshaiqpe used biotinylated

Mapping of anti-IL-13 antibodies on Human IL-13

The epitope mapping of a representative IL-13 antibody
BAK502G9 was performed using a molecular approach and standard

peptide excision.

Molecular Approach

IL-13 chimaeras were engineered, where parts of the human IL-
13 sequence were replaced with murine sequence. These chimeras
were used in binding studies with representative IL-13 |

antibodies to help identify the specific epitope.

Two panels of IL-13 chimaeras wers produced. The first panel
contained nine chimaeras (Figure 30) and was used tc locate
the general position of the epitope. The second panel

contained ten chimaeras (Figure 31) and was used to fine map

the epiltope.
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BAK502G9 linked to streptavidin coated beads and allowed the collection
of sufficient peptide for sequence confirmation by 25 tandem mass
spectrometry (ms/ms). The two procedures although differing in absolute
dasad@ndzoeale involved essentially the same steps, couplipg-pt#@ed@630s0
blocking of unreacted binding sites, washing, ligand 30 capture, removal

7ne OLNIROUNd ligand, digestion.and a final washinc stgry, Ihe MAERIEQF

ms approach made use of proprietary ms chips activated with
clowagbomydiimidazuteraivat covaientie birek, toy1OFIWEE 2005 £607699

recBpGR2004/003089 s freg rimary, aming: oreuperto WhichithedgG at dodie
mg/ml in PBS was couEqu to overnight at 4C. The chip was

: R,
for sphdeEEnty IsEKed BtiDIaMind Sofitio o8 fmpBfature
reciabirhew ardthemwashedsxtergivelyswith RBS oo HBSg@les adfed to
suitable detergent, A one picomole aliquot of IL-13 was the lg\gglied to

trapsd ehih MGG PBS BPIES and ARWST 6'bind ©5 e HamMicAN, °

spetmmobilizec g it douts at rogradterhperatdre. Thid wasifolowedsby

paclIELYENER I FES,QLHES wilhand withauARelaanl (B Lemay ey
non-specifically 10 bound IL-13. A solution of trypsin ranging from 200 to

was3iRghi e PESBr $8D wHs the relp BRI RR I Tigdsd teshnpRSCarid®

<Sp9lg§§989£"£9w?ﬁ}9@9f&§ﬁeﬁ§9é§9 rminutes al :kore: tamperatyre after
which the chip was washed in PBS or HBS plus detergent, PBS or HBS
ReagRe FinallyGatet naRS: 5 apbATARES of aSsUitbie AT LT O MESiRRR

t ratherebip:was thendees plaged diraatlydn tbeanass specitemeterande moxe.
analysed. The bead based approach started with the biotinylation of the
IgG, using an NHS biotin compound, at a molar ratio of 1 IgG 20 to 4

Inshiotin2Polecifés iRemolabofkurdyowmth bictintamad shé by Hrotilices ofthe

= £ FEAConUsing gel filtration followed this, ; The bictinylaled lgG.was.than1 6
allowed to bind to neutravidin
to 1 mi and loaded on a size exclusion Superdex 200 HR10/300GL

column for final polishing and buffer exchange.

& homogenous competition assay using biotinylated human IL-13,
streptavidin—-anthophyocynate and Europium labelled BAKS02G3
was developed. The assay is as follows: Eu~BAK502GY binds
biotinylated—human IL-13, the complex is then recognised by
the streptavidin APC conjugate and when a flash of light is
applied the energy is transferred from the APC label to the
Eurcpium by proximity, and time resolved florescence can be
measured. Competition for this binding is iatroduced by way of
the un-labelled human IL-13 (as control} and the chimeric
constructs. This competition is guantified to calculate the
relative affinities of the IL-13 mutants for IL-13 antibodies

enabling mutations altering binding to be identified.

Results
Chimeric construct IL13-Helix D (Table 5) was found to be the

weakest competitor against bileotinylated human IL-13 for
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coated agarose beads, where it was attempted to maximize the IgG
capture. Aliquots of IgG coated beads were then dispensed 25 into a
concentrator spin columns and washed with Dulbecco's PBS + 0.05%
Wwoean@ddallowed by resuspension in Dulbecco's PBS + 0 R5f/aRWeginiose
20. A pulse of IL-13 was then applied to the resuspended IgG beads and

bindindingalloyedsto proceedfor 10, minuigs;afier whichthe diguid phase
was removed by 30 centrifugation and the beads washed with Dulbecco's

mol P e WRE5ITREERDITONOWREBY FESUsTRhSBIFincDifbEGo s PBE+ )
Redd:09%0 tweent20.w1:08 WIQ 200540720 Ped/GB2D041003859 Hmheants

bead:1gG:ligand complex wa n ject to.proteolysis ,with either
Whe%@p@?ﬂgﬁfigﬁﬁm%ﬁypé#w’wﬁﬁ(?ngj ats%ir? aﬂ%o%%e%ﬁ%%ﬁjrgeo%Be?é:.eAfter
resp@Tith Yiee beads veresagmia washet i D beé& s PBS YU05vsTaderPt

ne1 20nfollgwed-by-a durher 5 washesiBulbesco'siRBE withaid detergants es

The beads were then resuspended in a water, aceton%(r}ile, trifluroacetic .
of 1RPaAnd e LhperitaRtrétoverdd. TRSRVAE theh TETOUS ANEIPEE©
amiethee by MALDHTOERms ot by seversesphase-HPLIC: nTassaspeofremetsy,

anaiEudingdepdem (nsineliaonsaialion 4ynadle 10 HHeRaOUestLER
ES| ioh-trap mass spectrometer. An attempt was then made to match the

OtheaseAY falgphenthiol patieed 1é thedfurblR IERISSSGTerides add the
mol §8patateheavyrand ights ehaikseausnas; ofBAKSRREY g6t o Puiingrad
the experimental sequence a numt%fr olfﬁé:ontrols, primarily blank
0

519BnfhEEE Mgt by it REBtyiTe B6n &

e%?'sé‘mployed to demonstrate
that the identified peptides were derived specifically from IgG captured

2 mibyd3and;00La pradudtof BAKSAZGO of pon:specifically baundlls136)
digestion: 20 Results The experimental series consistently gave single
werfg ghen tested. Results obtained are demonstrated in Table 6

and are as follows:

Results show that chimeric constructs 116117TK (where lysine
at position 116 was replaced with threonine and the aspartate
at position 117 was replaced with lysine), 123KA (where lysine
at position 123 was replaced) and 127RA (where arginine at
position 127 was replaced) are least able to compete for
binding to BAK502G9 (123KA and 12Z7RA do not compete at 1 pM).
Other residues implicated in binding to BAKS502GY due to their
reduced effectiveness in the competition assay include_the
helixD residues 124Q (here lysine has been replaced with
glutamine) and 1201218Y (a leucine histidine pair has been
changed to a serine tyrosine pair). Mutation of leucine at
position 58L also reduces binding and analysis of the 3D
structures revealed that this residue packs against helixD and
may either be directly contacted by BAK502GY9 or may affect the

alignment of helixD.
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specific peptides for each digestion. Data from the LCQ ion trap
instrument revealed that the tryptic fragment had a 25 monoisotopic mass
of 3258Da (MH+) and the chymotrypsin fragment a monoisotopic mass of
BABAD0MEYT). A search of these masses against the approgrigtestves/so3059
silica, digestion of human IL-13 gave close matches to related 30
eptides.in_the C-termin lon Q 1 20Q5/0046
e 05008 Iaieh fo (oS Pepiie ash: ebDAA AL 2"
critbraande st theoppRrEnsstia RidteNeS e diehce foRP BaSPHME
the aojd 8 pOSHIOp G- tosthe Ctesminal iesparagingaé  pasites 18207 herd

are no,other matches at this {olerance. Tpi region is highlighted i
e G b Sauehite Tk BIGASr R RO L3 by, 150 L 2Hes

pindMAELRLTTEMEDCESEGFASPGPVPPSTALRELIEELVNITQNQKAPLCNGS
MVWSINLTAGM
. YCAALESLINVSGCSAIEKTQRMLSGFCPHKVSAGQFSSLHVRDTKIEVA
Epiespek BYXTLAENK LFREGRFN Match for chymotrypsin peptide mass:
The 393¥ Do d SrAba telgrafcesnk 1000ppne S93Y Ba matchestedtheseguerive
from serine at position 99 to the C-terminal agsparagine af pPPsition; 1324
Staﬁ?sx PZ@SHQ%“ F]‘Fi%'g';hﬁ“?g{ﬁ%esd1 i boldon %}uergéqugr%:%e of'the recursoi]r"forrr;a of
onthustanit -p3dedowngoallowed to capture the IL-1i3 ligand. The
£orMALUTTVIAL TGl GRIASRGRVEPET AlRELIERL WNEIQNGKABLCNGS
MVWSINLTAGM

digSRIARPE SERN RS CEARBKTESRT SECBRRV SR GUPSS L BVRSTRIEG A"

how&F¢KPhEkHE Ljﬁi@ﬂﬁEfﬁRﬁN%Bmﬁﬁmeségaaﬂ:hmmmtnhmain

1ne SAIOURE3 0G 81103 e Coetminal porian ghliie el 3 ahaleadlenound
uring proteolys@o the antlobody:llgand complex. The identity of both

to pbptideSwabsirceasiiy Bty BRFhe“shRS FREitFEDf which

1deshowed any,Sigaificapbsequenc® ry (ms) .

Two complementary techniques were used, the first made use of
the Ciphergen ProteinChip Reader MALDI-TOF mass spectrometer,
where it was possible to covalently link the IgG to a mass
spectrometer chip and then perform the digestion and
extraction in-situ. The second technigue used biotinylated
BAK50239 linked to streptavidin coated beads and allowed the
collection of sufficient peptide for sequence confirmation by

tandem mass spectrometry (ms/ms}.

The two procedures although differing in absolute detail and
scale involved essentially the same steps, coupling of the
IgG, blocking of unreacted binding sites, washing, ligand
capture, removal of unbound ligand, digesticn and a final

washing step.

The MALDI-TOF ms approach made use of proprietary ms chips

activated with carbonyldiimidazole that covalently binds to
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parallels with BAK502G9. The ms/ms fragment map tailored to identify
either Y or B ions matched 26 of 104 possible ions in one charge state for
the trypsin peptide and 19 of 128 possible ions for the chymotrypsin
paptissodvseview of all 110 WO 2005/007699 PCT/GB2004/903RAB004/003059
charge states shows identification of 23 of the 27 amino acid residues for

fxeg‘%%méir fragment :r:‘guzgsotctcb%?ﬁé?gﬁgs 79k the ChYmalypsin 31 prs
ragment. This is sufficient to confirm identity. 5" The experimental
wassequenee asa whelehgs ideritififd thathpartofthe BA K026 Qwpitole on

p1ol¥mAn =13 as lving within the, twentyeseven C-terminal amino AGide for

residues. These findings corroborate the finding of the molecular
1 happréach dbeilet 1h ebove- REFERENCES 1 PRickehAE A R 6t &1, J
sui RN Le1893:c1R0(12) dh 436 Afb 16 2 1MintyrAc et Bl-Nature s1993n

62(6417); p. 248-50. ,3. Nakamura, Y., at m_J Respir Cell. Mol Biol
apoi0eE T (ER CHPr UE Robeh E B e B S A obp Pond
to 326(3)hpwizgg-304 12080 Walked, Cget BbrAm hRespiraritaCare Med,

temb@24 £ PO (4 1P: 4038:4& A 1dumbert, M., et Ak AmLResPI Criffzare- Hps
ed, 1996. 154(5): p. 1497-504. 7. Corrigan, C.J. and A.B. Kay Int Arch

witR|&Rfy KppRosHniRaRoP o1t 4FERGYE. 276- 10 8P BRRTEY AT Bl al.
bouAm JRaspir EelMatBioh 19938091 p. 354218y Murata,2D) etal. Int J

Hematol, 1999. 69(1); p. 13-20.
3.1pug/mi in PBS oé %ég was then applied to the IgG:ligand

complex and digestion allowed to proceed for 30 minutes at
rocm temperature after which the chip was washed in PBS or HBS
plus detergent, PBS or HBS and finally water. After
application of a suitable MALDI-TOF ms matrix the chip was

then be placed directly in the mass spectrometer and analysed.

The bead based approach started with the biotinylation of the
IgG, using an NHS bictin compound, at a molar ratio of 1 IgG
to 4 biotin molecules. Removal of unbound bictin and the by-
products of the reacticn using gel filtration followed this.
The biotinylated IgG was then allowed to bind to neutravidin
coated agarose beads, where it was attempted to maximize the
IgG capture. Aliguots of IgG coated beads were then dispensed

into a concentrator spin ccolumns and washed with Dulbecco’s

‘PRS + 0.05% Tween 20 followed by resuspension in Dulbecco’s

PBS + 0.05% Tween 20. A pulse of IL-13 was then applied to the
resuspended IgG beads and binding allowed to proceed for 10
minutes after which the liguid phase was removed by
centrifugation and the beads washed with Dulbecco’s PBS +
0.05% Tween 20 followed by resuspension in Dulbecco’s PBS +
0.05% Tween 20.
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10. Andrews, A.L., et al. J Biol Chem, 2002. 277(48): p. 30 46073-8. 11.
Miloux, B., et al. FEBS Lett, 1997. 401(2-3): p. 163-6. 12. Hilton, D.J., et
al. Proc Natl Acad Sci U S A, 1996. 93(1): p. 497-501. 13. Kuperman, D.,
woahodiExpded, 1998. 187(6): p. 939-48. 111 WO 2005/00¢a2%2004/603059
PCT/GB2004/003059 14. Nelms, K., et al. Annu Rev Immunol, 1999. 17:
70138 .15 3Gy & al.d Biol Chem, 1997. 272(14); p, 9474-
the gﬁoe.éles'. gghﬁ%%u@g%ﬁz}%g cﬁ%%%n,tf’geége. .2%}1128): D o16%}51-6.O 517 S
Witk AFERGMI BRYRS B BIooah 200t rgp@)npwREP3-Dnageyrded RL atetmy
remgotR Mad. 2003497 (64440309, 1% Chiatamonte, M G, ef,a),LExR
. Med, 200§. 197%6): p. 687;701. 20. Bea%cez}l/, R., etal. J Allergy Clin
in TnRERER Z000P405(2 - 1P bt Byasrs46e-f2l bavpédeys K. Etdas J
wasrdlergy Ghnbamesod F999.J103(3uPt A3 r&dik 22rSeciaty dB. Te Béitish
uideline on the management of asthma, Thorax, 2003. 58 Suppl 1: p. .
che SRR I TGl CRited) 1o R Hor Bge R H Lo
and FreveptibAr2602nNatiesaasitdte 8featths24-Ngiigroas lduB.Bender,

ana BPELE. Wambeldl, Anafiiergy rARhma ImpnunaleeQQ2 . 38(9k RiA913dss
25. Fish, L. and C.L. Lung, Adherence to asthma therapy. Ann 20 AIIergg;}e

SPeARRE Mimutitt LI6HF Bet S\ Ty pm8)-3tr 2oBBERTd OB B3 4pY
The Adledgy SLIONEEDI, 2002: 199 (65upppeprIbhéd 27, VYillsdtagmdd.
vas Sl SpiEACe 1990, 202000071 0 2250 S bR IV, GuBlhn <o
the human IL-13 sequence and the separate heavy and light

chain sequence of BAK502G9 IgG.

buring the experimental sequence a number of controls,
primarily blank surfaces, IgG only and isotype controls were
employed to demonstrate that the identified peptides were
derived specifically from IgG captured IL-13 and not a product
of BAK502GY9 or non-specifically bound IL-13 digestion.

Results

The experimental series consistently gave single IL-13
specific peptides for each digestion. Data from the LCQ ion
trap instrument revealed that the tryptic fragment had a
monolsctopic mass of 3258Da (MH+) and the chymotrypsin

fragment a monoisotopic mass of 3937Da (MH+).
A search of these masses against the appropriate in silico

digestion of human IL-13 gave close matches to related

peptides in the C-terminal portion of the molecille.
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ne B %%%ééﬁcé f'%%é’?JmD B M HD Geaet 2002 Z06h:P- £rom
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as?@?&\}é's Fuid éttaPS%Te"rﬁ? GiRIMURRE 5006 1%1536%(33386’%@@31%9 at
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Wilkinson, J Immunol, 20 1995. 155§3§) 1110-6. 46. Naseer, T., et al,
L VAR E EATE TRA P 165 R R 5505 R BRGNGI PLCRCS il T

YCAALESLINVSGCSAIEKTQRMLSGFCPHRVSAGOFSSLHVRDTRKIEVAQEFVEDLLLELER
LFREGRFN

Match for chymotrypsin peptide mass: 3937Da

At a tolerance of 1000ppm, 3937Da matches to the sequence from
serine at position 99 to the C-terminal asparagine at position
132. This region is highlighted in bold on the sequence of the

precursor form of human IL-13 below.

MALLLTTVIALTCLGGFASPGPVPPSTALRELIEELVNITONQKAPLCNGEMVWSINLTAGM
YCAALESLINVEGCSAIERTORMLEGHFCPHRKVSAGQEFS SLEVRDTRIEVAQEFVEDLLLHLEK
LEREGREFN

Both these matches show that the BAXK502GY IgG retains the C-
terminal portien of the IL~13 molecule during proteolysis of

the antibody:ligand complex.

The identity of both peptides was successfully confirmed by
the ms/ms, neither of which showed any significant sequence
parallels with BAK502G9. The ms/ms fragment map taillored to
identify either Y or B ions matched 26 of 104 possible ions in
one charge state for the trypsin peptide and 12 of 128
possible ions for the chymotrypsin peptide. A review of all
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Binding specificity of anti-human IL-13 antibodies Human IL-13 Human
IL-13 Non-human variant primate IL-13 BAK278D6 BAK502G9 + + +
BAKG615E3 + - - Table 3a Kinetic analysis of anti-human IL-13 antibodies
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Clint 0.23 (mL.hr 1.kg") AUCInE 42.99 (mg.h.mL 1) AUCext 17.34 <30%
so clearance and (%) vol. of distribution should be accurate. TO.5
223.55 (h) Vdinf = volume of distribution over time O - infinity, 10
palculateddsom the extrapolated AUC. Clint = clearance ovegdifagsthoa/onsese
infinity, calculated from the extrapolated AUC. AUCinf = area under the
curve (measure of total drug exposure) over time O - infinity, including an
extrapolated term based 15 on the elimination rate constant (k) and the

Tablgstobserved serum drug concentration. AUCext = percentage of the total

BindSWE thabisiextrapglated. a1 615 muREug halfdite im thestermial elimination
phase. 20 123 WO 2005/007699 PCT/GB2004/003059 Table 5 First set
of Chimeric constructs Chimeric constructs IC50 nM_BAK502G9 0.17

0.07 loopl 0.71 0.86uaumfiagl .30} 0.18B0R 1176 30.45 3738yN1B;m
1.9 helixB 2.49 0.88 helixC 4.11 (.70 1gen3 5,45 3.98 Lyimate I1-13
+ ¥ +
BAK278D6
BAK502G9 + + +
BAK615E3 + = -
Table 3a
Kinetic analysis of anti;human IL-13 antibodies
IagG Off-rate Cn—rate KD
(s™) (Mt s (M)
BAK278D6 7.41e 5.49e 13500
BAK502GY 4.09e™ 2.49e° 178
BAK1167F2 4.05e™ 2.99e° 136
BAK1183H4 3,00e™ 3.7e° 81
Table 3b
Kinetic analysis of anti-murine IL-13 antibodies
IgG Off~rate (s™°) On-rate KD
| art s (p)
BAK209B11 1.98e™ 3.9e° 5100
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4041 12.02 1.3 3334 12.17 1.2 helixD 110.07 9.9 5 Table 6 Second
Set of Chimeric Constructs Chimeric Constructs IC50 nM BAK502G9
0.110.04 113H1.6 0.5 128H1.61.0 119LA1.96 1.0 130P 2.22 0.8
Wwebaddedo73 1.5 58LA 5.2 2.0 124Q 18.7 15.9 11611 A8 %Edodi/003059
123KA none 127RA none 124 WO 2005/007699 PCT/GB2004/003059
Table 7: Effects of BAK502G9 on various predefined endpoints.
Parameter Phase | N Phase IT N Endpoint change change AHR (Rz
TabMJ@) 0.0200.003 14a 0.0040.006 14a -0.0160.006* AHR (PC30)
pnaih 3430318 180 1,0610.244,18b 0,2820,179 Antigen priging 0,5590.A334
20 0.0330.025 20 (Ry AUC) 0.1260.043** BAL total cells 20.6233. 160
cynoRLasont IS es d%ze%lﬁf@ BAIad6dinBphiE 18. 4559060 24897/ %9
1. v1BdAZd. 43 24 a4 12,0968 sBAkARGDGMICI¢ a2 050436 21d were

neadi S0 451 A 8740208, 68)s ©

Conse 349.04
{t=0.25h)
{pg/mL)
Vding 75.03 <B0muL/kg, infers no
(mL.kg“} tissue binding.
Clins 0.23
{mL.hr . kg™)
AUC;qs 42.99
{mg.h.mL ™)
AUCq 17.34 <30% s0 clearance and
(%) vol. of distribution
should be accurate.
To.s 223.55
{h}
Vdinse = volume of distribution over time 0 - infinity,

galculated from the extrapclated AUC.

Cline = clearance over time 0 - infinity, calculated from the
extrapolated AUC.

AUCins = area under the curve {measure of total drug exposure)
over time 0 - infinity, including an extrapolated term based
on the elimination rate constant (k) and the last ocbserved
serum drug concentration.

AUCext = percentage of the total AUC that is extrapclated.

To.5 = Drug half-life in the terminal elimination phase.
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21 animals displaying AHR (PC30) in Phase | and an additional animal

with an antigen priming phenotype were carried forward for testing in

Phase Il (22 in total). Not every animal had AHR as measured by both

AkdGmRdoRes30. Only animals which 10 displayed AHR in phage&anfoezose

whose AHR was assessed in both Phase | and Phase Il were included in
Tag} Ag—|R results. Statistical testing was performed using InStat. Testing

was a 2-way student's t-test against the null hypothesis that the endpoint

rélid include she sumber N.(i&, faghe,was no change in 15 phase |
compared to phase 1); *p<0.05, **p<0.01. Data are shown as arithmetic

mean SEM (n=14-21). as animals were excluded from the AUC analysis
as th‘ nl ROt dicnlav: AHR /n‘\nraaeafl ALLC) |n DhQC'D ] Q flll’fhep

reased-AYC)
animcﬁ"s Were excffjd%% d'.uecf: technical fallull-’e n? fﬁdPhase Il airwi
functipn data E3lEetiaESh3 anim

als were extludedfromdPC30 analy
due t¢g= Leu"m’fbdﬁ'iu'c imPha

DT II dIIVde Iuylj:,l.lggnojag% bUIIUbLIUII
animals_as in a). The additional animal with antigen priming phenot
was €

xcluded BT dikRsot display PC30 AHR itPPtaSe 125 1. 125 W
2005/007699 PT 3/@354004/005 o0 Z animals; were gquyoeo frommt
antige

functipn data 0815’& d| anim
due t¢ marked BALi &Bnflammat

2
BIS
same

hirway
al was excl&de%gfrénﬁth% BAL analy5|s
on at studyintiationy 126 BAK278D6

HEAWY-CHAIN Cr‘Rl SEQ ID-NO-INYGLS "D.\Z SEOQB-Ne-2
WISANNGDTN QG CDR3- SEQ ID%\]E)\IS ‘Dggg?\IWARWFFDL
loopB 5.45 * 3.96
4041 12.02 £ 1.3
3334 12,17 &£ 1.2
helixD 116.07 £ 5.9
Table 6
Second Set of Chimeric Constructs
Chimeric Constructs IC50 nM
BAK302G9 0.11+ 0.04
113H 1.6 + 0.5
128H i.6x.1.0C
1191.A 1.9 £ 1.0
130p 2.22 £ 0.8
1201213Y 4,73 £+ 1.5
58LAa 5.2 % 2.0
1249 i8.7 + 15.8
1161177 82 *11.3
123KA none
127RA none
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10

i5

20

25

BAK278DG LIGHT CHAIN CDR1- SEQ ID NO 4: GGNIIGSKLVH CDR2-
SEQ ID NO 5: DDGDRPS CDRS3- SEQ ID NO 6: QVWDTGSDPVV
BAK502G9 HEAVY CHAIN CDR1-SEQ ID NO 7: NYGLS: CDR2-SEQ ID
WO BoMIGANNGDTNYGQEFQG CDR3-SEQ ID NO 9: per/GB2004/003059
DSSSSWARWFFDL LIGHT CHAIN CDR1-SEQ ID NO 10: '
GGNIIGSKLVH CDR2-SEQ ID NO 11: DDGDRPS CDR3-SEQ ID NO

1%%\? DTGSDPVV BAK278D6 HEAVY CHAIN DOMAIN SEQ ID NO
IBffects of BAK502GY on various predefined endpecints.

iAW/ alIBW/IaVYalal.\

EVOEVOSCAEVRREGANVE VSCRATGY LERNVCISWVROQAPGQGLEW

ME%?“EAR@KSDTN change N change N Endpoint
YERERQGRITVMTTETSTINTARME D VRD
WEEDLNGRGTIN FOEE HNca Db ?@ﬁ!ﬁ OAf FAIN DM EE@%@J
- NQ#:(pcs) ~1.343£0.318 | 18° 18° | 0.282%0.179

VTR RS SV APGOTARIPEBBNNIESKE VN GOKPEOAPYLVYY
kX T o b
5 & SGIPE | 0-155%0.033 | 20° | 0.033£0.025 | 20° | %) 00 0 s

RESGSNSGNTATETISRIDAGDEARY YEQUWDTESDRVVECGHTKLEW.

127 \M0)..2005/007690. RPCTIGB20M04/ N2NEOL D AKEADC O IHE A\ AN
e OO I T O I T O O D WI™TT Uﬁl\ﬁizﬂ'\l?\yk Lu\; r=7—xv1""CT I/AITIN
DO MeNoSEOs| [ O 4B3+3 . 009 | 21° 218 | ~5.041%2.090%

%%%ﬁ¥ KEGORVIGESHAPEY %TON%Q'LSXWRQ%P&%.%%W

YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR
WFFDLWGRGTLV TVSS

21 animals displaying AHR (PCjy) in Phase I and an additional
animal with an antigen priming phenotype were carried forward
for testing in Phase II (22 in total). Not every animal had
BHR as measured by both AUC and PCze. Only animals which
displayed AHR in phase I and whose AHR was assessed in both
Phase I and Phase II were included in the AHR results.
Statistical testing was performed using InStat. Testing was a
2-way student’s t-test against the null hypothesis that the
endpoint did include the number 0 {i.e. there was no change in
phase II compared to phase I); *p<0.05, **p<0.01. Data are
shown as arithmetic mean & SEM {n=14-21}.

25 animals were excluded from the AUC analysis as they did not
display AHR {increased AUC) in Phase I.

3 further animals were excluded due to a technical failure in
Phase II airway function data collection. |

b3 animals were excluded from PCiy analysis due to a technical
failure in Phase II airway function data collection (same
animalé as in a}. The additional animal with antigen priming
phenotype was excluded as it did not display PCs AHR in Phase
I.
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BAK502G9 LIGHT CHAIN DOMAIN SEQ ID NO 16:
SYVLTQPPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDD
GDRPSGIPE
RIESGSMSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVEGGETHL Moo
L BAK278D6 HEAVY CHAIN FR1- SEQ ID NO 17:

o EYOLVOSCAFVKKRGASVKYSCKASGYTER, FR2ISEQIDNG J8ts as
WVROAPGOGLEWMG FR3- SEQ ID NO 19° ,

the FETVEPT BT STNTAKME RSLRSDDTAVNAECVR BARSREERTELR data

co1 SHANFR1- SEQ ID NO 20: SYVLTQPPSVSVAPGQTARIPC FR2- SEQ

ID.NO.21: WYQOKPGOAPVLVVY FR3- SEQ JD NO 22:

"1 a@ﬁﬁ‘?&lr%%ﬁ%%ﬁf‘?ﬁ%ﬁ%lBR&%&DV‘\%@X%%%%&OHE%%M BAL

inf TN DOMAINs BER IDrNOGizg:ion.
EVOLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEW
VSAISGSGGSTY YADSVKGRFT |
SRDNSKNTLYLQMNSLRAEDTAVYYCARVGAAGEGYYGYWGRGTLVT
V SS BAK167A11 LIGHT CHAIN DOMAIN SEQ ID NO 24:
NFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVQWYQQRPGSAPTTVI
YDDNQRPSGV PDRFSGS | DS SSNSASLTI
SGLKTEDEADYYCQSYDSNNDVFGGGTKVTVL 128 WO 2005/007699
PCT/GB2004/003059 BAK209B11 HEAVY CHAIN DOMAIN SEQ ID NO
25:
QVOLQESGGGGLVQPGGSLRLSCAASGFTFSSYGMSWVRQAPGKGLE
WVSSISASGDST

FYADSVKGRFTISRDNNKNMVFLQVNSLRADDTAVYFCAKDWSQWLVG
DAFDVWGRGTT
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VTVSS BAK209B11 LIGHT CHAIN DOMAIN SEQ ID NO 26:
DIQLTQSPSTLSASVGDRVTITCRASQSVSLWVAWYQQRPGKAPKLLIY
DGSTLQSGVP
ARFSGSGSGTEFTLTISSLQPDDFATYYCQQYKTFSTFGQGTKVEIKRA
BAK502G9 HEAVY CHAIN FR1- SEQ ID NO 27:
QVQLVQSGAEVKKPGASVKVSCKASGYTFT FR2- SEQ ID NO 28:
WYRQAPGQGLEWMG FR3- SEQ ID NO 29:

BAKS 1 [MTTDTSTSTAYMELRSLRSDDTAVYYCAR BAK502G9 LIGHT
TrAveTAIN FR1- SEQ ID NO 30: SYVLTQPPSVSVAPGKTARITC FR2- SEQ
DO 31 WYQQKPGQAPVLVIY FR3- SEQ ID NO 32:
cpr1GIRRRISGENSGNTAELEISRVEAGDEADYYC BAK615E3 HEAVY
CDR2CHAN DONAIN: SERIMNNCISBNYGQRROG :
cnasE\@QLESG@GLVQB@ﬁS&M%AASGF FSSYAMSWVRQAPGKGLEW
" VSAISGSGGSTY
YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARVGKATTEEGY

BAK2 WGRGTLV TVSS BAK615E3 LIGHT CHAIN DOMAIN SEQ ID NO
LIGH§4CBA

CDRlNFé\Z:l. )é%\gESP%%EE%ERSSGSIASNYVQWYQQRPGSAPTTVI
CDR2 DDGDRES

cmg,e% SRS SN SARBHEGEET EDEADYYCQSYDSNNDVFGGGTKVT
VL 139 WO 2005/007699 PCT/GB2004/003059 BAK1167F2 HEAVY
 CHAIN DOMAIN SEQ ID NO 35:

, MLVQSGAEVKKPGASVKVSCKASGYTFEQTGVSWVRQAPGQG LE
HEAVV\/IVF@\MBANNGDTN

CDR1-SEQ ID NO 7: NYGLS.;
CDR2~SEQ IDb NOQ §: VﬂSANNGDT$ﬁK3QEFQG
CDR3-SEQ ID NO 9: DSSSSWARWFFDL

LIGHT CHAIN

CDR1-SEQ ID NO 10: GGNIIGSKLVH
CDR2-S5EQ ID NO 11: DDGDRES
- CDR3-SEQ ID NO 12: QVWDTGSDPVV

BAK278D6 ,
‘HEAVY CHAIN DOMAIN
~ SEQ ID NO 13:

EVQLVQSGAEVKKPGASVKVSCKASGYTFRNYGLSWVRQAPGQGLEWMGWISANNGDTN
'YGQEFQGRITMTTETSTNTAHMELRSLRSDDTANYYCVRDSSSNWARWFFDLWGKGTMV

- TVES

BAK278D6 |
LIGHT CHAIN DOMAIN

SEQ ID NO 14:

SYVLTQPPSVSVAPGQTARIPCGGNNIGSKLVHWYQQKPGQAPVLVVYDDGDRPSGIPE
RFSGSNSGNTATLTISRIDAGDEADYYCOVWD TGS DPVVEGGGTRLTVL
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YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR
WFFDLWGRGTLV TVSS BAK1167F2 LIGHT CHAIN DOMAIN SEQ ID
NO 36:

FEVLERPRSVSVAPGKTARITCGGNIIGSKLVHWY QQKPGRARMLMWYIRse
GDRPSGIPE
RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
L BAK1183H4 HEAVY CHAIN DOMAIN SEQ ID NO 37:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGLSWVRQAPGQGLEW
MGWINYDGGNTQ
YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR
BARTIIGHGRGTLY TVSS BAK1183H4 LIGHT CHAIN DOMAIN SEQ ID
mﬁyggﬁﬂAIN DOMAIN

SYVLTOPPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDD

e

by
QVOQLVQSGAEVKKPGASVKVSCKASGYTFTNYGLSWVRQAPGQGLEW

BMEVISGLNGETL
MGHEFQERVIMEIRTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR
WFFDLWGRGTLV TVSS 130 WO 2005/007699 PCT/GB2004/003059
A AR e S

FESESRINGEKE! PRGYED
%gﬁﬁﬁgé E%?LTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTVL
RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
HaBAKA411DIO HEAVY CHAIN DOMAIN

HEAVY CHAINW

FR1- SEQ ID NO 17: EVQLVQSGAEVRKKPGASVKVSCKASGYTFR
FRZ2~ BEQ ID NO 1i8: WVRQAPGOGLEWMG
FR3- S8EQ ID NO 19: RITMTTETSTNTABMELRSLRSDDTAVYYCVR

BAKZ278D6
LIGET CHAIN

FR1- SEQ ID NO 20: SYVLTQPPSVSVAPGQTARIPC
FR2- SEQ ID NO 21: WYQQKPGQAPVLVVY
FR3—- SEQ ID NO 22: GIPERFSGSNSGNTATLTISRIDAGDEADYYC

BAK167A11
HBEAVY CHAIN DOMATIN

SEQ ID MO 23:
EVOLLESGGGLVOPGGSLRLSCAASGETF SSYAMSWVRQAPGKGLEWVSAISGSGESTY

YADSVEGRFTLSRDNSKNTLYLOMNSLRAEDTAVYYCARVGAAGEGY YGYWGRGTLYIV
S5 ,

BAKLI67A11
LIGET CHAIN DOMAIN

SEQ ID NO 24:

NFMLTOPHSVSESPGKTVTISCTRSSGSIASNYVOWYQORPGSAPTTVIYDDNQORPSGV
PDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSNNDVFGGETRVTVL
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SEQ ID NO 41:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGLSWVRQAPGQGLEW
MGWIATPDGQTS
WEDBEPOERVTMTTDTSTSTAYMELRSLRSDDTAVYY CARESNSSWAR0S9
WFFDLWGRGTLV TVSS BAK1111DIO LIGHT CHAIN DOMAIN SEQ
ID NO 42:
SYVLTQPPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDD
GDRPSGIPE
BRRSFINSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
HEABAREAET FROMEANY CHAIN DOMAIN SEQ ID NO 43:
v |_\§/%\T SGAEVKKPGASVKVSCKASGYTFIDTGVSWVRQAPGQGLEW
|

D

NO 44:
BAYVBERPPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDD
LGRRRIGIREDOMAIN

RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
SEQBAKYP84€S HEAVY CHAIN DOMAIN SEQ ID NO 45: 131 WO
D BB E 5866 A R B BERIORYES LWANYQQRPGRAPKL LI YDGSTLOSGVE
ATt SR SRR KPP C RS S BV R PGS ESRARRB APGQGLEW
B GSNGYTS

%VTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR

WFFDLWGRGTLV TVSS BAK1184C8 LIGHT CHAIN DOMAIN SEQ ID
NGO 4F0 ID NO 27: QVQLVQOSGAEVKKPGASVKVSCKASGYTET
FISVEEQ PRSNG \LAR G KIARIEGGENHBSKLVHWY QQKPGQAPVLVIYDD
FIGDREBGIPENO 29: RVIMTTDTSTSTAYMELRSLRSDDTAVYYCAR

RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
BAKS502GS

LIGHT CHAIN

FR1- SEQ ID NO 30: SYVLTQPPSVSVAPGKTARITC
FR2- SEQ ID NO 31: WYQQKPGQAPVLVIY
FR3—- SEQ ID NC 32: GIPERFSGSNSGNTATLTISRVEAGDEADYYC

BAK615E3
HEAVY CHAIN DOMAIN

SEQ ID NG 33:
EVOLLESGGGLVOPGESLRLSCAASGFTFSSYAMSHVROAPCKGLEWVSATISGESGGESTY

YADSVEGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARVGKATTEEGYYGYWGRGTLV
TVSS

BAXG15E3
LIGHT CHAIN DOMAIN

SEQ ID WO 34:

NEMLTQPHSVSESPGKTVTISCTRS SGSIASNYVOWYQORPGSAPTTVIYDDNQRPSGY
PDRFSGSIDSSSNSASLTISGLKTEDEADYYCQSYDSNNDVEGEGTKVTVL
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BAK1185E1 HEAVY CHAIN DOMAIN SEQ ID NO 47:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGLSWVRQAPGQGLEW
MGWINDATGDTQ

YBQRERGRY TMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWY
WFFDLWGRGTLV TVSS BAK1185E1 LIGHT CHAIN DOMAIN SEQ
NO 48:
SYVLTQPPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDD
GDRPSGIPE
RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
L BAK1185F8 HEAVY CHAIN DOMAIN SEQ ID NO 49: '
QVQLVQSGAEVKKPGASVKVSCKASGYTFTDYGLSWVRQAPGQGLEW
MEWIRNIDGYTI
YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR
HORED L ASRGIENATN/SS BAK1185F8 LIGHT CHAIN DOMAIN SEQ ID

NO 50:
KR P ARSI N QR OARVLYIYED
CONSONTATL HoRY LA G B DV SV BT S SRR C U RE Y
L BAK1187B4 HEAVY CHAIN DOMAIN SEQ ID NO 51: 132
VL VBSGAEVKKPGASVKVSCKASGYTFTNYGLSWVRQAPGQGLEW
MG DEBBG TIMATN
YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR

YWRFBPWBRGTLYV TVSS BAK1187B4 LIGHT CHAIN DOMAIN SEQ ID
PPSVSVAPCGKTARITCGGNIIGSKLVHWYQOKPGOAPVI.VIYDDGDRPSGIPE

NiShs
R BB A e A B R R B MR SN R B R TMW F ER KB BB APVLVIYDD

GDRPSGIPE

BAKI1835H4
HEAVY CHATIN DOMAIN

3059

SEQ ID NO 37:
QVOLVQSGAEVKKPGASVKVSCKASGY TFTNYGLSWVROAPGOGLEWMGW INYDGGNTQ
YGOEFQGRVIMITDTSTSTAYMELRSLRS DDTAVYYCARDS SSSHARWFFDLWGRGTLY
TVSS

BAK1183H4
LIGHT CHAIN DCMAIN

SEQ ID NO 38:
SYVLTQPPSVIVAPGKTARITCGGNIIGSKLVEWYQOKPGOAPVLVIYDDGDRPSGIPE
RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTVL

BAKR1105H3
HEAVY CHAIN DOMAIN

SEQ ID NO 39:
QVQLVQSGAEVRKPGASVEVECKASGY TF TNYGLSWVRQAPGOCLEWMGWISGLNGETL
YGOEFQGRVIMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWARWFFDLWGRGTLY
TVSS
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RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
L BAK1166G2 HEAVY CHAIN DOMAIN SEQ ID NO 53:
QVQLVQSGAEVKKPGASVKVSCKASGYTFANTGISWVRQAPGQGLEW
NGWISARRGD TN PCT/GB2004/003059
YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWAR
WFFDLWGRGTLV TVSS BAK1166G2 LIGHT CHAIN DOMAIN SEQ ID
NO 54:
BY¥VIITOQRPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDD
IGEDRPSHPE DOMAIN
RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTV
JEBARTET7A4A:HEAVY CHAIN CDRI- SEQ ID NO 55: SYAMS CDR2-
SEB RIG D5 KBRS E S Py A YR YRPR OB R MY NDGPRESGIPE
R CRREEEPY B BXRA TR (M EERREBREEEES D NO 58:
TRSSGSIASNYVQ CDR2- SEQ ID NO 59: DDNQRPS CDR3- SEQ ID
ME169195YDSNNDV BAK1167F2 HEAVY CHAIN CDR1- SEQ ID NO
TEERTEVS: PR HEQ ID NO 62: WISANNGDTNYGQEFQG 133
CDR3- SEQ ID NO 63: DSSSSWARWFFDL BAK1167F2 LIGHT CHAIN
FEDRIE B NO 64: GGNIIGSKLVH CDR2- SEQ ID NO 65:

DDEDRAEGVEBRABEUCSEKARD 65 TNV WD TERRPYYCLEWMGWIATPDGQTS
YGOEFQGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCARDSNS SWARWFEDLWGRGTLY
TVSS

BAK1111D10
LIGHT CHAIN DOMAIN
SEQ ID NO 42:

SYVLTQPPSVEVAPGRTARITCGGNIIGSKILVHAWYQORPGOAPVLVIYDDGDRPSGIPE
RFSGENSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVEGGGTKLTVIL

BAK1167F4
HEAVY CHAIN DOMAIMN

SEQ ID NO 43:
QVOLVOSGAEVKKPGASVEVSCKASGY TR T DTGVSWVRQAPGOGLEWMGWI SANNGDTN
YGOEFQGRVIMTTDTSTSTAYMELRSLRSDDTAVYYCARDSSSSWARWFFDLWGRGTLY
TVES

BAK1167F4
LIGHT CHAIN DOMAIN

SEQ ID NO 44:

SYVLTQPPSVSVAPGRTARITCGGNIIGSKLVEWYQQKPGQAPVLVIYDDGDRPSGIPE
RESGENSGNTATLTISRVEAGDEADYYCOVWDTGS DPVVEGGGETKLTVL

BAK1184C8
HEAVY CHAIN DOMATIN

SEQ ID NO 45:
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BAK1166G2 HEAVY CHAIN CDRI- SEQ ID NO 67: NTGIS. CDR2- SEQ
ID NO 68: WISANNGDTNYGQEFQG CDR3- SEQ ID NO 69:
DSSSSWARWFFDL BAKII66G2 LIGHT CHAIN CDR1- SEQ ID NO 70:
GENUGSK/H CDR2- SEQ ID NO 71: DDGDRPS CDR3-1$EQuRMN6 3050
72:QVWDTGSDPVV BAK1184C8 HEAVY CHAIN CDR1- SEQ ID NO 73:
NYGLS CDR2- SEQ ID NO 74: WISGSNGYTSYGQEFQG CDR3- SEQ

ID NO 75: DSSSSWARWFFDL AK1184C8 LIGHT CHAIN CDRI- SEQ ID

d\}&%@s@ﬁwﬁ%@éﬁv%&ﬁ%@ﬁ?@h‘%ﬁ w%ﬁ%)ﬁé

B0 T RIS SRR, BAKL b 85 EIMEAY)
MNE579: NYGLS CDR2- SEQ ID NO 80: WINDATGDTQYGQEFQG

CDR3- SEQ ID NO 81: DSSSSWARWFFDL 134 BAK1185E1 LIGHT
HSHAIBYCHR1- SEQ ID NO 82: GGNIIGSKLVH CDR2- SEQ ID NO 83
IBHEDRPSNCBRAIYEQ ID NO 84: QVWDTGSDPVV BAK1167F4

HEAVY CHAIN
SEQ ID NO 46:

SYVLTQPPSVSVAPGKTARITCGGNIIGSKLVHWYQOKPGQAPVLVIYDDGDRPSGIPE
RESGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVEGGGTKLTVL

BARKI185E1
HEAVY CHAIN DOMAIN

SEQ ID NC 47:
QVOLVOSGAEVREKPGASVRVSCKASGYTFTNYGLSWVRQAPGQCLEWMGWINDATGDTQ

YGOBEFQGRVIMTTDTSTSTAYMELRSLRSDDTAVYYCARDS SSSWARWFFDLWGRGTLY
TVSS

BAK1185E1
LIGHET CHAIN DOMAIN

SEQ ID NO 48:
SYVLTQPPSVSVAPGKTARITCGGNIIGSKLVHWYQOKPGQAPVLVIYDDGDRPSGIPE
RESGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGECTKLTVL

BAK1185F8
HEAVY CHAIN DOMAIM

'SEQ ID NO 49:
QVOLVQSGAEVKKPGASVKVSCKASGYTFTDYGLSWVRQAPGOGLEWMGW IRNIDGYTT
YGOEFQGRVIMT DT STSTAYMELRSLRSDDTAVYYCARDSS SSWARWFFDLWGRGTLY
TVSS

BAK1185F8 ,
LIGHT CHAIN DOMAIN

SEQ ID NO 50:
SYVLTQPPSVSVAPGKTARITCGGN I IGSKLVHWYQOKPGQAPVLVIYDDGDRPSGIPE
RFSGSNSGNTATLTISRVEAGDEADY YCQVWDTGSDPVVEGGGTRLTVL

BAK1187B4
HEAVY CHAIN DOMAIN

SEQ ID NO 51:
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CDRI- SEQ ID NO 85: DTGVS CDR2- SEQ ID NO 86:
WISANNGDTNYGQEFQG CDRS3- SEQ ID NO 87: DSSSSWARWFFDL
BAK1167F4 LIGHT CHAIN CDR1- SEQ ID NO 88: GGNIIGSKLVH
CDR2- SEQ ID NO.89: DDGDRPS CDR3- SEQ ID NO 90:
QVWDTGSDPVV BAK1111D10 HEAVY CHAIN CDR1- SEQ ID NO 91
NYGL,S CDR2- SEQ ID NO 92: WIATPDGQTSYGQEFQG CDR3- SEQ
ID NO 93: DSNSSWARWFFDL BAK1111DIO LIGHT CHAIN CDR1- SEQ

- ovorlANEN Bk e RISV GRR2rRERIR Qﬁﬁggégggggggggéégza

 YGOFTORRDBrMEr 965 QPWREGSRBY Vo RAKELS

TVSSSEQ ID NO 97: NYGIS CDR2- SEQ ID NO 98:

WINYDGGNTQYGQEFQG CDR3- SEQ ID. NO 99: DSSSSWARWFFDL

BAKIH ARKB483114 LIGHT CHAIN CDR1- SEQ ID NO 100: GGNIIGSKLVH

- LEGP@D@%\E@Q@RF@) 101: DDGDRPS 135 WO 2005/007699

_ SE Q é(i ég@:/oososg CDR3- SEQ ID NO 102: QVWDTGSDPVV .
K RA0S0 R AV SHAN SRR R ERIR AR AT Ry Sshpseree

RFSGSNSGNTATLTISRVEAGDEADYYCQVWDTGSDPVVFGGGTKLTVL

BAKL166G2
. BEAVY CHAIN DOMAIN

SEQ ID NO- 53:
QVQLVQSGAEVKKPGASVKVSCKASGYTFANTGISWVRQAPGQGLEWMGWISANNGDTN

YGQEFQGRVTMTTDTSTSTAYMELRSLRSDDTRVYYCARDSSSSWARWFFDLWGRGTLV
TVSS

BAK1166G2
LIGHT CHAIN DOMAIN

SEQ ID MO 54:
SYVLTQPPSVSVAPGKTARITCGGNIIGSKLVHWYQQKPGQAPVLVIYDDGDRPSGIPE
RFSGSNSGNTATLTISRVEAGDEADYYCOVRDTGSDPVVFGGGTKLTVL

BAKIG7A1L
HEAVY CHATN

CDR1- SEQ ID NO 55: SYAMS
CDRZ2~ SEQ ID NO 56: AISGSGGSTYYADSVKG
CDR3~ SEQ ID NO 57: VGAAGEGYYGY

BAK167A11
LIGHT CHAIN

CDR1~ SEQ ID NO 58: TRSSGSIASNYVQ
CDR2- SEQ ID NO 59: DDNQRPS
CDR3- SEQ ID NO 60: QSYDSNNDV

BAKL167F2 -
 HEAVY CHATN

CDR1~ SEQ ID NO 6l: QTGVS
CDR2- SEQ ID NO 62: WISANNGDTNYGOQEFQG
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CDR2- SEQ ID NO 104: WRINDGYTIYGQEFQG CDR3- SEQ ID NO
105: DSSSSWARWFFDL BAK1185H8 LIGHT CHAIN CDR1- SEQ ID NO
106: GGNIIGSKLVH CDR2- SEQ ID NO 107: DDGDRPS CDR3- SEQ
ID NO 108: QUWDTGSDPVV BAK278D6 HEAVY CHAIN- SEQ ID NO:
109
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGG
GCCTCAGTGAAGGT
CTCCTGCAAGGCTTCTGGTTACACCTTTACAAATTATGGTCTCAGCTG
_CDRéG'Pé%éRC}KCéS DSSSSWARWEFDL
CCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCTAATAA
- TGGCGACACAAAT
. TATGGACAGGAATTCCAGGGCAGAGTCACCATGACCACAGATACATC
BAKEAEGAGCACAGC |
TICET AGATGGAGTTGAGC-AGCCTGAGATCTGACGACACGGCCGTTTAT
TACTGTGCGAGAG _ .
CDRAE TRICABCAG CAACTEEEEGEHGETGGTTTTTCGATCTCTGGGGCCG
- CDREGEBACGRCYGETT DREPREFCTCCTCA BAK278D6 LIGHT CHAIN-
. CDR%EQSWI\F@ flﬂ) 66:r QVWDTGSDPVV
TGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGTA

HE TACCTGTGGGGGAAACAACATTGGAAGTAAACTTGTACACTGGTACC
CDRAGGRGAAGHEAS: NTGTS.
CDREC GRS GOGECTET RIIOHTATNT RIEHECATGGCGACCGGCLCTC
CDRAGCGEGATUCKT GAG DSSSSWARWFFDL
CGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
GTCGAGGC
LIGé’i%';c‘f&%;r/&’TGAGGCCGACTATTATTGTCAGGTGTGGGATM:TGGTAGT

B .CDRQATQ GGACCAAGCTGACCGTCCTAGGT
' CprBA NO:111 '

CDR@A@@@C@AM'{}@GWEQ&QGGGCTGAGGTGAAGAAGCCTGGG
. GCCTCAGTGAAGGT

BAKCEIWBGCAAGGCTTCTGGTTACACCTTTACAAATTATGGTCTCAGCTG
HEAGG TBEBACAGG

' CCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCTAATAA
| CD‘%G@@@A?@A&KA NG

%G%%%ﬁﬁ S WARW/F%%%@EWCATGACCACAGATACATC

CDE,

. parSTMATCGAGTTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATT

~m@@GAGAG 136 WO 2005/007699 PCT/GBZOO4/OO3059

CDRI- SEQ ID NO 76: GGNITGSKLVH

.. CDR2- SEQ ID NO 77: DDGDRPS

‘CDR3- SEQ ID NO 78: QVWDTGSDEVV

BAK1185E1
HEAVY CHAIN

CDR1- SEQ ID NO 79: NYGLS
CDR2- SEQ ID NO 80: WINDATGDTQYGQEEQG
CDR3- SEQ ID NO 81: DSSSSWARWFFDL
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ACTCCAGCAGCAGCTGGGCCCGCTGGTTTTTCGATCTCTGGGGCCG
GGGGACACTGGTC ACCGTCTCCTCA BAK502G9 LIGHT CHAIN-
SEQ ID NO:112
TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAA
AGACGGCCAGGAT :
TACCTGTGGGGGAAACATCATTGGAAGTAAACTTGTACACTGGTACC
AGCAGAAGCCAG
GCCAGGCCCCTGTGCTGGTCATCTATGATGATGGCGACCGGCCCTC

BAKNGGBATCCCTGAG '

LIG;@GWTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
GCAGGGTCGAGGC

CDF% Eé%e%?r@ﬂ ¢ R E I AT AR TG TCAGG TG TGGGATACTGGTAGT

iy ¥ iE%‘g E%Gﬁ%%g GGGACCAAGCTGACCGTCCTAGGT
AV IRESED ID NO: 113 |

BAKﬁﬁG@TCCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGG
HEAGCCHOAGTGAAGGT .
CTCCTGCAAGGCTTCTGGTTACACCTTTACAAATTATGGTCTCAGCTG
CORGGTECEAGAGES : DTGVS .
CDR@C@W@BA@AK@GWM@@@@ATGGATCTCCGGCTTGAA
. CDRZGERGAG A A8 TG DSSSSWARWFFDL
SBACAGGAATTCCAGGGCAGAGTCACCATGACCACAGATACATC
CACAGC
CTACATGGAGTTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATT
corACTERIGEGAGAS: GeNTIGSKIVE
CDR&C‘E@@A_@C&&Q@AG@B@Q@QCCGCTGGTTTTTCGATCTCTGGGGCCG
CDRGGGGATAGDGEITC RECKETCTGCTCA BAK1105H03 LIGHT CHAIN-
SEQ ID NO: 114

MGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAA
HEAKE RBHEECCAGGAT

CDR %%é% Gg%g %%T CATTGGAAGTAAACTTGTACACTGGTACC
c SRR ERGEC

CDR@GEQ@T@TM%TGﬁm&@ %CAGGGATCCCT GAG
CGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
BAKGUAGGTCGAGGC
LIGEGCWAATGAGGCCGACTATTATTGTCAGGTGTGGGATACTGGTAGT
GATCCCGTGGTAT TCGGCGGAGGGACCAAGCTGACCGTCCTAGGT
f@lb‘%@,&vvﬁ‘@ﬁﬂﬁsﬁé’@ ID NO:115

% %%%ﬁg’&%)czge TQ TGGGGCTGAGGTGAAGAAGCCTGGG :

_BAK@I&%IG CAAGGCTTC_:TGGTTACACCTTTACAAATTATGGTCTCAGCTG
HERPE Pe@ACAGG . .

CCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCGCAACCCCAGA
CDRECBELCABARAAGE NYGLS

CDWAT@@A@A@GWT@MEMQKG@EMATGACCACAGATACATC
CDRGACGEAJOARACRE: DSSSSWARWEFDL

‘BAK1183H4
LIGHT CHATIN

BAK
LIG

CDR1- SEQ ID NO 106G: GGNIIGSKLVH
CORZ~ SEQ ID NO 101: DDGDRPS
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CTACATGGAGTTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATT
ACTGTGCGAGAG
ACTCCAACAGCAGCTGGGCCCGCTGGTTTTTCGATCTCTGGGGCCG
BOBEATACTGGTC ACCGTCTCCTCA 137 WO 2005/00 7BUBGB2004/003059
PCT/GB2004/003059 BAK1111DIO LIGHT CHAIN- SEQ ID NO:116
TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAA
AGACGGCCAGGAT '
JASCTETGGGRCAMCARAEIGSAAGTAAACTTGTACACTGGTACC
AGCAGAAGCCAG
HARGAGBCCCCTGTGCTGGTCATCTATGATGATGGCGACCGGCCCTC
AGEGATGECTGAG
CGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
(BERGERSTEGAGGE3: DYGLS
EREGHATEATB CEE A CTRAF T AT FE T ARG TGTGGGATACTGGTAGT
BRITEESTER AT P E A C RN EEACCAAGCTGACCGTCCTAGGT
{BAILL67F2 HEAVY CHAIN- SEQ ID NO: 117
ARG TOCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGG
GCCTCAGTGAAGGT
GRCCEREAMCECTIET GBI TASRGGT TTGAGCAGACCGGCGTCTCCT
GEGTEGREGCACABGL07: DDEDRPS
CRECTEEACANG CBC TIGREIBEIT GGGATGGATCAGCGCTAATAA
TGGCGACACAAAT
TATGGACAGGAATTCCAGGGCAGAGTCACCATGACCACAGATACATC
CACAGC

PRREERS
ERREATEEBACTIG ARRRG CCTGAGATCTGACGACACGGCCGTTTATT

AL REGABAR AGTCTGEEECTGAGETCAAGAAGCCTGGEGCCTCAGTCARGET
et EsAREAPEAGETCR SO ET LI ATdchCoAldc TedE3GEsACkHSe

E3CEGALAGTE IS TCcACCERCTEECTCATBAKCEIG ARZ AAGEEC CAtAINR AT
BEQAANOAABT CCAGCGCCAGAGTCACCATGACCACAGATACATCCACGAGCACAGC
JR2CF B FGCCTICACTCABGCERTCEIE G FETCAC TEG BT CASB AKG
AT ACASESCABE AFECCCOCTEETTTTTCGATCTCTGGGGCCGGEEEEACACTGETC
A EETEFERGGGAAACATCATTGGAAGTAAACTTGTACACTGGTACC
,7633 AGCCAG
QCSE%F%'{]@:G[EQATCTATGATGATGGCGACCGGCCCTC
AGGGATCCCTGA
£ oA TETECT &G CILHcAACCTE T 6o CAACALS e CEGACLG E ACCANICAT
ARG EAGGAACATTGCAAGTARACTTGTACACTGGTACCAGCAGAAGCCAS
GEEGECAITABGECEHAETARTAITE ICABTGIGC CBALBETFGCTAGAG
CATCOCBIGCINR TG ECHCAC CACCANBCIEABEGFCENABET
BB AL RO TS ARTGT TBFReEFATHCTCETAGTGATCCCETGGTAT
R R e B ET E E T R R B CE CTGAGGTGAAGAAGCCTGGG
GCCTCAGTGAAGGT

BARL02GS
HEAVY CHAIN- SEQ ID WO:111

CAGGTCCAGCTGETGCAGTCTGEGGECTGAGCTGAAGAAGLCTGGGGECCTCAGTGAAGGT
CTCCTGCAAGGCTTCTGGTTACACCTTITACARATTATGETCTCAGCTGGGTGCEGACAGS
CCCCTGGACAAGGGCTTGAGTGEAT GGGATGGATCAGCGCTAATAATGGCGACACAAAT
TATGGACAGGAATTYCCAGGGCAGACGTCACCATCACCACAGATACATCCACGAGCACAGC
CTACATCGAGTTGAGCAGUCTGAGATCTGACGACACGECCETTTATTACTGTGCGAGAS
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CTCCTGCAAGGCTTCTGGTTACACCTTTATCGACACCGGGGTCTCCT
GGGTGCGACAGG
CCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCTAATAA
%@&9&%69(:AAAT PCT/GB2004/003659
TATGGACAGGAATTCCAGGGCAGAGTCACCATGACCACAGATACATC
CACGAGCACAGC
CTACATGGAGTTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATT
ACTGTGCGAGAG

R A E G B BT S E B e T E R T P T T AT R F RS BB S
ESEEAENCTGGTC ACCGTCTCCTCA BAK 1167F04 LIGHT CHAIN-

0:120
dgE@CE@QQ&pﬁ@Q@QCCCTCGGTGTCAGTGGCCCCAGGAA

AGACGGCCAGGAT
TAGGTEIBGRERAMACATCATIGGANBTAAACTIGIACAC TG G REGLT
ABCAGIEAGTEAG AIS2 TWGGRZ0UHBBR69IHBTAC BRGDRICBEUBGAAGCCAG
CUBAGGCUCTIB T FECPC AT I REAGRSAFEEECTACEBECEEFES
ﬂ@ﬁ§@9$ﬂ§@Q§N§Q&§CTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGC
R AP e T AR PR E AR RB H S CRRCE I ERECATERT
éﬁﬁ@gﬁﬁ%%%ﬁ%&Eﬁ%EpTGACCGTCCTAGGT

GGGRATGAGGCCGACTATTATTGTCAGGTGTGGGATACTGGTAGT
%gg}gﬁ%g@ggﬁg FCRECGEAGGGACCAAGCTGACCGTCCTAGGT
BAK 1183H4 HEAVY CHAIN- SEQ ID NO:121
CAGRIGRARCTGRIEORGICTREGHE CTGABGTBAAGANG BT TBEGT
COCTCAGECNACHR ETTACACCTTTACAAATTATGGTCTCAGCTGGGTGCGACAGS

CTCUTCBAAGE CITEFCEFLACHCT TR TACARRI TIPS S FCFERCETE
BTG AAREAE R CAGGGCAGAGTCACCATGACCACAGATACATCCACGAGCACAGT

A AT R RA RATATear e

g?%%%%A AATTCCAGGGCAGAGTCACCATGACCACAGATACATC

GARGHASHACAGC
CIALA TELAG EEBAGGAGCETEAGATCTGACGACACGGCCGTTTATT

ACTGTGCGAGAG
ACTUCACTAGCACESTCBECTTECI AT THCICOSREEETACEECESET
@mm&@q@@a@m@@@ﬁ@#@@%ﬁmﬁm@gﬁ%@w@ﬁwCCAG

BETGCT GGTCATCTATGATGATGGCGACCGGCCCTCAGGGATCCCT GAG

i%ﬁ@%@éﬁ@ﬁ@ﬁéﬁ@%@%
e

GCTGACCGTCCTAGET
TGGGGGAAACATCATTG GAAGTAAACTTGTACACTGGTACC

AaEAGAABCCAG
GELACEGEELCEET GO TRGICATCTATGATGATGGCGACCGGCCCTC
AGGGATCCCTGAG

CB CPHGFETCCBRACANSBEECRCCTEACEICPEACT
Q§§¢@$§@$ﬁ§@9m§@ﬂ§GTTACACCTTTACAAATTATGGTCTCAGCTGGGTGCGACAGG

@%ﬁ%ﬁﬁﬁﬂ%ﬁﬁﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁ&%gg%%:%%g%g%%%é%ﬁ?
cwiﬁﬁﬁﬁﬁéﬁﬁﬁﬁ%ﬁ%ﬁ :
ACTCCARCAGCACCTGEGCCCGCTGETTTTTCGATCTCTGGGECCEGEGEACACTERTC
ACCGTCTCCTCA

) §pm P
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BAK1184C8 HEAVY CHAIN- SEQ ID NO:123
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGG
GCCTCAGTGAAGGT
W3 ST AAGGCTTCTGGTTACACCTTTACAAATTATG GRS ES AR TG
GGTGCGACAGG
CCCCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGGGAGCAA
CGGCTACACATCT
%%%%%%GGAATTCCAGGGCAGAGTCACCATGACCACAGATACGTC
C

C
L égﬁsi%8%&&%TGAGATCTGACGACACGGCCGTTTATT

TOETHR E e P A A GCCACCOTCETETCAGT EECCCCAGCARAGACGECCAGEAT
TACCHCEAGLC AR ALCLCRCLESHATPlaThEAdcdaAl edict o2& aé

cCRGCEACALIGCHC TACLBATCRZCATOE BAKLE84COr LIGETACHAINAG
CSEY IDIVOELILCAACTCTGGGRAACACGGCCACCCTGACCATCAGCAGGGTCGAGGC
CEECTPATEIGCIGAETCACCCABCCTECETETCAGTCEECCTAGBAA
TRESAC RS P EANEE TGACCGTCCTAGGT

_TAG TQTGGGGGAAACATCATTGGAAGTAAACTTGTACACTGGTACC
H%%%A%éi%C%%%‘F&CE\IPGGJ%CY,ATCTATGATGATGGCGACCGGCCCTC
A A e A T C TG GG T GAGETGARGARGCCTGEGGECCTCAGTGAAGET
cClaAET IS TEOESHAALTETCHOANGAESOERACECECACCCAT A

CATACGGILGACREARS W E:2005L00T689 RETIGRRA0MENI05LAAAT
TEGCEBATSACCBCEGABTHIITATTETOAGCTCIRCHATACTRGCIAGT
CECPE G TR AU CERALE ASCEASEARAGT THITEG FCEIRGET
A@gﬁ@ﬁﬁﬁﬁ?f@ﬁg&gﬁG@ﬂ%@ﬁ$G@Eﬁyﬁg$ﬁ§?ﬁﬁ?TGGGGCCGGGGGACACTGGTC
AR BT SRS CTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGG
S GCCTEAGTGAAGGT

e EBOAAGEE T FGGTEACACCTTTACAAATTATGGTCTCAGCTG

GGTGCGACAGG

TCACETRCAORACBEOTTCABECHALCREATSEATCAAGGAGGEGAC
TRGCCCGCACHARABAGCATTGEAAGTARACTTGTACACTGGTACCAGCAGAAGCCAG
IR CACACTSARITTBATATOAGAS FORCCATGATTRACHNTATATIATC
C@%ﬁ@@ﬁgﬁé@@g&@%@CTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGC

TSI AN RO R RS AR ESSCRTERFATT

GACCGTCCTAGGT

sACTCEABGAGCAGCTGGGCCCGCTGGTTTTTCGATCTCTGGGGCCG
TR C RARAET GRT GpARGSICTCCTCA BAKL185EL LIGHT CHAIN-
SEQ ID NO:126
CACOTARGTGETIGACTTAGOCACCCTOGGIGTCABEERECCEAGGEAA
CHAGACEBEEEACEATTTACACCTTTATCGACACCGGGETCTCCTGGETGCGACAGSE

CHAEEFEPEEECHAARTATCR P ERACARAATIH B TACACEGGEATT
nggg%gggg@ﬁg§g@§GGGCAGAGTCACCATGACCACAGATACATCCACGAGCACAGC

Ras el sl E RS e s ety

BAK 1167F04
LIGHT CHAIN- SEQ ID NO:120

TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGT GGCCCCAGGARAGACGGCCAGGAT
TACCTGTGGEEEAARCATCATTGGAAGTARACTTGTACACTGGTACCAGCAGALAGCCAG
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CGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
GCAGGGTCGAGGC
CGGGGATGAGGCCGACTATTATTGTCAGGTGTGGGATACTGGTAGT
W%@@%EGTAT TCGGCGGAGGGACCAAGCTGACCGP"E:%’C(:;};',266(034([(3}{'12g59
%L EAVY CHAIN- SEQ ID NO:127
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGG
GCCTCAGTGAAGGT
CTCCTGCAAGGCTTCTGGTTACACCTTTACAGATTATGGTCTCAGCT
EEATSCEREABLYGCTCATCTATGAT GATGECCGACCGECCCTCAGGGATCCCTGAG

%f%%ﬁ%ﬂ&é@é AP C AT B CIICAERACICEBEK

TATTATTGTCAGGTGTEEGATACTGETAGTGATCCCGTGETAT
RS R RETCACCATGACCACAGATACATC
CACGAGCACAGC

E1AGCGATGGAGTTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATT
RETETGREAGAGY 1D NO:121

ACTCCAGCAGCAGCTGGGCCCGCTGGTTTTTCGATCTCTGGGGCCG
CEETABATTRS T GECTEFCIIGCEFCIC B L B8 8 CLIGId TR HATNAGST
SECS TS MGSE8g TCTGGTTACACC T I TACARATTATGGTCTCAGCTGEGTGCGACAGE

RTETEETEACRACHE REEC PR RS TR AT ESCCIOAEBAAC

g%%ggGCAGAGTCACCATGACCACAGATACATCCACGAGCACAGC

SO A IR TR

GCCAGGCCCCTGTGCTGGTCATCTATGATGATGGCGACCGGCCCTC
AGGGATCCCTGAG
EBATTEIHITGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
GEACCEROGASGCID NO:122
CGGGGATGAGGCCGACTATTATTGTCAG GTGTGGGATACTGGTAGT

Lo e e

@@@@M@@@a@@m@@?%ﬁﬁé@ﬁéﬁﬁé&%@%&éﬁé@é@é&ﬁéﬁi
ERGTENGECARGAEL TGACCETCCTAGST

CTCCTGCAAGGCTTCTGGTTACACCTTTACAAATTATGGTCTCAGCTG

BEXICTIGACAGG
ERFETEBREAREG CE GASTGGATGGGATGGATCGACGACGACAG

GCACGACAATA TAT T
ggfgg%g A A A A SN AR AT

AL A TR R AL b AL A AR A R Ao AL

A@E@%@ﬁ@ﬁﬁé&mccmmwwGACGACACGGCCGTT&?MTACTGTGCGAGA@

ACTCEABCAGLAGLECREHLCEETCG I TTIT6 AT €I EE ROk
HGCBACATEEGGTC ACCGTCTCCTCA BAK1187B4 LIGHT CHAIN-

SEQ ID NO:130

BAK1184C8
LIGRET CHAIN- SEQ ID NO:124

TCCTATGTGCTGACTCAGCCACCCTCGETGTCAGTGGCCCCAGGRAAGACGGCCAGGAT
TACCTGTGGGGGAAACATCATTGCAAGTAARCTTGTACACTGCTACCAGCAGAAGCCAG
GCCAGGCCCCTGTGCTGETCATCTATGATGATGCCGACCGGCCCTCAGGGATCCOTGAG
CGATTCTCTGGCTCCAACTCTGGGAACACEGCCACCCTGACCATCAGCAGEGTCGACGE
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TCCTATGTGCTGACTCAGCCACCCTCGGTGTCAGTGGCCCCAGGAA
AGACGGCCAGGAT
TACCTGTGGGGGAAACATCATTGGAAGTAAACTTGTACACTGGTACC
- AeNGiyMel-CAG PCT/GB2004/003659
GCCAGGCCCCTGTGCTGGTCATCTATGATGATGGCGACCGGCCCTC
AGGGATCCCTGAG
CGATTCTCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
GCAGGGTCGAGGC
e S R B C S A T AP T e A S T T S B PRAET S BT EET
R R e B S T T A EESALSEACCAAGCTGACCGTCCTAGGT
BAK1166G02 HEAVY CHAIN- SEQ ID NO: 131
EAAGIEHGGAGTTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGG
AR ARESAAGET 1D NO:125
CTCCTGCAAGGCTTCTGGTTACACCTTTGCGAACACCGGGATCTCGT
GGEIGCBACAGGAGTCTGGEECTGAGETGAAGARGCCTGGGGCCTCAGTGARGGT
CCCTIGEATARACGCURIGAC TESARGHEB NG G AIACAGCEGTIATARG
SESCECSACIASREAHTGACGTGGATGGCATGGATCAACGACGCCACCGGCGACACACAG

RS e R AR A BE T AC A TEACEATIACEIKCRERFA

ERFE
AGCCTCAGATCTGACGACACEECCOTTTATTACT GTGCGAGAS

CRECAECETCAGATE TEACEACKCGECREI TIATT

ACTGTGCGAGAG
gﬁ{ﬁ@%CAGCAGCTGGGCCCGCTGGTTTTTCGATCTCTGGGGTCG
COGEACAGTGSTC IACEGTEI CCTCA BAK1166G02 LIGHT CHAIN-
SEQ ID NO:132

TCURAG GG CAGABTCACTUACHCT UGS TCABTE STECTACIGRAT
E@E&@@m@@ﬁgﬁg@ﬁgﬁTCATTGGAAGTAAACTTGTACACTGGTACCAGCAGAAGCCAG

A TG EECERRABRFCATTIGAIRS T AA

ACFFETACRETEETACLS
CTCTGEEAACACCGCCACCCTGACCATCAGCAGGETCGAGET

TG ATCTAT GATCATECCEACESEEEETE

AGGGATCCCTGAG
EGATISHCTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCA
GOAGCGBACGASRCED NO:127
CGGGGATGAGGCCGACTATTATTGTCAGGTGTGGGATACTGGTAGT
G ECGTEGTATAT T GG B EEAECAAGETCACICCIUCTABGAT

BRSSP FHEAVYTE FININCASEBTER RE LTI TG TRIS MO ERGTACS§ACRSE
%zgg%@mem GGATGGATCCGCAACATCGACGGCTACACAATT
/

YRR AR E ISP SRR GG

MaWdaAhNEEN cococcacTeerTrTrecaTcrcr6666CCEEEEEACACTGRTC
XGREFRCRMIMTTETPTNTAHMELRSLTSDDTAVYYCVRDSSSNWAR

WYFDLWGQGTLV TVSS BAK165E7 LIGHT CHAIN- SEQ ID NO: 134
SAKATROPPSVSVAPGQTARIPCGGNNIGSKLYHWYQQKPGQAPVLVVY
DDEGEDRPBGIPESEQ ID NO:128

TCCTATGTGCTGACTCAGCCACCCTCGGT GTCAGTGGCCCCAGGARAGATGGCCAGGAT
TACCTGTGGGGGAAACATCATTGGAAGTAAACTTGTACACTCETACCAGCACGAAGCCAG
GCCAGGLCCCTGETGCTGETCATCTATGATGATGGCGACCGGCCCTCAGGGATCCCTGAG
CGATTCTCTGGCTICCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAGGC
CGGGGATGAGGCCGACTATTAETGTCAGGTGTGGGATACTGGTAGTGATCCCGTGGTAT
TCEGCOGACGGACCAAGCTCACCETCCTAGGET
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RFSGSNSGNTATLTISRIDAGDEADYYCQVWDTGSDPVVFGGGTKLTVL

G BAK165E7 HEAVY CHAIN CDR1- SEQ ID NO:135 NYGLS CDR2-

SEQ ID NO;136 WISANNGETNYGQEFQG CDR3- SEQ ID NO:137
ARWYFDL BAK165E7 LIGHT CHAIN CDR1- SE%@@@'%@]%SQ

GGNNIGSKLVH CDR2- SEQ ID NO:139 DDGDRPS CDR3 %)

NO:140 QVWDTGSDPVV BAKS582F7 HEAVY CHAIN CDR1- SEQ ID NO

141: SYAMS CDR2- SEQ ID NO 142: AISGSGGSTYYADSVKG CDR3-

SEQ ID NO 143: VGAAGEGYYGY BAKS582F7 LIGHT CHAIN CDR1-SEQ

%WTRSSGSIASNYVE CDR2-SEQ ID NO 145: DDNQRPS

3 SESMY NS 2487 OSYESNNDY BAK612B5 HEAVY CHAIN CDR1-

éﬁ&@&@&%&ﬁ&%@&@%ﬁ%ﬁ%ﬁﬁg
ammm@@@wws\f@@&&@ﬁ%x&\&%@%mgé%%%&

COREASEEE IR TNOCEECERSEE SMSHNYMR cERRATREQ o NQrthkcace
DINARER D RS GEQUTEND. 16Pc A DEMNYDYGT T TATTACTGTCCGAGAG
ACTCCAGCAGCAGCTGGGCCCECTGETTTTTCGATCTCTGGGGCCGEEEGACACTGETC
ACCGTCTCCTCA

BAK11878B4
LIGHT CHAIN- SEQ ID NO:130

TCCTATGTGCTGACTCAGCCACCCTCOGTGICAGTGGCCCCAGGARAGACGGCCAGGAT
TACCTGTGGGGGAAACATCATTGGAAGTAARCTTGTACACTGGTACCAGCAGAAGCCAG
GCCAGGCCCCTGTGCTGGTCATCTATGATGATGGCGACCGGCCCTCAGGGATCCCTGAG
CGATTCTCTGGCTCCAACTCTGGGAACACGECCACCCTGACCATCAGCAGGGTCGAGRT
CGGGGATGAGGCCGACTATTATTGTCAGGTETGGGATACTGETAGTGATCCCGTEGTAT
TCGGCGGAGGGACCAAGCTGACCGTCCTAGGT

BAK1166G062
BEAVY CHAIN- 3EQ ID KO: 131

CARGTGCAGTIGGTGCAGTCTCGGGCTGAGGTGAAGAAGCCTGEGGCCTCAGTEAAGET
CTCCTGCAAGGUTTCTGGTTACACCTTTGCGAACACCEGGATCTCGTCEGTGCGACAGE
CCCCTGGACAAGGECTTGAGTGGATGGGATGCGATCAGCGCTAATAATGGCGACACARAT
TATGGACAGGAATTCCAGGGCAGAGTCACCATGACCACAGATACATCCACGAGCACAGS
CTACATGGAGTTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATTACTGTGCGAGAG
ACTCCAGCAGCAGCTGEGGCCCGCTGGTTTTTCGAT CTCTGGGETCEGGEGACACTGETS
ACCGTCTCCTCA

BAK1166G02
LIGHT CHAIN~ SEQ ID NO:132

TCCTATGTGCTGACTCAGCCACCCTCGETGTCAGTGGCCCCAGGARAGACGGCCAGGAT
TACCTGTGGGGGARACATCATTGGAAGTAAACTTGTACACTGGTACCAGCAGAAGCCAG
GCCAGGCCCCTGTGCTGETCATCTATGATGATGGCGACCGGCCCTCAGGGATCCCTGAG
CGATTCICTGGCTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGETCGAGGT
CGGGGATGAGGCCGACTATTATTGTCAGGTGT GGGATACTGGTAGTGATCCCETGGETAT
TCGGCGGAGGGACCAAGCTGACCGTCCTAGET

BAK165E7
HEAVY CHAIN- SEQ ID NO: 133
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BAK615E3 HEAVY CHAIN CDR1- SEQ ID NO 153: SYAMS CDR2- SEQ
ID NO 154: AISGSGGSTYYADSVKG CDR3- SEQ ID NO 155
VGKATTEEGYY BAK615E3 LIGHT CHAIN CDR1- SEQ ID NO 156:
WRSGHASNYVQ CDR2- SEQ ID NO 157: DDNQRPS COR3c55R: 050
NO 158: QSYDSNNDV BAK0278D6 HEAVY CHAIN CDR1- SEQ ID NO
159: AATTATGGTCTCAGC CDR2- SEQ ID NO 160:
TGGATCAGCGCTAATAATGGCGACACAAATTAT
GGACAGGAATTCCAGGGC CDR3- SEQ ID NO 161:

GACTCC;AEG CAGCAACTGG CGCTG TTT% (é@z'gq%g%ls NGETN
Ll sl S

163: GATGATGGCGACCGGCCCTCA CDR3- SEQ ID NO 164:
SAGEFEGTGGGATACTGGTAGTGATCCCGTGGTA BAK502G9 HEAVY
CiHAIN GRRE- SEQ IDDNED16D3AATTATGGTCTCAGC 143 WO
2005/007699 PCT/GB2004/003059 CDR2- SEQ ID NO

TECTCBIRVE NS CCURARTEATNCESEEATACKEAPERATIE AT DRPSGIPE
%ﬁggﬁﬁﬁﬁ§@%@;§@ﬁ§ﬂ§ﬁﬁ@§h§ﬁ¥§@§ﬁ@§68DPVVFGGGTKLTVLG
167:GACTCCAGCAGCAGCTGGGCCCGCTGGTTTTTCGATCTC
BAK502G9 LIGHT CHAIN CDR1- SEQ ID NO 168:
GGGGGAAACATCATTGGAAGTAAACTTGTACAC

BAKLG5EY
HEAVY CHAIN

CDR1- SEQ ID NO:135 NYGLS
CDRZ~ BSEQ ID N0:136 WISANNGETNYGQEFQG
CDR3- SEQ ID NO:137 DSSSNWARWYIDL

BAK165E7
LIGHT CHAIN

CDR1- SEQ ID NO:138 GGNNIGSKLVH
CDRZ- SEQ ID NWNO:139 DDGDRPS
CDR3- SEQ ID NO:140 GVWDTGSDEVV

BAKS82¥7
HEAVY CHAIN

CPR1- SEQ ID NO 141: SYAMS
CDR2~ SEQ ID NO 142: AISGSGGSTYYADSVEG
CDR3- BEQ ID NO 143: VGAAGEGYYGY

BAK582F7
LIGHT CHAIN

CDRI-SEQ ID NO 144: TRSSGSIASNYVE
CDR2-5EQ ID NO 145: DDNQRPS
CDR3-SEQ ID NO 146: QSYDSNNDV

- BAK612B5
HEAVY CHAIN

CDR1- SEQ ID NO 147: SYAMS
CDR2~- SEQ ID NO 148: AISGSGGSTYYADSVEG
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CDR2- SEQ ID NO 169: GATGATGGCGACCGGCCCTCA CDR3- SEQ

ID NO 170: CAGGTGTGGGATACTGGTAGTGATCCCGTGGTA CH
Domains- SEQ ID NO: 171

WO LG REWFPLAPCSRSTSESTAALGCLVKDYFPEPVTV SNG4 hedaso
VHTFPAVLQS
SGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPS

CPAPEFLGGP
@D\égLFg}EgP5%&%I@%T§g§é‘&gg&@@¥§QEDPEVQFNWYVDGVEVHN
AKTKPR
ERERMESVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREP
QUNT LERRSQE
EMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
M SREIY DR INRWEEGRRASSEBVMHEALHNHYTQKSLSLSLGK CL
BoaitESEEY IINEG 5172 DDNORPS |
- GBRAAPS VL RBP S8 EEIRSARIEFVVCLISDFYPGAVTVAWKADSSPVK
AGVETTTPSK
QSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS
144 CLAIMS: 1. An isolated specific binding member for human IL-13,
EZrepEsmg an antibody antigen-binding site which is composed 5 of a
KrRAviancaitibody VH domain and a human antibody VL domain and which
comprises a set of CDR's HCDR1, HCDR2, HCDR3, LCDRI, LCDR2 and
{EHRIRRNERINGhE Y3+ dBKAdIA comprises HCDR 1, HCDR2 and
%ﬁR§%d@1é@L%a%W%§§@@@?&G LCDR?2 and LCDR3,
GhRereirthe et ¥? COR's YSHESIEBEY Set of CDR's selected 10 from the
SRLp=consisting of: the BAK278D6 set of CDR's, defined wherein the
W%@&Nthe amino acid sequence of SEQ ID NO: 1, the HCDR2 has
the amino acid sequence of SEQ ID NO: 2, the HCDRS3 has the amino
camd-sespenoe aSEESID NQsdstheskG&RR1 has the amino acid 15
Hatuetof SBEQ IDNO: dpthmbCDR2 has the amino acid sequence of
GRS IDA0IB, ¥Ad 1hE L CORBSHESThe amino acid sequence of SEQ ID
NO: 6, a set of CDR's which contains one or two amino acid substitutions

B%%%\g%% with the BAK278D6 set of CDR's, and 20 each set of CDR's as

ﬂglwdual clones in Table 1.

CDR1~ SEQ ID NO 15%9: AATTATGGTCTCAGC

CDRZ- SEQ ID NO 160: TGGATCAGCGCTAATAATGGCCACACAAATTAT
GGACAGGAATTCCAGGGC

CDR3~ SEQ ID NO 161: GACTCCAGCAGCAACTGGGCCCGOTGGTTTTTC
GATCTC

BAK278D6

LIGHT CHAIN

CDRl- SEQ ID NC 162: GGGGGAAACAACATTGGAAGTAAACTTGTACAC

CDRZ~ SEQ ID NO 163: GATGATGGCGACCGGCCCTCA
CDR3- SEQ ID NO 164: CAGGTGTGGGATACTGGTAGTGATCCCGTGETA

BAK502G9
HEAVY CHAIN

CDRl- SEQ ID NO 165: BATTATGGTCTCAGC
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2. An isolated specific binding member according to claim 1 wherein the
one or two substitutions are at one or two of the 25 following residues
within the CDRs, using the standard numbering of Rabat. 31, 32, 34 in
WODRRI/BOMR, 52A, 53, 54, 56, 58, 60, 61, 62, 64, 65 in HCRRZ«8208fv03059
98, 99, 101 in HCDRS3 145 26, 27, 28, 30, 31 in LCDRI 56 in LCDR2 5
95A, 97 in LCDRS3 3. An isolated specific binding member according to
claim 2 wherein the one or two substitutions are made at the following
Bositions from among_the identified groups of possible 10 substitute

r

HauedTsr eacH pasits @SW £ e RESTRPROPSHRRAA

sglesiediton g proup CbIIL s S lCORI 0 Bk A

ang4n-52A in HCDR2: D, G, T,P,Nand Y 53 in HCDR2: D, L, A, P, T, S,
LasgiRcB4in HCDR2: S, T, D, G,Kand 1 2556 in HCDR2: T, E, Q, L, Y,
N,V,A,Mand G 58 in HCDR2: I, L, Q, S, M, H,D and K 60 in HCDR2: R
BIRA HEBR2DRNE? P BIC CRECHAAAE S CAUBILHRNATIRRZTRGTACAC
CDR2~ BEQ ID NO 169: GATGATGGCGACCGGOCCTCA

CDR3~ SEQ ID NO 170: CAGGTGTGGGATACTGGTAGTGATCCCGTGGTA

CH Domains- SEQ ID NOQ: 171

ASTRGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOS
SGLYSLESVVTVPESSSLGTKTY TCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGP
SVFLFPPKPKDTLMISRIPEVTICVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIERTI SKAKGQPREPQVYTLPPSQRE
EMTRNQVSLTCLVKGFYPSDIAVEWE SNGOPENNYKTTPPVLDSDGSFEFLY SRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQRSLSLSLGK

CL Domain- SEQ ID NO: 172
QPKAAPSVTILFPPSSEELQANKATLVCLI SDEYPGAVIVAWKADS SPVKAGVETTTPSK
OSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

144



20

25

30

65 in HCDR2: K 96 in HCDR3: R and D 146 97 in HCDR3: N, D, T and P
98 in HCDR3: R99in HCDR3: S, A, I, R, Pand K 101 in HCDR3: Y 5 26
in LCDR1: Dand S 27 in LCDR1: I, L,M,C,V,K,Y,F,R, T, S, A, Hand
G 28inLCDR1:V 30in LCDR1:S 1031 inLCDRI:R 56 in LCDR2: T
95Ain LCDR3: N 15 97 in LCDR3: I. 4. An isolated specific binding
member according to claim 3 wherein there are two substitutions
compared with the BAK278D6 set of CDR's, at HCDR3 residue 99 and
cratk€DPR1 residue 27. 20 5. An isolated specific binding member according
to claim 4 comprising the BAK278D6 set of CDR's with a substitution at
HCDR3 residue 99 selected from the group consisting of S, A, I, R, P and
1. KAﬁndl@dimtiiwatlbcgﬁﬁ@Qﬂqu%gﬁ%s%i@ct%@m the .greup
com %cinsstlngaof ,L,M,C,V,K,Y,F, R TS, A Hand G, 6. An isolated
P pemﬂgblndlng memggr 35&&8% Tidignrd Sorhpri¥ingthe BAKSTEDE =S
of as@mfa@DR‘gmmmssuhsmmmmrMaﬁ(haw@m%mimgmmdéwﬂam

and %HQ%IHUE‘?& I NatLCDR 1 residye.27. Jng Zz’,*l”ga %ﬁ irs \r?D%ngR;EDRL

binding member accordlng to any one “of ‘craims
LCDREYCDR2 HidFHCDRZ ofthe YHe VH domain comprises HCDR 1, HCDR2

and HCDR3 and the VL domain comprises LCDR1, LCDR2 and LCDRZ,
wherein the set of CDR’s consists of a set of CDR’s selected
from the group consisting of:

- the BRK278D6 set of CDR’s, defined wherein the HCDR1 has
the amino acid sequence of SEQ ID NO: i, the HCDRZ has the
amino acid seguence of SEQ ID NO: 2, the HCDR3 has the amine
acid seguence of SEQ ID NC: 3, the LCDR1 has the amino acid
sequence of SEQ ID NO: 4, the LCDR2 has the aminc acid

sequence of S5EQ ID NO: 5, and the LLDR3 has the aminc acid

(521

saequence of SEQ ID NO: 6,
a set of CDR’'s which contains one or two amino acid

substitutions compared with the BAKZ278D6 set of CDR's s, and
each set of CDR’s as shown for individual cleones in Table

2. An isolated specific binding member according to claim 1
wherein the one or two substitutions are at one or two of the
following residues within the CDRs, using the standard
numbering of Kabat

31, 32, 34 in HCDRI

o2, B2A, 53, 54, 56, 58, &0, 61, 62, 64, 65 in HCDR2

96, 97, 98, 89, 101 in HCDR3
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26,

56

domain are within a germ-line framework and/or LCDR1, LCDR2 and
LCDR3 of the VL domain are within a germ-line framework. 5 8. An
isolated specific binding member according to claim 7 wherein the
HCDR1, HCDR2 and HCDR3 of the VH domain are within germ-line
framework VHI DP14. 10 9. An isolated specific binding member
according to claim 7 or claim 8 wherein the HCDR1, HCDR2 and HCDR3
of the VH domain are within germ-line framework VL V?.3 3h. 10. An
iso)ated specificaindingrmermber according to any one 15 of claims 1to 9
which binds a human IL-13 variant in which arginine at position 130 is
replaced by glutamine. 11. An isolated specific binding member according

ito aAydAe of claims 1 to 10 which binds non-human primate 1L-13. 20
12. An isolated specific binding member according to claim 11 wherein
the non-human primate IL-13 is rhesus or cynomolgus. 13. A specific

952, pihtiddg niérRBér according to any one of claims 25 8 to 12 comprising the

-~

BAK502G9 VH domain (SEQ ID NO: 15). 14. A specific binding member
agcor,din%to any one of claims 8 to 13 comprising the BAK502G9 VL
dormat {SEEFMD Ries:Ci6): 305 Alspedifebindirrmentisradeordihg to 2

wherany ofiesofclaing kie14 thatbindsk orl3 with affinity equakio or better .

o5 Gk

than th%gffinit;y of an |L.-13 antigen-binding site formed by the 148
R ohtain tEECH D NO- 13Y aAtHB BAKS52G9 NI Bomain

subs{SEQHD NQ:ith)e theraffinity of thespedifie binding member and the

affinity of the antigen-binding site being as determined under the same
conditions. 5 16. A specific binding member according to any one of

Posiglgimsed. to 15 thattisuttadizes hiugan 1L-13. 17. A specific binding

subs{H%%@gBﬁccoggﬁégkggk@ggﬁhgge group

consisting of

31 in HCDRI: Q, D, L, G and E

32 in HCDRL:

34 in HCDRI: V, I and F

52 in HCDR2: L, N, A, E, G and E

5Z2A in HCDRZ: D, G, T, P, N and Y

53 in HCDRZ: b, L, A, P, T, &8, T and R
54 in HCDRZ: 5, T, D, G, K and I

56 in HCDRZ: T, E, &, L, ¥, N, Vv, A, M and G
58 1in HCDRZ: i, L, 9, 3, M, H,D and K
60 in HCDRZ: R

61 in HCDRZ: R

©2 in HCDRZ: K and G

64 in HCDRZ: R

65 in MHCDRZ: K

96 in HCDR3: R and D
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10 neutralizes human IL-13, with a potency equal to or better than the
potency of a IL-13 antigen-binding site formed by the BAK502G9 VH
domain (SEQ ID NO: 15) and the BAK502G9 VL domain (SEQ ID NO:
16), the potency of the specific binding member and the potency of the
antigen-binding site being as 15 determined under the same conditions.
18. A specific binding member according to any one of claims 1 to 17 that
comprises an scFv antibody molecule. 20 19. A specific binding member

37 iraceqmiing to any opge of claimms 1 to 17 that comprises an antibody

95 irg:ogém region. 20. A specific binding member according to claim 19 that

comprises a whole antibody. 25 21. A specific binding member according

99 1ino&ldim=20 whereih, the wholerantitiody is !g04. 22. An isolated antibody
Y/ in of a specific binding 30 member according to any one of

Lot chgir%@sﬂﬁd 21.923. An isolated antibody VL domain of a specific binding
member according to any one of claims 1 to 21. 149 24. A composition

26 1/C0MRHising a specifie kinding member, antibody VH domain or antibody

VL according to any one of claims 1 to 23 and at least one additional

27 1onbbhent. 5 25. Arcofp6sitidn decorbing to Elairfi 245corhprisingral G

28 1ipharmaceutically acceptable excipient, vehicle or carrier. 26. An isolated

30 i nu?cleic iﬁid which comprises a nucleotide sequence encoding a specific

ThiRding Tembgr or antibody VH or 10 VL domain of a specific binding

31 immamibel accorling to any one of claims 1 to 23. 27. A host cell in vitro

transformed with nucleic acid according to claim 26. 15 28. A method of

producing a specific binding member or
56 in LCDRZ: T

87 in LCDR3: I

4, An isclated specific binding member according to claim 3
wherein there are two substitutions compared with the BAK278D6

set of CDR"s, at HCDR3 residue 392 and LCDR1 residue 27.

5. An isolated specific binding member according to claim 4
comprising the BAKZ78D6 set of CDR’s with a substitution at
HCDR3 residue 99 selected from the group consisting of S, A,
I, R, P and K, and/or a substitution at LCDR1 residue 27
selected from the group consisting of I, L, M, c, vV, K, ¥, F,

R, T, 8, A, B and G.

G. An isolated specific binding member according to claim 4
comprising the BAKZ78D6 set of CDR’s with S substituted for ¥
at HCDR3 residue 99 and/cr I subkstituted for W at LCDR 1

residue 27.
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antibody VH or VL domain, the method comprising culturing host cells
according to claim 27 under conditions for production of said specific
binding member or antibody VH.or VL domain. 20 29. A method according
to claim 29 further comprising isolating and/or purifying said specific
binding member or antibody VH or VL variable domain. 25 30. A method
according to claim 28 or claim 29 further comprising formulating the
specific binding member or antibody VH or VL variable domain into a
compesition.including at least one additional component, 30 150 31. A

. m%ér?hc?dj olr“pL'r% ugiﬁgcafn*éﬁtibgﬁéqygéﬁﬁggfﬁgﬁﬁ%fﬁng Gomain ‘Epethticoy °ne

oL Chaiian IL-13; the wisthodreoipiiising IpEeVAding by MEyRGf additior, va

domadelefion, sybstitution gt ipsertion of,.gne or more aming %C;’-,_ﬂ@g Rtl-iECDRZ

amino acid 5 sequence of a parent VH domain comprising
and HEPR2 Ghdt MeDR3SwheicinaRe paraitvH dopsain HCDR1{ HEBR2r k..
and HCDR3 are the BAK278D6 set of HCDR's, defined wherein the
g HCDRI has the amino acid sequence of SEQ iD NO: 1, the HCDR2 has
© théamiito Bcid s8FGérce 6f SEG D NT2RE HCDRBHatHeamirom 7
wheratid Hhseguaence, oLHSELRIRNO H3 o the BAKR02G9 setof HCPR'S, 1 +1ip
defined wherein the HCDR1 has the amino acid sequence of SEQ ID NO:
gem?f%hneeHC‘DaIS\fﬁggfhg%am?h%la%cid sequence of SEQ ID NO: 8, the
HCDR3 has the amino acid sequence of SEQ ID.NO: 9, a VH domain
. which is.an aminq acid:sequence variant of the parent 2.5 VH domain;
and test?ng said 'Vlg dor%gin which is &n BmiRo acid Seqience %n%i? oft
oI Ciife Paferit VA dbmaif fo iddiitity ahGtibody camtigemsbindinghdomainiomain
VL domains to de one or more
the VH/VL

10. An isclated specific binding member according to any one

are oPegific farhuman IL-13, or combining said VH domain with one or more
"e et g@ p%ro]\%amewo‘tf( v @%V#hc'ombinations and testing

of claims 1 to & which binds a human IL-13 variant in which

arginine at position 130 is replacad by glutamine.

il. A&n isclated specific binding member accerding to any one

of claims 1 to 10 which binds non-human primate IL-13.

12. An isolated specific binding member according to claim 11

wherein the non-human primate IL-13 is rhesus or CYROMOLOUS.

13. 1B specific binding member according to any one of claims

8 te 12 comprising the BAKS502G9 VH domain (SEQ ID NO: 15).

14, A specific binding member according to any ons of claims

8 te 13 comprising the BRKS02GY VL domain {380 ID NO: 16).

15. A specific binding member according to any one of claims
1 to 14 that binds IL-13 with affinity equal to or better than

the affinity of an IL-13 antigen-binding site formed by the
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combination or combinations to identify an antibody antigen binding
domain specific for human IL-13. 32. A method according to claim 31
wherein the parent VH 25 domain amino acid sequence is selected from
the group consisting of SEQ ID NO: 13 and SEQ ID NO: 15. 33. A
method according to claim 31 or claim 32 wherein said one or more VL
domains is provided by way of addition, 30 deletion, substitution or
insertion of one or more amino acids in the amino acid sequence of a

= R D 0 L Eos o e are B
(SEQLCDRS, déffied 15Ewhefeinithe LCDRE:has the-amino Acitisequenae-efr
ang SEQ QH@%&%’#*&%L%&%Q@% %‘%%“ﬂ%f‘ﬁg‘; 5 ueﬁgﬁggég ID NO:

5, the LCDRS3has the amino acid sequence or the
det epnKSI2 GO 4et of LEDRE Edefinediwherein the LCDR1 has the 5 amino
acid sequence of SEQ ID NO: 10, the LCDR2 has the amino acid
sequence of SEQ ID NO: 11, the LCDR3 has the amino acid sequence of
18- SEGHI NG 12 Forodbem e 8F note Vicdemalis @aEhwtawhich i anns

1 toamBineiegid sequenceivarian efdhe parent VL domain. 10 34. A method
according to claim 33 wherein the parent VL domain amino acid

sequence is selected from the group consisting of SEQ ID NO: 14 and

17. BEQ{NOC16.1535gAmethad for pradiicing ap anmibody16 that
- aptigen-bi jrl do ain .specifi foar human IL-13, Rhe mgthod?com ;_risipg

nes proﬂging %%rﬁarg c?fL agd%lfiohﬂ,l&é efion SUBSTitUtiDR-oF inserfidn F oné or
tharnnidre amihoratidsih thelaminb acidisequéniceldfa patent \fld domainy the
B2x5CORPISINGHEDR 1 HCDR2 and 20 HCDR3, whereinthe parent VH -,

domain HCDR1, HCDR2 and HCDngare tﬁe%é?m%g#gﬁip h %?“H%‘B%%,“
(SEQ d&findd wHetein theSHEDRITHaS the AffinG BeidiSEduente T SEQLDING:

and 58 e HERR2 basthe amiP9gen-binding site being as

determined under the same conditicns.

18. A specific binding member according to any one of claims

1 to 17 that comprises an scfv antibody moleculs.

19. A specific binding member according to any one of claims

1 to 17 that comprises an antibody constant region.

<0. A specific pinding member according to claim 19 that

comprises a whole antibody.

21. A specific binding member according to claim 20 wherein

the whole antibody is IgG4.

Z2. An iscleted antibody VH domain of a specific binding

member according to any one of claims 1 to 21.

23. An isolated antibody VL domain of a specific binding

member according to any one of claims 1 to 21.
149
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acid sequence of SEQ ID NO: 56, the HCDRS3 has the amino acid
sequence of SEQ ID NO: 57, the BAK6ISES set of HCDR's, defined 25
wherein the HCDRI has the amino acid sequence of SEQ ID NO: 153, the
HCDR2 has the amino acid sequence of SEQ ID NO: 154, the HCDR3
has the amino acid sequence of SEQ ID NO: 155, the BAK582r7 set of
HCDR's, defined wherein the HCDRI has the amino acid sequence of
SEQ ID NO: 141, the HCDR2 has the amino 30 152 acid sequence of
24. SEQH2NQ;142,the HCDR3:L e.amina-acid uence of SEQ ID
'NO; 143% the%BAKEéJJT.kngEIE?el:Jl 5 éhcs R aéﬁngj%v%%‘ngnr%ﬁlé"jﬁgDRl
ant1Reehe AnfiiBatid 8éqisHce sISEDL IB NO 47, dhe HEDR2has the
claimmino asitsequenceoliSEQUDS NQL48, the HCDR3 has.the amino
acid sequence of SEQ ID NO: 149, a VH domain which’is an amino acid
sequence variant of the parent VH domain; and testing said VH domain
25. whichcisramn ainine acikk-sequence vari@a@qfﬂhgpa&%\fljg%aig to
w -, -dentify an antibody 10 antigen binding domain specific for human 1L-13,
pnar%%%%%g?\?ngga% I?l%oar%gailﬁ with- oRé BF oréSi: Bomaits i prévide
one or more VH/VL combinations and testing the VH/VL combination or
cgmbinati identify. ' ntigen binding domain specific for
L1515 30, A ettt cctidni o AIAT 36 ufor i she g
SeQUEAFYFRaM amihGadidsegtience issélectetfrbmithe greup icansisting of-
VL aSRQIDNO; Seand SEQ ID NO:33..20.3L.A method According to claim
. 35 qr claim 36 wherein said one or more VL domains Is growdedngy way
Clalﬂfﬁ ag‘jdﬁl%n? 3de|etion, substitution or insertion of one or more amino acids
in the amino acid sequence of a parent VL domain comprising LCDR 1,
Ijgg‘RZtanchLL DR3, whgreinihe lgarent VL domain LCDR1, 25 '
R DR3 drethe BARTE7ATTet bt EEDR'S Laéfinerid

according to claim 26.

28. A method of producing a spescific binding member or
antibody VH ¢r VL domain, the method comprising culturing host
cells azccording to claim 27 under conditions for production of

sald specific binding member or antiboedy VH or VL domain.
29. A method according to claim 28 further comprising
isolating and/or purifying said specific binding member or

antibody VH ¢r VL variable domain.

30. A method according to claim 28 or claim 29 further

comprising formulating the specific binding member or antibody

VH or VL variable domain into a composition including at lesast

one additicnal component.
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wherein the LCDR1 has the amino acid sequence of SEQ ID NO: 58, the
LCDR2 has the amino acid sequence of SEQ ID NO: 59, the LCDR3 has
the amino acid sequence of SEQ ID NO: 60, the BAK615E3 set of
LCDR's, defined wherein the LCDR1 has the 30 amino acid sequence of
SEQ ID NO: 156, the LCDR2 has the amino acid sequence of SEQ ID
NO: 157, the LCDR3 has the amino acid sequence of SEQ ID NO: 158,

the BAKS82F7 set of LCDR's, defined wherein the LCDRI has the amino
LCDR2 has the amino acid

371 . adldseguence of S 53.I1D NO: 144, the ) > amin ‘
s_e_quen%e c!);:‘ S%IfQ Igr%\%:cf@ thé LCDR3 Had the arind dcid Sefdecas in
SPEGFSEQ NO2 46 16r-the BAKS1235 setiobLGPR!s; idefined wherein the

LePRL hasthe.ami cids nce of SEQ ID NO: 150, the LCDR2
; hgs 5 the Famiﬁotg};é@ ggq&gncgegc%ﬁ %E%HI’D ﬁ%elgl?%ﬁe PR3 hastre or
S EAMiS alit S8t e HTHISE@MBNO2 252 sprotucing end 06 mareaVL

sequdomainsreach ot whichis an-aming acid.sequence variant of the parent
neprYl d%main: 10 38. A method according to claim %7%@#(9&@% tH&era%é%‘én?w
“demaAiT Amifo Hefd S6didHce' & sEREIE fioRP e gFEURREORSISIIHGDRS are
the SEQIDNOs24 and SEQHDsN0:34:3% A m@@@qx@cge@i@%%”ﬁaogegﬁ
aminSlaims 3110 34 wherein 15 said VH domain which is an amino aci -
" sequence variant of the parent VH'domain i robiddyepR e amino
scidnfinggenesiso40.S8method@ccording ¢ aoyrmerafLlaims 3510,38. - 4
sequiherein. saichViHdomainwhich is an amino acid sequence variant of the
.. 20 parent VﬁQdomain is psﬁgvi?jjéd bﬁyecaé%ggﬁgggen’e%%.oﬂ.%Fﬁétﬁod
deFingBoitintg to-Bnyohetiddints=31 td40 durther cotmprising: providing theo
ID nantibpdy;aatigeniinding sitg within an ,SCFV or Fab antibod -
G 3 Shoce tiiding Menber Talio:

molecule. 25 42. A method of producing a speci

B LR dSRimaiaE - 73 SvRER MethBd Copmsrisuss providingstartingnudieics v

doma mcidveeading aWHA0MAINRLA sequance variant of the parent

VH domain; and

testing said VH domain which is an amino acid sequence
variant of the parent VH domain to identify an antibody
antigen binding domain specific for human IL-13, or

combining said VH domain with one or more VL deomains to
provide one or more VH/VL combinations and testing the VH/VL
combination or combinations to identify an antibody antigan

binding domain specific for human TL-13.

32. A method according to claim 31 wherein the parent VH

domain amine acid seguence is selected from the group

_ consisting of SEQ ID NO: 13 and SEQ ID NC: 15,

33. A method according to claim 31 or claim 32 wherein said
one or more VL domaing is provided by way of addition,
deletion, substitution or insertion of one or more amino acids
in the amino azcid sequence of a parent VL domain comprising
LCDR 1, LCDR2 and LCDR3, wherein the parent VL domain LCDR1,

LCDRZ and LCDR3 are the BAK278D6 set of LCDR’s, defined
i51
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starting repertoire of nucleic acids each encoding a VH 30 domain,
wherein the VH domain or VH domains either comprise a HCDR1,
HCDR2 and/or HCDR3 to be replaced or lack a HCDR1, HCDR2 and/or
HCDR3 encoding region; 154 combining said starting nucleic acid or
starting repertoire with donor nucleic acid or donor nucleic acids
encoding or produced by mutation of the amino acid sequence of the
HCDR1 (SEQ ID NO: 1) or HCDR1 (SEQ ID NO: 7), HCDR2 (SEQ 5 ID

e NO:2) 0 2 (SEQ.ID NO: 8) and/or HCDR3 (SEQ ID NO: 3) or
m&ﬁ@b%%&@% V\(fb]‘:SQ)“s'%e(:hatlﬁ‘é%gaiacdo%o?%%%?eﬁ‘@%cfﬂ*issﬁpdéﬁoﬁqo‘ 4
the RGEIB dcids areirseited intol thesEBRA GDRZ atmforr CDR3 regionra
repethestarting-nugleic acid of starfing repertoire 50 as tg provide a product

repertoire of nucleic 10 acids encoding VH do ains; expressing the
BEXOQGEIRICSAGdS bf BaidRproduseiepertbire: & piotucerodietVHadomams;
ami ngeleeting asspegificbindingsmembarspecific for Bumans 13, which .5

. _specific binding member comprises a product VH 15 domain or

2C1 9 SRBiTAG Safprodtct VH omains Witk ohe 8- mbrsVE dorainandid
sequselesting asspecific binding:menbernspecico for human Ha-13; which - o
specific bLnfgin% member. comprises a product VH domain and a VL
dofain: and 20 réCovaring said spetifie Bifdifig FemBeF of Aubletc agiment
VL demeading it. 43. A method according to claim 42 wherein the donor

nucleic acids are produced by mutation of said HCDR1 25 and/or

HCDR2. 44. A method according to claim 42 wherein the donor nucleic
34, agidis producet-by datation of HCDR3330H5r Al metiiad aecarding/1o
coma ElaimAd,compriging.providing ;the donor nugleic, agid, hy. mutation of

nucleic acid
consiscting of SEQ ID NO: 14 and SEQ ID NO: 16.

zach

35. A method for producing an antibody antigen-binding domain
specific for human IL-13, the method comprising

providing, by way of addition, deletion, substitution or
inssertion of one or more amino acids in the amine acid
sequence of a parent VH domain comprising HCDR 1, HCDRZ and
HCDR3, wherein the parent VH domain HBCDR1, HECDRZ2 and HCDR3 are
the BAK167A11 set of HCDR's, defined wherein the HCDR1 has the
amino acid sequence of SEQ ID NC: 5%, the HCDR2 has the amino
acid sequence of SEQ ID NO: 56, the HCDR2 has the amino acid
sequence of SEQ ID NC: 57, the BRKELEEI set of HCDR's, definsd
wherein the HCDR1 has the amino acid sequence of SEQ ID NO:
153, the HCDRZ has the amino acid seguence of SEQ ID NO: 154,
the HCDR3 has the amino acid sequence of SEQ ID NO: 155, the
BAKSB82F7 set of HCDR’s, defined wherein the HCDRL has the

amino acid sequence of SEQ ID NO: 141, the HCDR2 has the amino
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encoding the amino acid sequence of HCDR3 (SEQ ID NO.: 3) or
HCDR3 (SEQ ID NO: 9). 155 46. A method according to claim 42
comprising providing the donor nucleic acid by random mutation of
nucleic acid. 5 47. A method according to any one of claims 42 to 46
further comprising attaching a product VH domain that is comprised
within the recovered specific binding member to an antibody constant
region. 10 48. A method according to any one of claims 42 to 46
~+ C iSi roviding-an 19G, scky, or Fab anf ig qlecule comprising . |
amdtr%@gr%%gcgtéil%%ogr%inﬁaﬂng %'Vl_l\édgr'na?rg ”49% Brgé{%o*g according to'afy —°
SeqUSREBf Glaim$ 31146 48 fukthér 1BrcompriSing téstify thetantibdtiybR’ s,
de £ s@ntigephinding domaim gt :specificlhindingmember thathinds buman oz
__ IL-13 for ability to neutralize human IL-13. 50. A method according to
1D NQaint 49 wherein G Epedifcbindfg® 20 e mbef R Tormgisesafze 1D
NC: antiodyHeagrentthed binds:and inputealizes human He13 is obtained 5.
145 Aam%r,pog accordinlgj,to claim 50 wherein the antibody fragment is an scFv
" aftibody TRofecald 75 B2 & MBthol ateording tS SHITSE wieraifftheC

ofecule’
the patibody figmentis anakab antibody molecule. 53. A method according
to.claim 51 or claim, 52 further 30 comprising providing the VH domain
~and/or t &' VL domain of t %_gnﬁgédcnﬁrégsmg%%t it & whole Ja%tiﬁS&ﬁvﬁ%e
VarigatA piethbd deeordingts anyrenarofclaims:81 1d H3=furthet idomiprising
ant 1 fprmulatingsthe specific binding member that binds 1L-13, antibody
antigen;bindin% site or.anugltibpdy VH or VL varia%HFJ(; éorha?nrof the
SPGB g Ariembér 8PBABbdS Anfi§en-binding sitéthathiadss to

proviad3.Jnto 8.LOMPASIGN VT, combinations and testing the VH/VL
combination or combinations to identify an antibody antigen

binding domain specific for human IL-13.

36. A method according to claim 35 wherein the parent VH
demain amino acid seguence is selected from the group

consisting of SEQ ID NO: 55 and SEQ ID NO: 33.

37. A method according to claim 35 or claim 36 wherein said
¢ne or mere VL domains is provided by way of addition,
deletion, substituticn or insertion of cne or more amino acids
in the amino acid sequence of a parent VL domain comprising
LCDR 1, LCDRZ and LCDR3, wherein the parent VL domain L.CDR1,
LCDRZ and LCDR3 are the BAKIGE7AR11l set of LCDR’s, defined

wnerein the LCDR1 has the amino acid seqguence of SEQ ID NO:

w

58, the LCDRZ has the amino acid sequence of SEQ ID NO: 59,
the LCDR3 has the amino acld seguence of SEQ ID NO: 50, tThe
BAEKG1SE3 set of LCDR’s, defined wherein the LCDRY has the
amino acid ssguence of SEQ ID NO: 156,'the LCDRZ has the amino

acid seguence of SEQ ID NO: 157, the LCDR3 has the amino acid

seguence of SEQ ID NO: 158, the BAKSB2F7 set of LCDR's,

defined wherein the LCDR1 has the amino acid sequence of SEQ
133
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including at least one additional component. 55. A method according to
any one of claims 31 to 54 further comprising in vitro binding a specific
binding member that 10 binds human IL-13 to IL-13 or a fragment of IL-13.
56. A method comprising in vitro binding a specific binding member that
binds IL-13 according to any one of claims 1 to 21 to human IL-13 or a
fragment of human IL-13. 15 57. A method according to claim 55 or claim
56 comprising determining the amount of binding of specific binding

I yPember tall-13 orafragment of IL-13. 20 58. A method according to
any or% 'on%; a?m%%Bi@'tzo S“g?‘ further Somprisii Use 6Pt Sredfic Binding

NO: mémberia théTmanbfettariesofzan inedicamentsfon treatraeptota diseaser .

146,00 fisordesseleetadfram the group copsisfing of asthma, atopic |
dermatitis, allergic rhinitis, fibrosTs,Blrlﬁlasrﬁm%%(?rlyrbeo%véﬁ‘ﬁ diséasd and- "R

nas HBBgRAS IFNTphotnd S01a0sE ob4 spaifié binding Miémbeh actoring to:s

the any epef:claims lde21 inthermanyfagture of A m@ﬁécaﬁ%%%tzfofms the

__._treatment of a disease or disorder selected from the group “30 consistirg

BIINGs SSthma BEOiE dersmatta, dileigic rhindtis, FsTEsist Inflapmmatorymere

VL dbowehdisease antl Hadgkin'sdymphema, 154 6€. Anisolated speeific, . -

w1 hindin ber for human IL-13, comprising an antibody antigen-binding

e ggfnéﬁ%gﬁnw%?gﬁf‘sn composed of a human antibody VH domain and a
human antibody VL domain and which comprises a set of CDR's,

3g. HERR1HEDRZ3 HEDR3, LCPR, LEDR2 and LCDR3, wherein the VH
~ domain cgmpriseg HCDRf?%Cé)ﬁZIﬂanlgdgH DR3 and'the Vi% d6tiain |
0oma eBnigiises LCDR 17 1 CBR2andLEDR:3 twhelkint CBR 148 ©f @mino

cons @gigiseauencerwhieh has.the formulas 19 HX1,HX2 G, HX3 S wherein

G + 2 rd i “o & ' ‘ 3
32. A method according to any cne of claims 31 to 24 wherein
said VH domain which is an aminec acid sequence variant of the

parent VH domain is provided by CDR mutagenesis.

%} IS = ) ; . [ )
40. A method according to any one of claims 35 to 38 wherein
sazid VH domain which is an amino acid segusnce variant of the

parent VH domain is provided by CDR mutagenesis,

. . .
41. A method zccording to any one of claims 31 to 40 further
an IgG, scFv or Fab antibody molecule.

4Z2. A method of producing a specific binding member that
binds human IL-13, which method comprises:

providing starting nucleic acid encoding a VH domain or a
starting repertoire of nucleic acids sach encoding a VH
domain, wherein the VH domain or VH domains either comprise a
BCDR1, HCDRZ and/or HCDR3 to be replaced or lack a HCDR1,

HCDRZ and/or HCDR3 encoding region;
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HX1 is selected from the group consisting of N, Q, D, L, G and E, HXZ is
selected from the group consisting of Y and T, 15 HX3 is selected from
the group consisting of V, !, F and L, HCDR2 is of amino acid sequence
which has the formula 20 W | HX4 HX5 HX6 HX7 G HX8 THX9 Y F_X,a
HX1 HX12 F HX13 HX14 wherein HX4 is selected from the group
consisting of S, D, N, A, R, G and E, HX5 is selected from the group
consisting of A, D, G, T, 25 P, Nand Y, HX8 is selected from the group

c ng o ), w1 nd HXL Isys lected erm the group
cgﬁgl:}z%ng O%HS%%: %’a% %gnég 3(‘)§H3(3 éi?ele%cteée%rom thquroup

repegsasisang oF D, CIO“ENQ ECYE NG \B A, M @ndIGTHX 9vis Setdcted froms the
enco@iOMP consisting, o N, bR S MnH P a;@geK&%5§$'D§cQ o3 %%Gﬁtquce of

from the group. conS|st|ng of G and R, HX11 is selected from the group

the E6RSikting of O and R, H}(ﬁrs%%ed%“o%ﬁ%ﬁ%upwonsq@m?g?of ISL@

D NandG, Wl&wle@tgg fromithe group sansisting 0£Q ard R, SFX24 is)
88&?? %fr mé] con5| tin %of G and K, HCDR3 is of amino acid
°r Hsegien H for}‘lnC Fix BHK, CRXAT [AXTOWA BOWE 13

or deXh9 FHX20t MMEreJneHNﬂﬁelstsedEczted fromnthecgroup carmsistiigiob »
cors 5B Dy HEAL I8 pelected rom e groppiconsistng of .4 O. T 15
repertoife, so as to provide a product reperteire of nuclieic
acids encoding VH domains;

expressing the nucleic acids of said product repertoire
to produce product VH domains;

selecting a specific binding member specific for human
IL-13, which specific binding member comprises a product VH
domain or
combining said product VH domains with cons or more VL
domains and selecting a specific binding member specific
for human IL-13, which specific binding member compriées
a product VH domain and a VI domain; and
recovering said specific binding member or nucleic acid

ehcoding it.

43, A method according to c¢laim 42 wherein the donor
rnucleic acids are produced by mutation of said HCDR1

and/or HCDRZ,

44. A method according to claim 42 wherein the donor

nucleic acid is produced by mutation of HCDR3.

45. A method according to claim 44 comprising providing
the donor nucleic acid by mutation of nucleic acid
encoding the aminc acid seguence of HCDR3 {(8EQ ID NO: 3)

or HCDR3 (SEQ ID NO: 9).
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HX17 is selected from the group consisting of S and R, HX19 is selected
from the group consisting of S, N, A, I, R, P and K, HX19 is selected from
the group consisting of F and Y, 20 BK20 is selected from the group
consisting of D and Y, LCDRI is of amino acid sequence which has the
formula G G LX, LX2 11X3 G LX4 LX5 L V H 25 wherein LX1 is selected
from the group consisting of N, D and S, LX2 is selected from the group
consistingof N, I, L, M, C,V,K,Y,F, R, T, S, A,Hand G, 30 LX3 is
selected from the group consisting of | and V, LX2 is selected from the
group consisting of S and G, LX5 is selected from the group consisting of
46, KiamfERIICCHR2AS B anife aeid sBguenceowhichsiasitherfordia: 159B

donob @R RPJAXE wheyein LX6ds sglected from.the, group consisting of S
and T, 5 LCDRS is of amino acid sequence which has the formula Q VW

D TGS LX7PV LXe 10 wherein LX7 is selected from the group
47. cansistingof Brand-Ni rloXe ds selectedsfrem the graup gonsisting of Y-and
compk-OL An iso%[agggﬂs ecific bindin%tm%@ber according to claim 60, 15
Phersin BXIGS selected o the group ToNaisting ot D afd TP RSSOy,
withHX 3 isel :200biXeis Setgoted from thedroup eensisting-ef S angG: XS
conﬁ%ﬁ%'%@&%%ﬂ“ the group consisting of T and A, HX6 is N,

48. A method according to any one of claims 42 to 46
comprising providing an IgG, scFv or Fab antibody molecule

comprising the product VH domain and a VL domain.

49. A method according to any one of claims 31 tc 48, further
comprising testing the antibody antigen-binding domain or
specific binding member that binds human IL-13 for apility o

neutralize human IL-13,.

50. A method according to claim 49 wherein a specific binding
member that comprises an antibody fragment that binds and
neutralizes human IL-~13 is obtained.

51. A method according to claim 50 wherein the antibody

fragment is an scFv antibody molecule,

2. A methed according to claim 50 wherein the antibody

fragment is an Fab antibody molecule.

°3. A method according te claim 51 or claim 52 further
comprising providing the VH domain and/cr the VI domain of the

antibody fragment in a whole antibody.

[
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o



10

[
o

20

25

30

HX7 is selected from the group consisting of N and I, HX8 is D, 25 HX9 is
selected from the group consisting of N, D and K, HX1p is G, HX12 is
selected from the group consisting of E and G, HX13is Q, HX19isr, 30
LX1 is selected from the group consisting of N and S, LX2 is selected
from the group consisting of N, Y, T, S, and I, 160 LX6 is S, LX7 is D. 62.
An isolated specific binding member according to claim 5 60, wherein
HX1is selected from the group consisting. of N and D, HX2is Y, HX3is L,
c, 1 t he roup con5|st| S,and , HX5 s selected
o fr%r?ktg %}Z%%eu%%%%ggﬁé OT% and T, HX8 T T\ﬁ%—ﬁﬁ N, HXg'is selécear
CompiFemithe droupwonsistingdfD and G, 715 Fb(ﬁm@s@emtenilﬁm tffte“grcanmds

11.-160nsisting. ok, %NaggnDb%'é Q:HX.Z s E gnd K L%%X %—Pl’gé‘(o YL

HX15 is S, HX16 is selected from the group consisting 0 _
var ll%hé%ﬁ?ﬁﬁ%ge%@té@ﬁoﬁpﬁ%ﬁ?ﬁﬁp%@h@iﬁsﬁlﬁgﬁﬁ‘@aﬁdCN?, antibody

antigen-binding site that binds IL-13, into a composition

including at least one additional component.

55. A method according to any one of claims 31 to 54 further

-comprising in vitro binding a specific binding member that

binds human IL-13 to IL-13 or a fragment of IL-13.
56. A method comprising in vitro binding a specific binding
member that binds IL-13 according to any one of claims 1 to 21

to human IL-13 or a fragment of human IL-13.

57. A method according to claim 55 or claim 5€ comprising

_ determining the amcunt of binding of specific binding member

to IL-13 or a fragment of IL-13.

58. A method according to any one of claims 31 to 57 further
comprising use of the specific binding member in the
manufacture of a medicament for treatment of a disease or
disorder selected from the group consisting of asthma, atopic
dermatitis, allergic rhinitis, fibrosis, inflammatory bowel

disease and Hodgkin’s lymphoma.

59. Use of a spscific binding member accord:i ng to any one of
claims 1 to 21 in the manufacture of a medicament for
treatment cf a disease or disorder selected from the group
consisting of asthma, atopic dermatitis, gllergic rhinitis,

Tibrosis, inflammatory bowel disease and Hodgkin’s lymphoma.
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HX'19 is F, 25 HX20 is D, LX1 is selected from the group consisting of N
and D, LX3is I, LX8is V. 30 63. An isolated specific binding member
according to claim 60, wherein 161 HX7 is selected from the group
consisting of N, S, T, D, G and K, HX9 is selected from the group
consistingof D, T, E, Q, L, Y, N, V, A, M, 5 HX9 is selected from the
group consisting of N, I, L, Q, S, Mand H, HX13 is G, HX3.1is Q,
HX-12 is F, 10 HX,3is Q, HX14 is G, HX,; is S, HX16 is selected from
60 thglgrgg%fgeggtig of N.and.S, HX17 is S, 15 HX-.8 is selected from the

group consisting of and s, W&%&E BX5055 DL,OE)I(%%D“?\F, 20X s
compgglécted friom 2hé growy cengisting ob Nrahichy KX8dg h 14 s ShiXxb iss -
camﬂ@sé&%@Sa'%sﬁrénisagtibody VHE domain and a Human antibody VL
domain and which comprises a set of CDR’s, HCDRIL, HCDRZ,

HCDR3, LCDR1, LCDRZ and LCDR3, wherein the VH domain comprises:
HCDR1, HCDRZ and HCDR3 and the VL domain comprises LCDRI1,
LCDRZ and LCDR2, wherein

HCDR1 1s of amino acid segquence which has the formula
HX: HXp, G H¥3 S
wherein
HXy is selected from the group consisting of N, 0Q, D, L, G
and E,

HX; 1s selected from the group consisting of Y and T,

HX; is selected from the group consisting of V, I, F and

A
HCDRZ is c¢f amino acid sequence which has the formula
W I HXy H¥s H¥e¢ HXy G HXg T HXg Y HX.p HXy HXq1z F HXi5 HXqy4
wherein

H¥; is selected from the group consisting of $, D, N, &,

H¥; is selected from the group consisting of A, D, G, T,
P, N and Y,

H¥¢ 1s selected from the group consisting of N, D, L, A,
P, T, 8, I and E,

HX‘/ is

93]

elected from the group consisting of N, 8§, T, D,

5, K and I,

H¥Xg is selected from the group consisting of D, T, E, Q,
L, Y, N, V, & M and G,
H¥%y is selected from the group consisting of N, I, L, 0,

5, M, K, D and K,
158
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and

LX3is V. 64. An isolated specific binding member according to claim 63,
wherein 30 HX1 is selected from the group consisting of N, Q and D, HX3
is selected from the group consisting of L, V and I, HX4 is selected from
the group consisting of S, N, A and 162 R, HXs is selected from the group
consisting of A, D, T, G, N and y HX6 is selected from the group
consisting of N, A, 2, S, D 5 and I, HX7 is selected from the group
consisting of N, T, D and G, HXe is selected from the group consisting of

DiR, Yiands N et HXFiscselected framithe grounseonsisting af N, Q.S
and i. 65. A specific binding member according to any one of claims 60
{0 64'that netitraliz&& hamidh [L2F3 75586, A Spetitic BiRding rRefiberk
atitarding te<claint 68 thatoneutralizeschyman:k-13; with a potency equals,
to.qr better _than the patency of a Ib-13 antigen-hinding site_ formed by the
AK 0%(%94: Hed:o%éﬁ)nx(%fé i el\lé’::igfaﬁqg e BAKED2G9 VLAG6main
204SEQSTEB NOL26), Thepotércycefdhe specHicdiindingcniembetdang
the potency of the antigen-binding site being as determined under the
same conditions. 67. A specific binding member according to any one of
RS 25 046 66 tHt cofiiptses BHESERy ahtisddy moladite B8 A L2
specific binding member according to any one of claims 60 to 66 that

comprises an antibody constant region.
D HXyy H¥Xye H¥:17 HXig WA R W HXye T H¥s L

wherein

HX;5 is selected from the group consisting of S, R and D,
HX1s is selected from the group consisting of 8§, N, D, T
P,

HEX17 1s selected from the group consisting of § and R,
H¥1g is selected from the group consisting of 5, W, &, I,
and K,

H{is 18 selécted from the group consisting of ¥ and Y,

H¥3p 1s selected from the group consisting of D and Y
LCDRI is of amino acid sequence which has the formula

GG L¥; LX; I¥; G L¥, L¥: . V H

. ,
wWherein

L%y is selected from the group consisting of N, D and S,
L¥; is selected from the group consisting cf N, I, 1, M,
c, vV, K, ¥, ¥, R, T, S, A, H and G,

LX3 1s szlected from the group consisting of I and V,
L% 1s selected from the group consisting of S and G,
L¥s is selected from the group consisting of X and R,

LCDRZ Is of amino acid seguence which has the formula
159



- 10

15

20

25

30

30 69. A specific binding member according to claim 68 that comprises a
whole antibody. 163 70. A specific binding member according to claim 69
wherein the whole antibody is IgG4. 71. An isolated specific binding
member according to any one 5 of claims 60 to 70 which binds a-human
iL-13 variant in which arginine at position 130 is replaced by glutamine.
72. An isolated specific binding member according to any one of claims
60 to 70 which binds non-human primate IL-13. 10 73. An isolated specific
binding member according to glaim 72 wherein the non-human primate
IL-13 is rhesus or cynomolgus. 74. An isolated antibody VH domain of a
specific binding 15 member according to any one of claims 60 to 73. 75.
Awrisalated antibody VL domain of a specific binding member according
to any ong of.claims 60.to 73. 20 76. A composition comprjsing the -
specific B;grfdiﬁa nﬁgﬁn%%ff?%niﬁﬁgﬁy Lf—?dgr%%llr? or aRtiBGdy Ve domaindte T
any one of claims 60 to 75 and at least one additional component. 77. A
compesition according fo.claim 76 comprising, a 25 pharmaceutically, ,
acceptable excipient, vehicle or carrier. 78. An isolated nucleic acid which
comprises a nucleotide sequence encoding a specific binding member or
antibody VH or, ik domain of a specific hingding member according to any
one of 30 claims 60 to 75. 79. A host cell in vitro transformed with nucleic
acid according to claim 78. 164 80. A method of producing a specific
binding member or antibody VH or VL domain, the method comprising

C# UI‘!{I g%si[ c%llsdat_;cordin to clgim 79 under conditions er production
of“Said specific binding memBér 8 &bty \7A Br\iddBmalin and N

L¥g 1s selected from the group consisting of V and I.

61. An isolated specific binding member according to claim 60,

wherein

H¥; is selected from the group consisting of D and N,
H¥, is Y,
H¥; i=s L,
HX; is selected from the group consisting of S and G
HXs 1s selected from the group consisting of T an

HXeg 18 N,

53
o

HX; 1s selected from the group consisting of N and I,
H¥g is D,

H¥Xy is selected from the group consigtihg cf N, D and K,
H¥yp is G,

HX1z 1s selected from the group consisting of E and G,
H¥;3 is Q,

HX;Q is ,

L¥; is selected from the group consisting of N and S,
1¥; is selected from the group consisting of N, Y, T, S,

and I,

ot
o
o
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81. A method according to claim 80 further comprising isolating and/or
purifying said specific binding member or antibody VH or VL variable
domain. 10 82. A method according to claim 80 or claim 81 further
comprising formulating the specific binding member or antibody VH or VL
variable domain into a composition including at least one additional
component. 15 83. A method according to any one of claims 80 to 82
further comprising in vitro binding a specific binding member that binds
human 4L-13 to IL-13 or a fragment of IL-13. 84. A method comprising in
vitro binding a specific binding 20 member that binds IL-13 according to
ary’one of claims 60 to 73 to human IL-13 or a fragment of human IL-13.
85. A method according to claim 83 or claim 84 comprising determining

thg&amou of bi din% of %peciﬂc biqdirég member 25to IL-130ora .
fragment ot 1L-13. 86° A'method-Accarding T8any 617 of Sialiis 80 to'go-™

¢0, furthericomprising use of the specific binding member in the manufacture

63.
60,

of a medicament for treatment of a disease or 30 disorder selected from
the group consisting of asthma, atopic dermatitis, allergic rhinitis, fibrosis,
ifflamratoty bowel disedsd and Hoogkimshwiptioma. 65 872usef a
specific binding member according to any one of claims 60 to 73 in the
manufacture of a medicament for treatment of a disease or disorder
sBfected from the group consisting of asthma, atopic dermatitis, allergic
rinitis s5 fibrasis dnflamsratonsbowel disease and Hodgkin's lynphema.
166 _ -

HXs is selected from the group consisting of A and T,

H¥g is N,

H¥, is N,

H¥g is selected from the group consisting of D and G,

HXs 18 selected from th

[0}

group consisting of I, §, N and

HX11 18 Q,

HX;Q iz E and K,

H¥., is G,

HX15'is S,

HX:s is selected from the group consisting of § and W,

H¥:7 is &,

-~

H¥1s is selected from the group consisting of $ and N,

H¥:¢ 18 F,
D

HXgo is

L¥X; 15 selected from the group consisting of N and D,
I¥s is 1,

IXg 1s V.

An isclated specific binding member according to claim

wherein

161
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HXy3

HX1¢
HX 17
HX1g
HXqe

HX g

selected from the group consisting of N, &, T, D,

selected freom the group consisting of B, T, £, Q,
A, M,

selected from the group consisting of N, I, L, Q,

52 T O B 0

’
o
G;
S,

selected from the group consisting of N and S,

=¥

selected from the group consisting of N and S,

selected from the group consisting of N and I,

4. An isolated specific binding member according to claim

©3, wherein

H¥

HX,

selected from the group consisting of N, Q and D,
selected from the group consisting of L, V and I,
selected from the group consisting of 5, N, A and
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seiected from the group consisting of A,

H¥¢ 1s selected from the group consisting of N,

HXy 1s selected from the group consisting of N,

G!

HXg 1s selected from the group consisting of D,
Nr

HXs 1s selected from the group consisting of N,
T

65. A specific binding member according te any one

60 to 64 that neutraliizes human IL-13.

66. A specific binding member according to claim 65

neutraiizes human IL-13, with a potency egual to or

2, S and

of claims

that

better

than the potency of a IL-13 antigen-binding site formed by the

BRK502GS VH domain (SEQ ID NO: 15) and the BAK502G9 VL demain

(SEQ ID NO: 16), the potency of the specific binding
and the potency of the antigen-binding site being as

determingd under the same conditions.

6€7. A specific binding member according to any one

€0 to 66 that comprises an scFv antibody molecule.

68. A specific binding member according to any ons

60 to 66 that comprises an antibody constant regicn.

€9. A specific binding member according to claim 68

comprises a whele antibody.

163
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70. A specific binding member according tc claim 69 wherein

the whole antibody is IgG4.

71. An isolated specific binding member according to any one
of claims 60 to 70 which binds a human IL-13 variant in which

arginine at position 130 is replaced by glutamine.

72. An isolated specific binding member according to any one

of claims 60 to 70 which binds non-human primate IL-13,

73, An isolated specific binding member according to claim 72

wherein the non-human primate IL-13 is rhesus or cynomolgus.

74.  An isoclated antibody VH domain of a specific binding
m

nember according to any one of claims 60 to 73.

75. An isclated antibody VL domain of a specific binding
memper according to any one of claims 60 to 73,

76. PR compositiocn comprising the specific binding member,
antibody VH domain or antibody VL domain of any cne of claims

60 to 75 and at least one additional component,

77. A composition according to claim 76 comprising a

harmaceutically acceptable exci ient, vehicle or carrier.
X f

78. BAn isolated nucleic acid which comprises a nucleotide
sequence encoding a specific binding member or antibody VH or
VL domain of a specific binding member according to any one o

claims 60 to 75.

72. A host cell in vifro transformed with nucleic acid

‘accerding to claim 78.
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80. A method of producing a specific binding member or
antibody VH or VL domain, the method comprising culturing host

cells according to claim 79 under conditions for production of

sald specific binding member cr antibody VH or VL domain.
8l. A method according to claim 80 further comprising
isolating and/or purifying said specific binding member or
antibody VH or VL variable domain.

82, claim 80 or clasim 81 further

comprising formulating the specific binding member or

A method according to
antibody
VH or VI veriable domain into a composition including at least

one additional component.

g83.

comprising in vitro binding a specific binding member

A method according to any one of claims 80 to 82

h
B S
[
ot
[tH]
H

ot
€u
ct

-

binds human IL-13 to IL-13 or a fragment of IL-13,
84. A method comprising in vitro binding a specific bindin

member that binds IL-13 according to any one of claims 60 to

human IL-13 or a fragment of human IL-13.
85. A method according to claim 83 or claim 84 comprising
determining the amount of binding cof specific binding member

to IL-13 or a fragment of IL-13.

86.

comprising use of the specific binding member in the

A method according to any one of claims 80 to 82

manufacture of a medicament for treatment of a disease or
disorder selected from the group consisting of asthma, atopic
inflammatory bowel

dermatitis, allergic rhinitis, fibrosis,

disease and Hodgkin’s lymphoma.
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87. Use of a specific binding member according to any cne of
claims 60 to 73 in the manufacture of a medicament for
treatment of a disease or disorder selected from the group
consisting of asthma, atopic dermatitis, allergic rhinitis,

fibrosis, inflammatory bowel diseases and Hodgkin’'s lymphoma.
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