-1 - LI GANDS THAT BI ND | L- 13 BACKGROUND OF THE

| NVENTI ON Th2-type i nmune responses pronote anti body production and hunor al
i muni ty,wbanth/moseel aborated to fight off extracel |l ul arcpatrb@geossy Th2
cells are nediators of Ig production (hunoral inmunity) and produce |L-4,
IL-5, IL-6, IL-9, IL-10 and IL-13 (Tanakh; et. al., Cytokine Regul ation of
Hunoral |nmunity, 251-272, Snapper, ed., John Wl ey and Sons, New York
(1996)). Th2-type imune responses are characterized by the generation of
certain cytokines (e.g, IL-4, IL-13) and specific 10 types of antibodies
(IgE, 1gA) and are typical OfLﬁbkﬁb@ Af%ﬁﬁb9D38 which may result in

wat ery eyes and asthmatic synptons, such as alrrway inflammuation and
contraction of airway muscle cells in the lungs. Interleukin-13 (IL-13) is
a pl ei ot ropi ¢ gAtRKRBENDSF THINGANTIXUNOGl obul i n isotype 15 switching to
|gHA and |1 gE, CD23 up regul ation, VCAM 1 expression, and directly activates
eosi nphils and mast cells, for exanple. IL-13 is mainly produced by Th2

cel I's and i nhiiatisydififinit QNSERoBbic b ATBRUBIENGHE RkhSBirbnich, L6,

TNE, 1L-8) by LPS st ated nonocytes. |L- is closely related to IL-4

with whichSit astaresiaboatedsofishs gifcntraced il pathagens. Jh2cells dnmeadatasiof g evel .
Mnty et. al. . : . D) At )
(Mnty et. a Wi@ﬁw@um@?’ﬁﬁg@%}g&{dﬁﬁ& 59%1(.%,3?13[‘),, )LI E,AIIL NoUab HRNY) 3

activities of are sim those o I'L-13 does not have
growt h pr onot i(hanaké.feb @t SCxookincRégubtien offHeapraklmgpumity o3 1+ 7 2chnspp. s | L- 4

does. (Zurawski, Iﬁmfgg an %@XS%‘%’V %‘:"2(%%))8 .]‘?‘?3%96 imfie peglagnsgslgrg ace receptors

and receptor conplex w th ent 2baffinities. The
princi pl e conpbarecttszed by theceptraien dnertaiecaptios (coibtiedbs 3] arukspptifid | L- 13

St hoe ot ortaes SEandified (rarl SR and DEIHIGABH Bl R SoiRGINAN D

| L- 4Ra/ | L- 13Resdlt in varyeeyeoaimsthmaiinsisnptdms] sudhat ainway inflah@atior and3Ral and
| L- 13Ra2 nononers ?ind .L-13 blutlpon %H,Pind | L-4. IL-4Ra/lL-13Ral and
| L-4Ra/ | L- 30 TSRty Mypde selkdn BS{ WS -4 and 11-13. -2 IL-13 is a

t herapeutically inportant protein based on its biological functions. IL-13

has shown t he potenti nhance anti-tu L une _res ses. Since 1L-13
i's invol ved i HE‘[‘:H%‘HﬁHHﬂQB@Rg‘éia§1"6‘ft‘°£r“1 cg}%r"%t é"edé{‘é"ess”,“mi“‘r‘f?ﬁ%“t BPEEF this
cyt oki ne cul dwitohipg evigde ahdBEaOBAS up rdgeladdr, VECAML-ckBreksid, bnd direstlar e
di scl osed in W2007085815, the disclosure of i.ch is.incor a herein
by reference.‘V@%@ﬁf@%géﬂ@aﬂr@ﬁ$8§§s% ¢ giéﬁgﬁffE@qugﬂgfg§é¥%§£ngle
vaL i gbl e domaidlls qu ' bi&&hémﬁuoﬁoﬂ 6L §Kinatosy dyddkiriespiLoN, eﬂ-6ﬁgﬂﬁ,t m]:a)hgt
inhibit I1L-13, and consequently the present invent sought. to find IL-13
i nhi bitors thdy [Ferstigmatelasmasyet dl-Prigplo ttagdo il;' Z ,W‘ﬁ'n‘glﬂ‘éﬂ Esa$sar to
10find i nhi bi tusoidyhedchBIRRMAY at te hahidd dedi 18€:1 KMIRY e &1 andlier
neutralization capaC|t§ L ..

20  363(6417):248-50 (1993)). Although many activities of IL.-13 are similar to those of

IL.-4, IL-13 does not have growth promoting effects on activated T cells or T cells

clones as IL-4 does. (Zurawski et al., EMBO J. 12:2663 (1993)).

The cell surface receptors and receptor complexes bind IL-13 with different

25  affinities. The principle components of receptors and receptor complexes that bind
IL-13 are IL-4Ra, IL-13Ral and IL-13Ra2. These chains are expressed on the
surface of cells as monomers or heterodimers of IL-4Ra/IL-13Ral or IL-4Ra/IL-
13R02. IL-4ra monomer binds IL-4, but not I1.-13. 1L.-13Ral and IL-13Ra2
monomers bind IL-13, but do not bind I1L-4. IL-4Ro/IL-13Ral and IL-4Ro/IL-

30  13Ra2 heterodimers bind both 1L-4 and IL-13.



and/ or |1L-13 species cross-reactivity. The inventors realized that such
advant ages woul d provide for inproved therapeutic and prophylactic

anti -1 L- Modowgsomsad devel opment of these. 15 SUVMARY OPCTHiB20080ENSY ON The
i nvention provides inproved anti-IL-13 imrunogl obulin single variable
domai ns, antagoni sts and conpositions conprising these, nethods and uses.
20l n one aspect, the present invention pRevides an anti-interleukin-13
(I'L-13) inmunogl obulin single variable domain conprising an am no acid
sequence that is identical to DOMLO-53-474 (SEQ ID NO 1), with the
exception that the am no acid sequence has 1, 2, 3, 4 or 5 amno acid

changes conpargd 39, @@%Qutié%n Fiftboktaterdtdn %Qed & 1t§9ﬂlo§’ﬂ:§f Rh&iohhersingl e

vari abl e domai n has a val i ne at osition 28 25according to Kabat nunberi ng,
optional | y whéemreshpvntbe pitenjiablowahdnabinsi-gawainmensaespaetes-coned bt 1306

DOMLO- 53- 616 (ﬁﬁ)%df?nrhllg u@bﬁenﬁs %q@%ecﬁgya&s%ﬁms& drs of AR cWoﬁ%%%ulH”VE”“ on

provides an anti-inte I mmunogl obul 1 n single vari abl e
domai n congr i siregdatherapdutio bersifits. dled d éndtatorsrae disdoR i BIQZ0040858 b, the

DOMLO- 53- 474, 3 2,
34 or 5 am el BRI @Rk hert B BRI an
wher ei n t he sigogtenti-Hr-il Amtidbodosiegle virabletdomame BOMIDES HUEH. )Aneealmw@lfw the G
is at p05|t|on 54 a bat : K;
X'=K or I, and m(;))rq[ve&: %%ﬁng tﬁla\%@(r?oelm rt‘j\ihae'msj‘{gﬁ%q g%%gemdlmr;reanlk%ﬁs g?ﬁégt@%g[
consi st of DO\ﬂiﬂd IO-IBSnlﬁmGorQ @E(perf&rma(enﬁa)etterlmnd)@\dﬂﬁﬁﬁﬂé# inppEctlar tohe

i nvention des .an anti-inter i 13),/1 l.in.singl

vari able d msu I’Pd 'Wﬂglrtcgf bﬁgpro‘érdl Iggll%eb "Hjl llglrﬁelrﬁc%a%rﬁngﬁpaggé@%éaéagg I In% ﬁQ
2); DOMLO- 53- (5&71!/0( 8EQ k@ckﬁlro&}rﬁadﬁﬂwmlﬁaﬂ%&r:{ﬁﬂﬁed DaN@ich 4jivanciges

DOMLO- 53- 616 ( SE her as e nt|o rovi des an
anti-interl euk¥H l%m(“l 3%‘pfoﬁ%tﬁ8ral° ﬁl""?dnprg@ﬁ'gchc 9‘?" }Lag%/ i Ir[: \1“5
wherein the vakwab@ﬁmQOﬂmhﬁ is DOMLO-53-546 (SEQ ID NGO 2); E[Wﬂ0-53-567
(SEQ ID NGO 3)or DOMLO-53-568 (SEQ ID NG 4).

15 SUMMARY OF THE INVENTION

The invention provides improved anti-I1L-13 immunoglobulin single variable

domains, antagonists and compositions comprising these, methods and uses.

20  In one aspect, the present invention provides an anti-interleukin-13 (IL-13)
immunoglobulin single variable domain comprising an amino acid sequence that is
identical to DOM10-53-474 (SEQ ID NO: 1), with the exception that the amino acid
sequence has 1, 2, 3, 4 or 5 amino acid changes compared to DOM10-53-474 (SEQ
ID NO: 1) and wherein the single variable domain has a valine at position 28

25  according to Kabat numbering, optionally wherein the single variable domain does

not consist of DOM10-53-616 (SEQ ID NO: 5).

In a second aspect, the present invention provides an anti-interleukin-13 (IL-13)
immunoglobulin single variable domain comprising an amino acid sequence that is

30 identical to DOM10-53-474, with the exception that the amino acid sequence has 1,



An aspect of the invention provides anti-interleukin-13 (IL-13)

i munogl obul i n single vari abl e domai n encoded by the nucl eoti de sequence of
DOMLO- 53-waeo6(48EQ | D NO. 6); DOMLO- 53-567 (SEQ | D NOPCT)EP2008NET853- 568
(SEQ ID NO 8); or DOMLO-53-616 (SEQ ID NO 9), optionally wherein the
single variabl e domain does not consist of DOMLO-53-616 (SEQ ID NO 5). An
aspect of the invention provides a pol ypgptide conprising an amno acid
25sequence that is at |east 99%identical, or 100@6identical to

DOMLO- 53-546 (SEQ I D NO 2); DOMLO-53- 567188 &A@DCNHO 53-568 (SEQ
ID NO 4); or DOM i BEng a@d plemeysicompaed &) DO 915érf‘aYl4l(§/E NG ) ek

pol ypepti de d%ﬁerém%he%ﬂ@%waﬁgolm Rad LR qlienBQx GR RO, wharein tht (gt nvention
al so relates to antagonists, fusion proteins and devices comprising such
singl e var|abnmmﬂoméﬁm@OKM§@9KBW§mh@E§“BdeconpOS|t|ons The ant agoni sts
are useful for q@gﬁgpﬁing | L- 13- nedi at ed di seases and conditions in
patients, such as hunah patients, for exanple for treating and/or
preventing 3 ung XFSeade such as 5ast hma, COPD or influenza. Further

enbodi nents of t eltpyfﬁﬁdon of different scope are contenpl ated herein,
and as discl ose BRI EF DESCRI PTI ON OF THE FI GURES 10
Figure |I: Map of pDOMVb vector. Figure 2: (a) Am no acid sequences of
anti-IL-13 |nmpﬁglllacblmwhewlfs‘ihﬁglhéle\Yaﬁlqbéﬁbloél Fﬁ%tcemSI&tﬁéDqu@n‘ﬁ O as wel |
as prior art ng Tbhui S|ngle vari abl e domain DOML 0-53-474 (SEQ I D NO

1); and (b) nucl éotide equences of the CDRs (according to Kabat) of the
single variable domains. 15Figure 3: Nucl oetide sequences encodi ng
anti-1L-13 inmungl obulin single variable domains of the invention as well
as prior ajf afth- kldd £p&gl ehe/ahidalbe slomasN amtlﬂﬂéfeuﬁﬁ% Kilgune 4: (a)

& (b) Alignnment of am no aci d sequences of anti-IL
immunoglobulin single variable domain, wherein the varlable domain is DOMI10-

53-546 (SEQ ID NO: 2); DOM10-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ
ID NO: 4); or DOM10-53-616 (SEQ ID NO: 5). In a further aspect, the invention
provides an anti-interleukin-13 (IL-13) immunoglobulin single variable domain,

15  wherein the variable domain is DOM10-53-546 (SEQ ID NO: 2); DOM10-53-567
(SEQ ID NO: 3)or DOM10-53-568 (SEQ ID NO: 4).

An aspect of the invention provides anti-interleukin-13 (IL-13) immunoglobulin
single variable domain encoded by the nucleotide sequence of DOM10-53-546

20  (SEQ ID NO: 6); DOM10-53-567 (SEQ ID NO: 7); DOM10-53-568 (SEQ ID NO:
8); or DOM10-53-616 (SEQ ID NO: 9), optionally wherein the single variable
domain does not consist of DOM10-53-616 (SEQ ID NO: 5).

An aspect of the invention provides a polypeptide comprising an amino acid

25  sequence that is at least 99% identical, or 100% identical, to DOM10-53-546 (SEQ
ID NO: 2); DOM10-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ ID NO: 4); or
DOM10-53-616 (SEQ ID NO: 5), optionally wherein the polypeptide does not
comprise DOM10-53-616 (SEQ ID NO: 5).



i mmunogl obul i n vari abl e domai ns of the invention versus the am no acid
sequence 20 of DOMLO-53-474 (SEQ ID NO 1). Nunbering is according to
Kabat . Amwvoaosaico4ssesi due di fferences versus DOMLO- 53- 4PET(EBEMQSIOEY7BIO. 1)
are indicated by an amno acid (single letter fornmat) at the positions
where di fferences occur. Wiere there is no difference in amno acid at a
particul ar position versus DOMLO-53-474;4this is indicated by ".". CDRs are
underlined. 25(c) & (d) Alignnent of am no acid sequences of anti-IL-13

i mmunogl obul i n variabl e domains of the invention versus the amno acid
sequence of DAWEGnBBtionatsy relaeera atagonists,)fusipprotsins 3ad flavicss EYPRITSTE t o
Chothia. Am n%@%ﬁ’gxé @acrlagfé%oﬁinhfng,gfs%g{‘hﬁﬁllo&'@‘fngQémM§.5"§héazﬂag()§'§@a}eD NG 1)

are indicated by an am no aci . e letter format) at the positions
wher e di f f er enoefs! for adgdressini Hp-&3nediated idescrgs didiepaditionsdn patieatyi wehaci d at a
par ti cul ar posj bl RaRKSHS MO Bedhif apd i elcidd healad: hin e . CDRS are
underlined. 5 |uglilr gate: STryfm dtl-ogegatlsé(’z)igcl angt?? -el Ilgr1113 ifmmngl obﬂgl’i n single
vari abl e déniasthmaf CORR of mflupizaon as wel | as prior art anti-1L-13 single
vari abl e domain DOMLO-53-474 (SEQ ID NO 1). DETAILED DESCRI PTI ON 10Wthin

this specificaljif} dibRdinHR iR InVAAGoPARINTEER SEpRaR collemBlatedlhfegiice t O
enbodi nents, in a way which enables a clear and conci se specification to be

witten. It ioniasdisdesdd an®lletivul d be appreciated that embodi ments may be
variously conbi ned or separated without parting fromthe invention.

15Unl ess defined otherwi se, all technical and scientific ternms used herein
have the sanme neani ng as conmonly understood by one of ordinary skill in

the art (e.g, in I enetics, nucleic acid chem stry,
hybri di zati on qg@%ﬁ?%ﬁ@%ﬁﬁf%ﬁﬁw St andard techni ques are used
for nol ecul ar, genetic and bi ochem cal nethods (see generally, Sanbrook et

al ., Mol ecl arrigidremni vgp ofp[RM&lvestat ory Manual , 2d ed. (1989) Cold Spring
Har bor Laboratory Press, Cold Spring Harbor, N. Y. and Ausubel et al., Short

Protocols in | ecyl Bi ol agy )e 4t E ﬂmi@ V' |: I nc. which
are incorpor al\%%fl r?ﬁ%‘r@‘%mbn?/’ a?gfsgétéeﬁ((g:eg)()f%’ﬁg”“cﬂaelm ca lo\ré{'e{"ﬁ%lﬁé? %%%lfhe term
"am no aci d chianges of teaesiibrtas Wolkl PriGr3ut4nd-IL SEQingD® WHtabld I0mainc| udes
withinits sc i.nQ i > re ea chan IS €] r an amnino
acid subst i tuﬁ?@%‘?%&“@?ﬁo‘%‘? gér]ﬁgggitaﬁ@ﬁ’? "}“ﬁe"gﬁésee“ s o t,:bgﬁl y amno acid

substi t utions (adcerdifpanKabyt) bfe sigglavariable domains.

15  Figure 3: Nucloetide sequences encoding anti-1L-13 immunglobulin single variable
domains of the invention as well as prior art anti-IL-13 single variable domain

DOM10-53-474.

Figure 4: (a) & (b) Alignment of amino acid sequences of anti-1L-13
immunoglobulin variable domains of the invention versus the amino acid sequence
20 of DOM10-53-474 (SEQ ID NO: 1). Numbering is according to Kabat. Amino acid
residue differences versus DOM10-53-474 (SEQ ID NO: 1) are indicated by an
amino acid (single letter format) at the positions where differences occur. Where
there is no difference in amino acid at a particular position versus DOM10-33-474,

this is indicated by “.”. CDRs are underlined.

25 (¢) & (d) Alignment of amino acid sequences of anti-IL-13 immunoglobulin
variable domains of the invention versus the amino acid sequence of DOM10-53-
474 (SEQ ID NO: 1). Numbering is according to Chothia. Amino acid residue
differences versus DOM10-53-474 (SEQ ID NO: 1) are indicated by an amino acid



- 6 - As used herein, the term"ligand" refers to a conpound that conprises
at | east one peptide, polypeptide or protein noiety that has a binding site
wi t h bi ndvogospmwedshi city for |1L-13. The |igands accordi rgTiEP260806T78¥ €Nt i ON
optionally conprise i mmunogl obulin variable domai ns which have different

bi ndi ng specificities, and do 5not contain variable domain pairs which
together forma binding site for target-Zonpound (i.e., do not conprise an
i mrunogl obul i n heavy chai n variabl e domai n and an i nmunogl obulin |i ght
chain variabl e domai n that together forma binding site for IL-13).

Optional |y, edeReladntisr formph etrihresitignpvhs digfeesnees Ogﬁ‘ét & B Wy
specificity fQfiffdef@i®&hinbaciaAt 4 PARIRE pehtdd versks DAIN1 0L88-# 2P kigs domai n (e. g.
10i munogl obul i n singl e heavy chain variable domain (e.g, VH VHH),

i munogl obul i rindifated & .- JHPRe#ampdeglitedabl e domain (e.g. V1)) that has

bi ndi ng specificity for a desired target (e.g, IL-13). Each pol ypepti de
domai n which has a binding site that has binding specificity for a target
(e.g, 1L-13) can also conprise one or nore conplenentarity determ ning

regi ons ( )..of an_anti bod 1 ti body fragnment (.e. an
innunoglob% i rf &Y PEWB%R ﬁﬁ%ﬁgéﬁﬂgkﬁ?“PWH?lﬂ%@“%”ﬁ%ﬂﬁégggg%???%ﬁﬁy'for a
desi red t ar getthé Bwvéntioh ks W3l ad prioa as uti-Hb & sihgle vadablesdoatait @M [OFB8-4/4ndi ng
domai n has binggﬁq §§$pfficity for the target. For exanple, the CDRs can be
grafted onto 4SEWTP, e)protein scaffold or skeleton, such as an affi body,
a SpA scaffold, an LDL receptor class A domain, or an EGF domain. Further,
the ligand can be 20bival ent (heterobivalent) or nultival ent

(heteronul tival ent) as descri bed herein. Thus, "ligands" include

pol ypeptides t i Abs wherein each dAb binds to a different
target (e.qg, |$ﬁﬁ§ﬁ$ﬁ??§?€Rﬁﬁ3%ﬁds al so include polypeptides that conprise
at least two dAbs that bind different targets (or the CDRs of dAbs) in a
sui t abl e f i naWithis gk spesifigationnity ipeenjion basthgen descrgped) with refgeence &t nat , scFv,

Fab, Fab', 25F I %Qtsoff}noala\vda?’wﬂiapén%bl% OLiedrind cacse E%cﬁfca%ﬁb et Qe UCh as

an affi body, a SpA scaf , an LDL receptor class domai n, an EGF domai n,
avi mer and dudl is isteafledahd shogldde inppreciatedyhppmbpdingpatsanaydedanieysdh n. The

pol ypepti de do bﬂwﬁﬁ}%Qngﬁ“%h&hqﬂhﬂ 5hife Ihaitionas binding specificity

for a 30target (e.dq, can al'so Be a protelin domain conprising a
binding site for a desired target, e.g, a protein domain is selected from

an affi body, Ad i an Cl. LN i mer (see,
o U S, Ba CASS R shenRRe schRERRHE LidhifE s BB Rin BT Y

2005/ 0089932, AMOnicAdi6d 30bmmdrly arelsistoed by an¢ ofi agdinaty skilnn therattiieg, isonpri se
one or nore addjtional ieties..that .can.each.ind 3 pepti de,
pol ypepti de oﬁehfwﬁgﬁﬁ“ﬂ§¥gf§“8P“h“%%%9%@%@Fﬂ?%”hﬁﬁﬁ@gs€%{%98§W§%|ya|ky|ene
gl ycol, a |i pidid bivchaniowy)ysinatas) techniqueeara mdepr mblecularggenekicand 5f ur t her

ol al kyl ene. digRtemabTebos G ededihy SERPTSS b Rt € P humi n
fragment or0 alhibbiatory Bfanadli2d ed. (TO8BICoIESpringithrtny LabaasfyelredsnCold transferrin

fragment or Spring Harbor, N.Y. and Ausubel ef al., Short Protocols in Molecular Biology

(1999) 4™ Ed, John Wiley & Sons, Inc. which are incorporated herein by reference)

and chemical methods.

25  The term “amino acid changes compared to DOM10-53-474 (SEQ ID NO: 1)”
includes within its scope amino acid changes where each change is either an amino
acid substitution, deletion or addition. In one embodiment, only amino acid

substitutions are meant by the term.



transferrin variant, a noiety that binds albumn, a noiety that binds
neonatal Fe receptor). 10 "Dual -specific ligand" refers to a |igand

conpri si /yoaofuaseissant i gen or epitope binding site (e.gPCTEPR@IB/067789

i mrunogl obul in single variabl e domain) and a second antigen or epitope
binding site (e.g., second i munogl obulin single variable domain), wherein
the binding sites or variable donains ar@- capabl e of binding to two
15antigens (e.g., different antlgens or two copies of t he sane antigen) or
two epitopes on t antig h are not nop

nonospeci fi c ﬁﬁw‘ﬁg‘g S‘gte}f’?W““Fg%a“gxﬁ ?té’actoﬁ’é’oi"{ﬂcf ‘369 \BIB% ﬁ’ﬁ@ﬁ%&e on the

sane antigen, ﬂépﬂidea &l ﬁb@t:dd&]ﬁn&amo@d@ytlﬁﬂeas@rblrﬁiufgfsﬁtememtbhwnr@dj acent to be
bound by a nonosp eC|f|c lig I n one enbodi nent, dual ecific |igands

according to tSH%"“i-“i*\VJﬁ'iIlLolr\” érrhé ligands Agroting ‘Bf‘heo‘f‘}‘ﬁi‘it‘ﬂ'@"%tiot“@ MRS i abl e

domai ns whi ch ihaM@oglbhfiRranibiSRsdids veHitH 1RSe dm@lendemmn spRiTicaicn antitivial |y
conpl ementary vari abl e domain pairs ﬁl e VHNLntgal rs) i ¢ch_have the sane

speci fi ci ty (inet capgrimuariaplgdemainpgirs whigh fertenigre pollinggle frdiedier ei n, t he

phrase "tar getcomrpglflrﬁlr(?e 40 Iﬁ)t BbRpRGlak ﬁhmﬂﬁﬂgﬂfbﬂhﬁhéa@ Ghail S4abRelomafn
pol ypepti de, protein car bohydr at e) whi ch a pol ypepti de, domain

whi ch has a blaﬁénaﬁgn@vm?q?ahn bghﬁahalrrwabﬁrdgeemdhﬁ togsthef ym@badiesite o

intracel | ul ar a5 0ph) b%tl&all?rbabm@cfn?aq@lvhféﬁ s aﬂilﬁﬂlﬁ’g SteltRdt 884 DindiAg SOl ubl e
target (e.g, a secret protein such as |L-4, 3), or a cell surface

target (e.g, Spersfitityora forast isiemimmunoglobplimsingle mrab}?)domaw @& enbodi nent,
the target 0' S {'l’l!l'l'IU%OQBbLlliln “sigle rﬁg\ry é%gﬂ'\)ca fignendmAh (&4, eL, Wb, egi ons or domai ns.

An |mmnog obu ria omal n can be present I1n a format (e.qg,
hono- or het erlmnmbglpbtém)smgietlmhmﬂaevvarﬁablf: dernain fegyiVogh@has/bipdiagl e donai ns

where the ot Ewhe&ﬁc[g{a/%ﬁsa (?JSIfM%%ﬂ% fLelﬁobggh%preﬁﬁd f&haﬁ%ﬂla‘?ﬁhsg' ndi ng by

the single i nog I nvari Sdomai’n ere the 5i mmunogl obulin
single vari ablmnﬁmgmuemhdbhmn@m spg‘eﬁCItyrfdep@rgtemg, JL-08) qahelsadenprisgnal

V.arl abl e dorml n rmore Q%%g&n{%ﬂéﬂ&&%%;}ll . g@quR% @frhn a'nmp%gl obulin

single varlable omain ermls erein. A"sin -
i mmunog! obl#l i rantibodydiHgmenidegi an mrrsmbgiebtélammg&asvaaﬂblé dmnbgatdbﬂblhﬁmgi ngl e

vari abl e donmai n ed i AL S i i abl e
tomay i Cor 1ol BEadSLR ket B R MAEDE BnlipisTnEh Sy@nbiaR AL
"i mmunogl obul |dmnmm’lg;benmzlmlglsa:tmlif‘e:ntgldasrahenfargas Ftolnexanaﬂmhescmléfe@nrbergaifmd An

sl ohul | 3 05k, aE RS S0TR A, MO0 SRR B S, 2 o
ot her speci es ISDIC Receygor ddaie Atdofradi; ottt domas. Ehrthef dsdiandicad®e00/ 29004, the
contents OZfO 1varl]en?lih%telro 1val£l ro?'tm%?tivhalﬁaate (ithen%}lnultivalent) as described herein.

Thus, “ligands” include polypeptides that comprise two dAbs wherein each dAb

binds to a different target (e.g, IL-4, IL-13). Ligands also include polypeptides that

comprise at least two dAbs that bind different targets (or the CDRs of dAbs) in a

suitable format, such as an antibody format (e.g, IgG-like format, scFv, Fab, Fab’,

25  F(ab’)y) or a suitable protein scaffold or skeleton, such as an affibody, a SpA
scaffold, an LDL receptor class A domain, an EGF domain, avimer and dual- and

multi-specific ligands as described herein.

The polypeptide domain which has a binding site that has binding specificity for a
30  target (e.g, IL-13) can also be a protein domain comprising a binding site for a
desired target, e.g, a protein domain is selected from an affibody, a SpA domain, an

LDL receptor class A domain, an avimer (see, e.g, U.S. Patent Application



15reference in their entirety), nurse shark and Cane/id VHH dAbs. Canelid
VHH are i mmunogl obulin single variable donmai n pol ypeptides that are derived
from specweoionsb4sdi ng canel, |l ama, al paca, dronedary, pamadpgaanerrey whi ch
produce heavy chain antibodies naturally devoid of |ight chains. The VHH
may be humani zed. 20The i mmunogl obulin single variable domains (dAbs)

descri bed herein contain conplenentarity7determ ning regions (CDRI, CDR2
and CDR3). The | ocations of CDRs and frarre wor k (FR) regi ons and a

nunberi ng system have been defined b E.A et al.

t
Sequences of Mubliesdtias Nos. 20A500N3P 626 /OQSﬁ?gr §§Q5/01|6|4§Q1|}r Edrsiiedrg U, S,

Depart ment  of ﬂgéﬂd"laa gthé?"‘%ﬁné%n@opﬁl%re agdraonm%m@{ca%%géﬂ nting Ofice
(1991)). The anTho ac sequences of CDRs (CDR1, CDR2, CDR3) of the VH

and VL (V.) dAbc@pmdguulsobeeajpdp@d@mlymnhﬂe b@rp@mmw@p@a@l@nﬁpﬂﬂ@ MMty per son of
skill in the r%@@ﬁ%%ﬂ&oml&m@&mhﬁ%k PR AL fk piABesd Ng system

and definition ccording to abat numbering system heavy
chai n CDR- K3 Hankervampiiseg habfride érdendinggegiety gndesenited hareinelegda bet Ween 30

resi due H100
1-1101). 6}{2% h%?%‘e\gﬁ/ {llnillog %/ rﬁm té‘?ﬁﬁl% '(%alﬁusl?lﬁg ?ﬂ)edﬁ%gs m of Chot hi a
(Chot hi a et alalbun{id 98%nt, Gomficy rmtlprcsng tohsfermmum waylsEiin fragokgpper var i abl e

regions; Nat ur f 14 in V%l‘lal’lt a rgongtnge%%infi?gl%&%@r Mho e?y tﬁ‘m r%sag%?f{l g}: ng to the

Contact net hod ool ol n org.u or suitable
net hods for det-mpmr)m ng CDRs Once each resi due has been nunbered, one
can then artbply the following CDR 5definitions ("-" nmeans sane residue
nunbers as shown for Kabat): Kabat - npst conmonly used nethod based on
sequence vari auhi- :tpﬁmﬁuﬁ'gmg” Keflrato aliainé comgy)singGDRstHIntigSlor 8pit@6A/ 35B 10CDR

H2: 50-85 CIR blIE)’dmg site e 2., gtl;s)ﬁmmunogloglﬁm smg%D\%rlag]e domam?an%elc‘(?’nd 89- 97

antigen or epitope binding site (e.g., second immunoglobulin single variable
domain), wherein the binding sites or variable domains are capable of binding to two

15  antigens (e.g., different antigens or two copies of the same antigen) or two epitopes
on the same antigen which are not normally bound by a monospecific
immunoglobulin. For example, the two epitopes may be on the same antigen, but
are not the same epitope or sufficiently adjacent to be bound by a monospecific
ligand. In one embodiment, dual specific ligands according to the invention are

20  composed of binding sites or variable domains which have different specificities,
and do not contain mutually complementary variable domain pairs (ie VH/VL pairs)

which have the same specificity (ie, do not form a unitary binding site).

As used herein, the phrase “target” refers to a biological molecule (e.g, peptide,

25  polypeptide, protein, lipid, carbohydrate) to which a polypeptide domain which has
a binding site can bind. The target can be, for example, an intracellular target (e.g,
an intracellular protein target), a soluble target (e.g, a secreted protein such as IL-4,
IL-13), or a cell surface target (e.g, a membrane protein, a receptor protein). In one
embodiment, the target is [L-4 or [L-13.

30
The phrase “immunoglobulin single variable domain™ refers to an antibody variable

domain (Vy, Vun, V1) that specifically binds an antigen or epitope independently of



15 Chothia - based on | ocation of the structural |oop regions (using
Chot hi a nunbering): CDR H: 26-32 CDR 112: 52-56 20 CDR H3: 95-102 CDR Li:
24- 34 CDRvbh20108@6e46 CDR L3: 89-97 25 AbM - conpron se betwsrrokabass and
Chot hi a (usi ng Kabat nunbering): (using Chothia nunbering): CDR H

26- 35/ 35A/ 35B26- 35 CDR H2: 50-58 CDR H3: 95-102 30 CDR Li: 24-34 CDR L2:
50-56 CDR L3: 89-97 Contact - based8on crystal structures and

predi ction of contact residues with antigen 35(usi ng Kabat

4755 COR 13: B other V Tegon of @RIy ATITASOREREI TEI 6785 SOPRT !

89-96 As used QRbEPRsent M LoHERH L. 8- Komd:- bkhddromafi@nér) Wath Bedekvalable occurring
or endogenous nmanmalian |IL-4 proteins and to proteins having an am no acid

sequence whi cHegignsgs vatigblesdomainggvheredhe athergegighs A dpmging i ipt ieagregior
endogenous CorfassHifoby METREIE @munoglobulin variable domain (i.e., where the
5  immunoglobulin single variable domain binds antigen independently of the
additional variable domains). A “domain antibody” or “dAb” is an
“immunoglobulin single variable domain” as the term is used herein. A “single
immunoglobulin variable domain” is the same as an “immunoglobulin single
variable domain” as the term is used herein. A “single antibody variable domain” or
10 an “antibody single variable domain” is the same as an “immunoglobulin single
variable domain” as the term is used herein. An immunoglobulin single variable
domain is in one embodiment a human antibody variable domain, but also includes
single antibody variable domains from other species such as rodent (for example, as
disclosed in WO 00/29004, the contents of which are incorporated herein by
15  reference in their entirety), nurse shark and Camelid Vyy dAbs. Camelid Vyy are
immunoglobulin single variable domain polypeptides that are derived from species
including camel, llama, alpaca, dromedary, and guanaco, which produce heavy chain

antibodies naturally devoid of light chains. The Vi may be humanized.

20  The immunoglobulin single variable domains (dAbs) described herein contain
complementarity determining regions (CDR1, CDR2 and CDR3). The locations of
CDRs and frame work (FR) regions and a numbering system have been defined by
Kabat et al. (Kabat, E.A. et al., Sequences of Proteins of Inmunological Interest,
Fifth Edition, U.S. Department of Health and Human Services, U.S. Government

25  Printing Office (1991)). The amino acid sequences of the CDRs (CDR1, CDR2,
CDR3) of the Vi and Vi (V) dAbs disclosed herein will be readily apparent to the
person of skill in the art based on the well known Kabat amino acid numbering
system and definition of the CDRs. According to the Kabat numbering system
heavy chain CDR-H3 have varying lengths, insertions are numbered between

30 residue H100 and H101 with letters up to K (i.e. H100, H100A ... H100K, H101).
CDRs can alternatively be determined using the system of Chothia (Chothia et al.,
(1989) Conformations of immunoglobulin hypervariable regions; Nature 342, p877-



- 10 - IL-4 protein (e.g, reconbinant proteins, synthetic proteins (i.e.,
produced using the nethods of synthetic organic chem stry)). Accordingly,
as defi nesioheroaicsst he term i ncl udes mature |L-4 protei RCTEPRYSOETIRY C Or
allelic variants, and other isoforns of an IL-4 and nodified or unnodified
forms of the foregoing (e.g. lipidated, 5 glycosylated). Naturally
occurring or endogenous IL-4 includes wi?d type proteins such as nmature

| L-4, polynorphic or allelic variants and ot her isoforns and nmutant forns
whi ch occur naturally in mamral umans, non- unan primates). Such

proteins can B&3 }ée@v&rgetawp%r%ﬁi@a iq rheﬁ%oatagtdww RN S 2ECur al | y
produces | L- 4, hhOhvveX% BRI 8re. tkNBSAoPdufthifl RetdBdfoPiQtRiimag OBRIsNg t he same
am no acid sequence as a 10 naturally occurring or endogenous
corresponding IL-4, are referred to by the nane of the correspondi ng

mammal . For exgRkfon alRRIctia B G b&SD eRdEdAgh lihd fligwE@R the protein
i s desi gnated @fniBoRY Bndahs fme PEYEREBUmBLS 38iholvh o RILAHEI NS are known in
the art, such as those disclosed in WO 03/038041. 15As used herein

"inter | euki n- 43, 1(',hosléam&smynsdmmtbarealohxea&ﬁw\rahwr.r}r endogenous

mammal i an | L-13 pr grléab afhnlbriihot ei ns having an am nd acid sequence
which is the sane g\%ﬂg a31_ 5/ A rally occurring or endogenous

cor respondjgng nam’@gRam sgs3 protein (e.g, reconbinant proteins, synthetic

pr ot ei ns (|. ., pr d%sma t he net hods of synthetic organic

chem stry)). Accor difjg] ¥.»433 defined herein, the term 20i ncl udes mature

| L-13 protein, pol 56 <@ allelic varlants and ot her isoforns of IL-13
(e.q, produced by gﬂﬂ §1% 9\/7e splicing or ot her cell ul ar processes), and
nodi fi ed unnodi fied Torms of the foregoing (e.g, |ipidated,

gl ycosyl at ed) turall rri L-13 incl ude wild type
proteins such CalNﬁ] b § on (;Ftﬁ gtrucg'ﬁgqgogﬂ(gé??;el ic variants and other

i sof orms and nut an [f ma@ Qg ccur naturally in mammal s (e.g, hunans,
non- human pri mat esk jﬁ npl e, as used herein |IL-13 enconpasses the
human | L- vari an / Arg at position 110 of mature human IL-13 is
replaced wi'th dn % )25%@ 10 of mature |IL-13 corresponds to position 130

of the precursor p ich is associed with asthma (atopic and

nonat opi ¢ ast hma) % variants of IL-13. (Heinzmann et al., Hum 30
Mol Genet. 9:549-5 ) Such proteins can be recovered or isol ated
froma so rce ch naturahﬁ% uces L 13, for exanple. These proteins
and prot ei ?D“E'W‘f@ % ah) ﬁ nce as .a naturaIIy occurring
or endogenous cor mbETing: “qé'“f 8&‘?%‘8’"1 B8 t he nane of the
correspondi ng rramrgl br26 éﬁ?ﬁ‘f%s whed e t he correspondi ng mammal is a
human, the protein ey gﬂ‘at ed as a human | L-13. Several nutant IL-13

pr ot ei ns are known SR HHeS21%  such as those discl osed in WO 03/ 035847. 5
"Affinity30and "avl@RY 2434 terms of ~art that describe the strength of a
bi ndi ng interacti ofPR#¥4:R%%8spect to the ligands of the invention, avidity
refers to the over &PRki:#8Mgt h of binding between the targets (e.g, first
target and second target) on the cell and the Iigand. Avidity is nore than
t he sum of t h&onigi \hagagadn caystdl piryctuses and pradission of Goatagy rgtidyes pathgatigen As used
herein, "t¥xin noi &s{e kabptapmbering: rm(uét"g Ghrthia mgsTindes a toxin. A toxin
is an agent that h&PRBI S0 HALE fedd-350n and/or alters cellul ar

hysi ol o e.g, c&iMed2: 38l ar necrosis, apoptosis or inhibits cellular
d zision)g?/ (€9, 53 01 : pop

CDR L1: 30-36 -
40 CDR L2: 46-55 -
CDR L3: 89-96 -

As used herein “interleukin-4” (IL-4) refers to naturally occurring or endogenous
mammalian IL-4 proteins and to proteins having an amino acid sequence which is

45  the same as that of a naturally occurring or endogenous corresponding mammalian



15 As used herein, the term"dose" refers to the quantity of Iigand

adm nistered to a subject all at one tine (unit dose), or in tw or nore
adm ni st raDi2or6ea86r a defined time interval. For exanplpel/Epo@s/o6ER9 r ef er
to the quantity of ligand (e.g, ligand conprising an inmunogl obulin single
vari abl e domain that binds IL-13) 20adm nistered to a subject over the
course of one day (24 hours) (daily dosdf- two days, one week, two weeks,

t hree weeks or one or nore nonths (e.g, by a single adm nistration, or by
two or nore admnistrations). .The interval hetween doses, can be any desired
brount o £ i el DR S AT BHERG BIP P e o ST WO o

i munogl obul i MméRSMioNSynftie Beakie chemthyi) e SA@brdsdghyias duied Wtiathé @i cognat e
pairs or groups or are derived from such faqi[ies and re ain%ghi%gfeature.
For exanpl e, dnshsicdgtirs lLamgroteinpolysmmhie grllgh wrpnthsad oRFeisUsHy Ynent ary;

two V11 domai n 1RI48and @fodSrRaARY eﬁmmiﬁémfformtﬁe/\faregomgg@g,nﬁ)i@fee, not
conpl enentary. Conpl enentary donmains nmay be 30 found in other nepbers of

the i mmunog! otalYSopy aePe Natwdllvpeowtiphorsadegsaonn -4 inglpdss Wil prafsivai ns of

the T-cell recgpt Armatl@MBIANSoIWRbPHIc BF IHE Whhidntd Al otheHBBfoARs MR based on
protein scaffol ds which do not bind epitopes unless engineered to WO

2010/ 060486 PCTPEE20E) o Frmturallylip mamygnls(s. e, ApeansJIondWmsn BHEAEEr PUSl i kewi se,

two domai ns bag&din®Ban(feQbcRXRABY §dla@d rbATILBREE RRkhinRufPYREIueRdLA, ,
fibronectin domain are not conplenentary. As used herein, "inmmunogl obulin”

refers to a fdafexpmple. Jbesereseingen pipiFishhavéntedhpsaneaming aaidiFaYesBat a4 n ol d
characterigfi Cnaglfralgg)tcb-prﬂg%/of@gg&ggﬁﬁ;on%bﬁané;Rnﬁ,aa'renre?%d ft(f’bﬁt:ﬂ@ﬁﬁrﬁq and,

usual ly, a conserv di suf phi Menber’s of the inmmundgl obul in

super fani |y ard thernpoespeudingimammal. oy exanple whees| thegosresponding orumeed! isl ar
interactions i RV i .ne L& i rol I i 1 : tem (for
exanpl e, anti bhg1 :ég’st,ﬂe q}_ogﬁ 1}&‘3';:52 gpt grggﬁ%rﬁ%glu gsﬁzﬁ%p?hgﬁtl [?“kei; , {%luéné%l venent
in cell adhesikpawgfirothe astzouph & thére disOlogadn WD 83/038)K). and i ntracel | ul ar
signaling (for exanple, receptor nolecules, such as the PDG- receptor). The
present invention is applicable to all inmmunogl obulin superfam |y nol ecul es
whi ch posskEss A usdd hgeid Simgirleskindl3” dhel 3@ refarsliomanirgllytdeeurpngsesndogenvent i on

el ates 1o ant o RS oIS olehe AOMB L am 8 hE0 e RS Protei n

the same as that of a naturally occurring or endogenous corresponding mammalian
I1.-13 protein (e.g, recombinant proteins, synthetic proteins (i.e., produced using the
methods of synthetic organic chemistry)). Accordingly, as defined herein, the term
20  includes mature IL-13 protein, polymorphic or allelic variants, and other isoforms of
IL-13 (e.g, produced by alternative splicing or other cellular processes), and
modified or unmodified forms of the foregoing (e.g, lipidated, glycosylated).
Naturally occurring or endogenous IL-13 include wild type proteins such as mature
I1.-13, polymorphic or allelic variants and other isoforms and mutant forms which
25  occur naturally in mammals (e.g, humans, non-human primates). For example, as
used herein IL-13 encompasses the human IL-13 variant in which Arg at position
110 of mature human IL-13 is replaced with Gln (position 110 of mature IL-13
corresponds to position 130 of the precursor protein) which is associed with asthma
(atopic and nonatopic asthma) and other variants of IL-13. (Heinzmann et al., Hum
30 Mol Genet. 9:549-559 (2000).) Such proteins can be recovered or isolated from a
source which naturally produces IL-13, for example. These proteins and proteins

having the same amino acid sequence as a naturally occurring or endogenous



structure independently of the rest of the protein. CGenerally, domains are
responsi bl e for discrete functional properties of proteins, and in many
cases maywbeosnddess renoved or transferred to other protrermPeusibes | oss
of function of the remainder of the protein and/or of the domain. By single
anti body variable domain is 20neant a fol ded pol ypepti de domain conpri sing
sequences characteristic of antibody varlilabl e domains. It therefore

i ncl udes conpl ete anti body variable dormai ns and nodified variable domai ns,

for exanple in which one or nore | oops Eave been repl ac nces
which are not “eH&PaBdiag [lsf 3. @regeterd foydye tams Aphecodsshen §g t Yody

vari abl e domaidkgmplei CherEBE Qo@Bshdidgungidh &ds ® hurB e ps@eilts dlﬂélgﬁ:ﬁté(ﬁism nal 25
extensions, as well as fol ded qnfg;rrents of vari abl e domsu ns Whl ch retain at

| east in part aheapilhddngews! myptany ilghprefsinsiarg ow theepesuelp thPengt h

domai n. Thus, (g@gged;ngﬁmnmmw ses at |east two different dommins. The
term’ I|brary refers to a m xture of heterogeneous pol ypeptides or nucleic
30acids. THe library is conposed of nmenbers, each of which has a single

pol ypepti de or« i fd 35ifly® GRUERESF arl that @és&ﬂ@%@ﬁkngth'o‘?ﬁ@frﬁrﬂgs synonynous
with repertoire. Séquence differences between |ibrary nenbers are

responsi bl e f dntetaggordi With sispapt to-thej ipandsypfdheinyentipn.amidity referafgthe pyaall i brary

may take the fsgreﬁgn%fan&hgﬁ tfed (e earg%tsqz gpmlsm@&tenée&om taf0| fitke @I ds, or

may be in the Isnms or cell's, for éxanple bacteria, viruses,

ani mal or pl arﬂnd(ﬂwlligmén@lwtih)ewlmq{@tham tharsgm@f thedndiyidwnl affinitiss faryheof nucl ei c
aci ds. n ndi vi dual organismor cell contains only 5one or a
limted nufr%ea‘LJj }Thdf”?g% o menbers. Advant ageously, the nucleic acids are

i ncorporated into expreSS| on vectors, in order to all ow expression of the

pol ypept i des ez&] CL?S%(? Her ‘t xm %%?e# Irgfeﬁctbg%méty thQ&%n%?Ee%%ttomﬁ‘ A'tMlﬁESy ey

take the formo pop u1 a hos anisns ani sm cont ai ni ng
one or nore cozqmagmtmliat hau; cbiemressef&qtsme(ahdfpr ait@rstcalllnaﬂ@yaObngﬁﬁcmni)er of

the library in ﬁfﬁg ecfosﬁeapn%tnﬁs or 15%‘32%?1%11}%95’10159)‘31 expressed to produce its

correspondi ng °|3 e popufati on of host organi snms
has the pot®ential to encode a Iarge repertoire of genetically diverse

pol ypepti de vari an er y to 1gG |gM
| gA, 1gD or g‘%s ; Eerf ) 8?}1‘361’5?1 g ECHS g)stn%qlf—aabty Otzl%ebn aﬂm"ﬁ—gtgredl Sul phi de
l'i nked Fv, sc Fmbjeetl allS:€ AneCiirid @uhnrabge;n or iMtvioios pded afdnnmaretuobs)d\;er a deﬁned
dlsulphlde l'i nked, scF di abo whet her d r|ve fr s natural |y
produci ng an dHtS BisER ](:)CFr eé?rga%’{éjﬂseo%?" f%'rﬁr bR %Rﬁ‘r%aéﬁﬁena whet her
i solated from cof@hsnag aﬁmﬁnﬁuno'gmbulrﬂ sifzl€ edrlasle doynaini thka wals 11L-13NS T ect omas,
yeast or bact eria. 20

administered to a subject over the course of one day (24 hours) (daily dose), two

days, one week, two weeks, three weeks or one or more months (e.g, by a single

administration, or by two or more administrations). The interval between doses can

be any desired amount of time.

25  Asused herein “complementary” refers to when two immunoglobulin domains
belong to families of structures which form cognate pairs or groups or are derived

from such families and retain this feature. For example, a V domain and a V|
domain of an antibody are complementary; two V,, domains are not complementary,
and two V| domains are not complementary. Complementary domains may be

30  found in other members of the immunoglobulin superfamily, such as the V and V3

(or y and 8) domains of the T-cell receptor. Domains which are artificial, such as

domains based on protein scaffolds which do not bind epitopes unless engineered to



As described herein an "antigen" is a nolecule that is bound by a binding
domai n according to the present invention. Typically, antigens are bound by
ant i body wogandsosad are capabl e of raising an anti bodyPcesmpees®ci7ao vi vo.

It may be, for exanple, a polypeptide, protein, nucleic acid or other

nol ecul e. CGenerally, the dual- 25specific |ligands according to the
invention are selected for target speciflicity agai nst two particul ar
targets (e.g, antigens). In the case of conventional antibodi es and
fragnents thereof, the antibody binding site defined, by the variable | oops
(L1, L2, L3 arfl® spaare pgn-cqmplemestarg phikewise twp dermiipgbases HETEARPBED 30An

" epi topga IS Bmdiinbel8buIRldoHEInYhE a FBRYEAIN RARIN dfe AQUBM pRInemEryl MMUNOgI obul i n
VHNL pair. Epi topes define the m nimum binding site for an anti body, and

thus represent the target of specificity of an antibody. In the case of a

single domain AsVl@@@ﬂQélQ 69&%@?@6@?3’9%@@7 /BRily oﬂ-ﬁ’olypeﬁme’s Raskn. redi epi t ope

represents the unit of structure bound by a variable domain in isolation.
" Uni ver sal rahemnwbgbéﬂmfQICthalaCtsi‘lﬁgIOéa@@ﬁb@@@‘ﬂ?%ﬁ@%ﬂk“@@dﬁ@ﬁce

Scorrespondi n%h%eqiérgéusug QUSnsPheFisABhLPRTH, FRASEL YPMe iflnRMUSRAR a5

defined by Kaba guences o efns of [ munol ogi cal T nterest uUsS
Depart ment of sdpafantilyandiniblnetin Beny agpest) obeellulor arelgorediluiey interagtiens ruman

O DS ob R MRisR iGSEAPINS Plhe TS HEEn AR AR e dnibodfopM 2 2nd

Lesk, (1987)1 e |n ion or t he use of
a single framastrdeeptodfolbeules anéthedikes urwhlvﬁ:mamtemlkesihem (Cdr ehanplbden f ound

to permt he rlva n.of .virt ndi n eci.ficilk gh

vari ation \t i}elg@l Pi aﬁ%fnéra?eilﬂlaf))fqgnal%%ﬁlor o ece e mqlﬁé{'ll ugéj "
refers to the dsltmm(alk&meﬁtm). Tthh@resa’rturrvnemmmoemphaztbl@uo adiflmtriueog]laiuhgand to
reduce by 50% in_.vi.vo, exanpl e dye radation of .the ol and and/ or
cl earance or a‘if@ﬂ‘lryd?(?l%‘iﬁ’ eSfW)F'fCI%OESﬁ%ﬁLL %’éﬁ:‘?ﬁ’%&"s ‘agoélﬁﬁm gdimg tU!r aIg

mechani sns. Thﬁedehtgﬁwﬂﬁormfeldtéaeo amibedits.on are stabilized in vivo and their
hal f-1ife increased by binding to nol ecul es which resi st degradati on and/ or
cl earance or sequestration. Typically, such nolecules are naturally
occurring pr ot @ed whikialrdéhanselyes altaMed proi angtubaliiich fefatnsiins tiismg. The

half-l1ife of aligand is jn sed if its functional activity persists, in
vivo, for a Ioﬁ?@l@f""%%‘ﬁpﬁ‘tﬁe{‘%éﬁ’fa%e et Rt e Protriga a“vﬂfycﬂom%mmf specific for

the hal f-1ife LHphaRs iR R Rnal PhofRrtis bi groRthsSMEG by a0és ti§fbeand t wo
target nolecules is conpared with the sane | |‘g@ndIBWnere| n ﬁhﬁtBSpeCI ficity

to HSA is not 39fehk é‘?ﬁ’?o"e@ AR ansLrrad OOthes Proff RV srofpinede ther
nol ecul e. For @xaBdref tHelprdfBY and/or of the domain. By single antibody variable domain is

20  meant a folded polypeptide domain comprising sequences characteristic of antibody
variable domains. It therefore includes complete antibody variable domains and
modified variable domains, for example in which one or more loops have been
replaced by sequences which are not characteristic of antibody variable domains, or
antibody variable domains which have been truncated or comprise N- or C-terminal

25  extensions, as well as folded fragments of variable domains which retain at least in
part the binding activity and specificity of the full-length domain. Thus, each ligand

comprises at least two different domains.

The term “library” refers to a mixture of heterogeneous polypeptides or nucleic
30  acids. The library is composed of members, each of which has a single polypeptide
or nucleic acid sequence. To this extent, library is synonymous with repertoire.

Sequence differences between library members are responsible for the diversity



25bind a third target on the cell.Typically, the half-life is increased by
10% 20% 30% 40% 50% or nore. Increases in the range of 2x, 3x, 4x, 5Xx,
10x, 20x,w8Qx10/060486 50x or nore of the half-life are po®srHP2008/067789
Alternatively, or in addition, increases in the range of up to 30x, 40x,
50x, 60x, 70x, 80x, 90x, 100x, 150x of the half life are possible. 30 - 15
- acid hybridization and washi ng. QGui dande for perforning hybridization
reactions can be found in Current Protocols in Mlecular Biology, John

Wley & Sons, N. Y. (1989), 6,3.1-6.3.6, which is. incqrporated herein by
reference in i&rgse@rmhcg?)ww&aéé@y ‘Q?Pdfah%WSE‘Ugb‘lfé‘sf%@ﬁgﬂ’g”rﬁl‘) described in
that ref er enceopfpdptRict BEfuck@ck, ormayHRah themsai dfiotgahihik beltatitfoon condi tions
referred to herein are as follows: ( stringency hybridization

as | . 1) 10 .
condi tions i n BXMRISACIFRYE KINGES dBIMabef Rlﬁ‘ﬂt&%’,}/{sra&? @e?'%gésané%r%‘ow A5C,
fol I owed by t%rae@%hﬁfcléi@ac@ds%%t%ﬁgly,Qaclq%uﬁaauﬂbréaﬁmtor@&n ERGiks dngy

tenperature of the washes can be increased to 55C for | ow stringency

condi tions)S (P onlimifed Rimben gliteyry mesthee: 2dyaniagequshydine nesleic pridsaee Sscat

about 45C, f oli, MeHatd@inkYexPREsiEH vedREE iN\GHaas alldtv Bxpfebsiodbrthe- 1% SDS at 60C;
(3) high stringency hybridization conditions in 6X SSC at about 45C,

fol | owed by orolxpeptidst encpeesthysthe potpigacidssin ong aspystapibraty Bydakediel opti onal |y
(4) very high gt bf@&%ﬁ)ﬁti@ﬁ’@t“ﬂo@ﬂ c?f%ldis%, ERNBghhiON SoMhiRing cAMbS@BieUM
phosphate, 7% SDS at 65C, followed by one or nore washes at 0.2X SSC, 1%
SDS at 65C. Vewopichpfn expiepsigieveipr eanaining o piggle grempengfahe lirayippelqied

condi tions;an SHNRSW Sheef 1 ed.
Sequences 1soflm cgﬁ%{)n?uﬁ%rhr% o%eo% %?%gé%)&gg&?ggg?rﬁg%ut g?%z’}gyggt(%ence_ei dentity)
to the sequencBeisdhspipobtion hidosi argamsnsdias the patentiab fo engedd plgegarensmoird n some

enbodi nents, t ' ' . the amno acid | evel can be about
80% 85% 90%@?[‘52;%‘%%%8%%&’%5@}0&é’g%'/?’ttsg6% 97% 98% 99% or higher. At
the nucleic acid | evel, the sequence identity can be about 70% 75% 80%
85% 90% 91%,92%,93%. 949 % 9 0 % % @r. . hj

Al ternativel y,ASsLt'JsﬁasP‘g% i"al anl{%g%?ir%fﬁggﬁ%qg’i% %’1%1[)2(9% glore?(k:rg c‘irnél segnent s
wi || hybrithi zesuhden FsiglFéat i Moy, Higliphidé daked &, 2Beaided ¢afigmgdory, very hi gh
stringency hybridization _caonditions), to the cogpl enent of the strand. The

nucl ei ¢ aci ds maljisnseilis paidbody. disylrkedstlinkedsaFy, diahody) whather derved fromgny; o

partially puridi&e RfurfNi3RRInEah hititouy,®r bRARY birkeMbiakit@nea of " homol ogy”
or "sequence identity" or "simlari t¥" bet ween two 30sequences (the terns

are used i nt ertedhaplgarpthethseiselpigy frametos examenierserums Broglly §yidomie sequences
are aligned f o, QRLLAR, yeRIMFREERN purposes (e.g, gaps can be

20
As described herein an “antigen” is a molecule that is bound by a binding domain
according to the present invention. Typically, antigens are bound by antibody
ligands and are capable of raising an antibody response in vivo. It may be, for
example, a polypeptide, protein, nucleic acid or other molecule. Generally, the dual-

25  specific ligands according to the invention are selected for target specificity against
two particular targets (e.g, antigens). In the case of conventional antibodies and
fragments thereof, the antibody binding site defined by the variable loops (L1, L2,
L3 and H1, H2, H3) is capable of binding to the antigen.

30  An “epitope” is a unit of structure conventionally bound by an immunoglobulin

VH/VL pair. Epitopes define the minimum binding site for an antibody, and thus

represent the target of specificity of an antibody. In the case of a single domain



i ntroduced in one or both of a first and a second am no acid or nucleic
acid sequence - 16 - for optinmal alignnment and non- honol ogous sequences
can be diwoegavwdescf or conpari son purposes). | n one enbedirmPedaos/ottres | engt h
of a reference sequence aligned for conparison purposes is at |east about
30% optionally at |east about 40% optionally at |east about 50%
optionally at |east about 60% and opti-ddally at |east 5 about 70% 80%
90% or 100% of the length of the reference sequence. The am no acid

resi dues or nucl eotides_at correspondi,ng} am no aci d positions aor nucleotide
posi tions are AMHAYcHIRPHEPRESEPFFAN the PHqT Sirgure Roynddyra ‘i"‘é‘f‘blggﬁfﬁ@ﬁ(‘f’é is
occupi ed by theg,seae am no acid residue or nucleotide as the correspondi ng
position in the second sequence, then the nolecules are identical at that
position (as used herein 10am no acid or nucleic acid" honol ogy" is

equi val ent t o AGiPQsAGhMeRbrkN i Sl @didantib8@ kidhvork sehiéhcBer cent identity
bet ween the two sequences is a function of the nunber of identical

posi ti ons sharcetewgndingtodbejiseitneafl anpakhady cpietyed bcsancs Helehsdier of gaps,
and the | ength gh: @8GReA@Por Mblehl oPRGRudoRRE! Ini&sPdUSEstph@hehBEi Ml

alignment of the two sequences. 15 Am no acid and nucl eotide sequence
al i gnnent s anddahanbymars$aryices) prsprigspondiagta thy huraan geeplitfed herein are

optonal |y br a0, B IGEE Bl abfite 3| S8h i BeASTi 7 Seauences.

usi ng default paraneters atusova, | _ EMS M crobiol Lett,
174: 187- 188 ( 19Q9Bipl. 196:0 E-Rkh i Thelinventicnepr@ligsS fordhguieiof b sin2lg (famesptkn 2. 0) i s

enpl oyed for s Id —_— : val ues.
BLAST (Bas]i%c L%gg?‘%i?‘f"g'rﬁ?eg‘%t% [%Jes’avrvl\((:vﬁl]i ﬁ!ago%lpﬁgﬁcﬁ?z)eﬁéhtrh%gﬁ%f“gﬁgtch al gorithm
enpl oyed by t hartypllggnabisdibg sErificithihagigh vatfidtiag ikthe higpeawriable aggionsbl ast x;

t hese prograns lé’;}]sécri be significance to their findings using the statistical
met hods of Kari1h and Altschul, 1990, Proc. Natl. Acad. Sci. USA
87(6):2264-8. 25 Unl ess defined otherwise, all technical and scientific

ternms used hergin, have, t sa ni.n nl ; one of
ordi nary ski l Iﬁer?hfaﬁ% lél{]ﬁ{ee.rg,%mir{% gé'I"% t@?ﬂn? ﬁrgg‘%) Serrr% g%%?’%?anlgrggfe@{cs,
nucl ei ¢ acisd digand ®treduce by Bo% ok 2ab0] fonexasplendug tedegeaddtidy aainelidasd r y) .

S andar d L echnL ghes Bt o, LOb R L SA0ELLG S AR SRS
Manual , 2d ed.THe1l@&%)s oEtednmBptidnnge stabitad it aboaral tbeiy haW-BfedncréasedbySpr i ng
VH\ngiB/ 0gleYféG%i%%é%%%%éyh_rg%?aégrf aggnogn%l/o?' clegrarl}é:%l oer(s:;gqlug'gtraglorgl 09y
Typically, such molecules are naturally occurring proteins which themselves have a
20  long half-life in vivo. The half-life of a ligand is increased if its functional activity
persists, in vivo, for a longer period than a similar ligand which is not specific for the
half-life increasing molecule. Thus a ligand specific for HSA and two target
molecules is compared with the same ligand wherein the specificity to HSA is not
present, that is does not bind HSA but binds another molecule. For example, it may
25  bind a third target on the cell.Typically, the half-life is increased by 10%, 20%, 30%,
40%, 50% or more. Increases in the range of 2x, 3x, 4x, 5x, 10x, 20x, 30x, 40x, 50x
or more of the half-life are possible. Alternatively, or in addition, increases in the
range of up to 30x, 40x, 50x, 60x, 70x, 80x, 90x, 100x, 150x of the half life are
possible.
30

kAT

As used herein, the terms “low stringency,” “medium stringency,” “high

stringency,” or “very high stringency” conditions describe conditions for nucleic



(1999) 4t11 Ed, John Wley & Sons, Inc. which are incorporated herein by
reference) and chem cal nethods. As used herein, the term "antagoni st of

| L- 13" orwbaniooebds613 ant agoni st™ or the |ike 5refers tecarEragsns7’ge. g, a.
nol ecul e, a conpound) which binds IL-13 and can inhibit a (i.e., one or
nore) function of IL-13. For exanple, an antagonist of IL-13 can inhibit
the binding of I1L-13 to a receptor for -15-13 and/or inhibit signal
transducti on nedi ated through a receptor for 1L-13. Accordingly,

| L- 13- nedi at ed processes and cellul ar responses can be inhibited with an
ant agoni st of acidhygridizgfiongnd waghinge Cajidance 195 perfaminehyprdization reagHeRs two t o
about 50 am nQaRGE fAsn HACuRMEPIRICHI8 th W&@ﬁl@ﬁ[ﬁio}bgﬁ, IBEPWIKg sbapdsn.y. As used
herein, "pol ypeptide" refers to at |east about 50 ami no acids that are

e
j oi ned 15t ogetBa§9)idy3- pépt. adichonimeorrparcy Berpin; yaefergasrdp dts FYEYnpr i se

tertiary struciiffe6udnd nhRlqHedud hiRiHoHOLE UORAbeddR TR REerede akBGfhePE®LN, @
peptide or pol ypepti domai n anti body (dAb)) that is "resistant to

de (e.g, a
pr ot ease déigratsai.iSzmciﬁ'péybr%tizaﬁerbgqnémonatefeﬁeééghea@iearew fallowiso(Bdaw when

20i ncubat ed wi : 9 bt d: i . se
activity. A pos}uji}égﬂ?i ‘@{éﬁ‘?‘g‘.ﬁg’? C%ﬁ%@%{l&gglﬁgﬁgﬂﬁggﬁ (%Q%t%ggaﬁc@g when no

mor e t han aboubo@3C, follaweddyttwamastise int0.2056Crbl ‘AdDS at keast aapOGt(the5% no
more than ab Ol‘lgm%%%re%(?tma%hésrl%b@ 9&55e§§%§5°6(?0rrm%trﬁ1%%y% fon % no
ut 0) %

nore than abo no nore than about 10% no nore than”about 9% no nore
t han about 8%(2hwedimmetringenty 2Sbridication Fenditivns indeS$G atrabati it C.60Howsd nor e

t han about, 5% t 9 o) 3% no nore that
about 2% lrgg n%;r}) gle{gﬁglﬁma %ﬂ?sqg&gkoérgééggs/‘fg@% ?taqt()r?ﬂ%glﬂgﬁj%tpﬁ%@qu protein is
degr aded by priybediggioafcoadtitiomdubnSSont ghouhd 36 efopowtdtasmefoo mozdowashesone hour
at a tenperatur i l.e ease tLViELY..F at 37 or 50
degrees C. Pr ()1{1@'2 d%(‘glraalc{‘é%l?%ﬁpé:sgé’ %‘g Ogg(gngislgéﬁxﬁg’ih%h Sgﬁ@ég‘é}saui t abl e net hod,
for exanpl e, hybSHhZatRACEndionsyrd UiMisodimalphapbaty, 0SS al 6 janbllbwverthng) as

descri bed herein. - 18 - I el "display.systeml refers to a
systemin whi cH€E" @8Tﬁ%aép?3§io'g%%§g’]$6’§[ﬁ ‘%}gg (grpv%é;})]{%%tiéls"gg}c °8§‘<{:‘§%“s?i bl e for
sel ecti on 1Fasqd) arpaie preferesi doaditicitand dteemtsthatchoddibhiused valephylsareak, chemi cal
or functional characteristic. The display systemcan be a suitable

repertoire of B8i'YPepti des or peptides (e.g, in a solution, 5inmobilized on
a suitable support). The display systemcan al so be a systemthat

Sequences similar or homologous (e.g, at least about 70% sequence identity) to the
sequences disclosed herein are also part of the invention. In some embodiments, the

20  sequence identity at the amino acid level can be about 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or higher. At the nucleic acid level, the
sequence identity can be about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or higher. Alternatively, substantial identity exists
when the nucleic acid segments will hybridize under selective hybridization

25  conditions (e.g, very high stringency hybridization conditions), to the complement of
the strand. The nucleic acids may be present in whole cells, in a cell lysate, orin a

partially purified or substantially pure form.

Calculations of “homology” or “sequence identity” or “similarity” between two
30  sequences (the terms are used interchangeably herein) are performed as follows.
The sequences are aligned for optimal comparison purposes (e.g, gaps can be

introduced in one or both of a first and a second amino acid or nucleic acid sequence



enpl oys a cel lular expression system (e.g, expression of a library of
nucleic acids in, e.g, transforned, infected, transfected or transduced
cel | s andwdieplayssef the encoded pol ypepti des on the surCamPaB/o0t1789 cel | S)
or an acel lul ar expression system (e.g, enul sion conpartnentalization and
di splay). Exenplary display systens |link the 10codi ng function of a nucleic
acid and physical, chem cal and/or functlbenal characteristics of a

pol ypeptide or peptide encoded by the nucleic acid. Wen such a display
systemis enpl oyed, pol ypeptides or peptides that have a desired physical,
chemi cal and/ der antifed pligagienicnd pa-herpplegqus seaandse candieatitregardeddora nuci ei ¢

aci d encoding cbm%aﬁs%h%G@g%;pghggﬁeggmﬁnaﬁ, tReRhdABF £RArOR t&RGIY 50l ated

or recovered. A nunber ) / systens that |ink the coding function
of a nucl ei ¢ atigeeddatcopppysanaiurpostsanatdenst abau/ 3000, botipeiloatdeastabaptder i sti cs

of a pol ypepti f ] A I o,0
bacterio%ﬁage0 ??%Né@ﬁg%%%§€§gﬁé§#§§@”¢gﬁk%ﬁ%ﬁ%%80pﬁgﬂgﬁﬁﬁggféﬁ %?),

ri bosome diSsplaggut 768901 B&% 0% onpel% nttht &ingtha thenefarsdcaticgysinesy, Theaiasno di spl ay,
puronycin di SpLAY.. el i Iy . ' nt di spl ay
Doand  he |1 kacrei8Rs bR 3B eplihRahodPigHodhctr Al ) OB
(McCaf ferty etpmbitipns drk Ben Ganprad. Néhen@, pop8igord D3 h¢ st fehignks iseccwlied)y As used
herein, "reperiojre" refer . cti i . OF peptides
that are char AP aniRLH el braRlb ok e Sy RBNRRRRER KPR BP0 400
menbers of a 2btoapeeduenaectherathe neneeulcpaaidenfi@dhbtitha posiseuclas agd berimon

structural, features.(e. a comnon corg. structyre) and/.qr common.functi onal
f eat ures (leo. g,améréop%&lzl ?ry"%f lglct%'lc ﬁ(TFgomgg() K eﬂ?'&%ﬁ'ﬁ t? Qén.“g?,o a4 é)é'r]luecrl?l%aﬁuls gand or a
target |i gand,“idehtity3) JThe psrcers édintigrbeiween the twe tdqoeraks' is ddaeripieftha

pol ypepti de or ti .hat has bi ol pgi.cal 30activity, such specific

D il g, act i vinpoesdealic boe e shefe B e eqRro Rk efup Siele e PF el udes
an anti body omumbtr feapsamitthe @nfthagerhigap, Whichaked todde iftraldsedafot aptigal ant i gen
through its ant.igen-binding site. - 19 - As used herein, "generic |igand"
refers to a Iﬁ%ﬁﬁﬂm?ﬂgweﬁf UL Cubst antial portion (e.g, substantially
all) of the functional nenbers of a given repertoire. A generic |ligand

(2,9, .2, oo fenerl ol LRI, Can, 0% Tony  KFRRCrS, of B gl ven reper ai e
target identity, as defined herein are optionally prepared and determined using the
algorithm BLAST 2 Sequences, using default parameters (Tatusova, T. A. et al..,
FEMS Microbiol Lett, 174:187-188 (1999)). Alternatively, the BLAST algorithm
20 (version 2.0) is employed for sequence alignment, with parameters set to default
values. BLAST (Basic Local Alignment Search Tool) is the heuristic search
algorithm employed by the programs blastp, blastn, blastx, tblastn, and tblastx; these
programs ascribe significance to their findings using the statistical methods of Karlin
and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87(6):2264-8.
25
Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art (e.g, in
cell culture, molecular genetics, nucleic acid chemistry, hybridization techniques
and biochemistry). Standard techniques are used for molecular, genetic and
30  biochemical methods (see generally, Sambrook ef al., Molecular Cloning: A
Laboratory Manual, 2d ed. (1989) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. and Ausubel ef al., Short Protocols in Molecular Biology



ligand. In general, the presence of a functional generic |igand-binding
site on a polypeptide (as indicated by the ability to bind a generic

| i gand) iwoizeswmss4sshat t he pol ypeptide is correctly fol eeu/eeaesiooTrgs i onal .
Sui t abl e exanpl es of generic |igands include superantigens, antibodies that
bi nd an epitope expressed on a substantial 10portion of functional nenbers
of a repertoire, and the |like. "Superantli’gen" is a termof art that refers
to generic ligands that interact with nmenbers of the i mmnogl obul in
superfam|ly at a site that is distinct fromthe target nd-, bi nd| ng sites
of these prot dilf¥) 4sEdplehn Jdky &aPorsnnervotigkarn dcgipar g'%Y"G erence)
15super ant i geng,q W &iRalinttifgact with T-cell receptors. Superantl gens t hat

bi nd anti bodi es include Protein G which binds the 1gG constant region

(Bjorck and Kronvall, 1 Ipmunol., 133:969 (1984)); Protein A which binds
the 1gG const %}use&fgéraﬂ ﬁ@fh&(%ﬂ@g&ﬂlsn&mﬁ@ﬁ%gfa%n 180G apla6iHit8 by thd likd Munol .
97:822 (1966)); and Protein whi bi nds VL domains (Bjorck, | | mrunol.

140: 1194 ( H988}fers togn n@nu@@an@kévlﬁ, a compoptsd ayhighdhingstlk-18 epdean ipkjbiaay
sui tabl e pol y&?ptsﬂ%rﬁom%dmlsn ALY Giar COGPR, 2 BHiSoRR 4PN AT i abl e

domai ns can be Thcorporated so as to confer binding specificity for antigen
on the struct unbbltme\b@lﬁﬂmqﬂbfngml teagriter famlﬂrtﬁowl/or vhibitsignat teang in the

art, such as, GONAES b fouth Lhogbas, 1NHTAREGAML RN POMkESicd PRRLTBIN

antibodies, si ng anti speC| Fre antl Ies, anti ody heavy
chains, anti bozdyulhn tgmonsﬂsaamlse,lnhbmmrsan&gdnlﬁetfékdéh mers of antibody
heavy chai and/or |ight chains, antigen-binding fragnents of any of the

foregoing (e.g. a Fv fragnment (e.g, single chain Fv (scFv), a disulfide
bonded Fv), a Aabsed hagnetpeptid” Fedbys tdf abagrtentto atmuFfdshing adidsthateme joined si ngl e
anti body vari at ﬁ‘?‘édoma to(eeb Oy dAb, 30VH, VHH, VL), and nodified versions
of any of the P&TEGIIHGPE. G rodi fied by the coval ent attachment of

pol yet hyl ene ¢l ycoI or ot her sui tabl e poI yrrer or a humani zed VHH). - 20 -

ol ooul e (e o, s ey BB FOPRR TG o GafItnBel a0 sRBRE T ERIRALT ¢ ne

nol ecul e t i ouggktiesh bagemide borsi] Bblypafpndél'slmndamj ¢esipoise @rtianpitivsturodnda prot ei n
t hrough sol ut Iefo[é .cars} beﬁ;l) (acessed to Sderive an apparent size of the
protein, wher godBiodynstional damyRs, by t he " Stokes radius” or "hydr odynani ¢
radi us" of the protein particle. The "hydrodynam c size" of a protein

havi ng t he sars Vo BEael FRABSOVTE PHRHHE (e ARPP G R GYMARPESoi zes: based
on the overal |“+&Hn@fo P68 dedradafien’ Dk ab&ubstanti@lly degraded by a protease when
20  incubated with the protease under conditions suitable for protease activity. A
polypeptide (e.g, a dAb) is not substantially degraded when no more than about
25%, no more than about 20%, no more than about 15%, no more than about 14%,
no more than about 13%, no more than about 12%, no more than about 11%, no
more than about 10%, no more than about 9%, no more than about 8%, no more than
25  about 7%, no more than about 6%, no more than about 5%, no more than about 4%,
no more than about 3%, no more that about 2%, no more than about 1%, or
substantially none of the protein is degraded by protease after incubation with the
protease for about one hour at a temperature suitable for protease activity. For
example at 37 or 50 degrees C. Protein degradation can be assessed using any
30 suitable method, for example, by SDS-PAGE or by functional assay (e.g, ligand

binding) as described herein.



As referred to herein, the term"conpetes" neans that the binding of a

first target (e.g., IL-13) to its cognate target binding domain (e.g.,
i mmunogl olvol201/sb43gl € vari abl e domain) is inhibited i n Pthe/Rre@seaTes of a
second binding domain (e.g., immunoglobulin single variable domain) that is

specific for said cognate target. For 15exanple, binding may be inhibited
sterically, for exanple by physical blodRBi-ng of a binding donmain or by
alteration of the structure or environnent of a binding donmain such that
its affinity or avidity for a targ is reduced. See W2006038027 for
details of hovgusebareinsidisplimprstant | rsfertp pSystemin woirbReolicrton ®i acor e

experi ments t gk fd& Bf?(mg%;e'a%&é%ﬂbl@%r%ﬁ&lcfn'lfa%d pBfla 8&Gwead bi nding
dormai ns, the detai are incorporated herein by reference to

provi de expl i cqh@ra@iﬁls%llcweh & F wysiggechiemiceher fprcsigeat charasesistic-ohhe dispbaypr esent

i nventors real gé%q %)'hﬁléo gﬁ%@}& keg Ie d?g Ag},%ﬁ.ae@& pefiafate. é‘%ﬂ?%ﬁtwﬂ) in

DOMLO- 53-474 ( & erivatives that are nuch nore
25pot ent fdr |limmpBilizgdhen ingilta dé@nppﬁhaTheaieﬁWhimSafg@EC@m%}SOdflesac’ﬁYﬁémpfF@éduced

such as cross g'ng)"f’t%% a\éleltl artéﬁééé’s:‘s% spHﬁg?e ng%Qpr%gsdn%%thbWomaTemg i i mat e

| L-13 (eg cyno esu good expression in proKaryotic
cells may al se. gwamf@dudedfected aransfeqtest drdransduessl cetlparddiapbry s the zacqdstQ | D NO

1), with the 4 or

2l no. aci d chdnBepBhel MEuis® oo BRSS! ) AUMEIRRCRRR syedie® & & n”the
single vari ablmtdhncvlmomphameraalwammdaiuwbwblExeomlaEBdlami@)OMiemg Iinbth<abat
nunberi ng tio al | er 5 not consi st
of DOMLO- 53- 618 ‘(‘%Eé }A%‘ “”éﬁe‘c sl ¢ @%gar'gﬁ&z&lt@"‘?ﬁ’gaterm " dAb"
(domain anti boﬁyr)actewstdﬂN))f d mylmepﬂdemrmqﬂgbeimlclemb)suhngucéelvacridi ablhen glghmi n". The
i nventors al SO.T ed t hat

sequence not i 4 3? e'f'\}%eé’?pé?yﬁ ,tqg)gyp&p tfdes 8r P "@gs“?‘? 2 th | Va%?:l(r:or Pﬂ%‘ ’t geKigat
nunberi ng and cKerhikalcandir ﬁﬁﬁcmﬁabcrhaié;:teaﬂd cAfi be l;élcmtedla)ld aneclﬂuadnd emodingot ent
UGS C?b@%beé bR AL 18 OB RS ST T, 25
(e. g, cynolsand/fdisplahessisys. thﬁllhhk terconing fun’bﬁkﬁl (ﬂ“d\tﬁalte&gneld@hd phgichsed
expresston in c Ergl}églrz%g}olr ﬁmctional characteristics of a polypeptide or peptide are known in

the art, for example, bacteriophage display (phage display, for example phagemid

display), ribosome display, emulsion compartmentalization and display, yeast

display, puromycin display, bacterial display, display on plasmid, covalent display

20  and the like. (See, e.g, EP 0436597 (Dyax), U.S. Patent No. 6,172,197 (McCafferty

et al), U.S. Patent No. 6,489,103 (Griffiths e al.).)

As used herein, “repertoire” refers to a collection of polypeptides or peptides that are
characterized by amino acid sequence diversity. The individual members of a

25  repertoire can have common features, such as common structural features (e.g, a
common core structure) and/or common functional features (e.g, capacity to bind a

common ligand (e.g, a generic ligand or a target ligand, IL-13)).

As used herein, “functional” describes a polypeptide or peptide that has biological
30  activity, such as specific binding activity. For example, the term “functional
polypeptide” includes an antibody or antigen-binding fragment thereof that binds a

target antigen through its antigen-binding site.



15cells may al so be produced. In a second aspect, therefore, the present

I nvention provides an anti-interleukin-13 (I1L-13) inmunogl obulin single
vari abl e wormiomeesapri sing an am no aci d sequence that PSTIEPeOUBIOGERY t O
DOMLO- 53-474, with the exception that the am no acid sequence has 1, 2, 3,
4 or 5 am no acid changes conpared to DOMLO-53-474 (SEQ ID NO 1) 20 and
wherein the single variable domai n has -tlle sequence XGX X', wherein the G
is at position 54 according to Kabat nunmbering and X-H or K, X =G or K;
X'-K or!, and 25optionally wherein the single variable domai n does not
consist of DOMO0-53-616 (SEQ ID NO 5). - 22 - In one enbodinent of the
second aspect,adied fdroig! ?ex‘{e@%'l%ﬁ]{de rSferRd 1iSATRHak 6R8s a subGkdtial p6acbn OF

HGKI ; wherein G (or the first for KG&) 1s position 54 according to
5kabat nunber i(hg. Supstansially el dicfurstions men@e@@e%awelase@@éqlre cdoeeretiqccor di ng
to Kabat) of t nSErHd ADSVKG,
wherein V] is ]lségrll(gdggggg?ﬁr{@gﬁ %ﬁc ﬁé’df‘@ &nm% ntuh‘? and H&n?%ag?e%ﬁ%ﬁgg\(above
101 n eit hed aspecthoughtbe mamb%rbmey d@rm}'fhb'é%mg wﬁﬁ@mafqry cREpen ¥ no acid
change (ver sus;,RViQ 7, sition 30,
53, 55 and 56§l(gaccor§|§%é£it§e &g@%g (!r;l%ua#t@écrt%)r]\al g%e{%gﬁslg{r?lgghgmé%onngf n

optional | y hasJOlypeIa)de[ﬁfFSonleéedahy tb@@lbtv@blsgaga@veﬂlé«'nm@md@amaﬁ@tthnunber| ng),

and/ or I GGRLY 9% Kahdles BESRES ds and/ or
15c) gl yci ne op%ﬁjpgﬁ}d%&%?é% ﬂﬁlegﬁno(gg &fa%cgcl‘o? l|t§nbgeét§% %egatggr?u Q%hnsg ,
and/ or include superantigens, antibodies that bmd an epitope expressed on a substantial

10  portion of functional members of a repertoire, and the like.

“Superantigen” is a term of art that refers to generic ligands that interact with
members of the immunoglobulin superfamily at a site that is distinct from the target
ligand-binding sites of these proteins. Staphylococcal enterotoxins are examples of
15  superantigens which interact with T-cell receptors. Superantigens that bind
antibodies include Protein G, which binds the IgG constant region (Bjorck and
Kronvall, J. Immunol., 133:969 (1984)); Protein A which binds the IgG constant
region and Vy domains (Forsgren and Sjoquist, J. Immunol., 97:822 (1966)); and
Protein L which binds V| domains (Bjorck, J. Immunol., 140:1194 (1988)).
20
As used herein, “antibody format” refers to any suitable polypeptide structure in
which one or more antibody variable domains can be incorporated so as to confer
binding specificity for antigen on the structure. A variety of suitable antibody
formats are known in the art, such as, chimeric antibodies, humanized antibodies,
25  human antibodies, single chain antibodies, bispecific antibodies, antibody heavy
chains, antibody light chains, homodimers and heterodimers of antibody heavy
chains and/or light chains, antigen-binding fragments of any of the foregoing (e.g, a
Fv fragment (e.g, single chain Fv (scFv), a disulfide bonded Fv), a Fab fragment, a
Fab’ fragment, a F(ab’), fragment), a single antibody variable domain (e.g, a dAb,
30  Vu, Vun, V1), and modified versions of any of the foregoing (e.g, modified by the
covalent attachment of polyethylene glycol or other suitable polymer or a humanized

Vhn)-



d) isoleucine or lysine at position 56 (according to Kabat nunbering). In
one enbodi nent, the single variable domain has |ysine at position 55 and

i sol euci ngoav1opwe4ssi on 56(accordi ng to Kabat numnberi ng) PCZEPRovVSOESASpeECt ,
the invention provides an anti-interleukin-13 (IL-13) inmunoglobulin single
vari abl e domain, wherein the CDRs (eg as determ ned by Kabat) are identi cal
to the CDRs of DOMLO-53-474 (SEQ I D NO-20)- and wherein the single variable
dormai n conprises conprising valine at position 28 according to Kabat
nunbering. 250Cptionally, the am no acid sequence of the single variable
dormain has 1, 2, 3, 4 or 5 - 23 - amno acid changes conpared to

DOMLO- 53- 474 (SERed Rorbia) “hllirodphaatielire " eeerses trﬁab@r@iﬂmgeﬁa bRt ®aal ly in
a CDR, eg CDR2 according to Kabat or Chgfhja. %Ilytesmle
e oigh

vari abl e domai Botgigaroleryfe. Hend) kasedypn sign ofig e 5OREH anpaucols | 1y one

aspect, the i nygmbh OPhdiAUdiEES rRdtiondF A pioEBixemlr&igklsélutl& c(ah'be pidkessed to
i mmunogl obul i n single vari abl e domain, wherein the S%’ as det erm ned

by Kabat) are degsnn wpretlbsqewéﬂem@elafwlmﬁbeﬁ%'Szgw?n(bgées keeradis" with t he

exception that,tf gh mnd”%tph@ BRipArieRNMINE SBRArdaIORAMIL Siz80ortahe
SI DW Z] TYYADSVKG ﬁdr@ﬁ ) KGX; p@'& I porl H&XKI ?r@t%lrf?as ]defl ned above.

Qptional |y, t hsotingpends an P%blﬂ‘@swﬁﬁhfﬁ’elﬁ%@ﬁ'ﬁ'% seh BHalveiPENeID8 accor di ng

to Kabat nunb%w?.g«he%ﬁkmchmr In% n%yngbcedlwmgaﬁgld?odslmw]zmem consi st
of DOMLO-53-616 5). further aspect, the invention provides

an anti-inter I@@Rqulh@ﬂ(qrmatl@)Ofl@ nf‘#ﬁ'{lnogl obulin single variable domain,
wherein thg variable domain is DOMLO- 53-546 (SEQ ID NO 2); DOVLO- 53- 567
(SEQ ID NO 3); DOMLO-53-568 (SEQ ID NGO 4); or DOMLO-53-616 (SEQ I D NO
5). In a furt h@sremrpémher«vmehemv@mmteprmwaé@t tha binding-of Afiest kasgati n- 13

s DovLo- 53 548 o T Tre e A dhe BB o BEbR R VD! © dommin

DOMLO- 53- 5|68 (k\&iE@lb Boridn) i4 Jnhibiied asthe presante ofresctonddrindingrdopragviedes an e
- 1

by the nucl eot MHSeb ol VBATE B BSHLOR i WRBNF iRy TofNea0

(SEQ | D NO5 7)qxalDﬁMllﬁimﬂﬁg 568 b¢ BEDitedstDalIRF8) example bPphpsiGBbleddng SEQ | D NO

?{Q)EQ%' onal g)ybn%mg SIngl & AN ARL o ARIBH R0 IOS A DSt RDSE Hindifig RAEQ- 53- 616

such that its affinity or avidity for a target is reduced. See W02006038027 for

details of how to perform competition ELISA and competition BiaCore experiments

to determine competition between first and second binding domains, the details of
20  which are incorporated herein by reference to provide explicit disclosure for use in

the present invention.

The present inventors realized that mutation of position 28 (Kabat numbering) in
DOM10-53-474 (SEQ ID NO: 1) provides dAb derivatives that are much more

25  potent for IL-13 binding. Additional advantages may also be produced, such as
cross reactivity between human and at least one non-human primate I1.-13 (eg cyno
and/or rhesus). Furthermore, good expression in prokaryotic cells may also be

produced.

30  In one aspect, therefore, the present invention provides an anti-interleukin-13 (IL-

13) immunoglobulin single variable domain comprising an amino acid sequence that



- 24 - human primate IL-13. For exanple, the variable domain specifically
bi nds human 1L-13 and Cynonol gus nonkey and/or rhesus |IL-13 and/ or baboon

I L-13, e.wo,20twmsmescand Cynonol gus nonkey |L-13 or hunanpramdEreésssssd L- 13 or
human and baboon I1L-13 or human, rhesus and Cynonol gus nonkey |L-13. The
single 5variable domain may be optionally according to any precedi ng aspect
of the invention. Optionally the singleXariable domain does not consist of
DOMLO-53- 616 (SEQ ID NO 5). In one enbodi nent, the variabl e domai n binds
human 1L-13 and the or each non- i Sspci ation

rirrate‘Llé_ﬁle with ag

Constant (Kd) oidcaitaLio e S ZL ST Nbhb: P B5Gae ORI FBYS. ~about 3
nMor |ess or aRQdiyedcdtdsQr2, 3e$8r S4mab a&@@hﬁngés doipared keBOM 1005 304724

enbodi nent, the variable domain binds (i), huran IL-13 with a di SSOCI ation

constant (Kd) (SEQABAR: 11 apgh Berein dicsingdydrighls dpgaig hiatd vadine apasision P

optionally abc?i%or@nﬁ%tdﬁ%kﬁf nin@RFing Qﬂidngl%a%héfelﬁlﬂ%ﬁngmnﬂ% G[)mlilﬁ%ﬁes
optionally about 10 | ess, optionall gbabout nMto about 10 pM

about 1 nM&or@b@ﬁPﬁlSWWéﬁ’ SIHHUESEIA NO: about 70 pM optional |y about 500
pMto about 10 pM 15 about 500 pMto about 50 pM or about 500 pMto about
70 pM optionally 250 pMto about 10 pM about 250 pMto about 50 pM or
about 250 pMto about 70 pM optionall y about 150 pMto about 10 pM about

150 pMto abo 50 r abo 150, pM., about p gptional |y about

100 pMto abou%ei'éo BQ(MR’?‘Q'E? I\%p‘% a'§t9°§w| d’gtbcsju[’) 100 pMto about
70 pM and (i i“)mﬁnhﬁogﬂl&ﬁ&hhbﬁﬂ@l@v(neabg:don%ﬁ}c’ynorml gus nmonkey, rhesus or baboon)
IL-13 with a dissociation constant (Kd) of 5 nMor |less, optionally 4, 3, 2

or InMor |es tionall .to.1 o) tlonaIIy or
al ternati vel y,s”}eﬂ'gvegfoﬁgqlsgx\f}ai??‘gﬁlﬁteﬁ q(k)dngl% & 4?2 d%rg?i gg‘éawgs hal\'%ge ‘at position 28
accor di ng 1o lﬁaﬁx&hcmm@mng@ {(wheeeirethe Itho di pmanion 5adchiotdignialHapator
alternatively, the sin i ab) opprises the sequ 25XGX X',
vvherel n the GMU& 5‘&'“&)?5@){9 % %}?ag}c‘)&%ﬂﬂg){t Ezplf’ bgre AURDET TS g?egﬁg) X=H or K:

=G or K X =Il§— [@rbitding. Additiohalcid@argapee thayrelsd be ﬁddlmded G;[leﬂ dsyerass
aI ternatively, e. i abl e donmj n has SOa% roline tai}s?ﬁl tion 30

P

the v
(according to "ReghXIY ﬁ‘ﬁWﬁ"é‘rh“H’Q? andaf doagfong o 317 HLPTpPa oh 5% (according
to Kabat nunbemiRgihesusf MElr®ermoADtRAEVAIHQ4B altchiddPAYOR4i06 N ABSkaryotid -

15  cells may also be produced.

In a second aspect, therefore, the present invention provides an anti-interleukin-13
(IL-13) immunoglobulin single variable domain comprising an amino acid sequence
that is identical to DOM10-53-474, with the exception that the amino acid sequence
has 1, 2, 3, 4 or 5 amino acid changes compared to DOM10-53-474 (SEQ ID NO: 1)
20  and wherein the single variable domain has the sequence XGX’X*’, wherein the G is

at position 54 according to Kabat numbering and

X=H or K;

=G or K;
X*’=K or 1, and

25  optionally wherein the single variable domain does not consist of DOM10-53-616
(SEQ ID NO: 5).

In one embodiment of the second aspect, the variable domain has a valine at position

28 according to Kabat numbering.



c) glycine or lysine at position 55 (according to Kabat nunbering), and/or
d) isoleucine or lysine at position 56 (according to Kabat nunberi ng).
I n one emvodnmawt4ssaddi tionally or alternatively, the vacrapb@sderas n has
| ysine at 5position 55 and isol eucine at position 56(according to Kabat
nunbering). Single variable domains of the invention, in all aspects, are
advant ageous because they di splay one or2nore of the follow ng advant ages: -
10(i) Good potency agai nst human |1L-13 (better potency than DOMLO-53- 474);
(ii) Good potency agai nst nonol gus nonkey | L-13 (better potency than
DOMLO- 53- 474) ;In op¢ smbadijaent pbithe sregndigpasdhdbe Hingle yariaple dpmaingompasesisot ency t han
DOMLO- 53- 15474); (iv) Good potency agai nst human and a non-human pri nate
(e.g., Cynonol gus makey, rhesus or baboon) IL-13 (better potency than
DOMLO- 53-474); (v) Good potency agai nst human, Cynonol gus nonkey and rhesus
I L-13 20(better po y than DOMLO-53-474); (vi) Good expression in
prokaryotic cells %@ﬂﬁrghally better than DOM 0-53- 474) (vii) Good
neutralization of human IL-13 (better than DOM 1 0-53-474); (viii)
Good neutralizati oGKI Ghereims} @u therfostKefor KIGGIY) {skpesitier 54 &raord DEWLO-
2553-474); (1x) Go b&gﬂ%&glization of rhesus IL-13 (better than

0

(
DCNHO-53-4fZ); (x) neut ral i zati on of human and a non- human primate

(e.g., Cynonol gus nonkey, rhesus or baboon) 1L-13 (better than DOM 1 0-53-
474) ;

In one embodiment of the second aspect, CDR2 (according to Kabat) of the single
variable domain has the sequence SIDW[Z]TYYADSVKG, wherein [Z] is selected
from XGX’X*’, KGGK; XGKI and HGKI as defined above.

10 In either aspect, the variable domain can optionally have an amino acid change
(versus DOM10-53-474 (SEQ ID NO: 1)) at one or more of position 30, 53, 55 and

56 (according to Kabat numbering). The variable domain optionally has
a) proline at position 30 (according to Kabat numbering), and/or
b) lysine at position 53 (according to Kabat numbering) , and/or

15 c¢) glycine or lysine at position 55 (according to Kabat numbering), and/or

d) isoleucine or lysine at position 56 (according to Kabat numbering).

In one embodiment, the single variable domain has lysine at position 55 and

isoleucine at position 56(according to Kabat numbering).
20

In one aspect, the invention provides an anti-interleukin-13 (IL-13) immunoglobulin
single variable domain, wherein the CDRs (eg as determined by Kabat) are identical
to the CDRs of DOM10-53-474 (SEQ ID NO: 1) and wherein the single variable
domain comprises comprising valine at position 28 according to Kabat numbering.

25  Optionally, the amino acid sequence of the single variable domain has I, 2, 3,4 or 5



- 26 - (xi) Good neutralization of human, Cynonol gus nonkey and rhesus

| L-13 (better than DOMLO-53-474); (xii) Cross-reactivity between nore than
one speciwe 20fo/q@oissate |1L-13 (optionally, human and Cyneco/Epo®sSoeTTRey

and/ or rhesus IL-13, eg 5hunman and Cynonol gus nonkey IL-13; or human and
rhesus 1L-13; or human and baboon IL-13); and (xiii) Protease stability
(optionally, trypsin stability). Advéﬁtages (i) to (v) can be

determ ned, in one enbodi nent, by surface plasnon 10resonance, eg by

Bi acore TM In an enbodlnent ter i s indicated by.better
di ssoci ati on cHae d@R&?°°WﬂV5 B@é%?4§éﬁﬁﬁéﬂgéﬁyﬁﬁfﬂ§%’ N9 Bbne
enbodi ment,  byn&¥ Bﬂfn%éd £O0optdnkiLCiA/AICDR, eg CORR @Bordiig@slKakin b Chotiangl e
vari abl e donaln of t

e invention expresses well S tre,
at |east 5, 100ptipgalhothegingle V?f‘@“fdﬂ’]a'" dqeﬁ“%{ﬁo%%%ngF?&ﬁ% 5t3 o3 (gg{?ébvarl abl e
domai n of the-N@vgntlon expresses well in Pichia pastoris or Saccharonyces.
20Advantages (vii) to (xi) can be determ ned, in one enbodi nent, by
neutralization determ ned by ELI SA or a standard HEK STAT assay. In an
embodi nent ;> neutralization is indicated by EC50. Advant age (xii) can be
determ ned, in one enbodi nent, by ELISA, BiacoreTM or a 25standard HEK STAT
assay. |In an enbadkspedtthe tvesionpesvides an tti-inerienidnd Akl Hymolusegbaivéie i on

]E: grfgag ts Kd)smg'?édva?{eliglae‘%gm i)l’(l,l \Izvll'le,)relr(l: e &S’\de égsr erh%gﬂed by K%Bz%) grgt?é%qh&? nt, as
to the CDRs of DOM10-53-474 (SEQ ID NO: 1) with the exception that the single
variable domain comprises comprising the SIDW[Z]TYYADSVKG, XGX’X",
10  KGGK; XGKI or HGKI motif as defined above. Optionally, the single variable
domain has valine at position 28 according to Kabat numbering. Optionally the
single variable domain does not consist of DOM10-53-616 (SEQ ID NO: 5).

In a further aspect, the invention provides an anti-interleukin-13 (IL-13)
15  immunoglobulin single variable domain, wherein the variable domain is DOM10-

53-546 (SEQ ID NO: 2); DOM10-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ

ID NO: 4); or DOM10-53-616 (SEQ ID NO: 5). In a further aspect, the invention

provides an anti-interleukin-13 (IL-13) immunoglobulin single variable domain,

wherein the variable domain is DOM10-53-546 (SEQ ID NO: 2); DOM10-53-567
20  (SEQ ID NO: 3) or DOM10-53-568 (SEQ ID NO: 4).

An aspect of the invention provides an anti-interleukin-13 (IL-13) immunoglobulin
single variable domain encoded by the nucleotide sequence of DOM10-53-546
(SEQ ID NO: 6); DOM10-53-567 (SEQ ID NO: 7); DOM10-53-568 (SEQ ID NO:

25  8); or DOMI10-53-616 (SEQ ID NO: 9). Optionally the single variable domain does
not consist of DOM10-53-616 (SEQ ID NO: 5).

An aspect of the invention provides anti-interleukin-13 (IL-13) immunoglobulin

single variable domain that specifically binds to human IL-13 and at least one non-



300.3ng /mL single variable domain is mxed with trypsin (e.g., trypsin
activity >5000 units/ng) at a ratio of 25:1 dAb:trypsin in PBS buffer.
After - W@2010/08c486ati on at 30 degrees centigrade for 22Chmrees/ 51789
presence of active dAb remaining after incubation is determ ned. In one
enbodi ment, the presence of active dAb is determi nes as the percentage dADb
activity remaining, and this is determ-2d4d by surface plasnon resonance
(e.g., 5 BiacoreTm). A percentage activity of at least 20% (e.g., at |east
30% 40% or 50% after 24 hours is indicative of a protease stable dAb. In
anot her enbodihveae primite Ibrlds Eprcxamplegthy yatablecdomsingpradfically binds Bwpat ni ned

using ELI SA, Wﬁ%%&lcgn&ﬁ&g@@ﬂ ARV & r¥ald ARl LardRRBhBboRAS- 181 §D450 readi ng
in ELI SA of at | east 404 elg i ncubation. In another enbodi ment, the

presence of adwimap aeGyromalies ok §3rornman arslybesus ilcAB pyhumangad protein A
or protein L fy gtéo‘?l"i't“l% dr ﬂngg%e‘Q& anh@yﬂ&ﬁ&l@ﬁm@rﬂ@?ﬁ-@nﬁ"he {ilge Pr esence of

active dAb is determ ned el el ectrophoresis, protease-stabl e variabl e
domai n di sl ayarighle ddssaimmeay &¢ ptionaldy avgording smanyi mecgéqngew@ettqf dphoresi s

followng | neypahlia %ﬂlﬁ)ln?l)p?gsnﬁgp?%MOmaﬂl SleDHb o)t bAPLR @osmRI n of the

i nvention has I n anot her enbodi nent, a single
vari abl e donmiti6¢SE®@ He NChie nknjona eimbedimeniathe ag@ble(mb)ﬂamrhinc(shu)naﬂ tptidonal |y

orn ong &baind Bletor 8RR URER piRhie FONS\3h o LANHY B e SR 1O ).

201 n one enbodi"hent I nven rovi e varila onmal n
according to tin® mriv&smmnomlrycanbouarziyﬂ\msel,essaat;ouablvlblmrd@eor aboyt 2 sMar keshit  and/ or

prophyl axi & of apy di &ss! ncf):no%%'bt IR £l h%qfl ﬁéo?edd ﬁblﬂdsdf}b@ﬂﬁéoml 0

embodi ment ", t K& P HVen on prOV| e uée of "4 sl ng
accor di ng to tBevitrwdisbtiatiorn amni;thre (Krdt)mffahmttumé/l mfleanoﬂtbnei_llsf apnutf§o pvst  f or

oy e 20 SPUSP SSRGSl TS e PO By R oo,
i mportation i niboutdlaipMsorties aiprionally aB@t n®yrwihrouhtgo$l\4 caycmu)l nhvbm@yutl L-13 as
determ ned by D gcop GofisopucBithaattuny oSty HRM, 0G o
vari abl e dETRiabSutG00 pNECRBAESENHM FradaItiS0n pM’te ahau.tt [0 mw eptioh N2 50t ghan
mohﬁﬁaﬁ7gnd‘?€q§\f/fﬂ-¥g 1 5§M§Qb7out 5‘5% pwg)out 50 pq\% ora out 5% N?? boBto}O prlkﬁy for 5
optionally about 150 pM to about 10 pM, about 150 pM to about 50 pM or about
150 pM to about 70 pM, or optionally about 100 pM to about 10 pM, about 100 pM
to about 50 pM or about 100 pM to about 70 pM; and (ii) the non-human (e.g.,
20  cynomolgus monkey, rhesus or baboon) IL-13 with a dissociation constant (Kd) of 5
nM or less, optionally 4, 3, 2 or 1nM or less, optionally 5 to 1 nM. In one
embodiment, additionally or alternatively, the single variable domain comprises a
valine at position 28 according to Kabat numbering. In one embodiment,
additionally or alternatively, the single variable domain comprises the sequence
25  XGX’X’’, wherein the G is at position 54 according to Kabat numbering and
X=HorK;
X’=G orK;
X”’=Korl.

In one embodiment, additionally or alternatively, the variable domain has
30  a) proline at position 30 (according to Kabat numbering), and/or

b) lysine at position 53 (according to Kabat numbering) , and/or



Singl e variabl e domai ns of the present invention (DOMLO-53-546,

DOMLO- 53-567, DOMLO-53-568 and DOMLO-53-616) show cross-reactivity between
nor e t harwonelmpesses of primate |1L-13. I n one aspect, POE/EPRMNSO6TIEN

provi des the single variable 10 domai nsfor providing a single variable
domain that is cross-reactive between nore than one species of prinmate

| L-13 optionally between human and a norShunman prinmate |L-13, optionally
between (i) human and Cynonol gus nonkey | L-13 species (ii) human and
rhesus |L-13 species, flll) human, Cynono S and esus |L-13
speci es, or (i%EVREERRLY, &ﬁﬂmH§§88%5§Ewﬁﬁd@%gb$@§thHm8 o ct, the 15

i nvention provides the use of a single variable domain of the invention in
t he manuf act urdg iwleuaine bitydide apbeagensGlacdondihg ioKabansmbedagnt i ve bet ween nore
t han one species of primate IL-13 optionally between human and a non- human
primate |1L-13, optionally between (i) human and Cynonol gus nonkey 1|L-13
species, (ii) human and rhesus |L-13 species, (iii) human, Cynonol gus
nonkey and rhdﬁuﬁehhmimnaﬁzﬂpmomﬁscwahmﬁ$w¢Whmﬂumﬁmhdbbabdmnb&beﬁ@ speci es.

The vari able do i call g, nan primate |L-13
(in the exgnpﬂgg‘oﬁg%ﬁﬁg €§H%W%? ugl yﬁ%xor éqoﬁe§ﬁ§u? erT§§|spe0|es are
bound by the variable domains). This is partlcularly useful, since drug
devel opnent typically requires testing of |ead drug candi dates in non- huran
prinmate systenms such as Cynonol gus nonkey and rhesus 25 before the drug is
tested in humepgs, euﬁ%bWﬁ% AU (R irRelioOint dIP4spER0 aR! A aRHERD BRAuAL her
primate |L-13 s cies allows one to test resul Ps I'n these system and nake
si de- by- si de cheypdisplayoms opmorgaf theellowyng hdvantages:-dr ug. Thi s avoi ds t he
conplication of needing to find a drug that works agai nst a non-human |L-13
and a separate drug that works against human I L-13, and al so avoids the
need to colpare ﬁbsuIGQXHmﬁGQYHunmﬁsmmnm hol3 thettempqiericrathars DEINTHYS3-

non-i dentical drugs. Optionally, the binding affinity of the

i mmunogl obul i n single v&rlable domain for at |east one non-human primate
(e.g., cyno and/ @b rh69u$pamdﬁagababaﬂmymhmsﬁ&nhndﬂbhbﬂbnndkmgmnﬂmmnity for
human 1L-13 differ @ﬁl 34J%Pan a factor of 10, 50, 100, 500 or 1000. In
one aspect the |nvent g& vi'dés a single variable domain according to 5
the invention fotiipr cvoddi pgeraf fagainstyrhofustlhel 3i (heuerogdtetoul than £IOM1®53ar i abl e
domai n for at | east zﬂﬁ non- human prinmate (e.g., cyno and/or rhesus and/or
baboon) I L13 and t he ndlng affinity for human IL-13 differ by no nore
than a factor of (il0, Gébd JHncyoOfbatnst 1k land omenaspmﬁatn tgrgnataveert.i on
provi des the use of S|n var i abl donal to the inyention for
the manufacture of an X"Bm g”éd’?%ﬁ%l S Yo Wﬂ%’i‘ [ ?ﬁ%etgf fpof?i"f%/ B ¢ he

i mmunogl obul i n si ngl ep@rRMoablagagonai n for at | east one non-hunman primte
(e.g., cyno and/or rhesus and/ or baboon L-13 and t finity for
human 1 L-13 diff&p byG?Pd‘ l?fﬁ?‘@yt%‘ﬁ“amf%t Syngpolgey mg eyﬁﬁ‘g Ih%%‘é{ﬂj 131000.
15Si ngl e vayi abl e donBiis pSbndyiRand@SBOLS31479ENt | ON (Eimﬂo 53- 546,

DOMLO- 53- 567, DOMLO- 53 56g and DOMLO- 53- 616% can neutralize nDre t han one
speci es of primat® | LGaod expigssipreinpspiaptotic cofts (PPHABAYY Brttepat PHMIUO Y gl e

vari abl e domai n accorglisng to the invention for neutralizing nore than one
species of primate IL-13, op t|onall¥ for neutralizi
)

n
Cynonol gus nonke{ i) L - Gapddysuiey] gationqfihyman B.- h (hgtier than [?q)l]}é’ééé31474)13 speci es,
(iii) human, Cyngmpl 9usodBNKaNzaB08of ORHDIdul mbAkSNECI 3qBette® thah DOM hoinaN and
baboon IL-13 species. In one aspect, the invention provides the use of a
si ngl e vard’abl e domai¥-#d¢ording to the invention for the manufacture of an

I L-13 ant agoni st ¢ix)f orGRRAHO@d1iz&tidADIRESs ILDRNb&RES iR BN §0-95-4pn)i mate 1L-13,
optional ly for neutraI|2|ng (i) human and Cynaonol gus nonkey. | L- 25 13

species, (ii) huf#n dﬁﬂ’rH@@H&mWEml?fsb@BWb§md(PlP?“HWﬁﬂh PriatonStEgus
nonkey and rhesus |L-dg b%nk%f rieks) orlHAB&IM mdsl@@éa@pmaﬁ boMiEpeCi es. As
shown by the exanples belom/ 53- 546, 0 53- 567, DOMLO-53-568 and
DOMLO- 53-616 showed H&itralization of all forms of IL-13 tested (human,
Cynonol gus nonkey and rhesus 1L-13) in ELISA or HEK STAT assays.
DOMLO- 53- 546, 30 DOMLO-53-567 and DOMLO- 53-568 showed nuch nore
neutral i zing potency for human, Cynonol gus nonkey and rhesus |IL-13 than
DOMLO- 53-474. DOMLO-53- W0O2010/ 060486PCT/ EP2008/ 067789



- 30 - 616 was a nmuch nore potent neutralizer than DOMLO-53-474 for

Cynonol gus nonkey and rhesus 1L-13 and was broadly conparabl e agai nst human
| L-13. Siwgl2eimmoisabl e domai ns ( DOMLO- 53- 567 and DOMLO- B8TH®B)08A6E89
particularly 5protease stable. In one aspect, the invention provides a
single variable domain of the invention for providing a protease stable
single variable domain or 1L-13 antagoni%t-. In one aspect, the invention
provi des the use of a single variable donmain of the invention in the

manuf acture of an IL-13 antagoni st for providi nlg a protease stable 1L-13
ant agoni st. Prot 8dkse Qeadopquirehization gbhwnsh. fodonslepymopliy: andihesuslr!de si ngl e
vari abl e domain i s m xeg:WMahbONIYRSIA74)€. 9., trypsin activity >5000
units/ng) at a ratio of 25:1 dAb:trypsin in PBS buffer. After incubation at
30 degrees cent i GHiddeCPsTTeadivVip ubesweanh mofre thasin ag spefiesa of i RinaadLriémai ni ng
after incubation is Bﬁ&nﬁllﬂ%n&ﬁ-&d,cm uBIRGREE THY/or fheRRN AN, Qe
activity of at |east % (e.g., at |east 30% 40% or 50% after 24 15hours
i s indicative of a prlﬁl!@as?éd%t)’ pnelgesmonkgglerdheehymanngidahesys Vo2 08149143,
The entire disclosure,gfint.hi G.RBRII-¢AL 4R IS incorporated herein by
reference, in order to provide further disclosure herein of

pr ot ease-r esi st afxipofryisasststatidity eepdordbdryppipstabitiy)f or sel ecting t hese
(including 20 disclosure of different proteases that can be used and
selection conditions); uses of these; conpositions, |ligands and products
conpri si ng t hesdvanagy @dvdm eapets defermineh, poing papoilidest, ydutfadesplasTiras e

di scl osureg, ar Licl Jncl pde h r t

di scl osur eﬁ)f orrgsi?g%e%\?\i %1%{/ Bk?elécg?eesén?n Pﬁ%&#ﬁ@gﬁhe%é%é%gg& ?Sd@gﬁgﬁg br%ept i des
have becone i rettgaBispgationicopgant 86d). agents in a variety of applications,
including industrial applications and use as nedi cal, therapeutic and

di agnostic agents. However, in certain physiological states, such as

i nfl ammat ory sAdhesgd @i)gan BORDrmaned, io anc enbodihent shyouptessidn ipriotodases present
in a tissue, qgrgan or.animl. (e.g..in, the | iLn. or adjace t unor)
can i nor eace. 1A enSRaRECE RS Gl i o S m el PRAEEER @ el

degr adat i orp arfing/Ies tg wdédsos) 10f 15¢palmganausCayr.ot ei ns and of therapeutic
pepti des, pol ypeptides and proteins that are adm nistered - 31 - to treat
di sease. Accordingly, sone agents that have potential for in vivo use (e.qg,
use in treatinp aflie@godidikmng aGingly earablel dgnaih 9€ AKLinlvEntivh EXplesses Wl iAS
humans) have only limted efficacy because they are rapidly degraded and

i nact i vat ed bﬁﬂ%ﬁ?@é@é’é’."%ﬁﬁﬁ’fo@’é’g@ resi stant pol ypeptides provide sever al
advant ages. For exanpl e, protease

20  Advantages (vii) to (xi) can be determined, in one embodiment, by neutralization
determined by ELISA or a standard HEK STAT assay. In an embodiment,

neutralization is indicated by ECsy.

Advantage (xii) can be determined, in one embodiment, by ELISA, Biacore™ or a
25 standard HEK STAT assay. In an embodiment, cross-reactivity is indicated by

dissociation constants (Kd).

Advantage (xiii) can be determined, in one embodiment, as follows:-

30 0.3mg /ml single variable domain is mixed with trypsin (e.g., trypsin activity
>5000 units/mg) at a ratio of 25:1 dAb:trypsin in PBS buffer. After



resi stant pol ypeptides remai ning active in vivo |onger than protease
sensitive agents and, accordingly, remaining functional for a period of

ti me thatwoosulchisei ent to produce biol ogical effects. Acmapdoosossss for

i nproved nethods to sel ect pol ypeptides that are resistant to protease
degradati on and al so have desirabl e 10bi ol ogical activity. It would be
particularly useful to provide peptides2dnd pol ypepti des that are resistant
to proteases found in fluids and tissues of the gastrointestinal tract (d
tract) and/or pul npnary system which sysfemincludes the Iungr %@th the G
tract and the pul miiabafion gsildpetseeceatigrade ?%?4BW§%§§€"§ﬁﬂwéﬁég §82%ondi ti ons

in manmals, eg humahsiiniRg P ARBbdiRE iisSdetdihine@pt i de and pol ypeptide drugs
15woul d be advantageous in this cont ext. Single variable dorrai ns of the

present invention (DOVLO-53-546 a DOML tter
expr essi on | eJBPEe ‘érﬁba‘ﬁi Boeiid @%S"ﬂeﬁlo aﬁt“ﬁ’r%%d? 9%??‘?’%5“‘%?@? ¥’\§ peﬁcﬁm%%e aspect ,
the invention al@ﬁﬂw @ﬁ&lnﬁlgsdﬂdgi\lels\tﬁfehﬁiﬂkcﬁbyﬂﬁfﬂﬁbdﬂplm‘mdnhewnmber(lé gpn 20( eg,

DOMLO- 53-546 and DOM 53-616) for providi a sin y mai n that
has expressi orP'P‘?‘i’“‘ﬁ?‘bk%P%?']t%ge@%tl'W@ o okt 208 o ot WY ﬁb‘? RSP

DOMLO- 53-  474. 5k ORfrAS RRAGhsivd T8 &H@E‘%ﬂa@l@ dAbOYii &iRthet Bifibdts@erdf tha Si ngI e
vari abl e domain of the inventiaon -53-546 and, DOVILO- 53-616) in the

manuf act ur e ofPreganqgelof a grofsapesgiahls dat b ‘W@Fr@i“ﬁd pyiee KEISgr whersin apiP e qonmi n has

expressi on i n PRHRKARYAE a&nﬁﬁhéssanitw;@&adusg RBINSA of RashsexpILBROWAgOf
DOMLO- 53-474. I n an enbodi ment of any precedin aspgct of the[ﬁéﬁlﬁg tion,

the single varlﬂ%!bﬁ@"ddw%heéﬁ’@é?c*'méﬁi tihVPWF"r’l‘H%O HendAR PelsisEng key and

rhesus IL-f3. s§9&§éai1r5mkawr%thlo$ doRs E%l%@bu@'lnalbdh&sqsslaaéth@n constant Kd
of 10 m cronolar or Tess, opti onaF m cronol ar or | ess. Specific binding

of an anti gen-dybedimest, W@FWetoéa%UaﬁAhhﬂe&éﬁ"ﬁﬁ by gekelsEORNRFESSe? det er i ned
by a suitable g &detabféQhHQl@&)mzﬁﬁ)&1s@§ﬁﬁgjiu%stal§ﬁﬁ§ﬁ@ﬁ\@@ paR@inygel s and/ or

conpetitive binding assays, such as radioi munoassays

W2010/ 060486 RETIERROGSE/ obrAggincutgdion. (Rl A), enzyne i nmunoassays such as
ELI SA and sandw ch conpetition assays, and the different variants thereof.
Binding affinity is optionally determ ned using surface plasnon resonance
(SPR) 5 and Biacore (Karlsson et al., 1991), using a Biacore system
(Uppsal a, Swederpe empadimemcioringleyasiablgdowaia 0§ therineation hes adyinfagednce ( SPR,

Vel ford K 19944 )Sptln arf AR Emb&diREdt; a @%lévar%fetd@ﬁ‘naﬁr!ﬁ*tﬂwﬁ"?elﬁﬂon A£98, Methods

i n Enzynol ogy 29 268) to nonitor bionolecular interactions in real tine,

and uses surf assaniess (0 and o pieralihetingarprigble demainlapies congist pe
resonance anglgopfiolshHik (@Eq ihRaYy.face of a thin gold

20 In one embodiment, the invention provides a single variable domain according to the
invention for any use, any advantage, any treatment and/or prophylaxis of any
disease or condition disclosed herein. In one embodiment, the invention provides
the use of a single variable domain according to the invention in the manufacture of
an IL-13 antagonist for any use, any advantage, any treatment and/or prophylaxis of

25  any disease or condition disclosed herein. These statements provide explicit basis

for importation into claims herein.

Single variable domains of the present invention (DOM10-33-546, DOM10-53-567,
DOM10-53-568 and DOM10-53-616) show good potency against both human and



10 filmon a gl ass support as a result of changes in the refrative index of
the surface up to 300 nm away. Bi acore anal ysis conveni ently generates
associ at iwo 20ss046nst ant s, di ssoci ati on rate constant spceqp2oosiosi7am

di ssoci ati on constants, and affinity constants. Binding affinity is

obt ai ned by assessing the association and di ssociation rate constants using
a Biacore surface plasnon resonance syst28m (Bi acore, Inc.). A 15 bi osensor
chip is activated for covalent coupling of the target according to the
manuf acturer's (Biaeore) instructions. The target i s then diluted and

i nj ected over Qmém@lgpi)(ob'éo)dmnéwhual%Pfgﬁdlca‘ieﬁ’m by Bspalisseciptigneconyints (ebbi | i zed

material. Singg {ihes $indRB! as! dihRHCHBY GBrhR! SiZsn{oRUksdninde! @RATBihQ@RaM) L 0 the
mass of imobilized material, this represents a range of i mobi | i zed tar get

densities on tle singly variablo domsdnsafithe Presgnd inveptiory arefmychy morg okt Mane nodel

to obtain 1c) fhosyo- 5? 494, [SOMNEL95 G FGNd BIONPID-91-5E RARI BB ShienBs &lpdo-fi r st
order rate constant (Kd's) are calculated for each association curve, and
pl otted asSa fbothdiman and cymodbdBn concentration to obtain lcon +/ - s.e.
(standard error of fit). Equilibriumdissociation constants for binding,
Kd's, are calculated from SPR neasurenents as kO01/kon- 25 In an enbodi nent
of any pr ecediSm@lfasap'@bte dofnaink ef the weaserit omventidne(Deivl | Babi-84@ BIRVKO-pE00Tal | ses

human | L-13 i t o about
50 M opti o6 35388 Gy BOVIOAD. 485 G bk Bt pergeeBisiindk ope 0
about 0.2 to abewids of. p@mam l(br13ablomne@51®ct d\eabmmtmllp@vmm thersinghevaigplect , t he

i nventi on 30provi de i gl f

neutrali si ﬁgpﬁig)rr?aamsﬁ)f_%fiw% %Sl}{ %I?Ab? %&%‘ﬁg}ﬁg acté(%g réa\r/e\nﬁ%ﬂﬁéetlﬁ&ll%&@&eof about
0.1 to about 2hd&h oy srmplbi; ofigkingte LL B3 opticaibldyu bet®eén tnomatbamd aZnap-hwjanabout
0.3t bout 1. 2 0.2t o) 1.0 nM
In Once) :sggct ngl lh n?;?tlonz%l BetG e Ou 18 hhumnrMa(r?(? (2}9181%)1&8 :?'nc;n(ﬁe)a "’lt_’» il

r ovl e use o e varia e domai n
of the invent ispecidsn(ii) Ihemmamdhaem;suﬂelbfspeares | (Lit) hBmamtGgomokpius rrwhbayamd t he

vari abl e donai h or . anfagoni st n tralis L13| astanadHEK
STAT 5 assay' 'S%Hﬁﬂg §%§55’0(fr (Bﬁg'ﬂ?’a'b?li Eac?oglgglm]gfpﬁleﬁwl pt 3% n%l fy about
0.2 to abaugt Zn\&nﬁd)ﬂ pﬁb'ﬁ*léﬁ the Bset of absﬁngﬂe {ar@ibl d@iontof Gh@ ntwamaxhomt the. 0 nM or
about 0.3 to abou an enb d| nment of an recedi n ect of the
i nvention, thé"y 8*[1%”3??1 ataEqR, dhat iy §ré’§s”i’:ﬁ°2éﬁs }evf’e'iémgﬁ%égscfngndar d
HEK STAT aSS&)ég(Wlésh)fﬁﬂmEl@D 18fopadially betiveercthmish anda AdA-hapdn w@imadté Y.-&hout 1 to
about 15 nM abqut 2 to about, 15 nM,or about 2 to out 11.5 . I n one
aspect, the i mpEaRa! éﬂr?etb"fCS’i‘/?ge%”“%?“sai“ﬁ yBOW‘élrgF%‘BP‘ékeéfgﬁﬁlngPS‘i“esf I@%W@nti on
for neutralisijg rhésasus-1BLspkdied, Niid Sﬁrﬁd?}d@ydoﬂﬂaéu§%'ﬁk@8$ﬁ& riésud) [BN3ECS50 of
about| to about 20 nM _optional I}; about 1 to about about,_2 to about

1515 nM or2Vab@pgcies ‘?rd“’él?&l'i‘.?f‘“ ang by It |3 PREcsas é’?“g’% %QO’WH%WF?‘ #18r ovi des

the use of a %iGliRnakahl akbs- hdﬁHﬂibJ"mﬂfe nth@ éinnuﬁmah@[eslmﬁdaecmmga@ture of
an |L-13 antagonist, wherein the variable domain or antagoni st neutralises

rhesus 1L- 13 imenkey pachdagse HEKS STORTES 266 Rgungi b thenvariels domainshutThis 5 about
20 nM opti On"yal'tﬁéul%hflﬁgeﬁll Eﬂc@@ﬂﬁtdewoﬁﬁént adally Zedude@ Rt dOlcRMiIRE about 2

to about 11.5 n an enbodi nent of any precedl ng aspect of the
i nvention, theandiddtesin @ondaph pPiaeie SEIReick phomIIsusFaeNkey and thesisi n

standard HeK SLATe %Wg Wt&sjﬂedaiﬂ h't:rﬁ%ﬁ)s thealpgﬂgloﬁ bPa ANRULaZ@n BMd RRtahonal Iy

about 5 to 15 nM or about to about I n one aspect, the invention
provi des a si rigil ethgnpiitae éLdéﬁBﬂCWS Gl‘lo‘t’h@eltﬁ\?@ht‘fﬁ‘éﬁ ip gieshwistemuanddnakg

cynonol gus nonkgy, Iere]x%n{pgrls%n§B@dﬁ%s%g%aﬁ@%ﬁu%sﬁﬁé’am&hh%@ Bferfl of
about 1 to about b tionally about 5 to nM or about to about 10
of needing to f'md a drug that works against a non-human IL-13 and a separate drug

that works against human IL-13, and also avoids the need to compare results in

30  humans and non-human primates using non-identical drugs.



nM I n one aspect, the invention provides the use of a single variable
domain of the invention in the manufacture of an IL-13 antagoni st, wherein
t he vari avbeotusaisa or ant agoni st neutral i ses eynonol gueCmmpzeg/ 0617843 i n a
standard HEK STAT assay with an EC50 of about 1 to about 20 nM optionally
about 5 to 15 nMor about 5 to 30 about 10 nM - 34 - An exanple of a
standard HEK STAT assay is as follows:-2fi-)anti-IL-13 dAb (or antagoni st
conprising an anti-1L-13 dAb) is incubated with 6ng/nil |L-13 for one hour

at 37C, 5% i ncu t| on m.xture is adde 104

K teTon SR Ret AN iU L i i Sl B Ginels veflePledoth G and the

Eﬁ% 'rvI eE ([a)ﬁll gnbr Vet @ea;b?ahmaleprmhﬁs [H’I%I@Sﬁalﬁcﬁtﬁﬁl?ésuf afdribebood B I1e) 3 mﬁirtharvelTlh in
eccqQ’.s,.no ie ina mcrotire te; (i]i e

plate is i ncug’é.'ldé'aé %ﬁ?'ty 8" E‘B&’@Ln‘s ‘{%#er&’éé‘f”é?&e tame ‘1"5%’88&90? 5§%°g?o%“é?z bon

di oxi de; (iv) ofheo0. dponé Spe@eranvenashisibviiss OaigeidbiBagmaivadiordingth | n step

(i), optionally the i ncuhbatign is erforrred usi ng ,.an equal vol une of

dAb and reéonﬁ%‘/%'aﬁ‘i"“PE @foveﬁ Bity 9f t Mﬂnwr@gw‘elﬁhﬁe'&hﬂ Yrziahlg demain) oq

15di I utions f rremat feattQide ﬁ&nﬁ@ﬁm@tnw@(ecgf HROMY dr 2REshd Mdlor BAVS/MLAL i ON i N
the assay) to produce an 8- dose-response curve, this is then

i ncubat ed wi t Rn¢ He blnﬂ"ﬁsﬂfﬁ?‘ f§’E @ﬁ“?’(ﬂllbjm iiariby mamoge thara faglor af ¥.80per nat ant

is mxed wth @oQ@saRk i BoUEH bAdRSHALER TveRich RBSAIRNGR of § singiRYarddbi40nm
20Anti-1L-13 dAb activity causes a decrease in STAT6 activation and a

cor r espondi ng dgeeinagewding toshe inveiteaferdhe wanufactge of ambly- B} angagonistcsoval ues can

be cal cul afped d«h%}enlgthk %ﬁﬂﬁygﬁﬁé 1%B9H¥>gﬁd¥>uhn|?§n€15'vlnjna%ﬂ: RFFPRr at least ek 293
cells" refers to the hunmah enbryo i ne designated 293 (ATCC 25

Nunber CRL- 1578-hgmag primefe (4. gfe&ynvé@d/omb%%w{ﬁslbéboozb@ Biranddh¢ kindingCC Nunber

@;51?73 1) el fordRimhati8L115 Vi 6P nbA6R MEFNHLEPRRE BY56,908!50W ot Togper um free

15  Single variable domains of the present invention (DOM10-53-546, DOM10-53-567,
DOM10-53-568 and DOM10-53-616) can neutralize more than one species of
primate IL-13. In one aspect, the invention provides a single variable domain
according to the invention for neutralizing more than one species of primate 1L-13,
optionally for neutralizing (i) human and Cynomolgus monkey IL-13 species, (ii)

20 human and rhesus IL-13 species, (iii) human, Cynomolgus monkey and rhesus 11.-13
species, or (iv) human and baboon IL-13 species. In one aspect, the invention
provides the use of a single variable domain according to the invention for the
manufacture of an 1L-13 antagonist, for neutralizing more than one species of
primate IL-13, optionally for neutralizing (i) human and Cynomolgus monkey IL-

25 13 species, (ii) human and rhesus IL-13 species, (iii) human, Cynomolgus monkey
and rhesus IL-13 species, or (iv) human and baboon IL-13 species. As shown by the
examples below, DOM10-53-546, DOM10-53-567, DOM10-53-568 and DOM10-
53-616 showed neutralization of all forms of 1L-13 tested (human, Cynomolgus
monkey and rhesus 1L-13) in ELISA or HEK STAT assays. DOM10-53-546,

30 DOMI0-33-567 and DOM10-53-568 showed much more neutralizing potency for
human, Cynomolgus monkey and rhesus IL-13 than DOM10-53-474. DOMI10-53-



medi a. Also contenplated in this invention are HEK 293 cells adapted to
grow in other culture conditions, or any kind of HEK 293 cells or

deri vat i wee.20tdEKBIsSae TM STAT6 cel | s stably express the r epomprers®erres
secreted enbryoni c al kal i ne phosphat ase (SEAP) under the control of the

| FNP m ni mal pronoter fused to four 5STAT6 binding sites. See al so Loi gnon
et al, "Stable high volunetric producti-g®-of glycosylated human reconbi nant
| FNal pha2b in HEK293 cel |l s", BMC Bi ot echnol ogy 2008, 8:65 for details of
engi neering of HEK293 cells and suitable constructs that can be adapted to
engi neer HEK293 60 & mych yagrs okt WevtFelizerethay AfgMyad-4ah dot hanarlgust ed

enbryoni ¢ al kahédkey RRPARRNG112$ € af SSFADroddBPQlpaiBRAgaifl hhaRL-#Spect, the
i nvention provides an interleukin-13 (IL-13) antagoni st conprising an anti -

I L-13 i mmunogl obulin single variable donain according to the invention.
Optional Iy, thg, 01 A08RIRMaBSBASORNAD-58%83 hsd D@M@%ﬂ%@?%@mcm&ﬁg ID NG 5).
Optional ly, the antagoni st does not conprise DOMLO-53-616 (SEQ1D NO 5).
150pt i onal Iy, RreteasaatablgoHi A agrsels thsdnveatorpprp wdespainete Baiable dopgeof e NO - 5)
i nked to a maRAGHANRY pARlAROokRBIhbIcARkIARAMIY alEH 6] 1IN B S an
anti-1L-4 mAb or an anti -I'L-5 'mAb. I'n one enbodi nent, the antagoni st
conpet es Wi t h IDOW #spect3Re BaetioBPQvides NEusgfa shlOENrble 9gmaie Pl (GEQ | D NO
3); DOMLO- 53- : . ( =53 ) or

ol nai ng to 1 L 13 ahs Briapechi ol P e g 2 rm i s Riiebe B

10-53- 616 ( SEQL4ID aN@gorgit. PQiasonaliility is detremingd agollpws:- does not conpri se
DOMLO- 53- 616 (SEQ ID NO 5). Optionally, the antagonist does not conprise
DOMLO- 53- 66 ( SEQ b@lﬂtéﬁﬁlel 5??&]34 Va6 dbMaid iAes m%pﬁmé.é?,%sfyt%@ity

250ptional 'y wherein ) is an anti-IL- Ab or an anti-IL-5 mAb. In
one embodi nent, th&>PQturgsime) piaratio p251B3dAb:yRsion KES baffBodhiasnt , the |L-13

I's Cynonol gus nmonkey, bdiioh3t 30 dkeRBOLdAGErGRPEA REIM, thd fifoertapcloF defivd NESUS
IL-13. I n one enbodi ment, the antagonrst conpetes wth DCﬁ/[LO- 53-546 (SEQ ID

NO. 2); DOMLO- 53- 58Ab@@inindafidincghatiopdndaeredicd 68g.( SHQ Bippawd™)-4); or

DOMLO- 53- 30 616 ( . :5) hapdi [ . ) onol gous
nmonkey |L-13. - 3§5§)erit%e§%¥tl é)rfgglrg%sg%@rjréag ét?ﬁe ant’ég%nq}g?@zgﬁﬁ%?es with
DOMLO- 53- 546 ( SEQ h@ird@ indijativOoNLproB8se56bld BEHQ | D NO 3); DOMLO- 53-568 ( SEQ
ID NO 4); or DOMLO- 53-616 (SEQ ID NGO 5) for binding to human IL-13,
Cynonol gous nonkey 1L-13 and rhesus |L-13. Optionally, the antagoni st does
not consist of DOMLO-53-616 5 (SEQ ID NGO 5). Optionally, the antagoni st
does not conprise DOMLO-53-616 (SEQ ID NO 5). 'Oﬁ'ltgi onal |y, the antagoni st
does not conpriesgemonmadsio 6‘1@020&\%81% N entjie discioprg of HisAPrEFEEN Bnal

anti body (mMADb)incoRRrdt@dRdrdiX bVREEEACR, thdRIPRbrbvdefrBdiscldsard hBdl g7 an
anti-1L-5 mA\b'protease-resistamt polypeptides and dAbs; methods for selecting these (including
20  disclosure of different proteases that can be used and selection conditions); uses of
these; compositions, ligands and products comprising these; and advantages of such
polypeptides and dAbs. These disclosures are explicitly included, and form part of,

the present disclosure for use with the present invention.

25  Polypeptides and peptides have become increasingly important agents in a variety of
applications, including industrial applications and use as medical, therapeutic and
diagnostic agents. However, in certain physiological states, such as inflammatory
states (e.g, COPD) and cancer, the amount of proteases present in a tissue, organ or
animal (e.g, in the lung, in or adjacent to a tumor) can increase. This increase in

30  proteases can result in accelerated degradation and inactivation of endogenous

proteins and of therapeutic peptides, polypeptides and proteins that are administered



10l n one aspect, the invention provides any anti-IL-13 single variable
domain (eg, DOMLO-53-616) or antagonist, conposition or fusion protein
accor di ngvoaotonsodisavent i on for pul nonary delivery. |In omeTE&Pp@sits778he

i nvention provides the anti-1L13 single variable domain or antagonist or
fusion protein for delivery to the lung of a patient. In one aspect, the

i nvention provides the use of any anti -I3l-13 single 15vari abl e domain (eg,
DOMLO- 53- 616) or antagoni st, conposition or fusion protein according to the
invention in the manufacture of a nedi cament for pul monary delivery. In one
aspect, the iro&gatidisgassr dosudiasly omgagenss thatdpvaprtentip] o1 31 Wyase &2-&ar i abl e
domai n (eg, Qlftﬁe%ﬁ\@%@ag%sh%n)trﬁ&@éﬂtﬁl JisERERPRbMTAR sQ¢h Jshamars) RARE e n
according to the invention in the manuracture of a medicanment for delivery
to the 20l ung vy limiteskdfBency beoaussmleeyarfpronidhedeeradedynd jaactivBedbyRIRERSS per se
or when part of the antagonist or fusion protein is resistant to | eucozyne
and/or trypsin. The invention provides a nethod for treating, suppressing
or prevent iSng Reotaase rgsistanbpely geptides penyéds setentl adyantpgte Honexaminde. prdeaptict i ve

pul monary di S&88&ar hfioils €RRRRUIBN Ay vob bRt TRORLY slisRRAEA hat  can

be treated, suppres r prevent I'n accorddnce ' the I nvention
i ncl ude, for exdmstadinglystempinfrigfpetiosal derch resivdh petiniethgt is saffigientdor esi st ant

asthme) . Thus, , 4B BRIdIREI ARBEC A ncbd' &l Hhirlbd Mefodl® Ly fOr treating,

suppressing or preventing a pul nonary di sease (e.g, cystic fibrosis,

ast hma) conpr iiypgptatdnthai @€ esisiagt tb praseasadngeddaiion and@tbo thives desifabde

t herapeutical I,y-, 30effectiye d . f I L fusion
protein, sﬁ)ﬁglge{d\c}%{?zﬁggfvétydgn%?uﬁds ee"éh“’wggf@t%ﬁ’ﬁ ?jeﬁg@%%%?}st or

conposi ti on agobpeptings thet drbeesisauianpraeases fourBl7in fluids aphtisuawf #re enbodi nent s,
t he pol ypepti de

f.usion protein,. sinagle variable donai : M-SS-MG),
ant agoni st or %‘?gtﬁod%gﬁt't"f*lotﬁac‘ @g&ﬂ‘? ﬁ?‘@‘?’é’#‘%"a" n@fyf'ygﬁwh‘ﬁﬁg}? % S&Eﬁi’n\cllery,gesuch as
by i nhal ati on 1(®. Both thie [ ractraa b thel pulmoniaryesystsal aradited foa ldiseash ahdadvenss
S5intranasal drops). or. by system c deliver e nenteral . intravenous,
i ntranuscul ar ,COF%%'?'%Qﬂwgafg%ﬂ%'&’ﬂ%fﬁaé%ﬂ%fwgf %é%gd? ?J“rdtﬂﬁ)g'rp é%tlsdééi(r:lf of the

i nvention, 1% hevaild be fvavthgbods ia tidoognesk.t i on conpri si ng any pol ypepti de,
singl e vari abl e donmai n(eg, DOMLO-53-616), composition or antagoni st

Single variable domains of the present invention (DOM10-53-546 and DOM10-53-
616) showed much better expression levels than DOM10-53-474 in prokaryotic
cells. In one aspect, the invention provides a single variable domain of the invention
20  (eg, DOM10-53-546 and DOM10-53-616) for providing a single variable domain
that has expression in prokaryotic cells that is better than expression of DOM10-53-
474. In one aspect, the invention provides the use of a single variable domain of the
invention (eg, DOMI10-53-546 and DOM10-53-616) in the manufacture of an IL-13
antagonist, wherein the single variable domain has expression in prokaryotic cells

25  that is better than expression of DOM10-53-474.

In an embodiment of any preceding aspect of the invention, the single variable
domain specifically binds human, cynomolgus monkey and rhesus IL-13. Specific
binding is indicated by a dissociation constant Kd of 10 micromolar or less,
optionally 1 micromolar or less. Specific binding of an antigen-binding protein to
30 an antigen or epitope can be determined by a suitable assay, including, for example,

Scatchard analysis and/or competitive binding assays, such as radioimmunoassays



10according to the invention and a pharmaceutically acceptable carrier,

di l uent or excipient. Mreover, the present invention provides a nethod for
t he treatwenbiufcodssease usi ng any pol ypepti de, single wariEebéos/osmsni n (eg,
DOMLO- 53- 616), conposition or 15 antagoni st according to the present
invention. In an enbodi nent the disease is cancer or an inflammuatory

di sease, eg rheumatoid arthritis, asthm#2or Crohn's disease. In an aspect
of the invention, any polypeptide, single variable domain (eg, DOMLO-

2053-616), conposition Qr antagonist according to the invention is provided
for therapy a%ﬁ% CRRYBIS A MARPasSays such af EL A spdpadvdeh eqsmstition?ssavs adhuman.

I n anot her aspgCdiffefcheVaBantSthFeor | ded t he use of the pol ypeptide, single
vari abl e domai n, conposition or antagonist, in the manufacture of a

medi cament for therapy or prophylaxis of an IL-13-nmediated condition in a
human. I n anot her aspect, there is 25provided a nethod of treating and/or
preventing ag HihdiAS MRty at eptichanyidéte@iinédudndsiifte pREmEN tesofidnee (SHI)0d
conpri sing adm nistering any pol tide, single varjabl onpi n (egq,

DOV 0- 23 56 g Giaseii (RABROD F et S DiaE b BB USEAE SYRAE i BR: o ¢ he
patient. |In onga@pPadHchBREs subB& Pldsmba réBakinat EPRC Welofd KN 998, @ptl @64t at ory

condition. In one enbodinent, the |L-13-nediated conditjon | ected
30from | ung i MflehnRdit derog mng Yleszkd s t48c Mahody un n%ﬁé’?‘?lloﬁ:f szgg'széaé)atgt hna,

pneunoni a, hyREEHHSP Biokokkhidr MREATBNI ihirdul tiRW] ARANBEYsukAEd plbdnddnereWdnbiite _
eosi nophilia, environnental |ung disease, pneunonia, bronchiectasis, cystic

fibrosis, inteyueh eangetectchanges intheppsenagesngle oflightat hesyrtasspdpyhin gold

hypertensi@n, fimlJRNALY shiformRassdaRr ot singdiis HedefistivefindeR @ MeQUFtabe Wi SOT der's
of the mediastinum disorders of the diaphragm hypoventilation,

hyper vent i | at itoA00 Binawsgy aBiseere arpdypisecopwaiiantly geftefates asoc LN BNAANSARLS.

mesot hel i oma, FI6GATR r4E af:(gns{aﬁis,e Q’.Iq.hf-i’ilﬂriuﬁr %fsgcha%'E)ﬁ uéorﬂ%f’s dzin%le%%ityl ung
cancer, ballergic rhinitrs, aIIergb%;E;i asbestosi s, aspergilions,
e

asper gi | | osi s, copsianie Biadinasifinity énetirinad yrasreting the assepiphgnsandedissedaionophi | i ¢
pneunoni a, | d'r%%%ﬁgt&tsq}étrfgoar@ﬁ ord kLpfa_Qéblﬁsmérﬂxé%'alY& sHEEH BREe&EAh i Aease,

i nfl uenza, nontubercul ous nycobacteria, pleural efflsion, pneunoconiosis,
pneunocyt oli s,bigresenshipais gstivateshrycovalent coupling of the target according to the

manufacturer's (Biacore) instructions. The target is then diluted and injected over the
chip to obtain a signal in response units of immobilized material. Since the signal in
resonance units (RU) is proportional to the mass of immobilized material, this
represents a range of immobilized target densities on the matrix. Dissociation data
20 are fit to a one-sitt model to obtain key +/- s.d. (standard deviation of
measurements). Pseudo-first order rate constant (Kd’s) are calculated for each
association curve, and plotted as a function of protein concentration to obtain Koy +/-
s.c. (standard error of fit). Equilibrium dissociation constants for binding, Kd's, are

calculated from SPR measurements as Kof/kon.
25

In an embodiment of any preceding aspect of the invention, the variable domain
neutralises human IL-13 in a standard HEK STAT assay with an ECso of about 0.1
to about 2.0 nM, optionally about 0.2 to about 2.0 nM, about 0.3 to about 1.5nM,
about 0.2 to about 1.0 nM or about 0.3 to about 1.0 nM. In one aspect, the invention
30  provides a single variable domain of the invention for neutralising human IL-13 in a

standard HEK STAT assay with an ECso of about 0.1 to about 2.0 nM, optionally



actinonycosis, pulnonary alveolar proteinosis, pulnnonary anthrax, pul nonary
10edema, pul nonary enbol us, pul nonary inflammation, pul nonary histiocytosis
X, pul nonaoyotwgeesssensi on, pul nonary nocardi 0si s, pul nDramEPRMSAETIEY OSi S,
pul monary veno-occl usive di sease, rheumatoid |ung di sease, sarcoidosis, and
Wegener's granul omatosis. An aspect of the invention provides a puInDnary
deli very device containing a 15pol ypeptidde, single variable donmain (eg,
DOMLO- 53-616) , conp05|t|on or antagoni st according to the invention. The

devi ce can be r ranasal L hi stration deyic The |igand
(e.qg., polypeﬁgWH@ ﬁﬂFgQJ@RE%BTéEﬁ%ﬁ@?ﬁﬁgghﬂﬁ@§?Sééﬁ&%wtLHP i st) of
20t he i nventi QBo@ @B tb@B(bd@lltO ANLNG dh@ asifect, the 1d/ehonlproviddsahe @0 df 9Eingle- 13Ra2,
inhibit the activit IL-13, and/or inhipit the actjvity of IL 13 wi t hout

subst ant | a||yvpﬂﬁhl%5qm%@o B AveRLogfin th he TpGuEreLol 87 el > SHEHBIRL TR, |

one aspect, thge mmehb@annm ﬁm ﬁst Reufrh i@l EunﬂzﬂﬂLalthﬁaQQH@drcﬂ\HﬂKC@Fm ng to
the i nvention (eg, f or |nh|b|t|n9 bi nd % IL-13 to

| L- 13Ral anrd/ &psay I!V“TS‘R('EQ:SO ‘i’fri‘HP‘lflotl 1 gkoud &0 \MLrap 6‘?3”25\’(?_“ 913 to gboyt &0 i nhi bi t

the activity gfv,labokd IVolabait saNPabRnd 22 hdout NBWRI driabsutingiabsutafo | L-13 to
| L- 13Ral and/or 1L-13Ra2. In one aspect, the invention provides the use of

a single vari @&f-e domain according to the invention (eg, DOM | 0-53-616) in
t he manufacture of an IL-13 antagonist for inhibiting binding of IL-13 to

| L-13Ral and/or I1L-13Ra2, inhibit the activity of IL-13, and/or inhibit the
activity of IL- 13 30w t hout substantially inhibiting binding of IL- 13 to

| L- 13Ral and/ r and (e

i munogl obul i n" &% ﬂai}%ﬁvﬁﬂﬂ"éwe""é%ﬂﬂﬁ ﬁspeftwg{tﬁ%ﬁpwggoq lthev “f“?{ﬁ?‘m‘?‘g bi ndl ng of

IL-13 to am llpedt?alis@ah@uOIL-(®ing stanﬂ&rd}BRaSTATlaésBRa&)\ aqut:Igb dnbourhiobi t ory
concentration

about 10 nM é'@ﬁgﬂp %H%gm ﬁ%wﬁ i Gmﬂﬁf%iggﬂﬁgﬁgg%%“éﬁﬁ*ﬁggg%gégolgglpa
or < about 10 (pMouf NES hK350n bie Bpédt,aREiInk ohtide RN e @ tingls varghb&domain of

the invention for neutralising rhesus [L-13 in a standard HEK STAT assay with an

ECso of about] to about 20 nM, optionally about 1 to about 15 nM, about 2 to about

15 15 nM or about 2 to about 11.5 nM. In one aspect, the invention provides the use of

a single variable domain of the invention in the manufacture of an IL-13 antagonist,

wherein the variable domain or antagonist neutralises rhesus IL.-13 in a standard

HEK STAT assay with an ECsp of about1 to about 20 nM, optionally about 1 to

about 15 nM, about 2 to about 15 nM or about 2 to about 11.5 nM.

20  In an embodiment of any preceding aspect of the invention, the variable domain
neutralises cynomolgus monkey I1.-13 in a standard HEK STAT assay with an ECsg
of about 1 to about 20 nM, optionally about 5 to 15 nM or about 5 to about 10 nM.
In one aspect, the invention provides a single variable domain of the invention for
neutralising cynomolgus monkey IL-13 in a standard HEK STAT assay with an

25  ECso of about 1 to about 20 nM, optionally about 5 to 15 nM or about 5 to about 10
nM. In one aspect, the invention provides the use of a single variable domain of the
invention in the manufacture of an IL-13 antagonist, wherein the variable domain or
antagonist neutralises cynomolgus monkey IL-13 in a standard HEK STAT assay
with an ECsg of about 1 to about 20 nM, optionally about 5 to 15 nM or about 5 to

30  about 10 nM.



in vitro receptor binding assay, such as the assay described herein. It is
al so contenplated that the ligand (e.g., imunogl obulin single variable
domai n) opoi20malebasei nhi bit | L-13 i nduced functions in aPsWiEPalB®6T789 Vitro
assay with a 10neutralizing dose 50 (ND50) that is < about 101.tM < about
1 AM < about 100 nM < about 10 nM < about 1 nM < about 500 pM < about
300 pM < about 100 pM < about 10 pM -<4about 1 pM < about 500 fM < about
300 fM < about 100 fvl, < about 10 fM For exanple, the ligand can inhibit
I L-13 induced proliferation of TF- 1 cells (ATCC Accession No. CRL-2003) in
an in vitro assay, such as the assay 15described herein wherein TF-1 cells
were mxed with 5 ng/m final concentration of IL-13. It is contenplated

t hat the |iganch eampkrdhlsandad HEKISTA T astd, is adfotieds:B cel | proliferation by
at | east about 50% at |east about 60% at |east about 70% at | east
20about 80% or at | eas 0 0% in . an.in vitro assay, as the assay
descri bed herein wHére mlgﬁig%d% Oéf"ﬂa 0\7\‘5&(éonilpﬁ'éﬁlﬁélflgr&"'\}ll&“tl#@g) ©r 100nM
anti-1L-13 dAbs. In an msgacid with npénlilThMéor ana hoirtae B e, $%qt@x 1 ded a

dual -specific ligand conprising a single variable domain according to the

nvent i on. sl mor e AT Gty IIENSacATS N | BRMLPASTATALL S

specificity for 1L-(l and and conprises an 1 nmmuno ultn single
vari abl e domai n wit h bi GtEKRP3splésdiansieeted with the|STAT6\gancimddbngeteed f or

binding to IL-4 with an @gs . ' ' fromthe
group of anti-IL-4 dAbs® di J?:T%éré@'r?%q%%gsg&%%?é%g%es% ﬁ‘%ﬁ*@gn of such
dAbs bei ng i ncor por at edDN8M (Iulbevce’h eiodifed tBagle mediuor) impplidrotat pare:t o a

dual -specifc 30 ligand according to the invention. Optionally, the |ligand

does not consist of;; - olate Bk ' t | i gand
does not conprise W}%ﬁéi% ?%E%%ﬁ%%}s@3&)0%%%52{}%!’%}%%@%& gand does
not conprilde WR2010/ 066MIBBRERIEP2008/ 067789 - 40 - DOMLO-53-616 (SEQ ID
NO 5) linked to a nonocl onal antibody (mAb), optionally wherein the mAb is

an anti-1L-4 mAb ofyAN A depdrer gen%'ﬁbduct il Bet@idd AAREGH T @ the invention,
t he or each immunoglobulin single variable domainis

In step (i), optionally the pre-incubation is performed using an equal volume
of dAb and recombinant IL13. Optionally, dAb is titrated using %2 log

15 dilutions from a top concentration of 400nM (2X final concentration in the
assay) to produce an 8-point dose-response curve, this is then incubated with
the 11-13. In step (iv), optionally the culture supernatant is mixed with a

QuantiBlue (Invivogen) and absorbance is read at 640nm.

20 Anti-IL-13 dAb activity causes a decrease in STAT6 activation and a
corresponding decrease in Agso compared to IL-13 stimulation. ECsy values

can be calculated using techniques know to the skilled person.

"HEK 293 cells" refers to the human embryo kidney cell line designated 293 (ATCC
25  Number CRL-1573) or its derivatives. For example, 293/SF cells (ATCC Number
CRL-1573.1) are HEK 293 cells which have been adapted to grow in serum-free



5i ndependent |y sel ected from anti body heavy chain and |ight chain single
vari abl e donmains, eg VH VI, and VH -1. In sone enbodi nents, the

dual - specwbiz2o1iicgmad can be an 1gG|like format conpri si RGTIBRR00S/067789

i mmunogl obul i n single variable domains with binding specificity 10for 1L-13
(e.g., two such domains that are identical to one another), and two

i mmunogl obul i n single vari abl e domai ns A@5t-h bi ndi ng specificity for another
target, eg IL 4. Optionally, the |igand does not consist of DOMLO-53-616
(SEQ I D NO Optionally, the |igand does not conprise DOMLO-53-616 (SEQ
ID NO 5). Qotm%maaﬂlgp COﬂﬁ@plaff'dam&ll%ra@ﬂﬁwe&ﬁw? ISegoptsd 4829 WEn ( SEQ | D

NG 5) linked 6tﬁbr%§lﬂ1r@'&ﬂﬂﬁioﬁ§‘%l" alﬁlrl&hcp&q-YEI‘( B9D)ells BPERBA S Y HREEGE™ t he mAb
is an anti-IL-4 mAb or an anti-IL- . I n sone enbodi nents, the

dual - specific S%Eﬁm“wﬁblbmwﬁ@rm@hgqnbmtmm@mwalkwu onal ly, the
l'i gand does n%o%@ﬁ&é@Eﬁi’) M{He ég’ntfbl gﬂﬁthé ﬁﬁ% %er%@pr(ﬁﬂota?fgsegnf fo%Pa| | Y: the

| i gand does not conprise Opt i onal

| i gand does noiTlAeYﬁﬁ)Ml%SlDG\ﬁeﬁ@JSSéD&Den (t%(jstalblel\t@h @Umﬁtnkmd'u@oaof

monocl onal anty; o ol n anti-IL-4 mAb
or an anti-IL %}Qﬁ%atg nansrg(%tédbeng“gxnggf?jsb%%e dug\lﬁksp%c?fl c ligand can
conpri se an Ig@ﬂédwgfoamm%e&ﬁ@fpr deyeil$ erfaginyerlmg_i@éHlElKgahdelh@e@Slntablecons| st of
DOMLO- 53- 616 (cgE%ul:g lﬁgca@e ad éd {81 é@r Htﬁpésv% LR MEn ﬁg%‘“ﬂ Wil hE QTR S €

DOMLO- 53- 616 ( tionar I gan es not conprise
DOMLO- 53- 616 (g8EudDhdN@creE)l embnjloatt a!l@llnd/mml@ta%@ﬁmm&@@mw 067789 - 41
- a nonocl onal anti body (nmAb), optionally wherein the mAb is an anti-1L-4
mAb or an gnti-IL-5 mAb. In other enbodinments, any of the |igands described
herein (eg., antagonist or single 5Svariable donain) further conprises a

hal f-1ife extending noiety, such as a pol yal kyl ene choI noi ety, serum

al bumin or a flpayaAwaet thaéverion PEQVéﬂ%fi’éWfir ulﬁléﬂé;ﬁﬂo} @htagonist comprising

transferrin- b'aHQhMLDQHHn%oélB&ﬂi%%fngleqfana)l@%rﬁénh{ a&‘afﬂ?ﬁg ®ItinfenBbdi Ng site
for a polypeptide that enhance half-life in vivo. In some enmbodinents, the

hal f-1ife ext &RioRYIynthic antgeqnist éowpte‘toyﬂétcﬂ#&ql\éi%@ Al GISKQ YNG; Pe for a
pol ypeptide t@&noﬂrﬁﬁnﬁ@%@gon@hées Ihbf &nlpfisy bR 9843868 dedH BRGNS, 9roup

consi st ng of an af
15  Optionally, the antagomst does not comprise DOM10-53-616 (SEQ ID NO: 5)
linked to a monoclonal antibody (mAb), optionally wherein the mAb is an anti-IL-4

mADb or an anti-IL-5 mAbD.

In one embodiment, the antagonist competes with DOM10-53-546 (SEQ ID NO: 2);
20 DOMI0-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ ID NO: 4); or DOM10-53-
616 (SEQ ID NO: 5) for binding to 1L.-13. Optionally, the antagonist does not
consist of DOM10-53-616 (SEQ 1D NO: 5). Optionally, the antagonist does not
comprise DOM10-53-616 (SEQ ID NO: 5). Optionally, the antagonist does not
comprise DOM10-53-616 (SEQ ID NO: 5) linked to a monoclonal antibody (mAb),
25  optionally wherein the mAb is an anti-IL-4 mAb or an anti-IL-5 mAb. In one
embodiment, the IL-13 is human IL-13. In another embodiment, the IL-13 is
Cynomolgus monkey IL-13. In another embodiment, the IL-13 is rhesus IL-13. In
one embodiment, the antagonist competes with DOM10-53-546 (SEQ ID NO: 2);
DOMI10-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ ID NO: 4); or DOM10-53-
30 616 (SEQ ID NO: 5) for binding to human IL-13 and Cynomolgous monkey IL-13.



domain, an LDL receptor class A domain, an EGF domain, and an aviner. In

ot her enbodi nents, the half-life extending noiety is a polyethylene glycol
noi ety. Iwoans/mmsedi nent, the antagoni st conprises (opPCOERRI0g/06TIRSI St S
of ) a 15single variable domain of the invention linked to a polyethyl ene

gl ycol noiety (optionally, wherein said noiety has a size of about 20 to
about 50 kDa, optionally about 40 kDa Il-i3dear or branched PEG. Reference is
made to WO04081026 for nore detail on PEGyl ation of dAbs and bi ndi ng

noi eties. In agne enbodi nent, the antagonlst consi sts of a dAb nononer

linked to a PEEGANGHRECELATIMGRL thagn Pmpiissvith ‘%@N’dpé%ﬁééﬂ%@@@%u n

according to tzl)momerststﬁm(smtmmaﬁlsb m@(&%@s%&%ﬁl@@ﬁ@ 2o NSoM-
DOMLO- 53- 567 (SE 568 ( SE or DOMLO- 53- 616

(SEQ ID NO 5)%- ﬁu(éE%HP 13 &r b&‘&ﬁ‘gﬁ%hw?@\/% Cvmmqlg%tnwh@y Bsl3

i nfl ammat ory %&ﬂ%%@s,lLaB' l@iﬁoﬁzﬂl dint bR dnBt Boes nBSloRETR of DN HESZG10r COPD) or
cancer and optionall ravenous adm ni stration. 25 |In other

enbodi nent 9, (HEQHHN/O 194 QPQWBndhwwfgemé&%m 8ot samATe; LMY 058-63ht | body
fragment (e.g, sy Ibrmblfst?gbﬁi%ﬂah? tRd N eBni¥@loe Mt RofPIRI BOMGQIBIGE1 NT A

binding site for serum al bum n or neonatal Fc receptor. 30The invention
al so rel ates t(BEQ IDiNfri liskeditpa monodenal aibody(mAbineriigasllyswhereip thsi ngl e

vari abl e do”a'n'i‘Ast%aHt?‘PLWnAﬁ‘&fa%%nQL sdhagnosis, and to the use of a
i gand of the - i nvention for the manufacture of a medi canent for

treat ment, preventlon or suppression of a disease described herein (e.qg,
allergic disease, Th2- nmedi at ed di sease, asthnma, cancer). Optionally, the
| i gand does not consist of DOM 10-53-616 (SEQ ID NO 5). Optionally, the

| i gand doe® nah ofid4EpEdtIRe mﬁh@nﬁﬁwﬁléﬁarﬁ/%@m“@sh@e \ajiablEpbhanadg y, the
| i gand does nat conprise -53-616 (SEQ 5) linked tﬂ a nonocl onal
ant i body (mAb)DOW)?*PMé@Wamwt [FOMRRSIHARPT | fgs'%walﬁw.apior@n ®r an

anti-IL-5 mAb.invERfor f3Y llinoR4ty abiBery. h 8h&Sptd®, the inb&@didH pRivideb thelaly Bt i on
(eg., antagonlst or single 10variable dogmain) for use in treatin

suppr essi ng orl 6p1g{;@rﬁflfxl?{c§d%nam oL %%gmptrﬁ;ﬁ%n protein for delivery to the lung of a

patient. In one aspect, the invention provides the use of any anti-IL-13 single

15  variable domain (eg, DOM10-53-616) or antagonist, composition or fusion protein
according to the invention in the manufacture of a medicament for pulmonary
delivery. In one aspect, the invention provides the use of any anti-11.-13 single
variable domain (eg, DOM10-53-616) or antagonist, composition or fusion protein
according to the invention in the manufacture of a medicament for delivery to the

20 lung of a patient. In one embodiment, the variable domain per se or when part of the

antagonist or fusion protein is resistant to leucozyme and/or trypsin.

The invention provides a method for treating, suppressing or preventing other
pulmonary diseases, for example chronic obstructive pulmonary disease (COPD) or
25  pneumonia. Other pulmonary diseases that can be treated, suppressed or prevented
in accordance with the invention include, for example, cystic fibrosis and asthma
(e.g, steroid resistant asthma). Thus, in another aspect, the invention is a method
for treating, suppressing or preventing a pulmonary disease (e.g, cystic fibrosis,
asthma) comprising administering to a mammal in need thereof a therapeutically-
30  effective dose or amount of a polypeptide, fusion protein, single variable domain

(eg, DOM10-53-616), antagonist or composition according to the invention.



response. Optionally, the ligand does not consist of DOMLO-53-616 (SEQ ID
NGO 5). Optionally, the |igand does not conprise DOVLO-53-616 (SEQ | D NO
5). Opti owal2byy/o6b4se | i gand does not conpri se DOMLO- 53- 6 PET(EBEMQSIOEI7BID.  5)

|l i nked to a nonocl onal antibody (mAb), optionally wherein the mAb is an
anti-1L-4 mAb or 15an anti-I1L-5 mAb. The invention also relates to

t herapeuti c nethods that conprise admi ni3ddt-ering a therapeutically effective
anount of a ligand of the invention (eg., antagonist, or single variable
dormain) to a subject in need thereof. In one enbodi nent, the 20i nvention
relates to a nmethod for inhibiting a Th2-type imune response conpri sing

admi ni st eri ng 1h arficHbinfotindAtsN@E Jolk Ptiad ffudort freempPa 1e Catdhe Rbfagct i ve
amount of a ligand of the invention. Optionally, the gand does not

consi st of DOViHIEIMEXB3-0 Epcantagoney Orsymp@mqndh%dnvlylstefeﬁeﬂq PYBEAR Y oes not
conpri se DOM Igefvepyd s@&ﬁas(bgmala@om ﬁ‘)trabn@ﬂéﬂn&lnﬁ{radésaltohgral indafsbndoes not
conpri se DOMLO-53-616 (SE f% | i nked to a nonocl onal ant i body
(mAb) , opt iSondPiranasgh@ioas)wr by &y skantic desiwarrx (aft parenferalgintigysneyss, mHampcplar | - 5 mAb.
I'n other embodjiRBti®nead REbdubnedikj.on relates to a nmethod for treating asthma
conprising admnistering to a subject in need thereof a therapeutically
ef fective 30anobunt of a ligand of the invention (eg., antagonist, or single
vari abl e domai [ 53-616
(SEO I D NO S)Iﬁ‘llfurﬁm és%@&gl;bh;e (')ﬁnvgﬁ“d“, @l@:@qs ﬂ%@ﬁe&&&o&g@@%’g?%gﬁ%&%ﬁ 8\41169
DOMLO- 53- 616 (pslézwntlgemgles*)aﬂa@pﬁpmwa(egyDOb/H -53t6d &h domprsiioner afaganist se
DOMLO- 53- 646
optional | ﬁ%mg‘ﬁg’%‘h?hm ln@ér}dsohgﬁ&g ljéa?mgcem &%%E&gﬁg{gﬁ? fgﬁu&% 51n
ot her enbodi mem¢igient he i nvention relates to a nmethod for treating cancer
conprising admnistering to a subject in need thereof a therapeutically
effective anount of a |igand of the invention (eg., antagonist, or single
vari abl e domaiMgreov@ptthegmedehtyinventien progidath wetbed frothedeatsicst ofgliscDOMIDL53- 616
(SEQ ID NO 5), I e, | t 0-53-616
(SEQ ID NO 5y %@Yﬁ%’{‘h il EleX prid dO’ﬁ“g‘? A 98501 61818?%’ 53-616 ( SEQ
I D NGO 5) 15 nIaetdgmrrnstaccrmhng:ﬂoohrairesmtmmayn (Im%\b)emboqbtmmhct digeaphior ei n t he mAb
i S an anti -ILs cg'ncrg}a‘ct))r an mt?amm d sease ema‘ge ma?mhgrtllm %earg%hlm%nor r O rel ates to a
conposi tion (€.g, pharnmaceutl hﬁb ‘ilonﬁ and of the
i nvention (egdmeaﬁtagonlst or S|ngle vari abl e donaln) and a
physi ol ogi cally acceptable carrier. In sonme enbodi nents, the conposition
conprises a vehicle for intravenous, intramuscular, intraperitoneal,
intraarterial,

In an aspect of the invention, any polypeptide, single variable domain (eg, DOM10-

20 53-616), composition or antagonist according to the invention is provided for
therapy and/or prophylaxis of an IL-13-mediated condition in a human. In another
aspect, there is provided the use of the polypeptide, single variable domain,
composition or antagonist, in the manufacture of a medicament for therapy or
prophylaxis of an IL-13-mediated condition in a human. In another aspect, there is

25  provided a method of treating and/or preventing an IL-13-mediated condition in a
human patient, the method comprising administering any polypeptide, single
variable domain (eg, DOM10-53-616), composition or antagonist according to the
invention to the patient. In one embodiment, the IL-13-mediated condition is a
respiratory condition. In one embodiment, the IL-13-mediated condition is selected

30  from lung inflammation, chronic obstructive pulmonary disease, asthma,
pneumonia, hypersensitivity pneumonitis, pulmonary infiltrate with eosinophilia,

environmental lung disease, pneumonia, bronchiectasis, cystic fibrosis, interstitial



intrathecal, intraarticular, subcutaneous adm nistration, pul nonary,

i ntranasal, 20vaginal, or rectal admnistration. The invention also rel ates
to a drugwdebioeniscdevi ce conpri sing the conposition (ePgl/Rrrasmereuti cal
conposition) of the invention. In sone enbodi nents, the drug delivery
device conprises a plurality of therapeutically effective doses of |igand.
25 I n other enbodiments, the drug delivedy device is selected fromthe
group consisting of parenteral delivery device, intravenous delivery
device, intranuscyl ar delivery device, intraperitoneal deljvery device,
transder mal dePR&AFFS BYMRRY PUBRANAR PSSP P siorgey heomnbopmbelisah t er i al

delivery devi cisordetd sfahd&dh, diSldeMest YhedBodidsBnum YisobdepadtihCdithtagde! 1 very
devi ce, subcutaneous delivery device, intranasal dellverg devi ce, vagi nal
del i very devi dePoyeatlation. huperyeatilption sleepapnes, apyigesspigtery isies srgdrome, 44 -

delivery devi GResofclieihs Mrfom® glaftltki8lionBerBR DetshsARE: diRhksel MARkSicer, 2N at om zer,
an aerosolizer, a mster, a déé powder 1 nhaler, a netered dose inhaler, a

met ered dose SHEiFehinitys, dierays asdedesie asperlioma, asppagtl bpiscbrenssiectasioni zer, and a

catheter. 5ThepldngaRgsnils, dnflfhyidtbelsidphiRE pdufitnRCMRhahicaiUAtRgeS. For
exanpl e, as described herein, "'the |ligand can be tailored to have a desired

in vivo serumfibaesis invesve mewaeecenh diserseliifiuenzae nopteisrasitaas myeohapigria,

conventional gt RAHL&ESh, pRlfhcaoRE pﬁ&moe'ytégigrpﬁ&ﬁ&iégmwﬁybet ter tissue
penetration than conventional antibodies.” Thus, dAbs and |1 Jands that

conpri se a dARCirwRicass, pulanaa gasolByROteOpy.arimenan andiex. poloasrywhen
10adm ni stgyr eyt ,Q, L Rihad! fi; pubh Mmatisd b@hodard hiG i3t hma,
allergic d]iseasese,l’tpcancglsJ e.g,’gena.r%@FF cance ?. Fg? gkgégrgéaasthna
(e. g, al | er gi c pabdman) hypentenbien.| pyimoredi micardiosis, pudmenagRuherdilatied, and | i gands
t hat have bind; LEi ci f L - of: - : - 13 can be
adm ni stered ?8”%“2&5% b(g))to ﬁdll{l%vlg-a‘r?r% |ea?1§'gnggh'g]r%§nc{'ﬁeé%1 %é‘gﬁ?%tsg’lgfngst hma. 15
Simlarly, duéVegsnersgramwbniaggisand similarity in the biological activity of
IL-4 and IL- 13, therapy with |ligands that have binding specificity for

IL-4 and | L- 13AnCa%EJec*PSf BE VB Rh $r SAles ﬁgﬁln%ﬁljy%ﬁveﬁ'fd&ﬁice%o%&iim wth
allergic disease (e.g, allergic asthma)) to "provide superior therapy using
a singl e tler apbpentisle st varigble domain (eg, DOM10-53-616), composition or

antagonist according to the invention. The device can be an inhaler or an intranasal

administration device.

The ligand (e.g., polypeptide, single variable domain, composition or antagonist) of
20  the invention can inhibit binding of 1L-13 to IL-13Ra1 and/or IL-13Ra2, inhibit the
activity of IL-13, and/or inhibit the activity of IL-13 without substantially inhibiting
binding of 1L.-13 to [L.-13Ral and/or IL.-13Ra2. In one aspect, the invention
provides a single variable domain according to the invention (eg, DOM10-53-616)
for inhibiting binding of IL-13 to 1L-13Ral and/or IL-13Ra2, inhibit the activity of
25  IL-13, and/or inhibit the activity of IL-13 without substantially inhibiting binding of
IL-13 to IL-13Ral and/or IL-13Ra2. In one aspect, the invention provides the use
of a single variable domain according to the invention (eg, DOM10-53-616) in the
manufacture of an IL-13 antagonist for inhibiting binding of IL-13 to IL-13Ral
and/or IL-13Ra2, inhibit the activity of IL-13, and/or inhibit the activity of IL-13
30  without substantially inhibiting binding of IL-13 to IL-13Ral and/or 1L-13Ra2.



The Iigand of the invention can be formatted as descri bed herein. For
exanple, the ligand of the invention can be formatted to tailor in vivo

ser um halwel2nfoaeo4sts desired, the |igand can further conmpCcrEP2@8exBN Or a
toxin noiety as described herein. In sone enbodi nents, the |igand conprises
a surface active toxin, such as a free 25radical generator (e.g, selenium
containing toxin) or a radionuclide. In38ther enbodinents, the toxin or
toxin noiety is a polypeptide donain (e.g, a dAb) having a binding site
wi t h bi ndi ng s ecificity for an intracellul ar {ar, rt|c

enbodi nent s, thENT FRRAANGS BilisagEa g« B ueinsataBleRim ﬁw&c. ficity

for IL-13 (e. gmdlaummldhb,ml;%)ndmg of‘ﬂl513toTzﬂﬂLl-173Vr€é'bfpt09(b 2l 11013rR@I1a1tLes to a
met hod of inhibiting proliferation of peripheral blood nononucl ear cel |'s

(PBMC) in an dﬁRe?)g@Hl@@n@PméwcgmmneeéO (Igé%h@tssﬁgb%ﬂﬁ AMsEabotid to a
subj ect a phagﬂw@&ﬁoh@fb‘o n%P BB  COUFBd 15.}M9<Mtﬂ{o &m{ﬂ,ﬁsidgggfﬂfés of the

i nvention (e ,_ “ant agoni st’ or S|ng € "vari abl e donai n
5enbodi ment’s, pMhe aézbutdIOQ@M s= gledue t@ pd. fTihe b6 Hbis sptiahally detwermanedgiaingah | er gen,

grass aller gerll’,l hggg?%%ga&ol lLen.al Id@!cﬂ&?d @IQ? i nvention al so

relates to a ne pro era ion o cells in a subject,
conpri si ng adninlsterlng to the subject a pharnaceutlcal conposi ti on

10conpri si ng and of .th tign. Optionall t. nd does not
conei ot of " Dotiio 80 nm kBE N ERnae o PG e it bR Goes no
conpri se DOM Idoﬁhaiﬁ;Be;ﬁibﬁaleElet O ®indnged ﬂnm:tuomﬂmlalsyn,tabﬂm vitrgasay wides not
conpri se 0-53-616 (S onal dy (mAb),
opt ona 1y PandraraiZig doseay (Bshifrar = sk 56 b <Bpo f 45 2 oy B0 RE™ 15 e
i nventi on al sa abeltdiled,t<tbautpihavi rrasteut $00aiM cmmousaot)lpwn <fe(bbuttlr09®M ng
preventing or R di eas scri be B8 Th2- nedi at ed
di sease, alleﬁaﬂg éP§€a§'m“éé%inﬁ‘“ﬁgﬁ%&ﬁf:ﬂEBngwqg{ Qé gﬁﬂgcrlve

i ngredi ent a labgand s Fdesa@mplethe Nigarri dan ifbitid Ipnia! lh(y.lced pelifergi@ndf tpes not
o 5ot ST Gi3k Ro Rey HhFah Elnt RAAdRLS o ™
conpri se DOMLQe&db&llierdiSRertid THA cdik werdWREd @th 38 ngBRAHaRdAtendatiddy (mMADb),
optionally wherein the mAb is an anti-IL-4 mAb or an anti-IL-5 mAb. 25l n an
aspect, the i AvdAtion provides a fusion protein conprising the single

vari abl e domain of the invention. The variable domain can be fused, for
exanple, to a peptide or peptide or protein. In one enbodi ment, the

vari abl e domailis Pentenpetad ﬁ‘étt #iligand ioptirnplly inhibite b dindpeeddhestt | eg a

monocl onal a”%k&?@&!ﬁon@ﬁ%[e@it aMouthO'ﬁ,' ANeaSBiboRB0RE Bl 1IEXEELIRAY 7@5 P RS Ng the
fusion product froma Single nucleic acid
20  about 80%, or at least about 90% in an in vitro assay, such as the assay described

herein where 1 x 10° B cells were incubated with 10 or 100nM anti-IL-13 dAbs.

In an aspect of the invention, there is provided a dual-specific ligand comprising a
single variable domain according to the invention. In more particular embodiments,

25  the ligand has binding specificity for IL-4 and for I1L.-13 and comprises an
immunoglobulin single variable domain with binding specificity for IL.-4 which
competes for binding to IL.-4 with an anti-IL-4 domain antibody (dAb) selected from
the group of anti-IL-4 dAbs disclosed in W0O20070858135, the sequences of such
dAbs being incorporated herein in their entirety for application to a dual-specifc

30  ligand according to the invention. Optionally, the ligand does not consist of
DOM10-53-616 (SEQ ID NO: 5). Optionally, the ligand does not comprise
DOM10-53-616 (SEQ ID NO: 5). Optionally, the ligand does not comprise



30sequence or by expressing a pol ypeptide conprising the single variable
domai n and then assenbling this polypeptide into a |larger protein or

ant i body wornmiosassng - 46 - techniques that are convemrcir@apados/orss onal |y,
the fusion protein does not consist of DOMLO-53-616 (SEQ ID NO 5).
Optionally, the fusion protein does not conprise DOMLO-53-616 (SEQ I D NO
5). Optionally, the fusion protein does 49t conprise DOM 10-53-616 (SEQ ID
NO. 5) |inked to a nonocl onal antibody (nAb) optionally 5wherein the mAb
is an anti-IL or an anti-11-5 one enbodi nent, the

i munog! obul i nD@?"HSﬁé QPRI NG i 'H(edéth% @Qb?ﬁ'@@l BYibphlFAR); oAbt ei n

conprises an apfdhiRth rtANEtA - AR Ab orlan RI1GL8HPRG ment, the ,
i mrunogl obul i n single variabl e donai n, antagoni st or the fusion protein

conprises 10an antibody Fe, optionally wherein the NNterm nus of the Fe is
| i nked (optionally directly linked) to the Ctermnus of the variable
domain. In one enbodi nent, the inmunogl obulin single variable domain,
ant agoni st or Ihla# afpgsts ofithp irpesidn, he opeach @smaugibulesingle Radidbld donaireixt endi ng

Cer am al bu n-BiepErdRuT G i B S helonaRf PR BB St ™ ™ S

t ransf erri n- bidon@ng, ovi, ivoand Ngg.eof , or an anti body or anti body fragnent
conprising a binding site for a pol ypeptide that enhances half-life in
vivo. The half-life extending noiety can be an anti body or anti body
fragment conprising a binding site for serum al bum n or neonatal Fc
receptor. The half-life extending noiety can be a dAb, anti body or anti body
fragnent. In dn@mnwbDUKheﬂﬁsﬂwhbmﬁﬁhﬁﬁuh@gﬂomuhhmlgGHQkémvatiable domai n or

the ant agont steofpithen{HGARcREOh R el SPEAY iR UER ohhal, afrafer a0l e

domain (or the varia agonr s
protein) fldrt tferrILctBrtp:gl,$ws1&h;dgllnyla$ gt zeaeiegﬁ@bmlonmmc&mW) aﬂ'dmvopol yaI kyl ene

gl ycol noiety n%%’%%ggqobullg(gmé%tvqy‘ab?p&%ngalx w&h bm 1P%¥pec11f:'u For a?]oon% 'cﬂ‘g lon is

provi ded bel ow Bt the
i nvention bi nag Ihyn@ptibhally3thedigdndalock rmocmsat ofdmlmoﬁléﬂfmﬁ (RBQ)D df0:about 10

to about 150 ut 50 to ab ld.y about 70
to about 150 %Ml éo%&/g %#%8@8%“? nghcfofrggée @b&@#&% @&@ﬁ@r{@g\%ﬁ §a one aspect,
the invention cpﬁmuald'emeagmdn@kmaabmpiwe®@iﬂm5m63@(ﬁEQ YENmﬂ)elmtkled)fb for

bi ndi ng hulrg‘an allkon]églonaltagtll%dg I(ns'nig)? Iog'ttlolngﬂy wﬁgrgltn mf\lJ(ds) an antlalE 4 mAb or

an anti-IL-5 mAb.

In some embodiments, the dual-specific ligand can comprise an antibody Fc region.
Optionally, the ligand does not consist of DOM10-53-616 (SEQ ID NO: 5).

20 Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO: 5).
Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO: 5) linked to
a monoclonal antibody (mAb), optionally wherein the mAb is an anti-IL-4 mAb or
an anti-fL.-5 mAb.

25  In some embodiments, the dual-specific ligand can comprise an IgG constant region.
Optionally, the ligand does not consist of DOM10-53-616 (SEQ ID NO: 5).
Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO: 5).
Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO: 5) linked to



- 47 - 10 to about 150 pM optionally about 50 to about 150 pM optionally
about 70 to about 150 pM as determ ned by surface plasnon resonance. In
one aspecwQ 20twed4s6enti on provi des the use of a single wamrieebéos/osani n of
the invention in the manufacture of an IL-13 antagonist, wherein the

vari abl e domain or antagonist binds 5 human IL-13 with a dissociation
constant (Kd) of about 10 to about 150 9MW- optionally about 50 to about 150
pM optionally about 70 to about 150 pM as determ ned by surface plasnon
resonance. |In one enbodi nent, the single variable domain of the invention
bi nds Cynonol gugongipsaliasijbory (mabpjoptongllyvdieisiy the Mok izehantidht4 PRéOr of about
1 to about 5 nMangS1.9ehgpm ned by surface plasnon resonance. |In one aspect,
the invention provides a single variable donain of the invention for

bi ndi ng Cynonol gus nonkey 1L-13 with a dissociation constant (Kd) of about
1 to about 5 nM as determ ned by surface plasnon resonance. In one aspect,
the invention provides the use of a single 15vari able donain of the

i nvention in tlhethepembaiheite af ofahe ligands3deadribad Gereimt(eg. \dneigeni drRigghar i abl e
domai n or antagani st Dbi. nonol. qus ey IL-13 with di ssoci ation
const ant (%d)‘%Fgﬁﬁéﬂngﬂiﬁﬁ%BSﬂPﬂésﬁNﬁEQE”%g? PEMOSY- BV A54f ace pl asmon
resonance. 20Iplyateleaabigdsimmidty, stineh Sbungiher ¥ atjridd theeboNdaRsfakint he i nventi on
(eg, DOMLO-53- 616) is pr vi,ded as a.dAﬁ@nD oner,‘%ptionajly unformatted
(e.qg., not PEGHBIBE diransirtin-bindine pytiah Hetph OF 2 MejfketPmpsisigepinding

optional ly as sge @ir¥ poBpeitide Eit eahaadel HAIT[iFOPIARN R bomd dhibodBhdn¥E e hhi@- a
patient by inhalation pul ronary delivery),. optionally for treating

n (e.g. ery), . i
and/ or pr event/ifgrendingRoiey it Peisly corPgsing a binding sitcropprglpertidathatienza) . 1'n

one enbodi e ntenhdndes gt 8 M deRbeE FRNRE Srof cdnbBtind VIR, S Ppaovi ded as
dAb nmononer (not PEGyl ated or half-life extended) for delivery to a patient

by i nhal ati on doBagy: an LUL sgsspiprclaps i daspal. an EGEidgpgin gnd aravimesat i ng and/ or

preventing a lung condition (e.g., asthma, COPD or influenza). - 48 - In
one aspect, the present invention provides the single variable domain (eg,
DOMLO- 53- 616) ,Ine{;@t@?bﬂd%@wﬁ@aﬂfﬂ& exignd g iiddy is agohsdyiane elycdlr  devi ce of

any aspect of RIROdiERln®bdiirkf, IR YRRELRR SRRl QYlicaNd coifyln grore of the

following (an explicit conmbination of 'two or nore of the foll owm ng purposes

i s hereby 15 single variable domain of the invention linked to a polyethylene glycol moiety
(optionally, wherein said moiety has a size of about 20 to about 50 kDa, optionally
about 40 kDa linear or branched PEG). Reference is made to W004081026 for
more detail on PEGylation of dAbs and binding moieties. In one embodiment, the
antagonist consists of a dAb monomer linked to a PEG, wherein the dAb monomer

20  is asingle variable domain according to the invention, optionally DOM10-53-546
(SEQ ID NO: 2); DOM10-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ ID NO:
4); or DOM10-53-616 (SEQ ID NO: 5). This antagonist can be provided for
treatment of inflammatory disease, a lung condition (e.g., asthma, influenza or
COPD) or cancer and optionally is for intravenous administration.

25
In other embodiments, the half-life extending moiety is an antibody or antibody
fragment (e.g, an immunoglobulin single variable domain) comprising a binding site

for serum albumin or neonatal Fc receptor.

30  The invention also relates to a ligand of the invention (eg., antagonist, or single

variable domain) for use in therapy or diagnosis, and to the use of a ligand of the



5di scl osed and can be the subject of a claim:- (i)Potent binding of human
IL-13 (e.g., with a dissociation constant (Kd) of about 1nM or | ess,

opt i onal lwoabouico400 pM or | ess, optionally about 250 pRCOEPR@SH67789
optionally about 150 pMor |ess, optionally about 100 10 pM or |ess,
optionally about 1nMto about 10, about 50 or about 70 pM optionally about
500 to about 10, about 50 or about 70 pMZ-optionally about 250 to about 10,
about 50 or about 70 pM optionally about 150 to about 10, about 50 or
about 70 pM or oFtlonaIIy about 100 to about 10, about 50 or about 70 pM;
15(i i) Pot ent HnYfaberyfostheanangfewntmndis prdicrest for teptingné Rieveni@rmol gus nonkey,
rhesus or bab%@?préésloit%}'aﬁﬁeegedes\%béa HRreiH (%%Oglle@%lb@ﬁezﬁ@ﬁ%@% iddid) of about

5nM or | ess onal |y about 4, about 3 bout 2 or about 1nM or |ess,
optional |y abohteass, samences ARjanaly.ithe iasnddecsipraonsis SDONHEF-H16 13
(e.g., with a §E§%9@t@t5)obpﬁ&ﬁﬁ§4% lléﬂﬁ&lhoes%gt &ﬁnﬁ@@ﬂbl\&ﬂ)’%ﬁéld(@ﬁ@

optionally about 500 | ess, optionally about | ess,

opti onal | y SabdRtN@50. &mlotrallt/eth@hg@étdp@mt tc;mmboDDMUBS%MQﬁSEQeI&NO
optionally ab 5 al Iy about
p y %ﬁml@é@l%td%oﬂpablrﬁal %lglbo@)?g# b) thfobal oS elzgl)out %% afffid! 'y

500 to about about 50 or about opt | to about 10,
about 50 or abbﬁm$00pma@ﬁ$bmably about 150 to 25 about 10, about 50 or
about 70 pM or optionally about 100 to about 10, about 50 or about 70 pM
and potent binding of a non-human primate I1L-13 (e.g., Cynonol gus nonkey,

rhesus or baboon IL-13) (e.g., with a dissociation constant (Kd) of about

5nM or |ess, Jﬁ@llwa‘llqvlﬁ’b@@t@s@a1&1@6@19“96 inypEipn (eB-.cantagpiistt orsiglcor | ess,

opt i onal | yloab%t.adnt @oratm%r t@emeanﬁg(swar@%gm preldthegas- ,@ummn@noml gus

nonkey and rhesus |L-1 g., binding hunman ssocl ati on

const ant ( Kd) f@ﬁPOIaPSOQPtIQWNthe ligand does Yloé%@SlStﬁtftDQMa@ P60 HRQ BOYOpM or
I ess, optionalgyg &Mh %9% BbeshS&m gf&% he '0'% @%QgﬁQJtﬁ(t\I@M)or I ess,

opti onal | y about ess, optlo y about 1InMt 0 about 10, about 50
or about 70 pMpt@p@llyothalllgyldabomotSqmpmso DOMI-530] 6 GHEUID BO: oY linkbbter 70 pM

optional | y ab%%or%@%&l%ntb&d??ﬁgb%%Bn%ﬁﬁf%gﬂ'\ﬁer mﬁB‘i’s“Jn ahfl- IPM‘ mRE%P onal | y

about 150 to about ptional'ly about 100 to
about 10, labouh adtirlod nelout 70 pM and bi ndi ng each of Cynonol gus nonkey
and rhesus I1L-13 with a dissociation constant (Kd) of about 5nM or |ess,
optionally about 4, about 3, about 2 or about 1nMor |ess, optionally about
1 to 10about 5 nM; (v) Good expression in prokaryotic cells (e.g.

Expressi on i n The dkantyatalse relefes t thesapputic methods thatgpmatisel admétistertye a

smg/litre); (‘{llle)rapP RHGNT AGAVE hbdRbt PheaRl oPHIRR edthonPy.! dhtabohL bENL . €. 9.,

neutralizatio
smgle variable domain) to a subject in need thereof. In one embodiment, the

20  invention relates to a method for inhibiting a Th2-type immune response comprising
administering to a subject in need thereof a therapeutically effective amount of a
ligand of the invention. Optionally, the ligand does not consist of DOM10-53-616
(SEQ ID NO: 5). Optionally, the ligand does not comprise DOMI10-53-616 (SEQ
[D NO: 5). Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO:

25  5) linked to a monoclonal antibody (mAb), optionally wherein the mAb is an anti-
IL.-4 mADb or an anti-IL-5 mAb.

In other embodiments, the invention relates to a method for treating asthma

comprising administering to a subject in need thereof a therapeutically effective
30 amount of a ligand of the invention (eg., antagonist, or single variable domain).

Optionally, the ligand does not consist of DOM10-53-616 (SEQ ID NO: 5).



using a single variable domain, protein, polypeptide, antagonist or 15
conposition that neutralises human IL-13 in a standard HEK STAT assay with
an EC50 oWoabouiso4361 to about 2.0 nM optionally about @c2/HEpPeo0ale1r89 2. 0 NM
about 0.3 to about 1.5nM about 0.2 to about 1.0 nM or about 0.3 to about
1.0 nM (vii) Potent neutralization of human IL-13 in a patient, e.g.,
neutralization 20 using a single variabBe donmain, protein, polypeptlde

ant agoni st or conposition that neutralises Cynonolgus nonkey IL-13 in a
standard HEK STAT assay with an EC50 of about 1 to about 20 nM optionally
about 5 to abdiftionglyqfiedigangstogs n® compragsdAPM1 053 6 (SHQ 1D NPvoknt

neutrali zal i o@ionkIWTRR ikhrid\dbel FotRoRldedoM 850610 IS [1FNOZ 8] 1ifldd 125 USi ng
a single variable donain, protein, , goni st or onposi tion
that neutral | $eBonoglesglantihody gmih), aptsmﬁwﬁ@reﬂm rsﬂns ansandiyl L mhban EC50 of
about!| to abouf, A My, about 2 to about 15 nM or about 2 to about 11.5 nM
(ix) Potent neutralization of human 1L-13 and non-human primte, e.g. 30
neutralization using a single variable domain, protein, polypeptide,
antagonist5or conposition that neutralises hunan IL-13 in a standard HEK
STAT assay wi tlﬂoﬁl@rm ridnt2 R WhveRkich rEBte@hpéJﬁqetgocpfo?M:atQ@tch%?—l ly - 50 -
about 0.2 to about 2.0 nM about 0.3 to about 5nM about 2 to about 1.0
nM or about 0.c8mpgsiagylministegngina Sahlectn@quah‘qrﬁg tlﬁé&pﬁhﬁmﬁhefﬁthate IL-13 in
a standard HEP&m%IﬁBf%ﬁ@?ﬁﬁ Wtﬂé]n@éﬂtlgrgé@ Qxflta@ﬁ%wor %nél@v%%%tdo%%ug'\/l

optional Iy about nM or about to about
Provi di ng croélpllpéﬁb’t ih\?l]lgsﬂdt@?ﬁ/\ﬁéﬁowt@Eﬂyﬂoéﬁéléb‘é@ﬁ?é@w 5bri mat e | L-13

(opti onal I}y, W&n@nme%mmk%cém&%%ﬁm% -85. ai&eswldkﬁa% e.g., human

and Cynonol gus nonkéy IL-13 or hunman and rhesus IL-13 or n and baboon
| L-13); and ()QP}anfdM e gangrdoesenns comprisgiNONO-6 HHL¢ GriFQ I3/NOt pylinkidhto

stabi [1y). 10 dhooRRuiafREaY uhe oBlIRLNLBHSL A0 A ONGPS, hRGHSe of the

singl e vari able domaln protel n, polypept

ant agoni st, cenpusilt-Pomer device of any aspect or enbodi nent of the
invention for providing one or nore of (i) to (xi) in the imedi ately
precedi ng paragraph. The invention al so provides correspondi ng 15net hods.
Ref erence is made to W2007085815, which discloses anti-IL-13

i munogl obdl i Ahsinyghieonadoirepiestodermipagtionlds. thasuacytizabeasipositios) docunent i s

| ncor por at ed Qg@ﬁ s!f?r@s%\ éefnﬁ of fit lir{vgltnt?;(m éiéélz g{gbh&% 1ngt1é3va§’1a9|¥'dﬁl‘%é&9£r}duses’

formats, netho ction, pr oduct on
formul ati on aﬁ@hESQQQSﬂbﬁwﬁmﬁ$kﬁluw&§n§bmgB@bvhmﬁmbhbi@wﬂnwhgn | i gands,

ant ago_ni Sts agglabps%s %1'\/}:(19% F%Q lﬁtg@% oh?‘?&fmﬂfsaﬁ% Oi?iﬁé&ﬁtoch@ﬂ Pﬁaeﬁ%mﬂl ed

specifically e cont ext seht 1 nvention,
including to prrtolmedd lebr@rmcclilar, sdbcsmnmpumadmufis:mratlorlrpohrtcmalryomtramﬁsd cl ai ns of

the preseny d'vicﬁl)ﬁso "r&tal administration.

The invention also relates to a drug delivery device comprising the composition (e.g,
pharmaceutical composition) of the invention. In some embodiments, the drug
delivery device comprises a plurality of therapeutically effective doses of ligand.

25
In other embodiments, the drug delivery device is selected from the group consisting
of parenteral delivery device, intravenous delivery device, intramuscular delivery
device, intraperitoneal delivery device, transdermal delivery device, pulmonary
delivery device, intraarterial delivery device, intrathecal delivery device,

30 intraarticular delivery device, subcutaneous delivery device, intranasal delivery

device, vaginal delivery device, rectal delivery device, syringe, a transdermal



25The anti-1L-13 is an i munogl obulin single variable domain can be any

sui tabl e i mmunogl obul i n vari abl e domain, and optionally is a human vari abl e
domai n orwe wavicedsbe domain that conprises or are deri vedTiErPeonsioaTran
framework regions (e.g., DP47 or DPKO framework regions). In certain

enbodi nents, the variable domain is based on a universal franmework, as
described herein. -51 - In certain enbddi-nents, a pol ypeptide donain
(e.qg., immunogl obulin single variable donain) that has a binding site with
bi ndi ng speC|f|C|ty for IL-13 resists aggregation, unfolds reversibly (see
W004101790, t HElIYERARitFed cappulit ahictas éebi”ﬁ%“éf%‘dlﬂﬁ‘t"'é@"@%?‘é?rnafby ref er ence).

NUCLE! € ACI D NBIdEGHLESmiMECT S 00 T, £bleba doscRuiliy ABlidodl 0

provi des isol ated and/ or reconbi nant nucleic acid nol ecul es 10encodi ng
| i gands (si nng@ravarrflameéedd’@PFamﬁser afperethdese atoslises, and gicithelprt | des, dual -
specific ligands and nultispecific |ligands) as described herein. In one
aspect, the invention provides an isolated or recombinant nucleic acid

encodi ng a pol ptide _conprising an i nmunogl obul in S|ngle varlable domai n
15accor di ng t it hﬁﬁl@ﬂﬁ%@éwﬁﬂwnmr\mr@ﬂ@ SHBBAEIEES ¢ Fis HeTERIE% deseripedconpri ses

t he nucl eot i dmem%n%@n@éan@@m&re%% RAR a(dS&Rd! iy MK erfih halX. 1ifsneadn 567 ( SEQ
ID NO 7); DOMLO-53-5 ID NO 8); or DOMLO-53-616 (SEQ ID NO 9). In

one enbodi nentanﬂ?W&Sﬁt?dp@ihéna&!?rdhmmng@gal pHbodigs b eands aduinigered of
DOMLO- 53- 546 1§ Rfrive Bet¥Ptiséd perdtMid thar RfvertiohPahidoliies. ThusOdABIANEO0- 53- 568

(SEQ ID 20 NO _ 8). In one_aspect, the invention provides an isolated or
r ecombi nant ndtSP’&Séhaéé‘P’HP“S\ﬁﬁélAélW"t“i?é‘dﬁ%%’éﬁ eves epny cptinmal antibadies whsd| eot i de

sequence tqpat auﬁlﬁterk@%stPeag(ﬂ{éhéed%B'ag@iﬁ tn@dfa@@ dﬂil:‘éfsl: ea@ﬁlhgealf%?é:wence of
DOMLO- 53- 546 (SEQ | D 6) 7 (S 7)7 DOM |
0- 53- 568 (SEQdilSBamcarg)ﬂr (ecs Wbce@eraléor(eswlmsm@a (9ga"@rﬁt§ agiiseki n t he

nucl el ¢ aci d @BFACRE AoRRkYRTRNIHenROTRA! SluTEaR A TANHARbEASHNI! ©

vari abl e domain that specificall ) tion nucl ei c
aci d does not feidhst. $k-18pr Br4 @raml]brI%@nbhedmmtstee@ttpdreaté)@tMeﬁﬂ@ﬂdma@d 53-616
(SEQ I D NO 9%mnll§ﬁ%dmwgﬂa@ﬂ§ aspect, the invention provides a vector
conprising a nucl BiC aci the invention. In one aspect, the invention
provi des dShost cell conprising a nucleic acid of the invention or the

vector. There §nﬁll£ry? Mliledtgqhea()v@ﬁépkh%g sf?ﬁilamﬂqlfﬁé lﬂglogical activity of IL-4 and IL-

13, therapy with ligands that have binding specificity for IL.-4 and IL-13 can be
administered to a patient (e.g, a patient with allergic disease (e.g, allergic asthma)) to
provide superior therapy using a single therapeutic agent.

20

The ligand of the invention can be formatted as described herein. For example, the
ligand of the invention can be formatted to tailor in vivo serum half-life. If desired,
the ligand can further comprise a toxin or a toxin moiety as described herein. In
some embodiments, the ligand comprises a surface active toxin, such as a free

25  radical generator (e.g, selenium containing toxin) or a radionuclide. In other
embodiments, the toxin or toxin moiety is a polypeptide domain (e.g, a dAb) having
a binding site with binding specificity for an intracellular target. In particular
embodiments, the ligand is an IgG-like format that has binding specificity for 11.-13
(e.g, human IL-13).

30



pol ypeptide conprising an i munogl obulin single variable domain, the nethod
5conprising maintaining the host cell under conditions suitable for

expr essi omoabig@Edsenucl ei ¢ acid or vector, whereby a polrgpapeod@czenpri si ng
an i mmunogl obul in single variable domain is produced. Optionally, the

met hod further conprises the step of isolating the pol ypeptide and
optionally producing a variant, eg a mx4t-ed vari ant, having an inproved
affinity (Kd); EC50 for I1L-13 neutralization in a standard HEK 10STAT assay
t han t he |solated pol ypeptide. Nucleic acids referred to herein as

"i sol ated" ar ellyeyeatien %1%9 rglatepfn 2 Wethad ef ipkibRing eplifastion ok RerPherb Hopthe

nucl ei ¢ aci ds fRéndnbi@cHOBTPBMAh &1 alkBlch UbAliENALRE:, thBpisigour ce of origin
(e.g., as it exists in cells or in a mxture of nucl ei ¢ acids such as a 15

library), and d9REnigignet0@sehiect aphagagntisal seapesitioncomptsgngiayctiitised herein or

ot her suitabl %%E&shﬂ@?eamiréﬂﬁl)#@'gﬂgmﬁé&ﬁﬂn)rﬁhﬁlh’vﬁ%f‘cd&ﬂﬁk It @fleds, nucleic
aci ds produced by chem cal synthesis, by conbinations of biological and

cheni cal et hg@bodisatsy be shusEeman selostrd feinehause dust mifecat alleseenswsnst ed (see

e.dg., Daugher ta)fler @hlmol@;llléi‘éen arm%h&{ Qlep%hds Res., 19(9): 2471-2476(1991);
Lewis, AP. and J & 101 297-302 20(1991)). Nucl eic acids

referred to here|n as reconbrnant are nucl eic acids which have been

produced by 1 eaRiARGH aINEERLNOHahOBYS inhiBth HloRfr RSP BUIAL R, _aci ds that

are generated bé procedures y upon a artificia
r econbi nat i on,suljgethcopBuising administeyime tabe sdhest m phasmetcutienl ¢A@RYsitand/ or ¢l oni ng

[ nto 8 VeSkOr iRt ERLIS TR oh OB BN RIDRALORAL S the

i sol ated and/or feco ant nuc el c aci r| s S a nuc e sequence
encodi ng a | i d2od]0-43-6dée 69 HetiOhé). e(i)m;ona\lhetlerlrgamhdqﬁs hotgamgri80conpri ses an

am no acid se . % S ut 85% at
| east about 9%&?@?5%ggéf@gﬁqdﬁ&;%‘g?’g%ya&%qg %Oﬁéoegg@cgm? B?east a(i)out
93% at | east ROMUO-5346%6 (SHQ I2Di6X 5)11&11}&9& tcdbBpn@ionhiemsibodytoutb) Sptipnadlly | east

about 97% at |.e about ast, about 99% am no acid
sequence |dent|lle?%thtch 'Sa" arEl_%'n]o]‘ %ﬂ ﬁqsrémﬁlgtnclego A% dAb that binds IL-13

di scl osed herein, eg DO\/IlO 53- 546 (SEQID NG 2); DOWMLO-53-567 (SEQ I D NO
3); DOMLO-153-568 (SEQ ID NO 4); or DOMLO-53-616 (SEQ ID NO 5). Nucleotide

sequence iden t]‘hteyn\;éﬁ{]?]m oq'gltaEE {5' Jﬁﬁrn?efégftfcaf JZ5§1 ﬁ!)l? Tok ﬁ@%@.@ 8%{3’6[%%% or

nucl eoti de sequence t at encode e selecte
i nvent i on al scupnressindeslisaase es deoeriled mpreins(egg Tl -mediatet iisease, allergicei ¢ aci d

disease, asthma, cancer), comprising as an active ingredient a ligand as described
herein. Optionally, the ligand does not consist of DOM10-53-616 (SEQ ID NO: 5).

20  Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO: 5).
Optionally, the ligand does not comprise DOM10-53-616 (SEQ ID NO: 5) linked to
a monoclonal antibody (mAb), optionally wherein the mAb is an anti-IL-4 mAb or
an anti-IL-5 mAb.

25  Inan aspect, the invention provides a fusion protein comprising the single variable
domain of the invention. The variable domain can be fused, for example, to a
peptide or polypeptide or protein. In one embodiment, the variable domain is fused
to an antibody or antibody fragment, eg a monoclonal antibody. Generally, fusion
can be achieved by expressing the fusion product from a single nucleic acid

30  sequence or by expressing a polypeptide comprising the single variable domain and

then assembling this polypeptide into a larger protein or antibody format using



nol ecul e of the invention. In certain enbodi nents, the vector is an
expressi on 10vector conprising one or nore expression control elenents or
sequenceswohato/@mossoper ably |inked to the reconbi nant necir@peoraostisof t he
i nvention The invention al so provides a reconbi nant host cell conprising a
reconbi nant nucleic acid nolecule or vector of the invention. Suitable
vectors (e.g, plasmds, phagmids), expréésion control elenments, host cells
and nmet hods for produci ng reconbi nant host cells of the 15invention are
wel | -known in the art, an s _are further described herein. Suitable
expr essi on veé?@FguﬁﬁhméﬁﬁFﬁYﬂmamﬁuﬁB@Wm Y- R R Brofedn dgeg potsensigiof  an

ori ?l nI of | replm@mogmma(sm) {m\@alsp m?rolﬁaly, ﬂ%{?&l?m?temrdoﬁpﬂ& cOMPHARSSI ?n
control elene ranscri ptjon contrq ee , pronoter,
enhancer, 20t 3?@&3153&)13 1510 o ROR&). ooprioBhlly: fhedidmaprpisty @F@t@cgmplases. gnal
sequence or |ﬂﬁ@ﬁmOSQQM6U§RQHBN@)mamkuKﬁamE&Rkﬁﬁﬁhﬂ&x@Qﬁ#ﬁ@kmﬂb nts and
a signal sequence, present, can be provided by the vector or ot

source. FoP ekﬂ}?fﬂ‘%theﬂ’t@ i AdtiHy- ﬁmWIa"éﬁW)%é MAtans| ati onal cont roI
sequences of a cloned nucleic acid encoding an anti body chain can be used
to direct expression. 25 A pronoter can be provided for expression in a

desired host ceII Pronoters can be constitutive or inducible For exanpl e,
a pronoter bqsg e%ﬁb%X éF' enO Mb n?c ezg r? % antlbody,
ant i body chal n 8 ARG oslohli Yl varip ?%%Ts BINEF M5t i on of

t he nucl ei ¢ adudon m:owmaoﬁtpyns@fansnmttoajab@lsphomntaef slnfoms em&ﬂhmém,lqaé yotic (e.qg,

|l ac, tac, T3, .T and e i man Virus
20 ear by or 1 dvEBaRBNE el St BREore ERS Msidh s cpmpted

pr OWFt glr oyt Qti’(%@(&ﬂoﬂylFb (litgbtlbﬂia(blmhefem thel BirernhinusSof ittt e 1Dhﬁl{éﬁt(@iti)oniﬂ[35t s are

aval | apl e. = tl expr Sl on, vectors. t onpri se a
Serectabt e madbesrpRedp e BB MRS R SSban: 1 HB ettt dR  and. i
the case of aimgphogetlia skxRNRESEIOMNY:AS; laftfagorddl oPthk GisionGrotti@RbmeAseson. Genes
encodi ng products mhlghwénger antibiotic or dru T%55|stance are conmmon

sel ect abl e nmarREPEses 4 dalidifr pendiog roigly. pFadiailiye peendingmeiglyicanded gene
(ampi cillin resiyethgReElycol dloid@RRerumQiibinth bAE HEdndnetheRsT, Zhadigay and

15  receptor or a transferrin-binidng portion thereof, or an antibody or antibody
fragment comprising a binding site for a polypeptide that enhances half-life in vivo.
The half-life extending moiety can be an antibody or antibody fragment comprising
a binding site for serum albumin or neonatal Fc receptor. The half-life extending
moiety can be a dAb, antibody or antibody fragment. In one embodiment, the

20  immunoglobulin single variable domain or the antagonist or the fusion protein is
provided such that the variable domain (or the variable domain comprised by the
antagonist or fusion protein) further comprises a polyalkylene glycol moiety. The
polyalkylene glycol moiety can be a polyethylene glycol moiety. Further discussion

is provided below.
25

In one embodiment, the single variable domain of the invention binds human IL-13
with a dissociation constant (Kd) of about 10 to about 150 pM, optionally about 50
to about 150 pM, optionally about 70 to about 150 pM, as determined by surface

plasmon resonance. In one aspect, the invention provides a single variable domain

30  of the invention for binding human IL-13 with a dissociation constant (Kd) of about



eukaryotic cells (e.g, neonmycin (418 or geneticin), gpt (mycophenolic
acid), anpicillin, or hygronycin resistance genes). D hydrofol ate reductase
mar ker gewe0parmss sel ection with nethotrexate in a varPCEEP2@8/0bTSY S.
Genes encodi ng the gene 10 product of auxotrophic markers of the host (e.gqg,
LEU2, URA3, HI S3) are often used as selectable markers in yeast. Use of
viral (e.g, baculovirus) or phage vector®,- and vectors which are capabl e of
integrating into the genone of the host cell, such as retroviral vectors,
are also contenplated. Suitable ression vectors for expression in

mammal i an cel |9 taﬁEP%ﬂﬁﬂ(%My‘H’(tioEalbé'lgP‘ét SPito akayt 150 PNIrpieraliygppdd 708 osophi | a
15Schni eder She@l 158 pwﬁfaQaetmemygarf;(cE 1aSRbM ABGHah &R In Bne £P&dahd S, S.
cerevisiae) are mell-knomm inthe art. EU|tabIe host  cel | s can be
prokaryotic, iinentien pgvidecthepreal agispleyatighidegeniteof thgjnventign imtht i | i s and/ or

ot her sui t abl EndRECREd & anQHklgra}rfﬁéérﬁst CRhdrSin thRUGRaASASHRYE! an@igoXig@tidscel | s
20(e.g., Pichia pastoris, Asper I'l'us sp., Saccharomyces cerevisi ae,

Schi zosaccHar dwy@ééL-dém@a%wwp@pw@ﬁ B 2 abayt 1 Qtorbeut 1§QeM. eukar yot i ¢
cells, and Celdpﬁo.QJ1lbean%bt@wsa{ Y0LRE @H&m@ﬁb&uh@@% Jbeﬁmﬂsbg@pgg s (e.g.
EXOSophlla Schni edef S2 cells, Sf9 'insect cells (WD 94/26087 (O Connor))
manmmal s (e. g. ,de@osingépy surfagg plasmen regmance( ATCC AcceSS|on No. CRL-1650) and
COs-7 (ATCC Accession 25 No. CRL-1651), CHO (e.g., ATCC Accession No.

CRL- 9096, CHO DA4 (Urlaub, G and Chasin, LA, Proc. Natl. Acac. Sci. USA,
77(7):4216-4220 (1980))), 293 (ATCC Accession No. CRL-1573), HeLa (ATCC
Accession No. CCL- Accessi 0 e L.

o oSS! OV Foi InoBa bl (o s Yorah dopalpr disdifenti it CLPRE py op.
Nat | . Acadio Scrhonkb&& 43 wnﬂad&&&&t@ae&ms&m(J@Bnbousﬂoca@bm,nmaa/ 0, HuT 78

cells and the |ike, or plgnts t obacco %ﬁ or exang Ausubel ,
F.M et al., ditermingd pypriags BIP%’&%’I@SOE“W%F% Iaél?ecB IR UONPTaVAES Publ i shi ng

Associ at es andiinh@dWariBIk @¥msin 301hE idveftion(f8P8Ading CLRLrSAEE monk&PIL-1BWhRdi nent s,
t he host cell |s an isolated host cell and is no%ﬂfart of a Itlcellular

or gani sm (e. g.2digpgitongongst fagd)of abept d & sberh> BpeAeHRERIn! Yﬁ‘g Adst cell is
a nonhuman hoiias%hlresoéam@ InH1e gb&nth@hﬁ/@ntﬂfncb\‘é\ﬁ&%ﬂ@ GiBbhondior producing a
l'igand (e. g, ual - speci fic |iganc mul tispecific |igand) of the invention,
conpri si ng! naﬂﬁﬂdﬂﬁﬁ%@maof@é§W§“Hﬁﬂﬂﬂﬁd@?“@@PW(géﬁﬁ#ﬂéﬁﬁﬁgﬁﬁﬁéﬂﬁﬁﬁinant

nucleic acid qfe @J?sbreram%'o%m %Ebra@g@ym s $bhkaDILer 3 it £xpr essi on of
t he reconbi nant nucleic acid { t he reconblnant nucleic acid is

expr essed and<b$P@@amde%mﬁﬂ@866é@N“ tp ahoreS eMbasdicteaningd by ssfaconet hod
further conpri hsQbadnetg the ligand. Reference is made to W200708515,
page 161, Iinéﬁgﬁmto page 189, line 10 for details of disclosure that is
applicable to enbodi nents of the present invention. This disclosure is
hereby incorporated herein by reference as though it appears explicitly 15
in the text of the present disclosure and relates to the enbodi nents of the

present i menthQfe ebslithént RhOYhElE vaKBlel doivainsafiRAR¥ention (ed] BOMISLIZE t O
i ncorporated into clains below This includes disclosure present

W0200708515, (dgbis peridefliangddh mogorpergeptipadlly ynformaties (5ieoFiet gy efe ‘f gy & | 2 of

the "Preparat iy edieiBeaRa iR tba PBAS S6btiohARNAS' dry pddRF BrduliBEdt, OF

systens”, "Library Construction", "Conbining Single
optionally for delivery to a patient by inhalation (e.g., pulmonary delivery),

et

optionally for treating and/or preventing a lung condition (e.g., asthma, COPD or
25  influenza). In one embodiment, the single variable domain of the invention is

provided as dAb monomer (not PEGylated or half-life extended) for delivery to a

patient by inhalation (¢.g., pulmonary delivery), optionally for treating and/or

preventing a lung condition (e.g., asthma, COPD or influenza).



20Vari abl e Domai ns", "Characterisation of Ligands", "Structure of Ligands",
"Skel etons", "Protein Scaffolds", "Scaffolds for Use in Constructing

Li gands" ,wbDnwarssishi cati on of the Canoni cal Sequence" amdT/EPh@sapm=asi c and
di agnosti c conpositions and uses", as well as definitions of "operably

| i nked", "naive", "prevention", "suppression", "treatnent", "allergic

di sease", "Th2-nedi ated 25di sease", "thdBapeutically-effective dose" and
"effective". FORMATS Increased half-life is useful in in vivo applications
of i mmunogl obul i ns, especially‘ 30 anti podi es, and t especially antibody
fragments of SPAN aserchdhe BGEAT inyaRR ALY IdEEDS singleaatiahly drdibifded Fvs, Fabs,
scFvs, dAbs) qubi1eo-58606), prai 61lyﬁ@ﬁiaacaﬂta§6rﬁmdoh@om@%r debiids of Wi | st they
are able to reach nost parts oP_t e body rapidly, and are - 56 - quick to
produce and eé‘§li’e€YOrteé‘bﬁéﬁ%fpb?fﬂﬂedél"?““P‘hf‘\fipwldé‘ﬂﬁa‘?qeé’ém(’%%f thepdonivgn 1 nited
by their only & &liciP€sndiisdiBRS LW brotQof thBIBWRRPuPRKs iPherttiie | Nventi on

solves this problem by providing increased half-I'ife of the I'igands in vivo
and conseqdentdisglosedaydcambs e sthigseef 2G1489-i n t he body of the functional
activity of the Iigand. 5 Methods for pharmacoki netic anal ysis and

determ nation of ligand half-life will be famliar to those skilled in the
art. Details nmay be found in Kenneth, A et al: Chemcal Stability of

Phar maceuti cal s: . bopk .f or .Pharmgci sts and.,in Peter.s et al

Phar macoki ney ¢ ailal yarien ARl MU Hibt G (T obgsc-Rupn Fnbat (K0l so
made 10 to "Phar macokifraBéutdsM, orNedsi daiodally8abiouPHEI0r gt or sk | dpsbreadly aodvar cel
Dekker, 2nd Rev. ex Ltion (1982)., ich cri be har.nacoki net i
paraneters such as tengpﬂ]}/goé as’topﬁ%‘raﬁ@ﬁﬁ?‘ftqﬁ\? O&ff’ap’é’lpé%a@ﬁ&b?‘ﬁtliqg curve
(AUC) . ][-lallfo lives (VAMbples, aptdm?M{yl Qﬁhﬁ}jnl\améiabf&iﬁl@&Boﬂ@OdﬁhB@dﬂM@M,from a
curve of serum 15concentrati on q i gan gainst_tine. e WnNonlin

anal ysi s package (avéﬁpP%’b"tﬂ?é aﬁ?‘ﬁrﬁ%ﬁ%ﬁ@?“@ﬂs’ %ﬂ‘bgo 0 %‘l‘fl&ﬁ‘\'&(’@ﬂ?" 94040,
U|SA¥1 caﬂ be) utSﬁd, | forabgm_@wk&%bohpl oyes®l 5o bfaatfdgf V(prLBpt_a)nﬁlll)!’ aj‘otuﬁhm&st (t hte
al pha phase e ligand is undergoing nminly distribution in the patient,
with some eliminati ofPo% lz)e‘tll?HW Prpoaut et ‘HWQE%‘)"‘"P’?L?‘H&O?&WHOH%\F '‘phase
decreasing ac the I cand Lo o eared From the patiant. The t al pha half 1ife
is the halglP' i f eliipf 31%?'“? ibinding R e nefrBUmae PEMBISt Bo-h (-8 i £ €YNOROIgNS hall f

life of the second phgsfey, TS oribAbRRALARPRY. MRA a disB&idiof S6Mant MGNL i ON
provides a ligand or a conposition conprising a |ligand according to the

i nvention having a t @fabout SpMras lgsp. qpienallyrpfeutdk abont &5 #hgped opgboobM | n one

embodi ment, the | ower, eRd BfiodalifabRANIR dbouSPaMi;nut es, 2545 minutes, | hour,
2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 10 hours, 11 hours or

12 hours. In addiif)i oPotest bialineohhvmarelly 13 2.1 geithcr dissagigtipbsensiashn(kedcor di ng
to the inwgntion wl 'orf;faaaaﬁlﬂmt&l&@,l Sptlohd1By dvBut 4B MR RsOTopHBhA) 2BOH

including 12 hours. |
250 pM or less, optionally about 150 pM or less, optionally about 100

pM or less, optionally about 1nM to about 10, about 50 or about 70 pM,
optionally about 500 to about 10, about 50 or about 70 pM, optionally
about 250 to about 10, about 50 or about 70 pM, optionally about 150 to
25 about 10, about 50 or about 70 pM, or optionally about 100 to about 10,
about 50 or about 70 pM) and potent binding of a non-human primate [1L-
13 (e.g., Cynomolgus monkey, rhesus or baboon IL-13) (e.g., with a
dissociation constant (Kd) of about 5nM or less, optionally about 4,
about 3, about 2 or about 1nM or less, optionally about 1 to about 5 nM);
30 (iv)  Potent binding of human, Cynomolgus monkey and rhesus IL-13 (e.g.,

binding human IL-13 with a dissociation constant (Kd) of about InM or



one enbodi nent, the upper end of the range is 11, 10, 9, 8, 7, 6 or 5
hours. An exanple of a suitable range is 1 to 6 hours, 2 to 5 hours or 3 to
4 hours. B020t0/067486 t13 half-life in the range of about pPRTEPR@SNE778% nNOIr €.
In one enbodi nent, the | ower end of the range is about 3 hours, about 4
hours, about 5 hours, about 6 hours, about 7 hours, about 10 hours, about
11 hours, or about 12 hours. In additiof?-or alternatively, a |ligand or
conposition according to the invention has a t13 half-life in 5the range of
up to and including 21 days. |n one_enbodi nent, the upper end of the range

i s about 12 hours, aHSﬁtWQW“ﬂBhﬂ@“tg%ﬁﬂﬂ‘?'ﬁ§y§moﬁﬂﬁd?ogﬁﬁﬁygﬂOéﬁﬁﬁt 5

days, about 10 days opiIenlly 1aboGaY S0 PM dPQeKs, 3&mﬁ§&ﬁab&ﬂ woepRnBowsgent a
|'igand or conposition accordlntho the invention wil| have a t13 half life

in the range about 12XPtignaliycged G”hEU?@“tVhaQ“FéP@ﬁéW“éﬂﬁdﬁﬁﬁ@ﬁ@wnyt\MII
be in the range aboutpd m@t@whoﬂaﬂ&thol&ﬁbou ?Ong pddagiy SepRpskomnt

still, it will be in the range about 12 to about hours.” I n addition, or

alternatively to the 2kBEVY. abqut &Pios abeuie Oppsentionaliy ahort &30 for SWPHES a

l'igand or a conposi ti@puosaMRlabsitd pM,!dr 3pfichafls G881 06 td Shoh o, laByRBHI ON
having an 15AUC val ue (area under the curve) In the range of about 1

my. min/ ml or nore. | rPrabt dopipnEinding epsh ppGusomsaigys sfonkepeandgheses [ls about

5, about 10, about 151’3 @ﬁ?'&ltdl%gclatﬂﬂoé&stg’rg (K%B’%Pfab&R%nNPQPH-Es %(Bgorgirll about
300 mg.min/mM. In addition, or alternatively, a ligand or conp 05|t|on

according to the inveheitah ‘ahe TAbaUE i)maltonélml‘érrgée&sf opifpnaldy a'mutl t800

mg. mn/m .4l n one engggggqﬂh. t he upper end of the range 20is about 500,
about 400 about 300, about 200, about 150, about 100, about 75 or about 50
mg.min/m. In odé)enﬁbﬂﬂwﬁmtﬂamhngaﬁdyamuwﬂakngEﬁm@&hunnmvénbwmele| have
a AUIC in the range s ct ] sisting of the follow ng:
about 15 to about 158L%ﬁ}ﬁ?%§éﬁﬁm%ggﬁ?&%gﬁwggﬁbout 100 ng-m n/ M, about 15
to about 75 ngy. nGvi/ mPoteahdewtabeation fthwmabdlt | 55@ny patient,nd.g.. AdutRbkatipept i des

and dAbs of the inven| Ehg qglkﬁg&%%ﬂ$g§%§§a%%ﬁ&hs Q@g tﬁgea&%gm J.ormat t ed

to have a | arger hydrodynam € size achme 4 PEG

group, seﬂﬁnlalbunlncompammﬁeﬂminwnmhamdﬁmWM|h4Kbneptwwﬂwﬂ HEKI £B8T t he

transferrinbi ndi ng portlon e, fe

conj ugation to an antl%ﬁdvméﬁ szE é E N{ §hmm'¥8&“9§&6 and

ant agoni sts formatt eabas 230 hist glmut arit togdoutbii. Mr@oﬁwmgm@abouoﬂ OanMamt i body

gEst an anti body (ehgmn%%&oaﬁnﬁqOrﬁda Fab, Fab', F(ab)2, F(ab')2, 119G
(vii)  Potent neutralization of human IL-13 in a patient, e.g., neutralization

20 using a single variable domain, protein, polypeptide, antagonist or
composition that neutralises Cynomolgus monkey IL-13 in a standard
HEK STAT assay with an ECsp of about 1 to about 20 nM, optionally
about 5 to about 15 nM or about 5 to about 10 nM;
(viii) Potent neutralization of human IL-13 in a patient, e.g., neutralization
25 using a single variable domain, protein, polypeptide, antagonist or
composition that neutralises rhesus IL.-13 in a standard HEK STAT assay
with an ECsq of about] to about 15 nM, about 2 to about 15 nM or about
2 to about 11.5 nM;
(ix)  Potent neutralization of human IL-13 and non-human primate, e.g.,
30 neutralization using a single variable domain, protein, polypeptide,
antagonist or composition that neutralises human IL-13 in a standard

HEK STAT assay with an ECsp of about 0.1 to about 2.0 nM, optionally



- 58 - Hydrodynam c size of the ligands (e.g, dAb nononers and nul tinmers)
of the invention may be determ ned using nethods which are well known in
the art. wonomwamsbke, gel filtration chromatography nayPpPog/RP@E/ 061789
determ ne the hydrodynamic 5 size of a ligand. Suitable gel filtration
matrices for determ ning the hydrodynam c sizes of |igands, such as
cross-linked agarose matrices, are vel 1~ ¥rrown and readily avail able. The
size of a ligand format (e.g, the size of a PEG noi ety attached to a dAb

oxampl o wher o 11 gandi PR VAFERASLE D 8% sy OF R B R BRSOl i nto

peri pheral tissues, ilL0nM daebbutdd © abmtldelarﬂvlthﬂ eyl Relyivariutnag iprithatf t he
ligand low to facilit t extrava m t he, bl o

Al ternatively, where ﬁf @fﬂ%@ﬂ?é§5¢@@ﬂ£0° HbﬁﬁﬁgwﬁgﬁﬁPﬂ'HW‘Pﬂg

system c circul ation ;foofM,aOplue.ﬁvg;@rabmrsn@dmf 13 nmrhlbt&nsndaaoaflam l'i gand can
be 15i ncregsed, é@r ﬁganﬁle Q¥ ornattln as an 9 like p ein. lf-life
extensi on by tar§8ti g YANEKITHERCEIY BSMSP T H iR Pﬁﬁﬂﬁég%g pange five in

vi vo The hydrodynani nig ipzénadif;, mmmgamdcamndlg@ Beikémanalot thdshelican al so be

i ncreased by 20conjugatin SSOcCi I L-13 zlndln peptlde
or antagoni st of the &wv qncﬁqgtcé’“%f“ @‘eéidl“rdér?’ éména'gjn&eb% “lgr
ant i body fragnent) thﬁmuﬁhmﬁﬁnﬁﬁmﬁnLLgﬁﬂmar epltope t hat i ncreases

hal f-1ive in vivo, as described herein. For exanple, the IL-13 binding

agent (e.g, pol y®pt igeyidiag arofrasceishiliny sensignally. FYH‘i‘H’e%?bEIBY)an anti serum

al bum n orjganti -neonatal Fe receptor antibody or antibody fragnent, eg an
25anti - SA or anti-neonatal Fe receptor dAb, Fab, Fab' or scFv, or to an
anti-SA affibqdy or antj-neonatal Fe receptor Affijbqd ant j - SA

avi mer, or anqﬁﬁf"? aSB‘i{’tHI“%Bﬁe?‘FQt {64 ‘Pﬁpmid’c‘g‘ ES?Fp‘?“ ey e%‘ﬁﬁ%d‘%’a@el ect ed
from but not (kd, mamdo-spma)h@ogrr@p@ymﬂ&é shth@ihis0fcofapbsirich orldeo€atdnyn,  SpA,
an affibody, an aviner, I bronectipn (see W20080Q96158 for

di scl osure” of #MELY %maw?at %fdheaw@m r@wvgﬁnmrﬁg)rf‘awcil)tt%@iwnél&quences

are incorpor atlmdqebiafegl preddding @h@EAPIE ETIRNAVdnQbMAIRASbviAés dohesgdhiag osure of the
present text). Conjugating refers to a conposition conprising

WO2010/ 06d¢f86|5@f? P2008/ 067789 - 59 - pol ypeptide, dAb or antagonist of the
invention that is bonded (covalently or noncovalently) to a binding domain
t hat bi nds serum al bum n. Suitable pol ypeptides that enhance serum

hal f-l1ife in vivo include, for exanple,

Reference is made to WO2007085815, which discloses anti-1L-13 immunoglobulin
single variable domains. The disclosure of this document is incorporated herein in
its entirety, in particular to provide for uses, formats, methods of selection, methods
20  of production, methods of formulation and assays for anti-IL-13 single variable
domains, ligands, antagonists and the like, so that these disclosures can be applied
specifically and explicitly in the context of the present invention, including to

provide explicit description for importation into claims of the present disclosure.

25  The anti-IL-13 is an immunoglobulin single variable domain can be any suitable
immunoglobulin variable domain, and optionally is a human variable domain or a
variable domain that comprises or are derived from human framework regions (e.g.,
DP47 or DPK9 framework regions). In certain embodiments, the variable domain is

based on a universal framework, as described herein.



Stransferrin receptor specific |Iigand-neuropharnmaceutical agent fusion
proteins (see U S. Patent No. 5,977,307, the teachings of which are

i ncor por awedotvareiss by reference), brain capillary endotrheiEradosoet7so
receptor, transferrin, transferrin receptor (e.g, soluble transferrin
receptor), insulin, insulin-like growth factor 1 (1G- 1) receptor,
insulin-like growth factor 2 (1 GF 2) recddptor, insulin receptor, blood
10coagul ation factor X, al-antitrypsin and HNF | a. Suitable pol ypeptides

t hat enhance serumhalf-life also include al pha-1 glycoprotein

(orosonucoi d; AAG, alpha-1 antichynmotrypsin (ACT), alpha-1 m croglobulin
(protein HC AhMrtanﬁélhlbddﬁ]ﬁ@ﬂi?hIﬂollybéptl(:lé\ablhélhIGgﬁlﬁﬂlldnbglbblﬂtnéﬂlﬂ'gleavahaﬁlé\po A-1),

apol i poprotein, B ( ul opl a n.(Cp), nt conmponent C3 (C3),
conpl enent corﬁ?BWgﬂAﬁ’ @Sféj(“&‘)g S“&IW"E?E e‘i‘ﬂmytr}p ‘i]g'r X 'esiSth RgeaiOmeact i ve
protein (CRP) ,unf@ddretdréibly RRRWOME0DDBXING tdabliids of WhRBRFOIhedrpéraged (Lp( ) )

mannose- bi ndi ng pr ot e| n (I\/BP) nmyogl obin (Myo), preal bumn (transthyretin;

PAL), retinol -Mrembnigesselei n (RBP), and rheunatoid factor (RF). 20Suitable
proteins fromthe extracellular matrix include, for exanple, collagens,
lam nins, integrins and fibraonectin. Col I%?ens are the major proteins of

the extracell ¢ LISt A 1D MAYdiUL45, 'P’;';SGTQ EQIH%%F{E%$ ecul es are

currently known, found in different parts of the body, e.g, type | collagen
(accounting for 90% of body colla Gg{: found in bone, skin, tendon,
| i gament's, cor rhéanvemrlﬂWWanmwega teskang{pp ecombinant ap¢leig agid malshles n

cartil age,overhehfi ng&h&qsm%@m%%»w&mamdmm pRALS, FM%U&ES dhe eye.

Sui tabl e proteins from i ncl ude, for exanp pl asma proteins
(e.g, fibrin, saeczﬁqﬂe@ﬂwnéwwlmﬁem%hww%d?ﬁcrnbedfhewn nogen (e.g, fibrinogen
A, fibrinogen B), serumanyloid protein A haptoglobin, profilin,

ubi quitin, uteroglobulin and 3-2- 30 nmicroglobulin), enzynmes and enzyme

i nhi bi tors (e.lgongspeds thoiguention peyidesen ls@ly@gat feporabinanlt prRAGiE agidht i t rypsi n and

pancr eati c tr)éﬂédd'ihg'e{mﬂﬁegt@cfe)oomgm gammnogfasumwvméﬁﬂe%mnarwch as

i mrunogl obul i n prot/eins (
i mrunogl obldl i retdrdjng tocthainwentiora Iemb@lal)eylt themaﬁglp@mﬂ cpmptissk by (e. g,

1 heut rophi | TaePERlStdlpndk DTN 081 SBKsER) 10 (6T GEBOMIL D Sh7 RBHAPET BToL ]
and the |ike. mm)xla@wwﬂc&@m@mm 8xtor DIGM K- bb@l&iﬁ&QriDti&@r?)eﬂn or in
necor bat ot r aub e Bfingluthe FEATPLs R REPRIRIQEECRRLBE o RURKIOT. |
serum hal f - | i {586 (SEQ 1D dCals ®OME0- améébfsmceimwt DoalDQMH0-62- 56 ESHD Hhey (e. g,

pol ycysti Ny TYRS: é V col | agen, organic anion transporter 10K1, Heymann's
antigen), protein 3 | ocalized to the liver (e.g, alcohol dehydrogenase,

In one aspect, the invention provides an isolated or recombinant nucleic acid,
wherein the nucleic acid comprises a nucleotide sequence that is at least 99%
identical to the nucleotide sequence of DOM10-53-546 (SEQ ID NO: 6); DOM10-
25  53-567 (SEQ ID NO: 7); DOMI10-53-568 (SEQ ID NO: 8); or DOM10-53-616
(SEQ ID NO: 9), and wherein the nucleic acid encodes a polypeptide comprising an
immunoglobulin single variable domain that specifically binds to I1L-13. Optionally,
the nucleic acid does not consist of or comprise the nucleotide sequence DOM10-

53-616 (SEQ ID NO: 9).

30



&250), proteins localized to the lung (e.g, secretory conponent, which

bi nds 1gA), proteins localized to the heart (e.g. LISP 27, which is

associ at esowntoneaiskat ed car di omyopat hy), proteins | ocal ipzedre@stobEsski n
(e.g, keratin), bone specific proteins such as norphogeni c proteins (BWSs),
whi ch are a subset of the transform ng 15growth factor 13 superfam |y of
proteins that denmpnstrate osteogenic act®vity (e.g. BWMP-2, BWMP-4, BMP-5,
BWP-6, BMP-7, BMP-8), tum)r specific protei ns (e.g, trophoblast antigen,

herceptin recel tor, oes en. recepdt cat hepsi.ns é 13: C@Itt?tg sin B, which

can be found iR oP§ &@Fle ‘EI Btion RyoVides g kepiqr epMBYnE 2 RLICIE pcid p pr ot ei ns

i nclude, for emadmbxe In®né bPpeasthe KRERBa ebvadtk ¥ hod cac&dnv;atsﬁg auckelc s,

i ncl udi ng LAG 3, (| ynphocyte acti vatigﬁl gene osteogcﬁjgte in | |gand (oPE;
?l‘ of-

see Nature 402cidRIACIRENtiQneghs veckry ISREMided agpet UFBBeptor family,
expressed on %nypmtdedoﬂipﬁﬁhgah1amdmsglesulfnlsc@lld %rlulﬁlc El@:gajhaheﬂl\elhﬂd human T
cell leukema virys ty éﬁl_g Erodum Bg cel | | ?ee | nmunol 65
25(1): 263- 70 (0BO§NE mswrae'a P%é%l widsheaodiiops 5;5‘;"6?% KExpesEofstidide, for
exanpl e, net aldueRicQcRas 9ectdranbaetyad gy papiide o@mtphgmg hiS inGrAdRR oSN sigdleldi ng

CX512 Drosophila, human. paraplegin, human sH, . human AFG3l 2, rrurl ne ftsH;
and angi ogeni c"aﬂi“'ﬂﬁﬂ?fn‘?‘&b“t%ﬁ“’é‘ceq twaiﬂle/gthae*?e&wé ity GUPRISES GFSWP R f act or
(FGF-1), basi Gsdiathipokd m}pegrn&%moﬁtﬁﬁ.aw o2 varMRASEA AltaRadatidig! i al

grow h factor/vascul ar per neabi act or ( VEGH VPF), transform ng

growt h factor h&V'(WGI"‘aBTOVQdL?ﬁ@?“Yr(Eéy @QS%fOIflécl?bﬁ‘w“é!FZﬁH‘é‘ inpngtandard Hiksi ogeni n,

i nterl eukifir 3 AT Abay thi BE tsaul@u@o% pédtiae8) . platelet-
W02010/ 060486PCT/ EP26/08/ 067789 - derived endothelial growh factor

(FD- ECGF), placental growh factor (P1GF), mdkine platelet-derived growth
factor-BB (PDGF), and fractal ki ne. Suitable polypeptides that enhance serum

hal f-1ife in WyRids® ri:f@ﬁ-édlt@@ne&lrﬁﬁs‘&olafeﬁt%ﬂﬁcléﬁuﬁhs aﬁlcmﬂxe beépck proteins
(FI'SPs). HSPs are nornal y found intracell ul g VWhen t Tﬁ found
ext racel | ul ar |5§pargted i“té,aYafme H'aur'&%l%'%?mqswéthegemlq 1Hé§r8ﬁ“é % @ of g‘ﬂw ed out

its contents. gffics of$HYIPQAMRExERIA cARBE h AARGFONI nDYei0 GG ichien as a
result of trauma, disease or injury, extracellular HSPs trigger a response

from the i Wnurbrasystdrinclygie malsigacidsoained Ry rehedsdpsciipsphereip orqisy sujtale,
l'ocal i zi ng t hg,HRAP AR Iuli®BSenBilly pure nucleic acids, nucleic acids produced by chemical

synthesis, by combinations of biological and chemical methods, and recombinant

nucleic acids which are isolated (see e.g., Daugherty, B.L. et al., Nucleic Acids

Res., 19(9): 2471-2476 (1991); Lewis, A.P. and J.S. Crowe, Gene, 101: 297-302
20 (1991)).

Nucleic acids referred to herein as "recombinant” are nucleic acids which have been

produced by recombinant DNA methodology, including those nucleic acids that are

generated by procedures which rely upon a method of artificial recombination, such
25  as the polymerase chain reaction (PCR) and/or cloning into a vector using restriction

enzymes.

In certain embodiments, the isolated and/or recombinant nucleic acid comprises a
nucleotide sequence encoding a ligand, as described herein, wherein said ligand

30  comprises an amino acid sequence that has at least about 80%, at least about 85%, at
least about 90%, at least about 91%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about



10t he invention to a disease site. Suitable proteins involved in Fe
transport include, for exanple, Branbell receptor (also known as FcRB).

Thi s Fe rwoeptomso4sas two functions, both of which are pecemreaisloy77asef ul
for delivery. The functions are (1) transport of 1gG fromnother 15to child
across the placenta (2) protection of I%G from degradati on thereby
prolonging its serumhalf-life. It is t éUth that the receptor recycles

| gG from endosones. (See, Holliger et al, Nat Biotechnol 15(7):632-6
(1997).) dAbs j.hat Bind Ser bum n .20 The.invent.ion In.ane enbodi ment
birovi tieb @ pol Shb st RAESLPou Rkl S ne O IRy bR RSN C compr 1 1 ng
an anti - | L- 13 sddenfesoffa dAdttha A} 1t-hatistdbsed hetem, ed DOB11AAE-H648EQMD dAb t hat

bi nds serum al Ny veal 1Ab bi ndj 1 {d,.as determ ned
by surt ace ot Ao PEEhaed T FEGRI NS R A haTPe CEQ R D B on: o5,
about 4, aboutDGMIa534tl6 (SEQ HhBIO: 5P MYuckdoadd sedOegnca kiphiity 48h beadetautinine®, about
60, about 70, about 100, abo 200, apout 300, .about 400 .or ab 5001. .t M
o 0 Go' copoas wipl Jogth i neisglop MBSt usins ta FAOHES 6 S S0 Labout 1 t o
about 5 j.i Migrdadbout 3 to about 70 nMor about | OnMto about 1, about 2,

about 3, about 4 or about 5}1M For exanple about 30 to about 70 nM as
determ ned by surface plasnon resonance. In 30 one enbodi nent, the first
dAb (or a dAD THemORERign dMoHeVI&A a(vectdr conlghihg WiréddmBinkek masledelcrr mi ned by
surface plasnon re%&r}a}gage of, approxi_nat%about 1, apout 50,  about 70,
about 100, abdblectigpr thajgyantionoln caip,em FNE- e SHBLES 22 XRIBSIAN 2 or - 62

- about 3 @i NectbAcoRisRERASHITRGE exfrefkion cOMA)l cRRRAK bi &qlidrdandateapri sing a
first anti-SA dAb, and a second dAb to |L-13, the affinit _(e.ng., Kd and/ or
Kof f as rreasur"é’ﬁrably liakgd g dhe rposbinRgRt ?%E&%%‘éﬂm%‘%‘?“}'oﬁs?a@mﬁ enrlEy of the

second dAb f orprévidestidé@fibinaft HoktQRl bxapkisine 4 RcAMskbnt ARAAGOLLId mFRSult8r J.
about 100 to about 100000, or about 51000 to about 100000, or _ about 10000

to about 1000006CT ks inyepsions pyilgbleyyegiprsihg rasmids, phrgmids) expressigy one

embodi ment, t RgnE& lMeds MO 114 Snd HETRRNS $6PE0URINE HlomblnamANost &S ofgkaMpl e,
the first dAb binds SAwth an afflnl% of approximately about 10 RM while

t he second3dAdnysntignsarg pvellkapwein thi ark anhexemples areyfugher dpsstibedipeeibM | n one
enbodi ment, the serum al bumin is human serum al bumn (LISA). In one 10
enbodi ment, the first dAb binds SA (e.g., HSA) with a Kd of approxinmately
about 50, for Seizhipeewresbonvechys casenteinopmbgbeffompaeents; fosgxamprl2e0 nM

Detai |l s of dual: LG i I b Q3 03019,
V02008096158 g’lf]'éﬁl\;%%’%g’%i%%g%ﬁg "ﬁ%@%ﬁ%% t he ?%2%?’ X 3%@&: in one

enbodi nent corgfsmients, suckiAdba tranaeripbiom dentrol element (e.g, promoter, enhancer,
20  terminator) and/or one or more translation signals, a signal sequence or leader

sequence, and the like. Expression control elements and a signal sequence, if
present, can be provided by the vector or other source. For example, the
transcriptional and/or translational control sequences of a cloned nucleic acid
encoding an antibody chain can be used to direct expression.

25
A promoter can be provided for expression in a desired host cell. Promoters can be
constitutive or inducible. For example, a promoter can be operably linked to a
nucleic acid encoding an antibody, antibody chain or portion thereof, such that it
directs transcription of the nucleic acid. A variety of suitable promoters for

30 prokaryotic (e.g, lac, tac, T3, T7 promoters for E. coli) and eukaryotic (e.g, Simian
Virus 40 early or late promoter, Rous sarcoma virus long terminal repeat promoter,

cytomegalovirus promoter, adenovirus late promoter) hosts are available.



serum al bumn (SA) with a Kd as determ ned by surface plasnon resonance of
about 1nMto about 1, about 2, about 3, about 4, about 5, about 10, about
20, aboutw8Qpioaisoss 40, about 50, about 60, about 70, alpeuterP@8/06EBODUt 200,
about 300, about 400 or about 500 p, M (i.e., x about 10-9 to about 5 X
10-4M, or about 100 nMto about 2010 p, M or about 1 to about 5 p Mor
about 3 to about 70 nMor about | OnMto”4bout 1, about 2, about 3, about 4
or about 5pM For exanple about 30 to about 70 nM as det er mi ned by surface
pl asnmon resonance. |In one enbodinent, the first dAb (or a dAb nononer)
binds SA (e.g., HSA) with a Kd as determ ned by surface plasnon resonance
of approxi nat Gh){dcﬁtikm,lExﬁkess@b@bﬁto@@ploabptﬁmﬁ'&c aadledtdbldMbrkeafopstlecdbd 50, about
200, about 300 BM or <3 bout a OUtQjJZ'OE. abou[; 3 It)i le In one enbodi ment,
the first and °5Be%ResgABYIng S vesio gl 5t CasF RlkitepligaBle cXRIgsiIeYeSiOr-i@ker  of
from1l to 4 amrigh cﬁ'@é;ﬂlﬁatﬂj’n Ueﬁéﬂeiacddmg%)radricfmvm@i ddafer @itibgstRak @fugt han 3 am no
aci ds or greater than 4 7, .8, ?( 10, 15 or iO am no acids. |In one
enbodi ment ;) a "FTRYST arlelcﬂ'l’\’g’to“(sﬂfcé%t’t'ee'f“ar HaAnGmapbe e 8 yegkarydicysed to enhance
pot ency (Kd Of(e. 8 MR taBTasSEAO (din AR réd'\statnla@ ﬁé’ltg@mmﬁfr)cyclme Bfstanckar@ar ti cul ar
enbodi nents of the Ilgands and ant agoni sts, . the dAb bi nds _human serum

al bumin and cGHEYRE Fily (g prompyging ggbif YT THicH) 190t enypaphedaliezdidd from t he
group consi st iaficin, or hygromycilRAiskice HMaby)2 BiydrBoINe F4RCBAIRark& gefdsscl osur e

of these sequences, 5which sequences and their nucleic acid counterpart are
i ncor por at ed P& ??1"690'?\éfft'éf"é%@e"éﬁd“F‘dﬁfﬁtbaﬂt“@f Gengs caradinedee@cof t he

pr esent tq)ﬁ)t),roductofauMﬂbJr@rl&%E@tﬂeﬂoWe ﬁgﬁz)/z U rsh? afeDph LadNO. 474)
DOMPIR6 (SEQ I'D NO. 475)  DOVFT-1 (SEQ | 476), DOWr-3 (SEQ I D NO

477), DOMIT - 4 3f Ssiegtabls werameastoéwﬁ\sra{ GEPImlaNEys) 7 plyase peE-ard ( SEQ | D

10 NGO 480), DREIVEfA 1&%&&&1?)5%19‘@ mﬁ]:%%)mg M@%&%@%@tﬂe@o“@ell%&) as DOMZh-3
(SEQ ID NO. 483). NO. °485) ,

DOWh-1 ( SEQ Fatravimel vegigys, afD@iWHOlTFe"(llSE@] |$9mm}e emsvs)swnmlﬁf@zexp@@@n D NO

429) DM 2% SR O, Bl DATIA LI MR ey P25 (S5 11D

I'D NO "15 494), DOWrh-27
(SEQ I D N&S 488hnicdooh pells, %@E@dwﬁm e oltqgo&/mas@as (SBE@eifa@e 497)
DOMPT - 14 (SEQ%]?@%V %;a or DOVT - 15 (SEQID NO 499), DOWFr-16 (SEQ JO NO
500), DOMIT -1 ! 501), DOMPr-18 (SEQ ID NO 502), DOM/r-19 (SEQ
ID NO 503), DOMFr-20 (SEQ ID NO 504), DOMPr21 (SEQ ID NO 505), DOMZr- 22

bONT T - 25 N?SE%%?M%%%& Car e 9@“%’_4,&%9? B e 25y ESES D N0
511), DOWr - 28ufiBEand/&r atl@r saifaBle baDON, cul@y (ISEE s ERCN@ fubgd)or y&Getls 30 ( SEQ
(SEQ 1 D NG 5T (b2 BTG F0Ba P el B 5 B % mese sequences,  whi oh
sequences and Sthlmmaaﬂ&mwbeawoma@ N uapt ergan tor ather loneoeykaryvatiecklker ei n by
reference and fé) cells P)? ﬁitghcgfeulzarllyeotes such as those from insects (e.g., Drosophila Schnieder
$2 cells, S$19 insect cells (WO 94/26087 (O’Connor)), mammals (e.g., COS cells,
such as COS-1 (ATCC Accession No. CRL-1650) and COS-7 (ATCC Accession
25  No. CRL-1651), CHO (e.g., ATCC Accession No. CRL-9096, CHO DG44 (Urlaub,
G. and Chasin, LA., Proc. Natl. Acac. Sci. USA, 77(7):4216-4220 (1980))), 293
(ATCC Accession No. CRL-1573), HeLa (ATCC Accession No. CCL-2), CV1
(ATCC Accession No. CCL-70), WOP (Dailey, L., et al., J. Virol., 54:739-749
(1985), 3T3, 293T (Pear, W. S., et al., Proc. Natl. Acad. Sci. U.S.A., 90:8392-8396
30 (1993)) NSO cells, SP2/0, HuT 78 cells and the like, or plants (e.g., tobacco). (See,

for example, Ausubel, F.M. et al., eds. Current Protocols in Molecular Biology,

Greene Publishing Associates and John Wiley & Sons Inc. (1993).) In some



di scl osure of the present text; the SEQID No's in this paragraph are those
t hat appear in W2007080392), dAb8 (dAbl10), dAb 10, dAb36, dAb7r20

( DOWI7r 20)wodAy/us@dse ( DOMZr 21) , dAb7r22 (DOWr22), dAb7r 22CciBerisd8d)789 dAb7r 24
(DOWIFr 24), 30 dAb7r25 (DOWr25), dAb7r26 (DOM7r26), dAb7r27 (DOWIr27),
dAb7r 28 (DOM7r28), dAb7r29 (DOWr29), dAb7r29 (DOM7r29), dAb7r31 (DOW/r31),
dAb7r 32 (DOMZr32), dAb7r33 (DOWFr33), dAd7?r33 (DOWFr33), dAb7h22 - 64 -
(DOWrh22), dAb7h23 (DOWh23), dAb7h24 (DOWh24), dAb7h25 (DOWh25), dAb7h26
(DOWrh26), dAb7h27 (DOWh27), dAb7h30 (DOWZh30), dAb7h31 (DOWMZh31), dAb2
(dAbs 4, 7, 41) cmbagimentsaly hosyagl] is an ipalsted hogtAp AiEs notpagiosa frylisew’ * gab1s,
dAbl6 (dAb21, (ﬂﬁﬂsﬂﬂ-@)g.,,pldﬂm]amméiﬁhﬁgenm&)dirﬁlémglhe HRstdA %2a nddAb23, dAb24,
dAb25 ( dAb26, dAb7n26)., dAb27, dAb30 (dAb35), dAb31l, dAb33, dAb34, dAb35,
dAb38 ( dAb54) humaphastcehnas (dAbs 47, 52 and 56), dAb47, dAb52, dAb53,
dAb54, dAb55, dAb56, dAb7nl2, dAb7nl6, dAb7m26, dAb7rl1 (DOM 7r1), dAb7r3
(DOM7r3), dAb7r4 (DOWr4), dAb7r5 (DOWIFr5), dAb7r7 (DOM7r7), dAb7r8

(DOMIr 8), dAb7reanvepianiralseyrovideag methodifor prodyginerdigand) gz deal-spestiigrr 15) |
dAb7r16 ( DOMIriLG)g nmgéclﬁcﬁ S iny OB 1B pli X MARiABInin EonSindnPOMTT 19)
dAb7h1l (DOWh1), dAb7h2 ( h2), dAb7h6 (DGVBh6), dAb7h7 (DOWZh7), dAb7h8
(DOWh8), dAbied cethonmpring aragrmbimnt molgrhacdd of tactyyention updgypendions JAb7h12
(DOWn12) , gl PEMHULE of SRS RATBLAG, SRR ROFR A and
dAb7p2 15 (DOM/p2) (see W?2008096158 for disclosure of these sequences,

whi ch sequenceéwclgisdcidieexpraserdiaag e ligaidds prodwreds esomegmbodimentsytbe at ed herei n
by referenge -d . re of the present text).

Al ternati \r/‘@ ngﬂgggdgpfemég%g%\lngﬁ{eﬁkgggﬁ@?llslg%]l‘dfer t he dAb, e.g, dAb8 has an
alternative name which is dAblOi.e. dAb8 (dAbl1l0). 20In certain

enbodi nents, t - hi nga e \; i amno acid
sequence t hat zesrgia%tQ lﬁ%%'?oa out 78 (%%{f’[}g?é gét*ﬂlgea%?ggg ut 98@1525]03@ at | east

about 90% or datails eladisclabrsubat $5%pliableae embeaimenipofithe oresent ipverdion] Ehist about
97% or at le . %0- 0 i i nce
Cdent 1y i 1 iR Yt ipcBhed 1A pPRAL P MATCBELS RRAHENCE
consi st i ngl5of i@ BkBA dbthe bSfen Bisclosure andDEERtoltBe ¢BEQimnE NG thedtd8ent DOMZ M 12

(SEQ ID NO 474).,..DOVrn26 (S NO . - - 476),
Do 3 ( SEG THREP Hrs rosBipbli et BF tir i IndiiAc Enbliai £ 1
479), DOWVIr - 7 beBRQ Thid ihudes 83} losuDOMEsen8d(iISBOAD7MND1 54849 |6 IDDM/HM-2 ( SEQ | D
NG 482), DOMZh- 3. 30,. | D,NO 3 h-4 | D 4 DOMZ h- 6
(SEQ 1D O a5 §aten o pro el et ehbiafod S iam Bobfsbyiigheq, 07"
DOMZh- 22 ( SEQUiganl, “Ki8Ryy; vdooEystedB”,(‘ Biigrly 0 obddrucd &) Canidhiing Rihg(eSEQ | D NO
491). 2%_ Variable Domains”, “Characterisation of Ligands™, “Structure of Ligands”,
“Skeletons™, “Protein Scaffolds™, “Scaffolds for Use in Constructing Ligands”,
“Diversification of the Canonical Sequence” and “Therapeutic and diagnostic
compositions and uses”, as well as definitions of "operably linked", “naive”,

“prevention”, “suppression”, “treatment”, "allergic disease", “Th2-mediated

25  disease”, "therapeutically-effective dose" and “effective”™ .
FORMATS

Increased half-life is useful in in vive applications of immunoglobulins, especially
30 antibodies and most especially antibody fragments of small size. Such fragments
(Fvs, disulphide bonded Fvs, Fabs, scFvs, dAbs) suffer from rapid clearance from

the body; thus, whilst they are able to reach most parts of the body rapidly, and are



- 65 - 25 (SEQ ID NO 492), DOWrh-26 (SEQ ID NO 493), DOWrh-21 (SEQ I D NO.
494), DOMrh-27 (SEQ ID NO 495), DOMrh-8 (SEQ ID NO. 496), DOMFr-13 (SEQ I D
NO ~ 497) ,wDGMroshss ( SEQ | D NO.  498), DOMIr-15 (SEQ | D NOCTAPS)08/0DOKT - 16
(SEQ ID NO 500), DOMFr-17 (SEQ ID NO 501), DOMr-18 (SEQ ID 5 NO 502),
DOMPr-19 (SEQ I D NO 503), DOMFr-20 (SEQ ID NO 504), DOWr21 (SEQ I D NO
505), DOM/r-22 (SEQ ID NO 506), DOMrr--2%-(SEQ ID NO 507), DOMIr-24 (SEQ
ID NO 508), DOMFr-25 (SEQ ID NO 509) DC]VI?r-26 (SEQ I D NO 510), DOWrr-27
(SEQ I D NO 511), DOWIr-28 (SEQ ID NO 512 DOVI?r-29(SEQIDNO 513)
DOMPr - 30 ( SEQ dUskneprogyepand gisigr o @ﬂfdkﬁgﬁer mlwpmat's&%)ave Pysrimitgd by SEQ | D
NG 516), DO\A?tﬁelsé)nlﬁ biistdete MIA). OhbemSRinbdd olhe SnvehtidobePBisagr aph are
t hose that appear in W2007080392 dAb8, dAb 10, dAb36, dAb7r 20,
dAb7r 21, dAb7rPseblery Ry proyslingfngroqsedihalfilifspf the licands s vep andggmseayentiyab7r 28,

dADTr 29, dAb7N3fher HAOTERE iinfoRTH3Bod oy O oI ordMIRRE, IADTNES,
Ab7h24, Ab7h25, Ab7h26, dAb7h27, 15dAb7h30, dAb7h31l, dAb2, dAb4, dAb7,

dAbl |, dAb$2, dAb13, dAbis5, dAb16 dAbl7, dAbl 8, dAbl19, dAb21, dAb22,

dAb23, dAb24, dAReR fo %cogﬁ%analsjﬁ@m de%@ﬁlgttlor%b and AR willhb35,
dAb38, dAb41, dAb46, dAb47, dAb52, dAb53, dAb54, dAb55, dAb56, dAb7nil2,

dAb7nL6, dAb7rfewiliagiagese skilipdiptie ary Aperils mamgfwsld e Kpreth, Agp#7r 8, dAb7r 13,

dAb7r 14, dAb?réié 1%&215111%01“%&%@&&1&715 /QﬁQchblbgk fodmgrﬁé«%stsqwl?l%tergﬁb7h2
dAb7h6, dAb7h7, dAb7h8 h10

dAb7h14, dAb7pd,Phamercelinap malysisy Aé&tzmqrpalé\pptqq@ ﬂﬂ%)t Héqfersmd%alpmmadﬁ serum
al bum n cafy CQEPP$Ga@RinBMsP M 5bki EBYRNGE ptuBﬁstheclf' Makcel Sg&ﬁr gliout 90% or

at |east about 95% or at |east about 96% or 25at east about 97% or at
| east about 98%yv. o edition| (628, vehddesahos plrrmesokioptds raeamrsers such@ehalphay wi t h

carh. ¢ (Se6 118 N6 488! et FEER FERE 058 owrn. 7 (69 1D No 487).
DOVrh-8 (SEQ I D NO 496), DOM/r-13 (SEQ I D NO 497), DOWr-14 (SEQ ID

(NgEA(59|8)D NO: 49%%5%%23&@ %18%68?%5@0,@% ca%%&%}gﬁ@g% ggb'\'gb‘b%%% S5 h- 24

DOI\/I7h. 21 (ISEQchirehntdbddy ligand agaifg timeDOWF NvidNor(|BEQall £ MOk4@Tpvailable SEQ | D
4o, oAb 10, AL P ATy SRS NS ARERH VB ARG SRR P o
dAb7h27, dAb7hi&iel tAbuthd1in adAktDdhastAthé alptiAbiase)didligand dsAbxﬂQr,gonigdth}ly 5 dADb15,
SALS. SADLT. 0o R B o e S R0
dAb52, dADbS53, thkAebinalghhleSyvhedl MeTGtzandiie Bhdn didAbutdiPandditdséhon cahdintiation dAb7h8,
N O N T R
life of the first phase and the t beta half life is the half life of the second phase. Thus,
in one embodiment, the present invention provides a ligand or a composition
comprising a ligand according to the invention having a ta half-life in the range of
15 minutes or more. In one embodiment, the lower end of the range is 30 minutes,
25 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 10 hours, 11
hours or 12 hours. In addition, or alternatively, a ligand or composition according to
the invention will have a to half life in the range of up to and including 12 hours. In
one embodiment, the upper end of the range is 11, 10, 9, 8, 7, 6 or 5 hours. An
example of a suitable range is 1 to 6 hours, 2 to 5 hours or 3 to 4 hours.
30
In one embodiment, the present invention provides a ligand (polypeptide, dAb or

antagonist) or a composition comprising a ligand according to the invention having a



10 an am no acid sequence that has at |east about 80% or at |east about
85% or at |east about 90% or at |east about 95% or at |east about 96%
or at | ea®D 20tp00604887% or at | east about 98% or at | eagCTaiPees/08L%6 an no
acid sequence identity with the am no acid sequence of a dAb selected from
the group consisting of DOWh-2 (SEQ I D NO 482), DOWh-6 (SEQ | D NO 485),
DOWZh-1 15 (SEQ | D NO 486), DOWh-7 (SEQ’I'D NO 487), DOWZh-8 (SEQ I D

NO 496), DOWrh-22 (SEQ I D NO 489), DOWh-23 (SEQ I D NO 490), DOWh-24 (SEQ

| D NO 491), - S I D 492) DOMZh- 26 EQ 49 DOV h- 21
(SEQ | D NO 494 5631%%7% E@?raege%o Pwtéé*wss)orm% % QfF‘EbBi\‘EO ment; tﬁg lagtes
par agr aph ar e chhes@e kdhat isaBPR3MouR, ABFODTRBO 38} 5 hand ABFR 2ThoulsAbBi22,

dAb7h23, Ab7h24, Ab7h25 7h2 dAb7h27, dAb7h30, dAb7h31 dAb2 dAb4,
dAb7, dAb38, dAipess; a@Ab%‘lA%rwg% a%mebomgngs 1846918, 9F Ap7hO.

dAb7h 10, dAb7 r&itémat%tw h %éand%*a&hﬂo%n%ﬂ QCMZQ%4he inertBh BaPAptHaf Ul Rlin

enbodi nents, the d is a Ab that binds human serum 25al bum n and has
an anino adid téwumﬂf@pé@a@dﬂ@wdmg dndayhelnging gmbediments thie ygpasfend of the  pOMVIZh- 2

(SES 1 No 457)" BN & PaES PR N Ge)ol EbGebols e oSt o

are those thatabeyg@aeys @bommmf@m 20 dagdp In ongmapodunya lighnd®8, dAb41,

Sﬁﬁi’ﬁu"“SZ\B%hf%’*&%xgé?ﬁ%ﬁ% e
more parti cul ae alenb6dheentsa further aiModingng itviAlldAlN thh adngbabroks | hiormbnutser um
i mor 6 parti caarsa s R HY iy LA e E R RSP RRIE S ot her

enbodi nent s, thoersdAb, |igand or antagoni st binds human serum al bum n and
conprises one, two or three of the CDRs of any of the foregoing am no acid
sequences, eg one, two or three of the CDRs of dAb7hll or dAb7hl14. 10

Sui t abl e Canelih édd{tlrdiﬂ bhﬂtenh’tﬁlﬂy oaheliboat britedid) thepeésantanidacsepdivided ©sed in WO
2004/ 041862 (Ab l CEO .and in W2007080392 g i ch, VHH sshg uences and
their nucleic 'ﬁ& rcf‘c?ﬁﬁ‘tp fitiogy gompriging A ligangdscaqrdine g ‘éf’We'Hﬁf’“ Y'82 8hce and

formpart 8f thec dma@{B@eiumerQlﬁe dubR) 1S BRke bmbbat,l HbGin/Aas oSaarence A (SEQ

I D NO 518), Sequence I D NO 519), Sequence C (SEQ ID NO 520%
Sequence D ( SEMF pl@bodlment the lower end of the range is about 5, about 10, about 15, about 20,

about 30, about 100, about 200 or about 300 mg-min/ml. In addition, or
alternatively, a ligand or composition according to the invention has an AUC in the
range of up to about 600 mg-min/ml. In one embodiment, the upper end of the range

20 is about 500, about 400, about 300, about 200, about 150, about 100, about 75 or
about 50 mg'min/ml. In one embodiment a ligand according to the invention will
have a AUC in the range selected from the group consisting of the following: about
15 to about 150 mg-min/ml, about 15 to about 100 mg-min/ml, about 15 to about 75
mg-min/ml, and about 15 to about 50mg-min/ml.

25
Polypeptides and dAbs of the invention and antagonists comprising these can be
formatted to have a larger hydrodynamic size, for example, by attachment of a PEG
group, serum albumin, transferrin, transferrin receptor or at least the transferrin-
binding portion thereof, an antibody Fc region, or by conjugation to an antibody

30 domain. For example, polypeptides dAbs and antagonists formatted as a larger
antigen-binding fragment of an antibody or as an antibody (e.g, formatted as a Fab,

Fab’, F(ab),, F(ab’),, 1gG, scFv).



15 NO 521), Sequence E (SEQ I D NO 522), Sequence F (SEQ I D NG 523),
Sequence G (SEQ I D NO 524), Sequence H (SEQ I D NO 525), Sequence | (SEQ ID
NO 526), wequewmwessd (SEQ | D NO 527), Sequence K ( SEQ | DPNDEP2@pB/06B8guence L
(SEQ I D NO 529), Sequence M (SEQ I D NO 530), Sequence N (SEQ I D NG 531),
Sequence O (SEQ I D NO 532), Sequence P (SEQ I D NO 533), Sequence Q (SEQ ID
20 NO 534), these sequence nunbers correé8ponding to those cited in
W2007080392 or WD 2004/ 041862 (Ablynx N.V.). In certain enbodi nents, the
Cai ne/id VHH bi nds human serum al bumi n and conpri ses an am no aci d sequence
that has at |east about 80% or at |east about 85% or at |east about 90%

or at | east a t 97% or at
gﬁ%&;’odgfﬁa{ﬂlc Qfze 8f thk ﬁ@a%‘&is g%ﬁp\b ARHom8Hs aRd muRks) APA 9

| east about 9 | east about Yo 25 am no aci d sequence identity with
ALBI di scl osed inventigpoayoadsamingd uging meedsofhigeae poll ogvringhesas Ferhese

sequence NUTDSL sy G0 JcPRRRACH ok oS itk ded D QHORART B4 4 a0

2004/ 041862. In sonEe e I ments he"l'i gand or antagoni st conprises an
anti - ser umsal bsiziofia BEahdb Stiteble gebfifiatiesmarices fandeterminingthe hrdradysamion dAb

di scl osed her %izlg% apdsnsq}cﬂ ér&s‘iﬁ'ﬁ(%@h&y WaftictE a&wé‘lmaln%ﬁ(ﬁ K@) bum n).

- 68 - In an Fative enbodi ment e antagoni st or |igand conprises a
bi ndi ng nDIetWV&h@@LfIC for 1L-13 (e.g., human IL-13), wherein the noiety
conpri ses noni nmunogl obul i n sequences as described in W)2008096158, the

di scl osure of these binding noieties, their nmethods of production and

sel ection (e. he size ofia tigand fgmableighthasize i a BIFd ntofirty attaskefiienddd are

s PO A R on b8 B BerhalR e BLirdd\BpALAGA CPUHZpific \fer2 S e

text) Conj ugatl on a hal 10l n one
enbodi nent, a l(gemislsarrtendmi E))leatvaltﬁe—dmcﬁletmxdndmdiengtcrmlehgral(@slg&,lt @l bumi n,

transferrin and .f nal ogues

associ at ed wit Slfahgqgg éh%i' gj&? GP6 'f%gpt? dg d%ﬂﬁo 1%95]{ aggggaggtﬁ of the

i nvention. Exeﬁ‘qﬂ{ ths bta;fodsmnahabtkl&:naalnbelmwherailt bulesiredfto hagm}hﬁ lsgaod remdirumi n
variants for in.a lL-13-Dbindi or mat escrl 05077042,
whi ch di scl osd'i‘ gwi%“‘?'ﬂ'c?cg%"g‘?téﬂ’g%r "ﬂg?%eir RerER © ? ?}éersézr?coe anc?a?%\gr?gb%part of

t he di scl asur en@éaséd) orprassaby texhtting as paptike plogain. t he fol | owi ng al bum n,

al bum n fragnents or albumn variants can be used in the present invention:
SEQ ID NO'1 (as disclosed in WD 2005077042, this sequence being explicitly
i ncor por at ed iHHIflife Reteyi@sBNbredtiCinaatifed dbypitopt @raeimceses half-live in vivo

The hydrodynaminc size of a ligand and its serum half-life can also be increased by

20  conjugating or associating an IL-13 binding polypeptide, dAb or antagonist of the
invention to a binding domain (e.g, antibody or antibody fragment) that binds an
antigen or epitope that increases half-live in vivo, as described herein. For example,
the IL-13 binding agent (e.g, polypeptide) can be conjugated or linked to an anti-
serum albumin or anti-neonatal F¢ receptor antibody or antibody fragment, eg an

25  anti-SA or anti-neonatal Fc receptor dAb, Fab, Fab’ or scFv, or to an anti-SA
affibody or anti-neonatal Fc receptor Aftibody or an anti-SA avimer, or an anti-SA
binding domain which comprises a scaffold selected from, but not limited to, the
group consisting of CTLA-4, lipocallin, SpA, an affibody, an avimer, GroEl and
fibronectin (see W02008096158 for disclosure of these binding domains, which

30  domains and their sequences are incorporated herein by reference and form part of

the disclosure of the present text). Conjugating refers to a composition comprising



20 Al bumi n fragment or variant conprising or consisting of am no acids
1-387 of SEQID NO! in W 2005077042; Al bum n, or fragnent or variant

t her eof , worpro/so43g an am no aci d sequence sel ected frorCTIEP2g)806TI89
consisting of: (a) amno acids 54 to 61 of SEQID NO 1 in WO 2005077042;
(b) amno acids 76 to 89 of SEQID NO1 in WO 25 2005077042; (c) am no
acids 92 to 100 of SEQ ID NO 1 in WO 2609077042; (d) am no acids 170 to 176
of SEQID NGO 1 in W 2005077042; (e) amino acids 247 to 252 of SEQ ID NO 1
in V\02005077042 ];ﬂi)@ am no aci ds 266 to 277 of SEQID NO 1 in WO
2005077042; ( PPIYRARIKIS: dfeh eranbigenist of g dnvsptianethtiishagded (cpyalsntly 9005077042; ()

ani no aci ds 36%nédi»al%§ﬁy&%a§ﬁ@ BordfiNal binBs MR ABBAIA/042; (i) am no acids
439 to 447 of SEQ ID 1lin 2005077042 (j) am no acids 462 to 475 of

SEQ ID NO'1 in WO 2005077042; (k) am no acids 478 to 486 of SEQIDNO1in

WO WO2010/ oes%a@offs:%aﬁ%%a@é/mzmce schifth hal 2ARIPTTORIua8 ek dduhper o aci ds
560 to 566 of SE 1 in WD 2005077042. Further exanples of sui tabl e

al bumi n, f Pagrhsisrianerepitnsrsgidic fisandnsuropharmagqutiga agant fugion grateipntaee ar e
described in M%%@ﬁ@% 97’%@0‘7%9{‘:&84 ﬂg%léﬁf@hlcﬁ a}eﬂﬁ&{r&ﬂé@é fdeinByherein by

reference and which forms part of di scl osure t he present text. In
particul ar, tH@felfeestq),dwngamllqmmd@theflillazgvrmgmor@Franﬁénnilramassferan regseptased in the

present i “Vent(!e oluble tra'ﬁ'%fgﬁﬂ redeptop) ?xk@lﬁ”]n?ulﬁﬁln@eg?&\%t?&%r'l I(?ﬁ@193076567

e.g., in figure®3 (this guence I'nformation being explicit I ncor por at ed
into the pr esémeptmdmssbm«b!smrewwfactelfiéﬂ@ﬁ@é)eceptﬂurmmilrsremmrehlm n (HA)

consi StinG0" S kih fig ALUASKLALRELRELUPSBRIAEGIREAETPS5 am O

acids with a oun, etal., FEBS
Letters 58: 136mlja]19§ &)‘um Bazlﬂlhﬁznﬂso intlade. alphrddelyd8pmtein G)#OSB@]]JC((id,Q@&()}), Lawn,

B ol chom b ahEY BT EERY R AT foRE! it kiAo i agment

of al bum n as aden:hmmtheﬂl (AT NW) dpbamrotaha\l 1 (A1), Hpotipoperest B (Ao BLI( 1973)
descri b EP 322094 (1-373.

An al bumn fra i ant g
CA(T- 388) | Hguglssin kY cBRbie R e maeRt 4 ) o e eghshire B oo
15 (C4),C1 esterase inhibitor (C1 INH), C-reactive protein (CRP), ferritin (FER),
hemopexin (HPX), lipoprotein(a) (Lp(a)), mannose-binding protein (MBP),
myoglobin (Myo), prealbumin (transthyretin; PAL), retinol-binding protein (RBP),

and rheumatoid factor (RF).

20  Suitable proteins from the extracellular matrix include, for example, collagens,
laminins, integrins and fibronectin. Collagens are the major proteins of the
extracellular matrix. About 15 types of collagen molecules are currently known,
found in different parts of the body, e.g,type 1 collagen (accounting for 90% of body
collagen) found in bone, skin, tendon, ligaments, cornea, internal organs or type 11

25  collagen found in cartilage, vertebral disc, notochord, and vitreous humor of the eye.

Suitable proteins from the blood include, for example, plasma proteins (e.g, fibrin,
o-2 macroglobulin, serum albumin, fibrinogen (e.g, fibrinogen A, fibrinogen B),
serum amyloid protein A, haptoglobin, profilin, ubiquitin, uteroglobulin and 3-2-
30  microglobulin), enzymes and enzyme inhibitors (e.g, plasminogen, lysozyme,
cystatin C, alpha-1-antitrypsin and pancreatic trypsin inhibitor), proteins of the

immune system, such as immunoglobulin proteins (e.g, IgA, IgD, IgE, IgG, IgM,



201- 369 and 1-419; An albumn fragnment or variant as described in EP
399666, e.g., HA(1-177) and HA(1l-200) and fragnents between HA(I-X), where
X i s any worbsvosh4sem 178 to 199. Where a (one or nore) IralrfEpRooB@cmEse endi ng
noiety (e.g., albumn, transferrin 25and fragnents and anal ogues t hereof)
is used to format the IL-13-binding polypeptides, dAbs and antagonists of
the invention, it can be conjugated usi-f§-any suitable nmethod, such as, by
direct fusion to the IL-13- binding noiety (e.g., anti- IL-1 3dAb), for

exanpl e by usi.n sin i de co uct t hat encodes .a fusion
R e rnar dihuedof fiatigh GeEe BRI PGBy pept | de
chain with th6m§ﬁm§b%whi&31E%R%R%hn9 &HhﬁhM(é Q@&Qgﬁﬁkmqrn&m%smn1nally to
the IL-13 bindi ng noi et Al'ternative conj ug@tlon can be

achi eved by usqefF@S'alp@'ﬁfrPElEl deifonpiar? %é?@\%@ﬁh%ﬁ’%ﬂsﬂfb@ andthg likeq peptide |inker
as described in WO 03076567 or WD 2004003019 (these |inker disclosures
bei ng incorporated by reference in the present disclosure to provide

exanpl es for uéablp profrinsdpundea theibinod brain arriermy in rewral yissug insdidofept i de t hat
Senhances ser ymhakfmbihdRolkn ré’c'efft@r In¥yefin, Q@&%%dn%ﬁé@étﬁﬂh@ﬁl@é” s naturally

in vivo and which resists degradation or renoval by endogenous mechani sns
whi ch renmove unwanted material fromthe organism (e.g, human). For exanple,

a polypeptide ¢aakte GROAMEES REEMMOAAhim hdilife)n YAy AsE ARIuAE pRRiRCL €d Trom
ypept i do b BAUAGES GRLMIMIALLah KLk, Yhya.6aoRepseiect |

proteins fromthe extrace ar matrix, proteins found in , proteins
found at the UD@bdﬂdbpéierkldmv(ei sipolyeystin, tipalVagollagn; ergenic alpmotr@isn@'telrocal i zed

to the ki dlr(‘)ey Kl HE’ anns Htggenpﬁﬂ)rcéms lﬁéﬁllgecﬂ% tl%qgg % St BE

di sease- speC|f|c I’Otel ns I nvolv e tran
enbodi ment s ofG35Ae prmmemlpcatlnectiteshﬁrluh&@g, mcmn@'h@unpqmntswulcwir@slg@, i nst ead

of the use of ISk | of the

i nventi on, p%}el?ggg%l Zg?rb %ﬁqﬁg’tﬁ% he”’ gﬁﬁﬁ% %gsg%?cg‘glsttgﬁ%%‘n use a

pol ypepti de orcatﬂmrwqpamh)aprommqahml tothe sbin (erpylerain), dbhe Pedfic proeilBDRs of a
dAb of the i nvs tellsonqloréh mQ Rro?e%ns (bl\/ilf% Qv%bc% Cflr%s% gfhe?r%i Qr][mgnga aiu:_}:)ﬁbl €

protein scaf f of'd' "€ an a
recept or clsas grdwit Gaeirp s@permmﬂi@?pdmm; that d'ﬂ‘ﬂengﬂ‘la&@sﬁsgdhﬁ: atviey (efgpl e is to

be construed r.di pgl rovid j.scl re of antagonists using 20such
dormi ne. 1 n pl 208001 bS8 ST PR AHEE aimeronaloR RS (e

di scl osure of tphéUlast entigh; BeRetRtrecply, deaf@elefbeq:)tm tdthepligs @Ehodi ment
therefore, an antagonlst of the invention, conprises an |nnunoglobulln
single varlabW@3ﬂﬁﬁhﬁﬁmaﬂ’ﬂﬁﬁﬁﬁﬁmﬁﬂ@Pﬁ%&?iﬂﬁﬁﬂp t hat has bi ndi ng

25specificity for IL-13 or the conplenentarity determ ning regions of such
a dAb in %0

Suitable disease-specific proteins include, for example, antigens expressed only on
activated T-cells, including LAG-3 (lymphocyte activation gene), osteoprotegerin
ligand (OPGL; see Nature 402, 304-309 (1999)), 0X40 (a member of the TNF
receptor family, expressed on activated T cells and specifically up-regulated in
human T cell leukemia virus type-1 (HTLV-1)-producing cells; see Immunol. 165
25 (1):263-70 (2000)). Suitable disease-specific proteins also include, for example,
metalloproteases (associated with arthritis/cancers) including CG6512 Drosophila,
human paraplegin, human FtsH, human AFG3L2, murine ftsH; and angiogenic
growth factors, including acidic fibroblast growth factor (FGF-1), basic fibroblast
growth factor (FGF-2), vascular endothelial growth factor/vascular permeability
30  factor (VEGF/VPF), transforming growth factor-a (TGF ), tumor necrosis factor-
alpha (TNF-u), angiogenin, interleukin-3 (IL-3), interleukin-8 (IL-8), platelet-



suitable format. The antagoni st can be a pol ypeptide that consists of such
a dAb, or consists essentially of such a dAb. The antagoni st can be a

pol ypept iwe 20tvatcosonpri ses a dAb (or the CDRs of a dAb) pPCm/ER2608i06EBY €
format, such as an antibody format (e.g. 1gGlike format, scFv, Fab, Fab',
F(ab')2), or a dual specific ligand that 30conprises a dAb that binds IL-13
and a second dAb that binds another tardét- protein, antigen or epitope
(e.g, serumalbumn). - 71 - Polypeptides, dAbs and antagoni sts accordi ng
to the invention can formatted as rleyof Sui | e antibody formats
that are knowr‘ijef‘?ﬁedtq’i‘@"tg?lta?g’é’t’i’é'hf%&t?r (PPgEf«%Fk@ #W%{thﬂﬁf%@@ Jant i bodi es,

humani zed ant imidKine plateltt-dBrived FFdviaR GicR$-BBS(PDEIY, b diabafkilel DOdi es, bi speci fic
anti bodi es, anti body heavy chains, antibody |ight chains, 5honodi ners and

het erodi mers of anti body heavy chains and/or |ight chains, antigen- binding

fragments of asyaé pélp@eptlaés&memﬁn&@semm RalEN el AGHTBIRG ineRd stresd pelethschai n Fv
(scFv), a d| sul fi de bonded Fv), agnent, a Fab' fragnment, a F(ab')2

fragment), %a sgf‘ﬂb‘?sé‘e%‘ép?c&mr@e'ﬁﬁ)ﬂﬁpﬁ) (Iés%f arapomally foungsingragellulaiy. WENf i ed
versions of aneyQe tifd £:0f84ARIRG, 16%ag,mcm@urfmaegCQVhatsfaeedCaaa@alﬁwo@ttg achrrent

of polyal kyl ene glycol (e.g, 10pol eth | ene gl ycol, polypropyl ene glycol
pol ybut yl ene @P%UP)T%%UU(Bf%&m‘%‘TﬁQeﬁHP@ (sFRpmis) gecurs pyh §'bﬁsea'@PFBe;tf| ments, the

i nvention prowyades, @sehgegﬁngw@eexa«a@euarar ABPY frﬂggerlﬁeg%eﬁsaqmm fklmiad IS an
|gG like format. Such formats have the conventional four 15chain structure

of an | gG nol s¥tiee Bndigde xtenel lufps Fb’ﬁrli’c?anmullt ingpealigina thesopmppsitieisioEh one or
more of the Vakd @blGok R QhSsd Wl and or VL) have been replaced with a dAb
of the invention. In one enbodi nment, each of the variable regions (2 VH
regions and 2 VL regions) is replaced with a dAb or single variable donain,

at | east one - I ntion. The
dAb(s) or si ng)I géﬂ?/%? b’ﬁ ]%(5‘%(@?#all:cn%ﬁs&&hgégggg&%%%r@g’e%g?hggﬁb‘%%%I i ke
format can hav@se krewsastcBBECHS I regeptor hati tvodheations petbiof wbichiaes. |1 n sone
enbodi nent s, tp'&%ndifﬂ@'dsé#ﬁﬁfot 8’&%&. The Tﬂﬁl%ﬁ@’l\é%l'ee(m trmgort of IgG from mother

15  to child across the placenta (2) protection of IgG from degradation thereby
prolonging its serum half-life. It is thought that the receptor recycles IgG from
endosomes. (See, Holliger et al, Nat Biotechnol 15(7):632-6 (1997).)

dAbs that Bind Serum Albumin

20
The invention in one embodiment provides a polypeptide or antagonist (e.g., dual
specific ligand comprising an anti-IL-13 dAb (a first dAb)) that binds to IL-13 and a
second dAb that binds serum albumin (SA), the second dAb binding SA with a Kd
as determined by surface plasmon resonance of about 1nM to about 1, about 2, about

25 3, about 4, about 5, about 10, about 20, about 30, about 40, about 50, about 60, about
70, about 100, about 200, about 300, about 400 or about 500 uM (i.e., x 10° 10 5 x
10*M), or about 100 nM to about 10 p M, or about 1 to about 5 p M or about 3 to
about 70 nM or about 10nM to about 1, about 2, about 3, about 4 or about SuM. For
example about 30 to about 70 nM as determined by surface plasmon resonance. In

30  one embodiment, the first dAb (or a dAb monomer) binds SA (e.g., HSA) with a Kd
as determined by surface plasmon resonance of approximately about 1, about 50,

about 70, about 100, about 150, about 200, about 300 nM or about 1, about 2 or



can have one (anti- 1L-13 only), tw (e.g., anti- IL-13 and anti-SA), three
or four specificities. For exanple, the 1gGlike format can be nonospecific
and conprweeasivheolbs t hat have the same specificity; bi spempboos/oarrdo
conprises 3 dAbs that have the 25sane specificity and another dAb that has
a different specificity; bispecific and conprise two dAbs that have the
sane specificity and two dAbs that have @ -cormon but different specificity;
trispecific and conprises first and second dAbs that have the sane
specificity, a ,third dAb with a dlfferent specificity and a fourth dAb with
a different sp®eYHS M nPrRoeMbadiment, fofa duabsnspidic Jigandidempeisipgg &irst gpti-
tetraspecitic g0gdaBRCPIREHREIAY L IARRe mﬂ&y ga%cmmms%or@( did hedserl by
specificity. Antigen-binding frag rrents 0 formats (e.g. Fab,

F(ab' )2, Fab' supce Msmen resqange e13r dpiag &lﬁCor% obthe seqepd N bimtits targt i G- | i ke

formats or a”tf'rcgﬁﬁbda't el HFufl OOGIRNES (Qg}’ Mut roo?@abou'ET’P(SU'(’M6lI &Mpohor 1L-13.
I f conpl enent activation and/or antib dependent cellul ar cytotoxicity

(ADCC) func i of0P & aheyf KIEH00, prabopyg wawt@@ﬁutﬂéom tinges th jafimity of Mairst| f
desired, the |gGft &R FPSITRMbEAMAOTR LR Aoufih ?strﬁ.q\aﬁgﬂ%gmun{lﬁg' on

(variant 1gG heavy chain constant reg| on) to mnimze
recept ors and/(B8AxbForiexgmple, the firssddinin WIth@ge@néygfmpm@natelw ala<l>ut GB

2,209, 757 B, Myr i SOMesk MRLBURT, 0?})2351
Decenber 22, 19§I4) Te @%e(é(glng}sg g’? %h%%%e&%%ﬁﬂﬁw%?b ept &des dAbs
and ant agoni stosy ewhedibentf ibe saum atbugrn & hfmei mmpatbueum(ﬂ&i’ét Icoret ains a first

| mmnogh OB | ol YRS ohANAELY, Lihal) Ly L RIBASERGLY H0y2 Second

i mmunogl obul i n si'ngl'e’variab sired suc can further
conpri se a hal0s forﬁemmhmdi Hgatmol 30y abomib t5eorabpit @00 tMe Dtglanddedn conpri se

a first irmun a5b§ rectly to a
second i nmunog ?Cg##h%?ﬂgsisdﬁg uﬁQ/arl a ?Mzzgg&rm%&ﬂg??f gﬁ?%)gg(%%é?rec ly to an
i mmunogl obul i rW@D#@IS&I\/arl abl e domai n that binds serum al bum n. 15

Generally the orientation of the polypeptide donmains that have a binding

site with binding specificity for a target, and whether the Iigand
conpri ses & | iThedigands of the ievieht®m cah indesiegbodihehtcemplkieaed Ll thaslinas

orientations, with or i de, better bindi

O acrervort bl blimta RO & kS im0 of G Badbh frbopakch Moy

201 i nker - dAb2; 1nMﬁda%bbumkﬂfoudﬂlaboutara&)oem@nmms%dutbm ibvat 20)wesilt B@N are
ligands that c n.an Qrient t|on sire i

characteri sti (?B h ghaut s?qoi’/‘t dgl?'lotult W@h @98@83 38?916"’ gp{}}ﬁgf}‘f&g%s and
dAbs accor di ngrhkout BED . WERL k @Bout il T olBbitg »d A MIDHIFBSL00 AMBI bod5and
trimers, can be linked to an anti body Fe region, conprising one or both of

CH2 and CH8 ddfai Msor akaut Idpebam i N oaaliund & abeyl 19mM posbosk KM 1, vect or s
encodi ng |igangs i zﬂjﬁﬁﬁz %ﬁ?ﬁﬁdbragtl for%&kt%ﬁivl $6r SEABRMBSuD 18 Bbdif7d €91 on may

be used to prepare’suc
nM as determmed by surface plasmon resonance. In one embodiment, the first dAb

(or a dAb monomer) binds SA (e.g., HSA) with a Kd as determined by surface
plasmon resonance of approximately about 1, about 50, about 70, about 100, about
25 150, about 200, about 300 nM or about 1, about 2 or about 3 © M. In one
embodiment, the first and second dAbs are linked by a linker, for example a linker
of from 1 to 4 amino acids or from 1 to 3 amino acids, or greater than 3 amino acids
or greater than 4, 5, 6, 7, 8, 9, 10, 15 or 20 amino acids. In one embodiment, a
longer linker (greater than 3 amino acids) is used to enhance potency (Kd of one or

30  both dAbs in the antagonist).



30The invention noreover provides diners, trinmers and polyners of the

af orenenti oned dAb nononers. WO2010/060486PCT/ EP2008/ 067789 - 73 - Ligands
t hat Contworom/06ess6n Moi ety or Toxin The invention al secraipats®c17e9 | i gands
(e.g., anti-IL-13 dAb, dAb nononer) that conprise a toxin noiety or toxin.
Suitable toxin noieties conprise a toxin (e.g, 5surface active toxin,
cytotoxin). The toxin noiety or toxin c#i-be |inked or conjugated to the

| i gand using any suitable nethod. For exanple, the toxin noiety or toxin
can be covalentIZ#bond to the and. direct or through a suitable

[ i
li nker. Suitaldl8FFHRE Oé%nfw&hsg@%ﬁewawmsa bf dAPbInds BYBaY | nkers, for

exanmpl e, pH clse@uadb@nihiafk nSpeted ®r LHRIMY th SBuRICWRIRY a88 s@édi® frath 1 cel | ul ar
enzynme (e.g. cellular 10esterases, cellular proteases such as cathepsin B).

Such cl eavabl S PUPRRTIEING 8% be used to prepare a ligand that can rel ease a

toxin noiety or toxydn-a6MsALBeSd \We0s003619 fk Gi@él@du'rez@‘-“ihes@\séq[ﬂéﬁc%y of
nmet hods for |inking or conjugating a toxin noiety or toxi o a |ligand

15can be uSed.WhiHeseguaness@ne Hicirmaelpis gcid spwierpat #p rqcome@@ﬁdlew Bhe toxin

hoi ety or tOX'rE‘fen%H&z{an@tﬂ{jpatrQ)flﬂﬂadlécmgﬁ’r‘éo@fhe(b%kd% d) I'f desired, linkers
that contain termnal functional N%bdﬁ s can be used to |ink the Ilgand and

toxin moiety or toROM7redférEQ Iy ] uBEM 12 SER HONB): #éheBOB7m-eact i ng
toxin noiety og e I\Fdf'al%)c%l\ﬁrnls(tsﬁdlﬁﬁ@@)' ¥R), fnmqw 9E§EQ B R 49Br 1S

nodified to contain a reactive functional 20group [i nker or

directly w t h ROMGAMEQ BNE): 7). BeNTs SHOE@eR NSy 4r78)aE)QMI'g H(SEEIDh noi ety or
toxi n that)gcon@isgs) OFIMISS (l?r%gjlfd 196: 160),9%5%2h.D) SBQQB‘NB Cab), ﬁ%l\fﬁ%or

functional group that can, prop rlate con ditions, react
second chem céSE@lleﬁpt‘Hﬁé)r BOMThot (ﬁﬁﬁgl[hN@oﬂ%)elh@beﬁdSEQﬂDdﬁ@l 4=8é&i a

oul bl ¥ eeciia RIS i a4, eRHE AROPR G, AR gl rker
Techni ques, AdHdekiP DOINEB23 &R ID Qo490), DOM7h-24 (SEQ ID NO: 491), DOM7h-
25 (SEQ ID NO: 492), DOM7h-26 (SEQ ID NO: 493), DOM7h-21 (SEQ ID NO:

15 494), DOM7h-27 (SEQ ID NO: 495), DOM7h-8 (SEQ ID NO: 496), DOM7r-13
(SEQ ID NO: 497), DOMT7r-14 (SEQ ID NO: 498), DOM7r-15 (SEQ ID NO: 499),
DOM7r-16 (SEQ ID NO: 500), DOM7r-17 (SEQ ID NO: 501), DOM7r-18 (SEQ ID
NO: 502), DOM7r-19 (SEQ ID NO: 503), DOM7r-20 (SEQ ID NO: 504), DOM7r-
21 (SEQ ID NO: 505), DOM7r-22 (SEQ ID NO: 506), DOM7r-23 (SEQ ID NO:

20  507), DOM7r-24 (SEQ ID NO: 508), DOM7r-25 (SEQ ID NO: 509), DOM7r-26
(SEQ ID NO: 510), DOM7r-27 (SEQ ID NO: 511), DOM7r-28 (SEQ ID NO: 512),
DOM7r-29 (SEQ ID NO: 513), DOM7r-30 (SEQ ID NO: 514), DOM7r-31 (SEQ ID
NO: 515), DOM7r-32 (SEQ ID NO: 516), DOM7r-33 (SEQ ID NO: 517) (See
W02007080392 for disclosure of these sequences, which sequences and their

25  nucleic acid counterpart are incorporated herein by reference and form part of the
disclosure of the present text; the SEQ ID No’s in this paragraph are those that
appear in W02007080392),

dAb8 (dAb10), dAb 10, dAb36, dAb7r20 (DOM7r20), dAb7r21
(DOM7r21), dAb7r22 (DOM7r22), dAb7r23 (DOM7r23), dAb7r24 (DOM7r24),

30  dAb7r25 (DOM7r25), dAb7r26 (DOM7126), dAb7127 (DOM7r27), dAb7r28
(DOM7r28), dAb7r29 (DOM7r29), dAb7r29 (DOM7r29), dAb7r31 (DOM7r31),
dAb7r32 (DOM7r32), dAb7r33 (DOM7r33), dAb7r33 (DOM7r33), dAb7h22



CA (1996).) Many suitable reactive chem cal group conbinations are known in
the art, for exanple an am ne group can react wth an electrophilic group
such as tweybmimp4siesyl ate, hal o (chloro, brono, fl uoropPCir@Pe)os/067789

N- hydr oxysucci ni m dyl ester (NHS), and the like. Thiols can react with

mal ei m de, iodoacetyl, acrylolyl, pyridyl 30 disulfides,

5-thi 01-2-nitrobenzoic acid thiol (TNB-tHi-ol), and the like. An al dehyde
functional group can be coupled to am ne- or hydrazi de-contai ni ng

To form o 74 oB3KBEsR EaRHAIpERTme niAptiot frdubhe kit OBGRPRE DL ot hods
to introduce mﬁmtdnwmmabvmqnmhmuj dabAle (bwmb)ndmmatrt (see for
exanpl e, m c¢_Press: San

i ocon uga e Techni que :
o aon Coa  108BDNI a8, Ak dAng gty g, AT Bl i Bap AR T AR,
exanple, a rraxaﬁst%)n@whs( @AB]L6(HRMI]aG§bﬂﬁl6) %%17%18%19 daxaxane, a
cal i cheam cin i vatives Pr%ﬁt ansi noid can

be, for exénpldé‘bz%ﬁ%béﬁgy%f‘ ‘W’zé(Hﬁ?%%ﬁéf’ﬁﬁ%)a‘iﬁtr%g%bm@é Jes of
nmayt ansi nol a'@i@Jb@ESﬁAHS@'dAﬂBMdMS? J):aaat;wwmbtu G\bab QIsiag, sd i (e. g,
C- 19-decl oro, C 20-d oxy) ~and 10t hose havi ng

S R P e A AT ARSI A W

14- hydr oxynet plh70b6 m%mqmmtmy dab7is (Bbmmt QARTAQHIONH4), Gabaset hoxy,
C 18- N-denet h% 4, 5- deoxy M7f7éadan8| nol and mayt ansi nol anal ogs are

descri bed, fo @Wﬁ@la 6Ab7l'f71( A8 NB%MQTQG@'?@QI@ (RRMBIB3AWTH t he

contents clf() WhHeR1AT 8, dMﬁfﬂ@(ﬁhﬁ‘igﬁﬁAﬁ?r% AYoR©9 185, &A% 1 7VBVRRSHNOl  can be
coupl ed to anti bodi es and 15antib fragnet ns us

t ,
N-succi ni mi dyIdA:Wf(l@(B@M%ﬂ&ﬂ)(ﬁ&bﬁ’&)(&%’r’rﬂ éfﬁb7l‘(ldp9(b/?1bﬂbvsg‘“87§2l\l- succi ni m dyl
4-(2-pyridyld
(2-pyridy tbbwhg?akaﬂg?( hﬁﬂ{é ﬁ I ﬁ?%wtt% dAb7hS é@(l\)/w)hg), dAb7h9

succi ni m dyl - oxycar uene ,

N- succi ni m dyiP@M%?)a ﬁﬁbﬂd@l(HDMﬂhé?)b%bﬂldﬂ ¢DOBDPRY), dabThi? ﬂé@MHJl@ne, or
Caxotere, or VLT LRIAR Y RBAXBOR SR, IR TR RIS BB i can
be, for é)dérrpl(@ONb?pb)r(@mWwﬁ@ﬁﬂéﬁliﬂdbt dsrdesmicail thegesegyenaes, ezhphaequbmm or

gamra .br onp- ¢ %Eﬁ[l) {hgggntwlag a&& ?gun?e(?@! da%( m(éa%!)t%[l:ﬁ %Qt'eﬁtl referdhice S @lnﬁ) Beg‘t beta or

ganmma i odo- conpl éx or an er eof r-onoco
cal i cheam ci nsaf thndisukbatr&dzftBRprekcﬁnt BR). ABeBRjvelrdmBRare 3HovBRn bﬂaZkﬁRaﬂmd K I

-BR. | odo-co cal | m cins_include 1 J2-1, L1-1
and 25Kl - BR. bt’teg’m Cl nals Wl ntem t<'§1vnetnsamea“?tl.'a ho'S g%élﬂ m&%tb%(sdls#%@leof are

descri bed, for exarrpl e, in US Patent Nos 4, 970 198; 5, 264, 586; 5, 550, 246;
5,712,374, ,ang 5, 71 e,c nt.s, of each whi ch are. |ncor por at ed
herei n by Dot ot EHRE éﬂ%ﬁt{ft@ﬂ%@tﬁf\éﬁm“aa%mt%wm Rhydis6 B B0 cml ST
and deri vat i vasidorueldeefucttethatdac itil@RthbolitB0%e vampéat abont 839&.or Ratgnt No.
5,070,092, U S P 7, 186 Pat ent . 5.6 780, U.S.
pat eni No. 5. 82001 D85 orh SastBERIL ARGl ¢ o 3hous Gy S DO Yt o
5,101, 038, t hecasiabb@ygs, of at@asthboidt oM fhinah®d bdqﬁ@fcemeaﬁ@dvihﬁhearﬂmby
reference. - 75 -
acid sequence of a dAb selected from the group consisting of
25 MSA-16, MSA-26,
DOM7m-16 (SEQ ID NO: 473), DOM7m-12 (SEQ ID NO: 474), DOM7m-
26 (SEQ ID NO: 475), DOM7r-1 (SEQ ID NO: 476), DOM7r-3 (SEQ ID NO: 477),
DOM7r-4 (SEQ ID NO: 478), DOM7r-5 (SEQ ID NO: 479), DOM7r-7 (SEQ ID
NO: 480), DOM7r-8 (SEQ ID NO: 481), DOM7h-2 (SEQ ID NO: 482), DOM7h-3
30 (SEQ ID NO: 483), DOM7h-4 (SEQ ID NO: 484), DOM7h-6 (SEQ ID NO: 485),
DOM7h-1 (SEQ ID NO: 486), DOM7h-7 (SEQ ID NO: 487), DOM7h-22 (SEQ ID

NO: 489), DOM7h-23 (SEQ ID NO: 490), DOM7h-24 (SEQ ID NO: 491), DOM7h-



Exanpl es of other toxins include, but are not limted to antinetabolites
(e.g, nmethotrexate, 6-nercaptopurine, 6-thioguanine, cytarabine,

5- f | uor ouwacnio/desar bazi ne), al kyl ating agents (e.g, neeoir@predlsaniae,

t hi oepa chloranmbucil, CC- 51065 (see US Patent Nos. 5,475,092, 5,585,499,
5, 846, 545), nel phal an, carnustine (BSNU) and | onustine (CCNU),

cycl ophosphami de, busul fan, di bronomanni@ol , streptozotocin, mtonycin C,
and ci s-dichlorodiamne platinum (I11) (DDP) eisplatin), anthracyclines

e. g, daunorubjc for rlLy daunonycin)..and doxor ubicin antibiotics

(o ot mossPollb edeey SRR T (el s Ny A28 oM ] csp b Grol

m tonyci n, purmymwamh(saaqmno( M)momumewgmom ARG $3 Or
derivatives there Q§§ [?fg i ncristine,
vi nbl asti ne, t(§EQ|ID 1&‘8#}9& :RQMZr-t‘e(S&Q Iéﬂ?‘@s‘! i 1}4)71‘-&%@%9% NRs#¥Bi ds, and
anal ogs or honphRgs ik hﬁf(ﬁﬁi NO@Jd)%OM%ﬂW%IZ?ﬁb%@ @Ql)aDWfrﬂ@QS@QtlDVe

toxin, such as a toxin is a free radi generator %8 Dsel eni um
Y=

cont ai ni ng % oxX: 8- APMIy 19 GEQIBHNGRAL)- MR eSEQ HyNRe p ON{frt abl e

radi onucl i de cQn&RONPMOHSE D 7r-2NGEDAD NOT 508% BNG:-2 IreRot hat
cont ai n radi oac{(l vg i odi ne ?1311 rorzr\((S gq éttr?(um (916 m@;‘E?}ut etium (177Lu),

actini um (225447) 1301}57%\%‘@@& 5<9§@ AIOM&r-23 (SER 1D NO 9 DEMir-p6 ¢ ¢ )

bi smut h (212BispH BN33H1h ) hosphorus
(32P), rhodi ums(()%sRh sfn f ur ‘?]*b“*?@)cgggm%wmagﬁwg ] 1%9

Chr o um (510 BOMIRP OISR BECT 13, DUNEI-0 (SHEHD bO: SHtoPOM i (§50 |
sel eni um (it5SaNo:. A% GRNUD (@%Gfﬂﬁwom%) ) RSP SEHREIISNGS 91 5lhe ségoypept i de

or peptide, from bacteri al sources, e. eria toxin, pseudononas
exot oxi n ( PE) 1B pirethis ppragraph ars thase tjlat apear A Mbﬂoﬁmﬁm?a)el n (RTA), the

ri bosome inactivat 'ngS REAH B BRb AR RS 8 RAB ?Ezﬁ‘ d,ﬂ%?)"’ﬁﬁ%éﬁtd/x‘ﬂﬂﬁ' pr Ot ein,

saporin, and dodecandron aré contenpl at’ed se as toxins

conpounds of nrd7Ei5cdAlkirs ddé%tﬁ@,r@dﬂt% BARIG29, diAdAI0 e ArDind A B 713D,

degr adati on orqeMeRtyBe PLOMELARTS! AbfiSa MRS C8PRAR dakSHIor
generating a particul'ar farget protein ctan also bé ’use toxin

Ant i sense ldorrphﬁbﬁtlli) dAbThided/at dabhdabRMA N, d2NMA2, $ATG] GAlDIS, dibhilsl e
stranded, oli 4 d he gﬁpﬁl hybri di ze
speci fi cal ly 3’%"@@3’. g (F'A?Ulg & szzsdAbg revé&g&t f*é\knf%ic\ﬁ?fi%?ﬂc)n and/ or
RNA processi ngiAbBOthBh%ﬁpﬂh%sdmwdﬂb%rdﬂanadAm dAbaheAkIX oded

pol ypepti de a‘ﬂt e %FY] C r % 0 Q{J té}}% respectl ve
encoded pol ypepti d’eJAeb ’|(le b5§’e({ 11%6 lr‘%ﬂ'clb Cﬂa'%ﬁ“‘tﬁ C%A : 7
10006- 10010 dAb7r4, dAb7r5, dAb7r7, dAb7r8, dAb7r13, dAb7rl4, dAb7r15, dAb7rl16,
20 dAb7r17,dAb7r18, dAb7r19, dAb7h1, dAb7h2, dAb7h6, dAb7h7, dAb7hS,
dAb7h9, dAb7h10, dAb7h11, dAb7h12, dAb7h13, dAb7h14, dAb7p1, and dAb7p2.

For example, the dAb that binds human serum albumin can comprise an amino acid
sequence that has at least about 90%, or at least about 95%, or at least about 96%, or
25  at least about 97%, or at least about 98%, or at least about 99% amino acid sequence
identity with DOM7h-2 (SEQ ID NO:482), DOM7h-3 (SEQ ID NO:483), DOM7h-4
(SEQ ID NO:484), DOM7h-6 (SEQ ID NO:485), DOM7h-1 (SEQ ID NO:486),
DOM7h-7 (SEQ ID NO:487), DOM7h-8 (SEQ ID NO:496), DOM7r-13 (SEQ ID
NO:497), DOM7r-14 (SEQ ID NO:498), DOM7h-22 (SEQ ID NO:489), DOM7h-
30 23 (SEQ ID NO:490), DOM7h-24 (SEQ ID NO:491), DOM7h-25 (SEQ ID
NO:492), DOM7h-26 (SEQ ID NO:493), DOM7h-21 (SEQ ID NO:494) or



5(1989); Broder, etal., Ann. Int. Med. 113: 604-618 (1990); Loreau, etal..
FEBS Letters 274: 53-56 (1990); Useful antisense therapeutics include for
exanpl e: weghioeidsk ( VasGene) and OGX- 011 (Oncogeni x). TexIEP2@806EBS0 be
phot oacti ve agents. Suitable photoactive agents include 10 porphyrin-based
materials such as porfinmer sodium the green porphyrins, chlorin E6,

henmat opor phyrin derivative itself, phth&becyani nes, etiopurpurins,
texaphrin, and the like. The toxin can be an anti body or anti body fragnent
that binds an intracel| ul ar ta(b(g 15such as, a hat bi nds an

intracel | ul ar QW&%’W(S&E@ TANO#B(the S%@@HW‘F‘%HP‘%@B@ AROBOEY fr agnent s

(dAbs) can be agpgaemwd)zbmo@@jgzy%g subcel | ul ar conpartnents or targets. For
exanpl e, the antibodies or fragne

el Ul ar 1 & aAbE aiABO I b ot e BRI A DR AT 2ADAS BaS,  Caspases,
Caspase7, Bcl-gh7hdQ3abByo Mbﬁw '%12\!%7% 1CREBQ dABX{lcﬁAlﬁ?dAtﬁldAEm@Ab}é

20col | agenases, cathepsin as wel | as others described in Kontermann,

R E , Methdds,dAdis, I%“QPJQTH\*{@OUWS 44&!&%2&%!%&@?% HbHeddbnace in its

entiret y. he26xamY Qﬁat@f) &M%@WAQ@?&%@V@ABB@C@AWV AGA, BRI, N by
reference to provide details of relevant assa‘%té7 formatting and experinents

that can be edudi?ydAdopldAdd31B\24) dAgandir ks, dMehprddhdhE. dABBMdAGAN7, ASSAYS

IL-13 - 77 -a&&smx%@%@%ﬁ%&d@%ﬁ Wbﬁ%ﬁ(ﬁ&mh%}msmmh protein
bi nding ELI SA plate, Nunc¢, Denmark) is coated overni wth 2.5 1.1g/ml

coating antibody (Nb@mh@ egbodingaticthe d&b Radshupanpsrumg qbtma andoerpprisgy , t hen
washed onGg \Mawa 9’} q%%’s\%:\gde\ﬁe tIXﬁ]%QaﬁQas{ E{BOEIE%?‘VP%T' ergaspébgﬁk 399 O\A”attlgasp 5%

(w'v) BSA 0. 05% 'ates are washed again before
the addition @bout50%poyatieatiabqg 9é%sm)atﬂnaxt@bow96% ar afildagitabowt 9, peat of DOM

10,900, o AP Bt R R ALOSE RIS O B BT
acid sequence of a dAb selected from the group consisting of
DOM7h-2 (SEQ ID NO:482), DOM7h-6 (SEQ ID NO:485), DOM7h-1

15 (SEQ ID NO:486), DOM7h-7 (SEQ ID NO:487), DOM7h-8 (SEQ ID NO:496),
DOM?7h-22 (SEQ ID NO:489), DOM7h-23 (SEQ ID NO:490), DOM7h-24 (SEQ ID
NO:491), DOM7h-25 (SEQ ID NO:492), DOM7h-26 (SEQ ID NO:493), DOM7h-
21 (SEQ ID NO:494), DOM7h-27 (SEQ ID NO:495) (the SEQ ID No’s in this
paragraph are those that appear in W0O2007080392),

20 dAb7h21, dAb7h22, dAb7h23, Ab7h24, Ab7h25, Ab7h26, dAb7h27,
dAb7h30, dAb7h31, dAb2, dAb4, dAb7, dAb38, dAb41, dAb7hl, dAb7h2, dAb7h6,

dAb7h7, dAb7h8, dAb7h9, dAb7h10, dAb7h11, dAb7h12, dAb7h13 and dAb7h14.

In more particular embodiments, the dAb is a V,c dAb that binds human serum

25  albumin and has an amino acid sequence selected from the group consisting of
DOM7h-2 (SEQ ID NO:482), DOM7h-6 (SEQ ID NO:485), DOM7h-1
(SEQ ID NO:486), DOM7h-7 (SEQ 1D NO:487), DOM7h-8 (SEQ ID NO:496) (the
SEQ ID No’s in this paragraph are those that appear in W0O2007080392),
dADb2, dAb4, dAb7, dAb38, dAb41, dAb54, dAb7hl, dAb7h2, dAb7h6,
30  dAb7h7, dAb7h8, dAb7h9, dAb7h10, dAb7h11, dAb7h12, dAb7h13 and dAb7h14.



10 biotin conjugated detection anti body (Mdul e Set, Bender Medsystens),

fol |l owed by peroxidase | abelled Streptavidin (Mdul e Set, Bender

MedSyst ersP.20ftiasedsby the plate is washed three tines theaTiEreaisatEd Wit h
TMB substrate (KPL, Gaithersburg, USA), and the reaction stopped by the
addition of HClL and the absorbance read at 450 nm Anti-IL-13 dAb activity
causes a decrease in 1L-13 binding and -tflerefore a 15decrease in absorbance
conpared with the I1L-13 onl y control. 1L-13 receptor binding assay (RBA)

using the 820Q cel |l ul ar det don s m SPHE oat anti-human 1gG (H&L)
pol yst yrene ngmoéq%"’éT“(‘%)arﬁ Wﬁ’mfd ‘E b?@ﬁﬂmm ‘i“?aé'lséré‘m Spher ot ech,

Libertyvill e @1&9%} grgme\saa@a %clsgﬁlte%:/%ﬁgjﬁ%ﬁbkjr oja%ﬁd 91*?331 1/ Fe

chi nmera or - chi ner nneapo USA). The
fol |l owi ng reagents are then conbined in a 384-well black si ded cl ear

bot t oned FNMAT N SA): dilution series
o7 Dot 10 g B RES 3371?‘\/61/‘ ?‘g%‘@kg’ﬁy%ég&ﬁdg%% Sy ﬁ”#w ated anti-IL- 25
13 anti body (R&D Systens); 0.25 ig/nl STREPTAVI DI N ALEXA FLUOR 647

PR R R T L T B gl

| L- 13R2/ Fc coanédompris'ei alegyo 6Fhlaeqz)d>ﬁetheCDRsbﬁwbﬁtl&d‘oﬂeg«smgmmn ahidurs before

bei ng read |I ES%%%P(%%OO ceI | ul a%lp &&ctd[ﬂgsaosf%z‘tb?mcll(cg\%ggﬁﬁ Bi osyst ens).

Bi ndi ng of coa uses a conplex to
formwhich is detected as a fI uorescent event by the 8200. Anti -I L 13 dAb

tivit .a.d inlL-13 b
'l uor eseerd osbitaé CamFaF Butila Findiiem o fhs diss SrdSSi 8080 ' 1\ 15 ol
Assay | sol at ed,gHbs SQ@PAIanxtIQV eRdiP w308 ds088) (valhtléﬁ \F’IQH s&iﬂepéeg ad-—- 13

i nduced proliferation in ultured TF-1 cells (ATC( cat al ogue no.
CRL- 2003) . Br itlefid W]eﬁ%moﬁﬁeﬂpaneﬂehﬁcorﬁbrmmmém bﬁﬁbférélﬁf aRPMrmmadiofd (G bco,

| nvi trogen Lt ai, sl e Iac n the ue cul ture
oot ere i ShedSidirmg Hefh etk SRS plukre e uB i S hap

Systens, M nnéa@EQ Iz)l;JUSA))) aéq‘beﬁbecc SmlénrggfsznhSeMbcém(mugﬁsted The

m xture is_in or r eagent

ToC ol or ot 1 NOsBgtencs T (ER AP 7). LB PTG MFieEn. - LSy

is then added @MQMNombglsc@fen&eh tsaa(pm) NGEUS) iSequpmadt (SEQed kp:sreRsur i ng

t he absor bance at 490 nm_ Anti-1L-13 d tivi té causes a decrease in cell

proliferation SSHESE {:@FPe‘PpTéﬁénz?})gS%W Kalh? A 28). Boduspb (STHETD
Bl ACORE(r) O inei:889, SGLERS M@E@ B3 NOB39) isdhuen&oatst) BANCIH 1), (Byases e) is
coated with a%arom rratelsy 00 RU of
(SEQ ID NO:532), Sequence P (SEQ ID NO:533), Sequence Q (SEQ ID
20  NO:534), these sequence numbers corresponding to those cited in W02007080392

or WO 2004/041862 (Ablynx N.V.). In certain embodiments, the Camelid Vi[j

binds human serum albumin and comprises an amino acid sequence that has at least
about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or at
least about 96%, or at least about 97%, or at least about 98%, or at least about 99%

25  amino acid sequence identity with ALB1disclosed in W02007080392 or any one of
SEQ ID NOS:518-534, these sequence numbers corresponding to those cited in
W02007080392 or WO 2004/041862.

In some embodiments, the ligand or antagonist comprises an anti-serum albumin
30  dAb that competes with any anti-serum albumin dAb disclosed herein for binding to

serum albumin (e.g, human serum albumin).



biotinylated I1L-13 (R& Systens, M nneapolis, USA). Supernatant containing
soluble dAb is diluted 1:5 in running buffer. 50 to 100 ;11 of the diluted
super nat amo 280vs048a] ect ed (ki ninject) at 50 p. 1/ m n fl owcratregosivei7’sowed by
a 5 minute dissociation phase. Clones with inproved off-rates conpared to
parent are identified by eye, or by neasurenent using Bl Aeval uation
software v4.1 (Biacore). Conpetition BI-#8GRE with anti |L-13 dAbs 25 These
experinments can be perforned on a BI ACORE(r) 3000 instrunent (surface
pl asmon resonance jnstrument, Biacore), using a streptavidin coated SA chip
(Bi acore) cougdhépalraaiive 3’@3‘5@’2@“&1‘“‘5?'8?8%% ot liggnd pompsiseelpindips mejely) |
Anal ytes are pgesedfopuen3 tde, mfdah G813 5 AatRH the A8 lomprivdstndnd N- 11 ne
ref erenci ng agai nst a blank 30flowcell, at a flowrate of 30 ill/mn in
HBS- EP r unni nd™ptinp@pbylipjsequspess as deseritie ins W QERB3G98 1 38a the disslesure of thethed
i mredi at el y bybiddihabicR, Mbir dModLHPrsluedSh and Sb1RGioh 1€ Birén @i CO-1 nj ect
function. This_conpetition protocol can generally be used to WO
2010/ 060486PCHibEpzeRd e segiences gre.ingpspasaied hespip by raferepceds part lde ant i body
or fragment WdgdiRukROWR prAkh: () ot her antibody pol ypeptide) for binding to
| L-13. Conpetition and epitope mapping 5 Epitope mapping of anti |L-13 dAbs
To determ ne the epitope specificity of the anti-I1L-13 dAbs, Biacore
conpeti tion exRani iRt @ a b3t 1RC R iRy (A biihy] ect ed, fol I owed
i medi ately by 1Thjection 100f a second dAb. IT one (the second) dAb does
not bind to IL-13 to which the other (first) dAb , this indicates that
t hese dAbs)bi : J i e 0 can

1001 Nl ohPerhRRimATS: ERY 5r919§e).h-£h"l?‘% %ﬁéﬂ%ﬁ{eplg't%%g@ rgg%.b%uﬁg@inb T L est

generally be used to assess conpetit’ion _ . ]
anti body or f regsfemin apd fragraenirasdpnadagues tereof) heeoniughiied otlasseradtsdowith thde) f or

binding to L4135 fhdthd SN Je¥tidCIAD bEfheBbAGUrhhAhAGE! EdafpRQTF! PI €

suitable albumin, albumin fragments or albumin variants for use in a [L-13-binding

format are described in WO 2005077042, which disclosure is incorporated herein by
15  reference and forms part of the disclosure of the present text. In particular, the
following albumin, albumin fragments or albumin variants can be used in the

present invention:

» SEQID NO:1 (as disclosed in WO 2005077042, this sequence being
explicitly incorporated into the present disclosure by reference);
20 » Albumin fragment or variant comprising or consisting of amino acids 1-387
of SEQ ID NO:1 in WO 2005077042;
« Albumin, or fragment or variant thereof, comprising an amino acid sequence
selected from the group consisting of: (a) amino acids 54 to 61 of SEQ ID
NO:1 in WO 2005077042; (b) amino acids 76 to 89 of SEQ ID NO:1 in WO
25 2005077042; (c) amino acids 92 to 100 of SEQ ID NO:1 in WO 2005077042;
(d) amino acids 170 to 176 of SEQ ID NO:1 in WO 2005077042; (¢) amino
acids 247 to 252 of SEQ ID NO:1 in WO 2005077042; (f) amino acids 266
to 277 of SEQ 1D NO:1 in WO 2005077042; (g) amino acids 280 to 288 of
SEQ ID NO:1 in WO 2005077042; (h) amino acids 362 to 368 of SEQ ID
30 NO:1 in WO 2005077042; (i) amino acids 439 to 447 of SEQ ID NO:1 in
WO 2005077042 (j) amino acids 462 to 475 of SEQ ID NO:1 in WO
2005077042; (k) amino acids 478 to 486 of SEQ ID NO:1 in WO



15 in which first dAbs are injected over an |IL-13 surface, then a high
affinity binding dAb is injected at high concentration (5 p.M saturating

t he | L-13weunfoasessand finally the dAbs are agai n injectedI/HpRoosloeT8di s a

di fference between binding prior and post saturation with the high affinity
dAb, the epitopes are at |east partially overlapping. 20IL-13 induced B
cell proliferation Blood can be coll ect-éd-from nornmal bl ood donors. PBMC
are isolated using Ficoll gradient. B cells are then isolated using a

negative B cell |solat|on Kit as ative isqlation kit, Stem Cell
Teohnol ogi e 1 nc) - HOY (g2( g Daman & noRiecisber SEOIB A Mk e

determ ned by fl owepdsonmiqpy and staining with CD3, Cb4, CD8, CD14, CD19 and
CD23. B cells are then plated at 1 x105 cells/well in the presence of I1L-13

(10 ng/m) in plates coated with irradiated CD4OL+ L cells. Cultures are
i ncubat ed f or Myrtherpyamplesofispisablpipumipriragments ppd Wllﬁgaif‘?{éls? Bra nd-final 18

hours. Anti | LldihABmaAhR RedBel ﬁ\twbhﬁo‘ﬁéﬁﬁtwlﬁéh difgosa! it HicErpdiate0 or 100nM
30 B cell proliferation as has been shown previously that

S
C4OL is abl e hesindt fefeeanee @@y w@cwrwqﬂe@;&'@ﬁf&?%mﬁ?@f the_presentitexdebd” donor s

can be tested h@ical0 Mo MRwRs Qﬁ%ﬂdﬁﬁm&fﬁr'vﬁﬂnﬁdawﬂem@nEh'@%kerserﬁ cells
wer e i ncubat eg with irradiated CD40L+ L cells and increasing concentrations

of 1L-13. As negatee controls B cells alone or CD4OL transfected L 5cells
al one can be used. The addition of anti-IL-13 dAbs can be assessed to see

if this results jngpah 8RR £fdeldbd®in W@L@Q%SBVQJ flﬁrﬂ%w'e {}Dlgst B cells
fromdonors. By way of I1llustration, for inhibitory d (see 2007085815)

t he aver age i nhi bi ﬁqqummom@@labﬁin&@@%ldv l@QW@@mdrlaﬂolthﬁm%@fﬂ 10 nM and 100

nM respectjpvely. 1 ition of the B cell proliferation was al so
observed W|th 3 Q%Qngmr‘fe‘gprggltlge control anti-IL 13 mAb (R&D). Control

dAbs that did no‘t Biundn ddrurt 3lbeir @bA)tcondisting lof & singlie sothb’eMylamdol i feration.
oy Cron of, 11 <Rt BBRAHEHL by o i Lot
assay. Binding to ¢&f0G(see, Il\iLe—qu@ «gtmw@s D@ters 58:136 (1975); Behrens etal,
Fed. Proc. 34:591 (1975); Lawn, et al., Nucleic Acids Research 9:6102-6114
15 (1981); Minghetti, et al., J. Biol. Chem. 261:6747 (1986));
« A polymorphic variant or analog or fragment of albumin as described in
Weitkamp, et al., Ann. Hum. Genet. 37:219 (1973);
e An albumin fragment or variant as described in EP 322094, e.g., HA(1-373.,
HA(1-388), HA(1-389), HA(1-369), and HA(1-419) and fragments between
20 1-369 and 1-419;
» An albumin fragment or variant as described in EP 399666, e.g., HA(1-177)
and HA(1-200) and fragments between HA(1-X), where X is any number
from 178 to 199.

Where a (one or more) half-life extending moiety (e.g., albumin, transferrin

25  and fragments and analogues thereof) is used to format the IL-13-binding
polypeptides, dAbs and antagonists of the invention, it can be conjugated using any
suitable method, such as, by direct fusion to the IL-13-binding moiety (e.g., anti- [L.-
13dAb), for example by using a single nucleotide construct that encodes a fusion
protein, wherein the fusion protein is encoded as a single polypeptide chain with the

30 half-life extending moiety located N- or C-terminally to the IL-13 binding moiety.



Genetic variants of IL-13 have been associated with an increased risk for
ast hma (Hei nzmann et al. Hum Mol Genet. (2000) 9549-59) and bronchi al
hyperrespwobwacess (Howard etal., Am J. Resp. Cell Molpe®/EPBIOSI067762001)
377-384). Therefore to determ ne whether anti-I1L-13 dAbs are able bind
variant I1L-13 25(R130Q, the TF-1 proliferation assay can be perfornmed with
variant 1L-13 (R130Q, and increasing amunts of dAb. dAbs that bind the
variant would be able to inhibit variant IL-13 induced TF-1 proliferation
wi th ND50, eg vvlth val ues_of —approximately 0.5 to - 81 - A desired
requi renent of EF%'V%LHO&’“B@'QPFB%E“ ?‘e‘é&‘f?‘i‘éw“% Rqﬁtlﬁlen]éﬂ‘ﬁébeéWEF"QInorml gous

| L-13. To thatm&ibhs, & Al ket BdeSHibbdint WO 0Bo7d569 @+ W@Q@d&obﬁﬂ@t' on assay
in which cells are stlmﬁated with human I L-13 (5 ng/m, rotech), rhesus
| L-13 (5 ng/ m(thepedivkerdiscdonyies Being (rernpiatid by referenc ip ement iSClPsRre i of
Ssuper nat ant 0&5\1.@& é!daﬁ‘x Iek mrmwﬁeh@mweﬁﬁﬁeatlsmnqulkﬂw§ pblypertilie thAt
dose-response of the d determ ne the his set up. IL-4

101 L- 4 r ec@pt sihaicadierin bl ir mBpls agolmsptis ol qsews satpially e yvivarndi n

bi ndi ng ELI SA \pliaf RsistNlEWFadaRENGBEM vl By W%u%@éﬁ&hﬁ% v\)McthbelQO\é pg/ m
reconbi nant human | L-4R/'Fe (R&D Systens, nneapol1's, USA). e wells is
washed t hree tUniestedymeisrial fiayp fhe préanirde s, pman I%Bsxamm |am&émemgdetthﬁt ee
washes with PEéﬁhanQ@sfs@r& behpe#swgvmnfbe%efe&m mm %lh@fr&éﬁﬁ%mm?um ates are
washed again before the dition of ng/ tinyl ated-|

Systems) m xednatiix prejeigs foutlci mrbl@érpre@n@ﬁ‘owﬁtat thpbloxpd pmiysbagtier|or ingneural - 4

bi ndi ng d t | il body

(Strat ec\kllval%Soﬁ%%]% %I%emstk% n%g%{ eve 8%213%\/!“? g %QB&MSIS(QQEE)P& %F%%PL,

Gai t her sbur g, pugahns, dbheserspesdfid pyereins, os popgiesdninjvedrie Fattaisppon of HCI and t he
absorbance read at 450 nm Anti- 20lL-4 dAb activity causes a decrease in
I'L-4 binding to the receptor and therefore a decrease in absorbance

conpar ed wi t h Ih hmbddimdntpaf the mmtrooldescmbedmh@eglho scuczsoteametdacwﬂlbe can be
tested for th i hi. ti.on in 25

cul tured TF- 1‘?.'5%1)@}5?1 aPAT%C‘P? CfA@at"p ogue g"““‘t ! "%3’53{5)'1‘ Al 9, 40000 TF-1
cel | s i n phenabntemdlafed ghet ﬂa@Mullncbnﬂdaesge@cmme aImiMpbptuig@nddzmdn taai sl ey, UK)
are placed in a ti ul teigtr.e nd xed with
g 11 nat DAREES e fimfte bl A5 S oA BB BaQ LG,

di lution of tHé(dALDRs @‘&ﬁetcb:ﬁlt@dsmﬁﬂﬂepmteﬂﬁ BU‘aﬁ'o]dSJrlskBtdﬂ@abgdn iffibodd2alhour s at

0,
37C 5% OB CRLLTL {509

ilgL recep o ass A domain or an EGF domain) The disclosure as
a whole is to be construed accordingly to provide disclosure of antagonists using
20  such domains in place of a dAb. In this respect, see W0O2008096158, the disclosure

of which is incorporated by reference).

In one embodiment, therefore, an antagonist of the invention comprises an

immunoglobulin single variable domain or domain antibody (dAb) that has binding
25  specificity for IL-13 or the complementarity determining regions of such a dAb in a

suitable format. The antagonist can be a polypeptide that consists of such a dAb, or

consists essentially of such a dAb. The antagonist can be a polypeptide that

comprises a dAb (or the CDRs of a dAb) in a suitable format, such as an antibody

format (e.g, [gG-like format, scFv, Fab, Fab’, F(ab’),), or a dual specific ligand that
30  comprises a dAb that binds 1L-13 and a second dAb that binds another target

protein, antigen or epitope (e.g, serum albumin).



- 82 - (coloronetric reagent for determning viability, Pronmega, Mudison
USA) is then added and the nunber of cells per well was quantified by
measur i ngwohelealssssbance at 490 nm Anti-1L-4 dAb acti viPCY/EP208H67789
decrease in cell proliferation and a corresponding | ower A490 than IL-4
alone. 5 Conpetition Biacore(r) with anti |1L-4 dAbs These experinents can
be perfornmed on a Biacore(r) 3000 instruitent, using a streptavidin coated
SA chip (surface pl asnmon resonance system Biacore) coupled with -400 RU of
biotinylated IL-4 (R&D Systens). Analytes are passed over the

10ant i gen- coat é’ély PEPislRs.ibp a“%"tt%oi“ﬁts IaFc}?éd"i‘%‘Pé'Pf‘e‘ﬁ&‘?f&ﬁ'ﬁ“ syelierfetmalics Pk

flowcell, at \aritth@nsi@be a@tﬁboa?fdrlnb{smndaaﬂerkn%m&ﬁ’e sRpéng, effier (Biacore).
The first dAb is I njected, followed i mmediatel ection of the second

dAb using the B’l“%?é%)P'@“@“%“tlbﬁ?'éﬁzﬂ‘“mﬂﬂﬁdlaﬂﬂbf’dﬂﬁi @neeﬁﬁ@tq dissoingle debcol can

general 'y be uygsgsbdi®, Bigresic aﬁmeglahhmy%a@ h&ins, apiiddb agi cﬂaméragrrent W th
a known dAb (or ot her ant i body pol tlde) for i5b|nd|ng to | L-4. EXAMPLES

20 Exanpl e 31: hgmodismeropd detersdumas p %ﬂo(b‘e Dabros sul/gdghtdpine-®828u6, an
anti-IL-13 domﬁmwﬁgwfﬁwxh% tgbﬁgl(éaé%q:vfﬁa%mehﬂe 'a@glé YeiiEy | 1 brari es

sel ected against hunman |L-13 'as an attenpt to isolate a dual targeting 25
mol ecul e for [(§<FA), aﬁeﬁulf@ebsndemfyhaﬁﬂh&pmge@mabdrwqepzaﬂ@ dreginpked with

bi ndi I -
L1921 0 AU 5 3,10 ST RN RSP BN 1221

WD2007085815. fasgnmrs. 4. mréeﬁed|b3twcgt:al@ée@cbmemodmsﬂemglym dAb was

kept constgnt gp@mth&}eﬁé ¥Ged! AR5 ROk BB R R1409 6 FRdSRAAL

30di versifying three r 09 spa three CDRs and
f ramewor k resipgye®nsur roundi ng CDRs, to select for in-line fusions with
better

In some embodiments, the invention provides a ligand (e.g., an anti-IL-13
antagonist) that is an [gG-like format. Such formats have the conventional four

15  chain structure of an IgG molecule (2 heavy chains and two light chains), in which
one or more of the variable regions (Vu and or Vi) have been replaced with a dAb of
the invention. In one embodiment, each of the variable regions (2 Vy regions and 2
VL regions) is replaced with a dAb or single variable domain, at least one of which
is an anti- IL-13 dAb according to the invention. The dAb(s) or single variable

20  domain(s) that are included in an IgG-like format can have the same specificity or
different specificities. In some embodiments, the IgG-like format is tetravalent and
can have one (anti- IL-13 only), two (e.g., anti- IL-13 and anti-SA), three or four
specificities. For example, the 1gG-like format can be monospecific and comprises
4 dAbs that have the same specificity; bispecific and comprises 3 dAbs that have the

25  same specificity and another dAb that has a different specificity; bispecific and
comprise two dAbs that have the same specificity and two dAbs that have a common
but different specificity; trispecific and comprises first and second dAbs that have
the same specificity, a third dAb with a different specificity and a fourth dAb with a
different specificity from the first, second and third dAbs; or tetraspecific and

30  comprise four dAbs that each have a different specificity. Antigen-binding
fragments of IgG-like formats (e.g, Fab, F(ab’),, Fab’, Fv, scFy) can be prepared. In

one embodiment, the IgG-like formats or antigen-binding fragments may be



- 83 - potency and expression. These libraries were generated using

ol i gonucl eoti des incorporating NNS codons to diversify the residues. NNS
codons prwoidm/acessdonm sati on of the targeted residue bypsulEpRecsoti7ag w th
any of the 20 amino acids or single stop codon within a total of 32 codons.
N represents one of all four 5 nucleotides A T,Gand C and S represents G
or C Primary PCRs carried out using the@e oligonucleoti des wer e then
assenbl ed usi ng assenbl y PCR Assenbly PCR (aI so known as ' pull -through or

SCE (Splicing by Overl ap Extension) PCR) allows the two prinmar
products (one ‘EI‘?'\%?'E’thfPreI& 1304%‘:06‘6%'%‘?@%{“)“@‘5’“%‘1/8'? HUiiGady ‘i‘e(ﬁ’@@%eﬁb‘idl%a{ hout

di gest or |i gaktoskicityRKDIX) YsiRti6H isldBered QAP &NB RAPBYana8AS$-1RE tdrihgt. tipo
10Primary PCR products. In-line fusion libraries were subjected to 2 rounds
of selections dfkifer: 8¢ leBnliksforaatan commprise @ mytptsicPistapbsaisn (ayjsnalsG armay) and

10 nM bi ot i ny|cﬁ51§@oﬁ3ﬁﬂﬁ%&r‘)1@-§1mrﬂ- Q@blhcll-m%t% F‘é@&eﬂbn@%ﬁd?&laﬁﬁI%QO%§' ng a five
fold nol ar excess of EZ- Biotin reagent (Pierce,

Rockf ord, USA)conplenent (sexse Winteapr d, GBEEH9. 75§eﬁ3é\i@"r1&ﬂeb41 A 3PHAitEs agai nst

bi otinyl ated aptbgens:, Wolapsh B@@&%epﬁﬁb%i Met hods and protocols, Ed.

O Brien and Atkin, Humana Press). 2'd round dutputs were cloned into pDOVBE
vector (Fig 1). pDO\/B is a pUCL19- 20 based expression vector under control
of the LacZ prg@obaiss oFhRiRSRiA Pl aDNRISHRAESRGH Y povas ensured
by fusion to the tt%nl \T;gr sal l r\(egd‘e)r Si é‘na peptla isee )WDZ%05093074) at
t he N-term nalformged asp fysign pt%ﬁm that eonigjns atfiay) immyneghphetio sidglgtvatidhde C-t er ni nal
end of thegd A 85 taNEaiyBti ; e ones
wer e expressé\gﬁfnﬁl 9t6 ee eﬁmatsg%n?nmgu%&%bluls&égé cha g?esdd kaker
progranmmed at d9§Gdspeha @Cmiat&mdfuab%dommmh&@alﬁ-ldp egtemthry&mpntyo Foril/ wel |

Syat o’ Novagarg eanr iR HEH AP B AP ARt Sk bR SRR T
then centri fugeﬁhsatdmt@@}ouomrmmnd iAunoghebués slnghpernawﬁtamtasn theirleﬁdi:d uted 1/5
e ot A RGP MR B TR o 1

coupl ed ontbo a CM5 chip by pri mary anm ne coupl ing in accordance with the

e earers. RRTI IR TP pe R bt PuR5RE i,

50ul/ mn. The bmnlﬂrfga;peclﬂms/ fbﬁgﬁfg@f aﬁdadhe_bmkhetl(gabca&eﬂnprnés alisrikeg iLa thiked ycCi ne
Sk B A e e i R T S
pelleting by oemdrbiddigahiactelidicOhen sthen drichtaléhsmAm)oriehfagorsUpgrdratiant s wer e

i ncubat ed gverni gh Wi Stream i ne-protein mer sham

Bi osci encey, lﬁ% ‘#6’2 %(g‘?fc‘ Iﬁvf-dégwﬁf%?“cwsw% rff‘_ ve%‘aaa@ﬂlgaf%‘ﬁ hef)eads wer e
t hen packed |rat)ma1drah|anemtwm5at pia iR edesitd bindidg cldratidisi@l cdires efly PBS, and
bound dAbs vver%dﬂl_ ed in 0.1 Mglycine-11C, pH 2.0. After neutralisation
with 1 MTris ‘e‘{) By S§T6MNBr ot ei n purity was estimated by visual analysis
after SDS-PACE on 12% acrylam de Tris-glycine 10 gel (Invitrogen). Protein
concentrations and yi el ds L of bacterial culture) were neasured

at 280 nm st HQP%BHdFW&dudé\('?Sé?f@fC*"i‘g?‘iroéfﬂﬂ'§V96'3P'bd'|“?é‘f%%g M ORPRGTRETS HTES ac] d

COMPOSi ti @BS. akd RMASs, Bhrl B KnkBd RVRAGNENAY T8 $égdh, WethSHistaainy SLELtRBf Blacor e for
bi ndi ng to 200Ru bi ot nyl ated human | L-13 streptavidin chip to, assess the

potency. The RB&ErhERES. andpptionadlyddiings regienn Eqﬁ e5unls. yeetprs égcqmg
DOWVB- 112- 210- llé@d@ﬁlﬁ@%ga@%/k%agmﬁj@@e&feﬁ&% bR e Fghahdy bahgseof ranmewor k

resi dues 28-30 were d| vers ed) whi ch denonstrated a simlar expression

| evel to DOVDPIEPeSY POAPFRIYSS. DOMVLO- 53- 409, but with i nproved potency for
| L-13. The DOMLO arm DOMLO-53-546, was then cloned as a nononer into pDOVb
vector. DNA and am no acid sequences of DOMLO-53-546 are sunmmarised in
figures 2 39nd The iyentiomprqreayst pygyides dimers, trimers and polymers of the

aforementioned dAb monomers.



DOMLO- 53-567 was isolated from sel ections carried out on biotinylated
cynonol gous (cyno) I1L-13 of an error prone |ibrary of DOVLO-53-474 (this
dAb is 2sodnexisesed i n W2007085815) in an attenpt to eelr@pRoBos77dAbs with
i nproved potency to cyno IL-13. The error prone library of DOMLO-53-474 was
made usi ng GeneMor ph PCR nutagenesis kit from Stratagene which utilises

Mut azymeTM DNA pol ymer ase according to-ma@nufacturer's instructions (Cat No
200550). 2 rounds of selections of DOMLO-53-474 error prone library were
performed with 10 nMand 5 30 nMcyno |L-13 respectively. 2nd round

out puts were ct# at{ctaimaylaxip Maigly or Egxld ossed in E. Coil HB2151 cells in
96 wel | deep well plates as explai ned above. Pl ates were centrifuged,

super nat ant s e diluted 1/5 in HBS buffer_and screened - 85 - on 200Ru
cyno |L-13 st\rAg‘ﬁt“h‘ﬂ?P‘d)‘?“nal%PHF'ﬁt%W ligandsdF-8- pfi-[lobk I brdAb e tht i nproved

bi ndi ng to cynemphselatokiaMRALE e thQin DOMIMIOBxift AbietleBidrrda®ékin Was sel ected
as a clone with I nproved binding kinetics to both cyno |L-13 and human

| L- 13. DNA SandUHReReti Edpdn <yt e d hatosingueipiy o tai 4an be figkades 2 and 3. 5
DOMLO- 53- 568 Iggn Jagat@&twmgaﬁ@usf%atn Qhit e{b'lmﬁ&}{&‘d LR DM RO G 18tin M1 0- 53- 567,
the CDR2 of potent anti-IL- -53-386 (this d dAb i's disclosed in
WD2007085815) dfin 44 be aeiaatly h@lﬁie@)@\mh%ﬂ@mﬂky@r@m@h@tseltm/md%s 568
using assenbl y,RER m(emnmcma@qoﬁc%oab@mavmé mkersDNAemqa amyno acid
sequences are summarised in figures 2 and 3. 616 I'n an attenpt to
i nprove the psleyade we@dwgomlsswleﬁmgpﬁ@for @M@l%ﬁﬂv@tﬂéﬁg» ceHulgnb

DOMLO- 53- 336 t BC);Dggc Pyl to generate
DOMLO- 53- 2?6 \ggﬁlﬁéégaésegg%ﬁgwg&sg gg&ffhehﬁﬁ |ntoh0J[15cCa]v5 vg%l?gbréﬂ%eNA and anm no
acid sequencesisette Pmmrllgswhﬁtwalﬂ re@wee@townamlets or p@inEfignthl digand iSequence
Anal ysis As shawn. in figure 4, DOM 0-53-546 has amino acid changes at five
posi tions corrpare?il to DOMLO- 53 474. Two framework nmutations Ntermnus to
CDR1 at positions 28 (T to V) and 30 (Ato P), and three residues in CDR2

onl§“one. am na: SCE Ay bs 1 b e b Bis P8 10y od B o BBl 007\ °

15  can be used. The particular method selected will depend on the toxin moiety or

toxin and ligand to be linked or conjugated. If desired, linkers that contain terminal
functional groups can be used to link the ligand and toxin moiety or toxin.
Generally, conjugation is accomplished by reacting toxin moiety or toxin that
contains a reactive functional group (or is modified to contain a reactive functional

20 group) with a linker or directly with a ligand. Covalent bonds formed by reacting a
toxin moiety or toxin that contains (or is modified to contain) a chemical moiety or
functional group that can, under appropriate conditions, react with a second
chemical group thereby forming a covalent bond. If desired, a suitable reactive
chemical group can be added to ligand or to a linker using any suitable method.

25  (See, e.g, Hermanson, G. T., Bioconjugate Techniques, Academic Press: San Diego,
CA (1996).) Many suitable reactive chemical group combinations are known in the
art, for example an amine group can react with an electrophilic group such as
tosylate, mesylate, halo (chloro, bromo, fluoro, iodo), N-hydroxysuccinimidyl ester
(NHS), and the like. Thiols can react with maleimide, iodoacetyl, acrylolyl, pyridyl

30  disulfides, 5-thiol-2-nitrobenzoic acid thiol (TNB-thiol), and the like. An aldehyde
functional group can be coupled to amine- or hydrazide-containing molecules, and

an azide group can react with a trivalent phosphorous group to form



DOM 10-53-568 al so has this nutation but in addition it has two am no acid
changes in CDR2 at positions 56 (Eto K) and 57 (Vto |). DOM 10-53-616 has
al | t hr eewBQouiabisens as DOMLO- 53-568 and in additi on amCmEPa@Is®H6EBY
position 30 is changed (Ato P). Am no acid change fromthreonine to valine
at position 28 is coomon to WD 2010/ 060486PCT/ EP2008/ 067789 - 86 - all
four dAbs. Al these dAbs including DOVIIA-53-474 has the sane CDRl and
CDR3. All nunberi ngs are according to Kabat. Exanple 3: Expression and

pot ency of DOMLO dAbs 5 As we denonstrate bel ow, the new dAbs are nore

pot ent t han D@bﬁwhs@m@?&f orphpspRenimide dnkagee Siablemsthods @ inrdure

cross-react i VecfiRiin brdbdiato(RslebuRe bR Mnowh inlBe BR ek BrickfhSle H@mansdRECI €S)
bet ween human and non-human prinmate | L-13. This nmakes the new dAbs very

useful as druds Tarftiowguewe T%f@é*é&ﬂ%@%%é%ﬁ%%t% 6999)- treat and/or
prevent |L-13-nediated conditions and di seases, since such devel opnent
usual ly entails testing of candidate |eads in non-human primte species
prior to t@&stiSwgakigtoppirmoigtics apdtonima inglndarfopexamaleea maytansiid @\vged t o be good

model s for huqﬁd}%néiﬂgl P};QSM@'%I@I%%téx@neg%l'cgﬁ?chéyméi‘ﬁqé’&ﬂkax%’iﬁm&S in man. 15

To do a side b de conpari son of above mentioned anti - 13 DOM O dAbs,
they were clo Uvatwwhgmﬁvﬁhvmnf@ﬁsmld pesLbe, fop exande, rrtaV@ns;in:on@d into Mach |

chem cal conpef£hikhsifi&lahsio Je“‘ﬂx%f?lg?@mﬁ]?&si‘ﬁélp‘{n &é?ﬂclhﬁ%ﬁgséﬂavﬁg jtures in

over ni ght expr ess aut o-1 nducti on nedi as ex al ned ove tein was
purified usi ngnaiifiadzandmatis rpgéqJelqwl%d@éore,@%ﬂne@rhwe(irmwxmdpur| fied

b, 15 | 01 TR B o SR BA o€ posHlchPlad LT E AR e B ot e ot
IQOCdf gr 10 m rdthadrokpmétbyled a¢gpjoxgmethpli Ceks-lydrixyécalngy, 201 5-methbxys 4riH- eI \lfvash
oaded into S a t he
dAbs. 25The e%rgsm (%%P# 8%%92 M?ﬁ%%@@}}g@%ﬁg&@%@éggj&cﬁﬁe%f afrl e 1. The
expr essi on | eesdmsplafin DOVPEeBNGE46208,980 BEM, 83 HB.06the covderds ofieliictbatt er t han

tZSiI(:)/ ggogggﬂpé%cégﬁfg%%i/}% n[gﬁ%fe?%‘-fgr Mg§tans(?r'16‘l? %an be coggl'ed tove\lll?tibodies and

15 antibody fragmetns using, e.g, an N-succinimidyl 3-(2-pyridyldithio)proprionate
(also known as N-succinimidyl 4-(2-pyridyldithio)pentanoate (or SPP), 4-
succinimidyl-oxycarbonyl-a-(2-pyridyldithio)-toluene (SMPT), N-succinimidyl-3-
(2-pyridyldithio)butyrate (SDPB), 2 iminothiolane, or S-acetylsuccinic anhydride.
The taxane can be, for example, a taxol, taxotere, or novel taxane (see, e.g, WO

20 01/38318). The calicheamicin can be, for example, a bromo-complex calicheamicin
(e.g, an alpha, beta or gamma bromo-complex), an iodo-complex calicheamicin (e.g,
an alpha, beta or gamma iodo-complex), or analogs and mimics thereof. Bromo-
complex calicheamicins include [1-BR, 12-BR, 13-BR, 14-BR, J1-BR, J2-BR and
K1-BR. fodo-complex calicheamicins include I1-1, [2-1, 13-1, J1-1, J2-1, L1-] and

25 KI-BR. Calicheamicin and mutants, analogs and mimics thereof are described, for
example, in U.S. Patent Nos 4,970,198; 5,264,586; 5,550,246; 5,712,374, and
5,714,586, the contents of each of which are incorporated herein by reference.
Duocarmycin analogs (e.g, KW-2189, DC88, DC89 CBI-TMI, and derivatives
thereof are described, for example, in U.S. Patent No. 5,070,092, U.S. Patent No.

30 5,187,186, U.S. Patent No. 5,641,780, U.S. Patent No. 5,641,780, U.S. Patent No.
4,923,990, and U.S. Patent No. 5,101,038, the contents of each of which are

incorporated herein by reference.
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Examples of other toxins include, but are not limited to antimetabolites (e.g,
methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil
decarbazine), alkylating agents (e.g, mechlorethamine, thioepa chlorambucil, CC-
1065 (see US Patent Nos. 5,475,092, 5,585,499, 5,846,545), melphalan, carmustine
(BSNU) and lomustine (CCNU), cyclophosphamide, busulfan, dibromomannitol,
streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP)
cisplatin), anthracyclines (e.g, daunorubicin (formerly daunomycin) and
doxorubicin), antibiotics (e.g, dactinomycin (formerly actinomycin), bleomycin,
mithramycin, mitomycin, puromycin anthramycin (AMC)), duocarmycin and
analogs or derivatives thereof, and anti-mitotic agents (e.g, vincristine, vinblastine,
taxol, auristatins (e.g, auristatin E) and maytansinoids, and analogs or homologs

thereof.

The toxin can also be a surface active toxin, such as a toxin that is a free radical
generator (e.g,selenium containing toxin moieties), or radionuclide containing
moiety. Suitable radionuclide containing moieties, include for example, moieties
that contain radioactive iodine (**'l or '®1), yttrium (*°Y), lutetium ('’’Lu), actinium
(225Ac), praseodymium, astatine (*''At), rhenium ( 186Re), bismuth (mBi or 2Bi),
indium ('"'In), technetium (**mTec), phosphorus (**P), thodium ('**Rh), sulfur (*°S),
carbon (**C), tritium (CH), chromium (*'Cr), chlorine (**Cl), cobalt (*’Co or *Co),

iron (59Fe), selenium (7586), or gallium (67Ga).

The toxin can be a protein, polypeptide or peptide, from bacterial sources, e.g,
diphtheria toxin, pseudomonas exotoxin (PE) and plant proteins, e.g, the A chain of
ricin (RTA), the ribosome inactivating proteins (RIPs) gelonin, pokeweed antiviral

protein, saporin, and dodecandron are contemplated for use as toxins.

Antisense compounds of nucleic acids designed to bind, disable, promote
degradation or prevent the production of the mRNA responsible for generating a
particular target protein can also be used as a toxin. Antisense compounds include

antisense RNA or DNA, single or double stranded, oligonucleotides, or their
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analogs, which can hybridize specifically to individual mRNA species and prevent
transcription and/or RNA processing of the mRNA species and/or translation of the
‘encoded polypeptide and thereby effect a reduction in the amount of the respective
encoded polypeptide. Ching, et al., Proc. Natl. Acad. Sci. U.S.A. 86: 10006-10010

5  (1989); Broder, et al., Ann. Int. Med. 113: 604-618 (1990); Loreau, et al., FEBS
Letters 274: 53-56 (1990); Useful antisense therapeutics include for example: Veglin
™ (VasGene) and OGX-011 (Oncogenix).

Toxins can also be photoactive agents. Suitable photoactive agents include
10 porphyrin-based materials such as porfimer sodium, the green porphyrins, chlorin
E6, hematoporphyrin derivative itself, phthalocyanines, etiopurpurins, texaphrin,

and the like.

The toxin can be an antibody or antibody fragment that binds an intracellular target,
15  such as a dAb that binds an intracellular target (an intrabody). Such antibodies or
antibody fragments (dAbs) can be directed to defined subcellular compartments or
targets. For example, the antibodies or antibody fragments (dAbs) can bind an
intracellular target selected from erbB2, EGFR, BCR-ABL, p21Ras, Caspase3,
Caspase7, Bcl-2, p53, Cyclin E, ATF-1/CREB, HPV16 E7, HP1, Type IV
20  collagenases, cathepsin L as well as others described in Kontermann, R.E., Methods,

34:163-170 (2004), incorporated herein by reference in its entirety.

The examples of WO2007085815 are incorporated herein by reference to provide
details of relevant assays, formatting and experiments that can be equally applied to

25  ligands of the present invention.

ASSAYS
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IL-13 Sandwich ELISA

A MAXISORP™ plate (high protein binding ELISA plate, Nunc, Denmark) is
coated overnight with 2.5 pg/ml coating antibody (Module Set, Bender
5 MedSystems, Vienna, Austria), then washed once with 0.05% (v/v) Tween 20 in

PBS before blocking with 0.5% (w/v) BSA 0.05% (v/v) Tween 20 in PBS. The
plates are washed again before the addition of 150 pg/ml IL-13 (GSK) mixed with a
dilution series of DOM10 dAb (i.e., an anti-IL.-13 dAb) or IL.-13 alone. The plates
are washed twice before binding of 1L-13 to the capture antibody is detected using

10 biotin conjugated detection antibody (Module Set, Bender Medsystems), followed
by peroxidase labelled Streptavidin (Module Set, Bender MedSystems). Finally the
plate is washed three times then incubated with TMB substrate (KPL, Gaithersburg,
USA), and the reaction stopped by the addition of HCI] and the absorbance read at
450 nm. Anti-IL-13 dAb activity causes a decrease in 1L.-13 binding and therefore a

15 decrease in absorbance compared with the IL-13 only control.
IL-13 receptor binding assay (RBA) using the 8200 cellular detection system

SPHERO™ goat anti-human 1gG (H&L) polystyrene particles (0.5% w/v) (goat-

20  anti-human particles, Spherotech, Libertyville, USA) is coated overnight with 20 pg
IL-13R alpha 1/Fc chimera or IL-13R alpha 2/Fc chimera (R&D Systems,
Minneapolis, USA). The following reagents are then combined in a 384-well black
sided clear bottomed FMAT plate (Applied Biosystems, Foster City, USA): dilution
series of DOM-10 dAb or 0.1% (w/v) BSA in PBS; 0.5 ug/ml biotinylated anti-IL-

25 13 antibody (R&D Systems); 0.25 ug/ml STREPTAVIDIN ALEXA FLUOR® 647
conjugate (fluorescent probe, Molecular Probes, Invitrogen Ltd, Paisley, UK); 10
ng/ml recombinant human 1L-13 (R&D Systems); and 1:10 dilution of IL-13R2/F¢
coated particles. The plate is incubated for seven hours before being read in the
8200 cellular detection system (Applied Biosystems). Binding of 1L-13 to the

30  receptor coated particle causes a complex to form which is detected as a fluorescent
event by the 8200. Anti-IL-13 dAb activity causes a decrease in IL-13 binding and

thus a decrease in fluorescent events compared with the 1L-13 only control.
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IL-13 Cell Assay

Isolated dAbs can be tested for their ability to inhibit I1.-13 induced proliferation in
5 cultured TF-1 cells (ATCC® catalogue no. CRL-2003). Briefly, 40000 TF-1 cells in

phenol red free RPMI media (Gibco, Invitrogen Ltd, Paisley, UK) are placed in the
well of a tissue culture microtitre plate and mixed with 5 ng/ml final concentration
IL-13 (R&D Systems, Minneapolis, USA) and a dilution of the dAb to be tested.
The mixture is incubated for 72 hours at 37°C 5% CO,. CELLTITER 96® reagent

10 (colorometric reagent for determining viability, Promega, Madison, USA) is then
added and the number of cells per well is quantified by measuring the absorbance at
490 nm. Anti-IL-13 dAb activity causes a decrease in cell proliferation and a

corresponding lower Aygg than IL-13 alone.
15 BIACORE® Off-rate screening

A streptavidin coated SA chip (Biacore) is coated with approximately 500 RU of
biotinylated IL-13 (R&D Systems, Minneapolis, USA). Supernatant containing
soluble dAb is diluted 1:5 in running buffer. 50 to 100 pl of the diluted supernatant
20 isinjected (kininject) at 50 pl/min flow rate, followed by a 5 minute dissociation
phase. Clones with improved off-rates compared to parent are identified by eye, or

by measurement using BIAevaluation software v4.1 (Biacore).

Competition BIACORE® with anti IL-13 dAbs
25
These experiments can be performed on a BIACORE® 3000 instrument (surface
plasmon resonance instrument, Biacore), using a streptavidin coated SA chip
(Biacore) coupled with ~400 RU of biotinylated 11.-13 (R&D Systems). Analytes
are passed over the antigen-coated flow-cell, with in-line referencing against a blank
30 flow-cell, at a flow rate of 30 pl/min in HBS-EP running buffer (Biacore). The first
dAb is injected, followed immediately by injection of the second dAb, using the

Biacore’s co-inject function. This competition protocol can generally be used to
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assess competition of a test antibody or fragment with a known dAb (or other

antibody polypeptide) for binding to IL-13.

Competition and epitope mapping

Epitope mapping of anti IL-13 dAbs

To determine the epitope specificity of the anti-IL.-13 dAbs, Biacore competition
experiments can be performed. dAb is injected, followed immediately by injection
of a second dAb. If one (the second) dAb does not bind to IL.-13 to which the other
(first) dAb , this indicates that these dAbs bind to the same epitope. This
competition protocol can generally be used to assess competition (and epitope
mapping) of a test antibody or fragment with a known dAb (or other antibody
polypeptide) for binding to IL-13. A slightly modified BIAcore protocol is possible
in which first dAbs are injected over an IL.-13 surface, then a high affinity binding
dAb is injected at high concentration (5 M) saturating the IL-13 surface and finally
the dAbs are again injected. Ifthere is a difference between binding prior and post

saturation with the high affinity dAb, the epitopes are at least partially overlapping.

IL-13 induced B cell proliferation

Blood can be collected from normal blood donors. PBMC are isolated using Ficoll
gradient. B cells are then isolated using a negative B cell isolation kit (EasySep
Negative isolation kit, Stem Cell Technologies Inc). Purity (optionally in excess of
98%) can be determined by flowcytometry and staining with CD3, CD4, CDS8,
CD14, CDI19 and CD23. B cells are then plated at | x10° cells/well in the presence
of IL-13 (10 ng/ml) in plates coated with irradiated CD40L" L cells. Cultures are
incubated for 5 days with the addition of 3[H]thymidine for the final 18 hours. Anti-
IL-13 dAbs are added at the start of the culture at 10 or 100nM.

B cell proliferation assay
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It has been shown previously that CD40L is able to activate cells to be responsive to
IL-13. Indeed donors can be tested to show a dose-dependent proliferation when
their B cells were incubated with irradiated CD40L" L cells and increasing
concentrations of IL-13. As negative controls B cells alone or CD40L transfected L
cells alone can be used. The addition of anti-IL-13 dAbs can be assessed to see if

this results in an inhibition of IL-13 induced proliferation of B cells from donors.

By way of illustration, for inhibitory dAbs (see W02007085815) the average
inhibition was 80% and 100% at concentrations of 10 nM and 100 nM respectively.
Complete inhibition of the B cell proliferation was also observed with 3 pg/ml of
positive control anti-IL 13 mAb (R&D). Control dAbs that did not bind IL-13 failed
to inhibit this B cell proliferation.

Inhibition of IL-13 binding to IL-13Ra2

Anti-IL-13 dAbs can be tested for their ability to inhibit binding of [L-13 to

IL13Ra2 in a competition assay.

Binding to variant IL-13 (R130Q)

Genetic variants of IL-13 have been associated with an increased risk for asthma
(Heinzmann et al. Hum Mol Genet. (2000) 9549-59) and bronchial
hyperresponsiveness (Howard et al., Am. J. Resp. Cell Molec. Biol. (2001) 377-384).
Therefore to determine whether anti-IL-13 dAbs are able bind variant IL-13
(R130Q), the TF-1 proliferation assay can be performed with variant IL-13
(R130Q), and increasing amounts of dAb. dAbs that bind the variant would be able
to inhibit variant IL-13 induced TF-1 proliferation with ND50, eg with values of
approximately 0.5 to 10nM.

Cross-reactivity with rhesus and cynomolgous IL-13.
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A desired requirement of dAbs would be cross-reactivity with rhesus and
Cynomolgous IL-13. To that end, dAbs can be tested in the TF-1 cell proliferation
assay in which cells are stimulated with human IL-13 (5 ng/ml, Peprotech), rhesus
IL-13 (5 ng/ml, R&D systems) or cynomolgous IL-13 (1:4000 dilution of
supernatant containing in-house expressed cynomolgous IL-13). A dose-response of

the dAb will determine the NDSO in this set up.

IL-4

IL-4 receptor binding assay (RBA)

A MaxiSorp™ plate (high protein binding ELISA plate, Nunc, Denmark) is coated
overnight with 0.5 pg/ml recombinant human [L-4R/Fc (R&D Systems,
Minneapolis, USA). The wells is washed three times with 0.1% (v/v) Tween 20 in
PBS, followed by three washes with PBS, before blocking with 2% (w/v) BSA in
PBS. The plates are washed again before the addition of 10 ng/ml biotinylated-11.-4
(R&D Systems) mixed with a dilution series of anti-IL-4 dAbs or IL-4. 1L-4
binding was detected with peroxidase labelled anti-biotin antibody (Stratech, Soham,
UK) and then developed with TBM substrate (KPL, Gaithersburg, USA). The
reaction is stopped by the addition of HCI and the absorbance read at 450 nm. Anti-
IL-4 dAb activity causes a decrease in IL-4 binding to the receptor and therefore a

decrease in absorbance compared with the 1L-4 only control.

IL.-4 Cell Assay

Isolated dAbs can be tested for their ability to inhibit IL.-4 induced proliferation in
cultured TF-1 cells (ATCC® catalogue no. CRL-2003). Briefly, 40000 TF-1 cells in
phenol red free RPMI media (Gibco, Invitrogen Ltd, Paisley, UK) are placed in the
well of a tissue culture microtitre plate and mixed with 1 ng/ml final concentration
IL-4 (R&D Systems, Minneapolis, USA) and a dilution of the dAb to be tested. The
mixture is incubated for 72 hours at 37°C 5% CO,. CellTiter 96 reagent
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(colorometric reagent for determining viability, Promega, Madison, USA) is then
added and the number of cells per well was quantified by measuring the absorbance
at 490 nm. Anti-1L-4 dAb activity causes a decrease in cell proliferation and a

corresponding lower A4y than IL-4 alone.

Competition Biacore® with anti IL-4 dAbs

These experiments can be performed on a Biacore® 3000 instrument, using a
streptavidin coated SA chip (surface plasmon resonance system, Biacore) coupled
with ~400 RU of biotinylated 1L.-4 (R&D Systems). Analytes are passed over the
antigen-coated flow-cell, with in-line referencing against a blank flow-cell, at a flow
rate of 30 pl/min in HBS-EP running buffer (Biacore). The first dAb is injected,
followed immediately by injection of the second dAb using the Biacore’s co-inject
function. This competition protocol can generally be used to assess competition of a
test antibody or fragment with a known dAb (or other antibody polypeptide) for
binding to IL-4.

EXAMPLES

Example 1: Selection of DOM10 lead dAbs

DOM10-53-546

DOM10-53-546, an anti-IL-13 domain antibody (dAb) was isolated from in-line
fusion libraries selected against human I1.-13 as an attempt to isolate a dual targeting
molecule for IL-4 and 1L.-13. IL-4 binding dAb DOM?9-112-210 was linked with IL-
13 binding dAb DOM10-53-409 using ASTKGPS linker to make DOM9-112-210-
ASTKGPS-DOM10-53-409. DOM9-112-210 and DOM10-53-409 are disclosed in
W02007085815. ASTKGPS linker is disclosed in W02007085814. DOM9 dAb
was kept constant and twelve libraries of DOMI10-53-409 were made each
diversifying three residues of DOM10-53-409 spanning all three CDRs and

framework residues surrounding CDRs, to select for in-line fusions with better
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potency and expression. These libraries were generated using oligonucleotides
incorporating NNS codons to diversify the residues. NNS codons provide
randomisation of the targeted residue by substituting with any of the 20 amino acids
or single stop codon within a total of 32 codons. N represents one of all four
nucleotides A, T,G and C and S represents G or C. Primary PCRs carried out using
these oligonucleotides were then assembled using assembly PCR. Assembly PCR
(also known as ‘pull-through’ or SOE (Splicing by Overlap Extension) PCR) allows
the two primary PCR products (one diversified, one constant) to be brought together
without digest or ligation, making use of the complementary ends of the two

Primary PCR products.

In-line fusion libraries were subjected to 2 rounds of selections with streptavidin-
coated magnetic beads (Dynal, Norway) and 10 nM biotinylated human 1L-13. The
IL-13 was biotinylated using a five fold molar excess of EZ-Link Sulfo-NHS-L.C-
Biotin reagent (Pierce, Rockford, USA) (Henderikx er al., 2002, Selection of
antibodies against biotinylated antigens. Antibody Phage Display: Methods and

protocols, Ed. O'Brien and Atkin, Humana Press).

2™ round outputs were cloned into pDOMS vector (Fig 1). pDOMS is a pUC119-
based expression vector under control of the LacZ promoter. Expression of dAbs
into the supernatant was ensured by fusion to the universal GAS leader signal
peptide (see W02005093074) at the N-terminal end. In addition, a c-myc-tag was
appended at the C-terminal end of the dAbs. After transformation of E. coli
HB2151 cells, clones were expressed in 96 deep well plates in a high speed infors
shaker programmed at 950 rpm, 30°C and 80% humidity for 2 days in 0.5ml/weli
overnight express auto-induction medium (high-level protein expression system,
Novagen) supplemented with 100 ng/ml carbenicillin. Plates were then centrifuged
at 4000rpm for 20 minutes, supernatants were diluted 1/5 in HBS buffer and
screened on Biacore™ for binding to 1500 Ru Protein A CMS5 chip to select for
clones with improved expression. Protein A was coupled onto a CMS5 chip by
primary amine coupling in accordance with the manufacturer’s recommendations

(Amine coupling kit, Biacore, GE healthcare]). Samples were run on Biacore at a
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flow rate of 50ul/min. The surface was regenerated back to baseline using 0.1M
Glycine pH 2. Any clones with improved expression were then expressed in 50ml
overnight express autoinduction medium at 30°C for 48 hours and after cell pelleting
by centrifugation (4,000 rpm for 20 min), the supernatants were incubated overnight
at 4°C with Streamline-protein A beads (Amersham Biosciences, binding capacity: 5
mg of dAb per mL of beads). The beads were then packed into drip columns,
washed with 10 column volumes of PBS, and bound dAbs were eluted in 0.1 M
glycine-HCI, pH 2.0. After neutralisation with 1 M Tris-HCI, pH 8.0, protein purity
was estimated by visual analysis after SDS-PAGE on 12% acrylamide Tris-glycine
gel (Invitrogen). Protein concentrations and yields (in mg per L of bacterial culture)
were measured at 280 nm, using extinction coefficients calculated from the amino
acid compositions, Clones with improved expression were analysed on Biacore for
binding to 200Ru biotinylated human IL-13 streptavidin chip to assess the potency.
The most potent clone selected from these libraries was DOM9-112-210-
ASTKGPS-DOM10-53-546 (from the library where framework residues 28-30 were
diversified) which demonstrated a similar expression level to DOM9-112-210-
ASTKGPS-DOM10-53-409, but with improved potency for IL-13. The DOMI10
arm, DOM10-53-546, was then cloned as a monomer into pDOMS5 vector. DNA and

amino acid sequences of DOM10-53-546 are summarised in figures 2 and 3.

DOM10-53-567

DOMI10-53-567 was isolated from selections carried out on biotinylated
cynomolgous (cyno) IL-13 of an error prone library of DOM10-53-474 (this dAb is
disclosed in WO2007085815) in an attempt to select for dAbs with improved
potency to cyno IL-13. The error prone library of DOM10-53-474 was made using
GeneMorph PCR mutagenesis kit from Stratagene which utilises Mutazyme™ DNA
polymerase according to manufacturer’s instructions (Cat No 200550). 2 rounds of
selections of DOM10-53-474 error prone library were performed with 10 nM and 5
nM cyno IL-13 respectively. 2" round outputs were cloned into pDOMS vector,
expressed in E. Coli HB2151 cells in 96 well deep well plates as explained above.

Plates were centrifuged, supernatants were diluted 1/5 in HBS buffer and screened
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on 200Ru cyno IL-13 streptavidin chip on Biacore to look for clones with improved
binding to cyno-IL-13 compared to DOM10-53-474. DOM10-53-567 was selected
as a clone with improved binding kinetics to both cyno IL-13 and human IL-13.

DNA and amino acid sequences are summarised in figures 2 and 3.

DOM10-53-568

In an attempt to further improve the potency of DOM10-53-567, the CDR2 of potent
anti-IL-13 dAb DOM10-53-386 (this dAb is disclosed in W02007085815) was
introduced into DOM10-53-567 to generate DOM10-53-568 using assembly PCR
and cloned into pDOMS vector. DNA and amino acid sequences are summarised in

figures 2 and 3.

DOM10-53-616

In an attempt to improve the potency of DOMI10-53-546 further, CDR2 of potent
dAb DOMI10-53-386 was introduced to replace the CDR2 of DOM10-53-546 to
generate DOM10-53-616 using assembly PCR and cloned into pDOMS vector.

DNA and amino acid sequences are summarised in figures 2 and 3.

Example 2: Sequence Analysis

As shown in figure 4, DOM10-53-546 has amino acid changes at five positions
compared to DOM10-53-474. Two framework mutations N terminus to CDR1 at
positions 28 (T to V) and 30 (A to P), and three residues in CDR2 at positions 54 (H
to K), 56 (E to G) and 57 (V to K). DOM10-53-567 is only one amino acid different
from DOM10-53-474 at position 28 (T to V)

DOM10-53-568 also has this mutation but in addition it has two amino acid changes
in CDR2 at positions 56 (E to K) and 57 (V to [). DOM10-53-616 has all three
mutations as DOM10-53-568 and in addition amino acid at position 30 is changed

(A to P). Amino acid change from threonine to valine at position 28 is common to
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Table 1. Potency, expression and thermal stability data of DOM10 dAbs.

The binding affinities of purified DOM10 dAbs to both human and cyno IL-13 were

5

assessed by Biacore analysis. Analysis was carried out using biotinylated IL-13.

About 150RU of biotinylated 1L.-13 was coated to a streptavidin (SA) chip (Biacore,

GE healthcare). The surface was regenerated back to baseline using 0.1M Glycine

pH 2. dAbs were passed over this surface at defined concentrations using a flow rate

of 50 pl/min. Data were analyzed using BlAevaluation software (Biacore, GE

10

Healthcare) and fitted to the 1:1 model of binding. The binding data fitted well to the

1:1 model for all DOM10 dAbs. Biacore runs were carried out at 25°C. KD values

for both human and cyno 1L.-13 dAbs are summarized in table 1. All of the new

dAbs showed good potency against both human and cyno IL-13, and all were much

better than DOM10-53-474. DOM10-53-567 and DOM10-53-568 demonstrated the

15

best potency for both human and cyno 1L-13.
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represent stabjly of the d% Xm be | ess prone t cI ,eavage
by proteases MPSRERCHES] G P‘Q\%Ml t%@é‘iﬁ) th.e“‘féS@aF 'i'?‘F’éat” thal
scanni ng cal ordngRéil ¥ased HEKNBIut- B(fArral(HEKmAIr)taysapé‘ totaBesOAb poterms a@efhar m ned
usi ng di fferentl al scanning calori metervé SC%5h Abs were Eﬂestfeg %

in PBS buf f er .hupags einasendditesisi s BPNVE ERISghinepsvss thabibiys ¢fePOMIEs buffer
was used as a ggkabedin® 1£98 @bl préaip t§3~°omd@§0td’\@$ lmsf@mﬁ@h yhtisddycapi | |l ary
cell mcrocal orinmeter VP-DSC M cracal at a heating rate of

180C/ hour . SA tNIAXESPRE Y p]ate shigh P'jﬁ’g Binding RLI%A Qb‘@ pe.disrmark)Hecoalader ence

buffer and theBmahei witsanP|.&mi Alohly 8mMddy Qf\/ﬁﬂ@l@cﬁ:thfeﬁ&F MiEdkys@mpl e pair,
the capillary cell was cleanéed with a sol ution

(Fi sher - Sci entYiem) Austriahttben perhegrage pyithpdre FYé‘é)uTWP‘?szQid‘? FBY befes wer e

anal ysed usi ng, &3 Wi o. MA,C({ QaBs A @fotsv@(vﬁf) TWeen @&9}1 PBGS PR&BE BEDohr OM t he
25 reference buffer was subtracted fromthe sanple trace. The preci se nmol ar

concent r at i on tepparafires Bhpplateayashpd briekias nievioushiedetpiled befeea the pdditigneli ne to
yi el d val ugs fiap elLI'LnQ ({(ﬁ%l%&{vﬁh Qgi%tlo@&?ngébmof\/ﬂki)d@@ eV @R ahti-Hof f

enthal py (AHv) valu to a non-2-state nodel. The results
are summar i zedLr1r$ dAtDIaad incutrtied fosllttiony Therpise istwashed (wivy bedoretindingadfs r anged

from 49.9C - t Tm
val ues, 55. 5o 125 4 %F’{raéeg%é%@v'gﬂge&w”&@ fiPdac 9%@?0"%%&&%@53 567
not only benef(Modﬂko?sﬂt hBeridag Medgtsests), pfoltl@miybmmroarlw laleakled Streptpwdin
reasonabl y hi hi gh
stability of ?(EAOEgIﬁbMﬁ%ﬁgérs\A%g{ga) %M@jﬂgﬁ{g cla %latgépgh 22{[3@ ?‘Eé E%taré}ore
stabl e at 50 \heubaticerpigh EMBr wbstente (KPLi, Gigithensbuef PiSAampd dredrestion stopred a good

shelf life. ReléJdOtf %4?%3&%5%%?&%%2 Fag at 838 rim, KA1 3 gl erivity

anti-interl euk’n in single va

conpri sing an candeno demeede geliHBrigadibhatd th&efodEa‘ldlﬂctraiie mcabmans’tcﬂec&ﬂ)aﬂem with
the 5 exceptio thhz%ﬁ S am N9 acid sequence has 1, 2, 3, 4 or 5 amno

aci d changes c%rrlh) ¥ VR 53- 474 (SEQ ID NO 1) and wherein the si ngl e
vari abl e dorral n has a valine at position 28 according to Kabat nunbering,

V\,herelnt | e,varjahle domain is pot. . -93-616 (. 5). 2.
An anti - ?[?1'“?§lr$l%ﬁ apsy ?ﬁ??ﬂﬁ&dﬁ%ﬁh‘lhfyn ng’ggf go \}’él}g")slgglména'&(%ﬁn
10conpri SI ng agﬁnﬁmtdmalmind pﬁ@ﬂxuﬁﬁecproﬂﬁmbn iirs HEH@Mie-SBATE cel BAMVardbIhé74, with
t he exception that th nc S or i,no acid
changes corrparaéﬁ‘yttﬁebg@%gbgfl% %‘Sgelﬁteﬁldv%l a%ﬁ"ﬁg‘?”& dttﬁ%%? gle
vari abl e domaigechasd éhbrysieWaane: maxpﬁétase)mmsraar gehd EnGtrogenaSap Txikdo).on 54
according to Kabat nunberi ng{ an i i .
Upon stimulation with IL.-13, SEAP is secreted into the supernatant which is
25  measured using a colorimetric method. Soluble dAbs were tested for their ability to

block IL-13 signalling via the STAT6 pathway.

Briefly, 5x10* HEK-Blue STAT6 cells are cultured in DMEM (Gibco, Invitrogen
Ltd, Paisley, UK) with dAb which has been pre-incubated for one hour at 37°C with
30 recombinant IL13 (GSK). The pre-incubation is performed using an equal volume of
dAb and recombinant IL.13. This pre-incubation mixture is then added to an equal

volume of HEK-Blue STAT6 cells. Hence, the final concentration of IL13 in the



15X=H or K; X =G or K, X'=K or | wherein the single variable domain is not
DOMLO-53-616 (SEQ ID NO 5). 3. The single variable domain of claim
2, wher eiwothm/oseassabl e domai n has a val i ne 20at positi eaTAR2@806T7d9 Ng t O
Kabat nunbering. 4. The single variable domain of any preceding claim
wherein the variable domain has an am no acid change (versus DOML 0-53-474
(SEQID NO 1)) at one or nore of p05|t19c9n 30, 53, 55 and 56 (according to
Kabat nunberi ng). 5 The single variable domain of any preceding
claim wherein the, var}a] do n 25h proline at 05|t on 30 ccordi ng
o Kabat ety eI iAE 1 (s Are S LB PO oG P SeORE c! af m
mﬁtr) ein t;le vmgﬁ%s/ﬁgggnglepé@??% ihnBate® f@t 240R&urt aDB7 ﬁSS%ﬁ&COQI’meln@lth& Kagiat
nunberi ng (78 8. . The ari abl e
domai n of any JYPEE/EtEthen Mk ‘(Xﬁé%@ % 8%{?"?%35) @d&B?rﬁli’ﬁ?quQ‘ge °&bfeuci ne
or lysine at po®hil AmtiT6-13284P 0iiVIG tausdsahalecroasabiar STW)6 actBaatidh@ngiangl e
vari abl e donmain of any preceding claim wherein the variable domain 5has

| ysi ne at p503|WS?P%@“&H‘?FW%WMCHQP% Boldi 13 S(S‘H“‘L“?t’ﬁ“’('accord| ng to Kabat
nunbering). 10. An anti-interleukin-13 (1L-13) inmunoglobulin single
vari abl e domai n, wherein the variable domain is DOVLO- 53 546 (SEQ I D NO
2): DOMLO- 53- S&epulissrhy msaclatayt BOMMODs 5. sspmarizgein teblady Inggreefignly  an

anti-interl eukyy h%céktdaaébommmgépbwér@uawqleeoeyﬂsct@ﬁ gﬂamumaﬁncoded
by the nucl eoti de sequence of 53-546 (SEQ I D 0- 53- 567

(SEQ I D NO  7)cysp amtRhguskh- %glt{lg@}]}@v{m)ﬁ fS showed similar KD values to that

10  of DOMI10-53-567, it was less potent in the assays.

As shown by the data, all new dAbs are cross-reactive between human and cyno IL-
13 and showed neutralization of all forms of IL-13 tested. All new dAbs (except
DOM10-53-616) showed much more neutralizing potency for human, cyno and
15 rhesus IL-13 than DOM10-53-474. DOMI10-53-567 was a much more potent
neutralizer than DOM10-53-474 for cyno and rhesus IL.-13 and was broadly

comparable against human IL-13.

Example 4: Protease Stability of new dAbs

20
Protease stability of the new dAbs were assessed using techniques as generally
described in co-pending patent applications PCT/GB2008/050399 and
PCT/GB2008/050405, the disclosures of which is incorporated herein in their
entirety to provide details of methods of testing protease resistance of the dAbs,
25 ligands and compositions of present invention, and to provide explicit disclosure

herein of methods of using such protease-resistant dAbs of the invention.

To assess the trypsin stability of the present DOM10 clones, 0.3 mg/ml of purified
protein was digested with sequencing grade trypsin (Promega) at 25:1 dAb:trypsin
30 ratio in PBS buffer. Reaction was carried out at 30°C for 0, 1, 4 and 24h and
reaction was ended by adding cocktail of protease inhibitors (Complete protease

inhibitor tablets, Roche) and stored at ~20°C until further analysis.



12. The single variable domain of any preceding claim wherein the variable
domai n specifically binds human, cynonol gus nonkey and rhesus |L-13. 1513.
The si nglwowvaro/mbise donmai n of any precedi ng cl ai m wher ecn/EPh@swerBabl e
domai n neutralises human IL-13 in a standard HEK STAT assay with an EC50 of
0.1to 2.0 nM 14. The single variable domain of any preceding claim
wherein the variable domain neutralises-%esus IL-13 in a standard HEK STAT
assay with an EC50 of 1 to 20 20nM 15. The single variable donmai n of any
preceding claim wherein the variable domain neutralises cynonol gus nonkey

IL-13 in a standard HEK STAT assay with an EC50 of 1 to 20 nM 16. An
i nt erl euki n- 13pfgkdicdl Prot@int RGO Ri1Gled COBGY iiS1 MBS aButRhtdnd pdssekB ovémuseral obul i n
25si ngl e vari able domain according to any preceding claim - 94 - 17. The

ant agoni st of @Ptmymtqcbhummékéﬁﬁtrﬁmw%mt:laa@n|Bs=icomﬁpwaw0f RO pdMiDios3- 546
(SEQ ID NG 2),4 Moanﬁﬁmﬁgf? ur(d%%@ec!l @ANthegf)h’lp QPM&Q vég’ r%@ﬁerétéﬁ@ﬂh RolO 4);
or DOMLO- 53- 616(SEQID binding to IL-

ant agoni st bf &IMighyci® i 2 i?fftw@?n eagh iinieckion eYHg- r?ﬁlﬁsmegel_ﬂf PBﬁlgaSm%W%St
Sconpri sing DQMI Qa4 nélgggl n Wwig! in Use of
the antagoni st of g‘% @}ng% org n;ﬁxﬁﬁné?l} ?\?gr %ga%?rfrﬁw qgﬂﬁa\m})ﬂarﬁ%%m st
conpri si ng DOMigesgd-dgxbat eSHQImnOpND:. ReJults aret presentadh irf ﬁmrﬁlﬁeoéﬁofahmé@b%anent
for pul monary tgﬁl:q YeIN10-53- 567 %8 @P@ %ﬁ{a R)nfr smOI:l ?éogz) ﬁar&f holgthrepr

t herapy or prophylaxis o ated cond
Use of the ant@@unam Vb mblal similar ¢o thar, Of PONAE)- %ﬁlﬂf AeON18-53f544 areldi carrent

for ther P () eaIPBR/ﬂB'B% dbq)élv%ré) fes2 Lt!mt@tr%‘fs@l %&Qn%ec(?o@@agﬁd% Q él@{ gabiugmn. 22. A

met hod of I'ng an F event conditiron in a human
patient, the ntmﬂlh@dthmﬁpmamm@traptm Mg&tlen repgestiietabily aftheidgtb iofvivolaaiim 16 or

I:LZ) KIrO 1g)a‘nt gnt\ﬁgl bpgflf'(sls g%ot%g t(gcleavag by prg ggénstitheggqull;é&haugliwo_ 53-616 (SEQ

Example 5: DSC (differential scanning calorimetry)

15
The thermal stability of the dAbs was determined using differential scanning
calorimeter (DSC). dAbs were tested at 1 mg/ml in PBS buffer. Proteins were
dialysed overnight into PBS buffer. PBS buffer was used as a reference for all
samples. DSC was performed using capillary cell microcalorimeter VP-DSC
20 (Microcal, MA, USA), at a heating rate of 180°C/hour. A typical scan usually was
from 25-90°C for both, the reference buffer and the protein sample. After each
reference buffer and sample pair, the capillary cell was cleaned with a solution of
1% Decon (Fisher-Scientific) in water followed by PBS. Resulting data traces were
analysed using Origin 7 Microcal software. The DSC trace obtained from the
25 reference buffer was subtracted from the sample trace. The precise molar
concentration of the sample was entered into the data analysis routine to yield values
for melting temperature (Tm), enthalpy (AH) and van’t Hoff enthalpy (AHv) values.
Data were fitted to a non-2-state model. The results are summarized in table 1. The
melting temperatures (Tm) of the dAbs ranged from 49.9°C — 55.5°C. DOM10-53-
30 546 and DOMI10-53-567 showed highest Tm values, 55.5°C and 54.5°C
respectively. Among the dAbs tested, DOM10-53-567 not only benefit from having

highest potency but also demonstrated reasonably high Tm, which is believed to



23. The antagoni st of claim 20, the use of claim?21 or the nmethod of claim
22, wherein the IL-13-nediated condition is a respiratory condition. 24.
The ant agwoi2eto/osuse or met hod of claim 23, wherein the PCTEP200806E8Ed
20condition is selected fromlung inflammuation, chronic obstructive

pul nonary di sease, asthma, pneunonia, hypersensitivity pneunonitis,

pul monary infiltrate with eosinophilia,-¥nvironmental |ung di sease,
pneunoni a, bronchiectasis, cystic fibrosis, interstitial |ung disease,

primary pul nonary hypertension,  pul nopnary thro olism djsorders of the
pleura, disor deptargfigigly bel) S fth Oy 3ot L Gend B penefigt _Sé%%fﬁatgmlf
hypoventi | ati o mbyRebKedtih 1idd icfiperair€RBxiANIRAthe 2ET1ELE ARISPIllNAVOL Yosli St ress
syndronme, nesothelioma, sarcomm, graft rejection, graft versus host

di sease, |ung dehdi&: | allergic rhinitis, allergy, asbestosis, aspergilloma,
aspergillosis, bronchiectasis, chronic bronchitis, enphysema, - 95 -

eosi nophilic pneunoni a, idiopathic pulnonary fibrosis, invasive
pneunococcal di sease, influenza, nontubercul ous nmycobacteria, pleural

ef f usi on, pneunobconi osi s, pneunocytosi s, pneunonia, pul nmonary
actinonycosis, pulnonary alveolar proteinosis, pulnnonary anthrax, pul nonary
edema, 5pul nonary enbol us, pul nonary inflammation, pul nonary histiocytosis
X, Pul monary hypertension, pul nonary nocardi osis, pul nonary tubercul osis,
pul monary veno-occl usive di sease, rheumatoid |ung di sease, sarcoidosis, and
Wegener' s granul omat osi s. 25. A pulnonary delivery device containing the
ant agoni st of claim16, 17, 18, 20, 1023 or 24 or an interleukin-13 (I1L-13)
ant agoni st conpri sing DOMLO-53-616 (SEQ ID NO 5). 26. The device of claim
25, wherein the device is an inhaler or an intranasal adm nistration

devi ce. 27. A dual specific ligand conprising a variable domain
according to any one of 15clains 1 to 15. 28. An isolated or reconbi nant
nucl eic acid encodi ng a pol ypepti de conprising an i mmunogl obulin single
vari abl e domai n according to any one of clains Ito 15. 29. The nucleic acid
according to claim 28, wherein the nucleic acid conprises the nucl eotide
sequence of DOMLO-53-546 (SEQ ID NG 6); DOMLO-53-567 (SEQ



201D NO 7); DOMLO-53-568 (SEQ ID NO 8); or DOMLO-53-616 (SEQ ID NGO 9).
30. An isol ated or reconbinant nucleic acid, wherein the nucleic acid
conpri seswea 2nualéesti de sequence that is at | east 99% i deotriEradosie778he

nucl eoti de sequence of DOMLO-53-546 (SEQ I D NO 6); DOMLO-53-567 (SEQ ID
NO 7); DOMLO- 2553-568 (SEQ ID NO 8); or DOMLO-53-616 (SEQ ID NGO 9), and
wherein the nucleic acid encodes a pol yp¥pti de conprising an i nmunogl obulin
single variable donmain that specifically binds to IL-13. 31. A vector
conprising the nucleic acid of claim28, 29 or 30.

WO2010/ 060486PCT/ EP2008/ 067789 - 96 - G@AIMS host cell conprising the
nucleic acid of claim28, 29 or 30, or the vector of claim31. 33. A nethod
of produci ng pol ypeptide conprising an i mmunogl obulin single variable

domai n, the nel-héd aebﬂrﬁ?rul%lmgl3@—&%&mm%@glabtﬂwtng&warlaw detpgnm 32 Sunder

condi tions suit abfprfg SRIiFRSRIPRqRcS Mads MRli@) © 186Md0 88478 CLiRH the Wher eby
a pol ypepti de conprlihgg an i nmmunogl obulin single variable domain is
produced. 3%. Thexqeptiondhatshe apipg pgidsequense hirel 2ch it PP dcibehangeig t he

pol ypepti de and gphpLaAbINONIQIHUITNGED NRAKNDAN and wireiiha biRble VaidbRNt . havi ng
an inproved affinity and/or EC50for [L-13 neutralization in a standard HEK
STAT assay than #¢mainbpsoyadineat nesitign spaqcawingdg Kabat pumberiige hereig|the

conposi tion compgi, mgﬁa%rn:admfm@%ﬂbcgmﬂs%iml@admwlsﬁ domai n of any one
of claimse 1 to 15 or an antagoni st of any one of clains 16, 17, 18, 20, 23

or 24, and a pharmaceutically acceptable carrjer, excipient or diluent.
36. A fusion ptot’@idptidpeRukiariidll-he) ismygpeotuinisinglesvagablaiemyP any one of

claims 1 t@ 1515comghisinf¥hniaffhPdcRikcQlicntEHATRIdRAM Al RUSHRI 6-58%74, \wiic@di ng t he
fusion protein of claim36. 38. The i munogl obulin single variable domain
of any one of cl &FgBtiop thy thexmipg aqidhsequenca sl 2t 3. gfor Aapinpmsidghaggesi ns 16,

17, 18, 20, 23 Ofomphredtb DOM14-554 2N (SRPITLND: Pfand WhkrGrife si@ERAiDINY an
anti body constant domai n.
domain has the sequence XGX’X"’, wherein the G is at position 54 according to
Kabat numbering and
15 X=HorK;
X'=Gork;
=Korl

wherein the single variable domain is not DOM10-53-616 (SEQ ID NO: 5).

3. The single variable domain of claim 2, wherein the variable domain has a valine

20 at position 28 according to Kabat numbering.

4. The single variable domain of any preceding claim, wherein the variable domain
has an amino acid change (versus DOM10-53-474 (SEQ ID NO: 1)) at one or

more of position 30, 53, 55 and 56 (according to Kabat numbering).

5. The single variable domain of any preceding claim, wherein the variable domain

25 has proline at position 30 (according to Kabat numbering).

6. The single variable domain of any preceding claim, wherein the variable domain

has lysine at position 53 (according to Kabat numbering).

7. The single variable domain of any preceding claim, wherein the variable domain

has glycine or lysine at position 55 (according to Kabat numbering).



2039. The vari abl e domai n, antagoni st or fusion protein of claim 38,
conprising an antibody Fc, optionally wherein the N-termnus of the Fc is
| i nked (opoOi2emvadeh4sedi rectly |inked) to the Cterm nus ofPCrieP2008065E8Y €
dormai n. 40. The i mmunogl obulin single variable domain of any one of clains
1 to 15, or the antagonist of any one of clainms 16, 17, 18, 20, 23 or 24,
or the fusion protein of 25claim36, whehein the variabl e donai n wherein
further conprises a a half-life extending noiety. - 97 - 41. The variable
domai n, antagoni st aqr fusi rofein of claim40, wherein t, alf-life
ext endi ng noi e%-yTF%Slaglbeﬂfrqﬂ@[éﬁ@rnéweof@my%?edm&Cé%"g); whaErin fheareha HO g
fragment thereof hagtis@éiRinRIoF 1yBink @CRRIIGH 56 (acBortiin@ ARSK &Faf himb¥ridng portion

t hereof, or an anti body or antibody fragment conprising a binding site for

a pol ypeptide 5that enhances half-life in vivo. 42. The variabl e donai n,
ant agoni st or fusion protein of claim4l, wherein the half-life extending
noi ety i s an anmt Thosdyglovarabte doodin dfamgprecddingaigimn] Sherein ahebiaridbladormaihe f or

serum al bumi n or, neonatal Ec recept.or,. . 43. var,i abl mai n,
o amoat ot PR S pattor e SRR leurine aupEiion o GOl Rable bt endi ng
moi ety is a dAb, nafibdriagfly or antibody fragnent.

10. An anti-interleukin-13 (IL-13) immunoglobulin single variable domain, wherein

the variable domain is DOM10-53-546 (SEQ ID NO: 2): DOM10-53-567 (SEQ
ID NO: 3) or DOM10-53-568 (SEQ ID NO: 4).

10 11. An anti-interleukin-13 (IL-13) immunoglobulin single variable domain encoded
by the nucleotide sequence of DOM10-53-546 (SEQ ID NO: 6); DOM10-53-567
(SEQ ID NO: 7) or DOM10-53-568 (SEQ ID NO: 8).

12. The single variable domain of any preceding claim, wherein the variable domain

specifically binds human, cynomolgus monkey and rhesus IL-13.

15 13. The single variable domain of any preceding claim, wherein the variable domain
neutralises human IL-13 in a standard HEK STAT assay with an ECsy of 0.1 to
2.0 nM.

14. The single variable domain of any preceding claim, wherein the variable domain
neutralises rhesus IL-13 in a standard HEK STAT assay with an ECsy of 1 to 20
20 nM.,

15. The single variable domain of any preceding claim, wherein the variable domain
neutralises cynomolgus monkey IL-13 in a standard HEK STAT assay with an
ECsp of 1 to 20 nM.,

16. An interleukin-13 (IL-13) antagonist comprising an anti- [L-13 immunoglobulin

25 single variable domain according to any preceding claim.
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The antagonist of claim 16, wherein the antagonist competes with DOM10-53-
546 (SEQ ID NO: 2); DOM10-53-567 (SEQ ID NO: 3); DOM10-53-568 (SEQ
ID NO: 4); or DOM10-53-616 (SEQ ID NO: 5) for binding to IL-13.

The antagonist of claim 16 or 17 or an interleukin-13 (IL-13) antagonist

comprising DOM10-53-616 (SEQ ID NO: 5) for pulmonary delivery.

Use of the antagonist of claim 16 or 17 or an interleukin-13 (IL-13) antagonist
comprising DOM10-53-616 (SEQ ID NO: 5) in the manufacture of a

medicament for pulmonary delivery.

The antagonist of claim 16 or 17 for therapy or prophylaxis of an IL-13-

mediated condition in a human.

Use of the antagonist of claim 16 or 17, in the manufacture of a medicament for

therapy or prophylaxis of an IL-13-mediated condition in a human.

A method of treating and/or preventing an IL-13-mediated condition in a human
patient, the method comprising administering the antagonist of claim 16 or 17 or
an interleukin-13 (IL-13) antagonist comprising DOM10-53-616 (SEQ ID NO:
5) to the patient.

The antagonist of claim 20, the use of claim 21 or the method of claim 22,

wherein the 1L.-13-mediated condition is a respiratory condition.

The antagonist, use or method of claim 23, wherein the IL-13-mediated
condition is selected from lung inflammation, chronic obstructive pulmonary
disease, asthma, pneumonia, hypersensitivity pneumonitis, pulmonary infiltrate
with eosinophilia, environmental lung disease, pneumonia, bronchiectasis, cystic
fibrosis, interstitial lung disease, primary pulmonary hypertension, pulmonary
thromboembolism, disorders of the pleura, disorders of the mediastinum,
disorders of the diaphragm, hypoventilation, hyperventilation, sleep apnea, acute
respiratory distress syndrome, mesothelioma, sarcoma, graft rejection, graft
versus host disease, lung cancer, allergic rhinitis, allergy, asbestosis,

aspergilloma, aspergillosis, bronchiectasis, chronic bronchitis, emphysema,
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eosinophilic pneumonia, idiopathic pulmonary fibrosis, invasive pneumococcal
disease, influenza, nontuberculous mycobacteria, pleural effusion,
pneumoconiosis, pneumocytosis, pneumonia, pulmonary actinomycosis,
pulmonary alveolar proteinosis, pulmonary anthrax, pulmonary edema,
pulmonary embolus, pulmonary inflammation, pulmonary histiocytosis X,
pulmonary hypertension, pulmonary nocardiosis, pulmonary tuberculosis,
pulmonary veno-occlusive disease, rheumatoid lung disease, sarcoidosis, and

Wegener's granulomatosis.

A pulmonary delivery device containing the antagonist of claim 16, 17, 18, 20,
23 or 24 or an interleukin-13 (IL-13) antagonist comprising DOM10-53-616
(SEQ ID NO: 5).

The device of claim 25, wherein the device is an inhaler or an intranasal

administration device.

A dual specific ligand comprising a variable domain according to any one of

claims 1 to 15.

An isolated or recombinant nucleic acid encoding a polypeptide comprising an

immunoglobulin single variable domain according to any one of claims I to 15.

The nucleic acid according to claim 28, wherein the nucleic acid comprises the
nucleotide sequence of DOM10-53-546 (SEQ ID NO: 6); DOM10-53-567 (SEQ
ID NO: 7); DOM10-53-568 (SEQ ID NO: 8); or DOM10-53-616 (SEQ ID NO:
9).

An isolated or recombinant nucleic acid, wherein the nucleic acid comprises a

nucleotide sequence that is at least 99% identical to the nucleotide sequence of
DOM10-53-546 (SEQ ID NO: 6); DOM10-53-567 (SEQ ID NO: 7); DOM10-
53-568 (SEQ ID NO: 8); or DOM10-53-616 (SEQ ID NO: 9), and wherein the
nucleic acid encodes a polypeptide comprising an immunoglobulin single

variable domain that specifically binds to IL-13.

A vector comprising the nucleic acid of claim 28, 29 or 30.
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A host cell comprising the nucleic acid of claim 28, 29 or 30, or the vector of

claim 31.

A method of producing polypeptide comprising an immunoglobulin single
variable domain, the method comprising maintaining a host cell of claim 32
under conditions suitable for expression of said nucleic acid or vector, whereby a

polypeptide comprising an immunoglobulin single variable domain is produced.

The method of claim 33, further comprising isolating the polypeptide and
optionally producing a variant or a mutated variant, having an improved affinity
and/or ECs for [L-13 neutralization in a standard HEK STAT assay than the
isolated polypeptide.

A pharmaceutical composition comprising an immunoglobulin single variable
domain of any one of claims | to 15 or an antagonist of any one of claims 16, 17,

18, 20, 23 or 24, and a pharmaceutically acceptable carrier, excipient or diluent.

A fusion protein comprising the single variable domain of any one of claims 1 to

15.
An isolated or recombinant nucleic acid encoding the fusion protein of claim 36.

The immunoglobulin single variable domain of any one of claims 1 to 15, or the
antagonist of any one of claims 16, 17, 18, 20, 23 or 24, or the fusion protein of

claim 36, comprising an antibody constant domain.

The variable domain, antagonist or fusion protein of claim 38, comprising an
antibody Fc, optionally wherein the N-terminus of the Fc is linked (optionally

directly linked) to the C-terminus of the variable domain.

The immunoglobulin single variable domain of any one of claims 1 to 15, or the
antagonist of any one of claims 16, 17, 18, 20, 23 or 24, or the fusion protein of
claim 36, wherein the variable domain wherein further comprises a a half-life

extending moiety.
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41. The variable domain, antagonist or fusion protein of claim 40, wherein the half-
life extending moiety is a polyethylene glycol moiety, serum albumin or a
fragment thereof, transferrin receptor or a transferrin-binidng portion thereof, or
an antibody or antibody fragment comprising a binding site for a polypeptide

5 that enhances half-life in vivo.

42. The variable domain, antagonist or fusion protein of claim 41, wherein the half-
life extending moiety is an antibody or antibody fragment comprising a binding

site for serum albumin or neonatal Fc receptor.

43. The variable domain, antagonist or fusion protein of claim 40, wherein the half-

10 life extending moiety is a dAb, antibody or antibody fragment.



