1 Conpositions for Pulmonary Delivery The present invention relates to

nmet hods of direct pul nonary delivery of 5pol ypeptides e.g. of domain

anti bodi es, and to particul ar pol ypepti de conpositions suitable for direct
pul monary delivery. The invention also relates to use of such conpositions
in nedicine, e.g. for the treatnment and di agnosis of |lung di sease, for
exanple for treating Chronic Obstructive Pul nonary D sease (COPD) and

ast hma. 10 Background of the inventioni Therapeutic or diagnostic agents
are often are unable to penetrate tissues or organs to produces a desired

t herapeutic or diagnostic effect at a particular desired |ocation 15Hence a
need exists f drommmsitiousfor Bulmgngredteliveradmi ni st eri ng such therapeutic or

di agnostic agents directly to tissues or organs, for exanple directly to
pul nonary tissue, and to produce a |long therapeutic wi ndow for the agent. A
need al so exists f&ke PaFRtipEgrion dype sretpded deshmineiapgelvienct her apeuti c or
20di agnost i€ g@8RksdesdY. 61toftaf BHRaRE, ahd % pedbilabBpdpate BhdpB&iions

adm nistration tQ particular tissues organs, e.g. for conpositions
Conpr i si gt hepiiTe: dregipufiiongmdgrre: JheRrEiRnfire RenodiBard |y suitabl e
for direct admombasktioas naredictheepefdr thegreatfinahncdisgnosis sfilonpslisean fee useful for
{reatmont. . di 29008 Py QhRE ES0E LONuEl IRRASE e COEDLLERUMEN! - o agnosi s

or prevention of B resplr% ory ease, I's'tormul ated for
25direct local administration to pulnonary tissue. An exanple of such an

agent i s a;AONg o 3fthd BUYintdba - 1t has been found that domain antibodies
(dAbs) that bind a target 1 n pul nonary tissue can be useful in manufacture

of a conposition for treatnment or prevention of a 30respiratory disease,

wherei n the conpRedpbitRidr Hignditiclagddstird Gen bRGAILIAE Fbldirst fiddhds@Podghspul Nonary
tissue.. In one enbodi t hat. binds a

ment, up to ahout 10 g/ kg of Ab
target in pul iBRRAYFET  dsird t{%%e‘ﬁé’ oﬂgléﬁﬂ‘mfcrffg%&f W“’Bﬁb‘ged’ir‘i‘?éﬁctaf“’“t he tar get

in 2 pulnonary tissue nediates lung inflanmation or a pul nonary di sease

(see the djsclogure in W 2007049017 the, contents of ich.are incorporated
hor o n by For er Bifiees "Rafees 8P fRRod: &b B EE Fp Sy HUAUEEE o6 e "Foct o
(TNF-cc) pat hweagnesti agenis Sirgp8) togisants ororgpes, ifeneadmpdadirertlit thevipandpgenesi s of

| ung | di seases gUeh 3% FERP: 213ds ASLHHIB: window for the agent.

A need also exists for particular compositions comprising such therapeutic or
20  diagnostic agents, which are especially suitable for direct administration to particular
tissues or organs, e.g. for compositions comprising therapeutic or diagnostic agents
which are especially suitable for direct administration to the lung. Such compositions
can be useful for treatment, diagnosis or prevention of disease e.g. for treatment,
diagnosis or prevention of a respiratory disease, wherein the agent is formulated for
25  direct local administration to pulmonary tissue. An example of such an agent is a

domain antibody (dAb).

It has been found that demain antibodies (dAbs) that bind a target in pulmonary
tissue can be useful in manufacture of a composition for treatment or prevention of a
30  respiratory disease, wherein the composition is snitable for local administration to
pulmonary tissue.. In one embodiment, up to about 10 mg/kg of a dAb that binds a

target in pulmonary tissue can be used. In another embodiment, the target in



Certain domain Anti bodi es (dAbs) have been generated that inhibit TNFR1L and
10 these have been described (for exanple in WD 2007049017 and in WD
06038027) and they can be effective in treating lung inflanmation or
respiratory di seases, such as chronic obstructive pul nonary di sease ( COPD)
TNF-a has a broad spectrumof inflammatory effects relevant to COPD
resulting in 15activation of neutrophils, nonoc;ytes, nacrophages
epithelium nucus secretion and destrugtion of |ung parenchyna through the
rel ease of proteinases (Barnes PJ, et al., Chronic obstructive pul nonary
di sease: nol eculmnary tigsue medisbdpngrpiramdtionsr: a BiponRysisesse (ee 903 Cct ;

22(4): 672- 88) .4if3RNOIIvEH 200781940 88 LRUS o3 NANA ale MRbpdd¥ed Berkif bPr €SENT At

el evated concentrations in the induced sputum of C%EPD patients conpared to
nor mal snoker $e58FeAst hma patients (Keatings VM et at, Differences in
interl eukin-8 and tunor necrosis factor-al pha in induced sputumfrom
patients with chronic gbstructive pul nonary disease or asthma. AmJ Respir
Crit Care Med. Q@@grgfié)&niegqgtlg}h?gg@%ﬂjqcmglgF%ﬁoréﬁlﬁfﬁf BARwaY jhids ed expressi on
of TNF-cc may Hhkevbee ibivid i k@athadefekiswif tilg axaes kivatak QOPPRhdOdes in COPD
patients (Calikopglu M et at, Leptin and TNF-al pha levels in patients with
chronic obstrlfét&%?/e pul monary di sease and their relationship to nutritional
paranmeters. Respiration. 2004 Jan-Feb; 71(1):45-50). 30 The expression of
TNFRI appears t i N . ' rom COPD
patients (Hodge(.E')er%ﬁ‘l d@?&%?&?ﬁ ﬁegpdgg)g)gﬂé 9‘?%{3? %%- aﬁg Hg?mﬁlgﬁgﬁ%%?m{d

pr oi nf | anmi orthese ve heep Kesarbed (lotieremplein WO 398704pMdraad ingV 6 86803880 and

i ntraepithelighghef&lnlbe e@dcitdBPeAMPIBE Iflamhtidh-or ESfrat QL. sucdQQ7. 1500) .
22-29.). Furthernore, elevated |evels of peripheral soluble TNFR | are
strongly assoch@piEgbsietye splepmrutisspseffPPRdrtality in patients with acute

l ung injury and ventilator induced lung injury (Parsons, P. E et al.,

El evated plasna_l evel s of soluble TNF receptors are as jated with
morbi dity and nDYE& ¢ 9850?1‘? PEEUER L t"é}fcﬂi%éts f%r‘@“tit%é@gléfes‘i?ﬁgjnphysi ol
Lung Cell bl aBRpGoOI nedQpils, d&Beytdsddbordphdge} epithOfuucudeedramh snd act or al pha

pat hol ogi cal _ SFTEHThLne Froe e brafoh s RO Ren st B and
pat hophysi ol oditcmic abgtactivegubnondiyidisease:anghecolduad delivirs tieghalyyma &t vat ed

macr ophages a ahkso by many other cell types including B

| ynphocyt es, ?gfﬁgpngg(g}\éyt;tﬁgzéz@hggz?{s%robl asts. TNF-a is normally synthesi sed
as a 26 kDa precursor 15that is stored on cells as a nenbrane bound form
Prior L0 18 CahEARShh R and SR TREY 8 fesdh Oh ol e bBRAGEARES eSOl Ubl € 17
kDa TNF-a and activate y TNF-a converting enzyme (TACE) or other matrix
met al | o- pr ot eiirfysesispumNPE GOPI3 patichs AepRAade AMPIGOlirend aftome pasieelf sti nct cel |
surface receptREsingd N, 227.60iRRndePd ilIRkinchAlL indR dedfR Al 8Qnkiaa TNFR2

chai n which baoth exi st as noncoval ent| é bound honotrineric receptor
conpl exes. TheldPREEREUILR LopBHAEIHER BIPnis ARFIISINF RPIMOPRFY gPcasetT28im™ e, exanpl e
no cell type iAmn¥ ResphagyCiraMeyeobrsi stumd-4hat

25
In addition, increased expression of TNF-c may be temporally associated with
exacerbation episodes in COPD patients (Calikoglu M, e al., Leptin and TNF-alpha
Ievels in patients with chronic obstructive pulmonary disease and their relationship to
nutritional parameters. Respiration. 2004 Jan-Feb;71(1):45-50).

30

The expression of TNFR1 appears to be increased on peripheral T cells isolated from

COPD patients (Hodge. G. et al., Increased intracellular T helper | proinflammatory



does not express TNFRL whereas expression of TNFR2 is mainly by inmune
cells and endothelial cells. 25 TNFRL and TNFR2 are single transnenbrane
gl ycoproteins with 28% honol ogy nostly in their extracellul ar donmai n and
they contain four tandemy repeated cysteine rich notifs. They contain
several notifs with known functional significance. Both TNFRL and TNFR2
contain an extracel lular pre-ligand-bindi ng assenbly donmai n 30( PLAI D)
domain (distinct fromligand binding rgglons) t hat pre-conpl exes receptors
and pronotes trinerization particularly upon activation by 1NF-al pha

l'i gand. TNFRL cgigkinapradictorde atripheteliddod, B/Opyndrigraepithelal AsplsoX CRBPel y 80 anmi no

acids in | engtyiech EQYVERL %nﬁ)lczgg-}aqg%[ y &sbpf the receptor and is critical
in the death- |néu0| ng activity of TNFRIL. Bi ndl ng studi es at OC defined high

affinity binding of TNF-a to both TNFRs with I Q 5 val ues of approxi mately

300- 600pM f or FhiRRhorabvAied @Wﬂpérﬂah&&ﬁ@ﬁbkmﬁ\t\@ﬂ stdnglydssodated WM T ecept or
subt ype si %nal | i n% di.fferences, and e I u{ conse uences Cel | Signal.

2002 Jun; 14( 6)"B7¥0F3Y Mg ipdrticats v ygltt% AR a“td FRStAFRvERd M98FRT (and
not TNFRZ) i s ifjing (tirghs, 8f .ienit, ﬂleilz@edrrﬂme@l@éls ﬁﬂbluﬁkﬁfﬂtﬂﬂr&:eﬂibﬂ?-&& (KD = 19pM

and this is drive n ﬁ% ver slowoff Faf r TNFR1. The
conpl ex of TNE&" M e‘?ﬁl h‘l“ﬁé Yt?’ & dvné-,orrééh tlentsw“hacmequ“é AR AR \?al time of -48

m nut es and i $hynoi dupg Gadl MoltPhysivd. Eiofh’i é8&éﬂ2%@@llt han di ssociate), leading to
signalling conpl exes that persist intracellularly. Both TNFRL and TNFR2 are
al so capabl e of_binding |ynphotoxin which is honol ogous to TNF-a 15(30%

am no aci d'0i dentymoypecroptydactanpleld inm RliofreliecydTkine prstd EldSY pencentpigngel y unknown

in man. Menbr mdklgulasim%magm iel21idne. 189 d ndfok ¥ @hBSofQinnold¥iAlanand TNFR2.
Whi | st, soluble TNF-a does bind TNFR2, subsequent signal transduction is

si gni fi cant | y Pbonrhysrlesen! rativay NF o Bretycsdmrdly by petirriekoagopagstbr ane- bound

TNF-al pha.  Onggd Asdocytad, Bt alsd D¥-iReny othef beBayRElinbdiiR BNynphaBLi@l T opr ot ei nase
( MWPs) |ntothe solu% romMF ylhls s'?}l\f{Iﬁ g% wfpﬁaftndlngto TNF- a

ligand ( Penni® Efyteétandaﬁ“*bmb BoRNEH WﬁW&M%S@sﬂsaf?ﬂ(Héwreum t unor

necrosi s fiact @fat fs@ﬁ%ﬂbﬂbslls@%éﬁﬁrﬁ{elbbaﬂf&ﬁl ofiod th gsadad: fRinehl 1§ Ghe
internalization, recept or }S’ og(é at.ion. Bi ol . Chem 1992 25Cct 15;
§Pp“8¥“ e ALRE

267(29) 21172P§’f““°‘” R F FPHI T TEB&*‘BQ&‘H‘é’%te‘I‘w%E“‘E 8Bveal ed t hat
TNF- R1 i ni ti akesettiger@pime (TAGE) of othdr ela0Biteddllogedtéivdsés. es of TNF-a. The
binding of TNF-a to TNF-R1 triggers a series 30of intracellular events that
ultimately results in the activation of two major transcription factors,
nucl ear factor TNF3 1s(a|\HEniea)neawﬁliclcbiddlmo twidhiisacttcelhnsfacd piepons; fhact-60 s are

SRR TR T W
oncogenesi s, aondlepthyyboved homotrimeric receptor complexes. The TNFRs are expressed by a
wide variety of cells, For example no cell type in the body has yet been found that
does not express TNFR1 whereas expression of TNFR2 1s mainly by immune cells and
endothelial cells,
25
TNFR1 and TNFR2 are single transmembrane glycoproteins with 28% homology
mostly in their extracellular domain and they contain four tandemly repeated cysteine
rich motifs. They contain several motifs with known functional significance. Both
TNFRI and TNFR2 contain an extracellular pre-ligand-binding assembly domain
30  (PLAD) domain (distinct from ligand binding regions) that pre-complexes receplors
and promotes trimerization particularly upon activation by TNF-alpha ligand. TNFR1

contains a death domain (DD) motif of approximately 80 amino acids in length



5 inflammatory, and stress response& Transgenic mce deficient in TNFRL

di splay greater sensitivity to infection by Listeria nonocytogenes or
Mycobact eri um tubercul osis but are resistant to TNF-a or
interleukin-l-nediated in vivo lethality, plus were resistant to nodel s of
endot oxi ¢ shock induced by |ipopol ysaccharide and 0- 5gal act osam ne. TNFR |
has al so been shown to control early graph versus host disease. Studies
using transgenie nmce deficient in TNFR2 have shown that TNFR2 pl ays an
inmportant role in several beneficial innunolpqical processes. TNFR2 has
been shown t o P¥aigs the sagoaviiend afiihs rgesntonprdiesiiticaldiptbp deadsipdicingactiniy
proliferation.ofThertype 1 receptor 10 (CD120a) is the high-affinity
receptor for soluble tunor necrosis factor, Proc Nati Acad Sci US A 1998
Jan 20;95(2):570-5.), anti tunor effects (Zhao X, et al., Tunor necrosis
factor recept @indindiddiiea berCldefiied hiph pPhRP bihdiflg 6fINF-d fol WothORNFRE widkgndent and

i nvol ves angi ostasis. Cancer 007 1, - 4443-50) ,

i scheni a- i mduc@d® %89%@%@#&?ngﬁFBﬁ“%ﬁﬁﬁﬁégﬁﬂg%£@ﬁ?”83§§?£, Tunor necrosi s
factor-al pha rseeptarDIpaal N Kredep@uiiubede $ignallag:hiifararcésratld cedidlar
neovascul ari zagion. G rcul.ati.o 007 Feh 13, 115(6):752-62), dendritic
cel | -natural ﬁ???%?mﬁéleﬂé‘oésgﬁFéﬂgﬁﬁgg?héﬁs cells mgration. Finally,

Hi guchi Y et alL, (H guchi, Y. et aL, Tunor Necrosis Factor Receptors 1 and
2 Differentiall jjoReguh gl RioRcHirdRleranfa G ESHUAGRNR m Al SRgpdel ing in
Transgenic M ce Wt h Tgﬁg? Eﬁcr%@%? Factor_fndpcedlzo rdion%opathy.

Circul ati olf. 2zewronfggsclbEIINFRY #b < Hipkband higts divenepiphy by 2 Ve sSPNRER may pl ay
a_car di opr ot Gl ¥eriiok g TNFRCIRALAAGEHCAIFS: Rt FUERKIsNEr TRl Afd heart
failure. Speci%%c LOCH%JEJO?'TNFRlﬂcQuI g§tént¥aﬁrffgplomflﬁF-u to exert
sone of its bewren puevigl immefid minwetdnd ignaye bkebi tghainfermlisedithugh TNFR2 whi | st
abrogati ng t he;jd&ddid) BRIl 84Ha8RE Sorfflextd ARFLisisNiBirdc ALY NBANTRER] 25
Preclinical and clinical studies have identified and validated TNF-ct as a
key di sease noP&ENFR2 aneise srertdpd bindpsturrjetoxin gihich irhorsione dp Bl e
interventipn idoRiNo hélddeRity) B faicB6hal ffd R PBhALYN BilSEAF @noda inni cal

i ndi cations include rheumatoid arthritis, Crohn's disease, anlcyl osing
spondylitis affpsoriasis. Recent clinical findings indicate 30 that many
chronic inflamuatory di sorders share certai n pat hogeni c pat hways, whereas

others are limted t rticul ar di sease phe S. i nt i - TNFa agent s
os probes it Ve s daRuE bR S AT B RER I NS i T RO R

pro-i nfl anmat @blyible YNEKi RSbisAUITRFRLS sibkequént 8igail Banbdrctibndis sigmfitamyat ory cel |
recruitne to joints, trix net t ei nases, ovi a
Vascul ar e ( ebrbropes SR e G b FRE B PR e e pR O 2
Eherapﬁut:c 5ag%e&dfﬂﬁguﬁnﬂﬂﬁiﬂaghaﬂedmhmmhmmmmﬁ@M¥Pﬂms@ageSNMThrrlCp!n

i ot echnol . ;. ; - . - ¢t Lay. a pivotal role in

| ung diseasesqgﬂEﬁﬁégw %%Hﬁg? Wﬁgfﬁggaé%%ﬁ?¥ﬁggat gtg%flannatory
response, r esulitchergicalipropetiesettiedh-kih newir ibvedsisdheia edckigor. Gomatyizaen

macr ophages, ] C i LWGCHI faod UNQ

par enchyma th?%ﬁ%ﬁgyﬁ@ﬂggvéggg&bﬁ’%@5%%%%g@g§§8?%ﬁﬁﬂé%%%cﬁgngﬁ%%acterised
by sl ow y Pr ogicebsia/e%eliét-8pnent of airway limtation that is not fully
reversible. COPD classically involves two spectra of clinical or

pat hol ogi cal presentations, chronic bronchitis, and enphysema. Wile

chronic bronchitis is defined clinically based on nmucus production | eading
to cough w th 19ekipeetmrimtntdnppresvpiryeenevaaisd thaeT &R holitegps delmapriocess  of

al veol ar dest rolflgitojogfgal aa%titi s ' TNF-o. The binding of TNF-o to TNF-R1 triggers a series
30  of intraceltular events that ultimately results in the activation of two major
transcription factors, nuclear factor kB (NF-kB) and c-Jun. These transcription factors
are responsible for the inducible expression of genes important for diverse biological

processes, inchuding cell growth and death, development, oncogenesis, and immune,



increase in nmucus cell hyperplasia and hypertrophy is apparent in the

ai rways of patients diagnosed with COPD, in addition to a significant
inflammatory infiltrate. Wile the dominant site of clinically rel evant
mucus secretion remains the |arger airways, the majority of airflow
obstruction is thought to reside in the non- 20 cartil agenous, nenbranous
bronchi ol es, and term nal airways. Prolonged inflammtion in the snal

ai rways |l eads to sub-epithelial fibrosis, increased thickness of the
bronchiole wall, and congestion of the lumen with nmucus. TNF-a is present
at el evated cdvfleavraony. pahsresshesponses; Hiargentc wise ficficientin ENPRI 91t i ent s

conpar ed t 0 NQidiRt schIDKS 1S inBREbndS LR PRhoSsnet K@ doRBRnv et al .
Differences in interleukin-8 and tunor necrosis factor-al pha in |nduced

sput um f r om pataeEHiPEs Hiter reskiptie dNGwserintesulia- geadisird 4 vm‘%@&w r ast hma.
Am J Respir Crjele rfesidifit Maﬂbdella%d&e;be Qtﬁa(]z&ch)popdlfhaﬁsdﬂi&laﬁkﬂﬁ- i ncreased
expr ession of TNF-a may qgo&gll aSSOCIa ed mntH exa ?atlon epi sodes
in COPD patleﬁ?émT%ﬂVFk 1 &¥° Prerys Qﬁﬁﬁﬁmﬁé PP SraBh aaEs 3? PES. while
the expression of TNFRI and TNER2 in lung tissues does not appear to have
been investig er.i own to be

i ncreased in %%@%SulgynBﬂgﬁgmm %g%g%ggﬁﬁgﬁao?%ﬁﬁ#%THQW%gggg Fo e increased
on peri pheral lmpqr@hﬂrslellrsv(gmﬁléetleﬁminm@@ﬂﬂpmt Preqepsss. @H@B@éaf’ been dpeib | 7

| ncreased 'ntr@ﬁ@}AMeaﬁanTlga@hr%ﬁT%enpfegaoﬂieLmlfmmﬁ Coggaqr&eﬁ@uct' on in

peri pheral blood,” BAL and intraepithelial T cel ects. din.
Exp. | mmun® . (©Bi2Pa) iy the bigh-2 iy peeepyor fgrgplpble pmor eecrOéwSéam @@oc|we| s of

peripheral solAshd gci TNER 1998 fan30; psmgm S ERGhAdr@tiedd (Zhad0lebb/d Thitorand
nmortality in patlenfts vvlth Cm‘%%&g‘g ury. and 5 ventj | ator |nduced | ung
i njury (Parsof§Sroys faqeor regepigy 2me %rcf“ib‘f’%s RS PEY PSS FPLRMBI%e  TNF

receptors are 1m&e£ar@maﬁblmaﬂ¢eﬂmmom Myy &0T9eInE-ad) fssheinfv-ipdiceent s Wit h

| ) |
201 |00 1 ol OB O A O3 M S 20000 220

product i onl5f r grregered phishehia igiuerd meeipicalrization. Orewldwe 07 FebCOPD patients with
vei ght | oss ang. 1?5'%5)%@%@1 ﬂend;f{lﬁ SunRtal 68LC81 IR tlaRediiGs &k 0 ogy of

cachexi a often associ at sever e COPD. Hence, anti - TNFRL donai n
anti bodi es ha\Féng‘@@nFIQ‘éheHﬁt‘%Ytebafi ffiERshy Yt Hel TR NegpsdiacioBee for exanpl e

the discl osur Q{ebéi}tomﬁe@l%@ﬂﬁ&%aﬁgﬂﬂeg\m&@%&%'é)ard:a%@ysfuxhénoﬁ sn@speci al |y

desirable to achieve local inhibition of the e.g. the TNFRL target for
treat ment or PrEBEOSHRE B HEEHIHIMEHYY) TBW@@%\@@S‘BW%‘F BE*dul nonary del i very
of such ardoi - T¥RRImydpaTR. mramtiobadozemwraelz t@npﬁoaemadlgemn@tﬁd for

conposi tions rise I bit the JNERL, target e.g.
ot TNERL dortERZSARY bEaraEs ke Mt B RBoBR RN or o v ect
adm ni st rat i omhedrofaibutt. rﬁpftﬁtcwldcksleuétNFI&@hld@wmyhilmﬁNEano bertusef ul for
treatnent or preyv a _respirator or asthma or
pul nonary sar30|%%éméaw?ﬁglmﬁ?asenmwnSV1Sl ﬁﬁggFﬁ5$%I§E#.ab|e domai n"
refers to an ahbmbmgﬂm3ammmmdbﬂéﬂﬂﬁhanﬂhﬁmmmugﬁﬂﬂTm VL) that specifically
bi nds an 2gtigen or epitope independently of other different V regions or
dormai ns. An i mmunogl obul in single variable donain can be present in a
format (e.g., Preshwcal end dipice sodipulave entifiedandvabdated TNFae heddies disergé ons  or

variabl e domln{bﬁccwe%cﬂh&gﬁum&g& f&%&n%oﬁh&arpeagmm&n@ﬁﬁ,my uh@@el red for
anti gen bi ndi ng the single irmmunogl obul i'n variable domain (i.e., 30

where the i mnli’ﬁ’é’@%/6Hﬁ’lawa@fyﬁbﬂleégeilQ‘P'éﬂl"éhcﬁﬁ?\“él“ﬁl“ﬁf Rgumaleit pruiys, ndependent | y
of additional gétnfs@rsent, amq,nldsa@k@ndpmahmma&s R:lsaémum@nﬁndmgdmdm% "dAb" is

Lgre eis ﬂ'mal %%Onghat Ilng;g(u crﬁ%%.lc 1 almlmr}tto% (!ﬁgorgers s%grc %prlta% paglogemc pa&nswa.}zshvevhérg [mis used

others are limited to particular disease phenotypes. Using anti-TINFa agents as probes,
it has been demonstrated that TNF-¢ regulates other pro-inflammatory cytokines such

as IL-1o and 1L-1p, inflammatory cell recruitment to joints, matrix metalloproteinases,



8 enbodi nent, an i munogl obulin single variable domain is a human anti body
vari abl e domai n, but also includes single antibody vari able donmains from

ot her species such as rodent (for exanple, as disclosed in WO 00/29004, the
contents of which are incorporated herein by reference in their entirety),
nurse shark and Canelid VH -1 dAbs. 5 Canelid Viin are inmmunogl obulin
single variable domain pol ypeptides that are derived from species including
carmel, |lane, alpaca, dronedary, and gyanaco, which produce heavy chain

ant i bod| es naturally devoid of light chains. A "domain"” is a folded protein
struct ure whi chd basvitlenscilanty (Baylon B€1# &f- Tompwepepdciaetordiphe pd r est of t he
protein. Cenergll] mqgga'f&mnﬁ xﬁc%%?é&@éﬂamnﬁtofnp&séﬂéé uBtchid Bietigenal
properties of proteins, and in many cases may be added, renoved or
transferred t 308t Rex!SEDSFEfNs wit hout | oss of function of the remminder of
the protein and/or of the domain. A "single antibody variable domain" is a
f ol ded poléﬁgptlde domai n conpri sing sequences characteristic of antibody
vari able d ins. It therefore 15includes conplete antibody variabl e

domai ns and rmml:f&ﬁﬁyylayiagib&tard@n‘ﬁlhrfgsmseﬁsafsueh(armbmaddmstmiﬂi;ﬁﬁa one or nore

| oops have been éte%I ace&@@/ se&uences i ch e %ﬁ”ﬁ acl§ erl stic of

ant i body var i ZBPEISRRMHAImAtGrY BSRORISATEIVAR T & i 1088 ' a WE'th have been
truncated or (Iﬁcﬂipfyltﬁ.ﬁrni\kophatge@-mﬁ@fenlr@il nmmtsesenmtmnsqd @&strugedn ofdmgf ol ded
fragments of vari n at |least the binding activity
and specifici tparen%gfnﬁth 4 %ﬂ% qﬂmt%a omai n. Summary of the Invention
25W have Hbow devel oped corrp05| tions which conprise or consist of (a) a

pol ypepti de, sue&af@% AL Novl PorereBiy BB ARA br el BRMKIon O

i mmunogl obul i n po ept | for exanpfl e domai n anti body (dAb), or e.g. a
nanobody, and 1&11%61"(Ylﬁﬂ)"e%ilbiﬂflﬁ@ﬁ%é‘éﬁt'@?@alﬂ‘(%}"eéé"é‘?@f’%loécB‘&FF‘ ®r, and wherein
the COW]PO,[SIh ti %th@@%‘@aﬂbﬁ:@&takibﬂtldhﬂmﬂ:rt@&lcﬁh? aamd%,ﬂab@ma ‘&’Qﬁédﬂforl]ﬂml’ e e.g. 50% or
nore, O e liqu ro esent in e 359 on haye a size in
the range whi cemeRt ‘?‘éggfpﬁgﬁ“‘g(% dté’“rﬁ“‘lﬂ’%‘ﬁ% a%l’"& %’B%}W\ﬁl mcron to
about 6 m €3 onGp®togatioh, Qﬁﬁhﬁqbﬂns &la @utholbgitnl pxroomsofahgolaabetumncﬂn Bahabout 5

m crons These .conpositions,are e. g. especiall. I m nistration
to a subject b’%cre er‘élcrzrfucﬁ'sd:g% il arsr%ralrér 57%?1%[3 gé%/%??é{%@@ég%on%ogftl ons can,

for exanple, bmetien® dagnised witeCOHD 4 pdditidnyo 2 genifieant inftegnmatory infifgate nhal at i on,
for exanpl e bYyhl fadhEPIEbERiARMER Ep: SERE Soorel BfrahBUERE L83 P OVI des
conmposi tions conprising or consisting a) a 5pol ypeptide, such as an

i munog! obul | rﬁlfp’éysyweplﬁlodémféﬂfb)w‘&m%ﬁﬁilﬁﬂ@ﬁghff?deiyde(lﬁl%)‘mbr e.g. a nanobody
conposi ti ofy aRdiRkeAs, Gﬁhbﬁn&ﬂ@foqaﬁ&bkt hfdadinmabaeapd aRlidghuf fer, and wherein

t he conposition corrprlses l'iquid droplets and apout  40% or . € 9. 50%
or nore, of tHelMERiPYindhGER gf‘%‘”ﬂ’ﬁé"é‘ S‘l‘bnﬁpftheé‘a%bss’i“f’ieﬁﬁ tﬁﬁgﬂfssa size in

t he range whi cfftHeDrdn€isisle WaRAnAOAHstich dTiterions, wieh igucuf.r om about | micron to
about 6 mcrons e.g. 10l ess than about 5 mcrons or e.g. about Ito about 5
mcrons e.g. for admnistration to a subject by direct |ocal pul nonary
del i very. TheseTEpapOstkdechicinslewan coapraiies iathp ysded kpyincafl IQPTaccept abl e

buf fer, Whﬁsc h pgtellesnts c:oﬁmp::n’ed’;1 trc]J ormat smo‘?(ter\é\%? asgltr)n%%%tlents (ﬁea%ngsLUM, etal,

Differences in interleukin-8 and tumor necrosis factor-alpha in induced sputum from
patients with chronic obstructive pulmonary disease or asthtna. Am J Respir Crit Care
Med. 1996 Feb;153(2):530-4). In addition, increased expression of TNF-a may be
temporally associated with exacerbation episodes in COPD patients (Calikoglu ef al,
30 2004 as referenced earlier). While the expression of TNFR1 and TNFR2 in lung
tissues does not appear to have been investigated, peripheral soluble TNFR2 levels
have been shown to be increased in COPD patients, and expression of TNFR1 appears

to be increased on peripherat T cells isolated from COPD patients (Hodge. G. er al,,



8, e.g. about 7 to about 7.5, and a viscosity which is about equal to the
viscosity of a solution of about 2% to about 10% PEG 1000 in 50t ni VI
phosphat e buffer containing 151.2% (W v) sucrose. At |east 40% e.g. 50% or
nore, e.g. 80%or nore of the liquid droplets present in the conposition
have a size in the range which is | ess than about 6 mcrons e.g. from about
1 mcron to about 6 mcrons e.g. 80%or nore. The size range can be as 20
mentioned | ess than about 6 mcrons e.g. fromabout 1 mcron to about 6
mcrons, e.g. fromabout 2 to about 5 mcrons, and for delivery to the deep
lung it can prestapedpntipodiislar §helpst A ppsindlapmatonagyéniiine prodectigh BRerime cr ons.
Exanpl es of cuyfjgmA1YanihaMehiRaal TegR Ut COBh kabiGCER BRY. embittol.@usy. 1 ncl ude
25phosphate, citrate, acetate and histidine uffer%@ggﬁ?ﬁguffer can al so

conprise addi tPYRNaP2-aYk Rrdenaqe, eleyatedderalseEParighirsse arg 5eegli ty such
as PEG e.g. REwid@D0ith AUGRIIS akl ribrtabityt G Sifients Wllinmasdynglijiryahd e. g. | utrol 44

and/ or (b) _stabilisin ent.s such as tergents.. 30The invention further
relates to Scor’(ﬁ’B’éﬁt‘fri"Sﬁ?%g‘é"gdlélg%lrﬁi%ﬁsé’as’gbd\fgalil\%ﬂg%eaaq%%sg a?eﬁ?lts ﬁgsro }ulg%npri se a
phar maceut i callNF raepeptackeciead witemprbiiity esthorGititydx patigite with acufeJung The
pol ypepti des can comm i j _ ] §1fﬁ‘fb§9p 4 c, prophylactic or
di agnostic po|“§‘b¥pt| dgng%\}\Eﬁnéhq’%P?hoﬁgh%gé??%b?éé to de ijver to a subject,
e.g. of up to about 150 amino acids. 5 The pol ypeptides can be for exanple

ant | body (€. 0. & /PRRGlAiths BN indlked TIHOYERGIh BmpRhyRAP! | des, or
g. pol'ypeptide d h

they can be e. epti1 de domal ns such as nononmers, e.g. of up to about

150 ami no Hci dwenockGFies insaiageddmE PRI gatieatn with weighidess apd werarang: THF for exanpl e

domei n a_nti boqi,Gifates PRPS i3 th_@e%logq%mcﬁbxﬁrgﬁep%%iaééam% sEREQIBFTS - The
pol ypepti des canh al so conprise or consist of non-1gG |ike scaffolds, such
as an affibody. 15 The term "pol ypepti de" or domain antibody ("dAb")

3; _ Uﬁed he][ ei ndﬂ{e%cé}|a§tQTNﬁ1§ﬂd6n§hi:{j&finieTs ﬁa\fe@éen?g%@da%édap mtbﬁﬂmmdals orI dAbs
ich are fused to or conjugated to or r nol ecul es,
o i o 1t e e for St dreior e YRRV e OGN oane,
wherein thgs dAbs are associ ated with human serum al bumn to 20 extend the

hal f life ( see for exanple WZ2005118642 and WD 2006059106 t he teachi ngs of
whi ch are i ncoriporatecdhdesieibk thychiced leead mbibjtion of the e Tihe PoFRigaigetifefes, e. g.

domai n anti boq)é?tm@h%gwgg&tioéﬁplﬁﬁgad?ﬁ@ea@m&%ulnﬁﬁﬁylaiﬂ?gryto@s@h desi red

target, e.g. a target present i nonary tissue, ahd for exanple 25 the
target can be wfdNKRT demadt aryisodiesapd kenpap ugeqd gt RorraPesiems shichung di sease or
lung di sorder ,cofipgke abdd@ AHENAEE inkiBR tRENFRE taf e & CEBPIMIR 1€00ghain INFR | . The
pol ypeptides can al so bind to npr e.thap %neg@atﬁ%%ﬂet ) e.g.l t%e{\{i can be dual
tar get i ng Habsndipdiss- duhppearsgabE T HREGEr H Pabyt pulsg dAbs can bind
any target noliRG#ds QuaifcompbsiforsSian bd i full A Secidaent at [gevebtdon of a respiratory

disease, e.p. COPD or asthma or pulmonary sarcoidosis.

The phrase “immunoglobulin single variable domain” refers to an antibody

25  variable domain (Vi, Van, VL) that specifically binds an antigen or epitope
independently of other different V regions or domains. An immunoglobulin single
variable domain can be present in a format (e.g., homo- or hetero-multimer) with
other variable regions or variable domains where the other regions or domains are not
required for antigen binding by the single immunoglobulin variable domain (i.e.,

30 where the immunoglobulin single variable domain binds antigen independently of
additional different variable domains). A ‘‘domain antibody” or “dAb” is the same as

an “immunoglobulin single variable domain” as the term is used herein. In one



formatted dAbs e.g. they can be dAb-FC fusions or they can be attached to
anot her group e.g. a PEG group. The dAbs can al so be ones which are |inked
to another nolecule e.g. as a fusion e.g. to another nol ecul e whi ch binds
to a target. 11 The invention also relates to use of the

conposi tions as descri bed above e.g. a domain antibody (dAb) conposition,
e.g. that binds a target in pulnonary tissue, for admnistration to a

subj ect by direct |ocal pul nonary deligery S Al so provided is a
conposi tion as described herein, e.g dAb conposition as descri bed
herein, for u@bpﬁmﬁrﬁd%wm%ottghn wwle Wéblf fappithis A humgy aatlady Verblsr

di agnosi s of Q‘]ofn@iﬁ,ﬂiuf ﬁE&ﬁMudé@ﬂleé érﬁlﬂocgrvaxlxd&&gioﬂlhﬁﬁﬁ&ﬁ ofdbr PesQlERLs €. 9. COPD
or asthma or pul nonary sarcoj dosi s nvention also relates to use of

a conposi t i onroenidfor sxamris. psaligsiossdiin ¥ YL e ot Sish 2o t he

manuf act ure Ofmdﬁﬁ:dta(‘eﬂmiﬁﬂh bly @erferbrrceaitﬁamnme@n &Mﬁélil'laﬂd‘hna Cagtbianasiass. of a

respi ratory cqp d;)gn or. | unﬁ%J i eas Lsor “f tenbodl ment, up to
about 2 it L PP RRIQOULn pifgle wqriaplg %mar"r"r% FHUEE P8RS can be used.
The 15 tar get ciemwepmrlomp@;iey irtclussgeamrarhlaina atpag:, Womedaryreni gibeso, whing

) Gt on S b ARAGH b b BRTSEr (iR i Uil s 3 eLROd T or
treating, preventing I agnosi n I Sease condition e.g. a
respiratory condition or Iung dlsease or disorder, which conprises

20admi ni stering topaysui et fofid AORHAu&ur whidh Bi%%rﬁ&?b'twc&?é ly effective
anount of a conposition described herein, such_as a dAb_conp 05|t| on. The

dosage adnitni dtdspeadent abthy rey gbthe proteing (isnerallyndommains aKde‘{PB‘lS&’bf‘o@f i#Fre5 ng per
Kg, e.g. abOUtﬁJthl&ﬁgﬁrlﬁ@ﬂtegoﬁh&bﬁhs Qnd ifBaK@cbadyay b bgial, rethovad sUbj ect as a

dai |y dosage. I n _certal m ni stered

rrett 'yt oCT MR 9 RS oy st pEuTelo e remndepo Bty o

nebul i ser, i ntandoadgede dommn nAdkiagle anmibai\wadsble doméin® isianviést pobmerftide t her rel at es
to a dellvery : £ | i sal

del i very devi cel(if\'é{!n%ﬁmlJ &éé\ggé C%alf@céé\/}ﬁgw)ﬂaﬁgg lvmgl_e %mgﬁs I{“éérre dose, of

t he conposkt i ow@dd%@mplerﬁ@dtlfwérWﬁbleéorgamsamdmd!ﬁaﬂifﬁﬁ@gﬁﬂﬁ flappinst for a subj ect for

the treatnment ei‘-‘;QﬂJ’ie mmamn%%n&@ ldib@l&'{lé)&eﬁ réﬁface"& b‘}'sécﬁ@z%%s PhicieQoddt i on, e.g.
a respl ratory di sease or condition, wherein_the inhaler or |ntranasal

del i very devi characmstic of gathofwvagale dospainsy %PP‘&?dﬁéYi’dla‘Plﬁﬁ‘or%%%’é?ﬁﬁ‘ M¥ovi des a
metered daily bé&&ﬂmcaftéarme@eﬁw@éﬁ GANMephif] BgerdPnd, @s &I A¥Goiadd fEhpRent D f er ent

types of nebulis evi ces, can, be, us accordin ention

jet nebuliser #& [égngﬁB ch e feast &r@“ﬁamUWgP%ﬁ?ﬁﬁﬁW¥§ﬁmﬁ§%ul|sers such
as eFl ow ard Aegdneipinand al so e.g. ultrasoni c devices such as DeVil bi ss
and Kun-88 5Al so provided by the invention is a process for producing the
conpositions of the invention which conprises the steps of mxing (a) a

pol ypeptide e.g. a domain antibody (dAb) with (b) a pharmaceutically

accept abl e bufd,ghnarfofine iviitidne’ Whi ch has

25 We have now developed compositions which comprise or consist of (a) a
polypeptide, such as an antibody {(e.g. a monoclonal antibody} or immunoglobulin
polypeptide, for example a domain antibody (dAb), or e.g. a nanobody, and also (b) a
pharmaceutically acceptable buffer, and wherein the composition comprises liquid
droplets and about 40% or more e.g. 50% or more, of the liquid droplets present in the

30 composition have a size in the range which is less than about 6 microns e.g. from
about ! micron to about 6 microns e.g. less than about 5 microns e.g. about 1 to about
5 microns These compositions are e.g. especially suitable for administration to a

subject by direct local pulmonary delivery. These compositions can, for example, be



a pH range of between about 4 to about 8, e.g. about 7 to about 7.5, and a
viscosity which is about equal to the viscosity of a solution of about 2%
to about 10% PEG 101000 in 50mM phosphate buffer containing 1.2% (W V)
sucrose. Additional agents can also be added, e.g. a pharmaceutically
acceptabl e diluent carrier or excipient, and for agents to increase
viscosity, and for stabilising agents. The invention also relates to use of
conpositions described herein e.g. dorrgi n 15anti body (dAb) conpositions
descri bed herein for diagnostic purposés (e.g. for imging), wherein the
heavy or |i ghtduoiiieredgdiedtly erihé uogneanbyi infralatioy forisxamme by ez sFaditffe e. g. the
domai n anti body....can advantageously conprise a detectable [|abel. Suitable
detectabl e | abel's and net hods for 1|abell | ng an agent are well known in the
art. Suitable detectable |abels include, for exanple, a radioisotope (e.qg.,
as | ndi um 111 y.20T@e M&tioh P80 Bfpbs@hd@mbadilg orResistii@or@d t ti ng | abel s
(e.g., Fluorine- 19%_, par amagneti c 1 ons (1e.}9(,d, Gadl, i ni.um.gldglgl b Manganese
(11)), an épi Pelessidsach ps angpmuneglobpln pRURGPY 55 @ domaln antigpiy (AP S5 g ny | a
spin | abel, ar.genZynbkydy dorfigosiaite asEdto (Bragibprateuticali eweptatng mécemt gr oup.

Wh | abel t | d, | ex. f t o ihed b
inen Label s 1 il 0 Q15 SOl B4 SR LAMEERS AR g mpRe by,

al so rel at es toomuseofdlic Igoidpiomictsiporsent detbeednpedtidndiaed asizedn the raderai n ant i body
(dAb) composi LnaRS, @3 ol S6d PRE:SEI, Romlabodt EidBNYLEKE Blifndih o8 DUl T ser,

: . v :
i nhal er or intranasal delivery device, Tor the pur pose of praoviding a

| ong- act i ni§ i rdsatherabonts higroptidig Bivuf o 2bEAMIRIP pPrrdmpnitiglon 9dg. 30 13

The invention s%j&:@ta{&lre@ttlgél SuiméhafiRieRgly. friése a6t oRitishs@bd Agnpkikea conposi ti ons
e.g. dommin anti body ositions described herein a &%ﬁéhat bind a

dAb) conp
target in pul %W%‘%ﬁ%%‘ﬁ%{tabﬂed’“gﬂsﬂblf%ﬁs APy HE3 éweﬁnf‘klﬂ’ﬁbp Mpeut i c
W ndow i n pul e ayout 7 SSdbut 700 a \Sdcbiry 8dith i abdue Bduabio tt@oddebsity bla pul nonary

ti ssue of said subject 5effecti nt..0 ai j Ll e.g. said
domai n anti bodﬂ}l“'C?#A’g)abOélb 6%*??“3&%’@5@@&%0 ed’ Ogggéﬁg&e?ﬁgﬂlﬁ\%nti on al so
rel ates tolsa droeess) shoosepr oduci ng a pol ypepti de conposition such as a dAb
conposition, e.g. for treating, preventing or diagnosing a |lung condition
or 10 di sease which conprises mxing (a) a polypeptide with (b) a

physi ol ogi cal | y acétlpast#l%s elgufPeer miie. ¢is. Hsoranstpitbmlieidotronysd RiesH about 4
and about 8 andy@ yhEash hive WRFCH tleSarfd Mich @48 that Sboklemiciene0si ty of a

sol ution of about 2% to about 10% PEG 1000 in SO{EXIthosphate buf fer

cont ai ni ng 1. Zoakew)! meigep bout bonierans g8 E0rP PHROTE LY HGF TP AP BE®t 0 a process

for produciong rnBedeY REPHITBoRETESHS 4.0 NromUbut @ ficortkAlbaoapissdsj on Whi ch

conprises the steps aof (a 1 Xi ng a, pol.ypeptide wth hysi ol ogLcal |y
accept abl e bufff"@’r%?’o‘é%éﬁgygt glmﬁﬂ?‘géPd%ﬁfl%ﬁerﬁéosg%deﬁﬁﬁuﬁ ﬁﬁﬁgn%r tleﬁlélff \%eeen about 4
and about 8 arfek eranipls Gomiabont Muiabbutidgnigbmut equal to the viscosity of a

sol ution of about 2% to about 10% PEG 1000 in 50m M phosphate buffer
containing 1.2% 20 (wv) sucrose, and then (b) passi n% t he pol ypeptide and
buf f er conposi ti onEfapies of @pefthy)knpin phaghecautivalbnpcsepable bufiiningipdeor | nt r anasal

del i very [ jQyment.d tldhne 16%,¢ L.8S1sh Qo s0f a
physi ol ogid%\e/ll fpﬁi}"s g%%ﬁ%t%%l %E%ﬁg?ﬁ gti/(\ih fgﬁ(fﬁg?a&gﬁar an1 e dfﬁ% Ft;\glﬁer] about 4

of be
and about 8 arfddisonpl 2ees F-y(2\ABPRETIOIRCTeaFITR VieGriEISughGs BEC e FiHdEG,i ty of a
sol ution of ahgpirs £0shG0sahosd, QedPEER 1184004 bitt/d ByMaphaspipaie siebbd er
cont ai ning 1. 2%$W/ v) sucrose, for the manufacture of a pol ypeptide
conposi tion sUEf'&&%a dAb conposition, e.g. for pul nonary delivery.

30 The invention further relates to compositions as described above which also

further comprise a pharmaceutically acceptable carrier, diluent or excipient.



The invention also relates to nethods for delivering desired nolecules into
the 30system c circulation, which conprises first adm nistering the
conpositions described herein to the lung by inhalation e.g. using a
nebul i ser, intranasal or inhalation device. 14 The invention also relates
to dAbs described herein and to conpositions as described herein conprising
t hese dAbs, to uses of the dAbs as descri bed above, and to nethods for
maki ng these dAb conpositions, and al sg,to devices e.g. nebuliser or

i nhal er devices as _descri bed above, which conprise these dAb conpositions.
Bri ef Description Bfe polyaerBaenshngpsiprif o gpnsishof eghiBgiapeptie PRRMSIGRT d sequences
of the Dom h- Jd%%ndsﬁ%l)q;@%fﬁled?wﬁm jtRofiieslcag@iingtio INERA:, o Fiodidf 8 aBout Shows t he
TNF- al pha dose _curve in the human TNFR1 receptor binding assay. Each sanple
was tested as PO 2GS cates.  Figure 3: shows Inhibition by DOM I

H 131-202, DOMLH 131-206 and DOM | H 131- 15 511 in the human TNFRI

receptor bi.nding assay. Each sanple was tested as four replicates. Figure
4: shows Protease stability data for DOM 1H 131-202, DOMLH 131-511 and
DOMLH- 131 - 2068h2folfiegtidescdn:be §hexesnpkf dndloddy ¢f.2. b ufoh@ronalndtithdyi e on nebul i sed

dropl et size (211) j 2 ility of

DOM H 131-5I11 ﬁ@oﬁ?@ }gﬁﬁggg% irélilﬁygﬁn ?eﬁé'%gél?%gtslde?g& e%@%‘ggg assessed by

di mer fornat i oweemes gizeef upyo BPE I>Fpgup acids: shows SEC traces of 206 AT
40mg/ mL for up to 1 hour using the Pan i LC device 30Figure 8: shows RBA
results showng DOM | H 131-511 (511) retains activity after nebulisation
15 Figure 19 showsTIR@BlYPsrEdss cercompRy Bronsishafier pyapapipdsmasgaiibodiseng H- 131- 206
(206) and DOMchkiab31 ¢ 2 ldbrlamhitibod(dabembasmeks: f | ow and LC+. The protein
concentration was 5ng/mL in either Britton-Robinson or fornulation buffer
The standard (drug X) was tested in its own fornulation buffer for delivery
as a 5control. Fi glitegoliPeptiddzs@usalSkeCmpri@oe sonbisrof DEOMEQ-1ES sodffdldpseh and post
nebul i sation ysing-a vi brating mesh nebuliser (E-flow, Pari). 10 Figure 11:
shows SEC traces tor 0-53 -474 pre- and post nebulisation using a jet
nebul i ser BLC+, Pad).

The term “polypeptide” or domain antibody (“dAb”) as used heremn s also
used to refer to for example polypeptides or dAbs which are fused to or conjugated to
or associated with other molecules, e.g. which it is desirable to deliver to a subject
e.g. to Albudabs, wherein the dAbs are associated with human serum albumin to

20  extend the half life ( see for example W(Q2005118642 and WO 2006059106 the

teachings of which are incorporated herein by reference)

The polypeptides, e.g. domain antibody molecules, such as dAb monomers,
can bind to a desired target, ¢.g. a target present in pulmonary tissue, and for example
25  the target can be one which plays a role in a lung condition or lung disease or lung
disorder, e.g. the target can be the TNF receptor ¢.g. TNFR 1. The polypeptides can
also bind to more than one target, e.g. they can be dual targeting dAbs such as those

described in WO2004058821.

30 The dAbs can bind any target molecule of interest. The dAbs can also be
formatted dAbs e.g. they can be dAb-FC fusions or they can be attached to another
group e.g. 2 PEG group. The dAbs can also be ones which are linked to another

molecule e.g. as a fusion e.g. to another molecule which binds to a target.



Figure 12 a-e: shows the Am no acid sequences of (a) Exendin 4 ((4S)3
DOWh-14 15fusion (DAT0115), (b) DOMLO-53-474 (anti 1L-13 dAb) (c)

DOMLO- 275-78 (anti I1L- 13 dAb) (d) DOwA-130-202 (anti-IL-1R1) and (e)
DOW- 130-201 (anti-I1L-1R1). Figure 13 a-d: shows the Ami no acid sequences
of certain anti TNFR1L dAbs (a) Dom | h-131-201 (b) Dom 1h-131-203 (c) Dom
1h-131-204 (d) Dom | h-131-205. Figure 14 a-i: shows the Am no acid
sequences of certain anti VEG- dAbs (a)“Dom 15-26-593(b) Dom 15-26-501 (c)
Dom 15- 26- 555 (d) Dom 15-26-558 (e) Dom 15-26- 589 (0 Dom 15-26-591 dAbs
(g9) Dom 15-26-594 (h) Dom 15-26-595 (i) DwB1529 (VEG- dAb 15-26-593-Fc
Fusion). 16 Det ai rgfinlBa&t dift-ha8s tstlsetomelc&ﬁﬁﬁmb@rhs@@Emutab@es ¢S The
phrase "i m’runocﬁl obulin sin I e variable dana refe to an an{gl body

vari abl e domaifmexpantibgdy(dAd) somppsions e dhaf %ﬁ"t‘?’gfh“h mARIREYGBh or  epi t ope
i ndependent | y safnindidagin tya fdgcansirat ldddpainaary Astiviersirunogl obul i n si ngl e

vari abl e 10, donain can be present in a format (e.g., honpo- or
hetero-nmultinmer) with other variable regions or variabl e donai ns where the
ot her regions or déhaipnsidat s anatposiguasrdegribarhesnt £.gerdAbicadpegiobys t he singl e
i mmunogl obul i I ngl e

vari abl e domalrlj ﬁyﬁéﬁ%leglhg) ?H%ﬁgfn% %‘Eﬁ'én F[Flgtrytﬂﬁt"lﬁg}w ?{l?lg&ﬁ%aglln&\l/s;drfl abl e
domains). A" cﬁdﬁwirﬁom‘wmmw lupg dlﬂfﬂ%ﬁf dlsgfd?rh%gé?é??@‘aﬁﬂa‘ﬂ” aguineRttiogl obul i n
single vari ablg.gigsgi n" as the termis used herein. In certain enbodi nents
an |nnunoglobulln single variable domain is a human anti body vari abl e
domai n, bul® al so incl udes si ngl e anti body vari abl e domai ns from ot her

speci es such as I’Odﬁd]hve(nfl@fal@)(‘amtBuse&ﬁ’adduﬁ;fbkﬂSzedgl dﬁAMéoﬁ@bﬁt%&é t he

contents of whjch i nc ora re efee in.their entirety),
nurse shark arfd %;"‘\%P‘Ef Wﬁﬁvnﬂéﬁt&m ‘Fﬁﬂ tafg E"é PreYE oS gl obul i n
si ngl e vari abldagdoisaifa r@pk@@ﬁ@nﬂﬂmoﬂlh@tdmﬂs@ od@sqrdﬂedlnfonoﬂn@pmnes i ncl udi ng

carel, Ilama, al r gavy chain
ant i bodi es nattﬁrufg:l%:i%Ef 1&%\%&%‘%@?¥q&t é}ﬁ% aQ%gQ ‘Q’I‘Kmﬁggﬁa‘ﬁn |s a fof'[ded protein
structure uhi ctbrgﬁazspltlremtar}arsylegmhfcqna weick ietigdleplariafiammitiopfea rest of the
protein. GenergldohaydRERENS are responsible for discrete functional

properties of protelns and in many cases nay be added, renoved or
transferred to other proteins without |oss of function of the remnai nder of

the protein anchas pRlidtdiea dei¥Bd fr tréting iphgbting bl didpachmgsadideadloe domai n” is a

f ol ded pol ypepti de domai n conpri nces cha acterlstlc of anti body
vari abl e dorralcﬂggncinte& ﬁéets@fab‘??éwé‘%l“f’fg?rj'ﬂgsdefﬁﬁﬁf %?Oé SHYBSIPVES i abl e

donmai ns anth nndmfmmlmgara abjka atlenainnsg. afticrapextaail «ffectiva ambrintbf one or nore

| oops have been re 10n escng)e\éh eﬁﬁ:‘?ﬂﬁ &M?chltﬂg% t%n%ﬁl?ﬁg%ﬁgﬁérél ¢ of

anti body vari a8 ds y vari ave been
truncated or oxémpmggkom\labooﬁn@-neel(morvébm@)@@émglp@rr@ e.gsabout [0} Smgdiefte] ded

fragments of A7,vag] b%d 9 t%?a Mje&rbs a%&ﬁ}) dosAL. th €38l ddd8diRkhgdi ng
activity and s eC|f| Y | engt h "domai n.
the composmon is admlmstered directly to the lung tissue, e.g. by inhalation, e.g_ by

25  using a nebuliser, intranasal or inhalation device.

The invention further relates to a delivery device, for example a nebuliser, inhater or
intranasal delivery device, and its use for providing a dose e.g. a metered dose, of the
compositions deseribed herein, e.g. a dAb composition, to a subject for the treatment

30  or prevention or diagnosis of a disease or condition, e.g. a respiratory disease or
condition, wherein the inhaler or intranasal delivery device comprises the dAb
formulation and for example provides a metered daily dose, for example contaming up

to 10 mg of dAb. Different types of nebuliser devices can be used according to the



The term "pol ypeptide" refers to any kind of polypeptide such as pepti des,
human 5 proteins, fragnments of hunman proteins, proteins or fragnents of
protei ns from nonhurman sources, engi neered versions proteins or fragnments
of proteins, enzynes, antigens, drugs, nolecules involved in cel
signalling, such as receptor nol ecul es,.antibodies, including polypeptides
of the inmmunogl obulin superfamly, such as anti body pol ypeptides or T-cel
receptor pol ypeptides. 10 The polypeptides can be for exanple

anti body or i mmunogl obul i pepti des, or they can. be e. ol ypepti de
donmi ns such a%vemo?@ﬂ‘§“ebéP X%’fceiﬁ?"lt% P4y spd iéﬂ“‘%{?ﬁ“ﬁ&‘eélﬁ%aglp “§¥5The

pol ypepti des Gadh ausm\uth&mprah&elsw ¢.@BAsnEtdedtesfsaih 2@ Pavijilis addNai n

anti bodies (" dAb% ) e.g. dAb nononers. The pol ypepti des can al so
conprise or cdgi®8t of non- 190 lIi ke scaffolds, such as an affibody. 20
The tern1"po|ypept|de" or domain anti body ("dAb") as used herein is also
used to refer to for exanpl e pol ypepti des or dAbs which are fused to or

conj ugat ed or assogh@tadidul Bpthgirn&ftmml %@&Eﬁ%r kRGeS @IRIndotinghsRO! Ypept i des
e.g. dAbs may be Pegyl ated and Pegyl ate Abs are for, exanpl e described in

W02004081026. thvnévcz'isono’bhlshféﬁmlﬁ‘é@eéw@Ofa%’ég(a)rﬁeaﬂmptﬁ%g&cﬁ B wth serum

albumn e. g Haee{boag(aAla? Wil €b)dMRSmatenti@lly hepadlduittad, bgmmff(:»%mmﬁbs)
described in

642 an 20 9106, e anti body
pol ypept i des r&‘?ﬁ‘?ﬁ??%“ﬂ(ﬁg%vﬁg’f\g?“ Haf A AEG gﬁ%g}? %ax’ Scosh in (V)
polypeptides,~imdﬁsﬂgh&qdmnnhmwanmwbﬁdymnmpefﬁmmﬁ@@m@bmpﬂW%PE@ ei t her heavy

chain (VH) hoor 1'05(91 tSOxinpdalho§p€1§ ?)u e?L(ﬁ\Pa?rﬁ({lénpﬁ}s {w/ﬁku@x%gé Rg é{onQPJIg&H?&L' de, as

used herei i's a an anti a part of
an anti body, mbdbém@di@@ Mwwudwﬂmedwamnmgmeﬂﬁ@HW@FWT@H#@Beﬂymééﬁypept|de

i ncl udes a headgé/ntsclgﬂicféaseaﬂscgsﬁy lh@RE st ididy ag@edeavy chain-1ight chain diner,
a Fab fragnent, a F(all)2 fragnent, a headvy chain single domain, a |ight

chain single domain, a Dab fragnment, or an Fv fragnent, |nclud|ng a single

chain Fv (scFv), N@thods for t he con structloaﬁpf %%ch antébod nmol ecul es
and nucl ei ¢ aci H& BRI G TP UiEQT GRS ROPS RFFCTRF PRGN &8 ¢ °"5a
Conposi ti ors  astishag iabl esnpesitiais descobsd hisinrfer deghysge pirpates(egufioh as domai n

Bonst ot me of Wngtid] bopd O fdod & VAN HERBLfod SR PRI EbEM HLOTL | NP ILOUP
| L-8R, 1L-9, Incl@Re eng@_@omamamnbodyzcamad\mtﬁeeoueu q@ﬂpﬂﬁi&«k@ﬁéﬂﬂ labgl| - 13Ra2,

IL-15, IL- 15RSult&blé]1@tec!airle ia?)Bs arldl-mel:%ds fohaﬂr&hr% a%élRare et 2winlin @3B, | L- 25,
CcDh2, C4, CD1 CcD40, CD4A., CDb6, CD138,

ALK5, EGFR, F&Emble *@E@ble@@ﬁwncw{% exaEple, 2 tadpisolende e esdefiyn (L EpF. 1) |
chymase, Fg, febidefum Bhdel Remi-M11, poE@Brﬂé{'ﬁlﬂﬁ (aeexg(e.g Eaioaxd-my), Eot axi n- 2,

Ent axi n-3), GwW CSF, | CAM rins,

L-sel ectin, MMEBTREISHS lopHEe. ﬁéQE%m“ﬁﬁﬁ anﬁ@ﬁ? ﬁPFWéP&E@%g%@ ¥5t eopont i n,

OX-40, PARC, Rithnlty ldEéNEE.SbmﬁCvadlSDEsﬂm laﬁelgdneﬂﬂfmeTMQ;esa'ﬁ:ﬂPuplemorTbI n,

Tim 1, TNF, TNERL, TRAN t q%:g 2 CCR3,

CCR4. CCRS. ?1,11’[L&1/J|}€§c,:en rBlH)aV Za%bls are n t;;:v e?eé]' gory Zt%r?JH&gCRZ
determnined by surface plasmon resonance or other suitable methods.

25

The invention also relates to use of compositions described herein, e.g. domain
antibody (dAb) compositions as described herein, in the manufacture of a nebuliser,
inhaler or intranasal delivery device, for the purpose of providing a long-acting inhaled

dAb formulation for local delivery to the lung,.

30



Conpositions as described herein conprising pol ypeptides such as domain
anti bodi es, can also bind systemc targets for exanple targets can be
G.P-1, Exendin and Interferon. 25l n an enbodi nent, conpositions as

descri bed herein conprising pol ypeptides such as donmai n anti bodi es can bind
a target selected fromthe group consisting of a protein in the TNF
signalling cascade. In certain enbodinents, this protein target is selected
fromthe group conprising TNF al pha, TNE beta, TNFR2, TRADD, FADD,
Caspase-8, TNF receptor-associated factor (TRAF), TRAF2,

recept or - i nt er aBliei AN afsp crlavsrio ¢ RETbYd fopR(FODSteTaBAETOmPRIicEs pla, | KK bet a,

NEMO, i nhi bi t Qfom@ih 2héBdd @Rb) colpkionNheskiihe@ &6 bhdthat R WliALAEn  apopt osi s
si gnal -regul at ed ki nase-1 (aSMase), neutral sphi n&&yel i nase (nShase),

ASK1, Cat hepsiPHHBnarydsse-rap S‘@&ﬁ&%?“"ﬁ‘i“ﬁé&‘@gé‘t‘%ﬁmw oy in PUBPBFY. associ at ed
death domain nrs@feajoﬂapﬁmza)mmg‘taﬁlgchalgespmmaﬁaeﬂumddismmbjeai an 19

sphi ngonyel na activation (FA h| bitaor of NE-1cB Icinase
(TR O N (o T Eamaif e o atnme o Sogin ey (e medtiat,

ki nase/ Erk | cmnelseriﬂeﬂhasie. (MEKK), MJUCK], MEK. K. 3, N K, poly(ADP-ribose)

pol ymerase (PARE ), PKC-zeta, Rel A T2K, TRAF |, TRAF5, death effector
domain (DED), death domain 5(DD), death inducing signalling conplex (DI SC),
i nhi bitor of apg va@x?doﬁ aldé Rlafds b a(ﬂr&PQS,fo%rJda&ﬁya fé1Pfepide ckinpRaRn GlchK) |

m t ogen- acti vat ed Er otein lIcinase (MAPK), phosphoi nhositide-30H Icinase
(PI3K), prot ei®?Rfhsepoplipnoppr trasjitepprepsRing g5 dRENOsiBE BAIIE CONFHIMST ogy donai n
(RHD), reaidy dldaisem&:hw@ﬂa&\mgﬁ@e)éB&lﬁﬁbudes&;ﬂaqs)sa;a@immgtzamg protein ki nase

(SAPK), TNF al pha- co rt enz neer of .10.death domsu n
protein ( SODD)* " 'ﬁ@ Qﬁ%ﬁwhgggﬁs aﬁ(—f;E “q(ﬁl?%‘)“ée@ta ¢ t%nr PIARRT * WEHYr egard to
t hese pref er r exhidhdas gpetisegual ef the Gvodtyiof a ed®n b HabdiRAOWEEES 10%EBE046186 and
W04046185 (i %?d%cggmkpqm %thb&fe? 'iaexfn? ence) WLgh provide guidance on the
selection of an evarla onai ns for targeting intracellular
targets. 15The invention particul arly relates to an antagoni st of TNFRI

whi ch is adong nw@,mohmgr rtalgzremld@&o%eks@é pHRSGAH %Qﬁfd@b%ﬁé@i@oﬁo its use in
t he manufacture of a nmedi cament for treat| n&g% pr.essi n reventi ng

| ung i nfl anmatsPePs aAAP srmResitias phipheagmyiseithes fé%nxww "ﬁ’??a 20 Al so
provided are Q@Hp?@bé&aﬂ?&ccé}ﬁalﬂiﬂ:&@féi hed aiﬂxﬁﬂeﬂw!ﬁ:ﬂfha@ﬂbllﬁﬂ%éyflﬁ&ﬂrdewery whi ch
conprise a nol to r.use in
treating asthfg8®™ é)?‘é‘f&?ﬁ%tss a@?”ﬁ‘é‘?@”ﬁ i Oé’t ‘Ei’@%lé? hﬁe{‘icoswg?fc?rw&(ﬁ‘rrpl e
W02007/ 085815 Rishual®s @ dbentdd¥h PES MAhGOMph?)aahauaﬁuWﬂmﬂﬁﬁi 78. 25The

i nvention rth Vi C t i f ul monary
del i very C%dlzjrp (w v:) S%rose antF t%en @g})ag%ltﬁ thé) Eoﬂp%érfdgg@%%f@ﬁ%ﬂg&ﬁdnr}ronp{" ;to bi nds

| L-13 e.g. for(a)tthlemhlangbtdetrhln?aaleranmtf%ﬂﬁaﬂ diliyerydevieeni no aci d sequence whi ch
is identical to an am no acid sequence disclosed in Figure 12b (Dom
10-53-474) or Figure 12c é‘Dom 10-275-78) or_which has e.g 80% identity
with an am no Reiyenions@hivebyrdassde by of nriyeiclpigiyecepbls Puifirglicd 12¢, e. g.
85% 86% 87%ha8BpM rBRJ6T bW B4 82 YeouOBIh a%%s%%ucﬁﬁ%&fte&wﬁ)l denti ty.
20 The invention further provug1 S GCONpo Itl‘?}??’ 83 (ﬁ) 35 §1 rein for

pul monary el iterSFotEmp? FLyHg © OWI%{UW(?S‘? bueFROdP RE 815’ %€ donmi n t hat
binds IL-1R1 &).uﬁfercf)ﬁlﬁmh]gea% (mgv)aﬁtmsaffbrammmszaymmmﬂdpblypnpn& g. lung

i nfl anmati on or eas [ nd that has an am no
aci d sequence V\ﬁf’osﬁgmsm ’?‘%‘fﬂmm’?%ﬁa gaﬁpﬁgr;]%é%y(fe@veeaﬁence di sclosed in
Figure 12d (Dom 4-130- 202) or Figure 12e (Dom 4- 130-201) or which has e.g.
80% identity wwth an am no acid sequence disclosed in Figure 12d or Figure
12e, e.g. 85% BEYVeRTUyalsgadptcsgompiofoyr dsiuryinggeiredygejsoul @9&% $804 96% or 97%
identity. 30 Abgenipeisiltes wala c@:@;ﬁm%ﬁr&uaemns&smglesedsmlb)eﬁoﬂfsereemaedf or

ul nronary del i ver risi n an no ac seguenc s.,at |l east 97%
et anl to e iR TR iR b SR PUERSS of PlestR e our ¢
12d).



Al so provided are conpositions as described herein for pul nonary delivery
conprising an am no acid sequence that is at |least 98%identical to the

am no acid 15 sequence of Dom 4-130-202 (shown in Figure 12e). Al so

provi ded are conpositions as described herein for pul nonary delivery which
conprise a nolecule e.g. a dAb, which binds to VEGF e.g. for treating
cancer, for exanple any of those described in W2007080392 and
W02007066106. 20 The |nvent|on further rOV|des conpositions as descri bed
herein for pul nonary delivery r|S|n an i nmunogl obul in single variable
domai n that biTheivemigraleo l’g}ateﬁ @rdAtbF éﬁﬁrlbﬁgh@ﬁﬁé@rto copRpsitipRers Aete™A ani no aci d

sequence Whi Chiefefs chlfrY &Ql?else 140520 u@oMBe ALhsGs SQBHRARVElaEloasdat N Figure
14 or which has e.g. 80/6| dentity with an am. no 25acid seggence di scl osed

in Figure 14, ' mykingspse dforompesyions ang alipdosiovirges e geaylisss soihadeso, 9496 950
96% or 97% or J88%s aS@%6ribeleMold, Whichbsifiprigé Ddedad cangsi€iomEposi ti ons as

descri bed herein for pul nonary delivery which conprise an anti - VEG-

i mrunogl obul i n single variable domain conprising an ami no 30 acid seguence
that is at | edstef Pestwipdlenifitieadratvings:he am no aci d sequence of DOML5- 26- 593
(shown in figure 14a). 21 Also provided are conpositions as described
herein for pul monary delivery which conprise an anti-VEG- i nmunogl obul in

si ngl e var i ablFesugtolrsliows thsapitosrid geaencesaiths Rag 8-13 blsebdremein aagbodics at | east
97% i denti cal %gwﬁ@ﬁF@p1no aci d sequence of DOML5-26- 593 (shown in figure
14a), and which further conprises a domain of an antibody 5constant region.
The |nventﬁons al so provi des conpositions as described herein for pul nonary
del i very whi ClFiGe/mEASS tRITNFIpia YRESuivETRIAOIAL UNFR] Skapgdrdindagi abl e domai n
conpri sing an anl 0 aC| .Sequence t hat selected fromthe am no acid
sequence of F@ﬁﬁﬁﬁfsﬁ“?#ﬁﬂﬁéml4a) and the amino acid sequence
of DOML5- 26- 593 Fc Fu5|on 10( DvBl 529; shown in Figure |4i) The
conposi tions gf. 1 sho@‘éﬁﬂﬁelt% bgrn%ﬁﬁi"i’ﬁ' B %oﬁﬁhhgkl'z@e I@dif1ggs, . del i very
to the lung an hence t sitions can’ be used to treat, suppress,
prevent orlsdi aghiodes Hu!mgTUFRhG@piOr bindng/aseayniich saple s leticd enbbes e g. at or
near to the sitg.pf. 15delivery. However, the conpositions can first
be delivered to the lung but used to treat di seases in ot her parts of the
body e.g. system c diseases. This is because the conpositions initially
delivered to th&id 40@WWRidaResvliey, alsfor besk 1 HNGo-20)®cayist-e3 51126

circul ation, qeﬂc egﬁ | ing treatnment of diseases which are other than |ung
di seases. For ﬁﬁl ol ecul es which bind to the GLP receptor can be
delivered 200 the lung and these can be used to treat diseases such as

di abetes or o e d se described in
W)2006/ 059106 aﬁﬁjac%/ﬁheowesxen §buigeT anﬁ Ce to ngﬁuq%?%bdr%)aebm e(gfc(’ié?ﬁed herein as
Exendi n 4 (ASyBDeMA1N4 fu5|on (DAT0115) or any 25nol ecul e which has e.g.
80% identity with dat0115 am no acid sequence e.g. 85% 90% 91% 92% 93%
94% 95% 96% or 97% 98% or 99% i dentity Respiratory conditions or
di seases t hat Fégre & ehovs Sirbdity, OfQ%ﬂ)lr}éé%leHld?lib?%ﬁyé‘ﬁ’ﬂlbﬂ“%mﬁgﬁct“he

medi caments;, GENRQSist:QNS @AY b Mdabwasydrd. met hods of the invention

30i ncl ude lung inflammation, chronic obstructive pul nonary di sease, asthnma,
pneunoni a, hypersensitivity pneunonitis, pulnmonary infiltrate with

eosi nophi | i a, Fegivd T: eiwR ISEEltratdd 002081 SPaBR/mifhap o hhayr ukinphe harect asi s, cystic
fibrosis, |nterst|t|al | ung di sease, primary pul nonary hypertension,
puHmnmythrm%oamM|sm di sorders of

30 Figure 8: shows RBA results showing DOM1H-131-511 (511) retains activity after

nebulisation.



22 the pleura, disorders of the nediastinum disorders of the diaphragm
hypoventi |l ati on, hyperventil ation, sleep apnea, acute respiratory distress
syndronme, nesothelioma, sarcomm, graft rejection, graft versus host

di sease, lung cancer, allergic rhinitis, allergy, asbestosis, aspergilloma,
aspergillosis, bronchiectasis, chronic bronchitis, 5enphysena, eosinophilic
pneunoni a, idiopathic pulnonary fibrosis, invasive pneunococcal disease,

i nfl uenza, nont ubercul ous nycobacteria,l pl eural effusion, pneunbconiosis,
pneunocyt osi s, pneunoni a, pul nonary act?nonycosis, pul nonary al veol ar

prot ei nosi s, [Fidurchalroys Alebubsenesting T RSRATHF L HAROFE202p MONHEL 31-206160160s

pul monary |nfg@yﬁg@hgmﬁlggig?ﬂqﬁ&m@&§gﬁgg%&gﬁcﬁ X, pul nonary hypertension

10 pul monary nocardi osis, pul nonary tubercul osis, pul nonary veno-occl usive
di sease, rheurfit BioHN @RISR B3 MR B 6ithes Brikon-Rebipseneer farmylalieful onat osi s,
and non-smal | tG@dl THWRBdGBRls ) WRs tekledingts bR fonf@itinibeferForiivkeSas a
conpositions as described herein for pulnonary delivery 15 conprising an

i munogl obul i 1°%°hgl e vari abl e domain that binds TNFRL and that has an

am no acid sequence which is identical to an am no acid sequence discl osed
in Figure 1 or Figure 13 or which has e.g. 80% identity with an am no acid
sequence disclosed in Figure | or Figure 13, e.g. 85% 86% 87% 88%, 89%
90% 91% 92%FiQ8%0; SI9FSB6 Upced BYIOM W7347d erst drdyost agbulikption et | on al so
provi des conpqﬁ£&&?9§ﬂg§mgg§q-hg@qhggrein for pul nonary delivery conprising
an anti-TNFa receptor type 1 %TNFPl; p55) i mmunogl obulin single variable
domai n com®rising an ami no acid sequence that is at |east 93%identical to
the am no aci ¢igeauensss SEc KM far H3111836 473 peivEnd gastinbBlikERiod hsingd The

i nvention al soQ provides conpositions as described herein for pul nonary
del i very conpPitefiseaftGntaVTNFa receptor type 1 (TNFRL; p55)

i munogl obul i n single variabl e domain conprising an am no aci d sequence
that is at least 9°% identical to the am no id seq f h-131-511
(shown i n 11 e 4 R FEAmS S ABD o 38 RSPy Ponkli

conposi ti oifs diisicnHBATHUER(H) IO RS ebiddantisie-1d dAbhishBGMIB7 578 Gondl-e vari abl e
domai n that bi T frn '@fy@ I i fin vari abl e
domai n t hat b”2g§5¥mﬁgﬁméﬂgﬁé¢g§tfgh%%ﬂgm%nlnoﬁgéﬁgggggﬁgﬂbgigT an
anti-TNFRL dAb discl osed herein at no nore than 25 am no acid positions and

has a CDRl seGYRALH atdafowhage Ahinb 888 teqpQ¥ed dteHainta rRFR EALIRIDsSequence of
the anti-TNFR1 d in anti bodi es which can be used

Abs di scl osed herein., 5Doma
in the conposi'tildhglidp) Peme li-hileitBi @ osalt-Cdrst (4 Lomibildidfbgl obul i n single

vari abl e dmmain that binds TNFRI, wherein the am no acid sequence of the

i mmunogl obul i n.singl e vari able.dongin that binds T .ffers fromthe
anino acid se &%ﬁggaﬂfsﬁﬁsgﬁ€T@WWﬁ e%ﬁ%m%WEEFE%%ﬁwﬁgﬁégﬁmg§[%81nnre t han
25 ami no aci d 1pasispibrBomand2has (e DRES-Hetfifdddeont hal6-fidde)ddonh Ea2t- 50% 10
identity to t gﬂ@ﬁ gL eC Ml < OAbs,_dis 3; erein.
Domai n anti bo ?% |zﬁgggﬂ(ﬁgghgggﬁiﬁq%ﬁglygﬁ%gglt|é%g%gpggﬁgxynvention
can conprise ¢¥RCGEdAbLI-3@>BrFdhwaomogl obul i n singl e variabl e domai n that

bi nds TNFRJ;, wherein the am no acid sequence of the inmmunoglobulin single
vari abl e dormain that binds TNFRL differs fromthe am no acid sequence of an
anti-TNFRL dAb di scl osed



15 herein at no nore than 25 am no acid positions and has a CDR3 sequence
that has at |least 50%identity to the CDR3 sequence of the anti-TNFRL dAbs
di scl osed herein. Domai n anti bodi es which can be used in the
conpositions of the invention can conprise can conprise an inmunogl obulin
single variable domain that binds TNFR1, wherein the am no acid sequence of
the irnmunogl obulin single variable donmain that 20 binds TNFR1 differs from
the amino acid sequence of an anti-TNFRL dAb discl osed herein at no nore
than 25 am no acid positions and has a CDR1 sequence and a CDR2 sequence
that has at Ié’&&ﬁtle%g%ﬂ*mqft“}ﬂf‘tﬁnﬂﬂ'é CDRL or CDR2 sequences, respectively,
of the anti-TNFR | dAbs discl osed herein. Donmain antibodi es which can be
used in the conpositions of the invention can 25 conprise can conprise an

i nununogl obul in single variable domain that binds TNFRL, wherein the am no
aci d sequence pefinitibs | nmunogl obul i n single variable domain that binds TNFRL
differs fr%ntthe am no aci d sequence of an anti-TNFR | dAb di scl osed herein
at no nore"than 25 am no acid positions and has a CDR2 sequence and a CDR3
sequence that has at |east 50% identity to the COR2 or CDR3 sequences,
respectively, 30of QQQ% h Domai n
anthodles ahlch 62% g@ﬂé&g&%ﬁﬁ&# bq%i???%ﬁgmo%&ﬁéga?ﬁvgﬁ?ion can
conprise can d@‘ﬁﬁtﬁld@@alalﬁvmsﬁ'fmn‘(}@ﬂ’é‘tﬁmqlﬁa@ bigdsen peen o @WSmai n t hat bi nds

TNFRL, 24 whefq) eadénhgomew %&Q oP@MAERC An AfmblGlobiIAAHRGLAMY | N singl e
vari abI e domain that binds TN differs frrgﬁfgt he .am no d sequence of an
t

ant i - TNFRLUOJAKOBHIE £3nde SESHE i firmat (g RBIP=OREIP-BEILeR Y %tth?rd posi tions and
has a CDRl segu@bRkecgdd oﬁvaﬁﬁ)t%d(ﬁﬁﬂu@dhéﬁ t]tefbﬂ{er fRgidnadr domsisd ardXfo i dentity to
the CDR1 or CDR3 se uencngj 239%%“\/16 ‘ﬁ‘ﬁ‘ bltﬂpe a td Gl NERL dAbs di scl osed
her ei n. " HE R SCRCENBE RS e etcfte corposi ti ons of

t he invention wthanat@ommmn@buhn‘smgmmnals@dmmmnrdalauigzlembldtmcnﬂesﬂm@ﬂ@ vari abl e
domai n that bi MEF & dy SPQURDSE QL af hE

i mmunogl obul i ngtgiéoﬁg“gﬁ\}/ba?l n(;j gxondéiﬁlﬁﬁ tlﬂ)%d fdrrlds TNFR1 dlef fers fromthe

am no aci d155equ@mmeglelﬁuhaﬁmalnwnﬂmlﬂﬂpalém? ﬂéﬁ@@l iy haginhbysitHt at no nore
CDR sequence STy oore
Seqences. | T oSBBETITHGAY et HREICHIPST NFRED ATt T SE P SHe P

Donei n ant i boqbdRst (W efanpleit dﬂs@lobbﬂﬁ&d\MO’D(ﬂZ%O@ﬂﬁm&ﬁeﬂtsl msuoafaret he invention
can conprise can conprise,an i nmun

sin var L n that
bi nds TNFRL, 1%°RABKEDFRLE r‘ff‘?’ffﬁfﬁ@gtﬁ%rb%’ﬁeh) sft“ﬁ&?‘b?q‘vaé‘rg?ﬁ (r?ag'l%n t hat
bi nds TNFRD hmnﬂxd]aﬁﬂarsmqmmngiaautxhahglhwaaib dbre:aspolﬁ@%dcdéxntartty to the CDRL
sequences of & Htfrom ] eme51 t“ﬁmgka?&a Ql%r%? nﬁgaehxlamedary and &9&5@5 th?dﬂt' bodi es
whi ch can be GS€d iRt trons o e’ nvent1ton can conprise can
conprise an |mndn@gte@tmhmna@tbn@ﬁela%ﬂmﬂb’émoéi dbgiticheinshat bi nds TNFRL, 20
wherein the i munogl obulin single variable domain that binds TNFR1L has a
CDR2 sequence that has at | east 50%|dent|t¥] to the CDR2 sequences of an
anti-TNFRL dAb di s&["éueain’Hes Bidgd protein strughgrginish 4ait e PBE™MRhi ch can be used

in the composiitdeftfer®bf thdRstion e Ploked) @eaé}ato;}oaaﬁalmr&a@oﬁmmfot Gigcr@d
i mmunogl obul i :}uy %% e variaple dorra{% n that bi ndgD FR1, 25 . wherein the

i mmunogl obul i A BORFEISE SHRRRS AT R AL H RO ° TRISRITRASI & CDR3 sequence
that has at | easdferd% ¢tﬁk&lptdtetlry: vtihodt fres Gﬁﬂ&tlsmcﬁjmg@néﬁr ofthe pmatein- TNFRI dAb

di scl osed her el (ri.}f)r of the doma n‘ﬁ E‘mgQ&hBQ \%ﬁab\{@élo(f\rﬁmem Eaﬁed’jéoq'yq)ef)t{h the

conposi tions of “t'he 1 iventi on can conprise can conprise an Imunogl obulin
si ngl e var i abldemdiomemprisingaequiicapharfpyRts of angpdyfyatadlcfompias. | IhbersBEl obul i n

single Varjoabh&tﬂi%@}n{bteté‘&ﬁb %Q%bﬂﬁﬁﬁénm nébdHelRlarAbK d&nm sequence t hat
has at | east 50% i dentity a;e guences, I}e;ectl vely, of

an anti - TNFRL 7% ?jll%‘dll‘%‘é%oh@P‘@ﬂ?t’Ps hayg besg renlage ‘ﬁtf’ie‘ﬂ}’(?a‘feé? i°tan be used
in the conposichi@iéisad oﬁahﬁoddyleemslbamnatanomﬁwdys@qaaamomnmmamaﬂ

i mmunogl obul | SI n | e variabl e do at bi.nds T rei

i mrunog| obull F%ﬂféf?‘%}*&%%@ et“e%&imﬁla‘sd“f( ?ﬁfblrﬁi%fe “E%ﬁ{ﬁ and a
CDR3 sequence that has at | east 50%|dent| ty to the CDR2 and CDR3
5sequences, respectively, of an anti-TNFRL dAb di scl osed herein.




Domai n anti bodi es which can be used in the conpositions of the invention
can conprise can conprise an i munogl obulin single variable domain that

bi nds TNFR1, wherein the i munogl obulin single variable domain that binds
TNFR1 has a CDRI and a CDR3 sequence that has at |east 50%identity to the
CDRI and CDR3 10sequences, respectively, of an anti-TNFRL dAb di scl osed
her ei n. Domai n anti bodi es which can be used in the conpositions of
the invention can conprise can conprise,an i mmunogl obulin single variable
domai n that binds TNFR1, wherein the inmunogl obulin single variable donmain
that bi nds TNERisblsgiemainepmeh re@pRyleat fig bindicpraivietidspridhatthhid- at | east
50%identity tQ.hhgnGPRlL, CDR2 and 15 CDR3 sequences, respectively, of an
anti - TNFRL dAb di scl osed herein. Pol ypepti des, inmunogl obulin single
vari abl e donmai ns and ant agoni sts which are used in conpositions of the
invention for tpeleidNalpeRb ¥RfsYo B kidaef p@FeplidBiichtae pepigespliuniidr e of t he
foll ow ng: serine protease §¥steineﬂpnotea e a%p§r%gﬁ%égéﬁggses, 20t hi ol
prot eases, SmaFASnst TREMEPF SHIUSTR RO S AP BESS HRBPT AL & ?e.g.,

car boxypept i dasearfsouces bgiypeptasias grof$jns ot fragpwnts of whiymengyypss.n, pepsi n,
papai n, el astase, |euko t L I in, cathepsins
(e.qg., cathepf?%*%%&m§$§¥gﬁﬂggémﬁésgfgl%?%pggﬁgggﬁf%%_?gleinase 2,

prot ei nase 3) moidealesaitipadies, inglifindrilypepiaiat ertpmpupepiedelin ppefias¥caspase 1,
caspase 2, CagpaAsS€aflivofARRRSRidN or GASRAREIS polyPRASE 12, 25caspase 13),

cal pain, ficain, cFostrlpaln, actini dain, gronelaln, and separase. In
particul arllenbodi nents, the protease is trypsin, elastase or |eucozyne. The
protease can al so "h%plaryPthid@(iarbb’efardibﬁﬂ)leﬁitibadly(ﬁm&ﬁglobhirm ogi cal

honogenat e or bj ol ggi cal preparatign. In one emhodi nent, the protease is a
prot ease found°PPePE ﬁt%rﬁeﬁaﬁﬂ@ﬁ?g( %‘ﬁb‘{e‘,’t’%gg'i"?‘?scsgﬁ’uaéd%o,m’ﬁ%{%glg'° s,
bronchi al nucubgut 1firacheakveol ar | avage, | ung 30honbgenate, |ung extract,
pancreatic extract, gastric fluid, saliva. In one enbodi nent, the protease
is one found in the eye ancllor tears. Exanples of such proteases found in
the eye ind ude caBipasbesptides painilly paenrisconsensil pidpraeepls dynaigyj si nt egri n,
met al | opr ot ei RAsRS( ADMG). And, ARAM th throtnbospondin mitifs, the 26
prot eosones, tissue plasm nogen activator, secretases, cathepsin B and D,
cystatin C, serine protease PRSS1, ubiquitin proteosone pathway (UPP). In
one enbodi ment, t hendYoRHEARE: daBaldd d‘éﬁl?iriﬁaﬁt:&:&iist&:lfn&f-l@tﬁﬂ@@eaﬂblﬂs,aﬁbhenbodi ment ,
the protease is an_animal, eg, mammalian, eg, human, protease. In an

enbodi ment , tH%a%gﬁvgﬁse is a 01 tract 5 protease or a pulnonary tissue
protease, g, a G tract protease or a pulnonary tissue protease found in
humans. Such pr ot e’?l?eeterlnj ‘SE)lede ggg”%r oan ina:!.n?lgoﬁ?“dﬂ%e)dasiu&dtlllar%in%a&lg()ds descri bed
herein invol ving exposurg 3 fepertolre of ‘I'tbrary t0o a protease.

I n one aspect ,us¢derefanplosexainple polf paptides ionddshs twhish ateded fos cenjypest ehse

resi stant i mmyaagh gDl LG KFd: I ARTRIfbep WREE £14A0E Rey b | DI e

domain is resistan pr ot ease en i ncubated wt a concentration

(c) of at | eadieeyi@edrind Pegylatadslihp aip fosetample dgoriBeddn AP20044P0%6 Yhepf at | east

one houri ofs (ijolypahidQNGERAEAhbPR: doiktc®itRlcrd@ABImiQ g6y @gbaIS/ M pr ot ease
at 30C for tine’(t) o

). of at least one hour. In.o inent, the ratio (on
a nol e/ nol e ba¥iPElinkse tosepiiunin ybydpls)dgseribed 8W8$@E%§%i nis 8,000 to
80, 000 pr ot easgoy@wodhbe domain, eg when Cis 10 micrograns/m, 15the ratio
is 800 to 80,000 protease:variable domain; or when Cor C is 100
mcrograns/m, the ratio is 8,000 to 80,000 protease:variable domain. In
one enbodi nentAdvieageadsiyoth¢ emtibadwwlypkatideehytrompisg bathdedychiitt (e pgr am basi s)
of proteasg, ( Y P/ RN dr heffibl 00 cbRprisG oA
protease:vg}ig%rg%%éﬁgaﬁzggﬁﬂﬁﬁﬁhgﬁkfdggﬂﬁ?g?ggféggﬁhi, t%eﬁgatio is 1,600
to 160, 000 pr deaashaiy &Yy aphght egidVe) PoboersesnfiR pntibody pokypeptide. pg psed
m crograms/ m , peteltisfablyPeptife WhifiDGBert iOanlhbddy Qr Pk phreasm aM@oabl e domain. In

one enbodi nent, the conceniratio c or.c') is at least 100 or. 1000

m crograms/ i ’b?dbtﬂegﬁé'é@mldﬂ‘egﬁ%‘“%%gﬁwmo,d} P ﬂ%peg%‘%leélécnﬁesa? ?eg‘ﬁy TERF ¢y s
at |east 100 or 1000 m crograns/m protease. Reference is nade to the
description herein of the conditions suitable for proteolytic activity of
the protease for use when 25 working with repertoires or libraries of

pepti des or pol ypeptides (eg, W w paraneters). These conditions can be used
for conditions to determ ne the protease resistance of a particular

i mmunogl obul i n single variable domain. In one enbodinment, tine (t) is or is
about one, three or 24 hours or overnight (e.g., about 12-16 hours). In one
enbodi ment, the variable donmain is resistant under conditions (i) and the



30 concentration (c) is or is about 10 or 100 m crograns/int protease and
time (t) is 1 hour. In one enbodi nent, the variable domain is resistant
under conditions (ii) and the concentration (c') is or is about 40

m crograns/int protease and tinme (t) is or is about 3 hours. In one

enbodi ment, the protease is selected fromtrypsin, elastase, 27 |eucozyne
and pancreatin. In one enbodi nent, the protease is trypsin. In one

enbodi ment, the protease is a proteaselgound in sputum nucus (e.qg.
gastric nucus, nasal nucus, bronchial rmnucus), bronchoal veol ar | avage, |ung
homogenat e, | Uit dinraheevy Paindiehishaindisey, p Het fraggaast  F@0k Fagreent.dal i va or

tears or the %@vych:ﬂngﬁemi&ﬁ@ﬂkhaiégiﬁg@emtn?ﬁﬁ% fripnRfCodaaend in the eye
and/or tears. In"one enbodi nent, the protease i's a non- bactterl al protease.

In an enbodi mefFEmeRtyaclyling asingle chain by (sghy) ridpthods fr thewpmsipqtiaR o e hunan,
protease. |n antabadi-tMatand hit®iddcilt easing Hed alcwell kagin ipteta@ase or a

pul monary tjssue protease, eg, a G tract protease or a pul nonary tissue
prot ease found in humans. Such protease |isted here can also be used in the
met hods descri bed herein 10i nvol vi ng exposure of a repertoire of library to
a protease. A I i iR istant to
trypsin and/ or at Fglggdtgﬁlgﬁsggggfggﬁlggg%ﬁ%%gglgg&ygﬁ’g%ﬁ?gﬁ) roér%a(lsa %lg%gsc,

| cucozynt and 3pabrdicagen bind Forzeldr avipioeary fissed sslogprbfom e grpup egnsisting oAnd

el astase; trypgiFkiafnd, IEYRALWIR;-41, MY PSS N6 ANERPACH, BABR NL-ot 1Y@ iN-10,6! ast ase
and Ieucozi/rre; trypsin, elastase and Eancreatl n; trigm n, el astase,

15pancr eat ith dhd 2l Boi@Bznid: LloPRel JbddRaZ, Bahb Hekdh- Al-dfdl! SRed by il I'n
one enbodi mentig, 1hBRY a-2akl-g3rd anes, wD2sCO4, S0 14y, €2, Crimac e, aphgge when

of 106 to 1018CEoHbERASePSrapphuareY sSERITER B SRR Rone) *' ¢

| n one enbodi nEEA, CRERhETGR IAxah]12 (MBI chyspeciGH, Calid, Endvithetis-1j Exaxtnar get

foll owi ng 20i bat.| T | ty bk (4 § es usi ng

Bi aCore TM or rtégl é{&g’géﬁ %%ﬁ&égc&%% g& %%égwnléré%%gﬁéﬁﬁf ﬁsi(@dl n one
enmbodi ment 15 t Hetesris.i lafelegtind &I ME4 0V IDERMCP v MM As orsusqpde elestesad |y bind protein
A or protein Lugoh,o0exeip pdREERS.1, BACPEY, ser WFM, Ggiel® TL EFeFHA OF L 1S
present follow ng I ncubation under condition (I‘%}?@()r ii). 25 1n one

enbodi nent , t et Jird. Bohel MR loTRANEE; Tiyritie: it i) AavECa: 00450 readi ng
in ELI SA, eg phsgedrkl SArOICORRNOCE S TaR 7 PHEIR albhal §AY6, fibhaabed KRMET). 404, eg,
follow ng i ncubgtbgn under condition (i) or (ii). In one

enmbodi ment, tH& &Fi abl e domains of the invention di splay (substantially) a
single banzbin gel electrophoresis, eg foll ow ng incubation under
30condition (i) or ~(ii).. 28 .Th Sitior [ r.ein conprise (a)
a pol ypeptide e.qg. Cém%‘}osﬁ’laoflsnasgﬁs[cﬁ%egg'gpg %‘&B\%ﬁ’ I?Sﬂl}rfgﬁ?%ﬁtld%%gﬁg}gidgr}‘%%i cally
accept abl e bufdntlodies,. cgn algrtandptyfterhic tragetsfopiiempln tregesfeabbre@bie bExadgut 4 and
about 8 and a yi$698tdy Which is about equal to the viscosity of a solution
of about 2% to about 10% PEG 1000 in 50nmM phosphate buffer containing 1.2%
(w'v) sucrose; and wherein the conposition conprises liquid droplets and

about 40% @4 nor e, Fan@mbod¥ef! cofPbRionois debiibéd HirkitbothipRRhEIctypRptRISENt i n the
conposition have a size m n the

which is ] ess than about 6 crons..e.g. |
range from aboUth 2 df"Ba‘&B‘Bﬁ’P’E‘%S %b‘ﬁﬁﬁ Faég?ébeg‘:.‘“ﬁggf"&}ée FHRGORBEHR gf% ni crons
e. g. from abouirodin@fthabeBtigzhlling cadogidgt Irbcernic pobslmdaoy thdeepeih arggt idel i very it
can be useful tp have particles sizeger i f AP0 t gout 3
. . P9 RE b Oy ‘r'%Aﬂm, PAB:
m crons. 15Sui S[Efé%%tftg%%%ﬁ'f: roélp\?\%l?péﬁmggn Be UtTlﬁ]\gl Séd according to the
i nvention are @ligasé-8110Wi reeploy-associated factor (TRAF), TRAFZ, receptor-interacting
30 protein (RIP), Hsp90, Cde37, IKK alpha, IKK beta, NEMO, inhibitor of kB (1kB), NF-
kB, NF-kB essential modulator, apoptosis signal-regulated kinase-1 (aSMase), neutral
sphingomyelinase (nSMase), ASK1, Cathepsin-B, germinal center kinase (GSK),

(GSK-3, factor-associated death domain protein (FADD), factor associated with neutral



acceptabl e buffers e.g. those which can be safely adm nistered to the |ung,
for exanpl e phosphate, citrate, acetate or histidine buffers. pH range:
I n one enbodi nent the pH of the buffer is in the range of fromabout 4 to
20about 8, e.g. about 7 to about 7.5, or fromabout 5 to about 6. In
certain enbodi ments the viscosity of the buffer is preferably about equal
to the viscosity of a solution of about 2% to about 10% PEG 1000 in 50mM
phosphate buffer containing 1.2% (wv) ;gucrose. Viscosity can be neasured
usi ng standard techni ques 25know in the art such as the cone and plate

met hod, or thePhREgRVeigseseddtion € Ad-Fdmdind) nhbiterad NFiRkingss @K} t he i qui d
]gr opl ets presewkks, mr;zm MIOKD 08K {zhiBia, GalfbgfifacHRas pr@éln mmsag:ﬂsm;aaag gdmet hods
or neasuring particle si ern | aser sc ng evi ce or
e.g. using %@?&M%Wé&?s@%'gié‘ngh@l%bﬁﬂbgsei THF ?EPEQ{? Pce or the

Mar pl e | rrpact @K Dexs, RAA, T2 TRRAET TR G dddaih\eéactavdbminn CRIRDY deatudtbedint 0 t he
buffer e.g ect . chan in visc far exan | yet hyl ene
gl ycol (PEé 2 dgagh @8;911 com exgélISbé 113120{}8rc?f agoptosns noseﬁAther

addi ti ves can Celgmﬁrdns@aléurgse (MlébmlltpmwgmagéHW%WB @4ARlet er gent s e. g.
Tweens. 5 A pohypaibdsifiesSH @ pBKHhreif Bhat gr(mfi&»mnpﬁ@rmw ect

pul monary delive as descri erein can useful be for exanple an

anti - TNFR1 bi fd&N. &! @mo@gﬁ%n%{w)bieﬁ'&slmﬁﬁﬂnﬁ?NFB&“ BING) s Hessexanpl e it can

be a substant Iaatanabédaﬁteag@ﬁus§(®A¢-K§lrmpaTﬂNEBodve e&%ﬁh(m@mm&x&ﬁom stic
anti-TNFRI  dAb as scl osed

t eachi ngs & WRR ﬁm%fépfe‘ﬁ@ﬁ??% P‘F‘ﬁ Qﬁﬁ% (9?38‘%%%‘3 é%fnﬁ e FW” @i‘/‘s‘%f é‘? Bhce)

e.g. it can ha@aﬁﬂﬂﬁi&ﬁd&m@t@%&ﬁemcaﬁ nGdsorWOet46 189 aNpo4nae1se6f SEQ | D
1- 650 of WD 200 ich, se re specifical
i ncor por at ed h@gg%%gggdrené:? RE& emﬁyreqﬁwm%m%@pa%b (‘gmdanc‘):gf}’%!lons can be
usef ul t her apeeititios of amnbddw siagle mgiablesipinsiag for Bﬁrgdmrsela@e@lulaeta@etSCODD and

asthma. 15 It can al so be desirable for the pol ypepti des of the
conpositions e.g. the dAbs, to have a high nelting tenperatures (Tn). It
has for exbnple beEht lsmmptaﬁmlarwm@temaﬁ apfpgpist of RNER{ wepichdsepdomatiur es ( Trrs)

are nmore resi shadky iPmAKSd RARLcHNA HeRAUGR & iRYsSReR mahheaS of £ evat ed
t enper at ures and Iong term storage stability. Both shear d thermal 20

stress play a "diame E"éH‘Eat‘f"%lSEPPF%S‘%‘M&‘?VH‘B‘“%’@Sé’@é‘i‘f@a‘ﬁ%‘r fidn during

nebul i sati on aagirg@yidlsedsSe.adPM @gamds to sel ect for dAbs with high Tnis.
One nethod of achieving this would be to produce a phage display library of
the dAb and use a protease (such as trypsin) to select and identify

nol ecul es awhi Aiscaprevidelsirs tcamposttiony fedeagtbed herein fbhauimmzayymeliv&’ﬂyewlpcfot ease

resi st ant dAbsg,gﬁrpsgr qé]ogequ tQhEb rm&)gﬂ%qlggt@o\éﬁcﬁanéqﬂﬁjse etah

tenperature an A s &h attribute es In ese ence of the
dAb whi ch i ncrfeargeleqq{@eeqﬁ@sgteadbﬁcnbwnﬁﬁ exdmwlpV e ‘%97%98%585@%%15 Elhept i de
backbone of t hepRt@OYkeg kit DEiSo-8eCAssi bl e to hydrolysis by the enzyme.
Prot ease resistant domain antibodies and nethods for selecting themare for
exanpl e 30 further described in USSN 60/933, 632 (the teachings of which are
gilr) ein i lng:;zr P%@Eﬁ%tﬁﬁ mrmérgﬁ(?r@e&ompoaaoﬁhedéﬁ&we@mmmr picljlﬂxoh;b‘? Tm of :1 he

S cou al s e achi.eved .for ex ting.the ring the
sel ection pr ocdglé"rse’y SRR RS %”Pn S”é%l? Yagg'i}c %(?“%tl tgatibhnégﬁi fileng conpri se
domai n ant i bodbesaiitg astama,ed teidiay abalrrend ©id sepenaAdechtipidbrawd taaiTm i n t he

range from ab%“'g%’g’é %9515%@915% geglnaﬁ?%}}é dﬁt(gomnggg’l@o@F%ureflﬁp(B g'pOUt 8Qdeg C

to 5about e.g m can erm ned usi ng standard techni ques
such as 10-275- 78) or which has e.g. 80% identity with an amino acid sequence disclosed in

30  Figure 12b or Figure 12c, e.g. 85%, 86%, 87%, 88% ,89%, 90%, 91%, 92%, 93%,
Q4% 95%, 96% or 97% identity.



differential scanning calorimetry (DFC). The pol ypepti de concentration e.g.
a dAb which can be used in the conpositions described herein can range from
about 1ng/nl up to about 40ng/ M . Hi gher 10 concentrations e.g. of dAbs,
e.g. about 20ng/nm to about 40ng/m, can be useful for inproving delivery
to the lung. The invention is further described by way of illustration only
in the foll ow ng exanpl es: 15 Exanples: Lead Selection & Characterisation
of domain antibodies to human TNFRL isoglescribed in detail below 20 Donain
ant i bodi es generat ed. derived fraom Do phage |ibraries. Both

201 uble sel Sctihb LN GRSy & G ERa R BB R vior ¢

per f ormed accaelihengompridifpeaniinmhengivbulit mtbaradaam)dmﬁm tBat h’ﬁtlsh(b.d}ﬂ{l ehdiman TNFR1
was purchased a .sol ubl e reconbi.nant rot el t hey D systens (Cat
o 636 R1- 06/ ety sk Ml SO AR o, By T e e ok B Y et 1y
(in the case @hepodd sdrgielethatdasin aonnoaabtd@r:qmmgmhwylwaﬂ@n@mi tsAnng coupl i ng
vi a pl’l mar y amnﬂl%sdmggéqlu qlsgyse(?llﬁaflléurrehﬁ?ﬁ(flql139]‘202)§)ISF1%5}E llilé (b¥m|4n a

bi ol ogi cal assa SI S ext ent “of ot i na/ ation by mass
spectrometry. 13}%%&1 ‘IVIVC*BhaF Barfd% ldmuyeyiBanaBnoRels seerce BHesEd it i | i si ng
decreasi ng | evghi 128 0P ﬁrgm é@ 86%4E8606, RN 8900 1806, 9030) 9 (LYY, 934 oM

sel ecti ons vvere screene e EL1SA for the presence of antil NFRL

bi ndi ng cl ones*”° BRI Wae °F§%(Fé‘ﬂeégtyf romthese phage sel ections and subcl oned
into a expression vector for expression of soI ubI e dAb fragnents. Sol uble

dAb 31 fragnen ressed i the supenantants
were used ot RN pe RBSBREba duti B MR BT ARG GAbe. i ¢ er
usi ng a di r ectcoprisdigng aﬁmbSAdwqudmcamﬂls «'{IJW(SW‘H:@&&@UW toribecamiB) gbislor el | m usi ng
a streptavi dlq Lot . AGQLE chip and ranked according to
of f-rates. C@ rﬁeggg%%gg%? écrlg'%r pdt))el ow, were derived fromthe
par ent al dAb Pd@ﬂ‘g’ﬁbﬂe@ meﬂllsﬂdes‘ml?eé hergindergiubnopery delsewct ed from t he

phage di spl ay chibHsfeYn @hind heid séq%edﬁatq; at3RLOBY iR Bt B RGN UM Of
bi oti nyl at ed anti gen, treg%aw in or_neutravidin coated Dyna beads were

al t er nat ed'”as Sioéﬁ‘tcﬁP’éD‘?‘Eé'd t® Ghowadehewsl?fd of selection to 10 prevent
sel ection of blnders agalnst elther streptavidin or neutravidin. The
potency of the le .at this ow.m crom)l ar
range as det eﬁlﬁ‘Jﬁ’é‘a" ¢ aeﬁgmwo%“f ff‘r"%lbeﬁé Plf‘ﬂrpgh?ogf‘%gehve?ewc assay. The
bi ndi ng ki net icorsprass a deteevlere. pediAbywiBbiAgadsed NEGY pigclat fraptinh @pleafad
fast-on/fast-qff pﬁeagng]%fthﬁe%géchbewmgm@oigg\s&d §cBborb 1B DOMLN- 131 | ead
nol ecul e, as a CRer nononer were in the region 150f
8nyg/ 1. Aff30nity Mat ur ati on of Ieads DOM | h-131 was taken forward into
affinity maturation to generate nutants with

The invention further provides compositions as described herein for pulmonary

delivery comprising an immunoglobulin single variable domain that binds VEGF e.g.
for treating cancer, and that has an amino acid sequence which s identical to an amino
acid sequence disclosed in Figure 14 or which has e.g. 80% identity with an amino

25  acid sequence disclosed in Figure 14, e.g. 85%, 86%, 87%, 88% ,89%, 90%, 91%,
92%, 93% , 94% 95%, 96% or 97% or 98%, 99% identity.

Also provided are compositions as described herein for pulmonary delivery which
comprise an anti-VEGF immunoglobulin single variable domain comprising an amino
30  acid sequence that is at least 97% identical to the amino acid sequence of DOM15-26-

593 (shown in figure 14a}.



20 hi gher potency and inproved bi ophysical characteristics (see Figure 1
for am no acid sequences of DOM h-131 derived | eads). After generation of
an error-prone library (average nunber of 1 ami no acid change per dAb
sequence, library size 8x107) using an error-prone PCR pol ynerase
(CGenenorph 11, Stratagenc), seven rounds of selection utilising these
error-prone libraries were perforned. This strategy led to the isolation 25
of clone DOMLh-131-8, a nol ecul e mhere2§ am no acid changes (one in
framework I (FRI ), one in CDR1, one in CDR3 and one in FR4) gave an
appr oxi mat e 100s¢ ppddadrpr coveesitions sselegsebedespingder aARPERlTY YHE* MRC- 5 assay
(-4nM . In or dghpliQ of Ukt DECF iRERYBLIRLRBE Yarishlc M9 MBin3BhRRindGh GniA@SI T ONS
were diversified by 300ligo-directed mutagenesis at key $05|tk9%§ suggest ed
C

by the error- prdhieduersdetBasiasliee demtiss e s it FAFtHT PP bedss an

i nproved ver sisB (Bbwh hdidXNEH; shd whih GlroBecompPEIvE b ddriddlin &bn @ity nal | y naned
DOMLh- 1 31-%-2 Rri or to correction) was 32 isolated through Bl AcoreTM
screeni ng that®i %89 ngl e K94R anino acid nutation (amino acid numbering
according to Kabat) and an RBA potency of 200-300pM Further error-prone
li braries baselheyentipnsaljoaaeliden coreneeitionySs Aqserbad Yer¢ip srpwiRioesy flivids 5
derived were gpR&S@keHseaR AntVBEE GhifchokRbliRRG MAHBRIoRhinRAAgRIgGheCct i ons
usi ng heat treatnent (for method see Jespers L, e

I t al.,
Aggr egat i on- r 2SI agiksCRHsRRSi it BAt s dioss s EPBER PRSI SOMY -t
denat uration. MNabnBi ohecnapind 1200dncSeR;sere Dy o O 526-508F¢ Rgichhi S
selection, |ib j.es, were.pgol ed .and clones derived fromround two of the
sel ection ifiel@%lg%b\éﬁ’yﬂé'ﬁﬂ re?ff/[[h- 131-53 which were considered to be
nore 10 heat stable. It was hypothesised that these clones would possess
DMLY 13153 wer o 55 racn B bEReen Bl LAY R oG O e
formed the bashslufigandfhence Hgrconpasisions dap barscdle HeplasipPrgoreicredt ed i ndi vi dual
CDR nut agenesi g, ahd MRl oHRLfGioR (308G :SHs SPLig%sc3 8L 8£ bi REr BhedRSST | bed above or
using the in-vitro conpartnentalization 15 technol ogy using enul sions. The
phage di sptay &ty egy generated | eads DOMLh-131- 117 and DOMLh- 131-151.
The in-vitro conpartnentalization technol ogy generated DOVLh-131-511. At
this stage these three | eads were conmpared, i.n bi oph si%a! and bi ol ogi cal
assays and 20 DOMLRCYSEL fOWB%m‘[oﬂsecaHElfségﬁc thitﬂa}eﬁ‘g'gbgs P8 ties.
Furt her nor e t hitessestinlodetipaes oivbe endy e gt welerhodistdres This sdest@nioe to proteol ytic
ool ed_aput um PTER Sat FERT b RFhling FHERRHT o GHARANTRAERE 11T Vel s
of el ast as@) andrcgttiver hepreomeldig geatnet wedscessewhiglsarg oderrthasdeneadif®es- i n vi vo
condi tions in {pg MSEASERs wiith SindBlife GEicERlR thnlRALRIk J ME REg | €DS
25DOMLh- 131- 117, h-131- 151 and DOVLh-131-511 were rapidly dgegraded in
presence of t rappdicss @ bt wad iAipraliseasps ok 1silipbrigs I apsiy LeopRleY & sfhout the in

\éi voI per 3 i st qufxe&fes fmmas%heéiﬂedmm%mwmmmaitlﬁré_&enamoh 1aked tbﬁ,ﬂ egtha_s .
evel oped to sel ect or | nproved resl st ce t tr Sl S pot hesi se
that such i npraRrdeP depsribed ]F'F“f“égsibé‘te%fj%‘é&é‘%gﬁ W?ﬁ@'&ﬁ’%&ﬁ%ﬁ@i‘ OrQIP%‘/ect on
ot her bi ophysigalbcupnapaitas eg. 80% itidnety I0MRkOCLY #ninckeBienducadeleys. 8336 st andar d
phage sel ectiop,mgihagd. wgs, A)”S’R,%Bécy%,%&fmgdg%g%%,%@ﬁ%'iﬁ&ft-w in the presence

of proteases pridr to sélection on antl this 'end a new phage vect or
was engi neered in which the c-myc tag was deleted to allow selections in

the presence of tr )Qgs%iirgtow DoRBthns & ERWDBat DS v iRl ANEH AR pllentdie phage.
DOMLh- 33 using the medicaments, compositions and formulations and methods of the mvention
30 include 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



131-511 based error-prone libraries were generated and cloned in the new
pDOMB3 vector. Phage stocks generated fromthis library were pre-treated
with trypsin, subsequently protease inhibitor was added to bl ock the
trypsin activity prior to selection on the relevant antigen. Four rounds of
sel ection were perforned. Sol uble 5expressed TNFRL bi ndi ng dAbs were
assessed using the Bi AcoreTMfor their ability to bind TNFRL with or

wi t hout the presence of proteases. Thig2led to the isolation of two | ead
ol ecul es DMy il 2006t oM s S00.ANh ApRRLIEALRfldTAr oved
protease resistance as shown by Bl AcofeTM anti g bi ndi experinments. It
I S interestindYRECADEEON Fieep APSMERN' TIRROYY %ﬁﬁﬁ%ﬂ“@ﬁ}ew}tﬁh@nﬁut ation in
CDft2 10 (V53Rurcahd, g@ﬂ}d’l&tﬁp% ﬂmwammtrage@s@mg@m& Lirdtedatds, i N conpari son
to DOMLh-131- 511, whereas - 206 cont ai ned only two nutations: the
first nutatiofl§8.pHEstesEnpeel lplﬁa B@%H%f PERLHEB WA n CDR2) and
t he secondsi s ealphgaéxﬂd Eosmapiﬁhct miaumdsmd:%p(aﬁeepulﬁtogwﬁbﬁb);s ifakise YOI H nmut ati on
in FR3 does occur i (%1 @'ﬁ &% el qtﬁ@gﬂg that this
resi due occur$" ?“H“’ﬁ‘t?ﬁaa ‘Se“‘f‘ Fbé‘&“za*s“"“ e %‘SE“P{ & Erﬁo‘h%‘%ﬁ Th- 131- 511,
DOMLh- 131- 202 pagvehoDBOidkis: fh8dm@PBsikh guaranamlpeigy segpugnsaspwdsorshown 1 n

Figure 1. Actiy; n us20Bl Acor eTM
bi ndi ng affi ni %&%& g%%%%%‘?&m \Q@i@%&%o Wﬁ %f% ! -511 and
DOMLH- 131- 206 PRigrondsy idlpmegation. pRIRenYIRERIYIOSTHe pwmmmayp&ﬂmswn,t i es of
DOMLH- 131- 1802 pulXohlndedriionid; u@%a@@ﬂ@ﬂul%%g-'pg%ngr?%ﬂaldaghm diasBuman

reconbi nant E. coli-expressed human, TNFRL were assessed by 25BI Acor eTM

anal ysi s. Anafifupatoiddune disegsp.sgrogydgsisy Wesrgensiegppl ﬁ?‘Ftﬁi‘%andrﬂﬂ‘Féﬁ’al'fRﬁﬂRl. 1400 RU
of biotinyl at g TNERtha.was coated to a streptavidin (SA) chip. The surface
was regenerated back to baseline using mld acid elution conditions.
DOML11-131-202, DOMLH13 | -511 and DOMII1-13 | -206 were passed over this
surface at defHenedhecovvotont prastides enpesitiong aaddsériad haeiefqnfpulﬁ@gdﬂyrﬁﬂiveﬁhe wor k

was carri ed o . t sed and
fitted to tq he%%mﬁﬂggggﬁ]%@%g gﬂl}(‘nfﬁ&@%ﬁfﬁ%ﬁ ﬁgﬂg%g%ﬁ%eﬁd @‘Eﬁ oy tothe 1:1
model for all 26 asipeacidisaesscs wkich lAllqentlQEi togmarmawresseﬂmnee digglosed iat ed from km

and koff rat egiguRl 1A% @le8ENBHRRINEIE. gcsw; id&guwﬁh ﬁ;ana&gmdﬂaﬁmﬂ@ta bel oW wer e
produced from three_ independent experi

results were @ﬁ?‘&iﬁpé{’t%@“ﬂ/maﬁ)@}’%& Ag: Sée/%ﬁ%egr-"%o?s%’rgtgs’“ %”/” r?d /‘h?"gﬁest dAb
concentrat i ons3%,0p4ckdsaded ovem, erp@entrations for ka. The data are

pr esent ed RS t he nean and standard deviation (in brackets) of the results
(Table 1). Tabl e 1: BJAcoreTM data for DOMLH 131-202, DOMLH 131-511
and DOMLH10 13%he 206utibn aigh provides corupvainonsNERScribed herein for pulmonary delivery

comprising an anti-TNFo receptor type 1 (TNFR1; p53) immunoglobutin single
variable domain comprising an amino acid sequence that is at least 93% identical to

the amino acid sequence of DOM1h-131-206 (shown in figure 1).

25  The invention also provides compositions as described herein for pulmmonary delivery
comprising an anti-TNFa receptor type 1 (TNFRI1; p55) immunoglobulin single
variable domain comprising an amino acid sequence that is at least 95% 1dentical to

the amino acid sequence of DOM1h-131-511 {shown in figure 1).

30 Domain antibodies which can be used in the compositions of the

invention can comprise a immunoglobulin single variable domain that binds TNFR1,



ko" koff Kb (nM DOMLH 131-511 5.03E+05 5.06E-04 1.07 (511) (1.07E+05)
(1.01E-04) (O0.44) DOMLH 131-202 1.02E+06 5.42E-04 0.55 (202) (2.69E+05)

(3.69E-05) (0.11) DOMLH 131-206 1.55E+06 7.25E-04 0.47 (206)
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wherein the immunoglobulin single variable domain that binds TNFRI differs from

the amino acid sequence of an anti-TNFR1 dAb disclosed herein at no more than 25
amino acid positions and has a CDR1 sequence that has at least 50% identity to the
CDRI1 sequence of the anti-TNFR1 dAbs disclosed herein.

Domain antibodies which can be used in the compositions of the invention can
compnse an immunoglobulin single variable domain that binds TNFR1, wherein the
amino acid sequence of the immunoglobulin single variable domain that binds TNFR1
differs from the amino acid sequence of an anti-TNFR1 dAb disclosed herein at no
more than 25 amino acid positions and has a CDR2 sequence that has at least 50%
identity to the CDR2 sequence of the anti-TNFR1 dAbs disclosed herein.

Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFRI,
wherein the amino acid sequence of the immunoglobulin single variable domain that
binds TNFR1 differs from the amino acid sequence of an anti-TNFR1 dAb disclosed
herein at no more than 25 amino acid positions and has a CDR3 sequence that has at
Ieast 50% identity to the CDR3 sequence of the anti-TNFR1 dAbs disclosed herein.

Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFR1,
wherein the amino acid sequence of the immunoglobulin single variable domain that
binds TNFR1 differs from the amino acid sequence of an anti-TNFR1 dAb disclosed
herzin at no more than 25 amino acid positions and has a CDR1 sequence and a CDR2
sequence that has at least 50% identity to the CDR1 or CDR2 sequences, respectively,
of the anti-TNFR 1 dAbs disclosed herein.

Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFR1,
wherein the amino acid sequence of the immunoglobulin single variable domain that
binds TNFRI1 differs from the amino acid sequence of an anti-TNFR1 dAb disclosed
herein at no more than 25 amino acid positions and has 2 CDR2 sequence and a CDR3
sequence that has at least 50% identity to the CDR2 or CDR3 sequences, respectively,
of the anti-TNFR1 dAbs disclosed herein.

Domain antibodies which can be used in the compositions of the invention can

comprise can comprise an immunoglobulin single variable domain that binds TNFRI,



(3.57E+05) (1.95E-04) (0.06) DOMI| H 131-202, DOMLH 131-511 and DOM I

H 131-206 bound simlarly and with high affinity to human TNFR |

DOMLH 131- 202 and DOM | H 131-206 bind with 15 average affinities of 0.55nM
and 0.47nM respectively. Both DOMIH 13 | -202 and DOMLH- 131- 206 have a
slightly better affinity in conparison to DOML14-131-511 which has an
average affinity of 1.07nM Receptor binding assay: 20 The potency of the
dAbs was deternm ned agai nst human TNFR],in a receptor binding assay. This
assay neasures the binding of TNF-al pha to TNFR1, and the ability of sol uble
dAb to bl ock thersiniteeaginscacidspauency of thammpunoglopuigsiigle yarky! eélo’ﬁ‘é‘aﬂ’a[\;re coat ed

Wi th goat ant iy AUFRAR 1 @ffd Féhhe bR £RGEPERE ofMahedNFRADAD ak@oseMCubat ed

wi th TNFal pha (1 Ong/ nl), dAb, biotin con%uagi?\&g ti- TNF- %%Qgg and

streptavi din &FEiRAT#q MEFE them gnamipgacid Rosige SPUERELY 84 el |

plate. After Gediitk thal 1€ abadt B4 iSentigad the DRI Dr ChR3 AkeB20RsCetivelyl ar

Det ecti on system and bel}] q)s% ia Ed fluorescence determned. If the dAb
3 IRReR

bl ocks TNF- alpiiaahi-Haf ¥H& fluorescent intensity will be
reduced. 5Dat a wasDanh gasle@thuswhmy cirhige 1B 8REOMpeyilonssif shedmfentygsrcan

Concentration effect curve Y% o) b}éqilohgglﬁtﬁ/g% 8dsOB§F1M ned using
G aphPad Pri sand &8s com ”*“’%é‘gf]‘qﬁ&% I((:jir;'lgsﬁ'o se caurve wth vlarsl abl e sl ope. The

assay was repedesth tt;ﬁrﬂnnlm sl ss@pegeal e jopunesiohdin spgtepriablg dopaindde curve was

i ncluded in eqgly eXPRI alﬁ&@hoﬁa'ﬁﬁ&&l{u?osac% <Bidncd)of anTih8- TOPRE AAb HREIbRA Of TNF-
al pha used to conpete wth dAb binding to TNFRI 10 (10anl% b%g
§ say. A

appr oxi mat ¥l y he@imabro mefe thep 27 FFRP WOSQBP‘&?& PESSIRISeIYeh

represent ati vee@emRhnd aSCﬁﬁPMudnEbtEit%bUﬁleBstSh%\i\deﬂtjtytd‘tﬁethRl!,l(IQRZt)fr dAbs to
inhibit the binding of TNF- aI %o Aq)s%ls i sed eeremexperl ments the
negative cont ‘ot %sﬁﬁﬁPCé’é*r?SP?% -8hige WNE%\A akPY I'bit the
interaction bet meermom-anaioﬁhawmam ain the TNERI thatonmoghoneoﬁfbenwmim ems. The

aver age pote val.ues .f ¥ icontrol s
(anti - TNFRL m%‘“ %St"'au neH“’?‘?"S‘ﬁﬁ"ﬂﬁB‘ %{/&E?:&%&tgle quéyngﬁghagg%lﬁil ™

(et aner cepts avidicinethé imnfunsglotwlic singlp wariably d@iﬂé"ﬂ'mF’F@“‘-’!S iTARBH N353 Gl Fc porti on

of 1gd; lice e Bt K EYPQicHced b dalahfiTSFRAEAL Shown i n
Table 2. 20 ng(ﬁgn%%aﬁgﬂgtn%% ﬁiilé/gcTEO)tlt}\etf"zlItues for@lSOV[LI-I- 1??1 202,

DOM 11- 131- 206lissleepdbemwin- H- 131-511 in a TNFRI receptor binding assay for
three repeat exper pagith SatiboRBPVIEcHME beged mEhdcompbditions of the invention can

comprise can comprise an immunoglobulin single variable domain that binds TNFRI,
20  wherein the immunoglobulin single variable domain that binds TNFR1 has a CDR2
sequence that has at least 50% identity to the CDR2 sequences of an anti-TNFR1 dAb
digclosed herein.
Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFRI,
25  wherein the immunoglobulin single variable domain that binds TNFR] has a CDR3
sequence that has at least 50% identity to the CDR3 sequences of an anti-TNFRI1 dAb
disclosed herein.
Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFR1,
30  wherein the immunoglobulin single variable domain that binds TNFR1 has 2 CDR1
and a CDR2 sequence that has at least 50% identity to the CDRI and CDR2

sequences, respectively, of an anti-TNFR1 dAb disclosed herein.



SEM DOMLH- 131-202 0.11 0.008 DOMLH 131-206 0.07 0.01 DOMLH 131-51 1 0.19
0.01 Enbrel TM (Etanercept) 0.20 0.07 Anti-TNFRL mAb # mAb225 0.08 0.003
25In this assay DOM | H 131-206 appears nore potent than the other two dAbs
being tested and has a simlar potency to the comercially available
anti-TNFR | mAb, MAB225 (R and D Systens). 36 Expression of |ead clones
fromPichia pastoris was carried out as described bel ow. The primary am no
aci d sequence of the three | ead nnlecu&;s was used to produce 5codon

optim sed genes for secreted expression in Pichia pastoris. The three

synt heti ¢ gen&»maiaragtibodishwbich pande pied inctip paEperitens VE@‘E Benipk eanza (from

| nvi trogen) aQQmﬁljfb@ 'aantc,roﬂaﬂﬁﬁce%ﬁ R0 BlbBulih WRgRivEkbbR dBfnkia |t1ﬁ$bm@§33~lmmﬂ | CM71H.
The transforned s. were plated out, gnto in %§S| tions of
Zeocin (100, 3@@““%@U"§Hﬁmﬁﬁwh$§?$?5”@@3%%W@b@mf @ﬁgﬁg mul tiple

i ntegrants. Appd 9EDRBERLdcd Batthon @&st0% i@act tedté CDRR ael CDR3
5  sequences, respectively, of an anti-TNFR1 dAb disclosed herein.

Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFR1,
wherein the immunoglobulin single variable domain that binds TNFRI has a CDR1
and a CDR3 sequence that has at least 50% identity to the CDR1 and CDR3

10 sequences, respectively, of an anti-TNFR1 dAb disclosed herein.

Domain antibodies which can be used in the compositions of the invention can
comprise can comprise an immunoglobulin single variable domain that binds TNFR1,
wherein the immunoglobulin single variable domain that binds TNFR1 has a CDR1,
CDR2, and a CDR3 sequence that has at least 50% identity to the CDR1, CDR2 and

15 CDR3 sequences, respectively, of an anti-TNFR1 dAb disclosed herein.

Polypeptides, immunoglobulin single variable domains and antagonists which
are used in compositions of the invention for pulmonary delivery may be resistant to
one or more of the following: serine protease, cysteine protease, aspartate proteases,

20 thiol proteases, matrix metalloprotease, carboxypeptidase (e.g., carboxypeptidase A,
carboxypeptidase B), trypsin, chymotrypsin, pepsin, papain, elastase, leukozyme,
pancreatin, thrombin, plasmin, cathepsins (e.g., cathepsin G), proteinase (e.g.,
proteinase 1, proteinase 2, proteinase 3), thermolysin, chymosin, enteropeptidase,
caspase (e.g., caspase |, caspase 2, caspase 4, caspase 5, caspase 9, caspase 12,

25  caspase 13), calpain, ficain, clostripain, actinidain, bromelain, and separase. In
particular embodiments, the protease is trypsin, elastase or lencozyme. The protease
can also be provided by a biological extract, biological homogenate or biological
preparation. In one embodiment, the protease is a protease found in sputum, mucus
(e.g., gastric mucus, nasal mucus, bronchial mucus), bronchoalveolar lavage, lung

30  homogenale, lung extract, pancreatic extract, gastric fluid, saliva. In one embodiment,
the protease is one found in the eye and/or tears. Examples of such proteases found in
the eye include caspases, calpains, matric metalloproteases, disintegrin,

metalloproteinases (ADAMs) and ADAM with thrombospondin mitifs, the



10and construct were selected for expression screening. As the correlation
bet ween hi gh/| ow gene copy nunber and expression level is not fully
understood in Pichia pastoris, several clones were picked fromacross the
Zeocin concentration range. 5L fernenter runs were carried out using clones
t hat had not been extensively screened for high productivity. This all owed
the production of significant anmounts of material 15for further studies.
Material production for protein charaCQ@risation Protein A based

chr omat ogr aphy resins have, been extensive y. s from

i robi o ool PSR oA RO et Eeb T F B b o
purification maida@fbtéamPRﬁsmMcqumg piﬂegkmmmaihwy faPeln ade embsdlabﬂtyhe>90% in
nost cases, for so rre t I i can resul t
" the for mat FSRESTEa S0y DRLRAYl R, Aen GRS, oL bR bl e O

capacity of afrriaarmnai!y1 p@@umm pmtea&gAbw emhpdimons thebroteasa istaid tagle of

significants qu ?ﬂ?%akédr%%uﬂionﬁr?ﬁ&sﬂe ,sreteﬁe QEESSI thab Y RE HEY ﬁﬁo?laryltlﬁ'sugrder to
produce hi gh fmaterial for characterisation and further stability

and nebul i ser Pscttﬁéﬁ awnd in higypapk sTch BIRTeRGAES bost 8 Alsp Potsed & thggacthpdyi sed usi ng

a mxed nodal defArAR el ibilGid RPosii@ ST DirepditolrbI6f 1Py RIpraedsé. ur e step fol | oned
by ani on exchange. Wthout significant optim sation, this allowed the

recovery of --70% v t he capture
step on the m xed l?ﬁ)aé %E% glggcgaﬁ%gﬁg*%%&r %’éﬁgﬁgdr%%mé); P rﬁ)l%%{?es’:%t
Heal t hcare, colnmmpghulin ﬂ!rtﬂﬂa«tarf@# Jomajpewheyrinthd VWPH@O@@W rgtinbh phosphat e

pH6. 0 and {se Mmhmhbawwﬂ fﬁ%na/&lwfaytc)emwaﬁqdnﬁ&s rahshmtl on or pH 30
adj ust nent . After was |nfgt e colum roteinis eugt pH gr adi ent

usi ng an el ut iPERCAERAPEE mwﬂ.oéats@ﬁwm?%mpw gcﬁcen?h@nébéeqaf ?‘/363‘ wash and

gradi ent condighinfkSerivhd/hl praease &I30WNH ¥md@peadeRgo@hodrh@ opd of the protein
bei ng el ut ed. 7 The el uat i j

a ak i§g then further purified wth a flow
t hr ough step U& ﬁ‘bm%fﬁ’l a%&@ﬁéﬁﬁ@’%ﬂ?%ﬁ%@@éeﬁﬁ?eg%ﬂ’iﬁg’t?é?ﬂf\\%s resi dual
1-1 MN cont anm riafnaiais 8 0@tto 89,060 pmteade vaciabtalemaia eg whed (de ) reinaetaoximh. The
resin is eqguil]brate S fer pPH 7.4 wi t hout
salt. Upongl oéﬁ ratml %8mel ué@o %ras @ab%do%% gl}r}tg%gt ngcaﬁsllgﬁ exchange resin
t he dAb does nmcrOQBmdmaﬁGmtS) 1§ é@@@@rwﬂﬂmmﬁa@d‘i@“ﬁlwnﬁm bugk. Endot oxin and

ot her contam hil BEmRFRSRAGRrdRfanSRbi) df brotkadeng PBS
buffer inpr ovggﬂ%)crﬁrg?{épﬁrér@é%gw& WQI& t E%e%l 0% hi s s%og ratlh)erBrtohar? 86%

recovery achi dteHyRk™ F?d@flabéea‘ioﬂnamllﬁ)w&to {QQ@O?)PI@%WC’@”’(W dogpin ¢geduces t he
e]{ f 3;}3 l ¥erless wHen &G ﬂﬂﬁh%@?ﬁh‘n@fniﬁ @mﬁma;l is altmh_mt MOO@pﬁoYemeG@hamﬁnXh n |evel
o ol ] owi ng. t t th t usi.o s neasured as
58EU ml cotfpared™ W‘%Wi &9(5‘1‘10’8?@%“’13%‘3/‘??@ I%E?@O 36(51\?9 n no salt was
present. Prot eprateas&aﬁrabteabmslat In@Ae embddititat, mtcercematlpxr (coabuced afle®em t he 51.
et e T B BTSSR LS 1) SR a3 N SLESHATPEAY oS
purity usi ng’ SDERAGHE) orIBE mrccbg@aismd@@tagkejd@fmnt@s maéft talthﬂdqantllqn (Pierce).
20l dentity: Q%m%'ﬂh@%oﬁd%fom %Lbléﬁ“)gg]g@gl 1%%1@fﬁle%iotéag@fo£ tisk Shhed 1 VE

resi dues of each protein, was as ex . Mass spectrometry was
performed ¥n seighesilyepaiesessr Ebraiisss! pamidds Oh%?dlypﬁl@é‘ﬁs et araepeRihged into

50: 50 H20: acetmege%ﬁduﬁm@%tbamumc@ndici’&gdo@eﬂcaqhm@ﬁegm&as@eésdtau@elom@ A
Zip-tips (MIlipore). The sur rr%as for each ofﬂé}hethre roteins

was within 0. SEECY PRty inh ca‘fa dompping B O PR TSTY RS %1 no acid
sequence (cal dudvatese,ulstag 2aweragevengbgs )., sdoenl 2alslhowsndn é@r a nmass

difference of -2 E OQPntth 430 %&a?n”iaPJsiSEa{*&ﬁlth?tc&fdﬂ%' s @jna%h' LRhi de bond. | EF was
used to identi® he br el ns based on err p i was different for
each proteih. cmneptta}mn (c} is or is about 10 or 100 micrograms/ml protease and time (t) is 1

hour. In one embodiment, the variable domain is resistant under conditions (i1) and

the concentration (¢’) is or is about 4¢ micrograms/ml protease and time (t) is or is

about 3 hours. In one embodiment, the protease is selected from trypsin, clastase,



30 The three proteins were | oaded onto non-reducing SDS-PAGE gels in | ng
and 1014 anmpunts in duplicate. A single band was observed in all instance.
38 Si ze exclusion chromat ography was al so performed to denonstrate | evels
of purity. For size exclusion chromatography (SEC) 1001g of each protein
were | oaded onto a TOSOH 02000 SWKL columm flow ng at O.5ml/mn. Mbile
phase was PBS / 10% 5et hanol . Investigation of dAb stability for candidate
sel ection: For the indication of COPDy7it would be necessary to deliver
the dAb into the |un sing. a pebuli er device. This would nean the protein
coul d pot ent i aPFSYBR Haﬁ‘ﬁ%‘é‘na“ g H“eé‘f’ﬂ‘fr?éOé‘?asea‘ﬁ%y‘fsf?erhﬁﬁrfe stresses
dependi ng on teh®odiyige, tef protedael isiapedteastsioahdam shuamy Inthclpde. g Upseic trachist 0 enzymati ¢
degr adati on by ot eases Ji.n the.lung enpvi.ronnent . C rly essenti al
to know if thé’a% 't‘célls’nroé‘(%tﬁ{tldnuﬁ%s)’c?éqn?}\’/oéﬁgﬂarﬁ%"iggegEutnﬁ}lésm(\f%%aée’ ll)uﬁg device, form
the correct partrict bacrhtreexticsigesthufliidpatvadr tranetitke dyarie phcomdbdifigit! owi ng
nebul iser A8l |teasT REAEHAHn 1B Eyd Mo} 3 C 1848 BnbldifcrlinSRGlstRlCCUl € To 2
range of physic 15stresses was investigated to determ ne the baseline
stability and nembacipsighprefenss i jay embadimit, theyprqteaen ig 2t 3082 lfgsBYamaliag, ¢ he
stability of %@,%m@ﬁ,%hﬁéa&.%ﬁdenﬂﬁdiﬂﬁ@@iﬂggﬁka@ﬁ% 4 Oendotifrbedses0d ution it is
solubilised in, some pre-formulatjon work was necessary. This jnformation,
such as bufferp,“mﬁpfry\‘ﬁ%ﬂ? RFOPSE PRI L EST RIP 4B PT ARY %Véﬁ%ﬁeﬁﬁ)tetaﬁee{mé‘idabi lity of
t he protein dut hidgns. Shckl prorade nistedrhepeidan hise bd usedinpliccnsissls dsschitsdbseguent
storage. 1] 20order to charact %ri sefltbpae ghanges in the nolecul es during
exposure t0 a Tang® SO PhRYsT CRT o8t Pesbes’ *A Tange of anal ytical techniques
were used such as size exclusion chromatography (SEC), SDS-PAGE and

i soel ectric focusiligng gppyliment, the vadabledopaifds 1Sty BrieadRauYoiBiF3st y of DOM

| H131- 202, DQW: btlitr bdtenRlsbicbOirn BdMst, 1t deghe sancrddtiat. poakaase stability
of DOMLH- 131-202, MLH-131-511 and DCJ\/IlH—é31- 206 was aglasessed_ by Bl AcoreTM
anal ysi s of tHeSH8E ’ﬂ@ﬁpﬂ?ﬂm%ta%?cmintai}d FEOB ™A FERSITHEBETT B for defi ned
ti mepoi nts i N QKGE shstak afd Bliceases rypAlpélaxdsermidehncrchdf) Oivbbinklaigdset | Nyl at ed
TNFR | was, coated 1.0 streptavidin (SA. chip. M of DOMLH-131- 30 202,
DOMLH 131 K11 PR #E‘T%?B?o%%sén’i’%“éﬁe kel 1%&{512&&88 only or with 39
10Qug/ mL of trypsin, elastase or |eucozyne for 1, 3, and 24 hours at 30C.
The reaction was skepperbadimentieyarnble domaigms disrtayedqndiaptedtphpgedihense

i nhi bi tors. ThegueMy &H@E@rﬁﬁt%nr(f? 3t (@) B85 cARPR at DENR DRSS Eiz0Ma0° thhe TNFRL
coated chip usi ng reference cell subtraction. The chip surface was
regener at ed wiBhU 0 B TRfcae gPURGnEREt Y #%) het ween Seach i nj ection cycl e.
The fraction of DOM | H 131-202, DOMLH 131-511 and DOM | H 131-206 bound to
human TNFRI (at 10lngeeshbqdiresni, thewbrabiediomemiipgsiisalbdnds itnaezetioleying ned
relative tg dARBiHRA LR Wtk P19t £AS8Sed BiASALETMIUNELINY 6 carri ed out

at 25C.
phage ELISA or monoclonal phage ELISA.

In one embodiment, the variable domains of the invention specifically bind
protein A or protein L. In one embodiment, specific binding to protein A or L is

present following incubation under condition (i) or (i1).

25  Inone embodiment, the variable domains of the invention may have an ODyso reading
in ELISA, eg phage ELISA or monoclonal phage ELISA) of at least 0.404, eg,

following incubation under condition (i) or (ii).

In one embodiment, the variable domains of the invention display
(substantially) a single band in gel electrophoresis, eg following incubation under

30  condition (i} or (1i).



10 The data was produced fromthree i ndependent experinments. The bar graph
i ndi cates nean val ues and the error bars indicate standard devi ation of the
results (for results see Figure 4). 15 It was found that DOMLH 131-202 and
DOM H 131- 206 were shown to have greater resistance to proteolytic
degradation by trypsin, elastase or |eucozyne in conparison to DOM I

H 131-511. The difference between DOM | H 131-202 and DOMLH- 131-206 in
conparison to DOM H 131-511 is nost propounced after 1lhr with trypsin and
after 203hrs with el astase or |eucozyne. Thermal stability as determ ned
using DSC. In order to determne at which pH the nol ecul es had the
greatest stabili ty differential 25scanning calorineter (DSC) was used to

measure the pﬂ{ %&%H&%’é&h%ﬁ%m& 'smz)rléaf(a)%ﬁasgpgmeé £ 2Bbinkih 9RERPI NsoN

buffer. As B Inson 1s e conponent buffer systens
(acetate, phodphit ed4rd Pheviclesionlly PqCﬂHt@lf’dl%fgli’ pE-Ene Uhlﬁli‘ brda®l ranggef r ange from

3 - 10 in tye zane, &%ﬂﬂ%@@mﬂ@ﬁm&h@%&p Mﬁ@hlsﬁgodﬂ@cﬁmﬂeftlﬁrvmbMOifd’ om t he
proteins pri mar% am no acid quence omth t he_pH at. which the
ti W Préﬂﬁ()g&

dAbs had 30t heP @}fé‘é?%%{!%ﬁ%bp HQ%CP%QP OFI?"PSM\E PUHANEE t 0 be pH 7
for DOMLH 131- 12@/2(w/4ﬂu&r3§2z)nd W&Hﬁfl‘tﬂc b6 tiocROMb st iquRBo | 206) abowd pH 7. 5

for DOVL11-131-511 (511) bse nt stress.and stability work the
fol | owi ng pHs *Rg“r‘jé & 8f='~r58/ %%ﬁe igl Tii qggﬁﬁeﬁﬁ%ﬁf atgféco(r[ﬂf%éand
DOM H- 131- 206 Ha2ddgizeppittich.iOlessnitknfaborut ©@dréns lekg1i8 the &g rp@ Bbut hEd apoB 6 n

Britton-Rohj nson buf f i,s8dy " Tabl e
3: Summar ymof ’P‘ﬁ""gs‘iqgg‘“%‘h &e"’“t%%lfi@ﬂ%%i‘%%% 1 ’Sﬁ’g '{ﬁ‘[’)%\@/léoahfm%fn@zoe (206)

and DOM H 131- Ebmee{b;'Fu_nmﬁelszswd@taebWSﬁ@HtOk}}lyVm@qeﬁs@ﬁ mns'aa frebers bk 10 buf fer
at Inmg/m dAb pHthat.gi ves greatest intrinsic thernmal stability Tm (C) of
the dAb at the given pH DOM | H 131-202 (202) 7.0 68.6 DOM | H 13I-206
(206) 7.0-7.5 65.8

15  Suitable buffers which can be utilised according to the invention are physiologically
acceptable buffers e.g. those which can be safely administered to the lung, for example

phosphate, citrate, acetate or histidine buffers.

pH range: In one embodiment the pH of the buffer is in the range of from about 4 to

20  about 8, e.g. about 7 to about 7.5, or from about 5 to about 6.

In certain embodiments the viscosity of the buffer is preferably about equal to the

viscosity of a solution of about 2% to about 10% PEG 1000 in 50mM phosphate buffer

containing 1.2% (w/v) sucrose. Viscosity can be measured using standard techniques
25  know in the art such as the cone and plate method, or the magnetic bead

microrheometer method.

The size of the liquid droplets present in the composition can be measured using
standard methods for measuring particle size e.g. using a Malvem laser scanning
30  device or e.g. using Cascade Impactors such as the Dekatie Impactor Device or the

Marple Iimpactor Device.



DOMLH- 131-511 (511) 7.5 58.0 15Intrinsic solubility testing: Al the |ead
dAbs were concentrated in centrifugal Vivaspin concentrators (5K cutoff),
to determine their maxi mum solubility and the | evels of recovery upon
concentration. Experinents were perforned in Britton-Robinson buffer at the
nost stable pH Sanple volunes and concentrations were neasured over a tine
course and 20 devi ation from expected concentration recorded as well as
percent recovery of the sanple. It wass§ound that aII proteins coul d be

concentr at ed over..100 I, i ritt Robi ns

DoVITH 155 502 ol e b4 bt S e ERORL SRR over i o
t han expected caolfmafadnﬁloP@ﬁWyﬂén&gl&ecﬁnHEC()Sﬂghlas PEG A0 og bugats exgi t hi n
acceptabl e | eyel s, mannos er ad%l%vgsc ]L!:(%lﬁ{l‘%e sfa?iﬁ\sggé?ggntgﬁaﬁ as By testing

di fferent nebdfFEEE ARG F6F MIl'AET BN enonstrated that the
dAb coul d ef f eeteigedsd iz Javeets| | vered using a wi de range of nebulising
devices. Myre inportantly, it was shown for the first time that
nebul i sation of the dAb in the 5fornul ation buffer produced the preferred
particle size Apopertisarsrdres edbprforfoariaiph i (e PEPEBMEYETOE dropl ets <5um)
for effective dlsééﬂg:dd\@xleln\é@ﬁ usem]y btor SRMPleah EkltﬁQ‘JEchﬁlﬁleﬂe §.unebiveral ity. This
is further described bel rrg.Bp son of Perf onrance in V?_ll § Devi ces:
10DOML11- 131- HPfis %‘%‘1’&171;%%“%%?8‘ 15 1 ey ¢ agubsiapiially porgeyisicant &%n sing two
devi ces from eaa@hudnfas ﬁﬂlﬁltdgbtﬁﬁﬁ amBTNFRII dAlps dixtloste uWiOs200%04961 7 (thequi d
forrrulat|05|. oni c [ brati ng nesh
nebul i sers. ﬁ"%%’%%anaée\?'“ o At #‘}h 21&56 ?ﬁamﬁ%a“gﬁ C%mgrgtlé%he%g? E)ﬁl%%genﬁé)é range of
PEG concent ratelgomsan hizor angaciding aryptime ehdesquibedio anagye 0’6$EQIFQ)EJ-IGQ of¥@e <5)tm
was measured biskd-dhgent s
Limted, UK) lé%%@ﬁglﬁrv%is%ﬁ{hgb hg?{ug%kg‘e g‘g%&kgﬁyaﬁlpyﬁ{e&]hééégtgbl lity of each
sanpl e after @Fl‘r@‘ﬂﬁréﬁ’@ll|d§éGom“‘a@sscé%%‘&c@bﬁgﬁﬁ’emﬂfrémﬁ%wg‘éa‘?rﬁe anount
of sanpl e whi citeiade didii sAdsheih in the material remaining in the cup and
in collected aerosol. The results may be seen in figure 6. The less the
extent of @i ner formation the greater the stability. Figure 7 also shows
SEC traces t hatcad eRDBSdckindbt: foithd pcey@epnm ofzmmmsﬂmims 20 (RBE\ESKh2@6 1 enai ns

stable to nebu'hﬁ%?ltél &ijgt?aﬁirllpgra?'llrece?&fla; thas faﬁaméﬁrbee El(hwnt!hz(ﬂraAb ﬁ devi ces can

del i ver 40% or® ornu nin correct size range but
the eFlow (a \mghmamlmg tpresdnatwreh({Thissae mdevEtwdnt wradgPARDD indied by eeamebul i ser)

devi ces perform fikd teyn E[{Qt&l}@ nJDI%% tén%m E@Ja%mf}eﬁbtﬁ%héamcxvtﬁsﬂnag mor e

t han 80% 25 vvhen P he but er Thi's increase in delivery
with PEG i¥ alsges @l@sersxgeéicwt rle inHadusing ogeregts, ompian fug aebulixtigngnd Wit h t he

PARI LCt. | npQf iiadidyint@ebis b fetecObr 448 vgﬁhnélﬁﬁn 2l 3R rfealendr icicb@g i@ ai ned
after nebulisation (see results in Fi 2
would be to produce a phage display i ra,ry of the dAb and use a protease (such as
trypsin) to select and identify molecules which are resistant to the action of the
enzyme. The protease resistant dAbs generated by this method have a higher melting
25  temperature and this has been attributed to changes in the sequence of the dAb which
increase the core stability of the protein so that the peptide backbone of the molecule 15

less accessible to hydrolysis by the enzyme.

Protease resistant domain antibodies and methods for selecting them are for example
30  further described in USSN 60/933,632 (the teachings of which are herein incorporated

by reference).



Effect of Buffer Additives: 30 Due to the lower stability of DOM

H 131-511 (511), the 50mM phosphate fornul ati on buffer contai ned both PEG
1000 and sucrose (and has a viscosity which is within the range which is
defined as about equal to the viscosity of a solution of about 42 2%to
about 10% PEG 1000 in 50mM phosphate buffer containing 1.2%w v sucrose) to
hel p protect the dAb from both shear and thermal stress. As both DOM I

H 131- 202 (202) and DOMLH 131-206 (206p%have higher Trn's and showed

consi derably iMprgyeknshali h tivn Bpthteh@rbgr%tmlétarsg%s,acﬁt\ledtfaeeﬁp,b@cw es were
tested in both t he or nal, 5formul ation buffer and in Britton-Robi nson

buf fer (whi ch bafeegshe %‘gaérduw%%étlww REQAESE: HEEnFo Vs thE FOPoBtits el Yhe The dAbs

were tested ifAneida cbm@tﬁﬁtxhawmmddlaamah bba“eglrﬁtﬂa/foema dWbd 1B hkvén toh i8¢ of 3.5

m nut es at aprotel entr |on of 5 article sjze

di stribution d]éf'tré?gﬁt rLﬁ’é‘l ﬁ§ 2998k § \Peﬂ'bﬂ‘q%tﬁ'n%@f?%% B‘ea.b‘”ﬂio‘iegégt?pari son,
mar ket ed drsug sbar e@y Stdeg . iThorfasta Hediesrginat edhpsitadaddriethpigedsaueh ) that is
del i vered 10u was tested in its own formnulation
buffer. The rzd"ls ngalgrga%m%&%nm%%wfcdre 9. For good delivery and
distribution into the deep |ung, the ideal particle size is less than 6
mcrons, €.9. the %oﬂﬁégu&l borefMiraGA0S . A Y&, GATRALARL %Stldelyletl'li c8£p091%511i3' cle sizes

t hat vverelesst an tmin both the Britton-Robinson
formul ati on bfscaped( E’STG‘EIe%‘Brﬁa‘Efédff%rqu‘ér Jme/mb ey er abOPhéOIﬁgfg‘llte’filngfsc05| ty of

the 15for mol atch@Bniubdsele. 60UABE, BE. BatLbGHRL WbokQ0REME] 8in thQbefRFRAUC NY
particles within the orrec ize range, e.g. particles <5 pm The
concent r at i on “BFrOYIARd eE( ?ﬁﬁg cup of the device was determ ned by A280
measur enents before and after nebul i sation. It was found that the protein
concentration 'qwé‘ mnlst}ur@g Sig f| cantfm(lt ! ngeftlhatnnel t her the
protein nor 2 vehi el'e" is pre eren avfﬁyy nepu llonscé” duli"Rg™"d® i very.

Nebul i ser del |em’e1rp}esof Anti -11.13 I\/bnonerl C dAbs. It could al so be
desirabl e fsor dAbs to be delivered directly to the site of action for 25

ot her pul monary conditions such as asthma. By testing nononeric dAbs which
bi nd the cyto&pHBle¥:L 13 it was denonstrated that dAbs could be

adm ni st ered effectl vely by pul nonary delivery using a nebuliser and coul d
potentially b for the treatnment of asthma. This_ is further described
bel ow. 30 8AbLHEeY Pl CHrMIF YR OhsBTI R b iocpe SHBRY BE5EHdand of ¢ he
dAbs |isted t hedeiinelotwwo were sel ected to be tested for nebuliser delivery
based on tziaelr potency 43 against the target and their biophysical
properties - these were DOMLO-53-474 and DOWVLO-275-78. 5 Potencies of
anti-|1L-13 dAbsmB@NLEboBBs ghdramteteiDONOd B35 -Dodhahus’ phidekibeetd Bassay: This
assay uses LKA, GREms abahyl f Feghaduth s R RTATE eRGANd the SEAP

(secreted errbryonl c a at a reporter gene (l'nvitrogen, San
Di ego) . according to the relevant standar Dormantis methods. Human TNFR1 was purchase

as a soluble recombinant protein either from R&D systems (Cat No 636-R1-025/CF)
25  or Peprotech (Cat no. 310-07) and either used directly (in the case of passive
selections) or after biotinylation using coupling via primary amines followed by
quality control of its activity in a biological assay and analysis of its MW and extent of
biotinylation by mass spectrometry. Typically 3 rounds of selection were performed
utilising decreasing levels of antigen in every next round.
30
Outputs from selections were screened by phage ELISA for the presence of anti-
TNFR1 binding clones. DNA was isolated from these phage selections and subcloned

into a expression vector for expression of soluble dAb fragments. Soluble dAb



10 Upon stinmulation with IL-13 SEAP is secreted into the supernatant which
IS nmeasured using a colorinetric nethod. Soluble dAbs were tested for their
ability to block IL-13 signalling via the STAT6 pathway. Briefly, the dAb
is pre-incubated with ong/ nl reconbinant |1L-13 (GSK) for one hour then
added to 50000 HEKSTAT6 cells in DVEM (G bco, Invitrogen Ltd, Paisley, UK
in atissue culture mcrotitre plate. The 15 plate is incubated for 24
hours at 37C 5% CO2. The culture supernatant is then m xed with Quanti Bl ue
(I'nvivogen) and the absorbance 640nm_ Anti-1l-1 |vity
Causes 5 deor aeiofs PO KpRRaR SEPH R sy bt B BEH T a0
conpar ed to | LorltBe presenaglod trito FNFRAM 1 Fartgl déba. citlith esifesditebtdi@ingiddyA Tabl e 4

bel ow shows t ' human | L-13
(hiL-13) and E‘ﬁﬁ‘g |%"%r§ d?%%“ %}?EAQ%W@%%%Q?O&- 5&33%5_ phis yfé%gﬁg? 275-78 EC50
(nM (nM HEK BHésay™ehip-andragkeg3copigdy ofrafes( n=7) HEK assay clL-13 11.1
(n=10) 1.4 {n=7) 25DOMLO-53-474 is the preferred clinical candidate ow ng
to its superi ofcRAb GREYules' PGS bdidw, WRH ddiNBVR T 1BIMNE G PRS, QGHhated @ NHP
clinical nodel. DOMLO-275-78 would have inproved potency in a NHP clinical
model . DOM O SAPMi-¢H - Bhisglecule was selected from the phage display library after 3

rounds of selections using 60nM of biotinylated antigen. Streptavidin or neutravidin

coated Dyna beads were alternated as capture reagents in each round of selection to
10 prevent selection of binders against either streptavidin or neutravidin, The potency of
the lead DOM1h-131 at this stage was in the low micromolar range as determined in
the MRC-5 fibroblast/IL-8 release cell assay. The binding kinetics as determined by
BlAcore™ typically displayed fast-on/fast-off rates. £ coli expression levels of this
DOM1h-131 lead molecule, as a C-terminally myc tagged monomer were in the region
15 of 8mg/l.

Affinity Maturation of leads:

DOM h-131 was taken forward into affinity maturation to generate mutants with

20 higher potency and improved biophysical characteristics (see Figure | for amino acid
sequences of DOM1h-131 derived leads). After generation of an error-prone library
(average number of 1 amino acid change per dAb sequence, library size 8x107) using
an error-prone PCR polymerase (Genemorph I, Stratagenc), scven rounds of sclection
utilising these error-prone librarics were performed. This strategy led to the isolation

25 of clone DOMI1h-131-8, a molecule where 4 amino acid changes (one in frameworlk 1
(FR1), one in CDR1, one in CDR3 and one in FR4) gave an approximate 100-fold
improvement in potency as measured by the MRC-5 assay {(~4nM).

In order 1o further improve potency, single amino acid positions were diversified by
30  oligo-directed mutagenesis at key positions suggested by the error-prone lead
consensus information. During this process an improved version of the DOM1h-131-8

clone, DOM1h-131-24 (originally named DOM1h-131-8-2 prior to correction) was



Thi s assay al so neasures the potency of the dAbs. This assay uses a nouse
anti-human | L-13 capture anti body and a separate nouse anti-human |L-13
detection antibody (bender MedSystems, cat no BMS231/3MST). The capture Ab
is captured on an ELI SA plate, then a m xture of IL-13 (GSK) and dAb
protein is added. The captured 5IL-13 is then detected using a biotinylated
anti-IlL-13 detection Ab and streptavidin- HRP. The plate is devel oped using
g_cg!orirnetLic substrate and the OD read at 450nm dAb bl ocking IL-13
inding is shown by a [ eass mmary Table 5
showi ng t he EG%ﬁmﬂngﬁgﬁﬁéﬁr?h@”?@ﬁ@gﬁégadﬁﬂgkgég$ﬁ?ﬁmﬁﬂﬁgh i 1%
10- 53- 474 EC5Qarilide Zibnuitbefitgddcordidp Kabdy) anGamBBAphteagysdR0B3I@HM. (n=3) 3. 326
(n=3) hlL-13 DOM O Bi ndi ng Assay: 15 This assay uses biotinylated hunman
IL-13 (biotinylated GSK I L-13 produced in-house) to capture the dAb. An
ELI SA pl at e | Fushaera-pvrehibigesthassd jon ihis I¢Riaad the NNSdibrampiro ¥bobt e capt ur e

bi otinyl ated ld%n&eﬁw&?é\%reqm dnfi 5 ?eq fiARd. Q}ghﬂl@f pibe ée&c%@@ﬁﬁ@@aﬂy ng a

rabbit anti-human speC| and then a HRP caonj ugat ed
anti-rabbit | g@(me@@fox\me@si tereesmat L. AL 'ﬁ@MWEW%TC&F%W@OW“%‘“ag%éﬁlﬁsped using a

colorimetric supsid (fi‘ltpﬁag%m)g h&d’ﬂeen@rah@fa@haaﬁmééﬁmnlooﬂsep sz(gmalm $rom the assay
Is proportional to the appunt of dAb Resul ts ynmary Tabl e

6 show ng the [E@@th&fselg%{@ﬁ tibraries werg pgo tag cl %gerwtﬂ? from round two o
selection yielded dAbs such as DOM1h-131-53 which were considered to be more

10  heat stable. It was hypothesised that these clones would possess better biophysical
characteristics. Some framework mutations in clone DOM1h-131-53 were germlined
to generate clone DOM1h-131-83. This clone formed the basis for further
diversification via oligo-directed individual CDR mutagenesis either using phage
display selection as described above or using the in-vifro compartmentalization

15  technology using emulsions. The phage display strategy generated leads DOM1h-131-
117 and DOM1h-131-151. The in-vitro compartmentalization technology generated
DOM1h-131-511.

At this stage these three leads were compared in biophysical and biological assays and
20 DOMI1h-131-511 was the molecule with the best properties. Furthermore these
molecules were tested for their resistance to proteolytic cleavage in the presence of
trypsin or leucozyme. Leucozyme consists of pooled sputum from patients with cystic
fibrosis and contains high levels of elastase and other proteases and was used as a
surrogate for in vivo conditions in lung diseases. This data indicated that all three leads
25  DOMI1h-131-117, DOM1h-131-151 and DOM1h-131-511 were rapidly degraded in
presence of trypsin or leucozyme. This finding raised concerns about the in vivo
persistence of DOM1h-131-511 when in the patient and a strategy was developed to
select for improved resistance to trypsin. It was hypothesised that such improved
trypsin resistance could have a beneficial effect on other biophysical properties of the
30  molecule. Essentially the standard phage selection method was modified to allow for
selection in the presence of proteases prior to selection on antigen. To this end a new
phage vector was engineered in which the c-myc tag was deleted to allow selections in

the presence of trypsin without cleaving the displayed dAb off the phage. DOM1h-



10- 53-474 EC50 10-275-78 EC50 (nM (nM Binding assay 1.08 (n=5) 1.304
(n=10) 45 BIACORES Of-rate screening: A streptavidin coated SA chip
(Bi acore) was coated with approximately 100 RU of biotinylated human I L-13
(R&D Systens, M nneapolis, USA) or cynonol gous 5I1L-13 (Produced in-house),
dAbs were serially diluted in HBS-EP running buffer. 50 to 100 ul of the

di l uted supernatant was injected (kininject) at 50 uUmn flow rate,

followed by a 5 minute dissociation phagse. Associ at | on and di ssoci ation

off-rates and C tants were cal cul ated usi IAe at|o ware v4.1
(Bi acore). }?gﬁ?’e baged qGHPRRG HPTER ETH BT agﬁ l?“ﬁ %neévf q@\gg wo sel ect ed
dAbs DOMLO- 53 Vidiér. Bittige 6V Qenlrhfed Ti8mfugis 11hm@mefupmuneaa:ﬁdnmy@mﬂ¢ 13.

DOMLO- 53- 474 Ds%é%c?xfex%t?y%rgtgase CEMCOM  Bh BGOSR ul? trI?ps:l'z;Bac w19y2p8rior to
selection on the relevant antigen. Four rounds of selection were performed. Soluble
5  expressed TNFR1 binding dAbs were assessed using the BiAcore™ for their ability to
bind TNFR with or without the presence of proteases. This led to the isolation of two
lead molecules DOM1h-131-202 and 2OM1h-131-206 which demonstrated improved
protease resistance as shown by BlAcore™ antigen binding experiments. It is
interesting to note that DOM1h-131-202 contained only one mutation in CDR2
10 (V53D, all amino acid numbering according to Kabat) in comparison to DOM1h-131-
511, whereas DOM1h-131-206 contained only two mutations: the first mutation is the
same as in DOM 1h-131-202 (V53D mutation in CDR2) and the second isa Y91H
mutation in FR3 (see Figure 1). This YO1H mutation in FR3 does occur in the 3-20
human germline gene indicating that this residue occurs in human antibodies. The
15  three clones DOM1h-131-511, DOM1h-131-202 and DOMh-131-206 have amino

acid sequences as shown in Figure 1.

Activity of the Molecules was determined as below:

20  BlAcore™ binding affinity assessment of DOMIH-131-202, DOMIH-131-511 and
DOMI1H-131-206 for binding to human TNFRI.

The binding affinities of DOM1H-131-202, DOM1H-131-511 and DOM1H-131-206
for binding to human recombinant £.coli-expressed human TNEFR1 were assessed by

25  BlAcore™ analysis. Analysis was carried out using biotinylated human TINFR1. 1400
RU of biotinylated TNFR 1 was coated to a streptavidin (SA) chip. The surface was
regencrated back to baseline using mild acid elution conditions. DOM1H-131-202,
DOMI1H-131-511 and DOM1H-131-206 were passed over this surface at defined
concentrations using a flow rate of 50ul/min. The work was carried out on a

30  BlAcore™ 3000 machine and data were analysed and fitted to the 1.1 model of
binding. The binding data fitted well to the 1:1 modcl for all tested molecules. All Kp



0.072-0.1 Biacore clL-13 2.0 0.32-0.75 Binding to variant |1L-13 (R1300);
CGenetic variants of 1L-13, of which R130Q is a common variant, have been
15associated with an increased risk for asthma (Hei nzmann et al. Hum Mot
Genet. (2000) 9549-59) and bronchial hyperresponsiveness (Howard et al .,
Am J. Resp. Cell Malec. Biol. (2001) 377-384). Therefore it is desirable
for the anti -1L-13 dAb to also have binding affinity for this variant of
t he cytoki ne. DOMLO-53-474 bound IL-133¢4R130Q and inhibited IL-13 (R130Q
stinul at ed prol er C TERd 2 6 Tabl e 8:
Thi s shows bi n&iues wea}% ?a?crllllla 4 g %%’ﬂ%ge%%hg l’(':3)r r{J/IéSrQTeg%nglt_'%feE%t EO)el | Assay
EC50 nM Hek- Stzat® (vari ant hI L-13 stimulation 3ng/ m) 0.273 (n=4) TF-1
(variant hilL-13 stinulation = 5ng/nl) 0.133 (n:3) Agoni stic activity: 46
To det erm ne whet her DOMLO-53-474 binds non-target proteins, and to ensure
that no undesiThedate elok wereradeed frbwitlgersindapendedtleapesadntel dieeach agoni sti ¢
activity ofs t N, dfan m&lﬂ@s ééeéaz&uae@ taeérz@cg fr%bagﬁms%glhgm%ﬁésa vi ty ina

human bl oo assay Each anpl e was |tr from1

DOMLO- 53- 474 &¥@ 09%@@&01?8rfOfthfalaw&frC@nceAtr%PBs forr‘ﬁeﬂs?s%wfevvé%sewt%up in
duplicate (a &drheaaRel JiarNBSMtiSE Bh BrablieGE OB ¥sultMBDIc WAS performed in
duplicate. The nil wells contained blood alone, (i.e. no dAb added), there
were 8 nil wells for donor A and 4 for donor B. The cytoki nes assayed were
| L-8, 1L-6, TNFfable it BlddrerMidath¥d DOMIH2BT202/DONMBIM31-B0l agddMibHe activity

Vas 10 131-206 binding to human TNFR1

Kon Rogr Ky (nM)
DOMI1H-131-511 5.03E+05 5.06E-04 1.07
(511) (1.07E+05) (1.01E-04) (0.44)
DOM1H-131-202 1.02E+06 5.42E-04 0.55
(202) (2.69E+05) (3.69E-05) (©.11)
DOMI1BE-131-206 1.55E+06 7.25E-04 0.47
(206) (3.57E+05) (1.95E-04) (6.06)

DOMIH-131-202, DOM1H-131-511 and DOM1H-131-206 bound similarly and with
high affinity to human TNFR1. DOMIH-131-202 and DOM1H-131-206 bind with

15 average affinities of 0.55nM and 0.47nM respectively. Both DOM1H-131-202 and
DOMIH-131-206 have a slightly better affinity in comparison to DOM1H-131-511
which has an average affinity of 1.07nM.

Receptor binding assay:

20 The potency of the dAbs was determined against human TNFR1 in a receptor binding
assay. This assay measures the binding of TNF-alpha to TNFR1 and the ability of
soluble dAb to block this interaction. The TNFR1 is captured on a bead pre-coated
with goat anti-human igG (H&L). The receptor coated beads are incubated with TNF-
alpha (10ng/ml), dAb, biotin conjugated anti- TNF- alpha and streptavidin alexa fluor

25 647 in a black sided clear bottomed 384 well plate. After 6 hours the plate is read on



10seen with respect to IL-6, TNFa, IL-10, IL-113, 1L-12p70 or |IFNy. There
was a little IL-8 production at the 1 uMconcentration but- this was very

| ow. SEC-MALLS: The in-solution properties of dAb proteins were determ ned
by an initial 15 separation on SEC (size exclusion chromatography; TSKgel
62000/ 3000SWKL, Tosoh Bi osci ences, Gernmany; Bi 0Sep- SEC- S2000/ 3000,
Phenonenex, CA, USA) and subsequent on-line detection of eluting

prot ei naceous material by UV (Abs280nnmgs Rl (refractive index) and |ight
scattering (l|aser The protei re. n.initi entration
of 2ny/ niL for%ﬁé\l}ﬁ@t}‘}?‘g’i@@Detg tgn %St%%l/a ﬁﬁ?&faorSsgﬁﬁ%}f)ff-sghéeﬁﬁ?gg%cdet er mi ned
by absor bance itbe @80trogks ANE- alphs bakling td TR cbethoreseent imounity wilks: by SDS- PAGE.
The horogenei ty; of, sanples to be injected was usually >90% 100uL were
injected onto the SEC colum. The protein separation on SEC was perforned
at 0.5nm./mn for 45m nutes. PBS (phosphate buffered saline 10% Et OH) was
used as nohi | m&fm%a;ymﬁlsﬁ\g}%mﬁ@ma@mé éétta.xalte tSCenubHsn HRALu& Nt egrat ed

the signals of all three detectors and \ge for the determ nation of the
mol ar masses F"H’ roraney s vpssiveee dF'FBWWdr'iS‘P% CPRASIEEST 2t HeTPfads:
I nter-run var Idadelr&a&lsaﬂﬁvmuazaﬂabaé didpy. "Mﬂ&ssaﬁﬁmlﬁsdte@yn thita mpmgtea posi tive

control of known tate wth eysr Eor ,sone
DOMLO- 53 cl oné’%caﬁiﬁnsr‘g%b?l 8TelfHV8r‘?’aiwﬁf%e%é%ﬁﬁc}?n%mmn? g%ur%T Z38because the
mol ecul es boudl Tas pacéniratiomlof YNF-caigthla gsed &d competeriithiddb bindipgtd TNIRJt  be resol ved

using the gz e Lhensekution state
was reli ab% ?mﬁé/%)%ﬂ%gg glggtej’g%% @ﬂ%ﬁ@@rﬁ?@% S’MF%B?‘\@SS gelrmr%%%rat ed t hat
t he DOMLO-275-78 nolecule is nostly a nononmer in solution and 90%is el uted

fromthe 47 Arepreseﬁtgéld‘é@dpﬁ%dshcsmtl nggfe 3t§ﬂ w&mﬁ - d ARkl t he

majority of the protein is clear -474 el uted as a single
peak with thebWBP&Pfrﬁ%FssalR%NWdua'é‘ alﬁl{ﬁae"?‘??“ﬂq‘}@ ﬂf‘ﬁrﬁﬁﬁ“"‘b‘é’t“fm of the peak
(nmonomer) but sﬁﬁ;ﬂ@mlﬂmm\qy@mymedkghmumm& iddrachbheenpea tNepatlpa 181 cDa,

|nd|cat|n sone associ t|o ve over this
boak s 147cody T P piherP G s 37 5P eGSR B8R o 7. s
protein was suppiésadd pasitiyetdnBBEnbINFEA n@wmwhafmmm&ﬁ Byseeahs10 sal i ne)
filtered to yi th AL, um
phosphat e but FE pRpRSERFAS: Bhtkrfs cRBl Hhjond it e SHTNRETRERTL 10

absor bance at tlE:S:@mWIOP%gﬁufffceﬁedafnﬁhpmﬂ&Bw efthpimephathetipatcserviier e used as
a reference fag,the respective sanples. DSC was performed using capillary
cel | mcrocal orineter VP-DSC (M crocal, MA, USA), at a heating rate of
180C/ hour .2%A typical scan usual ly was 15from 25-90C for both the reference
buf fer and t heaprat Bcthhc?M!;)&aluAﬁbrﬂ]ﬁOIﬁ@HhB[-QIDZ?ID@MH&{ uffeandind sanpl e pair,

the capillary cel s_Gl.ea Wth a s ut|o % Decon_.i n_ wat er
T A e e g U S
M crocal software. The DSC trace obtained fromthe reference buffer was

subtracted frogrfiEg—sanpie trace. The AP{r‘?{ T RE,, MR [§pmcentrattom of the
sanple was entered into 20 the data analySis Touting to yield values for
apparent Tm eROMIIDIAICAR) and van't Mbtf ent hal py (BP88) val ues.| Typically
data were fit{eeM 1@1 @,1%@ Z-state nogghy The DSC exa@m ments showed t hat

sone DOM O nolecu pn 10-53-474 (QFOIDI\D?’In have higher nelting
t enper at ur es :8%%@\1'[% others (e.gl%49-275-78), se Qm

Enbrel ™ (Etanercept) 0.20 0.07

Anti-TNFR1 mAb # mAb225 0.08 0.003

25  Inthis assay DOMIH-131-206 appears more potent than the other two dAbs being
tested and has a similar potency to the commercially available anti-TNFR1 mAb,
MAB225 (R and D Systems).



Tabl e 9 bel ow. Such properties are indicative of increased stability and

i ndi cate 25superior suitability, for exanple, for pul nonary delivery. Table
9: Show ng Apparent Tm of Both Sel ected dAbs DOMLO-275-78 and DOM 1053474,
Mol ecul e Apparent Tm (C) DOM 0-275-78 in PBS 49.4 DOWVLO-275-78 in

pot assi um phosphate 49.8 DOVLO-53-474 in PBS 54,0 48 The unf ol di ng
of DOMLO-53-474 protein is irreversible, and therefore the apparent Tm

m ght be lower than the nelting tenpergture due to sone irreversible steps
in the unfol ding mechani smtaking place before the nelting point. 5

Sol ubi lity: Liquid formul ati ons that contain high dAb concentrations
are desirabl e Hxpressparof Bhdiclpiss fos @ghiapatore xanpingsd opr stdeicnseddeloivver ed
therapeutically via a nebulising device may need to be at higher
concentrations than woul d be expected for system c 10delivery because not
al | the nebul iThegriparpering agifl Fdquinee ¢fihethise) lepbmolgains S1as esgd forpredyes | ung.

Vol unes admi nigidres f?eﬁésstﬁ’r sledréﬂ:cf-e% Wontil Bichil p&siMs, m%rw%%{%&w rin the
nebul i ser of |nterest his end he solubility of 0-53-474
and DOMLO- 275-E7%s wes cheedsiatodts @txareﬁé’ﬁléﬁc‘rﬁfrﬂglq-ﬁ%(ffﬁé’klnﬁﬁﬁfﬁg%ﬁ@é‘i’ﬁ“r ation that

coul d be achi qugd.rRel Rtdrwb PeiAsires, RE QL KM 108 T8SrinbfohtdReidare£gat i on and
precipitation. 15The proteins of a known startlgﬂ)aconcentratl on in PBS,

det er mi ned by PiEELHIFRGnEpRs e Beserwratans oBERAP (L5091 609 apdhRna) Gne wer e

each applied tQed f¥icMasRiith x@ﬁtqﬁ&ﬂfeéﬂatﬁtb’%broﬁ%&@qtﬂc%nbmr glelviddigine Wi th a PES
menbr ane of MACO 3, 000Da (\/ vasci ences) and spun in chto centrifuge

at 4, 000g Yor 2R FRESTUGH WG SAleS el for GRRrGRRIaH SCIRSn R ¢\ S35 O at”’f‘ ™ hut e tine
peri ods were Luﬁgﬂﬂowgetntelcéﬂylnyamé}dnd h@ﬁa@naﬂex\wﬁaoufmlwmﬁ&mbﬁﬁna’s:htahe protein
became nmore concen k ?r macrossr]:h eeocfljl%cs)ﬁ Iéq%tlgx"xerg.u%t EBI‘I in

vol une. Rf’f’orf‘g’ g"ﬁ%rﬁ céoﬁfgsnw?rﬁ%w § PR AR RV R TS P devi ce, the
vol ume neasur detnegertrivgs wmaasadom)smgclumsrﬂgtfgndpeittteesemdwlh@r@mdcent ration
det erm ned. ngrgﬁf%‘ )}I E?}}édﬁqsearllmvﬁﬂﬂé R0abRh JFELhRERE SRl PmhiBE absor bance

readi ng obtain cting t
15  for further stadies.

Material production for protein characterisation:

Protein A based chromatography resins have been extensively used to purify Vy dAbs
from microbial culture supernatants. Although this allows a single step purification
method for producing high purity material, usually >%0% in most cases, for some

20 molecules the low pH elution conditions can result in the formation of aggregates.
There is also the issue of the limited capacity of affinity resins for dAbs; this would
mean the use of significant quantities of resin to process from fermenters. In order to
produce high quality material for characterisation and further stability and nebuliser
studies, a downstream purification process was devised using a mixed modal charge

25  induction resin as the primary capture step followed by anion exchange. Without
significant optimisation, this allowed the recovery of ~70% of the expressed dAb at a
purity of ~95%. For the capture step on the mixed modal charge induction resin, Capto
MMC from GE Healthcare, column equilibration is performed using 50mM sodium
phosphate pH6.0 and the supernatant is loaded without any need for dilution or pH

30 adjustment. After washing the column, the protein is eluted by pH gradient using an
elution buffer which is 50mM Tris pH 9.0. The specific wash and gradient conditions
will vary stightly depending on the pl of the protein being eluted.



25 absor bance neasured at 320nm fromthe absorbance neasured at 280nm after

the sanpl e had been centrifuged at 16,000g to renove any precipitate.

The experinental concentration was plotted against the theoretical

concentration at that volunme, and the maxi mum solubility was taken as the

poi nt at which experinmental concentration diverged fromtheoretical. 30 49

For both proteins, a concentration of 100ng/ mL was achi eved before

di vergence and actual protein recoveryiwas approxi mtely 100% of the start

materi al . Downstream processi ng of DOMLO-53-474 and purity obtained: 5

DOMLO- 53- 474 was expressed using a Pichia pastoris expression system and

secreted in tdht bleats pgak isribdndinther Aridied with 2 Béw tagyelstep wirgpnipby exchangaent er

super nat ants I ni -53-4; ' ' : rotein A
P %%&?@aﬂ&a%%oés ré?dﬂalww%ntgrh{nﬁtgb% é!éc?laaghi@&wp&&sf

Stream ine resin hcare) equilibrated | e resin was washed
with 5-10 col enhregeesendatoph. e sinfintquidieted yyth 2ither BBY pphospbite A& 50mvi

Tri sHCL pHS befor £w@lddt R Aol a8 leRatd GoMichaProdmolorigmasalonnes of 0. 1M
G ycine pH2.0. The eluted protein was neutrall §ed émﬂa‘ih thM TrisHCL pH8 to a
TP 7RI R 970

final concent reATTRERS refn the DN daes 2qubind andyH Eong Hgeci pitati on was
seen, the prednpith:as shdwarer Ldtaviashe dinbyo werkihi Thd gatdnorefaaldifudisg FRDL ei n

resol ubili sed.. Resol ubilisation of rotein cals i ed out by
resuspendi ng tHEIEPPEE PfY e“éreﬁ%’Fﬁﬁ%Bg/f?fd?lelﬁ\ﬁ%Frrlat}é\%éTn%éﬁ.reéfmée(ﬁ{ual to 1 colum
vol une from t hehi®Rredwitboupsatti Hovearti thapresergs of EMrédadisitwasfedtiversssadded to a fi nal

concentratjon 7@-%4 ' 0] g, The pH
was adj ust ieog tegéopt) byg‘%ﬁgeddg &%@&&ﬁ@aﬁ%ﬁ’dﬁ %O}(%gevgjf'&%ﬁggﬁ%ﬁ%gﬂ %%%ﬁ%ighl nal

concent r at i on thegndwgjon ofippdll was imsastyied SESSEDATomRER Wit hisve e5ol UBI Ml sed protein
solution to be,appi AXRLAl YasdPehure for DOM | 0-53-474. DOMLO-53-474 was
purified further by anion exchange chromatography. The 20 resol ubilised
pellet was dialysed in to 50nmM Pot assi um Phosphate pH6 and | oaded onto a
QFF colum, equilibrated with 50mM Pot assi um Phosphate pH6. DO V110-53- 474
was el uted using a 0-100% 50nM Pot assi um Phosphate pl-16 + I M NaC gradient
over 20 col umPratah dinsersteridaien:f r acti ons of the el uted peak were anal ysed by
SDS- PAGE and the purest fractions conbi ned and. buffer, exchanged i nto PBS.
At this 255t agdctR “@If’{ﬁdéfffdg’?"lﬁ‘t%‘i e &H@“ﬁbb‘f‘%‘%fsﬁﬁ?@ft?s%@ﬁ ‘B‘ﬁﬁ“@g‘éfglgneasured
by SEC. Downstdeemsspfay 0eeSpicigmeafy, 2%ib terfin@ $&pn@d@ingndd porldctrge fodatiag ned: A
traditional method faqr inidi e urification.of . i.hodi es and
anti body f ragr?@%&’é p‘frﬁﬁﬁﬁlrfgeédn%]%ge’?%uwpagg %@;&' %c{r%tgiy C((’)prrgt%élrsglﬂ)]fn sk %ﬁﬁ(}gr% elﬁacti ons is
using 30 Protein A inmobilised on an inert matrix. As an affinity

chromat ography step this has 50 the advantage of good protein recovery and
high (e.g. -90% I|evel of purity. However, there are sone di sadvantages. As
with all & nddesfityaf finity chromat ography some of the |igand can be | eached

from the col unfhe SmPR XrhindBsbfuetce AL SAMD tRGIre Fivd feQBucP Bach prbte] wisns A 1S known
to be a potential inrnunogen. Therefore, if _Profein A‘ i s Sused, then any

n
resi dual Prot éFPFeRd (P Alcdh DddMpis SR CH ABEIROTAS RRFFOTRHLIN BMBES MdRRIe g S

which had been buffer exchanged into 50:30 H,O:acetonitrile containing 0.1% glacial
acetic acid using C4 Zip-tips (Millipore). The measured mass for each of the three

25  proteins was within 0.5Da of the theoretical mass based on the primary amino acid
sequence (calculated using average masses) when allowing for a mass difference of -2
from the formation of the intemal disulphide bond. IEF was used to identify the
proteins based on their pl which was different for each protein.
Purity;

30  The three proteins were loaded onto non-reducing SDS-PAGE gels in 1pg and 10pg

amounts in duplicate. A single band was observed in all instance.



reduced as far as possible in subsequent chromatography steps. DOMLO-275-78
purification: The initial capture step for either fennenter supernatants or
periplasmc fraction contai ni ng DOVLO-275-78 was by direct |oading onto
Protein A Streamine 10 resin (GE Healthcare) equilibrated in PBS. The
resin was washed with 2 - 5 colum volunes of PBS before eluting the
protein with 4 columm volunes of 0.1M dycine pH3.0. At this stage the
el uted protein was approximately 99% pgge, containing approxi mtely 1% of
di meri c DOMLO-275-78 as neasured by SEC. Protein recovery was virtually
100% Residual PrA was neasured using a PrA ELISA kit (Cygnus, 15 #F400)
and was det er rfimesclistoniziroetopepty v68 albop2Dopdite ddResitdtedtveRofpmdyoval :
The residual R teps. The
Fro(-bﬁgé’gaeA%l{ls?&%ﬁﬁa%a% (518 @HP%E&%&@%@&&M&% ffo 5t €D

eluate fromthe step was uste usi ng rrs pH8.0 and
prepar ed 20f orTQ$@H @2‘19951“@% @WW@W@%Q@V@@ Mobile phgse pgs BRI 1% n of |1 %
(v/v) 0. 5Mssodigdpgphosphate pH6. 5 resulting in a final phosphate
concentration of 5mM The PrA eluate was applied to the colum which had
been equilibrated with 5mM phosphate pH6.5 and the DOMLO-275- 78 nononer
eluted in theJiﬁ\lea\'/gaﬁdmrcmughstaﬁhefdicmrdawaaedmemnd to the colum and el uted at

the start of salt radl af t 0-275-78
had been reco%@‘f%ﬁ. ﬁtgné’?gél ent” rlre?)m rt(’%elfﬂtﬁ%&bmm%ge Phosphat e
pl-16.5 over 36ing@hebniisevddvicadis v&cmld\mnéwpemtuecbutdhmtenmdhle eRrefiemerl d el ute in
this gradignt it BAMER ARHRR és%eﬁae%m B4k Qo iEn iR tusdnd B DY

absor bance on r omat ogram exe he DOMLO- 275-78
el uted after tbheubiesied t@ﬂéﬁﬁ%ﬁﬁemwn&ywmmspfrfbgbhm@rwns lwgpsh was

applied to thegge é&geatmﬂmo%qftagﬁ@mrcxulefoe ROVEL: it Sy pOBIIBIEe, af ter this
stage was rreasured as 74% based on absorbance _at 280nm and the purity was

100% as neas ur@d hycogee partipls sizedistgpyon anghremaip funetional follawineeillisel npasur ed

and were foundiemr;hau@ef&emmtﬁﬁbﬁxfs%uttpomewmﬁuﬁmam@ c@pﬁﬁlcﬁipm (parts per
mllion Le .J.ntroduced to

n rther ur|f| tlonse
reduce there frifﬁegl%)aﬂnﬁesg%aéerf? ﬁ‘?t?rWé“f’ the%’?%el’gff Y Hedhe SBSrﬁnflﬂe
hydr oxyapat i t etabibitylindicanagasehyr.eGttheystabibiot ¢feabhtpmtan gilprelaydndgntbOhe col um (GE
Heal t hcare) a 1 I_Qﬁll . 2M  The
col um had beehﬁésglgﬁénﬁmfm lhss ﬁsféjnﬁ?epi osp “é’tﬁgﬂﬁ%ﬁt‘% SQ‘?' @II\/T NaCl . The
protein was emfpmuw,mvhas @f@dpén‘t’mﬂ dn 2@ undersignding|the sgabity F0 col um

volunes. Aft erthet];l%témﬁﬁlﬂ'@ th R wh@hd Yk iR fr&¥glasd é%&:ﬁuén?gblﬁ mt O between
0.15 to 0.19 ppmand t protein recovery was neasured by a sor bance at

280nm as b ng’rdfom@b@)@ct%biﬁp Flhagges it MAGEWT NPT A7 B8P DOMLO- 275- 78:

Testing of DOWh{kidaBsdskds, a bige mhmwcmltmmelﬁww wanuaellzé selvshe dAb

solution into ropI ets o%épg@g? g;ﬁﬁ_ ti\/\/mlch 15\% within the requisite

si ze range for° RS POh P9 859HC ‘”’Pﬁ&gg kicle size of the

aerosol particl es was anal ysed by laser |ight scattering using the Ml vem

Sprayt ek device. Two post-nebulisation sanples were collected i) protein
Assessment of protease stability of DOMIH-131-202, DOMIH-131-511 and

25 DOMIH-131-206:

The protease stability of DOM1H-131-202, DOM1H-131-511 and DOM1H-131-206
was assessed by BIAcore™ analysis of the residual binding activity after pre-
incubation for defined timepoints in excess of proteases. Approximately 1400RU of
biotinylated TNFR1 was coated to a streptavidin (SA) chip. 250nM of DOMI1H-131-
30 202, DOMI1H-131-511 and DOM1H-131-206 was incubated with PBS only or with



solution which remained in the reservoir and ii) aerosolized protein

col l ected by condensation. The paraneters neasured to assess the

nebul i sati on process were i) 20Respirable fraction - % of particle in 1-5gm
size range, this is inmportant to determ ne how nuch dAb will reach the deep
lung; ii) Particle size distribution (psd) of dAb; iii) Mean nedi an
aerodynam c di aneter (MVAD) - average droplet size of nebulised ciAb
solution within psd. The stability of the dAb to the nebul i sati on process

yordbrmeae Sentt SR e e T e R
denonstr at es whaebthgped bihthe addiiohiof atdckeail pfmﬁassmh&ﬂ&ed‘ha%b@g&:ﬁaeon of t he
dAb; ii) Sand i ndi bul i sation
properties of %g&é@fz}ﬁ&&@rﬁ%%ﬁﬁlga%“edlﬁﬂ’ usmé rffoferlﬁg c‘maet nebul i ser
(bot h LC+, marsutftzetions B chip swiaey wagrdzeatraied witly il Gy 8.4 Mredycine oH %?équeger 30

(both E-flaw, eE@%E&i‘éﬁ U}Fc?edTlQYfraE’é?dd&fDdWﬂ 19-R3; BékIAn9i i nnwas tested in
bot h PBS buffer %ﬁ#osp ate buff saline) at a concentration of 2.6nmg/n,

and in 25nmM sdtff %%‘}?H’&F‘?él tbh‘f‘\“a@rﬂ\ﬁﬁ'} &1 ?%)\W)"CLFBE@’I’G@B‘MG&SCQ% (W v)
sucrose at 2. Cwaaaderﬂm%agaﬁaifke toNAB ind Big it but PRSea el BovcoRt duf wappr oxi mately 3
m nutes. 100uL of tein sanples (diluted to Ing/nL) were injected
onto the SEC (46K ﬂita‘é(ngSW(L, Tosoh Bi osci ences, Gernmany) colum. The
protein separation on SEC was perforned at 0.5nmL/mn for 45 m nutes. PBS
(phosphate buf fered saline) +10% EtOH was used as nobile phase. The

det ection (S)f el uting proteinaceous nmaterial was 5 carried by on-line
detection by W (Abs 280nm & 215nnm) . The SEC profile of the pre- and two
post - nebul i sat e of
aggregation mgrggaéigﬁigyr%%?% ut}’%gg%%p%g&gte%g%n%%pﬂéﬁr ér%% n?(%;al[ %’he sanpl es
wer e anal ysed nfeep V@iﬂﬁﬂﬂldibe reor pyrg indigatg pndgrdidadatsn efti eulEl(fos s seer i bed
earlier and thgypofjency was shown to be unaffected by nebulisation, as
shown in Table 10. 10 Table 10: Sandw ch ELI SA data for DOMLO-53-474 pre-
and post-nbul i sation sanples. 14- 2.3mML 25mM sodi um phosphat e buf f er
pl47.5, 7% v/ \n)wdelfﬁmeﬁtD@m%iemmaﬁmmmnllﬁ%weﬂe sZMfmu]a%ngtéiodi um
phosphat e buffer H7 000, . 1. 2‘V ]v% Sucr.o 6ng/ L
PBS, Cup - nat"€Ff T‘”f’BWée" 6‘“’g aﬂat G%me’gk elﬁ%ﬁuf’ﬁ% P8I, %é?pc%ns‘maer osol i zed
mat eri al . DOMIOPSBRHA/X 1:MAS The tidkieade betwedbRRMBS:-131-38hpi QNI 1HIVRO6

8?;)/”'0- 53-344 (3 &0@pa9509¥§1§8Mw3 sPrR ﬁloéltz)f'ongu&éégfﬁr mgiég’s]rﬂ;nﬂ Jfth4 Eflow

20  3hrs with elastase or leucozyme.

Thermal stability as determined using DSC:

In order to determine at which pH the molecules had the greatest stability, differential
25  scanning calorimeter (DSC) was used to measure the melting temperatures (Tm) of

each dAb in Britton-Robinson buffer. As Britton-Robinson is made up of three

component buffer systems (acetate, phosphate and borate), it is possibie to produce a

pH range from 3 - 1Q in the same solution. The theoretical pl was determined from the

proteins primary amino acid sequence. From the DSC, the pH at which the dAbs had
30  their greatest intrinsic thermal stability was found to be pH 7 for DOMI1H-131-202



DOMLO- 53- 474 #14 Efl ow Aero 0.03222 DOMLO-53-474 #14 LC+ CUP 0. 03168 DOM I
0-53-344 (Std) 0.12456 DOMLO-53-474 0.03556 DOMLO-53-474 #14 LC -+- Aero
0. 03480 DOMLO-53-474 #15 Efl ow Cup 0.02144 DOMLO-53-474 #15 Efl ow Aero
0. 01849 DOMLO-53-344 (Std) 0.04552 DOMLO-53-474 0.02886 DOMLO-53-474 #15
LC+ CUP 0.01285 DOMLO-53-474 #15 LC+ Aero 0.01494 DOMLO-53-474 1/16 Efl ow
Cup 0.02242
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(202), pH 7-7.5 for DOM1H-131-206 (206) and pH 7.5 for DOM1H-131-511 (511).
For all subsequent stress and stability work the following pHs were used for each dAb;
for DOMI1H-131-202 (202) and DOMIH-131-206 (206) pH 7.0 and for DOM1H-131-
511 (511) pH 7.5 in Britton-Robinson buffer. The results are summarised in Table 3.

Table 3;: Summary of the pH and T,,s of DOM1H-131-202 (202), DOM1H-131-
206 (206) and DOMIH-131-511 (511} as determined by DSC in Britton-Robinson
10 buffer at 1mg/ml

dAb pH that gives greatest Tm (°C) of the dAb
intrinsic thermal at the given pH
stability

DOMIH-131-202 (202) 7.0 68.6

DOMIH-131-206 (206) 7.0-7.5 65.8

DOMIH-131-511(511) 7.5 58.0

15  Intrinsic sclubility testing:

All the lead dAbs were concentrated in centrifugal Vivaspin concentrators (5K cut-

off), to determine their maximum solubility and the levels of recovery upon

concentration. Experiments were performed in Britton-Robinson buffer at the most

stable pH. Sample volumes and concentrations were measured over a time course and
20 deviation from expecied concentration recorded as well as percent recovery of the

sample.

It was found that all proteins could be concentrated to over 100 mg/ml in Britton-
Robinson buffer. Both DOM1H-131-202 (202} and DOMIH-131-206 (206) showed
25  lower recoveries than expected compared to DOMIH-131-511 (511), but still within

accepiable levels.



DOM | 0-53-344 (Std) 0.06709 53 DOM | 0-53-474 0.02692 DOMLO-53-474 #16
Ef | ow Aero 0.03508 DOMLO-53-474 #16 LC+ Cup 0.03386 DOMLO-53-474 #16 LC+
Aero 0.02298 The optimum MVAD is 3p. mand for deep |ung delivery the
desirabl e respirable fraction is the highest percentage of particles <5p.m
As shown in the Table 511 below the LC+ (Pail) Jet nebuliser gives the
better MVAD. MVAD val ues are | ower when the buffer contains PEG MVAD
decreases as protein concentration inc#eases. The LC + (Pail) Jet nebuliser
gi ves the hi ghghudsal L oetican8aleE5l. un val ues are obtai ned when the
buf fer contains ; m al SO I ncreases as protein concentration
I ncreases. 10 BYadstisg differers hebnbisctshad Miiationdufies ¢ ent dgenafateparnat thel es <51.tm
after nebul i sati LN + (Pan t | | ser 5 W id
ebul i sor: Formurayd afef ol uifl ¢ DS oAbt MR

importantly, it was shown for the first time that nebulisation of the dAb in the

5  formulation buffer produced the preferred particle size distribution (compared using
the percentage of droplets <5um) for effective tung delivery whilst maintaining

protein functionality. This is further described below.

Comparnison of Performance in Various Devices:

10 DOMI1IH-131-511 (511} was tested in six nebuliser devices comprising two devices
from each of the three main groups of nebulisers for liquid formulations i.e. ultrasonic
nebulisers, jet nebulisers and vibrating mesh nebulisers. In cach device the dAb was
tested at Smg/mi with a range of PEG concentrations. For each sample the percentage
of droplet size <5pm was measured using a Malvern Spraytek Device (Malvern

15 Instruments Limited, UK) and the results are shown in Figure 5. The stability of each
sample after being nebulised was assessed nsing SEC to analyse the amount of sample
which had dimerised both in the material remaining in the cup and in collected aerosol.
The results may be seen in figure 6. The less the extent of dimer formation the greater
the stability. Figure 7 also shows SEC traces that demonstrate that even at 40mg/ml in

20  PBS GSK 206 remains stable to nebulisation and there 15 low dimmer formation.

Most devices can deliver 40% or more of the liquid formulation in the correct size
range but the eFlow (a vibrating mesh nebuliser device) and PARI LC (a jet nebuliser)
devices perform better, with the PARI LC* (star) device delivering more than 80%

25  when PEG is included in the buffer. This increase in delivery with PEG is also
observed with the eFlow and, to a lesser extent, with the PARI LC+,
Importantly activity of the dAb was also found to be retained after nebulisation (see

results in Figure 8)

Eftect of Buffer Additives:

30 Due to the lower stability of DOM1H-131-511 {511), the 50mM phosphate
formulation buffer contained both PEG 1000 and sucrose (and has a viscosity which is

within the range which is defined as about equatl to the viscosity of a solution of about



MMVAD (unm) %<Sum MVAD (um % < Sum 25mM NaPhosphate pH7.5, 7% PEG 1000, 1.2%
Sucrose, 2.3ng/ mLDOMLO-53-474 dAb 4.26 60.6% 3.98 61. 2% 25nM NaPhosphat e
pH7.5, 7% PEG 1000, 1.2% Sucrose, 4.7ng/ m DOMLO-53-474 dAb 4.10 63.8% 3. 66
66. 5% 10- 53-474, PBS, 2.6ng/ nm DOMLO-53-474 dAb 5.20 47.9% 4. 43 56.6% 15
Testing of DOMLO-275-78: To determ ne whether this nol ecule
possessed the requisite characteristics for effective pul nonary deposition
during pre-clinical PK and efficacy stugies, its

2% to about 10% PEG 1000 in 50mM phosphate buffer containing 1.2%(w/v sucrose)
to help protect the dAb from both shear and thermal stress. As both DOMIH-131-202
(202) and DOM1H-131-206 (206} have higher Ty’s and showed considerably
improved stability to thermal stress, all the molecules were tested in both the original
5  formulation buffer and 1n Britton-Robinson buffer (which has a lower viscosity than

the formulation buffer). The dAbs were tested in both the E-flow and Pari LC+ devices
with run time of 3.5 minutes at a protein concentration of Smg/ml and the particle size
distribution determined using a Malvern Spraytek Device. As a comparison, a
marketed drug for cystic fiborosis (designated standard protein X) that is delivered

10 wusing a nebuliser device, was tested in its own formulation buffer. The results are
shown i Figure 9. For good delivery and distribution into the deep lung, the ideal
particle size is less than 6 microns, e.g. < 5 pm. All the dAbs give comparable levels
of particle sizes that were less than 5 pm in both the Britton-Robinson buffer and
formulation buffer (as described earlier). However, the higher viscosity of the

15  formulation buffer could be particularly beneficial for producing particles within the
correct size range, e.g, particles <5 pm.
The concentration of the dAb in the cup of the device was determined by Aage
measurements before and after nebulisation. It was found that the protein
concentration did not change significantly indicating that neither the protein nor

20 vehicle is preferentially nebulised during delivery.

Nebuliser delivery of Anti —J1L.13 Monomeric dAbs:

It could also be desirable for dAbs to be delivered directly to the site of action for

25  other pulmonary conditions such as asthma. By testing monomeric dAbs which bind
the cytokine 1L13 it was demonstrated that dAbs could be administered effectively by
pulmonary delivery using a nebuliser and could potentially be used for the treatment of

asthma. Thas is further described below.

30  dAbs that bind 1L 13 have been described WO 2007/085815 and of the dAbs listed

therein, two were selected to be tested for nebuliser delivery based on their potency



54 properties during nebulisation were tested using a PAM LC* jet

nebul i ser. The properties analysed were i) the particle size distribution
of the aerosol which was anal ysed by laser |ight scattering using the

Mal vern Spraytek; ii) Respirable fraction - %of particle in 1-5urn size
range; iii) Mass nedi an aerodynam c dianeter (MVAD) - 5Saverage droplet size
of nebulised dAb solution within psd. The stability of the dAb to the

nebul i sati on process was assessed by camparing pre- and post nebulisation
sanpl es, usin r| et y.,0 rs raphy (SEC)
- which dermng‘\g?ml etar dthem?th Hm%llﬂ)ro%cr?clgoﬁ%%&% o%%fég@uggzﬁ%gr egation of
the dAb; 10ii )D@dmmiﬁeﬁi ELI SA for binding to hI L-13; iii) HEK cell assay.
The dAb was tested at a concentration of 20ng/mlL in PBS as determ ned by
u.v. absorbance at 280nm which represents a realistic dosing
concentration. The dAb was nebulised for 30mns with two sanples collected

at each of ihri%ﬁzn&l:maﬂQanI?Sdﬂdﬁmﬂ%mhlaﬁcﬁ]bbﬂnmﬁsWOt ein solution which

remained int er 0|r and ii) 15aerosolized protein collected by
condensat i on. ‘e points were 3mins, 15nmins and 29nins
representing the begi nni ng, nlddle and end of the nebul i sati on. 100uL

of protein sa es ont o ,t.h C (TSKgel
G2000SWKL, Toso guqes }e%r%gg Ce?fes %'Séé\g?dew“h%el‘lﬁltp‘el% St r‘%tthsgsggrg ation on

SEC was perf or(smnbteatembryﬁmwkfﬂmé mIOSIﬂl‘@tam) npoes geRBBViiprospindliesobuf f er ed
sal i ne) 201(}1\/61% IOHQJ?tlh lI]? l?g lels sJJP&eﬂE&%tsh&%a&t‘nt \@Al&ﬂ i ngasgll‘c@t ei naceous

material was c r|e y on-l1ne eteC|on Onm & 215nm). The
SEC profil es oFingReolpripriiq @ﬁquowg*éw*@s”%wdﬁ@‘éhﬁm %?dw tOﬁ?&PCbBak%

i ndi cative of s?@ghﬁ@ﬁ& th@BTW% %t}ﬁ@@%xﬁ&?@tm@@w*s bﬁaﬁdueaﬂed JiengARP! es were
anal ysed for binding to hll-1

0 ency vvn to be unaffected
by nebul i sati dﬁc"“’ﬁg’a’é‘%\}\ﬁ((ﬁ%)tf?fé’“ﬁﬁ%‘g‘ g?‘i AT§§E’“S“1 Tabl e 12:
shows pot ency MaEMaGHds,Nevifagehilid; Badkleyf Uldﬁﬂ& nb@é &ﬂﬁreamdroaﬁ‘ré gite®bul i sati on:

Sanple Bi n]dJ'l n%lz@es i3 %’X:ul:laa%g(tlorgw h(ﬁl%( at%?‘ld S&Eaayrhe glgfture supernatant is then mixed
with QuantiBlue (Invivogen) and the absorbance read at 640nm. Anti-1L-13 dAb
activify causes a decrease in STATG activation and a corresponding decrease in Agag

compared to IL-13 stimulation.

20 Table4:
The Results Summary Table 4 below shows the EC50 of each of the selected dAbs
against both human IL-13 (hIL-13) and cyno IL-13 (ciL-13}:

Table 4
10-53-474 EC50 |10-275-78 EC50
(nM) (nM)

HEK assay hil.-13 §0.63 (n=13) 2.5 (n=7)

IHEK assay cIL-13 #1.i (n=10) 1.4 (n=7)

25  DOMI10-53-474 is the preferred clinical candidate owing to its superior potency,
however it would have reduced potency in a NHP clinical model. DOM10-275-78
would have improved potency in a NHP clinical model.

DOMI10 Sandwich ELISA:




Cyno 1L-13 Hu IL-13 DOMLO-275-78 start 1.2 0.93 0.58 DOMLO-275-78 cup 3m ns
1 1.77 1.45 DOMLO-275-76 cup 15mins 1.2 1.52 2.18 DOMLO-275-78 cup 29m ns
1 0.74 0.48 DOMLO-275-78 aerosol 3mns 1.1 0.99 1.8 DOMLO-275-78 aer osol
ns 1

1.
1.
15m
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This assay also measures the potency of the dAbs. This assay uses a mouse anti-human
IL-13 capture antibody and a separate mouse anti-human JL-13 detection antibody
(bender MedSystems, cat no BMS231/3MST). The capture Ab is captured on an
ELISA plate, then a mixture of IL-13 (GSK) and dAb protein is added. The captured

53  IL-13 is then detected using a bictinylated anti-1L-13 detection Ab and streptavidin-
HRP. The plate is developed using a colorimetric subsfrate and the OD read at 450nm.
dAb blocking 1L-13 binding is shown by a decrease in OD.

Table 5:
10 Results Summary Table 5 showing the EC50 of each of the selected dAbs against
human IL-13

10-53-474 EC50
M)

10-275-78 EC50
(nM)

Sandwich assay

0.057 (n=3)

3.326 (n=3)

hIL-13

DOMI0 Binding Assay:
15

This assay uses biotinylated human IL-13 (biotinylated GSK IL-13 produced in-house)

to capture the dAb. An ELISA plate is coated with NeutrAvidin (Pierce, cat no. 31000)

to capture biotinylated IL-13. The dAb is added and bound dAb is detected using a

rabbit anti-human Ig (VH specific) Ab and then a HRP conjugated anti-rabbit [gGAM
20 Ab (Sigma Cat A-2074). The plate 1s developed using a colorimetric substrate and the

OD read at 450nm. The signal from the assay is proportional to the amount of dAb

bound.

Table 6:

Results Summary Table 6 showing the EC50 of cach of the selected dAbs

25

10-53-474 EC50
(nM)

10-275-78 EC50
(nM)

Binding assay

1.08 (n=5)

1.304 (n=10)




0.95 1.01 DOMLO-275-78 aerosol 29mns 1.1 0.74 0.62 DOMVLO-53-474 standard
15.24 0.62 Table 13: shows Mass nedi an aerodynam c di aneter ( MMVAD) -
average droplet size of nebulised dAb solution. The optimnum MMAD is 2 -
3jtmand for deep lung delivery 10the desirable respirable fraction would
be the highest percentage of particles <5jun as possible. PARI LC*
MVAD For mul ati on
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BIACORE® Off-rate screening:

A streptavidin coated SA chip (Biacore) was coated with approximately 100
RU of biotinylated human IL-13 (R&D Systems, Minneapolis, USA) or cynomolgous
5 IL-13 (Produced in-house). dAbs were serially diluted in HBS-EP running buffer. 50
to 100 ul of the diluted supematant was injected (kininject) at 50 ul/min flow rate,
followed by a 5 minute dissociation phase. Association and dissociation off-rates and

constants were caloulated using BlAevaluation software v4.1 (Biacore).

10 Table 7: comparing the binding affinities of the two selected dAbs DOM10-53-474
and DOM10-275-78 for both human and cyno IL-13.

DOM10-53-474 [DOM10-275-78
(nM) (nM)
IBiacore hIL-13 0.028 0.0:72-0.1
IBiacore cllL-13 2.0 0.32-0.75

Binding to varant IL~-13 (R1300):

Genetic variants of 1L.-13, of which R130() is a common variant, have been
15  associated with an increased risk for asthma (Heinzmann er al. Hum Mol Genet.
(2000) 9549-59) and bronchial hyperresponsiveness (Howard ef al., Am. J. Resp. Cell
Molec. Biel. (2001) 377-384). Therefore it is desirable for the anti -IL-13 dAb to also
have binding affimty for this variant of the cytokine. DOM10-53-474 bound IL-13
(R130Q} and inhibited IL.-13 (R130Q) stimulated proliferation in two cell assay (TF-1
20 & Hek-Stat6).
Table 8: This shows binding affinity of DOM10-53-474 for variant [L-13
Cell Assay EC50 nM
Hek-Stat6 (variant hIL-13 stimulation | 0.273 (n=4)

= 3ng/ml)
TF-1 (variant hlL-13 stimulation = 0.133 {(n=3)

Sng/ml)

Agonistic activity:




pm % < 5pm DOMLO-275-78 3mns 2.38 79.4% DOMLO-275-78 15m ns 2.50

80. 1% DOMLO- 275-78 29mins 2.45 74.6% 15DOMLO-275-78 is stable to
nebulisation in the PAR LC* jet nebuliser with a high percentage of
droplets < 5gmand it achieves the desired MVAD. Use of Nebuliser to
Del i ver DOMLO-275-78 During Pre-clinical PK and Efficacy Studies Cyno PK
20 To determ ne the phannacokinetic profile of DOM 1 0-275-78 in

cynonol gous nonkey and thus enabl e a pwrediction of |likely required clinical
dosi ng frequency, test deliveries of DOM 10-275-78 into cynonol gous nonkey

were made. In order to gain as
To determine whether DOM10-53-474 binds non-target proteins, and to ensure

that no undesired cytokines/interferons are released due to agonistic activity of the
dAb, DOM10-53-474 was tested for agonistic activity in a human blood assay. Each
5  sample was titrated from I pM to 10 nM of DOM10-53-474 and tested in two donors,
A & B. The assay was set up in duplicate (a & b) and the meso scale discovery
(MSD) was performed in duplicate. The nil wells contained biood alone, (i.e. no dAb
added), there were 8 nil wells for donor A and 4 for donor B. The cytokines assayed
were 1.-8, IL-6, TNFq, IL-10, IL-1p, IL-12p70 and IFNy. No agonistic activity was
10 seen with respect ta IL-6, TNFo, 1L-10, IL-1§, IL-12p70 or IFNy. There was a little

IL-8 production at the 1 pM concentration but this was very low.

SEC-MALILS:
The in-solution properties of dAb proteins were determined by an initial

15  separation on SEC (size exclusion chromatography; TSKgel G2000/3000SWXL,
Tosoh Biosciences, Germany; BioSep-SEC-82000/3000, Phenomenex, CA, USA)
and subsequent on-line detection of eluting proteinaceous material by UV
{Abs280nm), RI (refractive index) and light scattering (laser at 685nm). The proteins
were at an initial concentration of 2mg/mL for DOM10-275-78 and 1.4 mg/m] for

20 DOMI10-53-474, as determined by absorbance at 280nm, and visually inspected for
impurities by SDS-PAGE. The homogeneity of samples to be injected was usually
>90%. 100uL were injected onto the SEC column. The protein separation on SEC
was performed at 0.5mL/min for 45minutes. PBS (phosphate buffered saline £10%
EtOH) was used as mobile phase. The ASTRA software (Wyatt Inc; CA; USA)

25  integrated the signals of all three detectors and allowed for the determination of the
molar masses in kDa of proteins from ‘first physical principles’. Inter-run variations
and data quality was assessed by running a positive control of known in-solution state
with every sample batch.

For some DOM10-53 clones no reliable solution state could be assigned

30  because the molecules bound aspecifically to the column matnix or could not be
resolved using the size exclusion column. For these cases where the solution state was
reliable (i.e. DOM10-53-474 and DOM10-275-78) it was demonstrated that the

DOM10-275-78 molecule is mostly a monomer in solution and 90% is eluted from the



conprehensi ve as possi bl e under standi ng of the pharmnmacoki netics underlying
this 56 nolecule when delivered to the lung, a nunber of different studies
were perforned as summari sed below in Table 14: 5 Table 14: summary of
study protocols Study Nunber Delivery Frequency Aninmal Type Nunber of
Ani mal s Met hodof Delivery Study 1 Single House dust mte sensitive 6%
Sedated face nmask delivery Study 2 Single House dust mte sensitive 3
Consci ous delivery by bell device Study73 Repeat (4 daily doses) House dust
mte sensitive
column and that for the DOM10-53-474 molecule the majority of the protein is
clear monomer. DOM10-53-474 eluted as a single peak with the molar mass defined
as 13kDa in the right part of the peak (monomer) but creeping up over the left part of
5 the peak up to 18kDa, indicating some degree of rapid self association (average mass

over this peak is 14kDa).

Differential scanning calorimetry (DSC):
DOMI10-275-78 protein was supplied in both PBS buffer (phosphate buffered

10 saline) filtered to yieid a concentration of 2mg/ml, and in 50mM potassium phosphate
buffer pH7.4 at 2mg/ml. Concentrations were determined by absorbance at 280nm.
PBS buffer and potassinm phosphate buffer were used as a reference for the respective
samples. DSC was performed using capillary cell microcalorimeter VP-DSC
{Microcal, MA, USA), at a heating rate of 180°C/hour. A typical scan usually was

15 from 25-9¢°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 in water followed by PBS. Resulting data traces were analysed using Origin 7
Microcal software. The DSC trace obtained from the reference buffer was subtracted
from the sample trace. The precise molar concentration of the sample was entered into

20 the data analysis routine to yield values for apparent Tm, enthalpy (AH) and van't
Hoff enthalpy (AHv) values. Typically data were fitted to a non-2-state model. The
DSC experiments showed that some DOM IO molecules {e.g. 10-53-474 (SEQ ID
NO:2105), have higher meliing temperatures compared to others (e.g. 10-275-78), see
Table 9 below. Such properties are indicative of increased stability and indicate

25 superior suitability, for example, for pulmonary delivery.

Table 9: Showing Apparent Tm of Both Selected dAbs DOMIQ-275-78 and DOM10-

53-474.

Molecule Apparent Tm (°C)
DOMI10-275-78 in PBS 49.4
DOM10-275-78 in 49.8

potassium phosphate

DOM10-53-474 in PBS 54.0




1 Conscious delivery by bell device *Data fromonly three of the study 2
animals is currently available. 10Drug was delivered to sedated aninals at
3 escal ating doses to ensure drug tolerability (0.01, 0.1 and I ng/kg).
Sedati on was perfornmed with 2ng/ kg Telazol in all instances. To ensure
consi stent |evels of drug delivery, and given the differing propensity of
different drug solution concentrations to nebulise the 0.01 and 0. 1ng/ kg
deliveries were performed over an 18 n4aute delivery period. The | ny/kg
dose was delivered 15over 20 m nutes. To conpensate for anticipated higher

respiratory rates and tidal volunmes of the conscious bell-delivered
ani mal s, these rec&hamihldinagy IME-Bi-4v¢gIveotedo sarrevanidleowd yhefadgre 0@ i nut es. The

quantity of drH&r&@@ﬁlﬂlgﬁ@emtﬁmﬁeMﬁ%&m}&&%dw@s@}mw&m@el ivery
wei ghing of the filled nebuliser cu In _order to test sanples for the

presence of DGW%)’“Z’?B‘“W‘WTWW‘%“P@H@“&’H@‘%*H%’%W&‘ del i very, bl ood
and bronchisal veol ar | avage fluid (BAL) (representing a flushing of a
proportion of the animals lung with phosphate-buffered saline) were
col | ected. Bl dotibiligss typically collected prior to dosing and at up to 9
timepoints within the first 57 24hrs of dosing, in line with ethical

gui del i nes. The i nb@%‘fi\%mﬁlé?‘?ﬂs@ab@“ﬁﬂﬂll%f‘cﬂﬁbé’e’ﬂqeﬁﬁt‘%§ms4§élﬁ ket it was
col | ected onl yeiCurftREs. BEi dXBrhplp Gfotél@ deNeaa tidrapRiitichIBY vida fibulsddyr S

post-delivery., Bl oo ter | 1 ect] bef or e
entr i1 ugat! oifetts et aPes B oreeib i i PR B B Ed ar - soc
prior to awWal ysiwry beesibd mogalbthe ﬁa’éumtemdmmmplbesmaled wor depedaired irothabegr t ai n

| evel s of DGVﬂ@onEJegaZn%nm el olsD 8RBT 85Ul B 6o A IRNBHIRGE Nt 1 €

assay was set u stand ' roc um nescence-based 10 plate
was coated w tiﬁcrnféuﬁ@med‘i‘ ithe spiugiikyedd beth POMISH 37 erd )Pl @d73-T18 98 was added

and al | owed t Gy GaRIUS GetdrRiink R nEh%HﬁJn@éHnQénﬂano%Wéo%ﬁl BAGEReVeNBI@dded at a
range of dilutions. Any DOMLO-275-78 bound was then detected using a

pol ycl onal rablkﬁwfrmaﬁfqte"\)ﬁssa%fmowgwt%woprwltatw"ant. -rabbit-sulfo-tag
secondary ntlbody (Mesosca scover Maryl and) at |x
concentratll%on was éo e”zlasnoga%ﬂe ﬁtm]t;r@scon entr%f%mrﬂegasdgegesnln H’édgy sector 6000 MsD
i mager (Mesoscmla@rlmdrlsmvencyatm&mylaaﬂm)akvmmwmreqo»serwbdmmt@tamad bet ween
each stage of yilg,iRss BhuisliRPUblSnli BAMNAARL FEORLLG R 80 Serum and
BAL concentrations were ca For each ti mepol nt collected and the
resul tant dat 3-000Pa @awscignaeshraid spisin a hefichwe eengrifigegt BPNsdentime male si ght

Cor poration, GabdthQnNbald PRAMREPKINDR G pBitak Wsle SiscAQAiNB 84 theseSUMMEIY  Of
the phar rracokl netic paranmeters generated thr ou%h this analysis are given

bel ow i n bl &eisncroaenied s e pigteindhisrame More FONCHRISH I ieea I VI ¢ par aneter s

desired reduction in volume.

After each spin the protein was removed from the device, the volume measured
to the nearest 50pl using pipettes and the concentration determined. Concentration
deterrnination was performed using the absorbance reading obtained by subtracting the

25  absorbance measured at 320nm from the absorbance measured at 280nm after the
sample had been centrifuged at 16,000g to remove any precipitate.

The experimental concentration was plotted against the theoretical
concentration at that volume, and the maximum selubility was taken as the point at
which experimental concentration diverged from theoretical.

30



Study Nunber T1/2 (hours) of dAb in aninmal Crax of dAb (ng/m ) AUC Dose
(0-i1i), (hr*kg*ng/ nL/ nmg) Mean Residence Tinme (0-int) (hrs) Study 1 4.5
173.9 1689.5 63 Study 2 4.1 249.5 1529.1 5.8 Study 3 3.7 347.9 1987.9 5.5
58 Mean serum concentrations for each study at a nunmber of tinmepoints are
summari sed bel ow in Tabl e 16:

49
For both proteins, a concentration of 100mg/ml was achieved before

divergence and actual protein recovery was approximately 100% of the start material.

Downstream processing of DOM10-53-474 and purity obtained:

5 DBOMI10-53-474 was expressed using a Pichia pastoris expression system and secreted
in to the supernatant. The initial capture step for fermenter supernatants containing
DOMI10-53-474 was by direct loading onto Protein A Streamline resin (GE
Healthcare) equilibrated in PBS. The resin was washed with 5-10 column volumes of
PBS, followed by 2-5 column volumes 50mM TrisHC! pHSE before eluting the protein

10 with 4 column volumes of 0.1M Glycine pH2.0. The eluted protein was neutralised
with 1M TrisHC1 pHS to a final concentration of 0.2M TrisHCL. Upon neutralisation
precipitation was seen, the precipitate was harvested by centrifugation and the protein
resolubilised. Resolubilisation of the protein was carried out by resuspending the
pellet in a volume of 10mM TrisHC1 pH7 4 equal to 1 column volume from the PrA

15  punfication step, 1M NaOH was then added to a final concentration of 75mM to fuslly
dissolve the precipitated protein. The pH was adjusted to pH8 by the gradual addition
of 1M Glycine pH2 (final concentration ~0.1M). Analysis by SDS-PAGE showed the
resolubilised protein solution to be approximately 80% pure for DOM10-53-474.
DOM10-53-474 was purified further by anion exchange chromatography. The

20 resolubilised pellet was dialysed in to 50mM Potassium Phosphate pH6 and loaded
onto a QFF column, equilibrated with 50mM Potassium Phosphate pH6. DOM | 0-53-
474 was eluied using a 0-100% 50mM Potassium Phosphate pH6 + 1M NaCl gradient
over 20 column velumes. The fractions of the eluted peak were analysed by SDS-
PAGE and the purest fractions combined and buffer exchanged into PBS. At this

25  stage the eluted protein was approximately 97% pure as measured by SEC.

Downstream processing of DOM10-275-78 and purity obtained:

A traditional method for initial capture and purification of antibodies and
antibody fragments from fermenter supernatants or periplasmic fractions is using

30  Protein A immobilised on an inert matrix. As an affinity chromatography step this has



5 Tabl e 16: Mean serum concentrations for each study 1-3 at a nunber of
ti mepoints Study Nunmber Crax (ng/m ) Concentration at 2 hours post-
delivery (ng/m) Concentration at 8 hours post- delivery (rig/m)
Concentration at 24 hours post- delivery (ng/m) Study 1 173.9 144.5 68.2
6.8 Study 2 249.5 217.6 65.5 6.2 Study 3 347.9 347.9 127.3 5.9
50

the advantage of good protein recovery and high (e.g. ~90%) level of purity.

However, there are some disadvantages. As with all forms of affinity chromatography

some of the ligand can be leached from the column support matrix during the elution

phase. Protein A is known to be a potential immunogen. Therefore, if Protein A is

5  used, then any residual Protein A, leached from the column, should be removed or

reduced as far as possible in subsequent chromatography steps.

DOM 10-275-78 purification:

The initial capture step for cither fermenter supernatants or periplasmic
fraction containing DOM10-275-78 was by direct loading onto Protein A Streamline
10 resin (GE Healthcare) equilibrated in PBS. The resin was washed with 2 — 5 column
volumes of PBS before eluting the protein with 4 cohumn volumes of 0.1M Giycine
pH3.0. At this stage the eluted protein was approximately 99% pure, containing
approximately 1% of dimeric DOM10-275-78 as measured by SEC. Protein recovery
was virtually 100%. Residual PrA was measured using a PrA ELISA kit (Cygnus,
i5 #F400) and was determined to be between 50 to 200ppm.

Residual PrA removal:

The residual PrA was reduced using two further chromatographic steps. The

eluate from the PrA step was pH adjusted to pH6.5 using 1M Tris pHS.0 and prepared

20 for punfication on hydroxyapatite type II by addition of 1% (v/v) 0.5M sodium
phosphate pH6.5 resulting in a final phosphate concentration of 5mM. The PrA elnate
was applied to the columm which had been equilibrated with 5SmM phosphate pH6.5
and the DOM10-275-78 monomer eluted in the flow through. The dimer was bound to
the column and eluted at the start of a salt gradient which was applied after the

25  DOMI10-275-78 had been recovered. The gradient ran from 0 to 1M NaCl in 5SmM
phosphate pH6.5 over 30 column volumes. It was expected that the PrA would elute
in this gradient although amounts were too small to be able to see by absorbance on
the chromatogram. Complexes of PrA with the DOM10-275-78 eluted after the salt
gradient when a 500mM phosphate pH6.5 wash was applied to the column. The

30 recovery of DOM10-275-78 monomer after this stage was measured as 74% based on

absorbance at 280nm and the purity was 100% as measured by SEC. The residual



In addition anal yses of the |evels of drug present in the BAL after 24hrs
was determ ned and adjusted for dilution using urea |evel determ nation
to give a figure 10expressed per m of epithelial lining fluid. These
results are given below in Table 17: Table 17: Levels of DOM 1 0-275-78 in
bronchi oal veol ar | avage fluid (BAL) Study Nunmber 24 hour tinepoint (ng
DOMLO- 275-78/ mL ELF) Study 1 1.23 Study 2 4.52 Study 3 4.75 1In conclusion
significant | evels of domain antibody éan be delivered to the 15eynonol gous
nonkey | ung arﬁi’ot&fi‘%ﬁ@vefsm HeaGROEInE e & 1298 beeft Mateed bbbl lson t hey
show little, if any accunulation after repeat admnistration on a daily
basis. All erg.aedﬁéémaﬁmaﬁ Rer iyibena 18/ 8ld maxi mal serum drug concentrations

of ar ound20039/ m | hlfﬁrl:Hef@mﬂiBéiloﬁ Et@&@as\/iﬁkl[;(ﬂu&lﬁ%%&fce tha r@ﬂi’uﬂﬁr& e&e‘ﬁhy\homddrzugh
was delivere on CIOU est levels were pica achi eve -4hrs
Post el | very MG (HFREE P Bor ERe Y Te o s Pt AR Aour s 1 n al
cases, and si gamedyl (rbaﬁ‘,t do%nﬁxﬂéilﬁ&ﬁehﬁcﬂmﬁiﬂeyaddeibevﬂma kevilabcontendhititg wer e
present in botf &ﬁ%ﬁ‘ ggn%4mr§n%(§w9ﬁ‘ %sd |}Y0%r ep%%opi'bstjﬁjo]g pot entl aI

dai |y adm ni st ratl on. I ser iver i've rmats:
The hydr odynanria€l sThegratdin was qhgmdﬂ(aegrgilent ﬂmzw@rn)o salnobver 26 serum

hal f-1ife can g,88 BEmLN ad £ 1 8s QL TN iigand to a
bi ndi ng domai r? ée 6 ,manqg{f%@@y ‘Srw‘eﬁ%mt‘)‘%’g@ ?érqaanerﬁr%dmgﬁ@ e[tg Ig gn anti gen
or epi t ope t hat© h%?@h@@éh%wmrw@rxstmoawredrbojﬂbses@nema@fswln@s dingand (e. g.,
dAb nononery) &aw. be COI’]] ugat ed or linked to an anti-serum al bum n dAb or to

cule. Al so other
the Fc domain l\ﬂnuhser testmg of g%MlO- -474 and DOM10-275-78:

Testing of DOM10-53-474:
The nebulising device can nebulise the dAb solution into droplets only some of

15 which will fall within the requisite size range for pulmonary deposition (1-5um). The
particle size of the aerosol particles was analysed by laser light scattering using the
Malvem Spraytek device. Two post-nebulisation samples were collected i) protein
solution which remained in the reservoir and ii) aerosolized protein collected by
condensation. The parameters measured to assess the nebulisation process were 1)

20  Respirable fraction - % of particie in 1-5um size range, this is important to determine
how much dAb will reach the deep lung; ii) Particle size distribution (psd) of dAb; iii)
Mean median aerodynamic diameter (MMAD) — average droplet size of nebulised
dAb solution within psd. The stability of the dAb to the nebulisation process was
assessed by comparing pre- and post nebulisation samples using a variety of methods,

25 1) Size Exclusion Chromatography (SEC) — which demonstrates whether the
nebulisation process caused aggregation of the dAb; 1) Sandwich ELISA for binding
to hiL-13.

The nebulisation properties of DOM10-53-474 were investigated using both a
jet nebuliser (both LC+, manufactured by Pari) and also a vibrating mesh nebuliser

30 (both E-flow, manufactured by Pari). DOM10-53-474 protein was tested in both PBS
buffer (phosphate buffered saline) at a concentration of 2.6mg/ml, and in 25mM
sodium phosphate buffer pH7.5, 7%(v/v) PEG1000, 1.2% (w/v) sucrose at 2.3 and

4., 7mg/ml. Nebulisation was performed for approximately 3 minutes. 100uL of



15bi ol ogical ly active peptides e.g. exendin-4, can inprove their in-vivo
hal f-1ife by conjugation with an anti-serum al bum n dAb. PK studi es have
denonstrated that dAbs delivered to the lungs are readily and rapidly
transferred into the circulation. Therefore pul nonary delivery offers the
potential for an easy and efficacious route of adm nistration for
alternative dAb formats with | onger 20serumhalf-lives, if they can
denonstrate the requisite characteristisgs. Therefore two alternative dAb
formats were test. ' (R t ' k det er m ne whet her
alternative dﬁg&%ggﬂi’&ﬁ g@é\@tﬁ?:ﬁf ]b"?rﬁ@b%#?g%g&éﬁg%gggi%ﬁ_ﬁ%ﬁggl'lfhe dAbs tested
wer e DVB1529, GRROGHWXL.\ipegh Rigggiercsh Gggeangcolinnh Thepraiainseparainglo$E(DAT0115, an
anti - human seruepdfRn&ORb YGeeH fdr 25 RxRRM] fﬁﬂpﬂﬁgﬂﬁa%f@r@@sﬂih%%é pnds to the
GLP receptor and to human al bum n._ Production of DMS1529: VE1529 was
expressed in G EEs pssd pyinebap phass Bt Sitsqtien A &l ppeRraieigpcegusmaterial s

3?};0- sng/ mﬁ. TheieCH 6dﬁlired8tbkﬂﬁfoﬁU&’fIhby\mnﬁ82nmlnﬁi |T(h€SECpfblﬁg: cgtl'l’ei fied b)t; |
affinity chronmatogra as follows. An XKb50.col u s.packed .to 20cm be
et ght v 0 h - o SBptral e R P e i LR R R B at ed 1 nt o
1XPBS at 30ml/aggrogatidingere &6n pot avbulisads seclipecs Miabd1 2 The (a0pBL veref 0. 1M NaOH

and re-equilibrat Lth 4 ) X . . - rnat ant was
t hen applied at ﬁﬁgﬁﬁ?mﬁ’ﬁn% %ﬁé%g%és{%ﬁﬁ’é‘%gfﬁé‘%%@}% gﬁ?)réaalt %e col um was
washed with 4@utefcy. v6b shoyh td XPBEecrdly ehuBiajions asiskp@sinshapigliBnent ed with 0. 85M

NaCl and 4@V (ghoRlah: QhnabUA¥L OOIMMGABOMADS3-4P e 2md FREnMLGlBb) Vas el ut ed
using 0. 1M Sodi um Acet at e, Col l ection_sta e 0D280 reached

pH3. 6. rted as th
20mAus and wasaRRFs: df-4Smetmls 2mM seciusphosphals Sulfer RE7 .81 TN e 0Owas 600nt
with a pH of ha,ﬂ,;, (VMQ su\assehﬁlmmg/ﬁﬁizsmpﬂﬂo&iﬁm phdyphbte Hgﬂ’é?ﬁﬂé@’l%@lﬁ);\ al i éati on
to pH4.5 wi t I Acetat e, solution turned ¢l oudy as the 10 pH
booroached 4 EOHIE: bPBCaRRoigte 46 oh oreiti e Chir BAGHS AR e8P dept h
filter and thefiGhebmiagionettro Theosphiet eiaterigdo DIOMIAS 3¢ wad miterial inst eri | i zed and

stored at & del%]%s. The final protein pool was at a concentration of
6ng/ mL and "t he purity was neas d_as Dbei 96.4% by SEC._100111 of protein

sanpl e was | oaded or C colu Ger many) which
was run at 0.5ml/ m ’ . N ReSPRE . NaCl pH6. 8
nobi | e phase. 40m s SONHY into a nore stable
formul ati on conpri sijmpMOndd-sadi um acetate / 2% gl yedsne /| O 05mM EDTA /
0. 04% Tween 80 / 10 e 3 W {ing columms in
series (CGE Healthcareq rﬁ i ‘b \i 5nil/ m n. [The buffer] exchanged
protei n was concent rfaCcd! us3-4vg #dd Bilsagpion centri f hg@d222zoncgntrator with
MACO 3, 000 Da (Vi vadej S ORI =Sofits fore being
tested in the nebulijsers. roéuc 'on "of DAT0115: '

DOM10-53-344 (Std) 0.12456

DOMI10-53-474 0.03556

DOM10-53-474 #14 LL.C+ Aero 0.03480

DOM10-53-474 #15 Eflow Cup 0.02144

DOM10-53-474 #15 Eflow Aero 0.01849

DOM10-53-344 (Std) 0.04552

DOM10-53-474 0.02886

DOM10-53-474 #15 LC+ CUP 0.01285

DOM10-53-474 #15 LC+ Aero 0.01494

DOM10-53-474 #16 Eflow Cup 0.02242

DOM10-53-344 (Std) 0.06709




251 L of frozen E.coli culture supematant produced in a 5L fernenter was
defrosted at roomtenperature and at 4 degrees overnight. The Akta Xpress
Modul e (a purification systemobtained from GE Heal thcare, UK) was
sanitised by standing overnight in 1M NaOH and the follow ng norning the
Akta was washed into sterile, endo free dul beccos PBS. The defrosted
supemat ent was centrifuged at 16, 000rpm and then 30 0.2umfiltered. A 200nl
Protein L streanline col urm vvas cl eane(§t3vvith 200mL of 6M Guani di ne HC1 and
t hen washed i nto PB%: t-Sstperatant—was—app toe—f he 61 columm
at 20m/ mn, the col uDrPnﬁ%/\(/ja%?%@en washed wi th dul bbﬂég‘é@jPBS until the A280
was bel ow 15mAus and DOMH) MM%tﬁEﬂdﬁMAa‘pprox. 400 16!.035108 20rrN Tris, pH 7.4.

The col umm was el ut Lbo,ﬁldl% 2#‘74'#'1’5tt¥b me, piiz—an Objﬁ'g etuty on peak was

collected in two frdctions, nalrn _peak conpris nqtﬁe pepk maxi num and
somre of the trailing QQBMlO a%G‘M}CaMOt he el uti oh0.022% comri sing the rest
of the elution tail ¥266mtyr—Botir—etrotromr—fractrotrs— tralised by

addition of 115th final volume of 1M Tris, the pH was checked with a pH
strip and the fractions were filter sterilised and stored at four degrees.
The fraction cont akn) 8.3ny/ mlL and
used for 10nebul i ngy glgUﬁ%ﬂg%%@%@&oﬁ?&%}?ﬁ{g’??@% %b Formats: The
different dAb ffsﬁ’f‘ﬁ%ﬁ%ﬁcmléﬂlﬁégh@ﬂpeﬁtema@?@?ﬁﬂesfﬁma Asshqvadn g TaPet o 30mi ns.
A Mal vern Spr ayﬁoakwmmemtjanbmxvee'slgivgsah@behaaumrﬂ MNIEDShIG& ofli Stribution,
MVAD and percgtag}g articles égro | e a jtmto determne their

pul monary depd®Y¥ MOF? BeRHEF crofs P @gm Wa?eﬁ?%??ﬁﬂorﬁ%?t‘%re t est ed
using a jet neﬁnudasesenhe(ﬂ.@-wpaﬁa&)neamder@m ihé Righdd GoBR@EhhiglRt %ﬁﬁqbﬂl i ser

(E-flow, Pad). During th IS enfro

nebul i ser sarrpfﬂélesraé%‘g’lt v’%)elﬁrW f ctfl}e xﬂrercnfal; %Eg'eﬁ%‘g’f & CEREEN “ngoée“bf

aerosol i sed dAbncamraB@tinpreaem me points and assessed for stability using i)
SEC-HPLC tg determine any increase in aggregation; and ii) potency assay to
assess any decrease in activ The tinme points sarrpl ed were 3mn, 15m ns
and 29ni ns f orTagledh Sélgwwébml\il&%andmemnt@gwfe@wlw«éﬁunnuaﬁe'rne@ﬁ@at@n| y 3mins for
the e-Fl ow nelyhj E@J«éﬁﬁ)khﬁe@ul@k@é@nﬁ% -MRbpisRsuzaPl es much nore rapidly as
shown in the table 18 bel ow. 25 Table 18: Nebulisation rate of formatted
dAbs 62 Nebulised Sample E-Flow (m /mn) LC+

eFlow Rapid Pari L.C +
Formaulation
MMAD MMAD
% < Sum % < 5um
{um) {um)

25mM NaPhosphate pH7.5, 7% PEG
1000, 1.2% Sucrose, 4.26 60.6% 3.98 61.2%
2.3mg/mi DOM10-53-474 dAb
25mM NaPhosphate pH7.5, 7% PEG
1000, 1.2% Sucrose, 4.10 63.8% 3.66 66.5%
4.7mg/ml DOM10-53-474 dAb
10-53-474, PBS,

2.6mg/ml DOM10-53-474 dAb

5.20 47.9% 443 56.6%

15  Testing of DOM10-275-78;

To determine whether this molecule possessed the requisite characteristics for

effective pulmonary deposition during pre-clinical PK and efficacy studies, its



(mM/mn) DVb1529 10ng/ mLStart (3 m nutes)
m nutes) 0.18 DVb1529 10ng/ mlEnd (27 m nut es)

m nutes) 0.76 DATO115 8.3ng/ mlStart (3 mnutes) 0.31 DAT0115

8. 3ng/ mLM ddl e (15 m nut es)

DAT0115 8.3nmg/ nl (3 m nutes) O0.47

10

15

20

25

30

54
properties during nebulisation were tested using a PARI LC* jet nebuliser. The

properties analysed were 1) the particle size distribution of the agrosol which was
analysed by [aser light scattering using the Malvern Spraytek; 11) Respirable fraction -
% of particle in 1-5pm size range; ii1) Mass median aerodynamic diameter (MMAD) —

average droplet size of nebulised dAb solution within psd. The stability of the dAb to

the nebulisation process was assessed by comparing pre- and post nebulisation
samples, using a variety of methods, i) Size Exclusion Chromatography (SEC) -
which demonstrates whether the nebulisation process caused aggregation of the dAb;
ii} Sandwich ELISA for binding to hiL-13; iii}) HEK cell assay.

The dAb was tested at a concentration of 20mg/m!l in PBS as determined by
u.v. absorbance at 280nm, which represents a realistic dosing concentration. The dAb
was nebulised for 30mins with two samples collected at each of three tine points
during nebulisation i) protein solution which remained in the reservoir and ii)
aerosolized protein collected by condensation. The three time points were 3mins,
15mins and 29mins representing the beginning, middle and end of the nebulisation.

100uL of protein samples (diluted to lmg/mL) were injected onto the SEC
{TSKgel G2000SWXL, Tosch Biosciences, Germany) column. The protein separation
on SEC was performed at 0.5ml/min for 45 minutes. PBS (phosphate buffered saline)
was used as mobile phase. The detection of eluting proteinaceous material was carried
by on-line detection by UV (Abs 280nm & 215nm). The SEC profiles of the
nebulisation samples were identical; no peaks indicative of aggregation were seen post
nebulisation. The samples were analysed for binding to hlL-13 and the potency was

shown to be unaffected by nebulisation, as shown in the Table 12 below.

0. 23 DATO0115 8.3ng/ nl End (27 m nutes)

0.17 DwvB1529 10ng/ nilM ddl e (15
0. 15 DMB1529 10ng/nl (3

0.13



The results of the study show that DWVb1529 is nebulised at a fairly

const ant

rate throughout the 30m ns nebulisation tine whereas the

nebulisation rate for 5 DATO115 appears to decrease with tinme, as the

volume is reduced. Therefore the nebulisation rate for the desired clinical
delivery time would have to be neasured for this nol ecul e.
protein stability and propensity to aggregate during 10 nebulisation 100pL
of protein sanples were injected onto tshe SEC col um. For
sanples were diluted to 1ng/nml with 0. 1M Na phosphat e/ 400mM NaCl pH6. 8 and

t he col um used was TSKgel
protein separation was perfornmed at 0.5nL/mn for 45 m nutes.
phosphat e/ 400mM Nag€hnéie. Shoda
col um used was_a Superdex 2
separ ati on wad*®

at

G3000SWKL,

R

(Tosoh

Bi osci ences,

DM51529,

Ger many) .

To determ ne the
t he

The
0. 1M Na

GordndifRRb hie - 1BRAGLDs teRfe MATRL1S the 15
/300 colum (GE Heal thcare).

PS8 ed at 0.5mL/min for 50 minutes.
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activity assay
as shown in T

wds used as pobiEKeelipasse. | The det ecti on of
naceous naterial frorBbdinghssayo] umm E@moaMby op-1i ne detection
280nm & The $EC 'AndMi | e@yeailAfduf-13. | and
DMI02250skad \or o essdnti-alBy i denliZBall 481 ho peaks
DOM10-275-78 cup 3mins N 177 I, 145, bul i .
BON1012 787 8 i eggtronyyere—seqi; 93 pust] nebul i sati on.

10 8 2dihs CACT _Janpt g4 Was CalGut at eplad TPmM t he integrat ed
DONNe-28A Bl SMaise_andl ysea1i or Pl n@sng | nst heir respective
BONAA 75 T8ecaenosdl iy \\a@ be 0@pfafif eteed| by nebulisation,

NI O-2¢h-78pangsab29mine B ndj ngldssayl d74 flor 980\EN529 Fc pre- and
ROMIOSIATdistandard v 11 loccay, dat ol £ 18 240NTNQ.6% Sampl e EC50
LAV AN] Jull'Jl oI AT A A2 I | \AUU\A] “vUiAlt UL LA o7 T U0 rrp

post - nebul i’sat

(nM DWVB1529 (std) 0.088 DMS1529Fc TO 0. 138 DMS1529Fc e-Fl ow cup 3mns 0.15

DMS1529Fc e- Fl

ow aer osol

3rnins 0.164 DVB1529Fc LC + cup 3m ns

Table 13: shows Mass median aerodynamic diameter (MMAD) — average droplet size

of nebulised dAb solution. The optimum MMAD is 2 - 3um and for deep lung delivery

10 the desirable respirable fraction would be the highest percentage of particles <5pm as
possible.
PARILC*
MMAD
Formulation Hm % < 5pm
DOM10-275-78 3mins 2.38 79.4%
DOM10-275-78 15mins 2.50 80.1%
DOM10-275-78 29mins 2.45 74.6%
15 DOMI0-275-78 is stable to nebulisation in the PARI LC* jet nebuliser with a high
percentage of droplets < 5um and it achicves the desired MMAD,
Use of Nebuliser to Deliver DOMI10-275-78 During Pre-clinical PK and Efficacy
Studies
Cyno PK:
20 To determine the pharmacokinetic profile of DOM10-275-78 in cynomolgous monkey

and thus enable a prediction of likely required clinical dosing {requency, test deliveries

of DOM10-275-78 into cynomolgous monkey were made. In order to gain as

comprehensive as possible understanding of the pharmacokinetics underlying this



0. 137 DMS1529Fc LC+ cup 15mns 0.12 DWMS1529Fc LC+ cup 29mi ns 0. 128
DMS1529Fc LC+ aerosol 3mins 0.134 DVS1529Fc LC+ aerosol 15mns 0.12
DMB1529Fc LC+ aerosol 29mins 0.095 Sanpl e EC50 (PM DAT0115 (std)
(LH200208) 310.5 DATO0115 TO 178.2 DAT0115 e-Flow cup 3m ns 535.1 DAT0115
e- Fl ow aerosol 3mns 797.8 DAT0115 LC+ cup 3mins 725.1 DAT0115 LC+ cup
15m ns 453.3
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molecule when delivered to the lung, a number of different studies were performed as

summarised below in Table 14:

5
Table 14: summary of study protocols
Study Number Delivery Animal Type | Number of Methodof
Fregquency Animals Delivery
Study 1 Single House dust 6* Sedated face
mite sensitive mask delivery
Study 2 Single House dust 3 Conscious
mite sensitive |- delivery by bell
device
Study 3 Repeat (4 daily | House dust 1 Conscious
doses) mite sensitive delivery by bell
device

*Data from only three of the study 2 animals is currently available.

10  Drug was delivered to sedated animals at 3 escalating doses to ensure drug tolerability
(0.01, 0.1 and tmg/kg). Sedation was performed with 2mg/kg Telazol in all instances.
To ensure consistent levels of drug delivery, and given the differing propensity of
different drug solution concentrations to nebulise the 0.01 and 0.1mg/kg deliveries
were performed over an 18 minute delivery period. The Img/kg dose was delivered

15  over 20 minutes. To compensate for anticipated higher respiratory rates and tidal
volumes of the conscious bell-delivered animals, these received drug at a single dose,
and only for 10 minutes. The gquantity of drug nebulised was confirmed through pre-

and post-delivery weighing of the filled nebuliser cup.

20 In order to test samples for the presence of DOM10-275-78 within the lung and serum
after delivery, blood and bronchioalveolar lavage fluid (BAL}) (representing a flushing
of a proporiion of the animals lung with phosphate-buffered saline) were collected.

Blood was typically collected prior to dosing and at up to 9 timepoints within the first



DAT0115 LC+ cup 29m ns 445.4 DAT0115 LC+ aerosol 3mins 295.6 DAT0115 LC +
aerosol 15m ns 316.4 DATO0115 LC+ aerosol 29m ns 141.8 The potency assay
used for DVB1529 was DOML5 Fe binding assay and that for DAT0115 was DATOL
cell assay. These assays are described bel ow. The opti nrum MVAD i s -3nm and
for deep lung delivery the desirable respirable fraction would be the

hi ghest percentage of particles <51.1. mas possible. These neasurenents for
both dAb formats in both nebulisers aré7shown in table 20. 64 Table 20:
Measurenents of MMAD and percentage of particles <5lkmfor fornmatted dAbs:

Sanpl e MVAL) SPn) ek< 5pm DMS1529Fc e-Fl ow 3m ns 2.98 82. 9% DVM51529Fc LC +
3mins 1.25 70 240y of dosing, in line with ethical guidelines. The invasive nature of BAL collection

was such that it was collected only once per animal per delivery at either 1 or 24hrs
post-delivery. Blood was allowed to clot after collection before centrifugation to

5  generate serum. Serum and BAL were then stored at -80°C prior to analysis.

Testing of PK study samples:

In order to ascertain levels of DOM10-275-78 within the samples collected, a
pharmacokinetic assay was set up. A standard bind electrochemiluminescence-based
10 plate was coated with neutravidin, blocked and then biotinylated IL-13 was added and
allowed to capture to the nentravidin. Samples were then added at a range of dilutions.
Any DOMI10-275-78 hound was then detected using a polyclonal rabbit anti-Vh
antibody followed by an anti-rabbit-sulfo-tag secondary antibody. MSD T read buffer
{Mesoscale Discovery, Maryland) at 1x concentration was added and the plates were
15 read using a sector 6000 MSD imager (Mesoscale Discovery, Maryland). Wash steps

were performed between each stage of the assay.

Results of Pharmacokinetic Study:

20 Serum and BAL concentrations were calculated for each timepoint collected and the
resultant data for each animal was analysed using WinnonLin (Pharsight Corporation,
California} pharmacokinetic analysis software. A summary of the pharmacokinetic

parameters generated through this analysis are given below in Table 15;

25  Table 15: summary of the pharmacokinetic parameters

Study Number | T1/2 (hours) Cmax of AUC/Dose Mean Residence
of dAb in dAb (ng/ml) | (0-inf), Time (0-inf)
animal (hr*kg*ng/mL/mg) | (hrs)

Study 1 4.5 173.9 1689.5 6.7

Study 2 4.1 249.5 1529.1 5.8

Study 3 3.7 347.9 1987.9 5.5




DMS1529Fc LC+ 15mi ns 1. 84 65. 9% DVMS1529Fc LC+ 29mins 1.25 76. 6% Sanpl e MVAD
(pm % < 5pm DAT0115 e-Fl ow 3mins 2.93 85. 0% DAT0115 LC+ 3mins 2.55 56. 1%
DAT0115 LC + 15mins 1.22 63. 6% DAT0115 LC+ 29mins 2.11 56.4% 5Both

nol ecul es are nebulised effectively in both nebulisers. For both nol ecul es
the e- Flow nebuliser produces a greater nunber of droplets which are <5p. m
al t hough the MVAD is higher for the e-Flow than for the LGF. This would
indicate a tighter PSD with the e-Fl ow58han observed with the LC+. Both

nol ecul es are nebulised with a consistent MMAD and % < 5jtmfor up to 30
mnutes in the LC+. For DATO0115 the

5 Tabie 16: Mean serum concentrations for each study 1-3 at a number of timepoints
Study Cmax Concentration | Concentration at8 | Concentration
Number (ng/ml) at 2 hours post- | hours post- at 24 hours

delivery delivery (ng/ml) post-
(ng/ml) delivery
(ng/mi)
Study 1 1739 144.5 68.2 6.8
Study 2 2495 217.6 65.5 6.2
|| Study 3 3479 3479 127.3 59
In addition analyses of the levels of drug present in the BAL after 24hrs was
determined and adjusted for dilution using urea level determination to give a figure
10 expressed per ml of epithelial lining fluid, These results are given below in Table 17;
Table 17: Levels of DOM10-275-78 in bronchioalveolar lavage fluid (BAL)
Study Number 24 hour timepoint (mg
DOM10-275-78/ml ELF)
Study 1 1.23
Study 2 4.52
Study 3 4.75
in conclusion significant levels of domain antibody can be delivered to the
15  cynomolgous monkey lung and these remain considerable after 24hrs. In addition they

Mean serum concentrations for each study at a number of timepoints are summarised

below in Table 16:

show little, if any accumulation after repeat administration on a daily basis. Allergic




10di ff erence between the two nmet hods of nebulisation, jet or vibrating
mesh, is nore significant than for DWV51529. DATO0115 nebul i ses nore
effectively in the e-Flow vibrating nesh nebuliser with an MVAD of -3um and
85% of droplets in the respirable fraction. 15 DMBI 529 Bi ndi ng Assay:
Reconbi nant human VEGF is captured onto Nunc nmaxi sorp ELI SA plates and then
non specific binding blocked wwth 1% BSA in PBS. The plates are then

i ncubated with the dnms 1529 (dAb-hFc) fser one hour. Binding is detected

usi ng a peroxidase anti- human 1gG (Fc specific) antibody. After one hour
the plates are devel oped using 20 SureBlue TMB substrate (KPL) and

absor bance r e&#imgts tyB@Hyhadomeraal Qs dpug sepgentratitys of Aewdl00ng/adli@HO cel | s

stably transf egd @igkeWetdhifna iPLREN4 ﬂd%ihf)ﬁrdﬁ%%vlaﬁ BORELE WhdRRBscimas. ( CHO | uc)

(GSK). On production of cAMP follow ng G activation of the receptor,
the pronoter JHHES %’Gﬁt“’ﬁ’feﬁi’ﬂ‘lij‘%a%‘&ﬁ?‘%g‘“ﬁ? Pirdopvere s s tale i UM 10: - 6CRE)
drives the sex QWBSSWQTBI@E?WB&IIL‘ iﬂ(hilfc%ﬁﬁﬁi ﬁ%ﬁ&ﬁﬁt@%@%ﬁﬁica]ﬁhﬁl‘éviﬂhen CazI al yses
a reaction 6 j t uciferin t roduc i [ can be neasured on a
pl ate reader. ?:g‘é‘ﬂgg?%g VERE e 'ggf’ﬁémﬁraggfe&\“? %W%d’ﬁgﬁlﬁe‘?’oﬁ“{’qoﬂ’ﬁe culture
pl at es t hen dAbtesimhiplilg adsinada®d. After 3 hours Bright 3o luciferase
reagent (Pronega) is added to the wells and | um nescence neasured on a

pl ate reader. 5 Nebulisation of DOM 1h-131-206: These experinments were

carried out t% get er gj_ne whet her the domain anti body DOM | h- 131- 206 may be

nebul i sed for HIsh _ fAligmatiye dAb Fommatss tability of the nebulised dose

for oral 'lfibha'IﬂEhﬁl;&)dyﬁarJ}é gite%fa%gateﬁ?@%!zhAﬁ%ﬁ&ﬁe%ahws RRYShdie DAr ameters, 10
a ed olt to

experinments were al so can-led o o I nvestigate the effects o

nebul i sati on &° PROUFHed g copeating ot linking thsisenddpn bindiag damai @eri but i on,
concent rati on a@fbolifer saGiody Gaghitalr) tHaebiadilah VR HIBRANEONS! ifdrabdshbitYife
(fragnentation/ g ne effect, of nebulising

gregation), Method: To deter _
for mol ati on  THaTBEoT SR BboEn G IR mIBHT] 6 b5 CBRHE] HImESHPY 1 81 ng
9. 7mg/ mlL DOM lan he:tk3dsn 2Qnin ARGIHHALAEe Bahan BUfHuean [BdmEedmet Rlsdbthécut r ol  L44,

0. 5% Argi nicne, . 0. 010 | vsorbate 80 .and 0..682% NaCl . .2Q TI erosol out put
from tha nepabi-ReR i LR ARBIARLE ShaE hABER R8T Bhal T 87 2221 CLET)
a flow rate oforg@atigmivith avzairsaeonnlbenedAbo an auxiliary punp (European

Phar macopoei a i . f | as
fol l ows. The rfggﬁ{d%eggar"gF‘r%ﬁ%ﬁ“ﬁ&@%gse%f’ﬁ?fgli“’?‘g'gﬁf}é&ig%lﬁg%ﬁp@ﬁd i nline

with the inl efresferehanq fe sirdliiemgharcior pelaonin edivern offerihsmalyntiarfie twi n
i npi nger had difasphnd¥ifich@busirfuSéfagRinkuai (230 tiab R8mSR TR lRgst age 2;
t he conposjtion o{h %ge bgﬁ%f er Hsed in this experinment was 20nmM Acet at e
Buf fer at PH5STHI 6580 PG B ALRRIYhe FaYsigsticiiSequence, the Pan i

eFlow was filled with 6nl of the drug solution. The punp connected to the
twi n inpinger Tﬁ&gt%lre%g gltcvr\ll"?'a%vé &Hbr}%rqna%nwefré) tlesltg:l\qg obé{ﬁgrgrﬁ n&eu l‘yelr Eﬂt:sv?c%é
to determine whether alternative dAb formats could be nebulised successfully. The
dAbs tested were DMS1529, an anti-VEGF dAb conjugated with human Fc; and
25 DATOL15, an anti-human serum dAb conjugated to exendin-4 peptide and this binds

to the GLP receptor and to human albumin.

Production of PMS1529:;
DMS 1529 was expressed in CHO cells in serum/protein free media at a titre of

30 ~0.5mg/ml. The culture supernatant was 0.2pum filtered and purified by affinity
chromatography as follows. An XK50 column was packed to 20cm bed height with
Mab Select Sure resin (GE Healthcare) and equilibrated into 1XPBS at 30ml/min. The



30 whereupon the dose fromthe nebuliser entered and was col |l ected by the
tw n inpinger apparatus. To collect nmultiple sanples, the nebuliser was run
for 2 mnutes, after which the nebuliser was turned off and the twn

i npi nger apparatus was replaced. The nebuliser was turned on to collect for
a further 2 mnutes fromthe same material in the 66 nebuliscr. Sanples
fromeach of the twin inpinger apparatus was quantitatively washed down
into 100ml volunetric flasks for stages¢l and 2 respectively. The wash down
was perfornmed | 1 S:3Ip ggre run using
Si ze Exclu5|onu%??%ﬁg#%%gg%ﬁgﬁjﬂ§§§ﬁ '%g?ggﬁﬁ%%mfﬁghconcgntrat|on of the
mononer 5 peaK!-6an&RBS. observe if the sanple had undergone

fragment ati on/l@ggmg@m@@uﬁemaﬂn@%mg aphed ﬁr30?nl71ﬁinl(9rfi!/hpro§tQHECGnt ration of
t he nononer peak was possible by conparison wt ytlcal standard

sol utions of KANMIRRUARMERE FomotRs W‘f*ﬁﬁﬁ«‘é"tbicvéh@dé’fﬂ etKé¥ldet ai | s for
the SEC. 1G Mibirke sigpasentddonid. SodNdm alahaspkmme; ofﬂ@ﬂﬂiﬁbﬁiﬁﬁl\cerﬁﬂG 8, with

10% n- I trol.led W

dot cot | on v et et SHORRE AR a0 VSR T0T0T i RhSET M0 m nut es
To determ ne Bs tplOE1288 rezehed2BAuis lbod wama(tdaﬁﬁ))t fgf betolne3 Smattosl| Tieethtiph une: The
equi pnent use%)%( mr‘ﬁthg%g Mas ﬂ%%éﬁﬁﬁﬂh: ﬁﬁtzﬁ&uél}@-' yern | nstrunents

15UK, nodel a non-1nvasive system ures droplet size by
| aser |ight sélaltf{ab?-ﬁtlﬁ’gto rHde withizyl Pageypn ﬁmzﬁtmﬁheé@utmﬁurmdaé@dy tsdhg away from

the laser heapaptoaR @weInrotemMa%ehmawfhmglppsdrﬁ%nlpedaﬁm fifled Wi 1
i npi nger apparatus was set at 70 L/mn to direct the nebulised plune

through the | d8dthe ODfaesstivds RRProtE ool watehmblipTfsrilicd ap stored at 4

degrees.

The final protein peol was at a concentration of 6mg/m! and the purity was measured
as being 96.4% by SEC. 100ul of protein sample was loaded onto a TSK3000 SWXL
15 SEC column (Tosoh, Germany) which was run at 0.5ml/min for 30mins in 0.1M Na
phosphate/400mM NaCl pHé6.8 mobile phase.
40mls of this protein was buffer exchanged inte a more stable formulation comprising
10mM sodium acetate / 2% glycine / 0.05mM EDTA / 0.04% Tween 80/ 10% sucrose
pHS5, using three 53ml CV desalting columns in series (GE Healthcare) and running at
20  5ml/min. The buffer exchanged protein was concentrated using a Vivaspin centrifigal
concentrator with MWCO 3,000 Da (Vivasciences) to 9.8mg/ml and stored at 4°C

before being tested in the nebulisers,

Production of DATO0115:

25 1L of frozen E.coli culture supernatant produced in a SL fermenter was defrosted at
room temperature and at 4 degrees overnight. The Akta Xpress Module {a purification
system obtained from GE Healthcare, UK) was sanitised by standing overnight in 1M
NaOH and the following morning the Akta was washed into sterile, endo free
dulbeccos PBS. The defrosted supernatent was centrifuged at 16,000rpm and then

30  0.2pm filtered. A 200ml Protein L streamline column was cleaned with 200ml of 6M
Guanidine HCI and then washed into PBS. Defrosted supernatant was applied to the



20t he twi n inpinger apparatus was placed 1 cmfromthe | aser beam in the
direction of travel of the nebulised plunme. 67 The plune of the Pad eFl ow
i s dense, causing problenms with beam steering. Beam steering is observed
when the density of air (and hence its reflective index) in the neasurenent
zone becones significantly different to anbient air, such as in the
presence of a significant concentration of propellant gas or another
vapour. Wen this 5occurs, the |laser b&an is deflected fromits alignnment

i n ambi ent  congi:QRSomfS Yhd dofihnivias fidn GELENEAVRIELAL PRY ufine A5HE
particles. Therefore the detectors affected by beam'steering were disabl ed.
Thi s does redutas belpw 18indes ag fhge watheq pyigh %Hi?éﬂxy%(f‘/)g'} Ofa?é’mllvé?@@eplégﬂt T8t es will

not be able t aol@ndfk ekited dsingl A G1REk! 1 B8 REREHONEY Fhs AMctRLESRNt 1N
t hese sanples. 10 The evaporation of water fromthe ne&lﬂ i sed d[ops in the

measur enent  z dREITEUELRRIN Bk GPERTISEE e deak JRBHRUIR B ope PL SRS ¥ opl et s were
percei ved tD heoipsdie cluieh @il tangisingtie réstlbiekiaioh tileodmI) BB nodal

di stribution disappeared, this nmeant tectons. 1- 12 of | scattering
appar at us wer &% ‘loggrﬁ‘f lgrdéwefﬁlée“?rea@lggﬁyeaﬁglﬁ %Oéﬁiiﬁ“?luvﬁgutﬁ%ﬁoﬁgﬁteﬁ?é’ Ati nuous
measur enent t ebdpil gaechwikedwah aptdsidp enight frisgomgvercalenstdrBvsdomy steredeconds. | n
sequence, the lﬂcbe%@spw was filled with 6mL of the drug solution. The punp
connected to the twn inpinger apparatus was turned on foll owed by

i nitialisationlhgfragtion comstining GApwK MaTiemet ghicerated s meml angruprddoon,

wher eupon e gdagRerfidsamm .t he 20 nebul i ser passed through the measurenent

zone of the Spraytec¢ and,was, callected by the twi n inpinger apparatus. To
col | ect wltiﬁ%&éﬁ%ﬁw@m% was run for 2 minutes, after which
t he nebul i ser ™asgiffetthin®h fofriats WdietestRBS U I@EEAL forvayserisd enpas3Gmigs. Ahe tw n

I npi nger apparat,us s replaced.. The nebul iser . tur.ne to, collect for
a further 2 ni ﬂi’eé_%g\‘/i’ar%?ﬁ "?aﬁélsegg?féw??ﬁ%aéertg%?arﬁmﬁe %‘%ﬁﬁsﬂ‘é}’ﬁ[ﬁﬂ’ g/@?‘&) 3Resul t s

Tabl e 22: Nasgentntgetof patidles (Svplgeds< Junatode2rnofe théieputimemary depesitger det er m ned
by SEC vs. yehylisatiqn time 68 (n=1) 1 4.18 4.33

Both formatted dAbs were tested using a jet nebuliser (LC+, Pari) and a vibrating
mesh jet nebuliser (E-flow, Par). During the testing samples were taken from both the
nehuliser sample reservoir (cup) and from collected condensate of aerosolised dAb at
20  three time points and assessed for stability using i} SEC-HPLC to determine any
increase in aggregation; and ii) potency assay to assess any decrease in activity. The
time points sampled were 3min, 15mins and 29mins for samples nebulised with the
LC+ nebuliser and only 3mins for the e-Flow nebuliser as this device nebulises
samples much more rapidly as shown in the table 18 below.
25
Table 18: Nebulisation rate of formatted dAbs



2 10.79 10.49 Total 14.97 14.82 The results in table 22 above show that a
consi stent nmass has been delivered over tine, despite sone inherent
variability in output rate of the nebuliser. 5 Table 23: Concentration of
active (nononer) as a % area determined by SEC Mss of DOM 1h-131-206 (%
area) Input material 96.93 Twin Inpinger stage (n=1) 0 - 2 mns 2 - 4 mns
1 95.39 95.84 2 96.76 96.69 The results in table 23 show that the
nebul i sed sanpl es have a conparabl e anmezint of 10DOM 1h-131-206 to the input

mat eri al . Thi :Wﬁa‘t—t—hrm—ra‘t—dﬂ“b T Sampe ST Eriow L or
(mi‘min) {ml/min)

DMS1529 10mg/ml Start (3 minutes) 017
DMS1522 10mg/ml Middle (15 minutes) 0.18
DMS1529 10mg/mt End (27 minutes) .15
OMS1529 10mg/mt (3 minutes) 0.76
DATO115 8.3mg/mi Start {3 minutes) 0.31
DATO0115 8.3mg/m! Middle (15 minutes) 0.23
DATO0115 8.3mg/ml End (27 minutes) .13
DATOD115 8.3mg/ml (3 minutes) 0.47

The results of the study show that DMS1529 is nebulised at a fairly constant
rate throughout the 30mins nebulisation time whereas the nebulisation rate for
5 DATOL1S appears to decrease with time, as the volume is reduced. Therefore the
nebulisation rate for the desired clinical delivery time would have to be measured for

this molecule.

To determine the protein stability and propensity to aggregate during

160 nebulisation 100uL of protein samples were injected onto the SEC column. For
DMS1529, the samples were diluted to 1mg/ml with 0.1M Na phosphate/400mM
NaCl pH6.8 and the column used was TSKgel G3000SWXL, (Tosoh Biosciences,
Germany). The protein separation was performed at 0.5mb/min for 45 minutes. 0.1M
Na phosphate/400mM NaCl pH6.8 was used as mobile phase. For DAT0115 the

15 column used was a Superdex 200 10/300 column (GE Healthcare). The protein
separation was performed at ¢.5mL/min for 50 minutes. 100p! of neat sample at
~8.3mg/ml in 200mM Tris / 80mM Glycine pH 7.4 were injected and 20mM Sodium
Citrate pH6.2, 100mM NaCl was used as mobile phase. The detectiorn of eluting
proteinaceous material from either column was by on-line detection by UV (Abs

20  280nm & 215nm). The SEC profiles of the pre- and post-nebulisation samples were

essentially identical; and no peaks indicative of any increased aggregation were seen



undergo significant fragnmentation or aggregati on on nebulisation when this
data is used in conjunction with the quantitative concentration data Tabl e
24: Droplet size distribution of nebulised active 15 69 Tinmepoint 0-2 mns
2-4 mns Dv(10) 1.377 1.713 Dv(50) 3.617 3.860 Dv(90) 7.573 7.819 % 10gm
97.045 96. 615 % 5gm 70. 029 67.081 % < 2gm 19. 717

63
post nebulisation. The percentage of monomer in each sample was calculated from the
integrated chromatograms. The samples were analysed for binding in their respective

activity assays and the potency was shown to be unaffected by nebulisation, as shown

in Table 19.
5
Table 19: Binding assay data for DMS1529 Fc¢ pre- and post-nebulisation samples
and cell assay data for DATO115.
| Sample ECsp (nM)
IDMS 1528 (std) 0.088
DMS1529Fc T0 0.138
DMS1529Fc e-Flow cup 3mins 0.15
DMS1529F¢ e-Flow aerosol 3mins 0.184
DMS1529F¢ LC+ cup 3mins 0.137 |
DMS1529Fc LC+ cup 15mins 0.12
DMS1529F¢ LC+ cup 29mins 0.128
DMS1529F¢ LC+ aerosol 3mins 0.134
DMS15289Fc LC+ aerosol 15mins 0.12
DMS1528Fc LC+ aerosol 29mins 0.095
Sample Ecso (pM)
DATO115 (std) (LH200208) 310.5
DATOI15 TO 178.2
DAT0115 e-Flow cup 3mins 5351
IDATO115 e-Flow aerosol 3mins 797.8
DAT0115 LC+ cup 3mins 725.1
DAT0115 LC+ cup 15mins 453.3
DATO115 LC+ cup 29mins 4454
DATO0115 LC+ agrosol 3mins 295.6
DAT0115 L.C+ aercsol 15mins 316.4
10 DATO115 LC+ aerosol 29mins 141.8
The potency assay used for DMS1529 was DOM15 Fc binding assay and that for
DATO0115 was DATO1 cell assay. These assays are described below.
15

The optimum MMAD is ~3um and for deep tung delivery the desirable respirable
fraction would be the highest percentage of particles <5pm as possible. These

measurements for both dAb formats in both nebulisers are shown in table 20.



14.675 The dropl et size distribution above in table 24 shows some slight
coarsening in the second tinepoint, but this is a common trait in nebulised
formul ati ons. The maxi mum change in the Dv values is 0.34gmwhich is
unlikely to have an inpact on the in vivo 5dose. In conclusion, the results
presented show that the active dAb can successfully be nebulrsed usi ng the
Pan i eFl ow nebuliser with little effect on the concentration and
conposition of the formulation. Conclus#4on: 10lt has been denonstrated as
described abovgyf.hg! 4&&@&%@%@1 Breipp 81 ﬁraebesmeﬁylfarmedln a range
of commercially avar e ne I ser I ces an |nportantly that they
retain stabrlﬂﬁ?sand brologrcal actrvrty after nebul i sation and there is no

significant aggr UI isatyi on. When vi scosity
enhanci ng excilpi ents, susdwnms PEG are ddmd} tdﬂtﬂum Quffer formul ation,
size |l ess than 5gm can

particle size |2N5Hp2fee-Bov 3rame and per cern
to the deep lung. 70

be i nproved, P 5 t ps] v nproving s
Del i very of d‘;3 Iagé%g+;gﬁgscan at-se—b4 f};* fproved by increasing the
dAb concent r atHoer—ot exanpre—a corcei MQl ot t o about 40|Tg/ mL and

delivery time|w thout anygasgrduction in{dAmstpidsihy or activity. 71

Cl ai s 1. AOXOTPOF oW 3ihsWNT CNT_CONPT 1|SEx030T| cBRgl Jt s of (a) a pol ypeptide
and (b) a 5phwwn0heqceahhw acceptable tufi@r. gedv%whler ei n t he conposition
conprises |i qyRAIOHEHH ind : 36k tthe |iquid droplets
present in thdAT8 o boaBh || SO18%sd t han about 6 nicrons.
2. A conposition accordrng to clarnrl mherern about 40% or nore of the
liquid 10drop|ets present i n_the_conposition have the range from
about 1 to Sab&iHh oleruEs Hﬁgebuhsedsffe%”@ Wﬁ&%ﬁnﬁ’%‘ﬁﬂaﬁaﬁﬂﬁwgef‘ﬂﬁér%ﬁ m1 or 2,
wher ei n about mﬂ%eeﬁhbeiqrr@luea‘s atghaete} mﬁ;medofdmpmseﬂﬁchpreeesenialmmghhe conposi tion

have a si ze mgpgh i.s. .l.es mﬁpa 5,1 §§ﬁ|on
. +
according to N?g Hgkffr§ eereeq:lln forthFiE' Cl:hlsdvou]d mdlcatea sg consists of a
pol ypept i de donithe, c-Bogtham obsarvedmeith the LC+ Both molecules are nebuhsed thh a
consistent MMAD and % < 5pm for up to 30 minutes in the LC+. For DAT0115 the

10 difference between the two methods of nebulisation, jet or vibrating mesh, is morc
sipnificant than for DMS1529. DAT0115 nebulises more effectively in the e-Flow
vibrating mesh nebuliser with an MMAD of ~3pm and 85% of droplets in the

respirable fraction.

15 DMS1529 Binding Assay:
Recombinant human VEGF is captured onto Nunc maxisorp ELISA plates and then

non specific binding blocked with 1% BSA in PBS. The plates are then incubated with
the dms 1529 (dAb-hFc) for one hour. Binding is detected using a peroxidase anti-
human IgG (Fe specific) antibody. After one hour the plates are developed using

20  SureBlue TMB substrate (KPL) and absorbance read at 450nm.

DATO1 Cell Assay:
This assay uses CHO cells stably transfected with the 6CRE/luciferase reporter gene
25  (CHO-luc) (GSK). On production of cAMP following GLP-1 activation of the

receptor, the promoter gene (containing 6 copies of cAMP response element - 6CRE)

drives the expression of the luciferase reporter gene. This then catalyses a reaction



205. A conposition according to according to any one of the preceding
clains, wherein the polypeptide conprises or consists of an i munogl obul in
nol ecul e. 6. A conposition according to any one of the preceding clains,
wherein the pol ypeptide conprises or consists of up to 150 am no acids. 25
7A conposition according to any one of the preceding clains, wherein the
pol ypepti de conprises or consists of a domain antibody (dAb). 8. A
conposition according to any of clains6i-4 or claim6, wherein the

30pol ypepti de aaMRlifeseS pRlduGpfl wiich 2 bémbied ¢h SHAL e BRUEN @f-an _
affi body. 72 9. A cong05|t|on according to any one of the preceding clains,
§

wher ei n” t he pdrassEpYT G8 to adheye todisys srifue infes tBdiAb spragle i 2Addt 48§ 3t enper at ur e
(TM in the rapes sk GIRROM SR Q8O Ploniegs) 2RAMA 18 The §R0s dad 1BdiRssncOMPOSI ti ON
according to an q@e of the preceding clains, wherein the buffer has a pH
range of betmé@%“ﬁ Ste PR about 8. 11. A conposition according to any
one of thespreceding clains, wherein the buffer has a viscosity which is

about equal t Vi S | f solution of about 2%to 10 about 10% PEG

1000 in 50mMv cbilfnton 3P BOM P20 ‘aining 1.2% (wv) sucrose. 12. A

conposi ti on wihes cxpnprits were onTigionsiosiesmufe heheathp dongeptibetly ROM (b) a

physi ol ogi cal '1%-1@9-?6‘6358%%&{1{@:1?&1 r LM 8lnle %\E&i[ﬁﬁiﬁ&%?gx@ﬂ&uﬁsegH range of
4 and about 8, and e

bet ween 15about ) ut 8, a viscosity _ IS about equal to the
vi scosity of adossdpifrgl dalafiondpiighly dapprdsntpinin key physeplpatBsts n 50mM phosphat e
buf fer conpai RkRembnedYere Wsy danSdGNOS Ervestigatd the efectUTRARi{atiGorat@r di ng to
claim12, wherein the polyp tlde_cgnpﬁ%ses or 20_c0€5|sts of a pol ypepti de
domai n e.g. V\Hg'rl"é]‘ﬁ‘)(’r Wée’B‘éP%@ﬁ?tis eI REIR ORCPFRER At hGThE T fEmer . T 14. A
conposi ti on accBkdomghnbas gdbitiyiihgmattatibdaggdpati@i.n t he pol ypepti de conpri ses
or consists of an imunogl obulin nolecule. 25 15. A conposition according
to any one of clains 12-14, wherein the pol ypeptide conprises or consists
of up to 150 atimd: aci ds. 16A conposition according to any one of clains

12-15, whegei R the 0ol MRERFLA6:30 SoMRkLses or consists of a domain
ant i body (3Ab

The Pari eFlow was used to nebulise a solution comprising 9.7mg/ml DOM 1h-131-
206 in 20mnM Acetate Buffer pH5.5 with 4% Latrol L44, 0.5% Arginine, 0.01%
Polysorbate 80 and 0.682% NaCl.

20 The aerosol output from the nebuliser was collected in a twin impinger apparatus, set
to pull a flow rate of 60 L/min when connected to an auxiliary pump. (European
Pharmacopoeia section 2.9.18.). The set up for the experiment was as foliows. The
nebuliser mouthpiece was placed directly in front and inline with the inlet of the twin
impinger throat located 4cm away. The twin impinger had 7ml of buffer in stage 1 and

25  30m! of the same in stage 2; the composition of the buffer nsed in this experiment was
20mM Acetate Buffer at pH5.5 with 0.5% Arginine and 0.682% NaCl.

In sequence, the Pari eFlow was filled with 6ml of the drug solution. The pump
connected to the twin impinger apparatus was turned on followed by the nebuliser,

30  whereupon the dose from the nebuliser entered and was collected by the twin impinger
apparatus. To collect multiple samples, the nebuliser was run for 2 minutes, after
which the nebuliser was turned off and the twin impinger apparatus was replaced. The

nebuliser was turned on to collect for a further 2 minutes from the same material in the



73 17. A conposition according to claim12-13 or 15, wherein the

pol ypepti de conprises or consists of a non-Ig scaffold such as an affi body.
18. A conposition according to any one of clains 12-17, wherein the

pol ypeptide 5 has a nelting tenperature (TM in the range from about 55 deg
C to about 90 deg C. 19. A conposition according to any one of clains

12- 18, wherein about 40% or nore of the liquid droplets present in the
conposition have a size |less than about66 mcrons. 10 20. A conposition
according t0 G QoML Rlefin 30RL hyifl Aiffer BRkGuObad difudditt d dropl et s
present in the conposi fion have Sl ze héFran om about 1 to about 6
m crons. 15 Zl‘faﬁleéé?mb@tot]{o@ﬁl wiissiiifliagis e stapesilind 9 respecGly. e vashn  about 40%

or nore of theghh G S&rﬁﬁ&ghﬁﬁéb&ﬁéﬁgﬁﬁ%mb@d §dRCe) CARORPILS A RAVEn® Size which
is less than about m crons osition according to any one of

t he preceding (‘:ZI"Q“HESIOW?@WT%PHE(%EPfqu’F““P%thﬁc?iﬁ?j’érﬁ‘Ffé‘toé themospire, citrate
or histidinc heddaa t@aﬁe@@tfmrmhﬂwhsfdmhada@ne eafidhtaS@fageyatdbdpdnl Onal agents

to increase viscos sta e 3, A composition
according to &f %hg%ﬁ'n%‘éofp“&'%%’% t'ﬂ’bmlt}‘ m"am%t‘gﬁ#’f‘% °Bol ypeptide, e.g.
t he dAb, can bomphrisen \eith aanlgedal naplad sdletiops ¢f knawid eongtratpmesent i n 25pul nonary
tissue. 24. A conposition according to claim23, wherein the target is
selected froma TNF receptor, TNFR1, IL-1, IL-1R IL-4, IL-4R [IL-5, IL-6,

| L- 6R, |L-8, MabRRl: shpwgthe mpthgRletaily fog the SEC- 12 | L- 12R, | L-13, 1L-13Ral |,

| L- 13Ra2, jpL-15, IL-15R 1L-16, IL- 3017R, 1L-17, IL-18, IL-18R 1L-23
|L-23R, 1L-25_ CD2 CDA_ CDlla_ CD23_ CD25_ CD27_CD28 CD30_ CD40, CMQA.,
CD56, CD138, |AdthepllasdR, ~FCERL, 1085 odfud Phosfbbe, Mbom U4 CLGRB.8, wilkF| CXCL12
(SDF-1), chyrmase, FGF, Furin, El'%gOt helin-1, Eotaxins (e.g., Eotaxin,

Eot axi n-2, EQtaxin-3), GW CSF, é&m?ffpa“ 74 1008, | gE, IFNa 1- 309

i ntegrins, L-selectin—Mt—MMP4—NBE—MP—1—MWWPs,—neutrophi-t—etast ase,
ost eopont i n, |Gkvgete PARC, PD-||0.fRAMMES, SCF, SDF-1, siglec8, TARC| TGFb,
Thronbin, Timl, TNE_TNER1_TRANCE Tryptase VEGE VIA-4_ \VCAM | a4/ 37,
CCR2, CCR3, (CRhmm@&RRran&ER7, GeR&nuasiical phavbet a6, al phavbeta 8, ¢MET, and
CD& 25. A caqnposition accordijng to claim?24, wherein the pol ypeptide is an

anti - TNF recsq Wéetec?&a\{m@e en, I b%xnn(ldAb) ’

Injection volume 10ul

Analysis time 40 minutes

To determine Droplet size distribution (DSI) of the nebulised piume:

The equiprnent used to measure DSD was a Malvern Spraytec (Malvern Instruments
15 UK, moedel STPS311), a non-invasive system which measures droplet size by laser

light scattering.

The nebuliser mouthpiece was placed 1em away from the laser beam and 3cm away

from the receiving optical lens. A twin impinger apparatus was set at 70 L/min to

direct the nebulised plume through the laser’s measurement zone. The mouthpiece of
20 the twin impinger apparatus was placed 1cm from the laser beam, in the direction of

travel of the nebulised plume.



10 26. A conposition according to claim25, wherein the anti-TblF receptor
dAb is selected fromDom | h-131, Dom | h-131-8, Dom | h-131-24, Dom

| h-131-53, Dom | h-131-70, Dom 1h-131-83, Dom | h-131-117, Dom | h-131-151,
Dom | h-131-511, Dom | h-131-202, Dom | h-131-206, Dom | h-131-201, 1h-131-203,
| h-131-204 and 151h-131-205. 27. A conposition according to claim 26,
wherein the anti-TNF receptor dAb conprises an am no acid sequence that is
at |east 93% identical to the am no acikd sequence of DOMLh-131-206 (shown

in figure 1). 20,@fe b GOFRPFHIH Q0erRE CRAsAE PAbIRs SR b GoeriIBEM N T he
anti-TNF receptor dAb conprises an amno acid sequence that is at |east 95%

i dentical to tSKeAngiT pheered whea dgdenpoisir (pxdbenre s 1eflsative indmgwhtit n figure 1).
29. A conposi t imasursheeal Bhd6kcbesGloRifidandd diffehar 18 bnbibht@irtibn Linngs 1 L- 13 and
e.g. 25conprises an am ng aci d seqguence wg\ chis id%nti cal \&,g ap. am no acid
sequence di sclPESEY® P EEOHITAY CASBMEHSHT PIPPESIUER3 T BPIOE, VERoME “d“El‘bom

10- 275-78) 50r ooduirs the CReDEdnS e Seflact&Efjine Caigivhént b ddienecogditi@Aedudmpt ity Wi th

i id, iscl in..FEi i . g. 85%
G606 575 sav' BTGt S B T MGl Me s B bl B )7 0
75 di scl osed iswerisguaredigpidd. (Mbswod-rdddoe hosiie rarzeBf tha pealybBeas(4besm 4- 130- 201) or

whi ch conpri segn@leSERUSNRSHIMNS G lcRatd Ghtke pRAded AERWLH n¥f frllefih am no acid
sequence disclosed In Figure 12d or Figure 12e, e.g. 85% 86% 87% 88%

,89% 90% 919%4csoPIPley304 949 95% 96% or 97% identity. 5 31. A conposition
according to ¢laim 30 erein the rises an amno acid sequence
That 1's ot edbf eOhiRiandhorELFe §F pratuf R ifmERutBRE R S Futim 4 130 202
(shown i n Fi gubeembRening’ ¥Berd gamk vepripesdropletn weare percalvaddo bepresenti m 30, wherein
the dAb conpri gnag .0 L A A R8s lisobddidentl.gal to the am no
aci d sequence %&&IS%&%- q_%gﬂ? %E%\E/\%Ad?n&;ﬁ? gure I?L%E : g[g Aecorrposi tion
according to ckasiers 242 ofihe ght peatieiing apgsrapis prgee Npeled. JheimeaspremaBLWPr i ses an

am no acid seqWARGE thbthubi hed@RinesakchhQuaRitpdhbRudslA vegguence di scl osed
in Figure 14 or which conprises a sequence which has e.g. 80% identity with

an am no akti d S¥BY&Te™Edi sclosed in Figure 14, e.g. 85% 86% 87% 88%
,89% 90% 91% 92% 93%,94% 95% 96% 97% 98% or 99% identity. 20 34. A
conposition aqcordi i ses an am no acid

sequence that T %eq'éetng‘% gégflg l@@'ﬁ)o;’nlwgiﬂé | é”gttrh Ifnn 0{ tﬂegdrg@f%ﬁlggg}g P¥®8uence of
DOM 5- 26- 593 chslagwdtoithe tfvingurpmget 4pparatus was turned on followed by initialisation of
the measurement. The nebuliser was then turned on, whereupon the dose from the
20  nebuliser passed through the measurement zone of the Spraytec and was collected by
the twin impinger apparatus. To collect multiple samples, the nebuliser was run for 2
minutes, after which the nebuliser was turned off, the measurement was stopped and
the twin impinger apparatus was replaced. The nebuliser was turned on to collect for a

further 2 minutes from the same material in the nebuliser.

25  Results

Table 22: Mass of active in Stages | and 2 of the twin impinger deterinined by SEC

vs. nebulisation time

Mass of DOM 1h-131-206 (mg)

Twin Impinger stage 0 - 2 mins 2 - 4 mins




35. A conposition according to claim 33, wherein the dAb conprises an am no
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The results in table 23 show that the nebulised samples have a comparable amount of

DOM 1h-131-206 to the input material. This suggests that the material does not

undergo significant fragmentation or aggregation on nebulisation when this data is

used in conjunction with the quantitative concentration data.

Table 24: Droplet size distribution of nebulised active



identity with dat0115 am no acid sequence e.g. 85%
or 99% identity.
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change in the Dv values is 0.34um which is unlikely to have an impact on the in vivo

dose.
In conclusion, the results presented show that the active dAb can successfully be
nebulised using the Pari eFlow nebuliser with little effect on the concentration and

composition of the formulation.

Conclusion:

10 It has been demonstrated as described above that polypeptides such as dAbs
can be nebulised in a range of commercially available nebuliser devices and
importantly that they retain stability and biological activity after nebulisation and there
is no significant aggregation observed following nebulisation. When viscosity
enhancing excipients, such as PEG are added to the buffer formulation, particle size

15  distribution and percentage droplet size less than 5um can be improved, thus

potentially improving dAb delivery to the deep lung.



52. A nebuliser, inhaler or intranasal device, which conprises the
conposition of any one of clainms 1-40. 1553. Use of a nebuliser, inhaler or

i ntranasal device according to claim39, for the delivery of the
conposition of clains 1-40 to pul nonary tissue in a subject. 54. A process
for producing a pharmaceutical conposition, e.g. for treating, preventing
or diagnosing a lung condition or disease, which conprises mxing (a) a
20conposition according to any of claims 1-40, with (b) a pharmaceutically
accept abl e caigjiely ok WML Ok %Eb BL Bther impravedd I?Jc?e%ﬁﬁggthé 8K Pr oducing a
pol ypepti de conposition, e.g. For treating, prevgntlng r diagnosing a |lung
condi tion or @MmsemEton T SAmple Apricedgtion of U ip Jbayt 4ameBpanddskivarigee with (b) a
physi ol ogi cal lyth&f &eRtaklich iRUAS Qibihbediiligs a pH range of between about 4
and about 8 and a viscosity which is about” equal to the viscosity of a

sol ution of about 2% to about 10% PEG 1000 in 50mM phosphate buffer

cont ai ni ng51. 2% (wW v) sucrose. 3056. A process according to claimb55,
wherein the pol ypeptide conprises or consists of a domain antibody (dADb).
79 57. A process for producing the conposition of clains 1-40 which
conprises the steps of (a) mxing a polypeptide with a physiologically
accept abl e buffer, and then (b) passing the polypeptide and buffer
conposition fromstep (a) through a nebuliser, inhaler or intranasal
delivery device. 5 58. A process according to claim57, wherein the
physi ol ogi cal | y acceptable buffer has a pl-1 range of between about 4 and
about 8 and a viscosity which is about equal to the viscosity of a solution
of about 2% to about 10% PEG 1000 in 50mM phosphate buffer containing 1.2%
(wv) sucrose. 10 59. Use of a physiologically acceptable buffer which has
a pl-1 range of between about 4 and about 8 and a viscosity which is about
equal to the viscosity of a solution of about 2% to about 10% PEG 1000 in
50mM phosphat e buffer containing 1.2% (w v) sucrose, for the manufacture of
a pol ypeptide conposition, e.g. of a polypeptide 15conposition for

pul nonary delivery. 60. Use according to claim47, wherein the pol ypeptide
conposition conprises or consists of a domain antibody (dAb). SEQUENCE

LI STING <110> d axo Goup Limted Brewis, Neil



Basran, Anrik Sparks, Catherine <120> cOWGOSI TI ONS FOR PULMONARY DELI VERY
<130> 0300046 <150> GB 0724331.4 <151> 2007-12-13 <150> PCT/ GB2008/ 050399
<151> 2008- 06- 03 <150> PCT/ G32008/ 050400 <151> 2008-06- 03 <150>

PCT/ G32008/ 050403 <151> 2008-06- 03 <150> BD 128/2008 <151> 2008-05-22 <150>
BD 129/ 2008 <151> 2008-05-22 <150> BD 127/2008 <151> 2008-05-22 <150> BD
130/ 2008 <151> 2008-05-22 <160> 27 <170> Patentln version 3.3 <210> 1 <211>
119 <212> PRT <213> Hono sapiens <400>74 Gu Val Gn Leu Leu Gu Ser Ay
Ay Ay Leu Val Gn Pro Gy Sly

Claims

1. A composition which comprises or consists of (a) a polypeptide and (b) a
5  physiologically acceptable buffer, and wherein the composition comprises liquid
droplets and about 40% or more of the liquid droplets present in the composition have

a size which is less than about 6 microns.

2. A composition according to claim 1, wherein about 40% or more of the liquid
10  droplets present in the composition have a size in the range from about 1 to about 6

microns.

3. A composition according to claim 1 or 2, wherein about 40% or more of the
liquid droplets present in the composition have a size which is less than about 5

15  microns.

4. A composition according to claims 1.3, wherein the polypeptide comprises or

consists of a polypeptide demain, €.g. a monomer,

20 5. A composition according to according to any one of the preceding claims,

wherein the polypeptide comprises or consists of an immunoglobulin molecule.

6. A composition according to any one of the preceding claims, wherein the
polypeptide comprises or consists of up to 150 amino acids.
25

7 A composition according to any one of the preceding claims, wherein the

polypeptide comprises or consists of a domain antibody (dAb).

8. A composition according to any of claims 14 or claim 6, wherein the

30  polypeptide comprises or consists of a non-Ig scaffold such as an affibody.



151015 Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Phe Thr
202530 Ser His Ile Asp Arg Val

Phe Ala H's Qu
Ay Gn Asp Thr Tyr Tyr Ala Asp Ser Val

505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr

Cys

859095 Ala Lys Leu Pro Lys Arg Gy Pro Arg Phe Asp Tyr Trp Ay Gn Qy

100105110 Thr

10

15

20

25

30

Leu Val Thr Val Her Her 115 <210> 2 <211> 119
72

9. A composition according to any one of the preceding claims, wherein the
polypeptide, e.g. a domain antibody, has a melting temperature {TM) in the range from
about 55 deg C to about 90 deg C.

10. A composition according to any one of the preceding claims, wherein the

buffer has a pH range of between about 4 and about 8.

1. A composition according to any one of the preceding claims, wherein the
buffer has a viscosity which is about equal to the viscosity of a solution of about 2% to

about 10% PEG 1000 in 50mM phosphate buffer containing 1.2% (w/v) sucrose.

12. A composition which comprises or consists of (a) a polypeptide and (b) a
physiologically acceptable buffer, and wherein the buffer has a pH range of between
about 4 and about 8, and a viscosity which is about equal to the viscosity of a solution
of about 2% to about 10% PEG 1000 in 50mM phosphate buffer containing 1.2%

{w/v) sucrose.

3. A composition according to claim 12, wherein the polypeptide comprises or
consists of a polypeptide domain e.g. wherein the polypeptide domain is present as a

MONomer.

14. A composition according to claim 12 or 13, wherein the polypeptide comprises

or consists of an immunoglobulin molecule.

15. A composition according to any one of claims 12-14, wherein the polypeptide

comprises or consists of up to 150 amino acids.

16 A composition according to any one of claims 12-15, wherein the polypeptide

comprises or consists of a domain antibody (dAb).



<212> PRT <213> Hono sapi ens <400> 2 AQu Val Gn Leu Leu Ju Ser Ay
Gy Ay Leu lle Gn Pro dy Ay 1 5 10 15 Ser Leu Arg Leu Ser Cys Ala Ala
Ser Gy Phe Thr Phe Ala Hs G u 202530 Thr Met Val Trp Val Arg Gn Ala Pro
Gy Lys Ay Leu Gu Trp Val 354045

73
17. A composition according to claim 12-13 or 15, wherein the polypeptide

comprises or consists of a non-Ig scaffold such as an affibody.

18. A composition according to any one of claims 12-17, wherein the polypeptide

5  has a melting temperature (TM) in the range from about 55 deg C to about 90 deg C.

19. A composition according to any one of claims 12-18, wherein about 40% or
more of the liquid droplets present in the composition have a size less than about 6
microns,

10
20. A composition according to claim 19, wherein about 40% or more of the liquid
droplets present in the composition have a size in the range from about 1 to about 6

microns.

15 21. A composition according to claim 19 or 20, wherein about 40% or more of the
liquid droplets present in the composition have a size which is less than about 5

microns.

22. A composition according to any one of the preceding claims, wherein the
20  buffer is a phosphate, acetate, citrate or histidine buffer and optionally further

comprises (a) additional agents to increase viscosity and/or (b) stabilising agents.

23. A composition according to any one of the preceding claims, wherein the
polypeptide, e.g. the dAb, can bind to a target molecule e.g. a target present in

25  pulmonary tissue.

24. A composition according to claim 23, wherein the target is selected from a
TNF receptor, TNFRI, IL-1, IL-1R, IL-4, 1L-4R, IL-5, IL-6, IL-6R, IL-8, 1L.-8R, IL-
9, IL-9R, IL-10, IL-12 IL-12R, IL-13, IL-13Ral, iL-13Ra2, IL-15, [L-15R, iL-16, IL-
30 17R,IL-17,IL-18, [L-18R, IL-23 IL-23R, IL-25, CD2, CD4, CD11a, CD23, CD25,
CD27, CD28, CD30, CD40, CD40L, CD56, CD138, ALKS, EGFR, FcER1, TGFb,
CCL2, CCL18, CEA, CR8, CTGF, CXCLI12 (SDF-1), chymase, FGF, Furin,
Endothelin-1, Eotaxins (¢.g., Eotaxin, Eotaxin-2, Eotaxin-3), GM-CSF, ICAM-1,



Ser Hs Ile Asp Arg Val Gy Gn Asp Thr Tyr Tyr Ala Asp Ser Val 505560 Lys

Gy Arg Phe
G n Met Asn
Leu Pro Lys
Val Thr Val
sapi ens
5
10
15
20
25
30

Thr Ile Her Arg Asp Asn Her Lys Asn Thr Leu Tyr 65707580 Leu
Her Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys 859095 Al a Lys
Arg Ay Pro Trp Phe Asp Tyr Arg Ay G n Gy 100105110 Thr Leu
Her Her 115 <210> 3 <211> 119 <212> PRT  <213> Hono

74
1COS, IgE, IFNa, 1-309, integrins, L-selectin, MIF, MIP4, MDC, MCP-1, MMPs,
neutrophil elastase, osteopontin, OX-40, PARC, PD-1, RANTES, SCF, SDF-1,
siglec8, TARC, TGFb, Thrombin, Tim-1, TNF, TNFRI1, TRANCE, Tryptase,
VEGF, VLA-4, VCAM, a4f7, CCR2, CCR3, CCR4, CCRS, CCR7, CCRS,
alphavbeta6, alphavbeta 8, cMET, and CD8.

25, A composition according to claim 24, wherein the polypeptide is an anti-TNF

receptor domain antibody (dADb).

26. A composition according to claim 25, wherein the anti-TNF receptor dAb is
selected from Dom th-131, Dom 1h-131-8, Dom 1h-131-24, Dom 1h-131-53, Dom
1h-131-70, Dom 1h-131-83, Dom 1h-131-117, Dom ih-131-151, Dom 1h-131-511,
Dom 1h-131-202, Dom 1h-131-206, Dom 1h-131-201, 1h-131-203, 1h-131-204 and
1h-131-205.

27. A composition according to claim 26, wherein the anti-TNF receptor dAb
comprises an amino acid sequence that is at least 93% identical to the amino acid
sequence of DOM1h-131-206 (shown in figure 1).

28. A composition according to claim 26, wherein the anti-TNF receptor dAb
comprises an amino acid sequence that is at least 95% identical to the amino acid

sequence of DOM1h-131-511 (shown in figure 1).

20, A composition according to claim 24, wherein the dAb bindsIL-13 ande.g.
comprises an amino acid sequence which is identical to an amino acid sequence
disclosed in Figure 12b (Dom 10-53-474) or Figure 12¢ (Dom 10-275-78) or which
comprises a sequence which has e.g. 80% identity with an amino acid sequence
disclosed in Figure 12b or Figure 12¢, e.g. 85%, 86%, 87%, 88% ,89%, 90%, 91%,
92%, 93% , 94% 95%, 96% or 97% identity.

30. A composition according to claim 24, wherein the dAb binds IL-1R1 and e.g.

comprises an amino acid sequence which is identical to an amino acid sequence



<400> 3 Gu Val Gn Leu Leu Qu Set Ay Ay Ay Leu Val Gn Pro dy Ay 1
510 15 Set Leu Arg Leu Set Cys Ala Ala Set Ay Phe Thr Phe Ala H's Qu
202530 Thr Met Val Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gn Trp Val
354045 Set His Ile Asp Arg Val Gy Gn Asp Thr Tyr Tyr Ala Asp Set Val
505560 Lys Ay Arg Phe Thr Ile Set Arg Asp Asn Set Lys Asn Thr Len Tyr
65707580 Leu G n Met Asn Set Len Arg Ala A u Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Len Pro Lys Arg Gy Pro4frp Phe Asp Tyr Arg Gy Gn Gy

disclosed in Figure 12d (Dom 4-130-202) or Figure 12e (Dom 4-130-201) or which
comprises a sequence which has e.g. 80% identity with an amino acid sequence
disctosed in Figure 12d or Figure 12¢, e.g. 85%, 86%, 87%, 88% ,89%, 90%, 91%,
92%, 93% , 94% 95%, 96% or 97% identity.

5
31l. A composition according to claim 30, wherein the dAb comprises an amino
acid sequence that is at least 97% identical to the amino acid sequence of Dom 4-130-
202 (shown in Figure 12d).
10 32. A composition according to claim 30, wherein the dAb comprises an amino

acid that is at least 98% identical to the amino acid sequence of Dom 4-130-202

(shown in Figure 12e).

33. A composition according to claim 24, wherein the dAb binds VEGF and e.g.

15 comprises an amino acid sequence which is identical to an amino acid sequence
disclosed in Figure 14 or which comprises & sequence which has e.g. 80% identity
with an amino acid sequence disclosed in Figure 14, ¢.g. 85%, 86%, 87%, 88% ,89%,
90%, 91%, 92%., 93% , 94% 95%, 96% 97%, 98 % or 99% identity.

20 34, A composition according to claim 33, wherein the dAb comprises an amino
acid sequence that is at least 97% identical to the amino acid sequence of DOM15-26-

593 (shown in figure 14a).

35. A composition according to claim 33, wherein the dAb comprises an amine
acid that is at least 97% identical to the amino acid sequence of DOM15-26-593
25  (shownin figure 14a), and which further comprises a domain of an antibody constant

region.

36. A composition according to claim 24, wherein the dAb binds IL-13 and e.g.
comprises an amino acid sequence which is identical to an amino acid sequence
disclosed in Figure 12b (Dom 10-53-474) or Figure 12¢ (Dom 10-275-78) or which

30  comprises a sequence which has e.g. 80% identity with an amino acid sequence



100105110 Thr Len Val Thr Val Set Set 115 <210> 4 <211> 119 <212> PAT <213>
Hono sapiens <400> 4 Gn Val Gdn Len Leu u Set Ay Ay Ay Len Ile Gn
Pro Ay Gy 151015 Set Len Arg Len Set Cys Ala Ala Set Ay Phe Thr Phe Al a
Hs Gu 202530 Thr Met Val Trp Val Arg Gn Ala Pro Ay Lys Gy Len Qu Trp
Val 354045 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Len Tyr
65707580 Len G n Met Asn Ser Len Arg Ala G n Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Len Len Pro Lys Arg Gy Pro {rp Phe Asp Tyr Arg Ay Gn Gy
100105110 Thr Len Val Thr Val Ser Ser I 5 <210> 5 <211> 119 <212> PRT <213>
Homp sapi ens <ipglossdan Kigyre \2h or Eigyre i e ey Ymi8RVostrs &% 445 980y en val G n
Pro Ay Ay 153Ql&5e5id 5% A6 d:0msSaéntiys Ala Ala Ser Gy Phe Thr Phe Al a
Hs Gn

5 37. A composition according to claim 23, wherein the polypeptide, e.g. the dAb,
can bind to a systemic target molecule, e.g. a systemic target molecule selected from
human or animal proteins, cytokines, cytokine receptors, enzymes co-factors for
enzymes or DNA binding proteins such as ApoE, Apo-SAA, BDNF, Cardiotrophin-
1, EGF, EGF receptor, ENA-78, Eotaxin, Eotaxin-2, Exodus-2, EpoR, FGF-acidic,

10 FGF-basic, fibroblast growth factor-10, FLT3 ligand, Fractalkine (CX3C), GDNF,
G-CSF, GM-CSF, GF-$1, insulin, IFN-y, IGF-L, IGF-11, IL-1e, IL-1B, IL-2, IL-3, IL-
4,1L-5,IL-6, IL-7, IL-8 (72 a.a.), IL-8 (77 a.a.}, IL-9,IL-10, IL-11, IL-12, IL-13, 1L-
15, IL-16, IL-17, IL-18 (1GIF), Inhibin o, Inhibin §, IP-10, keratinocyte growth factor-
2 (KGF-2), KGF, Leptin, LIF, Lymphotactin, Mullerian inhibitory substance,

15 monocyte colony inhibitory factor, monocyte attractant protein, M-CSF, MDC (67
a.a.), MDC (69 a.a.}, MCP-1 (MCAF), MCP-2, MCP-3, MCP-4, MDC (67 a.a.), MDC
(69 a.a.), MIG, MIP-1a, MIP-1[, MiP-3¢, MIP-3§, MIP-4, myeloid progenitor
inhibitor factor-1 (MPIF-1), NAP-2, Neurturin, Nerve growth factor, B-NGF, NT-3,
NT-4, Oncostatin M, PDGF-AA, PDGF-AB, PDGF-BB, PF-4, RANTES, SDFlo,

20  SDF1, SCF, SCGF, stem cell factor (SCF), TARC, TGF-a, TGF-B, TGF-p2, TGF-
B3, tumour necrosis factor (TNF), TNF-a, TNF-3, TNF receptor 1, TNF receptor I1,
TNIL-1, TPO, VEGF, VEGF receptor 1, VEGF receptor 2, VEGF receplor 3, GCP-2,
GRO/MGSA, GRO-B, GRO-y, HCCI, 1-309, HER |, HER 2, HER 3 and HER 4,
exendin and GLP-1.

25

38. A composition according to claim 13 wherein the dAb can bind to human albumin

and it is linked to an exendin or GLP molecule.

30 39. A composition according to claim 13, wherein polypeptide molecule comprises the
Exendin 4 (G45)3 DOMT7h-14 fusion (DATO!15) or any molecule which has e.g. 80%



202530 Thr Met Val Trp Val Arg Gn Ala Pro Ay Lys Ay Len Gn Trp Val
354045 Ser His Ile Asp Arg Val Gy Gn Asp Thr Tyr Tyr Ala Asp Ser Val
505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Len Len Pro Lys Arg Gy Pro Trp Phe Asp Tyr Trp Ay Gn Ay
100105110 Thr Len Val Thr Val Ser Ser 115 <210> 6 <211> 119 <212> PRT <213>
Hono sapi ens <400> 6 du Val Gn Leu I=, u Gu Her Gy Gy Ay Leu Val Gn
Pro Ay Gy 151015 Her_ Leu Arg Phe Thr Phe Al a
Hs Gu 20253049y Wilbdatgh)s Wfp? Wlse‘w&e@gng% 30%?}"/@%%1_%?’34 ANt Leu Qu Trp
Val 354045 Herostd, s6o4 | @0A9p: Ar@9%ailled@tyy G n Asp Pro Tyr Tyr Ala Asp Her Val
505560 Gu Gy Arg Phe Thr Ile Her Arg Asp Asn Her Lys Asn Thr Leu Tyr

40. A composttion according to any one of the preceding claims which further

5  comprises a pharmaceutically acceptable carrier, diluent, or excipient .

41. A composition according to any one of the preceding claims, for use in

medicine.

10 42, A composition according to any one claims 1-40, for delivery of a polypeptide,

e.g. of a dAb, to the lung or e.g. for systemic delivery of a polypeptide.

43. A composition according to any one of claims 1-40, for the treatment,
prevention or diagnosis of a lung or respiratory condition or disease.

15
44. A composition according to any of the preceding claims wherein the dAb is a

formatted dAb e.g. it is a dAb-Fc Fusion.

45, Use of a composition according to any one of claims 1-40, in the manufacture
20 of a medicament for the treatment, prevention or diagnosis of a lung or respiratory

condition or disease.

46.  Use of a composition according to claim 12, in the manufacture of a
medicament for the treatment, prevention or diagnosis of a deep lung condition or

25  disease.

47.  Use of a composition according to claim 12, for delivery of a polypeptide to

the deep lung tissues.

30 48, A method of delivering a desired molecule to a subject, which comprises
administering a composition zccording to any one of claims 1-40 directly to the lungs

of a subject.



65707580 Leu G n Met Asn Her Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Val Leu Pro Lys Arg Gy Pro Trp Phe Asp Tyr Trp Ay Gn Gy
100105110 Thr Leu Val Thr Val Her Ser 115 <210> 7 <211> 119 <212> PRT <213>
Hono sapiens <400> 7 Gu Val Gn Leu Leu Qu Her Ay Ay Gy Leu lle Gn
Pro Gy Gy 151015 Her Leu Arg Leu Her Cys Ala Ala Her Ay Phe Thr Phe Al a
Hs Au 202530 Thr Met Val Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Qu Trp
Val 354045 Her His Ile Asp Gy Gy Qy.¥al Asp Thr Tyr Tyr Ala Asp Pro Val
505560 Len G n Met Asn Ser Len Arg Ala G n Asp Thr Ala Val Tyr Tyr Cys
859095 Al a Lerf?ienApictrof (s trpgtige.@syemping omgipen %%Wﬁ’m%‘ﬁr@?ﬂ@n Gy
100105110 Thr gisBRlerydhicl Bdmptiads «&8iniskehg 4 ddmpoddiracSordind thanyl df%1amdsl 2> PRT <213>

Hono sapi ens
40 directly to the pulmonary tissue of a subject.

5 50. A method according to claim 35 or 36, wherein the composition is
administered at a daily dosage of between about 5Smg per Kg to about 0.005mg per Kg
body weight of a subject to be treated..

51. A method according to any of claims 48-50, wherein the composition is

10  administered to a subject using a nebuliser, inhaler or intranasal device.

52. A nebuliser, inhaler or intranasal device, which comprises the composition of

any one of claims 1-40.

15 53.  Use of 2 nebuliser, inhaler or intranasal device according to claim 39, for the

delivery of the composition of claims 1-40 to pulmonary tissue in a subject.

54. A process for producing a pharmaceutical composition, e.g. for treating,
preventing or diagnosing a lung condition or disease, which comprises mixing (a) a
20  composition according 1o any of ¢claims 1-40, with (b) a pharmaceutically acceptable

carrier, diluent or excipient.

55. A process for producing a polypeptide composition, e.g. for treating,
preventing or diagnosing a lung condition or disease which comprises mixing {a) a

25  polypeptide with (b) a physiologically acceptable buffer which has a pH range of
between about 4 and about 8 and a viscosity which is about equal to the viscosity of a
solution of about 2% to about 10% PEG 1000 in 50mM phosphate buffer containing

1.2% (w/v) sucrose.

0 56 A process according to claim 55, wherein the polypeptide comprises or

consists of a domain antibody (dAb).



<400> 8 Gu Val Gn Len Leu Gn Ser Ay Ay Gy Len Val Gn Pro Ay Gy
151015 Ser Len Arg Len Ser Cys Ala Ala Ser Ay Phe Thr Phe Ala Hs Gn
202530 Thr Met Val Trp Val Arg Gn Ala Pro Ay Lys Ay Len Gu Trp Val
354045 Ser His Ile Pro Pro Asp Gy Gn Asp Pro Phe Tyr Ala Asp Ser Val
505560 Lys Ay Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Len Tyr
65707580 Len G n Met Asn Ser Len Arg Ala Gu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Len Len Pro Lys Arg Gy Prola'rp Phe Asp Tyr Trp Ay Gn 3@y 100

Thr Len Val Thr Val Ser 105 Ser 110 15 . . )
57. A process for producing the composition of claims 1-40 which comprises the

steps of (a) mixing a polypeptide with a physiologically acceptable buffer, and then (b)
passing the polypeptide and buffer compositior from step (a) through a nebuliser,

inhaler or intranasal delivery device.

5
58. A process according to claim 57, wherein the physiologically acceptable buffer
has a pH range of between about 4 and about 8 and a viscosity which is about equal to
the viscosity of a solution of about 2% to about 10% PEG 1000 in 50mM phosphate
buffer containing 1.2% (w/v) sucrose.
10

59.  Use of a physiologicaily acceptable buffer which has a pH range of between
about 4 and about 8 and a viscosity which is about equal to the viscosity of a solution
of about 2% to about 10% PEG 1000 in 50mM phosphate buffer containing 1.2%
{(w/v} sucrose, for the manufacture of a polypeptide composition, e.g. of a polypeptide

I5  composition for pulmonary delivery.

60. Use according to claim 47, wherein the polypeptide composition comprises or

consists of a domain antibody (dAb}.
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1

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

5 10

Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu

20 25

Val Trp Val Arg Gln ala Pro Gly Lys Gly Leu Glu Trp Val

35 40

45

30

<212> PRT <213> Hono sapi ens

15

<400> 9



Gn Val Gn
Ser Len Arg
Met Val Trp
Ile Pro Pro
Phe Thr Ile
Asn Ser Len
Lys Arg Gy

Val  Ser S8,

Lys Gly

Leu Gln

Ala Lys

Thr Leu

<210>
<211>
<212>
<21i3>

<400>
Glu val

1

Ser Leu

Thr Met

Ser His
50

Lys Gly
65
Leu Gln

Ala Lys

Thr Leu

Len
Leu
Val

Asp
Ser
Arg
Pro

113

Arg

Met

Leu

Val
115

2
119
PRT
Homo

2
Gln
Arg
Val
35
Ile
Arg
Met

Leu

Val
115

Len Gn
Ser Cys
Arg Gn
Ay Gn
Arg Asp
Ala Gn

Trp Phe As

Ag%lgkg %§£ <E§L%Tn:£g§

Phe Thr

Asn Ser
85

Pro Lys
100

Thr vVal

saplens

Leu Leu

Leu Ser
20

Trp Val

Asp Arg

Phe Thr

Asn Ser
25

Pro Lys
100

Thr Val

Ile

70

Leu

Arg

Ser

Glu

Cys

Arg

Val

Tle

70

Leu

Arg

Ser

Ser Ay Ay
Al a
Al a
Asp
Asn
Asp

Ser

Arg

Gly

Ser

Ser

Ala

Gln

Gly

35

Ser

Arg

Gly

Ser

Gy Lou
Ala Ser Ay
Pro Ay Lys
Pro Phe Tyr

Ser Lys Asn Thr
Thr Ala Val Tyr

p Tyr Trp

Val

Phe Thr
Gy Len Au Trp Val 354045 Ser His
Al a Asp Ser Val 505560 Lys Gy Arg

Gn Pro dy dy 1 5 10 15
Phe Ala Hs G u 202530 Thr

Len Tyr 65707580 Len G n Met
H s Cys 859095 Ala Len Len Pro
Gn Gy 100105110 Thr Len Val Thr

Arg Asp Asn Ser Lys Asn

Ala Glu Asp
20

Pro Arg Phe
105

Gly Gly Gly
10

Ala Ser Gly
25

Ala Pro Gly

40

Gln Asp Thr

Arg Asp Asn

Ala Glu Asp

Pro Trp Phe
105

15

Thr Ala

Asp Tyr

Leu Ile

Phe Thr

Lyvs Gly

Iyr Iyr

60

Ser Lys
75

Thr Ala

Asp Tyr

Val

Trp

Gln

Phe

Leu

45

Ala

Asn

Val

Arg

y
h%?yr yr Al<a2%§p Sert\}ail ci al

Thr Leu Tyr
80

Tyr Tyr Cys

Gly Gln Gly
110

Pro Gly Gly
is5

Ala His Glu
30

Glu Trp Val

Asp Ser Vval

Thr Leu Tyr
80

Tyr Tyr Cys
95

Gly Gln Gly
110



<220> <223> Fusion <400> 10 HHs Ay Gn Gy Thr Phe Thr Ser Asp Len Ser Lys
Gn Mt Gn Gn 151015 Gn Ala Val Arg Len Phe Ile Gn Trp Len Lys Asn Ay
Gy Pro Her 202530 Ser Ay Ala Pro Pro Pro Ser Ay Ay Gy Gy Gy Her Ay
Gy Gy 354045 Gy Her Ay Ay Gy Gy Ser Asp Ile Gn Met Thr Gn Ser Pro
Her 505560 Ser Len Ser Ala Ser Val Gy Asp Arg Val Thr Ile Thr Cys Arg Al a
65707580 Lys Ala Pro Lys Len Leu Ile Met Trp Arg Ser Ser Len Gn Ser Ay
100105T%°>Vaf. Pro Set Arg She Ser Gy Ser Ay Ser Ay Thr Asp Phe Thr Len
115120% _Thiille Ser Ser Len Gn Pro Gn Asp She Ala Thr Tyr Tyr Cys Ala
1301351405.G i yopl@ Ala Leu Pro Arg Thr She Ay G n @y Thr Lys Val Gn
145150155160 Ile Lys Arg <210> 11 <211> 118 <212> PAT <213> Hono sapi ens
<400> ZXio00> 3

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

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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

Ser His Ile Asp Arg Val Gly Gln Asp Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 a0 95

Ala Lys Leu Pro Lys Arg Giy Pro Trp Phe Asp Tyr Arg Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser

115
<210> 4
<211> 119
<212> PRT

<213> Homg sapiens
<400> 4
Giu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Ile Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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

Ser His Ile Asp Arg Val Gly Gln Asp Pro Tyr Tyr Ala Asp Ser val
50 55 60



Leu
Val

Val G n
Arg Len
Trp Val
Trp H s
Il e Ser
Len Arg

78,9,

Leu Leu
Set Cys

Len
Set
Arg
Ay
Arg
Al a

O%f gﬁ“‘k

Au
Val

Set Arg Arg Ay

Ala Leu

Thr Leu

<210>
<211>
<212>
<213>
<400>
Glu val
1

Ser Len

Thr Met

Ser His
50

Lys Gly
65

Leu Gin

Ala Leu

Thr Leu

<210>
<211i>
<212>
«<213>

Leu

val
115

119
PRT
Homo

5

Gln

Arg

Val

35

Ile

Arg

Met

Leu

Val
115

119
PRT
Homo

Len Gn Ser Ay
Cys Ala Ala Ser
Gn Ala Pro Ay
G n Val Thr Tyr
Asp Asn Ser Lys
Gin Asp Thr Al a

Ala Set Ay Phe Thr

Gy Ay Len
Ay She Thr
Lys Ay Len
Tyr Ala Asp

Asn Thr
Val

Pl 58 Y 5Soprr &

Len

Tyr Tyr

{_flé@
Ser Gly Gy Gy Leu Va] Gn
Phe Asp
Ar ge@@nAlea RPmosdd yed g8y Gy dielks@l ThrTr Val T3154'@453YS€'[ Thr Ile Set Pro
Thre3yr Tyr Al a Asp?Set Val

Val

She
Gn
Ser
Tyr
Cys

Gn Pro dy dy 151015 Ser
Ala Trp Tyr 202530 Asp Met
Trp Val 354045 Ser Ser lle
Val 505560 Lys Ay Arg Phe
65707580 Leu G n Met Asn

859005 Ala Thr Ala G u Asp

100105110 Len Val Thr Val Ser

RS S BT S

Pro
Val

<400> 12 G u Val
Gy @y 151015 Set Leu Arg
Ala 202530 Qu Met Asp Trp

Prc Lys Arg Gly Pro Trp Phe Asp Tyr Arg Gly Gln Gly

100

Thr Val Ser Ser

sapiens

Leu Leu Glu Ser Gly

Leu Ser Cys Ala Ala
20

Trp Val Arg Gln Ala
40

Asp Arg Val Gly Gln
55

Phe Thr Ile Ser Arg
70

Asn Ser Leu Arg Ala
85

Pro Lys Arg Gly Pro
100

Thr val Ser Ser

sapiens

105

Gly

Ser

25

Fro

Asp

2
)]
o]

Glu

Trp
105

Gly
10

Gly

Gly

Thr

Asp
90

Phe

Leu

Phe

Lys

Tyr

Ser

75

Thr

Asp

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gin

Phe

Leu

45

Ala

Val

Trp

110

Pro Gly Gly
15

Ala His Glu
30

Gilu Trp Val

Asp Ser Val

Thr Leu Tyr
g0

Tyr Tyr Cys
95

Gly Gln Gly
110



505560 Lys Gy Arg Phe Thr Ile Set Arg Asp Asn Set Lys Asn Thr Leu Tyr
65707580 Leu G n Met Asn Set Leu Arg Ala A u Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Ala Tyr Thr Ay Arg Set Leu Trp Ay Pro Gy Thr Leu Val
100105110 Thr Val Set Set 115 <210> 13 <211> 108 <212> PRT <213> Hono
sapiens <400> 13 Asp Ile Gn Met Thr Gn Set Pro Set Set Leu Set Al a Set
Val @y 151015 Asp Arg Val Thr Ile Set Cys Arg Ala Set G n Asp Ile Tyr Leu
Asn 202580 Leu Asp Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Leu Leu lle

354045 .S Tyr Thr he..Thr_ L I Ser Len Gn Pro
657075@6u 'arll(%,&}sépL eEE(E%IAI}é%fl t%ﬁfﬁgrﬁ*y?éydt/esu %\nlngg gr%§é§gﬁé Tyr Tyr Pro Tyr
859095 Thr Phe Ay Gn Ay Thr Lys Val Qu Ille Lys Arg 100105 <210> 14

<211> 108 <212> PRT <213> Hono sapi ens
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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

Ser His Ile Asp Arg Val Gly Gln Asp Pro Tyr Tyr Ala Asp Ser Val
50 55 60

Glu Gly Arg Phe Thr Tle Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 8o

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

Ala Val Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr vVal Ser Ser
115

<210> 7

<211> 119

<212> PRT

<213> Homo sapiens

<400> 7
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Ile Gin Pro Gly Gly

1 5 10 i5

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

Thr Met Val Trp Val aArg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser His Ile Asp Gly Gly Gly Val Asp Thr Tyr Tyr Ala Asp Pro Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80



<400> 14 Asp Ile G n Met Thr Gn Ser Pro Ser Ser Len Ser Ala Ser Val Gy
151015 Asp Arg Val Thr Ile Thr Cys Arg Ala Ser G n Asp Ile Tyr Len Asn
202530 Leu Asp Trp Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys Len Len Ile
354045 Lys Phe Ay Ser Gn Len Gn Ser Ay Val Pro Ser Arg Phe Ser Ay
505560 Ser Ay Tyr Gy Thr Asp Phe Thr Len Thr Ile Ser Asn Len G n Pro
65707580 G n Asp Phe Ala Thr Tyr Tyr Cys G n Pro Ser Phe Tyr Phe Pro Tyr
859095 LThEIPHEC @GS Ginld §rariee 58 A7El "G Wa ¥ Eys 13F 5¥100105 <210> 15
<211> 119 <212> PRT° k213> Hono sapi®€ns <400> 15 G ri°Val Gn Len Len G n Ser
Gy Ay Ay Len Val Gn Pro Gy dy 151015 Thr Met Val Trp Val Arg Gn Al a
Pro A widysuG@ey d@ard argltpy Yab 13p404speryrHhsy blesBt @1fro Val Ay G n Asp
Pro Phe Tyr Ala W9p Set Val 505360 Lys Gy Arg Phe Thr Ile Set Arg Asp Asp
Ser Lys Asn Thr Lea Tyr

Thr Leu Val Thr Val Ser Ser
115

<210> 8§

<211> 119

<212> PRT

<213> Homo sapiens

<400> 8

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

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val
50 23 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 7¢ 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Iyr Tyr Cys
85 20 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Glo Gly
100 105 110

Thr Leu Val Thr Val Ser Ser

115
<210> 9
<211> 119
<212> PRT

<213> Homo sapiens
<400> 9

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



65707580 Lea G n Met Asn Set Lea Arg Ala Gu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Leu Lea Pro Lys Arg Gy Pro Trp Phe Asp Tyr Trp Ay Gn Gy
100105110 Thr Lea Val Thr Val Ear Set 115 <210> 16 <211> 119 <212> PRT
<213> Hono sapiens <400> 16 u Val Gn Lea Trp u Set Ay Ay Gy Lea Val
Gn Pro Gy Gy 151015 Set Lea Arg Lea Set Cys Ala Ala Set Gy She Thr She
Ala H's Qu 202530 Thr Met Val Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Qu
Trp Val 354045 Ser His Ile Pro Pro G n Asp Pro _Phe Tyr Ala Asp Set
Vel SOSSBAEE Gy Ao SheTHr e 8 &P Lrinef LR adabye Adn The Lem Tyr
65707580 Lea G n t Asn Set Lea Arg Ala Gu Asp Thr Ala Val Tyr Tyr Cys
859095 Tin Leu Val Thr Val Set Set 115 <210> 17 <211> 119 <212> PRT <213>
Hono saprenrs w400l 14 &wcValriGmoley Ser G EIEISGﬁU Gry vebly Ay Leu Val Gn
Pro dy Gy 33 10

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Vval
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
&5 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Giu Asp Thr Ala Val Tyr His Cys
85 90 95

Ala Leu Leu Pro Lys Arg Glyv Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr val Ser Sex

115
<210> 10
<211> 163

<212> PRT
<213> Artificial

<220>
<223>» Fusion

<400> 10

Bis Gly Glu Gly Thr Phe Thr Ser Asp Leu Ser Lys Gln Met Glu Glu
1 5 10 1=

Glu Ala Val Arg Leu Phe Ile Glu Trp Leu Lys Asn Gly Gly Pro Ser
20 25 30

Ser Gly Ala Pro Pro Pro Ser Gly Gly Gly Gly Gly Ser Gly Gly Gly
35 40 45

Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Met Thr Gln Ser Pro S3er
50 55 60

Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala
65 70 75 80

Ser Gln Trp Ile Gly Ser Gln Leu Ser Trp Tyr Glan Gln Lys Pro Gly



151015 Set Leu Arg Leu Set Cys Ala Ala Ser Gy The Thr Phe Ala Hs Qu
202530 Tilt Met val Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gn Trp Val
354045 Set His Ile Pro Pro Asp Gy Gn Asp Pro Pile Tyr Ala Asp Set Val
505560 Lys Gy Arg Pile Tilt Ile Set Arg Asp Asn Set Lys Asn Tilt Leu Tyr
65707580 Leu G n Met Aso Set Leu Arg Ala Gn Asp Tilt Ala vVal Tyr Tyr Cys
859095 Ala Leu Len Pro Ass Arg Gy Pro Trp Phe Asp Tyr Trp Ay Gn Gy
100105110 Tilt Leu Val Tilt Val Set Set 115 <210> 18 <211> 119 <212> PR

<213> e <40 L L dy Ay dy Len Val
Gn Prlc_)@' %E} {}’Ig%lbefSQ%e]@?_gey rog Lgn&%?&q/gygﬁ léff%get Gy Pile Thr
PlleAIaHls Glu202530 Set Hs lle Pro Pro Asp Ay G n Asp Pro Phe Tyr

Al a Asp Ser Val 505560 Lys Gy Arg Phe Thr Ile Set Arg Asp Asn Ser Lys Asn

Thr Leé’anrrOG??OWBWe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
120 125

Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Ala
130 135 140

Gln Gly Ala Ala Leu Pro Arg Thr Phe Gly Gln Gly Thr Lys Val Glu
145 150 155 150

Ile Lys Arg

<210> 11
<211> 118
<212> PRT

<213> Homo sapiens
<400> 11
Gly val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

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

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

Ser Ser Ile Asp Trp His Gly Glu Val Thr Tyr Tyr Ala Asp Ser Val
50 35 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 g0

Leu Gln Met Asn Ser Leu Arg Alz Glu Asp Thr Ala Val Tyr Tyr Cys
B3 20 95

Ala Thr Ala Glu Asp Glu Pro Gly Tyr Asp Tyr Trp Gly Gln Gly Thr
100 195 110

Leu Val Thr Val Ser Ser
115



Leu Gn Met Asn Set Lee Arg Ala GQu Asp Thr Ala Val Tyr Tyr Cys 859095 Al a
Lee Lela Pro Lys Arg Ay Pro Trp Phe Asp Tyr Trp Ay Gn dy 100105110 Thr
Gn Val Thr Val Ser Set 115 <210> 19 <211> 116 <212> PRT <213> Honpo sapi ens
<400> 19 GQu Val Gn Lee Leu Val Ser Ay Ay Ay Lee Val Gn Pro dy Ay
151015 Set Lee Arg Leu Set Cys Ala Ala Set Gy Phe Thr Phe Lys Ala Tyr
202530 Pro Met Met Trp Val Arg Gn Ala Pro Ay Lys Gy Lee Gu Trp Val
354045 <8k%” G4 Ile Set Pro Set Ay Set Tyr Thr Tyr Tyr Ala Asp Set Val
505560 :g%%e(i Arg Phe Thr Ile Set Arg Asp Asn Set Lys Asn Thr Lee Tyr
65707580, Leepfd.ns Mot Asn Set Lee Arg Ala Gu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Asp Pro Arg Lys Lee Asp Tyr Trp Ay Gn @y Thr Lee Val
100105%%200>Thtz Val Set Set 115 <211>

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

Ser Leua Arg Leu Ser Cys Val Ala Ser Gly Phe Thr Phe Asp Val Ala
20 25 30

Glu Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

Ser Thr Ile Ser Pro Ser Arg Arg Gly Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 15 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 25

Ala Lys Ala Tyr Thr Gly Arg Ser Leu Trp Gly Pro Gly Thr Leu Val
100 105 110

Thr Val Ser Ser

115
<210> 13
<211> 108
<212> PRT

<213> Homo sapilens
<d400> 13
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 15

Asp Arg Val Thr Ile Ser Cys Arg Ala Serxr Gin Asp TIle Tyr Leu Asn
20 25 30

Leu Asp Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Ser Phe Gly Ser Glu Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60



<212> 116 PAT

Ser Gly Tyr

65

Glu Asp Ser

Thr Phe Gly

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

<400>

14
108
PRT
Homo

14

Asp Ile Gln

1

Asp

Leu

Lys

Ser

65

Glu

Thr

Arg

Asp

Phe

50

Gly

Phe

<210>
<211>
212>
<213>

<400>

Val

Trp

Gly

Tyr

Phe

Gly

15
119
PRT
Homo

15

Glu Val Gin

1

Ser Leu Arg

<213> Hono sapi ens
Ser Ay Ay Gy Lee Val
Ala Ala Ser Gy Phe Thr

Gly

Ala

Gin
100

Thr

Thr
85

Gly

sapiens

Met

Thx

20

Tyr

Ser

Gly

Ala

Gln
100

Thr

Ile

Gln

Glu

Thr

Thr

85

Gly

sapiens

Leu

Leu
20

Leu

Ser

Asp Phe Thr Leu

70

Tyr Tyr Cys Glun

Thr Lys Val Glu

Gln

Thr

Glin

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Gln

55

Phe

Tyr

Lys

Pro

Arg

Pro

40

Ser

Thr

val

105

Ser

Ala

25

Gly

Gly

Leu

Gin

Glu
105

<400> 20
GnPrody dy 1 5 10 15 Ser
Phe Lys Ala Tyr

G u Val

Thr Ile Ser Ser Leu Gln Pro

75

80

Pro Ser Phe Tyr Tyr Pro Tyr

90

Ile Lys

Ser Leu
i0

Ser Gln

Lys Ala

Val Pro

Thr Tle
75

Pro Ser
90

Ile Lys

Arg

Ser

Asp

Pro

Ser

60

Ser

Phe

Trp

Ala

Ile

Lys

45

Arg

Asn

Tyr

Ser

Tyr

30

Leu

Phe

Leu

Phe

95

Val

i5

Leu

Leu

Ser

Gln

Pro
95

Gly

Asn

Ile

Gly

Pro

380

Tyr

Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

10

15

Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu

25

30

G n Leu Leu Gu
Leu Arg Leu Ser



202530 Pro Ile Met Trp Val Arg Gn Ala Pro Ay Lys Ay Lee Gu Trp Val
354045 Ser Au lle Ser Pro Ser Gy Ser Tyr Thr Tyr Tyr Ala Asp Ser Val
505560 Lys Gy Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Lee Tyr
65707580 Leu G n Met Asn Ser Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys
859095 Ala Lys Asp Pro Arg Lys Phe Asp Tyr Trp Ay Gn Gy Thr Lee Val
100105110 Thr Val Ser Ser 115 <210> 21 <211> 116 <212> PAT <213> Hono
sapiens <400> 21 Ju Val Gn Lee Lee Au Ser Ay Ay Gy Lee Val Gn Pro

Ady Gy 1 ) e, Arg, lLen [ s Al a AL r Y;.Jhe Thr Phe Lys Al a
Tyr 20§g§%g%l§§tp kfgt i %“i/%éazga G%xnwﬁl glyP@% 1ilT(Lr?%/sa y Len Gu Trp Val
354045 Lys Ay Arg Pile Tilt Ile Set Arg Asp Asn Set Lys Asn Tilt Leu Tyr

65707580 Leu G n Met Asn Set Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys
Ser Hig Ile Pro Pro Val Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val

50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ser Lys Asn Thr Leu Tyr
65 70 15 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Leu Leu Pro Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 i05 110

Thr Leu Val Thr Val Ser Ser

115
<210> 16
<211> 119

<212> PRT
<213> Homo sapiens

<400> 16
Glu Val Gln Leu Trp Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ala Leu Leu Pro Lys Arg Gly Prc Trp Ile Asp Tyr Trp Gly Gln Gly
100 105 110



859095 Ala Lys Asp Pro Arg Lys Pile Asp Tyr Trp Ay Gn Ay Tilt Leu Val
100105110 Tilt Val Set Set 115 <210> 22 <211> 116 <212> PAT <213> Honp
sapiens <400> 22 Ju Val An Leu Leu u Set Ay Ay Gy Leu Val Gn Pro
Gy Gay 151015 Set Leu Arg Leu Set Cys Ala Ala Set Ay Pile Tilt Pile Tilt
Ala Tyr 202530 Pro Ile Met Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp
Val 354045 Set Qu lle Set Pro Set Ay Set Tyr Tilt Tyr Tyr Ala Asp Set Val
505560T£’§/§e'€§‘7§% Wil € TFET 1le Set Arg Asp Asn Set Lys Asn Tilt Leu Tyr
65707580 Leu '&n Met Asn Set Leo Arg Ala Gu Asp Tilt Ala Val Tyr Tyr Cys
859095 Ala Lys Asp Pro Arg Lys Pile Asp Tyr Trp Ay Gn Ay Tilt Leu Val
100105%30)-Tidt Val Set Set 115 <210> 23 <211> 116 <212> PRT <213> Hono
sapi ensz2il> 119

<212> PRT

<213> Homo sapiens

<400> 17

Glu Val Gln Leu Ser Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
i 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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

Ser His Ile Pro Pro Asp Gly Gln Asp Pro Phe Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 20 95

Ala Leu Leu Pro Asn Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly
100 iG5 110

Thr Leu Val Thr Val Ser Ser

115
<210> 18
<211> 119

<212> PRT
<213> Homo saplens

<400> 18
Glu vVal Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ala His Glu
20 25 30

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



du
Leu
Met
Ser
Thr
Ser

Lys

<210>

Val G n
Arg Len
Trp Val
Pro Ser
Il e Ser
Leu Arg

Leu Leu

Ser
Arg
Ay

Arg Asp

Al a

Cys
Gn
Ser

Giu

Gu Ser Ay
Ala Al a Ser
Ala Pro Ay
Tyr Thr Tyr
Asn Ser Lys
Asp Thr Al a

far {%iI lelfé’ P&’lg%p %32/

Len Gn Ser Sly Sly Sly Len VaI
Cys Ala Ala Ser

Leu Gln Met

Ala Leu Leu

Thr Gln Val

<210>
<Z21ii>
<212>
<213>

<400>

115

19
116
PRT
Homo

19

Glu val Gln

1

Ser

FPro

Ser

Lys

65

Leu

Ala

Thr

Leu

Met

Glu

50

Gly

Gln

Lys

Val

<210>

Arg

Met

35

Iie

Arg

Met

ASp

Ser

115

20

dy

Asn
Pro

100

Thr

sapi

Leu

Leu

20

Trp

Ser

Phe

Asn

Pro

100

Ser

Gy Ay Len
Ay Phe Thr
Lys Ay Len
Tyr Ala Asp

Asn Thr

Val
Thr

Leu

Tyr Tyr
Len

i |—r|8nr’6le

Val Gn Pro Gy @y 151015 Ser
Phe Lys Ala Tyr 202530 Pro Met
Gu Trp Val 354045 Ser Gu lle
Ser Val 505560 Lys Ay Arg Phe
Tyr 65707580 Leu G n Met Asn

Cys 859095 Ala Lys Asp Pro Arg
100105110 Thr Val Ser Ser 115
Ji 8fs “¥406% Y24 G n val G n Len

Gn Pro Sy Sly 151015 Ser Len Arg Len Ser
Phe Thr Phe Lys Ala Tyr
G n Al ayPreoy Ary diesTiS| yid ear Geg 2Fp prsVader354035 Ser 1& vkl e Ser Pro Ser Sly
Ser Tye5Thr Tyr Tyr Al & Asp Ser Val

75

202530 Pro Met Met Trp Val Arg

80

Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85

90

95

Lys Arg Gly Pro Trp Phe Asp Tyr Trp Gly Gln Gly

Val Ser Ser

ens

Leu Val Ser Gly

Ser Cys Ala Ala

Val Arg Gln Ala
40

Pro Ser Gly Ser
55

Thr Ile Ser Arg
70

Ser Leu Arg Ala
85

Arg Lys Leu Asp

105

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr
105

Gly
10

Gly

Gly

Asn

Asp

Trp

Leun

Phe

Lys

Tyr

Ser

75

Thr

Gly

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

110

Gln Pro Glv Gly
15

Phe Lys Ala Tyr
30

Leu Glu Trp Val
45

Ala Asp Ser val

Asn Thr Leu Tyr
80

Val Tyr Tyr Cys
95

Gly Thr Leu Val
110



505560 Lys Sly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Len Tyr
65707580 859095 Ala Lys Asp Pro Arg Lys Leu Asp Tyr Trp Ay Gn dy Thr
Leu Val 100105110 Tin Val Ser Ser 115 <210> 25 <211> 116 <212> PRT <213>
Hono sapiens <400> 25 Gu Val Gn Lou Lou Val Per Gy Ay Ay Leu Val Gn
Pro Gy Gy 151015 Per Leu Arg Lou Per Cys Ala Ala Per Ay Phe Thr Phe Lys
Ala Tyr 202530 Pro Met Met Trp Val Arg Gn Ala Pro Ay Lys Ay Leu Gu Trp
Val 354 %’5 Pé;{rg Gu lle Per Pro Per Ay Per Tyr Thr Tyr Tyr Ala Asp Per Val
505560 Lys wa&%@gm9 Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Lou Tyr
65707580 Lou G n t Asn Ser Lou Arg Ala Ju Asp Thr Ala Val Tyr Tyr Cys
859095 «Ab@ Lys Asp Pro Arg Lys Per Asp Tyr Trp Ay Gn @y Thr Leu Vol

100105110
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 13

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Lys Ala Tyx
20 25 30

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

Ser Glu Ile Ser Pro Ser Gly Ser Tyr Thr Tyr Tyr Ala aAsp Ser Val
50 53 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 Q0 93

2la Lys Asp Pro Arg Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser

115
<210> 21
211> 116
<212>» PRT

<213> Homo sapiens
<400> 21
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

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

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

Ser Glu Ile Ser Pro Ser Gly Ser Tyr Thr Tyr Tyr Ala Asp Ser Val
50 55 60



Thr Val Per Per 115 <210> 26 <211> 116 <212> PRT <213> Hono sapi ens <400>
26 Set Leu Arg Leu Ser Cys Ala Ala Ser Sly Phe Thr Phe Lys Ala Tyr 202530
Pro Met Met Trp Val Arg Gn Ala Pro Ay Lys Sly Leu Qu Trp Val 354045 Ser
GQu lle Ser Pro Ser Sly Ser Tyr Thr Tyr Tyr Ala Asp Ser Val 505560 Lys Qv
Arg She Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr 65707580 Leu G n
Met Asn Set Leu Arg Ala Qu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Lys Asp
Pro ArgvbysSylirg RepThy 1T Epr Siry Gems8| §erThys Beu TWalle1 00105110 Thr Val Ser
Ser 11%°<210> 27 <211>7843 <212> PAT <213> Artificial 220> <223> Fusion
<400> 27 GQu Val @n Leu Leu Val Ser Gy Sly SIly Leu Val Gn Pro SIly Ay

151015 Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp Pro Arg Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Serx
115

<210> 22

«<211> 116

<212> PRT

<213> Homo sapiens

<400> 22

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

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

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

Ser Glu Ile Ser Pro Ser Gly Ser Tyr Thr Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 g0

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Lys Asp Pro Arg Lys Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Serx
115

<210> 23

<211> 116

<212> PRT

<213> Homo sapiens

<400> 23



Ser
Met
Ile
She
Pro
Ser
Ay
Met
Ser
Au
Thr
Asn

Leu Arg
Met Irp
Ser Pro
Thr 1le
Arg Lys
Al a Ser

dy

Leu
Val
Set
Set
Leo
Thr

Hs Gu Asp
Val H's Asn
Ty seArigu \lak
Gy Lys Qu

Pro

Ser

Lys

Leu

Ala

Thr

Met

Glu

50

Gly

Gln

Lys

val

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

<400>

Met
35

Ile

Arg

Met

Asp

Ser
115

24
116
PRT
Homo

24

Glu vVal Gln

1

Ser

Pro

Ser

Lys

65

Leu

Leu

Met

Glu

50

Gly

Gln

Arg

Met

35

Ile

Arg

Met

Ser Cys Al a
Arg @n Ala
Sly Set Tyr
Arg Asp Asn
Asp Tyr Trp

H s Thr

Cys

Val Phe Leo

Pro G u Val
Al a Lys Thr

Trp Val

Ser Pro

Phe Thr

Asn Ser

85

Pro Arg
100

Ser

sapiens

Leu Leu

Leu Ser

20

Trp Val

Ser Pro

Phe Thr

Asn Ser

Arg

Ser

Ile

70

Leu

Lys

Glu

Cys

Arg

Ser

Ile

70

Leu

Gln

Gly

55

Ser

Arg

Ile

Ala

Gin

Gly

Ser

Arg

Al a

Pro
Thr
Ser
Ay
Pr o

Set Sly

Sy

Tyr

Lys
Gn
Pr o

Lys
Tyr
Asn
Ay
Cys

I (-gflvsé’lal ,ﬁl@ i Dy 6hER e \‘iéY Gi’ﬁrGl@Ise

Phe
Sy
Al a
Thr
Thr
Pro

V%‘?S Pro

Lys Phe' *Asn Trp
Pro Arg GQu
Mal sSeryVala e sEhrciVatnel et

Tyr Lys Cys Lys

Lys

Ala
40

Ser
Arg

Ala

Asp

Gly

Ala

Ala

40

Ser

Arg

Ala

NMal

Pro

Tyr

Asp

Glu

Tyr
103

Gly

Ser

25

Pro

Tyr

Asp

Glu

Ser Asn

Gly

Thr

Asn

Asp

90

Trp

Gly

10

Gly

Gly

Thr

Asn

Asp

Lys

Tyr

Ser

75

Thr

Gly

Leu

Phe

Lys

Tyr

Ser

15

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Thr

Gly

Tyr

60

Lys

Ala

Thr
Leu
Asp
Leu
Leo
Al a

- U
Tyr

Phe
Au
Set
Tyr

Val

Pro

AR

VaI

Lys Ala Tyr 202530 Pro
Trp Val 354045 Set G u
Val 505560 Lys Ay Arg
65707580 Al a Lys Asp
100105110 Thr Val Ser
115120125 G u Leo Leu
130135140 Asp Thr Leo

3145150155160 Asp Val

*Asp 165170175 'y Val

Gu Gn Tyr 180185190 Asn Ser
Biies 1@ @1ASPr195200205 Trp Leo
Lys3Al a Leo 210215220

Leu

45

Ala

Asn

val

Gly

Gln

Phe

Leu

45

Ala

Asn

Val

Glu

Asp

Thr

Tyr

Thx
110

Pro

Lys

30

Glu

Asp

Thr

Tyr

Trp Val

Se

r Val

Leu Tyr

Ty
95

80

r Cys

Leu Val

Gl
15

Al

y Gly

a Tyr

Trp Val

Ser Val

Leu Tyr

80

Tyr Cys



Pro Ala Pro Ile Qu Lys Thr Ile Ser Lys Ala Lys Ay Gn Pro Arg
225230235240 Au Pro Gn Val Tyr Thr Leo Pro Pro Ser Arg Asp Qu Leo Thr
Lys 245250255 Asn G n Val Ser Leo Thr Cys Leo Val Lys Gy Phe Tyr Pro Ser
Asp 260265270 Ile Ala Val GQu Trp Gu Ser Asn Ay G n Pro Gu Asn Asn Tyr
Lys 275280285 Thr Thr Pro Pro Val Leo Asp Ser Asp Gy Ser Phe Phe Leo Tyr
Ser 290295300 Lys Leo Thr Val Asp Lys Ser Arg Trp Gn Gn Gy Asn Val Phe
Ser 305310315320 L&u Ser Leu Ser Pt dy Lys 340 2°

Ala Lys Asp Pro Brg Lys Leu Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser

115
<210> 25
<211> 116

<212> PRT
<213> Homo sapiens

<400> 25

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

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

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

Ser Glu Ile Ser Pro Ser Gly Ser Tyr Thr Tyr TIyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 93

Ala Lys Asp Pro Arg Lys Ser Asp Tyr Trp Gly Gin Gly Thr Leu Val
100 105 110

Thr Val Ser Ser

115
<210> 26
<211> 1156
<212> PRT

<213> Homo sapiens
<400> 26

Glu Val Gln Leu Leu Val Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 i0 15



Ser

Pro

Ser

Lys

65

Leu

Ala

Thr

Leu

Met

Glu

50

Glv

Gin

Lys

Val

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

<220>
<223>

<400>

Arg

Met
35

Ile

Arg

Met

Asp

Ser

115

27
343
PRT

Leu

20

Trp

Ser

Phe

Asn

Pro

100

Ser

Fusion

27

Glu val Gln

1

Ser

Pro

Ser

Lys

65

Leu

Leu

Met

Glu

50

Gly

Gln

Arg

Met

35

Ile

Arg

Met

Leu

Leu

20

Trp

Ser

Phe

Asn

Ser

Val

Pro

Thr

Ser

85

Arg

Artificial

Leu

Ser

Val

Pro

Thr

Ser
85

Arg

Ser

Ile

7G

Leu

Lys

Val

Arg

Ser

Ile
70

Ala

Gln

Gly

55

Ser

Arg

Ile

Ser

Ala

Gin

Gly

55

Ser

Arg

Ala

Ala

40

Ser

Arg

Ala

Asp

Gly

Ala

Ala

40

Ser

Arg

Ala

Ser

25

Pro

Tyr

asp

Glu

Tyr
105

Gly

Ser

25

Pro

Tyr

Asp

Glu

Gly

Gly

Thr

Azn

Asp

Trp

Gly

10

Gly

Gly

Thr

Asn

Asp
90

Phe

Lys

Tyr

Ser

75

Thr

Gly

Leu

Phe

Lys

Tyr

Ser

75

Thr

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Thr

Gly

Tyr

60

Lys

Ala

Phe

Leu

45

Ala

Asn

Val

Gly

Gln

Phe

Leu

45

Ala

Asn

val

Lys

30

Glu

Asp

Thr

Tyvr

Thr
110

Pro

Lys

30

Glu

aAsp

Thr

Tyr

Ala

Trp

Ser

Leu

Tvyx

@5

Leu

Gly

Ala

Trp

Ser

Leu

Tyr
95

Tyr

Val

Val

Tyr

g0

Cys

Vai

Gly

Tyr

Val

val

Tyr

80

Cys



Ala

Thr

Glu

Asp

145

Asp

Gly

Asn

Trp

Pro

225

Glu

Asn

Ile

Thr

Lys

305

Cys

Lys

Val

Leu

130

Thr

Val

vVal

Ser

Leu

219

Ala

Pro

Gln

Ala

Thr

290

Leu

Ser

Asp

Ser

115

Leu

Leu

Ser

Glu

Thr

195

Asn

Pro

Gln

Val

Val

275

Pro

Thr

Val

Fro

100

Ser

Gly

Met

His

Val

180

Tyr

Gly

Ile

Val

Ser

260

Glu

Pro

val

Met

Arg

Ala

Gly

Ile

Glu

165

His

Arg

Lys

Glu

Tyr

245

Leu

Trp

val

Asp

His
325

Lys

Ser

Pro

Ser

130

Asp

Asn

Val

Glu

Lys

230

Thr

Thr

Glu

Leu

Lys

310

Glu

Leu

Thr

Ser

135

Arg

Pro

Ala

Val

Tyr

215

Thr

Leu

Cvs

Ser

Asp

295

Ser

Ala

Asp

His

120

Val

Thr

Giu

Lys

Ser

200

Lys

Ile

Pro

Leu

Asn

280

Ser

Arg

Leu

Tyr

103

Thr

Phe

Pro

Val

Thr

185

Val

Cys

Ser

Pro

Val

265

Gly

Asp

Trp

His

Trp

Cys

Leu

Glu

Lys

170

Lys

Leu

Lys

Lys

Ser

250

Lys

Gln

Gly

Gln

Asn
330

Gly

Pro

Phe

Val

i5%

Phe

Pro

Thr

Val

Ala

235

Arg

Gly

Pro

Ser

Gln

315

His

Gln

Pro

Pro

140

Thr

Asn

Arqg

Val

Ser

220

Lys

Asp

Phe

Glu

Phe

300

Gly

Tyr

Gly

Cys

125

Pro

Cys

Trp

Giu

Leu

205

Asn

Gly

Glu

Tyr

Asn

285

Phe

Asn

Thxr

Thr

110

Pro

Lys

Val

Tyr

Glu

1920

His

Lys

Gln

Leu

Pro

270

Leu

Val

Gln

Leu

Ala

Pro

Val

Val

i75

Gin

Gln

Ala

Pro

Thr

255

Ser

Tyr

Tyr

Phe

Lys
335

Vai

Pro

Lys

Val

160

Asp

Tyr

Asp

Leu

Arg

240

Lys

Asp

Lys

Sex

Ser

320

Ser



Leu Ser Leu Ser Pro Gly Lys
340



