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of applications, including industrial applications and
use as nedical, therapeutic and di agnostic agents.
However, in certain physiological states, such as

i nflammatory states (e.g., COPD) and cancer, the
anount of proteases present in a tissue, organ or
animal (e.g., in the lung, in-br adjacent to a tunor)
can increase. This increase in proteases can result in
accel erated degradation and inactivation of endogenous
proteins and of therapeutic peptides, polypeptides and
proteins that are adninistered to treat disease.
Accordin ents t hat have Egtent a
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gastroi ntestijnal tract tract) and/or pul nonary
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and adverse conditions rn mammuals, eg humans; protease
r elgfnettdmfﬁcqw;’o’tﬂq:amee iy alpohy@eplegméedjqndgsaqm@tb@bberoteases
advantqgeous [ tIR
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The i nvention rel or s
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nmet hods for sel ecting. peptides or pol ypeptid t hat
bi 3840t 2p @ﬁargmg@awala%}%&ﬁ alaﬁtﬂr pRFEQD offtae ‘i%ﬁR/lé Atfifigignt to
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protease resistant peptides or Eoly epti des.
that are resistant to protease degradation and also have desirable biological activity. It

would be particularly useful to provide peptides and polypeptides that are resistant to
proteases found in fluids and tissues of the gastrointestinal tract (GI tract) and/or
pulmonary system, which system includes the lung. Both the GI tract and the
pulmonary system are sites for disease and adverse conditions in mammals, eg humans;

protease resistant peptide and polypeptide drugs would be advantageous in this context.



In one aspect, the invention is a nmethod for selecting
a protease resistant peptide or polypeptide. The

woreaRad1ednpri ses providing a repertoire of peptT/d82008/050399
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pol ypepti des, conbining the repertoire and a protease
under conditions suitable for protease activity, and
recovering a peptide or polypeptide that has a desired
bi ol ogi cal activity, whereby a protease resistant

pepti de or polypeptide is selected. In one enbodi nent,
t NSUPOARFSEF THEANVENEON th the repertoire in
solution (ie, the protease is not immobilized on a

suppor tPhe ihen@be re@areOd inigeidds férhelcd@sd frodad r@élﬁgit(p@ﬂ)tides or
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(eD1gding gty 8 had(gand.ivgg4ire tegad o Hf d8%ucus)
br onch oalone 4Rk, thRVA&Rsion p&%ld@@zﬁfﬁﬁ%atf& selebiel; £pofcdsd resistant
pancreatic extract, gastric fluid, saliva or tears. In
onRePEfboIOEeptide fiiem grrencataire of Bepdides draoheptifics fromeyising
a T t he sel ected
pp@?ggég fgﬁgﬁ?bég%§§§§)%%%¥ (1ypept|des have
ut ¢comitiying metrbmlmpy anga ppivskaxider enditthnaguitblesfooprotease activity;
di sease or conditions in mammals, eg, humans. In
patticul ar, the peptides andpol ypeptides have utility

asrcthiRriRa s |p§thfe ofd bylgﬁeﬁtiaa&haam d de}sﬁéd/blbrégﬁ;ap&w&}e fwhereby a
proteases when adm nistered t patient, such as a

20 hupratsascreyistant Rplide, Or\mbfﬁerémwweiqceqded to

wherein the protease is selected from a protease found in sputum, mucus (e.g., gastric

mucus, nasal mucus, bronchial mucus), bronchoalveolar lavage, lung homogenate, lung
extract, pancreatic extract, gastric fluid, saliva or tears, and
said desired biological activity is binding activity.

Thus, the protease is found in one or more of sputum, mucus (e.g., gastric
mucus, nasal mucus, bronchial mucus), bronchoalveolar lavage, lung homogenate, lung
extract, pancreatic extract, gastric fluid, saliva or tears. In one embodiment, the
protease is one found in the eye and/or tears. As discussed above, the selected protease
resistant peptides or polypeptides have utility in therapy, prophylaxis and diagnosis of

disease or conditions in mammals, eg, humans. In particular, the peptides and



the @ tract (eg, orally, sublingually, rectally
adm ni stered), in which case the peptide or
w@olognepts de nmay be subjected to protease in OPET/GB2008/050399
nore of the upper G tract, lower G tract, nouth,
stomach, small intestine and |arge intestine. One
enbodi ment, therefore, provideg_for a protease
resi stant peptide or pol ypeptide to be adm nistered
orally, sublingually or rectally to the @ tract of a
Papdlpsthtidd Hateatilitpadine rbam sf/@fngs Bathr® BREP t0X¥ncE@EH protodkes
in the patient. For exanp oral adm nistration of a
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10 p0| é/ E‘)mg&t Iad(]?/o% ore\k/)eentlalq nl“ ml"ﬁltF (ejl rrkfé(dl tgcb con%ttlon b Ascas sucht as
TFaRasa K5 purnonary t| RSue ot~ a patient "6
anaiﬂmms pe‘geli}&[lfna&)uﬁmﬂ&ﬁs)';‘ IBD, pmndm mo(Drohm stdhs@aq@aﬁm &mst
on may . be a llergic
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herein by reference. The peptides and pol ypeptid
ac@@tﬁdsen@hemdtrh@stmdém by tnhatayior psipiranasilis rt@pleldlomry tissue (eg,
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These features, combined with protease resistance, makes the peptides and polypeptides
amenable to use as drugs in mammals, such as humans, where proteases are likely to be
25  encountered, eg for GI tract or pulmonary tissue administration.

In another example, the peptide or polypeptide (eg, variable domain or
antagonist) is likely to encounter protease when administered (eg, by intraocular
injection or as eye drops) to an eye of a patient. One embodiment, therefore, provides
for ocular administration of the protease resistant peptide, polypeptide, immunoglobulin

30  single variable domain or antagonist to a patient (eg, to a human) by to treat and/or

prevent a disease or condition (eg, a disease or condition of the eye) in the patient.



for ocular adm nistration of the protease resistant

pepti de, polypeptide, immunoglobulin single variable
walormailgwias ant agoni st to a patient (eg, to a heOEGB2M®H/050399

to treat and/or prevent a disease or condition (eg, a

di sease or condition of the eye) in the

patient. Adm ni stration could bg_topical adm nistration

to the eye, in the formof eye drops or by injection

into the eye, eg into the vitreous hunour. In one
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formulation for delivery to the lung, wherein the
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nmet hod, conposition, device or formrulation of the
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I n one aspect of  the invéntion, the peptid
poﬂnymlpn mjae'shavs/affnactﬂaeledstrﬁﬁl Qo ableesi§o i, ot st least 60°C, or at least
i nven

%g) ?;In: : aﬁ‘laf a ém{gg(t)ms USﬁtlalBtthf) ﬁl’l’lé:)g%l%lono r&CVICC or formulation
cwﬂﬁmnwaitio@nn@fcominy@amhlaqﬁp@de otgolypbpteiedomai n of
lmg/ M) at 37 to 50 OC for 14 days in Britton-Robi nson
lsjgf f Sg nlg);e g%)gct cgghoedlggéenr‘gltgg tﬁ@gépetggst pggl’perglgl’es égr’iatg%domains
15 998 HontsREcRBRsItERs oPRIMPIeRiHs G theaMAAOM hitsutantially stable after
vari abl e domai n remai ns unaggregated after such

| nBEEALPH (T 4 compniEpned folgpentisle o sareblsodpnpah et 1rag/ml) at 37 to 50

e gy g S e 58 7
ya%i abl &, 83rbei 91, 08n%d, A4, M aater PE 94t drthsprpitide, polypeptide,

bat t. 37 d C |
G ztg%g{s (% V%rl @e dg]% ﬂlggrﬁalgﬁuna%gregﬁtﬁg nﬁt%sr sugkgmc%kéa%og 6t 37 degrees

20 65¢C. YrQone7e'ilb089men85lt 1686,65870, 78330, 99, 86937, 88290,93, 9943, 94, 95, 96,
98, 99% of t he peptlde &gnypeptlde

2??7a§g%ﬁ9%{e7 offhe PertidaP Y PERSIfgIoR VTP FRandim ExgivRsgReNOEeric after

af §@h incubation at 37 degrees C. In one embodiment, at least 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
of the peptide,polypeptide, antagonist or variable domain remains unaggregated after

25  such incubation at 50 degrees C. In one embodiment, at least 5, 10, 15, 20, 25, 30, 35,

40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
of the peptide,polypeptide or variable domain remains monomeric after such incubation
at 50 degrees C. In one embodiment, no aggregation of the peptide, polypeptides,

variable domains, antagonists is seen after any one of such incubations. In one



such incubation at 50 degrees C. In one enbodinent, at
| east 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,

woe08/114¥5, 80, 85, 86, 87, 88, 90, 91, 92, 9BCT/BGB2008/050399
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95, 96, 97, 98, 99% of the peptide, pol ypeptide or

vari abl e domai n remai ns nononeric after such

i ncubation at 50 degrees C. |nsone enbodi ment, no

aggregation of the peptide, polypeptides, variable
domai ns, antagonists is seen after any one of such

i NGl en Sthe pnofanepépia] ptiden vRtiald¢ déhgin paRdihdghchanged
polypept|de or variabl e domai n remai ns unchanged or
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f t d
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Britton-Robin I'n one aspect of
the invention, the peptide, polypeptides, variable
domai nslp capespgermifshasinventiopobe pensids, rolypeptidas] wariabla sloghins,

t ha%tei%%%{ggt J:o?lgltiogﬁﬁ)ngc' 8%%@5‘51%1(%%'0}( t t1 einﬁor?];lle%gbstantlally stable after

i ncu concen 1on o
Vv aihtw@atien dmaaom:em‘ratikﬁmfmblybaptmb oﬂvﬁﬁb[e(liorrYallda@/H)Omg/ml) at4 °C

Brittaon- Rohi nso uffe 7_to
#? féﬂam%s fionrkoPglsen nh f‘rgﬁto(%7é? 7156(5%tat 9’%’? %gsﬁéﬂ In one
g%m&@ﬂﬁent Kl 1caft95995.9596, 9§ 5997,99.5098,99.5586 6f 94§98 of the peptide,

pepti de, polypept|de antagonlst or vari abl e domain
r eprYITSTidH agt@g@gsipé garigbicefonzie frjamsuipaggregnicd aticppish incubation.

“Rg%' gg'll%dmggt @%&’sﬁ 9?3){3’5 5226?) dsg@v p%f@@gbfi% 9%70r 99.5980f the

v apdpatid, poypomtide or @andbiksd avmeriio meraics mdrtoareris atthr such incubation. In
i ncubat,i In one e atlon

TG R B e el P R R o

| San#@RRisfi§ &en aftyr MHSNOHF SildE MdubaivaaL | ons. In one

aspect of the invention, the peptide, polypeptides,

vari abl e domai ns, antagoni s conposi tions or
f or mul aPioBRaSRSEt ATk inKEALiRp; ¢ éﬁpzqﬂélesrt?@éqeamqswwblgtda@@@s

af e;n@z[goﬂﬁgutltd {t108s &Iaﬁ)rrﬁulgt@&ﬁ%m}feq;we%ﬂoﬁgre@%sﬁ?ﬁﬁﬁﬂl di8ble after
var 1 abl e donmai n of m) eg, at room

t emqbehwlgn eat azgnqﬂre‘gatmsof@kype}mﬂ@ or fvmabie dropin Oé@mgﬁmé) eg, at
j [

IIOPIengglilJl Et%re‘.’, 88 %%eesg%or %7@6 %g@ hgl}r e %8@6%3!&?? e§ a Pari LC+
93cup94n ofRbemiShlirbent 94 1ca®66% 70,976, 8@ BS586, 98 8&80 D1, 9B 93194, 95,

va?ﬁs éﬁ’l%f 9Qtjgﬁ)gp§$ @%39%8 {?yncgg)grge/g gif @%Btg? rp {{Ri:%trlde antagonist or

neiabB Aoh@h reiBind8a 9%?@%@&‘:6 BBt sucRhel @8t onS ogeoemgo'éhment at
80, 85, 86, 87, 88, 91, 92, 93, 94, 95, 95.

96lesst 68,770, 85,88, 8986, 87388, 90981.6R. B0 9498%P5 Ohs. Qéét ?7187 5,98,
POYy @R 96,50 o MAL pARUE FARFRbU & Wi fTe FRRAN T hdins monomeric
after such nebulisation. In one embodiment, no aggregation of the peptide,

polypeptides, variable domains, antagonists is seen after any one of such nebulisation.
The peptide or polypeptide can be isolated and/or recombinant.

In another aspect, the invention provides a method for selecting a protease
resistant peptide or polypeptide from a repertoire of peptides or polypeptides,

comprising



after such nebulisation. In one enbodi nent, no
aggregation of the peptide, polypeptides, variable

waleosailsE 43 ant agoni sts is seen after any one of PEU/GB2008/050399
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nebul i sati on. The peptide or pol ypepti de can be

i sol ated and/ or reconbinant. In another aspect, the
invention provides a nmethod fog_sel ecting a protease

resi stant peptide or polypeptide froma repertoire of
pepti des or pol ypeptides, conprisingproviding a

I eRevidRiglaepdrioR@RY belRRIcOSr fdypepedsi des; conbi ning the
repertoire and a protease under conditions suitable o
f oYOIHYIPS HSdREEOITG pRd/a PEHAST WSy emidiipng sytaple fgeprgicase activity;
polypeptide that has a desired biological activity,
whereby a protease resistant peptide or polypeptide is

s elceteadg a ph@rdeion pslapebtide shat bab dodesiratyhiomigicalcactivity, ywheseby a

bi ndj tivit t t ar Li d [
BB AN B BT o 7 ST

I MvRdtinQRididasirdarnd1e@sa absvisy idBmdhackevibakg By OtagR8Bgandivr a
an enbodi nent, the protease is an aninmal, eg,
negfials Agandeg, human, protease. In an enmbodi ment, the

pr ot easg ohs e@bGindeh@ G thPhRIRBAS 6f AL i e RO B Yeabd 33YBn-
protease, eg, a G tract protease or a pul nbnary

t | pstesialproteases dn o emblodimehfu the psotedsa isomeanagg eeg, mapiealian, eg,

i nvention. provides et h for, sel.ect a_protease

A B 38 By R B P e B £ Y BBl PR Bpmonacy
petdsic@stcase, palayplepict presascampulaomgy fssov pelitéage Bound in humans.
repertoire of peptides or polypeptides, conbining the .
repertJPF@céﬂﬁ@p&ﬁW@ﬁ@%mhﬂa¥ﬂetﬁﬁﬁﬂpg W§§§ﬁ@ﬁﬁ%ﬁ@*?ﬁ?f$ﬁm“
Preass: AffdepliddroRGeffORY 8f hpgides ReRLypesRE, comprising

pol ypeptide that has a desired biological activity,
whpeldinga rppastoaa 96 perssleserapolynseiddasde or pol ypeptide is

S S5 954 RS 0 Gl v
about 400C and (iii) for at |east about 30 mnutes. In

one enbodi nent, these stringent condjt.ions enable the
S SICBAET 1A BFPUSls SF POECTEIC BY Dcto Hebbigekakiegpty, whereby a
af froRbdereaftttQeptide or polypeptide is selected,

wherein said conditions are (i) about 10ug/ml to about 3mg/ml protease, (ii) about 20°C
to about 40°C and (iii) for at least about 30 minutes. In one embodiment, these stringent
conditions enable the selection of peptides or polypeptides with high affinity and/or
improved Tm. In such case, the peptides and polypeptides may display high affinity in
monomeric form.

In one embodiment, in the methods of the invention, for said conditions suitable
for protease activity about 10 to about 100 pg/ml protease is used. For said conditions
suitable for protease activity a temperature of about 30 to about 37 °C (eg, at about 37
°C or about room temperature) may be used. In one embodiment, the repertoire and
protease may be combined for at least about one hour (eg, about 1 hour, about two
hours or overnight). In the methods of the invention, the repertoire and the protease are

in one embodiment incubated for a period of at least about 30 minutes. In one



improved Tm In such case, the peptides and
pol ypepti des may display high affinity in nononeric

wo orosi1491m3 one enbodi ment, in the nethods of thBCT/GB2008/050399
invention, for said conditions suitable for protease
activity about 10 to about 100 ng/m protease is used.
For said conditions suitable for protease activity a
tenperature of about 30 to about 37 OC (eg, at about
37 0C or about roomtenperature) may be used. In one
enheshdiett, the bR tdaSPRub& dtaband 0p ﬁ@/&rﬂaﬁﬁl th@Y¥oriined repertoire and
conbi ned for at | east about one hour (eg, about 1
horipteaggratitncrlpded s abaut 87 “o s phicgtiphout bt he et hods of
the in
one. entadl renrod AEns BRSPS R PGB LR & bfbsin. o
abouitab8 Glomiamus 8900 ko 80,06 phwsmmablet dvenapr, og edise Cis 10

ed at h t .
5 ol pegp BAGD a5 4P RECAIo B0 00 BRI S SPTRE pEylh CorC s
abmotmiteigiams/ifl, dierag@eRoLDOBRE 30,00@piodlabddvdr@blealomain. In one
nmol e/ npl e basis) of protease, eg trypsin, to variable

dofraadiment ghegao (5 pwcisiovHelt %g-a@@r%é%rrﬂéw@g@afh%ﬂsw) ofgyotease
thypsi) gtpvamaﬁlre%frﬁﬁﬁé k,006 Rl 6&)@00 %rdt@aslg‘ggrléb@e & BP0 when

pro?ease vari abl e domai n; or whe
m € mtj)rlawmgﬂlms/mhéhfr mtip o8 |1§08 1©0060.0¢ pot@govariable domain; or

10 ?r gﬁ%laémg)r gﬁ{sl I%B mlﬁrogramS/nml he ratlo 1&?1&8@):6 (_3[(3?1&@10%)6 grotsase %larlable

p r dﬁn@als eln(@g ,erribb&m&:lnﬂ )thetpiomsrel mtadee atlo 6@iconttasiod 6f AQBast 000 or
800 prote se vari abl e domain eg when Cis 10
]cqﬂ d‘i“&li?ﬁaﬂﬁsm I?;the?%.?tl ois 1,600 to 160, 000

pr ot easgny@!siraPhStd Q@ h e uSd WRRIMEhOd, slc & ch8@r more of the
mcrograms/m, the ratio is 1,6000 to 160,000

prf@ﬂ@‘é@é: Seaing atsitesse GHEEINS PIOteash esnarbisdirererses, thipkproteases, matrix

u nt,

5 DAL B0 BB RTESTLAC L0l L SRSl )
betryisex) chy]ndtfy@smepdp&ﬂ peg)lamh clagasenieu@rzy moy pzmcn‘eatiﬂ) ¢hrombin,
follown seri pr gt eas St ei ne proteas
ST RUSPIR st aERTD L) g A2 REPIP4SC 1. Proteinase 2,

MefratchRRS D BRARlySAI ROXBHLPink@aSPtilfe Laspase (e.g., caspase 1, caspase
car boxypepti dase A, carboxypeptidase B), trypsin,

C 3 IeBtRSS icAsPapreh sPPashsasPase &) aapassd 3), ICé]lli’é’é‘z {j¢en, clostripain,
20 pa’ﬂ:?l‘flﬁl@ﬁll E‘I’&s‘\{em’lﬁ) 'XHB Qe g%!é@sm Iﬁrtfcﬁgatr Eﬁg&!ﬁg@m@ et’hg protease is trypsin,
predamsa as bquzymeoffbe paas@sesaan etlsh)éoermbwéedby a:hymgs:amxtract
enblgfogf%aﬂgolngo%ggdte orabS Bl%glca prepgardtlon cgw oqe %élls%? % 1ro. 29t desired, the
method further comprises adding a protease inhibitor to the combination of the
repertoire and the protease after incubation is complete.
25 In one embodiment of the methods of the invention, the protease(s) is in solution
when combined with the repertoire.
In some embodiments, a peptide or polypeptide that has a desired biological
activity is recovered base on a binding activity. For example, the peptide or polypeptide
can be recovered based on binding a generic ligand, such as protein A, protein G or

30  protein L. The binding activity can also be specific binding to a target ligand.
Exemplary target ligands include ApoE, Apo-SAA, BDNF, Cardiotrophin-1, CEA,



2, caspase 4, caspase 5, caspase 9, caspase 12,
caspase 13), calpain, ficain, clostripain, actinidain,
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the protease is trypsin, elastase or |eucozyne. The
prot ease can al so be provided by a biological extract,
bi ol ogi cal honobgenate or biol ogi.cal preparation, eg
whole cells in vitro. If desired, the method further
conprises adding a protease inhibitor to the

cogbimath4Lighnd, 0B 56OBBE, WD E38aRGF PEF RERPRATN AT78 EFotaxin,
i ncubation is conplete. In one enbodi nent of the
meE¢eEis-2oFxedve-2 FoBet FokracidiveFpF drsiasieyrahlast gravth factor-10, FLT3

kbR SRR P o GRPRSE! R a5 umin

degbyIRATHN-Q! 108 C 8GF-AC T\ bt M-1 5, ILelcr@Ue%ﬁ&dILbﬂ%eﬁEir &pe 1, IL-2,
bi nding activity. For exanple, the peptide or

pollypdpt4, He5chn6 BE-% éh-&(é? é@)ﬂés%@@rﬁ bﬂrr&s HglQ IL-11, IL-12, IL-
gene Ii]l_,(i5| IILg%I;(EL 15;113«:“ ofn%{bm % Ingl E 1% lgeratn%ocgte growth

protein L Uy RS e SPECi

bi fackong (KGFaR)} EGE;ELeﬂtllngEI‘R;I Lyiﬁpﬁdstmtalr Mmlaflgﬁﬁlhibhtg@/mﬁ’éstance
i ncl ude ApoE Apo- SAA, BDNF, Cardi ot rophin-
CERORISHIS CO@BX@}LPI&HY] éactmenocms%tm@me@tel@éﬁcSEGMDC (67 a.a.),

I eGeRt @0.a. ENGCB1 (1hetad] icPEO Vi A RICPEXABE-(47 a E?\FK;IDC (69
FG-- aC|d|c FG--basic, 'Tibroblast growh factor- ,

FLéra) IMIﬁaMLP Fr. adtPal (K M- YCXBID) 3 B, GIIRFS, nGelsiF proghbi©Skyhibitor

ke (PETRD, SEUHT. R e i asion, NG o e B
t y@ﬁ(jolmnh b %PdiﬂLA%l PHGE4AB' PD@F 1!;1*3: 18- 4'kaﬁTEb LS]§F ﬂo? ADFI1B,

| LSCH,BCGH, stetrbgelll ﬂmtor](&CFb LTAH(Z,,T(EIF:a IB%F([} GIG%)B2 nmm B3 tumour
a, Inhibin b, 1P-10Q keratlnoc te growh facto

Loy, It INFO g Vbt £ NS5 WU FF REAPF [laNIL-L, TPO,
' n{)E@Ft PEGFSA W@Iﬂ BEVEMRRE Gyt G P I\@@F ﬂe%%'lt:&' %’@G 6r$cept0r 2,

factor, nonoCyte attractant protéln
a. YEGF rddfiof 69GEPR, GROVEIGIA, (CNZ{IAFB) GRMBP-HaccmPs@,, HER 1, HER

- 67 NVDC P- |
M:g H41?R %/%ﬁ({ﬁ s5im Mbr-om%n a“glfn PO ﬁ%?”&ﬁd -Zor By flpha)
i nMWltz%DPDK@CIg@r kS sl 'I_‘LJI)SRaNi_\rWB 13, TINeHE, tIEr1I6n1L INeft i€-17, IL-18,

row h factor b-hEF 4, Oncostatin

DOk 11 SEIE- A |PSFCBE, CPR G| RAKPES, QB2 766828, D3O,

DR R SUNEDES USRI IR SRS RS cea

TNER &, CTINE-(WX CITNIH SDee Ep tlommadse, FINE, Fuaagftdothelih-1, Edbking (e.g.,

Tpg(’)taxin, Eotaxin-2, Eotaxin-3), GM-CSF, ICAM-1, ICOS, IgE, IFNa, [-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,
TRANCE, Tryptase, VEGF, VLA-4, VCAM, 0487, CCR2, CCR3, CCR4, CCRS,
CCR7, CCRS, alphavbeta6, alphavbeta8, cMET, CDS§, vWF, amyloid proteins (e.g.,
amyloid alpha), MMP12, PDK1, and IgE.

In particular embodiments, the peptide or polypeptide is recovered by panning.



VEGF, VEGF A, VEGF B, VEGF C, VEGF D, VEGF receptor 1,
VEGF receptor 2, VEGF receptor 3, GCP-2, GRO MSSA,
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serum al bum n, vWF, anyloid proteins (e.g., anyloid

al pha), MwW12, PDKl, IgE |IL- 13Ral , IL-1 3Ra2, |IL-

15, IL- 15R IL- 16, IL- 17R _bL- 17, IL- 18, IL-18R
IL-23 1L-23R, IL-25, CD2, CD4, CD la, CD23, CD25,

CD27, CD28, CD30, CD40, CD40L, CD56, CD138, ALKS5,

EGFR, He E)BE embéditentFEltide mEhbdsSof thhwerftidg, th@ire%rtm@(i@leiﬁosed to
(SDF- 1), mase, FGF, Furin Endothelln , Eotaxins
(ealggandf(z@f ilgﬁndEgﬁnﬁse? Heand) mhemu the %se@/pfﬁpprqt@&mmd one or
| Qe r}l&ﬁ)erg gfl\tlﬁe re])el%pe ark BHI&YLd §Td érf ﬁﬁhlﬁg td e h%ﬂ:d'.

M P4, s, neutrophil el astase,

ost eopdntsolmf: e@X@dlmenll@Aﬁ@rep@Dmrq cARANIFESS) diSORY sy8DIE:. | For example,

TARC, Thr Tlm 1, TNF TRA
o S ity R e ecop rORGE sny o Wsplad oG
C%ﬁipa@iﬂaﬂtahﬁﬁaﬁ and Hﬁbl@y,@%hﬂ dlspﬁlblplftﬁmlﬁ?&ﬁ dlspﬁ%,cteﬁﬁﬁdlsplay,
VVE, anyI0|d proteins

PPl %%plﬁﬁe PrrFORAlER d&ﬁ%{r Péﬁn‘%la%ﬂ qlféﬁ%@)ésyszeﬁé 1@%&?%@ function

O o ROV REPLcH Hghd ﬁnét%%@lvﬁﬁl%gtegé’tw@ PMHNIpd 2 R rﬁ@lypeptlde encoded by
enbodi nent of the nethods of the |nven¥|on

r efpentdiic ecids lreppbeda cndodinhdngsa d(lap@ygseistemu cgmpdses replicable
en%&&gzkk%%gd) when in the presence of the protease
neone’ re menbers of the repertoire are sel ected

based am sbﬂnl dinbgditrentshthe Hlsgﬁp dystdnn ceapitsce biachiophndesdisplay. For

t he regf ire cqnprises

pIa m__Faor .
exSHpP actgi aawég}%et é%ﬁ@%?fi% Hagarticular
di §RbRYmerftd, ARSIVR ridpisRk @iépla? tesrh ®Mmultivalent. In some embodiments,
conpartnentallzatlon and di sp aﬁb yeast displ ay,

puthe fgrtide odpelypenyide isadisrdayicdlas apHpfusipn paeteipl ay on
pl asm [ -
syst emg&nlolgé &Bg(ﬁln%{l]tt h% T C{?e!rt%%é OE 5 g)ftlﬁ gll g)pE@I (%X gerﬂ%dvarlable
f udvaihdion ad dlsﬂ’]@red@h@actsﬁo@ag@héﬂm&eﬂm}ﬂiivﬂ& the protease, for example

polyp ti de encod he I ¢,ac

DR g e oa b A e B Gt B maf i Virions).
geneti c packages. In sone enbodlnents t he displ ay

syst em [gQif tHmBsdiaats ethé aethdg Furthcs Bd)rﬁyr-iseE@ﬁlpryﬂ@lhenucleic acid

the bacteri ophage can be fd, M3, |anbda, M52 or T7. .

| nesaipg @ QFI%{fdeé’ﬁB%fPﬁ%H‘F ghat hirea desiEeEPiplogitakpstisity pinggprticular

SYshEIBithntsnihd A REEREd islafhpifB®LEPRRE BN fisation, cell growth or
polymerase chain reaction.

In some embodiments, the repertoire is a repertoire of immunoglobulin single
variable domains. In particular embodiments, the immunoglobulin single variable
domain is a heavy chain variable domain. In more particular embodiments, the heavy
chain variable domain is a human heavy chain variable domain. In other embodiments,
the immunoglobulin single variable domain is a light chain variable domain. In
particular embodiments, the light chain variable domain is a human light chain variable
domain.

In another aspect, the invention is a method for selecting a peptide or

polypeptide that binds a target ligand with high affinity from a repertoire of peptides or
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di spl ayed on bact eri ophage when incubated with the
prot ease, for exanple at a phage library size of 106
to 10 13 , eg 108 to 1012 repljcative units (infective
virions). In other enbodi nents, the method further
conprises anplifying the nucleic acid encoding a

PeRilysitiads. Bk HRER c@ﬁlphﬁb%tprm&ngia@@ﬁhbﬁ@oﬂbe?h@@l(ﬁf@blypeptldes

activity. In particular enbodi ments, the nucleic acid

i SCORMININg thedemsytoph arda BIAHAPT Tdst Fanditions pyitagledial protspse activity,
th
P%ﬁé@@é@%ﬁnﬁﬁéﬁgé ggﬁc‘il&;‘?&}ud% #La?&ﬁ&s tﬁ@’%?%é Fﬁgn . e

repertoire I nmunogl o gl e

var i abl Bhedopaions andl ﬂleumttasc ateagenenﬁy) dhicnteatedsfor & heriod of at least
obulin,s ar.i abl e chai n

v PR RLR R AR PR PR AR o IR B s e A8 or more

heaie fliaivimgy edrind pk@eeHktBink @rc&ed@&{l’ﬁﬁp'hrﬁ%@t&te@ééaitﬂlol proteases,

vari abl e donain. In other enbodi nents,

i n%ﬁﬁlesglllf‘é@mqﬁe@? (FGTOEXYREPHGSE e- @o??é‘P%YP%PUéIaW Arfarborypeptidase
abhsn, Q:‘Hgﬁbff'ydpsﬁﬂ" p@ﬁ’s’iﬂ hgpHif rela%fﬁp@ U TBRINR, phdifeatih ARtombin,
chaln vari a omai n

IS a human [i'ght chain variable
dolvimrmn qathcasios (vex, cathgpsn G)tiivetcinasee(aisi, proteisass lyprotwehse 2,
al%rotsé%na %aﬁ%ﬁnm? St tclhdﬁl08¥1T e.%?er%@ep? Eriaos%ﬁecatsg]a%%) ge?% gc%rg%aasle 11 caspase
pe:ptcasjﬁse fQrcpPayp® mbSpdﬁS? cddpasa et bagaeddprcakpam, ficain, clostripain,

prOV|d|ng ar pert ire of ptides o ol ype tldes
cotfbinie g PRE %‘Ié ﬁ%i?ﬁf‘dﬁai?aée aﬁ‘d’aglcﬁﬁéf@gggnﬁ% ¢ protease is trypsin,
conglirdsk on I%u@dt'yhl@b 8 bRItcaRE QJneﬂs%eoegﬁ&\hHéJB’y a BiBRgical extract,
recovering a peptide or pol ypeptide that "binds the

t abiglegichi kpamgenarher biejoeiceldireraraiiog. ﬂffft@smd;ﬁ@ats@h@i farther
9 e&%{pqlsgsy eﬁﬁiﬂl%;b e{ﬂgl%gsg n%lbl?orgg 'Eﬂe c%m%&na‘agn L)Ft?lg trep%ﬁ&% aneﬂothe

ne@h@dguﬁhchmamnmmeummqmnee of the follomnng, serine
pr ot ea

t hi ol sﬁ&p@é‘géegl v prep e?]c%{el QF ire&g?%tfxggeggg 51(1) Ei%alsngsahy desired target

Calﬁ% dYRePhd HasRgdt Biglhds dERIBQKNRAR! Tifgs€cutr embodiments, the
car oxypeptldase B) try$S|n chynotrypsi n, pepsin,

palrRfiAc OeodercpEde | lsrrfec@m Repanméiigcr eat i n, t hr onbi n,
pl asmi nyg ﬁe@ttﬁbee{%%bé‘%eﬁl%dgofthg ﬁ‘fv&?tg)%' Bn&R th PILE& @@B&wal activity

(e.g., proteinase 1, protelnase prot ei nase
t hie ﬁ)nmlhr;gsacnylt;c tilyenhipsing Ihaembeumbem'getd@w; geagpaggnd)es got, the

cag aesag the' proteg e?? €

In some embodiments, the repertoire comprises a display system. For example,
the display system can be bacteriophage display, ribosome display, emulsion
compartmentalization and display, yeast display, puromycin display, bacterial display,
display on plasmid, or covalent display. Preferred display systems link coding function
of a nucleic acid and functional characteristics of the peptide or polypeptide encoded by
the nucleic acid. In particular embodiments, the display system comprises replicable
genetic packages.

In some embodiments, the display system comprises bacteriophage display. For

example, the bacteriophage can be fd, M13, lambda, MS2 or T7. In particular



2, caspase 4, caspase 5, caspase 9, caspase 12,
caspase 13), calpain, ficain, clostripain, actinidain,
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the protease is trypsin, elastase or |eucozyne. The

prot ease can al so be provided by a biological extract,

bi ol ogi cal honpbgenate or biological preparation. If

desired, the nmethod further conprises adding a

protease inhibitor to the conbination of the

I e ddahéfs, ANthache o2t dRsRY 8 dt@h id MEPAEMO M kdine embodiments,
conpl ete. The peptide or pol ypeptide can be recovered
babedcrsisle st Relypeptidais dedaviedds ¢ aﬁb@quip@%tﬁla; such as

the t _arlg%'fhelr E&ﬁ@(ﬂﬁlegﬂsﬁgé AReRd 1k BompriseR 8 h@kﬂ he nucleic acid
enbodi nents, the peptide or polypeptide Is reco ereg
byengading ageptils opeoelypéngidaiow basweddswelkbiofogichkacitimie nkni partjcular
where the desired.biologic tivity is.bindin

nce TSR i RrREeBEL ke bl P growin or
gepyihérasd dhamdadtisnnot the sane as the protease(s). In
sone enbodi nents, the repertojire conprises. a dis?la¥ .
syst em INEeMe sphadiments; the IPRERIraly adsRarglF ehip@noglobulin single
baﬁ&ﬁﬁl‘e%ﬂﬁﬂl@._ g PiéNar &ﬂﬂé@ﬁ'&'ﬁ%, ﬂfe%ﬁhﬁlﬁoglsmﬂnso‘i@e variable
conpartmental i zati on and di spl ay, yeast display,

pudampye isre lgesypthayn vasablealoimain. dh spiraparticiilepdnapdanents, the heavy
Pl C%?I{Irl] \ga’r' B d5RUR |1g5ﬂh r(rjllen% eltaa ‘ch, Fl)Irl %glr?arbrl e(ﬁjorrqgig.pingaéher mbodiments,
systens TPRKCO i ng FURCTTon “ot a*ntcT ei'caci'd and

f uthe irh@nadgl chidih atgey vasitble sombintin e lipejhhideatsble domain. In

pol ypepti de encoded by the nucleic acid. |n particular
e b oditeatsgt E'@théyls\ta&ﬁ?le éﬁﬁmﬂé%%‘*waﬁr lighyishain variable
gengtdis packages. In some enbodi nents, the display

system conpri ses bacteri ophage display. For exanple,

t he bacheppbprrapet.dhningentfog is aRthod afrbrducinsg repertdire of protease

| i cul. 95&9' nts, i .ﬁ%§p .

R LA TLTROL GO0EL 1 BIER P o

pepiptides ampolypbptipleptcoohdining e sqpleayiedofgapadgsior polypgitolas and a

protein. hn oaqﬁr e odigentﬁ, t he. et hod furt.her luralitv of

c ORFBIERSRASITRIS FoRITaRS IHUPIERSE 54T AHEisER g2 plurality o

PeRiptide RpoRPkptRIRPiHatiRavk RafesiRADIAosesiac@etyDnBbRBY & ¥pertoire of

activity. In particular enbodinents, the nucleic acid

i sPratepiciresigentipgptisiea gepelipiptifescapiogicedeel | growth or

poly Mer i d&mé 'Eﬂl'dei&%ﬁ&,t th®Pepertoire and the protease are incubated for a period
of at least about 30 minutes. For example, the protease used in the method can be one
or more of the following, serine protease, cysteine protease, aspartate proteases, thiol
proteases, matrix metalloprotease, carboxypeptidase (e.g., carboxypeptidase A,
carboxypeptidase B), trypsin, chymotrypsin, pepsin, papain, ¢lastase, leucozyme,
pancreatin, thrombin, plasmin, cathepsins (e.g., cathepsin G), proteinase (e.g.,
proteinase 1, proteinase 2, proteinase 3), thermolysin, chymosin, enteropeptidase,
caspase (e.g., caspase 1, caspase 2, caspase 4, caspase 5, caspase 9, caspase 12, caspase
13), calpain, ficain, clostripain, actinidain, bromelain, and separase. In particular

embodiments, the protease is trypsin, elastase or leucozyme. The protease can also be

provided by a biological extract, biological homogenate or biological preparation. If
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is a heavy chain variable domain. In nore particul ar

enbodi nents, the heavy chain variable domain is a

human heavy chain variable donmgin. In other

enbodi ments, the inmunogl obulin single variable domain

is a light chain variable domain. In particular
enerédreit ifethbé M RirthbItinERed dwald @RblegscdeiTBitd} th She®ombination of
human |ight chain variable donmein. In another aspect,

t W< FapgBRiEs B the Preteass #isa InspbiondueI™YC!s: r epertoire of

pr ot eas [ P

et hod oums B BE Ry b R P P pS S g dsired
poblylpgmah aesity soediveicd atclen raéapehmgnqtlmmf Fgeptinglesa plurality of

po rot ease er, s e _condi.t

P RS s R e B el N SR BT P R f R g Such
peﬁbtedﬁ‘ﬁ BotcROG P Qﬂ)‘tdlﬁj es ThbaindhigvRetiditgesialwbe specific binding to a
biologlcal activity, whereby a repertoire of protease

r elarest hgnd gk pee et hs@dﬁ%ﬁatﬁe@ Bereing Iy patigelagemyadiments, a
S ORYBraf N FERL S p&lpﬁeéﬁlﬁ&etﬁﬁtmaﬁ ﬁle%gretdhﬁolg%l%l%@%tya& Fecovered

i ncubat'ed for a perio | east about m nut €s
Foby ewaimgl e, the protease used in the nmet hod can be

one or re n ) e ri
cyst of b proragblfcl de PR B IR R BT frsem. For xample,

prm£dﬁﬁb&syﬂ@ibmxhﬂ@k&hbﬂﬁ@@H&@&@ﬂﬂﬁﬁﬁb@ﬂmpbpkmﬂﬁﬁ&l
(e.g car boxypepti dase A, c Xypepti dase
{ rpPIeRmeB ) AR PP gﬁp lepaisarta lsp palTATYEp &%ggebacteﬂal display,

| edl*lﬁiﬂg)y W%laﬁﬁ‘lﬂc&%bhl@mt (flffﬂ)'[éi’/nbh BartiPhIBSHBbdiREHS) %%Sdl%ﬁay system
, hepsin G), proteinase (e.g., proteinase 1,

pr icpding fimction off aelilu@ i@ad) and fyaetianhldiarpcteeibyoss the, peptide or

e

o %og%psegﬁ% énggtzegiabgl e‘[ﬁ%ﬁ&ﬁ%g gtgg gI ’ ?@(glgﬁséﬁlb%ﬁlﬁr?e%?spﬁl% %1sélay system
13jompeabp@pligablel geastit, pack@s!; ripain, actinidain,

br omel n, and,separas articular.e odi nents, ..

Che oy dpaame SreSERERE e aispal e B?mPréStﬁ’gg%‘i}‘?%’Pﬂﬁﬂ?ed“PlaY For
pr@&aﬁl@&et}fé%ﬁct@h%ag@ceﬁ’f&\&ﬂ dmis J¥mBdh e 0@ el In @xtiicaiat |

bi ol ogi cal honobgenat e or blologlcal preparatlon

| f deladinaents, theebagierinplpge displas sy Eampy neléyalgefd iimgorae embodiments,

AL AR PR R LU AR OTPIFRLER bl

conpleﬂﬁoﬂkmembu@nen@ﬂﬂen&ﬁtﬁfmﬂﬁmbmnpmx$ynmhﬁmephédm@dc

orac?(?s e}/lgoe(f) ng a plu rathty of peptu?es or poglpep?%es that have a desired biological
activity. In particular embodiments, the nucleic acids are amplified by phage
amplification, cell growth or polymerase chain reaction.

In some embodiments, the repertoire is a repertoire of immunoglobulin single
variable domains. In particular embodiments, the immunoglobulin single variable
domain is a heavy chain variable domain. In more particular embodiments, the heavy
chain variable domain is a human heavy chain variable domain. In other embodiments,
the immunoglobulin single variable domain is a light chain variable domain. In

particular embodiments, the light chain variable domain is a human light chain variable

domain.
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activity. For exanple, a plurality of peptides or
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generic ligand, such as protein A protein G or
protein L. The binding activity can also be specific
binding to a target ligand, sucgh as a target |igand
descri bed herein. In particular enbodi nents, a
plurality of peptides or polypeptides that has the

desi r ednbhethedispak, tReinv¥ition it S nkeoa Ve Rikcthg épfiﬂfﬁa&&esistant
In sone enbodi nents, the re ertoire congglses
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woﬁeﬁﬁée 5ﬁmrlsﬁ%@nQHﬂﬁﬁ§§Ib&IM@Q@agrlablerﬂo%ﬁlﬁﬁthat binds the target
enbodi ments, 'the display system conprises

bd@ﬁedlophage di spl ay. For exanple, the bacterlophage
can be fd

o bt Skt BERS an Bifutbisdbint g Shbitfthe combined
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ypeptide 1s displayed as a pill fusion protein. In

ot her fSe@E ﬁ@h@%lmepﬁethﬁéhfrg@dh%t displies 2 peliypentide somprising an
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pepti des have a
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cerr i 5Ot vt aR ARG R i B B tgana i
enfesliciRINtyanhing. repertoire is a repert0|re of
i munogl obul i n S|ngle vari abl e do parti cul ar
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domain, human antibody light chain variable domam) selectable or selected by the
methods described herein.

The invention also relates to an isolated or recombinant nucleic acid that
encodes a protease resistant peptide or polypeptide (e.g., trypsin-, elastase-, or
leucozyme-resistant immunoglobulin single variable domain) selectable or selected by
the methods described herein, and to vectors (e.g., expression vectors) and host cells
that comprise the nucleic acids.

The invention also relates to a method for making a protease resistant peptide or
polypeptide (e.g., trypsin-, elastase-, or leucozyme-resistant immunoglobulin single

variable domain) selectable or selected by the methods described herein, comprising

maintaining a host cell that contains a recombinant nucleic acid encoding the protease
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sel ecting a protease resistant pol ypeptide conprising

an i mmunogl obul in single variable domain (dAb) that
binds a target ligand froma rgpertoire. In one

enbodi ment, the nethod conprises providing a phage

di spl ay system conprising a repertoire of polypeptides
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ov@lme@me (e15 tHPHE- EIBHE nAEL oY RETBittginthgoglobulin single

di $pi a@%%oﬁlaﬁlz LyegRit geschrm bg%hé"ﬁetﬁﬂdé B |h@1k%}ﬁ foPthe
single variable domain that binds the target ligand is
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The |nvent|on al so relaLgf to an isolated pro

a
r e %Qcaﬁxm?)%{sfa&yngpu% Bglbﬁllng]@ vagahle floypaip) %:ﬁecta%?e or selected
seheht afttlvs theripRiheds. described herein. In a

particul ar enmbodi ment, the invention relates to an

i sol at dd ope emba@@e(ﬂeofghe 1ntf¢13t1|99$ of the mgdrodstbe nicthod diziras)
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huna eav arn vari
andri ;immyytpﬂldeg hhde Iaamdltlmrsumﬁﬂefoml acmity)of $®| seoctrmlhjretease and
sel ect ed t he .net hods scr
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NULHQItE vﬁiékéll)ytah Rhst®RE Qéiﬁﬁle dr PSIOpSAIE tHaC i rsdiditt tPBRkEad
or pol ypepti psin-, elastase-, or

| eRfetasere sql@équt%%lrwr@ﬁ@ Arsgnd Battgapessrniffsrophr Thetstegond protease
dol'ﬁgy E‘Q ass(ﬁtlflﬁg& %HV@ £ palstﬁzlufa? El%gmmﬁents of the first protease.

The invention further provides an isolated pulmonary target antagonist
comprising a peptide or polypeptide, eg an immunoglobulin single variable domain, that
is resistant to one or more protease mentioned above, eg one or more protesase selected
from trypsin, elastase and leucozyme, when incubated with the protease under the
conditions suitable for a method of the invention, eg a condition of (i) about 10ug/ml to
about 3mg/ml protease, (ii) about 20°C to about 40°C and (iii) for at least about 30
minutes.(eg, under the condition of 100 pg/ml or protease at 37°C for at least one hour),
for administration to a patient for treating and/or preventing a pulmonary disease or
condition. The antagonist may be used for administration by inhalation or intranasally

to the patient.



t he nmet hods descri bed herein, and to vectors (e.g.,
expression vectors) and host cells that conprise the
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for making a protease resistant peptide or polypeptide
(e.g., trypsin-, elastase-, or |eucozyne-resistant
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mai ntaining a host cell that contains a reconbi nant
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10 |nventhﬂp atso rel ates tgﬁnaggumsd of tre
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thﬁegmﬂmtan effective anDunt of a protease resistant
pepti de_or pol ypepti de psi n-, el astase-,
| eucozyhh- pebigpiry et ﬁﬁé E@qt R aﬂagyﬂlﬁgméy GaiAgONAegTNT alpha. In
dogrRi dbod RAGE HRDDH1iBE, poBIpESIRD: RYridINEdJTRLA B8l fprises a binding site

descri bed herein. |n oné enmbodi nent of the inventions
of for h&FREt hod, the method further conprises conbining

15 a Secoqg aH %%?&%%g%ﬁe%uﬁ@gnar%%?%ﬁ:e 8{ G?HQ& teﬂr%&t IS@%%IH%‘[ antagonizes

resi st ant S under cC
SUTNERI eVEGF oalt-i Ri .t Yhopeptiie mb@eptdlep]r oheddedomainol may comprise

recov r|n e or pepti de that
SO B TR PR IR R Feee Ry BoD ' L) bt

one pephicde eﬁbocﬂﬁﬂeﬁﬂﬁ“@lﬁé Aethbiadt thSink &fios! BBLelt@ed f®tide or
second grotease is sel ected. The first and secon

pristheepide ig ferther pysesedhfor rspdanse kongkcprbietsass ardy thedirggrotease
20 de@dt ﬂﬁ&’er%k&%hcﬁ bRt DR thi G ue?t%om%gé ﬁ@ A e QblebdY %Irflétﬁczd The

ease nvent1 on provi es an 1| so
pl,ﬂemnrdqrryteaﬁng diffeeomt frgmrthesfirst protease, but otherwise can be any protease

described above. In one embodiment, more than one protease resistant peptide or
polypeptide is selected in the methods of the invention, followed by a further step of
determining which of these peptide(s) or polypeptide(s) shows resistance to a second

25  protease or to the first protease but under a set of conditions that differ from those use in
the selection method. The second protease is different from the first protease, but
otherwise can be any protease described above. In this way, one or more peptides or
polypeptides is arrived at which is resistant to more than one protease.

In one embodiment of the methods of the invention, a protease resistant
30  monomeric peptide or polypeptide (eg, an immunoglobulin single variable domain

monomer) is selected.
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and | eucozyne, when incubated with the protease under

the conditions suitable for a ygthod of the invention,

eg a condition of (i) about I Org/m to about 3ngy/m
protease, (ii) about 200C to about 400C and (iii) for
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sublingually or rectally to the patient. The pul nonary
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al | I
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pé%ﬁ émpﬁ3%§§8@' “or variable donmain may conprise a

bi nding site for TNFRI, VEGF or IL-1R respectively.

In one enbodi nent of the nmethods of the invention, the

sel ect ed Eeﬁtide or
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of the multiple cloning site of pPDOM13 (aka pDOM33),
which was used to prepare a phage display repertoire.

FIG. 2 shows several Novex 10-20% Tricene gels run with samples from
different time points of dAbs that were incubated with trypsin at 40ug/ml at 30°C .
Samples were taken immediately before the addition of trypsin, and then at one hour,
three hours and 24 hours after the addition of trypsin. The proteins were stained with
Ix SureBlue. The gels illustrate that both DOM15-10 and DOM15-26-501 were
significantly digested during the first three hours of incubation with trypsin. Digestion
of DOM15-26, DOM4-130-54 and DOM1h-131-511 only became apparent after 24

hours of incubation with trypsin.
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sel ection nethod. The second protease is different
fromthe first protease, but otherw se can be any

prot ease descri bed above. |In ope enbodi nent, nore than
one protease resistant peptide or pol ypeptide is
selected in the nmethods of the invention, followed by
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podoyeepinidohe to €DR1, CDR2md IR am osilingd &ithdoxabl e
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Comet i T A o R R st B by b X QM - 131-
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conprising a protease resistant peptide or ofypeptide .
£ O IGTR PG IQNT bt 3150 (i), t¢ BEymoblizn FAWFR kT tmeubation with

o D B Tl AR AR 016 giad Byt 37:C.
pepid sl sho thap elp threbevarrignts eteandre desintans @ae clicadsrant kyprateolysis
meegt I'}]1(i)g c%glcetnt[]rgti nrseo??r%)sil.l ?lVO%ﬂgtg/Hﬁ{] In

FIGS. 8A-8C are BIAcore traces showing binding of dAbs DOM1h-131-511
(FIG. 8A), DOM1h-131-202 (FIG. 8B) and DOM1h-131-206 (FIG. 8C) to immobilized
TNFRI1 after incubation with elastase and leucozyme overnight. The dAbs showed
increased resistance to proteolysis compared to the parent against both elastase and
leucozyme.

FIG. 9 shows two 4-12% Novex Bis-Tris gels run with samples of dAbs
DOMI1h-131-511, DOM1h-131-203, DOM1h-131-204, DOM1h-131-206, DOM1h-
131-54, DOM1h-131-201, and DOM1h-131-202 before incubation with trypsin and
samples after incubation with 100 ug/ml of trypsin for 1 hour, 3 hours and 24 hours.
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DESCRI PTION OF THE DRAWNGS FIG 1 is an illustration
of the nmultiple cloning site ofg pDOML3 (aka pDOVB3),
whi ch was used to prepare a phage di splay repertoire.
FIG 2 shows several Novex 10-20% Tricene gels run

Wi th sampises0A100ae Bf ot tracks SRWIRE Bihdingbf DARS4-1 hRb4 (FIG.
were i ncubated w '
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ntl.
T R et R e O
Wi th treiesi nADiIgesd BRwoes trddedhbsingBindibg MlDoLwi 3454 (FIG.
and DOM |1 h- 13 1-51 1 only becane apparent after 24
holl s> BPM4iéifae GhOwl it 2pd Asayid: lfr@ 2&10s 1 ) (0 imimobilized IL-
' | 1R’15fursi%h'p9&elﬁfaftEﬂﬁcM1&9wﬁﬁ AsReUHANGRI e RMibh: ]fhe dAbs
1-51 1 and 24 selected variants. The am™no acids t

d| fhowed fncenasedresipranasno preeplicsrrceonipared ¢d Q@F@tchgelln@trb@ﬁl Hp@ases
hi@&]&ghted (those that are identical are marked by

sfﬁ The | oops corresponding to CDRI, CDR2 and CDR3
ar e OoutHIGnel isvintiludnaxesof tht Gnind dckl s@gudnkd 0BDOBL1I5626-8F5and 6
the am ng acid se uencg of. DO 130-54 and 27
seTasERsd TOarnmeesids FrREJXRT Homdbs BYCHFSRuHFT MaFlcpted plones are

t hig o PRILEL ((HRSIMENGE idcRtisEhRGhAReLbpmas. are highlighted
(those that are identical are marKed by dots). The

| oops ddEdespoaad WP ais BEBHRpre t@epRahayinzbhREngefehe parent dAD,
X
DO rREER ahl Bufost PPt i RN iy pR [ 056503
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boxes. FIG is an illustration of the am no acid

s ef@ﬂjlywé%atéﬁo(ﬁ)dﬂhq_@sul‘@@hgwdhai ghe variant is more resistant than the parent to
proteolysis after 24 hours of trypsin treatment.

FIG. 14 is a graph showing effects of trypsin treatment on hVEGF binding by
DOM15-26-555 variants. The results clearly show that all variants are more resistant
than the parent (DOM15-26-555) to proteolysis after 24 hours of trypsin treatment.

FIG. 15 shows two Novex 10-20% Tricine gels that were loaded with 15 pg of
treated and untreated samples of DOM15-26-555 or DOM15-26-593. Samples were
taken immediately before the addition of trypsin, and then at one hour, three hours and
24 hours after the addition of trypsin. The proteins were stained with 1x SureBlue. The
gels illustrate that the trypsin resistance profile of DOM15-26-593 varied from the

profile shown by the BIAcore experiment.
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i nefub@sinod hoprdteiel Were staited vothoumelslae [ons The resyl{spbpyy that the
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15 ¢ QBB St Ot PR R P QR Qt Ml B Ry
t han t HEGS. pak-aaL illstrpte oficnlckstide squéticghof several nucleic acids
concentratjons of trypsi lm). FE A-1, 1C .
ar fé“’%ﬁ?l}&% 3?\ s habEey arézivﬂ]gwfg%é%ﬁﬁ'dgg'&ﬁf’r ’86%%1 i%‘-"Sihe nucleotide
( ste%enleéféncom_ B amindQredlsbqhdnkés predhtca nelFIo) Mmd $3G- 202
(FI 11C) to immbilized ILIR fusion protein after

i ieErsatYdn with el astase and | eucozyme overnight. The

20 0 ST LIRS L ALBINE. LGy B BV Pt i
encoding dAbs that are variants of DOM15-26-555 or DOM15-10. The nucleotide
sequences encode the amino acid sequences presented in FIG. 5 and FIG. 6,
respectively.

FIG. 21 shows a vector map of pDOM 38.

25 FIG. 22: Shows a Gel run on Labchip of DOM10-53-474 and DOM15-26-593
proteins treated with trypsin at 25:1 dAb:trypsin ratio at 30°C for different time points.
Arrows show full length protein.

Fig. 23: Is a Size exclusion chromatography trace showing the high level of

purity obtained for each sample after purification by MMC chromatography followed

30 by anion exchange. The UV was monitored at 225 nm and the column was run in 1x



tested. FIG 12 is an illustration of the am no acid
sequence of DOML5-26-555and 6 variants. The am no
wa@edodaqqint differ fromthe parent sequence i nPGEIGBLE084I50399
clones are highlighted (those that are identical are
mar ked by dots). FIGS. 13A and 13B are Bl Acore traces
show ng bi nding of the parent_gAb, DOM 5-26-555 (FI G
13A) and the nost protease resistant variant, DOM
15-26-593 (FIG 13B) to imobilized VEG-. The parent
aneB$ RethMaYd @Rdnol\&re. TRIRAE@Ehg thonBR B ACQI @ 1Har byniMEgation of
bi ndi ng at the dAb concentration of 100nM after
i nbeBetk BeR With PasehRSIiSCHAN. a concentrati on of 200
ng/ m e r
24antaq§t5ﬁl§%ﬁ%f3§72 ws%%%?%ssg tﬂgt&gﬁowfd{r I%(?M &ggsgrl Pgﬁwﬁ 131-202
nor e reS|stant than the parent to proteolysis after 24

of oot & 6121 FBYAE PRI Co R Ao 5 Al g 30202

DAY Rt 126133 S 6\eal IaVI$h- 138 1 1 BSBHidch-RoAIInbusiBow 37had 50°C. The
all variants are nore resistant than the parent

( DoOMES: acagiBiion frgH sheadAipsvas 1atyal SEL wiesused trdetermine if any
tr éﬁgﬁ%ég b ? ﬁ“in thg:p%t?l% gaéy%@ﬁﬂgg&%\éﬁd&}é%n%gl{? of monomer

Tricine gels treate
10 arﬂdftumkqletatmﬁlaﬁaﬂmlthsumé OO 5ari2fle 555 or DOML5- 26- 593.
Sanpl es were taken imedi ately before the addition of

t in,. t h t h th
hgﬁfi' 1s§ gg négw%%ﬁ %?ng ?}Vﬁvélig%e&le ?ﬁfur ; of ﬂtegpﬁgt%r@ and
St §jo0¢dn wdmlhm 151 el HRD), ij Bab B3b %, bid. hid 4Bk g@tt(?l)t Rab sﬁ(tuen is the

trypS| n resistance profil varied from
t heergnoize bemehawer lbly irt &m@tBhAcl@n@ te)tlpfeT:Fmanhe Ev@ tirhé poigt.
an illustration of the am no acid sequence of DOM 15-
15 10 and a variant, DOM 15-10-1 1. The am no acids that
differ fromthe parent sequence in the variant are
hi ghl i gfig.€xi: Shdvos EF hadly sy &f D@Melhi16 &202rRONEKKIE-20% and

oMl Aot B T PLASORRAAESR. TRk Els nad ben
Vaﬁlbﬁﬂﬁted ML 37 105d°d i iifn-R 4BhsontR iemODbI | i zed

. The parent and the variant were conpared on the
BI Acore for hVEGF binding at the dAb concentration of

20 2000 3t efc hRGHOPRBAALALL AL UR2) Br 7 o SRISRIN RN -
131-202, DOM1h-131-206 and DOM1h-131-511 at 50 °C. The protein concentration
was assumed to be 1mg/ml. A negative control dAb (VH dummy) which does not bind

antigen is also shown.

25
Fig. 29: Illustrates Effects of storing A: DOM1h-131-202, B: DOM1h-131-206

and C: DOM1h-131-511 at ~100 mg/ml for 7 days in Britton-Robinson buffer at +4 °C.
The UV was monitored at 280 nm.

Fig. 30: Shows data from Nebuliser testing of DOM1h-131-202, DOM1h-131-
30 206 and DOM1h-131-511 in the Pari E-flow and LC+. The protein concentration was

Smg/ml in either Britton-Robinson buffer.



The reaction was carried out for one hour, three hours
and 24 hours at 37C. The results show that the vari ant

WO 200804943 esi stant than the parent to proteol yBCEGBRG08/1050399
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24 hours of trypsin treatnent. FIG 18 shows two Novex
10-20% Tricene gels that were |oaded with 15 ng of
sanpl es of DOML5-10 and DOML5-740-1 1. Sanples were
taken i medi ately before the addition of trypsin, and
then at one hour, three hours, and 24 hours after the
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nuc eot1 de sequences of several nucleic acids encoding
dAbs that are variants of DOM h-131-51 1 or .
DOWK- 1302 5% Stioes BliiC tragstsiod] ® X blurdhlc 886 amiddad lhhid 1 &itil no

e ERER A PRERSOAIRY R e B LGS e eot i e

sequences of several nucleic aci ds encodl ng dAbs t hat
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i d d
o S Ry A0 BN S PR PRt il B Ay g ST RES Sospt are
s higyily Aesy@aico fo thapffedts PRAMr3Bd tiekieml s2dss tRRaNE, e &Bbrienced by
run on Labchip of DOMLO-53-474 and DOML5- 26- 593

pr%@éﬁh@{%mb@a%% trypsin at 25: 1 dAb:trypsin
ratio at 300C for different tine points. Arrows show

ful'l | engtin. BRALEIR sedh ingntaggh Vél&ltﬁ c§lrv%§ f&%ﬁéﬁ@t@@three lead
g

chr omat ogr aphy trace show n | evel urltz
obrraiched llehizlh2(§5aaﬁéllé01&&1tgléﬁl1§lhi nand @éll\fﬂdhlﬁﬂ imodal

oAb AL o B A GRS Tl
Wi évning @94 etniyda bk fohvthe cdlhia thieliseintage nononer was
cal cul ated by integration of the peak area with

ase! | MR B SRS B el o RRONS SO ShER R RN asic
DAMI50 3634 (1208L1h-131-511).

Fig. 36: Stability of GSK1995056A (DOM1h-131-511) after nebulisation in

various devices assessed by dimer formation as measured by SEC.

Fig. 37: Shows Nebuliser testing of GSK1922567A (202), GSK1995057A (206)
and GSK1995056A (511) in the Pari E-flow and LC+. A) testing in Britton-Robinson
buffer, B) testing in PEG1000/sucrose buffer.

Fig. 38: Depicts a TNF-a dose curve in the human TNFR1 receptor binding

assay. Each sample was tested as four replicates.



Fig. 25: Is an SEC which illustrates 14 day stability
data of DOM h-131-202, DOM h-13 1-206 and DOM h-131-51
wQ@2008/1Br1i#3 t on- Robi nson buffer at 37 and 500C. HAE¢EGB2008/050399

protein concentration for all the dAbs was Ing/m . SEC
was used to determine if any changes had occurred in
the protein during thermal stress and the anount of
nmononer left in solution relative to the time=0 (TO
sanple. Figs. 26 Ato | : Show SEC traces show ng the
effect 1. 3o ShéWRd Infifbi@HSoy( (3§1<ﬁ92@55m(©ommh ﬁJ@lebz)lasKSQ%osm
1 Ato C% - 202 ((:(}[)ﬁtOF and -2 é to

il 18 Fr20peind W%ﬂéhl lafSMIﬁ ﬂéf‘ollﬂlﬁqndwFRI

r T Fig. 27:
sﬁﬂg ‘?@ﬁﬁ‘gﬂé {‘sga EQC E@ﬁeﬁ% &5 degc‘)ézﬂaﬁro"%?/‘ P’ 906 and
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t her mal Flgt%ﬁblstra'thfep@mmﬁleml\/ﬁéé@ aundc})m‘dﬂ%%ét% dAbs in the
ei or 50 OC in Britton-Robinson buffer. Fig.
> {/Eﬁ;h’{%ﬁ? RBA showi ng the effect of 14 days
|ncubat| on of DOM h- 131-202, DOM h-131-206 and
DOM h- 183-481 Showet pledm@ckinthes @ivvi8i 529900 b 24t 393 hawias

a / negat.i ve control, dA \VH
oSS ey S T o R R GRS Sl g
29%mg/Mgustrates Effects of storing A: DOM h-131-202,
B: DOM h-131-206 and C. DOM h-13 1-51 1 at -100 rrg/m

for?d S|n rit nbufer t +4 0C. The
was mor £t S E?W%%%&Mgf ésqzwc wshpE o eeT A -angle aser
10 Nej tg@a%nﬁg%hmggs ef DGk Do Ile’%ﬁrs%QZ(Dm\ﬂshzé@ﬂFc %%n)
an 31:51 1 in the Pari E-flow and LC+.
pr mlﬁrrnlngm@merlapmﬁrtméf vBngjfiatent patedics prgrshown that demonstrate
Br utn 191{}) 58&%1&5\91% 1% % re'%llagtlve 1§Idex| dog ch%hge%‘irgﬁor{ (iken lines) and
e percenta concen I'ons
d ulnghm gcaneting (sskd hmsls) dﬂle [I)ﬁh/knal’keill&nﬂn—tﬁ@ﬂcro@@]ghlffes & molecular
1- 206 d DOM h-131-51 1 in Britton-Robinson buffer at
5 RPEPCURIN. 32 Shows SEC traces of DOM h- 131- 206
and DOM h-131-51 1 in Britton-Robi nson buffer post
15 nebul i sEigi4n: $iem ADe (RanytichiGitradeh@ifu@Bion Shawsis SEOMS1529 Fc
traces of DOM h-131-206 during.the nebulisation

prfblélég &§DOM 15-26-593 Fc fusion) confirming monomeric properties. One batch of
material was tested at three different concentrations, approximating to 0.2, 0.5 &
1.0mg/ml in PBS buffer. The analysis of the sedimentation rate confirmed a molecular

mass of approx. §0kDa.

20
Fig. 43: Shows DSC traces of DMS1529 (DOM15-26-593) and DOM15-26-
501.
Fig. 44: Is a VEGF Binding ELISA for DMS1529 (DOM 15-26-593) before
and after, 10 freeze-thaw cycles on two different batches of material.
25 Fig. 45: Shows the consistency of DOM 15-26-593 SEC profile before and after

10 freeze thaw cycles.



over 1 hour at 40ng/m in PBS. The protein in both the
nebul i ser cup and aerosol are highly resistance to the
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experienced by the dAb during nebulisation. Fig. 34:
Shows the sedinentation velocity curves for each of
the three | ead proteins (DOM_4%13 1-206 and DOM h-13
1-5 11 and DOM h-13 1-202) The bi nodal peak observed
for the | ower concentration sanple of DOM h-131-206 is

an art efigcde: Hllhisﬁ}&esl &sﬁtsﬂﬁﬂﬁh@adc@@katéd@dﬁlﬁ@@nﬁ? b theMS 1529
t hi s i nstance. %E hows the effect of buffer and
C

de@lﬁl@@ (BRMEbEhP8 8%56}5‘0 dtinding ELBYA dssponptygigmsavity after 7 days

tﬁh&?%tﬁ&mﬁ#em Ishor;, Stability of GSK1995056A
131-51 1 ter nebulisation in vari ous devices

assessed by dinmer formation as neasured by SEC. Fig.

S sePR -
AT Y0 SO BI04, (> 11 1 e par

sting In on- Robi nson buffer,
B) testing in PEG 00O sucrose buffer. Fig. 38: Depicts

2 TNF- Figo¥B: showsstabﬂmyroéum&m9mw1ﬁé6es|aeb'm Hoinmadisorgm after

tested as four replicates. Fig.
P‘?éh%%yﬁ Wﬁ%ﬁﬂl 8‘}11\?759 GSKI 922567A(DOM | h- 13
1 202), GSK1995057A (DOM h-131-206) and GSK1995056A

( DOM h-Hig1485 $hdws paiertchef MOMNS-TNERDOMEGIH- 803 dAlbsdis IFg fusions

assay C | e ma t.est four replicates. Fig.
4@%&@#5?2‘% X)IBFheﬁ%%g 26 and DOM
5-26-593 dAbs in the VEGF RBA. Fig. 41: Shows

phar macmki 4veliggated inPWRIm2T HUDOE 161 E@h@&&)ona@dhe DMS1529
DMS1545 (DOML5- 26-501) after single bolus dose i.v.

adipian §PPMSo-1Y Fafion. sny/nmy Fig. 42 a : Shows

SEC- MALLs (Slze excl usi on chromat ograph-nul ti-angl e
| aser | &83d Nordnal ysis of DMS 1529 Fc fusion
(DOM 15- 26- 59 Fc fusion) confirm ng nononeric

properties. Two different batches are shown that
denonstliigtd: Depicts sequences (amino acid and Nucleotide) of dAbs that bind serum

albumin.

DETAILED DESCRIPTION OF THE INVENTION

Within this specification the invention has been described, with reference to
embodiments, in a way which enables a clear and concise specification to be written. It
is intended and should be appreciated that embodiments may be variously combined or
separated without parting from the invention.

As used herein, “peptide” refers about two to about 50 amino acids that are
joined together via peptide bonds.

As used herein, “polypeptide” refers to at least about 50 amino acids that are
joined together by peptide bonds. Polypeptides generally comprise tertiary structure

and fold into functional domains.
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arrow signifies the nolecul ar mass cal cul ation. Fig.
42b: Shows AUC (anal ytical ultracentrifugation)

anal ysis of DM5 1529 Fc fusi amg(DOM 15-26-593 Fc
fusion) confirm ng nononeric properties. One batch of
material was tested at three different concentrations,

appr oxi ABdidedYercth, 8 peptide-od pSlypefidg (k. o damBBSmh%a (dAb)) that is
The anal ysis of t he sedi mentation rate confirne

no TeBLH o PRksscodegidlptiong . is Bwé%stalmagy degad eérbd\ﬁspreis@e when
t
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af thex abldit 1 38 ezembRRanarcaboL €2, 19 mék@ thahlabbigt1n &8s, @8 more than about
results from an accel erated stabil Iligs)/ st udy of t he

DMSDB 219 mers ithsn abpiid e soreers gmnpEoyt e, giymorg .tfwauah@ut 7%, no more

ELh S0 lRrBnshs ﬁ‘ltoiré"tﬁa@%quS%}’n@&BFerchn %%4%”&61&6%& @ about
at the tenperature shown. Fig. 47A: Shows st abi |

ty
DMS:5ROmMeROMt BBo 876 88 mdre than abentd yn @nmbgtastlzdb'tr@me mﬂth& protein

or'* B4 5 Bk o ik R P RSB IR b

15ted1@yﬁnﬁ@ﬁﬂﬂahlblfﬁlfpraﬁeas%ﬁeﬁltyﬁ pr edBipl Shodwsorpotdepeys Of Protein
DOML5- 26 & 5-26- 593 dAbs .as, Fc f i.ons (
1 5HGTIBRHLERG GFSCH o R AT EEED IR geh fpr SFgmpIc. by S8 PhaE o

| |$Wﬁﬁ15tﬁ§n§§aste%‘ 4 915H151f1d1 dFsQleEdi"ibled R&@dl f eration by
DM51529 fusion (‘DOM 593 FC fusion Fi gure

50 p DoB® e deteoy “drsipay ms@m”aiferswe BisEttem s ishaesllection of

( %I%pﬁ&és%r %Qﬁjud\'y gljeed%esggl)e fglf seﬂtARg‘n lgegg(i u}pdnnddde’gEgdjmaracterlstic,

such as a physical, chemical or functional characteristic. The display system can be a
suitable repertoire of polypeptides or peptides (e.g., in a solution, immobilized on a
suitable support). The display system can also be a biochemical system that employs a
cellular expression system (e.g., expression of a library of nucleic acids in, e.g.,
transformed, infected, transfected or transduced cells and display of the encoded
polypeptides on the surface of the cells) or an acellular expression system (e.g.,
emulsion compartmentalization and display). Preferred display systems link the coding
function of a nucleic acid and physical, chemical and/or functional characteristics of a
polypeptide or peptide encoded by the nucleic acid. When such a display system is
employed, polypeptides or peptides that have a desired physical, chemical and/or
functional characteristic can be selected and a nucleic acid encoding the selected
polypeptide or peptide can be readily isolated or recovered. A number of display
systems that link the coding function of a nucleic acid and physical, chemical and/or
functional characteristics of a polypeptide or peptide are known in the art, for example,
bacteriophage display (phage display), ribosome display, emulsion
compartmentalization and display, yeast display, puromycin display, bacterial display,
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a clear and concise specification to be witten. It is

i nt ended and shoul d be appreci ated that enbodi nents

may be variously conbi ned or sgparated w thout parting
fromthe invention. As used herein, "peptide" refers

about two to about 50 am no acids that are joined

t ogi3Iiesn Yasmidelvher ISHIskSandARe HIREASBE QL TEP 0436597 (Dyax), U.S.
"pol ypeptide" refers to at | east about 50 ami no acids

t h%qtenéﬂ\g). P,éﬂ}é%ﬁ (M@(éa(fﬁ:@ty ebgl.)pgpi. iPasniior 489,103 (Griffiths er al.).)
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ol o LR e o R g LALK LY A SMERNL Sy Pifides
or thpiiry geptdtatecd by gmine adoiheiwenandivbody. Tlkdindlividubbmemnbers of a
"resistant to protease degradation” is no
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W ¢dinrh$ecdé ShRase) andie o ifiirclibsal Sehnirad)les. fe@pacity to bind a
protease activity. A polypeptide (e.g., a dAb) is not
sutssrEen figndye ged eeRsag Igkehoridaimst igaptan about 25% no

nor et han, @B Akitein? Sfh et aMeSeribhan @?@#ﬁidé—é%epﬁee Y fas
t han about 14% no nore than abouP Y% no nore than

abalogic2bactiniby, vaeheastshemfiabioding 2¢t¥gityn d'onoraspld dlre tatyo Gifunctional
109% . e 1 bout, 9% > { t 89 )
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t hiargeahnigen Bioughdtsrmatigent biading biod) indt# enr9medliae binkaits substrate(s).
about 3% noq nore_that about 2% no nore than about .

19 or AUBSTAREI] w%ﬁ%@gf rftszfé ih? Bewdrhaidings grueriptial

by, Ri& €85 SuBlgifalll BEpBahd Rct¥rhhmbi6eR 60k 8REL rdpeftoire. A

about one hour at a tenperature suitable for protease
acgangiiq hgandde. g ek appinen gen@ir ligand@ag bijd eeany @renmrest ¢ argiven

de [ ' SUI t

£ oRPER P A0 DB ARREARG ) Ay AN RS BRicy L @ mon

| i gegedliganddimgdnees, thegesdnbedf hiftnetional gsetis Bghnlderigding site on a
"di | ay systent refers to a systemin which

c oRqIEReP s (a5 e b by sl dp Bigd prechue tradiadisatey Bpighe

f OpolERPAEd is @BrrEASFEIUP Y RAnsteal, eShitahdcasihSibd Sttdeferic ligands
such as a physical, chem cal or functional

c harlade gpierpniigens;aaberiesthanbird an epiop@pxisessed on a substantial portion

of functional members of a repertoire, and the like.

“Superantigen” is a term of art that refers to generic ligands that interact with
members of the immunoglobulin superfamily at a site that is distinct from the target
ligand-binding sites of these proteins. Staphylococcal enterotoxins are examples of
superantigens which interact with T-cell receptors. Superantigens that bind antibodies
include Protein G, which binds the IgG constant region (Bjorck and Kronvall, J.
Immunol., 133:969 (1984)); Protein A which binds the IgG constant region and Vy
domains (Forsgren and Sjoquist, J. Immunol., 97:822 (1966)); and Protein L which
binds Vi domains (Bjorck, J. Immunol., 140:1194 (1988)).

As used herein, “target ligand” refers to a ligand which is specifically or
selectively bound by a polypeptide or peptide. For example, when a polypeptide is an
antibody or antigen-binding fragment thereof, the target ligand can be any desired
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enpl oys a cel lul ar expression system (e.g., expression

of a library of nucleic acids in, e.g., transforned,
infected, transfected or transguced cells and display

of the encoded pol ypepti des on the surface of the
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"repertoire” refers to col [ection of polypeptides or
pemﬂY@@émﬁhéﬁxéﬁ@mhﬂéﬂé@ﬂ@P¢W@@@by ani no aci d sequence
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alpaca, dromedary, and guanaco, which produce heavy chain antibodies naturally

devoid of light chains.
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In a preferred aspect, therefore, a library may take the form of a population of host
organisms, cach organism containing one or more copies of an expression vector

25  containing a single member of the library in nucleic acid form which can be expressed
to produce its corresponding polypeptide member. Thus, the population of host
organisms has the potential to encode a large repertoire of diverse polypeptides.

A “universal framework” is a single antibody framework sequence

corresponding to the regions of an antibody conserved in sequence as defined by Kabat

30  (“Sequences of Proteins of Immunological Interest”, US Department of Health and

Human Services, 1991) or corresponding to the human germline immunoglobulin
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single chain Fv (scFv), a disulfide bonded Fv), a Fab
fragnent, a Fab' fragnent, a F(ab')2 fragnent), a
single anti body variabl e donaigy (e.g., adAb, VH VHH
VL) , and nodified versions of any of the foregoing
(e.g., nodified by the coval ent attachnment of

POlep@tdiel 0@ Beu@hns 69 Ueffed OF B tsdAddablsk, (o83 TEMDL. BI&IE196:910-
phrase "i mmunogl obul in single variable domain" refers

t o91£n Thatnysaagn piayidabios theglapha gingle fgmawork. pr ¢ pgef such
S Pﬁ&hiw&ﬁé lhidy d %e@lﬁfogﬁk! nfgqa%ﬁnf? ihe&RLARS fggﬁ{alﬂg dePbinYing

of ot regi ons or i'ns. An |nnuno
si spgti@cyathoagl eardoominthe hypeberipble segionsi arhora f or mat

. 0., - t - [ ti . Wi th ot
oot onsh o e b ARl G B B gy or
d Qﬂ&htﬂﬁ a3 [defil@thef &) biie fp@sterb By padatcdend ﬁbﬂéﬂhlﬁ@d Bingd the algorlthm
SI g e i nmunogl obul in vari abl e donmai n e., Wwhere

0§12 o%avfme% Ppige defoulf p%m%te@d%ﬁuﬁpve' Fdd et 41@%1\45 Microbiol

|ng§p§ﬁﬁggjhmg@§9%ye addi ti onal variable domains). A
donai n ‘anti body” ‘or "dAb" is the same as an

|nnunoglobulln singl e variable domain" as the termis

used h efhe 1BYent10n Ee%srn]to 9 nr{lel?%od dork e(rzltgo £ a(r]tease res1sq361t Peptldes and

is prefera
al p‘xﬂype@ﬁdidsdﬁﬁ hsvargdiﬁlr&hblbmgdyﬂ Mﬁlﬁ/ltﬁibﬂ"efo déiﬁﬁlvﬁ$refsl§1ﬁﬁ§ are used in
ot her speC|es such gg@fodent§$%or exanp

o BEmsaRA % ol oy S Beion Pridse LIS NnE PobeRienthay ae highly

| NGAIPAHALGGRES B gad’[‘ea@é’ dé@ﬁ(ﬁﬁ@ﬁ‘ GRd kit hhRl desifatdis1BE¥dlactivity.
nurse shark and melid Abs. Canelid VHH are

i ndvudesglipasiicrain, girofepse resestdng bersiddoang nolyrsbiygrs seiadelly retain

: ived f . . ) .

L1 Biocf MBLAYR RO, SRS Sl T s SATRpdplif e cleaved
¢ hai digeatet] iblg pehterse nathe nakHods desenbal ladeih,| a@titthemdffar'en Bosétheir

"damai n"., is a fol de rotejn structure

t gﬁﬂ? ogiegl @fl?@etfg?cgﬂf ﬂ@@ﬁgﬂ%ﬁﬁtm%%tmtt ﬁsptrd& pr leﬂiyn%des are

Pr @inBially sEEA&T Bisby on B1OITBIIISgiéd] Bctihve§PAIRE P bRdig activity.

di screte functional properties of proteins, and in

many caBesnethydsisiescaiad Beromgripn deiscaprat pdyastpggsy &gr pmple, as

ot (ﬁl?(ﬁos}g[i A J?{Etﬁw\é\ﬂﬁgﬁl ﬂ%lnl f)’%}?} ?sf orfpltl)p&)t:ht?&é gﬁat Eulg%el&cted for

er o rotein or ‘o
Snemgﬂamceanpt(b@ﬂytic\degradbﬂlcm lgyoomei pnditeass (@g.f oyphed, are also resistant to

po(!ie)épaedg%ici)ndl?y other proteases (e.g., elastase, leucozyme). In addition, protease
resistance correlates with a higher melting temperature (Tm) of the peptide or
polypeptide. Higher melting temperatures are indicative of more stable peptides and
polypeptides. Resistance to protease degradation also correlates with high affinity
binding to target ligands. Thus, the methods described herein provide an efficient way
to select, isolate and/or recover polypeptides that have a desired biological activity and
that are well suited for in vivo therapeutic and/or diagnostic uses because they are

protease resistant and stable.
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domai ns, for exanple, in which one or nore | oops have
been repl aced by sequences which are not
characteristic of antibody varjgabl e domai ns, or
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wrg&g%&eg taa?_@gﬁf I 1tE¥nggll(f“%1meya Pagfgra%Fy? hje nge od 1)s a method for
selecting, isolating and/or recovering a polypeptide that binds a ligand, preferably a
target ligand, with high affinity. Generally, the method comprises providing a library or
repertoire of peptides or polypeptides, combining the library or repertoire with a
protease (e.g., trypsin, elastase, leucozyme, pancreatin, sputum) under conditions
suitable for protease activity, and selecting, isolating and/or recovering a peptide or
polypeptide that binds a ligand (e.g., target ligand). Because the library or repertoire
has been exposed to protease under conditions where protease sensitive peptides or
polypeptides will be digested, the activity of protease can eliminate the less stable
polypeptides that have low binding affinity, and thereby produce a collection of high
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100 micrograms/ml of protease is used, the ratio is 8,000 to 80,000 protease:peptide or
polypeptide. In one embodiment the ratio (on a weight/weight, eg
25  microgram/microgram basis) of protease (eg, trypsin) to peptide or polypeptide (eg,
variable domain) is 1,600 to 160,000 (eg, 16,000 to 160,000) protease:peptide or
polypeptide eg when 10 micrograms/ml of protease is used, the ratio is
1,600 to 160,000 protease:peptide or polypeptide; or when 100 micrograms/ml of
protease is used, the ratio is 16,000 to 160,000 protease:peptide or polypeptide. In one
30  embodiment, the protease is used at a concentration of at least 100 or 1000

micrograms/ml and the protease: peptide ratio (on a mole/mole basis) of protease, eg
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O 06% (w/w) protease/peptide or polypeptide, at least about 0.07% (w/w)
protease/peptide or polypeptide, at least about 0.08% (w/w) protease/peptide or

25  polypeptide, at least about 0.09% (w/w) protease/peptide or polypeptide, at least about
0.1% (w/w) protease/peptide or polypeptide, at least about 0.2% (w/w) protease/peptide
or polypeptide, at least about 0.3% (w/w) protease/peptide or polypeptide, at least about
0.4% (w/w) protease/peptide or polypeptide, at least about 0.5% (w/w) protease/peptide
or polypeptide, at least about 0.6% (w/w) protease/peptide or polypeptide, at least about

30 0.7% (w/w) protease/peptide or polypeptide, at least about 0.8% (w/w) protease/peptide
or polypeptide, at least about 0.9% (w/w) protease/peptide or polypeptide, at least about
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under conditions where protease sensitive peptides or
pol ypeptides will be digested,3the activity of
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or can e P fed by
a @ﬁf@i@pemﬁa@rfdlcaﬂxoyyﬁlptlﬂdse[&) ttypemacltymdnfypsiespapad papaln
sui.t abl condi ti ons can identified.or .o
f oraskdds ‘F"é’ZYIBS’f PRRQEA, ﬂﬁOIBI?IBt Dlasnin opepsip %&é‘ﬁleasm G),

r angRiMbe R, GRMEinkiON rot@h ik ©25@tHRARE ) tHeAhbIOHS, chymosin,
tenperatures and/or by varying the anmount of tine the

| | %ﬁ%{@gﬁp@ﬁaaee@émsg(% GRPSE A eCappast 8 atfEPaae & qaenast bt w@gpase 9,
}gﬁg tI]Z X fl%als@ i(%asn }%m 'f#&aﬁo&gs‘[ﬁgﬁﬁ) da!c{ﬁﬁ&ﬁ br[)ﬂlglafnagépgrase and

fote
ei}ht lide Swuitaplsl Wqﬂe@balcd:&tréceg ,homagenatmls en(ﬁmmmrm)onsshﬁ @(ihtalos

00 t tid
oo el e Sl BP e e BT el et bronehia
USIﬁdGus§ eorchbdleolz% 143@80c, 1ehgBdnfH3OnA0¢, dlipaseactPeRlicdee Oftract,

poglgasgl% f}ull(gj esahvoar te\ellvrhs%nd the like. In one embodiment, the protease is one found in
the eye and/or tears. The protease is used in an amount suitable for proteolytic
degradation to occur. For example, as described herein, protease can be used at about
0.01% to about 5% (w/w, protease/peptide or polypeptide). When protease is combined
with a display system that comprises the repertoire of peptides or polypeptides (e.g., a
phage display system), for example, the protease can be used at a concentration of about

10 pg/ml to about 3 mg/ml, about 10 ug/ml, about 20 pg/ml, about 30 pg/ml, about 40
ug/ml, about 50 pg/ml, about 60 pug/ml, about 70 pg/ml, about 80 pug/ml, about 90



100 m crograns/m of protease is used, the ratio is
8,000 to 80,000 protease :peptide or polypeptide. In
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m crogram m crogram basis) of protease (eg, trypsin)
to peptide or polypeptide (eg, variable domain) is
1,600 to 160,000 (eg, 16,000 tyx 160, 000)

pr ot ease: pepti de or pol ypepti de eg when 10

m crograns/ m of protease is used, the ratio is 1,600
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1640 2ot 166 1600 Frost Elie mpabevi a0 @ﬂ%@%&%@q eiml o
Onﬁ)O@:Eg%l' O 4 trggnf,eagélt‘ftaz%g%) i gg2 §tmg?ml or about 3 rr]ing/ml

concentration o 0 m—<crograns/
an&hltahk Joh@heais@ns apreeﬂnbhdk() m@ﬂnil o (mgnd, lrmlgmmml ®0b2ABi88) 70, 60,
r ot ease
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used at a concentration of at
anet repretopr pitedseperpeptthdes swtable f¢mavtizityrof B¢ poltesh agirgxample,
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v aQSO@b!l%uﬂW Mouk 30 @QQOJ‘[ @ 1 5@%9&}@2@@ %@éﬁﬁoe%hﬂﬂ% about
or pol ypeptidé eg whe 10 m crograns/ m ; whe

C r’Caahoyt 1GC, At é@°rcaﬁh¢uﬁ3 8°¢.abouta0re, abgutl‘tﬁ)"’@DOThecprotease and
éﬁ;@e ggl?ecg{n? Bf;aei)ﬁdes Rt E)E)lyggqtl Qr(g 1%0%%9‘[%&1 fo%eth %09 P ggrsi’c{d of time

oal nment, conc cC or ¢
10&ifidiert @R Cprotecly ag d@gﬂidaﬁbn oy @ceaser ckonplt,abd callgctdaon of peptides

i ndi vi dual i sol at ed tide. r pol ypeptide (e
h&’é’FBtHE’P et inpuied r9yith Rege ko a&eaw pgihites to about
a' 1eadoReBMuSO IRt &He EXHPIA, MERENLALA BF ﬁhrptlliésmr%l&peﬁldes is

protease can be added to a sol ution of pepti de or
pohgiagediterethon wathgupteass oserBight, oF fqrat lyast appgpOmgnutes, about 1

glrjlgc%lr',%%ogt P8 ﬁ&.{rg bl atu)/ﬂo SRJuk g(ﬁ Jbg ﬁgﬁ?w \I\%LR% hours, about

as a so 'on o east ~about
probaas eabpmri’thonis asoup 8 hypeptbodied hatrgubod.10 bt pababoLt hours,

¢ ol hBGE oty Brot e HUBErEREH | BBy SaBor S, oue. abour
abpuiouds, &%ﬁr@s Ab@tabolie (IWMoMs, b eaRSUPERbitda Hhrs, about 22
polypeptl about 0.5%to0 about 5% (W

w)
prliuEs gy 8%&191@@, HPUS Rgep b 48 Bpgtior 1oages about 5%
(Ww pf gtg%ﬁé@l’l?&&ﬁrhﬂ@, ANeast in carly selection rounds (e.g. when a display

system is used), that the protease results in a reduction in the number of clones that have
the desired biological activity that is selected for by at least one order of magnitude, in
comparison to selections that do not include incubation with protease. In particular
examples, the amount of protease and conditions used in the methods are sufficient to
reduce the number of recovered clones by at least about one log (a factor of 10), at least
about 2 logs (a factor of 100), at least about 3 logs (a factor of 1000) or at least about 4

logs (a factor of 10,000). Suitable amounts of protease and incubation conditions that
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0.03% (W w) protease/ peptide or pol ypeptide, at |east
about 0.04% (w w) proteasel/ peptide or polypeptide, at
| east about 0.05% (W w) proteasge/ peptide or

pol ypepti de, at |east about 0.06% (W w)

pr ot ease/ pepti de or pol ypeptide, at |east about 0.07%

( W) refif10h BRS@/sPEPTHERI0Alin RRLYNEDEbAIS cabe R UedRBIHEd using
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pol ypept i ast _about_ 4% (w. pr ot ease/ pepti de

or 5561 § pe Stedémh& © gylstionseh, QOW bt &ad BRSE ﬁ‘tﬁpg’é{ @Fary or
poﬂe?sﬂﬁﬁ’ﬂeb d8d aftheufickdndfifie ‘f@["brgl%aéer%%%ll%g p&dsed the collection of

suitabl e tenperature for protease activity (e.g., room
t eprdencatidesds reapoued- 37C) and sanpl es can be taken at

t ' ne ' %ﬂilo%%l%?&)aQO% a otg’aslg? 'Is’tan%p%})gllﬁr it 8%@? ?E)ltjldg’ tan be selected

n ‘be ana zed
delgxsaﬁat a O¢sirud biogp garay acsmtyaiuble asmEblhdldg astmiy dfdesired, a protease

ot e de ptothelise ruRRN, Al S B agPaGET tiinbination

ANt t8 D hidee PoRh&ASEIbAGTs PIhat WHSRS sﬂi@ﬁnﬁ’zﬁlﬁﬁ@ﬁ’fefeﬂvﬁlhﬁe selection
met hods descri bed herein. For exanple, a si

prigetaad ean herpedieBxangdescd ihitablg profeassrinibers pl@%{de al-anti-trypsin,
Prof. ﬁ'ﬂé{%ﬁl’g}pfﬂgl %ﬁ‘%stgﬂnp L Q%Sa%lam@t‘hﬁﬁ?&ﬁhk Oa@rotfﬁ 0|4Q9 'A&ﬂllnoethyl)

extract I cal ndgenat e t ont al
prbﬁhlemeyulfomyhﬁmondleﬂlydma]niobdae USERRF)) @-Amidiot- PlnmnyBsMahyne-

i dent roteas or .prote t hat
S e B R Tt BN i B PR st hat

c a]chBE)rdi&le_nﬂh@rﬂ iifsproply ﬁﬁ&roﬁﬁ’@s@hzﬁ@ (ISP, 1184, iy lenediamine

i ncl ude serine [Er ot ease, C%/St el ne protease, aspartate
tetraacedic acid (EDTA), elastatinal, leupeptin, N- Ethylmalelmlde
phenylmethylsulfonylfluoride (PMSF), pepstatin, 1,10-Phenanthroline,
phosphoramidon, serine protease inhibitors, N-tosyl-L-lysine-chloromethyl ketone
(TLCK), Na-Tosyl-Phe-chloromethylketone (TPCK) and the like. In addition, many
preparations that contain inhibitors of several classes of proteases are commercially
available (e.g., Roche Complete Protease Inhibitor Cocktail Tablets™ (Roche
Diagnostics Corporation; Indianapolis, IN, USA), which inhibits chymotrypsin,

thermolysin, papain, pronase, pancreatic extract and trypsin).
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papai n, el astase, |eucozyne, pancreatin, thronbin,

pl asm n, cathepsins (e.g., cathepsin G, proteinase
(e.g., proteinase 1, proteinasg 2, proteinase 3),

t hernol ysin, chynosin, enteropeptidase, caspase (e.g.,
caspase 1, caspase 2, caspase 4, caspase 5, caspase 9,
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sylkgaad, inding eongneridiedigeink or kipding of p sulsfratobeni igassessed using a
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ox él%[%l?l@blﬂ?lﬁ% as(sa%g e%’se 1@%’1 %%nnnaéeg 1)6/1 XaXl ﬁzlgﬂ%p%d?s that bind a
of tasfeoligand Or Hgér[ﬁrlctllgalab Quidh a3 pﬂﬁgéKﬂA, p&bautL dr(hnmgﬁhidd,y, can be

about bout 30 about 40 about
5096#157‘%1 50131931&&“‘1%’6 ““r?ﬁ?"rTF ggBanfG USR8 @suit n%’éf‘o%f finggyymatrix.

ng[;e{gmngg:%g B% a&gﬁmg%ﬂ(ed b?@g%%% %leuﬂgﬁ ot I%aﬁg gé"% u%&)@rlc ligand, target
ek,

rrglllgﬂnd) Ascyitaldoges tulbaretri ¢l amg/aﬂpwm@bb@hga@d@o become
5 s 30 PR B AP, BT BB B o
nypatypepdidst(apl, e phagecksplayditiranscarte sdbalito tidvasgpl ahd tho vessel
e D

480, WRb&ind pbipcpidtanse vda§he'd%6vld? ah®BoudtpdlyipBftides can be
col% ection of peptides or polypeptides S l'ibrary or

r erﬁ@wzfﬁdﬂ@)ngaw auitablpyeethed; rS@Cht HFErapH Y iqvegsing thicgl, for example.

e 0B R PSP R PR SRR G986 i

i nehalga E&48 AAtmag bt enqﬁmrwduce)rd)rhg &bayt suﬁﬁ]ﬂ@ptooe(hinm uith oh®@@Cimple,

aiviasSes S G 8o “hisgh B eT sJeRh cBue Pexfiprt o binding

2663 EBIS@U tﬁgﬁlecfﬁdQM@et ligand or generic ligand, to 1dent1fy phage that display
protease resistant peptides or polypeptides. If desired, soluble peptides and
polypeptides can be tested for binding to target ligand or generic ligand, for example by
ELISA using reagents, for example, against a C- or N-terminal tag (see for example
Winter et al. (1994) Ann. Rev. Immunology 12, 433-55 and references cited therein).
The diversity of the selected phage may also be assessed by gel electrophoresis of PCR
products (Marks ef al. 1991, supra; Nissim et al. 1994 supra), probing (Tomlinson et
al., 1992) J. Mol. Biol. 227, 776) or by sequencing of the vector DNA.
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the collection of peptides or polypeptides are

I ncubated together for a period of tine sufficient for
proteol ytic degradation to occyy. For exanple, the
col l ection of peptides or polypeptides can be

i ncubat ed together with protease for about 30 m nutes

t 0 aboutroR4scQtsiaa peptiRs BRUpSypdptl dS&QUAR aR¥ BEBEIESed, Fht@xample,
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et B {5 DBRE: G B ST chtrrEBreh & G Eogigaotmxin-

' ”Eidl‘l‘ﬁs L NSNS TG §c1§1‘éf fGP ibgaL, ﬂb‘i’otﬂ@s@' g&%ﬁ BR{AUBPEET8Migand,

recovered cl ones by at [east about one log (a factor
ofFriél}ﬂknat(CD(é@itGBNEuﬁ (SH, 6d-(S&, Gaeilo humfin §e®lﬁl)1,albatmn insulin,

east about 3 (a_factor of 1000) or at |ea
abl&l}wiGFég%Gli Ial ﬁaé%ﬁ ¥ hd reesoior Iécﬁ feapnter t&%bﬂh? -3, 1L-4,

PreLeass and irng AP‘TL%C(‘?%% 939, tlﬂal‘bv‘iL hi IrIE51‘2| LA 15,

the desired reduction’in recov red cl onés can
ealdi-1¢ Iﬂdﬂeﬁﬂi haG s Inhgic anindivin PARH OIde:rh‘dey‘argﬂd\mtﬂl factor-2

th [ rovi erein e prot
o &S 1Ry T Ay NN BT R B Sehelames: msgoeyte
ana)wﬂqua&&gi fikFd M BoAGY tSatrh @kt 9rdfaﬁ fMObs{fe c@fms V-fnsMDC (67
vitro In vivo O 1 VO For e, roteae
anda- bcMD@dﬁ? BA- )d‘f’[CBelpﬁM@é%) MC%QL pt.iNMeB- 4@5(5)%&7 a.a.), MDC
d it C d, hel,d
N S R
S Uinhdkrbiefattof- 1 pMeTeas &N AT D] Nédrdiwinl NeWe gtdvad factdieB-NGF NT 3,

P e A Sk o0 GRS WSS 95 P4, RANTES, SDF .
SDF1, SCF, SCGF, stem cell factor (SCF), TARC, TGF-a, TGF-B, TGF-B2, TGF-[33,
tumour necrosis factor (TNF), TNF-a, TNF-, TNF receptor I, TNF receptor 11, TNIL-
1, TPO, VEGF, VEGF A, VEGF B, VEGF C, VEGF D, VEGF receptor 1, VEGF
receptor 2, VEGF receptor 3, GCP-2, GRO/MGSA, GRO-B, GRO-y, HCC1, 1-309,
HER 1, HER 2, HER 3, HER 4, serum albumin, vWF, amyloid proteins (e.g., amyloid
alpha), MMP12, PDK1, IgE, and other targets disclosed herein. It will be appreciated

that this list is by no means exhaustive.
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system such as by introducing the collection of
wQologpepss des (e.g., a phage display library oPCT/GB2008/050399

repertoire) into a suitable aninal (e.g., a nouse),

and after sufficient tine for protease activity has

passed, recovering the collectijnon of peptides or

pol ypepti des. In another exanple, an organ or tissue

is perfused with the collection of polypeptides (e.qg.,
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| LARSRASERIAL, (PLEPL 6 it ST SRS AN ey cos, v
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pepstatin , Phenant hr ol | ne, phosphorani don, serine
pr ot easWhemalisplep pystennia psadisplay spstenethetings spding function of a
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links coding function of a nucleic acid and functional characteristics of the peptide or

polypeptide encoded by the nucleic acid, such as phage display) and further comprises
25  amplifying or increasing the copy number of a nucleic acid that encodes a selected

peptide or polypeptide. Nucleic acids can be amplified using any suitable methods,

such as by phage amplification, cell growth or polymerase chain reaction.

The methods described herein can be used as part of a program to isolated

protease resistant peptides or polypeptides that can comprise, if desired, other suitable

30 selection methods. In these situations, the methods described herein can employed at

any desired point in the program, such as before or after other selection methods are
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bi ol ogi cal activity, while protease resistant peptides

or pol ypeptides remain functional. Thus, suitable

assays for biological activityygcan be used to sel ect

prot ease resi stant peptides or pol ypeptides. For

exanpl e, a common binding function (e.g., binding of a
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sui tabl e vessel (e. petri dish) and. allow ng

t hautphlg Mprcretelyde 6&%@8“@@ i%@ apiase- and eelesting ishtingand/or recovering a
wehdy ﬁd@f)r ﬁ&fpe}ﬂﬁ@@tﬁht is @éﬁ%ﬁ?tol degAagtidmasy &%téﬁ@%s%"&%red

and pol ypepti d (e.g., a phage display library) can
dma@e@dh@bVEh@uwéBs@ngaﬁﬂﬁvhe vessel maintained under

condi tigQns su tabl e.faor t ol.ypeptides t-0 hjind the
mobi 11828} SR G R SarRaEt PR Bl il
ammynmm@kbOMmﬁn@bkmmﬁmﬂddﬁancamAbﬁhmegﬁmemﬁdouﬁ@a@n&nmy
SU|tabIe H sugh graplng or Iomerlng t he &

f ola5 ARt Vs 18 28 p gt 4y BYlgIonpry tigalgq In these

bi &%dﬂﬂn&ﬁip ah%reﬁ’? ot fégeﬂt(ﬂreacoﬁﬂ)@lgi%g BlalbSh prg‘j}]@&?alﬁ@o%med with

may be perfornmed according to any suitable procedure.
| relaise éxarpdlegicplapenasationnxtioet q@ha@egmtﬁon@@mswg chagigbe) under

CO0iRhs SftBE AR ERNEMARIAI ol 8L DLAGACI Mo aaps arc
t meladggg]na‘to ;imwhlatglget 1{1?132 dquICﬂxampb:I: ?ﬂg&&smsd ®@sistahtadib is not
DT e dePautP B BT eedE ob ol by v so Py iRase fo

| | 93T agRRe hbsut RIgARJ PrdfehbI9 XRERlaStaf¥rcFbthpAIABSE A6k
reagents, for exanple, against a C or Ntermnal ta

(s staggfal Uz dggnaies eppp@@ub@ted at37°C1ing @)O42(nhv/wpgéq,lut10n of elastase for
I | d
Thrqerfl%%d%}ét it 4st a ?c?h:t% 19 ﬁo Nfo% ﬁreﬁepﬁogﬁ rtr%éy élgﬁqassg bﬁ%és?dnmiAb is not

Iversity the se ected
as%stalﬁdillbylegeﬂe(b\kfmlt inaphedesdECoh a D@Q‘Vp(vdd/l)l S(blBti((IMifr dksstase for

eEraoﬁflir10|q§% tllgils? ul?ou? 24 hlours arpleast a%out 3]6%190%838 at ?Qast eR)out ﬁlg]f(r]burs
In an exemplary embodiment, the invention is a method for selecting an

immunoglobulin single variable domain (a dAb) that is resistant to degradation by
clastase and binds a target ligand, such as a target in pulmonary tissue. The method
comprises providing a phage display system comprising a repertoire of polypeptides
that comprise an immunoglobulin single variable domain, combining the phage display
system with elastase (about 100 pg/ml) and incubating the mixture at about 37°C, for
example, overnight (e.g., about 12-16 hours), and then selecting phage that display a
dAb that bind a desired target antigen based on binding to the target antigen.
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on catalytic activity, which can be neasured using a
catalytic activity assay (e.g., proteolytic activity

assay, phosphotransferase assay_ phosphohydrol ase

assay, polynerase activity assay). The protease

resi stant peptide or polypeptide (e.g., single

ant i body oviaekami1e teomRéMibn GRNMREYE & SR g SRPEUE bepdlypeptide
for a generic |igand or any desired target |igand,

SUBA 1aEs AR dSeradniandly [BHOREnaSomPHEINg ATOYiiRg 2 BRI,
9 rlré}gértbufe%‘f&)%tﬁ}es 5 ﬁo?;éﬂegﬁdése&ﬁﬁlﬁﬁg ﬂiegﬂb%ﬁ‘y I?)r fe?%tt@&e with

receptors, enzynes t eas co-factors for
enlzqugme DNA lbq)lnglpaig)rq:pagxtlen;@gtratu thdmogﬁmate comprising leucozyme)

hydr Syj t t t
C e HRIog s BHe B Bk B S AR IR R b e §iEo
f aigélating zﬁ‘fd&ﬂ&@fo%lﬁfgda p'&pheé oPFo¥Rbiig thaah tdRtdatio RERdation by
not limted to: AA, BDNF, Cardlotrophln 1,

CEaucozre andia d@ﬁl@%@ﬁ eoglgctiving, e e aqtety). EGr

r ecept o pafiiraf Smb &l Mhe ﬁ:ﬂQEIﬁ?Qnris gmeﬁf&gq&%e%mlfﬁ@
FGF- aci d| c, FGF-basic, fibroblast growth factor- 10,

Fngnmnoghubuhn Fingle tvaﬂlahlméor(l@xgﬂjAb)@NFS re@s@sRo d@lladmm by

I(H:(';]I-El-kl)(liolzymF Elrl]@ {11 nas ? tilrgeinganl sUc aF égaer%e{% in Il)uFlN- géll’{ tlssue ’Iltl these

t y@gebolimérts, 2 hblrdry 3r repéﬂton—%, cohlpriSing IdAbE is ﬂrhwaed dﬂd—o&nﬂoﬁﬁ:d with

a.a.), IL-8 77a\a1 IL-9, IL-10 IL-1 1, |IL-12,

| Lleg_(@zylinﬁ ((f@ biglpgical @regatatlog 7extr|a-it or ?gmeg@a‘ig)corqpﬁlﬁling ilgpcozyme)
a, yddehédRidRioRs sdiBvkQor ﬁ%fe@ty'tle ‘af‘g\égtﬁ)ngfquda 86 L D&ucdzyme resistant

(KG-2), KG-, Leptin, LIF, hot acti n, ['1erian
i il qrme}ecéqsﬂtib@té’rlnﬁea tamhb@%mi ebtxempld, irsi lbtiepéyrye resistant dAb is

f i ngfglg%ég?aﬁﬁ t\x{@%&r@@%at@d’ ft ‘%"é‘WCJF\@ ﬁﬁ/ ’\()E&g)égﬁmon of
I\/[IE‘HCZ),zyIME%r&, pehibiPoflat 1849Ca{oG T2 hmﬂs .) PreMDD1Y, GEe Ru@zyme resistant

M MP-la, MP-I b, P- 3a, P-3b, M .P-4, | pid .
pr&%ﬁin%?ﬁ’?ﬁﬂ? ytdﬁgmflggc‘fvg?n ITC‘I(\QfoIdlf‘t Py e lﬂlﬂé %W (/W) Solution of
NeldhidodlinB forNefe¥iBd 8f ARt ARt 01 houds. Ndbie éﬁ@ XNﬁr c4euco
Oncostatin M PDGF- AA, PDGF- AB, PDGF- B RANTE

SDFSIPE G npt subeEn i alEdrE R BT CSER,04% (wiw)

¢ g?&g#ogg@fog%ggr a gé?tcﬁg_jk{ﬁ'at l:%% a?@)é[ e2§1 ;ﬁg?rlé,lr at rﬂ%ﬁﬁ__ﬁ%ﬁ%6 hours, or

r egéqisorbohl 48 hickd.- 1, TPO VEGF VEGF A, VEGF B, VEGF

= VEGFIn%h eyeErr%:lalryee?n%td%rlen% the 1nvent10n is a methods for selecting an
immunoglobulin single variable domain (a dAb) that is resistant to degradation by
leucozyme and binds a target ligand, such as a target in pulmonary tissue. The method
comprises providing a phage display system comprising a repertoire of polypeptides
that comprise an immunoglobulin single variable domain, combining the phage display
system with leucozyme (about 100 pg/ml) and incubating the mixture at about 37°C, for
example, overnight (e.g., about 12-16 hours), and then selecting phage that display a
dAb that bind a desired target antigen based on binding to the target antigen.

In another example, the invention is a method for selecting a peptide or

polypeptide that is resistant to degradation by trypsin, comprising providing a library or



receptor 2, VEGF receptor 3, GCP-2, GRO MSSA, GRO Db,
GRO-g, HCA, 1-309, HER 1, HER 2, HER 3, HER 4, serum
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MW12, PDKI , IgE, and other targets disclosed herein.
It will be appreciated that this list is by no neans
exhaustive.|ln some enbodi nents4pt he protease resistant
pepti de or pol ypeptide binds a target in pul nonary

ti ssue, such as a target selected fromthe group

CORBérEditetG p@ﬁtld-gk\ﬁabolyﬂeﬁatldies ¢dmbifing ke 1fbrarl lor feBertdnke \51th trypsin
IL-6, IL-6R, IL-8, |L-8R IL-9, IL-9R, IL-1O |IL-1

| Lundgreongdjtions suqa[gf_e fq_Ig[FQﬁ"COlyth digestmdy. try|p§1n]_:51d qel‘_ectygqlsolatmg

B

CD&G a dEElLbiolQPBd ,acdDH38, ALKS5, EGFR, FcERI, TGFb,

o2 e RSP I e PGS asFltse

EothaxiddgbbulotiaXle Raddble vh&dka dAAMtlis rebicla told@radation by
| FNa,  1-309, integrins, L-selectin, MF, MP4, NDC
MCBZRSIn qppbands ﬁéferg?tdkﬂ%m‘ sBfhaasradarget lasw%wm fisyue. A these

PARGh o diledts, aFROMHESY re Qt:mre%@N(E:lgrlsmé I4Alb8 & provi %ﬂd@%med with
Thrombin, Tim 1, TNF, TRANCE, Tryptase, VEGF, VLA-4

VOANISind@b7 biokeia] pesRatioroeRMct QURBIOZOTRY cOMERANE trypsin) under
gL%{ﬁ%‘ﬁ%ﬁé :zault?abﬁl fgr apro eoltyg 1gp?|¥E ();Irl byQD8 ilB \fgaz}nn%m&a& dAés are

Wheteceeddi:s pinaly taigst l@md eFgr exaﬁpm 31|a|t1@lps15 ySiseamt ﬂhaﬁs not
i nks coding f nct on of a nu

c hbsfantilly degradeday %ﬂﬁgmﬁéﬁfi.aa@ §' ing r%%@\%vaféagﬁ%iﬁﬁafpsm for

by, §HRAMHE! BhE aBifilt DholiS. PEGEbIY, thBBypBE RRREaNHERE [sided
herein it is frequently advant ageous to anplify or

i nebstarteally egradgsl wiambeubatstl at hECrne 0di4¢o @zt/wd soltlhm of trypsin for
enacﬁe(ill dtorl}gt 2 411 l%‘u(?g HBERT II\PO%? pl%gﬁir #ytﬁg% g‘feISeSISt-g &Ab is not
provi des an

| crent way
qusubbtiditiablg degradmb\kfbﬂmnamwéd aaBiﬂ’Con a[@éﬁ% @e's/) solution of trypsin for

poI epti.des for addition rounds. of sel ect
B S Rere b Syttt st SPU0E haps S lers b et s Houts,  least
nemaamsho@g at RbstRb&RAHongs, Adetist Axnad h(nﬁ’@%le@!stra@%t 10 hours, at
afflnlty mat ur ati on repert0|res) hus, i n some

(enlﬁéﬁﬂ phaaid § hoyrpeor glepy @gowfl 2thawrsi nvent i on corrpr i ses

]tjiln(r:lgl gﬁqg%%rﬂ%lu@y%%bgm%@&ggengk%%&@ 5‘51% Hod (flé)lrkglectmg an

¢ hiamawgtoglobslin sisglofvatidbde (epdin ¢ed Al) that is remstant to degradation by
trypsin and binds a target ligand, such as a target in pulmonary tissue. The method
comprises providing a phage display system comprising a repertoire of polypeptides
that comprise an immunoglobulin single variable domain, combining the phage display
system with trypsin (100 pg/ml) and incubating the mixture at about 37°C, for example
overnight (e.g., about 12-16 hours), and then sclecting phage that display a dAb that
bind a desired target antigen based on binding to the target antigen.

In another aspect, the invention is a method of producing a repertoire of protease

resistant peptides or polypeptides. The method comprises providing a repertoire of
peptides or polypeptides; combining the repertoire of peptides or polypeptides and a

protease under suitable conditions for protease activity; and recovering a plurality of



pol ypepti de encoded by the nucleic acid, such as phage
di splay) and further conprises anplifying or

w0 p@saadihg t he copy nunber of a nucleic aci d PEEGB2008/050399
encodes a sel ected peptide or pol ypeptide. Nucleic
acids can be anplified using any suitabl e nethods,
such as by phage anmplificatiay;cell growth or
pol ymerase chain reaction. The net hods descri bed
herein can be used as part of a programto isolated
prﬁl’lpﬁ_@&s%rrp_@?fp tRIS tHaERivie deRsifdd HSIbyipARLiABs whbRby & &pertoire of
conprise, | esired, other suitable selection .
meRTRESas. resifantpertédes ot pRlyRBHESS it REdreadn daefcgblye thie plality of

h i Y e nai.nt. i
L NPy N6 0 o R b s
metihdidg agtnetysedh aFhiedme thodencde signdoaa thrgedigand.aRro&dase,

be,.used t rovi.de t or._nore. rounds | ection, a

S acdRbueRaR et P pleTerd i P o & Furleahl pfides or
I myiepadlesitBat arggRithislel fdrake Gaheailethdd ak: e@ibed®eRin with respect to
pol ypeptide that is resistant to degradation by

el B& phsEmMebgnn?fiths WyeHi®vi ding a Iibrary or repertoire

of peptihdgsic embBAEREPE liSgsy sysRrPicY. NS dysREAhY: 18ks coding
regfrt0|re wi th el astase (or ‘a biological preparation,
exfunetisn odra Moleisgeiteand femtipnal shargetetisiiss aséy pepiueror polypeptide

condi tiQns.,suitabl e [, proteolytic. digestion b o
10 Cragban iR P hadPh el Bl SRR R uRs TR R Rt s
peptd,daddic pethypapthedenipiats dsplifeiap ot Alteatifg the copy number of the
degradation by el astase and has a, desjred bi ol ogi cal
acticlsig g1 Sethi;t.e,n“tﬂ%r’i]&fi lhlarafim 9@%@%@4 PeidgseT oS ACRfdes. Nucleic

e AR BE SmpliflQl dsheenl isBitabl SmahiBNAHad R phasd SabliMAtion, cell
an |nnunoglogulln single variabl e domain"(a dAb) that
i serpwdi gtpetmaregsedbgnaehatipion by el ast ase and binds a

target i . . i s .
15 ) o et rARR sy AR ok B o 8 MR b depertoire of
C oprpteb i ragstaAlps lyipsptjplee tHadedn@isd dadshTiedethbd boreprdses aseiding a
(or a biologjcal.preparation, extract . or_ honogenat .
¢ ofepsiodierh Pab R FRCemAr L BB P BRI it TR0 ! peptides or
prgdiaRbMidsGnda @esitdse . @%t_rﬂisﬁﬁ, tR&Ese, RuasA AR PulRs hfitadlt
dAbs are selected that bind a target |igand. For .
exeprgitions for erai¢ase pEEEy r alirecoypinginpluraditheftpolypeptides that comprise

T e
| e@steiraboarta t2rgholigasd. Phemethathkan bd bved &l @st@sea naive repertoire, or a
E S R
el @sfuasion k&krtoire based on a parental dAD that has binding specificity for a desired
target ligand.
25
Polypeptide Display Systems
Preferably, the repertoire or library of peptides or polypeptides provided for use
in the methods of the invention comprise a suitable display system. The display system
preferably resists degradation by protease (e.g., a single protease or a combination of
30  proteases, and any biological extract, homogenate or preparation that contains

proteolytic activity (e.g., sputum, mucus (e.g., gastric mucus, nasal mucus, bronchial
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solution of elastase for a period of at |east about 24
hours, at |east about 36 hours, or at |east about 48
hours. In an exenplary enbodingnt, the invention is a
nmet hod for selecting an i mmunogl obulin single variable
domain (a dAb) that is resistant to degradation by

el Ag&iap SdraRHodN Jdlks mag@n@@thdm%am@ hergCdxtras:, pantRb@Eéxtract,

in pul nobnary tissue. The_neth conpri ses prOV|d| %N
phergeicdludpisalivasieaisand drke)- sTh?gd@kr‘Yeﬁyéﬁefrtﬂnﬁéh nk between the
0 i

Do P G rad R o SR B R TR RI I M L 2 Rfinc o

Wi prhteedeas thasmogt atabl@tpemﬁr&s ngpmty})epadds erthfwt@atlitm@ tThes allows a

for .ex e, overnj
it S BREbe Sl ABHALR! Eur PR ot R andvor
di gpplizeda dAb that bind a desired target antlgen based
on binding to the target antigen.|n one exanp t he
i nvent i 890§ §Xaén%tar%te$86 rre%Séfrng PERtidls Oépﬁlé‘B?H“é% C’t‘ﬂf be sefected,

p ollsé/l%gtah(g’ 6r Itet'(ﬁlerédsfrcﬁﬁ i 'recﬂef"tmre Bppei%{%@és%q %Blyﬁ@ptﬁ%s that is in

| eucozynme, conprising providing a library o .
e‘p)éuttoo; <vrels gcfvaiﬁ@riy pde@lcovalmlm@te@tedd@@ sultabmurfacrﬁg sudhels plastic

qlasg {e %hml (?tgttergﬂél{ltg opvé)/lb%;f)geﬂo UG e(s a mlcroarray) q:lor example an

gena e conpri
I ear@@@f@epudemdﬁa sm@ma lirt & oragne Whdt plles aol dlpﬁmit #ibtayy member (e.g.,

di gestion . Ieuc and sel i.ng,. i solating

and’ e negt gwﬂvw@ élbgﬂeéf‘e Pfﬁde%bq%@apv dethe HH?Y fag be used.
r epheSitatity bPeAHB GbAGRIMBeAY sh%%g%a@wdaa«%u@ed by its spatial
desired biol ogical activity (e.g., ndi ng activity).

} nlogrtioniie thearragnbbelionetioms in thherrpyiwere |bmdmgsm@|ra¢§@mﬁdwtween a
( gtragigg at%ﬁ’a {69 Ie%%rdéggg@ Pe%kt%‘ﬂﬂ &l& te?soc\)éc%‘éllyﬁp 8 q8RMRLA,

eucozyne
antrlieﬂebyl dienfyirgrteseqhegandf the tﬂahmasnantbeas gtethe ibasis of spat1a1

BB D) T ecaphrSiPAET oS (o rotihd sfe pgaghadoos2)

Wi th | epieRZWBIE t}(e%etﬁod?r,leﬂipw £aikplRy SRABNATEOIMks e dodfil function
or honngfnate conprising | eucozyne) under conditions

s ubfraapickic asid gdatheirslt ¢hemigad ard/ prolngipnpleherssipretics of the

%ygg%ﬁegén%ga@ggphee gtgcl?éf 2&8 ﬁﬁé eFJhg;q 2>5 %}é{e?gésaﬂgtoa rise a

dAﬂﬂu]iaﬁtymftreplbilt gnIIeItlalphgkaggg satied badtﬁmpihm@ma:bﬁsi(bad;teria).

IR AT NN TR E e

| elitgezy PRacleaspimpanisplay is a particularly preferred display system.

A number of suitable bacteriophage display systems (e.g., monovalent display

and multivalent display systems) have been described. (See, e.g., Griffiths ef al., U.S.
Patent No. 6,555,313 B1 (incorporated herein by reference); Johnson ef al., U.S. Patent
No. 5,733,743 (incorporated herein by reference); McCafferty e al., U.S. Patent No.
5,969,108 (incorporated herein by reference); Mulligan-Kehoe, U.S. Patent No.
5,702,892 (Incorporated herein by reference); Winter, G. et al., Annu. Rev. Immunol.
12:433-455 (1994); Soumillion, P. et al., Appl. Biochem. Biotechnol. 47(2-3):175-189
(1994); Castagnoli, L. et al., Comb. Chem. High Throughput Screen, 4(2):121-133



dAb is not substantially degraded when incubated at

370C in a 0.04% (ww solution of |eucozyne for a
w@essowias at | east about 12 hours. More pref ePEbiGB2008/050399

the | eucozynme resistant dAb is not substantially

degraded when incubated at 370C in a 0.04% (w w)

solution of |eucozyne for a peji.od of at |east about

24 hours, at |east about 36 hours, or at |east about

48 hours. In an exenplary enbodi nent, the invention is

a (@b Hodshd ptis& cﬁ@bk@@ptﬂi&s HRPEAQOh @b;ubtelno;ﬂia@@h@play system can

vari abl e domai n that 1s resistant to

del@fr%lﬂ%\weéﬁ’n@?}’ ﬁl@@ébﬁﬁt@rlmgwﬁ%a% filamgtouy phygaty;e-» fd, M13,

| Y
PR hATPh g S fr o Rt L P M oy g
a r eperﬁimeraélyod lipratyyfebagetbat dispdetys e oensriose ofipeptides or
obu

i I singl e vari abl.e domai n, conbj ni he

5 RSP S Rt Rl SO R bR Bl byt pr
an}ﬁioteﬂg Uib @fddﬁ@edt dierd¥ii dddu IMie &lisiuieindchG,dispFy tRXpdppiies or
overnight (e.g., about 12-16 hours), and then

seﬂ"éﬂieipﬂ%esﬁﬁﬁ’@élpt(ﬁ dhe r&xasw%ﬁ/p@twrfﬁd&ﬁlr?ﬁ H@n interaglnogigion.
t af gekad ﬂlte' 1215 8159@?%6%ﬂd@bﬂ§glﬂﬂpﬁ& Jah%etp?ersgrﬁtat §B&§1t9(§ﬂhat is

I n anot her exa e Invention Is a
sear@mmtwgmwl peqlnmaj@ lof pPbl Wveptn Hef ks alss rfrfeIStrdstpaﬂN 1.) The

da QY. i.din
10 i qu%@% r ryé) ppel(f San ég glfrecnlg Fﬁseggs szr @% o,ﬁfé/egfél tf;rrragus of domain 1 of
c Opiﬁi) oi figed toeplll Iubﬂhgﬁ)hnbdfr negsirtditiecfusbh bar fuyths: d(bmplﬂldeﬁ tag
Gdl tions, suitable fograpro eol ytic digestion
tr

B C RHAPS &lieer) dgbrafishihat somprisnar @F“P%%%PW@ %4

PeRI 8RS tRAIYRERIILE ab hiﬂon' RoteBS WithaPha é)coat protein,can be
degradati on by trygsn n and has a desired bi ol ogical

acmrpdlilqe9 using apasufalg mzpthasisisoeh aehit wtroduseng yhapyi od phigs vectors

15 & valh gzgﬁ?e%l Q/rectgl%l Eggd d\%t})@?ﬁgg%ms&% ég%é;&tr gﬁ{y?)%:ﬁ%leg into suitable host

d elgrceediag amira:ub\ynﬂgtypsasmluag ﬁacberrm paoduac pletec l(¢. gandng ssidtable

2oy BhSer Pmpl et T Gt DS FraR R i e

andcsRradl sl thd duRudef¥Rg iaRy 6@fabR RERD Gidhdls precipitation and
preparation, extract or honpbgenate conprising trypsin)

un@@ffﬂfé%ﬂﬁlémtl ons suitable for proteolytic digestion by

20T YPO1 TR LAl Sy 1505 6t REpiad
d Afvntagnsrnly dssited taarotintadfldyv edseiyr zfdedxarﬁpém thermpmame damtontain
37[96%‘[111@5 0% pgly%eptld(e thV\Q hasvg layntllllooéll’]CI(? seque cgs thiat correspond to naturally
occurring polypeptides expressed by an organism, group of organisms, desired tissue or
desired cell type, or can contain peptides or polypeptides that have random or
25  randomized amino acid sequences. If desired, the polypeptides can share a common
core or scaffold. For example, all polypeptides in the repertoire or library can be based
on a scaffold selected from protein A, protein L, protein G, a fibronectin domain, an
anticalin, CTLA4, a desired enzyme (e.g., a polymerase, a cellulase), or a polypeptide
from the immunoglobulin superfamily, such as an antibody or antibody fragment (e.g.,

30  an antibody variable domain). The polypeptides in such a repertoire or library can

comprise defined regions of random or randomized amino acid sequence and regions of
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trypsin for a period of at |east about 3 hours. Mre
preferably, the trypsin resistant dAb is not

substanti al ly degraded when ingubated at 370C in a
0.04% (W w) solution of trypsin for a period of at

| east about 4 hours, at |east about 5 hours, at |east
ab@uiméh HAMO ScidBbqletas tin2B@4h eribbdiksts, Al orlseBIintialPLIl

8 hours, at |east about 9 hours, at |east about 10
horflgpepiides|ip agepegbititre P 2 Weticd tyrsy sugh ap adetired sBpme1z.g-, a

R N R A M

dolmanan Y. dAxeidried embsdinesissthapolypeptde grsabistsyssem ogmprises a

trypsin and bin a target ligand,..such as a target in
oo Rt pe B Tnb et ARGHASE RS, PR virtore
phégeaigli BeH ea¥mpISéRAPpERPEItIAS iNthe AepebRE M doAtadf a Vi, a Vi or an
pol y&epti des that _conprise an i nmunogl obulin single

v_alfj‘f et %‘_%ﬂlf‘%\?}f?,m E®nbi ni ng the phage display system

Wi th tr YRS d1RQud BE BivirsfP Bar MGHBEdIBirkd Sy Rekidt @i of a
about 37C, for exanple overnight (e.g., about 12-16" .
hopapsile ompadyrichede ereskaftald ngng haygwritablamethoslp IFay cxanthld amino acid
that bind. a desjred target.antigen based on bindi to .

¢ nRp el Rl LB inb SRS pREH L 9E0 BSE Sy O e bhriy

| Sdegermiiih@ebgtin qifandutibodg varidbdpéshan bea b drpplab&adenain, by

resi stant peptides ar pol ypeptides. The npethod . .
coRfpriress ! Wiogw@elaafﬂ&péﬁ&e&ﬁ? B éwsﬁtf{gﬁ&%@fwld% using any
POd VRSP i8R nesEOARhAsNY ot MRy HBARY POR! @li,%gnu&@@ﬁde%&iiﬁéd or site
pol ypeptides and a protease under suitable conditions

f ofirqeted naHagenesds, idiversyfication usiee YNEr ¢adgnsyl op pry ethentspitable method.
of .1 de I ' : [ -

o1 BBt reBlop R PSR T LB o BERRIS. o
r esi st dftte spepifitags grepidis yipe ptak d e thegeppirtode dsddrgely a matter of
Preferably,..the plurality of peptides g ol ypepti des, .

i ane bainir e B enidis ol Rlureds e bl HEEBaERes in the
baggehtdR MvOhtsh@raey bichite (foHE Bt Bt BhO@iRgn) 0 a

generic ligand or a target |igand. Proteases, display
systens, conditions for protease activity, and nethods

f | ' j.des or polypeptides that are
s%%licgﬁogﬁ%&é#galsq%@%e he met hod are descri bed herein

Wi t h r espedtast esishet piphde ommtliyedsdofe. gt epopnlagon dioprotehse

2S@%&tﬁ&?&ﬂp@&?ﬁgc%&g:s%lgclztg , iss&feﬁg(f gpld&()e}'rgdokfer%d (grioﬁpell rae¥)ertoire or

library (e.g., in a display system) using any suitable method. Preferably, a protease

resistant polypeptide is selected or isolated based on a selectable characteristic (e.g.,
physical characteristic, chemical characteristic, functional characteristic). Suitable
selectable functional characteristics include biological activities of the peptides or
polypeptides in the repertoire, for example, binding to a generic ligand (e.g., a
superantigen), binding to a target ligand (e.g., an antigen, an epitope, a substrate),
binding to an antibody (e.g., through an epitope expressed on a peptide or polypeptide),
and catalytic activity. (See, e.g., Tomlinson et al., WO 99/20749; WO 01/57065; WO
99/58655.)
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pepti des or pol ypeptides is used, and the nethod

further conprises anplifying or increasing the copy

nunber of the nucleic acids thgt. encode the plurality

of sel ected peptides or polypeptides. Nucleic acids

can be anplified using any suitable nethod, such as by
phage amRbint emBbigRntsCBE broddagvkcRis@nt wﬁhw@mﬁ@eph@é i8 selected
reaction. In partlcular enbaodi nent , e invention is a
meAnY telatest Ger @il ogars of Epetein tf@epfidep popAxRPIRsS Sehight

po.

D ORISR ke BRI, PR Spo HRTR e 8T gStectabl
d Afesturec divb exvinme, ttheprosper e o stpg p@ptlcpaeptppty@spt(ﬂe can be selected from

pol tides and. a t ease..(,£. pSi ase,

Pt MBS bnaRs PP RRTaRRuE: & kbR peRihe
acpdlfichidesdnell & @EOUEH pdi@ria lipAndl Bintl b} oMinopairgpePahdl@snd (or are
that conprise dAbs_that have binding specificity for a
gebramd 8Y) 3 epapgon antipody.pr BPSEYS ALonPRQI @iy ts acHyigt eltHs ype of

Or seftclig BhartlchBAY Isc Al S PRPARE LRPerRErcWFBbidaQe Férs@glﬁf:ﬁeptldes or
a naive repertoife, or a repertoire that i1s biased

t onvyrepadaegdkit raeecbabq:dm mgarsrpélmef)twlq anypolypgptidegbatdps a desired

a f If)f(])ﬁICXI 36: lVlg){ OI' exa IFEPX%%EI?%/JI‘ I'l’l’lln§ géléllpyrl’éla ]{aartlglrlnée) An dAb

I i @ﬁmd]ogl%fbhmpaﬂglb@&rldhlﬁdmﬂam Systens Preferably, the

repert o re.or rary of peptides or polyp pti des
provi dedflfegpn B%SQE PR bindEne R K EHE08 2R HE ljZa0E i ld a collection or

p?ﬁ@hlaﬁ@n af SptiialroipsphRY (Y 8dredth all BEsBLERYAY aﬂ}fﬁttlﬁ‘e"ﬁrotease

erably resists degradation by protease (e.g
si iggfbtentmeptidesse poly peptidonthnisiere cpmpenepiseif &@sﬁég,lnaé hblraﬁmcyr

bi al t -
oo PR FoE LS pefIRRPICNRSp Rl RORRAA LA AR or a goneric
( eligand, syals hsrprotehuﬁumptehﬂls at amargibsdy, koamhﬂeil@kaduisumed and/or
bronchoal veol ar | avage nogenate,. | un trac
ARy SO Pa et e syt R TR IR AR b e e g priplished
t higy dddk)a sohiRn @ SRARY e Y%EI%HCQ nd, Iﬁz&géﬂl@l&nd}% %ﬁfhbtel%ssel
di spl ay systen1and t he |splaye pol ypept

pr&fsertalts, Petardighd ard allpsvipgie digant totbscpng élée a% cpded onto the
MoBL; lsst}fﬁilpé %S%ng%?ﬁs%%d QQA yep]%%h'eg Gwa fn a?tl%%sco(_r) gglg/p%ptldes

repertoire. a nuclerc acid t
s elegxc tagdpatiosptlay bab poh ypepitediwith prdi@s@asn by adddltathedessel and

ant?l/e %ssel maintained under conditions suitable for peptides or polypeptides to bind the

immobilized ligand. Unbound peptides or polypeptides can be washed away and bound
peptides or polypeptides can be recovered using any suitable method, such as scraping
or lowering the pH, for example.

Suitable ligand affinity matrices generally contain a solid support or bead (e.g.,
agarose) to which a ligand is covalently or noncovalently attached. The affinity matrix
can be combined with peptides or polypeptides (e.g., a repertoire that has been
incubated with protease) using a batch process, a column process or any other suitable
process under conditions suitable for binding of peptides or polypeptides to the ligand

on the matrix. Peptides or polypeptides that do not bind the affinity matrix can be



anplified. In one exanple, a protease resistant

peptide or pol ypeptide can be sel ected, isolated
wa@pasosorecovered froma repertoire of pepti deBCDGB2008/050399

pol ypeptides that is in solution, or is covalently or

noncoval ently attached to a suitable surface, such as

plastic or glass (e.g., mcratjger plate, polypeptide

array such as a mcroarray). For exanple an array of

pepti des on a surface in a manner that places each

di whdhBE€ biwhy HdaFoyindPEREAES &Iepomy e fidds @uebPePtetl d8d recovered using any
sequence) at a discrete, ined |ocation in the

ar fUityble isthed. b @s clyen W&g ﬁtki"t/%‘f nb¥ bukfeevith & maldlepatig agent
i n(e%“ qgeafilrbr%l a0 f6t ﬁo%;ﬁfe@f&ﬁﬁn(ﬂ Jtotttﬁ%ﬁgaﬁltd' % one example, a

| ot |on|nt earay T ocati ons T e array
whia pemyhatedlianggt ligandriaciminned Weh wewpartairg mdgetonldltgmm gyitable for

f | d t
S oheeriR RS Rk 5k shEre s i B Bagh BRte S Auttes or
r eﬁﬂyﬂepedm@ﬁ@ve@ea dsh ibasibslizel asipat dratrept@daini(@8., on a bead).
(See, e.g., U S Patent No. 5,143,854, WO 90/ 15070 and
WD 92/ 11999126 Fppdimspispihy SereRis O dganship ppgntibody gpaniigen

Syﬁh&ﬂé mglheﬂt'tlﬁlel?%ft rA‘%‘uﬁ9(1'1@'1& aﬁlﬁg%rﬂn‘i’(ﬂngﬁagmﬁﬂghgf Bind structural

aci d and physical, chem cal and functional
cNéMGGEefpeﬁﬂesmuﬁﬂnheﬂéwanewWMUQmenﬂmde@ehyduweepﬂﬁuksOr

10" uﬁdlﬁreﬁlge%iog a lﬂs)r er?cp rea g Pé{‘ﬁcuqar useﬁﬁ enlelrlc hgands

rep PE genetic pac

baz&htefdd&p faad) entien e&idi@ fipachsrsuajble R eéeearsaiglayds fohBolating,
;%efl ay system conprises a library, such as

fiig @éewvgmga@rowﬁﬁrra%lvam@aete%ﬁs |°6}3?1‘¥5f‘é’“8?%°§‘P:§9

| SmanRMnh] GYRFShaPLRl @h b8 gregm%@ higiMg B ShBEblcAdinbaDer
of suitabl e bacteriophage display systems (e.g.,

rmnoval ent display and nultival ent display systens)

See, e.g., Giffiths et al, U S
15 %@% (i ncorporated herein by
r ef er eri[n@)her dgheots, Cthe ei\/elaio,n rklass tdPapantirebof pioted 33redidi3nt peptides
r at r ef

U AR PR RS s T b ot GBI ps s G b iy 2y pOlvbeptides,

r ezflﬁrtﬁﬁfémods Mi'pké@l@ﬁg%ﬁélﬂ@oraﬁésﬁnd P@feﬁ@ﬁresl\b 5, 702, 892
(I'ncorporated herein by reference); Wnter, G et

Annu. Rebrarieniiarsicodq id4Bgousn pratgss yesiseay mnudiemndarinlypepndes
20 (ea%lg%e ’p%léetd g@hgﬁgﬁl’%g&s@%?ﬁ}gﬁﬁ% %eﬁogig?%)e hhlgaéﬁ ofiBQ invention can
Thbeodﬁgigped toSmr@kemrotdds2 yresistaht pﬂlﬁﬁl(iQ@Qb)lyr)epfﬁﬂﬂB bpeapitdndﬂsaptide or
cﬁ%ﬁ%ﬁtfl 11%"[eersestd %ﬁlaaﬁeggdel o p%lybp%f;ttl e eEteg grom a Isll?rary){ or can be
selected from another library using the methods described herein. For example, a
library enriched in protease resistant polypeptides can be prepared using a suitable
25  polypeptide display system.

In one example, a phage display library comprising a repertoire of displayed
polypeptides comprising immunoglobulin single variable domains (e.g., Vi, Vk, V) is
combined with a protease under conditions suitable for protease activity, as described
herein. Protease resistant polypeptides are recovered based on a desired biological

30  activity, such as a binding activity (e.g., binding generic ligand, binding target ligand)
thereby yielding a phage display library enriched in protease resistant polypeptides.



be di spl ayed on any suitabl e bacteriophage, such as a
filamentous phage (e.g., fd, M 3, Fl), a lytic phage

W@ e00§/1491431, T7, | anbda), or an RNA phage (e.g.PCIVEB2G08/050399
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for exanple. Generally, a library of phage that

di splays a repertoire of peptides or

phagepol ypeptides, as fusion pfoteins with a suitable
phage coat protein (e.g., fd pill protein), is

produced or provided. The fusion protein can display

the pephiaemeixaRfley  pRigedaplagllibtdi cbhpridhg 4 RPcREIAIS displayed
coat protein, or if desired at an iInternal position.

Forolepeatifiseomphging ingphagaebuba singhevapiablg dryppwp (4-gleVea¥ic, VA) is
b Maplihuing ¢ e . e o
ol ERERc Bl Bebbat ot IR e i APVRERLELR, b Biggiy ors

SO T
t odedBecdNarget diigenli AploHy@idn pb bylppgtidekehavary theddired binding
fused_to .of domain

ill (e.q.,.the t.erm nu 1 of "
sy Plostagb i ang e SaliehiSh T DHpisia i Teins afdercqpditions
f Ui t9hlc G protds Iy R@Sct sideQriBed Rbein®ALollediME ofPlot@REresistant
Hs tag). Libraries that conprise a repertoire of

pepslyrgegdesithay bpyaibp desdied targedbinghing speaprisy/is decascredsiidding a
r ' v, (o) =) duce -
D T R0 8L o IR Mg
| i lpr@n,yproteagehegeance @it tiisssetectighagini dorvaatowsh bigbadimiy binding.

t he di ayed pepti des or_ pol ypept.ides into. suitable .
hoot - banpBHE BB i Re o IRl LT Ao REpLRR i radity
prigdic@ucei agfg higy Giitabld Mdfithda Fetbtalple ahlablearacmrs@?@en@é that

conplenenting plasmd if desired). The library o . .
phgedes grlepecdtapoigrobmepiidsteghé PelMMaise, Wsinpyingglpbulin variable

SUj )%aH‘BE %Qgineﬁ gﬁcga @ﬁ}e@ﬁ&péﬂiutcﬂcj Qs each contain one or more

centrifugation. T I splay system can conprise a
r epetationsreen bf ppeptel.des cxamppobypeplifyteshd heteicand edimsan error-

any desi,red ampunt of. di ity. For, exanpl t he

oD BBl e KiieR R iy bY BT R sk O ene e ot

hax &idnt hén. 2049 538 LIRS uking ba&eidl aapamtkttaths (BéW Ak, Y. Mol.
epti des expressed by an organi sm group

occurringépol&%
ofB@FQQWF_ﬁé} ééired tissue or desired cell type, or
can conb,kfdr Qﬁg&digﬁﬁts,%arﬂ?éﬁlla)f P@g%ﬂs%?%hle%r{ﬁgfei%‘i/(gcaﬁl?)ﬁ gﬁg&ted for

or random zed am no acid sequences. esired, .
poliypeificittms MethodsHar mutatiepsetastedqosigions ars elsd fvslldnowoin the art

Xy SRR REF N il

pr digehiicléqtidps, atighi g wathoat the DseasT@CR. NF@@r@hyle, syAthetic antibody
libraries have been created by targeting mutations to the antigen binding loops.
Random or semi-random antibody H3 and L3 regions have been appended to germline
immunoblulin V gene segments to produce large libraries with unmutated framework
regions (Hoogenboom and Winter (1992) supra; Nissim et al. (1994) supra; Griffiths et
al. (1994) supra; DeKruif ef al. (1995) supra). Such diversification has been extended
to include some or all of the other antigen binding loops (Crameri ef al. (1996) Nature
Med., 2:100; Riechmann et al. (1995) Bio/Technology, 13:475; Morphosys, WO
97/08320, supra). In other embodiments, particular regions of the nucleic acid can be

targeted for diversification by, for example, a two-step PCR strategy employing the
product of the first PCR as a “mega-primer.” (See, e.g., Landt, O. ef al., Gene 96:125-



anticalin, CTLA4, a desired enzyne (e.g., a
pol ynerase, a cellulase), or a polypeptide fromthe

wo povaneghdbul i n superfam |y, such as an anti boPgT/GB2008/050399
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anti body fragnment (e.g., an antibody vari abl e domain).
The pol ypeptides in such a repertoire or library can
conpri se defined regions of rajgdom or random zed am no
aci d sequence and regi ons of common ani no acid
sequence. In certain enbodinents, all or substantially

al 128q0bymeptiraasd difesific@Rer dafialsé baa&;oa{phah&ieﬁr kR&ple, by SOE
type, such as a desired enz ﬁ% g folynerase or

2 Bichi Fssg. st HGuoR. th-Me i dza@ A-0511988 bt | body

(e.g.,

enbodi %}Htﬁaﬂeuﬁe% té‘ygpgg’%tt [ él) OSIdll sp aS/Bf egglgltg\ger%bgoar%%rrl?gsthe coding

a seqrmlce wihroh sgéc:l:@@l tklfpmthnﬂ;e of vh@mompnptehcshclp‘dnhqupnbed ef

RSB0 AR AL P Bin RO SRR G oy
Vipgitioan Usihg(tBe TJRA@n&inaglfure Nk Mokwersafid dd@o@ B3I NINK, which
sequence d|verS|ty can be introduced i nto an desired

r efeije@FS@f agipReRRidss Vel 48 Sy b siapeodon- sERr YK roden greferably

anyscd W &b 8 inEId0adihe FQpuireX aRPkRy. BMPLoRRS @hﬁﬁqgﬁ@&ethe same
di versity can be introduced into a target region, such

aselds wrﬁlﬂoexfelm, ardludmgihe NN pddey, whigh deadsfo the pla)ldtlcrtmwf the
efdd%onal sq %n%d ﬁOng arﬂx cler}P h%uc G tg %Ig‘%g a?l?{ogcéll can Bﬁo\?f IK[}%: afull

eic acids 't VEr si
pakgwamésﬁ£6uu5mngtamyuﬂﬁnk@hhelnutagenesus met hods
(e g. Pel|t ollgonucleotl %§ated or
site di Prr hﬁ&?%@%‘&gisﬁ ProfayeiesisepiRy YRS’H“ itha afgrembers of

C Ofle Rtihufb gl@ﬁﬂm@ﬁﬁ@fanﬁl}“ (b.3bheimatd %onﬂt&n%@ﬂeﬁﬁ dFoPexample the
regi on of a polypeptidé to be diversified can be

r altidargs e comprasegiroteasg fresistant psibpgie pelydensidehtanat hagk e kppwn main-
e I r
i PUEREERAE, Gae 2o BBl L ut #I3E0, lappycon e
t hlﬁemé(ymelpmltdﬂs plapmidne veeperAousce hhlallE vattor refzsst to a discrete

tertiar struc ur.e eas ne domai.n .
SO LB LY it BBt sRes PP Rt TR 6 ke gpression and/or
PeRplichEoR fhe%'f)’JQﬁ? bhifhBle(\Rc@r carfbRRBM liddlhdy ﬁ’[&srﬂlﬁ@teeﬁs&cterlal
resi stant pol ypepti des) can be sel ected, isol ated

anRlzBhidslevE of bertariophiss vieeloey pigificie] girompsamasynd epigomal vectors.
' ng hq)e P{/s%fa eSJsgmor léﬁl‘l}ﬂ@ cl@ﬂﬁﬁﬁ SélHJi Lﬁ@g@négfst 5}0291 expression vector

Preefera prot ease resi st aft eptide 1s

setaadeededon drivokbgiredionad dd ldmars. §etbtoctaaldptsmids usually contain one

¢ h(?rrrralgr%% olmsntgI s1tes( Fe gg "a'polylinker), an origin of replication and at least one
selectable marker gene. Expression vectors can further contain elements to drive
transcription and translation of a polypeptide, such as an enhancer element, promoter,
transcription termination signal, signal sequences, and the like. These elements can be
arranged in such a way as to be operably linked to a cloned insert encoding a
polypeptide, such that the polypeptide is expressed and produced when such an
expression vector is maintained under conditions suitable for expression (e.g., in a
suitable host cell).

Cloning and expression vectors generally contain nucleic acid sequences that

enable the vector to replicate in one or more selected host cells. Typically in cloning



physi cal characteristic, chem cal characteristic,
functional characteristic). Suitable sel ectable

wo covstisamnl characteristics include biol ogi cal PCT/GB2008/050399
activities of the peptides or polypeptides in the
repertoire, for exanple, binding to a generic |igand
(e.g., a superantigen), bindingto a target |igand
(e.g., an antigen, an epitope, a substrate), binding
to an antibody (e.g., through an epitope expressed on
a ‘ﬁb%ﬂiré @lﬁs quek YpeRtthaehablante ¢akal ty tdplic@s iridépdndently of the

., Tominson et al., WO 99/20749; WO
oﬂ}@?@%momaé ONSEEEINy P desswiginsfHlic s g aufopgmously replicating
I
SRR Eh SRR ERN (RG] Y PERY) e r AR R viruses

p eT)lllG aesn of repladayipe fl'omdhs p]asmWprE:fs 28 ubstitaplt ifer Ihgst @irdm-negative

prot ase, r S|stan des or pe

5 Lomsba ot exva @ s BRr S g BRLBREL 3R B Baliems (s
r eswt aaénop&@st)la&mseful palcypeRt vederciambengehese dGddeaily, the
a Ilbrar repertoire in which substantially al

pr@tgélag%replé%aiﬂgﬁ bt pessies! u anapnmyinFE RIS EECClsith gnlgss these are

CORDth GEMRElign J:éllg %91@ to RipNeht@hGRTRR JrangRsubll 480DS cells.
bind (or are bound by) a conmon anti body, or possess a

conmon Q:lanlag y)t FXpressionwicetyrs cTmicentaip peclo¢tiovedcae tlsoreférsed to as

10 par iec?a%le mar er fligjlmarke Q re(se Bncode glprotern? gcr tss% or 9ne surv1va1 or
ease resi sta es or es at ar

bagfe@mmsf teanpfaredt lajst @elptgrcﬁb& iara spmbwmmnm&anédmh HaSt aalls not
deS|r§ﬁmb|ol ical activity, exanp

pelfds SYCEPT RRRIIP AR It]ilﬁ’lseiﬂm%‘hg?WH\ggqufB{ﬂ nof,survive in

si fAg 'c@ltdf@fﬂe@ﬁhle TR felecibh §6dds @Hcda@%?(ﬁlelﬁ{‘thm QAR Gests@ance to
a common generic Tigand can |eId a collection or

potibmticondafthgyéptinyes. anpipi Eié‘fliﬂYQ!@gﬂftth%tteX@T@M gitrgeycline,
I | |
15 @ é erﬁéﬁp 315 rﬂl{bﬁl d¥ﬁ@LILCI hal{ﬁ&%?%?h@ﬁ%ﬁtr{eﬁ %{O @ﬂilﬁbele in the

ept es or onen
orggmﬂamc&abrary or repertoire. For exanple peptides
ides that bind a target Ii or a

or pol
| i gg\ndy L%‘Eﬁi]ﬁ eﬁ%reﬁﬂ%’tvéicwr%anﬁ%t@ j4ym F 0 compone 6 g}r [ &xample,

Cadh heyis 6t Rl @ on, 25018t BE ndEdrQend, @EOVEMER RYreRaGNEIMerol
or using a suitable affinity matrix. Panning can be

acdonpIts SHRsByTaasrTIntgn SOl alemsnt (ss--IPrejapier, cehageer, terminator)
20 ?eﬂl%l/ dr %nL: E%BI% tratngl'ég % % ﬁgg§P%l%e®e§Ué ﬁraip%(ﬁr yeﬁ%&ﬁje and the

etri
beldwdix@msmem t@xﬂrod)elemem‘s end omizaalioh teadalsbcweoée tiffpgesent, can be

VeSS EXRES Rab 980K SRR IS AP SO, BRI L
translational control sequences of a cloned nucleic acid encoding an antibody chain can
be used to direct expression.

25 A promoter can be provided for expression in a desired host cell. Promoters can
be constitutive or inducible. For example, a promoter can be operably linked to a
nucleic acid encoding an antibody, antibody chain or portion thereof, such that it directs
transcription of the nucleic acid. A variety of suitable promoters for procaryotic (e.g.,
the pB-lactamase and lactose promoter systems, alkaline phosphatase, the tryptophan

30 (trp) promoter system, lac, tac, T3, T7 promoters for E. coli) and eucaryotic (e.g.,

simian virus 40 early or late promoter, Rous sarcoma virus long terminal repeat



(e.g., arepertoire that has been incubated with
prot ease) can be added to the vessel and the vesse
woradoatiggimed under conditions suitable for peptPUEEBRI08/050399
pol ypeptides to bind the inmmobilized |igand. Unbound
pepti des or pol ypeptides can be washed away and bound
peptides or polypeptides can bg recovered using any
sui tabl e met hod, such as scraping or |lowering the pH
for exanple. Suitable ligand affinity matrices
gepemdtek Yoyt@itigdioRirds [Fohbir, SdPRAIs Ric RBAGtct, E@-1a promoter) hosts
agarose? to which a ligand is covalently or
ndﬁ@évﬁabﬁtly attached. The affinity matrix can be
conbi n
Faport o o O iR el ke for
usichgtien bitosheapls ooegsg tha vedburand,pr deess era replicable legpression
5 suitgbl%ﬁpr?ce]§ Nng on ditians §%? § e for b%ﬁgm 9 or
of VPeptTde S by 5o P bt | %fbeé eP%O IR PR IghCqfg antibiotic o
Medriif; Xesisb@pé hrd@smaionRelkytpep adess idiahayde: wed ubprﬁ@hrychﬁ: (e.g., B-
afflnlty matri x .can bewashed away and bound pepti des

or ApaMYIseshs eYicHin pustarcal d¢ 2 fordetsraelag reditangehang!
S UéJc@x?bﬁec fEished, Wn@@}ﬁb WE g&ﬁg%? %F?(nll}@ﬁﬁﬁengﬂ ac1d)r

buffer, wth a mid denaturing a g., urea)
Wi ftrhplalllpve pt hydmomyin resetapet ganes)oDibydidiokade teducting marker genes

10 ! i rmgt sele(r:]t elipn 4 Wl{}ﬁr)r(lat%ﬁeexm alnké)ll V%}'le nylf %t %dn(%el}e encodm%%ﬂe gene

a repertoire under co
s uprbalh:lt ef zhﬁ:btrpﬁpt A f&rsoof t]ﬁmlhqsp@epgt JIdE R, IURAShHISS) are often used as
o bind the target Iigan Bound pepti des

éfs‘%%%%a@kémriﬂaégl Wit (se o0 s de-gs PHGIERSHTIPhIg 5T pd

Or vt ERhRN bl Apdtie 8F inte@fhtifl Iﬁﬁ@ﬂbe gchfin$ 8fMe host cell, such as
enbodi nents, the generic or target ligand is an

aﬂFHBﬁG&V@ﬁm§ﬁ¥¢g@ﬁcwﬁﬁnph@dfragnent t her eof .

15 Ant i bOdgu ﬁ?}b]f% @Egsw%e\% %'r&%% rgé’s%gqg oﬁaréllalt% {f eé.% r‘%ﬁteflal cells

structura res of pept Irdes or
ar such ab Bt @hh oaxlnhmmahmseaﬂ\s @ctlude, foh exapnqﬂé |aq;ﬁ wfctor (e.g., pET-12a,

Do PainE Iy BEBF U PRL N T RS,  AHfiensaPE amd

angd ARMAR NE] ManhiGYNBRLIS TS Ridi@R Aerubion vetisy, BBarha&ig)) §eDMS,
f or |solat|n sel ecting and/ or recoverlg%ﬁgrotease

r eE@QNéﬁtl/é}@ﬁpPP]a@é\?’dp PBé/IRgﬁbfe pEFdddnvétaeecp Resh [((PRapCM V-

20 e DR R B Rl AP ICRRY TUABR. A,

I ne matenhnrqekaﬂésl Oiblﬁﬁp(é PP©), ey S@D&TY(@JWU RorlstibnMD),
e e OB Rl et s B e DS
Expression vectors which are suitable for use in various expression hosts, such as
prokaryotic cells (F. coli), insect cells (Drosophila Schnieder S2 cells, S19), yeast (P.
25  methanolica, P. pastoris, S. cerevisiae) and mammalian cells (eg, COS cells) are
available.

Preferred vectors are expression vectors that enable the expression of a
nucleotide sequence corresponding to a polypeptide library member. Thus, selection
with generic and/or target ligands can be performed by separate propagation and

30  expression of a single clone expressing the polypeptide library member. As described

above, the preferred selection display system is bacteriophage display. Thus, phage or



and to nethods for producing such |ibraries and
repertoires. Libraries that encode and/or contain
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prepared or obtained using any suitable nethod. The
l'ibrary of the invention can be designed to encode
protease resistant peptides arsjpol ypepti des based on a
pepti de or polypeptide of interest (e.g., a peptide or
pol ypepti de selected froma library) or can be

sepirgtald Vetm mnobdekd! The ﬁ%ﬁerﬂéﬂ ivB@ors g prREARM@S ectors which have
descri bed herein. For exanp a library enriched in

préft il qrisn ef igpkicagien ﬁﬁéé@qbéf‘egrae@w n5eliGaH epand @lsagiphgge origin
|
g %ﬁg%gc*a a%é@@%bﬁ%f Qh RlAYn R TN THR &dﬁ?pu?aﬂ%gah&

rary conprising a repertoire o
di splayeu ofmicy pegots dewelt bmpyn withgart (hheogogtoobudndiWinter (1992)
sin Ie ari apl.e i ns. (&.. VH, VK, M) is i ned
o THE N E0 e IR, i o S et s b I PARSE zene o
acdon¥drisylectdsty dasid pHagemidenaianac foMbeasestetsiof hAabipression
polypeptldes are recovered based on a desired

bi GPEE &t cacomiain 3 suighlereader seapingsy rguliipleicloning its, gne or more
bi ﬁE‘B’tlH@te@? RGE blcm'ofegﬁ@@ ’stOB'cBg('nﬁglnH ﬁ{e%ta% @RIt hefshking

yiel'ding a phage display |ibrary enriched i n protease
r e@rmamppmw peqlmmdamprqsscarstwh@pf Bxatiphé vit tlpméaiglélon of

og?lﬁ(b %tlso d%rr()%%lythIOQ[ﬂBr- EacP(%md% rgfﬁ%(érbh Io Ihel%e Ol gl Ie,S \B/(éh?ngg?% M13,

dOﬂHﬁNEtSor(le algle fo I‘ébl.lca‘téKas aMpLsnhig vxfﬂhﬁ&texﬁﬁbﬁﬁ@n @@bduee large quantities
'd@pﬁ ng of the re ertoh{e that have blng

d @VW ® lbraryolagmbf‘é&n Va3 PERdughiphage soma of yihfch cpiigip at
ofle&@bﬂ@@di)tylo@% AP e flash beethehisafhdrg specificity

are recovered and the collection is conbined with
pr ot easkhedvgaries ephipeitares 0§met1a‘tﬂné011i e qontsireitippdy formats. For

acé){a}ﬁgiey the )@ggt?({ei ﬁi/ngg rV{Hh the t1 ﬁ&%w%g dI rg{}ehr%flras can. be aNhole
t aangi®bdibs afrcfraggleaﬁ&h&réofcutch as Eab‘ @Cabv)@,rl:elchr syﬁxeﬁﬁgnnrgltsa separate Vy

i br r enrlched in rote r t ant
afh Sy DDA kRS St et o rgments, as
r egkls ‘é@d”tﬁ& ahfib&dﬂ"p%lﬁ)@btﬂéts eels) b@%a’dﬁﬁ pfonéSl II%IH%S)HWSﬁltthC method.
h| h affinity bind |n8 Libraries that encode a
¥

SpmbFT el splable gbp engigqseng mepery e prclld@gwa amthe art. For
r e@ﬂﬂp)’e Q@cfm&lﬁ Y %hﬂéﬁ DGinRih nbtkfcaRldS eﬁr(?otdguggwg RQfiable domains

exa a nucl el cC aCI Se uénce that enco
de\mt]n edultajvlzoas)hgbnlpﬂﬂojﬂﬁe pak dEo(i@ ag. a,ppﬂ)pp@ﬂe)lrma:raspﬁdeasuch as (Gly-

corDEabr GRSt e D Gl AR ke PE R A BPReE PRS2 orminal

MOk of the first V region and the N-terminal end of the second V region. Similar
techniques for the construction of other antibody formats, such as Fv, Fab and F(ab ),
fragments can be used. To format Fab and F(ab ), fragments, Vyy and V. polypeptides
can be combined with constant region segments, which may be isolated from rearranged
genes, germline C genes or synthesized from antibody sequence data. A library or
repertoire according to the invention can be a Vi or Vi, library or repertoire.

The polypeptides comprising a protease resistant variable domain preferably
comprise a target ligand binding site and/or a generic ligand binding site. In certain

embodiments, the generic ligand binding site is a binding site for a superantigen, such



nmut ati ons can be prepared, for exanple by anplifying
the nucleic acid using an errorprone pol ynerase chain
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et al., J. Biol. Chem, 269:9533 (1994)) or using
bacterial nmutator strains (Lowet al., J. M. Biol,
260: 359 (1996)). In other enbogiments, particular
regions of the nucleic acid can be targeted for

di versification. Methods for nutating sel ected

POl frbtoMsA Fr@eidl IS6 péeleln GNIWOvArdibichRnids cdf8e biel Yl eny desired
for exanple, the use of m smatched oligonucl eoti des or

d $@éﬁbkalp@abl, f@@ﬁ}kt@ﬂé athuges VHped, o LavMenoud st é{Hl}ﬁ ¥u4, Vus,
PCR. .F i i : :
o e SR Y R G PPy LPBAT By Btan vie

bi edi NGl YRBSViRANSD @I VREMW kg, RdyMmanbi.body H3 and
L3 regi ons have been appended to germ ine i munobl ulin
V gene segnents to produce large libraries with

O P e R g PRI P prqrease

al RESIBIANT BOpWVREPDHKESII f et al . (1995) supra). Such

di versificati an has been extended to include sone o .
o1 Sor HRaMSPAGR A e oB aRAE S o P R g encoding
1 iSthiR 2o dORptiReLCA BB,

B/ TEshnol 00y, 15475 NB Bhosys, WD S71 08520, - e

supethyds descrdel dererbodi nent's, particul ar regi ons of

the n ucﬂlﬁ.lé\ic Qﬁhéjre?eqﬁdk?@hérgﬁlglgggglafegr’ af%in\ﬁgfeﬁzi ﬁfcl(ﬁ Q&t}h ave been
by, for exanple, a two-step strategy enploying the

predaated @fvay fronf dthgtmfERI ésg. aotheregateprdcmssuch {s@eeomic DNA,
e. Landt . .et al., Gene 96:125-128 (1990).). .
Ta‘%‘%é‘&d@ 5@?\2 AR eegﬁonﬂegiébge’ g RSB é Hﬁéﬁur‘? Qpucleic
exanglsach £ya 18R YPCR idoBe&) niRleds acidi@mtiRensol&edvhs @it la.vector
Gene 77:61-68 (1989).) Sequence diversity at sel ected

posis-iigh& e be achi eved by altering the coding
Seq uenq@u&g& Qé]dil%%ﬁfaep'tgﬁergi%%s 3&9%@ﬁ%t95retdﬁglejc acids which have

pol ypepti de suc a nunber of possible amno acids
{ ebagn pragluted2ty reeomabisaiy ENA tiethodolbky.cadudieg inthodpwhimh ecly upon

at i'PatlrEOSi t.i Qn. Usiln% 1t he | UPAC qomsngJ at ur = t.he f
o GRS ST RAOD I PECIRRIRE iR A TRC N SHELSPTIC SRR Or
acéxdmpas raseictio@sndyhies, dmotdgops fookabinatldie viMeEs aadido 1iks, and
preferably used jn order to introduce the required

di RHsred§ 4909s regmdesd SHEI RS PINERSGeReFactiondPSRire ends

are al smheQfivdhdibn alsO&lIHE B rEhgndNN: f4 e8! wilh €BmbB&YS (one or
to the production of the
more) recombinant nucleic acid or expression construct comprising a nucleic acid

encoding a protease resistant peptide or polypeptide, e.g., a peptide or polypeptide
selectable or selected by the methods described herein. The invention also includes a
method of preparing a protease resistant peptide or polypeptide, comprising maintaining
a recombinant host cell of the invention under conditions appropriate for expression of a
protease resistant peptide or polypeptide. The method can further comprise the step of
isolating or recovering the protease resistant peptide or polypeptide, if desired.

For example, a nucleic acid molecule (i.e., one or more nucleic acid molecules)

encoding a protease resistant peptide or polypeptide, or an expression construct (i.e.,



addi ti onal stop codons TGA and TAA. Such a targeted
approach can allow the full sequence space in a target

war@d/1ta4dbe explored. Preferred libraries conpPCEHEB2008/050399
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prot ease resistant pol ypeptides that are nenbers of

t he i munogl obul in superfam |y {e.g., antibodies or

portions thereof). For exanplesgthe l[ibraries can

conpri se protease resistant antibody pol ypepti des that

have a known mai nchain conformation. (See, e.g.,

TodHel A s@e Ednslicts) ¢ ﬁ%% QicAShukleld RidhbREIEEN chebe introduced

prepared in a SU|tabFe asmd or vector, As used

helnis Hisuitplle heft celbfagrgate o reéoatbg@fﬂelwét wilatgiany migthodgppropriate

u r t

g MRS (DE Far ey st Adchot by ofietion)

v egich that the nbeleiwe'rdl mcbln@il@{st) ang Omrdﬂyrilnllged{te 0Q¢ 9r more expression
act viral acteri e vecto

o ErFP LR BRR el bstiof e BB B St R PR .

v eigte@faged By thehsks €€l §Roms). MHeere iy Rgordifant host cell can be

mut agenesi s, or an expression vector can he used tq

dringistaiedvadsicaprdigens JEable fir sxpressipgcte gr-dn HisreseacsAf @g inducer,

usllrl%l SudaSIOBtiRal) iPQfta P cTREE nfeldpdrﬁu?ﬂlet%kﬁtgé Wit a?propﬁate salts,

pol ylinker), an origin of replication and at |east one

S egrewﬂa@b@rsmtmtlcg,mgltloaﬁkﬁueslsm@mts veéfc) @srhsreba thef aueededpeptide

L R T

el estemrtl or fEcoveéd(le,g. tﬁ‘cﬁmereranmtal ahe hest mln &iieldﬁl'ﬂn 31I11Q<r)a|1"h1s process
si gnal sequences, and the l|ike. These elenents ca

e
ar PERGERFSTPXBTFeHOm AP sheclh o agranggsarcapiyali(saikes e §2/03918,

cl Qafthat HRhattiiandi ng a pol ypeptide, such that the
pol ypeptide is expressed and produced when such an

expres sTlmprvté@,s@msmt@t reitisc 2 peldpentide selecdsertlhyt the method described
S “t}m{r@? l % gl% be %8 |119 A tinedb% ‘ihy t% & iseléél&?%ls?elnf %§ chemical

expr ession vect
cathENSnuby&nwnﬂm&mdmﬁﬁﬂmemoés that enable the vect or

Topt ea gV EEE o g b B ST RBRESEE once T s one that
enabl espAd fi@cIRAtAE ckdnplERUI Ih@@tﬂe pholElRPRREAAT ttAtbsocff thdW@vention
host chronmobsonmal DNA and i ncl udes ori gi ns of

r egsnprally bey their wrgch hamdrathyhiglepifingyt Thp, yemethseespect, there is
Sglgrﬁvﬁ%yﬁ{éﬁl%ﬁ G s%ﬁ:\éﬁ!té( 146[5 §br @cé%flh%%}l)ogéfptlde or dAb of the

terra, yeast uses e orl
f riometttioe tlpit asws thrgpBRYIBZZnivgthdugh aflihey.f Genamdbyt the method comprlses

S TP R AL ENEN
library or repertoire with a protease (e.g., trypsin, elastase, leucozyme, pancreatin,
sputum) under conditions suitable for protease activity, and selecting, isolating and/or
recovering a peptide or polypeptide that binds a ligand (e.g., target ligand). Because the
library or repertoire has been exposed to protease under conditions where protease
sensitive peptides or polypeptides will be digested, the activity of protease can eliminate
the less stable polypeptides that have low binding affinity, and thereby produce a
collection of high affinity binding peptides or polypeptides. For example, the
polypeptide or dAb of the invention can bind target antigen with an affinity (Kp; Kp =
Kor(kd)/Kon(ka) as determined by surface plasmon resonance) of 1 uM or stronger, or



SV40, adenovirus) are useful for cloning vectors in
mamal i an cells. CGenerally, the origin of replication

w0 goosot91meeded for mammal i an expressi on vect or BCT/GBR@8550399
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these are used in mammalian cells able to replicate
hi gh I evel s of DNA, such as COS cells. Coning or
expressi on vectors can contaiJgs sel ection gene al so
referred to as sel ectable marker. Such marker genes
encode a protein necessary for the survival or growth

of aboliesTRf 1M AR EbNOS 5 pbel F&r Hh IR, 1he palyp&itiie bl V&L ‘éﬂ{hE W@ntion
medi um Host cells not transforned with the vect

cotinaing tagget #dizgr(cgcTNBR | e appfifnity RERROUHP Y MY about 100 nM,
S ue[bY)\c,]Vﬁ) N, A8t EHVE YBdut WPM%OEY POE AU, SREE #lgﬁ AR E M or

encode proteins that co fesi stance to ant otics
anai)oot he lpM oXitlmsigh @egure ambioumd by any pagtonmee itheory, peptldes and
cline auxgtrop

q el?q %Regﬁ:df Eat a%e re§%}él%ﬁ§ pEOII?ats?s aéﬁ? gﬁ]ﬂ/%}f é):ha ¢ [awer entropy and/or a

avidzhaRiadilizti doh@e iy Whbs, i ozeclabdh badlcen ﬁﬁéﬁHa&SﬁSl@tﬁnce and high
vectors can contain a nunber of Cor‘r'ponent S,

exghpitedindRe shaydredclaied f B icemprasHess %pdsSéfrbélétf/é)B rfts sHefpges of the
9eNS1id QN Pb1yPBHRICE KRS SR LR LABY R mEh&IBRE SbedHfdihn.asS

a transcription control elenment {(e.g., pronoter, -
enhancen,ont emhpdincot; )heembmlptldvnéAb pr antrgenist efitsé Eveipn inhibits
a si ader seguenc

S| l%n(%n%)t()f an ante eni %(% i ePrEal% e 13 S COZNATE rece %?r (%% q"I\FPheﬁpha

essron
I eReleptos E(Z]ﬂé mﬁﬁptor)ﬁ wmuhaﬁemmbltcﬁgi BOIbfntthWSGQICiW of bieabout 500

h .. F I
Yf@ﬁgg ?5 rBMOtah fﬂo nj%g 35 P gﬁ é@e ﬁﬁ%ﬁ? P% RE + 8M todQleNbder
of ex@mipl OIMEEM BH € €106 5 AGA r 1BCHT DD M Br RE, bpg’(ﬂ)’thﬁ'lé@s or 100

can be used to direct expression. A pronoter can
priMiogéads-f or expression in a desired host cell.

Pr omot %%eﬁﬁﬁ eg%?&%ﬁttsl hgébl&g é‘)(l)ldg,l JX u&lj go?lg‘[ slzgeciﬁcally binds

exanpl e, pr ono can
nuatget mt@em aincbahss@dmmg friam lambanagyt, anagen im:thiy diskadiationrconstant

P reon b p S ok ot ae 5piror Shies eV anoe B PG somM

Preodmib Shouf1®pM, ortabsutR5hRICHrABBR S 0pMIChs|dB&HAHBd by surface
pr ormter systens, al kaline phosphatase, the tryptophan

( PPy TsFIRRGe. spseBmn cmbedingeas, thwolywptwﬁo%h e agtqggpist
stpgak“):alﬁ{}gncﬁl{ é%agﬁlggnr (é;g ﬁNEII{?'u Onéﬁ' fN‘IﬁRﬂoan?%ﬁésgmﬁEs from

r epesgt qmtxgﬂmwah a I@ywaegatam/ofmoésérmma sédehd@. rsdsO 1x107 s

AL AP S T 4105F A REOIPLA 028 1x10% s or 1x107 57 as
determined by surface plasmon resonance. In certain embodiments, the polypeptide,
dAb or antagonist specifically binds target antigen (TNFR1, eg, human TNFRI), with a
Ko of 1x10° M s to 1x107 M'stor 1x10° M's ! to 1x10° M's™ or about 1x10™* M
'sTor about 1x10”° M's™. In one embodiment, the polypeptide, dAb or antagonist
specifically binds target antigen (eg, TNFR1, eg, human TNFRI), and dissociates from
target antigen with a dissociation constant (Kp) and a Kyg as defined in this paragraph.
In one embodiment, the polypeptide, dAb or antagonist specifically binds target antigen
(eg, TNFR1, eg, human TNFRI), and dissociates from target antigen with a dissociation

constant (Kp) and a K, as defined in this paragraph. In some embodiments, the



are available. In addition, expression vectors
typically conprise a selectable nmarker for selection
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a replicable expression vector, an origin of

replication. Genes encodi ng products which confer
antibiotic or drug resistance @ge common sel ectable

mar kers and may be used in procaryotic (e.g., b-

| actamase gene (anpicillin resistance), Tet gene for

t efdlpsepadd mmﬁ@e&ﬁaage&mmgrg%ﬁgw&g CTIGER| feg( Burlan TNFR1))
neon%0|n (G418 or geneticin), gpt. (mycophenolic acid),

anyite Kioi agd/og Kofhg,r@? M Flﬁ—]l‘ef)]é%q 18ithip g@a@r@ﬁlég)d comprises an amino
Dy Bhata i [ HEL 2R & 1RG0 96MCESREIY, 019810968 bOR, 04,

trexate in a variety of hosts
e nt3ai 6o, O, §&Yeodiidd denticad toatbx @Mlmrmld(seqmnkeoﬁamf

the host, (e 3 often used as

s ol sl gt Eayin S R (o g

bacul oviteym)lypeptidthags ov aah@hst carst gfdkaksn Whi:athordh @ichia
capabl e of integrating into the genone of the host

C eqppme%(g:cgq, B pasigfip)on pog ergl&gltug?rg thg higangl ar Ab monomer is secreted

C OlﬂtaQﬁHht‘?tS/ Sdat 1S4k Lk 8. 5%’@?1:%1%11 Qﬁ‘%¥§@& HE cfogror in Pichia species
ression in prokaryotic ( acterial cells such

as cE., R:(alagtom) Aefrredh, dhe ltg@nd@ndrﬂélbud@lomem d@ﬁfdmdﬂl@renacan be

pEs-%cr\L/i:ga%E eX Fesse ETF%'Z (5r RY Ec:;zhd Sé)@mes @ t% Ip gastorzs) , they can be

S
V agen an
pqzﬁibﬂ%Bd osifg aﬁhﬁﬁtﬁ’ﬁl@ In&)hodp Richad S)(ﬂ%’lli@lfcehﬂnﬂalfm&hm or biological

vect Phar C|a pCcDNA3. 1,
pRarP%won Bieghogls L@? tl?t&g@ilpy 4P ’§5§lfh’”c§RfCIC§30NVSCR| PT,
pFB, p%om@&ﬁlbo&lgeﬁ@t tﬂgﬁ ?peﬂ-t@e I & an%))msﬂ%ﬁ& comprise a
(Goldman, L. A, et al echnlques 21: 1013-1015

( 16@83/)d HQWSB’WH( @rwbbBFzmaer@t g grjneore ﬁ@ynewgmgg acids that
%g gfr];c}hgﬁf yjmininoflop i DB SloafSIAS A8y o iP Faline antibody

pression vect or s
swﬁmabhgnémyegs@xmmwnaﬁ8das¢2Apme$®r®h host s, such as

prokaryptic ce i nsect cells
S euities Guttetig e it tin Scaphahbn Gahuipyent. In

P asphRf dnfoodPaentE (IR AN Sl B8t @ﬁ@na@dm hh@onedhd &e(b@mmgqa% that
cells) are available. Preferred vectors are expression

v eldfestess Wintargoh anfigeny the biading sge pigiyidgdl by a polypeptide or dAb of the

invention. Monovalent antagonists bind one target antigen and may not induce cross-
linking or clustering of target antigen (eg, receptor antigens) on the surface of cells
which can lead to activation of the receptor and signal transduction.

In other embodiments, the antagonist of is multivalent. Multivalent antagonists
can contain two or more copies of a particular binding site for target antigen or contain
two or more different binding sites that bind target antigen, at least one of the binding
sites being provided by a polypeptide or dAb of the invention. For example, as
described herein the antagonist can be a dimer, trimer or multimer comprising two or
more copies of a particular polypeptide or dAb of the invention that binds target
antigen, or two or more different polypeptides or dAbs of the invention that bind target

antigen. In one embodiment, a multivalent antagonist binds a cell surface receptor



nucl eoti de sequence corresponding to a pol ypeptide
library nmenber. Thus, selection with generic and/or
wo 2009849143 gands can be performed by separate PCT/GB2008/050399
propagati on and expression of a single clone
expressing the polypeptide |ibrary nmenber. As
descri bed above, the preferredegel ection display
systemis bacteriophage display. Thus, phage
or phagem d vectors may be used. The preferred vectors
ar stiphagerdods MeGUBdtatIWY eforavBe aitigen (£0hd an ohdi ¢F tAE antigen)
repllcat|on ﬁfor doubl e stranded replication) and al so
alﬁﬁéﬁw»ﬁfﬁﬁ ASS8¥- replication (for production of
si ngl e-5t PiNents T j XPhESE
of sucﬁﬁfégggggmls mg 1ﬁgggﬁﬁbﬁﬁ ?ﬁ%ﬁggﬁ ﬁ%ogenﬁ%g%?ebmdmg
armtqulrtaeiem(eﬂQ@Eg)pesQIMOmalNﬁqsrgm atigad.. (1994) supra).
Briefly he ve act amase gene
S cont er BeMBEGTen B 0 AR P ien B L RR PG Gref pinding
upsites pawidell bapoBy@itRISS bidA BaF $ied iheenltibA tha€ Bid E@aifRtdnt épitopes or
sui tabl e | eader sequence, a nmultiple cloning site, one
or 497 QfdpeEsidatigdlys, one or nore TAG stop codons and
the phagecRiiRtbhdiRichis; thg-BH@%)eﬂt'ﬁb A G a'n%%§m§tl—ﬂmﬁee1§§8ﬁlon are
and non-suppr essor strains of E. coli and with
ad@iﬁ@acmus of mgflele oSehronig oflamopydry ﬁmﬁ@ﬁebwmlgm @f&cbw geount is
10 . fns%{eda Cl;]en I%ﬁ Ré hfg‘%:%’ge 3 u%Qnt 1§ ab CFE mrg/kg’e Q ap%lg\éso ng%g (e.g.,
DFMUCErrﬂgangﬁocﬁwaﬁigl/ltg, esounfs nignleg pbdn_),t pepg/kgielbbmttsrrag/yg, about 6

praoduct phage, nme of ich conta
! elagﬁg eu%%wk&f Hongd Btgrqsﬁp apy gé“%élfg oF Pt o 4%5 hEfi models
SUSHf Bffhic thR8mhlaRIrAlis€se BRE tHo8PESEQhJddgs WhH200883 8027? are
i nvention can contain antibody formats. For exanpl e

t hiscqmizgd dpthage slobed mitheart of hamgpredietivg Wrtharansstigpficacy in
15 rqﬂﬁﬁ£$|res can be whol e anti bodies or fragnents
t hereof, such as Fab, F(ab )2, Fv or scFv fragnents,
separ at @en‘e’i'dllgr th¥predarmndigasis (apy athgontints) lwidbe uglidelden purified form
nodi unnodf|e scFv .fragnent

, .a [l as. .
ot Rttt rRSarids AT, Bty Brsadtiss include

USABo Y akbhdldlqBedRBRHons HRRAE o0dusSdnkiond a8y including saline
antlbody en |neer|ng nmet hods are well known in the

arand/qrypifeed mede, Pereafem| vehagiesyaclpdy fnaéambyhlplilql%%wn Ringer's

20 N &éxﬁgfeé &iu%%e guﬂgc}{ Va%ﬁ'le?c@elt 1R gﬁ} n§u1Mbinh§s1010g1cally-

sulta ol I gonuc eot | at enco appropri
| i W@Tahﬂemumm guctesagy (cGteﬁp a@olypGtide GoypBarii suspensmn may be

{i}é}% il;}%n!&r's sll(ﬁ]eas &)tg%}gr{e}ctpﬁlél (l)slggll%(f) W@/lﬁ}glgoqldone gelatin
qugmmyﬂ@&;end of the second V region. Simlar
Intravenous vehicles include fluid and nutrient replenishers and electrolyte
25  replenishers, such as those based on Ringer's dextrose. Preservatives and other
additives, such as antimicrobials, antioxidants, chelating agents and inert gases, may
also be present (Mack (1982) Remington's Pharmaceutical Sciences, 16th Edition). A
variety of suitable formulations can be used, including extended release formulations.
The ligands (e.g., antagonits) of the present invention may be used as separately
30  administered compositions or in conjunction with other agents. These can include

various immunotherapeutic drugs, such as cylcosporine, methotrexate, adriamycin or



techni ques for the construction of other antibody
formats, such as Fv, Fab and F(ab )2 fragnents can be

wais®d/149Ma3 f or mat Fab and F(ab )2 fragnments, VHENGBU08/050399
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pol ypepti des can be conbi ned with constant region
segnents, which may be isolated fromrearranged genes,
germine C genes or synthesizeg fromanti body sequence
data. A library or repertoire according to the

i nvention can be a VH or VL library or repertoire. The

PodisiPeRfuht @sd GRS PRarffa8dtiesiQ o sélﬁ@@raanmmdabb&ktaﬂs"
domai n preferably conprise a target %tnd bi ndi ng

si YfeagAEy Qitotaxig ehethrgenty dhePnms ey ith thedizangds ofdhe pipsent
e”’ﬂ@&iu’&ﬁ n&r‘%’ver% BnRARNY 6 fi a%é@?aa@f ﬂ'%ntggh rE&nJ[ ﬁw@ntlon having

binding site for a supera I gen, rotein A
pr @itfeient dpeoﬁcmﬁsatsmhas(ligafmsemaued aghe dd‘f@[mmt tisgat amtigses or

based on es var domai.n, or. exanpl e a
or O ke Sl B, W PRy i R Bugpl oGP Gy %
VH 6), ”Hlehtjﬁlta Rf Miminestgtion M ﬂharrﬁﬂckbtlca%drﬂlﬂasnﬁdhi %COMlﬂé to the
VIVI or VKI or a human VK (e.g., Vk2, Vk3, Vk4, VK5,
@Vﬂ\%@? mWs any/pbthgse sgrraynly kmmﬁocéhmomrdlmﬁklkt&@s art. For
-Jg%g 1tﬁ>5@l149a’t\i@1 EBQ&%%BE%%IMd hﬁﬁands thereof of the
PO_Y Tl DE

he invention also relafes to isofated
anidyention segohbidaintstenesdctb @y p@tc’mdm a@mrd@ncn quhrs@ﬂnéatsiéechmques
resi st apt t|d S_0r RO
St ect aplodRERERT in BOLY BRARERRAf e kRl Srenccmty,
heihehvenolig ligtramachlady, ietperiededlly, imfseermaag, dz gelpatreehary
are nucl?lc aci ds mhlch have_ been separ at ed y fro

ot N8, pierlssy ppproRTiatyy, byglinget infiisionayith eathetersthaogage and’

g eﬂ&jﬁ'eﬁcy%dnﬁ%ﬂ@ﬂ die Heﬂ%h'ﬂ\bn ki dob SseRbh@Edltion of the patient,
environment (e.g., in cells or ina mxture of nucleic

ac¢qmsm§qm hdragusafatl@lb@faﬁlyﬁ)r dryss, gosptcandidatipne ped ethergiaganaciers to be
t t et
Nu C{( el %:l%a%? dﬂ Ph 2?"% chg%m@o e rlglstrge(tgog%a? le)g g’%%laé g]ﬁ q‘%cal dehvery to

nwmhamgbaqmﬁﬁmmhyahmhavammeeg”mﬁmﬂmmbﬂhmywnmmnﬂbrqanmncas
nethodology i ncl udi ng met hods which rely upon
ar PAFREsal reconbi nation, such as cloning into a

vector THe 1@aﬁmm§ﬁw@§ﬂ1@goanfb@ Iy SPRARE for stroﬁfg% rahd: ﬁelc@ﬁumted in
enzymes, honol ogous reconbi nation, viruses and

| i K@utabls GamigE PEPTEO #8d- dBisppcdpiine Bas lseh ghq%w&@wfﬁ@w@g@th

¢ h@n@eﬁt%ﬁ&ltlhﬂﬂlnggl@hns and art-known lyophilisation and reconstitution
techniques can be employed. It will be appreciated by those skilled in the art that
lyophilisation and reconstitution can lead to varying degrees of antibody activity loss
(e.g. with conventional immunoglobulins, IgM antibodies tend to have greater activity
loss than IgG antibodies) and that use levels may have to be adjusted upward to
compensate.

The compositions containing the present ligands (e.g., antagonists) or a cocktail
thereof can be administered for prophylactic and/or therapeutic treatments. In certain
therapeutic applications, an adequate amount to accomplish at least partial inhibition,
suppression, modulation, killing, or some other measurable parameter, of a population
of selected cells is defined as a "therapeutically-effective dose". Amounts needed to

achieve this dosage will depend upon the severity of the disease and the general state of



The invention also relates to a reconbi nant host cel
whi ch conprises a (one or nore) reconbinant nucleic

wW@eood/1ea14&Xpr essi on construct conpri sing a nucPE&r/GCBa@BM50399
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encodi ng a protease resistant peptide or pol ypepti de,
e.g., a peptide or polypeptide sel ectable or selected

by the methods described hereiqx._. The invention al so

i ncludes a nethod of preparing a protease resistant

pepti de or pol ypeptide, conprising nmaintaining a

I e pitiddeNdwh fiusysted], bt RnkrANE Rink® RobNHETS to 5.0 mg of ligand,
condi tions appropriate for expression of a protease

r 38T spigenigerarkiggrappefrinscighhevifetred i t 2.0

r
BRSSO S8BT AL, 8L D0 AR s ons
desintaating fepregeatigaeds @ cncktibi theredfinaynadd odsiddgnifistered, in similar

pr%i§§@£P?3§?§%é%%qﬁ&%?mapqgﬁmg%rﬁkgenq%gfH%?”gﬁ?g‘wsuﬁmn

exphesiHin@ qaRAShEd)6f to(frev@nt LG Hasd)DThe SIANES ¢linedis) will be able to
conpr|5|ng such nucl eic acid nol ecul e(s), can be
© pRRRPTIRtSIRSINgHNiERbOTCak SYPRIESS OF Rigt@nt discase. When an
r el?g?dﬂﬁ bPRRERD Q@g Qrﬁhéon@ 9 9dAMYstdFES 3atkap RS RES 'oﬁfnecv&ﬁ' a
host cell 'sélected (e.g., transfornation,
t r dm@fle otflaomatal distasopid cat heordminisedtipde four siosh pcrhhlv twice

t hv%eek'llc |0161(|:ecweae§<ll d ogctz)el e%(e:llrjyl tv&‘os\gf { z)lng n% rrntalkl) hyor oncie( exllery ?wo months,

‘nore eSS 0N "CONt T 0l
VezﬁtaQiose off far &@ﬁﬁ)‘ld diedut ¢0 @atkgdo Byoup 8O ﬁ%ﬂ@g@&bdwﬂ 1@)0’1§g/kg to about
cell, |ntegrated into the host cell genone)

r etimg tkegahort brmgikgan b §P medrg. abam 1@@3%%tombamn7é>dng/kg, about 1
or egfkfﬁj(%&%& B@H% uhﬁ(ﬁp ﬁlrélg to%’é@ﬁt%@% E (aS?LQ li’rﬁé/ﬂg Iich?oout 40

ce of an |n ucer, suitable
s uing/lg] abooul m@fkg ttmbbva 38 M@ piecnt é angrkg h) aappr Wpng/ag eabout 1

¥: tﬁ/ié ﬁ‘g%‘?o\é\ﬁ %’fé ?@ ﬁ(tééllbg)fs.}t b@lgltg/r k:gte%g}?lg LO ye/kg to about 5
o p%/@gpéﬂoglel d ﬁg/ng R)dd’b%§1d2 5 g /1ges §3Ju?‘ij md/f12 aBAK QQSng, about 3

e or polypeptide can be isolated or recovered
( emg/kg, Fooor migkganionhd metkee atos 6 negdkd, abore dirugrke, mbbi)3 mg/ke,

2 puft BEARE- SRRIPHEEE RERRIRL Baflodulait iifmertirw:

I Nlcqy., rhatagOrist) )s. adﬂfhlﬁstﬁll’edtt@&sazt Juppicsd @previerd ¢Hﬂ@m(‘)l’nﬂammatory
pol ypepti de sel ected by the nmethod described here
catiSAPSNBEVHY SR BEEks ¢ cacSUMPER| 362 ﬁﬂse\nftab@ltéfémgé!@stp gpout 10

/AR BIN B AET b M8 A Pl WSS 8 o

mg/kg, about 4 mg/kg, about 5 mg/kg, about 6 mg/kg, about 7 mg/kg, about 8 mg/kg,
about 9 mg/kg or about 10 mg/kg.)

Treatment or therapy performed using the compositions described herein is
considered “effective” if one or more symptoms are reduced (e.g., by at least 10% or at
least one point on a clinical assessment scale), relative to such symptoms present before
treatment, or relative to such symptoms in an individual (human or model animal) not
treated with such composition or other suitable control. Symptoms will obviously vary
depending upon the disease or disorder targeted, but can be measured by an ordinarily

skilled clinician or technician. Such symptoms can be measured, for example, by



As described and exenplified herein, protease
resi stant dAbs of the invention generally bind their

wo ar0gai9ihs gand with high affinity. Thus, in anpCTeB2008/050399
aspect, there is provided a nmethod for selecting,
i sol ating and/or recovering a polypeptide or dAb of
the invention that binds targejg antigen with high
affinity. Generally, the nethod conprises providing a
library or repertoire of peptides or polypeptides (eg
dARSjitorm@ kY 181:d) @f bﬁkﬁ‘oﬂ th&¥e Bl¢h&hichIBRGICAtOIsIoE tw' didkage or disorder
protease (e.g ypsin, el astase, |eucozy

pal§cer-daeispf a§ ﬁamliﬁ Oruﬁﬁébol%miei%t%\glt%@ﬁtd&s% gigreted cell
pr ﬁhﬁ&?&e eﬁc)t 15})/ ﬁBMltO&ﬁl@ﬂ)h?%{ﬁq ‘fﬁa‘nﬁgst%}léﬁt@ Keg% , IEI n@gﬁg&{, tumor size,

recovering’a ypept i
I i g-aind)r be ag agcepiad ghnicdliagemuent Bebalis exathgle) thb Egpapded Disability

5 ¢ oRgfus SHIE P RrBE s AR e BT O BRI AE o piscase

podypapiiate $3Mbdiht Bescth@r st Ahtest fiRlIGF Ih‘fé ‘IVMh efspect to bowel
protease can elimnate the | ess stable Pe pti des
t hEPCRy & SICHUE BYTARIPTHE SaFiR] fanetipn agd &HPH%‘F% Btg USr §glie Eanges from

cold gobi o\ﬂltl@fngﬂérgsgoég fddeaﬁ Phad aﬁhlﬁ‘f} ot 1'11@?% uality of Life
pol ypeptides. For exanp % he polypeptide or dAb “of

t hRhqumagnd Aothritiafcd, r@d othalr gpetptechelingeahasspsshenirscalf fab kinawn in the
10 ( K%ld KA_sus gnfeci E (%,; ase gre liog%enr’greﬁl(;ct% glg%‘asg Bbdls?\ﬂder

IasnDn resona er, ora

t Osyatpoaths 19_;: & 1evt 1(Bobor byamrenoré bemrsojnyap@petn dmicat scdils
of . the.inv %lon can bi nd target an genﬁﬂg) NFRI )

wi pdicagiye ffF PRy oFcameRte SHRTMProRRY s ugB%at

10cdi‘&ﬂos§1@ﬁ’ Wi dekciiddd RRIYLs <SBERM ifaROsHsc1RQe Mty 8 tor more
0 pM aboutlquwlor about 0.5 pM Al though we are not
ap

bo‘iymj)t(yjys larqu r¢dgeg degr abh]esd;lp@ relepgvpttq) sled smgtoms in a similar
15 P b .}n}ﬂ%&%f @ﬁ%ﬁﬁ Q?&nu% lemE&%' o §28ted %ugﬁlgerc%gﬁaﬁ?lgﬁﬁéf

I eve omer ent r op
st abi | |Aabmpass1tmme;rog§a1mﬂ'gmhganﬂmegc amtaghﬁﬁt)’ co:m:obiahi\hﬂereof
prot ease resi stance and hi h af
PR TR eorpuer B e s 3t Lra b ey e Herapeuri
S WektdGe fo Al it 16 aR@Rtid L atcandioRALiNBE Bt @S aPdTth sdRbBBtarget cell

sel ected by the net hod described hérein. In one
enibspdlaentn a mAEnh Ly pdditionghe sglasted rensrpiarfuripstypentidepdescribed

20 '_I_Rﬁ{_e(?gf‘ lsﬁg)bletrﬁgédoéxttrac &gél rq;z vk s@f&%fé‘%?yﬁol\]ﬁéﬂ%#gﬁgee& otherwise

ts cogn at receptor
Re@fﬁiptim'ly tenfpSh targetagptl qmoﬁn)lat\lmt froram hetetigondoms yollection of cells.

ration 50 cgo of about 5%? n 0 .50 N&
orPBH0 AR BREBIREY B 0 AM £ 5 oTo0 R B il Wby e
p Mnd%ﬁfed&%mmk ®ilRQ of Mherwibesmoved frSmnid Klbod RS Setu@rto RO
pMor |ess, or 200 pMor |ess, or 100
mammal in accordance with standard techniques.

25 A composition containing a ligand (e.g., antagonist) according to the present
invention may be utilised in prophylactic and therapeutic settings to aid in the alteration,
inactivation, killing or removal of a select target cell population in a mammal.

The ligands (e.g., anti- target antigen antagonists, dAb monomers) can be
administered and or formulated together with one or more additional therapeutic or

30  active agents. When a ligand (eg, a dAb) is administered with an additional therapeutic

agent, the ligand can be administered before, simultaneously with or subsequent to



pMor less. In certain enbodi nents, the pol ypepti de,
dAb or antagoni st specifically binds target antigen

war@sdigsdci ates from human target antigen w t PCEGB2008/050399
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di ssoci ati on constant (KD) of 300 nMto |IpMor 30OnM
to 5pMor 50nMto IpMor 50nMto 5pMor 5O0nMto 20 pM
or about 10 pM or about 15pM gy .about 2CpM as
deternmined by surface plasnon resonance. In certain
enbodi nents, the pol ypeptide, dAb or antagoni st

S PR hisgaidnyoroh NHRitloakIGREntA Wen @A Ny, (tRligahtWafll addi®shal agent are
human TNFRI), and di ssociates fromtarget antigen with

a aonnisiceaddn @ grepgrihatgrosadgs@n pverlap af shqrgpepigetfect. or
IXIO3 s 1toIxlIO7 s 1 or IXKrVtOIxKr 7 S1 or IxIO
5 Sl taplokt Qngoéllﬂeﬁtr th%)iﬂﬂvegtlén R a]rnﬁﬁocﬂ-f&%trgatégss@%)ﬁ%sing or

determ ned by surf ace pl asnon resonance. In certain .
entrodintes & shropiyanfyoiyptent diskase, dabpasingadnaigsteiiog to a mammal in

b ) ant i .
TRER AR i RSBk A OGN A ¢ oottt D o

3 antdeBhist axcbiding t6 thd ihGdtion. about 1x1 O 4 Ms or about

1x1 O Ms . |In one_ enbodi.nent ol ypepti de, dAb

or ant g[aé?ﬁf’ §1e1bg<§€18me hednyptipn ﬁd‘srn‘itg?dg %ﬁtﬁggwt@éﬁng or
TNitRentin® sthritisn®.e., FiNoRlaloid skt ﬁS@ﬁle@h@ﬁne&&@%ﬁﬁﬁ? @hkylosing

antigen with a dissociation const ant (KQ and a Koff
asspaedyliis dpspriatt ATy egraising afminisier gty gdnaremel, in ppesl thereof a

?gé}lélgl? alngllfygeei?l vO Hos%’@%%ﬂﬁt%tf E}Bﬁ{é%ﬁtkﬂ%&%?oﬁ{ﬁ%ﬁmst according
di sshcinate®nf rom t arget antigen with a dissociation
oSSl e e B B Dt o R E AR o
S p@evdnitif@ bioriabik Betapltianf&imiaRicige o 4 BgmmbNIRlced @@reof a

human TNFRI)) with a KD and/ or. KO and/or KOn as

r eldppepticplbt-efifestipadesgoa prowr et e prlyPrRiils, b aimnirgonist apcording
segypngCedifaat is at least or at |east about 80% 85%

90% 91% 92% 93% 94% 95% 96% 97% 98% or 99%

i dent i clalanotbert dmebodmaens, th@indels'en}ljem oethofl farfreating, suppressing or

i mmunogl obu] in single variab shown.in

g aenE Py as e el Tort ARt SO <R Bl
eXqngssag admifiste6®d fo aGharhialRh @bédthsiReLA BSrapeut@ally-Efective dose
pastorlsg I n_one enbodi nent, the Iugand or . dAb,

modfavRaunf of agpobyneptide. dAD 9T arfagRmist gecording to thg iy enfipg

0.5 ng/ Th MOGE &Mﬁﬁéﬁd[hé MvEntidhQs hnféfhoﬂrfoﬁke%hhg suppressing or
species (e.g., P. pastoris). Al though, the Iigands and

d Aﬁemﬁgm]nrgn@@b@tmcb@@ptﬁgmearw dm@setﬁgg chronic bronchitis, chronic

obstructive bronchitis, emphysema), comprising administering to a mammal in need
thereof a therapeutically-effective dose or amount of a polypeptide, dAb or antagonist
according to the invention.

In another embodiment, the invention is a method for treating, suppressing or
preventing pneumonia (e.g., bacterial pneumonia, such as Staphylococcal pneumonia)
comprising administering to a mammal in need thereof a therapeutically-effective dose
or amount of a polypeptide, dAb or antagonist according to the invention.

The invention provides a method for treating, suppressing or preventing other

pulmonary diseases in addition to chronic obstructive pulmonary disease, and



secretabl e when expressed in E. coli or in Pichia
species (e.g., P. pastoris), they can be produced

wagimg4any suitable method, such as synthetic POEGBC@IB/050399
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nmet hods or bi ol ogi cal production nethods that do not
enploy E. coli or Pichia species. In sone enbodi nents,

t he pol ypeptide, dAb or antagqi.st does not conprise a
Canel i d i munogl obul i n vari abl e domai n, or one or nore

framework am no acids that are unique to

| npAeaRGhRD @thdd pMRidnabl @scAQ¥ahASaeRERER, ByppredBa®l drhrevented in
gernm i ne anti body gene segnents at p03|t|on 108,
37accguancesviyfle giventyon ipgltde dofi eé@@plgc%% fibkgsie gnd pghma (e.g.,
%&de’ rgﬁstgrﬁ%stﬁﬁlayo FRYE In?emotﬁ%[r efybdilnéad BRtinve Hor® R%8nethod for
enbodi nent s e antagoni st Is nonoval ént and contal ns

0 nteeabngl,csup]gegmge)rmmnmrrg eprmbsaryidishase alegs tey stivt filgems, asthma)

the |nd|n si.t.e.provided e e _or

R B G Bitmabie DS pRERE b Gis G fisive dose
andsrl @RUNBH¥h lmaypeﬁ@ae dAY WE BntEF NGt hd:d'(bkdlﬂgtoCthe fiveistoar i ng
of target antjgen (eg, receptor antigens) on the
sur f acenaertwalar smpgdigants. % antagenistgs admmpiredyia grlmamary
r e@e%QE&r sieh ‘QS jﬁ%@ﬂatl&ﬂ @er};c' qHﬁ’&BrQﬁbhlall rlnt?e{daﬁ"cﬁ or oral inhalation,
enbodi ment's, e antagonist of Is multival ent.
Mﬂmtramaaleimpsam lagwiegncsd@anrydom, @prgntevad, inravepews, mopingscular,

é%%m%ﬁmﬂmu@h&gépg site for target antigen or

con % or noré different binding sites that bind
t ar get lanhbternsmdith@dshe BRenth i§ hencthiod diehiihgs bippsessing or
bei ng rOV|ded by a polype tide or dAb of the
i PRFEYRIFIBER SCPEG ShoSK£APIPESING 8 bigisestorgdarapanng| i pged thercof a

anthagpditRhinLafecie dosdioMBmoudtif H?)Blyﬁéptmél &AW@I" antagonist according
conpri sing two or nore COpIeS or a partlcu ar

pdmybéwvﬁd@nor dAb of the invention that binds target
anti g€y, a%rt %ng%rt [o%r ﬁl@l{e if ﬁ{&%@@ tél ?ﬁﬁos?ﬁond rising a
hat e ahti gen. Tn one

of the 1 nven ar ge

e nbpaypopntic, dAbmn Iahﬁagtaiiﬁmbccﬂdllhg gome sivebiiordsda phetrhaceutically
surface  rece rantl en. and does not substantially
ag%ﬁﬁ?gﬂfﬁgngh hﬁ@ﬁO% KEP'LE an agoni st of the antigen)

in a stprevd, G btes@f $R¥ntidpro®idbad MeMBR asH tReNESmettde discase
mul tival ent anta%@nlst contains two or nore binding

si ts&g F RyReptds idAddr apfagape obp coppesitipngiccerdingde the present
anﬁlk’&lql%n ![Ipalpérﬂt?d’dlrﬁgm% A&ALSis ok %r ?ﬁn 1hﬁﬁhl%gttolbyr dlsea e

antagoni st contains two or nore ng sites

bwhpmhypemtmdesa@mndkmﬁk@ﬁli&sm&nvention t hat blnd to

di fferent epitopes or
FORMATS

Increased half-life is useful in in vivo applications of immunoglobulins,

especially antibodies and most especially antibody fragments of small size. Such
fragments (Fvs, disulphide bonded Fvs, Fabs, scFvs, dAbs) suffer from rapid clearance
from the body; thus, whilst they are able to reach most parts of the body rapidly, and are
quick to produce and easier to handle, their in vivo applications have been limited by
their only brief persistence in vivo. One embodiment of the invention solves this
problem by providing increased half-life of the ligands in vivo and consequently longer

persistence times in the body of the functional activity of the ligand.



domai ns of target antigen. In certain enbodi nents, the
pol ypepti de, dAb or antagonist of the invention are

wetdsasasdus i n nodel s of chronic inflammtor yPdi/e82a88850399
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when an effective anpunt is adm nistered. Cenerally an
effective anount is about 1 ng/kg to about 10 ny/ kg
(e.g., about 1 ng/kg, about 2 gmy/ kg, about 3 ny/kg,
about 4 ng/ kg, about 5 ny/ kg, about 6 ngy/kg, about 7
ng/ kg, about 8 ng/ kg, about 9 ng/kg, or about 10

ng/ kg) . MEihedy e shsmedokelio Bhdydindddarhaayotlb sease half life will
(see those described i n WO2006038027) are recogni zed

by o famslear sthopeatkilicd ip He agf tDeé?glisrif& fovrchindteypeh.af er al:
t fi
| i G @@@M <Slt§b11?f§/ of Pﬁ'ﬁ)ﬁa&:éﬁﬂ@ﬁ% f]]aP(@%QE rf@lj ljh}érm aﬂ@s R8s Pers et al,

g., antagonists be utilise
p ul?haﬁ'me@kﬁmtcmnakyglet A@rachical mgphmphﬁwbb gRefeirdnge is also made to

e BB ER Gk Faren) pubE Gl Telebffadacn 2 Rev. en

e nadnsdlqm 98 whidB ﬂ&ﬂ&ﬁb@rtﬁrmrrﬁdwklhlﬁtﬁ?d praldngers ahdhng tapia afid t beta
buffered nedi a. Parenteral vehicles include sodi um

c hird livge aachirgd peslst theHge(AY (dext r ose, dextrose and

sodi umghF Qrdsde; apah hRcd A8 ARl RIRT ot beAtd-ARe8 from a curve of
physi ol ogi cal |' yaccept abl e adj uvants, if necessary to

k esspina cprskypasion jod ég@mlmghmt time. STHRPWiEY Q.mhn an@lysmeackage (available
ch gﬁel.rl!’hf]irSIO o &hl Cﬁ@u%[[asfn e C%S) 6% A/) ca ge%l ol%leggrgple to

pol yvi nyl’pyr roti’done S gina
| nihodel eawsvey dhia lre @hadeC({hld céphh Iptiasd) o di gﬁhd 1& Iuﬁdittrgomg mainly
repl e |shers and elec rolyte re Ien sher

¢ HOSEDWSaR twaﬁﬁwg‘éfrt SOTBEXHTP HARON. ph SBPY Bb @éﬂtaal?msﬂ is the

ot BRRin@SHd WRS: the HEMMEs B G5 AR AdShe ARth @5h&ARktRon is
chelatlnggigfnts and inert gases, may al so be present

( Miskeainggoe Remidigtisared fomathrneewt.i Ea ¢ dfiadnlidis iste balf life
CobihORy oY Bl BE Y8l nEHIEARE hTIRL AR, SR ERfedThus. in one

ende
[ egmlfmﬂﬂn@& t@e preafmt ag/emm(nspromﬂea dlégapd ©s @ ndmparitemtdooiprising a

at:! use epar atel y adm ni st er ed conp03|t|ons or
nly 9@63 FERRE IP%F? R%F I}Yelétt%é}aVﬁléé‘ﬁP‘éla}fﬂﬁ%é% thedpnge aé |l o gunutes or

V%bl%u $n bﬁ@‘&ﬂﬂ&d‘ﬁﬁ&ﬁ%y {dvéer gﬁ&' Qisthe %ﬁ%@ {759 rﬁﬁﬁluﬁtg’ &B%ﬁlﬁfés 1 hour,
nmet hotrexate, adriamycin orcisplatinum and

i rArbotss, Gxtionss, 4 Phiags nabeus, i6dwbirsc hpwos, 10; h@n& thhourpor g gours. In
Codcdkt}o%l é)rsalte%a%lvgf¥,h ghg'ang Xt o oﬁ(o:sﬁltoo racc(%)tlr i 1§98 ?I}Vsentlloql will have a
ta half life in the range of up to and including 12 hours. In one embodiment, the upper
end of the range is 11, 10, 9, 8, 7, 6 or 5 hours. An example of a suitable range is 1 to 6

hours, 2 to 5 hours or 3 to 4 hours.

In one embodiment, the present invention provides a ligand (polypeptide, dAb
or antagonist) or a composition comprising a ligand according to the invention having a
tp half-life in the range of 2.5 hours or more. In one embodiment, the lower end of the
range is 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 10 hours, 11 hours, or 12 hours. In
addition, or alternatively, a ligand or composition according to the invention has a

tp half-life in the range of up to and including 21 days. In one embodiment, the upper
end of the range is 12 hours, 24 hours, 2 days, 3 days, 5 days, 10 days, 15 days or 20



i nvention, or even conbinations of |igands according
to the present invention having different
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different target antigens or epitopes, whether or not
they are pooled prior to adm nistration. The route of
adm ni stration of pharmaceuticgl. conpositions
according to the invention nay be any of those
commonly known to those of ordinary skill in the art.

Fodayt N8 10ae¥mbodifkehtd IGnWot ftositioliat@irdi@f to the invention will have a
i mrunot her apy, the sel ected Iiggnds t hereof of the

i nibdwnttildnincanranec 4 of) kavey dnja fusthangmpegiment it igll be in the range
acf:?trogl%%%ﬁ stht %Qr” eqk%{())(aintle%g Qﬂﬂi %ﬁl‘be-li-{';' %he range 12 to 26 hours.
admi ni stration can be y any appropriate nnd%,

i ncl udilngdgiaoentr altahhtyvelyt oithaat@no sieyia, the present invention provides

intramyscul arly, .intraperitqneally, transdernmal] Vi a
t h?’eirl _rTHr‘PB A é?VP%’/%t&ﬁnec,OHH’%S‘é‘Eﬁg{ga {)#B‘Eﬂlﬁgatf’é%lfwwlo\é ihpypg an
I nf pei x%ﬂJeV('hlteQ uflddr iﬁ?&g&‘?} indtT@ ?an%g %89 %g%ﬁgl/rﬁf &‘rqg&@.c ¥h e

admnistration w epend on t'he age, sex an
c osnabadiroent ghe taver pad ofethe rangoscud 0.eift 2Gd0i HI0s 2P@ot W rog. min/ml.

other. .drugs, ..count erindi cations and ot her. ramet ers
to Ilbagdlglg'&,e it alltﬁlin%tnée WA 831&n g)/r (‘tolg]né)o%lFllo% fl%clogdrzllnéj AR & ton has an
AdAUNI i8 thicahh@ofedno B0 hgaaih/nileIngone chidoadimci€ lthaagipyr ¢ of the

t he Iun% adm ni stration, , intranasa

by pul nonar . e.g, . .
i 3PRA0BI00o R0 § SE.P e/ S Vi Byl I ChibgaS a ligand

of ok Biidshel B YIRNE Qffok 371 RS <l R0 i} kiRgIndeQb1cekQ %ﬁﬁth@gﬂ)_up
reconstituted in a suitable carrier prior to use. This

t eeshsisigngeofibsfolewings hpion! Yonp el ddttp 80 wigtrhin/ml, 15 to 75
conventignal, i | obul,i ns and art-known
|y%%§P§@§a%F&Rq§§§% g%%ﬁgtitution techni ques can be

enpl oy ekblypebtitidslahd dabapirhe divahtdsh dny ahtagsiEsts korthpréding these can be

the art that |yophi]isation. and reconstitution can
| é&%%f%%ﬁgﬁﬁ%%‘aﬁ?é@#@% VORI Y X BRI '«gﬁaﬂaﬂg@t ofa PEG
( egrBup, Weruth ABNNANMARRMn, tARUBRE PPl B8 at 1b&Mhe transferrin-binding

anti bodies tend to have greater activity loss than 1gG
anpdrbodiherspf, ap @ntilody Fgsegioneweby copayeatian & anpangbody domam. For

ad&éﬁlﬁ)f‘e‘ﬁ &Q%S%Eiﬂest PALOTH %Hégéirgsts i‘d}&a&%%h LOlSioen-binding
conta nlﬁg e present ligands (e.g., anta on|s§§3 or
a tamkinabf art dngibedyf orcann batitwdmi(eg.s feemeted ara Fab, Fab’, F(ab),,

PHERRR B S5l | cati ons. " an adequate amount to

acconplirgho@inam@asic d¥ahd fi@idé . RiAY @Bromers and multimers) of the
invention may be determined using methods which are well known in the art. For
example, gel filtration chromatography may be used to determine the hydrodynamic
size of a ligand. Suitable gel filtration matrices for determining the hydrodynamic sizes
of ligands, such as cross-linked agarose matrices, are well known and readily available.

The size of a ligand format (e.g., the size of a PEG moicty attached to a dAb

monomer), can be varied depending on the desired application. For example, where
ligand is intended to leave the circulation and enter into peripheral tissues, it is desirable
to keep the hydrodynamic size of the ligand low to facilitate extravazation from the

blood stream. Alternatively, where it is desired to have the ligand remain in the



suppressi on, nodul ation, killing, or sone other
nmeasur abl e paraneter, of a popul ation of selected
w@edoBa49183 def i ned as a "t herapeutical |l y-ef f ect POEGB2008/050399

dose". Ampunts needed to achieve this dosage w |
depend upon the severity of the disease and the
general state ofthe patient's @wn i nmune system but
generally range fromO0.005 to 5.0 ng of ligand, e.g.
dAb or antagoni st per kil ogram of body weight, with
dogeemed cifbulsioh Gord. [0ndP8 pE&PIITIBNIBE Bide BDIHE 1iGHIBARILY increascd,
used For grophylactlc applications, conpositions

ofoF erammgbY FEmpitisganen |9 ldemidicdr cocktails ther eof
nay al so be admnistered in simlar or slightly I ower
dosages to prevent |nh|b|t or delay onset of di sease

ol f-1ifet axtegs SHigsSs o hatgm 3 abf-live in vivo

3 ggf\éep E-) }%gl}u @?H%ISHP 812%8%} g%ag]]d é’l{lg ”8 Seg}nﬁgz ﬁﬂtfeéf;%qlsetebe increased

t rigad¢onjupdips @SSsdiatipf Q\'(zﬁ‘gét adtigmasediny\p&lfpaphidd, I(Mtd a@fagonist of
TNFRI, (e.g., antagonlst is adm nistered to tr

s uipp FESBLQSY to grhanding domaih (o LAY %Tr?r?&?%cbyﬁ%ﬁn%“é@éféat binds an

C aﬁltl?@ﬂ &AYiBhSthE! iRtterRs hArtiOUL, it dTRS dREbda¥reit, W G xample, the
once weekly, once every two weeks, once a

rmtﬁtg@t angigen rhowl igg/ageyt (ewo pabmepigle) ean be avopigated b1 lifksd to an anti-
10 exanmpl about

mﬁe fllbumbno%rt an &e%‘t{l c re(beg%tr a&tlbO%%ng?Ilﬁ%og% gr%)lgrtgan]tp e% an anti-
rTg$1k 9r aigbotohathhBé fege;tt@r (H*h)ﬂ‘hb mbh@fskgv, oalpatt anti- $I@/aﬁ"gyody or
to about 60 ngy/k to about 50

ab B nePnag) eff‘@%ga%’gg 4»/00%3/3;35 AabEBET R @&5”?% bEjgiig domain

30wRBh K&npﬁskég’ Y tsca:kfo'ffgée‘fﬁg:tetd%@lp Qi I%Q:rw k& 1imigaqy t‘[hélgroup
my/ kg to about 10 ng/ kg, about 1% to about

ngqqxlglstllmzfufima Anélm@‘ﬂlm; SaBout afﬁbm‘}f R@ aVlmblﬁTOEbamlgﬁhr ectin

15 @e{’p‘gf /G%/Zéo%()(ggfi fﬁ%oéﬂt ]]:?10‘55%20[1 ! 1%? 81%1};)%&@% %986 bu(l)dlng

rrgaldﬂgp,m azﬁnd:lt d(ﬂnem;p’ dog, theab@qtlerﬁem';é I@;prmhmﬁ h@en‘r@& kqemnce and
t he

about 10 /kg..In particul ar e di

o PO RyRyt of B cloj e B it oY e L M SR ko & ¢ pSposition
S W}ﬁﬁﬁlgq%ly@)@ﬁ\/&n HABR o RMtI¥nGst bitht aBRAN Matds BEAISE (covalently
once everﬁﬁjmo weeks or once a nonth at a dose of

ab@urona@y afegilrfo pdingdies doman thyt Rigdy rgn albgmaut 10

20 K S OB oy S S RADSp RY ano

rrgvfekngenabmutptﬂr spgdiﬁgligmolmwrc&hwmal@ﬁcab@ﬂnt fRsimyprogeimy (see U.S.
%g#gl gg ?g%’) ‘[Tr o ?%g'éf ogl,c re]lﬁer agc}/rpg {ed%erel dby re erglce)

brain capillary endothehal cell receptor, transferrin, transferrin receptor (e.g., soluble

transferrin receptor), insulin, insulin-like growth factor 1 (IGF 1) receptor, insulin-like
25  growth factor 2 (IGF 2) receptor, insulin receptor, blood coagulation factor X, al-

antitrypsin and HNF la. Suitable polypeptides that enhance serum half-life also

include alpha-1 glycoprotein (orosomucoid; AAG), alpha-1 antichymotrypsin (ACT),

alpha-1 microglobulin (protein HC; AIM), antithrombin III (AT III), apolipoprotein A-1

(Apo A-1), apolipoprotein B (Apo B), ceruloplasmin (Cp), complement component C3
30 (C3), complement component C4 (C4), C1 esterase inhibitor (C1 INH), C-reactive



consi dered "effective" if one or nore synptons are
reduced (e.g., by at least 10% or at |east one point
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synptons present before treatnment, or relative to such

synptons in an individual (human or nodel aninmal) not

treated with such conpositiongy. other suitable

control. Synptonms will obviously vary dependi ng upon

the di sease or disorder targeted, but can be neasured

prr@fénp@(ﬂlP) afeirith (FERD | HReopEAIN(1GPRY) ll?éprb@ﬁﬂibl (Ch@N), masedic-
nptons can be measur ed, for exa nmoni torin

t h@n‘{h@% arotap (YBR).aryoginba @ﬁﬂ&h@ﬁ@l@wm (ﬁam%latr%frrs PA{L) tRignol-
di ﬁﬁ@ﬁg i‘pft:bgeng E)I@]ﬂs &hd @mgatmdl f an enzyme or

met a rrelate vvltht ase, affected cell
n unber sSulieblc pyqteiby fromrthe ottran@hﬁﬂwmmaincmnj foestaatplonsllagens,

etc.),. [
aceptnts o by PRontd T el EseE b bR b & pgeracelttar
Exmatﬁﬂeﬁb&tsabyﬂes by coPagéisooedbearé t@kentiyikhbwh, Gound in different
sclerosis), the lrvine Inflammtory Bowel Disea

QU Ob HIKROR% 43 3ynsdichliagss Sassernting f%fv%ﬂ‘Vm gt @ydegﬁgqufound in
of b(ln|ef s@(llwténiaoﬁ Q%Bﬁgﬁts tc%r&@ V\Iﬁjten{a‘}' Hl“gtahso& typy B 'i:@l‘fgg‘én found in

synpt oms,” social” function and enotlonal " status - score
r asngidegd, vertabsd diso, mpachoyd, pird nirghisrhugwo pédhcicndi cati ng a

better Y {)Mﬁem? homg Qc? 1n%{1% ftoy examé)ll'ep P amc I‘proteins qe. g,

Rheumat'dl d e, or o ther acte ni ca

asHiess BN naseloBulas skiMMIbuniin! fitgidoked ¢.g. AitsdE@l ALlbrinogen B),
(e.g., one day or nore, or Io@ger) reduction In

d| BB emzyslouﬂli)rwitldérhwgmb@m@r lrlatlbln@lﬁgtutm%omlnwlddhé
m1,c ?g? &@ngteﬁzﬁrrl ?ne%ll}ln (():rgl(e %agm I n Isgz%/tmevgystatm

ro p
pe@mp}rﬁeuamarypgmand pmmmmt: n@psmmhgdﬁs)c)r pfnﬁainmm imrh@ne system,

"effectjve e onset or _severi f .one or
syfisk GWWO@L@&U%BTO@%&&% boiﬁfﬁ Jefd eV frapiRgiotyiin light
Su&ﬁm@( g)ﬁ’/'l.ﬁnﬂ(ﬁ))"J“[r?ﬁis?‘énjt?lr télffkd('e\é' %{ﬁiol gthﬁQ%r(Q&na&”lml

nodel ) treated he conposition. A conposition
c omtcacpgi@m{l}n)a dbfegansi(e(ge by ta-dedensaglo mewttgphddefeogiktl andutrophil

f t h t b
Sl R A Saoth i FRdispeuti o set ) ngs to

ai d i n Siablpt@eias foand ai thaelood dtdidParri drlih BGureirtissue include, for
rem)val of a select target cell population in a
meTHREIPLC, SlaRaenTtin ECPih VSHR.Cstasbrty Bpspoidiread thyrlike.

pol ypepd,jigsi pggf%gﬁti(fé@%ahﬁfhﬁh& STRYn RREHREH vivo also include proteins
extracor poreal I'y in vitro selectively to kill,

delpraized tvrth@ktdei:mege, refyfcastin, ety VceHanee, ergame g@@n trensporter Kl,
poﬁg}llrggﬂn% gn{iée%r)? pz%otgl%g ARG HR 1&;%' d eCtallcolﬁoloéeh%?rogéc'nase G250),

proteins localized to the lung (e.g., secretory component, which binds IgA), proteins
localized to the heart (e.g., HSP 27, which is associated with dilated cardiomyopathy),
proteins localized to the skin (e.g., keratin), bone specific proteins such as morphogenic
proteins (BMPs), which are a subset of the transforming growth factor § superfamily of
proteins that demonstrate osteogenic activity (e.g., BMP-2, BMP-4, BMP-5, BMP-6,
BMP-7, BMP-8), tumor specific proteins (e.g., trophoblast antigen, herceptin receptor,



Bl ood froma mammal may be conbi ned extracorporeally
with the |igands whereby the undesired cells are
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to the mammal in accordance with standard techni ques.

A conposition containing a ligand (e.g., antagonist)

according to the present invergg.on may be utilised in

prophyl actic and therapeutic settings to aid in the

alteration, inactivation, killing or renoval of a

s e&)ﬁ@ﬁbgﬁﬁl&é@@for Qﬁtﬂepﬂwlgatcmepgnmsawﬁﬁm be OAd In [B@PES

(1; anti- target antigen antagonists, dAb nonomers)

afﬂi’e!ﬁ@ Dadmi ni stered and or fornul at ed together with

one or i v

Then s s Bl DR AR sl RO Pressed only

adeti thtlwtacﬂ TtdeHs, apduting LA Geh (lymplheyte agtivatiopgand) gosteoprotegerin

r ol 1P B PRt B TF 407 gL RN ORIl mouReRIRT Y ER receptor
t hanilly gapecsaqiconadedi-dtb @D atlleganrpedfi@lladpiroisited mdmmmar cell
manner that provides an overlap of therapeutic

| nlewrania mpbdyRehtH Tk Vid)-prodeting 6‘Hlsr %eeémweﬂ%ﬁ(& PR (2000)).

t rﬁﬁ{abféghse%éps%E&ﬁ@ bﬂﬁelﬁ’sr al&y BVeat 'f&gexamf)ﬁr RRiafloproteases
i nfl ammat or | sease, conprising admnistering to a

melasRkiated vnée&ﬁtlltlhe/pwﬁrShlnphlémMﬁlééPrbgnpéﬂai domay garaplegin,

dos unt of ol pe dAb. or .ant ago

agl(l:uorrll i Ftal—lir,?jo man 2 IT(%SVL%’]P% iy hf n d(_l)lﬁl gngl n%endc %é)wgh ﬂlcﬁ)rs including

I nacedit ﬁbmblast gowet thadr (FAIT-1), Badd filgoblastppsved hag (OGF-2),
heumat oj d

preventin rthritis (e.gq., rthrit

J e e RrBelial emah sretdrraiaular eIy P e 08 Hoir G];/VPtFI)’s
pst?e[ﬂsﬂ)tn'nﬁlgagrr&\p{h' thitSr-o $PAP o)) ShiGr AQM I HALEF-hiPFa gmaa)
mammal 1 n need thereof a therapeutically-ef Ive

domgiageniapmtenteulon-341pd), ynpertukded (1dAD, piatetmtiag@dlesdothehal

o8 BRol iR iR et FRE! BT RRE R et fFvea

pr & et fabgr-BBAPDEH) Sanddrifallehdlg adni nistering to a
mamal in need thereof a therapeutjcally-effectiv
dose orSublamelypertidep iy pbanscasruny -t lﬁﬁtva§%§ﬁ|1%qlude stress

acﬁr@feﬂ‘ls REcH £ Htheshbaé/ ﬁﬁ{eﬁﬂ%rﬁHSbQ q{sqist&?er n(ﬁ"fﬁgﬁ’? FdTRa 'intra%glf‘ularly

invention is a met for treating, suppressing o
pr%’ihelm thepgre fnﬁm(hwm@@hlﬂarbomﬂ angindigatorthfien ¢rll hagdisd ﬁn@ spilled out

i sec%%?ehtsuﬁ"ﬁlg qnq[t)rlozg/ream%)el I%Z:ath (necrosis) occurs when as a result of trauma,

disease or injury, extracellular HSPs trigger a response from the immune system.
Binding to extracellular HSP can result in localizing the compositions of the invention
to a disease site.

Suitable proteins involved in Fc transport include, for example, Brambell
receptor (also known as FcRB). This Fc receptor has two functions, both of which are
potentially useful for delivery. The functions are (1) transport of IgG from mother to
child across the placenta (2) protection of IgG from degradation thereby prolonging its
serum half-life. It is thought that the receptor recycles IgG from endosomes. (See,
Holliger et al, Nat Biotechnol 15(7):632-6 (1997).)



conprising admnistering to a mammal in need thereof a
t herapeutically-effective dose or anpunt of a
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i nvention. In another enbodinment, the invention is a
met hod for treating, suppressing or preventing chronic
obstructive pul nonary di sease.d%.g., chronic
bronchitis, chronic obstructive bronchitis,
enphysena), conprising adm nistering to a manmal in
negthdtharmed sauihehapaiit i cal | y-ef fecti ve dose or
anount of a pol ypeptide, dAb or antagoni st according
to the TW@YFF]{U% in qn¢ o Resnt BioNisles Areetypeptids qr ﬁo@a@m%ﬁrﬁe 8
i's u

dlﬁ ?g@lﬁ’d cotng;gc tﬂgh?aalnﬁ 1 e?%ﬁig@lg d&b (ﬁ ﬁgsg gab )ntgat binds to

pneu pneunonia, suc
St ta{g@ydmmgom el a mmmdnd)hb topt lgiodgpseinsn n@umdm&ﬂ)stﬁle s¢aegd 1o

er ea t herapeutical | eff
o TBTBE S BT RGe® 455 R st Mk B Gt R oM B 1.2.3.4.
acs,q0d2 09014, 5680, MY,800] 10, 300800 HVSVOLL BBy, Q\l()ﬂ@cSSQ 10%), or
net hod for treatlng suppressi ng or preventing other

puﬂﬁbﬁéﬁwlwuééasé§05mlMwmﬁﬂpdﬁnbbomﬁmbhknl@béﬂﬁuémﬂﬂeﬂn

pul mon di-sease no | rona

G SER0R. 4 (D FRER: Q0P PRGN BB R W e

[ neralmiﬁﬁaanhe fivdt HAb{(Hrer d Av@ohdroer) bﬁdb SAQ@ gf GISAQ)Oxaflipi ep as

cystic f| 05|s a d asthma (e. eroj d resi

as qtﬁ‘?ﬁ‘)‘ne 8 a‘?erP BHPNHEONEHS Pﬂ?ﬁ‘lﬁmatﬁlpfel ?97\79n1(?00r1159 200, 300
d e

TSR b WATCH GRS RHRRAE S fsPipePIRAEEN) Aytising a s

compm&&dﬁ@aadamﬁmaddAbm@um@ﬁamnanmhbaﬁmﬁyéeﬂKbhmﬂedﬁﬂas

t her apeyti cal ffectlve dose or

OB SRR SR GBI ROEG AL Mg Pihy Figond dab for it

I Nt isGrom | o FER0DO Ghhkalecg MO TIB0DE,, oralloaRs BEVDY,Sr 10800 to
adm ni stered via pulnonary delivery, such as by

i nH08Y tiss)(the '@fﬁmw At ﬁhsé‘lr% dARifan SA| hy ongreader m‘eemt heggerum
' nﬁ@lﬁrﬁﬁl'lgﬂuméﬂeﬁﬂ QQ%HQ(PR‘B@)) FRF e)paYnﬁé’ %ﬁ@f’?ﬁd&'@&h&@éx with an

g., parenter i ntravenous, I ntranuscul ar,
| naffiageof %tp@nsahatels(dlﬂq&ﬂ,amlswhé sccomd dhpbinds iterigstivitbran affinity
th j.on i S d treat ressin
or VAR Rl BBk PR SRR EREM AR o g15). 1o
medARdmbodinie€ dhd fuet @@15 bmdi barenelsA)caitl yKebf eggrommately 50, for

dose or anount of a id nt agoni_st
ygﬁ? tls o?duaq spec1fr 1c lﬁgan sgare found in

WO003002609, WO04003019 and WO04058821.

The ligands of the invention can in one embodiment comprise a dAb that binds
serum albumin (SA) with a Kp as determined by surface plasmon resonance of 1nM to
1,2,3,4,5, 10, 20, 30, 40, 50, 60, 70, 100, 200, 300, 400 or 500 u M (i.e., x 107 to 5 x
10'4), or 100nMto 10 uM,orltoSuMor3to70nMor 10nM to 1, 2, 3,4 or Spu M.
For example 30 to 70 nM as determined by surface plasmon resonance. In one
embodiment, the first dAb (or a dAb monomer) binds SA (e.g., HSA) with a Ky, as
determined by surface plasmon resonance of approximately 1, 50, 70, 100, 150, 200,
300nM or 1, 2 or 3 p M. In one embodiment, the first and second dAbs are linked by a

linker, for example a linker of from 1 to 4 amino acids or from 1 to 3 amino acids, or



In a further aspect of the invention, there is
provi ded a conposition conprising a a pol ypeptide, dAb
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pharmaceutically acceptable carrier, diluent or
exci pi ent. Mreover, the present i nvent i on provi des a
met hod for the treatnment of digease using a

pol ypepti de, dAb or antagoni st or a conposition
according to the present invention. In an enbodi nent

t hgrealb5OaSP ainoGRII OF gRhtcAthah Af 3, FTNEY, OF 10,d5 9228 BmirRcids. In
rheumatoid arthritis, asthma or Crohn's dlsease
FoRosTol eend Adereer Bnker (greater $ay3 amigo 4cils) is uged e enhance

gﬁ@h&ﬁgkkogpmgﬂn%gﬁyﬂgglgﬁﬁ%hggmn peci al ly antibodi es

espeC|aIIy anti nts of small size.
Such fﬂa@nEmu@r@ﬁvxhnﬂmwuf@hﬂ@axb@ndemagnsﬁsﬂahbﬁobmdshmnm1
scFvs

b o i i olteie & Py ARG B MAER AR e the group

of cdnbietitposty rapldly, and are qU|ck to produce and
easier to ha appl i cations have been

li mi t edMBgr- 1t6n MSA 8ﬁ |(§FebW PQ%O%Qﬂ% ifcgtdéﬁﬁkoémierﬁ) {hesosedesges, which
enQelieBYndQheit ﬂﬁ:lél@ Y& Eé&%lﬁﬁ{ M@“i"nctoﬂio*%at&f RBERBY B¥ference and

providing increased half-life of the ligands in vivo
N@Hn®n39ﬁﬂ@NMEVBW@m@émIp@ﬁsMSm@nce tinmes in the body

f th Met f
ohar mac oL PEESEGHS NG 0 e PSR MO OF Py BTm-26
halstQ DneUHmnvs) be)graafrm dsuaaqm NOt hm@)teEQMhLae(@Emn Re: 477),
t, ta nma oun | N ne
e B SE R 00 T B SERBLN: 45 RfisausEgHD No:
Phwmﬁiﬁsggﬁqm Nt £y1s, E@thz h IMRROK 8Bt BOM7h-3 (SEQ ID

anal ysi s racti cal Approach 96 Ref erence is

aI 1§@ ﬁ&ﬁeDOM%%@E%HbNQﬁéS%QO N’l (e 620 &P NO: B8P @V 7h-1
IGESTIT R e ORRERI TR R D REE BTR DRV £ LiRi b pro- 489)

s umwm 13 (SEQHD B 490)bboa/mna14 (SEQVESNEn 49 Br BOMITId2Y (SEQ ID

RO Sa b S SRS SLALR G35 B B BB

cooiv,@emmb @@S)ODOMMGB ab N&3: 4bbreoMMe1 WWSHdom NO: 497),

b
anal acka%@ﬂéaval ]ﬁ?e fron1ﬁﬂgiS| ght Corp

VDA 405 B DONO 2450, DA 1 5 AFBAD NS o), FIOMTkrh (SEQ ID

t %Gogﬁign]gbﬁ/gﬁﬂ%er ggp n}go {T%q 12,}[3/@@1@?—?8 ($16 1B 083N 7r-19
(SEQ ID NO: 503), DOM7r-20 (SEQ ID NO: 504), DOM7r-21 (SEQ ID NO: 505),
DOMT7r-22 (SEQ ID NO: 506), DOM7r-23 (SEQ ID NO: 507), DOM7r-24 (SEQ ID
NO: 508), DOM7r-25 (SEQ ID NO: 509), DOM7r-26 (SEQ ID NO: 510), DOM7r-27
(SEQ ID NO: 511), DOM7r-28 (SEQ ID NO: 512), DOM7r-29 (SEQ ID NO: 513),
DOM7r-30 (SEQ ID NO: 514), DOM7r-31 (SEQ ID NO: 515), DOM7r-32 (SEQ ID
NO: 516), DOM7r-33 (SEQ ID NO: 517) (See W0O2007080392 for disclosure of these
sequences, which sequences and their nucleic acid counterpart are incorporated herein
by reference and form part of the disclosure of the present text; the SEQ ID No’s in this
paragraph are those that appear in W0O2007080392),

dAbS8 (dAb10), dAb 10, dAb36, dAb7r20 (DOM7r20), dAb7r21 (DOM7r21),

dAb7122 (DOM7122), dAb7123 (DOM7123), dAb7r24 (DOM7124), dAb7125



distribution in the patient, with sone elimnation. A
second phase (beta phase) is the term nal phase when

wo b@slisgand has been distributed and the serunPCT/GB2008/050399
concentration is decreasing as the ligand is cleared
fromthe patient. The t alpha half life is the half
life of the first phase and tlhg@t beta half life is
the half life of the second phase. Thus, in one
enbodi ment, the present invention provides a Iigand or
a @UMois), ldwmmrrmomm) aAIbvlgamDoamm)dunmm(mbwrzg)
|nvent|on havi a ta ha

/7830 G?OWF?@SJ 4%7&9&%8@19%@@766@@\6%@#) éﬁé7féf2
t
drél'?%% b:?QSTU@%ﬂ )ﬂigﬂ?@tﬁb@?«m%%)ge%mﬁ @i{lﬁqszz),

our s, ou S ,
1 1dAish23 (BOMﬂZlmb dAb7h2I4r(D£IM71t2i4bz rlAbdh2a(REVMTRRI)véAlyTh2a

s 1§ B0 RoRR T IROMAgRR IRk AR BONIapE ERgh SN o man,
| F@f%l:!;?@d%s a2, 4’1@%&4 Mbnraﬂ@\bemqjmmmm dm@lsr(dABdS) dAblS,
e ran

O AMICBPIE dabridl) edharhaAbad tabsSEiAT gl ghbE, 88023, dab4
hoyk 1 5Qrd A2k 0d A L), SdAH2‘7 @@&oe(lﬂ’%%)”@ﬂﬁn Hhﬁs? fd%%@mtdAbss

i nvention provides and
andAlgpdridsby4)odAldtlc dﬁb@)@? |47 Ci)?rﬂndl 5§D rikghbe 7 df‘gfaﬁﬂddAbﬁ dAb54,

10 2GRS B8040 S IVELAR DAV, Bakih IBERILOC AR
| OQMII)M&de dﬁb?tm(a)(mgg@ d&b785 tibow;rsndnbur/@ommy dap78
our's
{

, h 1
i) ab7E1a RS o A BN B aaBa S dPMtTS .
aC&@mmg)GMﬁm dAwent ammhﬁs) @Abbrﬂsqb‘omﬁ 8), URbYNe
range of up to and includin n one
en@ﬁfﬂﬂr@lm dAbrbl @@Whéhdiéd%hi hlaOW?l/ﬁab dAS7ho(IHMIM7B6), gAbTh7
15 (gféwl%) @Xl’?’?hS?(Dgﬁéﬁl 18) 4&%? (Dégg%@?’ %Agig%og@@\g‘zﬁm), dAb7h1 1

one enb
ac(mMWlnEi )i A 7Thé?2 (IDOBHHIl D)) dAioTHl 3HBROMZh18h dAdi7h14 (D@Mi7hl4),

w AR BONTRS 3 g8 e R PAURUD TR red s

e nRdehae D00 Sl Hisclodure ¥F ﬂhése@@qﬂeﬁcésh@hlﬁzﬁﬁﬁﬁleﬂc?es tRd #6ir nucleic acid
hours. 1n addition, or alternatlvely to the above

crouBternart a@%@cm@@mhermbm fyangsrasd iferespagt qﬂt@%ﬁacl@ﬁureaof the
20 g}\gyg&ﬁ{ {ekﬁ nA@tBﬁE{NleSﬁaﬁ%éﬁré hg@fﬂ ﬁlcclgl%ttsdé tﬂechAlbg 'g d?bS has an

nt1on havin area under the ¢
i naltchmtivangee Whlclh 181@4bm0n/enﬂAb8 (d#dr1@). Theseoxguences are also set out in
e Odlﬂ? the lower end of the range is 5, 10, 15,
208967 gbﬁl %00 or 300 ng.min/m. In addition, or
al t er nahice@diy emBodih@aRkthe dAB BN Hlfnh® Rera@@Oein gnd €mprises an

t he?mllncr)] \ellslgtslec?urén?ea‘[ﬁatahgs at least about 80%, or at least about 85%, or at least about
25  90%, or at least about 95%, or at least about 96%, or at least about 97%, or at least
about 98%, or at least about 99% amino acid sequence identity with the amino acid
sequence of a dAb selected from the group consisting of
MSA-16, MSA-26,
DOM7m-16 (SEQ ID NO: 473), DOM7m-12 (SEQ ID NO: 474), DOM7m-26
30 (SEQID NO: 475), DOM7r-1 (SEQ ID NO: 476), DOM7r-3 (SEQ ID NO: 477),

DOM71-4 (SEQ ID NO: 478), DOM7:-5 (SEQ ID NO: 479), DOM7r-7 (SEQ ID NO:



AUC in the range of up to 600 ng.mn/m. In one
enbodi nent, the upper end of the range is 500, 400,

wW@®s/12003 150, 100, 75 or 50 ng.min/m . | n onBCT/GB2008/050399
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enbodi nent a |igand according to the invention wll

have a AUC in the range selected fromthe group

consisting of the followng: I to 150 ng.mn/m, 15

to 100 mg.mn/mM, 15 to 75 nmg.mn/mM, and 15 to

50mg. min/ M. Polypeptides and dAbs of the invention
anmoarm@wmsqsg(gqgm{ AINDORTEL GEQ ImENbonm)t]D@MIhos (SEQ ID
have a Iar M7h24v nam c size, for exa

at NGB S G5B PO b (R TP ASF L DAY Th-
t fg%%jf‘ﬁf Nb”4%®CE@Wh Pls %n gsﬁfé : sEPBOM7h-22 (%E%ID NO: 489),

errin-bi’hdin eof, an anti
r el OdHh-23 (ShR Hpru@%)l POMTh-Z(S&a ]D)Nél)y 4%DHEDM71FZfr(SEQ 1D

@?ﬂ%@@%ﬁ@%&iﬁﬁﬁna@%@%ﬁgﬁnﬁﬁl b Bshy Dgpan27

s&m HnNob@dso Dawhrs tSHQTﬂ:b Ney 4&6) @(ﬁ&’%—lf@EQ ID NO 497)

bw G>1> I-g( an ¢
| BahGs-106SEQ ID0E: A5 D o). Gk 6 (SEQ D
' nN@“S(b(ﬁ NDORY/r h@ (§EQQD'N@e§bIB‘%@M7F‘TE WQ?(? NG 025, HOM7r-19

wel known in the art. For exanp [tration
cmS@@beiOaéw M e OUSED IDd\T@eﬁQélr);ﬁ)@Mhﬁé (SEQ ID NO: 505),

hyl?b%j% %Kg]FEijZﬁO 0§0 n[g(')?ﬁg—%% )(/(%1(23@%(9 ﬂﬁg [;(Bl{/lth ?jr ﬁb ID

rices etermn nam—.c Si zes
I |1§j@nﬁm) BOdMYTras (SEQIB-NO DY, Q=736 (S| 1D O&3:, 518y, HOM7r-27
kno i i

Forsrat IR0, 310, RERElr2% GEOLLRNe s dog R 2athed hp%a sl
dﬁ@om@msm Imbmy FHORGr-derSHI D NE B 15N HEINSE- B@@SEQ D

plication. For exa where [igand i's intended

| eHQe5l®eD@M7é@I35(SE@EBM 2 ethe SE dDpee’s p}h@rsa?aragraph are those
ti e to keep the hydrodynam c size
oft%?th%g)ﬁﬁré%%ﬁﬁ%da% ({3@5&0 litate extravazation fromthe
bl ood stAtadAbADfdExbBat d A0, datbdrd , HALTIR2 AR 7] dAb7r24,

" BhAE TRR SR D P SRS S A O R

I n&A@@§§Q1Abf7ﬁ)11 azsammizedhwﬂzgrnmmngbm:zsaﬂb’n%l ikB7h27,
pr ot ein. f-1ife extension b et | n%ban ant i gen

ord@ﬁhﬁ@*fwﬂhéi %‘P@r%@“eéAhM ‘irlulv bR, dApH3. TR 15, dAbl6,
hy&jzilﬂldzyﬁ]ﬂ GAS & G AP 31 3 Ad 920 ANGALSS 4385, ’HA[@%fdAlSzf?edAbSO

e’i ncreéase cohj ugating Or assocl at
t adAystl, dab3lgenbbd,nicibig, W?ﬂpé@bﬂddAb‘éﬂ\kiAbM aiﬁté@odmsﬂ dAb54,
of dAbSS, dAbS6, dAb7m12, dAb7m16, dAb7m26, dAb7r1, dAb7r3, dAb7r4, dAb7rS5,
dAb7r7, dAb718, dAb7r13, dAb7r14, dAb7rl5, dAb7r16, dAb7r17, dAb7r18, dAb7r19,
dAb7hl1, dAb7h2, dAb7h6, dAb7h7, dAb7h8, dAb7h9, dAb7h10, dAb7h11, dAb7h12,
dAb7h13, dAb7h14, dAb7pl, and dAb7p2.
For example, the dAb that binds human serum albumin can comprise an amino
acid sequence that has at least about 90%, or at least about 95%, or at least about 96%,
or at least about 97%, or at least about 98%, or at least about 99% amino acid sequence
identity with DOM7h-2 (SEQ ID NO:482), DOM7h-3 (SEQ ID NO:483), DOM7h-4
(SEQ ID NO:484), DOM7h-6 (SEQ ID NO:485), DOM7h-1 (SEQ ID NO:486),

DOM7h-7 (SEQ ID NO:487), DOM7h-8 (SEQ ID NO:496), DOM7r-13 (SEQ ID



the invention to a binding domain (e.g., antibody or
anti body fragnent) that binds an antigen or epitope

WO bas/1i91¢F eases half-live in vivo, as descri bePCheBei08/ 050399
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For exanple, the target antigen binding agent (e.g.,
pol ypepti de) can be conjugated or linked to an
antiserum al bumn or anti-neongtal Fc receptor

anti body or antibody fragnent, eg an anti- SA or
anti-neonatal Fc receptor dAb, Fab, Fab' or scFv, or

t oNem9aNtDONA-24 [SHPAY NOY:4$9)! DONVERIEE BIEQHD NOER9), IFOM7h-23
Affi body or an anti-SA avinmer, or an anti-SA bindin
QoRSEHNOA OB SM7E2d (REQJBAY@TA! S ARETIEaS (D BT 492),

r .
DGR YSERl I NOMSGE POMIhie (BEOHR \OASLP DAY (SEQ D
anNOf49%6) oheSEQ AD (B einREF/pE&BZ0OB AG0DdE3hftiappair 8t W02007080392),

i ch dingr g o RS SR B RS A 2 B s
NeABTIGRYATORIPUTRIAMEA RS MApaL] 14, “{“27>§“A§%Eb°%§*? 12, 8Ab13,

t he present text%. Conj ugating ref tion
CORBTiSSHAG pORPDBATAS TAING. GR0 HnH &GO ISH2BIAA TG 1AD2S, dAb26,
| Ny GRbI0IAMLS B RPRYEPAHR0YRD BN HAY3 01 ABINGAMAL ?J‘ABL?’/), dAb52,

to a binding domain that binds serum al bumn. Suitable
polApepdAbies dihal, ddhant e 7hérdinhal dAlihd ed Abyhvi dasb7h8, dAb7hI,

| nelufgo JQELEKAILR o LABRRTELLIdAERPEP Or speci T ¢

| i gand- nmeuropharnmaceut’i cal dgent fusion proteins (see

U. S. PahesitaifNembbddithéidts 30 dAb hénds dambn Bgsmatbunih ahld edngprises an
i ncor por at ed herﬁ%g@by referen api

e), brain | ary
endBiRAatif seauereq thatdes ptlgest a@%ﬁ%‘%e?rﬁt ?ﬁastt aWSSée/@ (©Of pt least about

I esPpt Rt 8t About D9YUBE & 18kMDLEIIh Nor LERER WO 97%, or at least
insulin, insulin-like gromﬁh factor 1

h f (1G- 1) L
r edhept B, aratlghdt aboyt RB apnpwe Acifl a@quencezgqnt@FW@ the amino acid

[ ORGRYRE opd BRI ERGRART aroBLORRILAREOL B 00 s

t :nag eﬁmt@m?a-zs(csmnmuoﬁzi;&zu‘)ﬂmgww (SEE) 1@@0&18,5}) DONI7h-1 (SEQ

A SRR A OB o oSy BRISFQam Y qr496). OMTH-22

( PrSElRIDINGG S AIDdM 782Bi(BOABNO:4bb), DOM7H-b4 JSEQ ID NO:491),

S BoMBROE Skt Hor 5 DbibinesEi 1 BHaHEn Dot Bagsea o

B! (498). DMt

¢ OBl R BQATTEIREED & A SIS bl 8 e o

hethaipgrean if WRXQ00703036p), ot ei n( a) (L}o(a_)),

or oat bare AR ALT AR bR RORES ARk gb7m27. aab7h30,

pr @A e 1 (2BP) dABndABTed B HAbE BEGrh ( BRb7h2, dAb7h6, dAb7h7,
dAb7h8, dAb7h9, dAb7h10, dAb7h11, dAb7h12, dAb7h13 and dAb7h14.

In more particular embodiments, the dAb is a V. dAb that binds human serum

albumin and has an amino acid sequence sclected from the group consisting of

DOM7h-2 (SEQ ID NO:482), DOM7h-6 (SEQ ID NO:485), DOM7h-1 (SEQ
ID NO:486), DOM7h-7 (SEQ ID NO:487), DOM7h-8 (SEQ ID NO:496) (the SEQ ID
No’s in this paragraph are those that appear in W0O2007080392),



Suitabl e proteins fromthe extracellular matrix
i nclude, for exanple, collagens, lamnins, integrins

wae@sfisqasdnectin. Col | agens are the nmaj or prot RCTIEBRG08/050399
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the extracellular matrix. About 15 types of coll agen
nol ecul es are currently known, found in different
parts of the body, e.g. type l7xollagen (accounting
for 90% of body collagen) found in bone, skin, tendon,
| i gaments, cornea, internal organs or type Il coll agen

found iqnwraghbd m7 &&ESSEBABM @A%Sél d7a¢ i Ih2 &i)do7h6
Vi treous hunn | e protelns fro

bl Gy i i he d%ﬂh%m?éﬂe i hadwai%.dﬁww g dARmI4.
FL2e! M ipacre FRALAG Al SEUTIEL LT, Ao TG 8RR an serum

(e.g., rlnd en um any

Pr ab@hid ahd hE‘s’iziH H8h6 REID sedieRdd §ele@1&ed %M&AE?&O and dAb7h3 L.
ut erogl obulin and b-2- m crogl obulin enzymes and

enzyme iy prgeway @n@dlmﬂltﬁsﬂrﬁ Hoye N)Abﬁ%loczrﬁf‘éﬂhm
cystat ' ﬁh fae!rrpo%ﬁ me]ntsaﬁfel(fAby H%%ﬂatoﬁggtla%mﬁrbﬁﬁfs Ihﬁman serum

trypsin i |b|tor proterlns ne system
s udburais andeompigdes bud: |two pr tirei (If$he( €DBs of diyAyf tlhegﬂaregbglg amino
innuno | obul

b R e g A s R S i

1 m cr oyli@bilddmelid it Bisid Gerufh albidghandgfeaRsde Mistlosed in WO
neutrophi|l defensin 1, neutrophil defensin 2 and

NeXOAEBh362 @eiyerxsN.V. 3ndam 8V @2HH7030382 (Bhiich Alp| ¢ sqpueorces msd their
found at the blood brain barrier or in neural tissue
| n@cmacui eungskRaviaTe Incanogrtestlsrein By refeepecomd fﬂrylaaparhof the

Jl@s%ﬁ'e dt{ &91{ {eﬁ s%@g ad @&ﬁlleﬁ% zﬁ S%Q ;I@m(ﬁ 518) Fnce B

pept| at en ance ser e in vy
i n(<SIE@JIE) MOt 19), feqhacalli (SEQ IDINORBE0KSdmeycd B.(SEQ D NO, 521),

P oG BN B9 PSRRIV Sequseen § 4k 1D
t ON?gﬂ@ﬁils;égliegle@HggE?gt?Q@@%ﬂ 8By HhOYESESEID @59)6) Sequence J
pr ot ei i

P SR O s ammea CER)D Nperslissargeal (GRY PR

he t t

"o8hel 18 o T hsclich psasBART W L fibhatotsro
keN@t.ﬁSa),,Seblmmee B p&EQﬁDd\I@ﬁbi)eSweswdh (3 ﬂﬂbﬁ\wé@@mhcse

pr ot ei

D SHEEE BT b ot e SRERTW R 080397, esp 20041041862

t h@blA&MONS] IMatertas tabgimetts abé Cinkld Vg Pbindsithad, serum
BMP-4, BMP-5, BWMP-6, BWMP-7, BMP-8), tunor specific
p rdbwhimsind eoprises po pinoiol eaisi segwinicg 8t hdset begtabout 80%, or at least

I S N T L T
least about 97%, or at least about 98%, or at least about 99% amino acid sequence
identity with ALBldisclosed in WO2007080392 or any one of SEQ ID NOS:518-534,
these sequence numbers corresponding to those cited in W0O2007080392 or WO
2004/041862.

In some embodiments, the ligand or antagonist comprises an anti-serum albumin
dAb that competes with any anti-serum albumin dAb disclosed herein for binding to

serum albumin (e.g., human serum albumin).



spl een)). Suitable disease-specific proteins include,

for exanple, antigens expressed only on activated
wa2@elikg43 i ncl udi ng LAG 3 (I ynphocyte acti vat i POT/GBR@B/050399

osteoprotegerin |igand (OPG.; see Nature 402, 304-309

( 1999)), OX40 (a nenber of the TNF receptor famly,

expressed on activated T cellsyjzand specifically

up-regul ated in human T cell |eukem a virus type-|I

(HTLV-1)-producing cells; see Imunol. 165 (Il):263-70

(2000) )1n aSuittralli@ GHiBaRsE: SRe&tddoRisPo i@ Sop8Rs a binding

i ncl ude, for exanple, netall oproteases (associ ated

wi RICH PRfIE foytegpicabeg EadganAdiBdesvigeiptissBpiy @mprises
h rjne
L P e S
fi WB@BQ@OS/QQ(M&B Iﬁléth&ﬂi Eﬁ’orléal?@()(}&, Ihebhsyilcrsulfm ditheds¢ Bimtling moieties,

5 OO PrUREE B nb R hn reeon Pl FM il sl P ncir

t r @gedneeddre thegpovdtdtl Keacih 6 réferedédasdhst of th¥lischBGilc@S ke present
factor-al pha (TNF-a), angi ogenin, interleukin-3

(1€¥3)  interleukin-8 (IL-8), platelet-derived

endot helial growh factor (PD ECGF), placental growh

factor (PI GF), mdkine plat eI et-derived growth
04 |vﬂ-a_3'i Mg ANAECTK I THR alb'l abl e
pol ype t|d S tha enhance s ife i.n vivag
o PoLYRGRIL PRl SO SR PAD Ly YL apghn®
( I-tSﬁ’sfemﬂ-lSRsfrmnfsmnfrahddygﬁe@ lth’wedfn"s ba[gegdtcui @ralssomwmmh the
they are fo extrace n i ndi cator

ul
thtﬁ’fgehal’é’éF‘P §1gd1°€/d°ea 9&3 o @Ha%?@tst P? the fnysptgh, Sxamples of

ThiugtabB RILASA TR £ BhmARAbMIENRANARASRY fR @SS WS hn@gen-
aresult of trauma, disease or | niury, extracel | ul ar

HSmading faymer arg d?i@ﬁb@h@éN OrZob e e+ mhjﬁedlsglg&ue;fms incorporated
BI S
15 &gélﬁ% o%ﬁ%?éoern a%ﬁq'{plln{[% P%lft o'fl%% I&g%sl{lf O&Héltl d]%nréseegg %Q!S I{Zl gglglcular
Sunht: ﬁﬂlo&vupg dbeninsalbmwvol ﬁ@‘ﬂnemn; dr@albturram sgpdmts dan bk uskel, in the
np Branbel | receptor (also known as FcRB).

hl'i’rgsef—%m Y8t or has two functions, both of which are

potentially useful for delivery. The functions are (1)

trangpogEQ @b N @(JSY&MJIE’& Hler ﬂ)O@bﬂOdQ qgs%&?.leh&ebemg explicitly

placenta (2) protection of | from degrada

t her ebyngarpératediintg thetpsesent disc osure by reference);

20 e Albumin fragment or variant comprising or consisting of amino acids 1-387 of

SEQ ID NO:1 in WO 2005077042;

e Albumin, or fragment or variant thereof, comprising an amino acid sequence
selected from the group consisting of: (a) amino acids 54 to 61 of SEQ ID NO:1
in WO 2005077042; (b) amino acids 76 to 89 of SEQ ID NO:1 in WO

25 2005077042; (c) amino acids 92 to 100 of SEQ ID NO:1 in WO 2005077042; (d)
amino acids 170 to 176 of SEQ ID NO:1 in WO 2005077042; (¢) amino acids
247 to 252 of SEQ ID NO:1 in WO 2005077042; (f) amino acids 266 to 277 of
SEQ ID NO:1 in WO 2005077042; (g) amino acids 280 to 288 of SEQ ID NO:1
in WO 2005077042; (h) amino acids 362 to 368 of SEQ ID NO:1 in WO

30 2005077042; (i) amino acids 439 to 447 of SEQ ID NO:1 in WO 2005077042



serumhalf-life. It is thought that the receptor
recycles 1gG fromendosones. (See, Holliger et al, Nat

w@r@saehadl 15(7):632-6 (1997).)dAbs that Bi ndPSEGBR008/050399
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Al bumi n The invention in one enbodi nent provides a
pol ypepti de or antagonist (e.g., dual specific |igand
conprising an anti- target antjsqgen dAb (a first dAb))
that binds to target antigen and a second dAb that

bi nds serum al bum n (SA), the second dAb bi nding SA

with a @®Rndso Q@&ﬂfm tB ads by SBQ rlbawmh &"E(UQOOST(ESOWEG(]Q%mmO
of InMto 1, 10, 20

1oo 209! S%@)to ﬁ%ﬁpfoiE%Hb N (qW@ 20%01?9‘@ %nél (Q aszﬂnl@amds 560
Or té@% g%ﬁ@ Iﬂa%(ﬁ’MmWo%oéﬁﬁoW or 3 to 70 nMor

10n or exanple 30 to 70 nM as
determ ned by surface plasnon resonance. In one
enbodurentexarhples & susthble Alibul(ndlr fiaguldins amhankrgy fdvidm Shrget

 cuiaimbBg e Sy 1 00 EH0, b Bgosbss

301Qc61?/b@fedllere2n 19 referéve ahdﬂw‘ﬁﬂ:ﬁ f@ﬁﬁ%‘}ﬁhf&flﬂ{a difdsure SR present
specific ligand conpri si ng a first anti-SA dAb and a

selesindn gagcy fhstrfglé@vvlaata [hyevin, fragents of Hirtaptsag brpsed in the
measured by surface plasnon resonance,

grlzﬁj/lejés%lgltr1ﬂgﬁg ntlacl) re) of the second dAb for its target is

from1l to 100000 tines (eg, 100 to 100000, or 1000 to

100000, Hahanl 060 albnrrﬂlﬂm&@crtb'eﬂﬁis)?v@ D?ﬁ)%ﬁﬁ? JRELi fighret hehis

first dAb for. SA E odj nent , 5 serum al bu )

i s hunmat9$Efu %FB‘BHH‘ c1p et dPCOéB’(‘&ﬁtﬁ into thyrgseptgisclosure

dAb bi ndseffeitbt h an affinity of approximtely 10 nM

whil e tRe second dAb binds its target with an afflnltY .

of 100 Ipwnan sergp elbamypdidvesensistingeofaesinghs aonbelieasylated polypeptide

human s

firet qRpiyags AR ks 4 RrAe RRRk MRl of 500 (Scc
appr oxiveloeh,\er 6O, FEEN Lexesnd: B64097 3 08chrdbOeran., 20 Pndd. 34:591
Details al specific.ligands are f ' . .
V\oosooz(é%i)' 60% f&éﬁ&%@i@ﬁ%g f'éﬂr{ﬂg %Qﬁb’él\%?ghem’ et
the invgnyimpi. @agmlm]m’qumg@w ment conprise a dAb

that binds serum al buni n (SA) with a KD as_determ ned

by sar fAgelyploadnorrrieasimanies opfragmmt ohalpumn asglesgibed in
rln(\)/l : ?O’ngkam%pet é?éngol‘){mzlgGergeng 249 197% Ot 04(1’8 .y 58?
1 toe5 AuvhlbnmB fragnimt ananﬂa@ndtrzbedm EE 33094, ag HBB73.,
HA(1-388), HA(1-389), HA(1-369), and HA(1-419) and fragments between 1-
369 and 1-419;
e An albumin fragment or variant as described in EP 399666, eg, HA(1-177) and
HA(1-200) and fragments between HA(1-X), where X is any number from 178

to 199.

Where a (one or more) half-life extending moiety (eg, albumin, transferrin
and fragments and analogues thereof) is used to format the target antigen-binding
polypeptides, dAbs and antagonists of the invention, it can be conjugated using any
suitable method, such as, by direct fusion to the target antigen-binding moiety (eg, anti-
TNFR1 dAb), for example by using a single nucleotide construct that encodes a fusion



or exanple 30 to 70 nM as determ ned by surface
pl asnon resonance. In one enbodi nent, the first dAb

w@ or0sa4dAb nonomer) binds SA (e.g., HSA) w th BCRDOBa®S/050399

10

20

25

30

determ ned by surface plasnon resonance of

approxi mately 1, 50, 70, 100, 150, 200, 300 nMor 1, 2
or 3 MM In one enbodinent, thg first and second dAbs
are linked by a linker, for exanple a |inker of froml
to 4 amno acids or from1 to 3 am no acids, orgreater

t hBted, @MMeReh @6 fidfonro@meiatRodtd@ah dngl®pol®pepfide 8hai®with the
10, 15 or 20 am no acids. In _one enbodi nent, a | on

| i hikiohfe cyicading moigin %Pceteém 96 Catermaaallyi te thestatget Htigam gwé@g
p%@fgféy Al@l fVe n@o &# %bﬁ%hleae t ?ﬂﬂéﬂﬂker l)&ween
u 0 an

parti cul ar e I gan a oni st s,
t heodAds, bg, md@phdﬂﬂuﬂﬁes&rdﬁmrdiebunwo QW666)’J'T{JBW§B2&06003019 (these

o odieE iR s Tk e e S N RSB TR Broviae

dl Sahpfyyiter Bt if heprsar GURRERD. Tvbicslly, 8@apaRRIS tafdnhances
their nucleic acid counterpart are incorporated herein

bysei“é‘f‘ BelEdiEdinghig 15 ® P%yb%mde BhiqhrRecT SuNEY e Vg aRdwhich resists

%ﬂ%l%\%&lrﬁglz%%eﬁﬁg%écgar?%l%ﬁég %%wmgted material

SfE@nltID NEGiT Ge)g Do) - EOI(GSEQpleDa Ny pepridy thaDaNRnces serum half-

E 2158”% %v?\NIEO?n l%gs%ie’cte% prgteélgggn?% ﬁétraci:gulgaf %}arogems found in

( SHQd, Prdténs ﬂ)ﬁﬁd at tROMDbd BrafiSk@itldr NOne#83ssucDpiiidinsdocalized to

QID DOMrh-6 (SEQ I D NO . 48
E stgegkwgextgvea hW{Hn or l%(@g@tlieﬁ N@euﬁec%easmwgicz)zotems, or
(

Qeld«'s)u'l\lglveﬁ%%)):ctr fA-23 (SEQ I D NO 490), DOWrh-24
(SEQ I D NGO 491), h-25 (SEQ ID NO 492), DOM’h- 26

Q | DnN@bodgsp fs abdrinventiop Seorip@l thughoy Y his piNp$ire instead of

E?Eg %egof{éganﬁ%%gget REMER- 5 ﬁgg&%%t%gg%nd%@m i

cniplddcd thdOB¢ skiDENddrkbee(cSEQd DpdiPpepbOOPr, doAhdy thatlcbmprises

(S04 5Pl SR 18 (8RN ST R e

% B Norag%lg()nto mdbi 401%%%%&&% Nk RSN, g BOMETbudy3 an SpA
affold, an LDL receptor class A domain or an EGF domain) The disclosure as a whole

is to be construed accordingly to provide disclosure of antagonists using such domains
in place of a dAb. In this respect, see PCT/GB2008/000453 filed 8" February 2008, the
disclosure of which is incorporated by reference).

In one embodiment, therefore, an antagonist of the invention comprises an
immunoglobulin single variable domain or domain antibody (dAb) that has binding
specificity for target antigen or the complementarity determining regions of such a dAb
in a suitable format. The antagonist can be a polypeptide that consists of such a dAb, or
consists essentially of such a dAb. The antagonist can be a polypeptide that comprises a
dAb (or the CDRs of a dAb) in a suitable format, such as an antibody format (e.g., IgG-
like format, scFv, Fab, Fab’, F(ab’),), or a dual specific ligand that comprises a dAb that
binds target antigen and a second dAb that binds another target protein, antigen or

epitope (e.g., serum albumin).



NO 508), DOWIFr-25 (SEQ

NO 510), DOWFr-27 (SEQ
woen0s549¥3 DOMIT - 29 ( SEQ 513), DOWr - 30PC¢BEB20108/050399

NO 514), DOWFr-31 (SEQ 515), DOWr-32 (SEQ ID

NO 516), DOWM/r-33 (SEQ ID NO 517) (See WX2007080392

for disclosure of these sequenges, which sequences and

their nucleic acid counterpart are incorporated herein

by reference and form part of the disclosure of the

pr esentpdi@htiddsN@A S3ERd lababonists hétokdihStoRh¢ RGERPA cah Be formatted
t hose t hat appear in V\02007080392) dAb8 (dAbl O, dAb

509), DOMPr-26 (SEQ I D
5 11), DOWFr-28 (SEQ I D

1008 ahaew, of gPlmtippstVipFRary thagags kpown aotbkmrtoseh as, 1eG-like
d Zrﬁgt% %RQXV ra%?%%d %@%ﬁéﬁ&%&g ?Hﬁpzﬂt%ésjles single chain

dAml’iledies( bEMn 27 Jntibddiod, raaﬁbC(dD(DW‘r}Q@l)alnsmBmBthht chains,

5 (W@%ﬁéﬁﬁ@%ﬁgln&%@gg%%ﬁbé%a}m&@ﬂ\[ggt:zl’[)chams antigen-

( DG Bhgm e dhahdy of XKIMGFeding (QébZHQ%aQMB %3)Smgle chain Fv
dAb7h24 (DOWh24), dAb7h25 (DOMrh25), dAb7h
( d@}f?ﬁzasélsul‘é%wwd FDofPa? ﬁ)ﬁgmﬁn&barﬁ%@ ﬁ(asm?th% b§ab’), fragment), a

d ( 7
dﬁ%l@ , dAbI 2 d%)b% W) d%‘g?% aﬂ%%"ﬁﬂ@s@d V%%S O%g' g he
( diab2vingdAl7 mo@)ﬁed bt At ®Vak§mt®0hmm |09polm¢lb>zlmne gmze g,

R e e

dAbIAﬂxnerOlAb46 (dAbs 47, 52 and 56), dAb47, dAb52,

dAb53, dAb54, dAb56, dAb7m dA 7 6, dAb7nP6
dAb7r | BQWF?H%A&H%#S“’(VWP&?“%%F&D& (Eor poty TNFR1
dA m(s 'issc)n 1gGAREr 6l FPONMEEn h rm SR8 hd Wﬁtﬁﬁlal four chain
dAb7r DOV/r | 3 dAb7rl 4 (DOMIrl 4), dAb7rl

D@Whllr@sqf andg\ﬁmpl@c m\mamghammc? twcrhg@@lwm)mp which one or

s T BT8P e, AT (L

dAthﬁlo(le\ﬂlfe&)nbodﬁdneﬂrLQ:aémvﬁhQariabtbﬁfbgibhﬂ2(md§fdn®)md 2V,

dAb7hl Ab7MP hl 2
(déWH?)éﬁ {epfERsith éé%w le(vmvfg‘ﬁ@%wﬁ?\ﬁwt Ongpd which is an
dAP2arg - Oo%g)dﬂbsa%%raﬁ/t@%(}%g@@ 4P dAB(©Cbr8iddle variable

Febr uar for disclosure of these sequences, which
SW axsthatrage nghided i pn leCdikgdp@nat can have the same specificity or

20  different specificities. In some embodiments, the IgG-like format is tetravalent and can
have one (anti- target antigen only), two (eg, anti- target antigen and anti-SA), three or
four specificities. For example, the IgG-like format can be monospecific and comprises
4 dAbs that have the same specificity; bispecific and comprises 3 dAbs that have the
same specificity and another dAb that has a different specificity; bispecific and

25  comprise two dAbs that have the same specificity and two dAbs that have a common
but different specificity; trispecific and comprises first and second dAbs that have the
same specificity, a third dAb with a different specificity and a fourth dAb with a
different specificity from the first, second and third dAbs; or tetraspecific and comprise
four dAbs that each have a different specificity. Antigen-binding fragments of IgG-like

30  formats (e.g., Fab, F(ab’),, Fab’, Fv, scFy) can be prepared. In one embodiment, the

IgG-like formats or antigen-binding fragments thereof do not crosslink target antigen,



counterpart are incorporated herein by reference and

formpart of the disclosure of the present text).
wQ@\kaosnsEdd ve nanmes are shown in brackets afterP€heBo0d8/050399

e.g. dAb8 has an alternative name which is dAbl10 i.e.

dAb8 (dAbl1l0). These sequences are also set out in

Figures 51a and b. In certain enbodi nents, the dAb

bi nds human serum al bum n and conprises an anino acid

sequence that has at |east about 80% or at |east

abRutxBHHe, R foahatlBaSEe mBMh1cROY tadiet altideBaStcorpRitient

95% or at |east about 96% or at |east about 97% or

at actiggfion apdenentdedy depengdent celfdar oa@éfmwlyg(%%ﬁ?)r@n%t&nds desired,
diﬂﬁy gg@c dafl g@ %{F 2%\.9 MLi@fohfﬂ% WFRRe e qggé-ggy f‘l\c/%%%fgﬁ’i c&prise a

e group consistin
MBAuta6( cOENMRMmegien (BEILES Navy 478) conBaMingid t¢ SiiQnizBbinding to

474) , 26 EQ ID NO 475) .. - .

S NG s B RDS (B RON 67754 N o SEVTH B
NQV0#4168) 6 aDGNMs)ﬁ)m&EQIdr@nMQﬂ ANV O)o4/2000BA rDezerﬁ&EQzl D94)
NO 480),  DOMFr-8 (SEQ I D NO 481 DOMZh-2 (SEQ I D NO
482), &hwlrg-aed%@r{ﬂ@ inpEnNjen (z%gqeptlmﬁbwwge gplgstﬁban be
4 8¢ mat M R 6 &%&ehﬁh&gonﬂﬁg)a’ ﬁr%ﬂloél%ﬁﬁg di %@@irlable
486), DOWrh-7 (SEQ ID NO 487), DOMrh-22 (SEQ I'D NG
488ymainbRTl-fesd (SEQ D aNeond 9B)nunOENMHin SN SEGabID dudain. If
49 h--25 (SEQ I.D NO 492 h- 26. ( SEQ | D NG,

10 49(§%si’re(%%ﬁ_f%11na2 ga[:nguftgerl\c@mp&lée % hal X:[e?gm% él%%tP/DFRﬁxample
49h¢ JighXI\Jah <8mpik=QQ flirst iohurd @b uliDEIvile Vﬂﬁﬁb(léiﬂiiﬂldlﬂtﬂﬂﬂs fused
4 DOM/r- 14 ( SEQ | 1 498), . -15 (SE
49%56%&5\&7%@6&@ %@E%%B NG Sls@'egvaﬂf@g?m% I(PSLS jog gty 0 an
S0kmu ﬁhlq-ﬁn%l@EQldb@ Mlall§9%} binPMHim LB ufREQ | D NO
503), r-20 504), DOWFr-21 (SEQ I D NO

505), DS@&nPprally2hq @ROtatipn N@hembmepttd@dpm% tiiashayd Lhinding site

s SRR DA BT o D
5 )cr GDOMT> @i SN S 2)1at DORth20 W(BEQ 11D Onay
2 I VidpERr DB 1BTe her ORI IoNs. AREAeBIRGS (5.
S1JAbIctiner-3Ee2 | EABOfisket-aALN) & @1‘%0@%@@@ bR ih@E6n are ligands

that contain an orientation that provides desired binding characteristics can be casily

20 identified by screening.
Polypeptides and dAbs according to the invention, including dAb monomers,
dimers and trimers, can be linked to an antibody Fc region, comprising one or both of
Cy2 and Cy3 domains, and optionally a hinge region. For example, vectors encoding
ligands linked as a single nucleotide sequence to an Fc region may be used to prepare
25  such polypeptides.
The invention moreover provides dimers, trimers and polymers of the

aforementioned dAb monomers.

30



t hat appear in WX2007080392), dAb8, dAb 10, dAb36,

dAb7r 20, dAb7r21, dAb7r22, dAb7r23, dAb7r24, dAb7r 25,
wal2w8n2843 dAb7r 27, dAb7r 28, dAb7r29, dAb7r 30, PEHEBIWB/050399

dAb7r 32, dAb7r33, dAb7h21, dAb7h22, dAb7h23, Ab7h24,

Ab7h25, Ab7h26, dAb7h27, dAb7h30, dAb7h31, dAb2, dAb4,

dAb7, dAbl 1, dAbl 2, dAbl 3, dA®5, dAbl 6, dAbl 7,

dAbl 8, dAbl 9, dAb21, dAb22, dAb23, dAb24, dAb25,

dAb26, dAb27, dAb30, dAb31l, dAb33, dAb34, dAb35,

dAb@BONIBRAIMISEM4BQUIAAS dAL52, dAbS3, dAb54,

dAb55, dAb56, dAb7m 2, dAb7m 6, dAb7nR6, dAb7rl,

dAb7r 3, éj&k%&rﬂfed ag@&bg Eﬁbo&iﬂégﬂé ot tHéWe'hﬁ@n 1%'91?1% |c§d0n optlmlzed
dAb7rl 4, dAb7rl 5, 7r1 6, dAb7rl 19,
dP@ElﬁOtld‘dﬁgﬁmes mef?lhg polypértides aIdiAlﬁ?lhBle ddmbmh gfthe 1nvent10n As
d Z)gfkbﬂy thf 1n% ;}gﬁfyﬁt@ %%dogl'g)bggrrr]llfz%g Féjq'?l%g%ls %F} aboAp 7(52% "identity
S ecraume @Ir(bimm:d’lthﬁtaﬂillc@clﬁfpf ihs gara varinbivad caciid (is €duene ehetdaaﬁble

ha at. | east about 90%. or. at Iea 0 95% .or at
iR, FRYINO a@@%eq%n%ts identicy t%Q&ﬁ %ﬁo 5@69 i&?hlselagtﬁnce the
ab&aﬁell%&"/wc@bpﬁ&lﬂeg@&tex Nidn W%cméﬁ@mﬁg td%d&?%{ﬁﬂi%@d

identity with 2 (SEQ ID h-3 (SEQ ID
NOC4BIIres b@MrrE 4:0 zS@@on mvmza@aﬁ)quew g5y SEQ | D

10 % j‘gggWe eg EgE@ %%n%glggo acm: {lll_e gée? érBthe genetic

| DG 487 naxiDOMArthd dungisEQE hiie1ddEd4 9ng e DRI -¢2¢h deBEii@rdtBcodon

NGOG DY EORPHI S Sierd RO 3 by Sy 19 and o
NQhé&3tical Mdﬁl‘dg %e SRQ W INAI A ddes BN b1E doth §E@dt R identical to

NO_495) (the SEQ No's in this paragrah are those
t AP Mappleid r206n T‘]I‘BE@G%@@B@EﬁjaleddhﬁShe togretignl sepupms would have

'S GARThs7 4RSS RS ey R RS0 BBy in faure
dAB.2, dAbl 3, dAbl 5, dAbl , dAbl7, dAbl8, dAblo,
dAb21, dAb22, dAb23, dAb24, dAb25, dAD26, dAb27,
dABAQ S 3o (AD34, dAD35, dAD38, dAM, dAb46,
dADA 7, —OAT ADS3 SUADbS4, dAb55, dAb56, dAb7hI,
20 dp@@ge L%kggha dAb7h7, dAb7h8, dAb7h9, dAb7hl O
dAb7hi 1, dAb7hl 2, dAb7hl 3 and dAb7hl 4.

gaggttcaattgttggaatccggtggtggattggttcaacctggtggttetttgagattgtectgtgetyg
cttcecggttttactttecgetcacgagactatggtttgggttagacaggcectccaggtaaaggattggaatyg
ggtttcccacattccaccagatggtcaagatccattctacgetgactecegttaagggaagattcactatce

25 tccagagacaactccaagaacactttgtacttgcagatgaactcecttgagagectgaggatactgetgttt
accactgtgctttgttgccaaagagaggaccttggtttgattactggggacagggaactttggttactgt
ttcttce

Corresponding AA Sequence

30

evgllesggglvgpggslrlscaasgftfahetmvwvrgapgkglewvshippdggdpfyadsvkgriti

srdnskntlylgmnslraedtavyhcallpkrgpwfdywgggtlvtvss

e 74.1% nucleotide sequence identity to WT sequence

35

Domlh-131-206 Codon Optimised 1 CEETHETEHEAT ETEEA

Domlh-131-206 WT 1 i TEHGERALECE TATAG

4() Consensus 1) GAGGT CA TGITGGA TC GG GG GG TIGGT CA CCIGG GG TC

51 lOO
Domlh-131-206 Codon Optimised CTE T TR T CE T o T
Domlh-131-206 WT

Consensus

45 Domlh-131-206 Codon Optimised
Domlh-131-206 WT




In certain enbodi nents, the dAb binds human serum
al bumi n and conprises an am no acid sequence that has

wa@toosaaat3 about 80% or at | east about 85% orPEL/GBe@s1050399
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65

about 90% or at |east about 95% or at |east about
96% or at |east about 97% or at | east about 98% or
at | east about 99% am no aci d sequence identity with
the ami no acid sequence of a dAb selected fromthe
group consisting of DOMrh-2 (SEQ | D NO 482), DOWrZh-6
(SEQ | D NGO 485)se»=BOMPh- qGGT(T SEQ @BSGNGA%%)?G T DOV Y- 17 §OSEQ
| D-NO; 487) ;-+-DOMFh-8 ( (-SEQ 1:DNO: 496) ;- DOWh- 22 ( SEQ.
NO 489) EﬁWﬁt 52 “( SEQ 1@!2@%9@ . *AhGCZZ% &CSEQGJCTQ
Ndi@é, Eﬁw%‘iﬁi«aﬁ ﬁm ‘;
NGO 495) (the SEQ-°I'D ‘No §TCFCnAT“tTfﬂ %GAﬁ*aFcaﬁ‘FAafﬁh aﬁ‘*eW%ﬁ%e
t hatappear«i n-WOR002080892).» dAbT7h!
dAb7h23, AB7HZ24. . .Rb7h25, “Ab7H26
Ap pg’ElJZOGddg@p tldmépd4’ 30‘3%7 ~L ':3“;» : g i SonsyNp Dt BT
Ab7h2 dAblzh dAth? B i ; Qoo
dAb7hl | dAEf’?“nT 2 %Tﬂbi?ﬁfé@ CC”q“H?&b“ith?f MR g A
parti-cul*arce n;?e rent:s, T the™dAb is a Vk dAb that binds
human ser um akbum:n @and -has an ani no acid sequence
sel ected fromthe group consisting of DOMrh-2 (SEQ I D
NO482) h 6 (SEIDNO485) DOWrh-1 (SEQ I D
aeisvls CARERSEAUCEERY | D NO: 487), DOMZh-8 (SEQ ID
the SEQ ID No's in this paragraph are those

LE 7th %{% ag% gag tcgactaa
@tg tt aa tat gtaaagg
R 9z a4k %ctﬁlccalgacg@cAQZJ{Hc Rc gzﬁdﬂ cgtgaaaggcaga

dAttEMﬂaatttd:d‘tgﬁ@e[t@aptafttahwca&cte@’bﬁdrtmTaSgaaICEEatﬂiébgdgﬁt@ggaca
V] ctdiAbgttthat casi acs t htaraAacserarmtabdent syotangk thast @poemeag-acgtt
ac?%gé‘étq?@é?ﬁ,té%el ected from dAb7h30 and dAb7h31. In
m)re articul ar. enbodi nents, the dAb is dAb7hl 1 or
A7HISRONYIRg A RSAUYBodi ments, the dAb, |igand or
anéags?@n%gggylogggggyma serum.al Qaﬁglﬁ@g apasgdpfyadsvkgr
E w@ l@

ONGyi LR KQF 11 BREE r Ok hen GRS -9 or egol
am no acid sequences, eg one, two or three of the CDRS

of dab7hl 19l Muciede’ Bdghience identity to WT sequence

Domlh—-131-206 WT
Pichia MFa 206 dAb only
Consensus

100

Domlh—-131-206 WT 5
Pichia MFa 206 dAb only
Consensus

L = EERER: g
TGTGC GCC GG TT AC TTTGC C
50

Domlh—-131-206 WT
Pichia MFa 206 dAb only
Consensus

151 200

Domlh—-131-206 WT
Pichia MFa 206 dAb only
Consensus

250
Domlh—-131-206 WT

Pichia MFa 206 dAb only
Consensus

251 300
Domlh—-131-206 WT i s
Pichia MFa 206 dAb only 2 8 e

Consensus (251) T CAAATGAAC TG G GC GAGGACAC GC GT TATCACTG GC
301 350

Domlh—-131-206 WT
Pichia MFa 206 dAb only




Suitable Canelid V that bind serum al bum n incl ude
t hose disclosed in WO 2004/ 041862 (Ablynx N.V.) and in

wOBRe80F08D392 (which VH H sequences and their pCrGB2@S8/050399
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acid counterpart are incorporated herein by reference
and formpart of the disclosure of the present text),
such as Sequence A (SEQ ID NQgl8), Sequence B (SEQ ID
NO 519), Sequence C (SEQ I D NG 520), Sequence D (SEQ

I D NO 521), Sequence E (SEQ ID NO 522), Sequence F
(SEQ | D NO &28)s:s Sequence G :SEQc|IcD™NOr524) rccSequence T
H (SEQ.LD NG 525), Sequence | .(SEQ I D NO 526),
Sequence: de(«SEQ:I DENO 52%) 1 Sequence K (SEQ I D

NO 528), Sequente C°USEQ"FD" NG 529), Sequence M ( SEQ

I D% @O. @Q! ! S;guence gl (SEQ ID NO 53 1), Sequence O

( nce P (SEQ I D NO 533), Sequence

Q 534), these sequence nunbers

coé'régs%%%&]y%g to those cited in W2007080392 or WO
20045043862 AR 34Xy No¥agdggel Ayt 684 dak iy LIhQd L PRRAL St att Ry cgety
Catrelyt gyaV't bd dr et Jat Bdya §&fdu Ry @lchtditba @rd a garpt dmesa@t tagagty
amgid taciedatgegaencet ddhatachasctat cf awasigaaboutt c8BHpawrat gtactatce
| eEstITdatta@5o4226F2 At t¥ieqst 2caboitie 29U  tBroagecdagastiaccctatat
abﬁﬁc%%cwt‘é‘icclaé%@ﬁa%%%’ftg@é%gaBFac&ﬁg?‘@ﬁéﬁggéﬁﬁ‘tﬂtggttacagt
97% 6%  at | east about 98% or at |east about 99%

ar@'g}pes (ﬁn RAULHGE ddentity with ALBIdisclosed in
p%s@nyca@@gf&fah%bgab@a%&@gﬁggdgqhg@%asvkgrftl

seqwe@ﬁe,mufmerﬁaeamqyesm@drmfa@qgh@@szevm ted in

WO2007080392 or WD 2004/ 041862. I n sone enbodi ments,

the ki gengheoTuckntiagesriust ceidrplity SedVasecartée ser um
al bumi n dAb that conpetes with any anti-serum al bum n_
dAb di sgl,0sed, hetei n, f o .bi.nding. t.o.serum.al bum.n
{ esigvi;: rhumanasenum abbumin)ln ansal ternatinve =
enbodi ment , “theant agogii st-"or' I'igand” cohpri ses*a
bi ndi ngomnﬁtz,oa specisf)i e:dcorcidiar g[etA amctct gera (cegq, chume

TNF:R' 31 PrWérdékT ﬂnlt he 5H-DTTeZ-tA¥ATcporfp ST SAGTE CTEGTEEIEOT SRCERERIGR
TG GC GCC EFA%E AC TTTGC CA GAGACGA
150

non- |rmrunogT obul'i n sequaences as descri
co-,phendwﬁ FlW@atyOOn “""Q@O&@ 0808453 fid
February 6@ ,..L.he di sclosur " 6f. "t hese” it sidi
noi eti es, the| r thodSvlof pr oduct| on and sel ection =200

( eEQ!:hla P;Uerﬁ’i()é? y gr ar é\i \qUErﬁCes alﬁe e :

| ncor por at e@L shzesruel nusbyATlT@fcerceft@ftA&STcpaldeAcmthGzt hecr aa ca

Odisclosure of, the presgnt, .

Pichia Pre 206 dAb only (201) ARHTH SRR i
Consensus (201) TT AC ATCTCC G GA AAT AA AACAC T TA CT CA ATGA

251 300
Domlh-131-206 WT (251) &EAGCE GC{Ti G e
Pichia Pre 206 dAb only (251) STCAE TABAL : gB%e e TG
Consensus (251) AC CT G GCCGA GA AC GC GT TA CACTG GC TG T CC
301 350
Domlh—-131-206 WT (301) ot JCEE
Pichia Pre 206 dAb only (301)

Consensus (301)

Domlh-131-206 WT (351) EEGHEGHE
Pichia Pre 206 dAb only (351) fEs-—ATE
Consensus (351)

GCodon Optimised Sequence 4

DNA Sequence

gaagtacaactgctggagagcggtggcecggcectggttcaaccgggtggttecctgegectgtectgtgegg
catctggtttcaccttcgcacacgaaaccatggtgtgggttecgecaagetcecgggcaaaggectggaatyg
ggtaagccacattcctccagatggccaggacccattctatgeggattecegttaagggtegetttacecatt



wezasndiimg) noiety (eg, albumn, transferrin anpCT/GB2008/050399
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text) Conjugation to a half-life extending noiety (eg,
al bumn) In one enbodinent, a (one or nore) half-life

fragnents and anal ogues thereof) is conjugated or
associ ated with the target antigen-binding

pol ypepti de, dAb or antagoni stgjaof the invention.
Exanpl es of suitable al bumn, al bumn fragnments or
al bum n variants for use in a target antigenbinding

f ot dratt @ eades g4dab etk cichg\AB- 280580042, ccvdiceBccgaggatactgeggt gt
di svhostivesitgct yrcorporatEdchiecet svabyaqtebertenemtandtggtcacegt

f otagsegprart of the disclosure of the present text. In

particul a foIIovvlng al bum n, al bum n fragnents
C(’%Ueifﬁﬁ?({ih%gﬁ aAt¥'€an be used in the present

20&% Z Bl S:cSEQMBREE pREINGa 8B G b h

|ncorporated into the present disclosure by

ref ereneys% nudldauae BeduleAGHTRIBALItQ It o WHT sedjdbn€ONPri Si Ng or
consisting of amno acids 1-387 of SEQID NO 1 in WO
2005077042; Al bum n, ‘or f L. or. ' her
conpr.isi ng an .am nolamd : ense ed fromihe
group consksting of (b ga)‘ﬂ anrmocaci ds &4t ocB6 1 of GSEQ
ID NO,.1.i8. WO 2005077042;...(b).anino aci.ds. 76.t.0,.89, of
SEQ-1:BeN@s &vion WO 2005077042 {c): mni-no ach ds 202 tA@c
100 of SEQI'D"NO T''i i, ;WD 2005077042, °{ d)"an no~aci ts’
170 t 0odi¥6:0806SEQ (1D NQ:% i WO 2005077042 i ~{:e) amcnor

acicds 247°46°252 of’ Sk QT%T E%chk ﬁg@}{pﬁ@%@ﬁ?@“%ﬁ
5 &g@ '}‘ﬁ?@

am no aci dsoniééus 27710
20050?7@423}\% Tarﬁ% o' ac]
i n“WO 20050 E h) ia
NG 1 in V\D g%OW5TO77O4201 (I) K ) g
S%Qoll [2 m b(io lyWOép@SQQ? ! . ) . o -
of SEQ I D N@seniusi n200D @0@5@7&0342;7% Aél(f)tCAamdA@ ~aci d&onzsA

to 486D of SEQ.ID NO 1°in VO 20050
acicds £600d 0-566 ofmsE@cl B.NO

pota

Furt her exampires of*'sajtabice G%Gﬁlﬁzﬁﬁﬁ GCGFTr é“g?fe?ﬁf%?@céﬁfd cet

350

anal 0gs.£.0F: USexi N, tSQ:[A&eIG
Ecoli Sec 206 dAb only (301)
Consensus (301) AA G GG CC TGGTT GA TACTGGGGTICAGGG AC CTGGTCACCGT

40 351
Dom1lh-131-206 WT (351) CTCGHED
Ecoli Sec 206 dAb only (351) AAGCHET
Consensus (351) AGC
45

GCodon Optimised Sequence 5

DNA Sequence

j%gg%Irgggggéggtﬁéﬁgtﬂé%§§aaggﬁaie%gkﬁwgﬁdqupfyadsvkgrft1

50 gaggttcaactgctggaatctggtggtggtctggtacaaccgggtggttecctgegtectgagetgtgcag
cctectggtttcaccttegetcatgagaccatggtttgggtacgecaggetcecgggtaaaggectggagtyg
ggtaagccatatccctcecctgatggtcaggaccecgttcectatgetgattececgtcaaaggeegttttacecatt
tctecgtgacaacagcaaaaacactctgtacctgcaaatgaactecctgegtgcagaagacacggeggttt
atcactgtgcactgctgccaaaacgcggceccttggttcgactactggggecagggtactectggtcactgt

55  atcttcet

Corresponding AA Sequence
evgllesggglvgpggslrlscaasgftfahetmvwvrgapgkglewvshippdggdpfyadsvkgriti
srdnskntlylgmnslraedtavyhcallpkrgpwfdywgggtlvtvss

60

e 78.4% nucleotide sequence identity to WT sequence



antigen-binding format are described in WO 03076567,
whi ch disclosure is incorporated herein by reference

waeasakigh forns part of the disclosure of theP@r/esemwB/050399
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text. In particular, the follow ng al bum n, fragnments
or variants can be used in the present invention:
Human serum al bum n as descrilbgd in WO 03076567, eg,
in figure 3 (this sequence information being
explicitly incorporated into the present disclosure by
reference); Human serum al bum n (HA) consisting of a
si ngl e non-g %cosyl atled Pol ypepti.de chalr n._of 585 am 1o
aci.ds Wi J .500:( S

Mel oun, etCOI&bnsuﬁFEB& LcectGlf @WT@SB?G&B@GC( 1@%)%@%@%&6 ?et
al, F@Qm Prog, ,34: 591 (1975) ;.. Lawn,. et al.....Nucl :
Aci-ds Resear-chi9: 61102< dad: 19&1) oM maghettqc et atc
J. Biol. Chefi™261267: TF“G?L@%W““W%%I VFﬁS?TﬁH;F CHICRERC »
Varlaﬂhngﬁlaﬂ@hﬂglmmﬁﬁ agﬁEﬂt’@@ﬁﬁJbUﬁhﬂfﬁSxdeS€kmﬁe

i NEVAéi IlckzéﬁTﬁAb ety 4101>Ann Het s Bl o ;§ 19730
sensus % ) TGGT TGGGT CG CAGGC C GG AA G CT G. GTGG CAT
An al bunin fragment  ok: vari anf eséri’b Ep

200

322094 1'eg; - ZF%@ - 373, THA( 388)’? HA
HA(T - 369) ,cﬁ@r@umin 4719y G@ragm
369 and 1-419; An aI2bum

descrihiéd i1 EP 399666, 0. FACL “177) Jand: HACL - 200)
and fragment:s.-het men THA(ckT )6) ke = wher e-X HAS%C&ﬁyrAmmmerGA

from178 to 199 |
ext.endicnge moi ety
fragnments CarrfdnsaﬂaQZé)lglfés CftTﬁCéFfédf%) i Ga@édmlc%? @Téff‘ ﬁ”ﬁf g;lge
t ar get.antsh gensbi ndi ngGAp@l ypept hde& ctAbs andc: o
anﬁtcalgouqlzsi szeofnlt heol nvent ion, itc.can: be. ccon;wgate

usi ng any surtabl €’ nméthod; C%H%GHT %CTACB%?GGdFAF%c%C ?TE%TFAS
to thamtharggem ant isgen=bkandi ng noi ety (eg, anti- TNFR
dAb)." For° eXarpl e hy “usiiig a single nucleotide
construct trhat encodes a fusionprotein, wherein the
fusion protein is encoded as a single polypeptide

c heXKBMBLIRIGAIBOMal f - 11 fe extendi ng noiety | ocated N
or Ctermnally to the target antigen binding

EXAMPLE A: Lead Selection & Characterisation of domain antibodies to human
TNFRI1.

Domain antibodies generated were derived from phage libraries. Both soluble selections
and panning to passively absorbed human TNFR1 were performed according to the
relevant standard methods. Human TNFR1 was purchased as a soluble recombinant
protein either from R&D systems (Cat No 636-R1-025/CF) 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.



noiety. Alternatively, conjugation can be achi eved by
using a peptide |linker between noeities, eg, a peptide

woO 2ovka#91as descri bed in WO 03076567 or WO 2004POBGB008/050399
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(these |inker disclosures being incorporated by
reference in the present disclosure to provide
exanpl es for use in the presergszinvention). Typically,
a pol ypeptide that enhances serumhalf-life in vivo is
a pol ypeptide which occurs naturally in vivo and which

I eQiitphi§ FRRYEARREDHORNCrOkerb&1¥a b |ph?é ENYagen®Y resence of anti-TNFR 1
mechani sns whi ch renove unwanted material fromthe

0 r@ﬁ@fﬁg Alopes: ENA wanriplpted frgm beserhree schechersndsipdencd into a
re%EiBfi‘O@&ér Ieé %sﬁl@h bF§digbid F?M Ffégmgﬁatg. S%@ub?@hgﬁ hﬁ%ﬂents were

fr protelns e extracellular nmatrix, proteins

f oxxpdessad ib I%mb,ll mate& aidribe $upamdntants tWees txed adscmeaifor the presence

oum
ey TR LR o i Sl o TEEPLef Bl iR

pr @iiios or BiA®asS €-speai stibstapRgbtislat@ TRFRL 81 ASore™ chip and
involved in Fc transport. |In enbodi nents of the

i igaiRdi asperdwgde pHEet-hr oughout this di scl osure,

i nstead of the use of an anti- target antlgen "dAb" in
an_ant agoni st or gand of the invention, it

c ohitdg] melsgul ?fhé?scfl e balew ) ege é%r@feésf@@éthé@ﬁree@éd/ab designated

p t r
oA 3R AT T AR BB TR

t alﬂglgt dapley lerdl’}( @teg 3, ro@ORef splafivadusong @nd stUbivtabpllged antigen.
; 1 kel fibody, an SpA .
Dol ane B Pt Pla iR P e ¥ i B Pl Bltents in

dosmh [‘t)unﬂﬂa)@ séléioh @S piieGeri Sclectivh Olf Bindsrs tagaibe eﬁﬁﬂi%fréptﬁxddm or
accordlnglﬁgto provi de disclosure of antag onlsts usi ng

LR UTAGAR: hie Pofey & ehedsad DN h-134 a FhlssSt%gé%@édlﬁ thedgw
P%(c%@ﬂao%%tefrﬂﬂn%g 1Bt Mi@@%%rbfblgsqﬁﬁ 8 bR&e cell a?say The

di scl osure I's incorporated by reference).

onendind suctesras deterremetﬂ by BIAtameTﬁ‘rtmg@im wal@»fedtﬂrﬁéon/fast off rates.
XSSP SESe AT AORTRAZ) SRH LRSI A £l e
sptagge‘dlrﬁcbﬂomef Werdlﬁlﬂﬁﬁﬂegﬁﬁbf gap/lor t he conpl enentarity
determ ning regions of such a dAb in a suitable

format. The antagoni st can be a pol ypepti de that

cog§h§®gdgﬁmﬁg§gf@mgAb or consists essentially of
such dAb. The antagoni st can be a pol ypepti de that

C olﬁﬁi’dlélels3 lavagApkepderviane InCDHEINGY matwaion tH gereraie ntuégitsewith higher
foﬁcﬁf&}cy s I'1]msfsov"éltli] B’:}Qﬁﬂygggy cflaqg&(a‘ﬁstl(:se (g’ee' Flgglg 3k%or 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 II, Stratagene), seven rounds of selection
utilising these error-prone libraries were performed. This strategy led to the isolation of
clone DOM1h-131-8, a molecule where 4 amino acid changes (one in framework 1
(FR1), one in CDRI, one in CDR3 and one in FR4) gave an approximate 100-fold
improvement in potency as measured by the MRC-5 cell assay (~4nM). In this assay
MRC-5 cells were incubated with the test samples for one hour then TNF-a (200pg/ml)

was added. After an overnight incubation IL-8 release was determined using an IL-8



format, scFv, Fab, Fab', F(ab')2), or a dual specific

i gand that conprises a dAb that binds target antigen
wapasasgerond dAb that binds another target prPCEGB2008/050399

antigen or epitope (e.g., serum al bum n). Pol ypepti des,

dAbs and ant agoni sts according to the invention can be

formatted as a variety of suitgpl e antibody formats

that are known in the art, such as, 1gGlike formats,

chimeric antibodies, humani zed anti bodi es, human

aniBbeshiceilufl Bak&idahRALR EMADOAI BIF-oDicEPe&iIvE ivas included in each

anti bodi es, anti body heavy chains, antibody |ight

¢ hasipasmeitohba ¢ aneergraging oh éNEr@ dbadep sompetatiihodily bindiagyto TNFR1

chains and/or |ight chajps,..antigenbinding fragnents
of OPREED Wi appigR iR AD (et g1t madtiyin [ Netheapopdt i his assay
single chain Fv (scFv), a disulfide bonded Fv), a Fab
fragment, a Fab' fragnent, a F(ab')2 fragnent), a

5 si ngirderye furthior enpdeveenotenCs, sgngle aypinogeiyl pogitigpyerg deversified by

odif | Lo 4 :
ot et s AR p i Rl EIBY B9, B oo fead consensas
gl wémmaien. uring dliy pitobgss @anénproyabversipobithe OONIEnré3 1-8 clone,

I : | ybutyl ene gl r.Qther .suitable. .
oo ofby P et S nl b el uBo Bt Giosy wewiotared
a thi@@n @IA@é}eTNbdﬂre%an% R 2 ﬁﬁ%lémt{%ﬂiné B@d mu$at@A (amino acid
lgG |1 ke format. Such formats have the conventiona

10  ormberag geeprding todkaapfang an RPA pasersy wif d0¢-30¢mdy y
chains and two |light chains), in which one or nore of
the variable regions (VH and or VL) have been repl aced
wi Furthar ehédy-pobnd litearies\basdi amrthis llendone themiod limany {romardhch it was

AR RSB ek B L G e v

dof@itfient #or hReRl seRspdrs Whred, AsgragatidftrésistiidgRihin antibodies
antigen dAb according to the invention.

The dAb(s) or
15 si seciedvamhag by hesheanapstiop et %?@Ch%@@%_aen;#(éh{ 161-5).
:j?lfg?lliﬁgt‘ﬁisfsgfe%n ﬁ%ri_@%gretplagleﬁ HE I3RS _ef‘i{/&i fré(m? uend two of the

erent specificities. I'n sonme enbodinents,
| gEldciireyikbledrdibs suches POMI lehd 1-ahdhochwdnaumswolred t@ah¢ imore heat

target antigen_ onl (eq, anti- target antigen

i VbR RRIs ol ¥ ss b lnob R B pRR Rl
exeiapiceristidieSdrgéSrhinkeorkafumions anclbee DOMISPENS3 werdRdrmlined to
conprises 4 dAbs that have the sane peclf%oit

20 pi gperigslencddMBrigr 18e d h C&%sf%%ittﬁ%%ﬁ& h@féé&@vmiﬁcaﬁm

Sp@s bfig&lifdct@nddRRhNEHR MiPadeiadis fas: it fHagE 8R3play selection as
specificity; bispecific and
described above or using the in-vitro compartmentalization 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.
25
At this stage these three leads were compared in biophysical and biological
assays and DOM1h-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

30  cystic fibrosis and contains high levels of elastase and other proteases and was used as a



conprise two dAbs that have the sane specificity and
two dAbs that have a common but different specificity;

wo eiospenid i c and conprises first and second dARGT/GBa108/050399
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have the sane specificity, a third dAb with a
different specificity and a fourth dAb with a
different specificity fromthesirst, second and third
dAbs; or tetraspecific and conprise four dAbs that
each have a different specificity. Antigen-binding

f fs’iﬂﬂ@i@ﬁt& $orcm vivg CohdiKehsfi@ llﬁigtd%eﬁs%s gfhls cﬁ@ebmdﬁét@b tﬁat 21.1 three leads
Fab' epared. In _one enbod

t h@oi\/bld} 131ll7<1e1 % b%lthsl-’t}r AranddAAMBhridi3d! W’éf‘gfﬁﬁlﬁb’sdegraded in
t hﬁE%or AU itn ocf I‘leCh%§ R}ngsk ThR I ?hlrgqgﬁtsé(g(%%(:érﬁg aboR IR l; rfvzvo

t he oval ent target antigen.
compﬁﬁmunmfﬁ&ﬂﬂﬂaﬂ3bﬁlhwﬁﬁnmihmpmbUUyddspengﬁn@s&n@bpalm

TR R APRE S P Pt b REbP O el R s rypsin

| giGsibtak@ doQIdTRY e & BEncTONPEIfEe oR oflit Bib A skansbiHics TahRolecule.
(varlant | gG heavy chaln constant region) to mnimze

bi RueHEly deptandadaihess ssloston srethgdivas Wdt tditp gllow for selection in

CORPhRIERE ofﬁl%?eaﬁ‘es%rloy\(d"ste%tlﬁ{ orfAntigtB 7o BR%nd §zle\$ hage vector
Morrison et al, WD 89/07142; Mtgan etalL, WO 94/2 5 Sgl

Dewesdngmegizd lmwbmbl theThay¢ tagazvﬂsﬁebtedtth allgwyadedtiopnin the presence
( p&l t}/}p s1%tw1%0ut cl%‘avmr% tﬁ aisglg%eao?(?& Sftf %l) pchggei lfJeOM?h rf?f tS?fjbased

fusi'on ains a
i mmqgé@buﬂrarms sverfggeelem&rdl aab |CR)ndd)ﬁﬁhflpD@M33l wecfou &gl Fig 50 for

dlre to a s nogl obul i n si.ngl e vari abl e
‘5 3 eClgb R e B }mﬁs 'Ja%%l.%rﬁ@r\”%ﬁﬁrﬁr%d with

a qakef 1 gl &8 mtgyrﬂgr}wheat ¥7°CHRF 28 %GR sBbschiGtllyipgstBde

can conprise a first i'mmunogl obulin single variabl e

d oirhibitor Which as RoehedCamplete tPrgtease Ilghl@@cl;@ ) was added to block the
d Wﬁ%c?pl glnorstb QQLC§IO¥%% t Jﬁ%g?ﬁn)[g it Valr%l%g #oﬁn{ljs%sf%glectlon were
t hladrfohlnetﬁ sSderlel nx;abdsedﬁNFRGénﬁllr@ dA)ostvlrfee assessed adingothe of

bi TG S guehti iy Sdal o GRH oRmah RSP <pieb! Proteases

| i @G oB6 WPl 0¥ @%crdight iﬁk@&a,tloh§at@7"@‘iﬂ @k pfkfserﬂ:@%ir 88%ence of trypsin
choi ce. However, sone orientations, with or w thout

i ﬁﬂkb(?()sug/lﬁh9f 19108 viziel fiyal trepsibeangFHEtieMar act eri st cs

dzgtp EheQ%dA@g)E%gkggﬁﬁad ‘ﬁ‘Lollecgléml\@y; e %é%ggia%glvl h-131-206

t h‘&huch]dandmsmatednmpﬂowghpld&aisehaislswmtaa|shbvanb3oBIAacmrérf”| alntlgen

eg@ gg (F)%Igﬁ]?r}sefl I ' egegeéi,l #?nrﬁ)ée tli]lgtrISIB{\/lellill 1S3>tl 2%§ c((:)gtgmeg only one
mutation in CDR2 (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 DOM1h-131-202 (V53D mutation in
CDR?2) and the second is a Y91H mutation in FR3 (see Figure 3). This Y91H mutation
in FR3 does occur in the 3-20 human germline gene indicating that this residue occurs
in human antibodies. The three clones DOM1h-131-511, DOM1h-131-202 and

DOMI1h-131-206 have amino acid sequences as shown in Figure 3.



Pol ypepti des and dAbs according to the invention,
i ncl udi ng dAb nononers, dinmers and trinmers, can be

wO 200Rae1D an anti body Fc region, conprising oOPET/GB2008/050399
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both of CH2 and CH3 donmi ns, and optionally a hinge
regi on. For exanple, vectors encoding |igands |inked
as a single nucl eotide sequencg, to an Fc region may be
used to prepare such pol ypeptides. The invention

nor eover provides diners, triners and pol yners of the
af orenenti oned dAb nononers. CODON OPTI M SED SEQUENCES
As descri bed above, enbodi nents of the invention
provi de codon optinized nucl eotide sequences encodi ng

t f th t As
POAVRERIIrARSVAIE, KAKL ARk Gl BaiGRT the [ nventi on.

oW ng | ation, codon optin zed
s elgliencdy bofdugﬁfﬁmtﬂﬁls%$memttqf DO aH- 13é-202 oldGdEd-1 hiab11 and

e S .V abl e in (in this case the
vgﬁggﬁﬁg?%kﬁgfﬁf§ﬁﬁm§% }nggg@gﬁce is identical to
DOM h-131-206). In this instance, the sequences mere
optim. zed for . expression br Pichia E@Storls (codo

op?lilerﬁnz@ag aldgifisn SEROMHY-131-202, GMI B b ol 3@6@?9%%1(1131 -206

SeQHERARS t4 htish REomMbames fAL éﬁ%@es?ed%lrr%ﬁlﬂftfgnwéélﬁbéa%ed by
into account the degeneracy in the genetic code and

melRiArosdl anslgsin umabisisofas waicd ot wngchatimgdasedahurdnn MER h 1400
ok R SRR AR RO R S MG RS A E e P ves
n uleg@mtataiebaﬁle qulsaselale\nmnghnﬂ;d Elldl(ﬂ elﬁﬁ@ﬁftﬁlﬂltﬂ)ny DOsbHe131-202,

in that is |de tical
n@ 583 i M ki ?@ﬁ @6%8% PY:f‘éI ig %ﬁ%@ﬁ glgdefined
V\’Oéb'ngeﬂ?ﬁﬁ@nsq%a% aﬁﬁoi@' et Joynti® TSyt Glaeedrtifl€out on a BIAcore™

sequence of 1-206 as shown in figure 19.
ngshingiasé datSegrreanelysad dAited deithedel model of binding. The

ﬁ(ﬁ&lg 8%% FALE A9AR £C99 995G IRt AL FRABRENSIUHH L GHbdsSvere
attgtcctgtgcetg

Ct datetiyadd frdr@ &1, land @G irates JHaacict™ gat hegg@tiaigat agiycCeccag
gt aaaggat t ggaat g
ggtttcccacatt ccaccagat ggt caagat ccatt ct acgct gact ccgtt aa

9geRA%R LIAE %I'ecproduced from three independent experiments. In each experiment
the results were calculated by averaging a number of fits using highest dAb
concentrations for kd and lower concentrations for ka. The data are presented as the

mean and standard deviation (in brackets) of the results (Table 1).

Table 1: BIAcore™ data for DOM1H-131-202, DOM1H-131-511 and DOM1H-
131-206 binding to human TNFR1

kon ko Kp (nM)
DOM1H-131-511 5.03E+05 5.06E-04 1.07
(511) (1.O7E+05) (1.01E-04) (0.44)
DOM1H-131-202 1.02E+06 5.42E-04 0.55
(202) (2.69E+05) (3.69E-05) 0.11)




t ccagagacaact ccaagaacacttt gt actt gcagat gaact cct t gagagct
gaggat actgct gttt

waewaasgsyct t t gt t gccaaagagaggacct t ggt t t gat t act BOHGBLEGHS0399
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gaactttggttactgt ttcttcc Correspondi ng AA Sequence
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gaeged aathggoapangt-human [gG (H&L). The receptor coated beads are incubated with

L T R

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

on the ABI 8200 Cellular Detection system and bead associated fluorescence
determined. If the dAb blocks TNF- alpha binding to TNFRI1 the fluorescent intensity

will be reduced.

Data was analysed using the ABI 8200 analysis software. Concentration effect curves
and potency (ECsg) values were determined using GraphPad Prism and a sigmoidal dose
response curve with variable slope. The assay was repeated on three separate occasions.
A TNF- alpha dose curve was included in each experiment (Figures 38 and 39). The
concentration of TNF- alpha used to compete with dAb binding to TNFR1 (10ng/ml) is

approximately 90% of the maximum TNF- alpha response in this assay.

A representative graph is shown in Figure 39 showing the ability of dAbs to inhibit the
binding of TNF- alpha to TNFR1. In all three experiments the negative control samples
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sequenceEXEMPLI EI CATI ON

In this assay DOM1H-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).

15

Expression of lead clones from Pichia pastoris was carried out as described below:

The primary amino acid sequence of the three lead molecules was used to produce
codon optimised genes for secreted expression in Pichia pastoris. There is 75%
sequence identity between the codon optimized and the non- codon optimized DOM1H-
20 131-206. The three synthetic genes were cloned into the expression vector pPIC-Za
(from Invitrogen) and then transformed into two Pichia strains, X33 and KM71H. The
transformed cells were plated out onto increasing concentrations of Zeocin (100, 300,
600 and 900 pg/ml) to select for clones with multiple integrants. Approximately 15

clones for each cell line and construct were selected for expression screening. As the
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ELI SA for the presence of anti-TNFR binding cl ones.

DNA was isolated fromthese phage sel ections and
subcl oned into a expression vector for expression of
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desi gnated DOM h-13 1 (disclosed in WX2006038027)
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Healthcare, column equilibration is performed using SOmM sodium phosphate pH6.0
and the supernatant is loaded without any need for dilution or pH adjustment. After
washing the column, the protein is eluted by pH gradient using an elution buffer which
is S0mM Tris pH 9.0. The specific wash and gradient conditions will vary slightly
depending on the pl of the protein being eluted

The cluate peak is then further purified with a flow through step using anion exchange
chromatography. This removes residual HMW contamination such as alcohol oxidase

and reduces endotoxin. The resin is equilibrated with either PBS or phosphate buffer pH
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from the formation of the internal disulphide bond. IEF was used to identify the proteins

based on their pl which was different for each protein.

25  Purity:
The three proteins were loaded onto non-reducing SDS-PAGE gels in 1ug and 10ug
amounts in duplicate. A single band was observed in all instances. Size exclusion
chromatography was also performed to demonstrate levels of purity. For size exclusion
chromatography (SEC) 100ug of each protein were loaded onto a TOSOH G2000

30 SWXL column flowing at 0.5ml/min. Mobile phase was PBS / 10% ethanol.
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presence ro ses prior to selection on antigen.

TOSYHTL % 8“%@ hage vector was engi neered in which
the c-nyc tag was deleted to allow selections in the
presence of trypsin mﬁthout cleaving t he displayed dAb
of f the error-p

i st Q%X%te@%ﬁ%‘?&%af 139841&1 é%lea()?f PQMéleédiéé and DOMIH-

vepi05oef See Fig 50 for pDOVB3 vector nmap). Phage
stocks generated fromthis library were pre -treated
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t h@r defined timepoints in excess of proteases. Approximately 1400RU of biotinylated
TNFRI1 was coated to a streptavidin (SA) chip. 250nM of DOM1H-131-202, DOM1H-
131-511 and DOM1H-131-206 was incubated with PBS only or with 100ug/ml of
trypsin, elastase or leucozyme for 1, 3, and 24 hours at 30°C. The reaction was stopped
by the addition of a cocktail of protease inhibitors. The dAb/protease mixtures were
then passed over the TNFR1 coated chip using reference cell subtraction. The chip
surface was regenerated with 10ul 0.1M glycine pH 2.2 between each injection cycle.
The fraction of DOM1H-131-202, DOM1H-131-511 and DOM1H-131-206 bound to



trypsin activity prior to selection on the rel evant
antigen. Four rounds of selection were perforned.
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stress and stability work the following pHs were used for each dAb; for DOM1H-131-
202 (202) and DOM1H-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 below:
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(Figures 38 and 39).

The concentration of TNF-
used to conpete with dAb binding to TNFR (10ng/ m)

al pha
S

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

acceptable levels.

Nebuliser delivery of the lead dAbs:

By testing different nebulisers and formulation buffers it was demonstrated that the dAb

could effectively be delivered using a wide range of nebulising devices. More

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

formulation buffer produced the desired particle size distribution (compared using the
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in Table 2. Table 2: Potency (EC50) values for DOM H 1
31C0parispo M P¢ri@manz0s Vandudomiess: 131-51 1 in a TNFR
rece bi ndi ng assay for thr e repeat exper.iments.
|nD9§41§1 -A3ksall ﬁé%M teatgdo i?éé?‘élcwglpb‘élpéﬁ‘tfo devices

t N@dinhéh @tf?@ﬂhrée"i@an@é%p?@f ﬁb@uﬁs%?st BeliGnd f&ﬁﬁla@ioﬁé i”é hytfasonic

potency to the commercially avail abl e anti-TNF

NﬂB@BBSG(SR}@én@bLIbssy sndviblatinExsslesdivbperpin b@zhdiemce ﬁesdAb was
ﬁ%ﬁ&f’ bfﬁ%&eg?mp%ﬁhg él%n\%%E%‘%roéee%gragcl}gs ﬁg'r g&f %rn{pkl)(ﬁ%e gercentage of

no aci d sequence o
I ec&dplm)dlm:{ﬂ mwmﬁﬁlem&d Ustngprddiverd Speadosk DPticeniMigetrn

genes for cret essi on i n Pichi a iS. . ..
SEumeity B ?gqﬁgﬁ andthg gy t e St %ﬁ@ﬁgﬁwabﬂlw of cach
Opslah‘g?lezéﬁ%r %E]ﬁg hER1BQ N wa CAQBdAR g eR daWhdthe ABount of sample

1-20 The three synthetic genes were cloned into the
exyhiek hacbdimeéqdd:roﬂpml te magrigk iegwininginthoyerinpd dmeplichied acrosol.

t rmsgeﬁflgﬁgalyne gﬂe% al"q%tl s@'élﬂa X NP O &ng {%I}%grﬁ)n the greater

The tran Wer e ut onto I ncreasi
cothe etabiligt. i ons of Ze0(:| n (100 300 600 and 900 rrg/rri)

t el ect for ¢ ne; W|th mul & nts. .
PSRy SET Rt Per trehPheid PrpffBOhRene comeotsize
CORBEd bif th\E & &B‘l'lBﬁlhﬁmeeﬂf néYREL I6Vi6) af8 PRRNILIYa jAScbuliser)
thecorrel ati on between hlghll OwW gene co E){ nunber and

v

ex{esss poFPrmeRedlrT. wdthil PAGT LG (ivere At #riT apyic ghan 80%
pav%ﬁeglr PEG isSRYBAR i in GhORERr. Vﬁﬁsempﬂfegééqg d&f\%@ @ PES it B observed

Zeocli n concentration range ernenter runs were
cawrth &g cblow ash, tip lebsenegertthaith tha® ARJItL(Been ext ensi vel y
screened for high productivity. This allowed the
production of significant anmounts of material for
f umigoetantsi AtglivR$ of the dAb was also found to be retained after nebulisation (see

results in Figure 8)

Effect of Buffer Additives:

Due to the lower stability of DOM1H-131-511 (511), the S0mM phosphate formulation
buffer contained 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 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 DOM1H-131-202 (202)
and DOM1H-131-206 (206) have higher T,,’s and showed considerably improved



Mat erial production for protein characterisation:
Protein A based chromat ography resins have been

wezasnsivel y used to purify VH dAbs from m cr oPCHEIGB2008/050399
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cul ture supernatants. Although this allows a single
step purification nmethod for producing high purity
material, usually >90% i n nostgsxcases, for sone

nol ecul es the low pH elution conditions can result in
the formati on of aggregates. There is also the issue

of stiilryltd HctRsl seaRadli th¥ n@ficcafek wekd t¢ste@ 8 Bysh fheloriddBBformulation
this woul d nean the use of significant quantities of

r eliffer el riretonsRabinsion buffpre(ithaghchas p fover déseosily thngge Egmulation
&Efeﬁi‘] %é HXbWE}%r‘[ s‘?ﬁ!d 1]:1 %Bthqg@E e}fot\xgé Sfaa'ﬁ' ]S@-F aéwceg Wlﬁlh’ﬁﬁ time of

Ity and ne |ser studi es, omns re
pu?f b it i ppotoioessconastiaet 5$r@zimualdrtge aarm:hz eae dsttaiution

charge.i nducti resi t apture s e

F O BB it A ER R R0 O0E UPGR PR S drug for
Opdylstit HBSrbsIN (debiih@edbthiisRTproten K)‘-‘th@t\/lg Hyh@:fred-%ﬂ%) ofeblifi®r
ex ressed dAb at a purity of -95% For the capture

IEnWRHEStR] Wt %bﬁgrm%lﬁfa%@ff%ﬂﬂétwﬁs ﬁ@sﬁhﬁwn eslygpre 37. For

y {BERGE
B ey

S utpetrtmt apt< § gm. dddbddhbs give corapwahiebdelfs of patii¢lesizertharwere
p;les H%lnl% bp@ftﬁe n}’%’a Ro@%sonhb ff%m u ol‘mu tﬁ ?rfbu%e \Mgas q%scrlbed

|en using an eft
i Seaﬁ@ﬂ\/lHBIWeS'erpﬁiegugher k@ sip eﬂthﬁ If@rnmmmn &nffelgfoatﬂ bHIiartlcularly
condi ti.ons will vary slightly depending on the of

t h@nsﬁgeﬁlefphprseﬂ%% RArtigl etV TR The qogice! SReARNgCsC- EHRRICIES <5 pm.

furid@ncidatibh SERWIAR idthk |cﬁﬁ\’of {AE Qbhabe v%secﬂ?eté%ﬁhﬂbﬂ %29(9
exchange chr omat ography. This renoves resid

c omeaspichenisdaiogeam after astebihaionoht ivaa sand lgpt ﬁ@m@fe@ concentration

T S
or IS oe TR0 S B BB NBEATRS
t heefetanaib ity ficbotiscdajmtiog MMGecont o t he ani on exchange
resin the dAb does not bind and is recovered fromthe

ihrough Endot oxi n and ot her contam nants bind to
T8N "The presence of salt if using PBS buffer

' rrpr OVESHRAREE H&n&%ﬁrgﬂé& Ly dés@m@%}l?g%@eg ta%t{B(ﬁ’)@@\E&s sﬁ(% erdAbs can

than 86% recovery achieved wt ver
pr@smmubwdmlsah@eDédumesrmﬂeaeﬁhebnkmdmeséwhﬁsmuhnmoﬂmnw

endot oxi n re h t ha pi.cal toxin,l evel
or TR BTN R SR ot BRE onE G B S Eifpo
Waﬁgmflcant aggregation observed following nebulisation. When viscosity enhancing
excipients, such as PEG are added to the buffer formulation, particle size distribution
and percentage droplet size less than Spum can be improved, thus potentially improving

dAb delivery to the deep lung.

Delivery of dAb to the lung can also be improved by increasing the dAb
concentration for example a concentration of up to about 40mg/ml and delivery time

without any reduction in dAb stability or activity.



neasured as 58EU m conpared with a level of <1.0EU M
obt ai ned when no salt was present. Protein
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fermenter runs was characterised for identity using
el ectrospray nmass spectronetry, am no term nal
sequenci ng and isoelectric fooysing and for purity
usi ng SDS- PAGE, SEC and Gel code gl ycoprotein staining
kit (Pierce). ldentity: The am no term nal sequence
anal ysigxaMPIImel first five residues of each protein,

was as expected (EVQLL...). Mass spectronetry was
perf or r%@%h&gm&@{ée f the protei ns which had been
buf f er K Xehangged Srﬁgec(f(ﬁQh%Paty'd%gtor ?Jgﬁjl\qm fhd ﬁs%d Th1s VBCtor

contai ning 0.1% gl aci a ic aci sing &4 Z
( Mrbéluges fusjon pibteinprath phegt qvasofeor lledlte mniltlplh @lctnhrg@ete of

e MR Bl ROl it iticb iR ak, fdts iRdes gumon

usfriigneaver age masses) when allowing for a nass
difference of -2 fromthe formation of the internal

di sul phi de bond. |IEF was used to identify the proteins
based omxARgiiiE pi Which was different for each

pr ot ein. Purlty The three proteins were Ioaded ont o
non- r edLast prg C pasoa|phagaadisplayedadon yodighidiitbs) with a

in duéoof'r(e:s%te ceh Bl n | e band was observed in all
ns-f“%rntvs—gl—re—&%ﬁhy on chromat ogr aphy was al so
perf or IMe@ de@esd@rvding d AbeDOdARI 30-64 whith ibinds IIEORISD@Mlh 131-

L B ST RSB 345 s

0. 5]3@‘5@ Rere\Rich ¢n pHORE 1R /dlS%Q ng these dAbs were produced
et hanol . I nvesti gati on of d abi y for candi date

s edceendingrio sRodard Frshiiguiisc gbaggq wete IOPRd by tPERbRicelpiieion,
%S?S?a{d%dtlom§§gﬁ(¥%r Jyhe dAb into the lung, eg using a
ebu

Ser devi ce. I'S"woul d nean the protein could
pot ent i Hiel eﬂoom(qh@bs' dspigyecd arangef alﬁlhgheaesmddgradmemmy trypsin

ig{‘j 3 e (g ﬂgat(ﬁ@ gro?f‘gng %ﬁégg%t%gﬁggagtg%ﬁs\g% ag%gsed as gollows

pr&‘tlﬁéﬁ@ml)"in PBS WAdRgbuBME AR ARSI at 40 Ml BEIRCNIRAENg in a
if the protein could be delivered using this type

of
depleaulagrgiiorpt hel ddbrtegsin. Samples (30 pl) were taken 1mmed1ately before

addition of trypsin, and then at T= 1 hour, 3 hours, and 24 hours. Protease activity was

neutralized by addition of Roche Complete Protease Inhibitors (2x) followed by
immersion in liquid nitrogen and storage on dry ice. 15 pg of each dAb sample was
subsequently analyzed by electrophoresis on a Novex 10-20% Tricine gel and proteins
were stained with SureBlue (1x).

Both DOM15-10 and DOM15-26-501 were significantly digested during the
first three hours. DOM15-26, DOM4-130-54 and DOM1h-131-511 were more stable,
with digestion of the dAbs only becoming apparent after 24 hours (FIG. 2).

The phage-displayed dAbs were also incubated in the presence of trypsin to
evaluate if trypsin resistance of phage-displayed dAbs correlated with the results
obtained with the isolated soluble dAbs. Various concentrations of trypsin and

incubation times were tested. In all cases, after neutralization of trypsin with Roche



particle size distribution and remain functional
follow ng nebuliser delivery. Therefore the intrinsic
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stresses was investigated to determ ne the baseline
stability and the nost sensitive stability indicating
assays. As the stability of eagh protein will be

dependent on the buffer solution it is solubilised in,
some pre-formulation work was necessary. This

I N ohpRici FRttcass Uekibiass, AL hiRkzes Wete tovRidl fr @bis abiliey tdafdH generic

for understanding the stability of th%g(pr otein duri n[<)g
t hégaadvitisierednyiveh Pinfeall Vedoprticessodisid eguBXeMidgl, DOMILS-
st A14 B¢ cRar.ac ] t i .
ol S L6 30 086 BB 1L AR AERAT IeARARARR s thE. DOMs
st I¥sBe HOMI F-adg Phoge waalalspitesadd foelinding tewrgeeamigese dn both

such as. si ze excl usi,on chr omat ogr.aph E DS- PA .
o B v R R R R it P St
st thjulgh kasis@incOMrbcblydis. Th2BiddinP@Mihitylw3Indasdrdd aifigkr by ELISA
DOM H 131-206: The protease stability of .
DAViRgE saugried antibpflis againstphage )05 ¢y peviopof baundphagcaad titre
asgRRIRdoIRYyiBE AFYBL LItk Rnalnasl gr&b_&mg BecJiefafuals,

bi ndi'ng activity after pre-incubation for defined
timepoints in excess of proteases. Approximtely

1400RU pf ki gt ER

st rept avi di o Oivio : —202"

131- 51 HachddbDiVitidattd fdr-o20 Gowvas rédne tehgleeturamtdh aRBSze of trypsin
only or with | OOng/ m of trypsin, elastase or .

| eHEEFYREOTd O hegl, law/lzﬁa hgmby PR acHdy e elockiy with
VaRo Gk QRBG O ¥rdidiSe BHtH ot 0)Qhd hen kK tRkts Wirc RIIGLEASE),

I nhibitors. The dAb/protease m xtures were then passed
ovidiervel én FRERncuboted edthcHin! oflhinignyla¢dantiger (reenpbinant human
S | er. .
Rl S T s IS
Th®yhalzatls DR2& (1vbddn ) )1 Bat Ivc2O@ne- HaMtdHEck Bhe bdurkht sooch

o ERPHELAT B0 2t THSH of LS Seroctrab @ i BB Shshey fnoubated

t ofoel e RiiMifkisn® robnt ReiperaROt RASE the iRDERSELEPwifDPnabeads were
were carried out at 25C. The data was produced from

t heasieed qvd ep a mefaine whqsér Pakvnd phages weey Wephapawidhel waghang the
i eat .
mealqya ltfﬁg?e%?)ﬂtht pl%l 8{ ({52‘% (%eﬁ-qug Bal %oﬁhipg%%gwirj)e.luted with

devi at | e resu results see
0.5 ml of 0.1M Glycine pH2.2 and neutralized with 100 ul of IM Tris-HCL pH 8.0.

Eluted phage were used to infect exponentially growing TG1 cells (one hour at 37°C)
and plated on Tetracycline plates. Plates were incubated overnight at 37°C and colony
counts were made (see Table 4). The best results were observed from selection with
incubation with 100 pg/ml trypsin. There was about a 10-fold increase in the yield of
DOM15-26 in comparison to DOM15-10 and DOM15-26-501.

A second experiment was done to further confirm these results under more
severe incubation conditions. Phage displayed dAbs were treated for 1 hour or 2 hours
at 37°C with agitation (250rpm). The best results were observed from selections with 2
hour incubation with 100ug/ml trypsin. The yield of DOM15-26 was 200-fold higher
than the yield of DOM15-26-501 and 1000-fold higher than the yield of DOM15-10.



It was found that DOMLH 131-202 and DOM 1H 131-206
were shown to have greater resistance to proteolytic

walegsadasd on by trypsin, elastase or | eucozynmePCTGB2008/050399
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conmparison to DOMLH 13 1-5 11. The difference between
DOM I H1 31-202 and DOMLH 13 1-206 in conparison to
DOM H 131-51 1 is nost pronowyced after 1hr with
trypsin and after 3hrs with el astase or |eucozyne.
Thermal stability as determ ned using DSC. In order to

det er mne thikd Wpctimeptiphdies dBplagidl ©HMaT 26 bkl DORBLEZI-501 were
stability, differential scanning calorineter (

. r (DSC) was
usidred &: I Arustast. ¢ Heyreare thep cilsiprepbitted with trypyin 6008 agpnl) or
yty by ) . buf. . i ' i
ARy B oy SUBLS00 D 5, 50 S o
phogighabiedagds bocabal)above. $supmssy dflten ¢adopesditierc each seldction

range,.from3,- 1Q .in t.he sa olution. The .

! PagFud g pogiad bt SonER g s e oo tabsin pre-treatment
pr{DWNY 5-267 4100;a80O M | SQGLENCE/10 - ivbBichhsll ESEes fidaethp kkldétion with
whi ch the dAbs had their greatest intrinsic thernal

st Bsin engodgddor BRNH St BeXpested- f or DOM H 13 1- 202

(202), Al éx%egmfeﬁ’trs it M A3 Lec P Borl %Q@Jrea&lﬁ b 'dthun%dfb9 fadding a
DOMLH- 131-51 1 (51 1). For all subsequent stress and

st prbichsetty phrgek dishleying [dAGw sngh thirksphagesedispdadng be mwach

dAb: . for. a8 1- 20 0 n H.131- 206 :
(b B e et ) o3RG AT B on coneri
Briigandor Rehhtigmn buffer. The results are sunmarised in

Tabl e 3,%92)%24?\5 Table 3. Sunmary of the pH and Tns of
DOMLH- 1371202 (202), DOMLH 131-206 (206) and

Himat] 211 (o1]) as peter m neq gorMiEok poMis-

1:1
i tton- Rpbkengtbuf Quf f er | atTriypsiyy M| | ntri psic_sol pbi lit}yDPOMIS-

tlesting: Niheubdien ||e58P0Pas copBh@nd oS
centrifugfl Vivasgdin copcentrators (5K

detere ther T X I Sor ubr T4y a5
recovery fiponihcondentr afi oov.ugkXpgri ment
Ir-J’Er“fp&}trlr‘?ed i n Brittlof™Ropi nson buf|f er at
s

abl e pHl Sanpl e [vedowps and corjcentot af |
asured pver!hf ti e, ohr s&r&mb devi at i

expected goncentrdtio ecorded 4s V\EJ_SL )
riecovery of the sgnidoe. | It s, f quhekigh
Thr 0 ng/ml .
cpul d be goncentrdt egpt p oV 10q ng/ m
2 lhr, 250rpm | 37°C 100 pg/ml 2x10
input 10° | 2hr, 250rpm | 37°C 100 pg/ml 1x10’
2hr, 250rpm | 37°C 0 pg/ml 5.4x10
3 2h, 250rpm | 37°C 100 pg/ml 2.3x10°
input 10" | 2h, 250rpm | 37°C 0 pg/ml 3.9x10°

Tests with DOM4-130-54 on phage
DOM4-130-54 was tested in a similar protocol as described above. The

parameters that were varied were: concentration of trypsin, temperature and length of

incubation. Biopanning was done against IL-RI-Fc (a fusion of IL-1RI and Fc) at InM



Robi nson buffer. Both DOM I H 13 1-202 (202) and DOM

IH 13 1-206 (206) showed | ower recoveries than
wez@satEd conpared to DOM H 1 31-51 1 (51 1), BCI/GBRI0BI050399

wi thin acceptable |evels. Nebuliser delivery of the

| ead dAbs: By testing different nebulisers and

formul ation buffers it was dempnstrated that the dAb

coul d effectively be delivered using a w de range of

nebul i sing devices. Mre inportantly, it was shown for

t h@ntédt@tiod inEBY. hsibnifiehit ré®atidRnn phageh@reaARe biilly bBRrved after
formul ati on buffer produced the desired parti cre si ze

di §eHagoR pPothe phagspate POuLy mbtrysEpcEEsit 4527 6F Sef bplet)s
<5mm) for effective lung delivery whilst maintaining
protein functionality. This is further described

bel ow. Conpari son of Performance in Various Devices:
DOM H- llaﬁﬁ-él 1 (51 1) was tested in six nebuliser
devi ces rising two devices fromeach of the three
rrfllt NGO RS iPdu2eRU | Bé Beldlrd | AN eémiérﬁtéttpcf\? I. Bitre
u . O ol o e Lo o T

mesh nebul i'§Ers. I'n padPm&MRe|t he dM w8t est efi 1t x 107

Sy nf wi thha range pirddsGigoncentrat hong/mkor eaghv.2 x 10°
sa of —droplet—size—<5am-was
measur ed usi'hg a Mal b efHPT SRt bk Devi©89(Nal vern| 66 x 10°

| nsft rumenk srighi t ed, | Ukdonakging hg resuidsu@r® shownaim x 10°

Fi gur-e—35—TFhe—stabi E{ of —each——sanple—after—beifyg 5

neblul i sed"fMssessfd P} H'SEE to addifysB' t he afuht 10
h

ndhgmmaterial 7.8 x 10°
al Ik

aor.oc .o Y
P

of [sanpl evedigit had i rem st bpt h |
r enfe--rg—-A—the—eup-are—tp—colteected—aereseot—rth
resjul ts MG seen | n PGS e 3p. The'(%r¥Mhe ex{ i x 10°
of [di mer ovemigti on the geeat er jhe stabidgrmy. Ms{3.84 x 10°
dewv i 0%or—reretof—the—t+egutd
f orful at |E5ﬁmi'gﬁtt he cﬁrre % 76 ranqeﬂWWhe eFl ovi {4 10°
vi brating nmesh nebuliser device) and PARI LC (a jet
nebul i ser) devices performbetter, with the PARI LC*
.(star):&‘ézial’é‘&@@Mi\heﬁ—r@—&%.' lpha bre than 80% when PEGis
i ncl udegohnting glﬂkﬂgef d(%fo_sel%?élétedl {bclﬁéﬁﬁ%-lgﬁ-ﬁ‘ﬂ V&ido Yid h
PEG is also observed wth the eFlow and, to | esser
extegmince)werh ticsted AR Hg@al, 10 wpault HKt hg/mbatd Mi0ODygail tryipein for
10 ?écgnee\%%%r e?tlrggmt[é)r}ljﬁ]egatar%. l?)elgersgg)na {Vgse %hl%fitteg {)y Hlee% !iil‘[i%gtoiC ?g]x Complete

Protease Inhibitors (Roche). Serial 2-fold dilutions of the phage were carried out down

an ELISA plate coated with InM TNFRI, and binding phage were detected with anti-
M13-HRP. The results are shown below in Table 6.

15 Table 6
DOM1h-131
Trypsin concentration
1 100 10 0 Phage
mg/mil ug/mi ug/mil pg/ml input

Soate RNABRMNNGNGRY 4.51E+ 10
N\\%\\\\\%W 2.26E+10

TSR




results in Figure 8) Effect of Buffer Additives: Due
to the lower stability of DOMH 13 1-5 11 (5 11), the
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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 abqyg.2%to about 10% PEG

1000 in 50mM phosphat e buffer containing 1.2%w v

sucrose) to help protect the dAb from both shear and
e AR

RN
AT s;;;: §/ S d showed
hhnie %é?%ﬂﬁf

pl stress, all

inutes at a

2 E H—aF6 b particle size
di stribution determ ned using a Ml vern Sprayt ek
Devi ce. THS: Rs(GRPRaANEROAcary IBHHKERLAd0 ALY Jrefp&Y 8hd £+ tu
fiborosis %désignated s?gﬁaard prote?% X) ?ﬁgt S CpETHIE
dedfi 378¢ et apprapgats toapply b sdectpawpiressyre waphagss dislaymgidpds of

0 f | ati ffer. The. . .ar -' -

P Do Qs PR SO SE BT R BARER bl e
de@ptehsengn bt bptimitedforpact pape dsplaged gAY, eBdesirétAn 6

mcrons, e.g. <5 mnm Al the dAbs give conparable

| evel s of particle sizes that were less than 5 mMmin

both the Britton-Robi nson buffer and fornul ation

buffer (as described earlier). However, the higher
viscosity of the formulation buffer could be
partiCLﬁfﬁ¥Mq§§§eficial for producing particles within
the correct sSize range, e.g. particles <56 mm The
concentRrateagersclettidrhef ptidde-displayee repaptoots dfdentévartidodias
determ ned by A280 neasur enent ore and after

nebul i satf 6??%“?‘{[65%%6 ’F%%fﬁ%“ilﬂ%ﬁ‘e?ﬁio‘w%?‘ég?w% parent molecules:
COPOSL- [ AL 5QMENULN9T-5¢ hang®r1Si10nmh DTV $-961588li RatdoRy

that neither the protein nor vehicle is preferentially
neBuiatigusavae ftioguesd|ip therggnesyrRGRy y5ing the |Sratpgenedutgzyme 11 kit,
2o URDANE pES o E0 PRSI ARINE i 30 XANGE ARERHEHAG wih
aviai/l aldl orh dizuhseste wedemirded fandundigestet! praduyts with streptavidin-

coated beads and ligated into pDOM13 at the corresponding sites. E. coli TB1 cells

were transformed with the purified ligation mix resulting in large repertoires of
tetracycline-resistant clones: 8.5 x 108 (DOM4-130-54), 1.5 x 10° (DOM1h-131-511), 6
x 10® (DOM15-10) and 3x10° (DOM15-26-555).

Phage libraries were prepared by double precipitation with PEG and
resuspended in PBS.

The rates of amino acid mutations were 2.3 and 4.4 for the DOM1h-131-511 and
DOM4-130-54 repertoires, respectively. The functionality was assessed by testing 96
clones in phage ELISA using wells coated with protein A or protein L (at 1pg/ml).



that they retain stability and biol ogical activity
after nebulisation and there is no significant
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vi scosity enhanci ng exci pi ents, such as PEG are added
to the buffer fornulation, particle size distribution
and percentage droplet size lLggg.than 5nm can be

i mproved, thus potentially inproving dAb delivery to
the deep lung. Delivery of dAb to the lung can al so be

i nr@zrmaﬁd DYl T et RSB gx Kibige dbiRctARCERIPAyA3 I dADs fiiPthe DOM1h-131-
anpl e a concentration of up to about 40ng/m and
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roteln tiple clo site af 3

n Db iR B4 PPy ol B0 iy Sh AR D
C| Dlnm 288 103t JFANCEbndseRBIBRET SinctiorAMRkgTa o fl®8Hs in the DOM15-10
protease sel ections on phage-di splaved domain
antiddyAMd s-20cPRE S5Pefiotres, éeSP%r‘i@%lyof resi stance to
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hours. Iﬁrrglgned %ro?ecatse treatXlent with 100 ug/ml trypsin was introduced, and the

outputs are as shown below in Table 7:

Table 7
Trypsin incubation DOM1h-131-511 DOM4-130-54

conditions library library

37°C overnight 1.86 x 10° 2.1 x10°
37°C 2hrs 4.8 x 10° 5.1 x 10°
Room temperature 2hrs 1.2 x 10° 4.62 x 10°
No trypsin ~1x10° ~4 x10°

No antigen 1.8 x 10* <6 x 10°

There was significant selection when the dAbs were treated with trypsin at 37°C
overnight. This output was taken forward to round 3, where the phage were treated

with either 1 mg/ml or 100 pg/ml trypsin at 37°C for 24 hours. The titres of the trypsin



neutralized by addition of Roche Conpl ete Protease
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sanpl e was subsequently anal yzed by el ectrophoresis on
a Novex 10-20% Tricine gel and proteins were stained
W th SureBlue (Ix). Both DOML3910 and DOMLS5-26- 501
were significantly digested during the first three
hours. DOML5-26, DOWA-130-54 and DOM h-131-51 1 were
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al so t 3Ok Sfidrand {{AVIHG-265 5P aengeibiresnt | gens. | n bot h

cases, Qi ndin s. assuned to _caorrel jt.h.retentd

of “the Tt b SRET ! Arf AR hR Db EIh £OF
pr@umah yadcslar diethelinidirongthafadton icbycenastionad widduteirblogse

by ELI SA (usi ng conjugated anti bodi es agai nst phage) .

or By Fi5H-oh &B&J@Way PHSEEEC hCC e (R AR 4N hgund antigen

f oy l1eWigh & ffiHye atht QltpRis FRMPRAGAT valrd Yoot PoM (BenfaredRlan input of
T4 gells. Tésts wth 5-10, DOML5-26 and

DO Eplge S0 DM | pHiAgad EC PhepafonROM e 635 finshicaping that the

hour. . it of trypsin

o ohiof draRI EARBLAL MKW i ARG, ST LTYPS

Trypsi racktanidtand wes! toluodsloddeledtion vRoe e fotmap kvith@nM biotinylated
Pr e I.nhibitar (I d .t hen t he phages were

NG POttt A EOREEE Pifkeh DR TERA H& B presgnce of

bi t@}ﬂsﬁﬁ/gl 8t ngnﬁmtisge@ if 4 SRRIDFAH M) URRBaE@EIE FE&Pone hour for

systens or one hour at room tenperature.
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third rounds of selection with the DOM15-26-555.

EXAMPLE 4
Analvsis of selection outputs: DOM4-130-54 and DOM1h-131-511 repertoires

All outputs from round 3 and round 4 were subcloned into the pDOMS vector
and transformed into JM83 cells. The pDOMS vector is a pUC119-based vector.
Expression of proteins is driven by the Plac promoter. A GASI leader sequence (see
WO 2005/093074) ensured secretion of isolated, soluble dAbs into the periplasm and
culture supernatant of E. coli IM83. 96 and 72 individual colonies from round 3 and

round 4 were randomly picked for expression



for five mnutes at roomtenperature. Al of the
i ncubation steps with Dynabeads were carried out on a
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washi ng the beads eight tines with 1m of 0.1%

Tween-20 in PBS. Bound phages were eluted with 0.5 m

of 0.1M dycine pH2.2 and neutpalized with 100 nl of
IMTris-HCL pH 8.0. Eluted phage were used to infect
exponentially growng TA cells (one hour at 37C) and
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-.26- : . , r | e
el e 1o DS B8R B el RO 13 511
extctiat. wekb esstaak parypsiarfosonerituc athelst ivat ofithselamet wore resistant
pressure can be obtained by adding a protease to
phaGE¥eli spl ayi ng dAbs, such that phages displ ayi ng
the nost proteolytically stable dAbs are
preferentially selected (foll ow ng panning on a
gener i EXANERE dr the antigen). Table 4 Tests with

DOM4- 1&194'1\53‘1% &%el@@t@tﬂleoumuts: DOM15-10 and DOM15-26-555 repertoires

The effectiveness of selection with trypsin pre-treatment was first tested on

monoclonal phage ELISA with and without trypsin digestion. Eighteen colonies from
the second round of selection and 24 colonies from the third round of selection of each
library were picked. Clones DOM15-10, DOM15-26-501 and DOM15-26 were used as
controls. Additional controls included amplified and purified phage solution from each
library after second and third rounds of trypsin selection.

Each phage sample was divided into two fractions, the first was treated with
100ug/ml trypsin, the second was not treated with trypsin. Incubation of both fractions
was carried out for one hour at 37°C with agitation (250 rpm) and blocked by adding
Roche Complete Protease Inhibitor (1x).



DOMA- 130-54 was tested in a simlar protocol as
descri bed above. The paraneters that were varied were:
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i ncubati on. Bi opanni ng was done against IL-RI-Fc (a
fusion of IL-IRl and Fc) at InMoncentration in PBS.
Significant reductions in phaggstitre were only
observed after incubation of the phage with 100 ng/ni
trypsin overni ght at 37C (see Table 5). Table 5 Tests
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DYz 13Q-26D,DQM h-131-51 1, DOML5- 10 and
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genes byLIPGReadspyg ofmtaStq@pagl@ﬁEMMQynéDﬂMkﬁ 26-501 treated

bi ot ier - I
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strept.avi di hcoat dI| ted into 3 at
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transformsd with the pur|f| ed ligation mx resulting

in lar regxe)rtm res of tetracycline-resistant clones:

8.5 x 1 M4- 130-54), 1.5 x 109 (DOM h-131-51 1),
6 Library Trypsin No trypsin
2nd 3rd 2nd 3rd
selection selection selection selection
DOM15-10 33% 89% 100% 100%
DOM15-26-555 94.4% 100% 100% 100%

Table 8 shows the percentage of stable clones after the second and third rounds
of trypsin selection of each library. The enrichment of trypsin resistant clones is visible
in both libraries after the third round of selection. The values of control ELISA wells
containing amplified purified phage mix after each selection were much higher than
0.404 in each case after trypsin digestion. Moreover, a small increase in signal was

observed when comparing trypsin-treated phage from the third round of selection with



x 108 (DOML5-10) and 3xI @ (DOM 5-26-555). Phage
libraries were prepared by double precipitation with
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nmutati ons were 2.3 and 4.4 for the DOM h-131-51 1 and
DOMA- 130-54 repertoires, respectively. The
functionality was assessed by pesting 96 clones in
phage ELI SA using wells coated with protein A or
protein L (at 1ng/m).62.5% and 27% of the cl ones
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cl - the libraty to r ve. any, cl ones that no
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pr iLase (3 dnaalh FRAL rabidly FAQ e 8 ThpreSsYdSinN MB&lture volumes.
i ntroduced, and the outputs are as shown below in

Tabl e 7BactcTiabsupernatphisvecrqudisuted wriilB S8 Aselcdwticnt : Wrdwme
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tr et Panren- phs St FonAts vl B Sommie B

DQOh hitdBd x5 Iooth frepes fr@itéEardnttrdfdd phage supernatants were tested on
BIAcore 3000 for antigen binding (2,000 RU of biotinylated hVEGF on a SA
sensorchip).

The criteria for picking clones were: a decrease in antigen binding of <15% of
dAbs treated with trypsin relative to untreated dAbs (based on max RU reached on
selected time point), which would reflect dAbs stability to protease treatment in general;
and off-rate decrease of <40% between two time points during dissociation of a dAb
from the antigen. Based on these values, 60 clones from both the second and third
rounds of selection of the DOM15-26-555 library and 17 clones from the third round of
selection of the DOM15-10 library were sequenced. Consensus mutations were
observed in both libraries’ outputs and 17 clones from each library harboring consensus
motifs were chosen for further characterization. The amino acid sequences of these
clones are shown in FIG. 5 (DOM15-26-555 selected variants) and FIG. 6 (DOM15-10
selected variants) and listed as DNA sequences in FIGS. 20A-20E. The amino acids



108 for the DOWM-130-154 repertoire. Al outputs from
round 3 (DOM h-131-51 1 and DOWA-130-154 with 1nmg/ m
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against InMantigen with 100 ng/m trypsin. The titres
were in the range of 106-108, simlar to that seen in
round 3. Sonme enrichnent was_ggen for the DOM h-131-51
1 repertoire, but no enrichnent was seen for the DOM-
130-54 repertoire. DOML5-10 and DOML5-26- 555
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sequen 2005/ 093 n 3 cretion
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with most clones remaining resistant to trypsin for 1.5 hours when tested on BIAcore
and overnight when run on SDS-PAGE. In comparison, only a small number of clones

from the DOM15-10 selections were resistant to trypsin for overnight treatment when

run on SDS-PAGE.

EXAMPLE 6

Identification of DOM1h-131-511 variants

DOM1h-131-203, DOM1h-131-204 and DOM1h-131-206 were analyzed in
further detail. They were compared on the BIAcore at a dAb concentration of 500nM

after incubation with different concentrations of trypsin (ranging from 0 to 100 pg/ml)
overnight at 37°C. The BIAcore traces are shown in FIG. 7. The results clearly show
that both variants are more resistant than their parent to proteolysis at high
concentration of trypsin (100 pg/ml). Two of the dAbs, DOM1h-131-202 and DOMh-

131-206, were also compared along with their parent against a range of other proteases



cul ture supernatant of E. coli JMB3. 96 and 72
i ndi vidual colonies fromround 3 and round 4 were
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sequenced from each round 3 and round 4 out put.
Consensus nutati ons were observed in both sel ections
and approxi mately 25 cl ones haphoring consensus notifs
were chosen for further characterizati on. The am no
aci d sequences of these clones are shown in FIG 3
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130 54 selected varjants) and |listed as DNA sequences
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Although the results were less apparent than with trypsin, the lead dAbs showed

increased resistance to proteolysis compared to parent against all proteases tested. The
BIAcore traces for elastase and leucozyme are shown in FIG. 11.

SuM of each dAb was treated with 100ug/ml sequencing grade trypsin for 0, 1, 3
and 24 hours. The reaction was inhibited with 25X Roche Complete Protease Inhibitor
and the reactions were run on a 4-12% Novex Bis-Tris gel. The gels are shown in FIG.

9.

EXAMPLE 8
Further characterization of DOM1h-131-511 and DOM4-130-54 variants
The dAbs were first analyzed using Differential Scanning Calorimetry (DSC) to

determine whether the increase in trypsin resistance correlated with an increase in



Each phage sanple was divided into two fractions, the
first was treated with 100ug/m trypsin, the second
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t heimatedIL-8 valehsofvas micearddgn dethming athgdsr bhf ircogase ml trypsin
af%a% 1m%|a%%seoggi?érgésgm$fg%wclﬁ weQ/urr Itﬂtete%g 1vi yoc.)a%ge‘l{%ﬁr(]sin-resistant
eadAbscasie: aﬁéety&ﬁastsﬁb@aﬁiﬁﬁﬂﬁh@&btedn Mor eover, a smal |

i ncrease in signal was

Table 10
Sample NDS0 nM
DOM1h-131-511 1.98
DOM1h-131-511 1.71

DOM1h-131-511 (230307CE) | 1.89
DOM1h-131-203 (230307CE) | 2.28
DOM1h-131-204 (230307CE) | 1.89
DOMIh-131-511 1.46
DOM1h-131-206 (230307CE) | 0.71




observed when conparing trypsin- treated phage from
the third round of selection withtrypsin-treated phage

wo e@sisdies second round of sel ection. The DOML5PCT/GB2008/050399
phage library showed an increase of about 14% of the
starting value. DOM 5-26-555 phage |ibrary showed an
i ncrease that represents aboutjp@% of the starting
val ue. Overall these results show that selection with
trypsin pre-treatnent was effective to sel ect

t 1 ypsi NFHea3OMUaIR)- Phagiec £ Apeserk rapadting RIMLS-Hiddiap ckssay to
DOML5- 26- 555 repertoires. Al outputs fromthe second

ange tfthexstidisddee wmesdilirig lahlb(tMBdlzs oE85) taltdR¥ (seenlable
t heyt f
. u@ ) L gctf %@' t}ﬁ n@%%&étﬁﬁ daBL ¥al Méfeg 10his ‘é}ﬁéa‘j{t .

| one vector and transtorne
HB2151 el ectrocorrpetent cells. The pDOMb vector is a

5 pUCL 19%1%25 d vector. Expression of proteins is driven
by the ronoter. A GASl | eader sequence ensured
S4fALt 1 on Of 1A sol ubl e dAbs into the periplasm

ar of E. coli HB2151. 184

ir bm each round of selection (3
ar pl cked for expression in 1m
cylLt e val iy ial supernatants were dil uted

i PPBS-1B8P- @I?Acléﬁ@'\ﬂ)uff er (1:1 volunme ratio) and split
togupttcares. Trypsrm was added to only one vial at a
final concentration of 20 ng/m . Incubation was
carried out for 40 mnutes at 37C with agitation (250
rpm. After blocking the reaction with Roche Conplete
Protease Inhibitor (IX), both trypsin treated and
unt r eatedA mMrage supernatants were tested on Bl Acore
3000 for ant| gen bi ndi ng (2 OOO RU of biotinylated

10 hWEGF ddenfifial JHOMH 7 ¥H$ t eria for picking
cl ones M@Rfﬁg R @@Cb@@@s AsERNeANs 2R N POSTHE A3 were
dAbs treate trypsin rel’ative to untreat
( bambdedm fnakerﬁblarle%dded with teet proeng dnd iwreadolgtiamil) JAbs, DOM15-

(e R DG erBra VHRn ey i B PSR comppy motation

bethueesuld WevetthdBrepeititpad Uh po@gndl Sslaedbaity (EEVDﬁndiF pbﬁs/l)
fromthe antjigen, Based on these values, 60 clo

LS £ ¢ SHAUBRACHACHBOER BOHE- AAdCloRES Wetesamaarcg on &y %Té\tCPE%fOblﬁVEGF
t hﬁn(@%@tsthg 8B 8 ndchRkRmYoranshn 4rel RBGRtbE Qfﬂhtt@'ﬁsﬁ hi4d

round
concentratlon of 200 pg/ml. The reaction was carried out for three hours and 24 hours

at 37°C with agitation (250 rpm). The BIAcore traces of the best clone, DOM15-26-

593, and the parent are shown in FIG. 13. Other results are presented as a chart in FIG.
20 14. The results clearly show that all variants are more resistant than the parent to
proteolysis after 24 hours of trypsin treatment.

Trypsin resistance of DOM15-26-593 and the parent was also examined by
running treated and un-treated samples on SDS-PAGE. Briefly, proteins were buffer
exchanged to PBS and concentrated to 1 mg/ml. 25ug of protein was mixed with 1 pg

25  of sequencing grade trypsin (Promega) and incubated for 0 hours, 1 hour, 3 hours and
24 hours at 30°C. After this time, the reaction was blocked with Roche Complete

Protease Inhibitor (1x) and DTT, as well as loading agent, was added. Samples were



sel ection of the DOML5- 10 |ibrary were sequenced.
Consensus nutati ons were observed in both |libraries'

wouipatdg4nnd 17 clones from each |ibrary har boPCTGB2008/050399

10

consensus notifs were chosen for further
characterization. The am no acid sequences of these
clones are shown in FIG 5 (D@M5-26-555 sel ected
variants) and FIG 6 (DOM 5-10 selected variants) and
listed as DNA sequences in FIGS. 20A-20E. The am no

acddstubat folfivd @inufds@m ddee. NBHEeHt cable SHHRNE Rat Ha8&1 BLSEX 10-
cl ones are highlighted (those that are i dentl cal are

mﬁ% drigiic gels ayd prptiany wap stabise Padpardiig (ko BpRiesulisprpshown
el FEER3s e t%ts i BEHaRY mﬁ@ 8t DORESS2 L g@ﬁlﬁ% %ﬁirlment varied

expr essed in expr efsion cultur es, pur|

priemithe profifcchoDOML Bre2BAS615 ewaerrlrm’nts)lggﬂstipg tbla‘edhffeﬂ@nces in

(for DOML5-.10 vari.apts oncent at j,0
by LAl e s ftslipot ey el ltss.

Bl BOM 16-2-§ B hat b5ﬁdi<bwp$1y§i£al ipfupdRRt,| 30 Rvelltas 3Rty ﬁhbln other selected
agi tation (250 rp in thewgr esence or _absence

t r§IpRESAsEh @W‘Prﬁ?lﬁ’fV fﬂSHléanal% 8RHPTORETIEHYT thCrPé%\él%%ﬁ%%Vaﬂams is

Wef1& HodA it BRISMe 1 PbelbhyPSi n resi stance using the
nmet hod described in Exanple 2. Proteins were buffer
exchanged to PBS and concentrated to 1 ng/m. 25 ng of

protelnr\é\)/«ia j”nxed with I nmg of trypsin (Promega) and
i ncubat€d T6r 0 hours and 24 hours at 300C. After this

tijme, the reaction was bl ocked watthblReche Conpl et e

Prlot ease | |phi GHOMAILDS and3B 1] ReA WEBIAcse | TaiisitoStability

, Was %dded bn@étes V\E|fn$ denaturpd 1 or bA/Sinding@+24
hap 15 |mg of ﬁﬁ/Ph SREN, VRS

ali ET € |7{11§6| %4UII 1 eX 1.2;8 070 cine
g€ : s—wete—Statred h—SpFeBrue(Hx)-
€ h 1H6-26-55%
Sd20d: 1 ons &255"” or el 20831 07, 5"“ 53y onel s

reri‘é:’i?ﬁ\r;g resistant| to_trypsi nf ' 1.5 hours|when
te99d on HV Acare an@B-d8er|fiSght \m(ﬂ?n 28rlon SH&- PAGE

I ) Sodparison, only| a smal|{l nuniper of|clones|fromthe
DOMBS- 10 s#d ecti ons3dwer e [/si st &t t pS¥.Aypsi ASf or

ovebR2grtht [ reat ment| when rlun on|SDS- PAGE. EXAMPLE 6

589 90 17 63 1.94 19.6 65
15-26-
591 20 21-234 | 63 16 38 35
15-26-
593 80 17 65 0.323 | 3.2 80
15-26-
595 60 17 65 0.828 | 5 70
EXAMPLE 10

Identification of DOM15-10 variants

DOM15-10-11 was analyzed in further detail, together with its parent, DOM15-
10. Sequences are shown in FIG. 16. The dAbs were compared on the BIAcore for
hVEGF binding at the dAb concentration of 100nM after incubation with trypsin at a

concentration of 200 pg/ml. The reaction was carried out for 1 hour, 3 hours and 24



Identification of DOM h-131-51 1 variants
DOM h-131-203, DOM h-131-204 and DOM h-131-206 were
wa@raBgzads i n further detail. They were conpar eBCDGBRIV8/050399

Bl Acore at a dAb concentration of 500nM after

i ncubation with different concentrations of trypsin

(ranging fromO to 100 ng/m ) jpyvernight at 37C. The

Bl Acore traces are shown in FIG 7. The results

clearly show that both variants are nore resistant

t higgurd &18777C R@th%gitatidﬁ (Qsmipﬁgl Yht BIAErD tréts 0 RSN AR dr@hown in

of trypsin (100 ng . Two of the dAbs, DOM h-131-202
CD(IJ)%I fbe regylt Ql%ly sb@Wé thit g1 SelspHpd Y &EnkISIRRIC wistsknt than the

th&rént FP@@%{% %@15?4 Rour &6 Qlfn R Rt

prot ease |nc ing Teucozy el astase and pancreatin

under thegpoo ms1stamoﬁnsf tHe bod pivbiic ab@v@vamlwﬁxampmdfogammmg

5 7 QBT LR AR sBRE H LEEACE: STl PR by e cxchanged

agRiPBH andl conghahrasesmg/as!t eslug EhﬁroE’duAa@g ﬁhlxteﬂ aﬁ&ﬂ ﬂingSf
el astase and | eucozyne are shown in

e aCAVIAR S gadet BN dBrofices apdangygitad f%&o}{?@ﬁeﬂ ﬁ@urg? aa@s and 24
tryRsd &t 3oar, Qfterdthis3ind) theadadiBH bxsis bibREd $RERbAR Mdplete Protease
inhibited with 25X Roche Conpl ete Protease Inhibitor
anhilhtbhter leshand DRE, aneradl asdondog agedt, Wa9sdod.eRarBplss Wereglenatured

The wn i Fl
10 Pelon 7Y FisfisSn M R el v PN Ao £ 40 3 Triceme
angbliﬁiﬂlfbrotﬂtﬁi@wz&&taﬂm&wﬁlm Sin)éBEﬂ (ﬂ)ﬂ). fThe tdyalts stetpadstnted in FIG. 18.
They. were ﬁ%srrpar ed on the Bl Aco

at a | .
c MBI CRser T FYBN BEHNN Bfofi comgeal IIOWOWF BLAPITE SYBHE tost,
COfeRty Bht tROBin@hg hEWRS/ d"reét‘l}aﬁﬁbﬁg tHCe PR L iRted 9.
nmg/ m) “overni ght at 37 The Bl Acore traces are shown
in FIG 10. The resul ts clearly show that all three
vari antsy a e resistant than their parent to
15 pr ot eol ysi é/ﬁ%t 1i gh concentrations of trypsin (100
ng/ m ) .Flammchhﬁﬁteﬁ@élticmrcd D00 S-2BG52 QRd E@rl\élfal@mariants
conpar th the st a ot her
o oF easts At wh TG et Pufn B S e S b RS G o
ungl@drmifienkamgitid 19&%215@@15 pde ehsRRAYEOMcl Hedaw i A B@%8se in Tm.
concentration of 100 Al t hough the results were

| eBhe rapparenthoyRan T 9@12&3 t The s coptelatipe Rerw@ab the dpypste desistance
20  of DOM15-26-555 variants and melting temperature. The lead DOM15-26-588 and

DOM15-26-593 showed improved Tm, but the other clones did not. It is worth noting
that both DOM15-26-555 and DOM15-10 parent molecules have much higher Tm at
the start (63.3-63.7°C) than the DOM4-130-54 and DOM1h-131-511 parent molecules

(Tm at start: 57.9-54.1°C), but overall the protease resistant clones reach a Tm in a
25  similar range (average Tm of 65.1°C for the DOM1h-131-511/DOM4-130-54 variants
and average Tm of 64.9°C for the DOM15-26-55/DOM15-10 variants).

Table 13
Name Tm °C
DOM15-26-555 | 63.3




i ncreased resistance to proteolysis conpared to parent
against all proteases tested. The Bl Acore traces for

web@siiages and | eucozyne are shown in FIG 11. P@iVIGBR008/050399

10

each dAb was treated with 100ug/ M sequenci ng grade
trypsin for 0, 1, 3 and 24 hours. The reaction was

i nhibited with 25X Roche Conpligie Protease |nhibitor
and the reactions were run on a 4-12% Novex Bis-Tris
gel. The gels are shown in FIG 9. EXAMPLE 8 Further
clhpoagiiserg-zgt ijlom.of DOM 1 h- 131-51 1 and DOMA- 130-54
riants The dAbs were first anal yzed using

| POMISG-289 Sc®nni ng| Cal orinetry (DSC) to deternine

Vv
D

\AfﬁﬁﬁW n trypsin resistance correlated
Wi an increase innefting tenperature (Tn). An

[

[

1

c

I NDORAISE24-F0X riygdsi N stability does correlate with an
i pcrease in—Tm{(see Table 9) Table 9 The DOM h-131-51
REMIvel) dAbs GRef e al so conpared in a NRC-5
PASRA| ASSa; 4 see| Table 10). In this assay, the

ag];) |1V ? ng thea%Ngs tp neutralize TNFa stinulated |L-8
rel ease was neasured to determ ne whether the increase
Ie]? £ It E:Zl c I abléelf A ts%/ ﬁ(gr?[%&%(f lilj}latrgceg)foqgﬁ]ghen%saesse{ynand BIAcore kinetics
trygs infeafi6d ot dRRdmeARshetier tHe@n@sHayn irsdiistigmad aldity a
unaf fected. Table 10The DOMA- 130-54 derived dAbs were

t edacEgsq i cHfiRer eHp ey e thelrgityitned By dAds élé@e jafsay M@y substantially
Stl!ul treliegof On S @RI THdladiQ ol BhieatPahl il N of

- teo IB Rln(seeVTabI eerlsl aegﬁe? activi ti‘/ of
trypS| n resistant dAbs was unaffected in this assay.
Tabl e b MPLE 9 Identification of DOMLS5-26-555
vari ant 5-26-588, DOM 5-26-589, DOML5-26-591,

and DC]\(ﬂlan@?@ 593 Were ardyad) | n furkhemndet ai |
tiogether with theilr parent and two additional dAbs,
DOM 15-DOBLISES-33d DOM 18-726- 595, whi ¥hl werk cr eat ed
by Ut 398 NES X4 Corrbi e mutatf ons 59

DOM15-26-589 1.94 9.6

DOMI15-26-591 16 38

DOM15-26-593 0.323 3.2

DOM15-26-594 4.09 15.1

DOM15-26-595 0.828 5

DOM15-10 10.23 23.6

DOM15-10-11 3.58 14.6

Advantages of an enhanced Tm

Most proteins — including domain antibodies — exist in two states: a folded state
(which leads to a biologically active molecule) and an unfolded state (which does not
bear functional activity). These two states co-exist at all temperatures and the relative

proportion of each state is usually determined by a constant K that is a function of the



that woul d have the greatest inpact on potency and
stability (E6V and F100S/1). Sequences are shown in

WO-R@s8/11943 Cl ones were conpared on the Bl Acore POCT/GBYHB&B50399

10

15

20

25

30

bi ndi ng at the dAb concentration of 100nM after

i ncubation with trypsin at a concentration of 200
mg/ M. The reaction was carriggzout for three hours
and 24 hours at 37C with agitation (250 rpm. The

Bl Acore traces of the best clone, DOML5-26- 593, and

t hign@ar @nstadt 6f SIRMNard dunfdifing 1Bhc LEIRRE tohSHindrs isAlsBally defined
presented as a chart in FIG 14. The results clearly

shnthe waemmyre giavhighKs=larie. the tenpeaiistaghich phgraghien b folded
p
PR SRR SO FLAS O By b i
p astemlizingandadesmbidixmgiimeanddgcutan mri¢macficans efia pptamand therefore is
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254igh 0 teﬁfp@faﬁirﬂ pPM Suffe@ehpokitibn, brégure infieaceK @hd therefore the

grade trypsin (Pronmega) and incubated for O hours, 1

hotiflting taigngFduiand 24 hours at 300C. After this tine,

the reaction was bl ocked with Roche Conpl ete Protease

Inhibitor (I1x) and DIT, as well as |oading agent, was

added. Sanisled profneate naty dargels fQ:frdegliad@iqmirmpfn@Isisraft: (1) exposure of

10(9sucfﬁde R S ?nfcreegecrrl]sk[ss %%Xlﬁatlon or I (Rl,cte i 34 '\%II\{eén g}%_cir%l(l)r(;{cs’tances,
cneg el NS were s?a ned Wt I

( | (1) enhbheed t@skibdng ﬂakﬁllﬂjﬂ ewduiis Aufol KEotedlytic Tdaetidnsy(is) eﬁ’(posure of

resi stance profjile of DOML5-26-593 in this experine

v alSPage ?%Hﬁ\“ﬁsﬁ’ B BErT & BIRERFSIH Vi fred® BTOATASF ““ng pro Uction

exReEdstRNhd tC4ggeNet POtdalRldutlhf HONRMCEHR phdtebBRCIIIPng-term

conditions may influence the final result of trypsin

c| weregy end Nprexphaire 8kaggmEMiospRge sgmehtsdedsie tq mter-molecular

ot (%%bééaﬁﬁ? %th?J tréc%?’ltatlgﬁ ﬁ%h ca%g,l gsl cﬁlptr&[emtlm yé}lt%/ protein

t h@npmopel froes wfivithkappcidl ey 55151pmm;1&g1 bﬁoﬂtSto&i) sosure batch
shown in table 12 bel ow.. .Table 1 10
g i e o e N
anal yzed in further detail, together with its parent,

DOML5- 10. Sequences are shown in FIG 16. The dAbs
wer e coppaEgPiateinsthevepeasesgiby evolution to adequately perform at

body temperature and to be readily replaced via homeostatic mechanisms. Therapeutic

proteins manufactured through biotechnogical processes face a different environment:
they are frequently produced by recombinant DNA technology in a foreign host, are
expressed at higher amount in large vessels, undergo very important changes in pH or
buffer composition throughout downstream processes and finally are stored at high
concentrations in non-physiological buffers for prolonged period of time. New delivery
techniques (e.g. inhalation, sc patch, slow delivery nanoparticles) are also adding on the
stress undergone by therapeutic proteins. Finally the advent of protein engineering
techniques has resulted in the production of enhanced or totally novel therapeutic
proteins. Because most engineering techniques are in-vitro based techniques aimed at

altering or creating new amino acid sequences, evolution processes that have gradually



hVEGF bi nding at the dAb concentration of 100nM after
i ncubation with trypsin at a concentration of 200

worguosil491dhe reaction was carried out for 1 houPCT/8B2008/050399
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hours and 24- | | | - hours at 37C with agitation (250
rpm. The Bl Acore traces of these dAbs are shown in
FIG 17. The result clearly shoys that the sel ected
variant is nore resistant than the parent to
proteolysis after 24 hours of trypsin treatnent.

Tr ygsbvedasoStaneseind dd Ag thiegthRNkntdRsHahe i priR s dF Sid-
exam ned by running treated and un-treated sanpl es of
somtipmbperf@piapegsyithgegards estrigisesiByfcker exchanged to
PBS and concentrated to Ing/m. 25 ng of protein was
mxed wwth 1 ng of sequencing grade trypsin (Pronega)
and i nclizgt@aidue of thelpoesest, invenhion pims3it npurdsiciag @n@4f the conditions
hours,,at _300C., After this tine, the,reaction,was..

BRI RS By, e aran Brolviis RTRKT B oPepiidey ce
anighniinbglodglineihgle dsriddaddmgn oge MfusedasthadoReses Harplhes major
were denatured for five mnutes at 1000C . 15 of
edClf 8akpIcacadelingrd PrfRnNoERstats 20yPrricelepBugEry that may
andsf iﬁtaeﬂr&%m\%ﬁ?arﬁi%gﬁ&%@l itk s AUEGR V8156 tesded TN ability to fit
results are presented in FIG 18. In this case, the
t ryplsintha awirgnment itgs périfdraningpinr dihastreecopseis reprpduged fneone
B Rl bR b BB b B LB g varins
EXabRtdEand dxpbdst e protdaas. ae b e¢doad bcpthOfepEithite dvabarhdi

and DOM 15- 10 variants The dAbs were anal yzed using
Di $ECEAMH 2 iR gt Ay thase PYeIp padgnty t&aaé@ff% PUviaEed

W\mfégmaﬁ&h@y thB pF RS aleMblety BREARe WeHItBE ARLEafPhEREARL Rlovered,

h an increase in Tm The results are shown in Table
13cg, thesenplsaffingy priefication prasessweend { epanpipg s The system offers a

resj - 26 varj. . ' -

[ R BB ol B 0RO 10 A B RO, AR bH enepgine can be
s hfaweldwithn wadee dangmof baridittolne, egtahretigecif @n@sasel, dt nglier | t

is worth .noti.ng that both.. 5-26-555 and M.5-10
patoBRTNIAEP S (T @gﬁ%@%e%ﬂt@f%?%h@%ﬁﬁ%@%%%@m

( 6B83mPei@RrosCrhdshBR /4 oMo ib3P offdrs anskaRM desiks gﬂotéﬂs that may

parent nolecules (Tmat start: 57.9-54.1 0C), but o
oVRI RN apdh eerppip ptalls én ¢ wides famge ob roeBmeRia H19n ghopprflicl ogiginate

Mﬁ?ﬁ%ﬁ@g%%éf%g}&_ﬁg@gT@%%%? gcr]]r%é 91'6te(:ﬂﬁ)logical industry and for

the area of therapeutic proteins in particular.

EXAMPLE 12: PK correlation data for protease resistant leads

The parent dAb and a protease-resistant dAb in each of the four dAb lineages,

were further evaluated in vivo (see Tablel5 below for list and details)



and average Tm of 64.9C for the DOML5-26-55/ DOML5- 10
variants). Table 13The dAbs were al so conpared in a

WO e@sfian3 bi ndi ng assay and Bl Acore ki netics We€EGB2008/050399
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nmeasured to determ ne whether the increase in trypsin
stability had led to a decrease in efficacy. However,
the activity of the dAbs in thesassay was
substantially unaffected or even inproved. The results
are presented in Table 14. Table 14 Advantages of an
enhancemhbfgrsMost protei ns i ncluding donmai n anti bodi es
exist in tw states: a folded state (which |leads to a
blologlcally active nol ecul e) and an unfol ded state

( ook trrpear | at Vi €S
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hB1lconst ant51K i s deternmined by |[the stabilizing and
dest abi | i zi|MOMnh+lahol| 8wy bighi ntjedact | pae4Df a [pbbtSebht
and therefgreeis primarily deterlm ned py the anj no
acbomsisquenasopf siilpe prewel n. EXtga nsi popaganet epss1546

such as tenmehmt §re. Biigul T er C@UPOS 659 P ESMY1S31
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fay_g_u_r_g_allt rnf eol \Ifl Cc reacti exposiure of

pepti de sel rrenEsRosf/Iiebrs targets to%Bprot eases in vivo,
to proteaSEL UMY af"?ﬁfﬁﬁ&fs TR P oEesees and to
carry-over proteases during downstream processi ng and

| on g- t Q\';om &JZ\Q 538 is %gnt(zérs\/a)l oj%@@ﬁé&%% epetnpllf ed above in thls patent application.
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1 is low

2 is moderate
3 is good

4 is high

5 is very high

Then this means that the trypsin resistance of the parent molecules is:

DOM4-130-54 1S Good



In nature proteins have been designed by evolution to
adequately perform at body tenperature and to be

wo e@dilhot43 epl aced vi a honeostati c mechani sns. PCT/GB2008/050399
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Ther apeuti c proteins manufactured through

bi ot echnogi cal processes face a different environnent:
they are frequently produced_lygreconbi nant DNA
technology in a foreign host, are expressed at higher
amount in |large vessels, undergo very inportant
changesponipH3orsibuf f @ cogpesi tion t hroughout
domnstrean1processes and finally are stored at high
concent?@MI8nd i n noniphysitéWogi cal buffers for
Pro'°“9§ﬁwﬁ%@é¥bﬂﬁ tigre. New delivery techniques

(e.g ation, sc patch, slow delivery
nanoparticles) are also adding on the stress undergone
by ther u s. Finally the advent of protein
engineé&?ﬁ hFéS ﬂf@%@ﬁ ‘has resulted in the production
of enhanced or totally novel therapeutic proteins.
Because npst en |neer|ng techni ques are in-vitro based
t echni fd@¥4al 2at alt eri N§YOHERr eati ng new ami no
aci d segyeNees1-@¥0! Utd on Ripcgsses that have
gradual | yi mproved bi ol ogi cal “proteins do not take

pl ace, PENdé- M%bbltln@ i n plight ei ns of subopti mal

per f or gy ? j{lg] regar ds fQStress r esi stance. The
technlque 0 he present |n¢%nt|on aims at reproducing
one of the conditions faced by proteins throughout
Dar w ni.an evo] ution. Peptides r pol ypept i de

i mmnogIFfE?B‘ﬁﬁe"jlﬁH@inr?é‘I“@O‘sﬁsr‘?rSBm HOVER (213D Hicy dBiapidly

W G108 Rb8aBESrdu@bn BhEYivadr B8in ctlﬁﬁllﬁdéeﬂ tid 1884 @lomerular
renodel | ing and protel n honmeostasis. Any particul ar

muilamtiomeutiedt is pegrers@ddiatand theseforesreilproiking sieph as #pborsdot
f| it

}etaﬁned 11!1 ﬁje cﬁgﬁléfﬁ(\%pas tﬁer?ééﬁ%? Fh%&%é%lgeelglg%e 5 "ﬁjge?elkfglj.e, ﬁnﬁolr(ge? to
prcmahmte thtslolng prochfteed off resGracetoolicmenin oo, meeag)dcemémt
i nve. n: ertoire of peptide ti
v e i B rieases Sl icae ogPo SLREH arpfpaghes (e
S eelm OF SthsiBas, hiba@miERBIoh Oét&)%@fng\aae;ttamlﬁg h&3f-ERMaIE &M reported
with a speC|f|c tar those protein variants

t hiatthqlafgetugedn i %@@tgmatb%lﬂ%@in BytiRogees ha kegs dagged (or
abfoﬁn&t%dgafgtﬁgﬁe I%M )}goli]tlélh(?f tfl@fllﬂa %@ﬂ aﬁlﬁ% ?fn@ format offers two

recovere purrficati
prnbes@gma@bmchh%mphnmzmgﬁheﬁhemsgdﬂbﬁkoﬁFéﬂdeMmdmbdMge
of adva es in co ari n vi.vo ocesses: ., th

o PR SR R R sl Hoac B ik A TR i b e FeRn
C Oﬂadéﬂt(erthSo k@@v 8s TRa@8c10T re@pRire ah@Srecaptorid BB&Ized in epithelial

cells, endothelial cells and hepatocytes and is involved in prolonging the life-span of

antibodies and albumin: indeed upon pinocytosis of antibodies and other serum
proteins, the proteins are directed to the acidified endosome where the FcRn receptor
intercepts antibodies (through binding to the Fc portion) before transit to the endosome
and return these to the circulation. Thus by tagging the Fc portion to the dAb, it is
ensured that the dAbs will exposed for long period to two at least compartments — the

serum and the pre-endosomal compartments, each of which containing a specific set of



concentrations, for longer tinmes, in different buffers
or pHs and at different tenperatures. Thus this in
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that may performand remain stable in a wi der range of
environments than those they originate from Cearly
this offers nmultiple advantaggsyfor the

bi ot echnol ogi cal industry and for the area of
therapeutic proteins in particular. EXAMPLE 12: PK

C ofrbRbBAIL @hzyalk Anfa@ditioh, ahE€BSen fe§tSiimdtiathL@hScytb®s whereby Fe-
parent dAb and a protease-resistant dAb in each of the

f oRFRITBRBrofGiHaRgEEC tagddroythesarawyalluspes- i n vi vo (see

Tabl e 15 below for list and details)Tablel5: Note:

DOM 5-26-501 is a parent version of DOM 5-26-555

exenpl i Faredttiapewth Herwishicsonpaiskert byafuping ¢lat geom endodivig the VH and

5-26-B55 has one ger.nm ine am no id, mutation in CDR .
O SRR TR oBRSe ik i B JRGT P ik Eh B bPatle peprce
t hiadkeP@VBBIdP6- 555 (52C v 63.3C) and an increased
susceptibility to digestion by trypsin. DOML5-26- 501
was chosen over DOM 5-26-555 for the PK study as it
is a betdgrvii aRLESRREALEYE for poor stability in

5-26-5

conpari son to DOML5-26-593. W can translate the
resistance as follows: 1 is low 2 is noderate 3 is

good 4 jis~hig i ' i ns .t t
cro0 el SRk e R RPeR P L e Bt P
130-54 is GoodDOM h-131-51 1 is Good DOML5-10 is Low
DOML5- 26- 501 igb ow As for the sel ected | eads:

pova- 13 80X f imedh DOM h- 13 1-206 is Very high

DIQ......... GQGTKVEIKRTVAAPSTHTCPPCPAPELLGGP. ..(hIgG1Fc)...P
GK*

Material was produced by transient transfection of HEK293/6E cells using 293-
fectin (Invitrogen) according to standard protocols. These cells are designed for high-
level transient expression when used in conjunction with the pTT series of vectors
(Durocher et al 2002). Thus the dAb genes were cloned into a modified pTTS vector
(pDOM38) to generate the Fc fusion expression vector (see Figure 21). The supernatant
from the transfected cells was harvested at 5 days post-transfection, clarified by
centrifugation and filtered through a 0.2um filter. The dAb-Fc fusion proteins were
purified by capture onto Protein-A streamline resin (GE Healthcare). Protein was eluted
from the column in 10mM sodium citrate pH3, followed by the addition of and 1M

sodium citrate pH6, to achieve a final composition of 100mM sodium citrate pH6.

The dAb-Fc molecules were tested for in vivo half life in the rat at a target dose
of Smg/kg into female Sprague-Dawley rats (n=3 per group). It should be noted that the
target dose vastly exceeds target concentration in rats, so it is expected that differences

in affinities between parent dAbs and trypsin-resistant dAbs (see example 11) will not



DOML5-10-1 1 is Hi gh DOML5-26-593 is H gh Because
domai n anti bodies are small in size (12-15 kDa) they
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injection. Indeed the renal glomerular filtration
cut-off is above 50 kDa and therefore small proteins
such as dAbs are not retainedjg.the circulation as

t hey pass through the kidneys. Therefore, in order to
eval uate the long termeffects of resistance to

prigipRasesthé Mitd/dfithe moRchidgidomRIRnaNdiffbealis sn PK thhofdles between
noi ety that increases system c residence. Severa

apprsaEnepepted g refegtonpp apiigangpdererdaptipiTRINATQY RFACEset ¢)
aimng at extending half-life have been reported in

the literature. In this application the domain

ant i bodBlesd senvdesoren takag ghet (@, 1f 6824, 148d]2, Wbt RO0tand 1B hours

portiop .of the man lagd anti body. This for of fers
ot AN ot B s S P L i b
I eBRl, tTINTR 1GALAEGE histiged 2kddarc\wldagh) 1S | arge enough to
ensure retention in circulation, (ii) the antibody Fc
noi ety binds to the FcRn receptor (al so know as

" Branbe|it | R1eLRRR Ohptufd A §saf€cept or is localized in
epithelial cells, endothelial cells and hepatocytes
and i s Conyolithddgind prtohldbatRng the |ife-span of
antibogggc and al bum n: i ndeed upon pi nocytosis of

anti bodi eS” and ot her serum proteins, the proteins are
di r ect esldd 800hpenladildiiiRiled endosonme where the FcRn
receptqg%Lntercepts anti bodi es (through binding to the
Fc por t4¥hmd8Sore transit to the endosome and return
these t19qtbN & ifhi dnfilHudiah @0-HRES1: Py 00@90i ng the Fc
portion to the dAb, it is ensured that the dAbs will
exposed for long period to two at | east conpartnents

t he ser - = mal conpartments, each of
whi ch é@ﬁ%%?%?ﬁ%ggﬂ%%ggl %§QSet of prot eol yti c enzynes.
I n addiCeaowjthtOhieghkolReTNEREPt or nedi ates transcytosi s
wher eby_ Fcbearing proteins mgrate to and fromthe
extrav&?@%far space. Formatting with Fc was

acconpl A&haehpny fusing the gene encoding the VH and VK
dAbs to the gene encoding the human 1g@ Fc, through a
short ﬂ%@@ﬁV@ﬁWﬁ@*ﬁ@ﬁ@ﬁ@gﬂﬂ?@kbﬂo@ﬂm bold): For a VH
dAb (underli ned):

VEGF Antigen Capture Assays:

Coat with 0.25ug/mL VEGF

Block

Add samples

Detect with anti-human Fc HRP @ 1:10,000

Raw data from the assays were converted into concentrations of drug in each
serum sample. The mean ug/mL values at each time point were then analysed in
WinNonLin using non-compartmental analysis (NCA). The PK profiles of ecach dAb-Fc

pair are shown in Table 16 which summarises the determined PK parameters.
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Mat eri al was produced by transient transfection of
HEK293/ 6E cel | s using 293- fectin (Invitrogen)
according to standard protocaolj$g.These cells are

desi gned for highlevel transient expression when used
in conjunction wth the pTT series of vectors
(Durocher et at 2002). Thus the dAb genes were cl oned
into a nodified pTTS5 vector (pDOVB8) to generate the
Fc fuszWké%breSS|on vect or (see Flgure 21) The

sgpernatant_fromthe (ranstected cefl taryested
at!s days %Et t ransf pHeif&ifc ¢ AV é‘bm&/ /o AUC
centrifugation and fi|theyed thr@uglyaLXndime)f i IBxetpolated
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|]5mt1§4p—l§h1§pgipwed pyoghe adlcélot7|50n of and Ilg(bsodi um
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rtrate L Ho,— t O achieye a final (,UllpUbI tTonm off 100TM

o120  ThESHAD- Fo| AdBEcul es wer e |4t ed
OoHMSN 546 V05 mglf life|linrthe rlafp4ad a target dgoxe of

Cc
Cc
S
f
o s PR P S T o vorand B ast iy
e
e

oTTOUT—o 1T

xDMSd§45 At §26-50bncent tafi on iMrats, so it is$5.1

X@%ﬁ?% 5’9—5635? er esfg_(;a | QAaf§d4n7| ties betvvee 512 ent

OO — -

d O0ADS—(S€t CAaupl €—11) i

noti npact on the fate of the nolecules in vivo. Hence

di ff er ereassults cRiIPmafdatcaBatbai MR the ®ADS0AIE oEHi emoqct pairs 4-
to refl ect on an anti gen-i ndependent imnatio

pr l%)e%"sto 18t 136 2 08 dffpt  west i inaRasehe aﬁlteenm@le@garyyvldley wath the
théx%alrz %he%@fect}%(% Ay 188,18 %E&AI@J@E 1§9dﬂs{&1k1%lif @b IAQRE/D of

After clot formation, serumwas wthdrawn and then
t ekt e@lisionly2% RF thatkdFR 1 0ot L. VEGA LKHDI cgéﬁ 20&i$tlus enly 11% of that of

as s, Coat W .

s SRR EoREE  LRE bl Raptves: 42
versus 56.6h for 15-10 and 15-10-11, respectively. A greater difference is seen with the
DOM15-26 lineage: 12.9h versus 86.2h for 15-26-501 and 15-26-593, respectively.

Indeed for a good PK analysis using non-compartmental analysis, there should be at
least 4 data points used to fit the linear regression slope and the period of time over

which the half life is estimated should be at least 3 times that of the calculated half life.

In light of the biophysical properties described in the examples herein, it appears
that the ability of any given dAb to resist degradation by trypsin is correlated with the
ability of the dAb-Fc¢ fusion to circulate for longer period in the rat serum. Indeed as
shown in the examples, such as Example 10, DOM15-10 and DOM15-26-501 are the
most degradable dAbs: incubation of 25ug dAb in the presence of 1 ug of trypsin at
30°C for ~3h resulted in complete degradation. All other dAbs in this study (whether
they had been selected with trypsin (ie. DOM15-10-11, DOM15-26-593, DOM4-130-
202 and DOM1h-131-206) or whether they already had some trypsin resistance as
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@ 1: 10,000 VEG- Antigen Capture Assays: Coat with

0. 25ug/ mL VEGF Bl ock Add sanples Detect wth

anti-human Fc HRP @ 1: 10, 000 _RRagv. data from t he assays
were converted into concentrations of drug in each

serum sanpl e. The nmean ng/nL val ues at each tinme point
WepLerlt ARleca Rl BORML- 1 30-3¥ ANADGMI hUSi K 1)) have comparable PK profile

non-conpartnental analysis (NCA). The PK profil es of
ealBfaty ﬂfb@@@-@&matte&rletom malepaps. d hyg thepregent PK study suggests
B R e B DR TR oo T B aos
of whdnetholsélilAfbs hped vesy bw %3GtaBek tbprdtbelsig 1t #@6shawe that — beyond a
al npst_.superd nposable the profiles,vary .w de Wit h

© HEP i B PP SR et R e ith sty DOM4-
AUGOR2065 DONVSI- O3- 84 dotndesidhiitdatigfadd ap 1dthe Sbivin} of HSdABIFc
that of 15-10-1 1. The AUC/ D of 15-26-501 is only 11%

of Mplsgiyle & furtheradovs dawn qlifaationiggioant di f f er ences al so

i mpact (to a |lesser extent) half-lives: 43.2h versus

56. 6h for 15-10 and 15-10-1 1, respectively. A greater

di f f er elndlered sassseeicstionnn theerSOMES L 26 psin mesalfed inRwgholecules
ver sus 86, 2h, f ar -.26- 50 nd .15- 26- 593

¢ B BeRGen da AR 08 RO AL Koty pgvie- 130202
NODOJOIMPERT108Rha DGVIas-261593. THeare stadpinkitatee that — ireths predent
da(iﬁa poi nt&iinused to fi.t the lLinear regression slo

an

pe
e PEINg LR ives BYIEP AfAUBY PEFEISHAI'G rafiopalize & observed
espi pRirg: flaesd 9ol ! sato hRaHigh3r i bORI150f0-1 Nend yet is more
e

calculated half life.
rapidly cleared than DOM15-10-11 from the circulation. Elsewhere, the two dAbs of
the DOM4-130 lineage have markedly different Tm (by 10°C) and yet show almost
identical stability in vivo when formatted into dAb-Fc molecules. It should be noted that
melting temperature is not per se excluded as key parameter to predict in vivo stability.
It just happens that with the present dataset, large Tm differences (from 54°C and
above) have not a significant impact on the fate of dAbs in vivo. This doesn’t exclude
the possibility that at melting temperature lower than 54°C, the in vivo stability of dAbs

may correlate with thermal stability, or perhaps even with thermal stability and

resistance to proteases altogether.

Example 13
Trypsin selections on DOM10-53-474

Trypsin stability of purified DOM10-53-474:
DOM10-53-474 is a domain antibody which binds to IL-13 with a high potency. To
assess the stability of this dAb in the presence of trypsin, purified dAb was digested

with trypsin for increased time points and run on a gel to examine any possible protein



In light of the biophysical properties described in
the exanples herein, it appears that the ability of
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correlated with the ability of the dAb-Fc fusion to
circulate for longer period in the rat serum |ndeed

as shown in the exanples, suchpps Exanple 10, DOML5-10
and DOML5-26-501 are the nost degradabl e dAbs:

i ncubation of 25ug dAb in the presence of 1 ug of

tr yeRpeddatié. 28 UCof AlrificdDaSeUss g4 ian1 SRR WiSincubated with 1l of
degradation. Al other dAbs in this study (whether

t hegudnghgigeads typbiact baugimltah39%C0y p@ukﬁlng iremopONEatiQ ofi23: |

O it Fho Piecbitla ARG A0H BN, 6 A3 GO0 & protcase

aSMﬁﬁﬁWammﬁéﬁfby(Mﬂﬁn o301 5?1R(aﬂhd c&%‘lefkplratlaéélnﬂll)ﬁors
have congarabl e PK profl le in rats when re-fornatted
i nfoJoyabLymenRntion an és: wm%samm‘“ewm Badniy plding pygigase inhibitors

N “@%%t@ﬂﬁgﬁ%dﬁﬁﬁﬁ%ﬁ I? 1 b Yante &E@%u%?éq%%tﬁz d;ﬁ&g@rséﬁ@

bi ggest i A Vi VO st a
t hﬂs@ro@l@@ssmasIEg Larchipl anw)rd&gltstrmnmfecmmmmbml s. It
al so shows that beyond a certain |evel further
increnments in resistance to degradation by trypsin

( erigure DONMAowd 3Bl 206 with XOWA1 3-30- 454)ncﬁ9at&9§wth (‘?/Kks)m for increased

significantly add up to the abil |:#;
mn‘llfé% neigtst Borfegrphdsongng Wi the wWiypen is ﬁ%bé{D@Ml‘ﬁrW%I‘ﬁas also

t
£ D G AR Ry REbTaARA o NFARGERFNAGAlact AY BRI in the figure,

I N’ 'new no es with i ncreased therna
st ROM 1i5t36- §tpetbdlsexthbibye ieh @ ftersd 4thi m@bﬁtecnpmﬂatrwsa) H@@IVHI

13Q- ! lh- 1 - 206 and 55 26:593., .The
331385&%%?9%( '8 Beﬁrﬁ‘iﬁ‘td]‘f’ A CEan BzftSD‘gwe"Wter %‘ﬁ% Juidpoking ftf‘lhl& at lhand 4
t eNHRE pbumEse Thése Aot saf e g BV PR 3RS @rrediQant to degradatlon by
rationalize the observed PK Proflles i ndeed DOML5- 1

ha&Y PEITHP GrfeTaiTgiicRa RUDONet a5 stablg.ag one gifge ot tnépswﬁ@@le dAbs
rapgbils.&.ey ed than DOM 15- 10-1 1 fromthe

circulation. El sewhere, the two dAbs of the DOW-130

| i neage have markedly different Tm (by 10C) and yet

| nD wh f d
e AR R bt Ao B DRAM B ot ed that el i ng
t er%)sgs?ds lﬂlﬁ@trﬁ&ri’ﬁﬁe:bﬂﬁggi :rof tpl@gem@pwgiaﬂwaeys pﬁ] attrmgeﬁé efid@ding
redal c 1IN VIVvOo anl S at W
'to HeONHEstht’ %%%Sa@@%ed Hiltaé‘é%N nsﬂtafi ?é@%ﬁ@ézﬁeépb%ﬁdsﬁ@ge produced
anﬁc@t@%‘é@b sRANRI ﬂa‘%hnlauecs' B E%@BﬁrlﬁmE@ BrdcBafi, G-

Abs i n vivo. This doesn't exclude 't he p033|b|I|ty
th‘altSpf’alﬂedrEllliBﬁgldténlpér ature lower than 54C, the in
vivo stability of dAbs

Phage displayed dAbs were incubated with trypsin for different time points to evaluate
trypsin resistance. Following incubation with trypsin, stability was measured by titre

analysis following infection of exponentially growing E.coli TG1 cells.

100 ul of phage was incubated in 100 pg/ml trypsin for 1h, 2h, 4h and overnight at 37C,
in a shaking incubator. Trypsin activity was blocked with Roche complete protease

inhibitor (x2) and then phage was diluted in 2% marvel in PBS, incubated with 10nM



may correlate with thermal stability, or perhaps even
wth thermal stability and resistance to proteases
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-474 Trypsin stability of purified DOM 0-53-474: DOM
0-53-474 is a domain anti body which binds to IL- 13

with a high potency. To assesgpjihe stability of this

dAb in the presence of trypsin, purified dAb was

digested with trypsin for increased tine points and

I Uslo@iyl@c®El-13 fbr%ﬁ@ﬁ@)ﬁ%t ﬁU&)Yn RA$siall€ Streptavidin-coated beads

pr ot ei ndegr adati on. of purified DOM 10-53 -474

at (Dynaggaas Mng) (llwetﬁwpéalawv@qﬁ pre-plockstd feiepsdivur #gogyp ddhaperature
LI YRE hay, rﬁ&rvé:lqgggg Ws aﬁ@&icand e 'rﬂ&t'uf&gwésr{ggpllngl%é lfor 5 minutes at
rat1 o of 25:1 trypsin. was | ncubated wt

t rippsi temperatutdl AllAH ﬂmmc:lﬂnhmastdps wich Pyadtbeadsevac t:armr:d yut on a
was . neutra

o SBREe R B Rt st N CuRiT B (B e et tme

Ti with 0 ngafpl1€, WasSen BT HBS. @d)dmmgha@e Hag aRed Wikt ®5in0650. 1M
to dAb wi thout adding trypsin. of sanpl e was

suBlyetg @kt -3 antheguirabepdpyithe] (et P%Wéﬁ’f@éﬂ@L 05l §¢ Hleted phage was
B OO LSRR 43y O GO et s
t ylﬁianemwfemrmcu’matedasbﬂ’d avemigioiand sololocovamaae inaden Phag: output

of .th rypsi.n st abl dAbs, 26-.5 I )
0 i B bR s T R STHE SO0 Aot ENeBS s decreased
al WRGSihElateASViSNOMini Br bR aded licSpoitdOM i 228 e BBatlod @K phage

stabl e even after 24h incubation with trypsin.
HowesdigestadoM  0- 53-474 i s degraded to a certain extent
after 24h, but |ooking stable at Ih and 4 h tine

poi nt s. These data suggests that DOM 10-53 -474 is

r eBabdd hhtOlltmlt tiegy eidatpsorseloytians ppsomedonghegr displayed DOM-10-53-
exlﬁnt E is not as stable as one of the npbst

tryp E 't abl e dAbs DOML5- 26-593. Trypsin stability of
phage di spl ayed DOMLO-53-474: To assess the trypsin
aved DOM 10-53 _A7A the gene

stability of phage displ

endsarHYOOwSN meubationq s TEYRSBEPICARIEAtRN /Not  si (& Cof

pULJVlid cjj-tlr)g) alue)onﬁgp pna e pr OGUCG_G accor di ng to 3X107
C

st andar hni gues. Phage was purified byl PEG
preci pitatidm, resuspended 100 pg/ml 1x 10
2h 100 pg/ml 7x10°
4h 100 pg/ml 5x%10°
overnight 100 pug/ml 0

Selection of dAbs more resistant to trypsin:

In order to select for dAbs which are more resistant to degradation by trypsin, random
mutations were introduced to gene encoding DOM10-53-474 by PCR using Stratergene
Mutazyme 11 kit, biotinylated primers and 5-50 pg of template for 50 ul reaction. After
digestion with Sall and Notl, inserts were purified from undigested products with
streptavidin coated beads and ligated into pDOMS33 at the corresponding sites. E. Coli

TBI cells were transformed with purified ligation mix resulting in an error prone library



in PBS and titered. Phage di spl ayed dAbs were
i ncubated with trypsin for different tine points to
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trypsin, stability was neasured by titre anal ysis
followi ng infection of exponentially growi ng E. coli

TA cells. 100 mM of phage wasgptncubated in 100 ng/ m
trypsin for Ih, 2h, 4h and overnight at 37C, in a

shaki ng incubator. Trypsin activity was bl ocked with
RosgiiBoRn ke, Phodigasend MthBi war .4 x2)° aadhd heroRRageacid
was diluted in 2% marvel in PBS, incubated with
10RMBteR Ayl At ed 1 L- 13 for one hour at room
tenperature. Streptavidin-coated beads (Dynabeads

M 280 (Invitrogen) that were pre-bl ocked for one hour

at Tlnromeun@tpfe;ﬁmuimE weird per@ytnadimite lthis hbiRBSowelsctdddédlys with

t t . .
O DG Fe By 15 PG PR B o P nlepBbEParR it ansigen
W@ﬁlﬁkﬁﬁ%p%@fréatﬁlaﬁtr tb @a@Up tHeNibdary @3 RioRd aiEBhes that no longer
Unbound phage was washed away by washi ng the beads

ei Rpynd pptiges With heh pifingy. %lefb)@nrwg%?ﬁr%i PR apHisM Henl Adlhe outputs
PhRGE r¥@Rl ok "J\te?éj2 Wlbhccgnp%lgd thlanlt ﬂrlM oy 6 &ﬁ%loﬁhhlgat%g%ﬁ‘ﬁ
neutralized with I M Tris- H(%L
phlaglerlmhb%ﬂbomld amtlemWélxbkgh@fﬁm‘m ly gr ovm ng TGI (I h

at 37C) and plated on tetracycline plates. Plates were

i ncubated at 37C overni ght and col ony counts were

medie: seRhaigad ohitdrotinds dfiselscticdk wevd mgfodng®sith @ mMbiokinylated IL-

trg’)sm is summarised in Table 17. Phage titres .
BHeE@ RARAS PR kb at RS Bhiney ik Wit HOMgfelof fvgein at 37°C in

ti r
di g%gtlg&e} é@g rapgf‘}eiﬁr 7segoéllg rglg{ﬁl'gtelﬁyrl(gg t@#}gl? ?{/&ﬁ%ﬁlﬁ)ﬂ%s carried out for 1
s eh eidter @trmomecmmrﬂnmt wnt PHag el hdiosfyiugsyfedn DOV 219leBBon is shown in
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Phage outputs from round 2 selection with 1h trypsin treatment at 37°C was used as the
input for 3" round selection. For 3™ round selection, phage was treated with 100ug/ml
trypsin but for longer time points: 2h at 37°C, 4h at 37°C, overnight at room
temperature or overnight at 37°C. The output titres for 3 round selection are

summarised in Table 19:
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15  selection outputs, selection 3 output where phage was treated overnight with trypsin at

37°C was sub-cloned into pPDOMS. Hundred clones were then sequenced to look for
any trypsin resistant clones. Out of hundred clones analysed, only 26 clones had new
sequences, however none of these clones had mutations at trypsin cleavage sites (Lysine
or Arginine) suggesting that these clones are not more resistant to trypsin than

20 DOMI10-53-474.

Example 14

Storage and Biophysical Improvements Introduced into the Lead DOMO101 (anti-
25  TNFR1) dAbs by Phage Selections in the Presence of Trypsin:
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there are any new clones that are nore trypsin
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sel ection 3 output where phaggowas treated overni ght

with trypsin at 37C was sub-cloned into pDOV6. Hundred
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The best expressing clones were then used to produce material at SL scale in

fermenters.

Protein purification and material characterization:

In order to produce high quality material for characterisation and further
stability studies, a downstream purification process was devised using a mixed modal
charge induction resin (Capto MMC) as the primary capture step followed by anion
exchange (Q Sepharose). Without significant optimisation, this allowed the recovery of
~70% of the expressed dAb at a purity of ~95%. The material was characterised for
identity using electrospray mass spectrometry, amino terminal sequencing and
isoelectric focusing and for purity using SDS-PAGE and SEC (size exclusion
chromatography).
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i ntegrants. Several clones were then screened in 2L
flasks to identify high expressing cell lines. The
best expressing clones were thegp_used to produce
material at 5L scale in fernmenters. Protein
purification and material characterization: In order
to produce high quality material for characterisation
and further stability studies, a downstream
purification process was devi sed using a m xed noda
ChaLR6, iaguction resin (Capto MVC) as the primary
capture steg foll owed by ani on exchange (Q Sepharose).
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10% ethanol. The percentage of monomer was measured based on the area under the

curve (see Fig 23).

Comparison of stability of DOM1h-131-511, -202 and -206
Assessment of protease stability:

The protease stability of DOM1h-131-511, DOM1h-131-202 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 ofDOM1h-131-511,
DOMI1h-131-202 and DOM1h-131-206 was incubated with PBS only or with 100ug/ml
of trypsin, elastase or leucozyme for 1, 3, and 24 hour at 30°C. The reaction was

stopped by the addition of a cocktail of protease inhibitors. The dAb/protease mixtures
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10% et hanol . The percentage of nononmer was neasured
based on the area under the curve (see Fig 23).
Conparison of stability of DOyhh-131-51 1, -202 and
-206 Assessnent of protease stability: The protease
stability of DOM h-131-51 1, DOM h-13 1-202 and
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to have greater resistance to proteol ytic degradation
by trypsin, elastase or |eucozyne in conparison to

DOM dimaBslabBlity bf thERia b ia Hl@e@iesl Baigwesn: DOM h- 131- 202
and DOM h-131-206 i.n conparisaon to

DOM h-131-51 1 is .
most  pridnEdshdedriamieg atprichpt Mcdpadgaplrcuendad fhcegreapyt glability,
W (ﬁi?fel%hﬁ‘ﬁ%@aﬁﬁh@%aio%ﬂ%@&XﬁgC) WhShLd kS mRadufERd nfehﬁfg temperatures
DOM h-131-206 i's slightly nore stable conpared to
DAV ofi@th 46D i BrittosRobinserhleuféennl BiidersRokigsaads made up of three
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possible to produce a pH range from 3 - 10 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 their greatest intrinsic thermal stability was found to be pH 7 for
DOM1h-131-202, pH 7-7.5 for DOM1h-131-206 and pH 7.5 for DOM1h-131-511. For
all subsequent stress and stability work the following pHs were used for each dAb; for
DOM1h-131-202 and GSK1995057A DOM1h-131-206 pH 7.0 and for DOM1h-131-

511 pH 7.5 in Britton-Robinson buffer. The results are summarised in Table 20.
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deamidation, oxidation or aggregation. The level of aggregation formation in solution

can also be monitored using SEC (Figure 26A to ). After 14 days at 37 °C, the loss of

DOM1h-131-511 from solution can be attributed to both precipitation and the formation

of higher ordered aggregates as determined by SEC (Figure 26B). A significantly lower
loss in protein is also seen with both DOM1h-131-202 and DOM1h-131-206 at 37 °C

after 14 days with very little or no substantial increase in aggregate formation,

especially in the case of DOM1h-131-206 (Figure 26H). At 50 °C, the difference

between the molecules is even more pronounced, with DOM1h-131-206 showing better

stability at the higher temperature than DOM1h-131-202 after 14 days, showing

significantly reduced formation of higher molecular weight aggregates (Figure 26).
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and the formation of higher ordered aggregates as
determ ned by SEC (Figure 26B). A significantly |ower
loss in protein is also seen_wyh both DOM h-13 1-202
and DOM h-131-206 at 37 OC after 14 days with very
little or no substantial increase in aggregate
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1-Bopre¢igitation after 48hr in Britton-Robinson.

The T=0, 7 and 14 day time points at 50°C were analysed by the TNFR-1 RBA
to determine the functionality of the protein after exposure to high temperatures (Figure
28). The assay is currently not as sensitive as SEC or IEF at detecting subtle changes to
the molecule due to stress, but it can be used show that the dAb can still bind to the
antigen.

The shift in the curve to the left for DOM1h-131-511 reflects the fact that the
majority of the dAb has been lost due to precipitation. The material that is left in
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time points at 500C were anal ysed by the TNFR-1 RBA to
determ ne the functionality of the protein after
exposure to high tenperaturesgfflgure 28). The assay
is currently not as sensitive as SEC or | EF at
detecting subtle changes to the nol ecule due to
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ThetoRBAs@bitiwstcéthhatat lgh ptdieinsohdthirgtigpgot ein is still
functional and able to bind to TNFR . Storage

st abi | iE’SPefi@@Iﬂ}g f‘i‘@rea‘taﬂiiﬁdg(rﬂt B i@yﬁtiga‘r@ @ﬁoséq{@g %qu]ﬁrg at +4 °C at very
EXRE BITRI S oA SR Lol b DR DR LA hese condiions.

at very
c oAl dnt leat dAdn;szvetre ceeentnovd @achrifgab ¥ ilagpip esrfoontn@ars (5K cut-off)

32%3%@%2@@&% ROuie Pt v Oisefi o R euhEl- s samplgiat ~100

Ulng @l fwerd theBIdft attGﬂ"@@(hlm?B alhb@inafsed bel sEcrt@ §ée if any other
sta le pH to ~100 The sanpl es at ~100 [/ m

wewféfswléham&eﬁ tha%@ccwred fOothe vaneRigrsdusing storags aahlahygwnwlons
eT*J sa es%é?@ GilRBY R Q%ghﬁl E%%IQ 6¢ errs%‘é column

tot uring storage at ntratlons
(nguPBSZQ%etHdmel@Mpl es were dil ut ed to ~l ny

bef ore EC co)

et hano! e SER ks EnZece fdRihe c@ﬁ%ﬁé?‘g é‘Q% npRROMIh-
nej31bEs sBeMahy $ignitrc@iandieise RAM: formbBod o 20 rgbeWaRdY days,
significant increase in the formation of agg}he%ﬁ\tﬂes

af VB§re 73 tsipds ~qhdpdicen tnfs opemerpnecaigtey o DM 3 1-511.
nmonomer concentration for DOM h-131-51 1. Nebuli ser

delivery of the | ead dAbs: For early stage toxicol ogy
anmdctsiliseridshverwof the leadelAdAbs wi I | be fornul ated as a

For early stage toxicology and clinical work, the dAbs will be formulated as a
liquid and delivered via a nebulising device. Depending on the device (eg, ultrasonic, jet
or vibrating mesh), the dAb will experience a degree of shear and thermal stress as it
was nebulised to form a aerosol of defined particle size. As both DOM1h-131-202 and -
206 have higher Ty,’s and showed considerably improved stability to thermal stress
compared to DOM1h-131-511, all the dAbs were tested in two nebuliser devices to see
how they responded to shear/thermal stress induced during nebulisation. Both the
protein from the nebulised aerosol and the remaining dAb in the device (i.e. in the cup)
were then analysed by SEC to determine the amount of aggregation generated during

the process.



l'iquid and delivered via a nebulising device.
Dependi ng on the device (eg, ultrasonic, jet or
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shear and thermal stress as it was nebulised to forma
aerosol of defined particle size. As both

DOM h-131-202 and - 206 have_higher Tm s and showed
consi derably inproved stability to thermal stress
conpared to DOM h-131-51 1, all the dAbs were tested

in two AHhseruldevire fstell & BERoMRBbihARYLUIRS MAREEthobtQtable pIl.
shear/thermal stress i nduced duringgnebullsatlon Bot h

t hEhgtdtsarsie fesisain bth Hhefirflowdippibivaseinggneshy el Pari LCH (et
r %hpée?)gwﬁjlégm tgnés J}% ?ﬁﬂ’ﬁ & o | h Foteih Bod B GHR)of ?ﬁﬁg@ml and the

t hen anal yse eter ne the anount o
agm@@amm%g@n&mmd@dmhwdl g gtahdalyencpssytel. The tesults are shown in

t ted buf f.
¢ PR B E N PR R e oo SR LD By e i Pl size
E- i kosnyuRapil tho( dA H3rgadd doghparsi) leﬁﬂﬁoﬂ:fﬁtﬁiclé-@ées(theﬁtwere less than 5
nebuliser) with run tinme of 3.5 mnutes at. a

c oMB &M BFIEPR-BROBFOo U mhegRacanati et fithed4b i tpgcup of the device

di 54 dRYHHRA b g%gorrﬁédgﬁl‘ém'éﬁﬂs ReroRe M MRF RebaRbA%h fata J&%hown) It
results are shown in Figure 30. For good delivery a

di way fobnd ihetnthi3 progein h@wd@teq@lon wigpotichange @I@alﬁcg@tbt llndicetmg that
S| I%e?the the grotem nor, Veincﬁe afe pf‘?erergiaﬁg nglrgﬂ}s)ed’ &‘urlng de RfleelrlyS of

parti Wer e
Britt on Robl Sagies b)tﬂﬁfe&YAbs'ﬁhBﬂQ@dlmeBlﬁtt(ﬁi-R@ﬁnsmh biaffer Wéio run on

in_t up of the de e s determ ned by

eSE RS W%@QW@% %ﬁ#&elam?f‘el?ror?gblaﬁq wdpeghe waa%wﬁ%hchanges
S hﬁﬁ@l‘)e 31lshow@e Famng ﬂehféhta%;@ @ﬂaﬁg@fneélﬂﬁelctﬁg eHNbI e h&@Bsol as
di d not cha§%93|gn|f|cant y indicating that neither

t heetqymanad; by Iieanibe seenghat bothdP@Mdit 34309 and G bled31-206
dur j lJ.
B%l‘{d?%ﬁ)?‘%gg\lyeﬁir%a# 4 é%’?’ th% oﬁélgtrgtﬁé% §E%Rlcﬂne§ I%?HUIVQ to DOMlh-

r V\Er e run
i f 13dufli ln@hid elblinvmtmtds hent bothMMlMdeﬁﬁ endDOM dri31- 206 with their

|caI ure 31 shows the rel tlve

YRR g SRR s PioRdh i afaeits e En i os ol as
det er m mggke BY sRiGs the hetGASHIEr &L for DB 1 RS hzmd boM1h-131-
31-202 and DOM | h-13 1-206 undergo rel ative snal

c hdldge BrittentReeinsem befirr pastinghulisptiororasmopgraagsi tha ﬂ@ﬁ‘orelatlve loss

oo BB ey g

TnSuppOItiag evilews tpthe plerosy thyt tho geagr thgahd stdlbﬂl‘qnglown by DOM1h-
fﬂl al h%{Mgﬁggggiﬁg %ia\nsﬂg\y\e?}é%}gl%ﬁggl}t %géregl 1%nteveancnelsan
unoptimised formulation buffer.

For toxicology and safety assessment work, it is necessary to delivery the dAb at
significantly higher levels into the animal than the therapeutic doses given to patients.
This can only be achieved by using significantly higher protein concentrations and/or
delivering the dAb over a prolonged period of time. As it had already been shown that
DOMI1h-131-511 forms aggregates on nebulisation at 5 mg/ml over 3.5 mins, DOM1h-
131-206 was tested at 40 mg/ml in PBS and nebulised using the Pari LC+ forup to 1
hour. Samples from the cup and aerosol were taken at the time points to throughout the

run to see if the prolong nebulisation caused the dAbs to aggregate due to shear or



511 in Britton-Robinson buffer post nebulisation and
denonstrates that the relative |oss in nononer (Figure

w@2Mp/14"43lue to dinmer formation. This agai n prpeT/d82008/050399
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further supporting evidence to the theory that the
greater thermal stability shown by DOM h- 131-202 and
DOM h-131-206 can prevent signkjicant aggregation even
in an unoptim sed formul ation buffer. For toxicol ogy
and safety assessnment work, it is necessary to

dedhbied Yirdsh as dABmahedIyBECE hitdiRt byotdth G&ﬁfenthﬂibﬁ|(g28mﬁ1ﬁ
the animal than the therapeutic doses given

pa@P?@H{e@ethlT@b]@@ﬁ shpy ths @refeiRiceyesatron g |ﬂi*f‘gdAb both in the cup
efo%@l”is'd&eﬂéﬁﬁ@@ﬁ Rresei n concentrations and/ or

de Ivering t Ab over a prolonged period of tinme. As

it had already been shown that DOM h-13 1-51 1 forns

300 297455 20aRSRUH B UBCT B FRPRPRY LS o Herminca
ne)mgo SROrbusdeeadif}s fReddth thetup Biid ARosoOduringQiebulistaspb e dAb
fromthe cup.and aerosol were taken at the tinme points

t AtrAP gtgéqulﬁﬁmg the Pary h Giro Adlgwingsfog ql]lgltlﬁp S{rgﬁ@nd instrumental error

nelukin At b eRPHRAAob ot dRRZe LR-ARILIGHY Be HUS oo Fhear

orthermal stress as determ ned by SEC and the protein

concentration (A280 nm measurements) Table 2 1 shows

t he protei nTomnhcentrdtion Sthe dAb both in the cup

and gerosol as determ ned &)e Tab| aeiol Sdagdaiingsml)
. . /

prot ei n consaad)r ati or] of V1 31-206 as determ ned

by AZ280 absoribance rdgadings ipg both the cup apds

aer oqol” duripg nebulifsation @f sthe dAb at ~40 jgd N

usi ng-t e |-'a§¢ G+ /-' oW ﬂg4 8)( i ot Oﬂ err044sl and

i nst rum:m at—errot e ballpl e—concentration—does rot

it Ocdionel el S'b”e?sﬁélhﬁlawﬁb AR TR e

di foiftanstyy @thfg'e Clanhd the @ﬁlﬁﬂ@ﬁoﬁéﬁahﬂ@thﬁh@efe%s no 51gn1ﬁcant loss of
denonstrating that there was no significant |oss of

t hide proaseie e @uegtegatinng Fiegks I3ohovethgtiper 85 rergdst { hagr of

oV ak!
ORI RO AU B s o

ag@imegaiselstesoimhd b SHCnEhis claaﬂ}déﬁmnﬂratedthbythSE@roVw lgophysical

orBReT 168 MR P Rt o R RO PS: K FRyp perease

sefhe dAbORSistaGtgdishéLand {h)érman@fraaaslﬁ@ tHab@iAB e directly correlated to
resi stance to shear and thermal stress and that this

c alﬁl%%veélspo&ﬁqsyelg-gfer ard{hgapility to nebulise the protein so that hlgher ordered

aggregates do not form.

Solution state of the lead dAbs:

Since the major route of degradation for all the three lead dAbs appears to be
self-association leading initially to dimerisation followed by further aggregation and
ultimately precipitation, the three lead molecules were investigated by Analytical Ultra-
Centrifugation (AUC) to determine the degree of self — association. The proteins were

investigated by two methods, sedimentation equilibrium and sedimentation velocity.



I nproved storage shelf-life and the ability to
nebul i se the protein so that higher ordered aggregates
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the major route of degradation for all the three |ead

dAbs appears to be self-association leading initially

to dinmerisation followed by fygther aggregation and
ultimately precipitation, the three | ead nol ecul es

were investigated by Analytical Utra- Centrifugation
(AUC) troyréiet REmdaeitibheqeBemae nRthodehd thasseaprs were rud Bethree
proteins were investigated by two nethods, . . .

s edifiaxsht FIREYR PRERE fremdhymeanli tag gl Bpth centrifugation effects
Vel!ls‘ﬂ{:g thike [aPFerl o e%ﬂh?tﬂﬁg’ﬁleﬁ%wﬂ WA de i RE Red DM 1h-131-
three sanples were run at "three I f1erent

conldent s@blcaimser(@6di3dgt KD nd OMl bat 12 02tipmenoménmidimet h

cent ri,fu Lan cts..usi .thr differe r.ot or .
<ot P BRbR b E NI HT G Rl & Bsdneepsations
1-méastikdivathak §+ aBl eV dhdB®ION 2613386 4 pkdddininantly monomeric (15.4—
DOM h-131-202 is nmpnoner / dipmer equilibrium (22.7

271787 [kiBa) Wil # Ko S0t mepQrBinfo dimsiagsogiatieh Pl Yide at

t he congept alilnPRS i SEAINIE Mmithddall samples3hdMEdche deeree of
DOM h-131-206 is predom nantly nononeric (15.4 17. 6

k B&ysogsatin apoﬁlohlutlhle Emn@lnr_enesulb Obtang:ri, diowoan Higugddethe
SGS%d{rrn“élnta%én tccr)]e RISt O aenrtvg(} fo? f)pi\gh?-% f—XI {Tlestiltlcﬁgatﬁle Iof higher order
sanpl es 'showed sone degree o I'ssociation upon

di dggtdgames ald theptdkeshifespint dludbi &i anaaldicalvawh dissockitign o€ these
34, the sedinentation coefficient observed Lor .
DCMISHEs1- B POtiE agggpation;apd d&ﬁowt@ﬁé‘?m@f% other out which can
aggiegRlgpreddich §MRimeadatibiifter 4P Al Yy kQBmESta@dh equilibrium.
i ndi cation of dissociation of these agg:igat es. The .
pr bhesiedimegiption aedfbeicatn abwieddet ROMIh-1Gd ride|areiadisatbtcda rapid
ou L 97 . ) ; ,

oI RR BN O Su ORA0 FBR Sh o

s egtpanatet] ditoinocuch otkef, ighiienths smigkgreule dhith arhidbEVsdair&htdtion0 2

are inhdicative of a rapi dynani equi.l i brium and )
e R Sng T e esmal TR e e e SEPE oLl g Agges with the
s eRalIAsREnEd 1BMhE 8€dimBHth@dn cq@ibrinsh th&tBo@iitithe dR&RKatvh tnstant
a higher sedinentation coefficient than is appropriate

f ofag ReasHigd ¢s being hMs RN Eh-13112Q6 wassdgtermingdde ge wiopgmonomeric
i . . . . b
5GP B BT SRR SO0 L
bel. figfokr _‘thﬂ‘dtheﬁ‘)@% bani[3ds- 266 damsigcet erehiwithdhe sedbeemaiioa equilibrium
m(?a%mt It}(l:e concentrations measured, ~10-fold below the Ky of 360uM, the sample is

predominantly monomeric.

Example 15
Potency enhancement of the DOM15-26-593 dAb:

An example of the enhancement of potency in VEGFR2 Receptor Binding
Assay of the DOM15-26-593 dAb over DOM15-26 parent is shown in Figure 40. In this



than the other two sanples, having a sedinentation
coefficient of 1.9s as conpared to 2.5s for the other

woawsaaams es. This data agrees well with the PCT/GB2008/050399
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sedi nentation equilibriumdata. At the concentrations
measured, ~10-fold below the I of 360mM the sanple is
predom nantly nononeric. Exanpkg.15 Potency

enhancenent of the DOML5-26-593 dAb: An exanpl e of the
enhancenment of potency in VEGFR2 Receptor Binding

Asgady, e abliRy BMiGerthi BBibidAL myveht bk ozﬁ'Ep}FtS T\IE(EHQ is

shown in Figure 40. In thisassay, the ability of
ponetstiedlin p phicpased assey- pr Bveteavs WEORE 2t QUE@FE‘ tScpoated on a 96-

VE\%B%LISEA gﬁsﬁﬂ(ﬁtg ‘d;l1 iy 1saad8£c?£ Ereﬁ@té(‘?ﬁn@iﬁaﬁgt}ﬁé% _Bf‘\ﬁ?f%hat has been

assay a VE Imera 1 s coat
EL}trSAnqmFbatéWIthmdiﬂmt)ott firss psthaddedAla hotledatgeharwadahg-off of

di lﬂ‘]lf?{)}l%‘ﬁlf)rgééﬁggfget aél%uglﬁtz*s\/ g@? %8%5(16 to ﬁ% Cli%g%tt% ds %’imﬁ%cl'%e(fi with an anti-
wag BGAGn0bddyothe ivoDemehiph RideicAninkbd €olafButicaldf. AVERIsE-response

bound to the receptor is detected with an anti- VEGF
antffasbigyloticd @s pagertagsrinkypitien of YEGEbndingasp function of test

C ol BEthiRlbh&RlrhiYon. AndeREHVERRBAGS s Blcf @Gt ohs it @éntl(ﬁgtrﬁ@s
percentage inhibition of VEG- binding as a function of

t estibstants bnkiag obhgand tordingont lovanomskfiteadions.e i nhi bit or
i s therefore one that denonstrates substanti al
bl ocki ng of Iigand binding at | ow concentrations. FC
Fusi ons potency and half life: The therapeutic
potgntl al of VEGF gl Ecéade in the treatnment of tunours
fudpnsretincy e kb lilsuer 30 years. The chronic

nat ur e ffe thaRtic Pbiehidll 8 VEGH bI BB AN IRE MR Bumours has
require a long serumhalf life to nediate their

efbe@@tr@hswwf@r oYHir S0 ysarpothesbregicsnage ofwanker hetatesihind
{ C n .

71 RBpAPAG Rl SGuROPRpL LTI I i A iR LENRM his is no

an¢qns1a1mgu mgleme capid cleathhe dfifieatinbn froofthe ainadationtblyeedad tdration.
in a ibdie matted as fusions with w |

e v SRt e AR o B s 0 iy fhgamcer,
b' t‘l’l@'leﬁﬂtdoﬁﬁin%ﬁb&hé@ Wite BoriRftetmdrabibng \kfftl?wﬂ&ttﬁﬁdﬁﬁ'laﬁy Gl Fc via
the use of FcRn-nedi ated anti body sal vage pat hway

t ha Bybmd linles sorpst tgrfprn a bivalsnigaelepty with aspraing kedilife regﬂﬁgqleﬁi by the
S eLlls% oF ﬁgRIg-ﬁEdlamtléody salvage pathways.

In this Fc fusion format, the potency of the lead trypsin sclected dAb, DOM15-
26-593 was compared with the initial parent dAb (DOM15-26) & the trypsin labile dAb
(DOM15-26-501) using the assay described previously. The results are shown in the
Table 22 below:

Table 22. Potency (RBA) & half life characteristics of DOM15-26 leads in the

Fc fusion format

dAb Fc Potency (nM) | T1/2b (hrs)
DOM15-26 higGl | 0.506 ND




26-593 was conpared with the initial parent dAb (DOM
5-26) & the trypsin |abile dAb (DOML5-26-501) using

W0 b@sasyay described previously. The results aPET/EBoO¥R/050399
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in the Table 22 bel ow. Table 22. Potency (RBA) & half
life characteristics of DOML5-26 |eads in the Fc
fusion formatlt can be seen fremthese results that in
the dineric Fc fusion format, affinity & potency are
enhanced in relation to the free dAbs due to the

ef best150d6-s0 didiyG1 ! {oi3g3cl ear tihato t he pot éncy
eNHBNFBIRNE PTRALAET| D3 POM ™ 5- A6 7593 by viftue of

t rypsirn serectromn 1rs marntdi med and 1S Eevemnm nore
pronounced in this Fc format. Furthernore, the
i nprovenents in thermal and protease stability
transl &t ean bt werpfromahisd rehadasinitine ditveric Ac Risiom format, affinity &
pharnacokln tic behavi our of t | ecu

| RIS A e Héf%ﬂ%t%%l@ |ff8ﬁ P g ‘ioftJ% ?fgf‘@@%%weﬁ is clear
41t)[1athle cAfaR SR HAIPRAM Q0N WONI1 m% BHvRihd of frypsin selection
likely to bée a direct consequence of the 1ncrease
st lamalmt@lye(bamdtlh evaApore pergendeddn fhis Fptoamate Eprgheameret e

g‘l Som%%g%tlfﬁgjgpﬁgl%(ﬁ? %I?‘(ﬁ?asé E@Bl glct?e{lﬁglagl 151!8 Fl‘?d changes in the in

t hevrepleraacokinatic détasionwr dvfthe nfm&mubsl iiireomememsmtain tHel diynination

e Fuh PR EE SO SR G eo Ratd e D Rafl s ke o

VaEd Ddligect LSRRI iBidhsed WABTI®y HIrtAE 8Rb YiShdering it3fore resistant
active process involved in the turnover of biol ogical

nolodkq deagadarepraerseseitive Orqur ¢1idEY ha srdqspppl qogpartment. It is also to
o SRR R SR PERLLL S DOMR A 199 i o
m&%eﬁeﬁlmglcm@aﬂﬁwﬁ@ $udhas 3ha stign,atucosal surfaces and

concentrations of 5nmg/kg. Levels .of 5-26-59

D SR S oaed o T pRESE RS RONE sy Yok gran he
di ek e\dfGo1bditdingecstcandard ELI SA assay and an

anti human Fc anti body, therefore only intact drug in
the serum sanpl es were detected. The ful

phar macoki netic profile is shown in the Table 23

bel ow. Tabl e 23. Summary Phar macoki neti c paraneters of

t he DOML5-26 & DOML5- 26-593 Fc fusions in rat It can

be seeq?fron1£ ese results ghat DOM 5-26-593 has a
harmacokinétic clearance profil
significa H{l"fl

Pharmacokinetic clearance profiles of DOM15-26-593 and DOM15-26-501 were
measured after i.v. administration DOM15-26-593 and DOM15-26-501 to 3 rats at
concentrations of Smg/kg. Levels of DOM15-26-593 and DOM15-26-501 in the serum
were then measured using a direct VEGF binding standard ELISA assay and an anti-
human Fc¢ antibody, therefore only intact drug in the serum samples were detected. The

full pharmacokinetic profile is shown in the Table 23 below:



I mproved pharmacokinetic profile with e.g. an extended
half life and reduce clearance rate. The significantly
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DOM 5-26-593 resulted in analysis of the conmpound for

a range of other biophysical attributes. Solution

state properties: Analysis by |$C MALLs & AUC:

Experi nents were done wi th DOML5-26-593 as foll ows:
DOML5- 26- 593 behaves as a nononer in solution at
concentTaald I Su@inatPPh@mde kilBBit FhraMicichs ¢ tk@bOM BLBFI& DOMI5-
nol ecul ar nmass. of 78-81KDa, consistent with the
c ab otk esions Wdet nol ecul ar mass of approx 76kDa
(Figure 42a & 42b). Thermal Melting Properties:
Anal ysi s by DSC Experlnents were done mnth
mva' LG DU\. UWS I IV~ U 1Tl Iltll
stf@bility of%fag éﬁ§b5|8ﬂ§§§%cted 3znm@650C Fi gurle 43
mi gt e panelfpo1 s i ntaksed I n the [re Tusion (64.30C,
Filgwi£c43 ugper panel) . [slhe Tm curvies of The
DOVI5- 26- 501 dAb (520C, Figure 43 Tower panel) is
shown for conparison.Stability to Freeze- Thaw,
tenperature stress and serum conmponents Experinents
wer e ddheanietsherDEMIFheae 1&508s thet POM 16vkd-59BH®s sts@niﬂc'amjly

e s PhadpcbiifeERouR i dr SR Ry ATE ind e clearance

bnateogl cal stress with minimal effects on its abi I i ty
to bind VEG- (Fi ures 44-47 (a and b)). For exanp

t he no@&ﬂl%ﬂff& bgnwr@b@d%%@cy ap¢ @@f@aﬁqlfgw@a pmpsmes of the
LT gehvel 502(;-59391%51111(3d ]-19@919&5&9 tmﬂoﬁfi@% %trM{g% of gt?lgloalophyswal
for 10 cycles wthout lI'oss of binding activity as
detteibuicaed by ELI SA (Figure 44). This treatnment al so
resulted in no obvious alterations in the nolecule's
aggregation state, as assessed by conventional size

e x$dlusincstate hropomit 0 grrapkis by NEJUMAAS)& ARICt her tests
denonstrated that the nol ecule can be placed at a
range of different tenmperatures from- 8C0C to 550C

W th ongpeAmdh® WerddBR with BOMI19eis-H3nditagvact i vity
after 168 hours at only

DOM15-26-593 behaves as a monomer in solution at concentrations of up to 2.5
mg/ml with a calculated molecular mass of 78-81KDa, consistent with the calculated

intact molecular mass of approx 76kDa (Figure 42a & 42b).

Thermal Melting Properties: Analysis by DSC

Experiments were done with DOM15-26-593 as follows:

The increased thermal stability of the trypsin selected dAb (65°C, Figure 43
middle panel) is maintained in the Fc fusion (64.5°C, Figure 43 upper panel). The Tm
curve of the DOM15-26-501 dAb (52°C, Figure 43 lower panel) is shown for

comparison.



t he hi ghest incubation tenperature (Figure 46).
Furt hernore, incubation with serum from hunman or

wa@ysmitigiis nonkeys at 370C for 14 days causedP@DGBO®S/050399
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of antigen binding ability (Figure 47a and 47b), as
determ ned by the VEGF bi ndi ng ELI SA Potency in VEGFR2
Recept or Bi ndi ng Assay & HUVEG3gel | assay: The
receptor binding assays descri bed above were carried
out as follows: The receptor binding assay descri bed
above was used to assess the potency of the Fc fusions
(Figure 4%) It was found that the DOML5-26-593 dAb

h a%talélhwarﬁ B 7o d RN CHIPRAtR HreasaslSeTUhFURPOBSRIED | shes
the ability of the dAb to block the binding of VEGF to
VEGFR2 in vitro. The potency of the DM51529 was al so
denonstixpeathents wardlovE @ 1(hHXORH 563 93i as ddllovesi n

Endot helial Cell) assay, where the ability of VEG-

ant agoni sts to block the VEGF stinulated proliferation
of HUVE cells is nmeasured. Cell nunbers are deternined
at the end of a fixed incubation periaq

pr e- det BIHAREH% RERRTICHPT YEGOM her2 59%@9#@@%5&%% fpM15-26-

t esds Y LR qu@&ed%rﬁlyEi&h%H& bkﬂ%l@lﬁ@&@%tﬁtmmﬁm effects on its
| ower the cell "proliferation observed (Figure 4

Exanlisl o higd ABGTOFigures 44t MHé))aFon quampwethstnmwmll be

Alorgoeb ieéf fr erz]g U}Sa%vgen f{)o%? 1%u1$l Ritro Var gig“ et‘rr:l%eﬁature (37°C) for
pr Hl‘:@d&d withoprlodseddaslitg aeatnmsem de@:fnnlﬁﬂd@@ EIASIA (Flgure 44). This

Al budAb( 't Is ap. i nogl opul in single variab
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Potency in VEGFR2 Receptor Binding Assay & HUVEC cell assay:
The receptor binding assays described above were carried out as follows:

The receptor binding assay described above was used to assess the potency of
the Fc fusions (Figure 48). It was found that the DOM15-26-593 dAb has enhanced
potency in this assay, which establishes the ability of the dAb to block the binding of
VEGF to VEGFR?2 in vitro. The potency of the DMS1529 was also demonstrated in a
HUVEC (Human Umbilical Vein Endothelial Cell) assay, where the ability of VEGF
antagonists to block the VEGF stimulated proliferation of HUVE cells is measured. Cell

numbers are determined at the end of a fixed incubation period with a pre-determined



transmenbrane core is renoved, although the affinity
is reduced (Lopez de Maturana et al, 2003). Since the
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selection in solution, the isolated extracellul ar

domai n was used for phage capture. Although the

affinity of peptide to it's rgggptor does not

correlate directly with its activity, it allowed us to
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moliesik 65VIBGFhindh VhRidgyant @nE6ResdaRicdl iR Thd ke phi@@ehe antagonist,
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for phage display library sel ections. Phage vector A
filamentous phage (fd) display vector (pDOM4) was

used, which is based on fd vector with a nyc tag and
whexamipie & pr ot ei n sequence can be cloned in between
restriction sites to provide a protein-gene |11

f usi on. Aihhef themasgy encodi ng i brary repertoires were
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DNA mas—%%gég¥@5¥est ligations with diversified DAT-X
DNA f r gl @gofile pephitif 38depr GQNBH R%élbl@% EHETHBARY B1 of
repertoires were constructed based on the DAT-X
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bi oti nyl ated priners. Error Erone PCR usi ng Stratagene
ML apsypggbrane core is removed, although the affinity is reduced (Lopez de Maturana et

al, 2003). Since the use of the whole receptor is not desirable for phage selection in
solution, the isolated extracellular domain was used for phage capture. Although the
affinity of peptide to it’s receptor does not correlate directly with its activity, it allowed
us to simplify the experiment and enrich phages displaying molecules with affinity to

ECD GLP-1R.

Test phage selections

Tests were performed to verify that the Extracellular domain of GLP-1 Receptor
can be used for phage display library selections.
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to the short length of the GLP-1 nucl eoti de sequence,
error prone PCR was performed twice, to increase the
nmutation rate. After digestionzgith Ncol and Notl, the
inserts were purified fromundi gested products with
streptavi di n-coated beads and ligated into nodified

pDOVA  athabbecctst r espondi ng sites Sequenci ng of the
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outectos DN A Wat usee Q! Haang wEh Bwafg od e b X By rggnents.
with pre-blocked (2% Marvell PBS, Ih, RT) protein A
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wheel dPARIX tibaripeepistrygiion washed in the King Fisher 8
times with 0.1% Tween PBS and t he specific phages were
recovered by elution in 500 mcrolitres of 0.1M
G yci neEiphieéh @perAfitee vervanohstalctedatas@ionmht B AR parental molecule

mcrolitre M Tri H 8.0 phage s used .for.
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“9%%&022%3% fi2R S6E (RBRGH G prcirl Dy BCRS siabGssembly
aI Wwad pefoanedwith bmtleﬁlateé primers. Error prone PCR using Stratagene Mutazyme

IT kit, biotinylated primers and 5-50 pg of template for a 50 ul reaction introduced
random mutations within GLP-1. A helical linker sequence was used. Due to the short
length of the GLP-1 nucleotide sequence, error prone PCR was performed twice, to
increase the mutation rate.

After digestion with Ncol and Notl, the inserts were purified from undigested
products with streptavidin-coated beads and ligated into modified pDOM4 at the

corresponding sites.

Sequencing of the test ligation clones confirmed the proper diversification in all

the libraries therefore the full scale ligation and transformation of the libraries followed.
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Library Library size 1 selection phage u/ml

Input output
1 2.8x 10° 3.9x 10" 3.2x 107
2 1.2x 10° 1.0x 10" 1.0x 106
3 2.4x10 4.6x 10" 7.0 x 105
4 8.0x 10’ 1.0x 10" 8.0 x 106
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The first selection round produced a reasonable output for all libraries therefore

the output was amplified, and phage was used for the 2™ round of selection.
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filtered through 0.22 filter plate and purified on
protein L CIMdisc HPLC. Several protease resistant
GLP-1 variant peptides were thys_expressed. The

nucl eoti de sequence of DOM | h-13 1-51 1 is set out in
thi s paragraph. The nucl eoti de sequence of

DOM h- 134754 phige GAIal BoAEHes IERCHSAThGrdichdeCGAGEC
TTGGTACAGC CTGEEEEGTC CCTACGTCTC TCCTGTGCAG CCTCCGGATT
CACCTTTGCG CATGAGACGA TGGTGIGGEGT CCGCCAGGCT CCAGGGAAGG
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CAGGSTATARANCRBTARNTGANACGABCTGIECS. TIROCGAGBAGORNCABIGGT AIar
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Phage was treated with the protease before the incubation with receptor for 1h at

room temperature. The 2™ selection titers (@/ml) are presented in the table below.

0} protease input | No protease | 1ng/ml | 10pg/ml
DAT-X ¢+ | a-chymotrypsin | 2x10" | 7x10° 4x10° | <1x10*
R108W c+ | trypsin 2x10" | 6x10’ 3x10° | 4x10°
Lib 1-18 | a-chymotrypsin | 2x10" | 3x10° 2x10° | 3x10°
R108W | trypsin 1x10" | 1x10° 1x10” | 3x10°

Phage outputs from each selection (Opg/ml-10pg/ml) was amplified and used for
the 3™ selection round, with the same incubation conditions.

The 3" selection titers (¢/ml) are presented in the tables below.
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wher ei nrigajed @Rt g€ trbRe PR AN 1 Gi;?gjmp Yhy#otrypsin concentration during

the 2™ round was still decreasing at the smaller extend than phage treated previously

with lower concentration. The titer of the phage treated with 10ug/ml trypsin

concentration during the 2™

round was very stable.

The phage amplified after the 3™ round with a-chymotrypsin was also treated

with cell lysate (CL) and periplasm extract (PE) of E. coli strain HB2151 to get an idea

about stability to bacterial proteases. Phage was mixed 1:1 with the protease and

incubated for 2h in 37°C in a shaker before incubation with receptor.

3rd

® out 2™ and with | input No CL PE
concentration: protease

Lib 1-18 0 - Oug/ml o-chi 1x10™ 2x10™ 3x10° 5%10°
Lib 1-18 10 - 1pg/ml o-chi 7x10™ 1x10° 2x10° 2x10°
Lib 1-18 10 - 10pg/ml a-chi 2x10" 3x10° 2x10° 4x10°
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or biological preparation is selected fromthe group
consi sting of sputum mnucus (e.g., gastric nucus,
nasal nucus, bronchial nucus),4pronchoal veol ar | avage,
| ung honbgenate, |ung extract, pancreatic extract,
gastric fluid, saliva, and tears. 11. The method of
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FGF-basic, fi br obl ast gromﬁh factor- 10, FLT3 I|igand,
Fractal ki ne (CX3C), GDNF, G CSF, GWCSF, GF-bl , human

Do BRI P Hlay trorgr e Fgﬁ%&?a&l%w{ el L2

||_3 | L-4, 1L-5, IL6 ||_7 (72aa) I L-8 (77
a.a.), 1L-9, IL-10 IL- 1JL12 | L-13, |L-15,
IL-16, PATeylibrapics o %plm f’SP 3" tpping @f sslegtion wiKh ypsinand
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M vslt}? Kt;))nl r'\c/lstflctéllon erlrl)(/igllngclle%ses which cut inside of AlbudAb sequence. This step
was performed to reduce the probability of vector self ligation. Then digest with Ncol
Notl site was done to induce ligation sites. After each digestion step vector was purified
with use of PCR purification kit, Qiagen. After second purification vector DNA was
also loaded on 2% agarose gel and band corresponding to 4699bp was gel purified (Gel
purification kit, Qiagen).

50ng of vector DNA was ligated with 6ng/1.5ng of insert cut from output form
3" selection round with trypsin/chymotrypsin for 1h at RT with 200u of T4 DNA
Ligase (NEB)

Sul of Ligation mix was used to transformation of 25ul Machl chemically
competent cells (Invitrogen) according to manufacturer protocol and plated. The next
day colonies were scrapped from the plate with 15% glycerol in 2XTY media and 100
microlitres of the stock was used for DNA isolation (Mini Prep, Qiagen). About 150ng
of vector DNA was used for transformation of 40ul BL21(DE3) chemically competent

E. coli cells (Invitrogen). 87 colonies from both outputs were picked with use of



progenitor inhibitor factor- 1 (MPIF-1), NAP-2,
Neurturin, Nerve growh factor, b-NG-, NT-3, NT-4,
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SDFl a, SDFI b, SCF, SCGF, stemcell factor (SCF),
TARC, TGF-a, TG--b, TGF-b2, TG--b3, tunour necrosis
factor (TNF), TNF-a, TNF-b, TNgscreceptor |, TNF
receptor 11, TNIL- 1, TPO VEG-, VEG- A VEGF B, VEG-
C, VEG- D, VEGF receptor 1, VEG- receptor 2, VEG-
r EQPRORIT rdbot @Keb Bl oﬁﬁ@'owgﬁﬁedlgﬁ@pﬂémeﬁm\x@ﬂl Cﬁ@@hwlhn and antifoam
1-309, HER 1, HER 2, HER 3, HER serum al bum
amfidsiocngestiard s Qedegp welmjate fa 6511 (st 20hvpa othe ﬁqﬂ&wmg hours
| O1po |
| L-@l 9&11 90@%?@ n hulfllu? élgm?%?ﬂgrg "fﬂ'e ch r§ \%ﬁf%gl%édr{nnhg(mrpm filtered
CDArough4, 22@116r plate aﬁ@@ﬁmﬁ@[}ﬁﬁpro(é@ﬁlz CIB 8, HPDE0 Sexeid @rotease
, K5 FcE TGFb, CCL2,

oottt R v Pt Ve P RRER ) | chyiase. FGE,
Furin, ErdetReliddseqdencEot BRMIS-(H-9.1,is @Toaﬁ(iinmhis paragraph.
EotaX|n 2 EotaX|n 3), GNLCSF | CAM 1 JCOS, | gE, | FNa,

nuclegiid £0p SWEF M P4, MDC, MOP- 1,
MVPS f@%f&%b Eeﬁﬂeéﬁéﬁsﬁee@&tcﬁe EgéHIIABAGC@%GéQGGG%éBgTGCGTCTC
PD-1, RANTES, CF, SDF-1, siglec , TARC
ThTQﬁHﬂﬂ@AGTCTﬁCBGAﬂR@ACCTFUWWHEATQWQ%p%kﬁﬁ@TGNQQQFCCQ@QAGHCT

R ST O e, S S8R g

pr @IAEA@IB:C(; &"GgAGGGa@’Q/chﬂlcﬂc@ITp hraycecvMRLZrTcPXA A casetTaTAT

| gE. 16. The nmet hod of any preceding claim wherein the
p eﬁGlcﬂ%ATﬁf’\ ATy pEPt Tt 1At Aﬁ%%CGST}g%%?TnA%GTﬁF Grogicart
actdhbddtck STFREOVE! €4 cBYoRARALNG A cd/ recThie AR Iheghof

any one of the preceding clains, wherein said
repertoire conprises a display system 18. The net hod
of claim 17, wherein said display systemis sel ected
fromthe group consisting of bacteriophage display,

ri bosome display, enulsion conpartnentalization and

di spl ay, yeast display, puronycin display, bacterial




di spl ay, display on plasm d, and coval ent display. 19.
The nmethod of claim 17 or 18, wherein said display

wa@yasamiks nks codi ng function of a nucl ei c aci BCEHG$2008/050399
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functional characteristics of the peptide or

pol ypepti de encoded by the nucleic acid. 20. The

met hod of claim 17, 18 or 19, (ywgerein said display

system conpri ses replicable genetic packages. 21. The
nmet hod of any one of clainms 17 to 20, wherein said

di spl ay system conpri ses bacteri ophage display. 22.

The nmethod of claim 21, wherein the bacteriophage

di splay systemis multival eftLARMS The nethod of claim

21, wherein said bacteriophage is selected fromthe
roup consisting of fd, M 3, lanbda, MS2 and T7.. 24.

The nel-hodmemog s Hieetie telcatees Nt pepidcds P peptice fom.a
pol ypept irdRribSe Of wptiddes pdSpéptiic lcofpabing protein. 25.

The net hod of clg%%119, @thg?n the geptgde or

pol ypeptrpidings repfirteie pEPIRtided ortrohbepidess 1 of pill. 26.
The net . | ai roo i i £ ui
the moct Bt TR s b0 R R SRt orcase

t hat hastiaitdesdr ed bi ol ogi cal activity. 27. The nethod

of claim 26, wherein said nucleic acid is anplified b
phage dRffIMCHPEAPTRIKC BB PP g B apcf?w%%@gwelwarlwt%
react i Opherdf¥ a proRad¥atdiashtpbp@idYor PoBEEHIdRYs &Rt

wherein said repertoire is a repertoire of

i munogVistseinithe rptegsicds sehgctesldian dprrigase foupd in spEIREREYE (.8
of cl ai , rel A ' '

var | apl oGS mutS S niB b HMANAL AR bRy aygec, lung
The nethvotgefate laignax9ct, pdnerceiinesmictl ghstaw fluidhalina or tears.

R ERE RN, SR TR, ECN -
sai d i myReebrbu pdptisdsnglpelypastidellcemprising
providing a repertoire of peptides or polypeptides;
combining the repertoire and protease under conditions suitable for protease
activity; and
recovering a peptide or polypeptide that has a desired biological activity,
whereby a protease resistant peptide or polypeptide is selected,
wherein said conditions are (i) about 10pg/ml to about 3mg/ml protease, (ii)
about 20°C to about 40°C and (iii) for at least about 30 minutes.
3. The method of claim 2, wherein for said conditions (i) is about 10 to about
100 pg/ml protease.
4. The method of claim 2 or 3, wherein for said conditions (ii) is about 30 to
about 37 °C.
5. The method of any one of claims 2 to 4, wherein for said conditions (iii) is at
least about one hour.
6. The method of any one of claims 2 to 5, wherein the protease is selected from

a protease found in sputum, mucus (e.g., gastric mucus, nasal mucus,



domain is a light chain variable domain. 32. The
met hod of claim 31, wherein said |ight chain variable
waelersaitmies a human or humani zed |i ght chai n vaP¢HEBB2008/050399
domain. 33. A nethod according to any preceding claim
for selecting a peptide or polypeptide that binds a
target ligand with high affinigy_.fromsaid repertoire
of peptides or polypeptides. 34. The nmethod of any
preceding claim wherein the protease is used at about
100ng/ M braxoBial RGBS HRINE6HIVRRE 1A ¢, Surd bnigeh£8 IehBdxEract,
i ncubat ed at about 37C for at | east about hour. 35.
The net hdangsatigsyirgt.cesedilbygl salapef taafer ei n each sai d
pol ypept | . i . . . . . .
omar m( ALy T2 pTHECHH BULE VLRS! SLHBOLAR @mpgises oneor
provi ded nipye af hh &g vdig péraye sytstsenaydicsiolpaytcasg, apartate proteases,
repertoire of inmunogl.obulin single variable domains;
S i the OB SORHETE REURRGI o SHParSpidinidis
conbi ned cwibbhypRpfida9¢ Baseb&Ehesidask BY, afpdifi@hghotppsin, pepsin,
consi sting of elastase, |eucozyne and trypsin_under |
condi t i oR3PARiclagEpc qusp2zyEce PRKERBAATOR R, Plagagn. icathepsns (e-g.,
recover i RghsisHPGR pRaAGC DRt pfikiRlsRY SprdreRAbY PRt HSse 3),
conprising an i munogl obul T n" single vari abl e domain
t hat bi ndsrmalysint ehygwsinl ¢rdemperntidaseeeaspase édg., @6pasa 1, caspase 2,
1o Tethod of, producing. At eREILPLLS,Of PLALEASE) el Rt AK,
pepti des or po ypgﬁ%ldes, coﬁprPS|ng caPrylnb out 't he
met hod otloatipaipl sd@diaing bein&ildin, ambleemiazei n sai d

recovering step a _plurality qf peptides.or . .

pol ypept ildeSeH o HE Brose<iiss it WBF i Togi DRIP s gyRgn or
are recovpi@eh, whereby a repertoire of protease

resi stant peptides or pol ypeptides is produced. 37.

The mef-hdde ofetholdaif pnpprec daim, phercregaed profepse ipprovided by a

5 0L £35Sl PRI 00 PALIRSIGAS L
conpr i Hi. ite awrtidnif i 9sebenid said biological extract, biological
homogenate or biological preparation is selected from the group consisting of
sputum, mucus (e.g., gastric mucus, nasal mucus, bronchial mucus),
bronchoalveolar lavage, lung homogenate, lung extract, pancreatic extract,
20 gastric fluid, saliva, and tears.
11. The method of any preceding claim, wherein said desired biological activity is
binding activity.
12. The method of claim 11, wherein said binding activity is binding a generic
ligand.
25 13. The method of claim 12, wherein said generic ligand is protein A, protein G
or protein L.
14. The method of claim 11, wherein said binding activity is specific binding to a
target ligand.
15. The method of claim 14, wherein said target ligand is selected from the group
30 consisting of ApoE, Apo-SAA, BDNF, Cardiotrophin-1, CEA, CD40, CD40
Ligand, CD56, CD38, CD138, EGF, EGF receptor, ENA-78, Eotaxin,



protease with the repertoire of protease resistant
pepti des or pol ypeptides under conditions suitable for
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| east one peptide or polypeptide that has a desired

bi ol ogi cal activity, whereby at |east one peptide or
pol ypeptide that is resistant (49.the second protease
is selected. 39. The nmethod of claim 38, wherein the
second protease is as defined in any one of clains 6

to 10. 4@oakher, mobed AAmN YR R586 I FTF-64sa, Morothef &bRth factor-
the ratio (on a nol e/ nol e basis) of protease to

pepti de dP, pbll'ypeptd, Beciarkisai(K3(8pebiNdi, GeCHIs BYIGWRF, (F-p1,

80, 000 pr ot ease: i.de or i.d 1 h

met hod o “%%S%P@é‘gﬁ]ﬂ‘ﬂﬁ IE?%WME&E- e %I?SIL(W%-I
vei ght / wel@pior, psi @éep@d‘r ot gasernt-9 1pept $erk, 1.-7, IL-8 (72
pol ypeptide in said égertmre is 1,600 to 160 OOd

pr ot ease?-apelt8 (€ w#.). poid% Peplilbel.l, H212Ah 1|3SHL 4%.dB-16, IL-17, [L-
prot ease 1231%%11% ,Elmhelblﬁ:o{) E beln Hp% X{%ra? (f)cy fh%ro C%agtg»l éKGF-2)

or sel ect rec

clainms. 4&[F Aﬂptlns,QJIEtI%dn;pfoﬂicﬁ@S‘&ulﬂeQﬁhSﬂ}ﬁlﬁltory substance monocyte
|nnunoglobulln si.ngl e vari abl e domai n sel ect abl e

sel ect ed cPynY HbHRTLBEoBMeLegYts Ak g g cHs MrCtSB MPC (67 a.),

44. An i sphalesl,, QWI\VIEPQV(M@@FQMC@W@@P@ NMCEATDS[dW.a.),
an i nmunogl obul i n”’'singl e variabl e domain’that is

reS|stanﬂdmﬁ(@hea@ﬂdﬁhﬂéﬂbt@ﬂﬂﬁSéBQéﬂébmdﬂﬂfBmdﬂﬂ?41nydom

hePor o et St e e O SRR LR W arowtn
Omg/ t@a&&ogm@mm Wrat @ﬁ@&tanﬁlm)m@pmmm PDGF-

about 400C and (iii) for af |east about
m nut es. Bdy PFuh @SNTER SEdiidi SDBH, (ﬁCFlsthFg$tmn cell factor (SCF),

i ot TARG Tttt B, Lk, O B0 ihaprigioss factor (TNF),
preventi fm PHYARNRKY r?é HRASEIOH r G ORG i B0 - A 2P REGF,

antagonlst claim 44 adm ni stration by
i nhal at i é/fECifr Aj WEGET SAlGly Ct ¥EGHD pat GE nftceptAfSl VAEGF receptor 2,

ool at ed Gl LA ot £1051> A SABLR! RATPIRDIGHRR, 1309, HER
1, HER 2, HER 3, HER 4, serum albumin, vWF, amyloid proteins (e.g.,
amyloid alpha), MMP12, PDK1, IgE, IL-13Ral, IL-13Ra2, IL-15, IL-15R,
IL-16, IL-17R, IL-17, IL-18, IL-18R, 1L-23 IL-23R, IL-25, CD2, CD4,
CDl1a, CD23, CD25, CD27, CD28, CD30, CD40, CD40L, CD56, CD138,
ALKS, EGFR, FcER1, TGFb, CCL2, CCL18, CEA, CR8, CTGF, CXCL12
(SDF-1), chymase, FGF, Furin, Endothelin-1, Eotaxins (e.g., Eotaxin,
Eotaxin-2, Eotaxin-3), GM-CSF, ICAM-1, ICOS, IgE, IFNa, I-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, TRANCE, Tryptase, VEGF, VLA-4, VCAM,
04p7, CCR2, CCR3, CCR4, CCRS, CCR7, CCRS, alphavbeta6, alphavbeta§,
cMET, CDS, vWF, amyloid proteins (e.g., amyloid alpha), MMP12, PDK1,
and IgE.
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of (i) about | Ong/m to about 3ng/m protease, (ii)

about 200C to about 400C and (iii) for at |east about

30 minutes. (eg, under the congytion of 100 ng/m or
protease at 370C for at |east one hour), for

adm nistration to a patient for treating and/or

pr eventd. Myc thctodloTasy pidt&@aS@aify, where tht @eptié.or poI§peptide that
antagoni st of claim46 for admnistration orally,

subl i ngudipt ydestred Bietogiqayaqtiyity Feropperedmy. PaRgng The

anagon| @ bncAY A8y Bl LA Bl Guithd, wiEH ShE r{ Rfoire

ant agoni st ant agoni zes TNF a %a. 49. The antagoni's

of clalnnd@pnmh@mgmhymhﬁmnarlable domai n conprlses a

bi ndi n te f.or

of "l 2l M et Sognd 7ot ARERRS R S B TR e

TNFR V@Qﬁp@bndlixm@ RIf bad@driophh@ @splagebbsimcfisptdygiimubdn
mhereln the variabl e domain conprises a binding site

for TNFRCompajpugntyization andrdisplays peast disrlpy, puwzlycwsdésr&?y, bacterial

an '50|ah%gm@%hﬁﬁﬁ@&ypﬁﬁﬁﬂe&mﬁBEﬁgﬁﬂhﬁﬁ%ﬁOnpr'S'ng an
|nnunoglobulln single variable domain'that is

r esi st HhilThe method obdclaim i @ opt Sivdmsan sad displeyl SYatfmmlmks coding

trypsin, eI st ase and | eyco i.ncubat e
tne or of SHE0 REEpAE: KRR A RHIRLER o debrice o

Omg/ m t@o@bqutdeaﬂ@fdaﬂbpmtrma&&;ac(d i) about 2Q0C to

about 400 i as about. 30

ni nut e&- (I g@ meﬂw& faﬁa?zo%?rt BB dipla sygpm comprises
proteaser@ﬂwgﬁggaﬁggpggag%ast one hour) in the

manuf acture of a nedi canent for adm nistration to a

pat i entl.flbe methodtaf agy envdyictaips &V emd(, mdceipiaichdipplpy system

0 e0se, afRR LNy o Tl Uoe o 18 2, el

t he pall. dht mebbd dfskimP 1 anhdrsio ltiat ledtetbplagadisplag sgdm is

antagonlstltva nt|sing an i nmunogl obul i n

23. The method of claim 21, wherein said bacteriophage is selected from the
group consisting of fd, M13, lambda, MS2 and T7.

24. The method of claim 23, wherein the peptide or polypeptide is displayed as a
plII fusion protein.

25. The method of claim 19, wherein the peptide or polypeptide is amino-terminal
to domain 1 of plIL

26. The method of claim 19, further comprising amplifying the nucleic acid
encoding a peptide or polypeptide that has a desired biological activity.

27. The method of claim 26, wherein said nucleic acid is amplified by phage
amplification, cell growth or polymerase chain reaction.

28. The method of any preceding claim, wherein said repertoire is a repertoire of
immunoglobulin single variable domains.

29. The method of claim 28, wherein said immunoglobulin single variable

domain is a heavy chain variable domain.
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conditions of (i) about | Ong/m to about 3ng/mn

protease, (ii) about 200C to about 400C and (iii) for
at | east about 30 m nutes. (eg,sg¢inder the condition of
100 nmg/ M or protease at 370C for at |east one hour),
in the manufacture of a medi canent for adm nistration

to a p3g. mapinctRd df cRah RDGviaineth Q4id BESYEMbiInAGridblEHohAiAGE a
di sease or condition. 55. The use of claim54 wherein

the adni AP@eR gt upanized deayy Gpaingigppblagompiny or rectal |y
t50 th &P %E %&hoﬁ%’f cl-gﬁﬁ‘ 28',5\§he‘?£in 0y ARG, lol\ll‘lﬁ:Jlig: sg%ées%él%gle

4, wherein the antagoni st antagoni zes

The use dbmginas mligll, cheinernsaic tbmwaivar i abl e domai n

conpri a_bi.ndi Si for TNERl. ., 58.. The use of. an

one of L tF AR o giaih 5, B g Rping i g Gohint Y human
ant agoni aeBumMTRd, lighE€HairovariableldBnain9. The ant agoni st

of claim58, wherein the variable domain conprises a

bi ndi ntp- ) Pethpe Acoprgony to apperecading playfor selspitd Regfige or

60. . An | ?81;1@&;%%@1&5%%%%%& litgﬁﬁf wﬁﬁ‘ﬁ@ﬁ%@ﬁlﬁ%{ﬁ%&ﬁ &AS Fepertoire of
resistant peptide, polypeptide or variable domain of

cl ai m 42 peptid¢goopolgpeptiddsagoni st of any one of clains

44 to 61. A reconmbi nant nucleic acid that encodes

2 or ot 2208 et AR BERRle MG B et Bl ERREE R bou
domai n ofl 0@ ginmad@ thercodhBined repertainé agbirb&hscQirc MOYbadddeat about
of cl ai 44 to 51. 62. A vector conprising the
nucleicnggﬁaﬁﬁﬁt@P%Ph@%éo%ﬁ 6 1. 63. A host cel

conpr i 34 Nfe hiiehdAWEheY Frod&ddtheQfaifl FhBefiZaciPérid olBipaadis an
for making a protease resistant peptide or pol ypeptide
sel ect ablimmypogehdiatsargloyariable dewainddAbl thanyindsretagget; the
claims 1 rép%ﬂéiré‘is%rroxﬁﬁled%g/t a%%@é 81tsp191{/ syas% displaying a repertoire of
immunoglobulin single variable domains; in the combining step
the phage display system is combined with a protease selected from the group
consisting of elastase, leucozyme and trypsin under conditions suitable for
protease activity; and in the recovering step a phage that displays a polypeptide
comprising an immunoglobulin single variable domain that binds said target
ligand is recovered.

36. A method of producing a repertoire of protease resistant peptides or
polypeptides, comprising carrying out the method of any preceding claim,
wherein in said recovering step a plurality of peptides or polypeptides that
have a desired biological activity are recovered, whereby a repertoire of
protease resistant peptides or polypeptides is produced.

37. The method of claim 36, wherein the repertoire of protease resistant peptides
or polypeptides is a naive repertoire.

38. The method of claim 36 or 37, further comprising combining a second
protease with the repertoire of protease resistant peptides or polypeptides

under conditions suitable for activity of the second protease; and



one of clainms 44 to 51, conprising maintaining a host
cell that contains a reconbi nant nucleic acid encodi ng
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ant agoni st under conditions suitable for expression,
wher eby a protease resistant peptide or pol ypeptide or
antagoni st is produced. 65. Ajp{otease resistant

pepti de or pol ypeptide selectable or selected by the
nmet hod of any one of clains 1 to 4 1 or variable

domai N Ofecol @D # FeabtWne Petidedr BBRDEHTYR thabBas LRIrOd BidRRical
resi stant peptide or polypeptide sel ectable or .

sel ect ed aﬁy’lftyh%fh‘ﬁ:é‘%%ideag ongriREPBdreorgolpeRtidesthat 1g gysigtant to the

or Varia@&%n@?ﬂﬁ&@e%%e&b@&"‘43 for the manufacture of

a nmedi canent for treating and/or preventing a di sease.

67. A 3eflhodhedfodtaf elirh 3§, ehai¢is dassecorclgmpicassiings defined in any one
adm ni stering t talf()subject in need thereof, an

ef fectiv8 SABUNt °of " a protease resistant peptide or

pol ypeqd. imie nehodrdf aky precktited dlaife wdeteabthe rfio (6 h atll@thole basis)
by the nethod of any one of clains 1 to 41.

of protease to peptide or polypeptide in said repertoire

is 8,000 to 80,000 protease: peptide or polypeptide.

41. The method of any preceding claim, wherein the ratio (on a weight/weight
basis) of protease to peptide or polypeptide in said repertoire
is 1,600 to 160,000 protease: peptide or polypeptide.

42. An isolated protease resistant peptide or polypeptide selectable or selected by
the method of any one of the preceding claims.

43. An isolated protease resistant immunoglobulin single variable domain
selectable or selected by the method of any one of claims 1 to 41.

44. An isolated pulmonary target antagonist comprising an immunoglobulin
single variable domain that is resistant to one or more protease selected from
trypsin, elastase and leucozyme when incubated with the protease under the
conditions of (i) about 10ug/ml to about 3mg/ml protease, (ii) about 20°C to
about 40°C and (iii) for at least about 30 minutes.(eg, under the condition of
100 pg/ml or protease at 37°C for at least one hour), for administration to a
patient for treating and/or preventing a pulmonary disease or condition.

45. The antagonist of claim 44 for administration by inhalation or intranasally to
the patient.

46. An isolated GI tract target antagonist comprising an immunoglobulin single
variable domain that is resistant to one or more protease selected from trypsin,
elastase and leucozyme when incubated with the protease under the
conditions of (i) about 10ug/ml to about 3mg/ml protease, (ii) about 20°C to
about 40°C and (iii) for at least about 30 minutes.(eg, under the condition of
100 pg/ml or protease at 37°C for at least one hour), for administration to a

patient for treating and/or preventing a GI tract disease or condition.
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47.

48.

49.

50.

51.

52.

53.

54.

55.
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The antagonist of claim 46 for administration orally, sublingually or rectally
to the patient.

The anagonist of any one of claims 44 to 47, wherein the antagonist
antagonizes TNF alpha.

The antagonist of claim 48, wherein the variable domain comprises a binding
site for TNFR1.

The antagonist of any one of claims 44 to 47, wherein the antagonist
antagonizes TNFR1, VEGF or IL-1RI.

The antagonist of claim 50, wherein the variable domain comprises a binding
site for TNFR1, VEGF or IL-1R1 respectively.

Use of an isolated pulmonary target antagonist comprising an
immunoglobulin single variable domain that is resistant to one or more
protease selected from trypsin, elastase and leucozyme when incubated with
the protease under the conditions of (i) about 10pg/ml to about 3mg/ml
protease, (ii) about 20°C to about 40°C and (iii) for at least about 30
minutes.(eg, under the condition of 100 pug/ml or protease at 37°C for at least
one hour), in the manufacture of a medicament for administration to a patient
for treating and/or preventing a pulmonary disease or condition.

The use of claim 52, wherein the administration is by inhalation or
intranasally to the patient.

Use of an isolated GI tract target antagonist comprising an immunoglobulin
single variable domain that is resistant to one or more protease selected from
trypsin, elastase and leucozyme when incubated with the protease under the
conditions of (i) about 10ug/ml to about 3mg/ml protease, (ii) about 20°C to
about 40°C and (iii) for at least about 30 minutes.(eg, under the condition of
100 pg/ml or protease at 37°C for at least one hour), in the manufacture of a
medicament for administration to a patient for treating and/or preventing a GI
tract disease or condition.

The use of claim 54 wherein the administration is orally, sublingually or

rectally to the patient.
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56.

57.

58.

59.

60.

61.

62.
63.
64.

65.

66.

67.
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The use of any one of claims 52 to 54, wherein the antagonist antagonizes
TNF alpha.

The use of claim 56, wherein the variable domain comprises a binding site for
TNFRI.

The use of any one of claims 52 to 54, wherein the antagonist antagonizes
TNFR1, VEGF or IL-1R1.

The antagonist of claim 58, wherein the variable domain comprises a binding
site for TNFR1, VEGF or IL-1R1 respectively.

An isolated nucleic acid that encodes a protease resistant peptide, polypeptide
or variable domain of claim 42 or 43 or an antagonist of any one of claims 44
to 51.

A recombinant nucleic acid that encodes a protease resistant peptide,
polypeptide or variable domain of claim 42 or 43 or an antagonist of any one
of claims 44 to 51.

A vector comprising the nucleic acid of claim 60 or 61.

A host cell comprising the nucleic acid of claim 62.

A method for making a protease resistant peptide or polypeptide selectable or
selected by the method of any one of claims 1 to 41 or an antagonist of any
one of claims 44 to 51, comprising maintaining a host cell that contains a
recombinant nucleic acid encoding the protease resistant peptide or
polypeptide or antagonist under conditions suitable for expression, whereby a
protease resistant peptide or polypeptide or antagonist is produced.

A protease resistant peptide or polypeptide selectable or selected by the
method of any one of claims 1 to 41 or variable domain of claim 43 for use in
medicine.

A protease resistant peptide or polypeptide selectable or selected by the
method of any one of claims 1 to 41 or variable domain of claim 43 for the
manufacture of a medicament for treating and/or preventing a disease.

A method of treating a disease, comprising administering to a subject in need

thereof, an effective amount of a protease resistant peptide or polypeptide or
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variable domain selectable or selected by the method of any one of claims 1 to

41.



