LI GANDS THAT BI ND TGF- BETA RECEPTOR RH BACKGROUND OF THE | NVENTI ON
Transformng Gowmh Factor-3 (TFGheta; TGFP (TGF-P)) is a signaling

nol ecul e wbabiwmaedoat es signal transduction into cells tirCompholoionmsbng to a
TGFbeta 5 receptor (TGFbetaR, TGFPR (TGF-PR)). TGFbeta signaling activity
regul ates cell differentiation and growth, the nature of its effect, i.e.

as cell grow h- pr onpje n‘%lelnt O, -eﬁwrjeéfog]ﬁ ?’%rOIQERI?t her cel |

functions, being depe on ¢ ype (Ssee
transform ng grow h factor-betas, Peptide Growth Factors and Ther r

Recept or }lipﬁ‘ﬁ & Roberts, A B., Springer-Verlag,
Berlin, %@gﬁq%bq\?gofg OENM}@%eta IS produced by a wide variety of
cell types, a”ﬂaﬁstf@rnﬁﬁ nﬁ@ethrmaﬂtm(rﬁcaree TERUR)) s @-sfghﬂﬁlgvar' ety of
organs and cells (see Shi and Massague, ol ume 113, Issue 6, 13 June

2003, Pageelcgdstimogiediosisigngj matiectionyep CGBS thpO@bZ)lndl%EP ahdFPeih monar y

Fi b Vol t h S d. b

phan, S15draor (PrBysR BEEReR reRER o oo a8 ivR R RE RIS EN S have been
i denti fi egfft@nfidldn dnBloPo iRl @€ nhdRest usTéﬁ%laetz 2Rls c(eﬁféf&ﬂh)pr(ﬁ%begraww pe |
receptor (Franzen et al., Cel I, Vol 4, 681, 1993; GenBank

Accessi orfupgressor gzeglgyger Ofgh@e@elmuncm@ﬂmg 9ler(err®11§etl acll e (s9¢ Rabettpt or

(Herbert . Vol 7 Accessr on No:
\beove)) Lot TR i trondPelPpots, Rppd] SradBdae oSS! °)
Cel |, VolRecBptordNPart4,edpby E88n, MO8 18 I@Bﬁaﬂk%(gpﬁﬁgdzr@‘ﬂeﬂbd% BeAi6S 9990), -

TGFbet aRl and TGFbet aRI'l have been shown to be essential for the signal

t r and@ucti-HIP-bf2DTGE- beta (Laiho et al., J. Biol. Chem, Vol. 265, p.

18518, 1990 a%#‘@é@ﬂ %d&%hd by %Wl@é @ rletft}?é@llr tygeﬁl, auldé%geeotggate %&Eforsle%%.l) '

whi | e TGFbet a t to be essent signaling is
medi at ed etxbrerssqzjhnratv&ddmvmhmgf blrgahmdﬂal cblF-bret Rl armind afRbu? BWieviotuhe | | gand

or ought _LIgeter 0 AIRBRAAG. RS TRBSB RO AT Yol st bodP ERE <1 gnal i ng

cascade tAipYal)y M5 RROTBNSD ¥ BOBidtey ARG BhE DAR(6SicSg BB sague

as referred to above). Three isoforns TGFbet a have been identifiéd in
manmEls: eraFoe6l, DeBBerTSebeY @R, 1205, ﬂ@bﬁa@@ep@adhw: bafadentifid to fall

[tif ti I d dback h t trol
i1 nShLRat S el SRR SPHABLEL YL SRLRREH e aptp conro
honeost asy g ri@?\k{ @f"%eé’ﬁdlé% g%[}BQ’lH Kgcse?&g% tﬂE’ié% @g (?*@?F I&'B' ecul ar
Cel | Bi ol ogy, 2 eve e £
(l;'onél roll E(ﬂ“%ﬁoeltaegpﬂl RAtéceptot (Habegh eil'&ﬂ:WlaVeg{ﬁBieNeun@t afss,\/lléfé%\/’ @GaBahkough

inding to proteo i.e e ex ul ar_matrix S
5Dysr egurercgﬁﬁlwgé@g‘& Yhand T@%‘Q%%ﬂf G heiclype Himsepiar &r‘ﬁ’ﬁéﬁaﬁ‘&a%nd hi gh
I evely ofch) gayairl /Bl £ TEkbetod, . G&BM'A&@%% NS @07‘39?)%9?@ oth@f Bl ogi es,

i ncl udi ng fi'broses of various tissues, such as pul non rosis and
ci rrhosi sTGctetatii bavvepan |shcpvssn tor eeeseattie] thr dret hgnal tral;lsducmdracrf Wikkoretter s,

vascular ¢ eslenp! PpiliebRls, O 385, 1888 108 QBPELnSL JCBNERITLRheS! o

Vol. 266, p. 9108, 1991), while TGFbetaRIII is not thought to be essential.
TGFbeta signaling is mediated through its binding to both TGFbetaRI and RII.

25  When the ligand binds to the extracellular ligand binding domain, the two receptors are
brought together, allowing RII to phosphorylate RI and begin the signaling cascade
through the phosphorylation of Smad proteins (see Shi and Massague as referred to
above).

Three isoforms of TGFbeta have been identified in mammals: TGFbetal,
30  TGFbeta2, and TGFbeta3. Each isoform is multifunctional and acts in self-regulatory

feedback mechanisms to control bioavailability for developmental processes and to
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10Accordingly, there is a need to provide conpounds that block or disrupt
TGFbeta signaling in a specific manner, such as through binding to the
TGFbet a rwoeptigrizdob. Such conpounds can be used in ther apemre@s/o6BUMVARY OF
THE INVENTION In a first aspect, the invention provides an anti-TG-bet aRI |

i Mmunogl ahdihiath t1s96¢ Reth& swdlsi(adtc@ictl@ it ten Thjkct aldl Arthud Nanid RAaEHbet aRl |

i mmunogl obul in single variable domain in accordance with the first aspect

is one W@lﬁc%?rnégﬁﬁ@l%?f@l-§RNPVV\%QOI5{’1&§§i7s&58éiL§WP]ér?fggﬁ3§P’éﬁfe(Kd) in the

range of . | r -2 to | OnM

I n one er?%%‘:)\ﬂrfigﬁotﬁg ?%Uﬁlﬁ%%%%%%p%%%)%% ggt?ﬁifﬂﬁbs n%lflgéggév: abl e

domai n i yranegiwting he.bthadstracelblat alirix MAN).hi gh affinity (hi gh potency) 20
and has a di ssgci atjon tant of | to 500 | n anot.her enbodi nent,
the anti TGFbet rqguimﬁﬁgﬁ%w@ﬁ% @S@éﬁ%ﬁ%ba@ﬁﬁﬁnﬁf%é elhhi ch bi nds
TGrbet aRljbyopd dhioRAgaRE ?I\C/lﬁfbf:ﬂa,”istih’lpﬁ&a‘?w B%ﬁﬂ%lo?gﬁh&?gieé iféIagagi ation

constant of 500pMto 50nM preferably 500pMto |IC I'n anot her "aspect, the
i nvent i ordibpesey ptiewican tisgek.sueappllyoeptyilteosomsk dishengs, gshroart iepTiishet aRl |

i mrunogl opulin singl.e variahl e domain.. 25Suitably, .the isol at.ed pol ypepti de
conpr  sesha AR B SRLaf Dl Rt RSy G Mok O B SRR e
Iefast ongcphtoberatik d sequence selected fromthe group of any of the am no
aci d sequences set out in SEQID NGs: 1 to 23 and which binds to

TGFbéPaRI | . Suiacapstingly ttherciisbneaddd ppoiiprqmnasadpibadilogloondipunt TEFbe aRl | .
L EroLNS L STRPA 0L LR 2L SROLBERLLS Bl PELRGRR ISR AR
cynonol gusmpotkdyan be ying) in tharhpealbiby, the isol at ed pol ypepti de bi nds to both
nouse and hurman TGFbetaRII. Such cross reactivity between TGFbetaRIl from

humans and other s i o) he sanme anti body construct to be used in
an ani na%qa\“i‘@&gé“ﬁﬁﬁﬁ I&éfﬁlégs in humans. In one aspect, the

I nvention pr O\IhQ%staa@péc%,%@fn%Qntﬂﬁﬂ HBEREY HeatRMBEHShRE iR ABLI38uAE! d
sequence selected fromthe group of the amno acid sequences set out in SEQ

| D N@§: Xingte @@iablerdooren. énitelly namanti-TOEbétakHnminomoglobvlidesglarvaiigdt at ed

pol ypepti de conprisi.ng an_am aci d sequence as,set t in,any of SEQ ID
s P47 S ang 3% B D A5k R SO TSR Tt M s
aspect, tdRotiBYEHEInRANPIKAY iifl &% rafsd &Q'O%Mi't@ Ay pefti o8 BpSPderhby, a

nucl eoti de sequence that is at |east 60%identical to the nucleotide
sequence psePwabbedf OpMota 1nd.dn oup cabodimgnbthe anél- KuEbaRll ammyngglgbdiices set

sol at a Bt pRgp i e e e B AR QR Ay B AR peet

t her @0i s apd dué gl@idsaiatdntconstéatREt afUl toiSOOPMOT Dldthcr Brbbiglcat, ey ardbl e domai n
conprising an amno acid sequence that is at |east 90%identical to the

am no acildPEstkdhvemyrogoRuligiengdey #inblecdamai ruasehigebiads 8P/l he group
of any of_. ] | [ : I n one
enbodi nerﬁl?mt?lﬁ%ﬂral%f ﬁﬁ{fg(@@g%? @Q?‘Pa ?%r%ﬁ% It’lHCS)E] é&%ﬁﬁ?ﬁhgﬁﬁg O%pal\t)rliqgéﬁléMdormi n
conpr i seyprairadiy 500pAtiodl (adhudmaeeothdraispdcs, thelmntntcal providehan @otated aci d

sequence of any of the. amno acid s ences sef out. in SEQ 1D NOs: 1 to 23.
Sui t abl y,POIWP@P ?ﬁqomnaﬁﬁl&%nﬁcéﬁhﬁ%%gﬁ &Bmuflﬂglgkglﬂ& g5 R B
COMPBHKk S e G#RLIFMHE @so@eﬁédﬂpcﬁggéﬂ)%é €oRpri&8 lan AHfind Ai@8GuehccIRR 18 B KR 704,
(DOMR23h-271), °8 (DOVR3h ) or 10 (DOWR3h-439). |In another enbodi nent, the
20 ant i - T&AbietldRIat lepshona oglinsbadid sequimglseleviad ifinb tegoom of angwptieswsinan ani no

2ot Cout iresEat e uh SEHS NP B P RN nh it s SEEBaRRY Seauences
i munogl Ghibkbly, i Ml Led/FllEhide GRaBMhhAtSGFEEFRRI AR dnothRF 8Bs@ReMt, human

TGFbetaRI 1. I n another aspect, there is provided an anti-TGFbet aRl |
i mrunogl dhgiisplatedipeipsptide also binds to TGFbetaRII derived from a different species such

30  as mouse, dog or monkeys, such as cynomolgus monkeys (cyno). Suitably, the isolated
polypeptide binds to both mouse and human TGFbetaRII. Such cross reactivity between
TGFbetaRII from humans and other species allows the same antibody construct to be

used in an animal discase model, as well as in humans.
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25 variabl e domain conprising an am no acid sequence of any one of the

am no acid sequences set out in SEQID NOs: 1 to 23 that is nodified at no
nor e t harw@2oamiiaemoaci d positions and conprises a CDRlL ®eqEPaee/otdsat i s at
| east 50% i dentical to the CDRL sequence in any one of SEQ ID NGs: 1 to 23.
In a further dspeetspettheicgnvantiph @wiviked aansodaitd pdlhdpeidakbinpiisingaegl obul i n
single 30 variable domain conf:ori si ng an ﬁam no.aci d. sequence of any one of
the ami néMHR? #e1d seflisAceslestad [pum thergramr! the fmino aciq gpapenaep st qugmr%%@fi ed at
no nore typago N [ L : : [ ggazp e that is
at | east I50% %gle%?i%gll &féﬁ?ﬁ%ﬁh&i@%&%@%@@ﬁ@ﬁk@ﬁ% gsr(l)e of (ﬁsg%lﬂﬁ%&NOs: 1to
23. | n anoipheingaspetinq aditherqens gesevoud @tamnolzHQ 1DERDe td RAME3hogl obul i n

single varighle. d in . co i si.n n am no aci d sequence of any one of the

am nogac%@gﬁﬂg%'gg@ ‘geltco @ﬁM?# ID NGs: 1 to 23 that is nodified at no

nore than 25 QHhﬂ&hé’desﬁidﬁ,Qﬁé {dveRSorAMEv BRI [s8RE&ddolRBLi&EIeA&EDY hat 1S at
e

| east 50% i dentical to > CDR3 5 sequence in ani/ one of SEQID'NGs: 1 to
23. | n anuglcohés scqupmeithat ishairdeast 60% ndantigaldo gre mastdotifeRisermRIsklected

any one. o B ShEY R G AAERT SefBhe T L BTRERO S s B SY s
nodi fi ed vatichBind®IET G Rt iAD. SUHabE, 8iishlnes pblypeiidemthdsespimses a CDR1
sequence that is at |east 50%identical to a CDR1L 10 sequence in any one of
SEQ 1P NGGFbetakdl 23 and conprises a CDR2 sequence that is at |east 50%
identical to on s I; . Toh® Nqﬁi] 3. anot her
aspect, thereq{ls pr%@%ﬂ%’qg%eé£P®?¥i&g%gtaa (I rﬁ%jkr%og o%%qgltkgouélﬁﬁb gtll} vari abl e
domai n cmaﬁalit)ls idmtgla:mmomprSE' m?ém@iﬁ?q?émg?e?ie ?ayis@nbgs_l?omgiele?m'ahm thci dt ]
sequences set qut in - 0 at js ified at no nore than
25 anmi no aaewa%gﬁwem Ay pge e%&%%%geqaemfeg@ Bewrenp qlanyol| east

50% i dentiheabirAckieq (iR SPOUGRSEA M ROK: PRE2 9f1n Shlehbodifin: thd £123 and
conprises a CDR3 sequence that 1s at |east 50%|dent|ca? to the CDR3

sequénce TiGFtamRIbmemohoghet@linBingBs varfabteodddBin comprises an petincamd beueaspect ,

th i i ded ti-TGFbetaRl| i bul.i n si ngl i abl e domi
conpri 5; AHan AR bRt AU grec G REG AT oS P o 450! Bequences
set out IJEEHOINGR: NS 23 Isib3thbhati- TGP iresluadglowuliii®s1¢ hambkd am no

acid positions and conprises a CDR2 sequence that 1s at |east 50% i denti cal
to the CORDaFeeQIRINGES Rhamimp asirescafcrSEE@s bE) oNOr: any of SELBIYN®setnpri ses a CDR3

sequence {:S~at %0, i-dent | t equence 1 n any one of
SEQ | D A2 ), & f]?]é%%??h%??a%%%@?‘?“?ﬁ%}4§§?~?5?%‘3? BPGfment, S

ant i 20G-hati AR FbetdRTU iagLedIbbutinSingdd fardbl/d@ndah empasmian a6dmPidig¢i Nng an

am no aci d sequence of any one of the am no acid sequences set out in SEQ
| D NOs: Bequsnogsalepigd framibrigmopr af gy ofdhepmenorasihseanensas 1 oHcindPE Ot i ons

o0 Somoia 9 SEEHARCUES b Tyt A T aRL uple O
t hat i s atinds TGFbetaRIl, preferably human TGFbetaRIl.
In another aspect, there is provided an anti-TGFbetaRIl immunoglobulin single
25  variable domain comprising an amino acid sequence of any one of the amino acid
sequences set out in SEQ ID NOs: 1 to 23 that is modified at no more than 25 amino acid
positions and comprises a CDR1 sequence that is at least 50% identical to the CDR1
sequence in any one of SEQ ID NOs: 1 to 23.
In a further aspect, there is provided an anti-TGFbetaRII immunoglobulin single
30  variable domain comprising an amino acid sequence of any one of the amino acid
sequences set out in SEQ ID NOs: 1 to 23 that is modified at no more than 25 amino acid

positions and comprises a CDR2 sequence that is at least 50% identical to the CDR2
sequence in any one of SEQ ID NOs: 1 to 23.



| east 50% i dentical to the CDR2 sequence in any one of SEQ ID NGs: 1 to 23
and 30 conprises a CDR3 sequence that is at |east 50% identical to the CDR3
sequence woamyiede of SEQ ID NGs: 1 to 23. I n a fPOTtEPRO10AE(36T! |
there is provided an anti-TG-betaRI | i mmunogl obulin single variable domain
conpri sing a ChRBothespatahéas piosidatl ah aas{TEWaRdEmimc@dgldhauilia sERS
sequence sel ected fromthe group consisting of: the sequence i n any
one of SEErpe demaincomprismean amino acid segsgehelrany e of theramape agid pr ovi ded an
anti - TGz*%@iLFe'?rLés égﬂ?ﬂ{@f?ghw NDsS1 B POUAE ndfi G QB! HiorE YHHRr sSnfido 8cigPR3
sequence selecte romthe group consisting of: the 5 CDR3 sequence in any
one of SHEQsDnNGsE comprse28CDR3 sequdnge yleit iseat detaseF0%asratital to Her@RS provi ded

an anti-TGFbetaRI | i mu N si e variabl e domain conprising at
| east *oné“EHRS I BtE] O?ggh%b rf)_tPB?’Jco_nsi sting of: CDRl, CDR2, and CDR3,
wherein the COR) fuGhdRspct t}@lgﬁﬁNséisr‘_éviué’&ﬂ{ hrﬁﬁﬁGFBetﬁRﬁ%un%%uliﬂ’ﬁin%

sequence in any one of SEQ | s: 1 to 23. 10Suitably, R sequences are
det er nmi ned@righ dgmpiecoprisog apfankad atid degwnébelhnyene jof thelamippacidmbodi ment ,

t he CDR segquences. of .e en hose.set out in Figuwe 7. . I n
one enbodtRERTe ehardT PEQTERLREERA Bal M ERRAE umd 05! Sl s g o

vari abl e pdeiBhardl coPRbyPEPR 10R qiidhca O IHANGSt 0% Mdcatiyalas pEDR f t he

i nvention which 15conprises conprising any of the followi ng am no acids: N
at pd8i t isefiesge inRnytong 9§ SEQLIH BYs: HthZq3 fms'zqommﬁe%@mﬁ eAupss that $rat39, D at
posi tion 0 - It - [ i i.ngl e variabl e
domai n. ll%a%g%’(éég‘c}%%a?ﬁgﬁid, t%ﬁ%&%ﬁ%gﬁ%gwggﬁbgé%E% e domai n or

pol ypept i de cdnpnothesaspedtairbricigpiooiledtn bhed&RoeiaRd] mahaisogldbulianoigher

enbodi nent,. the i munogl obul i n single variabl e domain_or pol ypeptide

conpri S o3 HBPIS AP BTN TP I AR ACIR SEUCBRE O 7Y 6 96 1B fiel ts, the

am no_acidHEReL! &g ih SEUVE Nek: | fiead MIRAGARY dimoshas ity dfab G .
as exenplified, for exanple, by those sequences given in SEQID NGs: 1 to
23. 15 pokioanatdwempaspes CDR1hergecrics that ovit dedt 20% idgatdalde thei GIARhg noi ety

that has bi ndi i fi.gi TGFb || _and inhibj.ts the bindi f
ant | - TorBeRR a5 ok SRIELPY Sl B e REres GOk RS ML Can
am no acijghsb smeMGRicsab et €drB rs@@eht@ingdn%ﬁae_@f SBBQD RONGsio 3.t 0 23.

In a further aspect of the invention, thére is provided a fusion protein
conpri si ng an Inypianetico bepcrta therhiglpeowded anang- HohedtaR1l pamppeglobdée or 1 gand

i n accordance mh%p Ny, 88 ect .of the.invention. 39In one Hbodinent, t he
. SBl ¢ vari Cc qormain ¢ n’l%I‘lSlIl an amino acid S¢S uentce 8 an}i one o (] amyfno ac1d
i mmunogl o i n-si'ngl e vari abl e donai n, pol ypeptrde, -l Tgand or tusion

prot eon isBqacsrsdanaen BEQND NOsi Nweld thanisinsoddf&l MhioGhord ehinr 28l 4nsias adid-bet a
activity. Suitably, the inmmunogl obulin single variable domain_or

pol ypept iPg&itiops %nfgwmm%a (DR sepeenca s iS5 28 Aeasthl“p ideatipl iRl thed-TOR2 TGFbet a t o
TGFbet aRI i . .nﬁﬂ!& N 2Sd tapl e

domai n orsg%‘%)e#‘g%@%?l & gl%ioﬁggccor gbtrsl'cle{@vi% tﬁgg#ﬁ%?ﬁk gnéelﬁ%%ll%g?ﬂ?dys bet a

si gnal | i neasas%vddnyicalho dughDRE&sb@icadd in. anlyronandSEQrIDeNDodl 2B, t he

' mmunogl obul i n, oL OB Caspets, Bk Ss provided af anf G Sum i oA At

25  variable domain comprising an amino acid sequence of any one of the amino acid
sequences set out in SEQ ID NOs: 1 to 23 that is modified at no more than 25 amino acid
positions and comprises a CDR1 sequence that is at least 50% identical to the CDR1
sequence in any one of SEQ ID NOs: 1 to 23 and comprises a CDR2 sequence that is at
least 50% identical to the CDR2 sequence in any one of SEQ ID NOs: 1 to 23 and

30  comprises a CDR3 sequence that is at least 50% identical to the CDR3 sequence in any
one of SEQ ID NOs: 1 to 23.

In a further aspect, there is provided an anti-TGFbetaRII immunoglobulin single

variable domain comprising a CDR3 sequence that is at least 50% identical to a CDR3



with the invention suppresses TGFbeta activity, in particular, TG-beta cel
gromh activity. Suitably, TGFbetaRIl is human TGFbetaRI|. 5l n one

enbodi mrenwg 20hiw1zérunogl obul i n si ngl e vari abl e donai n, porEPe@biocss7 | i gand
or fusion protein in accordance with the invention is devoid of TGrbet aRl
agoni st acduevicd yeladtedli@omitios @io0p asnsidting MY:. thé GDRBotcha¢ncaspeot onetdTSHE) | S

provi ded an i nmunagl obul i n single variabl e domai n, pol ypeptide, |igand or
fusi on pﬂ@@gpﬁ]ﬂﬁ ccordance with any aspect of the invention 10further
compri sing a NghhohbRp&XURBL0BTRIE LY an SRR R Siiblygfxt endi ng
noiety is a polyethyleﬂe glycol "noiety, serumal bumn or 7a fragnent

t her eof , variabls flempinrcongriepizer COR3 acqueans fedeatddnadnnltd grgup oottsisting bheheof , or

an antib r antibhody fra risi a binding site for a
pol ypapt Rtk et theshadl SER P Mods: 1 one ambod ment, the
hal f-1ife ext apgbiholRE 8ipbict, TcfdlisPAsil - POFALRY ifhRAFEIBbulGPNPr i Sing a

bi nding site 15for serum-al bum n or neonatal Fc receptor. In another
enmbodi nemtngla yesiahlel donpaif eorai englitigastroneC PR slegted Apm thetgrpemigonsistingit i body
fragment. . not spect. .t hejnv jon i.de n.solated or
+cconsi it CREA SRR ORISR O EPRTe SRR S B £y T S

ant i - TGFgRRIGDRDT6HTIYR B biduicricesin AgY 6nd af $BOIIB Nlograi 13,23pol ypept i de, |igand
or fusion protein in _accordance with any aspect of the 20invention. In one

embodPrent, t Raitaklyl GPBpearenceryririsanmcAyeingihe methad pbKekaiidesebapri ses a
nucl ei ¢ qgl g, &%%h?ooﬁﬁﬁ&Q,ttﬁgCE%I?@&E?{‘R}G%B%%%h%%@%%@ &1% iﬁ&% sQUstl fil ¢ act d

nol ecul es "havi ng the sequences to 46. one
aspect, tHigurefAvention provides an isolated or reconbi nant nucleic acid,

25wher ei n the nucl ei cid conprises a nucleotide sequence that is at |east
70% i denti cal 'P@n¢ ﬁ‘é‘gﬂ%&%’oﬁe&@s@éaﬂ@%@ %ﬁtl-“éﬁgﬁ grRHd@meplopplingipgle

ol ecul esv,aﬂQMie Bgm%ﬁ%rd%@%?éggﬁ, ﬁ%c%ﬁnde%iﬁﬁ&g} aﬁg&%f&%‘kn%ﬁt'?ﬁ fwlf?(ﬂfj V\,her ein

the nucleic acid enco pepti de conpri an | mmunogl obul 1 n single

vari dbl e cdowpaies dcohatrissigeny foil del followingdminoadi@GFEDeatgRisition30] R aapotiher aspect,

there is prgovided.a or conpri,si a nuclegjc acid in or.dance with the
vent i ot A bSSigh Y i eERTRE sEc0 % P £ Elcailind0RGLHRE T

conpri si riﬁmﬁm@gl%bﬁlli&siﬁ%l'e@aﬁﬁblé‘dMﬁﬁﬁlQIn bt ARNHSNCHe WnhiinbdIBblIVERdIEON. I N
yet anot her aspect of the invention there is provided a nethod of producing
a pol ypepeiiglic dompin aipety paptidetamprerhe carbinaiiomefribeficabung acids. dgheoterr i abl e
domi n-or, 3, Aol YPSRL 1S, QL SR AL\ AGERY SRRSS HLIDLINRC BNSALd N,  the

met hod conprising mai ntal i ng a4 host Ve i'nacco JZ%&% W thPEhe i nvention

underocongiihé a¢ig Nsatidl ai R 4104, Bxheesntvdiaénts ahdaminelRidnumibedinglis thect or,
wher eby a pol ypeptide conprising an inmunogl obulin single variable domain,
pol ypept iddéhedpnsmoglabylip singleodialg domyin, eneramplificHelometaerics i hawr

conpri segeh NG GPerCh SERPIBNAY 11H83,

In another aspect, there is provided a ligand or binding moiety that has binding
specificity for TGFbetaRII and inhibits the binding of an anti-TGFbetaRIl

25  immunoglobulin single variable domain comprising an amino acid sequence selected
from the group of SEQ ID NOs: 1 to 23.

In a further aspect of the invention, there is provided a fusion protein comprising
an immunoglobulin single variable domain, polypeptide or ligand in accordance with any
aspect of the invention.

30 In one embodiment, the immunoglobulin single variable domain, polypeptide,
ligand or fusion protein in accordance with the invention is one which neutralises
TGFbeta activity. Suitably, the immunoglobulin single variable domain or polypeptide in
accordance with the invention inhibits binding of TGFbeta to TGFbetaRII. In another

embodiment, the immunoglobulin single variable domain or polypeptide in accordance
5



pol ypeptide and optionally producing a variant, e.g., a nutated variant,
havi ng an inproved affinity (Kd); or EC50 for TGFbeta neutralization in a
st andar d we=ay/tibk@n t he isol ated pol ypepti de. Suitabl e ae3aP01005086G-bet a
activity, such as a cell sensor assay, are described herein, for exanple,
in the Exartpthesneetdn mhibithAGFemesi gepléct acokity beoughvEGFbasR 111 Inenother
anti-TGFbetaRI | i nogl obul i n. single vari abl e domai n, pol ypeptide or
ligand i ﬁﬁ&@éw%%lm@lﬂﬁ0§f%@qiwwﬁ% V%{%ﬁ%ﬂ%c?qr%arln 05 RORRCPA AR R CCRFREAES

Accor di ngliy ub fﬁ%{eﬁﬁ@s@;@gg&%ﬁbe@@mﬁ%}m rtRAMPI TGF, Al grog@rbet aRl |

i mmunogl obul 1 n single riabl e domain, polypeptide or |igand in accordance
wi t h t he acvigntSugably OFGLilseta RIS isshumeech T@Ret4RII15Sui t abl y, the anti-TGFbet aRl |

i mmunggl obul i n_si ngl ari abl e donai ol ypeptide or |igand or.conposition
| acoor dance lnornhediye e atoeuie s ERR Rk Sstomat SaeebuEeon: at ec
W th TGFhghRd 8 8RRhiIpAGeinSHab@Riahce Wi (HE RS0 1§ devdill s wEFbitarASi s, such as
pul monary Tibrosis including idiopathic pulnonary fibrosis, liver fibrosis,
i ncl udi nggemistrdrosits aaldmoheroolac(UMpatitis, rheumatoid arthritis, ocul ar

di sorders, or 20fibrosis of the skin includin | oi.d .of skin, and ki dney
such as nephr iIPiag?tR% HRe 41?rsﬁ%gﬁ°§1dﬁﬂ&nH@WBQSF@%%?@? Ve Gl ar

condi ti Off)ofﬁﬁ?ﬁ@é liERRE &NASibE prdRil & adbRRASER1RARPEIREEH M fcrifdnbet a
signal i ng i'nclude vascul ar di seases such as h{pertens[on, pr e-ecl anpsi a,
her edPt artyrthrsnmpriviagiadiatidifanytehdiog awiiety t yp@bly, tharmifylife mpeadingmatgsiar y

arterial .h rtension, aortic aneurysns, Mrdan syndro famlial aneurysm
i sor der 1 BRI BaBRe G0 ich. SHEN AR TR AR R B PR Bt

Q her di sgasessREEOBinaingPowidnnthdichR ot an sitihdal bhantibdal waendhseagesinf t he
nmuscul oskel etal system such as Duchenne's nuscul ar dystrophy and nuscle

fibrosis.2 mgingsic or geabesptidestbet caberpennalirlifaydioa I pmembaiimericthgde
cancer, h: : T ic as ] .as gl ionma
and NsoLCATE SRR m AR e RO DPORLERL e Ao AR Concer
by 3Q5nodut @tumglblcfbet acamiaghit raegpton 1h un@ber autgidigenee halfOfher di seases
or conditions, include t e related tg tissue scarring. O her diseases

i ncl ude ﬁﬁFWBWQPV“ﬁWé%%ggB’@H@Hgégrfﬁgﬁd(%ﬁggﬁmc obstructive pul nonary

di sease). 1n QRGARBEHbect!NE dvRNEMH brBDidRE QY IsdBRd PeedivinahthbatidRtiy si ngl e
vari abl e domai n or antagoni st, conposition or tusion protein for pul nonary
del i ver y .entadinhe palypemide comprising entanod (FrbetaRd bsnmmeoghettulin sit@kbetraRlel  si ngl e
vari abl e domain por antagonist .or. fusion.protein for, delivery .to the |ung of
2 batt endomi gl padiled AR ibHRichibiGhRate T thuisPEcariE

ant i 9hGFhgiaRbh. Si ngl e variabl e domain or antagoni st or fusion protein in
the manufacture of a nmedi canent for pul nonary delivery. In one aspect, the
i nventi on pr ovigascmhedigwat, dfc isdlated anrdcombiget mRridic s¢if giadecaplr ¢aatiirsetomai n
or ant ag%nriuscfe'coe{ci HR ie%ﬂle%r fe%%i r%roi MACESL dafna%e o\fVit tehnlfcléei'\ ailcri] Iei\lrc]){legcof% in the
manuf act dr'e'  6f° & nEdi Caiven gr 3%¥|¢%r§)?o Yhe]}ung of *4 pa i°Ent . In
one enbodianigtihe $dqgentds idbLeindBHMID NBS: 2lao 461 when part of the antagoni st
or fusion protein, is resistant to proteases such as Jeucoz&ne and/ or
trypsin. 101 n IBRBC aspseldthedmtention provitas gailtolaed pireenbigamtmsigicacibl i very.

Sui t 3kl y, 1] [ ' 0 - i :
ui t 3l y wﬁe?ﬁ%o RN éc?ﬂ 8&@@19”%% %%%F%%ﬁ*%’é;%glﬁég%cg tlga@l?s §198asP4) wﬁ@%ﬁﬂ?o: very

I n anot her e I nent, osit a nononeric
pul nonar yhemhdlacgidy sequence ofSuiytod iHeynuctdicadd mpbsutes aving tHeakeqidne sagey ootr

One” onbodl SR NRSY a 143 b st eaweieresbtar s tigrpore 0
comprising an immunoglobulin single variable domain that specifically binds to
TGFbetaRII.
30 In another aspect, there is provided a vector comprising a nucleic acid in
accordance with the invention.
In a further aspect, there is provided a host cell comprising a nucleic acid or a
vector in accordance with the invention. In yet another aspect of the invention there is

provided a method of producing a polypeptide comprising an anti-TGFbetaRII
6



treating idiopathic pulnonary fibrosis. Suitably, the anti-TGFbetaRI | dAb
is provided as a nononeric dAb for pul nonary delivery, preferably |acking
any tag (Woesirmumtagged) such as a myc or anot her puri f PCRIEPROTONSEET

In one aspect, the conposition is a pharmaceutical conposition and further
20conpr i sesnumoplaulimsiagltivadhbly dame@piralyotypeptidd @rligagd ¢i pdcerdaney with kheent .

I n anot her aspec ere is provided a nethod of treating or preventing
an TG:betl%Vqli‘EB’il éﬁ%@egeﬁﬁpwaﬁng@%ntﬁwmF@htﬂ aceey, a?@tvﬁgﬁcﬂ‘ﬁonpri si ng
admi ni st G| dAfloR ufRARATLDRIL AP fosfiin 31 8nLia RETORLEHd: \baBHnARkahul i n
singl e vari abl e domain, polypeptid in accordance w'th th

i nvent i ora polgepbde mmHUMIl@m unrﬁlﬁiqglqbuhulstnlgtervaa@bbcctomanm@olymmum @n provides

a pul r eliv dev cont ai n a. conposition in rdance with the
oent; ol it o BelO S Gelie b afnb TRt e s e

adm ni st Rt BRI g&lﬁ%% AREAN a Gtk Res, Bvifit RE 1 shows
anm no aCng }}(Pgsgtb&féﬂd%m d?&%w an nEcI ei ce%;m dEt(aSé% Qv:l 4- 46)

sequenc esm@foVGMEﬁmﬁY Eddor o:@r iCiHpetamsutr m@ﬁpn omna StEJIldaURESSZY draowke an

al i gnment. ces.. Am ng .aci ds are

unber ed sitsT BB R U0y e S B Siin SRR G E Rarfn

under | i negs ddetibed Hugkéia Aol e &REYENE Ehd Ei;eiﬁﬁpléSYSebt@mDOVl 23h-251 (SEQ ID NO 2).

FI GURE 3 shows an alignnent of DOWR3h- 262@_( %JI D NO 3) |lineage am no acid
sequdfices. Anilhenaaingst ke WypHEme theastor birapaeglolbr ssttiences are

i ndi cate to DOM
23n- 262 (S B Rt fy YPeFIde By R %‘\%‘gaﬁiﬁgg”flﬁlgtﬁﬁeﬂﬁ’t%ﬁﬁ& BORR 591 Pneage
ani no acimkdiegandasofddigly | therh@ préyidednicompasiiiors cangrisingrine-EGFacaRildi ng to
Kabat. CDR sequences are indicated in boI d. and_underl i ne Dot.s | ndicate
sequence MaRHeRlopulnsipggperatly domamepelypqide gy 1 lgﬁdG@RECOSg%S\%t ©al i gnment
of DOM23hiddfioh INERES AWcARaAehd Sequences (SEQ ID NGO 4). Amino acids are
nunbered according to Kabat. CDR sequences are indicated in 10 bold and
underbi ned. D(ﬁustablmdﬂleanETé‘ﬁbﬁmthblmmmglmuhn(sn@G\mhb1¢3ﬂ>n(a$EQ ID NO 8).

FI GURE 6 s | i gnment of . DOVR3h- 4 e.anm no a es (SEQ
ooNo. 105 DR B CER R ia B oG o RAbAD S EbSEtiER e tre
i ndi cat eq digaRoddo@ndd Winterdrmedsiotddhg. Sﬂﬁb%aﬁ% RQAYERGaishicterMrbdiy, t O
DOVR3h-439 (SEQ I D NO_10). FIGURE 7 shows tabl e detailing CDR sequences.
15 Fl GURBugh @rmxkgloewﬁ@msns mnlumngc@lpeathMQnmﬁbm(sslz@rlf[brom 19) was
injected.o FGI 3- chi cti Ledi atel y

ol | owed By g stogh fad hrght ERHRL"Bie ik Ry AR bilhtssrd SBRBan: 457 6

( SEQ20D NBroslO)f the gkiiMhgtin@dlod (fSER, hhd INGhdy ubh a@heﬂﬂ@ﬂ@&hdﬂéﬁﬁlﬁoé@EQ | D
NG 19) and DOWVR3h-439-6 (B) (SEQ I D NO 22). The chip was regenerated

usi ng t wénfl APRIEPIRIgsiHfor R0H r;?@ﬂ‘ﬁé%ﬂloil B BCHPOP] Qt%ﬁ@r Bi§Ca3ys ASSPIRE 9

shows co I {é\[@q% ed over a
hTFQ 3- Rwﬂtcéggﬁﬁggﬁﬁ %8‘315 I Nj %Eglf&%%s%séﬁ&@m%g}l e %Sl%o’},i??)ﬁggh@%%l nj ection
2, consi Sltereidga@'fhaamm’rhhgw ealmfgnei:tashetypBCWHB]IT14:{7H92,(Iﬁfﬁ@ohd3yIhlﬁbnéll) and
DOVR3h- 2% SEQ ID Noi%% E‘ﬁf 3h 437 9 (SEQ I D and 25
DOMVR3h- 2 yparée IBRGTEF ARSI Ao undiA, (Al aget¥dsgr §,. Y#wo

i nj eoki onsieQf P/Megéﬂ&iapﬁ)rﬁb%@/ %ﬁdﬁdn’ﬂi (?PfS)OOth%} disEdsGURE 0 difhed RAMS

conpetition Bl Acore 21) was injected over a
hTFQ 3- RIITGEhttactoglmlmg idhids ctlserapﬁcxﬂtlmmusculqsmm ats@Iny sfidi zlSdDmlleblye $njection

2, consisti n ure of 3h-437- SEQ I D DOVR3h- 30
Za0ogC seey Beney ol i Sustie FRER hader distinErat Bt g TGRSR bost ons of
10nMM gl y Gighaliidindludd chhdaf, 86t Qs”bo'f()n gEitﬁyFéﬁd%n&BmscaaceTa@I Well Asdliongh
sequence | dentifier nunbers (SEQ ID NGs:) and their correspondi ng

i denti fi cad NWs.C. IpEdhiipERhORSORiPmroNdermriieds foiEngstag cancer byw thin t hi s
Speci B' C%@&Rﬁ‘ tmtg'ﬁ‘fi}ﬁt% éﬁ%’ﬂ% hr?ﬁ;]n?o%? Qng‘f’sg@nek ﬁ@fhek"ﬁﬁs&s&e& croﬁgl?%né 0

enbo CONnci se Specl PCation to be

witten. uhctludlesthbmxemkeldoalrsdle%hmhg. Otheapineaed mtRde phatoranbdidiaseysush may be
varlously conbi ned or

s COPD (Chronic obstructive pulmonary disease). In one aspect, the invention
provides the anti-TGFbetaRII single variable domain or antagonist, composition or

fusion protein for pulmonary delivery. In one aspect, the invention provides the anti-
7



5separated w thout parting fromthe invention. Unl ess defi ned
otherwi se, all technical and scientific terns used herein have the sane
meani ng asocommaadoy under st ood by one of ordinary skill pca/EPh@oAsds6T €. g.
in cell culture, nolecular genetics, nucleic acid chem stry, hybridization
t echni quasGREthRdi siaflevadhsly omSinastdatagotiscdrtugoe proadie farsietivémgro el ecul ar,
genetic and bj ochem cal 10 netggds (see gen raLIy, Sanbr ook gt al .,

Vbl ecul arlU®g it Rasienia 1poneasaest (hongrension poeyides the ywed ety T SEPstAR IHar bor

Labor at Ors}hgll-'g @a%lﬁbleQﬁJg@air?Bf llﬂ%%/olﬁ‘?s'f pru)’siolﬂ-p\{oteﬁﬂﬁ U ouloral - Short

Protocol s i'n Ml ecular Biolo (1999) 4th Ed, John Wley & Sons, Inc.,

whi ch ar enédncorepo fatpetindreredeliveyy . rlafoae emgee), tianidvetiom pravidesghd ostsof the
| mmunggl obul i n: sed herein, "inmunoglobulin' refers to a famly of

15p01 3 peptiie WA Rl dH oY R Ao PRI g rSBLA & Trupapenp dceapiEre of

ant i body | @6 WRaonH 8 nfe@fadiufe $MPmeSRRES @NdblivesUuslthylund of@nser ved

di sul phi de bond. Domai n: As used herein "domain" refers to a fol ded
protein svh@ﬁture_mhich retains its tertiary structure independently of the
e o e PIRLRL P BRGE U BTN RS . CORONS! AL Y L SREE P

functional pro e otel ns an y cased may be renmoved

or transffedis@protdin,dt Fe%rstamtailﬁbwaswsh&pwleﬁ@%?m@fana/umydpm of the renuinder
of the protein and/or of the domain., By single antibody variabl e donain or
i murBgl obul i AngpegMmbBodirena Hecomesitioniisioppalmonary dlyety. Suitydeghe de domai n
conpri si zhar, [ Si.i ' AL ins. It
thereforggFﬁgﬁﬁggg&§%§%$g?ﬁ@ﬁ%%?%5%$H%5?@%gﬁggﬁgﬁg%kzﬂgﬁg nodi fi ed vari abl e
domai ns, chiodaxanphe comp@iiodhionkisBné amionmareeicldadfer pavenbeateliveyl aced by
sequences which are not characterjstic of antibody variable domai ns, or
anti body vari SO ED Biothe AP G SHEL BB AT PRRHEEEBE! o1 C%%%mg@afﬂﬁ or

G term ngly &xbeERSh RSan a@s Well as folded fragnments of variable domains
which retain at least I1n part the binding activity and specificity of the
ful | 1bengt h ddvmbnlinglygmowogkmbodinens ithgt & pravidedbireardsif@iFhetaRHel Adhfoas e

"i mmunogl obul i n.single 30 variabl.e donain’ ref t ti body variabl e
donmi n_ (vt RicHollfe Syt 0SSt nibe Gl g s Bt fgen
or epit opembieRRNEIEN I YuRhordhyf §@VeRL pRIferably8ickihg 88118RE. OfundREBA)NS. AN

i mmunogl obul in single variabl e domai'n can be present in a format (e.g."
hono- or sheh ermyelor drashor puiifipatiomieg. vari abl e regi ons or vari abl e donai ns
where the ot et l cal.ons oL, dR0RLA% ALGNRL. gLl dsili8h ANkigen binding by
the single innunog? ar i varraplPe dobsi ?l.e., ere t he I'mminogl obul i n
si nghke vabhmpbk& dstiBmicdaticds @Roéptgae carfide peeigrnt diydikknt he addi ti onal

vari abl e domains). A "domain antibody" or "dAb" is an_"inmunogl obulin

si ngl e vari ablle aagfhe asrccidhengds providel ¢ mether ofdresting and/gr RicKItBE ARt | body

vari abl e (g Mot - j j ' L0 : as an
manogt Sy ehusfzondbh BPEKy Sl fent 3 Aol LGP ng kdmph P 0

i mmunogl ebmipbsitisn nghprisiag aadte ThGdbetaR [l imnumoglvbubnbiadicnantbla domaan ant i body
vari abl e dfnain t al so inc]udes. single antibody, varjable domains from

b

ot her spd® SPEP s igand BHRATPTAepesy ViR Hirgnyentign thy 0hoRUE n WO 00/ 29004, t he
cont egts of Whj GH, & adficl @E@iﬁlpél{tﬁ)ﬁlﬁoﬂﬁésed BulB¥n I?Td;cﬁ%l}'&%e{/i@e E&Rhihing _
entirety), nurse shark and Camelid VHH dAbs. Canelid VHH are i nmunogl obul in
si ngl e vardoatpositido maceopbhgpeph itlbagverttan. Suitibe suchedddviasms spediatss of ncl udi ng
camel , Ilanq ahgaﬁai.q%gne ary and guanaco, which produce heavy chain

ant i bodi 48 I35 AAPIRANCR 95Y°Fi ght chai ns. The VHH may be humani zed. In
all aspects of the invention, the i munoglobulin single variable domain is

BRIEF DESCRIPTION OF THE FIGURES

30 FIGURE 1 shows amino acid (SEQ ID NOs: 1-23) and nucleic acid (SEQ ID NOs: 24-
46) sequences of dAbs in accordance with the invention.
FIGURE 2 shows an alignment of DOM23h naive dAb amino acid sequences. Amino
acids are numbered according to Kabat. CDR sequences are indicated in bold and

underlined. Dots indicate sequence identity to DOM 23h-251 (SEQ ID NO: 2).
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15i ndependent |y sel ected from anti body heavy chain and |ight chain single
vari abl e donmains, e.g. VH, VL and VHH As used herein an "anti body"
refers towOQ@1/digdwd | gA, 1gD or IgE or a fragnment (suchpra3/ER2Haleosk({ab’) 2,
Fv, disul phide Iinked Fv, scFv, closed conformation multispecific antibody,
di sul phi ;dAQURK 8dhsekun aligraban y) DM 3te260€HQ 8o NO:gnliatygcupead esdnat ural |y
20 produci ng an ant.i body, or created by reconbi nant DNA technql agy;  whet her
i sol at ed SPAEHFCS GMIBX AP &° nyBbgird apeiingdo Kapayr CidnigguencrapsiRtitdifhs,

yeast or i]!? 8 l_td%'hh %ndTrlined. ])I%S%flngf&%é sta&ﬁéﬁ%% éd[e%}gt 0 B ?)W%QLZ@QSEG ﬂﬂﬁNO:

i munogl obul i n single var e domal n, tide or ligand in accordance
with the3)nvention can be provided in any antibody format. As used herein,

"ant i body f t" refers.to any i .t ahl | ypeptide 25structure in which
one. o5 G URBiasbay oh i o REINEN A Burklr Bsepeit St tHq Toon or
bi ndi ng NrgCA)f AGliAYadi@d ar8Rtin®6Rd ABcdriidg 36 KUBHUCOR Dqi@HcbEirk ifficasd fabl e
anti body formats are known in the art, such as, chineric antibodies,

humani zedokharidoodedmed Hoota mndagatd sequeres 1daitinglodDQ@NEBR-2At(PBRIDNO: Bl.speci fi ¢
ant i bodi izbody heavy chai i |.i ght . chai ns, honodi and
net er odi AArIRF SIAP ARG EYT LR RS o Bhy il RS T1S

ant i gen- N@A)NAnfii A GHBNAS n@ibay a6éorling td RaBFOCDR deGudhces @e Mdifdt@Dient
(e.qg., single chain Fv (scFv), a disulfide bonded Fv), a Fab fragnent, a
Fab' 1Pr aéw&ﬂn,d updpgliggd ) Dots ¢ fefluengeddagitetodpOMEday 3V 4P ERUPNBo fhi n

(o 8 A B B Oy D R aBer st 7 87 ot her
sui t abl e Noo1 yhyeAmomo &idvaraniumdecd/hitdordihg taKeba ORI soguincesedrt @rdiatddvia

ti body f ts include alt ti ffolds in which th f
R it s LoD LB EG £6 72
protein saiREY sgbw%%b% @&aili@?@bf@?eq%@n&g i body, a SpA scaffold, an LDL

receptor class A domain, an bavinmer (see, e.g., U S. Patent Application
Publ iléat iKI6NRE 8 sh005.00p38ik3, BIACOE. 0UBE2B243 26 (SEQI1B480 1Y) orasanjcECH

domain. Furth i gan n be.bi.val ent et er ohj val.ent.). or [tival ent
e o omaer AT e S308eS B CRistr RS P A Billowo Fabieor ™y var onl
f ramewor kond@ihgs cifi&icth MieGRiof DM YeUSAk (EEONBYROK] 9y #llayeM29h27$i3ngl e

anti body franewor k sequence correspondlgg to the regions of an 10 anti body

conser vedSER IBehdd) gsD%ﬂiﬂhéﬁké (K@D NOSEY ued E8M33h-Pu1Hd Bh6STHP
| munol oghaah: 191 FhE M RS RAINTRR (0 iRALER R IR, SEA s68) o

correspon n rne’ | I'n Fepeftoire or-structure
as debi ngthjqyiof3pt hi a and Lesk, (1987) J. Ml . Biol. 196:910-917. The

invention provides for the use of a siqaée framework, or a set of such

f r amewor KEGUIRE Arthays competitiontld oot REINEEh-15{-Re(SH H?/&Ilq:_%h Jofasvirtual |y
L S G S N R 3 e
di scl osurigjectiansl, easigifngtdie miserodf eithca OMITIH-BBT-AREEQ IDANO: 2 1) aadpept i de or
90 ot A B 5 RS 888, 020 B8 1KLL Eg G oosee, cor
CDRs »ef @ 3rR71Nhe (SBvem Nom d) iBs. el JFReLRRld (En@two injections of

10mM glycine pH 2.25 (injection 3).

FIGURE 10 shows competition BIAcore. DOM23h-437-9 (SEQ ID NO: 21) was

injected over a hTFGB-RII-Fc coupled chip (injection 1), immediately followed by

injection 2, consisting of a mixture of DOM23h-437-9 (SEQ ID NO: 21) and DOM23h-

30  439-8 (SEQ ID NO: 23) (E). The chip was regenerated using two injections of 10mM
glycine pH 2.25 (injection 3).
FIGURE 11 shows a Table listing sequence identifier numbers (SEQ ID NOs:) and their

corresponding identifications.



CDRs grafted onto a suitable protein scaffold or skeleton, e.g. an

af fi body, an SpA scaffold, an LDL receptor class A domain or an EGF

dormai n) . Wbeodimsedoosure as a whole is to be construed aecomegloyossD
provi de di scl osure of pol ypeptides using such domains in place of a dAb. In
t hi s res@TAISED DPSORSPTEONI)F (THEE ANVENEION of which is 25i ncorporated
by reference. |n one enbodinent, the antj-TG-betaRl | i mmunegl obulin single
vari abl e domai‘Nithia thisypecifiqasendhe HYSHEY %&GF%S‘?/S&PL%IV‘@*_&S 15° land

opt T onal lofofirferd TR W hiAR GraHRUBIRaPindedtRlsk ShleirAABRIIIbE BBLFOMPI | s
or are derived fromhunan franework regions (e.g., DP47 or DPK9 framework

r egi ons) .is B0ded gahshodsd teapprédisel] thet @nbodametitantaydervaripsslacombigedibe t hat is
bound_by a bindi ng domai.n according to the present invention. Typically,
anti gens Ssl?aéatﬁgﬁ’ﬁtg‘_o S/paétt’ﬂg %%3{1? ’inégl?ﬂf’él' and are capable of raising an
anti body respang&ssidefiMéd/@herlisdTBY tRBnichlUhdQERARI Eterds RAIMRERA hehd ther ot ei n,
nucl eic acid or other nolecule. Epi tope: An "epitope" is a unit of
st r uct ur sawe meenmig@n ghmynopbuyrdlcrsjoabyi aneupi ogdind skl N arpéd .. InBgllt opes
define the, m ni mum bi ndi site for.an . antibody .and .thus represent the
target oftfeciPleR B BG0g Btsfiedl Momin B by BRL kg nbitiE: ¥ona n

ant i body bighe@tiypRaddaR! R Eesheusenifbr @blesilit gbibtie daobrEhbyical vari abl e
5donmain in isolation. Bi ndi ng: Typicallébfspecific binding is

i ndi ¢4t edndilods (shesasneially mtreoks camt. Nrgyular CopingaAdrboratoryMamigl 2d
optionall i - LE gl ' hAl.ndi ng
opt! 0nal . AR REAATRHAL 1Al 238ors PRI € SHRADE AN AN AR

i ncl udi ngy of AShoRXBERCEls IPVAN SR BisIBR) éﬁ)%) g orons WS &tdone, 1k.ndi ng
assays, such as 10 radi oi munoassays (Rl A), enzyne i nminoassays such as

ELI SA andvluehagilederpuateehptcinby wikenocs) anthehenheal gidthaisent vari ants ther eof .
Bi ndi ng af finigty: Bindi .af fini I s.optionally determ ned using surface
ol asmon resondie RgB N A G0y el AR A ralin SRS TG BtTAT B

Bi acase sgysipeplidddpte @iaibRdamunogivbulh 810 ckarsystigindfassbalymhaeailey, asnon
resonance (SPR, Welford K. 1991, 150pt. Quant. Elect. 23:1; Mrton and
Myszka, »90¢h comaindie Pishedthandrvbusdly. 2 omsenvgg fisubphidgdiondr bi onol ecul ar
interactions in real ,time,, and.uses. surface plasnon. resonance i ch can

ot ect - change SRR &S uERLAERE  UERES GRS oo AETPRUGRSERATE A 2" P

gol d fil metaihsats Wriss sSUPREY ihdgfendedtBSoflthe REt SBOEREih. NGERgallgdoaatnsve i ndex
of the surface up to 300 nmaway. Biacore anal ysis conveniently generates
associ at PRSI [05 diREcss [Upolienas BIOPPAICE BPTOKIRS 3098 Y Sasce Y BChr i um

di SSap! ata'lc)igéh gé}ﬂgstaﬁ%tr:’Eraﬂéaf@ge@{ofdtﬂ%r.t;%ot%ﬂ@g&igl%{nsl'os@)ﬂﬂh&g)nacjffthﬂe%iﬂd%r .
obt ai ned by assessing the associ ation an I'Ssocl ation rate constants using
a Bi acor efsheprace pldasradtha @ésmniarResisylstaetivddsivaciable dohtain gr. A bi osensor
chip is activated for. covalent coupl.ing of e target according to the
manuf act ame*runggleg}ﬂgw%lf VAFlF GETRGris MotHe f{"g’F&é’P{}iP§Ptﬂ%ecf?n%ﬂ”P uted and

i nj ect ed GuKishB{edifthBoslPa@Bleflit & HiBOA) virhbRU SRR HIhUBIkS irfudes
immobilized material. Since the signal 1I'n resonance units (RU) Is

propor t i eoalpldtoattthedymasabdé dpmmmpband medifivdtveriatdé domhins, foeprasgdnins a range
of i bili.zed target .densities on the matrix. Dissociatiopn data are. fit to
2 oné?si tUGEA STBOTSIPR Haks Fronarelace by g isemp Be s gt B st of
nMeasur emetisddy VbR Qohiaimit o04fiBbdY dreabfOMsthan whitd have Bdcd thaksbd 8t ed for
each association curve, and plotted as a function of protein concentration
t 0 300bt &Poppkise N or §-termipaltcxivgaiods.@f metl agffollpd Jragments bl wriabla dingaiesci at i on
constants . f.qr bi.nding, .Kd' re.cal cul at f ram. SPR e I as

ot 11 kon il iRl Ak it P B RGN L B A ST T R R b e e am
i mmunogl obul i Mnfrhidgobidin sikgle vepiaBlerd dniiih: SRephrhiccamhunbilddslid angleman
TGrFbetaRI1. In one enbodinment, the variable domain binds hunman TGEbet aRl
wi t h34 divésaklp demei” celsstiaan apiepdyorriabls demsonMu. Yormw L3abndinpdamaiponm or

| ess, optj . . . i | nM or
ess, abanf ARy tlasdn gty onofhp il Ande BB Z0r QRGN dGraRtlord.

opt i onal loy datmeins. 3@dpihooglobsBn siGgictvabhlle datnainecanibe prasentabladodoatde.pg.,,

homo- or hetero-multimer) with other variable regions or variable domains where the
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5has a di ssoci ation constant in the range of about 50nMto 500pM it is
particularly suitable for local admnistration to a tissue of interest such
as the | uwg.20iwniedeps enbodi nent, a high concentrati on ofPCImPRoia/608eTer at e
affinity" binder can be provided as an effective therapeutic. In another
enbodi n’eraithertrdf@onsafridﬂbiaﬁlsd@mmed[lhﬁdsfommm biadbettaRht singlch a di ssoci ation
constant (Kd) of aboutgg M ar | ess |onaIIy bout 10 450pM. 400pM
350pM 30TENnoZsbpM O i » Vilmf)ﬁae iBHHIpOgo P]é% §mg16mar16¢49ripwg}bout
40pM _?’OQJMdS%gH%@n 1&1%\4118&1‘[1 he aWfifiHal Varla‘Mﬂee&(ﬁna{lﬁ@ \Aa‘pdoﬁpalﬁa&%ﬁ&’ﬂ has a
di ssoci ati on constant in t range of about 500pMto

particul arf gkAb’mstaabhmm‘uooglsblﬂtresmgie samabi¢ demain?’ asnthsmerm 1tsh1a¢d luehlenam)unt in

any ope tjssue nterest is. s,ufflqge rovi de. a effect ve therapy.
1Y hPe et lhedy B doghi o dus PERbosh SBA VI SR R b, nder
can be pravi@gdn Oﬁﬂlﬁﬁ?@gfﬁf{ﬁ)lé a@ﬁﬁﬁew@ﬂhe term is used br8R€AgNMDOdI ment,

single variabl e domai ns t he present invention show cross-reactivi ty
bet ween humyamogicbblan sirgle varieblT dReinaRin orf@r%mh@nn@tﬁ@rhugp@@ﬁébodyswmbs mouse

TGFbet aRl | (S t.he var. ahl e ecifically bind
human and°Ht rmuggu{;a(‘f—% “PNP“aFﬁ Sln%rlﬁua““ti"’dya&?l Pgd Pma}“y rd’s%?t% ”Pe‘“r?%%“c)r/

devel opneddent Yot 6anhplc,20 diseipdd BSWIOESH/29@40thelcoadn@rofg/-hecngt dat es ln nmouse
systens hefore the drug is tested in humans. The provision of a drug that
can BPnd lwa@ﬁaem%reﬁ‘:r@éqeég theiy %\metﬁh@wﬁ@ slﬂ@égtand egtetid Vinn dhsse syst em
and make avoi ds

t he corrplcisa!ggeﬁd%H neeg%)n%llf)]lt)lﬁH]Tnﬁ?%é rug ﬂgp\E;\B/? ?daggg%g% dae-lrg%ﬁ

TGFbet aRIftonarmgtcas Sepading eamhslukyamehatpamrdmnacgaay rstl ghenmen, Whiehetaitd and

al so avoi ds 25 the pneed t npare. r humans an ce u5|ng
non- i dentc&a Clﬁflhﬂglbog}eé§%tuFai]é(@FVWt“$iBE“t59@ gkjlﬁéflﬂH 31 eE§di n di sease
model s such ag,4@gs cts@'ﬁ'ﬁc?ﬁﬁvé&ﬁn‘ﬂ e 1&1%19?%09&'1% m%!%%ﬁrlébﬁe ﬁ%ﬁ@m‘i?v' saged.

ptionally, the binding atfinity of the i nogl obtl i n single variable
dommilh f ondeptndeads tselaniad &oGHtIbOdRh¢avartainhed bighidihag srfigle matiabld or hunan
TGFbetaRI] differ o] re than a factor of 10, 50 or 100. CDRs:
The i mui8g1Rus-&n %’lﬂgﬁ”@i Vi abl e domai ns (dAbs) described herein contain

conpl enent ar i tAs ¢eld ﬁéﬂaﬂwgmﬁs&lw%fef&@%(a ENRE AnﬂngQFi%E or BNPagheat i ons of

CDRs and frame work (FR) regions and a umbering system have been defined
by Kabat (suchak a Hakaliab’),, EV 1suzlphldb llnk@bE]‘t’JéﬁE‘G§1Q§ﬁd Perdpengtimngnuliispegiitsl ogi cal
Interest, Fifth Edition artnment. of Heal th and Human Servi ces,

u S. Goventibedyt dwliphtqerlg?keﬁ ﬁ‘FFé’e d(ﬁb@@»@)\yhethqﬁée%mdn%ora@m spesisaatEdof t he
CD?% %ﬂ [iq.}fgj—ﬂa gon 2N Vi
dAbs di ose erein C\lA}n] I F %gﬁg\eézéé appar erfétltét%gg?%%y f)er sonlsggﬁeil I(I |C)n

the art besedooexantpde, \sedukn Brcohis, M&bﬂbmmtmsﬁcﬂodlaamﬁmr bgctsyyst em and 5
definition of th . ordl n t he Kabat nupbering syste t he nost
comonl y used ISR et oA s Sfbefien e BB Dol A0S S DR K3 have
varying |d%Hﬁhh%ol(yb@1§tﬁfe dr® §ncﬁfnedceé¥a§§d'eeﬂlﬂp§k‘@§\%ﬂt15§@zhfjl%epﬂé'@‘fa@d anghyH101 wi th
letters up to . H10 H100A H OCK, ngd). CDRs can alternati'vely be
det er m n@utlb@dyrfgrmﬁeAsysetdelmr@ﬁ, ‘@ntiborlyafoihald eefersrio boy suifable poflypepedst ruct ur al
| oop r5eg| S, qqd%ga et al ﬁ dB\) g@%nf or nat ons of tggu IobuI in
hypervari ? re P AL NS 284 g 51“1“5&8‘6 g s c8nproni se
bet ween Kahet badchgdpetifitidy) fRanBEGHUhE gtriQuiche Laiipst suiebleadtikdpsed on

crystal structures and Eredl ction of contact residues with antigen) as
fol | ows. fomeathamednpwpnyn et sichfasostymane alﬁﬂvodfe@fh@%ﬁnﬂ@ma@tlhﬁl% 8RRy

the ol | oo ERiE FAR SRS e e AR IRER IR BETAERE oR1or”
50- 65 20 2GRodigh9BhdifR hMRdiricrs 24 BeerGBRIALL0f bbby Ry BAinSInIdr

ZSChOt hia: CDR H: 26-32
light chains, antigen-binding fragments of any of the foregoing (e.g., a Fv fragment (e.g.,

single chain Fv (scFv), a disulfide bonded Fv), a Fab fragment, a Fab’ fragment, a F(ab’),
fragment), a single antibody variable domain (e.g., a dAb, Vi, Vun, Vi), and modified

versions of any of the foregoing (e.g., modified by the covalent attachment of

11



CDR H2: 52-56 CDR H3: 95-102 CDR L1: 24-34 30CDR L2: 50-56 CDR L3: 89-97
AbM (usi ng Kabat nunbering): (using Chothia nunbering): 15 CDR H :

26- 35/ 35AV82BI1IGDERS0B2: 50-58 CDR H3: 95-102 CDR Li: 24- 32CCBR20B/06@67 56 CDR
L3: 89-97 26-35 5 Cont act 10(using Kabat nunbering): (using
Chot hi a mnpoiyleétyildeng)glycol or other suitable polymer or a humanized Vyp). In one embodiment,

alternative antibody formats include alternative scaffolds in which the CDRs of any
molecules in accordance with the invention can be grafted onto a suitable protein scaffold
or skeleton, such as an affibody, a SpA scaffold, an LDL receptor class A domain, an
5 avimer (see, e.g., U.S. Patent Application Publication Nos. 2005/0053973,

2005/0089932, 2005/0164301) or an EGF domain. Further, the ligand can be bivalent
(heterobivalent) or multivalent (heteromultivalent) as described herein. In other
embodiments, a “Universal framework” may be used wherein “Universal framework”
refers to a single antibody framework sequence corresponding to the regions of an

10 antibody conserved in sequence as defined by Kabat (“Sequences of Proteins of
Immunological Interest”, US Department of Health and Human Services) or
corresponding to the human germline immunoglobulin repertoire or structure as defined
by Chothia and Lesk, (1987) J. Mol. Biol. 196:910-917. The invention provides for the
use of a single framework, or a set of such frameworks, which has been found to permit

15  the derivation of virtually any binding specificity through variation in the hypervariable
regions alone.

In embodiments of the invention described throughout this disclosure, instead of
the use of an anti-TGFbetaRII “dAb” in a peptide or ligand of the invention, it is
contemplated that the skilled addressee can use a polypeptide or domain that comprises

20  one or more or all 3 of the CDRs of a dAb of the invention that binds TGFbetaRII (e.g.,
CDRs grafted onto a suitable protein scaffold or skeleton, e.g. an affibody, an SpA
scaffold, an LDL receptor class A domain or an EGF domain). The disclosure as a whole
is to be construed accordingly to provide disclosure of polypeptides using such domains
in place of a dAD. In this respect, see W0O2008096158, the disclosure of which is

25  incorporated by reference.

In one embodiment, the anti-TGFbetaRIl immunoglobulin single variable domain
is any suitable immunoglobulin variable domain, and optionally is a human variable
domain or a variable domain that comprises or are derived from human framework
regions (e.g., DP47 or DPK9 framework regions).

30 Antigen: As described herein an “antigen” is a molecule that is bound by a
binding domain according to the present invention. Typically, antigens are bound by
antibody ligands and are capable of raising an antibody response in vivo. It may be, for

example, a polypeptide, protein, nucleic acid or other molecule.

12



CDR H : 30-35/35A/35B30-35 CDR H2: 47-58- CDR H3: 93-101- CDR Li: 30-36-
15CDR L2: 46-55- CDR L3: 89-96- ("-" nmeans the sane nunbering as Kabat)
20TGFbet aRDI2p11A82008ed herein "TGFbetaRI 1" (transf or m ngpgrmredoiessodr bet a
type Il receptor; TGFPRII) refers to naturally occurring or endogenous
manmal | an TGFEigige! Apropiepes isnahit of ruvotued snvbatidrally douaibyan aci d sequence

which is the sa as that of a naturally occurring. or. endogenous
cor r es porBHEORY V&QVECB@HetEé’FEPPeS gpeths I?@}Igumgql@@%ﬂferﬁgﬁanprot ei ns,

synt hetic ofein i.e. roduced using.the nethads 250f synthetic organic
o ot v OChE AP i ity RLRG L Eel ol el iy o R an SR TR e TRiBe Ot o
TGrbet aRlsingy @R antWdy R Bflicpe Bprédeh@lthCuMBsf AfkBire BalthdWyNeVariadRf or s of
TGFbetaRIl "and nodified or unnodified forns of the foregoing (e.g.,

| i pi dat edlomgiyiagsgiatiared) . Natural |y occurring or endogenous TGFbet aRl
BRI ST T e T T

allelic variants a or s mut a

nat ur al | yfi50 namem@hsor(1€ssgoptidhd RSO pitenol e esfr $parifkshindibohapr ot ei ns can
be recovered or isolated froma source which naturaII% expresses
TGFbet aRIANtgFoPingding prptein tqpa dBUFNA SPHAPG bsdsteamisd iy saklpassa®ne ani no

aci d seq L; ondi

Tarbet aRiT EEnEoPp BRIt ey AAEHIS O 0L, ERIRISIONDEBLSRE N ror
exanpDe, radiememtitassaye (Rgpamynregmmamoadsaysssuah hsiBRISA tiesqodotiahi n i s
designated as.a human T%f etaRl . Human TGFhetaRI |l is described, for
exanpl e, BYPESiton gspayg and tag diticreny yarigpiy Fhese@?-zl), p. 775- 785 and GenBank

Accessi on No. ﬂfﬁéﬂ.&%fﬁﬁh@%&%%%@ﬁl 1 obforflly RRSARAATRAS ARSI Aon

consi sting of 567 am no ac an extracel lular domain o
appr oxi matwhyncet3SPRrimbBacomgKadsson ahslnd Bt angngefhicerasstem dynoplhasm c

donai n mgingéﬁgﬁéH%esraspEot%in khn%§q gqya%n fgr é#ﬂgg%%ﬁ#ggiqggiion. As
used her &1 RS SR U P BPIa IRl e e betaR! | .
I n ong enkadoi@ilEle&Ush 1 aMRALA hRMMfszId, AYPE Methdtl i ¥RSyhbR g e RS 2w8h | ul ar
domai n of 10 TGFbetaRI I or a portion thereof.
to monitor biomolecular interactions in real time, and uses surface plasmon resonance
which can detect changes in the resonance angle of light at the surface of a thin gold film
on a glass support as a result of changes in the refractive index of the surface up to 300
nm away. Biacore analysis conveniently generates association rate constants,
20  dissociation rate constants, equilibrium dissociation constants, and affinity constants.
Binding affinity is obtained by assessing the association and dissociation rate constants
using a Biacore surface plasmon resonance system (Biacore, Inc.). A biosensor chip is
activated for covalent coupling of the target according to the manufacturer's (Biacore)
instructions. The target is then diluted and injected over the chip to obtain a signal in
25  response units of immobilized material. Since the signal in resonance units (RU) is
proportional to the mass of immobilized material, this represents a range of immobilized
target densities on the matrix. Dissociation data are fit to a one-site model to obtain k¢t
+/- s.d. (standard deviation of measurements). Pseudo-first order rate constant (Kd’s) are
calculated for each association curve, and plotted as a function of protein concentration to
30  obtain ko, +/- s.e. (standard error of fit). Equilibrium dissociation constants for binding,
Kd's, are calculated from SPR measurements as Kqg/kon.
Another aspect of the invention provides an anti-TGFbetaRIl immunoglobulin

single variable domain that specifically binds to human TGFbetaRII. In one
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By "anti-TGFbetaRI " wth reference to an i mmunogl obulin single variable

domai n, polypeptide, ligand, fusion protein or so forth is neant a noiety
whi ch recwonnsigd2@nd bi nds TGFbetaRI 1. I n one enbodi meENPCAMEP2010/060867
"anti-TGFbetaRI 1" specifically recogni ses and/or specifically binds to the

protein Eﬁﬁodhﬁdﬂt,lthe amihblsdorhaib bynds human TOFbEGRDER ARh dissbdiatdonodonetant
enbodi nent Fe anti-TGFbetaRI | i m"runoa%obulll n single vari abI e domain in

accor dand¢Bdhpt #pouhe0nM,AdaM.n ], 28nik. 4 FrouRioNERLRRoNRY 1 8- (EB SBank
accessi o RUFDRLS N@@l%ﬁ?aﬁoﬂ%\qr&%ea&ﬁ{s ENIATRLS ok AbdRISATYRIRL ol ., Cel |
69 (7), 1067- 1070 1992 TG-bet a” includes 1sofornms such as TGFbet aI
TGFbet a2 ahoat M@AetlesS, opzmiliﬁl?}b@hoat POGpdd off &Fh ebwfRbly, ahere thﬁvamab(benqkbmamw t h
TGFbetaRl, initiates a signaling path TGFbet ctl vity and
b b1 On B aR o oo O (B RS iR i Y i PaeReBrea t hy ough
any assayyMyi€ for1S@s Wimi e idPHtissab oir'ﬁilfé}egt@u&i ANAL | 1@% InhfFkbeta signaling
is reviewed, for exanple in Itoh, et al., Eur . Bi ochem 2000, Vol. 267,
p. 6954; [eerh@rlenent,eet high concgniatinal ofsfic e dqr@te aeﬁmty” brolyp carrhig B)0V1d26p
731-40. Thus vy t an b este in nmher of different
assay’s f A5 el eff C {VG%@%‘%{) pttIP fn a%gﬁ‘uef ?mﬁo&lme the AL 1ab1,eL(11 oA lgm%sdhuman

erson r

“Neutral szG’EHeQa{RII W&ﬁra&hgsbatan@l &bt@{aﬁg(l‘t‘cmofaﬁéut\éﬂt)%l\/l rleG:ck}ﬁioﬁalﬂ}SaH(ﬁldUCed
either tot apMiyﬂor parti al in the presence of t i m’rung/(lgl obulin single

vari a8l e 428 0QM ¢ Pt e”é@]?h/l £ 3008M, rlSQMpéQQpé\érﬁOﬂo Phiessactivity of
TGFbet s 30l
one. embodP ieify HBRET AN OPE 20O Rk BuRlely Pl AR GO0, 201
tested i rhagn dislseclﬂtldh&ioﬁ@tsﬁ iasisaingd of dbous5Gpbodi M., it ispartalarliyt y of the

i mmunogl obul i n si n i.abl e domaj accordance with the i nventl on is
tested féPltfi‘lt% Ay PI%%P %%ﬁlplﬁﬁ?ttﬂntsuﬁf&ﬂﬁﬁq’?@lﬁ%%}n 0y @B Sip e, ol firipreptas )

stimul at %Qfﬂc’ren”o ﬁr%kﬁl@%ﬁ e?ﬂé&me‘%ﬁéﬂa%slﬂ &t &%b&ﬁfh%n? &l coﬂ_c@ﬁ{}%?ﬁ'l of( EGF (31)

binds directly t GFbet a i nducés the assenb
TGFbébaRIsued & “l@@hﬁfﬂmlyi’ bin)decmlﬁieqxovm@l:msesua@ffec(lvﬁheﬁ@bmm s ph os p hor y | at ed

and is able t hr o ever pat hwa i nclu in the. S

oot humy. - Act | VAETORABPHPRE: Sl v e Ay &% T BT, e WASETEP | - 11.
The |L-1kedctivi Eﬁ%ﬁreeghmﬁam@me@ﬁlﬂ an VIS BRafra N froaN ot lier bR "RRRYE ed by
colournetric | SA. Suitable |IL-11 rel ease assays 5are des cribed herein,

such as teuspilfdibetaRln Indua nmbndm@nELlumrabba@om@ms wapprilbubing hmmgn D

systems (re %3 anot dlmet TGEbet a CthtyIS
tested i (ria ar?loélgesi%% gipR IheThél 1s|pa lfuo yt Sl r%lrlﬁ%orqgo%evfﬂo msePtnﬁPlca\)’arl abl e

domaino i he@aRe lte;iaﬂg: ef bhd brughandiaxentn Iﬁausre@ystsﬂﬁs BbﬁoreT bElaeigrs itdyebdcad
expressi on of CAGA-luciferase in MC3T3-El cells in a MC3T3-E1 10 | uciferase
assay. THUBBNEopheRIoyRion of ardses Hut eipd hyea el Aese speties allowsrgpgdo a caGa

box are Rpres&fhs | &Qh&s@% Hﬁﬁaﬂd'ﬁfdgejmd%rbgm&?é xﬁ;%ﬁl &i &Ja'tacl?s'lﬁgythg' @ﬂ Smad3

and 4 proteins. onln mul ti copi box 1 nto a luciferase
report er dmglsThnslatzo1d©1rhlbebmpI|[a¥imatcﬁ neahmng)mstﬁnc’emmg tha weoekd zsgaﬁrsamsfoas:et ed with

BB S e A R b PR BB A58

ggg‘e%lz'thélﬁéeﬁ% S RpAERALHE Tn RS THE tniéDRMY Aon-idehtid drugk 1098 EMBO J. 17,

reactwlty between other species used in disease models such as dog or monkey such as
cynomolgus monkey is also envisaged.

Optionally, the binding affinity of the immunoglobulin single variable domain for
at least mouse TGFbetaRII and the binding affinity for human TGFbetaRII differ by no

30  more than a factor of 10, 50 or 100.

CDRs: The immunoglobulin single variable domains (dAbs) described herein
contain complementarity determining regions (CDR1, CDR2 and CDR3). The locations
of CDRs and frame work (FR) regions and a numbering system have been defined by Kabat

et al. (Kabat, E.A. et al., Sequences of Proteins of Immunological Interest, Fifth Edition,
14



O her suitable assays include a human SBE bet a-| act amase cel |l assay
(NVITROGEN(r), cell sensor assay). Exanples of suitable assays are

descri bedwbepnaim2608ui t abl y, the i munogl obul i n singl e vacrarb@odersai n,

pol ypeptide, ligand or 20fusion protein in accordance with the invention
does not ,U.bt Bepdrtnzait bi/Heal thT{edi@dnadrl Jerviees,& pS. dliovsinglal Frintigz Ofce Avangl y, in

nbod gl obul i.nhgl i abl e d d
[ gand. or HERIBnAgH SRBFRES T AEoPBACBR €NR2nG DR Bhi o (DREYERd) of
t I Vit t
2 compound ot (rarlod) e ps R pAEhL o S R R Th IR of '

absence @f<111215 tH&GbBiisad oMhies @emafdm Habs aatisendid nagdaiigg syaehi mid y of a

conmpound of jnterest would etected b det ecting TG-betaRI| sigpalling.

e d
Honol 8gy:deBayigaRE s GPRs épcqs?mscs edehd n%t@ ging syplemeHisimenh semmpaty,
sequence dsg@&%fhfou)oaéea ge% é&qyemﬁﬁmg %ﬁﬂn I3 BVE v ﬁ%ths of the
invention. I n sone enb nts eque ce | ent|ty at tne am OaCId
| evel cannste&cmlsanﬁnu‘a’%@e@h)%veﬁﬁre&ﬁ&’@ HI00@an®HYP 1 9201 ct@3941p 4RA(1. @53940096%

97% % or e nu eic d | evel the uence Jdentit
oa be AP A 05 e Fmphic S naetmagudy b gofeaisy Losa i assirgto 050,
96% 97%CH¥a%a (&%e/&@ﬁldahtﬂﬂ%f thé’*&t?&"tlﬁﬁﬁlbbéﬁkég1orﬁ}'{@&o@lﬂﬁ'eﬁél ' mt)l ty exists

when the nucleic acid segnents will hybridize under sel ectl ve hybridi zation

condilfi ofnfenytionyefrignrmingglodbulin hgemearidvlieivnsdidtom Kenpit/F&H3), to the

o T o dline 6 ATM PRSpre e BUSEh KaBfe R (Tivhi€ B ER M b el o *as

used her ghdihod (dasddesn rw%sthlqwllsﬁlfds n@e peadiction T dbuartStidng Qﬂﬂl}’antlgelm gh
stringency," or very, |gh strlngency conditions describe conditions for

nucl ei ¢ dellevs $ap | 19y suitahicgapibeds or dplermiging GigRs.

hybri di zati on r P ul ar

Bi ol ogy, John(&??%E&Qgégﬁgﬁmﬁ%?Lgyﬁgg%?(Q%(%ﬁ%&izégéﬂﬁmk (hﬂlg@#ﬁgorporated
her eild byefieftienence in its entirety. Aqueous and nonaqueous nethods are
described in that reference and either can be used. Specific hybridization
conditions referred to herein are as follows: (1) |ow stringency

10hybri di zat i gpgenditions in 6X sodi um chloride/sodiumcitrate (SSC) at
about 45C, followed by two washes in 0.2X SSC, 0.1% SDS at | east at 50C
(the tenper at 2R ofl: Bhe Sigiid® can be increased to 55C for | ow stringency
conditions); (2) ngﬂ%g@%%éb'sgency hybri di zation conditions in 6X SSC at
about 45C, foll owe & more washes in 0.2X SSC, 0.1% SDS at 60C, (3)
hi ghogtringency hylrprlipgavsgoe2condi tions in 6X SSC at 15 about 45C,

foll owed by one or nore washes in 0.2X SSC, 0.1% SDS at 65C; and optionally
(4) very high strindehdy: P4BAi di zati on conditions are 0.5M sodi um
phosphat e, 7% SDS %f]§§g ﬂggélowed by one or nore washes at 0.2X SSC, 1%
SDS at 65C. Very hll% fingency conditions (4) are the preferred

condi tions and the(nm&$3t8997should be used unl ess ot herw se specifi ed.
20Cal cul ati ons of "honol ogy" or "sequence identity" or "simlarity" between
two sequences (the ternms are used interchangeably herein) are perfornmed as
foll gus. The sgguences are aligned for optinal conparison purposes (e.g.,
gaps can be introduced in one or both of a first and a second anmi no acid or
nucl ei c acid sdoRieticesf3ar optimal alignment and non-honol ogous sequences
can be di sregarded £0£ Qggﬁrlson pur poses). 25 In one enbodi nent, the

|l ength of a refere §ﬁh e al i gned for conparison purposes is at |east
about 30% optionaldyr afz-begph about 40% optionally at |east about 50%
optionally at |east about 60% and optionally at |east about 70% 80% 90%
or 100% of the | endilPRafl: 2h84r ef erence sequence. The am no acid residues or
nucl eqti des at corr di am no acid positions or nucl eotide positions
are ?ﬂen conpared.(aﬁgig 5036

CDR L3: 89-97

AbM:

(using Kabat numbering):  (using Chothia numbering):
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30position in the first sequence is occupied by the sane am no aci d residue
or nucleotide as the corresponding position in the second sequence, then

t he nol ecwbestianesopdenti cal at that position (as used heceiRr2@awiosmseaci d or
nucl ei ¢ aci d" honol ogy" is equivalent to amno acid or nucleic acid
"identity"). THeR pHr eB5/35a&piB t y 26e3veen the two sequences is a function
of the nunber of identical paositions shared by the sequences, taking into
account the nunber(H@Rég%épégnd the |l ength of each gap, which need to be
introduced for optidmk & bgngent of the two sequences. Am no acid and
nucl eoti de sequence alignnents and honol ogy, simlarity or identity, as
defined herein are (PRiLdn2MB¢ prepared-and determ ned using the al gorithm
5BLAST 2 Sequences,]#@;ﬁg @%fault paraneters (Tatusova, T. A et al.., FEMS
M crobi ol Lett, 174 298 ?1999)). Al'ternatively, the BLAST al gorithm
(version 2.0) is eqghpysdgdor sequence _alignnent, wth paranmeters set to
default val ues. BLAST (Basic Local Alignnent Search Tool) is the heuristic
search al gorithm enpl oyed by the progranms bl astp, blastn, blastx, tblastn,
and tbl astx; these prograns ascribe significance 10to their findings using
the statistical nmethods of Karlin and Al tschul, 1990, Proc. Natl. Acad.
Sci. USA 87(6)conzfed-8. Ligand: As used herein, the term"ligand" refers to
a conmpound that conprises at | east one peptide, polypeptide or protein

noi eHB that hdysing Kabalinygbsting): wi t(Rsipg ﬁgmﬁgﬁw@&rm'i ty for TGFbetaRIl. A
l'igand can al sgype %-S”%%M% as s_3Pi nding noi ety". 15The |igands or

bi ndi ng noi eties according to the 1nvention optionally conprise

i mmunogl obul i n var i(AbR é12ddfei8ns whi ch have different binding specificities,
and do not contain vari blg d?nain pairs which together forma binding site
for target conpoundeg. 3? d81not conprise an i munogl obul i n heavy chain
vari abl e domai n anc-g@ ijmegRgyl obul in Light chain variable domain that
together forma binding site for 20 TG-betaRI1). Optionally, each domain
whi chShas a bi ndi ngI3R1&: ¢rab has bi ndi-ng specificity for a target is an

i mmunogl obul i n sigghﬁg gr'ggke domain (e.g., immnoglobulin single heavy
chai n vari abl e donsi X‘:gf, V H, VHH), i mmunogl obulin single light chain
vari able domain (e.g., VI)) that has binding specificity for a desired
target (e.g., TGFbetaRI1). 25Thus, "ligands" include pol ypeptides that
conprise two dr-“mesass thersamegiuotbaringiasKate vari abl e domai ns wherei n each

i munogl obul in single variable domain binds to a different target. Ligands
al so include polypeptides that conprise at |east two i mmunogl obulin single
vari abl e domaiTGFpétaRIE ADRcs BereRtCESFRiaRINg tShsTgheiny aFdvathl (ectoioda ns t hat
bind different targets in a suitable format, such as an anti body format
(e.g., 30ynglbrederier BrhRlD wiqryto mawallraeeurring efenylogengps gagumalebl e protein
scaffold S ton. su as..an aff.i body, .a SpA scaffol.d,, an LDl receptor
ol ass A dOHIRRRIERR RS 5Tl o8l RiuibE Shtmi R REk Rten B gands
as descr ithe@dfheagirdlly occurring bh@ndsdeyPeiiondepchdiri mManimialith M&Fb&aRiIndi ng site
t hat has binding specificity for a target (e.g., TGrbetaRI|) can al so be a
prot ei n dBAEINA eCorprAdIipgt ArIRY iSHyheliq Rrotegs (ae.. Brodpecddsingrtiemethody. | a

pr ot 8in WA . i,b . d Ln. . receptor
clasgsA §§E§?ﬁ§h§ﬁ§§§?ﬁ%%gféiﬁﬂkﬁggﬁﬁgkf%%%ﬁag%gﬁﬁmAg%F?ﬁgP?@ﬁb ubl i cation
Nos. 2005MA0s3ATRetR0prodaB 323w opbitsr @llBl43Qijants| inddeberisstorms 8l i gand” can

| ndependdtE i D01 SRS o SHAPY ISR REE IROGREIT s OPHG. o
non- pept i &sARIcE). INAtGrally ocfurBRk YR8 A V8RR IRincludes wild type
proteins such as mature TGFbetaRII, polymorphic or allelic variants and other isoforms
30  and mutant forms which occur naturally in mammals (e.g., humans, non-human
primates). Such proteins can be recovered or isolated from a source which naturally
expresses TGFbetaRIl, for example. These proteins and proteins having the same amino
acid sequence as a naturally occurring or endogenous corresponding TGFbetaRIl, are

referred to by the name of the corresponding mammal. For example, where the
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i pid, a carbohydrate). For exanple, the ligand can further conprise a

hal f-1ife extending noiety as described herein (e.g., a polyal kylene glycol
noi ety, awoobaio2&@onpri si ng al bum n, an al bum n fragnmenPCoEPadl0ORISKT
variant, a noiety conprising transferrin, a transferrin fragment or

t r ansf er rcofreyppni@gtmanamatos ethynmiahahe protels iaddipihted ag amimah T GHbataR10bi nds

neonatal Fc receptor). . i npet es; referred to herein, the term
" conpet eﬁu%%gg?%%\f%lltlﬁ‘éesﬁﬁlm% eéFmalefQ?%’cn’ F%ﬁ‘lgé;ce”(lé??a’.YOIT@(ﬂét arRl'l) to
i ts cognal£stalsafld UnRAhR A BRI N 81850791 Munogl obulin single variable

domain) i's inhibited in the presence of a second binding domain (e.qg.,

i mmunogl obul i dwnagl €FhaaRRAbd 2 treiosmeinranchacepter @pastifg of S6dransad dcidognat e
target. Far, 15exanple, binding may be inhibited sterically, for exanple by
el Sal DIk EAGBHILY SR 0 SBRSTHY 159 S ek BACBITEHARES [ uct ur e of
envi r onneRnadf arkl HéyASH1AGNid ARalh Whieh cbptisdstasrabin INhd¥ dBmadViodkighall Or a
target is reduced. 'See W?2006038027 for details of how to perform

conpet i t itwnsdCHi®A and conpetition Bi aCore experiments to deternine
conpetition between,first d ond bi nding domi ns, th il whi ch
are 20i ncor por‘%stuesad H%rre &l nT (Zﬁ;)jert%?gr%%oclélc@gespg Vik %Oéi%g@gﬁtoqﬁf@ge%ggfre for
use in theops esBEdinieAY Sidh Dportion or fragniéat il @des itigeduabglulSohaim ¥t t he
singl e vari abl e domai n, polypeptide or ligand of the invention can

neut A8l | ZEHteRdE ar spgHan tgeathr ough TGFbetaRII. By "neutralizing", it is
meant that th E %ﬁﬁ + f T i St . h 25t hat

t he presence %ﬁ%&gﬁt@gﬁ as&a&ggg%f%aﬁéee fagg'ﬂznglﬁlto%ggﬁg ﬁéggf%ﬂr’]{% i ng.

Sui t abl e doatahg@slyboptideeAgand] fugioa pretatnr @lso Zomlg isahéame b nidiel wdechassays f or

TGFbeta signaling as descrjbed herein. In one enbodinment, neutralization is
obser ved T&LEHIS95 fh! it @ﬁ%&lﬂ#@ﬂ%@&@@?%ﬂ@ g i Htal %E%Blaleépegréﬁaﬁﬁg_
assay. | '}e&nggﬁisl {%ﬁﬂ?ﬂ”&g@&ﬁg&ﬂ}%iﬁdﬂ%ﬁ‘e fﬁ%{éi@ﬁ’b%bgtgﬁﬁ' %c?E%iPa%'l}XfPiﬁHfahde bi nds

to the extrace omal n“of TGFbetaRI T thereby 30 i'nhibiting/bl ocking
t he BOndiT{gFtetaRIGHh enetherentvairesttr the ehli-TIGHbethiinmMmuioglbetsaRld . Sui t abl vy,
the single .vari.abl e .domain or | ypeptide i.s useful wher here is an
excess of a5 IaMFED & et MG TREM AT LD {oamr e dSHRERRI

pol ypept i(denBaivRSedsRnimiditel NM 2ostgrRldrbgd a6t bdiniple Hf Mafi@gid @ayai | abl e
TGFbeta through inhibiting binding or TG-beta to its cognate receptor
TGFbet aRIGell 6949),U9ed1RE0 E1NM2))t he term "ant agoni st of TGFbetaRI | " or

"anti - TGFbet aR nt agoni st or the .|| f a g., a

nol ecul e, a cori%%%ﬁ%) Cilnvﬁrlf“llccﬁefs'l 188?% S Slllﬁh:%se %E%t%ﬁftﬁ%g%aiaﬁﬁﬁ%ﬁbggﬁ(i . €., one
or maoe) functli@ibetf biddFDEFBRARII ah@)in @XMl wilid Ta&FbagRNimstiatefa TG-bet aRl |
can inhibit the binding of TGFheta to TGFbetaRI I and/or 5 inhjbit signal

t r ansductsigalingemtbvay Agseutiegly Tehatnmgtivity Apd sihdbikgn gr nepapbeitionedi at ed
processesy @il : . LNk, bi i i st of
Farber ar | Ee Rl On £ PRBRTAR AR D KR M- an B RPEE T n

si ngl e vaiGEtesigotnp)GEbas sighalte iT e&betaRidr ckadpliih $0bj aadi. nGuof/. TGbet a

O T R A Dt L PSS A e 0

aboups10 69'1% 1-%0 2PAKNE TEFBh a&iv3RU4h b t&d it adRHHer 0@ RNt FssAROHEIBP0 PM <
about 100 pM or < about 10 pM The 1C50 is optionally determ ned using an

in vitro tTéRperwnskdkeptothebirin dinhihiessay,“Nontrdedatiomsweans thalatbiglegichle assay

descri bed her ei t is also cont ated t.hat.the |igand.(e.qg.,

i munog| 518{1} 1fynofg[ (ﬁ%lfe a [5dF 15)611 88ﬂeref\&ghy or par%le}sl?y in tpe presglce of {he 9
immunoglobulin single variable domain of the present invention in comparison to the

activity of TGFbeta in the absence of such immunoglobulin single variable domain.

30 In one embodiment, an inhibition or neutralisation of TGFbeta activity is tested in
an IL-11 release assay. In this embodiment, the ability of the immunoglobulin single
variable domain in accordance with the invention is tested for its ability to inhibit human
TGFbetal (TGFbetal; TGF-B1) stimulated IL-11 release from cells such as A549 cells.

TGFbetal (TGF-B1) binds directly to TGFbetaRII (TGF-BRII) and induces the assembly
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15 domain) optionally inhibit TGFbetaRI | i nduced functions in a suitable in
vitro assay with a neutralizing dose 50 (ND50) that is < about 10 IiM <
about 1 |Iwbl20n/ab@at 100 nM < about 50 nM < about 10 mBMiI/ER2@bo6ised nM <
about 1 nM < about 500 pM < about 300 pM < about 100 pM < about 10 pM
< about Dbfpid ?GE]E@&RI/BHQTGMBM/I&WpIBOGGHMetaRIQ”DGEtBIGI@& phkpherghedt 10 fM
20" dual -specific ligan In one e odlne the i obul | n. si.ngle

vari abl e 386naitie topwrgﬁbgbw&i]eseﬁ?m | PRy it a@e&ﬁ ”@Jﬁ/paﬁwlaﬁ&?tﬁ%ﬂ% on can
be part o Sifliph pRREAY (Gl m%@?eleae’e Pﬁﬁ?fﬂ{eSILtPl as&rg@?%tsa{@éems' ng a
first antigen or eglto e binding sit , first imunoglobulin single
vari abl e sdperaatat aadds thesaceamdedahy c@emmmtneELISfpeSLmahldﬂhgl lsneteese(aeszgls second

i mmungQgl obul,in | e var onai bi ndi s or

var abt e dorsree et b retrG e TR BBt Seey B g BY er en
anti gens pok 1bWest&AP(ES Mfiode sane antigen) or two epitopes on the sane
antigen which are not normally bound by a nonospecific imunogl obulin. For
exanpl e, the tlenethén epplesliment, B@Fbﬁaﬂﬁé/@aﬁ@s‘@dﬂﬂ genssap far the ebihptoft he sane
epi t ope suff|C| nt.ly I3 be. ospe ific. higand. In
one enbo Iflunotﬁlo uth Sm(,%?%van |g:§1)rr1n 3 510%580% nég/e Vtwﬂ%l tip nit/er?{h |bgtn are
conposed MFﬂétdlﬂldﬁgadexb&%s@ﬁ o¥ @G & i [ RBIMBICHTI3CI faMen dlMCH?—EH

speci f i CI ti es and do not contain nutually conplenentary vari abl e domain
pai r 40(i lecifopasmasssi Farpe apnieho fral/eFpoieresaprsiepeapce majifteraed 2 d6Gfot  form
a unitar i t fic Iigand"
may bi nd%tog ﬁ%’fﬁ%tnzﬁtﬁ)@a ItlgAinnngt ﬁ%?te?g?(g tem Hcﬁ\ndgg@aﬁgﬁgﬁpl e, anot her
t ar get mplrﬁemlsd?lnﬁmgbmlaplblcspueEeﬁme@A(i}A bok aiitgetludcitiraeut@reuconstdet t he

dual - speci f | and of the invention epables an anti TGFbet aRlI pol ypepti de
or .mmn&@P%EﬁJTG bdp FrPeNsimpstP selifdfadistecie vaHtGr aeneist wistem -t HBS i nvent i on
to be tar SRR l'iver
and so forgtﬁ%ﬂﬁgag'lsﬁ}é{as &ek%ﬁd&@ h@f'en% %ﬁsﬁsgln?%ﬁ”c#l po% %Jé%?fsté)gﬁga] Abs and
ant adoni stagjfectadh wod af [@rﬁr@z&heﬂl@a%raae fapsrtolncqmsmce |(Bem1’dan; ecdn{ 1983 ARG r st

i rmunogl| co{bgj(i3:¢9ziﬂ Ig variable domain that is fused directly to a second

i mmunog| d 1 %p vari able domain. If desired such a format can further
conprise a haldéd fufa®¥ headi RG1UAR L &udhan SBE B‘éﬁﬁ'lﬂéla%as& B@u hdsgyand can conprise
a first imunogl obulin single variable domain th is fused directly to a
second 1GINVHRQGEdDubdlhsessargheayy dixaniplas of owitabie asmts drgdgsguead] lireiact |y to
an i munogl oby iy 3! fﬁ@'m%m‘{l%&'mﬁ ifn s‘%'ﬁ’ 'Va‘ntb*fea&o Bl ndS| 195eppil Al RHgLp

General ly, the orlghttatlon Forhe I de ' domal ngP P 1rgaveablndlng
site20i t Huhlompiondn spaebidagéd yith dic 1ﬁvénabg abes waditsstrelitiede tftﬁefbbﬂagalnd
conprises a linker, is a nmatter of desi choi ce. However,

or i ent at iregstorwignpllise. Arqordnelyy inrﬂ@ére@bosr%ﬂniéb‘? mma@ogé@ml@rwmlm ng
character, r r

GAbl 11 picar 5o ARREY I8 MEIRL KT reblchn SLAEINRICC PR b Ehemions

| i gands tdeadidedag@iis aafivior ata@tml Agomktaabnm}wand&sded@ﬁﬂﬁﬁmthdngrag
characteristics can be easily identified by screening. Polypeptides and
dAbs accéPaPABNG of iffeEest H%ﬁ@%bﬁamlr@éf’r%d‘is AgScaihpd hessnia s absencgiaer s and

tri S, ot h of
G2 nd A At TEr AR e B b on TR b P RO R Ao s
encodi ng deiegrdds detetatmng@stataRHrs@mllmgcl eot| de sequence to an Fc regi on may

be used to prepare such pol ypept. e |nve n nor eover
provi des di ek m?#ogwe? bgps® pH §F omplogpis (s gf Q%t A &{O e ABCe
MONOMEI'S .identity) to T@s@ﬁﬁenc@@dlﬁgﬁdhﬁf&ﬁ Qpe atlsifbgpaptl}ffqll%&nvérﬁf(ﬂleﬁn sérﬁsf: ers to a

bi ol ogi cal nnlecu e peptide, polypeptide, protein, lipid
carbo hy d reatbaﬁlm@ltwthec;shqaemo lidepépt dtdlee domaianidibved hamhbs atzoub 751%L &Qf/os ite c an

bi nd r r tar
e 28el Ry ao05 ST AT Bl LB h b chle Spee ty et A inatBihic or "
cell sur fa@ﬁiele'trélrtﬁ@'éequence identity can be about 60%, 65%, 70%, 75%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher. Alternatively, substantial
identity exists when the nucleic acid segments will hybridize under selective

hybridization conditions (e.g., very high stringency hybridization conditions), to the
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30(e.g., a nmenbrane protein, a receptor protein). In one enbodinent, the
target is TGFbetaRII. I n another enbodi nent, the target is TGrbetaRl |
extracel Iwbaoiidap@bn. Conpl enmentary: As used herei n "comrpirareomasoss? r ef er s
to when two inmunogl obulin domains belong to fam lies of structures which

f or m cograinplgpaint sf e striifd. 2Z0Hcld R I26AIRCGhAFRR Prefé) DB dlegres s a 0€ll ar e
derived fromsuch faml|ies and retain, L‘hi s feature. For exanple, a VH

domai n aﬂﬁ?aéF’Vtchol??éPﬁlyo?urgf?dé)ﬁtSP ially guedRlenent ary; two VH domains are
not conpl enent : i 0 2V npl enent ary
domai ns may bﬁ%ﬁ%g&?#’ g%htgllrms?rg esgglgg{‘i@yt hgh?%gﬁf%g%i nhlgiﬁjgerfam ly,
such as tsherg¥acyahdr 5Ty lnigh Ftrangend) cdodripmsdeséritchendiioes formacleptasrd Domai ns

whi ch _ar rtificial, such .domai.ns based on,protein scaffolds which do
IR o A AR e et U N N AR e A S
Li kewi se,foliindQFRInDBrddde%n Molcéhir @%ﬁi@! Rﬁm@ﬁilé}n&@ﬂl@] Ner'(lQFB omai n and a

fibronectin domain are not conplenentary. "Affinity" and "avidity" are
terns of 6alt-Gth@atwhieksrineseperaeddercanby refeenee ibills¢nigtyl Odauceraand on. Wt h
respect to the |igands. of .the.inventio avidity refers to the .gverall

St angt h"grhdifat REREE: Rea R FRe TV EML R BY R S B RPE R, M ccona
target) anbtidligate®l dondiidnt RerréD@NEreitiedis ttylldves: NOF Rwt fidAgdlde sum of the
individual affinities for the individual targets. Nucleic acid nolecules,

: ] . ¢ rget, o
vect dPs dwlrifisatoncenigiony o X sodimi hrpridesedipnoviirale 5161 sbarietd and/ or
reconbi nagio DUl ehG, aekds 1Y e8uWes 0906 kg | LLARRIS: (AL RILR AL ARl
domai ns, fusion-protelns, polypeptides, dual-specifi I'gdnds an
mul t i specvdshes dahdantsyasasd tad®F Cribbkey hienginoy conditionsNu2) micdivacstdsganeferred to
herein as "isol ated" are nucleic acjds which have been separated away from
the nucl dwbridigiéRn sndiligas gbg?éfﬁsﬁ A5 Lo PUsd R T TesEgRce. 200f
origin ( ShLL ¢ o {- : i | i i such
P e S it L Rl S e
her eilf orabouther'C stolloabd by ne¢ tomste wasbbuii )X 8§€e0tlPasD$ apas'€; nod! ei ¢ aci ds,

| ei i.d . heni cal thesis,..b i nat j. f .bi ol ogi cal
Bd chomtBUPTBHACHEY nigttrSdEahs P AR Rara ity 68 DT See ERPHSSlls eq”( see
e. g., Daughspi¥at 68 foledwddl by oddustIngdre wAShd it BRoxk SSAACHBD A 65°@4V6ry
25(1991); Lewis, A P. and J.S. Crowe, Gene, 101: 297-302 (1991)).

Nucl ei ¢ déghigringsney eeutlitiensHdy et theapreforisd sanditiamst 2ndgheomsdhatiskoddbds whi ch

have beensg({ﬁ)n uce eb Lecon é(pant DNA net hodol ogy, including those nucleic
aci ds that are generaf e&p%y procedures which rely upon a nethod of

artifoci al recddilaiiin o hamislbgy@Sort Bequpatyideitag e o hahiaritgabétinvedn (RCR)
and/or cloning into a vector_using restriction en 30l n certain

Zynes.
embodi neritguenegse thedemay ag ussddnisrchapacskly eagin) Wﬁ@?ﬁg@e&cﬁs&"]&%‘fﬁaﬁ hges a

nucl eot i e, RagUENC &1i SRAGH Hind ol &ghﬁlk%ﬂl %ﬂ&ﬂ LS NALE ctABd @Rb&, AGTRI N,
pol ypepti ae or 1 garlé{,% as (gglscr icge erein, S\Aﬂ%%é’ir%bsgl d 61 i gan cérrpr i ses
an am no ocaciodbsthgfi@rnfrst anatsedras aatind ead or abdeit aBid%equinct &asiptialabut 85% at
| east about 90% at |east about 91% at ] east :
alignment and non-homologous sequences can be disregarded for comparison purposes).
25  In one embodiment, the length of a reference sequence aligned for comparison purposes
is at least about 30%, optionally at least about 40%, optionally at least about 50%,
optionally at least about 60%, and optionally at least about 70%, 80%, 90%, or 100% of
the length of the reference sequence. The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a
30  position in the first sequence is occupied by the same amino acid residue or nucleotide as
the corresponding position in the second sequence, then the molecules are identical at
that position (as used herein amino acid or nucleic acid “ homology” is equivalent to

amino acid or nucleic acid “identity”’). The percent identity between the two sequences

is a function of the number of identical positions shared by the sequences, taking into
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24 about 92% at |east about 93% at |east about 94% at |east about 95%
at | east about 96% at |east about 97% at |east about 98% or at |east
about 99%vermnaia@bd sequence identity with the am no aecu/rrequense’ of a
dAb that binds TGFbetaRI| disclosed herein, e.g. am no acid sequences set
out in anmycaint SeQuhBeNaISaps, dnd (BSlenpihcifeatt gy, shipharee tbbaianbidigddan be
determ ned over_the whgole |l ength of the nucl eotide sequence that encodes

t he seleéPEHm'ﬁﬁﬁm#@Fﬁg@ﬁﬁWPsﬁ%E?“S' The invention al so provides a
vector conpri si,fighodcldem@iibRake &Hﬁéﬂe%ﬁ%&h&t@ﬁ@ﬁé&@lo?{r, siftfad@uention. In
certain enbodi nents, the vector 1s an expression vector conprising one or
nor e expnésgityns deimaddiereh ereptisndly repared embddtératinalk eirgpibe algoyithhd | i nked

to the regcomhinant nucleic acid of the i ntio The in ion als

o ovi des SIS Bhveties Hoe kbl Dawtsiors e ek et bt ENECHBEbaL; o
nol ecul e [Qft, YREIO1-194 (19D¢))] AILRMati0fy, (RYBIXNN RaI¥E8Gha! G cks®ornd2.0) B! asm ds,
phagem ds), expression control elenents, host cells and nethods for

pr oduci ngnméeysdidpnsequense stigementswish patameionysanta defawdt walugst IBUdh®IMBasic t he
art, and.ex .es_are further .described herein. .15Suitabl e expression
Vectors. danaraig g Seithrdfh of B BhsbiE e S plprdBinb B ERTHR o7 of
repl i cat ipddgrads SREQCbRALhEb1AAK KBlasEENR] thRRK; thesdPHoBra@XHestsd Bhifiodice Ol

el enents, such_as a transcription control el ene r onot er

. . . ot | ement (e.g.,
enhad@er to theimfinsngsrusingribe gptigical wethady ef Karkn andiiltsehud 1@854 RocaNa gnal
sequence I < and the |ike. Expression control elenents and
a signal[2%86§%2§$A1ffg?%§gﬁ%, can be provided by the 20 vector or other
source. For eXdgpid, Adived he@ns chid tptm Ohigdnddnetteno hicampbaid thaedongoisty al
sequences of a cloned nucl ei c aci d. encodi ng an antjbody chajn can be used
to dir ecteaék%‘i*eel%“é?’Pg?r.POIYPGP“deAPrd’FBtﬁB]tI@Plet“}’atﬁatﬁ}?s ﬁrbé‘%Fll%%}%/er‘ﬁ‘rth WeMession in a
desired hostifGa) for TOIFRURRE. 3 K RMdREn §ROBL kUtidS R “biie bRy For exanpl e,
a pronDteP één%Lgroperably IiH%%g to a nué%eic 25agi§ e#%%din&lan ant i body,
anti B6dy chai Mhedigpuds ardmdimgmeddtics seohding tit the invdhtecogianaBnsemppie on  of

t he nucl ei c aci A variety of sujtable pronoters.for okaryotic (e.qg.,

[ ac, |t ac oo BanR dorgiinEthi Gy ARG R psepetFRNE SRaimbh Vi f us
40 early BhtalrPRiaBlcQITRBT paiROMSicE &g MER ot USindi@B gité BSrAArdad cohBREAd
pronoter, cytonegal ovirus pronoter, adenovirus |ate pronoter) hosts are

avai | abl di.e.3dn potagdiprisoa inenpregehudin heavy drasn varpibteaddnjai angpat se a

sel ect abl.e_mar k for. .selection.of host,cells carryi t he .vector, and, in
the case Qpiuop@pinE gt éni ypniP dani paiioedhet doinlp RGMESGTBL 0t on Genes
encoding THESRIE). Wptiohaltrhe dandih Bihadh s arbittlib@ sitehhisiaa baRli@ € conmon

sel ect abl e markers and may be used in prokaryotic (e.g., |lactanase gene
(anpi ci | ISPeFifi@sy r afragt is Ipimyapeelobfingsgle virabiodomasagance) and

eukaryot i; j i Gl J nolic

et dy iR ngloBEOE T LR QL S by D SIS Lt ase
mar ker geigte penchiinsetigde domaind (b.lg., W) hbbtlex direlingspacifiaity éirya dekirbbst s.

Genes encodi ng tqg eQ§$Broduct of auxotrophic markers of the host (e.g.
LEU2, URﬂ?ﬁmﬁFSB)(g%Et Ien used as 5sel ectabl e markers in yeast. Use of
virabs(e.g., bagy!gehidsln@idAAERpUES RE S onPRde UGS bR SrMBInkthoBlBulRPaDI €
of integrating intothe genone of Phe host cell, such as retroviral

vect ors, sagte wdrgblectomaampliadred . caduinimbhaglehupinsgwglovarnabbet dsmzif bmdesqs essi on

i | i | | d yqt i |l s. i1), i t cell
(D osophid Areiediudn 2B AR EShadeg harliapnaf Spmtial RET o o,
past ori s,imuneLloBYiiS tiagld vafigbl¥abhalhh OWhel (DR REpRhtes FARWIA @DV &iddst cel |'s

can be prokaryotic, including bacterial cells such as E. coil, B.
domains that bind different targets in a suitable format, such as an antibody format (e.g.,

30  IgG-like format, scFv, Fab, Fab’, F(ab’),) or a suitable protein scaffold or skeleton, such
as an affibody, a SpA scaffold, an LDL receptor class A domain, an EGF domain, avimer
and dual- and multi-specific ligands as described herein.

The polypeptide domain which has a binding site that has binding specificity for a

target (e.g., TGFbetaRII) can also be a protein domain comprising a binding site for a
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subtilis and/or other suitable bacteria; eukaryotic cells, such as fungal
or yeast cells (e.g., Pichia pastoris, Aspergillus sp., Saccharonyces
cerevi si a®Q oiize@sacchar omyces ponbe, Neur ospora crassayi/Epeoionbess7 | ower
eukaryotic cells, and cells of higher eukaryotes such as those frominsects
(e.q., Drdeaeqmlhaiget Sehni gdein &znmehsl ®lecﬁsﬂ9fromaﬁafﬁbbﬂy@e$1b5 doM&In94d 26087

(O Connor)), mammals (e.g cells, such as COS-1 ( Accessi on No.
CRL- 1esoye%?ﬁa>retaeséd(omaaeﬁe%e§.(%ﬁ?a %48 U Paias fppliestion Pabljcation e

Accessi ony b@/oo%%’@’/odéb@i?%é}sb%im 1 GesiAAda BABIP cark-firshePT OC. Nat 1.
Acad. Sci. USA, 77(7):4216-4220 (1980)) 293 (ATCC Accession No.

CRL- 1573)cpniﬂels@omeﬁdi@ﬁbm(adémsndnmwoms@ﬁ}u-cam eac(h\lﬂlde(p&iﬁdlht]&d:@@smpode No.

), ., 20et al Vi ral 54:739- 74 1985), 3T3, 293T
(F>ear9 vagzeétﬁ‘ %ﬂl%"teiﬂr%@etyl\i&tai nonﬁi?:eQHdlcé’&?letylﬁeé ,&P"%@@Yg@%ﬁ%@ (1993))
NSO cel | g; 1(5P%/aﬁ)ohljﬁf£t678F§1eéxla§1 Pé’%etlr%fﬁnh el fur@lr RirdpHse a(RiMlife ckRRABEO) -

(See, for exanple Ausubel & eds. Current Protocols in

Mol ecul arrncsﬁtalaegyscr@eéeremﬁ@m |asIm1Wg1)k}ASt§(Ei}’%qle1§>1%m_£ﬁ moisty wmmsu& Sons I nc.
(1993). ) umm gbm men& g mm Var t anllosletar(]: I %)1‘1 111 ?ransqo 1n gell and. s
not part o thﬁ%t % EUIRI NG pY SRt Por ani ‘fn certain
enbodi Weﬂiaﬁsfefrhﬁfrii‘giﬁént ©elrhndf&ria viaﬁﬁhthmmtbthaﬁt bﬁaai, hlbumin, am&B@ thaventi on
al so BrOVIdeS a method for producing a ligand (e.g., dual-specific |igand,
mul t i18pedimdsacppaidiiregmiathe i nvention, conprising maintaining a

recombi nant hQsf Rk AQTRICR!DGodiT ARATHE NN, AUS Wil AG fle Bind

abl e for i e

i nventi on under condi'tions sui expressi on o reco |nan
nucl ei ¢ dosidargah@ereebYGEteeaRIEctosicogimite st dindlirgcddindis (X pineasiedg]cndina

l'igand is. produc Qne enbadi nents, the. netho ther conprises
i sol at | ngjntgilr‘evairiaggtrftfmam 1s mhgtfed 1B HISPTPSenFraelet tea%i@%g%s@%m %paeg»e 161,
line 24 tlﬁ)nrﬁﬁtggloﬂ)ﬁl%l s1h%1@%a1]19013 95mg§1§ fat & ¢ ‘?@_Eclﬂb §&|SQ§1LHO n&t@@atrgéts F@ppl i cabl e

to enbodi ments" of resent 1nvention. di scl oSure 1S hereby
i ncorpor &tcadphebledmgblyayrim‘1eh1®rtcféstasca;llyofcghxamplarbpqmyswkMkagdfw in the

text of the.present dis d relates ta the 0 of th
pr esent VAT TORAN SR BB P B SR B UBUBRE POt PHRGE et s
I ncor por akRGksiafityChran MBtylP6t HWirgel M ®dhkal ls@ewmmbggomefopﬂeﬁmtﬁftw n
W200708515, page 161, line 24 % page 189, line 10 5 providing details of
the "Pr epepextfmhcmpqtmn ﬂfég-’ﬁét@uﬂ |CﬂmBet§m Em@ampeﬂmtmb tadsteryiEng or
systens ary..cons an nbi.ni N n Va b & Donains

" Char act &85 a{%il%nn%gfv e?_n ﬁrsy S,ecmgter% rd 8“%‘?1 %Ih % ﬂs' IFW%kel et ons”

" Protei n isgapdraled hicrein @ﬁﬁffér@ﬂl(@&o pesviddsexpllibit @QBE)'Stﬁﬂd(ﬂbﬂ Lﬂ;@ it thggprerent,
"Diversification of the Canoni cal Sequence" and "Therapeutic and diagnostic
conposi t ilBYEUERd uses", as wel | as 10definitions of "operably Iinked"
"naive", "pre i i y e"
R o T A et LR T e
The phr asd the'inadrtiohiche heutedliee I GFd)etiah;egnhlm@tHra@r‘i[ GEsctdRie Ber um

concentration of the. inmmun bulin S|n ria omal pol ypepti de or
ligand t o FYERIEEEEy Bgvgant ﬁ%t/ﬁ%wrrtefseﬁ &P uEbE R Bk B of "t he
l'i gang angh(qfe ﬁjeé‘e%E@BP?GPBeé BAULRESAL LR ‘é}fl T@P%e’na'f@ﬁ{lgn Mg NGdikiHR

mechani sns. The ligands of the invention can be stabilized in vivo and

their halnﬁethcpdse”OI merseased noytrdizmy eftpct mchide eeﬂaye@r\ﬂiﬁF&htarsegtabng degr adat i on

occurr i ndopv BEArRE Y Oh e Ranar et BB s (BN R R R DR 60 e

hal f-1iferrafbetn ddtigafch 4 $GF'B§tra%fg$1@ﬁ|ng hsshy. 9n 3RE brABSdiRRA], (1RCHAIE U )idbeS Si St s,
in vivo, for a longer period than a simlar |igand which is not specific

for the Hahfain ¢rpolynsptéabindgytothe extidcellulrhdemain IOif"g"éi’f(be‘@Be]dh@l‘eb}’f or HSA and a

targ ificity
I—ég ”q}ll?ﬁtﬂmg%ldc%lr{got\q?ﬁfat.]tﬁglgvgf?b%b@ﬁaotﬁqggex&tag@g\tﬂ%%% fs ’i’gﬁg Eﬁﬁ

m)l ecul e.Sufiybliycib kingld vaeiabial donlaidf e pcﬂype@ﬁdeassdfubwhé:@%erawén XQ86s 0% S50%

or nore. I ncreases in the range of 2x, 3x, 4x,

bioavailable TGFbeta and the single variable domain or polypeptide serves to inhibit the
signaling activity of the bioavailable TGFbeta through inhibiting binding or TGFbeta to

its cognate receptor TGFbetaRII.
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255x, 10x, 20x, 30x, 40x, 50x or nmore of the half-life are possible.
Alternatively, or in addition, increases in the range of up to 30x, 40x,
50x, 60x,woar11/@8809 90x, 100x, 150x of the half |ife ar@eCpEe3oioloese?
Formats: Increased half-life can be useful in in vivo applications of

i munogl obul i nss used peeim tHeyte@nt arhagings oANAFhEsRIT2 opeaital Gybaar iTbody
fragments of small 30size, Such fragments (Fvs, disul phide bonded Fvs,

Fabs, scRPEoMaAbLy thel&kcgaiver @ianperagr 4l retlegted CIOPH’I?PFIIIeWIHBIHSIHdﬂAbs,

pol ypept ifdgScirTt b Sinhipit%f{ﬁé’.f&?erﬁern(‘ﬁ‘ef Rinkfién bﬂ"Y(ﬁF‘IBétﬁ@H.C@Hr denfapt ed to
provide increased half-life in vivo and consequently | onger persistence

ti mes i nanhetagodiyt dfTGHFetdRIhcdd nhdit the bindingyof diGHbee tbilgariadtaRIl and/or  Met hods

for pharnacokinetic analysis and determ nati of |igand f-life wll be
o PR TGO hAgY Gttt at GREh Dol 8l Kechift A deidonret b | A ot
al : Chemgaiat&! plokbdstyarf ccRBRF PREGHEL &8 5o infibliedhaak ah@kofibasmaci sts and
in Peters et al, Pharmacokinetic analysis: A Practical Approach (1996).

Ref er encd GIdetdRIb nmade to 5 " Pharmacoki netics", M Gbaldi & D Perron,
lish | K 2 Rev. iti 1¢ i i
publ i shed by IYrqro%ee ?%}% 1mee¥1t, thqugangG.gi?ﬂgﬁﬁt‘l%@ﬁl&bs%?g? Kzg‘r’a\kt]biqc(i]onqg%gyill pes

. . %t
phar macoki neti ¢ pa ers’sucfra ives ‘and area

under t heifd4MEFHoAHT) inhibits bindiled bf TGVE&a (0 AT@FBLARE rasgtdr With et a) and AUC
can be determined froma curve of serum concentration of |igand agai nst

t i me.l0Thenhpriogysoneeniaaey 80 CEEWage <(abeni | hivMe <rdottr lowMpPRabsitgh0 ndbr p. |,
Mount ai n Vi 404 b d, f I |, t )
R RECL Rl e e g TR Gt A TR i

di st ri but3oopM, i Adoat PEJ hXINbs < Wbdi 199VE Thd 1308k bpfionafly SeGamthephigiag apbet a
phase) is the term nal phase when the |igand has been distributed and the
ser um corit it BoFema rescpfer piadisigmgsayson g8 assayasighias tha assayedpserikosh hepran.

patient. The t al i j . I | i ase and
the t beta haﬂ*@ﬁ#@é@?@h&ﬁ%&%@T#ﬁ??%%ug *{hghéggﬁaﬁ&gﬁggl}égﬁﬁ??bin one
enbodb nmenfomairt)@ppoedBrihhibin VigiibeaR I pinducedefanétidnk gansuitbleincanpasay vith
conprising a ljgand according to . the invention having a ta half-life in the
range of al@“ﬁi‘%’ﬂ%@"%rwr%]w.o? that Brivabawh bYHive srabophk “Ig/b\ﬁeq%oétrﬂd)od’fMt e range

i's 30 mnub&sso A2 Fhhik s nnd Aﬁ@&bhts%m%bﬁut BnlOY B outds S<atoul9ys s, 6

hours, 7 hours, 10 hours, 171 hours or 'I2 hours. I'n 20 addition, or
al t er nat ipMl yabaait 10@pMG oabowib hHphi, tiabnutalcpMrdabgt 600 tMe<ibwme30) M, wi | | have

atahalf life in ther f up to and including 12 hours. In one
enbodineﬁ@?uHﬁ@éﬁ%p%Sb%ﬁgggyfthe range is 11, 10, 9, 8, 7, 6 or 5 hours. An
examppe of a suhRYIRificANSH AP S Inlodc@nkhodRHER, the irhAuRodlEBIH Pigld virfatde hours.

I n one enbodi nent, the present invention provides a Iigand g§§k§£eptlde,

dAb or 2Blentaayoalypeptidsror digeahiporstendarceopitpticgnveglian Fangamphraelcordizhg to t he
invent i on Qca 1(i: ﬂg n%”t rh:')fc hraélfefr§ l[ol a{ it a{ ctoherir g‘lngaeﬁr(s)tfan?ib(e)ﬁ‘ltr 2'i% Q Mgt oXiteTO" €-
In one erfBodi e %, P%e]Iomer end>or Phe'ra gerTs apout %’%BU S, goout 4
hours, aljeyt, fissth@bfuBoglabglit sibelbaufishle ab@bih) indDsbcdnd altieh ot Gpiger s , about
11 hours, or about 12 hours. In addition, or alternatively, a |ligand or
conposi t iPHlig Hisr(digh geeandimangglohilinpinglsyagable domgin. whereinithe bindingange of
up tezand; i nel udi I 'ﬁﬁg ' t he
ranggsis%g%%ﬂb%%ﬁyﬁ5@%@%%§%g%®agﬁ%ﬁgggg, agghgﬁgé%gggg”gﬁgﬁ%n H%%%é, about
5 days, abowd cdficdaithe sabouitighb) cays opitopdsautth@ Sankaygigeh whidhearenbiodi nent a
i gand or conpositiqgn according to the inventjon will have a tr3 half life
inthe r é}ﬁ&@ﬁgbwnd AT BSBEA N GTRHPEOPYR. dof Gl PSP RHARES may

be on the same antigen, but are not the same epitope or sufficiently adjacent to be bound
by a monospecific ligand. In one embodiment, dual-specific ligands according to the
30  invention are composed of binding sites or variable domains which have different
specificities, and do not contain mutually complementary variable domain pairs (i.e.
VH/VL pairs) which have the same specificity (i.e., do not form a unitary binding site).
In one embodiment, a “dual-specific ligand” may bind to TGFbetaRIlI and to

another target molecule. For example, another target molecule may be a tissue-specific
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it wll be in the range about 12 to about 48 hours. In a further enbodi nent
still, it will be in the range about 12 to about 26 hours. I n

addi ti on,wononldaiesonati vely to the above criteria, the pPeT@EPR010OVEATI ON
provides a ligand or a conposition conprising a |ligand according to the

i nvent i onardgatvholgewe sWitiGhix thatiugd-spediBaliganderf thh@ventionanables hibenti-ange  of
about 1 .Jmn/nm or nore. In one %ggodl nt, the |ower end of the range is
about 5, aRdppolypeaiide psmaypeglobdin sipgeyarghle daseaip imeryordaBesvtboo or
about SOQn I BMYATh bo ite@dH1d 4 Rbuc OF it @I ARhIKE L indhudd 1HAR iy BF arftEPOST L ON
according to the invention has an AUC i n the range of up to about 600

ng. m n/ mforth.n one enbodi nent, the upper end of the range is about 500,

about _400, 10abouyt 300,. about 200, about 150, out 100, about 75 or about
50 S ni i . I SARTGHBUMEH Ot ganeBEESr SR RS PEIRe R RV B Ron w1
have a AUGrhditch i€ a TRIGEp DRI HaBELHAiRM AR iHAAHPI6RNH $id18%ardbld démain
foll ow ng: about 15 to about 150 ng.min/m, about 15 to about 100

my. m n/ mthatapmged diseotly tah serond smmynaglabwhin singld vamdue daBaino ladesired such
50mg. m n/ d . 15Pol.vpepti des. and s. of the i.nventiaon and ant.agoni sts
cormr 1ot Agorpa2an SIRE OBl P bR Rarbtmp G ATRRE ALIRELDLS (o
exanpl e, chynpatd achraamuabdglabiREGigseumiabsedoiaia ki fised ditledl, &6 b kébond
transferrin recegtor.or at |east the transferrin-binding portion thereof,

an adfi baeynunegloaylipsingls vapgble damaigdhatdn fused diiccabyttp B dpmusagiphulinFor

exanple,sgﬁ%¥ﬁgﬁ%%q§§ml tg@gsgg&%%ﬂghghs formatted as a | arger

antigen-b fragnent an antibody or as an anti body (e.g.,
formatted as adnatalyFab'orichigtdy) af thEpalypyRideldy@aimsakat)havds bimslag diter ei n,
"hydrodynam c size" refers to the apparent sjze of a nolecule (e.g., a

prot ei n ﬁ’f}ﬂ]e‘&‘ﬂﬁ]é‘g Sp§ ﬂmf%baéaéaeto%ﬁdﬂﬁ%eﬂaﬁrf%fgwﬁ COMPFIRES EUF& through an

aqueous salt boflbsigHofbl! TR QmEBHEARIQS, BiRLPLANDuIRGHIRapOl UL 0N can

be processed 25to derive an apparent size of the protein, where the size is
gi ved5by prinad¢ Bttek bsndimrihasittopisti¢siyialr otlynenrintatioas!i Y "orioftatibes (preot ei n

ticle. ."h ' i ze" .of teind d bot.h d
hape (csAmarinkeT Srpe Lotk fRsr g st Pum e RLbr TS EwatenRs RaPooiar  mass
may have c@hiafredd Rebnbidh ok PacidesHedits NIAGRE cRIadthestRY 84ehd ckAf or mat i on of
the protein. 30Hydrodynam C size of the ligands (e.g., dAb nononers and

mul t i mer syengificd be spreomingi on may be det ernined using met hods which are well

known in the . F ex L e el. filtration chr t ogriaphy may be used to
deternine 1 he TRomeBRTs AT aRLS 3 ¥fink g Hs TR A0 Th TR SAP e o1

mat r 20es diérs dal efinien) ¢@ tehik by tr HOMNBEHE FS tob@sh, 0dmbligagndsc ostith oS
cross-linked agarose matrices, are well known_and readily avail able. The
si ze of &nZiagdhd3rdomans, pred gptionalna §ingg region, PEEXaEPK: yeden sBesing o a dAb
nononer) i i j: i [ on. exanpl e,
ahere 1 1 La e R b R B T Dher a
ti ssues, suth pdypgsidesabl e to keep the hydrodynam c size of the ligand low to

facilitate exb&ﬁvazation fron1thekfI80d 5st.ream AIEernat'¥FIy, where it is
desired to ha/dCtRenfiPyRgcrshaioniden dpas.dijaeksfngd polymers of the

25  aforementioned dAb monomers.
Target: As used herein, the phrase “target” refers to a biological molecule (e.g.,
peptide, polypeptide, protein, lipid, carbohydrate) to which a polypeptide domain which
has a binding site can bind. The target can be, for example, an intracellular target (e.g.,
an intracellular protein target), a soluble target (e.g., a secreted), or a cell surface target
30  (e.g, amembrane protein, a receptor protein). In one embodiment, the target is
TGFbetaRlII. In another embodiment, the target is TGFbetaRII extracellular domain.
Complementary: As used herein “complementary” refers to when two

immunoglobulin domains belong to families of structures which form cognate pairs or
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circulation for a longer period of tinme the size of the |ligand can be

i ncreased, for exanple by formatting as an Ig |ike protein. Hal f-life
ext ensi orwbyotiang@bi ng an anti gen or epitope that increasexprbabielscve in
vivo: The hydrodynamic size of a ligand and its serumhalf-life can also be
i ncr easedrdibpshy arofrivgdtiomgsuoh fasibiocaal ietign this fEtFbet BdrlekamprRd Wy

pol ypeptide, dAb or ligand of the invention to a binding donain (e.g.,

ant i body domagnarideo¥y dbmaigred at antibraty dv¢ neisplamentatyi; geo Vordospiitsogye nothat
increases half-live in vivo, as described herein. For exanple, the

TGFbet aRICPMBIHHNEEY e o (g, dpmaigioirg peiptandgmenaryb & cvalguept@dlograinsi nked t o
an antiserum al bum n or antj-negnatal Fc receptor antibody or anti body

f ragment M4y, b foupd b per mgms g hs pmunegliylal S@Erfﬁl@eﬁp%ﬁ gk VR Fab

or sckEv, or to an_anti-SA affi bo or anti-neonatal Fc r.eceptor Affibody or
an andi - S @R S) gpmais aﬁ‘thF-TS%q%‘ieﬁ%ﬂth I&‘B%P%W\E}W}WFF %ﬁﬂ@ﬁ%@l%ﬁ scaf fol d
selected fro but. not |imt 0,,.t.h r.qup, consi sting of. CTLA-4

pocal | (s 2R Mpplabaay ol el A AT GRS o R sReEE TR [
W020080963 5dtc hoh-cmplehRatiig Dikelie S&ddditiRdbA6dBA (B cXihhd) Monai ns and
their sequences are incorporated 20herein by reference and formpart of the
di scl osun@nymoglebulyr derasin ané rifibrorcetin defaeinrmge petfcopwlaneeniargonposi ti on

conpri si ng poly, | &l d » ant i ] i . ;5 _bonded
(covalently or Aﬁﬁﬁ%&vgv%nﬁgﬁt %gég%ﬁﬁ(%ﬁaﬁgtﬂ%to&ﬁcgﬁhﬂegﬁg%tréél%ﬁla&ga?%%}?lﬁé domai n

t hat 10i ndstegetionn Wihusipact (i Gadnldy of the poleyifemtavititytrbts ©nhanaesl ser um
half-life in vivo is a polypeptide 25 which occurs naturally in vivo and

whi ch r esireegh gbbindmgthebrecarths Brgsisle dylirehiawgbrstsscordiegsD<wethpslbind enmove

unwant ed tfci;@ﬁ @l A+ 'ﬁl" ile B3 §1¥1}; 1 ind i HATRANFinif ?’&?éﬁp idudl
pol ypepti de %lgt errII(E1 nlges geraumﬁia gﬁ gémlhgl“w vonclzlalggg)e se g@tlde from
proteins tingetnl t he extracel lular matri x, proteins found in blood, proteins

found at the 00d brain barrier or in neur i ssue, .proteins.|ocalized to
t he ki dney, Ii%'bcﬁe,‘c PEIHgnolseles vedBEyd E?Stlﬁglisé?ﬂh%ﬂ@é%@&b?lé‘? Biqy&ees

di segse- spabd hicd/B REGhBiRantHucRICIR A1cMeOby@didaNidaidd {_)sﬁfé?eo@d'rfablesm table
pol ypepti des are described, for exanple, in W)20(§8/ 096158." Such an approach

can al so domainsetisfoorprotamgatadybegtifi¢sy dual-spécific Hgangls end aniltidpee fid bigends)
pol ypept i dﬁ or. I%gand in accordance with the invention to a tissue of
i nt er est 25 AFTBRAIEHNdi nent targeted delivery of a high affinity single

vari abl e domaiNudldic a&i@Pfcfaneao Weteh 418l AVEMrE Aic1éiS aPid®Wihitdthave been dADS
that Bind Serum Al bumin : The invention in one enbodi ment provides a

pol ypept iseeargied aywanfoni e npdeig acidyefdhe ggpemia PYA| ar gelhdar ey of ticih gouree |
i »TGF | . ' ' T .
b Phat praas 3 e Rardi iR o mh iRl obh I s R A BlaT, S0P

dual spedndlude duclgzacids ctandddymebtiots MBEBRIREOA or MBE40IABR1Ethddd 208KP6158 and

WwW)04058821. . I n particul ar, enbodi nents of the Ii]%ands and ant agoni st s,
the dAb ISPssadallyprisAuder aritsanprizie dcidnaradyapetdediepseal BYmbesiy Yo al bumin with

2 48 SeleBabfly RO G6eREOHR. AN SlahRana LR Rk i A SeRuENCES

di scl ose(f I n W200400 sequences an nucl el ¢ aci
count er pard isalnedi(see @rgpdaigbethdy.Bi a1 dby Nwefleicemcigs dted.,f B (19 p2d11-BF76t he

di sclosur the present_ text), any of uences disclosed in
mzo@goség%"gga(lwspﬁps@?f&[e% W rﬁf”tehé& %ﬁm@ﬁ% counterpart are
i ncor por at ed h@lcRichchlY rel@fc8 IR RS AMFbch bR e:E nRicid AR Wit ASHLn Of t he

present text), any of the dAb
produced by recombinant DNA methodology, including those nucleic acids that are

generated by procedures which rely upon a method of artificial recombination, such as the
polymerase chain reaction (PCR) and/or cloning into a vector using restriction enzymes.

30 In certain embodiments, the isolated and/or recombinant nucleic acid comprises a
nucleotide sequence encoding an immunoglobulin single variable domain, polypeptide or
ligand, as described herein, wherein said ligand comprises an amino acid sequence that
has at least about 80%, at least about 85%, at least about 90%, at lcast about 91%, at least
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15sequences di scl osed in W2008096158 (whi ch sequences and their nucleic
acid counterpart are incorporated herein by reference and formpart of the
di scl osurwoabittesopr esent text). I n certain enbodipoEmpra)i10tbeset Ab

bi nds hurman serum al bumi n and conprises an am no acid sequence that has at
| east ababbut82%, adtcasttabbeEdto,al0 taabt oYU 9496, Alcaked®it 2390t 12Q004Wdut or  at

| east about 95% or east about 96% or at |east about 97% or at |east

t |
about 989 Al st BRSO b g 128 WTe et rad qadntet PYEIACtdSoarect he
am no_aclgaRItAnGR: fhind (d0RRICE bbLAAb MAMMRTQMEARIPRINIR NiRZ007080392

or W2008096158. For exanple, 'the dAb that binds human serum al bumn can
conpri se cam anmnaridsdqueses sernoe int dnytof1sdks) HY NQSadtto BoNucRofigle soquaricel east
about _95% or at |east about 96% .or at |east about. 2597% or at | east
Sbout Sogdedhy &in 1Sl a0 Buod e et Tt ibet Sebse habneniine

am no aciigk Seuense-PhreyrR@igAbhese dAbs. I n certain enbodi nents, the dADb
bi nds human serum al bumi n and conprises an am no aci d sequence that has at
| east about 80%g ivventipn plsa provadss atveg®Ywomprising h eepombipounudoopcidr at | east
about 95% oIy é tf L e%lsx;[en@boultn 969[211 kb %}meln?sa %ﬁe & b Lrltis a?n7%? rgsrsio%tv !:%aSt about
98% or at o teast dbour"99% am ho act o sequeérice S0 UEhY |pty WEPhe amino

aci d sequenpesiap ohber Atk paskidn TeAHEANTEN &ts dNY¥q@dnctdBseard Apsrablyn nor e
particul ar enbodi nents, the dAb is a VK dAb that binds human serum al bum n.
I n nmdPe piked ktharecoptbrinhayrleic agidof giegnyentiqny/hhe mpycatien alpe p@sidesidmn serum

al bum n. . i.t.apl I . :ng . 1.0 ude those
i sel osedescmisns S 6T st TR b Sse SRty b D BB B BB by ahfish Ve
sequencesnandoi hBuitabhtredceirs (ag ) plagoidat phapanids g eepressiar gatrat eldmbesei n by
reference and formpart of the disclosure of the present text). In certain
enmbodi rrefﬁogt, ceflhanda oy b e cramRnS hegcstls af B HVNURRAIE SYRYY | ses an

am no aciloRRGHERCE:, LRExAticdre I q@RAYLd BQ%, or at |east about 85% or
b | .

at | east about 90% or at ['east about 95% or at | east about 96% or at
| eastl5Sabout 9Bitale caprebeasvecadye oan @8%in emumbet eampabents, 00&aailm@naci d

sequence identity.wi.th thos ppequences di scl osed in W2007 8?%192 or any one
of 'SEQ I SREEOTRIEHAN. 4 IR S M SIS FRE LS ! S e o t od
i n W0200%4080292trdfdc ptioNR ARBRA4H8RZe.g., promottf) cAlmdbl &rRdlakirfagiBosicment ,

t he antagoni st or ligand conprises a binding noiety specific for TGFbetaRl |
(e.g., herarrTeApdatmprlsignalswhsigailscqiraceror kaderseanents @sd therikermunogl obul i n

sequences. as. . described;in 2008096158, the.disclosure. of these binding
roi ot 1 o0 PP St ROk G TR s S PuSEr O B BoviBERT 4Rl Gi ver se
| i br 20i es)c@ner dthed JousedFeneesnyis,ehd REBLHP@iaeshdig i€indlabiyndlebsksince as part
of the disclosure of the present text). ) Conjugation to a half-life
ext endi ngedismessyofpelened nyelsigrc) encpding g aptbrslyi gha can de userbtoghiregpr )
haIf-Iif%xﬁﬁ%ﬁ&ging noiety (e.g., albumn, transferrin and fragnments and
anal ogues ereof) is conjugated or associated with the TGFbetaRI |-

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

25  acid encoding an antibody, antibody chain or portion thereof, such that it directs
transcription of the nucleic acid. A variety of suitable promoters for prokaryotic (e.g.,
lac, tac, T3, T7 promoters for E. coli) and eukaryotic (e.g., Simian Virus 40 early or late
promoter, Rous sarcoma virus long terminal repeat promoter, cytomegalovirus promoter,
adenovirus late promoter) hosts are available.

30 In addition, expression vectors typically comprise a selectable marker for
selection of host cells carrying the vector, and, in the case of a replicable expression
vector, an origin of replication. Genes encoding products which confer antibiotic or drug
resistance are common selectable markers and may be used in prokaryotic (e.g.,

lactamase gene (ampicillin resistance), Tet gene for tetracycline resistance) and
25



20 bi ndi ng pol ypeptide, dAb or antagonist of the invention. Exanples of
suitabl e al bum n, albumn fragnents or albumn variants for use in a
TGFbet aRIwWoknndiieqof or mat are descri bed i n W2005077042 pCrimpedods@e? osur e
is incorporated herein by reference and fornms part of the disclosure of the
present teakiryofiticdlR€e.gexaomy@s (G41SeH deablicdn gbptuimyeophichatcesily and anal ogs
for use in a 25 TGFbet aRl.l-bi ndi ng fornat %re described in WO 03076567,

whi ch di S81Padliine o Ry gromayeip sesitianee genssy nDHY drdplatedRewriass agks ¢ $%or ns part
of the dizghRsUb@iwillBcHoBSERE i £¥ricty of hosts RIEs BndoBRE (AL o RS €)

hal f-1i f«g%ext end(?lng Wrrlni etGy O(e. g. 1 a?%her%[%, Otsrsansfne?ri n g%d f%agrrent s and
anal oguegrodet elodfuxoirgphis evirkens dlotherhosti(he, TEERBe URRB] HBY3 diengfteBQuised as

pol ypepti des, , dAbs and ant agoni st s %ygt e invention it can be, conjugated
Cai oS any BRIk RS S gl tgdrieblBY TrYSF Bhody e, and Seetbs
TGrbet aRlyhish fdichghtI®bEhdeffing into WK %e‘nofﬁ@ﬂ?@ﬁ@@s{ cdPBloh dsQbrr&iaIPl e by
using a single nucleotide construct That encodes a fusion protein, wherein
t he fusi onclorsotusiabso contompbeied dwtadlaixpyissiopokgipesgor eresiipnnn wiantnaliane

hal f-11ife_gxtendi noi e ocated N or -termnally to.the TGEhet aRl |
binding. 6L PIARTAP R by PR Reabats R SRSl Oet Pl T RS

pepti de lyicAd€P. hehWagRaBi RisiRs, S.@etbviside) BRPYEI0RndWRethe a8, described in WO
03076567 or WD 2004003019 (these |inker disclosures being incorporated by
refedBnce in theabledsgrellarachayakayel, pchidippbaistmhpelbsuelbas fis@li £ t he
present i At i . j t] - PEG t | t he
P 11 1 IR oher sy AR bl CHiES. shéh & UK BPYER, IS

enbodi nemichit: pestanit, aypevigtlluscpIPd Getonpept tabakiby, Lbinsiatharoinyca singl e

vari abl e dormaipn of the invention linked to a palyethyl ene glycol noiety
(opti onalHOV?’BM@V@?HW%WdS retheriagcreukatio ol o6 of BiBiFbut 50 kDa, 10

opt i onal Iy 406wt <44 agla?os,le if%gﬁfng%és] f&f%?,@%%fylﬁ%%chnl%%@@%@&ﬁ& §® ifRde to

W)04081026 for nore detall ation o s and binding noieties. In

one dfbodeheWO M08AI(QYSmInet)).comsinstsg e.gf, COIedIspprbae CAS-hkaTCCo a PEG

wherein the dAb ro s a.single i abl e donmi C i to the
hvent | oA e B 0S g ATt RESPr g ERGSHES CplBaa or
pol ypept i dpcd M c&Rfmatslanee ovdd, e HO HEE@MAuBNGIEE Gfastd, nkedpe. Bud. 0xi n
noi ety or toxin. Prot ease resi stance: Single variabl e donmains,

pol ypept i4ted. $i. US4arHD:42h04220( PAADS BN TkeArerseinn NonCREAn1 18).hidiaf i ed t o
orove G T AESLIVASKECLP Y YRS GeRAGaha. 85 HEG OF ), £, Pent o

or polyp a dormai i’ ant P esistan

pr ot @ase cdeyr.adabol 05:73% 7491988 STa93dl (Prarl®grsaded/ byroe. Naotaagesshen

20i ncubated with the protease under conditions suitable for protease

acti vi t y.UA4pdi&$98t83d8 (1939 NSQ cellin$P7/8, Hul 78 ¢4t aink thaliks oy @lmided when no
nore tha t % e ghpu 09 % no

mor e thago%ggﬁf (%‘%%f Oﬂr}ga%%éAtM anl’abou%t %35%1 S'@r;r%l? gngt %S %Ejgg{w;liglo//o no

nor e t harBiabeutGrididg Pubbisiing & stdrdatessdmluiohd G¥ecyn® Sons inct @3 ppdutorB®®4 no nore

t han about 8% no re than about 7% no re than 25 about 6% no nore
t han aboﬂnb@%mw’%@sf S 3P siptat /E‘OSHBGIE%@SPH%W%‘P){ ulgigellylar nore that
aboub s 2% ARidP[Ex ! Pk ARl Y @Fta AR, ke NANEIPE atddg-RLphei n is

degraded by protease after incubation wth the protease for about one hour
at a tenpesarclre suitable for protease activity. For exanple at 37 or 50

degrees C. Pratei.n degradation can b sessed. usin syi tabl e.nmet hod,
For oxampl e, B capsTaReag pragiss s BRaroGculy tnd ey yRReSiGi ng)  as
descri bedighgd ehultispecific ligtR§)$dBe fnQent@RN éérﬁ%ﬁﬂ%ﬂﬁhﬁaimn@@ BEdnIRAaH hp§tot ease
resi stance are di sclosed, for exanple, in W2008149143. I n one enbodi nent,
t he si nglcell gampaping adeneaibinant nucleic acid of the invention under conditions suitable for
30  expression of the recombinant nucleic acid, whereby the recombinant nucleic acid is
expressed and a ligand is produced. In some embodiments, the method further comprises
isolating the ligand.
Reference is made to WO200708515, page 161, line 24 to page 189, line 10 for

details of disclosure that is applicable to embodiments of the present invention. This
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pol ypeptide or ligand in accordance with the invention is resistant to
degradation by | eucozyne and/or trypsin. Polypeptides, inmunoglobulin

si ngl e vavpabliwig®oai ns and |igands of the invention ne¢ThEP201086@6ANt t O
one or nore of the follow ng: serine protease, cysteine protease, aspartate
pr ot easesliscldsualis perebe arefordted hérginrtrafckape at daagh itapploxyyptipitiydase (e. g.
car boxypepti dase A, carboxypeptidase B), trypsin, chynotrypsin, pepsin,
papai n, éi%krbeldhe pesry ,Surﬁ&ﬁg .r%lat@?%ﬂth?ﬁ REMENISH ARFHPTRSCNE SVRBHEY ns
(e.g., 5%%@?81%&%%1@{ a&)‘ﬁbﬂ%‘@dié&oﬁre toRh Q&3R8 Gntd el bELRASEiL

protei nase 3), thernolysin, chynosin, enteropeptidase, caspase (e.qg.
caspase Incluedsplastosiie weaspaden I OZHYPESE, pagcHdphse29io pasdd896ik2l0 caspase
13), calpain,. ficain, .clostripain, .actinidain, bronelain, and separase. In
parti Sul SrowtinedeRunps e hirbuPBoR s BrmamdlPhling e . SPrETcozyne. The
prot ease \ga@r @&sﬁ&n@e“MBﬁq BAstRYi8n D HObRBIGER SRl Ahlabldbeheakcal _
honogenat e or “10bi ol ogi cal preparation. I'n one embodi ment, the protease is
a pr ot eas€hp@gisdsationgy hiigands miduectiee. of Ligagdst r'Pkcletands , Protesm Seatinddss,

br onchi al. Qnchoal vepl ar. | avage.:. LU Qmgenat e, | ung extract,
pancr eat | SCURR oy Vg A PR RS e B o e BB e Phe br ot ese

i's one f@eqtkercs” AhE EieeapGd &d die@iostic Exapditeshsahd aseh Rvaflleases found in
t he eﬁe i ncl ude caspases, calpains, matrix netalloproteases, disintegrin,
net allPoprdstisitieas ek "apsrabAphnksd” araivaDA e HOR hr BPpERSpeRdi He#prenf's, t he

pr ot eosom%ﬁergfci (ﬁ&gge"p"‘ﬂ%@&’l&%@&%@&&“attf?érage%ﬁ%l@{-@t%&%ive Galhgpg! n B and D,

cystatin erine ptotease ubi qui tin proteosone pathway (UPP). In
one enbodiffedtive”t he protease is a non bacterial protease. In an enbodi nent,

the protease i g an aninal, e, g., mammalian, e.g., human, protease, In an
enbodi ment ,  t HACEIETETEIHEES feratp sty kel ths SeEUR GPRGHERYOR §lshtie
pr ot ease, g, ogloﬁul%ﬁ)@l%ﬁé:rvlaﬁéblé’geﬁﬁﬁﬁ?ﬁol? cfidB8k Hg%ﬁﬁlrt)ﬂ tdhRSY 5@%9%%‘3(2, found

i n humans. Such protea iste ere cah ‘al so be used In the ne
descrbbedpr ¢xampéxdurgpbelegiadati@2g08d USd3ndion elshrahogomrseposstraigorodi the r epert oi re

of library to . a protease. .Stabjlity: In.one aspect qf the.invention, the
ot ypepr 1igatfEnfR S5RFinshE s SuRE S ARRGhinDe Lidsie Poheha,

for mul at itpashAf-lifhRclemea by idiAE & mbRstiaMvhrhlrysid dsg@abhieonaitiey i ncubati on
(at a concentration of po ygeptlde or variable domain of Ing/nml) at 37 to

50 C for claraigy or saqueitiatipon TRobilhs svchonolepdenut hatrallyrpceweingpiseidingent ,  at
| east 65, ,7Q...75. .80,, 85, .86 .88, .90,1,9 3,.94.. 95 96 .97, 98,
0656 of -t RETLIERssF TR a O B UG TSIt Bt TR ¢

unaggoegatfdioahlt Reivisy persisRCLbaLd, 65t adlbngef pdaod 8RS aGimilar 1ipasd embbds rent , at
| east 65, 70, 75, 80, 85, 86, 87, 88, 90, 91, 92, 93 _ 94, 30 95 96, 97,
98, 99% opeditie (e kbl fedacispsingolasile. Hared lheand wassde fshbrerrta Bedr such

i ncubat i 7 - L ' Fici , 10, 15,
1 h t [ A3
20, 25, ,aéﬁ%lzgﬁgﬁﬁ?égﬁi E%%m%b,g%@?ﬂ$%?99§¥£§§3°%§?’%%, %9? 88, 90, 91
92, 93, PicseR5thadB,do8¥notdBnd HSo Wit birkle apathypepictwe, TamcatygtheshialBlifevar i abl e
domai n remai ns un r t after_such incubation.at 50 degree C. In one
enbodi mertcresed PRdgre 399“90135“/01%(5%2@ a 25910%?'%9@986&@} thggangssl 2553545 65, 70,
75, 89, 83, 186208%530x880x, 30x 0Phordds thdBalffe ardPossHe. gftem%ﬁvel?,gc%iﬁ)f t he
pol ypepti de or yarlab[e domai n remai ns nononeric after such incubation at
50 degr eaddiGon] incrgaes enthedangsrtl uprio 38ggilegaix, 6Bx,010xt $k, Bok.yiHept ideof
varlabletggﬁﬁkﬂékwggaggﬁglsts is seen after any one of
Formats: Increased half-life can be useful in in vivo applications of
immunoglobulins, especially antibodies and most especially antibody fragments of small
30  size. Such fragments (Fvs, disulphide bonded Fvs, Fabs, scFvs, dAbs) are generally
rapidly cleared from the body. dAbs, polypeptides or ligands in accordance with the

invention can be adapted to provide increased half-life in vivo and consequently longer

persistence times in the body of the functional activity of the ligand.
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5such incubations. In one enbodi nent, the pl of the pol ypeptide or variable
domai n remai ns unchanged or substantially unchanged after incubation at 37
degrees Gvatom/medgentrati on of pol ypeptide or vari abl e pdomeeonoobosgny/ ml i n
Britton- Robi nson buffer. In one aspect of the invention, the polypeptides,
vari abl e domaiMsthodinfoagiearmatskingzmpalssis iagd dctormihationidHigaad haldflife vl

i nventio re subs antially stable after |nﬁgbat|on (at 10 a concentration

of polyp ]51135};0 955 Splied i diatth Betadpmay prdgundtin Keerratprd ¢/ fays in Britton
Robi nson CtH-éngefl S@Jbllﬁ?%f @Earﬁlagyutf&falJAt}@anabéok( ﬁ)’fg’haﬂﬁcls&lﬂldq{i RIfs Har, 1 N _one
enbodi nent, at | east .5, 96, 96.5, 97, 97.5, 98, 98.5, 99 or 99. 5% of
t he pol yd’élptmaj:ekmam algxbymstA Bractical |A@ptcackn()}9é>|6h Refatms maia@gradgm ed after

35, 98, 5. TBynoogtad oy a0 E ey R PR R e b as B ghai ns

noNoNer i Gdafoh§l 9N ChnicA GRabbOPharmAcskinetie PRRt @M tuchnQ taghhagat ban of the
pol ypepti des, vari abl e domai ns, antagonists is seen after any one of such

i ncubat i dak lives and arpmunﬁeét@scn@m(ﬁdﬂcl he invention, the polypeptides,

e T P 3y PR TALACESa e UL 5707 Bl B

concentrabmmmc@immﬁhmaemMgaﬁi@ynmaﬁm@bnﬁednﬁmbﬁh@ﬁnﬂﬁm@¢ﬂih<ﬁ@gmkm&i room
tenperature, 20 degrees C or 37C, for 1 hour, g. jet neb %lser .g. in a

Pan il0| ciraayBharighiGerpe Aeritara Micw o AP4Qddy Us) cmbe V%%d B cxgBplege, 87 88,
90, 91, , r 99. 5% of
t he pol ygléop)d[e?gw Cﬁéﬁt gg%ﬁ g[tp%as @}ira?@mphag ﬁ%?ﬁg%gﬁglﬁ%%e?gﬁg Blr%glé ted after
such nebulists@itioarin thapavieet, eithedingetitninaion] @asicofibphat® (betbpha86),is B85, 86,
87, 88, 90, 91, 92, 93 O Of, 96, 97, 97.5, 98, 98.5, 99 or
99. 5% of ‘PHENYPNYIsepiandhe Bganﬂal}a@ﬁ%ﬂla%@ﬁteﬁ apd e STEURSARSFBIIEOP t er such

nebul i Satdg%asull a@ﬂﬂ@l%&%’ﬁ'e{@f'@d s frdR tl?eﬂﬁ'ﬁ%ﬂ@tﬂf%ﬂa hathAfF IROIMRERAIF ARSof

vari abl e domal ns, antagonists is seen after any one of such nebulisation.
Monoreér i ¢hd ﬁrstrphasn aphthed vbadiabdit s thhbald ke offthe kezopd phasat Thusyerincon i s

ded f Suitably, th t d
S0 subst AMRORITST BGPiE G ABREHOY PioBis e e e P RETTS & | cast 93,

99, 99. S%.Bd §cc%’fd1&§%‘yﬂl@ﬂ{v%nm{‘% a (PhALNEE {Ht'B@ ré&@%fo@% nflARSs & €
nononeric or form higher order oligoners in solution, they can be anal ysed

by SEC- MadrS. ISHC dviibddBnésti the lexed andiod mea‘angfrmﬁﬁgmmpﬂay Afirhimutes, 1 hour,

mul ti-angl.e-LASER-|ight-scafiteri a non-invasjve tech ue for the
Char act 615195t 30 uins PO ohoe iy ferond hiyeeh s PLEs. i
concept r %ﬁu@l@no& Al teE allell N Badnlier c&ﬂb@ﬁﬁ&rpa&oﬁﬁ@ to&h@uﬁ@ﬂ@cr@\tvﬁplh@e gor di ng
to their hydrodynanic properties by size exclusion chromatography (colum:

TSK3000; t@2eU)lifc Fothk cwign@f sp paaat indudingHe honopdnone ymbbdmh:et pheatp@ﬁn to

scatter I S neas S ti- | e- LAS scatt g
(VALLS) deebitsrartps Tniteddeb o 6r Sthourss i perat st § phblais ipl gt B
passes thlroggg@t(;9ﬁ0]g§r0@gtt@nhb§rsneasur ed as a function of angle. This
measur enment taken toget her with the protein concentration determ ned using

the refract | vén ohelem @Qm)ent;léheep,r@wt t;ilIVbI@ml mavided atigand (polypérdidend b ovass
usi n appr ahe equations (inte art, .

Oor d P Sition II.HH'IS %13. 1i aﬁcorﬁhn\ge’; ?he ln¥€§IlItSOH§IO£71%1\Nar e Astra

rap DTPETGERS de¥ 3 wethod“ e treating,
suppr eSSltﬂﬁal@ihf%Qn HeauRsH dMBost 5886 oﬂﬁ}%ﬁ&llﬁtcﬁg eWbbBintdat iR F@)wfi:k gaal ing. In
one enbodi nent, such disease nay be caused or contributed to

by
dysregul at e Wmletaho@ﬁdwsr, ﬁgoutwwavseabemﬁémrsombcmﬁ 6TTGEtsettoudr hoyrshi gh

| evel s of , bi gavai | ab] b D| i at. i
et ude PSR BLREr B T RE oppBEE T e 55K AALEn bl G, BB onar
fibrosis graghpedifiéh AGbRIPR i the RNLATRNAKA af (3 BaESHi® it HRFthn@hélh tibahd

interstitial
30  including 21 days. In one embodiment, the upper end of the range is about 12 hours,

about 24 hours, about 2 days, about 3 days, about 5 days, about 10 days, about 15 days or
about 20 days. In one embodiment a ligand or composition according to the invention

will have a t half life in the range about 12 to about 60 hours. In a further embodiment,
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15l ung di sease such as acute respiratory distress syndrone (ARDS), fibrosis
of the liver including cirrhosis and chronic hepatitis, rheumatoid

art hriti swoaoulmeeodi sorders, vascul ar conditions such aCTEPL@ENMO6(867
fibrosis of the skin including keloid of skin and scarring foll ow ng wound
heal i ng, iawil tkd 1¢lnbcyra$1ge hb@as 1peplhisdut #8 hoks dineyfufthéreasboslirasid stiBplbndlsbe er osi s
or a vascul.ar con tioncuﬁfh as restenosis. Ot her diseases associated with

20TGFbetén§WdW%ﬁ ut helobeui2fskaitar di seases such as hypert ension,

pre-ecl anpsi a1, hgdiadh t(ﬁ'ra}{etlﬁaf?@\ﬁ [P @Y hBoveEd RO kiR 'tnggﬁr@s%hﬁmk&ﬁﬁ)n ol . HHT2Z,
pul nonary arteria hypertension, aortic aneurys Mar f an syA)rone

famli aI I@aedmlysmtdpcssmtrcaheaompmeggsarhganétazccsmngrtco)ﬁe imamtien having an ALLSi t y

syndr . Ot her, di seases assoc ed with TGFpbeta signaling include
di seases éﬁwt Aisa I o RiRE b Jre rgg}%%fraﬁ SHchmgami ﬁ%ﬂ%fe B8Wuscul ar

dystr OphBénﬁJ&QmH‘éfﬁ Ghe1dvi RS thhe '%Mg%h?ﬁbdiil't §ee?o%ﬁ§l@%§9§t' 13t gsbupbd hipbGFbet a

signal i ng 1 nclude cancer such as colon, gastric and pancreatic cancer as
wel | as @0i aboat 40@ aNSEI200 o abad 3i00 mglmut/ﬂné Inmnddrttanpor ap:ltematldeley mhgdm:oﬁs for

targeting cancer. TGEbet a signal i t he
R R e Sy LR e L R Tt el e Yt Y

di seases Q¢ nEOR ThidABSnbB&InHEE thh@SRr Bl @ﬁtﬁgcﬁeﬁd SMESEE abkit9o, 30 Ot her
di seases include pul nonary di seases such as Chroni ¢ obstructive

pul mdAar wbduts?é)és@:)out PO @bouti 198 ashwut ik hbeiy 7|5|oweboutéi0lmg au/mlgln erer al
hepati ti al,coh

i Seases HRRGRRY eBRERbkin iRt PR Fon PELARES Ko IEMGHE ka1

hyper t r oghing tHeas S PEBHRREA Y the ff@[tﬁ;ﬂhglrbtboﬁﬁl fﬁ@tdb@ﬁlt (Jounghlihmer dboudney) and
hypertrophi c and kel oid scarrin rosis" is the result of excess

deposi t i ghowfl 08xeg aewmlabant %@rﬁbﬁub%@érﬁ@ﬁm ggkapoys 11 abogen causi ng

over gr owgy g%ﬁ & ng and/or hardening of tissues. 5The role of TG-beta in
pulnonary Fl 03|s has been observed (Wnn et al., J. Pathol ogy 2008, 214,
p. 1995210; Si Melgicpades add d@bhbfﬂﬁlm\l’dmumahd)wagfﬁﬁﬁs cofopristf}Dthede. cai®8- 776) . A
shift to jncreased producti f Th2 cytokines and decr ease roducti on of
Thi  cyt okprreatefdo g% e et ud ragwgupﬁlzeyf foyammle by dHgchmgmy p€ PEC

Over expr t I ation,
%ﬁédg? E'eErﬁﬁl aAlGEREL BaridrH! %&rﬁ?%c@?@f‘ﬁs&t%aﬁ {h@ &ﬁﬁéf@ﬁfn lﬁﬁ&ﬂng

deposi ti and 10 fibrogenesis nmodel s (e.g.
over expr gosiarthciSMvADE amﬁhodlyrﬂwl rbgibnom byfcomBEhiataiR api agtlhd)dymnzatn ofott hat

TGFbeta is a ke nedl for the dev t. of pul nonary,fibrosis.

7 Va opat TR SRR ein P faepfie GRETEH oS i BT G PUT ve. di sease
resubbi ngrd fﬂleﬁp@pe[n%hb@&dore&%%%m{@dﬂ@%oSfbﬁdlﬁféd%fs afHaBr odtr Cr(hb)sSigbh the
pul monary I5interstitiumw thout a Known cause here is an incidence of

apprOX|ndg@1¥fYD 20 cases per 100, 000 |n U S per year. The preval ence

i ncreases sharpl g achln he age of
75 wi th onset Agssl}/ugi\fhe/regl(ic@dm ng D weenrege(ss Oe[ﬁ 5 arenQ sz‘?‘l?eaim \(?eecugear

survival (egf @ praciaQfiolesdld @aﬂ@)admsécudsn/thw@hffmoxﬂgf&hyﬁ@ne&ule&“oymg@aﬁ include a
dry cough and progressive breathl essness, abnormal chest x-ray or HRCT and
reduced 2Qremig solwiiomreshe diffusiortor madian 0k ApPLotFRcgrsh sUrioEathemsperssed

(Predgi sqn@yiyd WQ&HPBE@&&M BrotdifiehaR IRSRAATLARN 19'ihd *AORR! ALt on

al t hough none
“hydrodynamic radius” of the protein particle. The “hydrodynamic size” of a protein

depends on both mass and shape (conformation), such that two proteins having the same
molecular mass may have differing hydrodynamic sizes based on the overall
conformation of the protein.

30 Hydrodynamic size of the ligands (e.g., dAb monomers 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.
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currently avail abl e therapi es have a proven efficacy. In one enbodi nent,
the single variable domain or pol ypeptide of the present invention provides
a treat new0 20two1kd®p. Suitably, a successful treatnent fecTiEkapasbiscT

pul nonary fibrosis (IPF) will show 25any one of a decrease in |ung
fibroblast prdthefseeatiadigandformacfeansie siae btimGEG hoiohl anthanoptdsi s, a
decrease in excessive extrac ‘14 ular matrix sy Q}: hesi s and de osition, an

i ncr ease MBS 5ePT varid drasnding o Badasiid WRUCH RO AT PYATRP %rwlm S how
SONe profgehi férlm%ﬁ@éd‘t%tlea‘%@%’é &Q:uidt%ﬁ‘elﬁd beHinYo ﬁé}ﬁ‘)h@ﬁ? h@s& '1@1@ d9§1ra'B§:r

hi st opat hdl ogy. tably, a successful treatment would decel erate di sease
pr ogr ess|tohee]gﬁ®a'h9dreﬂjznamacy1zobf thetligand lento thaltitatPextoanpzdtion dempthstbiatded i n

t he bl d f b d mbodj t, th
mundol SHEHTn AUCHG el ey FEB Y SRS b e CisLBRE VAR BBEr 055 T eact s
with rmU%@fciﬁg:&?f(ﬁ‘allbng%‘r"ﬁgrlédq@ﬁtlﬂlé theldel AN &R cREbE BREQ%, TotdREmpRUSE

nodel . beta is an inportant cell signaling nolecul e in the
nmodul at i d’crfglfmft,f@ﬂlg aphigdikswprotem. ocul ar ti ssues. Overactivati on of TGFbeta

is inmplicated at hogenesi s..of fibrotic di. e ue which
Lan be woane MAIRCCREIAREET Gt Rl an pBffir & RREHER RS SERYS, [T c
honeost agh $ivrf Elé Eyhﬂﬂdytfaﬁﬁc SixaopA ﬁgaﬂayanaats kasunlerift @hld I eStisgat | on
(2006), 86, 106-115). Accor di %Iﬁhléll n one enbodi nent, di seases

assodPat &’ Wluﬁam&s&)%%t@lﬁé‘mw dppeuioheniidto AArs ligardholdBe £ i brot i ¢
di seases 119\];enhgt?toeﬁ/§mtdi g%&alf %fn%o%&céf 1%88’y f&%ﬁerﬁyﬁlap?l}ﬁgggr?ﬁﬁt}g:eﬁet he

cornea, conjunctiva, 1 na Isorders’ I ncl'ude pro rative
Vi t r eor etor epipgtchtirat(iR¢B)ses halbHisoimdero,ak dpesibed EéremalFodeimpflaﬁhé and retinal

10fi brosi s, diabetic. retinopathy such as o ngl e gl aucomm,
angl e- cl J<ifRet afﬁbfa@émgtagrﬁméﬁ@ @9@@8@@3%} 'Pf‘a?‘ind)‘f*ga%“;?‘rfﬁq 3 “heal i ng
reacti ongejym ﬁlBﬁmhﬁﬂ%nﬂ%ﬁat@lSF&%éé (SNERbE@) oCintibbEY ﬁ%gc wa@ A anti-
St evens-Johnson’ s syndrome, and t-cat aract surgery orrpll ations.

TGFbdba &lsor dndisneannial Ec iageptat diAb,cEadealéloomﬁsmbr (Ovabr amsit Dh effétodgilor afixp Eye
Res; 83 1238- 45 2 r of .ocul ar disor. occu s a,result of
by ooi s TERBBAL CahrGRPy PRSI oA G et o b Birdis daiin Sbich
(transf orcm@as&raog@hffolfdas@k@fed(ﬁ%a Hubnh8lrhixiad, the gFRPSBn S6E gdmgmzx -and
around the eye after glaucoma filtration surgery GFbet a

pr edomi naipecdlBofarman alighodydar avipat, ﬁGDB’g&@aﬂerwtml(m WO20@80%1t 5§ fossues

i ncludin e cor retin conj yn va.and t abelular meshwor k., . Scarring
or fibr og’ilsscp"os%*ret%f%‘ﬁ Lt ‘ﬁdrmamsslﬁ”&%‘ﬁkd"cn%laﬁ“ a“d& b BT WS Aon 61 PP R e%nor mal

aqueQus Gtdin Byvrdledchoeandd0rrh @aldbﬂgletdﬂsclcﬁu&&ﬁ'th@pﬂeéém wxa)r wnpssunge and ri sk
of gl aucoma devel opnent. TGFbeta 2 has. been shown to be a pathol ogi cal
agent i n TpieEIER; CONPAPILIAD QIMBIIHRS BYINDSTItE: ¢l @h@éagwgtséthﬁzmre@vém iagjse

el evat ed r with
Tarpet a- ST AAREb R D NP L itk U ERLTRO BB TS g
pr ot ei ns bidvRe@ym HBlimin). (Lutj en- Drecol (2005), Experinental Eye Research,
Vol . 81, 25ls 1. p Lit 05), hem cal and Bi ophysi cal
Resear ch Corrmsfi’ &f‘éﬁ’tﬂmg‘ﬁwpn gihpten é@ ﬁr‘mb 5552) 2 1384 1S B PO ?ﬁBtF‘g’r et al
(2003, ExR&t bRl @k erQ§@§1{@\thcy%s1sts7c?eghéc§t§%’§ oPrenRrval/R/ en®enous
Associ ation for Research in Vision and al mol ogy (ARVO) conference

post er #1&Zhaped9yhidiemovenywantet mﬂwrlelsfsq)mmhmrgiﬁ@mée.g ihnmahe Igye | eads to
gl aucoma- | i ke pat hol o n.m ARVO co rence ter 108 2009) and
del i very “SFMRER) B‘?léf %’q@&t ﬂ%\? %Sasémﬂggﬁf}é %Wn"’i’%garnﬁt?ﬁ Petdets t%™al ganglion
cel | | 0sgrotBing filodt theaséﬁacegﬁlaghﬁﬁﬁ@@votélﬁﬁmna%mb@r&@teﬁ@%@f{d 4310 2009).
More recently, oxidative stress induction in cultured human optic nerve

head ast taginagid o m shsHAist, PratsibabealprdiethgXidnsyr le‘feirdnng Ygait al
§ ﬁg?%peg{}}é%‘ 5#0(%%@&@_&&%? e %evag?sgf_)em %ro%ér%7orlgr%t7&ns 1;{961%6@ FcI ndi cat es

transport. Suitable polypeptides are described, for example, in W0O2008/096158.
Such an approach can also be used for targeted delivery of a single variable

domain, polypeptide or ligand in accordance with the invention to a tissue of interest. In
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m nimze the characteristic optic nerve head changes seen in gl aucona.
However, TGFbeta is al so known to have an i mmunosuppressive role and so in
sone aspewDoTian2dwe protective so a reduction in el evat edTiEPe@b®cwsh7
TGFbet a2 rather than a conpl ete knock down nay be preferred in treatnent of
chroni c ey Iemboct@m[t targial ddlivbryast aglighuafbimity shvbcairdbRgloynaidinsas@snashi ch
can be tre using the dAb and conpositions etc. in accordance with the
|nvent|oﬁmf Fﬁﬁ@nggéﬁﬂFﬁﬁ st glaucoma filtration surgery.

Accordingl y, 'dhlﬁﬁﬁa@ﬁﬂﬂcéethPAﬁ)drﬁnnpr Pid gl%gnt?onnfﬁtotﬂ&’gmfbgﬁm{elhﬁﬁﬁ)'vf&s a
suppressing or preventing a disease assoclated wth TG-beta signaling and,
| n part | qml@ﬁpndquraagigbam‘e(df gl Cigbsrmeicdrzand ngmpeongan sntn@GahﬁtaRIIsctAé:rl ng to

ereof a he euticall fe lve dose .or a t of a
oy papt i ey uhtrated 1 U RRTER s e Sh S hintSiigaiRip R gs Al
conposi t itpNsR6£PHAD Bthdiy SAEDERVEM dudNspecific ligahdks ABGS RN FBOETF026DHNeE
i nvention provides an i mmunogl obulin single variabl e donain, polypepti de,

| i gand orWQQé‘i)Qirﬁ)1BJW@OQ8®%1é&C@ﬂdH@@éOS/ﬁ8Qh the invention for use as a
medi canent . Syi tabl e di.c | .obulin S|ngle
vari abl e 15do#a hR1yhre”§ %g%ﬁﬁa%&@?y nﬁﬂBFLrﬁionw |(M#¥%bnl éﬁﬁas

descri bedch@i blimin and conipéids ad Bindihfeo MBEAMEERRAG dAD RlceRaArToRE Bétdréd)
conposition. In a further aspect of the invention, there is provided a

conpd8i t iconsigtengpl any ph thegkedutereences dinglasadin JHO20Q40970 K @rich ssarsisept i de,

I to th
nvent | on ART I ERTENAY ol dapfy K AREREb LR Rin AP FAORR ShIRRRORDP, 7 1
20di | uentthodisdzairpbEtht prdsontace ), enb ofl theehith scghenceodipdssddiian conpri ses a

vehicle for deljv I.n particul ar epbodj ment t he pol ypeptide, fusion
protein, WPR@@@WE??V Gultieh srgtensss a%fhagwfgtc & CHWRFBRAT 216 ANGOEPORART ni st er ed
via pul mppaLy b§'?é r‘éﬁéeyand%ﬁﬂ &3 oPthel didsatd cﬁﬂhe( ﬁe&:m téx'Ebt érﬂbéﬂﬁé‘ Ag! .

i ntranasal or oral 1 nhal at|oﬁ i ntranasal such by drops) or by systenic

del i Méry sé@wgce;s el ead er WQ2QOBO9®1\5ér(whs:h sequemammluh@r nudleic aapierl toneal , 25
|ntraarter| intrathecal . jintraarticular ubcut a u or recta
L o ot R A RRGoR teBaT mkieres e B BEaR T Esrt abi o
domai n, lyr@apdegy. fusion protein or conp03|t|ons in accordance with the
invention is admnistered to the eye e.g. by topical admnistration, as eye
drops, particdn a@@alpomﬂ@meygssﬂ@mtg@ndmummem alb@mubynd PAMPIGSEI AT
injection e Nt o Lheyyidre el r e
a1+ cut apTp sl Kesh Y GPH R IR RN 1B O L RS B0l P e ¢ e

duct g00r 9oes; for aﬂba@hamd@sw ot@tlb:iwa‘ﬁdﬁitgfi%obr AeBOSBRI DDYs, slh@rrasf sboat the
eye such as the vitreous humour),|t can also be useful .if the
i mrunogl O8I0 aleay PROW 9V aniao dsideieaucnss HsB 4 vt Widh thepaing acidssqugasee’l to t he

eye al ong d’)&l%ﬁ%s&@bé%ﬁﬁ'aﬁ& @Wd@bb%@ﬁ{tﬁi}f@?g?@ﬁ 0r§9§ag{?8@@?§83‘tfﬁr or wth a

vi scosity enhancer e dr oxypr opyl fre ose
Mor eover ,extinplepthe Mthaﬂhlﬁh{thmnmbﬂm dldsman et doagpriso an himénd scddhic@aiceof

i sease, oL, 5 BOLIRSROD.y LS 8. 1RILA OO SRSl L8l 8200 o

di sease iggo@ of LSIEME abdR088], Br fUEAL 850 RILIPRFNY abidREQRInee [REHYUiMPihe
| di opat hic pul nonary fibrosis. I'n another enbodinent, the 5disease is an

ocul ar diasoneesid sequence ¢frngel dspedAboiln cérgain nmbmhrr@nts thhelA;bdiny@dpumame

single variable domain and, conposition o S rovi ded for
Cherapy. aPbHOHRBRRYI R Ry L g g s nfe faf Bof FsSher b @i i
TGFbet a 3éGhaJuP85%6Noat MeHFBIbout %%n&td@%asﬁeﬁiéﬁﬁ%%tm&ﬁ:a!stsabﬁﬁ@/@%i‘iﬁ athe use
of the pol ypeptide, S|n?Ie vari abl e domain, co 03|t|on or antagonlst in

10 the mAPAsE ahoutiP&oor %@Hﬂ%ﬁh@&@,WUﬁlﬁﬁﬁﬁ@py9 apnmpﬁydaxn@n%w a di sease
or cq d't e?mt ﬁﬁ(fﬁeaérﬁgeg'md@ n{%&% L8 é&&’sécﬂla L %s@@/%sher

or pr%ven ing a disease

aspec I'S provi h6d o frea Ing a
or condi t [ on ds st partidulw ¢rbddanbek.ahs dgbas & dAb thahibi@Ohypadd @pim t he
met hod conprising adm ni stering the pol ypepti singl e vari abl e donai n,

conpositMﬁnmﬁn;mnh@g@aﬁﬁmkﬁenbhénmami&mkﬂﬁmba\ﬁmdemuhﬁnmak$mnmnyxmn

albumin.
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15 relates to therapeutic nethods that conprise adm nistering a
therapeutically effective amount of a |ligand of the invention (e.g.,

ant agoni swp 20r1/|eevgl e vari abl e domain) to a subject in meEkPRIIGNEBHT

I n other enbodinents, the invention relates to a nmethod for treating

i di opat hi ¢ pulSwitable Cdndht/ogig thabprd siurg abdminiretekithge dischssdil) W&t i n need
thereof a 20therapeutically effective amount of a |igand of the invention
(e.g., ar0a4dHiIB6R (Ablyns Nagl)end ar WAL 0O 7aYR2 i vhichRé jyrsequenicesandltbar r el at es
to a drug delivery device conprising the conposition (e.g., pharmaceutica
conposi t iNgalpicorcid gramfaipahae @morp%at@g hercenpowiarersesnd foren prrtigf el i very

devi ce coppki.ses I | I f kve | i gand.
251 " ot her EISIER ARt ot ook AR GG e BB VER: HRRFRun %51 o
consi 3t 1 16 a BFANLRN B ARL HPINind SdGqudndl Y BROH TeadEloUPE0Y A Ce.

i ntranuscul ar delivery device, intraperitoneal delivery device, transdernal
del i very lemsviteat 8§l omatdeagt atelui 96yorde asteaboun®Yoaarrtag kdast abdel 96%eror atlevi ce,

intrathecal deli y deyice, i Qarticul ar delivery device, subcutaneous
del | very Tansuftoet ST pER NS angul DUARY e BlboE Y Sitet il 5 Ko ce,

vagi nal  dednitiveivith @iRdst G8queh&&lddcIdigd invRI02088V80362 of iy Hgteof SEG I@Nsder mal
delivery device, a capsule, a tablet, a nebulizer, an inhaler, an atom zer,

an aer osNQ$:618-534 thesesequeacenymbaspderncspanding o thasaited ie AV QYXE OROHR er, a

neteqﬁd qg%ﬁO%ﬁbﬁy %6%? net er ed QOse n?ster, a_netered dose atonizer, and a

cat heter urtably, the invention provides a pul nonary delivery

devi ce cont ai hag aRerfaotiwneddi@entsihe ahRgy@kt albigendlestaprikes & GiIds t i on or

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

i nt r anas aNOgYFPeE1EE FAtli GPetpd es- Inmanabpyibetaliid), piherm Hioynteli very devi ce
enabl es Y2 f. i .0 <@Qg@ l.igand etc. in
accordanggh%%$%M¥)gn?w%gﬁggﬁﬁﬂg&ﬁéh&%Pﬁhgﬁg%ﬁzﬁlenboggﬁgﬁégt%ﬁe i nvention
provi des diselmard ethade bindargymdevies ¢hedromtthbds afgpradymtiby peptdleeionge.pgl e

vari abl e domaj n, conpositiop .or antagoni st accordin o the inventian.

Sui t abl y, 4 NgselgrTga) %%F@}r SRAVPRE éWalB?%‘QOfaadﬂ%q%gfEzsrefareflﬁ‘e%saﬂ&&&fi cally

ef fecti ve,d@sQoQke gfﬂhg%%gmqg}g), in accordance with the invention. 10As used
herein, the term"dose” refers to the quantity of ligand adm nistered to a

subj ect all atCanxjegatianeto(amlf-lifkoedinding maiety (o gonlbvmis):ddminni st rat i ons over
a defined ti interval . For .e | e, dose can, ref to the guantity of

7 gand" ( EloR A g 8RR A TR C S RRIRS IG5 SPHG MR & ol n
that bi ndgd Tiakheh@Rhd naesics sk &Irel dofjugatsll bl 2GbciddefvithnBe TOWHLSEROE one day
(24 hours) (daily dose), two days, one week, two weeks, three 15 weeks or

one 8P nmbirdinppelipcntideglAb prantagonisyplethg dmicntian. r Bxdnanes ofrsugble whustn.mor e
adm ni st r.at) ong.. Ihe | gfb%h%?'var?a [ BE NS eﬁG%@aI?ﬁ-b%‘PiY desineg. amunt of
tine. In one e gg]i mantr, the si ngl e varlabale donaln O 1%%16 rnvention Is

provi ded descrived ADW@I0FOT704Qpivhizhalidcostirefio nvaipoeded Bergin,bynoferddcGhdt ed or
hal f-1ife extended% or linked to a PEG optionally as a dry powder
f or mul at if&mNs Rkt ldhafisglopye ofeinyeseyt 188 a 20pati ent by inhal ation (e.g.,

P Tona s Ol BN S A A SR ShBLUERLnG 2 1

25  TGFbetaRII-binding format are described in WO 03076567, which disclosure is
incorporated herein by reference and which forms part of the disclosure of the present
text.

Where a (one or more) half-life extending moiety (e.g., albumin, transferrin

and fragments and analogues thereof) is used to format the TGFbetaRII-binding

30  polypeptides, dAbs and antagonists of the invention, it can be conjugated using any
suitable method, such as, by direct fusion to the TGFbetaRII-binding moiety (e.g., anti-
TGFbetaRII dAb), for example by using a single nucleotide construct that encodes a

fusion protein, wherein the fusion protein is encoded as a single polypeptide chain with
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The ligands of the invention provide several advantages. For exanple, as
descri bed herein, the ligand can be tailored to have a desired in vivo

ser um halwel2nfigni2ddenmai n anti bodi es are nuch snal | er tharCtEPe@0D6EHAI

anti bodi es, and can be 25adm nistered to achieve better tissue penetration
t han convenhdlbhad exaotidingodoies. lodheds N- dADscranidally wahd$GrbakRUMIRdinge a dAb

provi de advant ages over conventiona |bo i es. when istered to treat
di sease, "aQjgl é\gteﬂmﬂﬁ@%@uw&w ﬁ@n{“ﬁs Ve a.%@gééeml&e%?ewea?

pul nonar Y i thic
ol onay S fIFHdsyERY o BooiiRebls dERTAINO oYy @ O20blaR0 b fhoes
TGFbet a ém@nradwaig;sur@@eﬁ@macﬂragtamiﬁyyrpfemmnfuothﬁmasent dsdbosoonorpeoviddi ch

speci fi cal l?%lBgﬁﬁds to and inhibits TG-betaRIl is small enough to be

absor Bed ¥ A st Y PE RFSEYHEBhar y del i very. The exanpl es of
WD2007085815 af¢hjupatiP@ Bt € dINAh&! dhmtMih&fte ieNear iR RidVifandietyakhs of

rel evant assays, formattl ng and experinments ‘that can be equal [y "applied to
| i gands @Dlxeﬁeflqne@ém miopskentn @ie.embodiment;Tthe antagemsticomprisesf(@ptidnatly

descri bed trati f.0

exanp! os Bty ADES BHE AT R Rmdigl BetiPn®Ep Pt oy SR ari
Nave Sel esdit@spticHalANthi&EmRaMenFib@gRs histkedr kst 2D|’ﬂ@gl@odtl50ﬂ<wal es displaying
ant i body singl e vari abl e domai ns expressed fromthe GAS1 | eader seqguence

( see [20080wslyabpus 4} kidding opbanehed Gy Refernesdanrade én “ﬁ?@@@ﬂ@e@u on for

6G (see W d r

panni ng \ggolﬁé%]#e?% ai?]\%é%gl?l gﬁ%‘g]?se%m?? en EP) (S E%ﬁﬂl@% ’r?% 6G VH2- 4
(VH dAbs JaneugdnidiGobists4Ga KA bandndier Kink wKtctABE(, wgenemsthe tlAd ni@oabisant hunman
TG--f3 RI|/Fc ChI[TE a protei (R&E systens, Abi ngdon, UK, cat no. 341-BR).
This chi rEECYPREECAHMANREC B e XpPicBYt-on of a DNA sequence encoding the
159-am no aci due, e ceptor Type
Il (Lin, et aﬁn?ﬁ%BQZ .%%*?Q%Bé%Hg@7§g%ﬂ?gggg&fgg?%gnéégﬁgtﬁgﬁﬁof human

| gGl 16n acowdsecmwith tthﬁrmvcelldm imynb;: lins{dto atoxm rﬂ'metyroett@mm nant human TGF-f3

RI 1/ Fc chinmer otein, gmo{) nt 0. XI S @ no tube (Nunc,
henmar k. by cdBIase TR TR - Te0l SP R e R SHEERTDe. buf fer o
sal i ne (PB@rdzﬁié@RﬂﬂﬂthE ilenfién éa‘hrbettﬁé‘dﬁbd[ & inf g?wkdth@ﬁ rRRUHCE® Jldeado

i rmmunot ubes were washed three tines with and then bl ocked to prevent
nonspeci fdegragitadi. Ag veed lpﬁiezgea psptidielor pﬂlgp@m@et(agea demain@ntbody (dirbh thatos

Mar vel mlé kre?l(s)t\é\gter r(p[e?h %eétiadl%s()n”al‘sn gotlsﬂﬁslfan"%laﬁd ‘éé’r%da&b' £t %hfe}ﬁ) ur at
roomtenpera ure phage braries were 0% groups; 4G K1 and

K2, 806 KindGalddrithdthe ﬁ@téﬁéuﬁ&r céﬁihhﬂr?s—sl&a@l@tforﬁﬁoﬁéhi%a‘ét1vity<lﬁll phage per
I|brary were pool ed. The phage were incubated 25 in 4 m of 2 % MPBS for
one hour PRIYPEBHA ﬁe@nﬁe%h)uﬁ éot sehdaniady idegradethivhen udB9rpdar AheE Raeh: ffr ee

times w txﬂor@?ﬁn a-BEEt R %%ﬂor@hﬁ‘aﬂ?ab%‘&? S ﬁ"lo{]er Vit El%ufi 4/t o hidGe fguNot ubes

and i ncubat e rotation for at | east one hour at room tenperature. The
i mmunot ubdsutvite noasdre dhahaboutEX/s wid tnofeBRarcaiuail I%mgo thoile Mam mhmm 12%, ( PBST)
prior to eluti m 1 ng/ inin S. 30The

|on of bo e w t h 0
second r &9AROTSH %?aﬂl?ﬁ%%w V\}é‘g that}mtééa » /G PRQFR m,..u@h%tﬁfeﬁg&tear #h 10

25  about 6%, no more than about 5%, no more than about 4%, no more than about 3%, no

more that about 2%, no more than about 1%, or substantially none of the protein is

degraded by protease after incubation with the protease for about one hour at a

temperature suitable for protease activity. For example at 37 or 50 degrees C. Protein

degradation can be assessed using any suitable method, for example, by SDS-PAGE or
30 by functional assay (e.g., ligand binding) as described herein.

Methods for generating dAbs with enhanced protease resistance are disclosed, for
example, in W02008149143. In one embodiment, the single variable domain,
polypeptide or ligand in accordance with the invention is resistant to degradation by

leucozyme and/or trypsin. Polypeptides, immunoglobulin single variable domains and
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lig/m human TG--f3 RII/Fc. The input phage was pool ed as descri bed above,
with | x101 phage per pool and blocked in 0.5 mM 2% MPBS with the addition
of 50 ji gwol2otiantéel Fc fragnment. The phage was bl ockedPCoEPom®/0bisaT at
roomtenperature. 3.5 m MBS was added to the phage, which was then

t r ansf er ng@ndsoftitheinvbmtdoaday botesictanbwsoncanthdraotithatfeltbwiag: @tiné pasdasqne hour
at room tenperature. The i mmunot ubes vvere washed 20 times wi th PBST prior
to eluti &ﬁstsme@&}?&fema@}éatm%eaee%tw PIOtﬁﬁ?eﬁdm%tFli?fé‘%fitﬁ PP, The
third ro t lig/m
Human T&éaﬂ)ggtﬁé%%gqu \2@??‘{’%11 gﬁg%g A\y\ggfb%ésc]) d asttgesc bezggi%l\g{r%& IiLexcept
the 5 GGpIépan,cpa:p@anlaﬁm ]éﬁkmzrypw; pW&w@ny@rc&nlpmqblesjnmo@hdmms (Phage were
bl ocked in. 4 m %gD ththe.add':ltio Pr% Human I]glGFc
fragment CORERTIY S EIoEES] [osyRRleiniss | RIS e B hadma | oG

Cal bi ochg m@ﬁh'ér@érﬂ ti h fl) a atcal |} addGUr . The

i nmunot ubgz wer e vvastr)l‘ﬁ) dss %fsgesse (\?\A%t Q%Jélgs‘%' p;:r %I%Eetoc Is}ig)ﬁ:t(zsl oﬁdgofsegound phage
Wi th 0.5 caspage ﬂwaﬁﬁascﬂ;?/p@mse ﬂ13PB<SP8@cfb¢ﬂdﬂ a;mtrmnt,laptruudauemrdn@mrpen@ were
clonedfromthe ect or

deri vati V&P 91>% Wepa%@w? a{:;“\elb RS |enprm}1 c"‘h1S “ﬁ’Bsm eqasmrsﬁ"r “Cg%Ymepg%Fu de
sequence préiciseRhaerd prtdmdetalebyyeelﬁstoggJay@maw lebl@g’i@dl(hbﬁ@géﬁal’[é @ce protein
(GAS) signal peptide. It also contains a c-nyc tag between the | eader
sequéﬂcegbaﬂaglg@lrféenamﬂonm}ﬂ e 9pRhodimend, the REOLAsE iypRIRtGase fopRd SPPHING, | eader
sequence t ot her
prokary otnfl%ﬂg 4 gég%%{%énﬁl\l} g@f ?)%gg pgﬁgﬁé grr%ﬂ%%ﬂt%lx(\:/%? V&ﬁ@l b %lg g hr 1@%%%&161'3?

pl asm d \Iﬁﬁto(genaﬂes’m@mdratopamméambleetreotpgze&m fuid ofalidAlbs ond émb@dmﬂﬂtedleon

pUC119 vector W th_expressi on upder the control of the LacZ .ro ter.
Expr essi GROIEHSCAnpRe foHpd n the cxg ?fa‘?aarﬁt mggﬁer&f&wapwaw?mf ¢ B dAb

gene 1o tlﬂ&%drt]b(rj'éa‘é S galﬁéﬁlﬁ 'rﬁétﬁﬁfméélwb%te&é%éﬁdlﬁﬁe% %&9&%@&9%%4) at the

N-t er m nal a FLA tag was appended at the Ctermnal
end 0 t HaDdYs) @db‘t]])AM withdlirontpesphiidingmnie’s, tha prqyersborcsgtsipyplaswinaging

DNA fromth N f. t | ect ed dAbdj i ng. f d- ph
Pong o G, S S FrsPaR T 5 o e o ot R T r ad®s
i nstruct Ipe&eos{oﬁet atifiPay (@Z»lﬂ@%os?eegeamlmeﬁh% @%é&@&s@%‘ﬁab@ﬂalﬁ%oﬂaﬁ usi ng
bi oti nyl ated ol i onucl eoti des DOI\/57 (5 25 (SEQ I D

NO. 47) dndnpobpdip®n @@Tﬂl@'ﬁ (Vg ah@equxlmmu@ P@?asedilgested
wth sall,an & nt)t esi[;)rl ) éf‘&é’c@“%teeaas%%% ona tls%ﬁ' "“
di gested "W 1" dnd ]No%af S'Iah at1'6n pr o ue ans ngecf1 by

el ectzoopcmatacoproltdats@ofa plﬂﬁiohaﬂjﬁi%il&]prﬁ%héesfoaﬂ@nﬂh@ﬁzﬁﬁ Slfbh'b\(&emiedis&ﬁ (Trypton
Yeast Extract) supplenented with 100 ﬁ@ﬁgl m of carbenicillin (TYE-carb).

| ndi vi duéller%qa@ﬁ@@ Brapsed p e awtimoa des dasedmpie, 95 W2Q08h#¥48s at 250 r pm
37C overnj %t gﬁ)&m?e d'f‘a/ ér{ou%vo?rh'ﬂka%?ki\géﬁ&§ aut o-i nducti on nmedi um
pr

(high-lTeve n expr es I on syst agen) suppl enented with 100
jig/m carbeniStabilityr.In She sgepl @ltsinwertéont therpotypeptiddspgegle atridBO0g for 10

m nutes. . dAb cl e t hat bound. hunan T RII/Fc.were identjfied by an
ELI SA. odlomggys; d @Qﬂx IS TRATPASLHNGS BT L Gfa(ﬁlmaﬁef[ tl‘:‘Bé‘}Yﬁﬁ?‘P%) arﬁé}ﬂ'et%la{ ¥4 with

human s TGgapR a{de'r:?nc‘%ﬁ'fd?f([g 4 c&Hoefibatioh ¥ p Yi@glﬂzﬁtld@ﬁfr%aﬂ@ﬁgﬁ&nﬁfﬁrﬁﬂ fBS Wi th
PBST and then bl ocked with 1% Tween in P 19%PBS) for 1 hour at room

t enper at wt 87 torHe° Glwdk dags 115Bme¢mRebinemlobraPBLS b_uffnrxlnume embom?&'@BQt dnadt dAb

w th tor a8 1 ms s eaar il Dhaoa b S PR ety B R RISt |- FLAG
M2- per oXiagd@gEnigidrivagahe dSh@Bet@ ! réinhieh unddtle a@@ﬂ%hﬂﬂ&b‘aﬂ@rﬂ@@lﬁd for 1
hour at roomtenperature. The plates were devel oped using a colourinetric

subst r at @legSas € G@Wﬁﬁ@%@mt lepBd> M78r Bwsp! 8@@60&’4’ @&s%() 9] W 198n94.10 KPL,
Maryl 6”0" 95 976“,%i @@eelﬁtﬂg §§B r}g? S Xy rerla(b?ge 1%%815%% Onélélgrlg the su(ghOD450

belng pr opor t’i'oh boun ectron an
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 polypeptide,

antagonist or variable domain remains unaggregated after such incubation at 50 degrees
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Positive binders were re-tested in a second, confirmatory ELISA, perforned
as descri bed above. Human TGF- RI1/Fc-binding dAbs identified in the ELISA
wer e exprweed/iipsoover ni ght express aut oi nducti on nedi urCT@PEX0/0bEB6AgEN) at
ei ther 30C 15for 48 to 72 hours, or 37C for 24 hours. The cultures were
cent ri f ugedn od¢ 6@Bodipiant, ar lea’n’@ Sni(mutses() 2an3i0, Bhe4($dﬁeﬁm&6am,365y\m €51 &@ubat ed
wth Streanline- roteln A bea %éAmers am Bi osci en% Heal Hécare
Bi ndi ng Sapdi%yss-50n3l.98: AnF3pet: 9t 9 6P%p&RaSf thegralypeptids ar varghle at 4c or
at 100m (LD AR hlifonial a@epg&h Jaﬁ)aéfm%ov&r Rl e Hackeshdiftg, 2
Unifilter 96 well plate (Watnman, hcare,” UK) and washed 20°with 2 x
PBS (400 no a;ggregmmbﬂ of thé¢ pd)llypvmrdledayvanelﬂt: dDI[nagla,t amgoatsts]lS)@@nrafﬁtm fror o afi nut es
rogmte% IThevvahcll %{:roc V@ eated g{s nore with 2 x
PBS, ol ISGhBeyA R IRhe REEPAICEh U A RSt o BTEORSIOgHAn UK) . Bound
dAbs wer geghint BRcHMgROSH siBstPntial iy @byigB@a tiClncudhtidn B (72dQided pl wel |)
(Sigma, UK), foll ovved by centri ragatl on. The flow t hrough was collected in

a 96-wel Icon@mﬁdu@o@ﬁmHﬂpad@oxw len@nwcofstragf}nlpm Beiddn{rabason bufier.

Uni fil te I at e. (gg A e1§t1 %ftth%1 \z\%s v gf'ed boatngsom ﬁlc?nt cont ai ned
401i1 1 rlspﬁﬂ ]E)](n§ T8 hﬁlli’) 5P 16 ReUt Al Ze T he” & it ed dAbs. The
el ution poAPESULS dﬂ&Srrﬁuﬂ@@c&isQﬁ tiiaeemdhere Albkanndty sedly aftérhﬁcubatlon (at
streanline-protein A beads were packed into a chromatogra col um and

\évaAE hdf wiatgenosabgion pﬁpcplmmdbyr YUiablg dompan H&lO(bP»g/mlhat(@%ﬁaé | lorll BouRd
ith 1M
dnos. er SuglotiEsbilhh Lo ok Xcl DEoTClo P 30, 20 yng g npLheed W

concent r ahibodsnowdrat lchet &, Bﬁﬁe% WHI N7 XR.5,98t DA, Wo@fJ9. i%elﬁtlﬁe cal cul at ed

fromthe am no. acid conpositiqgns of the dAbs. dAbs ested for
pot ency, Pgévpﬁﬁ%&ﬁ@agwstwﬁm@&@ dompaiy forpaing yaagercsated aé%sq\gfﬁd &y

char act erlh?hé Sﬁbod"iﬁleﬁtsﬁﬁl%§§@5b9’5 §@% b@\'ﬁ'—@i @'7@5 %@8(53@9%‘?@9 g%)gpth?el ow) .
DOVR3h- 33 1), SEQ I D NO

I3)D Ng@vg?ol}@mn%eﬁﬁg;gmggon?% remmm&r?ﬁﬁ?;?@hgmguba)qn DOMR3h- 435 g ﬁES%
(SEQ I D & Déw &%égo %Egg P%@ﬂ &) varighlg ﬁ%@(%@_&% NO 11)

l'i brari esées &@I&(@ﬁ@mm&@gm@ﬁg or - prone affl nity mat uratl on. EXAMPLE 2.
Error Prone Affinity Maturation Error-prone nutagenesis of DOWR3h- 33

(SEQ ID NO 1)n ommhtczfslle msa@qnmhﬂ@olwpptlm\mnbm ABEQAIMBENDIS.3)

' NG 6y RO o3 b A o i S L S oM 51

( SEQ20D N&. &)a, cobkdviZidtiodt 3BpdlF@tidPoNiriabl) donadil o DAVBZMmIF4Q., 65 D NO  11)
was performed to inprove the afflnltg of these dAbs. Phage Library
)¢

Const r uctifBperamg, gp dsgr@ﬁ%c 1oF BY &r-ifeis] Beurpogpighockylipespeg | imafariNg+ ¢ip.

No gy BeRBS R e ks 6 B S BB i NG O B 436
(SEQ I D N@5, 97, 9TF MR 3N8. 8,390 §rSR3 % bf ME poB)pepdyBdfagdds o SEH1OIdERIND) ,
O A o sEhde P ERe da0pd SERMDAG, ) cgete pmgl vei 19
s B e o by o g ST

and DOMDOWe ¥@8YpPBACAGRERD RTEOCAGCTOACBAToBom¢rBELdr Bllmebﬁhsa)tlonf loldnewed by
re- arrpllfl at,i on of the dj. Iuté% P E@({juct V\f& Eﬁ ol i cIeo i.des DOML72
(5' TTGOA cokaEon pePrBPRRYdes Ty bl OBl s IS 15 Soen
after any one of such nebulisation. Monomeric form: In one embodiment, the dAb of the
present invention is provided in a monomeric form. Suitably, the invention provides a
30  (substantially) pure monomer. In one embodiment, the dAb is at least 98, 99, 99.5% pure
or 100% pure monomer. To determine whether dAbs are monomeric or form higher order
oligomers in solution, they can be analysed by SEC-MALLS. SEC MALLS (size
exclusion chromatography with multi-angle-LASER-light-scattering) is a non-invasive

technique for the characterizing of macromolecules in solution. Briefly, proteins (at
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25 CACGACGTTGTAAAACGACGECC- 3" (SEQ ID NGO 52)), and MutazyneTM |1 DNA

pol ynerase, according to manufacturer's instructions. This PCR product was
further awpl2ofiviageoasi ng Taq DNA pol ynerase and ol i gonuclpeotird@s/ o872 and
DOML73, to increase the DNA product yield. The PCR product was digested

w th Sal conamdatioi off 1mgatlr mdiuffenDaﬂﬁaomJ@PBS*ﬁa& scpdraticd esdoeding cothget and

di gested e ds wer e rem)\/e fromtElg i gested p}v\éduct usi n streptavidin
N ﬁ

beads ( DyWaIodBnYRicPHOPAIGS, by THves rospasegTaph glumrbgﬁgé P30

phage ve es and
used to ﬁo qalgg?{og%% £EI%(():%VIﬂlrlé]l')rrg?éns t?]%mw h%tetnrtgﬁg%toelrr ggmqg n‘é&i{ﬂ%?éé %?at ed on
2x TY agamul§tspgleenhERdight-s¢utitBnpGVIAL LIS tetactpr [Tiheenteysityl ditigscaittedr y si zes

f >1x107. f t | ect f
el oot o Ehbh B BIoTGh HRtCt b opehTEs FRABSH: St 98Hon tiaviehh 1 362,
DOVE3h- 2 fcaaind MR Rt 38&héid ﬁﬁ@fﬂe%’iot@ﬁl@doﬂ@éntr%ﬂ@n dSterr¥indd ﬁﬂﬁi% fhel n M

bi oti nyl ated human TG~ "Ri I/ Fc, respectivel Four rounds of selection were
per f or medefdative fitisx BRNRBEec8 B0 BOMIGHaUSBEOf t Bh-mBs 4972 aPINPGHE 438,

DOVR3h- 39 lib 00, 0, d 0.
M bi ot 1 w9 AR Rt piar 5 BbREa0y e st C3r 9% ne. human Ta- T3 R 1/ Fo

was biotinylated using a flve fol d nol ar excess of EZ-Link

Sul f o- NHS- LC- B Wapﬁqt@agérﬂ hq ipyeiption pr%éfksfaomathomﬁmtre@rl@mépms&mge@r al .

2002, Sel t y Phage
b1 spi Dy PRECRa AR i RAbET AR (AL PRI B G 1B, sl BRE
Press). Thn@dae&mdsa‘dmrrcbhtrfoowﬂdo be Idgsrbguimted) Er(ir_ﬂbbm sugaBng byalvereagdrassidbo t he
pDOMLO ve to Cri ove d|v ual clones were picked and

expr essed! s i‘b@%@ég s gf bigg H@B & or MS%%@SO%%(W% dity in
0.5 mi/ We[*(hFH%Yaesﬁgﬁﬂﬁk nﬁ;)flméecﬁ&a%trgl'ahﬁ'%ﬂ)cﬁﬁr@&s'B?Qhﬁmsstfé%seﬁﬂtagd wi th 100
jig/m carbenici Plates were thenh centrifuged at 1800g for 10 m nutes.
Super nat eprutrsonmy ébdisisundudieg idepathid rhﬁncmar}iﬁlzrosm (HBSafPothaf ingerstgradl scr eened
on Bi,acoreTM.for bi d|n to blotlnlatedh 3. RI./F chip

coat ég 1‘111}% HE° ?—it? tﬁy‘fSB{r%tcﬁf}h Firesecyy 0138 é%éﬁc%bw ﬂf‘t“% ver

manuf act Yp@ndifig tRARERBAE ahlofft Tk étﬁisa%hﬁlﬂMd GFhriRabéneali&Fdors, vasdimes were
run on Biacore at a flow rate OF /mn. Cones that bound with a high
nunber ofCOﬁ@Sl@WaW@b a&rﬁsteywlﬂlﬁdo)fom OK/ﬁl@ hklamnqlmﬁbng)k@laldcfrffskma@tné segnpared to

t he pare 0 ex ed | S aut oi nduction
medi um a{}% \Aﬁg%f%% %ﬁ?ﬁ ysuﬁﬂggﬁ ]?u’geg %’tﬁ]%g gagcfpm for 30

m nut es. nEblefosdl@em@@t anhsulae cenditieirh ad rawabsis dhthedisedhCeistdriated with

Strean i ne(ﬂpr otein A beads. The beads were then packed into drip col umms,
washel wikGFostacsgnaine ildregseilardimasss spell poR@arteRrigherpedeypitne of 10 mM

Tri sHC1 é A q;ﬁg& t 1 PH 2.0 and
neutrali secfﬁbt gﬁlgilmﬁ%{%rl S- %ﬁtﬁﬁa&p& ISQH{[W%%T &J%lghe{}%ah] the dAbs was
measur ed hypertgsmheaartic ammmmr[saMamfaﬁ sy\mdremd,eifaanlmal Recurysh dgoadet,i [els-on
coefficients cal cul at ed. Lromthe a @;ﬁ% ﬁq{rﬁgm tions of hhe dAbs.
EXAMVPLE 3)ICHSYRYaNE: FHR14 forﬁESilW%‘ 0 peashasediehddd  30The
D61N and R, g&ba!h% ”Mh?&e' AaV&Ioff tﬁ&hﬁ&ﬂ%ﬁ@leﬂaﬂ&ﬂt%h%%@ﬁéxﬁﬁ to the
DOW3h- 271, 437 and % | 1 neages in an attenpt to i nprove potency. dAbs

cont @Pni mgpsphl@s dystnop by amﬁlmuvcé¢ gbios| Burégr f:lrsozme$ mogeﬂeécxtlthoT\@Flpﬂatf ornmed with

t he DOWVR3h-262 eryaor-prone ha%e | ibrar were found to nor e pot ent

t han DONDR A BEbITe R R CBlonn @il HeRERee si8ag 3 LiellS lPls o nosay.
The 46 praagesig @fin REdibos ake mbﬁu@ﬁprwﬁamethadmwa}ge@% Gedr QFer NO 12)
i nproved dAb potency 54-fold relative to DOVR3h- 262 SEQ I D NG and the

pr esence c3fmpiEIModwatiG IRFpets sigaplingig t@mougglsgpomswo@squghrtreatment

pavean. 265 {Ser ke el dhebEER S RIRR AR oIS 1ccay

(TabBe 1)Other discasekhifcloty pllh@ﬁ@ry\m@e@sds@hélﬁ@kL(C@HDl(@hfbnﬁ&@odeVdJel onging to
t he DOVR3h-271 , DOMR3h-437 and DOMR3h-439 |ineages by aqverl ap extension
usi ng t heupBeiare fiseasch iapidipeages sush ay Ibe)faitymg (c.gtvig] hépatiipalopdglh 77(1))

conpl ene
COMD emnhgl, Sho BN LR B TBE IS S Sk ARASIAL bR
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10 ends. These fragnments are conbined in a subsequent assenbly PCR in which
t he overl appi ng ends anneal, allowing the 3 'overlap of each strand to
serve as wopoiwmesobor the 3' extension of the conpl enentramEprtwangéand t he
resulting fusion product is anplified further by PCR Specific alterations
in the nyeckeditbdes, hgsHengen); appdirophit cadivasdphiy) taeplaot @jcctign nucl eot i de
changes into _the overl appi ng ol igonucleotide prinmers. The target 15 dAb
gene f_raé Hflgew_é‘tdéeﬁr?ﬁﬁ' VPQIHOBIVC?Q%k%l@‘&éF%‘é‘gPCRs usi ng Taq DNA pol yner ase
and ol i gonucl eali e BakiSeLMDIOR cbkld@pbFiion ofth@alelRiar iR 98AG o RAL CD 131
(5' - GAACCGGCCCCTCACGGAGITTGCGTAGTA-3" (SEQ I'D NGO 53)) or 09 (fl anks
3' end ofsudAis @ilagin @nsin@oiS@rqvih; scid@PACCOAANCTUGSTGASBAGCCGGTTC- 3'  ( SEQ

I D NO_ 54)) (mytated ucl.eotjde resjdues upderlined The t PCR
fragmént s wer o TEGEBS NRAe i GH S EEBr Bar P e DRATBE mir ase

W thout trag 2008 1of, pRODIMOSSimENE af, YsCRRcATRAMGINGS Dhenoamp! pf i ed by
the addition of flanking priners DOWO08 and DOMDO9 to the PCR reaction. The
PCR pr odUéB</ T rleshiftde stceahsed privdSdionjof ha ciiskines ped dedreastdprodndmud] eases

and liga into 0 or, 13 expression vectors digested with.Sal | and 25
Nt 1 ol AR B af d oSSR R Rk B GRE Rt boERS i 1 en ot o
PDOML3 eXhERsd @imiiees Migihascds) fibdehlidt aadvalue] Rebiiden s£BURNERI t 0 pDOMLO,

except the FLAG epitope nucl eoti de sequence is replaced by two stop codons

(5' - ThA Tikmogenysis. Angig] mpag)s (2. ehiplrbessysrexgressionupVIA RBARS, hithves o

Ctermn . . 4 I i e

T oueiTRAR %5%&?%?%?%%ﬁ%g?%@%\%%%ﬁ%é‘ﬁ?&%l"%%“‘?@‘{ SEQ I D NO
15) and DPOMEGtrviBBecsSis(SEQ I D NO 19) , creating DOM23h-271- 12 (SEQ I D NO
16), DOW3h-271-13 (SEQ ID NO_ 17) and,, 3h-437-9 (SEQ ID NO 21),
respectively. MW—‘J@B@%&@S&@OF@(W@g i) © %CM@W%%@@E“E’@EQID N 22)
were | SO'r@éu‘ﬁﬂlgf ihOBhRRI §hd MR pa&liSE bl BFroA RS &er Yndfrpnt ai ning the
K64R nut ation.” The D6 1N nutati on \llf\)las I ntroduced I nto these t dAbs to
creatlé DOMRBhHYBAViIgLoUSERNOEN Mdisc ZMerasdnDvii3¢ncd 38 agprOSEQLID1MA0 28,

respecti vel VP 4. As s for, TG--111211 i nhi bjtion The S were
Leobed | et 1o s ot vty DSt lpree lad G tauapeth astreaies 1 or |
sensor asa@¥.per 100,000°5489 tHelapd bf 7ehedsRis@assamly dlgrriad il dheol #dkionrd 1
(I'L-11) release assay neasures the ability of dAbs to inhibit human TG~ (31

st i nul at ddelfiveyrar pirdsslaateripp ’Asuith T eichs surTierl ¢i18 pearg Syaintens inglude a
TG~ PRI | nd i nduges the. assenbl of t.he T QPRI / | |l ex., TGF-PRI is
o5 phor TRF Mg SPodrdf B TPEMSndls. Pl ched 3ERY ok MECERLER PN D

Smad 40 patiiwgyoluhed. iQuadeh Otfe aherith éhchiRddrtpat laveids (Pesllidoge), n t he rel ease of
IL-11. The IL-11 is secreted into the cell supernatant and is then neasured
by col ourERPsUPRrIssIACs (Cyelgphaesphapiichwy teansplaniaon gthougbnpngefithety to bl ock

TG (31 si i i . i X |

wel 1 i SLEOR LM Sy PSP AR oot fpbapight e B8 01 PP
Pai sl ey, vakKjble 16m%enhegblyipepiidd Mahepref@rimiental proseics mirciAknt AdudPF.i a), 10 nv
HEPES (Sigma, UK). and 1 % penicillin/strepto in (PAA, Au ia)). were
added 1o 2_ St %U&P%S_SB@ t%tmenb?%ﬁ@w?%hﬁ%fm?%ﬁ ﬁ@@al%@l{)w@@wand

TG 031 (hi b oPQHé‘&éﬁsE%lugg Brdfast ifeg%ﬁﬂ%&éﬁ‘ée ixﬁ%g%%lasp*() and

i ncubat ed 20 overni ght at C, 5% Abs were dialysed into PBS prior to

bei ng asgayletdsis,mcmam:'mrﬁtxpmsw@maxmcelllhlalnnatr@i patedisiant depdsgiguper nat ant i s
measured .using.a Human .1 L-11 oset TM (R&D syst ens, .Abj ngdon, U .in

o o i TR B ab T R S MRLOR PR aritishimar 1 sed
i n Tabl e akaind@aBEmMBItRs KUY 3dd felotatidaRFAbrmAE $dopatiisdier s of the Smad

famly of signal transduction nol ecul es are conmponents of an intracellul ar
pat hway that tSudablyi a sucteysivl geaimpaaiveuldrdsasletate dedape piggfessient o nucl eus.

TGF- &1 bind i I - PR | i nd ]
TG Pl 1 "comiestiteghoh8 ubfie i aPE ! R RING S BEORTR Bl bt ana
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WO 2011/ 012609PCT/ EP2010/ 060867 293T cells (I nvitrogen, UK). The cells are
responsive to TG--PlI and can be used to detect agonists / antagonists of

t he Smad2w® 28ilgnadopng pat hway. Sol ubl e dAbs wer e t est ed PComPRé@ios08abi | ity
to block TG--1 signaling via this pathway foll ow ng the manufacturer's
recormended prICGEhmi is @h viporogee sighdlingdhAdiscivvar e dicalujasied of odlb PBS pri or
to bei ng assaye The results are_summarised.in Table 1. Table 1.
A549 | L- Pfﬁ%wag @C‘élé%%%ﬁu@BQVBWaaﬂan?ggﬁFééﬁ is gaplicgicdda g pathegspesiss p (nm

N 1Cso  JriAntdtMaifaiNR 3N #8%e 8Ajh An B82%uRd heIAYER M RBA| et iBpaifdi
vision and ocular tissue homeostasis (reviewed, for example, by Saika, Laboratory
5  Investigation (2006), 86, 106-115).

Accordingly, in one embodiment, diseases associated with TGFbeta signaling
include ocular disorders such as fibrotic diseases of the eye tissue. Fibrotic disease of the
eye may occur in the cornea, conjunctiva, lens or retina. Ocular disorders include
proliferative vitreoretinopathy (PVR), a disorder of post-retinal detachment and retinal

10  fibrosis, diabetic retinopathy, glaucoma, such as open-angle glaucoma, angle-closure,
congenital and pseudo-exfoliation syndrome, wound healing reactions in the lens, such as
post chemical or thermal burn, or Stevens-Johnson’s syndrome, and post-cataract surgery
complications. TGFbeta also has a role in cataract development (Wormstone et al. Exp
Eye Res; 83 1238-1245, 2006). A number of ocular disorders occur as a result of fibrosis

15  post surgery. In addition, over activity of TGFbeta2 (transforming growth factor $2) is
believed to cause scarring in and around the eye after glaucoma filtration surgery.
TGFbeta2 is the predominant isoform involved in pathological scarring of ocular tissues
including the cornea, retina, conjunctiva and trabelular meshwork. Scarring or fibrosis of
the trabelular meshwork can lead to occlusion of the normal aqueous outflow pathway

20  leading to raised intraocular pressure and risk of glaucoma development. TGFbeta 2 has
been shown to be a pathological agent in pre-clinical models of glaucoma disease.
TGFbeta2 levels are elevated in patients with glaucoma, in vitro treatment of huTM cells
with TGFbeta-2 leads to phenotypic changes and upregulation of ECM modulating
proteins (MMP-2, PAI-I) (Lutjen-Drecol (2005), Experimental Eye Research, Vol. 81,

25  Issue 1, pages 1-4; Liton (2005), Biochemical and Biophysical Research
Communications Vol. 337, issue 4, p.1229-1236; Fuchshofer et al (2003), Experimental
Eye Research, Vol. 77, issue 6, p. 757-765; Association for Research in Vision and
Ophthalmology (ARVO) conference poster #1631 2009). Moreover, overexpression of
TGPFbeta in the eye leads to glaucoma-like pathology in mice (ARVO conference poster

30 #5108 2009) and delivery of TGFbeta-2 using AAV has been shown to inhibit retinal
ganglion cell loss in a rat model of glaucoma (ARVO conference poster #5510 2009).
More recently, oxidative stress induction in cultured human optic nerve head astrocytes
has been shown to increase TFGbeta2 secretion (Yu et al (2009) Invest. Ophthalmol. Vis.

Sci. 50: 1707-1717). This all indicates that reduction of TGFbeta 2 levels might
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minimize the characteristic optic nerve head changes seen in glaucoma. However,
TGFbeta is also known to have an immunosuppressive role and so in some aspects can be
protective so a reduction in elevated levels of TGFbeta2 rather than a complete knock
down may be preferred in treatment of chronic ocular conditions such as glaucoma.

5  Accordingly, diseases which can be treated using the dAbs and compositions etc. in
accordance with the invention include scarring post glaucoma filtration surgery.

Accordingly, in one aspect there is provided a method for treating, suppressing or
preventing a disease associated with TGFbeta signaling and, in particular, dysregulated
TGFbeta signaling, comprising administering to a mammal in need thereof a

10 therapeutically-effective dose or amount of a polypeptide, fusion protein, single variable
domain, antagonist or composition according to the invention.

In another aspect, the invention provides an immunoglobulin single variable
domain, polypeptide, ligand or fusion protein in accordance with the invention for use as
a medicament. Suitable a medicament may comprise an immunoglobulin single variable

15  domain etc. in accordance with the invention formatted as described herein.

Suitably, the medicament is a pharmaceutical composition. In a further aspect of
the invention, there is provided a composition (e.g., pharmaceutical composition)
comprising a polypeptide, single variable domain, ligand, composition or antagonist
according to the invention and a physiologically or pharmaceutically acceptable carrier,

20  diluent or excipient. In one embodiment, the composition comprises a vehicle for
delivery. In particular embodiments, the polypeptide, fusion protein, single variable
domain, antagonist or composition is administered via pulmonary delivery, such as by
inhalation (e.g., intrabronchial, intranasal or oral inhalation, intranasal such as by drops)
or by systemic delivery (e.g., parenteral, intravenous, intramuscular, intraperitoneal,

25  intraarterial, intrathecal, intraarticular, subcutaneous, vaginal or rectal administration). In
another embodiment, the polypeptide, single variable domain, ligand or fusion protein or
compositions in accordance with the invention is administered to the eye e.g. by topical
administration, as eye drops, particulate polymer system, gel or implant, or by intraocular
injection e.g. into the vitreous humour. Delivery can be targeted to particular regions of

30  the eye such as the surface of the eye, or the tear ducts or lacrimal glands or to the
anterior or posterior chambers of the eye such as the vitreous humour).It can also be
useful if the immunoglobulin single variable domain, composition etc. is delivered to the
eye along with an ocular penetration enhancer e.g. sodium caprate or with a viscosity

enhancer e.g. Hydroxypropylmethylcellulose (HPMC).
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Moreover, the present invention provides a method for the treatment of disease
using a polypeptide, single variable domain, composition, ligand or antagonist according
to the present invention. In one embodiment the disease is a tissue fibrosis such as
pulmonary fibrosis including Idiopathic pulmonary fibrosis. In another embodiment, the
disease is an ocular disorder.

In an aspect of the invention, the polypeptide, single variable domain, ligand,
composition or antagonist is provided for therapy and/or prophylaxis of a disease or
condition associated with TGFbeta signaling in a human. In another aspect, there is
provided the use of the polypeptide, single variable domain, composition or antagonist, in
the manufacture of a medicament for therapy or prophylaxis of a disease or condition
associated with TGFbeta signaling in a human. In another aspect, there is provided a
method of treating and/or preventing a disease or condition associated with TGFbeta
signaling in a human patient, the method comprising administering the polypeptide,
single variable domain, composition or antagonist to the patient. The invention also
relates to therapeutic methods that comprise administering a therapeutically effective
amount of a ligand of the invention (e.g., antagonist, or single variable domain) to a
subject in need thereof.

In other embodiments, the invention relates to a method for treating idiopathic
pulmonary fibrosis comprising administering to a subject in need thereof a
therapeutically effective amount of a ligand of the invention (e.g., antagonist, or single
variable domain).

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

In other embodiments, the drug delivery device is selected from the group
consisting of parenteral delivery device, intravenous delivery device, intramuscular
delivery device, intraperitoneal delivery device, transdermal delivery device, pulmonary
delivery device, intraarterial delivery device, intrathecal delivery device, intraarticular
delivery device, subcutaneous delivery device, intranasal delivery device, ocular delivery
device, vaginal delivery device, rectal delivery device, syringe, a transdermal delivery
device, a capsule, a tablet, a nebulizer, an inhaler, an atomizer, an aerosolizer, a mister, a
dry powder inhaler, a metered dose inhaler, a metered dose sprayer, a metered dose

mister, a metered dose atomizer, and a catheter.
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Suitably, the invention provides a pulmonary delivery device containing a
polypeptide, single variable domain, composition or antagonist according to the
invention. The device can be an inhaler or an intranasal administration device. Suitably,
the pulmonary delivery device enables delivery of a therapeutically effective dose of a
ligand etc. in accordance with the invention.

In another embodiment, the invention provides an ocular delivery device
containing a polypeptide, single variable domain, composition or antagonist according to
the invention. Suitably, the ocular delivery device enables delivery of a therapeutically
effective dose of a ligand etc. in accordance with the invention.

As used herein, the term “dose” refers to the quantity of ligand administered to a
subject all at one time (unit dose), or in two or more administrations over a defined time
interval. For example, dose can refer to the quantity of ligand (e.g., ligand comprising an
immunoglobulin single variable domain that binds TGFbetaRIl) administered to a subject
over the course of one day (24 hours) (daily dose), two days, one week, two weeks, three
weeks or one or more months (e.g., by a single administration, or by two or more
administrations). The interval between doses can be any desired amount of time.

In one embodiment, the single variable domain of the invention is provided as a
dAb monomer, optionally unformatted (e.g., not PEGylated or half-life extended) or
linked to a PEG, optionally as a dry powder formulation, optionally for delivery to a
patient by inhalation (e.g., pulmonary delivery), optionally for treating and/or preventing
a lung condition (e.g., Idiopathic pulmonary fibrosis).

The ligands of the invention provide several advantages. For example, as
described herein, the ligand can be tailored to have a desired in vivo serum half-life.
Domain antibodies are much smaller than conventional antibodies, and can be
administered to achieve better tissue penetration than conventional antibodies. Thus,
dAbs and ligands that comprise a dAb provide advantages over conventional antibodies
when administered to treat disease, such as TGFbeta-signaling-mediated disease. In
particular, pulmonary delivery of a dAb of the present invention to treat idiopathic
pulmonary fibrosis enables specific local delivery of an inhibitor of TGFbeta signaling.
Advantageously, a unformatted dAb monomer which specifically binds to and inhibits
TGFbetaRlII is small enough to be absorbed into the lung through pulmonary delivery.

The examples of WO2007085815 are incorporated herein by reference to provide
details of relevant assays, formatting and experiments that can be equally applied to

ligands of the present invention.
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Tabl e”'1.

EXAMPLE 1. Selection of dAbs which bind TGFbetaRII

Naive Selections: 4G and 6G naive phage libraries, phage libraries displaying antibody
single variable domains expressed from the GAS1 leader sequence (see W0O2005093074)
for 4G and additionally with heat/cool preselection for 6G (see W0O04101790), were

10 used. The DOM23h leads were isolated by panning pools of VH and VK libraries
(identified as 4G H11-19 and 6G VH2-4 (VH dAbs) and 4G «1, 4G k2 and 6G k (VK
dAbs) against the recombinant human TGF-B RII/Fc chimera protein (R&D systems,
Abingdon, UK, cat no. 341-BR). This chimeric protein was made by expression of a
DNA sequence encoding the 159-amino acid residue extracellular domain of human

15  TGF-B Receptor Type Il (Lin, et al., 1992, Cell 68:775-785) fused to the Fc region of
human IgG1 in a mouse myeloma cell line, NSO.

The recombinant human TGF-p RII/Fc chimera protein was immobilsed onto a
Maxisorp ™ [immuno tube (Nunc, Denmark) by coating the tube with 10 pg/ml antigen
in phosphate buffered saline (PBS) overnight at 4°C for the first round of panning. The

20  immunotubes were washed three times with PBS and then blocked to prevent non-
specific binding of phage by filling the tube to the brim with 2 % Marvel milk powder in
PBS (MPBS) and incubated for at least one hour at room temperature. The phage
libraries were pooled into six groups; 4G k1 and 2, 6G «, 4G H11-13, 4G H14-16, 4G
H17-19 and 6G VH2-4. 1x10"" phage per library were pooled. The phage were incubated

25 in4 mlof 2 % MPBS for one hour at room temperature. The blocked immunotubes were
washed three times with PBS. The blocked phage pools were transferred to the
immunotubes and incubated with rotation for at least one hour at room temperature. The
immunotubes were washed 10 times with PBS containing 0.1 % tween-20 (PBST) prior
to elution of bound phage with 0.5 ml 1 mg/ml trypsin in PBS.

30 The second round of panning was performed using immunotubes coated with 10
pg/ml human TGF- RII/Fc. The input phage was pooled as described above, with
1x10" phage per pool and blocked in 0.5 ml 2% MPBS with the addition of 50 pg/ml
control Fc fragment. The phage was blocked for one hour at room temperature. 3.5 ml

MPBS was added to the phage, which was then transferred to the blocked immunotubes
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supplemented with 100 pg/ml of carbenicillin (TYE-carb). Individual clones were picked
30  and expressed in 96-well plates at 250 rpm, 37°C overnight, in 0.2 ml/well overnight
express auto-induction medium (high-level protein expression system, Novagen)

supplemented with 100 pg/ml carbenicillin. These plates were then centrifuged at 1800g

for 10 minutes.
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(Amersham Biosciences, GE Healthcare, UK. Binding capacity: 5 mg of dAb per ml of
beads), either overnight at 4°C or at room temperature for two hours. The beads were
then packed into a Unifilter 96 well plate (Whatman, GE Healthcare, UK) and washed

20 with 2 x PBS (400 pl per well), followed by centrifugation at 1000 rpm for 2 minutes at
room temperature. The washing procedure was repeated once more with 2 x PBS,
followed by a final wash with 10 mM Tris-HCI pH 8.0 (Sigma, UK). Bound dAbs were
eluted by adding 0.1 M glycine-HCI, pH 2.0 (210 ul per well) (Sigma, UK), followed by
centrifugation. The flow through was collected in a 96-well round-bottom plate (Corning

25  Costar) placed beneath the Unifilter plate. The wells of the 96 well round-bottom plate
contained 40 ul 1 M Tris pH 8.0 (Sigma, UK) so as to neutralize the eluted dAbs. The
elution procedure was repeated once more. Alternatively, the streamline-protein A beads
were packed into a chromatography column and washed with 2xPBS, followed by 10
mM Tris-HCI pH 7.4 (Sigma, UK). Bound dAbs were eluted with 0.1 M glycine-HCI pH

30 2.0 and neutralized with 1M Tris pH 8.0. The OD at 280 nm of the dAbs was measured
and protein concentrations were determined using extinction coefficients calculated from
the amino acid compositions of the dAbs.

dAbs were tested for potency, as measured in the A549 IL-11 release assay and

biophysical characteristics, as assessed by SEC-MALLS and DSC (as described below).
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DOWR3h- 4 (SEQ ID NO 23)was tested in'three assays, twce in triplicate

and once DOMZBhgB&I(SEQ ID NO: 9ThOMBIR4 M (IH2 1D Cd Wal and PDORRAndddd error

(S-B) 5 (SEQID NO: 11) libraries were selected for error-prone affinity maturation.

EXAMPLE 2. Error Prone Affinity Maturation
Error-prone mutagenesis of DOM23h-33 (SEQ ID NO: 1), DOM23h-251 (SEQ
ID NO: 2), DOM23h-262 (SEQ ID NO: 3), DOM23h-271 (SEQ ID NO: 4), DOM23h-
10 348 (SEQ ID NO: 5), DOM23h-435 (SEQ ID NO: 6), DOM23h-436 (SEQ ID NO: 7),
DOM23h-437 (SEQ ID NO: 8), DOM23h-438 (SEQ ID NO: 9), DOM23h-439 (SEQ ID
NO: 10), and DOM23h-440 (SEQ ID NO: 11) was performed to improve the affinity of
these dAbs.
Phage Library Construction: Error prone libraries of DOM23h-33 (SEQ ID
15 NO: 1), DOM23h-251 (SEQ ID NO: 2), DOM23h-262 (SEQ ID NO: 3), DOM23h-271
(SEQ ID NO: 4), DOM23h-348 (SEQ ID NO: 5), DOM23h-435 (SEQ ID NO: 6),
DOM23h-436 (SEQ ID NO: 7), DOM23h-437 (SEQ ID NO: 8), DOM23h-438 (SEQ ID
NO: 9), DOM23h-439 (SEQ ID NO: 10), and DOM23h-440 (SEQ ID NO: 11) were
made using GeneMorph® I Random Mutagenesis kit (Stratagene, Cat No 200550). The

20  target dAb genes were amplified by PCR using Taqg DNA polymerase and
oligonucleotides DOMO00S (5°-AGCGGATAACAATTTCACACAGGA-3’ (SEQID
NO: 49)) and DOMO009 (5’-CGCCAGGGTTTTCCCAGTCACGAC-3’ (SEQ ID NO:
50)), followed by re-amplification of the diluted PCR product with oligonucleotides
DOM172 (5> TTGCAGGCGTGGCAACAGCG-3’ (SEQ ID NO: 51)) and DOM173 (5°-

25 CACGACGTTGTAAAACGACGGCC-3’ (SEQ ID NO: 52)), and Mutazyme' ™ II DNA
polymerase, according to manufacturer’s instructions. This PCR product was further
amplified using Taq DNA polymerase and oligonucleotides DOM172 and DOM173, to
increase the DNA product yield. The PCR product was digested with Sa/ I and Not |
restriction endonucleases. Undigested product and digested ends were removed from the

30  digested product using streptavidin beads (Dynal Biotech, UK). The digested product
was ligated into pDOM4 phage vector digested with Sa/ I and Not I restriction
endonucleases and used to transform E. coli TB1 cells. The transformed cells were plated
on 2x TY agar supplemented with 15 pg/ml tetracycline, yielding library sizes of >1x10’

transformants.
45



15 was cal cul ated and sunmmari sed in Table 2. I ndi vi dual RAW 264. 7

phospho- Smad assays were perforned in either singlet, duplicate or

triplicatwoand/ae@9 two or three dose-response curves aRGTIEER@OWeISHEES

determ ned per assay (n =1, 2 or 3). DOW3h-271-12 (SEQ ID NGO 16) was

tested i n sevdirraspayise seloecions: Foat rghad of siectibn mes: penfodipd ivithttee and tw ce

intriplicate (n_.= %}3% The 20 range of 1Cso val ues obtained is summarised
3rDRb 6510 g1

[
in Tabl e O DML IEBQN B 65 fOMRah Bvest DRI H- PG dbrpnG. 23)
wer e bot h Last e §1eald MESHM Bid H?l!a{eg%ﬁlaﬁ'TG'F-E}@H/Fc, respectivdy Rufl
| uci fer asg assay: The MC3T3-El luciferase assay neasur eps the ability of
dAbs t o irpimdsiof sdlGFRni wiete pedorexcdrveists tho D QI 28IAdAS | DOMBhaké, DOMABIF3- E1 25

are poesarit: PRNELE SR 4 SR DM B SRS PRe byt ke and 4
protei ns.10Ck @d 09 W bidtRk RitEaRIneH ThF e EAGEs ReMvIIPL Phethuntiai TEF-BS €

reporter construct confers TGFP responsiveness to cells transfected with
t he repoRI&Fc syps bty RrHdsisaesalyv moNIC8R@sEal E&illink Buhtudél ok edilinst s)

ot "ol ( TEBECEIES ool R sl el LPRSB0d RORLNEH pE NS hedilS T or
their abitidtiyldal flipoks. AGEb6 PRIk 0MMhadd @ [RoRERk EdarBMeyandr i ef | y,

2.5 x 104 MC3T3-E1 cells per well in assay nmedium (RPM 5nedi um (G bco,
| nvi t1Pogerkin Hunpgp Bresy).  UK)  Thind and Hewth fovad selogtoacutipet werednbelonsd um  and

1 % penigpllj [ d 9 ' wel | plate
(e PP ARREORER] RENE B I, bRl SSHESH BIEL R 10 1 T and
i ncubat edxpesscdiix 96 owtlplats 8 BE) rpd TOL. fod 2b howey ¥ 0 hamydisdn Ok @ml/RBB pri or

to being tested in the assay. Brightgl ow | uciferase reagent (Pronega, UK)
was adde®VEEISH EXRIEH ATHUIUP I Msdiua sypplemepisd it }P&etfﬁmﬁ?aéb%?lﬁt% ni nut es

to al | owpifigs G&leltRerd @nli¥Efed ANH0b Forﬁ@%ﬁ'ihﬁﬂeﬁ'.%dg%a&%&%ﬁ@%ilﬂi%éséf{h%fj on a
| um nonet er. DOW3h-271-12 {SEQ I D NO 16), DOW3h-437-9 (SEQ I D NO
21) dhd DOM2Sh24B8BS-EBE e DinNGere28)dmer Biarest™ toribmdiingtoMiaiiBA#dd | uci f er ase

oo T LR e PRt TR R Doy ARl e AR A Rl o 2se
with the manufacturer’s recommendations) (Biacore™, GE Healthcare®). Samples were
run on Biacore at a flow rate of 50 pl/min. Clones that bound with a high number of
resonance units (RUs) or with an improved off-rate compared to the parent clone were

20  expressed in 50ml overnight express autoinduction medium at 30°C for 48 to 72 hours
and centrifuged at 4,600 rpm for 30 minutes. The supernatants were incubated overnight
at 4°C with Streamline-protein A beads. The beads were then packed into drip columns,
washed with 5 column volumes of 2xPBS, followed by one bed volume of 10 mM Tris-
HCI pH 7.4 and bound dAbs were eluted in 0.1 M glycine-HCI, pH 2.0 and neutralised

25  with 1 M Tris-HCI, pH 8.0. The OD at 280 nm of the dAbs was measured and protein
concentrations were determined using extinction coefficients calculated from the amino

acid compositions of the dAbs.

EXAMPLE 3. Introduction of K61N D64R mutation into dAb sequences
30 The D61N and K64R double mutation were introduced into dAbs belonging to

the DOM23h-271, 437 and 439 lineages in an attempt to improve potency. dAbs
containing these mutations were isolated from the selections performed with the
DOM?23h-262 error-prone phage library and were found to be more potent than

DOM?23h-262 (SEQ ID NO: 3) as measured in the A549 IL-11 release assay. The
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The mutations were introduced into the dAbs belonging to the DOM23h-271 ,

DOM23h-437 and DOM23h-439 lineages by overlap extension using the polymerase
chain reaction (PCR) (Ho, et al., Gene 1989 77(1)); complementary oligonucleotide
primers are used to generate two DNA fragments having overlapping or complementary

10 ends. These fragments are combined in a subsequent assembly PCR in which the
overlapping ends anneal, allowing the 3 ' overlap of each strand to serve as a primer for
the 3' extension of the complementary strand and the resulting fusion product is amplified
further by PCR. Specific alterations in the nucleotide sequence can be introduced by
incorporating nucleotide changes into the overlapping oligonucleotide primers. The target

15  dAb gene fragments were amplified by two separate PCRs using Taq DNA polymerase
and oligonucleotide pairs DOMOO0S (flanks 5’ start of dAb gene) and CD131 (5°-
GAACCGGCCCCTCACGGAGTTTGCGTAGTA-3’ (SEQ ID NO: 53)) or DOMO009
(flanks 3 end of dAb gene) and CD130 (5°-
TACTACGCAAACTCCGTGAGGGGCCGGTTC-3’ (SEQ ID NO: 54)) (mutated

20  nucleotide residues underlined). The two PCR fragments were recombined in an
assembly PCR using Taq DNA polymerase without the addition of primers. The fusion
product was then amplified by the addition of flanking primers DOM008 and DOM009
to the PCR reaction. The PCR products were digested with Sa/ I and Not I restriction
endonucleases and ligated into pDOMI10 or 13 expression vectors digested with Sa/ I and

25  Not I restriction endonucleases and used to transform E. coli HB2151 cells. pPDOM13
expression vector has an identical nucleotide sequence to pPDOM10, except the FLAG
epitope nucleotide sequence is replaced by two stop codons (5°-TAA TAA-3’), resulting
in expression of soluble dAbs without a C-terminal FLAG tag. The D61N and K64R
nucleotide mutations were introduced into DOM23h-271-3 (SEQ ID NO: 14), DOM23h-

30 271-7 (SEQ ID NO: 15) and DOM23h-437-6 (SEQ ID NO: 19), creating DOM23h-271-
12 (SEQ ID NO: 16), DOM23h-271-13 (SEQ ID NO: 17) and DOM23h-437-9 (SEQ ID
NO: 21), respectively. DOM23h-437-4 (SEQ ID NO: 18) and DOM23h 439-6 (SEQ ID

NO: 22) were isolated from the error prone selection outputs already containing the
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mut at i on<olyTPERIS 349 to create DOVR3h-439-7 results in a reduction of
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Tabl e 4. dfRcrdREPAD A @Mia) 10 oM HEPERK Stdrta, TR If dotpenitifidMreptomycin
(PAA, Austria)) were added to a tissue culture 96 well plate (Nunc), followed by the dAb
and TGF-BI1 (final concentration 3 ng /ml) (R&D Systems, Abingdon, UK) and incubated
20  overnight at 37°C, 5% CO,. dAbs were dialysed into PBS prior to being assayed. The
concentration of IL-11 released into the supernatant is measured using a Human IL-11
Duoset™ (R&D systems, Abingdon, UK), in accordance with the manufacturer’s
instructions.
The results are summarised in Table 1.

25 SBE-bla HEK 293T Cell Sensor assay: Members of the Smad family of signal

transduction molecules are components of an intracellular pathway that transmits TGF-3
signals from the cell surface to nucleus. TGF-B1 binds directly to TGF-BRII and induces
the assembly of the TGF-BRI/II complex. Smad2 and Smad3 are then phosphorylated by
TGF-BRI, and subsequently form a heteromeric complex with the co-smad family

30  member Smad4. These complexes are translocated to the nucleus where they bind DNA
and regulate gene transcription.

Cell Sensor SBE-bla HEK 293T cells contain a beta-lactamase reporter gene

under control of the Smad binding element (SBE) which was stably integrated into HEK
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293T cells (Invitrogen, UK). The cells are responsive to TGF-BI and can be used to
detect agonists / antagonists of the Smad2/3 signaling pathway.

Soluble dAbs were tested for their ability to block TGF-B1 signaling via this
pathway following the manufacturer’s recommended protocol (Invitrogen, UK). dAbs

5  were dialysed into PBS prior to being assayed.

The results are summarised in Table 1.

Table 1.

A549 IL-11 release assay SBE-bla HEK 293T Cell Sensor assay

I1Cs0 = S.D (nM) n ICs0 = S.D (nM) n
DOM23h-262 8931.3 + 3822 2
DOM23h-262-6 | 165.6+24 2 164.6 1.1 2
DOM23h-262-10 | 16.5+3 2 13.8+3.1 2
DOM23h-271 10070.2 + 5685 2 3495.6 1
DOM23h-271-3 | 354.3 + 61 3 360.0 £423.6 3
DOM23h-271-7 | 994.6 £ 92 3 3789+ 575 2
DOM23h-271-12 | 5.3+1 6 7.7 1
DOM23h-271-13 | 21.5+8 3 7.7+£2.6 3
DOM23h-437 270.4+79 6
DOM23h-437-4 | 66.9 £28 3
DOM23h-437-6 | 649.4 £ 152 3
DOM23h-437-7 | 6.7 1 09+0.4 2
DOM23h-437-8 | 6.5 1
DOM23h-437-9 | 3.6+0.6 3 0.7+0 2
DOM23h-439 3137.3+£539 4 1106.6 1
DOM23h-439-6 | 448.4+9 2 362.9+179.4 3
DOM23h-439-7 | 24.8+ 17 2 4.47 1
DOM23h-439-8 | 9.4+6 2 45+0.5 3

Individual A549 IL-11 release assays were performed in duplicate and a single

10 dose-response curve and 1Cs value determined per assay (n = 1). The assay was
performed between one and six times and the mean 1Cs values (n = 1 to 6) £ standard
deviation (S.D) are summarised in Table 1. Individual SBE-bla HEK 293T cell sensor

assays were performed in duplicate and two dose-response curves and two 1Csp values
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determined per assay. The mean of the duplicate I1Cs values was calculated to produce a
single ICsg value per assay (n = 1). The assays were performed between one and three
times (n = 1 to 3) and the mean of the 1Cso values + standard deviation (S.D) was

calculated and summarised in Table 1.

A549 phospho-Smad MSD assay: This assay measures the ability of dAbs to
inhibit the TGF-B1 stimulated phosphorylation of Smad3 in A549 cells, a human alveolar
basal epithelial cell line. TGF-B1 binds directly to TGF-BRII and induces the assembly of
the TGF-BRI/II complex. TGF-PRI is phosphorylated, and, in turn, Smad2 and Smad3
become phosphorylated.

Levels of phosphorylated Smad2/3 can be measured in cell lysates using an anti-
Smad?2/3 capture antibody and a ruthenylated-anti-Smad3 detection antibody and
measured by electrochemiluminescence assay.

Soluble dAbs were tested for their ability to block TGF-B1 signaling via this
pathway Briefly, 2 x 10* A549 cells per well in growth medium (DMEM F12 with 10%
heat inactivated Foetal calf serum (Invitrogen, UK) supplemented with 25mM HEPES
(Invitrogen, UK) and 1% GlutaMAX™ (Invitrogen, UK)) were added to a black, clear
bottomed tissue culture 384 well plate (Greiner Bio-one, UK) and incubated overnight at
37°C, 5% CO,. dAbs were buffer exchanged into Tris-buffered saline pH 8.0 (TBS)
(Sigma, UK) prior to being assayed. dAbs were then diluted in growth medium, added to
the cells and incubated for 1 hour at 37°C, (5% CO2). This was followed by the addition
TGF-B1 (diluted in DMEM medium (Invitrogen, UK) supplemented with 25 mM HEPES
and 1% GlutaMAX™) and incubated for 30 minutes at 37°C. The concentration of TGE-
B1 used was equal to the ECgg value (concentration which results in 80% maximal
response) for TGF-B1 stimulation of A549 cell growth. The concentration of TGF-p1
typically used was 2.2 ng/ml. The cells were lysed in lysis buffer (Cell Signaling
Technology, MA, U.S.A) supplemented with phosphatase inhibitors (Sigma, Poole, UK)
and protease inhibitors (Roche) for twenty minutes at 4°C. The cell lysates were
transferred to 384 well high bind MSD plates (Meso Scale Discovery, MD, U.S.A) and
incubated for three hours at room temperature. The MSD plates had previously been
spotted with 60 pg/ml biotinylated Smad2/3 (BD Biosciences, Oxford, UK) and blocked
with TBS containing 5% Marvel dried milk powder and 0.1 % Tween 20 (Sigma, UK)
(MTTBS) overnight at 4°C and washed once with TBS containing 0.1 % Tween 20
(TTBS). The cell lysates were removed, the plate washed three times with TTBS,

followed by the addition of ruthenylated anti-phospho Smad3 antibody (Cell Signaling
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Technology MA, USA). The anti-phospho Smad3 antibody was labeled with MSD TAG-
NHS-Ester (Ruthenium (II) tris-bipyridine) (Meso Scale Discovery, MD, USA)),
according to the manufacturer’s instructions. The plate was incubated for eighteen hours
at room temperature. The plate was washed once with TTBS and Read buffer T (Meso
5  Scale Discovery, MD, USA), supplemented with surfactant (Meso Scale Discovery, MD,
USA), was added. The plates were read using a MSD Sector imager 6000 (Meso Scale
Discovery, MD, USA). It would be possible to perform this assay with other relevant cell
lines such as primary lung fibroblasts.
Results of the assay data obtained of DOM23h dAbs are summarized in Table 2.
10 RAW 264.7 phospho-Smad assay: This assay measures the ability of dAbs to
inhibit the TGF-B1 stimulated phosphorylation of Smad3 in RAW264.7 cells, a mouse
macrophage cell line. TGF-B1 binds directly to TGF-PRII and induces the assembly of
the TGF-BRI/IT complex. TGF-PRI is phosphorylated and in turn Smad2 and Smad3

become phosphorylated. Levels of phosphorylated Smad2/3 can be measured in cell
15  lysates using an anti-Smad2/3 capture antibody and a ruthenylated-anti-Smad3 detection
antibody and measured by electrochemiluminescence assay.

Soluble dAbs were tested for their ability to block TGF-B1 signaling via this
pathway Briefly, 3.45 x 10° RAW 264.7 cells per well in growth medium (high glucose
DMEM (Invitrogen, UK) supplemented with 10% heat inactivated foetal calf serum

20  (Invitrogen, UK) and 0.01% pluronic acid (Sigma, UK)) were added to a tissue culture 96
well plate (Corning Costar) and incubated for two days at 37°C, 5% CO,. dAbs were
buffer exchanged into TBS prior to being assayed. dAbs were subsequently diluted in
growth media, added to the cells and incubated for 1 hour at 37°C, (5% CO2), followed
by the addition TGF-B1 (diluted in DMEM (Invitrogen, UK) supplemented with 25mM

25  Hepes (Invitrogen, UK) and incubated for 30 minutes at 37°C. The concentration of
TGF-B1 used was equal to the ECgg value (concentration which results in 80% maximal
response) of TGF-B1 stimulation of RAW 264.7 cell growth. The concentration of TGF-
B1 typically used was 1.1 ng/ml. The cells were lysed in lysis buffer supplemented with
phosphatase and protease inhibitors for twenty minutes at 4°C. The cell lysates were

30  transferred to 384-well high bind MSD plates (Meso Scale Discovery, MD, USA) and
incubated for three hours at room temperature. The MSD plates had previously been
spotted with 60 pg/ml biotinylated Smad2/3 and blocked with MTTBS overnight at 4°C
and washed once with TTBS. The cell lysates were removed, the plate washed three

times with TTBS and ruthenylated-anti-phospho Smad3 antibody added to the plate and
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incubated for eighteen hours at room temperature. The anti-phospho Smad3 antibody was
labeled with MSD TAG-NHS-Ester (Ruthenium (II) tris-bipyridine) (Scale Discovery,
MD, USA)), according to the manufacturer’s instructions. The plate was washed twice
with TTBS and Read buffer T supplemented with surfactant, was added. The plates were
read using a MSD Sector imager 6000.

Results of the assay data obtained of DOM23h dAbs are summarized in Table 2.

A549 phospho-Smad assay RAW 264.7 phospho-
Smad assay
1C5 £ S.E I1Cso range (nM) | n | ICso range (nM) n
DOM23h-271-12 | 32.4+ 8.6 3.2-108.5 17 | 67 - 2884 19
DOM23h-437-9 | 6.1+1.9 1.6 -15.0 8 | Inactive 10
DOM23h-439-8 |30.04+£6.7 |7.2-49.2 7 | Inactive 10

Individual A549 phospho-Smad MSD assays were performed in either singlet,
duplicate or triplicate and one, two or three dose-response curves and 1Csq values,
respectively determined per assay (n =1, 2 or 3). DOM23h-271-12 (SEQ ID NO: 16)
was tested in seven assays, four times in duplicate and three times in triplicate (n = 17).
DOM23h-437-9 (SEQ ID NO: 21) was tested in three assays, once in duplicate and twice
in triplicate (n = 8). DOM23h-439-8 (SEQ ID NO: 23)was tested in three assays, twice in
triplicate and once in singlet (n = 7). The mean of the ICsg values + standard error (S.E)
was calculated and summarised in Table 2.

Individual RAW 264.7 phospho-Smad assays were performed in either singlet,
duplicate or triplicate and one, two or three dose-response curves and ICsg values
determined per assay (n= 1, 2 or 3). DOM23h-271-12 (SEQ ID NO: 16) was tested in
seven assays, once in singlet, six times in duplicate and twice in triplicate (n = 19). The
range of 1Csq values obtained is summarised in Table 2. DOM23h-437-9 (SEQ ID NO:
21) and DOM23h-439-8 (SEQ ID NO: 23) were both tested five times in duplicate (n =
10).

MC3T3-El luciferase assay: The MC3T3-E1 luciferase assay measures the
ability of dAbs to inhibit TGFB-induced expression of CAGA-luciferase in MC3T3-E1

cells. Three copies of a TGFB-responsive sequence motif, termed a CAGA box are
present in the human PAI-1 promoter and specifically bind Smad3 and 4 proteins.
Cloning multiple copies of the CAGA box into a luciferase reporter construct confers

TGFP responsiveness to cells transfected with the reporter system. This assay uses
52
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MC3T3-E1 cells (mouse osteoblasts) stably transfected with a [CAGA]z-luciferase
reporter construct (Dennler, et al. (1998) EMBO J. 17, 3091-3100).

Soluble dAbs were tested for their ability to block TGF-B1 signalling via the
Smad3/4 pathway. Briefly, 2.5 x 10* MC3T3-E1 cells per well in assay medium (RPMI

5  medium (Gibco, Invitrogen Ltd, Paisley, UK), 10 % heat inactivated foetal calf serum,
and 1 % penicillin/streptomycin) were added to a tissue culture 96 well plate (Nunc),
followed by the dAb and TGF-B1 (final concentration 1 ng/ml) and incubated for six
hours at 37°C, 5% CO,. dAbs were dialysed into PBS prior to being tested in the assay.
Brightglow luciferase reagent (Promega, UK) was added to the wells and incubated at
10 room temperature for two minutes to allow the cells to lyse, and the resulting

luminescence measured on a luminometer.

DOM23h-271-12 (SEQ ID NO: 16), DOM23h-437-9 (SEQ ID NO: 21) and
DOM?23h-439-8 (SEQ ID NO: 23)were tested in The MC3T3-E1 luciferase assay. The

results are shown in Table 3.

15  Table 3.

dAb MC3T3-E1 luciferase assay

1Cso range (nM) ICs50 = S.D n
DOM23h-271-12 1077 - 2442 1760 + 965 2
Batch CD200308
DOM23h-271-12 1.48 -16.10 8.84 £ 8.4 4
Batch CD210408
DOM23h-437-9 136 - 832 2
DOM23h-439-8 inactive 3

Individual MC3T3-E1 luciferase assays were performed in duplicate and an ICsg
value determined (n=1). The assay was performed between two and four times (n =2 to
4) and range of ICs¢ values are summarised in Table 3. The results obtained for
DOM23h-271-12 (SEQ ID NO: 16) varied according to the dAb batch number tested.
20  Therefore, the range of ICso values and the mean 1Csg value + standard deviation (S.D)

were calculated for each batch number and summarised in Table 3.

EXAMPLE 5. DSC (differential scanning calorimetry)

The thermal stability of the dAbs was determined using differential scanning

25  calorimeter (DSC). dAbs were tested at 1 mg/ml in PBS buffer. Proteins were dialysed
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expr essi TIPEYE wingrapd iy rell micrpedoryaetery RiD oo NéABTSég iyl 1 for

DOVR3h- 2 L%atﬁ#;r(]é{%%ﬁ 180 NGhod* A t?ﬁlgaﬂs%aﬂ@ééfrf)ﬁ’lrﬁm%r Bk theFERERNO.  4)

(Table 5 e introduction 0O N and K64R nutations 1 nto DOW3h- 271 3
(SEQ 10 mDﬂNCMKmﬁ¢pnﬁ@nsmeaheAﬂEn&Ghr@?ﬁmQQMﬁBE@mdEMhmhpmﬁyhepqsumwed in a

7 fol red ctionin e i.on ey i ntroduction of the
Sane. ihut el ovs Teapst Bk SRTEoR of P tosch bRt A PR B 17
reduced X GRRABLIBXPHAS $la8R w&yehawged%s&gf@h nomek&aﬁaoﬁv&uae THtpgduct i on of
the D61N and K64R nutations into dAbs from 437 15l i neage had a

simlar dfbeobtamsd cﬂl@m:thp eldreapobelfer Dayp8birarss fir@&@q @rrm@ rgye, Thove3h- 437- 4
express: a8y B sy S i etk ook 1y TRIER I  Sptever
the intr qﬁa@&mes @ nidign edNeanGe KﬁﬂR eﬁih'fa@iyl (BPS ah@wa tH@ﬁ%ndﬁlL‘Iﬁy (esylted in
al7 to 2 5 fold reduction in expression |evel (Table 5 The i ntroduction
of tH8 DG’ENG&H%PtKE’&F@ fitted to a non-2-state model with both 1 and 2 transifion events (or
peaks).
Apparent melting temperatures (app Tm) were obtained for both models with the
app Tms from the best fitting model summarised in Table 4. The melting temperatures
(Tm) of the dAbs ranged from 48.3°C to 62.9°C. The additional D61N and K64R
15  mutations present in DOM23h-271-12 (SEQ ID NO: 16) and DOM23h-271-13 (SEQ ID
NO: 17) decrease thermal stability of the protein relative to DOM23h-271-3 (SEQ ID
NO: 14) and DOM23h-271-7, respectively; a difference of 4°C for the DOM23h-271-3
(SEQ ID NO: 14) and DOM23h-271-12 (SEQ ID NO: 16) pair and 2°C for DOM23h-
271-7 (SEQ ID NO: 15) and DOM23h-271-13 (SEQ ID NO: 17) pair. The additional
20  D61N and K64R mutations present in DOM437-9 also decrease the thermal stability of
the protein compared to the same sequence minus these mutations (DOM23h-437-6
(SEQ ID NO: 19)) by at least 4°C. The addition of the D61IN and K64R mutations to
DOM23h-439 to create DOM23h-439-7 results in a reduction of thermal stability of
approximately 2°C. Similarly, the addition of the D61N mutation to DOM23h-439-6
25 (SEQ ID NO: 22), a dAb that contains the K64R mutation results in a decrease in thermal
stability of approximately 2°C. These data, which are set forth in Table 4, suggest that

the D61N K64R mutation has a negative effect upon the thermal stability of DOM23h

dAbs.
Table 4.
dAb DSC Apparent Tm °C
1 peak fit 2 peak fit
Tm Tml Tm2
DOM23h-271 60.4 (n=1)
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20 nmutations into DOV3h-439 (SEQ ID NO 10) and DOWR3h-439-8 (SEQ I D NO

23) WD 2011/ 012609PCT/ EP2010/ 060867 had a simlar effect, with the
expr essi omolzeualizeoof t hese dAbs bei ng reduced by 1.8 ana#C4/E®2010/060867
respectively (Table 5). Table 5. dAb Vector Expression |level (ng/1l) n
DOVR3h- 2THORRAMRO 132 4| BXBR3h634223 ppOMLO 63 DOVR3h-271-7 pDOMLO 71 1
DOV3h-271-12 (= DOMR3h-271-3 + DBIN + KB4R)

DOM23h-271-7 589-59.0 |61.8(n=2)

DOM23h-271-12 48.3 - 50.5 (n=2)

DOM23h-271-13 55.5 59.7 (n=1)

DOM?23h-437 59.3 61.2 n=1)

DOM?23h-437-4 61.7 (n=1) 60.5 62.9 (n=1)

DOM?23h-437-6 61.7 (n=1) 58.3 60.2 (n=1)

DOM23h-437-8 57.9 59.5 (n=1)

DOM?23h-437-9 51.7-54.0 |54.4-557 (n=2)

DOM23h-439 58.4 (n=1)

DOM?23h-439-6 58.0 (n=1)

DOM?23h-439-7 55.5 56.8 (n=1)

DOM?23h-439-8 52.2 56.3 (n=1)

10

15

20

EXAMPLE 6: dAb Expression:

dAbs belonging to the DOM23h-271, 437, and 439 lineages were expressed as
described before. DOM23h-271 (SEQ ID NO: 4) expressed well, with an expression
level of 72 mg/l (Table 5). DOM23h-271-3 (SEQ ID NO: 14) and DOM23h-271-7 (SEQ

ID NO: 15), which were isolated from the error prone mutation selection outputs, also

expressed well, with expression levels comparable to the parental DOM23h-271 dAb (63
mg/l for DOM23h-271-3 (SEQ ID NO: 14) and 71 mg/l for DOM23h-271 (SEQ ID NO:
4) (Table 5)). The introduction of D61N and K64R mutations into DOM23h-271-3 (SEQ
ID NO: 14), to create DOM23h-271-12 (SEQ ID NO: 16), resulted in a 7 fold reduction

in expression level (Table 5). The introduction of the same mutations into DOM23h-271-

7, creating DOM23h-271-13 (SEQ ID NO: 17), reduced the dAb expression level by 2.5

fold (Table 5).

The introduction of the D61N and K64R mutations into dAbs from DOM23h-437
lineage had a similar effect as described above. DOM23h-437 (SEQ ID NO: 8),
DOM23h-437-4 (SEQ ID NO: 18) and DOM23h-437-6 (SEQ ID NO: 19) all expressed

well, with expression levels of 89, 66 and 98 mg/1, respectively (Table 5). However, the

introduction of the D61N and K64R mutations into these dAbs resulted ina 1.7 to 2.5
fold reduction in expression level (Table 5). The introduction of the D61IN and K64R
mutations into DOM23h-439 (SEQ ID NO: 10) and DOM23h-439-8 (SEQ ID NO: 23)
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pDOML3 9 2 DOWR3h-271-13 (= DOWR3h-271-7 + D61IN + K64R) pDOML3 28 2
DOV3h- 437 pDOMLO 89 2 DOWR3h-437-4 pDOMLO 66 2 DOWR3h-437-6 pDOMLO 98 2
DOVR3h- 43Wo 20120102 3h- 437 + D61N + K64R) PCT/EP2010/060867

had a similar effect, with the expression levels of these dAbs being reduced by 1.8 and

4.6 fold, respectively (Table 5).

Table 5.

dAb Vector Expression level (mg/l) | n
DOM23h-271 pDOMI10 |72 4
DOM?23h-271-3 pDOMI10 | 63 2
DOM23h-271-7 pDOM10 |71 1
DOM23h-271-12 pDOM13 |9 2
(=DOM23h-271-3 + D6IN + K64R)

DOM23h-271-13 pDOM13 | 28 2
(=DOM23h-271-7 + D6IN + K64R)

DOM?23h-437 pDOMI10 | 89 2
DOM?23h-437-4 pDOMI10 | 66 2
DOM?23h-437-6 pDOMI10 |98 2
DOM?23h-437-7 pDOMI10 |35 1
(= DOM23h-437 + D61N + K64R)

DOM?23h-437-8 pDOMI10 |32 1
(= DOM23h-437-4 + D6IN + K64R)

DOM?23h-437-9 pDOMI10 | 57 2
(= DOM23h-437-6 + D6IN + K64R)

DOM?23h-439 pDOMI10 |97 2
DOM?23h-439-6 pDOMI10 | 123 2
DOM?23h-439-7 pDOMI10 | 54 1
(= DOM23h-439 + D61IN + K64R)

DOM?23h-439-8 pDOMI10 |27 1
(= DOM23h-439-6 + D6IN + K64R)

dAbs in pPDOM10 or pDOM13 expression vectors, transformed into HB2151 cells, were
5  expressed in overnight express autoinduction medium at 30°C for 48 to 72 hours.
Streamline protein A beads were added to the culture supernatant to bind the soluble VH
dAbs. The beads were washed with 2 x PBS and the bound dAb eluted with 0.1M glycine
pH 2.0 and neutralized with 1M Tris pH 8.0. The OD at 280 nm of the dAbs was
measured and protein concentrations were determined using extinction coefficients

10 calculated from the amino acid compositions of the dAbs.
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pDOMLO 35 1 DOW3h-437-8 (= DOW3h-437-4 + D61IN + K64R) pDOMLO 32 1
DOWR3h-437-9 (= DOWR3h-437-6 + D61IN + K64R) pDOMLO 57 2 DOVR3h-439 pDOMLO
97 2 DOVABD-248@1860pDOMLO 123 2 DOWR3h-439-7 PCT/EP2010/060867

EXAMPLE 7: Competition BIAcore:

Experiments were performed to investigate whether or not dAbs from the
DOM23h-271, 437 and 439 lineages compete with each other for the same or different
binding sites on hTGFB-RII using surface plasmon resonance (SPR). The SPR

5  experiments were performed on a BIAcore™ 3000 instrument (BIAcore, GE healthcare,
Sweden). hTGFb-RII/Fc antigen at 50 ug/ml in 10 mM sodium acetate buffer, pH 4
(BIAcore, GE Healthcare, Sweden) was coupled to a CMS5 sensor chip (BlAcore, GE
Healthcare, Sweden), according to the manufacturer’s instructions. Approximately 5500
RUs of antigen were coupled. A blank flow cell was used as a reference. Purified dAbs

10 were diluted in HBS-EP buffer (BlAcore, GE Healthcare, Sweden) and flowed over the
antigen-coated and blank flow cells at a rate of 30 ul/minute using the co-inject
command. The coinject command allows the injection of a second sample immediately
after the first one. The first injection consisted of a single dAb and the second injection
consisted of a mixture of the first dAb and a second dAb. All dAbs were used at

15  concentrations high enough to bind the antigen surface with maximal capacity. If the
maximal binding capacity of the antigen surface by the first dAb can be exceeded by
injecting the mixture of the two dAbs, the second dAb is likely to compete for a different
binding site or epitope on the antigen. If no further binding is observed following the
second injection, then the two dAbs are likely to compete for the same antigen binding

20  site. Results are easier to interprete if the most potent or highest affinity dAb is injected
first. The surface of the CMS5 sensor chip was regenerated after a coinject cycle using 10
mM glycine pH 2.25 (two 10 pl injections), followed by a 5-minute wait period.

Competition BIAcore experiments were performed by co-injecting DOM23h-

437-6 (SEQ ID NO: 19), DOM23h-271-3 (SEQ ID NO: 14) and DOM23h-439-6 (SEQ
25  ID NO: 22) individually and in combination with each other. These clones were isolated
following selections with the error prone maturation libraries. They do not contain the
D61N K64R double mutation, although DOM23h-439-6 (SEQ ID NO: 22) does contain
the K64R single mutation. DOM23h-437-6 (SEQ ID NO: 19) is the most potent of the
three dAbs and as such was injected first, at 100 nM, followed by a mixture of DOM23h-
30  437-6 (SEQ ID NO: 19) (100 nM) and DOM23h-271-3 (SEQ ID NO: 14) (500 nM)
(Figure 8A) or DOM23h-437-6 (SEQ ID NO: 19) (100 nM) and DOM23h-439-6 (SEQ
ID NO: 22) (500 nM) (Figure 8B). More RUs of dAb bound during the second injection,
suggesting DOM23h-437-6 (SEQ ID NO: 19) competes for a different antigen binding
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(= DOWMR3h-439 + D61IN + K64R) pDOMLO 54 1 DOWR3h-439-8 (= DOWR3h-439-6 +
D61N + K64R) pDOMLO 27 1 dAbs in pDOMLO or pDOML3 expression vectors,

t ransf or &0 2024482151 cell's, were 5expressed i n over niPgMEPRXPOEESE7

aut oi nduction nediumat 30C for 48 to 72 hours. Streanmine protein A beads
wer e addsite tompired cuDOME3hs2ied (BEQ@MD N©: bi)add DoV 33i-upd-6 (YEQAADSO: The
beads were washed with 2 x PBS and the bound dAb eluted with 0.1M gl yci ne
pH 2.0 arfd)neutralized with 1M Tris pH 8.0. The OD at 280 nm of the dAbs

was measur ed %Cﬂéél&i BRB@AE&?%%%I‘[I@&I{‘[@%TG FOrH&! 67 %-ﬂﬁ&tﬁ&%iwl\/l@ﬁj nction

coefficients 10 cul at ed the am no acid conpositions of the dAbs.
EXAMPLE 737¢0i$hi€X IR Néh 28) ivomwneination withEROMI3med (1251 0MSES) HeNurlged t o

conpete i oMAaEeR TdeRsFan Ynds LD MBI LR Im Athg 2L s ganes9°
hTGFI 3- Rlal| dgilaitbthe W IACR6PR aRARMDT BEMEIC LA SPRE Tﬂ)@q@ﬂ@%@&@ﬁé&m nts
were performed on a Bl AcoreTM 3000 i nstrunment (Bl Acore, heal t hcar e,

Sweden) . drFcbbirRm theerremrpgehbraty Stectign abtpiis, whilsHR@Ma BB 20dBE huf f er
pH 4 (Bl AgQre e p .sensor chip
(b1 Acor e, oe R ERr BT B LR O g DN e Pt SRR Ay JRF s

i nstruct icensed APRroiomEt Bk DA DOR6AUSRLtioartyl e nlindeled nafaiRheds info bl ank fl ow
cell was used as a reference. Purifi were diluted i n HBS-EP

fied dAbs 10
but f b ( BIOMEAEA3c (SEQ HhusF dO). SMaAl22hd (BEGWINGY &) a1ed@NE3don- coat ed

and bl ank;§! t - I R he 0+l ni.ect command.
The coi njl&é’%téo@lcmﬁmgIzﬁgﬁés%%ﬁé&iyh?g%ﬂfd?%wﬁfbgsgglclon bég%);]?(taﬁeﬁhn’r%gdi ately
af ter t heofdnt sf thoieur A8 ahd bs kuchnysdhjeotad cionsdmsitteeh @dfcombsnatigh evithAimeand t he

d injecti isted of a m xt f the first dAb and d dAb.
AL dabs Uden BdBeatAPscOh8ahe PATS tSHS B B BHNBITIST B O Bl gen

surface \@uhh%meealdi ﬁ@ﬁ&i,kﬁ%gAéS{ing mfﬁ@mm@ko&féagk&&h&éa%&&&tageﬁf the

antigen surface by the first can be exceede y injecting the mxture
of tHé t ndidpsic, wheregethertidred Abedgss o kel gonipsteclonpetsemt antigenchifdieg et

bi ndi ng sjte i e gn the. antigen. If. further binding is. observed
Pol Lonng! tRSRAERIHE AR piicRh b st indfeskh nifordopenyhes” aBipet o f or
t he sanme @ptik 98AmBHOd iRTFidReSd gl 1dResul ts are easier to interprete if the
nost potent or highest affinity dAb is injected first. The surface of the

CVMb sensor chip was regenerated after a coinject cycle using 10 nM gl yci ne
pPH 2.25 (two 10\ Ral"bECR! RiEkion! B LONESyP¥e Jadilh BFEE AN alRPk b
20  mutations to the DOM23h-271, DOM23h-437 and DOM23h-439 lineages improves the
potency with which the dAbs neutralise h\TGFB-RII-mediated signalling, as measured in
the A549 IL-11 release assay and the SBE-bla Hek293T cell sensor assay (Table 1). In
addition, DOM23h-271-12 (SEQ ID NO: 16) which contains the D61N and K64R
mutations, cross-reacts with mTGFRRII, since it displays the ability to neutralise
25  mTGFp-RII-mediated signalling in the MC3T3-E1 luciferase assay and RAW 264.7
phospho-Smad assay. DOM23h-437-9 (SEQ ID NO: 21) was able to inhibit mTGFB-RII
mediated signalling in the MC3T3-E1 luciferase assay, but not in the RAW 264.7
phospho-Smad assay. However, the presence of the D61N K64R mutation results in a
decrease in thermal stability, as determined by DSC (Table 4). A reduction in expression

30  level was also observed (Table 5).
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Conpetition Bl Acore experinments were perfornmed by co-injecti ng DOV3h437-6
(SEQ ID NO 19), DOWR3h-271-3 (SEQ ID NO 14) and DOW3h-439-6 (SEQ 25 ID
NO 22) iwdizilduadoby and in conbi nation with each ot her PCTHP@®OObEAES Wer e
isolated followi ng selections with the error prone maturation libraries.
They do EXAMRLESR MbaseDnddel 66 HRodni¢ii- mdiiué(abhhli\omﬁivtfhﬁrugh DOW3h- 439- 6
(SEQ I D NO 2&2 does caontain the K64R si ngl tation. DOVR3h-437- (SEQ | D
NO 19) is t h&lpgaycipgildyll-ngpcqdiallpmpmationy 81S 4PTeAhAMBPeTIRICE

first, aag@fdmloﬁah G R A Tﬁ@m%fho@%l%kn &chﬁab@f&§5@14n§> No 19)
(100 nl\/9 an nM ure or

DOMR3h- 437 ab A/SERQesply. KIpit. (T@)e M&OGO@;Molahﬂl lDCMZSHQ&ﬁQnge(tEE@ D Ndrxp22) (500

nM (Eig R Ab bo ri cond. injecti
suggest i ﬁ;ﬁﬁb%%%wwﬁgg%g%&qd eI\I@O’i ) r{ggetg (310@ Vé’lg#f ef@ﬁfﬁgmi gen
bi nding site gamman@fel OxiMNEIRck! bNA (RRE3d SAdNPoptbdil oR AR A2 3N- 439- 6 (SEQ
I D NO 22). Conpetition BlAcore experinments were perforned by co-injecting
DOVR3h- W@h@s&@m@pmhaizqc)lls; Ivadiogite pemakmavndiprpoleamang? cYOk{nSEQ | D NO:
13), 5 DOWR3h-27 439-..8 SEQ I D NO 23).
Tokse o oraghiaf imabfmieh SRt R s IR BB 5. To (SEQ I D NO
13) was i sol atmﬁe@lemeatv&lm mé@ﬂy&ﬂn@reefo@wmﬁma@aulylm}awbmha@ﬂglmmmput S,
whi | st DCNQ3h 437-9 (SEQ , DOMR3h-271-12 (SEQ ID NO ) and

Dove3A- 429 @%@é@crwweqtlw@n@m%ﬂrélﬁnwatm%ﬂécf Pshgist drécrmanedN K64R
mutation by site-directed nutagenesis into 10 DOW3h-437-6 (SEQ ID NO 19),
DOVR3h-271-3 (SEQ ID NO 14) and DOWR3h- 439-6 (SEQ ID NGO 22),
respectively. \Dﬁ]l@&lrmﬁa&rtﬁm(lﬁEﬁbdn@aN@um@ shios/ntdnd demsibep otitantfeafnctde f our
dAbs and a suc s injected first, and then conbi nati on with one of
the ot her*lt %\Q@gmm WilpSsungs TS ttéaseékﬂ%gonmaa AFIOHEr RUs of dAb
bound dur h&ggek e rRGRARdetaflk %&'b@@nae@%ﬁ&@iﬁ%ﬂ%@% HMY ORI &%Fp‘éfﬁef or the
sanme antigen 15 binding site, "whereas the three |'i neages do not conpete for
t he dane iaveniige andvinmessed byitheapfenddrecl®8bN K64R doubl e nutation i s not
present in the dAb nucl eoti de sequences. The data is summarised in Figures
9 and 10. Summary of NR nutation: In summary, the addition of the D61N and
K64R 20 mutations to the DOWR3h-271, DOW3h-437 and DOWMR3h-439 |ineages
i nproves the potency with which the dAbs neutralise hTGFl 3-RI | - nedi at ed
signalling, as neasured in the A549 IL-11 rel ease assay and the SBE-bl a
Hek293T cell sensor assay (Table 1). In addition, DOW3h-271-12 (SEQ I D NO
16) which contains the D61IN and K64R nutations, cross-reacts with nirG-PRI |
since it displays the ability to neutralise 25 mIGFl 3-RI | - medi at ed
signalling in the MC3T3-El | uciferase assay and RAW 264. 7 phospho- Snad
assay. DOWR3h-437-9 (SEQ ID NO 21) was able to inhibit nTGFl 3-RI | nedi at ed
signalling in the MC3T3-El | uciferase assay, but not in the RAW 264.7
phospho- Smad assay. However, the presence of the D61N K64R nutation results
in a decrease in thermal stability, as determ ned by DSC (Table 4). A
reduction in expression 30l evel was al so observed (Table 5). EXAMPLE 8 -
Mouse nodel of bl eomycin-induced pul nonary fibrosis

Bl eonyci n(BLM -i nduced inflanmmati on and fibrosis represent an experi nental
nodel for idiopathic pulnonary fibrosis. The nmethod has been descri bed
before (Anon, et al., AmJ Respir. Crit. Care Med. 2005 vol. 171, p
1279-1285. Piguet et al., Int. J. Exp. 5Path. 1997, vol. 78,p. 43-48.
Gasse, et al., J. din. Invest., (2007) vol 117, p 3786-3799). BLM
i nduces oxidative stress, DNA damage and apoptosis of alveol ar macrophages
and epithelial cells, leading to chenokine and proinflanmtory cytokine
secretion, inflammtory cell recruitnent, renodelling and lung fibrosis.
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Mce treated wth bleomycin are dosed intra-nasally w th dAbs binding
TGFP-RI'l 10and their effect on preventing pul nonary inflammtion and
fibrosi s we 2datmeswned. While this invention has kpegmrEprpaoswat arly
shown and described with references to enbodinents thereof, it wll be
understood by those skilled in the art that various changes in form and
det ai |l s @yAbMdSnmade therein w thout departing fromthe scope of the

15i nventi on enconpassed by the appended clains. WO

2011/ 012609PCT/ EP2010/ 060867 CLAI M5 What is clained is: 51. An

ant i - TGFhghaRsladifidyeg! obulin single variable domain. 2. An
anti-TGFbet aRI | i munogl obulin single variable donmain as clained in claim1l
that binds to TG-betaRIl with a dissociation constant (Kd) in the range of

| OpM M 103, An. isol at . yRept i i Si ti- TGFbet aR! |
| mun! docriest gL i S GRS P %G SIBE: 21 08 Dol Jpept de as-

claimed in claim 3 conprising an am no aci d sequence that 15is at |east 70%
identical to at |east one ami no acid sequence selected fromthe group of:

SEQ | D N&sAngantigl @Bbetaié pramynaglplulinsongle seriahds Jgrapniag elapnethia danmGrbet aRl | .
AN . o . :
el oot ed RS TYRERLRIA BTGl op fR g ISR MR (R DRRE T g e

pol ypept isdeMencoded by a nucl eoti de sequence that is at |east 60% i dentica
to at |east one nucleic acid sequence selected fromthe group of: SEQ ID
NOS: 194 to 46, wherein said isolated pol ypeptide binds to TGFbetaRIl. 25 7.

An anti - BORRELARLY pblﬁﬁgﬁlﬁg'c%g@lhgﬁlg%hQﬁii@fd/fazfeita@@i QAR AS sﬁl(ﬁ?é med in

claim1l1 conprising a m no equence that 1s at I'east 90 dentical to
at | east vaniebladbmeinaci d sequence of the group of SEQ ID NGs: 1 to 23. 8.
An anti-TGFbetaRI | i mmunogl obulin single variable domain as clained in
claim1 30conprising an am no acid sequence that is identical to at |east

one am nQ_ag 1901%@5_@1%@19&@:313%&%%& QR cHh PP Ofin artlE@ akfd é@ﬁlﬁéncét%a@_ 23. 9.

An anti-TGFbet aRI | " i mrunog ulin single variable domain as clained in

cl ai M1 condedst 70y identiceldotat bpagt carianinaaiid sspquesrckctd|fom e growmett he group
o 11 6d 50 1o NGBy &% eSS R P e G G T el " oor.
sequence that is at |east 50%identical to a

5. An isolated polypeptide comprising at least one amino acid sequence selected from the

group of: SEQ ID NOs: 1 to 23.

20

6. An isolated polypeptide encoded by a nucleotide sequence that is at least 60% identical

to at least one nucleic acid sequence selected from the group of: SEQ ID NOS: 24 to 46,

wherein said isolated polypeptide binds to TGFbetaRII.

25 7. An anti-TGFbetaRII immunoglobulin single variable domain as claimed in claim 1
comprising an amino acid sequence that is at least 90% identical to at least one amino

acid sequence of the group of SEQ ID NOs: 1 to 23.
8. An anti-TGFbetaRIl immunoglobulin single variable domain as claimed in claim 1

30  comprising an amino acid sequence that is identical to at least one amino acid sequence

selected from the group of: SEQ ID NOs: 1 to 23.
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5 CDR1 sequence selected fromthe group of: SEQID NGs: 1 to 23. 10. An
anti-TGFbet aRI | i nmunogl obulin single variable donmain as clained in claim1l
conpri si yoanillea®d one ami no aci d sequence sel ected fr eoTtEreoignensp7 of : SEQ
ID NGCs: 1 to 23, wherein said at | east one am no acid sequence is nodified
at no nor9e Anhan-RSFdeRIl ramaadglopdsi dingla sargdbde danginias ekirmediRRPaiselquence

that is at |east 50% identical . to a CDR2 sequence sel ect ed fromthe group
of : SEQ ISPMRESING ft fegstpae agino geid shgu PneP@Pk?éteg%i (?Wr&‘j foBERITY ¥Psg! e

vari abl e tQQFﬂ%ﬁerﬁ s&dai @gt 4 a5lidd %1& @Héé 1§ 'nﬂﬂhﬁ’éd elt%@%ﬁor@'ﬂ%n% no acid
sequence selected fromthe group of 5to 23, wherein said at
| east onename aod positosendenoprises mﬁBRﬂwe@w&be tirat malthaasﬂﬁ)f% Rﬁnacml topa aci d

posi tion conpri ses east 50% i dentical to a
CoRe SoqudneLsSarb SAdE e Brotn: SF2 BEOFol it T 1o 23 12 An

ant| - TGFbet aRI | i munogl obul in single variable domain as claimed in claim1l

20 conprising at |est one am no acid sequence selected fromthe group of:

SEQ | D Nd¥: An ang- K@Fbem’él simuseglebuin singhsvarable damaio andpidnasldn glwod | s

nodi fied at no. n_25 am. aci d tions..and conp

sequence TR oL Rt R g SBid SRSleY R R M SEOIRROT ¢ om

t he groupo 08, wiE&nlsbldNO&sastlore@nddo aﬁﬂ@ecfdéﬁ&dh@ﬁndﬂ@ﬁ@lfdt%@&ncﬁre @ln2s5sequence

that is at |east 50%identical to a CDR? sequence selected fromthe 25

gr oupOof :ansEeaqidprgonsand gopprisgsz: Clﬂﬁzéﬁﬂueﬂmbtsé‘masﬁMW@Q‘F%@ #n single
vari abl e g; af,4 east one anmino acid
sequence se ecgfhbg&f régﬁ:‘;‘c Cehdé‘%hﬂ%&@%‘?ﬁ &SE%@)@% 1{% tio 23, wherein said at

| east one ami no acid sequence is nodified at no nore than 25 30anm no acid
positions and caonprises a CDRL eq nce that s, at Ieast 50%| entl cal to a
CDRL sequéntd 2881 hetiF Brmnipes @b@wn@fle vaseblq dompges as qlaimpdis. C? d further

CONpI | Segofh %Qﬁ% aP AU e %nﬁﬁ'@émdl &S%Enéees%%teé(h{ﬁﬁ ﬁl%%trbl&%f SEQ’JIDQ@B@ pequence

sel ected fr e group of An ant’i - TGFbet aR! |
i muniégl obaBiwhatinghe av&lastadﬂeemdmmmdl sepiendcais medlifig a nainmorg tlwrﬁérl sing at

| east one_am no.aci.d seguence se fromt o 1 to
250 wher s PRvip Bk SGRErS PRt §Bh e 8o Knis R o ot
than 25 RO s@fubhbdi@Rictcd i aRtre@H: SSESITANOPIRRsExiuence that is at Ieast
S0%identical to a 5 CDR2 sequence selected fromthe group of: SEQ I D NGs:

1 to 23, and further conprises a CDR3 sequence that is at |east 50%

| denti cal 1 &ngn A %%?ﬁaq%&uﬁ%%ﬁﬁgsb@%ﬁg xrf?lrga%?e Ik ad clgllme%gn CB,lm to

23. 15. I nsingle vartl a omai n as

cl ai med iconphigingallcdCoreaiming 5¢1ﬂge@tenbee@$dct@lrteorﬁmhengzoﬁqsbﬁ STENUENCR: sel ect ed
fromthe group of: SEQ ID NGs: 1 to 23, wherein said at |east one am no
acid seqd‘éﬁéewlilegelﬁﬁaidf%t lgstaneigning red seanesis aiadiedgting s thangds and

conpri Se%nﬁn%& f E%} bHrli Yo dep ot Refi&PRL, Sequence

chosen fromthe 8§§U|Bol[(f\sond?1 C IF% ‘%@?& gg %rthéggt%gréiﬁigorlrprl ses a CDR2

sequence Gt sécmemte de&a&ﬂ feshcdeoip @talSEQdDaNCERIZtcsZe}] ued ethehaseprikesom t he
0

Il ggm) IU(F: ag@aﬁg sequencet at is a‘E I%ast%oé%nl entical to a 88&3%@&1?%%? géleétesd fa omI past 50%

25  group of: SEQ ID NOs: 1 to 23.

13. An anti-TGFbetaRIl immunoglobulin single variable domain as claimed in claim 1
comprising at least one amino acid sequence selected from the group of: SEQ ID NOs: 1
to 23, wherein said at least one amino acid sequence is modified at no more than 25

30  amino acid positions and comprises a CDR1 sequence that is at least 50% identical to a
CDR1 sequence selected from the group of: SEQ ID NOs: 1 to 23, and further comprises
a CDR3 sequence that is at least 50% identical to a CDR3 sequence selected from the
group of: SEQ ID NOs: 1 to 23.
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CDR3 sequence selected fromthe group of: SEQ ID NGs: 1 to 23. 16. An
anti-TGFbet aRI | i nmunogl obulin single variable domain as clained in claim
1, conpriwongi18OR3 sequence that is at | east 50% i dentPCTAP2410/0608€DR3
sequence selected 20 fromthe group of: SEQID NGs: 1 to 23. 17. An

ant i - TGFhdt ARlahtii TGRbRM D buhunogomdinasingde vatibé: dhowdn Bs elsingddan rRdmiin cl ai m
1, conprising a sequence selected f omthe oup of ; QSIDNCB lto
23. 2518 COmMRTIgRLaL @ft?é“? amyino wﬁfﬁ%sm%ﬁ[epw é{% ayan ofpPE Psr hs

clai med 125! oheRihea ROMRELNIRnfho bGATBAG FRGELEEWEh Lt Aise or oup of
CDR1, CDR2, d CDR3, wherein CDR1, CDR3 is 1dentical to a
CDR1, CDRﬁun@ac1d:DRﬁt1emmdmompﬂe¢seﬁc€Eﬁ2fqu1mnt¢1élagrscalub:asﬁﬁO%SE@lmcialN(E 1to

23. 3Q19. anti - TG-be no ng donmai n as

o ai mad (GPBASSpeh et s pere StesD 8PSl it padfirte” S8 e e i n
any of C'a@]ﬁﬁ?)%ech@n&: HeMRhI RhAG09] idbRaal t2NEDRB sbhgent L@ NGo@Thd10 aci ds
selected fromthe group: N at position 61, Rat position 64, H at position

102, R atgrpupstfi SBR IBINOD hto Foesition 53 or S at position 103 of the
[ m*runogl obulin single variable domain. 20. A ligand that has binding
specificity for TGbetaRI| and inhibits the binding of an anti-TGrbetaR!|

i munogl aBuAhRAnGI TG tRtaral hﬂﬂﬁh@ogl@csmmmng@@ﬁmdbsd QignA adbidgedag icthimaquence
selected fromthe %roup of : SEQ I D NGs: to 23. 521. An_anti-TGrbetaRIl|

i murBg| EBOIPFIAING j2hiFRE opa AMAN] 201d ERRRPREC ssk?r:vsém the 25pun @fgaﬁ@ IBSNEsal med in
any of C'tébﬁ%ﬂer&ﬂ %‘&m‘f@&&r Jeinfi 9c1&gédb %:Q O%Eijiédelt @%%5' n single

vari abl e donai n, ypeptl e or gan uman 22. An
ant i - TGFhetiao Riid pbimw{mld@bﬂiprlﬂes% @DRé sequcnabthat danbast, Som)idﬁpﬁqmﬂ tdle or
| i gand 10%1 f|al med |n claim?21, wherejin said anti-TGbet

i munog| SCORIPRGA ROyt frarBItee SroHRPh SE&l%@&tﬂa%%rfqrﬁ?ﬁaﬁai CONYBISEY nds t o
mouse TGHhehRRLLquend3thatts hHBLEB0P] RERII &og@m@seau&ee trawhneghoRy! in single

vari abl e domai n, %Bteptl de or Plgan as claimed 1n any of clains 1 to 23.
15 245 ArgmtrpnfnS@leMNOs ki adveaC DABIsequtonaihat ispoleppeydts dentidal amd or

anti - TORSAY BRI BB ey € SER WNERbRA, pol ypept i de or
| i gand neutralises TGFbet a activity. 20 25. An inmunogl obulin single

vari abl e domain, élﬁil ypeptide, ligand or fusion protein as clainmed in any of
clains 1 1160A24mt1 lfbeTa@ibénmnglwmﬂlrsmﬁl@mmbb inpegh as Gamiedoh elagw i n

pol ypept| de ofr . i.nhi bits bindin GEbe bet aR| I
omp 181|n 3 Seduenice tﬁat 18 apl &5@@‘8&‘%&{% @Dﬁ% Uencs sel lec%ed

i sol ated © an“an |nnunog S|ngle

25va12'0ablfﬁ)ndﬂﬁ9gr0up &OISEQGI}MN@@ 1tozgand or fusion protein as clained in any
of clainme 1 to 25. 27. An isolated nucleic acid nolecule as clainmed in
claim 26 wherein the nucleic acid

17. An anti-TGFbetaRII immunoglobulin single variable domain as claimed in claim 1,

comprising a CDR3 sequence selected from the group of: SEQ ID NOs: 1 to 23.

25  18. An anti-TGFbetaRIIl immunoglobulin single variable domain as claimed in claim 1,
comprising at least one CDR selected from the group of: CDR1, CDR2, and CDR3,
wherein the CDR1, CDR2, or CDR3 is identical to a CDR1, CDR2, or CDR3 sequence
selected from the group of: SEQ ID NOs: 1 to 23.

30  19. An anti-TGFbetaRIl immunoglobulin single variable domain as claimed in any of
claims 1 to 2 or 7 to 18, or a polypeptide as claimed in any of claims 3 to 6 comprising at
least one of the following amino acids selected from the group: N at position 61, R at
position 64, H at position 102, R at position 39, D at position 53 or S at position 103 of

the immunoglobulin single variable domain.
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conprises at |east one nucleotide sequence that is at |east 70% i denti cal
to at | east one 30 nucl eotide sequence selected fromthe group of: SEQ ID
NCS: 24 two461vmEpowherein said at | east one nucl ei ¢ acipdTaEPe@UA60887

pol ypeptide conprising an i nmunogl obulin single variable domain that

speci fi calol y Ipandshat basTKehdieg afRicificity fo2BGFBetaR Hahdigdbimibt eindlirgcifdinnol ecul e
as clainmed . in claim?26 or claim27, conprising at | east one nucleic acid
mol ecul e 28H1 KRRl ypmppeeleh it ingle vasEolq ¢9mgR. comprispiegh amino acigg A

vect or CQERIdnSE fe@edHGhehE l%ﬁé’gf:@(%ﬁymS% tGhainmed in any of clainms 26 to
28. 5 30. A host cell conp%is ng a nucleic acid or a vector as clainmed in
any of clains 26 to 29. 31. A nethod of producing a pol ypeptide conprising
an anti - etaRl ] . i | obul i ingle variable domain or..a pol ypeptide
or 11 Sand adneiti I Dy Tarod G Hhsta o Batoteae Tbiwot efiere: b

”Hintainbﬁgmﬁn&Pﬁhm&kamﬁﬁs@h@h@ﬁﬂx&&n%&ébﬁﬁﬁﬂ&ﬂﬁﬂﬁﬂ]ﬁﬁﬁﬁ%&%QMﬁﬁﬁPitab'e
for expression of said nucleic acid or vector, mherebé@a pol ypepti de

conpri si mggdnvariaertsgiasb woiypeplidrdrdigand buldh & kiona ROFpdkRMepti de or i gand
i s produced. 1532. An anti-TGrbetaRI | i mmunogl obulin single variable
domai n, pol ypeptide or ligand as clainmed in any of clains 1 to 25 for use

as a nmedicapgnhti-TGbet R Hhaniime globiiléabingle VRASH1E UOMa@OPHIp&Htidg ofligand
anti-TGFbet aRI' | i mrunogl obulin single variable donain,.polyPeptjde or

| i gadll ads€lagnedm qla vderen saigant- T b RIbimmugpglokylip stiglen@rigblcaR |

i rmunogl| [ i vari ' RSP or ligand or
pharnaceggﬁ%gpp?%ﬁ%%?kfﬁgﬁ%ggagggﬁﬁéEHPQQ%Ialnéﬁ I'or 33 that is for
treatment of a di sease associated with TGFbeta signaling. 2535. An
anti - TGFhet aRl I, i mmunogl obul.in single variabl e domain, polypeptide or

i gand orﬁpg PHER BIITIE APMPHHPS &N {1 EHNeglopyls sigle variablademalh, PahrePEin t he

di sease a3$9ghPiLGaiWecli I @gﬁﬁngnngg!ing is selected fromthe group of:
tissue fibrosis, such as pulnonary fibrosis, including idiopathic pul nonary

fibrdSis, liver fibrosis, including cirrhosis and chronic hepatitis,

TR o, R4 B G5R0 ET Fpre b R Bl BB

nephr osclcefi@sd i ard ¢t ciad 3Gy b3y wEQBEI shidomii- BUERtASI HBFuAHASHEin $sle AN
anti-TGFbet aRI | i mrunogl obul in single variabl e domai n, polypeptide or

| i gand orvaphlle dawein pelapertidameo bigandoreutrslisss diGHbdta agtivitai m 35, wherein the
ocul ar disorder is

20 25. An immunoglobulin single variable domain, polypeptide, ligand or fusion protein as
claimed in any of claims 1 to 24, anti-TGFbetaRIl immunoglobulin single variable

domain, polypeptide or ligand inhibits binding of TGFbeta to TGFbetaRII.

26. An isolated nucleic acid encoding an anti-TGFbetaRIl immunoglobulin single
25  variable domain, polypeptide, ligand or fusion protein as claimed in any of claims 1 to

25.

27. An isolated nucleic acid molecule as claimed in claim 26 wherein the nucleic acid

comprises at least one nucleotide sequence that is at least 70% identical to at least one
30  nucleotide sequence selected from the group of: SEQ ID NOS: 24 to 46, and wherein

said at least one nucleic acid encodes a polypeptide comprising an immunoglobulin

single variable domain that specifically binds to TGFbetaRII.
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selected fromthe group of: fibrotic diseases of the eye tissue,
proliferative vitreoretinopathy (PVR), diabetic retinopathy, glaucoma, such
as open- angl2etigliasweona, angl e-cl osure, congenital and pgemdr2@einaiscati on
syndrone, wound healing reactions in the | ens, such as post chem cal or

t her mal [@8r An iaat&l sv@eis adidndenilSasyimetedni® clapo 26 -or Daith &7 aemsisirgedty
conplications, and scarring os@i%l uco filtration surgery. 37. An

ant i - TGFEEASHRI nychsie, pAd Mmabrrierselsciedi leomy S spyreola ofR 1P NPSI 4bAAG de or

| i gand or pharnmaceutical conposition as clained in any of clainms 1 to 35,
wherein said anti TGFbet aRI I i nmunogl obul in single variabl e domain,

pol ypept i2@eAoreclor gampriong 4 Qughiaramsiceclccwdahs cempulsintanp nf ¢lsiniottiel 2%t ed f or
pulnoﬁary delivery. 38. An anti-TGrFbetaRI |l imunogl obulin single variable
dormai n, pol ypeptide or |igand or pharmaceutical conposition as clained in

any of cl3l Aokt defl BbhpridhiraaiRicsdadd 804 LdEERRARNE IMIHNIH SRYLE R 89.ngl €

vari abl e donmai n, pol ypeptide or |igand or 15pharmaceutical conposition is
formul ated for ocular delivery. 39. Use of an anti-TGFbetaRI|l single

vari abl e .dogai n, o ntagoeni st _or fusion protein aj in any of clains
1o 25 P R oPToRET R Shobenut ceRt R S MRl el [very. %20” a0,

Use of t hemambilobnbehaRivhrishlagbatalriaghlypefad®@oriligahd antiaged iftanpof f usi on
protein as claimed in any of clainms 1 to 25 in the nmanufacture of a

nedi ddneslaimg tgf; the pipthod copwrisipggnaintapings hesheell psclaimedan gimda of
treating L@HQV Rhnditlofiy &H&hfégfoﬁe%%égﬁ%g%ﬂ!n%ﬁ% £ONGH R, Jvﬁbr@bah&' man patient,
the method conprising the step of: admnistering a conposition conprising
an anti - Pehlpeptadd doniprivimpoal iotminoglobuhgki@glcarariable dotaimpolypgmldepept i de or
ligand as. clainmed in any of clains 1 to 25 to the human patient. 30 42. A
puInDnaer@% isEpqucgdyi ce containing a conposition as clained in claim 33.

15 32. An anti-TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand

as claimed in any of claims 1 to 25 for use as a medicament.

33. A pharmaceutical composition comprising an anti-TGFbetaRIl immunoglobulin
single variable domain, polypeptide or ligand as claimed in any of claims 1 to 25.

20
34. An anti-TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand
or pharmaceutical composition as claimed in claims 32 or 33 that is for treatment of a

disease associated with TGFbeta signaling.

25  35. An anti-TGFbetaRIIl immunoglobulin single variable domain, polypeptide or ligand
or pharmaceutical composition as claimed in claim 34, wherein the disease associated
with TGFbeta signalling is selected from the group of: tissue fibrosis, such as pulmonary
fibrosis, including idiopathic pulmonary fibrosis, liver fibrosis, including cirrhosis and
chronic hepatitis, rheumatoid arthritis, ocular disorders, or fibrosis of the skin, including

30  keloid of skin, and kidney such as nephritis, kidney fibrosis and nephrosclerosis, and a

vascular condition, such as restenosis.

36. An anti-TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand

or pharmaceutical composition as claimed in claim 35, wherein the ocular disorder is
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selected from the group of: fibrotic diseases of the eye tissue, proliferative
vitreoretinopathy (PVR), diabetic retinopathy, glaucoma, such as open-angle glaucoma,
angle-closure, congenital and pseudo-exfoliation syndrome, wound healing reactions in
the lens, such as post chemical or thermal burn, or Stevens-Johnson’s syndrome, post-

cataract surgery complications, and scarring post glaucoma filtration surgery.

37. An anti-TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand
or pharmaceutical composition as claimed in any of claims 1 to 35, wherein said anti-
TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand or

pharmaceutical composition is formulated for pulmonary delivery.

38. An anti-TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand
or pharmaceutical composition as claimed in any of claims 1 to 36, wherein said anti-
TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand or

pharmaceutical composition is formulated for ocular delivery.

39. Use of an anti-TGFbetaRII single variable domain or antagonist or fusion protein as
claimed in any of claims 1 to 25 in the manufacture of a medicament for pulmonary

delivery.

40. Use of the anti-TGFbetaRII single variable domain or antagonist or fusion protein as
claimed in any of claims 1 to 25 in the manufacture of a medicament for delivery to the

lung of a patient.

41. A method of treating and/or preventing a TGFbeta-mediated condition in a human
patient, the method comprising the step of: administering a composition comprising an
anti-TGFbetaRII immunoglobulin single variable domain, polypeptide or ligand as

claimed in any of claims 1 to 25 to the human patient.

42. A pulmonary delivery device containing a composition as claimed in claim 33.
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