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POLYPEPTI DES Background of the Invention Insulin-like growth factors
(1 GFs) ar ewBaijr9des conpl ex systemthat cells use to GgRIGEAIAS
5with their physiologic environment. This conplex system (often
referred to as the insulin-like growmh factor axis) consists of two
cell-surface receptors (1G-1R and 1G-2R), tw ligands (IG--1 and
|GF-2), a famly of six high-affinity |G- bindi ng protei ns (1 GFBP
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al so for a .nunber of pathological states (G ass, Nat Cell 10Bi ol
5:87-90, 2003). The I GF axis has been shown t.o pI ay roles in the
Ragkeraund ol dhe Jnyention

pronotion of cell proliferati k ] i.on of cell death
(apopt ogisglkn-likdFrowth f‘a‘ct&@'(m%)hai-@ﬁir%ﬁ’co%le&fé?stém VHRf ceRS usk 1b 8SinbniOdte
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bi ndi ng regulatipreot] r@ﬁnal@bmlgg)sblaslsmrla nagbesrod paholagjeal @EteaéﬁlamNatrﬁe@iug h
aldl g [AYT=Yg he 20receptors and increasing |G- half life in

t he gl og lg%@edgmﬁdb%%ere are at | east six characterized binding
proteins (IGFBP1-6). In its mature form human |G- 1
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and Ec bingingasithe 1R rqzkpreds\as ppk hs“l;brombm@lqiﬂdcg@t theepk2id BEQeliveryNOItHE)
pep%bde?ecgpntgrs rau{i1 %re];srlgg &%aﬁfqlfe in tﬁg‘{alggd sa}x%lam There are at least six charactenzed
binding proteins (IGFBP1-6). ‘

In its mature form, human IGF-1 (gpetlcgaelvdalqfvegdrgfyfnkptgygsssrrapqtgivdeccrscdlrriem
ycaplkpaksa; SEQ ID NO:1), also called somatomedin, is a small protein of 70 .amino acids that
25 has been shown to stimulate growth of @ wide range of cells in culture. The mature protein is
initially encoded by three known splice variant mRNAs. The open reading frame of each mRNA
encodes a precursor protein containiﬁg the 70 amino acid IGF-1 and a particular E—pepticie at the
C-tenﬁinus,_depending on the particutar IGF-1 mRNA. These E-peptides have been termed the
Ea (rsvragrhtdmpktqkevhlknasrgsagnknyrm; SEQ ID NO:2), Eb (rsvraqrhtdmpktgkyqppstnknt
30  ksqrrkgwpkthpggeqkegteasiqirgkkkeqrreigsraecrgkkgk; SEQ ID NO:3), and Ec (tsvraqrhtdm
pktakygppstnkntksqrrkgstfeerk; SEQ ID NO:4) peptides and range from 35 to 87 amino acids in



VO 2007/ 146689PCT/ US2007/ 070468 | engt h and enconpass a common
sequence region at the N-term nus and a vari abl e sequence region at
the C-ter mypuserkeke exanpl e, the wild-type open readi ngpd@¥Bofodscs e
| GF- 1- Ea encodes a pol ypeptide of 105 am no aci ds
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205ubst t| a i oactive and ‘stabilize

pres encdt\’dﬁqﬂgélrrglm“rwﬁmaﬁﬂﬁ@f epirheplialptoppahgegpperasnik; SEQYBAVR: |7 H eB‘Ith HiF-l s
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nor mal peptide fromIG--1"is avoid for exanpl e,
by it aehdugermus proleases rrrgthe seriva of pftientse Ong gfratﬁgm@aahasmm Qqntﬁmpiat%slrls tthe
serine SRk LESRENEL NGote@s POSi tions 71
and 72 ?{ﬁb' Sldp F%% b{)?)grgﬁlgggreﬁlkg%§1 I'n 1G-2, mﬁe cl eavage 25is
avoi ded, for exarrpl e, by nmut ating or del eting either the arginine at
position 1 or the aspartic aci i1 2 of the E-peptide
(corresponding to positions GMQ‘“& ) | d-type precursor

| GF- 2) . TG inyentivnds basebon hadiseiverythdt Gpregursen]GE drorpEbi2aireicioanntapsigd or

r edlﬁﬁe ts%s?anﬁzlll@qysqggepﬁde is bioactive and stabilized in the presence of serum, resulting in an

IGF-1 or IGF-2 polypeptide that is useful as a pharmaceutical. In the compositions of the
invention, the normal cleavage of the E-peptide from IGF-1 is avoided, for example, by mutating
or deleting either of the arginine at position 1 or the serine at position 2 of the E-peptides
(corresponding to positions 71 and 72 in the wild-type precursor IGF;I). In IGF-2, the cleavage
25  is avoided, for example, by mutating or deleting either the arginine at position 1 or the aspartic '
acid at position 2 of the E-peptide (corresponding to positions 68 and 69 in the wild-type
precursor IGF-2). Other modifications of an IGF precursor protein can avoid or reduce this

cleavage.

30 In addition, further modifications of the IGF-1 precursor amino acid sequence can confer

additional pharmaceutical benefits. For example, the polypeptides of the invention can exhibit
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30In addition, further nodifications of the |G~ 1 precursor am no
aci d sequence can confer additional pharnmaceutical benefits. For
exanpl e, twe B@imeRpti des of the invention can exhi bit pdieheBRSHss
affinity for the 1 G--1 receptor or decreased binding ability to an
inhibitory IGF-1 or |1 GF-2 binding protein. For the sake of clarity
and consi stency, the nunbering of amno acid residues in IG=-1 or

| G- 2 5precursor or mature proterns t hroughout this application and
inthe claims is based on the wild- type precursor prote uence

nunber i grepsed REtY SordhriCTnbiseerid or Aﬁféﬁ‘??ﬂ tiedige abyifiy tq welﬁht% I6Fdondes

a p0|ypﬁﬂ£2@%dﬁgghﬁﬁﬂjng a human | GF-1 precursor protei.n, where the
cl eavage of the peptide fromIG-1 by a protease is reduced by

modi fication of the 10 precursor protein. The E-peptide can be the
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aci ds e precursor pro el n can del eted or

mut af edpreagsaran madee groteips thr@gbayt thim appReatiop andyin, thﬂa‘a?lm)s is bpped qurtbewildor
protein, g%ﬁ&;g}u%}%r;hg&?h Q& u%% nFHG%Ng'wn{B‘é&%g%b’ﬁé Sy ation consensus

sequenc insertion of amno acids 93-102 of
Ea bet ween anlno aci ds hDS and T96 of the Eb. In general, the
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Such nopret@batl a&hmamrd&ﬁ B,d’ths E3adf tHegredursbagretelni cak hgdaelﬂéd a mutated as can

pol y(et ol a side-chain of the precursor
proternE¥§ﬁ%%gﬁk¥§ %ggP Xgh%)pegylation.strategies are well known
inthe art. 25The precursor protern can further include one or nore
additio tides precur so
oot o1 e BSRpsan car Bife e s \FinteEeeBiiTanBh pifench} SRMRE xSy

C-tg@sm fyrexarhp bﬁlﬁts&-ﬁfn dfaﬂfﬁﬁ&bimﬁ@ﬂ 102 of Bd mhaemangnoaacfdsm ahb TPEptthele,
where G

are del ef ed, t.her r 7 0 oth are .
it i od EbRim e PP ROt REPEtagh Inalade el HoSEagilt Y e KR ®ar o
aci ds O?ammaemfdl sicelch&ih o P@P bicds@peotelB) seétest an GFdiniRe SECANAR JEthepeguisee,
where R71, 30S72, and the |ast. seven C-term nal am no acids of the
second Eﬁmﬂ%ptrde are deleted; (3) athird

20  In addition, a residue of the precursor protein can be replaced by a non-natural amino acid (e.g.,
one that includes an acetylene or azido group). Such non-natural amino acids can facilitate.
linkage of a poly(ethylene glycol) moiety to a side-chain of the precursor protein, though typical

protein pegylation strategies are well known in the art.

25  The precursor protein can further include one or more additional E-peptides linked to the C-
terminus of the precursor protein. For example, a polypeptide can include, from N-terminus to
C-terminus, (1) an 1GF-1 precursor protein having a first Eb peptide, where G1, P1, and El are
deleted, eith.er R36 or R37 or both are mutated, R71 and S72 are deleted, and the last seven C-
terminal amino acids of the first Eb peptide are deleted; (2} a second Eb peptide, where R71,

30 8§72, and the last seven C-terminal amino acids of the second Eb peptide are deleted; {3) a third
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WD 2007/ 146689PCT/ US2007/ 070468 Eb peptide, where R7I, S72, and the
| ast seven C-termnal amino acids of the third Eb peptide are

del et ed; awed 206)14868bourth Eb peptide, where R71 and 5723@Enes26 1085466 -
An effective neans of preventing cleavage of the E-peptide fromthe
IGF-1 is the deletion or 5 nutation of R71 or 572. Simlarly, the
invention includes a human | GF-2 precursor protein where the cl eavage
of the E-peptide fromIG--2 by a protease is reduced by nodification

of the ecur.sor. profej | p.particul del et.i on .or tat i of. :R68
 Doo EhnensdSareBy Rhic b andiuB RS srenChsrara g pados TR E8pthude of

t he | GFard dpteRe:uind o) afoatieEpeptide) wheidiR7il and SThate Belpreddt | de of |1 GF-1 can
be conbined with an 1 GF-2 and any E-peptide of 1 G--2 can be conbi ned

with 1G--1 to provide the benefits described herein. 15The invention

further sl réﬂwﬂemeanm?m&mg cleh®@t bN@e B-papsdefloasihe 16F-alis te delasm,or

di abetes, neuronal cell death by adm nistering a therapeutically

ef f et i PEtalp®AR7 I Sd2pol ypept i de of the invention. Likew se, the

i nvention includes the use of a pol ypeptide of the invention for the
manuf acture of a medjcanent for the treatment of a nuscufoskehg&aﬁ

di seaseSimilagyheinverion inshides tlimandSErpreqyrsonpraifimwhesphe fleayige Alinc E-

enbodi Mp&ide HBM TRV d RDiehsRGd HAREd By REGIYiLATR Y IheTpreburdbriphsieth. &1

E-pepti de but having’introduced therein a ngn-natural am no acid as
the sit artieulgyedp)etionionmutaripr,ofdt6 8t D6Rsen be anceifepivgymegnsf aygiging protease
congai nj = r ] cid as disclosed herein, wthout an
E—pggtigggm?gggﬁgggfg |J§§§h?ﬂ3?he i nvention. 25 The invention also
i ncl udes veterinary methods and uses of administering an effective -
ampunt. gf a&dﬂ@) PRNREREOSE 18F- 1t BR bl BYRNhAQRH £ 1RIPINA 2By BSRpERDS IGE-2
effect. he Vet e I nary uses include (i) enhancing ¥he rate and/ or-
ext ent odn lgreombmei withAGEd iterpioyide the)bendissdeseriicdhereie ef fi ci ency of
their conversion of feed into body tissue, (iii) enhancing mlk
production in'lactating animals, (iv) treating animl wasting

sy nps onFhaswedioafiethenincldessohashddzpf treating a musculoskeletal disease, diabetes, neuronal

cell death by administering a therapeutically effective amount of a 'po]ypeptide of the invention.
Likewise, the invention includes the use of a polypeptide of the invention for the manufacture of

“a medicament for the treatment of a musculoskeletal disease, diabetes, neuronal cell death, or

anemia.

20 :
In another embodiment, the invention includes a pegylated IGF-1 without an E-peptide but
having introduced therein a non-natural amino acid as the site of pegylation. Any of'the
modiﬁed, pegylated IGF-1 containing a non-natural amino acid as disclosed herein, without an
E-peptide, is also included in the invention. '

25 '

The invention also includes veterinary methods and uses of administering an effective amount of

the polypeptide of the invention to obtain a desired effect.

The veterinary uses include (i) enhancing the rate and/or extent of growth in an animal, {ii)
30  enhancing the efficiency of their conversion of feed into body tissue, (iii) enhancing milk

production in lactating animals, (iv) treating animal wasting symptoms associated with cachexia,



trauma, or other cbnsurrption di seases, and (v) treating lactating
animals for inprovenent in neonatal health. Al cited references or

docunent s woeodvausely i ncorporated by reference. 5 Bri efpddasRid7ptidien
of the Drawi ngs. Figs. 1A-1C are Western bl ots of pol ypeptides of the

invention and wild-type 1 G~ 1 precursor after zero or 16-hour

i ncubation in the presence or absence of 10 % human serum at 37C.
Expressi on vectors encoding various 1G--1 constructs were transfected .
into Cos7 cells, and the 1Qconditi r} dtcu lt re medi obt ai nedt .The
Bmut " S @ it SoRpRRUer Gy ) el A g A0S PRI RRIS Ry
t hr ee sgdonateifhenmsli fi cati ons: deletiron of G, P2, and E3; nutation of
Arg 37 to Ala (R37A); and deletion of R71 and S72. Fig. | A shows the
Western blot results (using antibody to IG-1) for the wild-type and

3mut  pr gQ Y& fefdnBésdir Abéith Rl ardtegbby IBofbRNE tyhefelbst ern bl ot results
(using antibody to hIG=-1) for the wld-type and 3mut precursor

contdining 15Eb. Fig. 1C shows the Western blot results (using

anti body to hlG--1) for thq;,mfl}_ﬁsgr 06n @MAe BRMndRr ecur sor cont ai ni ng
Ec. Figs. 2A-20 are line graphs show n% t he Dbi o| ogical activity of

var i ousFigslAr16G ate,\Westrn & quplwa%d@sqf eppsnbe) adiwilddyps AGEy1 Hﬁ@fsm

measur eghYerd b hﬁk'l&'ﬁb:ﬁfon @?@}@ é’e@%@@h%&eﬁlcé"bft 1 %Asrhan LBuk ¥iy7essed
pol ypeptides. The stimulated | s were then assa(%/md for the

rel at i vExpisssiontvecters encoding vwséﬁﬁimwwéwreétae@fmwmw § caits, andith
IS gy Coggﬁla toh& duu\fdd Lﬁt%lﬂaiﬁﬁﬁgl%@t"s’rﬁ@’ TS fY eﬂqgi‘f?ll %eﬂnd@%{eﬁﬁrg%mat R

consl sts o ﬁdéma ture GF-1 am no acid sequence, W
mut at i ohavamcthaf@llawmgtthrgmws of ;odificatipnsc Aeletiqntod Bk pndR3; anptgtion of Arg 37

pepti deg, ki, $R37%6‘1 @%ﬂ%@@f P@ﬁtdnﬁ isby. 8. 130 BR3MMern BloPresdB f(t%'ﬂ'%ws

t he act|V|t Fig. 2Cshows the 25activity
| GF- 1- Eas®oilt to 16K+ 10 forithe \allcstynaandcm@reg@'ssononnﬁmn@tﬁa@awﬁ@%b@ls 93

L hono?, WS IRSCRORELIRRRIPT 10095 130y 00 80 oy s Eloniiin

o 4D are | ne
gr aphs Eholignt sm{smwbm blopresdtsi(eing qyabWéprGfeb) for the wilditypeand i on

;rglcg';)f?l gmsedrgcugsoy&gnyalﬁlggEg!e appropriate receptor by assaying for

Figs. 2A-2D are line graphs showing the biological activity of various IGF-1 polypeptides
("ligands"). Biological activity was measured by stimulation of C2C12 myoblasts with Cos7-
20  expressed polypeptides. The stimulated C2C12 cells were then assayed for the relative amo'l'mts‘
of total AKT and phosphorylated AKT. Long-R3-1GF-1 is a commercially available reagént
(Sigma Product No. I-1271} that consists of the mature human IGF-1 amino acid sequence, with
an E3R mutation and an additional 13 amino acid N-terminal extension peptlde Fig. 2A shows
the activity of IGF-1-Ea3mut. Fig. 2B shows the activity of IGF-1-Eb3mut. Fig. 2C shows the
25  activity of IGF-1-Eab3mut, which is a 3mut construct in which Ea amino acids 93 to 102 were

inserted between amino amds 95 and 96 of Eb. Fig. 2D shows the activity of IGF- 1-Ec3mut

Figs. .-3A'-3D_.and 4A-4D are line graphs showing whether IGF-1 precursor polypeptides of the
invention maintain selectivity to the appropriate receptor by assaying for réceptor 7

30  phosphorylation in response to ligand binding. Figs 3A and 3B test the receptor selectivity of
IGF-1-Ea3mut against the 1GF-1 receptor (Fig. 3A) and the insulin receptor (Fig. 3B). Figs. 3C



30phosphoryl ation in }esponse to ligand binding. Figs 3A and 3B test
the receptor selectivity of |G- 1-Ea3nut against the 1 G--1 receptor

(Fig. 3A) wododgsdeitsul in receptor (Fig. 3B). Figs. 3CpcMRis2007/070468
2007/ 146689PCT/ US2007/ 070468 and 3D tests the receptor selectivity of

| GF- 1- Eb3nmut against the 1G--1 receptor (Fig. 3C) and the jnsulin
receptor (Fig. 3D). Figs. 4A and 4B test the receptor selectivity of
| GF-1 - Ec3nmut agai nst the IGF 1 receptor (Fig. 4A) and the insulin

receptor (Fig. 4B). Figs sts the re sel ectiujty of
1GF- 1- BHEPRIE RS TiSPOL Selsciin o BB et s (T e ) 47
Srecept gk u(sﬁiugrecé’p@r (Fig! $5). IFids34A wef 48 @stithe febiptdrQflectRly &ﬁf}ﬂlae:ﬁmu bed
above. The pol Y&%ltlde |isted as "| GFlLEab" refers_to co

|

whi ch Ezgaiiist the desenfgr €Fég. 46 Dangdheinpiindpqepigr (a8 \fv@i Fl& ggﬁd%s%e

and 96 pf.odi)- selEétﬁnty%f IGF @E%ﬁﬁﬁ%@alﬁgtﬁfe@i‘fl%éwtof etigta Qnd“tlﬁa_ insulin
phosphorylati on upon stinulation of C2Cl2 10n¥otubes as_a result  of

3 to>4 waspsordFisdfX SHGR-RAt refsws ofthedaog RInGEcl feserybeg pbeyer HBF Belypeptide
|i gands ;g k: 55 "k%i'_‘ﬂijaﬁbref@t'é tro'cgﬁa‘iruét% ShthEQ alilR £R89% (URL WwesdRbaRiel 6atvedh

shown in S. 6A and 6B are schematic representations of
two of Bmmoiaglﬂy%mdl%éﬁ%f the invention. Fig. 6A shows an | GF-1-Eb.
precursor pol ypeptide with four sets of nodifications: deletion of
G, 15P2, and E3; nutation of .R37 to A; deletion of R71 and S72: and
del et i oFigf ixdWesterstlas elwewng}elam AKE ahosmhomlstion ires stimplaienpfiG2612 ¢ he

?8{1 3ept . gte%,gsg%ae@gg&gi}%g gy fﬁ%&lst;]o%f%fzcﬁmygﬁ»@ EPdiReRhd 188s,

hout 1t | ast sev t'er m nal "am no
aci ds) ThelIGMhéEmuditivicorefas toghd ¢qnaru0E®h9'e§StcalébeSh9WuﬂmFl\& ¢4out R71 and
572) at the C terninus of the polypeptide. This construct is often
referred to as the IGF-1-Eb nultiner. Fig. 6B shows an | G- 1-Eab
Figs. 6A and 6B are schematic representations of two of the polypeptldes of the invention. Fig.

6A shows an IGF-1-Eb precursor polypeptide with four sets of modifications: deletion of G,
. 15 P2, and E3; mutation of R37 to A; deletion of R71 and S72; and c_le]etion of the last seven C-
terminal amino acids. In addition, the polypeptide is lengthened by the addition of two more Eb
peptides (but without R71 and $72 and without the last seven C-terminal amino acids) and the
_addition of a final Eb peptide (buth without R71 and'STZ) at the C-terminus of the polypeptide.

This construct is often referred to as the IGF-1-Eb multimer. Fig. 6B shows an IGF-1-Eab

20 precursor polypeptidé with four sets of modifications: deletion of G1, P2, and E3; mutation of
R37to0 A; deletion of R71 and S72; and insertion of Ea aminp acids 93 to 102 between amino
acids 95 and 96 of Eb.

Fig. TA is a sequence alignment of the human IGF-1 (SEQ ID NO:1) with corresponding animal
25  IGF-1. All animal species analyzed and their corresponding GenBank accession numbers for the
sequence are given. G1, P2, E3 is conserved in all analyzed species except Sterlet (where S2

replaces P2). R36 and R37 are conserved in all analyzed species.

Fig. 7B is a graph showing the phylogeny of the analyzed amino acid sequences compared to
30  human IGF-1 (SEQ ID NO:1). Below the tree is a scale indicating the number of “Amino Acid

Substitutions” per 100 residues for protein sequences. The Kimura distance formula is used to



20 precursor polypeptide with four sets of nodifications: deletion of
G, P2, and E3; nutation of R37 to A, deletion of R71 and 572; and

i nserti on Wb 2bey/@kgsno acids 93 to 102 between am no amﬂﬁ/&%@yﬁ%@,ﬁ
of Eb. Fig. 7Ais a sequence alignnent of the human IG~1 (SEQ ID

NO 1) with corresponding animal 251G--1. All aninmal species: anal yzed
and their correspondi ng GenBank accession nunbers for the sequence
are given. G, P2, E3 is conserved in all analyzed speci es except
Sterl et (]vvhere S2 repl aces P2 R36 and R37 are conserved in all

anal yz eerlayase disignce vajupy, derjved fiog the gyl oERRpgaR dnisChsh g1dgaRstedort he
anal yzegdianBQtdfdnd. SRAUARS @&nﬁﬁéﬁ%@é 8 nfefn Bty Hmff&@%ce; &%ﬁ&ﬁd}au

NO 1). Belowthe tree is a scale indicating the nunber OF Am no Acid
Subst i t betvesnszerquad 13 @orarerrespnissompletejdentiy and d aepiesaate 80 idenéyKilhur a

di st anc S E nce val ues, derived from
t he nunghe!'{1 Pwr?ca)cﬁe'eégp mgséltrhrg%eeﬁgégg{lﬁ%bg%r ryslt([:)tged for silent
subsfitutions. The val ues conputed are the mean nunber of differences
per sit

Paent t PR LA RS URRRA: S Aihah £ P e (301 A5 8015, AR Gyl 2o
uses t hpe;mde!alAlbmmmil speqndsmedyb:yl aml)tblf:lr Eoﬁsgondazg GepBanksasqeseing sumbers for

al i gnne t of t he arious ani mal
Ea pept ST are We" sﬁgglgzisggﬁéﬁg%dg h%ﬁueemsﬁ%g\r!respondl ng
GenBank acceSS| on nurrbers for the sequence are given. R71 and S72 are-

con ved Lp-.all 813 .is. show t he
ohyiBgeRye B Sheediipy TR SRS fathirtdfisiRbind Sifailatd SHRNR®

| G- 1 EhurpepiGRIEE{ fipfddé BEAIPNO:2). Fig. 9A is a sequence alignnent of
the human Eb peptide (SEQ ID NO 3) with various ani mal Eb peptides.
Al'l aninmal species analyzed and their correspondi ng GenBank accession

nunber s Figh D Alis 4 fequeaeealenarnisfehediuvan Ebiédtida sk G2 Nar:8) mdfi\&ﬁbwﬂihlrh.ﬂ

Phe anaEbeuicabr Al Sl iotkicr e B s AP b ate SR Blmbirs
( SEQs | DfdNheXkquede dr giverl OlY 1 1d 373 egubieAedin Arumeigtedabedidte human Ec

peptide (SEQ ID NO4) wth various aninmal Ec peptides. Al "ani nal
speci es anal yzed and their correspondi ng GenBank accessi on numbers

for t hergeqnga@f sfho@rin\gQﬁb phlobenét thezhaBEdd afmsRid/@gudnBesdbmp@sdioy zed
speci es, g 15 @@ggﬁgpoﬁpshow ng the phyl ogeny of the . '
anal yzeB“'H?ﬁlr%:h E’Hefg v ared to 25 human 1GF-1 Ec peptide
(SEQID NG 4). Fig. 11Ais a sequence alignment of the human | GF-2
(SEQ.1 D_NO with correspondl ng .ani | GF- mal speci es.
anagg}zeﬁlgaﬁ {eeAuRes 3 IBRPERA Hy "G@ﬂggﬁ Re%é&é&‘? %Nﬁu‘%\@%va? iQ)s apymal
sequencec aided, Vﬂﬂamﬁ@l&pbcﬁes“aﬂﬂ?@d\éﬁ@ tHel? c&lrésr]@ﬂlﬂ{g\@éh@ afiPRGkeRn ntAbbert S

conserved except 30for chinpanzee, where a_histidine resides in that
poSi t i offer the sequence are given. R71 and S72 are conserved in all analyzed species.

Fig. 10B is a graph showing the phylogeny of the analyzed amino acid sequenées comparedto
25  human IGF-1 Ec peptide (SEQ ID NO:4). .

Fig. 11A is a sequence ali ghment of the human IGF-2 (SEQ 1D NO:7) with corresponding
animal IGF-2. All animal species analyzed and their corresponding GenBank accession numbers '
for the sequence are given. R68 is conserved in all analyzed species; D69 is conserved except

30  for chimpanzee, where a histidine resides in that position.



Fig. 11B is a graph showi ng the phyl ogeny of the anal yzed am no acid
sequences conpared to human 1G--2 (SEQID NO 7). Fig. 12Ais a
sequence alyp3giRites®! the human | G2 E-peptide (SEQ | Rd¥u$dorihdsbs
various 5animal 1G--2 E-peptides. Al aninal species anal yzed and

t heir correspondi ng GenBank accession nunbers for the sequence are
given. R68 is conserved in all analyzed species; D69 is conserved
except for Chinpanzee, where a histidine resides in that position.
Fig. 12B is_a. graph show ng the phyl ogeny of, the apal yzed am no Cld
sequenc 8§ tHkisdrasephshovrine HirphiKlopeay.of e apelted gminoged SP%/B“’R@S 87"“’3“’*

Det ai | equmﬂp(gwmﬁdﬁe I nvention The invention relates to new
| GF-1 and | GF-2 precursor polypeptides containing substantially an
E- pepti de that has been nodified to prevent, reduce, or avoid the
typi cal Fig %&meﬁ&e%eé/ﬁ%gméﬁro@%%%m@ ﬁ@tpepﬁaeqeﬁmg Nrd%? b b us

| GF-1 or fromits peptides. The utility of the polypeptides

of the ammh&GFohErmpmﬁ&geﬂll@wn{ah@e@a&@wwf@dmeﬁwrf@wynct%@ nHaek
precurs %ce&wnmﬁ'ﬁﬂ'sq&%hﬁeﬁuéﬁbuoé@ gived! Ros ﬁ%ds&%ed SlafkhayRadsRenahécisal
as pharnaceutica Scree or "Active I G- Precursor” Pol ypeptl des
20The us@fsm/ﬁb@@emfoldﬁympmzwélbﬁlie@élls@fim? Fsidesipdbat pegitiotan be assessed
using the follow ng assays. Stability A polypeptide of the invention
shoul d have sufficient stability in the presence of endogenous

pr ot eas &ig. 12Bése gaph showingalre phetogeny of thepealyizedaminacacidssqupnery comparedivess

staQpli ncodi ng the polypeptide can be

traﬁgf e%ﬁmgﬁl{bﬁ%% é@deggﬁﬂ%?\@l‘&) in a 25 DMEM nedi um cont ai ni ng 10%

fetal bovine serum 100 Um penicillin, and 100 jig/m streptomnycin.

The cul ture nedi um cont ai nyRg: Lehad RelkkRaRLGHes can be applied to

further analysis, or in the—a“%?;‘nar'f&ve—t%wm ession vector can

encode r’l‘éadwbrwoa\raaﬂealolmwﬂétjsl and UG Fr2 gpsecarshrepodypaptizles mmﬁemtlagxbstamtlaﬂh en

pol ypep £

Dol pentt Bk M BB 4 SEERL BHEL O 6314 SOoBleal PRBYBLERRES, |

sanfbe irssponsiblofat edeasing the active IGF-1 or IGF-2 from its E—pepudes The utlhty of the
polypeptides of the invention is based on the surprising discovery that such precursor

polypeptides are biologically active, stable and beneficial as pharmaceuticals.

Screening for Active IGF Precurser Polypeptides

20  The usefulness of any polypeptide of the invention can be assessed using the following assays.

Stability A polypeptide of the invention should have sufficient stability in the presence of
endogenous proteases, such as in human serum, to be an effective drug To assess stability, an
expression vector encoding the polypeptide can be transfected into Cos7 cells (ATCC) ina
25 DMEM medium containing 10% fetal bovine serum, 100 U/m] penicillin, and 100 pg/ml
streptomycin. The culture medium containing secreted polypeptides can be applied to further
analysis, or in the alternative, the expression vector can encode readily available tags, such as a
hexa-histidine tag, in the polypeptide to facilitate efficient purification of the expressed .
polypeptides in the Cos7:cultures. However prepared, the polypeptide sample is incubated in
30 normal human serum (Sigma) or in PBS for various times {¢.g., 0, 1, 5, 10, and 16 hours),

subjected to polyacrylamide gel electrophoresis, blotted onto nitrocellulose, and the relevant



30normal human serum (Signa) or in PBS for various tinmes (e.g., 0, 1,
5, 10, and 16 hours), subjected to polyacryl am de gel

el ect r ophow@sheyi«bdspt ted onto nitrocel lul ose, and the rghyaid 070468
proteins visualjzed using a primary anti body agai nst human 1 G- 1 or

| GF-2 and a secondary anti body, e.g., conjugated to horseradish
peroxi dase. Any-nunber of simlar blotting and detection techniques,
sone using fluorescent dyes or even radionuclides, can be used.  The
intensity of the precursor band versus the |nten3|té of the IGF-1 or
| GF- 2 beREsinsyiyalized Heing apemay gatikedy pgainst Brmgn IOK- k 9dCprard pserondary

pol ypephi:fe §% oS B, dttaﬂ@lrsermu (RIS daS dhby Rber dF sRAtlaY BRAM é%d of the
i nvention t I's éxposed human serum for 16 hours at 37C can

exhi bi t d%teqtlatl teshmquea,rﬁ@meavegiﬂmre@aﬁéw or gven radiomuglidas: aan ke peegt: &he about
1:2 to fhlly oﬁhegprecu%w;ndlveﬂsume imQ,s@ ofRE fdrHbAIGEY %nﬁ@ﬂdu% malcabout

1:1 or a ratio of about 1: Typically, the precursor shoul
exhi bi t ths degre¢ ‘o vdfichathe pi@assor DOIIPCP.@QB AKTPaﬁdoméﬁO’ﬁWl&tcmﬂmwspél ypept i de

o1, BRI S B SR b 10 0 R
recept orat)) of onclkat et precuesot o @eawdgnamedgl’ aﬁabqut 2 tch@ﬂ ool ahegtelsbto 1:0.5,
whet her u?%wysat A5 gr?nt {RF G HiSSr B AT.s. ploan. rdOS Pg%b@t&mn

responsg"’“Pc anal ysi s of

15 phosplmmplfaﬂleasn] 1C2C12 rryobl asts are starved in ser umfree medi um -
anhd bhen stinmulated wwth different ligands. Cells are |ysed and

cl edPed by centrifugation. AKT phosphorylation and total -AKT | evels

ar e anaM)ZehospyiolpldioA AlsolmgepPdd ¢fBosinveptios gHooldAkantdiBehreAbBity wasighal ch

ELI SA kit A i ch A Ki L, Segnaling), -
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an snou I N 0, e re | (6]

e cecs Fabaamidsdn fEpims § 0] DRthe RS ERuies Ehrmaliia it AT Y

ser ulsn Sbﬁds)éﬁﬁylbﬂldTBEQC whyaalasw@xm@&a Lsagmtfm nhe@ﬁnﬂaﬁd&b&h&tlﬁsl[llam viithe

InSUInJ’ .eceptor at.| r.

i nsul i n9 'rfé I% qwg ‘Jo‘ﬁe "sd':ii’é‘f’%tflmgﬁté ]OIE}Q ﬁlj’ 5’"@8&%’8

and 25sulTeeidisge hrmayzhafsﬁEEsAt @u@ma&scaiﬁphegahb e TR R98) sahd WILHIBDISA kit
nsyl i n rece tor ELISA kit (R&D Syst.ens).

phosphor-]1 G--1 recepto I
In Vi voakathSegn Ak I\?B‘Efé’ﬁ%\gldléﬁsk‘ Felllﬁkg@? Wec'f‘eﬁéieterm ne whether a
pol ypeptide of the invention can act to increase skeletal nuscle nass

under a context that already |eads nuscl e 3 ertrophy, one_can
subplct G feemionaeaifiy on PRUP R nal Et"eseféseéptﬂ‘?fgé) LRI dhepRhicity

whet her t@RidTEIFS fe85Rdr\ahd shoufae iR YiRaBhicd @rsiidy R e HitNeH affditgeTo assess
nuscl es than untreated aninals.
receptor specificity, polypeptide samples are added to serum-starved NIH3T3 cells
overexpressing the IGF-1 receptor or the insulin receptor, and the level of IGF-1 receptor
phosphorylation or insulin receptor phosphorylation is determined by lysing the cells and _
25  subjecting the iysates to ELISA using the DuoSet IC human phosphor-IGF-1 receptor and insulin

receptor ELISA kit (R&D Systems).

In Vivo Testing in Mouse Models of Hypertrophy To determine whether a polypeptide of the
invention can act to increase skeletal muscle mass under a context that already leads to muscle
30  hypertrophy, one can subject treated and untreated animals to exercise and determine whether

animals receiving the polypeptide have developed larger muscles than untreated animals.



Exerci se Model s One nodel known fﬁ the art is based on the use of a
voluntary runni ng wheel with user-variable |oads {see, e.g., Konhilas

et al., Amydbbvsiq@s Heart Crc Physiol 289: HA55- HA65, peq@xheo7hRAes
5vol untary cage wheel elinm nates physical and psychol ogical insults

that are common in forced exercised nodels, and are therefore nore
appropriate for evaluating candi date drugs that are used in
relatively healthy individuals for whomincreases in nmuscle nass is
desirable. Any suitable nouse strain can be used. For exanple, nale
C57BlI/6J m ce can be randomy 10assigned to experinental (e.g.

recei vi g kidnmBigsur sor pol ypeptide) and control groups. Aninals are
i ndividuall'y housed in a cage containing an exercise wheel; sedentary
cont r ol Oaameds! kneweintibriareld bhssd pd hetuseefla vohumensy winning wtheel withas¢r-vattpide
exer ci sg, S, a i bed i I - . i ‘

90: 1900?’5%% g‘ﬁbff.gn}%fr%? gil'ysﬂtjh%y%lsiﬁéé%%cgﬁig g’s“t’rs]zs‘c%wg?\ ﬂ%ﬁ 20 cl%sr% The

di an®t evolwitery|cagg wheekelnitatesrnhysicke and pspéhatpeival ihsudte thahrd edmiBEO B, forced
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r ot at i om relativelokatthyindiveels fartvéein ingemexjn mescle thawsi is Hesiablesi st ance

mechani sm al | owi ng adj ustnment of the'load. This is acconplished by

attaching stainless steel fishing line to the cage top and wr appi ng

t he w r Angrwiabld nenusé nmabvabbeuged! Feyextihple, male €8TRIr6 ehiteocah berandgelywheel
t _contri eel | oad.

1 i f tati .t te. t he
The 100 BSleBedls elper Bkl e rBRi 108 oneaRb s e RideRand iFrikd gt oor e,
Thi sI de?j:n@m_lspge ‘midgﬁciuﬁily}hmﬁd:] iua’;cﬁ@r&)ﬁtfhzqgtahex?bﬁ?ﬁwhéehaeqenm @Ftrbls

1.stri te throu ut ro | 0 .8 e . | .

ey Tl B ot i (R e D ioh A e xS PR e fibin
exer ci saderaaiaml A;s]jnn)tﬁymeug9m(itne90§m{lguj Bﬂgﬂ}f, tHch?s{t&?(ﬁdSrQis&Q:flﬁx?:) j.sadm- Al
anl nal s ,are | ve r. anda., andgar ar I cnow |, DI m
Vol unt afgresanel RS0 GReak ERiRLteF afr B2l ROt Branir AR Tage
of dg?o \tjeacpﬂ;g:emka digal Bhgdnedd upEr (BN 60D, SighatSpoft] Dles [T URaiiNg
un A

i ng, resi stance, .dependi ng o xper.inmental graoup, for 50
days. untivaERBY MRraliiaion; bt Al5ien. <heh Wikek CpFneEER Vi Erer gaipe girohaRim
mee: i 511@&%@5 sﬂﬁéﬁl ¢ bis/thlsl aﬁ.:j Fﬂz}%{l@ﬂﬂhﬁlﬁ!eﬂf&y%ﬁwﬂiﬁgh%ime%gl tﬂaﬁﬁihg Iil}me

ee s slight i spl aced. exerci se groups begin with no |oa
on the. BEGEEAIRAIS YighritaBe Fire sfoup ki M RklG Boilovihg o gpdiadhe cage whéel
condi ti githd Sigertrotatidnysods & notBbrtdibutetodiRg wiiedl I0&H B wWikds hRakeOREPHINY Y
to nglntaln wheel inertja and frictional i )

2 cage top with a spring and screw. This design permits fine adjustments of the wheel load, which
is evenly distributed throughout the rotation of the wheel. Daily exercise values for time and
distance run are recorded for each exercised animal throughout the duration of the exercise
period. All animals are given water and standard hard rodent chow ad libitum. Voluntary
running (cage wheel exposure) can begin at an average age of about 12 weeks for all groups.

25 Each group continues running under varying resistance, depending on experimental group, for 50
days until the animals are about 19 weeks of age. The load on the wheel is determined by
hanging known weights on the wheel until the wheel was slightly displaced. All exercise groups
begin with no load on the cage wheel for the first week. However, the “no-load” condition is
actually 2 g, which is determined as the load necessary to maintain wheel inertia and frictional

30  load. Considering a wheel acclimatization period of I week, wheel loads can be changed at one-

week intervals, except for higher loads, which can be changed after 2 weeks. The range of Joads

10



30l oad. Considering a wheel acclimatization period of 1 week, wheel
| oads can be changed at one- week intervals, except for higher |oads,

whi ch can Qg 263aRgesl after 2 weeks. The range of | oads pcgaR2808/070468
anywhere from2 g to up to 12 g. Exercised and sedentary control

ani mal s are euthani zed by cervical .di sl ocation under inhal ed
anesthesia imediately after the end of the specific exercise period.
Body mass is neasured, and specific nuscles are rapidly excised, _
washed, and frozen for histol ogical or biochenical assays at a future
date. 5eanlbeanyishare/fom e toip &0 B direrciisA pnchasdentayy gprirohprimala i eutiphieed o

the skil &%e{fg;s%ﬁ.ggnog%%ﬂ? ifthalkd: pﬁh\%&%nﬁm{%@ aﬁmh&bmfm%gémﬁc

descri bed ySI O 2245- 2255
d enbut erendiselpsjied t Basty miselsImeaO Tk Al spesifit mus:lﬁfarerlanidbfr%mgﬁdewa@gdmiasd

with grewh fg‘ﬁ‘ﬁm 1aTe] opﬁgaﬁﬁ‘h&a?ﬁssg % gat?edocumsnt ed increase in

muscl e mass ecise nechanrs rol action remains
uncl g#ar, although a reduction in nuscle proteln degradati on has been

pr Oposeﬁnemgwe%eer% %n (1% yﬁ ARy E £r§ bigh §vaﬂ§bqgtOQEe fk&]e%rlﬁﬁsar?séegn@g dﬁ]yg,

but it appears m-suse

i Nncr eas @eadnslt b:e:rmodehddsaﬁﬂmd hruhemmnaimli .Ehppl/Phyﬂ101ﬁl252245}525|§|. AUWH2mi ce
are given .a daily injection of clenbuterol (3 ng/kg, subcutaneous:
(s.c.)) for 3, 7, or 14 days to induce nuscle hypertrophy. Mce

| nj ect ed:lenbmtbroPB&cSmrMeéelas negati ve control. The aninmals are

noni, f, or |ns any .adver s ctions (i.e.
inkdhor Clesbfterol s bepdiRasrt SRR 3P b AR BR EEr A E s et~ s
t he pot editiutrﬁhteﬂ thcreasedin Muedle fasse The pretisd medthaibin aggemmﬂaptmcremme
shoul d be esp nitored for fightin oused

oo robhTdSar Ao R A redietons v Rroredh bt scgortas Ao pEvpots: PR iie
until tBieybuddrél iSuked anazal-atmAdlyugd but £t apPéarslid be ity infsased as Obdact ed
for furL ana“ySls In Vivo Testl i n NU%@¥9 At.ro hy Model s In
var i ous PUKHNEAZENt o NCEeRss 'Q‘ESF'GﬂWSWd’G magHAn “23?1?’@ ur sor .

pol ypeptide of the invention can be tested for the ability to

mai nt ai n, muscl e nass gyder conditi qQns tha eneral ly reduce, nusc

mass. W VR Mitferegixemt ailydeieqtion ebelentuped} (b , subcutarteous (s.c.)) for 3,7, or G

days to induce muscle hypertrophy. Mice mjected with PBS selfve_s as negative control. The
animals ére monitored daily (visual inspection) for any adverse reactions (i.e. unkempt coat,
lethargic) to the treatment. Clenbuterol treatment has the potential to make mice more fearful or
20  aggressive, so mice should be especially monitored for fighting if housed in groups. Mice are
mobile, and can eat and drink normally. Mice are monitored daily until they are euthamzed on

day 3, 7, or 14, and tissue collected for further analysis.

In Vivo Tésting in Muscle Atrophy Models In various skeletal muscle atrophy models, an IGF
25  precursor polypeptide of the invention can be tested for the ability to maintain muscle mass
under conditions that generally reduce muscle mass. With the example models described below,
the skilled artisan can readily design énd implement controlled experiments involving tﬁé
admin.istrati_(.m and use of IGF precursor polypeptides to determine whether such polypeptides
can increase muscle mass.
30

it



the skilled artisan can readily design and inplenment controlled
experiments involving the adm nistration and use of |G precursor

pol ypept i dgs 2h@9&ker M ne whet her such pol ypepti des carnpdyighiAmnS4es
muscl e mass. 30 For exanple, C57B16/2 male mice are purchased from
The Jackson Laboratories. Mce are purchased so that they are about 9
weeks at the start of each experinent. Generally mce are housed in

m croi sol ator cages with normal rodent chow At the start of each

experinent mce are weighed. At the eng of eacg e pgrlnent general ly
m ce arEoréaerﬁ@!ﬁ.%@I%H@wlpﬁﬁau’aﬁchﬁﬁd PBIThE RS S%??» WRPrigs, Mice are

di sl ocapireihsedRAnATRG 2R dbHSUREKO RTINSO chef expbiithéHe GRHAARINE e
M ce are weighed to provide "end body weight." Skel etal nuscles that

can be hensedismaieroisplator cages Witk nasmabradent ch@&téh%fstafapﬁ?%?w'msvfgmse

sol eus, pRRAiMaP! Aﬂ‘ﬁ@ &fd M%aiﬂ%%ﬁérﬁﬁent (geﬁ‘é?éliytﬂn%§ 1 SuthAH1 MR D, inhalation
occasionally are: heart, liver, spleen, dneys, testes, and brain.

Al FrusBillewedbyicerviea distoeation, @@rmtpsekéweﬁhasgeé@tiéa furher proressiag Micegre
bal ance,g Héd%ﬁqqde{*gﬁ%d;yo en?u stQ@{%musdasmv&g R hEve QB ibialis |

snap-frozen in |qu for later protein extraction,
or snaparfterisz.caxtensdyaiitorhnm hmmI sobays.zang grskrogiiengus mn;sleai cBthertissues harvested

cork di 565 Sl A e (OBEGHLANG A 25 &4k IR BARE AT RARSAS RRGesSAD! O

to a thi |qU|6 roge S are store -80C.
15 Dex ammaslardﬁsaat@mdmtghﬁ mbmgb@gble af meastingrio @000 fel Gidgsnes are

o dbre: MR i, MBS flgh KX URUOBRER bORADarb MR AR M
gl ucocoembaidediind}GE on o fork disroMscles|ftozerensa esk émc fontater cnybbeationitgary and
| munos RLseS g%g(n\gﬂ#tgrgﬂgle&)fgtaqggw 318§hd1%%&1{d rﬁt?({gteh &H Sﬁrn@f:s 291: st?refj §t and

hydrocorti sone asone 1S US

20aut0|ﬁﬁﬁ®e conditions, e.g. rheumatoid arthrltls It is also given
to cancer patients undergoi ng chenot herapy, to counteract certain
side-effects-of their antitunor treatnent. Dexanethasone causes
nusdébe Bexapithasetedtmenti ce and in hunman pati ent S. Mce are injected
the ¢ or ARkt ol b SR IRRER R Be e By Mrarih FRY g
nuscl es “Iithlﬂmemteéﬁson“éhezmyml [sexamethamm is@rsgﬂheﬂhanﬂeynb@mfsbmglucocomcmd

I nspect | et.har

[ 0 erse rea C)
Lo Lhe. EPBAhamoreky EaE-3R s T Pbet pad it Sl N PR e
nor mal | yboubi® emedthaalf gdrasdriisoMBIDaamethh@ne Byadd tu ereatomny drdflammatory and
20  autoimmune conditions, e.g. rheumatoid arthritis. It is also given to cancer patients undergoing
chemotherapy, to counteract certain side-effects of their antitumor treatment. Dexamethasone

causes muscle atrophy both in mice and in human patients.

Mice are injected intraperitoneally (ip) with dexamethasone for 3, 7 or 14 days. On the tenmnal
25  day subjects are euthanized using CO,, and the leg muscles harvested. The animals are -

monitored daily (visual inspection) for any adverse reactions (i.e. unkempt coat, lethargic) to the

treatment. Mice are usually mobile, and can eat and drink normally. Micg injected with PBS are

the negative control.

‘30 Cast Immobilization

12



30Cast | mmbilization Physical disuse of various nuscl e gr oups
results in atrophy of those nuscles. Ankle joint fixation ("pinned

heel " or 0@6%%656?%; proven to be a highly useful and]r dﬁgg{#@g@k@

way to induce i mmobi |ization of rat and nouse hin

muscul ature. 5M ce are anesthetized with isofluorane for

I mobi | i zation. The ankl e and knee joints are fixed at 90 degrees
with a |ight-weight casting material (VET-LITE) around the joints.
The material is soaked in warmwater and then w apped around the

I'i b, | Basicakyisuseof vasigusmesclei gooyps Faseltstin eophyeéthioss messlear anklpjoitai ned

in at 9§ I pt $afli & dduciiie

ot ar STRBHI(HA02 bR el BEPI AR HR, bRy o

r ecover indncerphasiesd irhmebilizatino ofivtiznddnduse hiodlirab megriatre i sol at or cages.
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15  remains in p]acc, as chewmg can occur. The animals can move, drmk, and feed after recovery of

anesthesia, and they do not require special bedding, caging or other assistance. .

Denervation _
Generally, mice are anesthetized with isofluorane gas for denervation. Using aseptic surgical
20  procedures (three washes of betadine with a final ethanol wash), the right sciatic nerve is isolated

in the mid-thigh and a 2 to 5 mm piece cut out. The contralateral leg serves as control.

More specifically, the skin incision is closed with a suture clip, and the animals injected with a

single dose of buprenorphine before being allowed to recover from the anestheéia'. Three, seven,
25  or 14 days after surgery animals are euthanized by CO» inhalation followed by cervical

dislo_cation, and muscles (gastrocnemius complex, tibialis anterior, extensor digitorum longus,

soleus) are removed for histological and biochemical analyses.

Given that the sciatic nerve is transected, the effected limb is rendered immobile to induce
30  skeletal muscle atrophy of the muscles involved. The animal can otherwise move, drink, and

feed after recovery of anesthesia and they do not require special bedding, caging or other
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20i-n the precursor is deleted, nutated, or otherw se masked. In the
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dibasic protease site, in general either of the two N-terminal dibasic amino acids of the E-peptide

20  inthe precursor is deleted, mutated, or otherwise masked. In the case of hIGF-1, these two
amino acids ére R71 and S72, while in the case of hIGF-2, these first two amino acids are R68 -
and D69.

A variety of modifications enables this prevention of cleavage:
25 (1) Deletion of one or both dibasic residues
(2) Mutate one or both dibasic residues t6-a non-basic amino acid, such as alanine
(3) Insert one or more non-basic amino acids between the dibasic residues
(4) Place a glycosylation site near the dibasic residues sufficient to mask the protease site
(5) Site-directed pegylation using replacement of either dibasic residue, or insertion near or

30 between the dibasic residues, with a non-natural amino acid, as described below.
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(3) Insert one or nore non-basic am no acids between the dibasic
residues (4) Place a glycosylation site near the dibasic residues
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introduced. In another example, in the case of hIGF-2 precursor, any of P4, S5, and E6 can be
deleted or mutated either alone or in combination. When a mutation is desired, a mutation to

alanine can be introduced.

25
Mutations at Residues 36 and 37 1GF-1 can e cleaved by sering proteases present in human )
serurﬁ. Mutation of either R36 or R37 to A can prevent cleavage of IGF-1 at this predicted
cleavaige sitgl between R36 and R37. In the case of hIGF-2, R38 can be mutated or deleted to
prevent this deleterious cleavage. '

30
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30 WD 2007/ 146689PCT/ US2007/ 070468 Use of 4 ycosylﬁat ion The in vivo
half-1ife of the pol ypeptides of the invention can be inproved by the

addi tion ofoMhdsakgs 9l ycosylation sites into either thegddHRfordbe

E-peptide portions of the precursor when expressed in nmammalian or

ot her eukaryotic cells capable of N-linked glycosylation. It has been
shown in vitro that human IGF-1 Ea is glycosylated at N92 and N100,
5as t hese portlons of Ea fits the consensus N-linked glycosyl ation
sequence of NNX-S/ T, where X can be any am no acid and the-third
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| GF-1. Such 1;/Sl ne- r? peﬁyl ation can be adapted for the precursor
| GF pol fﬁeﬁ{sl ot jp %Bvention. In addition, pegylation can be
achi eved in any part 250f a pol ypeptide of the invention by the

'ntr Odq%ttj t?zgn g} Poa}yf~| I?:y ene g yco5 Sggjlpg%tlgncto pon?e%hytlene glycol) (PEG; pegylation) have

proven to be beneficial in prolonging the half-life of therapeutic proteins drugs. It is expected

20  that pegylation of the IGF precursor polypeptides of the invention may result in similar
pharmaceutieal advantages. Methods of pegylation of IGF-1 are well known in the art. See, for
example, US Patent Application Publication 2006/0154865, which describes the beneficial
properties of lysine-monopegylated IGF-1. Such lysine-monopegylation can be adapted for the
precursor IGF polypeptides of the invention. In addition, pegylation ean be achieved in any part

25 ofa pelypeptide of fhe invention by the introduction of a nonnatural amino acid. Certain '
nonnatural amino acids can be introduced by the technology described in Deiters et al., J Am -
Chem Soc 125:11782-11783, 2003; Wang and Schultz, Science 301:964-967, 2003; Wang et al.,
‘Science 292:498-500, 2001; Zhang et al., Science 303:371-373, 2004 or in US Patent No.
7,083,970. Briefly, some of these expression systems involve site-directed mutagénesis to

30 introduce a nonsense codon, such as an amber TAG, into the open reading frame encoding a

polypeptide of the invention. Such expression vectors are then introduced into a host that can
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nonnat ural amino aci ds can be introduced by the technélogy descri bed
in Deiters et al., J Am Chem Soc 125:11782-11783, 2003; \Wang and

Schul'tz, SghepeRsald: 964-967, 2003; Wang et al, Scienc c%g%n&ggﬂﬁgp
2001; Zhang et aI , Science 303:371-373, 2004 or in US Patent )

7,083,970. Briefly, some of these expression systens involve
site-directed nutagenesis to 30 introduce a nonsense codon, -such as
an anber TAG into the open reading frame encodi ng a pol ypéptide of
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am nd apt@hataﬂaanthbkee:hom sﬁ@egme@tc&dna[n atdldmse, setiozeplasd I@E miolectlbewithout

rotein, | ition, such peqgylated | G- nol-ecul es without th
E—peptl lgﬁ?gg gﬁaﬁ%ﬁ?ﬁﬁa%@mgﬁ%ﬁﬁﬁeutics. Mul timers of E—Pep?ides I'n
certain pharnacological contexts, it is beneficial to increase the
si ze of ept i tein drug tq ensure that the.d
one st bbb/ el B S Phise s B Forie: fryen (Lo R e e

nol ecul gfa FEptdd & padteiv Ahig t6 Bidute tRald di@g,snen@me Bn bile didecofEhe HIGAL bei .
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prigv e
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pol ypeptide, as illustrated in certain Exanpl es de crlggd bel o
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effects that, when present in the pol ypeptides of the invention,

m ght | ead to | ower activity drugs. Thus, deletion or nutation. of C81
in 9 C@ﬂmﬂiﬁaﬂby@n&wf@ %ﬁzaey ﬁ }é suéﬁ&ct@d ﬁ’lﬁtrthé frel AbteRX amls@aon dﬁbﬁtg @ay

of the last seven amno acid e., amno ac
benefi cregplt in homodimerization or other effects that when present in the polypepttdes of e
invention, might lead to lower activity drugs. Thus, deletion or mutation of C81 in Eb can
optimize drug activity. In a particular example, deletion of the last seven amino acids of Eb (i.e.,
amino acids 81-87) is beneficial. '
20 ' ‘
Other Mutations or Modifications Additional mutations or modifications of IGF that can be
incorporated into the IGF precursor pblypeptides of the invention are described in US Patent No.
5,077,276; and US Patent Application Publication Nos. 2005/0287151, 2006/0211606, and
2006/0166328. | B
25 ' - oo
The invention should be construed, m addition to human IGF-1 and 1GF-2, to include all known
and unknown non-human animal precursor IGF-1 or IGF-2 sequences containing substantlally its

E-peptxde wherein the normal cleavage of the E-peptide is avoided or reduced according to

modifications of the present invention.

The preferred type of IGF to be used depends upon the species of the subject being treated.
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20 Other Mitations or Mdifications Additional nutations or

nodi fications of IGF that can be incorporated into the |G- precursor
pol ypept i dgg 10f7 k8o | Nvention are described in US Pat efleNeso007/070468
5,077,276; and.US Patent Application Publication Nos. 2005/0287151,
2006/0211606 and 2006/ 0166328. 25 The invention shoul d be construed,
in addition to human IG-1 and |G-2, to include all known and
unknown non- human ani mal precursor IGF-l or |1 GF-2 sequences
cont ai ni ng substantia its E-peptide wherein the normal cl eavage of
t he E- p@jstareferredsthah/on Iﬁ%s apecicetatsherl, e cwampingvhen a god is heingttieated, th t he
presentl%@M@@ 281535 erred type of IGF to be. used depends
upon t h® specl Bf% ﬁgbgﬂﬁﬁgit being treated. It is preferred that
the | GF is species- natched for exanple, when a cow is being treated
the pre

e ) ARSSEA o 0 8 1CrTHe iR PRY0C | oy lRRATTARL OIITRe by

5s eqﬁenmummm@ingss, smpeemshmgmlha\mﬁ putémalaadmrsh 1pmnmntogahl adver se

i munol c rom t he inducti ne
r o3pons SR aF AR BT Bl oo RAERL R Bl B "1
t he i nvgmetieon, nodified non hunan ani mal precursor. | G- l_sequences
are 1l0provided. Preferred are precursor |G- 1 sequences containing
substantially its E-peptide wherein the normal cleavage of the

E- pept i theonk embudiindstchf die inedtiae ehodified hel-mgnananhng bfecwadril GRS seﬁuehm are

pre?gnt B@ﬁg?tlon froma vertebrate animal. 15

Preferred are precursor IGF-1 sequences containing substémtially its E-peptide wherein the
normal cleavage of the E-peptide is avoided or reduced according to modifications of -the present
B invention from a vertebrate animal.
15 '
For example, such sequences include but are not limited to sequences from a mouse, rat, cow,
pig, horse, sheep, goat, bird, dog, cat, fish and the like, from any source whether natural,

~ synthetic, or recombinant,

20 In another embodiment of the invention, modified non-human animal precursor IGF-2 sequences

are provided.-

Preferred are precursor IGF-2 sequences containing substantially its E-peptide wherein the
normal cleavage of the E-peptide is avoided or reduced according to modifications of the present

25  invention from a vertebrate animal,

For example, such sequences include but are not limited to sequences from a mouse, rat, cow,
pig, horse, sheep, goat, bird, dog, cat, fish and the like from any source, whether natural,
synthetic, or recombinant.

30
Therapeutic Use of 1GF Precursor Polypeptides
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For exanpl e, such sequences include but are not limted to sequences
froma nouse, rat, cow, pig, horse, sheep, goat, bird, dog, cat, fish
and the Il‘lggszﬁlgggsgny source whet her natural, synt het i IFoT/6%2007/070468
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i nsuf f i piaBlG¥yolysRNE B roidWIENS difodd) Icrm;eteg m@ihg.@mﬁgwﬁl I@poz%ntahaewmoﬁl and
dlsorder di abet es, beni gn congeni t al oni a, central core

di sease! IS%WP@HS"WWEWWYW%WH?D% S BRI BRI oMM, bum

I nj ury, obduerVepuittsihfytidebterivep HRDRA ksl REATAIurd, boEEstAk ﬁ@a?tSfel,luré%PSI s,
renal failure, congestive heart failufe, or 20adei ng. The

mus@Bl o8%#let al di sease can al so be a nuscul ar dyst r ophy syndrone
such as Duchenne, Becker, nyotonic, fascioscapul ohuneral,
Enmery- Dei f uss, oculopharyngeal scapul ohureral , linb glrdle a

congeni B¢ masralogkelgtal dssase ghajso osra sela dysirgphylisyrdsmaxsushas E’ychenmm
Becker, myotonic, fascioscapulohumeral, Emery-Deifuss, oculopharyngeal, scapulohumeral,
limb girdle, a congenital muscular dystrophy, or hereditary distal myopathy. The '

25  musculoskeletal disease can also be osteoporosis, a bone fracture, short stature, or dwarfism.

IGF-1 is suggested as a treatment for insulin-insensitive diabetes, since IGF-1 can also bind
heterodime;s of IGF-1 receptor and insulin receptor. Accordingly, the polypeptides of the
invention can be used to treat diabetes.

30
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25muscul oskel etal di sease can al so be ost eoporosi s, a bone fraéture,
short stature, or dwarfism |G- is suggested as a treatnent for

I nsul i n-i ngeNsiTtiuskey di abetes, since | G--1 can al so bi nddiaieRBrdTe S
of 1G--1 receptor and insulin receptor. Accordingly, the polypeptides

of  the invention can be used to treat diabetes. 30 IG~-1is
neur ot rophi ¢ and i ncreases survival of neurons. It has been suggested
that 1GF-1 can be used to treat instances of notor-neuron death such

as seen_jin anyotrophic Jateral sclerosis (ALS), brain atrop
agei ng, IGH e RppE a*ﬁc‘ewﬁrwr\wl phRevpEs -y 16 Bt hegr susgpstadpat Jé’@é rveR b

can be uysgeh frét inkBAdes 6PMBiok-haeh REMAGHALREnHh bR yARIphRNAL (R Such
as ALS, brain atrophy, or 5denmentia. 1G=-1 increases both white and

red bl oH-Delrrin ﬁBwYa%aemgsmﬁrdemﬁr&@ dvscerdinely; the pelypeptiflestod the invention can
adm ni she @deh WNraf cd?;wiohi é%&%'ia?éd' WAth &G&Qéi%ﬁlﬂ' sYIch 58%@%“51@?&%‘19%? of

the invention can be-used to treat anem a. Since | G- | GF-2
are bi 8¥Meas and essential regul ators of ceII d|V|S|on and
vertebrate growh, they may be advantageously used in a variety of
veterinar nmet hods to exogenously- enhance or nmaintain growh in an
ani mal . inincesasanppdsvhiteehditkd bldod celbpapulationsiandrhasod atiditivg éffecetrhanci ng

rate angég%,s&a& o8t et o%%h nak @r&n%nggd yypeﬁfgaefs %@%&@% BBl

nmuscl e r owt anci ng

t he effh@ﬁem%waof thelr COHVEFSIOH of feed into body tissue (lean to
fat ;patio), for exanple, in swine, cattle, sheep, poultry and fish;
and (iii) enhancing mlk production in lactating aninmals, for

exanpl eSindalGFyl et HGFe), ars nbigpitoug et esscnmlhqu]alm of ¢eHalivisidrhewapretirite

ot | el s A8 ey iRl oo Bl gt R o) ™
consunpenhance or maintain growth in an animal. Some examples include, but are not limited to: -
_ '§)) enhancing rate and/or extent of growth in an animal, for example, enhancing muscle
15 growth in swine, cattle, poultry and fish;
(ii)  enhancing the efficiency of their conversion of feed'into'bddy tissue (lean to fat ratio), for
example, in swine, cattle, sheep, poultry and fish; and
_(iii)  ‘enhancing milk production in lactating animals, for example, dairy cattle, sheep, goats.
Other veterinary therapeutic applications include, but are not limited to:
20 (iv) treating animal wasting symptoms associated with cachexia, trauma or other consumption
diseases, for example, in companion animals such as dogs, cats, and horses; and -
v treating lactating animals for improvement in neonatal health, for example, lactating sows

for improvement in neonatal performance.

95 Methods of Administration The polypeptides of the inveﬁtion can be delivered in a variety of
ways, including the use of gene delivery vehicles. Methods known in the art for the therapeutic
delivery of agents such as proteins or nucleic acids can be used for the therapeutic delivery of a’
polypeptide of the invention, e.g., cellular transfection, gene therapy, direct administration with a
delivery vehicle, or pharmaceutically acceptable carrier, indirect delivery by providing

30 recombinant cells containing a nucleic acid encoding the polypeptide.
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di seases, for exanple, in conpanion animls such as dogs, cats, and
horses; and (v)treating lactating animals for inprovenent in neonatal

heal th, fogo8¥@ARege | actating sows for inprovenent in pegaRa§ 70468
performance. 25 Methods ofrl dm nistration The pol ypeptides of the

invention can be delivered in a variety of ways, including.the use of
gene delivery vehicles. Methods known in the art for the therapeutic:
delivery of agents such as proteins or nucleic acids can be used for
the therapeutic delivery of a polypeptide of the invention, e.g.,

cel | ul a¥ariquadelivettsysams are keowthandapy be wied eccadministerthe polypeptide ofithen a

del i verpﬁv%n%%,fe'b%‘;ie&s’;ﬁg n’]ﬁ‘ﬁﬁ%sﬁafn‘é@'nhéf ?c?é%t AR &a n?sﬁfeE'rQJomb'lirﬁgf defi€ L

del i very reco nant contal elc acid
encodi ngipatﬂeombgcp@pgthclarotelwaeccmgsmctbttcd/mdycsggssst(eatse a5 WulkandWru, dBdblcan

be usedehdh EBLILEL 1008, AALNERRLASuOLicOR o HER O eno-

encapsulation’in s mcroparticlés, m crocaps
r ecaibi mmmﬁbhtas admmpailndl,qm&fnrzé)(qag eaymongretl hmrtpntatlye fawlpoxwral) or other-

Eggegzg\r@e d atl\‘f:%ga/cgg of é%rﬁslfscl B %aneiae en ragoer?Eeinéer and | nalué%gg gl}ﬂtncg?mlted
retrovi roahtradmdmarndntraﬁasm; mtrqﬁenwmeaa,l mtrsazémmbcaﬂta,nemxpulmaiam éltgnasal
avi poxvi

aHIC larly. fow to etc.

of ' ot v ishateuleB Rblhl R e bt P oo lyPeaiost o bR Rt iR ey By fonyERetlo
li m t edrous, foﬂéxaﬁdﬁdmhfusbﬁbf Bd‘mmﬁjubtajh by am*sc’ﬁrgmlrthioﬂgleqilmelidnbf avenous, .
subﬁgtaneous $ ﬁnnar r anasal raocaL pi a ﬁnd or al
rou MRS IBRTUD EHESS mB@”%dﬂ?ﬂ?% wfesyp V"%ﬁ? EgHW Hi28Re rout e,
for t ﬁx?amﬁ.mstbsedgcsg‘etm mt@h @rhelbﬁﬁwgcdumaamelagms Wdﬁf?ﬁ@it@hlcﬂﬂbdé?ﬁtgmlﬂﬁr g
epl e TUcocu neou NN ora ITUCOSB, re al an

i nt estl Mg@ﬂ ipmay be %ﬁﬂa%v i am%s) sespticabepmpratio °§ theot her
bi ol ogi maédtwn aftd thueer@@eﬁmous é%tennbysady@amlb 1686, iRQuEN SR RtRGlat Al -

able to introduce the pharnmaceutical

In addition, desir
conposi F‘F%‘ﬁ%"al)'r"ﬁ‘ﬂ’%' IR QYT inegon may %ﬁfl#l@rcdﬁ@ @0 au@vwﬁu&%yet%fny

sui 12bl Ry bR, aktdBédidi2ReehBl AVIER i iith &Y ragapboirntpﬁmohﬁ%hmwtﬁﬁéd on;
intraventricular injection may be facilitated dﬁ_an intraventri cul ar
Q

cat het efan aissfbsf:me%?#ppe by piepf pe inheler o neludigery g foraylation pdthag Oy a

reser vogermsoPghmgtry adm ni stration can al so be enpl oyed, e.g., by
use of an inhaler or nebulizer, and fornulation with an aerosolizing

agent. In a specific enmbodinent, it nmay be desirabl e to adm nister
t he phapegpeditid &AbodTMIRAShEY} B WRsitdble to administer the pharmaceutical compositions of

20. the invention Jocally to the area in need of treatment; this may be achieved, for example, and not
by way of limitation, by local infusion during surgery, topical application, e.g., by injection, by
means of a catheter, or by means of an implant, the implant being of a porous, non-porous, or
gelatinous material, inéluding membranes, such as sialastic membranes, fibers, or commercial
skin substitutes. ' |

25 ' , .

In another embodiment, the active agent can be delivered in a vesicle, in particular a liposdme

(see Langer,_ Science 249:1527-1 533, 1990). In yet another embodiment, the active agerif canbe -
delivered in a controlled release system. In one embodiment, a pump may be used. In another
embodiment, polymeric materials can be used (see Howard et al., J Neuroshrg 71:105, 1989). In

30  another embodiment where the active agent of the invention is a nucleic acid encodiﬁg a

polypeptide of the invention, the nucleic acid can be administered in vivo to promote expression
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20t he invention locally to the area in need of treatnent; this my be
achi eved, for exanple, and not by way of limtation, by |ocal

i nfusi on dyoi-0eSeEEErY, topical application, e.g., by ddii®ShiR%4sdY
nmeans of a catheter, or by nmeans of an inplant, t he i npl ant bei ng of
a porous, non-porous, or gelatinous material, including nenbranes,
such as sialastic nenbranes, fibers, or comrercial skin substitutes.
25. 1 n anot her enbodi nent, the active agent can be delivered in a

vesicle, .in p {%tl cul ar a |i posome (see Langer, Science 249:1527-1533,
1990) . PHItSABFOdH BEARIP DY sBRYMAHgHL asiPRE OheR PPPHre AClein Ait EXRIsFion ¥pesRl

in a coahd flisstesin 1€§e'stﬁat$b’§efc@rﬁ&s ihttaceMfarE @?Oﬂ} W0k a re@mpimedmxiéaefor
ma

used. In another enbodi nent , ynmeric erials can be used (see

Howar d &¥ample, USPajgatNo 4439, 2’?&}; SRU’;? direggnipetionpordganceieicropatioldi ment
where t B&n@&@ﬁméﬁﬁ(@@%‘éen@%uﬁ *B‘?ollsﬁé’%ﬁibﬂj‘ of SoafindWfih fibifls gﬁ Ls@Rkgdi ng a

pol ygeptlde of the lnven cleic acid can be admnistered in
vi voot of %PM%P@W&FMBQW% opby adrainistetiogis in lirkegeston hotpotmanike pentide ng

it as Pahicnh e krf%ﬂm@cpa{té}%é .ﬁfeﬁegé‘&&é €lsC 180k & o8 ]lprB?Sf@altloﬂca\ﬁegéxoUSﬁeﬁl 1864-

admi ni steri n%til t so that it becores’intracel
retrovi 148, VEHd.¢te. (Pd@eiatlf’@}’, agwelmiolaeid cu&diat@tmbed\iotracél,hg&@ aﬂﬁr)qorpmrat@iy

di rect mhﬁ%Ft%@u DA %ﬁp%{ﬁ&f]% b?h%ﬁx%l%géJs el bﬁ%ﬂ?xﬁrd”‘?”t (e.g., a

gene gun; Biolistic, coa I'pi'ds or cell “surface
5receptors or transfectl ng agents, or by adm nistering it in |linkage -

to ho ich to.enter the

00 30 "SCPBRE Trgh [ D Bl Clire by e Rl QRN s oripfe WERE WP 1 I5C
etc. Al acdsratodied nolypaptides bithe inxentibn damtrabefedtioh pHeblis foviirm hridoia @ivioul lradssley
and inc r €ess

r econbi ﬁ%‘{?ﬁq%%&%%ﬁx\%er Ferfeg%%gra'gn%#faé]?%g éﬁ?ﬁ%‘ﬁ%" °é$ E?ﬁ%lfa“lsﬁeg%) o3 ent
i nvent i tageecatlo aphergassms 'haseclat acidcdreirmstecicd inteagiodi ngop@d Mpaesml des
of the o} ar tr nsfectl of C n vitra and

These nﬂl@%’%ﬁgﬁealgtier S AR S tafgﬁttcc?haﬁb %q‘mpé’s'ﬂﬁ'%‘?a inistered (.g.
wel 5 knbyimjectiat intosa himicle) roaermbjeettm é)marﬁcﬁunt sufficént Cetlich aalglapeigoreipdRE.
The nucleic acids.are transfected into cells ex vivo and in vivo,
through the interaction of the vector and the target cell. The

conposi In abthepaspecadhd invesition prdvides YmethdbbfitrentitigCtatolibite/TleQ adardizell &) tO
a subje suf.ficieng. t icit a thera eutlc response. :

anmou nLh 0 e%
I'n anotﬁ%?%‘e é%ﬁ an qr ether apimplingpding GRS Eelis oill B @ nyfleicagid epsoging 2
tar get polygeptide of. tl;le iavdnaibgiethefod the Riicldié SSURClubidd aa iNIIBBR: PEm&EhPerably

fect th | d di
Pl Shepiied (o T RILFREUAE iEing Nked sRUGPBIE. B 805 WefRBtios an

i nduci bbleceﬂhm'ﬁl{ B reR@e@l yreddition kEKliniaa disee M€ foR efandfié, raBe@di Ng the
e AR CH oA A G A R
Bi ot echnol ogy 6:1149-1154, 1998.
Combination Therapies In numerous embodiments, the poiypeptides‘of the presént invention
25  can be administered in combination with one or more ad&itional compounds or therapies. For
example, multiple polypeptides can be co-administered in conjunction with one or more
therapeutic compounds. The combination therapy may encompass simultaneous.or alternating
administration. In addition, the combination may encompass acute or chro.nic administration.
The polypeptides of the invention can be administered in combination with anabolic ageﬂts such
30 as testosterone or specific androgen receptor modulators (SARMs). Additional anabolic agents

include growth hormone (GH) or molecules that induce GH release. Ghrelin is particularly
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Conbi nati on Therapi es I n nunerous enbodi ments, the pol ypeptides of
the present invention 25can be adm nistered in conbination with one
or nore adgphhPidkesgompounds or therapies. For exanmpl e, pddbdPloSosss
pol ypepti des can be co-adm nistered in conjunction with one or nore
t-herapeuti ¢ conpounds. The conbi nation therapy nay enconpass

simul taneous or alternating admnistration. In addition, the

combi nati on nay enconpass acute or chronic adm nistration. ‘The -

pol ypeptides of the invention can be administered in conbipation wth
anabol i #sehgjdhe sombipaiondhesapy darcaehesiaptieceSihrelinaan eduse amiderease in anpetitpt br
nmodul at gr. SOV anah A r.aone
(OH) orgrs%?)rlugcu esﬂ%%ﬁmr,%egggh& refge]ggre&g%&bz]e?gﬁéhg’gﬁggt%% tng
usef ul inereasecanabilisan praembined aith physicattherapx drexersise todn@base body w:taghtc auge
an | NCI &afRulo M RAB hosddh lélﬁﬁb m{nfardaeé%ﬁbo biigdthyRgpt | des of the

i nvention can be co el'n suppl enen I'ncrease

anabdl i sm or conbined with phyS| cal therapy or exercise to increase
body we St candL dat e
o conBinacBial BhBOMS! T pr O Rl Ao MRS BIAA hinBbafid siRBR AL

i nventi owmlaismg qiﬁ’i\prdmsoppmrenmfeim mmhommaipqﬂlarﬁnaomlcslgmncepsabreg:amek G-

precurs i.on _and a p mace caII t.abl e
carri er%ﬁ'}%érg @lraﬁlpgcﬁ 'ca acc é%ﬁl’%?“%*’@é%te %‘eg I%agg %’%@?&p‘aﬂ II
regul at or g/statggumynrmefnt bﬂestdaenlﬁteaj Sd?ham;&bp‘aﬁaeorgsdmege’namnpr@bgdlzeat ed in

t he S, ei a. or her. genergl |y r.ecaqgpi ed 10 har eia
for Wso P aRdPE PR P in SRS mABRT e e e sTrs oot RS ADtiANbent
adj uvantexcigiantj quivelnitle woth whidh thé mempédﬁc Wrdalmidtéred.t ieh @@ﬂﬂl&teﬁxtwaﬂ carriers
adm ni st ered har ceutl Cﬁ car i}@ers can_be f?t erile |i

IR ot B Dok B eI 15 s mgrthase OF Rialin, malnye lablg or

veget alblsmmuc syigihwath s ;&amg ol), sopbeah o\SmiR@aINYIl sedirhe olmwhaarkemshnable -
m ner a

se ui t abl e romaceuti cal .
exci pi eﬁf’) Peset EP@&XC&'%WEHU&? %%raléé’»i(“?ssc gas; sugips 6 atin, &@hjta’t"fenﬂ"%alt
rices flhulk, silithgdlpdoliumsstdaradtd) glietrol HODstifate] BR] BHfim (thdfﬁl@rd?ied sklm milk,
nonostearate, talc, sodi.um chl dried skimm| k, ﬁ%cero

propy| eB&cergh propylens,ghveql, W@Frh%fﬁ o?%hth@ (Thg eompesKiop.JhesEed: c¥RlsY f

desi r edcorft@fl mikcy Aamoaiis & Wettiig WtemAISRYME Seedfs, WaIH bubriRg agdd! Thisi ng
These conpositions can take the form

agents H buffering S.
of sol uf?'BWE“'O%%aﬁéﬂ% 9'"“@ wioph suspgnisioas. smulsjon; tableispills, papsules,

powder s powdtsd, sishmibd el 88 $6muRkiBhY Al RN ke aMEe obitidifean bR SorhRTERASE hi ON
can Be formyl ated, as a égguppo& tory, with traditional binders and
car PP er SUPBORIYT, ¥ith taditignas pinders andeyagiers ichyas tﬁﬁlﬁ'ﬁﬁﬁldé%rpfﬁh@m'd@“%ltcaﬁd ard

carri er snchidé fafrOOaidTRGON hd SatmBeRiaBerites Hmaunitell lactofC LARK, mAnlGGH
magnesi um st ear ate, sodi um saccharl ne, cellul ose, rragne5| um

car bonafgaratgs soc lu%%p@g: el ugﬁe,tnagp@tum carbonate, etc. Examples of suitable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E. W.

Martin.
25
In some embodiments, the composition is formulated in accordance with routine procedures as a
pharmaceutical compositioh adapted for intravenous administration to human beings. Wﬁere
necessary, the composition may also include a solubilizing agent and a local anesthetic such as
lidocaine to ease pain at the site of the injection. Where the composition is to be administered by -
30 infusion, it can be dispensed with an infusion bottle containing sterile pharmaceuticai grade

water or saline. Where the composition is administered by injection, an ampoute of sterile water
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pharmaceutical carriers are described in "Rem ngton's Pharnmaceuti cal
Sciences" by E. W Martin. 25 In sone enbodi nents, the conposition is
for mul at edywny@eGaisdiance with routine procedures as a Wﬂ@%ﬁ}d%d.ﬁ@l
conposi tion adapted for intravenous adm nistration to human bei ngs
Wher e necessary, the conposition may al so include a solubilizing
agent and a | ocal anesthetic such as |idocaine.to ease pain at the
site of the injection. Wiere the conposition is to be adm nistered by
30i nfusion, it can _be dispensed with an infusion bottle containing
sterile %Hﬁ‘?‘iﬁ‘ﬁ%@iﬁail%?an@ﬁ@%l%‘é‘éihatdbe warefigets cayhermixedprias drposi ti on
is adm gashRtafaby injection, an anpoule of sterile water for
injection or saline can be prOV|ded so that the ingredients can be

m xed prior to administration. The pol ypeptides of the invention can
be for f e
oal o " heRathepRuRabE fveflorngh be hiTRed EIALIBCP U GRN. brippeantal)
der i ¥ edadcepiphlesadts dnshide thiose fogrh«szlﬁofwmmla@gbups,sudxalthasc: déraved &oinc '
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procain u e.of the invention which

will %e]?rﬁ é?ﬁ?'lll‘\q}g’ tflér.l{%flﬁmm 4 %’ﬂwggkxgﬁ@dﬁgf"ﬁ IR df-sease can be

deternlned by standard cllnlcal t echni ques based on the present

des ddi tion Vitro assays. Ly tionally be enployed
o101 P rheineF o megite g e b SRR e Bllve o B bpgrgls. ¢

e rrpl oy ecbndmoh hedi&@smak idetarnvihdd byaskmaard elieitdl tedhnifike bised be thefpresent

adnlnlsaratlon %B he.seriousness of the conéltlon and shoul d be

deci ded HERRSIOG n‘5 tigr, i %0 pSSRlS e ePEenatly ke greleyadie byl dentify optimy]
subj ect dssagd mngess Thamesse ddevo\be lémpﬁ)w:d nabllneer“odﬁl.ﬂ@@:ﬂ WiRlBgE 8epefM on the route

i ntraven adm.nistration are erally a 0- 500 gra
acti ve 8@?‘?{53’6 UrERtigRyang f e&&r‘%‘ﬁ‘?eﬁ%%ﬁnmnﬂﬁ‘?n %@%%ﬁ%@%gﬁ@éw 'Héé% For
i nt ﬂﬁnaﬁlﬂgmadMmb@tafcﬁﬁimﬁﬂalﬂre@cl'gﬁﬁﬁét&|cirb’urﬁd@@nﬁ§s HobvroHukiah O askigavBh 2Rt

to 1 ny/ bod Ef fective doses may be extrapol ated from
dose-r e g’ﬁ@&e%ﬁ?%}ié'g“ﬁ‘éﬁtio{}é{f ECRGRY 3P0, 203900 micspgrams Ofrfﬁﬁtq cogmpgynd per

syst errSkildgi’anDBdeyl vedighar Sun&b%QB@b%& kdab&s IORASRsd] e&hm&a&ﬁrhré)@nalawaboﬁp
to 120b9 Bodd Weh? lgctarleousmjectlon tw ce all¥
0 0 )ywe t o mgﬁ<g weight. Effective doses may be extrapolated trom
dose-response curves derived from in vitro or animal model test systems. In particular, a
20  possible dosage regimen can be about 60 to 120 pg/kg body weight, subcutaneous injection,
twice daily.

Veterinary Uses

In addition to the aforementloned methods of administration in humans, there may be addmonal

25 consnderatmns for veterinary administration.

The dosage may differ when administered to a healthy animal versus those animals suffering

from a disease. An assessment of the appropriate dosage can easily be made by those skilied in

the art using assays known in the art, for example, the myoblast proliferation assay (Example 79)
30  or the mammary epithelial tissue assay (Example 80) as described below. General assays to

measure IGF are also known in the art, such as those in Example 81.
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Veterinary Uses In addition to the aforenentioned net hods of
adm nistration in humans, there may be additional 25consi derations
for veteriwaryeadegssi stration. The dosage may differ WigRvusi007/070468
adm nistered to. a healthy animal versus those aninals suffering from
a di sease. An assessnent of the appropriate dosage can easily be nade'
by those skilled in the art using assays known in the art, for
exanpl e, the nyobl ast proliferation assay (Exanple 79) 300r t he
manmary epithelial tissue assay (Exanple 80) .as descri bed bel ow.
General assays to neasure |G- are also known in the art, such as

those i Phds¥ I dENn &e-art Wil Q&% ofild thht@Bmb Bpelc 8 o PdnimMickhibt 868681 RRIlkNAL
some speci es of ani mal exhibit seasonal fertility influenced by the

| engt h Bflugnged binibe ispgthiobthe phﬁypeéwﬁodnh@ﬁbod@wﬁ ofjaveseringarmyethes ¢deE or
use MaymephiRnaly Mclhd‘b“s‘téﬂﬁ'ﬁg it ééatnhaﬁ nfelted bf @%&E@hmmm&%@émﬁal’

specific tinme wi'thin the ani nal 5 reproductive cycle in order to
achi ®v ereprodueiizs icyadaiingrdes i achlvm)@é degierd ¢fEgt. | Thophekilkpddin thie lrt wikh knew that
repr odu
120 P efebiotB=ib Bt e Bt PR DRIIEA IS BitheoBDEh b g e
used foﬁﬂméPEmpﬂﬁ¢VﬁmmdlcatlOnS in addition to nethods previously
mentioned for human 10use, the IGF-1 or | GF-2 peptide of the present
i nvention can also be used as an oral drench, or a supplenment to oral
or sol i Wheebstd f¢r0/letea'mrmd§=atiq'rheiniar\dﬁ'ém foanetiogs prgriohdy maetionrd footuhat
not ;4 |
esepl s o B3 0P1G1) bWaD By 6 PR Rl B ERTRORR us IR TR oy brench, B
contalnmmghmhgtbomlmwmh@ﬁnmﬂmfmwmﬂsons was constructed: deletion of
G, deletion of P2, and deletion of E3; nutation of R37 to A and
del etion of R71 and del etion of S72. These mutations are sonetlnes
The invention is further described but not limited by the followmg Examples.

15 ' " Examples
Example 1 |
A DNA expression vector-encoding the hIGE-1-Ea precursor polypeptide containing the
following modifications was constructed: deletion of G1, deletion of P2, and deletion of E3;
mutation of R37 to A; and deletion of R71 and deletion of $72. These mutations are sometimes
20  referred to as "3mut" throughout the present disclosure. This results in the following secreted

protein sequence:

tlcgaelvdé]qfvcgdrgfyfhkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkevhlknasr
gsagnknyﬁn (SEQ ID NO:8) . ' '
25 ,
Cos’[ cells (available from ATCC) were maintained in DMEM containing 10% fetal bovine
serum, 100U/ml penicil]in,.and 100 ﬁg/ml streptomycin and plated at a density of 1 x ]06 cells
per 10-cm p_fate. These cell cultures were transfected with 8 pg of expression plasmid using
Fugene (Roche) according to manufacturer’s instructions. Twenty-four hours post-transfection,
30  cells were washed once and cultured in serum-free medium for 48 hours. Supemataﬁts were
collected and stored at -80°C.
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20referred to as "3mut™ throuéhout the present disclosure. This
results in the follow ng secreted protein sequence:

t 1 cgael vdaafyeadedd yf nkpt gygsssraapqt gi vdeccfrscdl rrl e/piaapldBalsaVvr
agr ht dnpkt gkevhl knasr gsagnknyrm (SEQ I D NG 8) 25 Cos7 ceI l's

(avail able from ATCC) were maintai ned i n DVEM cont ai ni ng 10% f et al
bovi ne serum 100U/ nil penicillin, and 100 ng/nl streptomnmycin and
plated at a density of 1 x 106 cells per 10-cm plate. These cell
cultures were transfected with 8 gg of expression plasm d using .
Fugene (Roche) according to nmanufacturer's instructions. Twenty-four

hour s pﬂxs&aérrt@&'s%és@?&l?ﬁ%ﬁdﬁ&alﬁﬁt‘y|1§hMﬁa[n‘%eNY?r§%\%gmgﬁﬁé teﬁ'ﬁl h%@ ol

serumfree medi um ours. Supernatahts were collecte
stored ealls imctedlvntwwfémc OviabKHs EEapuidiehitl Eddmutvednt incubpted forHGrnanrs

ST B BRI e RREARSE BRGEOR DDA (o6 Snkd ORIAE R bldes
at - 37C by t$%e SDSPAGE, aath semobklogingae peficmedisiggaatprirotonsbantibedy$h Homdn -
Sanpl esl%)@ﬁeﬁee,%mwﬂ S8 d;lc§‘V°a%P%v}gr‘\ga% wi3RGEh EL OOPLALLL DSy W8aded

performed usin ona ant | unman
in Fig. aﬂtemncnthtmawethtsham fowlrﬁ lhoard, the hi@F- hlEaGEmt was swlahzsdbﬁ'emtbmaﬂ y

degr aded aft C atlon W L t
was st agld I'Z (EP at%gnsmtogun lerav'adqto FE‘é@IQQt ha Sa? A Irea% |wg]e18F1 ?1“(: tlezgle?/)le

cl eaved1EGmut waagboabb0.68 kh&wiﬂg thahihkse rivaionsitebudt iharstabilickd pdiypeiidet was '
aboyt 1:0.68, show ng that these nutations result in a stabilized

pol %)ept ide. 10 To confirmthat the hl GF-1 Ea3nut was able to signal

t hr oughTb hemﬁrﬁl%hat Re WAGT-1EAD S Wk ylblatd gigmabthrongh the IGH-]RQAKa“qumsﬂxbdylahbm
ot o 2 RSt R BB AR Ao el it RGR e O PR e
gl ucos emainminetinoDelbecoo Brbaii fiddrEagkG%mddana{DNIBMI) m&:hﬂﬁh@mcbékl\{[[rhﬁ@gen)
(' 1 r S Sk e BphsPt o e RO 0B e e SRS g rasr
phOSﬁ)hOfstydp&im}@m (Iﬁditﬁ)géﬁﬁha zenehlgmtamneamm@d) &for anai@BftAKOf 0. 15 X
106 cel | }?OSB latlon the C2%19 Ct\ﬁﬁ were plated at a density of 0.15 x 10° cells per well of a 6-well
plate and were cultured in growth medium for 72 hours. Cells were starved for four hours in
 serum-free medium and then stimulated with different ligands at 37°C for 30 minutes. Cells
were lysed with PhosphoSafe buffer (Cell Signaling) containing various protease inhibitors and
20  cleared by centflifugation at 14,000 x g for 15 minutes at 4°C. AKT phosphorylation and total
AKT levels were analyzed by ELISA using PathScan phospho AKT (Ser473) sandwich ELISA
kit and Pafh'Scan AKT sandwich ELISA kit (Cell Signaling), respectively. The AKT
phosphorylation results are summarized.in Fig. 2A, which indicate that the hIGF-1Ea3mut was
able to activate the IGF-1R cellular pathway to a similar extent as the long-R3-IGF-1 positive
25  control reagent and the recombinant IGF-1. In addition, the data in Fig. 5 directly shows that
hIGF-1Ea3mut led to AKT phosphorylation. '

Next, to ensure that the receptor specificity of the hIGF-1Ea3mut remained with the IGF-IR,

various ligands were added to cultures of NIH3T3 overexpressing either IGF-1R or insulin
‘30 receptor (InsR). These cells were cultured under the same conditions as described above for

Cos7 cells. For analysis of IGF-1R and InsR phosphorylation, NIH3T3-IGF1R and NIH3T3-
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plate and were cultured in growth nmediumfor 72 hours. Cells were
starved for four hours in serumfree nmediumand then stinmulated with
di fferent i 37C for 30 mnutes. Cells were |y
PhosphoSafgb%ﬁMﬁﬁm@%Cell Si gnal i ng) contai ni ng varlousﬁﬁﬁg%%gggﬂuﬁs
i.nhi bitors and 20 cleared by centrifugation at 14,000 x g for 15

m nutes at 4C. AKT phosphoryl ation and total AKT Ievels wer e anal yzed
by ELI SA using Pat hScan phospho AKT (Ser473) sandw ch ELI SA kit and
Pat hScan AKT sandw ch ELI SA kit (CeII Si gnaling), respectively.- The
AKT phobsReehd ware phted @tsmietnslt)awfeﬁ Bx hiterellszred wiekh o4 @wen Plateynid eterd quitinedt e
that t hﬁ} %l!)\@: l'lllé'ﬁ gur ltleﬁs b re% weﬁ? 8th?£r nqéﬂﬁl?fl%g l'nl g the

pat hway a simlar e as’ t i |t|ve con

r eagent stamdatehwith diferdot h@nﬁs dtGlF"(lfor n 01 mdnhst Colbs wd:rb lysct!aasadesmlbb’d @ovéfor

L e

Wi t h5t hesihgPudder IG/humanqﬁ]oéphg:a]mﬁRvmd elraR dEISA kit (R&DlSIyaSme MHBGI&

overexpressi ng,eit.her, 1 G--1R or insul.i recept or R

ol | < heFanHTH GHUHS 4 g0p PR i BT bRETEy P bPRB ke ey

Cos7 cekdrshe I6FF] @bapkarahd stohld bikd th ieartldtel BRMIn receptor with low affinity.

phosphoryl ati on, Nl H3T3- 1GF1R and NIH3T3- [InsR cells were plated at a

density of 0.2 x 106 cells per well of a 6-well plate and were

cul t ur egxiuiplgeowt h medi um for. 24 hours. Cells were starved for 18 :
ith different |igands

hour rumfree nmedi um gnd t nul at ed

298 AR AT eReorapEnsr BREE Tk Peag e bibalife SHNGEESIe b
AKTI ex pgrngwa%tmut%ng.s Jaa:c&la&;}ﬂg Heﬁﬁbrﬁ&'t'@lpb&ﬁtwna}fhPthnﬂ avietidh dwsel R
anal yze A usin 0 phosphor - I -1 ns,
L Sh ki Rpspetiand Seieion oLkl o Cliina bt S2q ot A sy
i ndi cat enetffidiwihdécereleprokeif k@@EHeOr pol ypeptide retains speC|f|C|ty
for the | GF-1 receptor and should bind to the related insulin.

receptor with low affinity. Exanple 2 10 A DNA expression vector
encagli nﬂcéaeﬁdilhﬁgd}gfﬁmp%ﬁgs se@atgmkeenedalrtléﬁyéaﬁmbadswrstghtaasmﬁ§qbﬁﬁmmg

mut ati ons was constructe del etio

del et oﬁtkéqﬁk@ypkﬁhas@ﬂke@waﬁﬂtrs&ékeqn@lgma% ge(SEQ NG R71- and

deletion of 572 (i.e., the ' 3nut ). This results in the foll ow ng
secreted protein sequence;

t | egael TARPYYREEHH WISy ToNer wg%waﬁeamﬁ e vm%w%wnbﬂ iafgxaraple k shedsavr -

aqr ht dnpligt %Xﬁ@ﬁb@%@hensntometry mdlcated that the ratio of uncleaved to cleaved IGF-I wag about
ntlcsqrrkgMﬁkth % §gteas gi r gkkkeqrrei gsrnaecr i é D NO 9
TheZBol yifephilefbe s for ﬁﬁé&bﬁrﬁutataé@bwﬂxdes i1g thas eper e ‘dentre@s result in’

descri b%@tabﬂz%ﬁ@'&:&(ﬂ: 2R0oY8 1nd'1:dagzs thhBth@ Hﬂ?w}'“ BiEb3Hh é\t Qgspﬁflé R1E (;d&e% IGF-

i ndicated that tHeé ratio of uncleaved to cl eave G—-1 was a
201: 9, WRiceldularipathivay o sigilanexiemt asEhfslnm-RMGFdbwgsltwelqomrolgmtmgd theat

these mugdhfbnati8RS. rII’?§&Hit§oni,_ ﬁ'lf_: data in Fig. 5 directly shows that hIGF-1Eb3mut ied to
AKT phosphorylation. The results summarized in Figs. 3C and 3D indicate that this IGF-1
25  precursor polypeptide retains specificity for the IGF-1 receptor and should bind to the related

insulin receptor with low affinity. -

Example 3
A DNA expression vector encoding the hIGF-1-Ec precursor polypeptide dontaining the

30 following mutations was constructed: deletion of G1, deletion of P2, and deletion of E3;
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a stabilized polypeptide. Fig. 2B i ndi cates that the hl GF-1Eb3nmut was
able to activate the IGFIR cellular pathway to a simlar extent as

the | ong- Rgoked1dsc@®si tive control reagent and the recq;@ql,mmmlnggg
In addition, the data in Fig. 5 directly shows that hl G--| Eb3nut |ed

to AKT phosphoryl ation. The results summarized in Figs. 3C and 3D
indicate that this I G--1 25precursor polypeptide retains specificity
for the | GF-1 receptor and should bind to the related insulin
receptor with low affinity. Exanple 3 A DNA expression vector
encodi ngutatien ¢fR37-1a Afendxiedstion 96R7 paldydeleion oeS7e Gt aha 1 3mgitYh &his results in

30f ollo ucted: deletion of G, deletion of
andwa@(ﬁetl ﬁ&&gﬂ@%%@g %n of R37 to A; and deI etion of R71

and del etion of S72 (i.e., -the "3mut"). This results in the foll ow ng

secrete

{1 conel TP aR R e e e demypliener U AR RS o
qrhtﬁnpﬂcstqﬁggq;ﬁqaﬁt(ﬁlimm\lomwrrkgstfeerk (SEQ I D NO 10) The

pol ypepti-de was assayed in accordance with the procedures descri bed
in Exanple 1 above. Fig. IC and use of densitonetry indicated that

t he rat The pfiypeptideaasassayal in lhedviadce Vol the }M&Sedahb@ déscdibdd, in BRarhle 1 BBove.

ratio faqr G| E 0.96

odi 11 B B s B TRy YeRead el i i ol BRET AR o ey BE | s e

that t heshdvﬁil%thﬁhlﬂmﬂ:tr h\I\GB-IEhﬂnﬁlthﬁs allﬁiut 1-0196, shbwink Hat thRearddifidadions rtlasu]t
at to Ssimilar e e osl tyve contr

P e in iRl poienits G0k Ainbibiies RATiFIOFI TR ablk B Seimate the

dir elct | }GBMEw]mdﬁ@ht_hh’hgﬁ-d sﬁﬁfﬁu&teg@% éﬁeqon@ﬁs ) ;)% %bﬁﬂe @h!ria?;:ag%rh%nd

results _sumar] ze | a Lcate that thi - )

oour Sl bR cha . M i v da iy Bl iregty shase thek MCH USintinkd g

shoul d hmtbhbq}hbi}&tlbm Thedsul® bmﬁmhmﬂd rreﬂg@mranm lindicawé thdtfchin IGBL1

Exanp ressl on \( Eab chiperic

ncodi n
o B SBECYSHr AR HE St By TPHEE O H BRPR HEAHTALBES BES Thaehe
hl Gfs 1- Eﬁulpﬂﬁ&dpdﬁm%ﬁgﬂﬁtty uct ed del eti on of d, deletion

Example 4
A DNA expression vector encoding the hIGF-1-Eab chimeric precursor polypeptide containing

the following modifications to the hIGF-1-Eb peptide was constructed: deletion of G1, deletion
20  of P2, and deletion of E3; mutation of R37 to A; deletion of R71 and deletion of S72 (i.e., the
C"3Imut™y; and insertion of Ea amino acids 93 to 102 between amino acids 95 and 96 of Eb. The
insertion cfeates a putative N-linked glycosylation signal at N92. This results in the following - -

secreted protein sequence:

25 tlcgaelvda]qfvcgdrgfyfnkptgygsssraépqtgivdeccfrscdlrrlemycap]kpaksavraqrhtdmpktqkyqppstnk'
nasrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqgrreigsmaecrgkkgk (SEQ 1D NO:11)

The polypeptide was assayed in accordance with some of the procedures described in Example 1

above. Fig. 2C indicates that the hIGF-1Eab3mut was able to activate the IGF—IR cellular -

30  pathway to a similar extent as the long-R3-1GF-1 positive control reagent and the recombinant
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20 of P2, and deletion of E3; nutation of R37 to A, deletion of R71
and deletion of 572 (i.e., the "3mut"); and insertion of Ea am no

aci ds 93 tgolkfe/Medsyeen am no acids 95 and 96 of Eb. Tﬁﬁﬂ?ﬁﬁ&ﬁhﬁﬂ
creates a putative N|linked glycosylation signal at N92 I's results
in the follow ng secreted protein sequence: 25
tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdecefrscdlrrlenycaplkpaksavr
aqgr ht dnpkt gkygppst nk

nasrgsagnl cnt ksqgr r kgwpkt hpggegkeqt easl kkkeqrr ei naecrg|C|cgk
(SEQ | DGl 1 The rpﬁétswnw ineig §aa§§ y catqih@té@@i%%h@eecvusmrh some of

the progs £ AR t

t he hi Gﬁ— ?ﬂégﬁ%n% t vvas g&fﬂé?‘?{ro act i Srgt 5{3&} ?éh %30% u?glgagrg%a#ﬂj\?\iay
to a simlar extent as the long-R3-1G--1 positive control reagent and
t he recgg%%gggt |GF-1. The results summarized in Figs. 4C and 4D

i ndi cat this 1G—-1 precursor polypeptide retains specificity

f or 3 heAllZh¥A expressmptvestoramdodigrtbe hléiF- RED mudtireer plresuisorpolypeptide captioing
Exanpl e t G- I timer
or ecr s5F R EB RS B3Rl B Rle ! DRebelthr R B i e

constr udﬁledm of @3&tdelztiorodf R37 ddﬁioetof BRI d‘éle% ofcﬁé'lz,eateieunn of th&Rist sdﬂnel ion

of R36,. del etion of etion. o del |on of S7
of the [°4Y as'tnael SR széﬁi A |‘“Se‘i‘ﬁ°%° &E S"“B “S lsaﬁ{ﬁ"”f%‘?é%trzq”"&ﬁé f%“af he
C- t er m Bbipepifled Hsutlswﬂhcemthe:mﬂ and STVmdagdicvirpOadrmial aeipd beldsandatfburth

t S7 d rmnal, amn cids.and a
Foulfh sttia Py pdiRds S bud e i S e S0P Ao BePfe SEudlhoms
a scherrainsnuaﬂrmrtgul&fm tHaifsllovansdetrel profdin Sequared ts.in the f ol I owi ng
secreted protein sequence:
tlcgaelvdalqfvcgdrgfyfnkptgygsssapqtglvdeccfrscdlrrlenycaplkpaksavraq

r ht dnpl ﬂ&gakly&mdjﬁtgmkgfyﬁakptgygsssapqtgwdeccfrscdIrrlemycap!kpaksavraqrhtdmpktqkyqppstnknt
ksar  kgppkt hoggedl cqgt ea5t 9, kT ckeqrr €1 B3 TRer r A9 TPk A dppet nk
15kegt era@gltaslf;gg&kaﬁfeig@t@aﬁﬁa@hﬁma@kmgmhmtgw@mmpgg‘qu@aﬂhmgmahpg

gegkegt eas |rgk

ei gsr na@® aﬁfw%%wWWB@PWWM@IMWWM%&%F@@W%ﬁ%&k@keqr
rei gsnmeggpginisoki2§ SEQ | D NG 12) - This polypeptide was- subj ect ed
to an AKT phosphoryl ation assay as described in Exanple 1. 20Fig. 5
indicates that this hIG--1-Eb multinmer was able to signal through the:

| GF- 1R PRk BYSpeptiBX #Bujebted to an AKT phosphorylation assay as described in Example 1.
20  Fig. 5.indicates that this hIGF-1-Eb multimer.was able to signal through the IGF-1R pathway.

Example 6 _ )
A hIGF-1-Eb precursor polypeptide of the invention as shown schematically in Fig. 6B can be
expressedl. This construct contains the following modifications: deletion of G1, deletion of P2,

25  deletion of E3, deletion of R36, deletion of R37, deletion of R71, deletion of §72; and the
insertion of Ea amino acids 93-102 between amino aéids 95 and 96 of Eb, thereby creating an N-
linked glycosylation site at ‘position N92 and N100. This results in the following secreted protein _

sequence:

30 tlcgaelvdalqfvcgdrgfyfnkptgygsssapqtgivdeccfrscdIrrlemycaplkpaksavraqrhtdmpktqkyqppstnkna
srgsagnkntksqrrkgwpkthpggeqkegteasiqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:13)

29



A hl G- 1-Eb precursor pol ypeptide of the invention as shown
schematically in Fig. 6B can be expressed. This construct contains
the fol |l owypaesmdidss cations: deletion of G, deletion qiciZ007070468
25del etion of E3, deletion of R36, deletion of R37, deletion of R/1,
deletion of S72; and the insertion of Ea am no aci ds 93-102 between
am no acids 95 and 96 of Eb, thereby creating an N-Iinked

gl ycosylation site at position N92 and NI 00. This results in t he
foll owi ng secreted protein sequence: 30
tlcgaelvdalqfvcgdrgfyfnkptgygsssapqtgrvdeccfrscdlrrlenycaprkpaksavraq

rhtdnpkgg&mgppstnkna
srgsagnlcnt sqrr kgwpl ct hpgg: Ugteaslqrrgkkkeqrrelgsrraecrgkkgk (SEQ
I D NO EWF%APB@BQ%G‘,?P o GuTIDRbAYES g HHjarangmodilicapesea be

precurs QJE r&@é&’ Qﬁ%ﬁbﬁ@f f, dél&?on'o'f'g? Nnbi QEletlﬂ:%Vdf 79; higtd IR HA; and deletion
nDdrfrcatrons can be -expressed db l'eti on of P4, deletion of S5, and

del efi onf B68 &g delotiomef 14P. Fhisrewilts in the follawingsecsetedprotisrsemBaceand
del etion of D69. This results in the followi ng secreted protein
sequence:

ayrti cggmlwlvdﬂw@%zﬁ@mrwwwwa@rﬁlw@@@ewr@emmlmnﬁ%m%&ﬁ%%kqop

tvl pdnf geypyvigkiiha freakrhrplial k (SEQ ID NO:14
stquugp%aﬁggafrg%g?ake é?fr aﬁ?ﬁr H%ﬁ%ﬁﬁgﬁéﬁéggbpenasnrk (SEQ I D

NO 14) 10 Exanple 8 A hlG--1-Ea precursor pol ypepti de of the

|nv23t|%g!g§¥ gng the follow ng nutations can be expressed: deletion
tion of P2; mutation of E3 to X where X is a nonnatur al

am no adilGFHaka P@Ctﬁﬁgybm@ﬁde piithanvention haviRggthe follawingmeptatigheednds of
R71 and gﬁks@éd Ocﬁle?%%a?él and UeferibR S Sdfiol BPES BI% QMR K i$ 86tk

protein
Xt'| cgae Iamd'al agidvthay dy nezylttetpnstipmed R34 po pnd deleicdnr S Bl and é@iglmap’lf Rpaksav

et o SBAE) MBI BB SR 1510 ! o 978 (A =
fi cdael vdal gf vcgdr gf yf'nkpt gygsssar apqt gi vdeccfrscdl rrl enycapl kpaksasv

raqrht d8&?1‘6ééllﬂ%xrah}éB&%ﬁf;}’f%?g%&é&&{pmg(\%%%s!}%IJ}Qm§79Qp1kpaksawaqrhtdmpktqkevhrkna

srgsagnknyrm (SEQ ID NO:15)

Examples 9-78 (A = deletion)
20  9) hIGF-1-Ea: AG1, AP2, AE3; R36A; AR71

tlcgaelvdalqﬁcgdrgfyfnkptgygsssarapqtglvdeccfrsadlrrlemycaplkpaksasvraqrhtdmpktqkevhIknas
rgsagnknyrm (SEQ ID NO:16)

25 10) hIGF-1-Ea: AG1, AP2, AE3; R36A; AS72

tlcgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrleinycaplkpaksarvrgqrhtdmpktqkevhlknas
rgsagnknyrm (SEQ ID NO:17)

‘30 10) hIGF-1-Ea: AGI, AP2, AE3; R36A; AR71, AS72



2510) hlGF-1-Ea: AG I, AP2, AE3; R36A;, AS72
fi cgael vdal gf vcgdr gf yf nkpt gygsssar apqt gi vdeccfrscdlrrl ei nycapl kpaksar

vraqr ht dnmpihal@ubsdénas rgsagnknyrm (SEQ I D NO 17) 3010)pfFHaobniaes
AGl, AP2, AE3; R36A, AR71, AS72 WO 2007/146689PCT/ US2007/ Q070468

t | egael vdal gf vcgdr gf yf nkpt gygsssar apqt gi vdeccfrscdl rrl emycapl kpaksavr
agr ht dnpl ct gkevhl knasr gsagnknyrm (SEQ'I D NG 18) 11) hl GF-1-Ea: '
ad , AP2, AE3; R37A; AR71

tlegaelvdaquvc dr gf yf nkpt gygsssr aapcl i |vdeccfrscdlrrlenycaplk aksas
vragr ht dwpl&#aﬁ%fgm?eéy fkpeyrsagrRatgvAsCErairemygaphkpaksavryarhtdimpktgkevidinasp g
|, AP2, 0 LD

tl egael %%gﬁm?’vcgdr%f yf nkipl)ét?gygsssraapqt gi vdeccfrscdlrrl enycapl kpaksarv
raqr ht dnpkt gkevhl knas rgsagnknyrm (SEQ I D NO 20) 13) hlG--1 -Ea: AGL,

AP2, 4E3;yy Ja?B?EEaAW ] 2@% AE3; R37A; AR71

tlegaelv vcgdrg ptgygsssrapqtglvdeccfrscdlrrlenycaplkpaksasvr
agr hf dnpkt gkevhl knasr gsagnknyrm (SEQ I D NO 21) 14) hlG-1l-Ea: AGL,

AP2, AEﬁcgaAlBéazqfv@@%zgfyi%gptgygsssraapqtglvdeccfrscdlrr]emycaplkpaksasvraqrhtdmpktqkevhlknas
rgsagnknyrm (SEQ ID NO: 19)

12) hIGF-1-Ea: AG1, AP2, AE3; R37A; AS72

10 | | o |
tlcgaelvdaquvcgdrgfyfnkptgygsssraépqtgivdeccfrscdIrr]emycaplkpaksérvraqrhtdmpktqkevhlknas
rgsagnknyrm (SEQ ID NO:20) ‘ ‘

13) hIGF-1-Ea: AGI, AP2, AE3, AR37; AR71

15 | |
tlcgae]vdaquvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlri‘]emycap1kpaksasvraqrhtdm];ktqkévhlknasr
gsagnknyrm (SEQ ID NO:21) ' : |

14) hIGF-1-Ea: AG1, AP2, AE3, AR37; AS72

20 . o
tlcgae1vdalqfvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlrrlemycap_lkpak'sal"vraqrhtdmpktqkevhlknasr
gsagnknyrm (SEQ ID NO:22) . N

15) hIGF-;l—Ea: AG1, AP2, AE3; AR37; AR71, AST2

25 _ A
tlegaelvdalqfvegdrefyfkptgygsssrapqigivdecefrsedlrrlemycaplkpaksavragrhtdmpktqkevhlknasrg
sagnknyrm (SEQ ID NO:23) |

16) hIGF-1-Eb: AGI, AP2, AE3; R36A; AR71
30

31



tlegaelvdalqfvegdrgfyfnkptgygsssrapqtgivdeccfrs&dlrrlenycaplkpaksarvr
aqr ht dnpkt gkevhl knasr gsagnknyrm (SEQ | D NO 22) 15) hl GF-1-Ea: AGL,

AP2, AE3; \B36o714488 » AS72 25 RCT/US20071070468
tIegaelvdalqfvegdrgfyfnkptgygsssrapqtglvdeccfrsedlrrlenycap paksavra

gr ht dnpkt gkevhl knasrg sagnknyrm ( SEQ |1 D hK)23) 16) hl GF-1-Eb: AG I,
AP2, AE3; R36A;. AR71 30

tIegaelvdalqfvcgdrgfyfnkptgygsssarapqtglvdeccfrscdlrrlenycaplkpaksasv
raqrhtdnpktqkyﬂﬁpstn
| cnt kai He w@@qfv@aﬁewm@wﬂR@&F@M‘@@WB&P@SW@W@E&W'@qppstn

NO 24) - Lifik<dtikERpidinfdeqidEbasidifekkkAfdiasitReAkk AISEQID NO:24)
tlcgaelvda?qufgdrﬁ%%? g%?yﬁggssarapatgléh ecc rggdlrrlenycaplkpaksarv
ragr ht dnpkt gkygppstn

| cnt ksqyk tipg : t I cr ei gsmaecr gkkgk (SEQ | D NG 25).
18) hl G- mygh Q@%\FK%Q %%%M%%gﬁml 10

tIegéelvdalqfvegdrgfyfnkptgygsssraapqtglvdeccfrscdlrrlenycaplkpaksasv
raqrhtd

dirrlem lkpak htdmpktak:

ent koar TRReHROSymkpieyesrsarapaiydecelisedinlemyespliprkeprysarnudnek qlopasie
19) hl Gﬂ%ntksqﬁkgwp\@]pggemgteas&(ﬁagkkmmﬁggsmgkkgk (SEQIDN 25) :

t | cgael vdal gf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrsarr| enycapl kpaksar vra

gr ht dnpkt gkygppst n
Icntksqﬂﬁkgﬁﬁkmﬁbggéqwﬁgtéﬁgﬂﬁﬂﬁghkﬂbeqrrelgsnaecrgkkgk (SEQ I D

tlcgaelvdalgfvegdrefyfnkptgygsssraapqtgivdeccfisedlrrlemycaplkpaksasvragrhtdmpktgkygppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:26)

N 19) hIGF-1-Eb: AGl, APQ, AE3; R37A; AS72
tlegaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksarvraqrhtdmpktqkygppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ 1D NO:27)

20) hIGF-1-Eb: AGI, AP2, AE3; R37A; AR71, AS72

20 - |
tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdcccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk .
ntksqrrkgwpkthpggeqkegteaslqlrgkkkeqrrelgsrnaecrgkkgk (SEQ ID NO:28)

21) hIGF-1-Eb: AG1, AP2, AE3, AR37; AR71

25 a ' |
tlegaelvdalqfvegdrgfy fnkptgygsssrapqtgivdeccfrscdirrlemycaplkpaksasvraqrhtdmpktqkyqppstnk
ntksqrrkgwpkthpggeqkegteas.lqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:29)

22) hIGF-1-Eb: AGI1, AP2, AE3, AR37; AS72
30
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20) hl GF-1-Eb: AG, AP2, AE3; R37A;, AR7l, A572

t | egael vdal qf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl enycapl kpaksavr
aqgr ht dnpkt.g

nticsqrr kgmpktﬁplageqkegt easl| qi r gkkkequei gsmaecr gl dcgk (?E&ﬁ%”ﬁ&?“ﬁ%)
21) hl GF-1-Eb: AGl, AP2, AE3, AR37; AR71

t 1 cgael vdal gf vegdr gf yf nkpt gygsssrapqt gi vdecefrscdlrrl enyeapl kpaksasvr-
agr ht dnpkt gkyqppst nk

nt ksqr r kgwpkt hpggeqgkegt easl qi r gkkkeqr r ei gsmaecr gkkgk (SEQ. | D NG 29)
22) hl GIeg‘BelEﬂnlqﬂergfyﬁ&Pﬁtgyg&EﬁB@qu;cfg&@ﬂQlemmplkpaksarvraqrhtdmpktqkyqppstnk

2007/ 146 89PCT/ LIS2

t 1 cgael &3 c]ﬁgngg?%f%% %%gé}(gy%(&%qrmﬁq?%ﬁc\%k%k% gcl a érrg/capl kpaksarvra
q; Etdmegtqkégﬁpst ngé %‘ZD %Eg %L)Eﬂ kkgk (SEQ | D NG, 30)

nt ksqrr %\ﬁﬁ | 9%%? £ Ea |Ath%\ | qgg égsmaecrg g

23) hl A A , AS72
tIcgaelvdatqfvegdrgfyfnkptgygsssrapqtglvdeccfrscdlrrlenycaplkpaksavra
qr ht dmpkt {2y gSSSrap eccfised kpaksavraqr, k st
tksqrrk R é@i‘%&%@ Eﬁ?&f%ﬂ el e PERRYR Y953
24)  hl GhisdrrieevpktNpigeqRiReas AT kkk R fefgsrmdbZdkkgk (SEQ ID NO: 31)
tlcgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlenycaplkpaksasv
raqr ht dnpkt gl cygppstn I cntksqrrkgstfeerk (SEQ I D NGO 32) 25)°

hl GF- 1- B4y h16El-EARG1,4E3; ARG®RASAASH21 15 S
tl eqael vdal qf vcgdr gf yf nkpt gygsssar apqt givdeccfrscdl rrl emycapl kpaksarv
raqr tdrrpktqkyqppst n lcntksgrrkgstfeerk (SEQ I D NO 33) 26) -hl G- 1-Ec:

AGL, Apacgaéﬁaalq%ﬂﬁlﬁﬁﬂgygﬁs‘é?a%qtgwdeccfrscdlrrlemycaplkpaksasvraqrhtdmpktqkyqppsm
kntksqrrkgstfeerk (SEQ ID NO:32) '

25) hIGF-1-Ec: AGl, AP2, AE3; R36A; AS72

15 |
tlcgaelvdaquvcgdrgfyfnkptgygsssarapqtgwdeccfrscdlrrlemycaplkpaksarvraqrhtdmpktqkyqppstn o
kntksqrrkgstfeerk (SEQ ID NO: 33) ‘

26) hIGF-1-Ec: AG1, AP2, AE3; R36A; AR71, AS72
20 :
tlcgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkycippstnk
ntksqrrkgstfeerk (SEQ IDNO:34) B

27) hIGF—.l—Ec: AG1, AP2, AE2; R37A; AR71
25 . ‘ ,
tlcga_elvdaquvcgdrgfyfnkptgy gsssraapqtgivdeccfrscdlrrlemycaplkpaksasvragrhtdmpktqkyappstn
kntksqgrrkgstfeerk (SEQ ID NO:35) | |

' 28) hIGF-1-Ec: AG1, AP2, AE3; R37A; AS72
30
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20
t 1 cgael vdal gf vcgdr gf yf nkpt gygsssar apqt gi vdeccfrscdlrrl enycapl kpaksavr

aqgr ht dnpktwyappasdak nt ksqrrkgstfeerk (SEQ I D NG 34) PCT/ESB8D07/070468
hl G--1-Ec: AGL, AP2, AE2; R37A; AR71 25

t 1 cgael vdal gf vcgdr gf yf nkpt gygsssraapqt gi vdeccfrscdlrrlenycapl kpaksasv
ragr ht dnpkt gkygppstn | cntksqrrkgstfeerk (SEQ ID hK)SS) 28) -hl GF- 1- Ec:
AG |, AP2, AE3; R37A, AS72

dogac! vialgl SRR S%B@@?V@%ﬁ %%E%%@%@]‘%%SW RS
AGL, APRntkeERgstferkASEQRE NO:AS

tIegaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrrlenycaplkpaksavr
aqr ht dnpkt gkygppst nk nt ksqrrkgstfeerk (SEQ I D NG 37) 30) hl G- 1-Ec:

AGL, APQ? HAGB.1-FRNG1, ARZ 1AE3; R37A; ART71, AST2
tl egael v aIqfvcgdrgfyfnkptgygsssrapqtglvdeccfrscdlrrlenycaplkpaksasvr
aqrh?dnpktqkyqppstnk ntksqrrkgstfeerk (SEQ I D NO 38) 31) hlGF-1-Ec:

AGL, Apac a@lE&al ﬁ%ﬁ t gsssraapqtglvdeccfrscdlrrlem¥caplkpaksavraqrhtdmpktqkyqﬁpstnk
fn qgggsssrapqtglvdecc rscdlrrl enycapl kpaksar vr

tlegaelv

aqr htdnp!lcmqtisgéfﬁqs@h EQdm& kgstfeerk (SEQ ID N0 39) 32). hl GF- 1- Eab:
AG, AP2, AES, R36A AR71; insertion of Ea aa-93- 102 bet ween aa 95
and 96 200f Eb (i.e., "Eab"

tlcgael3@%ﬂ@?ﬂd@dﬂ§$yﬂﬁﬁp@ é@é%aﬂﬁﬁqtglvdeccfrscdlrrlenycaplkpaksasv'
raqrpt dnpkt gkygppst n
knasrgsagnkntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsrnaecrgkkgk ( SEQ
ID NO 4ﬂ9ga@lﬁcda!@&fcgdrgﬁfﬁltpiemssraaumngAth"rscdtkE@mymMaksﬁmmrhtdmpktqkyqppstnk

- ntksqrrkgstfeerk (SEQ ID NO:38)
_ 31) hIGF-1-Ec: AGI, AP2, AE3, AR37, AS72
15
ticgaelvdalgfvegdrgfyfnkptgygsssrapgtgivdeccfrscdlrrlemycaplkpaksarvragrhtdmpktqkyqgppstnk

ntksqrrkgstfeerk (SEQ 1D NO:39)

32) hIGF-1-Eab: AGl, AP2, AE3; R36A; AR71; insertion of Ea aa 93-102 between aa 95 and 96
20  of Eb(ie. "Eab")

tlcgae]vdaiqfvcgdrgfyfnkptgygsssarapqtgiv_deccfrscdIrrlemycap]kpaksasvraqrhtdmpktqkyqppstn ‘
knasrgségnkntksqrrkgwpkthpgge_qkegteaslqirgkk_keqrrei gsrnaecrgkkgk (SEQ 1D NO:40)

25 33)'hIGF-1—Eab: AG1, AP2, AE3; R37A; AR71

tlcgaelvdaquvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlefnycaplkpaksasvraqrhtdmpktqkyqppstn
knasrgsagnkntksqrrkgwpkthpggeqkegteaslqgirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:41)

30  34) hIGF-1-Eab:. AGI, AP2, AE3, AR37, AR71
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tl cbael vdal qgf i t cgdr gf yf nkpt gygsssraapqt gi vdeccfrscdlrrl eﬁycapl kpaksas
vragr ht dnpkt gkygppstn

| cnasrgsa Géck&k gWokt hpggeqgkegt easl gi r gkkkeqrr ei gsrlp%q% EQ
| D 140: 41)QW§(%§‘§§) G%ﬁKGF 1- Eab: AGL, AP2, AE3, aR37, ARY Hiffasts>

t | egael vdal gf vegdr gf yf nkpt gygsssr apqt gi vdeccf rscdl rrl enycapl kpaksasvr '
aqr ht dnPkt gknpst nk

nasr gsagnknt kscgr kgwpkt hpggegkegt easl gi r gkkkeqrr ei gsrraecrgkkgk ( SEQ
| D NO 42) 35) hl GF4- Eab: AGL, AP2, AE3; R36A; AS72 5

t | cgael mgaﬂedaﬂqugdrgjyﬁzkmmpgsg;egstgsféc«aﬁqqd@ﬂvmmHcpsl@@ﬁvraqrwfy@ﬁmwk%«ar
ht d
\l::]:gi gs'é%%ﬁ?ﬁqﬁ{g}r %%lﬁpﬁg%kegm?( (b (ladz{iks rre] srﬁ?ﬁ?@qr eﬁ ggrl%)ah(l,(():'r4 a(kgk

(SEQ I D NG 43) 36) hlI'GF-1 -Eab: AGQG, AP2 AE3; R37A;, AS72 10

;Ihtcg?rglk%/ﬁgy%zﬁﬂr %@ifw %)ggﬁsss%r %%ggt gi vdeccf rsarrl errycapl kpaksarvra

knass gsagnknt kscr kgwpkt hpggegkegt easl qi r gl dckeqrr ei gsr naecrgkkgk ( SEQ

I D NG 4 7 b: AP AP2
{1 egac! UarituyyRRBra et eyt da omptishuseesp .
aqr htdr I&Wéﬁgﬁgﬁﬂﬁmmgwpkthpggeqkegteaslq1rgkkkeqrrelgsrnaccrgkkgk (SEQ 1D NO:43)

nasr gsagnknt ksgr r kgwpkt hpggeci kegt easl gi r gkkkeqrr ei gsr naecr gkkgk ( SEQ
| D NO 45) 38) hlG--1-Eab- AG | , AP2, AE3; R36A;, AR71, AS72 20

36) hIGF 1-Eab: AGI, AP2 AE3; R37A; AS72
t1cgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdéccfrscd1rrlemycap1kpaksarvraqrhtdmpktqkyqppstn
knasrgsagnkntksqrrkngkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:44)

37) hIGF-1-Eab: ‘AG1, AP2, AE3, AR37, AS72 '
tlcgaelvdalqfvcgdi'gfyfnkptgygsssrapqtgivdeccfrscdlrrlemycaplkpaksarvraqrhtdmpktqkj(qppstnlg
nasrgsagnkntksqrrkgwpkthpggeqkegteaslqifgkkkeqrrei gsraecrgkkgk (SEQ 1D NO:45)

. 38)hIGF-1-Eab: AGI, AP2, AE3; R36A; AR71, AS72
20 : : :
tldgaelvdaquvcgdrgfyfnkptgygsssarapqtgivdeccfrsodlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk
nasrgSagnkntksqrrkgwpkthpggeqkegféaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:46)

39) hIGF-1-Eab: AGI, AP2, AE3, AR37, AR71, AST2
25 : _ ' ‘ _
tlcgaelvdalqfvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnkn
asrgs-agnkntksqrrkgwpkthpégeqkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:47) |

40) hIGF-1-Ea: AP2, AE3; R37A; AR71, AS72
30
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tl egaeT vdal gf vcgdr gf yf akpt gygsssar apqt gi vdeccfrscdl rrl emycapl kpaksavr
aqr ht dnpkt gkyqgppst nk

nasr gsagnl gwpkt hpggegkegt easkOr gkkkeqrrei gsr

(SEQ I D NO ﬁgté?&@g &%I G--1-Eab: AG | , AP2, AE3, AR37, W ﬁg@@g&ﬁas

t | cgael vdal gf vcgdr gf yf nkpt gygsssr apqt gi vdeccf rscdlr rl enycapl kpaksavr a
gr ht dnpkt gkygppst nl cn

asr gsagnknt ksqgrr kgwpkt hpggeci kegt easki i r gl ckkeqrrel gsrnaecr gkkgk (SEQ
| D NO 47) 40) hl GF-1-Ea: AP2, AE3; R37A; AR7I , AS72 WO

2007/ 14gﬁgm1qﬁggémfyfglmgp{ggssraapqtglvdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkevhlkna

gt | egael phoygsssraapqt gi vdeecfrscdl rrl enycaPl kPaksav
ragr ht d%rg%?hgg}‘ﬁ?%gisrgsa nknyr m (SEQ | D NO 48) 41) hl G- 1- Eb:
AP2, AE3; R37A; AR71; AS72 5

gt | cgaeh%gjli%eqﬁﬁggﬁ.%ﬁ%gggg§sgse)gpqt gi vdeccfrscdlrrl emycapl kPaksa
vraqgrhtd gkywan 777 T ‘

knt kSqr r kgwpkt hpggegkegt easl qi r gkl dceqrrei gsrnaecr gkkgk (SEQ I D

§g7 g 9) A@l %?I%Qﬂﬁégf@wﬂs%ﬁﬁé¥%c%d Ry caftkiksdirab il At

tl egael kﬁtaicm:ﬂ(gwgldh@gyaikwgms@yg‘kk@aagm@mg&bgldﬂﬁéléﬂ’lN@ﬂ%)rrycapI kpaksavr
agr ht dnPkt gknost nk

nt ksqr r kgwpkt hpggecacegt easl qi.r gl ckkeqrr ei gsmaevr aqr ht dnPl ct gl cyci Pps
t nknt ks q2yHGRAKEhRgGiewr: (AG1, AP2, AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71,
keg ﬁas!eg é gkl ckeqgrrei gsrnaevr agr ht dnpkt gkyci ppst nknt ksqgr r kgwpkt hpgge
qkeé z )rgl dckegrrei 15

gsmaevr aqr ht dnpkt gkygppst nknt ksqr r kgwpkt hpggegkegt easl gi rgkl ckeqgrreig

SRg?i)e rgglﬁ%gﬁésg%%WB\%%sg%%pg%k?&céé%%ﬂn}ﬁlyéak@%sawgétr gtdmAEtakyqppstnk ‘
. ;Z?ﬁf hﬂ@@’r@fw\pmﬁgmkégmﬂh@Mﬁeﬁfemﬁmmdémpktqmdmmﬂﬂﬂwﬂ%mpkmaggasa

i sci FPRERIIER TR PR P g TR R R R RS
knt ksqulsanmdctdapadapkigkygppstnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ

gkegt easl %M (bkkeqrrel gsmaevr aqr ht dnpl ct qkyqppst nknt ksqr r kgwpkt hpggeq
kegt easl ]a S | ckeqrr

ei gsmaevr aqgr ht dnpkt gkyqgppst.nknt ksci rr kgwpkt hpggegkegt easl.qi r gkkkeqrre

' gs rraec_r4g§(l!|<l%§-l-Eb multimer: (AP2, AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR7]1,
AS72) '
20

gtlcgéelvdalqfvcgdrgfyﬁlkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstn
kntksq_rrkngkthpggeqkegtcaslqirgkkkeqrrcigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpgge ‘
qkegteaélqirgkkkeqrreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrr
eigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggequgteaslqirgkkkeqrreigsmaecrgkkgk

25  (SEQID NO:51)

44) hIGF-1-Ec: AP2, AE3; R37A; AR71, AS72

gt]cgae]vdalqfvcgdrgfyﬂ'lkptgygsssraapqtgivdeccfrscdln-lemycaplkpaksavraqrh_tdIhpktq-kyqppstn
30  kntksqrrkgstfeerk (SEQ 1D NO:52)
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25 (SEQ I D NO 51) 44) hlGF-1-Ec: AP2, AE3; R37A; AR71, AS72

gt | egael vdal gf vegdr gf yi nkpt gygsssr aapqt gi vdeccfrsedl rrl enycapl kpaksav
ragr ht dnpl stn 30 Intksqrrkgstfeerk (SEQ 1D NO

2007/ 14668 @?gﬁﬁiﬁé&gow 070468 45) hl GF- 1- Ea: AE3; R37A; %)ﬁszy@g?“s |
gpt | cgael vdal qf vegdr gf yfi t kpt gygsssraapci t gi vdeccfrscdl rrl emycapl kpak
savr agr ht dnpkt gkevhl I cn asrgsagnknyrm (SEQ I D NO 53) 46) hl GF-1-Eb: -

AE3; R37A; AR71, AS72 ‘
gptlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrrlenycaplkpaksa

vraqgr ht 4nbkGiityEap @di3; R37A; AR71, AS72
nIcntksqrrkgmpkthpggeqkegteaslq|rgIdckeqrrelgsrnaecrgkkgk ( SEQ ID .

NO 54) 47) hlGF-1-Eb nultimer: (AGL, AP2, AE3; R37A)-3xEb(AR71, A572,
AC-ter ngpilcg&e)vdﬂqfv%@ﬁtfyﬁﬂ@?g@};sssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkevhlkn

tlcgaelvdal f.vcgd tgygsssraapqt gi vdeccfrscdlrrl enycapl kpaksavr
aqr ht dnfy¥s® %}(H 0 S%‘Q'IEIKB 3

ntksgrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsnaevraqrhtdnpktqkyqppstnknt
ksqrrkg

kegt eas% h&éﬁﬁ%’qﬂ%‘% Eézﬁ’a%%jvrlaaﬂ% dnpkt qkyqppst nknt ksqgr r kgwpkt hpggeqk

egteaslqlrgkkkeqrrel
T St e
R37A) - 3xiahkshfRdwpld¥iphgeqkaedskirgkikeqridigsine gk (918G 2 NO:54)

gptlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrrlenycaplkpaksa
vra&?htdnpktqkyqppst

nknt ksqankgepliEpggemse gheashen, mkkfmmeg@maeﬂsmm&&mkm%mt n
Icntksqrriﬁmpkthpg

gegkegt q|rgklckeqrrelgsnaevraqrhtdnpktqkyqppstnkntksqrrkgmpkthpgg
egkegt easl qgi r gkkkeq 25

[T ol gerHeBe RGOSRk BE SO b el ol A
15 ntksqrrkngkthpggeqkegteaslq1rgkkkeqrrelgsmaevraqrhtdmpktqkyqppstnkntksqn‘l_(gwpk_thpggeq
kegteaslqirgkkkeqrreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrré_i '
gsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgk_kkeqrreigsmaecrgkkgk {SEQ
ID NO:53) ' ‘ '

20  48) hIGF-1-Eb multimer: (AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)"

gpt]cgaelvdalqfvcgdrgfyfnkptgygsssréapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppst
nkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaevragrhtdmpkiqkygppstnkntksqrrkgwpkthpg
geqkegtea‘slqirgkkkeqrreigsmae}vraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqii‘gkkkeq

25  rreigsraevraqrhtdmpktqkygppstnkntksqrrkgwpkthpggeqgkegteaslgirgkkkeqrreigsrnaecrgkkgk
(SEQ ID NO:56) . S

49) hIGF-1-Ec: AE3; R37A; AR71, AS72

30 gptlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgwdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppst
nkntksgrrkgstfeerk (SEQ 1D NO:57).



BngtIcgaeraaIqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlenycaplipak
savr aqgr ht dnpkt gkygppst nknt ksqgrrkgstfeerk (SEQ ID NO 57) WO

2007/ 146689BGHRA96 6 070468 50) hl G- 1-Ea: AE3; R37A; AR%hﬂﬁnﬁ%BaMG
gptlcgaelvdaquvcgdrgfylnkptgygsssraapqtglvdeccfrscdlrrIenycaP ngsa

vracyht dnpl ct gkevhl kn 5 asrgsagnlcnyrnl(SEQ | D NO 58) 51) .hl GF- 1- Eb:
AE3; R37A; AR71, AS72
gptlcgaelvdalqfvcgdrgfyfnlcptgygsssraapC|tglvdeccfrscdlrrIenycaPIkPak
savr agr ht dnPkt gkycl | yst 10
nkntksqrrkgmplcthpggeqkegteaslq|rgklckeqrrelgsrnaecrgkkgk (SEQ I D

NG 59) %%é@#-%al -AE3: RAES; ATGRTAS7ARTL, AST2
gpt | cgael’vdal qf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl emycapl kpaksa

vraqrhtanktchruPst 15 nlcntksqrrkgstfeerk (SEQ I D NO 60) 53)

hi GF- | efs\lr:c% d t% ivdecefrscdlrrlemycaplkpaksavra rhtdmpqui(evhlkn
gptlcgagﬁvg vcg% g# gﬁgsssraap0|tglvdg%é%ﬁgcdlrﬂlenycaplkpaks

avr afjr haﬂgﬁaml@}kwfﬁfﬂ HZQEO
nlcnasrgsagnlcntksqrrkgmpkthpggeqkegteaslq|rgldckeqrrelgsnaecrgkkgk
(SEQ I D NO 61) 54) hlIGF-1-Eb nul tiner: (AES; R37A)-3be(AR71 AS72,
AC-t er ms 1) FAGF-1EEH: AMEBL R3IASTART], AST2
gptlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrseclIrrlenycaplkpaks
avr aqr ht dnpkt gkygppst 25

nk Et ksq gpﬂcg?qgkdalnggétgfﬁgkma@ qrw%&k@cﬁ@@%u@wlm#wmﬂwwh I
un 5
geC| 9@@% H?%?Jﬂ?@&?c}ke agsﬁ%rélé]\(/kregrmﬁsfncljaecrlgya%i{y(a% stn (r)ft ??sqr r kgwpkt hpg
geqlcegteaslqlrgkkkeq
rreigsr t.dopk q ksqgrr kgwpl ct hpggegkegt easl qi r gkkkeq
rrei gsnﬁiﬁﬁéi g‘k ‘5@&835% %Ef%%&%so 55) hl GF-1-Ea: E3A; R37A;- AR71,

A572 .

A gptlcgae!vdalqfvcgdfgfyfﬁkptgygsssraapqtgivdeccfrscdlrrlemycap}kpaksavraqrhtdmpktqkyqppst

15 nkntksqrrkgstfeerk (SEQ ID NO:60)

53) hIGF-1-Eab: AE3; R37A; AR71, AS72

gptlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivd eccfrscdirrlemycaplkpaksavragrhtdmpktqkyqgppst
20  nknasrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrrei gsrnaecrgkkgk (SEQ IDNO:61)

54) h]_GF-i-'Eb multimer: (AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)
gpt1cgaeIvdéquvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlr_rlcmycaplkpaksavraqrﬁtdmpktqkyqppst
25 nkntkéqrrkngkihpggeqkegteas]qirgkkkeqrreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpg
peqkegteaslqirgkkkegrreigsmaevragrhtdmpktgkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeq
rreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteasIqirgkkkeqrreigsmaecrgkkgk '

(SEQ ID NO:62)

30  55)hIGF-1-Ea: E3A; R37A; AR71, AS72
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gpat | cgael vdal gf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl enycapl kpaks

avr aqgr ht dnpkbalayubsk nasrgsagnknyrm (SEQ I D NG 63) PCTP692007/070468
hl G-- 1- Eb: E3A; R37A; AR71, AS72

gpatlcgaelvdalqfvcgdrgfyfnkptgygsssraapC|tglvdeccfrscdlrrlenycaplkpak'

savr aqr ht dnpkt gkyqpps

tnIcntksqrrkgmpkthpggeqkegteaslq|rgklckeqrrelgsrnaecrgkkgk (SEQ 1D NO
:64) 57) hlGF-1-Ec: E3A; R37A; AR71, AS72 '

gpat | cﬁggxtlvitalvqﬂqﬁggﬂrgﬂywpigpgwg&pﬁ%n\eﬂ];a@dirtsgiln(vhlém%mbﬂ@ﬁllgmémd)lrhﬁg?mkwﬁks
avr agr ht c sqrrkgstfeer EQ ID 5) 5 _
I GR- 1. BESES %%aﬁ,’mé%%;lbﬁﬁa@%?)kmn 15

gpat | cgael vdal qf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl enycapi kpaks
avraqgrh

tnknasT%gggﬁ#ﬂh%gggéﬁgﬁaﬁiﬁ%&bé&ﬁ%gteaslqirglclckeqrreigsrnaecrgkkgk

(SEQs | D NO. 66) 59) hlGF-1-Eb nultimer: (Elk; R37A)-3xEb(AR71,

AS72, AC—ter AR71, AS72) 20 : :

Gpat| o e P b GETBP T ey HRb s el e R arrPT BAE SRRk
avr acyhgmgc]rm&yﬁ ﬁ o detikdatd SIGiF Sk Ratprisi o aa ek sotSeasinNogyickeqr r e
gsrnaevragr ht dnp ygppst nknt ksqr r kgwpkt hpg
geC|kegteaslqlrgkldceqrrelgsnaevraqrhtdnpktqkyqppstnkntksqrrkgmpkthpg

geql cegbeagGRi LK kg R37A; ART1, AST2 :
rrei snaevraqrhtdnpktqkyqppstnIcntksqrrkgmplcthpggeqkegteaslq|rgldcke
queigsnaecrgkkgk 25 (SEQ I D NGO 67) 60) hl GF-1-Ea: AP2, AE3;

R37A, A allc%aléﬁ/zigl fvcgdrg?fnkptgygsssraapqtglvdeccfrscdlrrle ?(caplk aksavraqrhtdmpktqkycl(pps

gt | cgael'vda qfv drgf nkp sssraapqt gi vdecctrsc Irrlenycaplkpa sav
raqr htdm#ntkéﬂ@«z T&‘géghknyrm (SEQ | D NO 68)
~ 58)hIGF-1-Eab: E3A; R37A; ART71, AS72
15 | | o
gpatlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdlirlemycaplkpaksavragrhtdmpktqkyqpps
tnknasrgsagnkntksqrrkgwpkthpggeqkegteaslqifgkkkeqrrei gsrnaecrgkkgk (SEQ ID NO:66)
59) hIGF-1-Eb multimer: (E3A; R37A)-3XxEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)
20 h

gﬁatlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccﬁscdlrrlemycaplkpéksavraqrhtdmpktqkyqpps
tnkntksqrrkgwpkthpggechgteas!qirgkkkeqrreig'smaevraqrhtdmpktqkyqppstnkntkéerkgwpkthpg
geqkegteaslgirgkkkeqrreigsraevraqrhtdmpktgkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeq
rrei gsmaelvraqrhtdmpktqkyqpp_stnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk

25 (SEQIDNO:67)

60) hIGF-1-Ea: AP2, AEB;. R37A; AR71, AS72

gticgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrsedirriemycaplkpaksavragrhtdmpktgkevhlkna
30  srgsagnknyrm (SEQ ID NO:68) '
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61) hl G-I - Eb: AP2A, AE3; R37A; AR71, AS72
gt | cgael vdal gf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscol | rrl enycapl kpaksa

vr aght dnpl GH36ARRSS N PCT/US2007/070468
knt ksqr r kgwpkt hpggegkegt easl qi r gkkkecgr ei gsmaecr gkkgk (SEQ I D NO 69)

62) hl G--1-Ec: 622, AE3; R37A; AR7l , AS72

gdcgael vdal gf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdlrrl enycapl kpaksavr
aqrhtdrrpktqkyqppstn knksqrrkgstfeerk (SEQ | D NO 181) 63). hI GF- 1- Eab:
AP2, AE3;

gdegael Q/]délQﬁ \P@(Bd%’?ﬁ%&%@g@%@ﬁ%t gi vdeccfrscdirrl enycapl kpaksavr

aqr ht dnpkt gkyqgppstn

knasr gsagnknt kar r k kt hpggeqgkegt easl kkkeqrr ei srnaecrgkk k (SEQ
| D NO 78 gae@aﬁﬁlqﬁwc \Alﬁ)yfmtayg$$qamtglv¢eA%@c3ﬂE@ycwyw ?sass@ ymle

AC-ter i{%ﬁ% dqkegiEniffrhkkk kkgk (SEQ 1D NO:69
gt | egae v F rgf y?nkpt g%gsse%?%gasigrgfgigvc?eécf?sedI rr I)enycapl kpaksav_

r agrht dnpkt qkyC| ppst n 20

| cnt kscgs%*g @@Iﬁchgggemf%ggshﬂ” glsl%eqr rei gsmaevr aqr ht drrpkt gkygppst n
knt ksqr rkgwpkt

gkegt easl qi r gkl dceqr rei gsmaevr aqr ht drrpl ct gkygppst nknt ksqr.r kgwpkt hpgge

gkegtea

o garmodi BRI o ssrampaaivdecrsediplamysanlipebsavraqrhmplacioypepstn
[ gsnaeck:gkdqgkg%ﬁ&@(?pm NONPE)8125 65) hl GF-1-Eb: AGL, AP2; E3X;, R37A;.
AR7 AS72

Xt | cgael vdal gf vcgdrgf yf nkpt gygsssraapqt gi vdeccfrscdl rrI errycapl kpaksav
r acpht d6piGRy dappaPd, AE3; R37A; AR71, AS72

knt ksci rr kgwpkt hpggeci kegt easki i r gkkkeqrrei gsnmaecr gkkgk (SEQ | D

NGO 72) 30 66) hlG--1-Ec: AG, 622; E3X; R37A; AR71, AS72 WO

2007/ 14 @ﬁ&%ﬂdﬂ&%ﬁ@ﬂfﬁlﬁﬁg}@&smapqtglvdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstn

N knasrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ 1D NO:70}

15 |
| 64) hIGF-1-Eb multimer: (AP2, AE3; R37A)-3xEb(AR71, AS’/‘_Z,.AC-term 7 aa)-Eb(AR71,
AS72)

gticgaelvdalqfvegdrgfyfnkptgygsssraapqgtgivdecefrsedirriemycaplkpaksavragrhtdmpktgkyqppstn

20 kntksqrrkgwpkthpggegkegteaslgirgkkkeqrreigsrnaevragrhtdmpkiqkyqppstokntksqrrkgwpkthpgge
qkegteaslqirgkkkeqrrei gsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrr
eigsrngevréé;rhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrrei gsrnaecrgkkgk
(SEQ ID NO:71) ‘

25  65) hIGF-1-Eb: AGI, AP2; E3X; R37A; ART71, AST72

Xtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavragrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkegrreigsmaecrgkkgk (SEQ ID NO:72) '

30  66) hIGF-1-Ec: AGI1, AP2; E3X; R37A; AR71, AS72
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thcgaelvdalqfvcgdrgf&fnkptgygsssraapqtgivdeccfrscdlrrIenycaplkpaksav
ragr ht dr npkt gkygppstn kntksqrrkgstfeerk (SEQ ID NO 73) 67)

hl GF- 1- EabyoAfebnadBe: E3X R37A; AR?), AS72 5 PCT/US2007/070468
Xt | cgael vdal qf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl enycapl kpaksav

r agr ht dnPkt gkygppst n
knasrgsagnkntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsnaecrgldcgk (SEQ .
| D NG 74) 68) hIGF-1-Eb nultiner: (AG 1 , AP2; E3X, _
R37A) - 3xEb( AR7I, A572, AC-term 7 aa)-Eb(AR71, 10 AS72)

Xt | egaexu«caaeiqqlay@g@dwfyﬁmhrktgxggW@s@glaéq;qﬁs;dkvd@nmaplkwsavmqértwwﬁmwsa

vraqr ht r kgwpkt hpggegkegt easl qi r gkkkeqrr ei
gs naevr%qrsﬁ{'%fg%Q@E%ggwﬁ{) ksqgr r kgwpkt hpgge
qkegteaslqlrgkkkeqrrelgsnaevraqrhtdnpktqkyqppstnIcntksqrrkgmpkthpggeq

Keat eass A G sa! Al oapo: EIGRITA; ART), AST2

ei gsrna qrht tqk dp sqrrkgmpkthpggeqkegteaslq|rgkkkeqrre
i gsnhecr gkkgi c (SEQ | D NG 75) 69) hlG~-1 -Ea: AG I, AP2 AE3;
R37A;
(| eqael SUEE SIS Rl YR r R e ey r Rl R g,
r aqr ht didkigsdeakiikdgragwkaigagefkayteasiqirgE@eqrii gdthagGgkkek (SEQ YJD)NOW@F 1- Eb
AGl, AP2, AE3; R37A; AR71l; 572X 25
tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrrlenycaplkpaksaXv
raqr ht desHIGRY qRpstiltimer: (AG1, AP2; E3X; R37A)-3xEB(AR71, AS72, AC-term 7 aa)-Eb(AR71,
kntksqrrggﬂpkthpggeqkegteasiciirgklckeqrreigsrnaecrgkkgk (SEQ ID -

71) hl G- 1-Ec: AGL, AP2, AE3; R37A; AR71; S72X 30
tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrsedlrrlenycaplkpaksaXv

L?g:hadgﬁgag&)é pgggé;gfk &Egt?gy ?J;[]tfﬂe nic:cfrgg%mycap'\ﬁgpaksgvraqrhtzlmpktqkyqppstn

tlcgael M.Qraéqm(g ﬂdﬁ@fgacg@ﬁ%sw;@ﬁmq@agﬂmmqha&mfpkmgldmpwmﬁa%\kmwggax
vragrhtanktu yuPstn

knasr gs SkRsIEAT HETRFaFRISRP AT RRK R aerstikpispaTheakibpasegiesisativipikklsiar

(SEg | Den%@n:?eg)aqrhtdmpktqkyqppstnkntksqrrkgwpkthpogeqkegteaslqlrgkkkeqrrelgsmaecrgkkgk
(SEQ ID NO: 75) '

69) hIGF-1-Ea: AG, AP2, AE3; R37A; AR71; §72X

20 tlcgaelvdalqfvcgdrgfyﬁakptgygsssraapqtglvdeccfrscdlrrlemycaplkpaksaeraqrhtdmpktqkevhlkna
srgsagnknyrm (SEQ 1D NO:76)

70) hIGF-1-Eb: AGI, AP2, AE3; R37A; AR71; S72X

25 tlcgae]vdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscd]rrIemycaplkpaksaeraic:jrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqkegteasigirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:77)

71) hIGF-1-Ec: AGI, AP2, AE3; R37A; AR71; 872X

30 tlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrsedirrlemycaplkpaksaXvraqrhtdmpkigkygppstn
kntksqrrkgstfeerk (SEQ 1D NO:78) .
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73) hl G- 1-Eb multimer: (AGL, AP2, AE3; R37A)-Eb(AR71; S72X; AC-term
7 aa)-2xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72) 10
tIegaelvdqhggmggg&g;yfnkptgygsssraapqtglvdecefrscdlrrquﬁﬂﬁﬂahﬁﬂﬁé§av
raqgr ht dnpkt gkyci pstn
kntksqrrkgmpkthpggeC|kegteaslqlrgkldceqrrelgsnaevragrhtdnpktqknppstnI
nt ksqr r kgwpkt hpgge
qkegteaslqlrgkkkeqrrelgsnaevraqrhtdnpktqkyqppstnkntKSC|rrkgmpkthpggec
i kegt easl gi r gkkkeqrr .
elgsnaevraqrhtdnpktqkyqppstnkntksqrrkgmpkthpggegkegteaslq|rgkkkeqrrel
g;g?eeg@ﬁmkl(sﬁﬁ%@m 88); RETAlAR7I GBx1- Ea: AGL, AP2, AE3; R37A;

t | cgael vdal gf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrsedl rrl enycapl kpaksavr
aqrhtd SdrdcBrNh# ik pa bk ddridmBlagkydfpstn:
P i s ri A RS Tqden iy

tl egael Wageﬁgvbg@qgkwmlmggsﬂéggga}s53&5@?@@??}%?@@@?1‘8@&8&|@FQéﬂ%%lz)?)k paksav
raqrhtdnpktqkycllystnk

nticsqrrk kt egkegt easl rrel smaeXr gkkgk (SEQ_I D NO 82
AR R A A T R S SR IR M
tlegaelxgﬂ% Ey@ggggémﬂﬁgﬁﬁgggsgsraapqtglvdeccfrscdlrrlenycaplkpaksavr

agr ht dnpkt gkygppst nk- _ _ _ |
nasrgsagnkntKSC|rrkgmpkthpggeC|kegteaslqlrgkkkeqrrelgsnanrgkkgk ( SEQ

AS? éég[ag?%l@ﬁgﬁﬁ%éﬁ%@gwﬁé@ﬁscdﬁﬁ&nycgﬁﬁpak&%wt\aqrﬁﬁﬁm&%ﬁpsm
t | cgael mhdqquwgthwgwknktpasgy@kld@ﬁmgm@wvaé@hﬁnkmwm@%absmmvr

agrhtd tnkntk kthpgeeqgk lqirgkkk

nt ksqr ?@(ke\%%%ﬁp%& % %Frgggsv[raqirhtdrﬁﬁlﬁglalq%sl ngsrrgt vrgg rh eq etgteas gire ster(lqrrcn
tksqrr kgrgqgrkadvpggnd]npktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqlrgkkkeqrrmgsmaecrg gk
kegteash Eiﬁ qﬁﬁrelgsrnaevraqrhtdnpktqkyqppstnIanksqrrkgmpkthpggeqk :
egt easl |#% Ceqgrrei

gsrndevr aqr ht dnpkt gkygppst nl cnt ksqrr kgwpl ct hpggegkegt easl qi r gkkkequei
gsmaeXr gkl ( E @gﬂl obl ast Proliferation
Assay Tﬂ@*ﬁ%&éﬁ%&% erégéggxasséy pro%es areliable in vitro
indicator of IGF activity and is used as a nodel for factors

oo DA RROLE Bl A ALl SR P o
nyoblashsagﬂhgnmﬂﬂﬂ%ﬁﬂﬁﬁ@ﬁﬂ)of nmyobl ast

20. _
75) hIGF-1-Eb: AGI, AP2, AE3; R37A; AR71, AS72; C142X
tlcgaelvdaiqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycapIkpakgavraqrhtdmpktqkyqppstnk
ntksqrrkgw;ikthpggeqkegteaslqirgkkkeqrreigsmanrgkkgk (SEQ ID NO:82)

25 ' |
76) hIGF-1-Eab: AGI, AP2, AE3; R37A; AR71, AS72; C151X
tlcgaelvda1qfvcgdrgfyhkptgygéssraapqtgivdeccfrscdlrrlemycap_lkpaksavraqrhtdmpktqkygppstnk
nasrgsagnkntksqrrkgwpkthpggeqkegteaslairgkkkeqrreigsrnaeXrgkkgk (SEQ ID NO:83)

30
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proliferation in vitro by a peptide of this invention indicates its
activity in causing increased 15nyoblast proliferation and,

t herefore, se in ultimate nyofi ber nunber |nl§dﬁQ§

addi tion, ‘gﬁﬁgrg%&gﬁhancenent of nyoblast proliferation in F%ﬁ@g@és
t hat peptldes of this invention can be used to enhancé adult nuscle
hypertrophy, e.g. via stinulation of satellite nuscle cell
proliferation. 20 Exanple 80: Mammary Epithelial Tissue Assay 1In
lactating animals, the anount of mamary ithelial tissue is
e b I AR o (2B RS H DR e 5 B eC ST BoaMEPRTL
pr oduce ete mi.lk. Enploying in vitro systens, epithelial
cells o% afne rom manmary gl ands of animals can be stinul ated by
t he nDdified 1GF-1 or IGF-2 of the present invention to proliferate

Fur  hor aC AL EARA Rk Ee e Ttk A Rl BB 5 ope

prolsf entb&qerkgnph}mgsq]cgteaslqlxg<kl{eqrrcie$rhaesggqthem;d<aqkymmsmbntkmrﬁgwydhn%eq

cl eared r s_.and be i - i . a .

or oducck PR R e e R bk Tl bR o e B o

|F-1 or gdnGEvquIihfdrrBiktq(hglqppstnlatk&qrrk@spithlggc;jkdgteaslilﬁrgﬁmqlméingmkgiﬂﬁsm

of the ﬁi@bhﬂg adm ni stered parenterally per dose can be neasured by
onse

a dose- curve. For'exanple, nmodi fied | GF peptides of the .
|nvent|on can be neasured in  the blood or body fluids of the subject-

treated tao deterpgin the dosing. Alternatively, one can ' :
n?ﬁl E@ﬁmﬁ%gigggéiﬁi-“ EHLQLéﬁiWhe peptide to the subject and check
t he serumg h@d{ﬁdssp@ﬁfetahen mhy EOVidésarreNabtt if viee thdiatdr ANGF hé@vitR andlib esed

anount of p to b ed.can be cal cul ated. on a ar hasis
oon o 4 Hebb e s RsePLergh o ra s gy ERlRLeohS,
for detgigdyqtém %el@a@@&nﬂﬁfaﬂjﬂhﬁ:rﬂﬁh‘iy agtugds of MeoaR: ITHe efiahednest m.a@urasmg
an | G- peptide o i,n a ical fluid such. as body

i nventi
o bl ooMONIeAIGn 0By RGOS E AL P EYeRN TR G Y 1A iiesse
i nchgdi pg OMtﬁ R rdbDAnd, M &TbreBABHEISO G UltHTatt fiy6filer ntikiBerfid bie@. 115
contacted with the pep tide usin S|n?Ie or Itlﬁﬁfwﬁgi Q "After this

cont act péifics: pilat e ariement of gL PRl ratian fnsiatss Fehisjmeentien
the flukg de@hed @ “RkaBcdRNR nfidbik ﬁﬂ)epcyopﬁf' eagmu@&mﬁiuﬁéd &ise@litd MuRleduce
the desired efficacy for which the nolecule is to be adm nistered,

t hen t herolis&dioBf t he nol ecul e can be adj usted to produce maxi mal
efficacy. This method may be carried out in vitro or in vivo.

Preferably, this nethod i.s carried out invivo, i.e., after the fluid
Ci's @t r Bsampe pQ: i pliad issuerfy | evel s measured, the peptide
herein kélaagtmg%ﬁﬁﬁsrﬁ@amuﬁm eﬁ&ﬁemtnélsﬁ@israginﬂu@gfaaui iinalke doses

(that is, the contacdting step i-s achieved by adm nistration.to an
ani mal ) progugliopiasthesprare thgreellewiirkpraduce aad seasste Py BRRIAYIng [ viresystemst ed

fromt h@plﬁ'n@hﬁélls obtained from mammary glands of animals can be stimulated by the modified
IGF-1 6r iGF-2 of the present ipvenfion to proliferate and produce increased quantities of milk '
25  constituents. It can further be demonstrated that mammary epithelial cells stimulated to
proliferate in one such in vitro cell system can be reimplanted in cleared mammary fat pads and

be stimulated to proliferate and/or produce milk in lactating female animals,

Example 81: Measurement of 1GF-1 or IGF-2 in Blood or Other Body Fluids

30  The effective amount of the peptide administered parenterally per dose can be measured by a

dose-response curve. For example, modified IGF peptides of the invention can be measured in
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Anot her net hod for deternining'dosing is to use antibodies to the
pepti de or another detection nethod for the peptide in the LIFA

format . Zawﬁéﬁﬁﬂéﬁwﬁz I n Vivo Pharmacokinetics of hIGF- nggo ﬂ%ﬁms

Adult male mce (n = 3/group) received an intravenous

injection of rhiIG~1 at 1 ng/kg, and hl G- 1- Ec 3nut (descrlbed in
Exanmple 3) at 1.55 ng/kg. - Serial blood specinens were collected at 5,
15, 30 and 60 mnutes after adm nistration of test material. Serum
25concentrations of rhlGF-1 and hl GF-1-Ec 3nut were determ ned by

ELI SA. tiRplooderiadyiflyids gbe sikject oy bertreaird o detemingthedosingsdYermatively) @c-
and hl cﬁn%d{ﬁﬁuﬁéﬁlﬁ] aagmgl?ﬁﬁ@ﬁe%qdé to‘fhe duejemafa@ chelR ehelsERH [EvelsSTRN

si gni fi cant ve S 3nut protein as conpared

t o rhl Gubjectfor mp lﬁgb%hﬂmb@m n”éhemmquts)f pemdr-' écabs amepladied can hrecaleulated
ner g | once PEE s R E Al APk G abaLOdgIng 19,10 AT 11
(nM35 :

One method for determining appropriate dosing of the peptide entails measuring an IGF peptide
of the invention in a biological fluid such as a body or blood fluid. Measuring such levels can be
done by any. means, including RIA and ELISA. After measufiﬁg IGF levels, the fluid is
contacted with the peptide using single or multiple doses. After this contacting step, the IGF

10 levels are re-measured in the fluid. If the fluid IGF levels have fallen by an amount sufficient to .
produce the desired efficacy for which the molecule is to be administered, then the dose of the
molecule can be adjusted to produce maximal efficacy. This method may be carried out in vitro
or in vivo. Preferably, this method is carried out in vivo, i.e., aﬁfer the fluid is extractéd from a
subject and the IGF levels measured, the peptide herein is administered to the mammal using

15 single or multiple doses (that is, the contacting step is achieved by administration to an animal),

and then the IGF levels are re-measured from fluid extracted from the animal.

Another method for determining dosing is to use antibodies to the peptide or another detection
method for the peptide in the LIFA format.
20 o

Example 82: In Vivo Pharmacokinetics of hIGF-1-Ec 3mut
Adult_malé mice (n = 3/group) received an intravenous (i.v.) bolus injection of thIGF-1 at
I mg/kg, and hIGF-1-Ec 3mut (described in Example 3) at 1.55 mg/kg. Serial blood specimens
were collected at 5, 15, 30 and 60 minutes after administration of test material. Serum

25  concentrations of thIGF-1 and hIGF-1-Ec 3mut were determined by ELISA. This assay- is
specific for h1IGF-1.

Equimolar doses of thIGF-1 and hIGF-1-Ec 3mut were administered i.v. in mice. The results
show significantly higher levels of the hIGF-1-Ec 3mut protein as compared to rhIGF-1 at all
30  examined time points, indicating that the hIGF-1-Ec 3mut is metabolically more stable than the

70 amino acid-long 1GF-1.
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201.4 54.7 15 65.3 14.3 30 12 2.4 60 0.76 0.2 5Wiat is clained is
Claims 1. A polypeptide conprising a human | G--1_precursor protein,
wher ei n t hgoGheAvage of the E-peptide from | G-I by a PA@38B 0 diss
reduced by nodification of the precursor protein and wherein one or
nore of the follow ng precursor protein residues is del eted or
mutated: Gl, P2, E3, R36 and R37.

time {min) IGF-1-E¢ 3mut {(nM)}  IGF-1 (nM)

5 201.4 54.7
15 65.3 | 14.3
30 12 24
60 : 0.76 0.2

5  What is claimed is

45



2. The polypeptide of claim1l , wherein the precursor protein
conprises the Ea peptide. 3. The pol ypeptide of claim1l, wherein the
precursor protein conprises the Eb peptide. 4. The pol ypepti de of
claim 3, wherein the |last seven C-termnal am no acids of Eb are
deleted. 5. The pol ypeptide of claim1l, wherein the precursor
protein conprises the Ec peptide. 6. The pol ypeptide of any

precedi ngceAsm wherein G of the precursor protein is deleted or
nmutated. /. The pol ypeptide of any preceding claim wherein P2 of
iy brecden Q;B&Bf&. |2 oSbALAE 2yl ﬁé@?arec%rsoﬂb? 81 WRERLhd
R Ay e it
of the e
of any prr@é@&ﬁﬁ&éﬂs Of A %2 sE?m, aémf%a al anine. 11. The
pol ypepti de of _any preceding claim wherein R37 of the precursor
protein i3 del Etelolgpeniigenfatpim 1 pwherein thel preewispr prajeingaynnsises dg ng
claim whie?eeplid®7 is nutated to alanine. 13. The pol ypeptide of any
preceding claim further conprising the N-Iinked glycosylation
consensus3.sequireco! }p&gHitle of thaimThevhprEipdbe preteiredr prb@imc@npfised ther
conpri si rigb papiide.aci ds 93-102 of Ea inserted between am no acids N95
and T96 of the Eb. 15. The pol ypeptide of any preceding claim
further cpnpr Imeﬂgolmpzidbwwm@rwmemﬁaIlaegﬂ%lwerk cq%ﬂﬁmfapaﬁqnq@a&xag
acid si de;fphre @dlefele precursor protein. 16. The pol ypeptide of
claim 15, wherein the oligosaccharide is covalently |linked to an

argi ni ne &i de gHALL) o ReFRIFAY, S erBhGhE bPecursor protein comprises the
Ec peptide.

6. The polypeptide of any preceding claim, wherein Gl of the precursor
protein is deleted or mutated.

7. The polypeptide of any preceding claim, wherein P2 of the precursor
protein is deleted or mutated.

8. The polypeptide of any preceding claim, wherein E3 of the precursor
protein is deleted or mutated.

9. The polypeptide of any preceding claim, wherein R36 of the precursor
protein is deleted or mutated.

10.  The polypeptide of any preceding claim, wherein R36 is mutated to
alanine.

11.  The polypeptide of any preceding claim, wherein R37 of the precursor
protein is deleted or mutated.

12.  The polypeptide of any preceding claim, wherein R37 is mutated to
alanine.

13.  The polypeptide of any preceding claim, further comprising the N-linked
glycosylation consensus sequence NXS/T.

14.  The polypeptide of claim 3, further comprising amino acids 93-102 of Ea
inserted between amino acids N95 and T96 of the Eb.
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17. The pol ypeptide of any preceding claim wherein a residue of the
precursor protein is replaced by a non-natural amno acid. 18. The
pol ypeptide of claim 17, wherein the non-natural am no acid conprises
an acetylene or azido group. 19. The polypeptide of any preceding
claim further conprising a poly(ethylene glycol) noiety covalently
attached to a side-chain of the precursor protein. 20. The

pol ypepti f£ of TRNyoIPhERRIG ST&nG! RbEBINY iR fuRRBPEdMbMEIngAnaddi ti onal

E- pepti dg;q ] r . A
ot Dot B AAERES 0SSRl S el R Bt

precursor” protein conprising a first Eb peptide, wherein GL, P2 , and

E3 d R3 . Y/ ; d 71.and 372.are del d, d
he ol tvgﬁ”@.wﬁvﬁé'pﬂev’? f Eﬁ%ﬁﬁe WileTein Y SIRAEREIR R dovanfly. "
et agr k6d To Sn arGine sdS AR S5 PIeGISTREN e, RY1,  So2. and Che

| ast seven C termnal am no acids of the second Eb peptide are

del et ed; 17.  The polypeptide; of @nzipreegstingielaininebenein wyasidgerof thend t he
| ast sevdHeCHrseF pigtein iaremacasdhde nen-naigat aming ®idpept i de are

del eted; and a fourth Eb peptide, wherein R71 and 372 are del et ed.
22. The ptH.ypelpida pypéptaeyof alaiml &, mdhereio 12@ nondnatwahaRifd awid 872 of

t he precuwrcaprigescreacetyisne el ekidd gpouprut at ed. 23. A pol ypepti de
conprising a human | GF-2 precursor protein, wherein the cleavage of
t he E- peptd.de THeopaI|SEptidiedf any predmse® clafim | RftHeesbryrigiglaf | cati on of

the precys@etHiieteyIDeol RR1bicH 860 BniN&tathedb & fde-Eh&in{d th@Bidddrsor
precursotﬁrgﬁpﬁ@n regi dﬁes élﬂg del ettgg or nutated: P4, 85, E6 and R38
24. The pol ypeptide of claim23, wherein P4 of the precursor protein

i s del eteg or 168 ntidf ahYSrER RS BEid & uRhefidthBlidng 8h adbfticur4:
wner el n daof TCATEEnide s Ly BRIREBE S e oI dta G <ol

21. A polypeptide comprising, from N-terminus to C-terminus,
an IGF-| precursor protein comprising a first Eb peptide, wherein
G1, P2, and E3 are deleted,
R36 and R37 are deleted,
R71 and S72 are deleted, and
the last seven C-terminal amino acids of the first Eb peptide
are deleted,;
a second Eb peptide, wherein R71, S72, and the last seven C
terminal amino acids of the second Eb peptide are deleted;
a third Eb peptide, wherein R71, 872, and the last seven C-terminal
amino acids of the third Eb peptide are deleted; and
a fourth Eb peptide, wherein R71 and S72 are deleted.

22. The polypeptide of any of claims 1 to 20, wherein R71 or S72 of the
precursor protein is deleted or mutated.

23. A polypeptide comprising a human |GF-2 precursor protein, wherein the
cleavage of the E-peptide from IGF-2 by a protease is reduced by modification of
the precursor protein, and wherein one or more of the following precursor protein
residues is deleted or mutated: P4, S5, E6 and R38.

24.  The polypeptide of claim 23, wherein P4 of the precursor protein is deleted
or mutated.

25.  The polypeptide of claim 23 or claim 24, wherein S5 of the precursor
protein is deleted or mutated.
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26. The pol ypeptide of any one of clainms 23 to 25, wherein E6 of the
precursor protein is deleted or nutated. 27.. The pol ypeptide of any
one of clains 23 to 26, wherein R38 of the precursor proteinis

del eted or nmutated. 28. The pol ypeptide of any one of clainms 23 to
27, wherein R68 or D69 of the precursor protein is deleted or

nmut ated. 29. The use of the pol ypeptide of any of clains 1 to 28 for
the manufggt urghedbolgodMidieCHERY lonk Ut ldidstABIE Whetdin &6 of the |
muscul OSk&E@Gr‘%br ﬂo?&ﬁ%ge!@iépﬁirﬁétat&furonal cell death, or anem a.

30. A polypeptide according to any one of clains 1 to 28 for use in
the treatgent gl &olgafesp%@'ﬁéﬁg%ﬁ@'ofgiag@g?g«t ERELRSn RS ool

deat h, . d R nBEATHE of

oﬁgt of glr%{faaﬁzrsgfia@ﬁem@q I/%(\p e%r!trBPt%lé%q‘rpri Si Inggiaf nuchiz ggiij acgorgin%g

to claim31. 3. Acel] transfected with a vector according to,claim
32 28. 13he polypeptide of any one o? claims 23%0 27, w%erg}n %68 or 1969 of t%e

precursor protein is deleted or mutated.

29. The use of the polypeptide of any of claims 1 to 28 for the manufacture of
a medicament for the treatment of a musculoskeletal disease, diabetes, neuronal
cell death, or anemia.

30. A polypeptide according to any one of claims 1 to 28 for use in the
treatment of a musculoskeletal disease, diabetes, neuronal cell death, or anemia.

31. A nuclei acid encoding the polypeptide of any one of claims 1-28.
32. A vector comprising a nucleic acid according to claim 31.

33. A cell transfected with a vector according to claim 32.
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