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WO 2007/146689PCT/1JS2007/070468 STABILIZED INSULIN-LIKE
GROWTH FACTOR POLYPEPT1DES Background of the Invention:

WM 498%growth factors (IGFs) are part of a complex systeMGRAS29E070468
use to communicate 5with their physiologic environment. This complex
system (often referred to as the insulin-like growth factor axis) consists of
two cell-surface receptors (IGF-1R and IGF-2R), two ligands (IGF-1 and

- IGF-2), afamlly of six hlgh aff|n|ty IGF blndlng protelns (IGFBP 1- 6) and

FeBIIGEED Y hdi B P

, lmportant not only for the regulatlon of normal physmlogy but also for a
number of pathological states (Glass Nat CeII 10Biol 5:87-90, 2003). The
DAEKE g IRCRM@motion of cell proliferation

sl 1A BISIOR, RTcSEY, IR PRI G SHAUB ST RN HiGatc

liver as a result of stimulation by human growth hormone (hGH). Almost

with the ey yEial Qe HERRBIS TS0 P IS COMBRIESCEYRS TR QBiee. e ferepid AR the Rstlin-like
gmmmhsmls)laf&ﬂage F&rm%scdmeurﬂsmeyeﬁtefyqﬁmlnla;ttmtumst)lnxe&dgms

to the insuli e effects, | na ate ce F-1 an
OGP 1and SR, AR o) S Bl PR ik 1-6), an
associd@(FIGiﬁEm@egf@dmg&nfhﬁse(pfﬁtﬁmﬁd’[hlmsm&du latimﬂ.ﬁirﬁnaetm oy for the

lex w. that.inv |nh|b|t| t| preve bindi

regula AR poH BB TS0 o b S AR R AR S R e
Biol 5. @&iB@303ihe 20receptors and mcreasmg 1GF half life in the blood

stream. There are at least six characterized binding proteins (IGFBP1-6).

In its mature form, human IGF-1

The 1Glpeitsdigadratashbveytrgigiriobee yoydusprapwigpndd stiqualfrsation and the
mhlbnt&%’t“&@ﬁ'ﬂ%%ﬂﬁg&{%% 1orraisR ARG SQRAETEHP VRSP AR

of 70 amino aci has been shown to stlmulaterb%;owth of a wide

stimulgtipm Bydreens gioevidiemans hsie prowsheenisiiynahedyapnyefrds affected

by IGFKMO¥PeSIIBECKASI AR Sartit: OIS I @1BE Qé@@@ JIR MY lungs. In
encodes aEPreQurso proteln contalrllng the 70 amlno aE F 1 an?ﬁg
W I % are

additiog p:the selipa st hdE b rnalS Tgeplarrial &
regulat®tFoYA findse Fppenpiddadiakeobecs teemeH-tirding proteins. These proteins help

tdmpktgkevhl K NO:2
to mo rgﬁgﬁﬁ ?(fmpq( %k}e/:q/ er)lf?]'\%g ;Bgaq 11[1]¥oiné §(I)':me|Rlb1tmg }di' action by preventing

bindinggo megl\ﬁ]ﬁkﬁmggeqkegt@hstqrrgktd(wiﬁljmclgkkgkas&@ dEliney 3), the
receptcﬁquﬁ%Q?é’ gﬁ@ﬁ%&ﬁ‘ﬂ@ﬂ%@tﬂf%ﬂ@%@@S‘f‘ﬁ%aé'%%%t'!& éﬂaractenzed

peptides and range from 35 to 87 amino acids in
bmdmg proteins (IGFBP1-6).

In its mature form, human IGF-1 (gpetlcgaelvdalqfvcgdrgfyfnkptgygsssrrapqtgivdeccfrscdirriem
yeaplkpaksa; SEQ 1D NO:1), also called somatomedin, is a small protein of 70 .amino acids that
has been shown to stimulate growth of a 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 containing the 70 amino acid IGF-1 and a particular E-peptide at the
C-temtinus, depending on the particular IGF-1 mRNA. These E-peptides have been termed the
Ea (rsvragrhtdmpktqkevhlknasrgsagnknyrm; SEQ ID NO:2), Eb (rsvraqrhtdmpktqkyqppstnknt
ksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk; SEQ ID NO:3), and Ec (rsvragrhtdm
pktqkygppstnkntksqrrkgstfeerk; SEQ ID NO:4) peptides and range from 35 to 87 amino acids in
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WO 2007/146689PCT/US2007/070468 length and encompass a common
~ sequence region at the N-terminus and a variable sequence region at the
W@28THEE. For example, the wild-type open reading frame fGH&S2007/070468
IGF-1-Ea encodes a polypeptide of 105 amino acids
(gpeticgaelvdalgfvcgdrgfyfnkptgygsssrrapqtgivde
ccfrscdirrlemycapikpaksa rsvragrhtdmpktgkevhlknasrgsagnknyrm; SEQ ID
NO:5). In 5physiological expression, the E-peptides are cleaved off of the
length gndcuremphss @rvdotBe sRApeBEedsaioniedNHE mHANTRNE @ ¥Anirl])eatsguence
region %ﬁﬁék&%ﬂ‘ﬁﬁ%&? e, PIQARTNE. e CAIRIPE PG Sading fay &S HdEF-1-Ea

-terminal amino acids o IGF- | are known to be cleaved under .
encodeppypeioRagitds ebABRiBRNG AsdgRatnraakutalaegng HakptagsyTapateivde
cefrscdBANAR @kl SERREKRESMHIGR RIAGRSSING, SEDaDERBReddy

. similar attributes except that only one E-peptid

physiolpeiGe BRSPS R IO AL AL b Al RS L FRLR AP St

proteas@§iRAyigRARP amAsark) Sy RN @6) fanbumarbifodclins Heearidmntifisekts,
for the. 156 amino acid precursor S

one 10 {FS g AT S TEL 5 AR . sty ader physiclogica

conditipbelpdelfingmegiidGF-1 having between 67-70 amino acids. IGF-2 gene expression
diwkgstgthralpal I ' GARREEASH , SEQ

and p r(i%:ﬁgg%%%%%@%%g? %5’ ﬁ?éﬁ Ig%?gﬂpﬁ)tgé%%%g %%%ggdru candida{{fgs, since

(rdvstppielpapowveksie dukrrabrrabanghybkslssfenoherhrdrtadnabgaapremasnrk;

SEQ ISNBR)ALPAIBAIIGINS Sicegyidentias ipan sepiammlaiad jsdausiabilize
1GF-1 as a drug by forming a complex with gne of its binding protei%{)ggkffqy

(ayrpsegeagﬁmyqfwﬂgér&fv&anw&rw&iﬁ%&%&a%%&%ﬁsmevafe&m?ﬁ)

dtwkqeRiBeIpantiafohl RkfehrériatpinipaipaRnGpdandatansaly s Nepeptideth IGF-1
iS bioactive and stabilized in,@agﬁgre,sen e of serum, resulting in,an '555'1,1
and IGE;2 appent o Ds HoRG 530 didalRs $j0ok é?rﬂ%%’é%‘f]ﬁéé‘f.cl‘ﬁ“gﬁéf cgraded by
endogepomastians of thesiruansidpatitresnddmadtciepyabat bhstreds-pepedelftednis to
... IGE:1 [s avojded, for example, by, mutating or ting either of the
subilzg Gyt AR G L NI
(corresponding to positions 71 and 72 in the wild-type precursor IGF-1). In

1GF-2, the cleavage 25is§{mp:}§g,({p{hg>fmmﬁnpy mutating or deleting
either the arginine at position 1 or the asparfic acid at position 2 of the

The inpepigigdieeshens fsrtifegVRpbsiiones eBsan B livthe Nl dreise SPoRIrBe

substaﬁ%r@ts(ﬁuﬁ%{)triﬁ@qiifiﬁ@&i&% ah @G i RIEEURY BN b E ANl Olting in an
reduce this cleavage. 30In addition, further modifications of the IGF-1

IGF-1 Bfégfrg(j?oé}‘ﬁﬁ%i%m%éﬁ\fﬁgﬁ‘(‘}é‘&aﬁwumal- 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-1). In IGF -2, the cleavage
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.

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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additional pharmaceutical benefits. For example, the polypeptides of the
invention can exhibit WO 2007/146689PCT/US2007/070468 increased
WQ M 418the 1GF-1 receptor or decreased binding ability to BRTARBHGY(70468

1GF-1 or IGF-2 binding protein. For the sake of clarity and consistency,

the numbering of amino acid residues in IGF-1 or IGF-2 5precursor or

mature proteins throughout this application and in the claims is based on

the wild- type precursor protein sequence numbering without signal
increas@epfitiatySocdrdii@ily] teeeptuentidecinaiod bmdipphhpkiytidenc ontéiinomyg KF-1 or
IGE-2 human Ircoaéi% precursor protein, where the cleavage of the E-peptide from

?tBﬁ‘figﬁ’y a protease is reduced by modification of the 10 precursor

protein. The E-peptide can be the Ea, Eb, or Ec peptide. At the N-terminus

ror v P SI, UREHSGY S LU O

precurspreunabip RyRSRINc Abrpu et ivids e  trRtiNL AR G elsdgantrdhp Hyild-

type pre@iB X S Juehed Al A¥RMR SV RYJiSaEiaNRpARINO acids 93-102 of Ea
ypep between aminoaa-\cids N95 and T96 of the%%.rl%l general, the precursor '

protein can include an oligosaccharide covalently linked to an amino acid
Accord$a8y Chith0EtRBHRIMSO R PodipUptidd arasimin Laditine IGE-Chasourdhprotein,
recursor prqtein._ 20In, d%itio ,a.residue of the precursar,protein.can be :
were B B e B e R e R v
precursof pEocong robip E-peridaomheattaEanfibooatidpepaiddacilithteNindmgeuwsiel the
oly(ethylen cqal) mojet a side-chain of.the precursor protein., .
e B O B S AR R s
R36 (e 25 R p)endrBA geaeR3GaA) 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 IGF-1.
The presressor oetpioain fethpdnglfigs: theo Nrdivked glyserslatiorpropsrisu spguence NXS/T,

for exalfPRIBY iRIESRAGRAIICi & PRYvRE PRI e Rt AnaL RS A5eAe *P%Q)f the

and the last seven C-terminal amino acids of the first Eb peptide are =
Eb. Ingensrali.to)PresBisonareisipaptidrs wlsab gigasaseleride saupiratin dinked dpan
amino SciteSiainalamintasideridhprsrenddbpapiidmaie sieietadh e thiedursor

protein.

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.

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 IGF-1 precursor protein having a first Eb peptide, where G1, P1, and El are
deleted, eithler 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,
S72, and the last seven C-terminal amino acids of the second Eb peptide are deleted; -(3) a third
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WO 2007/146689PCT/US2007/070468 Eb peptide, where R71, S72, and

the last seven C-terminal amino acids of the third Eb peptide are deleted;
WQAYAYe6$8urth Eb peptide, where R71 and S72 are deleted. PCTARS2007/070468

effective means of preventing cleavage of the E-peptide from the 1GF-1 is

the deletion or 5mutation of R71 or 572. Similarly, the invention includes a

human IGF-2 precursor protein where the cleavage of the E-peptide from

IGF-2 by a protease is reduced by modification of the _precu'rsor protein. In .
Eb peptidatictitac, RR 63D, endrbedigsoiRE8tomiEd sninpecids efittaitfardiébpgptide
Avoiding protease IRdigrstianfikhe MalsARIsdMsRprotein. In
are de]eg%%i?%%@agny E-peptide %f IGF-1 can be combined with an IGF-2 and any
E-peptide of IGF-2 can be combined with 1GF-1 to provide the benefits
An effdBSeHRed NG BiBvemihbe aNaptien iy thee ek demand etirad Rfkeadiogon or

musculoskeletal disease, diabetes, neuronal cell death by administering a

| mmat_i%éfd}?e’u‘ﬁc%ﬂ%-eﬁective amount of a polypeptide of the invention.

Likewise, the invention includes the use of a polypeptide of the invention
. .. for the,manufacture of a medic t for the treatment of a )
Similariy 0, OAGRLIOR 6 SEEb Rl - AELTAT 2 HUmHhess dislgryog gt e B
peptidefaih &G Bihbodiprerysthis inderdiosy incldidestpefiatped@sodpwittioutan
. E-peptide but having in ced therei alel33 %QJ{EH%?M% &t
P amcugil{égo ert)]é)aﬁé |0%#A%y0§9[ e%%é%iga ,I%pég%]yﬁalte IGF-1 containing a% B} case
digestioroof tzt b -@mincuesipastelisclosed 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 Egg‘layp_eptide

In addigiptennVepertiderbbein sandsrermbinad With pRd Gt ARdAPY ScRepitdE @& 1GF -2
can be UhRBRRACIG TefI8ie pRAAE Bxd®RhetiuathiBdaerMMmal, (i)

30enhancing the efficiency of their conversion of feed into body tissue, (iii)
enhancing milk production in lactating animals, (iv) treating animal wasting

The inNPEOMEhasSRTIRIGh WitthcdWTeatiny aunisclosiktientdissasnptialetes, neuronal
diseases,.and \? treatin Iactac]qn nimals for improvement in n Hgtal .

tion.

el deffl i A it e IBFERE U et MEts SOHETELg FRLruicta by T enion

Likewikefaherineention 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.

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.

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)
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,
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5 Brief Description of the Drawings Figs. 1A-1C are Western blots of
polypeptides of the invention and wild-type IGF-1 precursor after zero or
WQ gpBidor¥ubation in the presence or absence of 10 % humatcI&var04{070468
37C. Expression vectors encoding various IGF-1 constructs were
transfected into Cos7 cells, and the 10conditioned culture medium
obtained. The "3mut" refers to a hiIGF-1-E-peptide precursor having the
following three sets of modifications: deletion of Gl, P2, and E3; mutation
trauma,afr AthyeB Eositiep(RE Aisyasesd aid| étiareatingAacatn SAATRIg fonistrsexsmrat in
neonata%%‘ﬂﬁ{n blot results (using antibody to IGF-1) for the wild-type and 3mut
precursor containing Ea. Fig. 1B shows the Western blot results (using
antibody to hIGF-1) for the wild-type and 3mut precursor containing 15Eb.
All c1teE'sz&&é&o&‘%HEEM@@@F@&Q@BW%HH@&%W'}EF@%&O hiGF-1) for the
wild-type and 3mut precursor containing Be. Figs. 2A-2D are line graphs
showing the biological activity of various 1GF-1 polypeptides ("ligands").
Biological activity wasgn@ﬁ@ggadpwrsﬁmumm,cgzcu myoblasts with

Cos7- 20 d tides. The stimulated C2C12 cell then
Figs. 1350C06 VAHE LRGSR LA AR AR R IR e

after zek@ﬁgilal%rdaﬁnﬂ:usaﬂ@ommhewedbnw&lﬂhﬁmeemj&ﬁt%&gm Readnat BISC.

-1271) that consists af th ure human 1GE-1 acid uence
P R B3 SRR A L U 3 S A . Sehe] el ind he

conditientd nsiarqeptitm Eigaiﬁﬁdsﬁdw§1metéwﬁﬂlt§'tofal ECh-EbrepidEgyeansor
having ?geFYV ﬁ ig‘%ﬂ}/&y ]ﬁ En(}d' 'ﬁ?ﬁf@l’{é %@e@& 8?@}Wsﬁ@%§§ﬁ§t'm%£fon of Arg 37

mut W is a 3mut construct in which EA amino acids 93 to

to Ala G@Zﬁvh@@@m @éweleanémﬁo Bigids'oshawe the WiestBHrptIesWioNging
antlbocw?oqgfv'fy of M iE S HhdPIgR FRARR AN ARy T8 Ing. 9mBRSws the

Showing whether 1GF-1 precursor %olypeptldes of the invention maintain.

Westergéa@éﬁwtﬁﬂﬁ@%@m%%{e hEEpkb B IS SKUGRRI ANt grecursor containing

Eb. FigORhasnbonvalies i BrroasdQuisnshbinding Figs-3ffanthaRilesyeeand
receptor selectivity of IGF-I-Ea3mut against the IGF-1 receptor (Flg 3A)
Smut PECHTHRE SARGHI P& Eeptor (Fig. 3B). Figs. 3C

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-
expressed polypeptides. The stimulated C2C12 cells were then assayed for the relative amounts
of total AKT and phosphorylated AKT. Long-R3-IGF-1 is a commercially avail_able reagent
(Sigma Product No. 1-1271) that consists of the mature human IGF-1 amino acid sequence, with
an E3R mutation and an additional 13 amino acid N-terminal extension peptide. Fig. 2A shows
the activity of IGF-1-Ea3mut. Fig. 2B shows the activity of IGF-1-Eb3mut. Fi.g. 2C shows the
activity of IGF-1-Eab3mut, which is a 3mut construct in which Ea amino acid_s 93 to 102 were

inserted between amino acids 95 and 96 of Eb. Fig. 2D shows the activity of IGF-]-EcSmut. '

Figs. 3Av-3])_‘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
phosphorylation in response to ligand binding. Figs 3A and 3B test the receptor selectivity of
1GF-1-Ea3mut against the IGF-1 receptor (Fig. 3A) and the insulin receptor (Fig. 3B). Figs. 3C
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WO 2007/146689PCT/US2007/070468 and 3D tests the receptor
- selectivity of IGF-1-Eb3mut against the IGF-1 receptor (Fig. 3C) and the
WA 4e®ptor (Fig. 3D). Figs. 4A and 4B test the receptor sBIEtAp{03070468
IGF-1-Ec3mut against the IGF-1 receptor (Fig. 4A) and the insulin
receptor (Fig. 4B). Figs. 4C and 4D tests the receptor selectivity of
IGF-1-Eab3mut against the IGF-I receptor (Fig. 4C) and the insulin
5receptor (Fig. 4D). "IGF1-R3" refers to the Long-R3-1GF-1 described :
and 3DakxtvtheThespoly paptittistelGEs EbB Battiorafer theol 65nbtesepianRigh Ehand
OZ,WereAIngge. agids
the ins %ge%%?glﬁ%\%ebs]{er%ng) l AFA AR A%dtgﬁwgl%@ ml ?étﬁ@ﬂl‘ gﬁi@gmut

ot showing relative AKT phoss)horylatlon u

agamstéhwi@ﬁnbrp@ﬁp@z@g Homgetibedngadmrrsepivioifie g Bld 4jgsof C an 4D tests the
recepto‘r'i %%&Ni?;t'{%m@frcﬁ% MMORARS) (RY [iffereatdgandse 14 E@Etﬂ%bnsulm

multimer refers to the construct schematlcalg/ shown in Fig. 6A. F

recepto (i 5 H Ate JCHER rréprdedhedisis G amr&zﬂgaewae?mﬂ%pepﬂde

listed a¥™MEMIIAbF i@ G shonsran Iwhlck Bpiatnssidaignenideveitfsuteddistween
. of madific tlonsf eletion of Gl, 15P2, and E3; mutation of R37 to A;
amino aglds,yape fG p 572; and deletion of the last seven C- terminal amino
acids. In addition, the polypeptide is Iengthened' by the addition of two
. tides (but without 72 QU
Fig. 5 ARt TR bt o e A er T e e g Gredc 2
myotubwiteut RIultaid Wﬁﬁayshé dﬁﬁqnmugmﬁﬁéﬁb%mem)ﬂyﬁlé&ﬁ@tmt&and&
The IG ?Eg?n ?I%E?q tt%r?% (91 L%Es&&?&h%mmﬁralf'gh%qn?\é‘? IGF-l-Eab
O precursor po ypeptl e with four sets of mo |f|cat|ons letion of GI, P2,
and E3; mutation of R37 to A; deletion of R71 and 572; and insertion of Ea

Figs. 6AMINPeIFIHS LRI HRLNGRNBRIBOA6IE RS IhEFHAEESE thidinténifon. Fig.
sequence an%nment of the human IGF-1 (SEQ ID NO; l) with

6A shoazssff@swn& BFRFHEICS DREYPOPUAR 5HMQP§6%E%@%%R%8%§%%IP“ of G1,
P2, anE BT ESRENINSIRENBANAK @seassioNRMMBE sy doaildaleletion 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 S72 and without the last seven C-terminal amino acids) and the

“addition of a final Eb peptide (buth without R71 and‘S72) 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
precursor polypeptide with four sets of modifications: deletion of G1, P2, and E3; mutation of
R37to A; deletion of R71 and S72; and insertion of Ea amino acids 93 to 102 between amino
acids 95 and 96 of Eb. |

Fig. 7A is a sequence alignment of the human IGF-1 (SEQ ID NO:1) with corresponding animal
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
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
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sequence are given. Gl, P2, E3 is conserved in all analyzed species
except Sterlet (where 52 replaces P2). R36 and R37 are conserved in all
Wy derEhecies. Fig. 78 is a graph showing the phylogeny €T ##2007/070468

analyzed amino acid sequences compared to 30 human 1GF-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 WO 2007/146689PCT/US2007/070468 :
calculatadisiimie: chdtancdeviakdofsotetive v dhsoncgap eriohaohegjapd corrected for
silen sTHSRISRES A Speeied ferellenh subsiiilions, Thealues comatieda

are the mean number of thiferences per site and ifa etween zero and 1.
betweel eecorapt dsefpaepngients idunpisteaiddntineprddenpresonigaatiderTity The
phylogBIIOREREALEE SARIL YsRRIARIRHRES Mpltiplied by 100. 5 Fig. 8Aisa

sequence alignment of the human IQ:a peptide (SEQ ID NO:2) with various

animal Ea peptides. All animal species analyzed and their corresponding

Fig. 8A58ABapAcCARSIaRAUPIR RRLLNE: SRAHED CSEISII NG RYithaadicusAnimal Ea

_are conserved in all analyzed specjes. 10 Fig. 8B is a graph showing the
peptideshyMaigsaesishanpheg b eiErPLeRRins Cotpakagats Homirmbers for
the seqlfeftd aRagPRptide /(SR 3D M chnsevigl ifAlisRabegdgpedeslignment of '

the human Eb peptide (SEQ ID NO:3) with various animal Eb peptides. All
animal species analyzed and their corresponding GenBank accession _
Fig. 8Bsnalgesphishionithetse ghgiogengref givemaR7Zdd andns A2idreqenses vochja@t to

human qa%[ézggps%%%lggs(%?llg%&% graph showing the phylogeny of the

analysed‘amino sequernces compared to human IGF-1 Eb peptide -
(SEQ ID NO:3). 20 Fig. 10A is a sequence alignment of the human Ec -

Fig. 9 F‘s%'%’g&él%%‘l%g‘pﬁﬁ’{m H@HQH%@ _@;&%EW%%}'mious animal

species analyze their corresponding Gen13ank accession numbers

Eb pepisteth\dbejtimat epaeies Anaty 2Rd andribes rorsgepenise ieabiank paprasjop gumbers

for the SPRRIRS: are Fifenl OR7IE A @BRNLRNQNIRE tae LAY pagpbibaanalyzed
amino acid sequences compared to 25 human 1GF-1 Ec peptide (SEQ.ID

NO:4). Fig. 11Ais a sequence alignment of the human 1GF-2 (SEQ ID
Fig. 9BNQa Qi roWRsRa dingoasiyak rFaralbaainiad sprRGiesuanaly zessired to
eir correspandi k accession numbers for the sequence are
h”manggghf %%%‘%‘58@%@@3 mﬁ)analyzed species; D69 is conserved except
30for chimpanzee, where a histidine resides in that position. Fig. 11Bis a
. raph showing the phylo of the anal ' | n
. 2 ! 1
Fie 0 R AR S LR S IO B s anima
Ec peptiflghmidhewhthlespenisaanatyzal Baddhtid e SERNDINzOGBa agasitsign numbers

for 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 sequences compared to
human I1GF-1 Ec peptide (SEQ ID NO:4). '

Fig. 11A is a sequence alignment of the human IGF-2 (SEQ ID NO:7) with correspondirig
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

for chimpanzee, where a histidine resides in that position.
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5animal IGF-2 E-peptides. All animal species analyzed and their
- corresponding GenBank accession numbers for the sequence are given.
WRE8d468%erved in all analyzed species; D69 is conserved EEBSIEP7/070468
- Chimpanzee, where a histidine resides in that position. Fig. 12B is a
graph showing the phylogeny of the analyzed amino acid sequences
compared to 10 human IGF-2 E peptide (SEQ ID NO:6). Detailed
Description of the Invention The invention relates to new IGF-1 and
Fig. 11BG§azmpyecshewinzhppimidesnyarittio anglyatd tamiial hewlrséqysmpeisicothpared to
human rfé% e§%§;ﬁgw7t prevent reduce, or avoid the typical protease
cleava responsible for releasing the active 1GF-1 or IGF-2 from its
- E- peptldes The utility of the polypeptides of the invention is based on the
Fig. 12/[PHS é#é@grfg%@a%ﬁmémrﬁ&yr@@fmbp@?{?aeimqm@mya}im various

active, stable and beneficial as pharmaceuticals. Screening for Active IGF

animal pRFcR Edepiipepticmimpbinss esetalisssand heiisonpamnding (prBank

accessibVRIMBE S8t BR 385RIRGANSINGANR BYIRWIIBRea NP albiMaINReAspecies; D69 is
polypeptide of the invention should in the presence

have sufficient stabilif
consermdemsgfe%@m?@ag%gvgﬂeﬁ H’s*ﬁﬁﬁ ﬂamaﬂes*émattgosl 1% effective

drug. To assess stability, an expression vector encodlng the polypeptlde

Fig. 12815 berta( Sé Ctedl % S7e(r:1e"§f QTC a%nsln% 01 sequ s compared to
& L ConaiR! n% Q)erga SVMEEE |yum ooasa penlcn in, an%i f%e 7 P '
humandtedpdipepndd tRECUITIMRrddium contamlng secreted polypeptldes can
be applied to further analysis, or in the alternative, the expression vector
can encode readily avallable tags such as a hexa-histidine tag, in the
polypeptide to facilitdestatkd behressed polypeptides
The m%ﬁh@n@gﬁﬁaﬁﬂth'éﬁlsld]kowwr@ @ﬁ%r@?p@@ﬁ@ﬁﬂi@%&ﬂm@'%bswntwlly an

incubated in 30normal human serum (Sigma) or in PBS for various times
E-peptideghaphas %eefonaﬁéeﬂé%ewkfﬁﬂgae%r ﬁw&y&}wa fEolfgpe cleavage
responSiiSietiopRARSIE blotar orur NiseealiuiosemandaipeprieyamhdAiity of the

polypepgge ﬂ?ﬁ\%ﬁ%&%ﬂ% ?s Oa%Zc/iooZlotAﬁg%urprlsmg discovery that such precursor

polypeptides are biologically active, stable and beneficial as pharmaceuticals.

Screening for Active IGF Precursor Polypeptides

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
endogehous proteases, such as in human serum, to be an effective drug. To assess stability, an
expression vector encoding the polypeptide can be transfccted into Cos7 cells (ATCC) in a
DMEM medium containing 10% fetal bovine serum, 100 U/ml 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
normal human serum (Sigma) or in PBS for various times (e.g., 0, 1, 5, 10, and 16 hours),

subjected to polyacrylamide gel electrophoresis, blotted onto nitrocellulose, and the relevant
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proteins visualized using a primary antibody against human IGF-1 or
IGF-2 and a secondary antibody, e.g., conjugated to horseradish
W2etiidas®. Any number of similar blotting and detection tecHfidiies2007/070468
some using fluorescent dyes or even radionuclides, can be used. The
intensity of the precursor band versus the intensity of the IGF-1 or IGF-2
band should indicate 5the degree to which the precursor polypeptide is
cleaved under various conditions. A polypeptide of the invention that is
proteinsxksoskkzbm;himmaprﬁeanymfnitbmymgamsah@?iﬁ k- it &2 and efecondary
uncleaved t c tre 1GE
antibod S R e M B SR b b
detectldwpntmiqumesmwggrfbmmleekmm e raio ligneclites; tan bevsad. The

intensit B?W&@&%BPB%MXR%QW@H&}W%\RH&' @@fShQﬁ'lfbﬁﬂ Q' 'Btcﬁ"f@ m&lﬂﬁmﬂcate
o signal through the IGF-1 receptor. (Both 1GF-1 and IGF-2 signal

the degggedngthitiethe ProcrssuelpaRtidrtepigAvedNRISIGRAING eanfifioBhe’tan
polypeREESENEIBBIBAANNS URRsTRINbaRpIaEFaRg &r MHouss ma@ziﬁ@iﬂiblt a

in response to ligand hinding at the cell surface. For analysis of AKT

ratio of gncleaned REarUESQR sxcfeayid SprAwR I5H < aPORH P Lo Aifhlae ﬁbﬁeﬁaﬂn 'ﬁdl 0.5,

particulienastitesresbwith diferemligtada: Colls argplyaid anrpetearad dould exhibit
. centrifu tlon AKT phosphorylation and total AKT levels are analyzed by
a ratio %Fﬁé f? hg PathScan phospho AKT (Ser473) sandwich ELISA kit and
PathScan AKT sandW|ch ELISA kit (Cell Signaling), respectlvely 20 IGF-1

t tid fh f t
ART Pl SRt & el BRI ol e S A RO A e
throughr ¢oe fEdT mmdmmafd‘Bmy IGGd%eeWmalspwﬁb@e ﬂ)@%etpncmor ) To
determﬁ%fnﬁées%@s% 9@%&9 Serumy-stanved iy k!:%l%&@ua%{%meaﬁm B&et, AKT,

ceptor or the insulin receptor, and the level of1GF-1 receptor

is phosphw&m@iytatﬁsmﬁmwlswééeeﬁeﬂao%é%%Pw&ﬁfefﬁ iFaeasahmieaifKT

phosphwraadnecwlﬁzam paubiRcting tagd¥eAlRsAehd Sk aOKRR PHABREAGyith
human phos hor GF-1 receptor and insulin receptor ELISA kit (R&D

dlffere@;}eer%) GribyRrs eed ﬁ@qﬁlm&%@mefgem@pé%mw%%@m Aad total
AKT wb@theraaaMy@@ptEig@Atﬁlﬁdg\mﬂmrcgﬁbaﬂido\mrwwske&wbmumi& kit

and o AR i T BT SIRD Mo i erermine

Whether anlmals recelvmg the polypeptide have developed larger muscles

IGF-1 eceg doo pﬁc egls 8{) ?Jf&éSOGfM %%lgnﬁ lpvrvgt?ﬁnglk NN ’1]5'1?? agéglﬁcny

tary running w | rvariab
for the {§de | eegememndasé\(eﬂélbmﬂrmﬁwhybmﬁH@ah@ﬁ@eﬁhywﬁh low affinity. To assess

receptogggeuﬁéﬁ ? %99@5 ROy &%&W%@H NiRaes physical

sych 0 |cal insults that are common in forced
overexpressmg 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
subjecting the lysates 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
hypertrophy, one can subject treated and untreated animals to exercise and determine whether

animals receiving the polypeptide have developed larger muscles than untreated animals.
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exercised models, and are therefore more appropriate for evaluating
 candidate drugs that are used in relatively healthy individuals for whom
WeEA668th muscle mass is desirable. Any suitable mouse sBaHER43&70468
used. For example, male C57BI/6J mice can be randomly 10assigned to
experimental (e.g., receiving IGF precursor polypeptide) and control
groups. Animals are individually housed in a cage containing an exercise
wheel; sedentary control animals are housed in identical cages without a
wheel. The exercise wheels are described in Allen et al., J Appl Physiol
Exercis%%,ilb?i%%-l908, 2001. Briefly, the system consists of an 11.5 cm-diameter
wheel with a 5.0 cm-wide running surface (model 6208, Petsmart,
One medeblemixynAR S art i hoewll witithe whigivdhrmelgnetiy coointe wikeldeltB Gs60ggriable
loads (s%@%‘@.,ﬁ@&{ﬁﬂ%%%.,' e 2&&%@5@&%‘%&‘@{ 9@!%?&'% W98bs). The

each Wheel is enginéered with a resistance anism allowing

voluntagpcageridhrebptinaingted piikisichd andprriphielegirdlynsttic tiagastaenemensiadpreed
exercisB§Mogdifeia yﬂ@tﬁ@&?o‘@@n%@a%ﬁ%?i% mteew&'iﬁa?iw&ﬂa@mggmlﬁ are used

) pulley that is secured to the cage wheel at the axis of rotation so as to not
in relatpystysatdydnfiyidrdefas adomeeirases i garsciepise dsidei@tle 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
Any s, BN RGP A LR B S MG TOF S LaRCRay
assignedninaptihnumiab(d. gheedeivtignGF precardiqidtypepsitlt) Atldasuintalisgasaps.
Anim i}ll/reenn ate gﬁdhstan%_rd hard rod%ant.chow ad Iibiturrlll. V]plulitar runnin
a%cagéw ee e%po%‘hsfe edn eg?ﬁna a \2}3%96:(5055966‘3” OF &SI WERRE Sbr
animalsiirgtowpsed Rbideanticgrosgecwiititoues wneaind hnckersiseyihgals sistdeseibed in
engi ' 3 or y, i the animals are about
Alen B B R R S e P
diametgyaihpes withthe Wiseerifrinnhe ngraefagmensiiphdy thsPesseert Aheswircidd)

equipp@ ESLAGI HLAG 0B AR R RRIBBGR! SRR R, iR HWENRL

_ the "no-load" condition is actually 2 g, which'is determined as the load )
activatgdby wdier) tetaHahdnPodiden sarhavass] iviensinsssdivat aevisinssigeghanism

allowinyheprisaselinatiratinn PeHRAAictonpBkh¥d 8L AR £ 3R AR Gy edhalg line to

one- week intervals, except for higher loads, whjch can be changed after 2
the cagg) R TN RIS OB AR B SHREISAHU S 5 TEARG D ghe coge whee

at the akixertisediansbssdentargoaaitiond aninealderld @udth@hizettdig agaidcatured to the

cage togivc’vll %tisopil’lfl ngr?c{ égpe%\lzeq‘s%; etsrilgﬁ’ ?arlrr}l]ltr@ mig Ele§satfr¥%rnw 5 9 \gl];égeload, which
pecific exertise period. Body mass is measured, and specific muscles
is evenbydistiidtydethemsmiowabhedtrdoniof drewlior hibwlygiceaise bidobefpidahe and

distancBFSAYR bR ABI8, AR QALY S RIS YRR AR T oL RS &re%c(ij;eel

“also available to the skilled artisan. See, e.g.; the treadmill exercise mo

period. qddcamimal friscritethvetten anyl Afgpramyuicsl ogiem ghopomblibigap. Voluntary
running:(@fgeuiﬁé@l B?dﬁ&étﬁéb %QCB%Igin at an average age of about 12 weeks for all groups.

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
load. Considering a wheel acclimatization period of 1 week, wheel loads can be changed at one-

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

10
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10Clenbuterol is a 32-adrenergic agonist with growth-promoting properties
that cause a documented increase in muscle mass. The precise '
WOrROBHAHISHA of clenbuterol action remains unclear, although aREHUSAY #0468
muscle protein degradation has been proposed. In the clinic, clenbuterol is
used as an anti-asthma drug, but it appears to be mostly misused as a
bodybuilding agent to increase muscle mass in both humans and show
animals. 15 Five mice are given a daily injection of clenbuterol (3 mg/kg,
can be shpehéanfonsX(g.w)ufas 32 6. dxbicitayaid sadernerynustiel yiasingheuthanized
b Mice, i joectted with PB Befyes as neggtiv%.co?tro THF ani {% are . fi
Y Cery S Ry RS L s S RS OISy o Ay é%}\e/ér%eerrea&%‘ns"ie. thikenpt
exercisepatjddthBodic)rtasshe hremtmenand igebifte rob et are nhdly theipatewtistidd, and
frozen PR ISANE IBH RA2RA00IRITErSpIce should be especialy
-~ monitored for fighting If housed in groups. Mice are mobile, and can eat
and drink normally. Mice are monitored daily until they are euthanized on

AlterndiR¥ SxefcRE ﬂlﬁp&ﬂgﬁ@%&@ysﬁ;@@s&fv&fﬁb@t@@ﬁé@ﬁlema\@é@n-.r%%@flg. N the
Muscle Atrophy Models In various skeletal muscle atrogh models, an IGF
oﬁ%ﬁ‘%' Aoty 482

treadm@kexercise B1od6lyisepiird ot IamapesitibncApphEhesald
maintain muscle mass under conditions that generally reduce muscle .
mass. With the example models described below, the skilled artisan can
Clenb‘\‘@'éf’ji %&?BM implement controlled experiments involving the
Clenbuagliivatfatidncaad ivsgafisGrithrgawdoppaiypepipiastdaebarnins a
whether such pol tides can increase muscle mass. 30 _For example,.
docum B R S R R o Pt TSR e
uncleamrthenghasedustodhat theselarpratoimud@radation AnsthestaropbsedcHn the clinic,
lenbufHOU TS L GRNSIRINMISAIE BAUPESLILDISTRISAIAIRT SAgRsvLh poigal
¢ e_nb-u roélelﬁtﬁ;s%p\?vs%t%ﬁ% sét{g?%{gfdea%h&gxgg ' eIn@t{%?ce é?e?gve?&eg . At tEe glnd
buildingfagaehtexpaersremysgtmapsiymbich breenipahshowpiod?. inhalation
Sfollowed by cervical dislocation, and muscle tissues harvested for further

_ processing. Mice are weighed to provide "end body weight." Skeletal _
Five myge argedvging daibvoBisciion sfedeatiiemhid @ﬁfbsﬁoﬁl}{wéwdﬁg%&tﬁh& 7,0r 14

days to PREKS, el yRAGBRY OMIBE TS RUSFHAP BN ReH IS SV as AaNESIBG0l. The
occasionallydatire; heart, liver, spleen, kidneys, testes, and brain. A

. Il
animalf fre oniiiad il bV iha | JaRRS RN foisane AR ROEH NS &t S U EmRh S8
lethargbpalthe oéameasurCighiout:0atgindsshesiey @dteitiens raidiremortideadful or

aggressr}%?gc?rr}x{ger s'ﬁ%%ﬁﬁ%’%sggga%/o%%%i (g(rterél %PHgl%&%Bﬁ%g th groups. Mice are
mobile, and can eat and drink normally. Mice are monitored daily until they are euthanized on

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

In Vivo Te ésting in Muscle Atrophy Models In various skeletal muscle atrophy models, an IGF
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 thé
administratién and use of IGF precursor polypeptides to determine whether such polypeptides

can increase muscle mass.

11
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embedded in OCT on a cork disc. Muscles frozen on a cork disc for later
cryosectioning are immersed in isopentane cooled to a thick slush by
Waded het§den. All samples are stored at -80C. 15 Dexameth&6dneS2007/070468

Treatment A pharmacological method of inducing muscle wasting in mice

is daily intraperitoneal injection with dexamethasone at 20mg/kg.

Dexamethasone is a synthetic member of the glucocorticoid class of

hormones. It acts as an anti-inflammatory and immunosuppressant, with a
For exapyiben 65 0B Hid ntadmiivrear¢ipardfasyd foworiibodecksenxhabethtesinse Micsets

purchaggdtggﬁépﬁ{%)ﬁ H}QQW%¥&Q%%9@MF&Q§ %@ngﬁ‘ts’ Gegerally mice are

~ rheumatoid arthritis. It is also given to cancer patients undergoing ~ - '
housed dp aHfeapy, cegediife rasnebresdenseféd o rigientsn iment mice

are wei ﬁéﬁmﬁf‘{hpé‘%ﬁ@%&'&ﬁ%&ﬁ@rﬁﬁéﬁ?@éﬂ@r‘ﬁ%ﬁg@%&&ﬁ%iifbmm%iﬂaiaﬁon
uman patients. Mice are injected mtraperitoneall%(ip) with
A

followedehpneretirabdistoraHan Angimupdlayissesh A SRMARAI BRI PEIASRSERS - ahdice are

 weighe@4ds0iAa€ ‘Wpi 8 SAPR e e thRklaadNmsslRs: ivvesi®d hHERe asdarisibieis

. monitored daily (visual inspection) for any adverse reactions (i.e,.unkempt
anteriof TS AP G A B, A E ARTETA TGS g BAyested
occasionhi merrhalist, Miee spleatekiduithsPBSearantheraiagativenoseitodnd (iSauss are
compleJTERIEREN MW 20TGGRIECTIS20071010468 PORIALIHEE Qe

Plvariolis musdle groups resultSin atrop%y of those mu fes.' n I%'joint
then snfipeftioger( inihiqe néedzer taddisg RN prdperiaio betradtignpnsefuiftagen

embedag@ ER W!ﬁl W@Xr‘pdi@gu R@uggﬁ@ 'ES‘%&H‘E%OJ%%E“A% ?(Irr ﬁttéirlqy&ggﬁgnin g are

hindlimb musculature. 5Mice are anesthetized with isofluorarie for
immersedribispenient qeted trrethicl Myl hyilayidraioern ar'dbsadglerarsvitarad at
-80°c. light-weight casting material (VET-LITE) around the joints. The material is
soaked in warm water and then wrapped around the limb, leaving the toes
and hip joint free. The joints are maintained in at 90 positions until the
DexamedgsiiogeTadatiaddias dried. The contralateral leg serves as control. The
A pharfiSSi2te. enAlgwed i 1ecover fom anesthisia and foused 0O secrion
ARG Fotator ages. ‘&{éﬁlnél 5ot &R BISSENVEd Yo talse n
with dexecesbaserstre 2Onegikicainamétbaiynmovesginbatithectstge o6 fieegharndorticoid
class o 3l %WE%‘&S‘E‘? %OXK%Y%%Q}S&('SSE’J&daQ@%%E?Jn%gé{p%ge"s%ﬁﬁ Y& Potency of
affecting body weight, activity, and irritations.
about 40 times that of hydrocortisone. Dexamethasone is used to treat many inflammatory and
autoimmune conditions, e.g. theumatoid 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, 6r 14 days. On the terminal
day su’bjects 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. Mice injected with PBS are

the negative control.

Cast Immobilization

12
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Once a cast is applied to a mouse, the animal is monitored daily to make
sure that the cast 15remains in place, as chewing can occur. The animals
WQANWMdesUdrink, and feed after recovery of anesthesia, and tREY/H82AR/070468
require special bedding, caging or other assistance. Denervation
Generally, mice are anesthetized with isofluorane gas for denervation.
Using aseptic surgical 20procedures (three washes of betadine with a final
ethanol wash), the right sciatic nerve is isolated in the mid-thigh and a 2 to
Physicd disuspieteandot ontusEhegconisatatdtaidey sy es hiocontralled osakie joint
. specifically, the skin.ingision is closed with. a su li t imal
o e e B R B SRR o
induce phyoigel momobilizanerstiasiant meesesead impsopscylaaye after surgery
animals are euthanized by CO2 inhalation followed by cervical dislocation,
and muscles (gastrocnemius complex, tibialis anterior, extensor digitorum
Mice arggpershesized syidyéso8unsoeri s madhibiedemnihsisekiepiddineg appaissare fixed
at 90 dGeOVRRtINGIRCIAticHIRRE S thanskei’ds thereHpatechlini ivirndeRdnaterial is

immobile to induce 30skeletal muscle atrophy of the muscles involved.
soaked WA SIREPEPPRE RO HKHR e Aiebrdeay g dhsdoeiaty jp Joint free. The

joints sABRiResiRANLITEY sesiiohsamir espeaiakhesieing heagig oThth@tralateral leg

srves PRy (123 ALGY TR GUEHISA (AR LHARe DS g ml

micro iaplanaldagedthCagingdnitoredéen tdeyepostauegauesdihe stesyamdiprignals freely
move a eorthQt g%%éé(%olgéjcﬁ aynsdacllfrtﬁ'ﬁ(s%ﬁee Qﬁ”cg Cf:'ee Rg&%/lé@oﬁg}%&g&‘l %ﬁg& any adverse
manipulaiéd transgenic mice can also be used as models o scle ”
events affeping teolyexeightiectivet souvhlireitaMing. Mice (The Jackson Laboratory,
Stock No. 003258) contains a knock out mutation in the IGF-1 gene that
results in abnormally decreased postnatal growth, as well as low body
Once agasyistannties 2e amerusadio primatdrmaniarededribolnancle aursihet te cast
remainSRNESDaY d46ZR0%26dcr 1993 alnRAdIiNmENR, anikR!Iad eid M&erecovery of

(The Jackson Laboratory, Stock No.. . . _
anesthesia, and they do not requiré special bedding, caging or other assistance.

Denervation
Generally, mice are anesthetized with isofluorane gas for denervation. Using aseptic surgical
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 anesthesia. Three, seven,
or 14 days after surgery animals are euthanized by CO, inhalation followed by cervical
dislocation, 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
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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003259) contains a different mutation in the IGF-I gene that results in a
~ hypomorph exhibiting low adult body weight and other cardiovascular
WRMHOW9ES. For additional information, see Lembo et al., J dRCIHYS3907/070468
98:2648-2655, 1996. 15Critical and Optional Mutations or Modificatons in
the IGF Precursors Critical Mutations The invention is based in part on
the observation that an IGF precursor polypeptide that contains
substantially its E-peptide remains bioactive and stable in the presence of
assistangeruNentdelasi rnithalstare mqrelorierbimmestiatelyragtisprgatiogehbueugh recovery
(1-2 hrd) K RS GRLIR 16 UREIF PLRIRAS A RRRSFE LIRSS FBE300Ys post-
- N-terminal dfbas,lc amino acids of the E-peptide 20in the precursor is
surgery| TBecttvHRICAR i, 1PN TSR ISel PritrsRadters¥reeBase of hIGF-1, these two
amino acids are R71 and 572, while in the case of hIGF-2, these first two
amino acids are R68 and D69. A variety of modifications enables this

| Genetie;Mofeltion of cleavage: 25(1) Deletion of one or both dibasic residues

Genetidal)yMutaiputnel aranoibniihakie dasidiesetosadnBnmodsic aminscRaitophigh For
as alanine, (3) Jnsert.one.or more non-basic amjno acids n the.
examp G B RO AT Bra e U Gy e PR s  knock

out mu&uﬁimibnhedﬁ’réélgme qhmem éﬂabnor@lSi&e@meﬂqmbﬁerzﬁiowﬁhsmell as
low bog‘?/RL%?%{PE 's‘%‘ég'tﬁsg;&iﬁf%%&ai‘?ﬁigy afin SR BONAERL %Oé%%‘i‘{v%,eeﬂet?%ev
|ba5|% residues, with a non-natural amind acid, as desane below. 1n

7:2609¢dTior? Fosltuddines tadacesiehbdi Migs4Fhe orksan GebareopsStidek No.
003259} EAHARS AU A MLIANINS RIFPISURNA R LOEREIRSPIIOMEAM BRnibiting

incorporated into any tactic directed to the dibasic amino acids as

low adyfsbedpatsighbaed stueatingasetle Naeohiness Bemadditianat mipr@atians see

Lembo®HI0dicantavettog: ety thpéGF precursor polypeptides have
deletions or mutations of the first few N-terminal amino acids. In the case
of IGF-1, any of the first three N-terminal amino acids can be deleted or

CriticanattetasdiondlevRagishthe Masd ffatoiis 1, e YGH theclirsbsix N-terminal

. ino acids.can be deleted or mutated. It has been, ob erveﬁg}gt certain
Critcal utians T VST B BT oAU B IR BTG Precursor
polypepide duttiontefnhedatantitd iois [Gp elgidt oaradinis biviza b/ thmdsiable in the presence

ssociations of the pol ti?es f the invention with IGE binding protei
of serul?lx(;fé grg rt]%altnlthecer%oc[t)i%))r%% %r'??lc{ae%%ég\ﬁy end?)é’gnous propeases gal%e%ggr}%e
dibasic protease site, in general either of the two N-terminal dibasic amino acids of the E-peptide

in the precursor is deleted, mutated, or otherwise masked. In the case of hIGF-1, these two
amino acids are R71 and S72, while in the case of hIGF-2, these first two amino acids are R68
and Dé69.

A variety of modifications enables this prevention of cleavage:

(1) Deletion of one or both dibasic residues

(2) Mutate one or both dibasic residues t0-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

between the dibasic residues, with a non-natural amino acid, as described below.
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IGF-2 with the IGF-1 receptor is regulated by IGFBPs. All six IGFBF's
have been shown to inhibit 1GF action (particularly IGFBP5), but in some
WeEnAe88a stimulatory effect has been observed. At least 9986 BURREATHF0468
in the circulation is normally bound to IGFBPs. The most 15abundant
IGFBP in the circulation after the neonatal period is 1GFBP3 which can
bind both IGF- 1 and IGF-2 with similar affinities. The naturally occurring
- truncated IGF-1 (bearing deletion of 01, P2, and E3) binds to IGFBP3 with
In addisenaiaidueek ésvaad ibniippeanaplayralibRnliGR-adelipeniddT isaiagartant
for IGFBP binding, and 06 plays a similar role in the IGF-2 peptide, . ..
sccordisgy TURATIRTS O e R 8 L e R CHee e et By gpisdieected
to the dibasiberd@letadds mpidatébkdithevalone or in combination. When a
mutation is desired, a mutation to alanine can be introduced. In another
example, in the case of hIGF-2 precursor, any of P4, S5, and E6 can be
Mutaticieletebedytatntdted eftheratol{gfotinatrinoimbidimiiset herovatitenisthe IGF
precurs%%%?ﬂgft%tﬂwgﬂﬂm%‘? ﬁ%&g&k%ﬁqqé’?ﬁ&'fg@ MYLAHANT &hino acids. In

36 and 37 IGF-1 can e cleaved by serine proteases present in

the caspafri& Jeann ohbediishtbresitiierrIB imnyagids eanbsdsletsd aempiedsf
whereahqﬁ: ieabiRisMiGisad ciranaassis RefwramR3G R RS bdwRicrawpf

IGF-2, R38 can be mutated or deleted to prevent this deleterious

mutated ol haybeesno ViR ShBTA EEB RO eI 6O AS i 9 Qatprally cleaved in vivo,
and thehymtasioor Tied myidai irl blite lefithe palypertdesiahvile dgy@iitsheanthe

be improved by the addit f N-linked glyc jon sites into either tk
poISPeREAET P SRR SO G BIRE BALE SO LR e o SLasgon o 1GP-1 and
IGF-2 wigmhedlizh loreotpesrésikayylatid dglKGERPablA Ib§iX-KGIKBEsdiyco bytatshiowt to
been shown [n yit man IGF-1 Ea is glycosylated at nd -
i TR B L e BB ORI B
observebgaeirast 9086 XE 8/T | Ghir thX cimnbdoany romiad abiedht téeF sl dirgrmost

abundAEIGREP G HiRle !:%EEBS%§a?'ih€:ﬁ£3ﬁ£§ﬁéﬂb%"¥stf@#ﬂﬁ RS ANIBoth IGF-

acid context of the consensus will affect how strongly the asparagine is
1 and IGichyjthtnmilenatendies ohbedipiteadly ResufroLERNS g dSE I htrdne deterion of

G1, P2ER@EEFER R D38t MUN QAL SIS OURN (PG IFANS SRSV ABRAVRTES NP
rorlédgél_ly_the same part of Pb or_Ec.@glgOgartlcular,lm slementation of this
I

additiogy Grelgy PARARF A0 4G ebindingptad Gaalay 1 Ay BUERE BripolizEr> peptide.

consensus N-linked glycosylation site, including surrounding context

mino.acjds, known t é:[]' killed artisan c tLe inser éj intQ a precuyrsor .
Accord AR RHR AP 1 BRor, FESHONIOR 6o kLt 1 de) PN G ied o mutated
either glotgpeptidernbitneiimvewien santadacsategitishedinyathoosidgnine can be
introdl{:():g(r.[lg;lﬁ%écgg?}s ‘:%err? QriRradugtionof Hie POIVRRRNIG I OF FXASPIGHYRE R be
deleted or mutated either alone or in combination. When a mutation is desired, a mutation to

alanine can be introduced.

Mutations at Residues 36 and 37 1GF-1 can e cleaved by serine proteases present in human
serum. Mutation of either R36 or R37 to A can prevent cleavage of IGF-1 at this predicted
cleavage site between R36 and R37. In the case of hIGF-2, R38 can be mutated or deleted to

prevent this deleterious cleavage.
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15for IGF-1 expression results in the addition of oligosaccharides on a
* serines or threonines. See, e.g., US Patent No. 5,273,966. Addition of
WEHEtedne glycol) Conjugation to poly(ethylene glycol) (PEGT/US2007/070468
- pegylation) have proven to be beneficial in prolonging the half-life of
therapeutic proteins drugs. It is expected 20that pegylation of the IGF
precursor polypeptides of the invention may result in similar
pharmaceutical advantages. Methods of pegylation of IGF-1 are well
Use of Kipawyiaribe atte Sedyionatiktfapiethe) SoRatpnidépplidetiomeRtiblicatidn improved
2006/01 which describes.the heneficial properti . .
by the B R AR SO G TP Ropeprde portipng o e
precursiar wiherprepessed (G Rpoiyplimtiors el ik anyesition Is nagallitiohNpldekddtion
glycosﬁgﬁ' e ﬁﬁ@%@g}%%}{ R%Ft%?%ﬂ%%ﬂ%@?@é f@gl%\é@ﬁﬂ% QVN@§ and N100,

Introduction of a nonnatural amino acid. Certain nonnatural amino acids

as these aArbenineroidy oty conseasmbibinyed edrensulrtivDugues e ofi NJXaphl . where X

 can be SfiEIM B adid 2rd iR 4ndl 33 PA3d ¥ anotApRiSEbidg: SSHENCR is also know that

301:964-967, 2003; Wang et al., Science 292:498-500, 2001; Zhang et al.,
the adjageptfspinmacisaontpat oliha nseiges pilaffaghorourpeely th Aoragingds
glycosAbibESERXASSINR Sysiasdnvedd e glireitstion saganesis tv BOis to insert

introdu don, h TAG, into th
oSS AR SRR SR SRS NS R

vention.

particul@dtapiearenthidoninfrdistedeigytdsdlhosttbdincdie BA4ples below. In any event, any

other cgr(})ge?l/%%%%%ﬁgﬂégé)%gp214)9175%4 ?§ g]ﬂ'&%ne as&ﬁ(’)\ﬁ%dw (ﬁ?c;h(%efﬂrlamﬁo acids, known
introduced nonsense codon and '‘charged with the ndhnatural amino acid

to the skfilbgrbactisaRadicheansetedanivad preinsadioly paptide @ bibadficsatifor Jugsiskidon,

O-link& %jﬂi& RQSigs IR ABE AalPaRiAES Qi RVEHIORIRA'¥) @ 1BASRe the

wit lene and azido side chains. The IGF precursor polypeptides

particulgsihash g difeserodirdicamiiBearabipertiftndirbexapelylateafaetig yeast strains
for IGENQS@RsH8 Hesthe pioteinddrisslditianoshcdhaemy stessiihed sesietasines. See,

without the E-peptide are also useful as therapeutics. Mu/timers of
c.g. U%-I)F@é‘iﬁ‘i%’s ?ré%ér?gﬁ pharmacological contexts, it-is beneficial to increase
the size

Addition of Poly(ethylene glycol) Conjugation to poly(ethylene glycol) (PEG; pegylation) have
proven to be beneficial in prolonging the half-life of therapeutic proteins drugs. It is expected
that pegylation of the IGF precursor polypeptides of the invention may result in similar
pharmaceutiéal 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 éan be achieved in any part
ofa pblypeptide of the invention by the introduction of a nonnatural amino acid. Certain |
nonnatural amino acids can be introduced by the technology described in Deiters et al., ] 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 mutagenesis to
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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of a peptide or protein drug to ensure that the drug remains on one side of
the blood- brain 10barrier or the other. Since mature IGF molecules are
WOoRREKsEhort peptides, even if the E- peptide remains attacREd/¥Say/Be468
beneficial to increase the size of the polypeptides of the invention. One
means of doing so is to provide multimers of E-peptides at the C-terminus
of the IGF precursor polypeptide, as illustrated in certain Examples
described below. 15C-Terminal Deletion of E-Peptides It is suspected that
utilize shRWaemySTRITer ahOPSILONCE] mifnsdh saaydas ulidoHaegad ciitethzatimnanral
. other effects that,.when present.in the pol ides, of the.inyention, might
amino GRS, Sary B O b miR R e e Pl T
conjug@ptiymivéeties goatbtivio)ypapsigarti€ tHairexatipléndedietibnse ik dastybeneeand azido
side chﬁ’imn%ﬁeci%%%%g#ﬁo? cﬁ%})‘&ﬁa&%%%rﬁ&ﬁﬁ%'t%&grﬁ%wéi?m%%gé%"can then be:
Mutations or Moditications Additional mutations or modifications of IGF

pegylatgshatdhespehpranrpiseaie dhinpsotein] Gr gsiditons svghongprletrdekbmpdecules without

the E-pEPIRIIRP A58 G&s6IReddhpwRatent No. 5,077,276; and US Patent
Application Publication Nos. 2005/0287151, 2006/0211606, and

2006/0166328. 25 The invention should be construed, in addition to

MultindHORR Ehriianth|Gha: phinakidtogibinwie,andiunkarmoiNaDTadraaR the size
animal precursor IGF-1 or IGF-2 sequences containing, suhstantially its .
& e Rgesoprin

of a peplidle BRI ITRIR thEUHIBI RIS RS RYSB5 (NS |
barrier kgdheethaccsiitia gtoureadifcasiensiaf dherglaeisent shvepieptidd) chee if the E-

.. preferred type of IGF e used depends uppn the species of the,subject
peptidd A oA TAeds 5 ERERS IR VLt (T TESEETE Lot oA crAPaRcs of e
inventiexapéaneane o fadoow $e tsetm;;rUﬁdmutﬁmq:rse:féﬁedpﬁpes e_t tHH:CI{tdmnwue of the
16F prés ISR AL LRSI L iR R ATEF bR Torer

C-Terminal Deletion of E—Peptides It is suspected that the free cyéteine at positiori' 81 of Eb may
result in homodimerization or other effects that, when present in the polypeptides of the
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.

Other Mutations or Modifications Additional mutations or modifications of IGF that can be
incorporated into the IGF precursor polypeptides of the invention are described in US Patent No.
5,077,276; and US Patent Application Publication Nos. 2005/0287151, 2006/021 1606, and
2006/0166328. | |

The invention should be construed, in addition to human IGF-1 and 1GF-2, to include all known
and unknown non-human animal preéursor IGF-1 or IGF-2 sequences containing substaﬁtially its
E-pepﬁde 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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5sequence homologies, species matching will avoid potential adverse
immunological complications stemming from the induction of an immune
WO8pGheEd an IGF from a different species.  In one embodRAEASBPRHAT70468

invention, modified non-human animal precursor IGF-1 sequences are
10provided. Preferred are precursor IGF-1 sequences containing
substantially its E-peptide wherein the normal cleavage of the E-peptide is
avoided or reduced according to modifications of the present invention

1t is prefirmdatha riebraie isnperats dbatehedxamplanplecvbagaenses eihigdeshtat, the

e not limited to se es from a mouse, rat, cow, pig, horse, sheep,

P refe@g%%f), ?rklj& gilgstbcogtm %lsiﬁ%?nd the like, from any source whether natural,

synthetic, or recombinant. 20 In another embodiment of the invention,

Althou@%%ifm%WI%W% REGEURSATR i AiPRIRIEER AL QY e Figh

referred are precursor IGF-2 sequences containing substantially its
sequenge_ hemaingifh srerichBaighinaMilb aveide oiemialrdyspsdenaunsegidlor
compliéBsbiredanaiginenanpadiiications Af thamesapbisinyantiorn fiem adifferent
. vertebrate animal. For example, such sequences include but are not
SPECICSlimited 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 Polypeot;
Inone AR TS O A R RS AR P B I BT sbsequences re
providgaolypeptide of the invention in the manufacture of a medicament for the
treatment or prevention of a musculoskeletal disease. In addition, the
invention includes use of IGF precursor polypepides to increase muscle or
Preferrgxbare presgiord it isdguricesicetitaniog sobsactinlly indivigptiHisvetersi fbe
normal Q1433848 BSCUIUAIRIAN Selneans: I RAUTEUBrAHIPTWBEHRSHSIBE he present
disease can be muscle atrophy. There are many causes of muscle
inventiggr§pRy2 iYREIQBIAY akimalesult of treatment with a glucocorticoid such as
cortisol, dexamethasone, betamethasone, prednisone, o
methylprednisolone, or prednisolone. The muscle 10atrophy can also be a

For examplft rchspaveasrsrintfirdeP Hettrnealimited (o sRousass foghaatatise rat cow,

pig, hofeiatelice et uvatesy, Ask eaBatY il flan -BarseusyodnRr natural,
h tperiﬁheral Qeuropathy, or exposure to environmental toxins or drugs). In
synthetiad ir(fﬁ?%ér}%’ﬁfsde atrophy can be a result of an adult motor neuron

- disease, infantile spinal muscular atrophy, juvenile spinal muscular

In anotg%roea%%/?scﬁcr}!ﬁj%%r@%% %r\pg% ‘i’s%llri‘]aé&%%ﬂ"é{o‘ﬁ"-' rlljnq]alillltzlil;lci)g\%ll %9@0%9%9 [(?llgfgéquences
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

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.

Therapeutic Use of IGF Precursor Polypeptides
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15cord injury, skeletal immobilization due to trauma, prolonged bed rest,
voluntary inactivity, involuntary inactivity, metabolic stress or nutritional
Werfittesidy, cancer, AIDS, fasting, rhabdomyolysis, a thyroidglahgp007/070468

disorder, diabetes, benign congenital hypotonia, central core disease,
nemalene myopathy, myotubular (centronuclear) myopathy, burn injury,
chronic obstructive pulmonary disease, liver disease, sepsis, renal failure,
congestive heart failure, or 20ageing. The musculoskeletal disease can .

Indicatiilso Daednmerstriandyisichiby thyndearhen S0EpasbucheiyepBackéthe invention

in the maXuI’o IC1’efo CIOS o lrjrlgn Limretfle ’trezgpm Delfue%SeP CU|O har\YSC%?oslkeletal disease.
scapu oh umera “fim gir € a congenlt muscula &lys

In addihenethieanyelisiar mglodethwge vﬁé(ﬂ‘ammmadoskblptalcthsmwmaw atgect;eor bone

* mass iPAHGREAG déé% \9&%@ S'Eqn%tyg&l'ﬁgr? EB&%MS llé\)/ %ﬂ(}\é%fb?@r fm@f a %@sculoskeletal

suggested as a treatment for insulin-insensit etes, since IGF-1 can
diseaseg|so bind heterodimers of IGF-1 receptor and insulin receptor. »
Accordingly, the polypeptides of the invention can be used to treat
diabetes. 30 IGF-1 is neurotrophic and increases survival of neurons. It
In partigulan, themuigylesketetpldisense ramheypussioRYat Theta Aty causes of

musclerﬁw&@weuémmmg&ma%mé&gfﬁe@tmqwhﬁmuoardgma&lﬂfhﬁmh%ﬁtﬂreézdksofeéo‘ﬁ,)

n atr €ing, an ementia cordajn the tides

dexamg ke PRAT R RHBOae T e RN LT hgfruscle
atroph)scmhaaasz)/hts rémﬂtmﬁtf@mhwmnﬁﬂemmrae ifabmia |acaeaadsdfatdsgwiem&naad

d bloo ceII ulatlons n“add ive effegt to admtnhstr ion of
metabolic. of Iy naBarre syndrome, perip era?l)neur &thy, or
eryt rop0| cor pep es of the invention*can be us

exposute tomtvanemtalmo&mer IdBFgS) ahdal:tdl%maﬂm niniseltatspintcasbentigbult of an
adult n{&gp l?e'i?xr(ﬁl%g %'4 ga{r?tnl@ n\ﬁ?g;: Lalg g{xo h IL ﬁ% Jﬂ;a%)f?lgl muscula ‘atrophy,

a vantageou yuse nayv rletyo veterlna exogenous )
autolméhlﬁamwrwm@mvgvﬁh/mthmaéﬁnﬂémcmMQCéan@ibé@ |ﬁwgéttb&@ grepinal

cord infiRR}ISRERE: I At BANARGINGIALS RNHAT SroieREAS srevd, 'Ooﬂfhé%ctﬁgft)s

example enhancing muscle 1Sgrowth in swine, cattle, poultry and fish; (ii

mvolurématﬁeﬁ‘aglfﬁe%?a@#c%ﬁ%wé.P%Wé?é.@ﬁ%ﬁ%%f%@ﬁ By agtingh
rhabdofﬁfyﬁﬂ%%ﬁ'@)ﬁh@@b@@mﬂ@id&&éﬂ/} G%Ué@éﬂ%e%’f@ﬁébr@@idﬂ&’ Bpdddaiy; @Btral core

disease, nemalene myopathy, myotubular (centronuclear) myopathy, burn injury, chronic
obstructive pulmonary disease, liver disease, sepsis, renal failure, congestive heart failure, or

ageing.

The musculoskeletal disease can also be a muscular dystrophy syndrome, such as Duchenne,
Becker, myotonic, fascioscapulohumeral, Emery-Deifuss, oculopharyngeal, scapulohumeral,
limb girdle, a congenital muscular dystrophy, or hereditary distal myopathy. The

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

heterodimers of IGF-1 receptor and insulin receptor. Accordingly, the polypeptides of the

invention can be used to treat diabetes.
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(i)

(i) enhancing milk production in lactating animals, for example, dairy
- cattle, sheep, goats. Other veterinary therapeutic applications include, but
WQRBYGtfiAted to: 20(iv)treating animal wasting symptoms asB6diateaeyipr0468
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. 25Methods of
IGF-1 iAdmhoisUpi’(iolariﬂieqyeﬂymnidmmfftimxmnenﬁdrascbnﬂneu@g&stedetﬂdtﬂ@F-1 can be
used to\{%gﬁ}{s‘g éasyg'f InC ﬁ Q%tor}ledléesl ez?sesge%hver Vetrrkl)CI fie lMeerta clserosis
known In t & art for the erapeutlc ellvery 0 age%?s shick as pro%elns or

(ALS), ke igraphys ageingeandat¢fiontie thererndingly, dedipelypeptidesiyftbptintecntion can
be used R HRELBIRMYI 519 asS6UURE WARSIEAIAM SERE EU@E%QBABge&faIn atroghy, or

administration with a delivery vehicle, or pharmaceutically acceptablé
dementggyrier, indirect delivery by providing 30recombinant cells containing a
nuclelc acid encoding the polypeptide. Various delivery systems are
nown and can be used to administer the polypeptlde of the invention,

IGF-1 'é"éeaé‘??c‘éfﬁ OvhiS A Tsbilonseel hnepslasiansard s acadsiitinsssfect to

admini@eaoninanteRiBRARAN eI AXRIEIEINEINppIGIBf (REARINtINEEaBE used to
endocytosis (see, e.g., Wu and Wu, J Biol Chem 262:4429-4432, 1987),

treat ancGH&rruction of a nucleic acid as part of a retroviral, adeno- 5assomated
viral, adenoviral, poxviral (e.g., awpoxwral particularly fowlpoxwral) or

Since I&‘ff‘ﬁ tiI{%I tzfl:reM thc]) 0S of Igttrodu%‘i € gtgresg tefr’:\éwsoanrgn vert rate
clu e are no rﬂl{ Gu§0 INtradermal, %ramuscu ar, Intraperitoneal,

growth;rthavmaa s, MOWw$dlm@mthMammhmmm@gﬂmusly
enhanc@3f rﬂﬁ%ﬁwgﬁm“ﬁbﬁu QR'XR%PJ!O'%‘%&QQ g%@‘fﬂ&%ﬁ&egﬁ&é% rﬂ}’t%q]‘%”t

_ route, for ex le by infusion or bolus injeéction, by dbsorption throug
() @phﬁ@lag6@@@%%@&%eﬁa@mhq@sapeaglm&aﬂmﬁderéehanam muscle

iptewina] W%ﬁ%%gﬁ% YRR, administered together with other
blologlcall active agents dministration can be systemic or local. In

() shbrisingihasfisienosbbrineomirstior etffepipmadr it dermpadtisnio). for

Q&Haq,ievmiﬁmdn&@tmesﬁegﬁr@baﬁfy%a fyriany by any suitable route,
udln{?% ntraven cular ar]d mtrathecaaénj ction; mlraventrl tfr injection
ipiee

may B REAdU IO ARvfARTaH s A als Rt e B tey daly SEEh&gats-
Other vet@inasetheiapsutbhapplantdnsiayadeeberacimd? limitetbiy: administration

(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.

Methods of Administration The polypeptides 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., cellular transfection, gene therapy, direct administration with a
delivery vehicle, or pharmaceutically acceptable carrier, indirect delivery by providing

recombinant cells containing a nucleic acid encoding the polypeptide.
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can also be employed, e.g., by use of an inhaler or nebulizer, and
formulation with an aerosolizing agent. In a specific embodiment, it may
WR0gE##B% to administer the pharmaceutical compositions dICHEHa007/070468
invention locally 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 .
VariousaiBidey, spsthitaingernesnar ané sas el scbadaﬁﬂmmmhlarpmypeﬂﬁnﬁ"sf&re -
ommerC|aI skin substltutes 25 In. another embodiment, the actlvs
inventiqn Cart e %Péﬁ'?é‘r‘)eaé“’ﬁ‘ APRSERISS: BRI AT BAS Rsaraile KRympin
capableSdiexyme sRi@; il &8 3ret OR0)- e dietedrenthey wsib Gaditnet, We actiVéu, J Biol
Chem 283% d@?n4?§ ‘i'@!i‘f&ﬁ?%‘i‘r fORYP éqﬁéﬁl‘éﬁ%%ﬁﬁ@ﬂa r%PrSwr 1, adeno-

embodiment, a’ pump may e used. In another e iment, po yfnerlc
associatpdtaridl gdsan ek ped viseld -Rayvatpoay ik, padeewedurfy ¥ipanara peogther
vector, §Qar}%?ﬁ‘6d§@Pﬁ@'@&%@ﬁ&ﬁ'&ﬁ?ﬂ@&?&w@r%‘aﬁéﬁé}&fﬁﬁd W&G&99d§a?e%qlﬁfﬁlted
acid encoding a polypeptide of the invention, the nucleic acid can be
to intrageiiidRTRTUPF Vg 1 TBR6THORE Ak BERsSRRY SoP R WARERNSH REeNerpyintranasal,
intraoc#RNFHAIAY haDRAFL O8N BRIFORIIRHR MUUSADHRGEHAYRISRIDY XPFEIaBlent

administering, it sq that it becomes intracellular, e.g., by use of a retroviral
route, fgp exapRIE &Y PIHESIAR GOl SIBSEEAT b, Fr0serion r%lgﬁfﬂ'ﬁlé“ét%?éctlon
mucoc&ﬁﬂﬁ?ﬁ&lﬁﬁt@fg@(@@p&ﬂmﬁ@m battneid {fgtiraigaiegleiddiatigtifay be

_ 0 t Il-surface 5r t
samini EE 5P U SN OIS 8 o GDRB T B W o

local. Iin; ekitbwm 1t entebéhiedikableus ﬁaemjmgthdphmhﬁwhn%mmﬁﬂmﬁ;tknadf Hei.
1nvent10n n 8913 80 ra%868 1991 et% Altema é Fodte! %:!: aCIdn]\% \Y nf"rlcular and
introduced in raceﬁ?ll?arﬁy Bnd Incorporated within host celFD ,&fe
intrathesgpiejssion; byrhmntslggl@uthm binaterfadiOt@ed biaa mmf@nmnlmtheter
for exaﬁﬁ@ EQ&I@Q%E*ﬂ?s&%ﬁﬁ?%h@vm}?{}nﬁ&%‘}%%%ﬁtﬁ%Hﬁ&Qﬁf&tﬁlﬁlﬁstrmon

acids encoding polypeptides of the invention for transfection of cells in

can alsq/fpceamdoirediges- Thedte b e iphadsa sraxb Hizensurddarmibating vith Almber

aeroso]%,v%egggmown vectors for transfection of target cells and organisms. The
nucleic acids are transfected into cells ex vivo and in vivo, through the
interaction of the vector and the target cell. The compositions are

Ina spmtmiaiﬁter:&ﬂhc{ﬁtgr, ﬁ@ydmj@tﬁmim@@mm&d@}&ﬁﬂhj&mdal aarﬁym@mhs of

cells

l,{ ta theraR icres onsg f] n another ;he lnven
the i mven 1on oca y 0 ? t1 ed of tre this ma eac eve (o) examp e and not
es a'metho reating a ar sfte i.e.,atargetce ssue Ina

by waymfmmntasmtﬁzerlamtnafumomdm@gangmytlmraad:eﬂphnhmmwcgew)ampctnon by

means SPEOHINGR BP %@Hﬁseo?faﬂqﬁv;ﬁl PE‘E@ d;éfg‘%%@ SopH &‘8u§ch T%&i s or

an inducible promoter opera e nu elc cid enco

gelatingypgeatagau sich diol prapirentsopusbiris ﬂpé@g{m/membranes fibers, or commerc1al

skin substitutes.

In another embodiment, the active agent can be delivered in a vesicle, in particular a liposeme
(see Langer, Science 249:1527-1533, 1990). In yet another embodiment, the active agefit can be
delivered in é 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
another embodiment where the active agent of the invention is a nucleic acid encodihg a

polypeptide of the invention, the nucleic acid can be administered in vivo to promote expression
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procedures in the treatment or prevention of human disease, see for
example, Van Brunt Biotechnology 6:1149-1154, 1998. Combination
WO EBeS$In numerous embodiments, the polypeptides of theplg8e07/070468

invention 25can be administered in combination with one or more

additional 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
of its ergtuledhpirate sd pyrisnsitivtingitaditiorftreapprbiivdtionciaayaeidoorpeasisn vector
and ad ARHIRARE Y DI AHRRUGHEL AR L0 AR XDPPHDGS A

. Q}? lg&’vﬁpatiov@c ANES for
administéred in combination with anaboliccagénts suc 30as testosterong

examplgy YgRatrnaNardifie A8 mpbniithaldmiest{Sn RS uskaditiverapariitolic

' bombaﬁﬂﬁ’éﬁﬁ(@?ﬂ@%ﬁé‘%ﬂﬁ? BRIESADABE P oMl SR AbIBIHEE P Lrface

release. Ghrelin is particularly useful in a combination therz;gg for

receptozs, ShERNSIRGHRE WAMEY oF b dniNS At iadikigedsFemmenbarslikageptide
which Mﬂiﬂo;&hﬂ@%&%ﬁdﬁ&l@ﬁﬂ@églﬁ%ﬂtmm ahg_ Fﬁé@bﬁ]ﬂdﬁlﬁﬂ FS{&E]QJ‘SA 88:1864-
ements to increase anapolism, or combined with physical therapy or

1868, 4R R A ircraiy bR BTGRP RioRERAE b RAERI2Hy et e Rgporated
within hisoitBNidatedgiresioh) hatlamislesapy r&dthisimaaeutical Compositions

The present invention also provides pharmaceutical compositions

comprising a IGF precursor protein of the invention and a
Cellulaplanmgedisivatly Gere piabig)c dinieprdshnt iemmtiphamanpatieallile use of nucleic

. " atory: agency,of the Federal or a
i RS ROERRS AL MRS s
nucleicragigy ppelt imjsHadiieapsieffonusbanodnimiblnowhyastors faieansfastion of

target c'éi%i?c!'b?@&%i%@. %u%teﬁwﬁgme %ﬁ@k‘%@d %M%Qi}‘é %N&bov\élﬂﬁ:%tpﬁlo,

therapeutic is administered. Such pharmaceutical carriers can be sterile
througly th daterstiomelthgerentishmttastghhdd sppertiumangadministered (e.g.,

by injeMegPiafla MlusMBIREUGHKjeMR iPhF AASUREATALRIM $O¥RERA PilkripinateSfonse.
sesame oil and the like. Suitable pharmaceutical excipients include starch,
glucose, lactose, sucrose, gelatin, malt, rice, flour, 15chalk, silica gel,

In anotbedispacsdar diecgivagiaividens sietialof iedatingdiumpahinede. driahekedl or

tissue, i Iell lg%cegp li r?QlerennFin%% ?Ag‘i‘f%ﬁeféc%tﬁ‘ ag%IGﬁre\(ljithherllﬁ(%iTh(g. encoding a
composition, It dedired, can alse COntain nimor amourts of W ﬁlﬁ% of

polypeptidalsfftfindnaemsivns, whekibtfanictergentsndihdssmoindpobittgnematetakerably

linked DRSNS ' | PAls '

e powders, s%sggn%%ieﬁ*e%@g%}r%ﬁ t@#ﬂ. dl};ﬁg& ﬁ?g. IC')I'f;lrllﬁe ggeglr%%pHgg%gn

procedyrgs, igdh FraRfraRaY APE POB I BRnWissasadiiofealcsarls Yan Bamlers
Bioteclil#l8og % Higlyceririegooyal formulation can

Combination Therapies In numerous embodiments, the polypeptides of the present invention
can be administered in combination with one or more additional compounds or therapies. For
example, multiple polypeptides can be co-administered in conjunction with one or more
therapeutic compounds. The combination therapy may encompass simultaneousAor alternating
administration. In addition, the combination may encompass acute or chronic administration.
The polypeptides of the invention can be administered in combination with anabolic agents such
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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include standard carriers such as pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharine, cellulose,
WOrRABT eI carbonate, etc. Examples of suitable pharmaceuB€d/eapRey870468

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 composition adapted for

intravenous administration to human beings. Where necessary, the :
useful iwonvpoditienionaeatpy fockadbeaispdititi fiheehgeat andaaooaireasesthajetite. In

- li ' ' the site of the injection. Where th

s T L M AR s
increasg qnabgbisn, boaenboradiniHypbieitel thrapmaereeisaisgtadacieasebod s atizight. Any

-~ molec¥¥RRIE{RHROMPOASHAN IS RIDINIIAE RY LiSHHREAMRMpQUIe Of sterile

water for injection or saline can be provided so that the ingrédients can be
mixed prior to administration. The polypeptides of the invention can be

PharmiRemsiated agaewial ohsplbionmayElramaasesricall Srsseriahlesalispositions

include those formed with free amino groups such as those derived from
comprifigrd Lo REEHREERACIE Stiidnysaiiien tdrrhaiasewical iigrriable carrier.
The tert@rtpestmadeftkal Babepprhipleo uncassieppas Hiase e pvRebfioipesedisinthe Federal

otassium, ammoniym, calci ferric hydroxides, isopropylamine,
or s A e RO R SIDELRD-GAl ToPEed
pharmaxopwimfcriuacpolypieptlserdfuhennv&hticermw Mialriedl lofesffectidituimt)wljuvant,
- t of a.condition or disease can be.determingd by,standard. clinical

exep A S R e R e
can be ﬁﬁ@@@bﬁ@ﬁd&l Iuble asrjoleyeatitoilselpciddmgfshoptiniaetiobage ramyels vagwable or
synthetR IS 406 19 DS AMBIOXEAID NG fHMYALAD WL AISE; ASRARE RS itable -

route of administration, and'the seriousness of the condition, and should
pharmageudical saaipicabrinplyds techagluaerndatiostnuiginsetigeiatin dnalie e flour,

chalk, SYBISEISBURHMSEARAE SN YREnSHERRIE, A8 2aRITANIRR RS HFRURRAHSnilk,
administration are generally about 20-5000 micrograms of active

elyceral AL A AT SR BE I oS eI e apR i ebdred, can also
contairitiaoesabasibnisiEationoaengnBialaadhedidd 1 netkaosbenveiatede 1

S R e e e R e
powdeis) pattimeldre e 20possilizi dosagkthe dikae M loacobpatiton 64hthe fatmiddiag as a
supposngxcp,/ WQ%&i%»‘i%ﬁPB"iW&?ygn'ﬁ‘Jcea?H% s%ﬁ?gs‘lﬁEch\éﬁE%rsi.” 6%1%%%ulation can .
include standard carriers such as pharmaceutical grades of mannitol, lactose, starch, magnesium
stearate, sodium saccharine, cellulose, magnesium carbonate, etc. Examples of suitable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences" by E. W.

Martin.

In some embodiments, the composition is formulated in accordance with routine procedures as a
pharmaceutical composition adapted for intravenous administration to human beings. Where
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
infusion, it can be dispensed with an infusion bottle containing sterile pharmaceutical grade

water or saline. Where the composition is administered by injection, an ampoule of sterile water
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In addition to the aforementioned methods of administration in humans,
~ there may be additional 25considerations for veterinary administration.
WO U482 may differ when administered to a healthy animaf GEASERH07/070468
"those animals suffering from a disease. An assessment of the appropriate
dosage can easily be made by those skilled in the art using assays known
in the art, for example, the myoblast proliferation assay (Example 79) 30or
the mammary epithelial tissue assay (Example 80) as described below.
for injeGmmeratd seays toe peasiod sGhaathed ing ddievacim tenairted pabras those
adminiméﬁ?& mple 81. Those skilled in the art will recognize that some species of
animal exhibit seasonal fertility influenced by the length of the
~ photoperiod. Any embodiment of a veterinary method or use may

The po%gﬁﬁﬁaéb’dﬁﬁle e SERinea NG aatmeal %%{Q&?a%ﬁséﬁ%}%ﬁm}]{éfﬂﬁmticany

e animal's 5 reproductive cycle in order to achieve the desired effect.

acceptaplfoidtsiafbulehne dornel RABUIasamE sEIER R dag b essdlesred om

 hydrocERSY R §ietia)inedca6hiit 48866 a S CREONIZE thBY RRHSE Wit fee carboxyl

appropriate regimen, When used for veterinary indications, in addition to
groups ShehBHORIRONSH FRBhtRAE-BOIATHNEL ADHOS AL fRipmo faryp hy droxides,
isopropiyepiiihe, afisiley piasRNRisisMiahcathaish bistlders poanelatdrench, or a
: supplement to oral or solid feeds for animals. The invention is further

described but not limited by the following Examples. 15Examples
The amexanoiepblypphide oX e asiontivacidi @nedtbeg:fhethiSin-thdteepiaenrsdn

... pol tide containing the following modifications was constructed:

condit g G e R RS T prgsem
descriptintl dbletidition R Vitachetelstivay ofir872al THessemplatetibloshale identiéyinpesnal

dosage t%}%{gé@ff?ﬂé&@&é@&&% S ELUARYIN R RE TSR HIRRIR SR allD SRR ER he route

the Toliowing secreted protein sequence: _ .
of admipisfrationadfl isreriorIRBEE O s randitigyivart shad bedesided rgoatismiathe
judgme‘ﬂfmﬂmﬁﬁﬁl&ﬁﬁl&%ﬂﬁﬁ SRANNEE (RERSEBL NS §lRvever, suitable dosage ranges

for intravenous administration are generally about 20-5000 microgfams of active compound per
kilogram body weight. Suitable dosage ranges for intranasal administration are generally about
0.01 pg/kg body weight to 1 mg/kg body weight. Effective doses may be extrapolated from
dose-response curves derived from in vitro or animal model test systems. In particular, a
possible dosage regimen can be about 60 to 120 pg/kg body weight, subcutaneous injection,

twice daily.

Veterinary Uses

In addition to the aforementioned methods of administration in humans, there mziy be additional

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

measure 1GF are also known in the art, such as those in Example 81.
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Cos7 cells (available from ATCC) were maintained in DMEM containing
10% fetal bovine serum, 100U/m1 penicillin, and 100 ug/m1 streptomycin
WQAW k8%t a density of 1 x 106 cells per 10-cm plate. ThesRCdg[S2007/070468
cultures were transfected with 8 ug of expression plasmid using Fugene
(Roche) according to manufacturer's instructions. Twenty-four hours.
post-transfection, 30cells were washed once and cultured in serum-free .
medium for 48 hours. Supernatants were collected and stored at -80C.
WO 2007/146689PCT/US2007/070468 In order to assess polypeptide
roal; I
Those e L s e g G AR ity
influen¢gd byghed egth ® e @atogvaoéutwem srithedinsaheb oyqiresancaeshados use

- may othHﬁﬁ? mfelHie é@Wﬁé@é@%ﬁt"ﬁ%ﬁcﬁ?ﬁg %@915&%&%/&}%9&5 AMfAfars

and imunoblotting was performed usi % H'ipo lyclonal antibody to human
reprodugtive cyeisd 1 QEdpt orrehs ventha desitedipbectvriotr skiles ipptheariygl know that

reproduduletaniialindegerdad alteryipeubRtipmydlRRE T aLined GIHIUISNIPA! by the use
hIGF-|[Ea3mut was stabilized. Densitometry indicated that the ratio of

of an appraptinte [FgiM$laved IGF-1 was about 1:6.2, while the ratio for hIGF-
IEa3mut was about 1:0.68, showing that these mutations result in a

zed eptide. .10 To cqnfirm hatt IGF- lEa mut
when e R Bt RSO SR as s SR RRG gt fmn
use, thetﬂﬁlbtblyplﬁmb“dbpamglnwabanﬁdse@QrﬁmmmreapmishbseldeﬂmmaA'ﬁianmmth ora
a | d Eagle's medium (DMEM) with high
supple ﬁgg)sJé@%\%ﬁéﬁ]%%%%%%ﬁ%&l%% fetal bovine serum (AMIMED), :
100U/m1 penicillin (Invitrogen), 100 Rg/ml 15streptomycin (Invitrogen)
The inv@G 18 M AUIARGRMIEG0R I Y 6yl Aol A E-plagsebiorylation,
he C2C12 cells were plated at a density of 0.15 x I06 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-fygg jum and then stimulated with
different ligands at 37C for 30 minutes. Cells were lysed with
sphoSafe buffer (Cell Signaling) containing various protease inhibitors
A DNsagbisiaatectbyeaesdiifp gaiipIGat L& DR ougdopdispepridiasafatiingtkd

followiﬁg (r)nscpcﬂﬁ l%}l%nwggg:c}l%g ucted: deletion of G1, deletion of P2, and deletion of E3;

Exam

mutation of R37 to A; and deletion of R71 and deletion of S72. These mutations are sometimes
referred to as "3mut" throughout the present disclosure. This results in the following secreted

protein sequence:

tlcgaelvdélqfvcgdrgfyfhkptgygsssraapqtgivdeccfrscdlrr]emycaplkpaksavraqrhtdmpktqkevhlknasr
gsagnknyrm (SEQ ID NO:8) |

Cos7 cells (available from ATCC) were maintained in DMEM containing 10% fetal bovine
serum, 100U/ml penicillin, and 100 ﬁg/ml streptomycin and plated at a density of 1 x 106. cells
per 10-cm pvl‘ate. These cell cultures were transfected with 8 pg of expression plasmid using
Fugene (Roche) according to manufacturer’s instructions. Twenty-four hours post-transfection,
cells were washed once and cultured in serum-free medium for 48 hours. Supernatants were

collected and stored at -80°C.
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AKT levels were analyzed by ELISA using PathScan phospho AKT
- (Ser4d73) sandwich ELISA kit and PathScan AKT sandwich ELISA kit (Cell
WEPENiHEPrespectively. The AKT phosphorylation results areP§IRTAAZEH468
in Fig. 2A, which indicate that the hiIGF-IEa3mut was able to activate the
IGF-1R cellular pathway to a similar extent as the long-R3-IGF-1 positive
25control reagent and the recombinant IGF-1. In addition, the data in Fig.
5 directly shows that hIGF1Ea3mut led to AKT phosphorylation. Next, to
ensure that the receptor specificity of the hiIGF-IEa3mut remained with the

| F-1R, varjous liga ere a dded to cultures of NI Si
In Order SS (éfr—p (fﬁpoPLl@suﬁp% ecep or?lnsﬂ'}] fﬁ%se (t:aerfE Were cuI § Re €857

cells tra.mmettﬂrevslaméldz@nirﬁw%é@ﬁéﬁan&u@éﬁﬁv@ﬁim@bﬁmhsu%cd for 16 hours
at 37°Ca€1§l¥§lﬁ fﬂ‘el S%Eei’lﬁé ap rkgéﬁéé’QPﬁW Q{X%P&NM@%%? Fé%ﬁn [%g were segarated

3T3- WO 2007/146689PCT/US2007/07 cells Were plate
by 18‘V<a$la$r8ﬁé&§ @nd prnaidosiéng e nesiponed Gsing igoriteokyrdonarentibpdydg human

IGF-1. TR ot mB gty f@'ir?d‘}cQ@%%t GallR wRr e staaedHRhS Kidisihil degraded
serum-free medium and then stimulated with different ligands at 37C for

after ingePptipR;wuith s {Rirdafous b kL Eamehaatrahd iamdT Brpaitmery

indicatéNthdGhe kiniannd dnsBapbdapblesyRITTavels Weie asalyzaflohErdso for hIGF-

: usm DuoSet | man phosp or-IGF1R and -I SR ELISA Ki

IEa3muy) rﬁ‘%‘j“‘r 8%@3%& AN murﬂagn%r&sa dsBStARt é%ﬁé ifﬂgétpf’ﬁ’gc‘e
ICE 1 precursor polypeptide retains specificity for the IGF-1 receptor and

yjd b ted ith Iow affinit > 10A .
To con S, (R D ENGICH e AT cttaion

of cellsoorqenmn@’thb ﬂuﬂlpmmgpﬂdtaumwag%b r@ﬂﬁ&?e‘demgmmssﬁ @om ATCC and
mamtaﬁ%l?ﬂloﬁlﬁf)gcgo%qgoqﬁﬁ%g%bggg%éﬁﬂﬁﬂtmﬁ%ﬁfl ﬁi ﬁ‘%%@@é@‘(‘ﬂﬁl%gen)

R71 and deletion of 572 (i.e., the "3mut")UTh|s results in the foll owrng
contang@g,]é)tébfgp@)p_gﬁlg%gﬂgﬁb@xMIMED) 100U/ml penicillin (Invitrogen), 100 pg/ml

streptoﬂq%ﬁg@ﬁwaa&mﬂrgfﬂrpkgrﬂxgﬁﬁemnﬁtggmﬁqcztr%lsrémymtkpaksav
raq rhtdm stnk
phosphgriiatioRy ziﬁ/éﬁé) sleys Al aadrrsinsPh d g e R ERs N Blg - well

plate aidwe@eb{p&pﬁdm\gmﬁmdmnfmmmeomthm&mmd Woesour hours in
serum- %aestcn d In glmrp s%mu c%toge 151%1 B anﬁf’%% b‘%‘?@é ‘t%?r?(f%nu E%at ells

e ra O O uncleave O Cleave
were lysed with PhosphoSafe buffer (Cell Slgna]mg) containing various protease inhibitors and

cleared by centrifugation 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 Pathcan 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-R3-1GF-1 positive
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-1R,
various ligands were added to cultures of NIH3T3 overexpressing either IGF-1R or insulin
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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201:9, while the ratio for hIGF-1Eb3mut was about 1:1, showing that these
modifications result in a stabilized polypeptide. Fig. 2B indicates that the
W PP IRESMhut was able to activate the IGFIR cellular pathwall ¢3/H3PAi1&7 0468
extent as the long-R3-IGF-1 positive control reagent and the recombinant
IGF-1. In addition, the data in Fig. 5 directly shows that hIGF-IEb3mut led
to AKT phosphorylation. The results summarized in Figs. 3C and 3D v
indicate that this IGF-1 25precursor polypeptide retains specificity for the
InsR cdBRwéreggaptbitantbséioudd e 10%tbel lsgatedtinsfiinreck platewith vate cultured
. finity. Example 3 NA expression tor encoding the hIGE-1-Ec
in o BN SRS oS o e SN e eSO g et afd then
stimulatahsfith ctétireleléiiemdo A7 Ueltid 0 ofiRZesarCetleleticn e 85 dengtahisiabbve for

the AKT %%?té’rff‘xieﬁﬂ ‘%ﬁjfi%tfq‘i‘li)&fﬁ% %‘ﬁn@? RURL0R (& ErEordREand Pty BiEISA
results in the fo owing secrete vrot In sequence.

using Dnsee Kahiataopvesiglinkbedyids escapgafaldSeirktd RBrivystepikh akBeavesits

summat SR EQKYSRRRNKE RilRA @SR HEPRQrluNG: ﬂ&%ﬁﬁm%t.@@ciﬁcity

was assayed in accordance with the procedures described in Example 1
for the JGEvkreerptacand ghosdddrieirs thsrdtgdriesubiregasnietrd il gitinity.
uncleaved to cleaved IGF-1 was about 1:5, while the ratio for v
hIGF-IEc3mut was about 1:0.96, showing that these modifications result

O a stabilized polypeptide. Fig. 2D indicates that the hIGF-IEc3mut was
A DN /AabigiesactivateothetGdingfhe @il B pobhpray: i apsilypietiektenitaim tethe

long-R3:1GF-1 positive cgntro] reagent and the re binant |GF-I . In.. .
ollow R A i ) CHL BT RICE e M aes 208

Exam

- mutatighaSRBD YAt and Thieties wf RZUamm dkktidnm FRI8. @4, dhe "SBrutYicatestnesults in

the follgggﬁgh%j%%ﬁgg%qﬁ%&ig&&;ide retains specificity for the IGF-1 receptor

tot ated 15insulin receptor with low affinity. Example
4 A DNA expression vector encoding the hiIGF-I-Eab chimeric precursor

ucgaelO@J)eﬁepgmﬁfyﬁnza@ggsmﬁ{%}%@&m@iiwaﬁmfgpﬁv@am%ﬁﬂaﬁbktqkyqppsmk
Eeptlde was constructed: deletion of Gl, deletion '
ntksqrrkgwpkthpggeqkegteaslgirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:9) :

The polypeptide was assayed in accordance with the procedures described in Example 1 above.
Fig. 1B and use of densitometry indicated that the ratio of uncleaved to cleaved IGF-1 was about
1:9, while the ratio for hIGF-1Eb3mut was about 1:1, showing that these modifications result in _
a stabilized polypeptide. Fig. 2B indicates that the hIGF-1Eb3mut was able to activate the IGF-
IR cellular pathway to a similar extent as the long-R3-1GF-1 positive control reagent and the
recombinant IGF-1. In addition, the data in Fig. 5 directly shows that hIGF-1Eb3mut led to
AKT phosphorylation. The results summarized in Figs. 3C and 3D indicate that this IGF-1
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 containing the

following mutations was constructed: deletion of G1, deletion of P2, and deletion of E3;
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A DNARRRIESSISROSHIS I

20 of P2, and deletion of E3; mutation of R37 to A, deletion of R71 and
- deletion of 572 (i.e., the "3mut"); and insertion of Ea amino acids 93 to
WO W HEMERN amino acids 95 and 96 of Eb. The insertion cre&let/HS2007/070468
- putative N-linked glycosylation signal at N92. This results in the following
secreted protein sequence: :
25tlcgaelvdalqgfvcgdrgfyfnkptgygsssraapqgtgivdeccfrscdirrlemycaplkpaksav
ragrhtdmpktgkyqgppstnk o
mutatiopasTBSagektkeg dkevipkiTroueakegirRasia ok kkgne s marerykiels results in
the f lléSE% ID NtO' 1(1§ The Cp(;)cl))fljypeptide was assayed in accordance with some
e follgWnR S5t RSe LS MSBEFin Example 1 above. Fig. 2C indicates that

- the hIGF-IEab3mut was able to activate the IGF-1R cellular 30pathway to

. a, similar extept as the long-R3-IGF:1 ppsitive control reagent and 4
i R R
tksqrekgsfeerkg( IESFEID precllsor polypeptide retains specificity for the IGF-1

receptor and does not activate the insulin receptor. Example 5 5A DNA
expression vector encoding the hiIGF-1-Eb multimer precursor polypeptide

The pobypspsiferivamessarrshimacadatieny Webcpiesadiesegeribrgriobample 1 above.
Fig. 1c0Bleticr sfRgsitsirtionRfi &t cialgting of Returalatian o tR3Ve OrRIEPW A about

R71, deletion of S72. deletion of the last seven C-terminal aming acids of
1:5, whilg the-rtiodritte Hhe muewrnmhe i iid% rbowras (R s depdiications result
in a stabiptdes pptbtiddh e thp Rdikasdtiuf thanddasi Berin (rdeibi@l afivar the

i d a fourth 10and final Eb peptide wi the R71 and S72. Fig.
1P e K PR T AR KR TOCFHl LN feogint and
the recépibimdngl@@elethdaﬁrbltbm ﬂeq:lmheFig-_. 5.directly shows that hIGF-1Ec3mut led to
AKT pES(%?%IVq%%];l\{cg%gﬁéémt(sost%%%cf%?e%qWﬁfgsg Elrscq S HempcaR kRAkSRYEHN

tdmpletakygppstnknt
precurses ke idehistrieniegiBaisigion Kk Eghdicraenter snrbshentihhinctk theostied

insulin K&Eﬁ@%@w Wé&bgﬂﬂﬁ{;}
. 15kegteaslqirgkkkeqrreigsmaersvragrhtdmpktakygppstnkntksgrrkgwpkthp

ggegkegteaslqirgkkkeqrr .
Examgggsrnaersvraqrhtdmpktqkyqppstnkntksqrkgwpkthpggeqkegteaslqirgkkkeq
- rreigsrnaecrgldcgk (SEQ ID NO:12 This palypeptide was subjected to,
%ﬁga ngﬁg-cﬂ-e%aaiﬂamﬁl SRRrPoAReRfide containing

the followlingiasdifattiuastGhe MEFMHHb Patidas ableriaraigad| teletighdha 1, deletion
of P2, 41(133: &é@tiggtgy@é'mutaﬁon of R37 to A; deletion of R71 and deletion of S72 (i.e., the

~"3mut"); and insertion of Ea amino acids 93 to 102 between amino acids 95 and 96 of Eb. The

insertion creates a putative N-linked glycosylation signal at N92. This results in the following -

secreted protein sequence:

tlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavraqrhtdmpktgkyqppstnk
nasrgsagnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsrnaecrgkkgk (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 -

pathway to a similar extent as the long-R3-1GF-1 positive control reagent and the recombinant
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Example 6 A hIGF-1-Eb precursor polypeptide of the invention as shown
schematically in Fig. 6B can be expressed. This construct contains the
WaWiteeHodifications: deletion of G, deletion of P2, 25deletR§iT 3152%)7/070468
deletion of R36, deletion of R37, deletion of R7I, deletion of S72; and the
insertion of Ea amino acids 93-102 between amino acids 95 and 96 of Eb,
thereby creating an N-linked glyeosylation site at position N92 and N100.
This results in the following secreted protein sequence: 30 v
IGF-1. tBgaehudial sivoagargbdik PigygHs sag ¢idi udbcatr sicd this iGEdpbkgaksavraqr
mpktaky nkn . L
polyperl T REALHORRANT i he 107 sceeptorand does not acvate the syl gepspor.
ID NO: 13) WO 2007/146689PCT/US2007/070468 Example 7 A

, Exam]gf%@':'z'E precursor polypeptide of the invention having the following

modifications can be expressed. deletion of P4, deletion of S5, and o
A DNAqeYemrssiof E51on aanein @ EGE-AFhradidreeion suf RepoArmsrile sonteping

the follX0Rig HigafRA4 ISR Al RYINE:REIER G QISR SESHPRCEeletion of E3,

. ayrtleggelvdtlgfvc drgfyfsrpasrvsrasrgivee_ccfrscdlallet catpaksevstpptvipd
deletlo%ﬂﬁ’rﬁgggwa 37, deletion of R71; deletion of S72, déletion of the last seven C-

termina3 i@ Raltiasibl ake lpsbicalcty phiapiganahy eapie prasiol SEQ@d Rddidonal

£ pepi TR M O B o1 o AL B AR  Fourt

and finaldibtmptodeR2itioutabioR Of ind 87X Whe @A shewsrmsvhatuadd dramiagofdhis

that is. pe ted: mutation of R37 to A: and deletion of R71 and deletion
construl L PEMASE DRGNS Edad B ERean o L

Xtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavr

o RO G0 Ao v
ksqrrkanpjdbreganraigenigivekkkegygizsseraisytamvbidaundakamprigiaiiagpieskihpeeeq
kegteas@@FQ@ﬁHﬁH&'é@ml&@%&ﬂﬁ@W%;{&%@n@s&l@gmthpggeqkegteaslqirgkkkeqrr

eigsrnaersvraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk
(SEQ ID NO:12) | -

This polypeptide was subjected to an AKT phosphorylation assay as described in Example 1.
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

expressed. This construct cont_ains the following modifications: deletion of G1, deletion of P2,
deletion of E3, deletion of R36, deletion of R37, deletion of R71, deletion of S72; and the
insertion of Ea amino acids 93-102 between amino acids 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:

tlcgaelvdalqfvegdrgfyfnkptgygsssapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktqkyqppstnkna
srgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:13)
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of R68 Arshdoghon AEBOARES AR

2510) hIGF-I -Ea: AG!, AP2, AE3; R36A; AS72

- ticgaelvdalgfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdirrlemycaplkpaksarvra

WQRtdiskidkevhiknas rgsagnknyrm (SEQ ID NO:17) 3010) hiR§H/1152807/070468

AG!, AP2 AE3; R36A; AR71, AS72 WO
2007/146689PCT/US2007/070468 _
tlegaelvdalqgfvegdrgfyfnkptgygsssarapcitgivdeccfrscdirrlemycaplkpaksavra
grhtdmpktgkevhlknasr gsagnknyrm (SEQ ID NO:18) ll) hIGF- 1 Ea: AG1,
AP2, AE3; R37A; AR715

E chaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrsedIrrlemycaplkpaksasvr
mea_qrhtdmpktqkevhlknas rgs 21ginknyrm (SEQ ID NO:] 9) 12) hiGF-1-.Ea:

A hIGRAGE ppourag polypeidsmf she gnvention having the following modifications can be

expressfé‘EQ aglidalcitreadmidvniovesssiarngisivsecs matlslearycsanlknakaardeletion

agr tdmpktqkevhlknas rgsa nknyrm (SEQ ID NO:20) 13).hiGF-1- Ea:
:7%_3 i the followmg secreted protein sequence:

tlegaelvdalqgfvegdrgfyfnkogygsssrapcitgivdeccfrscdirrlemycaplkpaksasvra

ayrtlcg}g\g\égtrﬁ%ggg ‘é\)}k gss;g%ggr}bggcgﬂ d'lzﬂeltgl)cel}tl;%kzsa/s]fggtmcﬂr:ﬁl rypvg'la(\gq)}dtwkq

stqrirrglpallrarrghvlakeleafreakrhrplialptqdpahggappemasnrk (SEQ ID NO:14)

Example 8

A hIGF-1-Ea precursor polypeptide of the invention having the following mutations can be
expressed: deletion of G1 and deletion of P2;'mutation of E3 to X where X is a nonnatural
amino acid that is pegylated; mutation of R37 to A; and deletion of R71 and deletion of S72.

This results in the following secreted protein sequence:

Xtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavragrhtdmpktgkevhlkna
srgsagnknyrm (SEQ ID NO:15)

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

tlcgaelvdaquvcgdrgfyfnkptgygsssarapqtglvdeccfrscdlrrlemycaplkpaksasvraqrhtdmpktqkevhlknas
rgsagnknyrm (SEQ ID NO:16)

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

tlcgaelvdalqfvcgdrgfyfnkptgygsssara‘pqtgivdeccfrscdlrrleinycaplkpaksarvraqrhtdmpktqkevhlknas

rgsagnknyrm (SEQ ID NO:17)

10) hiGF-1-Ea: AGI, AP2, AE3; R36A; AR71, AS72
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tlcgaelvdalqgfvcgdrgfyfnkptgygsssrapcitgivdeccfrscdirrlemycaplkpaksarvra
grhtdmpktgkevhlknasr gsagnknyrm (SEQ ID NO:22) 15) hiIGF-1-Ea: AG1,
WOQMIT/MEEBIARI7: AR71, A572 25 PCT/US2007/070468

tlcgaelvdalqgfvcgdrgfyfnkptgygsssrapgtgivdeccfrscdlrrlemycaplkpaksavrag
rhtdmpktgkevhlknasrg sagnknynn (SEQ ID NO:23) 16) hiIGF-1-Eb: AG1,
AP2, AE3; R36A; AR71 30

ticgaelvdalgfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdl rrlemycaplkpaksasvr
tlcgaelainlgfdoapkatiyiiprastesssarapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktqkevhiknasr

luaks % egkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID
gsag“kf%“b%gg% @D “Eb: AG1, AP2, AE3; R36A; AS72 5

tIcgaelvdaquvcgdrgfyfnkptgygsssarapqtg|vdeccfrscclIrrlemycaplkpaksarvr

11 i EMNEIRAGBPAIRS; R37A; ARTI
" Tailksqnkgwpkthpggegkegteaskiirgkkkeqrreigsmaecrgkkgk (SEQ ID

NO:25) 18) hIGF-1-Eb: AG1, AP2, AE3; R37A; AR71 10
t1cgae1&tpg@ﬁlyg&ﬁg}fpmug{gm@m@wgﬁsa@a@@mfmmﬁmk@awmmm&qﬁmlknas

agrhtdmpkt kyﬁi| pstn
rgsagnm qB< %glgéqkegteaslqlrgkkkeC|rre|gsmaecrgkIcgk (SEQ ID
NO: 26) 19) hiIGF-1-Eb: AG!, AP2, AE3; R37A; AS72 15

12) hl(gl;c% égg(}g,gsg%%@liggxg sg,;?apqtglvdeccfrscdIrrlemycaplkpaksarvra B

kntksgrrkgwpkthpggegkegteaslqgirgkkkeqgrreigsmaecrgkkgk (SEQ 1D
tlcgael\ll\ld%gfagdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaks_arvraqrhtdmpktqkevhlknas
rgsagnknyrm (SEQ ID NO:20)

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

tlcgaelvdalqfvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlrrlemycaplkpaksasvraqrhtdmpktqkevhlknasr
gsagnknyrm (SEQ ID NO:21) '

14) h1GF-1-Ea: AG1, AP2, AE3, AR37; AS72

tlcgaelvdaquvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlrrlemycap_lkpaksarvraqrhtdmpktqkevhlknasr
gsagnknyrm (SEQ ID NO:22) | B

15) hIGF-1-Ea: AGI, AP2, AE3; AR37; AR71, AS72

tlcgaelvdaquvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkevhlknasrg
sagnknyrm (SEQ ID NO:23)

16) hIGF-1-Eb: AG1, AP2, AE3; R36A; AR71

31



10

15

20

25

30

20) hIGF-1-Eb: AG1, API AE3; R37A; ART7I, AS72 20
tlcgaelvdalqgfvcgdrgfyfnkptgygsssraapqtgivdeccfrsccUrrlemycaplkpaksavra
W%mwmwkyqppstnk PCT/US2007/070468
ntksqrrkgwpkthpggeqgkegteaslgirgkkkeqgrreigsmaecrgkkgk (SEQ ID NO:28)

21) hiIGF-1-Eb: AG1, AP2, AE3, AR37; AR71 25

tlegaelvdaquvcgdrgfyfnkptgygsssrapqtg|vdeccfrscdIrrlemycaplkpaksasvra
grhtdmpktgkygppstnk

tlc gaelmkwwmbmewmmmmim@m%ﬁkgngi&‘(@&ﬂ@tdmmwpStn

kntksqég%\% %gkégﬁ&ssif\%% %?16{%§§Jec€g§lzgke@EWﬁ) NO:24)

tIcgaelvdaquvcgdrgfyfnkptgygsssrapqtg|vdeccfrscdIrrlemycaplkpaksarvraq

17) nIGRLYEBKIAKIMPRENIKES; R36A; AST2
ntksqrrkgwpkthpggeqkegteaslqlrgkkkeqrrelgsmaecrgkkgk (SEQ ID NO: 30)
23) hIGF-1-Eb: AGI, AP2, AE3, AR37; AR71, AS725

ticgaclVi@ggplysaiaiveagiafyiRkaigyassanpatoitessiicgikpieeayoaiikidaksaykagppstn

otk A B B RS BRRtS AR SERURN I 10 o)

24) hIGF-1-Ec: AG1, AP2, AE3 R36A; AR71 10

- vd (iggrg apqtglvdeccfrscdIalemycaplkpaksasvra
1%) hIqrh L Gj}\i/qppét gl sqr elierk (SEQ ID NO:32)

ticgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksasvragrhtdmpktgkygppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrrei gsmaecrgkkgk (SEQ ID NO:26)

19) hIGF-1-Eb: AGI, APZ, AE3; R37A; AS72

tlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksarvraqrhtdmpktqkygppstn
kntksqrrkgwpkthpggeqkegteaslqgirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:27)

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

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk :
ntksqr_rkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:28) '

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

tlegaelvdalqfvegdrgfyfnkptgygsssrapqtgivdeccfrscdirrlemycaplkpaksasvragrhtdmpktgkygppstnk
ntksqrrkgwpkthpggeqkegteas‘lqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:29)

22) hIGF-1-Eb: AG1, AP2, AE3, AR37; AS72
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25) hIGF-1-Ec: AG1, AP2, AE3; R36A; AS72 15 _
tlcgaelvdalqgfvegdrgfyfnkptgygsssarapqtgivdeccfrscdirrlemycaplkpaksarvra

WPt HskEgky gppstn kntksgrrkgstfeerk (SEQ ID NO:33) 26) hRGEYSRY7/070468
AG1, AP2, AE3; R36A; AR71, AS72 20

tIcgaelvdalqfvcgdrgfyfnkptgygsssarapqtg|vdeccfrscdIrrlemycaplkpaksavra
grhtdmpktgkyoPstnk ntksqrrkgstfeerk (SEQ ID NO:34) 27) hiGF-1-Ec:
AGl1, AP2, AE2; R37A; AR71 25

tlcgael\twmgﬂngnwﬁwwsﬂfmmsdscaﬁmﬂgﬂmmmmqupdmmppsmk
nksarn g IIPER O saTaRak (GRG. RAGIBR SAICF-1 £
ticgaelvdaquvegdrgfyfnkptgygsssraapqtgivdeccfrscdIrrlemycaplkpaksarvra

tdmpktagkyqppstiodsnt K e EQ ID NO:36) 29) hiIGF-1-Ec:
A o

tIegaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrscdIrrlemycaplkpaksavra
sissqkactiasiki(2RR aR<dv3Eyrht tnkn
ﬂcgaelmmgg ,fé%ﬂﬁ\%?é sty YRPNPRENIY A GRpeigigppstn

tksqﬂkﬂ&@&@]%&?ﬂWWQ&%@&F&W&M@FS@&P%%%%Ikpaksasvra

grhtdmplctgkygppstnk ntksqgrrkgstfeerk (SEQ ID NO: 38)
24) hIGF-1-Ec: AGI, AP2,_AE3 R36A; AR71

tlcgaelvdalqfvegdrgfyfnkptgygsssarapqtgivdeccfrscdirrlemycaplkpaksasvraqrhtdmpktgkyqgppstn
kntksqrrkgstfeerk (SEQ ID NO:32)

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

tlcgaelvdaquvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksarvraqrhtdmpktqkyqppstn
kntksqrrkgstfeerk (SEQ ID NO:33)

26) hIGF-1-Ec: AG1, AP2, AE3; R36A; AR71, AS72

tlcgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk
ntksqrrkgstfeerk (SEQ ID NO:34)

27) hIGF-1-Ec: AG1, AP2, AE2; R37A; AR71

tlcgaelvdalgfvegdrgfyfnkptgygsssraapgtgivdeccfrscdlrrlemycaplkpaksasvragrhtdmpktgkyqgppstn
kntksqrrkgstfeerk (SEQ ID NO:35)

28) hIGF-1-Ec: AG1, AP2, AE3; R37A; AS72
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31) hIGF- 1 -Ec: AG!, AP2, AE3, AR37, AS72
tlcgaelvdalqfitcgdrgfyfnkptgygsssrapqtgivdeccfrscdirrlemycaplkpaksarvraq
WOoRMH Ry qppstnk ntksqrrkgstfeerk (SEQ ID NO:39) 32) hiRSH/YS281f70468
AG1, AP2, AE3; R36A; AR71; insertion of Ea aa 93-102 between aa 95
and 96 20of Eb (i.e., "Eab") »
tlegaelvdalqgfvcgdrgfyfnkptgygsssarapqgtgivdeccfrscdirrlemycaplkpaksasvr
aqrhtdmpktqkyqppstn
sfaioEikpaeswklipegydaicpeisiinkktiariciysmadtighigakygppstn
IGF-1-Eab: AG!, AP2, AE3; R37A; AR71
kntksql{rl%%é%le%l\d%é%&%% ptgygsssraapqtgivdeccfrscifirrlemycaplkpaksasvra
- grhtdmpktgkygppstn
29) hld@qs]ggsq@kn/g@ Q;I@,Wﬁgtﬂp%@g{(e@g@@slq|rgkkkeqrrelgsrnaecrgkkgk

(SEQ ID NO’41) 30 34) hiIGF-1-Eab: AG1, AP2, AE3, AR37, AR71 WO
2007/146689PCT/US2007/070468

| tlcgae1&WWE&%@%@&%@%&M%ﬁ&ﬁﬂﬁdﬁ%@ﬂ”ﬁ&ﬂbﬁﬁﬂé&f@psmk

grhtdmpkt

ntksqrr ke géﬁ%ﬁi}%&/@kthpggeqkegteaﬂqlrgkkkeqrrelgsrnaecrgkkgk
(SEQ ID NO:42) 35) hiIGF-1-Eab: AG1, AP2, AE3; R36A; AS72 5

50) b Sehe d?é%%%é’%%ﬁﬁm S@rrr?t%?;%ktq kyupstn

Icnasrgsagnkrltksqrrkgwpkthpggeq kegteaslqirg kkkeqrreigsrnaecrgkkg k

s RGeS AR SR ek

ntksqrrggstﬂ:ﬂl? KEHQUPSHO:38) .
knasrgsagnkntksqgrrkgwpkthpggegkegteaskiirgkickequeigsrnaecrgkkgk

(SEQ ID NO:44)  37) hiIGF-1-Eab: AG |, AP2 AE3, AR37, AS72 15
31) hIGF-1-Ec: AG1, AP2, AE3, AR37, AS72

tlcgaelvdalqfvcgdrgfyfnkptgygsssrapgtgivdeccfrscdlrrlemycaplkpaksarvraqrhtdmpktqkyqgppstnk
ntksqrrkgstfeerk (SEQ ID NO:39)

32) hIGF-1-Eab: AGI1, AP2, AE3; R36A; AR71; insertion of Ea aa 93-102 between aa 95 and 96

of Eb (i.e., "Eab")

tlcgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksasvraqrhtdmpktqkyqppstn
knasrgsagnkntksqrrkgwpkthpgge_qkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:40)

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

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrriemycaplkpaksasvraqrhtdmpktqkyqppstn
knasrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:41)

34) hIGF-1-Eab: AGI1, AP2, AE3, AR37, AR71
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tlcgaelvdalqgfvegdrgfyfnkptgygsssrapcitgivdeccfrscdirrlemycaplkpaksarvra
whtdmpktgkygppstnk ”

W2ty sig8kntksqrrkgwpkthpggegkegteaslgirgkkkeqrreigsrnad&rgRIRaR07/070468
(SEQ ID NO:45) 38) hiIGF-1-Eab: AG |, AP2, AE3; R36A; AR71, AS72
tlegaelvdalqfvegdrgfyfnkptgygsssarapgtgivdeccfrsedirrlemycaplkpaksavra
grhtdmpktgkyqgppstnk

nasrgsagnkntksqgrrkgwpkthpggecikegteaslqgirgkkkecirreigsrnaecrgkkgk
tlcgael\(dﬁﬂifﬂ'b@d%ﬁﬁcb@gkﬂ%dt@ahc%ddlxﬂaﬁydhﬁlkpﬂa&wxdqﬂitdmquyqppsmk

nasrgsa RTINS RiRRA Rl r Al e Ry R RS 3y

asrgsagnkntksgrrkgwpkthpggegkegteaslqlrgkkkeqrrelgsmaecrgkkgk (SEQ

- 35) hld}% g;%élgégg?bm%FAlggq{ﬁ;gZ ME3; R37TA; AR7I, AS72 WO

US2007/070468 v
gtlcgaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrscdIrrIemycaPIkpaksavr

tlcgael@ﬁ@@%ﬁ%@y 75% %??ZEWE@H;@(EQél:ﬂ}’U@lﬁgﬁﬁlm%t&rﬁmqkyqppsm
knasresggplpknAIEiERRIGHPS ARG RIS ek sattRi e sRthish SR RABIRICk A hvr

aqrhtdektqkyqppstn
kntksqgrrkgw gecike kkeqrreigsmaecrgkkgk (SEQ ID
36) Gk Agp: 2 dlo %ré“?n 3  (AG1, AP2, AE3; R37A)-3xEb(AR71,

AS72, AC- term 7 aa)- Eb(AR?I 10 AS72)

tlcgaelﬁfmﬁﬁa Oévf(‘g fé‘;%%a%ﬁgg ecgft?sqxglr\ll' e?r(l:)(/:cfg%)ﬁglr r\%gaﬁx Iﬁ?n%‘ft?c?lyyappstn

knasrgsagnkatksguidiipidyegkekgershigigiiiegrreigamaengidgh (G BN D st
nkntksqrrkgwPkthPggeq

kegteaslgirgkkkegrreigsrnaevragrhtdmpktgkygppstnkntksgrrkgwpkthpggeq
37) hi(kedtdEabiaidéikldyr&iEBs AR37, AST72
gsrnaevragrhtdmpktgkygppstnkntksgrrkgwpkthpggeq kegteaslqlrgkkkeqrrel

gsrnaecrgkkgk (SEQ ID NO:50) 43) hiIGF-1-Eb multlmer (AP2, AES;
tlegaelyggiglycs s?eaét/ﬁrﬂwtm%?rzm\té\té?m seqllstiepyyerpikpakearysaqrhidmpkigkyqppstnk

nasrgsagnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:45)
38) hIGF-1-Eab: AG1, AP2, AE3; R36A; AR71, AS72

tldgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk
nasrgsagnkntksqrrkgwpkthpggeqkegteasiqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:46)

39) hIGF-1-Eab: AG1, AP2, AE3, AR37, AR71, AS72

tlcgaelvdalqfvegdrgfyfnkptgygsssrapqgtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktqkygppstnkn
asrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:47)

40) hIGF-1-Ea: AP2, AE3; R37A; AR71, AS72
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gficgaelvdalqgfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkPaksavr
W(&a@pﬁem&?qkyq|wstn kntksq PCT/US2007/070468
" rrkgvvpkthpggegkegteaslgirgkkkeqgrreigsmaevraqrhtdmpktgkyq
ppstnkntksqgrrkgwpkthpgge gkegteaslqgirgkkkeqgrrei
gsmaevragrhtdmplagkyqgppstnkntksqrrkgwpkthpggegkegteaslq irgkkkeqrr
eigsrnaevragrhtdmpktgkyqgppstnknticsgrrkgwpkthpggeqgkegteaslqirgkkkeqr
gtlcgacheldgfrostrafikilp RS (S E LIS irscdinlentyaplipeksaxparhigmpkiqkevhlkna
Srgsagnglﬁt%g@ae v%é?gjfs?gadzﬁg&fnkptgygsssraapqtgivdeccfrscifirrlemycaplkpaksavr
~aqrh dmpktgkygppstn 30 kntksqrrkgstfeerk (SEQ ID NO:52) WO
a1) hl%%%?%@,g@@?g@{!ﬁ@ﬂ@pﬂ@ﬂ@g@&ﬂ& hiIGF-1-Ea: AE3; R37A; AR71,

gptlcgaelvdalgfvcgdrgfyfnkptgygsssraapqgtgivdeccfrscdirrlemycaplkpaksav

 gtlcgaclPQuRsR YT MUMILY @SserpanlmyEc (SRR KnMapidat&vniGitdnipbtakygppstn

AE3; R37A; AR71, A

kntksqﬁb%l‘?f@ﬁ%ﬂﬁé&&?%%@@‘gg%?g‘aet&ﬁlélf\% éggf%lc% Ilr\g%r%%)caplkpaksav

ragrhtdmpktgkyqppst _ ' .
42) hlca%i:t- q%};gﬁ?é%h 9K t&é‘?!%%%ﬁ?%@ﬁ%a%@%k@&{éﬁ@ IR)-Eb(ART1,

b’multimer: I, AP2, AE3; R37AJ-3xEb(AR71,
AS72) AS72, AC-term 7 aa)-Eb(AR71, AS72)

dcgaelvdalgfvcgdrgfyfnkptgygsssraapqgtgivdeccfrscdirrlemycaplkpaksavra
ctrhtdmpktqkngpstnk 15

tlegaclndrbafiesiigiiinspyenegaratsiidnerie talgarraelragirrupRidupligomprsink
ntksqrikgU RIS EVURKEYRIGRE ek kkeqrreigsrnaevragrhtdmpktqkyqgppstnkntksqrrkgwpkthpggeq
kegteas q|rgkkkeqrrelgsmaevrac‘ghtdmPli(tqtll(yglprﬁstn nhkscirr \évtpktpqp%%ﬁ .
kegteaalHgg@g&irf‘dgﬁ@aﬂéﬂmtdmpktq yqppstnkntksqrrkgwpkthpggeqgkegteaslqi -keqrrel
gsrnacGSARMIPREGKIGHDItakyppskywikepkepithntiatkeoteaiigimkkigdgli(SEQ

D Nogfgglaecrgkkgk (SEQ ID NO:55) 20 48) hiIGF-1-Eb multimer: (AE3;
YYR37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)

gptlcgaelvdalgfvcgdrgfyfnkptgygsssraapqgtgivdeccfrscdirrlemycaplkpaksav

43) hlﬁ%&%ﬁiﬁ%ﬁﬁ{ﬁp@% ‘XEE?RW&Z{%&%EE&Q?H AS72, AC-term 7 aa)-Eb(AR71,

egrreigsrnaevraqr tgkyqppstnkntksqgrrkgwpkthpg
AST72)gecikegteaslgirgkkkequeigsmaevragrhtdmpktgkygppstnkntksgrrkgwpkthpg
gegkegteaskiirgkkkeq

. 25rreigsrnaevra rhtdmpktqkyqtppstnkntkscirrkgwpkthpg%eqIce teaslqgirgkk
gtlcgaﬂgé@}g ggﬁié%@,f@ R@ygsssraapq givdeccfrscdlrrlemycaplkpaksavraqrhtdmpktdkyqppstn

kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpgge '
gkegteaslqirgkkkegrreigstnaevragrhtdmpktqkygppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrr
ei gsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk
(SEQ ID NO:51)

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

gtlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstn
kntksqrrkgstfeerk (SEQ 1D NO:52)
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(SEQ ID NO:56) 49) hiIGF-1-Ec: AE3; R37A; AR71, AS72 30
gpticgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksav
WoPrtte§Rtgkygppst nkntksqrrkgstfeerk (SEQ ID NO:57) WECT/US2007/070468

2007/146689PCT/US2007/070468 50) hiIGF-1-Ea: AE3; R37A; AR71,
AS72
gptlcgaelvdalgfvcgdrgfyinkptgygsssraapqtgivdeccfrscdirrlemycapikpaksav
ractrhtdmpktgkevhlkn 5 asrgsagnknyrm (SEQ ID NO:58) 51) hiIGF-1-Eb:-

45) hIGRE3ER3AB3 ARB7TA,; AR7A, AST72
gptlegaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrscdIrrIemycaPIkpaksav
raqrhtdmpktgkygppst 10

gpticgantudilg ErriedvapiinimugreontoqtdiNdskrieetielgovraptinpicgkregtgmpkigkevhikn
asrgsaghiyin gg% a{g%gyg - AE3; R37A; AR71, AS72

gptlicgaelvdalgfvegdrgtyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkPaksa
vragrhtdmpktgkmpst 15 nkntksgrrkgstfeerk (SEQ ID NO:60) 53) '

46) hiIGHGIES-BaDs; RBIARBRA] ARAL, AS72 |
gptIcgaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrscdIrrlemycaplkpaksav

raqrhtdmpktgkygppst 20
gpﬂcgaekrafa&rg@@afg@ﬂﬁﬁgfg&gw%ﬁmggem&ﬁ@t@ﬂwﬂmmbﬂqugsmw@iﬂmmppst
s SERAOCR SNICE LR miltmer, (63 REFANREUARTL 457>

gptIcgaelvdaquvcgdrgfyfnkptgygsssraapqrg|vdeccfrscdIrrlemycaplkpaksav |

m q
47) hl({f nkn ksgﬁllgé%vpi&pbg%) t:eg éas qlr&Icﬁﬁbhr}r{e’llés%ggé%%%fajmp%)quaAIU1
AS72) ppstnkntksqffkgwpkthpg

gecikegteaslqirgkkkeqrreigsmaevragrhtdmpktgkyqgppstn kntksqrrkgwpkthp
ggeqgkegteaslqirgkkkeq

tlcgaelwbﬁvﬁaé@fé(@?hmgﬁgmkmﬁmﬁﬂkk@mkﬂﬁﬁ@j&éﬂ@@%&émbmwpmk
ntksqrrRECHHPRSSIREk ek (Rt RN ga;)?ﬁaevraqrhtdmpktqkyqppstnkntksqrrl_(gwplthggeq

kegteaslqgirgkkkeqrreigsrnaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpggegkegteaslqirgkkkeqrrei
gsrnaevraqrhtdmpktgkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ
ID NO:55) ' ‘

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

gptlcgaelvdaquvcgdrgfyfnkptgygsssréapqtgivdeccfrscdlrr]emycaplkpaksavraqrhtdmpktqkyqppst
nkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpg
geqkegteaélqirgkkkeqrrei gsrnaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeq
rreigsrnaevraqrhtdmpktgkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk
(SEQ ID NO:56) . -

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

gptlcgaelvdalgfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavraqrhtdmpktqkygppst
nkntksqrrkgstfeerk (SEQ ID NO:57)
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3055) hiGF-1-Ea: E3A; R37A; AR71, AS72 WO
+ 2007/146689PCT/US2007/070468
WQBtTEgaetYdalgfycgdrgfyfnkptgygsssraapqtgivdeccfrscdirrienfyddBHégaK8z468
vragrhtdmpktgkeyhlk nasrgsagnknyrm (SEQ ID NO:63) 56)
hiIGF-1-Eb: E3A; R37A; AR71, AS72

gpat'lcgaelvdaquvcgdrgfyfnkptgygsssraapqtgivdeCcfrschIrrl_emycaplkpaks
avraqrhtdmpktgkyqpps

tnlcntksgrrkgwpkthpggeqgkegteaslqgirgkkkegrreigsrnaecrgkkgk (SEQ ID NO

.50) hIG?f‘l)-ﬁZ:) E{%Fallilj ¢: 3%y R374: ARTL, AS72

gpatlcgae qgfvcgdrgfyinkptgygsssraapgtgivdeccfrscdirrlemycaplkpaksa
vragrhtdmpktgkygpps tnkntksqrrkgstfeerk (SEQ 1D NO:65) 58)

' gptlcgalai%T&f@‘%ﬁg&aﬁéﬁkﬁgyﬁésﬁﬁgﬂ{gﬂ@&%iiéi:dlrrlemycap1kpaksavraqrhtdmpktqkevhlkn
&R

gpatlcgae fvc r()]fyfnkptgygsssraapqtgivdeccfrscdIrrlemycaplkpaksa
s e N '

tnknasrgsagnlunksqrrkgwpkthpggeqgkegteaslqgirgkkkeqrreigsrnaecrgkkgk

SEQ ID NQ:66), . 59) hIGE:1-Eb multimer: (E3A; R37A)-3xEb(ART1,
51)“‘555‘7%,"/’&65%%#%9@%&% ' AS72) 20 |
gpatlegaelydalqfvcgdrgfyfnkptgygsssraapgtgivdeccfrscdirrlemycaplkpaksa

: t t tnlcntksqrek:
S AR RER A s
nkntksgekkegktargrgiddtesplmigkkkaeveigpnagcrgkkgk (SEQ ID NO:59)

mpktgkyqgppstnkntksqukgwpkthpggegkegteaslqirgkkkeq rrei

gsmaevraqgrhtdmpktgkygppstnicntksgrrkgwpkthpggegkegteaslqgirgkkkeque
52) hiGdsinEecykRgRIBSEAIARB:67)  60) hIGF-1-Ea: AP2, AE3; R37A;
AR71, AS72

| tl lvdalgfvcgdrgfyfnkpt S tgiydeccf [rrl Ikpak
e e e

nkntksqrrkgstfeerk (SEQ ID NO:60)

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

gptlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavragrhtdmpktgkyqppst.
nknasrgsagnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsraecrgkkgk (SEQ ID NO:61)

54) hIGF -i-Eb multimer: (AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)

gptlcgaelvdaquvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlr_rlemycaplkpaksavraqrhtdmpktqkyqppst
nkntksqrrkgwpkfhpggeqkegteaslqirgkkkeqrrei gsrnaevragrhtdmpktgkyqppstnkntksqrrkgwpkthpg |
geqkegteaslqirgkkkeqrreigsrnaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeq
rreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteasIqirgkkkeqrreigsmaecrgkkgk '
(SEQ ID NO:62) '

55) hIGF-1-Ea: E3A; R37A; AR71, AS72
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61) hiIGF-1-Eb: AP2, AE3; R37A; AR71, AS72

gticgaelvdalgfvcgdrgfytraptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavra
WQ Rt By gppstn PCT/US2007/070468

lunkscgrkgwpkthpggeqgkegteaslqgirgkkkegrreigsmaecrgkkgk (SEQ ID
NO:69) 62) hIGF-1-Ec: AP2, AE3; R37A; AR71, A572
gtlcgaelvdaquvegdrgfyfnkptgygsssraapqtg|vdeccfrscd1rr|emycap|kpaksavr
agrhtdmpktgkyqgppstn Icntksarrkgstfeerk (SEQ ID NO: 181) 63)

gpatlcghd(s BalfoaldrAR 2n IS e R 8rélp AgVdecABstairrlemycaplkpaksavragrhtdmpkiqkevhlk
ticgaelv kptgygsssraapgtgivdeccfrscdlrrlemycaplkpaksavr
nasrgsa Hde &%&U&g@g?ggp ptayg patg ycaplkp

IumsrgsagnkntksqrrkgwpIcthpggeq kegteaslqirgkkkeqrreigsrnaecrgkkgk

56) hl(%SSﬁ?% é\% éﬁf és?? ?gl;izrr;er: (AP2, AE3; R37A)-3xEb(ART1,

gficgaelvdaquvcgdrgfyfnkptgygsssraapqtgivdeccfrscthIemycapIkpaksavr

4 ki { qigivdscefrscdir Ikpaksavragrhtdmpktqkyqpps
st B srasrghvdsecTedlmlemycaplipa g idmplagy e
tnkntqumkmgqhtkggmmgwélq1rgkkkeqrre1 gsrnaecrgkkgk (SEQ ID NO:64)

gkegteaslqgirgkkkeqrreigsrnaevracyhtdmpktgkyqgppstnkntkscirrkgwpkthpgg

emk_réf;éeaslqlr kkkeqr

57) hIngls e@?zfqr %t‘ﬁ@q%ﬁynkntksqrrkgwpkthpggeqkegteaslqlrgkkkeqrr ,
eigsmaecrgkkgk (SEQ ID NO:71) 25 65) hIGF-1-Eb: AG!, AP2; E3X;
R37A

'gpaﬂcgﬁﬂefag\la %@zéﬁﬁ@@fﬁm@%@%ﬁEffgﬂ)&é%@%%aevdm?&m%%msgﬁ’&é%yqppS

tnkntk sa@rsifispid gREQMPSNO:65)
kntksqrrkgwpkthpggegkegreaslqgirgkkkeqrreigsmaecrgkkgk (SEQ ID
NO:72) 30 66) h1GF-1-Ec: AGE AP2; E3X; R37A; AR71, AS72 WO .
58) hIZDOHF2U6E3R BITASABAT/ABI268

Xtlcgaelvdalgfvegdrgfyfn kptgygsssraapqtg|vdeccfrscdIrrlemycaplkpaksavr

agrhtdmpktgkyopstn kntksqrrkgstfeerk (SEQ ID NO:73)
gpatlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkygpps

tnknasrgsagnkntksqrrkgwpkthpggeqkegteaslq1rgkkkeqrre1 gsrnaecrgkkgk (SEQ ID NO:66)

59) hIGF-1-Eb multimer: (E3A; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)
gpatlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrsedirriemycaplkpaksavragrhtdmpktqkygpps
tnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigSmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpg
geqkegteaslqirgkkkeqrreigsraevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslgirgkkkeq
rreigsrnaevraqrhtdmpktqkyqpp_stnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk
(SEQ ID NO:67)

60) hIGF-1-Ea: AP2, AE3; R37A; AR71, AS72

gtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdlrriemycaplkpaksavraqrhtdmpktgkevhlkna
srgsagnknyrm (SEQ ID NO:68) '
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67) hIGF-1-Eab: AGI, AP2; E3X; R37A; AR71, AS725
XtIcgaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrscdhTIemycapIkpaksavr
W ARy gppstn . PCT/US2007/070468

knasrgsagnlcritksqrrkgwpkthpggegkegteaslqgirgkkkeqrreigsmaecrgkkgk

(SEQ ID NO:74) 68) hIGF- 1 -Eb multimer: (AG1, AP2; E3X;

R37A)-3XxEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, 10 AS72)

XtIcgaelvdaquvcgdrgfyfnkptgygsssraapqtg|vdeccfrscdIrrIernycapIkpaksavr
61) hIGHeHHEMPRE IMBIBTA; AR71, AST2

kntksqgrrkgwplcthpggegkegteaslqirgkkkegrreigsrnaevraqrhtdmpktgkygppst

nkntksqrrkgwpkthpgge

- glicgackydalgivaettin Giiketpyesoninetaiaderedivrokd ey prnimak sk dpRIrAkY PPN

kntks R éﬂﬂél%fé&@l irgkkkeqrreigsrnaecrgkkgk (SEQ 1D NO:69)
e 1 elgsﬁ%ge%raqr tdm?)k%qkyq%pst%kntksqgrrkéwpkthpggeqkegteaslqlrgkkke

. grreigsmaecrgkkgk (SEQ ID NO:75) 69) hIGF-1-Ea: AGI , AP2, AE3;

62) hIGRIAZAGARTILAFBZR 2\ ; AR71, AS72
ticgaelvdalgfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksaXvr
agrhtdmPktgkevhlkna srgsagnknyrm (SEQ ID NO:76) 70) hIGF-I-Eb:

gtlcgael‘%ﬁﬂqW@rﬁﬁ&kﬁ@?@&sﬁﬁhﬁﬂ]tgﬁv&&frscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstn

- St kptgygsssraapqgtgivdeccfrscd
kntksql%rk Sﬁ% \Sﬁgg %?69{% rhtdmpktgkygppstn

kntkscrrkgwpkthpggeqkegteaslqlrgkkkeqrrelgsrnaecrgkkgk (SEQ ID
63) hldﬁq 213) APSLARISRATRCARA, AF73, AE3; R37A; ART1; S72X 30

ticgaelvdalgfvcg gfyfnkptgygsssraapqtglvdeccfrscdIrrIemycapIkpaksaer
agrhtdmpktgkyqppstn kntksqrrkgstfeerk (SEQ ID NO:78) 72)

gtlcgaew&éﬁlﬁvﬁa&fm g%sﬁggpqw&cﬁgzalrﬁz%%apl Ciaaksavraqrhtdmpktqkyqppstn
tlegaelv aquve (f kptgygsssraaEC|tg|ydeeefrse Irrlem cal%klggksaXv

knasrgq%lllﬂ)[ ﬁeqkegteaslqlrgkk eqrréigsrnaecrgkkgk (S Q
5knasrgsagnkntksqrrkgwpkthpggemkegteaslglrgkkkeqrrelgsrnaecrgkkgk

64) T R D) (AP2, AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71,
AS72)

gtlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavraqrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqgkegteaslgirgkkkeqrreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpgge
qkegteaslqirgkkkeqrreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrr
eigsrnaevréqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrrei gsrnaecrgkkgk
(SEQ ID NO:71)

65) hIGF-1-Eb: AG1, AP2; E3X; R37A; AR71, AS72

Xtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccirsedirrlemycaplkpaksavraqrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:72)

66) hIGF-1-Ec: AGI, AP2; E3X; R37A; AR71, AS72
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73) hIGF-1-Eb multimer: (AG |, AP2, AE3; R37A)-Eb(AR71: S72X;
AC-term 7 aa)-2xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72) 10
WaggHA et fvcgdrgfyfnkptgygsssraapgtgivdeccfrscdirrlemye &§IRIEIRREHEY 10468

agrhtdmPktgkyupstn -

lanksgrrkgwpkthpggegkegteaslgirgkkkeqrreigsmaevraqrhtdmpktgkyqgppstn

kntksqrrkgwpkthpgge

qkegteaslq|rgkkkeqrrelgsmaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpgge
thcga&@ﬁ%@@%ﬂ%ygsssraapqtglvdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstn

gppstnkntksgrrkgwpkthpggegkegteaslqgirgkkkeqrr

kmksq@g o %&5@% NO:80) 15 74) hIGF-1-Ea: AG |, AP2, AE3;

R37A; AR71, AS72; N92X

v lyd o S p decefrscdlrrlemycaplkpaksavra
67) ey h%ﬁn tlfo k";Aq %M&k%% AHIRPAGY

as rgsagn ‘nyrm (SEQ ID NO:81) 75) hiIGF-I-Eb: AG!,
AP2 AE3; R37A; AR71, A572; C142X

xucgaéimﬂ&}végapét Gl @@%a&mw&gmﬁmmmﬁmﬁ@mbﬁwﬁqppsm
cirhtdmp tq ygppstnk

knasrgsagadenthegiikaemnsdepasreneisannipibksgrreigunseeklekdR 8B N9 74

NO:82) 76) hIGF-1-Eab: AG1, AP2, AE3; R37A; AR71. AS72; C151X .
63) hICal’e tael\g@qgggdé%q oIS IRV ek R T ears rﬂ%ctéorf%pf"aaﬁaé’ﬂ?mn

AS72) nasrgsagnkntksqrrkgwpkthpggegkegteaslq|rgkkkeqrre|gsmanrgkkgk
(SEQ ID NO:83) 78) hIGF-1-Eb multimer (AG1, AP2, AE3;
R37A)-3XEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72; C71X)

xucgaelequdwmwmmmmmwmmmwmmmmm

htd

ks R el prpaciragrmplack gk plarhnpihpeee

qkegteaﬂngzgiﬂﬂ@wpmpggg@qrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteas qirgkkkeqrr

elgsrnagelgi ﬁlﬂ{w@}{ %ﬂé&%ﬂ%g&é&@@@ﬁ&ﬁgﬁﬁ%@@%@&m

I?H%aslql gldckeqrrei
(SEQ Ipdivfddwagrhtdmpkigkyqppstnicntksqrrkgwpkthpggegkegteaslgirgkkkeqrre
igsmaeXrgkkgk (SEQ ID NO:84) 10 Example 79: Myoblast Proliferation

Assay The myobla ast raliferati rovides a reliable in vitro
69) hiGEalebfor A L adh &yw rsgfg ssaaégmodel for factors affecting

embryonic myoblasts and adult satellite ceIIs Factors active in this system

behave simjlarly in prima Itures Iasts

ai\‘ Ikn
tlc_gael\r'f%]c();o]’é:gfi f)gr{ﬁrgél%%g Slsﬁrtd/%pg y%%cerpst eo |s erll(t?(rf)ai?wa ?ﬁ %@t%ﬂ |ts gkevhlkna
srgsagraativity(BECALRINiA6)eased

70) hIGF-1-Eb: AG1, AP2, AE3; R37A; AR71; §72X

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksaeraqrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:77)

71) hIGF-l-Ec: AGI, AP2, AE3; R37A; AR71; S72X

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksaXVraqrhtdmpktqkyqppstn
kntksqrrkgstfeerk (SEQ 1D NO:78)
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15myoblast proliferation and, therefore, an increase in ultimate myofiber
- number in utero. In addition, similar enhancement of myoblast proliferation
Woridatéestat peptides of this invention can be used to enharREeTAeRAP07/070468
muscle hypertrophy, e.g. via stimulation of satellite muscle cell
proliferation. 20 Example 80: Mammary Epithelial Tissue Assay In
lactating animals, the amount of mammary epithelial tissue is a limiting
factor in milk production, as these are the cells which produce and secrete
: milk. Employing in vitro systems, epithelial cells obtained from mammary
72) nGHANEgOf AAIMAlS caR PerstmukIgd; By ae modified IGF-1 or IGF-2 of the
present invention to proliferate and produce increased quantities of milk
25constituents. It can further be demonstrated that mammary epithelial

t1¢gae1mh§fﬁé§2kg?ﬁ&%>@gpQ%Hi@r@@tgwaa@ﬁwgrmﬁ({jvgap&tkba@maqandmpktqliyqppsm-
reimplanted In cleared mammar ads an es [ e
s RSO R AR NS AR S0 15 N0

Measurement of 1GF-1 or IGF-2 in Blood or Other Body Fluids 30The
- _effective amount of the peptids, . in{ster f _a% rq% S\CAEREAR 71
73 I B e R e S B R A e AR,
AST72, SEtenmVeatibh(ARY beA$iBasured in the blood or body fluids of the
subject to be treated to determine the dosing. Alternatively, one can
administer increasing amounts of the peptide to the subject and check the

tlegaelwiaigfagdeaty Brpieyaseieeprigivisarfegd e yean kerdssarragidatpki gy appstn-
kntksqtﬁ’ﬁ@”ﬂﬁﬁﬁé%@cﬁ(@@?%@@@& %?%%@%@&Mﬂ@(}%ﬁiﬁm:@ﬂgwpkthpgge

these serum levels of modifie 1 or IGF-2. 5 One method for

- qkegteaslqirghrkraraigsrorsaer lidsng ek yARPS kR BHIEN® HnsesalepisAsiairekkkearr

eigsrnaPARHARRA IR IGPPIARITk &y RigiagianbHpid ki sebn 8 gispkiocy oeibiombhgick gk
M s%ring such levels can be done by any means, including RIA and

(SEQ IEI?T%’A.OAfter measuring IGF levels, the fluid is contacted with the peptide
using single or multiple doses. After this contacting step, the IGF 10levels

74) IGFS AR “TXQ#“A‘E? i, I ARS f!%gzj?'i\f!?z‘ﬁ?'s have fallenbyan
amount sufficientto produice the desired éfficacy for which the molecule is
to be administered, then the dose of the molecule can be adjusted to

_ tlcgael%%ﬁ’&ceg@mtggw}iaﬂ?gJmm&pﬁcﬁﬁﬂfﬁﬂﬁvﬁﬁ}m%ﬂ&‘ﬂevhlans

vivo. Preferably, this method is carried out in vivo, i.e., after the fluid is
rgsagnkiyFaE{SE QA M 8blect and the IGF levels measured, the peptide herein
is administered to the mammal using 15single or multiple doses (that is,

the cantacting step is.achieved dministratiop to an animal), and then
75) h1GlglEp: |MS%@@E§&%@&%@§Q@%G@&#§ ed from the animal.

tlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktqkyqppstnk
ntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmanrgkkgk (SEQ ID NO:82)

76) hIGF-1-Eab: AGl, AP2, AE3; R37A; AR71, AS72; C151X

tlcgaelvdalqfvcgdrgfyfnkptgygSssraapqtgivdeccfrscdlrr]emycaplkpaksavraqrhtdmpktqkyqppstnk
nasrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaeXrgkkgk (SEQ 1D NO:83)
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Another method for determining dosing is to use antibodies to the peptide
or another detection method for the peptide in the LIFA format. 20
WEHHEcE2: In Vivo Pharmacokinetics of hIGF-1-Ec 3mut ABGE/MERRD7/070468
mice (n = 3/group) received an intravenous (i.v.) bolus injection of rhiIGF-1
at 1 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 25concentrations of rhiIGF-1 and
78) hIGiﬂ-GJElifEldtaﬁuut(xAGﬁe AR2e xR RB By EINBKARAE a§§ay4§9paniﬂ(aa¢£b(AR7 1,
AS72 l Equimolar doses of rhiIGF-1 and hiGF-1-Ec 3mut were
adml istered i.v. in mice. The results show significantly higher levels of
the hIGF 1- Ec 3mut protein as compared to rhIGF-1 at all 30examined

tlcgael\;HBﬁiQ gg}g{iﬁh‘glb@g ﬂsgﬁrﬁwgd%)mﬁﬁﬁmfﬁa}mm&qkyqppstnk

sta Iet 0 amino acid-long IGF-I /146689 time
ntksqrrkgmp}ftbpgseﬁ%esmﬂqﬁ&kyl@my gnpesragrhidmpkikygppstnkntksqrrkgwpkthpggeq

kegteaslqirgkkkeqrreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrrei
gsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaeXrgkkgk (SEQ
ID NO:84) ’

Example 79: Myoblast Proliferation Assav

The myoblast proliferation assay provides a relnable in vitro indicator of IGF act1v1ty and is used
as a model for factors affecting embryonic myoblasts and adult satellite cells. Factors active in
this system behave similarly in primary cultures of myoblasts. The enhancement of myoblast
proliferation in vitro by a peptide of this invention indicates its activity in causing increased
myoblast proliferation and,.therefore, an increase in ultimate myofiber number in utero. In
addition, similar enhancement of myoblast proliferation indicates that peptides of this invention
can be used to enhance adult muscle hypertrophy, e.g. via stimulation of satellite muscle cell

proliferation.

Example 80: Mammary Epithelial Tissue Assay

In lactating animals, the amount of mammary epithelial tissue is a limiting factor in milk |
production, as these are the cells which produce and secrete milk. Employing in vitro systems,
epithelial cells obtained from mammary glands of animals can be stimulated by the modified
IGF-1 or IGF-2 of the present invention to proliferate and produce increased quantities of milk
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 IGF-1 or IGF-2 in Blood or Other Body Fluids

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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54.7 15 65.3 14.3 30 12 2.4 60 0.76 0.2 5What is claimed is Claims 1,A
polypeptide comprising a human IOF-I precursor protein, wherein the

WQRMVALES#F the E-peptide from IGF-I by a protease is reduce8E/US2007/070468
modification of the precursor protein and wherein one or more of the
following precursor protein residues is deleted or mutated: Cl P2, E3, R36
and R37. 2.The polypeptid,e of claim 1, wherein the precursor protein
comprises the ' '

the blood or body fluids of the subject to be treated to determine the dosing. Alternatively, one

can administer increasing amounts of the peptide to the subject and check the serum levels of the
subject for modified IGF-1 and IGF-2. The amount of peptide to be employed can be calculated

on a molar basis based on these serum levels of modified 1GF-1 or 1GF-2.

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 measurihg IGF levels, the fluid is
contacted with the peptide using single or multiple doses. After this contacting step, the IGF
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., after the fluid is extracted from a
subject and the IGF levels measured, the peptide herein is administered to the mammal using
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.

Example 82: In Vivo Pharmacokinetics of hIGF-1-Ec 3mut

Adult male mice (n = 3/group) received an intravenous (i.v.) bolus injection of rhIGF-1 at

1 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
concentrations of thIGF-1 and hIGF-1-Ec 3mut were determined by ELISA. This assay:is
specific for hIGF-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
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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Ea peptide. 3The polypeptide of claim 1, wher&n the precursor protein
comprises the Eb peptide. 4. The polypeptide of claim 3, wherein the last
WQWEW 4 minal amino adds of Eb are deleted. 5. The polyFéJitig28#7/070468

claim 1, wherein the precursor protein comprises the Ec peptide. 6. The
polypeptid,e 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. 3.The polypeptide of
any preceding claim, wherein E3 of the precursor protein is deleted or

time (Mjated. 9i3e-pobmenttn of R pEMeding claim, wherein R36 of the
precursos protein is deleted1osr mutated. su(r. [The polypeptid,e of any
preceding claim. wherein R88 is mutated4@alanine, 11,The polypeptide of
any preéeding dam R37 of the precursor Brbtein is deleted or mutated.

e wherein R37 is mutated to
alanine. 13 The polypeptlde of any preceding claim, further comprising -
the N-linked glycosylation consensus sequence NXS/T. 14. The
polypeptid,e of claim 3, further comprising amino acids 93i 02 of Ea
inserted between amino adds N95 and 196 of the Eh,

5  What is claimed is
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15. The polypeptide of any preceding claim, further comprising an
oligosaccharide covalently linked to an amino add side chain of the
precursor protein. 16. The polypeptide of claim 15, wherein the
oligosaccharide is covalently linked to an arginine side chain of the
precursor protein 17. The polypeptide of any preceding claim, wherein a
residue of the precursor protein is replaced by a non-natural aEnino add.
18The polypeptide of claim 17, wherein the non-natural amino add
prises an acetylene or azido group. 19. The polypeptide of any

1 Eg?/ dm%’da@%f%&g{herrgﬁ?méglﬂﬁ’é‘fﬁ%g? CP/ene ;lrﬁré) m0|e |n the
ca|

cIe Ve e iS.re tlon of
{égu ﬁ{]} c gt?lfmore rrﬁpnfs Iina de'&ursor protein
reéo Fs 6 ot ﬁéﬂ“ lis R3ban0 R
peptl comprlsmg terrhlnu’s ermlnus an IGF-I

A N

t seven C-terminal amino adds of the first Eb peptide are deleted;

3. 3 SCERLERRERNPO ISR R HorSifrn Rt 06 5 SRXEM CUSINER he
Ebat%' adds of the second Eb peptide are deleted;

peptide, wherein R71, S72, and the last seven C-terminal amino add, of
4. the thixd Eh\pepiide ¥redaistedyrorm oW hERArptidacHhRIBRIAb acids
of apckpd daegdeleted, "22.The polypeptide of any of claiEns 1 to 20,

wherein R71 or 572 of the precursor protein is deleted or mutated. 23. A
5. polypeptisie\garppaisiogciiimaniefeid feeHEsor sspiaieMnasripribes the
Eccleaviage 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
6. followinguigpufsicpsotain (esthitsgsEetetetheramuGitetitfedoSbulk6rand
pr&t&®.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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24. The polypeptid,e of claim 23, wherein P4 of the precursor protein is
deleted or mutated. 25The polypeptide of claim 23 or claim 24, ‘wherein
35 of the precursor protein is deleted or mutated. 26. The polypeptide of
any one of claims 23 to 25 wherein E8 of the precursor protein is deleted
or mutated. 27. The polypeptide of any one of claims 23 to 26, wherein
R38 of the precursor protein is deleted or mutated. 28The polypeptide 01

any ope of clarm 27 whereln R63 or of the precursor protein is
15delerr %8 CEDBR%H Eﬂ CBF}H{ ?ardms | to 28
88 5% %%‘é CRAGHTY ?h e“rﬂ%‘ﬁg he precursor

p sCquskeIetaI disease, drabetes neuronal ceII death, or anemia 30. A
16PORERIS aCCH A %%?nfrﬁe SRR e R

S e e
17/5C13h8 B2 Bl QE’ %‘r‘ﬁ 0SS th
e rig%rjn oatd.

18.  The polypeptide of claim 17, wherein the non-natural amino acid
comprises an acetylene or azido group.

19.  The polypeptide of any preceding claim, further comprising a
poly(ethylene glycol) moiety covalently attached to a side-chain of the precursor
protein.

20.  The polypeptide of any preceding claim, further comprising an additional
E- peptide linked to the C-terminus of the precursor protein.

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, S72, 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 IGF-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 polypeptide of any one of claims 23 to 25, wherein E6 of the
precursor protein is deleted or mutated.

27.  The polypeptide of any one of claims 23 to 26, wherein R38 of the
precursor protein is deleted or mutated.

28.  The polypeptide of any one of claims 23 to 27, wherein R68 or D69 of the
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.  Avector comprising a nucleic acid according to claim 31.

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