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STABI LI ZED | NSULI N- LI KE GROMH FACTOR PCLYPEPTI DES
Background of the Invention Insulin-like gromth .

wo aevosesy | GFs) are part of a conpl ex system t PEr/USBIT/870468
use to communicate with their physiol ogic environnent.
This conpl ex system (often referred to as the
insulin-like growh factor axis) consists of two
cell-surface receptors (IG-I1R and 1G--2R), tw

| :1: 8?%8 7D IE&EHJN%&@@M%A&%&@&YPM%

AT 1 LILIL} MT TTUl 11

~associ at ed | G-BP degradi ng enzynes (proteases). This
systemis inportant not onI for t he regul ation of
nor nal phyS| ol ogy Begkerguad of the lnventiomer

1 icat
Insplm%l%e% b%he ?ﬁre %Q}Eégo&@ﬁ \%ﬁétém ﬁ{a%aey éruogté)ggimrr]numca (¥
with tmh@hpsioingit: ienwrcmmemel Thipcahplée S)estqm)@ftam cefernesl toab ihisiingudin-like

| ], d.b

erowtt g SF i FoRSls SPREefthesrpaiioks OGET AMGEEE T b has

(IGF-1h@d Tore) (fahlily ofkixasih-gffialty IGEbinding préeind (umpbpdy ah®
affected by | G--1, especially cells in muscle

associateg KGHBRdegradingesnzymes @roteage n&}ls SHE§ é%lmpgmﬂﬁ naherﬂy for the
regulatio] kﬁsrrorrjnﬁl pﬁ?gbltok;? Butta@sotfﬁlea hlﬂﬁl‘)’ér 'oggéth&sglgﬁlfs?a@ésgmdsgﬁét Cell
can al so regulate cell grow are
Biol 58240 20088 by a famly of gene products known as the
| G-- bi nding proteins. These proteins help to nodul ate
| GF action in conplex ways that involve both
The IGRxidhas ibagh thErna@p]aga molbsympheepnemb'timgoitﬂendirmigeﬁaﬁoﬁ el th&F
hibilecgptors a a ronot | n G- actjion through
inhibitign g ﬁ@l?ﬁeé’lﬂl @‘e?@wil ek ‘éH‘é‘Ht"gF@“‘é % the Mura Agelsef
stimul&t@nfoyl HufrRn igfovith BoBh&RANSHY.CAMosT BRI céll i thd hle@SBod§ liaffected
characterlzed bi ndi ng. proteins (II BP 1-6). Inits
by IGﬁTh,tqu@lq‘”drCﬁ‘]S mmleﬁ,@amlage bones, liver, kidney, nerves skin and lungs. In

I}
addxtm%gf??{e rhﬁil@gpl‘fﬁ% cgtg‘i@gé%éa}éﬁ%l\%%ﬂé §e[51f %r@&ﬂf QngF&ﬁf 18 are
regulatsd bpta daridy of gans peodsomkhoven ax the KGBbindihggmotams athebs prdteins help
o modfif B3R R B e b P R GRS plening
binding tcthe @dF Baceptorses Wﬂ%@r&ﬁtin@&GF attianthroiBNARlingIdeiverp @t the

readi frang
receptors an gqgreasmg IGlpIxal? lafce in {H:{ blood stream. There are at least six characterlzed

bmdmg proteins (IGFBP1-6).

In its mature form, human IGF-1 (gpetlcgaelvdalqfvcgdrgfyfnkptgygsssrrapqtgivdeccfrscdlrriem
yeaplkpaksa; SEQ ID 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-tenﬁinus, 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 (rsvraqrhtdm
pktqkyqppstnkntksqrrkgstfeerk; SEQ ID NO:4) peptides and range from 35 to 87 amino acids in
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encodes a precursor protein containing the 70 am no

~acid IG~1 and a particular E-peptide at the

w@2a0enmiesus, dependi ng on the particul ar | G- | PERNER007/070468
These E-peptides have been terned the Ea

(rsvragr ht dnpkt gkevhl knasr gsagnknyrmy SEQ I D NO 2), Eb
(rsvragr ht dnpkt gkygppst nknt

ksqrr kgwpkt hpggegkegt easl gi r gkkkeqr r ei gsr naecr gkkgk;

enetn SR AL P RTR O eeniean e il gpenc
region @&ke Caggfinds! PO Saniple, e Wild-D@e dpértivading i Horathel IGF-1-Ea
enconpass a _conmon se uen(:@i reg n at t N-term nu

encodes golypepside 9b1 & aeign asid(epetissr v 0 pedre v kpeygTRTraRalgivde
ccfrscdﬁi‘l@tﬂ?éa%lkptaﬁ% rWrﬁﬂhMMﬁﬁtqQ@ﬁﬂkﬂa@@@dgﬂﬁn}frf@ seQf IUND*B‘) In

a encodes a pol ypepti de of am no acid

physxol@gpeltdxpgasomdlaﬂ Erbensyigs afeylaakgst @‘ﬁgé@g pfea\arqwgbwéogenous
provessfE B8 MR TRRVIPRRI IOk Lamenp e ey fasegyin pene
one to mhaes‘df @hﬂgna&ime&nmﬁr&mmsmf IGhé ake kepin tdé’s chaa‘@dolndav;édsmloglcal
coniit Bt B g e BR IR S5 RUERIER o bl

and prdcBssiiY it Shddat&Hyed lé&_&mlﬁﬂ guditutdsitikept tat d11¢ ohe Eglepiideal
am no aci ds of nown to be cl eay

(rdvstppml/}yln&rw%ﬁm@wﬁeﬁtwﬂré%1gallrw@%ﬁkﬁlgafé%aé(ﬂv%h% E&ﬁgnaﬂﬁ%ﬁwﬂaasmk
SEQ IDRIBERr BlindC1 BEs Beh ARentifiETof (HIABE afkR REPprefurdiid

processing 1's characterized by simlar attributes
(ayrps@kg@vdtkqﬁ\wgdxgrﬁyfyrpmr@rggwmfcsgdlalletycatpakserdvstpptvlpdnfprypvgkffqy

ok GRS RBREAASLBP P bl -

and IGFbmajpezlr%ba pbasiriie@ndiddestsirice doksé proteinserd ibcldridegradedity
precursor (ayf setlcggel vdt

f dr gf f ]
endogeggvs«grpwgﬁ’e@ i the s Uit VC%@%%}%I}%%&? SPpeRRIAted s to

stabllliéQ@i:t 0¥ vk 89 Estnlidg DtdadiEd with Bhybfikseigihg ﬁ@l@irﬁf
I'i al pt gdpahggappenmasnrk; SEQ ID NO 7). Both IGF-1 and
| G~-2 appear to be poor drug candi dates, since these

proteins are quickly, nqlﬁ%t%g% Igyengggogenous pr ot eases

in the serum of pat € strategy that has been
The ineomibe ighaatdech ths discosrathial 4 grecur@?-IGFdsorelGE riugowyl containing

orm.n

sl RS S ATR gt P SEhs R8s RBh Tt
IGF-1 & BGY @blypépinle titat i 3efut Ssoe[ pﬂaaﬁadeumsal | [EFth@ cq@npdsitions of the

cont ai ni n subst anti al | ptjde is Sl oactiyv
invention cthe paa FBther Al Ve &-piPkde e 167 Lisanifed derampls: bymutating
or delefitlg 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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| GF-1 or | GF-2 polypeptide that is useful as a
phar maceutical. In the conpositions of the invention,
wo b@7nedosmal cl eavage of the E-peptide from | GRCT/US2007/070468
avoi ded, for exanple, by nutating or deleting either
of the arginine at position 1 or the serine at
position 2 of the E-peptides (corresponding to
positions 7 1 and 72 in the wild-type precursor
) IGF-1). In IG=-2, the cleavage is_avoided, for. .. '
increased afifpite for (e Kt hfscapforer deereater hipding i ien QF@PH%‘QF-.I or
IGFJZ@E&H%ER%&H? 1 or the aspartic acid at position 2 of
the E-peptide (corresponding to positions 68 and 69 in
the wild-type precursor 1G=2). Qher nodifications of
Forthele 1 Y G5RPEh HethyRRRY Rl abF PRl 1 or 10F-2
precursofhr tatfeqstote 19 thraiighoot thisi appledjoe mekinabaclaionfiebased on the wild-
addi ti onal pharmaceyti.cal . penefits. E?r exanpl e, the
type PrEaNSPs BIYGIR SdugiceHmOeTRE WthY Sighpl PERYT%i ti ncr eased
affinity for the G- 1 receptor or decreased binding
ability to an inhibitory IG-1 or |G-2 binding .
Accordiraby.dhqinvemson inrdudes g golypeptids contginimgd hugasil SF enrgoursas grotein,
where th m%e{é@ S ife Eﬁg%ﬂ?fae aohPidrepbslY ?otéa@ﬁls%ddcg@f)y hGHifRation of the
precursor or ure proteins throughout this
precursap piotadmt TlonE-paptidervat hethelEai B, dr Eclpaptatt. dvt thenid-tevininltsygh ¢he

pecur e SR a0 RP SO BRSBTS ko ARl s can
R36 (eRQIRABANLAFRI T @Y. aR3TAY a hunen | G- 1 precursor o

protein, where the cleavage of the E-peptide from
|GF-1 by a protease is reduced by nodification of the

The pr%él?s%\" rof¥i Qa[n%uﬁitl incid the Nelmﬂegi?lyt@ﬁs!e}lﬁi%n eBsehdis sEen@NXS/T,

ept1 de. e NNtermnus o pr.ecur sor, am no
for exagpiadsy i@bcrti®Rof apringacids 93-he2 ¢fiEachetvsesn aprins adids Nmandel' 96 of the
del eted or mutate .can 6 . . . :
eb. ngEnGhithe BBl 81 5OR I eFReten PR Y 1A o an
amino h¢16 kidd ehdifof e ptaakisar bietr) syhak ian arghins ddscmirsethepreeursor
.NXS/ T, for exanple by insertion of am no acids 93-102
proteingf E5 pet ween anino acids N95 and T96 of the Eb. In
general, the precursor protein can include an
oligosaccharide covalently Iinked to an amno acid .
In addigippen resigweroiche praeurpar PEQieia san pe wplsred bysgpen-paiurghamino acid (e.g., |

one thet it fHeD &n SdeflferRaRdkrduf RIcEAHASRral 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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protein. In addition, a residue of the precursor
protein can be replaced by a non-natural am no acid

W@ 200g/14668Me t hat i ncludes an acetyl ene or azi deCUS2IP)/070468
Such non-natural amino acids can facilitate |inkage of
a poly(ethylene glycol) noiety to a side-chain of the
precursor protein, though typical protein pegylation
strategies are well known in the art. The precursor

otein n rt ncl ude one nor e .addi i
Eb pepplegpBeR AT 51 hpbh e Ry e L P RR DR il Sl b B peprice
are delé@écptaﬁd ) aﬁﬂin}ﬁmmﬂnﬁe whepORY paitf $Theare aﬂeﬂedld ude, from

N-termnus to C-terminus, (1) an | G--1 precursor
protein having a first Eb pepti de, where @, PlI, and

An eff; &@%ﬁﬂggg gie%gntin ?J&%ge@@ae@ Pgi%e FFonP@E Ii‘GFfl‘:—'ls Eﬂét&teﬁgn or

are eted, and | ast seven Cterm nal
mutaticnifiRy1aciS@3. of the first Eb peptide are deleted; (2) a
second Eb peptide, where R71, S72, and the | ast seven
C-termnal am no acids of the second Eb peptide are
Slmllal(ﬂﬁ kigd i@dkntion incfudeha hakdn IIEE}E ipeteursahgoeinRiisre Eh%&,leaaag;b of the E-

I C I id f th h
MRTRE SO LN IR R R

particul¥p &lefetitd br AEtiSH f RESoIBELE M be aRfBé VR GhdaSoBaItingfrotease
preventing cl eavage of the E-peptide fromthe |G- 1
dlgeSt@lSOﬁthel(éi%g@Ncgﬁobpromn ation of R71 or S72. Sinmlarly,
the invention includes a human | GF-2 precursor protein
where the cl eavage of the Epeptide fromIG--2 by a
In addifpmtang Eepeptide eflGFedcdmbernodibiried atithom 16F-2 sl qmw&mp@dir of IGF-2

rticul tatlon of R68 or
can be %@E"E%‘ﬂwﬁh Tﬁﬁqetf’ Péovt“fle\}ge Er@gﬁés d%?crl F'ﬁl g protease
di gestion of the I G- 2 precursor prote| n. In addition,
any E-peptide of IG--I| can be conbined with an |G- 2
The lnmogﬁwhst irelyeiesremethod ef-trenting 4 %Cl&%ﬁi‘ﬁl%dlssas?aﬁjl%@ﬂ neuronal
cell dedtR b Qfﬁhﬁﬁeﬁxﬂgtea th&lasédu*cﬁl fxv@ﬁﬁodﬁ%ﬁa ?k;lyﬂ_éibﬁde of the invention.

I nvénti on I ncl udes a net hod of eatln%
Likewiseishaingerktion emcahmdeel theaws ef a polysptide of the invertian feethe mpsyfagture of

a medub,z}/meaﬁq %r%?sttr%rtﬂl&? ?ﬁ%@gtﬂ@s‘ﬁgﬂ:{a? ﬂils%a)éﬁ i frRfek) r}éﬁroﬁgpééﬂtdeﬁ)cfx or

ypept | nventi on ew se,
anemid. nvent ion includes the use of a pol ypepti de ,of t he-
i nvention for the manufacture of
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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a nmedi cament for the treatnment of a nuscul oskel eta
di sease, di-abetes, neuronal cell death, or anem a. In
wa@emrhewsenbodi ment, the invention includes a PEQVSRDBAT0468
| G=-1 without an E-peptide but having introduced
therein a non-natural amno acid as the site of
pegyl ation. Any of the nodified, pegylated |G--I
contai ning a non-natural amno acid as discl osed
herein, w thout an E-peptide,..i so inclu in t
wauma g FORG diathat PoR Ak Tt g e B e n
neonatdTBEN@ds and uses of adm nistering an effective anount
of the polypeptide of the invention to obtain a
desired effect. The veterinary uses include (i)
in an
Al il Ry W e B e et
conver si on of feed into body tissue, (iii) enhancing
m | k production in. n| Is. (iv) treating
ani mal wasting s¥Hptd Ll ed mth
Figs. 1821 8v¢ Westdra BIoes oﬁioly@%ﬁlﬁ]’es 6Dhs mhm@mﬁll VieBses IGE Ci)recursor
(v) treating lactating animals for )rovement in
after zei i bér A frcabation Tafe RiFseRRs O abperield Yo MUBGE SHURAL 3KG
Expres?ﬁﬁ S&Y¥orb BARU %W@ES‘@S I@F f ES R ERS RereBrah St cile ﬁl@d £847 @Ns,@hd the

B Drawi ngs Figs. 1A- are Western blots of
condltlplmdwpbppumwrmf)bttaimed i ﬁhfe"rﬁnm@ hrefangito hIEFt i Bepepigge precursor
I I ) :
vaving S50 g B RBEas ih BETSES 3 B flionor v 37
to Ala (E&Gpvxeszsﬂdoialeﬁem bDOR 31 aricSnAL rkig. \la\rshows tHeGW¥edtero g results Qising

S ect into s7 cel itione
anivodyigh fF S REAFOHTb B G AP pE sy sotapieds T8 1F HPEE!
Western l5td? @bitd@ sk Q09 fto RROE-Mpfok fh@ wikd- ﬂypd\hrﬂm rhiitrpe€oussel Sontaining
of nodifications: deletion of and E3; mutation

Eb. Figfl Gaghgws ther Westera biqraesnits (using aaewmt% hIQﬁ IRp1 theildstype and
3"““pﬁk&F8k%“%h?ng Lhe Western blot results (using antibody

the wild-type and 3nut precursor
containing Ea. Fig. |IB shows the Western blot results

Figs. 2%?%[2 g‘ggg‘?tglﬁa(%ﬁf gl?omn hgglojf%% %a? aclte gﬁWvlJm%L{sﬁes\b@éngp%HHées

("liganttd" Pt BioRspidal Sctivity iwag n&ﬁiﬂr&lblﬁi}ysthmlhlo@%f L2 12 atyobhsts with Cos7-

w | d-t nd
expressed polyp)e/}?tldes The stimulated C2C12 cells were then assayed for the relative amounts

of total AKT and phosphorylated AKT. Long-R3-IGF-1 is a commercially avall_able reagent
(Sigma Produict 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-]-EcSmﬁt. '

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 receptor
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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3nmut precursor containing Ec. Figs. 2A-2D are |ine
- graphs showi ng the biological activity of various
WO B37h4qo89 ypepti des ("ligands"). Biol ogical aceCwis3007/070468
was measured by stinmulation of C2Cl2 nyobl asts with
Cos7- expressed pol ypeptides. The stinmulated C2C12
cells were then assayed for the rel ative anounts of
total AKT and phosphoryl ated AKT. Long-R3-1G~-1 is a

| | b Si - 3
and 3055 el s B E Ol PR R Yol 0 and
the 1n51ﬁ§'1' rdcepRAYEBCED). Wigd) 4AMnEaAB t88d trlrecptoRRele@lvity @A IGF-Q rmBmut

am no acid N-term nal extension eptlde
agamstélmmd: { resepter (Fig-tyr) @pd thensulio E‘eGSPFB'f Figid§). E'@Ss‘ﬁbwf‘t%?sts the
recepto?gél % E{%ﬂ-%altﬁryﬁtb%%lﬁtst thE I@F 1%&e§&9mgu@ aﬂ@ EHeVihsIu\ﬁn

1S a construct
receptoE@FigMD)o "HEF BB3 9B fere t01t©Q Lvmeg 83'rlﬁl§ el daser llteétahe‘@ Hmmty peptide

. agi d 96 of E 2D sho

isted of iy EAR 3 © ceyuiel ipa Tk EE R UE 93 AL KE kel between

amino 8@V IhdWiseifiBdr | G-- 1 precursor polypeptides of the
i nvention maintain selectivity to the appropriate
receptor by assaying for receptor phosphorylation in

Fig. 5 ;s8SWA&H bidk sﬂdxﬁﬁg%wivemmﬁ hcﬁbﬂ& ﬁﬁo@ﬁfbn%anium’bnbhezclz
receptor selectivity of G£ énut agai nst the

myotulyes aspt resuli ¢fi 3to 431ays @ﬁfhffﬁm@tﬂtWQ @f CﬁCﬂ%@e«p%%) Pﬁﬂg“fer%jlgands

of | G-I

The IG%E%%’@?‘%%EW:[E% tﬁct: %ﬁ)t&ﬂ'ﬁ?t s@ﬁe%%lgglpﬁfbﬁg% gié; g%n d the
|nsuI|n receptor (Fig. 3D) Fi gs. 4A and 4B test the
receptor s | ect.i

Figs. GAciAdIOE 52 DR FPR RS AN B PR DB fvention. Fie

6A shdwsi &8 1GFB)-Eb Efegﬁrso w&ﬁn@d}vmﬁm sdthef maﬁﬁwmns deletion of G1,
sel ectivity of 3mut agai ns

P2, an¢ E%,epvtavoqqf%ﬂ ta@ dsigtion ﬂféRT g N74: ?’@éf@&?&‘&? of ?b@éast sypn C-
termmallag:ﬂo lﬁgds ngt @cilﬁoﬁ Phd ﬁlﬁyﬂeﬁfi‘& 15@:@@51’1&1 slehe hddigéh #a@anore Eb

ep tlde ['I’'sted as refers to
peptldcsdhstthuwt Rﬂl o 12 and vathonbthataswvgsctt@rm@ afipagacids) and the

i SRR ATMIRR 130337200 ROy o i

This ceratctds oftan raferred toods tmmlmmbmr (Eig. 6B slwsyslan 16F-13Eab

4 days, . of, ffer 0 .
precur%ﬂrﬁ)pg'pg?\h e|le513tlqursset F rﬂ%ﬁ ? P%E&??%P@F lhtatlon of
R37 toCRNRAie6 bf RENBRBSTS @ﬁd Ms&h@ﬂ\ﬁf Eﬁarﬁh acidé\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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Figs. 6A and 6B are schematic representations of two
of the pol ypeptides of the invention. Fig. 6A shows an
WO BB7h4d6R9 pr ecur sor- pol ypeptide with four setsP@Ff/US2007/070468
nodi fications: deletion of A, P2, and E3; nutation of
R37 to A, deletion of R71 and S72; and del etion of the
| ast seven Cterminal amno acids. In addition, the
polypeptide is lengthened by the addition of two nore-
pepti des (but mnthout R71 and S72 and t hoyt the
calculateagitarscé\Yéwetderé\f% Fean theupdeefinga)eap HHSf?ﬁg‘eéaB poRsHagilor
silent s@bsftl'td?ﬁ)hs Ebheo\%)ﬁés ‘égmg)ﬁ)(@& Brehd MM nubbr 81\@ fiaréAdesPer §1féeand fall
term nus of the polypeptide. This construct is of
between eererané d. tZeroaepnemts a@rpletetsentitl @hdrd represents ng BlegHos! han

. h f f
phﬂOg%§§F%F5§%k§%§§h¥ al&gnxmﬁﬁﬁpg9ﬁgbtandogg;Sﬁhfagion of

R37 to A; deletion of R71 and S72; and insertlon of Ea

am no aC|d 93 to 102 between a nd 96 of.
Fig. S84 0 Sqgproognines’ SdREuee A FoR RO ERunyfter o Syimal Es
peptides SR dn@nﬂ@pé&es%ﬁl@zé@inﬂ@ﬁ&%e%naﬁg GthBhsiadcessio dumbers for

ani mal speci es anal yzed and their corresponding

the sequeneBareeivane &5/diand Sﬁé atsecogservnd in plb analygd speCicgr e gi ven.
G, P2, E3 is conserved in all analyzed species except
Sterlet (where S2 replaces P2). R36 and R37 are

Fig. SR Bngeiphetiowingahd pladedeny efiths pealyzed aminaacid 8quences gmamired to

rumen G811 e Y BERRY N urmn 1 R 1 (SEQ 1D Nov 1) - Bel ow

the tree is a scale indicating the nunber of "Am no

Aci d Substltutlons" per 100 resjdues fo&gyrote
Fig. 9A s refcase algnanent hthahuman bhetide (thiR B NO-ékwih various animal

Eb peph@é‘salAﬁpérﬁltngl éﬁb§5@£ﬁ®z¥@£ﬂ&qﬁelr Q&'Fésf!@rﬁhrfgr @éﬂﬁaﬁﬁ ableBd&H numbers
non-gap msmatches and corrected for silent
for the semlsneetaye givers . RThand&lues canserpert i lanalyzedspasien nunber
of differences per site and fall between zero and 1. -
Zero represents conplete identity and 1 represents no
Fig. 9B argraghyshowing thhphydeene vt the nddesed aali® ambseqtldflfeeﬁcompared to

rumand B0 Pt B ARA L pepti de (S0 1DNOID) with

vari ous animal Ea peptides. Al animl species
anal yzed and, their correspondlng GenBank_ accessi on,

Fig. 104\ isigéspauenes alignmeterfilembumay ke Rpplidn(SER/ID NOg)ayith varigus animal
Ec pepRALS Y0V &fimhisp8libs AARLYF &M RAPEIRSponding GenBank accession 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 1GF-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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Fig. 8B is a graph show ng the phyl ogeny of the
~anal yzed am no aci d sequences conpared to human | G- 1
wE2opaptesde (SEQ ID NO 2). Fig. 9A is a sequenk&I/US2007/070468
-alignment of the human Eb peptide (SEQ ID NO 3) with
various animal Eb peptides. Al aninmal species
anal yzed and their correspondi ng GenBank accessi on
nunbers for the sequence are given. R71 and S72 are

rie g eSSBSk RS54 e s

humanqgg@e@ggsﬂyg%red to human | G--1 Eb peptide (SEQ ID
NO 3). Fig. 1 is a sequence alignment of the hunan
- Ec peptide (SEQ ID NGO 4) with various ani mal Ec

. ent.i i i : l N . .
Fie R 5500 ) TR R AT 0L 988 0D v v
animal46§eBpeptatese 4llvaeimal RxtieanohlB2d and theaangespeoading feaBank

- _analyzed_species. Fig. .10Bj.$.a graph showi ng the . . .
sccessin OB JO Ghe 1BEnsh AR AR S bROoL BTl cageld Secies; D69 i
conserGeraxadt dor Chilparee, Mderd a Fstidiepiebides io A@pbditD 4) . -Fi g,

H A'is a sequence alignnment of the human 1G-2 (SEQ I D
NO 7) with corresponding animal |G-2. Al aninal
Fig. 123PR %! SsphAASh %Rk %gte?ﬁbf th€ Ahd1 $28 ARG LI dRG Ba1RKs compared to |
s

accessi on nunbers e sequence are given. R68 i
humand Gl sk peptidei SEQIIDAHA0)zed speci es; D69 is conserved
except for chinpanzee, where a histidine resides in
that position.Fig. HB is a graph show ng the
phyl ogeny of th®ecailad Pesdiptdon ofxha&iventi@guences
. conpared to hu |G- 2 (SEQ ID NO 7)..Fig. 12A i .
The inGHRRRESE AGRICRE| B19 (e RERATP" PaPboides Sy iae pfymiaty a
E-peptlde thPh89 besh infodvfaddite prevert] wahce| &Favdidtthp 8pidatigdteadd dlcavage
ani mal species anal yzed and their, correspondi ng%,_
respongiblsiaeleants Yeiash I pEIGTof oM erERikee. Tediiioy efhe
: ho ) I _ it .
PO T B e AR Ry i s e
polypeptddsdesbiplogically agsivs, stabdmandmbiegeficial Bs pkarmaeutiphs.showi ng
t he phyl ogeny of the analyzed am no acid sequences
conpared to human | G--2 E peptide (SEQ I D NO 6).
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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Det ai | ed Description of the Invention The invention

relates to new |G- 1 and | GF-2 precursor pol ypeptides
w@onwasmsng substantially an E-peptide that haBCDES2907/070468

nodified to prevent, reduce, or avoid the typical '

pr ot ease cl eavage responsible for releasing the active

| G-1 or 1G22 fromits E-peptides. The utility of the

pol ypeptides of the invention is based on the

. surprising discovery that such pregursor pti des
protem%méuaal.zaci B EAPIRAYAPTiRRNY agpiap P 0Bl P2 secSidary

antlbodg tedab RorsciadiSie Pérﬂgldfis@r A‘P@tn'ui‘h%exl @:suﬁ)ﬂzﬁ*@l’(ftﬁﬁ)% and
ol ypeptides The useful ness of any@Po yFeptlde of
1p1Hc

detectignrtpehmiques sema ubiag dyeresssatidygs pheyeni idasi ¢Ag beised, sThe
mtensﬁ?t ?E‘le é)réec%lf ?zﬂtdy\%?s% 'th:%qntg{llsuty%? il TR0 bR Béﬂddshgl‘mi Sndicate

resence of endogenou
the degpdead ehshshe pmahsc&spolype;lmdmmclsmed nnddrwabmxs&nndaﬁbm tA ve

dr Ta asse t abi | an o -
pospe ST RS B b e B AR BBl S copeivn
ratio ofafkledvedplédnsot to AeMEMatBS GIMHLHBLEI:DNDO 108/gf sttoauk 1:1 to 1:0.5,
bovine serum 100 Wnl penicillin, and 100

particulgrly agatimgfcabaut Hrhar zigtip oF BbOvE 0 m 1ypivalr ﬁhwe%wéb@&d exhibit

armﬂ)gﬁh &ﬁp{ldes can be applied to further analysis, or in
the alternative, the expression vector can encode

readily avai |l abl e tags such as a hexa hlstldlne tag,

ol ype aC|I|tat ‘
A PlpkeFiaion (B0 eERG® B5chF Bbehi Bo P ahthdlans abitneo wgny
througlCtlhbllGFﬂSrecdﬂQMoe\(/Béth PGEQanddGF IMgrﬁDihymtthdlefSamkp’tot )5 To
ubated i n normal human ser%n1 (Si gma) ?
determwg,tlplé signg |n|g@§111(t)é oge carbassqgs §1R doyyi§tragn H’B@pgf ar target AKT,

is phos fvﬁ}%’ﬁ&ﬁ%jretsﬁ’orﬁg b/ RghY bRt Q\%l ceft |sﬁ‘f§c€ OPBO4ARsE of AKT

ted onto nitrocellulose, and the rel evantproteins
phosphoiylatiani €2@1 isyehjasts 3¢ Statved imserurdiey megiirnand themetimulated with

dlfferellnt(ﬂ:ands Ceulggre%%s%ﬁ Qn(?c gr%ﬁ Bg gérXrlﬁ £t 0*?10 Sh&ﬁ%cgylag?n and total

orser er oxi as e.
AKT 1az|emakaxnamzed by Eglmdsm@mtzsaa- phosphb qu®r47§bmdwm@]SA kit

and PSR SRE S PVEEL R R R e P beli e
inten3|ty of the 1G~1 or I1GF-2 band should indicate

t he degree to which the precursar polypeptide .is
IGF-1 Recenips dreavérad 4 Relypertide s hetinyspgon we&swbeﬁmt%s the spegificity

for the 'I@F qrﬁ:éegﬂ)r taﬁ'@%hdu?d EXP SR rdi Qe MERM SEHWIWiR oW AHRAHL STo assess

an ex
receptor spemﬁc1ty, polypeptide samp]es are added to serum-starved NIH3T3 cells

overex_pressmg 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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rati o of uncl eaved precursor to cleaved mature |G- of
~about 1:2 to 1:0.1, e.qg., about 1:1 to 1:0.5,
w@anriteasBarly a ratio of about 1:1 or a rati o PET/HRIDOT/070468
1:0.5. Typically, the precursor should exhibit a ratio
of at |east 1:1. AKT Phosphorylation A pol ypeptide of
the . invention should maintain the ability to signa
through the 1G-1 receptor. (Both I1G--1 and I.G--2
signal through the 1GF-1 receptor.) To determne this
signaling ability, one can assess whether a downstream -
ExercideNisfgel | ul ar target, AKT, is phosphorylated in
response to ligand binding at the cell surface. For
One m@d@hﬁ ynsindhe A&KIF bosadaymithe ydead awnlun@mmningowealswﬁh agee-variable

s G SO A D RS 09

voluntarﬁ nztg’elvﬁhegbdlinﬁﬂatesﬁpkﬁ&silahlaﬁﬂ fp@yc}’lbbgicﬁlnnﬁmd tha il coMon in forced

xS ad o Bl o ap e ot SRS ot
in re]atﬁ@egq‘/&aﬁllﬂy fabivetalsithr \(I}Qﬁh hnc%agé%% hﬁlgale n{a§§1§ @6§11‘a¥ﬁ:|
Receptor Specificity A pol ypeptide of
i nvention preferably maintains the speC|f|C|ty for t he

Any sultiBle l’no{lgecs‘?ﬁi oc!ap%@ %sfﬁ? %!r gxeprlu{l'.% ale E??Bl/b%ln%'i:? garnI &Srwlciorrhly

receptor w ow a assess rece

assignedpe exﬁenmehga] (ep) rgxéying KéF a&nqn‘smqnowpeptaﬂ:d emH tamtrol groups
T3 cells over exp r essi

. erumstaryed Nl
Animafd GBI Bored ket boRuBiFEBF Kerriae MRkl gargpontol
ammali ﬁEhbusrea exerai%@tﬁcapmgsmﬁhwt atvméal qrhe leR&rdist Whe&s &R dedcribed in

sphor rm ne sing the cells and
Allen i AR Hy s 9011930 805, 2B s e mypiem eomisssean 6.5 cm-
dlametml R g B Wi x%nﬁlﬁg %&QE (ﬁ@&l oG IPEt@mElﬁ Clq{&ﬁ’i&, AZ)
I SA kit (R&D Systens). In Vivo Testing I n Mouse

equmpwlbwéh 8 digfitaHppenetic ophyer Tmodd &1 60 8igntaelrioets Omey, IL) that is

. f (the.inv i.gn _can_act ncrea .
actlvatééﬁéély \gf(‘e%? l‘oqrr%lsogf 1% ncgciétéonu %a ‘il wcheelcl S snel Xet‘er‘idﬁvgltth are égaalgle mechanism
allowMg%ﬂstnﬁeﬁnt otise lleadhrpris ﬁ@piﬂ)ﬁhsh@d 8y aaschitighyitiesstste@ Pfishing line to

d
“the cag%cg)taﬁl tvxr/rgﬁ?ﬁuﬁg‘hg %}g&(?lé&{ﬁ %@?{rﬂﬁ{@%%@g 9®Eemt€%tése :{?gngrgg to the cage wheel

at the a8 R\GErQRRSh ok Yot TUSEIbES t& T WHeBILIbRBUEHE wire is again secured to the
ani_ mal s. Exerci se Model s One nodel known in the art is

cage top ¥4@ich PRing Ard seswv-of hin desdenprraity fing #divsigenth ebthe wheel load, which
is evenHSE&FNRED A hout the rotation of the wheel. Daily exercise values for time and

distance run are recorded for each exercised animal throughout the duration of the exercise
period. All animals are given water and standard hard rodent chow ad libitum. Voluntary
running (cage wheel exposure) can begin at an average age of about 12 weeks for all groups.
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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| oads (see, e.g., Konhilas et al., AmJ Physiol Heart
C rc Physiol 289: H455- H465, 2005). The voluntary cage
wob@eli4e@Bd m nat es physi cal and psychol ogi cal | PGUUSH07/070468

that. are common in forced exercised nodels, and are
therefore nore appropriate for evaluating candi date

drugs that are used in relatively healthy individuals

for whomincreases in nuscle mass is desirable Any

sui tabl e mpuse strain can be used. For exanp

can be amyPHErEIOTRZELOMRAC bé 2r Erersited andsedgiany cppalg ﬁﬁ@?’«ilwa euthanized
by ceM&l grslocﬁt%ﬁln\ﬁbﬂghdlga: axféﬁtﬁgsi'z{ itithe dcﬁé)clil Qﬁ@{ th8Ad gﬂge specrﬁc

ontrol groups. s are In y hou In
exercise agteod: dridyimasm s racasencé,ranrdspem\ﬁremuscl@edenapdiwemand rwﬂshed and
ni s _.are dent es W thout a wheel.
frozen {1 TR0 8EH S BRHEGR o Bree R SRR AP ' et i S
Appl Physi ol 90: 1900- 1908 2001 Briefly, the system

Altemq%r?(g\sﬁ}(%t@rge g;ﬂe?tnﬁga imsng élre( terall %%It @leﬁq{gqr[lsan See, e.g., the
treadmﬁheeru@e md¥e) dQAHbERINR A eMhdr et al. di b1 PhydiBIIELUS 206517067
(model BC 600, Signa Sport, O ney, {) that is

activated by wheel rotation. In addltlon each whee

' LASEIRHe th a resistance nechanrsnrallomnng
CEHMhﬁoﬁmgﬁgnt o?]the load. This is acconplished by

Clenbrmdzrbhs hifpgdsbapiclagesststigegroptispromgting ppérties thet maspe t o p

i.ng the wire_around an,i mov
documPReq BEEREIN IR olisd SR MRS ienantiR 07 Ryt fetiph ffteins
uncleas @ltisugh @ r&ﬁfctr@rﬁﬂﬁn’ﬁud@l&t}ﬁo&ﬂ deEﬁdéM’lﬁhﬂias b&mthropdied. Winltke ¢lfnic,
again secured to the cage top with a sprlng and screw

clenbutefql ds wied pgypn rasthma dr uaajaaeqaﬁ%ﬁtbs mostly Fésuffeasia body-
buildin!g%?gnt_t(‘!‘mcge?sé ﬁus%‘l’eermls\é n%éth rmgﬁseaq,dtsnw uﬂlrr%t the

ati on he wheel Daily exercise values for tine
and distance run are recorded for each exercrsed
Five m}ﬁe are %wt 1 M :}@%tctl({/neoﬁcgen thtreroggk dr%f%/ktghse betS er fesy d(ss °§g£°€?> 7 or 14
days tdllhdl!rdeaﬂrsblebrlyp&ﬁfbpMOlMl?cE afjyctédwioh RBS (sér&@ﬁas\ddagﬁive control. The

osur.e at an average age of_ ab
animal BERRONGHEI Y O Hab wSP e T0F BOOKER Teteds lmqﬁrq‘waﬂpt coat,
lethargit) @8 the RAMIAE CIRSBREENERMER RENEE Poreihl BXRGKd MRBh¥re fearful or
group, for 50 days until the animals are about 19

aggresgiisy |8 mige sélg@ld byisapecisHy manitpred foifisbting if housed ineioups. pYlice are
mobrleh?ﬂg% Mc?ill Wﬁb l ‘Nﬁce he M%‘Bled ld%ﬂ' lmthqﬁey"g?@@\lth%’@&d on

sp ace exerci se groups
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 end implement controlled experiments involving thé
administratidn and use of IGF precursor polypeptides to determine whether such polypeptides

can increase muscle mass.
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begin with no | oad on t he cage wheel for the first
week. However, the "no-load" condition is actually 2

W@ 200046589 | S determi ned as the | oad necessary ROT/US2007/070468
mai ntain wheel inertia and frictional |oad.
Consi dering a wheel acclimatization period of 1 week,
wheel | oads can be changed at oneweek intervals,
except for hlgher | oads, mhlch can be changed after 2

For e 7B P RSB TE PSH T Rr)2 re

purchastt 8o eHék B iafcaboliyy wedkéiatthk sdhsif@mtdxpammeeehaaw fike are
anest hesia i Mmedi ately after the end of the specific

housedax év@p%la@é Faas8 Withagynataedent shave AR sart o grch sER§riment mice

are WelgH&F glé‘%rﬁ J%rgél‘gé%)cﬁ?ﬁ%té g%era@g}ggaarte %gtﬂ ﬁlﬁélﬁiflg’b(f)?fnhalatlon
followedll tysrenacal dislogatgong axscemhgqlmtrissu@mayvemndi &irdurhes pedcsssing. Mice are
rtisa

| welghe?:f%grgm e%igcicfélv%eég% I~ eleg%] usc@gglaF canPgrh%r\fﬁstgg are tlblallj

anteriof\eRlenddn ylﬁg1t©¥un9 Ringadd 5012&5&@ @@@é’cneﬁl&ﬁmtzﬁﬁ 00thenfigaésd Iaifvested
@hﬁ enbuterol is adrenergr gﬂgnls W th
occasiofr iy B %Ewrna) Bl P?Xse@S‘th 4pd Brains SPARA tiggyes are

complété]9 BR&RRdiaNd WesMb§ of B BalandtNBpaYI €61 REsiBE B0V £ Tissues are
clenbuterol action remains unclear, although a

then snpp-diigeen iodiquid niisegendomplpist RNA ai@gwrerg@thtwtwasortﬁe%fmzen
embed@erdqg Qﬁ?ld nd B U?i?so h}hﬁblfés erQeE%lﬁtc%Flpéh d for %&Qﬁe%mn are
I -ast Aia J}ug, ut It appears to Pe rmost |y msused
1mmermi naxsbpniryanb wbbldd trop thipkrstush by ilineid edtseenmu ddisemples greistored at
800Cboth humans and show ani mals. Five mce are given a
daily injection of clenbuterol (3 ng/kg, subcutaneous
(s c.)) for 3, 7, or 14 days to induce nuscle
pertrophy Nlce injected wwth PBS serves as negative
Dmm”@%ﬁ?¥@ﬂyamﬁenanlnals are nonitored daily (visual

A phariﬂﬁ@(ﬂ@éi&él%@thcqu{f 11?d?1¥1 ?%&E@Qvarsﬁl?gcﬁq'rﬁieéls(dall?thP&ﬁHMal injection
coat, letharg he treatnment. O enbutero

with dexemgthasone ah%&mg/ B@taemhamnetlea pitketigingembep pethe glcpegrticoid
class ofﬁorﬁ@gé Sl?ilc\fseasfa‘?l%g{p1ﬁ%r§rnagbﬂangqmﬁ%ﬁgﬁlbg‘tleg%%bi éa%geﬂay of

about 4ﬂann®ahataxﬁ ﬁyaﬂ'bcmksaner Eakéryethd\S’bMS asel tonreattroanydnfi@ningtory and
.until they are Z ay. 3,.7, or 14, an .

auroimfig fondihs .8 SBEUBION AREHGY 16RHISS aivh 1€ Farrpsldils pdggeoine

chemoiheray36 lceuréra@RbitaiVeidelesfedts oViEir aptiumlselr&tmént MIR&ABethasone

atrophy nodels, an | G-,
causes muscle atrophy both in mice and in human patients.

Mice are injected intraperitoneally (ip) with dexamethasone for. 3,7, er 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
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precursor polypeptide of the invention can be tested
for the ability to maintain nuscle nass under
w@onvditsdeens t hat generally reduce nuscl e nmass. PO¥/UR200T€70468

exanpl e nodel s descri bed below, the skilled artisan

can readily design and inplenment controlled

experinments involving the adm nistration and use of

IGF precursor polypeptides to deternine whether such
eptldes can i ncrease myscle na For example, . .

Physwaéshﬁsaeav FVaHYsMATCiS2rarRs TRMIE HEphy obibpsrmusslisi Agkle joint

ﬁxatlor{-ggf%@d Reel €t-caddin %fhﬁrﬁoﬁldrtg Bag ﬁ%h%s%ﬁ@ﬁn& ﬁﬁ%d@&@le way to
t 9 weeks at he 'start of each exper| ment

induce @hysigahimmobilizasion o€ rah end mduserhingligntonyssu katuse- cag es with
normal rodent chow. At the start of each experinment
m ce are weighed. At the end of each experinent,

Mice ageinesthdtizyd with ésoflueraael fdr dnimobidizitjonCOhe iankia had ki joints are fixed

ollo cervi cal. di sl oc cIe ti ssues ..
ot 90 drgdrs QT M et ERUPE FRSC LY gL R e dPging et erppteral i
soakedRf WA Yvatep ARU @Qﬁi Wripled Bound S einft, flaviil St t8&s Jn'ﬂéhlip ﬁ)@ﬂ free The
be harvested are tibialis anterlor - extensor di

joints aremgingineddn ay)° pasitonsastil the ﬁ@ﬁ‘r‘i“& aappiiabhasglriedy iﬁb‘? contralatera leg
v M AU NEELEY AEARIOIAL KPR s oYt oo
micro ltsolstsml e @asa:logbhsa’m Ibyenobbssrwct wdausedxoessiyh sttesgrand animals freely

move ERUIRE 8P PR b O oE v PoeR ol AR B foverse

events Bffedti@k Bo&yxiveiaht, halvityodndsframidnsozen enbedded in OCT on
a cork disc. Muscles frozen on a cork disc for later
cryosectioning are imersed in i sopentane cooled to a
Once atéagtquﬁédneé B Pdhobidedthe Anhal 1486 tordd daua mhﬁés@é @lafsﬂ’)@ cad
Dexamet hasone Treat ment A phar macol ogi cal
remaingrist plaes, af chiewéngedan g»ccmys dheavimelsicag morvie rdriek, and f@m gfigr recovery of

snesthsflt AFORE) HOS R LBRRRRaIhE S lREATENIANAAEE]

gl ucocorticoid class of hornnnes ‘It acts as an
anti-inflanmmtory and i nmunosuppressant, with a
™34P_ncy of about 40 times that of. hydrocortisone.
GenerdD§ X@IR aPodieitheti2d WedsdfRiofahe gds faRdeheivatib@nUEh@agepadshrgical

aut oi mune condi tions, rheumatoid arthritis. It
procedprgs heeg Vﬁlﬁ%ﬁ)f p@)ta@gﬁ@/étp quglla| egmné)l Wﬁﬂ@’rt@%T‘ﬁlﬁ sciatic nerve is 1solated

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

Dene

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 hisfological 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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chenot herapy, to counteract certain side-effects of
“their antitunor treatnent. Dexamethasone causes nuscle
Wa@eooepissbot h in mce and i n human patients. MCEUS2087/070468

injected intraperitoneally (ip) wth dexamet hasone for

3, 7, or 14 days. On the termnal day subjects are

euthanized using CO2, and the | eg nuscl es harvested.

The animals are nonitored daily (visual inspection)

.. for an dverse reactio 1. e...unkenpt coat

asistanedy NAPYPESS trrHe o Bt et il PR eI pprccovery

(1-2 hr§Nth ERIki@RthedRelsiO bitds aR@pémRtdl ¥ninddl Béalthafenbsitbrad foh 3 ABYS post-
_are the negative control. Cast |nmmobilizationPhysica

Surgerym%%wchlxpaﬁ remayedyde 1R daysfigsSUrasEYi ts i n atrophy of
those nuscles. Ankle joint fixation ("pinned heel" or
casting) has proven to be a highly useful and

Geneti¢ Modelduci bl e way to i nduce physi cal innnbilization of

| Genetlcraﬂg n?-hg) Wéﬁ;t?an%eﬁgc mi cgﬂ'lglgoutea\%sléc[l gls m%%g piiy cleoaﬁt:oplmeFor

["uoran
examplantlhb so-aslkdimeMien (ﬂ‘hs Javkeonf [Labechtaty, Sl@cldé@r()@GSS&Mcbﬂitaias a knock

t cas terj al ET-LI'TE) aroupd the
out mujali i he B @O imaiRsdTE i€ Bbnpem b derianre peRian i etg i aswell as
low boW @B@ﬁgarﬁrs%n ot SRYjthdnBinfdr RANSH) Secd MRV IO XRA @t 51' @enes Dev
free. The joints are mai ntai ned in at

7: 2609;:2&&7,t i983s Iﬂﬁﬂditlont the S@a@,l!qdd‘éldnml@rﬂap Jewéssorulrab@satorrh%tock No.
0032592%&&% Fufifeéddnt hﬁ]gatﬁﬁrﬁ’ fe 18¥-1 %EE Frak resJ Sn Whggon%ﬁ;h ERBiting -

d to recover om anesthesi a an hou
low adwloberhl weigltrand iothet eﬂrdlova:sa\gelsphe@atspasn drohadslitpial ipéemation, see

Lembo §e P Ye 8 2EHEIEE TG ana ari nk. The mce are

however nonitored daily for any adverse events
affectjn bod’ me|oht. act|V|ty and irritations. Once
{nt 4 RS & FREGOHEROTS) 5 pni t or ed

Crztzca?jﬁfuyc}ho%? T'ﬁ@lfrﬁ/eﬁ%nels th@H 1ﬁ Bﬁt 8@&% ob&RiBA tHat all G Evec1ﬁ§or

hew ng can occur. ani mal s can nove, drink,
polypeptechectha;fcpetlams e@hswatlyllsorlts Emesideaernains binaktivh end st@bln ot the presence

e g I

of seru%éﬁl% Jng r% Ql?a? E]% B%qgé What g@gxée?g)y ghcé Sgtt Egl{s pqgtgils%g %{Ege%hg the
dibasici ma&#xename ggrsal kiher @éﬁxertwaN-@rmthdlh:g;lmmpb acids of the E-peptide

in the psrgcrugslo(r: ?sl 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 to-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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procedures (three washes of betadine with a fina
et hanol wash), the right sciatic nerve is isolated in

wo b@7/aa8e hi gh and a 2 to 5 nm pi ece cut out. AEEUS2007/070468
contral ateral |eg serves as control. Mre '
specifically, the skin incisionis closed wwth a
suture clip, and the animals injected with a single
dose of buprenorphine before being allowed to recover
fromthe anesthesia. Three, seven, or 14 days after

In addiey, g@ﬁ@neaﬁﬁ&andsKéﬁ aPRegt wamayzwleoly 1650 Emepiideclegmage;
accordi QOPsyorQ]%[eY]bﬁ f tfls8 Irc% E Sy be%rﬁmg‘t‘éé fiito any tactic directed
gé ro ex, tibla nsor

cnem us conp I'sS anterior, exte

to the chilnaglctannnmadldm@uisscrfbedi ebse. are renmoved for histol og| cal
and bi ochem cal analyses. Gven that the sciatic nerve
Is transected, the effected |inb is rendered i mobile

Mutatibd dt WUC-RerHilRis OF Man?e $GF €n kAP Byibedimehte oNthg Ghvetion, the IGF
i nvol ved. The ani mal can ot herw se mpve, dri.nk, and

precurso el Yeplides have deletigns o mufabionhielsth fiesh vt Megrmisrl ggyino acids. In
the casibﬂm# ¢ anl %‘f"t}%lﬁrptq b Rterdiad A49nQ m@st &ﬁg@%%fe%d%? Gfutated,

el ess s, aninmals are nonitore at el
whereap @rs the saﬂegné IGF-2nahyt ¢frthﬁ,|@1tst sie (T}bt@gmyal(almgo heidy can|hq deleted or

mutate§ g ﬁ?ep 8&%e(§vefdr$at§elg%§} ng{ Sﬂarmlg(s leﬁsaralrl]re atu?aﬁ'll cﬂ:%%c} llﬁ VlVO

and thd iatro@IEEIVEOf tRedeanukfticha s delétidis nihihgessYhe iGaiet asﬁocMDﬂﬁd; Sf the

Geneti cally mani pul d transgeni 'ce n al so be
polypepiiea ob e ipirahan ih KAk Bindingcre 15 (1 GERPSL L GracionLof 1GF- 1 and

IGF-2 é‘vﬁh ol 16391 McgitoVh g&gk (aTéaeoyJI@q:m nAi—l%B@erﬁiBFsYlave%eQﬁ KhM to

03258) contalns nock "out nutation in the | G-
inhibit @6}‘1 ectidndpartiewlatly EGTBP 6 imesimeyinglancesa siraulpost ?féqcahas been
observgJ dx\(illg%sﬁ a o‘{‘@#ﬂ&l’t‘,n*gtlb % g@g%&%fsgﬂﬁﬁn%{}ﬂooﬁgﬁ %elt Ps The most
abundaﬁ&f(ﬂ%levth@ cir®ilPioR Gftdr, thd B@Batal permdds IGRBP3 wiich can  bind both IGF-

1 and 158555 ol el e P Rfl SO R AR 0 1 Kbt Bteion o

Gl, Pzga{aeaz)ma{ds G RGFBIS With SeviapaP Ges l@kkleﬁxﬂﬁlnhﬁthaﬁ@aiuﬁdmaﬂm tIn
ght and ot her. cardlovascular enatypes

addltloao@¥ is ANt AR tupding, @b Gy aginyfr Tolg Itihe JGF-2 peptide.

| nvest 98:2648-2655, 1996. Critical and Optiona

Mut ati ons or Modificatons in the | G- Precursors _
Accorcﬁ}ngily,i in the oeset eftthohlGFrherecursemanyorf Gls PBaerdid dan bpdeletedor mutated

either alo 09'91‘? %ﬁﬁ%%at?o% t\b@en aamutla%n Brdgﬁf'&iséj fhutation to alanine can be

introduced. In another example, in the case of hIGF-2 precursor, any of P4, S5, and E6 can be
deleted or mutated either alone or in combination. When a mutation is desired, a mutation to

alanine can be introduced.

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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pol ypeptide that contains substantially its E-peptide
- remai ns bioactive and stable in the presence of serum
waoooensiss®e that the E-peptide is not cleaved bRCT/US2007/070468
.endogenous proteases targeting the di basic protease’
site, in general either of the two N-term nal dibasic
am no acids of the E-peptide in the precursor is
deleted nutated or otherwi se masked. In the case of

-1, two am no acids are R?l and S72, whi
Use of Gévcpméat@gs“éheom wqﬁalfzhfetoﬁ gedofypeptides gbthg mwaﬂ%wsbeawemved

by the BB I\Pﬁgked'%l 5&]%% s‘?tfes Wélfﬂepﬁk'IGP%r ﬁﬁ@b@p‘ild& ltﬂbﬁlons of the
prevention of t¢leavage: (1) et on of one or

precursgi b/asm am@&dﬂmemmrﬂahamm ather @lk@ry@tlc pelisirapatieef N- lmked

glyCOS)(lg Li? lsi'astb%en sl%gvrr]l ntl) @ﬁ}o thﬁrﬁ'uﬂ'n n %F q EiY %Qg?%rs %cg%}mnand N100,

rt one asli ¢ am no
as thest bmxdhbaﬁia(:ﬁts éei odtiﬁﬁsm(slt\) likkeglogty s ghtyanossyeate of INSX-SET, where X

" can be g&g{trgé@ggciglapa%}iqgty{r ?tlpgl%g?) ¥ flfée:]t(r:lﬁ gi;lettg?rgorkfs E és also know that

the adjhRRl ARAOBEH cBhteRt JrARY cot i willl R LtcHomy su% lyB&4sbh@Bine is
near or between the dibasic residues, ﬁ

glycosyatgdnAherefare, ane sieategyite) mtr@éuwywﬂaﬂwwwwb or Ec is to insert
Ea amiﬁgq Eﬁ%}"ﬁ‘{ fhe 'cgﬁﬁggsuggéhm m@gf‘o@ﬂeﬁé sﬁrﬁe PABYE By S A

pept | vage; accordingly, nutations or
pamcudae lisplemestatén offtbisetratesy i uldssiratad ihide Exsmpisobeowd I atycevent, any

other bl AR Tl R o PV ARAREH G T cigs knovwr
to the dkiHedlaftisag chrdbdlinssried ditoa piusdbr p&ﬁadpﬁ&@mﬁth@ myveritioa. [IGkddition,

. ecur sor, po yp ptld ve del etions or t.at.ion
O-linkd:ggasyietio 8 ol P vRE BB bS afcpmphag g3 @i the

partwu'lz&;l_ibitausélf‘ﬁbr ?fodh&ﬁ‘)nfdf fitgelp dfﬁeﬁﬁ‘del\l‘fto? EXdniiAé, usEbN@rtainl ydast strains
can be or nutate whereas in the case of

for IGIF-GEXQfeS%QWFCE}ﬂtStlmEhefaﬂd@?n of gligesacehatidsapn apsrss aktheroningn See,

e.g., U§€f’a &l ﬁ5$27%r oggut ated. It has been observed t hat
certarn efmnal anmino acids are naturally cleaved

in VIVO and the introduction of these nutatlons or

Addztz%’lo?ﬁ an t?gn;]ge g{rgzco?)h goﬁjﬁgaeti,ﬁ)?llu\éh(\)/lﬂ ﬁw ei%gg ﬁgﬁng petgpﬁitlon) have

proverito Ok ®emeiclal ﬂ:;BBb‘»)mgmglﬂ& lalft 1 @€ thepewfc }iréEmh daigd It@Fexpected
that pegyl;\lt@ng;fgb!g %ﬁ%b@&%@éﬁ}o Sb\ﬁ?fieg g? #}L ?rgv%gtlc? mL)qf:e%ﬁ% in similar

pharmaceutlcal 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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inhibit 1GF action (particularly I1GFBP5), but in sone
instances a stinmulatory effect has been observed. At
WO e@3t4@@89% of the |G- in the circulation i s noP@EUE2007/070468
bound to | G-BPs. The npbst abundant 1 GFBP in the
circulation after the neonatal period is | GFBP3 which
can bind both IG- 1and G2 with simlar
affinities. The naturally occurring truncated | G-I
. (bearing deletion of G, P2, and E3) binds to | GFBP3 -
utilize A sparéfcafior therisodugigetonsgnpse rodop apfh sharaest Wity the ngpnatural
. 9 o q
amin i SEEE ol S R il s PRI it B
conjug@ingonaletinglty theipolyphptidsa ofthefinviehiorhindBdd thoseewith gestylengrapd azido
e v (0, e P AR G Pl e B S g
pegylatetd hethegerthbsnaltédinige srarin dn iadditiog] yoettpeghatedIGF Mevlecules without
exanple, in the case of hlG--2 precursor, any of P4,
the E-pepfidegrgialiuseh apHICRPWI%d or nutated either al one or
i n conbination. Wien a nutation is desired, a nutation
to al anine can be introduced. Miutations at Residues 36
Multimgrschf E7Pqppes Tceattain pHlanacotpging! enntexite itpy brnefigialdo prcsessqthe size

s . . ‘ )
o e TROCASEYT, M 1B SSRGS oF S 86 B o 0
barrier 8t the odet wWsiate MatiralGF Maléculbnart hdatdabeshoft phptides, 2verRZdhe E-
..can be nutated or deleted to prevent this deleteriou
peptideCPRa 2 A oy DRRIR FORRHE (hien Sl d BT TIPS e
inventibMEORO M ARIIFIdIME s81s tbpeovidBilikihRFs FBHIpdpidEI TR HIRVEEerMiinus of the
the addition of N-1inked glycosylation sites into

IGF prequrses polyprptideas dlfustrated [ ¢sigin Bramplasdessribed belowe

precursor when. expressed in manmmal i an or. ot her

eukaryotic cells capable of N1linked glycosylation. It
C-Termnasl Daaivnsifi @nPeptidesv Ittis suspéradd thatrtenfré¢cGRysieingat pesition 81 of Eb may

. cosyl at ed at 2 an I as thes or.t i ons_of. Ea
reult f S E TS foah el R R e PR P BR e o
inventibh,.)ﬁn@hmeadé\tbﬂ?\@erﬁtcﬁaity d}leg:a n%ua,rﬂeltﬁioﬁﬁf fhutifidn bhest Etfjcan
. .amno acid of the triplet is ejther or T. It is.al .
optimigsHE PR Hea %}@H@@a@ﬁ%‘fn@elﬁaﬂﬁwﬁﬁ%ﬁ?veamwewﬁ of b (ic.
mnmogg@§§pgﬂssw&khcﬁtfect how strongly the asparagine is
gl ycosyl'ated. Therefore, one strategy to introduce a

gl ycosylation site into Eb or Ec is to insert Ea am no

Other )%M?:%%r%%ﬁ%ﬂ%n& %gﬁﬁﬂiﬁﬁmﬁﬁﬂ&ﬁ%‘i fnddHtibRUFIEK e Ean be
sane part o or C. _
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 precursor IGF-1 or 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.

The preferred type of IGF to be used depends upon the species of the subject being treated.
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particular inplenmentation of this strategy is

illustrated in the Exanples below. In any event, any
wothenseensensus N-1inked gl ycosylation site, PCDUSZOTIONO468

surroundi ng context am no acids, known to the skilled

artisan can be inserted into a precursor pol ypeptide

of the invention. In addition, O1inked glycosylation

of a pol ypeptide of the inventlon can be acconpli shed

) choosj the particul host used for productlon of
Itis pre?%@dﬁmtﬁ%&ﬁ g &pecresrmalghe Oéexatrfg%e Shep @rpyiinbgpageated, the
preferr@ttl:yﬁé &81dr0% bhGhe IgEXpression results in the addition

ollgosaccharldes on a serines or threonines. See,
.g., US Patent ‘No. 5,273,966. Addition of
I I .
Althougrfh)’ﬁﬁa? }ébﬁ%fa@ 1&4&? p%gr%;!\h %gtgéet it ?g‘%egen‘i)?&b\f%:% @é t8p1|%0h|1 gh
sequencerhqmald)g)eng spegiet hmtdhai gfwilli afvendq:fotemhelraﬂpﬁs& inemyoddgidah s

.drugs I S. expect tha | ati on of th .
compligigt eBpingo T B DGBLOB P BTG SFPPEN ) [P ama different
speciesSi M | ar pharmaceuti cal advantages. Methods of

pegyl ation of IG--1 are well known in the art. See,

for exanple, US Patent Application Publication
In one glgp&fngélﬁ%g’%’ in 'tlSltx1 nq(ﬁﬁﬁéd IR)%%"[IE‘ID&% égﬁﬁfpte"éhghr %GF-] sequences are

properties of |ysine-nmonopegylate 1. Suc
providddysi ne- nnnopegylatlon can be adapted for the precursor

| G- pol ypeptides of the invention. In addition,

pegyl ati on can be achieved in any part of a

Preferr@dary lp&rahtsdlelaﬁ 1 bdtRendey estitaifing BibstdnEiall ity Besidearheadin he
nonnatura am no acid, Certain nonnatural anino acids

normal cleavage of the lraertid ingroided of exdhsrd asesrding $e modiigations of the present
inventib¥ frbfl SveRtebrle anindal AM Chem Soc 125:1 1782-1 1783, 2003;

Wang and Schultz, Science 301:964-967, 2003; Wang et

al ., Science 292:498-500, 2001; Zhang et al., Science
For exa%r?p?f 1::%}71311 S%é&encgsogéllugé bdt Qree)%%rt gg\tltgg to Qgge{néﬁéé §$rﬁ\%1§?%uge, rat, cow,
pig, hossef saee:p ped} el, dog, age Asdsasi thelnkejlﬁroﬁﬂaquarca ohsthaseatural,

ch as an anber TAG into the open reading

”mﬂw9$8ﬁ§mgﬂ@8@?ng a pol ypeptide of the invention. Such

-expression vectors are then introduced into a host-

that canutilize a tRNA specific for the introduced
In anothercgbedineabalthe iyantanaprddicdnerrhpman aipabprgsussor A6 risequences
are pro@ded of choice. Particular nonnatural amno acids that

are beneficial for purpose of conjugating noieties to

t he pol ypeptides of the invention include those with

Preferr&f gr%%ke%ﬂ%o?f&%—?ééq%gnces 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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si de chains. The | G- precursor polypeptides containing
t hese novel am no acids can then be pegyl ated at these
webwsamesd tes in the protein. In addition, sucPCT/US2007/070468
pegyl ated 1 G- nol ecul es without the E-peptide are also
useful as therapeutics. Miultinmers of E-Peptides In:
certain pharmacol ogi cal contexts, it is beneficial to
i ncrease the size of a peptide or protein drug to
. ensure that the drug remains on _one side of the blood- .
Indicatigng Therjnyention alge lr\cw%%&hﬁ gpe of gn Bk preruIRPEPeIRePHEe atilie éyention
in the AR fdcRlr&bf ¥ ﬁnk:iicﬁ?&{t tforgﬁ@{r%éiilﬂént O?Pt%%ﬁt[ontd? & nkReNbikdRal disease.
remal ns attached, 1t can be beneficial to increase the
In additipne ¢heoifiverition [silydee psei afd6F piecutser palyrapides tn inCieasemausaks or bone
d |.de des

. Of J ' .l Lt - [
© mass 11? ?]nem%lvnc%allf’ngvrl%h@le% ($r r{())L Qi & 11§F;8Ijlv15ﬁaq?srz}§ r%lg ch Igg E%)slt 'c{dlg’uscu?otskeletal

~Ler ecur so as

diseasel. |  ustrated in certain Exanpl es described bel ow :
C-Term nal Deletion of E-Peptides It is suspected that
the free cysteine at position 8 1 of Eb may result in

In partiQIER M TRidcARELDNaIiscBic@h bEHu8AL atrépfhs! Th¥feaRe MaBS&Rtes of
in the pol ypeptides of the invention, might |lead to

muscle| aiypplry, drcluding 35 agespdisof trepirent wish awjusacasticald, sushiag gorgsol,

' ti n z r. Y2 I ' r
o G $Ea SR AR Sp S HR B PR RUBRUEAE sl
atrophy( ¢anealso tera s ltadfideser@atiod dpe tesndpentedunei axla. reithoddegenerative,

tat.ions or Mdification di tionpal nutations or
metaboltFin Bem A er Pt e Coirearre S ot bt bevpopathy, o
exposut€do eRyiesHniEhR! tR@syRRIRIgs Y E1n a8ditibh&hd MUK AtfphRkéh be a result of an
: described_ in US Patent No. 5,077,,276; and US Patent
adult meigsineeren dissaseuifantla Pl msculap gisenhopBYasle sppgbmpesnipr atrophy,
autoim RO mofth Qe%ﬁzﬁﬁymﬁmﬂfogﬁ ohdWéRMbloek p?ipag&’s]i@d&% stroke or spinal
construed, inh addition to human G-I "and 1G-2, to
cord injuny,| skeletahimmddribration de rtkauomanpmivngérlredmesuNobwitary inactivity,

. recursor | G-l .or. | G- 2 seguences. containin .
imvoluffeg Ipdeiiog ritops Seesp gy AR K Sk Sl 0, fosting

rhabdoflyeBsiagethefoid glendEdipapén, diabétss, Bstigrieshgodital Ryhot@a; central core
. according to nndifigqti ns of the presené inventign.. :
diseaserpemajenerayerathyt Pyatuptla Epntoguglgan) BeaPaiy SHEAS IYEG SRS
obstructiRe pllefoniy dif@ses Hir@iideaReCicpds,rERAFARrd, borgRstPlediedit FARIre, or
. that the IGF is species-matched, for exanple, when a _
agengcow i s being treated, the ' '

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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IGF-1 g

preferred type of IGF is bovine IG-. Although al
“fornms of IGF are likely to have an effect in different
WG aivj7eed689 due to the high sequence honol ogi es, PEGPER1086T070468
mat ching will avoid potential adverse imunol ogical -
conplications stemm ng fromthe induction of an inmune
response to an I1G-F froma different species. In one
enbodi ment of the invention, nodified non-human ani mal
precurs sequences are provided. Preferred are
ailtc ?‘gnfre?@a K BT R i e eon SyagRtpd ey [GE-{ can be
used toErtheiBEthl‘ch%s ¥WhRhRk-RedrBs dBAh Shh a5 k&AYRSR Qtfroﬁhlﬂ,elaéra@ §H5ﬂogi§
is avoided or reduced according to nndl i'cations of
(ALS), tbrain pirephynageingy aint deprentia.ofceprdingly etbe aekypentidandf the-wvention can
be usecﬁ)(sq{ggt! c%'ndﬁlggbaﬂgc%{gcp&lﬁﬁ n’:tﬂ?nllzﬂ qgatﬁ’,%hcﬁgseAﬂg,tbrLih qt}ré@%, b
» seguences froma nouse, rat, cow, pIg, horse, s ,
dementggoat , bird, dog, cat, fish and the like, from any
source whet her natural, synthetic, or reconbinant. In
anot her enbodi nent of the i nvention, nodified
IGF-1 iefeadtd BB vAlicial rdd 6H &Wpob@ﬁn&]ssaﬁ@ HE UnSRId IV effect to
provided. Preferred are precursor |G- 2 sequences
adminigtgtion of prvgiranrsielinayceandingly, the melypeptideg of thedi vention gpa be used to
treat afdfidTel cl eavage of the E-peptide is avoided or reduced

according to nodifications of the present invention
froma vertebrate animal. For exanple, such sequences

Since Ipi? urglg\#i{%?rg ru%wgﬁélésl elingqﬁt%sggtle}l éei:gélfagorg gf %egl‘l \glglrcpn 85(?9erfcé%fate

growthf thsfﬂ mal e h&@nkdgk@sfyl’ 360 Bnyvasetyr (ﬁﬁ/ete\fvhﬁ@hl@d'thdlﬁttélé)éﬂgenously

synt heti. c, reconbi nant. Therapeutic Use of
enhancrbpéelam%? gm\rﬂg/ Bepranied) fame swmﬂgs inplade. Subae mewlrmt%doto
(i) leARdnéfigsack! Qﬁd/UlS&téfft oBBroWe iR @R Oor BQ @Bl‘naqgm muscle

the invention in the Ranufacture of a nedi danent or
ghevthie swine rattlss poultey et fishn of a nuscul oskel et al

(ii) %hﬁa%@ﬁ\%'the efficiency of their conversion of feed into body tissue (lean to fat ratio), for

example, in swine, cattle, sheep, poultry and fish; and

(ii1)  enhancing milk production in lactating animals, for example, dairy cattle, sheep, goats.

Other veterinary therapeutic applications include, but are not limited to:

(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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In addition, the invention includes use of |G-
precursor pol ypepides to i ncrease nuscle or bone nass

WO pooanddesdi vi dual , whet her or not such an i ndi RETHUs2007/670468
at risk for or has a nuscul oskel etal disease. In
particul ar, the nuscul oskel etal disease can be nuscle
atrophy. There are many causes of nuscle atrophy, -
including as a result of treatnment with a

- glucocorticoid such as Cortisol, dexanethasone, ..
Varlouwllamtsmﬁgm are kgpwa and earebe ysed toyadprinigher he Pehygeptisie of the
C e
e B By SRR AL PRI s
capabledd@gepressaitg the prqmn,abmﬁptm-mwlnamdﬁnldammmsge, ey ™MparidiWu, J Biol

Crem 368 354210 AT 0TV TIRRERE AP E b e R B B g vrlens-

associateddiiral, @lenot/ 4, }Bﬂi@ﬁhle(e@t ROPbYvifdpaRRuRTlY ESMIpbxdfal )2dt other
adul t not or . neuron di sease, jnfantile spinal nuscul ar

vector, gtcy dfiods;of indterhetion sam e enieraten p&fené&r@léﬁwcl%stbm Herfipfimited
to intradQhAY, iREMIRRALD )ﬁt:‘ﬁ?érhoﬁ@dl irttfaQ6Rus GADAISHOSs, PhiRfkary, intranasal,
paral’ysis due to stroke or spinal cord injury,
intraocwlke pitiaial, iandrotal foueat Tbapelypeptides qaalbnadmpnmred]gbmmmvement
route, f{)le ?Sxaglgyeotl mfurme SSor g?l%g l Véc‘i %ﬁn blﬁ/na]%go uq%}(ou Ig @Eljle“%ltac}éc er.
mucocwheBus fiidsgs (8g,, ofd) ahdosay fﬂcmatﬁi ingstifay frﬁlb@kagétamﬁhd may be
. .di sorder, djab ben con enital h otonla

adminigER et 6 GSeolo B NAI R AT TR 53 e ystemic or
local. InGABKILANHMLEBE desTHRIBAS MYrodiRidtRe MMﬁaéuu@am ESRpdsitions of the

obstruct|ve pul nonary di sease, 1iver disease, sepsis,
inventioralitd the sertiat Berveusrysem byany élafatblefrauqeun@ud@g injegaprigcular and
mtrathegglem <ﬁ1l;' lirf?lsaggltﬁ&%r nq e Ecﬁ‘l ain%&-d%% ah ﬁ@x’zﬁ/%mr@ﬁlar catheter
ystrophy syndrone, suc fenne. Becke

for examplet atriched ﬁ)asreseosma puchak alréllmhayaEmneré’iufmry admmlstratlon
| oph | oh
can als Bt BROFLY B30 By wsS SARINETS T pBotiptn, BRLB D HeGonFiso ap

aerosoliBrpakhty. The nuscul oskel etal disease can al so be
osteoporosis, a bone fracture, short stature, or
dwarfism |G- is suggested as a treatnent for

In a spdciRerhBbdiA&RNE b B@dé&hr@&%tt@s?dmnﬁisfb? ﬁlelp%nﬂacglﬁfbap&ﬁﬁbosmons of
bi nd het erodi ners of | G-I receptor and insulin

the invensioa pecgHy torbe atedimaged of trartmeet; thispey breachisived. (fer example, and not
by way of limitation, by local infusion during surgery, topical application, e.g., by injection, by
means of a catheter, or by means of an implant, the implant being of a porous, non-porous, or
gelatinous material, inéluding membranes, such as sialastic membranes, fibers, or commercial

skin substitutes.

In another embodiment, the active agent can be delivered in a vesicle, in particular a liposdme
(see Langer, Science 249:1527-1533, 1990). In yet another embodiment, the active ageﬁt can be
delivéred 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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i nvention can be used to treat diabetes.IG--1 is
neur otrophi ¢ and i ncreases survival of neurons. It has

whewn/1seggest ed that | G--1 can be used to treakCT/US2007/070468
i nstances of notor-neuron death such as seen in
anyotrophic lateral sclerosis (ALS), brain atrophy,
agei ng, and denentia. Accordingly, the pol ypeptides of
the invention can be used to treat conditions

.. associa Eed wi t h neur onal %1 such as ALS, brain

ofits e‘&‘i"?‘S‘EH&? ity DY FARRRETnG it P@ari of; 4 apBreREAe Bu¢lIRiC R eaPIgsiion vector

and adin@fistéimAelsCBhd it BRBmMeAInaOHuRRE. A5y B8 ofd ?étlto'v}@l wetiof Es%e for
to adm nistration of erythrop0|et|n Accordi ngly,

examplsol§ ﬁé}?ﬁ et 340,284 of hy disedt itiectian, tsdywseof mmpaetwde

' bombaﬁﬁlr?em g %Lég %%nbl@'&%!ﬁ 2ot b AR S ?enlbsurfiace

essen ators of I VI SIOn ana ver
receptogsr m\mtdmsfettﬁr@agmy dydy admaristeriyenitisl [inkagew a honsobay-likdt peptide

e Q1 AFSE e 5 CAPILSAS SR RS5 S5 g sno

1868, 1@911) afce Aﬂ(ét‘nahvﬂyteﬁﬂlcleﬁh acid dan@RN@Psdubd inh@118REY @hd incorporated
rowmh in an animal, for exanple, enhancing

within &&LD ﬁXRfFﬁsgw biehorpolpgqua recamingkign.and fi sh: (ii)
enhanC|ng the efficiency of their conversion of f eed
into body tissue (lean to fat ratio), for exanple, in
Cellulag iy ensfection endkGenehceppy thﬁ nrmn@nwjerﬁlps hncoarmass(es the)use of nucleic

acids g@é}?%ﬁig@%&ﬁ@l Arel§ oPf %qlfﬂ\%ml rhfor Prans‘rfle % IoP %l n {}'@r agij n VIP/?/ These
nucleictdosis ape b inSer&qdphtlo@ﬁy bbmﬁumlbw Ioﬂd'el.] Kaotn aécﬁorﬁ ﬁtr thanSfeét®sm of

araet il ks, THEAEI T B e L BB o g vivo.

through e iR¥ABIIELT théveeRIRANHR RargéticBR ?héétﬁﬂao@ﬁwﬂ@% ’adl?nﬁltls?ered (e.g.,
and horses; and (v) treating |lactating aninmals

by injegtiRpripiparracle) fp haubingt Bl antramuptsulficient elinp aethemmmmsngnse
sows for inprovenment in neonatal performance. Methods
of Admi nistration The pol ypeptides of the invention
In anotb@rrasitmt dled inventied pravides ‘aamdtlmd}of orfeativegyestar gengiteyoe. ngtatgwcell or
e el |v cles.. Met hods, kno
tissue, Hl hl*m rﬁ)‘tahe{ ﬁrgmg p]élxltugl(?g transetgctmg a-call With'a nuwn:xc acn& encodmg a
polypeptlde of the invention, wherein the nucleic acid includes an inducible promoter operably
linked to the nucleic acid encoding the targeting fusion polypeptide. For gene therapy
procedures in the treatment or prevention of human disease, see for example, Van Brunt

Biotechnology 6:1149-1154, 1998.

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 simultaneous or 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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delivery of agents such as proteins or nucleic acids
can be used for the therapeutic delivery of a

w@eiypepsd de of the invention, e.g., cellular PCT/US2007/070468
transfection, gene therapy, direct adm nistration with
a delivery vehicle, or pharmaceutically acceptable
carrier, indirect delivery by providing reconbi nant
cells containing a nucleic acid encoding the

tide,. Vhrlous dellver ens are known and can,
wsctul fich GEEG™ s 1St b b ?fﬁ@ﬁjp Cfecaype fihigerease in appetite. In
a mmﬂbﬂﬂ)éﬁﬂmeq%»lyp%plgdes of Heamvehliat Eibel BmbifRA SR otein supplements to
n1croPart|c es, mcrocapsul es, reconbi nant cel
1

increasg apahiligm i cesqbrr@é svithgphysieal plmammemre@emlmreaﬁ@dmdy wdight. Any
ol AR SRSy S oMo Mol RihehET,

as part of a retrOV|raI adenoassoci ated vira

Pharm?%\?«r}%\é l{f?mpgfzg)zg%sy LFE‘? ll)]rgge%;/ gme/’frg?)\rlll ais(o)é)\{(l)\f@eistpgg@g%%&lucglacon}/pos1t10ns
comprllsﬂﬂg =QGH GrdcARSof idteoRAé RivehtidArand @rpﬁﬁltn%éﬂtlcamdadc@ﬁhﬁlg €arrier.
are not |imted to i ntradermal, intranuscul ar

The terpy nhaﬁa@}cwttfﬁazapcceptﬁblr: hinersERProvehbe eeaalatesy agsuryretise federal
ora stdt@é(f\@mk or lisld AA R PhfeRb el or ogl%g % Qleflily 1O LRSed

he pol ypeptides can be adm nrstere any Yeonvent ent
pharmaccmle forfusg inganémad$ er lpymansf Tbé ®rm dearbier!’ nferis b9 2 dilwenn adjuyant,

exc1ple?p PV {::htl ralltﬁq r?vuhc]:osg Iél:é)?lgtll(?! 1%'&%{%{%{1%&) C#ng pﬁ,ﬂ' é‘tlxtlrgzaln&?riers

can be etteﬁle)hqahﬁ sﬁiﬁlj asb@atadzmdmllfsl 1&61661132 agRé bepetimdubn, @ﬁlhﬁl vegetable or
bi ol.qQ actlve agents. A n1n|strat|on can ;

Symhe%@%ffgé S&ab?sy Regicll YoN Bsik meperalior > HEY bRl rking éib? eSyigble

pharmdcBiti @& i¢MEInBlaE SRR UIHGAL, 15&&9%&:&5@%@1&?‘ Ml? rice, flour,
i nvention into the central nervous SySt emb

chalk, gjli¢a ggb|sedivmystearate, ghycarl n@npsﬁqarméaﬂp,rsodwmhl@m, dried skim milk,

t e
glycerdb,g; ?@2%}& ?lg% %gt&t eﬁ’lgll'noA taﬁé\ \[/hg\rﬁ?( <. gh? tﬁ}%oslt@nt ?Eiés?r'rgdrrc%}{ also
contairsn'tmphreoums omaemg breenaulsiBrey apents, orﬂbhf%nngﬁg@tﬂﬁﬂﬁse
rvoir adm ni str.ation a
compofifiSIsR ke e ol AP SQluding: Usinbidhs, PR, RhBS: Plsrcarsies
powdelfspilmahﬁﬂlréleas‘éﬂf@rhlu@dmoﬂﬁﬁlﬁﬁtﬂb liké. TheA@@1positibMcah eBfhilated as a
it may be desirable to adm nister the

S“PPOSBPFé(r Wﬁggraihrle%al be@ﬁtaegﬁi EHHRS Sbth asHuelyeriidas. i Oral fasmallapign can.

includd RarldB@ @AFrR2s dudh Q@Sﬁrﬂtmeﬁﬁ@ﬂ%ﬁ%% of rﬁ&“nﬁoﬁ?a’éto@@ starqh magnesium
achi eved, for exanple, and rfiot by way of limtatidn,

stearatq;yocll@mépcqhmm P@wl@g;ma@esumg@rbpnatc @t dadampgs|aif seitabisn,
pharmdte&ical &\‘nérphl%%éc?ﬁ])ed Rly "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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means of a catheter, or by neans of an inplant, the
“inplant being of a porous, non-porous, or gelatinous
woradoensaB9 i ncl udi ng nenbranes, such as si al asPCT/US2007/070468
-menbr anes, fibers, or commercial skin substitutes. In
anot her enbodi nent, the active agent can be delivered
in a vesicle, in particular a |iposone (see Langer,
Science 249: 1527- 1533, 1990). In yet another -
nbodi nent, the active agent can be delivered . in a
for injegiign P AR ap @&Vééeéﬁgf he)iReredients AAORA THESRE Prigr unp
admini§tB¥ioR€e used. I'n anot her enbodi nent, pol yneric
materials can be used (see Howard et al ., J Neurosurg
-7 1:105, 1989). In another enbodinent where the active
| | . . Do di
The poEtaeSh Ry RiGNan B0 o B3 sl RS P Rsuicatly
acceptahttndatts sickide thoserformed with fiee antiocgrensrsedsisahak detiged from '

oGP i RSB B RS byt

groups @QJH d%ltﬁdse derekdi ffon$ SodilitpotdssiRAC AARSniuRL EAGBM! Hrd¢ hydroxides,
use of a retroviral vector (see for exanpl e,

lsopronxémpa% é‘i*\ffthll‘l@m"&’ Bgihyhano etnobpisidingcirogameegici on, or

‘ by use of mcroparticle bonbardnent (e.g., a gene gun;
Biolistic, Dupont), or coating with |ipids or

The amoghtl ofsupol ypeptidead eipt iovention whichnsilldeteffagivage thegreamenbyfa -

BT F TR O )
descrip€ibn. alln add?lﬁ(m; in Mab |assa!ﬁ£1ﬂﬁiy oﬁﬁnalli&erﬁ@oﬂ&ﬁéheﬂ;a@&tlfy optimal

1991 etc. ernati vel ucleic acid ca
dosagejrgpge dU&felHe‘?‘?Ft & ) e Amaplaed gy therfermyiion el a&aoﬁpwdr%\ébe route

of admfidtlatibNand e s@ﬁ&fsﬁ@s% loPthe cBYdiOTBh@SHIARI BeedeRliRl R&bBRL to the
Cel lul ar Transfection and Gene TheraE%‘The pr esent
Judgmqnhv%thf« prastigenenaskbeacle subjeses cisaumstanegse [Hoiwevere buitable dosage ranges
o 08 0 ORI 5, 1820 BYABHE AR o s oo e
kilogramusldgiveighti lmt@&nddsaega ramsges f@rdntranbsal adlymdn'tratiomm‘rgemerajfy about

o.01 pefe P gEip K R bl SRR G o it fom

dose-re8porss ci¥esvdeyi@ed ftOmiifl vitlfo\/(ﬂ ,anihhil ﬂM)@Bl ki Sydtéth raphitietlafta
e vector and the tar conpositions are

| ce
possibll ks Sedrercrp e oot 1 Gy ki hodn DSk, HPshespaE Bggtion.
twice daij ect in an amount sufficient to elicit a
t herapeutic response. In another aspect, the invention
provides a nethod of treating a target site, i.e., a

Vetermtaﬂrggts cel | or

In addltlon 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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tissue, in a human or other aninmal including

transfecting a cell with a nucleic acid encoding a
w@eiwypepsd de of the invention, wherein the nucPE&i/USROT/A70468

i ncl.udes an induci ble pronoter operably |inked to t he

nucl eic acid encoding the targeting fusion

pol ypept.i de. For gene therapy procedures in the

treatnment or prevention of human di sease, see for

exanpl e, Van Brunt Bi otechnol ogy 6:1 149-1 154, -1998.

Conbi nation Therapies I n nunerous enbodi nents, the

Those sfkﬂle)d e el aptail QEcohRe Bae SRS spebiv ot dnﬂﬂalc‘eﬁﬂlbtl%easonal fertility
adm ni stered in conbination with one or nore

influenggddhytthe leagth ©b thsahateperind. 1 Avsr pfadéiment 6f a ¥gtamgarg method or use

'~ may opﬂUﬁJlfy%&u&%&fﬁﬁ%ﬁﬂe %inﬁ:ﬁpmptﬁo@ ﬁteaa%@llﬁb %ﬁn%rvﬁﬂm'x the 3n1.mal’ :

conjanction wth one or nore t euti c conpoun
reprodu'Ehee ceibinater cnadhese dpydesiegd as%cn rﬂﬁmssslehlﬂah,lh tereeows] lowow that

ernatin nmnistrati.on i, on
reprodu&b%?tﬁtgf i:u’gﬂcy );:ag ﬁ%%l S éigtegglﬂ}?% ? %ﬂgsgﬁ(f éynchromzed by the use
of an apdpriitSicgiaidnon. The pol ypeptides of the invention can-
be adm nistered in conbination with anabolic agents
such as testosterone or specific androgen receptor

When ¥4 i 3t @FiSarl R¥EMEibns, 'ﬁgﬂidﬁti(ﬂ%‘ nefHoal [91le'vf6u§’]9 %ﬁoﬁe@%%an

grow h hornbone (GH) nol ecul es that induce
use, the I§iFe b ol GR=R pentidg off @emspﬁtouvqtlply caneflsgl bej usedyas an oralk drench, or a

supplerﬁ&@d gr?i 6 sp)]lctl Pe%d?ﬁ%ammal CaCheX' a, Si nce Ghrel i n can

use an increase 1n appet ite. In a simlar vein, the
polypeptldes of the invention can be conbi ned Mﬁth

. _proteij nts to incr abol i r conbi ned

The impar Ry RIeE Qrscr bt o S eBean the Blpg e body

wei ght. Any nolecule that inhibits myostatin is also a

candi date for conbination therapy. Pharnmaceutica

Conpositions The presentiﬁﬁﬂéﬁtlon al so prOV|des
ExampRf¥@r maceuti cal conpositions conprising a |G- precur sor

tein of the invention and a pharnaceutically

A DNAaepegssiab vectaraamcoding thEﬂnéGFfl riia prphasompolypepticlalcbytaining the

.acceptabl e" nmeans a ul. at a . of ..
rotlowifg GSBER G 5F S BRR Y0 orTie SRR GOk AEfsR ores,
mutatidd. 0$R3|?h@NTBﬁ‘cDm¢tﬂ)nQif RGll hﬁdl d@aﬂﬁlr(fﬂg7y Taee gnitatRMs are sometimes

£ ar nacopej a for #Fe in ls o Th
roferred tozgs, SR Urapafiout e Preset e lapire )['W%FH ts metle%foghoamg Segfeted
proteiné€qliefiéee W th which the therapeutic is adni ni st er ed.

Such pharnmaceutical carriers can be sterile |iquids,

such as water and oils, including those of petrol eum

tlcgael\acmdﬁc!gdrg\fﬁg%tgpésgsrﬂpqtgivdeccfrscdlrr]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 ug 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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synthetic origin, such as peanut oil, soybean oil,
“mneral oil, sesane oil and the |ike. Suitable
w@barireseut i cal exci pients include starch, gl upOBES2007/070468

| act ose, sucrose, gelatin, malt, rice, flour, chalk,

silica gel, sodiumstearate, glycerol nonostearate,

talc, sodiumchloride, dried skimmlk, glycerol,

propyl ene, glycol, water, ethanol and the |ike. The

conposition, if desired, can also contain mnor

anounts of wetting or enulsifying agents, or pH

In ordepH)f Js?é'sb P at §tab1-f§ﬁlﬁ %uﬁlgﬁgé}ﬁfnt é%ﬁﬁa&ﬂ ct)ﬁ&@ecf il?ﬁ'n ftlﬁ%r ds7

solu , sSuspensi ons, enul SI
cells tramf@stsﬂd eveth \pldﬂmd@p éwt)shl@F dEagad mé(BE:dEe3rfluirwmt atcuba’qgi fondi6 hours

at 37°CI a&ler mkt e abse ce. ?H egéc'nc%1 ?E‘O"%%nmgﬁ s%{g%%ﬁ&?dsgrﬁ*ﬂ%s were separated

onal ers carr
by ISVSSIDS-PA‘I}E rahg Iirymmbiaﬂmg wAY ek fofra¢d s gt gdanpa:lymonan antibdey to human -

1 S AR SRR R 5Bl g

after mﬁﬁ%ﬁﬁﬁwtﬂ%eruﬁﬂf& Y6 RS\, tﬁ@lﬁmﬁslM@W@ﬁ%lﬁzedet[fensnometry
| es of suitable pharmaceutical carriers ar

mdlcat%fbféletrthw@om un¢eayed i deaved Bal rreas aboytd -2, i @ﬁb@@ﬂo i)r hIGF-
1Ea3mprt wi¥ abl¥ 1 0@8 %Gwﬁlgggatmgmu Bﬁsc'relehﬁ aSHR Eb@g Sdtgle.

ormu atedln acco nce wth routine proce ur S
pharmaceutical conposition adapted for intravenous

7o con BB RGRob B CHRNE SRR et PTG 73E 2t b gt
of cellsin |c6ﬁ:tactt vag?ﬁf Eg@zp?tlgél 0«:22 fr::féaslurdglo @A wede plael&;sfxgﬁramaﬂcc and
maintafslég o lﬁr:%cc)ér%d'ésﬂ Eéra&fagmaﬂlu {D‘?wéw? %t%fﬁp éb%in%f@m Viirﬁgen)

contairfil 10% v&amvmts&m (AMMNEE D, 'mm%ﬂ lhkhigilIRP@RVIBE &M, 108!ug/ml
grade wat er or sali ne. V%ere the co osition Is

streptoaypin i Inyitenger) vy 2 mMeglutamine (yitsogsol | for gpalytieefi AT
phosph‘fyﬁﬁlﬁfoﬁlo{he éﬁj(ﬁ thélmag 8&?4(1' algg dgr?sﬂ% ??0 RS Q\CI}IOd géils r \t)v?lgtr)]f a 6-well

ngredi ents can m xe m ni s
plate aimwenp@bgtmmn gtewt}orhedth ﬁ)m/?ehuulrsn rCatla lweb@stairwcdrfdr dove dioars in

serum-BE¢ efunCing S s BRI PE S e S e G

were 1y88d Hvith PhogphbSafe dufferqTein Bibhaldy) oohtsininghadplsqrbease mhlbltors and
ctearedipygmiigaso R o bgs Taous 4dhssd st tow
AKT 1%@%;%@& gMz@& Bl BIS ANHRE PHAScanFhesphBAK B (Ser473) sandwich ELISA
kit and PathScan 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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i sopropyl am ne, triethylam ne, 2-ethylam no ethanol,

hi sti di ne, procaine, etc. The anount of a pol ypeptide
woRoorheesnventi on which will be effective in tPEI/US2007/070468

treatnment of a condition or disease can be determnm ned

by standard clinical techniques based on the present

description. In addition, in vitro assays nay

optional |y be enpl oyed to help |dent|fy opt|nal dosage

ranges. The precise dose enployed in th
InsR cqi]@rwem Rlated at q,\jiqq51t)apg(b2 @‘}éBe?Fdls Har Velko ab@-m@]l@late and were cultured
in grov@ﬁ gﬂemhﬁ{ 0?511 95‘1.1 fo SEVEPRR q??ﬁul@ qg@%etdhﬂﬁ]ﬁnd then
e according t he j gnent of

stlmulqmda&mh dnfﬁamat hmds aéﬁ‘ﬁﬂC s“mbljoenmues CCEMSU\M@‘B dsed as described above for

wever , sui.t t raveno

the ARTCBHTens R SGOREE mh APRERISlE O bR R Pey putisa
using MfoSaCIio hiﬁnaﬁ‘aQﬂﬁBqﬂthI(BErR knd Qgs‘RiHLt&)ﬂdylt (¥e&.DIBystefnd). t Bl résults

dosage..ranges i.ntranasal__adm nistration e . s
summa@éﬁ’e\n&ﬁlgw @aﬁéBon@iatﬁ@/ak g6y RSrygRir Pplypiptwﬁ/rﬁtgmsawlﬁmty
for the T@Fg Mtcepteh bRELHOURI BIRS BSthERNatEEinSiin RAPIA LGS 16WAinity.

dose-response curves derived fromin vitro or ani nal

nodel test systens. In particular, a possible dosage
Exmnq%%inen can be about 60 to 120 ng/ kg body wei ght,

cut aneous injection, twice daily. Veterinary Uses

A DNA exmekdionhivectot encbdieg afedd 6REREbD pneadswrmoh@dptidﬂfcontaining the

follow B RIS B CERTTOR &1 5t 98 P felfor B3

- mutatiGHOSRBT oY afld HélefiondTRY | afddbletdLs B3V 2t(De. athBeSthlithy This results in

ani mal versus those aninmals suffering froma di sease.
theﬁmAW“&@@@@?ﬁ@ﬁﬁﬂaﬁﬂﬂﬁé“hppropr|ate dosage can easily be
made by those skilled in the art using assays known in
the art, for exanple, the nyoblast proliferation assay

tlcgaelY@mdegﬁ@yptgwg&SManWyfr@plrtlmyqaalkpaksgmerhmquyqppsmk
0 a to
ntksqrrn% gkr{ﬁ%gg‘e%_e)ggia éqggk e rpe'gmma%crgplﬁ%ﬁ;s @sﬁ?ﬁﬁag St hose

in Exanpl e 81. Those skilled in the art wi | recognlze

hat .sone specjes of .animal exhibit seaso t|||
The polypepiiAaBYed RecrargE "o T BopHbES ders Bae idagpmpie | dbove.

Fig. 1E2AA06E GBEMnsREmétry/ iRl Rhted Ba¥ thaRAtRASH UREIcih® téBIéaved IGF-1 was about
ionally include starting the treatnent nethod at a

1:9, wlygébe fatig for hiGFyliEbRmyt wakabghi Ik shewing 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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reproductive cycle in order to achieve the desired

- effect. Those skilled in the art will know that

WO e@roeiess i ve status and cycle can easily be PCT/US2007/070468
.determ ned, and, if desired, synchronized by the use
of an appropriate regi men. Wen used for veterinary
indications, in addition to nethods previously
nmenti oned for human use, the IGF-1 or | G--2 peptide of
the present invention can also be used as an oral

mutatiograf RSA to 4; and dalgiipnof Bl anddeletian ofiS73 ¢i.¢-cthe elas"} dhis results in
| L iaon is further described but not
ﬂwjb“??#%?ggmgggﬁﬁég¥§ﬁ*éﬁ%ru; Exanpl es. Exanpl es Exanple 1
- A DNA expression vector encoding the hl G- 1-Ea

AT AR RN R NCTE T —

tksqrrkgétfeikl (SBQAD W:103nd del etion of E3; mutation ’of R37 to
- A, and deletion of R71 and deletion of S72. These
nmut ati ons are sonetines referred to as "3nmut " _
The pobgé;ﬁﬂﬂ!%%tasstag)&i iﬂragcctﬁ&gncgkv?‘tﬁ tl%sﬂf)@edu 'déscfigétwntlﬁgahﬁlé pﬁoove.
I'Towi ng seCreted protein sequence:

Fig. 1G dndgaebidtabitmeattydnditatedibpt Gy iptionf anglepvgil vaideaved 6B 1rwds about

. 2nmycapl.kpa I ht dppk \Y/ nasr . [
1, wi NS RGBS b D b YOG Rt 2 ISR RObiiians resul
in a stabidized polpegtide) DYEND tdivaces thanthe WIGFf1ECRhutboasiable te activate the

0 m penicillin, and 10 / pt anyci n and
1GF- 1R selplat paiay G ity e a5 g Biredit TQF T BPSRE tapid] Sagent and
the recdiBifgnt3EFL1. QHlBAFEIES NEdRa in'FE S Bft@Hshwshihat hIGF-QEc3mut led to
expressi on gLasn1d usi ng Fugene (Roche) accord

ng to
AKT phespheratation.e Fhesresyltsispmatarigersin Figgehf and dBrindignte that this IGF-1
- S| . | . r
precurBE BAIYbERP ks ReifERY 108 HEE. NREARG 030 Bin ¢ i Ehed
insulincedeptoc et lamdffsityr ed at -80C. I n order to assess
pol ypeptide stability in human serum supernatants
collected fromthe Cos7 cells transfected with
ExampWd4 d-type (W) hl G--1Ea, and hl GF-1 Ea3nut were
“incubated for 16

hoyr
~ A DNA expression vector encoding HmeSBIGF-I-Eab chimeric precursor polypeptide containing

the following modifications to the hIGF-1-Eb peptide was constructed: deletion of G1, deletion
of P2, and deletion of E3; mutation of R37 to A; deletion of R71 and deletion of $72 (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:

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktgkyqppstnk
nasrgsagnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID 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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at 37C either in the absence or presence of 10% human
serum (Signma). Sanples were separated by 18% SDS- PAGE,
w@na7iteesobl ot ti ng was performed using goat poP@LIUSINAT/070468

antibody to human IGF-1. The results in Fig. 1A
indicate that, while the wt hl G-I Ea was substantially
degraded after incubation with serumfor 16 hours, the
hl G--|1 Ea3nut was stabilized. Densitonet ry [ nd| cat ed

at the rati o of uncl eaved to cleaved | GE-1 was about

t
IGF-1. 1L'hg results pymmanzed in Eigs G gpd 41 @droeg?sfh%}tth%@F elli’é‘ifﬂ"sor

polypeﬂtl r@cgms %&mcﬂg £l IGIh-@ $& Pt Ad RRS nBtea%H{/zite tH& ifsulin receptor.
stabilized pol ypeptide. To confirmthat the

hl G- | Ea3nut was able to signal through the IG-I1R

. Exam;fég phosphoryl ation of cells in contact with the

ypepti de was neasured. C2Cl2 were purchased from
A DNAAKpEEssina vemondnaddirglthie ﬂnIGBI1kiﬁr:moltmeﬁrptéicﬁﬂsaoboﬂingﬁades,comaining

medi um wi th high Iuco Vltl‘
the olIGB ReT RS TOO PR B oW S CLnf AR elsien PAES,
deletioP8R 94, ldbletior MFB’I HQG@&H of }ﬂ-’/qodcﬂ%dﬁ‘ ofS'?Q SR RHFY ©F the last seven C-
Inwtrgjg }3 Iutamne (InV|trogen) For

terming) aainpsicds dpﬁﬁ?ﬁtﬂﬁ‘d@ yhedt-tesminus é theprmegurios of tvqaddisional
Eb pepgbe%tb%ﬁm ﬁith(ﬁlt g]% i1t%d %52 gll'ldl'ést)% T b& V\rfalllgxﬁfng:’ﬂgir%g ]@ﬁ’(i g)élrth

ate an were cartured in gro
and ﬁnaidih}xzptldbi’vitboumed{ﬁt and\83d. Fig 6Achowhosrhsmatc dewing diitlee

2di,um and .t hen. sti.nul at h different |igands at
consinlgh RN i R To BN RERE&ble™ SlSiRE T Poaphosat e
buffer (Cell Signaling) containing various prot ease :

‘{lﬁ i bi tors and cl eared by C&ﬂ”' fugatl on at 14,
ticgaelydgfafyegdrgfyfnketgy seesangisivaree st |sAuFeRl 'éﬂaukwragﬁladmaktakyqppsmkm

ksqrrk%m‘%g@dk%r s‘grrg%ggéq%ggﬁﬁr\%%éﬁmlhl S q‘g'%gdkgg‘t%r}%kgw kthpggeq
kegteashq(ngkkmgsmaavrsmhmmpl@c(kemppsakgﬂ@anl@pktfrp@g%@gfﬁmlsgkkkeqrr

sl RIS AP e TR BB

(SEQ IBAd¥OMaj e the G- 1R cellular pathway to a simlar
extent as the long-R3-1G-1 positive control reagent
and the reconbinant 1G=1 . In addition, the data in

This po'?'y;@pu& Wiy R6febitd ShAVAKITTpAbsphbidfatiobagy s Hedriba 1APE-ﬁample 1.
phoryl ation. Next, to ensure that the rece

Fig. 5 1§‘E>‘é%‘F$ thafj this hiF 1 Heb mpltimer pasalle to sighgl Hvéwgmtbw(?lhéf{ pathway.
| G- 1R

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:

tlcgaelvdalqfvegdrgfyfnkptgygsssapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktgkyqppstnkna
srgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:13)
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various |ligands were added to cultures of N H3T3
~overexpressing either IG-IR or insulin receptor
W@ bwgR)6689These cells were cul tured under the sSBEEUS2007/070468
conditions as descri bed above for Cos7 cells. For
anal ysis of 1GF 1R and | nsR phosphoryl ati on,
NI H3T3- 1 GF1R and N1H3T3-1nsR cells were plated at a
density of 0.2 x 106 cells per well of a 6-well plate
and were cultured in growth mediumfor 24 hours. Cells
were starved for 18 hours in serumfree nedi um and
Exmndgnwlstinulated wth different |igands at 37C for 10
mnutes. Cells were |ysed as descri bed above faor the

A hIGIARE regprssar pelypeptids @f thernvention Bavirgsthe fpllospnempfidicatiss can be

s S LRIBLIGR S o) 2 YRS o S i

of R68rasd delegorsefideh. | Thesiresultshn ge. followiag decBi®ed prafedrmseguerigat

this 1G--1 precursor polypeptide retains specificity
for the 1GF-1 receptor and should bind to the rel ated
ayrtlcgglsdtld ficddegreRipasrviviasrpive evafraddidl iRty ytpakssestiptd pdn fpryphtk fiqydtwkq
XRr essi vect or encoding the hl G-- 1- ecur sor
sl s e TR 0P Bt Ty ST RDE v
constructed: deletion of A, deletion of P2, and

del etion of E3; nutation of R37 to A, and deletion of
Example7§ and del etion of S72 (i.e., the "3mut"). This

R e A A
expressy claletifupakS hunddpldtiod o PR prkytapes of i3 to X where X is a nonnatural

. nt. rek kt hpggegke | gir eqrr ei gsrnaec (
amino egé%)qa't 5 ;%gr)l%egqrﬁgtag%r} gt;lg%f tP%% aagglcﬁ % m a(§/ égﬁi aﬁg%efeglé# %72.
This re36lé0in disfoowiniglRedrbted prodsig sbguecedescri bed in Exanple 1

above. Fig. 1B and use of densitonetry indicated that
the ratio of uncleaved to cleaved | G-1 was about 1:9,

thcga%ﬂil&fv‘bgkﬁﬁfyﬂkp@gyfgﬁsraﬁﬂ) v ER B0 rreAS capPPdksadiagrhtdmpktqkevhikna
show ng that these nodifications result in a
ﬂgﬁ%&bﬂbﬂKgE@dDﬁﬂPyébptide. Fig. 2B indicates that the
hl G--1 Eb3nut was able to activate the IGFIR cellul ar
pathway to a simlar extent as the long-R3-1G--1
Exampesi-78 (e=deletiorgl reagent and the reconbinant 1G--1. In

di-ti ,H%?e g ita in E.g. 5 directly shows that
9 hIGﬁﬂCﬁq'lbgg]S - 31?3 AAPQ?ﬁhosphor ylation. The results
summari zed in Figs. 3C and 3D indicate that this |G-
tlcgaelvdalqfvegdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksasvragrhtdmpktqgkevhlknas

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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precursor polypeptide retains specificity for the
| G~-1 receptor and should bind to the related insulin
wo ewepi@sd with | ow affinity. Exanple 3 A DNA eRE@I/ESHOTOT0468
vect.or encoding the hl G- 1- Ec precursor polypeptide
containing the follow ng nutations was construct ed:
deletion of A , deletion of P2, and deletion of E3;
nmutation of R37 to A, and deletion of R71 and del etion
! Thi s resul nth '
tlcgaelngllqfmﬁdf:gjy@ggtlgﬁgsggr?ﬂq&lg?eﬁc g@ luxgcﬁmécap paksavraqr%tdmpktqkevhlknasr
gmgm&&ﬁﬁéﬁj gykmjmggdrgfyfnkptgygsssrapqtglvdeccfrscdlrrle
aplkpaksavraqrhtdnpktqkyqppstnkn tksqrrkgstfeerk
(SEQ ID NO 10) The pol ypepti de was assayed in -
o~ d@ggp, ht i, . ures described in Exanple 1
ll)thgggéf |g4&?d&§% J%é%%?qdensitonetry i ndi cated t hat
the ratio of uncleaved to cleaved |G- was about 1:5,

tlcgael%@pﬁﬁﬁééggéggﬁgﬁ:qeegf?ﬁ%gﬁrtsl‘er\ﬁgcéa%B%fl'lstﬁsviaqght%r%pktqkevhlknas
rg%%nﬁbagqgggqglpgnypept|de Fig. 2D indicates that the
'GF-1 Ec3mut was able to activate the G- 1R cellular
pathmay to a simlar extent as the |ong-R3-1G--|
iV, r TIEPOe nd the reconbinant 1G--1. In
12)hKﬁQ3§%ﬁé§BP?ﬁ2’ a%a I'n E%ZQ 5 directly shows that
hl GF-1 Ec3nut | ed to AKT phosphorylation. The results
4A .a B i.ndi j
tegael SRIRL AT P roanl i Qe 2ol e @b fp b Bhaddbbifipb ok vhiicns
rgsagnkitsfrml (SEQA@PNO20and shoul d bind to the related insulin
receptor with low affinity. Exanple 4 A DNA expression
vector encodi ng the hl G--1-Eab chineric precursor :
13) h]@pJ]thQMGﬂQPQOREgIARﬂQARhQ followi ng nodifications to
the hl G- 1-Eb peptlde was constructed: deletion of G,
del etion of P2, and deletion of E3; nutation of R37 to
B
gsagnknetnE$HQ AXiNWI2hici ds 95 and 96 of Eb. The insertion
creates a putative N-linked glycosylation S|gnal at
N92. This results in the follow ng
14) hIGF-1-Ea: AGI, AP2, AE3, AR37; AS72

tlcgaelvdaquvcgdrgfyfnkptgygsssrapqtgivdeccfrscdlrrlemycap_lkpaksarvraqrhtdmpktqkevhlknasr
gsagnknyrm (SEQ ID N0O:22) | B

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

tlcgaelvdalgfvegdrgfyfnkptgygsssrapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktgkevhlknasrg
sagnknyrm (SEQ ID NO:23)

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

t1 cgael vdal gf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rr
wepycapekpaksavr agr ht dnmpkt gkygppst nk PCT/US2007/070468

nasr gsagnknt ksqrr kgwpkt hpggegkegt easl qi r gkkkeqgrrei gsrn

aecrgkkgk (SEQ ID NO'1 1) The pol ypepti de was assayed

i n.accordance with sone of the procedures described in

Exanpl e 1 above. Fig. 2C indicates that the

h - | Eab3put was abl e te the lG--1R cell r
tegaellalqTygapral Py e s Bt et ﬂayqaaﬁaa'ﬁésvr@fﬁtﬁmp%qﬁyqppm
kntksqRRSVPKtN S eE R tedIqi tei @RthebraRk JkQSBUIIDTRO4GE The

* e§t§t§ﬁ§dﬂ§§f.z% nagi.gi 4égaﬁ%ﬁ4D i ndi cate that

this I G-I precursor polypeptrde retains specificity
17) niGR-E G CAph, RESARIAN. g does not activate the

insulin reéceptor.” Exanpl e 5 A DNA expression vector

encodi ng the hl GF-1-Eb nul ti mer precursor polypeptide

| tlcgael&%n%tﬁ?ggﬁgr}g@H(agyg%%e}r@qt%gdeg?ttrsfggirﬁggyé“?ﬁ(g&%&lﬁf‘i‘%ﬁtﬁ%ﬂktqkmppsm

kntksqdﬁ%\epktﬂﬁgg@ékegﬁﬁslqﬁiglkﬁéqrﬁaﬁgsﬁﬁaeagﬁkgldSEQ TIDONOSS) R71,
del etion of S72, deletion of the | ast seven Cterm na
-am no acids of Eb; and insertion to the Cterm nus of

18) hIGfUISEH”@Ger ABB: Ry addit i onal Eb peptides both
thout the R71 and S72 and | ast seven C-ternina

anrno acids and a fourth and final Eb peptide w thout

togacty Mg e B0 RlS e o U PR A I o A MBI Rhcyappsin
kntksqp‘kgrlvﬁl'{thp@ql@masiq1rgkkkeqrre1 gsrnaecrgkkgk (SEQ ID NO:26)
t | cgael vdal qf vcgdr gf yf nkpt gygsssapqt gi vdeccfrscdl rrl em
ycapl kpaksavr agr ht dnmpkt gkygppst nknt
19) hIGBJLEk oN@ Kt Avpg aggkretcasd i r gkkkeqr rei gsrnaer svraqrhtd
npkt gkyqgppst nknt ksqgr r kgwpkt hpggeq
kegt easl gi r gkkkeqrrei gsrnaer svragr ht dnpkt gkygppst nknt k

caplkpak arvra rhtdmpktgk stn

ﬂcgwﬁ@&i%ﬂ%grsvraaﬁﬁtdnﬂ%ﬁqk@%ﬁgg?EE%? sprPkap Kkt pgggqqeé(qpp
kntksqtré&a\srplthgﬁmm@ﬁaslerrgléqure@gsgka@grg ke D\DBO 2R) This

pol ypepti de was subjected to an AKT phosphoryl ati on

assay as described in Exanple 1. Fig. 5 indicates that
20) hIGRilsEth| 851, 1AY Al RBTAerARMES ASBR e t o signal through the

| G-- I R pathway. Exanple 6
tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavraqrhtdmpktqkyqppstnk

ntksqr_rkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:28)
21) hIGF-1-Eb: AGI, AP2, AE3, AR37; AR71

tlegaelvdalqfvegdrgfyfnkptgygsssrapqtgivdeccfrsedirrlemycaplkpaksasvragrhtdmpktgkyqppstnk
ntksqrrkgwpkthpggeqkegteas‘lqirgkkkeqrreigsmaecrgkkgk (SEQ ID NO:29)

22) hIGF-1-Eb: AG1, AP2, AE3, AR37; AS72
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A hl GF-1-Eb precursor polypeptide of the invention as

shown schematically in Fig. 6B can be expressed. This
w@omnstisaess contains the foll ow ng nodificati onBCT/US2007/070468

del etion of G, deletion of P2, deletion of  E3,

del etion of R36, deletion of R37, deletion of R71,

del etion of S72; and the insertion of Ea am no acids

93- 102 between anino acids 95 and 96 of Eb, thereby

creating an N inked e at

0s | on si
ticgacl vidglafraedratyfrkptgy gseen %V&%C%ﬁg gy SRikRgksa ?OéthH‘PE‘qEQQPPSmk
ntksqrr%\%l&fgfg\gégﬁgﬁggﬁi dgkkke rrelgsmaecrgkkgk (SEQ ID NO:30)

fvcgdr n kpt gygsssapqt gi vdeccfrscdl rrl em
ycaplkpaksavraqrhtdnpktqkyqppstnkna

23)hK§{ E%ggkggéégf 3§Ex§%%$%t$ailziLgéérgegreigsrnae__

precursor polypept|de of the invention having the

n di fications, ca expresse
tegaelyshlaryarty BRPigY e SEaP AT TR P BRSPS appsk
tksqrrk%%ﬁkthﬁgg%qk%'f@s qg‘Fl@@lde e1?§mﬁ@€gkﬁ@d($ﬂi B NoB pf D69.

his results in . oW ng secreted protein
sequence ayrtlcggel vdtl gf vegdr gf yfs f
A8 eLES ITSAl. ghjetycatpaksevstpptvlpdnfprypvg
24)hK%5? q&i%Aggqrﬁéggﬁbal [ rarrghvl akel eaf reakrh f
Ilalptqdpahggappenasnrk (SEQ ID NGO 14) Exanple 8 A ,
ecur sor ‘ | Al
tlcgael}z]%\/ﬁ:fﬁc‘ggd{%‘éprq(g gy%sssarzaﬁrﬁj%{%t%?%%gﬁrl8%yr%tEﬁ(gél@({sq)?&cg@ampktqkyqppstn
kntksqetRE®leb@SEO I0N@s3d) del etion of P2; nutation of E3 to X
where X is a nonnatural amno acid that is pegyl ated;
nmutation-of R37 to A, and deletion of R71 and del etion

25) h1GF-12 - Ad’hrﬁnzrgEng%A{ rAstybe foll owing secreted protein
sequence:

XtIcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrr

ucgaerbﬁ%@g@ﬁ@%g gﬁq‘i’%&%%f&\ﬁgh%ﬂ?c grk§§ %@}f@gggqppsm

kntksqEMedstfeBRASEQHBD, N@36A;, DR71
tIcgaelvdalqfvcgdrgfyfnkptgygsssarapqtglvdeccfrscdlrrI»
enycapl kpaksasvr agr ht dnpkt gkevhl knas

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

tlcgaelvdaquvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk
ntksqrrkgstfeerk (SEQ ID NO:34)

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

tlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccirsedlrrlemycaplkpaksasvragrhtdmpktgkyqppstn
kntksqrrkgstfeerk (SEQ ID NO:35)

28) hIGF-1-Ec: AGI, AP2, AE3; R37A; AS72
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rgsagnknyrm (SEQ I D NO 16) 10 WG~ I-Ea: DGL, DP2,

DE3; R36A; DS72
\thmgaa%&ﬂalqfvcgdrgfyfnkptgygsssarapqtglvdeccP@HUﬁumem«m

enycapl kpaksar vr aqgr ht dnmpkt gkevhl knas rgsagnknyrm ( SEQ

ID NO 17) 10 WG--1-Ea: DGl, DP2, DE3; R36A; DR71,

DS72t | cgael vdal gf vegdr gf yf nkpt gygsssar apqt gi vdeccfrscd

I rrl enycapl kpaksavr agr ht dnpkt gkevhl knasr gsagnknyrm

11) hl 1-
tlcgaelﬂgﬁ%cg?rg@nkptg gSSST: apqtgclz\'ffieccfrscd1rrlPGlycaBEpaksarvraqthgmé(tqkyqppstn

h“hmﬁﬁégggky qby@gggpfyfnkptgygsssraapqtglvdeccfrscdlrH
emycapl kpaksasvr agr ht dnmpkt gkevhl knas rgsagnknyrm ( SEQ

I D NO 19) 12) hl GF-1-Ea: DGl, DP2, DE3; R37A; DS72

.29)hK%J?$%e%k gﬁ%ﬁgﬁ@gﬁ¥dg ggg §@§sraapqtg|vdeccfrscdlrH

sa?vraqrh evhl knas rgsagnknyrm ( SEQ
IDNOZO) 13) hIGFlEa DGl DP2, DE3, DR37; DR71

s B R TP BSRO FALE fn

ntksqrrk%ltﬁ@rthQEQ]lﬂ))NOB@f 1-Ea: DGl, DP2, DE3, DR37; DS72
gaelvdalqfvcgdrgfyfnkptgygsssrapqtglvdeccfrscdlrrIe
nycapl kpaksar vr aqr ht dnpkt gkevhl knasr gsagnknyrm ( SEQ

30)h1%#§]7-§9 201, hph, RESFARE7ERR7PGL,  DP2, DE3; DR37; DR7I,
t | cgael vdal gf vegdr gf yf nkpt gygsssr apqt gi vdeccfrscdlrrie

tlcgael%‘fcg%glﬁg%k t%%\ﬁtré%g prtgg &ﬁk{s Egyﬁnasr ll%%%%ls(\%qrmdgn%ﬁgkyqppsmk

nﬂmqmﬁ@iﬁka@E@HEdﬁOQRycgdrgfyfnkptgygsssarapqtg|vdeccfrscd
I rrl enycapl kpaksasvr agr ht dnpkt gkygppst n
knt ksqgr r kgwpkt hpggegkegt easl qi r gkkkeqgrr ei gsr naecr gkkgk

31) hiGIRER AANDAPS) AE3, AR37, AST2

tlcgaelvdalqfvegdrgfyfnkptgygsssrapgtgivdeccfrscdirrlemycaplkpaksarvraqrhtdmpktqkyqppstnk
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

ticgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksasvraqrhtdmpktgkyqppstn
knasrgsagnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:41)

34) hIGF-1-Eab: AGI1, AP2, AE3, AR37, AR71
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17) hl G--1-Eb: DGl, DP2, DE3; R36A; DS72
t1 cgael vdal gf vcgdr gf yf nkpt gygsssar apqt gi vdeccfrscdl rr
wepgocapiekpaksar vr aqr ht dnpkt gkygppst n PCT/US2007/070468
knt ksqgr r kgwpkt hpggegkegt easl qi r gkkkeqr r ei gsmaecr gkkgk
(SEQ I D NG 25) 18) hl GF-1-Eb: DGL, DP2, DE3; R37A;
DR71
t | cgael vdal gf Vcgdr gf yf nkpt gygsssraapqt gi vdeccfrscdl rrl
caplkpaksasvraqrhtd kt gkygpp
Uogael g HTAGTBR MRS st Rk Re PP ssmbidrkigkappsink

nasrgsa%@?%éqgkgpplgtﬁﬂgglzgﬁegﬂ:'agﬁlréklg(@qrr%aegpgﬁkng BPrR6:42)

tIcgaelvdalqfvcgdrgfyfhkptgygsssraapqtgivdeccfrscdlrH

‘35)h“ﬁﬁ¥§?§T?E§m§E§%L 353 é&gréﬁfgiiﬂeqrrelgsrnaecrgkkgk

(SEQ I D NG 27) 20) hIGF 1-Eb: DGl, DP2, DE3; R37A

DR71, DS72 _ i v o
tlegaelydaldirediaianbprovgarergrsndse g dedsmysapikpksarragrtidupltayappstn
kkgk (SEQ ID NO:43
]qmmgggys rrkgmpétﬁ%%gquegteaslqlrgk%keé??%l%sangécrgkkg&
(SEQ | D NO 28) 21) hl G- 1-Eb: DGl, DP2, DE3, DR37;

36)hK5BZé§gi€é%f F%égzfgpgéhﬁszﬁygsssrapqtgivdeccfrscdlrrle
nycaplkpaksasvraqrhtdnpktqkyqppstnk
e D5 R S PRSP

knasrg@%ﬁla{tkéa%gwﬂﬁbgg‘eqﬁ@wagﬁugm&kaqwwm&@ﬁgwammﬂm|
rrlemycapl kpaksar vraqgr ht dnpkt gkyqgppst nk

nt ksqr r kgwpkt hpggeqgkegt easl qi r gkkkeqrr ei gsr naecr gkkgk
37) hI(E)Fg%a‘oDAI@Q 28}, 23, As@Fad7Eb: DGL, DP2, DE3, DR37,

tIcgaelvdalqfvcgdrgfyfnkptgygsssrapqtglvdeccfrscdlrrIe

tlcgael%i%??ggg%\ﬁﬁr@v%égssprtﬁlgcb 1VE1 %’rlgtfrﬁg &I&E&l’p kéxakss?mg htdnl?[l(ctcﬂ(yqppstnk

nasrgsz(giiE@k&dﬂ“ﬂ@m@kﬂap@ée)qkéﬁt%}q]rgﬂdceqBagsmm@kkgEBSE@BBAIO m7 1
t 1 cgael vdal qf Vcgdr gf yf nkpt gygsssar apqt gi vdeccfrscdlrrl -
enycapl kpaksasvr aqr ht dnpkt gkygppst n knt ksqrrkgst f eerk

38) hIG R D A, 32D, AE3; R36A; AR71, AS72

tldgaelvdalqfvcgdrgfyfnkptgygsssarapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkyqppstnk
nasrgsagnkntksqrrkgwpkthpggeqkegteasiqirgkkkeqrreigsraecrgkkgk (SEQ ID NO:46)

39) hIGF-1-Eab: AGl1, AP2, AE3, AR37, AR71, AST2

ticgaelvdalqfvegdrgfyfnkptgygsssrapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpkigkygppstnkn
asrgsagnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:47)

40) hIGF-1-Ea: AP2, AE3; R37A; AR71, AS72
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25) hl GF-1-Ec: DGl, DP2, DE3; R36A; DS72

t| cgael vdal gf vegdr gf yf nkpt gygsssar apqt gi vdeccfrscdlrrl
wepgocapiekpaksar vr aqr ht dnpkt gkygppst n knt ksqr r kpST/U/80%070468

(SEQ I D NG 33) 26) hlGF-1-Ec: DGl, DP2, DE3; R36A

DR71, DS72

t1 cgael vdal gf vcgdr gf yf nkpt gygsssar apqt gi vdeccfrscdl rr

enycapl kpaksavr agr ht dnpkt gkygppst nk nt ksqrrkgst f eerk

gtlcgaeBgElﬂfvcgdrNgl l?;?tgygs srag&)%fv]dég%sc%mylgg}%kpaliglszézv;raqﬁtéébktqkevhlkna

srgsagrﬁ(h?&?@E@'ﬁb aforegydr gf yf nkpt gygsssraapqt gi vdeccfrscdl rrl
enycapl kpaksasvr aqgr ht dnpkt gkygppst n knt ksqrrkgst f eer k
~(SEQ I D NGO 35) 28) hlG--1-Ec: DGl, DP2, DE3; R37A;
l e Aogangh¥Tnkpt gygsssraapqt gi vdeccfrscd
41)hKﬁﬁgﬁ%ngggb#quisarvraq?htdnpktqkyqppstn
knt ksqrrkgstfeerk (SEQ ID NG 36) 29) hl G- 1-Ec: DG1,

sogae Blg R Gy F e LTl R e dgliskyaprse

kntksqﬁnwlﬂ@lhﬂg@adﬂ&gteaﬁqrgmcdemfeﬁg};h)aqagsltngSEQldﬁqNOklgsst feerk
(SEQ ID NO 37) 30) hlGF-1-Ec: DGl, DP2, DE3, DR37,
DR71

42) hld‘.ﬁ-@‘ @ﬁhmﬂ{eﬂf VRSO APh Y ABKIR MO SKEb@RIM GASTE Af-fesii 0l aa)-EB(AR 71,
Ikpaksasvraqrhtdnpktqkyqppstnk nt ksqrrkgstfeerk
AS72)(SEQID NG 38) 31) HGF-1-Ec: DGL, DP2, DE3, DR37, DS72
t | cgael vdal qf vcgdr gf yf nkpt gygsssrapqt gi vdeccfrscdlrrle
nycapl kpaksar vr aqr ht dnpkt gkygppst nk nt ksqrr kgst f eer k
tlcgael(«%@vtgdr@i@l‘r{k@@gy@%}rabﬂcﬂ}iv@c&ﬁ{@d]rt@ycaptk@aks@a@qrhngml@tqkyqppstnk |
ntksqrrggwg%theghgseg eglte%%zgggljk %qrarléa}gsgrr:;’ae]\'/(r)a%rhqgm&ﬁal&q%Sstglélt@aq'kg\gpkthpggeq
kegteaﬁlhEg@%%ﬁﬂﬁ%ﬁ@d%mﬁl&&ﬂ%gygﬁ&ﬂaqﬁbgmgdtlm&eqkegwasjq1rgklkkeqrre1
f paksasvra rhtd ﬁ} qﬁ?
gsmaevraqrht mpktqkyqppstnkn sqrrkgwpkthpgge egteaslqlrgkkkeqrrelgsmaecrgkkgk (SEQ

ID NO:50)

43) hIGF-1-Eb multimer: (AP2, AE3; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71,
AS72)

gtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavragrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpgge '
gkegteaslqirgkkkegrreigsrnaevraqrhtdmpktgkygppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrr
ei gsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk
(SEQ ID NO:51)

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

gtlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrsedlrrlemycaplkpaksavragrhtdmpktgkyqppstn
kntksqrrkgstfeerk (SEQ 1D NO:52)
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knasr gsagnknt ksqgr r kgwpkt hpggegkegt easl qgi r gkkkeqrrei gsr
naecr gkkgk (SEQ I D NO 40) 33) hl GF-1-Eab: DGL, DP
WOER7/1R85A; DR71 PCT/US2007/070468
t | cgael vdal qf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl
enycapl kpaksasvr aqgr ht dnpkt gkygppst n ‘
knasr gsagnknt ksqgr r kgwpkt hpggegkegt easl gi r gkkkeqrrei gsr
naecr gkkgk (SEQ I D NO 41) 34) hlG-1|-Eab: DGL, DP2,

DE3, DR37, v '
45) hIGhrl-Ep) dFdeR3U AR T §873f yf nkpt gygsssr apqt gi vdeccf rscdl
rrlenycapl kpaksasvr agr ht dnpkt gkygppst nk

nasr gsagnknt ksqr r kgwpkt hpggegkegt easl qi r gkkkeqrrei gsrn
gpticgaglydalghikghre (YSEQ@tgyDsIN@apgEivaee m&bmyMpamyraqmpktqkevhlkn

3. .
asrgsagﬂqf%%ggé\%@alldﬁé?g&r gf yf nkpt gygsssar apqt gi vdeccfrscdl rrl
enycapl kpaksar vr agr ht dnpkt gkygppst n :
Knasr gsagnknt ks t hpggegkegt easl qgi r gkkkeqrr ei gsr
46) hl(ifag'&bg@gkl‘?é‘td%ﬁf%e 3) 36) hlGF-1-Eab: DGL, DP2,
DE3; R37A; DS72

t | cgael vdal gf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rr|
gptlcgaelvylelachz@rgtbg@lfmm?srﬁamﬁswq%?rq‘fs%@mycap?kpaksavraqrhtdmpktqkyqppst

B S T e T

DE3, DR37, DS72 :

_ el vdal gf dr.gf yfnk S gj v4le rscdlr
47) hlc}#y-i%%l 'R‘Hgli?&\r chlq pﬂ%g&%{?{f%ﬂ%@@@l@{% AYPE QLR 9 abf-EB AR,
AS72) nasr gsagnknt ksqr r kgwokt hpggeqgkegt easl gi r gkkkeqrrei gsrn
aecrgkkgk (SEQ I D NG 45) 38) hl G- 1-Eab: DGL, DP2,
DE3; R36A; DR71, DS72 ‘

tlc gaelg&r?y‘?cgg%d{%’g{?ggﬁ\%g%&3%rﬁ{%lﬁgg%g%%gﬁlgﬁ%ﬁﬂﬁ(ﬁb]&égﬁﬁ%’f&rﬁiﬂc{whppsmk

ntksqrikgwpkibpgpakiregicssinirgidkpia digagepstteaditdrapital agriukatsaekespkthpegeq
kegteasgﬁgléﬂg%grkﬁi&%ﬁ%&%ﬁ%‘@kyﬁgastﬁh%qéﬁg%@p%hp‘ggéqkeB%’Zs]qirgkkkeqrrei

gsrnaetraqraipketdyqppsetdiadylgvaitipy geksgapttigkikieceigssaeirghikdge (SEQ
I gaplkpaksavraqrhtdnpktqkyqppstnkn_

H)NOE% gsagnknt ksqgr r kgwpkt hpggeqgkegt easl qgi r gkkkeqrrei gsrna
ecrgkkgk (SEQ ID NG 47) 40) hl G- 1-Ea: DP2, DE3; R37A

DR71 _
48) hiGs T ddy melgmer-y (didgRI EQUP HERART bt dsAS rterp 4 ey rRRIARZHAY2).

dl rrl enycapl kpaksavr agr ht dnpkt gkevhl kna srgsagnknyr m

(SEQ I D NG 48) : _
gptlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktqkyqppst

nkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpg
geqkegteaélqirgkkkeqrrei gsrnaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeq
rreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk
(SEQ ID NO:56) . -

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

gptlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavragrhtdmpktgkyqppst
nkntksqrrkgstfeerk (SEQ ID NO:57)
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41) hl G- 1-Eb: DP2, DE3; R37A; DR71, DS72

- gtl cgael vdal gf vcgdr gf yf nkpt gygsssraapqt gi vdeccfrscdlrr

wo eowyaapBkpaksavr agr ht dnpkt gkygppst n PCT/US2007/070468
knt ksqgr r kgwpkt hpggegkegt easl qgi r gkkkeqr r ei gsr naecr gkkgk
(SEQ I D NG 49) 42) hlG-1-Eb multiner: (DGL, DP2, DE3;
R37A) - 3XEb(DR71, DS72, DC-term 7 aa)-Eb(DR71, DS72)
t | cgael vdal qf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl
enycapl kpaksavr aqgr ht dnpkt gkygppst nk
nt ksqr r kgwpkt hpggeqgkegt easl qi r gkkkeqrr ei gsmaevr aqr ht dm

50) hlcnki%ymsmmtmm Wsgapkt hpggeq

egteaslqlrgkkkeqrrelgsrnaevraqrhtdnpktqkyqppstnkntksq
rr kgwpkt hpggegkegt easl gi r gkkkeqrr ei

B

asrgsagnkFrail(SEQ) WUNO:¥9r: (DP2, DE3; R37A)-3xEb(DR71, DS72,
-~ DC-term 7 aa)-Eb(DR71, DS72)
gt | cgael vdal qf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rr
51) hiGEmER N B RRIAY ARAT,MSTIPKt gkygppst n
kntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsrnaevraqrht
dnpkt gkyqgppst nknt ksqgr r kgwpkt hpgge

gptlcgﬁmgm?%%igig%E@E&ﬁpﬁ@ﬁm@c\fi’s@&Hmkﬁﬂki’ﬂ@&ﬁhtﬂk@kiq&yqppst

egt easl gi r gkkke
nkntksenrl@vm@mggaﬁqeme@ﬁiwr@kdjkwwwmmgk@ﬂ(w&m9682;eqkegt e
asl gi r gkkkeqrrei gsrnaecrgkkgk (SEQ I D NO 51) 44)
hl G-- 1-Ec: DP2, DE3; R37A; DR71, DS72
52) hiGE1 ra AR R3GAy ABAT .gSS/Rhk pt gygsssraapqt gi vdeccfrscdl rr
| emycapl kpaksavr agr ht dnpkt gkyqgppst n knt ksqgr r kgst f eerk
(SEQ I D NO 52)45) hl GF-1-Ea: DE3; R37A; DR71, DS72

gptlcgﬂﬂwciaﬁﬂa%kibgiﬁﬂnﬂﬁtw@dfr@fpmfmt@msmemmkmmd\eacuﬁtdsmﬁtqkyqppst
% kﬁaksavra rhtdnpktqkevhlkn asr gsagnknyrm ( SEQ
nkntkSHDkN@e? NSER)IDH el 2L Eb: DE3; R37A; DR71, DS72

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

gptlcgaelvdalgfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavraqrhtdmpktqkygppst.
nknasrgsagnkntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsrnaecrgkkgk (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 |
geqkegteaslqirgkkkeqrreigsrnaevragrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslgirgkkkeq
rreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteasIqirgkkkeqrreigsmaecrgkkgk '
(SEQ ID NO:62)

55) hIGF-1-Ea: E3A; R37A; AR71, AS72
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gptlcgaelvdalqubgdrgfyfnkptgygsssraapqtglvdeccfrscdlr

r1 emycapl kpaksavr agr ht dnpkt gkygppst
\Nmkmmhgqmrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsrh@BUSQMWgN«%

k (SEQ ID NO 54) 47) hIGF-1-Eb nultiner: (DGL, DP2,

DE3; R37A)-3xEb(DR71, DS72, DC-term 7 aa)-Eb(DR71,

DS72) ‘

t | cgael vdal gf vcgdr gf yf nkpt gygsssraapqt gi vdeccfrscdl rrl
~enycapl kpaksavr agr ht dnpkt gkyqgppst nk

gpatlcgnqlk@nfwmp@fmﬁp@gwﬁr@m%md Em@kﬁe‘awa@i@gk%@qwm@wvhlk

nasrgsa{gﬂﬁi llﬁy(sqlafﬁg)rk}ﬁg ?qr rkgwpkt hpggeq

eas rei gsr naevr aqr ht dnpkt gkygppst nknt ksq
rrkgmpkthpggeqkegteaslqirgkkkeqrre

36) i) e o AR AR B Bk g SEQ 1D N> B5) 4Gy o eas
hl G- 1-Eb nul ti ner: (DE3 R37A) 3xEb(DR71, DS72, .
DC-term 7 aa)- Eb(DR71,

gpatlcggﬁvd%@%égdra%ﬁm&ygww%ﬁkw&w@?lﬁ&ﬁ@i@?‘@&é@sﬂ?%ﬂﬁqkwpps

mMtkﬁbﬁgﬁg%?}%%@@%%@églggé%ggm&%%&%Qﬁéﬁes (}43 rQr Ié)l BI? rérit aevragrh

t dnpkt gkyqgppst nknt ksqr r kgwpkt hpg

gt g [ |gsrnaevraqrhtdnpktqkyqppstnknt
>7) b sgﬁkﬁ%kb?% égégig%ge@y gi r gkkkeq
rrei gsrnaevraqgrht dnpkt gkyqgppst nknt ksqr r kgwpkt hpggegkeg

gpatlcgtqglgﬁal g'&gﬁg@&&g&%ﬂ%&%g%%w %Exgycaplkl})g(savzaqlf}\tampktqkyqpps

tnhﬁh%ﬂkh&ﬁ%%l Q{mjwbgg5gfyfnkptgygsssraapqtglvdeccfrscdlr
rl enycap aksavr agr ht dnpkt gkygppst nknt ksqrrkgst feerk
(SEQ I D hK)S?)SC» WGF- | - Ea: DE3; R37A; DR71, DS72

l.cga d v nkptgygsssraapqtgivdeccfrstIr
58)hK%pEE%g %PébRE2§V§§gLQ$%E kt gkevhl kn asr gsagnknyrm ( SEQ

IDN058) 51) hl G~ 1I-Eb: DE3; R37A; DR71, DS72

gpatlcg%? lﬂégg %ggﬁfgg\\kg %?é(ﬁg Eﬁcg%)(gcﬁ%ir aaga%ﬁl%aﬁ%%gaagl{tgm&(tqkyqpps '

mknas{gls&gtglé%mlg%rh%@léga? PSRegteBI ARk F ik 86 SRR SSER €D NIk b6)

59) hIGF-1-Eb multimer: (E3A; R37A)-3xEb(AR71, AS72, AC-term 7 aa)-Eb(AR71, AS72)

gpatlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrsedirriemycaplkpaksavragrhtdmpkegkyqpps
tnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigSmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpg
geqkegteaslqirgkkkeqrreigsraevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslgirgkkkeq

rreigsrnaevraqrhtdmpktqkyqpp_stnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmaecrgkkgk
(SEQ ID NO:67)

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

gtlcgaelvdalgfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavragrhtdmpktqkevhlkna
srgsagnknyrm (SEQ ID NO:68) '
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- gtlcgae\%ﬂ@lﬁ% %@ﬂ%@@ﬁ%&ﬁamta RECHR

52) hl G--I-Ec: DE3; R37A; DR71, DS72
gpt | cgael vdal gf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdlr
wo b@mpe@mpd kpaksavr agr ht dnmpkt gkygppst nknt ksqr r ROEUSeT/K70468

(SEQ I D NGO 60) 53) hlGF-1-Eab: DE3; R37A; D R71, DS72

gpt | cgael vdal qf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl r

r1 emycapl kpaksavr agr ht dnpkt gkygppst

nknasr gsagnknt ksqr r kgwpkt hpggegkegt easl gi r gkkkeqrr ei gs

n r g [ i 54) hl G~-1-Eb mul ti mer:

61)hIGE:EngB‘: %gﬁé%éigg(\ﬁ)g?‘??@b DC-term 7 aa)- Eb(DR71,

DS72)

pt | cgael vdal gf Vcgdr gf yf nkpt sssraapgt gi vdeccfrscd|r
. v Saan y b ggﬁg@*ggtycapﬁ)lgpa savraqrhtdmpktqgkyqppstn

kmksq%ﬁgggé&gwg B kf&?@i\éé&%{k%k kegipai@ssNaevragrh

‘ geqkegteaslqlrgkkkeqrre|gsrnaevraqrhtdnpktqkyqppstnknt

62)mc&?gﬁéggﬁ%é@?ﬁg&ﬁ?ﬁﬁg&?&%?%gggrﬁiﬁ?ksqrrkgmpkthpggeqkeg

t easl gi r gkkkeqrrei gsmaecrgkkgk (SEQ | D NO 62) 55)

GF-| -
gﬂcgaeﬂéaﬂs ?quéyg"g@t@@aﬁsm&tgwﬁWF?ﬂlrﬁPay@%@aéw%b%B@a\quppsm
kntksq@gg;é{fggri(@m@@ph\}@@ggavr agr ht dnpkt gkevhl k nasr gsagnknyrm
D NO 63) 56) 'hl G--1-Eb: E3A; R37A; DR71l, DS72
gpatlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscd
| gaycaph K a t gkygpps
63)hKﬁ{L%g§ gp&ZB@(%i@lzléggfezzE(g{g‘]%)}lgasIq|rgkkkeqrrelgsrnaecrgkk
gk (SEQ I D NO 64) 57) hl G- 1- Ec: E3A; R37A; DR71, DS72

gtlcgaeﬁ}?iat@h&gg ){fﬁ%{ fVC &@ﬁ%ﬁr&%%&%@%gp quaﬁ(gav\r/éjq Ctg l%t%lg}llqppstn

knasrgk@ﬂﬁﬁﬁ%ﬁﬁkg\kﬂ&hﬁg%eq%g{e@ﬁ@ré@ké@eﬁ@}na’é&kk]@k@EQIRIIS)O 70)
E3A; R37A; DR71,

gpatlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscd

64) hiGF-| SMEARMKR APV ARSI TRB7ATBK BB PSS 72, AC-term 7 aa)-Eb(AR7I,
tnknasrgsagnkntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelg
AS72) srnaecr gkkgk (SEQ I D NO 66)

gtlcgaelvdalqfvegdrgfyfnkptgygsssraapqtgivdeccfrscdirriemycaplkpaksavraqrhtdmpktqkyqppstn
kntksqrrkgwpkthpggegkegteaslqirgkkkeqrreigsrnaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpgge
qkegteaslqirgkkkeqrreigsmaevraqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrr
eigsrnaevréqrhtdmpktqkyqppstnkntksqrrkgwpkthpggeqkegteaslqirgkkkeqrrei gsrnaecrgkkgk
(SEQ ID NO:71)

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

Xtlcgaelvdalgfvegdrgfyfnkptgygsssraapqtgivdeccirscdirrlemycaplkpaksavraqrhtdmpktgkyqppstn
kntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ ID NO:72)

66) hIGF-1-Ec: AGI, AP2; E3X; R37A; AR71, AS72
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59) hl G~ 1-Eb multinmer: (E3A; R37A)-3xEb(DR71, DS72,
DC-term 7 aa)-Eb(DR71, DS72) ' ‘

wa@parvhogsel vdal gf vegdr gf yf nkpt gygsssraapqt gi vdecoismot70468
rrlenmycapl kpaksavr aqr ht dnpkt gkygpps
tnkntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsrnaevraqr
ht dnpkt gkyqgppst nknt ksqgr r kgwpkt hpg
geqkegteaslqlrgkkkeqrrelgsnaevraqrhtdnpktqkyqppstnkntk

- sqrrkgwpkt eqkegteaslql kkkeq

Xtlegaqlyda]qqedeedy fﬁgpfg FESSTRAPALERYAS %NRWW%P‘#‘RWY(PWB@M@Q{QPPM

gsrnaecr gkkgk (SEQ I D NG 67) 60)
kntksa e [ gggfd %@3 R37A; DR71, DS72
gt | cgael vdal qf vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rr

R s e e

gtIcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrstIrr
plkpaksavraqrhtdnp '

thcgaqlvﬂ SR WPKP ISP GG AT %@%&@%e?'ijwﬁ%ré@f@%mqppsm
knasrg%??tﬂs@rrk@vﬁgﬂpg%gake@%e%_lqﬁgl&ﬁéqr%gsma@é%kké@(gﬁt) 1BRB:74)

gt | cgael vdal gf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rr

o B3] 5 SR S o

AS72) DS72
gtIcgaelvdalqfvcgdrgfyfhkptgygsssraapqtglvdeccfrscdlrr
| enycapl kpaksavr agr ht dnpkt gkygppst n

xucgaﬁmww E%gFsrskxﬁ,\aomll;glg?d%%?ﬁgllfe%é:rﬁﬁfabnkpmg;hmmfcrnmmayqppsm

E I
kntksqx(rlgpg)ktlmggeqk%ng@lqlggkgbqqgmgfmaggwhtdm kiqkyappstnkntksqrrkgwpkthpgge

& Rk ?§Z htdmpktgk tnkntksqrrk kth kegteaslqgirgkkkeqrr
gkegte @%ﬁaeﬁgggsm g%fr gP‘ yt %%Pé);é]sss?qgggw Vaecert scql pred
e1gsrnabengm&*mpkpﬂdygmmﬂcqtmqml@mkqmqmgmaslqlrg kkeqrrelgsmaecrgkkgk

r kgwpkt hpggegkegt easl qi r gkkkeqr r ei gsr naevr agr ht
(SEleggé?gLyqppstnkntksqrrkgmpkthpgge
gkegt easl gi r gkkkeqrr ei gsr naevr aqgr ht dnpkt gkygppst nknt ks

69)hKﬁ%gé%ﬁggépg%%ﬁ&éﬁg&ﬁgﬁ;gbg%%ﬁﬁﬁ?L;qrrkgmpkthpggeqkegte

asl gi r gkkkeqrrei gsrnaecr gkkgk
tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksaeraqrhtdmpktqkevhlkna
srgsagnknyrm (SEQ ID NO:76)

70) hIGF-1-Eb: AG1, AP2, AE3; R37A; AR71; S72X

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksaeraqrhtdmpktqkyqppstn
kntksqrrkgwpkthpggeqgkegteaslqirgkkkeqrreigsrnaecrgkkgk (SEQ 1D NO:77)

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

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksaeraqrhtdmpktqkyqppstn
kntksqrrkgstfeerk (SEQ 1D NO:78)
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(SEQ ID NG 71) 65) hlG-1-Eb: DGL, DP2; E3X;, R37A
- DR71, DS72
\NO&MﬂgaEmwdalqfvcgdrgfyfnkptgygsssraapqtglvdecb@ﬂﬁsnmwwm«m
| emycapl kpaksavr agr ht dnpkt gkygppst n
knt ksqr r kgwpkt hpggegkegt easl qi r gkkkeqrr ei gsr naecr gkkgk
(SEQ ID NG 72) 66) hlG-1-Ec: DGL, DP2; E3X;, R37A
DR71, o
DS72Xt | cgael vdal gf vegdr gf yf nkpt gygsssraapqt gi vdeccfrsc
dl rrl enycapl kpaksavr aqr ht dnpkt gkygppst n
72)hIGfﬂI-E§BtrAGg§AP2§@H/B RSEQ ARTNQ7Z8) 67) hl GF-1-Eab: DGL,
DP2; E3X; R37A; DR71l, DS72
Xt | cgael vdal gf Vcgdr gf yf nkpt gygsssraapqt gi vdeccfrscdlrr
tlcgaeh}dgﬂi!f%ﬁ}éfﬁkﬁgyés@s%dﬁh E(q{‘s)!&lF%Ké?ﬁ}féaplkpaksaeraqrhtdmpktqkyqppstn-
knasr gsagnknt K'sqr r kgwokt hpggegkegteas! qi r gkkk rreL%Fr
knasrgsaard@ﬂg;hkgwml@mgmewsﬁmr garreigsragcnEkkak (S Em%}
(DGL, DP2; E3X; R37A)-3xEb(DR71, DS72, DC-term7
aa) - Eb(DR?l DS72)

73) hIGK- 1 Bhami liniat: gATE QG AFBNR PTA BN ART A$DGiACIeon Trask K EHAR 1,

AS72‘&ﬁgégﬁfﬁﬁgﬁgéﬁﬁnggg gg?g;grgﬂfgiiﬂeqrreigsrnaevraqrht

dnpktqkyqppstnkntksqrrkgmpkthpgge
eqt easl gi r gkkkeqrrei gsrnaevra rhtd
tlcgaeltﬁa} %5%6&&8@%@@3&%9 ep ngﬂ ycap 18@{%9 gr?xtdqmpktqli(yqppstn :

S LSR5 0 s

' qkegteztslcm%kkk@amg@@ﬁevr@fvntdmmkymmknmg“@mmggeqkegteaslq1r°kkkeqrr

B e

(SEQ IDIN(OKBOY 6) 70) hIGF 1- Eb: DG1l, DP2, DE3; R37A; DR71;
S72X
t | cgael vdal gf Vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rr
74) h1GITY 9P | AP AP XNERRITIAL MR OKSTID FOLR
kntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsrnaecrgkkgk
(SEQ ID NO. 77) 71) hl G- 1-Ec: DGL, DP2, DE3; R37A

_ tlcgael%Qf'vcgﬁzgfggfnkptgygsssraapqtgivdeccfrscdlrrlemycaplkpaksavraqrhtdmpktqkevhlans

rgsagnknyrm (SEQ ID NO:81)
75) hIGF-1-Eb: AGl, AP2, AE3; R37A; AR71, AS72; C142X

tlcgaelvdalqfvcgdrgfyfnkptgygsssraapqtgivdeccfrscdirrlemycaplkpaksavraqrhtdmpktgkyqgppstnk
ntksqrrkgwpkthpggeqkegteaslqirgkkkeqrreigsmanrgkkgk (SEQ ID NO:82)

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

tlcgaelvdalqfvcgdrgfyfnkptgygSssraapqtgivdeccfrscdlrr]emycaplkpaksavraqrhtdmpktqkyqppstnk
nasrgsagnkntksqrrkgwpkthpggeqkegteaslgirgkkkeqrreigsrnaeXrgkkgk (SEQ ID NO:83)
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t | cgael vdal qf Vcgdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl
enmycapl kpaksaXvr agr ht dnpkt gkygppst n knt ksqrr kgst f eerk

W@ SBQ1IdESNCO. 78) 72) hl G- 1- Eab: DGL, DP2, DE3; R3WBS2007/070468
DR71; S72X
tIcgaelvdalqfvcgdrgfyfhkptgygsssraapqtglvdeccfrscdlrH
enycapl kpaksaXvr aqr ht dnpkt gkygppst n
knasrgsagnkntksqrrkgmpkthpggeqkegteaslqirgkkkeqrreigsr

78) hlc{%ggﬂ%gignﬁer@%? N2 N%sig%g,ﬁ)%x}a@%\ff zg%zt"zp,ﬁeqn 7 aa)-Eb(ART1,

AS72; @R)x2XEb(DR71, DS72, DC-term 7 aa)- Eb(DR71, DS72)
t | cgael vdal qf vegdr gf yf nkpt gygsssr aapqt gi vdeccfrscdl rrl
enycapl kpakXsavr agr ht dnpkt gkygppst n

tlcgael\gﬂ qE\? %&%%W&%%?%&a%ﬁ%d\%%ﬁf{ géggrg%rwﬁgﬂkﬁﬁés%ﬁ&ﬁt%ﬂpﬁﬂ]&%ppstnk

ntksqrrwl@%b@egakﬂklwkmrmgsmemmtdmmmmﬂsqmlkgwﬂ@pggeq

reetead gl PR R e R AR e pRe G ol kearre
gsmae@ rﬂﬂdfrﬁi)héﬁfk?%@ikﬂt%d}ﬁ%ggﬁﬁlgg%eqk%slq@gk@eﬁﬁhg%ﬁieXrgkkgk (SEQ

71, DS72; N92
IDNotsl“bgaelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrrI
enycapl kpaksavr agr ht dnpkt.gkevhl kXas rgsagnknyrm ( SEQ
ID NO 81) 75) hlG-1-Eb: DGlL, DP2, DE3; R37A; DR71,
ExamploSp2; M{Zdb!l@)(Prohferatlon Assay

The myé):t}i} ael I fg:a}/%:s %)t g{qg Fﬂ%gﬁ‘bﬂ“ﬁﬁ% or' o tS i Py' and is used

as amdaekfaﬂ fzfc&@:*/\ﬁﬂféchﬁ e:a Bivegic enwbiists ghk ki sarilgs baBeXa@hﬂsguktwe in

EQ 1D NO.82) 76) hl G- 1-Ea DGL, DP2, DE3; R37A,
this sy%pg‘y thaggyglla@y 115p1%(nary cultures otb myoblasts. The ‘enhancement of myoblast

pronfelfah&g ﬁqe\hw Bkgfpmméro@tm; fﬁlsahw gl%ﬁ%@%%gvmﬁQ:sésmgcl%reaged
savr aqr ht dnpkt gkyqgppst nk

myoblasta;spgfs:a@wk nnkéhﬁrﬁﬁowtktmfzﬁggﬁelq wétgn@amyqﬁbgmpeméqrr ingiteger

addltlo%%)ﬁnﬁgéghar&%%%t o?rr@%%%piﬁ féébgﬂc "é&l‘:r{%er il f}épmaés S invention

can be ased-t&EbgHaR7eladulSTBcleGF pef)rophy, e.g. via stimulation of satellite muscle cell

tl.c aelvdalqfvcgdrgfyfnkptgygsssraapqtglvdeccfrscdlrrI-
apl kpaksavr aqr ht dnpkt gkygppst nk

ntksqrrkgmpkthpggeqkegteaslq|rgkkkeqrrelgsrnaevraqrhtd

st nknt ksqrr k kt h e
Example 80 C}\/Igrgllelgrv Epithelial 1ssug VAVFstaV Pggeq

proli feré'l

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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kegt easl qgi r gkkkeqrr ei gsr naevr agr ht dnpkt gkygppst nknt ksq
- rrkgwpkt hpggegkegt easl qgi r gkkkeqrr ei
\N@smmﬂmmanrhtdnpktqkyqppstnkntksqrrkgmpkthpggeﬂ@ﬂgﬂnmme«$
gi r gkkkeqrrei gsmaeXr gkkgk (SEQ I D NO 84) Exanple 79:
Myobl ast Proliferation Assay The nyobl ast
proliferation assay provides a reliable in V|tro
indicator of I1G- activity and is used as a nDdeI for

1 mbr yoni -
the ooy 1 B e ST EE PO Rado R RR g 8 by B A sty one

can adrftin[¥ter fckeasing aﬁxﬁ)hﬁ@ Bythé ?Eﬁti&feﬁhs tHefsupetihashéck tHd@rum ]evels of the
.enhancenent roliferation in vitro by

subject ey HBEBIOT:hiand TG anThe Ampwniof eRtidefo bs e yadkagh b calculted
ona m&?ﬁﬁa‘sn?%aée@%%%ﬁeig gerﬂ%qp\le?sséf id dfl@fFaf bpfa%:a@d .
: there nunber in

ore; an increase tn ultimte myof
~utero. In addition, simlar enhancenent of nyobl ast

- ol iferati.on indicates that
one m@fGLnt S BEPHEEE fos kAR R PHE P b ing an IGF peptide
of the iRYEREHA IMOPBBlogRabluil kechss |afl9dﬂy’rlbx* B18odfluid AMRIabiiring sttislelds can be
cell proliferation. : r Eplthe|lﬁ
done byranysmeanssiaeyding Rﬂfé@%ﬂ@ aﬁﬁﬁ‘dpgasuﬁl%yﬁfnlﬁtﬁﬁ’ thgy fluid is
contactg@mﬂ"[]ye }%ﬁh&@@lﬂ%mélé 5151H§lt1 13 cﬁ)sés' W el s E€dcAhg biBp, rﬂlé IGF

product i as these are t e cells which produce and
levels as@wmt@uwdlnktheﬂm oy thedfTuich IGH tevels byt fakhen byegn anppaint syfficient to

producg Fh: ld%flget*ate %g? {(L Wi g@% déé}l%:_?ﬁd%ra(a[ntﬁﬁégg,ftﬁ?ﬁtﬂg d9§ of the

molecufy @adetadjustee nd lbmdludeonzpmmhll effferaay. eThm dlemoddmayeba cacriedasenh vitro

. quapti.ti const tuents. rt be
or in vidBis iy s edio R St Y oot Sl Pieg rom o
subjectlafd BHeAGF 18veRd ﬁeésﬁre@ NBle peftide hBrel ik GO FMRdtére$I6the Mafmathl Bing
reimplanted in cl ear ed manmary fat pads and be

single etmyttiplgdases (bafis.ghe eantastivg sippiscchisy wducdnipisieation to an animal),

and hp el 0 U R By SRR S pom R

ef fective anount of the peptide adm nistered

Anoth agrge f]ofdgér %eﬁ%gxp ining do €%?neg#g?ntés)ggﬂgl?o?e%&%g}e%%@del o&gnother detection
nwﬂmdﬂbpﬂkqﬁﬁndéumﬁaianwenﬁmon can be neasured inthe bl ood

or body fluids of the subject to be treated to

deternmine the dosing. Alternatively, one

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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can adm ni ster increasing amounts of the peptide to
t he subj ect and check the serumlevels of the subject

wo on7imedsd i ed | GF-1 and | GF-2. The anount of pREL/US®OTE0468

be enpl oyed can be cal cul ated on a nolar basis based
on these serumlevels of nodified IG-1 or IG-2. One
met hod for determ ning appropriate dosing of the
peptide entails neasuring an | GF peptide of the
invention in a biological fluid such as a body or
blood fluid, Measuring such levels can be done by any .

time (mBANS |H§Fdeﬁcr$gllRKrM)andGElle After measuri ng | G-

| evels5ithe fluid iZ®1dontacted4t h the peptide using
singlm&M'rnntiple #68es.. AfteX|his contacting step
the |G®P |l evel s are re2measured2i4n| the fluid. If the
fluid80GF | evels hawesfal l en bW.2an anpbunt sufficient

to produce the desired efficacy for which the nol ecul e
is to be adm nistered, then the dose of the nol ecule
can be adjusted to produce maxi mal efficacy. This

nmet hod may be carried out in vitro or in vivo.
Preferably, this method is carried out in vivo, i.e.,

What ig¢lpigiedtihe” fluid is extracted froma subj ect and the

| GF | evel s neasured, the peptide hereinis
adm nistered to the mammal using single or nultiple
doses (that is, the contacting step is achieved by
adnmi nistration to an animal), and then the I G- 1levels
are re-nmeasured fromfluid extracted fromthe aninal.
Anot her nethod for determning dosing is to use .
anti bodies to the peptide or another detection nethod
for the peptide in the LIFA format. Exanple 82: In
Vi vo Phar macoki netics of hl G- 1-Ec 3nut Adult nale
mce (n = 3/group) received an intravenous (i.v.)
bolus injection of rhlIG--1 at 1 ng/ kg, and hl G- 1- Ec
3mut (described in Exanple 3) at 1.55 ng/kg. Seria
bl ood speci nens were collected at 5, 15, 30 and 60
m nutes after adm nistration of test material. Serum
concentrations of rhlGF-1 and hl GF-1-Ec 3nut were :
determ ned by ELISA. This assay is specific for hiIG~-1
Equi nol ar doses of rhl GF-1 and hl G- 1- Ec 3nut were
admnistered i.v. in mce. The results
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show significantly higher levels of the hl G- 1-Ec 3nut

protein as conpared to rhiIG~1 at all exam ned tine
wWpoionti$a68¢ ndi cating that the hl GF-1-Ec 3nut i SPCT/US2007/070468

netabolically nore stable than the 70 am no aci d-I ong

IG-I1.time (mn) IG~-1-Ec 3mut (nM 1G-1 (nM 5 201.4

54.7 15 65.3 14.3 30 12 2.4 60 0.76 0.2 Wat is -

claimed isl. A polypeptide conprising a human |1 G-I

recur so rofein, wherein t | eavage of .th .

. poph BLPPRGlA < TeriFng) s SEET SERE0T pRiribQ gy th cleavage
of the BYpkifié G0 [OF-Pby & PRIIAEERYWERRE] BY Mb@ifidatiod. of ThEprecursor protein.
.~ polypeptide of claim1l, wherein the precursor protein

conprises the Ea peptide. 3. The polypeptide of claim

3, m?ﬁéﬁﬂyﬂ#ﬁg%ﬁﬁaﬁéﬂ Rwhgfefe% ?‘BE ?re%ﬁn%r 3¢r§%ﬁn dofprists the Ea

pepti de. ol ypept | 0 alm erein the

peptidel ast seven C-term nal anmi no acids of Eb are del et ed.

5. The pol ypeptide of claim1, wherein the precursor
protein conprises the Ec peptide. 6. The pol ypeptide
of anYh@pslgspridgoldiginm, wieasieihe pfdculbr pro®irdeoretisenthe Eb
.. protein is deleted or nutated. 7. The pol ypeptide of
peptidegny preceding claim wherein P2 of the precursor
' protein is deleted or nutated. 8. The pol ypepti de of
any preceding claim wherein E3 of the precursor
dr ot eiThe palyprptide eficlaim hythgredwithe last seven C-terminal amino acids of Eb .

are deleted.

5. The polypeptide of claim 1, wherein the precursor protein comprises the Ec

peptide.

6. The polypeptide of any preceding claim, wherein G1 of the precursor protein is

deleted or mutated.

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

deleted or mutated.

8. | The polypeptide of any preceding claim, wherein E3 of the precursor protein is

deleted or mutated.

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

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

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

deleted or mutated.
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9. The pol ypeptide of any preceding claim wherein R36
of the precursor protein is deleted or nutated. 10.
wab@7paleypept i de of any precedi ng clai m wher ePCT/BSB07/670468
nutated to al anine. 11. The pol ypeptide of any
preceding claim wherein R37 of the precursor protein
is deleted or nutated.12. The pol ypepti de of any
preceding claim wherein R37 is nutated to al ani ne.
13. The pol ypeptide of any preceding claim further
conprising the N-linked glycosylation consensus
ngueﬁﬁ@p&w fide dflan E?@ce@fﬁh%&%ﬁt\!VHJ&elﬁfRB@h@fnma%d to alanine.
further coiprising am no acids 93-102 of Ea inserted
bet ween am no acids N95 and T96 of the Eb. 15. The
lyp hi g
18 2118 bR QhartsPER AR R ey Sl g SRR TRLL
glycosﬁatdfa o@hmnsuscséqdehee m(stimr sor protein. 16. The :
pol ypepti de of claim 15, wherein the oligosaccharide
Is covalently linked to an arginine side chain of the .
paec U'I‘ﬁ@bol??éiklﬁé Bf cldifn 3, Fi@hdP @bMPEIH &lRinBTacid®V3-102 of Ea inserted
precedin aim erein a residue of the precursor
betwe%@@!@%lqgéwﬁe?}ﬂﬂér@é@fﬂvFé’ non-natural anino acid. 18.
The pol ypeptide of claim 17, wherein the non-natura
am no acid conprises an acetyl ene or azido group. 19.
The pdhy p@lppép@liée of angrpreqeding euiiimgfuah@ri compfiging ke pligosaccharide

covale BTl PP SURLRAT S e HEhhElY D oreim. Yo

The pol ypepti de of any preceding clairm furt her

ri sing an additional Epeptide |Iinke
{TE PerPyRepYle Pﬁ@alm by thetsin ‘SP el*%QSﬁcchzﬁde lAcﬁYﬂlfii‘;S‘éd'ﬂ‘l‘%to an

arginin€ SR thath Bthe bFRMsHF 6. nUs to C-term nus, an |G|
precursor protein conprising a first Eb peptide, -

wher ei n

17. The polypeptide of any preceding claim, wherein a residue of the precursor

protein is replaced by a non-natural amino acid.

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-1 precursor protein comprising a first Eb peptide, wherein
G1, P1, and E1 are deleted, |
R36 and R37 are deleted,
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Gl, Pl, and E1 are deleted, R36 and R37 are
del eted, R71 and S72 are del eted, and the |ast seven
w@2aoensiesml am no acids. of the first Eb pepti deCEHDS2007/070468

del eted; a second Eb peptide, wherein R71, S72, and
the | ast seven C-term nal am no acids of the second Eb
peptide are deleted; a third Eb peptide, wherein R71,
S72, and the | ast seven C-terminal am no acids of the
third Eb ppti de Iet fourth Eb pepti de,
wherei n R71 anoR q?eé‘it%‘g The pol ypepti de
of any of clainge i]astts‘évapC t%ﬁﬁa?'aﬂnﬁ@euﬁrof $héediraflEY peptide are
precursor protein is deleted or nmutated. 23. A

deletedpol ypepti de conprising a human | GF-2 precursor

protein, wherel npf E&tfﬂ% e e(}j@gﬁ%ﬁ REMst GSed th@rr]neinal

|G--2 by a proteaseé’Is re Ication o

amino geiddaiftiececqrddibepeptid@dre ddleedpol ypepti de of cl ai m 23,

wherei n R68 or 90f t he rotein is leted .

or nutated® hfg A€ Rﬂ‘?%éﬁv&‘eﬁf ﬁ‘ﬂ;g‘? ?’rﬂﬁ’géherM%tcsﬁYegs(g'gqr'@{ngfammo
acids offih® @A%EED FhiRieateflettRdr®Nal cel | death, or anenia, the

nmet hod conpri sin dm ni steri n%da t her apeutl cally

ef fective afyithtEbgrpidehgisapRT wndot/24rsd¢¢tededi ng
claimto a subject. 26. The use of the pol ypeptide of
any of clains 1 to 24 for the manufacture of a

22di cZhepolypaptide hitanyrod ataiment tao?0, avherescRT betk¥12atf e precursor

protein_qé3‘53@&&3&%@8? es, neuronal cell death, or anen a.

.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.

24.  The polypeptide of claim 23, wherein R68 or D69 of the precursor protein is

deleted or mutated.

25. A method of treating a musculoskeletal disease, diabetes, neuronal cell death, or - -

anemia, the method comprising administering a therapeutically effective amount of a polypeptide

of any preceding claim to a subject.
26.  The use of the polypeptide of any of claims 1 to 24 for the manufacture of a

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

anemia.
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