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Conj ugates of insulin-like growth factor- 1 and
pol y(ethyl ene glycol) This invention relates to

wa@onsuegabes of insulin-like growh factor-1 (18EHEP2005/013756

wi th poly(ethylene glycol) (PEG, pharmaceuti cal
conposi tions containing such conjugates, and net hods
for the production and nethods of use of such

conj ugat es. Background of the Invention Al zheinmer's
di sease (AD) is an increasingly pr eval ent form of

neur odegener at i account s roxr el
505 0GP BRErBO Dt GEBLh BEtara ATy SRS Sghise e
over 65 years of age. It currently affects an

frsnﬁralizenqlon rerf'a}tes {o ofF° ﬁga%ﬁ oWi) Sl.lﬁl hﬂg &??\ﬂthomc{bg Igl(e}Ftn with

at Ive |1 nNcrea
i p@lyfﬁtladmeergb@d)s (PEGI yhemauﬂ@m@hs@r@wrthme ca@tmmlzg such

t rdugf&adea nRRdds Rr PIhRIpRASLYSh AndOhilodd tEF Asd™®ANsuch
duration of around 8.5 years between onset of clinical

s§RPYEES- and death. Death of pyramidal neurons and
Ioss of neuronal synapses in brains regions associated
hi QFr J&%tfunctlons results in the typical
ed by gross and progressive
|npa|rnent of cognitive function (Francis, P.T., et

i!%%z_hiri%e)r’!éledi{e%e (mu{s %uirngreaﬁn%lg I'fﬂfralafe)flt @(@rn{ %9%@ﬂrodegeneratlon

or m of seni
aHwt preosas fpéamﬁ@mqtﬁr PA%r {250 9 thegovgrdl raéeSr%fcdSWEéamong
Chédpl€ abérysazearrebeagé ers%hwe@tﬂ;ogff@sssafr@stﬁﬁa\re&trsamﬁlhaﬁ people
| NCreasli,n .0SS nte
PHRDAMR H e e bty RhRadiar TR Beomf i tig Fepiition i
Tprevhilende 1sﬂ1kN¢Ltoohc1ggls,e deh thedndxt @nto lda&dE&ebﬁl@esr a progressive

Pﬁfsln%fz? l\rpl inQPn d‘:&?ﬁ%o%sgf ai]'o%]%%S 5“?6%&089&\}%91# ooglisgtal)ll Yinical

esence
crmrat@tr@randtdrea;thr Peithof pynaneddmyumna ag@ hisk ef mtaqmd s@ragses in

NErE RS kidds! &dsycidrddakbien (}filgﬁre)r méBial Fubh&RnR! RAUB S the typical
deposi t ed extranecﬁgonall the tangle |s observed

i PIRRIABSr SREACESFIZE DY BrosyRik PregresvR 1BPaIrmentpkrognitive finction
merancis PTpoEtans ;s mﬁrdlhrea&ﬁydrgr rzisyahaqyues clooe) 13- me AD is the

CRisHE SRAMER 1ok PR By 2Bt mPRUAC ORISR P bERd and i
presogmisat chniaalbr ras ( relRPY1efsBe | progressie J demetyes itbat. pResents Swith
1 B‘&?&%g%% 2 Z)‘s% gg GIglglél'(_)W d?ﬁhell‘%%tuiila r{}lgncﬁgh KO&J . ci?stérbgm?é:sl fil %Eeech
NEVEArith i T exopk aewologpOBh)cditay Lerd Fehigerphiladeiphis, pp.
S@M 184 4092 NeQebfRERN b &0 thddndiér hARhAUESf AMMIz4he presence

o lwo Raracteristic lesions: the amyloid senile plaque and neurofibrillary tangle
(NFT). While the plaque is deposited extraneuronally, the tangle is observed
intraneuronally in the post-mortem brain. One of the major components of the
amyloid plaque core is the pathologically deposited small amyloid-beta-peptide
(AR), which is cleaved by secretases from amyloid precursor protein (APP) (Selkoe,
D.]., Physiol. Rev. 81 (2001) 741-766; Hardy, J., and Selkoe, D.]., Science 297 (2002)
353-356; Bush, A.l.,, and Tanzi, R.E., Proc. Natl. Acad. Sci. USA 99 (2002) 7317-
7319). AB, a self-aggregating peptide of 39-43 residues (MW ~4 kDa), is
synthesized as part of the larger APP (110-120 kDa). APP is a type I integral
membrane glycoprotein with a large N-terminal extracellular domain, a single
transmembrane domain and a short cytoplasmic tail. The A region spans portions

of the extracellular and transmembrane domains of APP. The most common
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synt hesi zed as part of the |arger APP (110-120 kDa).
APP is a type | integral nenbrane glycoprotein with a

wo a00g@6cdd9t er mi nal extracel | ul ar domai n, a si ngPE@I/EP2005/013756

transnmenbrane domain and a short cytoplasmic tail. The
Ab region spans portions of the extracellular and
transmenbr ane domai ns of APP. The nost

commonhypot hesis for the participation of APP in

W%@s £5:Sthk Qﬁﬁ:ﬁﬂ%ubﬁ o‘f\QPPSm h@@ro%ay&egldéammtm @5thé amyloid

t he ost ul at es | aque

e&eﬂ%ﬁ@sg EFSE% %ﬂsrtglatsgawaéglaﬂ@a a@éﬂ%ﬁﬂ%@%ﬁlw °h g@rﬁlaﬂy

%g@ﬂgﬁtﬁﬂowoﬁl&éﬁsmetrlgtg&er ebmeamtsmg cascade, thereby causing
enerati.on m e,

ey SdeEReTt Lo WAL bobBiogl SIS LPRYBINEL 9 81, pon
SH1ktsé; Haxdy, |., Bl Sehoe, 12978(1@01@2?7 351@23853)356)
Insulin-like growth factor I (IG- I) is a circulating
hornmone structurally related to insulin. |G-

S
CInsehin i nsiogh Este APEd) triecirmiasing SHPRNG Bt related to

aabulnIGot Qﬁ@%ﬂltlbﬁﬂ[w&ﬁdsﬁl@rdﬂeﬂlleFl’ﬁ%bmmddlzftﬁid 66 thel &dtiohs of
consi.s al so

ot Shamar A e Rtn Ok Qabrd B RB misyaridy and is abo
Usanedasdrmatomedan@ grdodefoted dry SwiesPrenNiooRetB43nUse. agtiyity and

FEBS y .
ﬁﬁ'o?g&r{&mﬁ e%glgﬁlzd 1'51 gE leLlﬁfutc Y. P%%é( i@@éﬁﬂet 26 %1]9%6)(9;@—112,
1dﬁ9-P:@8T4?f }Bﬂﬂ’d‘b?@ﬂg FNoﬁHq%hsEEBSAL@t 18p §986) Eir7871r$4R dberg
MIbrdqBlsBi ACRRS al., 1Bra(nl R&ZMcd 7Brady Res. 32e9429r2g8,27R; $leenbergh,

it GRS b RRS: L P BA A L B, .

(4T preavdn . BndB4rifdI9 TCHp &l 8D G197 hétd -696; ,Uthhe,ak.,, etdal,, ]J. Clin.

i Lin a i Y 8 ; . .
bl 3Bt VAP dinsah SR TN 2 e 795 s e 375
509 5(733,46%@1’(1259.?21559WW@Q&@Z@@@%M@%@QUI ation of
| GF-1 function is quite conplex. In the circulation,
only 0.2 %of |IG--1 exists.in the free form whereas
tﬂée reaplgtion of 1GF-bSinedon és quife sommlendn Bregtispiagion, only 0.2 % of
(IGE-BEXist3 in tMaifel fhiay @h¥Riyth |n&ho fid Baudrides 1GE-Hifdhing proteins

RSB A el S5 Pl CFELSY O REL68on.
pTlod dadtysican obe |ladaBPsliteyatpd dtyemhamhﬁk: relepdingy G-I such as

p%@iowsﬁ%fé‘@ggpg&ﬂllaﬁa §ve| opi ng and mature brain

Endocrinol. 4 (1990)
773 778). In vitro studi es |nd| cate that IG~-1 is a

Mﬁﬂblagﬂg 'p?l%kﬁ'ﬁé Fol€id ﬁ@mvaoﬁgg%d ﬁx%u&q%@lmwérmse A, et

NEurdg Endw@@gﬁ%1%°@é(7€%678>s\}r1zwféo Sblda esalﬁdlcs@ﬁé}bteV%F Tisa
Dootefd mahedlRctilBé &Dbbﬁs agdieSor deodralltipeslof 2e(ARS W) tHACHO Y Knusel,

! ﬁ cl et di ”P Igeo rosc1 r(gj96) Ig?g}'l—%%];SSVrzic, D., and Schubert, D., Biochem.
Biophys. Res. Commun. 172 (1990) 54-60), including dopaminergic neurons
(Knusel, B., et al., J. Neurosci. 10(1990) 558-570) and oligodendrocytes (McMorris,
F.A., and Dubois-Dalcq, M., J. Neurosci. Res. 21 (1988) 199-209; McMorris, F.A, et
al., Proc. Natl. Acad. Sci. USA 83 (1986) 822-826; Mozell, R.L., and McMorris, F.A.,
J. Neurosci. Res. 30 (1991) 382-390)). US 5,093,317 mentions that the survival of
cholinergic neuronal cells is enhanced by administration of IGF-I. It is further
known that IGF-I stimulate peripheral nerve regeneration (Kanje, M., et al., Brain
Res. 486 (1989) 396-398) and enhance ornithine decarboxylase activity
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(Knusel, B., et al., J. Neurosci. 10(1990) 558-570)
and ol i godendrocytes (McMrris, F. A, and

woeweiessDal cq, M, J. Neurosci. Res. 2 1 (1988pCT/EP2005/013756

199-209; McMorris, F. A, et al., Proc. Natl. Acad.
Sci . USA 83 (1986) 822- 826 Igbzell R L., and
McMorris, F.A, J. Neurosci. Res. 30 (1991) 382-390)) .
US 5,093,317 nentions that the survival of cholinergic

n@'ﬂ @%9'31#' U§5 881, ?ﬁf'%ﬂg eﬂ@%/@%@snhﬁhﬁ@ﬁ 'aorih&lﬁod @F theating
is further %%vnet hat | G- stlrrulate

n@v%‘fs F%Qéﬁé?%?ﬁ Karfﬁraé nemous Ststegp that gr O.WE@%JY offegts glia
(Qrﬂﬁ&) n&%h&ﬂﬁ:}r ianduenbigtie b@ ﬁrlihréd%irfgethd acuvrebanyémsgion(s) of
a or 93 e3]th r fU e cent'?)’aﬁ 3near{/1 dus s?e o% %2? atient.
n%‘?%l%f A i"Rj UT i &5 | Seased
oW@O?éZM daectad tos mgthasly &rendmdwm OIpp@dcmngameync damage in
a{hfeec%txéangehﬂ)u@@%thﬁ opg%a%}%l'ﬁl}'eatr %1ﬁlsfb?i‘ﬁg(i8 Fhe &a‘%!all c%vx%yof the

I ncreasi ng t he active concent 1 on S
amamsealed RIsEMaEutigl ¢HBPQSEINY, SPMRENPS LA té%?%mcglry Fﬁ‘%ctwe
Pahbemt of I%&ﬁ&%gﬂc&llyfiﬂche@{'ﬁﬁd &eﬂ@ifhﬂﬁ%sldfor of efHaat dgreof

tin hem th
SVS{%&“ 8? té nrﬁ Efip@%{% éaﬁ}éngén\{ra&l nervous
ceysietry obfthe hﬁammahah aa phammtacf&utwe:m redxrqgoem preyent ischemic

Cgﬁgg%sds&%aq‘?# Qﬁfl%ﬂqwhleﬁl% é%n?fEfPe(%Mg?l 85;%&&%e nge Bg:n {GE-1

ive varilant thereo

ver |aan[lGFtHef0é d%e |rgaratfgfc§wrse@f # Hresligmantfon éseatmw\v. Rryventmg
aﬂéhrbﬁﬁ RRRRLE ﬁﬂthb ra&rs:tran RerveaitykRin, age V@H®§Y§5@M%eﬁtﬁe AD,

nggqnlfa I,nh_an a ffective. to 1 rev h h

9. > Eitatre PHLS Lreato IPRIOR DECRBreRR i, S phalgpathy,
O&Yrﬁ&ﬂlbﬁﬁahgmhbﬂne symhoﬁm‘es Progredsivie demeatia,| fidnillal déraentia with
tpp%strlrgng}‘a Gl radis ofgxaea (3 'smiﬁnﬁ@ctlﬁr o};als ; o 1hipg &[erosm, cerebral

rreventi ng neur ervo

syéetrem ofifchilder ot BSite elleerpédng émﬂhaglcmnceprha}qmwhbh veherein
DiiRgA&fcankrk lfs n a%ﬁﬁ ardiH i zﬂgltn‘ﬁﬁtr%tlal 2 @ffech@@ﬂﬁb&nt of

encephal opat cor |cal- basa ni c._syndr omes,
pf%@f%%gw@ea AP §ralfl Bawrier ar @@ﬁemuimi CWidttﬁ‘r%?fast i c
parapavre5|s progressi ve supranuclear pal sy, nultiple
Si S erebra scl er,0S| ac
- ReRitdy ot PRt it af e IRRl 8 rseolin-{ Tas Yoo Hidfed g the
mpathogemesis of sporadia dnolr fanfilgal fpan&anf ADalFuadmmoet ﬁ@F-II @motects
f | t

bpoﬁg-g giﬁﬁgtbé lﬁgl?éégr %{rot%gj fjfg 159% L ok B ahe] Neurosc1 21
REWGET 1YR- B 0pParen Sanﬁalsé’mﬂNaélvéF%i Sl fJnSée94| (@91) HAE-4777;
b%?e rSe |e?ﬁle(}\n‘h°NtYr]‘€caHagclﬂ RIS NBRIOF 35Y- 3@%&%@,&&% shown that

fam.| Furt her nor.e,
el b{gaéf heiston TG Lucr b swéss@acm&‘gfaﬁw\ﬁfﬁ%wg in-fats and
etié&d (Carﬂo }L\Ieaur @l&CNat M. (82Q00)) 199021309 ). OFurblormoré.the study

ztg aI rcf) ‘t:hat n a trans%grgc A%Imoulgg%lgcf'el (plgl%Qed IGF-I treatment
51gn1ﬁcantly reduced brain amyloid plaque load. These data strongly support the
idea that IGF-I is able to reduce brain AP levels and plaque-associated brain
dementia by clearing AP from the brain.

Covalent modification of proteins with poly(ethylene glycol) (PEG) has proven to
be a useful method to extend the circulating half-lives of proteins in the body
(Hershfield, M.S., et al., N. Engl. J. Med. 316 (1987) 589-596; Meyers, F.]., et al.,
Clin. Pharmacol. Ther. 49 (1991) 307-313; Delgado, C,, et al., Crit. Rev. Ther. Drug
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Dore, S., et al., Ann. NY Acad. Sci. 890 (1999)
356-364). Recently, it was shown that peripherally

waewsnésdtered | G--1 i s capabl e of reduci ng br apcT/BER005/013756

levels in rats and mce (Carro, E., et al., Nat. Med.
8 (2002) 1390-1397). Furthernpore, the study
demonstrated that in a transgenic AD npuse nodel
prolonged I G--1 treatnment significantly reduced brain

a@yﬂrms yiol 201992} Q@i.’soﬂh@s@ davanced DRGY Dﬁh ;ssas’témﬁ he (1993)

e b WIS G Ol Do s o

t $uealler [@AhikawL AR adt eh,t Cetiogtifat.Famicon7 619981 b3 2165 Kattda N.V., et al,,

ppxlo\é ( Iggtﬁ hA/Jaﬁ ne.;. gJ%@ @JL &1 4895@87'11%‘9 1 E’f ﬁ\‘fﬁ{?n Q. l@??la IHE’ &]f émeer

0 exte Irculatin

pR@t S85nd 9% PHe b (Hr—le?tshk,llelléb g Mf’é‘t I&I‘l (19%¢) 529-536;

EORdmow; S. Mgt a3 HiodohPhhle G 39Qbod¥aY¥eN0).F. J., et
al .g%mOCI |Sn Pttwgr ma(():ol 9&Theer 43’9(?1%45\))“11) g3107) 313;

Del gado, C, et al., Crit. Rev. Ther. DrugCarrier
Syrher £vaig) o2BBGAAYON Kad s indkehsarnd edlubilitg abd| 4 deargase in

}oﬁilﬁmméguﬂ%%%?’cl% é(aéﬁg nl]@\p ?0851%{&@5%1 h8bd)i 2042213). A

Sptrainen |ns¢thk<éﬁva t RPEGélaUQIl of prageins Bithe use ofpaky(ethylepe glycol)

(d9920kd Iwith %ﬁ@no Kaltife rd éﬁts liRE I‘@Jhydro‘)%?ﬁ%cmhlﬁfdb M@ with
Sci, USA 84 87 1487- ;491

u a
Jpsh ot el qﬂ@éenesslw b@%?tt%ﬁ‘ié 01 b oteig, aafredprimary
Jamini@bgro@s fuchMedhe mgm&%)axﬁ&% &r36p afbahdwanndlgroups of
et .al., .Bl ocopnjugate em,.5.(1994 e .
HronsgSSoFTbER: 3 MURTIBAROY oL BRPRR PR prgsein
atygicalldeonease consplepabdé ramqmnnrmfgb'nmcl teyid@écatné, thptelore the

J%ollr(g%@e tglyjcél‘} §$ QQ)e ﬁ&%ﬁgﬂ@theﬁr&gm H nUFtsFQ&{ﬁé Rlanner at

roteins 1s t
etthgf éhe fige cwninoagroppatiedling i én"i“ﬁ%fﬂl%ﬁlﬁ ix%duct mixture of

r RAdem gr’E'G ecN‘ PYOER X Y BIG oY, Mird By (NP@)PEWIﬁt@dSﬁﬁﬂems are
e N o
I\Frbﬁf dﬂivﬁiaht rﬂo&lﬁtﬂmngcrfmmp oamntbre tyeme residuee ogtltetlﬂ)—&emfmal amino
%e%fldglg Clirgqulgecf ef§1[' bEI(?lgtgléaGI act Vltlg Irffomcoonvta é:n?] L BEh LS of the
cpﬁsﬁedaﬂablg@cahnmdue@memy@ aﬁ@hfr emvd sigsofathd pt¢temeF@1r example,
t R%@ Fbdd &tahwoam%aa&y gph&mgﬁ gm&h%?mehs aghg i PEBSlation

proelnlnanon eC||cmanera al ?
ereagqnipreguensphe biokgifal AElY ity ©f Shenrolsin P Genis ﬂE?r”olcﬁlgi d (Clark,
MrRxtdr g, of BigindthenPES! atoed) R19deR 1157). THﬁfrﬁflogl%thH{dtmone

N el PIBELT B 5 IS AR 198 o e

r egUlbtaed ﬂmm:gmmabétite pmdéifiilo@awinoto bé catieal dor medeptor binding

YEINEndiGR] dURS, % hiNeshbd&r T5Dal08fT B91-825). In addition, the
modification of erythropoietin by the use of amino-reactive poly(ethylene glycol)
reagents results also in a nearly complete loss of biological activity (Wojchowski,
D.M.,, et al., Biochim. Biophys. Acta 910 (1987) 224-232). Covalent modification of
Interferon-02 with amino-reactive PEGylation reagents results in 40-75% loss of
bioactivity (US Patent No. 5,382,657). A similar modification of G-CSF results in
greater than 60% loss of activity (Tanaka, H., et al., Cancer Res. 51 (1991) 3710-
3714) and of Interleukin-2 in greater than 90% loss of bioactivity (Goodson, R. J.,
and Katre, N. V., BioTechnology 8 (1990) 343-346).
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residue required for biological activity or from
coval ent attachnent of the poly(ethylene glycol)

WO e®bderdsl near or at the active site of the prEBCBEP2005/013756

For exanple, it was found that nodification of human
growt h hornone using NHS-PEGH ation reagents reduces
the biological activity of the protein by nore than

10-fold (Clark, R, et al., J. Biol. Chem 271 (1996)

ngé@tl@@?a?d H{L(gaa/ﬁlgomwﬁnh bIYBIhQleR gtyaélr@nalglaté@ Icaﬁ@nsmg
| ,tLQn 10 e r
t REGan P ae e metfeflah S?@BBE@E’%“*’&?‘C? e Gl at o ree

kcmvam tio the Ntermioall régam peclkephorteini MORH04/60300 dedeeibes N-
Cfdl imaok P%bp{lateﬁcl ce 254 (1991) 821-825). In

|cation of erythropoietin by the
use of am no-reactive poly(ethylene glycol) reagents

r esmbdasy 8f e Ihven@opear !y conpl ete | oss of bi ol ogi cal
activity (W chowski, D.M, et al., Biochim Biophys.

Acta 910 (1987) 224-232). Coval ent rmdl fication of

| Theifventon coRpyikds hndl@B’-lbvé(r&mC,tdh‘dﬁicEE@d at hoving eagerihs acid

r ggegétg%#r&nﬁ% Z? Cr{]p:og) ﬁgnsof(] ?I cat I(c_)i%dr%% é}%@% ggve I?? L amlno

gacedntsequenmw 6@%)%99 mayire &f amine peidyanaida 68 b/ areelvsnaet(K) and
CRRGRT acRES? 135 p]ala@ 19940 a3 L@ nc;ﬁy]sﬁ‘)e and of

Interleukin-2 in greater than 90% | oss of bioactivity
(Goodson, R J and Katre, N. V., BioTechnol ogy 8

( RRSOILIPAArEARId WOsAA/iAR219 and WO 95/ 32003 clai m

pol yet hyl ene gl ycol conjugates conprising PEG and | GF

or a cystein mutated | G-, said PEG attached to said

nboah HGEA earfanseareysieilnasi mterneedidtese (IGFARlintengedatedf for the

%%%%9ﬁ1%39%§ aggq@,@ describes Nterninally

of the Invention The
i nvention conprises an I GF-1 variant, characterized in

hﬁvhﬁgs&{inﬁﬂglfyob&ﬁl Q)uﬁhtt}ﬁﬁtafag Eln?—‘PtE@?la% #GF4d variant (amino-
pOSiI or

PRy T [kt 8o eateranly 30 Hiog 10 10 Kt e G-
3Varidnb, arfiB espetialle pke}f&hhl@(d()ncﬂfdﬂ’li@l}ﬁamd HEF-@l vdriamts has superior

pal ar _.anmi no._aci éEUt n Preferably am no acid
grops?rtars én Fﬁg%rél tg AP apg\llcgrglﬁ‘l nts are useful as

internmedi ates (I G~ internediates) for the production

Oy fhiffh é%?@%ﬁkﬂﬂhé ﬁer}tlon ik a Qéﬁpééiﬁ&'i bFd ?%X—P@%‘?Jbted IGF-

foun t hat si ne-P G- 1 varian
(bl’fﬁ'ﬁ%ﬂteaéé?li% PEthA ’é‘t"é‘éfqut;ami avléiﬁ hyaniantgylick ig i -{erminally

2PE&Hatedo Pidd&alsiPanPhlécal@datiéds 9 : 1 to 1 : 9. Further preferred is a
composition wherein the molar ratio is at least 1 : 1 ( at least one part lysine-
PEGylated IGF-I variant per one part of N-terminally PEGylated IGF-I variant),
preferably at least 6 : 4 ( at least six parts lysine-PEGylated IGF-I variant per four
parts of N-terminally PEGylated IGF-1 variant). Preferably both the lysine-
PEGylated IGF-I variant and the N-terminally PEGylated IGF-1 variant are
monoPEGylated. Preferably in this composition the variant is identical in both the
lysine-PEGylated IGF-I variant and the N-terminally PEGylated IGF-I variant. The
variant is preferably selected from the group consisting of RRKK, RRKR, RRRK,
RKRR. PEG has preferably an average molecular weight of 30 to 45 kDa, especially
30 kDa or 40 kDa. Lysine-PEGylated IGF-I variant and N-terminally PEGylated
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| G~-1 variant, has superior properties in regard to

wo bmcapsot i ¢ applicability. A further enbodi meptT/BP20051€13756

invention is a conposition of a |ysine-PEGyl ated | GFI

variant according to the invention and a | GF-1 vari ant

which is N-termnally PEGyIated Preferably t he

nDIecuIar ratiois 9 : Further preferred

i $GE-1 varpesihomore mprsrlde ﬂfﬁrwéesnmbarﬂdmapf §GF $ingding pepteing (e.g.
! B4 Gn@BPbE &t didfefenPadtivities $n RgardE@BFaRGshokfHorllation.

varlant per one part of Ntermnally PEGyl ated | G-I

variant), preferably at least 6 : 4 ( at |east six

pdht présysi mveria@y | pbeided Geohjugate icandistingroff O UGF-pantisntofl GF-1

L\IE%&GSP%;Q L lcxgé%%é %@%ng:{]}le%aglgé‘on} groalg sﬁf SRR i RQH that
Nsaig [ T{a\{apynph_:@]qrgm@Cpqdqlteratm,(ai)aamangp@ acid positions 27, 37, 65

MRAYBESY bﬁéhe dvﬂdﬂyﬁ@ a6 bindladidbedueRFRE $hdtionl of Hﬁ)re of amino

var,i.a cal n both t | ysi e PEGyI
| egdy %E%H’cs And SR P\I?‘Pé‘forﬁ‘l‘fg%i? aF@?b‘it not lysine

varnd asitl. PEKB]es vaitjugned its syid dGErlabdrians @izﬁCﬁrﬁdalfyrﬂﬁinbhg}oup(s),
g of . RRK RK, RKRR. PEG has
P*’#%?@%% B8 BT S ghe of 30 to 45
espeC|aIIy 30 kDa or 40 kDa. LyS|ne PEGyI| at ed
I @Eeﬂeraw ih%rbtolﬂ %,klns gryea,mgkdwp(fﬁ@&é gh %@Jﬁ Alolyaﬂarau&ght of

show cq rabl'e affinities |n bi ndi n bi ndi n

profERt ﬁé%é goregpg eaa&év )2bop¢0 9 lfogéﬁDé‘r?t“ “eSRICiAL Peaferably
I froreYRoBOkDd. G- | R phosphorylatlon The present

i nvention provides a conjugate consisting of a | G-I
variant (l1G--1 conjugate or conjugate) and

pdlhe( mlﬂytlw&ﬂeleglwb)l JrogpGl p@s)cpnjugacéaco ¢h¢ 68-1i yariahtivia the

ﬁ%l%gkgﬁn o %rg):u?&g %gxfﬁrgégﬁe Q)g o rg /aor ﬁggkﬂr}go%%loﬂg 37, 65, 68

4ram9yr|§éctweﬂ6ﬁﬁﬁl ard c@r%ewena;lby P5Gyhatad ehaéheN-terminal

W@hﬁl&iﬂ@“]‘ﬂ&&?lg@ﬁe l%refééblyﬁﬁoﬁos/&rcﬁpm;am@& (aK)ysmar&sﬁmJe(s)
ar

acid 27 is a m nQ S|n
RS BT AP PO o0y &5 R Pyp Ay iegtaged at the
a-teomgtab upfis) sciqriefdualdryprafeaed thaﬂﬁfe}toamgﬁ& i9rmompPBEylated

Of kg rif()%?}))r KP9 %f eﬁl@%bﬁa{e@l RV %tlbé@ rﬂcf l%f(}/n% y%’EGg ated at

1 ecul Ar
ZdlekTEJaerrmmlearpmefaerctalqufelfabbmoabm tlml ZQ% 6 ChekRRGWatdd IGE-1

eSReM Jdﬂltﬂfn%flff\la&mrfa[ PEGAQHO 80 kDa. The
pol y(ethyl ene gl ycol) group(s) are conjugated to the

| G~-1 variant via the primary am no group(s) of |ysine
alGBﬂG/aﬁﬁntﬁQE@dé% inaeedod| fIllpeas II¢6|5Qﬁ@an3%hat6a5nm68aad 65 is lysine,

PE& Egetaég Iagﬁréo q{é?fﬁl %g?mr?engtc a[m Iaptl Ivarlant lf}/earmg the amino
acids R27, K37, K65, K68 is designated RKKK. IGF-I wildtype is designated KRKK.

Especially preferred IGF-I variants and variants in the conjugates are: RRKK,
RRKR, RRRK, RKRR.

It is further preferred, that the (PEGylated) IGF-I variant according to the
invention is a variant in which up to three (preferably all three) amino acids at the

N-terminus are truncated. The respective wild type mutant is named Des(1-3)-IGF-
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am no acid. The conjugate is preferably nono- or
di PEGyl ated at |ysine residue(s) at one or nore am no

wa@edod/opssi ti on(s) 37, 65, 68 and optional |y PBE&yT/EP®AS/013756

at the N-termnal amno acid. It is further preferred
that the conjugate is nonoPEQyl ated at K65, K68, or

K37 or di PEGyl ated at K65 and K68 and optionally

PEGyl ated at the N-term nal am no acid. Preferably not
NP4l 1héld the&¥inef actd@siBEédl g peclandFiulfromd theaNttedriinal (Kummer,

dherihal S SRR Rerds A Mar am no acid 65 i s

| ysine, R27 neans that amno acid 27 is arginine etc.
d By (ethin ! ?Hd £/91% ﬁHMFh aCbA5raffdied. K37,

Kglsl,fgri(’é% h@“égg{taﬁgte PE G heatd dtype Is

desi gnat ed KRKK. Especially pr eferred | G~-1 variants

anie \{ﬁNehﬁBh Sfuk the# hsn@@f@d:sugﬁtlﬁﬁs Ao thEPfpar R of RRajugate

RKRR. furt ref that th
seordinghid et Bty (5 1ERa! kg et E%( RS i
i thevgwiepdratipn tad & Iume;ega(tprcehmrabigyalaIIGFtIhvaarm)lt amndoone or two

mlg@a?\en% ng%@gl egm@gﬁe;}r getgdig@ggﬁeﬂe Ggi}@ovs egfb%@uw%avmg
t prefesah mnaccvletﬁl r @glegulas wgight OE)pbleaﬁdZ(kaa)f MeF Prederably from
Nt rZUﬁ@'lO() IKDATERI, esPecial §t r@ﬂera,bl fibm 20 tE3@ kDRIBLRSdtINg the

Fﬁ% htd § @3%{? g'?tglsatzﬁ?éﬁle‘;f }YYE E%&ﬁ@ﬁ@gﬂey ﬁ{@ltlons such that

|m/cbrﬁpolgethtrlandf)hghyccdonpcrhemllyrdidmdstd caidt M&F-1 intermediate via
ing to the invention
ﬁlﬁggyﬁ%&g{]@ e r&? Jrsfr(gglbgtlgéﬁgﬁ'ﬂe nmet hod conpri ses
the preparati on of a conjugate conprising an | G-I

V'@ﬁé QH{'erﬁ‘f&q FRAEh&' cbMPriRa! }5&%@&1&[&@ FofkitioHs ORkihing a
sai d et hyl ene gl ycol) gr s) having preferably

a‘FP%%@F"aPCICO P%&F}&rmmttj’l‘h P erg@)’ﬁ%&é erzﬂt}kg)ap arpggcgutically
picéguilblyrrier.om about 20 to 100 kDa and especially

~preferably from20 to 80 kDa by reacting the |1 G-I

internmedi ate with activated (pol yethylene) glycol
uTible inveotion tfighe slmlbristeh atetlsadsdfof phé peddwgtionef Glayroadeutical

L?c?n‘i o‘r%m cLMtaHﬁ c&g pfc ;)rq:?é éﬁ&ﬁ{v VaEfipte via

ysine a ariant. The
i nventl on further conprises pharnaceuti cal

C@Hpﬁﬁlhﬁﬂl&{‘ﬁxrﬁﬁ%&h hEleQ tRe ﬁ%ﬂh@@i AECRIBIdMG {Ptheifvention
ventlon r ef rab ‘I%Fft ﬁ){e IOEé‘i}rmaceutlcally
&bt sPragian pf amed *Fﬁ‘é‘e 0k ffﬁt’?‘ﬂ’rt conpri ses

met hods for the production of pharnmaceuti cal
The invention further comprises methods for the treatment of AD, characterized in
that a pharmaceutically effective amount of aminio-reacvtive PEGylated IGF-I
variant is administered to a patient in need of such treatment, preferably in one to

two applications per week.

Detailed Description of the Invention

"PEGylated IGF-I variant”" or "amino-reactive PEGylation" as used herein means
that a IGF-I variant is covalently bonded to one or two poly(ethylene glycol) groups
by amino-reactive coupling to one or two lysines of the IGF-I variant molecule. The
PEG group(s) is/are attached at the sites of the IGF-I variant molecule that are the
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conmpositions containing a conjugate according to the
invention. The invention further conprises the use of

w@2mengasgat e according to the invention for thBCT/EP2005/013756

preparati on of a medi canent for the treatnment of AD.

The invention further conpri-8es nethods for the

treatnment of AD, characterized in that a

pharmaceutical ly effective amount of am nig-reacvtiye
PEXGpREL Echitian-grovhy iohrthe jlesingd tidai dpepedt o farther pesible that

' PEGﬁ@ﬁ’orpfoc%§ Bt A @BEHSE Vi, thHel Riefmibhly OLl-dimQBegerpt DRe to the
er, week on of th

t
iR gROhRELaT L b it et PEETafeel FGA-Phigfiin Cart Bpsigyof a
PGyt et ofAGE- Ia@armsesd PREyleied ard@asKohatd/ar K&GF- with ar warhiput N-
| erx%?rfazll’%&gfaYloQ O‘Uﬁj&gb)l 816 sﬂgs Pﬁé\ﬁa cﬂ{ Ydn l% BYRR8 In different

eac I've coup Ing to one
tm@ldc $ g scanf @rﬁelbst@mlly\/h@mamneﬁm etwﬁgardmetf% ount of

9{551&'&(1%%&%’1&69 sﬁiet@ﬁﬂﬁ PepndiRBleSintfs thE sitdsf PEEylation i 1n the

! cyls; Beleratly” chea IR eTHEs fa5 HERo paBaen) BERERied and

P&spytiaty mitifled (s N-termitehl PEGplated IGRA vikibes.m nal

a-am no group. Due to the synthesis nethod and vari ant
used, PEGylated | G--1 variant can consist of a mxture
oAmimrréactive iPERyROPESy latdeiersin 1deggn#@ga amdthod @B 7andomly

V\ﬁ&&hﬁ{éfﬁ’éﬂ F}‘ébt‘l’iyfenyglﬁEm El@Jms tg@in@a{r& ﬁ”dme%ﬁﬁ@ You E'@s@ of the IGF-

sites can be di'f
mbVa&éant by the uaeaﬁf I@éctsv@tﬁgftgmtedépp &5&& Pr?ferably by the
r ﬁ&adiﬂjNI}@dMi@sm%mdyDEstél@|0Y(1ﬁ'ﬁfé¥dbﬁ?)ﬁ Qné}h&)@@b)y (&hgene glycol).

E | ns ecu qr é] ;
¢ RBe AEpiv @it R Y et e ol p TFLVE PEhgh 8-amino
aghups of ilREGY Fatdeeds and @slpaa:llyatheyapummb@dup rofrthe N-terminal
| R I
N1 TERAL S0 b b LA AT SAHb s i e
r kmetominy the qraclfﬂrregarpeleyr(eétewwfén@ wEtheds s giveaibis erenese, FM.,
PRI ¥ridly ) 080304197 g@&fra,)né% vtehﬁlek@ﬁhe a@lrmgaﬂbn Y PEG to
the use of reacti ve (acti va‘ta % ol y(cb | ene g (II;%
pPEMIPEHTINOEFOY R @g%tewﬁ AP 95 doeivingiagyye %%?3 which
Of)erf@heﬁﬁi akblaton ﬁétdﬁ@pyiﬁﬁlr)yémﬁtd‘gtb&m Fot ;uchla)reac'ﬂm activated
action atf :
B 2Pk} FuBbh IR B SN ST HNEChY p1E o
opam obal lused.heFurtlari nasefpl oupagshtst hae l\l—atcwllatmmalPFé&ﬂ nach as
%t e?isuk%‘ nlud?llsé%% @fﬂcﬁgogﬁg’cy@ P%@@J&%Gsof?l ?ﬁlcﬁﬁﬁb %@ minal

S IS we own | n t’he art For eXa revi ew
ohy@r@eg}ﬁ SrABIPHS) @@w,ageddqy\,cé\}prggprwpeé QB ggbop:ylmndazole Further useful

BPEGH&:@ge'n@H &re @%dsz\ﬂl@ﬂ)mﬂ% add GrmACSiRh dedi@ntsca@oaBess Ehe so-
leﬁ%nincgacs bﬁ’&, here%y at feast two identical or different PEG molecules are
linked together by a peptidic spacer (preferably lysine) and, for example, bound to
IGF-I variant as activated carboxylate of the lysine spacer. Mono-N-terminal
coupling is also described by Kinstler, O, et al., Adv. Drug Deliv. Rev. 54 (2002)
477-485.

“PEG or poly(ethylene glycol)” as used herein means a water soluble polymer that
is commercially available or can be prepared by ring-opening polymerization of
ethylene glycol according to methods well known in the art (Kodera, Y., et al,
Progress in Polymer Science 23 (1998) 1233-1271; Francis, G.E., et al, Int. J.
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primary am no groups of proteins can be perfornmed by
usi ng activated PEGs which perform an al kyl ati on of

W@ 2008/0@8pary am no groups. For such a reacti OPCT/EP2005/013756

activated al kyl ati ng PEGs, for exanple PEG al dehyde,
PEG tresyl chloride or PEG epoxi de can be used.
Further useful reagents are acylating PEGs such as
hydr oxysucci ni m dyl esters of carboxyl ated PEGs or

Pﬁ@%atdﬂ mm@ he1d. ermien@lm MPEGOXY 1GED BEoadSy &Q%hc‘s(ﬂﬁlﬁ}ﬁs any

E)ar Of gcng lc'qgg{&w rr?ﬁln anlnngl g%gt{]e%é)p Fur ]éﬂm'?s is a least
r:ﬁ‘mgpmf&ablammant?a{m ahthesoiby pederbblarichead 18&1!3(;230 PEG units
V\{(}Ferrg p(%/ arﬂnolle%@ﬁ; wteggt %)fjaeﬂyuh ?@kggf 'Iqillefu%?&e mgg%f PEG units is

IC S
(ol Tisnizest by polsbiliey of it corprgass by PBGurihics arcarger than

V@G@%ntﬁ%u@%%@ ained aE@ﬁ&%}éa qﬁr%fe@fblyt faqnﬁcy fibddeinStha ¢fention
Mono- N-t er m nal V\gﬁl dl;\ is al

KiEFRINaLss oncgne eélfl orpp LogegEagaP\EQba% is on
4thé-oAd .end EEﬁlﬂftlypﬂlaylﬁﬁ tb}d leker gicyelya Via"anashersagigdnelsaidn The
a?/&}llpgmsvéﬁﬁer lmear r ran&o lgrg %helaegEds arg & gT?e ccrtb%ldlix Veronese,

of ¢an ve prep
pBM.ret alz ool of Be@dWIve ned @W@mtlblﬁcB@lmﬁﬁg 1t20( 1887)hb2s207.

[Lséfulkffm'ﬁe géhtg he e%r Svall K96 &dreh Nktar ?ﬁer%eutlcf (fm %@l@tai Ebm)
Po yrrer Science 237(1998) 1233-1271; Francis,

al., Int. J.Hematol. 68 (1998) 1-18. The term"™ PEG |s
Us n’w'l&@ﬂﬂr)md's@ f(ﬂﬂﬁBD(B&Sﬁ banged sy p':ettlityﬂllyaﬂasu@klyia@l, from about
en col units. w.u
"23 outkis PRSI Ot R o Btpof ThesBo of Esalifi b
pimefher BBG yis 46Prdxamai8d 0fof 286 niRiGulani massr ddfsenitedt m Baltons. For
n%léw WP@@%&FC@QO‘HE %?Qch% I u%h]-lmgr %?Fereﬁ@llﬂﬁ@rmgfecule

’'ts 1s onl
chasj thgaeme m@lmulyay nmEesva\uﬁ)u Ra 4each| Iarlg@bowthéw)PE@@ the total

CRRIRLRAE Hﬁs@&%@l Bh kiSe BhlQr ROIboUS S kDRI BfeehalRtMar RaRESof the

e oAk b BRbe (mcRe Ry B PGP i LEbifs e ik

OblhkePE(S naoleaNatanbd ykBhtaadvad PEG moldcnlkenn boilgtkiPav Mlecular
an _ether o en bond. .The polymer is either linear or
b ARCREYS a@%’ﬁ RyfEepRelecilyrdn SXg descri bed in

Ver onese, et al., Jour nal of Bioactive and
-.20 .
S g EPLAGR 82 0 GO0 oo ot i

(mnﬁ:eklf%ﬁylﬁedr) I%«} (YBTianisi| are n%?éfsrﬁfeér H pEGipgdgistped  that
Uﬁm%‘alfﬁﬁtx@ﬁsa%ﬂ &alt e, daséd 66 the ntbthods! @RrAkdWy ¥Cronese, F.M.,

. onz}l( EZ?S%@HI ﬁggéﬁ?a c(agrﬁcsfng (? tholﬁé%roq%édures as long as the
apmcesslremtteth domjugabes atcmolrdiag t@athermesntidescri bed in
Dal t ons. For
The occurrence of up to three potentially reactive primary amino groups in the
target protein (up to two lysines and one terminal amino acid) leads to a series of

PEGylated IGF-I variants isomers that differ in the point of attachment of the
poly(ethylene glycol) chain.

The invention provides PEGylated forms of IGF-I variant with improved
properties. Such PEGylated IGF-I variant conjugates contain one or two PEG

groups linear or branched and randomly attached thereto, whereby the overall
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exanple, if two PEG nol ecul es are attached to a
| i nker, where each PEG nol ecul e has the sane nol ecul ar

wore®s/0ef891L0 kDa (each n is about 230), then theCt/BPRD5/013756

nol ecul ar mass of PEG on the |inker is about 20 kDa
The nol ecul ar masses of the_IPEG attached to the Iinker
can also be different, e.g., of two nolecules on a

I i nker one PEG nol ecul e can be 5 kDa and one PEG

nBloRetle wélagmt ble allpr@gmu*&@hﬁﬂw @hj dga?:sls rpeaﬁﬁbgl AMBYS 20 to 80
ecul ar _nmass e
G SR Aperpn AR FDngPE AT A Bl oari BaR iy ganee
Pﬁ@lbhttlddr Weight are grosabit 8s kng adebECPE(Byddted NGFilsvariant does show
; o

%%@Li“ﬁgﬁg%@%‘sé@%éﬁﬁ% 298 in B LRI PREARIOPE 1GP-1
2‘zar(azomt}1 PSS having malegylas eveighieof WO{%@aﬁr@M@étSag higher
| BiBgvaRabilile HYWRGES & i§ &§ebted thal sGNNI HERY aécr@efssparsdha ¢hol@ular

the j nventio The pcc ce of up.to.t

BtiEht ingremy dus ¢ FoRd GG EceRton SRt Bigpntplppdsbrain barier

tagxga@brtpﬂ“hérefdme,(thp ringetofA0lty 900 &Padordthenaoleeulan waight of PEG
all;gsnt% l?ectherLtggg R? %gﬁﬁieﬁ a8§e E %@L&ﬁ?&t% (C?FPEG and IGF-1
aYatra@hn@ﬁtl forfant ¢f’éapr¢t| tye(aernﬁywé A @ag¢ry@@ff9rutgfa¢rn ADrhe

i nvention prOV|des PEGyl ated fornms of |IGF-1 variant

with inproved ertj Such PEGy| at | GF- | ant
céwﬁfag?@gmi ek gishgmeARs ¢ (%wae}efgu lpy Weight %’Hle PEG.
branched and randon1y attached thereto, whereby the

O”Y}?e afloflc?‘vﬁlnggﬂtggat\éﬁl r}}nsg{)) {SLFZIP\E%HQ%SSU ?S)aelxgﬁnpﬁs of and are
o@mtcmplated emlmdimmts gfdlhle lcexjugates ¢fehainventiat: smal |

deviations fromthis range of nol ecul ar weight are
possi ble as Iong as the PEGyl ated | G=-1 variant does

show menpREGylated 1@k varigntadieseipethe i REG |gaoien dap ik medecular
br ai nwel tS@fffﬁ@)’éOfﬁDaO%é@fo 486-PEQv@ditsgnt Wi th PEG

havi n I ts .of nore an 80 .kDa r
in hi %REEYEF% P Sastint t‘gﬁer%m%ﬁ gmunsclnam&cﬁ%ca ar weight
t hat efisbbuabd i50ikDa (ABC teHSO PEGsurtitseavhl ecul ar wei ght

incre duced 1 G--1 receptor activation and
bIoodﬁﬁﬁglfJ%llJI apF¥é§ transport. Therefore, the range of

20 to 100 kDa for the nol ecul ar weight of PEG has to
bﬁsp@agw g&f)&&ma h{b@.oppéymeaqéprlas@g@edf oI gﬂ'&ug Q8h&sting of

G- 1 variant ‘useful for an

tBEEKn%RKRoBRBK@MIQﬁR Sterepithd IPPWA)EE gw@ua@éﬂa molecular
hﬁélghmofgombelﬁufeadbl -gblkbalmﬂﬁﬁ 9Q®9EaaantsnoFMbﬂl le, based

{1‘ t%§;g%%9£ec§aé w&ggﬁﬁf) é{‘ E@‘]a I}gﬁqgf(éefaggta mo eglglgrswelght of 7.6
kDa for IGF-I, the calculated average molecular weight for such a monoPEG-IGF-I
is about 51.6 kDa. Also preferred is a monoPEGylated IGF-I seleced from the group
consisting of RRKK, RRKR, RRRK and RKRR, wherein the PEG has an average
molecular weight of 30 or 40 kDa.

"PEG or PEG group" according to the invention means a residue containing
poly(ethylene glycol) as an essential part. Such a PEG can contain further chemical
groups which are necessary for binding reactions; which results from the chemical
synthesis of the molecule; or which is a spacer for optimal distance of the parts of

the molecule from one another. In addition, such a PEG can consist of one or more



10

15

20

25

30

cont enpl at ed enbodi nents of the conjugates of the
i nvention: - nonoPEGylated I G-I variant, wherein the

woBBomeasap has a nol ecul ar wei ght of 20 to 80 ROEEPM68013756

to 1840 PEG units); - di PEGylated I G-1 variant,
wherei n the PEG groups have-alnol ecul ar wei ght of
about 10 -50 kDa (230 to 1150 PEG units) each; and
m xtures thereof. Especially preferred is a

mBREPEES; theirsdwhig are Bdied tegethero REGHEOWRsowih @enrsithan age PEG
othﬁRléke cdﬁ%ﬁhulaﬁiﬁﬁfe@&dbﬁhﬁa%d PGS, Brindhbe mr@he& prEfared,

Oh B, B4R SRl e e S5 B A dpluins

oglyaa‘rokapattagethmﬂ eadlsarbitek iFghéxaofple} 4 féDaarihoed PR@Ehad #ES can

el Ay bta@fy ttfric akf hfyReBe gf_le Brah 5o 595 ave 2
ave? g f}lﬁ‘hg’ \% q’] suc nono 8— é

aboitares agdidne demrlbgd phefpe ﬁKaéﬂPI?asE%'%ﬁ@F@Qﬁ}@t eé Patent No.

l 663& 4@@'@&&%&@%%@ aflf ms FRASW LY siab- RBKK/(PERERinked
average

RR, "wherein t EG h n
ntsaae%lam.ﬂmmwoo?frow 1S drsmend Moy Cotts ¥r Biggonjugate
achemds (po6P61-b8).i nventi on neans a resi due containing
pol y( ethylene glycol) as an essential part. Such a
PEG can contain further chem cal groups which are
névbseatiglhf hombgandowrg as asesk haseis; mednis dhatrthe ghltysPEGydated 1GF-1

t D&idh %l@&hes%ﬂaﬁ‘@eﬁ' Sohinkd @y 'ﬁ@écﬁé&‘éltﬁa)seq{avmgj&ﬁ bStwd PEG
spacer g%ﬁ di stance of the parts o ?

BTy eatfarc PARRAIMAAN MaY copfaing Sk, 2anaeks qf wiiepcteth (i-e.
C QﬂﬁxhgtPBﬁ ﬂﬂfp) qfrotrmf %E&@tmcmpmlmgﬁplﬁ% @nd iNH¢@¢ehinal

PEG
SR GRS  ERLBE oo
b@EGriFal edriarftorongugatphed abyndshé%addidaicted mbtein. Isolation and

phMﬁEﬂ%éhed?%u%h%o%&eX?{ {)&E%aﬁ&l)%@é FEIG)’I%% ¥k rfglaflant can be

ycero ent aer ro or exarrp
fﬁ@ﬁforalii%}ed Mr aﬁ%ﬁ pREGCtian bén‘?ﬁh%fbar aueferab size exclusion
p@W%} and et hyl ene oxi de. Branched PEGs
usual Iy have 2 to 8 arnms and are described in, for

exanple, EP-A 0 473 084 and US Patent No. 5,932, 462.
ESM@ﬁbBEGy&atﬁﬂ'eisaIsédeHer&frﬁn?ﬁ@&hwmfﬁ ltmaﬂ?cEGPEG@ﬂatsdl*aabnlsr one

Sieapei i ekt B GRGETY BB E0RE BHC @ g ptiched

629\6198)1tly aBths signtSueh h yndTePEGy el - Iasarubedl :krbhmrnPEGylated
pr ogfécf\lh@}mmqu(@ \Bni et g@éxﬁ%ﬁdﬂké;?ﬁ}e U, 'ogﬁb aReH BSariant

cont al ned or usedad are ose navl n one or
ot N-terminal PEGylation) is at least 80% of the preparation, preferably

90%, and most preferably, monoPEGylated IGF-I variant is 92%, or more, of the
preparation, the remainder being e.g. unreacted (non-PEGylated) IGF-I and/or N-
terminally PEGylated IGF-1 variant. The monoPEGylated IGF-I variant
preparations according to the invention are therefore homogeneous enough to
display the advantages of a homogeneous preparation, e.g., in a pharmaceutical
application. The same applies to the diPEGylated species.

"Activated PEGs or activated PEG reagents" are well-known in the state of the art.
Preferably there are wused electrophilically activated PEGs such as
alkoxybutyric acid succinimidyl esters of poly(ethylene glycol) ("lower alkoxy-PEG-
SBA") or alkoxypropionic acid succinimidyl esters of poly(ethylene glycol) ("lower
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group(s) attached. The preparation may contain small
anounts of unreacted (i.e., |acking PEG group)

WEe@ho64891 As ascertai ned by peptide mappi ng anBCT/EP2005/013756

N-term nal sequenci ng, one exanple bel ow provides for
the preparation which is at_lgast 90% PEG | G- |

vari ant conjugate and at nost 5% unreacted protein.

I solation and purification of such honbgeneous

PilRGB- BEG@P&"Pfor FIE(HWH% dlckﬁﬁnldev@cﬂﬂv@t@ﬁ REGs. ehy conventional
per usual ﬁ%a{tl F:Sgatl met hods ref er

R trart s 3R ety RISy 2ide s be
h&mlened méanthet teattidnGef | the aadtizated i %E(PE@}lh atGHd], atheoeweynplified

OHECIIHY% Eel& is aq:ealfl g%g tcaﬁg‘?rln ﬁ’nldWFIEQtYOIP an¥1€ use of

roup 1s atta coval ent this sit
SHHERINM heﬁbge;}@ REQHICE CRDJUZREH WHE Rfﬁte&lfdﬁ disglpsed 1 in US Patent
PRGY4,8txsb2at the N-terminus to a certain extent. The
pure nonoPEGyl ated 1 G--1 variant (w thout N-term nal
PEGyl ation) is at |east 80% of the preparation,
pieé eeatioy e@iditiansd uswis hapr eheirdlieyce wonGRE@lhtiateedmount of

| Selen gjg‘PhEégfatédslG%zf/Qlar%ts”B? ﬁgm?ﬁulétﬂgég/ F&@&%; tcf}gl_i érﬁe(e g

renal n ;ﬁg unr eac non
aHEoef reusents IWWPPE@}'?»&%@@IH @neentyagiongfime of praction etc.), the

tl 'Relh H@RE@!A(?&)@SC'OF e dlffé’r%ﬁt apGy lﬁfe@%@éﬁd @J?ﬁb@@&%dd 'P'i‘ééfeltagly the

e Lnven re nonogeneou

Teéﬁf%lstﬂ? 051‘5‘9 B’é’g be% YR i Epr$ g@aﬁ"&fﬁ‘%‘ﬁg 5-15%

e(\@jv) ethahohapdh &5 6 éurv) %&leﬁ@gl&dobﬂhe@lﬁotefﬁlﬂﬂi@ adtidn is preferably
?'5 832 d@gyg@%PﬁCSl@%ﬂLv%h%s% ecrioﬁ%ed Gl 12"%'"{1 efls Pf'%fﬁE&Flated

thaélaatSt areppesfdaresh| Reattherr demperaiysedind| re,eeamphmq cal by varied

agdchMBb £6 tlﬁgﬁﬁov%}égge & &Hli%%l’%)‘t*?ééh)’%h@re@;ﬁh@h S SrHiuT S¥d long

esters of ol | ene
Al R PR esselts dp 1&1:11@63@ Ylﬁntﬂf?lb Iécrpangli&fé)flﬁ%wﬁnts are

epﬁoﬂﬁ&ed}ﬁt 1§Jﬂ{e)‘<€f6iehyrjeﬁﬁédgb Wb@l( ht 4°C ansdufc(:)é |uﬁ t(r)n 30 minutes. When

e R Bekas R OB T B DY RBG Tof TRtk PHfer,which
apteferaily doresst of S(WmIVhsoalmralhomi, 1196 edranvlamdalto di& edgtene glycol)
| {QZI-IZ(F)Z g{j’%gk—iﬁof E\?(fl{t?fkggl gﬂ lt'f@dgtl% oygﬂ(rgﬂ 1P1Eg;“ %{M Q reactlon

exe
gtemmr%mwfrfgomrﬂecamr@étwro pﬁmqrmq, lermldutg@ce@ﬁnounts of the tri

SP'EGMBJﬂeH‘ beﬁ%@rp?oa&eer OGS WJpH&afne@cwrﬁho is about 1:3,
rote| é a gosed i US Pat ent gﬁ 62. The
rB‘é’E‘FP ¢ 8hand olige PESulatadspeciends prydugeshce on the

rel ative amount of differently PEGylated | G-I

\(/Q(SPL P05 Sint %Xn)ugzﬂ aclcgrtcil gqto tli])e inveat E)rll %]aycb%npq"e}gareci] By covalently
reactmg a primary lysine amino group of an IGF-I variant with a bifunctional
reagent to form an intermediate with an amide linkage and covalently reacting the
intermediate containing amide linkage with an activated poly(ethylene glycol)
derivative to form an IGF-I variant conjugate. In the foregoing process, the
bifunctional reagent is preferably N-succinimidyl-S-acetylthiopropionate or N-
succinimidyl-S-acetylthioacetate, and the activated poly(ethylene glycol) derivative
is preferably selected from the group consisting of iodo-acetyl-methoxy-PEG,
methoxy-PEG-vinylsulfone, and methoxy-PEG-maleimide.
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ratio of reagents, pH, tenperature, protein
concentration, tine of reaction etc.), the relative

warwenésonf the different PEGyl at ed speci es caPChEP2005/013756

varied. Preferably the reaction is perfornmed in a
buf f ered aqueous sol ution pH;$-10, containing 5-15%
(v/v) ethanol and 0.5-4% (v/v) ethyl eneglycol. The
proteln PEG ration is preferably 1:0.5 to 1:2 if

Bipe E%% teefbdVarHeant tsr aNeHpdosisued nnidyllicBvated Brahclked PEG
i | r n
IR NI e P e 1o R B SRy Gt o

t Blotdme ugatewhenigé (95262460 Vedneset F.dhngt ahhl Badgtig Gbmpatible

rLAatyr results in

Iglggelg @@ﬁ%% ?g% 15 {r?g?rgg%éfﬁﬁgt ezuva?i Iant s are

produced it is therefore preferred to work at 40C and
fDRe I»(E’F-‘é Qaﬁatglhtrﬁo @ﬁ:s n%%t pregarEEGY |aﬂ{1h&'ﬂea&ﬁ?€?&f%lehﬁhnkmg
combi ned wi an n action bu
PERi S uPs BT v LA vabioh R ane S bt B8, e ated
alGF - 1L %aciin h e twish enpolg(equdén)e cDEGh) (REGA ¢ddivafiveabolbe Fir& step
’coﬁ'pp@ﬁs%% gé)\gﬂfﬁgﬁprﬂﬂ% Zé@ 1%*6%8& Vi 19515% Nﬁ”%r&lﬂsgﬁ‘%r%gnam

ure O
t Flis ectirtion 0§ 161 varéant i perﬁoeeyri mté@@pémr@é reggents which carry

P4 ﬁﬁﬂé‘&éﬁl th\{gleg?oﬁﬂ‘ﬁ]djirpﬁ&dlﬁoﬁ%%arcﬁ{ré &olip, RRYS ackivd esters (e.g.,
prinmar.l 0O- Specl S

p? oweeanldrgﬁer vy gﬁ e o‘?f’f‘iﬁb Gﬁﬁ lggeard @ﬂés’t éalpﬁeldes of
| crBomylio acﬂaynda aﬂph@ﬁaaeds lyspectiselye MtHeythio gedupnig paotected by
pr.i mar S| n%

eeTRe kel Pe i ng fs8y Brfhosn Thise BirhuiiftooLredly o Bote e
amacteWith rthagearamd groua:% ehtheylysimacanning ackds bynfarmiegl |aataemde

ly?b”i ‘T’Feﬁ;ﬂ%gﬂ@aﬂld Kfi‘g@le%ltﬁhlcﬁgnﬁcfé g&ﬁ@qs known in the art.

et hy derivative taq rman

v%rerlarﬁwswfnﬁn&g&penalr HShestardreg gessgost &&%39 %%05 while the
bidriagidtionato fHRAGRHIthicS chpb@idBR ¥escribed by March, J., Advanced

Nozr e e g@gﬁ Hﬁ?%gcetp%f o gtk magacATA i

padyhesdidilylaeniabty (Mmjbc)ulaidhbbat Ewgene, SORy B8 £ nadPierce, Rockford,
I
?lg“d giﬁg?g%&llgg met lgﬁn&'hg%% ﬁ%ﬁ%&};&g@\; ! 983) 'su I7P one, and

nmet hoxy- PEG mal ei m de. Especi ally pref erred is the use
Ofhérdk thidiflfs Q¥ RY Gk rfbm:)@)ﬁpl@% bﬂ@&@éd)ubbaﬂe&%ﬁuﬁﬁ H 6.5-8.0,

ester NHS) I'ecul ar t
(%nfraﬁle.rnM botassin RhosRA. 0N N6 T @‘f%@)ﬂmonal
bmelded i-DMSO.eAftad completiddi @me Iré/aenﬁiﬂ,rﬁiakrdblyeafter

P (1997) 197-207;, US . Pat 932,
gé:%?m{}% 5 thes reaction 5 aﬁtggperd.agy ngrg o poafr 12/8 Exces)s blf-[mctlonal
ardagoi megchd separateddiyemethbdnknawn of thehirtok.gg rbgw wipadysisoor column

! ﬁ: raho}{arTﬁé’]tcwér C%ﬁdﬁﬁ@xj Qf]tﬂlolagl%uﬁg Hﬁhéd“% tI@?I variant can be

esul tin
determmeg by photometrlc methods described in, for example, Grasetti, D.R,. and

Murray, J.F., in Arch. Biochem. Biophys. 119 (1967) 41-49. The above reaction is
followed by covalent coupling of an activated poly(ethylene glycol) (PEG)

derivative.

Activated PEG derivatives are known in the art and are described in, for example,
Morpurgo, M., et al, J. Bioconjugate Chem. 7 (1996) 363-368 for PEG-

vinylsulfone. Linear chain and branched chain PEG species are suitable for the
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|GF-1 variant with a poly(ethylene glycol) (PEG
derivative. The first step conprises coval ent |inking

w@boobhéasb1 gr oups via | ysi ne NH2-groups of | GF-PCT/EP2005/013756 _

variant. This activation of IGF-1 variant is performed
with bifunctional reagents wpich carry a protected
thiol group and an additional reactive group, such as
active esters (e.g., a succinimdylester), anhydrides,

eﬁﬂegﬁﬁtl&fl oﬁme%ﬁﬂioﬁnQQbﬂ%rmbwIoﬁﬁflhﬁﬁ§ oplfea&ﬁfemyﬂehg‘ents are

aci,ds an cti

GiPEaTr e BROLBELLE B Giegtnpy TG o e e gf ghese iodo-

ameivyted gulouiprees Fh@senbihfthnattiaodad desedlyeind.s tyriderataineort, &.T.,

r i - f

5o bobed DGR AR R PReel Sah Mero (1008 RONRss,

the bifunctional reagents is knovvn in the art.

grEﬁggﬁglgf %xgﬁca\%ﬁ bR qtel ® ouhl&LSa&&dt%%tg&thgn%ﬁﬁéﬂ heridiny the
[

ateBERRHiPR; ¥ ‘E%?R)oﬂ}ﬁjgo‘i dratelaebler By RER's ﬁnﬁyreferably from N-

gﬁ:?rahfaﬂpl KB(?&ATB@ f&iﬂmm&i_l}:rly’e ddfBe By &ng&noﬁnem the art, e.g.,

i functiona iS CO r e .
bt R AP R B0 orsbld el RGeS 4@?@?‘%9 o) Especially
R@ﬁll@h@reetchalnlg)f clawmadw@phmed in Duncan, Anal .

Bi ochem 132 (1983) 68-73. The reaction |s carrl ed
out, for exa '

an aqueous huffer solu ion, pH ..
61B¢ Bergentaged ermW -PEGHoPpBRlss a5 @ggﬂé& af mgpor ?ﬂ;\ di-PEG
Nepeties pdi Be 3ontﬂ'dll%d tiyfpodiihg Of@lder fragRiMs af’@md)ﬁle&ddﬁﬂ peak to
¥eBs b e RBRsE  ofaMeBa i or BECbaR: SREEURL Rt the
opertegrgageecof mroePEQinf tlwcctqnmmitlomea@bwut sty lpercent mono-PEG
g(gﬁlg \Y g4t t
d :iegdi(s):% &ﬁj Qril | trat |d ogﬁld %ﬁlﬁgvesrognegm’ﬁeﬁr% i os}tlons in
t whish, fpr svpapledatelgast inatefive paiceningr @dﬁaSbélrtf@t@ghﬁ pesgent of

bbhe%ﬂ}d%ﬂﬁﬁ %f&m@ﬁbm spEeRE rnia*?%i deBired OIn &X @H%k)ﬂlment of this
G asetti i.;n Arch.. Bioch

an
RIS B thfwrﬂ%?)of W“@?E%d@e‘éﬁ%w&garf%‘étfﬁo&h Rinety percent to
f pinegveghtpereeaval ent coupling of an activated
pol y(ethyl ene glycol) (PEG derivative. Activated PEG
derivatives are known in the art and are described in,
f 5r“peknapire, ackbras usggbherdin refets tahn amino Biid edbevtaddfedre the group

6 n
chefstife éo’f IRkt o)? S’eafr%eéﬁ haORgd, (B idine (1),
t #PPTABIS hlthgihtammw@ » BT BE se@fnef(é g éhfFomERé Hé%ﬂe is
ofls4 @a &M%PE&B aﬁ:ﬁlagﬁi't‘teicl%ﬂ@d | R0B/siRe & Wep 1a@édhwrcPEg3to the
and nme PEG- vi ul f The use aof these
i BYBREGN: Mlaaﬂegwg?%?@%gseﬁgs RABHATPRO #HE: art and is
descri bed e.g. by Hermanson, G T.,

Pharmaceutical Formulations

The PEGylated IGF-I according to the invention provides improved stability in the
circulation enabling a sustained access to IGF-I receptors throughout the body with

low application intervals.

PEGylated IGF-I variants can be administered as a mixture, or as the ion exchange
chromatography or size exclusion chromatography separated different PEGylated

species. The compounds of the present invention can be formulated according to
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i n Bi oconjugate Techni ques, Acadenmi c Press, San D ego
(1996) pp. 147-148. The further purification of the

wa@evpoensds according to the invention includi NnBCT/RR2005/013756

separation of nono- and/or di PEGylated I GF-1 variants
and preferably fromNermnally PEG/lated fornms may be
done by nethods known in the art, e.g., colum
chromat ogr aphy, preferably ion exchange chronatography

eﬁ@&%ﬂ?lf(gryth‘éaﬁr 5&01‘?69 mcﬁhfc@ﬂwrﬁﬂ&m wHiBE methods are
per cent age ates ag wel | sthe rati o

ug
OfHhe- t 5rs>arsep it i §bEh§| st TER Hegrogestionanugh pympositions, a

DBEIE}'lﬁl@d h)Gde'QflaxftraaéidrtlﬁfgSO aicoinehtionds edrbined ifpeAKxthite with a
f]?lba&%%gge glIC h@ aﬁccepgaggag%rﬁlgr, ID%re eral{ﬁ)}éE;g Oﬁ yasllrsr %gall_ﬂ.:sé an_aqueous
t fodutbonpeghiningntheAbgsired mngredigntp exf dbmphmmemml compOSltlons
C%huclg Ebld SirfledAPIaRAkIVAC r(g(ar}ﬂr)lgl it }@ﬁqn?l%h's\ﬁhta)’maceutlcal

Sonet | S;,conp ositions iIn i.ch or exa ‘E
nPGHCgs: 18] \‘?élt’é’é‘r 90 Mack Rublighiag Cppapy)- eéliltﬁ ibY ¢ &l (
opp.t1h85-301G)UPRies camposiaogs dntis pe effesivaaobat dﬁfhb Eﬁ‘tﬁktance

PR i BB RS DTS RLATR gt
nviteta seitgiie apenmendf. a Aatnl Jhe artompositzing"map hes edininistered
h%z{rgflt]graﬁlgf ?’B? lslfbsﬁz{e} ?g) Q&'ogdlﬁgttg Ctrh@dm('&?ﬂ% nt Rea@hAliRered

SISt
gpngfeaahlbvmmaar(ee}onem gltbcarq@éoqwtraaw@g iniganasgl application.
glutamne (Q, arginine (R, serine (S), and threonine
SO @a oI ar no a d but excl lll)ded

(). Lysine |
LT yﬁﬁﬁ%aﬁegtl%ﬁpge@aﬂ %a%&r%g {18 PReVFRIAR, F5h De prepared
Ad@ordime to Smpwefmembuy inuskd aets Usodlby salmmnms af iPEGylated IGF-I

P!']aaf PG élfllg’%{dhgg%r nve}?ﬁ B@@e% Jgﬁdgclz%/{)@ilge% i Fhe! tpl%rrfla%eutlcal

accordln I on provi roved S
|¢pmmsltmrr candatthen desieed| ifingl aprotesn apmnta@twssm @dJusted by

I%an&ﬁﬁg}mrqﬁﬁtkm oughout the body with | ow
application intervals. PEGylated I G~1 variants can be

adm ni stered as a m xture, or as the ion exchange
CM&%@&E@I&ﬁyalanﬁiollﬁoﬁé(ﬁiay HE Qbedcor adBigFaidRYor 1n]ect10n or

ST gAY VR P ONCBET B GP RSt B S0aDY B Agranase
tappétcmxds ahdr cdnitan pare péfeahicommofintphfirthe@ylated IGF-1 variant
Cgﬁpﬁ@%} tvlnﬂp h‘gﬁg?{k HE&]EIO giceﬁ'[a@leg g@%&% o%ltege?vﬁﬁz"e§ Obblubilizers,
c@rnpbsﬁefsb cﬁdwvaatspe@/pat@erlqr@wcm spmangitionsc tdideg dileents of
t BRidul bRt} Bbhtkifts OPDIrBRGhd, Acats) pHJdpRatyY, HBI &nd ionic strength,

additives such as detergents and solubilizing agents (e.g. Tween™ 80/polysorbate,
pluronic™ F68), antioxidants (e.g. ascorbic acid, sodium metabisulfite),
preservatives (Timersol™, benzyl alcohol) and bulking substances (e.g. saccharose,
mannitol), incorporation of the material into particulate preparations of polymeric
compounds such as polylactic acid, polyglycolic acid, etc. or into liposomes. Such
compositions may influence the physical state stability rate of release and clearance

of the monoPEGylated IGF-I according to the invention.
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pharmaceutically acceptable carrier, preferably by
di al ysi s agai nst an aqueous sol ution containing the

walzwbnedol ngredi ents of the pharnmaceuti cal PCT/EP2005/013756

conmpositions. Such acceptable carriers are descri bed,

for exanple, in Rem ngton's_kpharmaceutical Sciences,

18th edition, 1990, Mack Publishing Conpany, edited by
Gslo et al. (e.g. pp. 1435-1712). Typical conpositions
cpaga@b@amﬁjgf@g{cw@amunt of the substance according
to the invention, for exanple fromabout 0.1 to 100
mg/ m , together vvlth a suitable anmount of a carrier.
Tﬁnaimblmpmsd starohasd tregtnieat achiinen, Jtabiemts appatrettdewih Idysag&'misa the
P, t

it PLeh 00 (B30 LRl (19 Io2Y BRSO ated IGF-ariant
SPASCiBLRER éengveruarﬂertamem@é A time{asHphEam @}?pq*watab@w 30 days

The epe{ha[d@&e ubiugals dpplied La@t 4 cgn}sg}jeaam[ @khl{(wtah@oﬁsh Br iv. or ip.
i pnvention ¢ € prepare ac rarn (0] nown ne

| -3 D el POCEET hr PEREIGH Betapareaertial | 1S Rulation
vedritaningd): ietodi 08l riyg BHGalgeedIGF -1t pee niluThis treatmeen daxdlbé corbeined

“x%ﬁﬂ ahg sttaFéfarHrﬂ@g“&%ﬁ}%ﬁﬁet?%eu%ﬁ{%&g}n h{? %&%E@yﬁ]@epﬁﬁdt&?fhli 1

ncen

cbﬁf@@ndmramg orafigr theistandarshireatment. Bhisrawidie in arciapproved outcome
bd PR dIBY rBRnéaeslohOr adm nistration for

| njection or infusion, preferably via intraperitoneal,

subcut aneous, intravenous or intranasal application

aldvag danirad, EhaalPEnyfa&ﬁlt IGRe] arotdifhg of the ﬁheVeFBE@y kai beladdnidtered

Vgéll ant t Ttlmes QV\%\%’Qe oraglgmcg eHxﬁ Itregt é{lt% T e?%l eE)()dlment of
reser a

I vVes, I zers,
athie umamtg)narsdﬂt@refmr i rettbod Sacihe c!m:pbmntl @ﬁwélnhnmem deDisease
did HER dnﬁ sfe?i t8 lé&;a%entcﬂlnﬁ@eﬁttﬁel@gf 9. ﬁ'}]@fagle@t'l&ﬁzl effective
acet t I onl c strengt

s%mﬁuratsofc?ei’%@)déﬁqéé Eﬁo?cé‘é}ldu}cgi 40j the m@veageﬁwh( @@dosage cach in

TReRGETbetRREP0l0ps abmhey, ppferabR @(mn@o 5689 of PEGylated IGF-I
antIOXId nts scor bi.c aci d

Bl bR e Berch-8 00 Rrsra ¥t ARG ARy atshiSgR-1 is used

apethdil) modoPEGRated EGB}i;,t andeasblyeag.a sasphsitiosepf a lysine-
E@'ISQP)[ FIRGALRAC t8 fthé ﬁ@emﬁllearndag Idlﬁf \Qaélant whhch is N-

a@rlpmailb’ Béﬁvgtedm@relp@hg/@pw mtlocls alcleast 1eﬂc or into

| i posonmes. Such corrp05| tions may influence the

phyS| cal state st ity rate of rel ease and cl earance
A tirben forhsetagra ke vedotion s wernf 2@d idated IGF-T according
i fa)velm livenEBos afge sthanstepird@orCafce nheditdmes foy pﬂheairlegtment of
rd treatnent atient are

t
AR RGBT ra A DIk 3. BOLTE sy, (ot in a
pthefapeatitally effetive emduntyamt wRkOnk at édo ﬂ@ﬁgéswartha ringe between

0.001 to 3 mg, preferably 0.01 to 3 mg of PEGylated IGF-I variant per kg and per 6-
8 days, preferably per 7 days. As PEGylated IGF-I is used preferably
monoPEGylated IGF-I, preferably as a composition of a lysine-PEGylated IGF-I
variant according to the invention and a IGF-I variant which is N-terminally

PEGylated wherein the molar ratio is at least 1 : 1.

The following examples, references and figures are provided to aid the

understanding of the present invention, the true scope of which is set forth in the
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per kg per day over a certain period of tine, lasting
fromone day to about 30 days or even longer. Drug is

wappbioedsns a single daily subcutaneous or i.VPCDEP100§013756

(intraperitoneal) bolus injection or infusion of a
phar maceutical fornulation cpptaining 0.1 to 100 ny
PEGyl ated I GF-1 per ml. This treatnent can be conbi ned
with any standard (e.g. chenotherapeutic) treatnent,
p’éﬁ@éd"cme’E@/'lﬁtlﬁﬂe}s%d' thaf ﬂfo@hﬁc@t—iéﬁd"@a@rbeafrﬁzﬁfe in the
thesanda[’l‘g)rlfhea}i t Thlgrre uItS| an i rove
£that B2k Fop BAcRER O IR SRETIPE. nas
found, that PEGylated | GF-1 according to the invention
C enuggceaﬁ:l@' Bi stered only one or two tinmes per week for
S eatnent. A further enbodi nent of the
invention is therefore a nethod for the treatnent of

AEHADTRIO: SI MnSRASEd cs@ nté? loPGuaai rmst @imm 4@dsA1-70 IGF-T;
pat|ent jn_need ther cfhera eu ta}% dg% ffective

atFBtRracists 74- 1op@yerePl ef‘@r g LY ﬁ% e invention

Wi th one dosage each in the range between 0.001 to 3

NBsie éesfcrel ﬁ‘gﬁXf . & 3 my of PEGylated IG-1 variant
mw—%wné—p?r—g—g}%?a’ys- , preferably per 7 days. As

PEGyl ated | G--1 is used preferably nonoPEGyI at ed

| %i , pref er@l@j WPRE & BIXTAE! PhRpRfticRal ¥6MRR-were separated
PEGyI at ed IGF V\R%rlant according to the invention and
?m

a |GF-1 vari E A tPORRRER PYNPEEFFRATRI WiENNgT G3tion
the nol ar fatéx@héxfgea&olhxﬁaS(T@SOHlBIGSEfwrSIhEPW) Five different

enbodi nent of _t ven h

PEGy! at ed |Gﬂ3ﬁapg'taé§ L ‘P%erf%@ ﬁn‘d%rﬁt‘?o&%te 3pd pygeessed for
preparation ofﬁlrtzhenawil}aanent for the treatnment of

Al zheiner's Disease which is adm nistered to a pati ent

in need thereof in a therapeutical Ié/ﬁeffect i ve_anpun

abig- % t h one YPS-PaGEienpdysissofi nonoREG-AGEd neaksdds fO’eGG‘Ilﬁed
to 3 mg, pr efﬁéaﬁhira)engnﬁ un@be3edD- 4;fwé°E%ék@b§1¢orksGﬁ Uy 4-12 %

vari ant per .a referab
days. As PEGyFHY chespf pAGE SBdersen éerdéfﬁ?‘wf*) 1d reduced (B)
monoPEGy| at edcdn@ditidns apd géle wakd syaiasd for pestpiasiitii Goombssie blue.

| ysi ne- PEGyI W gfulng?&'gat?rﬁmﬁccord' ng to the

I nvention and a1l Feh is N-termnally
PEGyl ated wherein the nolar ratio is at least 1 : 1.

Thg, 5.0l | owi ngp a

o ¥ ded to o %’8‘?{&3:’& PRSI THES 1928nd 3. The
i nvention, thpurifiademereRRG te‘ﬂ/\ﬁ?*’g‘ﬁl Kange} Wﬁ’ifrcilgﬁsieﬁ with Asp-
theappended cNaiLa®. thet pé dﬁndén@a SkRQdsdphted by HPLC. Peptide

nodi fi cati ons can be rocedur es f
Wi thout - depar FARGFT BhTHEE St (aBmer REvaTR fﬂl?%ﬁgy Raman

N-terminal peptide degradation as described. A., HPLC analysis
yielded 6 different peptide fragments for rhIGF-I at retention
times between 30 and 45 minutes and a major fragment 7 (and a
minor fragment 7’) for the PEGylated peaks at ~70 minutes
retention time. Arrows indicate the major relative changes in
peptide fragments in the different peaks as compared to rhIGF-I.
B., Peptide sequence of the 6 fragments obtained from Asp-N
cleavage of rhIGF-1. The lysines (K) are marked in bold and occur
in fragments 3 and 4. Fragment 5 illustrates the N-terminal

peptide. C., Peptide sequence of the PEGylated peptide fragments
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Sequence Listing SEQID NO 1 am no acid sequence of
human 1 G--1 (amno acids 1-70 1 G--1; am no acids

wWQ 10080668pr opept i de according to Swi ssProt POL3BEGI/EP2005/013756

Brief Description of the Figures Fig. 1 : |EC HPLC of
PEG I G-. Pure positional isopgrs were separated from
the PEGylation m xture using a preparative

strong-cati on exchange colum (TOSOH Bl CSEP, SP-5PW .

Five differemt af&@@i@nfah&ié ta@ﬁ\ﬁor( @Bﬂéﬁf Al BEGHlaté@y8ine residues
I sol ated and qﬁ%g{ﬁ lir(&ﬁfer anal ysis. Fig. 2:
SDS- PAGE anal ‘AUPESKs. The five
puri fied peak fractl ons (nurrbered 0-4) were
t rophore 9 \ e it ﬁ%ﬁb

gqr educed ?ﬁ%rﬂ)ﬂ&éal]%u (8 iﬁ%oﬁ tg i‘ons " a Amqﬁfessmn
vvere st ai ned Hrefil eprfmn@l FNl t Hn 61?&3%‘?1%9}’6 gted MRPmerS The
ol ecul ar weiighibatBh Kike ofthg 1IGB:1 didpthe ge ’E% gyddted YadidntOhas 24h;

nonoPEGy| at ed | eak fie
TonoPEGy at echsnine 60 calaing NiBFaTa BhSrifgisrongs data
N and the peptnalysisfaradeseribel metharneaiteth b@lustershf deptregldated

sequences of_%eggs' g@?lhg&gg)ég?%%g?petds MBS e obtained by

Edman N-term ide as described. A,
HPLC anal ysis yielded 6 different peptide fragnents

fpig 5t hl G- | alGE Bt EH&dpﬂBry‘ldt%Sb)bﬁ{I@?qrhxﬁﬂnaﬁgP]?@-IGFI NIH-

m nut es and ment and m nor
7') for the %@%Le tﬁgéwsfsfteémﬂ W I@Et gnWFranserum-
time. Arrows staidledate difte 4 inculiagddaivitii dnaieasigedose (0.01-10

peptldefragme differ aKs as d
Dot hi a1 BB ke 8 boRoBRG, RARKRaABIRIRCE 315, peak
obt ai ned fr onnAspDels\(lcli)eacﬁé&g?é fof 30hmEmtds, SThrequigngiynedls were

(K) are mark ok&séﬁ%g\/\?’e@érQSHﬁr céllrbntifyﬁg g?@éé&l@hd@ﬂ%é‘thods

Fragment 5 ilTustrates the term nal ‘pept
Pepti de sequddhes rG?POtnhféCllﬂEGyWHh ébl%bt(ﬁbéeﬁk dg@énl’@% 2 (G,

after EdmanI dedk 3d@d), EBak NSt dhdaDes Pﬁ%le@t 8dF), weipeerively.
residues de "% p}?orsle) Slaltlgntspg%alowgs normalized for 1GE-IR levels in
the individual wells. Data points show means + SEM of 6

measurements from 3 independent cultures.

Fig. 6: Quantitative analysis of IGF-IR phosphorylation in NIH-3T3
cells. Dose response curves obtained form the experiments in
Example 7 were fitted with one-site binding kinetics to obtain
specific binding (Bmax), halfmaximal binding concentrations
(ECsp) and Hill coefficients (ny). Data represent means = SEM of

‘6 measurements from 3 independent cultures.

Fig. 7: In vivo brain Abeta lowering of rhIGF-I in PS2APP mice.Double-
transgenic PS2AAP mice at 2-3 months (n=10) were treated for 2
h with rhIGF-I (50 pg/kg i.p.). Cortical extracts were prepared
and APP, C99, Abeta and control protein (albumin) levels
evaluated as described in Methods. From albumin-normalized
values, the ratios C99/APP, Abeta/APP and C99/Abeta were

calculated and are expressed as % of untreated controls and
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Fig.4: H erarchical clustering of AD of the different
gl obal expression profile fromI G-I and the

worenwepesyl at ed i soners. The incubation tinme of PEEP2005/013756

| G--1 and the pegylated variants was 24h; usind the

mouse cell line NIH3T3. The;gonditions for the data
anal ysis are described in the text. (A Custers of

downr egul ated genes. (B) Clusters of upregul ated

genes. Fig.5: reﬂ)l%e'nlt Rn@QsPREM| &! tepResbivtatite Wes{erﬁiﬂﬁots of 2
mMonoPEG | G- 1. T3 cells st aglp}/entra sf ecctied Wit h

hurman | GF- | R%‘? Gortical, extracts,, p’ﬁh ear paduction in Abeta
i ncubated w tlkVelsmhlmhagewmeﬁe paclxhgddbyg IEF) I wéatment. B,

rhi G=1 or 3)q Fi%"hl G;;};lelll}rélsggp?({rﬁc{lpe%’l‘% g”fro?n P%ZAFF?I%CC **

m x, Des(l - ubse uent

cells were prnfd)élsls@dmftmatdﬂé@n@‘pﬁ or in-cell analysis

as described in Methods. Dose response curves with
rhiG--1 (A), peak 1 (B), peak2 peak ea
g §£E) and cﬁgmcosyseﬁ & 4Kv%o (bt %egmseﬁl’ézﬁég iFEbY thiGe-
Iohoslohor yl at i10Mwsingérths wasmaewmltreaeadi foor, d 624 Rwith rhIGF-I
evels in th ndi,vi dual IIs n
SEM of 6 neae(sbé’r%krﬁs %% “E}&De %}g&t uﬁu@gﬁa Bevels
Fig. 6: Quantwarat evvblamdahyénstlm chlcplated as described. Data are
phosphor y' at '&PB dsf2aMs bk 3¢ én&&kécﬁcon%&eanrd%pﬁm nfdhY ESEM

obtai ned formthe experine nP were fitted

Wi th one-si te(nﬁllﬂdﬁhg‘\ m@éa/P%gnilé &8?&%%@8@? f§% 6and 24 h

bi ndi ng ( BMXgfter gddioBX(*med <00 1ngi drréaeddc@ftiopt | ons
(EC50) and Hill coefficients ( H). Data represent

nmeans SEM of 6 neasurenents from 3 i ndependent
CEigtUr es. Fi dn vivo AbetuilowerimgainnA ABeind RSRAPPI mizedfy peaks 1-3.

hl GF- | P , e
ot he ( nE B Ih e PRUBL AL AR B e PRANR G Sl
(50 ng/ kg i . prynsgedie APBandaeublgctransgenic P§2ABRmige. dypgta/ APP

APP, €99, Abef @il AHRR fafibs Rfr%@k M, £ 8Pyt ShowavBke&ther for
eval uat ed aﬁﬁi:iescrl bed.in

al bumi n- nor nef'fesLECTHBITEE O éﬁeér F"i*ttivﬁse%?)f’ﬂﬁﬁbeta lowering and
Abet a/ APP and1&98{cA@at8- \0pr &, Abeta/APP ratios showing the effects of

peaks 1-3 on brain Abeta load. B, C99/ Abeta ratios of peaks 1-3
demonstrating the clearance of Abeta from the brain (*, p<0.05;
**, p<0.01; ***, p<0.001 vs. untreated control).

Fig. 10: Time course of in vivo Abeta lowering in AAP and PS2APP mice
by peak 3. Mixed populations of two months old APP and
PS2APP mice were treated for 2, 6, 24, 48 or 72 h with peak 3 (50
ug/kg i.p.). Subsequently, APP, C99, Abeta and actin levels were
evaluated and ratios calculated as described. Data are expressed as
% of untreated controls and represent means + SEM (n=10-15).
A, Abeta/APP and B, C99/Abeta ratios at 6, 24 and 48 h after
injection (*, p<0.05; **, p<0.01; ***, p<0.001 vs. untreated

control).

Fig. 11: In vivo Abeta lowering in PS2APP mice by PEG-IGF peaks 1-3.
Abeta/APP ratios for peak 1, 2 and 3 are shown together for direct
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cal cul ated and are expressed as % of untreated
controls andrepresent neans SEM A, representative

we®bo6439Bl ot s of 2 nonths ol d cortical extracPCI/EN®N®E013756

the clear reduction in Abeta |evels while other levels
were unchanged by rhl G-I tregatnent. B, quantitative
anal ysis of cortical extracts from PS2APP m ce (**,
p<0.01 vs. untreated control). Fig. 8: Time course of

in vivo Abet aongekdibfl therS2ARR eMeffectPYon MR lowéMhg and
months ol d m ce vver?lr??)t‘sgd for. 2, 6 02&5@4 h \gth

rhl GF-1 (50 rfE?aRad’CF.lbﬂ'. u’k}%%)céfe\‘ft??t,rea {°RHRPP and
C99/ Abeta | evel s were eval uated and rati os cal cul at ed

as. descri bed....Dat [€cexpr % of .

clésl tf% s and Trlgprcg)élgsﬁt“?f’eﬁﬁ‘giﬁégweﬁl: Pﬁ?gbg,%lggby peak 3.
Abet a/ PP and Byo coathsdd BS2ARE wicearerotreged fnd 224, 24,48 or 72 h

after injectigm G dinglPTHeQibnVSt pshit § g@d ﬁg/kgq Y. Bubsequently,
Fig. 9: In vivo Abeta | owering i.n AAP an ‘H{S APP m ce

by peaks 1-3.AESKHAFPHa¥RsveRerdcyated af Aesaribed. Majagre expressed
gopg: ations afs %iolﬁ@h&%it&hﬁ@r&fkbl@a%&pafsént meanC? + SEI/VI (n=4-13;
oubl e. -t ransgenj, ¢.BS2APP. M ce. et al APR and C99

Abeta ratios fBrQb'ég’ak’ﬂf&%{%snangé%%msrﬁgﬂ' t oget her

for direct conparison of their relative effects on
A@iea%plgpweri ng and cl earance (n=8-10). A, Abetal/ APP

ratt os showi ng the effects of peaks 1-3 on brain Abeta

|l oad. B, C99/ Abeta ratios of peaks 1-3 denonstrating

t MATHREIALS AN MEADODS from the brain (*, p<0.05; **,

p<0. 01; ***, p<0.001 vs. untreated control). Fig. 10:
Time course of in vivo Abeta | owering in AAP and
PR2ARDInd e ehioyarp dasaliB-likel grewtlp dpuidraf ihdGE-1pfwas wournkmased rom

0 a P - € 0 :
oL AT ELIITAT S0 bt kol et
APps(1 399 GFAbeassobagidechbpmGraRien|(ddgleide, Awsitaliak dbe palyethylene
rgwd?m@b coheflaPdel HERATAR NekBt BdA[RnCRIRSERI LRR). All
0otglf unpt r eat ed coqtrol %Oa d represent neans SEM X
pihen chemicals angysqlvgnipor s AIVesagHtABeYarer & Hiss highess purity
24vaditsle A&H adria@ts dan) lRChriodcdd recdmBin@btly 1¢cording +& ihie state of

* * *
the’ arP%c})" qu.lus\llr?g' s entdgr%(?tteg qnutagenesis in combination with expression

methods preferably in E. coli as e.g. described in US 6,509,443 or US 6,403,764.

PEGylation of IGF-I

IGF-I isomers with PEGylation at a single site (monoPEG-IGF-I) were produced.
MonoPEG-IGF-I was prepared by the conjugation of lysine e-amino groups at the
surface or on the N-terminus of the IGF-I molecule with an activated branched
PEG moiety of 40 kDa molecular weight. PEGylation reaction mixture contained
rhIGF-1 and 40 kDa PEG-NHS reagent at 1:1.5 molar ratio in 50 mM sodium
borate buffer (10% etanol and 1% DEG), pH 9.0. The reaction was performed for
30 min at 4°C. Based on the average molecular weight of 44 kDa for the used PEG
moiety and a molecular weight of 7.6 kDa for IGF-I, the calculated average

molecular weight for monoPEG-IGF-I was expected around 51.6 kDa.
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control). Fig. 11: In vivo Abeta | owering in PS2APP
m ce by PEG | G- peaks 1-3. Abetal/ APP ratios for peak

wd 2008/064801 3 are shown together for directconpapCBBP200$/013756

their relative effects on Abeta | owering and cl earance
(n=3-13); *, p<0.05 vs. unt[g{azed control). Fig. 12:
Time course of in vivo Abeta |lowering in PS2APP m ce
by peak 3. Two nonths ol d PS2APP nice were treated for

28epfaratitsh ofP3siBlond P HG-YE E-D isdnfer 9y Bonl FcB&tde@hromafipadp
(50 mg/ kg ?)8p ). Subsequently, %’Lbet al APPgrat i 0S were by

cal cul ated as descri bed. Data are expressed as % of
uAtpueifitebnesohemeovith andepagivesaohg-redorsexcBirge (cokunrl LOSOH-

* L %k : t t

OB, OB 6, B St ERREEPLle ARL S

gmene REE d&Folr is¢lormeThe)bufigs sysigr erpsistedi ef 7t mAHserdivmpcetate,

(Ggp‘%(éthﬂdl Ia(rjld &2% i 1 ler}@éyc?l%'a'djl@&gctgfﬁl-ﬁé.@g?gff&(é‘)oaned 20 mM
r man n s()-3) - - bt aj ne :

(BT EROSRSTs 3 P6pthonelandol Fed RDIene Sl o i piskeg pH 63

r dpagfenB).was del i vered from Nektar Ltd. (San Carl os,

CA, USA). Al other chem cals and solvents for this

i nvestigation were of the highest purity avail able.
| G ¢olymni vastpse-cawlibutesk widhy 2z go beﬁf@nfbiﬁr{%;mﬂ%dl%@c PEGYSF-1

tQni18, ShAtQuih Whewadhed RWNt39 9% WeP BSkSIRwWdAT zir?gscending
mut agenesi s i n COITgl ation wth e€$[e55| on nef hods

plluéqaé,géqﬂlgptitﬁ 65 Y%cbyffer B to, _sav_arzg%§ i59Ers. Forighe elution of the
Gm&ﬁ%@y‘la'i_ed) IGIUP the 40@m/64ds swikcbyd &? hﬁﬂlf(kﬂ Bufer B Witha bH. 8.0.
e site

' th P t.i '

(B BpRatat § Y Pln P tbe e SR Flaemed g 218 nm. The

presyléing ghrdiyint samples mevgatlieatad afanluyky aed somdiaiqoged ap20°C to
: . enm : -

o bS] FEL8) ool ATVl Aol oy

kDa nol ecul ar wei ght. PEGyl ation reaction m xture

CRAtaAkINEEL] sirbiE-tdtidNékcHshde RIRG MNISOIL 8 HOSKHP, 3P- PR, 25 um
mol ar, fatio in %83 vl sagl un](fbor te buffer, (10% etanol .
P10 i dipmeeterrrie o lRgihd vardisedpler indssigaie the Pugiy of
nhe @parded Besitichabisontees. Beer thgeamadtRel taumneivghisedfthél4ame
0 e R P VP B To 10 T i
time. The protein concentration of the monoPEG-IGE-I isomers was determined
by spectrophotometry, based on the 280 nm absorption (Ej¢™ = 0.584) of the

protein moiety of monoPEG-IGF-I.

Analysis of monoPEG-IGF-I purity

Individual monoPEG-IGF-I isomers were analyzed by 4-12 % Tris-glycine SDS-
PAGE under non-reduced or reduced conditions. The proteins were fixed and
stained using the Simple Blue SaveStain (Invitrogen, Basel, Switzerland).

Mass spectroscopy identification of monoPEG-IGF-I isomers

The purified monoPEG-IGF isomers were cleaved with Asp-N to identify the four

possible PEGylation sites at the N-terminus, at K27, K65 or K68. The cleavage
buffer consisted of 100 mM Tris/HCl pH 8.0 with 0.04 pg/ul Asp-N (Roche



nol ecul ar wei ght for nonoPEG | G--1 was expected around
51. 6 kDa. Separation of positional PEGIG-1 isoners by

wo ewesashange Chr onat ography A purification scPEEP2A0S/013756
a preparative strong-cation exchange col um
(TOSOHBI OSEP, SP-5PW 30 mm 4, d. and 75 nm | ength) was
used to prepare pure monoPEG |G- isoforms. The
buffer system consi sted of 7.5 mM sodi um acetate, 10 %

?ﬂ&ltlci(]}%@% IngtzbyAgeﬂ@nsPE/@qGE Vot Ul?&lfbdaeﬂqr} ﬂﬂ'étaﬁag@ buffer
r a e %
A A W e T R R

B)dditidreo L GCBAT( 1 OvasMp fex- B ati 17l°€tt Bubswdudntl 3héadaafiéresolution
JEGEAL .
%VasAé%c%rch%Og Bg gﬂ%t otﬂe?tg E@% va: r{uf dRTBY% oSﬁ”FA tlaeﬁr‘faq’lzy The YWRSvage

owed by an _ascendi ng
| tepction. Jhadibérined peBBleomixture e ¢ithes alieeetr analyyed by online-
| HPNEESI nfa®y spkéiforféth, HINL(OS: sidred BorsBEGY| ated 1 G--1 the
systemwas switched to nodified buffer Bwith a pH
8.0. The flowrate was 8 ml/mn and the detection was
plorf BT AR MS aklBisnthe ﬁ'dpelde esinturesngernersepaited scangl dgilent 1100

ﬁEC%oslté Sat e%pg@ Rl d yhe%t%%e% 2 [)u?p(%tteia 1§ ?%’e?SQd %thasezcg)%;im (1

a var
bi 85gimab 1asSHPAY wb DB0wEdte ori0aninit el UV signal was also

Srtef:@r@gd %322@ r‘nrﬁxg{]?gg&: Pl HdSOsp 103 ér@tm%rm@l@rcw:ﬁas)s) was
izeclg shored r%%éﬂ’lg%ﬁ@t%[e@% et pedd Vg rg%é?cgwgfaq scan/s

pm&hé hﬁ@ﬁdangeﬁmrmo 7600 ni/Bi 8V anaMyCispedtracedrel avalvged drikach
r. reparative one but
B R Gt T S P L g

concentration of the nonoPEG | G- I |somsrs was
eﬁﬂ&e&a% B%ﬁkfeoﬂg%ﬁ)?w&é’ ﬁeéﬂ?ﬁ&fj ofinad A 11&‘&01 1'@6“ HPLC
absorption té)roteln no }/
rmﬁt@mumtdlwﬂlmdﬂhywrgew JeBiePELS regresed phisercy umn (1 x250
I MA \Si aioormrwaaEﬁlbﬁatk of 3@ [IRMmsn. \mw\aﬁghaamd ataa r&oﬂc?ed at
r| S- ghém ne. ,.SDSPA! fﬁg{ non- reduced or, re il
S0cp BES. PepgeL Potce] ELen oD IR JOWgTA ewﬁ%%m rile
td’tﬁxc&tl’qﬂoﬁﬁs BhdeNeSaVlﬁiﬁha]ﬂmcdllenMdtahdg;abmltBﬁISwl N-terminal Edman
S(\{\é t%%& ﬁnd) Mass spectroscopy identification of
i somers The purified nonoPEG | G- isoners
vvere cleaved with Asp-Nto identify the four possible
P I Mo
ARy Mol GDEAL L 195 b T G e i
egorgtwwe@hwwgﬁ Iasp- N (RocheDi agnostics GrbH,
DE). 20 ng nmonoPEG | G- were incubated in cleavage
buf f er
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for 16 h at 37 OCwith 1 ng Asp-N. After 16 h the
reaction m xture was reduced by addition of TCEP (10

wonkgoehaisoll. 5 h at 37C. Subsequently the react i PCI/EP2005/013756
sol uti on was quenched by addition of 1/20 vol une of

10% TFA to finalize the clea

y3age reaction.

The

obt ai ned peptide m xtures were either directly

anal yzed by online- HPLC ESI
or stored at -80 0C. For

nmass spectronetry,
EBlblb & M5 anal ysi s,

HPLC
t he

peptide m xtures were separated on an Agilent 1100

HPLC system equi pped wit h

é’ﬁ@ Homenex Jupi

ter d 8

reversed phase colum ( 1 x 250 mm 5 mm 300 A) with

a flowrate of [40 m,llmn Thle UVsb(gﬂal wag al so
recorded at 226—nam—A \< FeoF—H—e+—LECHass
spectronmeter (M crona®s) was| directfy couplled to the
HPLC system ESI - ToF gpectral were recor ded with 1
scan/s in the W»@e—ewm—zee—zgee—m—f W and TIC
spectra were eval uat 88 and each pepli de coyl d be
assigned to a singleggeak inl the chigomat ogrlam For
HPLC anal ysi s, mﬁ—o@—ﬁmted on an
Agil ent 1100 HPLC sysfem equj pped V% h a PHenonenex
Jupiter C18 reversed gghase cll um God x 250 mm 5 nm
300 A) with a ffowTare of 20 m7/m . The GV signal
was al so recorded_at 20 nm| PEG Iml ?ides vere shifted
in retention time towards higher acetonitrilfle
concentrati ons [and e manual Ty coj,l ected |and
submtted to Niterm Pdmnmmndl tions
for HPLC runs ( Sol vent A: O 1% TFA in water, solvent
1% TR ni.tr are hown |
NPl Faapdh EEANGY o 18RI an Appic

s@qsbetemsrfgomssyet@nm;co@@lngm I‘&ﬂerAppah Fehm& degyastatins sequencing
\rvﬁ)sc&g‘f?iu%ﬁéa cﬁ%@%ﬁ;@hé’d @Q)sgsq.erhk tP%t@nE@JO moase 492 with the
tion seque ed

degr ada conducted on an
EPIOSIFE BXSHEN p@lﬁf(éﬁﬁ@@%eﬁ%@dl%rt@ébg @a$9@CWr€q§ lmﬁ@ctwns 20 pl

pé@ﬁ‘h@t%n§ Xell@pedCRBi BIPLEOfinwa e @%&[ydhﬂﬂleﬁ QotBi6Brene Plus™

factyrers i ctio of /fractions
et Piom TEA RmeFTeravar dbtd i) T8 cgvered with

Bd:a@Bf@B eseldh usidt mtrozlonel tintonted pict¢inseghénder.| Aetognatic standard
SI% lo}grearrr% W%{ee dr ! t%dcou rh%%{ tl'?etr %eélﬂer‘ft(i)a;f ec[eggadml&b o‘i\"atflé rﬂo%gptlde

S an roduce uence
Abndyst of:ths;t HRY@rcirgmaggams ﬁmmeeagls ddgna atmhét@@t witheApplied

SRR Platsl e AR dftwafe 1A ROLAREHe fBitions each amino acid.

Cysteins as well as modified amino acids like pegylated lysine appeared as a gap in

the chromatogram.
Oligonucleotide array transcriptional analysis

For in vitro transcriptional profiling of different monoPEG-IGF-I isomers, IGF-IR
stably transfected NIH-3T3 cells were serum-starved for 2 h and incubated in the
absence of serum over 24 h with 0.1 or 1 pg/ml rhIGF and 1 pg/ml of the respective
monoPEG-IGF-1 isomers or the mixture of all isomers obtained without
separation. Subsequently, the cultured cells were harvested and the total cellular
RNA was extracted with RNA-BeeTM. From each sample 10 pg RNA were reversely

transcribed, labelled and processed by using commercial kits according to the
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Anal ysi s of the HPLC chromat ograns from each
degradation cycle wth Applied Biosystens data

wermboesdon software 610A reveal ed the positi oPGI/ERDS/013756

amno acid. Cysteine as well as nodified am no acids
l'i ke pegyl ated |ysine appeargd as a gap in the
chromat ogram d igonucl eotide array transcriptional
analysis For in vitro transcriptional profiling of

?dufpi)ﬁfm?sm@dﬁgﬁﬁ TkzﬁFaglerll,i BRIESWitzeriehd) zfinstoalgkq%amm dohn, UK).
ansf ect.e . cells were ser rved.for .h

L TieBiogs feplkaling hes R Sid (hes YD EH 8o cofiditions for
OMODBr430AngberleChipl Grragndwirengtamida@l pgrbecduespeedvidel by the
nonoP, | G4 ke i Sone or the mxture of all isoners
o%l?%?f%g&r%f\hfg&?&gégég‘ati on. Subsequently, the

cultured cells were harvested and the total cellul ar

e A M BT SRS 048 o
y scr : :

SReRR St QTR R I LG MAY DO é%@%ﬂ’ﬁﬁgé‘%?‘smx’ US). The
téxgsésﬁplhilagel forl éash gbd wansalédlated tak mgaﬂalti]zisasiebr,aged difgerence of

it zerl and; ion, Huntingdon, UK). .The. nethods for

et iRt KPP o, VARG o e
caligdntitlevtsdet.o expvBied 36 favepge Gliffpreace dpd)wdiach sxperirment was
f%)qf&g#a% trgglfez{ﬂe%?gr ?‘lté Lo tRHE Bold¥i &l varakiby et ri X,

uor escence (ce Intensities)of the arrays was
recorded with a confocal |aser scanner and data were

anixd fbllﬁﬁ/irigsﬂmﬂcrll‘(@rﬁi ekt GREEINRE &hd &ﬂécﬁﬁ’ﬁtﬂfidiffeééﬂ@ally Hasressed
expr essi on or. ea ene was cal cyl a :
e e fevsh Vol PE ertietesh el G5} e B He fod higher
i ot Bvisidly lagercomparpaded © thehuritchatedt detin it)oTd stamdartheldviation
0 - S r

R O R A SR BR AR R AR LR e Efince and the
ofadiaratedbcandislonertlevebef agenk g seilgrepter ithan GiYo (PRHXE03).
following two criteria were chosen for the selection

of _di ffﬁ(r)s? ti eil |y expressed genes: i) the nRNA | evel s

VEHiIER B rdonaYcel | s had to be at |east five
fold higher or five fold | ower as conpared to the

SURERRCERET vt Bl e TR o e TGS bl for hese
aexpeagenti Hehweeearpmesagasd arftied. czlle Wef)act aditiaonf dithengeuhmated 24-
h, B, 8064 ha 0 L VLD, ST B e
wiersmmiaried PEr-nightwaddhers mgubyed witagblGRp erithe resective PEG-
bri M BRakR 5(1§15%91‘ﬁ§n3() BBAmireésl Eclel&e R éiMt §de®id DRMmI
' Buffer for e%lterrff or fixed with 4 % paraformaldehyde for 30 minutes for in-cell
analysis of IGF-IR phosphorylation. For Western analysis, protein extracts were
separated by 10 % Bis-Tris SDS-PAGE and blotted onto nitrocellulose membranes.
Blots were co-incubated with mouse-anti-phosphotyrosine (4G10, 1:1000; Upstate)
and rabbit-anti-IGF-IR (C-20, 1:1000; Santa Cruz) primary antibodies and labeled
with anti-mouse-Alexa680 (1:10000; Molecular Probes) and anti-rabbit-IRDye800
secondary antibodies (1:10000; Jackson). For in-cell analysis, fixed cells were
blocked and permeabilized with 2 % goat serum and Triton X-100 (0.1 %) and
incubated with the same primary and secondary antibodies. Fluorescence detection
of protein bands was performed with the Odyssey imaging system (Licor

Biosciences). From digital images, pixel intensity of protein bands was quantified
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or in 96-well plates and grown until 70 % confl uency.
Subsequently, cells were serumstarved over night and

wo bmn/osasgubat ed with rhl G--1 or the respecti veP@E&P185/013756

| peaks (or peak mix) for 30 mnutes. Cells were then
either lysed in Laenmmi buffgy for Western or fixed
W th 4 % par af ormal dehyde for 30 m nutes for in-cell
anal ysis of | GF-1R phosphorylation. For Wstern

andl %ké’re&cﬁ’fs@ | Qur@est RREd SIdBE&1 SRR A aphid ][le%’ software.

Bis-Tris S and blotte eII | ose
RhasphsBog) 5t werengEny H&gaﬁﬂbgGaﬂkhva ues obtained from the
I’Héblﬁ:&c@ﬁﬁd ofﬂh&ii@hﬁi YHtoni regd IGH(BRQ,ctl\latitﬁQihangdpsE)qie_ﬁ)neﬁtsd/vere
r ab&)&?&g é%d%%l Oca atr)lél rg%eagédt%tlmgot% orlr)l?%lglte@aﬂger )%glégrgrih\?g{ié/ations
(er 080 Datawwére exprassedaoinedds aftiMant i - r abbi t - | RDye800
secondary anti bodi es (1:10000; Jackson). For in-cell
anal ysis, fixed cells wer blocked and perneabilized
o R BARARIGRY SR PESHIGELBomeet 1 55 and
| ncubated with the sanme primary and secondary
é‘{jblgsg:;lgfs)%(lfj hﬂzﬁefrﬁeg%ajgegéeeggnmsgng Of%ll‘l}gset Qns%%mg%\AP and
Bimtbdﬁ -gacsgehic PSRAAP dnige(Radhardvahes et pli.¥eNeurpsengi (300%f 8989-
PI5 £ s P&aqé iR rqu@me' E%gg@mcﬁols@ng%ﬁm $GEY$Sn brain

vvere ana usi Pri sm sof t war
idgpiy ot haebac gearBtnEIon o HBAT D ekse i FatirapdHCarro, E.
V@Iau eNaQ &, rse(docﬁzr)qrwohg%)ame PSYA PN $ndifse inmder B&tbeb® shown

bt I R t i t
e o A el PR ela @t ] TR g onset of
oﬂﬂh@mwdc@)osmdapeﬁdnmmh nf/ &gt (Ridtar dsn Gpeet ablofs deuBatia 23 (2003)
| i VO. i .
85 RRPLIRAC ARIRR AP i bl Yory S BHBC RLBRIERls at thi
Aroringiage png thiirefersswere andindad; intp Bfe gspwpp Ve nahygénipse-plaque
A&Fe) (er:inﬁl)ﬁm%') Qo iNRASAeNIHE RSP rRicHe] afl PREBLESE-I dofders on
ewggb I\§9 SCI 3 (2003) 8989- 9003) .was us dtoh
€i @%lﬂeA el yperimelss. Were s Oﬁ'ﬁﬁ% PEECFEgany wit
0$W1@d’ ﬁilmaﬁpﬂj)kd&tldﬁ)$1IgBtstaha|tsuﬁf@ﬁighffe]ﬁ?e sraganitwag kS]lSltOtWIi rhihimum.
rat .nmo
o7 SRS HIfESof 156 R ThIShhorofis Yt b gtvcerol
b(emmncﬁfé}MGFd igheneb )oipjeatiomsylutoniowers mepdredria 9 %biNeCl with
%Weﬁt Ile%?»’ ‘?llla% @t%ZCHHﬁBII's]St}reQQ %Q&%@twlﬂﬁf 0 @l %qNQCI Iré)ectlcins were

deposi tion at 8 char ds
Jperfgsmedsien.  unglgr élmbv@syofh%@ g@@t@)esm Shig @rqlxtatﬁg@emlets after

ApﬁjechEQZ GV, VRS N, 5 H‘dra72 l@bﬁhﬁmlse\)é&lessaéﬁﬁ&ﬂ|1ﬁ1d)é9i&6f]urane
age and t erefore wer.e i edlntothe

-ansr sy Micsr wers degthitay S"‘“%WFWsﬁe“%‘B’ B Sohyap of the
tﬁ&&neélﬂﬁtdns(@frte&hin@ﬁdlngahtprEﬁmpﬁ ICardeulreprotedm extracts were

prepared in hypotonic lysis buffer containing 4 mM Tris pH 7.4 and 320 mM
Sucrose (both Fluka) with protease and phosphatase inhibitor cocktails (both
Sigma). Sample buffer was Laemmli containing 8 M urea (Fluka). Proteins were
separated by 4-12 % Bis-Tris SDS-PAGE and blotted onto nitrocellulose
membranes. Blots were co-incubated with mouse-anti-amyloid precursor protein
(APP) (WO-2 clone, 1:5000; The Genetics Company) detecting APP, the C99
fragment and AP and goat-anti-Actin (C-11, 1:5000; Santa Cruz) primary
antibodies and labeled with anti-mouse-Alexa680 (1:10000; Molecular Probes) and
anti-goat-IRDye800 secondary antibodies (1:10000; Jackson). Fluorescent detection
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sol ubl e brain Abeta |evels. Al experinents were
performed in accordance with Swi ss animal protection

wo e@hbessand suffering of the animals was kept POI/BP2005/013756

m ni mum From stock solutions in 1 nMHO (rhlG-1) or
PBS with 10 % glycerol (nonofEG | G--1 isoners)
injection solutions were prepared in 0.9 % NaC wth
solvent less than 1 % Controls were injected with 0.9
fN?Qteml Bhfgd WORS piRS i TR (d seyl'”i"r‘f"lﬁgméI dygtIBFn (L1c0r
urane anes} heaila At dlf]‘erenty)%l nes E“H}é
Bipeiencen. Fromm diggtay imogesppixaigintensity P5 PROTFIN Ap |‘§a
slas@ﬁg GiaphHadiPAEH sbfswire DAE &ebd BPidiasliaa mdvhce SBbL.e
decapi tated and brains were renoved for isolation of
t he tel encephal on (cortex including hlppocanpus)
Obldtwahlas waro mermaligetr fac tastingloe afrupiar esd contral m@m end the
Lific b% %ﬁgmal &3/@@1»4 G@MAB)I WerP 'éalzuﬁt@an &he289TAPP ratio

crose rotease phat ase
i amsunf%maE% ebah %le (aBBYlFV %F‘fﬁ rf)B-2 fsigmﬁﬁféetafﬁ pespusids?? is the

HH&' ofcpnirad fHel'@lb&rzMe Wf §aselretabk A)teralon$ & s Wesature would
ar at e

PR oS et Ghaes OuPsEo e R ADAPRADA BT R e
nefisk -Vilith icomstarit 39/ AP R bewels ofterpr paraitwlay eFneiNhCI9/AP ratio

%8H@%r§]¢§%9ranw of %BnAE] g%d%ﬁ”}%)prgﬁﬁﬁﬁ}n' ?Bg r@ﬂ?gher with

t-anti - Act
1m5®@@;d saﬁt ower ub’}thpldﬁ?fﬁ?sydaﬁlle@f%‘éﬁ datearionrthepmogey AB was

V‘h&r%aﬁt@éd fo@'?%@?b;%@s?é@% 8RoddctibaQeg enc{VQJnetgéHs énli’%(fgeég ression
nti at - secon an jes

J‘éig‘ﬁgdﬁ?eg EFW&F%?@H%H%%& f@en 10574 IselAtign AfetR Podrrmied for
p@ref*)o trdd dwdl t dnitble Aﬂlﬂ;ﬁb&ﬁ;&dl dmgiang eﬁpi‘éisednuﬁ L% cafr an untreated
?o&%é)ll %Qégﬁ]égclb\é%mgh aelgerifee(:i(pﬁrsl{nggfc’ érna Iegf;)gr?rﬁleétkl Wi fth 2-5
szuﬁtnabrper dDeet Gmevimtervek pereg spad teus2- ﬁém@ StaSEMal differences were

Vﬁlsé%r?éﬂ] PEh S XA '—T—%El\é %? ufnﬁgur&f:tt fefts (vth p@O%rEoﬂsﬁg'red statlstlcally

cont proteln) he specific ratios (C9
Abgmpeant.cog/ Ab) were cal cul ated. The C99/ APP ratl o

gi ves informati on about the activity state of b-and
g-secr!eﬁ ase because C99 is the product of b- and the
S e of g -secretase; alterations in this neasure
WChiaindtoghaphical saparadon af mbyoREG-4GE-Iqsivioaakiforhtiese
secretases i ndependent on the later fate of Ab. Wth

C@el‘s ant %Cr?sggfprgmlrgr)g\ﬁ/reqlu%rs aft oteaﬁ Jggl?%é@utllor} s%segﬁge AP E)os&ble
i moapBhadated (bﬁFJ}It(mombBHGeltGFeﬁ isdmeérm gyt e}ben’tedMFutther derivates

R BB AR T SRR SIS hion
pstoshgedation hiigh epidssuon ltqmahsgmmatogxﬁﬁh)expethed;l (@BC-HPLC) was
developed for the separation of PEG-IGF-I or -Des(1-3)-IGF-I isomers based on
their local charge differences. A preparative elution profile of 5 mg PEG-IGF-I is
shown in Fig. 1. The result of this method was a separation into 5 major peaks, 3
peaks with baseline separation and 2 with partial separation. The decrease of the
baseline absorption towards the end of the chromatogram suggests no additional
monoPEGylated IGF-I species eluting at higher retention time. An additional peak
appears between peak 3 and 4 resulting from the switch to the modified buffer B
with different pH. Analytical IEC-HPLC was used to estimate the purity of the
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whi ch vari ed between individual mce. The ratio
cal cul ations were perfornmed for every individual

w@eioarmba89Al | obt ai ned data are expressed in % pET/BP2005/013756

untreated control group included in every experinment.

| ndi vi dual experiments with 2,5 animals per dose/tine
interval were repeated 2-4 tinmes. Statistical

di fferences were assessed from nmeans + SEM by unpaired
tindividusl wiomkerp a0d 0®neamisitden &y ethar ipesitiendl| iyomers in the 1EC

b (Fp@%}y separati on of
rsr%%g E%Eéqiﬂ&n posi t |% (EFB?({;%EEQ?QR*%@% conltoal ns 4
am no groups as potential PEGylation sites and 4
ssi bl e monoPEGyl ated | G--1 (nonoPEG I G- 1) isoners
ected. Further derivates were expected to be
BD$BREBHnatysd ofl apanBEGI GIAI isbimerseact i on condi tions. A
strong-cation high pressure |iquid chromatography
mat hod | EC-HPLC) was devel oped for the separation of

way perfor;rg(erl tth ugden nomaescingorsetrdyaing lrepgditions to
| @Qﬁbtecp@t@st@ammﬁ&&n eR3s-liAkiR CFadifitleM e I@Pllt ﬂn@recules through

profi I PEG | G- |
Patsimelestiag ﬁ}sgﬁiﬁiéﬁﬁ@aeanégtllac%g%qrgtwaﬁef* %magrmﬁ%wdmatmg
pBakiso s@mﬁeﬁk&mmhhob&s@rmm sapbhaimally aod- l&kedt(hg 2). The

g@%% h’ghEzadp ?g@é %Vge% ti]i—nhﬁ R 3 l%eaa %n z(i)pfc’pr#eglr%rar?ogecrugar Welght of >100
skl@@@@tﬁcandwam@md@tmtedrhmdpﬁ@& atakd 1-35at r~7@,pkéQﬂ @dditionally,
kN Ga@lieBlil Gt 7ot | a5 Et ed ABr @qﬂE@ 19Ra! Ic@erakplﬁ 2).

pears, bet ween ul t|n the switc
Ophéhlﬁﬂ&pmnedpv@%%er apd BEWTFQ%HH‘PI? ftgveén?btamedAHaWtHBE we

Id{;ﬁddaé&: thas pesked domsiest bRt probably ot di-yarf ollﬁoPEG -IGF-L. In

t hei ndi F t

OGBS S HERG R of IR RRL PaRer g P1
nvmmPEﬁMqiaedy pemiesn hiadl expeptedi tpleotlar9@9ght Erampdr@PZG-IGF-I
ﬁ o&F ) aRg dt¥1§ %}ﬁ%enmﬁgpﬁe 5(25( a,'l‘ﬁ)mg tﬁp%bpé% higher

or ne nder non-r reduci n
canppaient orecubnr exeight sarebpexpdaingdaby thlml\mtrelwdrodynamlc volume of

CHIRS el KRG Qfmd:ih% c@ﬁﬁ@éraﬁlg:sidwﬂg tRE léle@ﬁoﬁlliﬁr@ﬂ-ﬂ@ otility of
I nt er ol ecul ar di su

di
VPR dEl-L s.amlwéﬁree%g&nklg P tmﬁlfcwﬁatwqﬁ@" ? Frf».%arﬁt al.,
amwmac@g‘enbﬁl& RrO{E08) \5@9) ahna{ edether CYBG SHLO kel SDS-PAGE

SSroRpE sl oBi BT ChES 160 R RhcrBate (REEered

nsagfﬁmerdbftpexrtéﬂfinrahﬂtshmmnwwns 1-3 at -70 kDa;
addi tionally,

isomers. There

PEGylation and separation of monoPEG-Des(1-3)-IGF-I was performed
correspondingly to rhIGF-I and yielded similarly 3 major monoPEG-Des(1-3)-1GF-
I peaks.

Example 3
Analysis of monoPEG-IGF-I isomers

Cleavage of rhIGF-I with Asp-N delivered 6 independent peptide fragments that
were separated by HPLC between 30 and 45 minutes retention time (Fig. 3A,upper
panel). After cleavage of the purified peaks 1 to 3 (Fig. 3A, lower panels), different

distributions of the 6 fragments and the occurrence of an additional fragment
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peak 4 was detected at ~7 kDa, a size expected for
unPEGyl ated 1G~-I (Fig. 2). Fromthis running profile

wapaeHbBor et enti on ti nes obtai ned i n the HPLC P&I/EP2005/013756

concl uded that peak O consists nost probably of di-
and ol i goPEG I GF-1. In contt#st, peaks 1-3 were
designated as 3 different rmnoPEGIGF | isomers. There

was a di screpanc wee th t ed
Wmgment 3 Wi besS ERTRE BT KRB AR Te LBRafgh

Sslpé@ﬁ&flly ﬂe@tﬂﬂ@&raghﬁWEWeWas tiveintshsé rwithd ahdoghemitaptpinceqsse of
%ul A ROEP EI \g/%) 2 CV%Q oE?eﬁ%pé YeReHeHVask i ﬁlaglrngﬁtr 3 and a slight

due to vvater

odeassasteindbigynest @wdwéletapeeaém@tqf aproeTenda AL | %&ﬂ%ﬁment 7
F’;E&‘H f'i'hlm,d Hmf %@ﬁ% softfesk ap/maeem clenl @ewaaermvmggmms 3
ar rmcoggréggm c J- 003),319) b
T‘m@e-ﬁwﬂfbgtéﬁ ﬁ@?COI‘P‘E@t SSRGS BAREE e%?&er nfid stows the
pipridatseqichads e [:‘r‘d{pettyveOfragdmti ECobtaietli pn4sppdh cleavage of
Cnﬁniéggt @S{jng l'-;c; f) CII\E%&?( ai? Liar ﬁtl é%&tlb%f we ana11yzed the peptide
neqo&ices Dee|mgyr fr@nmtm@bquowm@aec%ﬁﬁégtsé Re#ktgh ¢ and 3.
t’?hgrlétbg: c&tei}lgdargﬁ Pt@?&eﬁ' Bl hoids d@ﬁi'e@%ln breaks in the peptide
NSABFES- P@n&thr%w&is@ Rﬂa aggégfmﬁmrépmﬁgﬁff gF,\} being
dFEG @treﬁgt gm nm%ge{))d?m eplemo ﬂhdenafdnafgmmm 7t(h8@ %jevas mapped
e e

sngé? %Cb‘lg %‘fﬂ&ﬂb‘ﬁgrﬁ v\ﬁg{% wa%%{)] d&%%ﬁ%d{tﬁhqgﬁﬁ@'@m by
dehlnﬁn el@}grpéatkm In tconGas(t,Fuhg fragfion |0(§\pg¢k @,alnbveg;d a PEGylation at
ap1h thé etq[lkxpclé ﬂHSKé%freg @n ifd & m &eﬂﬂﬂn&h@egradatlon

o 3

tpeak 1,

nce an addi ti onal ment f msnt
ob@éﬂvddogjamgreﬂg (&ig. .3€() whe @plggr P&tk At qoltn_be sr_e&genced by

pﬁaﬁal]r d ﬁag%ﬁ]f)h Clﬂlﬂcytupge Rhdtdghel Na@fitus M&baﬁoﬂ latdessitdbad the

L B GHIE, TR b of ke o

shbght caighisadsie KWPPE@gaednsdaneanpleaknes HpPé REGbEedoft K65 and
r, a

FERTEN G e T

flagnents 3 and 5 with the concom tant occurrence of
fragnents 7 and T . Fig. H B shows the peptide
sequences of the respective fragnents as obtai ned by
Afpampleldeavage of rhl GF-1. Using Edman N-termi nal

p %’ﬁﬁs@ﬁpﬁ&% PERIMRHIARIGI BAnZ & ri i RBERIGER isseguences
of the major fragments 7 obtained with the PEGyl at ed
peaks 1, 2 and 3.

Using DNA micorarrays we determined the transcriptional response of NIH-3T3

cells stably transfected with human IGF-IR over a 24h treatment with rhIGF-I or
the PEG-IGE-I isomers. Therefore, we stimulated the cells with 0.1 and 1 pg/ml of
IGF-I or with 1 pg/ml of monoPEG-1GF-I peaks or the peak mixture obtained from
the PEGylation reaction. We compared the global transcriptional activity of
stimulated cells with control cultures using a commercial chip type (MOE 430A4;
Affymetrix Inc.) containing probesets for about 14,000 mouse genes including all
known IGE-I response genes. The mRNA abundance was expressed as average
difference (AD) between perfect match oligonucleotide probes and a corresponding
probe with mismatch in the center position. We considered only genes with a
change factor of greater than five and 97% reproducibility (p-value<0.03) within
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Ther eby, cysteine and PEGyl ated am no acids delivered
breaks in the peptide sequence. Using this analysis

wezmkodssgoul d be clearly mapped as rhl G- 1 bei FQI/EP2005/013756

PEGyl ated at K27 (Fig. 3C). For peak 2, the major
fragment 7 (>90 % was mappesy as K65 bei ng PEGyl at ed
since K68 was confirned as unnodified |ysine (K) by
Ednman degradation. In contrast, the fraction of peak 3

d@kdev BIgtshienl Pﬂé éa@etsl qmusatanh@s%s (yik@c[bdl Eb taheotsle@eemegenes, 86

W t h%{’§65 r e H’gf 8 1 (]:ﬁq:g vg@jnts T‘R egeﬁfzrﬁblcorrelatlon

gaaﬁleT foo Lﬂrid'lsnl@ptl(bﬁl sae:queyl cefd dmﬁferEnhmnomkﬂ@KﬁbﬁF ilofsomers is

¥ ﬂgét?“gé‘% ngfo'i'ga(;f & E@ra&%&g? nt%ls OE'E%/ %C&Q@E%Jlfted fenes in

tE}se‘k Herinspastier Oﬂaleandw@pe:h@ Stqﬁ b‘é&kl gene oh& i gghnigmnd 1.0

%M(EFH&%IWQHEQ the QBREted Qﬁ@&&rSZaﬂesvek@EmaPEﬁéékaa efdtes a
and peak 3 K68 PE Y\n ni fican

WiIA BFeNoparRtaat Pypwgéﬁ%a% o pesbe Sa QRgspizatjon and it s

Tiharsgdtept thanahe PEGFIGE mixtwd alhkiItEFothea|pdal¢shh1terestmgly, peak 2

RS AT PR Rt Bt MO BT B s Consistent
cweith sthstba@bgacalrmme aeéﬂ I\Mhdws hilngaweakeyt- trisontiora! 2asponse,
159&5@?%‘@&%@1&18}1 (Htedfer@s with $e B5Gr IfeEratridSOner s.

Ther ef or e, stimul ated the ce sthhOlandl
ng/m of IG1 or with 1 ng/m of nonoPEG | GF-1 peaks

OExa&ﬁtﬂeﬁﬁ{ﬂm xt ure obtained fromthe PEGyl ati on

V’ 44 ?@F Jﬁ% %Qf?tg%‘g E%f}%?%\tl)\f t%gﬁﬁ%&ﬁ E@'ET tures

using a comTerC| al chip type (MOE 430A;, Affynetrix

| 5165 the G2 nfti%' :maggls Q{f QE@SI% ftu@f(irf"‘ hawf 34 cggostdw §)$>ressing the

genes |1 nc response genes.
niRNpa HelrdlR eee wigd. Algsseise starygtiany @vqg@ghi; gelle werecteeated with

(iHDeadiRl wgfeg obekriaEct of@ktcrﬁs l—,ﬂ“@ngtEh@ptptlﬁ&n&r@F@s 18Nek/ml).
a corre ndi ng  prqbe w C n e center

pW§?tFTrb?fPa c@a@ﬁ@w@ateéﬂﬁ? 1§e orped agguadigg to described
fzﬂﬁivé)randfthg bbalir&ld d(hamesfpbld@ andes%&ﬁe rfﬁ&ﬂ&dlﬂtlakndel-sﬁty binding

alﬁgftlcg 1§1<lud1é'1 té'lg I%Ig goe?ti)ctl%ﬁt ,1%1? atlve I Catf%ﬁ'e ass%c1at10n
umregmratshdwanm thes tabboninr Bigub.a T dwe a¢spon:fcsl-‘ofl rthIGF-I (Fig. 5A)

VﬁElHQ@L& ECs (Q%n.%eﬁlgil anﬁq{eﬁﬁggédéﬁ)%quﬁ Qhiali&rf fRthin thing faé:lon with an

transcri tlona activit erent__nonoP

i Biofes-37 (8. |6|)IIQ§PPH?%cPeiah 10b manePEG-Iqkel didaot shgw a clear dose
ClebisdrRE with Ad1GitkHatioR G m SO AL dstIRNES ECH dfi . 5 M (Fig.

Aébmé] O’?ﬁ%%!&a?(ﬁﬁ?alfx}fit gﬁ:dg % ci ?B) lsheo\éveeldssug{larl ]gllgldl\l{llg alI![‘?mtles with

ECs values of 13.4 and 21.5 nM, respectively (Fig. 6). In both cases, ny was regular

with 1.27 and 1.19, respectively. The peak mixture demonstrated a similar IGF-IR
activation pattern with slightly lower affinity with an ECsy of 28.8 nM and regular
ny of 1.28 (Fig. 5E, 7). Finally, PEG-Des(1-3)-IGF-I peak 3 had the highest affinity
of all PEG isomers with an ECsj of 10.8 nM and regular ny of 1.08 (Fig. 5F, 7). The
data indicate that all peaks with exception of peak 1 specifically activated the
human IGF-IR with a 2-5 fold loss of affinity as compared to rhIGF-I.
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nmg/m 1 G-1 shows that the selected clusters are very
simlar. Peak 3 generates a simlar expression profile

w@sooanpsgy| ated | G--1 at the sane concentrat i OPCERP200$/013756

is nore potent than the PEG I GF mi xture and the other
peaks. Interestingly, peak 2 drl ggers a simlar
transcriptional response Ilke the PEG | GF m xture.
Consistent with the biological activity Peak 1 shows

tm_ﬂrﬂgkest transcriptional response, indicating that

pegylation interferes wth recg&gor, [ té{acti on.

Buditin Aketaloyyeging in 4 monthgold &2 Bﬂs%gh Ik i on by

rhl G--1 and nmonoPEG I GF-1 For the in vitro anal ysi s of
R.activa | H-3T3 cel l,s, sta BXR n

e psgenR, AR atiee RPrc et et GRS R el of

niblg&F;I arebram mbetelqademeetdeawdttheaermnceasnhrf@ s chl6F-1 i.p. and
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'ﬁ%ldlﬁn%&faée\é%%&rue‘aﬁintcsﬁenmkbara%' ghtly lower affinity
an EC50 of 28.8 nM and regular nH of 1.28 (Fig.

5E 7). Finally, PEG Des(l-3)-1G~1 peak 3 had the
hwaffinity of all PEG isoners with an EC50 of

10. M 5 The dat
e et S Rl eSiadin BabBhhigg brigEd T °
specifically activated the human IG--IR with a 2-5

f%r e\JaRlsiggfonfxé ltlmet é/ou?sse magh%ﬂt tteprp(r]é?%gz %Puigllz‘éﬁ—rfp(lrﬁsoquble

nont
rhua@FAbet@o Hbleg PS%MéPg erncez: degihpPp brvie elagiee (2 seenthy old) were

Zg@a{tyggyt QH&EQ&{ of &I g@/?%ﬁgg‘?% a‘?lféi Joptilcg: APP°@9§3 A% and actin
r levelgwere eﬁect%gj 6 or 24 h later. APP/zﬁbur\rllvin and5 C95r%PP ratios were not
significantly changed by rhIGF-I at any time point investigated. Lowering of
Abeta/APP by rhIGF-1 was observed at 2 h after injection whereas the effect was
absent after 6 and 24 h (Fig. 8A). Similarly, the increase in Abeta reduction
monitored by the C99/Abeta ratio was only detectable at 2 h and disappeared at 6
and 24 h (Fig. 8B). This indicates that the effect of rhIGF-I on Abeta clearance was
of short duration probably due to the short half-life of isolated IGF-I in the blood

stream.
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anal yzed cortical Ab 2 h after injection. Fig. 7A
shows Western Blots of brain extracts from 2 nonths

web@ensaseMher eas APP, C99 and control protein ¢ei/BPaons)i3756

| evel s appear unchanged by rhl G- 1, Abeta |evels were
reduced 2 h after rhlG=-1 ipjection. Quantitative
anal ysis was perforned and ratios of the respective
pi xel intensities were calculated to obtain

i pagkg@di on about potentlal effects of rhliG-1 on

eta pr.oduction Si s |l ed tha
BT o aesa S BT i VSt e adsibp e n 2 month
CHa/ARPRNIPB2APP HicB % of control) rati os were not

changed indicating that neither transgenic APP

expression nor APP processing was altered 2 h after
tlmedvmmmp&et HatehfocrPRGGF. peaRy 1} rfre shewasiogether for direct

E rtl%)l? oi '61&”0 $tle§@ightff8)é é\/@@ﬁﬂ?@/@nﬁgj afd A‘ﬂ)gta7clé'ar%c@f Similarly to
an eta I ncregse

TBT6Ed, GPRERIT GeCt 0. 659 Netpare SETCHY AL, PR ERSAPP ratios

Iwwanﬁfﬂ akb&tlaby drakeshcegeidnest, pdakelse oias.aPailiggbad thehhighest
at rrent o) ice. . 2. i -
n?%}' ThETE g}/ égb ?ﬁ Fg gl}ct gﬁlcge ?{U egnJh( (}ylegt BAZ%%HJraSt peak

ammheuﬂamltz ovestheofhdle cariogntraat engegskadrnd peak 2 only

PeAbR s g‘nﬁfcam’ effel Gridwerg Pﬁ)‘é?‘J/A'?P 'apfheq{ &He‘é‘@céﬂc@?ﬁratlon used

t-1 t
140 HEMB S A ORI 90 b AU 1BF OB APRPBPBR BT o

(l%w@éﬂeh%l.@b@)pg)ﬂ%‘) €n tlﬁﬁéisﬁdg e C991Abétﬁjr@ﬁ(5 lr@plfeﬁntdiﬁ)e for an
a and

/ k
"Btlseal AN Heftane diss ghisiSvalaton peak | R aptas and peak 2
aoily €S te8Rgnifidandeffanera 500 pgkkp ghiken cagethiey, themrtpedsuggest that

A@éa?:? ASPQ{%M%%@QI nghglsE @&9‘? 1'3(91?1%@ g'l tl]ngvfﬁwz%geﬂ;erlmental

serv
i pAredigine ﬁlgmh]e?}@asreﬁlﬂé lemlelwdomhls tEARSEEMIC %?&Aé)rP 1goBseANQdel.
h (Fig. 8A). Simlarly, the increase in Abeta
rgduction noni tored by the C99/ Abeta ratio was only
e at 2 h and di sappeared at 6 and 24 h (Fig.
8B)me ddiirse dfidl vivatAbetd Ioatriagin RIAAPPImizk by pedl3 | on
Abet a cl earance was of short duration probably due to
the short half-life of isolated 1G~1 in the bl ood
st ehnftExiphjectnCbirpgikg peake3 awealied sisignificapleeffest in-radaion of

' Blr(inLég%A‘g@\te?s eIlol %Etta I(E)f%t ﬁp{}!ffécp 1311‘]3?‘[0&1n§d Qled arl%P)FL)ed brain

perestsfran LSEABR ke fré@té@ lfférr?ﬁo?‘l di8ragt 72 h with 50 ug/kg peak 3.
No significant changes either in APP/Actin or C99/APP ratios were observed over

the whole time period. In contrast, Abeta/APP levels were significantly reduced at 6,
24 and 48 h after ip. injection (p<0.05, p<0.001 and p<0.01, respectively)
indicating an Abeta lowering effect of peak 3 over at least 48 h (Fig. 10A). C99/
Abeta ratios, representing Abeta clearance independent of Abeta production (since
C99/APP remained constant), were significantly increased in a very similar time
course being well maintained over at least 24 h after injection (Fig. 10B). Taken
together, these data demonstrate that peak 3 is able to reduce brain Abeta in
PS2APP. Fig. 12 show results in solely double-transgenic PS2APP mouse model.
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conmpari son of the potencies for Abeta | owering and
Abeta clearance. Simlarly to rhlG-1, APP/Actin

W@ 20bi0668as used here as control protein) or QBOI/APR05/013756

rati os were not altered by any concentration of peak
1, 2 or 3. Peak 3 had the hjghest potency in reducing
Abeta/ APP at 6 h after i.p. Thjection (Fig. 9A). In

contrast, peak 1 was without activity over the whole

C]@ﬁ&fﬂf]“ﬁ“ on range tested and peak 2 only exerts a

stgniftircant effect on | ' et al e
hﬁgﬂg&toéeﬁ&?fi%h%ﬁln&g@ﬁ?@%ﬁ?@é@ﬁ%ﬁmgr| y, as
shown in Fig. 9B, peak 3 was the only conmpound active

se 155 k Q] eas| : t
e BRE2ud 20000 oy enlifed 358 A5 G0LY Shifdtlid € Aol
AErstociinok Hi §1980h1143k-1478, 1GEBRS ISwiasProh 245930 ewasniflepiiagd and

. 9Bikh&ANB; e Y Nk k@o9 1hakenr2s.
T S e

aBeth\pinding Bratetns egrepro recppbungndly i, By galiq

experinmental paradigm Fig. 11 showresults in solely

ubl ezt ragnsgenic PS2AP use. nodel . ampl e 10. Ti
Bty BRRAGT Fesn e PR aR i fhe bR nferd gl ' Blacore
pEMR Disthuménh wab tused.i Ryningjaedt ieastjonsbuffg/ kgs FEEkP (10 mM
%Epﬁﬁdl 58 rﬁmﬂ%@, G5 of ' foﬁ&ﬁrfé&arﬁ,egﬁj ‘?MP QP 28%C. liBdafhples were
eta levels. To test how'long this effect is .
ntieraogleded 18¢C. dEPY4 and Kr BB wereraneing-cppplad pispompoentrgtions of
t35 ﬁgfgrﬂd The _rco_gplir%i onzﬁaCMg cﬁfpdrteﬁlateﬂ_ il %A %é?i’%gm_@nlégope@bo RUs.
S| ica es either in ctin or
Sl (1 aniles GMBUST vets 1BiFeiet Bha CRARLafpRLDetween 1.23
peMi adl. 100mM dort § ashytesNacdoalalbR pheseg hsd weshed with HBS-P for five
signi.ficant r '
"HFILH SERUAk PRI Mt B8 008 ol el Stndofi by o
i mgkictian phtPlamMabE forllowiy i ng ef fect of peak 3 over at
| east 48 h (Fig. 10A). C99/ Abeta ratios, representing
Abet a cl earance i ndependent .of Abeta production (since .
by dpp, aseavedpriast @éﬁgﬁws of ipigciony %?@P@&ﬁfq ﬁle d(escrlptlon in

| ABleeR PAth dvaludtivieivils bri¥iByafsirgiael Canpnsdr bridig meddl.
mai nt ai ned over at least 24 h after 1njection (Fig.
10B). Taken together, these data denonstrate that peak
3 is able to reduce brain Abklead:i n PS2APP. Fig. 12
show results in solely doubl e-transgeni c PS2APP nouse

nDr\l Evanmal A 11 Dt onds e~ &~ 1 Dy oAl oy Dy o o8 o
T o C— D ot DTt Lng CCT I1S

IGFE(FHIip( Bigan nndlBEBP5 ( BP5) ki @ €00 d(_@\(\/lls)ls;’rlﬁi’ (M2692)
peg coRTd oo rad ot oned Dapidmeiog @ | 1Mo

E == a 74 faYal 1401 1 1] A
NAeE++ (T oU) I IHJI0. O Ipro \Qg\'/l SSTI 0t

24593Y5WaP4 dentOkDia@dTRRRK | 5.4 x10° [1.5x107 | 2.8 x10°
CM5 | BP4 | 40kDa/ RRRK 7.1x10* |6.8x10*|9.5x10”
CM5 | BP4 composition 6.9x10* |[5.3x10"]|7.7x10”
CM5 | BP5 | IGF-1 9.6x10° |1.6x10°|1.7x10"°
CM5 | BP5 | 40kDa/NT-RRRK | 1.1x10° | 2.1x107 | 2.0x10*®
CM5 | BP5 | 40kDa/ RRRK 1.5x10° |2.0x10° | 1.3x10°®
CM5 | BP5 composition 1.1x10° |2.5x107|2.3x10°
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cloned by Kiefer, MC. , Biochem Biophys. Res. Commun.
176 (1991) 219-225. Both binding proteins were

w@emdoemol reconbi nantly in E. coli. For SurfaceECRPER®N®03756

Resonance (SPR) analysis of the protein interaction a
Bi acore 3000 i nstrunent vvasE%sed Runni ng and reaction
buf fer was HBS-P (10 nM HEP 150 mM NaCl, 0.005 %
pol ysurfactant, ph 7.4) at 25C. Al sanples were
PAKrERRtiSsk: at 120C. | GFBP4 and | GFBP5 wer e

am ne-coupl ed at _concentrations of 5 ng/nl. The

c‘%?tljBat ng on a loLis) cit'é"saﬂFlf in a |loading signal of
~4oTk©Q/rRszzR}Hegylmde whﬁlﬁ-xé NstarmpinaBy PEGalhyetieddh 40ckiza PEG

C ati.o
RREGH RERRS o, cdUFEE b ReD 3P BRaEaR 3 S35 M i b
HBSpRsitiom: f i ve rdomposisiontof éOKD&éwTrI&RIéK@ﬁdEOkm//RRRK (1:1)
The chip surface was regenerat ed by one injection of
100 mMV HCO for.mat and
s@efa@rféelt%@owﬂ }f@égﬂl BE§Y16E§F‘#@§ ﬁ%‘ﬁglsef HereRstivRY E&nﬂm& tgACGEBP4
lthdt @@FEPQ in DAkianiki axlabiglé | Al p&@ﬁat@d r@n’qﬂesuﬁidv\g:daa kighificantly

R dodaiOh Mke TR il AR Saship O RGP 14 P

N-term nal ly PEGyl ated with 40 kDa PEG 4OADa/ RRRK.
tl\{)@ !C&l&ré)ls dl\t}{s(k geblﬁﬁgéllﬁlte%%éﬂe sH08a i d fofhGsa Plgg‘:es for

osl tion: tion -RRKand4
R‘P?RK’CK’QH )] SyviEs rﬂ@&haﬁélr@ﬁé\ﬁ gt sighal HPEGWdé‘F%%“ | GF
sanpl es were actively binding to | G-BP4 and |1 G-BP5 in

sim| range. All pegyl ated sanpl es showed a
:E—’@F#Hl?—g%ntly reduced association rate constant in
chutpphoghortlatioroof- IGEIR byt kghnd&GG-. Negati ve control data
(e.g. buffer curves) were subtracted from sanple

curves for correction of systemintrinsic baseline
dini ender te detgrminiegthalabitisy sbthecplmeaptides extheppgention to activate

%rom%ahﬁ{dylk@tmmoﬁh&sﬁ;ﬁ viatiN, 1GOARASvdrbx fpﬂés‘dﬁ b &ells were

?ﬁ?{’i’gﬁhge %Yttge B ?}gépg{dé o gprgyegﬂ@z/ ?ﬁﬁmg?ﬁé orylatlon status

phasdabryd aibis@uenildby ERSaver expressing cells were

stinmul ated by the polypeptides of the invention and

| G--1 R phosphoryl ation status was anal yzed
sEdrsiildbamd-WellystrEpta@din coated polystyrene plates (Nunc) were coated with

100 pl monoclonal antibody against human IGF-1Ra (0.5 mg/ml) diluted 1:350 in
PBST with 3 % BSA. After incubation for 1 hour at room temperature on a plate

shaker, the coating solution was removed and plates were washed thrice with 200 pl
PBST per well.

IGF-IR transfected NIH-3T3 cells were plated in MEM Dulbecco medium
(DMEM) with high glucose (PAA, CatNo. E15-009) supplemented with 2mM L-
Glutamin (Gibco, CatNo. 25030-024) and 0.5% heat inactivated FCS (PAA, CatNo.
A15-771). For determination of ECsj values, 96 well plates inoculated with 1.3*10*
cells per well were cultivated for two days at 37°C and 5% CO,.

After 48 hours of cultivation with low serum medium, the medium was carefully
removed and replaced by different concentrations of the polypeptides of the
invention diluted in 50 pl of the respective medium. After 10 minutes of incubation
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For ELI SA, 96-Well streptavidin coated pol ystyrene
pl ates (Nunc) were coated with 100 m nonocl onal

w@eiosloesyl agai nst human 1G—-1R a (0.5 ng/m) dPCTIERTHOS/013756

1:350 in PBST with 3 % BSA. After incubation for 1
hour at room tenperature on_g pl ate shaker, the
coating solution was renoved and pl ates were washed
thrice with 200 m PBST per well. I1G-1R transfected

N|¢H7%7 3n & 54 @Oy\ﬁfe%éﬂlﬁh%s'c&em Qﬂbb@&%sﬁﬁ%@iﬂnd 120 pl of

( cose (P
3@% Meireiitten At meﬁt(A@q 15@5F7 &ad M EDTA, 1 mM
2@3@ ﬂi%)gl)&ﬂd)l 010}5%rh6ﬁtXIIODﬂL‘(lO mM MFFCSnWNAVOGaCMpIeteTM
dgt ermi nat i on 9 l |
p]?rg{egge )nr%blp r%\t e I\D/\Ilattef’] Wfré‘glpild chéf h\'ig éérj gﬁeﬁf I f%r"i'% mmutes at
cAfCtanvaplete shakertand 18@ykofathe3vett canttnE%@e)zransfﬂtr@ aﬂmwards to

h@W s 194 wéstéo\ééew mh Wi it cloRW aﬁﬁn%mé EAhdRurh{e IGRIREMhe
noved and repl aced ere

was careru

clesf?é@ﬁfqramqs%gtegffort Hbatprepwp@mnewé%re&n 3 H@tq hoberttpahiow 1GE-

dif Wigding rto5ﬂleﬁta}ﬁlf1ret hﬂlﬂ(ﬁ?pﬁﬁ.‘g Iw%eae/e reaebfultn affifaeéd hfterwards.
ubat1 on

CUPF R orebRE R B Ve ke N Eka SEon e o BT MR each.

lysis buffer was added per well (50 MM Tris pH 7.5, 1

C i
m) %Ee%t iﬂ' Wkg%os@%gleﬁ ﬁﬂ%R r%d/;q gsoté%i%&cg@ I%?Orabblt
Tﬁélh@klmaé@nsxémmmwl&fbb%dﬂtWéH 29 i BBy PR were added to
NERHWRR f@ﬂovﬁ:@ b‘?‘&n@th@f alcabshlgRiioaer 1RGurdt r&ﬁmtt&ﬁ &@lure on
nts %?F ferred af terwar ds q t he ELCI1 1
oiha e Shakes N SO AT AERT bOW N GEIITEd ANfhe wells
I ﬁshkd fRacee Timaesl wistae® phWBBET iwell ubat thel d‘emttlbllﬂ ofipolyolomal rabbit
t t

SRR A0 aboflcRi) SR abfndl il | LUK 8P (cal
a$1ge¢1mr"ﬂs;hn@ngbmcd Gﬁaﬂ)edlllatd W00 emé?/«e&SMPH r were added to
}’\%%H Wi, ﬁﬁ@xpﬁc%gtﬁ)nzfgp 1 'Hou{a: BSHone kelmop?e@é:thre dPa QE‘Jk%Ptunlbound

bound ryl at ed l'yc
‘é@qt‘é)ﬂb?fttlb&ﬁlb’l wwyena@vé#n@t “ﬁémﬁ& them eRsdTRE atith 200

1pBQHGRILI As I EiaRBRT Mﬁrﬁatﬂﬁydﬁdohﬂe@&ﬁhpmm ul of 3,3-5,5-

];'%lgl omﬁﬂ‘g’&%é‘??ﬂ%t Wh%% alflﬁ atg‘ficg Vgéﬁle{g)g?weirﬁ r 1ncuf3at10n for

cohthentsait neore tagpératucaoed sthdkyr.r enoved and t he vvel l's
washed three tines with 200 m PBST/wel | . For the
detection of polyclonal rabbit antibody, 100 of a
pQuyntifisatipn Meeined dftengoPhing thakactiong@tl dépl/\sdl iy HaPO4 by

(Q%LJur.ﬁgqeﬂrw&n dechneleagh dfse nHSA) di luted 1:6000 in
3% B BST were added t© each well. After incubation

for 1 hour at roomtenperature on a shaker, unbound
The obtained OD450 values of the samples were transformed into percent

activation using 10 nM IGF-1 as 100% (max) and w/o IGF-1 as 0% (min) controls
by the following formula: percent activation = (sample — min)/(max-min). The
resulting EC50 (polypeptide concentrations at half maximum activation of IGF-

1R)values are summarized in table 3.
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pol y(et hyl ene glycol) (PEG, characterized in that
said |G~ 1 variant has amno acid alteration(s) at
w@eionoeaei d positions 27, 37, 65, 68 of the w PCL/EP®05/013756
| GF-1 ami no acid sequence so that one or nore of am no
acids 37, 65, 68 is/are lysigfe(K), amno acid 27 is a
polar amnio acid but not lysine, and said PEGis
conjugated to said IG~1 variant via prinmary am no
OW@VP1/334492. A conjugate according to claiml1,
characterized in that said PEG has an overal
ﬁ%«%@ﬁ1ﬁ¥)Q%|ght of from20 to 100 kDa. 3. A conjugate
askpo3orgpst o claim 1l or 2, characterized in that said
Ng%)é Y |ant is additionally PEGyl ated at the
%ﬁ amno acid. 4. A conjugate according to
d%&?ﬂW1ﬂEB 3, characterized in being nonoPEGy! ated at
k&R chis8id, EVMK&7a10B1déhBE%{bﬁ{y§dA@%& 91@@9@%2@628}2 5. A
confugate according to claims 1 to 4, characterized
that said IGF-1 variant is R27, R37, K65, K68 (RRKK),
R27, R37, R65, K68 (RRRK), R27, R37, K65, R68 (RRKR)
R27, K37, R65, R68 (RKRR). 6. A conjugate according to
claims 1 to 5 or a IG--1I variant according to claimb5,
characterized in that in the 1G-1 variant up to three
amno acids at the Nterm nus are truncated. 7. A
conj ugate according to clains 1 to 6, characterized in
that the poly(ethylene glycol) group(s) is/are
branched pol y(et hyl ene glycol) group(s). 8. A
conjugate according to clains 1 to 7, characterized in
that the poly(ethylene glycol) group(s) have an
overal |l nol ecul ar weight of 20 kDa to 100 kDa. 9. A
| GF-1 variant, characterized in having amno acid
alteration(s) at am no acid positions 27, 37, 65, 68
of the wild-type IG--1 am no acid sequence so that one
or nore of am no acids 37, 65, 68 is/are |ysine(K) and
amno acid 27 is a polar amno acid but not |ysine.10.
Use of an IG~1 variant according to claim9, as
internmedi ate for the production of PEGyl ated | G-I
variant. 11. A nethod for the preparation of a
conjugate conprising an I G-1 variant and one or two
pol y(et hyl ene glycol) group(s), said poly(ethylene
gl ycol) group(s) having an overall nolecul ar wei ght of
from about 20 to about 100 kDa, said
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met hod conprising reacting the | G-internedi ate of
claim9 with activated (polyethylene) glycol under

waeoendiosdsons such that said (pol yethyl ene) gl ycPdT/EB2005/013756

chem cally bound to said IG~-1 internediate via

primary lysine amno groups of 1G-1 variant. 12. A

nmet hod according to claim 117" characterized in that

said (polyethylene) glycol is additionally chemcally
bound to said I G- inteppyedi@hnyi @ Nterm nal am no
group of IGF-I variant. 13. A pharnmaceuti cal

conposition conprising a conjugate of clains 1 to 8

and aA pbajugde eohditilg| of andaRidihdNegsrowthr fastor-114GF Up @ariint and

Sr ggaﬂf g?(qagﬁl accggr %@d&%@é {ha%ag&n%# 1r% \ for J IT&F I variant has

Al zheimigo' ®idhlsmatien(s)148. armnnmctdopIOSﬁt@IrnStHe 3?{@5at6|8mftth©fwﬂd-
Al zh Gﬁl?fngr‘?@i&d Qe%?l@ﬁde%b@ﬂat%%‘oph&HFBfﬁQm%Oacﬁis 37,65, 68

patient 1n nee ereof a therapeut] cal ective
amounit/aes lysine(nj argioeacist 27c!S&|H?éarPr1?18108aC131/BUt ot lysine, and said
conpopi h%nﬁfga@d't&&h@%ﬂf@ﬂlﬁ{t% bfdmaty ainogpbuplaNi ng
amino acid alteration(s) at amno acid positions 27,

37, 65, 68 of the wild-type IG--1 am no acid sequence
sh t hitconjigater awording o ahiimol,adiadste3ited 65, th@8said P e has an

I db
ot 195 OB B ot M T caia 1 G 1

variant via primary am no group(s) and a I G--1 variant
Whi cha icgpj N‘ 118 hfdoR@hk Yo Bgi%/ h 3t @dchatatterPed IPthARGEMIGIE B ariant

| ated | G-I
\Sglrrripglglf‘ ﬁ&f?{lﬁ@%ﬁrﬁ‘rﬁ%n&%ﬁt&e IS{eg‘P%éFtaF gi/‘?(’g))a%&jc ani no aci d
positions 27, 37, 65, 68 of the wild-type IGF-1 anino
%I d6§egrslil)}e1gaea$ oéﬁﬁ %ck?al br 80 Gral e&%gc'i ODel%llgl%ng’lZEGylated

Am’ho Q81
ami ni © K65, H6dwor matorldylﬁicwéatah@tl‘é@laﬂldﬂg@ i s conj ugat ed
to said IGF-1 variant via primary am no group(s). and
a lG-1 variant which is Ntermnally PEGyl ated and a
phar rceniugagrrspramgdpciane! card |Ch%fact$1826dl§§ét @id KGF-T variant

CONMPOSIR7OR3IRIKEB, %(B@KNRKK’ECM%?RW, R(@F(ij(l% YHRRKWRZ‘VS‘%(BM,QK&
am no_ac n aci d positions
37, 6%88 Ggllgl#) ?ﬂg ’§a°7 g‘g% J%g ?@ﬂ? am no acid sequence
so that one or nore of amno acids 37, 65, 68 is/are
6. A conjugate according to claims 1 to 5 or a IGF-I variant according to claim
5, characterized in that in the IGF-I variant up to three amino acids at the N-

terminus are truncated.

7. A conjugate according to claims 1 to 6, characterized in that the poly(ethylene
glycol) group(s) is/are branched poly(ethylene glycol) group(s).

8. A conjugate according to claims 1 to 7, characterized in that the poly(ethylene
glycol) group(s) have an overall molecular weight of 20 kDa to 100 kDa.

9. A IGF-I variant, characterized in having amino acid alteration(s) at amino
acid positions 27, 37, 65, 68 of the wild-type IGF-I amino acid sequence so
that one or more of amino acids 37, 65, 68 is/are lysine(K) and amino acid 27

is a polar amino acid but not lysine.
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lysine(K), amno acid 27 is a polar amnio acid but
not lysine, and said PEGis conjugated to said | G-I

W 2006/86689V1 a primary am no group(s) and a | G--PCWEP10831013756

which is Ntermnally PEGyl ated for the preparation of
a nedi cament for the treatnegyi_of Alzheiner's D sease.
19. A nethod for the treatnment of Al zheiner's D sease
conprising admnistering to a patient in need thereof

ay (. heyap gk tinC aGF-Y \eafnfaﬁf:tataeed@gowaaﬁﬁ ¢ £OMMOGhddiAe fof the
clainms 16 or 7@25?%5@?& | STING <110> F . Hof f mann-La
RochePIganet F Wiafthsul i n-1i ke growt h
factor-1 and poly (ethylene glycol) <130> 22904 <150>
04030415, 151> .
oo B b nblG ba g AAE N oRant and
sapi eons ax4@0poly(chylem gya@llgronp (s).seid@ply (ehyleng glylugroup(s)

Leu MakvifiSih NeRall-gidlchir E%@%héloﬁfré& a]a%uVQd) t&xﬁo@mom said
Arg Ay e Tyr. Phe Asn L s Prq Thr

30" SoRtie coaiPrispg 1&AGING| the P birgerm ?tye@ff ql’i“eé/ Wét?‘ %&gﬁated

EI u Qpolyeytslen?) ﬁ@ccﬁﬁn&h&oﬁﬂgﬁﬁi@ sudhy thasyd L}ﬁil!yegli)gen%lr) glycol is
eu 0 eu I

Lye Sty R¥n sl forf foafibals ke B By Froves

of IGF-I variant.

12. A method according to claim 11, characterized in that said (polyethylene)
glycol is additionally chemically bound to said IGF-I intermediate via N-

terminal amino group of IGF-I variant.

13. A pharmaceutical composition comprising a conjugate of claims 1 to 8 and a

pharmaceutically acceptable carrier.

14. Use of a conjugate according to claims 1 to 8 for the preparation of a

medicament for the treatment of Alzheimer’s Disease.

15. - A method for the treatment of Alzheimer’s Disease comprising administering
to a patient in need thereof a therapeutically effective amount of a conjugate

of claims 1 to 8.

16. A composition of a lysine-PEGylated IGF-I variant having amino acid
alteration(s) at amino acid positions 27, 37, 65, 68 of the wild-type IGF-I
amino acid sequence so that one or more of amino acids 37, 65, 68 is/are
lysine(K), amino acid 27 is a polar aminio acid but not lysine, and said PEG is
conjugated to said IGF-I variant via primary amino group(s) and a IGF-I
variant which is N-terminally PEGylated.

17. A pharmaceutical composition comprising a lysine-PEGylated IGF-I variant
having amino acid alteration(s) at amino acid positions 27, 37, 65, 68 of the
wild-type IGF-I amino acid sequence so that one or more of amino acids 37,

65, 68 is/are lysine(K), amino acid 27 is a polar aminio acid but not lysine,
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18.

19.

-41 -

and said PEG is conjugated to said IGF-I variant via primary amino group(s).
and a IGF-I variant which is N-terminally PEGylated and a pharmaceutically

acceptable carrier.

Use of a composition of a lysine-PEGylated IGF-I variant having amino acid
alteration(s) at amino acid positions 27, 37, 65, 68 of the wild-type IGF-I
amino acid sequence so that one or more of amino acids 37, 65, 68 is/are
lysine(K), amino acid 27 is a polar aminio acid but not lysine, and said PEG is
conjugated to said IGF-I variant via primary amino group(s) and a IGF-I
variant which is N-terminally PEGylated for the preparation of a medicament

for the treatment of Alzheimer’s Disease.

A method for the treatment of Alzheimer’s Disease comprising administering
to a patient in need thereof a therapeutically effective amount of a

composition of claims 16 or 17.



