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WO 2006/066891 PCTIEP2005/013756 1 Conjugates of insulin-like
growth factor-1 and poly(ethylene glycol) This invention relates to
conjugates of insulin-like growth factor-I(IGF-1) with polyethylene glycol)
WBEadopbimaceutical compositions containing such conjygates: @3 13736
methods for the production and methods of use of such conjugates. 5
Background of the Invention Alzheimer's disease (AD) is an increasingly
prevalent form of neurodegeneration that accounts for approximately
50%-60% of the overall cases of dementia among people over 65 years
of age. It currently affects an estimated 15 million people worldwide and
owing to fhnjegatpseiierdintsfatahyastuapland tndypshilkuisivies! 10
prevalence is likely to increase over the next 2 to 3 decades. AD is a

p rog{gsw&u@ﬁoir&a@wm <,% H:sd Hrationiat iﬂ(@ %%5 N&8lS @@‘iwﬁe%th
onse Ell{ycal Q:é eat Deat R}/ramlda neurons and

loss’ J hetironal & bPalahrén Féaﬁict)lﬁg assocP aie cf Wlthc%m%mn%erﬁah
furfomeres is et i amaatariadsy g%éls*’aﬁ’é such
Progresgives. |mpa|rment of cognltlve functlon 15 (Francis, P.T., et al., J.
Neurol. Neurosurg: Psychiatry 66 (1999) 137-147). AD is the most
COWJ&BH‘&?&PM%H? and presence dementia in the world and is
recognized clinically as relentlessly progressive dementia that presents
with increasing loss of memory, intellectual function and disturbances in
spéddieimgrersisemeT &b de R bANERFBIBY P B euitiormL Yok reBrgeteration
Phil&deh:@bia;tpmormﬁa&étmﬁ& Y198 s ufapatiaiadicadly, dhéemajan among
Mk%@éf@ @@%rﬂwsfrarg%sw@@natﬂwqﬁwaaqee@%m@élwmlnsn people
ARl SR PIAE A AR R Db RS Rl
eposned extranedrona y, 6fang & 16 observed i traneur Nal
pogf ?@m'ﬁ#&sﬁv%%ﬁﬁ%Qﬁ%nébf’caﬁﬁben@n%sdm g ﬁ&w@)mm&qa@“’e
codisigrthae pithaelogically depositeidasovall dhiypiakb btavpepticte? Sof AS)ical
whighjg&iaaveribyiseoeatns epyiaRdanyl e IS P HRtBh AP Rpses in

(Selkegs R on?*%fé@iaﬁf‘(mﬁ% ﬁ%%‘%})zﬁf&aﬁ% '25%93/ s SO ?KFmal

D.J., Scien 97 (2002) 353-356; Bus Tanzi, R.E., Pro

AcHIPREME SRSy E1F a‘?éf@‘iglﬁg“’ﬁ UBRALGH, t‘fﬂé“bté‘ﬁt aegen

39 Fmpsiidids iy L-Wqumd) Neurosurg: Psychiatry 66 (1999) 137-147). AD is the
most common form of both senile and presenile dementia in the world and is

recognized clinically as relentlessly progressive dementia that presents with
increasing loss of memory, intellectual function and disturbances in speech
(Merritt, A Textbook of Neurology, 6th edition, Lea& Febiger, Philadelphia, pp.
484-489, 1979). Neuropathologically, the major hallmarks of AD are the presence
of two characteristic 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
(AB), which is cleaved by secretases from amyloid precursor protein (APP) (Selkoe,
D.J., Physiol. Rev. 81 (2001) 741-766; Hardy, J., and Selkoe, D.J., 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 extracelluler domain, a single
transmembrane domain and a short cytoplasmic tail. The AR region spans portions
of the extracellular and transmembrane domains of APP. The most common
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synthesized as part of the larger APP (110-120 kDa). APP is a type |
integral 30 membrane glycoprotein with a‘large N-terminal extracellular
domain, a single transmembrane domain and a short cytoplasmic tail.

WPReR®GRgion spans portions of the extracellular and tranBETERRBIEYE 3756

domains of APP. The most common WO 2006/066891
PCT/EP2005/013756 -2 hypothesis for the participation of APP in
neuronal cell death in AD is the amyloid hypothesis. This hypothesis

ppstulates tha égp%*&c?pw&gi%f%%%qﬂi%@nﬁoggmﬁiaé'ythqggfsgétﬁg Seiuble

AS trigger a neurotox|c ‘cascadg, thereby causing, neurodegeneration .
PRt A DAoLy S BIRULAE oS *Ral S F O 5 P
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grawibdaetanifi@RihilsacindbipithglémrisehestintiubilyiskRtedsio (2001)
insuling §Gir} ayas, Uadisionally §oRsidakes e dnajas megiator of the

actions of growth hormone on peripheral tissues. IGF-I consists of 70

amino acids and is also named somatomedin C and defined by SwissProt
NBispin-bies sessahdeeioy SH 10 DRI RSO g elged o
Boucliy. [6Fal. veE BSlitsmalveorstBeydl 8- mger daqdinigsrof dithiqtiens of
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aly, Brain Res Mok BrRinResaldi AP LPrE K6, Piagabergh, .Bitly §hd
ochem. Bloggi){g,. es. CO'}},VB

al.,, B un, 175 (1 7-514. M.,.
e JC AR ESAOCHNOIS (&b 5N’ §3‘:§51]f9’7e§)a§§98%%e @3%%5;?%,322% IYSZ
CHA. Psstrdidrbingremetab. 81 FEBSASIES A9 E R 1§86) 3 S8l Bkip BADKsTE
738 1dG 5186 1,3 %8 a1l 8riiY R4sABR) HRadn 30%.033 1902} 0253244 9t epnbrergh,
9@@%@8@11 Bﬁig&;lf}ii@p%ﬁ@-b&ﬁg{m is{mi?gomwpm; f['laﬁlifr, J.M., et
cirgulalion a8, @l IGH @iisRin g leedormmberease. ;. ciin
majority s bound to [GF-Binding proteing (IGFBP's), which haye. very. i

RS R on St RGP FoLth?20 Thé Hor PR ey
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by proteases. IGF-I plays a paracrine role in the developing and mature
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10(£536) Seaisvo hewr 2y Dighntigtru el Ds, mbemdniate IGET function.
The factor can be locally liberated by mechanisms releasing IGF-I such as
proteolysis of IGFBPs by proteases.

1GF-1 plays a paracrine role in the developing and mature brain {Werther, G.A,, et
al., Mol. Endocrinol. 4 (1990} 773-778). In vitro studies indicate that IGF-1 is a
potent non-selective trophic agent for several types of neurons in the CNS (Knusel,
R., et al., J. Neurosci, 10(1990) 558-570; Svrzic, 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,
E.A., and Dubois-Dalcg, 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 1GF-L. It is further
known that IGE-] stimulate peripheral nerve regeneration (Kanje, M., et al,, Brain
Res. 486 (1989) 396-398) and enhance ornithine decarboxylase activity
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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.

wRResi@ds(dQ88) 199-209; McMorris, F.A., et al., Proc. Natl. paaach53i013736
USA 83 (1986) 822-826; Mozell, R.L., and McMorris, F.A., 30 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-1. It is
further known that IGF-I stimulate §e%pheral nerve regeneratign g(anje,
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biologically active variant thereof. The IGF-I or vari%nt thereof is absorbed
(ARG (e WASHIEAR) ndtrAROBHER I e Al HeR B Bonemic
systeragefatseciramnitl i AlhemsuTe R SRR 64 dladaoihpresgeritan IGF-1

ischesnidGdamdge thssoeimibdtwithoén ischiéniceevdot. £810§7 464 cetaiting
the, 456 0f A& (Bt andG@Rdharsthe maaciweet Qimedicamant fon,

B e B B B
HURBRERo RS B iser KeB iR RBIBD R § D5 BrfeRiiliphdgpentia with
gasmglibnipsypaiesie spasepess g renseatispdamilialitemenkizovisthcerebral
SPagHe PAFBRHIREISo PHIGICRSHESHR RAHEIC L dIals)e PHAlbRIC-E IS KOBiSein
cetpPiRlaRGiRiaRiR A SERidR! BlaRe ERTANAIAAEIRON TS amoynt of
encephalomyelis, her i th medlcamagr%rls in a form, for parenteral _
TP HFERET o1 6 CHELVA ARROUH 1 SRR KB SRR blood brain
barrier or blood- spinal cord barrier. 20 Reduction of brain and serum
leviedd atise ediGhrdirhasdeenifielated toftHecpatGibyenasis:af sphratlicoanik
farpiliah R ArAR FUHRREMAIRHGERTFEGES Furthermore, IGF-I protects
neurons against Af-induced neurotoxicity (Niikura, T., et al, J. Neurosci. 21
(2001) 1902-1910; Dore, S., et al., Proc. Natl. Acad. Sci. USA 94 (1997) 4772-4777;
Dore, S., et al,, Ann. NY Acad. Sci. 890 (1999) 356-364). Recently, it was shown that
peripherally administered IGF-1 is capable of reducing brain AB levels in rats and
mice (Carro, E., et al., Nat. Med, 8 (2002} 1390-1397). Furthermore, the study
demonstrated that in a transgenic AD mouse model prolonged 1GF-] treatment
significantly 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 haif-lives of proteins in the body
{Hershfield, M.S., et al.,, N. Engl. J. Med. 316 (1987) 589-596; Meyers, F.J., et al,,
Clin. Pharmacol. Ther. 49 (1991) 307-313; Delgado, C,, et al., Crit. Rev. Ther, Drug



10

15

20

25

30

35

neurons against An-induced neurotoxicity (Niikura, T., et al., J. Neurosci.
21 (2001) 1902-1910; Dore, S., et al., Proc. Natl. Acad. Sci. USA 94
(1997) 4772-4777; Dore, S., et al., Ann. NY Acad. Sci. 890 (1999)

VBB EBB4YysRecently, it was shown that 25 peripherally admiBiStEBWIEBE3FS6
is capable of reducing brain A(3 levels in rats and mice (Carro, E., et al.,
Nat. Med. 8 (2002) 1390-1397). Furth&érmore, the study demonstrated
that in a transgenic AD mouse model prolonged IGF-I treatment
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contain a c?n%ldeaa le amount of Iysme residues.and %regp Jr

afion o oneo e residues or the termma apuno
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masFidratr A B dh Efrdddegivtin g Grolp 8T réming VAl hetiredstisof the
praaligethjktoeelpfol) residues near or at the active site of the protein. For example,

it was found that modification of human growth hormone using NHS-PEGylation
reagents reduces the biological activity of the protein by more than 10-fold (Clark,
R., et al, ]. Biol. Chem. 271 (1996) 21969-21977). Human growth hormone
contains 9 lysines in addition to the N-terminal amino acid. Certain of these lysines
are located in regions of the protein known to be critical for receptor binding
(Cunningham, B.C., et al, Science 254 {1991) 821-825). 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-¢i2 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. |,
and Katre, N. V., BioTechnology 8 {1990) 343-346). |



random PEGylated proteins. Therefore, many NHS-PEGylated proteins

are unsuitable for commercial use because of low specific activity.

Inactivation results from covalent modification of one or more lysine

residues or the N-terminal amino 20 residue required for biological activity

or from covalent attachment of the poly(ethylene glycol) residues near or

at the active site of the protein. For example, it was found that

modification of human growth hormone using NHS-PEGylation reagents
WQ&(IdEd Hriad o GrRAL AeRig o PIRS HIotBEE Ph eI HEaIS I TRIHS eI rkC and
IGIRor et@aktedh Bicht€dHEM, 27d {E996)211069- 2140 Ti)ieHurnarirgrowtiain in the N-
terREMNRRR2S BARSMMNSINes Bradditiapdethe d-dermipaaminedacid.l.

Certain of these lysines are located in regions of the protein known to be

crltlcal for receptor binding (Cunningham, B.C., et al., Science 254 (1991)
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amino-reactive poly(ethylene glycol) reagents results also in a nearly
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]1%%9 94/12219 and WO 95/32003
clalm po yéﬁﬁ@?gs e glyco g%cﬁgrz?uﬁggﬁe% (gxgpl)smg PEG and IGF ora
cystein mutated IGP, said PEG attached to said mutein at a free cystein in

Prefeeably terimirsald @giormgitine. mutein. WO 2004/60300 describes
N-terminally PEGylated IGF-I. Summary of the Invention The disclosure
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alteration at amino acid posi
sysfﬁfﬂ)?gwﬁeéf ShE sequenrc)e s%oTﬁath)ni or6 ﬁ]g?ed /Ot)fr:niilr?:‘)tggc\j/\;llg;ygg 68
is/are lysine(K) and amino acid 27 is a polar amino acid but not lysine.
It Agcordingitala firsthaspeat, there i$yprevidet aciGRsFuananimwhiohiis-reactive
PE%R@%@Q(@@F‘VBBBK p@f%?abﬁiﬂ QB@@&&@%@U@B@@R@%{I R@?él@@@am and
espFéc;a y pg‘ee eer%%l?;yaarrx]lﬂggg}’%a a%tzdlslé’lggll nvgi?ant has superior properiies in regard to
therapeutic applicabiiity.

A further embodiment is a composition of a lysine-PEGylated IGF-I variant according to the
invention and a IGF-1 variant which is N-terminally PEGylated. Preferabily the molecular
ratio is 9 : 1 to 1 : 9. Further preferred is a composition wherein the moiar ratio is at least 1 :
1 {at least one part lysine-PEGylated 1GF-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 1GF-1 variant). Preferably both the lysine-PEGyiated
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 [GF-1 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 30kDa or 40 kDa. Lysine-PEGylated 1GF-I variant and N-
terminally PEGylated



Such IGP-I variants are useful as intermediates (IGF-1 intermediates) for
the production of lysine-PEGylated IGF-I. It has surprisingly been found
that a lysine-PEGylated IGF-I variant (amino-reactive PEGylated IGF-I
variant), preferably a 20 kDa to 100 kDa PEGylated IGF-I variant, and
especially preferably a monoPEGylaged IGF-I variant, has superior
properties in regard to therapeutic applicability. A further embodiment is a
composition of a lysine-PEGylated IGF-| variant according to the
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age molecular weight of 30 to 45 kDa, especially 30kDa or 40 kDa.
Lysine-PEGylated IGF-I variant and N- terminally PEGylated 6 IGF-I
Aceendingt sheweeom papabletbdfin il inisiading oEFE bineing prtendngela-like
grcBiid anrebrBPRGbUL differentaactiviiied invegarehtd HolkrédphasphorylatidiGc),
chah€Hlialasure Riavides ARMILAAIRCANSISHNg Qf BntG i bmﬁagwarﬂ% koup(s)
onjugate or [w% tgﬁéﬁonﬁ&%te) and poly(ethylene glycol group?
In sal

NCharacterize F-1 variant has amino acid alteration(s) at
amino acid positions 27. 37, 65 and/or 68 of the wild- type IGF-I amino
Predgiebbetia anbeetey et o Brervupés bhainiooaeiels 187lean apB dighiref at least 20
kDkysined e larbhofacichBAiS & pdléd aitrinodasitk it netlysiny &och Sdic BED:.
is conjugated to said IGF-I variant via primary amino group(s), preferably

X RN THIO QURIE) OF. VSRR ACRRITHIG 0,0 SE SR ASRREE: amine

rovi a‘con te con ISTII’Ig an lnSU |n e gréﬁ factor-1

“?‘l‘&‘ﬁ) lf Vabidht a3§ d’é‘ﬁnSH B56% < B pBieRY TSIy jamino-reactive
PEEAraete 26 ' thdgrsdiy PEGIMedoH|iifatetets %}alcammlaeahé’rw\ﬁanwgate is
prabeimbdy yraminorghiBtp(ehted at lysine residue(s) at one or more amino acid position(s)
37, 65, 68 and optionally PEGylated at the N-terminal amino acid. It is further preferred that
the conjugate is monoPEGylated at K63, K68, or K37 or diPEGylated at K65 and K68 and
optionally PEGylated at the N-terminal amino acid. Preferably not more than 20% of the
PEGylated IGF-I variant is additionally N-terminal PEGylated.

IGF-I variants are designated as follows: K65 means that amino acid 65 is Iysine, R27 means
that amino acid 27 is arginine etc. An IGF-1 variant bearing the amino acids R27, K37, K63,
K68 is designated RKKIK. IGF-1 wildtype is designated KRKK.

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

It is further preferred, that the (PEGylated) IGF-1 variant according to the disclosure is a
variant i 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)-1GF-



and in being monoPEGylated at K65 or K68. Preferably the polyethylene

glycol) group(s) have an overall molecular weight of at least 20 kDa, more

preferably from about 20 to 100 kDa and especially preferably from 20 to

80 kDa. The poly(ethylene glycol) group(s) are conjugated to the IGF-I

variant via the primary amino group(s) of lysine at one or more amino

acid positions 37, 65, 68 (amino-reactive PEGylation) and are optionally

PEGylated at the N-terminal amino acid. The conjugate is preferably
I amidadis dredifbGytateck@dbbysine residdels)fatie OrmaraAinmaeidA ., et al.,

opti aIIy PEGylated at the N-terminal amino
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bearin (L% amino acids R27, K37, K65, K68 is designated RKKK. IGF-|
s pgé QeBigHRt '&t?@RIzé © EUHBRT R BPERSH 88 R el ah cponiugate

conupfigntszini e lcanjgateisoaseir IRFblﬁélyIR:IRiﬁRne @R&Kaﬁl@%ﬁi shﬁd%aﬁilﬁh@lylene
ol ye %ferll,r?:r%(% tthe PEFG% ted IGF varl {accord 1ot F&: bo%rae gom

ree preefrerag ree ‘amlno acids at the
prelﬂ’»rt?éximﬁms mtrlﬁma]t@@i kﬂmd%p@c&ﬂ\bﬁmfdmmefmtaﬁtqﬁh&mm reacting

theqeﬁr%)té%gade m@%{g@@m@]@g&% g%yg&q%géy BIQ: A0 %Mfgm said

the N-terminal (Kummer, A., et al Xp. Diabesity Res, 4 (2003
(pohstylenphegl pw(@tﬁyréﬁéaaby@@r)r@réﬁ 564y iKpdire ETbEIeRisarEr braehdsine

amieAigHOUEsfurthgssemprises methods for the preparation of a
conjugate disclosed herein using the IGF-I intermediates. The method

comprises the preparation of a conjugate comprising an IGF-I variant and
AcOnding twe pﬁiy(eimdengegiM@(ﬁrgm(g);yﬁaiddpwéﬂémaﬁmwwh conjugate

rou hav referab ano oIe uIa Wel ht of at least 20 kDa,
s R B B N5 St LB BbiARY BROCIARI Ggieoy

graz t@@@“k@albyabamln@l&hwb@mblﬁwfexmnebhatézwmaacuwame&Da said method
cofiRlEI RN Aaplunder soadiiona.2uen D lRald (ROMEIVIERELAY ERL o

is chemically Bound to said IGF-I intermediate via primary lysine amino
un@rogg(éyt@fsqgm VBtiawed (polyethylene) giveol is chemically bound to said 1GF-I

variant via primary lysine amino groups of 1GF-I variant.

The disclosure further comprises, in a fourth aspect, pharmaceutical compositions containing

a conjugate disclosed herein, preferably together with a pharmaceutically acceptable carrier.

The disclosure further comprises methods for the production of pharmaceutical compositions

containing a conjugate disciosed herein.

The disclosure further comprises, in a fifth aspect, the use of a conjugate disclosed herein for

the preparation of a medicament for the treatment of AD.



According to a third aspect, there is provided a method for the preparation

of a conjugate comprising an IGF-I variant and one poly(ethylene glycol)

group, said poly(ethylene glycol) group having an overall molecular

weight of from about 20 to about 100 kDa, said method comprising

reacting the IGF-I variant as definediabove with activated (polyethylene)

glycol under conditions such that said (polyethylene) glycol is chemically

bound to said IGF-I variant via primary lysine amino groups of IGF-I
Thevdisantukhéudisel osupeifer tihethodsriprisies rienanfouth aBpebtracterized in that a
praBREALTIACENIICECOMPOSIIANG CONtAN, AR IRIR HISEIP SR L Stanc s

preafcerabﬂ/ ogether with a pharmaceutically acceptabf carrier. The
adnfigetersdre fuptiienicompsessmbinestiv ok thefprbtuttion of prarmdisetgeaper
wedOMpositions containing a conjugate disclosed herein. The disclosure

further comprises, in a fifth aspect, the use of a conjugate disclosed herein

for the preparation of a medicament for the treatment of AD. 7a The
DefA3&dosa-TtthescamprsesJspethods for the treatment of AD,

characterized in that a pharmaceutically effective amount of

amino-reacvtive PEGylated IGF-I variant is administered to a patient in
“Phggdiaf Boich teeatment piafesablyin PG ottty applicdiioss pernweeka [GF-
1 v[;g%ilgd@[ggsg%ggon g% Egeo In\{)?%if(())n IIFI(Ee%%IJ%}leedU \%E_l yr%rian "yoarmino-reactive

SaMmo-réactive %y ation” as useq nerein mears tIQaT a [GF? I'vanant i1s
cougtinalenthynbonded tyoms of the Bolybtrwlenieybyeni)groupBisy group(s) isfare
anRIUDG IRACHNE, GAURIRG 19,008, ALiLUAYRINGS githe IGF- variant

molecule. The PEG group(s) is/are attached at the sites of the IGF-I

variant molecule that are the WO 2006/066891 PCT/EP2005/013756 -8

primary e-amino groups of the lysine side chains. It is further possible that

PEGylation occurs im addition on the N-terminal a-amino group. Due to

the synthesis method and variant used, PEGylated IGF-I variant can

consist of a mixture of IGF-I variants, PEGylated at K65, K68 and/or K37

with or without N 5 terminal PEGylation, whereby the sites of PEGylation

can be different in different molecules or can be substantially

homogeneous in regard to the amount of poly(ethylene glycol) side

chains per molecule and/or the site of PEGylation in the
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molecule. Preferably the IGF-I variants are mono- and/or diPEGylated and
especially purified from N-terminal PEGylated IGF-I variants. 10
Amino-reactive PEGylation as used herein designates a method of
wandemégsattaching poly(ethylene glycol) chains to primaryHg$it@2aesirie?6
group(s) of the IGF- | variant by the use of reactive (activated)
poly(ethylene glycol), preferably by th& “use of N- -hydroxysuccinimidy!l
esters of, preferably, methoxypoly(ethylene glycol). The coupling reaction
attpehrsypelytaitylgreglycdiiio keastivilprimany. d:amifior hbrgrosislofthat
lysig;jesighes and aptionalbnthe arrnine seuP efteN-tesmpna.aninge

acie A ICE B 2000 900 CPTMERNONOI HEC, R RIPEIS S Willof o
knOwA - thE &rexample, rewg\%\'/i%’f%suc methods is given by
il it B Tt R A

theeconpahBEiGy of PEGhtocrithasiiamffEgriniss ehploalitsiean ipedifferent
perferaaedsbyrusing rctivaies REG Sonhigh 2Q perfaman alkyationafsaid
pf'ga)mlf gl g gg%ﬁ%ﬁé%%%& ISBGURR. AAUYAIRE salkd @»‘ﬁ@g&%@% fae

exa - res I chlonde or PEG epoxi
usB e fherr%é% reage s are §t Ag PEG: # < fpﬁé'}aqed and
hy@?ﬁ@@@cﬂﬁ%ﬁﬁ@ﬁ%%r?ﬁ?’@éﬂg Iﬁﬁé@%ﬁ“‘EGS in which the

terminal hydroxy group is activated by chloroformates or

Camﬁmm&ﬁwl%@ﬁh@ﬁ ua%efweZSh%%ﬁ eagents arerhiGe ith-anasaly

aci 1S, S c n ran )
q ngﬁ eth agartlc 5’9 nt P% S%llteg 190&%%9 s)l% ﬁe IGF

Wher olecules are

todetHRIE ﬁéﬁﬁa.efgﬁ%&? 8 5r ki b g
to UGR{ Nahnahpmmmawuﬁcatbmﬂamee@fqhb |ysﬁﬁé>§méﬁ:ethylm glycol).
MOI'EQ!'Not@ﬂﬁﬂig'laéa&tﬂﬂpHﬂ@ci&ﬁiﬁﬂy@&ﬁ?l‘éb@@lmbmﬂﬁﬂﬁctﬁfe etidlarAgamino
Dryg, DeliveReN: %@ngzmﬁ%%znéﬁf th'é’%ﬁagﬁrpplgmgy@r}ﬁegwc@aneél
used hereln s r;ﬂq{ggler u rrggruthal is ermal(}/ ?%allsa‘terle
or 88H5ep Bgaet?té)}y PNg-OpEnin ymerization ﬁlﬁye e g
acé@mﬁ@quhs@fﬁoagrm @mlﬁwﬁ@%ﬁ% (Rebedaisgiver by V‘F’P@ﬁf%sps%
PoBieniSditnie( 2@)@1gg&ﬂlzﬁﬁﬁGMEOMGGEh@O&lwﬁmw ANVEEG to
200510668 E&TAEFQ&%&&%%& 6 leratoh GB:H0RH:AG e W6hibh
P G IS ugggd t? a@com 393 anx% é) %I g”%?”SCH'X%Qac@QA‘?g&“%md
reln e nu er Of eﬁw gaIVCOrInUHI
aikylatmg PEGs, for example PEG aldehyde, PEG -tresyl chloride or PEG epoxide
can be wused. Purther wuseful reagents are acylating PEGs such as
hydroxysuccinimidyl esters of carboxylated PEGs or PEGs in which the terminal
hydroxy group is activated by chloroformates or carbonylimidazole. Further useful
PEG reagents are PEGs with amino acid arms. Such reagents can contain the so-
called branched PEGs, whereby at least 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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460, preferably 460 to 2300 and especially preferably 460 to 1840 (230
PEG units refers to an molecular weight of about 10 kDa). The upper
number of PEG units is 5 only limited by solubility of the conjugate.

wWesHalskds s which are larger than PEGs containing 230Q ¢y 356:619%ss
used. Preferably, a PEG used in the invention terminates on one end with

hydroxy or methoxy (methoxy PEG, gPEG) and is on the other end
covalently attached to a linker moiety via an ether oxygen bond. The
polymer is either linear or branched. Branched PEGs are e.g. described in

véiematd: 19 AR18)et-ap, jdin &8t BiGSttive WAl 6AIPath B BIRRAIENY
12(1897) &@aIP0% mulsedid, REGeme dyenisibre & ghavadghleotormtsNektisest
Th@tﬁ@@u@%(mw:ﬂaei@@g SRINIspRAAYIINpleRuialy1as3Jarsa0RED oax heits

%@%ﬁ@ﬁﬁ%@%%@é@flt 8f9bof\59% 2pgytra0 m@%tguﬁlg%f%@%%

(nis ber of repeati int
S A 1 AR B L oA kAR RS R Jaeer then
ex%lr*ﬁesléonﬁquz’@%@mé&:@nwcérésadté’éﬁ@aat%q.HE@r ujfdretba sy pitien

madecinetdias e sadne tnblecouaromasshafyl GricDa (e &EG nmid BBpat @ 30hn
theneth@dptal %QL@&H@%H&@%%Plﬁ@{me%wgwe@bmx%&mana Mene
moI cular mE oJa'%hO% bl?E%a&t%mn % Gltzli%llnker ca es oeg) qyfgregg&t
i ﬁ/rvgm ecu es on a linker one Eg léculdcan b Da and
Wees Moluiratah BetBRBadNMOREaR e S hrass mJ@aHé%ﬂvé?/é 207.

avEralyé FE6lecgartnasss gl avilebds onp Rskoer dlverapend rieterartksagents
for the production of amino- reactive PEGylated IGF-1 variants are

deﬁﬁ?@ﬁ&le&h atmsﬂs@%ﬁogffié&aéamdafggm9%@&%@31% Q eﬁio% Jﬂsut

methods, des ese, terla o

v R AT e i Y

cojudatESaceormepdoirs |I€RfeH1Foﬁ“°W‘iéléfcéﬁ%ﬂer‘i‘éé?6¥’ﬁb iy Ppigens. For

poteniiplly EaectiPE@rimiaplasiroagrobibtindhiekiar gékpretemHEP toodamle

Iyq&@@%ﬂ%@%@m@?ﬁl @mmfafédma&%ég a setesueh REGuatadd Ghal

varlants |isomers n{‘)l‘grt in ﬁt‘]ﬁ e;r)oln aé@&?m%t of tpe\#% %(aes’ggy ane.
es

glyc chain. 2% hé mven on row ated forms 0 varlant

wittFimpiacess fordelinke <o %ﬁ@&ﬁém OafthMAdsggh e linker
contai Bhenotawl PEGe grprsrmheaﬁ BEGranvdévedt amul baddddhy Molecular

attagheshihey et. whesehy the-overallayy/O 2006/066891
PCT/EP2005/013756

In the examples below, some preferred reagents for the production of amino-
reactive PEGylated 1GF-I variants are described. It is understood that
modifications, for example, based on the methods described by Veronese, F.M.,
Biomaterials 22 (2001) 405-417 , can be made in the procedures as long as the
process results in conjugates according to the invention.

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-1 variants isomers that differ in the point of attachment of the
poly{ethylene glycol) chain,

The invention provides PEGyiated 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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-10 molecular weight of all PEG groups in the conjugate is preferably
about 20 to 80 kDa. It is obvious to a person skilled in the art that small
deviations from this range of molecular weight are possible as long as the
WRieBydategh1GF-1 variant does show activity in lowering Abeterpaptics137s6
levels in the brain. Also PEGylation of IGF-1 5 variant with PEG having
molecular weights of more than 80 kDa results in higher bioavailability.
However, it is expected that such activity decreases as the molecular
we ncrease uced IGF receptor activati nd blood-brai
baPr%ge]ratlrg?lge Et #;eere%)re gprsalr?ge 0 (ﬂé)%aieoﬁ Effg%@ haeb(r)’r‘]lg eOClt,l aér.b
weibit ém@@%laé% B A dbrlad B bt daviaties fma this range
confugals gt PEG i d @b v g use REfotanl fitiemrireatnenthofv
a patient syffering:liamADyHEdiSRERereithe ' malaculrs Wweighhtineansthg

m%ﬂﬁ‘%ﬁk‘ ﬁd"ﬁhgmg%m@cﬁﬁ%mgﬁ}? Sellguin %Eﬁééﬂ@geﬁemm (tht%her

1(I) var abné?tﬁf ae examples of an embodi ents ?

ate
o T R ST SR AT T S B
PEGIghb i faEadne r@cﬁf@mﬂé%ﬁgwﬁftgo %6%*5&9&*{%@?&?8@40 e
units)ispoliP EGyrtdted MadFrdngri=it) whElekith&PBHE grdupkhaveld of PEG

le%%ﬁ’@@@?st@B@Q@%ﬁé—%pﬁQ&Qﬁr 62430 t@@@&;ﬁ%&%&:ﬂtﬁﬁlggﬁa R
mixtures the, referr, t
selece(!:fstfrom ergar%ﬁp é%nnglgzlﬁg%? g ?@rg]&%% %%é L?slgnjd RKRR,
wherein the branched PEG group has a molecular weight of 30-45,

preferabhb4Gins kDieqelbowtioR0 REGs thits)ear orodseataplesidn sé dhedtEan

average molecular weight of 44 kDa for PEG and a molecular weight of

7-6riDa{RrJG bé&?l&@!?%‘ﬁg Ayerass MolBGWan WelghhiRSUENAd are
MOonNoPEG:IG ﬁs a. Also preferred.is a monoPEGylated

R e R e o s SRS PR VAR RO e

RKRR, wherein the PEG has an average molecular weight of 30 or 40
kDa. "PhBrorPEEagrb it dceaieing whdhwninkentbBa nemps avesicdudecular

containigg; ﬁ@lmﬁlﬁd%mk\/@@h Rs 8meseentiabpart. Such a PEG can

contain fygiey chgmical 40.gr0uRe MHIG! %%negga ALY, i
reactlons cnresu tS from the c emlca synt esl the mo ECUE,‘ or

which |s°§ &P 6P SR L E T D asisbr

and mixtures thereof

Especially preferred is a monoPEGylated IGF-I seleced from the group consisting of
RRKK, RRKR, RRRK and RKRR, wherein the branched PEG group has a molecular
weight of 30-45, preferably 40-45 kDa (about 920 PEG units) . For example, based
on an average molecular weight of 44 kDa for PEG and a molecular weight of 7.6
kDa for IGF-I, the calculated average molecular weight for such a monoPEG-IGE-]
is about 51.6 kDa. Also preferred is a monoPEGylated IGF-] 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 ot more
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the molecule from one another. In addition, such a PEG can consist of
one or more WO 2006/066891 PCT/EP2005/013956 -11 PEG

side-chains which are linked together. PEG groups with more than one
wREusahatmare called multiarmed or branched PEGs. Brangheg BRe6137s6
can be prepared, for example, by the addition of polyethylene oxide to
various polyols, including glycerol, péhtaerythriol, and sorbitol. For
example, a four-armed branched PEG can 5 be prepared from

pepiagyiiakandSIhYIe0e Ride.Branched REGsUsualidavea dadbEG

arms and are described in, for exampl P-A.0 473 nd US Patent
oy s esnatice of SACREPRGC b e M ar LB e
(PEE S HRE Widhthadoiaary Rairsgloiiosia R srieo pnsrbaRtinn ¢udig
at. gBroudnjeyatey iBhelne] (H995) 6B6rmple SUlbstantiadh thensbeeREG 4sh
as psprpereinIReRRSNAhing anlyRitaylaiett| Gl cval PBGMGledyIRSv. 2
B o
e B B PEREIRENL 5 CERAB G gtfdaeefﬁléaﬁ i e
N-t@?rﬁh?al’fgéweﬁ‘éiﬁ@,%‘Pn@é)@érﬁﬁl’é“ﬁfeléwwgv 85 for tHerprdpefetivrate
whiclkeis. at{lasi 9B% 15 PEG-IGF-1 variant conjugate and at most 5%
unreacted protein. Isolation and purification of such homogeneous

preﬁﬁ%@%&%G%u%‘lg%%%é’éﬁ%‘éfgs‘%f dsvpslant,canbe ger f&@%%‘#ybg‘ﬁ%%% IGF-1

purification m S, preferably size exclusion chrom

] gra
"MEHSPE BFIeTaie a@dgﬁ’h@féﬁ%ahg%ﬁﬁ&&ﬂssﬁ?am&ﬁfséme%m
at groyrink 2pachesinehsarr ¢eFatioarieat (iisuie i AmvabysoryoecREG e.,
gradgkisgarecheduspyatently At this:site:dShieheptitena it atel NG Erhinal
Ca@éa%a&ﬂggﬁmﬁﬁgwmiw CRIIN :&ﬁrm@,\?&w@tﬁﬁ{t@mc%eﬂtlezmwo
pugMongRECYlated ICE L vartgnt, (withay Notermingl EEGY o) s af
leakt ; 0'0% & PreSATAESH, Pretérabhy ' 8o, and most pre e‘ra%cly,
moRwHEdvRRiFIdrbprnsertIesarepaBtinnsrel BEGe s Hrdphyatian: e be
renpaifictereleiry e.gsunireactélicénon-PEGhladed) iGdFetduhd/opidd-  exclusion
terminally b Bylated IGF-I variant. The monoPEGylated IGF-I variant
preparations according to the invention are therefore homogeneous

enough to display the advantages of a homo ene‘ous_preEparation, e.g., in
a piﬂ\fﬂﬁ%ﬁ}é‘ﬁ " as used herein means that IGF-I variant is PEGylated at only one

lysine per IGF-I variant molecule, whereby only one PEG group is attached
covalently at this site. Such a2 monoPEGylated IGF-1 can be in addition PEGylated
at the N-terminus to a cerfain extent. The pure monoPEGylated IGF-T variant

lon and

(without 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-1 and/or N-
terminally PEGylated IGF-1 variant. The monoPEGylated IGFE-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 used 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



10

15

20

25

30

application. The same applies to the diPEGylated species. 30 "Activated
PEGs or activated PEG reagents" are well-known in the state of the art.
Preferably there are used electrophilically activated PEGs such as
vadkanglsatyric acid succinimidyl esters of poly(ethylene glyc8){H@wes/013756
alkoxy-PEG- SBA") or alkoxypropionic acid succinimidyl esters of
poly(ethylene glycol) ("lower WO 20062066891 PCT/EP2005/013756 12
alkoxy-PEG-SPA") or N-hydroxysuccinimide activated PEGs. Any

COQ&%%J%@ éﬁﬁ“?oél% ﬁi%gg%@g1&%\@t%Qtﬁ§{@5 with anaming. fo form,
an arI}é ?ﬁ #n be. utilized tscgtreactlon of the actlvath PE Wlt IGF-I,
P

thé% EA LR ARV ELEPTE K RaUIETYRSUS C3U5iIRY t;he divia be
foriigifienh. The tse BRSisDceniidIfesters I provticd eBbrjufisessnipified
prateiisiisidicloseds in IS Ratent Nowsigy 2H662uihdoaeaciion cohditienst

useethavgian influercRutbedslpliveamauptatitifemulysREFYatestent
IGE;) \éaglia}rggz By manipulating the reaction conditions (e.g., ratio of
reagents, pH, temperature, protein concentration, time of reaction etc.),

the 10 relative amounts of the different PEGylated species can be varied.
Préfesalsiictiva roadiivrnis pedohiiedan anBuffetedaqiiondabrutioneppt of
8- iﬁﬁﬁ@ﬂtﬁﬂlﬁiﬁ@}ﬁéﬁ%ﬂ%ﬂ@ﬁhﬁn@ andipubadfg (W eattiylenegdiyioak (Ehe
Protgip {E%Eéégaﬁ& HE %&E@We x@téﬁ%zeﬁtmgm%%@wﬁ%twms the

are pig \Crieucglccin?n 50 %hz r? f}eren Yelgted c}é%ncaa'rqt are PEEP CFeraPly the
Reac ion emperature an reaction me can pe varie accor

kn&Frege opalermed i Lifrardifp Hgh t@%@%&r@afﬂﬂwg 5-15%
redetiorethnelresd s ¥n (rba sty PRGytatiGrhe oo PEGwate ds\asiardsly
arey.produced; idsdbecsienl prefariaed dprik-atAc end don ypr@Bylated
minytes Whe rm%%@&% "eafenl s ombined WindGE-LYPYE e
a reacti n buffer which pre c nsjst of &glum borat, 10 A)
TR A a%mgfe%sz; AEEOR WE;H‘ {poRFgYTegnd lons
prmﬁi%@mat@%ﬂfabmt@@%ecbr?@@ﬂémﬂ fepmeERtylaedf fisipngcare
a npixiduiecaf inienieeredivregnefirack amaintis4OCtheltfor RE Gy katadrspaciathen
aredpir@ oW RER e PrRQI BEG FASELS 3Bk 1n3) RUMAILIRE dhich
and O Gx}/sm E/tesc'{ %%{%orz&ego } Gel?h!ir\ilo rlal&t ]Q’P ryldgc%y?ene glycol)
ac or the Thvention may repared by cov

DEG at a pH of about 9.0 ,’a protein PEG ratxo of about 1 1.5, and a reaction

temperature of from 4°C, a mixture of mono-, di-, and trace amounts of the tri-

PEGylated species are produced. When the protein:PEG ratio is about 1:3,

primarily the di- and oligo-PEGylated species is produced.

IGF-I variant conjugates according to the invention may be prepared by covalently
reacting 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-l 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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25 reacting 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

wacthaiedspoly(ethylene glycol) derivative to form an IGF-1 vafiatzeos/e13756

conjugate. In the foregoing process, the bifunctional reagent is preferably
N-succinimidyl-S-acetylthiopropionatexr N 30

succinimidyl -S-acetylthioacetate, and the activated poly(ethylene glycol)
derivativ efe ably selected from the group, istin

io éopaca ﬁyl éﬂ:{g r_t,\I/E se Ee %\I{)Xﬁ VICnCI %/n actng&ed branched PEG

m@ffﬁéx@r@‘é@w{d imitfed w@ezebsmesbgfﬁv@ﬁﬁpéé@mi@%& 8l
Edpiecialiygprefdreed ¢ thesise -68:avkidtyetr s ecihinii dybactivalechpatible

br@@%@@ﬁ&%%}e@f%’ﬁ@?%&%ﬁ 96e molecular weight of 40 kDa
(Monfardini , et al., Bioconjugate Chem. 6 (1995) 62-69; Veronese,

etal., J. Bloactlve Compatible Polymers 12 (1997) 197-207; US
Pa?‘f ﬁﬂ%Fgéﬁaﬁ’éES BRI EATX BFiBRRED jﬁ’a?&"?ﬁdf?%%"ﬁréod’ feat Bykine
ansinidird getivies covaih tvinkitg sRirABPYrbupd teuriing farigmtiting activated
(aﬂwatiﬂmz)rﬁndidowlmgythmmseIt'g“hgaﬂitti@&ﬁf@j tafdmvarianTheithirat step
pPolyetindens alveeh &Pﬁg@f@ﬁﬁv smel %%@2 SR 'éﬁﬁ;@omaaht.
"” 9 ofthiol aroyips yia lysi ﬁ% OP Cataaniant, TSy, ¢ o

vation o# @q FXlvariant 1s er orme B nctional rea tts |ch Y
ca?r?‘?@%eﬂr&@&ﬁ’éa‘th@‘b?ﬁ@&%‘ﬁﬂ“&h‘&‘&é‘ﬁiﬁ&‘ﬁi%ﬁ&ﬁbé‘bﬁﬁﬁ SifEn(ss-
activevgsimrsifelestera suceidmdiclyaster), aihrdpitass estats ofidagphioiic of

acidshigleoriidas Diugataxylicdacieipandesy i phnk sicids. saspesiively by
Thg&gb% KHUR 15 RUOARCLEE DY ORI HIS A LagBER M abie to
ese bifunctional reag % 3e able to reactvx%y F%l[ e-amino 4
gr6 wahé*%ﬁ@’mﬂ.ﬁaoaefdg FolS G BN EtE 1 3Ry as PR mide
préiv&raton Diahertitfariétioradl teadefitsdéomabyerisnhielarkn@racirséis eft
biferctionat NHGfesteksmalraltsSsesibrdaia DESDHRU M0BEWhite 18, while the
deHM@%%QQ&Q&%@Q@MHM GRmpakRS is Q%%@&%PWMFH}FW JAdvanced
anced &gmnlc ? )37 6b he blfurlmtlonal e t .
(\% 8 commermgllg avg? Mj3/101ecu ar Probes, ugen e %%%2‘
anaom@%élaﬂmwéﬂlae Bdale 5% Qs BRI I s Peﬂé Pikfpg} Rockford,

Bidthemd. d:82ibt083)068¢78. R he/neaclionhisncardizdl 9k} 66rxample, in an
agueous buffer solution, pH 6.5-8.0,

The reaction is carried out, for example, in an aqueocus buffer solution, pH 6.5-8.0,
e.g., in 10 mM potassium phosphate, 300 mM NaCl, pH 7.3. The bifunctional
reagent may be added in DMSO. After completion of the reaction, preferably after
30 minutes, the reaction is stopped by addition of lysine. Excess bifunctional
reagent may be separated by methods known in the art, e.g., by dialysis or column
filtration. The average number of thiol groups added to IGF-I variant can be
determined by photometric 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 (19%96) 363-368 for PEG-

vinylsulfone. Linear chain and branched chain PEG species are suitable for the
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e.g., in 10 mM potassium phosphate, 300 mM NaCl, pH 7.3. The
bifunctional reagent may be added in DMSO. After completion of the
reaction, preferably after 30 minutes, the reaction is stopped by addition
vod lymisensEMcess bifunctional 25 reagent may be separatedroyi methedss7ss
known in the art, e.g., by dialysis or column filtration. The average
number of thiol groups added to IGFI4ariant can be determined by
photometric methods described in, for example, Grasetti, D.R,. and

re:g rgtm Ioweé%? of B %QX% %%§41P67 41 aét]i%e I}[? aboents are

nis COV8. ent COUp I npactlvate

glyé 6(’15@6‘;)“ (Vi ABARE dl&@ﬁ%@%&wﬁ&eﬁl%wﬂ@&
artaahupmﬁbsetb%eﬂ@éds iknduinarahepiet apMopplagobrd. et by, Hermanson, G.T,

Biasjugaie;EhTehii {199 6) B33 @8tor R Creyinylissdione. kmesy. chain

and branched chain PEG species are suitable for the WO 2006/066891

PCHERROAOLIIE0, M Rreharaionol e compounds dliomu o
Exam ESO ea IVG ée S are IO

méﬁi’aw*ez Wﬁy&uﬁeﬁ{@r Gkt dfeid '@aanﬁcﬁ%t%fgt?&&afﬁe@sh%
knésamime vl 4t dadd sfoleseribad e gldmyg Hermethsdn l@cty in the art, eg,

BiachnjugatierJrashnigpes, @&adeﬂ&clBﬁeeﬁc}&ageD&Ml&@@pap especially
14&&&%&&9& I’EH%‘MB@E on of the compounds according to the

invention mcludmg the separgtlon of mono- and/or diPEGylated IGF-I

variants and preferably from N- terminally PEGylated forms may be done
by Théthesenkasewhmereer i, @rjuststammicifoiaiebrafimopreradbiyhiba

exchangechiematogikphy espéoialyvacatidniciexchangel cheahatagraphyoe

10 &Egeé;ergeatﬁeeeﬁtagw%@ Rgﬁti,@?@éugat%m&glhae%}% r@ét'qrefrémnaw
|- ecles e gontrolie oQln roager rractions
g’ mdmh ﬁjtfgﬁmea%%omd%grg%sg tﬁgxrgr(?g)rﬁ%t e q%gﬁroeBtE‘aono PEG

nanFadf@n%oaﬁ Hdaézfgeofh@elseﬁéﬁeafé%f BUPEGCRARSitions in
conipigbition erdooplehétsspeimsptfiviopoREGT edijuyatestis dghopercent of
balgaceghyield @E\dr@ﬁBVﬁEGSQEBﬁH mas sompRsitionsdn 1aMRIGRMOS this
ﬁxmpﬁ%nﬁttl%aﬁér@éﬁ?a G REICBREI, &H‘%@éﬁ%&@f% ight s R%O‘ij ﬁfcﬁzen‘b&)

ugates are mono-PEG species ay be des Inan em ent of
th|§} VeREChATE BErcentage of mono PEGylated conjugates is from
ninety percent to
A “polar amino acid” as used herein refers to an amino acid selected from the group

consisting of cysteine (C), aspartic acid (D), glutamic acid (E), histidine (H),
asparagine (N}, glutamine (Q), arginine {R), serine (S), and threonine (T). Lysine is
also a polar amino acid, but excluded, as lysine is replaced according to the

invention. Arginine is preferably used as polar amono acid.
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 [GF-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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ninety-eight percent. A "polar amino acid" as used herein refers to an
amino acid selected from the group 20 consisting of cysteine (C), aspartic
acid (D), glutamic acid (E), histidine (H), asparagine (N), glutamine (Q),
wargminedds), serine (S), and threonine (T). Lysine is also appglapaios7ss
acid, but excluded, as lysine is replaced according to the invention.
Arginine is preferably used as polar.gmono acid. Pharmaceutical
Formulations 25 The PEGylated IGF-1 according to the invention provides
improved stability in the circulation enabling a sustained access to IGF-I
reBEPIERS TRFCNIGREERAMEBLAY ROTFRSHH AFDIRCARBR hea 4l P atsde
|GRdwatianis pemcbekiledinidiered- d9athsiriedicop as flsacdoroaxedrings. 2
chrematearaphy arsizeexsision chromatograpbynseipaddted difierentith a

P';E%a\ftﬂa%gut?’c%p%%@ amecﬁmpo ngs 24 %rpﬁ%ﬁ%t"a gmtorafpaaa&%us |
for ulated accordin OO 6/0 6891 P2005/ t}%{

8’&8‘?%%“&%&&% SR 6t PArmacedtic |ca c%mpoasﬁ Ions W(i%mﬁ)osmons
méﬂ‘ibﬁcéi?éﬂ%@ﬂmefé %Ffedﬁ@%‘&ﬁ‘ SRS PPl R rBIERE brbatRatH !
SLﬁmecmnpidgﬁtedns;:a 1IPEG)at PG EHiva fammocording! toythelinvestiong.

r@mﬁeﬁ 1Q)a"lww%‘!%'ﬁhsﬁimaﬂﬁﬁﬁeh@@@ﬁﬁﬂ@@@mﬂbﬁ)ﬁﬂﬁlﬁfbstance

pre éPIrY Ry dialysigagain EQH5:P AN cantaping/he . gether

deS|re n redients of the E]armac r&al compositions. S ch a&cef
cafiibra atiig cﬁB‘é’anoP eRafAPE: i %Shtéowg?%ggguat S
Smeﬁ?@é@,aﬂﬁtl’ﬂe‘th%ﬁytﬁg@bI‘ﬁ/l’abl@‘lnaﬁh%lﬁg @@mb‘éﬁ%%umd@l@%ed
et wlefteably pi.idd3RAid42)1, Typicaheompasitions containraneffeppliation.
amount of the substance according to the invention, for example from
ahi)}lljt 0.1to 100.m aq/rgg)ll, togaether 10 wi h a %"Eﬁ'@'? am unt of a,carrier.

The co}?rI;1 pos CSH%cmay be administered | arentera e PclgEéy etgﬁfpared
|G¢rqoaéwraﬂq5%“ménﬁf\béﬁﬁdﬁ ide drhiristatte Sﬁw@%bﬂf VigGylated 1GF-1

mtvapmttcarﬁeéialszﬂybagamaoths Tuffer arientedrtinbaneshinapichtiona cigal

Hgﬁeﬁwwahfﬁrm@ti@m@pcm&nqﬁeﬁt}e iByeationsan he prepacad by
accorcén Dl}g]n{% Lg]g hods in the art. Usually, solutions of PEGylated
IGE 15 Variant are alyzed against the buffer intended to be used in the

pharmaceutical composition and the desired final protein concentration is
adfustephaymaceutical compositions may be used for administration for injection or

infusion, preferably via intraperitoneal, subcutaneous, intravenous or intranasal
application and contain an effective amount of the PEGylated IGF-I variant
together with pharmaceutically acceptable diluents, preservatives, solubilizers,
emulsifiers, adjuvants and/or carriers. Such compositions include diluents of
various buffer contents {e.g. arginine, acetate, phosphate), pH and 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 matertal 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-1 according to the invention.
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concentration or dilution. Such pharmaceutical compositions may be used
for administration for injection or infusion, preferably via intraperitoneal,
subcutaneous, intravenous or intranasal 20 application and contain an
veffeativeamount of the PEGylated IGF-1 variant together Wit T/EP2005/013756
pharmaceutically acceptable diluents, preservatives, solubilizers,
emulsifiers, adjuvants and/or carriers.1&uch compositions include diluents
of various buffer contents (e.g. arginine, acetate, phosphate), pH and
|onﬁ: stren%tg, addglves s[ugh as detergents and solubilizing agents (e.g.

T n ate P tironicTM F68), antioxidants (e.g. ascorbic
acid, sodium metabisulfite), preservatives (TimersolTM, benzyl alcohol)
and mitkihg s ubstasuds (@ G SdceRimosa qalrato Iy eiiedpdratisreef ithéhe
madatialiateepaniotlaie Preparatiensof polymeriagcdmMpoyhas S0 e&iant

polylagc,acidy Rolyalverlic %@1%@5@ tgﬁenmémg%m%e%mo about 30 days
compositi %s maydnfluence él phyS|caI :ftaé%ftabytxtrate of release and

cleBrance 30%F the fhond Iafegl GBS aée rdln t6 the ihvention. W
2oé@f0@@8@ﬁﬁ@m}nﬂ%w®f§7% infigigsod g fi‘fé‘lﬁﬁ‘ﬂ’é”al formulation
Congeaimatidhs Myt allyP FGalstahididid peatrhdihivegitmemt patibateoarkined
treaigd anithrdonag esdnciRmoiaegp deky et e 13t dreterpbly (0L

to %é’f%ge%f’ﬁm?é{ e E% tL‘A%Q?H‘&eQ%éE& ReAAYAYE! A GRIRINRESIRGAe
time, Iastl romga%ﬁv% to a ut 30 days 5 or even longer. Drug Is

apPREWUE a%ﬁxféﬂ M58LBHEous or i.v. ori.p. (intraperitoneal) bolus

injection or infusion of a pharmaceutical formulation containing 01 to 100
mgiPEG{datel tleFREQehmd. RS treatdientcan bereaibinedbavithnaniytered

stagglarchies t@@ﬁ%@é'ﬁ@f@@@étﬁ&? ireatryant-Qv-aprIvng BEGYAGH Mk b
beft%re,idurl ora (}kg%e standa]rd trgatrB]enET |sr cﬂjtil an im ved

n 1§ % é‘ m&r 153383
outcome com are O stan treatmen aone t was foun

PESSPIRIE G ﬁdpa&tf&raﬁsgtq& m@ﬁwéﬁﬂ&ﬁ%éﬁﬂs@ Adihereersge! Bn?ﬁf%ﬁﬁ@e
or twwtinied pEEwdekeddGEdceasstihgreatheeinyeAtiontiéthembddimgersadi in

theriventionisdaerefore & meaogiaeha)rantmentohAlaheBmslfed IGF-I

D'S&?ﬁ%t 99%“&%@%&%”%"&'%1?%%&@? lentin ?%@@E@?&&%GF oL is pised

thera Vv % nt of G Ia ed IGF-I accordin tq the

| nv@ﬁ }é@gﬁ% aﬁcl,%:ln pre era y as a composmon 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 atleast 1 : 1.

A further embodiment of the invention is the use of a a PEGylated IGFE-I according
to the invention for the preparation of a medicament for the treatment of
Alzheimer’s Disease which is administered to a patient in need thereof in a
therapeutically effective amount and with one or two dosages in the range 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 IGE-1, preferably as a composition of a lysine-PEGylated IGE-I
variant according to the invention and a IGF-1 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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the range between 0.001 to 3 mg, preferably 0.01 to 3 mg of PEGylated
IGF-I variant per kg and per 3-8 days, preferably per 7 days. As
PEGylated IGF-Il is used preferably monoPEGylated IGF-I, preferably as
we eampasition of a lysine- PEGylated IGF-I variant accordipg i@ thes/s13736
invention and a IGF-I variant which is N- 20 terminally PEGylated wherein
the molar ratio is at least 1 : 1. A further embodiment of the invention is
the use of a a PEGylated IGF-I according to the invention for the
preparation of a medicament for the freatment of . Alzheimer's Disease
WﬁPé’ﬁ@édﬁ??ﬁ%fErgd Yo lél"ﬂgﬁgfﬂdinthaete31 f?f{e}lie%??r? i fﬁe%pe?ﬁm%ll‘f} the
effsetrdeaitst frEnyithien! draronsftyossgayirpiikeianetiBetween 25
0.001 to 3 mg, preferably 0.01 to 3 mg of PEGylated IGF-I variant per kg
and peLS: Beqys, 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 an}g a IGF-I
Vs e 4 RIS ISkt AR b the PG A Fitolid b fekdt
| :atniBO afrs FOHAO mererRidp Resordifes eén SessdidtRYdPéd)are provided to
aid the understanding of the present invention, the true scope of which is
seh fartR 0 e W Qr2R0FNRE891 PCT/EP2005/013756 -17 appended
claims. It'is understood that modifications can be made in the procedures
set forth without departing from the spirit of the invention. Sequence
Lidtitd SEQ ID NEG-BRlfo S dESdGieRuec o tiiinaH Hmitansisomated
1-70 IGF-I; 5 aminoradlesPEG@Gopropeptide sogordingtoSwissPrpication
P01343). Brief Deseription @fths FgowsiEigidsE GHALE) ofRE Giffefent
Pure positional isgmer S C R i '
using a preparati e as%r%?%%%%c&%%%ggn%%%%&h%%%%@gré%%%é for
SP-5PW). Five diffS¥BAt 8 ¥4k fractions (numbered 0-4) were isolated
and processed for further analysis. Fig. 2: SDS-PAGE analysis of
M@QREG-IGF-| e AUy ofietno@aiGiiaeiD paalBLTediedidfied
were electrophorei%gg h‘Xcﬁ)]rg %Iumbered 0-4) were electrophoresed by 4-12 %
Tris-glycine SDS-PAGE under non-reduced (A) and reduced (B)

conditions and gels were stained for protein with Coomassie blue.

MW, molecular weight marker.

Fig, 3: Peptide analysis of monoPEGylated 1GF-1 peaks 1, 2 and 3. The
purified monoPEGylated peaks 1, 2 and 3 were digested with Asp-
N and the peptide fragments separated by HPLC. Peptide
sequences of the PEGylated fragments were obtained by Edman
N-terminal peptide degradation as described. A, HPLC analysis
vielded 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-1.
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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Tris-glycine SDS-PAGE under non-reduced (A) and reduced (B) 15
conditions and gels were stained for protein with Coomassie blue. MW,
molecular weight marker. Fig. 3: Peptide analysis of monoPEGylated
WERMoeefied 1, 2 and 3. The purified monoPEGylated peakBCE/EPHREH B 3736
were digested with Asp- N and the peptide fragments separated by HPLC.
Peptide 20 sequences of the PEGylatéd fragments were obtained by
Edman N-terminal peptide degradation as described. A., HPLC analysis

yielded 6 different 99@5@&5@9&3&@@5@5 TRIGE L SeIeAYRRAINER residues
between 30 and 4}15 mlrgj, Fsl(an a major fra ment 7 (and a minor
ylaté

fragment 7') for the P ptg%l ef@ ninutes 25 retention time.

Arrows indicate the major relative changes in peptide fragments in the

diffégant peaks adiiomphied thtiBE-of BD PEptiddiEeguegbdafatpesion
fragments obtaingddAnm Aep-NGrgavage dlkrhbhdpdhRysinesis}.arehe
mgﬁfnd.ﬁgl %(Z)'d anaﬁ?ésggsn'fh&cgggtﬁm%ﬁ PRAAHET gféh?g!gfdﬁt@l}%zﬂﬁ?
fragments WOpZOp 6%@ 3%63\%61%{}@ hié#a &r mtaﬁ data
degradation. Cyst‘é}ﬁlﬁéﬁanEE@%fFal?é%I wydlitetpakittin S e mier fshenness pte

peptide sequencezerig. 4B HidunskehidalpchgsteredgofeAD of the different
global expression profile from IGF | and the monopegylated isomers. The

5|{3cujbat|on t'meﬂﬁéhﬁ{ §SP ia% é)ggr%s ar| nts é‘%ﬁs'ﬂ%

the ouse cell line NI e condit ata ank]gsus are

iti

described in the téxf (&) tﬁﬁ@ré%’?mréﬁmafé’dnﬂb YETGstErE™
of upregulated getfexyeRigy8r I RugHosgbeg|atithibgreiGE dosesd 0.01-10
mMonoPEG-IGF-1. N 16f3H18;84lls: shahbpansiecteshwifs haian 1 4Rk
were serum- starveg 01‘3’)%5(@'QS‘tp@ﬁgEP%b%engﬂQé”§ﬁ%@§&ﬂ%ﬂ?s§éﬁs were

(0.01-10 g/mi) of Igp(!»cessedo {or estern %;r liicla Ee Igga y%lrss agpcﬁ:scrﬂgeg m ods
Dose response curves with thIGF-I (A), peak 1 (B), peak 2 (C),
peak 3 (D), peak mix (E) and Des(1-3) peak 3 (F), respectively.
The phosphorylation signal was normalized for IGF-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 (Bumex), halfmaximal binding cencentrations
(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, (99, 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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mix, Des(1-3) peak 3) for 30 minutes. Subsequently, cells were

" processed for Western or in-cell analysis as described in Methods. 15

Dose response curves with rhIGF-1 (A), peak | (B), peak 2 (C), peak 3

WD popeaksmix (E) and Des(1-3) peak 3 (F), respectively. TheT/EP2005/013756
phosphorylation signal was normalized for IGF-IR levels in the individual
wells. Data points show means SEM 9f 6 measurements from 3
independent cultures. 20 Fig.6: Quantitative analysis of IGF-IR
phosphorylation in NIH-3T3 cells response curve btalne form
the experiments in+* ERE ISP are %e 3 wffﬁrgsﬁ?élt%ltfe bin mg%netlcs Eo
obtain specific biﬁﬂmés(l?ﬂzfﬁk‘)‘cﬂaﬁ%%ﬂrrﬁf’fﬁﬁhﬁw@l%rfééﬁfﬁéﬁbﬁsAbem
(ECso) and Hill cbefficiénits ¢tid).|Deltaweprestatgad dpshBHEM okaBbdbt. B,
lmeasu re mfe nhtISG f;qlaaxalmge@gmm eH M@I@l Fei@ralisl lﬂruﬂlﬂaoggﬂsfpmﬁﬁé@ {,
owering of r e- transgenic mice at
2-3 months (n= 1(?) v'(\gl]gfj tgréatfe)%r%)ar 2@B Er%vath rhiIGF-I (50 pg/kg i.p.).

Cortical extracts were prepared and APP, C99, Abeta and control protein
(aiB@ndin) levels J0myapyateelds tee ol A VBB RS BB mice by thIGF-
aIbumin-normalizedwmkueﬁ;}meld!aﬂms 001 Ak Abetad APR &ndith rhl1GF-]

C99/Abeta were (% (il NdsarReaxRIEpSaY 2 AP Plratessed,canitals
and WO 2006/066891 P P200 / 3537 6 19t£§pres?nt ne SRlSEM

1
A, representative \ﬁesternlﬁ ots Or% mon a T & cortlca extrrac S atfle are

the clear reductiofhHicAISE8 & T&@é@%ﬁﬁf&%@?%&@}é {Ferestichay S M
rhJGF-I treatmentnB]OgligntitativesadiialysiHof 08t ibatextracts frofrand 24 h

PS2APP mice (*afferRefetverypireated. eoteal}diicht&IYime course of
in vivo Abeta lowering in PS2APP mice by rhiGF- I. Two months old mlce

AHEAPP and QBTN T BT A B0 R B AR

de_scrlbed. Data digperiments were performed in mixed populataons of single-

transgenic APP and double.-transgenic PS2ZAPP mice. Abeta/APP

and C99/ Abeta ratios for peak 1, 2 and 3 are shown together for
direct comparison of their relative effects on Abeta lowering and
clearance (n=8-10). A, 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 ip.). 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, C59/Abeta ratios at 6, 24 and 48 h after
injection (*, p<0.05; **, p<0.01; ***, p<0.001 vs. untreated
controt).

Fig. 11: In vive Abeta lowering in PSZAPP 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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10 expressed as % of untreated controls and represent means SEM
(n=10-13). A, Abeta/PP and B, C99/Abeta ratios at 2, 6 and 24 h after
injection (**, p<0.01 vs, untreated control). Fig. 9: In vivo Abeta lowering in
VAAR@NPS2APP mice by peaks 1-3. Experiments were peefoinzwifn 13756
mixed populations of single- 15 transgenic APP and double.-transgenic
PS2APP mice. AbetaJAPP and C99/ Abeta ratios for peak 1, 2 and 3 are
shown together for direct comparison of their relative effects on Abeta

lowering and clearance (srct) n80]t03h%t %@)@)/&AP%EQU%%S 8‘.%“9&,'9? ?%391%

of peaks 1-3 on brairn Abeta (da beta ratio peaks
demonstrating the-EREARSHER3t Koot BT e BYEFAITA 0

p<0.01; *** p<0.001 vs. untreated control). Fig. 10: Trme course of in vivo
Abgig lawering in AAR il SZARPRomiaea ywptak id. NPT poju iatipak 3.

of two months old-ARK m%rtet,s RRPASREPIGEWRES: FRalerion s 5u24s 48:0M
72 h with peak 3 (WO 25 i @r.)ctSUbqug?ny PP C99 A

actin levels were evalua Al Calctifae s Gelibdd ergf’é"”emly’

expressed as % &hﬁﬁt@%?éd%?ﬁ%%%ﬂl?%‘ré%@ﬁfﬁ%ﬁnga@EM expressed
(n=10-15). A, Abeta¥APRiamchBdCOMAbatadrativss entOnehandbABI Hrafted 3;

injection (*, p<0.05; qomg@lpéb*mpﬁotg@aegv@duaﬁﬁeat}ed 30 control). Fig.
11: In vivo Abeta Iowerrng in PS2APP mice by PEG-IGF peaks 1-3.
Abgta/APP ratios for peak 1, 2 and 3 are shown together for direct WO

20 1 PCT/EP2005/013756 -20 comparison of their relative
effects on Abeta lowering and clearance (n=3-13); *, p<0.05 vs. untreated

cOMFANERIGLE ANIINMEGB{MSESof in vivo Abeta lowering in PS2APP mice
by peak 3. Two months old PS2APP mice Were treated for 2, 6, 24,48 or

gtaﬂ%}’ rittre{g‘%vr\%}r{gi(;ugﬂ Pg‘ed gars‘éh(sqcorcr ata aré)v Sg%(%ﬁ:léeg:}]xcf fpd from

PeproTech (Rocky Hill, NJ, USA) via Cell Concepts {Umbkirch, Germany) and .
Des(1-3)-1GF-1 was obtained from GroPep (Adelaide, Australia). The polyethylene

glycol (PEG) reagent was delivered from Nektar Lid. (San Carlos, CA, USA). All

other chemicals and solvents for this investigation were of the highest purity

available. IGF-I variants can be produced recombinantly according to the state of

the art by eg. using site directed mutagenesis 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-1

IGF-1 isomers with PEGylation at a single site {monoPEG-IGF-1) were produced.
MonoPEG-1GF-1 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
thIGF-I 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-1, the calculated average
molecular weight for monoPEG-IGF-I was expected around 51.6 kDa.
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as % of untreated controls and represent means SEM (n=4-13; p<0.05;
** p<0.01 vs. untreated control). Examples 10 MATERIALS AND
METHODS Recombinant human insulin-like growth factor (rhIGF-I) was
waurethassshfrom PeproTech (Rocky Hill, NJ, USA) via Cell Eanmeepis t13756
(Umkirch, Germany) and Des(1-3)-IGF-I was obtained from GroPep
(Adelaide, Australia). The polyethylerre 15 glycol (PEG) reagent was
delivered from Nektar Ltd. (San Carlos, CA, USA). All other chemicals

solvents his inv. p.were st |Iabl
R Ba s L ok oot ey Flofhe B
the art by e.g. usmg site directed mutagenesis in combination with
expressiontimetthods pidferalshemtize colirmsetmprdesbritgdiup8 (TOSOH-
6,9005438 9rUBH, 4031641 20.REGY|ationiehdBl e skisemerspatithpure
B%ﬁ%ﬂp@é@@ FER FlQ&L%ﬁktergggﬂbﬁgﬁﬁtéﬁ ér)stlfé(’)éﬁeok’lﬁogr}]%ﬁ&%dmm acetate,
ordle SOERS! SEATAZE B A AL R GR THHGTB B 2
acﬂvﬁﬁéalmaheﬁ@atEP@d/wﬁl@@ylﬁr@olk‘bémbrém3}Ymigﬁtw@e9|aﬁbﬁ5
redetifier Biixture contained 25 rhiIGF-I and 40 kDa PEG-NHS reagent at
1:1.5 molar ratio in 50 mM sodium borate buffer (10% etanol and 1%

DEG). c%ﬁu?a;?wlfgg 1eagHe ?ﬂ%rg%a B F%r BA H"“l %a?%%cclﬁ;y I

the average mo Wel 0|e y an

mSRERRlEr m.gwe&nr%awa%@ I8 St éaréiﬁraﬁecfoéﬁwfébey O RCERSINS
waligkrfgratienoREG -1GPulipraB éxpeptedeaivundBds kDathw@ution of the

209&@@@&&&’@5B%Q@Eté@.l&&@w&&h&eﬂﬁm&&ﬂ@lf ReEtigNalth a pH. 8.0.
PEﬁe'(ﬁEvJ Iemess ?%W&:ﬁ&%*&aﬂ&ea%%mﬁt&g{ %%%AP&”A(‘%%O% The
C%@e with a pre tlveesetronlrgei %on ex e Co'%@ § pCt
o BT CAREr A PRRLAGIHD TS A YO afeC
pubé RSP EC ISR RGeS, hrmistlitad dyelesita eprsistegedicoy mMm
-sodium acetate, 5 10 % ethanol and 1 % diethylene glycol, adjusted to pH

4. Sxébymﬁézm%@glcm% 99&%%@ oRhespaiso i ostarel bl L % im

dieth Xllelg szge,yg%l hlanqjclfl%imgter, 3 |§| cmslength) was used to investigate the purity of
the separated positional isomers. For this analytical column we used the same
mobile phases as for the preparative one but with reduced flow rate and running
time. The protein concentration of the monoPEG-IGF-I isomers was determined '
by spectrophotometry, based on the 280 nm absorption (EX¥™ = 0.584) of the
protein moiety of monoPEG-IGF-1.

Analysis of monoPEG-IGF-1 purity

Individual monoPEG-IGF-] 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-1GF-1 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/HCI pH 8.0 with 0.04 pg/ul Asp-N {Roche
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(buffer B). The column was pre-equilibrated with 25 % buffer B. After
loading the PEG-IGF-I' samples, the column was washed with 35 % buffer
B, followed by an ascending 10 linear gradient to 65 % buffer B to
Vseaieatedtie isomers. For the elution of the nonPEGylated KSR/AEMeN3/013756
system was switched to modified buffer B with a pH. 8.0. The flow rate
was 8 ml/min and the detection was-p&formed at 218 nm. The resulting
protein samples were collected manually and stored aliqouted at -20C to

L e s s
RG] B e BRI S ANE o L LSa U ARG AetHo5e8 b

cnideiiitn)ahdS BBddh el atigated thie Uity dsthecaBp abatedspiesitelaion
isomergudrohtdidanditical dolitinvalerused tHdesde tnbhiléphiasekasge
for-theBrepalatve.ore fp&&w@hﬁ&m@@?&kw@&a@ aﬁ@cfwﬂwz&{@ glg%e-
pr IﬂtCE)éiC ntratl 0] - d N rs was determine
by?é%ectropﬁ%%ﬁfé%%?gjgﬁ{iﬂgﬂ%%?g%%ﬁ%&a smot?ebtion (E280"[ = 0.584)
of the protein moiety of monoPEG-IGF-1. Analysis of monoPEG-IGF-I
pufiey Frdiidudb reriBEBel Ptids onieis s aTera plyzse iy 411 Agdent 1100
TrigglycineoDSuphédrlindarhanontesticen Derredsicedcanditionschha (1
proteis waresfixgd findi 2Rslainedwsind heoSiMRIE. BiHe SAGRRRas also
(nyirogen. Basel, awizeland) Mass spectioscopy identiicaton of )
mOI‘]O% fGETisomeérs The puriffe monoPEEIGE isomers were as
clebtRginavpled IR ey iHE MR TobR - J8EsIBrSt RSt dife it trigan/s
N-terimimusssab K2 11406 306r K@BnThé Veadddé dpatier voresistbotofl 100 cach

MMeFHiadGHRHSQii & 04iRgA) AR (RBEREWE2006/066891
PCT/EP2005/013756 -22 Diagnostics GmbH, DE). 20 pg monoPEG-IGF

were incupated n cleavage buffer for 16 h at 37 C with | g Asp-N. After
16I%ﬂh’ggr%gci‘?b%yﬁﬁxﬁi’#’é‘%a@%aEFée‘HeB§/ SEREH O f&gﬁ‘% (iRf) FEFLC
1.5 ar3sipabsefue Rty seactiontsofetforrvawaes! qlrerchadamy (1 x 250
additiars id/20 volumteaddodad STAdfinalizeHh e Clagvage Saeaetionied at
The,abiained @eRHHEMXH SRl S SIlaT HiFeGH R0l aeH Y LAlRG itrile
Hpclf)%:clezn !'artrilggss alS e\%[’x'oerpn%%}{élwpl'ﬁ Org torgd %t o0 ccl: i i

y collected and submiifed to N-terminal Edman

degradation.

Conditions for HPLC runs (Solvent A: 0.1% TFA in water, solvent B: 0.1% TFA in
Acetonitrile) are shown in table 11



For ESI-LC-MS analysis, the peptide mixtures were separated on an
Agilent 1100 HPLC system equipped with a Phenomenex Jupiter C18
reversed phase column (1 x 250 mm, 5 pm, 300 A) with a flow rate of 40
wal/maoddas: UV signal was also 10 recorded at 220 nm. A Q<dTioErthand1€Fs
mass spectrometer (Micromass) was directly coupled to the HPLC
system. ESI-ToF spectra were recorded with 1 scan/s in the mass range
from 200-2000 m/z. UV and TIC spectra were evaluated and each
peptide could be assigned to a sing!a%lgc?ak in the chromatogram. For
HPLC analysis, peptide mixtures were separated on an Agilent 1100
HPLC 15 system equipped with £P¥i6menex Jupiter C18 reversed
phase column (1 x 250 mm, 5 m, 300 A) with a flow rate of 40 pl/min. The
UV signal was alsojrecordgghat 220 |nm. PE@&, peptides were shifted in
retention time towards higher acetonjtrile congentrations and were
manually collected and-submitted-to-N-terminal-Edman—degradation. 20
Conditions for HPLE runs (Sbivent A 0.1% TEA in watef, solvent B: 0.1%
TFA in Acetonitrile) are shéWn in taljle 1: WCO2006/066891
PCT/EP2005/01375%6 -23- g@ble 1: GGradient:zdime % B 00 100 30 20
60 28 7048 80 100 85 10586 0 96 U N-terjpinal Edman degradation
sequencing was co-!r&uetedﬂrmmécp‘pﬁed%—égﬁsystemf Procise system

according to N-termntinal Eddthn degradation Q]rgallpnr‘ing

85 100
86 0
96 0

N-terminal Edman degradation sequencing was conducted on an Applied
Biosystems Procise system according to N-terminal Edman degradation sequencing
was conducted on an Applied Biosystems Proteinsequencer Procise 492 with the
procise systern control software according to the manufacturers instructions. 20 pl
of fractions collected from HPLC runs were directly applied to BioBrene Plus™
conditioned micro TFA filters. Filters were dried under argon covered with
cartridge seals and introduced into the proteinsequencer. Automatic standard
programs were used to conduct the sequential degradation of the polypeptide.
Analysis of the HPLC chromatograms from each degradation cycle with Applied
Biosystems data evaluation software 610A revealed the positions 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-1 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/m} rhiGF and 1 pg/ml of the respective
monoPEG-IGE-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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was conducted on an Applied Biosystems Proteinsequencer Procise 492
with the procise system control software according to the manufacturers
instructions. 20 | of fractions collected from HPLC runs were directly

W pisd S BioBrene Plus™ conditioned micro TFA filters. FR{et&lape013756
dried under argon covered with 10 cartridge seals and introduced into the
proteinsequencer. Automatic standarét! programs were used to conduct
the sequential degradation of the polypeptide. Analysis of the HPLC
chromategracms KR eachHegradation cysleiuin Anrplied rRIOSYSISMTIK).
daga evaluation softate SLORIevealad the positons. aach AMNead: o
Cys &ins as well as moéiﬁe anminG acids fike pegy¥at dzlysme_ap eareé
asM YR p AL SRR ER BB G aE O IRIBMA R OBERS S AR5 Et SHal the
analysisaBordn(ithortesnvsddiptional profiling of different monoPEG-IGF-I
isomers, IGF-IR stably transfected NIH-3T3 cells were serum-starved for

2 IpRpeingbatest in the aksen g of SEUM.OVEE AL With: 01 18R RO/TVe:

rhiIGF and 1 pg/ml of the respective 2 oPEG-IGF-] .isomers or.the
e S R O o
cutirEEsEalieb e arrhestae wiocaalredl eenar R difiage of

withuRikkeeBee TMicRsom each samppled10tpg Ribxidiergoreverselynismatched
trafsgsiiedolakelled aad-pracesae:bydiring ommer ciakkitsxpesargingua

the 2006/066891 PCT 1% iek's instruction
R B A O T et

lon, Huntingdon, UK). The methods

for alkaline heat fragmentation and the hybridization conditions for MOE
A30he Gelvadizi e ayisiiverersehvderdosrbeadlerdiop roidteenyaiheexpressed
maRuiaaciudes iRifATetex vilS) obtuerasteribehidal itankie s)ef fthe higher
Z;rgiyﬁw%%;aigql{ﬂgeg g&oﬂaﬁ%%mfmﬁé '@%ﬁ&{éﬁaﬁéﬁé@r@ﬂﬁh@%ﬂﬁﬂ@ deviation

zed usi .0.softwar metrix, . The expression le
for B R R L B e PP RS AU b e s e and he
fluskbstupteoniidprss el AmpRreyao Hybrds Aih o hsmdbhed
oligonucleotides, expressed as average difference (AD). Each experiment
warc AQrpsiiRpmasiinibinlisase in order to account for biological variation.
The following two criteria were chosen for the selection of differentially

expressed ,
NIH-3T3 cells stably transfected with human IGF-IR were used for these

experiments between passages 2 and 4. Cells were cultivated either in uncoated 24-
or in 96-well plates and grown until 70 % confluency. Subsequently, cells were
serum-starved over night and then incubated with rhIGF-I or the respective PEG-
IGF-I peaks (or peak mix) for 30 minutes. Cells were then either lysed in Laemmli
buffer for Western 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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genes: i) the mRNA levels value of the treated cells had to be at least five
fold higher or five fold lower as compared to the untreated cells. ii) The
standard deviation must be significantly smaller than the absolute change
wo avemsgedifference and the 15 calculated confidence levetokaxgens 3756
was set greater than 97% (p<0.03). IGF-IR phosphorylation assay
NIH-3T3 cells stably transfected withsuman IGF-IR were used for these
experiments between passages 2 and 4. Cells were cultivated either in

uncoated 24- or in 96-well plates an wn until Z0 0/ onflyency.
SﬂBgegﬁ%entf)‘?Spc%]% weréo's&furi gt’gr\aequ ovar r%lgar?t agné]t SR cafuess
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ho%(Iatlop For Western %p Rlysis, protein extracts were
S para o%(%c‘frls &DSPAGE and blotted onto nitrocellulose
membranes. 25 Blots were co-incubated with mouse-anti-phosphotyrosine
(46104 cxpedmiensstaid) ralsd rhphPART EHEL Rop@230, 1:1000; Santa
Cruz) primary antibodies and labeled with anti-mouse-Alexa680 (1:10000;
('\49,'%!:1!%15 ?Qf&%LPR%Q&I&E@:F%&BPY@?@%@%@@9@(& QE)EIH%?Q@MP and
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detegliodos rotein iandscovndly gerfermedbaith toec@aly ssiepddvdyifgro, E.
system Hic o -Biago@nsashoErem)digiab nepe s pixe lnitiensity Bédarqteim
b%déew %%ﬁ%ﬁ%ﬁw %99949&9&%& %GJJ;,EIE\%%OQ/ 9%%25@.5 %ﬁd’i&gset of

dose response.c

rves wer lyzed usin p riSm so
PHURBHOTSPOS RN aL &I GRS g leé*aﬁ?%h foi ewabalnﬁgua%%aﬁéf%?)&m
thé982 M0 Feghredeotrimtgrast idbairerakt WCTIR Bieiipatibbrichivglest this

Exﬁﬁfﬁ@l@gﬁswetﬁ&rﬁef@onme&lmm@|iﬁ&i&1ﬁl‘gi¢ep§a&&ChBaﬁiﬁmSatpz@t}mhjue

Pes"%Htﬂl‘/‘%étlg%ls@i@&eﬁ}&eéfﬁ%%fQﬁE@:IN?%@W@W1@%&@@%
88”1 vo experi lis vﬂp rhiGF-I and PEG-IGF-I |%omers A mouse
mode

? A?zrhelrﬁ(taars seasec eri EIzﬁ oesffengl%%ransgenlcc/&% nce with
dotities- %mﬁabémaﬁsgmhﬁﬂi@ezﬁfeﬁawé thegnigplswap lfq%u%ganzgmm
(200308988k solutions in 1 mM HClL (thIGF-I) or PBS with 10 % glycerol

(monoPEG-1GF-] isomers) injection solutions were prepared in 0.9 % NaCl with
solvent less than 1 %. Controls were injected with 0.9 % NaCl. Injections were
performed ip. under slight isoflurane anesthesia. At different times points after
injection (2 h, 6 h, 24 h, 48 h or 72 h) animals were sacrificed under isoflurane
anesthesia. Mice were decapitated and brains were removed for isolation of the
telencephalon {cortex including hippocampus). Cortical protein extracts were
prepared in hypotonic lysis buffer containing 4 mM Tris pH 7.4 and 320 mM
Sucrose {bath 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 lzbeled with anti-mouse-Alexa686 (1:10000; Molecular Probes) and
anti-goat-IRDye800 secondary antibodies (1:10000; Jackson). Fluorescent detection



10

15

20

25

30

9003) was used to investigate the effect of rhIGF-I (and monoPEG-IGF-I)

on brain 10 amyloidosis that has been recently shown in other mouse and

rat models (Carro, E., et al., Nat. Med. 8 (2002) 1390-1397). The
VRE24dResnDUSe model has been shown to develop an amGieRISI®MitA756

measurable Abeta levels at 2 months and onset of plague deposition at 8

months of age (Richards, J.G., et al-,28.-Neurosci. 23 (2003) 8989-9003).

Single-transgenic APP mice show very similar Abeta levels at this 15

you d therefore were includ d to oups. We ana
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suffering of the animals was kept to a minimum. From stock solutions in |
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peSfd?Mé@i'Ba%ﬁfdé‘P%ﬁgWF|§§fm%ﬁ@t5ﬁé§tﬁé’§‘lé( %&f"dFﬁ‘?r@ﬁ‘E"’t‘ﬁ%?e%gﬁdﬁﬁEe
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Cortical protein extracts were. p#a pared oton é ysis buffer
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4-%;1{%%1 é'%e%zpe\s_nPﬁﬁﬁdﬁﬂ%ﬁ?ﬁ?ﬁe&%&@ﬁ%@%lﬁs@? ?Performed for
mem ran Wer C a WITN Mouse-anti-a Ol recursor

proteii (A vﬁ?"ﬁﬁ/ or}?(!:1 ?é‘beg B3 Eedhee S5(tc1)mm€:1yny ntecl%treéiited
APRDEFe @%ﬁrﬁ’ghﬁéﬁ’ﬁ ACFYE(S 5%@@5{%@%%8@6@%%@ §5ﬁ‘ta? -5
Crug)rpaimeryd @atiboeliesantivahelgaaudthZamtimmpuSetiteh680r¢h 0 000,

Molecular £1aPe%) and sentih geaiR@Ye300.AecoadasyanibadiPgatistcally
(1 100 ackson). Fluorescent detection WO 2006/066891

: J
% 5/013756 -26 of protein bands was performed with the
Odyssey imaging system (Licor Biosciences). From digital images, pixel
inté@sitypleflprotein bands was analyzed using GraphPad Prism software.
Datzhysier e 4apasse tepor ioa ks ndabPEG-IGF-I positional isomers

IGF-1 contains 4 amino groups as potential PEGylation sites and 4 possibie
monoPEGylated IGF-T (monoPEG-1GF-1) isomers were expected. Further derivates
were expected to be oligoPEGylated depending on the reaction conditions. A
strong-cation high pressure liquid chromatography method (IEC-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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All values were normalized for actin (or albumin as control protein) and the
5 specific ratios (C99/APP, A(3/APP, C99/A(3) were calculated. The
C99/APP ratio gives information about the activity state of n-and
wosessetase because C99 is the product of (3- and the substraterefes/o13756
y-secretase; alterations in this measure would indicate a modulatory
effect on one of these secretases independent on the later fate of All With
constant C99/APP levels after a particular treatment, the C99/A(3 ratio 10
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anch2twith pakidl-3eparatvizniind detbfisenf thmdbdSelitE-absonptiodhere

towagds #eepshef %t@v@é&fpm@t@wmcsugg@&&ﬂwagﬂitm%%aopm IGE-1
?d’i‘PE’ ESY ;‘;a%% IGE-1 ‘?Sn S EItRg %hlk efﬁg&%oaomymmed hlcﬁ}lxer

tiona tween peak resu tlrlg rom the SWI

to %ﬁ@%biﬂ@%&ﬁ@fﬂ@ &?f@f%lﬁvﬁﬁ mfmrésf EEBEhae HREP!
to BEfinthte thevpurithiof the Woid0es06e8Y1s FET HtpeopB/etB 756ty of
PEG-IGF-I and increasing the apparent molecular weight (Foser, S5, et al,

Pharmacogenomic }. 3 (2003) 319). Taken together, IEC-HPLC and SDS-PAGE
experiments indicate that the purity of the IEC fractions can be considered
sufficiently pure for further characterization.

PEGylation and separation of monoPEG-Des(1-3)-1GF-1 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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individual isomers and contamination by other positional isomers in the
IEC fractions. All monoPEGylated peaks had a purity of >99%. Example 2
SDS-PAGE analysis of monoPEG-IGF-l isomers 5 SDS-PAGE was
e digaheddoth under non-reducing and reducing conditionBto/Erezalaaterss
potential unwanted cross-linking of different IGF-1 molecules through
intermolecular disulfide bridges. Both conditions yielded similar results
indicating that no significant amount of the protein was abnormally
crofsshimed’{Figs 2)bsthved SDS:RAGE Analysiscs howwibthaimpedico ket 1.
anaRAER pepiaeulapweigh of:3 1RkQkddawiheseas toesinajot detecter
Dandisalers RERS3 A Qe Addiignaby Reak daaadiclanied alck:
kDa, a size expecte PEGylated | F From & nnlng
e o Sy e e 0, SR e g o
peaid( doﬁmdxlmbb?l&@@abﬁ}sﬁfmc%m aﬁibEée%G#ﬁﬁr%fedBrffﬁé&m 3
peaks 1 3tweie designated as B difterenfrrgoroREGHEE - IHgodt shFiethe
15 masig o 5§£@th@wé%%&1@@éﬂ%@%m&h&afweﬁgbt%Eleavage of

tmhgﬂof’é;ﬁe St ;%cﬁnl LSRaland %L @&Daéeg&tﬁ{%&%@lh%dh@ww ade

er apparent molecular w ed. b

C

Iar@eéil“ﬁ%ﬁdﬁjhﬁl‘ﬁ?é‘\ﬁfﬁn‘féef}?s PR f%"%é&’ér% %ﬁgﬂng cBhs| defa
sloWiengtthecasestrophbrEic eatilitgroin e padsaielivard Ihﬁ%“ésfﬁgth’?ei’eptl e
appanentanolsaylaiweighsigrpads, IScoeliahe 20Plyarmprayenohifchal Being
I(ﬁ(%%iﬁ egia%h-gélﬁ'?ltgogg IT’I%BT% < Rtkgﬁd?‘gr BRBAG E expeimentpped

ractions,can be consi i
u?é?é% TS ¢ ééJl % %rlza lon. @’é |Catl(§§r:] an% se(l)1 araogirggId B Ry
mo&m@wéem FGFQW&%&@F@%%W e&wéb%ﬁa wgrﬁ% PTG EAgRA

yieldssd gipnitarly S:auajoe motoREGeDdsig -3)4 D thsdaksaEdegrsielign
Analysis %ME‘L@EIEI@ G -kisomaes Gileavpe af UG -hyvith Asgubhced by
deliyered ddndensnaens eapt ‘?}HE‘QH%GW%e%ﬂ%é%@@@é@&%é‘%%e

between mlnutes rétention tim FI pper

cloHASGRof S BERITUL Rl LD B ST R VSA, TSHEF HARGI S U
d|smb1gﬂmoss@fashétaefi@j'rﬁ@@ﬂzaﬁaxsh@@e@aﬁi@%@é%ﬁéﬁ’% ditisAaf K65 and
frag@agntis K68 PEGylated with a significant amount of N-terminally PEGylated IGF-

L

Example 4
Transcriptional profiling of rhIGF-1 and the monoPEG-1GF-1isomers

Using DNA micbrarrays we determined the franscriptional response of NIH-3T3
cells stably transfected with human IGF-IR over a 24h treatment with rhiGF-1 or
the PEG-IGF-I isomers. Therefore, we stimulated the cells with 0.1 and 1 ug/ml of
IGE-1 or with 1 yig/ml of monoPEG-IGF-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 430A;
Affymetrix Inc.) containing probesets for about 14,000 mouse genes including all
known IGF-1 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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WO 2006/066891 PCT/EP2005/013756 -28 (fragment 7) was observed
eluting at -70'minutes retention time. For peak 1, specifically peptide
fragment 4 was diminished with a concomitant increase of fragment 7.
wiosReakssiwe observed a clear decrease in fragment 3 angk-q/8hedis 013756
decrease in fragment 5 and the appearance of a major and a minor PEG
fragment (7 5 and 7'). Similarly, HPLGgnalysis of peak 3 yielded a clear
decrease in fragments 3 and 5 with the concomitant occurrence of
fragments 7 and 7'. Fig. 11B shows the peptide sequences of the
reégbaeet.\*;éﬂr?a@ﬁ%eﬁél%ec%b%?ﬁea%}mw‘ﬁf%a%@etefalrrﬂ&ﬁ gy 86
Edmagg Netetnainal pefstide delptad drionlwWésEralpzed tthel pepptige correlation
segrneesof thesrgiasiehgments 7opbtafechwith dhePREGylatedsperks 1s

2 aiiddac T6IRPY eYslnnn eI REGNRIRE amineanils deveredenes i

br t| e ce. Usi a

cleaﬁ m n m t1o gtgg 1Beur‘1:tio %@gy a!'sl (ﬂwlgﬁa]?& %fé?b‘gf“féaﬁ 50
thé‘%ﬁ&}d@?a’g?ﬁéﬁf 711659@6%31%@@ ﬁ%sﬁﬁréoﬁrsgmswﬁg héve%ngﬁé@rates 2
sintmilef 8xyassconfirobgch asnrgybdifieGlSinetli€ sbye Edmanration and it is
deg{@@agmatl meRnbastdhe fracianolneate doielyered ﬁuféEegiM{gstpeak 2

@QQI%H}G&%?&? IRUIN, ﬁ?erﬁﬁé“ ga@gignglin the od”?&‘Qnt
7 coufas

egr tion_  HPLC chro ato@gtén minor pea
a

be’¥ ﬁ&é@%ﬂ%&fﬁ*ﬁ%’é %a%]éavﬁ@?ﬁﬁafwma?ﬁﬁhu%smga
notreﬂe@émﬁﬁvétt@embnﬁéa@ﬁ@&rmastfpmgamsﬂbgﬁrpmylatuon. Taken
together, these data indicate that peak 1 consists of the K27 PEGylated
iIsomeh HEaKAd%/GF-| PEGylated at K65 and 20 peak 3 is K68

P late significan -te mlnal ted IGF- 1.
E)Iifn)ép 5 gcgrangcng{l?‘on SPOH% é'll—“‘[lnémo0 %}réwgPEG IGF-I
isomers Using DNA micorarrays we determlned the transcrlptlonal
redporibe of Nl 31RBsi2's CHHE- BlabiyviramsedtdebWathel syl SpriRiagahe
a amr;il ﬁg@f}qmtwﬁ@”' ml;ﬁﬁfde%e;b@} PtElGail : @Eddéqwﬁscéﬁae\r&@{ﬁawwm
stimulated the ce la ml.o ith 1V
mOEERgiRaT T MCEU A LR K R0 hetmh

reé&’ﬁéﬁ‘?"‘\/\?@%‘fﬁ ﬁ&?@am@aﬂaﬁ&u Iﬁn&%rwﬁ&%ioaaﬁ%ffﬂr@ﬂﬁ]mé@anbw
celbwithednhobbuinaddessingrossnraesiaiechipttsyh e i O BEnd 3gA binding

kinetics including the Hill coefficient (nu); quantitative data of the association

curves are shown in the table in Fig. 6. The dose response of rhIGF-I (Fig. 5A}
yielded an ECs; of 6.3 nM and nearly occurred in an all-or-nothing fashion with an
np of 2.27 (Fig. 6). In contrast, peak 1 of monoPEG-1GF-I did not show a clear dose
response with no satoration, an ny of 0.34 and an estimated ECsp of 91.5 nM (Fig.
5B, 6). The peaks 2 and 3 (Fig. 5C and 5D} showed similar binding affinities with
ECsq values of 13.4 and 21.5 nM, respectjvely (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 ECs; of 28.8 nM and regular
ny of 1.28 (Fig. SE, 7). Finally, PEG-Des(1-3)-IGE-I peak 3 had the highest affinity
of all PEG isomers with an ECso 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 IGE-IR with a 2-5 fold loss of affinity as compared to rhiGF-1.
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30 Affymetrix Inc.) containing probesets for about 14,000 mouse genes
including all known IGF-I response genes. The mRNA abundance was
expressed as average difference (AD) between perfect match
veligomuelestide probes and a corresponding probe with misratckeénsthis 756
center position. We considered only genes with a change factor of greater
than five and 97% reproducibility (p-vatue<0.03) within WO 2006/066891
PCT/EP2005/013756 -29 three biological replicates. This analysis yielded
to g total oI; 162 genes, 86 upregulated and 76 downregulated by all IGF-I

eneral correlation profile for transcrlgtlonal activity of different
mo’ﬁcs’pEébﬂwﬁqwgaﬁ%fszuglqnaw&ée%w?é’rm’éf igkafehical cluster of
the up- and downregulated genes in 5 Fig. 4. An inspection of the

indbistion- lexlsokindigualgenfol QsddMe/miand e Pafde ettects of
Slmwaﬁhaége%egﬁig'ﬁgé?dlgéascgrgﬁr%s%egggs@mi@rﬁﬁe%bﬁ C@{ﬁcﬁggtgg and
PR LGB e B IR o A LS s ey boan
InteeagRdignpéatonthiiggarsca\Wirairas HERsEABtodaisplopreseiika thiegmin)
PEG 46 kpmixtunechaandidte ril0F Withbihe biclogieal aativityi PéakiteshbIaF-1

th%dﬁ\é%%ﬁstjﬁaﬁﬁgﬂﬂ@%@iy&%sﬁb‘a@%%rfdﬂql&%ﬂg ﬂaa&p%gxi?etlgﬂpm@eﬁ%&l
with rece tor |nter

In vitr
R e ERGIR P ER fﬁa%g %3 ﬁ?opehé*fﬁ*&ftffgtaﬁa hGP]
of BRI B wmﬁ%ﬁ%ﬂ g sienl rggf'sm'i}’ rente Riptm (975
IGEARVeE o niseld. aAﬂéI‘Bgé%Bm(ﬁi’a}vaﬂc&waércmgm celiewieans tretatbehged

with dingliagsing £eses el rikal-hpr.he kespRGIMEAPE GriGhsihisamaltered 2
e ey
e B S DS

coéﬁaéu%rﬁf(ﬁmtrawm@[am/@@a@afeﬁ that HYSTCRIoreRa bpled ah%@.d;ﬁévwr,
in thestabheaindgigs6hEherdoseresonse PPEAGH- (kg f5A) yieldeddGE-1

EGR0:0f, 6n3 BN 2RE.REALlYQccHERkIR BA;Al-or-nothing fashion with an
nH of 2.27 (Fig. 6). In contrast, peak 1 of monoPEG-IGF-I did not show a

clear dose response with no saturation, an nH of 0.34 and an estimated
ECBEBRS8E M (Fig. 513, 6). The peaks 2 and 3 (Fig. 5C and 5D)
shd@ed simiaebmdivpidifinitestvigin PS2APP mice by rhIGF-1

For evaluation of the time course of this short-term effect of rhIGF-1 on soluble
brain Abeta, young PS2APP mice devoid of brain plagques (2 months old} were
treated by i.p. injection of 50 ug/kg rhIGF-1 and cortical APP, C99, Abeta and actin
levels were detected 2, 6 or 24 h later. APP/albumin and C99/APP ratics were not
significantly changed by rhiGF-1 at any time point investigated. Lowering of
Abeta/APP by rhIGF-I was observed at 2 h after injection whereas the effect was
absent after 6 and 24 h {Fig. BA). Similarly, the increase in Abeta reduction
manitored 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 thIGF-1 on Abeta clearance was
of short duration probably due to the short half-life of isolated 1GF-I in the blood

stream.
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25 EC50 values of 13.4 and 21.5 nM, respectively (Fig. 6). In both cases,
nH was regular with 1.27 and 1.19, respectively. The peak mixture
demonstrated a similar IGF-IR activation pattern with slightly lower affinity
wothveroks€h0 of 28.8 nM and regular nH of 1.28 (Fig. 5E, PeFinalyso137se
PEG-Des(1-3)-IGF-I peak 3 had the highest affinity of all PEG isomers
with an EC50 of 10.8 nM and regularnH of 1.08 (Fig. 5F, 7). The 30 data
indicate that all peaks with exception of peak | specifically activated the
h:;gan IgF IR with a 2-5 fold loss of affinity as compared to rhIGF-I. WO
2 1 PCT/EP2005/013756 -30- Example 7 In vivo Abeta
loermRyirE AR ofPPsohpPrincd by HsiGHep psGRearsh e menths
P S2ARFP mideP Y BRisda to analyze the short-term effects of rhiGF-1 on
brain Abeta load. We treated these mice with 50 Vg/kg rhIGF-I i. p and 5
anAlvARd SOIERl ARE RARBGIIENOR £l0: A5t Oswgw%%;%ga flec
brain extracts from 2 mont p% o miceWhereas. cont ro

proBSTR AR AR AS ﬁ%H&W@‘éﬂ%@}’Fﬁf‘éﬁtﬁ B fe bl &0
rediiéeltt 2 AEHAERIGRUR iWjectio. [Ouasitanie hnetias was Boiidimedos
angddiatios afithelrbgpagtiugixeltiviesisiitels Werercalciakesl badiaihighest
mfsas@@ﬂ&sofa Mt %&%&ﬁﬁ@%%ff{é?lﬁﬁﬁﬁ%ﬂ A@g@@rmk&s%m
S'S reveaied Ly “he Figoptrol protein (97,5 il 0'2:%&92 and
Aalé’g%g(}% é’é, con ro I‘atIOS were no Cihg (5 tlng ha'f Y

nemwﬁéfﬁa@?ﬁmﬁwé&mﬁ ABFAPPE b %é%f‘éﬁ’é‘FéHOZ‘ ped
aftei0tregthgeritimitirhh G Fhb(Rign 7iB) 98h mohtiasts Alvetal@mpignidicatth/at
droppehie; G8sdsy @ﬂ@gpﬁ&qu@sﬂ@g%ldmﬂ&a%hﬂaa%@eme ®r an
150,334 88,20 pfconol (R<Q-Q1) e'R} galing n@%%‘ﬁ PIGELI9 r%%%féﬂ‘z
Taken toge er, these ata suggest th at treat ent of young

mieBST i hAER AL S ?ﬁﬁ.ﬁﬁ%%ﬂa%ﬁ%e?}&%&% a%fréhﬁ«is %‘ﬁﬁﬁ&eﬁt that
braierkEXdmile 8T hrstesursenof BaviGd-Albstméowering i PS2 ARRmcatal

by piSaph 268 £ 01 envalurbian of ibelfimaiseoursasphilis S omefedenf
rhIGF-I on soluble brain Abeta, young PS2APP. mice devoid of brain

plagues onths old) were treated by i.p. injection of 50 pg/kg rhIGF-I
ar?uﬁ“écrﬁgca‘gPP C99, Abeta and actin
Time course of in vivo Abeta lowering in PS2APP mice by peak 3

At 6 h after i.p. injection, 50 pg/kg peak 3 exerted a significant effect in reduction of
brain Abeta levels. To test how long this effect is maintained we analyzed brain
extracts from PS2APP mice treated for 2, 6, 24, 48 and 72 h with 50 pg/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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levels were detected 2, 6 or 24 h later. APP/albumin and C99/APP ratios
were not significantly changed by rh1GF-I at any time point investigated.
Lowering of 25 Abeta/APP by rhiIGF-I was observed at 2 h after injection

Wihspedsstiie effect was absent after 6 and 24 h (Fig. 8A). SiTHBPRPLHHE3736
increase in Abeta reduction monitored by the C99/Abeta ratio was only
detectable at 2 h and disappeared at38 -and 24 h (Fig. 8B). This indicates
that the effect of rhIGF-I on Abeta clearance was of short duration

pre Qa'g}gl%{‘ dHe to the shert half-life of isolated IGF-I in the blood 30 stream.
6891 PCT/EP200 mparative
an@%’l@%‘?ﬁggéﬁd@@fﬂﬁ%\?i% %Péraﬂ%é [p%néél% 2Fr)nonths old
APP and PS2APP mice In this example, data for PEG-IGF-I peaks 1-3 are
shisv¥B RogethasFartdiaen )5 wampearistn ofrthechotehdigsSomalsdtia S., Mol.
'0%&&9@&(1 M@@@o@lqasanpgaslmﬁ@ph/ towrtitebr 1 ABB/ Agtindactifedasd
onegrgk'aﬁlc ntrﬂ Eroﬁegc]: 9/ PPI%?:LOeé %Sﬂnqgglﬁ%%bylé‘%ﬁs

concentra ion of peak'1, 2 or potency in
reéﬂ@ﬁ’@“ﬂﬁ@tﬁfﬂpﬁs&ﬁ’ %W&ﬁ‘é’ﬁ%rfﬁﬂg’&ﬁ%ﬁ‘ Bi g@A?)O In contrast, peak |
was without activity over the whole concentration range tested and peak 2
onfy 1L ees Bl a sigh Rieant eftecsPR doseling AbgisiARRmttheidighkatore
COWEF@HI&M:?F%@Q&@QM)T Jﬁ”ﬁa@%é‘i‘%?’@;‘ Esgg ﬁﬁs@eﬁ@%?hM
0 ve at low doses reasjng the
C e’tél1 Esa gMp\?rLé%e %(% géyff\%r |rC1carneta§1?i72% é%lggnlﬁce Ao
tmgrexseamacﬁeh%é‘gmwgé mﬁ&%ﬁgﬁ&ﬁémn%w@ﬁéﬁéaeﬁwﬁ&%ws of
effepts at. 30Q giaplifgkenat6déihdipthestedaita slgges tiptal 5fpedR03RYs.
th@é@ﬁﬁeaqméemmf&&@n@ﬁe&)la@m%@tﬂamr5\ém@a@arm@&abeen 1.23
par%'a%& fg’rhg) Wi 151 tf?as'?o? 9 69}?? i aﬁ@&%eieg%r I§%@E % for five

mMOUSE Mo xamp Fime courE vivo Abeta loweri 39 SZ
PSDABISS cé ﬂ?‘be’éﬁ? 3 A?QS /5By T RE iR YR 260 YR AR S ExBed

a sijedfionref dffeorvh H&d detibmist 20 brain Abeta levels. To test how long
this effect is maintained we analyzed brain extracts from PS2APP mice

treﬁgcﬁg& %ss@ay 2454 meisz&u@n\é@tgf ﬁgeg{’@lp@@tlfegpond to the description in

table 2. Data evaluation was done by using a 1:1 Langmuir binding model.

“Table 2:
Chip | Ligand | Analyte ka (1/Ms) | kd (1/s) | KD (M)
CM5 | BP4 IGF-1 4.0x10° | 7.2x10* | 1.8x107"°

CMS5 | BP4 | 40kDa/NT-RRRK | 5.4 x10* | 1.5x107 | 2.8x10*
CM5 | BP4 | 40kDa/ RRRK | 7.1x10° | 6.8x10™ | 9.5x107
CM5 | BP4 | composition 6.9x10" ]353x10*|7.7x107
CM5 | BP5 | IGE-1 9.6x10° | 1.6x10° | 1.7x10"
CMS5 | BPS 40kDa/NT-RRRK | 1.1 x10° | 2.1x107 ] 2.0x10°®
CM5 | BPS | 40kDa/ RRRK 1.5x10° | 2.0x107 | 1.3 x10°
CM5 | BP5 | composition 1.1x10° 125x107 | 2.3x10°
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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 i.p. injection (p<0.05, p<0.001
vanehersdads, respectively) 25 indicating an Abeta lowering effact ofopeals 3¢
over at least 48 h (Fig. I0A). C99/ Abeta ratios, representing Abeta
clearance independent of Abeta pradyction (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
toBEY A data demonstrate that peak 3 is able to reduce brain
AB8km 30 PS2APP4FigalEESHwnebsdilts in solely double-transgenic
P S@ARRNMausEmo dak RN Whz2€06 N 6688 h A C THERRAISMSHEE s PEG

ExamplerkkRinding @Wﬁi@ﬁi@?%@&?}&%ﬁ@%ﬁ@%% A'a PEG

IGFBPS(BP5) IGFBP4 (SwissPro @ﬁ%?%@ﬁf%ﬁgg g&%‘ﬁé’émt

SKITRESKIS., Mol. EHABEHRGT %
24593) was identified and 5 cloned by Kiefer, M.C., Biochem. Biophys.

R&%e@omnttanhdw.a oD R 223G Bathpbindirng pridteinbinding prodided
reeRM iRy i E.saalia FosnpurfageRiasrenResionance ¢S RRY anadysis

of 1 RIPIGIN- NG IARHOR, 3 BIAGR"E, 3 PRRINSE U BLWaS g ¢ RUNNING
and reaction buffer was HBS-P (10 mM HEPES, 150 imM NaCl, 0.005 %

polysurfactant, ph 7.4) at 25C. All samples were 10 pre-cooled at 12C.
|GREPUa IO BRE (fdrdaiithelc6tipises atEEResAtFERIB i BPI 6 pEymIfor
Thecettjplingf ontanCikt s ot sedinkellfniad dadinpg Sigoat efduf06nR US.
Pegylated IGF-1 samples (analytes) were injected at 5 concentrations
belléwengrle 3 nM and 100 nM for 5 minutes (association phase) and
HBS-P for five _minutes at a flow rate of 50 I/min. The chip

gﬁﬂé‘é’é’%&@f&é‘é‘ﬂ%‘i&ﬁ%rﬁ’é ligantifection of 100 mM HCI for | min.

The chip, assay format and sequence of injections correspond to the

descoptiondnidrblan Batoiivplbpiepulaspane by teingwankidnlangmtie

biQé@WI‘rn-ﬁépéelé'i?—cfﬁi%fr&gwgﬁ%h’tqé?—fﬁ/ M KL CLEhE ReYhvere

C'\s/ltlsm%ﬁ?eé%l;_t%e%% y%}ggtiﬁesxojf%ﬁ: }ﬁvé(nltr%% Oand IGF-IR phosphorylation status
was analyzed subsequently by ELISA.

For ELISA, 96-Well streptavidin 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 ul
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 ECs; 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 ul of the respective medium. After 10 minutes of incubation
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CM5 BP4 40kDa/NT-RRRK 5.4 x104 1.5x10'3 2.8 x108 CMS BP4 40kDa/
RRRK 7.1 x104 6.8 x10'4 9.5 x10-4 CM5 BP4 composition 6.9 x104 5.3
x10'4 7.7 x10.9 CM5 BP5 IGF-1 9.6 x106 1.6 x10-3 1.7 x10'10 CM5 BP5

WORBaNBMRRK 1.1 x105 2.1 x10"3 2.0 x10-8 CMS BP5 20kBatRRARISs
1.5x105 2.0x10'3 1.3x10"8 CMS BPS composition 1.1 x105 2.5 x10'3 2.3
x10 8 WO 2006/066891 PCT/EP200%/913756 -33 Abbreviations: 40kDa:
40 kDa PEG branched 40kDa/NT RRRK: RRRK which is N-terminally

PEG a 40kDa/ K: RRRK which js lysin
§¢ % Ebe Ba Iyéseca % reg‘s{)ﬁ%)ﬁrﬁ%y as 15%{81?3/ cF 120 pl of

%&WR‘F@M@@”N 8He&dnd s'ﬂ%vE%& all mM
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measuring absorption at a wavelength of 450 nm. The obtained OD450
values of the samples were transformed into percent 25 activation using
10 nM IGF-1 as 100% (max) and w/o IGF-1 as 0% (min) controls by the
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IGF- 1R)values are summarized in talle 3. WO 2006/066891
PCT/EP2005/013756 -35- Table 3: Sample EC50 "STDEV" __ [nM]
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selected from RRRK (R27, R ) or RRKR (R27, R37, K65,
R68). 2. A conjugate consisting of an insulin-like growth factor-I (IGF-1)
L. Avalightlacemrdingich dlameqethti o ey g gREOIRPER)S) or RRER (R27,
R3Ehakactesiged in that said PEG is conjugated to said IGF-I variant via
primary amino group(s) and in being monoPEGylated at K65 or K68.. 3. A
conjugate according to claim 2, characterized in that said PEG has an
2. dvergllgmoieosistingeaif ht offmbm i@ w0 kar4! AGbrjugaieraccordiiyg to
claff) @'%H@ Bl %9%@%&%@@@%@%&%4 MRHRR IR Bdditienally,gated to

Iated at the N-terminal amino acid. 5. A conjugate according to
w@ g Y4aRtora Pélﬁ%l&a%ﬁ%lﬁ%’@&?&%@l}% ma*?mnﬁ ReRphElenzi i hae or
Két.the IGF-1 variant up to three amino acids at the N-terminus are
truncated. 6. A conjugate according to claims 2 to 5, characterized in that
the poly(ethylene glycol) group(s) is/are branched poly(ethylene glycol)
3. @mmgytera%%ém&&aféa%égﬁé%%ra%%tb%%eld B36 8 Oy §iikhat
molBeuRe ety ene.glyroth groupls) have an overall molecular weight of 20

kDa to 100 kDa.
4. A conjugate according to claim 2 or 3, characterized in that said 1GF-I variant is

additionally PEGvlated at the N-terminal amino acid.

5. A conjugate according to claims 2 to 4 or a IGF-I variant according to claim 1,
characterized in that in the IGF-I variant up to three amino acids at the N-terminus are

truncated.

6. A conjugate according to claims 2 to 5, characterized in that the poly(ethylene glycol)

group(s) is/are branched poly(ethvlene glycol) group(s).

7. A conjugate according to claims 2 to 6, characterized in that the poly(ethylene glycol)

group(s) have an overall molecular weight of 20 kDa to 100 kDa.



-40- 8. A method for the preparation of a conjugate comprising an IGF-I
variant and one poly(ethylene glycol) group, said poly(ethylene glycol)
group having an overall molecular weight of from about 20 to about 100
kDa, said method comprising reactingp the IGF-I variant of claim | with
activated (polyethylene) glycol under conditions such that said
(polyethylene) glycol is chemically bound to said IGF-I variant via primary
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according to claims 2 to 7 for the preparation of a medlcament for the

- thatesish éprizetApra el s iseslhemippdy 20080 66 9 1d FET/E PoDs /0E3pEHary

lydme BREE NGRS TING vaddd> F. Hoffmann-La Roche AG <120>
Conjugates of insulin-like growth factor-1 and polyethylene glycol) <130>
22904 <150> EP 04030415 <151>2004-12-22 <160> 1 <170> Patentln

9. Vergiohai 2acediite It 21dk i W hsit @i RR Tr<@ik83diD(polsapianse) glycol is
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variant.

10. A pharmaceutical composition comprising a conjugate of claims 2 to 7 and a

pharmaceutically acceptable carrier.

11. Use of a conjugate according to claims 2 to 7 for the preparation of a medicament for

the treatment of Alzheimer's Disease.
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