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TREATMENT OF NEURODEGENERATI VE DI SORDERS The present
invention relates to a nethod of treating

waoewrostagener ative disorders of the brain and BEI/BR2006/066438

cord using a novel erythropoietic agent (NEA). The

bi oavail ability of commercially available protein

t herapeutics such as human erythropoietin (EPO is
limted by their short plasma half-life and
susceptibility to protease degradation. These
shortcom ngs prevent them from attai ni ng maxi num
clinical potency. Novel erythropoietic agents have
been devel PREATMENTDGF NREROGHGENER ATDA DOSORDERBO
and anal ogs thereof. These novel agents provide potent
and prol onged erythropoietic activity allow ng opti nal
anem a managenent in patients wth kidney di sease and
in AIDS and cancer patients undergoi ng chenot herapy.
The present invention relates to a nethod of treating
neur odegener ative disorders of the brain and spina
¢he prepant aiein Hips radatenty amethogaf treatingneunasedensfatyg disorders of the

of a novel
IS ARy s D ARG FRRDl AR iR 21 1
nodi fi ed human erythropoietin or chemcally nodified
human eryt hropoi eti n anal og conpri sing coval ently
i ntegrated poly(ethylene glycol) groups having

PRE biogiHiab 111?5%@0%141&&01‘5@& Q\mﬂaﬁg drdekif Kﬁéral%urtl'ég §déf1 &s human
Description o he Flgwres gure 1 FICtS t he

eyHEepQiptR K%prlﬁ lippted dhfahsmgmlwna haf-|itg\ia A i saptibility to
éﬂﬁea%@ H%@?&&ftloﬁ atifese stfpokhih Lﬁ'réveﬂt e erﬂneﬁttahﬁﬁ‘g maximum

ure depicts the concentration of EPO and an NEA
@ifqulu @otepge Mavelrerythrafiedeticiagersp have hegn éﬂ@lqmd thgron gly glemical
ﬁlfotdﬁ’{cahéﬁ §EEPQ 'ﬂnE 'aﬁiélB & RedEPTHLS nloba a Qe B E{Jo@éht Qhd

EPO and an NEA of the invention in the |iquor '

arsﬂ¢rrget1 ertiiopaietio petpvaly sllowmepaaburemiaimagagqmgns dn pmﬁnts with

?ﬁ, Ih%&a@é LY int A NEAR A HSE aﬂ1ﬁ91t§ Ltl‘ﬁ rr%(ﬁl‘{ %Eﬁe'nﬁﬂhé}ﬁ

cal'l'y nodified erythropoietic ul es having
preferably at | east one free am no group and
conprising an erythropoietin noiety selected fromthe
group consisting of human erythropoietin and anal ogs
trhe {)&@éntmeﬁﬂoﬂﬂ B fed 000 HEAYERE BehfnHEIBIHegenerative disorders of the
ery rop0|et|n nodi fied by the addition of fromlto 6
ted/ipanal gprdshytasenipistesing éyp PaliRié Ak At sagh thegy aone

gieYzﬁﬁﬁMéa@l&'effEbtwe amount of a novel erythropoietic agent (NEA) that is a

chemically modified human erythropoietin or chemically modified human

erythropoietin analog comprising covalently integrated poly(ethylene glycol) groups

having particular molecular weight and linker structure.

Description of the Figures:

Figure 1 depicts the concentration of EPO and an NEA of the invention in the serum of

rats 2 and 6 hours after injection.

Figure 2 depicts the concentration of EPO and an NEA of the invention in the liquor of

rats 2 and 6 hours after injection.
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site; said erythropoietin noiety being covalently
linked to "n" poly(ethylene glycol) groups of the

wo ooomobe3e CO- (CH 2) c- (OCH 2CH2) m OR wit h t he -B/EP2086/066438

carbonyl) of each poly(ethyleng glycol) group form ng
an am de bond with one of said™am no groups; wherein R
I N

kBl e confenk e 3F EPOTl Sy NIBEL ARG hvetith Bfne iquor as
whlts inhtbe saphmoaflrats 2mdgﬁnoum‘aft6hel1¢cesul ting NEA
subtracted by the nol ecul ar wei ght of the unnodified
erythropoietin noiety equals fromabout 20 kil odal tons
to about 100 Kkilodaltons. Such NEAs are described, for

SRR AONER, (8l Whe e 6L Shopbioh Bnb ik e i bt
NBlesules bivihg iprefetably ait teassrome dige amandogroonend cahlpyisangdn

: 4 . . ‘

EREhp B, hoidly SRl 8% BEhh <IN RE ppn £ cBin and
sndbsgsamereed which baverthbieqdemng oahfiinah eyythropoisen BR@ified by the

B O AR B P o it e RIS bbbl ycosylarion
NEAsaié ehythiapoditistmeicty, banly envakeg 8p liske toriiné @bly(ethylene glycol)
I I
GEPED A TorhlIeL L8 16 ISERTERLSLIGR Y 12BNl o o
éwbm&ée_hylem giycd] gragp iferintigg im amudncbonSomh ofe Qﬂsadattmne groups;
g@%{n\ﬁ?w lﬁ{;&]fgr eﬁlg}l i!s Qg)rt?)o % ﬁ‘%){nnﬁ)toup ﬁﬁpt%r S§9(R)f ntlst}?om 1to3;
of "the invehtion I ned by
aod e kndrodaechowo tsd omt thaprECIdalswaglnta:If Ithmrefsulung thﬁA subtracted by
' { R t
Bl ER b o BB Rhafie e T Sadart APROREY b abeu 20
kilstadtonew aboyt Hildplodeltorcs. QhﬂENEAs hrealegdribet] foi ptagnple, in US Pat.
NILESBEMLOR I b Myd D REERLRY. 1o RO TG aleB 5 Fprence.
hese eract i ong Sh i
i nduce the signal cascade of t he EPO R but ar e not
ThghEAs netfghn tthois resation ane bsesbhmacadly pochfpnbotiemhiliyglistingt from EPO.
H08AE SSARIG LT BH) e RTR AL Sy LONEAAUN AR, B0ty lower
é Statisti ca tain percen 7
bindingoifiewiny t@sthﬂE@ﬁtre@ptqnandsiuﬂs@mae magh Quigldgdeqmg)aremwnh EPO.
{:ﬁ g@la%er(]itetg %ﬁﬁé@%ﬁ%ﬁ%ﬁ%&i‘n F%Z’t tH eée ?\ﬁgAste%}é frt])tﬂgdrié{nfcﬁ Qlivanta geous
clevep porpetes onelubmigngcrdegd eidedatimgdoilft ldathg plasine residence time,
g&‘f&@&?&g&%ﬁw d°1% }ea§e§ c?£1c£1ha%f%t NFAR o2l | ow for
ecrease I'onand nore stable
control of hermgl Obl n, permtting opti mal managenent
Sémenéthicabove gativarniis rv!IIatimg to disterct dropeetse oltig Npladd diths
Eid SBI HANEE %r 4 Mef{II‘SHPBPa%I@HYRa P& ciation from
Jvanta re exp Sct e Fesul t I noiTproved
the@aythm]xombmtrcmpw (“EPO R”) together with an extended serum half-life may

result in an enhanced and sustained erythropoietic effect through multiple interactions

with the receptor. For steric reasons, these multiple interactions might be sufficient to
induce the signal cascade of the EPO-R but are not tight enough to result in such a strong
binding that the receptor/molecule complex is internalized and degraded. Statistically,
only a certain percentage of the molecules might commit such a tight binding. In total,
this mode of action would lead to the effect that one molecule would activate more than

one receptor before being degraded.
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as well as inproved patient quality of life. Naturally
occurring human erythropoietin (hEPO is produced in

waledo7esEpd ti ssues of the body (e.g. kidneys, BPCHEP2006/066438

et.) and is the hunoral plasma,factor which inter alia
stinul ates red bl ood cell prodiction (Carnot, P and

RO AR ol TR B 55 gl o

aanidraciob sod mdrestaielcdnaiglsd hempglobme ipdim iegeb tiPhad aanagement
57) ./ .8 1

Lot R A BRSPS o

dmmﬂthcreply eFlyastadyiad tagesogge nipteoted to restlien opre verhireadmenneh tcomes

ty by bindi t t
S8 i BB Saly oy, 2 p e o ecertors

419). In addltl on to the use of EPOto treat anem a,
Nateaty qpcultrhigémmmneqrmﬂheoposetm @dPEb s prlodtiend in diffarentitigenes of the

G&tﬂ{ Sl gafg@?g%soﬁ% anﬁ ésot{l%@ %b@éﬁaé?ﬁisﬁ%tnfacfct?_éﬁ%{:% Fﬂ{jﬂeﬂ{a stimulates
896031 @@@romp (CmmOs, R andeefizodre Co(19865CRoAcuh Sciudd: 432;
Elfsletvh ggé\és BR) h@%‘j ﬁgﬁg‘{é Kﬁl@({lﬁg(ﬂqﬂg&?gﬁg%ﬁﬁkon, LO,

Her bdegenerative: i sor brai n an
Spldvabsecdt, firdyy, Wrand diaki Ian( 10h® WNEArd 1ot 61 1b1)od¥aturally occurring

EEOSH o YOSy BARAE DR AR gbors
thmbemt ingmrcay anddxsys Uab@!bi%:abactmty)bs bmgintgte r];bieptmis b aiythroid
Pl%gﬁﬂgg{srgk?%nstg 19@(’3@%&{% i gt ive agents for neurons

oun spi'nal cord. The distinct,
superior clini cal properties that these NEAs exhibit
Imadstitir togbe tiaefd Pk todesne pidreid, by, diisemelepde isedsoglosiilated to

EIQ)V e%éhpoeatﬁi ﬁx&%}(ﬁgl eﬂr@ ecﬂa:eéfﬁet%ugéecre X/%Pt‘iéfl‘@ﬁ/ \.Mlﬁrﬂann and K.

to treat neurodegenerative disorders, as conp
Waghere AapyHemnatel &R6Y3- E%@(Qﬁ%ﬁpm etin has been
manuf actured biosynthetically using reconbi nant DNA

M T, T T

aettrp@frg@derhumscw@s @éHe tirpigantl dlie ipinad canicdbyer e dedregithiedNEA in
{H%%l&%/(ﬁfﬂcﬁﬂ 'f1111§ sHen & sDad d:nhtﬁ? ﬁhﬁfﬁ%%ﬁatgﬁgﬁﬁ{e‘%Beig %Vely large
ce rrmary structure of the~preaom nant,

$ieg, the MEé@efstbédnf@tlﬁn ofe HEr@pitde pf ¢rassreathe dlood bSEObapier to

D oL B S DB s g
ﬂh‘enqjoﬂuy)ple@t ¢ligecatpiipprtics thap(hew: NESsiexhtibie inseth arr settln gs as described
Q%V%tafee&pkcﬁecﬁ'ﬁs@?bﬁpr%de Ia@ulr)s@zﬁltiap{h%&&)eﬁﬁgdvantage when used to treat

neurodegenerative disorders, as compared to therapy with EPO.

Erythropoietin has been manufactured biosynthetically using recombinant DNA
technology (Egrie, JC, Strickland, TW, Lane, J et al. (1986) Immunobiol. 72: 213-224)
and is the product of a cloned human EPO gene inserted into and expressed in the
ovarian tissue cells of the Chinese hamster (CHO cells). The primary structure of the
predominant, fully processed form of hEPO is illustrated in SEQ ID NO:1. There are two

% and Cys®-Cys™. The molecular weight of the

disulfide bridges between Cys’-Cys
polypeptide chain of EPO without the sugar moieties is 18,236 Da. In the intact EPO

molecule, approximately 40% of the molecular weight is accounted for by the
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nol ecul e, approxi mately 40% of the nol ecul ar weight is
accounted for by thecarbohydrate groups that

w@boocosvB@t e t he protein at gl ycosyl ation sit eBCDRP100€066438

protein (Sasaki, H, Bothner, Dell, A and Fukuda, M
(1987) J . Biol. Chem 262: 126159) The term
ca%ﬁé’l%ﬁ?ﬁg %{%\OV tplrs] Bhat %f coﬁf)g@othg?{rcg&zieag gg/g%sgiagig? §1¥)¢%s?)tnletﬁe protein
(%E@l IHD Bd@hnet) B,dBeH( BEQdIHkNG, MY 1987) AMidnihon aXi2d12059).
sequence substantially honol ogous thereto, whose
it | : .
ShO LR, EOmBpTRGh P FEEATRR O BLERIHELbBdn hayine the amino
adid maguandeont @ft in KEEQTVIND 0N 0andEQTP NY:ehtor an iaomn @fcid sequence
i r
R LA R EAUb B0 Bl S RO OB el NG TR LA o the
gioelefipn gﬁmbhg)daaeﬂ Ipeabictiomandfhetshigudatsingyfiteadiivision and

{gf%&%'h&ﬁ Péon%ﬂfé Aidid fJg'el%%o%'i‘r? Hoﬂﬁﬁaﬂal Gra¥t, #ufth@imore,

e art es a e conprls ting
‘r‘mmti’ﬂocmomtm’:’trﬁf@es tefa@s@tvsylajm proteds shuswid 2 heleadt ane phtds diological

#)I%rlpgﬁle's Bf })fﬁqg@a Ilﬁtlpé’ o%vnnlﬁ t glatfe o?ﬁledaqlt 'Tlﬂﬁg %glleé{ﬂesaa‘?‘e

exa site |recte mit agenesi’'s or’
mp@@dwalhﬂbylrtgmegmghommwaff@ﬁs onlphésesetl dierean, dheso terms include

&Lil‘ﬁ n%rﬁ%cﬁﬁéd BEAL agfﬂrg{ﬁ?f}l‘ aigﬂéltte'd%&led g{lﬁai?%ﬁgﬁ% or

osy ation, anal ogs Havin one addit
mmtaﬂy nldoagh nhleatmmbﬂ)we teemaahaincmw aphloghleaving from 1 to 6

: ; : I ‘ ‘
| ncﬁ&g{é Qliiegltfg'li %i%)?ﬁgﬁcﬂl,ta fo v oQf ?east%rﬁ'e qulﬁghg agflg% 23101d at the

one gl ycosylation site
trabongeaminahdndofaled glyepgeteme whegincthejadditioodsurano ac_:id includes at
FECEPOBEISI e 0 008 31 0 oBERAH A BPinccs
produgeatent oherest yhdwitegoi quomylatEﬁOTblemtsrrmsinslpéc béthmatural and

b e Ak B PR W e o1 acs | rocoptor

superfam |y and presents as a honodi mer of two
EBOrtindsab spgojfeoprmomeinbrateaerptad (BEA-Ranlhofuaciidsl hEaah EPO-R

{éﬁ%&nﬁ&’ﬂ?%é&? 180 8X& T ?&%}aﬁok‘ L@(etrﬂ%@'aﬂd g?eg&%’tg BQPFQBBSimer of

ransnmenbr ane”sequence,
i chntidaéglyeapretiem ¢chpmoif A84 krnnm1d$AE@h|CQalabemptrla¢sem

?ﬂg&ghﬁ& &%nﬁfﬁ) abﬂ)’ag(?‘]p o%lctt‘? shigfift étf mg&%‘&@ ha: acé)ﬁﬁﬁa%ﬁl\{c

I Ssocl at 1'on “co ants
demhfierto gvhedt thy prathie tiionge ﬂ{glasff J/E‘FX)S \afﬂhlatedh@nmdé“pﬂcﬁf’o binds to

f o
B RSelR o T, RRSRLL AR e T b RO Eh i g it
aiebibp Hsphodipp af EBQ vath tﬁlheedemr Jbat{mml eoulfasnasponglrhange and a

i

ﬁglﬁgll & a{h %ho%qgﬁg%fg(Eﬁ UC e bunﬂgJ cl@a%g ’t(% # aur]t%‘]}'§’h(§3 gﬁgrglatlon of
the twe &IAKyn@la@dd:s whaetetesulaf in arcoﬁ@ﬁﬁﬁﬂlgmaﬁlngfcascade It has been shown
that the EPO-induced signalling pathway returns to nearly basal levels after 30-60 min of
stimulation. The effect of EPO is terminated by the action of the hemopoietic cell

phosphatase (HCP) causing the internalization and degradation of the EPO/EPO-R

complex.

Recently it has been shown that EPO is a more pleiotropic survival growth factor than
initially thought. It is believed that EPO has neurotrophic and neuroprotective (Cerami A
et al. (2002) Nephrol. Dial. Transplant. 17: 8-12; Chong, ZZ et al. (2003) Curr. Drug
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stimulation. The effect of EPOis term nated by the
action of the henopoietic cell phosphatase (HCP)

w@2m3/08033¢ he i nternalization and degradati on OPCT/RR2006/066438

EPQ EPOG- R conpl ex. Recently it shas been shown that EPO
|s a nore pI ei otropi c survival "growth factor than

Hs@a&r(}’l L@% tatdit DisSrd 8! iéﬁvfﬁl %dga% 926?2 (I)ncology 16:91-

&r ot rop neuroprotective (
Ma)rtu\HHmtcal (2Qﬁ0hNew3rthqil eomtl5: 225-228) 1sculhid ivbpsu gz S et al.

gt999 By, (1299%)3 9‘@51 s ngg ?@\ﬁt f 5%@3? t@%(go 5 )';i%%g@t gf_-szm), and
d@opheedtive fidtions e3mitl(, 20031 (kN8) Ciysivaic, RSc59: 588:548; Parsa, CJ
I N —
ReknctBgzas 6BRA6ABInd ramd medinm qu dPigchylioelf, Mhet 41.di895) Proc. Natl.
S e S
400Ppo). Edrt J. INesrdvee A: ioetiio) tHRE biRDeRiteswaeasanly logated in the
%Bﬁ[)!:a!%aé}}saé%?ﬁ (i){/fnrnt%dgqq{exWL Io?nﬂg S 1&1%\ 8/118 gluSM et al.

USAS pRroc 3V 4atY.-A83@Hei. USA 92287 Bl-37201.Fu6theRedicat is knRes that EPO

ﬁmuﬁte@ Ihges[gbhfg%élog.}lgfi Idﬁ%ﬁgﬁbatloé %?%garo glss!tfi/n\é and Pmo gn]intor cells
( Shéagoed et al. (208 1hI. Mwmmlpﬂﬂs 97%9%43 Stuldnt drenal, (21'@01 E)Neurosm 20:

%giﬁﬁgggral n of mce (Digicaylioglu, Met al. (1995)
roc Acad. Sci. USA 92: 3717-3720). Furthernore

is known that EPO stinulates the proliferation and
Eﬂhé harepiotetivoeffat ondt( omabe st@rhbackd tpthegemidrgnmpeitisce of the

KPRRER el e el RO BPEP sy mpgeth g Senonaria
ﬂ’helhnmﬂ[mbﬂmabm anpgicgfrineaty hgfpoER@p dargulmat cellostiutzac¢khong, ZZ et
%lthBg) @ﬁ&ﬁﬁ% ﬁldﬂgp %’}32%5%@% %efs{aﬂﬁléféjonsﬁ tﬁ‘g Emt%@ltlm}éﬂ fembrane

ur oprot ect 1 ve a
potengd deads icathe mepdse aheytpadiremt Cawhich aanmtesdhpcas;rmeyS 1, and 3 that

cell cultures (Chong, ZZ et al.
E’%@?%r%ﬁ?ﬁgﬂ{%ﬂ&{ro& 2973-2979). Destabilization of

the m tochondrial nenbrane potential |eads to the
Aelire aize nefropydtentive effect Gf ERRiic thedutinwets ésstiphevidabkipabhe group of

Sy P99,y PSR PRI O, Aoy 920 2
Salauild dd cbal. (1A28)JiroapNaok ASab Ski. USA 950U 5(Bdtapayfopmet dt
i T A N R S
Prevent 6 BBhehbidOh dyred flaarmre gl disability and rescues hippocampal CAl neurons
from death. Similar experiments with rats have shown a reduction of ischemia-induced
place navigation disability, cortical infarction, and thalamic degeneration (Sadamoto, Y et
al. (1998) Biochem. Biophys. Res. Commun. 253: 26-32). Furthermore, the known
protective effect of hypoxic preconditioning is significantly reduced in mice when EPO
signalling is locally blocked by infusion of soluble EPO-R into the cerebral ventricle
(Prass, K et al. (2003) Stroke 34: 1981-1986).

It was earlier assumed that systemically administered EPO would not enter the brain
because of the blood-brain barrier (Junk, AK et al. (2002) Proc. Natl. Acad. Sci USA 99:
10659-10664; Juul, SE et al. (1999) Pediatr. Res. 46: 543-547) . The blood brain barrier
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Mongolian gerbils. It was shown that the infusion of
EPO into the lateral ventricles prevents

WO sohesa436 | nduced | earning disability and resCRPEBEP2006/066438

hi ppocanpal CAl neurons fromdeath. Simlar

exper| ments with rats have shown a reduction of

ateé lf)cfﬁg aQLXf’éﬁgs trlllg\(:k ﬁfds i Pﬂlﬁé CEIL" t1 uor) from the blood
PRI et gty 8

rction, andtha egener at’i
{iBhetgniates the@tt:halge of mapCBlb@mmtherlopﬁytsd thRégain. As used

ﬁ;@’?ﬁuﬁte tgﬁzﬁ “Bﬁl@ (?b%ﬁ ride y{hgh)%m&m ﬁali]ﬁeljﬁ@ %ygpiag [a}%hq(g(gd—&gF

ypoxi ¢ econ tioning 1s Si
badiac ddis compriiet ahivdly oEPQIS p@ﬂiaries w@orqadd Wealslcybddalaipgbielium,

Byd h@f g%hﬁ?ﬁg%erﬁﬁ’}a Q ltlﬁl EI?Q lgﬁl(?g% &é%a{r&gei{%&g%? {h%l presence of tight

ven rass, Ket a
msti@msgﬁﬁ)/cenlcpnmls aells, e agswgeretendettelishairesindi pyucity of

e o
mmbrlcab\datb_lty 8ten dd@ﬁclﬁgm.ltb Ol6G Bl bG6 6dmpdned |w1thSEptlla_abs from other
AP PRI 0D R0 306G Bt
oaélrlejmrqspmttah g ﬁ(bluiediXd@SE(? phimguityr by the cram scakbulal watk @rig Thus, lipid

go%%{{a g&lﬁ%s Egﬁys tr%pegt§ %%B%Pfé e?%&ggltég eﬁp‘ﬁ@%@spﬁu%?e Q Jn?e?e%trolytes

a:I(Ih]mOIttsmserttdfrehb boad frbrrablnodbararﬂ: siowbzsthweﬂiey astet hen-nervous tissues.
*ﬂlfg% r%?%unbc i Blh%f S to rot t%loe rafn 0 nE[‘Eu,l bO an ésal n
] id he

capiflaries, *CNodi exus &uboi d ep| i'um  and

the arachnoi d menbr ane Al BBB sit es are

Thearact feni bt hychahsmp by sdndesobfte triaddrules oot iaoess membranes. (1)
t L e L

gl%{pvi@’gi@fug gﬂ Zglf'a%ﬂﬁ%t&? d#f Fs)llo%lb@?t%ﬁ%ﬁg gg‘lfug{onetﬂpog\ L%ﬂ %h aa{leous

traainal, eapi4) laafvagsl tconpaiit mthrauglev erabnfoairtri Paracelsler dlﬁfusmn does

. ¢ .

L T e TS T e

boayclluliveliffedibs, tcogsierd uile mght heehBBBe dipf)}duhq:lt)}ejfyi substance, the

%}ég &l {h%rhit%u 10"’}1 ﬁl?(f]Eheri)lilg#SGP% le NIAYRN an @ ST Er%hﬁ‘%o QUL fist get in
e ange P 9at

ansce ar rou
fﬁﬂ:llsainl‘tiypiilﬁﬂlsami bese pmbdzltm es1abnseddyto penat aatvetet ItlleanBBBt
while electrolytes, |ipid-insoluble nonelectrolytes,

?ﬁggﬁ?g%ﬁdlg %{n?ﬂ:} &ln IBJI% Qﬁ@d”rbprf Jeﬁgﬁlt%ﬂl%%ngg{g:ﬁ a3 lpe\%%a arterial

nter non-nervous tissues

Ingeecibn ohh el psicnaprial edaniig idrhanghtfte omrhﬁmerbﬂoﬂld brain barrier
a : £ . r | chani snms by which

élgpﬁhe&%?sﬂes cb&lllgfslﬁklﬁg gh%%;&gg@ﬁﬁlec%ﬁn es. (1) Sinple

di ffusion, (2) facilitated diffusion, (3) sinple
dih¢ €6E isdocatder witigh thmvagudeow spiotanama] andzmbaradnoid spaces. The

ﬁ(’:l ?ﬁjrlcgsr L thteh:'hgqugs ﬁe;ﬁ roﬂh%' lglltelcﬂ1 rtﬁir& Bnd fourth ventricles,

ara u3|on oes not
anxd élntvommet ‘haeleBB‘Bwe@iu €0-20%t i het brgimt wc}lghtcThe)miumb nf €aEm

R\Smans is 140-150 m1 with a turnover of 5 h for humans (1 h for rat). CSF moves within
the ventricles and subarachnoid spaces under the influence of hydrostatic pressure
generated by its production. CSF cushions the brain, regulates brain extracellular fluid,
allows for distribution of neuroactive substances, and is the sink that collects the waste

products produced by the brain.

Jumbe (Jumbe NL (2002) Oncology 16: 91-107) has shown that the cerebrospinal fluid to

serum concentration ratios of rats administered recombinant human EPO intravenously
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transcel lul ar diffusion, the general rule is the
hi gher the lipophilicity of a substance, the greater

wo b7asd4Baisi on into the brain. ducose, al cohobPCHREP2006/066438

other small nol ecules just get in the brain by
di ffusion. Most proteins usually need to use an
'U"/ﬁ%)e\g%staﬁ)@{}ts Pﬁbts Sh]‘;l E'u%%%lbﬂilg'aﬁm%ﬁfdt% ocfzagr‘t;%ﬁoetin alpha
certain solutions such as the intra-
wrth ebivalkgl Tﬂ]uecaiQLMecbfnehny pen todéercheremmeiet todtionMameictiole (AS/Co.g),
hought to ope bl ood ajn barrier thro
b AR R s R PR RE SRR A Bl B8 magnQ

[rthEBOé dnavBohigrh/tnth ﬁor\(hdtdploemreslfa inEerehtospmabflyidarnd70,000 mU h/ml
Oﬁ 98’31 facesr Cﬁ éil‘l nci pl e sources of CSF are
6%31 HIEX SFPEHE Y -at eral, third and fourth

vent ricles, and the volume varies between 10-20% of
Wich IbBIEicntovmioghbXpeiﬁhEenVsdt hmd:)eafl SIGS?Fn fhat ﬂmm&sﬁ&nicsadﬂrﬂﬁ)istration of

ﬁ%%g}gses of rhrEI;b % g]tov |leals red[%ce the Vé)lum na{nm%{rctlon 54% OI{ iddle

) ves Wi e ventricles and arach
eqmet&ehartmydea:cmsﬁml (Sm%hwneteﬂ c(’rZO(hly dPros Natli Acqolr S@él&/ﬁe% 4044-

g@%ﬁ’l rg{luces Oééaﬁfc'yex e ( uglitn;l @&86@%}% .r %hztlrrﬂ?ac?f %bf‘ '31-34),
ph'rwd:rrts beutrond dafnage (Alaﬁcﬂ; C\eea]s (ﬂﬁ@ﬂ)aﬁmei; Pharmadod 406:6219-225),

n geléﬁés%%ﬁ%zwo\?éﬁ%g (Eﬁa%@%%%o%&ﬁﬁ zﬂc 85@; gﬁggC%? 71%% aned reduces

hasoblpvwiefitikaiGradse, Ger zﬂb(l‘Zﬁ@X:)l Janequobmngd9d 66567WIEPO furthermore

trat t t
RGN e Ry a0 TRy CURe T aRb T 5. (002
E’lemﬂoarDlalsTtanquelaﬁtoﬂ 8HE) anhpt dvies tacatdrpnf mbtcdafmhx&me(t}omo Aetal.

@ﬁ)@g)a%r\gg;lﬂ%tf :ft n%i#é? U@r@ ?%%0 %’J&%&&nd)re L%esa trh%?nflllammatory reaction

mangoRrpdiiie ¥ilkaP eealal2983)d, Exmd &4 0981197 hDM) for
r econbi nant hurran EPO (rhEPO) and 3.6 ng h/m for

El?r:tr]i?er %gft: | fgfb Se oge %S(r)lﬁplé 21? i rﬁltll%lggcl rgts%sxgﬁsgz/ is c‘l]\?l%:ﬁtly under
casglecttionoVstis ak e flarmeatoryatiteasd df thaGeraexd IN es‘lmmnSysthat(CNS)

pBEn SR REHE PARB D RE T Bl B DB E T Beb M caea

plagets orldiing apgtae br gbmarderay domclretsiod rhe((SN $ emjte Atattet At the site

PLulstal TSR g R aeCRR T el o 3By oklpe

autBPhamoae ﬂiﬂanﬁﬂﬁlonBThéBél)yﬁhrpﬂea&mgeSS smepp’edrfﬁdm dla@@es in a process
Al af C.et 200

b Sjemelhish ToC BOPRb MR Ui Byt B SbY65Togl parts of

()Rglﬁlﬂ:i)dr\ﬂ)cytesl\lﬂmnﬂ)ﬁuwgt is ot clea45vha?ea114?s, Maridlffeﬁﬁhlﬂ dedries have been

neur ol .o et a

Rré)lgpﬁeélu C a@%%r%%%%g%%n%ﬁ%&%e&aﬁﬁfih%ep%é %ompgnents biochemical

events in utero, damage of the blood brain barrier, diet and vitamin deficiencies, allergic

reaction and others. Furthermore, it is discussed, that the inflammation also harms the
axonal membrane. So far there is no curative treatment available for MS. However, a
number of medications can be used to treat the disease symptomatically. For example,
corticosteroids, a number of immunosuppressive drugs and interferon beta can be

administered.
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prevents notor neuron apoptosis and neurol ogic
disability (Ceram, A et al. (2002) Nephrol. D al.

wae@n®pd4ant 17: 8-12), inproves recovery of nOPOI/EP2006/066438

function (CGorio, Aet al. (2002) Proc. Natl. Acad. Sci.
USA 99: 9450-9455), and reduces the inflammatory

Ex?e%? Et',\i [}Ere?g gﬁﬂg; 028 2%7% g’j& &rgéck Ig? %Erél%{ne ster(gla Ql%gglne]lt with the
epp;hchtmpﬁ ERO o iargehmﬂanpnaiosmseve&i@s sel(w@gensratJm aspedts.yhus,

| f
RISl GRS LB S0 IR SR AT 30058 oy
srodelsgiMi@l cord. In people affected by Ms, patches of
damage cal |l ed pl aques or | esions appear in seem ngly
random areas of the CNS white matter. At the site of a

| esion, a nerve insulating nmaterial, called nyelin is
| ost probably during an autoi mrune i nfl ammati on.

Fyrsrinkengthiadrum aged o eyhihpgsueich eorh Hhecnasiend P‘fnala(2002) "Mol. Med.
?O g ma?%) &zﬁﬁ‘éﬁo%é,\%ﬁﬁ%q! a'v@ ?Hdv@lnth atlt t’ﬂ@rerﬁ/g bik-Sh gstPéﬁ"lt Br tSluction on

certaln parts of
bfirgodeeritl Lot JAEB) treed Pationis dstociatedrth & maskedytsarological recovery

&ﬁyaﬁﬁcamtcanfefl%ﬁﬂh a'ft@leﬁfdk%s’l“ ﬂ@lya%ept‘:s‘ ¢tkeREl PRSRY mt?avgnously

aut ol nit di at ed genet1 c conponents,
6} dhRekh ense @a«le ﬁQrSthﬁ ﬁrat,a ﬂ@ysaftedamgemﬁ mednecdsicotertionif PO in

BRIk icBlal sﬁh%t%\?ﬂgf%'e&)%rﬁ Hl%féagéd%%fiﬁ/l( i@l Ginfe fojs about 1U/D).

reaction an ers urt ernore, It I SCUSSe

bham levrds omthlegatiernts apprakisoitdthioris00He/] é)bcaﬁtar infesis Greemal serum
%gelg e aBQ@tr B ﬂJﬁ) ngﬁ%ﬁ; E\ﬁ’éﬁ ?{t"ﬁ%rﬂso @M@degsﬁﬁ ﬁg&P{o reduce
. u I Ca to

wever, a n er of lons can be u
tapedusiotha]jdiicsed e engomipassang regbh pf theaeutextnkd. e,
corticosteroids, a number of immunosuppressive drugs

f _
I PR EER0 L CER DAL AP e i

iggn ghleettat. ¢ Qiféﬁstctavbﬂftqiiomtbolaglpa ﬂ‘é]at27 bR7@f aiehgpeya-inducible
g@ﬂ&{% nl W 11:1199159@19{ n| so ), 3 ﬁg%gﬁf&%gt%tbd’ F‘ema,rkable

spect s’ erythropol etin
a¢1§OH®MU§@Q@t§B§¢1LﬁB¢1§VIaﬂl@HMﬁbl( H&D 1. li‘eelrdpﬁqud Howrbdrsab. 19:

DL RS ATPAR| R Agatn o1 EBF G50y Gyl ran
alyla vetak oxegenmi P dedigs robrpiwr taseen tepeided i neusenseng

f ' h
£§u%@ ef Bireh 94UG L. P5h gs Sog?Ab{A u\%}}%aﬁhglg%lgp &(51 871 B’%gﬁ Dy in

treated patl ents Clate \ neur
hewow bramsaigr echemnigahdouthyperaa EPQovas secafin epscytar aksele and

"E'?ﬁm‘&%h' .-I%I'Ue EBBER Vi H1obH FESRIL B AUADRHSh §t§ocﬁ%§£ Hses withi
once a? y ?dr the fgfgt dags 4ter st roéa. e ﬁ§§n865W1 =
thenefandts aitd tha pofi-iEHROt zene. In older ischemic infarcts EPO and EPO-R were
strongest in reactive glia. The net effect of EPO-R stimulation in the target cell is

proliferation, inhibition of apoptosis and, in the case of erythroblasts, differentiation.

It has been assumed that the BBB effectively excludes large glycosylated molecules such as
EPO. Although in the classic view the BBB is considered to be impermeable to large
molecules, studies have shown that some large molecules can be specifically transported
into the brain across the capillary endothelium to affect brain function. This takes place
via binding to receptors present on the luminal surfaces of the endothelial cells. This

initiates endocytosis, followed by translocation across the BBB. Since EPO-R is expressed
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the cerebral spinal fluid of the patients increased to
17 U1l (normal value is about 1 Ul). Serumlevels on

WO bm7pz4Bent s approxi mated to 5,000 Wl 3 h af PEr/EP2006/066438

infusion (normal serumlevels are about 15 U I).
Furt hernore, EPO m ght be al so successfully used to

f-usi [ ) L e [ | 0N: .
LR 0 ), A SRS TR o v
mceptexmedvgddranapeihe hunman and rodent brain tissue

(Siren ALet al. (2001) Acta Neuropathol ogi ca 101:

- | . . .
S lc B MOy 98] I KRBy 86
thenardqabeeforetytbppotesist Pnerepssneart thag is (B¢ theagedptor fir tigsue

. [ ..Bl ! : - -
Bonec EER0A; 21635 lfmiG AR BHRANEN - 54 s B B i
¢nythriel prdgdnitonumMasuba.d et al. 6HI9%) & Bidakhen pde8s 51208-1216). Another
r 0 7 -
ERRERy bl T el RPEpR IS ERPALE S IR O
Netapopiat leutlof EB@ meeded 27 proeipn agrinstdissud injuiny apprears to be in the
j ¢ ; : ) : :
O P B FROE P RBHY, O SPERO et S8Rt e O
indssiak shanderreythonpelict@mehcaist iyt lile ISroce(SEI (noliahi n
the.infarcts a the peri- i t zone. | | de
PO P P ER PRy 80 ERE T paiediy? ffect on neurons
oehebraie agd ite. spifabeardt HewéectthepoteR@Rss of BR(O &irisooh therapy is
1512‘[5% gg %get Ihe%% l’fgri s:l,%git%rét?ahllgilzgrhgt%lergswt#ﬂgﬁs;\tgﬂl1§hn ar%frequired to achieve
slichfaareffaéti &t neenErytiropasisiSeiatulaasufecr { BSA) Havin gBBBmproved half-
fectively e des l.arge. gl ycosyl at I ch.
Bl BBt S G MR8 e S T TR P e
mon=iadieele dow stabih gl cvpesnndebh én the Hl@ordysrarilte audie segative side-
studi es have shown that sone |arge nol ecul es can be
Etteé ffically transported into the brain across the

capillary endotheliumto affect brain function. This
Th& psobnasce the etatbiofitieragt dro soleaklpt the s1s¢ofeneREA ofithehigvention

lum nal surfaces of the thelial .cells., This ..
atTb e SVIRGE T Bkl BoBIEUAE dfoprEhidnaliedprticular
aoilcshr ehBBE liflkien steudti®- &R depicgedpn ebsddiats dsnaadhed. In particular,
api.Llaries.it,is assuned.that. the transport of EPO
FRPSEA bRl foishe PRREREREr § PatiehnEnt bR IR DGRl & o
hewandgpentratiNodisdrtlyss of He: 8 -einhwmd clongpemd] catd onatrofudaROhe
required f i ssue tectioon are hji.gher t those .
pedtomes ib be bbhT P BbTbE PLert s EiudliaRt i RRae f Qemically
trodifiet] eeyth @pettio im Jleduld hasdipeat past @etfice X pldupsind comprising
| ower, aff.inity.(approximt 1000-f ol d) compared . .
o PRtPoe iy bicsf 505t b b bl gon ok fPuRRHBEAF poietn
anBarnllogs @iteeof vt hdvk 28fred ddfhum nothespoietin modified by the
addition of from 1 to 6 glycosylation sites or a rearrangement of at least one glycosylation
site; said erythropoietin moiety being covalently linked to “n” poly(ethylene glycol)
groups of the formula -CO—(CH,)«—(OCH»CH»)»,—OR with the —CO (i.e. carbonyl) of
each poly(ethylene glycol) group forming an amide bond with one of said amino groups;
wherein R is lower alkyl; x is 2 or 3; m is from about 450 to about 900; n is from 1 to 3;
and n and m are chosen so that the molecular weight of the resulting NEA subtracted by

the molecular weight of the unmodified erythropoietin glycoprotein is from about 20

kilodaltons to about 100 kilodaltons.
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reason may be the presence of the BBB. Preclinical
data suggest that the m ninumtherapeutic | evel of EPO

woe@desh4sor protection against tissue injury apEEEPX0E/@:6438

be in the order of 300-500 m g body weight. Units
of EPO are defined as the amount of EPO inducing the

V. joninrats |like 15 mol
%5‘?&&&%@%?@?@5&@%@. efly, it is therefore known
that EPO has a neuroprotective effect on neurons of
the brain and the spinal cord. However, the potenti al
use of EPO for such therapy is limted by the need for
subst ant pamMC@_g@thﬁe(r(mq&éH? leggl s which are ()
required to achi eve Such an effect.” A new
Eryt hropoesi s Stinulating Factor (ESA) having an
i nproved halflife and crossing the BBB woul d be

preferred, especially if such ESA can be adm ni stered

Whergin e it ) 5 alfeomdgﬁ%ﬁﬁtm ﬁ&l@dm anch? ilie G Of fs erythropoietin

Rloe@d withb&ithé ntaﬁnﬁw g)@ltléhvi%rﬁ' Bl flﬁ@fg@( sl)mﬁ the
probl ens of t estae the art are sol ved t he use

BolyeeHhylgns ghico rgéO‘}PrW)emlt% a%%WP@FCﬁéO%A}%ﬂSéﬁ?ﬁlt preferably methyl,

bk @@hALIRA @9(5 bb(ab%hh%(ﬁﬂ@d gliyeol ) groups having
particul ar nol ecul ar wei ght and |inker structure as

NSRRI FleRFaHIN thORERAEDE: BE nRtEACERHe inlvBn tRA RdsGHE Brmula
this NEA i's used for the production of a nedi canent

for the tr ¢i sorders of
the brain [gﬁidﬁ%ge Zggzﬁwlgﬁﬁ yintro u0| ng the

nmedi canent in the blood circuit. In a preferred

whbet menfromai 3 tNZ2),insis 4 agth &ms dalresydurodiah ieedhropoietin moiety.
eryt hropoi etic nol ecul e having at | east one free am no

Lect
PR RO SO S KRS oL S RRLSE, fhh o
baedpogssed heanalogenghis gendrativatpmgarhbs thie aminaacid sequence of SEQ ID
/t hropoi etin nodified by the addition of from1l to 6

gl'ycosyl ation sites or a rearrangenent of at |east one
gl ycosyl ation site; said erythropoietin noiety being

I I "Nt
SR e AR PR S P S Bl PR
fiodgied barthomidifiorodf fearohl tpdl gfcoetldiydnestes.gl ycol ) group
formng an am de bond with one of said am no groups;
wherein Ris lower alkyl; x is 2 or 3;mis from about
450 to about 900; nis from1l to 3; and n and mare
bhmlnﬁrsmsefmgd emhedimghethelnenrodsggterator dishederesfithe bragn and the

ggﬁ &bqglt)ﬁﬁletnp&h l)Pt‘flP In?xren 1# gﬁtrelg{edttg Gn ac%ce e¥ent selected

ery ropol e | gl'ycoprotein 1s from
ﬁomkstﬂotd,aTBIdffsamtaﬂimum Inp@ykar spial cardsnjPrye ferthgingre, the

Baﬁo%&aﬁ% &@oerd&% rom’ﬂean'rain and the spinal cord can be related to a chronic

treatment comprising stroke, schizophrenia, Alzheimer’s disease, Huntington’s disease,
dementia, FXTAS (fragile X-associated tremor/ataxia syndrome), Parkinson’s disease,
spongiform encephalopathy, multiple sclerosis, and neurodegeneration associated with

bacterial or viral infections.

In the current method, the NEAis administered in an amount sufficient to treat or

ameliorate neurogenerative disorders ( a “therapeutically effective amount”). The NEA
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P-[NHCO (CH2) c-(OCH 2CH2)mOR] n (I) wherein x, m n
and R are as defined in claiml1l, and P is the residue

WoRoork#s4s6 yt hr opoi etin noi ety w thout the n anPCDEP2006/066438

group(s) which form amide |inkpge(s) with the
pol y(et hyl ene glycol) group(s).” Wthin above depi cted

%%rl{fbagﬁlh%gg&ﬁo r{gﬂgﬁt%??&%h?gﬁ{n'i‘%'r tfé&rcgs SE(,[ %{I“he '\Ekraggofhe

exact dneoynstaf NEodepehds dmiberekiad typleaxs corhbtwmbmg treated, the condition

BETE PRSP ENERIHE Phtr PRBabIEEM el o e

quytity dppg etlatas mhet@pecﬂweé@fmbpgaemm éhet iy phrteippimetigtponly.

is a human er.yt hr in, ich )
Pl aastet R atny St damb o G ot R lbingine! ki By weiant
besh Edreorit e pPEBdBRARRhbSEQ thlabBEY 10 11g per kg body weight
Al'ternatively the erythropoietin noiety has the
QREISSER: of human erythropoietin nodified by the
addition of from1to 6 glycosylation sites. In another

m&é&ga{rg dheNpadh AEBY adnfigisheet ﬁ@@egﬁ&ﬁfeﬁﬂ%\}?o\%v%p FIRLENEA used

of the raln and the spinal cord treatable b
ARSPFBHE 1or the fvep ik Ay also &F admalisiersd evyy Ao éiVEEkSeCVé%‘ili‘fee weeks

§€bReta@for thOMesdir AKSn eIﬁhw(ﬂfe%ﬂEﬂeﬁ@n(ﬁﬁ bR tHddibHayes tRhted and
spinal cord injury urthernore e neurodegenerative,

teddrdieradnynisiradorh Theph éwaa%%ca%&?rﬁa@m&woeﬁﬁl%the conjugate

k@E estnfu@atdd &y éi’fé'ngthterﬂ%@ﬁ\f@&t adiRMRkIaBibA By $hfi@k8neans to a human
i zophreni.a, Al zhe| nmer' s di sease, Huntin

a@@aweﬂa@%&two deegrovatiye ¢isgyrees Cb@ragt%%ﬁdgwae death of neurons.

WoGARY thataph Ry BEHATEIM o AL Kf 8 @Bn B okl $RASAry and in particular
spon(gl form encephal opat hy, nult |(E1I3e scl erosi s, and

e bbrebasedagn rs%%@%éa@anw& IsscEtPsion A a gpalified ghysician.
infections. In the current nethod, the NEAi s

FRET P Fe QE@Etyl 0T NHAARRENd d ek fwhtﬁ'tﬁﬁ 'in\teﬁtlbﬂi €& bOdetermined by
aneliorate neuro%eneratlve di sarder

VAT AN R 1 Tag aréckhedolagy] Aetiyity #ﬁlée INEreg NIy of this

B S Qi @CkhhCadPdih is@AtiSn BYthe N2 LI BNA ectﬁlﬁi ROASmYS Bltients
for  EPO therapy. The exact anount of "NEA dep ends on

feselteirdbe piojeseiop et peHant plghe Beiimand theapwal Cocr
condition of the patient being treated, as well as the

Th@ﬁlﬁarhfhﬁ&ﬁiéhﬁ%ﬁarhtﬁbﬂshﬁ tIOIP& i ohi ifElu de| ﬁearﬁllaamticmoh{posmons
|l ates to respective erythropoietin (that

BHiBDL (3 iestied ;t,haé AT o py aicaruith § Phaymi3agytisply geseptable Carrier or
181 BhEpeFarbiONd ARON hh &rdack @it p k@Dl IBRWnKE the art. See,
E)?%xamplegUS 2002/0037841 Al (corresponding to WO 01/87329), which US
Publication is herein incorporated by reference. Pharmaceutically acceptable carriers for
formulating the products of the invention include human serum albumin, human

plasma proteins, and the like.

Furthermore, the use of spray dried preparations of the composition may be desirable

with or without adding any stabilizers or filling material.

The ESAs used in the present invention may be formulated in 10 mM sodium/potassium
phosphate buffer at pH 7 containing a tonicity agent, e.g. 132 mM sodium chloride.

Optionally the pharmaceutical composition may contain a preservative. The
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of an ESA of the invention, preferably fromabout 1 to
about 10 ng per kg body wei ght once weekly. If

woewessEssy, the NEA nay be adnmini stered nore PCT/EP2006/066438

frequently. However, the NEA uged according to the

I nvention may al so be admi ni st &F ed every two meeks

Pt DL MR TR ARt TRRH G S BHET b Q08T protein

tger+ﬂﬂMQ@hﬁUmmﬂﬁabwéﬂmgmr4mhggpharnaceut|ca

conpositions cont ai ni ng the conjugate may be

Eﬁé 1ﬁ%e ef&aﬁ{y 11?‘["1]9#%68 flII t%%tbl oedt Ju%ult%gq}g J:tiS r Q&Jrﬁ)arl] patch,
var ous

mﬁun@dagenbpaﬂimanUMs@mﬁers characterlzed by the deat h

of neurons. Average therapeutically effective anounts

of the conjugate may vary and in particular should be

based upon the recommendati ons and prescription of a

qual i fied physician. The specific activity of NEAs in

Btﬁé@aldaﬂtﬁel\l RAamill bapdmimsyernd fom wdivide] det éosaiof éranb?,bout 25 pgto

QH? t}@ﬁgﬁ% ubrEQ‘M)? i ef(:# I%ﬁ Qa'«{ ﬁlte %EE% 0? hgdrggé%ﬁératlon or

act i e purl I's invention is
aprdyinaéheimabsut 39 pe ke dfout h@OREN weelgwithghianjicedtmant Qfo
{
PR ek L b Bl L RO o PP B e nded up
pr @parapppliction cydig niontent ¢won i lmﬂg@ld@np Frameacleptridiag on the type
f

PEVER AP o et B b S o SRR e il appticd
wrthwbpitcl68 ugThay yr @pmeazvqebm ofutesersds gharnaoe a2/ week in
§g§3¥5|%§ons is known in the art. See, for exanple, US

0637841 Al (corresponding to WD 01/87329), which
US Publication is herein incorporated by reference.
Pharmaceutically acceptable carriers for formulating
the products of the invention include human serum

Te, tﬂh@ﬁ[@/ i OQISJB%C 95%1‘[%3 Q% Lh q\IﬂZA Hg‘eful accor%hng to the
Furt ernor e, Re use s ray preparations o
tfiecneanivosd t1$€© ﬁnqhaywtmg imat@lvmgvm per@trawht)h@fuhe hlped igain
[

e At LR e Impi\ M e PRLb ity offNE RRporif it
S@unmwipota33|un1phosphate buffer at pH 7 containing a
tonicity agent, e.g. 132 nmM sodi um chl ori de.
Optionally the pharmaceutical conposition nmay contain
a preservative. Thepharmaceutical conposition may
contain different anmounts of erythropoietin protein,
Huganpoythropogingdranalogpet piisas sefiigg abpvaem begxpressed by

endogenous gene activation. Preferred human erythropoietin glycoproteins are those of
SEQ ID NO:1 and SEQ ID NO:2, most preferably those of SEQ ID NO:1.

Further, P may be selected from the group consisting of residues of human erythropoietin
and analogs thereof having from 1 to 6 additional sites for glycosylation. As set out in
detail below, the preparation and purification of EPO are well known in the art. By EPO
is meant the natural or recombinant protein, preferably human, as obtained from any
conventional source such as tissues, protein synthesis, cell culture with natural or
recombinant cells. Any protein having the activity of EPO, such as muteins or otherwise
modified proteins, is encompassed. “Any activity” is this respect also includes the binding

specificity to the EPO receptor presented on neuronal cells only. Thus, NEA derivatives
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The NEA will be preferably introduced in the bl ood
circuit by injection, dermal patch, subcutaneous

walepessu3®r i nhal ation. Preferably the NEA wi | PCDOEP2006/066438

adm ni stered to an individual @af a dose of from about
25 ng to about 500 rTg/day for up to two weeks with

gtggtcﬁné@stﬁ% 18$en out gﬂ)gggg %r}}ﬂ[}%@éupé’%@ﬂg %%hﬂ&u&&pm

Reea breatt EL’D m@u b@ desgered van dxpecsslps gn€HS)-, BHK- or HeLa cell lines, by
?e‘é&'?n’ﬂhﬁah{ B‘N'Aptréc}llr[hlé;@por b%teﬁlﬁs dndaf e(flggctfi'\l/a‘?ignb@xp?é%‘él%ﬂ%?groteins,
e ry mont h or even i R

to once an a
1n@h1glgrg EH’(B(,é:)yfqndngfg],oud eperndiivagioons welkknoppeingthe art and is disclosed,

ERRLHFAL D PR 5L 36 b 3y Oy pions
bateyt publitgicorondeR 93&@9&%%0&4{51@95@ W@ 35h3 1abo, W 0201 1354, WO
3%8@6% kanldrwgy 1984955 GAe Ettefid Bi\%gfl %ngﬁiclh apeelnc X)%P&t&?ﬂereln by
concerns a Kit conprising an usetul "accor
tdiereafeoteerpuetared dlPQupesicafod tize rapetaercef @rmhrqpmﬂgl gl protein

Eﬁ)@i%%trs %Pé }luintlyn Ef’Ot g&tﬁﬁl 191%96 Ire?el 1?,?1?{/ Elg(P s?%gestki){]tgg 8uman EPO

ance 1 nprovin tra
bmxan githpanrin@acid seqmamcm sbbd)ut 1HSE@rIDeN@t Ihero{is) HY NO:Andore

EIQ, Q%gﬂisea?ﬁi%%&ﬂss gee ]\?@rve can be expressed

genous gene |va ef erred human
eryt hropoi etin gl ycopr ot ei ns are those of SEQID NGO 1
Bwmith $EQr¢, D' Nay Bs thewetdysradfacehabprptdinesdophaBEJroD INO Gladditional

G 'ﬂ% Lé%co? eﬂ:’%\ﬁb% nﬁe r}gﬂ%{?%doffarpg) efnh it ro?llé% ﬁpor}§l %JSQ&PQJlde

resi ropoiretin’an anal 0gs t

pravpagctureat speafié lamaldirtsiabumel a pilyreptidobacybymomyl aedtlyaffects the
. an

R R T A R S

logalivetion, anHéiclagical attiaty. Ghcosybitinant uspridy ef two types. O-linked

- ef I
é’fé%)rsg&ﬁﬁ’ﬂl %'él}éé;‘é‘?{&nhe‘?&sto%@}u% &etﬂrJon?I{Q %ﬂXue%%HM‘N‘ﬁ |ﬂ?&f‘

rSsues, proteln synt
cligasanchandes laravatagh el towsparegmﬂtnsﬂam CQpeltyre. of Atigopedtsiafound

QI? ﬁg 1 gNtlffl%e(? %&4 I&i—glé}i%:ggo 1§<{.>3sn?gc,hsa}'1 SQS @ﬁl gﬂ.e{ ?ﬂeugargfnb\namd (sialic acid),

Wi se o I'Senconp
abichus 4 familyfhiniso sumspeontaalis®ion r_riomd esbometolmsn ﬂuahcgamd is

BREFL St 5, BT SE IR B SR g0
bmeseti't Mrmne@ﬁmm%eecqﬂfm aq:idicqublmeraestto\ﬂnet glyapeotein. Human

e%metln %%gl%% gr?ltg}_ﬂsa% S c%\eimp {hr%al(lehnked an%one O-linked
Dbg;ﬁﬂlt@hﬁl&iﬁch@hd&vﬂﬁdi’ﬂmhmgsy abOutb@@O/temﬁihg m“tollmolgeﬂer weight of the
glycop\fgttelnoﬂ]' hr'ﬁ%‘é%r cosy(fzﬂlon ocelrlr%tf aspar‘agme residues located at positions 24,
38, and 83 and O-linked glycosylation occurs at a serine residue located at position 126.
The oligosaccharide chains are modified with terminal sialic acid residues. Enzymatic
removal of all sialic acid residues from the glycosylated erythropoietin results in loss of in
vivo activity but not in vitro activity because sialylation of erythropoietin prevents its

binding, and subsequent clearance, by hepatic binding protein.

Glycoproteins used in the chemical synthesis of NEAs of the present invention include
analogs of human erythropoietin with one or more changes in the amino acid sequence
of human erythropoietin which result in an increase in the number of sites for sialic acid

attachment. These glycoprotein analogs may be generated by site-directed mutagenesis
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i ncludi ng EPO, by endogenous gene activation is well
known in the art and is disclosed, for exanple in U S

w@adoensw3dNos. 5, 733, 761, 5, 641, 670, and 5, 733, FE@BEPTNE066438

international patent publicati %g Nos. WO 93/09222, WO

94/ 12650, WD 95/ 31560, WD 90/ 11354, WD 91/ 06667 and WD
ﬁ&él ggcﬁﬁmoﬁshg l&ﬂﬂfse&tsﬁbﬁft &&&%f‘ﬁﬁuﬁﬁﬁ(ﬂh&@ ré{dTes that ase or alter
I ncor por at ed herein by Fef erence e pre erre ’Il—erE?

siize that oref aynilabhefop gbpesybtionGlyéo mpgmmarmﬂngs daving levels of sialic acid

% g ?%glttl;és% fﬁﬁﬁ%ﬂ%@gﬁg@yl X 1etﬁPQﬁ g&nge%ét%ggr llg\]@({lﬁ% 6lycosylat10n

sitee whndhndy =i pdrtgéutlnem@@néaiy o uertinry SEQrmDtNOrdquared 8E(Diological

%c@v% (%lyccf_lpg?h AN r@é(fiélatﬂg}fhéﬁ%%}%%tﬁgsma ]@%Rse&qﬁggr%se%ltz‘gwentlon

oymhtd@taealn gelmainggnérassed g:vf:hs ofwatbohydéata ditiachimenaht a glycosylation

:?’1‘[ I‘?’lcﬁ ﬁgua%r ¥n%§\>éltﬁé éu%@tltugﬁx 5P gP{é &I 1111893 a%tung a&d?ﬁn JEIQSC proximity
ari de groups, occurs a

chrm:N flmkedi oc &t-lidred sab dilgccpr poing pegpt in diee Heeokibd sgtherts of NEAs of
ﬁ{ejﬁééekﬁ 1%% %ﬁ)tnsalstonﬁ IHFQJ %ﬂa‘f S hg€lgggflé bF ﬁlogg a+{1]1% RIREL din g
su as proI} ern ab , subcelTular
fromathie zafobmmerrannﬂ dmcbd>f®gythaipomml anidtprovi@ingeo Eyitatie ardditional
g;;??g%@g%e ite. f(}lic\gﬁrotglﬁg ?% Pg% Ilg]ﬂegéé%glécsa,:l g%?l‘?e%%c g%ﬁ_@ F f(h%gp?esent
imlvblgdmaa:lsrhmp]ude sn@dogs lmtvingcahadun@ aad payagcanehicke gictiules a
Bty BLLREBRERTEL I 0, S L B oion
tisd iaboleesabe dgletiomhofcimeios na)ré g}ymbsylaubn almSnm hsoga re_sythropoietin and

ﬁl%natd Itlr(])lnn 9 O TR Sorf %zrltkl)lcr)z{h aotcgllirr?m S 0 y(l:ataCI esI girythropoietin
usua 1 er mihal “resi'due on botgtgylﬁ-? d"&hn
frdlo gskfﬁ'dl znidutgn&hglgz&myladms signdre disbasbd & mlbretx&‘az{ﬂsinﬁuropean Patent

BRI E o AL R RER e RPN, PIPRoyi ng 165 anmi no

aci ds, contains thr ee N-1inked and one O linked
Elhlitl]ﬁ]ﬁ@ﬂ?@ febych pie tadinau sad inthiech emanajsyn gesia bONEA4 0the fprestuet

h i nke .
}nlvgﬁtlonn%J a?fﬁ gsrf]:%é gﬂﬁfrlcg é‘{ii(g cglegcee %lggﬁélgd glﬂtrlgasp %éa%}é’gtg%{}al site for
ngeosy]laoms sh as,3:81,t nanbim@ad andryﬂaﬂopnk:eds giyposyg dieisequence of
%c;:] gln ryglérggmsé in rrrllo Sifie dﬁtl) dﬁrg‘\loglglcé: Efgngse ecteg%sol kheq“oﬁowmgl
si al | c acid reS| dues. Enzymatic renoval of all sialic
aci d resi duedsrffihm’t he gl ycosyl ated erythropoietin
results in loss of in vivo activity but not in vitro
activity bech%1 sial yl ation of erythropoietin
prevents its ng, and subsequent cl earance, by
hepati c bi ndi ng Tprjgt ei n.

Asn®:
Asn®Thr’ ;
Ser68Asn69Thr71;
Va187Asn88Thr90;

Ser87Asn88Thr90;



G ycoproteins used in the chem cal synthesis of NEAs
of the present invention include anal ogs of hunman
we@eyrisapoi etin wWith one or nore changes in t hECEHRPI006/066438

aci d sequence of human erythrpgfjetin which result in

an increase in the nunber of sites for sialic acid

attachnent. €KX E. 6 YO at ei n anal ogs maybe generat ed

by site-diré%?e§§h3?§92ﬁ§§ishaving addi ti ons,

del etions, or gub%Fit&;iq)s of am no acid residues

t hat i ncreas®rofsmlthar Tsi'fies that are available for

gl ycosyl ati on. d ycoprotei n anal ogs having | evel s of

sialic acid greatetrdran'¢hose found in human

erythropoietin are generated by addi ng gl ycosyl ation

sites which do not.  perturh t secondary or tertiary

confornationA$€%ﬁV?g@£?%@£%@%fogicaI activity.

A ycoproteins used in the chemi cal synthesis of NEAs

of the presefin’rmyEVLFRRNEIrRES%i ncl ude anal ogs havi ng

i ncreased | evel s of carbohydrate attachnment at a

gl ycosyl ation si jych usually involve the

substitutionA%¥%%ﬁ)ﬁ%1;nDre ami no acids in close

proximty to an N-linked or Olinked site.

d ycopr ot ei nsertiaad’lid’ae; chemi cal synthesis of NEAs

of the present invention also include anal ogs havi ng

one or nore nhﬁg agl ds extending fromthe carboxy

term nal en ?9thropoietin and providing at |east

one additional carbohydrate site. d ycoproteins used

in the cheni aal'®$yrit’hesi s of NEAs of the present

i nvention al so include anal ogs having an anmi no acid

sequence mhif%}dﬂg% udes a rearrangenent of at | east

one site for glycosylation. Such a rearrangenent of

gl ycosyl ation site involves the deletion of one or

nor e egcosmeﬁ%Thﬁ?ites i n human erythropoietin and

the addition of one or nore non-naturally occurring

@gé’ ﬁ&’tﬁ%&@kée‘&%e?élﬁ ?ﬁmgﬁlﬁgﬂfoﬂ%qlaﬁﬁﬁ@ %:,Q@?% Q8¢ Vﬂl&ﬂls that the

addi tional glycosylation sites are i'sclosed I'R nore

Pestitagri(s) of tEuc@pespondag enmodifiotl ipcettindp. 26WIBP@ 2O SEQ 4D NO:1 or SEQ
' | _ : :

B B2 DTS RS ARE erod Mol A ORI R thgamyipg geid(s) that

whimedhietehyr msedt thavegrciiwsupanpiptsénambartno aci d

sequence which includes at | east one additional site

e %1%%)‘}8%}{4 lﬂﬁ{é 2% ﬁé"&harﬁﬁogg 1pq'r“§lr§n g'BQ‘ieaLti JHeta@ditioRal amino acid at the

er poi et n§ conpri sing the ‘sequence of human
earhotyrtopoinet dnd afslek $lyesprerginawhenginf the adilisanalaingne eeid includes at

f&éﬁ %%Esrcésgialtigﬂ\’isﬁ]& i.eRP §(9n-|]-n éatg’ 43 deMFPP aﬂomralsg Jefers to a compound
wherein the glycoprotein has a sequence comprising the sequence of human
erythropoietin and a second sequence at the carboxy terminus of the human
erythropoietin sequence, wherein the second sequence contains at least one glycosylation
site. The additional amino acid may comprise a peptide fragment derived from the
carboxy terminal end of human chorionic gonadotropin. Preferably, the glycoprotein is
an analog selected from the group consisting of (a) human erythropoietin having the
amino acid sequence, Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu
Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro GIn (SEQ ID NO:3), extending from the carboxy
terminus; (b) the analog in (a) further comprising Ser®’ Asn® Thr” EPO; and (c) the
analog in (a) further comprising Asn™ Thr** Val*’ Asn®® Thr*® EPO.
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Asn69; Asn69Thr 7 1; Ser68Asn69Thr 7 1; Val 87Asn88Thr

90; Ser87Asn88Thr 90; Ser 87Asn88d y89Thr 90;
W®Ee008/82.s88Thr 90Thr 92; Ser 87Asn88Thr 90Al al62; PSTIBRING/T66438

1Ser 87Asn88Thr 90; Asn30Thr 32Va| 87Asn88Thr 90;

Asn89l | e90Thr9 1; Ser87Asn8911e90Thr9 1; Asnl36Thr 138

B0 0 R 5 AT A T s
seruegrecnteiaideashane tifedopgdydosylaimgrs JThofreartag gement may comprise a
GRS  R IPS  RLPLEL G Bn S50  hPo
addrber 069n Ndinked ngbdhydyatelyie atrpasioadidd(fshe arhap a<:1d sequence of
hﬁqﬁgg %’{Iﬁjoigm@[ﬂ_ﬁ Cﬁgﬁ%rgbzy tHfé é?c%f)%t&ﬁ ? Hpﬁ‘[)ﬁ&%ée%t%g fI‘Oén tl:;: gro;p
bensistigg af GlnéaSr® @’me aanm. tEP6h &iln aﬁtmoAsanm Thrat ERGreind GIn™ Ser

g%pb?ﬁyohfbn1nal end of the glycoprotein, wherein the
di tronal "am no acid includes at |east one

gl ycosylation site, i.e. the conjugate as defined
abosed hetan, ‘lefantkyt oneans epourd brirehed alkylhggoup having from one to

%&X&%Bﬁ il %%J‘E%ﬁ 1Bs SAGW f %%@Jgﬁghﬁd& Ihaﬁylzgtﬂyﬁa{eﬁ(&qso%fropyl. In

uman erythr opol B A an sequence
s@phibwye with this tsentiort, Rais huyemee aliylhCopjoigates im wedguBnemgethyl are
ﬁ@ﬁﬁﬁhﬂ t he second sequence contains at |east one

ycosyl ation site. The additional am no acid may

conpri se a peptl de fragnent derived fromthe carboxy
e simbe! ‘and rapreshuivethe aborbien of ethytena datdeogsidues (OCH,CH,) in the

E&?{e@l{ﬁgey omaaegrg{lff.cgpglﬁ)élg ipd Subunit of ethylene oxide has a molecular
weight of about 44 daltons. Thus, the molecular weight of the conjugate (excluding the
molecular weight of the EPO) depends on the number “m”. In the conjugates of this
invention “m” is from about 450 to about 900 (corresponding to a molecular weight of
about 20 kDa to about 40 kDa), preferably from about 650 to about 750 (corresponding
to a molecular weight of about 30 kDa). The number m is selected such that the resulting
conjugate of this invention has a physiological activity comparable to unmodified EPO,
which activity may represent the same as, more than, or a fraction of the corresponding
activity of unmodified EPO. A molecular weight of "about" a certain number means that
it is within a reasonable range of that number as determined by conventional analytical
techniques. The number “m” is selected so that the molecular weight of each

poly(ethylene glycol) group covalently linked to the erythropoietin glycoprotein is from
about 20kDa to about 40kDa, and is preferably about 30kDa.

C‘ 2

In the conjugates of this invention, the number is the number of polyethylene glycol

groups covalently bound to free amino groups (including €-amino groups of a lysine

amino acid and/or the amino-terminal amino group) of an erythropoietin protein via

amide linkage(s). A conjugate of this invention may have one, two, or three PEG groups

C‘ 2

per molecule of EPO. “n” is an integer ranging from 1 to 3, preferably “n” is 1 or 2, and

C‘ 2

more preferably “n” is 1.

The compound of Formula I can be prepared from the known polymeric material:
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an anal og sel ected fromthe group consisting of (a)
human eryt hropoi etin having the am no acid sequence,

w®0078854368er Ser Lys Ala Pro Pro Pro Ser Leu PrPOI/BRI006/066438

Pro Ser Arg Leu Pro Ay Pro S_e7_Asp Thr Pro He Leu Pro
Gn (SEQ ID NO 3), extending fromthe carboxy
termnus; (b) the analog in (a) further conprising Ser
Asn Thr EPG and (c) the analogdn (a) further
conpri sing Asn30 Thr32 Val 87 Asfy88 Thr 90 EPOQ. The
gl ycopr | (2350 0og having an am no
acid se%gﬁ%‘g%???ﬁs@r@& esﬂla rearrangenent of at
| east one site for glycosy i The rearrangenent (Il)
may conprise a deletion ofYany of the N-|inked
car bohydrate sites in human erythropoietin and an
addition of an N-linked carbohydrate site at position

- C : r
R R U L A
fithithae ¢rathgepnigt i gnesipsetieing Compeindsiofdir @ sl fig8hithx i9d are alpha-

50,8, ol 30, AL RO
BEGi $i&ar Compbradsatiddrablayll ingwioigh X el inegphad awerrkaxy, propionic

R P AR R of R b Ol ¥ B By
vartvintidriad miethasinfireasfin Ran gctavaged| eswge withlak i inQrfoug aneside can
EUEE ol PR AR 1040 gy HIE) SRR e o
Gidup chwsin hide polige foemhipdre deaxé dissucgniougyl edtesd sugh es AEG

1 ) ) ¢
S O LS O SR BE HPUBPb e 05 P
Non,t a0, (seuecl Segiendpet B 1987 Bdautraretwbi.ght of the EPO)
depends on the nunber "nm'. In the conjugates of this

tod " is.fr .
HOKERERS corThint Rirle TGO b OfQLer it argino aroup plus the
tszanall(a@ gﬁouﬁﬁ)of(@a/_);ine pdsﬁueg.afollm fﬂllé (pﬂg}&zbmm}qreﬁ@fﬁt Wgs c&ih(ﬂtéihed with a
correspondl n to rmeuarvvelgto about X
g%gf(?mi?ﬂ%ncﬁ&ﬁ%m Hgit g@% heen g?imé%‘ﬁt tREL7 -?weprpé%rui’ﬁgﬁ@tw of
oo o ! : Pt
FAMARL S R Bt N SFELAMMIS R BIRIOOAELER, di- and trace
amyunts pf gsdntpeghleted apericasverqprodutdiahenrthapégybativh oengefit was a
rre i tjvit. difi P . :
KPR <SAPLTRESIAALA ot Yr U HTRELLG InETR pldscin:PEG ratio was
1 Baprimariyshevniohd+pegylated spagaeb issprpdunggd. Blie pdegtatedUiis® canalse

det erm ned by.conventional.analvtical techniques. The ..
AR RER PgBR Bk OB R e Bk B R R g 4 iternt

payhuted species. By manipulating the reaction conditions (e.g., ratio of reagents, pH,
temperature, protein concentration, time of reaction etc.), the relative amounts of the

different pegylated species can be varied.

This invention provides the use of a composition comprised of conjugates as described
above. A composition containing at least ninety percent mono-PEG conjugates, i.e. in
which n is 1, can be prepared as shown in Example 5. Usually mono-PEG conjugates of
erythropoietin glycoproteins are desirable because they tend to have higher activity than
di-PEG conjugates. The percentage of mono-PEG conjugates as well as the ratio of mono-
and di-PEG species can be controlled by pooling broader fractions around the elution

peak to decrease the percentage of mono-PEG or narrower fractions to increase the
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pol y( ethylene glycol) group covalently linked to the
erythropoi etin glycoprotein is fromabout 2CkDa to

wa@bwan3nskDa, and is preferably about 3CkDa. |PCT/RR2006/066438

conj ugates of this invention, e nunber "n" is the
nunber of polyethyl ene glycol groups coval ently bound
( g
FSTHER ATAR BEGHR RGBSR TN, RSy al, Pos
grjugsyesaie agoat haldncopbyieldiandpriatiei fometamendodepositions in which, for

&aﬂﬁﬁg ecl( Elst nphehf WV(IJJ g%&&léc?% &Efs&% éllr}rﬁt n\% F‘Se( 'ggﬁ‘}gﬂi‘g%* tﬁ%é%jq %a,tes are
n@nafPEGrm;@ges (r @quglsnlg niaydmdesital. By aperabediaighiyof'this ingention the
E%rgénﬁc?%rhq cg}g‘]‘hg%t% \9{1%% glﬁge % 1sfﬂr:bm 'nﬁéy lﬁe-we%t & \q%ﬂgl#;s‘%x gércent
material :in which Rand m are as descri bed above by
Bdmmméftrh@uittihe thao Apbemidalbf mpaifind brythropoiieti proften as presented in

. \/] ' . = J .
FEYRGARR, ALEROLMERELEL o 0 PRI QST e e
sibeiimieniialy Is hegtlehydrophipo Ialycé baspy/lhegeen gjegudayiweighit olis is because
I?éljﬁgd%é'et gﬁﬁ’}ﬁ%)afeuggm GQ/fol ﬁ@rﬁb" A lbéS 'hgvé/\éﬂo% tHat

re a over a oxy pr opi oni’c
pegybitin rw1dlw1 sneadt IS nusflecp i (@OO(éDhlwremelegulytwbl)ght() Iredveses passive

Blllalﬁpfé%tiavgﬁ' ep(?BtA‘?i s B € Y)?zﬁltl 'dgﬂ%d J@l%&?(ﬁﬁh% fac?O?CNeOé}theless our

er vv|t an am ne an am de
pamytlés| heloddemonstiate dealytthoprestnse pf the dN Fa%mwb¢ CSEeThese findings
i I Vi
%%%g}?éﬁét%tﬁgﬂgﬂﬁ g/%ftf(i)qusqy oﬂisets&%_hﬂeatc‘ lﬁ@eell\lg Sf %C@&&Qmﬁg c]omprlsm g
p@lb@tlsylwcghycab ndieticsomognarrdsn of thé ermariuz df the mo]@pmld pew through

d U. S. Patent
%%@%9@%%5&‘@%‘& B b A PhR G  T007 (v <. et

. Human EPO contains nine free amno groups, the
Bmem@_ suffering fram stroknbaygrtolpe tyshied withethe irven e yES@p soawf as
E%é%?én gﬁt}{ Fe%%é%'t'ﬁ)s X}‘ﬁ‘é‘ ﬂe%%ﬁ ﬁ&?&l&@&%&oﬁﬁ N%%g\gﬂtbe%ﬁnmstered
pererlidatiy dde tchiag lrrgtror.ﬂd r?SlSentalnpﬁr iottk¢ hloPEGrewit {thatgs, ldn gy half-
ﬁ#&?‘ Sﬁlé’eqﬁg]ﬁﬁgrhag ggﬂgr%&é’n? tlﬁfe a{ ﬁ%%%? %ée%gwcﬁafﬁhf% el tﬁa EPO

race anoun t pegyl at e
spebe shalerea quabdubed cavhe portthdled ey y pattiyonrmosageat. Baeesise the

BBEAR FREMT Syl SO o B L BT gr e
bh edmmmberp@yb AtE2d nsgeioe eide piecpyliatno eacreahe rigegfithadreblosis and

&Qxﬂe@ﬁh ngo%ﬁﬁélﬁgoﬁre%ciqc’é ure, or as the cation
exch rona a

ogra separ di fferent pegyl ated
speci es. By nani puI ating the reacti on conditions
Tke mventicar is Gurdifer dessgided belopMy demonstrative examples. These examples

portray various embodiments of the invention, but are not intended to limit the

application.
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tenperature, protein concentration, time of reaction
etc.), the relative anounts of the different pegyl ated

waepmciogE3can be varied. This invention provi deBCT/RR2006@6438

of a conposition conprised of nj ugat es as descri bed
above. Aconposition containing at |east ninety percent
nmono- PEG conj ugates, i.e. ' nis 1, can be
prepared as shown in Exanpggégﬁﬂggually nono- PEG
conj ugates of erythropoietin glycoproteins are
desi rabl e because they tend to have higher activity
t han di - PEG conj ugates. The percentage of nono- PEG
conj ugates as BRlrhplas: kdwlakiahioP EPD vian@dmd:-SBA PEG
speci es can be controlled by pooling broader fractions
around the elution peak to decrease the percentage of
nono- PEG or narrower fractions to increase
t heper cent age of nono-PEG in the conposition. About
Rhatsrypepeticr and ponicaBEGoE bninay PEsis agedescigrddn b @HEe272,
g&nﬂ@ghd and activity. Sonetinmes conpositions in

for exanple, at |least ninety- two percent or at
| east ninety- six percent of the conjugates are
nono- PEG species (n equals 1) maybe desired. In an
EF@%'rﬂi%@ﬁn cotdAhse WA e deRl filRE %&&ﬁ%@%arﬁ le 1 in US 6,583,272
conjugates where nis 1 is fron1n|nety erc
iRy washamegepeausas determiged gyarayticat meﬁmié apdy @howfd the typical
{%Bﬁ)mn%ltﬂe% Rdistih £6r SLY RS thﬁf A ﬁ)e&lﬁgﬁ)ﬁﬂ 1@&3 activity of 190,000
fresente in this invention woul pass
Wmﬁﬁgsrﬂefqﬁ@lr@é@me §P%@@@PW%@PBW 3§§%{c éf he ﬁégwndfsagent used

kﬂ@ahﬁﬁﬁ&&ﬂ@ﬁ}SEAHMQ@L%aﬂ%ﬁﬁ%ﬁhﬂkﬁﬁoﬁﬂﬂa@ﬁéwﬁn&ﬁR%ﬁnahﬂ,xm
nol ecul ar ™ wei his is because Partridge et al

@m&%@m.@&to %@s(@&@regﬁ abgyg 6301 Sorregponding 1@ YLy veRREPan olecular
bitdbeht REdydation with a small PEG nol ecul e (2000
Dalt on nnlecular wei ght) reduces passive brain uptake
éﬁgeptldes such as the brain-derived neurotrophic
3ton Rgagtédn hel ess, our exanpl es bel ow denonstrate
clearly the presence of the NEA in the CSF. These

O TPRAREFRRL LTS PAROE 16 S DO NER' 398 umon
¢d my bEnré M bytasdu)mmhloqihaesbuffet qoi, @tfecbnt:nhm gtSBé mg of 30kDa
structure of the nolecul e pass through the BBB b

ety PG BAK G Himye) S A S e S Hoxmendlbc. Huntsville,
ii’lafb L& # DS ?{E%\d L34 T Cf)lée% fh g yl‘i:" at r%o% te}npgﬁlhre (% t2§ {:5‘ %he final protein

PRvent oon as respec
echroemmdme\uxs(ﬂ mgjmladnddhspm@ﬁ PlEﬁiareh@At witiol wdsel 3. After two hours,

BT S LaPBEL BB € S RS MEE R i orea -
Zhoc @ntiNRadYFdr Pasfidbang resident tinme and shows a
rediuced affinity to the EPO

Purification

1. Conjugate Mixture: Approximately 28 ml of SP-SEPHAROSE FF (sulfo-propyl cation
exchange resin) was packed into an AMICON glass column (2.2 x 7.5 cm) and
equilibrated with 20 mM acetate buffer pH, 4.5 at a flow rate of 150 ml/h. Six
millilitres of the reaction mixture containing 30 mg protein was diluted 5-fold with
the equilibration buffer and applied onto the column. Unadsorbed materials were

washed away with the buffer and the adsorbed PEG conjugate mixture was eluted
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receptor, the haenoglobin | evel can be controlled in a
pretty narrow range. Because the peaks and troughs of

wo bm7lzesogl obin | evel that are usually found pET/RPHRCNG66438

are reduced by administering t NEA, negative side
effects |i ke an |ncreased ri sk“of thronbosis and an

unvanl % gorﬂhﬁﬁ %&Whrb 97 l\thﬂﬁ 115J J&%gPﬁfb?%fo?lg}ﬁcfﬁg Urmgdlﬁed EPOsf

invention i s further scrl be nmonstrati ve
exaff resainMigaxethe xalnplnesaspbuted wh\ﬂéﬁ lrrd‘dsN asrHfoaimanyss

O B PAER A Dik 1 P LSOCEA B 0 v
nPEEuSBAS ftmylatien venteteiromedntt wnsncwlfncbtatai i Odf7 SNUNe(l eluate
Esgobfag%dgmoggsgsr d&leeg di nantldﬁra?:ﬁ éﬁl%’uﬁ?s%’f I een%%gglagég EE) (Pes

in accor ser um
of viheagmpltlee HOimMUSa@l h8B¢ QoiRaif&POshpdified EROsHDgeneous
as determ ned by anal ytical methods and showed the
YRHC t C IS I
L P AR P B PP Ao TRAGE gt the
detcehumim edthby)retvhmlsrsmprvmymlh@érﬁbldrwuh ¢henegiey andhaapplied onto the

Pg%é ué%gﬁ My &g&gg Q)E:déjsz?ﬁl?ed"‘ﬁ P%GVT%;B %?o%églﬁﬁ r]!ﬁﬂtbs%%re
3: sepedt atﬁi}’l etutéd HomeBe colomrsitlf Q\].M Ng@l abeJUSGM(N aCl, respectively.

COTEIRPAALNG Aro B RYTHAAERIGEN L Al 02k Bl R B0 ociied

ion actlon o one
of HERRES (9. 71 m of a 10.3 ng/m EPGCsf stock , 5.48
nmmol) 10 ml of 0.1 M potassi um phosphate buffer, pH,

£
ég?r)nﬁfg{é}{lf gﬁ]én%ga{b?%lrln g gvra\?vagp geqomnéﬁrﬂé Eﬂ':e%cégé ‘t‘uh%r h (mtpphed
plmottBe SP{Sephatd sivatvaln (veld5 atgd@efdtearﬂdﬂ gelx. é&bhﬁmn vRls vashed and

5(958[]3&1% d- ﬁkﬂr]ﬁ?éé Qh—%@@scﬂlpﬁ uﬁlh{b%itlﬁe%r@é%glfere eluteil as

concentra |on was el n:

destiibediaghd p@yviops Bf@tlonwo hour s, the reacti on was
stopped by adjusting the pHto 4.5 with glacial acetic
fcdghsand stored at - 20C, until ready for
purlfslcatlon Purification 1. Conjugate M xture:

Approxi mately 28 nml of SP-SEPHAROSE FF (sul f o- propyl
BEGi EROsf was synthesized by chemically conjugating a linear PEG molecule with a

number average molecular weight of 30 kDa. PEG-EPOsf was derived from the reaction
between the primary amino groups of EPOsf and the succinimidyl ester derivative of a 30

kDa PEG-butyric acid, resulting in an amide bond.

Results are summarized in Table 1. Purified conjugate mixture comprised of mono- and
di-PEG-EPOsf and was free of unmodified EPOsf as determined by SDS-PAGE analysis.
Conjugate mixture accounted for 23.4 mg or 78% of the starting material. Cation
exchange chromatographic separation of mono- and di-PEG-EPOsf indicated that mono-
to di-PEG ratio in the conjugate mixture was almost 1:1. After completion of the reaction,
ratio of the individual components of Mono: Di: Unmodified were 40: 38: 20 (%).

Overall yield was almost quantitative.



10

15

20

25

30

exchange resin) was packed into an AM CON gl ass col um
(2.2 x 7.5 cm and equilibrated with 20 nM acetate

whoedo7eso4pdd, 4.5 at a flow rate of 150 nml/h. SiRCT/EP2006/066438

mllilitres of the reaction nj%f_ure contai ning 30 ng
protein was diluted 5-fold wth the equilibration

buffer and app}.] .
mat eri al s wer EIL a\l/t\)/geglhgghlgnmggg\gm&{ng{%eE%?g g& %fr:ogl t he
adsorbed P jugate m xtpre. el utedfromthe viiq (%
colum wth- 0. :
Unnodi fi ed EPCsf sti Rkn.Mmai ni ng 66 the col Ul was
eluted with 750 niV ho- Col uMm wasg, reequi li bggted in
the starting buffer. Sanples were anal yzed by
SDS- PAGEand t hendegr Pe of pegyl atlildh was det eB®rni ned.
It was found that thgng1 1,75M NaCl 6% uat e cont%ned,
mono- as wel |l as di- and frace ampunts of the
tri-pegyl ated speci e€pnwhitieas t he3.#50 nmM NaCl8 el uat e
cont ai ned unnodi fied EPGCsf. 2. D -PEG and Mono- PEG
EPGsf: The purified conjugate m xture eluted fromthe
colum in the previ,0yspstep. iH U - with
the buffer an )%agn p%? i gg@gﬁ?ﬁi@%‘@%%ﬂ%?%ﬁshed as

e iLhed. - f - PE f.
A GRa ] RGO Tl W 5 S RiRR g gethony
BEGT A MeTiwater @olyect s, ied. yHuiEkille, dvlabaas:) aRsawtipe mfas penfoimed at
W 7507V Na ~elyte .any. r i ning unndi f .
Eilyif AR b St A B o RER e s
Bxdnopld 2wiPtimat-ityetha ced et pedylat ddespeaesdvappbdweddont o t he
SP- Sepharose colum (-0.5 ng protein/m gel). Colum
Was ivvashadivan df teslesdoibdd EBOoREGateEREsTesatibePHEIEPCSH,272,
Eanrln Qr;[odifi ed EPGCsf were eluted as described in the
previ ous section. Results PEG EPGsf was synt hesized by
chem cally conjugating a |inear PEG nolecule with a
nunber average nol ecul ar wei ght of 30 kDa. PEG EPGCsf
was derived fromthe reaction between the primary
am no groups of EPOsf Exaupiaieimsvicciassays dyl ester
derivative of a 30 kDa PEG butyric acid, resulting in
dhe aaviictecxiponmu en Reed ¢ darted srumader Wrsed rits frpabCharies River RCC,

EYBLLLSE SO U8B S0 10 RS 04 3B 0% i 1
detedhonh adrdinisrerSDERASEaG! assisggle dose of 25 pg/kg body weight into the
tail vein of the rats. At the indicated time points (2 and 6 hours post injection),
cerebrospinal fluid (CSF) samples were taken followed by collection of plasma
(sublingual or terminal). CSF was obtained by insertion of a collection needle (0.7 x 19
mm) into the cerebellomedullary cistern (cisterna magna). CSF was drained by a silicon

tubing (ID 0.5 mm) by capillary force. Using this technique, it is possible to obtain ~0.1
ml of CSF from arat.

Compounds:

EPO, concentration: 1.84 mg/ml
Administration volume: 2 ml/kg body weight

Composition: aqueous buffer
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Conj ugate m xture accounted for 23.4 ng or 78% of the
starting material. Cation exchange chromatographic

waeepanz4seon of nmono- and di - PEG EPGsf i ndi cat eRICT/RP1006/066438

nonoto di-PEG ratio in the cop# gate m xture was
alnost 1:1. After conpletion of the reaction, ratio of

Ladiovi I Mono: Di: Unnodified were
fzz(gé ég@ﬁggﬂg%%celﬁ%;ﬁﬁ Ptrl?y%/ Fﬂlfld vvas al nost

At ' T results of EPOCsf
%glgly tirfin’ mﬁPf’B ‘?kﬁ fén%]i Yield (% Rxn. Mx. 30
éQBpWBHQn:%%aQ@%ﬁ%% 11.4 38 Unnod. 6.0 20 Conj u.

e 2: Pegylation of EPO with

nPEG SPA A dlfferent al i quot of the EPGsf used in
Exanple 2 was reacted with 30 kDa net hoxy- PEG SPA
ﬂ“ﬁ]&ﬁflﬁ\@hﬁf co%@ér}ﬂ"%roﬁ n 'tl{kccolleé_'&:ﬁ]ga%i’ﬁlésj Has b@éna(i@é'fﬁ‘)med by Enzyme-
Reacti on was perforne a protein reagent ratio of
lm@ﬂbhnmwupWﬂgﬁéﬁﬁﬁw(ﬁéﬁﬁﬁ|ques were in accordance
with Exanple 2. Primarily the nono-pegyl ated species
was produced. The in vivo activity of the described
EPO conj ugates are described in US 6,583,272, Exanple
Resufttanpl e 3: in vivo assays The in vivo experinments
were conducted in male Wstar rats from Charles R ver
Rocfigyes { dshewithat spiNEApqcaring ©Rbe drgn B0 s@bls)ta gegse the blood
bRENELREL W ARAGH U HiRG pbRoFX8A & dhoNB R &gt:éhtratlon of the
adm ni st ered |ntrave£ous ly as a single dose of 25
ek tbBde igigHnciea®ed the tail vein of the rats. At
the indicated tinme points (2 and 6 hours post
i njection), cerebrospinal fluid (CSF) sanples were
taken followed by collection of plasma (sublingual or
termnal). CSF was obtained by insertion of a
collection needle (0.7 x 19 nm into the
cerebel l onedul l ary cistern (cisterna magna). CSF was
drained by a silicon tubing (ID 0.5 mm by capillary
force. Using this technique, it is possible to obtain
-0.1
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m of CSF froma rat. Conpounds: EPO concentration:
1.84 nmg/mM Adm nistration volune: 2 nm/kg body wei ght

W@E0Up03948¢ on: aqueous buffer EPO conj ugat e, PCT/EP2006/066438

concentration: 6.2 ng/m Adm nistration volunme: 2

m / kg body wei ght Conposition: agqueous buffer The
conpound concentration in the collected sanpl es has
been determ ned by Enzynelinked | nmunosorbent Assay
(ELI SA). Results The figures 1-3 show that an NEA
according to the invention is able to cross the bl ood
brain barrier. Wthin the tine period from2 to 6
hours the concentration of the conjugate in the |iquor
i ncreases. Gl ains 1. Use of &dA2i8yt hropoi etic nol ecul e
for the production of a medicanent for the treatnent

eurode nerati.ve rde of . the brain . ,and t
O RO DS Pt Rolea R Hohg arieth Py aAEaRen T the

t h&rdi'ﬁﬂdarﬁaﬂ'ﬁﬁlﬁrokiﬂgehbﬁtlbé 006k deisof thd blﬁfn afmdnn& !s;ﬁﬂzil cbfd by
need of. such théraeg mherg%p t he er hrop & @ ¢
nol EBUMECHBEAR PLLIVEAMEH DY tB?)H’iCQFF e’ﬁthé lﬂa F’ﬁ@“lh‘? a patient
| eaghe@6r shiElethepdPyRheddin dix @gﬂhe@ﬁ&amﬁﬁ@mam €orgpa¢P an
consi tB@%EOf human erytg opoi etin and analqg:(f
thé*F%ﬁ’FO HOHMAISO AV g g GRIEME & CH AMRMFRUP sC from the group
er wbhglglmy cﬂmmﬂqaﬂ;wythf@ﬁhé@m aﬁqhanaﬁghéslt@aefﬁwl?ﬁpm\k th®sdguence of
(O on sites rear (0] a eas one
Ay sw%ﬁ%nemogléirﬂ@ @Fliﬁtaﬁﬁbt%é‘n Qﬁ{%ﬂ dP 8¢ Cﬁaﬁ%@n sites or a

CO\t@ér@zﬁltngMehﬂ mﬂkagtqmerg @@layleﬁtsnaIs@la%rghm@iehngﬁ&@@s)emg
of the %} th the -CO

of C@&@Fptg&rwam fﬂ&?ﬁlywlia@upap?oﬁﬁﬁgrgw 130 de
bond with one of sald am no groups; wherein Ris |ower
alkyl; x is 2 or 3;

—CO—(CH2)x—(OCH>»CH;)n—OR

with the -CO of each poly(ethylene glycol) group forming an amide bond with one of

said amino groups; wherein

R is lower alkyl;

xis2or 3;

m is from about 450 to about 900;
n is from 1 to 3; and

n and m are chosen so that the molecular weight of the resulting erythropoietic
molecule subtracted by the molecular weight of the erythropoietic moiety is from

about 20 kilodaltons to about 100 kilodaltons.

2. Use of the erythropoietic molecule according to claim 1 having the formula:
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mis from about 450 to about 900; nis fromlto 3; and
n and m are chosen so that the nol ecul ar wei ght of the

WO e®alosd48g eryt hr opoi eti c nol ecul e subtract ed PYT/EP®06/066438

nol ecul ar wei ght of the eryt h_r%g_oi etic noiety is from
about 20 kil odaltons to about O kilodaltons. 2. Use

of the epy O} trivC & rding to claim

lhavi ng ?h[g\h_;lgrérrg a?)P-(wz&a(g§@-(mH 2CH2) mCRan

(1) wherein x, m n and R are as defined in claim1,

and P is the residue of the erythropoietin noiety

W t hout the n am no group(s) which form am de

| i rikeegin &) mwh phd Ripse podafined Hy¢laipe L.ging £ob thegeady ¢fjthe 3.

Us oryt. L : ‘

e For B s R HOPLARGIGRY L TERFR S RGP REPh PGt BpaittipRieet
t hevigy fhepobpeheeicelislegrape(shccording to any of the
foregoing clainms, wherein mis fromabout 650 to about

750. 5. Use of the erythropoietic nolecule according

to any of the foregoing clainms, wherein nis 1. 6. Use ,
8 Ussef drgarihepeicicireclapilersprdingoomyiohfrafereapipestaimpavherein
foregoidigyicl @i ms, wherein Ris methyl; mis from about

650 to about 750; and nis 1. 7. Use of the

27 YIRIPRRI & {th Fo Bt RGHb B AC SRbE iDLl My ¥ hedbrdoBfig claims, wherei
fo?tyeggi ng cf’tai rr@?éthavi nc% t he féllr@nm ay[ CI—qugﬁ g claims, wherein

2 CHe ©) I o2 oaP ] 758- P wherein mis from 650 to

750, nis 1 and Pis as defined in claim1. 8. Use of )
b hdserof therespbrenoicicrprleeuls eccarding i any of hedniegaimickms, wherein
foregqing clains, wherein the erythropoietin noiety is

a human erythropoietin. 9. Use of the erythropoietic

B IRL W 6hAG G SHoMictRo BN e Acofdify foOIn§ PP ko fdoBin®Rlaims, wherein
wherein the e_ggthropm etin noi ety has the sequefce SEQ
| D BNomethylpm i @Woyhéﬁ(ﬁpwbﬁvbﬁy@s #td »isplp| ecul e

according to any of the foregoing clains, wherein the
ér %06 g6 certhreheistisryolrge aqser drgioeriy ot gie fatagat e claims, having
er yhorRpeiLt i n nodi fied by the

[CH30(CH>CH-0),CH,CH,CH,CO-NH],-P

wherein m is from 650 to 750, n is 1 and P is as defined in claim 1.

8. Use of the erythropoietic molecule according to any of the foregoing claims, wherein

the erythropoietin moiety is a human erythropoietin.

9. Use of the erythropoietic molecule according to any of the foregoing claims, wherein

the erythropoietin moiety has the sequence SEQ ID NO:1.

10. Use of the erythropoietic molecule according to any of the foregoing claims, wherein
the erythropoietin moiety has the sequence of human erythropoietin modified by the

addition of from 1 to 6 glycosylation sites.
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addition of from1to 6 glycosylation sites.11l. Use of
the erythropoietic nolecule according to any of the

WO oregsidsg cl ai ms wherein the neurodegener ati VECT/EP2006/066438

di sorders of the brain and the,spinal cord are rel ated
to an acute event sel ected from stroke, traumatic

o3 )é/tH%rOIcf) gioeib% hi pr?gff? rh’?l({)lg&g% %cglr)giu'rl% %%f tﬂésfgreg&mtglzﬁums wherein

f orthgoéurgdegenératveldidaydo of meﬁoralhemdélmfr w@g eoisraae ialaged to an

di r t

bt agp R Sl D B Bk R o Py Vo P oy

di sease, Huntington's di sease, denentia, fragile

R.désof ﬂmeéﬂhrq;@niﬂﬁc/rmlasulawyﬁﬁummnypéﬂp@' fagagning claims 1-10

di %ﬁ?e‘?&n tl?eor%%ci E@r%%%ﬂ%@ﬁé}pgfﬁ% brall laIé Rl g?ed. to a chronic

sclerosi s, ur odegener ati on associated wth

badﬁ@ﬁnguaodﬁdﬂﬁaiﬁpmmﬁhEDEMEHM16hh@s@r@ﬂm@hefhmﬁngon@

eryg p

o oa R, PR RO AR A A H e i, Biinson's disease

er yrhrpoinetice abtreduyt muiltiple brderbsinadd opyrodegenemtion associated

ac dermal patch, subcutaneous

deé@g?%&%gﬁgﬂ yé%?#%%%hg4 Use of the erythropoietic

nmol ecul e according to any of the foregoi ng clains,

Whd/seiof therpsythranerdtictngolpen Igenepriing wrang of the fmsmrg@tauby wherein

th %dﬁﬁﬁ’l%&%&lf ofttﬁggﬁlfﬁf%g&gﬁ fn%iécﬁ‘le"fﬁ) 't}faet‘tMood ar&ﬁtqugﬂllﬂlshed by
to about gg up to about two wee

W tlme@tm dererad patchy s ﬁ‘@iﬁn%ﬁb@ lsﬂtep@sg argnhadategivout 1, 000

ng/meek Wth chronic treatnent. 15. Use of the

app s%log% &%thﬁoaﬂ@tﬁ%&l@cﬂ@%’é%gfﬁ\}g%to a:lﬁmth)E ﬁ{aéghfeéoﬁé Sc’:leaém% rwhereln

by tbmmyuwgtom@dmmﬂe@vd a6 mepsreddryithe amewt rafitke ery@ropoietin

Ki tm&@fypfs DI AR 2 p%tt(l; hORR 1580 F%/d%?ro? %:éég aHélﬁftH/:o weeks with acute

accordi'ng to any o oreg
ac cesedicngomoabonaZimd ® dowpi 080 ng“@pk eith chioapoireatinent.
nol ecul e and a substance inproving the penetrability

@ﬁ & ¢ bl Qah RS RidicRRs IR 8E accaf%m Mﬁlﬁcﬂ%y zﬂ)%ldpﬁ PEE/R/day up

a kit according to any of clains
msttﬁ ode fsek with afutﬁ gaSﬁSeerhmP@@éwa A0 nebwepkspEhadrgnig ftreptieent.
brain and the spinal cord conprising admnistering to

iQe&ibERRFriGh & &Hér&th% AeRAhbRBle lefMeREbaln o Gly bi'@le@¥going
a therapeutically ef?ectlve anount of an

er Vd#Mspoi eti ¢ nol ecul e that conprises an
erythropoi etin noiety having at | east one free am no

O7.qUPaceBF B BLILiMOrD doRgribif U erythropoietic molecule and a substance

improving the penetrability of the blood brain barrier.
18. Manufacturing process of a kit according to any of claims 16-17.

19. Amethod for treating neurodegenerative disorders of the brain and the spinal cord
comprising administering to the blood circuit of a patient in need of such therapy a
therapeutically effective amount of an erythropoietic molecule that comprises an
erythropoietin moiety having at least one free amino group selected from the group
consisting of human erythropoietin and analogs thereof which have the sequence of

human erythropoietin modified by the addition of from 1 to 6 glycosylation sites or a
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consi sting of human erythropoietin and anal ogs t hereof

whi ch have the sequence of human erythropoietin
worea7swEes by the addition of from1l to 6 gl ycoByl/BEP10061066438

sites or arearrangenent of at_least one glycosylation

site; said erythrop0|et|n nmoi ef'y being covalently

li p :

f 'o ?rgr%uﬁ?aa{l g¢ ( éﬁ? £¥1§t%§1§%‘f§%ﬁ%o¥ S )salgr E}Hﬂﬁ)gg{e&gfﬁ?lety being
eachvgeltyletdeg teire’ gilyetlylengetyop) gmums afthaforanilde bond

wi th one of said an1no groups wherein Ris | ower

al kyl; x is 2 or 3; ilg 0_pR about 900;
| & (EHOM RROMICHA0-O

nis fromlto 3; and n a en so that the
nol ecul ar _wei ght of the resulting erythropoietic

nolvéguthe Qmerea@t ralylsthyiane ghisple etavarfoveinglen aptide brend with one of

er&%ﬁ%gggb%hh@sqgkg&x is fromabout 20 kil odaltons to
about 100 Kilodaltons. 20. A nedicanent conprising an

erythropoietic nolecule for the treatnent of

nedt dewidyht i ve di sorders of the brain and the
spinal cord by adm nistering an effective anmnount of

t hg jgedi-gament in the blood circuit of a patient in
need of such therapy wherein the erythropoietic

nol ecul e conprises an erythropoietin noiety having at
Ieé%ﬂs%ﬂ@ab?%%iiﬁPﬁgmﬁ Qﬁp sel ected fromthe group
consi sting of human erythropoietin and anal ogues

t har g@omich dhave t he sequence of human
erythropoietin nodi fied by the addition of from1lto 6

gl ycosyl atign site rearran Iea t one.

o1 YRt b8 16haClhe G SRR B s e Bl or i

covmadleaile yubtiaoiea bytioe molecplat yéighhyf teae yirysdittin flodespss from
he ryoula - CO- (CH -, CH2)mOR with the -CO
Sﬂé%weﬁ?WPéﬁ%utgll%@gﬂf%?%up form ng an ani de

bond with one of said am no groups; wherein Ris |ower

alkyl;x is 2 or 3; mis fromabout 450 to about 900;

20. A medicament comprising an erythropoietic molecule for the treatment of
neurodegenerative disorders of the brain and the spinal cord by administering an
effective amount of the medicament in the blood circuit of a patient in need of such
therapy wherein the erythropoietic molecule comprises an erythropoietin moiety
having at least one free amino group selected from the group consisting of human
erythropoietin and analogues thereof which have the sequence of human
erythropoietin modified by the addition of from 1 to 6 glycosylation sites or a
rearrangement of at least one glycosylation site; said erythropoietin moiety being

C‘ 2

covalently linked to “n” poly(ethylene glycol) groups of the formula
—CO—(CH2)x—(OCH>»CH;)n—OR

with the -CO of each poly(ethylene glycol) group forming an amide bond with one of

said amino groups; wherein

R is lower alkyl;



nis fromlto 3; and n and mare chosen so that the

nmol ecul ar wei ght of the resulting erythropoietic
wordogosd4es subt ract ed by the nol ecul ar wei ght oOPCT/RR2006/066438

erythropoietic noiety is fromapout 20 kilodaltons to

about 100 kil odaltons. 21. The I nvention as

he&ggggggore defi ned.
m is from about 450 to about 900;
n is from 1 to 3; and

n and m are chosen so that the molecular weight of the resulting erythropoietic
molecule subtracted by the molecular weight of the erythropoietic moiety is from

about 20 kilodaltons to about 100 kilodaltons.

21. The invention as hereinbefore defined.



