TREATMENT OF NEURODEGENERATIVE DISORDERS The present
invention relates to a method of treating neurodegenerative disorders of
the brain and spinal cord using- a novel erythropoietic agent (NEA). The
bioavailability of commercially available protein therapeutics such as
human erythropoietin (EPO) is limited by their short plasma half-life and
susceptibility to protease degradation. These shortcomings prevent them
from attaining maximum clinical potency. Novel erythropoietic agents have
been developed through chemical modification of EPO and analogs
thereof These novEAIVEIKS @HOVITE PUlEEGERN PRelOndge o EiinGigietic
activity allowing optimal anemia management in patients with kidney
disease and in AIDS and cancer patients undergoing chemotherapy.
Summary: In one aspect, there is provided the use of an erythropoietic
molecule for the production of a medicament for the treatment of
neurodegenerative disorders of the brain and the spinal cord wherein the
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xidney disease and in AIDS and cancer patients undergoing chemotherapy.

Summary:
In one aspect, there is provided the use of an erythropoietic molecule

for the production of a medicament for the
trestment of neurodegenerative disorders of the brain and the spinal cord 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
slycosylation site; said erythropoletin moiety being covalently linked to “n”

poly(ethylene glycol) groups of the formula
~CO—~CH)y~(OCH2CHy ) 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;



and wherein the neurod.eg,enerative disorders are selected from the
group consisting of stroke, traumatic brain injury, spinal cord injury.
schizophrenia, Alzheimer's diseasg; Huntington's disease, dementia,
fragjile X-associated tremor/ataxia syndrome. Parkinson's disease,
spongiform encephalopathy and multiple sclerosis. The present disclosure
also relates to a method of treating neurodegenerative disorders of the
fraiframd!Spina?@ord by administering to a patient in need of such therapy
a therapeutically effective amount of a novel erythropoietic agent (NBA)
thatdsa ehemigally modified human erythropoietin or chemically modified
human erythropoietin analog comprising covalently integrated
poly(ethylene glycol) groups having parti maolec igh linker
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Some of the above observations relating to distinct properties of the NEAs
the | tion possibly may be explained by a novel mode of action.
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term "erythropo etin" or "EPQ" refers to a glycosylated protein, having the
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Thus, molecules are 10 comprised exhibiting neuroprotective effects only.
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25  Erythropoietin has been manufactured biosynthetically using recombinant DNA

technology (Egrie, JC, Strickland, TW, Lane, Jet al. (1986) Immunobjol. 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 hEPQ is illustrated in SEQ ID NO:1. There are two
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WO 2007/039436PCT/EP2006/066438 - 5 - Targets Cardiovasc.

Haematol. Disord. 3: 141-154; Jumbe, NL (2002) Oncology 16: 91- 107;
RSP %E41. (2000) News Physiol. Sci, 15:225-229), vascUt&r iia46@as438
Set al, (1999) Int. J. Hematol, 70: 1-6; Smith, Kl et al. (2003) Cardiovasc.
Res. 59: 538-548), and cardioprotective functions (Smith, KJ et al. (2003)
CAURRIEEARE 55  BeRsosyIoisr i RIS ERTAEPOURYM i oMtfessgrotein
1128:809- H)BB)h ehas Denishonithas RPQR7ISIpRRseChindistingbasens

of rodent and mammalian brain (Digicaylioglu, Met al. (1995) Proc. Natl,

Acairh Bk WS A% o3-S ?ﬁ?@*’ r¥etab ﬁ%ﬁﬁﬁé’d f‘ogﬁxshﬂgmo' the amino
376- %80 l\ég(t:‘tl IthH et aI ur J. ﬁil % 6 676). EPO
blnﬁlngeglfes WA r‘lit)n%r rﬁ%%% g 856%@@%?%‘3\“@‘3“3306

5coﬁt@»ztaaﬁaﬂmmmiﬁg@ﬁlﬁmhqe(@;@bawbgﬂspgmtpmpm(ax@@s)a@u@aemaﬂthe

Aoaﬁlﬁlnﬁg}ow8&&2@1@8&z&&%aﬁwmtm@@sﬂ%ﬁﬁ%mft@ﬁ%n and

sti ates the pr: feration.an irerentiation or neuronal stem an

pré%%enl o%ac!:el?s (%ﬁln 0, E“'ijI A ﬁfﬁ)"ﬁn KPET IR 4F Dopedyarsagy fyrthermore,
Stu@é?hrLO@pa@mémef@;sJoN@bmwlatmpmmmwUméem@@mbmchmoglca;

eff@@tpaf@m salrm&ae irasredaciuioitheosimany Wt%% A dReules are

PI 3K/Alct at n the neuro rote tive actio PO hy maintaining
Pg e % g

118 O DIEUroprot €cls o
0 it R ST e A A S RA A G R E qR geal ?)gglterms Theinde

neﬂﬁé*ﬁl%@n%w@t@gd(@h@n@t@ stiar {2003y, @w@um@@mtaaenesm or
2%&@&?@@ Destabilizatianef msené%@ and ﬁh@ém@@r&bm@@}ﬁ%@%hn 1 to 6

oth release.of ¢ chrorn hlcha tivates the caspases
(? % that p rlct)eﬁ”lfste iﬁa agnenta f’ &h.'2 nﬁﬁtﬁne r“{ﬁ‘%,%“ﬁé’ﬁ%%?é%i&ﬁ{}ﬂo acid at the
efféé?@fysﬁr@mﬁlﬁ@db@éth ks Ihsipibdetinyihhe tlitiopd b Sasakeihincludes at

15 199&&&@@9@@5%5@1 ake(1008) &b@@h@ﬂh BiPphyse Bes ,s@eﬂml%’é%cmdes a

20

akan Ic M tal 998) i Acad, Sci. U
46r féfg %?pgr?orm% gﬁﬁosﬁeg m%ycosai §o avﬁégseéﬁeé\rﬁﬁ ]fhcff‘}ﬁgqﬂfdﬁt&ﬁai and
of B hiftanin ptesiedl b@%&f@ﬁbﬁ%ﬁ@@lschemla induced learning
disability and rescues hippocampal CA1 neurons 25 from death. Similar
e@?&ﬁﬁﬁiedtsmﬂaqiﬁtstnavmcshbwneaMQﬁm4RaHﬂmiﬁxﬂmﬁmeﬁlptﬁmEPO R

nﬁivm{éﬁns@ﬂ%ﬁlﬂ@}f jealinf ) &@ﬁi‘!g}' imer o
V{I‘%aré?otoéj}/et al. (1998) Blcﬁﬁg%@glﬁar? Res. %%ﬁngi%%@ggghom%d) cof
Fu c%’{i

St 6?‘(?{88@\%'9@%’&“& Br%oﬁﬁc,db FOBBHeRTRIING A8
signifrsaliviardduead mhpsive kentER @sighaiiing:is tocalbnblockeglbymic
mmqgiﬁl%m%g (B %%m?e gerety ahnentrgie A0 (ICrasS a6 &f Bbo binds to

as earlier assumed that systemically

(2(%0 r%p?troke 3{[3’(5 3}?
ministered EPO Woltd's ?ﬁ%ﬁaﬁ]r%’?nc?)‘é%%é ok é"fﬂ(?c‘fbd%ﬁlfe“ differ
b@iﬁéﬁﬁ(\] dhk bidieg aff @M}Pﬁ@wdﬁaﬁ%})lﬁl@a@ 1S eiddSArd@tional change and a

25 108581066k biShe eh 8 EXERRA PediatinRe 340343 RA R on of

30

brt%lgt%%rfﬁm gcui)O?/ 38436PCT/EP2006/0664 8-6-

es which results in a complex signafling cascade, It has been shown
that the EPG-induced sign alimv 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
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Recently it has been shown that EPO is a more pletotropic 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, 77 et al. (2003) Curr. Drug



(BBB) separates the brain as well as the cerebrospinal fluid (CSF, liquor)
from the blood and regulates the exchange of substances between the
BISGd HAA*HE brain. As used herein, the term "BBB" compris&S HHEPRIGeEp6438
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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



cerebral artery occlusion (Siren, AL et al. (2001) Proc. Natl. Acad. Sci
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insulating material, called myelin, is lost proba urin autoimmu .
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the disease symptomatically. For example, 30 corticosteroids, a number o

infRLASEESpPRESETFUGY AhEsiEHerSh Bebe S tdenstnminibianst owo
2007/88DUBGHETIER 200606643818 thEhicrhee tiad l{Braiili¢ROO5 ), hBSunce, the
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O farget.intiam ory as Well as neurodegenerative aspects. us,

20 m%ﬁﬁ?fﬁ%‘é%%ﬁé‘é%&%%“%%‘rl}fﬁ%%w@rgeﬁééa SRRy hEagsport.
combined therapy in a model of MS. 5 Experiments in human done by
Erfnhlaes Bem bacrrerteibn, ppeicdl oosimeniniers sichos Beb)tpitterial
stinjeetipatigtpbaveishanm fhlaMbere isia sbogg trescbiohsadosiionbarrier
InfAret szes R BeNERQ e aied natigais,aggociated with a marked

neuroldgical recovery and Elinical outcome 1 month after stroke. The

SR RS e G e dob 0,
25 gpiHaFmgdor theqd ST iherduweti s R Ui thineterl thitdeis dpowt tentricles,
Ukkk Seran seyelsian thecpationisappraximateddem, a9 Wikhb aftetr i
n %%%Béf‘g‘ﬁ%ﬂ'sﬁenﬁ r\gith 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 extracelular finid,
30 allows for distribution of neurcactive substances, and is the sink that collects the waste

products produced by the brain.

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

serum concentration ratios of rats administered recombinant human EPOQ intravenously



levels are about 15 U/1). Furthermore, EPO might be also successfully

woeR e reperfusion injuries of the encompassing region of the
acuteﬂtg?églgéé.cm It is known that EPO and EPO-R are expresisxgmﬁ?j?émﬁﬁ‘m

human and rodent brain tissue (Siren AL étal. (2001) Acta
N j 2 AE-276), are hypoxia-inducible (Jellcrnann, W .
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5 Nettdpatruddiebin earupr resms}ivAlyway, in human brains after ischemia
and/or hypoxia EPO was seen in vascular tissue and inflammatory c.eIIs,
EPOIRdspioaosyesselpantaeuional ead asiracitic prosesses Withimdbeion of
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Athogﬁ%h in t%erécilassic view the BBB is considered to be impermea

| RO SETHE! BIGAREAEaRBvh (it sdmEtargy endie dile’s Idarppré reduces
specifibzdly dedingp Oted80GH0ath@M2)in Aenossithe @apitagrendptheliws more

toRffects BRI WBEHAN o &Eﬁ’é‘ﬁﬁiE’i@tﬁ%1}5@9&’?&5}_9&%%?88I0£580a§f§£§52)

on the lyminal surfaces of the endothelial Cells. This'initiates en _

fo%%é#@ﬁaﬁ%&%}ﬁ%%ﬁa@ tHEPBBISS SHEEPDIRE BisHesdipring ot al
15 208039486, fE‘RZ(@B/USﬁ@BB%ﬂ)—%Bbaﬁmqtaimiﬂé}ﬂ&Eéﬁlhﬂﬁﬁﬁmm?ﬁreaction

thatie HaBsaRINARERQ trpusi (e:RBRNGHeNs, Yig gceptor mediated

transport. Notably, the serum concentrations of EPO rc—;-qu_wed for tissue
?o@%ﬁ%}%@?%%t éeqlr:sg(r?gg? rtrggg)i(ieéﬁéleﬂjlgllflll rﬁ%lft%g lg @éﬁg{g xg %ﬁé% 'isc?:ggergt ys 8 {Tdﬁ:r
consideration. MS is an inflammatory disease of the Central Nervous System (CNS),
which is the brain and spinal cord. In people affected by MS, patches of damage called
20 plaques or lesions appear in seemingly random areas of the CNS white matter. At the site
of alesion, a nerve insulating material, called myelin, is lost probably durin gan
autoimmune inflammation. The myelin sheath gets stripped from the axons in a process
known as demyelination. The myelin sheath is formed in the CNS by certain parts of
oligodendrocytes. Until now it is not clear what causes MS, Different theories have been
5  proposed, e.g. autoimmunity, pathogen mediated, genetic components, 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,
30 corticosteroids, a number of immunosuppressive drugs and interferon beta can be

administered.



5 protection exhibits a lower affinity (approximately 1000-fold) as

h erythroid progenitors (Masuda, Set al. (1993) J. Bio
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BBB Preclinical data suggest that the miimum therapeutic level of EPO

ded oy tec s to be in.the order of
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neur%@fo%%% ve effect on neurons of the brain and the spinal cord

However, the potential use of EPO for such therapy is limited by the need

for substantially high therapeutic levels which are required to achieve such
3 an effect. A new Erythropoesis Stimulating Factor (ESA) having an
improved half- 15 life and crossing the BBB would be preferred, especially
if SHBAESRAICHT BE EAeiridte B dnr eidke kit lBhiovwr skartiHgconGontakitn. Med.
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It has been assumed that the BBB effectively excludes large glycosylated molecules such as
EPQ. 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

30 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 FPO-R is expressed



Most preferably, the NEA used in the method of the invention has the

30(CH2CH20)",CH2CH2CH2CO-NIi]-P wherein m is from
%%%@é%[%?s 1 and P is the residue of an erythropoietin mJiGyEr2006/066438

Preferably the erythropoietin moiety is a hdman erythropoietin

glygaprotein, which can be expressed by endo s, gene activation, . i
an] P the A S0 SECRHER DF SEE 16 Nt £ RRRIHAy rrctons v
erytkPEpBIBwH Aldtyiaathe sequence of human erythropoietin modified

by the addition of from 1 to 6 glycosylation sites. In another preferred
entbodiyert theunecrodegenerativiriSordeiso fahediaiprandidhe 20hisher than

spinekenighrepiable Br-Demetbnd fs invenionaleselated o an oo,
acute event selected from stroke, TB ?T_raumatlc rain nJuryf or spina
3 coPEAIRP BIHHE SR HEHE g sierat AO8sBrde ms spiamseamitnd
therspinailiqurdecamnise vbiatéa SoeaatIHO%) NEENENtEOTHBISNOSTOKE). Another
schizQpienig. ﬁl;zﬁeé%esoﬂﬁg%ﬁ 'ﬁ%ﬂﬁfa@?@a?a%%%&etigte © E}E’I?‘}inum
FXTAS éfraglle X-associated tremor/ataxia syndrome); Parkinson's ]
didBHEBYE (Bt e A RIOAERYS HABIPRS e S YARgears to be in the
nendsd ed e fdfionl Bidspbiate daigth. Hacke iaEBOviraldisfectiantdarthant of EFO
c : ' inistered i : unt icient eat or
e e B R L S e
arfBoRs) PHeTEAS ey tue oson Sep B tronoei0ss4 88 Live ifashnnbesurons
adrhihistesecktal Mi@iiﬁl@ﬂb@%ﬁé@%ﬁp&k@ﬁﬁldﬁ@@ﬁ@?@ﬁ& éh'ff@wapy is
T . e exact of condition bel :
o o P B R R LR LG o e
ingRTHERETFF thé BEMBORIORC TSty s piicveiBiey hoting rasipuutved half
15 erjitheodaintisi(that BRBoteind majeifeanly ebpBrafRrblhaRAlGAbISadministered
a%ﬂ@@f@eﬁ&&%t@ﬂ% Qcir’l‘c%égt%ﬁ .O&éﬁﬁﬁrck u%t_oéjo.&{a%%ép% gézgé] side-
ESA of the invention, preferably from about ito about 10 jig per 5 ody
ngﬁﬁﬁfsonce weekly. If necessary, the NEA may be administered more
fre%uentl . However, the NEA used according to the invention may also

belBaniphitaed Byarpiasd heeksirevehpdirediovessied an NEA of the invention

comprising covalently integrated poly(ethylene glycol) groups having particular

20 molecular weight and linker structure as depicted in the claims as attached. In particular,
this NEA is used for the production of a medicament for the treatment of
nenrodegenerative disorders of the brain and the spinal cord by introducing the
medicament in the blood circuit. In a preferred embodiment said NEA is a chemically
‘modified erythropoietic molecule having at least one free amino group and COmPprising

25  an erythropoietin moiety selected from the group consisting of human erythropoietin
and analogs thereof which have 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 covalently linked to “n” poly(ethylene glycol)
groups of the formula -CO—(CH:),~(OGCH,CH,) ,—OR with the ~CO (i.e. carbonyl) of

30  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 resultin g NEA subtracted by
the molecular weight of the unmodified erythropoietin glycoprotein is from about 20

kilodaltons to about 100 kilodaltons.
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10 or once a month or even in longer time intervals depending on the
gviéezages treated and the kind of administration. The pharmaceutical
COMPOTONS containing the conjugate may be formulated at BCHFERE§{066438
effective for administration by various meHhs to a human patient
e@ege%ir:%ne degenerative disorders characterized by the death of
neurons. A Fefgg’?tﬁ%? R ffERR)%&tective amounts of the conjugate may

vary and in particular 15 should be based upon the recommendations and
prescription of a qualified physician. The specific activity of NEAS in
accordance with this invention can be determined by various assays

known in thePafti B bi6HgicalCiCtivityiof thergurified NEA of this (1)
invention is such that administration of the NEA e.g. by injection, to human
patients results in the protection of neurons of the brain and the spinal

cord. 20 The pharmaceutical preparations of the invention include
phidrerrigautical tohipusitofcoaitabldfor infectiBrsthatesidformntiategwithoietin
a P?B%Wﬁ% yﬁipﬁi%%ﬁﬁigi%%%WS LEes fé@hlili@&%i&fehﬁ&{ig&%‘f %&lﬁﬂltﬁ’é SgCh

pha eutical composition nown in the art, See, for example
R A S e YR58 $95 indols e PR eabismets,
isThéy&iptindwrpcriice Byprefidnod iPhdrmaceutically acceptable carriers
for.25 formulatin t@ roducts of the invention include human serum

AR AT S BFOtA S TG 0 FRITHOIE: tho oS

spray dried pr I C itj desirable with or
without addin g%%@ﬁﬂé%?@?%ﬁ?%@%ﬁﬁ&gﬁﬁgESAs used in the
present invention may be formulated in 10 mM sodium/potassium 30
pRGSHHATRE BuFrr 5D e 7¥bAtHiA iRy P tstheifpsidiern! angridromNeodiaitty.
chloride. Optionally the pharmaceutical composition may contain a
prEskreblivide Theh WOI200T0BYIBEPETHER2ADGIPGEABYIydProtein, which can
PhaBiReauli 6yl aaaRaAsoR MR RARKINAHIRLENh AR sequence of SEQ D
E%&rlopmetm protein, e.g. 10- 1000 jig/ml, preferably 50 gig or%o T%e
‘Will be preferably introduced in the blood circuit by injection, dermal

patch, subcutaneous deposit or inhalation. 5 Preferably the NEA will be
admeinistekegte andndividual alaednss; offemakewr AR idd Q. 9hous 200,
Jl%dgﬁggrbgp%htg tX‘é? iwe%lf{%é’)vﬁm %(}:gt{r casis of neurodeReneration or by
applying from about 25 fig to-abda 068 gRIB&ETRith chronic treatment
of neurodegenerative diseases. The administration in the latter case can
also be extended up

in another preferred embodiment the neurodegenerative disorders of the brain and the

spinal cord treatable by the method of the invention are related to an acute event selected
from stroke, TBI (Traumatic Brain Injury) or spinal cord injury. Furthermore, the
neurodegenerative disorders of the brain 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



10 to once an application every month or even in longer time frames,

depending on the type of application and type of disease. In a preferred
%’rﬂpﬁg‘ﬁi’ﬁ?gﬁ? the NEA will be applied with about 165 jig /day FpHE%Hes/ 066438
week in acute cases or with about 200 jiglweek in chronic cases. 15
Furthermqre, the invention concerns a kit comprising an NEA useful

actoraiRy T W H FR M O R AR HRBPh B RSBV riepy- The
perettabilityro fofieHA alodebrizinrbder s angpthefsubstamnc @dmp eenaag, the condition
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erythropoietin and analogous proteins as defined above can be expresse
by BARfIY gt galte E v AtoRC PreteY i@ IRIAAH Brjthpigetstinm ety only.

5 glyceRraseins mke:thosel afisé bR @ sndiS ECHINQIZ 1, RStk e body weisht
prg{g@ﬁ%t@&@g i%f gnl%:_ IDm O_:}31 Fﬁgrthe% P ma¥ e sﬁg}cted fromthe
group consiating of FediduBE 6T HUMAN LA SIERRHNY HARMGSE firdrewpieht
he’iRyiEskAvl to 6 additional sites for L,.ilycosylation. As set out in 25
detail below, the preparation and purification of EPO are well known in the
artf By-ERQ, ithaieBAtthe matdrahordedambingaiprotei rdweferaByNEA used
numAniRe AIAINSCLIRN Al A0TNERHARALORUIGC AN AR HROUTE PRI et
synthesis, cell culture with natural or recombinant c.glls. Any protei

10 ARG HeBRB T SVEIP® [\ 7eh RS HY HeiMe Setiingrethtctiegs treated and
pritelisd isledcompassed TRy actiitytistbisrespect sotnehid s ke ju gate
bipgdi ifieity 1  EP r presented on neuronal cells
o R e S0 b SR S g humn
ad e TGRS RIS R BIHIOA SEER SRR AP SATT s nstiniaedibity ey deptbl afiegprons.
Récorginant iR Gratiayiiretprepacedtviof expreshignd mHRry Bldla Pirticular

15 Hel . eeldingsq Q}Hﬁﬁ?&@@é@%%ﬁ&%ﬁ%@% %anegfiao GRS Phlesan.
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activation. Expression of proteins, including EPO, By endogenous g

actjvation. is well known in the art and is disclosed, 5 for example in U.S.
A e AN s AT ARl AR RACTIRD R AR ined by
pafSHUSIBHEAHBANOS. {igaro Foobinio aivih 014 it 6% 0 Ay TS 5I3IBAR WO
0@ MK LHE66Aand WS 9L(A98AD: thewontenisRteachel which:s

ar&i&@ ted.herein reference. The preferred EPQO species for the
preparaf{fgﬁ{% le%at%lr%%g?gi?ﬁ réjlryl/scg%?loef-eliﬂrr% pr%nd&: %%rué%ﬁ?n%h EPO

species. More preferably, the EPQ species is the human EPO 10 having
20 o S RTAIRE EH PR RS 8 SRS R O e SheshorRl Rrgavsiions

presferblsliottiejentiimatetict séguerice SEQ IpNOradeurihdismaretibmey e or
thesesidue o A alys QteitARalet haing from QB AJNHINAN in the art. See,
for example, US 2002/0037841 Al (corresponding to WO 01/87329), which US
Publication is herein incorporated by reference. Pharmaceutically acceptable carriers for
25  formulating the products of the invention inclide 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
30 phosphate buffer at pH 7 containing a tonicity agent, e.g. 132 mM sodium chloride.

Optionally the pharmaceutical composition may contain a preservative, The



sites for glycosylation. Glycosylation of a protein, with one or more
ligosaccharide groups, occurs at specific locations along a polypeptide
%é%( S0ne &Rd greatly affects the 15 physical properties of thé %%fﬁ Hioe/066438
such as protein stability, secretion, subceli@lar localization, and biological
actj]vait%.jL Glycosylation is£.usuall of two tg{#gs. 0-linked of(iﬁgqsaccha,rides .
are AARHEE 1 SEMRE B AR B E PRt LT h PR kR erythropozetin protein,
oligpsHcehai{des mtepatfachid o aspatalyine residues. One type of
oligosaccharide found on both N-linked and 0-linked oligosaccharides is
Necetyinenapy piemeis{siatsdasid) i dwbishiisiRdapi ol AN N sgR Sich,
cosp}é%ligtlg&%lgr more carbon atoms Sialic acid is usually the terminal
residue on otﬁ' RERKES aRd 8 finked oligosaccharides and, because it

bears a negative charge, confers acidic properties to the glycoprotein.

® Human erythropoietin, having 165 amino acids, contains three N-linked
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and one 0-linked oligosaccharide chains which comprise about 40% of the
totarisre Rt tharidight ot slenig givedproein dNidndad gircosyifttionbout 25 g o
oiﬁutada@@gg@@gmel tiefasidneserateghala %M%ﬁ%@&%@d@é&%@%@ﬂ%r by
O-linke. cosylati ccurs, at jne residue.located.at position 126.
T D S S SRS e R ves
ERZYTASRRERETHOVRI 6t sidiadeidniasilivasinrtin ltherglyeosylatedbe extended up
Emtbmeaiﬁﬂfkfﬂﬁ;ﬁﬂﬂﬁfﬂ?d@?@@itﬁm A RCHIVIEY: Q&ﬂ&s{%@i ﬂﬂ%\ﬂ&%@&@@}{mﬁ gon the type
eeauSe ation of exythropojetin prevents | Inding, . and . i
B S R St g A kb
thEEhEh AR Sy S p I NEA SvBTHR BrEsErRidhvenTbrithoAeY apatogsin
okhtunanaeythropoietin 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 WO '

L 2 PCT/EP20061066438 ; 14 - havin ad%%t(‘ws ?uletion , Or
997149&%%9 e m.ven%lon ONCErNs a lﬂil]t comgrlsug%agr 3 eru.sﬁ?, eel at%c:gfga% to the

substitutions of amino acid residues that increa S
afHrsBEM& TG s Mt bEsh iseRT YR aIdE P reinbilisyefshsf WraiE brain
atihireatdrntbanthase: feiwpidsin H umasrenibiopeietia sregenarasasbyis
adding: glycosylation sites which do not perturb the secondary or tertiary
conformation required for biological 5 activity. Glycoproteins used in the
chemical synthesis of NEAs of the present invention also include analogs
having increased levels of carbohydrate attachment at a glycosylation site
which usually involve the substitution of one or more amino acids in close

PO TSRO REIFHREE b Perincud RiRtcimtyssisiord b aisearberrapressed by
chedoigalcsyniiesistbhitnAB-efthel presantdenijomnalsgjnehiee AN gse of
héﬂtﬂ%’%w:ﬂ?@@_@Wﬁé%’rﬁ@@{f&?é%%ﬂﬁ%?@%%@%@?@%-ﬁerm'”a'

end of erythropoietin‘and providing at least one additional carbohydrate

site. Gl roteins used in the.chemical synthesis.of NEAs of the present
e B PG MRIAR L AL GAE R hropoietn
ifditdaslasdberavigerrion ot lkatrodisicid forgiycbeylstoimnSaehegout in
o )& e Lo Ky EPO
on. sites,in_human .erythropoietin e addition of one or
?n%%gesh%o?\{hnear%%r%m %rcléeﬁf)r%%mg yf:glé()%gﬂbﬂrgf s ﬁéﬁﬁlr%npgfe‘fpﬁaé}ﬁegl g any
With SRR aPEIve Seshattciiteoapecistiobetisireh ordterstaitimBurebean
Rﬁb@lﬁilfkmﬁ&&ﬂ@n&ﬁﬂf@a@i&n ﬂmﬁﬁigtw&ﬂiﬁh%ﬁ@@s&cﬂr%utems or otherwise
"HiBaES.aNCRRpIes. Ut R be chamical eyiihesis o NEAS LG, o
present invention comprise an amin eid’ equence Which includes at g
Iéﬁ%‘?‘gﬂé"zﬁﬂgﬁcﬁ%@ SREERERT presented on neuronal cells only. Thus, NEA derivatives
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20 glycosylation such as, but not limited to, erythropoietins comprising the
seguence of human erythropoietin modified by a modification selected

PO #3 M8 wing: Asn3Thr"; Asn5311 5 25 Asn57Thr59; AsREUEP2006/066438
Asn69Thr"; Ser68Asn69Thr7t; Val87Asn8BThro0; Ser87Asn88Thro0;

WO 20Q7/039436PCT/EP2006/066438 - 15 - Ser87Asn85Gly89Thr9:,

selEFALREST HHSOMIFTSo8 8RS RABEHISITNRP B activity are included.
ASNEOTHIT S EEBOASHSYT hrQiabAlsHi ERpIva{oAsn TS, AER8UAEROT Beflines, by

SeBABBAL B Bchinolo gy or by endogenous gene activation. Expression of proteins,
including EPO, by endogenous gene activation is well known in the art and is disclosed,
for example in U.S. Patents Nos. 5,733,761, 5,641,670, and 5,733,746, and intermational
patent publication Nos. WO 93/09222, WO 94/12650, WO 95/31560, WO 90/11354, WO
91/06667 and WO 91/09955, the contents of each of which are incorporated herein by
reference. The preferred EPO species for the preparation of erythropoietin glycoprotein
products are human EPO species. More preferably, the EPO species is the human EPQ
having the amino acid sequence set out in SEQ ID NO:1 or SEQ ID NO:2, more
preferably the amino acid sequence SEQ ID NO:1.

Furthermore, P may be the residue of a glycoprotein analog having from 1 to 6 additional
sites for glycosylation. Glycosylation of a protein, with one or more oligosaccharide
groups, occurs at specific locations along a polypeptide backbone and greatly affects the
physical properties of the protein such as protein stability, secretion, subcellular
localization, and biological activity. Glycosylation is usually of two types, G-linked
oligosaccharides are attached to serine or threonine residues and N-linked
oligosaccharides are attached to asparagine residues, One type of oligosaccharide found
on both N-linked and O-linked oligosaccharides is N-acetylneuraminic acid (stalic acid),
which is a family of amino sugars containing 9 or more carbon atoms. Sialic acid is
usually the terminal residue on both N-linked and G-linked oligosaccharides and,
because it bears a negative charge, confers acidic properties to the glycoprotein. Human
erythropoietin, having 165 amino acids, contains three N-linked and one O-finked
oligosaccharide chains which comprise about 40% of the total molecular weight of the
glycoprotein. N-linked glycosylation oceurs at asparagine 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 vitre 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



Asnj36Thrn8 AsnosTfirmo; 10Thr125; and Pro124Thr125. The notation
used herein for modification of amino acid sequence means that the

b‘ggi%}ﬂ@)g BPthe corresponding unmodified protein (e g hEP e ER4[066438
NO:1 or SEQ ID NO:2) indicated by the sugerscripted number(s) is
ch%n%etgt the amino acid(s) that 15 immediately precede the respective
super ﬁ%}&%ﬂ?&f@ﬁmweaﬁ%ﬁ AR Al b e andivgrasismpr alter
alt Rtasthon gradwﬁﬂabjalfm@gmg@kﬂim.t@gwmdm tﬁfﬁ({j&@gh@?ﬁ OEBR of sialic acid

' I - acld Includes, at least.one L
o e e 2 e STl S georimion
coﬁ%%%fﬁﬁ SHIP TREIT [EOrERSIF has i SagLréerertintisiagitpdlor biological
Isegueriveldfvpmen:20: ey thropaietiniandya hedondISEALISNER BidRB: nvention
CoOIRHRIBHRO! e MARSDARIORUNSSQUENce MASIEI NS 0 oo

second sequen e contains at least one glycosylation site. The ac

amino act ‘ﬁ%&@ﬁ&?f‘@h@é@ S A GhiR SROEPIORY Asile sty proximity
terimimall dink et fuhéinickiotion{t gopadeitropind Rreferakly.iéiBynthesis of NEAs of
glveepraleiniisanisnaleg selested fomihe o I3ting of {a),human.

merghrg)ggetiin haviing the, 25 amino acid _seqﬁeg#(%?%%é%gr%lgr%gg Eﬂ%ﬁgmc

Ald Bl Bre BRSSP RAISHS SEFBHS aichRyRd prore iy Plersenpegyiiianal
Preafieo Lt 4 siGiFIBEQOBINOs3) iexbentlingiteo sythe Gass DRSPS osent

(Ol asialog AL LRI CARAISG IS TN AR TN RRO: And(0)
the analg in (E?%éurgjfer comprising Asn3Thr32 Val'r Asngs Eﬁ ) _
WE‘SEE"GB#BE?Q BCPEBSO8 19664585y 1480 T R R B pTatarmATdy heksosylation

besimizsdioythadilgian mhmDa.mdls@gmmyﬂﬁtWhiﬁkbiﬁﬁlhdﬁﬁrﬂerythmpoietin and
15 reg¢angrinent @rﬁ@ttnlQﬁ‘&teq{lﬁl%E@ufﬁﬁlglg&f?&ﬂ%g%%a-%?agz%%r& (9 %pﬁ%ﬂ'topoietin
carbohy

may afoocm‘%ﬁe B 1f:delei;g‘n of a}% of the N-linke | rate sites |
huaree A B o S S ST 40a Bl o a A iRpfrikl s2bBofR/aldrctiersen Patent
poNiEABendi4h e IdninBlbeiggdhendbéanftSihigasan erythropoietin.
Preferably, the glycoprotein is an analog selected from the group
cansisting ot Glpdhp et Aeass hbrh b0 HB&ReINFAIRBe present

TREQERG: MP%LQ%% §1‘3§§Z é?cf‘%%u@grc% \%1?181 includes at least one additional site for

20 glycosylation such as, but not limited to, ervthropoietins comprising the sequence of

human erythropoietin modified by a modification selected from the followin z
Asn® OThrsz;
Asn> Thes?
Asn> Thr-
25 Asn®;
ASnﬁng-}lr'”.
Ser® Asn®Thr'!;
Val*’ Asn®¥Thr;

SermAsnggThr%;
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As used herein, "lower alkyl" means a linear or branched alkyl group
having from one to six carbon atoms. Examples of lower alkyl groups

O GHE A4S/, ethyl and isopropyl. In 10 accordance with thiBGmERtigmss43s
R is any lower alkyl. Conjugates in which & is methyl are preferred. The
symbol "m" represents thge nugrgpbegoof ethylene oxide residues
(OCH2CH?2) in th&polfetiierEsxide) group. A single PEG subunit of
ethylene oxide has a molecular weight of about 44 daltons. Thus, the
molecular weight &ffheseSaudaterlexcluding the 15 molecular weight of
the EPO) depends on the number "in". In the conjugates of this invention
"m" is from about %58 Ae.&hau 800 {corresponding to a molecular weight
of about 20 kDa to about 40 IcDa), preferably from about 650 to about 750
(corresponding togmeieculgrweight.ofabout 30 kDa). The number m is
selected such that the resulting conjugate of this invention has a
physiological actim%ﬂ%ﬁaﬁé@wrmpdiﬁed EPO, 20 which activity
may represent the same as, more than, or a fraction of the corresponding
activity of unmodified ERQ. A molecular weight of "about" a certain
number means tha¥it fwithin ‘a reasonable range of that number as
determined by convgptioglgal gmalx}ical techniques. The number "m" is
selected so that th& n%l‘éc%oﬂﬁlélght of each poly(ethylene glycol) group
covalently linked to the erythropoietin glycoprotein is from 25 about 20kDa
to about 40kDa, ad ETpretérably about 30kDa. In the conjugates of this
invention, the number "n" is the number of polyethylene glycol groups
covalently bound Agenfféenatitino groups (including 2-amino groups of a
lysine amino acid and/or the amino-terminal amino group) of an
erythropoietin proggjrevig,agmide linkage(s). A conjugate of this invention
may have one, two, or three PEG groups 30 per molecule of EPO. "n" is
an integer rangingrformghlrltz@ 3, preferably "n" is | or 2, and more preferably
"n" is 1. The compound of Formula | can be prepared from the known

p(}lﬁ/meric materi(ﬂi WO 2007/039436PCT1EP2006/066438 - 17 -
¢ notation used neremn for modification of amino acid sequence means that the

position(s) of the corresponding unmodified protein (e.g, hEPO of SEQ ID NO:1 or SEQ
ID NO:2) indicated by the superscripted number(s) is changed to the amino acid(s) that
immediately precede the respective superscripted number(s).

The glycoprotein may also be an analog having at least one additional amino acid at the
carboxy terminal end of the glycoprotein, wherein the additional amino acid includes at
least one glycosylation site, i.e. the conjugate as defined above also refers 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
aminq acid sequence, Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Len Pro Ser Pro Ser Arglen
Pro Gly Pro Ser Asp Thr Pro He Leu Pro Gln (SEQ ID NO:3), extendin g from the carboxy
terminus; (b) the analogin (a) further comprising Ser® Asn® Thr™ EPO; and (c) the
analog in (a) further comprising Asn™® Thr'* Val® Asn® Thr™ PO,



in which R and m are as described above, by condensing the compound

of Formula 1l with the erythropoietin glycoprotein. Compounds of Formula

IR WR1AH%36 3 are alpha- lower alkoxy, butyric acid succinintidyiErstmmss4ss

of poly(ethylene glycol) (lower alkoxy- 5 PEG-SBA). Compounds of

Formula Il in which x is 2 are alpha-lower alkoxy, propionic acid

sucCmTRRIresiara®r Ponleaisante ghoti toweintioid/ sRECSRA)cH T udes a

converticanlmethadeplreactingranpetivaied e stee wﬁ!}:ﬁ&éﬂ&ﬂ%ﬁ’ﬁ%ﬁgm a

ana%ggij%% (ﬁggng% H}illeiziﬁﬂjnlﬁeg? arrg&ctéion{de?cribed above, the exemiplifie

succinimidyl ester s a leaving group causing tHe Amide FoHIansiFFRR an

us&isttireefimhayirketeras beferilenscthiec BOrsoHipo 8R0S b fommdaditequence of
SErggim W??MQM@E?{BW&?W@]%&QEW ?ﬂaylﬁaﬁ)@%%% 'J'éom the group

: ol 1September 30y 7 (Hagris, set al ), Hugan

contgﬁgsgl %‘i’gefs?r}gle g%inc“)g;%lro&gsr, t#%%ém&?ﬁlo-tgfmiﬁ%l amino E?&i&l&h%‘ltﬁe%fm

E-éﬁ’?‘in@é‘?o@ﬁ?of 8 lysine residues. When the pegylation reagent was

combined with a SBA compound of Formula I, it has been found that at

pHY 54 IpoteiiPEG alittity ofeibsb: By endcbreadientep perasiie Rlfrem one o

20&%_@%@%%5&1@?%33?&9 af%w&%%&??&%@@%‘dﬁ}&eon‘l&?ﬁgﬂE@g—?!;'%t?s%pmpﬂ In

0 spgcglgr%gyleéerv&o uced. When tpe %%%ycia'glon reagent was a SPA

compound® 01 Y9 B iR ISP BoRdHoHS Y f Rk g ierishdinimmhy] are

rafteeigEsdt:2, primarily the mono-peg,ylated species is produced. The

pegylated EPO can be administered as a mixture, or as the cation

exXthangete rar:‘raiqgia@m aag?mazd&f%m?%ﬁ’% &ﬁ@ylﬁétﬁ&ﬁg%@%ﬁm) in the
m reaction copditions (e.g., ratio.of reagents, p
OGRS 230 FEISE Py o
aiGiERsPbRRRe ittt Se dPteth s pedissieamiiehy afiabic Thigugateritiamuding the
15 p[}n;dhbesliheveigetqffammﬂﬂ%bﬁdrmiﬂ@ Iﬁﬁﬁeéﬂugﬁt.ew&g?(;ﬁm%s of this
a omp ining at lea ty percent mono- _
I RAASIDRISSUTSEE
5 a@%ﬁm harie-Pee tBribahtesradnfrspalant Gifcprbaeingsareomresponding
des@aahtéebelaam@hhey oot D ae. igbat AGY Y thandiel l%@h tﬁat the resulting
copjvigates - - conjugates as as the rat
o P T R B moifea o,
fré%ﬁ%é“%%ﬁﬁ&%é%ﬁf?&ﬁ eaRTs dscrvisdhe percBattige of the corresponding
manyiREGuormegifov dPitactionddaincrenga tieaW@" 2 certain number means that
2087413 I9REHRROAAOBPARE o dil D LCenlans, of MONG BECL N8 i

frfggqsition. About ninety percent mono-PEG conjugates -are a goo
a

CcO

baTaNed P yietF aRBPARTN ity S othetitfeedc o gbattidhe imaegeiarforeight of each

exaififsiéyintegytringtystwen peireeitionkal Rt iRARRSISPERCENE S8 is from
2 CRObIAAIRDRAIE MONP:NES, ShAGSS (RAANAIR]) gy desired. In an

embodiment of this invention the 5 percentage of conjugates where nis 1
isyfr |net rcent to ninety-six percent. .
Sii Ae E‘é%é{a%% SERLS mven%gn, %& nnmg'er “n” is the number of polyethylene glycol

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

20

amino acid and/or the amino-terminal amino group) of an erythropoietin protein vig
amide linkage(s). A conjugate of this invention may have one, two, or three PEG groups
30 per molecule of EPO. “n” is an integer ranging from 1 to 3, preferably “n” is 1 or 2, and

[T

more preferably “n” is 1,

The compound of Formula I can be prepared from the known polymeric material:
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It is counterintuitive that a chemically modified erythropoietic protein as
resented in this invention would be able to pass through the BBB by
giﬂ}%ﬂ@ﬁﬁ%%%n since the NEA of the invention is highly hydr8Eh{fEpkd0e6438
has a large molecular weight. This is bec&tse Partridge et al.
(Pharmaceutical Research, Vol. 15, No. 4, 1998) have shown that 10
peaylation with a small PEG molecule (200Q Dalton molecular weight)
reduces passive brain uptake of peptid;;ﬁch as the brain-derived
neurotrophi . tfr\l | ples below demonstrate
clearly the gﬁgﬁf&@ﬁz‘ﬁg 8E%S)sﬁwdtak%? ST, These findings are consistent
with, and we thus hypothesize that, of the invention comprisi#iy
poly(ethylene glycol) moieties integrated into the structure of the molecule
pass through 15 the BBB by a facilitated or active transport process.
Patients suffering from stroke have to be treated with the inventive NEA
ad'sBBIf S PRSIt ARTARHER W hYSHRIGRERS Bificarnssad o kremula I
NEAhHE beythdopiriste rdekperiodicallyrdpentat s fifiproviedresident 136 ite alpha-

N rodirista ot > .
o 2 A EXC Ul ok IBORIRLT Lk SRR IOR NG IR 8 (R atoxy
et vites s

hde vy BEFCSTPGHEd I hete A&k Glp aHG S Bl RsR fhionic
peakssapdniroidghssiof thé hagmbglotiglievt| thatantk sy RIBGOEAL With

ERQ armiseduces by administeringthe NEA-negative side effegts ke ae can
relg ed dr'%( égf thrombosis and an unwanted thickening of the blood are

B h e IR A A R e BRI B U SR YAR e 1§ a leaving
exzonples:sTiybe erainfles pofiray varfcussminbddimentsofithe the
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2Q07 436PCT/EP2006/066438 - 19 - EXAMPLES Example 1:
P @yéﬁf%%%éﬁ%ﬁﬁ%ﬁ%&%ﬁ&% TRETS-Méhtation and purification of

human EPO is e.g. described in US 6,583,272, Example 1. EPO purified
in[AREGPIRR S Wi THBIE Flith 2EB erRethu e GRER@rispTainalmigo eroup plus the

6.883:262A45ROS} Was hAmeKaNaoUs, %%@m@%@@@%@%%lbmed with a

methods and showed the typical 10 isoform pattern consisting o

isofoHTRCRAN ¥ SBEEHiE BidldiitBFELiRARF SF A 000 213 A4S PEC ratio of

datsraineddayitieirapReayh aeiie MOuseassak e PegYiatian reagent.
used w sgf&leEhox

S & MO G SBA DS 8 OO F O e
which R is methyT- x5 3¢ and m“ls_ﬁonl? 6 5 {0 7850 TAVATRGE KOS O BHER Wasa
corrésieaiingof dhraveadeambrelilapiight ofcabolia8thk DeeBPEG ratio was
PegylatianrfRedeti®tno-pegylated species is produced. The pegylated EPO can be
administered as a mixture, or as the cation exchange chromatography separated different
pegylated 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



To one hundred milligrams of EPOsf (9,71 ml of a 10.3 mg/ml EPOsf

stock, 5.48 p.mol) 10 ml of 0.1 M potassium phosphate buffer, pH, 7.5
BEhAHARGS06 mg of 301cDa methoxy-PEG-SBA (16.5 j.t matL{otnaingeksss
from Shearwater Polymers, Inc., Huntsvillgg Alabama) was added and

mixed for 2h at room temperature (20-23 C). The final protein 20
corfEerTtiagion! Was s PRI m| thadane PitminAPES reatgeprratiomes PBG

Af&eﬁjﬂ\g@tb@MESa ﬂ%@d%ﬁﬁﬁh@@ ww&t@mg&bﬂ;ﬁlg&lﬁ%ﬁgﬁ%ﬁ o‘é?t%#s‘ﬁé”@hich for
O e L D TS Bl o
SPLYEPTARO® ES(@umﬁﬁdpymaheﬁ@se&cﬂmgmmmepammmn the
5 anpAMIGRN-glasscalIm a2 X% 1.5 ﬁﬂh%ﬂ%%ﬂ&éﬂ&ﬁ@&%@mﬁ(@@ 20 My

acetate buffer pH, 4.5 at a flow rate of 150 ml/h. Six millilitres of the

reAGleabAtE; GOIAINING, S0 M PRI AR IR RO WINNE. e in
cgglllbratlon buffer and a t}f‘?p“ed onto he col matenars
w

8 WASHEE 08 F}H‘HB% S &5 B PR e ES g tiace the NEA
m@ftthfemvf&sEe:iute@%@@@@ﬂﬁﬁ%&ﬂ@ﬁﬁﬁ@ﬂﬁﬁmﬁ%&&rgﬂ@ THEOMHR U se
calnudth 0. 1B MMNaGR ﬁaeeqﬂllwewfi%%w QAilied EROST

still re aInI&%OI’I the_column was_eluted with 750 mM NaCl. Column was

0 BRSPS e S BHEl AL RS ARyt rdnces pasive
SDSUPHGRapibtipsitad syrke uhpbpilatioriwé s detemplirie thdlowas faundless, our

thakth %%}tﬁ{ S ndings
amou rﬁlepr 0%%%20 tgéﬁ;ag;l/%% s;%eCleg ﬁv%ﬁg%gggftﬁg %YSE(J% %I\t/?%\lé’%d ’ﬁwsc findi
fi

contamey GRS YRR St e Ad EGhE Pesartiqmeomprising
partideiedniegareoixtirtelitedfremitie tholstmprinethepreites BIeRWasHu ch

15 dilisesba-fold mithther BuffenandhsppRljed eqro the column and washed
as described. DI-PEG-EPOsf and mono- PEG EPOsf were 10 separately

eﬂﬁgnt %%ﬁ%ﬁ Qt}% th O 1%@% }%71?6M v'ggt%!fe ﬁ_gttsllveéyas

El utlon Was als per ormed with o elute any ing

uRRSSAIRel Eptsgrect to chronic neurolo olcai dlseases the NEA will be administered
periodically due to its improved resident time in the blood circuit (that is, longer half-

life). Since the NEA has a long resident time and shows a reduced affinity to the EPO

20 receptor, the haemoglobin level can be controlied in a pretty narrow range. Because the
peaks and troughs of the haemoglobin level that are usually found with EPQ are reduced
by administering the NFEA, negative side effects like an increased risk of thrombosis and

an unwanted thickening of the blood are reduced.

The invention is further described below by demonstrative examples. These examples
25  portray varions embodiments of the invention, but are not intended to limit the

application.
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Alternatively, the reaction mixture was diluted 5-fold with the acetate
buffer and applied onto the SP-Sepharose column (-0.5 mg protein/ml

I Ly was washed and 15 adsorbed
‘?ﬁ%%ﬂ“ﬁ&lze-EPOsf,di-PEG-EPOsf and unmodified EPOsf wef& EfttatPgLcs+®
described in the previous section. Resuftd®PEG-EPOsf was synthesized

by chemically conjugating a Iinearg%%le with a number average
molecular weight of 30 kDa. PEG- erived from the reaction 20

between the primary amino groups of EPOsf and the succinimidyl ester
derivative of a 30 IcDa PEG-butyric acid, resulting in an amide bond.
Results are summarized in Table 1. Purified conjugate mixture comprised

of mono- and di-PECEBBS drid W4 R o8 I AnHiB e ERdsf as

determined by SDS-PAGE analysis. Conjugate mixture accounted for 23.4
mg or 78% of the starting material. Cation 25 exchange chromatographic
separation of mono- and di-PEG-EPOsf indicated that mono-to di-PEG
ra?pi%eif?&ﬁ@%ﬁﬂzvg@té RGeS Birmest PO iafter dompledionio$ 6hE83.272,
reactiopizratio of the individual components of Mono: Di: Unmodified were
40: 38: 20 (%). Overall yield was almost quantitative. WO
2007/039436PCT1EP20061066438 -21 - Table 1. Summary of results of

E% pr%%&? &OE[L]CCSO?(EQQég \xgtﬁggf\teesgém elf?g}'b%%?teoo rgi?ri}% eOI %I_Y}% 'él,S 83,272
(EPOsf) was homogeneous as determined by analytical methods and showed the typical
isoform pattern consisting of 8 isoforms. It had a specific biological activity of 190,000
IU/mg as determined by the normocythaemic mouse assay. The pegylation reagent used
was a methoxy-PEG-SBA, which is a compound of Formula II in which R is methy; x is

3;and m is from 650 to 750 (average about 680, corresponding to an average molecular
weight of about 30 kDa).

Pegylation Reaction

To one hundred milligrams of EPOsf (9.71 ml of a 10.3 mg/m] EPOsf stock , 5.48 umol)
10 mi of 0.1 M potassium phosphate buffer, pH, 7.5 containing 506 mg of 30kDa
methoxy-PEG-SBA (16.5 i mol) (obtained from Shearwater Polymers, Inc., Huntsville,
Alabama) was added and mixed for 2h at room temperature {(20-23 °C). The final protein
concentration was 5 mg/m! and the protein:PEG reagent ratio was 1:3. After two hours,
the reaction was stopped by adjusting the pH to 4.5 with glacial acetic acid and stored at —

20°C, until ready for purification.
Purification

L. Conjugate Mixture: Approximately 28 mi 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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Unmod.6.0 Conju. Mix,23.4 Yield (%) 100 40 38 20 78 Example 2:
Pegylation of EPO with mPEG-SPA 10 A different aliquot of the EPOsf
i ple 2 was reacted with 30 kDa methoxyPEG-SPA
‘*(’?r?g‘é?\?v%egﬁn Polymers, Inc., Huntsville, Alabama). Reaction &gg@momamss
performed at a protein:reagent ratio of 1:3%nd purification techniques

wereg I Wi I Primarily the mono-pegyljated .
spegiﬁ(le?sr%\?gg (E)(gto ucé%%p (Fm%%% Ac |\9@F§i{(‘)]|ﬂt%gtﬁ’3§éﬁ§cgd dlﬁe_d EPOsf
conjiitL S 4R RSR Mt S e 5B 2’}@5@@(@%&6@1-5@&@@@ in

Vivo assajisTelit viiosexpesintenis mafﬁiwag%@gygw%l@%@%@% their
from | i Rillinsdorf, Switzerlan Qa

M S BT e R e e
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cerebrospinal fluid (CSE) samples were taken followed by collection of

ptals m@M@Nﬁ%&;—MigWS@§%¥§§ﬁ&g@%&ﬁ§?&%€§g}%@ from the
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Ta] [ : wejght Composition: aqueous buffer
Ad mﬁ{ﬁ%%tkggs\é S%J&?fogn%ﬁk\%t?xo%mﬁ%\?a& to {gu te any rclg aining unmodified

EPQOsT,

Alternatively, the reaction mixture was diluted 5-fold with the acetate buffer and applied
onto the SP-Sepharose column (~0.5 mg protein/m] gel). Column was washed and
adsorbed mono-PEG-EPOsf,di-PEG-EPOsf and unmodified EPOsf were etuted as

described in the previous section.

Resuits

PEG-EPOsf was synthesized by chemically conjugating a linear PEG molecule with a
number average molecular weight of 30 kDa. PEG-EPQOsf 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-EPCsf 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-PHG 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 (o).

Ed

Overall yield was almost quantitative.
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- 22 - EPO conjugate, concentration: 6.2 mg/ml Administration volume: 2
ml/kg body weight Composition: aqueous buffer 5 The compound
WwangeNkatien in the collected samples has been determined P06 066438
Enzyme-Linked Immunosorbent Assay (ELISA) Results The figurés 0%
show that an NEA according to the invertion is able to cross the blood 10
brain barrier. Withi t] riod from 2 to rs the,concentration of
the conjugate in thépf h%%gp}%érglaasrgg%%%sg ¥ ?%ﬁ% %Flf’fse of an
erythropoietic mgalggude for the produstign.ofiadnedicament for the  vielq (o)
treatment of neurodegenera@{&e g}sorders of the brain and E)I%g spinal cord
wherein the erythropoietic mo écul%"compris S an erythropoiétin moiety
having at least one free Safdgroup selecidd’from the grodp consisting
of human erythropoietin ang>analogues thergofswhich have the sequence
of human erythropoietin mogigliren%{?y the additjon of from 1 toz?}
glycosylation sites or a rearrangement of at least one glycosylation site;
said erythropoietin moiety befiigicdéaently lidkdd to "n" poly(@thylene
glycol) groups of the formula 10-00-(C142)x-(OCH2CH2)m-OR with the
-CO of each poly(ethylene glycol) group forming an amide bond with one
of said amino grougstawtrdraintReddowen P with mPEG-SPA

A different aliquot of the EPOsf used in Example 2 was reacted with 30 kDa methoxy-

PHEG-SPA (Shearwater Polymers, Inc., Huntsville, Alabama). Reaction was performed at
a protein:reagent ratio of 1:2 and purification techniques were in accordance with

Example 2. Primarily the mono-pegylated species was produced.

The in vivo activity of the described EPO conjugates are described in US 6,583,272,
Example 4.

Example 3:in vivo assays

The in vivo experiments were conducted in male Wistar rats from Charles River RCC,
Fiillinsdorf, Switzerland. EPQ and EPO conjugate (generated according to Example 1)
were both administered intravenously as a single 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) mto 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 a rat.

Compounds;

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

Compeosition: aqueous buffer



16

15

20

X is2 or 3; 15m is from 450 to 900; n is from 1 to 3; and n and m are

chosen so that the molecular weight of the resulting erythropoietic
WPlssHisssybtracted by the molecular weight of the erythropoietic moiet

is from 20 kilodaltons to 100 kilodaltons, 20and wherein "low&F4k§f006/066438
means a linear or branched alkyl group hé&ing from one to six carbon

a%c&ﬁggg@%%@ewaﬂgirggelg?g%rative disorders are selected from

the group consisting of stroke, tradmatic brain injury, spinal cord injury,
schirophieiies Azheiners diseaseyEentington's disease, dementia,
fragile X-associated tremor/ataxia 25syndrome, Parkinson's disease,
sporigpfairerrmshaidpetty and multiple sclerosis. 2. Use of the
erythropoietic molecule according to claim 1 having the formula:
- 24 - P--INHCO-(CH2),-(OCH2CH?2),,-ORk(0 wherein x, m, n and R are
a ' in_claj is the residue of the erythropojetin moiety
e ROl Lot B B B
ORI EEthiMBSRE G rtRSEidStse of the erythropoietic molecule
according to any of the foregoing claims, wherein R is methyl. 4. Use of
the erythropoietic molecule according to any of the foregoing claims,
wheraid 10m is from 650 to 750. 5. Use of the erythropoietic molecule
according to any of the foregoing claims, wherein n is 1.

The figures 1-3 show that an NEA according to the invention is able to cross the blood

brain barrier. Within the time period from 2 to 6 hours the concentration of the

conjugate in the liquor increases.
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6. Use of the erythropoietic molecule according to any of the foregoing
claims, wherein R is methyl; m is from 650 to 750; and nis 1. 15 7. Use of
the erythropoietic molecuie according.tgiany of the foregoing claims,
haying the formula [CF130(CH2CH20)"CH2CH2CH2CO-N1-110-P
wherein m is from 650 to 750, nis 1 and P is as defined in claim 1. 20 8.
Use of the erythropoietic molecule according to any of the foregoing
claims, wherein the erythropoietin m(gé”ﬁﬁ% a human erythropoietin. 9.
Use of the erythropoietic molecule according to any of the foregoing

lajms, wherein.the erythropoietin mojety has the sequence SEQ 1R NO:I.
A R i B
claimsimenerdine2Bitegenythtopaletindereietyisay theasddbe spmafdwdnaherein the

ggy%%%%ﬁ'&zmﬁgi%&? },(ot&lﬁ%x‘?é%gi]é@'éﬁ{lﬁrgﬁgiétfﬁ r@(g%%‘&d%}%z% RIS oric free

se of the erythropoietic molecule according to any o

foraGoREErHIntsIodiet i ergisanBps e AniaaY fortBEpmesEamsh

viainiection memalRaichasubcuianeaus denesibobiphaRINRin modified by the
eoIf-seqT.txt SEQUENCE LISTING <110> F. Hoffmann-La Roche AG

<1884 HRRMERPOF 1D OtRRTEHE I TE S AfSAST2A 2R op 8954t least one

glycosylation site; said erythropoietin moiety being covalently linked to “n”

poly(ethylene glycol) groups of the formula
~CO-(CH~{OCHCH ) -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;

xis 2 or 3;

m is from 450 to 900;

nis 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 20

kilodaltons to 100 kilodaltons,

and wherein “lower alkyl” means a linear or branched alkyl group having from one to

six carbon atoms,

and wherein the neurodegenerative disorders are selected from the group consisting
of stroke, traumatic brain injury, spinal cord injury, schizophrenia, Alzheimer’s
disease, Huntington’s disease, dementia, fragile X-associated tremor/ataxia

syndrome, Parkinson’s disease, spongiform encephalopathy and multipie sclerosis.

2. Use of the erythropoietic molecule according to claim 1 having the formula:
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<160> 3 <170> PatentIn version 3.3 <210> 1 <211> 165 <212> PRT
<213> Homo sapiens <400> 1 Ala Pro Pro Arg Leu lle Cys Asp Ser Arg
Val LOU Glu Arg Tyr Lou 151015 LOU Glg Ala Lys Glu Ala Glu Asn lle
Thr Thr Gly Cys Ala Glu His 202530 Cys Ser Lou Asn Glu Asn lle Thr Val
Pro Asp T yEValL&SH,Rha 84048 Fyr@d, Trp Lys Arg Met Glu VdhGly
Gin Gin Ala Val Glu Val Trp 505560 Gin Gly Lou Ala Lou Lou Ser Glu Ala
Val Leu Arg Gly Gin Ala Leu 65707580 Lou Val Asn Ser Ser GiIn Pro Trp
Glu Pro Lou Gin LOU His Val Asp 859095

10.

wherein x, m, n and R are as defined in claim I, and P is the residue of the
erythropoietin moiety without the n amino group(s) which form amide linkage(s)

with the poly(ethylene glycol) group(s).

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

R is methyl.

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

m is from 650 to 750.

Use of the erythropoietic molecuie according to any of the foregoing claims, wherein

nis 1.

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

R is methyl; m is from 650 to 750: and nis 1.

Use of the erythropoietic molecule according to any of the foregoing claims, having

the formula

[CH30(CH;CH0)mCHoCILCH,CO-NH],-P

wherein m is from 650 o0 750, n is 1 and P is as defined in claim 1.

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

the erythropoietin moiety is a human erythropoietin.

Use of the ervthropoietic molecule according to any of the foregoing claims, wherein

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

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 glvcosylation sites.



Lys Ala Val Ser Gly Lou Arg Ser Leu Thr Thr Leu Lou Arg Ala Leu

100105110 Gly Ala GIn Lys Glu Ala lle Ser Pro Pro Asp Ala Ala Ser Ala

Ala 115120125 Pro Lou Arg Thr lle Thr Ald%sp Thr Phe Arg Lys Leu Phe

Arg Val 130135140 Tyr Ser Asn Phe Lou Arg Gly Lys LOU Lys Lou Tyt )
Thr. GlyeGlIlAlary 4515086 180yl APgOTHAS 9 ApofdBedoieRowa E’%i@s wherein
166 52122 PRT S213% HAML.538ie0en 1007 880tk 38k txAlacRalRmch.

Arg Leo Tié 8ys Asp Ser Arg Val Leo Glu Arg Tyr Leo 151015 Leo Glu Ala

Lys GlbAlaGuadEras TR ABRACyYs Ala Glu His



202530 Cys Ser Leo Asn Glu Asn lle Thr Val Pro Asp Thr Lys Val Asn
Phe 354045 Tyr Ala Trp Lys Arg Met Glu val Gly Gin Gin Ala Val Glu Val
Trp 505560 Gin Gly Leu Ala Leo Leu Ser Glu Ala Val Leu Arg Gly Gin Ala
Leo 65707580 Leo val Asn Ser Ser.Gin Pro Trp Glu Pro Leo Gin Leu His
Val Asp 859095 Lys AlayMal-ser ME@% Arg 'Ser Leo Thr Thr Leo Leo Arg
Ala Leg 100105110 Glé/ Ala Gin Lys Glu Ala lle Ser Pro Pro Asp Ala Ala

<HO> & WGEATRAMM 15156198 Bfo Leu Arg Thr lle Thr Ala Asp Thr Phe Arg Lys

<120> LieefRherArg vahd30H35240-TyT SeuAsirPheLeo Arg Gly Lys Leo Lys

<130 Lz%%-ﬁyr Thr Gly Glu Ala 145150155160

<160> 3

<170> Patentin versicn 3.3

<210> 1

<211> 165

<212> PRT
<213> Homo sapiens

<400> 1
Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg val Leu Glu Arg Tyr Leu
1 5 10 15

Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His
20 25 30

Cys Ser Leu Asn Glu Asn Ile Thr val pro Asp Thr Lys val Asn Phe
35 40 45

Tyr Ala Trp Lys Arg Met Glu val Gly GIn GTn Ala val Glu val Trp
50 55 60

Gln Giy Leu Ala Leu Leu Ser Glu Ala val Leu Arg Gly GlIn Ala Leu
65 70 75 80

l.eu val Asn Ser Ser Gin Pro Trp Glu Pro Leu GIn Leu His val Asp
85 90 95

Lys Ala val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu
100 105 110

Gly Ala Gln Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala ser Ala Ala
115 120 125

Pro Leu Arg Thr Ile Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg val
130 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu tys Leu Tyr Thr Gly Glu Ala
145 150 155 160

Cys Arg Thr Gly Asp

<210> 2

<211> 166

<212> PRT

<213> Homo sapiens

Page 1



Cys Arg Thr Gly Asp Arg 165 <210> 3 <211> 28 <212> PRT <213> Homo
sapiens <400> 3 Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leo Pro Ser
Pro Ser Arg 151015 Leo Pro Gly Pro Ser Asp Thr Pro lle Leo Pro Gin
2025
<400> 2

eott-seql.txt

Ala Pro Pro Arg Leu Ile Cys Asp Ser Arg val Leu Glu Arg Tyr Leu
1 10

Leu Glu Ala Lys Glu Ala Glu Asn Ile Thr Thr Gly Cys Ala Glu His
20 25 30

Cys Ser Leu Asn Glu Asn TIle Thr val Pro Asp Thr Lys val Asn Phe
35 40 45

Tyr Ala Trp Lys Arg Met Glu val Gly GIn Gln g1a val Glu val Trp
50 55 0

Gln Gly Leu Ala Leu reu Ser Glu Ala val Leu Arg Gly Gln Ala Leu
65 70 75 80

Leu val Asn Ser Ser GIn Pro Trp Glu Pro Leu GIn Leu His val Asp
85 30 95

Lys Ala val ser Gly Leu Arg Ser peu Thr Thr Leu Leu Arg Ala Leu
100 105 1190

Gly Ala GIn Lys Glu Ala Ile Ser Pro Pro Asp Ala Ala Ser Ala Ala
115 120 125

Pro Leu Arg Thr Ile Thr Ala Asp Thr pPhe Arg Lys Leu Phe Arg val
130 135 140

Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys teu Tyr Thr Gly Glu Ala
145 150 155 160

Cys Arg Thr Gly Asp Arg

165
<210> 3
<211> 28
<212> PRT

<213> Homo sapiens

<400> 3

Ser ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg
1 5 10 15

Leu Pro Gly Pro Ser Asp Thr Pro Ile Leu Pro Gln
20 25

page 2



