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ENHANCEMENT OF ERYTHROPO ETI N RESPONSI VE CELLS, TI SSUES AND ORGANS
Priority of provisional application no.60/259, 245 filed on Decenber

29, .2000, which is incorporated herein by reference inits entirety, is

cl ai med unaon2/@3ssW. S. C.  119(e) (1). BACKGROUND OF THECTNMEAPI'ON For nmany
years, the only clear physiological role of erythropoietin had been its

control of the roduction of red bl o | i nes of
ovi dencePgeargggagwhgﬂswwﬁew@.E}NH@@EM&@*%@@W
superfam |y, perforns ot her ortant siologic .functions mhlch are
nedi at ed t hrough |ntgﬁﬁﬂ@wﬁﬂqﬂ8¥¥L$ﬂgS§g§$ @B@#Pﬁ recept or

(erythropoietin-R). These actions include mtogenesis, nodul ation of
calciuminflux into smooth nuscle cells and neural cells, and effects on
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injected intracranially protects neurons agai nst hypoxic neuronal injury,
intracranial admnistration is an inpractical and unacceptable route of

adm nistration for ther h 1 Y for normal individuals.
Furthernore, previous stﬁggiiiégﬁﬁiggﬁ gi ven erythropoietin have
concl uded that peripherall r.ed .erythr ietin is.n transported
into thEPTEIREY ¥P Bﬁ?‘]}’@]f"‘“ %YS“’? 1o %fawggoﬁ/mtmﬁ%@: oo ogn t%f}uﬁt?' et al .,

1999, Pedi atr. Res 46; 543-547; Bu m et ¢ BﬂF " al .

Tr anspl Bipductioppf zesihlopd gels. Resently, reveral does OJBVLFI%’PW%‘?S t@% RSl 18’t”'isn have
been described wth activities directed towards t he

er yt hr opopsber ef the extekinesupsrfapHy pasierae gfher important B{%"S‘Pﬁg@%‘ YR &%d ani no

acids at 1 28 June 2005
mediated through interaction with the erythropoietin receptor (erythropoietin-R). These actions

include mitogenesis, modulation of calcium influx into smooth muscle cells and neural cells, and
effects on intermediary metabolism. Itis believed that erythropoietin provides compensatory
responses that serve to improve hypoxic cellular microenvironment as well as mﬁdulate
programmed cell death caused by metél;olic stress. Although studies have established that
erythropoietin injected intracranially protects neurons against hypoxic neuronal injury,
intracranial administration is an impractical and unacceptable route of administration for
therapeutic use, particularly for normal individuals. Furthermore, previous studies of anemic
patients given erythropoietin have concluded that peripherally-administered erytbropoietin is not
transported into the brain (Marti ef al., 1997, Kidney Int. 51:416-8; Juul et al., 1999, Pediatr. Res.

46:543-547; Buemi et al., 2000, Nephrol. Dial. Transplant. 15:422-433.).

Various modified forms of erythropoistin have been described with activities directed towards

improving the eryihropoietic activity of the molecule, such as those with altered amino acids at
. 1.



WO 02/ 053580 PCT/ US01/ 49479 the carboxy term nus described in $§89uaons
5,457,089 and in U S. Patent 4,835,260; erythropoietin isoforns with

vari ous nunbers of sialic acid residues per nolecule, such as described in
U S. Patent 5,856,292; polypeptides described in U S. Patent 4,703, 008;
agoni sts wesmessdsed in U S. Patent 5,767,078; pepti deBCUBOEMH4E nd to the
erythropoietin receptor as described.in US. Patents 5,773,569 and

5, 830, 851, d | | S. Patent
5. 535, 3hoteieRy (PP APREeL RO S aaeet 0 BT g Gpof SIS0, ot oct i ng,
e oo PSR RLSoTE i P SRR e S e R RS BA0F vo,  and (0

del i ver of an Cr O ial barrier for the
pur pos efeggribe Pdfééa tgé) ﬁgggﬁ’ﬂg’ﬁ ‘ﬁr@s dg??g%r‘ t‘}& t t?”ﬁd"&g%sé)ogn%% WS el I's and
associ at ed ceIIs tissues and or ans t he vascyl ature, or to
carry asebedinddSRaieaiculo4978: prptds fWE‘CIbP’%i@?ﬁ eﬂ%@f SUBACPLO R oct ed. BRI EF
SUMVARY.COF THE | NVENTI ON_I n_one aspect, the pres i nvention, i.s directed
Co 1 he drsesioet lehaien S1TE3 N SSbel: BlGBAl TOIeOHe BmesgTes CHERRdet cal
conposi tions for protecting, maintaining, enhancing, or restoring the
functi dﬁso?a"en\‘i?’%ﬁpﬁgizty of erythropoietin-responsive manmmal i an cells and
their associated cells, tissues and organs. In one particular aspect, the
eryt hr opoi eti n- responsi ve mammual ian cells and their associated cells,
tissue or organ are distal to the vasculature by virtue of a, tight
endot hell isdpwardy the usp af anjesrthropaictiarfor ietpctisgmainiaining cehapring, or ref@inge| | s,
tissues, organs or other bodily parts are isolated froma nmammalian body,
such aserythmeleﬁlmztemwew celbyangd pesneiptederls, tisgies gag orghnsioHLA 88 WEHl RS RY vivexanpl es,
the erythropoietin-responsive cell or tissue may be neuronal, retinal,
nuscl e, anddaddlivery ofangrytirpnadetin akiosemyendohretifl|cel] raprss fr ths, pmpdseedbal cort ex,
adrenal nedulla, capillary endothelial, testes, -2 28 June 2005

protecting and enhancing erythropoietin-responsive cells and associated cells, tissues and organs

distal to the vasculature, or to carry associated molecules, that the present invention is directed.

BRIEF SUMMARY OF THE INVENTION
In one aspect, the present invention is a;rected to the use of erythropoietins for the preparation of
pharmaceutical compositions for protecting, maintaining, enhancing, or restoring the function or
viability of erythropoietin-responsive mammalian cells and their associated cells, tissues and
otgans. In one particular aspect, the erythropoietin-responsive mammalian cells and their
associated cells, tissue ;r organ are distal to the vasculature by virtue of a tight endothelial cell
barrier. In another particular aspect, the cells, tissues, organs or other bodily parts are isolated
from a mammalian body, such as those intended for transplant. By way of non-limiting
éxamples, the erythropoietin-responsive cell or tissue may be neuronal, retinal, muscle, heart,

lung, liver, kidney, small intestine, adrenal cortex, adrenal medulla, capillary endothelial, testes,

2.



WD 02/ 053580 PCT/ US01/ 49479 ovary, pancreas or endonetrial cell 2800uheH0s
These exanpl es of erythropoietin-responsive cells are nerely illustrative.
In one aspect, the erythropoietin-responsive cell or its associated cells,
ti ssues, or organs are not excitable cells, tissues, or organs, or do not
pr edon nanwoy2/e8ipri se excitable cells or tissues. | RCHUHAMAM Ul ar

enbodi nent, the mammalian cell, tissue or organ for which an

af orenenti oned erythropqietin derivative is used are those that.have

ex pend&¥arppangreas of edpraciral selisoF figgte- Jﬁlesteieﬁ%n@ﬁﬁ 3g?ryt5{°1’?18t§§1iesf’8ﬁ%vec‘8ﬂ?j ition
adverse to the viability of- the cell, tissue or .organ. Such conditions

i ncl uderemereliiusisative,. Wiopeasaseh Sieiery tappoigsipaesaonsve eROr i esseoied S gi cal 1 y-

i nduced in-situ hypoxia or metabolic dysfunction, or _in-situ.toxin

ex pos ultiesues, roreas Eremohgrpitable cellssissags £ gtpal oo ap RERAFOBPTFdi at i on

t herapy. I n one enbodi nent, the adverse conditjons_  are a result of

car di o-epeitebio nellsyr Bsspess &n 4 pretispiar qrehogimerle fe aymalian celd tisWe gr 9188 Lbr t ai n
surgical procedures. The erythropoietins are useful for the therapeutic or
pr ophy Ivéhidhi ap aforemedntiensd enthripoistimdegivesiva isasedorre thessdhathaze grpepisA opREY al- ner vous
system whi ch have prinarily neurol ogical or psychiatric synptons, as well
as ophtekpenih peritidad time yndec etidstonasmdition adyprseladieyisbiit ofitnrglliBMmey di seases,
respiratory diseases, kidney, urinary and reproductive diseases,"

gast r oiorgaes Suchabndifiane iskde waubaticndie hiposia armetrhetindisfunetionswesi¢allli t i es. The
invention is also directed to pharmaceutical conpositions conprising

parti chdared iesit hypopio beméetrboliedysfrattionas if-git texdiméxnpites te ey m® B mamal i an
animal , preferably a human. Such pharnmaceutical conpositions may be

f or mul atseciafedwith cdmothiersby amadiation tterapp ainent entwiingdiiha pdversacongifions or i n t he
formof a perfusate solution for maintaining the viability of cells,

t i SSueSired requligdoadepulnviny® bygdissBeadtcimeg 1200ike), 26 ¢2d HESHED sEERAUS0 1l 49479

procedures.

The erythropoietins are useful for the mcrapéutic or prophylactic treatment of human diseases of
the CNS or peripheral nervous system which have primarily neurological or psychiatric
symptoms, as well as ophthalmic diseases, cardiovascular diseases, cardiopuimonary diseases,

respiratory diseases, kidney, urinary and reproductive diseases, gastrointestinal discases and

endocrine and metabolic abnormalities.

The invention is also directed to pharmaceutical compositions comprising particular
erythropoietin derivatives for administration to a mammalian animal, preferably a human. Such
pharmaceutical compositions may be formulated for oral, intranasal, or parenteral administration,
or in the form of a perfusate solution for maintaining the viability of cells, tissues or organs ex

vivo.



Erythropoi etin derivatives useful for the aforenentioned purpos2g Jihe 2905
any native erythropoietin, or an erythropoietin anal og, an erythropoictin
mneti ¢, and erythropoietin fragnment, a hybrid erythropoietin nolecule,
an erythropoietin-receptor-binding nolecule, an erythropoietin agonist, a
renal erytWP8PEPEEin, a brain erythropoietin, an ol i gBFEVSOUHePeof , a

mul timer thereof, a mutein thereof, a congener thereof, a
natural l y-occurring formthereof, a synthetic formthereof, a reconbi nant
formthereof, a glycosylation variant thereof, a deglycosylated variant

t her eof o ' ' ' i.etin capabl e of
benefiH??ﬁ%mgg%ﬁﬁ?%%%%%@?ﬁﬂﬁgég%ﬁ%?@@xggﬁ%gk%%n%%%%%@ggg#n this aspect of
e L B0ein 8 b L I CRRIGLE U okl LS S eHhn e e

af or enme urposes~and pharhac i‘cal “conpositi‘ons i ncl ude both
native grythr Leti s.well-as erythropoi etins,that have been altered
by ot G R SRR b oo ot s bl TR S BT RE B RECT ' L
preferably as .conpared t ati.ve human _eryt hr.opoi etin. .The.at |east one
modi 11 CRY TGRS FERTSL ot 7 BRPOER: Brel ettt E S BB TR B of ¢ he

eryt hropqj.eti | ecul.e, or.a nodifjca ionwgﬁ at |l east one r bohydrate of
the  erbRimes sirabie Tkt Besetes copenghiredl « RpAl Db P P Scl s usef ul
for the purpaqses. herein have a plurality of podjfications conpared to
the nacBBRIRERE Aebioblhen i D sbppiaiaf roRE Beebfe am no_ac: d
portion of the lecule, .multiple nodificatigns of the , garbohydrate

porti orfe8y cotgﬂ@te%é‘gﬁfeéﬁoﬁﬂa nation thegens m;%?w?wﬁﬁomfenﬁ fABablyeio aci d
portion of_  .the nolecule and at | east one nodificatioon of the carbohydrate
por t i 0P RFtngErBPROitn-Eespopsive cqlls HicrbrerddR (i feRSHYIARS BVeHMMecul e retains its
ability of protecting, maintaining, enhancing or restoring the function or
viability of erythropoietin-responsive manmalian cells, yet other
properties of the erythropoietin nolecule unrelated to the aforenentioned,

desi r alPtherraiiepoistipggrivatives pegfuh fpp the pfypmentignedpypBesed pieoypoemzal 40479 be

absent as conpared to the native nolecule. In a preferred enbodi nent, the
er yt hr ¢pBPesitiops include both native erythropoietins as well-as erythropotetins that have been altered

b.y at least one modification as compared t;j ‘native erythropoietin, and prefer:ably as compared to
native human erythropoietin. The at least one modification may be a modification of at least one
amino acid of the erythropoietin molécule, or a modification of at least one carbohydrate of the
erythropoietin molecule. Of course, erythropoietin molecules useful for the purposes herein may
have a plurality of modifications compared to the native molecule, such as multiple
modifications of the amino acid portion of the molecule, multiple modifications of the
carbohydrate portion of the molecule, or at least one modification ‘of the amino acid portion of

~ the molecule and at least one modification of the carbohydrate portion of tﬁe molecule. The
modified erythropoietin niolecule retains its ability of protecting, maintaining, enbancing or
restoring the function or viability of erythropoietin-responsive mammalian cells, yet other

properties of the erythropoietin molecule unrelated to the aforementioned, desirable feature may
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derivative is non-erythropoietic. In one enbodi nent, the erythrpgqjfie 2005
the invention has at least no sialic acid noieties. In a preferred

enbodi ment, the nodified erythropoietin is asial oerythropoietin, and nost
preferably, human asial oerythropoietin. In another enbodi nent, the
nmodi fi ed eWQPH¥EIbi etin has 1, 2, 3, 4, 5, 6, 7, 8, BCHUSMA4HT 12, or 13
sialic acid noieties. In a second enbodi nent, the nodified erythropoietin

has at |east no Nl inked 0-1 i pked bohydr at es, hi rd
embodi APt foRpwiats B s ERiems: Bl capobll e tlode chr bonyar at e

content, .by.virtue of treatnent of erythropoietin with its native

car bohy3fFXFHE ISAOPHYENOPOEES one gl ycosidase. In a fourth enbodi nent, the
car bohydrate portion of the nodified erythropoietin nolecule has at | east
a non-manmmal i an gl ycosyl ation pattern by virtue of the expression of a

reconbi pant erythrqpoietin, in n- ma ian cells.. In preferred
enbodi n@r?f‘%?mlf‘?ﬁ‘é“%gﬁgﬁp’g’ﬁ@@m H&gﬁﬁ"@f‘% 8 a'glFaét W]gggggm}e &5 if%aect cells or
plant cells. In a fifth enbodi nent, the dified, erythropoietin has at
Censt GREIeRH SbpRmSd: b7 S0 A RAOPGIEfodt @s%?%mﬂwoaqhg@nﬁw PR ool | y
reduced. In a preferred-enbodinent, the nodified erythropoietinis
per i oddtiEmeg grdpgEhropgisin, iyether smbodimentathe madifiedsrdhuopsighp @%gdiﬁe nt, the 5
28 June 2005 WO 02/053580 PCT/ US01/ 49479 peri odat e-oxi di zed eryt hropoietin
i s chend&al:1Byd:nBddcBaonii slaligadspeigicdr i de salt such as sodi um borohydri de
or sodi um cyanoborohydride. In a sixth enbodi nent, the nodified
erythropoietin for the aforenentioned uses has at |east one or nore
‘nodi fi-ed arginine residues. In one enbodi nent, the nodified erytbropoietin
conpr i slag secend pylndimenyhic arogifigheryiicopoigtin leps ahipasknodidinkadgeng @dinkdes, such as
an aryl gl yoxal or alkyl gl yoxal

carbohydrates.

In a third embodiment, the modified erythropoietin has at least a reduced carbohydrate content
by virtue of treatment of erythropoietin wi.th‘ its native carbohydrates with at least one

glycosidase.

In a fourth embodiment, the carbohydrate portion of the modified erythropoietin molecule has at
least a non-mammalian glycosylation pattern by virtue of the expression of a recombinant
erythropoietin in non-mammalian cells. In preferred embodiments, the modified erythropoietins

are expressed in insect cells or plant cells.

In a fifth embodiment, the modified erythropoietin has at least one or more oxidized
carbohydrates which also may be chemically reduced. In a preferred embodiment, the modified

erythropoietin is periodate-oxidized erythropoietin; in another preferred embodiment, the

-5-



noi ety. I n another enbodi ment, at |east one arginine residue is28Qiifé¢ Oy
reaction with a vicinal diketone such as but not Iimted to

2, 3- but anedi one or cycl ohexanedi one. In a seventh enbodi nment, the nodified

eryt hropoi etin conprises at |east one or nore nodified |ysine residues or

a nodi fi cawoonosafset he N-term nal ami no group of the ePGI/HY&BYI%tin

nol ecul e, such nodifications as those resulting fromreaction of the

| ysine residue or N-ternjnal amng royp.wth .am no- - nodi fyi ng
agent . Prhiedaisodidizederyihyeppigin is shamicaly ¥eavﬁeﬁ§ﬂ"wﬁh9w§"@“§% eﬁ%lcggﬁo#guirﬁgduced. I'n
one preferred enbodi nent, an erythropoietin is biotinylated or

car bambosthpdtide pesodit cymoherolydrigai ne groups. I n anot her preferred

enbodi ment, the lysine is reacted with an al dehyde or reducing sugar to
forman imne, which nmay be stabilized by reduction as with sodium
cyanoborohydride to forman N-alylated |ysine such as qlucjtolyl [|ysine,
or whi dh aisixthtelndodimens, thé mpdifiedberythropaiefinfar tﬁ%@fﬂﬁ’@ﬂ%’%ﬁ“ﬁ?@@&%ﬂ#%dori or
Heyns rearrangenent to form an al pha-deoxy al pha-am nao sugar .such as

al pha- demoye médified-argininrresdies. ponpanbofiment be mofitisd @V@’F"P%‘Efmé’ﬁﬁ‘ Hihent, the

| ysine group is carbanyl.ated (carbanoylated), such as irtue of

r eact i anglydxbihnaistpomthe oneoormaad dginine eeriduasmsne as gn aylspioxal g !%YPW‘%& ed, or

aryl -thiocarbanylated with an al kyl -i socyanate, aryl-isocyapate, or

aryl - i smbibiyomeacthtrembodisprcdtleas loys argining residygis Bedified AyLe8U0m 4 r eact i ve

al kyl carboxylic or 6 28 June 2005 WO 02/053580 PCT/ US01/ 49479

ar yl car eyt ikeromeosneh i noatimitel to § Adhtapedidyy oy eyglohexdieditne h acetic anhydri de,
succi nic anhydride or phthalic anhydride. At |east one |ysine group nay
al so be trinitrophenyl nodified by reaction wth a trinitrobenzenesul fonic
acid, or preferably its salts. In another enbodi nent, |ysine__residues may
be modi fu aevehit eiBaditbm thvinblified agythropedtindemprisat itveast oseermozmedificdt i on with
gl yoxal ; nethyl gl yoxal or 3-deoxyglucosone to formthe correspondi ng

al pha- cREROXMck M a 18GTifid4abH Hale N-tehfiinalmériogindup of the edilmpaietin ielequast  one
tyrosi né residue of erythropoietin my be nodified in an

such modifications as those resulting from reaction of the Iysine residue or N-terminal amino
group with an amino-group-modifying age;nrt. The modified lysine residue further may be
chemically reduced. In one preférred embodiment, an erythropoietin is biotinylated or
éarbamyiated via one or more lysine groups. In another preferred embodiment, the lysine is
reacted with an aldehyde or reducing sugar io form an imine, which may be stabilized by
reduction as with sodium cyanoborohydride to form an N-alkylated lysine such as glucitolyl
lysine, or which in the case of reducing sugars may be stabilized by Amadori or Heyns
rearrangement to form an alpha-deoxy alpha-amino sugar such as alpha-deoxy-alpha-

| fructosyllysine. In another preferred embodiment, the lysine group is carbamylated
(carbamoylated), such as by virtue of reaction with cyanate ion, glkyl-carbamylated, aryl-

| carbamylated, or aryl-thiocarbamylated with an alkyl-isocyanate, aryl-isocyanate, or

aryl-isothiocyanate, respectively, or it may be acylated by a reactiye alkylcarboxylic or

-6-



aromatic ring position by an electrophilic reagent, such as by DgtJiaiée QD05
iodination. In a ninth enbodi nent, at |east an aspartic acid or a glutamc
acid residue of an crythropoietin may be nodified, such as by reaction
with a carbodiimde foll owed by reaction with an am ne such as but not
limted towgbyessisani de. In a tenth enbodi nent, at | eaBEVBSH/I%H ophan

resi due of an erythropoietin is nodified, such as by reaction with

n- bronosuccini mi de or. n=chl grosucci ni m.de. . £ Bvs bl rent, a
modi fi eBFYEAPPRTIS A ‘get”ivﬂ“’ @Hﬁ?ﬁ’g r‘?raghoﬁr"%via‘éfgé% @}dﬁ’g&\é?%@h?t one
erythropoietin anino group renoved, such.as. | ' I }ellotigh NOydri n

fol l omeﬂhtb‘b‘lcﬁ%@ﬁ{?@q'&ﬁeaﬁPg‘?l&@n? R 0(?5&'5[?@]56% ﬁ%dl.?%% gwreacti on with

bor ohydride. In_a twelfth enbodi . a ified nr .etfin is provided
havi ng #ithyedipirobsprerssiy ﬁ@clg? or Jye ef%é%“t’*a‘ggg“&f’% rheg‘%ééfts}‘te‘f‘)‘ﬁgé“% nkages in the
erythropoi etin nol ecul e by reactjon w a reducin : } June 2005
WO 02/ 053585 iy be mdifiedipureertion with 3 glypy &ﬁ“&tﬁ?’é\l@ﬁ %a‘ﬁg’ﬁ%\%é%"%g reaction of
t he subsequent sulthydryls with_ iodoacetani.de i odoacetj c .acid or anot her
el ect r optetykelional oF %@@ﬁyé{weﬁ%@ frafor® 68?“691??52’18% @EH”T‘?%W“?%L@E%‘@”&I n a
thirteenth enbodi nent, a nodified erythropoietin is provided having at

| east one substitution of any one of a nunber of am no acids, such as a

| eucine, with at | east one of lysine, arginine, .tr oph .Lyrosine, or
Cyst el nia e beabogiIoE YNSRI sy FgORBIEIER Y B BrogCaiT
techniques. In a fourteenth enbodi ment, a podifjed erythropoietinis
subj ect ecbntatic eing positionky anrekagiveniiilic rppsent. S8 PE1Er#{lon of ’Qf%%t{"&' specific
resi dues, for exanple, to cleave after tryptophan residues. Such resulting
erythropoietin fragnents are enbraced herein. As noted above, an
erythropoietin useful for the purposes herein_ may_ have at |easf one of the
af or emeit & pintcbmvodinkit ot et aw psphutic asityr aghvasnippridrelitne o sheYBIPEFE above
nodi fications. By way L . '

may be modified, such as by reaction with a carbodiimide followed by reaction with an amine

such as but not limited to glycinamide.

* In atenth embodiment, at least a tryptophan residue of an erythropoietin is modified, such as by

reaction with n-bromosuccinimide or n-chlorosuccinimide.

Tn an eleventh embodiment, a modified erythropoietin molecule is provided having at least one

erythropoietin amino group removed, such as by reaction with ninhydrin followed by reduction

of the resulting carbonyl group by reaction with borohydride.

Tn a twelfth embodiment, a modified erythropoietin is provided having at least an opening of at

least one of the cystine linkages in the erythropoietin molecule by reaction with a reducing agent



of exanple of a nodified erythropoietin with one nodification togthene 2005
carbohydrate portion of the nolecule and one nodification to the am no
acid portion, a nodified erythropoietin is asialoerythropoietin and has its
| ysine resi dues biotinylated or carbanylated. The present invention also
enbraces cHRIHEPBP ons, i ncl udi ng pharmaceutical conpo8FTL¥E4conpri si ng
one nore of the aforenentioned erythropoietins. In another aspect of
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28 June 2005 MD 02/ 053580 PCT/ US01/ 49479 nore of the aforenentloned
erythropoietins. In one particular aspect of the nethod, the
erythropoietin-r n5|ve mapmmal i an cel|ls and. fheir oci ated .cells,

Li esue BE lalftffaweai’ gy 00died opyHEORPIER mpgﬁ‘ftﬂﬁ%ﬁwgﬂ ﬁ%ﬂﬁ%‘lﬁéﬁ sfjtution, ¢
endothellal cell barrier. In _another_ particular aspe th the cells,
tissues a@f‘a’&%aaﬁlm‘mﬁ%mmwWf&éﬁﬁ&ﬁﬂ%ﬁlﬁ'@fﬂ%ﬁﬁ%ﬁt@aﬁ? e 2I@giMml i an body,

such as those intended -for transplant. By way of non-limting exanples,
the er yiRIBREE BTsHC 08 §ystpingirpisueseal PW@FOPP’F%% yeng meleyler balegistlal , retinal ,
muscl e, heart, lung, liver, kidney, snmall intestine, adrenal cortex,

adrenaﬂ“ﬁ@&@ﬁ}a capillary endothelial, testes, ovary, or endonetrial cells
or tissue. These exanples of erythropoietin-responsive cells are nerely
illustrative. In a particular enbodinent, the erythropoietin-responsive

cell or its associated cells, tissues, or organs are not excitable cells,
t i ssuednadurigenyiaesbodigreny s madifiedrrethropaistimns supiceiestip p iimedshemicabl e cel |'s or

tissues. In another particular enbodi nent, the manmalian cell, tissue or
or gan froetealysiscthat &mgesds speaifironddues &d exagple hrcbpm ager trypigphanyesidugse Smby be
adm ni stered are those that have expended or will expend a period of tine

under atsultpgstytluamwietio frdgrisnirareechbercgkhetetn. t he vi ability of the cell, tissue
or organ. Such conditions may include traumatic in-situ hypoxia or
nmet abol i ¢ dysfunction, surgically-

As noted above, an erythropoietin usefitl for the purposes herein may have at least one of the

aforementioned modifications, but may have more than one of the above modifications. By way

of example of a modified erythropoietin with one modification to the carbohydrate portion of the

molecule and one modification to the amino acid portion, a modified erythropoietin is

asialoerythropoietin and has ifs lysine residues biotinylated or carbamylated. The present

invention also embraces compositions, including pharmaceutical compositions, comprising one

or rore of the aforementioned erythropoietins.

In another aspect of the inveniion, a method is provided for the protecting, maintaining,
enthancing or restoring the function or viability of erythropoietin-responsive mammalian cells

and their associated cells, tissues and organs, by administering an effective amount of any one or
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i nduced in-situ hypoxia or netabolic dysfunction, or in-situ tox8nune 2005
exposure, the latter may be associated with chenot herapy or radiation
therapy. In one enbodinment, the invention protects against the adverse
conditions resulting from cardi o-pul nonary bypass. |In another aspect of the
i nvent i on, Wat3/0sg®o t he foregoi ng erythropoi etins as wePCT/BHUENT ot her

eryt hropoi etin nol ecul es including native human erythropoietin can be used
in the preparation of a pharmaceutical ,conpositign fqgr ex-vivo treatnent
of cel |more pf theaferementigned cgaiepofesns. dhene BaFkifHid @srsft OfBFcﬂngé’f"i %, maintaining,
enhancing, or restoring the function or viabiljty of erythrqpojetin-

r es ponsiryiaropaigiiuespensive ermmatisneclsqad theipassesiafedicglls. L & o %gég’l ©¥nd organs.
Such ex-vivo 9 28 June 2005 WO 02/053580 PCT/US01/49479 treatpent is

usef ul ,thé vsculaapipl drtuciob p tightendethelial pellbeasrisn Tpanather pasticulyr apertdhegeliy, gans for
transplant, whether autotransplant or xenotransplant. The cel] 5 ti ssue or
organ rtieguehergauson eter hedidy pags are isolated Semmp premmabiandiody.frhe hats iptendsf ¢ he
perfusate instilled into the organ through the vascu] ature or other neans,
t o nai nfbetranspdast. | By way of norelinising exgmples; the ojsEpTepOnFe pedlioRtitshe cel | s,
tissue or organ is not integrated with the vascul ature of the donor or
reci pi emdy beAdnmoml, sttinalf ingwledfeart, irmg Jivert kidueey esmaltagteshae, géigent ¢ste donor prior to
organ harvesting, as well as to the harvested organ and to the recipient.
Mor eov eadrentlmeedalfapeapittenytendottetialy testes ofvargroy eastopets $ entispuej Thesgef ul whenever a
cell, tissue or organ is isolated fromthe vascul ature of the individual
and t husamslesrdeiytirdpyicinciesansige @is aremerdy flustrativp elnjagartioflatemyedimeiie t er m
isolated referring to restricting or clanping the vasculature of or to the
cel |, tihsauRropaitipasspotisiveadi dnjits paodistedalbshtisnges narprdans gendt ercitelde eills.i ng
surgery, including, in particular, cardio-pul nonary bypass surgery;
bypassi tiyguek, beorgas God iahet peedohinhiile casrise excitabiire]ls @rtigeues. Iopndwdi | y part;
renoving the cell, tissue, organ or bodily part fromthe nmanmalian body,
such  r@ticier Gidbodimen, Memanselialcelk d5od sranap fanhbichiao afommepianed t o and duri ng
autotranspl antation; or traumatic anputation of a cell, tissue, organ or
bodi | y @andopoickiil@SrivatiVe BaydtieResinistfed blRehosémtaiavesxpended or will expend a

period of time under at least one condition adverse to the viability of the cell, tissue or organ.
Such conditions may include traumatic in-sifu hypoxia or metabolic dysfunction, surgically-
induced in-situ hypoxia or metabolic dysfunction, or in-situ toxin exposure, the latter may be

associated with chemotherapy or radiation therapy. In one embodiment, the invention protects

against the adverse conditions resulting from cardio-pulmonary bypass.

In anothier aspect of the invention, any of the foregoing erythropoietins as well as any other
efythropoietin molecules including native human erythropoietin can be used in the preparation of
a pharmaceutical composition for ex-vivo treatment of cells, tissues and organs for the purpose of
protecting, maintaining, enhancing, or restoring the function or viability of erythropoistin-

responsive mammalian cells and their associafed cells, tissues and organs. Such ex-vivo
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pertains both to the perfusion with an erythropoietin in situ apg fAxn&i2005

Ex vivo, the erythropoietin may be provided in a cell, tissue or organ
preservation solution. For either aspect, the exposing may be by way of
continuous perfusion, pulsatile perfusion, infusion, bathing, 1injection,

or cat het eWP2HI$PBh. Jr. yet a further aspect, the invBEEVYH4HY directed to
a nethod for prot ecting, maintaining, enhancing, or restoring the

viability o Ilanc |, tissuye rgan _or bodi rt WhICh i ncl udes
an er ytﬁ%/aaw B R ERF. o okt o Liep Refl ?mr%*%*y PRERI * ssue,
organ or i sol ated from.the manmal | body.. The. nmet hod

el uaeBndte putkeB i afnyRnan Dir bR atoraE i DS bR ST

PCT/ US01/ 49479 rlr}rrﬁjmml Lan cell t| )

PP Tl B m%ﬁ?ddﬂt"r %Esa?lélgw@éﬂ%v&?ca%{r%& " aintain,

an eryt fi"GHSTeE

enhance, or restore the fo esai d it in exanpl es,
i sol at e?fh‘?ré?eé‘i'ssmtr@lqtaé‘é‘fe" 0181’3 3%(1}!(‘@16{? ?ﬂ’e sélegf OfgH t 5 t he
cell, tissue, or bodlly art, such as during

sur ger yis nPH“*ﬁ&FtF‘?WTQ? vasgulgtigp Bt %‘FWrP&F‘S?‘PWb lmélfﬂt‘Q%Pbg S PRSI ng t he
vascul ature of the cell,- tissue, organ or bodjly part; rermw ng the cell,
tissue, méy’gedﬁad@ﬁo%awmporﬁamgaﬂawmeasn%mqu g d i be done in
advance of xenotransplantation or prior to and during autotransplantation;
or traufteipicet. Meprove hesforsmendioped|use of apy ergiiwpoighings Hsedil “%éww pthrt . Thus,

this aspect of the invention pertains both to the perfusion wth an
er yt hr ofssrariorgai s issleted frawdhassesoplaipes ofhe iydividnal anddhusregreptially 6¥iENES* may be
provided in a cell, tissue or organ preservation solution. For either
aspect , vivtier @m@épﬁtglenﬁyteb@mbl}t g to epsirictingow slampisg thesewsplatimaisat i | e
perfusion, infusion, bathing, injection, or catheterization. In the
af or emeertto tedl, tissot, atgioer bodilyeertsudioasar beiberformed during afrgery, acjpdigdpoi eti n may
be any of the aforenentioned erythropoietins, including any native
er yt hr opuoiicatar, gardiorpubwenay Yyassepigemyt bmasaingﬁmgasculaﬂure@rfshewplbwuatdrgﬁnm metic,
and erythropoietin fragment, a hybrid erythropoietin nolecule, an

or bodily part; removing the cell, tissue, organ or bodily part from the mamrmalian body, such

may be done in advance of xenotransplanta-ti'on or prior to and during autotransplantation; or

traumatic amputation of a cell, tissue, organ or bedily part. Thus, this aspect of the invention

pertains both to the perfusion with an érythropoietin in situ and ex vivo. Ex vivo, the

erythropoietin may be provided in a cell, tissue or organ preservation solution. For either aspect,

the exposing may be by way of continuous perfusion, pulsatile perfusion, infusion, bathing,

injection, or catheterization.

In yet a further aspect, the invention is directed to a method for protecting, maintaining,
enhancing, or restoring the viability of a mammalian cell, tissue, organ or bodily part which
includes an erythropoietin-responsive cell or tissue, in which the cell, tissue, organ or bodily part

is isolated from the mammalian body. The method includes at least exposing the isolated
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eryt hropoi etin-receptor-binding nolecule, an erythropoietin agopgsiuné@ 2005
renal erythropoietin, a brain erythropoietin, an oligoner thereof, a
mul ti mer thereof, a nutein thereof, a congener thereof, a
natural |l y-occurring formthereof, a synthetic formthereof, a reconbi nant
form t her e8P 9205858 ycosyl ati on variant thereof, a degPGEB¥N#MHi%d vari ant
thereof, or a conbination thereof. Any form of erythropoietin capable of

benefitting,.er FQpoi etinsr onsive cells is enbr.ac in this aspect of
Checi iR oy YR Bt b AR R Prad St ! Sy fRRLRAESO A Aeddh? %00
asi al oer,yt hr gpoi. etin N-deal ycpsyl ated erythropoi etin, O-degl vcosyl at ed
oy hr G FHFSNE ) PriestyafEtey SR o Ba alf SRt oS e
erythropoietin with_.altered.qgl ygosyl ation tterns, .erythropoietin with
P1 26 e B s oY R T PR A PRI L BSOgRAT ed ¢ hen
reduced, , aryl gl yoxal - nodi fi ed erythropoietin,. gl kyl gl ygxal - nodified

er yt hr Gl BN PR Rashgs Y b pet{PEeE SR e BegtAfEp g de pyjmonary bypass
cyclohexaneq}one- dified erythropoietin, RkiqLinylated efrythropoietin,

N Sl PyeB g asnE Be yisiaE b FPIL Bivtie Pieat Do FHe S g€ G o o

al pha- deoxy- al pha-fructosyl | ysi ne-eryt hropoi etin, carbanyl ated
er yt hr Ji§Beersan or bodilg part Gor fhe gapmaliadiofn sp ,m@JE’gPWFé‘i?"é@éé‘?yt hr opoi et i n,

al pha- car boxyal kyl erythropoi etin nitrated erytbropoietin, ig&inated

er yt hr GeAtErsPlantafon of AHer 1o Fidkiuring Aiotransplapiation; grAumaWE amaation ¢ 2 c&leanpl es
based on the teachings herein. A human erytbropoietin is preferred; native
human  tEFs+omgas spbasily part. SThyp &iis gspest of thedavention peraingaih o hrosriasien Wil nan

asi al oerythropoietin is preferred. In _another enbodi nent human

pheny| ¢hyosIPoishy insite prsi expive, Fvives e eyeqpoiely may e prpvidwhio p pelh H5SHY exanpl es,
the aforenentioned ex-vivo erythropoietin-responsive cell or tissue may be
or conyt prgen pressrvelinml solutiest. Fangitherrnsprel, te expoging may ey wayi af eontingudney, snal |
intestine, adrenal cortex, adrenal nedulla, capillary endothelial, testes,
ovary, perfusenopiratile perfusiva) ihfysion, bathing dniection o sathetstiastiphes of

eryt hropoi etin-responsive cells are nerely illustrative. Al of the
foregoi ng nethods and uses are preferably applicable to human bei ngs, but

are useful -
In the aforementioned isolation or ex-vivo emnbodiment, a useful erythropoietin may be any of the

D)

aforementioned erythropoietins, including any native erythropoietin, or an erythropoietin analog,
an erythropoietin mimetic, and erythrop;,oietin fragment, a hybrid erythropoietin molecule, an
erythropoietin-receptor-binding molecuie, an erythropoietin agonist, a renal erythropoietin, a
brain erythropoietin, an oligomer thereof, a multimer thereof, a mutein thereof, a congener
thereof, a naturally-occurring form thereof, a synthetic form thereof, a recombinant form thereof,
a glycosylation variant thereof, a deglycosylated variant thereof, or a combination thereof. Any
fc;rm of erythropoietiﬁ capable of benefitting erythropoietin-responsive cells is embraced in this
aspect of the invention. Other erythropoietins inclﬁde, but are not limited to asialoerythropoietin,
N-deglycosylated erythropoietin, O-deglycosylated erythropoietin, erythropoietin with reduced

carbohydrate content, erythropoietin with altered glycosylation patterns, erythropoietin with
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as well for any mammal, such as but not Iimted to conpanion anp@algne 2005
donesticated animals, |ivestock and zoo aninmals. Routes of admnistration
of the aforenentioned pharmaceutical conpositions include oral,

i ntravenous, intranasal, topical, intralumnal, inhalation or parenteral
admi ni st r aWPyHIS3BPRe | atter including intravenous, int PEEHPSBHNE

subcut aneous, intranuscul ar, intraperitoneal, subrmucosal or intradernal.
For ex-viVv e, a. fusate.or ~hath sol.ution is. pr rred. This includes
por vus: o RrRE RrEbat R En oo SRk Syl Sl Shmdi®, 1S 5508
WO 02/ 05358

0 .PCT, S01/,49479 | th . of the.ir tion, f
e af R CRRRTIPGN S oLy FORR Hezpaot By o o o °
O gan MDA APED GO PRT A DB Y P AP SR SBeI5H BBMer 11 on
i ble f, t.h f tjion. . f -l imoti le,
i StPLRPRR D e e s et EPEieth bRl SEERIRR: opoi et i n

restores c itive function in ani mals previousl avi brain trauma, even
when a%fﬁwﬁ?egﬁmowmaﬂfgw@fegfeaﬁ%m% (e %*ssyalﬂw iy week, a
nonth, or |onger) .the traupma has . subsided. Erythropoietins uyseful for such
appl i caEFEskeryiePigis, iRAated eryREODpighh fodiams FOs BPERERITOIFERPIEIYERM: opoi et i ns
or any native erythropoietin, or an erythropojetin_ anal og,. an

er yt hr op¥emples basesopthe teachingchesing Ay isisicBtrpporstin drRrprreds nafiyp hyrgen

erythropoi etin nolecule, an_ erythropoietin-receptor-binding nol ecule, an
er yt hr opvhepeiglindgpast sreforsd r lfapiheepbedingy humprasialperyfrepoistia syt hr opoi etin, an
oligomer thereof, a multinmer thereof, a nutein thereof, a congener

t her eof prefareea fyamathescndwdiment hvgnen pharyiglyexab eythropoiplin ispesfereeds or m t her eof , a
reconbi nant formthereof, a glycosylation variant thereof, a

degl ycosyl ated variant thereof, or a conbination thereof. Any form of

eryt hropoi etin capabl e of benefitting erythropoietin-responsive cells is
enmbr aceBy way ¢fmos-limimg exampdds, thtafoiememionsdoav-viverehdhiropnigintiesppssivecélkorder i vat i ves
useful for the aforenentioned purposes and pharmaceutical conpositions

i ncl udetidswt thayrtebor soenpeisadenrongloiettal,mmsels, hewt, lungdiver, fidheyo prodlldntestive,

adrenal cortex, adrenal meduila, capillary étfdothelial, testes, ovary, or endometrial cells or

tissue. These examples of erythropoietin-responsive cells are merely illustrative.

All of the foregoing methods and uses are preferably applicable to human béings, but are useful
as well for any mammal, such as but not limited to companion animals, domesticated animals,
livestock and zoo animals, Routes of administration of the aforementioned pharmaceutical
compositions include oral, intravenous, intranasal, topical, intraluminal, inhalation or parenteral
administration, the latter including intravenous, intraarterial, subcutaneous, intramuscular,
intraperitoneal, submucosal or intradermal. For ex-vivo use, a perfusate or bath solution is

preferred. This inciudes pervusing an isolated portion of the vasculature in sifu.
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that have been altered by at |east one nodification as conpared>8Qjjifd 205

erythropoietin, and preferably as conpared to native human erythropoietin.

The at | east one nodification nay be a nodification of at |east one am no

acid of the erythropoietin nolecule, or a nodification of at |east one

car bohydr a¥Ve 084538Bhe eryt hropoi etin nol ecul e. O cour sBCT/EH0YEMPopoi et i n

nol ecul es useful for the purposes herein may have a plurality of :
such

difigati I .h tJ I I . | £ipl
o G bR b s BB SRR L
oG0S R SRRSO S Bt o0 ol e LSl GOl Lo one

acid portion aof .the nolecule and at ] east on jfication of the

c o bongA SR GRG0 o G0 % ORI TR i e SBRRRROBEFEY | n ol ecul o
retains_its. ahility of protecting, maintaiping, ..enhancing or restoring the
funct i B8t “WP%‘?"F%P %&%Fﬁ%rogg@*’é?‘?‘ﬁw‘@ (YRR SIS an cel |'s, yet

ot her properties of the erythropoietin nmolecule uprelated to the
af ore WRIEHD e Fogpitize upelion i @%@Pﬁ@ma%%wpg E@meaﬂraar%ﬂlwnt he native
nol ecul e., ! Aegtfrran erythropgietin is preferred; pative human
er yt hr #Ripisiered 19ng afierd¢.c piise davedive dpys: anethamorhionlenemie Fymahes
asi al oerythropoietin is preferred. In yet another enmbodi ment, the invention
provi d&¥sifled opejpting sty & sysh applicatigns insipde #qyoh g PaESWAT hr opoi etin for
restoring a dysfunctional cell, tissue or organ when adm nistered after the
onset Yprepsrtiqned eniheopeipting ehaiymptde cndkrppmidinppran pythroppistivgnsfodri®t i on. By way
of non-limting exanple, nethods for admi nistration of a pharnmaceuti cal
c onposfythEmoeBRpindic agd apiirapeishofragment, ahgbridanabropaigiinimalspelesainct i on in
animal s previously having brain trauma, even when adm nistered long after
(e.g., ew&melemt?ptqribmu@mcul& ansoitiroppisinagenist, grenabaytbiopoietivea t r auma has
subsi ded. Erythropoietins useful for such nethods include any of the
part i crhinreryiliropaietisnan adigener therepf, b moyioner thersf, e mutaimnythereaf] am@nganyt hr opoi etin, or
an erythropoi etin anal og, an erythropoietin

thereof, a naturally-occurring form thereof, a synthetic form thereof, a recombinant form thereof,

a glycosylation va;-iaht thereof, a dcglycos;}lrltted variant thereof, or a combination thereof. Any
form of erythropoietin capable of benefitting erythropoietin-responsive cells is embraced in this |
aspect of the invention. Other erythropoietin derivatives useful for the aforementioned purposes
and pharmaceutical compositions include both native erythropoietins as well as erythropoietins
that have been altered by at least one modification as compared to native erythropoietin, and
preferably as compared to native human erythropoietin. The at least one modification may be a
modification of at least one amino acid of the erythropoietin molecule, or a modification of at
| least one carbohydrate of the erythropoietin molecule. Of course, erythropoietin molecules

- useful for the purposes herein may have a plurality of modifications compared to the native

molecule, such as multiple modifications of the amino acid portion of the molecule, multiple

modifications of the carbohydrate portion of the molecule, or at least one modification of the
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mmetic, and erythropoietin fragment, a hybrid erythropoietin npBefie& 2006
eryt hropoi etin- receptor-binding nolecule, an erythropoietin agonist, a
renal erythropoietin, a brain erythropoietin, an oligoner thereof, a

mul timer thereof, a nutein thereof, a congener thereof, a

nat ur al | y-Se8U¥PBhg form thereof, a synthetic form t hB¢ BBV econbi nant
formthereof, a glycosylation variant thereof, a deglycosyl ated vari ant

ther eofymifacR rp)g/f[hh%p bf8E kBRSSP east mnod{\ff%ﬁﬁﬁn%tf tHe E%B&g%gtlg 'R&{uhl{f' %tc apabl e of

benefitting e ropoil etin-responsive cells 1s enbrac , aspect of
the i nygntd : ;pgg el ri.yatives. ful .for the.
aforenentﬂgﬁgg'gﬁgggggéy - B@@ﬁldﬂ%ggﬁgéggWE@%@@%§§§§8@ﬁ6$F§§§@1/49479 and
phar ma L: i td ine e hboth native erythropaietins as well as
eryt hr %g%?%’%ﬁg gs(?ﬁgtﬁ ehﬂélg’ggxbzérevﬁalbgﬁ)f o eB OI%IP'I?SB%%%(’G @ﬁ%g‘ ic?IF‘c ation as
conpar ' t hr.opoi et i n nd preferahly as conpared to native
human S'gtyoi&gef @g%%% ioﬁh\éfwgmgntmelﬁgg‘é’ 1°°‘§%%”‘?%5*85F ﬁoﬁ‘%eaa? I%ﬂenﬁwg’lﬂigmﬁ ®modi fication
of at | ino acid of the.erythroppietin | ecul e, ar

nodi f i cfga?[lﬁ%)n ot aggnp‘rfse"g@?ar%‘ﬁ@ the 2Py 7"3@5‘8 h‘l’m"fnrfé‘%gi’lﬁw 5P ol ecul e.
O cour t hropoi.eti.n_mol ecul es. useful .far the purposes herein may
have an% 3P§%¥}$“§¥pﬁﬁHVFF@§@F3 cOgs gdnpﬂﬁPﬁggﬂﬁ ve nmolecule, such as
nultiphslg%ﬁh%igathons of .the amno acid portion of the nolecule, nultiple
modi fi Cat T BN BY I HEPERFEShydrate portion of the molecule, or at |east one
nodi fication of the amno acid portion of the nolecule and at | east one
nodi fi cati on of the carbohydrate portion of the nolecule. The nodified

eryt hropoi eti.n |l ecule retains its ability of protecting, maintainin

e n%an c? g ﬂﬁﬁ%%fpt%?s}n?@t’ fl}’*?én“leﬂl‘i‘ﬂiltpirﬂii%’f‘wt@?@%?q the ‘{;‘3 gffthe aforeméntioned )
erythropqi etjn-fesponsi ve mammal i an cells, yet other properties of the
erythr 8‘8’&“&’?1‘3?\“ f?ﬁfeé't‘,’ﬂ?%a %ﬁﬁ’é‘f’%@l&eﬂ’@sﬁuﬁ@ Ay dive pdonipiptatgd afipethier abl e feature
may be abs?ﬂ% as conpared to the native nol ecule. A hunman erythropoietin is
pr ef er PRE of the fiseRsg orgomditiontesnonsiblp Sir deidysfimstion By wayef senlieiting n anot her

enbodi ment _human_ asi al oerythropoietin is preferred.
example, methods for administration of a pharmaceutical composition comprising erythropoietin

restores cognitive function in animals previoilsly having brain trauma, even when administered
Ioﬁg after (e.g., three days, five days, a week, a month, or longer) the trauma has subsided,
Erythropoietins useful for such methods include any of the particular aforementioned
erythropoietins or any native erythropoietin, or an erythropoietin analog, an erythropoietin
mimetic, and erythropoietin fragment, a hybrid erythropoietin molecule, an erythropoietin-
receptor-binding molecule, an erythr_opoietin agonist, a renal erythropoietin, a brain
erythropoietin, an oligomer thereof, 2 multimer thereof, a mutein thereof, a congener thereof, a

- naturally-occurring form thereof, a synthetic form thereof, a recombinant form thereof, a
glycosylation variant thereof, a deglycosylated variant thereof, or a combination thereof. Any
form of erythropoietin capable of benefitting erythropoietin-responsive cells is embraced in this

aspect of the invention, Other erythropoietin dérivatives useful for the aforementioned purposes
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In still yet a further aspect of the present invention, nethods28rkine 2005
provided for facilitating the transcytosis of a nolecule across an
endothelial cell barrier in a manmal by administration a conposition of a
nol ecul e in association with an erythropoietin such as: an erythropoietin
havi ng atWpewessssho sialic acid noieties; an erythr opBfEBYi"H4HAVi ng at | east
no N-linked or no Olinked carbohydrates; an erythropoietin having at

| east a _reduced carbohydrate content by vjrtue of reat pent, of native

eryt hr 8B ﬁwwew@wmaﬁrﬁéaw%ﬁ%% ’3?86%‘? Reretinhasayallian PYHEPE with a

car bohydrate portion of the erythropoietin nplecul.e having at |east a

non- rraﬁ‘?f’éﬁ?vﬁrl?g‘?nl%e‘?‘gbﬁ% frastopemodifgstignassaments toraive oty welt® 28 ycosyl at i on
pattern bg/ virtue of the expression of a reconbinant erythropoietin in non-
manmal PERCTEYY pscompaiedip petiye dgmap ey ropaisting (The @ deast ogpmogificaiion mapks &i zed

car bohydrates which also  may be chemcally reduced; an erythropoietin

havi ng adiffcalipzyot ghleasinme aing apig gf the exrtheppejptil mdeculecariagmsiificatipn of @yt hr opoi et i n
having at |east one or nore nodified |ysine residues or a nodification of
t he N-desphfng sebohdinls ofthe exythemoisiie melegult (Qf sories; sryithrpppiatinmeleculps
erythropoietin having at least a_ nodified tyrosine residue; an

er yt hr SpR8ulder the prarpsesgergin maydgve aplamlity pf wefliesiiens coropazaditeltho patiye - gl ut ani ¢ aci d
residue; an erythropoietin having at |east a nodified tryptophan residue,;
an er JdcslsoTsh asaiipig rnghﬁa‘atlms@g the amino agifl protigyrof ths modesplpaultipip
erythropoietin having at |east an opening of at |east one of the cystine

| i nkaga&wdifisatidye okthgqarhobysiyite portiomeftieaudlesnle.zon aideagt due vyedifiestion of e pr ovi ded
havi ng at | east one substitution of at |east one amno acid; or a truncated
er yt hr epiogeidportio pighemslowilednd ehlesbonsmenificition nithecubobydraie partion efnspor t ed and
the erythropoietin may be, for exanple, a |abile coval ent bond, a stable
coval ethte thalendle. Fhe modifisdcoythriopoittinagsiaaleadtdinmitsability ofi prolxictig, mainkinisg, f or t he

nol ecul e. Endothelial cell barriers may be the bl ood-brain barrier, the

bl ood- eshaacib@enrestring thedurotiooet-visbiites elydinopoietin-reésfuasiid medmalisarcyilsbar ri er and

t he bl ood-pl acenta barrier. Suitable nolecule for transport by the nethod
of t heygirotisepopariing efithe enythirapoletinl molear¢npineded t6 the lAfodsnentioned, desirable

feature may be absent as compared to the native molecule. A human erythropoietin is preferred;
native human erythropoietin is most preferred. In another embodiment human

asialoerythropoietin is preferred.

In still yet a further aspéct of the present invention, methods are provided for facilitating the
transcytosis of a molecule across an endothelial cell barrier in a mamr_nal by administration a
composition of 2 molecule in association with an erythropoistin such as: an erythropoietin having
at least no sialic acid moieties; an erythropoietin having at least no N-linked or no O-linked
carbohydfates; an erythropoietin having at least a reduced carbohydrate contenf by virtue of
treatment of native erythropoietin with at least one glycosidase; an erﬁhropoietin with a

carbohydrate portion of the erythropoietin molécule having at least 2 non-mammalian
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growt h hornone, antibiotics and anti-cancer agents. It is a furpgejyrsPeos
of the present invention to provide a conposition for facilitating the
transcytosis of a nolecule across an endothelial cell barrier in a mamal,
said conposition conprising said nolecule in association with an

eryt hr opoi oo20s3i8eh as an erythropoietin having at |BEEUSIH#4® alic acid
noi eti es; an erythropoietin having at |east no N-Iinked or no O-1inked

boh h l. bohyd
oo e a0
f . h h
TR SR S o B AR o

I le h t t.t b t
of the BEpPLLE “r%rs?rﬁyorﬁ St bR ‘a“rls%%frﬂ%?? o R RHErel  an col |
'so ” nibs GrtbBaep 'easieas"tréﬁﬁgr&r{}%’%?@ﬁ%i MR G USRS one or

nore no ar nlne s dues an erythropoietin havjn | east one or
nor e rmBM’? ﬁ&e Hung %fgr SPWBP%/‘%H??‘&IP%aﬂﬁryﬂ’éqpf’leﬁ’éf“l‘{fg’ﬁérlﬁ‘ish%l am no
group of eryt hropoi etin nDIecuIe an_erythrqgpoietin having at |east a
modi f i eaw@'?l %rc’ﬁl@ere Pl 78 STyHRORSIePR hpgisat ketst hrndifd agpasic 485t a nodifi ed
aspartic acid or gl utami c_ acid. residue; an erythropoietin having at

| east aglﬁﬁarcrﬁcré‘desmal&ﬁﬂgwore& heying at least a grogified GHEPEIRFINEANg at | east one
am no group renoved; an erythropoietin having at |east an o enrng of at

| east oPFXﬂJWOJ’Fth*’cY%ta? st rneﬁwa?g@éomﬁenrqred eFhESisiebaving gble an
erythropoietin is provided having at |east one substitution of at | east
one amni ARSNEE pEat legst oge ofithagystinedinkaggs in fhssoittsencistin mylsenles su ortheepeielin fray be, for
exanple, a |labile covalent bond, a stable coval ent bond, or a noncoval ent
associ apiovideddaving at lesisiame sepsttittion of afrleastane pwine ecifier 2 wnsaledwsythmpoietisl | barri er s
may be the blood-brain barrier, the blood-eye barrier, the bl ood-testes
barrier, the bl ood-ovary barrier and the bIood-pIacenta barrier. Suitable

nol ecul e for transport by the nmethod of the present
The association between the moleculs to be transported and the erythropoietin may be, for

example, a labile covalent bond, a stable cmralent bond, or a noncovalent association with a
‘binding site for the molecule. Endothelial cell barriers may be the blood-brain barrier, the blood-
eye barrier, the blood-testes barrier, the blood-ovary barrier and the blood-placenta barrier.

Suitable molecule for transport by the method of the present invention include hormones, such as

growth bormone, antibiotics and anti-cancer agents.

It is a further aspect of the present invention to provide a composition for facilitating the
transcytosis of a molecule across an endothelial cell barrier in a mammal, said composition
comprising said molecule in association with an erythropoietin such as an erythropoietin having
at least no sialic acid moieties; an erythropoietin having at least no N-linked or no O-linked

carbohydrates; an erythropoietin having at least a reduced carbohydrate content by virtue of
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invention include hormones, such as growth hornone, antibioticsognfine 2005
anti-cancer agents. In a still further aspect of the present invention, any
of the aforenentioned erythropoietins are wuseful in preparing a
pharmaceutical conposition for facilitating the transcytosis of a nol ecule
across an wodpésbsbi al cell barrier in a mamml, said eonpssassioOn conpri sing
said nolecule in association with an erythropoietin such as an .

erythropoi etin _having at |east no sialic acid 17 28 June 2005 WO 02/053580
PCT/ USO ¥rainest of wagyeeryiropoiship Witk 4 iag geq icrridase gt Agtspporit®€i ho N1 nked or
no O |linked carbohydrates; an erythropoietin having at |east a reduced :
car bohy Ghehydraiseriae offye ppdifiekergiropeigtinmeplaqyle Baving.gf legst 2 nen-PIMpaNERi et i n with
at | east one glycosidase; an erythropgietin with a carbghydrate portion of
the nod@hepsslalien atiers B birtae pheexpesigne! nisgqmpiipagt erythepietil ImEH: nammal i an
glycosylation pattern by virtue of the expression of a reconbi nant

er yt hr opwimanatipn Gells; aweryikenmaiatin bas atleast ene ompore pxidizadrcabelvdates WhisB allR | east one
or nore oxidized carbohydrates which also may be chem cal ly reduced; an

er yt hr opuiy &€ Fheminally veducad; ah endronsistin bavingwt leashand iof neig modiichE@Ng esi dues; an
erythropoietin having at-|least one or nore nodified |ysine residues or a
nmodi i cagsidues; f erythropdietinthaving aideastonk oumege mogifiestlysinpaesidugs oreapdifieation nol ecul e;
an erythropoietin having at |east a nodifiéed tyrosine residue; an

er yt hr opbihe N-tamiizal amigoe group efibe ermthropel ¢tin necdeculsiFarenyithyopetdtig hptingat st ani ¢ aci d
residue;, an erythropoietin having at |east a nodified tryptophan residue;
an er yt modifisd girésine hesiding gan eapthropasin hevieg i eash e mgdifiepaspativacekdr 2an

erythropoi etin having at | east an opening of at |east one of the cystine

| i nkageglutamit indd esiguchanapyhepéictinhaliegatlest aaodified tryptopban wéidus; dns pr ovi ded

havi ng at | east one substitution of at |east one amno acid; or a

t r uncat egtlespoidin bpuriget lemst ohdwenias sroqi rachoved; amyytivepoidtinhaengatjthstan a | abi |l e
coval ent bond, a stable coval ent bond, or a noncoval ent association with a
bi ndi ng opédirg; dfarledstume BDthe eystife linkagto inhigd drahromédiih nbbdevule;en srythagpolstn ishe

bl ood-brain barrier, the bl ood-eye barrier, the blood-testes barrier, the

bl ood- oyasvitet) BivirgEF le@nbhe substitution of at least one amino acid; or a truncated erythropoietin.

* The association may be, for example, a labile covalent bond, a stable covalent bond, or a
noncovalént association with a binding site for the molecule. Endothelial cell barriers may be the
blood-brain -barrier, the blood-eye barrier, the blood-tesies barrier, the blood-ovary barrier and
the blood-placenta barrier. Suitable molecule for transport by the method of the present

invention include hormones, such as growth hormone, antibiotics and anti-cancer agents. -

In a still further aspect of the present invention, any of the aforementioned erythropoietins are
useful in preparing a pharmaceutical composition for facilitating the transcytosis of a molecule
across an endothelial cell barrier in a mammal, said composition comprising said molecule in

association with an erythropoietin such as an erythropoietin having at least no sialic acid
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the bl ood-placenta barrier. Suitable nolecule for transport by 28€¢ufs POD5
of the present invention include hornones, such as growth hornone,.
antibiotics and anti-cancer agents. These and ot her aspects of the present
invention will be better appreciated by reference to the follow ng Figures
and Det ai |'¥Q0¥588¢ i ption. -18 28 June 2005 WO 02/ 053BEHUPEIAYS01/ 49479

BRI EF DESCRI PTION OF THE FI GURES Figure 1 depicts the translocation of

par ent %5&4]4 aﬂqg;ﬂ‘_fe%p%i ﬁgmf‘grmemft&z%ﬁ]ﬁﬁcédﬁo;newpf arb%ﬁfﬁﬁ{]ow nal fluid.

Fi gure pro ection o e nyocar rom énlc damage by

erythr Q I%n%ﬁ\tngé at 1&a§‘:’£@8{u {dycar\ﬁﬁg]éﬁ?e{t@éont%ﬁt%l '%%l'ufg of tr E{n%lﬂ{ § Ilgh %hows the

mai nt enanc unction o prepa ransplantati on by

erythrogﬁﬁgé “ﬁmgyk gm%%ﬂng&ms tgﬁﬂ#no% %Wl eff ‘§¥e§%8§ hrop0|et|n

and asi rop0|e [ cel I's.

r 3?%?028?%9. e R R R g b a o am%%ag °%S§%*’“?‘{1{? B L or um st ar ved
EﬁﬁnSFé'rrél&?sihg‘é%%?smﬁfﬂ‘é‘é%ﬂﬂ o Bt e SRERP I sl um st ar ved
i al EPOEROAIE IR ST PartvaBpiniaes VL ShERREDRITERY L0 28 June

2005 VQ Oe%{ 053 %pcﬁeqxr /hlaj\%(r)x% /at gaAé'z c?ne or more modified arginine residues; an

erythropoietin having at least one or more modified lysine residues or a modification of the N-
terminal amino group of the erythropoietin molecule; an erythropoietin having at least a modified
tyrosine residue; an erythropoietin having at least a modified aspartic acid or a glutamic acid -
residue; an erythropoietin having at least a modified tryptophan residue; an erythropoietin having
at least one amino group removed; an erythropoietin having at least an opening of at least one of
the cystine linkages in the erythropoietin molecule; an erythropoietin is proﬁded having at least

one substitution of at least one amino acid; or a truncated erythropoietin,

The association may be, for exampie, a labile covalent bond, a stable covalent bond, or a
noncovalent association with a binding site for the molecule. Endothelial cell barriers may be the
blood-brain barrier, the blood—eye barrier, the blood-testes barrier, the blood-ovary barrier and

. the blood-placenta barrier. Suitable molecule for transport by the method of the present

. {
invention include hormones, such as growth hormone, antibiotics and anti-cancer agents.

These and other aspects of the present invention will be better appreciated by reference to the

following Figures and Detailed Description.
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Figure 8 shows a dose response conparing the efficacy of human 28 June 2005
erythropoi etin and human asial oerytbropoietin in mddle cerebral artery
occlusion in a nodel of ischemc stroke Figure 9 shows the effect of

bi oti nyl ated erythropoietin and asi al oerythropoietin in the P19 assay.

Fi gure 10 wbamesssshe activity of iodinated crythropoi ePCHUSW4Me P19 assay.
Figure 11 depicts the effects of erythropoietin treatnent in a rat glaucom
nodel. Figure 12 shows the extent of preservation of retinal function by
erythropoietin in the rat glaucoma nodel. Figure 13 depicts the
restoration of cognitive function followi ng brain trauma by adm nistration
of erythropoietin startBRIEFDERCRIPRIONAIR BHE FIGAIRES Fi gure 14 depicts the
restoration of cognitive function following brain trauma by adm nistration
of erythropoietin starting 30 days after trauma. Figure 15 depicts the

ef ficacy of human asial oerythropoietin in a kainate-model of cerebral

t oxi ci t FiguredGiepiSts ThertendG@bion dﬂ@xﬁﬁérﬂﬁ%ﬁmmﬁ eogbrppaiginigo BHETA| LED
DESCRI PTI ON OF THE | NVENTI ON " Erythropoi eti n-responsive cell" refers to a
manmal i eebespihal\fiiidse function or viability may be nmaintai ned, pronoted,
enhanced, regenerated, or in any other way benefitted, by exposure to an
erythropoietin. Non-limting exanples of such cells include neuronal,
retinal, nuscle, heart, 1lung, liver, kidney, small intestine, adrenal

cor t ex, Figdfeanabwithelploteationtd giclyacaydien fombiehingt danbage byegythropeietinafternd
endonetrial cells. Mreover, such erythropoietin-responsive cells and the
benef i t @mpsitngwhsderr sdeRrEieH.0 by an erythropoietin my be extended to provide
protection or enhancenment indirectly to other cells that are not directly
eryt hropoi etin responsive, or of tissues or organs

Figure 3 shows the maintenance of the function of a heart prepared for fransplantation by

erythropoietin.

Figure 4 compares the in-vitro efficacy of erythropoietin and asialoerythropoietin on the

viability of serum-starved P19 cells.

'

Figure 5 is another experiment which compares the in-vitro efficacy of erythropoietin and

asialoerythropoietin on the viability of serum-starved P19 cells.

Figure 6 compares the in-vitro efficacy of erythropoietin and phenylglyoxal-modified

“erythropoietin on the viability of serum-starved P19 cells.

Figure 7 shows .protection of erythropoistin and asialoerythropoietin in a rat focal cerebral

ischemia model.
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whi ch contain such non-erythropoietin-responsive cells. These o28elurne!2005
or tissues or organs which benefit indirectly fromthe enhancenent of

eryt bropoi etin-responsive cells present as part of the cells, tissue or
organ as "associated" cells, tissues and organs. Thus, benefits of an

eryt hr opoi WPi0H0380 descri bed herein maybe provi ded as BCFESY#Mof t he
presence of a small nunber or proportion of erythropoietin-responsive
cells in a tissue or organ, for exanple, excitable or neuronal tissue
present in such tissue, or the Leydig cells of the testis, which nmakes

test oSty g ‘Wdeaﬁgﬁ‘§8§&”mm%$§§%§¥%$£&ﬁ8%%£gy@%g%gonSIée cell or its

assocl ate t1ssS ti ssues, or

, t | | t . Th
o520 Ry B MBS ST ot e o

enhancenent of cells, tissues and organs within a manmmalian body, under a
w de variety of nornal and adverse conditions or protection of those

whi ch d el ocation to anot manmal i an bod I n addition
restor2§ oggg%h?gleﬁ%?gi Biospyited ghythyqpAicn aﬁ?”QV@GmﬁﬂHVP él 9As nentioned
above,a&; ability of an erythropoietin to cross a tight endothelial cel
barrier arid exert its positive effects on -21 28 June 2005 WD 02/053580
PCT/ US01/ 49479 erythropoietin-responsive cells (as well as other types of
cells) distal to the vasculature offers the potential to prevent as well
as tre of. conditions_and di seases which otherw se cause
si gni fhggﬁ?m g‘f"f"%ﬁﬁﬁ?"“ &fﬂ?dé‘?E?é eryHuengistin i thaP199ss8%! . i ncl udi ng human, and
moreover, permit success of heretofore unattenptable surgi cal procedures
for which risk traditionally outweighed the benefits. The duration and
degree Hgﬁn%oseful adverse conditions induced for wultimate benefit, such
as hi gh&d triesErcisRf ervihaenoistin Bertmen indyrgt glascasbeonegisll ex- vi vo transpl ant
survival, and prol onged periods of surgically-induced ischem a, may be
carried out by taking advantage of the invention herein. However, the
invention is not so limted, but includes as one aspect, nethods or
conposFIEME2 st the grtentaf preseryaiion ef il fipaioe by erytheppistisindes ratel | s are di st al
to-

}55)

glaucoma model.

Figure 13 depicts the restoration of cognitive function following brain trauma by administration

of erythropoietin starting five days after trauma,

Figure 14 depicts the restoration of cognitive function following brain trauma by administration

of erythropoietin starting 30 days after trauma.

Figure 15 depicts the efficacy of human asialoerythropoietin in a kainate model of cerebral

toxicity.
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the vascul ature by virtue of an endothelial-cell barrier or endpgh#hha!2005
tight junctions. In general, the inventionis directed to any

eryt hropoi eti n-responsi ve cells and associated cells, tissues and organs
whi ch may benefit from exposure to an erythropoietin. Furthernore,

cel lular, WO4¥R858r organ dysfunction may be restor e§CHISWEYEher ated after
an acute adverse event (such as trauma) by exposure to an erythropoictin.
The invention is therefore directed generally to the use of erythropoietins
for the preparation of pharnmaceutical conpositions for the aforenmentioned

pur poses in which cel i | pronot ed, enhanced,
regenerated, or in aﬂﬂgtl Eﬁﬂﬂg o q%ﬁﬁﬁg%&ﬁb%ention is also

directe 20 intainin nhanci ronoti.ng,. or regenerating
cel | ul aﬁgﬁ'@rﬁ?tﬁ% %ﬁ%?@%ﬁgeﬁ n@%’fséorgi”ﬁ gl °?}3WR§F ﬁg‘ﬁm@f"f ‘é‘g!g{“\‘/énaﬁﬁ?ﬁunt of an
eryt hr opoi et | SCFE | herein. The invention.is. further directed to
rre%lhodsﬂ%ramﬁgipn aln %%‘“%‘?6%%??4?31 orérhﬂ’gr‘i’lf:qeﬁ‘ﬁ?y %Fé}}rt% @ﬁg’ﬁ’ﬁfqr?l@a“cel | ul ar
functio | xposi ng .cel.l s tissue or organ to an erythropoietin.
The inveﬂ§|8%6%?fg%fgmgﬁﬁ%m%ﬂﬁ§fmﬁkﬁ%&ﬂﬁ%ﬁ%@@“@%ﬁ% fWE@&gngs al so

di rect rfusat.e conposition coppri si an erythropoietin for use in
or gan g@né’ﬁﬁg%u@gne&s&agﬁr{}%?ﬁg;?ﬁeﬂ?%@ﬁ%? medullp, sapillast endptheljah Jasiesi on utili ze
a phar eutical compositjon which at |east includes an erythropoietin at
an effg%%?@gm%ﬁgﬂwggﬁ8$ﬁt%@“ﬁﬁ%ﬁ? PARroRORinesRPiVE 6l endihe bemefitex posur e to
exert posi.tive effects or henefits on erythropoietin-responsive cells

wi thin p&?waerdéﬁ%ﬁggy ﬂ%ﬁ%ﬁpwgaﬁtﬁé%PW @rofason oy eghapcegishy | ti ssues or
organs .0f. the, i nt ende t herapy require the erythropoietin to cross an
endot he‘P‘iE‘é‘T‘E)été’l‘ﬁg‘eb&ﬂﬂF &léfra,fe %%@f%%%%hf@éﬂ@#fbraqpon%‘@nqméms% ot rgeisudes t he
erythropaietin, at a concentration which is capable, after crossing the
endot hetFsl} copfain sugfnapseryitrongietipepqusitigcalls.s Thesasothes pells, astissuestos oxgean t he

eryt hropqi.eti n-responsive cells. Ml ecules capable of interacting with the

er yt hr opBTREReRFit inditesily dromdhr enhenaemeat ofregy thrppoicinirespprsive olls present as part

of the cells, tissue or organ as “associated” cells, tissues and organs. Thus, benefits of an

erythropoietin as described herein may be };r;avided as aresult of the presence of a small number
or proportion of erythropoietin-responsive cells in a tissue or organ, for exampie, excitable or
neuronal tissue present in such tissue, or the Leydig cells of the testis, which makes testosterone.
In one aspect, the erythropoistin-responsive cell or its associated cells, tissues, or organs are not

excitable cells, tissues, or organs, or do not predominantly comprise excitable cells or tissues.

The methods of the invention provide for the local or systemic protection or enhancement of
cells, tissues and organs within a mamlﬁalian body, under a wide variety of normal and adverse
conditions, or protection of those which are destined for relocation to another mammalian body.
In addition, restoration or regeneration of dysfunction is also provided. As mentioned above, the

ability of an erythropoietin to cross a tight endothelial cell barrier and exert its positive effects on
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the receptor, herein referred to as erythropoietin or erythropopgtjuyhe 2005
receptor activity nodulators, are useful in the context of the present

i nvention. These nol ecul es nay be, for exanple, naturally-occurring,

synt hetic, or reconbinant forns of erythropoietin nolecules, as described
above, or WPREE3NH| ecul es whi ch may not necessarily rBSEWBVE4Er yt hr opoi etin
in any manner, except to nodul ate erytbropoietin responsive cell activity,

ﬁﬁngﬁi%hé@gl%ieﬁﬁ%%@ﬁl?iﬁ%é@éﬁ?g ias?i 'egg?% %agflsi%a rfirﬁ%iv%g@%ﬁr”%‘%%&%i o |
[ 1 ' jds, L. ' 40%
he. ve PGRP P RHE Ror el e T Rariel SRty R HaRa FRE DLBTaP i the

practice of. t.he sent .i nvention enconpass,.naturally-occurring, synthetic
and r e%"r?ﬁf’lﬁﬂﬁﬁamf"gﬁ‘ﬁ‘g a’é‘% tigsyRamegs Wﬁmﬁpﬁﬂﬁ’é‘}\“ B W KBl | an
erythropoi.etin-re] ated nol ecul es: erythropoietin, asialoerythropoietin,
degl ycé’EVP%FP%CBSSQF ?ﬁ?fﬁrﬁé‘f‘ﬁe}nﬁfa&é B3l BT r&’lli‘éﬂhé’g‘&'f‘a ropoi etin -23
28 June 20%% Vw%pé$053580 PCTI USOL/ 49479 m netics, erythropoietin

f r agne SEeveighgfhs benelits, (The dation and degrreof prreasciuladyerss copdifiens indused && pt or -

bi ndi ng_nol ecul es, erythropoietin agonjsts, renal erythropoietin, brain

er yt hr gptHaé hepelit. spohgs high-dose ghgnatherapy-fediation Higrepp prolopgedaidotmeplast . and
congeners thereof. In addition, erythropoietin forms useful in the

pract i E&Viyel fd@rqipedastiods o agiradiy-indyeqdisshonyp.anayibs sarfedqut bicildes ent
functionally equival ent gene products. Such an_equival ent erythropoietin
gene prdEnese of thelinygeionhersit However iiregpisniéanineot squiinied, b jncludesteadng del et i ons,
~including internal deletions, additions, including additions yielding

f usi on agpee Bethasls oxnompesitives wherein ghedanges erythipppistits regifonsivg ¢7ls aedisfeli®si dues

w thin and/or adjacent to the am no acid sequence, but that result in a

" si | enthe vessalaggee byjvistue hian endrshalinlaasl barrigrop endotheliad tight fupciicns dh geperelgqui val ent
eryt hropoi etin. Such am no acid substitutions may be made on the basis of
si m | athetipveptipngodineted tp ancérythrppoictiretesgonsivetoplis dmy dssogttedaieds, tisspestagdir ophi licity,
and/ or ~ the anphipathic nature of the residues involved. For exanple,
nonpol argafdwidshopdydbiefj framexsure to an erythropoietin. Furthermore, cellular, tissue or

organ dysfunction may be restored or regenerated after an acute adverse event (such as trauma)

by exposure to an erythropoietin.

The invention is therefore directed generally to the use of erythropoietins for the preparation. of
| pharmaceutical compositions for the aforementioned purposes in which celhular finction is
maintained, promoted, enhanced, regenerated, or in any other way benefitted. The invention is
also directed to methods for maintaining, enhancing, promoting, or regenerating celtular function
by administering fo a mammal an effective amount of an erythropoietin as described héfeiﬁ. The
-invention is further directed to methods for maintaining, promoting, enhancing, or regener:atting

cellular function ex vive by exposing cells, a tissue or organ to an erythropoietin. The invention
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aci ds include al anine, |eucine, isoleucine, valine, proline, phesyjiHaRQUbH
tryptophan, and nethionine; polar neutral am no acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine, and gl utam ne;
positively charged (basic) am no acids include arginine, |ysine, and
'histidine;WQHH%%@ﬁatively charged (acidic) amino aci dBCTVHOIHAE aspartic
acid and glutamc acid. Alternatively, non-conservative am no acid

changes js Wik pdrsRY dohfBHi N BmPBYIGE dnRRThr ; )C{eﬁ#? Bor ndbSK hghrOor ?i%sﬁ@t e

functionally altered erythropoietin nutants. %ﬁ mut ant s “can be used to
alter grydrfHigROI etin properties in desirable ways. For exanple, in one
enbodi nent, an erythropoietin wuseful for the practice of the invention can
be a nutant erythropoietin altered in one or nore amno acids within the
four functional domains of erythropoietin which affect receptor binding:

VLQRY apg %Jé@/éﬁ%wt@ﬂﬂéeﬁ&oﬁ%{@g&g&nﬁﬂg{cgh@gﬁﬁ&@wpﬁ{‘mfi‘e%at her

enbodi ment, erythropoietins contalning sIn e surroundi ng areas
of the noiaciip o hlebiasi o Ehedpfupsthl ik b Bl BB B Bls B ot Do 40475
!t er onangay b ARkl ittt it S PBpEb RS S PIHE™ ¢ agments.
hybrid fgﬁ{g%if‘ﬂo%?amgﬂﬂm&ﬁd eerg Sy ae?d ]ott her forms.as. de eéri bed above
enbrace the variants in the extents of ?ﬁdlsg?efg%or%@sﬁqt@?ﬁ?ﬁ tion of
erythrogoi etin. imncl udi ng..native, deglycosyl ated, asialylated, and other
parti al {ﬂgﬂa}éf 1;7 gg)}lfezfp}e&gc’po?egf‘%%ﬂ?ﬁs “%F?}@#‘&E&%ﬁ lf’tq‘?IBEa!T“F%Ftﬁ‘iahg exanpl es of
such varj .S _al escriped ip Tsuda et al.,. . 1990, Euyr. T.. Biochem

55 a0 R R huEE B E i Ripaiols iR et tich # perale efer ropsnes | moect

pl ant, I 1ian, .includi.ng. human, In addition, a variety of host systens
may be %ggﬁglﬁ)?cﬁ Dagsy %ée§?r5ﬂgg’ésrf§mﬁf°5’cfgg‘it’r WD e erybErpatstiRrEsronEYS Aeht: opoi et i n,

i ncl udi ut n imted to, bacteria, vyeast, insect, plant, and

) e sre abi R W Bihe Sy Speinin el w aiegR Bins e R
erythropoi etin produced in bacteria, which do not glycosylate or sialate
the prd E]&S{?C’pt%‘ T tred to as erythropoietin or erythropoietin receptor activity modulators,

are useful in the context of the present invention. These molecules may be, for example,
naturally-occurring, synthetic, or recombinant forms of erythropoietin molecules, as described

above, or other molecules which may not necessarily resemble erythropoietin in any manner,

except to modulate erythropoietin responsive cell activity, as described herein.-

Erythmpoietin' is a glycoprotein hormone which in humans has a molecular weiéht of about 34
kDa. The mature protein comprises 165 amino acids, and the glycosyl residues comprise about
40% of the wéight of the molecule. The forms of erythropoietin useful in the practice of the
present invention encompass naturally-occurring, synthetic and recombinant forms of the
following human and other mammalian erythropoietin-related molecules: erythropoietin,

asialoerythropoietin, deglycosylated erythropoistin, erythropoietin analogs, erythropoietin
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used to produce non-glycosylated forns of erythropoietin. Alter28tJure 2005

reconbi nant erythropoietin can produced in other systens that do

gl ycosylate, e.g., plants, including human cells. As noted above, the

i nvention herein enbraces any and all erythropoietin receptor activity

nodul at or WBPEEE®®s capabl e of exerting positive actiWT"&J‘)‘H‘ff?‘m’

eryt hropoi eti n-responsive cells, regardless of any structural relationship

of the ietl | n..addjti.on ryt.hropoietin itself may
e R o PR AT B oo R Sl ey B di

be nodified to tal act r tissues.
dosi 1 og R En R O SRR b b PRREh BB el Besdie v cul at | ng
et yt hr &Rl S Workrind i e e SRR prEfpiebfsnsy - 25 26
2ppr oach d! P e RSP AR piteh o a2 plo o BRI o 1y t e

&1 i ST bR B G s AP0 Greodil sk DI be pr oduced | n

a nunb r exanpl . the sjalic acjds which term nate the end of
t he sugér %’%SZ wgg;ﬁmﬁy%%@?amﬁymgb‘bﬁg ‘FfeE‘a]s‘I"!ﬂl?‘Haaél@is‘onsdéﬁ% ng on the
chem cg} 4.l | onnecti.ng the sialic gcid to the sugar chain.’

Al ter ngéqlg\lldél%l?ﬁ%g%ésmdﬂﬁgg PLPEEaT e sehsiifutions shanyeo aridspedves within n di f f er ent
ways b si_ng of her enz s that = cl|eave at specific |inkages. Techniques
o mod St eeB 0 e AR P oeaiPe A ey bl 2 Rlpnt-Retngauin s dghinget | on of
specific .anm nﬁlP%ci aﬁ' C.helm' ca nodj fication of am no acids, or addition of
ot her PRETRE ipaonelly sapivelint epheapeictiy. tSuch areing spidssubstitutions 1y bempderr opoi ct i n

W th an%tho& iti receptors. Use of such forns of erythropoietin are fully
enbr ac 841 &3 o sSylarity inpolarity, chageeesolyditrbystrophelieityhkaidfophifi¢ity, andfor t he

non- er yt hr opoi eti ¢ eréthro,poi etin of the invention is reduced by about 90%
from t REABifPatie give ofth fesidess divelypdy For example, nonpolar (hydrophobic) amino

acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, tryptophan, and

methionine; polar neutral amino acids inch‘ld'e glycine, serins, threonine, cysteine, tyrosine,
asparagine, and glutamine; positively charged (basic) amino acids include arginine, lysine, and
histidine; and negatively charged (acidic) amino acids include aspartic acid and glutamic acid.
Alternatively, non-conservative amino acid changes, and larger insertions and deletions may be
used to create functionally altered erythrdpoietin mutants. Such mutants can be used to alter
erythropoietin properties in desirable ways. For example, in one embodiment, an erythropoietin
useful for the practice of the invention can be a mutant erythropoietin altered in one or more
amino acids within the four functional domains of erythropoietin which affect receptor binding:
VLQRY and/or TKVNFYAW and/or SGLRSLTTL and/or SNFLRG. In another embodiment,
erythropoistins containing mutations in the surrounding areas of the molecule which affect the

kinetics or receptor-binding properties of the molecule can be used.
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Sonme of these nolecules will nevertheless mmc the actions of 28 June 2005
erythropoietin itself in other tissues or organs. For exanple, a 17-ner
cont ai ning the am no-acid sequence of 31-47 of native erythropoietinis

i nactive for erythropoiesis but fully active for neural cells in vitro

( Canpana &WO@?"E?;?"%n, 1998: Int. J. Mol. Med. 1:235- 415CTERINEr nor e,
derivative erythropoietin nolecules desirable for the uses described herein
may be generated by guanidination, am dination, carbanylation

(carbanoyl ation), trinitrophenylation, acetylation, suecinylation,

NI L3t 9 o RS 45 LRI B b 3Rt BR By bE YL OPRaD, o

cyst ei ne residdes or carboxyl groups, anong other procedures, such as

Ui mit . i . L at

SUbst | (G ARR Oyl o uad B0 ReeH o QUM B A AEI, o 5005

VO 02/ 053550 (RENSRLL 43410 B vl iE HISALESI NES DY JRL RS DI Ol 00 cal
I'ch™ “mal nt aify a

techni ques to-produce erythropoletins a&%quate | evel of
ar vt b oxtiobdtbin ARk Gk 98o Rk s ABHER, B R P BL AR 056" 125 o
i i, r.ef. i it tirety).. . -ljmti
M e R A R

i ni ' art i on. Wi th I I h h l.gl yoxal
?;?%;BLQ?%%%?%Q'%‘%‘—%%%#S%%@% ?n%“og&oaﬁ%ﬂsf%_reﬁ _X%‘sfsr%l‘l‘c%-. B?%@ﬁ ”ﬁ%‘ x%fft%é?- w02). 45
Wi el.ow,. . such an At opoi etin..mol ecul e retains its
neur ot ﬁ’_(l)a%ﬁ?J;mgrfah{e%%tml@égﬁmmﬁh¥%%%n&%ﬁew Pr%ioét@ﬁsr_%‘ggs Rovel ef‘éd!f?f enbraced for
F econbi R TR EUSH TR b e i i BBk BT P o feors
U2 nad ATt AR i P g B LR SOHERBRCSObR SR e, Such ac
reconbi nant | y-expressed nol.ecu|l es and those prepared by honol ogous
recorrbieH%‘FP “aﬁ’g’db“ream 1§03, bich fo nqtglyeaslpta oy sialate he Podes spild byvent i on

include%ﬁﬁnle ules'including peptides which bind the erythropoietin
r ecept gFed tar e ponsglycosylated forms of erythropoietin, Alternatively, recombinant

erythropoietin can produced in other systemé that do glycosylate, e.g., plants, including human

cells.
As noted above, the invention herein embraces any and all erythropoietin receptor activity
modulator molecules capable of exerting positive activity on erythropoietin-responsive cells,

regardless of any structuraj relationship of the molecule with erythropoietin.

In addition, erythropoietin itself may be modified to tailor its activities for a specific tissue of -
tissues. Several non-limiting strategies which may be carried out to achieve this desired tissue
specificity include modifications that shorten circulating half-life and thus reducing the time

erythropoietin can interact with erythroid precursors, or modification of the primary structure of
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reconbi nant constructs or other nol ecul es which possess part or2gl jyugé 2065
structural and/or biological properties of erythropoietin, including
fragnents and multiners of erythropoietin or its fragnents. Erythropoietin
herein enbraces nolecules with altered erythropoietin receptor binding
activiti esWOI¥EBBPably with increased receptor affini PGI/USHWIEEY ticul ar as
pertains to enhancing transport across endothelial cell barriers.

Mut ei ns. i Sl whi h dditi ) d d nb f
! e O LSS el M AU Pl S, MU ©
" th 2%l N smonetics” | | th d
AT T T R L A AT S

protecti ihg mol.ecules related to erythropoietin as well as
Phe. mol aun Sote BN E B ot s Bkt BrBNercs S ch e or s, - 27
28 June 20 2/,05358 CT/ US01/ 49479 Furt hernore, nol ecul €s produced
by tr ans'jlge es%%g aan %?hswgp%a%éﬁ%%d 8&@%%%&“5@@ qq}éf;%r_empred &1 enspific palidapest ed t hat
erythro%gugﬁhn n@%g@uL&iw s enbraced herei.n do not necessarily resenble
eryt hr opci et I nostr Gett ]I’qiﬁg"(??m‘ieﬁmﬁ slifacid tadhesugar clainc Algmatigelyabi [ ity to
interact, with th erythropojetin receptor or nodul ate erythropoietin
recept o&heeﬁg‘fcf’ﬁyitl%t‘% sgpe Efarna’ﬁflﬁm@%ﬂﬁq Ridifrirnb s by usingqthey snzsiess thghal i ng
cascades,_as, des rhﬁfd rein. By way of non-limting exanples, forms of
erythroﬁ%ﬁ@@fﬁwﬁgg PR ol e dp motifithe primary grystueeseqmyriad andinelindn i ncl ude
erytbrogq%etthﬁutei s,.such as those with altered am no acids at the
car boxy SUFEPHIIA] SPeGHS aping acids: thenyioa) madificatign of amizg ag@oradditiomondti®r Pat ent
4, 835, 260; , asi gl.oeryt hropoi etin and erythropoietin isofornms with various
nunber s SHOEGSAY Cg' Inferfcte yihthejigiemctinaof erptheapaietin wishialy ofits reatpton iUsedf i n U. S.
Pat ent 5,%56,29 , _polypeptides described in U S Patent 4,703,008, agonists
descri b&h TRy oSeryibgqraistin me gy crotmaned hespini Heogprefbrredlembodidert, ahd Hadf.life
erythrogPLetin receptor as described in U S Patents 5,773,569 and
5, 830, g8hthe Wgerythugptietic gryhreroietin ofghe intention iactied bpatiohed0%eon thangioi et i n
receptor,, as described in U S Patent 5,835, 382;; and erythropoi etin anal ogs
native erythropoietin.

Some of these molecules will nevertheless mimic the actions of erythropoietin itself in other
tissues or organs. For example, a 17-mer containiﬁg the amino-acid sequence of 31-47 of native

erythropoietin is inactive for erythropoiesis but fully active for neural cells in vitro (Campana &

O’Brien, 1998: Tnt. J. Mol. Med. 1:235-41).

Furthermore, derivative erythropoietin molecules desirable for the uses described herein may be
generated by guanidination, amidination, carbamylation (carbamoylation), h'iixitropheny’lation,
acetylation, succinylation, nitration, or modification of arginine, lysine, tyrosine, tryptophan, or
cysteine residues or carboxyl groups, among other procedures, such as limifed profeolysis,

removal of arniqo groups, and/or mutational substitution of arginine, Iysine, tyrosine, tryptophan,
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described in WO 9505465, WO 9718318, and WO 9818926. Al of thepg June 2005
af orenentioned citations are incorporated herein to the extent that such
di sclosures refer to the various alternate forns or processes for
preparing such forns of the erythropoietins of the present invention.

Eryt hr opoi @ P58 be obt ai ned commercially, for exanfffTUSOUHEEr t he
trademarks of PROCRI T, available fromOtho Biotech Inc., Raritan, NJ, and

10 02 053080 BRI THE ol ket By P Bmeg s O oo ot
ot ! nod RReggh Sleaelof AR kT el o SESeGs b opahfe et  on 1 n
crytr oo ey oSl s o S Bt TPk BB e Retbs 54, 000)
the of 1SerRsnRiPiTh; R Bh el t ru B R AoV diac | Vi 11 o8 herei n
aryt nr EnaTasei A8 E8 bl GnTe 5o hEreioh vk o b D s at PTGk d. on

et i vi Rl P b R BAT ekt RSO R AT R amariabul os i s

defi ned a}ls%l';h g@t})eg{r‘lt %{%?@{lotei,n,requi red tg elicit the sane activity in

“6F P Y Friains 4t rvaqtipphie efifoct; | Syeh enihsensisiinas is elicited

neural O

by WHO ioftme[ nat | nalbsitggqu rd erythropoietin in the sanme system The

ski | | ed™BFETPE 3R M PROP II%]F"G%‘{“éP?FFH@"PWEOWE desgrfbed haiein- er yt hr opoi et i ¢
erythropoietin or related nolecule follow ng the guidance herein. Further
to the above-nmentioned erythropoietin nodifications useful herein, the
foll Owsgﬁghet%:?%@uss' on expands on the various erythropoietins of the

i nvent i FegRmbrrpianalechies: suchiep braip spdnencistin pidrorm omtheopoie@ast no sialic
acid noieties, referred to_as asialoerythropoietin. Preferably, an
or yt hr GYFOPERH MSFmAHE P ehary bpeigingresi o ts naurally-occurring tumor-
' derived, and recombinant isofonné, such as recombinantly-expressed molecules and those |
prepared by homolo gous recombination ar;e Il)rovided herein. Furthermore, the present invention
includes molecules including peptides which bind the eryﬂ.ropt.:)ietin receptor, as well as
recombinant constructs or other molecules which possess part or all of the structural and/or
biological properties of erythropoietin, including fragments and multimers of erythropoietin or
its fragments. Erythropoietin herein embraces molecules with altered erythropoietin receptor
 binding activities, preferably with increased receptor affinity, in particular as pertains to
enhancing transport across endothelial cell barriers. Muteins comprising molecules which have
additional or reduced numbers of glycosylation sites are included herein. As noted above, the
terms “erythropoietin® and “mimetics” as well as the other terms are used interchangeably

herein to refer fo the erythrapoietin-responsive cell protective and enhancing molecules related to

- erythropoietin as well as the molecules which are capable of crossing endothelial cell barriers.
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asi al oerythropoietin. In alternative enbodi nents, the erythr oponguh@Q(}(jga
i nvention nmay have at least 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, or
sialic acid residues. It nay be prepared by deS|aIyIat|ng erythrop0|et|n
using a sialidase, such as is described in the manufacturer's packagi ng
for Sial yd‘§9@2’9§3513? om ProZyme Inc., San Leandro, Calif®¥WY4%¥Ppically,
PROZYME(r) GLYCOPRQ(r) sequenC|ng grade SI ALYDASE ATM (N-ac etyl neuram nate
-29 28 BuHhermdy) I C 3.2.1.18
Dolci: B4 RLeS PRkl A AL O GOV AL PSR g B )

is used to cleave all non- reducrng termn acid resi from

conpl exnoteairthud byt bﬁﬁhﬁym%ugk%ﬁﬁﬁ&g&%%ﬁa&&ﬂﬁﬁg%gﬁsh% JALopeietin. It wll

al so cl eave branc sialic acids ernal residue).

Si al ydaéirﬁbrﬁpdn&ldsﬁ'@rl‘nﬁﬁl%r{nraﬁ Re:Th ARG %fc éJ'tA‘fc‘?s‘ e %o in ’dcwurﬂ;e fac' ens. An

eryt hropoi etin may have at ast are

car bohyghysd ﬁcﬁetm?&eﬁtgﬂm Yo adthte er@}r%ggle&xﬂep H}¥ ggh@ gr’ ag . %ﬁ%ﬁpg‘hgt}nlrm?t gé S be

treated wth hydrazine, |n ac ance

descri bgghady Ciycoblology 6(2) 217-30. As noted
BB lona 30,

above, erythroporetln ree nked carbohydrate noieties; the present
i nvention enbraces those erythropoietins with two, one, or no N-linked
carbohydrate. An erythropoietin of the invention may have at | east a

oot ﬁregbpo. o Qmm‘?ﬁ &?ﬁrl%girny Heahiiigp s pr}%%tlg BFRE procedur e
?Lllgued Fur %&Eh%g%m“% ? §$%§ éggﬁﬁﬁﬁﬁﬁ argig ﬂﬁ%yégégéﬁéayggygghleved
B oche s BHh §33£@§@8q8%3’e%§*§'e T Bl Bt B sanciasmdingiciatopo et n

ot ne S oBAUR Som? i3 siiorrm %H%‘Eflﬂw&ﬁe?%ﬁ%sn%tﬁ%%ﬁ'e ntal | an”cel | 5.
\IZ/;)E;f er %Qgcgbed SSelr‘aXenP g gf%%ﬁ‘ po y}saep%zlgs d%é(c%lrnglsusl %dS IPQtel!rtré]}S?%g t()080 ragoellls?snt cells. By

described in U.S. Patent 5,767,078; peptides which bind to the erythropoietin receptor as

Urc

described in U.S. Patents 5,773,569 and 5,é3b,85 1 ; small-molecule mimetics which activate the
erythropoietin receptor, as described in U.S. Pateﬁt 5,835,382; and erythropoietin analogs
described in WO 9505465, WO 97183 lé;, and WO 9818926. All of the aforementioned
citations are incorporated herein to the extent that such disclosures refer to the various alternate

forms or processes for pieparing such forms of the erythropoietins of the present invention.

Erythropoietin can be obtained commercially, for example, under the trademarks of PROCRIT,

available from Ortho Biotech Inc., Raritan, NI, and EPOGEN, available from Amgen, Inc.,
Thousand Qaks, CA.
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of non-limting exanple, expression of erythropoietin in insect2ge¢urfe 2508
a bacul ovirus expression systemmy be carried out in accordance wth
Quelle et al., 1989, Blood 74(2):652- 657. Another nethod is described in
U S. Patent 5,637,477. Expression in a plant systemmay be -30 28 June
2005 WO 0¥POBYS80 PCT/ US01/ 49479 carried out in accoPEEP¥E4Mi*t h t he net hod
of Matsunoto et al., 1993, Biosci. Bi otech. Biochem 57(8) 1249- 1252.
Al t er natrhy2liviyy (BXRAS P I SﬁH ] cosyl ated forns
of erythr 060I etin. 9 ﬁrgtﬂmg [lgﬂg ah? %%whn %lgcﬁlgéfsul for the
product | op:0hn 1% he ioventi Ln no.way limting. An
Ll rfdgifi)?{ hé‘st%?ﬁ{i/)gén n?f’ cﬂeggss&sﬁmulat grleecéesl proqﬁ% 10&)11 %’@ o

cryt hropoi et Ion may oxi di zed
E?LP‘QPZ‘S‘%?%%%%%%HW%‘WE%ﬁﬁs@g@w gl S BB "
Dor onyary erAehe R BV AR6RRE r#gﬂogﬁr'g%%ﬁ? Hebdttprra BOOPEy ar i de-

:I[D ﬁ rel (r)rgta ﬁg"éész’)élld%?%% &%Ctd)(ﬁf ﬂ&%og&{sg)ﬁ;sollgc?&eg{;l tnq]){elcggsf%%rgévgq?es hgrléllglan n(:)liriy n%xanpl e by

B| oche 204 - Che reduction foll.ow erl odat e oxi dati on may
ca?%e.%eg*ﬁj eafde Pf "{R?{é’il Shite WH‘NP{?E“P?O Tofiok de 1978 J.
Supram)(l1 it hr opoi et n tr r the af orerrentl oned
[

uses may‘3 Iéo aafmlng%g%’d OPH’g%ea ii$ 1“@181’1’%”@?% s, a5used hytsirg the o

exarrpl e ed .er th oi et.i cO |se a R-glyoxal noiety on the
one ““gog “’i‘?BOIP OPOW%F%“‘?@YTH%IT g‘e ABeE¥ehryl, | over

al kyI I otwer ajeﬁg cI oal kyl I’OU{) or an aI pha deoxygl yci t ol yl
group. FEEHIEY™ CH' et‘?l‘é‘ PRVHY Rl or gihgs grythropgigtipsregporsivesbliir-  or

branched-chai n ra al i phati c hydrocarbaon group preferably containing
16 carBERmLE: wﬂ%&pﬁ@%@ tepptpesl atﬁn%wm eBRigin 1a e SR e, Bhdry |

|soproggf( i sobut, but entyl, hexyl and the |ike. The term "al koxy"
means & Xshatisaa v ﬁ//’fea‘ﬁlrydlﬁ maige e gl @Ela efcehropeipticcondbropaictintperelatadai nder of
t he nol ecul e b}/ xy en. Exanples of al koxy include nethoxy,

molecule following the guidance herein.

Further to the above-mentioned erythropoietin modifications useful herein, the following

discussion expands on the various eryti:ropoietins of the invention.

An erythropoietin of the invention may have at least no sialic acid moieties, referred to as
asialoerythropoietin. Preferably, an erythropoietin of the invention is human
asialoerythropoietin. In alternative embodiments, the erythropoietin of the invention may have at
least1,2,3,4,5,6,7,8,9,10, 11, 12, or 13 sialic acid residues, It may be prepared by
desialylating erythropoietin using a sialidase, such as is described in the manufacturer’s

| packaging for Sialydase A from ProZyme fnc., San Leandro, California. Typically,

PROZYME® GLYCOPRO® sequencing-grade STALYDASE A™ {N-acetylneuraminate

229



et hoxy, propoxy, isopropoxy and the |ike. The term "cycl oal kyl "28eheie 2005
cyclic alkyl groups wth three up to about 8 carbons, including for

exanpl e pycl opropyl, cyclobutyl, cyclohexyl and 31 28 June 2005 WO

02/ 053580 PCT/ US01/ 49479 the like. The termaryl refers to phenyl and

napht hyl gWeA@p¥358The term heteroaryl refers to het er BEYEY#4Yr oups
containing 4-10 ring nenbers and 1-3 heteroatons selected fromthe group

consi sti f.oxyaen., nitraogen and syl fur. EX l.es .incl ude, but, are not
i t oo RSty B D1} e 38 Sl i tonpdp By st s oo 1

t et rahydrogui ngl yl yridyl . im dazol yl rrolidinyl, 1.2 4-triazoylyl,
t hi azol y ‘?‘ﬁ{”h‘fag”ﬁglf‘?at%ﬁ@% oPFqtyns Su%h% eﬁ“ﬁ?‘%ﬁﬂ“nﬁﬁ%&ﬁﬂ%‘% %r?ll‘fp%id as for
exanpl e the 2 4-tri hydroxybut yl up .af . 3- degxygl ucos . Typi cal
excanpl o8 ek T it i) SR Ao isratoR Bo Rl e robid
3-deoxy9{I,u osone, and phenyl gl yoxal. Preferred R-glyoxal conpounds are
et hyl gFfBXE™or phenyl gl yoxal . An exenpl ary nmethod for such nodification
maybe found in Werber et al., 1975, Isr. S. Med. Sci. 11(11): 1169-70,

using phenylglyoxal. In a further exanple, at |east one arginine residue
may be ﬁdified.b reaction with a_vicinal _di ketone such as
2 3. but AMGHIBADIGE ey, pavs RLiRasha Errlted nuphes pid-Aipleyt carolygrates oTaempyeds| ar  bor at e
buffer at. pH ﬁ-Q. A procedure for the latter nodification with
2, 3- but YRV ARSH srvtienoietiyg may be treated dthdwerarine yaceordanee fo srmpleg 73,
Bi ochem stry 12(38%}: 3915-3923; and that with cycl ohexanone according to
Pat t hy &tth#fje methpdsaigscribed hy Bermentineialp 48962 \Glyosiglogy 6(R)i26r3% sapted eti n of t he
invention may conprise at |east one or nore nodified |ysine residues or
a' nodi f PROYE;eEtreioietip BasitreeNrinked cahehyiriepmeiatiespthe prigsenbinyantioroibrasesi n
mol ecul e, such nodjfications as those resulting fromreaction of the
| ysi ne Fhesq siyfropgistins with &ve, aes eprnou\blinisd cdtohydrategent . | n anot her enbodi nent,
| ysine residues may be nodified by reaction with gl yoxal derivatives, such
as reaction with glyoxal, nethylglyoxal and 3-deoxyglucosone to form
al pha- car boxyal kyl :

An erythropoietin of the invention may have at least a reduced carbohydrate content by virtue of

treatment of native erythropoietin with at least one glycosidase. For example, the procedure of
Chen and Evangelista, 1998, Electrophoresis 19(15):2639-44, may be followed. Furthermore,
removal of the O-linked carbohydrate may be achieved following the methods deseribed in

Hokke et al., 1995, Eur. J. Biochem.228(3):981-1008.

The catbohydrate portion of an erythropoietin molecule may have at Ieast a non-mammalian
glycosylation pattern by virtue of the expression of a recombinant erythropoietin in non-
mammalian cells. Preferably, the erythropoietins are éxpressed m insect or plant cells. By way
of non-limiting example, expression of erythropoietin in insect cells using a baculovirus
expression system may be carried out in accordance with Quelle et al., 1989, Blood 74(2):652-

657. Another method is described in U.S. Patent 5,637,477, Expression in a plant system may be

-30-.



derivatives. Exanples are reaction with glyoxal to form carboxypgt hyhe=)08
as in donmb and -32 28 June 2005 WD 02/053580 PCT/ USO1/ 49479 Mbni er,

1995, J. Biol. Chem 270(17):10017-26, or with nmethylglyoxal to form(I-

car boxyethyl )l ysine as in Degenhardt et al., 1998, Cell. M. Biol.

( Noi sy- | e-é’Pél S884(7):1139- 45. The nodified |ysine PEEFUNVEMUrt her may be
chem cally reduced. For exanple, the erythropoietin may be biotinylated
via | ySifeddh [ QS | rndapnce. with fhe method .described in
Exanpl e 5, i #%?‘?ﬁﬁ‘%gf%‘g?ﬁ&g&aﬁm%%g%ﬁ 811’&5%: PSR ta%ﬁ%gfg i ni i de

ester oyl d A . ‘hropoietin,.fallowed by re al .of unreacted

bi otin %%13?@? ?‘5% A \gftelltn%t ﬁ‘%%g@m &An]flr ;c"cé%}"i‘“f reé%ﬁﬁ‘r?ﬂXglﬁ%"gﬁég‘Lﬁ"FWég by

Woj chowsi ]paﬁl 989. Bl ood. 7 :952-8.. In_  this_paper, the

aujt hor s Ese@% e glgefi%?eel%%rﬁ ¢ p:%ﬂgf%éﬁ%%B’E‘}gﬁﬁrgleip@“‘@r"??@ﬂ%ogoi etin, any of
whi ch : f.or t.he preparat.ion of the erythropoietins for the uses
helr ei n. gl oopﬁﬁ%n@h%evegé%ﬁgmﬁgwﬂgj}nﬁﬂ’g' sialic a%:/i d mF))i Ieti Ies (2) -

car boxyl ate groups or (3) amino groups. In another preferred enbodi nent,
the lysine may be reacted with an al dehyde or reducing sugar to form an

i mne, i y..be. stabil.ized by reduction as w_th sodi um cyanobor ohydri de
to for%gﬁ%ggm?% bRV SR %ﬁ?%?ét‘&PBEW?rSPVFhZ?Wbﬁ]&dm&S thghi ch in the
case of i_ng sugars y. be stabjlized hy Amadori or Heyns

rearr an%geo%rrgagftcb “EEHE "éjﬁg%l XS yhearyhrapeistinTeny da gariodate pefizeds

al pha-de -al pha-fuctosyl]ysine, As an exanple, preparation of a
fiuct oseﬁ F’é ?lﬁgl-’ &‘ﬁﬁﬁ?qd?@"&x‘&?;ﬁ opgictinlseinayi bs shemieally edsedmighacose i n
sodi umdéh%sggldaéﬁ buffer at pH 7.4 for 60 days is described by Mikita et
al ., 198Phygdegilpuch ey sodipmpgrohyirids orspdigm ayppoberobdeide. Pededpleoriditie | ysi ne
gr oup n?‘%ryﬁ% car.ban%gl ated, such as by virtue of reaction with cyanate ion,
or al kyAtFYgIropoichy may be epssisd oxt, g expmple; hy tie metbadsdoscribed byiltidslemat &) Kyl - or

aryl -i s&&ya a géor -i sot hi ocyanate, or it nmay be acylated by a reactive
al kyl - afli:‘gﬁﬁ FReLI(Q)-2071d Geamiceh redyesion Saliohingpetindate ediddtionmanbd h  acet i c
anhydride, or succinic anhydride or phthalic anhydride. Exenplary are the
modi i é:értniegﬂutgqllowmg the methods of Tonelli and Meints, 1978, J. Supramol. Struct. 8(1):67-78.

An erythropoietin for the aforementioned uses may have at least one or more modified arginine
residues. For example, the modiﬁeﬁ efythropoietin may comprise a R-glyoxal moiety on the one
Or more aréinine residnes, where R may be an aryl, heteroaryl, lower alkyl, lower alkoxy, or
cyctoalkyl group, or an alpha-deoxyglycitolyl group. As used herein, the term lower "alkyl"
means a straight- or branched-chain saturated aliphatic hydrocarbon group preferably containing
1-6 carbon atoms. Representative of such groups are methyl, ethyl, isopropyl, isobutyl, butyl,
pentyl, hexyl and the like. The term "alkoxy" means a lower alkyl group as defined above
atached fo the remainder of the molecule by oxygen. Examples of alkoxy include methoxy,
ethoxy, propoxy, isopropoxy and the like. The term “cycloalky ” refers to cyclic alkeyl groups

with three up to about § carbons, including for example cyclopropyl, cyclobutyl, cyclohexyl and
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| ysine groups with 4-sul fophenylisothiocyanate or with acetic ap8yfind®005
both as described in 33 28 June 2005 WD 02/053580 PCT/ USO /49479 Gao et

al ., 1994, Proc Natl Acad Sci USA 91(25):12027-30. Lysine groups nay al so
be trinitrophenyl nodified by reaction with trinitrobenzenesul fonic acid
or preferafiPP2®8¥dsalts. Such nethods are descri bed BEVERAMOEXanpl e 5. At
| east one tyrosine residue of an erythropoietin nmay be nodified in an

aronmat |,C ki Qsi ti.0 an.el ectrophilic,reagent, sych as by nitration
o 1 o ik o PheR S ey Sy BBty PRt Bomnen b RRERrotl 2t o . b
reacted with.tetranitrane ne (Nestler et al., 1985 . Biol. Chem

60 125 apRIE g Bondiine 1ol AR biaeensit . bl pljolod Bom ke st an
aspartic acid_or a glutam i d_resjdye of an erythropaqietin may be

nodi f i 8%513%%0%‘3“’8’9‘05% i® ﬁ“\/\ﬁ"‘ﬁm SE’&W@%W{ PR Ppfdingise F"d%ﬁlmlﬂf reaction
wth an anmne su s but nqot limted to glycinam de. Exanples of such
nodi fig%ﬁny ?ZHB@HE@ HYH%@nqrﬂ“Bﬁ’ﬁ’ﬁﬁq“@hﬁquHd&%M]s mgidyalsl e, a trypt ophan
resi due oa. an i‘rzythropoi etin may be nodified, such as by: reaction with

n- br onBETR » e engPYInL Biazelyl Beray wid theilde Thed} grevn ey tesestistsd.gach as
described in téosse et al., ChemBiol Interact 1999 May 14;119-120. In yet
anot hetor S5l the 2.3t iioRyubd eroup of Ssposicesons T ypisalskammss 8Rby renovi ng at
| east one _ am no grouP, such may be achi eved by reaction with ninhydrin

f ol | owBHORY cAmPAPRIE A5 glvsxali mehylglinrale drdeoaystecasaserppdl epnelyodsy reaction with
borohydride. In still a further exanple, an erythropoietin is provided that
has atPreteaed Rghyosy eempryndsrargmethyglyexalpmphenglslyoxed. Ay exemplaryithethedders in t he
eryt hropoi etin nol ecule by reaction with a reduci ng agent such as -34 28
June 2fgmodification %B%@méwwmmgmgi Isr. J. Med. Sci. 11(11): 1169-70, using

phenylglyoxal.

In a further example, at least one arginine residue may be modified by reaction with a vicinal
diketone such as 2,3-butanedione or cycloh.e}’(anedione, preferably in ca. 50 millimolar borate
buffer at pH 8-9. A procedure for the latter modification with 2,3-butanedione may be carried
out in accordance with Riordan, 1973, Biochemistry 12(20): 3915-3923; and that with

cyclohexanone according to Patthy et al., 1975, J. Biol. Chem 250(2): 565-9.

An erythropoietin of the invention may comprise at least one or more modified lysine residues or
a'modification of the N-terminal amino group of the erythropoietin molecule, such modifications
as those resulting from reaction of the lysine residue with an amino-group-modifying agent. In
another embodiment, lysine residucs may be modified by reaction with glyoxal derivatives, such ‘
as reaction with glyoxal, methylglyoxal and 3-deoxyglucosone to form alpha-carboxyalkyl

- derivatives. Examples are reaction with glyoxal to form carboxymethyllysine as in Glomb and
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dithiothreitol, followed by reaction of the subsequent sulfhydrggsjumé 2005

i odoacet am de, iodoacetic acid or another electrophile to prevent

reformati on of the disulfide |inkages. An erythropoietin is provided having

at | east one substitution of any one of a nunmber of am no acids, such as a

| euci ne, WVPHYEPS8P east one of |ysine, arginine, tryptBEHENRI4%Pr osi ne, or

cysteine residues of erytbropoietin, using nolecul ar biol ogical

t echni quREnied 19830} BigdehYs g4 hh- be. pr.epared by, subjecting an

erythropoietin to a Ii n%%%leghgﬁje?irﬁogzka op‘fvﬁ}%%‘%tw%l?@‘a[tﬂg‘?mﬁé‘r gets specific

r esi duegarbdxQth .85 13 ryptophan. resi dues, Such resulting
QEHANMIRIEin e%ezﬁlhrﬂ?é{nglr.,g%se el M B 1ok 52 ADT138:

erythropoietin fragnents~are e ced

eryt hr opiglel e rppses her ei have at |east one of the
af or eneﬁst)i'lg{r?ggb d}n%gﬁ’ﬁ“% getglld%etnﬁslﬁheg ﬁ}ai? ﬁ%@eﬁgg@ Iﬂﬁﬂ”%ﬁtygﬂé‘ﬂ‘a’aﬂ]& 8% the above

modi 11 cat R Rl SObio Bl AR Bionf R s v Re mttadone. |
A R T e e
comost 1 oae d SN Rl b Ry ok Suadedtietbyeel Sirhioaon sombr aced.
st ol oer BRI e PP Wl hotsBand .o atoad 7405 B8 ybiosy | at ed

eryt hr Letl erythropoietin with reduced carbohydrate content,
eryt hr ggigk' %J:el}’n%evﬁu rsgfettgﬁg%ﬁ%’ﬁ?%%@g‘ﬁ efiiobinyipng eaimapoietinany piyddeket i n wi t h
car boh tes idized t.hen reduced, arylglyoxal- nodified erythropoietin,
al kyl g?“%}gﬁ‘?eﬁ‘%‘iﬁ?%ﬁ’ O 9t P%?Uf@¥%g@@§°ah@ahoﬁwﬁmybtwed 35 28 June
2005 /053580, PCT/ USQ1/ 49479 eryt hropoi etin, cyclohexanedi one-nodified
eryt hr E‘%@? é’t"’is 1 f)‘il%’f"‘Plﬁéqsiﬁéﬂb@W%W@ﬂm PrdB) amina\groups.
al kyl ated-1ysyl -erytbropoietin, glucitolyl |ysine erythropoietin,
al pha- deoxy- al pha- fiuctosyllysine-erythropoietin, carbanylated
eryt hr‘i’.POi ﬁ}i n, .acetyl ated erythropoietin,

another preferred embodiment, the lysine may be reacted with an aldehyde or reducing sugar

to form an imine, which may be stabilized by reduction as with sodium cyanoborohydride to
form an N-alkylated lysine such as glucitolyl lysine, or Whicil In the case of reducing sugars .may-
be stabilized by Amadori or Heyns reafrangement to form an alpha-deoxy alpha-amino sugar
such as alpha-deoxy-alpha-fructosyllysine. As an example, preparation of a fructosyllysine-
modified protein by incubation with 0.5 M glucose in sodium phosphate buffer at pH 7.4 for 60
“days is described by Makita et al., 1992, J. Biol. Chem. 267:5133-5138. In another example, the
lysine group may be carbamylated, such as by virtue of reaction with cyanate ion, or alkyl- or
aryl-carbamylated or -thiocarbamylated with an alkyl- or aryl-isocyanate or -isothiocyanate, or it
may be acylated by areactive alkyl- or arylcarboxylic acid derivative, such as by reaction with
acetic anhydride or succinic anhydride or phthalic anhydride, Exemplary are the medification of

Iysine groups with 4-sulfophenylisothiocyanate or with acetic anhydride, both as described in
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succi nyl ated erythropoietin, alpha-carboxyal kyl erythropoietin,28ijurss @005
erythropoietin, iodinated erythropoietin, to nane sone representative yet
non-limting exanpl es based on the teachings herein. Preferred are the

af orenenti oned nodified forns based on human erythropoietin. Moreover,
certai n of wohsosadsor enenti oned erythropoietins are newPCHBRIAME i nvention is
directed to such conmpounds as well as pharmaceutical conpositiaons
conprising them By vvai/ of non- limti ng exanpl e, such new: erythropoietins
i ncl udéoa9et o R eRiasdiNe! Sed SerySAmtIehei /A0 bysreigapsiey 3l5pdene
erythropoietin, fructosyl |ysine erythropoictin, 3-deagxygl ucosone

er yt hr dpwifrenteny] madified byereassion Wit @@ﬁaém%ﬂrw}fwﬁ?%%ipé@ﬁrwm spfy Seely of

host - expressi on vector systens may be utilized to produce the

er yt hr opeshads irp desgihed beley thExspolest i n-rel at ed nol ecul es of the invention.
Such host-expressi on systens represent vehicles by which the
erythropoietins of interest may be produced and subsequently purified, but
al so represent cells that may, when transformed or transfected with the
appr opratdeast metyrasine iedidue ofwdieryfrepeigiiemerhs medifindin tn arereativpag pestgn.

eryt hropoi etin gene product in situ. These include but are not limted to,
bact er itgy,aniclgwphilic phgent, suchrasbyeifatianor ipdidtionli Bgwisefaen-Hoding sxpplers, such as,
but not l[imted to, insect cell systens infected with reconbi nant virus
expr es sirghropuigtinarag b¢ eaged witlbscanitowethans Y Nestiat ¢ alh il 8F, T RionGhknt.i ed

eryt hropoi etin product codi ng sequences; plant cell systenms infected with
r econbi268{12): 331 6-0% oeiodinelsd ascdesovibattioEsan{pde 3. , caul i fl ower nosaic virus, CaWw,
t obacco nosaic virus, TW) or transformed with reconbi nant plasmd
expression vectors (e.g., 36 28 June 2005 WD 02/053580 PCT/USQ01/ 49479 Ti
pl asm d) containing erythropoietin-rel ated nol ecul e codi ng sequences; or
manmal i Arleasieh laspattly atié 683 glitadicucid ragidiofan exythrdpoRyis teyls m¢diieg, such#1080, COS,
CHO, BHK, 293, 3T3) harboring reconbi'nant expression constructs containing
pr onot edySeftdd withth darvodiirhine foll e s r@ftioNaviigih iamine saublab Buthet lgnited to

nmet al | ot hi onein pronmoter) or from mammalian viruses (e.g., the adenovirus

| ate  glycinamide. Examples of such modifications may be found in Example 5.

In another example, a tryptophan residue of an erythropoietin may be modified, such as by
reaction with n-bromosuccinimide or n-chlorosuccinimide, following methods such as described

in Josse et al., Chem Biol Interact 1999 May 14;119-120.

In yet another example, an erythropoietin molecule may be prepared by removing at least one
amino group, such may be achieved by reaction with ninhydrin followed by reduction of the

subsequent carbonyl group by reaction with borohydride.

In still a further example, an erythropoietin is provided that has at least an opening of at least one

of the cystine linkages in the erythropoietin molecule by reaction with a reducing agent such as
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pronoter; the vaccinia virus 7.5K pronoter). In addition, a hospgcRride 2005
strain may be chosen that nodul ates the expression of the inserted
sequences, or nodifies and processes the gene product in the specific
fashion desired. Such nodifications (e.g., glycosylation) and processing
(e.g., clewoageyssof protein products nmay be inportanPCPERIANE f uncti on of
the protein. Different host cells have characteristic and specific
mechani snms for the post-translational processing and nodification of

pr ot ei Ahiahitglefolowsd by traction of fip pibegauént sudfhydsyls with fndeacstamisiosiodogsetit ems can be
chosen to ensure the correct nodification and processing of the foreign
pr ot ei Acig epanetheredpetropbile thprevent thforeatiarof Seidisulfidstinkegds] s t hat possess the

cel lul ar machi nery for proper processing of the prinmary transcript,

gl ycosyl ati on, and phosphorylation of the gene product nay be used. Such
manmal i an host cells, including human host cells, include but are not

li mi t ednteytiEpoGso s peHded WERE, at BriKoneH4Bbstituti@0S, anjvBEHGf a 268:8ber o380 and WL38.
For long-term high-yield production of reconbinant proteins, stable

expr esafidmsich aga lefodey vth, at Ieast oneofdysplesyrginiet, iryptophes, tyrhsite, stoylitiye expr ess t he
eryt hropoi etin-rel ated nol ecul e gene product nmay be engineered. Rather

t han usssidgeseX prythsppictin, vy roslsculan Biblogiofl teehmwiques.r al ori gi ns of replication,
host cells can be trahsformed with DNA controll ed by appropriate
expression control elenents (e.g., pronoter, enhancer, sequences,
transcription term nators, polyadenylation sites, etc.), and a -37-, 28
June 2AGhodifildcHZGHREBMNPESTIrkBtll b Sebjltisemesitabloiktiits Ximhitedkbnii@n ng t he

i ntroduction of the foreign DNA engineered cells may be allowed to grow
for 1- grottalysis that tagetespediBdvasiduee,dbtexaraplel td EleRe afe trpmbphah Rgidids, Suckel ective
media. The selectable marker in the reconbi nant plasm d confers resistance
t 0 t heres@lligCdrithipania fabhaisare &alrhded heeift ably integrate the plasmd into
their chronobsonmes and growto formfoci that in.turn can be cloned and
expanded into cell lines. This method nay advantageously be used to

As noted above, an erythropoietin useful for the purposes herein may have at least one of the
aforementioned modifications, but may havé Ilnore than one of the above modifications. By way
of example of a modified erythropoietin with one modification to the carbohydrate portion of the
molecule and one modification to the ailnino acid portion, a modified erythropoietin may be

asialoerythropoietin and have its lysine residues biotinylated or carbamylated.

Thus, various erythropoietin molecules and phénnaceutical compositions containing

them for the uses described herein are embraced. Such erythropoietin molecules include but are
not limited to asialoerythropoietin, N-deglycosylated erythropoietin, O-deglycosylated
erythropoietin, erythropoietin with reduced carbohydrate content, erythropoietin with altered
glycosylation patterns, exrythropoietin with carboh)-rdrates oxidized then reduced, arylglyoxal-

‘modified erythropoietin, alkylglyoxal-modified erythropoietin, 2,3-butanedione-modified
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engi neer cell lines that express the erythropoietin-related nol ggulign@e®05
product. Such engineered cell lines may be particularly useful in

screeni ng and eval uati on of conpounds that affect the endogenous activity
of the erythropoietin-related nol ecul e gene product. Alternatively, the
expr essi onWOWAPEHPeri stic of an endogenous cryt hropoi EETHSEEHE within a
cell 1line or mcroorganismmnay be nodified by inserting a heterol ogous DNA
regul atory, el enent into fhe genome of a stable cell |ine or cloned

ni cr oor d %‘Igl?ﬂl%hﬂtqéfdPEFé?mfhr?Ee'mﬂ@@?dtWP%@P&‘?IBWM@IG@MWG% Noperativel y

i nked wi.th the endogenous erythropoietin gene. For exanple, an endogenous
eryt hr O%Wgﬂdﬁ“&e PRt glecifoll lysipe srythropaistin pippa-flesmaslpia- silent”, i.e., an
crythropoi etin.gene which is normally not expressed, or is expressed only a
very | ovrFEIPEG Sy roreign cqthamylatedety tepoigtin apelylated erythopaietint i ng a regul at ory
el ement which i s capabl e of pronoting the expression of a normally

expr ess SHCg¥Ed gBwpeietin. finhpraarbaxyalkyl piyieonsietipsnitratedretyitnepoistin, iotlinaed nat i vel vy,

a transcriptionally silent, endogenous erythropoietin gene may be activated
by i ns&PEeRoeR, ta nERcHoms sqpsentatisg et nenkimitiog evemples based onvlwrtéeshingsr oss cel |
types. A heterologous regulatory el enent nmay be inserted into a stable cell
| i ne or bglelin Brpleredl ate sradpuementioned mofifipd forss wpwroathmed arythiopietid. wi t h an
endogenous eryt hropoi etin gene, using techniques, such as targeted

honol ogous reconbi nati on, which are well known to those of skill -38 28
June 2005 WO 02/053580 PCT/US01/49479 in the art, and described e.g., in
French Bareaser, oqfain 266 afogmentionehrytiuopoiftins tewew, dud the iadtionis diected td, 215, 051
to Chappel; U S. Patent No. 5,578,461 to Sherwin et al.; International

Appl i catihgompoundspPEFEUSOhAOSEATcAl VERREIESR2 A)ptningShdnt eBy wedy ofthon- and

I nternational Application No. PCT/US90/06436 (W91/06667) by Skoultchi et

al ., eadihitig exdripbth sick néw eythppoiatie dnchide pafodiieogidized@yiBbpvidtn, dlickolnt i rety. In
one enbodi nent of the invention, an erythropoietin-related nol ecul e

def i ci edysing ery®iapbietn, fructosyl lysine erythropoietin, 3-deoxyglhucosone erythropoietin, and

carbamylated asialoerythropoietin.

A variety of host-expression vector systems may be utilized to produce the erythropoietins and
efythropoietin«related molecules of the inventioﬁ. Such host-expression systems represent
vehicles by which the erythropoietins of interest may be produced and subsequently purified, but
also represent cells that may, when transformed or transfected with the appropriate nucleotide
coding sequences, exhibit the modified erythropoietin gene product in sifw. These include but are
‘not limited to, bacteria, insect, plant, mammallian, including human host systems, such as, but
not limited to, insect cell systems infected with recombinant virus expression vectors {e.g.,

| baculovirus) containing the modified erythropoietin product coding sequences; plant cell systems
infected with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV;

fobacco mosaic virus, TMV) or transformed with recombinant plasmid expression vectors (e.g.,
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residues, or conpletely lacking sialic residues, may be produceggiRine 2005
mammal i an cell, including a human cell. Such cells may be engi neered to be
deficient in, or lacking, the enzynes that add sialic acids, Le., the
O-gal actoside a 2,3 sialyltransferase ("a 2,3 sialyltransferase”) and the
J3- gal actwerues®o 2, 6 sialyltransferase ("a 2,6 sial yPeWESiE#%¢Pase")

activity. In one enbodinent, a nmamualian cell is used in which either or
both t 2.3 sialyltransfera ene and/or the a 2 6 sialyltransferase
gene, | iePRmraraRaRiak iR S ey ulteoiEd elieed ot rm bRl knock. out
techni ques wel.l .known in. the art. e [ di_hydr of ol at e
reduct ientsdlgﬁl]’-‘smgnlalgfaflﬁa fe%i(%mgr&@M(%BMbP fare used as
t he host cg]l for the 8roducti0n of recaonbi nant eg%throgoietin-related

mol ecuFEIROBIRHTRLTSHIAN ¢ogstiigs centaipiag prompiers dersfron the ggnomeomempalep st or ase and
therefore do not add sialic acid in the 2,6 |inkage to N-Iinked

ol i gosaﬂ@rﬁﬁe‘ﬁ-ifa&@k’ ongINPIPRALE) o fFom msnymeizn wryses (e-gelie adeppvinus lalgs "5 resul t,
reconbinantigﬁoteLns_ produced in CHO cells lack sialic acid in the 2,6

| i nkag@ g dieprguavipsotaronetery . (1987; Takeuchi et al. supra; Mitsaers
et al Eur. J. Biochem 156, 651 (1986); Takeuchi et al.1 Chronotgr. 400,

207 (1987). In one enbodi nent, to produce a host cell for the production of
asi al o-eryt hropoi etin, the gene encoding a 2,3 sialyltransferase in CHO

cel | s Msadgibopadgst cell shigingmay beghosen thefarodplaigsthe eypreogyroB B @Berind T/ USQ / 49479 2, 3
sialyltransferase knock-out CHO cells conpletely |ack sialyltransferase

act i vi BeAuenges. of madifies apdeseqosses the geng groflupt infthprspedific fashion disiredarfuctex pr essi on and
production of asial o-erythropoietin. In another enbodi nent, asialo

gl ycopPeiidrationtigs.. Bycqsylainm and nsgeessivg €24 eoldayage)nl plotoisi papducts mey o8 t r anspor t
into the gol gi apparatus e.g., Eckhardt et al., 1998, J. Biol. Chem

273: 204@1‘*915%91" the fgiotign efchdivelsinnBifferdunlsicelivhayhderactsiistic brddpéoifiot he art (e. g.,
Cehnann et al., 2001, J. Biol. Chem 276:26291-300), nutagenesis of the
nucl eoweehenigmgter thehmt-ginslationabprockstingand podifieation efiprdseins aad gowptodedsed t o
produce nutants of Chinese hanster ovary cells. These cells cannot add

si al i cAppropriate cell lines or host systems can be chosen to ensure the correct modification and

processing of the foreign protein expressed: To this end, eukaryotic host cells that possess the
cellular machinery for proper processing of the primary transeript, glycosylation, and
phosphorylation of the gene iJroduct Iﬁay be used. Such mammalian host cells, including human

host cells, include but are not limited to HT1080, CHO, VERO, BHK, HeLa, COS, MDCK, 293,

3T3, and WI38.

For long-term, high-yield production of recombinant proteins, stable expression is preferred. For
example, cell lines that stably express the erythropoietin-related molecule gene product may be
engineered. Rather than using expression vectors that contain viral origins of replication, host
cells can be transformed with DNA controlled by appropriate expression control elements {e.g., |

promoter, enhancer, sequences, transcription terminators, polyadenylation sites, etc.), and a
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acid residues to glycoproteins such as erthropoietin and producggQiipye 2005

asi al oerythropoietin. Transfected mammalian cells producing erythropoietin

al so produce cytosolic sialidase which if it leaks into the culture nmedium

degrades si al oerythropoietin with high efficiency (e.g., Ganer et al,

1995 Bi ot eWRAYPBYY 13: 692-698). Usi ng net hods wel | knBUFUIH4HHose

know edgeable in the art (e.g., frominformation provided in Ferrari et
l.ines, can be transfected, nutated

al, 19 cobi ol 4:367-373), |1
or ot h%gl\l/:'v? tgelé/%lg%grégg g%%'ﬁ%?‘??%‘?‘i)‘%éﬂ%g‘e FeERCEAEnrerdsells 1y behi s nanner,
asi al oet,yt hy,opoi ef i an.be pr.oduced during the manufacture of
asi al oeap%;‘f’%c{ 8 SB%Wef"f ﬂ"?' %W? 1 W@RB&QEF‘F%% ap thenfee atphed to seleptiye mpdias ent
i nventi.gn, atﬁlf'ar maceu i cal conposition as described above containing an
eryt hr 6[3‘8?%?% §F BFerombaart plasmid cofers roistanssito g selasiiorand elowehi ch
provi de sufficient level of an crythropoietin in the vasculature to
permit cgl}%% ¥ Sptoesie the plgwud info fhelr chenimnsemes ndugew tofan foeithabinduinenef i ci al
ef fects on ?rr?/etg‘g{fgpoi etin-responsive cells. Wien used for the purpose of
per f usi“AY° ¢ cxpgndef igiercell inepr Thigmethod mayadeplagegudy basied tbn t he i nst ance
wherein .the erythropoietin is used for ex-vivo perfusion, the
eryt hr GpBTest Feﬁl Lings thefexprpss the spyireppictintajatodrenieshle géng producthSwl t he
aforenment.i oned erythropoietins but not limted thereto an nay be -40 28
June 260EeeRA o s 313 be pinladnuscibin porening|apd ¢valuativh ofietnipeende that hr opoi et i ns
i ncludi ng human erythropoietin. In the instance where the cells or tissue
i s non2ffed thgiendazsrays aaiivitoe theres tuonsistinselated mdevulegemsyprddatthi ng t he cel |'s or
tissue with the conposition of the invention, the pharnmaceuti cal
conposition provides an effective
eryt hropoi etin-responsi ve-cel | -beneficial anmount of an erythropoietin. The
endot héltpaptivel), the ehaessipeeharagietistis of anteidrigerams eyiinppricin @t withimaaellt r ans| ocat e
include tight junctions, perforated junctions, fenestrated junctions, and
any ot Hes ormyipregrerfisre dpbdreddified bl irserting sheferadspont DN A regula®fieidment in® pr ef er r ed
barrier is an endothelial cell tight junction, but the invention is not so
i miti thg gemthve el oteblesl line nedored yidoapeisatsichshathe inséRl weulgisner al |y for the
t herapeutic or prophylactic .

element is operatively linked with the endogenous erythropoietin gene. For example, an

epdogenous erythropoietin gene which is normally "transcriptionally silent", i.e., an
crythropoietin gene which is normally not expressed, or is expressed only a very low levelsina
cell line, may be activated by inserting a regulatory clement which is capable of promoting the
expression of a normally expressed gene product in that cell line or microorganism.

- Alternatively, a transcriptionally silent, endogenous erythropoietin gene may be activated by

inseﬂion of a promiscuous regulatory element that works across cell types.

A heterologous regulatory element may be inserted into a stable cell line or cloned
microorganism, such it is operatively linked with an endogenous erythropoietin gene, using

techniques, such as targeted homologous recombination, which are well known to those of skill
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treatnment of human di seases of the central nervous system or pep8Rhfie2005
nervous systemwhich have primarily neurol ogical or psychiatric synptons,
opht hal m ¢ di seases, cardiovascul ar diseases, cardiopul nonary di seases,
respiratory di seases, kidney, urinary and reproductive diseases,

gast r oi nt ewpionebsseli seases and endocrine and net abol | cPEHVEE#HATY ties. In
particul ar, such conditions and di seases include hypoxic conditions, which
adver sel

y, af fect. excitabl.e tissues, . as_exci.t abl i.ssu in the
Cent 1 ol TS A 0 Qe b i L EiSRh FHGR oA SR PO L Qg i PR IE R, or
cardi ac, ] r retipal tiss suych as, .for exanple, brain, heart, or
retinal @%ﬁﬁﬁ%&@%&?’é}gt font 1?%33?&%@%9 @‘ﬁ’ﬁ“ﬁ@t a&éléﬁmﬁfb"”ﬂ"g’& c3pn Npevent
damage i issue resulting from hypoxic-..caonditions in a variety
of cond?eygﬁgi/é?%gj’ &’b%@?@ﬁ’&&@mﬁbﬁé pidiptemaprabinpliseien B9 such  conditi ons
and cir t es_ar rovided in the table hereinbelow. In the exanple of
the pr oﬁéﬁjigg&g@?s &éﬁ? ﬁ?ﬁéﬂ)tbi}@g?]’gc%é’tql]oqa&[b?fé?@mthr‘@a?“éﬂﬂr‘ﬁedibﬁ(r%féf@’éﬁedance with .
the present .invention, such pathol ogies include those which result from
r educedt SRy HISSEIEH of neuronal tissues. Any condition which reduces the
avai lability of oxygen to neuronal tissue, -41 28 June 2005 WD 02/053580

PCT/ US01149479 resulting in stress, damage, and finally, neuronal cell
death, can be treated by the nethods of the present invention. Generally

r ef er r el opgemrodimanhofithe inyeaiens an eihyenpiein-reldedsaoleayiedicfidieniin sighip se from or
include, but are not limted to stroke, vascular occlusion, prenatal or
post nat Hiduss.yos eqmpletedp larking diadia residudsf oayde produced frokimmglianesy inclpdingyd ng, car bon
nonoxi de poi soni ng, snoke inhalation, trauma, including surgery and
r adi ot hawgpyell. Suethgells may bqrinkiogesad to bedeficjény ineon lackingHthosmzpmes thag adduct | ve
pul monary di sease, enphysemm, adult respiratory distress syndrone,
-hy pot ensidligecids; hectke B-gdptasisle g B3clelyltmndiphey (‘aci3 daldtumskeasd”vadithie- shock, sickl e

cell crisis, cardiac arrest, dysrhythma, nitrogen narcosis, and
neur ol oglactwbidele?,b sialyltragsfierase §'olR\S siabydiransieranal) atijmitas b onp eroleodihent g .

mammalian cell is used in which either or both the o 2,3 sialyltransferase gene and/or the o 2,6

sialyltransferase gene, is deleted. Such deletions may be constructed using gene knock-out

techniques well known in the art. In another embodiment, dihydrofolate reductase (DHFR)

deficient Chinese Hamster Ovary (CHO) cells are used as the host cell for the production of

recombinant erythropoietin-related molecules. CHO cells do not express the enzyme o 2,6

sialyliransferase and therefore do not add sialic acid in the 2,6 linkage to N-linked

oligosaccharides of glycoproteins produced in these cells. As a result, recombinant proteins

produced in CHO cells lack sialic acid in the 2,6 linkage to galactose (Sasaki et al. (1987;

Takeuchi et al. supra; Mutsaers et al Eur, J. Biochem. 156, 651 (1986); Takeuchi et al, J:

Chromotgr. 400, 207 (1987). In one embodimént, to produce a host cell for the production of

asialo-erythropoietin, the gene encoding o 2,3 sialyltransferase in CHO celis is delefed. Such a
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I n one enbodi ment, for exanple, the specific EPO conpositions c28 Jhme 2005
admnistered to prevent injury or tissue damage resulting fromrisk of
injury or tissue damage during surgical procedures, such as, for exanple,
tunor resection or aneurysmrepair. O her pathol ogi es caused by or
resul ti ng WP8MSK¥Hogl ycenmi a which are treatable by t hBCTHEROH#EE descri bed
herein include insulin overdose, also referred to as iatrogenic

nerein include insulin als d o 85 ia .

i g over ceum et RO WRERD ol S B S PR ARG Trom
i i .d l.ncl ud ' di d h

P e R e e e S G RS

conditions and diseases include diseases such as stroke, nultiple
sclerosis, hypotension, cardiac arrest, Al zheiner's disease, Parkinson's

di seas ral..pals rain or spinal, cqrd.trauma, AlLDS denenti a,

age-r eﬁgtaé%ﬁﬁ?g%%’db enL 8%%? @?’??Bmfeb‘ﬁé’ pro Y Pt?r%ggg,'wﬁ%&“raﬁlﬂhi c lateral
sclerosis, -4 8 June 2005 02/ 0535 PCIT/ USO /49479 ‘sei zure di sorders,
al cohol aé"FﬁoﬁrLé?ﬁlﬁé?]lg‘ia Q?ﬁg?ﬁeg;’\égﬁ’@f‘:éetﬁg’r@g&&%@]gél%gm’%qlﬁ%‘%} om gl aucona,
and neuronal, |.0s The specifjc .conpositions and_ net hods, of the invention
may be TRARIGoCE FELImoRp fodhase Biled R the g ke o-Peiuimn ok 20044 Bl GBPBeve. - Such

di sord Shclude, but are not limted to retinal ischem a, macul ar
degene?rggizgﬁfi&:d@r Pﬁté@n‘?f@t"g@ﬁ H’é"tlﬂ",“gf]f W (ME-dalisiagifEmsperier cabeer i oscl erotic
retinopat hy, hypertensive retinopathy, retinal artery bl ockage, retinal
vein b|38‘&°£‘§’&lﬂze¥ E&P&flﬂl@rﬁqt@ﬁ,of Shiresgibameeriorary ealls.Jdestcnls calmqha@rw%her

enbodi ment, .the nethods principles of the invention may be used to protect
or tr edFAridYps o glyeqproteing quohias erthrengictin psipradasrengly asisloatirapalstin ti ssue. A
further utility of the methods of the present invention is in the

t r eat neRROsErehBarBlisR pis profucing enghrorpissin alsspradive Ftosatis delidheslvwhidhdh

poi soni.ng, neurol athyrism and Guam di sease, anyotrophic |ateral sclerosis,
and PatidFaks gre e cuifps apdiam degrades sialoerythropoietin with high efficiency (e.g., Gramer

et al, 1995 Biotechnology 13:692-698). Using methods well known to those knowledgeable in
the art (e.g., from information provided in Ferrari et al, 1994, Glycobiology 4:367-373), cell lines
can be transfected, mutated or otherwise caused to constitutively produce sialidase. In this

mannet, asialoerythropoietin can be produced during the manufacture of asialoerythropoietin.

In the practice of one aspect of the present invention, a pharmaceutical composition as described
above containing an erythropoietin may be administerable to a mammal by any route Whiéh
provides a sufficient level of an erythropoietin in the vasculature to permit translocation across
an endothelial cell barrier and beneficial effects on erythropoietin-responsive cells. When used
for the purpose of perfusing a tissue or organ, similar results are desired. In the instance wherein
the erythropoietin is used for ex-vivo perfusion, the erythropoietin may be any form of

erythropoietin, such as the aforementioned erythropoietins but not limited thereto an may be
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As nentioned above, the present invention is also directed to a2@8efurys 2005
enhanci ng excitable tissue function in a mammal by peri pheral

adm ni stration of an erythropoietin as described above. Various diseases
and conditions are amenable to treatnent using this nmethod, and further,

t hi s nmet hodoissessssef ul for enhanci ng cognitive functi oRCT¥SH¥dabsence of
any condition or disease. These uses.of the present invention are describe

in further .detail bel ow and inc)ude enhancenent qf .|l earnin nd training
1 bot h RS AR Ao AR St GHARBP G 1 BACELe B oat nbl 0 by
the methods of this aspect of the present i.nvention directed to the
central 0%3 PUGHE *$3P0rvath e e RS TARD i PHSCRE e ol St St Pler <,
anxiety disorders,  -43 28 June 2005 WO 02/ 053580 PCT/ USOL/ 49479
depr ess f55omeosipL ofitheipyeation. Bis Phrmpacetical owposiftopipravidys o LBFt&r . and cognitive
dysfunctign. These conditions benefit from enhancenent of neuronal
funct i oRYHEPAEHL-TFFROBT YRasel-bepeligiplamount phan exthugpoietie dhevindpthelibodlleachi ngs of
the. present invention include sleep di SfuPti on, for exanple sl eep apnea
and t r abTiers wross Bhickianesytropaetingnits Spnsidcas ingludm st ecfions paiforgpd eds,
hypot ensi ve shock, concussive injury, septic shock, anaphylactic shock,
and seqinBftioes, &mesiaied puetions @adrny pther tynss obgadotheliabharrise nresgeidn a mapmak anpl e,
connective tissue disease-related cerebritides such as |upus. Qher uses
i ncl ude Agrderea pager ingn egdothyligh el Hight imetiognub Bie inyentiog isnpt srdimiiedxi ns, such as
donmoi ¢ acid shellfish poisoning, neurolathyrism and Guam di sease,
anmyotrophic lateral sclerosis, Parkinson' s disease; postoperative
treatment for enbolic or ischemic injury; whole brain irradiation; sickle
cel | cr iTkq aforemendioned leniperioietinyerd usefithesnerghyduptho therpautic o epdiylaetisat abl e by t he
met hods of the present invention include mtochondrial dysfunction, of
ei t her Genirhent efthiuman giseases af e cantzal neragus systenwdripetipharabnerivass eyatssevioéh a  vari ety
of neurol ogi cal diseases typified by neuronal injury and death. For
exanpl ehavkerigirily tiusdepi@! ¢rysyrhiatic eymppansophthahgic disesghalrdpasdola)y | s
characterized by progressive visual |oss and

diseases, cardiopulmonary diseases, respiratory diseases, kidney, urinary and reproductive

diseases, gastrointestinal diseases and endo'ciine and metabolic abnormalities. In particular, such
conditions and diseases include hypoxic conditions,‘ whi;',h adversely affect excitable tissues,
such as excitable tissues in the central ﬁervous system tissue, peripheral nervous system tissue, or
c_ardiac tissue or retinal tissue such as, for example, brain, heart, or retina/eye. Therefore, the
invention can be used to treat or prevent damage to excitable tissue resulting from hypoxic
conditions in a variety of conditions and circumstances. Non-limiting examples of such

conditions and circumstances are provided in the table hereinbelow.

In the example of the protection of neuronal tissue pathologies treatable in accordance with the
present invention, such pathologies include those which result from reduced oxygenation of

neuronal tissues. Any condition which reduces the availability of oxygen to neuronal tissue,
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encephal opat hy, due to neuronal drop out, and nyopathy. In thespgcRERS 2005
defective mtochondrial nmetabolismfails to supply enough hi gh energy
substrates to fuel the netabolism of excitable cells. An erythropoietin
receptor activity nodul ator optimzes failing function in a variety of

m t ochondrwali2/efsseases. As nentioned above, hypoxic cBEHVIEME adversel y
affect excitable tissues. The excitable tissues include, but are not

limted | | i.ph j
1 Ssue e o LA Bl aToR shl S5t e e hRR b e MR TR Shove

th t hods. of .th i i ful in the.t t t of

RS b S BRlral SRR A R RO BRI o) cevere
t hma, | t i r.at. i st -44 28 J 2005 02/ 053580

P o Py SRl i e, R e S BT ORGPt b condi ti ons

whi ch create h¥£ Qr Q ot her Heans indug&ﬁﬁéﬁitable tissue

damage SFREHIRTe %%&’%g%lﬁ;& o WISy CALRan ROnpide POISOmINE S H68i ng of

insulin, or wth insulin-pyoducing neoplasns (insulino . Various

neur op < ERY FHRE SHrEsY %IBF%‘{;Q/WEW’ %P}B"Eeqpﬁﬂ%dlg??@ﬁ’?% %né° from excitabl e
tissue damage are treatable by the instant nethods. Chronic, disorders in
whi ch RBYFREH PSRy Essase: PRRfpepagadull Frapirainry distesh SERERENBREIN®t he present
invention is provided_ inc)ude disgrders relating to the central nervous
syst emsiashysertic ghack. sraphylpotic shark Jasuliy shogksice Pellrisls, caEbacABPsht ed | oss of
cognitive function and senile dementia, chronic seizure disorders,

Al zhei fshghrgiz.gdogen napsgsis ppkpsyrodogicg) defigits causgbhipheastdung bxpAst y | oss,
anyotrophic lateral sclerosis, nultiple sclerosis, tuberous sclerosis,

W | sonPEc@jussséase cerebral and progressive supranucl ear pal sy, Guam di sease,
Lewy body denentia, prion diseases, such as spongiform encephal opat hi es,
e.g., Creutzfeldt-Jakob disease, Huntington's disease, nyotonic dystrophy,
Freidrich's ataxia and other ataxias, as well as Glles de la Tourette's
syndr ofeonesmbodiment, doresarople, shesperifica Qeqoiripesiiéons ganchegimindteseddei zure  di sor der,
stroke, brain or spinal cord trauma, AIDS denentia, alcoholism autism

r et i nalprevent injury or tissue damage resulting from risk of injury or tissue damage during surgical

procedures, such as, for example, tumor resec':tion or aneurysm repair. Other pathologies caused
by or resulting from hypoglycemia which are treatable by the methods described herein include
insulin overdose, also referred to as iatrogenic hyperinsulinemia, insulinoma, growth hormone

deficiency, hypocortisolism, drug overdose, and certain tumors.

 Other pathologies resulting from excitable neuronal tissue damage include seizure disorders,
such as epilepsy, convulsions, or chronic seizure disorders. Other treatable conditions and
diseases include diseases such as stroke, multiple sclerosis, hypotension, cardiac arrest,
Alzheimer’s disease, Parkinson’s disease, cerebral palsy, brain or spinal cord trauma, AIDS

dementia, age-related loss of cognitive function, memory loss, amyotrophic lateral sclerosis,
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i schem a, gl aucoma, autonom c function disorders such as hypertggsjmqem5
sl eep disorders, and neuropsychiatric disorders that include, but are not
limted to schizophrenia, schizoaffective disorder, attention deficit

di sorder, dysthym c di sorder, major depressive disorder, nania,

obsessi ve-wonpuisssbhve di sorder, psychoactive substancePOBESIHHBTY der s,

anxi ety, panic disorder, as well as unipolar and bipolar affective

di sorder.s. Addi.tiopal .neuropsychiatric and_  neurodegenerative di sorders
" nol uddei2y sagerafaholstn Juinh] e, oaic np dgmaey st penglgicpmg, and

Associ ation.s Diagnostic and Statistical nmanual of Mental Disorders (DSM,
t he rm%lfmglﬁﬁ?oésf‘it versi on of which in incorporated herein by reference in
its entirety. -45 28 June 2005 WD 02/053580 PCTI US01149479 I n anot her
enbodi nent, reconbi nant chimeric toxin nolecul es conprising erythropoietin
can be . used for therapeutic delivery of toxins to treat_a proliferative
di sor ddPe SRetifif conapogitipns apd mefhodsiof the mvintion sy be used itireats capdisigatafernd el er osi ng
panencegphal itis, The following table lists additional exenplary,

non- | i AFESESE0FFrldistte opich disorders ingludes it aseimot ligwpdiioretivalgscherpiadhasilas e s
amenable to treatnent by the aforenmentioned erythropoietins. Cell, tissue
or DysfERRERER inabdsishinen metinitispisnestoss, Wissosderotinreipapsil, bypperttisiet | scheni a
Coronary. artery Acute, chronic disease Stable, unstable Mocardial

Dr ess| Bfingpaliiy igtinghactery blpckpge yetinl veip hlopkese, Dypniseion.ahd deketic refiadpatbiar di sease
Cardiom o ath

In another embodiment, the methods principles of the invention may be used to protect or

treat injury resulting from radiation damage to excitable tissue. A further utility of the methods
of the present invention is in the treatment of neurotoxin poisoning, such as domoic acid shellfish
poisoning, neurolathyrism, and Guam disease, amyotrophic lateral sclerosis, and Parkinson’s

disease,

As mentioned above, the present invent;on is also directed to a method for enhancing excitable
tissue function in a mammal by peripheral administration of an erythropoietin as described
above. Various diseases and conditions are amenable to treatment using this method, and
further, this method is useful for enhancing cognitive function in the absence of any condition or
dissase. These uses of the present invention are describe in further detail below and include

enthancement of learning and training in both human and non-human maminals.

Conditions and diseases treatable by the methods of this aspect of the present invention directed

to the central nervous system include but are not ]jmited_ to mood disorders, anxiety disorders,
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Prinzmetal angina Cardiac rupture Aneurysmatic Septal perforat28nune 2005
Angiitis Arrhythm a Tachy-, Stable, unstable bradyarrhythm a
Hypersensitive carotid sinus Supraventricular, node ventricul ar

Conduction abnormalities Congestive heart Left, right, bi-

Car di omyop®PHYEE8 such as failure ventricul ar i di opat PERUPHID; al | _

I nfective, netabolic, storage disease, deficiencies, connective tissue

di sor depeprdsd, Liﬁtfsﬁt it%ﬂtlcﬁx ficittl %&tﬁ@soxﬁﬁu&ﬁ\é%ﬁgfﬁ i arfgé Lis

Aut0|nnune i nfect i ve, I op hona an penet rati ng

traume Loxibs fRGRERE enﬁ%ﬁc&rﬁnt]df REuro AP Rincih® ORLURIRER nEhie 5O/ 49479

accordance with the teachings of the present inventiqn include sleep disruption, for example,
sleep apnea and travel-related disorders; subarachnoid and aneurismal bleeds, hypotensive shc;ck,
concussive injury, septic shock, anaphylactic shock, and sequelae of various encephaiitides and
meningitides, for example, connective tissue disease-related cerebritides such as lupus. Other
uses include prevention of or protection from poisoning by neurotoxins, such as domoic aﬁid
shellfish poisoning, neurolathyrism, and Guam disease, amyotrophic lateral sclerosis,
Parkinsop’s disease; postoperative treatment for embolic or ischemic injury: whole brain

irradiation; sickle cell crisis; and eclampsia.

A further group of conditions treatable by the methods of the present invention include
mitochondrial dy§funcﬁon, of either an heréditary or acquired nature, which are the cause of a
variety of neuroiogical diseases typified by neuronal injury and death. For example, Leigh |
 disease (subacute necrotizing encephalt;pathy) 1s characterized by progressive visual loss and
encephalopathy, due to neuronal drop out, and myopathy. In these cases, defective
mitochondrial metabolism fails to supply enough high energy substrates to firel the metabolism
of excitable cells. An erythropoietin receptor activity modulator optimizes failing function in a |
variety of mitochondrial diseases. As mentioned above, hypoxic conditions adversely affect
excitable tissues. The excitable tissues include, but are not limited to, central nervous system
tissue, petipheral nervous system tissue, and heart tissue. In addition to the conditions described
aBove, the methods of the present invention are usefutl in the treatment of inhalation poisoning

such as carbon monoxide and smoke inthalation, severe asthma, adult respiratory distress
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Cell, tissue or Dysfunction or Condition or disease Type or am2@aje 2005
Vascul ar Hypertension Primary, second Deconpression . sickness

Fi bronuscular h e lasia Aneurysm Di ssecting, ruptured, enlarging Lungs
Gbstructive Asthma Chronic bronchitis, Enphysema and airway obstruction

| scheni ¢ | WAGZHFBRase Pul nonary enbolism  Pul nonary P¢HYOHEOY®i s, Fat
enbolism Environnental |ung diseases |schem c |ung di sease Pul nonary

' . ' it | di opat hi ¢ pul nonar

e .rTbOl IS éﬂlér%?lacfl&qngta% gfgltr) %wlmslinlg.nlg uei\{hgrt clo;[ldit?olns lwﬂlr(]:g create ?pOXIC condRmns y

di sease fiIbrosis :
or by other means induce excitable tissue damage include hypoglycemia that may occur in

inappropriate dosing of insulin, or with insulin-producing neoplasms (insulinoma),

Various neuropsychologic disorders which are believed to originate from excitable ti-ssue damage -
are treatable by the instant methods. Chronic disorders in which neuronal damage is involved
and for which treatment by the present invention is provided include disorders relating to the |
central nervous system and/or peripheral nervous system including age-related loss of cognitive
function and senile dementia, chronic seizure disorders, Alzheimer’s disease, Parkinson’s
disease, dementia, memory loss, amyotrophic lateral sclerosis, multiple sclerosis, tuberous
sclerosis, Wilson’s Disease cerebral and progressive supranuclear palsy, Guam disease, Lewy
body dementia, prion diseases, such as spongiform encephalopathies, e.g., Creutzfeldt-Jakob
disease, Huntington’s disease, myotonic dy'st'rophy, Freidrich’s ataxia and other ataxias, as well
B—.S Gilles de la Tourette’s syndfome, seizure disorders such as epilepsy and chronic seizure
disorder, stroke, brain or spinal cord trauma, AIDS démentia, alcoholism, autism, retinal
is';chemia, glaucoma, autonomic function disorders such as hypertension and sleep disorders, and
neuropsychiatric disorders that include, but are not limited to schizophrenia, schizoaffective
disorder, attention deficit disorder, dysthymic disorder, major depressive disorder, mania,
~obsessive-compulsive disorder, psychoactive substance use disorders, anxiety, panicrdisor'der, as
\a}ell as unipolar and bipolar affective disorders. Additional neuropsychiatric and
neurodegenerative disorders include, for example, those listed in ﬁe American Psychiatric
‘Association’s Diagnostic and Statistical manual of Mental Disorders (DSM), the most current

version of which in incorporated herein by reference in its entirety,
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Congeni t al
parasitic,

di sease Type

Hyper paﬂ'l%xtlo er emgéd?n%nt, recombinant chimeric toxin molecules comprising erythropoietin can be

and ||

[ oi

Cystic fibrosis Cor pul nonal e
pneunoni ti des toxic,
Pancreas Endocrine Diabetes nellitus,
D abeti c neurop O her endocrine cell
pancr eas Bw0024585880 Exocri ne pancreas pancreatitis
Pri mary Hypogonadi sm secondary i muobilisation
02/ 053580 PCT/ USOL/ 49479 Cel I,
or gan pat hol ogy Post nenopausal

ti ssue or

traunati c,

Beta cel |

Trauma Pneunoni a and®8fiawe PO

burn aspiration

failure,
failure of the

used for therapeutic delivery of toxins to treat a proliferative disorder, such as cancer, or viral

disorder, such as subacute sclerosing panencephalitis.

The following table lists additional exemplary, non-limiting indications as to the various

conditions and diseases amenable to treatment by the aforementioned erythropoietins.

Cell, tissue or Dysfunction or Condition or disease | Type
orgai patliology
Heart Ischemia Coronary artery Acute, chronic
' discase Stable, unstable
Myocardial Dressler’s syndrome
infarction
Angina
Congenital heart Valvular
disease Cardiomyopathy
-Prinzmetal angina
Cardiac rupture Aneurysmatic
Septal perforation
Angiitis
Arrthythmia Tachy-, Stable, unstable
bradyarrhythmia Hypersensitive carotid sinus
Supraventricular, node
ventricular
Conduction
abnormalities
Congestive heart Left, right, bi- Cardiomyopathies, such as
failure ventricular idiopathic familial, infective,
metabolic, storage digease,
deficiencies, connective tissue
disorder, infiltration and
granulomas, neurovascular
Myocarditis Autoimmune, infective,
idiopathic
Cor pulmonale
Blunt and penetrating :
frauma
Cocaine

Toxins
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Hyperthyroi dism Cal cium magnesium phosphorus and/or vitam m® june 2005
deficiency Gsteonyelitis Avascular necrosis Trauma Paget's di sease Skin
Al opecia Arcata Primary Totalis Secondary Male pattern baldness Vitiligo
Localized Primary generalized secondary Diabetic ulceration Peripheral
vascul ar WDeBes®oBurn i njuries Autoi mmune Lupus di sBEHEYNY4MPYt hemat odes,
Sj i ogren, Rheurratmd arthritis, donerulonephritis, An 'itis

han' c cti nevyt Aot o
Langer Cell, t:ssue' o Dysfunction or Condition or disease | Type
organ pathology
Vascular Hypertension Primary, secondary
Decompression .
sickness
Fibromuscular
hyperplasia
Aneurysm Dissecting, ruptured,
. enlarging
Lungs Obstructive Asthma
: Chronic bronchitis,
Emphysema and
airway obstruction
Ischemic lung disease | Pulmonary
embolism,
Pulmonary
thrombosis,
Fat embolism
Environmental lung
diseases
Ischemic lung disease | Pulmonary embolism
" Pulmonary
thrombosis
Interstitial lung Idiopathic pulmonary
disease fibrosis
Congenital Cystic fibrosis
Cor pulmonale
Trauma
Pneumonia and Infectious, parasitic,
pneumonitides toxic, traumatic,
burn, aspiration
Sarcoidosis
Pancreas . | Endocrine Diabetes mellitus, Beta cell failure, dysfunction
type I and I Diabetic neuropathy
Other endocrine cell
failure of the
pancreas
Exocrine Exocrine pancreas pancreatitis
failure
Bone Osteopenia Primary Hypogonadism
secondary immobilisation
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E etic neuritis Blunt and penetrating injuries, Infections, r ohd,
Sickle C disease, Retinal detachnent, Tenporal arteritis E rBy‘g'?])’:‘% Za(%%5
Asphyxi a fetal disorders Ischenma -48 28 June 2005 WD 02/053580

PCT/ US01/ 49479 Cell, tissue or Dysfunction or Condition or disease Type

or gan at holy@ o&¥sssehroni ¢ fati gue syndrome, acute andPCThs#Hzd hypoosnol ar
and hyperosnol ar syndrones, AIDS Denentia, Electrocution Encephalitis
Rabi es, Herpes Meningitis Subdural henatonn

Cell, tissue or Dysffmction or Condition or disease | Type

organ pathology
Postmienopausal
Age-related
Hyperparathyroidism
Hyperthyroidism

Calcium, magnesium,
phosphorus and/or vitamin D
deficiency .

Osteomyelitis
Avascular necrosis
Trauma

Paget’s disease

Skin Alopecia Areata Primary

Totalis Secondary

Male pattern baldness
Vitiligo Localized Primary

generalized secondary

Diabetic ulceration
Peripheral vascular
disease

Burn injuries

Autoimmune Lupus

disorders erythematodes,
Sjiogren,
Rheumatoid arthritis,
Glomerulonephritis,
Angiitis

Langerhan’s
histiocytosis

Eye Optic neuritis

Blunt and penetrating
injuries, Infections,
Sarcoid, Sickle C
disease, Retinal
detachment,
Temporal arteritis

Embryonic and | Asphyxia
fetal disorders

Ischemia

.48



Ni cotine addiction Drug abuse and Cocai ne, heroin, withdrawal 28ahine 2005
marijuana, LSD, PCP, poly-drug abuse, ecstasy, opioids, sedative

hypnoti cs, anphetam nes, caffeine Qbsessive conpul sive disorders Spinal
stenosis, Transverse nyelitis, Qiillian Barre, _ Traunmm, Nerve r oot
conpr essi OWO 02a#br al conpressi on, Heat stroke ENT TPSHPSU&*®\euni ere’ s
syndrome Heari ng loss Traumatic i nJ ury, barotrauma Kidney Renal failure

Acute, el oG oy S Byaf‘unchc?n“&:‘»c”' T o o Tsbs | Type
organ pathology

CNS Chronic fatigue
syndrome, acute and
chronic hypoosmolar
and hyperosmolar
syndromes, AIDS
Dementia,
Electrocution
Encephalitis Rabies, Herpes
Meningitis
Subdural hematoma
Nicotine addiction
Drug abuse and Cocaine, heroin,
withdrawal crack, marijuana,

. LSD, PCP, poly-drug
abuse, ecstasy,
opioids, sedative
hypnotics,
amphetamines,
caffeine

Obsessive-
compulsive disorders | -
Spinal stenosis,
Transverse myelitis,
Guillian Barre,  _
Trauma, Nerve root
compression,
Tumoral
compression, Heat
stroke

ENT Tinnitus

Meuniere’s syndromie
Hearing loss
Traumatic injury,
barotrauma

Kidney Renal failure Acute, chronic Vascular/ischemic, interstitial
' disease, diabetic kidney
disease, nephrotic syndromes,
infections

Henoch S. Purpura

Striated muscle | Autoimmune Myasthenia gravis
disorders Dermatomyositis

' Polymyositis
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.di sease, diabetic kidney disease, nephrotic syndrones, i nfect28nund@ih
S. Purpura Striated nuscl e Autoi mmune Myasthenia gravis disorders

Dennat onyositis Pol ositis 49 28 June 2005 WD 02/ 053580 PCT/ USOL/ 49479
Cell, tissue or Dysfunction or Condition or disease T}; rgan pat hol ogy
Myopat hi eswpnessisted met abolic, endocrine and toxic Eﬂﬂﬁf'llésl“@oke

Crashi nj ury Rhabdom I 03| S M tochondrial disease Infection Necrotizin

fascii .,)&ual ant—tnpotepce—secondat dysfuncttomr—pery pher al
to ned tbl{ EBHEPT of ‘l*;’é‘f)’ng“” oirs Vi gf”fd”b"éfc"fglf‘f“g‘f, Tjgppear asitic .lschen E
di sease an pathe
Myopathies Inherited metabolic,
endocrine and toxic
Heaf stroke
Crush injury
Rhabdomylosis
Mitochondrial
disease -
Infection Necrotizing fasciitis
Sexual Central and Impotence secondary
dysfunction peripheral to medication
Liver hepatitis Viral, bacterial,
parasitic
Ischemic disease o
Cirrhosis, fatty liver
Infiltrative/metabolic
diseases
Gastrointestinal | Ischemic bowel
disease
Inflammatory bowel
disease
Necrotizing
enterocolifis
Organ Treatment of donor
transplantation | and recipient
Reproductive infertility Vascular
tract Autoimmune
' Uterine abnormalities
Implantation
disorders
| Endocrine Glandular hyper- and
hypefunction '

As mentioned above, these diseases, disorders or conditions are merely illustrative of the range

of benefits provided by the erythropoietins of the invention. Accordingly, this invention
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Crrhosis, fatty liver Infiltrativelmetabolic diseases Gastropgtashe 05
| schem ¢ bowel disease Inflammtory bowel disease Necrotizing
enterocolitis Organ Treatnent of donor transplantation and recipient
Reproductive infertility Vascular tract Autoimune Uterine abnormalities
| npl ant at i wo 02/083%0r der s Endocri ne d andul ar hyper- an@CHUERdHZY i on , As
nment i oned above, these di seases, disorders or conditions are nerely

illustrative of .the range of benefits praqvided by th th ieti f
bhe 1 nvETETDRBOviiel SerPRAE g PR GO fraiteRt teisgissmtentin 8 SEHRID 05/ 053580
PCT/ USO01/ 49479..gener.al | ovi des ther tic or hyl actic t t t of
the conSRiiipohauEngs o st Mhesnest oy R BT bttt iR . S&ttefeditr apeut i ¢ or

rophyl actjc treatpent for dj seases,. disorders or ... X
prop y conchjtlons of tene (ﬁ% and/or penphera?nervous system are pre en'ec[. Therapeutic or

prophylactic treatment for diseases, disorders or conditions which have a psychiatric componént
is provided. Therapeutic or prophylactic treatment for diseases, disorders or conditions including
but not limited to those havix'lg an ophthalmic, cardiovascular, cardiopulmonary, respiratory,

kidney, urinary, reproductive, gastrointestinal, endocrine, or metabolic component is provided.

In one embodiment, such a pharmaceutical composition of an erythropoietin may be
administered systemically to protect or enhance the target cells, tissue or organ. Such
administration may be parenterally, via inhalation, or transmucosally, e.g., orally, nasally,
rectally, intravaginally, sublingually, submucosally or transdermally. Preferably, admihistration
is parenteral, e.g., via intravenous or intrapéfitoneal injection, and also including, but is not
limited to, infra-arterial, intramuscular, .intrat‘dermal and subcutaneous administration.

For other routes of administration, such as by use of a perfusate, injection into an organ, or other
local administration, a pharmaceutical composition will be provided which results in similar

levels of an erythropoietin as described above. A level of about 15pM —30 nM is preferred.

The pharmaceutical compositions of the invention may comprise a therapeutically effective
‘amount of a compound, and a pharmaceutically acceptable carrier. In a specific embodiment, the
térm "pharmaceutically acceptable" means approved by a regulatory agency of the Federal or a

state government or listed in the U.S. Pharmacopeia or other generally recognized foreign
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conditions of the CNS and/or peripheral nervous system are pref28$une 2005
Therapeutic or prophylactic treatnment for di seases, disorders or
conditions which have a psychiatric conponent is provided. Therapeutic or
prophylactic treatnent for diseases, disorders or conditions including but
not |imtewoteossssose havi ng an opht hal mic, cardi ovasc&CEUSMERYi opul nonary,
respiratory, kidney, urinary, reproductive, gastrointestinal, endocrine,

or nmetabolic conponent |s_provided. .In one enbodinent ., sug

phar macehgepasapel B Ak, gd Tere BWT&F@@W%W ngecm%%%é%fsst? tred
systemcally to protect or enhance the target,cells. ti or organ. Such
adni ni sdilut; sipvaghexpipienserarshigleanibyvhichithe tﬁ?’iﬁ’ﬁ‘l‘tﬁt‘? W§W$r%§1§% nucosal | vy,

e.g., orally, nasally, rectally, intravaginally, subli al.ly...

submuc oghamagewicalicrripns gay begterile liquidasachas F?ﬁ‘,ge g‘m‘%ﬁ g H’“@%ﬁs" SCXJS]élFent eral ,
e.g., via intravenous or intraperitoneal, injection, .and al so i.ncl.udi ng, but
5 ot bferal pettoleu, animal veaeishle P syptheto ATBiA G PSSt 4t BEFR Al P TR o

subcut aneous adm ni stration. For other routes, of a[ﬁ;gi q{ st r-at. qn, such as by
use of eil,pesmesihtnd the likee Atsaline splution is p pisfegathoartisy whenhs phammacgca

adm ni stration, a pharmaceutical conposition will be provided V\@i ch results
in sim tampositievie hdmivistered idrayetigndy ofaking selusiensgad appys kg Bd XUy el of
about 15pM -30 nMis preferred. The pharnaceutical conpositjons of the

i nvent i sslitivaycanelspbé eepleyed hekiquiberricsaparcularly & fnjsptablesplptings- %*‘méecorrpound,
and a pharnmaceutically acceptable carrier. In a specific, enbodinent, the
ter m " phiantmesistl czaipibnts mclodpstarbh, glucosedartosa srrese.eatetRs malty g flodtor y agency of
the Federal or a state governnment or listed in the U S. Pharnacopeia or

ot her gemnl, silitaget, egibgniteede, febreiohmonoSitar a8 tay sedipoddoridp@riedskis 5550

PCT/ US01/ 49479 pharmacopei a for use in animls, and nore particularly in
hunans. pfleeoll @bpylche aiycolowiter, etherod artddhedike dThe ronposition uﬁé@mdg ca@lsPpi ent, or
vehicle with which the therapeutic is adm nistered. Such pharmaceuti cal
carri er soga@nmbRr Shahisloewbiingodeulsiing agests sapHveffgmgagintsndhesp wat er and
oils, including those of petroleum aninmal, vegetable or synthetic origin,
such as cagRRMibnsah takSBy RRART Sdtbtionsyismpemions, emulsion, tablets, pills, capsules,

powders, sustained-release formulations an'd'the like. The composition can be formulated as a
suppositoﬁ, with traditional binders and carriers such as triglycerides. The compounds of the
invention can bé formulated as neutral or salt forms. Pharmaceutically acceptable salts include
those formed with free amino groups such as those derived from hydrochloric, phosphoric,
acetic, oxalic, tartaric acids, etc., and those formed with free carboxyl groups such as those
derivéd from sodium, potassium, ammonium, calcium, ferric hydroxides, isopropylamine,

' triethylamine, 2-ethylamino ethanol, histidine, procaine, etc. Examples of suitable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences™ by E.W. Martin.
‘Such compositions will contain a therapeutically effective amount of the compound, preferably

in purified form, together with a suitable amount of carrier so as to provide the form for proper

administration to the patient. The formulation should suit the mode of administration.
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oil, sesane oil and the like. A saline solution is a preferred 28rjuree 2005
t he pharnmaceutical conposition is adm nistered intravenously. Saline

sol uti ons and aqueous dextrose and gl ycerol solutions can also be enpl oyed
as liquid carriers, particularly for injectable solutions. Suitable

phar maceut We&Y5&Re i pi ents i ncl ude starch, glucose, | ab¢B¥¥4¥Ycr ose,
gelatin, malt, rice, flour, chalk, silica gel, sodiumstearate, glycero
nonostearate, talc, sodiumchloride, dried skimmlk, glycerol, propylene,
gl ycol, water, ethanol and the like. The conposition, if desired, can also
cont ai ] . nt s...0f tddng or . emil sifyin .S buffering
agent o PiipgASuiCT Bk Bhs s e lbaritilon el e AGRRRs oEulldy 21T 1Y
enul si | et i . capsul es, - powders., sust al ned-rel ease

For mul S0tesh Elsileie ebbrnie SHNE R e GRIBiE i FaEE
Supposi.t or.v, W radi tional binders and catriers.such . as triglycerides.
The cor‘lﬂglf}ﬁ 68#) Ejtf%luaéns qrﬁvilll.g:ﬁ,tolrg eﬂelgsﬁmﬁ'eﬁbgeltsrﬂﬁ F‘gfl é?}%g’f cﬁéﬂfsﬂary or salt forns.
Phar maceutical |y acceptabl e salts include. those formed with free am no

o oups catiEire el S6ET Bt ArvayRr hefatepnaim s oL BrorE e, ¢

oxalic, tartariqg acids, etc., and those fqormed with free. carboxyl groups
cuch oSSR cophapsic, Sipavio asitos s theveolp SOL SRR CARSHGRMLERERRSE] oi um ferri o
hydr oxi de i Sopro am ne, . trigethylanine, _2-ethyl an no et hanol,

hi st divﬁ%e?abﬁr"blﬁ’d’f aﬁg'?ll’a& t‘?@l'@é’grﬁflh@’%‘gdi?ly@nﬁﬂ?a%q%@mn %’leﬁ‘&ﬁséﬁﬁﬂ CRPT¥arriers are
described in "Renngton's Pharmaceutical Sciences" by EEW Martin. Such
conpos MAERORIS P ¥ &ME-ai n a therapeutical |y effective anount of the
conmpound, preferably in purified form together with a suitable anmount of
carrier so as to provide the formfor proper admnistration to the
patient. The fornulation should suit the node of administration. -52 28
June 2d@gsctivsasers insndghior mepduistptirosry bppegedadter adniredydthsarateiabns adapt ed
for oral adm nistration may be provided as capsules or tablets; as powders
or gr aihpk delays disiniegratien d4r ahsgiplionsof dre agtivg pegnt indhpszagtrainteptinpb e (e, non- aqueous
liquids); as edible foans or whips; or as enulsions. Tablets or hard

gel at i BEcerskmenoaigargpgr glyceryl distearate may be used). Thus, the sustained release of an

active agent may be achieved over many hours and, if necessary, the active agent can be
protected from being degraded within the sfomach. Pharmaceutical compositions for oral

administration may be formulated to facilitate release of an active agent at a particular

gastrointestinal location due to specific pH or enzymatic conditions.

Pharmacentical compositions adapted for transdermal administration may be provided as discrete

_ patches intended to remain in intimate contact with the epidermis of the recipient for a prolonged
period of time. Pharmaceutical compositions adapted for .topical administration may be provided
as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, acrosols or
o'ils. For topical administration to the skin, mouth, eye or other external tissues a topical

ointment or cream is preferably used. When formulated in an ointment, the active ingredient
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conprise | actose, starch or derivatives thereof, magnesi um st ea?8tjune @006
saccharine, cellulose, magnesium carbonate, stearic acid or salts thereof.

Soft gel atine capsul es may conprise vegetable oils, waxes, fats,

sem -solid, or liquid polyols etc. Solutions and syrups nay conprise

wat er, pol wologosassdl sugars. An active agent intended fBET/BYHHIN nistration
may be coated with or adm xed with a material that del ays disintegration

and/ or absorption, of the active agent. in the. in act (e.g.,
gl ycer y’i“am%?{k’é{&q‘ﬁ?%m ool § d‘fa%f"@ﬁ%{égmﬁgﬁt%%&use%?d.uo%’t}ﬁs{ t he
sustai ned rel ease of.a ctive agent, may. be achiev oLk hours and,
i f nece¥dyy ?,gre‘%ﬁrgmé‘@? f}éﬂl@a‘sﬁﬂ o (i thmb%/%{névg%eerg) erog%wgi}ééllei?}lé) gégé'r aded within
t he stogach. Pharnmaceutic C ositions. for oral adm.nistration nmay be

f or nul aﬁg’ﬁ‘n’i‘cﬁuq‘@(izpl?’?ctsﬁp@s aJ@Pté‘gggt"B'Fatlé 13‘5?4% 039°at§%?ﬁené°udge%§(f%lg'cﬁl ar
gastrointestinal, location due to specific, pH or enzy e conditions.

Phar mac®6¥icERPostigns, BEAEHVE h@r‘g&f&t&%% ‘ﬁ%?l"?drdgﬁ%sa%‘rdﬁ@ aggfrlﬁlb%ic%rtn Fraf'%'bn may be
provided as discrete _patches jntended to.remain in.intjnate contact with
the. epi Bp OBl PlraRfruiel PBPo-RoR WiHeL P Aetriop fi e

Phar maceuti cal conpositi-gns adapted for topical admnistration may be
provi deerouth gchilelorpgesspastilics apmouliiesishsi ons, | otions, powders, sol utions,
pastes, gels, sprays, aerosols or oils. For topical admnistration to the
skin, nouth, eye or other external tissues a topical ointnment or creamis
preferably used. Wien fornulated in an ointnment, the active i.ngredient -53
28 JunePiEgosenting comperiipssanapied for nase) spdqynaary AdnEsigion BYSIRIEh eit her a
paraffinic or a water-miscible ointment base. Alternativel é the active

i ngr edi eofid carriszs Bish peproviders (efesably havinsapatiole s¥e irihoranss 200589 base or a
water-in-oil base. Pharnmaceutical conpositions adapted for topical

adni ni stoicagnishPowders ¢aa be pdministsred dethepannerip which papilis kgl ¢.0M584 ti ons, the
active ingredient can be dissolved or suspended in a suitable carrier,
e.g., ivhalatipnalgowsbile nosd feme conpiinsr ofmewdar hdd Flossonthsspse Slsmalalyt ed for

topical admi nistration in the o _
compositions adopted for nasal administration may comprise liquid carriers, e.g., nasal sprays or

nasal drops. Alternatively, inhalation direc'tli( info the lungs may be accomplished by inhalation
deeply or installation through a mouthpiece info the oropharynx. These compositions may
comprise aqueous or oil solutions of th; active ingredient. ‘Compositions for administration by
inhalation may be supplied in specially adapted devices including, but not limited to, pressurized
aerosols, nebulizers or insuffiators, which can be constructed so as to provide predetermined
dosages of the active ingredient. In a preferred embodiment, pharmaceutical compositions of the

invention are administered into the nasal cavity directly or into the lungs via the nasal cavity or

oropharynx.
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mout h i ncl ude | ozenges, pastilles and nout hwashes. Pharmaceuti c28 June 2005
conposi tions adapted for nasal and pul nonary adm nistration may conprise
solid carriers such as powders (preferably having a particle size in the
range of 20 to 500 mcrons). Powders can be adm nistered in the manner in
whi ch snuf WO9¥088ken, i.e., by rapid inhalation throBghHl¥&4Hose from a
cont ai ner of powder heId cl ose to the nose. Alternatively conposi tions

dop! eclhadaal ooaihiah ol bAld BFroTMARAMBEA G bl E LG HhSor, 0 | nasal

sprays or- nasal Al't'ernati vely, ondirectly’into the |ungs

may be achapRl 'Pﬁéi'ﬁlgceg%ai dagl?lwsﬂohg’%]%tgfﬁpb%bngfadxﬁ’zﬁ&&h&:?ﬁﬁﬂ% A)MH«:@&'QJ" a

nDuthp|ece Into the orophafynx Se coffposi t1ons nay nNpri se aqueous or

oi | sol e rra;‘}a% ohd&: téglég ?dsﬂgg@&gfsgﬁp{/ay%d%ﬁb Jons for admnistration by

i nhal at e sSupp n specl adapted devi ces including, but not
limted to, pressurized aerosols, nebulizers or insufflators, which can be
constructed so as to provide predeternined dosages of the active

d tical t f th
i Bt A OV 1

h 3 h / 053580
LY I S?L%’afa%fﬂﬁwmaﬁgfﬁ%% CremiEhEELS
dm ni d t tical
go?pg's.s%"%ﬁésﬁ)% SRS A T S T T

f | at
Phar mac OIS PHo B EP SRR Rl %?tafegéaaﬂﬂgﬁ@%%{m%@ﬁ#‘&%%q on Tndi ude
t | tabl e | , Whi ch

ﬁgﬁeggﬁﬁl‘é@ﬂS&HFYOE@@F%?%’%H b ol o Gfaly GoPBTLIaRaiaRet B oot hat render

the co 05| S, substantj al | otoni.c with the blood of an _intended
reci pi e&l ﬁ‘gtPl 96 Aeh %PI’F%%['F‘ﬁHﬁﬁ}%@SﬁPb@QﬂtdoFeﬁogtﬁ@Fﬁ B E5HERE i ons i ncl ude

wat er ohol s I ol cerine and vegetahle oils, for _exanple.
Conposi ﬁﬁglsigm}y&eé &cgga %/, apds maygbeystored ina ﬁeeze—dned%yophlhzed) condition requiring P

only the addition of a sterile liquid carrier, e.g., sterile saline solution for injections, immediately
prior to use. Extemporaneous mjection solutions and suspensions may be prepared from sterile
powders, granules and tablets. In one émbodiment, an autoinjector comprising an injectable
solution of an erythropoietin may be provided for emergency use by ambulances, emergency
rooms, and battlefield situations, and even for self-administration in 2 domestic setting,
particularly where the possibility of traumatic amputation may occur, such as by imprudent use

- of alawn mower. The likelihood that cells and tissues in a severed foot or toe will survive after
reattachment may be increased by administering an erythropoietin to multiple sites in the severed

part as soon as practicable, even before the arrival of medical personnel on site, or arrival of the

afflicted individual with severed toe in tow at the emergency room.
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parenteral adm nistration nmay be presented in unit-dose or multpgd 2005
containers, for exanple sealed anpules and vials, and may be stored In a
freeze-dried (lyophilized) condition requiring only the addition of a
sterile liquid carrier, e.g., sterile saline solution for injections,

i redi at el WOopdsB®BP t o use. Extenporaneous injection sBETUSHBT9ANd

suspensi ons may be prepared fromsterile powders, granules and tablets. In
one enqodi nent n.aut oi_nj ect or. conpr.i sj an injectable solution of an

or yt hr pGPEIRR! SHaRIFHER S G ERATIPD P IHESE oo LB RRGEIE aner gency
roons, and battlefield situgatpi I}S,, and even,for self-admnistration in a
domest i3 @ gkpacyical campesiion F«? ARTEEDP YA ABRRETAHe 1P LY B umat i ¢
anputation may occur, such as by inprudent use  of 1% | awn nower. The

i kel i HoBYaYnEampegiiqns fog infrayenous Adwinisiraipnazs SOPHAnSIR SErLlE SOPHB2ARFIF sur vi ve
after reattachnment may be increased hy adm njst.ering an erzlagh_ropoi etinto
mul t i plbwiies Pdsranseesssly, e Gaipragitionmpy alsodncluds s squbifziagigeptap] locsbyen bef ore t he
arrival of nedical personnel on site, or arrjval of the, K -afflicted

i ndi vi dfesthetis uph asdidecaing tq ease paip at Bigsitg of thednigstien g Eeneiplly.dlsiperedimts s June 2005
WO 02/ 053580 PCT/ US01/ 49479 In a preferred enbodi nent, the conposition is

f or nul Stenticd eitharcsepsraipbnelanixed tagsitstinivpié desegsdaay fa sxample, 8s W% r maceut i cal
conposi tion adapted for intravenous adm nistration to human bei ngs.

Typi callysphiligesipewderof Gefer-fegcopasetrainin p bemmeticaly-praled containgrsush ¥ 280| uti ons in
sterile isotonic aqueous buffer. Wiere necessary, the conposition may al so
i ncl udempuls of saphieits inflingfing dherquarditicofactive egent. Wikeee thp earimesigonihtods | i docai ne to
ease pain at the site of the injection. Generally, the ingredients are
suppl | edmiisterdiby dnfpromait ednbeghispenissderdthtap dnfusimrbofile comfiining/gferlge form for -
exanple, as a dry |Ilyophilized powder or water-free concentrate in a

her met ipbarirageutieabgredt voem bedaling. Wheed thawmpnsitionipadngnisiered b ingetios, aundi cati ng t he
quantity of active agent. Wiere the conposition is to be admnistered by

i nf usi eampul bf tEute dBknedas pepeadedan that theingrodiosgs may bobixedprootet ai ni ng steril e
pharmaceutical grade water or saline. Were the conposition is adm nistered
by i nj edtnindsratican

Suppositories generally contain active ingredient in the range of 0.5% to 10% by weight; oral

formulations preferably contain 10% to 95% active ingredient.

A perfusate composition may be provided for use in transplanted organ baths, for in sitn
perfusion, or for adminisﬁation to the vasculature of an organ donor prior to organ harvesting.

_ Efuch pharmaceutical compositions may comprise levels of an erythropoietin or a form of an
-erythropoietin not suitable for acute or chronie, local or' systemic administration to an individual,
.but will serve the functions intended herein in a cadaver, organ bath, organ perfusate, or in situ
perfusate prior to lremoving or reducing the levels of the erythropoietin contained therein before

exposing or returning the treated organ or tissue to regular eirculation. The erythropoietin for
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anpul e of sterile saline can be provided so that the ingredi entggMRyn&2005
m xed prior to admnistration. Suppositories generally contain active
ingredient in the range of 0.5%to 10% by weight; oral formulations
preferably contain 10%to 95% active ingredient. A perfusate conposition
may be pr oVWPAEeE3IBr use in transplanted organ bat hs, POFUSON4%3TY U

perfusion, or for admnistration to the vascul ature of an organ donor prior

to org i . Suc har maceut.j.cal . conposi ti ons comprise levels -
of an gﬁ??ﬁ% %%ggﬁe{ﬂ?%m?ﬁmh?eg@%e%‘ﬁ’ﬁwh‘érs%hﬁ? {5%'51"3‘[ f‘icﬁm’ﬁ‘?ﬁ% _is?cgg‘f e for acute
or chraqni | ocal. or system c admnj.strati.on to an. individual, but wll
serve tHE fHEfoPRIgEs P %%ﬂgtg]ﬁerﬁg’foé’fjﬁ{qsherﬁmﬁ@aﬁ fu e‘?}tsb“gﬁs bath, organ
perfusat.e, or in sit erfusate prior, to repoving or reducing the |evels
of thea§g§9ﬁ@5$8$%ﬂ¥ﬁp%%ﬁ%%P %ﬁﬂ@ﬁ@PEPW%H§P8#8mﬂ@ Sy or returning the
treated organ or tissue to regular circulation. The crythropoietin for -56

28 June 2005 WD 02/053580 PCTI US01/49479 this aspect of the invention may
be any.erythropojetin, such as paturally-occuyrring fornms -such as hunman
eryt hrJS‘S?/néfPffﬂﬁg ? PIARGes GPhiac sﬁﬁpﬁcggﬂ?fépmﬁ%smgeqnspﬁa%w%cn bed, such
as asi Iger throgﬁietin_and,phenﬁ%glyoxal;erytbrppoietins, as non-limting
exanpl &led i onep mgre;of the iszediagis o thg BRrmacEicAl FARBGsoRTA! heAmRnligR. ki t

conprisjn ne or. re contaipers filled with one or_nore of the

i ngr ed?&*ﬁ?’éﬂ%f*ﬁ?%%ﬂgwﬁﬂwa@% ) cehpigasticeiinihg fosm pres@ibpdR¥ent i on.

Optionally associated with such container(s) can be a notice in the form
prescr €8 tahageqsy Feguiattamthe mandecieg usey salelivhemescaticelssubislesitl e, use or

sal e of pharnmaceuticals or biological products, which notice reflects

appr ov &Todpss, which aefics ssfleess anpeavalibythe agency gfpanyfackies e potelerferkaman

adm nistration. In another enbodi nent, for exanple, erythropoietin can be
del i vepdEWmsEatPncont rol | ed-rel ease system For exanple, the pol ypeptide may
be adm ni stered using intravenous infusion, an

In gnother embodiment, for example, erythropoietin can be delivered in a controlied-release
s&steml For example, the polypeptide maj; l:;e administered using in’q'avenous infusion, an
implantable osmotic pump, a transdermal patch, liposomes, or other modes of administration. In
one embodiment, a pump may be used (see Langer, supra; Sefion, 1987, CRC Crit, Ref. Biomed.
Eng. 14:201; Buchwald et al., 1980, Surgery 88:507; Saudek et ;:zl., 1989, N. Engl. J. Med.

~321:574). In another embodiment, the compound can be delivered in a vesicle, in particular a
liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., in Liposomes in the Therapy
of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 353-

' 3§5 (1989); WO 91/04014; U.S. Patent No. 4,704,355; Lopez-Beresiein, ibid., pp. 317-327; see
generally ibid). In another embodiment, polymeric materials can be used [see Medical
Applications of Controlled Release, Langer and Wise (eds.), CRC Press: Boca Raton, Florida,

1974; Controlled Drug Bioavailability, Drug Product D_esigﬁ and Performance, Smolen and Ball
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i npl ant abl e osmotic punp, a transdermal patch, |iposomes, or othgrjmdenms
admnistration. In one enbodi nent, a punp nmay be used (see Langer, supra,;
Sefton, 1987, CRC Crit. Ref. Bionmed. Eng. 14:201; Buchwald et at, 1980,
Surgery 88:507; Saudek et alL, 1989, N. Engl. 3. Med. 321:574). In another
enbodi nent WOUKES3¥Bnpound can be delivered in a vesicl 8TUN/ET i cul ar a

| i posone (see Langer, Science 249:1527-1533 (1990); Treat et at, in

L oSO Dk yeH AR e kR e BOARESD o SRR, chen: Ber estel
Pat ent %061,?9550%5%??%%@%?&?1&%@3 &'ﬁ&lb@bﬂfiré%ém{., 1969/ ARE Kiem3EE 9eneral ly
e I mént,” po ma I'a

i bid.). " T'n”anot her ymeric s“can be used [see Medica

Appl i caﬁ:,%q?%%m%%%%ﬁgaﬁﬁy&g#sﬁ?ﬁaog_nger and Wse (eds.), CRC Press: Boca

Rat on, or d 0 Bioavailability, Drug Product Design
and Performance, Snolen and Ball .-57 28 June 2005 WD 02/053580
PCT/ US01/ 49479 (eds.); Wley: New York (1984); Ranger and Peppas, J.

see .al.sg. levy et at.,

Toas, BSOS S ER TRk e e o AR RETFBT T, S5, Howard et
el eascUem s ah Bl Pluatisats ki s Ry B RO REFUBRUN: tar get . i e.
Syt om FoBEETse, & ooau L g gl Apuieafih Rt KRR ons o
. of SYSsBT 10O ERFPu ] e efoms s UREeo Py Lot 1533) " in
i ni st B SSege A e Tectal *vagi nal  Yor sublingual

adm nistration. In a specific enbodinent, it nmay be desirable to adm nister

the erythropoietin conpositions of the invention locally to the area in

need of treatnent; this nay be achi eved b¥, for exampl e, and
In another embodiment, erythropoietin, as properly formulated, can be administered by nasal,

oral, rectal, vaginal, or sublingual administration.

In a specific embodiment, it may be desirable to administer the erythropoietin compositions of
the invention locally to the area in need of treatment; this may be achieved by, for example, and
not by way of limitation, local infusion during surgery, topical application, e.g., in conjunction

' with 2 wound dressing after surgery, by injection, by means of a catheter, by means of a

suppository, or by means of an implant, said implant being of a porous, non-porous, or gelatinous

material, including membranes, such as silastic membranes, or fibers.

Selection of the preferred effective dose will be determined by a skilled artisan based upon
| considering several factors which will be known to one of ordinary skill in the art. Such factors

include the particular form of erythropoietin, and its pharmacokinetic parameters such as
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not by way of limtation, local infusion during surgery, topica
application, e.g., in conjunction wth a wound dressing after ?&r‘é'ép$2%95
injection, by neans of a catheter, by neans of a suppository, or by neans
of an inplant, said inplant being of a porous, non-porous, or gelatinous
mat eri al , WeooRaEssseg nenbranes, such as silastic nenbr @cesseassrd i bers.

Sel ection of the preferred effective dose will be determ ned by a skilled

artisan 4upon . .consi.deri.ng several .factors ' will] -be known to one
of ordi r?gor%gglg‘%ﬁ% m?tﬁbog% h(gi]?'thffe’ %ﬁt‘ﬁh@a"@{' B?Vg%ﬁnﬁﬁ%be%t%ﬁﬁngﬁgﬂs%ul ar form of
erythropoietin, and,it harmacoki netj c. par ters sych as -58 28 June 2005
WO 02/ 0 SSEIRp S PGS REFADY Braiekra o ‘Bﬁ“ﬂgf‘?ﬁ%%@l"ﬁg 2 half-life, etc.,
which will have been established during .th sual . .devel Qpnent procedures
typi cal P m’é’ﬁiﬁ’f‘%@?&ﬂ”@ﬁ“@b? WF‘E&“F%‘@Q?P%‘%BP%/’%E%F gighyfe r?18F"“gi%‘”fbﬁ’i‘ar maceut i cal
conpound, Further.factors i onsi,dering the dose include the condition or
di sease%isf)asﬁé’- ]19%8%{? 4 theybep ’ét"g’@ﬁ@?‘?"‘? If‘Bg a%ﬂmmﬂqkf?d&mﬁ%&ﬁ? i ndi vi dual ,
t he bod%g masgjﬁof toge patient, the route_ of adm nistration, whether

adni ni sPREET BIF 7PWE° 4 AP wisBRiion Y hsHeradmiatinniis askte or chsonic SPTPM&Nt and ‘ot her
factors J 1. kno to affect the efficacy of adm nistered pharnmaceuti cal
agent s. nyfﬁﬁ%t‘q‘%é“ fastorsdiggevnsia g iectithp effigrsy pErdministered plermgcquical he | udgment
of the practitioner and each ﬁati ent's circunstances, e.g., dependi ng upon

the con@88¥iSont B4hEe Preiss domass shoyidde decidgd accerdiag fofhe infgmemf ofghemrastiionenccor di ng
to standard clinical techniques. In another aspect of the invention, a

per f usafd GFh prlieRls srysiagscs eise fererdingupen theepnfigen pndithe isinwpe siates of st or age of
organs for transplant, the perfusion solution including an anount of an
er yt hr offsiidiyidpal pafipndcaceopding 9 signdsrdadinical tephmiqusboi et i n- r esponsi ve cel |'s and
associated cells, tissues or organs. Transplant includes but is not
limted to xenotransplantation, where a organ (including cells, tissue or
other bodily part) is harvested from one donor and transplanted into a
di f f er et anotherssprickathe inwenticnut perfusatesp beafusion sofion istpneyvided gaperfusion aen f r om one
part of a body and replaced at

storage of organs for transplant, the perfusion soltution including an amount of an erythropoistin

effective to protect erythropoietin—rcsponsi've': cells and associated cells, tissues or organs.

Transplant includes but is not limited to xenotransplantation, where a organ (including cells,

tissue or other bodily part) is harvested from one donor and transplanted into a different -

recipient; and antotransplant, where the organ is taken from one part of a body and replaced at

another, including bench surgical procedures, in which an organ may be removed, and while ex

vivo, resected, repaired, or otherwise manipulated, such as for tumor removal, and then returned

to the original location. In ons embodiment, the perfusion solution is the University of

Wisconsin (UW) solution (U.S. Patent No. 4,798,824) which contains from about 1 to about 25

U/ml erythropoietin, 5% hydroxyethyl starch (having a molecular weight of from about 200,000

 to about 300,000 and substantialy fiee of ethylene glycol, ethylene chlorohydrin, sodium

chloride and acetone); 25mM KH,PO,, 3mM glutathione; 5mM adenosine; 10mM glucose;
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anot her, including bench surgical procedures, in which an or ganzgayuﬁézocPs
renoved, and while ex vivo, resected, repaired, or otherw se nmani pul ate
such as for tunor renoval, and then returned to the original location. In
one enbodi ment, the perfusion solution is the University of Wsconsin (UW
sol ution (WO820PBIent No. 4,798, 824) which contains fPORUSIY4T® 1 t o about
25 Um erythropoietin, 5% hydroxyethyl starch (having a nol ecul ar wei ght

o AR 00, 0TP, AN AT S5, O LTS
3nM gl i one: S ine: | oMM gl . .59 _28 2005 WO
02/ o%?é@@b:%%@ﬁ%&%ﬂ%%%ﬁ%ﬁﬁééﬁs% %gggoggﬂﬁgﬁﬁmﬁ%%@hag%nat e: 1.5mM

CaCl 2,1 i um gl uconate; 200,000 units penicillin;, 40 units insulin;
16Ny Dﬁiﬂ%ﬁg&@m ofpé‘ﬂl@htbﬁ%h@’rt 3EaOSHflg Theselugion ig psed fo maintain 5 and an

osnol al i a% of .ﬁbout 320 nOSm 1. The solution is used to nmaintain cadaveric
ki dney<S2EFYER ARG R adancisases prigr ¢ transplesh | Using the sofufiep. preeereipmieands

preserva%ei %r}]d*%an be xt ended beyond the 30-hour limt recommended for
cadaverfEn EQpd the 0oy imiigpromyiended fo5 spdayerigikigneysupseivatione This ner el y
illTustrative of a nunber of such solutions that can be adapted for the

pr esentPafcBlapperfusls 1§ mesly ilstrative efemumbenag susherlwtionsthatean beradentediovi etin. In a
further  enbodi nent, the perfusate solution contains from-about 5 to about
35 U mithepitentuspby ielnsion of an effeptiimampent of angntigopsistint Inafutieni  er yt hr opoi et i n.
As nmentioned above, any formof erythropoietin can be used in this aspect
of t he §boERENsHe Pefisatesoluien ¢ontaing from @baué & fqrbewi B85 Bfmlzmyterydidtinomoi et i n f or

t he purposes herein throu?hout is a human, the nmethods herein apply

equal | ahgathidyto ppiAd Wm! grzthropaietinads werdionadsibiveang doraurif emxthsopoietin vest ock,
conpani on and zoo ani mals. However, the invention is not so limting and
the befebsyssd ndhis prpechpfshd iedntiw. any mammal . In further aspects of the
ex-Vvivo invention, any erythropoietin such as but not limted to the

While the preferred recipient of an erythropoietin for the purposes herein throughout is & human,
the methods herein apply equally to other fnémmals, particularly domesticated animals,
livestock, companion and zoo animals. However, the invention is not so limiting and the

benefits can be applied fo any mammal.

In further aspects of the ex-vivo invention, any erythropoietin such as but not limited to the
erythropoietins described, above, as well as native erythropoietins as well as an analog thereof, an
. erythropoietin mimetic, and erythropoietin fragment, a hybrid erythropoietin molecule, an
erythropoietin-receptor-binding molecule, an erythropoietin agonist, a renal erythropoietin, a
brain erythropoietin, an oligomer thereof, a multimer thereof, a mutein thereof, a congener
tﬁereof, a naturally-occurring form thereof, a synthetic form thereof, a recombinant form thereof,

a glycosylation variant thereof, 2 deglycosyi_ated variant thereof, or a combination thereof.
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eryt hropoi etins descri bed. above, as well as native erythropoi e?h”..ﬁ.lr?é 2%5

as an anal og thereof, an erythropoietin mnetic, and erythroporéetin

fragnent, a hybrid erythropoietin nolecule, an

eryt hropoi eti n-recept or-bi nding nol ecul e, an erythropoi etin agonist, a

renal erytwopepeistin, a brain erythropoietin, an ol i poreseedaer eof , a

mul timer thereof, a nmutein thereof, a congener thereof, a

natural l y-occurring formthereof, a synthetic formthereof, a reconbi nant

formthereof, a glycosylation variant thereof, a deglycosyl ated vari ant

t hereof, or a conbination thereof -60 28 Jupe 2005 V\D%ﬁ[ 05%5?30

PCT/ 1J Snanothgusepect of therdwention, methrds endsemposgions{pe pbapring thstiapdie obgels.

conposi tions for enhancing the viability of cells, tissues or organs which

are notisustirareans whidheranebiselated fiomatha rascwlgturs by amensothelial ell bABIET a8 o r i er ar e

provi ded by exposing the cells, tissue or organs directly to a

phar mageayided by expesingdhs celis Hssue o ppaanssiinelvdn 2 ehaympnedisal cOmPRFItiogr adni ni steri ng

or contacting an erythropoietin-containing pharnmaceutical conposition to

t he vasompisingrae eryfhrdphistin, psasdydnisiering ergantactingiyn auyeorgietin-ooniamipg

erythropoi etin-responsive cells in the treated tissue or organ are

r es pon phixtnecehinal composiitwite fhe wascuddiire of the e ar etgan.ABnbgresé pdtiistofabove, t he

invention is based, in part, on the discovery that erythropoietin

nol eculegghromietibecshansins@ls indlt tfeptodriissireor lorgai arg respansiblgder thaposibige basenent

menbr ane surface of endothelial cells of the capillaries of organs with

endot heffeatd exeréddl ti ght junctions, including, for exanple, the brain,

retina, and testis. Thus, erythropoietin-responsive cells across the

barrier are susceptible targets for the beneficial effects of

erythropoietin, and others cell types or tissues or organs that contain

and depgridschibedwbeleghoinivintioniabised) in @t ytinhhofigoetry thatreegloopukitue cel |'s therein

are targets for the nethods of the invention. Wile not wishing to be

bound hyoleiys Rabé irasbonkd 68 G Yuminadirfte tb iirnasydentshanbedne arfathofopoi et i n,

erytbropoietin can interact with an erythropoietin receptor on an

ﬁr yt pr Qlﬁﬁlit}%liillf&gl[s%iime Bapilliflese bigansfwith eRdoBIERAIR N fightfunctivhs, inckidingafor nmuscl e,
eart, lung, liver,

example, the brain, retina, and testis. Thus, érythropoietin—responsive cells across the barrier are
susceptible targets for the beneficial effects of erythropoieﬁn, a-tnd others cell types or tissues or
organs that contain and depend in WhOIt'E or in part on erythropoietin-responsive cells therein are
targets for the methods of the invention. While not wishing to be bound by any particular theory,
after transcytosis of erythropoietin, erythropoietin can interact with an erythropoietin receptor on
an erythropoietin-responsive cell, for example, neuronal, retinal, muscle, heart, lung, liver,
klidney;, small intestine, adrenal cortex, adrenal medulla, capillary endothelial, testes, ovary, or
endometrial cell, and receptor binding can initiate a signal transduction cascade resulting in the
activation of a gene expression program within the erythropoietin-responsive cell or tissue,
resulting in the protection of the cell or tissue, or 01;gan, from damage, such as by toxins,

chemotherapeutic agents, radiation therapy, hypoxia, ezc. Thus, methods for protecting
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ki dney, small intestine, adrenal cortex, adrenal nedulla, capilkagr
endot helial, testes, ovary, or endonetrial cell, and receptor %8%1%2995
initiate a signal transduction cascade resulting in the activation of a
gene expression programw thin the erythropoietin-responsive cell or

tissue, rwewbdsss’dg in the protection of the cell or tpesuseiianare organ, from
damage, such as by toxins, chenotherapeutic agents, radiation therapy,
hypoxi a, etc, Thus, nmethods for protecting -61 28 June 2005 , V\gOZ/ 053580
PCT/ OSeiaenergn-ErRpnHyesthiceniainng Bepo b oy & e i isisn i §2Ra0888 Bt r om i nj ury
or hypoxic stress, and _enhancing the function of such tissue are descri bed
in det gmctmmfémchg&sp@wdqswbpﬁgld@% bereiebel. one enmbodi ment of the invention,
a mammal i an patient is undergoing system c chenotherapy for cancer
treatnment, including radiati.on therapy, which commonly has adverse effects
such as nerve, lung, heart, ovarian or testicular damage. Adm njstration of
a phalmihe practice of one emprdiniant efithecioyRofions p mgmalianpptiont 5 Y8dEEIne ¥ WEscri bed
above is performed prior to and during chenotherapy and/or radiation

t her apyhentotheppy for cancey fredtwent, indlylingerediztion thepagm didhcommogihaspdverse t he

chenot her apeuti c agent,. such as to protect the testes. Treatnment may be
cont i neffettamchi ds ngive, bug.dieirh gvariew ef testighlartdamageh ddpimsraligeefia ¢ agent have
fallen below a | evel of potential danger to the mammalian body. In the
pract i pharmhceativet domposiivh outnpriging ao erythimpoictiverdescoibed abayd 1o pgfoanemsr wer e

pl anned to be harvested froma victimof an autonobile accident for

t r ans ploeatd dimivgrhematherdpy andédr radéativpibenpys fo pretestmareius tigsiiestand exgetsiesth t r ansport
for an extended di stance and period of tine. Prior to organ harvesting,

t he vi dirh#ge batheichdnsthetlpantit hpeat, ploh nsta paitdct thatesteso fjpmsndnt oay bonpri si ng an
erythropoi etin as descri bed herein. Harvested organs for shipnment were

per f us eshtinhddrunil cirpting featleofthsdhainbiherapeatiy/dghnt b fellenbelow adestofi bed herein,
and stored in a bath conprising erythropoietin. Certain organs were

cont i nyedgmiayddngdr tothedanmiifan Bodyul sati |l e perfusion device,

In the practice of another embodiment of ﬂ;e'invention, various organs were planned to be
harvested from a victim of an automobile aclcider;t for transplant into a number of recipients,
some of which required transport for an extended distance and period of time. Prior to organ
harvesting, the victim was infused with a pharmaceutical composition comprising an
erythropoietin as described herein. Harvested organs for shipment were perfused with a
perfusate containing erythropoietin as described her-ein, and stored in a bath comprising
erythropoietin. Certain organs were continuously perfused with a pulsatile perfusion device,
utilizing a perfusate containing an erythropoietin in accordance with the present invention,
Minimal deterioration of organ function occurred during the transport and upon implant and

reperfusion of the organs in sifu.
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utilizing a perfusate containing an erythropoietin in accordancgswh%ﬂa 5
present invention. Mninmal deterioration of organ function occtrred durin
the transport and upon inplant and reperfusion of the organs in situ. 62
28 June 2005 WO 02/053580 PCT/ US01/ 49479 I n anot her enbodi nent of the

i nventi on, waogesigbcal ' procedure to repair a heart val ver/usqusred tenporary
cardi opl egia and arterial occlusion. Prior to surgery, the patient was

infused with 500 ., U erythropoietin.per kg body weight. .Such.treat nent
br even B ERRHEERTCIRCE Ao ¢ Pl pARINE 1o APt 1 T APPSO

reperfusion. |In_another enpodi nent of the invention, in_.any surgical

pr oc edfaporay, eardioplegiapnd anteaseiisieh Aitipr tossaR s the PAGRI A ‘”zguse&/“’ﬁh 56
naturally-occurring erytbropoietin or any erythropoieti.n of  the invention
can be U grzibeppoiptin pen ke ke giehte Such Bratment Ribveied éﬂﬂ%&c lséhﬁﬁﬂ%l?fiﬁﬂ]@’éut i cal
conposition conprising an_erythropoietin as described above is perforned
prior tdsmaggepartirylarty algr spefusionowi ng t he bypass procedure, to protect the
function of brain, heart, and other other organs. In the foregoing exanpl es
in which an erythropoietin of the invention, including naturally- occurring
erythropoietin, is used-for ex-vivo applicatjons, or to treat

er yt hr dpencdier prubadimestefithednveaiign iy agyemgica ProeeduEsnElch 18 sErdiopylenamal ti ssue,
heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal

medul | dypasapigena p patardoedseringrythropeiptinor apy ey iropictinefdemiprantion capbe | s or
tissue, the invention provides a pharmaceutical conposition in dosage unit
f or m adagt deorfesmbplinenadinpystiaiion of a hhavaageniinal eompesijaneBPEIRA an- r esponsi ve
cells, tissues or organs distal to the vascul ature which conprises, per
dosage eptirppoicin apdsaibed shovels perfoamedprivntou diring; ankionfolipieing thegEas om about
50,000 to 500,000 Units, 60,000 to 500,000 Units, 70,000 to 500,000 Units,
80, 000 praxedne) iO@Gtedtitiictimctiond bGHD head, HO@{EOGh4nwrgars. 100, 000 to 500, 000
Units, 150,000 to 500,000 Units, 200,000 to 500,000 Units, 250,000 to
500, 000" Units, 300,000 to 500,000 Units, 350,000 to 500,000 Units,

In the foregoing examples in which an erythropoietin of the invention, inclﬁding naturally-
occurring erythropoietin, is used for e;c—viv;) 'appli_pations, or to treat erythropoietin-responsive .
cells such as neuronal tissue, retinal Atissue, heart, lung, liver, kidney, small inteétine, adrenal
cortex, adrenal medulla, capillary endo;;helial, testes, ovary, or endometrial cells or tissue, the
invention provides a pharmaceutical composition in dosage unit form adapted for protection or
enhancement of erythropoietin-responsive cells, tissues or organs distal to the vasculature which
ooﬁaprises, per dosage unit, an effective non-toxic amount within the range from about 50,000 to
500,000 Units, 60,000 to 500,000 Units, 70,000 to 500,000 Units, 80,000 to 500,000 Units,
90,000 to 500,000 Units, 100,000 to 500,000 Units, 150,000 to 500,000 Units, 200,000 to

: 500,000 Units, 250,000 to 500,000 Units, 300,000 to 500,000 Units, 350,000 to 500,000 Units,
400,000 to 500,000 Units, or 450,000 to 500,000 Units of erythropoietin, an erythropoietin

réceptor activity modulator, or an erythropoietin-activated receptor modulator and a
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400, 000 to 500,000 Units, or 450,000 to 500,000 Units of eryt hrggojlﬁé@ G5
erythropoietin receptor activity nodul ator, or an erythropoietin-acti vaq ed
receptor nodul ator and a -63 28 June 2005 WO 02/053580 PCT/ USOL/ 49479
pharmaceutically acceptable carrier. In a preferred enbodi nent, the
effective woreAws8c anount of erythropoietin is w thraruseasznge from
about 50,000 to 500,000 Units. In a preferred enbodinent, the

erythropoietin in the aforenenti oned conposition is non-erythropoietic. In
a furt Wg?fm&%eﬁfé%hy ¥reeniable Gamige nlniagreioned probrdipest. dig effeelivenen- 9L anewh was f ound
to restctgre cognitive function in aninmals having undergone brain trauma.
After &Ferthzppoigin igvithi thegangs drompbod §0,800 te 500,808 mits sIvarrefered of
erythropoigtin was still able to restore function as conpared to
sham t eBhedigent, by epghrepoiptingn thefosnantiencd pinimosijionis nemerthyappictispoi etin to
regenerate or restore brain activity. Thus, the invention is also directed
to the use of an erythropoietin for the preparation of a pharnmaceuti cal
conposition for the treatnment of brain trauma and other cognitive
dysf und® # Byler aspiegi of thel inventioncwythmensictinelininistratiom was dound farestoré enggitivé hr ee dayss,
five days, a week, a nonth, or longer). The invention is also directed to
a net héghctigyin ppwals havinermadireofe bodyirutiay Aftehyesielap of ¢ither 5 dalyd @R days, | nj ury by
adm nistering an effective anount of an erythropoietin. Any erythropoietin
as degépinistdion ef esythropaigtinwasistild ebl¢ orestoné Smeiipp estonphret ksshamreatddi on.
Furthernore, this restorative aspect of the invention is directed to the
use of azimglsgfdicating theahjlitobpoirghiopsietindo egenefats ortrésergraip actiaity. orugf a
phar maceutical conposition for the restoration of «cellular, tissue or
or gan thediventoniisatso divbateddd thetuseeftarernthiipsietin for idtpegaafidista and wel | after,
the initial insult responsible for the dysfunction. Moreover, treatnent
usi ng phamivedisalicempasition forthkcirdativeandfibein €ama apBsthéresiioe Gsmetiont,he di sease
or condition during the acute phase as well as a chronic phase. -64
including treatment well after the injury (e.g. three days, five days, a week, a month, or longer).

The invention is also directed to a method for the treatment of cognitive dysfunction following
injury by administering an effective amount of an erythropoietin. Any erythropoietin as

described herein may be used for this aspect of the invention.

Furthermore, this restorative aspect of the invention is dixected to the use of any of the
erythropoietins herein for the preparation of a pharmaceutical composition for the restoration of
cellular, tissue or organ dysfunction, wherein treatment is initiated after, and well after, the initial
insult responsible for the dysfinction. Moreover, treatment using erythropoietins of the

- invention can span the course of the disease or condition during-the acute phase as well as a

chronic phase.

-64-



28 June 2005 WO 02/053580 PCT/US01/49479 In the instance wherebg fih
Ao : . e e ; e 2005
erythropoietin of the invention has erythropoietic activity, in a

preferred enbodi nent, erythropoietin may be admi nistered systemically at a
dosage between about 300 and about 10,000 Units /kg body weight,

pr ef er abl ywais®0@3s8800- 5, 000 Uni t s/ kg- body wei ght, nosecpossszbl y about
1,000 Units/kg-body weight, per admnistration. This effective dose should

be suffipcie jeve serum.l evel s . of. erythropoietin greater than about
10, 000, 15?‘%6%"?“@%’13%?66’3“?&9}6&1‘ S} Eupin F@Fhf&ﬁgﬁflﬁ%‘ .88 n
adm ni s i, h.ser.um L evel s . .be achj eyed at about "1, 2, 3, 4, 5,
6, 7, 8?&%,%%& ° rﬁ%lltjre S thopoetin fiay h%%}fti” systegHeAllRY 2 49588 bFRkPen be r epeat ed
as neces For, e .admnjstration nmay be repeated daily, as long as
clinica 03?}{ %Ogcags%bé)}ﬁ;mb %éﬁ‘t’i %g]b%d')( “éeb%?«?&?‘?rﬁ’@éabf’ﬁtSQ%‘}ﬁpq Ugitsfre-bodery 1 to 12
weeks, preferabl er. 3 weeks. | n one_enbodi ment, the effective
amount 6f Igifétrlf/l %P%’B%"f%& ’T'bﬁuér%’b g’"ﬁ?ﬁ%’%é‘ﬁt@%&?@@ﬁ%@m dbisetfecive i er may be
packageﬁ i a@tsqi ngl.e. dose_vial or other container. In another enbodi nment,
an eryt ?58%&" © SUHEERt e achisye tepmn lsvsised sadtronsietin areptar thasyabeu d6PWooi et i c,
i.e., iES%% @ﬁ@ﬁ@l of exerting the activities described herein but not
causi ngan 1 &/l plserg afiey sy thropeietiradministraiiono SuthesmmmdevelstmaySuch a
non-ery{g-hr poietic formof erythropoietin is preferred in -instances
wher ei n"PGHECYRIRHEAU lofs 3 fod: Prle 8cher 10 wais ppsadministration.cHuth dosages ey pr ovi ded
chronic]E?IIF%ﬁ | n anot her enbodi nent, an erythropoietin is given at a dose
gr eat erPGTFESAtd Afiecqsere dios prampls, adwinisiration payhe rapeated dailyy apildng@poi esi s. As
noted ahove, an erythropoietin of the invention does not necessarily have
eryt hr o%&%‘!x ReceFEATY» OF AfiFT atngnaroptiete intanyab etgh eveapbiod 2deskagmsfeblpreagad in
henmat opoietic units is nerely exenplary for erythropoietins that are
er yt hr dpdiveekse In ppsrcabpdimenicthe effictave astpuihodbrpthtopoitiir and e phagmsceaticallypr ovi ded
whi ch are gg@l icable to any erythropoietin. The present invention is
f ur t heraSgAPRalecarget may-bepeckagnd it osingladask vinkiriothgr dohiintr dansjotiet of a nol ecul e
across an endothelial cell barrier in a mammal by administering a
conpos i ambgHmgh; arerchiepeittingseful 5the purposes herein is nonerythropoietic, i.e., it is

capable o_f exerting the activities described herein but not causing an increase in hemoglobin

concentration or hematocrit. Such a non-erythropoietic form of erythropoietin is prefeﬁed in

instances wherein the methods of the present invention are intended to be provided chronically.

In another embodiment, an erythropoietin is given at a dose greater than that necessary to

maximally stimulate erythropoiesis. As noted above, an erythropoietin of the invention does not

necessari_ly have erythropoietic activity, and therefore the above dosages expressed in

hematopoietic units is merely exemplary for erythropoietins that are erythropoietic; hereinabove

molar equivalents for dosages are provided which are applicable to any erythropoietin.

The present invention is farther directed to a method for facilitating the transport of a molecule

across an endothelial cell barrier in a mammal by admipistering a composition which comprises
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28 June 2005 WO 02/053580 PCT/ US01/49479 the particul ar nol ec
association with an erythropoietin as described herei nabove. Agégdggg?ﬁ%gﬁs
above, tight junctions between endothelial cells in certain organs in the
body create a barrier to the entry of certain nolecules. For treatnent of
vari ous cowe0inz4sessge within the barriered organ, neanspé€ouvsei/a@stl itating
passage of pharmaceutical agents is desired. An erythropoietin of the

i nventi,on_i.s ,usef as._a carri for. del.i i: Q. : . ecyl.es across the
bl 00d- Ellge é}lathuctilal%r dncg%ﬁhlg I associa zé\rnrﬁ%an erythro 013%%% 8‘%’%“1’%5 P&Emﬁ%e. ﬂ's

r arriers. ositron conprising a

I I [ . Of . ing th ier.wth. t ietin i
or epar Sere iR ab SR paBS S oLl el s LB ORRERER, S 1 e
t t S f th j ti t b ier. The. j ali bet
e o FEEH 8B5St PRIy B Pt e il oo S SRR 0o et

be a | abi | ;al ent_bond,. jn whi the mpl ecul e i s rel eased f
e oo AR EHOS GG PSP EEP R Aoy b TRy TREVpYFlS Frhe

desire har racol ogj cal activity of the | ecul e i.s i, nt-ai ned, or
nat { odiOR eSO S oty poivefig R oparLRS s R B be

adm nistered. . The skilled artisan will be awarge of. varjous neans for
associ aw%hamﬂrse&ﬁ%@%mwwma&wﬂﬁf@&de\%ﬁuﬁ@%f%&h% #iBn and t he

ot her agents.describeg agove by .coval ent non-coMaquﬁ,.' nd ot her neans;
f ur t he CHBFYOHY RIRRRFES M portphaalafpimskapn F the REROSHALETHS Biitan be readily
determ ned in an experinmental system_ Associ ation of nolecules with an

er yt hr Gperdesispl therompositiguriassdhy hagrien nhbe agsapaionGrtw ,01?%%*% ng | abile,
coval ent binding, cross-linking, etc. Biotin/avidin interactians may be
enpl oy &anspoxied aeptsithshatrics prsi the erghpaitingoayde a labilecavalent end, igwhirkcass by
reconbi nant or synthetic neans, for exanple, which includes both the donain
of t he thegpplaselaisseigpsedhfrem esseeiatiop At the colthsepoictin afi crogsingfbesericr- Néthgonmi n
responsi ble for erythropoictin receptor activitg modul ation. -66 28 June
2005  desired pharmacological activity of the molecule is maintained or unaffected by association with

erythropoietin, such a complex can be administered.

The skilled artisan will be aware of various means for agsociating molecules with an
erythropoietin of the invention and the ;:ather agenis described above, by covalent, non-covalent,
and other means; furthermore, evaluation of the efficacy of the composition can be readily
determined in an experimental system. Association of molecules with an erythropoietin may be
achieved by any number of means, including labile, covalent binding, cross-linking, etc.
‘Biotin/avidin interactions may be employed. As mentioned above, a hybrid molecule may be
prepared by recombinant or synthetic means, for example, which includes both the domain of the

molecule with desired pharmacological activity and the domain responsible for erythropoietin

receptor activity modulation.
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WO 02/ 053580 PCT/ USOL/ 49479 A nol ecul e may be conjugated to an
. . 28 June %005
crythropoi etht through a polyfunctional nolecule, Le., a polyftnctiona
crosslinker. As used herein, the term "pol yfunctional nol ecul e enconpasses
nol ecul es havi ng one functional group that can react nore than one tine in
successi onywosuemssas for mal dehyde, as wel |l as nol ecul esrugoikpdmor e t han one
reactive group. As used herein, the term "reactive group"” refers to a
functional  group on the crosslinker, that reac wi.th a functional group on
a nol ee‘hmele? e gy gi)@ﬂws%@,rtoaw@m?w RO SigralRerienie ¢
particularly a hornpne, . antibiotic, or anti-cancer ent to be delivered
acr oss Peiyfatonahapsshinker. £jsjusgiierein, fhe texp %u?‘ﬁpwlécu?%(?%fn@??ﬁesbond bet ween
the cross-linker and that nolecule. The term "functional , roug" retains
its st Jnvlequss hedng g fnahiagalgaeyp tha pragsagkmaye *hﬁl’h‘éleﬁ‘mey?ﬂﬁﬁeﬁﬁl%q%} bl ecul es
whi ch can be used are preferably bioconpatible linkers, Le., they are
noncar dPimilehds, asies eemeplecules yath samsethanrop mrstiye gwHD. -Amesatbrgdhite 97 vi vo.
Pol yfunctional cross-linkers such as those known in the art and descri bed
her ei n "eapfivsEreuparsfaryto g Amplional groupon theicrostialer that racirawigh pipciionah giopp -
bi ocompatibility. The polyfunetional nolecule is preferably bifunctional.
As usedntigrasale (eaepaptidarprotsing eatobydata nucleipicid pirbculalyfadiomang a .nol ecul e with
two reactive groups. The bifunctional nolecule may be heterobifunctional
or honoiiiigtit o1 B rnCcereghm taebearislifaeieeiossa endoihgkal c¢lf bakdsr) saips eerraor vect ori al
conjugation. It is particularly preferred for the polyfunctional nolecule
t o be sovdiént bendttetwesothe erpss-linker anditheimdissplet Hee tenmo Yenctionakgronp” reaiest i ons to
occur in aqueous solutions such as in aqueous solutions buffered at pH 6
to 8, disdtahdard mhamingdsofgtrinchemhy.ufepelyfinctioeshmiateculas whickkehbbised ftlor nor e
effective bio-distribution. Typically, the polyfunctional nolecule
coval eniréferaidp bissonmatible Hinkeesyi. aydhayrareanonreinopapit; ydntdximatd sobsantigiyoop. However ,
pol yfunetional nol ecules reactive with other functional groups, such as
car box\imoemegehid ¢ wro. PpbifimxydnalgtassHiskersandh as thosedapiva fvettle arhant] descpreds ent
invention. -67 28 June 2005 WD 02/053580 PCT/ US01149479

herein can be readily tested in animal models to determine their biocompatibility. The

polyfunctional molecule is preferably bifunctional. As used herein, the term "bifunctional
molecule” refers to a molecule with two reactive groups. Thé bifunctional molecule may be
heterobifunctional or homobiﬁmctional: A heterobifunctional cross-linker allows for vectorial
conjugation. It is particularly preferred for the polyfunctional molecule to be sufficiently soluble
in water for the cross-linking reactions to occur in aqueous solutions such as in aqueous solutions
buffered at pH 6 to 8, and for the resulting ;:onjugate to remain water soluble for more effective
bio-distribution. Typically, the polyfunctional molecule covalently bonds with an amino or a
sulfhydryl functional group. However, polyfunctional molecules reactive with other functional

groups, such as carboxylic acids or liydroxyl groups, are contemplated in the present invention.
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The honobi finctional nolecul es have at |east two reactive functﬁgrlmne 2005
groups, which are the sanme. The reactive functional groups on a

honobi functi onal nol ecul e i nclude, for exanple, al dehyde groups and active
ester groups. Honobifunctional nol ecul es havi ng al dehyde groups i ncl ude,
for exanpl wooybsaisar al dehyde and subar al dehyde. The usecwtsoghatoar al dehyde as
a cross- |linking agent was disclosed by Poznansky et al., Science

223, 13(}@- %30%. 1984) . I&-‘ﬁnq)gl funetional nol ecul es havi n_gh at | east two

act i ve ‘@& PEPOUYRREEnd. molepities haxqableast bvo rercts astipnal groupse whish 2 the

N- hydr oxysugci ni m gﬁg.Sorre -exanp] es_of such N-succininlidyl esters include
di succis?#%% Feagiys dfngtionalgropng pp hhosmobiteciienabmplaews isglrdepionpwplat e) , and t heir
sol ubl e %é-sm fonic , acid and bis-sulfonate salts such as their sodi um and
pot ass IIfIYEs gPwps s andixe e g1orps, Hempkifmstionplangleshleshaying aldetyde sibtms fr om

Pi erce, chj ord, .Illinagis. The heterobifunctional nolecules have at |east
two di feeideder exanrle sty dedygrand soharaldehyds. | The usapf@intrealdebudetas abtoss- di f f er ent
functignal groups,. e.qg. resent on the erythropoietin and the nolecule.
These figngReeRtaYas Aisclpsed by Pesmanskypt alu Seiench 223, 1304et306{19R4)t he reactive group on
the heterobifunctional -cross-linker are usually an am no group, e.g., the
epsi | oRoBAY fBctpnalapelepples hayirigableastiwg aptivia peteryinityincluds, esters gf dicarimaylidhi ol gr oup
of cysteine; a carboxylic acid, e.g., the carboxylate on-aspartic acid;, or
a hydr 858 ang Noydroxysuepimimidee Sometmeamplts of suvh N-owcisieridyhesterGhchedsur se, t he
various, erythropoietin nol ecules of the invention may not have suitable
react i gisuccigingdyl subevasg 4nd diteiobisr(suagmmiiyt propiewatediand theip schulilé bikéubfgniagent ;
however, one of skill in the art will be anply aware of the choice of

cr oss- lihRidbis-salfemtesalirydohs trirs@iunaseipoaksien gite Ufigsd lomobifidstonkl Nki ng i n an
erythropoietin of the invention. -68 28 June 2005 WD 02/053580

PCT/ USGagen3 4G villable fmnrRiercd, Ruakiogd, diliwiof a het er obi f uncti onal nol ecul e forns
a covalent bond with an anmino group, the covalent bond will usually be an
am do or imdo bond. The reactive group that forns

The heterobifunctional molecules have at least two different reactive groups. The reactive
groups react with different fumctional grouﬁs; e.g., present on the erythropoietin and the
molecule. These two different fiunctional grouﬁs that react with the reactive group on the
heterobifunctional cross-linker are usually an amino group, e.g., the epsilon amino group of
lys._ine; a sulthydryl group, e.g., the thiol group of cysteine; a carboxylic acid, e.g., the

- carboxylate on aspartic acid; or a hydroxyl group, e.g., the hydroxyl group on serine.

Of course, the various erythropoietin molecules of the invention may not have suitable reactive
groups available for use with certain cross-linking agent; however, one of skill in the art will be
amply aware of the choice of cross-linking agents based on the available groups for cross-linking

in an exythropoietin of the invention.

-68 -



a coval ent bond with an ami no group may, for exanple, be an actQBaJlﬁ?ie

carboxyl ate group, a hal ocarbonyl group, or an ester group. The preferre

hal ocar bonyl group is a chlorocarbonyl group. The ester groups are

preferably reactive ester groups such as, for exanple, an N hydroxy-

succi ni m dgoasbassogr oup. The ot her functional group typrosimst’ s either a

thiol group, a group capable of being converted into a thiol group, or a

group that forns a coyalent bond with a thiol group. The coval ent bond

wi |l usWag vea}saveegr?lmuﬂséb%9b%ﬁ@n%m&c@? E“EFP? M%’alenflbendr iPFgr oup t hat

forms a covalent bond wth a thiol group for exanp be a doubl e

bond t H&uPs g eqvalegiibend w%umallngwwn&orawdo h‘?,*ldl \a¢ Eactiys @G“H*‘Hé‘m@\ reactive

group contai ning a doubl e bond capable of reacting with a thiol group is

the rmmalasionlens bepdsiith an aning gisghmey, Hecsampl, bhanestivaedrpdanias e8P &r e al so

possible., A reactive disulfide group may, for exanple, be a -

2- pyri diglogitbenyberepoensn s¥terraps Thefirefpired hpfperriopyl siouprivberiee®omdi d) group.

Sone exanpl es of heterobifunctional reagents containing reactive disulfide

bonds igteiipudbe ¢4tes grounisptenrefgrrblBreagtivp satar anpbpsdietiisofppexeppleradelydmdyd sson, et

al ., 1978, BiochemJ., 173:723-737), sodium

S- 4- su@ctqiﬂimﬁddyst@mar bonyl - al pha- net hyl benzyl t hi osul fate, and

4- succi ni m dyl oxycar bonyl - al pha- net hyl - (2- pyri dyl di t hi o)t ol uene.

N-succi nimdyl 3-(2- pyridyldithio)propionate is preferred. Sonme exanpl es

of heterobifunctional reagents conprising reactive groups having a double

bond t i otherfotaiondl gloumtypibiliylis gjthenashichgréupdegreurepatilanfdying cpnydded

mal ei ni i domet 4yl ) cycl ohexane-| - car boxyl at e and succi ni m dyl

m mal eiintb ddiielzzangaf ot 2 geodP thaGfornsrueo Z0GEbond\@iD AAHIERO. PEXToidd1bab8479 O her

het er obi functi onal nol ecul es include succinimdyl 3-(nmaleimdo)propionate,

sul f asueitl iumialty biyd thibethr-bomd eiadisaldidp e ydaptvetgyoup thet fosmd £ @salet bonidni dy |

4- (N-mal ei m domet hyl - cycl ohexane) - 1- car boxyl atei nal ei

ni doben#iyd thidt e megy fod e@tipIR] e adiduits bodd thaleactsswith vl greufsbomat e sal t  of

succi ni m dyl m mal ei m dobenzoate is preferred. Many of the above-nentioned
activated disulfide. A reactive group containing a double bond capable of reacting with a thiol

group is the maleimido group, although oﬂiei-s, such as acrylonitrile, are also possible. A
reactive disulfide group may, for example, be a 2-pyridyldithio group or a 5,5'-dithio-bis-(2-
nitrobenzoic acid) group. Some examj);es of heterobifunctional reagents containing reactive
disulfide bonds include N-succinimidyl 3-(2-pyridyl-dithio)propionate (Carlsson, et al., 1978,
Biochem JI., 173:723-737), sodium S-4-succinimidyloxycarbonyl-alpha-methylbenzylthiosulfate,
and 4-succinimidyloxycarbonyl-alpha-methyl-(2-pyridyldithio)toluene. N-succinimidyl 3-(2-
pyridyldithio)propionate is preferred. Some examples of heterobifunctional reagents comprising
reactive groups having a double bond that reacts with a thiol group include succinimidyl 4-(N-

nﬁaleimidomet];xyl)cyclohexane—1-carboxy1ate and succinimidy] m-maleimidobenzoate.
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het erobi functional reagents and their sulfonate salts are avail28l Ridd D05
Pierce Chemcal Co., Rockford, Illinois USA. The need for the
above-descri bed conjugated to be reversible or labile may be readily
determined by the skilled artisan. A conjugate may be tested in vitro for
bot h t he eWVQUHEBWBIi etin, and for the desirabl e phar nfBEVIYIHE activity.

I f the conjugate retains both properti-es, its suitability may then be

tested tﬁhﬁﬂdﬁ%bﬁmkm&m@Kﬁﬁ&ﬂ%gﬁﬁﬁ?égabﬁﬁgh%_ﬁbr 3%r &g@ration fromthe

erythropoietin for act|V|ty, e association with

erythr Oﬁﬂ’ﬂaﬁﬁcéﬁm‘ﬁﬂg}l h-lgiﬂ)-gllglg e;{/?lﬂ])ou E&esuéilo?[}g&hgﬁ%%% @@m%ﬁtm%dm htyi:s may al so

be tested using robe ures VI'VO esting.

Addltlo&g g%@%gqqﬁﬁk méﬁﬂﬂ&ﬂ m%¥%|n n£¢§mum MEF ?1 £5848S wel | as ot her

pol yfuncti reag nt§ nay mnng publlcatlons or

2%2?923%%%“&“&5}&%&%2 ale’ﬂ%g"!'e%%%"s R?E’Eeﬁod@‘?‘ﬁ éﬁ%&% g 2 307 224.
B o horeRioy ot Keont AP AER I natdipls o geond By Bt eaas%Lﬁ?» 24 1517- 152.

Li u, 9, B| ochem 18:690-697. -70 28 June 2005 WD 02/053580
PCT/US&%&E@%%@ %gz and Neville, DM Jr. 1980, Proc. Natl. Acad.
Sci. U S A 77.5483 5486 Lerner, R A et al., 1981, Proc. Natl. Acad.

Sci. U S A 78:3403-3407. Jung, S.M and Mroi, M, 1983, Bi ochem Bi ophys.

ACt a 76@@%16 ng Lga'%{)r%v -%‘fcr@g@/l Pngg%%d tao lbe reversi%ﬁe or E&n eC:Qa% e rg%ﬂy?d?eélgnuzgdns Status,

by the skilled artisan. A conjugate may be tested in vitro for both the erythropoietin, and for the

desirable pharmacological activity. If the conjugate retains both properties, its suifability may
then be tested in vivo. If the conjugated molecule requires separation from the erythropoietin for
activity, a labile bond or reversible association with erythropoietin will be preferable. The
.lability characteristics may also be tested usmg standard in vitro procedures before in vivo

testing.

Additional information regarding how to make and use these as well as other polyfunctional
reagents may be obtained from the following publications or others available in the att:
Carlsson, J. et al., 1978, Biochem. J. 173:723-737,
- Cumber, J.A. et al., 1985, Methods in Enzymology 112:207-224.
‘Jue, R. et al.,, 1978, Biochem 17:5399-5405.
Sun, T.T. et al., 1974, Biochem. 13:2334-2340.
Blattler, W.A. et al.,, 1985, Biochem. 24:1517-152.

Liw, F.T. et al., 1979, Biochem. 18:690-697.
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Yoshitake, S. et al., 1979, Eur. J. Biochem 101:395-399. Yoshp8akme 2008
al., 1982, J. Biochem 92:1413-1424. Pilch, P.F. and Czech, MP., 1979, J.
Bi ol . Chem 254:3375-3381. Novick, D. et al., 1987, J. Biol. Chem

262: 8483-8487. Lonmant, A.J. and Fairbanks, G, 1976, J. M. Biol.

104: 243- 26@0 o2ddasymda, H. and Tsuruo, T., 1987, Anal. BrUéE#79160: 483- 488.
Hashida, S. et al., 1984, J. Applied Biochem 6:56-63. Additionally,

Bi ocon; ugat §oueehopientiegh S, of) B ial S e AeT R 1™

above-descri bed net hods and conposition f resent invention include
but are not Lemsh Régeteh PRk Pmcoﬁ%l- Brad: gFlE%gA zgr?%oﬁﬂgoslbl ood-eye barrier, the
bl ood- testes barrier, the bl ood-ovar é bﬁr ri.er, gpég t he bl ood- ut erus
barrier. Cafedaleanddicrei,Med98% Biochan, Binphys: A6RJE51%n endot hel i al cel |
barrier include, for exa hor nones such as growt h hornone,

| e
neur ot r ophi @aﬂa@@,éﬁ-g-ﬁtéﬁ{{gﬁﬁa Biachemn. 8175 {ingal s such as those. normally

excluded fromthe brain and other barriered organs, peptide
r adi ophar ma&tasi oGl W82, BiephpaH385439%9s, anti bodi es agai nst
bi ol ogi cal | y-active agents, pharmaceuticals, and anti-cancer -71 28 June
2005 WO 02NosdgisoS.pol), 1591 Furol Bipchaye A9395838%- | i ni ti ng exanpl es of such
mol ecul es include growth hornone, nerve growth factor (NGF), brain-derived
neur ot r ophi &oshilekeo’. ef BOARS?, I. Sidchan Y2:h&kdride4-ophi ¢ factor (CNTF), basic
fibroblast gromh factor (bFGF), transformn rowh factor (31 (TGF(il),
t r ansf or mi n§iley Bt and Czeshs MP.,(1979, §. BBECem. t%ﬁg?é’géﬁ%ng growth factor f33
(TGF(33), interleukin 1, interleukin 2, interleukin 3, and interleukin 6,
AZT, ant i bodfiogisk, &y etiahst987,UnBiol. Cbem.G62:848848%br, and i nmunosuppr essi ve
agents such as cycl osporin.

Lomant, A.J. and Fairbanks, G., 1976, J. Mol. Biol, 104:243-261.

Hamada, H. and Tsuruo, T., 1987, Anal. Biochem. 160:483-488.

Hashida, S. et al., 1984, J. Applied Biochem. 6:56-63.

Additionally, methods of cross-linking are reviewed by Means and Feeney, 1990, Bioconjugate

Chem. 1:2-12.

Barriers which are crossed by the above-described methods and compositions of'the present
invention include but are not limited to the blood-brain barrier, the blood-eye barrier, the blood-

testes barrier, the blood-ovary barrier, and the blood-uterus barrier.

Candidate molecules for transport across an endothelial cell barrier include, for example,
hormones such as growth hormone, neurotrophic factors, antibiotics or antifungals such as those
normally excluded from the brain and other barriered organs, peptide radiopharmaceuticals,

antisense drugs, antibodies against biologically-active agents, pharmaceuticals, and anti-cancer
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-72 28 June 2005 WO 02/053580 PCT/US01/49479 1 The present invegt| @95
al so directed to a conposition conprising a nolecule to be transported

via transcytosis across a endothelial cell tight junction barrier and an
erythropoi etin as described 3 above. The invention is further directed to
t he use ofweonergssigat e between a nol ecul e and an . 4reryiokh#®mpoi et i n as
descri bed above for the preparation of a pharmaceutical conposition for the

L el L
g SR S RO
consf r Sﬁi{ﬂbﬁ%b&(& E}Gt"g@’%b%}ﬁ“fu?s g 8" or &ﬁ@yﬁd? %fﬂ‘fiorinﬁ*@%“@bn. 11y 12
TG PTG ForsREIE S B RO B A LR s  het | zed and

adm ni stered. reconbi nant human 17 erythropoietin intra Er-i.toneal ly.

Cer ebr é@ﬁﬁl"f‘i‘gﬂnz’ﬁW‘%Fer@&ﬂlgnéa‘%%ﬁéﬁmo%ﬁgﬁlﬁg“ﬁ%ﬁ‘?%ﬁf%@ﬁg at 30 18 minute
intervals up to 4 hrs and the erythropoietin concentration determ ned using
a sensiHnyBosEopressiye apSHE FUER 8 YRAISSHRED-| i nked i nmunoassay. As illustrated in
Figure 1, the baseline erythropoietin 20 concentration in CSFis 8 nmJni.
After a delay of several hours, the levels of erythropoietin 21 neasured in
the CSF begin to rise and by 2.5 hours and |ater are significantly
different fromthe
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22 baseline concentration at the p < 0.01 level. The peak | evel oaf

100 MJ/mM 1is within the 23 range known to exert protective effggthLﬂl?QLgoos
vitro (0.1 to 100 mW ). The tine to peak occurs at -73 28 June 2005 WO
02/ 053580 PCT/ US01/ 49479 1 about 3.5 hrs, which is delayed significantly
fromthe p¥@028Ls8AmM | evel s (less than 1 hr). The 2 re@dTUP1AH7¢ hi s
experinment illustrate that significant |evels of erythropoietin can be
acconplished 3 across a tight cell uI ar junction by bolus parenteral

adm ni s in_at ap riate.c nt.r

Exarrgl h%%’%é s FreRR g AR ARl AR A‘i&%%% SRR ANTATI O
Eg_ll I 00.t0.33 are . ol.etin (5000

U/ kg bo g{rvvel oht S)agrggsaead@}éﬁ&f%%fﬂgug%ﬁ g%“?r(?m} %{m g at for ex

Vi Vo, st di e don dance vvlth t.ocol | cayre et al.

1992° Alrﬁ’é“rfe Wk SRR S A e ot o & e%%l&ﬁﬁ?ﬂﬁ%ﬁ% th 12

pent pbar bi t al. ravenousl rinj ed (0.2m.). The hearts

are (I?nl °pge gﬁg‘%ﬁ”eﬂ%&‘?é@rgﬁgﬁ?‘f}}o&f’ a WH‘Bmfgmﬁ? FOmPRSPRFY Mgent ri cul ar

bal | s th flated to vol une gives an end- 14 diastolic

pres ur Ih %ﬁﬁ?ﬁ%‘m%qoé?”tb%?ﬁqe@m’e&rag?ﬁeessur e-vol ume curve is

const ruct ed by 15 increnental inflation of the balloon volune by 0.02 n

aliq%ots Zero volume is defined as the 16 poi nt at which the |eft

ventrl cul ar _end-di astol | c ressure is zero. On conpletion of the pressure-

17 vb! U PESTY EVertig me bs befferindersiqpr By refataceignhy felloyang nopdimiting set

end- di toI T“‘\‘El"é:gssure back to 18 SmHg and the control period is pursued

for 15 3%1 apepEvided ps egmplay efthe mysghonr s f‘ﬂhé’*“ﬁ@"@ﬁ%ﬁstml s arrested

wi th 50 n1_ Celsior + nolecule to rest at 4C under a pressure of 60cm H20.

The ¢ 20°T$5eRed i orlet g @pore ialpiPusiats e pasfesied embpdimentseof e invention. Bhexst i ¢ cont ai ner

filled with the sanme sol ution
10 should n no way be construed, however, as limiting the broad scope of the invention.

11

12 Example 1
13 ERYTHROPOIETIN CROSSES THE BLOOD-CEREBROSPINAL FLUID
4 TIGHT BARRIER

15

16  Adult male Sprague-Dawley rats wel.'e anesthetized and administered recombinant human

17 erythropoietin intrapeﬁtdneally. Cerebrospinal fluid was sampled from the cisterna magna at 30
18 minute intervals up to 4 hrs and the erythropoietin concentration determined using a sensitive

19  and specific enzyme-linked immunoassay. As illustrated in Figure 1, the baseline erythropoietin
20 concentration in CSF is 8 mU/ml. After a delay of several hours, the levels of erythfopoietin

21 measured in the CSF begin to rise and by 2.5 hours and later are significantly different from the
22 bascline concentration at the p < 0.01 level. The peak level of about 100 mU/m] is within the

23 range known to exert protective effects in vitro (0.1 to 100 mU/ml). The time to peak occurs at
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21 and surrounded with crushed ice. 22 -74 28 June 2005 WO 02/49§3 2005
PCTI USOL/ 49479 1 On conpletion of storage, the heart is transferred to a
Langendorff apparatus. The balloon 2 catheter is re-inserted into the |eft
ventricle and re-inflated to the same volune as during 3 preischenmc

peri od. ThWOWzemB0i s re-perfused for at | east 2 hour sSPEFURVFE49The
re-perfusion 4 pressure is set at 50cm H20O for 15mn of re-flow and then
back to 100cm H2O for the 2 next 5 hours. Pacing (320 beats per mnute) is

(- S bl St SOHOUAITRS A RASHEEHE LR ol S UG § P xS anc
repgrf ys| ; i : | [ K , , Vv : erforned and
Cor anar gyt eyt e 5l S HIGSELE QL) by EEAREC
creati i o t oups are. ared 9 using an
unpgi rggm%g-atq%gfﬁ? ﬁugﬁﬁﬁl gﬁ%bﬂ‘%}us eﬁ%téggﬁlg]%ﬂ%%tgﬁﬁgteﬁg" (épr?éﬂ-%gfq{gstol'i C pressure
datg is; to | i gn conpliance curves. As shown in Figure 2,
Si g%i fi%}éégﬁgl‘encg?ég@reaﬁ%%t of left ventricular 1 i pressure devel oped occurs
aftgr treatment with erythropoietin, as well as inproved vol unme- 12
pressure curve, decrease of left diastolic ventricular pressure and
decrease of creatine kinase 13 ]I&x%ak e. 14 15 Exanple 3 16 ERYTHROPO ETI N
Y

PROFECTS MYOCARDI UM FROM | SCHEM 17 18 Adult nmale rats given

RG0S P B R e B o o

additi onal dose of 20 erythropoietin is given at the start of the procedure

and®the left main coronary artery occl uded for

-9 Wistar male rats weighing 300 to 330g are given erythropoietin (5000 U/kg body weight) or
10 vehicle 24h prior to removal of the heart for ex vivo studies, done in accordance with the protocol
11 of Delcayre et al., 1992, Amer. J. Physiol. 263:H1537-45. Animals are sacrificed with |
12 pentobarbital (0.3mL), and intravenously heparinized (0.2mL). The hearts are initially allowed to
13 equilibrate for 15 min The left ventricular balloon is then inflated toa volume that gives an end-
14  diastolic pressure of 8 mm Hg. A left ventricular pressure-volume curve is constracted by
15 incremental inflation of the balloon volume by 0.02 ml aliquots. Zero volume is defined as the.
16 pbi_nt at which the left ventricular end-diastolic pressure is zero. On completion of the pressure-
17 volume curve, the left ventricular balloon is deflated to set end-diastolic pressure back to
18 8mmHg and the control period is pursued for 15 min, after check of coronary flow. Then the
19 heart is arrested with 50 mL Celsior + molecule to rest at 4°C under a pressure of 60cm H,0. The
20 heart is then removed and stored 5 hours at 4°C in plastic container filled \;vith thé same solution
21 and surrounded with crushed ice.

22
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21 30 mnutes and then rel eased. The sane dose of erythropoietifagi |
daily for one week after 22 treatnment. The aninmals are then st% i.g.lﬁ‘ﬁﬁjDS
cardiac function. As Figure 3 illustrates, animals 23 receiving a sham
injection (saline) denonstrated a large increase in the left end diastolic
75 28 JuneW2ORE3S\D 021053550 PCT/ USOL/ 49479 1 pressuPEl/USON@i4@at i ve of a
dilated, stiff heart secondary to myocardial infarction. In 2

contradi stinction, animals receiving erythropoietin suffered no decrenent

in cardiac function, onpared_to sham operated contyols (difference
si gni f i ChTfPEtoR ?1%‘5"{?3%%&?&6%?‘135%@??‘1‘&& SRS ARPAALHS- O ETIN
I\/D.ECULE@ 7. s Native erxét ropoj etin,myhbe nodified to tajlor its
act i vi (PR e gseEypiofhedef Yealigls apg rerntlebed oy the spmsplupng as BWE| i i t i ng
strat e%i es_t hat V. bg carried out to achieve this desired tissue
sped f iPEsiehemq perjof hg derrtibigmeniused fopfideastowms gt Bhe remerfysipnt he
gl ycosyl ation noieties, of which erythropoietin 11 has three N-Iinked and
one ‘O IPFFRIERHS S0 AL9 fon { S pf rgyiflow gud thet kagk tor PPmm B0dpithe Anexin be 12
produced in a nunber of ways. For exanple,,the sialic acids which term nate
t he ‘endoBF- Harfae ¢ hgats peraniahie) ing-tesifttede Isouqhimede Beasypaents ofcoriaghle dases
dependi ng on the chem cal |inkage connecting the 14 sialic acid to the
sugdr elvfgﬁ%.andxﬂle%qhﬁafeswawakem trplicels 9125365 40,920 mir efreperfasioh &t tissmant | ed i n
15 different ways by using other enzynes that cleave at specific |inkages.
To Val itERgPEInt pressre Yelume pumess prie performedandiobmeay efivenhdpriae fhedbmpoi et i n was
desi alized using Sialidase A (Prozynme Inc.) 17 according to the
man Uf aé?mrf%ﬁmﬂsﬁﬂg@tﬁd@tlma.sur&re@eslsifmb leghegeri Thea Fwortrsdinfenicgroups arewamparahf i r med by
18 runni ng the reaction product on an SDS pol yacryl am de gel and stai ning
t he 9 e ¥6ing emimpiieed dHestl endvatines regtessivacisipp e ethdiastélisipresaid dataivusctiited
eryt hropoi eti n possessed an apparent nol ecul ar

10 design compliance curves. As shown in Figure 2, significant improvement of left ventricular

11 pressure developed occurs after treatment with erythropoietin, as well as improved volume-

12 pressure curve, decrease of left diastolic veniricular pressure and decrease of creatine kinase

13 leakage.

14

15 Example 3

16 ERYTHROPOIETIN PROTECTS MYOCARDIUM FROM ISCHEMIC INJURY.

17

18 Adult male rats given recombinant human erythropoietin (5000 U/kg body weight) 24 hrs ‘

19  previously are anesthetized and prepared for coronary artery occlusion. An additional dose of

20 erythropoietin is given at the start of the procedure and the Ieﬁ main -coronary artery occluded for
21 30 minutes and then released. The same dose of erythropoietin is given daily for one week after
22 treatment. The animals are then studied for cardiac function. As Figure 3 illustrates, animals

23 receiving a sham injection (saline) demonstrated a large increase in the left end diastolic
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20 weight of- 31 kD as expected, conpared to unnodified erythropgi fjha 20%5
whi ch was -34 kD and 21 by neasuring the sialic acid residues remalnling by
chem cal nmeans to be < 0.1 nole/ nole of 22 erythropoietin. 23 76 28 June
2005 WD 02/053580 PCT/US01/49479 1 In another nodification wherein the

am no aci dwhasosdses of erythropoietin are nodified, arPgi/nsma472 resi dues

were nodi fied by using phenyl gl yoxal according to the protocol of Takahashi
(1977, J. 3 Biochem 81:395-402) carried out for variable lengths of tine

ranging from,0.5.to .3 hrs, at..room t erature.. The yeaction was

ternt na?rﬁsamﬁﬁndéﬁagﬁ'e;f’;iaHﬂat?dlﬂglfﬂée&'gchﬂﬁa%?%?céﬂdiﬂél}f?"fgtfon\'/\glt er. Use 5 of such
nodi fied fornms of erythropoietin is.ful emraced, herein . 7

Asi af oeWF?WSHW’étaF’H}%ﬁﬁfe%f?@ﬁwtﬁw{?%f"@%éfiﬁgg%?%ﬁWc\fﬁgﬁ %mggnogf fective as
native erythroppietin 8 for-neural cells in vitr s shown in Figures 4-6.
In-v?tr‘i:?“i‘r(’%ﬁor? rafed cppig @ repre;siggiiigan p 9p§01%i1%361§nbryonal‘ car ci noma
cells (P 19 ) that undergo apoptosis upon the w thdrawal of serum 10
Twenfy-four hours before the renoval of serum 1-1000 ng/m of
erythropoietin or a nodified 11 erythropoietin was added to the cul tures.
The #oll owi ng day the medi um was FamBlG4d, the cells 12 washed with fresh,
non- serum cont ai ni ng nedi_u and nedi um cont ai ning the test substance (no
13 sérun) added back to tHR/THRQRGUELN: MOLERHLESGi ti onal 48 hours. To
determ ne the nunber of 14 viable cells, a tetrazoliumreduction assay was

perférmed (Cell Titer 96; Pronega, Inc.). As 15 Figure 4-5 illustrate,
asi al oerythropoi etin appears to be of equal potency to crythropoietin

U,
it sedf Naiye prithpeigimmpnhy reasdified dretaiias its FuiEitishion § FREFS s PRAETUET- ed
erythropoietin was tested using the neural- 17 |like P19 cell assay
desc? i bayeralnop-dmiting siritegioshapmpy be psrried owsdo achigive thistflesiiod Mg SRRl ed 18
erythropoietin fully retains its neuroprotective effects.
10 include modifications that remove or modify the glycosylation moieties, of which erythropoietin

11 has three N-linked and one O-linked. Such variants of glycosylated erythropoietin can be
12 produced in 2 number of ways. For example, the sialic acids which terminate the end of the sugar
13 chains can be removed by specific siatidases depending on the chemical linkage connecting the
14 sialic acid to the sugar chain. Alternatively, the glycosylated structure can be dismantled in
15 different ways by using other enzymes that cleave at specific linkages. To validate these
16  principles, recombinant human erythropoietin was desialized using Sialidase A (Prozyme Inc.)
17 according to the manufacturer’s protocol. Successful chemical modification was confirmed by
18 running the reaction product on an SDS polyacrylamide gel and staining the resultant bands
19 which showed that the chemically-modified erythropoietin possessed an apparent molecular
20 weight of ~ 31 kD as expected, compared to ﬁnmodiﬁéd erythropoietin which was ~34 kD and
21 by measuring the sialic acid residues remaining by chemical means to be < 0.1 mole/ mole of
22 erythropoietin. |

| 23

- 76 -



19 20 Retention of neuroprotective activity in vivo was confirnmpg HHaP005
rat focal ischema nodel in 21 which a reversible lesion in the terrltory
of the mddle cerebral artery is performed as described 22 previously
(Brines et al., 2000, Proc. Nat. Acad. Sci. U S. A 97:10526-31). Adult nale
Sprague- 2®obavdsmy rats were adm ni stered asi al oer yt hPGHBH& 9479 or
erythropoietin (5000 U kgBW-77 28 June 2005 WD 02/053580 PCTI US01/ 49479

i ntraperitoneally) or vehicle at the. onset of the arterial occlusion.
Twenty-four hours later, the 2 aninmals were_ sacrificed ggg their brains

r emdv e ¥ Figthermerifcatiageyhersin the wping Acd Wélﬂéeseéﬁfymm«s%%fﬁ@a itied, GhEFPet et r azol i um
salts to identify Living regions of the bra in Figure 7, 4

asi 8| otsigupyvrpomadified bxusngpheaylglypxal %‘é‘foréglgﬁh@l? 9"@"0@91)?? rlq?liﬁlﬁé]iﬂél ﬁ 4n providing
neuroprotection froml 5 hour of ischema. Figure 8 shows the results of
anoBheBidchen 8138t Hhtariodwrlr yarablp leagthofdinesmgiediom LS Wodes # &9Bbnse was
performed with erythropoietin and asial oerythropoietin, At the 7 |owest
dosé otenmpsptugy. Kie regetion Wesiesringterbl dalyangthe roiien mirye agdnsoFpteh Fbeas

unnmodi fied 8 erythropoietin did not. 9 10 Exanple 5 11 MODI FI CATI ON OF

PRI KARY STRUCTGRHomE of RythrRoPOr ETelly oirced ergBEFECT] VENESS AT NEURONAL
PROTECTI ON 13 14 A nunber of nutant erythropoietin nolecul es have been
deséri bed which do not bind to the 15 erythrocyte erythropoietin receptor
and thus do not support erythropoiesis in vivo or in vitro. 16 Sone of

t hege dwialerythespoisiin indipbenytelveileythrapoietic weikes effeciivens najive ewtprapeistioi et i n

itself in other 17 tissues or organs. For exanple, a 17-nmer containing the
am mo- &rngurglegilssneigoes shewn diFigdrendi Yevitro testing was carried out using neural-
9  like embryonal carcinoma cells (P19 ) that undergo apoptosis upon the withdrawal of serum.
10  Twenty-four hours before the removal of sefum, 1-1000 ng/ml of érythropoietin or a modified
11 erythropoietin was added to the cultures. The following day the medium was removed, the cells
12 washed with fresh, non-serum containing me;:,liu:n, and medium containing the test substance (no
13 serum) added back to the cultures for and additional 48 hours. To determine the munber of
14  viable cells, a tefrazolium reduction assay was performed (CellTiter 96; Promega, Inc.). As
15 Figure 4-5 illustrate, asialoerythropoietin appears to be of equal potency to erythropoietin itself
16  in preventing cell death. The phenylglyoxal-modified erythropoietin was tested using the neural-
17 like P19 cellassay described above. As Figure 6 illustrates, this chemically-modified
18  erythropoietin fully retains its neuroprotective effects.
19
20  Retention of neuroprotective activity in vivo was confirmed using a rat focal ischemia model in
21 which a reversible lesion in the territory of the middle cerebral artery is performed as described
22 previously (Brines et al., 2000, Proc. Nat. A'cadT Sci. US.A. 97:10526-31). Adult male Sprague-
23 Dawley rats were administered asialoerythropoietin or erythropoietin (5000 U/kgBW
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18 erythropoietin is inactive for erythropoiesis but Bally acti
neural cells in vitro (Canpana & 19 O Brien, 1998: Int. J. Q‘SI\)glgﬁe 2005
1:235-41). 20 21 Derivative erythropoietins desirable for the uses

descri bed herein may be generated by 22 guani dination, am dination,
trinitroph®@U2833¥n, acetyl ati on, succinyl ation, nitr CTELAH 23

nodi fi cation of arginine residues or carboxyl groups, anong other
procedures as nentioned -78 28 June 2005 WO 02/053580 PCT/ US01/49479 1

her eiin ﬁtﬁiﬁéﬁton&éﬁyp&qgﬂ 9 Syl QAL %Itétrﬂfoc\éﬁ o %@ fgﬁrrﬁo&rpﬁ[eg gctivities

for speciftic organs an tl SSUES not OI’ Suc

er ythr oGyl aSwe @@%ﬁga{dyaw{hgﬁ)ef o3 B RCEEH LfichD SR ROYS Jfgact I ons, 1t

has been ound enera e resu ecur e i n-vivo
and ign tiv Sat.ake el aI 1990, Biochim
Bi op ys%i %?goﬁﬁgﬂ%g%ﬂg@ffﬁ@&&g& %nwfg‘?%])) aé%%gﬁh%“Wén ggﬁar at| on of nodified
eryt jrop C ed bel.o inylation at fr m no

gr OUES O?zflo%{)‘ﬂ?ﬁprog%lgl §s gff‘e%wg as Ilatlﬁ %Vtg{opﬁlg% 10 pro &ggﬁvgtﬁ%loggp@ai

N hydr r ehr #14 s dissolved in
100 gl O]F%E@Eéhg ihlgfgu?es Sjtowéée\r/\?ﬁ%l Scogﬁ‘f?ﬂﬁé anlﬁc en}fﬁﬁm%‘#mﬁ% nt ai ni ng

appr oxi fmat el ¥ t DOI 10 a f covered tu After

i ncubat 7oR m'faore dzfseho r Islseé'fasp%' OWTdtW%bﬁIQP{?P%‘em{ a%ﬂ?eéﬁﬁ‘&f?@beﬂ& 8“115 was 11
sepa at rat.i.on on 10 c shown by Figure
13 h| 15“’%‘9%?59 AR UL AL S M e U
wth . q}j? Itn "Bioti nyI at ed reconbi nant human eryt hropoi eti ns:

Bi oa ti p%{ﬁ%’ MYty as a receptor ligand® 15 by Wjchowski et al.

Bl ood, 1989, 74(3):952-8, the authors use three different nethods of 16
biotTnylating erythropoietin. Biotin is added to (1) the sialic acid

noi %i es (2) carboxyl ate groups

Example 5
11 MODIFICATION OF PRIMARY STRUCTURE OF ERYTHROPOIETIN AND
12 EFFECTIVENESS AT NEURONAL PROTECTION

13
14 A number of mutant erythropoietin molecules have been described which do not bind to the
15 erythrocyte erythropoietin receptor and thus do not support erythropoiesis in vivo or in vitro.
16  Some of these molecules will nevertheless mimic the actions of erythropoietin itself in other
¥7  tissues or organs. For example, a 17-mer containing the amino-acid sequence of 31-47 of native
18 erythropoietin is inactive for erythropoiesis but fully active for neural cells in vitro (Campana &
19 O’Brien, 1998: Int. J. Mol. Med. 1:235-41).
2 -
21 Derivative erythropoietins desirable for the uses described herein may be generated by
22 gﬁanidination, amidination, uinitrophenylatioq, acetylation, succinylation, nitration, or
23 modification of arginine residues or carboxyl groups, among other procedures as mentioned
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17 (3) am no groups. The authors use a nouse spleen cell prolifegafipoons
assay to denonstrate that (1) 18 the addition of biotin to the sialic acid
noi eti es does not inactivate the biological activity of 19 erythropoietin
(2) the addition of biotin to carboxylate groups |ed to substanti al
bi ol ogi cal woafossssacti vati on of erythropoietin (3) theprexichorasam of biotin to
am no groups resulted in conplete 21 biol ogical inactivation of
eryt hropoi etin. These methods and nodifications are fully enbraced 22
herein, Figure 9 s$ows the activity of biotinylated erythropoietin and
asi al o‘é‘?@f‘%‘?"&&&?@f’ Yo prythyqpaictipesviiey maintain fhely aefivitien fos speeific ore a@B  June 2005
WO 02/ 053580 1' CT/ USA /49479 1 2 1odination of erythropoietin. Method 1-
| odd BEHES buigbior ofhys sekas ppihascytes. Whenerdhrepoistinyis spbiscteddo thegbdyat ed i n 100 ul
PBS (20mM sodi um phosphate, 0.15M NaCl, pH7.5) containing 1 nCi free 4
Na1» 1| Tepglions; thashgensiound they in gpnariel theweshiant enolequle fecksgothut-viPB8duasirbhen added t o
the m xture. After 5 a ten mnute incubation period at roomtenperature,
t het r eS¥RToBpicliRs Gl o e Satpke ot akbSA0nBjodhine Biorhe0dda $E38ULS-B). Sbmem t he react i on
vessel (leaving the iodo bead behind). The excess iodine was 7 renoved by
gel f i Pemales ofiboergratinaimadified poythrerloleting arodesathedielin Fi gure 11,
i odo-erythropoietin 8 produced in this manner is efficacious-in protecting
Pl¥ cells fromserumwithdrawal. 9 io Method 2 - Chloramine T. 100 ug
erythropoietin in 100 ul PBS was added to 500 uC Na'ul 11 were m xed
t oglet HEiptinspatian atdisp amide efoups dferyti6poidtincHR opdnbintsyFe-fRinogpoickcidas t hen added
and 12 the m xture was incubated for 1 mnute at roomtenperature. 50 ul
of &Ch|Nrhydrp¥suctininidgestsuHoehringtMaumhdmmiA 1811 63) odb dissolved allosul iNge, 10 ny/ n
tyrosine, 10%glycerol, 0.1 %xylene in PBS was 14 then added. The
i odot yFhysiohdiomwe combinedhw ittt @ru) PBS omiiing dpprominetdy ®Dmg eRakspbrtn by gel
filtration 15 on a Centricon 10 col um.

10 a foil covered tube. After incubation for 4 hours at room temperature, the unreacted biotin was

11 separated by gel filiration on a Centricon 10 column. As shown by Figure 10, this biotinylated
12 erythropoietin protects p19 cells from serum withdrawal,

13 .

14 In“Biotinylated recombinant human erythropoietins: Bioactivity and Utility as a receptor ligand”
15 by Wojchowski et al. Blood, 1989, 74(3):952-8, the authors use three different methods of

16  biotinylating erythropojetin. Biotin is added to (1) the sialic acid moieties (2) carboxylate groups
17 (3) amino groups. The authors use a mouse spleen cell proliferation assay to demonstrate that (1)
18 the addition of biotin to the sialic acid moieties does not inactivate the biological activity of

19 erythropoietin (2) the addition of biotin to carboxylate groups led to substantial biological

20 inactivation of erythropoietin (3) the addition of biotin to amino groups resulted in complete

21 biological inactivation of erythropoietin, These methods and modifications are fully embraced
22 herein. Figure 9 shows the activity of biotinylated erythropoietin and asialoerythropoietin in the
23 serum-starved P19 assay., .
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16 17 Lysine nodifications: Carbanylation: erythropoietin (10
nodi fied wth potassium 1s cyanate as described in Plapp et a?z?g%cﬁﬁlaqo)?
of bovine pancreatic deoxyribonuclease Awith 9 nodified am no groups”
1971, J. Biol. Chem 246, 939-845). 20 21 Trinitrophenyl ati on:

er yt hr opoi WPitHIBBOO0 ug) was nodified with 2,4, 6-trini PEBBWHEHesul f onate as
22 described in Plapp et al ("Activity of bovine pancreatic

deoxyri bonucl ease A with nodified 23 am no groups” 1971, J. Biol. Chem
246; 939-845) -80 28 June 2005 WD 02/053580 PCTNS01/49479 1 2

Acetyl ation: erythropoietin (100 ug) was incubated in 0.3M phosphate buffer
(pH{. 2 At aiel . nt, o cetic anhydride at 0 C for 1

hou: - PRERRlraRRroRu MENEL - RS Hraer n o e i o bt o 5 6

our.
nctbar g /o b8 OO0 obtaphespnilEh STl bl ahspaind i e € for 1
To. e by He® SEbiRR. 17 BB JhPuk Bl Soabonind o mirtts. ARS but anedi one
car bovd ShE Redbiu Syl o tsar i Aepbed b3 acviate JF
it CyPRERIGAT St e abi i (ine oo ek e Lo estoeindnamst ronal

cyl co

7 removed by gel filtration on a Centricon 10 column. As shown in Figure 11, iodo-erythropoietin
8  produced in this manner is efficacious in protecting P19 cells from serum withdrawal.
.9
10 Method 2 — Chloramine T. 100 ug erythropoietin in 100 ul PBS was added to 500 uCi Na'®T
11 were mixed together in an eppendorf tube, 25 ul chloramines T (2 mg/ml) was then added and
12 the mixture was incubated for 1 minute at room temperature. 50 ul of Chloramine T stop buffer
13 (2.4 mg/ml sodium metabisulfite, 10 mg/ml tyrosine, 10% glycerol, 0.1% xylene in PBS was
14 then added. The iodotyrosine and iodinated erythropoietin were then separated by gel filtration
15 ona Centricon 10 column.
16
17 Lysine modifications: Carbamylation: en‘rthropoietin (100 ug) was modified with potassium
18  cyanate as described in Plapp et al (“Activity of bovine pancreatic deoxyribonuclease A with
19 modified amino groups” 1971, J. Biol. Chem. 246, 939-845).
| 20
21 Trinitrophenylation: erythropoietin (100 ug) was modified with 2,4,6-t11'ﬁitrobenzenesu1fonate as
22 described in Plapp et al (“Activity of bovine pancreatic deoxyribonuclease A with modified
23 amino groups” 1971, J. Biol. Chem. 246, 939-845)
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15 arginine residues in ribonuclease A and |ysozyne" Patthy, L, ]
J. Biol. Chem 1975 16 250(2):565-9). 17 18 Erythropoietin was 2@3}4[?%?005
wi t h phenyl gl yoxal as described in Werber et al. ("Proceedings: 19

Car boxypepti dase B: nodification of functional arginyl residues” Werber,

MM Sokol owsloyodssse20 |1sr J Med Sci 1975 11(11): 1169- POYUSOZAM7R22 Tyr osi ne
nodi fications: erythropoietin (100 ug) was incubated with tetranitronethane
as 23 previously described in Nestler et al "Stinmulation of rat ovarian
cell steroidogenesis by high -81 28 June 2005 WO 02/053580 PCT/US01/ 49479
1 derlsity |ipoproteins nodified with tetranitromethane” Nestler JE, Chacko
&, Strauss JF 3rd. J 2 Biol Chem 1985-Jun 25;260(12):7316-21). 3 4

G ut @i degylation; gpythropeistn (108 uglorad inchetgd ni 0 plorsphatel uffar (i7.2)tcontainii f v

car boxyl groups, 5 erythropoietin (100 ug) was incubated with 0.02 MEDC in
1M gl3y ci2h sdrkpsnonnt of ppefic snhydrideabt( 6 1 hewrp Ehexeantion fvay stépPedtiyniidhes -as descri bed
in Caraway et al "Carboxyl group nodification in 7 chynotrypsin and

chyndt r ppairshdéigidled watear r away KL, Spoer| P, Koshland DE Jr. J Mol Biol 8
1969 May 28;42(1):133-7. 9 10 Tryptophan residue nodifications:

eryt Wropoietin (100 ug) was incubated with 20 uM n- 11 bronpsuccininide in
20 mM pot assi um phosphate buffer (pH 6.5) at roomtenperature as 12

desci6i b&uccinylapign: exythreploiefin J10Bug) in CH ATINaFIISI(p NI 0) Ja2iA0(HAkd 4R H1%. The nunber
of oxidized 13 tryptophan residues was determ ned by the nmethod descri bed

i n Kar otmohk gxeess pRowatic bidiyddde st G C for 1 hour. The reaction was stopped by dialysis

8  against distilled water.
9
10 Arginine modifications: erythropoietin was modified with 2,3 butanedione as described in
11 Riordan (“Functional arginyl residues in carboxypeptidase A. Modification with butanedione”
12 Riordan JF, Biochemistzy 1973, 12(20): 3015-3923).
13 |
14 Erythropoietin was modified with cylcohexanone as in Patthy et al {(“Identification of functional
15  arginine residues in ribonuclease A and lysozyme” Patthy, L, Smith EL, J. Biol. Chem 1975
16 250(2): 565-9).
17
18 Erythropoietin was modified with phenylglyoxal as described in Werber et al. (“Proceedings:
19 Carboxypeptidase B: modification of functional arginyl residues” Werber, MM, Sokolovsky M
20 Iér}Med Sc1 1975 11(11): 1169-70).
21
22 Tyrosine modifications: erythropoietin (100 ug) was incul;ated with tetranitromethane as
23 previously described in Nestler et al “Stimulation of rat ovarian cell steroidogenesis by high
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14 et al Protein Expr Purif. 1995 Feb;6(1):79-90). 15 16 Renovag .ﬂjné"?();ﬁ
groups: In order to rempve am no groups of erythropoietin (100 ug) was

i ncubated with in PBS (pH 7.4) containing 20nM ni nhydrin (Pi erce Chem cal,
Rockford, 11), at 18 37 Cfor two hours as in Kokkini et al (Kokkini, G,
et al "Modwbiopessssen of henogl obin by 19 ni nhydrin" Bl 8CEUsovel47® 556, No 4
1980: 701-705). Reduction of the resulting al dehyde was 20 acconplished by

reacti ng the product wth Sodium borohydri de or lithium al um' num hydri de.
O I M sodi um

ecid, I [yt al.etin, ug s_incubated with
bor 0 dd %@ﬁpﬁ}%ﬁ%@s %‘8&5%’”%?”% Feadeate Clacke BB+ Srauss TFA®. f educt i on
was }er rrpl es on ice for 10 23 mnutes and
di aI%IZ|I§?gfaieglglé’§%{ﬂg@g’I3§ggz)L’Hf6e% times, overnight. (Kolckini, G, Blood,
Vol ., 556, No -82 28 June 2005 WO 02/ 053580 PCT/ US01149479 1 4 1980:

701- 3705) Reduction using lithium alum num hydride was acconplished by

i ncubat hro 0|etin 100 ug with 0.1IMIithium alum num hydride in
PBS 41?orél§%mm @t( ‘P&‘Ei 130 der topadify sgfbenl awdas ter mi nat ed by

cooeg n Fﬁ@ ang&ﬁ on ice for 10 m nutes and 4 dialyzing it agai nst PBS,
thr €e tTHEEPOIEY “§}1‘f’as impubgtedryith {1.92 M EDCaw il ysinaming abpFhbb kiraem i on:

erythr 0| etin gé@ was i ncubated with 500 niMDTT 7 for-15 m nutes at
60 & Rﬁ(ﬂ“ffsﬁ’ éﬁéiefcﬁb%@dﬂ Epmrane o ah Sparbrgaigiouponadifisatiinit ur e and 8
|ncubat d for 25 mnutes roomtenperature in the dark. 9 10 Limted

pr ot’eol*YEpLryPED g7 Wﬁlﬂ%e%aﬁafﬁé’ax j Woerbl, Kashiand DRt ¢¥lot Biehi cal
pr ot eol ets 11 specific residues. Erythropoietin was reacted

%’ t hat tar$q
wit B 21§ Mex #6H0BrYF-4ul f enyl ) - 3-met hyl -3' 12 br oni ndol eni ne whi ch cl eaves
spegl fically.after tryptophan residues in a 50 tinmes excess in

10 Tryptophan residue modifications: erythropoietin (100 ug) was incubated with 20 uM n-

11 bromosuccinimide in 20 mM potassium phosphate buffer (pH 6.5) at room temperature as

12 described in Ali et al,, J Biol Chem. 1995 Mar 3;270(9):4570-4. The number of oxidized

13 - fryptophan residues was determined by the method described in Korotchkina (Korotchkina, LG

14 etal Protein Expr Purif. 1995 Feb;6(1):79-90).

15

16  Removal of amino groups: In order to remove amino groups of erythropoietin (100 ug) was

17 incubated with in PBS (pH 7.4) containing 20mM ninhydrin (Pierce Chemical, Rockford, II), at
18 37 C for two hours as in Kokkini et al (Kokkini, G., etal ‘Modiﬁcatiori of hemoglobin by

19 ninhydrin” Blood, Vol. 556, No 4 1980: 701-705). Reduction of the resulting aldehyde was

20 accomplished by reacting the product with Sodium borohydride or lithium aluminum hydride.

21 Specifically, erythropoietin (100 ug) was incubated with 0.1M sodium borohydride in PBS for 30

22 minutes at room temperature. The reduction was terminated by cooling the samples on ice for 10

23 minutes and dialyzing it against PBS, three times, ovemight. (Kokkiﬁi, G., Blood, Vol. 556, No
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13 50% acetic acid for 48 hours in the dark at roomtenperatureoignjtiHREH05
capped under nitrogen 14 pressure. The reaction was term nated by
guenching with tryptophan and desalting. 15 16 Exanple 6 17 PROTECTI ON COF
RETI NAL | SCHEM A BY PERI PHERALLY- ADM NI STERED 18 ERYTHROPO ETIN. 19 20
Reti nal ceMO28¥3880very sensitive to ischem a such thaPCHEsHA%d | die after
30 mnutes of ischemc 21 stress. Further, subacute or chronic ischem a
underlies the deterioration of vision which 22 acconpani es a nunber of

commpn gl . h as. di abet es |.litus, gl.aucoma, and 23 nacul ar

dege nerltzjtltgi@gnnzo(ii ,Zt§ %%gﬁﬁhroégl gnﬁ% ﬁﬁﬁ“ﬂﬁ"ﬁ%ﬂéﬁ%@e Wer asfortished by inetbrtEsi es to

pr ot £ct r ne 2005 02/.053580_ PCT/ USOL/ 49479 1

i schgrn"a(fl}?;t BJR@?%%‘?“&#&%@%M@%%WW&%@% n b3 $e ddmingtes ¥repdd and t he

retipa o es nost 2'1arge nolecules. To test whether

peri3!|cq)heﬂf= %/h-ﬁédjrnriﬁ%faé cg?%evﬁs EWP%?‘%@'&"%IW Gfarpleppieier 1minttes @dsensi tive to

isch@n‘i(ﬁ%wg%i%:giet Leyer i ble glaucoma rat nodel was utilized as descri bed
n BRSTTBS, thie Bes, Qremis 37:.3443-51). Specifically, saline

by 4 Ros um-e es.
was d njected into the anterior 5 chanmber of the eye of adult nale rats to

a pressure above systemcc arterial pressure and 6 maintained for 60
m ni stered saline or 5000 U erythropoietinAg body

m nut es.. j S,. wer

7 Wtekit gh ‘S“ﬁdﬁf% 89‘1%?61%%191129“0221%46@%6%%9 ¢8) Pasinted vitoi00iMDIGHeni a, and
contj nyed.as dai ose 8 for 3 additional days. Electroretinography was
per f7lor i 35 gﬂn‘g%f‘rag@géang ipdopcstamidedn watst vasthay agdded s themixturdingur e 11- 12

illystrate e adm nistration of eréthropoi etin is associated with 10

t,hat th
goo pf'@gl@fwggﬁ%ﬁ"@ftestﬁé‘)"@’r‘é‘@mfﬁ'llféiﬂth@)éﬁi m (ERG) (Panel D), in contrast to

aninals treated with 11 saline alone (Panel C), for which very little
funétion remained. Fi gure 11 conpares the '

10 Limited proteolysis: Erythropoietin can be subjected to a limited chemical proteolysis that targets
11 specific residues. Brythropoietin was reacted with 2~(2-nitrophenylsulfenyl)-3-methyl-3°-

12 bromoindolenine which cleaves specifically.afier tryptophan residues in 2 50 times excess in

13 50% acetic acid for 48 hours in the dark at room temperature in tubes capped under nitrogen

14 pressure. The reaction was terminated by quenching with tryptophan and desalting,

15

16 : Example 6
17 PROTECTION OF RETINAL ISCHEMIA BY PERIPHERALLY-ADMINISTERED

18 ERYTHROPOIETIN.

19 |

20 Retinal cells are very sensitive to ischemia such that many will die after 30 minutes of ischemic
21 stress. Further, subacute or chronic ischemia underlies the deterioration of vision which

22 accompanies a number of common human disegses, such as diabetes mellitus, glaucoma, and
23 macular degeneration. At the present time there are no effective therapies to protect cells from
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12 el ectroretinograma- and b-wave anplitudes. for the
erythropoietin-treated and saline-treated 13 groups, and shO\A/szgiJélnqu ?ggrﬁ
protection afforded by erythropoietin. 14 15 EXAMPLE 7 16 RESTORATI VE

EFFECTS OF ERYTHROPO ETIN ON DI M NSHED COGNI TI VE 17 FUNCTI ON ARI SI NG FROM
BRAI N | NJURY0%4@®35809 I n a study to denonstrate the abiPiysouds4mr yt hr opoi etin
to restore dimnished cognitive function in 20 mce after receiving brain

trauma, fenale Balb/c mce were subject to blunt brain traunma as 21
describ PNAS 2000, 97; 10295-10672 and five days |later,

d in Brines et al. PNA
dai l'y IEE'W?I* épt&ﬁlhte‘?“ﬁ elipbbagiggexistsbatwaen the blvod BEIN: telidaghabechdds nmper | t oneal |y
was, begun. Twel ve days after injury, animals 23 were tested for cognitive
f untt ?%Wei“}‘ﬂ%\ﬁ‘ég' F‘?S%/‘ghe\%ﬁ’{ &prinheraly-admjinistertderythtopoietinsvip erotectayils Whi | e bot h
-84 28 June 2005 A WO 02/053580 PCT/ USO01/49479 1 treated and untreated
ani fral ¥OPUEAYFHER LAY, TPYersihegleveema satvhede] wasiutiited medes@ibediyout 80 seconds
2 out lgf %,s)ossi bl e 90 seconds), Figure 13 shows that the '
er yt hriopeioatm f-al (097:dds. Bas. ABB4435d). Spacifieally, Silibewdsdtjectddnints b sur@fopsent at i on, a
negatiye value is better Even if the initiation of erythropoietin 4

treat ﬁé‘ﬁ‘?bqufth%?yayéﬁiﬂﬁﬁ@geiratsw aasssuredbes sybterid ierlaMirgsir€and4) , restoration of
cognitive functionis 5 also seen. 6 7 Exanple 8 8 KAINATE.-MODEL 9 10 In

t he® kP fenf0aniastisc idmimalnuiet sinsiteredetiyd 5000l e ihfopuiasyadgiy st er ed

according to the
7 weight mtraperitoneally 24 hours before the induction of ischemia, and continued as a daily dose

8 for 3 additional days. Electroretinography was performed on dark-adapted rats 1 week after

9  treatment. Figure 11-12 illustrate that the administration of erythropoietin is associated with
10 good preservation of the electroretinogram (ERG) (Panel D), in contrast to animals treated with
11 saline alone (Panel C), for which very little function remained, Figure 11 compares the
12 electroretinogram a- and b-wave amplitudes for the erythropoietin-treated and saline-treated

13 groups, and shows significant protection afforded by erythropoietin.

14

15 EXAMPLE 7

16 RESTORATIVE EFFECTS OF ERYTHROPOIETIN ON DIMIN SHED COGNITIVE
17 FUNCTION ARISING FROM BRAIN INJURY

18

19 Inastudyto demonstrate the ability of erythropoietin to restore diminished co gnitive function in
20 mice after receiving brain trauma, female Balb/c mice were subj ect to blunt brain trauma as

21 described in Brines et al. PNAS 2000, 97; 10295-10672 and five days later, daily erythropoietin
22 administration of 5000 U/kg-bw intraperitoneally was begun. Twelve days after injury, animals
23 were fested for cognitive function in the Morris water maﬁe, with four trials per day. While both
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11 protocol of Brines et al. Proc. Nat. Acad. Sci. U S. A 2000,5Q7
10295- 10672 at a dose of 12 5000V kg- bw gi ven intraperitonealIyzgdhﬂgaggos
before the adm nistration of 25 ng/kg kainate is 13 shown to be as
effective as erythropoietin, as showmn by tine to death (Figure 15). 14 15
16 The i nv¥A®YEAs8I s not to be limted in scope by thercpesidm® enbodi nents
descri bed which are 17 intended as single illustrations of individual
aspects of the invention, and functionally equivalent 18 nethods and

co ongpts ar.e mﬁtgin t he scope of the invention. |Indeed various

modi'f | EEPFLI Upireated gupls perfpmet RogHy injthe tastivithiswim timestof shrat &sesendsand
described herein will become apparent to those 20 skilled in the art from

t he %f oP'é‘g"JiaﬁgSS@g“sg&S?Cﬁ?% ﬁl%eﬁﬁlﬁg@aﬁtb@m@q eRifrehoieiih-repsed a8inells pefarmebdi f i cat i ons
are rnhegd?d to fall wthin the scope of the appended clainms. 22 23 Al

r ef &r e ATHES OB fhisRyespRistion. negative wales ip batian) e Bven f theditiation oferitbropdietin -n t hei r
entireties for_ all purposes. -85 28 June 2005 WO 02/053580 -

PCTF1 1@@9@2@4&7@@%@%@@ tEma (Kigure 24)gregorationef afgnitive fangtiohisopoi et i n
selected fromthe group consisting of 4 i) an erythropoietin having at

| eadt M PRI ic acid noieties; 5 ii) an erythropoietin having at |east no
N-1inked or no Olinked 6 carbohydrates; 7 iii) an erythropoietin having
at Peast a reduced carbohydrate content by virtue 8 of treatnent of native
erythropoietin with at | east one glycosidase; 9 iv) an erythropoietin with

a céarbohydrate portion of the erEtdmpdpdietin
8 . KAINATE MODEL

9
10  In the kainate neurotoxicity model, asialoerythropoietin was administered according to the
11 protocol of Brines et al. Proc. Nat. Acad. Sci. U.S.A. 2000, 97; 10295-10672 at a dose of
12 5000U/kg-bw given intraperitoneally 24 hours before the administration of 25 mgfkg kainate is
13 shown to be as effective as erythropoietin, as shown by time to death (Figure 15).
14
15
16 The invention is not to be limited in scope by the specific embodiments described which are
17 intended as single i11ustrati_0ns of individual aspects of the invention, and functionally equivalent
18 methods and components are within the scope of the invention. Indeed various modifications of
19  theinvention, in addition to those shown and described herein will become apparent to those
20  skilled in the art from the foregoing description and accompanying drawings. Such
21 modiﬁcations are intended to fall within the scope of the appended claims.
22 |
2_3. All references cited herein are incorporated by reference herein in their entireties for all purposes.
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to nol ecul e having at |east a non-manmalian gl ycosyl ation pattepg hihe 2008
11 of the expression of a reconbinant erythropoietin in non-manmalian
cells; 12 v) an erythropoietin has. al |east one or nore oxidized

car bohydrates which 13 also may be chemically reduced; 14 vi) an

eryt hr opoi WPMKHGPHEYi ng at | east one or nore nodified aPGVIHE4Pesi dues; 15
vii) an erythropoietin having at |east one or nore nodified |ysine residues
or a 16 nodification of the NNtermi nal am no group of the erythropoietin
nnlqcu%ﬁ{ ﬁuy"' $ .erythropoietin having at |east a nodified tyrosine
residuer*%%—r%¥gggieﬁ§thropoietin having at |east a nodified aspartic acid
or glutamc 19 acid residue; 20 x) an erythropoietin having at |east a
nodi'fied tryptophan residue; 21 xi) an erythropoietin having at |east one

am no group.renoved; 22 xii)-an erythropoietin having at | east an opening
of gt ?easﬁkﬁHggﬁ?ﬁpﬁgngyﬁ?%ﬁgﬂh§§%?Fﬂ%ﬁﬁ@%“Wﬁo he erythropoietin nol ecul e;
86 28 June 2005, WO 02/ 053580 PCT/ US01/49479 1 xiji) an erythropoietinis
prodi ded havi nglat |B&EEETERYER hydgiat least orsiale acid mpigligss 2 .one ami no aci d;
and 3 xiv) a tryncated erythnogoletin; 4 for. the preparation of a
phafmaceut i cal Ebnpd@ichitProfesp hayingrtleast nagN-ligked 07 #a Prliplepd. enhancing or 5
restoring the function or viability of erythropoietin-responsive mamral i an
cel Bs and their 6 a<eBehHd® cells, tissues and organs. 7 8 2. The use of

claim1 wherein_gaid erythropoietin is asial oerythropoietin.
7 i)  an erythropoietin having at least a reduced carbohydrate content by virtue

8 of treatment of native erythropoietin with at least one glycosidase;

9 iv)  an erythropoietin with a carbohydrate portion of the erythropoietin
10 molecule having at least a non-mammalian glycosylation pattern by virtue
11 of the expression of a recombinant erythropoietin in non-mammalian cells;
12 V) an erythropoietin has,at least one or more oxidized carbohydrates which
13 also may be chemically reduced;
14 vi)  an erythropoietinhaving at least one or more modified arginine residues;
15 vii)  an erythropoietin having at least one or more modified lysine residues or a
6 modification of the N-terminal amino group of the erythropoietin molecule
17 viif)  an erythropoietin having at least a modified tyrosine residue;
18 ix)  anerythropoietin having at least a modified aspartic acid or a ghutamic
19 acid residue;
20 X) an erythropoietin having at least a modified tryptophan residue;

| il xi)  an erythropoietin having at least one amino group removed;

22 xily  an erythropoietin having at least an opening of at Ieast one of the cystine
23 . linkages in the erythropoietin molecule;
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9 10 3. The use of claim2 wherein said asial oerythropoietin isqfu

asi al oerythropoietin. 11 12 4. The use of claim1l wherein 28 Jute 2005
sai d. erythropoietin has no N-linked carbohydrates. 13 14 5. The use of
claiml1l wherein said erythropoietin has no O|inked carbohydrate. 15 16 6.
The use of woloabsssst wherein said erythropoietin is treatpusiidsy at | east one
gl ycosidase. 17 18 7. The use of claim1l wherein said erythropoietinis
expressed in an insect or plant cell. 19 20 8. The use of claim 1l wherein
said erythropoietin is periqdate-oxidized erythropoietin. 21 22 9. The use
of claim8 wher @R s¥ WHEPIEHAL Ve BFvinedt leps) PP B WPR of o Kaheni cal Iy 23
reduced wi th sodi um cyangbor ghydri de. -87 28 June 2005 WD 02/ 053580
PCT/AUSOh/ 49479 1 2 a§amiogcids®dof claim | wherein said erythropoietin
conprises a R glyoxal noiety-on the 3 one or nore arginine residues,
wher®ein R is ar y#¥oraipested ¢ighwpgieting 5 11, The use of claim 10 wherein
said erythropoietin is phenyl | yoxal -erythropoietin., 6 7 12. The use of

cl ai‘m ﬁ%m@?@awﬁamoférpemw wagme%tmffor@égt@m,mww, athpRener npdi f i ed by

5  restoring the function or viability of erythropoietin-responsive mammalian cells and their

6 associated cells, tissues and organs.

g 2. " The use of claim 1 wherein said erythropoietin is asialoerythropoietin.
9
10 3. The use of claim 2 wherein said asialoerythropoietin is human asialoerythropoietin.
11
12 4, The use of claim 1 wherein said erythropoietin has no N-linked carbohydrates.
13
14 5. The use of claim 1 wherein said erythropoietin has no O-linked carbohydrate.
15
16 6. The use of claim 1 wherein said erythropoietin is treated with at least one glycosidase.
17
18 7. . The use of claim 1 wherein said erythropoietin is expressed in an insect or plant cell.
19
20 8. The use of claim 1 wherein said erythropoietin is periodate-oxidized erythropc;ietih.
21
22 9. The use of claim 8 wherein said periodate—oxidized erythropoietin is chemically
2 _ reduced with sodium cyanoborohydride,
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8 reaction with a vicinal diketone selected fromthe group consi
2, 3-but anedi one 9 and cycl ohexanedi one. 10 11 13. The use of C??f.r!rﬂﬁecéOOS
wherein an arginine residue of said erythropoietinis reacted with 12
3-deoxygl ucosone. 13 14 14. The use of claim 1l wherein said erythropoietin
nmol ecul e ha»® emssbewast one biotinylated 15 |ysine or [Rermesiissad am no
group. 16 17 15. The use of claim 14 wherein said erythropoietin nolecule
is biotinylated 18 erythropoietin. 19 20 16. The use of claim 1l wherein
saiq erytbropoietin is glucitolyl lysine erythropoietin or 21 fructosyl

| ysi'ne erythropoietin . 22 23 17. The use of claim 1l wherein a |ysine

resi dug‘ of saj.d eré/ft g%ggoi etin. s carbanylated. _-88 28 June 2005 WD

02/ 353580 PCTHHS&5A9E4%uy § Whereip saigerytingpoigtineogprises a Rralyoxplreniely pn e | ysi ne
residue of said erythropoietin is acylated. 3 4 19. The use of claim 18
wherei n a | SFSichROr@gRedesiiness Wherein Ryt #ykopaldimaiely.s acetyl ated. 5 6 20. The

use of claim 18 wherein a lysine residue of said erythropoietinis
sucdi nyl at ed.

5 11 The use of claim 10 wherein said erythropoietin is phenylglyoxal-erythropoietin.
) ,
7 12. The use of claim | wherein an arginine residue of said erythropoietin is modified by
8 reaction with a vicinal diketone selected from the group consisting of 2,3-butanedione
9 and cyclohexanedione. |
10
n 13. The use of claim 1 wherein an arginine residue of said erythropoietin is reacted with
12 3-deoxygiucosone.
13
4 14 The use of claim 1 wherein said erythropoietin molecule has at least one biotinylated
15 lysine or N-terminal amino group.
16
7 15. The use of claim 14 wherein said erythropoietin molecule is biotinylated
18 + erythropoietin.
19
20 16, The use of claim 1 wherein said erythropoietin is glucitoiyl iysine erythropoietin or
21 . fructosyl lysine erythropoietin .
2 |
23 17, The use of claim 1 wherein a lysine residue of said erythropoietin is carbamylated.
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7 8 21. The use of claim1l wherein a lysine residue of said ery4fr | ofy
is nodified by 2,4,6 9 trintrobenzenesul fonate sodi um or anotﬁ%&‘@ﬁﬁ%gﬁds
thereof. 10 i i 22. The use of claim 1l wherein a tyrosine residue of said
erythropoietin is nitrated or 12 iodinated. 13 14 23. The use of claiml
wherei n arwaspasizé c acid or glutam c acid residue of peiwboiids4®ryt hr opoi etin
is reacted with a carbodiimde followed by reaction with an amne. 16 17
24. The use of claim 21 wherein said amine is glycinamde. 18 19 25. The
use of claim 1l wherein erythropoietin-responsive cell or tissue is
neufonal, retinal, 20 nuscle, heart, l ung, liver, kidney, small intestine,
adrenal  cortey, adrepal medul | a, 21 capillary endothelial, testes, ovary,

o énddfret r i a\tigss SR | pineieina 1sing psiint of3eid B lueElPBEE MO 02/ 053580

PCT/ US01/ 49479 1 26. A pharnaceutical conposition conprising an effective
ery?hrqpoietin-responsive cell 2 protecting, naintaining, enhancing, or
restoring amunt of an erythropaietin selected 3 fromthe group consisting
of 4 i}%an eripemsasislabe | hwvhugin plysine repideenf sriderytheoppictinds sodiylatedet i es; 5 ii) an
eryghropoietin having at |east no N-linked or no Olinked

6 20 The use of claim 18 wﬁerem a lysine residue of said erythropoietin is succinylated,
7
g 21 The use of claim 1 wherein a lysine residue of said erythropoietin is modified by 2,4,6
9 trinfrobenzenesulfonate sodium or another salt thereof,
10
i1 22 The use of claim 1 wherein a tyrosine residue of said erythropoietin is nitrated or
12 iodinated,
13
14 23 The use of claim 1 wherein an aspartic acid or glutamic acid residue of said
15 erythropoietin is reacted with a carbodiimide followed by reaction with an amine.
16—
17 24, The use of claim 21 wherein said amine is glycinamide.
1.8
19 - 25. The use of claim 1 wherein erythropoietin-responsive cell or tissue is neuronal, retinal,
20 ' muscle, heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal medulla,
21 capillary endothelial, testes, ovary, or endometrial cells or tissue.
2 |

23
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6 carbohydrates; 7 iii) an erythropoietin having at |east a re@28%ﬂ1e32005
TN

carbohydrate content by virtue
at | east one gl ycosi dase;
portion of the erythropoietin 10 nol ecul e having at
gl ycosyl atwom24sasse ern by virtue
erythropoietin in non-mamral i an cells;

W th

| east one or

redyceg

ar gi
nodi

eat
ery%
ery

erythropoietin h
-90°28 June 2008
eryt hropoi etin nol ecul e;

east a Jgod
t a nndgg?
hr opoi etin
hr opoi etin

8 of treatnent of native erythriopolie

9 iv) an erythropoietin with a carbohydrate
| east a non-manmal i an
| 1 of the expressi onpaf/usalsse®@onbi nant

12 v) an erythropoietin has. at
nore oxi di zed carbohydrates which 13 also may be chemically

an eryt.hro oLetin-haviBgﬁg%ﬁleast one. or nore nodified

« 14 vi
ni A 1 es;ljé@éag;n e al\sPuposifipn comprising

i,fied

ﬂavi
avi

ues or, a. 16 nodificatiop of the N-termnal

Y¢ RATPRACIRIePERYE °dhe or nore

am no

5fiéd | ysine. resi
grolp of th%OS&W’H]? BHRS: iepbaneing, Of restorfng ameunt f ey ythiAPQisiy sHlecdidoi et i n havi ng

%&gosin ~residue; 19 ix) an erythropoietin having at
G SYLREPFBREi d or a glutamic 20 acid residue; 21 x) an
Egeat | east _a.nodified tryptophan residue; 22 xi) an

PROLEHR hesiing a4 lepshee Hidlisapid meibieed; 23 xii).

?vin at | east an opening of at |east one of the

G2/ eepetsln hasing afisest poinkedior pe Qrlieds i n t he

| ea8t one substitut (BROGATEE | east 3 one anino acid; and 4 xiv)
truycated erythngpoietin.
1

8

9
10
11
12
13
14
15
16
17

| 18
-19
‘20
21
2

23

an erythropoietin having at least a reduced carbohydrate content by virtue

~ of treatment of native erythropoietin with at Ieast one glycosidase;

iv)

vii)

Vi)

xi)

xii)

an erythropoietin with a carbohydrate portion of the erythropoietin

molecule having at least a non-mammalian glycosylation pattern by virtue

of the expression of a recombinant erythropoietin in non-mammalian cells;
an erythropoietin has a least one or more oxidized carbohydrates which
also may be chemically reduced;

an erythropoietin-having at least one or more modified arginine residues;
an erythropoietin having at least one or more modified lysine residues or a
modification of the N-terminal amino group of the erythropoietin
molecule;

an erythropoietin having at least 2 modified tyrosine residue;

an erythropoietin having at least a modified aspartic acid or a glutamic
acid residue;

an erythropoietin having at least a modified tryptophan residue;

an erythropoietin having at least one amino group removed;’

an erythropoietin having at least an opening of at least one of the cystine

-90-
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cystine

2 xiii) an erythropoietin is provided having at

a



5 6 27. The pharnmaceutical conposition of claim26 wherein said

erythropoietin is 7 asial oerythropoietinorphenyl gl yoxal - eryt brop0|

e

9 28. Use of an erythropoietin for the preparation of a pharnmaceuti cal
conposition for 10 protecting, maintaining, enhancing or restoring the

function oWOYM&B®Pity of an 1l

eryt hr opoi eti n-r esponsPUEUSHEIN0r its

associ ated cells, tissues, or organs, wherein said cells, 12 cells,
do not

42 200

ti ssues, or organs are not excitable cells, tissues, or organs, or
predonminantly 13 coppy :Eggl | J or tissues. 14 15 29. The use
of claim 28 wherein sal ?@%E |ﬁmF§ﬂan erythropoietin or native 16
eryt ropoietin, - a Q nal o n_er oi.etin mnetic, and
eryt’hropoi etin ?%gﬁ%;p&gﬂlﬁé Fﬁe 5?@%%ﬁ%ﬁéwgﬂﬁﬁﬂWHﬁééﬂﬂﬁ§tan
erythropoi etin- recep%g; a

rena

eryt hropoi etin,

mul tj mer thereof R N§H§|n th reaf . a congener thereof, a
g

nat ural | y-occurri

reco

deglycosylated vari ant thereof or a conbination thereof. 22 23 30. The

I d
AR S Y LR

PCT/USOl/4947 1.2 d protecting, maintaining or
enhanci ng t RS Pﬁlbrf’?ql%i)%?heﬁylge‘?"l“f rYtI”'é’gﬂ‘étmor

USG

8
9
10
11
12
13
14
15
16
17
18
19
20
21
2

23

%%ﬁ 8?@8? a synthetic forn1thereof, a

inant formthereof, a glycosylation 21 variant thereof, a

28.

29.

30.

Use of an erythropoietin for the preparation of a pharmaceutical composition for
protecting, maintaining, enhancing or restoring the function or viability of an |
erythropoietin-responsive cell or its associated cells, tissues, or organs, wherein said cellls,
cells, tissues, or organs are not excitable cells, tissues, or organs, or do not predominantly
comprise excitable cells or tissues,

The use of claim 28 wherein said erythropoietin is an erythropoietin or native
erythropoietin, or an erythropoietin analog, an erythropoietin mimetic, and erythropoietin
fragment, a hybrid erythropoietin molecule; an eryﬂmopoieﬁn—receptor—binding molecule,
an erythropoietin agonist, a renal erythropoietin, a brain erythropoietin, an oligomer
thereof, a multimer thereof, 2 mutein tilereof, a congener thereof, a naturally-occurring
form thereof, a synthetic form thereof, a recombinant form thereof, a glycosylation

variant thereof, a deglycosylated variant thereof, or a combination thereof,

The use of claim 28 wherein said erythropoietin is phenylglyoxal-erythropoietin.

-9].
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4 organ isolated froma manmmal i an body conprising exposing sai 28¢Jine 2005
tissue or organ to a 5 pharmaceutical conposition conprising an
erythropoietin. 6 7 32. The nethod of claim 31 wherein said erythropoietin
is an erythropoietin or native 8 erythropoietin, or an erythropoietin

anal og, anWeMABBBpoi etin minetic, and erythropoieti nPCHUSEdHent, a hybrid
eryt hropoi etin nol ecul e, an erythropoietin-receptor-binding nolecule, 10
an erythropoietin agonist, a renal erythropoietin, a brain erythropoietin,
an olji goner 11 thereof, a nmultimer thereof, a nutein thereof, a congener
thereof, a naturally-occurring 12 formthereof, a synthetic formthereof,
a regonblnant formthereof, a glycosylation 13 variant thereof, a

degl ycosyl at ed vari ant thereof or a conbination thereof. 14 - 15 33. The

met hqd cl ai sai d_er) thro oi eti.n n er t hr opoi etin
havi ?{g gé | eas n%oaﬁagﬁ ntﬁlgi i a“f”?glt]?e)‘” 1%‘?%%}??8? tin having at
| east, no N-1] no O ed, 18 carbohydrat es 9. ii
erythropmeh%’!ﬁkf;(aa{?%ﬁﬁx’mt‘1 535%”%b%¥8ﬂ@@5m§§%5ﬁﬁﬁ3?%& @%ﬁﬁ%ﬁﬁmﬁyaV|rtue 20
of treatnent e crvit.hropoi.etin wiith at | east one gl ycosi dase; 21 iv)
an efyt hr opd) %ace%c ?10 Oglh?no%ﬁ?ﬂ?’égta@eﬁﬁti’?ﬁoﬁ?nof the erythropoietin 22
nnlegule havi ng at | east a non-manmal i an gl ycosyl ati on pattern by virtue

23 of the expression of a reconbi nant erythropoietin in non-nmanmalian

ceII ?2 28 . June_ 2 .MS /053580 PCT/ US01/49479 1 v) an erythropoietin
has at Peast JAEMSHO céa“B | horeinsedapsepeirtn is an epitopoietx osndiye nay  be

chemcally re .
ms y cl}gmopowhn, or an erythropoietin analog, an erythropoietin mimefic, and erythropoietin

5 fragment, a hybrid erythropoietin molecule, an erythropoietin-receptor-binding molecule,
i . an erythropoietin agonist, a renal erythropoietin, a brain erythropoietin, an oligomer
11 thereof, a multimer thereof, a mutein thereof, a congener thereof, a naturally-occurring
12 form thereof, a synthetic form thereof, a recombinant form thereof, 2 glycosylation
13 variant thereof, a deglycosylated variant thereof, or a combination thereof. |
14
15 33. The method of claim 32 wherein said erythropoietin is
16 1) an erythropoietin having at least no sialic acid moieties;
17 i) an erythropoietin having at least no N-li;lked or no Q-linked
18 carbohydrates;
19 iii)  an erythropoietin having at least a reduced carbohydrate content by virtue
20 of treatment of native erythropoietin with at least one .egcosidase;
21 iv)  an erythropoistin with a carbohydrate portion of the erythropoietin
22 ' molecule having at least anon-mammalian glycosylation pattern by virtue

23 | - of the expression of a recombinant erythropoietin in non-mammalian cells;

02



3 vi) an erythropoietin having at | east one or nore nodified arQiSnlcljﬂﬁGZ 05
residues; 4 vii) an erythropoietin having at |east one or nore no |f|edD

| ysine residues or a 5 nodification of the N-term nal am no group of the
erythropoietin nolecule 6 viii) an erythropoietin having at |east a

nodi fi ed t WOde0I3880r esi due; 7 ix) an erythropoi etin haeCngstamvsieast a
nodi fi ed aspartic acid or a glutamc -8 acid residue; 9 x) an
erythropoietin having at |east a nodified tryptophan residue; to xi) an

e ythr opoi et n v nin dteEIai 8RS 88 iR g B AR B e "yt ne
12 |, nkages in the eryt hg qpohet.i rmd&e%yl e; 13 xiii) an erythropoietinis
provi ded havi ng at | SEST oS SUREY I It n of at |east 14 one amino acid;

5 Xi t 1cat ed t hr i.etin. 16 17 34. .Th t hod. of | ai 31
Cheroi N ok G o b o BBt R G i ket iR pts BppAC B SRt G0 3L

of cJaim31 wherein said erythropoietin is phenyldl al -eryt hropoi etin.

20 1 36. Use of™Man %‘PV&PﬁDB%ﬁtF’J’F?‘ﬂggéTaéWEB‘pI??IBﬁHO%ﬁéﬁg% 1cﬁ’&sr'fgi”‘sti ng of an
erythropoietin or 22 tive hropoj et.in, or _an erythrqpoietin anal og,
an €ryt hropoi etin ni Wﬁ%}ﬁ‘fﬂt“’%ﬁ’ﬁ{‘ 'tw&mﬁﬁﬁﬁﬁﬁ'&%@?{e?gwmi d
erythropoietin nolecule, an.erythropoietin-receptor- -93 28 June 2005 WO
02/ 53580 PCT/ 11881/ #oAbroRoi nﬁar%ftﬁwﬁt@@&ﬂd@daﬁowy%sr%poi etin agonist, a

renal erythropoietin, a prain, erythropoietin :
7 y P 1)% anerytgropmetm ha\¥1ng at le%stamodiﬁed aspartic acid or a glutamic

8 acid residue;
9 x) an erythropoietin having at least a modified trypfophan residue;
10 xi)  anerythropoietin having at least one amino group removed;
11 xii) an erythropoietin having at least an opening of at least one of the cystine
12 linkages in the erythropoietin molecule;
13 xiii)  an erythropoietin is provided having at least one substitution of at least
14 one amino acid; or
15 xiv)  atruncated erythropoietin.
16
17 34 The method of claim 31 wherein said erythropoietin is human erythropoietin.
18
19 35.‘ The method of claim 31 wherein said erythropoietin is phenylglyoxal-erythropoietin.
20
21 36. Use of an erythropoietin selected from the group consisting of an erythropoietin or
22 native erythropoietin, or an erythropoie_tin analog, an erythropoietin mimetic, and
23 erythropoietin fragment, a hybrid erythropoietin molecule, an erythropoietin-receptor-

-03 -



2 an oligomer thereof, a nultiner thereof, a nutein thereof, a ggn
thereof, a naturally- 3 occurring formthereof, a synthetic for%gt“ﬁ‘giggp,osa
reconbi nant formthereof, a 4 glycosylation variant thereof, a

degl ycosyl ated variant thereof, or a conbination thereof s for the

pr epar at i owootosassphar maceuti cal conposition for the rpsiosiatsudn of
cognitive 6 dysfunction in a mammal. 7 8 37. The use of claim 36 wherein
the cognitive dysfunction is the result of injury caused by 9 a seizure

di sorder, multiple sclerosis, stroke, hypotensign, cardiac arrest,

i scHeni a, 10ndHERAedHenmn sryfhrgpieinggonist iPrshenthiopgictinggfuain aythiopaictinss of
cognitive function, radiation 11 damage, cerebral palsy, neurodegenerative
di sdase, Al Spdigprasrtherqef, ¢ sydiimer fhgyerd, pEwieindheraof, agpugencs therepfed gprellysease, Al DS
denmentia, nmenory |oss, anyotrophic |ateral sclerosis, 13 alcoholism nood
di sérder, attemaEng fogn dsreat p synihetiafim Beredl p resombintnifomufaeeolput i sm 14
Creut zf el d- Jakob di sease,. brain or spinal _cord trauma or ischem a,

heartt - | ung Syqeadaion varpnttherend; adleglpensylatbdvarignt dheranh od cambigetipartiesreat | on,

di abeti c neuropathy, diabetic retinopathy, 16 glaucoma, retinal ischem a,
or retinal fortemgparatipn of Bpleanaceptical gereposition foatharcgiBratidnent edgnitivai d
erythropoietin is phenyl gl yoxal -erythropoietin. 19 20 39. The use of claim
36 wher ei n dyafugctionyadmapodletin is 21 i) an erythropoietin having at |east
no sialic acid noieties; 22 ii) an erythropoietin having at |east no

N-| i7nked or no O linked 23 carbohydrates; -94 28 June 2005 WD 02/053580
PCT/ US01/ 49479

8 37 The use of claim 36 wherein the cognitive dysfunction is the result of injury caused by
9 a seizure disorder, multiple sclerosis, stroke, hypotension, cardiac arrest, ischemia,
10 : myocardial infarction, ixdiammation, age-refated loss of cognitive function, radiation
11 damage, cerebral palsy, neurodegenerative disease, Alzheimer’s disease, Parkinson’s
12 | disease, Leigh disease, AIDS dementia, memory loss, amyotrophic lateral sclerosis,
13 - alcoholism, mood disorder, anxiety disorder, attention déficit disorder, autism,
14 Creutzfeld-Jakob disease, brain or spinal cord trauma or ischemia, heart-lung bypass,
15 chronic heart failure, macular degeneration, diabetic neuropathy, diabetic retinopathy,
16 glaucoma, refinal ischemia, or retinal trauma.,
17
18 38 The use of claim 36 wherein said erythropoietin is phenylglyoxal-erythropoietin.
19
20 39. The use of claim 36 wherein said erythropoietin is
21 1) an erythropoietin having at least no sialic acid moieties;
2 . ii)  an erythropoietin having at least no N-linked or no O-linked
n ' . carbohydrates;

-94.



1 iii) an erythropoietin having at |east a reduced carbohydratezgofisdtodts
virtue 2 of treatnent of native erythropoietin with at | east one

gl ycosidase; 3 iv) an erythropoietin with a carbohydrate portion of the
erytbropoietin 4 nol ecule having at | east a non-mammalian gl ycosyl ation
pattern byWoilpeF80 5 of the expression of a reconbi naRET/ESY4#%HTM0Opoi etin in
non-manmal ian cells; 6 v) an erythropoietin has at |east one or nore

oxi di zed car bohydr at es vvhi ch 7 also may be chemcally reduced; 8 vi) an
eryt hropoi etin h.V|n | east . one di,fj ed ar i ne, resi dues; 9
VII§ an eryt hrop glet %PﬁﬁnQP“Eé§§¥H§ﬁ§1%f b “WH@&P&@H VIU&i ne resi dues
or 10 nodificatio of t he. Nt erm nal .am, rou Ihe eryt hropoi etin
11 frol ecul e; 12 vii |°? tregtment o g Pﬁoﬁtlﬂﬁ'yﬁﬁtd ? 4388 mdi i ed tyrosine

residue; 13 ix).an er poi_et | at | east dlfled aspartic acid
or & glutanic i %”’Hlé%" e w1 5“%0&’33%“%?% rﬁ‘)‘ﬁi’o‘ﬁ'é% ng at |east a
nodi fied trypt ophan residue;, 16 xi) an erythrop0| et| n having at | east one
ani fio group removed™ ef’ug‘?lh?“)mgeﬁﬁleésrt?f“l’ﬂ"ﬂ%}’%’ﬁ‘ﬁlYWél(}?tf?ﬁpgifemté’é’é@ean openi ng
of at |east one of the cystine 18 linkages-in the erythropoietin nolecule;
19 Xiii) an erythr Oﬁgﬂlgﬁm%ﬁgn?ﬁradg,qoe}@aaqﬁaw}hﬁ}gora@n ingersapnaiag gelist i t ut i on of
at least 20 one amno acid; .or 21 xiv) a truncated erythropoietin. 22 23
40.6A nethod foP fachPibEeistn hasat lesstane esmere pediand cabplsiligies Maidhcr oss and

endot helial cell -95 28 June 2005
7 also may be chemically reduced;

8 vi})  an erythropoietin having at least one or more modified arginine residues;
9 vii})  an erythropoietin having at least one or more modified lysine residues or a
10 modification of the N-terminal amino group of the erythropoietin
11 molecule;
12 viii)  an erythropoietin having at least a modified tyrosine residue;
13 ix}  an erythropoietin having at least a modified aspartic acid or a glutamic
14 acid residue;
15 X) an erythropoietin having at least a modified tryptophan residue;
16 xi)  anerythropoietin having at least one a;11ino group removed;
17 xil)  an erythropoietin having at least an opening of at least one of the cystine
18 linkages in the erythropoietin. molecule;
19 xiil)  an erythropoietin is provided having at least one substitution of at least
- 20 one amino acid; or
21 xiv)  atruncated erythropoietin.
. 22

23 40. A method for facilitating the transcytosis of a molecule across and endothelial cell

-95.



WO 02/ 053580 PCT/1JS01/49479 1 barrier in a mamrmal conpri sing ZP June 2005
admnistration to said manmal a conposition 2 conprising said no ecul?e I'n
association with an erythropoietin selected fromthe group 3 consisting of
4 i) an erythropoietin having at least no sialic acid noieties; 5ii) an
eryt hr opoi WOi%0B®¢i ng at | east no N-l1inked or no O i RREESU/@4Bar bohydr at es;
7 ii1i) an erythropoietin having at |east a reduced carbohydrate content by
virtue 8 of treatnment of native erytbropoietin with at |east one

gl ygosi dasey, . 9. i V. foed 30, A : e portion of the

er ytq hr opoi g?ﬁerinog%ﬁt?}%agE%ﬁ%@?ﬁ%ﬁgﬁﬁ%gg%ﬁg& %%[}r%?ir]réég& g%lﬁ%ln gl ycosyl ati on
pattern by yjrt. : : o) L ropoietin in
nonr?nam'ral ieédrrll{ ke gﬁ § ssagd]m(%%uf\??f%{bﬁ&ga El;:}f‘g#ho%gf@}rﬁ)r? eﬁggg%féa@gﬂstﬁg%%@ or nore

oxi gi zed ¢ &lgﬂ%gggt es which 13 al so maybe chem cally reduced; 14 vi) an
eryt hr opoi Z{I nhaving at | east one or nore nodified arginine residues; 15
vii), an erythropoi et] avi n t .l east one.or .nore.npdified |ysine residues
or & 16 nodifi dati oaﬁgg%l?q?ée%@%vén Ir??%lsfnoasfﬁhﬁ(%m%%né’ﬁ%esbf the erythropoietin
17 | ecule; 18.viii) an erythropoiefi ng at ast, a nodi fied tyrosine
resiqld)ue; 19 ix) "an e%'fpﬁq?%%e&lgﬁl? t‘lngﬁ"g ?Sﬂﬁor}g"meggg{m éﬁlﬁgﬁ% fied aspartic acid
or a glutamc 20 aci g) %;ga%d‘ue; 21 x) an erythropoietin having at |east a
nodified tryptophan FEMHES 22 xi ) an erythropoietin having at | east one
am no group remyed; 23 Xil

arm O 97 oup 1 erued: 23 X A HLPPRA L BT c e 350,27 OPEM 1O

8 of treatment of native erythropoietin with at least one glycosidase;

9 iv)  an erythropoietin with a carbohydrate portion of the erythropoietin
10 _ molecule having at Jeast a non-mammalian glycosylation pattern by virtue
11 of the expression of a recorsbinant erythropoistin in non-mammalian cells,
12 V) an erythropoietin has af least one or more oxidized carbohydrates which
13 also may be chemically reduced;
14 i vi)  an erythropoietin-having at least one or more modified arginine residues;
15 vii)  an erythropoietin having at least one or more modified lysine residues or a
16 modification of the N-terminal amino group of the erythropoietin
17 molecule;
18 . viif)  an erythropoietin having at least a modified tyrosine residue;
19 ix)  anerythropoietin having at least a modified aspartic acid or a glutamic
20 acid residue; | |
21 x)  -anerythropoietin having at least a modified tryptophan residue;
22 - xi)  an erythropoietin having at least one amino group removed;
23 . . xii)  anerythropoietin having at least an opening of at least one of the cystine

-96 -



28 June 2005 WO 02/053580 PCT/US01149479 1 linkages in the erypRrapskeioms
nol ecule; 2 xiii) an erythropoietin is provided having at |east one
substitution of at least 3 one amino acid; and 4 xiv) a truncated _
erythropoietin. 5 6 41. The method of claim40 wherein said association is
a |l abile cHPHE¥Bbond, & stable 7 coval ent bond, or PEIHSHA%Hal ent
association with a binding site for said nolecule. 8 9. 42. The nethod of
claim 40 wherein said endothelial cell barrier is selected fromthe 10
groyp consisting ofI&Q%&gh ds IoRuRablkgs. the blood-eye barrier, the

bl ood-testes barrier, I tﬁ%hgm%ﬁ%og?ogary’barrier and the bl ood-pl acenta
barpier. 12 13.43. T : i I I le is a
recept or agonis%ugr aﬁﬁggﬁﬁﬁ@f“B%Xﬁhg?%%ﬁg?&%ﬁﬁgh@% rd%ﬁ#gh'ﬁgtor, an

ant,m crobi al agentTm@mﬁggggpgﬂfnaceutical, an 15 anti sense
ol i gonucl eoti de, an antibody, an i munosuppressant or an anti-cancer drug.

16 }7 44. A corrglg}si tain%gcage% hréarc}l%gr?rti ng a nol ecule via transcytosi s across
an endothelial cell i arrier coripri sing said nolecule in association

with an erythropoietin selected fromthe 19 group consisting of 20 i) an
eryfhropoietin having at |least no sialic acid noieties; 21 ii) an

h ieti-n hayi t | t .no.N-1i d 0-11inked ‘
car Borigr at ectie 3] ihim SE G Siirubiiotiag b ser e aofucea
car 90 hydr atc%va &?go%g,tor QXonYc!,o%lgn? association with a binding site for said molecule.

8

9 42, The method of claim 40 wherein said endothelial cell barrier is selected from the

10 group consisting of the blood-brain barrier, the blood-eye barrier, the blood-testes barrier,

11 the blood-ovary barrier and the blood-placenta barrier.

12

13 43, The method of claim 40 wherein said molecule is a receﬁtor agonist or éhtagonist

14 hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, an

15 antisense oligonucleotide, an antibody, an immunosuppressant or an anti-cancer drug.

16

17 44 A composition for transporting a molecule via transcytosis across an andoth.elial cell

18 barrier comprising said molecule in association with an erythropoietin selected from the
19 group consisting of

20 i) an erythropoietin having at least no sialic acid moieties;

21 ii) an erythropoietin having: at least no N-linked or no O-linked

22 carbohydrates;
3 iti)  an erythropoietin having at least a reduced carbohydrate content by virtue
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-97 28 June 2005 WO 02/053580 PCT/US01/49479 1 of treatnent of omayiMe 20?

erythropoietin with at | east one glycosidase; 2 iv) an erythropoietin w ﬁ

a carbohydrate portion of the erythropoietin 3 nolecule having at | east a

non- manmal i an gl ycosyl ati on pattern by virtue 4 of the expression of a

r econbi nanWOdRPBFOopoi etin in non-mammal i an cel |l s; 5 PeYUS/48ryt hr opoi etin

has at | east one or nore oxidized carbohydrates which 6 al so may be

chem cally reduced; 7 vi) an erythropoietin having at | east one or nore

nodi fied arginine regd ’ J i n_erythropoi etin having at | east one or
f Sreftiin ol d ARt VRER NS D O AR

nore nodified |ysine residues or a’ term nal am no
gro of the erythropoietin.lO | ecul.e;. 11 viii). an erythropoietin having
at Iui;ast a nodi ﬁ)ed yerrﬁférf%oéejfwggigﬁﬁggowgmk Tion Oétpﬁf’rﬁ&’f)%@ie@i n havi ng at
| easf a nodified aspartic.acid or a glutam 3 acid residue; 14 x) an
erythropoi etin havi n'ﬁ‘dg?utfqlgggg at eaﬁﬁfd’ig’_f‘“lr‘@@"{aﬁ?’éﬂ:ﬁw WoPgﬁeﬂﬂ&‘/_ﬂ% xi) an
e ythr opoi et n havi rg BepEaER oC e AL BB - et BABTBIeHE: yst i ne
17 Ijnkages in the erythro oi.e&]in | ecule; 18 xiii) an erythropoietinis
5t [ et sbpHasgied

provi ded havi ng‘at | &5t ctig 07T M9Fe oxidized sabohydgted which ni no aci d;
and 20 xiv) a truncaaéed erythropgietin, 21 22 45. The conposition of claim

44 vherein sai d assdti°dRaYdh hemically mdioed coval ent bond, a

7 vi)  an erythropoietin having at least one or more modified arginine residues;
3 vii)  am erythropoietin having at least one or more modified lysine residues or a
9 modification of the N-terminal amino group of the erythropoietin

10 molecule;

11 ' vili)  an erythropoietin having at least a modified tyrosine residue;

12 ix)  anerythropoietin having at least a modified aspartic acid or a glutamic

13 acid residue;

4 X) an erythropoietin having at least a modified tryptophan residue;

15 xi)  anerythropoietin having at least one amino group removed,

15 xil)  an erythropoietin having at least an opening of at least one of the cystine

17 linkages in the erythropoietin molecule;

18 | xiii)  an erythropoietin is provided having at least one substitution of at least

19 one amino acid; and

20 xiv)  atruncated erythropoietin.

21

| 22 45 . The composition of claim 44 wherein said association is a labile covalent bond, a
23 _ stable covalent bond, or a non-covalent association with a binding site for said molecule.
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23 stabl e coval ent bond, or a non-coval ent association with a byadj '

for said nolecule. -98 28 June 2005 WD 02/053580 PCT/USOl/492%€‘gn%%2dH§3

conposition of claim44 wherein said nolecule is a receptor agonist or

ant agoni st 3 hornone, a neurotrophic factor, an antimcrobial agent, a

radi ophar nW@eéMs3Bdl , an 4 anti sense ol i gonucl eoti de, B/ERIYIMYdy, an

i mmunosuppressant or an anti-cancer drug. 5 6 47. Use of an erythropoietin

selected fromthe group consistingof 7 i) an erythropoietin having at |east

no sjalic acid noieties; 8 ii) an erythropoietin having at |east no

N—Ii ked or no Olinked 9 carbohydrates 10 iii) an erythropoietin having
| eas uced carbo e cont ent virtue 11 of treatnent of

native Brytr yt hr OFSPEPTS RO A asER s e FYE 6 RReRlat deppstop puisggnis

erythropoietin with, a car. drate ortlon of the erythropoictin 13

mol etul e hatA"AgPe ?n¢@%ﬁﬁm%%iy qbih g & AP ?P&Wmﬁﬁﬁﬁ%rn by virtue

14 of the e ressi.on- o reconbi nant erythropoietin in non:mnmalian

cells; is ‘S""&f‘i3 Oéﬂg%“ﬁlﬁ%%& Wpaftiibofdy, an mRmEORPPresTHAL 45 AN FRYrENSRIHE- 2 ed

car bohydrates which 16 al so may be chemically reduced; 17 vi) an

eryt%ropoietin having at | east one or nore nodified arginine residues; 18

vii) an_erythropqietin having at_|east one or nore nodified |ysine reS|dues

or & 19 nodltf]ﬁe(?éi“}%ﬁh@Pmﬁtﬁ’éGW?defF%'ﬁﬁEmWWS%ﬁp of the erythropoietin

20 nol ecul e; 21 VIII) an erythrop0|et|n having at |east a nodified tyrosine

residue; 22 ix)Dan empnRirepsistiahavingphlprsgo sipliq asidgnoietiepndi fi ed aspartic acid

or a glutamc L ) i
8 ii) an erythropoietin having at least no N-linked or no O-linked

9 | carbohydrates;

10 ili)  an erythropoietin having at least a reduced carbohydrate content by virtue

11 | of treatment of native erythropoietin with at least one glycosidase;

12 iv)  an erythropoietin with,a carbohydrate portion of the erythropoietin

13 molecule having at least 2 non-mammalian glycosylation pattern by virtue

14 of the expression of a recombinant erythropoietin in non-mammalian cells;

15 V) an erythropoietin has at least one or more oxidized carbohydrates which

16 ' also may be chemically reduced;

17 vi)  an erythropoietin hafing at least one or more modified arginine residues;

18 vii)  an erythropoietin having at least one or more modified lysine residues or a
19 modification of the N-terminal amino group of the erythropoietin

20 . molecule; | |

21 viii)  an erythropoietin having at least a modified tyrosine residue;

22 ix)  an erythropoietin having af least a modified aspartic acid or a glutamic

23 acid residue;
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23 acid residue; -99 28 June 2005 WO 02/053580 PCT/ US01/ 49479 %BXJ & 2005
erythropoietin having at | east a nodified tryptophan residue; X|L5 an
eryt hropoi etin having at | east one am no group renoved; 3 Xii)

aneryt hropoi etin having at | east an opening of at |east one of the cystine
4 1inkagesWPi283¥0er yt hropoietin nolecule; 5 xiii) anr@ysthteoi etin is
provi ded having at | east one substitution of at |east 6 one am no acid;
and a truncated erythropoietin 7 associated with a nolecule for the

preparati on of phar maceuti.cal. co sition.for transporting 8 said
nol e@ul e via tr%&scy%eﬁ@oﬁ%?%v’aggt RS Aulifed vplophanpesidpsior 9 10 48. The
use ,of claim47 erein said asnrsqaci agi on is a |labile coval ent bond, a

stable 11 coval¥nt BHRETOBEeiD lrgRe 45781 00R AL SBRIP MO8 wi t h a binding site

for 3)sai d nol ecul e 12 49:; .r&ge_ useI\ of claim47 wherein said nolecule is
a receptor agoni¥ o?n.eﬁ'ﬁ%?ﬂ ving ot lgaghamopeingol adeastane abihe evstingct or, an
antim crobial agent,_.a radi opharmaceutical, an 15 ‘anti sense
ol i donucl eoti de, an $°58‘b‘§, eré{'il?mﬁ)ﬁ‘ﬁ‘i‘}’d@%’ﬁ%‘aﬁ essant or an anti-cancer drug.
16 17 50. A compqsition conprjsing periodate-oxidized erythropoietin. 18
19 51. A conpositon brPlr’T‘g‘? S RPUiddthayipe atlcast one sesiitipnopdilessi n. 20 21
52. A conposition conprising fructosyl |ysine erythropoietin.

6 one amino acid; and a truncated efythropoietin '

7 associated with a molecule for the preparation of a pharmaceutical composition for transporting
8  said molecule via transcytosis across an endothelial cell barrier.
9

10 48, The use of claim 47 wherein said association is a labile covalent bond, a stable

11 covalent bond, or a non-covalent association with a binding site for said molecule.
12

13 49. The use of claim 47 wherein said molecule is a receptor agonist or 'antagonis;;
14 hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, an
15 antisense oligonucleotide, an antibody, an immunosuppressant or an anti-cancer drug.
16

17 50. A composition comprising periodate-oxidized erythropoietin.

I8

19 51 A 'composition comprising glucitolyl lysine erythropoietin,

) . _

21 52, A composition comprising fructosyl lysine erythropoietin.

22

23 53, A composition comprising 3-Deoxj(glucosoné erythropoietin.
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22 23 53. A conposition conprising 3-Deoxyglucosone erythropoi epgnjune 5
28 June 2005 WD 02/053580 PCT/US01/49479 1 2 54. A conposition conprising

car banyl at ed asi al oerythropoietin. 3 4 55. A conposition conprising
bi oti nyl ated asi al oerythropoictin. 5 6 56. A conposition conprising
succi nyl at W@ 94¢$®P oeryt hropoietin. 7 8 57. A conposi PCHESIYET i si ng
acetyl ated asi al oerythropoietin. 9 10 11 -101

1

2

10

11

54.

55.

56.

57.

A composition comprising carbamylated astaloerythropoietin.
A composition comprising biotinylated asialoerythropoietin.
A composition comprising succinylated asialoerythropoietin.

A composition comprising acetylated asialoerythropoietin.
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