; €3eTz6T&WD 02/ 0; 3s8(1 PCT/USOL/ ~9.179 1, .PROTECTION, RESTORATI ON, AND
ENHANCEMENT OF ERYTHROPO ETI N RESPONSI VE CELLS, TI SSUES AND ORGANS Priqrggy
of provi sSWheX0533861 i cati on no. 60/ 259, 245 fil ed on Decenber PQRUSO200D, whi'ch
is incorporated herein by reference in its entirety, is clainmed under 35
UusS.C -~ 119(e2n(‘1). For many years, the only clear physiological role of
er yt hr oBRQTEGTHON, REST ORA TNy ANDENHANGEMENT OF ERYIHROPOIETIN-| s.
Recently, several |ines of evidence suggest that erythropoietin, as a
menber of the cytoki RESRONSIVRICELLBETISSUESANBrOREANS ant physi ol ogi c
functions which are nediated through interaction with the erythropoietin
receptor (erythropoietin-R). These actions include mtogenesis, nodulation
*of calciuminflux into smooth nuscle cells and neural cells, and effects on
i nt er rixitiriy pf previsivalal spplichtion fo.b@R5S24S filddasn PesdniicdRO] FI0ONwhIchYS des
conpensatory responses that serve to inprove hypoxic cellular

" Cr oGRNrh A NorchS byRbikreze LAY S OKABTRAIG S5ly deatyn pupRd by

nmet abol i ¢ stress. Al though studies ve est at ‘ery poi etin

injected intracranially protects neurons agai nst hypoxic neuropal injur
intracranial adninistration is an inpractical and unaccept abl emﬂﬁﬂ ﬂtﬂmmm’m
adm ni stration for therapeutic use, parti al or._normal in :
Furt hernore, previous st Sioma st } Heen eryt hr opoi etioohave
concl uded that peripherally-adm nistered erythropoietin is not transported
i nt o tifs manyiysarsMie onleglear physiobgital wleateryimepoistin hadben itsiantreltofhe |
1999r Pedi atr. Res. 46:543-547; Buem et al., 2000, Nephrol. Dial.
Tr ans piradiiction 6f #dbld8B cdlls. VRedently, seoetaf g of evidencd sugpyst lhiad pojitabpoictig\ae
been described with activities directed towards inproving the
er yt hrppembéd of tREEytokin¥ s@pertansl i 16" N0
o) o ORenbGT et ytidny s@er P%%%%ﬁﬁéggqﬁﬁgﬁgﬁ%@?&?l%% iR\ floft el
in U 4 ' . . . el [ ai et.in
Snedidtké 3‘2 H én?ergﬁ%l%a&gﬁjh l_}%fe&tlﬁrqu?eruﬁ%%%t %gnaﬁggpmgtﬁ%k TREQ! &

. . on
i soforms wt I OUS nunbers atic acrdiresi P | ecul s, "Slch as

described. in.U S Patent 85 92; .pqal tideg described in U S. Patent
705 BERdt Bigetisels. moaLlaRpRar peiciginaRRl PR o femoapiacelisant Rensat el b nd
to the r%/thr,opoi etin receptor as described in U S Patents 5,773,569 and
5, 830, @%f,s oFriatesRediptFtabelisn. nit iebslisyed hagerydirppeigtin proyidss cpmpensatory
5,835,382. It is towards the use of an erythropoietin for protecting,

mai nt aiesponges thatisanisi tngmpmvehypoxdic celiplarmicnoaydiostient ssesgibasshodnlatel | s and
associated cells, tissues and organs in situ. as well as ex vivo, and to

del i veprygrainesd cellydeathopaict Bymakbelssstals. eAUBS IR dtadieChdve cBabLdIRH thaer t he
pur pose of protecting and enhancing erythropoietin-responsive cells and

associ W&%tﬂnﬁnﬁe&ieﬁ%ﬂﬁ&rﬁﬁﬂlfﬁ&%& &h?&r@'ag&ﬁsﬁlﬁ%o&%%ﬂ#&faﬁiﬁl or to carry

associ at ed nol ecul es, that the present 1 nvention’is directed. | EF SUMVARY
OF TH I . spe h I t jhavention.is.direct to the
use 05 ngr Y rloa%g#fé{r?ﬁgn ?godr?l 'ﬁ@gac%? @paglfi gl?l?éc:cﬁp {c#yepr%g{re c?gm"i"ﬁtéﬁlo ?d%osi tions
for protecting, maintaining, enhancing, or_restoring the functiagn or,
vi abi | PEFPHHICAHSE R ?fgx FO%-“PEE JRSY aﬁan%‘ﬁTet}eé‘ﬁof?eﬂeé’l%‘ﬁém@Wéiof apERisci at ed
cells, tissues and organs. In one particular aspect, the
er yt hr eRdisnis Eivencespepoichia hmﬁﬁamql@cfﬂddbatlmnah@atlh@dmlmstgmdieaxtb@poi@tinés not
tissue or organ are distal to the vasculature by virtue of a tight
endot higdrispérteeinto thabraie(Mattierariol H2T, Kidndy It 54 B §iefun] ettahe1 999 Pediati Baues,
organs or other bodily parts are isolated froma nmanmal i an body, such as
t hose 4m5438ker Huemni tet AN W08 WepHBY]. YL, PlanbflAatl 1 5ybpag3 §xanmpl es, the
eryt hropoi etin-responsive cell or tissue nmay be neuronal; retinal, mnuscle,
heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal
~medul la, capillary endothelial, testes, -2 '

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

improving the erythropoietic activity of the molecule, such as those with altered amino acids at

LT
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WO 02/ OS3SSU PCT/ USUL/ -t 9. 179 ovary, pancreas or endonetrial cells or

ti ssue. These exanpl es of erythropoietin-responsive cells are nerely

i Il ustrat W@02/0558ne aspect, the erythropoietin-responsi vePCEIUSOBIILTE S
associated cells, tissues, or organs are .not excitable cells, tissues, or
organs, or _.do not .predom nantly conprise excitable cells or tissues. In a
part i P PO, GIMBIREESTTINED b Fadent S ST, 080 i iU Petenth88526%hi ch an
aforenmentioned erythropoietin derivative is used are those that have

ex pendadthsppaiptin isefopanwith vesoheouwbersofisialinaed raiduece patmoleeuleandi i on
adverse to the viability of the cell, tissue or organ. Such conditions

i ncl udiestribediatl.s. Pﬂmtﬂgﬂﬁ,mgﬁiy%e?ﬁde@ﬂéﬁi%d fn UGS bhiRst 4,903,068 ragbxﬁ,@tkl y
‘induced in-sitt.c hypoxia or netabolic dysfunction, or i~a-situ toxin
eXpos UdederibdFin! (Kt : i ot Lafion
hor apy e RO P b PR B e

“car di RN ' Lh- | hi n : i sed for certain .
sur gi ?ﬁeigwf)r ocgl(%rste)gﬁgﬁ‘%g’(]lzs%??raﬂgg%gﬁé’ gﬁ@%ﬂﬁcﬁ&plf‘ °f Ffesprbedin or
proph i C t of human di seases of the CNS or peripheral nervous
systeﬁ?&ﬁ%@ﬁmhgsg&gggnariIy neurol ogi cal or psychiatric synptons, as well
as ophthal m c di seases, cardiovascul ar di seases, cardi opul nonary di seases,
respiratory diseases, kidney, urinary and reproductive di seases,

gastroi ntestinal diseases and endocrine and netabolic abnornmalities. The

i nventlit eatowards thousk ofenteegthtapojuiar foppetdctia sl maaaRAss, ehPAR i) Bpfe'bt%hﬂg
particul ar erythropoietin derivatives for admnistration to a manmali an
ani maleryfkeiciétabiedpchsive @B alsdoMRRA FegL yhdeal, cF&%Er?ssz. gk j
formul ated for oraf, intranasal,oor pareﬁtera?lédninls?ﬁg??gﬁgﬁé?g?ﬁw?he

form ojndqo REGTS 3T &n %#%ﬂ)&_@%ﬁ %ro@é-.rpénadioﬂlieﬂgl cten%ai\ge?l%(i)rl t-hé \r/)ur%%secgtl s,

t1ssues or orgahs ex

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 dirccted 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
organs. In one particular aspect, the erythropoietin-responsive mammalian cells and their
associated cells, tissue or 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
examples, the erythropoietin-responsive cell or tissue may be neuronal, retinal, muscle, heart,

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

0.



W O 02/05358U PCT/U SO 1 /~9-t79 Erythropoietin derivatives useful for the
af orenenti oned purposes may be any native erythropoietin, or an

er yt hr opoweti29s3gmal og, an erythropoietin mnetic, and eryRECWORIGLE N
fragnent, a hybrid erythropoietin nolecule, an

eryt hropoi eti n-recept orbi ndi ng nol ecul e, an erythropoietin agonist, a renal
er yt howapypipahcreas ar édaimeteal geliy apsbe. i Thesaexanbpileporferythioppietih;responsive icobby
thereof, a nmutein thereof, a congener thereof, a naturally-occurring form

t her egk ,m@ewnhﬂmtiv@ {06 ispestemt ermrbp&etm@paﬁsﬁwemdrh@rae@fmatai cells,
gl ycosyl ation variant thereof, a deglycosylated variant thereof, or a

conbl t ng
oryt h*?o};%.?e{BF%SE%O%@%%@%@E e %@@’Z%ﬁ’gﬁ% A Bt
|nvent| on B thr p0| derl atl etﬁ usef fo% tthe af or ene (;rl oned
pur podidiablegells or feaben Ik SRt Re PR P o Ru oo
~erythropoietins as wel| as erythrop0| et| ns that have been altered by_at

| east Whitd andprernsatipent extheenpirtinglerivaliveds need ase fhose Bigbhasieigxpended o MEller abl y
as conpared to native human erythropoietin. The at | east one nodification
may bexmendudietiodalftiore widenst lbashete amditmniadverae focthe iablldy ef theteelbiidsue on

nol ecul e, or a nodification of at |east one carbohydrate of the

eryt hogaal suth comdigens iaclul ireabitiein-saf Wypoxip o Rictaboliodgtirceion uﬁlegmzhll}f or the
purposes herein nay have a plurality of nodifications conpared to the

nat i Vﬁldﬁeé@ﬁzuézﬁe h@&&& S JHicRlyernBin be aLiiansxRfexpbfird MhdRttaChgy Ber tion

of the nol ecul e, I'tiple m)dlflcatlons of the carbohydrate portion of the

%i 22%%58@13}%@‘ i z@%ﬁ‘ﬁth%‘%éy e §§3ﬁ68%‘?Y°|IIn ‘Jﬁ%@%ﬂﬁh%?fg@taﬁ%ﬁé Eou b
T
or ot o814 iRl ] FEICHPHOT A A (6Pt RBETAG Rl ot RSP CPBRRGIENALDI | | 1 y

of erythropoietin-responsive mammal i an cells, yet other
procedures.

The erythropoietins aré useful for the therépéutic 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, cardiopulmonary diseases,
respiratory diseases, kidney, urinary and reproductive diseases, gastrointestinal diseases 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

Vvivo.



properties of the erythropoietin nolecule unrelated to the aforenentioned,

desirable feature may

to the namovg/ofdi8ecul e. In a preferred enbodi nent, the eryRCF/UpWiHO479N
derivative is non-erythropoietic. In one enbodinent, the erythropoietin
the invention has at least no sialic acid noieties. In a preferred
enbodi nent, the nodified erythropoietin is asialoerythropoietin, and nost
preferably, human asi al oerythropoietin. In another enbodi ment, the nodified
er yt hiiapthregdictirhdegivatived, usaful for the afbreniénti8nedpuridses iy bb2nymatidd si al i c aci d
noieties. In a second enbodi ment, the nodified erythropoietin has at |east

no I\I-Iejrythﬁq)

of¥tin6r 42 driyihksisbiGay. d?ﬁmgdﬁrﬁé@ﬁxro dietih tfthétit, and ediirepdietid he

-modi fied erythropoietin has at |east a reduced car bohydrate content by

Vi T t UG dmdn, 6lyBRRterRrd ‘I?:Bi@tr'ﬂr ?«HQéxﬁé il e 61E§n ‘i’ﬁ!ebtb? b%?if?%ﬂbbi’écﬁfee& Wit

| east one gl’ycosi dase.

*the

ourt e car rate pOI’tIOI’l

o1 o o iR AePhh Rstla) oG ﬁe?%;z%r%*»;mrsrrhaf a0% i—’é’&%ﬁlﬁlﬁra e

eryt hropor eti n i . non-ma lian cells. In preferred enbodi rrents t he
modi f ireultigey iherensor mufeiat @f&m%ﬂé&ﬂw 1 hadurally-qeeurrige ﬁrnaﬁrer%rq s.
fifth enbodi nent, the nodified erythropoietin has at | east one or nore
oxi di zvuithetie lﬁvnyﬂrcmég regrimbinantSornnthgreof aglvensylatiby varahidhaicoflm a preferred
enbodi ment, the nodified erythropoietin is periodate-oxidized

er yt hraxgbicesylaed varian didiest, g £éaitisdionnbads eAhy féeof érythropoietin 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 te rlative erythropoietin, and preferébly 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 amino acid portion of
the molecule and at least one modification of the carbohydrate portion of the molecule. The
modified erythropoietin molecule retains its ability of protecting, maintaining, enhancing 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

-4-
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W O 112/03580 PCT/ USQOL/-1979 peri odat e-oxi di zed erythropoietinis
chemcally reduced with a borohydride salt such as sodi um borohydri de or
sodi um cyddBUIEIPdri de. In a sixth enbodi nent, the nodifi edTasylsmpoi etin
for the aforenmenti oned uses has at |east one or nore nodified arginine
residues. In one enbodinment, the nodified erythropoietin conprises a

gl yoxdbe ahsent 4s compared to the ngtivermodecateyi Iniamsefersd qmgedinmt; itheagrytmopeistingl yoxal
or al kyl gl yoxal npoiety. In another enbodi nent, at |east one arginine

r esi duderivatinedd donegtyfhyopoéstict i on with a vicinal di ketone such as but not
limted to 2, 3-butanedi one or cycl ohexanedi one. In a seventh enbodi nent,
the nodified erythropoietin conprises at | east one or nore nodified |ysine
‘residues or a nodification of the Nterm nal am no group of the

eryt hr [ ef] Clyl khicat i tho [ | t.i.ng .fi 0

¢ enct | SRR R BT e BB S eiBhertRT MRS a2 B BERE WA e

“am no- gr -modi fyin ent... The dified |ysine residye fyrther y .be
cheni cﬁfﬁfirpﬁdefﬁﬂ%%mﬁnﬁg Aodifieds OIS PHRIOETYIAPGIP . P SRS reFTatYY,
biotinylated or carbanylated via one or nore |ysine groups. |In another

pr ef er MEgaraalgpmErepoiethe Ingspther ¢rsbodimente thamedifiah enthepsidgdn bes 1.&ddcd. ng
sugar to forman imne, which may be stabi.lized by reduction as with sodi um
cyanobBr@ivy 8y 9.d®, 1 b R2oomi Jesialid- alikyloddties. | ysi ne such as glucitolyl |ysine,
or which in the case of reducing sugars nmay be stabilized by Amadori or
Heyns rearrangenent to form an al pha-deoxy al pha-am no sugar such as

al pha- deoxy-al pha fi-uctosyllysine. In another preferred enbodi nent, the

S "L 04Bnl S BA RN WY 0 A LRAAKL BUR ks aTALnER-Rikcol & hID FhickP 2ot | O"

with cyanate 1on, a car
carbohydrates.

In a third embodiment, the modified erythropoietin has at least a reduced carbohydrate content
by virtue of treatment of erythropoietin with 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-



carbanyl ated, or aryl-thiocarbanylated with an al kyl -i socyanate,

aryl -i socyanate, or aryl-isothiocyanate, respectively, or it nmay be

acyl at ed WO ®/058380ti ve al kyl carboxylic or -6 WO 02/ OS3S8BCT/US01/49479

PCT/ USOL/ -19. 479 aryl carboxylic acid derivative, such as by reaction v~rith
acetic anhydride, succinic anhydride or phthalic anhydride. At |east one

| ysi npegodatgoxidized egthropoietin i ¢heopitedlyybdured withedbdrphydrbietsalo snchias fodium
trinitrobenzenesul fonic acid, or preferably its salts. In another
emodib@m@dﬁay@ig@qimayﬁi@ggwﬁwﬁ@ nodi fied by reaction with a gl yoxal
derivative, such as .reaction with glyoxal; nethylglyoxal or

3-deoxygl ucosone to formthe correspondi ng al pha-carboxyal kyl derivatives.
‘In an eighth enbodi nent, at |east one tyrosine residue of erythropoietin

may be _nodified i.n an..aro | G I sl L by an el ectrophilic reagent,
S du ek PedisRl 47 AR ehifiSeRRR Rirthl RocdButionEd R e 4TS
‘aspartic acid or a glutam. ¢ acid residug of an erythropaqietin may be

modi f iO8&I0rg @eﬁlfi@é apginine esidusg. i ppe obodimsat: ﬁmlaeglﬁsqi PO aPYSHTY CORISEH Wi t h
an am ne such as but not.limted to glycinamde. In a tenth enbodi nent, at

| east axlyoxppmopsiiaon tesingios nodre argining rdsrdupsisuch as arsaryigliyokaket, alkylglyioxed by
reaction with n-bronosuccini mde or n-chlorosuccinimde. In an el eventh

enbodimsiefy, IRatoabrfdnsisbdampnithatdpaat 6did arghtideaesidae issmpdifed b ebabtion wigh at | east
one erythropoietin am no group renoved, such as by reaction with ninhydrin

fol | owgdnR\ilfeRsheGhutRBs Bt o BinfiRd ¥6 LBl ARARMBYE cHEIghRaRiGRACT I ON W th

bor ohydr i1 de.
In a seventh embodiment, the modified erythropoietin comprises 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 or N-terminal amino
group with an amino-group-modifying agén;c. The modified lysine residue further may be
chemically reduced. In one preferred embodiment, an erythropoietin is biotinylated or
carbamylated via one or more lysine g;oups. In another preferred embodiment, the lysine is
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 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, alkyl-carbamylated, aryl-
carbamylated, or aryl-thiocarbamylated with an alkyl-isocyanate, aryl-isocyanate, or

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

-6-



In a twelfth enbodi nent, a nodified erythropoietin is provided having at
| east an opening of at | east one of the cystine |inkages in the

er yt hr opoMd 02053s0ecul e by reaction with a reduci ng agent pCYWOsS®RZ{9933580
PCT/ USO1/ - 1979 such as dithiothreitol, followed by reaction of the
subsequent sulfliydryls with iodoacetam de, iodoacetic acid or another

el ect r ypinarkoxplic geid\derivativef snchrs ibyneastion Mathdicetia gnhydridg, rgejais. anhydride or
thirteenth enbodi nent, a nodified erythropoietin is provided having at

| east pinhkalcddtyidtide. Anleadt omeysimegohp amayaidodre tohitrapheny] modided byuedttias a
| eucine, with at |east one of |ysine, arginine, tryptophan, tyrosine, or

Cyst el QA Ainfttsbeninefohil R0 08 bidferab§iRGal®| BGHbIREr dhi)dRsieslysingChni ques.
‘In a fourteenth enbodi ment, a nodified erythropoietin is subj écted to a

¢ L oRRETED oS80l Pl AR DAL b UGN SARRHIL SuliSR iRt i ealP! ©

to cleave a resi dues. resultrng erythropoi et

“fragnent e enbrgced herein. not ed above,..an.erythropojefin. useful for
t he parisiuRaS RERer 3 ity BhisOas (0 HER R reaHo T e AL dehvales!

nodi fications, but may have nore than one of the above nodifications. By
way of exanple of a nodified erythropoietin with one nodification to the
car bohydrate portion of the nolecule and one nodification to the amno acid
por t i oin ameigbth émtzdlimentt dtrlegsoved tymosine wsida¢ ofsrythinpoetinenaynbeamddifiad in ars

| ysine residues biotinylated or carbanyl ated. The present invention also
enbr ac afoneAiERaK fdsive byl acdlettiopHiliRe4gEaE Sukh S ¥y eLATRADr iddiAgioncoNpr i si ng

one
" In a ninth embodiment, at least an aspartic acid or a glutamic acid residue of an erythropoietin
may be modified, such as by reaction with a carbodiimide followed by reaction with an amine

such as but not limited to glycinamide.

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

reaction with n-bromosuccinimide or n-chlorosuccinimide.

In 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.

In 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



or nore of the aforenmentioned erythropoietins. In another aspect of the
invention, a nethod is provided for the protecting, maintaining, enhancing
or restor MY eS8uNncti on or viability of erythropoietin-rBEPORGI9E7Y
manmal i an cells and their associated cells, tissues and organs, by

adm ni stering an effective anount of any one or -s WO 02/ (153580

PCT/ Usail agditiiiothnetod, foflowerbbyfeactementithonbdcquent sutfbpdiybtwittsiodpacctameide,
particul ar aspect of the nethod, the erythropoietin-responsive mammlian
cel | s ieduhcéticadid a8 smnhatemétrapﬁilesm ptdvestuefopiadiga the diduldids liakades. t he
vascul ature by virtue of a tight endothelial cell barrier. In another
particul ar aspect, the cells, tissues, organs or other bodily parts are
‘isolated froma mamal i an body, such as those intended for transplant. By

ray bdnASE SR e Gl " e Sofinipd ff:t’e‘t"l“fq‘? Py &?t%tgn%' Hgubion e

‘intestine, adrena ortex adrenal rredul | a, illa ot helial, testes,
ovar y,°f6‘Py E&HE8 'PPP fr %f@nlgo atid, such s a ?‘I‘f’é%ee“@ aé r’@fo lysine, arginine,
erythropoi etin-responsive cells are nerely illustrative. In a particular

enmboditmtephanhtyresing by eystrieg iesidvessy endhmopoictin,| using molsculardvelogiceld cel | s,
ti ssues, or organs are not excitable cells, tissues, or organs, or do not
predortbmmueg. conprise excitable cells or tissues. In another parti cul ar

enbodi ment, the manmmalian cell, tissue or organ for which an aforenenti oned
erythropoietin derivative may be adm nistered are those that have expended
or will expend a period of tine under at |east one condition adverse to the

vi abi Iy %{t yfoﬁltteégﬁ? ﬁnﬁ!)(lhmeht %%H&ilﬁ d d&Hﬁ Q9L AN BB lieﬂl%a de

traumatic I n- ypoxi a of |on surglca y|n uced

i ~2-situ h t abplic. d sfunctlo | ~z Slt tOX|n ogur.e,

| 2t t errieg e i Bl Febfrify iidete ﬁ%ﬁtama%ytoo%learvaaﬁat R reR: Sihe
enbodi nent, the invention protects against the adverse condi ti ons resul ting
f r om d&suiing givthreneietn Bpgraens arembraned dereispect of the invention, any of
the foregoing erythropoietins as well as any other erythrop0|et|n nmol ecul es

i ncl udi ng native human erythropoietin can be used in the preparation of a
pharmaceutical conposition for ex-vivo treatnment of cells, tissues and

or gansA$ fétedl BBo ) bﬂ@@ﬂn@ﬁo@ﬁ@ﬁ@ﬁillf&%e pRipataiHRiehgmag 'hH@th'lé&t o of tR§t Or i ng
the function or viability of erythropoietinresponsive mammalian cells and
their a8RatdnBbit MBhifRatiddsSEH GRayiYe RIc9eEn o' 65 thE %bNe\RodiBcations. 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 its lysine residues biotinylated or carbamylated. The present

invention also embraces compositions, including pharmaceutical compositions, comprising one

or more of the aforementioned erythropoietins.

In another aspect of the invention, a method is provided for the protecting, maintaining,
enhancing 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

-8-



WD 02/ 0S3S80 PCTJ U SO1 /:~9~79 treatnment is useful, for exanple, for the
preservation of cells, tissues or organs for transplant, whether

aut ot r ans W@AM/08F80xenot r anspl ant. The cells, tissue or orgeorngyi/Barbat hed
in a solution conprising erythropoietin, or the perfusate instilled into
the organ through the vascul ature or other neans, to maintain cellular

f unct i morernd thituaforegrentienguearythebpoletingi In dnk @artielilas aspecssfithe afetladgdie i s not
integrated with the vascul ature of the donor or recipient. Admnistration

of t heerpirdpstetinereffftisive mimsBalla RIIS/MheiPhdsBEialed cBNlE MR \RSIn 720 dish tave! |
as to the harvested organ and to the recipient. Mreover, the

afore I Lethn. L6 uge r cel,l i ssue
ot “or gob PRURRAY BF ufuc DA BRYLOLARREL! oty RO DSRENES okl e
essentially existi x . Mivo for.a period of tinme, the termisol ated

T of or riSeS GrEARROn qiter hagily Pats sifisolated i o quamalian bodk suah as ghask antendad
‘tissue, organ or_bodily part, such as may be.performed during surgery,

i ncl udionianspiang 2By wey o4 non-dimiting examplesn e prsbronsistisaespensive belbewstissng t he
vascul ature of the cell, tissue, organ or bodily part; renoving the cell,

t i ssuemapbeneuronal etindlympsoid, hearg turgd) Hverpkidney, amah dotgstireyadrena yohiex,done i n
advance of xenotransplantation or prior to and during autotransplantati on;

or tr aad¥edal mednliy)caliilay calioBelfd] tested, bGalior cAAGRABITRI cARWr ki¥suRarthesehus, this
aspect of the invention pertains both to the perfusion with an

eryt hr apgiselsig ei-é}ﬁl%b(%iﬂtif’i‘-?&pgffsiyé s alPmtb Y Hudt BGvE" ?'xt ?P%ﬁ?ﬁl&%ﬂ%@%&t‘?

provided 'n a c I Ssue or organ preservation so

aspect, the expgsi ng may be. by.way of continuous perfusion, pulsati

por 1 usitg Yt p AR YA Gel OF i Ao alst SO et Rar bt SFR Pl ol
further aspect, the invention is directed to a nmethod for protecting,

mai nt ai§iPeRyOF W8ALSM 8F dynotgredamaipently remprge GrcaBbleicells of tissups iwnpthar cel | |
tissue, organ or bodily part which includes an erythropoietin-responsive
cel | opartigwangmbodiment tbh manemalizinlcell ttisswaue, organgfan whichhmifbsenationdds i sol at ed
fromthe mammal i an body. The nethod includes at | east exposing the isol ated

- 10 eryBréldidim3teBiPatitEhby BOddministerdd fe tgetat Bivec@ipenddd ¢ SHE expérdpD OF
bodily part to an anount of an erythropoietin for a duration which is

ef f ect patRdld? titdeQlRIeE at 188t DhAIRditRANANGS: toWe VaBTHRY Bf BRI ASESH dloan.
viability. In non-limting a exanples, i1solated refers to restricting or

cl anpi t v | K ar..to the cell, tissue, organ.or bodi part,
such ag&rlrlaé%ﬁ%ﬂe%%ée:#l? gﬁz&r‘r&élgdeggarufnﬁ 8 %’U%“Z‘P&Pf’ X2 QT B};\ei?sqoilﬁldgﬁ ; nEHOMy iS‘t'.)rglfﬁMb nary
bypass. surgery; assing the.vascul ature of the cell, tissue, organ or
bodi | y! 5?‘-‘3;”’?6%8%%@3 ?wg‘efég?lv‘i &Sﬁ%ﬁ% Opigsft ORISR FUFeIES tatter B bRe
manmal i an body, such may be done in advance of Xxenotransplantation or prior
t o andasgefiatad Withchemathsrapy or sadiation tharapyr 4o ene pwbadimenhtheomvettion protects
tissue, organ or bodily part. Thus, this aspect of the invention pertains
bot h t agaiisetheeardfersé comdutidnls resultangyfrdm cqrdiogiulmonarg bypiss. 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
cat hetgyd | e i j | : OX = VI jopent, a
Bf drbfel 8ect dF thd'Rvedht 0, gﬁ;)c&f &ﬁ@?g%éogfgoﬁg‘nhgého%tm%és We‘!’laﬁ:?a.gggﬁ{g ns.

useful erythropoietin may I oned eryt

i ncl udj ' t hr.opoi et i or an erythropqietin.apnal og, an
er'yt hr S gy Rle AR B HERERBNFK BinPlerd sttt bediond i g pPebaraton of
eryt hropoi etin ol ecul e,. an,_erythropoi etin-receptor-bjnding nolecule, an
eryt hrﬁg&r@@?‘?’r‘t‘& mposiugn fonexivivg Wealinery Of eelisntissues,angd organsfopthsgorease®l an
ol igoner thereof, a nmultiner thereof, a nutein thereof, a congener thereof,
- a nat uPRiqCYNGdRIRLRINRE, Cakancingeorigstoring thy furetion or Viability o etiropaietimc onbi nant
formthereof, a glycosylation variant thereof, a deglycosylated vari ant
t her eofespansiva ncaminalieat ¢edls ahd #reraksocied dels, Mis@fes any ofgaapofedh ax-wapabl e of
< benefitting erythropoietin-responsive cells is enbraced in this aspect of
the invention. Qther erythropoietins include, but are not limted to
asi al oerythropoi etin, N-deglycosylated erythropoietin, O deglycosylated
erythropoietin, erythropoietin with reduced carbohydrate content,
erythropoietin with altered glycosylation patterns, erythropoietin with -11
W O 02/ 03580 PCT/U SO 1 /-49-479




car bohydrat es oxi di zed then reduced, aryl gl yoxal -nodified erythropoietin,
al kyl gl yoxal - nodi fi ed erythropoietin, 2,3-butanedi one-nodified

er yt hr opoM 924053%0cl ohexanedi one- nodi fi ed eryt hropoi etin, bcowisoyloated
erythropoietin, N-alkylated-Iysyl-erythropoietin, glucitolyl lysine
erythropoietin, alpha-deoxy-al pha-fructosyl!lysine-erythropoietin,

car banty¢asment ie pgatily & ckample, fonthstpresatvation of céllsppssues omrgsnscior tghsyila,

eryt hropoi eti n, al pha-carboxyal kyl erythropoietin, nitrated erythropoietin,
i odi nawkether autdtranpibmior Rendt@nsidant. JheRells HRS O batan\eayed baed in Mddlitih
exanpl es based on the teachings herein. A human erythropoietin is

pr ef er gaghrishad bry@rdPenan, 6 the ?é&@é&k@ﬁmkﬁlléﬁnﬁ%é o@'agftﬁjlbﬁgﬁj the ‘Elgraﬂgtﬁ.l

. Regr
‘enbodi ment humah asi al oerythropoietin is preferre anot r ~bodi ment

human y. . thr [ efln | referred way of .ngn-limtin
ol SR st S4B CLRE RLShitog Buhe B REPL PRt GrUP Bt Ff orght
‘tissue, may. be or cquriseggeuroqgg, retinal, nuscle, heart, lung, |iver,

ki dney's Pohiteeratad ddthithevaseuatureof the denor or serinienll Afwpinisttation gptheipsrfypsate
endot helial, testes, ovary, or endonetrial cells or tissue. These exanpl es
of er yiAY bpaiadeitha dennspriet tpeorgal hayvesting rasrvedllyasitb thesharuestadeorgad andfo thhe
foregoi ng net hods and uses are preferably applicable to human bei ngs, but
ar e usetipienas Muztdvef, tiic orgneatiordd, uss b€ bnparythndpoietin fsivgéfubdhegevepaREN ON

ani mal s, domesticated aninals, |ivestock and zoo animals. Routes of
adni ni gdsuabi Ofpais kdlaed HOHENE Vhicantte BP A TREIULCHA HOTBRSAT IS idig!Hde
oral, intravenous, intranasal, topical, intralumnal, inhalation or

par ent el at i L. i ntr intraarterial,
Ctbout Aro s Ris Bl &P terkd Sotafil B b YRR Gins b cBERE e L UARHS &
For ex-vi use.. a perfusate.or bath solution i r eferred. This includes
per vus?hq tgﬁc?ﬁggls%‘lee?fgﬂb‘?rt Oghlyé’ﬁrtt $heh s gy IbSthngnﬁ?fl rjng surgery, inciyding, in

02/ 0S358Q PCT/USO1/.~9.~79 In yet another aspect of the invention, any of

t he af PATEREAL CodidPWEMpnsY biybassisiigsTyabypassiag e Yascyawpaef thg callgisanermrgant i cal
conposition for restoring a dysfunctional cell, tissue or organ when

adm ni et leydely raftt emaving tbeedl, tisfuef bmadbsbadily wart famdhd inamnidizpdiodi dueh f or

t he dysfunction. By way of non-lim.ting exanple, administration of a

phar mamey b dahe RGP @R bf REnGTRAR ARRth @ PRt ORA @irid} duesitRERn@eRi dr Ve
function in animals previously having brain trauma, even when adm ni stered

| ong & r i : e ) the
tr aarmm han Bt TS RS o TR S fhu P Bissp St BARln | G

any of rficul ar -af orenentioned erythrapoietins or_an tive

ot nr R aRlh ke Bl ViTE Bt eORERe SRS B SRy oo betie m et ¢, and
erythropqieti.n.fra nt,,K a hyerﬂﬂerythropoietin nol ecul e, an

eryt hr RPQIRLITG ’@égg?B‘i"v dhed di & Gellndisete aroreapreseyyationselution, Eogsithestaspest,
renal erythropoietin, a brain erythropoietin, an oligoner thereof, a

nul t i née ckpesivgmay he hyiwey of condinuons pafusiomg pwleatile herfesady, imfusion, bathing,
natural |l y-occurring formthereof, a synthetic formthereof, a reconbi nant

f or m t inggotioh, oraathetecioationat i on vari ant thereof, a. deglycosyl ated vari ant

t hereof, or a conbination thereof. Any form of erythropoietin capable of
benefitting eiythropoietin-responsive cells is enbraced in this aspect of
the invention: Oher erythropoietin derivatives useful for the

afore ' : ' i1 ' de both native
o1 yt b R AGRAE S G0 R FRERH b e FRTRT R ORE: Wi by o

| east e nodi fication, as. ared to native erythropoietin, and preferably
as Con%rgxragamgborﬁgﬁ?w e X’é‘ﬁﬁg??f # P@BB?aglaPr??ﬁﬂtF?éX%torWE’égﬁ’ogﬂ(}! PABAYHEfR at i on
may be, a nodification of at |east one am no acid of the erythropoietin

. ol eculnEludss an eryiigppqictinriesppnsive gell o Hasue gnavhiel theiegly tiisre. sirgather bodily part
erythropoietin nol ecule. O course, erythropoietin nolecules useful for the
pur posisgstaiedifiomnthy nivawealian pody alThe metfodrinadiddsehidastmxposinp siieidolatedt he

- native nol ecule, such as nultiple nodifications of the am no acid portion
of the nmolecule, nmultiple nodifications of the carbohydrate portion of the
nol ecul e, or at |east one nodificatijgn of the -13 WO (12/Ci 3S80

PCT/ US01/-49-t79 am no acid portion of the nolecule and at | east one

nodi fication of the carbohydrate portion of the nolecule. The nodified
erythropoietin nolecule retains its ability of protecting, naintaining,
enhancing or restoring the function or viability of

eryt hropoi eti n-responsive manmalian cells, yet other properties of the
erythropoi etin nolecule unrelated to the aforenmentioned, desirable feature
may be absent as conpared to the native nolecule. A human erythropoietin is
preferred; native human erythropoietin~is nost preferred. In another

R T L - - Y L,




In still yet a further aspect of the present invention, nmethods are
provided for facilitating the transcytosis of a nolecule across an

endot hel | MO AB58arrier in a nanmal by admi nistration a cpopesitisem of a
nol ecul e in association with an erythropoietin such as: an erythropoietin
having at |least no sialic acid noieties; an erythropoietin having at | east
no N- Imanmaliasycetotigsug, arRastordzndily pgd te er smount afraptdnytbmpiogtinrfohadumtjont | east
a reduced carbohydrate content by virtue of treatment of native

- er yt hrwiidi Bteiffiectivelth padtedtemaintaimenhnoes 1@ao s tha Af@EdidvapRitRt Inmon-likitihg

car bohydrate portion of the erythropoietin nolecule having at |east a

non- %mbl'eﬁﬂscﬁﬂtéd refQté ﬂe%fr%ﬁ§%pcl%(@yrﬁ)é{hl;s%sc%l}@t?rﬁtgf%r & e el RkhOR-RRL tErn

‘by virtue of the expression of a re I nant ropoi etin I’n noina i an

cells; : I i et] n r. mor xi di zed carbohydr at es
i ch 5 PAR L s A0 Bardingt 835he B, iR FRERSoM SR aRe " one
‘or nmore nmodified argininﬁéresi es; .an erythrop%ialin.having_at | east one
or nortBETRAPYPENEET Yascrlawrgeidhe gl JissHsy Prgan or befily partremQving the ¢all. ani no
group of the erythropoietin nolecule;, an erythropoietin having at |east a
nodi f itseRe; 91888 Phbogdibspartgomahe mapmaliop dody,isachmayry dene ireadvance ofbdi f i ed
aspartic acid or a glutamc acid residue; an erythropoietin having at Least
a nodixehatcansplgpta o anpni@so dod dudng anytidnsplaniativhorteatinigic atnpueivh ofAgeRM No
group renoved; an erythropoietin having at | east an opening of at |east one
of t haisgyes bigas of bedidgREt. | Thush@iLlsped o BRI iRl e NP R BottAD thE gérhlsﬁﬂ%ﬁfgj' n
is provided having at | east one substitution of "at | east one am no acid; or
atru N | 214 ; i afi t ul e t.0.be

Cr ansio o oRR i LERA! Sid Bl s The bR BT R b e ol g
bond, a stable co§aleqt.bon€ qi a no c%valent asso i@tion w@th,a bi ndi ng
site fOPEHPTHEIELER SNy of WG 2PRTY T SKPOURSIRY Pe BY WAL SPBIRRBE A n
barner, the bl oodeye barrier, the blood-testes barrier, the bl ood-ovary

bar r i deriasianivésallcrausionewdision hathings injexiionaey cathaserizetipe for transport by
t he met hod of the present invention include hornones, such as growh

hor none, anti biotics and anti-cancer agents. It is a further aspect of the
present invention to provide a conposition for facilitating the

t r ans Qytiesiferenfentiomea ieslafieén aCax05% @nbalitehl)ahisefil 68tHrop@Elih fay bB ady SR | |
sai d conposition conprising said nol.ecule in association wth” an

erythr nBht M : et i o [ ald coael
et e B R S e R i, B! erp el
car bo ‘- hropoi etin havidg at. | east..a reduced car.bohydrate
cont e%%@f]@ﬁ”teﬁg nc?#%b?’@% 6\7@16)?? Ti‘%é%”%%‘eﬁhfﬁw%&f ryhporEgnoleqie A of
native erythrapoietin wth at | east one glycosidase; an erythropoietin with
o car BEREPSIEEREEFPIASHIRAIng Folsctls; o7 STEPDIIAND RBATER: Hratel SYURPIENL Ay at

| east a non-mammal ian gl ycosyiation pattern by virtue of the expression of
a recdhdin ﬁé}ﬁbroewtlnmfglg@mentherpoﬁmmuhmnthwe@@mrm;teiarthmq& hcopgsiet i n has

at | east one or nore oxidized carbohydrates which also may be chem cally

r educ ébigreafina eatytallyeqoineingrfohn tienmpfad syntlaesic fone tieresfps fecomBidfanefdrartfénebf) e
resi dues; an erythropoietin having at | east one or nore nodified |ysine

resi dusfy@syRtioPdaridrt @iorédT, £det@sPiale Wutind!th@8d M Or §cOMBindtiod Mereof. Any
erythropoietin nolecule; an erythropoietin having at least a nodifie

fied
tyrosipgn epéayﬁgﬁq'oi@tm @ng&wgeﬁe@ﬁﬁ@ %{ﬂ?oié‘tﬁn-}et%?ﬁﬁ%@e Jodiid %&ngas ; ;&dsc

acid or a glut c acid residue; a opol e aving a

nmodi fi [ han resji,due: an erythr ietin having at |east aqne am.no
group a‘r§ er%lt)\(}g%;%%gvr? ngllo(}t F‘%%ST%’FPW‘R%% lﬂgﬁa?’eq“éégﬁtn%ﬁmg&gﬁ? ﬁ@‘%@f’ OPQISHEL one
of the_cystine |inkages in the erythropoietin nplecule; an erythropoietin
“is pr 1‘15@&109%{1%%19“&&?1’@%&“’ Onteeliresylricd endhroppietip, erythsepaietin With resiused d:  or
a truncated erythropoietin. The association nmay be, for exanple, a labile
coval effbobydiate cantenitsnghropoistia nithordiedsd glycasyhiting patitrestergbspoictinivith wi t h a
- binding site for the nolecule. Endothelial cell barriers may be the

bl ood-brain barrier, the bl ood-eye barrier, the blood-testes barrier, the
bl ood-ovary barrier and the bl ood-pipcenta barrier. Suitable nolecule for
transport by the nethod of the present invention include hornones, such as
growt h hornone, antibiotics and anti-cancer agents. In a still further
aspect of the present invention, any of the aforenentioned erythropoietins
are useful in preparing a pharmaceutical conposition for facilitating the
transcytosis of a nolecule across an endothelial cell barrier in a mamml,
sai d conposition conprising said nolecule in association with an

erythropoi etin such as an erythropoietin having at |l east no sialic acid -
17 WD 02/ 03580




PCT/ US01/ - 4979 nvi eties; an erythropoietin having at |east no N-|inked or
no O linked carbohydrates; an erythropoietin having at |east a reduced

car bohydr X@0¥¢¥i88nt by virtue of treatnent of native erytPCTasoi/suin wth
at | east one glycosidase; an erythropoietin with a carbohydrate portion of
the nodified erythropoietin nolecule having at |east a non-mammalian

gl ycosSarkahydratespxidizad then tadneers apflelypxal engshfied prythropoigtin, edkylplyoxalimodified
erythropoietin in non-mamal i.an cells; an erythropoietin has at |east one
or noreybxopbictieg2.ddnimivdibnairesdifibd etyttabsaetim \cytlehemmrilioatnydifdiliced; an
erythropoi etin having at |east one or nore nodified arginine residues; an
er yt hrapiréjoidtinhBivtingladd drpBfdpofitid, NalkRaRITPi el RBrdpy iR SR IAUSSnOT @

‘modi fication of the Nterm nal am no group of  the ‘erythropoietin nblecule;

20, o1 Y BRiAk, BRAYAS0. Bl $RShs DUTHLIY Ao OE LIBORS T B Mhce. .
O e SRR 25 A S URA BRI o1 20

erythropoi etin having at, | east an opening of at |east one of the cystine
| i nkag® aﬁeﬁ epfiaropeistinigdigated icnythiopatetingo namespireepisetdative yes ngi-biitingd

havi ng at | east one substitution of at |east one amno acid; or a truncated
er yt hrexgsoipdasibasedinethe ésaghings heneinredy hivean egthreraietih és prafdrsedi haive dvalaant

bond, a stable coval ent bond, or a noncoval ent association with a binding

site faythrbymietil iemdseprefrad! NekhhdthecahboddasitiRinsanmialdeythPehoiagg- br ai n
barrier, the blood-eye barrier, the blood-testes barrier, the bl ood-ovary

barri egre dt G i Ul ransport by
e e Y S R piired PP
hor mone, antibiotics and anti-cancer agents. These and other aspects of the
present invention will be better appreciated by reference to the follow ng
Figurgé and tailed Description. -18 W) 02/05380 BRI EF DESCRI PTI ON OF

TI - | E BY H3RESnpEHMing gxamples, ihepfprepintoncdyranyive sryflnapeietinrssspensiverellon
parenteral | y-adm nistered erythropoietin into the cerebrospinal fluid.

Fi gur etissug figxdeon eorppaseauranil.aptingl amnseds eatt,Uwng, diver, kédteynsroaltiatestee, by
erythropoietin after tenporary vascyl ar occlusion. Figure 3 shows the

mai nt emdbrecd carftex;, hdrefalmoedudln, cepiltarh eaddtheliabpestaslotay, o andspleainl a¢liswr by
erythropoietin. Figure 4 conpares the in-vitf-o efficacy of erythropoietin
and astigtheeThéReRRAHIOS bilergthrbpdietin-iabdrsive dells BRI MBReY AR¥RaLIR1O cell's.

Figure 5 is another experinent which conpares the in-vib~o efficacy of

eryt hropoi etin and

All of the foregoing methods and uses are preferably applicable to human beings, 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 includes pervusing an isolated portion of the vasculature in situ.
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asi al oeryt hxopoietin on the viability of serumstarved P19 cells. Figure 6
conpares the in-vitro efficacy of erythropoietin and phenyl gl yoxal - nodi fi ed
eryt hr opoMQ 92405870t he vi ability of serumstarved P19 cel | sSPCHUguw®+4® shows
protection of erythropoietin and asial oerythropoietin in a rat focal
cerebral ischema nodel. -19 ~ WO 02/053S80 PCT/US011~9-179 Figure 8 shows
a dosi Ydspethseamsaipiithainvertiongany obtbg afiremantioned eythioppistins ang uaefsl iunan

asi al oerythropoietin in mddle cerebral artery occlusion in a nodel of

i schepiepasng 8 pbaffiagemticabeainmsitidnhfor edstarite aodysiiimetiomyl call gibses yitdrgapwhet i n
and asi al oerythropoietin in the P 19 assay. Figure 10 shows the activity of

i odi nadrathigéet P @hbdl off theldigbal® difcondain refpoibibieefol thedSRiimkGort. By fhfect s
‘of erythropoietin treatnment in a rat glaucoma nodel. Figure 12 shows the

| et j.nal | . Letln:n the rat
o e ot Rbn BRERAE YEAE Hlnifithidld of ik b llaotbBHABR LohbAAD, | 10 1 51

o ORI AT Rl B B0 ML TR R h o

foll O\é\érglgnisbtéraeid riortlgr gfltjer;?e.gx th?gerr(iiar;lis,s ft'ur/ea ::[lz;.y%,n a week, a month, or longer) the trauma has
subsided. Erythropoietins useful for such applications 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 erythropoietin agonist, a renal erythropoietin, a
brain erythropoietin, an oligomer thereqf, 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 deglycosy-llz;lted 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

-13 -



of erythropoietin starting 30 days after trauma. Figure 15 depicts the
ef ficacy of human asi al oerythropoietin in a kai nate nodel of cerebral
toxicity. WQOR/O53%0 02/ 053s80 DETAI LED DESCRI PTI ON OF THE | REENTODN479
PCT/ USOL/ - ~9- 479 "Eryt hropoi eti n-responsi.ve cell"™ refers to a nmanmalian
cell whase f.ant L on(go Vicﬁbi ity may be maintained, pronpted, enhanced,
r egenePEPR ge1d portiqn ﬁf)e Gralenlepid aidesat onerraedifipgtianqfdhepasbahydete portion of
erythropoietin. Non-1imting.exanples of such cells include neuronal,

r et i ndhe melgsilee Theauedified enghropoietin moldcdleaptairsnits dbilitpiof ptateveing adaisnsling,
cortex, adrenal nmedulla, capillary endothelial, testes, ovary, and

endonmednhaminged resiorih tiofiactiorsstoHalsifityt eRRIOBbi AN 1ESHRANSE ¥RAnfkSlliag cand t he
‘benefits provided thereto by an erythropoietin may be extended to provide

pr ot ecfet GMheOfrofEiRE 6 £IMR Ry thRF ol inthdedife Qﬁ@ﬁEed;iglthégaquﬁenQBEetdgl %firgia%ﬁm 'y

eryt hropoi etin responsive, or of tissues or organs con

‘non- er et - si.ve | s... These other cells, or .tjissues or

or ganaui-apBL s ARehARANAKE § T BiivP e ot e egfhropoistns prefered
erythroggiﬁtin-re onsi ve.cells g%es nt as part_of, the cells, tissue or

or gan &S V¢ AT FAHEQPOIERN fsymostprelsr thgr gabodimest husagnef i ts of an
erythrop?ietin as described herein may be provided as a result of the
preseﬁ@@cﬁﬂd@3§ﬁﬁpplﬁﬁﬁ%@?ﬂbr 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 makes testosterone.

I n one aspect, the erythropoietin-responsive cell or its associated cells,

t i SSUHA yelinotiegambodi hii ' t
| ssuda yetdnotieg ambodingeniahe BiehtiGPhRvides hidthdds ISURS lll_f]é)(gf the %%%Zﬂegﬁ&%%fe) no

predom nantly conprise excitable cells or tissues. e met

i nventdr-@hroBbR¥h 45r feQbri : em.C. protection or. enhancenent of
cel | s,drjit&i sog ues an eorgggg ci\%lg ﬁﬁ#tﬁ&%l %ﬁ&lﬁ%ei0§%r%a§d\yl§eqfﬁggpls§r%agtgr a%ri ety of
nor mal v conditions, or.protectjop of thgose which are _destined
for r ﬁngéc}g ﬁ%ﬂcﬁ{%?%%r&%g}u Wﬁ%qWS‘QEF %6@]? ciypﬁmggg)p.t Pywayofaprhmiting, or
regeneratipn of agagunctipn i,;s al so provided. As nentioned above, the
abi | i t58P egietho @Smléltsffﬁtl‘?rboﬁﬁIéi@@llﬁpeﬂltlgﬁtcoemmlhebq')raprisi@ ¢rythmopidieiin and
exert its positive effects on 21 ., WD 02/083S811 PCT/ US01/~9-L79
er yt hriepgreeqgniiesiyoetitnin aahnhls ptasoussl havas lehivetrauny: eserofh@eldhfidis@tet al to
the vascul ature offers the potential to prevent as well as treat a wde
var i etlgngdfter ngli thirendayaDflveliagas decihi hbntR! &b e??th@%‘dﬁﬁa%bgﬂib ide@nt
cellular and tissue damage in an-aninmal, including human, and noreover,
per N (ErSesBastine isdtal @k Shai Sctdat ool resy for which
risk traditionally outmeigheg thehﬁgﬂégﬁ%§f&¥ﬁ%h§%#g$?%%%§#@nﬁ£gree of
pur po i L induced for ultimte benefit, such as
hi gh- gg}g?ogﬁlgﬁg%ﬁear gpy?fv:eg AOPSITUR S AR Syt 8FegiﬁdgalogﬁWﬁWqPP%ﬁq§pl ant
survival . .and .prol onged. peri ods of surgically-induced ischem a, may be
carri S4TISHE G eﬂﬁtbfor? leé’&\f'g?ﬁnéﬂ’é oybrdeTythiepaiatigmeleewe. n epgivepeietint he
i nventi on ig,not so limted, but includes as one aspect, nethods or
conpodFEPEESInRg ﬁokcﬂlﬁea‘ﬁ Sngappeietin hganis) etenal erptpepositinea beid s ar e di st al
to the vasculature by virtue of an endothelial-cell barrier or endothelial
ti ght efthropoictis, anl oligpereetidreof, henultinerthér@of, asnateinanhiéest, b GomidHer thereof, a
erythropoi etin-responsive cells and associated cells, tissues and organs
whi ch nemyallyestehiring folrftBeBORS UlsGnthetAdrR thdrB6 O R 9é@hiban R BLIRY &
cellular, tissue or organ dysfunction may be restored or regenefated after
an ac oRAMBISErRMEMerdoT UE . to .an. erytl| u-opoietin.
The i lr%l/}gntg’%don is t her ef or'e %%gﬁ,%tg%gg{égg%\%&gltﬁégﬁg{%%o lg&bqnt §rePthr dietins
 pur podZE A R e ey R e OO UE BmIGHRA RS
regeneratg%},ct ot 'n.an%wﬁther way benefitted. The invention is also directed
to nmefPRFALOHBE IySren Qb Ty dreRaietdsrivativasorsefug fordhe aferparentionddmymuases ul ar
*function by adm nistering to a marmal an effective anount of an
erythropoi etin as described herein. The invention is further directed to
met hods for rmaintaining, pronoting;l4enhancing, or regenerating cellular
function ex vivo by exposing cells, a tissue or organ to an erythropoietin.
The invention -22 WO 02/ 03a80




PCT/ USOL/ -49-479 is also directed to a perfusate conposition conprising an
erythropoietin for use in organ or tissue preservation. The various nethods
of the i nWhoY/@5AS8ti | i ze a pharnmaceutical conposition whi chcatushessto
includes an erythropoietin at an effective anount fox the particular route
and duration of exposure to exert positive effects or benefits on

er yt hPB ghampaseyiéanp oorapasitionslihclude both mative drgtpopeibting asrwell 48 eFRhropSichady .
Where the target cell, tissues or organs of the intended therapy . require

the etlythropbest dlterddbycat derst et ROETHCNRI A coffphledianigle QWW%&M i cal
I C ()

conposition includes the erythropoietin at a concentration
capablpgsferablyeds donpasddte nhhiee BRd Q;g;k 68l | L& sl gxerting its
‘desi rgbl e ef}féects upon {'he eeryt %ﬁo o}!rgécflgltﬁlr'errsl%gd;tlgélagteo%éw@ﬁcm“égﬁ %%a
capab | I iL,1h the.eryt hropoieti.n receptor and nodul ating the
ot v oA B AElchl Sakebilnd 4 ST e BB PpiStA Sclfcp b sk ign of ol
‘erythroppietin receptor activity nodul ators, .are useful in the.context of
t he pﬁeeagg?ﬁe ‘faﬁ%ﬁ’gf’gﬁ‘?{ thp §5RhropPistin moleqws; BEcoutssy enythuonslietin molecules
natural |l y-occurring, synthetic, or reconbinant fornms of erythropoietin
mol ecUF8! fosdheaypesen berebmer havs a pluredity ofinedificationskebmpardyo Atnafiesessari | y
resenbl e erythropoietin in any manner, except to nodul ate erythropoietin
r esponsilemilg ehth aomiltiptemodificatsrdfiiadarint @bid pokiot SRPRlokicul h]%%)tg)le
gl ycoprotein hornone which in humans has a nol ecul ar wei ght of about 34
kDa. iudifigitione oPthecaibbh iR Hossh dBRe YIRS . .g| YCOS
resi dues conprise about 40%(% t he me?g{?tl&g¥e’ ﬁ]%ﬁﬁr?gf%u+§&1§ﬁ%%%¢/th§ of
er yt npeR £4il BoMaT j i of t .esept i nyeption engconpass

i BoHRRlothne aﬁ&m%&g{ le8St o mgﬁc%%? H’Etths carbphyd

natural | y-occurnng, synthetic and rec T3iE RO hunan
and o pan erythropoietin-re] ated nol ecul es: erythropoietin,

asi al E%?‘%?ﬁ?%"’éﬁff@mo l%"ég‘?ry@%@iﬂl%ﬁ%'m@w Feteipsite abikity efinyetecting nwtiitaining,

anal og' , _erythropoietin - 23 WO 0210S3580 PCT/USOL/: ~9~79 mi netics,
eryth %H(S‘F i Q1 Testrethe Sunalipp or wiability f epydirepdietinymspmsivesnaremylifng eqisj et i n
recept or bi ndi ng nol ecul es, erythropoietin agonists, renal erythropoietin,

br ai ny&rafhenrmspprirtied of thobiyonpoistianbleletinigied tdme atfremeattidicdsddshasigof . and
congeners thereof. In addition, erythropoietin forns useful in the practice

of t héeapureseaytbe abs@ntas oompaed tltheMHaliSindfechiRah hﬁlﬁ‘ﬁ&lg:g)gfﬁtgpk%ﬁﬁ% @%@r} :

“equi val ent gene products. Such an equival ent eryt I n gene product

I ncl uggivekumidn &§iht iietl L. &h i n.del etions, including
i nter naIl del etni ons,%ﬁﬂl?gﬁs&?prﬁ%é&iIﬁg%{(étg%{’é%?Dgr@qllsmmt§P’5’Iaﬂg fusi on

pr ot emglaf&ghééﬁ@%?ﬁ yaqtgéf\égeaubsti tutions of am no acid residues within .

S . . .
and/or a o the ammno acid sequence, but that result in a "silent”
change, in that the change produces a functionally equival ent
eryt hropoi etin. Such am no acid substitutions may be made on the basis of
simlarity in polarity, charge, solubility, hydrophobicity, hydrophilicity,
and/ Sttﬂﬁveé Hithertagpast ahthgipeesent inkentioasingtheds ara pedwided fofGucilax 8
nonpol ar (hydrophobic) am no acids include al anine, |eucine, isoleucine,
val I ngansgytoisisred 2 mdlecwi¢ adrass ameendbihiglibiael darried i ARt A By MRS Aonneut r al
am no acids include glycine, serine, threonine, cysteine, tyrosine,
as par agnpasiti@nel Pinvleaile e assdORiibs ieliR@8diCas. A I.ds | nel ude
o R e R S AT B S g

arginine, lysine, and histidine; and n charge
aci dsati1B4st UE Qi bt I 1c.acid. Alterngtively, .
non- conser vgt }agg @g%&irll%etg%i’ gn %@é@%@hﬁvw%ﬁ@“ P géﬂ e 1, Qrligkedst i ons

may b y&g%r .cre functional ly altered erythropoietin nutants. Such
mut anofag can égg"g’ugsneéa OPé)Iléig]rhaé’P}ﬁ%rl?ﬁﬁbﬁ‘ wdpepdfiagoby drateconieng by virtisiof way's.
For exa%ﬁ%e,fin.one enbodi nent,, an erythropoietin useful for the practice

- of t WECAIMGRIRE e ve srythsepaietin Wathat dagk dneghysiosidise; ait erytlwopaistiowithar nor e

am no acids within the four functional domains of erythropoietin which

af f ectarbedpEpte porsion@if thy erythepietindholecal KHMRYAYY land Aoon SEfRaLTHL and/ or

' SlI."FLRG | n anot her enbodi nent, erythropoietins containing nutations in

t he surroundi ng areas of the nol ecule which affect the kinetics or
receptor-binding properties of thejmul ecule can be used. -24 WO 02/053a80
PCT/USOL/ -L9-t79 The term "erythropoietin” as well as "an erytl uopoietin”
may be used interchangeably or conjunctively, and the various anal ogs,
fragments, hybrid nol ecul es, agonists, nuteins, and other forns as

descri bed above enbrace the variants in the extents of and sites of

gl ycosyl ation of erythropoietin, including native, deglycosylated,

asi alylated, and other partially glycosylated forns of erythropoietin.
Non-limting exanples of such variants axe described in Tsuda et al., 1990,
Eur. J. Biocherr2. 188:405-411, incorporated herein by reference. Bacteria,

______ o " o, o



regardl ess of any structural relationship of the nolecule with
erythropoietin. In addition, erythropoietin itself may be nodified to
tailor it3VQABYISHF80j es for a specific tissue or tissues. Severalsoi/49479
non-limting strategi es which may be earned out to achieve this desired
tissue cihficity include mpdif cations that shorten circulating half life
and t h&@gg%yd%}ban%&? b Vw’éleg? {herfxprsstign pha seeambinaat erythregioidiingn pom oi d
precursors, or npdification of the primary structure of -25 WO 02/ 053580
PCT/ ustigmmaiagogllsn esythropoissioi hes ehleastlone ot mordnddiappeaobetydtatesvedtic hlsg
circulating half life is to renove or nodify the glycosylation noieties, of
whi ch  eraytberchpmicelly redisd;tdnreepthidpoiditieeviaptt RS drelor Mesdmodied aMdi,@nt s of
‘gl ycosyl ated erythropoietin can be produced in a nunber of ways.” For
exanpl gesiduRs aml el t i i ) . . ar_ _chai.ns. can
@i'ﬂiﬁof;@‘iétﬂﬂla‘o'iﬂ léaglr(g]g&gtn?rgz %d@ﬁ‘l{bhlgglgc%]@%dﬁg ot a, fio) 6}83“0‘1

be renmoved by specific sialidases, ndi ng on em ca i

connecti i I-WT g TN i t ugar ..chai.n:. ~Alternativel, t:he

gl ycosw{(}tg é\g str uagta h{rhééﬁjl gﬂp ttt))gthgiré @Pg&nirﬂolmlﬂq,@pgﬁﬂ&%%n%baw Algewt Rer
enzyneg that. cl eave at specifjc |inkages. Techniques to nodify the prinmary
struct ﬁlr‘)gﬁge#ietyﬁ%ﬂ”ie&&“ Ha Y BERpoigimdiaving;at desigr megidied pspeTtiafciooras ds,

chem Caiuéam'di fication of amno acids, or addition of other structures which
i nt er f AP RRIGIRE dpeitaBreavhiopaictin hevipg lat lepstiaahodifivd triptaplyanatsidites an ecept or s.
Use of such fornms of erythropoietin are fully enbraced herein. In a

pr ef er ewythrepdieiii having at leastbat imiriof @oaf rénkd/eA0 BN SFYRIBP AR Bivirty at least an
erythropoietin of the invention is reduced by about 90% fromthat of native

eryt hr opsiieg ofat 1&BMBNO6f thd 6pstindBhREdk S5t e thABY Lk %&%?‘F% )g}é %ﬁg%@aﬁt i ons

of erythropoietin itself in other tissues or ofgans. Ser
cont ai p 190 P &CA nce -47 of. nat.i.ve erythropoietin |s
Tnacti DR plel by Rl SSORIERECO Y 1ot tfating Bt F b€ B Topelet
(Ganpana & O Brien, 1998: Int. J. Ml. Md. 1:235-41). Furthernore,
derivative erythropoietin nolecules desirable for the uses described herein
may beﬁgenerated €¥ %uanidination, am di nation, carbanyl ation

( car banbyFSEPFBRI™ PEVERR thedprlesnie it betiansperted andtthoerythsomistinhat bey fior
nitration, or nodification of arginine, |lysine, tyrosine, tryptop' ~an, or
cyst ei freamplejadakite ervaleat bond b spbleusaleanong, of HedncPrA6R AsHoeR Lo WA 2S
limted proteolysis, renoval of am no groups, and/or nutational

subst i bindingrsite forathg inwilewle. | Bisdoftlial 06110 s niay bR RPEIBE-bi i 3580
PCT/USfI1/-t979 or cysteine residues by nol eClS,I,| ar biol ogfa(%g?ar{l%ﬂr%%%%éeds to

pr oduceyeasariidll BRVIGIA-RStcBircier. 1Y D166 ByAY AIRIUAL helifs '.Igg{;flﬁr%gﬂuﬁ’% ties for

specific organs and tissues but not thers, such a Tes (e.g.,

Sat akeggitab® moikd ] hord o Bhopl zys. Acta 1038:125-9; incorporated
herein by re glgeeﬁlg(eh’f Jr?drl%g’ ls)&lgP{ttﬂllerrgF %’8 oéﬁ’é’ RABRT RtioRgn &Cg?rﬂﬂ"émé%saﬂ@cﬁsi bed
her ei npel s the dification of erythropoietin arginine residues by
reactigrﬁ“'\% 11?11%50“5{ 1ptics, 3f anl-caen o8t oxal (according to the protocol of
Takahashi, 1977, J. Biocher~i. 81:39S-402). As will be seen bel ow, such an
erythropoietin nolecule fully retains its neurotrophic effect. Such
erythropoietin nolecules are fully enbraced for the various uses and
conpositiy afisthesspertiedhtpresim inveytidhet provided coRPOTRbN AR adiRh@EUheS, Such as
brain erythropoietin and renal erythropoietin, reconbinant manmal i an forns
of er ytrinsoposie bf & maAsculeidro@Sinich8otAalidl call b¥rRF mU 91%81 ' | and
reconbi nant isoforns, such as reconbi nantly-exglr e@se a%ﬁggﬁﬁééﬁﬁﬁ% t hose
prepar @fndiki RPN 8 TR [ r vi ded herein. Furthernore, the
npisinfRONR E5B1a03h ith By R O I b SRR TR e

present invention includes nolecules 1 nclud*ng

eryt hr iEL | d ....as wel |, as.reconbi nant constructs or _other
ol ectagisthe Safe Al uRlie S Sy i et cret i B kePERO B1bksg cal
properti.e f.erythropoietin, including fragnents and nul ti mers of
eryt hr$ ]?ﬂﬁléfﬁfaﬁeso A0 W&%&ﬁ‘@ﬁ{a&ng@ fﬁaﬁrﬁﬁdﬂ@ﬂicﬁfblf?b)’@ﬁﬁq centontdyedrtnobecul es
"with altered erythropoietin receptor binding activities, preferably with
i ncreased receptor affinity, in particular as pertains to enhancing
transport across endothelial cell bdfrers. Miteins.conprising nolecul es
whi ch have additional or reduced nunbers of glycosylation sites are
i ncl uded herein. As noted above, the terns "erythropoietin" and "m netics"
as well as the other terns are used interchangeably herein to refer to the
eryt hropoi eti n-responsi ve cell protective and enhanci ng nol ecul es rel ated
to erythropoietin as well as the nol ecules which are capabl e of crossing
endot helial cell barriers. -27



WO 02/ Ca358U PCTJUSO1/-t979 Furthernore, nolecul es produced by transgenic
animal s are al so enconpassed here. It should be noted that erythropoietin
mol ecul es W3 0% ced herein do not necessarily resenble PCT/US01/49479
erythropoietin.structurally or in any other manner, except for ability to
interact with the erythropoietin receptor or nodul ate erythropoietin

r ecept GFatpan 9#’9%}“’8 P}%QEWQ%IQ vath atdeashenceslyqesidese; an evthyopeiglin wigheascades,
as descri bed herein. By way of non-limting exanples, forns of -

er yt hr 6pbobydratepogian offthe modéfiqdreapthrapeietifi mdiecupr lewang atilensenhoromainnedliade
erythropoietin nuteins, such as those with altered am no acids at the

car boxglyoesytatinspatienchy viewheiof thé Siprdssibe bf a RcdMBindBCerfihebpoetid iSnofrat ent
4,835, 260; asi al oerythropoietin and erythropoietin isoforns wth various

nmb i dels-a&l j I c g I: .S
oot g O SR e P o I B eSSk it o1

descri i 5, 767,078; tide ich bind to.t T

eryt hr ?)%g/i Bee'?;lhr%ljmrﬁé1 L gg%dg{&%sanf égt&rquée&f%ﬁﬁwag gfle O8R5 m@,reﬁ‘gflg’iég argiyne
5,830,851, small-pol ecul ﬁm m netics which activate the erythropoietin

r ecept OIS FLEpAtFUnRaying at feastepe o5 mpsemedried dyinaveyidneopai raedificatival ogs
descri bed in WD 950546S, WD 9718318, and WD 9818926. All of the :

af or em@hthediderminal aminmsrosp of thecesyibtunatatid nindewmile; 2t eritthepeietie having atlessah
disclosures refer to the various alternate forms or processes for preparing
such f oxadifiat tytdseegesitin; opoérgthiragoietin Havingnit Ras mbMmvea bific Fid/édy opoi etin
can be obtained comercially, for exanple, under the trademarks of PROCRIT,

avai | alghgarhicoridetiige; Bn@i-afFopoittin haPdkiat £ : N, i.Lable from
Angen, Inc., Thousand QCaks, 0. 1-r12§ r.g\?l\l) O%Ia%%déggwﬁﬁfe?&%&@w The

activi | j : I ef ] erythropoietin). and .

eryt hr E}ég@g ?fﬁﬂ??ﬁ%n%ﬁ lgé%}ogé 91?121'1({ éﬂggﬁ’ Eel cﬁ’ﬁ?’l §IE) fﬁ[ﬁlxﬂ% etb‘hgaevdn&)ﬂ lgastan
effectiyve in.stimulating red. cell production in rodent nodels (and as
der i ve8p%‘§/qg§ §f %ﬁﬁ‘%ﬁi P‘b%%ﬁa‘hg Fgﬂﬁ'& ages “thg?teﬁ)ftBrﬁaPlétm molecuifs ap Aythropgistinis
regul ar er, tt]{ﬂopoi etin (MWof ~ 34,000) is ~ 8 ng of protein (1 ng protein
i s appPBXf Ving13 deagiopne gubstigytiew of at lepst eneaming acid; @ ameated opytirepoistin.s
incidental to the desired activities herein and may not necessarily be a
detect abl e property of certain of the erythropoietins of the invention, the
definition of activity based on erythropoietic activity is inappropriate.

Thus, &heuassdiation eiay bef foe eﬁ@x’hFléi 4 JabUB bdvaRint Bét, RsRBRI RYhRnHond, or a .
eryt hropoi etin-related nol ecul es -is defined as the anount of protein

requi r ggnédvaRht Sdsbeibtivh WARG bﬁﬁf?%’léﬁe)/fo} fhe MeHERe. %nq%&ﬁaga@e celhhanigrgnay be the

eryt hropoi eti n-responsi ve ce r systens as is elic

i nt erngid . ryvthropoketin.jn,th ane system The skilled
art | saglog rin R REAE bRoH IR B plogacsites YiBTRrals bPy sBRBaetor and
eryt hr i,etin or related,nolecule follow ng the guidance herein. Further
to theﬂgﬁg%le%d'ﬂklﬁ?‘}%ﬁ@a*%r%lm@epwﬁwlﬁ forgeanspastly e sneihed ofithepressnt, ¢ he
foll ow ng di scussion expands on the various erythropoietins of the

i nvent iBFNtioRnnshugde hoapenast suehes grdvethihnumorte; amibmdtics aad entataricensdentsp si al i ¢
acid noieties, referred to as asial oerythropoietin. Preferably, an
erythropoietin of the invention is human asi al oerythropoietin. In
alternative enbodi nents, the erythropoietin of the invention nay have at

| east [n a2till Burtiter adpectof tie F&sg:rﬁ invitiors hny b2the Wordrdeti el %Ir)gﬁo@oiét%%i flyes. It

may be prepared by desialylating erythropoietin using a s ase, such as
i's desgkdied drébakif Ly 0 L RQ. i al ydase A f.rom ProZyne
. T prébalig PR REh L LoBp B8 RSl o RGeS or s Botecufs

) sequengy igs H &%%th%hé@é%%ﬁueﬂ}" a l\il_rr?ﬁglf g/alicgI gyrﬁgogt%%tc%n{p%‘i%ing said molecule in

—

association with an erythropoietin such as an erythropoietin having at least no sialic acid

-17 -



WO 02/ 053580 PCTI USO01/-~9~79 gl ycohydrolase, EC 3.2.1.18) is used to
cleave all xion-reducing termnal sialic acid residues from conpl ex

car bohydr We®/@s80gl ycopr ot ei ns such as erythropoietin. |tP@I/UB0IASD Ccl eave
branched sialic acids (linked to an internal residue). Sialydase Ais
isolated f.roma clone of Ar-tlz~~obacter ureafaci esas. An erythropoietin
may habclies; pR suithreppistin daving ghisast ner NAinkedrisre Odinks garbahydiatesoat enpve

Nl i nked carbohydrates, erythropoietin my be treated with hydrazine, in
accor ¢aytbmpoietm lmwangpit dsastr tedutddecanipaliydese cagent byadrimyofitentmeatt bfinsttveal . ,
1996, G ycobiology 6(2):217-30. As noted above, erythropoietin has three

N- 11 nkggthespohsinwditableai bt BRosildle; M &5ERbpdiBUERIth ARa@IRYAERHOHRRSES the

‘erythropoietins with two, one, or no N-linked carbohydrate. An

th Fel i heni | 10R - at
Cont entopye ety A R IR B R PR B PERE e

‘gl ycosj: E xanpl the, procedure of .Chen and Evangeljsts, 1998,

El ect r%l(l)p ogfe%1 ¥ %5‘11%6 Si%??’g%?@gwlf&a Vyﬂm%?ﬁ%’sﬂé@?@m@?ﬁﬁl > 8 enpval  of

t he C)Iiﬂgfd,carboh grate may be achieved follow ng the nmethods descri bed

i n Holkghgpoigtin haggyleastmne or morgpyidizeshcarbghydratys whichadso meaw be ehaseipgll at e
portion of an erythropoietin nolecule may have at | east a non-manmal i an

gl ycoggdunedpan grathrepaietyhaying atdeast oné er mwpr wsdifiod arginine restinehianant
erythropoietin in nonmanmalian cells. Preferably, the erythropoietins are
expr essyttiropoidtinsleningodt lgdsborie arahdiz. mEifie@)yshie ro@fuds iofh i ddelfi @G8ABE the N-
expression of erythropoietin in insect cells using a bacul ovirus expression

t . H . H . .
P T U St Uy o800 Bl

Ex i in.: | .be .--30 .02/ 0S35811 .PCT/ USO1/ - 1979
C0r Sl D A0 NS 2s o AR SRR g BT A7
e Kt S L (R M RO D C UL

merely exenplary of nethods useful fox the production of an erythropoietin
of t hettilepskeny BRIngrasoumemevedy an eryithriopejetimhaving atleaspei epéning6f dt hensi onesoft i on
may have at | east one or nore oxidized carbohydrates that- al so may be

cheni dhe bystimedinkeges ifthie eytingiodstint ineleeule] i epthireidistinigyrdéded having at least

peri odat e- oxi di zed erythropoietin; the periodate-oxidized erythropoietin

al so g SABstalies 664tly¥ast SklIGRThoWCId? of 2 BRRBNYHEl HRofAdtn. SUCh as sodi um

bor ohydri de or sodi um cyanoborohydri de. Periodate oxidation of
erythropoietin may be carried out, for exanple, by the methods descri bed by
Linsley et al., 1994, Anal. Biochem 219(2):207-17. Chem cal reduction

fol | ow: er.l.odat e oxidation,ma carri out | ow .ng .t he net hods of
Tonel | caRSGRRALEy B8 /P bR Rate CValanfhom s plpplespbiath tgnd, o
erythropoietin for the aforenenti gned uses may have at | east one or nore
modi f iRSERCQYPRtiansociation yilsa bindmgesitg fpr the n@‘ﬂ%‘?“x% dindothelial selirhaspess eayberthy
conprise a R-glyoxal noiety on the one or nore arginine residues, where R
may bebleed-Brapm bammiet.dhwblogd-cye bewsier,dh&hlooditestasrbaerideothy blood-avpryt latisydndgr oup,
or an al pha-deoxyglycitolyl group. As used herein, the term|ower "al kyl"

means the $lgodigbdentabarfcargunableahelcculs fbrifabmstt By thkhadthed e prasdion group
preferably containing 1-6 carbon atons. Representative of such groups are

met hyliny@itii inclu8O RERHes, susiP B Ehth Abfridne, E’kﬁp{iéfttds aﬁﬁéﬂt‘i-cé’r%r %?‘E# i ke. The
term "al koxy" means a | ower al kyl group as defined above attached.to the
remai nder of the nol ecul e by oxygen. Exanples of al koxy include nethoxy,
et hoxy, propoxy, isopropoxy and the like. The term "cycloal kyl" refers to

cyclicnal kyl oups. with three to.abo 8 carbons,. including for_exanple
oyl opPass nd Bl Bihetlsof eyt RykRufvilkac betemmanad By FHetesomne 16. 470
the like. The_termaryl refers to, phenyl and naphthyl groups. The term
heterJ&ﬁﬁ“‘%&f’éﬂ%ﬁsta@db%?ékeéaféml?ﬁ%oups containing 4-10 ring nenbers and
-1-3 heteroatons selected fromthe group consisting of oxygen, nitrogen and
sul fur. Exanples include but are not Iimted to isoxazolyl,
phenyl i soxazol yl, furyl, pyrimdiny18-quinolyl, tetrahydroquinolyl,

pyridyl, imdazolyl, pyrrolidinyl, 1,2,4-triazoylyl, thiazolyl, thienyl,
and the like. The R group may be substituted, as for exanple the

2,3,4-tri hydroxybutyl group of 3-deoxyglucosone. Typical exanples of

Rgl yoxal conpounds are gl yoxal, nethylglyoxal, 3-deoxyglucosone, and
phenyl gl yoxal . Preferred R-glyoxal conpounds are nethyl gl yoxal or
phenyl gl yoxal . An exenplary nmethod for such nodification may be found in
Werber et al., 1975, Isr. J. Med. Sci. 11 ( 11 ): 1169-70, using
phenyl gl yoxal . In a further exanple, at |east one arginine residue may be

. o, o ~ o~




An erythropoietin of the invention nmay conprise at | east one or nore

nodi fied |ysine residues or a' nodification of the N-term nal am no group
of the er Who1)5858t i n nol ecul e, such nodifications as thoseCTaswul/t94my from
reaction of the lysine residue with an am no-group-nodifying agent. In

anot her enbodi nent, |ysine residues may be nodified by reaction with

gl yoxal derivatives, such as reaction with glyoxal, nethylglyoxal and
3-deoxygl ucosone to form al pha-carboxyal kyl derivatives. Exanples are
reaction with gl yoxal toBRENDEICRIVIROFATNEREUREY N Jonb and -32 WO
02/ 0~3S81 1 PCT/ USOL/-t9-47) Nonnier, 1995, J. Biol. Chem 270(17):10017-26,
or with nethylglyoxal to forni (1lcarboxyethyl)lysine as in Degenhardt et

al ., 1998, Cell. M. Biol. (Noisy-le-grand) 44(7):113945. The nodified

| ysi ne..residye .further .be chem cally.reduced. Fpor exanple, the

eryt h?%'ﬁgfeefgﬂ’lﬁt&ﬁeoté”b;ﬁr‘g% lﬂ?PgPaéWtVia YiHPHIH eﬁﬁ&@ﬁ&,"pg’ﬁggﬁﬁg they accor dance
‘W th the nethod described in Exanple 5, in which D biotinoyl-s-am nocaproic
aci d- NeerRPesHIad fuid- ni ni de ester was reacted with erythropoietin, followed
by renoval of unreacted biotin by gel filtration on a Centricon 10 col um,
as descri bed by Wjchowski and Casl ake, 1989, Blood 74(3):952-8. In this
paper, the authors use three different nmethods of biotinylating -

er yt hriigaie€? slitowsthy podteyivrcdt t@ﬁyb@r&&ﬁﬂﬁéxﬁﬁs&@ﬁhi@d#&%@%@ie@ﬁ oldfift after
erythropoietins for the uses herein. Biotin may be added to (1) the sialic

aci d nehpbla8pvisehlapBEN@tY¥hat e groups or (3) amino groups. |n another
preferred enbodi nent, the lysine may be reacted with an al dehyde or
reduci ng sugar to forman imne, which may be stabilized by reduction as
wi t h sodi um cyanoborohydride to forman N-al kyl ated |ysine such as

gl uci t‘Q,I él i} si ne, or which ;?g t he case of reduci &% sugar s nay. be

st abi | FBBEe %h%%%ﬁ?alaﬁenmf thepstiongd peieart PEepREdFonFansplsRttian xy

al pha-am no sugar such as al pha-deoxy-al pha-fi-uctosyllysine. As an

exanpl @ythsepeittiat i on of a fructosyllysinerriodified protein by incubation
with 0.5 Mglucose in sodium phosphate buffer at pH 7.4 for 60 days is
descri bed by Makita et al., 1992, J. Biol. Chem 267:S 133-5138. In another
exanpl e, the |lysine group may be carbanyl ated, such as by virtue of

react i Piguyé 4 BoRparati® #0030 eI Y ery@fopdhidtn & RRBE-RLRHofRfin on the
-thiocarbanylated with an al kyl-" or aryl-i socyanate or -isothiocyanate, or

it may,:be;: _ i.ve al kyl- or arylcarboxylic acid derivative,
such a‘élgﬁg}%f%%% on Wlﬁ"lﬁg%%ltls'c anhydride or succinic anhydride or phthalic
anhydri de. Exenplary are the nodification of |ysine groups with

4-sul f ophenyl i sot hi ocyanate or with acetic anhydride, both as described in
-33 wo 02/ys3ssn PCT/U SO01 /~9-t79 Gao et al., 1994, Proc Natl Acad Sci
USA 91Fignss S ipgthessxpermppiaviel compares the s vt ffieacyiof enfrengietimead f i ed by
reaction with trinitrobenzenesul fonic acid or preferably its salts. Such
met hodasialeeryteeni¢tineen tiw| oebility dhsampi-garSed Ri9 kellsst one tyrosi ne residue of
an erythropoietin may be nodified in an aromatic ring position by an

el ectrophilic reagent, such as by nitration or iodination. By way of
non-limting exanple, erythropoietin nmay be reacted with tetranitronethane

(Nest | pigugé 6%bmpa§c|% %Siiﬂﬁglgie?ﬁcac%?%%%&@ énﬁ%%x@gflﬁyogfl-ﬂﬁﬁh@@t ed as

descri bed in Exanple 5. east” an I C acl utamc acid

resi dug., i-61] be i such as by reaction with a
car bod%ﬁ@}?@%‘%\a{/ggﬁ%ﬁ{r}}e@%@t@%‘sm@ﬁﬁécgﬁi'ne such as but not limted to
gl yci nam de. Exanpl es of such nodifications may be found in Exanple 5. In
anot her exanple, a tryptophan resi due of an erythropoietin nmay be nodified,

such as_ by .
Figure 7 shows protection of erythropoietin and asialoerythropoietin in a rat focal cerebral

ischemia model.
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reaction with n-bronosuccini mde or n-chlorosuccinimde, follow ng nethods
such as described in Josse et al., ChemBiol Interact 1999 May 14;119-120.
In yet an®ih&/osg8anpl e, an erythropoietin nolecul e my be ptEpasiedsby
removi ng at | east one am no group, such nay be achieved by reaction with

ni nhydrin foll owed by reduction of the subsequent carbonyl group by
reaction with borohydride. In still a further exanple, an erythropoietin is
provi ded that has at |east an opening of at |east one of the cystine

| i nkagigire$ shaws adpstwespmise companinethe leffidayy 6aGh4 ksibidid SRR agent
such as -34 VW O 02/ 053580 PCT/USOL/ ~9~79 dithiothreitol, followed by

r eact ksaoafytiidpoistitbingliald ccredrh Rty belid in|aAAOR 8F RN JiBfloacet | ¢ acid
‘or another electrophile to prevent reformation of the disultrdé |Iinkages.
An erythropoietin is provided having at |east one substitution of any
one~of a nunber of am no acids, such as a leucine, with at ‘| east one of

1 ysi ngy i t han, .tyrosine, .o cysteine residues of

e yt hr aE 3 RS the dret LI PR Gheidkn fldas cpsbronaistoin theoBl9
eryth&ggyietin may be prepared by subjecting an erythropoietinto alimted
chem cal”'proteolysis that targets specific residues, 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 |east one of the aforenentioned nodifications; but may
have Hignee #fshownibe attitityeofibdivetedeslthropaitii@ Bsthe BY9Wak,Of exanple of a

nodi fied erythropoietin with one nodification to the Xérbohydrate portion
of the nol ecule and one nodification to the amino acid portion, a nodified
erythropoietin may be asial oerythropoietin and have its |ysine residues

bi ot i migpé ¢l depick %@@ff@é{sacﬁ%gythropoietin treatment in a rat glaucoma model.

Figure 12 shows the extent of preservation of retinal function by erythropoietin in the rat

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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Thus, various erythropoietin nolecul es and pharmaceutical conpositions
containing themfor the uses described herein are enbraced. Such

eryt hr opoweta2ressssb ecul es include but are not limted to  PCT/US01/49479

asi al oeryt hropoi etin, N-deglycosylated erythropoietin, O deglycosylated
erythropoietin, erythropoietin with reduced carbohydrate content,
erythropoietin with altered glycosyl ation patterns, erythropoietin with
car bohydr at es oxi di zed then reduced, aryl gl yoxal nodi fi ed erythropoietin,

al kyl gl yoxal - nodi f i edDETHIhERBHESERIPTIONIOB CHEWBIVENFIONdi fied -35 WO
02/ 053s80 PCT/ U S(11 /~9-479 erythropoietin, cyclohexanedi one-nodified

er yt hr'tqrgihedpoietinbtespordisleabRtretiry 14 RRMINBIlA cell whose function or viability may be
*Nal kyl at ed- ' ysyl -eryt hropoi etin, glucitolyl lysine erythropoletin,

al pha- el Le- t hr.onoi et r | a1 ed .
o1 1 by A aled, PRAGHE Rickd ShRa it B Rl S e e B Y Fropserede o,

"al pha- Kk er.ythropoietin, nitrated. erythropoiefipn, iodihated

eryt hre‘gg%?%eﬁ{n.t T ﬁlétl%?%@n\p&ﬁro&‘é‘}}i’tcgﬁ? el neHEﬂ’i‘-afi“?H“@ pPseleah§ies based
on thﬁ te chiggg}herein, Prefen~ed are the aforenentioned nodified forns
based 'BR&HUTRAIES): Sipalbitesting adigprlcsier, adsenal medulds, capillaryfesdetielial; estes)
erythropoietins are new, and the invention is directed to such conpounds as
wel | ®¥aphapdeadametoal cetlonmséavien sechoapthromictin-tesponsivBycellagndihe bemdfitsri ti ng
exanpl e, such new erythropoietins include periodate-oxidized

er yt hrpppuided ihreretglbyahteptthrlopbigtin HRy & ¥kidh@ePioSirbvide bfdi&dtidn bk eh¥adt&fent
eryt hropoi etin, 3-deoxyglucosone erythropoietin, and carbanyl ated

asi al aadirédiyap QR icBlls halRé h@ttcﬂreQﬁy E‘Bfﬁ‘fré &Qﬁﬁlse%%ﬂ{r}i%e&t (?f_: tisSYRoF %Fe%ia%y be

utilized to produce the erythropoietins and ery oporetin-relat

nmol ec I QN ch_host - expression st represent vehicles
by whi R Bena R HGH on i retp BB Gy The st sel 0B e tgtint | y
purifi ut al.sa represent cells that may, when transforned or

tr ansf‘g@%ge’&ﬁfﬁﬁmﬁﬁéﬁgﬁﬁ%@e iealiaécm?ﬂt@éﬁm%roewatlhge%w%@,% presgm asipartt he
nodi fi ed er%thnopoietin gene product in situ. These include but are not

i mi t & theycelisatisstie oporgan 8e Cassoginteditcellatismugsl and wrganac Tous, bgnéfusrafarhost
systens, such as, but not limted to, insect cell systens infected with

r econtriryt@npoistings dezpited diermin mey bopovidedas a readildfalié présonce N il AGmbEe

modi fied erythropoietin product coding sequences; plant cell systens

i nf ectadropdrtion 6£OFroFsIEt NI EpthsR%RERSS ( (i

nosai c \(;JI ?%s, Cawv; t g‘f?fgcco n%tglai C Vi r%saf)ﬁ)s'lsjl\{f/?lt %ﬁgg?’rfgrn%%aénl}ﬁngg%\n&dtbﬁw
reconty ' dals | r e : . 02/ 09353(1 PCT/ USO 1

o T e P s R S YR e pr o R PR B bsitrong
seque : | ban cel |l systens,. including hungn cell systens, (e.g

rr 0500 ARl Byl Gin se R B T i 500 A £ iepr<u eag 0 ave o
constructs ,contai.ning pronoters derived fromthe genone of manmmalian cells
(e.g. ,exﬁ’é’t%iF F %f‘é%‘&?’rf’fﬁf%'ﬁﬁt% fp ngt Predesmnsattyeempnsasxcijale cglls. og tissudse
adenovirus |l ate pronoter; the vaccinia virus 7.5K pronoter). hl addition, a
host cell strain may be chosen that nodul ates the expression of the

i nserted sequences, or nodifies and processes the gene product in the

speci fThe thefbbdoof the fiveation Soeite foicthé lozal drasyStefis frotectiby 6PeHaAsdn M) 0N
processing (e.g., cleavage) of protein products may be inportant for the

f unct icels fssidiand ioRg s itk & haihilial B8lty. GfRlikiSy BRIR B8/ GiihBhhthliGaplde
specific mechani snms for the post-translational processing and nodification
of pr } : rﬁQM% . 1 cell lines or host syst can
be ¢ hgggggﬁtﬁ)gg’ta%g Y gér?tg&% e cor trBZ% 1&%{3{&1 Iﬁ?{tfgg{l ?%rﬁgfzgﬁ%tl%t8&8gtilfwa@p#lﬁlé'?’? “ei gn
pr ot ei ressed. .To this end, eukaryolic,hgst cells that possess the

. cel | u|I§raﬁzrim@8ﬁ1 1SEPALOB 0T RGeS BEATION %ﬁ‘&éﬁﬁé%ﬁ *ﬁ??epfsﬂdﬁir S MpeaHeRgd; above, the

gl ycosylatian, and phosphorylation of the gene product nmay be used. Such
manmal 304HY 95 8% eaimopoiefin & ¢rassagtight sadpthelial celbbarsier andoixeddisipositive effecss on

limted to HT 1080, CHO VERO, BHK, HelLa, COS, MK, 293, 3T3, and W 38.

For long-term high-yield production of reconbinant proteins, stable
expression is preferred. For exanpi2l-cell lines that stably express the
eryt hropoi etin-rel ated nol ecul e gene product may be engi neered. Rather than
usi ng expression vectors that contain viral origins of replication, host
cells can be transformed with DNA control |l ed by appropriate expression
control elenments (e.g., pronoter, enhancer, sequences, transcription

term nators, polyadenylation sites, etc.), and a -37-,



WO 02/ 053580 PCT/ USQOL/ ~9-L79 sel ectabl e marker. Foll ow ng the introduction
of the foreign DNA, engineered cells may be allowed to grow for 1-2 days in
an enri ch®® 2438380 and then are switched to a sel ective nmeRCBUSHMO479

sel ectabl e marker in the reconbinant plasm d confers resistance to the
selection and allows cells to stably integrate the plasmd into-their

chr onsBthiepoighe regponsiveceils (an Welt s othettypes afgehs)chsialie thed vasedatarabfferpthaded

into cell lines. This nmethod nay advantageously be used to engi neer cel
| i nes poteatialdx prevest dsiveclledsyttdat apadevdriety 6f cdhéidion® bed diseasgeMichloBdgise Such
engi neered cell lines may be particularly useful in screening and

eval UghiseRigifiGANRAURS and HauedbhiBEL irf J}ﬁng;{i&&oaf%nfatﬁg% ﬁgnfu}’/ 'eaflg rr%Ir%otevgxgx P

"ei yt hropoi etin-rel ated nol ecul e géne product. A _

char a 1 St f t hr.opoi etk n ne .wi,t hi.n_a.cell line or
i er oBEE Bl e R B X RS P B ST B R il o

el ement i nt.o the geno of a stable cell |ine qgr, c]loned m_.croagrgani smsuch
t hat PH@N?‘%FE@FF%%@&%&FW%% (legtes obprrpassivladyerse srrditionstinducrd for
endogenous eryt hropoi etin gene. For exanple, an endogenous erythropoietin
gene WHima#e bengiibrsualzpg hightdoan shanethérepia ridjateinl therapy, prolopged evvivo transplant
erythropoietin gene which is normally not expressed, or is expressed only a
very lsowivabaadprolongedpetibdd ofayrgioaily-inducedtischeiréal ny bexgried ag ba takegul at ory
el ement which is capable of pronoting the expression of a normally

expr eageshtRT thy iadktioniherdim aHoG@Vér, the M8veRfioM<Hd? 86 UiaticaMutMhdifdesal byel v, a
transcriptionally silent, endogenous erythropoietin gene may be activated

by in ' 1 SE [ | Cro el |
Cypes ohar iRl or SE A AR S St SR It Mo MV B S B e e e
line or_ cloned m cr.oorganis such i1 i .s operatively. linked wth an
endogenol 8¢ PEertrﬁyoﬁﬁf“@g F m 8@%},‘#@2 Fﬂt)b*{r’é?tﬂ{ie&ﬂ‘é'i‘?héﬁéht &@th%g&?éaerah

honol ogous recambi natjon, which are well known to those of skill -38 WO
02/ 0SB vertnisireqtedig.apy grythrappistiaresponsive erllsandissspciates cells tispyesanh

Pat ent No. 2646438 to Institut Pasteur, U 'S. Patent No. 4,215,051 to
Chappergangwdichhaaebenefibfrof, Xpesuté 1o sroergieopdictiret Fuathermbret eslinddrj tisoad or
Application No. PCT/US92109627 (W93/09222) by Selden et al.; and

| nt er paganadyafunégiq inapbé esstdied oFfegndned et 38 ac B A\ 86 6vont PicISKOunelyi et

al ., each of which is incorporated by reference herein inits entirefty. In
one epheethaRd to%Un d-NRrdpBiéent i on, an erythropoietin-related nol ecul e
deficient in sialic residues, or conpletely lacking sialic residues, nay be
produced in mammalian cell, including a human cell. Such cells may be

engi neered to be deficient in, or |acking, the enzynmes that add sialic

acids,.i.e., the (3-gal gctosijde a 2,3 sialyltransferase ("a 2,3

si al yIiheARLpn Sd ?regﬁ?ﬁ&f efi S“g}l&raé@tteél?ed@e&f sryghrepaieling fos thg reppsatiopod 2, 6
sialyltransferase") activity. In one enbodi nent, a mammalian cell is used

i n whipBAmesceriégal epmpnsitipns fer the afgenyprtioped pumpesesrin sdigjeerblubmdinstion se a 2, 6
sialyltransferase gent, is deleted. Such deletions may be constructed using
gene lmouteineds promoted; ephescedetdgelierated, driin hieothet way bewgintel e The ivesticiEp!t |

di hydrof ol ate reductase (DHFR) deficient Chinese Hanster Ovary (CHO cells

are Uit difectell @0 hetilods BrimdiRfaidine cRRARIHG! *)l@ﬂ‘ld?ﬁ'lg! SCREBUPAMNS cellular function
er)~thropoietin-related nol ecules. CHO cells do not express the enzyne a

2,6 sl b Al ci.d..} .2,
 mkagd R P e o SFEC N Sl Y PR Rl AUl e
cells. a ke sl nbi nant. proteins.produced in .cells lack. sialic
aci d il%é%ﬁgn%%ﬁﬁrn%aegégtt%mge °§8?%‘§831P%&E'§S<ipr%¥‘°té‘i‘gf e(’é‘@’g*;‘}g’ FICEREFAUNG  al .
supr a; tngrs et al Eur. J, Bigchem 15b, 651 (1986); Takeuchi et al. J:
* Chror ﬁsﬁﬁﬁf REien exypvq by eppping cille AdISSIART ATSEHO, Al By hFapeintia. Thadwentied | f or
the production of asialo-erythropoietin, the gene encoding a 2,3
sialyltransferase in CHO cells is deleted. Such a -39 WO 02/ OS3S8U

© PCT/ USUL/ ~9. 179 2,3 sialyltransferase knock-out CHO cells conpletely | ack
sialyltransferase activity, and as a result, are useful for the reconbi nant
expressi on and production of asial.opzrythropoietin.




I n anot her enbodi nent, asialo glycoproteins can be produced by interfering
with sialic acid transport into the golgi apparatus e.g., Eckhardt et al.,
1998, J. WiodRz/sEsem 273:20189-95). Using net hods wel | knoR@T/US01t4E9e
skilled in the art (e.g., Celmann et al., 2001, J. Biol. Chem

276:26291- 300 nut agenesi s of the nucl eotide sugar, CVMP-sialic acid .
transpt %’r‘ge%?t?dﬁ@ aé’%ﬂﬁ%@ CUPRRFIHON GONRTIFRE 3R ATyhEeporstindpy e dib OFRIROT HFSUSvar v
cells. These cells cannot add sialic acid residues to glycoproteins such as
ert hr opssavaomand produce only asi al oeryt hropoi etin. Transfected nmamal i an
cells producing erythropoietin also produce cytosolic sialidase which if it
| eaks into the culture nmedi um degrades sial oerythropoietin with high
‘efficiency (e.g., Ganer et al, 1995 Bi otechnol ogy 13:692-698). Using

met hodgh¥ehdiodstRRodsbfithoROektRRVACE l%q}%g%ic@uﬁ&? c@f%ﬁo sft?ongwhiclfé hORAst

information provided in Ferrari- et al,” 1994, dycobiology 4:367-373), cel
I'i nes g@ﬁ{ : R ] C to constitutively
prod ucieiﬁgll (%F Ia%% e. ?%E@ﬂ?ts mantﬁgge, Qﬁégﬁllglt}g{eerﬁ%/ ?’ %?%’%%?Igot%fenang a&r?llr%éonpogod uced
during the nuf act ur.e of..asi al.oerythropojetin.. In the practice of one
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above containing an erythropoietin nay be adm nisterable to a manmal by any
rout e WERQMedframy p geasnmpalingitiodyi SWheredhe targst celh tispues lar oxganeof the intertded

vascul ature to permt translocation across an endothelial cell barrier and
benef i tieadpyatfunt the erytimopsibtinpoiress an eretofetial ol barier,3he Whematagidall or t he
purpose of perfusing a tissue or organ, simlar results are desired. In the
i NSt ang@mpbetieh Mhchides ik ¥HARRBBIcahiaNa tondefRsidnONhiek is\ap b1 bbb &g e
erythropoietin may be any form of erythropoietin, such as the
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human t hropoi et.in..ln the instance, where the cells or tissye is.

non- vaSiPell RO A intetesi Y TR SEPisn 2oy op s mRgulbtaS e epvip of
tissue wth the conpog%}ion of the invention, the pharnaceuti cal

conpos e TEFENieTo Deramrelsrred 19 avenytheonaiciimeroppiiEapoiflin gegspies petddtyanedulaatst i ci al
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treatnment of human di seases of ‘the central nervous” system or peri pheral
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respiratory di seases, kidney, urinary and reproductive di seases,

gastroi ntestinal diseases and endocrine and netabolic abnormalities. In
particul ar, such conditions and di seases include hypoxic conditions, which
adver s ErythEgpoitin ig 2 glycaprotein hemeens, whiglk in humansdias ablodeculag sigiaht phatonb34
central nervous systemtissue, peripheral nervous systemtissue, or cardi ac
ti ssuekba. lbeimebretiretsinconypeisesnss5 dmmoexiizping, thbglatosyl reeilues comipriseabma/ eye.
Therefore, the invention can be used to treat or prevent danage to
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presente it Qv:epki t i i hcl ude those ich result .fromreduced
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-death, can be treated by the nethods of the present invention. Generally
referred to as hypoxia and/or ischem a, these conditions arise fromor
include, but are not limted to strokk; vascul ar occlusion, prenatal or
post nat al oxygen deprivation, suffocation, choking, near drowning, carbon
nonoxi de poi soni ng, snoke inhal ation, trauma, including surgery and
radi ot herapy, asphyxia, epilepsy, hypoglycem a, chronic obstructive

pul nonary di sease, enphysema, adult respiratory distress syndrone,

hypot ensi ve shock, septic shock, anaphylactic shock, insulin shock, sickle
cell crisis, cardiac arrest, dysrhythm a, nitrogen narcosis, and
neur ol ogi cal deficits caused by heart-lung bypass procedures. In one
enbodi nent, for exanple, the specific EPO conpositions can be adm nistered




prevent injury or tissue damage resulting fromrisk of injury or tissue
damage during surgical procedures, such as, for exanple, tunor resection or
aneur ysm WEIRISIS8Dt her pat hol ogi es caused by or resul ting PCOHSMIEROY! ycem a
whi ch are treatable by the nethods described herein include insulin
overdose, .also referred to as iatrogenic hyperinsulinenma, insulinom,
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‘sei zure .di,sor der s | cohpljsm retinal |schema, optic nerve damage

resul t"l&‘HgM PR PERP?‘S%%&MH AEHY s erythropoietin genglarefgt includepspnti ons and
met hods of the invention may be used to treat conditions of, and damage to,
r et i nTYHIoRQIGHDS, ¥hush may serfainglelations decluding inderaaliisietivhsyiaddit onsy inohidimal

i schem a, macul ar degeneration, retinal detachnment, retinitis pigmentesa,
arter i@@@;tgp@ Yelding fsiongpeieing, orteppeertagivs isvisstitigions opahing acidatdials varier v

bl ockage, rqtinal vei n bl ockage, hypotension, and diabetic retinopathy. Tn
anot hend/eniljaienert the thndadid octemvel Bl‘i’c't]i‘ét@és_uﬁfinTahﬁlén'f“’&l%%e?fh tﬂ&ythpgnlqé@%d to
protect or treat injury resulting ftomradiati on damage To excitabl e

t i SSugrodticdsid ol - hod h resent. i.nvention is in the
troat pape Bty e by Bl Su8h abily R G SRRk Pk aieoni no,
neur o | n am di sease, anyotrophic |lateral sclergsis, and
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di rect,ed twt hod f?r enhancing_excitable tissue function in a mammal by
per i pH&reaR Ifnature pt g residugs insioliedr &popxaminie.awnpelaicthydrephebibahemind/ar i ous
di seases and conditions are anenable to treatnment using this nethod, and

f ur t ha¢ids inglusleplaning lqusingsisblghicifiavaking pndinegplenghidnineetriptopteahj &m i n t he
absence of any condition or disease, These uses of the present invention

are desthiomse; poldrurettrelamiad atids beluy ghithd, Bstedar@nhansammn 1ebsihear ni ng
and training in both human and non-human mammals. Conditions “and di seases

treat aspataghie, bikegWRINTBESpARItivel) &alﬁg%ﬁ?ﬁ%ic?famﬁﬁl?ao?ésqﬁla%l% éerg%ﬁlgly(r%glggér{f cted

tot he central _nervous system’inc ude but are not
di sor dfigine 24hd Rightivhiy gﬁﬂgéé(acfdic%%mino 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 erythropoietin 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 SISFLRG. In another embodiment,

erythropoietins 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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WO 02/ 053580 PCT/ US01/ ~9~79 depression, autism attention deficit
hyperactivity disorder, and cognitive dysfunction. These conditions benefit
f rom enhaWée?a8588f neuronal function. Qther disorders treBECHEB®/{9479
accordance with the teachings of the. present invention include sleep

di sruption, for exanple, sleep apnea and travel-rel ated di sorders;
subarachnoi d and aneurismal bl eeds, hypotensive shock, concussive injury,
septic_shock, anaphylactic shock, and sequel ae of various encephalitides
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subst rmdrgsmbmndaliédn, trickidivey Imbmdr. simaditien,cd varlalyeofhokl systefis Ay bduse@@oret i n
receptor activity nodulator optimzes failing function in a variety of
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di sor detls. which are believed to originate fromexcitable tissue damage are
treatabl e by the instant methods. Chronic disorders in which neuronal
damage is involved and for which treatnment by the present invention is
provi ded include disorders relating to the central nervous system andl or
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other ataxias, as well as Glles de |a Tourette's syndrone, seizure

di sorders such as epilepsy and chronic sei zure disorder, stroke, brain or
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used for therapeutic delivery of toxins to treat a proliferative disorder,
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Furthermore, derivative erythropoietin molecules desirable for the uses described herein may be
generated by guanidination, amidination, carbamylation (carbamoylation), trinitrophenylation,
acetylation, succinylation, nitration, or modification of arginine, lysine, tyrosine, tryptophan, or
cysteine residues or carboxyl groups, among other procedures, such as limited proteolysis,

removal of amino groups, and/or mutational substitution of arginine, lysine, tyrosine, tryptophan,
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‘nephrotic syndrones,infecti onsHenoch S. Pu uraStriat ed
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WO 02/ GS3S80 PCT/ US(11/~9-179 I SS or o~ anDy unction or
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molecules are fully embraced for the various uses and compositions described herein.

Synthetic and recombinant molecules, such as brain erythropoietin and renal erythropoietin,
recombinant mammalian forms of erythropoietin, as well as its naturally-occurring, tumor-
derived, and recombinant isoforms, such as recombinantly-expressed molecules and those
prepared by homologous recombination aré: ;I)rovided herein. Furthermore, the present invention
includes molecules including peptides which bind the erytﬁropoietin 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 to the erythropoietin-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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.Organ trans |l antationTreatment of donor and reci TentReproductive
tractinfertilityVascul ar Autoi mmune Uterine abnornalities Inplantation
di sor der smodeassssed andul ar hyper- and h ofunction , As neRCT/OSEEHI90VeE,
t hese di seases, disorders or conditions are nerely illustrative of the

range @f .benefits. provi ded t he erythropoietins of the invention.
necor dEFRGie Bl B Rk botirhsEonke g bisp esmenvorppassed horg b shield be
general |y provides therapeuti.c or prophylactic treatnment of the - ‘
cons ecﬂ?é?ﬂ:&lét Iy thirnroieiin meleculesasembsacedfheraimeo noi imeesesly rEbanblpeut i ¢ or
prophylactic treatnent for diseases, disorders or conditions of the CNS

and/ orerptbropoiematruntarallyus is ¥t etherahenrier efxesptdor abllNgTta R@btacEwRh tiy ophyl acti c
‘treatment for diseases, disorders or conditions which have a psychiatric

conpongithripdidtinGeétepest-or Mﬁﬁ%@qetg{@%ﬁ@p&ﬁ{,@ glr ?ﬂ%@%@é}’g&%ﬁg ases,

di sorders or conditions including but not mted

‘opht hadcﬁ'\/&tedgi%ﬁﬁir%vc%&%@%s d&?ﬁgéﬂp%igpnary, respiratory; kidney, urinary,

reproductive, “gastroi ntestinal, endoc¢rine, or netabolic conponent is

provi ded. In one enbodi ment, such a pharnaceutical conposition of an
erythropoietin may be adm nistered systemcally to protect or enhance the
target_cells, tissye or organ. Such adm nistration may be parenterally, via
i nhal &Y WaY obpon-fimifing RxeER gsyforras gf erythrepdigtin wefidIfbs/the peaxtiak bf the present
intravagi nal |y, sublingually, subrmucosally or transdermally. Preferably,
adni nitgvendtonanclide qraihenpotatialmuteing, sucly aathosd withi @liered afiiné AtiEQRahE EABER)

injection, and also including, but is not limted to, intra-arterial,

| nt r aneseithadeschbed iades MPterd 5591080 UhaMEOUS PACHL 4/83528b] Qiuloerythropoietin
and erythropoietin isoforms with various numbers of sialic acid residues per molecule, such as
described in U.S. Patent 5,856,298; polypeptides described in U.S. Patent 4,703,008; agonists
described in U.S. Patent 5,767,078; peptides which bind to the erythropoietin receptor as
described in U.S. Patents 5,773,569 and 5 ,83b,85 1; small-molecule mimetics which activate the
erythropoietin receptor, as described in U.S. Patent 5,835,382; and erythropoietin analogs
described in WO 9505465, WO 971831&2, 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 preparing 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, NJ, and EPOGEN, available from Amgen, Inc.,

Thousand Oaks, CA.
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For other routes of adm nistration, such as by use of a perfusate,
injection into an organ, or other |ocal adm nistration, a pharmaceutical
conposi t i wo ozvosssshe provi ded which results in simlar | evebGr/osoiami79

eryt hropoi etin as descri bed above. A level of about |SpM-30 nMis
preferred. The pharnaceutical conpositions of the invention nay conprise a
t her ap&lift Py {inapmitshof; srsthzenoisiin (srytropeigioland ershooneighelikmwelscileals v
acceptable carrier. In a specific enbodinent, the term "pharnaceutically
accept adisonallysiefinetbbased ed its effactivegedsan stimultiegayd ofll produdtzacn abdent a State
governnment or listed in the U S. Pharnmacopei a or other generally recognized

f or ei gmod&d (and\A@deﬁ%mBﬁs&nm‘ﬁémar&%ﬂeﬁw?@Idmy.ogﬁia Anit 0U) §5Rghlar
e te

‘animals, and nore particularly in hunmans. rm"earner” refers to a

di | uen ' i B o] j - Wit ' . [ gy

adm ni g?*e?ﬁg%&&%ﬂ%“g?:‘g‘r %ggé&tllsca% 1)(%):}Irﬁr:r {)%}ﬁé\(lcﬁa]ﬁ\gg%tggltlérg ﬁ’ %Qﬁ%ﬁ?ggs,ﬁggiﬂ as
‘'sal i neysoluti o LR water and oils,.includ]ng thase of. petrol eum_ani mal,
veget agﬁgegérr’ %{}ﬁ? ﬁfe% Gte n&ﬁtﬁ{%’ olegig g ingide t@ﬁh’u@e gFleedsWHg’gﬁ E‘B‘ie}n, and; may net
oil, sesane .B{I and t like. A saline solution is, a Er eferred carrier when
t he phBFREEEM Yechicledi#Pe BIAPPEY of serimptihe eprtbroppifting pE g iaYsptiosdhe ne.

sol utions and aqueous dextrose and gl ycerol solutions can also be enpl oyed
as | i qiefinitéen of astiyity pasediopgrghtopotatic agtiyitycis dippromiate. | Tims, aSused hbtein, the
pharmaceuti cal excipients include starch, glucose, |actose, sucrose,

gel at i activitgluhit of enghropdietifi or etyerbpoistin-tet@edlolecusdiiy e fHricdas FcCamatny o€’ ol
nonostearate, talc, sodiumchloride, dried skimmlk, glycerol, propylene,

gl ycol provéit Riquired RP&RE: tBE garﬁé"?ctfviité% ném?lscfi‘%m&sé ; Oiétfn'ggﬁﬁgﬁg PF@?igrnal 50

contain mnor anounts of wetting or emnu fying agernits, o u g
agent s :C Ok g n take, the form.,of solutiQns, suspensions,
ool s; SRR E OIRRTRY AR ERGNER et RSBl b RSB SRR 1P at 1 ons
and~t he .],i ke,. The, co sition can be fornulated as. a suppository, wth
tradit gﬂh%fr a%ﬁ%d%ﬂgfegﬁg’ ‘ieé?fml%? thedipeth Og% nep-ehfthroppictie §FYF%]‘IDII%°’@B¥%6W§<1 of

the invention can be fornulated as neutral or salt forns. Pharmaceutically
accept Bwiesuledplewingdhe guidencsderdimr ned with free amino groups such as those
derived from hydrochl oric, phosphoric, acetic, oxalic, tartaric acids,
etc., and those forned with free carboxyl groups such as those derived from
sodi um potassium anmmoni um calcium ferric hydroxides, isopropylan ne,
tri et hyhaiier i@ theZb8lditleafibm &Y haspRletinthedifihtths uBERERLER, 1R EHoWRHENP! es of
sui t abl e pharmaceutical carriers-.are described in "Rem ngton's
Phar ma Lieal j N | sitions will contain a
t her apgﬁﬁsglg’?le§§§fd?gg?l?ev‘é&??#gtﬁ#h}g?&%% %fgyf%tchjv%g Ig'r eferably in purified
form together with a suitable anount of earner so as to provide the form
for proper admnistration to the patient. The formul ation should suit the
mode of adnjnisfration. -52 ~ WO U2/ Ua3S8U PCT/ USULL19~79 Phar naceuti cal
conposicaHaroRgisHp of thegpvestion mmnhaye 8t leastingrsiatinacikbmeiatis.deferrad taaspsul es or
tabl ets; as powders or granul es; as solutions, syrups or suspensions (in
aqueousgsidpenytmormersn (Ryeferahly,dw)erythepetiiblof tHedamentom shiupan or as enul si ons.
Tabl ets or hard gel ati ne capsul es may

asialoerythropoietin. In alternative embodiments, the erythropoietin of the invention may have at

least 1,2, 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 Inc., San Leandro, California. Typically,

PROZYME® GLYCOPRO® sequencing-grade STALYDASE A™ (N-acetylneuraminate
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conprise |lactose, starch or derivatives thereof, magnesium stearate, sodium
saccharine, cellul ose, magnesi um carbonate, stearic acid or salts thereof.
Soft gel aWiNB/S3 B8 Ul es nay conprise vegetable oils, waxes, PEHUS)1/49479

sem -solid, or liquid polyols etc. Solutions and syrups nay conprise water,
pol yol s_and sulgar S.. An active agent intended for oral adm nistration may be
coat edSWcoRyBelasH KR 1 i) ks usedde elenve all hen-radlabingdemiinalrsiaiprasid rosideasdtom
absorption of the active agent in the gastrointestinal tract (e.g:,

gl ycer gompisxegtbohydrates and glygomoidingckiush agesitieopsiatin. b wiiedo cldah Srankha
sust ai ned rel ease of an active agent may be achi eved over many hours and,
if necsialenyds {IiRe@ed dniatedaa Bbsiid), BRaIplRL Gk %l{té&’ g’oﬁleé agné’&ﬂli;%i?;%gaé/)"%ﬁ hin
t he stomach. Pharnaceutical conpositions for oral admnistration nay be
formul gted g,sfacilitate rel ease of an active agent at a particul ar
gastrointestinal |ocation due to specific pH or enzymatic conditions.
Phar maceutical conpositions adapted for transdernmal adm nistration may be
provi ded as discrete patches intended to remain in intimate contact with
t he epi derng‘i?ﬂs of. the reci pient for a prolonged period of tine.
Phar maf8 Y RERPOIEH AR have 4t leastareducadgrumbsp pENHindedicaibohydiatesn Tnagm e N-
provi ded as ointnents, creans, suspensions, |otions, powders, solutions,
past eslinkps earbadydesyes, crythromuittin may bicltiwateFavitit Inpirashe, 465t dok gt @ ek ah@ld, he
skin, nouth, eye or other external tissues a topical ointnment or creamis
pr ef er withyheisrthodydesoribat B Hatgshtidetan, PIgH, r@l%obibﬁ%y%@)@l@—jd}% et - 93
WO | 12/ US3S8U PCT/ USUL/ ~9. 17') may be enployéd with eirt’her a paratfinic or
a wat efbdies&d i ) i ;g i Jngr.edi ent may be
For mul arag o oA R e P26 Bk LS Ao kool bl sy G5 o
Phar L it ons adapt ed,.f.0 opical, adm nistration to the eye
i ncl Eggl%g%/ée@{rrg @%ﬁ*‘%@% CE 3¢ Tl'd"ﬁfgé C%hgl%ﬁ](f?‘tieve i ngredi ent can be
di ssol ved or suspended. in a suitable earner, e.g., in an aqueous solvent.
Phar maceuti cal conpositions adapted for topical admnistration in the nouth
i nclude | ozenges, pastilles and nout hwashes.

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 described in

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

The carbohydrate portion of an erythropoietin molecule may have at least a non-mammalian
glycosylation pattern by virtue of the expression of a recombinant erythropoietin in non-
mammalian cells. Preferably, the erythropoietins are expressed in 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
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Phar maceuti cal conpositions adapted for nasal and pul nonary adm nistration
may conprise solid carriers such as powders (preferably having a particle
size in tW® 2éa8oof 20 to SO0 mcrons). Powders can be adh@Tmiusiienwer® i n the
manner in which snuff is taken, i.e., by rapid inhalation through the nose
froma container of powder held close to the nose. Alternatively,
conpoSIATEhAt Fy BeroEdancs Withdba methodi afiMatsumpioret phyl 293mBiosse Biotgeh. Biectener s,
e.g., hasal sprays or nasal drops. Alternatively, inhalation directly into
the | u§®:1249- Bé%ae%itﬁmtiwbe exiryssiorhial batiesia vitiepduit iomoh pBfcakylabd Bimishyrough
a nout hpi ece into the oropharynx. These conpositions nmay conprise aqueous
or oi lergthtapoiieting THesé e racrbiVekemp - of ﬁi@ihod@ﬁﬁ@lﬁlsfo}gfé odRfioRgfAd! Stration
evi

‘by i nhalation may be supplied in specially adapted ces 1 ncluding, but
not | idﬂ'%% : j Y lizers or insufflators, which can
be constructogﬁns?tgiﬁ%hﬁiﬁgiggwg é@ﬁﬁghed dosages of the active
‘ingredient. In a preferred enbodi nent, pharnmaceutical conpositions of the
invention are admnistered into the nasal cavity directly or into the |ungs
via the nasal cavity or. oropharynx. -54 WO U2/ 083580 PCT/ USQL/~9.17' |
Phar ﬁ@@?&?msmﬁmethOExmme phleastone or mpgeP¥idized sarborydnatys thet
provi ded as suppositories or enemas. Pharmaceutical conpositions adapted
for vagiofary heshemiselharadyecdreior bsamployihd edythoppiztinaniyes, petiatigtepsidigideans,
gel s, pastes, foams of spray fornlulations. Pharmaceutical conpositions
adapt egythmpopeing titeqreaibdatdaixitli sddr ety thespoi et Mﬁtﬁn\%ﬂ ¥e eHEmRAY, RANRAUERAY'S
sterile inj ectable solutions or suspensions, ich may contaln
ant i oXjosstyidside Balt §i@hSas-sod bRrfte q.ender. the .. .

P B R e A SRorb itide PR iaation

conposi tions substantially isotonic w

el b RappORpIRARCERE) bilior TR, B B Gno Erehed Patision 6r.

exanpl j.ti.ons ) o] arenteral admnistration nay be

pr esenltp9 8@1’%8&%1?@&&%@2)%@?&- Qe&lceﬁwa?tmfgllowm RexigAEE exidativretapbpul es

and vials, an y. be stored in a freeze-dried (lyophilized) condition

r equi ARt golﬁ\@n&&ﬁ meBadeef Fonsllepnd Melnteyliod 8, GhrSrprama. §tructs8(e):67-68.

saline solution for injections, imediately prior to use. Extenporaneous

i njection solutions and suspensions nmay be prepared fromsterile powdlers,

granul es and tablets. In one enbodi ment, an autoinj ector conprising an inj

ect ablAn egthropaietiwforate £foyénvrtBAbPhdel EYhade aPledMiocle dr fBFe HRGEE dfefnile by
an

anbul ances, energency roons, and-battlefield situations, evendor self
adm nipsdidwdsi ' R j - part | rl. ere the possihility of
traumatic arrp?gg gﬁng%g’%aﬁgﬁ?g g%r, gucﬁ oéégﬁ'bﬁ;}hf %@Bﬁ%’n&ﬂ’?"armagfya%t r.
The 1i | : . l.s.and tissues in.a severed fogt or toe will survive
after ol?g{ac%rgg rr%%?é Sﬁ@%’b@lqrﬁg?‘&%é%arb?ygmq{?@'{e?‘?% aﬁﬁ’laé?‘yf’flﬂuéﬁi@b einto
mul ti pl 8 sliktxgs in the seﬁered p?rt, g,s soon as practicable, even before the
arri vaVC8r YL SR ohah dlphrrdroriglusitoly] sertpari sed bereim heatefm loverdalkylli vi dual
wth severed toe in tow at the enmergency room -55 WO 02/ 0S3S811 PCT/ USOL
/ - 19aTaFans 2 strpight or beanchedbelaimeatvratedradipbatiplygdroéasbor grofywprefdratle dontdining
accordance with routine procedures as a pharnaceutical conposition adapted
for i At earbowatonmdRaprastniativeoof wuch Rtowe akeineds1, oMy iSHrbpyl, SHIRAShons for
i ntravenous administration are solutions in sterile isotonic agueous’

buf f epeniylidicty @RS BRY., ThRnACHRERY IS Pwat tﬁlgyie %@gﬁ” gsedeqm%@ l“?‘ﬁ‘;e‘*’l i zi ng

agent and a | ocal anesthetic such as |idocalne pain-a site of

the i pj t | Lents e supplied either separately or
e a0 eTERERCt Ye ok Aol BPbENeR, HiamBRRe ouy it oo
powder, -free concentrate in hernetical | y-seal ed contai ner such as
- an anﬁbq%é‘ybvﬁggé’t}&&"ﬁ’é"ﬂc’ﬁé g #M@(et hE%E?&Iﬁ??CWO%Mﬁéﬁ%O&Q@m alkylygspupst he
corrposi.h]itg%ti s to be adm nistered by infusion, it can be di spensed with an
i nfusi e Pdo ABARLS FATPenss inshuding éﬁ&xml@wclomopgh apdobviyle cyddohesgl amie.
Where the conposition is adm nistered by injection, an anpule of sterile
saline can be provided so that the ingredients nay be m xed prior to
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adm ni stration. Suppositories generally contain active ingredient in the
range of 0.5%to 10% by weight; oral fornulations preferably contain 10%to
95% act i VWO R3@F¥EP ent . A perfusate conposition may be proR@EUSKigr48se in
transpl anted organ baths, for in situ perfusion, or for admnistration to

t he vascul ature of an organ donor prior to organ harvesting. Such

phar rthe diliei Tht temmspsictaroiospheny! auimaphtbyl groves. STheftermmhetexpatyl agfoisdéoi n or a
formof an erythropoietin not suitable for acute or chronic, |ocal or

syst dmteroayblicrgrstpsabnainihg 480 rivghinemberabnd D3thetdrbdtome sylected rofmuthe Eioups

I ntended herein in a cadaver, organ bath, organ perfusate, or in situ

perf lk?cﬁ;%i%tiﬁ% bPbxygen/ EIBYiNEh Pl fue IEEdRGed fA6luls ¥R ae bt ﬁxhﬁe@fo&ﬁg&{ae&gi, etin
cont ai ned therein before exposing or returning the treated organ of 'tissue

tor Gl | : L et 6, ag80 .
‘por) Gl o B E Byt FT SR B d o oA BB e . sucn
as naturall.y-o rring.forns ch.as. human erythropoi etin, or any of the
eryt m%‘g}dé‘}lxlnggﬂétf’&z‘%ﬁ%&Ba@igc%‘%h and fherfiks ‘e ¥oiotp P s sBP et Al
phenyl gl yoxal - eryt hropoi etins, as non-limting exanples. The invention also
pr ovi ®é§xwﬂﬁéh%%ééumh&émxrsb@twl giouR iof 3-deerpyielusoseneo 1 ereameplesorfiRai ner s
filled wwth one or nore of the ingredients of the pharmaceutical
conpoglyokalrempbundsere glyersli orethyQgilyoxahd-depxggihoasioat,ethdwhtiiylglyokalcont ai ner s)
can be a notice in the formprescribed by a governnental agency regul ating
t he nPRETACRgBOXHS@®NGIousas reGhetRYIRIYTREIRN phedlSlySxal DIAS! R8Py method for

such modification may be found in Werber et al., 1975, 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 cycloﬁe)'(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, I. 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 residues 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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products, which notice reflects approval by the agency of nmanufacture, use
or sale for human adm nistration. In another enbodi nent, for exanple,

eryt hr opoWe&xR295¥8h be delivered in a controll ed-rel ease syRIBEHI0OIHOF7Y

exanpl e, the polypeptide nay be adm ni stered using intravenous infusion, an
i npl a t}c.pu a sdermal patch, |iposones, or other nodes of
admi n?%@?éﬁr’o . 1%%dﬁleegh@o&fml,ooyp’@nﬁrWﬁl}'nlﬁéh}{llslﬁdquwéamv(ﬂger, supr a;
Sefton, 1987 .Crit. Ref. Biomed. Eng. 14:201; Buchwald et al., 1980,
Sur gerSP By xsingRsIin Regaghardt ey 8B, 1998, CelyMol) BidVb@oiS2lk:drddd) 44(7): B0t her
enbodi nent, the conpound can be delivered in a vesicle, in particular a

| i posctfe ThemotifieddysinSrsidne berthe fiaybe chamRallY AN, Fﬂr%ﬂ&nﬁfe fil- o 1N

'Li posones in the Therapy of Infectious Disease and Cancer, Lopez-Berestein

and Fiathrofcielin thay be bfotinMRWa%as Ksi 3 - 91/04014: U.S.

Patent No. 4,704, 355: LO‘SQ’?. Ber egsélﬁ%r"'%%i %éﬁ aé%ﬁ) gcggt‘fl? ‘5”][{% ’B%fHB?&Jal ly

i bi d. descrhib:dan s RNyl ric natecial n, be used [see

Medi cal S?Appl i ch:ag{r%@g’?fg%n% rolqm&q{ Oﬁg-r%@gglé?caE%?hcg%ct“igﬁ@'que‘éﬂgmﬁ? CERC

Press: ELorid 74, ntroll ed Drug Bioavailability, Drug

Pr od ucvf’g%g?tgﬁ&'gtﬁc? 8 °P8feﬁﬁn Z‘,"Wgﬁgl?’éﬁn%?é oBamreaciglbiotimby pebfilisgssbh a

PCT/ U?%Jl%-.t97l9 é@gds.), Wley: New York (1984); Ranger and Peppas, J.

Macr orteTiiriegn 10 eglymnpas deseriied byANejshowskiangd Chelsls, 1982, Blovd 1de3)y0501s.aln |

1985, Science 228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et

al ., 1bisPapgr, theauthossingy. thize diffGpnt rhethyés ofdistinydting RPARFOPBIRkin, g’hfd}ﬂ%ﬁiaﬂ ed
rget, 1. e.,

rel ease systemcan be placed in proximty of the therapeutic t

the t angyebe owedifor theipsepaeation of Higkadtythtdiése Py action of, the .
systenic dose (see, e.g., Goodson, pp. ﬁlg%ly?fgélﬂ%s%llﬁ%g?ifo gﬁqy%aq?% of

Cont r @b hEe1a8886id Y& btiesd: =X , her controlled rel ease systens
are di S(k:ll?gsed in the re\ilfisst?a(\%v) %d;‘i??_x ngt%élgoﬁ‘ﬁégbg) G RT8UBMU9: 1527-1533). in

anot her enbodi nent, erythropoietin, as properly fornulated, can be
adm ni stered by nasal, oral, rectal, vaginal, or sublingual adm nistration.

In a %)ecitbic eg;o&c%gi W%Bt, it mai/ be desirable to adm nister the

eryt hr opor et e SEPeARRRAt.Ghe bystneimapehn teagicd withlah pldebydder mdwedng sugaeed of
treatnent; this may be achi eved by, for exanple, and not by way of

i i t 42 FOAR an Beiae, Whith s1aybetabilingd bymedrction hopith sbdiapnlybadidrekydrdedo « | N
conjunction with a wound dressing after surgery, by inj ection, by neans of

a cat hemean Noglkyletaddysifie suchuap pasith iRl ] LAl ai d
(4 Bil Yysire! oPWhieR e @hscAdY rba%b}l@%uﬁgﬁ%u%?yhg

i npl ant being of a porous, non-perous, or gelatinous nateri
menbr &8 etubilied by Pemaddr P HGy IR ERF AP ERent 36 fJﬂnbﬁr:ﬁpha-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. 267:5133-5 138. 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 a reactive alkyl- or arylcarboxylic acid derivative, such as by reaction with

acetic anhydride or succinic anhydride or phthalic anhydride. Exemplary are the modification of

lysine groups with 4-sulfophenylisothiocyanate or with acetic anhydride, both as described in
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Sel ection of the preferred effective dose will be determned by a skilled
arti san based upon considering several factors which will be known to one
of ordi naMP ®KSEI80i n the art. Such factors include the pare¢oub@Ev49imr m of
erythropoietin, and its pharmacoki netic paraneters such as ~8 WD
(12/US3S8U PCT/ USUL/ ~9. 1T) bi oavailability, metabolism half life, etc.,
whi ch GaPlet alh P84 pien Nagh Agsd; Soh B AU(2 Hel 208305 liaisind evaips meyndlsgiseocedur es

typically enployed in obtaining regulatory approval for a pharmaceuti cal

conpo tmmltropheny hmodifred hyrrsadtion eqibstidiefobageh vl faracid sl preRrdipitcondi shap or
di sease to be treated or the benefit to be achieved in a nornmal i ndividual,

t he batihomeafe dscritd AW BExarh I st out e of admi nistration, whether
‘adm ni stration is acute or chronic, concomtant nedications, and other

factors well known to affect the efficacy of adm nistered pharnaceuti cal
agents. Thus the precise dosage shoul d be deci ded according to the judgnent

of th ractitioner and each patient's circunstances, e.g., depending upon
the co Eéfaﬁc%nﬁ %ﬁ)&lr}eﬁgslg'fﬁ&f?é’ EEY%{QSQIGBP maydeiHedified imen gamatinring pesitiodi ng t o
standard clinical techniques. In another aspect of the invention, a

per f uS%eB clsptrpphili¢ sqagentsyichtas by niteatipn oviodimitibnx Byevdyust mon-laniting enaaple, of
organs for transplant, the perfusion solution including an anmount of an

er yt heopubpoietin sl detreacted witlp terbaittone thahé (0@oleett 41; 198NN BiMeCE&h! S and
associated cells, tissues or organs. Transplant includes but is riot

li m t @60(1 2): X&I5e2 I; i seulivatdhd @Reribdgh Bxanpledan (including cells,

At least an aspartic acid or a glutamic acid residue of an erythropoietin may be modified, such as
by reaction with a carbodiimide followed by reaction with an amine such as but not limited to

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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tissue or other bodily part) is harvested fromone donor and transpl anted
into a different recipient; and autotransplant, where the organ is taken
from one Y& @®2/05358% body and replaced at anot her, i ncl udi ngp@GEHSH/48419gi cal
procedures, in which an organ may be renoved, and while ex vivo, resected,
repaired, or otherw se mani pul ated, such as for tunor renoval, and then

r et urdidiothgsitohdolowesl hiateastmatfithnsutisequenesudiydgiswith ioddacetRRidel R b etic
solution is the University of Wsconsin (UN solution (U S. Patent No.

4, 798 ciiPé) andtherfelectroptalens pfdvent reRHatidn bﬂh@%&%ﬁﬁd%ﬁixhya%s erythropoietin, 5%

hydr oxyet hyl starch (having a nol ecul ar wei ght of from about 200, 000 to
about 300,000 and substantially free of ethylene glycol, ethylene

‘chl orohydrin, sodiumchloride and acetone); 25mM KHzPQGa. 3nmM gl ut at hi one;

Smvi ine:: |.Or . |- VO 02/ 580.PCT/ U SIl | /-4979 | OrM
_HEPE%QIE Eﬁfﬁgﬁﬁmghﬁ%glﬁg%?ﬁ%l% %38?‘%? 8e SL}%.S%P’@:QW OR K ARERRAT @R PHINGconat e;
200, 03%0 uni iks penicilli E; 40 units insulin; |6nmy Dexanethasone; |2nmy Phenol
Red: K Fickias agﬂl%‘?e’ With ab legstaug of bysipeaaiginine, yryptophisayroBe, odSstelne The
solutiqn is used to maintain cadaveric ki dneys and pancreases prior to

t r andpHidnes ofigsythepppistinsising molesulpr bivtogicat teohniqass. be ext ended beyond t he
30-hour limt recommended for cadaveric kidney preservation. ~ This
particul ar perfusate is nmerely illustrative of a nunber of such solutions
that can be adapted for the present use by inclusion of an effective anount

of am efodifisdagttesioistinifayibd pebirea B?EP[S]Q& e ﬁ%ﬁét%%é%tlﬁgﬁﬁ%; tS{??Cg&o ‘o

contains fromabout 5 to about 35 erythropoil e or f

about I 01 i one bove. any form of,

oyt I ool AN SRR el &0 PRI B oK Bneh TaioPhAR vidvsse Sore

pr ef Lhient.of an erythropoietin for the purposes herein throughout
is a?%%uﬁ%nré gﬁﬁo%?t%%%gnﬁeé‘&se%ﬁ eﬁ"g’gﬁ“ifsi‘ﬁﬁfg}-l y to other manmals, particularly
donesticated aninmals, |ivestock, conpanion and zoo ani nmals. However, the
invention is not so limting and the benefits can be applied to any mamal .
In further aspects of the ex-vivo invention, any erythropoietin such as but
not |Avmatedabaeyet trecryihyopvicinoiseful fisr the pompbistherad 014§ haté at¥Bhst oASof L | Ve
erythropoietins as well as an anal og thereof, an erythropoietin mnetic,
and efymentionset rhedificAiQns bt may Wibé hidbreihih BROBOE hbovd b T Eons 2 By way

eryt hropoi eti n-receptor-binding nol ecul e, an erythropol eti n agoni gt-, a

r enalofekyhple@iT@igddified dyihkéidletl \V#tﬁ bh® Hf-oﬁfﬂc'ﬁtior?ﬁ]tg% L?grﬁgﬁ%dr%g%roletgn’ of the

mul timer thereof, a nutein thereof, a congener

nat uralibyq Qr reof .. a synthetic for. her.eof ,. a reconbi nant
formt erueg? ],%lg gi ?/c]c?)lg v Otantnlgct)lﬁe %ﬁ%?ﬁﬁ%%&@ﬁﬁiﬂ%@%ﬁ@ B@YV&r i ant
thereg-f or., a_conbi nghi on, thereof, -60, .

astaloerythropoietin and have its lysine residues biotinylated or carbamylated.

Thus, various erythropoietin molecules and phafmaceutical 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, erythropoietin with carbohydrates oxidized then reduced, arylglyoxal-

modified erythropoietin, alkylglyoxal-modified erythropoietin, 2,3-butanedione-modified

-35-



WO 02/ 0S3S80 PCT/ US01/-t9-t79 In anot her aspect of the invention, nethods
and conpositions for enhancing the viability of cells, tissues or organs
whi ch ar eweor/osssbat ed fromthe vascul ature by an endot hel pcl/usmEldidoarri er
are provided by exposing the cells, tissue or organs directly to a
phannace; uti cal conposition r conprising an erythropoietin, or

admi ni styghropgjetn, oyolehaecnedigne:modifiddrorphedpaldtin, btihflaidrgythlpsiersaut i cal
conposition to the vascul ature of the tissue or organ. Enhanced activity of

er yt hr alkglaedd-lysylaaporsyording gluefolyNysHe e{-ﬁﬁggefétAigj ﬁgg@%ﬁﬁyg%n are

responsi ble for the positive effécts exert ove, the

i nvent ig L € | t i very. t ha ryt hr.opoi.eti n nol ecul es
can be PoiessRRRaV kbRl oy Bl AR By, SRl Bl BB RGiRor ane
surface. of dot hel i al. cel of .t he pillaries, of organs with endot heli al
cel |t PR TRlELy Bepoietiy plnhergroorvallcd enbranoidtinenisristery hppistn, lagiaated

‘testis. Thus,, erythropoietin-responsive cells. across the barner are
suscepEPHIarqighiyde 8amg somp gepsessatalive et nenflimiting skawples hasep on étd tegchingd
others cell types or tissues or organs that contain and depend in whole or
i n par hergin. éﬂrygme@ptﬁ the aforereepioned wedifkd| forthhbased on dumah arygebpoiétar. the

nmet hods. of the invention. While not wishing to be bound by any particul ar
theory, after transcytosis of erythropoietin, erythropoietin can interact
with an erythropoietin receptor on an erythropoietin-responsive cell, for
exanpl &for ; i g i ki dne mal |
et R O ooy et B ] i I G o T Rettp e
ovary, i and r.eceptor .hinding can initiate a signal

t ransd ﬁ‘g‘{}ﬁ c@ﬁ%gg@c%dég’l’?lg%m l{ap%celuﬁcﬁ ﬁgmge“fl 0% goﬁprgfngathggn YSyrdaehon
prograg1m&%hin the erythropoietin-responsive cell or tissue, resulting in
t he pr JPRERE GRS, SHET RYY Prydpopqigiingdnclyde peripdate-oxidizedemviigenoisting plugiolyl
toxi ns,- chenot herapeutic agents, radiation therapy, hypoxia, etc. Thus,
met hodb’sﬂﬁrﬁr}ﬁh@@lﬁlnn él_fucmyl lymnee@ﬂﬂpm_ﬁsm,s-myglusasbng &3itikdpbietin, and

eryt hropoi eti n-responsive cell-containing tissue frominjury or hypoxic

st r ess carhardyletedanialaegythivpofetinct i on of such tissue are described in detail
her ei nbel ow. In the practice of one enbodi nent of the invention, a
manmal i an patient is undergoing system c chenot herapy for cancer treatnent,
including radiation therapy, which conmmonly has adverse effects such as
nerve, Al d¥aRkL. i | i m i stration, .of

phar maclzSL eté?fi&tcyal col?r%x S?ﬁ?{%ﬁ’%g@%#sf%éﬂ%ﬂgﬁé é‘ﬁ@?ﬁ%ﬁgé’é‘?‘g‘?i: ﬂ1eae§ytg@§8'reflﬂ%6“ bove
is per DETon to and duri .chenpt her and/ or radi ation therapy, to
pr ot ec[s%}g‘rg Oolgtid'%kggﬁg‘?ﬁ]egﬁges £ B%HE“W‘BF% g&i%%%“ﬂﬂ%@‘bﬁ’é%ﬁ@ﬂéﬁéht iC
agent, such as go protect the testes. Treatnent rga% be continued until

ci rcul XEHFlES Prevbick the eqyHuopietinsafdntarsetmpy: bageaducerband shbseqeentlygludificd, tuevel

of

also represent cells that may, when transformed or transfected with the appropriate nucleotide
coding sequences, exhibit the modified erythropoietin gene product in situ. 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 récombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV:;

tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression vectors (e.g.,
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potential danger to the manunalian body. In the practice of another

enbodi nent of the~invention, various organs were planned to be harvested
froma vi WO Mn05358an aut onobi | e acci dent for transpl ant i ntBCERUSMMIET of

reci pients, sone of which required transport for an extended di stance and
perig&. Ofl;ntglc)ne' Prior to organ harvesti ng, the victimwas infused with a
phar nat Blgsmid) copgmingsry thsppaietinoral aipd molasuleropding spgieacssnonmaniowban bal
herein. Harvested organs for. shipment were perfused with a perfusate

cont abysitengs, engheding punet tell systeness ¢o. 5. DHT1080, €08, CGIHO, BHEL 298,i3T3phdrBédn
conprising erythropoietin. Certain organs were continuously perfused with a

pul satécombiiemt eb_qirmioﬂ%%hﬁﬁlctslé,drﬂtéiﬁinﬁ%rﬁn&@fsﬂéﬁ%@fr&ﬁﬁﬁ@ééﬂoﬂfb Fthammalian
erythropoietin in accordance with thé present invention? , Mni rran?m

det er bl .,rinaml&rlfaﬁanfp&k;}ﬁ{aﬂ'ﬁ@rbr%&ﬂ Haﬁﬂnﬂ%ivﬂgs{sgggﬂ ks S g‘("‘i"’”

inplant and reperfusion o organs 1 ~a situ.

PCT/ - .her. odi t of the invention, a surgical procedure
to repal rOtggﬁgea‘% c@a}%@%ﬂé Pfoéﬁoqg hporary cardi opl egia and arteri al
occlusion. Prior to surgery, the patient was infused with 500 U

erythropoi etin per kg body wei ght. Such treatnent prevented hypoxic

ischem c cellular damage, particularly after reperfusion. |In another
enbodihedditior:, athest ¢el\strami roay, bé chasay thmtimgidelates phrecopebssion of thehnegted n

cardi opul nonary bypass surgery, a naturally-occurnng erythropoietin or any

er yt hsamehes) or mbdifibearidprotdsethe gindyo@eeth thk Bpeditec ABKOS UBRRE, Such
adm ni stration of a pharnzaceutical conposition conprising an

er yt hirepuicatibis @S, A5y BE6h)MRMRodeSsRE 4 &1 4 £RbotbiR nrSiic] d/ or
foll owing the b(?;gass pr%llgggrbr e, \f’?%ée%?‘g?g? ?hagggﬁndcf?#(g%ﬁ&r 9ﬂ{c§?ﬁ?y%2art ,
and o I g fo i ng exanples i.n which an .

eryt h%’ 0 oritagllt ?ﬁtg?h?lg@&} %é/tg%%’?ogﬁlp' ?ﬁc WarHg %eg{g AL f}iff)ac%fiﬂspf AR specific
erythro @i et i ne RS usefj f?r. ex-Vvivo applications, or to_ treat

eryt mn&g o, for s RoRsiraustationakprogessing #nd slpdification pEpigieins andigang productsie,
heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal

medul PRPrapadtae qellinespilanshsysteins candist chosendo ansure the condatmeddifiedtion@hdls or
tissue, the invention provides a pharmaceutical conposition in dosage unit
f or m pempssew dfghe forcige ptdtein empreesuda Moathis khd Wuk e Bt hE 0618 thatPJoSEBONSi Ve
cells, tissues or organs distal to the vascul ature which conprises, per

dosageellulirtmadiinesy fcegptcbpeepf&essﬁ@bpthagaﬁﬁgl s BV, %lggosgﬁalﬁgﬁ’ dagom about
50, 000 to 500,000 Units, 60,000 to 500,000 Units, , 000 to 500,000 Units,

e T I ey A N R
| S RS SRR B Bk 1

eryt hg,g?o%@é&% eceptor activity nodul ator, or an erythropoietin-activated
receptor’ or and a -63 WO 02/ 053a80 PCTIU SO01 /~9~79
pharmaceutically acceptable carrier. In a preferred enbodi nent, the
ef fective non-toxic anount of erythropoietin is within the range from about
50,000 to 500,000 Units. In a preferred

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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enbodi nent, the erythropoietin in the aforenentioned conposition is
non-erytl >ropoietic. In a further aspect of the invention, erythropoietin
adm ni st rw0i3M53%86 found to restore cognitive function in BEW/uslig94vavi ng
undergone brain trauna. After a delay of. either 5 days or 30 days, .

adm ni stration of erythropoietin was still able to restore function as
conpabdectpblesparier rtvdiondngithic imttaluciiondofthe forgigh BN AtEnpineyred tellmay be
erythropoietin to regenerate or restore brain activity. Thus, the invention

i s al allowed ecgred fop 1théaydseawénrdshe Metta ORDIEE bt shaichdde d¥cRB@F &, of a
pharmaceutical conposition for the treatnent of brain trauma and ot her

_cogni ¥ QeldYabenaiikOriS the fé%lﬂgfngﬂt r%%s?tﬂﬁ %gl?ﬁfsﬁégiéet?@ettﬁ_khetsgfec{i&{ M atbowsd:

three days, five days, a wee e rnventron Is also

direc Q hod. for ihe.t.r nent of cognitive function follow ng
o or 5t T8 B ol ibE O SanBiontrcind err I8 Firsibribitin Sy
'erythrqg ie%in as descrufed herein may be used for this aspect- of the

i nvenfbRC clenrd Ard rinaaded wiascelldimes, Ahisyeetbadyaay adypntageoushikeised o i s
directed to the use of any of the erythropoietins herein for the

pr epafBginger cstl linep that peresstthe erythropmiesii-telated moleculh gemegmbducit Such of

cellular, tissue or organ dysfunction, wherein treatnent is initiated

af t er enginderag ctll tihtemay bépartitilbilpbsdfiist séreetapanbivaluaiib®of Edipoinal #act i on.
Mor eover, treatnent using erythropoietins of the invention can span the
cour saffeét thé endiigeRasOcaVits NG el et well as a
chroni ¢ phase. ﬁ%4 WO dg?d%%%io Bg#%%g%%%egSﬁﬁgg%ﬁﬁﬁgﬁgﬂgﬁgtance wher ei n
an erythropoietin of the invention has erythropoietic activity, in a
preferred enbodi nent, erythropoietin may be admi nistered systemcally at a
dosage,bet ween about 300 and about 10,000 Units /kg body weight, preferably
about MEERER B prsRgn Eita st inat an sodaecposraripy h save Fiibo cel

Uni t s/ kg-body wei ght, per adm nistration. This effective dose should be

suf f i HPERT MUEFOEIHISIEEK b Fodiies] by inserdng e heteiotngeus NGy reguletory hizmeabintr

10, 000, 15,000, or 20,000 mMJ mM of serumafter erythropoietin

adni nithst geponeref, a Saldé celblinmon daredsnicprdmisachick vied tatingbed reghlatéry 3, 4, 5,
6, 7, 8, 9, or 10 hours post-adm ni.stration. Such dosages may' be repeated
as neekmsmt ¥ opepitivekaliled, witlOiit Bh&ddeAbi sty R offn lFBRE At R ExaAbleYan @S | Ong as
clinically necessary, or after an appropriate interval, e.g., every 1 to 12

veeks en@d&hBhfB Yhrofdi8iiY gene! e{é}) ﬁg&@%l% t}raglgﬁp%%‘ﬂﬁ e%];%g{). .1he effective

anount. of” eryt hfopol et1 n“an Ical I'y ac 1eec8hrier may be

packa . se vial, or other container. In._another enbodi nent,
b or SitnisBoftan it SufaE plir iy dlol BiniEieed i ebiesied ROREFSRIPSIB B s

i.e., iH.is capgble.of xerting the activities described, herein but not
causi AgH YRS ARY B& ackvatpdhyipiring mregs ik elemenbwhish igvapable of promotingihe
non-erythropoietic formof erythropoietin is preferred in instances wherein
t he nétprsesdonef ¢ permallysexpressediasne praduetria that telhtieglort mictmrgansn.ded
chronically. In another enbodi nent, an erythropoietin is given at a dose

gr eat éteradivelhatiraneaipgioaally siknyendoghdys aythropbitia geieiby boeitbated byAs not ed
above, an erythropoietin of the invention does not necessarily have

er yt himpaict éfa groblistubils regitdr 8lcfef Bat WEke RAYE ééﬁ%%ﬂz@.s. expressed in
hemat opoi etic units is nerely exenplary for erythropolietins that are

eryt hropoi eti c; herei nabove nol ar equival ents for dosages are provided

whi ch are applicable to any erythropoietin. The present invention is

further, di to method for faciljitatin e transport of a nol ecule
acr os 2\ %%E{aoﬁﬁé)ot%% 5?5“&‘%09' e'?tl?m‘ﬂﬁ mayhe lfl?f'rtﬁé Hﬁ?rﬁgiarbgfehéﬁ’ﬁ RIleasd ng a
conposi.tion which conprises, -65 W) 02/0S3580 PCT/USO 1 /.~9-17'| the

- part i SUFRPTEANIER AUED ftds araratively ligkedwyithanendegsnons epytirendietiagengassing bed

her ei nabove. As described above, tight junctions bet<veen endothelial cells
in cefqchnilugs.guak as targdtes homahlogoue acembinion] which aretvel! lartwnytodhoseafiskilln

ol ecul es. For treatnment of various conditions within the barriered organ,
means for facilitating passage of pharmaceutical agents is desired. An
erythropoietin of the invention is.ggeful as a carrier for delivering other
nol ecul es across the blood-brain and other simlar barriers. A conposition
conprising a nol ecul e desirous of crossing the barrier with erythropoietin
is prepared, and peripheral adm nistration of the conposition results in
the transcytosis of the conposition across the barner. The association
between the nolecule to be transported across the barrier and the
erythropoietin may be a |l abile coval ent bond, in which case the nolecule is
rel eased fromassociation with the erythropoietin after crossing the
barrier: If the desired pharmacol ogical activity of the nolecule is

o, Y Y S - - I



The skilled artisan will be aware of various neans for associating

nol ecul es with an erythropoietin of the invention and the other agents
descri bedW&B3We3S8hy coval ent, non-coval ent, and ot her neanBCT/UsUt4H€9nor e,
eval uation of the efficacy of the conposition can be readily determned in
an experjnental s %%Fnl Associ ation of nolecules with an erythropoietin my
be acHPé{}%ﬂT’t?\}‘délﬁ%)/’ G & 18 Frensh Rateny N 2040438 todnstitet Pastova BBitPatem g,
cross-linking, etc. Biotin/avidin interactions nay be enpl oyed. As

ment i chetP,8bloipeChappely b $.Patanit Bloub 6781 toeShprveinat ebl; Injernioasitd ppiiebtied No.

synt hetic neans, for exanple, which includes both the domain of the

ol ec UPET/WS9/09637 (WOIHGo2IBY B SElH&Pdt aBChridhicknaaidal Ap1ReHG] o ! esponsi bl e
for erythropoietin receptor activity nodul ati on. -66 WO 02/ 0s3S80 PCT/ L1

S(11 /p@®, W ' r ietin through a
01 ¥1 Unet ol ey CRERIAERY) BPSEANAMITLE bR oPRLRRI FEARBITY ikehe
'hereiqkmgp%]ﬁg&ghu&olyfunctional nol ecul " enconpasses nol ecul es havi ng one
functional group at can react nore than one tinme in succession, such as

f ormal dehyde, as well as 'nolecules with nore than one reactive group. .As
used herein, the term"reactive group” refers to a functional group on the
crosslinker that reacts with a functional group on a nolecule (e.g.,

pept i d® ongeabefiment af thehyhntion, anranghepeicticrelatep ardleaild deflcienainhspalivone,
antibiotic, or anti-cancer agent to be delivered across an endothelial cell
bar nertesiduesaer ¢omifletely lackiny siakiitestdand mag bapemiub &Rt aaRmlihnkar in%'ﬂﬂiiﬁ%@t

nol ecul e. The term "functional group” retains its standard neani ng

or gani Kuntdnedslls Siuvh cdlRendeby @ﬂﬁﬁée}éaﬂé‘le)e H&{i(ﬁ&“ 2 or K ﬁl%.réng%n&%ﬁg 4daq°

preferably bioconpatible linkers, i.e., they dre nonCarcinogeni ¢, nontoxic,

and s | i enheg | vive. P A ncti.onal. crgss-Iljnkers such
et hoaBqdeEl VP ROl 3 el R 1 S B e Bl ©
ani mal els to de m ne thei ..oconmpati bility, The pol yfunctional

nol ec Lﬁaig%’? l%r%?’érsb?ﬁﬁgfa r}?rﬁ?&@?‘ éﬁgﬁ‘aﬁylﬂénsgiréﬁ hestizity, In ore qrehadimentf anct i onal
mol ecul e" refers to a nolecule with two reactive groups. The bifunctional
mol ecuhanmaliameclhistisedts; Whink eitsiat beth theond Bistalyltansferase gee and/or the o 2,6

het er obi functional cross-linker allows for vectorial conjugation. It is

par t i cidlpMiaysfpraed geneeld detated IBuchdklgfiomahdyoadonsh@edhsng Sereqknssi-bici ent 1y
soluble in water for the cross-linking reactions to occur in aqueous
50l ut i toetmiiques ol knbAnag uROME SOAMARBRLIUTEAL AthyAtoBldielefle (BRRhOT the
resul ting conjugate to renain water soluble for nore efFectlv

bi o- di &ricicatthRe ' I [ | I | & coval ent|y bonds

_ fciel se HYREEROLY l(tﬂ?ﬁ?ﬂé’ At Pgetd a??lge. hci% \c,:é\f;f;cl)lr ?heﬂgp 8RO% o nal

Wi th an am no or a sulfhydr ctional grou

nol ec . t it h other. functio rroups, such as carboxylic acids
or -y 4SS hifrobbielln B motdiles”RRtq RAR B Rt eBnerame 1 26 v
112/C§@§%E Pgﬁ/U%%%{-49§§ The hopobi functional nol ecul es have at |east two
r eact | VAYRIFIERS GG thefietip do nghaddfialic acidiia theahe linkage te dalinkede f unct i onal

groups on a honobi functional nol ecul e include, for exanple, aldehyde groups
and actligpeaceharides gf glypeprotainsgisoduged in theralcelin| Acakeasalthavomniginadt dedtyiee gr oups
i nclude, for exanple, glutaral dehyde and subaral dehyde. The use of

gl ut arbdieky deCHO cells laksdiilivkichibinagent linkgeds selkonesSayaeznansy, et al .,
Sci ence 223, 1304-1306 (1984). Honobi functional nol ecul es having at |east

: CTikeatest 2L ; ! ! >
WO acTdkeache 8t A supid; MutkAes S8 Fas J?Bﬁcﬂém.@%%%ﬁ@%?%%ﬁ%ﬁéﬁl &0 y

N- hydr oxysucci ni m de. Some exanpl es of such esfers include

N-hydr oxysuce ni m ampl es, of ‘Sich N succrif mdyD” esfers incl
hei r oup I (R0 PR TR O el Ramlohe UL ThON s PR RS @ ion o

di d pgt ' lts. Th if ti I t i | abl
17 om AT RS ORI U R cnd e o Sl Db e G AP I el SUR e ot

| east two different reactive groups. The reactive groups react with
different functional groups, e.g., present on the erythropoietin and the
ol ecul e. These two different functional groups that react with the
reactive group on the heterobifunctional cross-linker are usually an am no
group, e.g., the epsilon amno grouj®-of |ysine; a sulfhydryl 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.



O course, the various erythropoietin nolecules of the invention may not
have suitable reactive groups available for use with certain cross-1inking
agent ; hoW&/@&¥053¥fe of skill in the art will be anply awar BCHUSHINME4Thoi ce
of cross-linking agents based on the avail abl e groups for cross-linking in
an ergiSrOEQ%et%n of tgg iqﬁgstion. -68 WD 02/f1S3S80 PCT/USO /. f9~79
When -7 SRDHTERSIgpsdmosoy SEDDFePRIeteholasl siplylteansiesase aeteitya andess ent
bond wi th an am no group, the covalent bond will usually be an am do or

i m do T6HHY .arem*ﬁéfwlé%rghff xeeongbivan expeassibn and prductical efasialeagthwbpdietin ami no
group rmay, for exanple, be an activated carboxyl ate group, a hal ocarbonyl
group, or an ester group. The.preferred hal ocarbonyl group is a

‘chl orocar bonyl group. The ester groups are preferably reactive ester groups

such ds,anbther exBodihent, idlo @H@Mﬁfo@fﬂssééﬁqjeﬁ)}ng}lﬁgc} gﬁ %rﬁérga{r%g\ﬁith Hfe %iger

functional group typically i's either at g p capa of

bei ng ¢ [N I r r.a, g p t for L, coval ent bond
i thoAFERYEH HRY gk Radatuth o 81 OBharl i IR0 HRGE 6" 2T sk 8 Fond or
di sul fii The reactive grou qat_forns a coyal ent bond with a thiol group
. o SRl Gk ailicd ke o ks Slerann of RhacI00d: biiel Ghomn
activ%h qﬁﬁb ulfide. A reactive‘grop cont ai ning a doubl e bond capabl e of
reacti g -390} musaseresiigf thenydieotifgisugariQP giadic pridakansportdr cat ber s, such
as acrylonitrile, are also possible. A reactive disulfide group may, for
exanplagcomplished tpproduge miatats of Ghivepe baimsaerovary ills TiesOtdts(canhdt2aRaniei ¢
aci d) group. Sone exanpl es of heterobifunctional reagents containing

r eact iackl @hisués fodgydoprotising sieh sl NoBSEGH Hhdh ' ieti
3-(2-pyridyI-dit%%%)propionate (Car?sson, {§ gféim%ﬁ%%ﬁogpggﬂ%%$%@,

173: 7 23a{s3doted SARIMY : C D .o

S 4. - SUGCT ni M dy ox%%?%lgr%?qugfnﬁhegt g oi/ﬁtlf)lealﬁszc’)ﬂr?%lfc(gscmq!sglﬂ%?la]éq‘?ée Wwhich if

4- succj ni | - al.pha; met byl - ( 2- pyr.i dyl.di.t hi g}t ol uene.

N sucdl RS i B EGRE A B BT BialhraiznBiein Wirdhieh rieionsyie s campries of
het er obi i,onal reagents_ conprising reactive groups having a double bond
t hat reggfc{fggé\ﬁﬁe@nmggﬁ? 6?%‘&%8)& Ksmggaetbedsovel] knapy to those knowledgeable in

4- (Nmal ei m donet hyl ) cycl ohexane- 1-car boxyl ate and succi ni m dyl

m mal 9Pl 6hen Hort isformgiion prowvddedinB3BEL 6t RGTOVS Gl cShiF g DUtBT7-373), cell lines

het er obi functi onal nol ecul es include succini m dyl - 3-(nmal ei m do) propi onat e,

sul f osan b tiansfegtbd, 4n(tatedral @therwde Qe kbRitREEs prolhdcdsi b Ty |
4- (N-mal ei m donet hyl cycl ohexane)-- 1- car boxyl at e,

mal ei fhA9BEAZaMerihid Qétﬂ{&m%'b&udghqg- I, i | f.onat.e.salt of
succi ni m dyl n}ng$giﬁidobenzoate I'S pr%?%?%éﬁ?m%§%§8g¥%¥ﬁég }gwgyﬁghtioned
het erobi functional reagents and their sulfonate salts are available from
Pi erce Chem cal Co., Rockford, Illinois USA. The need for the

above crihed conjugated to be reversible or |labjile may be readi

det er ;Inlq ﬁgeolg r%%/{ﬁ‘ter? Ogi?ﬁ%le‘éd’?g}etﬁr ESORT INXCRINR, B ghrmageficplcqmaRasHipN; ag d@ﬁql%@df or
bot h tHe e&{thrppoietin, and for the desirable pharmacol ogical activity. If
the cABRPYRSANAINIDE SN sEythyapeictit Mk beiadministerableud & atsninalbynany rohierwliieh t est ed
iii vivo. If the conjugated nolecule requires separation fromthe

er yt hipepaiesta suffigentdevel of angrythrdpmiditingn bionehsoulathgserpeihit eransis@ioataeyes Wi t h
erythropoietin will be preferable. The lability characteristics nay al so be

t est ednesdothelid aoid bartiel shdWeheficial FREM WnePythRdpBIcBniradpotiive LIRS tWﬁ'ﬁ used
Addi ti onal information regarding how to nake and usé these as we as ot her

pol yF srahi palosé SASieRRg Kt l2: ARk Rl QI Je ,dfs?qgel?g\’ﬂ-l R e

others available in the art: son,

L2 T ik B A R Rl 2 22

Bi ochem %g:% 34-2€4O B%?tt%gr, XVAL et ,al., 1985, Biochem 24:1517-152.
Liu, Eyfaropprel, such asie ajgrementioned gryfigepqietins but not limited thereto an may be
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-70 WO 02/ U53580 PCT/USULl/.~9.t79 Youle, R J. and Neville, DM Jr.,
1980, Proc. Natl. Acad. Sci. U S. A 77:5483-5486. Lerner, R A et al. ;
1981, ProwO 02463580 Acad. Sci. U. S. A 78:3403-3407. Jung, S.mMT/Bs$md/4Mm00i, M,
1983, Biochem Biophys. Acta 761:162. Caulfield, MP. et al., 1984,

Bi ochem 81:7772-7776. Status, J.V., 1982, Biochem 21:3950-3955.

Yoshi tBREsIVEOr pativg erythrogemptingmeluding Isinyisesythropoiet 39 9n Bgdinstdoshwheredhe S. et
al ., 1982, J. Biochem 92:1413-1424. Pilch, P.F. and Czech, MP., 1979, J.
Bi ol . e nr tigsa igBrsvaaE atizddonilok the@dminisaition it 3§ hathing Be@klls Gedue with

262: 8483-8487. Lonmant, A.J. and Fairbanks, G, 1976, J. M. Biol.

104: 24tBe 26hpoditiorbsfahe Mveatish, Tisdihdfnackutical 88hpodigh pro@id&gg WeredifL 483- 488.
‘"Hashida, S. et al., 1984, J. Applied Biochem 6:5b-63. Additionally,

met ho%yﬂoﬁiéﬁ%iﬂo%gig?%gﬁfb%ﬁ Yii %g\%@f a%?ﬂﬁro%ggetggﬁﬁﬁyepﬂéﬁgl?dl cell

Bi oconj ugate Chem riers I ch are " cross

"above- i thods and conpositions of.the present .invention include
ot o S o5 VRSB B0 BRRpSRRREY brentloeats inchiteRieh? Rcuemopertorated or . 1 he
bl 0od junctions, fenestrated junctiéns, and any other types of endothelial barriers present in a mammal.

A preferred barrier is an endothelial cell tight junction, but the invention is not so limiting.

The aforementioned erythropoietins are uséful generally for the therapeutic or prophylactic
treatment of human diseases of the central nervous system or peripheral nervous system which
have primarily neurological or psychiatric symptoms, ophthalmic diseases, cardiovascular
diseases, cardiopulmonary diseases, .respiratory diseases, kidney, urinary and reproductive
diseases, gastrointestinal diseases and endocrine and metabolic abnormalities. In particular, such
conditions and diseases include hypoxic conditions,. whilch adversely affect excitable tissues,
such as excitable tissues in the central nervous system tissue, peripheral nervous system tissue, or
cardiac 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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testes barrier, the blood-ovary barrier, and the bl ood-uterus barrier.
Candi date nol ecul es for transport across an endothelial cell barrier

i ncl ude, Wworo2@s3sspl e, hornones such as growth hornone, neurGL/USENNOET9
factors, antibiotics or antifungals such as those normally excluded from
the brain and other barriered organs, peptide radi opharnmaceuticals,

ant i sEaqaling iy gfzess, slamage @nd Jinglxi newrons] eflldgathn ooy be breqted by gesmesthods of the
pharmaceuticals, and anti-cancer -71 WO (121115358U PCT/ USU11. 49~79
agent presduo mavention. i Gepeead hrmefeeredad as hgpoximbreizen ischeirig, theke ognditiohs xdsenfoone,
nerve growth factor (NG-), brain-derived neurotrophic factor (BDNF),

ci | i abyinoRideBut arettiot lilmited & sttdR¥] Fisculapsidtudio pednats br oanktbl &8geRr (bFGR),
‘transform ng gromh factor (31 (TGF(Sl ), transforniing gromh factor ~i2

(TGF~ .t q .~ i . i .
ntor [ aliRAFRIBCFOARIBKRNS Rolr 3k hing chrichiorbiae hORANDE NS hhalaton, |,
‘tunor  necrasi.s.factor, and i. nosu essi ve-agents- such .as .cycl ospori n.
[72 1B AR S Bt Segtio ey, phpaid; ipTigntdl BposTR G SROTS al so
directed tQ a conposifion conprising a nolecule to be transported 2 via

t r ans EY§iHet¥e BRIFgawy siscasts erphysgmas adult sespiratony distrass synslpme chypatrmsixg
erythropoietin as described 3 above. The invention is further directed to
t he ushkocks septie sjckgrnaphyesticeshock, innillinshbek, sickleanell4risisy cardippaitesti n as
descri bed above for the preparation of a pharnaceutical conposition for the
5 del dyshythnoiia, niteogep hercosis, addmesmolegiti deficits cansddagclidabeingbepss 6 7 The
present invention may be better understood by reference to the follow ng
non- | brgckéfes. 8 Exanpl es, which are provided as exenplary of the invention.
The followm ng exanples are 9 presented in order to nore fully illustrate
the preferred enbodi nents of the invention. They to should in no way be
construed, however, as limting the broad scope of the invention.

In one embodiment, for example, the specific EPO compositions can be administered to

prevent injury or tissue damage resulting from risk of injury or tissue damage during surgical
procedures, such as, for example, tumor reée_é;tion or aneurysm repair. Other pathologies caused
by or resulting from hypoglycemia wﬁich ;clre 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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11 12 Exanple 1 13 ERYTHROPO ETI N CROSSES THE BLOOD- CEREBROSPI NAL FLUI D 14
15 TIGHT BARRIER 16 Adult male Sprague-Dawl ey rats were anesthetized and
adm ni st ew@2888Mbi nant hunman 17 erythropoi etin intraperiRGHEsI1HY479
Cerebrospinal fluid was sanpled fromthe cisterna nmagna at 30 18 mnute
intervals up to 4 hrs and the er xopoi etin concentration determ ned using
a senSqleyrg QISPQdG&%@ cohelésnt,jretinsh Wﬁﬁﬂl% aRideinérverdarnagrsmsulting fiohl glstcomtzgend n
)Flgare 1, the baseline er5~thropoietin 20 concentration in CSF is 8 nm .
Aftern%urdmﬂdysSof several hours, the levels of erythropoietin 21 measured in
the CSF begin to rise and by 2.5 hours and |ater are significantly
different fromthe ' 22 baseline concentration at the p < 0.01 level. The
‘peak | evel of about 100 m/m is within the . 23 range known to exert

h bl oo Wl Th eak rs at
7 S AR D U
' I I h h e results o
f'h?Q' SN Lot SRR R EIcr ngRick: Buree Rewimasto reigel inchpoirerioavienn be
acco Ilshed 3 agross a tight cellular junction by bolus parenteral
admi n'SEeREEAfIER, TeHn ﬂ?@ﬁh‘ﬁ?’% Istiniiis pigmenipss; exieticsclerasisrreinoyasityi, hyperteﬁswe ,

retinopathy, retinal artery blockage, retinal vein blockage, hypotension, and diabetic retinopathy.

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 invention is also directed to a method for enhancing excitable
tissue function in 2 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
disease. These uses of the present invention are describe in further detail below and include

enhancement of learning and training in both human and non-human mammals.

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

to the central nervous system include but are not limited to mood disorders, anxiety disorders,
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6 Exanple 2 '7 MAI NTENANCE OF FUNCTI ON | N HEART PREPARED FOR
TRANSPLANTATION 8 9 Wstar male rats weighing 300 to 330g are given

eryt hr opowex 20538000 U/ kg body weight) or to vehicle 24h prdUsaia9$@noval
of the heart for ex vivo studies, done in accordance with the protocol 11
of Delcayre et al., 1992, Ater-. J. Physiol. 263:H1537-45. Aninmals are
sacr i f fePEesiRn: AptiEDl, ﬁgﬁ‘%ttﬂ?a@f-'tﬁcttéll}’ml@ﬂ diseyder, and pegnatineudyisfunnégrar Theisg ed
(0.2mL). The hearts are initially allowed to 13 equilibrate for 15 m n The
| ef t vennditions beneflidtdno enhansembrgrofinefidoaslefinttiora Othdrdisrddatregibleln an end14
diastolic pressure of 8 mnmm Hg. A left ventricular pressure vol une curve is

const r agebrRndy/with thevesenie ¢ilthé plekatt i@n@bn dtudealidep Ao Bor eymﬁp@Z m

‘aliquots. Zero volune is defined as the 16 point at which the |

vent ri QulAdn8a Sndrand ¢ Qélh&drlﬁﬁ)?&é['f uha?rﬁflﬁ%)?d ar@%\fe?lﬁprltngld}h? Oﬁé{p& (sﬁégl’?c? r e17

vol une curve the left ventricu nis i as

'pressu and e-control peri ursued for. .

D or  ChoBRRG bl heBt it %ﬂﬁctrﬁrﬁémrl@ nlarataies hRBbTR s Bhitdes wd

Cel si or + rer ECL%J e to rest at AC under a pressure of 60cmH O The 20 heart
i s t hefepingitidey; forerammle.cqnueqtiye F@Sl’&tdlsﬁeSQ'Wlf}iﬁ‘é%QfP@Wﬁ1Smhrﬁ§HUFNSI IQslerwi t h
the same solution 21 and surrounded with crushed ice. ' 22 -74 WO -

( 12/ 05888 tnch@E/MusEntion 9f or pro@retion Mwirepdisoning by nouratpexins hiehtae domoicsacid
transferred to a Langendorff apparatus. The balloon 2 catheter is

r e- i nssirelléish poitenihgenchaslathygsh) e Guann disesye] btk @hid Rtdkd1cRA™R, Vol ume as
during ' 3 preischemc period. The heart is re-perfused for at [ east 2

hours Birkihéén’ sﬁﬂ@ai&ﬁ@ﬁéﬁé&ﬁﬁ\%}r&uﬂéﬁ%ﬂ‘&ﬁbdl& &Eiﬁc}ﬂmcc-‘ﬁfﬁpyl”%ﬁolg BFaih S N Of

re-flow and then back to 100cm H20 for the 2 ne
irradiation; sickle cell crisis; and eclampsia.

A further group of conditions treatable by the methods of the present invention include
mitochondrial dysfunction, of either an hereciitary or acquired nature, which are the cause of a
vériety of neuroiogical diseases typified by neuronal injury and death. For example, Leigh
disease (subacute necrotizing encephalopathy) is 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 fuel 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, peripheral nervous system tissue, and heart tissue. In addition to the conditions described
ar)ove, the methods of the present invention are useful in the treatment of inhalation poisoning

such as carbon monoxide and smoke inhalation, severe asthma, adult respiratory distress
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5 hours. Pacing (320 beats per mnute) is re-instituted. |sovolunetric
measurenments of contractile 6 indexes and diastolic pressure are taken in
triplicatwoaR/o2sgo 45, 60, 120 min of reperfusion. At this PCWUSE/AHPOINt
pressure volume curves are performed and coronary effluent during the 45m
s reperfusion collected to neasure creatine kinase | eakage. The two

t r eat neéyndregme, gl choking enacardr@vniag nHurdherwopditiveciwhich @sdate Bypbxit dondi€iahs
regression using the end-diastolic pressure data is used to 1o design

conpl i anbp othief WREns NGuctRAWRYIO1fue daRags inShdb h '&gayéeﬂiarﬂ{a@)&?ag%e&ur% left
ventricular 11 pressure devel oped occurs after treatnent wt

erythr L&t : | IR : rve,, decrease of
Telt of SOpAprate BEnERt insfin FRAEY A LR TR BT Bl e 15

| eakage. 14 15 Exanple 3 16 ERYTHROPO ET1N PROTECTS MYOCARDI UM FROM

| SCHEM C | NJURY. 17 1s Adult male rats given reconbi nant human

'erythrg}oo,i etin (5000 U/.l:g body wei ghtg 24 hrs 19 previously axe

anest he@roudneePsyFhgiogie disprlerywhish arsbelicved tp csiginate from. exaifable tibse dambealose
of 20 erythropoietin is given at the start of the procedure and the left

mai n caredrratapleby teynstant mettelsf @hr@fic Bordiersiih edhictnkburdrenh daabgeis étholvEde sane
dose of erythropoietin is given daily for one week after 22 treatnent. -The

ani mal andifor wihietntredtmenntesy the presavtdivsitibhl iroPiled A lfde@idordets rdldthplth AeS
animals 23 receiving a shaminjection (saline) denonstrated a | arge

)
i ncr eaggnitd nkRRus @sﬁelﬁﬂmj@ﬁgﬁg%?nirg%sfsy%gggﬁélﬁﬁ%ggige-?%{ﬁ%%/ﬁég%l%% 1

pressure, indicati've of a secC ary to nyocardia

0 bl 2N SRS e LTRSS RO MAPRLEL

contr C)ldlsse s%i &;rgfr:n lrs}t?r%er%g r"liofssi, %%r}]/totrg;t)hig ?zﬁergl s::legés?s% rrlluel%/iglle)séle?osis, tuberous
sclerosis, Wilson’s Disease cerebral and progressive supranuclear palsy, Guam disease, Lewy
body dementia, prion diseases, such as spongiform encephalopathies, ¢.g., Creutzfeldt-Jakob
disease, Huntington’s disease, myotonic dy'st’rophy, Freidrich’s ataxia and other ataxias, as well
as Gilles de la Tourette’s syndrome, seizure disorders such as epilepsy and chronic seizure
disorder, stroke, brain or spinal cord trauma, AIDS dementia, alcoholism, autism, retinal
iéchemia, 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, panic. disorlder, as
well as unipolar and bipolar affective disorders. Additional neuropsychiatric and
neurodegenerative disorders include, for example, those listed in the 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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s Exanple 4 6 ERYTHROPO ETI N MOLECULES 7 8 Native erythropoietin my be
nodified to tailor its activities for a specific tissue or tissues. 9
Several n¥@-U2/08B0ng strategies that may be carried out taEbsames®hi s
desired tissue specificity 1 o include nodifications that renove or nodify
the gl ycosylation noieties, of which erythropoietin 11 has three N-Iinked
and one O linked. Such variants of glycosylated erythropoietin can be 12
produced in a nunber of ways. For exanple,,the sialic acids which term nate
t he eddagdthenrmbndiaent]Zceombinast chimetietoxormoteduley campisifig erytiraoiclmses be
dependi ng on the chem cal |inkage connecting the 14 sialic acid to the

sugar usdibfon thefdpeati delinesy yf tokite t@tr¥RQaSHbBLeesivedidotddf Rck &lchBerdoSypat | ed in
15 different ways by using other enzynes that cleave at specific |1nkages.

To valdisdale® dubRaesubfaciteishies inant human erythropoietin was

desi alized using Sial %gggh%\in? rg‘gzlgcggl@frtllgi) 17 according to the

‘manuf acturer's protocol. Successful chenical -nodification was confirned by
18 running the reaction product on an SDS pol yacryl ani de gel and staining
the resul tant, b s..19 whi.ch showed that the chem cally-nodified

eryt hﬁilﬁbo?lzqwlﬁg ¢ lgls additional spampplaty. Ren-bisyting ingicafiengsito die varigus kD as
expected, conpared to unnodified erythropoietin which was ~34 kD and 21 by
neas ucPRtionscans disdasesameanable ¢ trasmentmpiheiafgreimgntidrediecahropsiatis. t 0 be < 0.1
nole/_nole of ' 22 erythropoietin. 23 -76 W) 02/053S80 PCT/ USO1/-49-479 i

I n andielipisswp @i | qabysgimonlon’opi N t NeCawdifion 3 isedseS| TS of erythropor etiln
are nogedn ed, ar gi|jakoldey €Si dues. re nodi fi ed by| usi ng phenyl gl yoxal 2
accof to the (gr ] Of Takan (9T J. " Ta.-Broshefu—81-39541
carri glc?agut for verIiQ%%Iﬁgél engt hs o|?§ |°%e&rg’:ja§trl?6}|' ng fﬁﬁfp@&%cB hrs at rdom
. 4 tenperature—fhe reacttor—was SRR ar o by—di-pt ﬁ.enu HHe—+reaction—
m xt ire agai nst wgter. Use 5 of sucl}ifyﬁ‘f)ﬁa ed for npDEssler yemdemsg etin i S
ful | —epbraced herlein.- 6.7 Asi al npr’@fﬂﬁﬁ%if’[i n_an
phenyl gl yoxal erytlropoietin were asApfihective as native erythropoietin d
for meural cells ifra vitro as shownCompehitaliicag 4- 6| VaivuMtrtro testing wag
carriled out using|neural 9 |ike enbrgigsuge carci nome| celdicingdgadh§ ) t hat
undeffgo apoptosi s [upon the w thdr g -nﬂetgedrngﬁ;h _
Cardiac rupture Aneurysmatic
Septal perforation
Angiitis
Arrhythmia 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 disease,
deficiencies, connective tissue
disorder, infiltration and
granulomas, neurovascular
Myocarditis Autoimmune, infective,
idiopathic
Cor pulmonale
Blunt and penetrating
trauma
Toxins Cocaine
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10 Twenty-four

hours before the renoval
erythropoietin or a nodified i
The fol | oWOTg/0§3880t he zn. edi um was renoved,

of serum

1-1000 ng/ m of

erythropoietin was added to the cultures.
the cells 12 WaSHBESIWO4M fresh,

non- serum cont ai ni ng medi um and nedi um contai ning the test substance (no

13 s ack—t-o—+thecultures for and additional 48 hows Tg
det erﬁ?lﬁé'SFW"nuabQ)’Sfo’c’ﬂl!’ 9 abl e | Lonpitionprdisepse; pypen r educt i on assay Wwas
per flopngad (Cel | Ti t petho®gyPronega, {Inc.). As 15 Figure 4-5 illustrate,
asi al oerythropoietin appears to be of equal poten¢y to erythropoietin
i t sel VadeldrnN Pr eVERybéensn  deat Nprihliey RBQMMhG! yoxal - nodiTi ed
eryt iropol et n waspj sigh Ng the nedrar I7 T ke|PI9 CelT—_assay descriped
‘abov;:.' As Figure s1E ggl%r ates, this chenmically-mpdified 18 erythropoiefin
full et-atrns—tsSTh UIUJIU ective-reffeet-s—39261Retentt+on——of ;
neur pprot ective ag %\5 PPMY vivo |was confirnmed using a rat focal ischehia
‘model—in. 21 which P8 ble ledion in the terriltary of the niddle
cerebral artery isApessysined as ddddssepting, amtyedviously (Brines et al .,
2000, Proc. Nat. Acad. Sci. U. S. Aenbigid®526-31 )| Adult nmal e Sprague23
Dawl py rats were admini stered asi gl oerythropoietim or erythropoietin (5p00
U kgPiMngs/_ WO Dobemdhe PCT/ USOsins9 1 mtraﬁerl toneally) or vehicle
at the onset of the arterial occl Lsdlf?&mgi’b%%ﬁflsfo r hours later, the 2
aninmpl s were sacri{ficed and their *&?erﬁﬁ%' ffor study. Serial sect|ons
wer el cut and stai 1ed3vmthtetraz ]3 to ifdentify living regiong of
t he braiA—As—she ARG ue—7 SBAUPIBY o poi ot i - was—as—effestivbk as
native erythropoi «:fﬁcherpwl 6}58@%% ?’6‘6}’ otectiop from1 5 hour of
i schem a. Figure 8 shows the r esul|tembgtisanot her focal i schemi a nodel in
which a 6 conparative dose respongduhmenaner f or med |with erythropoietin ahd
asi al oerythropoietin. At the 7 | oydbionbosie, of 250 (U | : g,
asi al oeryt hropoi efin afforded prot|d&at embolisher eas dnnodi fied 8
eryt hropoi eti n di dEaofronHerkdl lexanygl e 5 11 MODI FI CATI ON OF PRI MARY STRUCTURE
OF ERYTHROPO ET1N| AfNB4ystd EFFECTT VENESS AT NEURONAL PROTECTI ON
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 II Diabetic neuropathy
Other endocrine cell
failure of the
pancreas
Exocrine Exocrine pancreas pancreatitis
failure
Bone Osteopenia Primary Hypogonadism
secondary immobilisation
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13 14 A nunber of nutant erythropoietin nolecules have been descri bed which
do not bind to the 15 erythrocyte erythropoietin receptor and thus do not

support ewgtnspsdesis i~t vivo or itt vitro.

wil |
tiss
of 3
full
J.
uses
trin
‘nodi
proc
to p
‘orga
eryt
t hat
eryt
1038
eryt
of e
N- hyg
100

appr
i ncu

sepaf

10,
with

M

LHesS..0r 0rgans

Eor pxarmlp a_

17-ner cont ai ni

in other
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WD 02/0S3580 1 PCT/USU 1/.19-479 2 Acetyl ation:

ug) was incubated in 0.3M phosphate buffer {pH7.2) containing 3 an equal

anount of waoetosssseanhydride at 0 C for

dialysis 4 against distilled water.

1 hour.

5 6 Succinyl ati on:

erytl uopoietin (100

The reacti onPeEESEMHOpPPed by
erythropoietin (100

hypofunction

ug) ipP-0-5-MNaHCO3 (pH 8 0) was ipcubated with a 15 7 nolar excess of
succi|rFelh diswann de| Bysfasctiontasr 1 hpGendiibw or diseaseoh Tymes st opped by di al yi s
s agdiqigendistill egpathelegy 9 1 o Arginine nodifications: erythropoietin pas
nodi flied with 2, 3 putanedi one as described in 11 R ordan ("Functi onal
argirlyl residues i hvgepaimisy Pept | dapginbrite HHoGal | pn W th but anedi one™ 1
Riordan JF, Biochem stry 1973, 12( Zgadopggﬁ gﬁ) 13 14 Er yft hrop0| etin yas
‘modi flredwirth Cyi(, _Isﬁiélgklc as T parthy et “Hent+f+eattonr—of -
f unctjronat—t5—argt-hrc+esi-dues—-A-r+-bonucleaseAbndysozyne" Patthy |,
Smi t h—Eb 3. Bi ol | Sishinieys 15 > N(2):565-9) 17 fI s Frythropoietin_was
‘nodi flied with phenlyRbabdesoxjosiss despribed in Werber|et al. ("Proceedings: |19
Car bgxypept i dase B Muochoniddalt i on of functional arg|nyl residues" Wrber,
MM  Sokol ovsky M 2odiksase 3 Med Sci 1975 11 (11): 116P-70). 21 22 Tyrosine
nmodi fli cations: eryfnsgaehet i n (100 y@&nﬁﬁﬁgfﬂﬁyﬁgt,d W th tetrani tronet ngane
as 23 previously described Tn Nest|er al - Stinmuationm of Tat—ovarian
cel | |d&Taf d0geNesT g iy P~ 8T Impotence secondary
dysfunction peripheral to medication
Liver hepatitis Viral, bacterial,
parasitic
Ischemic disease '
Cirrhosis, fatty liver
Infiltrative/metabolic
diseases
Gastrointestinal | Ischemic bowel
disease
Inflammatory bowel
disease
Necrotizing
enterocolitis
Organ Treatment of donor
transplantation and recipient
Reproductive infertility Vascular
tract Autoimmune
Uterine abnormalities
Implantation
disorders
Endocrine Glandular hyper- and

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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WO 02/ 1153580 PCT/US(11/-t9-L79 1 density |ipoproteins nodified with
tetrani tronmet hane" Nestler JE, Chacko K, Strauss JF 3rd. J 2 Biol Chem
1985~Jun wH @06§8R) : 7316-21). 3 4 Gutam c acid (and asparr@usmi4d)79

nodi fications: In order to nodify carboxyl groups, 5 erythropoietin ( 100
ug) was incubated with 0.02 MEDC in 1 Mglycinamde at pH 4.5 at room 6

t enperB8heipY prvides therapautis oppropbylecticieesimentafithewense@ienags of@aechenigal gr oup
nodi fication in 7 chynotrypsin and chynotrypsi nogen." Carraway KL, Spoerl

P, KostauardrOEhiman diskines.Blhérapeuli 69 pidpity128ticl @édinehBRr diseSseh,alisori@s @phan
resi due nodifications: erythropoietin (100 ug) was incubated with 20 uM nll

br onDsdéaditibhstbiBe ONSL I RehASSE] Mﬁ&ﬂ%?ﬁ@ﬁlteﬁ'e Bféffér?éd (e, e@lc 8t room
‘tenperature as 12 descri bed |n Ali et a J Biol Chem 1995 Mar

by tn? fﬁégﬁaé escrfb@%%seﬁ s ahasd & oro*%cvlﬁbﬁ??ﬁa%e%@%ﬁ%ﬁ@?qrgﬁn%%d. ned
Ex R 9 F 6 15 16 I
o' ek 54#1 Fghpau fprgﬁﬁmﬁw R e i, roR: A ar der

PBS (p cont ai ni ng 20MM ni nhydri n Pi erce Chem cal, Rockford, Il), at
is 3 %Utn?fdrmtt%dotortb@ﬁeshaamgm opbiaimic lavaS(CKbk,mardmpwhnonelty, wispiratory,
"Modi fication of henoglobin by 19 ni nhydr| n" Bl ood, Vol. 556, No 4 1980:
701- 70@)neyResinesy i roprodfictivep gastreiritdsiingj, aichbeﬁydmr%alﬂﬁic&omnéﬂt&hpﬂvmed.
reacting the product wi th Sodi um borohydride or Iithium al um num hydri de.
21 Specifically, erythropoietin {100 ug) was incubated with 0.1M sodi um
borohydride in PBS for 30 ' 22 mnutes at roomtenperature. The reduction

vas { ohiEnBakbdaiient 2L B BndacSRER fafl il and
dialyzing it against E rﬁr ge t n@&%&fggﬁgf&ﬁf& éke:ﬁhl , e, Bl ood, Vol .
S56, I\ﬁmlg’ gtered 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, administration

is parenteral, e.g., via intravenous or intraperitoneal injection, and also including, but is not

limited to, intra-arterial, intramuscular, intradermal 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
term "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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WD 02/0S35811 PCT/USOL/-1"179 1 4 1980: 701-705). Reduction using lithium
al um num hydri de was acconplished by incubating 2 erythropoietin (100 ug)
wi th 0. IMVIOiRi953589 al um num hydride in PBS for 30 m nutes aRCT/GYMHS4T9
tenperature. The reduction was term nated by cooling the sanples on ice for
10 mnutes and 4 dialyzing it against PBS, three tines, overnight. 5 6

Di sul phateracepkic farase trahimaksband matd panticwdaryt inrhopwinet The termd'cagpr waters to a
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I N watiiiepsljivaan eacigrat, tod vehielewith whichahelthBrapsativoia tadshidistereds Soetut es,  at
roomtenperature in the dark. 9 to Limted proteolysis: Erythropoietin caili

be su E’ggﬁ{a‘%@uﬁdal arlibdiche e GRATE & icééé rse’m&faﬁl HEhSsdlitfns iR HaRk and dilss PRUdINE

‘resid Eryt hropol eti n was react

epoci Mook F ORI aHt el St bntheb o SR BB DD, 1k G T
Ordor S e o s b O SR b PR 1
tryptophan and desalting. is 16 Exanple 6 17 PROTECTI ON OF RETI NAL | SCHEM A

BY PERPRBBSipL i aipNhisteSTEREBY ¢npusly. SREMHROMGE ERaqueeurdextrsk aadelyseral e
very sensitive to ischema such that many will die after 30 m nutes of:

I schegblutidits sdn adssbe dmplohed as Sqid cartriersppartibuleny foriisjebieble solmhides. | Suetbiche
deterioration of vision which ' 22 acconpani es a nunber of comon human

di sea%ﬁmn&uﬁﬁbaagxaﬁiaﬁ@ﬁmudeeéthﬂch}gucc%guaemsum, gelatir entlaicelamaner at i on.
At the present tine there are no effective tﬁerapl es to protect cells from

-83 cﬁ‘ﬁk%ﬁgar’ g’é?&dﬁlglstlém%, ‘gT}%EFoq monostearate, talc, sodium chloride, dried skim milk,

glycerol, propylene, glycol, water, ethanol and the like. The composition, if desired, can also
contain minor amounts of wetting or emulsifying agents, or pH buffering agents. These
compositions can take the form of solutions, suspensions, emulsion, tablets, pills, capsules,
powders, sustained-release formulations aﬁdlthe like. The composition can be formulated as a

| suppository, with traditional binders and carriers such as triglycerides. The cofnpounds of the
invention can be 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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1 ischema. Atight endothelial barrier exists between the blood and the
retina that excludes nost 2 |large nol ecules. To test whether

peri pher aWioy288¥Mi st ered erythropoietin will protect cel IRCBUS3H84MI ve to
i schem a, an acute, reversible glaucoma rat nodel was utilized as descri bed
by 4 Rosenbaumet al. (1997; Vis. Res. 37:3443-51). Specifically, saline
was injected into the anterior 5 chanber of the eye of adult male rats to a
pressure above systemic arterial pressure and 6 maintained for 60 m nutes.
Ani maPhammaceutidhtompestias adapted fororal adAnistraioptrhaypoprevideddas capsoldy o7 wei ght
intraperitoneally 24 hours before the induction of ischem a, and continued
as a thldty, ad pe®dSrsi @ grahudeddad dodnRns A9¥ifHs drls@pehiabed (naicaiior ndasaquesdsor med
‘on dark-adapted rats | week after 9 treatnment. Figure 11-12 illustrate that

the aﬁgai'ajls)s: b 8dibRNfoMns BF %gl{SOQPdseetrﬁdei.bn?sEaPa%@&é gt efd g‘)amné SR8 ma

preservation of the electrorétinogram (ERG (Panel In contrast to

ani mal. s treated wih 11 (gal ipe one. (Panel Cée ff)r vﬁgi ch very |i tgl e..
f unct FERPHERRFEY ST oy piives et Pl MPRASH U Bieaiays, ST TS & oellyigse,
b-wave anplitudes .for the erythropoietin-treated and saline-treated 13
gr oupBIagBEAE caRonategstpaticagid Onalip ﬁ@r@én Sgftalatipelcanpules AN COPErEs i n. 14 .
15 EXAMPLE 7 | 6 RESTORATI VE EFFECTS OF ERYTHROPO ET1N ON DI M NSHED '
COGNI Vegatahly ofisNGINeoMasRieB1irGliERONIgBRp Ny o I8IBIOR B oli8ions andhsyrups maly comprise
denonstrate the ability of erythropoietin to restore dimnished cognitive
f unct warerj pol@elsmnhdeu@drs.er receiving brain trauma, female Balb/c mice were
subject to blunt brain trauma as 21 described in Brines et al. PNAS 2000,
97; 10295-10672 and five days later, daily erythropoietin 22 adm nistration
of 5000 U/ kg-bw intraperitoneally was begun. Twel ve days after injury,

ol ' . 7 y N ., ,
i th Aty SRRy R foP brgf GRBlnkikfon M 0eanisl A WRLERER: g 4
treated treated anipal f d ly jn th t (Wth swimti
of - ab it S8 5YE disuiiai ot il B b BaL EE <Boveastalhe ERGI Y TblEes hat
the erythropoietin-treated animals perfornmed ' 3 better (in this

pr eseglyeendmongsicare eralycayl distpasats anaydye usedy ehhuss the gestaingd felgasenl o

erythropoietin -
active agent may be achieved over many hours and, if necessary, the active agent can be

protected from being degraded within the stomach. 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.

Pharmaceutical 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
oils. 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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_ 4 treatnent is delayed until 30 days after trauma (Figure 14),
restoration of cognitive function is 5 also seen. 6 7 Exanple 8 KAI NATE
MODEL 9 1WOI3/0630 kai nat e neurotoxi city nodel, asial oeryt R@pBBSBHP4TIVAS
adm ni stered according to the 1 I protocol of Bri nes et aI Proc Nat .

Acad. Sci,. U. S A . 2000, 97; 10295-10672 at,K a dose o kg- bw_gi ven

i nt r apa ‘?f‘o%ﬁmﬂ wiih pither & nseaifpic qrﬁé?vaaeamlm@%eroamwt Basez sﬁlﬁﬁqutwslykgxenat e
is 13 shown to be as effective as erythropoietin, as shown by tine to death
( Fi guretivsingretieny say de Tormulated frt & orcamgvithon dibirswater biteatt ai wiateteinpe! baset he
specific enbodi ments described which are 17 intended as single

i || usPhatrhavestiefl comgositichsaldapied €6t ispiodl alienistratRntto Bk eydiifclhddefe RO, |
‘equivalent 1 s nethods and conponents are within the scope of the

| NVenth QB comPeaBens Mel RHSe RPLdidH b 9&§ss%ﬁveh%rfsﬁ§>ehae/@iﬁtd bleld ﬁfé?'ég on to

those shown and described hérein w |l become apparent to those o ski?l ed

h
21 mod Fi eaienedy PhadaldRiiF ey A F T BB P e
referen FS CI ted herein are incorporated by reference

|
P ool iUt e 1B PradIcs ght MG B eca - Bo _ W 11510 3a80 1 WHAT IS
CLAIMED I S: 2 :

fharmaceutical compositions adapted for nasal and pulmonary administration may comprise
solid carriers such as powders (preferably having a particle size in the range of 20 to 500
microns). Powders can be administered in the manner in which snuff is taken, i.e., by rapid
inhalation through the nose from a container of powder held close to the nose. Alternatively,
compositions adopted for nasal administration may comprise liquid carriers, e.g., nasal sprays or
nasal drops. Alternatively, inhalation direc‘tlil into the lungs may be accomplished by inhalation
deeply or installation through a mouthpiece into the oropharynx. These compositions may
comprise aqueous or oil solutions of the active ingredient. Compositions for administration by
inhalation may be supplied in specially adapted devices including, but not limited to, pressurized
aerosols, nebulizers or insufflators, which can be constructed so as to provide predetérmined
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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3 1. Use of an erythropoietin selected fromthe group consisting of PCT/U
S01 /-~9.t 79 4i)an erythropoietin having at |l east no sialic acid noieties;
, bii)an eWgxid5E8d et i n having at | east no N-l1inked or no PCT/US01/49479

O |l i nkedcar bohydrates; 7iii)an erythropoietin having at | east a reduced
carbohydrate content hy virjue8aqf treatpent of nativye erythyopoietin wth
ot Do) cOtiaSbareAdupi Tor phial OISR HOR YK bg PEHOR 4 GRERRS B | on
of the erythropoietintonol ecul e having at |east a non-mamualian -

gl yco¥icaemash ghﬂftﬂéﬁwtlbgl opmppsitionsoddapied fexyrsina pdministragion aeayts pravided as
erythropoietin in non-mammalian cells;i2v)an erythropoietin has. at |east
one orpessaries,dringpus dreans gy gaaése foands a3yl foomuiaiortse chemi cal |y reduced;
‘14vi)an erythropoi etin' having at | east one or nore nodified arginine

resi dues; 15vii)an erythropoietin having at |east one or nore nodified
lysine residues or alé6nodification of the N-termnal am no group of the
eryt hr Letd : 141 {.edi i t : nodi fi ed
vy ool AL B R Ao T e A Rl bl 18 i B R b B 1
acid or_a glutam cl9acid.residue;20x).an erythropoietin havin t |east a
R T A et o M F e R e LA A AN S

am no group renoved; 22xji)~an erythropoietin having at | east an opening of
at | edwetesiatatsrand seluiesdhat serster theicagwesitians substantjalhy isplonistwith fhelbiead ef-ange-
WO 02/ OS3S80 PCT/1JSOL/~9.t79 1 xiii) an erythropoietin is provided having
at | eastendedbresighertti Qihdéreompéneats thetarmby Be preserd in suchawimpositiods Bichide water,
truncated erythropoietin; 4 for the preparation of a pharmaceutical
conposdlédhols, polyopy; plyeeinetgd vepétablaiolls, THr ex@iMiA8 CCOMpOditidns fBped g t he
function or viability of erythropoietin-responsive manmalian cells and

their B-8a6Qf B(ﬁﬁﬁ?sltl%ﬁl)xlx ﬁray.tb-b ?)?éégﬁte@ﬂfurﬁﬁ-g?%%r nfulf-ddse Jﬁﬁ*}fﬂé’% fgﬁ-ﬁ)gélﬂ@h@ 1

wherein said erytllropoietin’is asial oe ropol etin. se of

claim ik sai.d.asialoerythroppietin is h n_asi aloerythropoietin. 11
2" S s B i w4 ARG e AlR kRt TRPp Tl Shoctic Flgbine

car boh(%/]_ﬂr g%?es .13 14 5. The use of claim 1 wherein said erythropoietin has
no O |9k ORI sterde liquid carrisr, erg esterile salincsolitipnifoningacions, dmmediately
erythropoietin is treated with at | east one glycosidase. 17 18 7. The use
of cl ariArto waRkr Bxtamperageans yaiketinaioditions prd syspersicrsdnayrbeprepared omostergk ant
cell. 19 20 8. The use of claim1 wherein said erythropoietinis

per i odaivedenyigilarmdes and yathetaphi @fei etabodim@R, £h aulbiejedte compriiap an Sjedisslei n sai d
peri odat e- oxi di zed erythropoietin is chemcally 23 reduced with sodi um
cyanobg@l@tynisf srythfbpoietin may be provided for emergency use by ambulances, emergency

rooms, and battlefield situations, and even for self-administration in a domestic setting,
particularly where the possibility of traumatic amputation may occur, such as by imprudent use
of a lawn 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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WD 02/ 0S3s80 PCT/U SO 1 /~9-479 1 2 10. The use of claim1l wherein said
erythropoietin conprises a R-glyoxal nobiety on the 3 one or nore arginine
resi dues, WAhers&3soR is aryl or alkyl noiety. 4 5 11. The uRE&I/o$0160419m 1.0
wherein said erythropoietin is phenylglyoxal-erythropoietin. 6 7 12. The
use of claiml1 wherein an arginine residue of said erythropoietin is

nodi f ind pisfersedresahadimentyihe gompositionisi formudated i accordance With rone REOSgAwED
consi sting of 2,3-butanedione 9 and cycl ohexanedi one. 10 11 13. The use of
cl ai mada ‘plmnmba:ut'mal @ngpositiva adested fer inttavenoud almyjinistrefimi wethiumandemgact ed wit h
12 3-deoxygl ucosone. . , 13 14 14. The use of claim 1l wherein said

er yt NT9pRARY, cBmpebiess r Rafvehous@@minifRRioR add sdNitiGisas stbrild MStbie a@ieous
‘N-term hal ‘anmi no group 16 17 15. The use of claim 14 wherein said

eryt hpgﬁ?al m er e:}}k Shb %%HE% ﬂ¥ Jn@%ﬁﬂo H16ded %g@ﬁhﬁg laE?nt Jcn?d Zﬁ;c&ﬁ The

use o sai letinis ¢
h f h Th
§¥ ytu At t'ﬁ%?sdld%zcws 8P b gt RS o e oG Bot et ﬁregn%rsilsawf ted.

WO 02/ 0S3580 PCT/ USOL/ ~9. ~79 1 2 18. The u%e of claim]l wherein a
T yS| T neuprlisd githerseparately airyixad égsther inunisdosags rwe forgxampls, asgdiyuse of claim
18 wherein a lysine residue of said erythropoietin is acetylated.
lyophilized powder or water-free concentrate in a hermetically-sealed container such as an

ampule or sachette indicating the quantity of active agent. Where the composition is to be
administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceutical grade water or saline. Where the composition is administered by injection, an

ainpule of sterile saline can be provided so that the ingredients may be mixed prior to

administration.

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 situ
perfusion, or for administration to the vasculature of an organ donor prior to organ harvesting.
Such pharmaceutical compositions may comprise levels of an erythropoietin or a form of an
erythropoietin not suitable for acute or chronic, 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 femoving or reducing the levels of the erythropoietin contained therein before

exposing or returning the treated organ or tissue to regular circulation. The erythropoietin for
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5 6 20. The use of claim 18 wherein a |ysine residue of said erythropoietin
is succinylated. 7 8 21. The use of claim 1l wherein a |ysine residue of
said erytwoopesasin is nodified by 2,4,6 9 trintrobenzeneskdT/osEt4e4™odi um
or another salt thereof. 10 11 22. The use of claim1 wherein a tyrosine
residue of said erythropoietinis nitrated or 12 iodinated, 13 ' 14 23. The
use ofhigrspeeshof thieventipnapaysbeemt erythaencietisy s as aatvsalbicoesurring fawes schesi d 15
erythropoietin is reacted with a carbodiimde followed by reaction with an
am nehurhén grytiRapoitn, b9 a@Bof the epthRipoREnT heremakovefdestritied) shthaker ei n sai d
amne is glycinam de. The use of claim1 wherein erythropoietin-responsive
cel | adialobiythitepdistinand sheallelyohl-BkhropoistidsCas MAlititidgWrempldsver, ki dney,
‘smal | intestine, adrenal cortex, adrenal nedulla, capillary endothelial,
testes, ovary, or endonetrial cells or tissue. 89 WD 02/05358U PCT/ U
.S01 /9.179 1 26. A pharnaceutical conposition conprising an effective

eryt hropoei etj.n-responsj ve cell 2protecting,. haintaini ng, enhanci.ng, or

" et of R g Ehticlh IS8 ProYHel f phausslical BRIkl SISFITIR TR ST 0 FPRERS s i ng

of 4i )?ﬁ (gw hr opoi eti n_haying at |east no sialic acid noieties;5ii)an

er yt hHYpoMah; aneipz mosg obifie igredients ofthe nhrenacsiticn composiingad shegpyspdpat es;
7iii)an erythropoietin having at |east a reduced carbohydrate content by

vi rt ueptipnalheassemaied withsueh cantaingn($)roap be emoticenintthe firm peesstibediey gl ycosi dase;
9iv)an erythropoietin with a carbohydrate portion of the

er yt hgopanhmental agenterghlating tiengamifadie@s tisecor 3gle ofpharadac@nicgls\og bidYdgidal On
pattern by virtuellof the expression of a reconbinant erythropoietin in

non- Mpridnals] whicholiss bAYIUS BybVAINYARE LEdc) oPARnuBbtulEASd
oxXi dinged casr bolﬁydr e:t ers whi c%l%gal so}ptﬁayg‘%ogyghemméaltluy ’rﬁed%%eage;f??\l/‘{}?%rﬁ

eryt h?&ﬂﬂ{i&{‘z{tiﬁﬁhaw ng at | east one or nore nodified arginine residues;

15vii)an erythropoietin having at |east one or nore nodified |ysine

resi dues or alénodification of the Nterm nal am no group of the
eryt hropoi etin

In another embodiment, for example, erythropoietin can be delivered in a controlled-release
systeml For example, the polypeptide ma}; be administered using intravenous 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; Sefton, 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 ef al., in Liposomes in the Therapy
of Infectious Disease and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New York, pp. 353-
365 (1989); WO 91/04014; U.S. Patent No. 4,704,355; Lopez-Berestein, 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 Desigﬁ and Performance, Smolen and Ball
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17 nol ecule; 18 viii) an erythropoietin having at least a nodified tyrosine
residue; 19 ix) an erythropoietin having at |l east a nodified aspartic acid
or a gl utWew/gsaci d resi due; 21 x) an erythropoi etin havirGRusiti/peast a
nodi fied tryptophan residue; 22 xi) an erythropoietin having at | east one

am no up..t e ed;, 23 .x11) ., an erythropojetin I, at | east openi ng
of at (g‘{fgs @V liwg%”d},?ﬁf Q%)D?’ Ranges 6“‘5 ¥W93821/C') @é%@q%ﬁﬂui\m@% &H‘an kages
in, the erythropoietin nolecule, 2 xiii) an e&¥thropoietin i s provided

havi ng3#l, 183%tsepalso L.au¥ ef alutlP8h Ssienge 228494; ur@g@hel-,ah%ﬂmgbﬂr' urelnd 4 xi v)
a truncated erythropoietin. 5 6 27. The pharnmaceutical conposition of claim
26 whésel i ; Savardeyd/hn 089iJeNemorwrg 771ab05%] oer yt hr opoi etin or

"phenyl gl yoxal -erythropoietin. 8 9 28. Use of an erythropoietin for the
preparation of a pharmaceutical conposition for 10 protecting, maintaining,
,enhancing or restoring the function or viability of an 11

or Yt nIRReL flgl LAHRAN3IN S, (imlolIe] rddale SRRATLAl RAIARY i prdd B 6Pk 0" OF 92N

in“sard cells Ssues, organs are n e cells,
[ ' ' l. cells or
E : :gﬂggéraﬁé tl%rtgraggts, 1. e.(,) {he grg@? ct:ellg,rt?scsit?err(l)rnéarggrll,){huls?%ecfu?rrlrl?gr (Im )e, aeil%(a%tllénagtl t%e _
systemic dose (see, e.g., Goodson, pp. 115-138 in Medical Applications of Controlled Release,

vol. 2, supra, 1984). Other controlled release systems are discussed in the review by Langer

(1990, Science 249:1527-1533).

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 a 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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15 29. The use of claim 28 wherein said erythropoietin is an erythropoietin
or native 16 erythropoietin, or an erythropoietin analog, an erythropoietin
m netic, WOA20R38hropoietin i'7 fragment, a hybrid eryt hr oNoi/B8G1A948| ecul e,
an er yt hropoi etin-receptor-binding nol ecul e, 18 an erythropoietin agonist,

T SPLER by 1 X ORR S B BBl b

nat ur al I y-occurring 20 formthereof, a synthetic formthereof, a’

r econtrlavalepIiest propswesdypically ENiployod inrabiuning regalatenyappiovpkior a2 a

degl ycosyl ated variant thereof, or a conbination thereof. 22 23 30. The use
of cl aphar@8cantieslaompsand Emﬁhdmfmm‘smmnsiﬂmr@andbgﬁ inobade theropnbiitiopor et i n.

- 91 WD 02/0S3S80 1 2 PCT/U SO1 /-L9~ 79 3 31. A nethod for protecting,

Mai Nt a§igée tPbe ENGGH tRY bérﬂﬁit Yd BbhdHidviéd f a RorfRl IndiviiedUle B8bdyPmassiiFTihe
| sol at ed from a mammal i an body corrprl sing exposing sai d cell, tissue or

Yor gan é}eﬁleﬁ i J@%ﬁ%ﬁﬁlg%ln OYREHeS nﬁ{P;SIH? i hilfle BPCIRbNC héo?le&hﬁ%ﬂ

32. Th clarm erern s ery rop0| etin s an ery rop0| etln

ot ﬁtaoer%?%tﬁ ity w@mﬁéﬁ%}" RSB st R aeh o,

an erythropoietin-receptor-binding nolecule, 10 an erythropoietin agoni st,
a r enafseaisyt Fhegibe aracise dasa@eéhﬁulé%mdmléﬁs*cﬂceqrﬂwg tarﬁheouuﬂg@ﬁ@trofihe PREHEBEL g
mul timer thereof, a nutein thereof, a congener thereof, a

nat ur adnd/eagh cpatimit‘a girdim$tanaest der ém‘endiag spont the comditionm md the nmofupe status of
reconbi nant formthereof, a glycosylation 13 variant thereof, a

degl ycomyihaiRItaVsitieAN hedoRIRE & staiar@claiibicoRtih@sR, t hereof . 14 15 33. The

met hod of claim 32 wherein said erythropoietin is
In another aspect of the invention, a perfusate or perfusion solution is provided for perfusion and
storage of organs for transplant, the perfusion solution including an amount of an erythropoietin
effective to protect erythropoietin—responsi‘vé 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 autotransplant, 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 one 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 substantially free of ethylene glycol, ethylene chlorohydrin, sodium

chloride and acetone); 25mM KH,PO, 3mM glutathione; 5mM adenosine; 10mM glucose;
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16 i) an erythropoietin having at least no sialic acid noieties; 17 ii) an
erythropoietin having at least no N-linked or no Olinked 18 carbohydrates;
19 iii) aWOesdsBOpoi etin having at | east a reduced carboB@iratoa/4e4at ent by
virtue 20 of treatnent of native erythropoietin with at |east one

gl ycosi dase; 21 ivf) an erythropoietin with a carbohydrate portion of the
eryt hil Bpd{l HEBESbuffernymMonpgnepiam glycanate; ¢ SenMLakdnl oldwim glugonrds;l at i on
pattern by virtue 23 of the expression of a reconbinant erythropoietin in
non- maAPA0Y anits périci]ling 9Q unitsAGsRY, USASEEXxBGEHab@BE] 12mE PRéncl Rednand has a
erythropoietin has at |east one or nore oxidized carbohydrates which2al so

may beHCEREMA-Ga8 dnd dnestuldlitpyf dat $20MUSHRRI Bhd HRRRW iDdsdlto ngAshione or nore
«nodi fi ed arginine residues;4vii)an erythropoietin having at |east one or

o oup e A R Bl R ?%%ﬂgi‘?ﬁ?ﬂﬁ%%&%ﬁ%ﬁvraﬁa”?%9%3 east
group of throgoret ' I SErVTPGRa SETh M
o 1 Piae] R B R i et e Sl Oh PR P oy eehevason, G o i n

having at | east, a npdified tryptophan residue;toxi)an erythropoietin having
at | eR&FICYIRE Perfsae 15 msnely Allistidtéve, of Baumber o syohiselpionsthencanchs adgpted forast an
openi ng of at |east one of the cystinel2linkages in the erythropoietin

ol ec thenressnt g bininghioh of po efftdtive amopnioofi atedythrmpbietinaln h Gatiier one
substitution of at |eastl4one am no acid; orl1l5xiv)a truncated

er yt hempodihen, thd ferfikattbolufios combiRe trotf abolus #o SbuBS RN eSAkBpoietin, or
erythropoietin is human erythropoietin. 18 19 3 5. The nethod of claim 31

wher eiffans Mdht 80¥S BP0 @/fn[‘elj&rﬁ?%&t . AR MonEd Yidve Oa‘?lﬁ/'éfglgi; %g ﬁl%%u%ﬂioiéﬁn Use

of an erythropoietin selecte e group consi st

eryth Letd . ive. erythropoietin, or an erythropoietin anal og, an
eryt hrE%gg‘lf g%e%dﬁn%ﬁlﬁééege&féﬁegm%%gpyt hropoi etin fragnent, a hybrid

eryt hropoi eti n~nol ecul e, an erythropoi etin-receptor-93 WO 02/ U53680

While the preferred recipient of an erythropoietin for the purposes herein throughout is a2 human,
the methods herein apply equally to other mémmals, particularly domesticated animals,
livestock, companion and zoo animals. However, the invention is not so limiting and the

benefits can be applied to any mammal.

In further aspects of the ex-vivo invention, any erythropoietin such as but not limited to the
efythropoietins 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, 2 mutein thereof, a congener
tﬁereof, 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.
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PCT/U SO 1 /-49-179 1 binding nolecule, an erythropoietin agonist, a renal
erythropoietin, a brain erythropoietin, 2 an oligoner thereof, a nultiner

t her eof , WOrM21083580 t her eof , a congener thereof, a natural | WCTBe¥MAP47Ag f or ni
t hereof, a synthetic formthereof, a reconbinant formthereof, a 4

gl ycosyl ation variant thereof, a deglycosylated variant thereof, or a

conbi nation thereof 5 for the preparation of a pharmaceutical conposition
for the restoration of cognitive 6 dysfunction in a manmal. 7 s 37. The use
of cl hi ano8fer wipectaifithd ineemtmmniniethods aydbdompmisitions fer dnhencing tietviabilitygfgels,
caused by 9 a seizure disorder, nultiple sclerosis, stroke, ‘hypotension,

car di gguad r5thansviiéieare fiot ikO1atBAGEGH Hedtasduldtaredyl Aendotlelialoet baater are
-age-related I 0ss of cognitive function, radiation 11 danage, cerebral

| ogni t I atron 11 damge, cerebral
Rt e e e e T
et | chemaEy mEy IRy S ofsminirieSF somA e G SRR o7

cord trauma or ischenja, - heart-lung bypass, 15 chronjc heart fail ure,
macul ahara@g@mamrmsmen&bﬁnew@swéaiwéﬁﬁhwss'éﬁ e Erbangehadtiniry 026-

gl aucomn, retinal ischema, or retinal trauma. 17 18 38. The use of claim
36 wheryhmpsietirraspgisiveagetls ot tha tiested Hesuy log bsgar ake resyarisitde Girdhd positig 20 39.
The use of claim 36 wherein said erythropoietinis 21 i) an erythropoietin
havi ngfradis beel. no sialic acid noieties; 22 ~ ii) an erythropoietin having
at least no N-linked or no Olinked 23 carbohydrates; -94 WO 02/ 0S35811
PCT/US(I11/~9-Qr9 1liii)an erythropoietin having at |east a reduced

car bohydrate content by virtue2of treatnment of native erythropoietin with

at |eagst. on | ycosi,dase; 3i v}an erythropoieti,n wth te portion
of t hz‘seq'e?‘fr}eﬂﬁgﬁﬁ t thﬁr}wéélﬁfi?isa%aé\e/é’ﬁ%p ?fﬁ etgésglsgovne(%)ﬁzhraf‘tag]&é@?%agﬁycosyI ation
pattern by virtue5of the expr!els i on of fa r econpi nant er% hr opoi eti(g. in
non- manledulescap b franspoytsd fram the lupigplsurtacq iodhe pasement mgmbrage siHface ¥y di zed
car bohydrat es whi ch7al so may be chenically reduced; 8vi)an erythropoietin
havi ngndeth¢lshsellsooféharapitiaries nbelighiseditiaenylothelie! ealkiighidencions, yzghuding, for
erythropoietin having at |east one. or nore nodified |ysine residues or
alOnodixhinpk] the braii, retives, bhd ®stis. MElusperytheoppiainpresfortsive celly adrosspine arriafare
| mol ecul e; 12viii)an erythropoietin having at |east a nodified tyrosine
resi dugse gﬁmw}gétg YorhOPQieALiale RV JTrRhropBREh, sdBrHE calll ypePar tidstesd d or
a glutam c-14acid residue; 15x)an erythropoi etin having at east a
ri~odified.tr resi ; L) r Let:r L t. .Qne
2 no <GPSt ERERIRT dep SR a oK g R et Pedle (hERRardC,
at least one of the c i nel8l.i nkages in the erythropoietin lecul.e:
19xi | it?fa%ﬁtsre}?vgﬁ F&?Q}ﬂdéﬁﬁ‘ei‘g"eﬁf‘8{}1 Qe mab it “’?{be?g’&“ggh& gy ety i‘%ﬂ%f at
| east 20one ami no, aci d; or2lxiv)a truncated erythrqgpoietin. 22 23 40. A
met hodrffen ransgiiopis A ey opgielin. eayBropeigin sarymtesachyyidyan @yREpRMUIngReeptor on
endot heli al cell

an erythropoietin-responsive cell, for example, neuronal, retinal, muscle, heart, lung, liver,

kidney, 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 ofgan, from damage, such as by toxins,

chemotherapeutic agents, radiation therapy, hypoxia, efc. Thus, methods for protecting
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-95 12" 34567s 91011 1213 14 15 16 17 WO |12/053580

PCT/ USOL/ .t9-479 barrier in a mammal conprising adm nistration to said
manmmal a WOMB®sIBI on conprising said nolecul e i n associ at i RET/UsMIHIHA
erythropoietin sel ected fromthe group consi sti ng of i) an erythropoietin
having at | east no sjalic acid, noieties; ﬁm er t hr opoi.et|n hav ng at
| east SIHBITORAiFtikrEaPARSIVA SelberRiateing té%f%&ﬁwmgr YR} %*FF%rW lhﬁ
havi ng at | east a reduced carbohydrate content by virtue of treat ment of
nat i vianetign bif suob tisduie arevdeséritzed ih datil hereinhglayeosi dase; iv) an erythropoietin
wi th a carbohydrate portion of the erythropoietin nolecule having at | east
a non-manmmal i an gl ycosyl ation pattern by virtue of the expression of a
-reconbi nant erythropoietin in non-manmalian cells; v) an erythropoietin has

at | eﬁlstrhe Pafcueé of Bilc% H%Hglil&ﬁgf ripedyidh ad ﬁl%n]%’a!h@iﬂ pﬁﬂl&ﬁ 1§@ﬂdé@§mﬁ?§f§t&ﬁic' y

r educed; an eryt poi etin having at |east one or nore nodi

*argi ni,ne residu n_eryt t

rod f?réeax:rtsgrp%%f et B MR e DRl ERhalR habha S oy
the erythropoietin nolecule; | 20 22 ~ 23

eryt hﬁ%?féﬁ gichpgs Havpdgn&ﬁle%ﬁ@ﬂgn \élbtlflﬁt%qlé% dl@gffﬂ&%. ﬁ@wgﬁrm@ éf’n) X an
erythropoietin having at |east a nodified aspartic acid or utam c acid
reS|dphmmnmmﬂm@kaq$©menpnmpamng@n&ﬂﬂh@agmhaaﬁé@ﬁﬂb@hﬂﬂﬂVGﬁBﬁ%ﬁﬁl qdgsicgue;

an erythropoietin having at |east one am no group renoved; an
eg%t hioa@ @iring dhambihgrapy ahd/asitadiation testapyy toprotdct vadmts t'rmmscahdtoh@mfmm ne

damage by the chemotherapeutic agent, such as to protect the testes. Treatment may be
continued until circulating levels of the chemotherapeutic agent have fallen below a level of

potential danger to the mammalian body.

In the practice of another embodiment of tﬁe'invention, various organs were planned to be
harvested from a victim of an automobile accideﬁt for transplant into a number of recipients,
some of which required transport for aﬁ 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 hefein, 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 situ.
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WO U2/ OS3S811 PCT/ USOL/ ~9~79 1 |inkages in the erythropoietin nolecule; 2
Xiii1) an erythropoietin is provided having at | east one substitution of at
| east 3 OWO #5380 aci d; and 4 xiv) a truncated erythropoi eRGTUSB/464741. The
met hod of claim40 wherein said association is a |abile coval ent bond, a~
stabl e 7 coval ent_bond, or a non-coval ent associatign with a bindjng site
for . s Hi ehovesir egodimett of i invimdionse pegicalipresesiurs WoenE? Beart valvereghuet hel i al
cell barner is selected fromthe 10 group consisting of the bl ood-brain

barri esmpdrirg catdiaulegiy endanteriad oeclodien, bPoactotsergeey, thapatient wad infiuded with 500

bl ood-ovary barrier and the bl ood-placenta barner. 12 13 43. The nethod of

cl ai MAQ WG SRéthh S k% *%&gr@ B SclBtréaBn et frevasahypjox ¥ isa@rhagesisir 14
-hor none, “a neur otr ophi actor, an antim crobi al agent, a

radi OBQ&E%@@Echhfaﬁgraﬂgﬂreﬁ% | _&{ sense ol igonucl eotide, an antibody, an

i Mmmunosuppressan cancer drug. 16 i7 44. A conposition for
‘transporting a nolecule via transcytosis across an endothelial cell 18

balr ri erdc](c)npri sihng said nol ecul e in association with an erythropoietin

sel ecte romthe, 19 group consisting of 20 i) an e hro oi etin having at
| east Imanafhey qn%b%?émﬁltrﬁ?é ﬂ?tlmé%‘mo!}:lml an?f SHPE“@JWC%HCQB% g’QP‘a\ ql@é%tg no
N-1inked or no Olinked 22 carbohydrates; 23 iii) an eryt hr opoi eti n havi ng
at | edypasa snedng amawalbomwnmgryﬂlmmlw anyrerylgropoigtin of the invention can be

used. In one embodiment, administration of a pharmaceutical composition comprising an
erythropoietin as described above is performed prior to, during, and/or following the bypass

procedure, to protect the function of brain, heart, and other other organs.

In the foregoing examples in which an erythropoietin of the invention, including naturally-
occurring erythropoietin, is used for ex-vivé épplications, or to treat erythropoietin-responsive
cells such as neuronal tissue, retinal tissue, heart, lung, liver, kidney, small intestine, 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
comprises, 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

receptor activity modulator, or an erythropoietin-activated receptor modulator and a
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WD 0210S3580 PCT/ USQL/ -49-479 1lof treatment of native erythropoietin with
at | east one glycosidase; 2iv)an erythropoietin with a carbohydrate portion
of the erwiohm@sssset i n3nol ecul e having at | east a non- mamraPCEOS01/49479

gl ycosyl ation pattern by virtuedof the expression of a reconbi nant
erythropoietin in non-manmmalian cells;5v)an erythropoietin has at |east one
or noplarorcaitiedly assemalily daniers Iiwi prtfiGeddsmbralymbet, theeffectivd yorregicaathunt
,Vi)an erythropoietin having at | east one or nore nodified arginine

resi doeryfByépoiain iewyithbi e @hmgid o aBbG 0000/ t6 39,0008 rifs. oL rdf&eld i ed | ysine
resi dues or a9nodification of the N-term nal am no group of the

eryt N ATy _ o Vi a
o £ B R 4R L A s e W Mo by % i 11 e
aspartic acid or a glutam cl3acid residue; 14x)an erythropoietin having at
| east a nodified tryptophan residue; 15xi)an erythropoi etin having at | east
-one alm ngg&roup rerfmve,d; 16xii)an erythropoietin having at |east an opening
of atin aHEthepgrgediiof thednyontion, erythrppRisiie adminigtadon XasHPwpUPaestore sogmtve e
18xiii)an erythropoietin is provided having at | east one substitution of at
| east fuDetien Wrantoala baving andagsie/hraint trancat Afiers ¢elay opeithet SrlapdorD db§s, The
conposition of claim44 wherein said association is a |abile coval ent .bond,
a 23 aiministratiow af epthrdpoictin was stilnghle eorealotNMundt6064 @rhsitedMot dRard-tRiafdi NY
site for said nolecule. -98 WO 02/ G 3~80 1 PCT/US01/~9~79 2 46. The
conpogritia®indicaGh@in® HAitpens 'eﬂrtﬁx%?)gieﬂﬁ 't&ﬁelrglsﬁerht% AR réKGE l%}agﬁ aflg@tg! %@m&r

, al agent, ’a

ant agoni st 3 hornbne, a neurotrophic facto an anti m crobi

r adi : i . isense oligonucl eotjde, an . antibody, an

| ure enggt s § airdRbtatht LR B0t T Do iR ord

eryt hr o%g eti.n lsel ected fromthe group consistingof 7 i) an erythropoietin

havi apuiical GepppiLien forfhe freptprent pElraingrayma g ethex Gl SyEHNeRENg at

| east, no N-1inked or no Olinked 9 carbohydrates; 10 iii) an erythropoietin

havi nichdingdseament vl afted theainiuh fele athesedlans, dive days,\a weakea fifond)f, ot topgenyent  of

native erythropoietin with at | east one glycosidase; 12 iv) an

er yt htbpoivention isialsh directad boh yrhtladdefop tret traatmeardt of kegititiyé bystmmtion iféllctang

mol ecul e having at |east a non-manmalian glycosylation pattern by virtue 14

of t himjypiyeasiititefhg an EABATVRI MPnt 6F M AP ALD Aﬂy@%ﬁrw an cells;
arbo

15 v) an erythropoietin has at | east one or nore oxidi Zed ydr at es

whi Chdé&”i%@&r%%%ﬁ?%&ik’%ﬁsf’g&%‘f%i xJeZm\éh) an erythropoi etin having at

| east one or nore nine residues; is vii) an erythropoietin
having at | east one or nore nodified |lysine residues or a 19 nodification
of the N-termnal am no group of the erythropoietin

Furthermore, this restorative aspect of the invention is directed 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 dysfunction. 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.
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20 nol ecule; 21 viii) an erythropoietin having at |east a nodified tyrosine
residue; 22 ix) an erythropoietin having at | east a nodified aspartic acid
or a gl utWa®/2¥sacid residue; -99 WO 02/0S3580 PCT/ USOLPCT/OSMBI9L79x) an
erythropoietin having at |east a nodified tryptophan (rjesgdu_e_;)Za)r(]l) an
Letin haying at |east .one amino group renoved; 3 xii) a _

o1V AR S e B et g o e o e ey v ameyst no
. linkages in the erythropoietin nolecule; . 5 XIII) an erythropoietin is
provi défg?%éiemjmtm%a@yﬂmmi@may beadwmigtred sydtenshllpandosags bawaei d;, and
a truncated erythropoietin 7 associated with a nolecule for the preparation
of a pHerhddeand dwiut ¢,000 Enitk dg Baty weights prstérhbig aﬁoﬁtaﬁO@-Sf,T@d(ﬁQHi'tﬁkg’-PS‘dcy .
transcytosis across an endothelial cell barner. 9910%f8. Tgelzlluse]foi 'I aim
47 wheweight, saistpREaaslyabb@n 060 Bnitdl bBdf REBINE Moy RANG st 3sh 2HHE ive .
coval SZ?gboﬁr?iSdgr a ngn?goxr}él(?nltgnai}g%lgisaf?’o% vfnrbteh a ]bls_ndllngl si fSFe feﬁP"Em d
“nol ec The: | aj m.47 wher.ej.n sa nol ecule i s
rec ep'tt%)c?e gléc(?)urhi 5 s%ﬁicie%tt g)g%ﬁllets{’? %il%hh%rv F‘rfﬁ & fryéhrﬁgi:’i‘g gf?ﬁ{i E‘fég?‘grlg%ﬁ)’

i m [ al t di ophagpmaceutical, an 15 antisens _
o1 i gorae s Br 8960 il Safin 3her saepacisprBaSaeen. Swhastim ek eraydr Ug.
16 17 . 50. A conpagsition conprising periodate-oxi di_zed (_arythrop0| etin. 18 19
51. A REATHIYRE Alorborb bk i3s iy 69 7uBi % oF §0 hbyisipoet-ainyinistratie. eSiich doddhe2 na§2. A
conmposi tion conprising fructosyl |ysine erythropoietin. 22 23 53. A
conpodietrepeatesbarracessary. FoDevaypleyadisinistracion tiay BeéRhated daily) RQong as

clinically necessary, or after an appropriate interval, e.g., every 1 to 12 weeks, preferably, every 1
to 3 weeks. In one embodiment, the effective amount of erythropoietin and a pharmaceutically
acceptable carrier may be packaged in a single dose vial or other container. In another
embodiment, an erythropoietin useful for the purposes herein is nonerythropoietic, i.e., it is
capable o.f exerting the activities described'h'erein but not causing an increase in hemoglobin
concent.ration or hematocrit. Such a non-erythropoietic form of erythropoietin is preferred in
instances wherein the methods of the pfesent invention are intended to be provided chronically.
In another embodiment, an erythropoietin is given at a dose greater than that necessary to
maximally stirhulate erythropoiesis. As noted above, an erythropoietin of the invention does not
necessarily have erythropoietic activity, and therefore the above dosages expressed in
hématopoietic 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 further directed to a method for facilitating the transport of a molecule

across an endothelial cell barrier in a mammal by administering a composition which comprises
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| 9(| Vﬂﬂgﬁﬂjﬂﬂaaﬁ@}fﬁﬁﬂaﬁiﬁlﬁﬁig%kfﬂ%@bﬁ9ilzﬁﬂlh§ﬁﬂti@§laa]g6ﬁwsl@dsﬁadﬂ oal e@gfhedjotainasfU] ca] c

a

:a] ca]ca] caV]ca] ca] ca]cLa] ca]ca]ca] calca (LT ud$

lg ;]6 %ffﬁﬁﬁé@ffga ﬁ%{zﬁ%ﬁ%@ sahesleaheatsrlaasainaial oakie loobeal o2l
| ca) oot Bars A fodieuod ibbantk b BRbeRl ol calaab R ephapt 6 C5) s ohen

tg++ e s g . . . - .

b, , - exythrogoietin js/preppyed. 2d pstiphgrakadminiptration of the gqrapasitiop rpeults Hb]h(?a] ca] ca] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal! 2333' 3334
44 transcytosis of the composition across the barrier. The association between the molecule to be

transported across the barrier and the erythropoietin may be a labile covalent bond, in which case
the molecule is released from association with the erythropoietin after crossing the barrier. If the
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 associating molecules with an
erythropoietin of the invention and the ;)ther agents 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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The homobifunctional molecules have at least two reactive functional groups, which are the
same. The reactive functional grdups on a homobifunctional molecule include, for exarﬁple,
aldehyde groups and active ester groups. Homobifunctional molecules having aldehyde groups
include, for example, glutaraldehyde and subaraldehyde. The use of glutaraldehyde as a crosé—
linking agent was disclosed by Poznansky et al., Science 223, 1304-1306 (1984).
Homobifunctional molecules having at least two active ester units include esters of dicarboxylic
acids and N-hydroxysuccinimide. Some examples of such N-succinimidyl esters include
disuccinimidy] suberate and dithio-bis-(succinimidyl propionate), and their soluble bis-sulfonic
acid and bis-sulfonate salts such as their sodium and potassium salts. These homobifunctional

reagents are available from Pierce, Rockford, Illinois.

The heterobifunctional molecules have at least two different reactive groups. The reactive
groups react with different functional grouﬁs; e.g., present on the erythropoietin and the
molecule. These two different functional grouﬁs that react with the reactive group on the
heterobifunctional cross-linker are usuaily an amino group, e.g., the epsilon amino group of
lysine; a sulfhydryl 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 erythropoietin of the invention.

- 68 -



UFLO%& ()-11 z#109%& ()-1 @1L0% ()-1$109% ()- 3"L10% ()-L10% ()- 10
WLi dE:/ 10 U'10%&' ()- f&S10%& ()- 9@10%: ()- $10%& ()- |
L$109&' () WOLOHEST8- | ud$SdE: / 10 U31$10%& ()- / $10%&' ()- , 1BOBRUC)HLHIBIR () -
$10%&' () - 10%&' ()-$bC 10 U3" &10%&' () - &10%&' ()- 10 10

ok () - O’ ()- 3#10%& ()- g!'dEbC 10 U .
igb& egn(. @%’é%f&g]:@f%ﬁm&i&&nqﬁ%W}MB@e forms a covalent bond with an gmino

group, the covalent bond will usuélly be an amido or imido bond. The reactive group that forms
a covalent bond with an amino group may, for example, be an activated carboxylate group, a
halocarbonyl group, or an ester group. The preferred halocarbonyl group is a chlorocarbonyl ;

group. The ester groups are preferably reactive ester groups such as, for example, an'N-hydroxy-

succinimide ester group.

The other functional group typically is either a thiol group, a group capable of being converted
into a thiol group, or a group that forms a covalent bond with a thiol group. The covalent bond
will usually be a thioether bond or a disulfide. The reactive group that forms a covalent bond
with a thiol group may, for example, be a double bond that reacts with thiol groups or an
activated disulfide. A reactive group containing a double bond capable of reacting with a thiol
group is the maleimido group, although otﬁefs, 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 exampies of heterobifunctional reagents containing reactive
disulfide bonds include N-succinimidyl 3~(2-pyridyl-dithio)propionate (Carlsson, et al., 1978,
Biochem J., 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 succinimidy! 4-(N-

rhaleimidomethyl)cyclohexane- 1-carboxylate and succinimidyl m-maleimidobenzoate.
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' sulfosuccinimidyl 4-(p-maleimido-phenyl)butyrate, sulfosuccinimidyl 4-(N-maleimidomethy]-
cyclohexane)-1-carboxylate, maleimidobenzoyl-N-hydroxy-succinimide ester. The sodium

sulfonate salt of succinimidyl m-maleimidobenzoate is preferred. Many of the above-mentioned

heterobifunctional reagents and their sulfonate salts are available from Pierce Chemical Co.,

Rockford, Illinois USA.

The need for the above-described conjugated to be reversible or labile may be readily determined
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 suitability 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 uéiﬁg 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 art:
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.

Liu, F.T. et al., 1979, Biochem. 18:690-697.
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L112E2233 3JeHalfield, M.P. et al., 1984, Biochem. 81:7772-7776.

) Staros, J.V., 1982, Biochem. 21:3950-3955.
Yoshitake, S. et al., 1979, Eur. J. Biochem. 101:395-399.
Yoshitake, S. et al., 1982, J. Biochem. 92:1413-1424.
Pilch, P.F. and Czech, M.P., 1979, J. Biol. Chem. 254:3375-3381.
Novick, D. et al., 1987, I. Biol. Chem. 262:8483-8487.
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 Biochém. 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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fibroblast growth factor (bFGF), transforming growth factor B1 (TGFp1), transforming growth

factor B2 (TGFB2), transforming growth factor 3 (TGFp3), interleukin.1, interleukin 2,

interleukin 3, and interleukin 6, AZT, antibodies against tumor necrosis factor, and

immunosuppressive agents such as cyclosporin.
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nt mvention ig )al-sg directed to a composition comprising a molecule to be transported
via transcytosis across a endothelial cell tight junction barrier and an erythropoietin as described
above. The invention is further directed to the use of a conjugate between a molecule and an
erythropoietin as described above for the preparation of a p_harmaceuticai composition for the

delivery of the molecule across a barrier as described above.

The present invention may be better understood by reference to the following non-limiting
Examples, which are provided as exemplary of the invention. The following examples are
presented in order to more fully illustrate the preferred embodiments of the invention. They

should in no way be construed, however, as limiting the broad scope of the invention.

Example 1
ERYTHROPOIETIN CROSSES THE BLOOD-CEREBROSPINAL FLUID

TIGHT BARRIER

Adult male Sprague-Dawley rats were anesthetized and administered recombinant human
erythropoietin intraperitoneally. Cerebrospinal fluid was sampled from the cisterna magna at 30
minute intervals up to 4 hrs and the erythropoietin concentration determined using a sensitive
and specific enzyme-linked immunoassay. As illustrated in Figure 1, the baseline erythropoietin
concentration in CSF is 8 mU/ml. After a delay of several hours, the levels of erythr.opoietin
measured in the CSF begin to rise and by 2.5 hours and later are significantly different from the
baseline concentration at the p < 0.01 level. The peak level of about 100 mU/ml is within the
range known to exert protective effects in vitro (0.1 to 100 mU/ml). The time to peak occurs at
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results of this experiment illustrate that significant levels of erythropoietin can be accomplished

3 across a tight cellular junction by bolus parenteral administration of erythropoietin at

4  appropriate concentrations.

S

6 ' Example 2

7 MAINTENANCE OF FUNCTION IN HEART PREPARED FOR TRANSPLANTATION
8

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 to a volume that gives an end-
14 diastélic pressure of 8 mm Hg. A left ventricular pressure-volume curve is constructed by
15 incremental inflation of the balloon volume by 0.02 ml aliquots. Zero volume is defined as the.
16 p'oint 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 hean is then removed and stored 5 hours at 4°C in plastic container filled with the same solution
21  and surrounded with crushed ice.

22
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1 On completion of storage, the heart is transferred to a Langendorff apparatus. The balloon

2 catheter is re-inserted into the left ventricle and re-inflated to the same volume as during

3 preischemic period. The heart is re—ﬁerfused for at least 2 hours at 37°C. The re-perfusion

4  pressure is set at 50cm H,0 for 15min of re-flow and then back to 100cm H,0 for the 2 next

5 hours. Pacing (320 beats per minute) is re-instituted. Isovolumetric measurements of contractile

6  indexes and diastolic pressure are taken in triplicate at 25, 45, 60, 120 min of reperfusion. At this

7 time point pressure volume curves are performed and coronary effluent during the 45mn

8  reperfusion collected to measure creatine kinase leakage. The two treatment groups are compared

9  using an unpaired t-test, and a linear regression using the end-diastolic pressure data is used to

10 design compliance curves. Asshown 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 ventricular 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

2;) erythropoietin is given at the start of the procedure and the leﬁ 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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2 contradistinction, animals receiving erythropoietin suffered no decrement in cardiac function,
3 compared to sham operated controls (difference significant at the p <0.01 level).

) :

5 Example 4

6 ERYTHROPOIETIN MOLECULES

7

8  Native erythropoietin may be modified to tailor its activities for a specific tissue or tissues.

9  Several non-limiting strategies that may be carried out to achieve this desired tissue specificity
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 a number of ways. For example, the sialic acids which terminate the end of the sugar
13 chains can be removed by specific sialidases 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 unmodiﬁéd 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
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3 Biochem. 81:395-402) carried out for variable lengths of time ranging from 0.5 to 3 hrs at room
4 temperature. The reaction was terminated by dialyzing the reaction mixfure against water, Use
5  of such modified forms of erythropoietin is fully embraced herein.

6
7  Asialoerythropoietin and phenylglyoxalerythropoietin were as effective as native erythropoietin
8 fqr neural cells in vitro as shown in Figures 4-6. In-vitro 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 serum, 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 medium, and medium containing the test substance (no
13 serum) added back to the cultures for and additional 48 hours. To determine the number of
14  viable cells, a tetrazolium 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 cell assay 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 areversible lesion in the territory of the middle cerebral artery is performed as described
22 previously (Brines et al., 2000, Proc. Nat. Acadj Sci. U.S.A. 97:10526-31). Adult male Sprague-
23 Dawley rats were administered asialoerythropoietin or erythropoietin (5000 U/kgBW
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2 animals were sacrificed and their brains removed for study. Serial sections were cut and stained

w

with tetrazolium salts to identify livIng regions of the brain. As shown in Figure 7,

4  asialoerythropoietin was as effective as native erythropoietin in providiﬁg neuroprotection from 1
5  hour of ischemia. Figure 8 shows the results of another focal ischemia model in which a

6  comparative dose response was performed with erythropoietin and asialoerythropoietin. At Ihe :
7 lowest dose of 250 U/kg, asialoerythropoietin afforded protection whereas unmodified

8  erythropoietin did not.

9
10 ' 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

17 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 i vitro (Campana &
19 O’Brien, 1998: Int. J. Mol. Med. 1:235-41).

20 |

21 Derivative erythropoietins desirable for the uses described herein may be generated by

22 g'uanidination, amidination, trinjtrophenylatioq, acetylation, succinylation, nitration, or

23 modification of arginine residues or carboxyl groups, among other procedures as mentioned
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~12 10reactions, it has been found that in géneral the resultant molecule lacks both in-vivo and in-vitro
, 4 ei‘ythropoietic activity (e.g., Satake et al; 1990, Biochim. Biophys. Acta i038:125-9). .Some
5  examples of the preparation of modified erythropoietins are described below.
6
7  Biotinylation at free amino groups of erythropoietin. 0.2 mg D-biotinoyl-e-aminocaproic acid-
8 N—hydroxysuccinimide ester (Boehringer Mannheim #1418165) was dissolved in 100 ul DMSO.
9  This solution was combined with 400 ul PBS containing approximately 0.2 mg erythropoietin in
10  afoil covered tube. After incuba‘tion for 4 hours at room temperature, the unreacted biotin was
11 separated by gel filtration 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 erythropoietin. 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 (D
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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2 lodination of erythropoietin. Method 1 — Todo Beads. One Iodo Bead (Pierce, Rockford, II) was
3 incubated in 100 ul PBS (20mM sodium phosphate, 0.15M NaCl, pH7.5) containing 1 mCi free
4 Na'™I for 5 minutes. 100 ug erythropoietin in 100 ul PBS was then added to the mixture. Afier
5  aten minute incubation period at room temperature, the reaction was stopped by removing the
6  200ul solution from the reaction vessel (leaving the iodo bead behind). The excess iodine was
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.

10 Method 2 — Chloramine T. 100 ug erythropoietin in 100 ul PBS was added to 500 uCi Na'*

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  on a Centricon 10 column.

16

17 Lysine modifications: Carbamylation: erﬁhopoietin (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-trinitrobenzenesulfonate 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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YA0UE! Apetylation: erfBRBOGHN (100 @) WAYBEibaled in 37400 YR nhre bR HRIE 7 2)Fntaining
3 anequal amount of acetic anhydride at 0 C for 1 hour. The reaction was stopped by dialysis -
4  against distilled water.

5
6  Succinylation: erythropoietin (100 ug) in 0.5 M NaHCO3 (pH 8.0) was incubated with a 15

7  molar excess of succinic anhydride at 15 C for 1 hour. The reaction was stopped by dialysis

8 against distilled water.

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, Biochemistry 1973, 12(20): 3915-3923).

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 IsrJ Med Sci 1975 11(11): 1169-70).

21
22 Tyrosine modifications: erythropoietin (100 ug) was incubated with tetranitromethane as
23 previously described in Nestler et al “Stimulation of rat ovarian cell steroidogenesis by high
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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 DIMINSHED COGNITIVE
17 FUNCTION ARISING FROM BRAIN INJURY

18

19 Inastudy to demonstrate the ability of erythropoietin to restore diminished cognitive 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 tested for cognitive function in the Morris water maie, 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, 97; 10295-10672 at a dose of

12 5000U/kg-bw given intraperitoneally 24 hours before the administration of 25 mg/kg 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 illustrations 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  the invention, inl 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 |
. 23 Allreferences cited herein are incorporated by reference herein in their entireties for all purposes.
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9%4.0% (& ()-' JIMKVL{L|L}L~ LL| obUA10 ~A&LOY & ()-10r (10r (10r ( ~810% (& () -

-§40% (& () - 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 molecule
17 viii)  an erythropoietin having at least a modified tyrosine residue;

18 1x) an erythropoietin having at least a modified aspartic acid or a glutamic

19 acid residue;

20 X) an erythropoietin having at least a modified tryptophan residue;

21 xi) an erythropoietin having at least one amino group removed,

22 xii)  an erythropoietin having at least an opening of at least one of the cystine
23 linkages in the erythropoietin molecule;
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' 1P forlhe ﬁlleparation of a pharmaceutical composition for protecting, maintaining, enhancing or

5  restoring the function or viability of erythropoietin-responsive mammalian cells and their

6  associated cells, tissues and organs.

7
8 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.
1
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 erythropoietin.
21
22 9. The use of claim 8 wherein said periodate-oxidized erythropoietin is chemically
23 . reduced with sodium cyanoborohydride.
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2 16. The use of claim 1 wherein said erythropoietin comprises a R-glyoxal moiety on the
3 one or more arginine residueé, wherein R is aryl or alkyl moiety.

4

5 11. The use of claim 10 wherein said erythropoietin is phenylglyoxal-erythropoietin.

6 .

7 12, The use of claim 1 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

11 13, The use of claim 1 wherein an arginine residue of said erythropoietin is reacted with
12 3-deoxyglucosone.

13

14 14, The use of claim 1 wherein said erythropoietin molecule has at least one biotinylated
15 lysine or N-terminal amino group.

16

17 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 glucitolyl lysine erythropoietin or
21 fructosyl lysine erythropoietin .

17. The use of claim 1 wherein a lysine residue of said erythropoietin is carbamylated.

23
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1

2

10

11

12

13

14

15

16

17

18

19

20

21

22

23

18.

19.

20.

21.

22.

24,

25.

The use of claim 1 wherein a lysine residue of said erythropoietin is acylated.
The use of claim 18 wherein a lysine residue of said erythropoietin is acetylated.
The use of claim 18 wherein a lysine residue of said erythropoietin is succinylated.

The use of claim 1 wherein a lysine residue of said erythropoietin is modified by 2,4,6

trintrobenzenesulfonate sodium or another salt thereof,

The use of claim 1 wherein a tyrosine residue of said erythropoietin is nitrated or

iodinated.

The use of claim 1 wherein an aspartic acid or glutamic acid residue of said

erythropoietin is reacted with a carbodiimide followed by reaction with an amine.

The use of claim 21 wherein said amine is glycinamide.

The use of claim 1 wherein erythropoietin-responsive cell or tissue is neuronal, retinal,

muscle, heart, lung, liver, kidney, small intestine, adrenal cortex, adrenal medulla,

capillary endothelial, testes, ovary, or endometrial cells or tissue.
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" () - "' 100 () -
]50% & & ()-@l }’13 10a/191 é‘fy‘tghrggoietin having at least no N-linked or no O-linked

6 carbohydrates;
7 1ii) 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 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 viii)  an erythropoietin having at least a modified tyrosine residue;
19 ix) an erythropoietin having at least a modified aspartic acid or a glutamic
20 acid residue;
21 X) an erythropoietin having at least 2 modified tryptophan residue;
S22 Xxi) an erythropoietin having at least one amino group removed;
23 xii)  an erythropoietin having at least an opening of at least one of the cystine
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y&E0%&9. () - ; ThEueroporaihl FOVREAKES d(oryind b Ui%s &d erytiffopoietin or native

16 erythropoietin, or an erythropoietin analog, an erythropoietin mimetic, and erythropoietin
17 fragment, a hybrid erythropoietin molecule, an erythropoietin-receptor-binding molecule,
18 an erythropoietin agonist, a renal erythropoietin, a brain erythropoietin, an oligomer

19 ‘ thereof, a multimer thereof, a mutein tilereof, a congener thereof, a naturally-occurring

20 form thereof, a synthetic form thereof, a recombinant form thereof, a glycosylation

21 variant thereof, a deglycosylated variant thereof, or a combination thereof,

22

23 30. The use of claim 28 wherein said erythropoietin is phenylglyoxal-erythropoietin.
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&(9-."< & ooaclzeuggilcegl)cbmp%%{%i%n comprising an erythropoietin.
6
7 32, The method of claim 31 wherein said erythropoietin is an erythropoietin or native
8 erythropoietin, or an erythropoietin analog, an erythropoietin mimetic, and erythropoietin
9 fragment, a hybrid erythropoietin molecule, an erythropoietin-receptor-binding molecule,
10 ' 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, a 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-liﬁked or no O-linked
18 carbohydrates;
19 iii)  an erythropoietin having at least a reduced carbohydrate content by virtue
20 of treatﬁent of native erythropoietin with at least one glycosidase;
21 iv)  an erythropoietin with a carbohydrate portion of the erythropoietin
22 ' molecule having at least‘a non-mammalian glycosylation pattern by virtue
23 of the expression of a recombinant erythropoietin in non-mammalian cells;
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1 V) an erythropoietin has at least one or more oxidized carbohydrates which
2 also may be chemically reduced;
3 vi) an erythropoiétin having at least one or more modified arginine residues;
4 vii)  an erythropoietin having at least one or more modiﬁed lysine residues or a
5 modification of the N-terminal amino group of the erythropoietin molecule
6 viii)  an erythropoietin having at least a modified tyrosine residue;
7 ix) an erythropoietin having at least a modified aspartic acid or a glutamic
8 acid residue;
9 X) an erythropoietin having at least a modified tryptophan residue;
10 x1) an erythropoietin having at least one amino group removed,;
11 Xi1) aﬁ erythropoietin having at least an opening of at least one of the cystine
12 linkages in the erythropoietin molecule;
13 xii1)  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-
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binding molecule, 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 synfhetic form thereof, a recombinant form thereof, a
glycosylation variant thereof, a deglycosylated vaﬂant thereof, of a combination thereof

for the preparation of a pharmaceutical composition for the restoration of cognitive

dysfunction in a mammal.

The use of claim 36 wherein the cognitive dysfunction is the result of injury caused by
a seizure disorder, multiple sclerosis, stroke, hypotension, cardiac arrest, ischemia,
myocardial infarction, inﬁammation, age-related loss of cognitive function, radiation
damage, cerebral palsy, neurodegenerative disease, Alzheimer’s disease, Parkinson’s
disease, Leigh disease, AIDS dementja, memory loss, amyotrophic lateral sclerosis,
alcoholism, mood disorder, anxiety disorder, attention deficit disorder, autism,
Creutzfeld-Jakob disease, brain or spinal cord trauma or ischemia, heart-lung bypass,
chronic heart failure, macular degeneration, diabetic neuropathy, diabetic retinopathy,

glaucoma, retinal ischemia, or retinal trauma.

The use of claim 36 wherein said erythropoietin is phenylglyoxal-erythropoietin.

The use of claim 36 wherein said erythropoietin is
1) an erythropoietin having at least no sialic acid moieties;
i1) an erythropoietin having at least no N-linked or no O-linked
carbohydrates;
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an erythropoietin having at least a reduced carbohydrate content by virtue
of treatment of native erythropoietin with at least one glycosidase;

an erythropoiétin with a carbohydrate portion of the erythropoietin
molecule having at least a non-mammalian glycoéylation pattern by virtue
of the expression of a recombinant erythiopoietin in non-mammalian cells;
an erythropoietin has at least one or more oxidized carbohydrates whic;h :
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 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 aﬁﬂno group removed,

an erythropoietin having at least an opening of at least one of the cystine
linkages in the erythropoietin. molecule;

an erythropoietin is provided having at least one substitution of at least

one amino acid; or

a truncated erythropoietin,

A method for facilitating the transcytosis of a molecule across and endothelial cell
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1 barrier in a mammal comprising administration to said mammal a composition
2 | comprising said molecule in association with an erythropoietin selected from the group
3 consisting of
4 1) an erythropoietin having at least no sialic acid moieties;
5 ii) an erythropoietin having at least no N-linked or no O-linked
6 . carbohydrates;
7 iii)  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 pattemn 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 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 : viii)  an erythropoietin having at least a modified tyrosine residue;
19 ix) an erythropoietin having at least a modified aspartic acid or a glutamic
20 acid residue; |
21 X) an erythropoietin having at least a modified tryptophan residue;
22 - X1) an erythropoietin having at least one amino group removed;
23 xii)  an erythropoietin having at least an opening of at least one of the cystine
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linkages in the erythropoietin molecule;
xiii)  an erythropoietin is provided having at least one substitution of at least
one amino acid; and

xiv)  atruncated erythropoietin.

The method of claim 40 wherein said association is a labile covalent bond, a stablé

covalent bond, or a non-covalent association with a binding site for said molecule.

The method of claim 40 wherein said endothelial cell barrier is selected from the
group consisting of the blood-brain barrier, the blood-eye barrier, the blood-testes barrier,

the blood-ovary barrier and the blood-placenta barrier.

The method of claim 40 wherein said molecule is a receptor agonist or antagonist
hormone, a neurotrophic factor, an antimicrobial agent, a radiopharmaceutical, an

antisense oligonucleotide, an antibody, an immunosuppressant or an anti-cancer drug.

A composition for transporting a molecule via transcytosis across an endothélial cell
barrier comprising said molecule in association with an erythropoietin selected from the
group consisting of

i) an erythropoietin having at least no sialic acid moieties;
i) an erythropoietin having at least no N-linked or no O-linked
carbohydrates;

iii) an erythropoietin having at least a reduced carbohydrate content by virtue
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of treatment of native erythropoietin with at least one glycosidase;

an erythropoietin with a carbohydrate portion of the erythropoietin
molecule havihg at least a non-mammalian glycosylation pattern by virtue
of the expression of a recombinant e_rythropoietin .in non-mammalian cc;lls;
an erythropoietin has at 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 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 provided having at least one substitution of at least
one amino acid; and

a truncated erythropoietin.

The composition of claim 44 wherein said association is a labile covalent bond, a

stable covalent bond, or a non-covalent association with a binding site for said molecule.
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2 46. The composition of claim 44 wherein said molecule is a receptor agonist or antagonist
3 hormone, a neurotrophic factbr, an antimicrobial agent, a radiopharmaceutical, an
4 antisense oligonucleotide, an antibody, an immunosuppressant of an anti-cancer drug.
5
6 47. ' Use of an erythropoietin selected from the group consistingof
7 i) an erythropoietin having at least no sialic acid moieties;
8 | 11) an erythropoietin having at least no N-linked or no O-linked
9 carbohydrates;
10 iiil)  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 having 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 viil)  an erythropoietin having at least a modified tyrosine residue;
22 ix) an erythropoietin having at least a modified aspartic acid or a glutamic
23 acid residue;
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15 antisense ohgonucleotidc, an antibody, an immunosuppressant or an anti-cancer drug.
16

17 50. A composition comprising periodate-oxidized erythropoietin.

18

19 51, A composition comprising glucitolyl lysine erythropoietin.

20

21 52, A composition comprising fructosyl lysine erythropoietin.

22

23 53. A composition comprising 3-Deoxyglucosone erythropoietin.
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8 57. A composition comprising acetylated asialoerythropoietin.

9
10

11
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