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WO 2006/002646 PCT/DK2005/000477 Novel carbamvlated EPO and
Worg(e{tglod for its production Introduction 5 The present invention is directed
1SR hovaT ¢ compound, as well as a method of producing said Y 000477
The novel compound, carbamyaated erythropoietin (CEPO), which is
characterised by being carbamylated on all or most of the primary amines
of Iysmes and on_ the N- termlnal amino aC|d of the molecule, and in
el garbams et iR ard method) for dispredaetion the primary
amines of other amino acids in the molecule Furthermore, this 10 novel
compound is free of aggregated proteins and polymers, and is suited for
Intragdbadtiopharmaceutical compositions for treatment of diseases in for
example the central or peripheral nervous system, and other tissues that
express the central EPO receptor. One other surprising advantage of the

The pmesﬁﬁhmathmﬂi@ﬂbeot&ddﬁmﬂsﬂbiecmpmaﬂlhﬁ meihed }metﬁd&%ﬁproducmg said

that co ntains Ies ted protein and le han the
compgroguc S acﬂlevear?l%r%n ﬁ%ﬁr‘% 9%58?&% %%W fmth
characiesisrithbst h@trgyzmhamhttnd Bmakkgmouﬂmn:fﬂtt&npumztm rrhhe:srapaismenind on

be0|0 ical hemao etic t|v of car Jate .EPO has been shown
the N D P S R A et o
carbamrydhmpm pamlarZ&t@miqmeof Bther(ﬁﬂﬁlﬁl) ﬁimimd:PtlnﬂfrntﬁectﬁelFuB}nmre, this
t atent a tlon 20030072 37 show dtha.tt oss af
novelt% e%rgt%%éc{% caéﬁf%) c? h)o?ln%rme%v fm §ue pro?gc yesem
phampepditidsohpfDicGafbataation of disteins iis Wmﬂpkwﬂreasmid& peripheral

newoﬁ@f‘ég&t%“%tﬁ@ lﬂﬁt%?ﬁ.\% Bé‘é'ﬁ%‘"t‘“@r Qs%ﬁepr%tﬁaﬂsﬁ%@?rgée%ers LOLH c% surprising

urea serdm i57s causet By spontansously MPOSION
advantpge o6 thyamateniGyethatbat rashotisible for thet thrbtmybationi girtvides a product

n d I sm
that o e e R R eE R o ot
kBGW@@@hG@WéaﬁmmﬁhbﬁbSﬂ@&@sb@bmﬂWﬁmamylatlon are arglnlne,
cysteine, tyrosine, aspartic acid, glutamic acid and WO 2006/002646
PCT/DK2005/000477 2 histidine the reaction is however pH dependent
and does not proceed as readily as with the N-
Background of the invention

The impairment of biological hematOpotetic activity of carbamylated EPO has been shown by
Satake, R. et al. (1990) Biochimica et Biophysica Acta; 1038: 125-129 and Mun, K~.C. and
Golper, T.A. (2000) Blood Purif.; 18: 13-17. Brines et al. 2003, US patent application
20030072737 showed that the loss of the hematopoietic activity did not interfere with the
tissue protective properties of EPO.

Carbamylation of proteins is widely known as a side effect of using urea in purification of
proteins and as a result of high urea serum levels. This is caused by spontaneously
decomposition of urea to cyanate. Cyanate is responsible for the carbamyiatibn of the
primary amines of the protein hence the N-terminal end and lysines of a protein are
susceptible to carbamylation (Figure 1). Additionally other potential amino acid residues

susceptible to carbamylation are arginine, cysteine, tyrosine, aspartic acid, glutamic acid and
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terminal and lysine residue. Investigations to reveal if carbamylation of
roteins was able to improve or impair the 5 biological activity of proteins
W(ﬁ%wglﬂ)(ggﬁ“conducted by Horkkb, S. et al. (1992) Kidney IntefatiBkatos/000477
41:1175-1181, Plapp, BY. et al. (1971) Jour. Biol. Chem.; 246(4):
939-945, Satake, R. et al. (1990) Biochimica at Biophysica Acta; 1038:

hi t.d1|i25- 29 and Man, Y'-C. and Golper, T.A. (2000) Blood Purif.; 18: 13-17.
st ﬂ%f}ﬁ‘?n&%%ﬁ’&é%hﬂ?@eﬁf‘& IBHicaPenderiomd densngtanoncst proteaddihgs with the N-

termizaipioyigikENas, the source of cyanate. They all observed a 10
decline or change in the biological activity as a result of increased
carbamylation. The assessment of degree of carbamylation was based

Investigatinanakytical theskinosyhiMeaspreman el ASIIRFING AN EE AP the
biolog{%i%% tlijsg{go trlr)l;ltrobﬁnze esulfonic acid (TNBS) assay and 2. Amino
Gid ARAN S RIRIRiIAR hRe R R eefRd Y aae R o eftadl (A8Y s Keidasy
InteriizBibtorkké] :fs.létSal;1QQB%Q%WIgéqg??wﬁngm.Iibgggﬁggefej%g‘@{);@@,9_9455
maximu rs .at 37 with . ( ut did not obtain a fu
s i B e e N B8 ada ) P . e C. and
Golpe, ’(‘JA?G?OOﬁgéiﬁtbgthdriﬁelsﬁeetm‘tmhekzaﬁﬂé?ﬁ@dm@%m&% 'éﬁlle?&t of
ed bavine pangreatic ribonuclease A after a 24 hours :
“arbf’%c’r‘?f B SRR Ky e f e SNeresaperanate. (Bepoyll observed a
declinmvestigatpdithibetietsgittnetvity the: raxinufmabssdinuS aaatan g
ing 2:M KCNQ. They alsa investigated the effect of increasing KCNO
ssses B T GH RaN ok REFE 15 A G RR g
1.GoMersTan¢a0aDhealsdinetinfforn fheiexparipenial dewa vy dheylfonic
ex%%ticg 1‘a carbamylation (please refer to page 16 line 33-35). We

have now in esﬁsra s&ht invention found that the carbamylation of EPO

2.yie timinpoiyiders gisalucagiregaioslhsnes coalitagdttonsuiedie s residues,

1 Diogh ical. Inaddition we found that WO 2006/002646
A R L iy owe
at 37 yaighde pé AdeNOomttidmot ebmoa diipns:fountedrprryisiomelenee with the
TNthdgsg?yelopment of a process with optimal parameters regarding

Plapp, B.V. ef al. (1971), investigated the effect of time and obtained almost a fully
carbamylated bovine pancreatic deoxyribonuclease A after a 24 hours treatment with 1 M
KCNO at 37°C.

Mun, K-C. and Golper, T.A. (2000) investigated the effect of time with the maximum of 6
hours reaction time using 2 M KCNO. They also investigated the effect of increasing KCNQ
concentration at 6 hours all reactions were at 37°C. Mun, K-C. and Golper, T.A. (2000)
could not, from the experimental design, verify the exact degree of carbamylation (please

refer to page 16 line 33-35).

We have now in the present invention found that the carbamylation of EPO yielded polymers

and aggregates hence making it unsuitable as a biopharmacutical. In addition we found that
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pH, time, cyanate concentration, temperature, protein concentration and

ost imﬁ%tantly the degree of protein polymerisation was needed. The

h
w p%ggﬁé(r)ﬂ Invention comprises an optimal 5 process for carban&fﬁmﬁmosmm‘m

yielding a product with a low degree %f polymerisation and aggregation,
and furthermore, surprisingly, we have found that a fully carbamylated

EPO, aiming at the N-terminal and all lysine residues (the latter occurs in,
the Fopraiory B AR A0 BRHEASA Ui SRR LIh B OSSR blons for
the cdfteninyeridan Wascoadeldvaogaide aevecdievittmgtiagbregaiesantgarding
olymers. The resultin carbamélated re EPO is a novel 1dO co

oun
D, R i ey T B B AR AR o BapoRanty the
degrepheipoaietuiobineaispisitioasredyiisiig tiresconipormiba thappseyiousptimal
be?n illustrated that thie degree (%fc rbajm%a%og deeperkgéé)n cyanate d
procegs Jor carbamylatan melding  Rraduct with & Ipw do e ol PG A &7
aggregatalcatidfuthaarbeayydatidsinplycesstorepimohuiction ofidly carbamylated EPO
. biopharmaceutical. T resence of aggreqgates by sub-optimal. prodyction
siming O [ e e R G L SRR RIES oo B R B By
was cdifgregatdsstiteeeforst ep ks thearsidpdaribe sutival produchadesuoitatite to remove
for use in humans. .20 The catbamylation and.purification pr \
the EO B D RO BEOEP P o
compasifd]lyrchibealmytatbek witthtivethewestefdrapatioatiohpalyngerd tb plggragatés:

com %giﬁgrslssigée a}pid1 wit éhc% minhrpigwm loss of end product. Hence malting it an
PeEonomicar viabie s ep. P EUrher processing of the carbamylated protein

renders a product useful as a biopharmaceutical with only a minimal risk

for the ratio | ological r i ue, ¢
e O TR B A e
concengijtioaind sitmodl dorexss ddsiment bédulesmbbed atiole absdin addiierblo
i Cl lysis; : ree: PHMAa Ao groups and finally a
catb C g?g&% g%‘?iéc%g %"?‘lrsﬁ%&gﬁrg‘g%%t& if.aaﬁgl{il)‘lll;gested product by MALDI-TOF.
The presence of aggregates by sub-optimal production has been associated with the induction
of antibodies. And the presence of aggregates therefore results in a biopharmaceutical product

unsuitable for use in humans.

The carbamylation and purification process described in the present invention leads to a
protein that is characterized as fully carbamylated with the lowest formation of polymers or
aggregates as possible and with the minimum loss of end product. Hence making it an

economical viable step.

Further processing of the carbamylated protein renders a product useful as a
biopharmaceutical with only a minimal risk for the generation of an immunological response

to the protein due to aggregates and polymers.
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5 The novel compound of the invention which is erythropoietin that is fully
W&arb mylated on free amino groups at the N-terminal and lysines of the

molect é5 &nd further is not aggregated and not polymerised I Y RE N po0477

of above 2.5 %, and contains a minimum of over- or under- carbamylated
erythropoietin, may be used for the production of pharmaceutical

compositions for the treatment ffg'se es responsive to 5 . . .
The aEliHiE) SRR dRBESSST AR & 16 SHATVB TR & RAdh igpyfamino acid
analyHRVETBS ThefReepanidnvantiongieiaieard firsdhlieatilerpeatéintion of the product
carbamylation proc, déj? Iﬁ {Jge production of biopharmaceuticals.
and dﬁ?ﬁﬁé%%#‘éﬁiﬁ?é% §'t é roduct of the process, and to 15
pharmaceutical compositions comprising the compound, and to the use of
those compositions..The carbamylation and purification.progess
The TG E LB A SN AD P R 1o B BB RS Sarbamnytated on
free sohiatogtenizest dsMleoaibalnaythipdneithittie lowkstilommdtfortiufrpoleheggregated
or 20 aggreqates as possible andwit) the minimum loss of end product.. <o
ond o DR R b Aot SOUTAR AR B GhE P (b under
carbapryleinl withhthgoioviesnayriotmsc foo Bxmproaiugtigyed ghremacakimglicampositions
economical viable process. The.fi 'E‘)&%Qé/tsc p}ﬁ' limited
for thgrﬁ%%gﬁ}%ngf) %;(g oer%#ésg?s \?grs-lgent /%@éurr%é%%%%%ar amy ated8 erytlﬁfgpoietin
erythflyeddatiror above 9 carbamylations per molecule). Under- carbamylated
EPO would contain less than 9 carbamyl residues, i.e., not all of the eight
lysines and N-terminus are carbamylated. Under-carbamylated EPO can
have as a little 5 carbamyl residues and still not have classic

S unengthnyayibiciaowvitiomaking it suitable for use in the present invention.
Over-carbamylated EPO has more than 9 carbaméli residues and gﬁwould
The pigseaclsaRQRERdR e v seRie RItTeinra RE AR BRaRRArES i des

procd @R AN Do BERIMBuEROrAR AR A RAMYAS IR GRIJABNIIER G@sss, and to

and still have the desired effect, i.e., no classic erythrgpoietic activity. At
pharmassieR) SOTTRSIHABS ARSI 0P HBEBBSALBIINRS A0S
compRAIReMYlated at the 8 lysine residues and N-terminus only. 5 Further
processing of the carbamylated protein removes aggregated and
polymerised

The carbamylation and purification process described in the present application leads to a
protein that is characterized as fully carbamylated with the lowest formation of polymers or

aggregates as possible and with the minimum loss of end product.

The carbamylation process has been optimised to yield a carbamylated protein with the
lowest amount of polymer and aggregates making it an economical viable process. The final
product additionally contains limited amounts of isoforms of over- and/or under-
carbamylated erythropoietin (below or above 9 carbamylations per molecule). Under-
carbamylated EPO would contain less than 9 carbamyl residues, i.e., not all of the eight
lysines and N-terminus are carbamylated. Under-carbamylated EPO can have as a Jittle 5
carbamy] residues and still not have classic erythropoietic activity, making it suitable for use

in the present invention. Over-carbamylated EPO has more than 9 carbamy! residues and
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product to a level of maximum 3% or 2.5 %, and thereby renders a
product useful as a biopharmaceutical with only minimal risk of
generation of an immunological response to the protein due to
aggregates and polymers. 10 The analytical methods for assessment of
carbamylation are in addition to amino acid analysis; TNBS for free
primary amino groups and a characterization of the product and digested
product by MALDI-TOF and LC-MS/M§. 15 In one aspect, there is
provided a method for producing a earbamylated erythropoietin protein

wollRMROJ/S 5D AN ABRYU: 493 Aamiedatsciniolainand 1osshanRAROW #0ReN-
by weight of over- and under-carbamylated protein as measureﬁqﬁp e
gﬁ‘éu

terpBLmAdE Shewtrorrie sy AR nemburoonssidies suhtattimya
efr@fierytoRAIEHR MthBpAMO U AfCYADRIL AL JETIPSIAIHIG o RHEKBRLRRL, of

a time period sufficient for the amine groups on the lysines and 20 the
thepCkEMhirpiPERTiAE aara%‘rlﬂﬁ%wrégwﬁ%l%&%Tatfr'éggt“&b@e}ﬁfgo%

carbamylated. In another aspect, there is provided a method for

producing a carbamylated erythropoietin protein having less, than about

Further pieresied dFt‘}té?ﬁbaﬁ‘a’llf&Eg Rl B SO RS B OV

prodociei-eaevanaylatedpiaicivs as nedsurediy b andss spestiemsalful as a

. comprisin rifying the carbamylated erythropoietin. using gnion

o U SR BB Ry oSt AT RS erbponse ©

therpgesedohasegsheganatagdapiymeaasiinity chromatography or size exclusion
chromatography. 30 In yet another aspect, there is provided a method for
producing a carbamylated erythropoietin 5a protein having less than

Thabmliydes a@glnegafedqsmsma_imf lessbahaiatibn are gnadsytiovcighmoioseid
an DG U SCRIPAMYIAIR-PEAIGIB r%gc Je a4 tech DM ESRARS o BRSO ¥hd

_ which method comprises: (a) co Ing an amount of an erythropoietin
digspesdimaditet &y BGE 65 eydhatdVay Mfemperature, pH, and for a time
period sufficient for at least about 90% of the amine residues on the

lysine and the N-terminal amino acids of the erythropoietin o
In one aspect, there is provided a method for producing a carbamylated erythropoietin

protein having less than about 40% aggregated protein and less than about 40% by weight
of over- and under-carbamylated protein as measured by ESI-mass spectrometry, which
method comprises contacting an amount of erythropoietin with an amount of cyanate at a
temperature, pH, and for a time period sufficient for the amine groups on the lysines and
the N-terminal amino acids of the erythropoietin to become at least about 90%

carbamylated.

In another aspect, there is provided a method for producing a carbamylated erythropoietin
protein having less than about 3% aggregated protein and less than about 40% by weight
of over- and under-carbamylated protein as measured by ESI-mass spectrometry,
comprising purifying the carbamylated erythropoietin using anion exchange, cation
exchange, hydrophobic interaction chromatography, reverse phase chromatography,

affinity chromatography or size exclusion chromatography.

In yet another aspect, there is provided a method for producing a carbamylated

erythropoietin
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to become carbamylated; and (b) purifying the carbamylated
erythropoietin protein using anion exchange, cation exchange,
hydrophobic interaction chromatography, reverse phase 10
chromatography, affinity chromatography or size exclusion
chromatography. In a further aspect, there is provided a method for
producing a carbamylated erythropoietin protein having less than about
40% aggregated protein and less than®@bout 40% by weight of over- and
under-carbamylated protein, which method comprises 15 contacting an
progeiomtind Esgthiropaietinfithegre gattdunt siicyad dtes dban termpetatat; pH,
wef %?JP&%H@%&%%Q%%%&%&%E&f ﬁ&‘%ﬁ"&ﬁ%&”ﬁg’@éb | sines and the
-terminal amino acids of the erﬁ ropoletin to become at least about
speQuometith arhiphtadtbeticovhuredsi the erythropoietin is contacted with the

cyanafe in the preRence.abariassiv e RRsaSmP el RifHherRIResE

there is provided method for producing a carbamylated erythropoietin
cyapRbtetheHaviPRy 985S, tE 288 6ok 209 a8 RsoatEs SFotEnaaHaTeaRoHAN Yo of
the3RAHE 4A0%LYoWeIght §hoysi- RIS ndaaaiRam YaRbLPIRIQIRNYBIR e tin

~method comprises contacting an amount of erythropoietin with an amount
to Receyreb apdast@diure of 30C to 34C, pH, and for a time period

suffigipnt feuHRiagNegroahs aedke/lysiperah @odinesNdenminal amino
cids of the erythropoietin to become at least about 90% carbamylated In
ex R B AANGR SLBER T 1 10RO LE R Pl PR 5 e e
chroatizapryjhie d fBnyth topaietiogpipheinrhdud rgdessothen @haot Ay .
aggregated protein and less than about 40% by weight of over- and

under-carbamylated protein, which method comprises 5b contacting an
In arfothet offexithtepoietirmwitedannaathod itrgfreyeriage: atdvderyipedature, pH,
a rati efi ficient for D' o) . I e
o B o L e Rl

405003 weithanfyistedindnadortrerbimitiesamssry latoeherpthed soiepnsprotein

m}ﬁae&ﬁ'%%ﬁi 508 3p L_qptﬁ%glapeﬁg%&M%&}%@%ﬁ%@%m{a@m@ phe
pH of both the running buffer and the elution buffer at 8.5 f 0-2.
and for a time period sufficient for the amine groups on the lysines and the N-terminal

amino acids of the erythropoietin to become at least about 90% carbamylated and
wherein the erythropoietin is contacted with the cyanate in the presence of potassium

borate.

In still a further aspect, there is provided method for producing a carbamylated
ervthropoietin protein having fess than about 40% aggregated protein and less than about
40% by weight of over- and under-carbamylated protein, which method comprises
contacting an amount of erythropoietin with an amount of cyanate at a temperature of
30°C to 34°C, pH, and for a time period sufficient for the amine groups on the lysines
and the N-terminal amino acids of the erythropoietin to become at least about 90%

carbamylated

In vet a further aspect, there is provided a method for producing a carbamylated
erythropoietin protein having less than about 40% aggregated protein and less than about
40% by weight of over- and under-carbamylated protein, which method comprises
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Detailed description of the invention 10 METHOD OF MAKING Six steps
constitute the method for carbamylation of the proteins: 1. Concentration
by ultrafiltration 15 2. Modification by carbamylation. 3. Desalting by
gelfiltration 4. Purification by anion-exchange. 5. Concentration and buffer
exchange by ultra- and diafiltration. 6. 0.22 pm filtration 20 The starting
material of the present carbamylation process is advantageously purified
human EPO, but can be any EPO forgbof animal or human type, in
non-limiting example being it synthetic, recombinant human EPO or
biologically or chemically modified human EPO, such WO 2006/002646
PCT/DK2005/000477 6 as asialp-EPO, mutants of human EPO, i

conb e aRATRUTL I AHEOTE b AR S BB dYe TR, PH

andERQ frag peiits splpiice SoftEPOintaprotwiribe éywﬁsuﬁtm@éfNﬁﬁéw

amiﬁéea\éﬁf@bmaemmf@pe@@ﬁe@ aahareylatiegstSabhe firsyistapbafifleted, and

whies e inv Q{“rea AR %m g@&?{ﬂtrﬁlb‘?&@%U?WEQ& q}’sﬁﬁlér%ﬂ ﬁt'%hange

ﬂnrem the protein con tion js gju ted for the purpose o
chr g UOR AT R LS LS dB Ao B DT g
bufiBrmfihii§-d.preferred embodiment. A more preferred embodlment is
0.05-7 mg/nil and most preferred is 2-5 mg/ml. If the concentration is
increased aggregates are increasingly formed. The 10 ultrafiltration is
Depoitermescoiprien e she Bisgrbomillipore) with a MWCO of 5 kDa.
Other filters may be applied. In addition the solubility of the protein may be
adjusted by adding stabilizers. After completion of the concentration step,
the pieteRaGDlgonis KIxXed with K-borate tetra 15 hydrate, K-cyanate,
with a pH 7-11 or pH 7-10. In a preferred embodiment, the pH is 8-10,

Six steps constitute the method for carbamylation of the proteins:

1. Concentration by ultrafiltration

2. Modification by carbamylation.

3. Desalting by gelfiltration

4. Purification by anion-exchange.

5. Concentration and buffer exchange by ultra- and diafiltration.

6. 0.22 um filtration

The starting material of the present carbamylation process is advantageously purified
human EPO, but can be any EPO form of animal or human type, in non-limiting
example being it synthetic, recombinant human EPO or biologically or chemically

modified human EPO, such
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and most preferred 9.0. The temperature ranges from 0-60C or 0-50C or
0-40C or 0-< 37C but a preferred embodiment is a temperature interval of
WO 8ferably 32C, for a time window of 10 minutes-30 d4KIF2905/000477
minutes-30 days or | hour-30 days or J hour-20 days or 1 hour-10 days or
1 hour-5 days or 1 hour-2 days or 1 hour-26 hours or 18-26 hours 20 or
preferred 22 hours-26 hours, most preferably 24 hours. However these |
as asiglpefebfeamanian lnanm E@%éﬁg@dﬂplﬁﬂﬁé Yo paganiatis apino acid

sequefBRARE o Snc LAMARTPENEN EXR] ﬁ&‘%ﬁ%ﬁ‘ eeMIRNARIRAGIRNRIBN or a mixture of

concentration. If the temperature Is below the limits the yield will be low as
proteipg ibsangrativrrivinoe s inisde2bamslaEeént. If the temperature limits are

exceeded, the yield will be low due to increased aggregation. Another

crucial parameter is time_as the carbamylation will ngt be complete if i%e

The figph&'ep Q6 e FEREPOT RN I REPEAS SRR RS R By At iigation

wheredR SRS YREIBRNGA CERBMENS IJQislediRIE Y/ BLARe/00RE&48ng a low process
PCTIDK2005/000477 7 Therefore ?é%g{cess with coherent parameters

volumgcTheRefir cPRcenitrioR AL PR LB ardl O tie® dagrhdeg preterred

embo8aHRAMYALIRN BRGliRBCanRRIGasReNSaRd faphyincdeasingrifereybizates
concentration and/or reaction time. Additionally, if reacti&n time% r,f:l(liéjced
y

mg/mfy J e eoRest TaLBRITISTRSGG ABREETEH BE TSHSpRSRJarrf
ultrafiREA8BRING IR IBRAEAbYEnRRENG Ly Balga cunlaniratiafthRindiyioaf 5 kDa.

process with reduced cyanate concengration the decreased carbamylati

Other, GHERD MR P ESpd SAERD 15 LA ) TS PEAERUR s BHRTGFS oY

addinfessrate. Therefore in conclusion one significant change of one crucial
parameter (time, temperature, 10 cyanate concentration and protein
concentration) would imply a change in one or more of the other crucial

After RRfapIQiersINREdmhtR abitdimakpticapberiyl sttt inrole cubeed/itfitioll-borate tetra

formation of aggreg d og . The copcentration of borate buffer,

by R G08 SL  pr AP QAR P Ao e 10,
and niseferaRit Q1 W aEneyenpia-inhenentysyono 566 Whdrf5hitRerize § UARKE or 0°-<

.- Uptake o{, rqtons and lack of buffer capacity results, in gs £
S7CR SR A ROR e S AT A EDMEH A T et e g e
time @1:10105-30 IV 2 9105-80M®rs or 30 minutes-30 days or 1 hour-30 days or 1 hour-20
days or 1 hour-10 days or 1 hour-5 days or 1 hour-2 days or 1 hour-26 hours or 18-26 hours
or preferred 22 hours-26 hours, most preferably 24 hours. However these preferred intervals
could be changed if other process parameters are changed, i.e., temperature, cyanate

concentration and protein concentration.

If the temperature is below the limits the yield will be low as carbamylation will be slow and
inefficient. If the temperature limits are exceeded, the yield will be low due to increased
aggregation. Another crucial parameter is time as the carbamylation will not be complete if
the time is decreased or if time is increased the formation of aggregates are observed hence

resulting in lower yield.
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0.05-6 M or 0.05-4 M or 0.05-2 M, a preferred embodiment being 0.05-1 M
and most 20 preferably 0.5 M. A concentration of 0.5 M borate buffer is

WO 2HFWA%S control the pH drift caused by proton uptake of thBG & kR005/000477
cyanate concentration in use. A procgss using other salts of cyanate and
borate may be employed. Additionally other reaction buffers than borate
may be employed, 25 e.g., a carbonate buffer or phosphate buffer. The

Therefgse APFRPBIINE heephrsphPREaRRcTp PBtaicast el fatdl i p drrapATaLTsy s lowered
the deBiEARE Sl arlYRMAIQa RN AR L RliRRnkhe Srething{ARigEshadyanate

Biosciences) matrice is employed. The hold up time before sam

le
concerpieRAoR (8 TR BRI FENBI A HFSHONE HBes el ah DY igrsased

carbafi§1HHSHYRLE SaLSe Bl tbepeatham o ane-Rrly Refdermaiondidieyanate
desaltin% and WO 2006/002646 PCT/DK2005/000477 8 buffer ghange f

concepigtinns Baalbetp amspssas BUaRsed GRSt By R SEHS BF

carbarRIRRAIRGARR ¢ setitealigRnbiearraeiitiaticasmatiterfodyDanppligbr
such as for example matrices of crosslinked polysaccharides or

tempegpBEstinked mixed polysaccharides, polyacrylamide, polystyrene or
matrices of ceramic nature. Furthermore the column height 5 may be

varied in this step. The catbamylation step may he adjusted tg pbtain a
There B IEIRRR SR BBHCRELS @%&8@6 GG FohE aPTEsE W A geure,
cyanal8$o 08 YN AhIEEEoteRy cafctnatieny thandlinfilpn ldemdbandiz brdmore of the
less than 10% or less than 8% or le 1than 7%. ]fé%‘f-%w rfm%val f low £ tion
other giciRLRARAGHRIHONHASF SRR BRE A DTRF B ARetek” es?ﬁghaﬁi"gn orma
of agdi¥chRBaad hisy@hasrved that it can separate carbamylated EPO from
remains of the starting material and from aggregates/polymers. The

running buffer A is: 0.3% Tris (25 mM), 0.3% (50 mM) NaCl. pH 8.5 0.2,
The conskalinm bEherdts BuBid Rl (RENOBAY BI8K (h MpfBkdhenbsdiBet0R1-1 M

~ The gradient i ?Pgormed itt}ﬁ%—ﬁSO % QV column volumes yieldi " £
and i TSETRRS A P RS G ) ISR b ot o
protol@sm a3 mgsreaaiedtprdyinl imeifir dé shetphino Bosohitss. than 2%
or less than 1.5% or less than 1% or less than about 0.5%.
In addition the cyanate concentration is preferred in the range of 0.05-10 M or 0.05-8 M or
0.05-6 M or 0.05-4 M or 0.05-2 M, a preferred embodiment being 0.05-1 M and most

preferably 0.5 M.

A concentration of 0.5 M borate buffer is required to control the pi drift caused by proton
uptake of the 0.5 M cyanate concentration in use. A process using other salts of cyanate and
borate may be employed. Additionally other reaction buffers than borate may be employed,
e.g., a carbonaie buffer or phosphate buffer.

The desalting of the reaction mixtare of protein and cyanate is performed by means of a
chromatographic gelfiltration. The G-25 Fine (Amersham Biosciences) matrice is employed.
The hold up time before sample application to the column is controlled and should not exceed

2 hours, as this would cause further carbamylation and polymer formation. The desalting and
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20 The elution and collection and pooling of the carbamylated EPO peak
influence the distribution of the heterogeneity, i. e., isoforms, of the eluted
WO PBIE{R038Bther words, the amounts of over- and under-carbBRH/REE805/000477
CEPO will vary depending on the collection and pooling procedure. A
narrow pooling will lead to a Ioweringéof the content of over- and/or
under-carbamylated erythropoietin. Increasing the length of the gradient
bufferwhﬁéﬂ@wfmiwééthﬁﬁw%fm%ﬁié’}ﬂQﬂéﬂ%@éﬂ%ﬁi@%%‘% pdgRaas of a

chrom3REEEsHi S LeMRagiion@heahamylatiod R vihio s thaslish eut Yo

over- and under-carbamylated isoforms by weight, as measured by

examipAHSSQicEreRR7 Rabye BRSO HRSAVBRIRHP AisHRarides;
polyacgg%ﬁ{{@@, SARdimRNI$a1fER 6F vdiirgendhaR. ahaticshiroflavestandheight

under- carbamylated isoforms by weight, as measured by ESI-mass
may b§ﬁ@éﬁéﬁ¥bﬁ‘% #AFPeven WO 2006/002646 PCT/DK2005/000477 9 more
preferred embodiment is a CEPO with less than about 30% over- and

under- carbamylated isoforms by weight, as measured by ESI-mas
The caRETHAHER J1oR TRVEHE AT ol PR DBUTRCHL 1 SAERPE A hagLosetes
and pdaRcabor 135 thaVErYRod edBiTasbaniaiethas b rhetiysyeight] %6 or less
measured by ESI-mass spectrometry. An e\(:%% glyre preferred 5

than 12rSadiRiet 12an E¥per i R K0T 25500396 bver- and

under-carbamylated isoforms by weight, as measured by ESI-mass
spectrometry. An even mqre pref,erredgem% diment jf a t.CEF:tO wi1;1rr1i Ieésns10n
The rqma Al B RAVMGET SR AIRYIA RN 1BIBHRER WeRR &
exchafiRASLIEEHaY w3l tHad sscapasame ity bAmeltsl BB freefereadins of the starting
embodiment is a CEPO with Ies%&tlhan aboult)l % Qver-

materiyh 4o LowAaSEalr B ROMRE by DS THIELS PEAg re b())/' a1 (B3 M), 0.3%

(50 m%]@mégn@m;g A&w,mﬁ?mfmfem m;@xeaﬁr_ﬁ‘ei;n (@hﬁb&}?@%ﬁmu@@}ml. pH
than about 0 over- and under-car. )/ ate orrms wel i

5.5 R o B BRSO TEIOIGIRD 8 Bieh e gy Vifng the

desircdabadinent Tha hRdthstep sitiareativin 2 Yralet with lessithan 3% aggregates

carbamylated isofo by weight easur \/ - 8
ond DEEETRES THE Mo i 2 ts b G e oess than
aboutdh®ul, 1% over- and under-carbamylated 15 isoforms by weight, as
measured by ESI-mass spectrometry. In addition to influencing the overall
content of the isoforms, the collection and pooling of the carbamylated

The eRfionperkcisiiteincemthpodistghefiibn cfbyveykded diRaedkdEengt ihe

distribution of the heterogeneity, .., isoforms, of the eluted protein. In other words, the
amounts of over- and under-carbamylated CEPO will vary depending on the collection and
pooling procedure. A narrow pooling will lead to a lowering of the content of over- and/or
under-carbamylated erythropoietin. Increasing the length of the gradient will allow for

selection of a more defined product by leaving out some species.

A composition of carbamylated EPO with less than about 40% over- and under-carbamylated
isoforms by weight, as measured by ESI-mass spectrometry is one embodiment of the
invention. A more preferred embodiment is a CEPO with less than about 35% of over- and

under- carbamylated isoforms by weight, as measured by ESI-mass spectrometry. Aneven
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preferred that the amount of over-carbamylated CEPO isoforms be less

Woth{?% abogt 35% by 20 weight as measured by ESI-mass spectrometry. It
VAT TS preferred that the amount of over-carbamylatea(g% 000477

less than about 30% by weight as r:%easured by ESI-mass spectrometry,
and even more preferred that the amount of over-carbamylated CEPO be

less than about 25% by weight, and even more preferred tha&it be less
more piRfTER stEdImentisaVehP Pariipierthen thah e <eetnan A 15%

carbantYQRIPISIRIBRMLING ARRURLAEaNREL By BRIaMMaLpEdaBRAsho Ui h ke aromore
more than about 10%, about 5,% or about 13:?0 y weight of the tot

I
proferreskEs ORI g h Y WL SR BekaRowh Ay BeoS i By LEPAS StHer BTG
isofonﬁ‘é‘?? @Fﬁﬁﬂﬂ@y iﬁ?§s§ﬂ_ﬁl W}?&%fﬂ%@%ﬁéﬂ%’?&fl%ﬁ%ﬂ?ﬁﬁmﬁfmsdn

unlimiting example being of crosslin .
embodpeeniike6E3/04Y ’resf6*’68@%8%?1%%&%"’&3&%é‘?ﬁi)?ﬁ'écﬁfﬂ?ﬁwiam isoforrs by
wei ghtPQéMﬁ@in'ﬂ@g cg@_%spmmmﬂﬁmﬁqwmﬁmhmmmﬂ cahodiznent is a

nature. In addition even cationexchagnge rophobic ipteraction .

CEPO gHbreatPa A el s BEF AL VSR RTATB Ayt o eieht, o

measufddl SFBRIGRREYRAE Sizegxclusisrchroraptefraphymizydheenséda CERGR with
puriflcationo. In the neFrt S eg for.the ?diu tmefgt og oncen r;[atg%rlj aeggmbel%{tg ESI-

less thap st Heratic: & g}@éﬁ CHEAPRIETDH AT Doy BhG &5F amylate

mass sFREdMagiusiaddrn cencenifaion enthoding/mlislOGHPANeithulées than about 5%

changed to a 20 mM cijtrate, 1Q0 mM NaCl buffer. The cancentration _
over- AgrEIigs: yﬁ%‘ﬁ%#ﬁ? qu'e‘gﬁlsg@ gsé#) X 1 |Mp)ﬁo%%fnw?ﬁ1§380%%€&y'

An evdd WG plBkibd cmthainfitris mEyRe apiblileds Hinakpene3arified and under-

biopharmacutical drug substance is 0,22 filtrated usin il
carbangifiesbhies fﬁ‘?égﬂ'c‘é’ %&hg‘? Rﬁﬁsﬂﬁgmﬁé}nﬁaﬁﬁ ee%s(élg.e%%ng t%e b3
prefen%l?&@ﬁbﬁifﬂﬂﬁt&&%ﬁ%t@iﬂlﬂ%tﬂﬁnlaﬂame&i‘}dmhdesmﬂlmpﬁ@bamﬂﬁfed
. preferably less than 2.5% reqates ured by SEC-HPLC.
isoformpp R BPhARTSESR i@ﬁ%égﬁg‘%% S

5 Spe . ; : .
0 ysine ‘fesidues IS verified using amin oacid
analysis determining the converted lysines to 20 homocitrulline.

oG SRR a0 oo g e NS G of o
carbarB@lietpROqrR 4 Iyfineseniie distribution of over-carbamylated CEPO. Ttis
preferred that the amount of over-carbamylated CEPO isoforms be less than about 35% by
weight as measured by ESI-mass spectrometry. It is even more preferred that the amount of
over-carbamylated CEPO be less than about 30% by weight as measured by ESI-mass
spectrometry, and even more preferred that the amount of over-carbamylated CEPO be less
than about 25% by weight, and even more preferred that it be less than about 20%, and even
more preferred that it be less than about 15%. Most preferably the amount of over-
carbamylated EPO should be no more than about 10%, about 5,% or about 1% by weight of

the total CEPO.

Other running and elution buffers may be employed as other anion exchange matrices and

charged filters may be employed. The matrices in unlimiting example being of crosslinked
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the N-terminal. In addition a thorough characterization using MALDI-TOF
determined the change in the 25 intact mass both of the PNGase treated

W E0EIRAHS for the protein with the N-glycans. In addition MALEIRIER0S/000477
peptide mass fingerprint analysis/LC-MS/MS analysis, showed that all 8
lysines and the N-terminal are carbamylated. No other carbamylated
amino acids were detected and no modifications of the glycans were

polysageheriiss. urvrsknbed e redinebuasshisiienPolET itk Rlystyrene or

matricE@drnyiaied arms of EPO) is obtained in the final product. This 30
product is novel and claimed. WO 2006/002646 PCT/DK2005/000477 11

One embodiment of the invention is the composition obtained after the

In addARMVAIABRISha L ROIREPREBIaRIRRRXRIACIgePUidieadlof reversed phase

comprising a_carbamylated EPO with |ess than, about 40% by weight of
chromaggraBRte S BIYARIO BFTLYSLHA ST R F R R e used

for th@ag{qﬁggﬂ% than about 20 %, or less than about 15 %, or less than about
12.5 %, or less than about 10%, or less than about 8% or less than about
7%, and an amount of cyanate. One further embodiment of the invention

In the iRlRQ.EQMRORIIOR ehiatnedfaliardheapinandtfanged/ificiiontion tangential
comprising a carbamylated EPQ wi s.thap about 3% by weight o
Alovs S ggTEEHE PPy G ST BHTELE L DU BT o e G Jog el

and theHeESERMALOY 4 T9bar JRERShEC0BRLINGZ bultes fian aioeniBaEon and

Further, this compasition comprisgs .isofo consisti W- r
buffer ghgBee AHPEFRIREHE PSS sl e TRHPGES Y 0 y v9§P§h5t Kpa. Other
filtersthRydakparkamylated EPO, or more preferably less than about 35%, or

less than about 30%, or less than about 25%, or less than about 20%, or

less than about 15%, or less 15 than about 10%, or less than about 7.5%,
Finall9IRSSuliRBdaheph&Maaniessithgnuistutcd %, (P2l pmoitpiefevsiagly Melipak

....than_about 1%. Furthz&g’t{lb? %mou litOf ovecheaﬁgg ylated EPO in the

(Millipgrap BTN BFBE 1828 ¢ 4 BB Fa8% by weight of the total
carbamylated EPO, or more preferably less than about 30%, or less than

. about 25%, or.less than agou %%) ,.orf1 I% RRQUtA Va0 le53.taB1y less
Usinggh6 995" %f‘f@gsc?ﬁ {iat %‘ﬁi& ; @)l,soor %ggéét 6g?r}i about 5%, or_Iefgl%ZO 7 ,
than 2180 abeuirefteans meastupréter SH¢BEY Baklebink eybamylation of the 8 lysine
residuFE):sH fs\ I%g/ll.%% 1?&32%%1'?11%9%5%&1@3%’%%&511 E UNNAS R0 lysines to
homocitrulline. Furthermore the carbamylation was followed using the TNBS assay for
determination of primary amines hence showing the complete carbamylation of lysines and

the N-terminal.

In addition a thorough characterization using MALDI-TOF determined the change in the
intact mass both of the PNGase treated protein and for the protein with the N-glycans. In
addition MALDI-TOF peptide mass fingerprint analysis/LC-MS/MS analysis, showed that all
8 lysines and the N-teyminal are carbamylated. No other carbamylated amino acids were
detected and no modifications of the glycans were detected. Furthermore, a reduced content
of over- and under- carbamylated forms of EPO) is obtained in the final product. This

product is novel and claimed.
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One aspect of the invention is the use of the compounds of the invention

for the production of pharmaceutical compositions to be used in humans
WOAMAEHYIs for treatment of the 25 conditions described bel Sk TBKa003/000477

embodiment of the invention is a pharmaceutical composition comprising

a therapeutically effective amount o lcarbamylated EPO, with less than

about 3% by weight of aggregates and polymers, or more preferably less

than about 2.5%, or less than about 2%, or less than about 1.5%, or less

One erfiaRiARAYLE We AR B %@é@ﬁ?@éﬁﬁﬁl@@%@@ W09 anghMlation step,
2006/002646 PCT/DK2005/00047

{ ) ) 12 further, this compaosition
but boiGuR{BASBIOR SSHABESCIAFA o1 SOBHT A A EARBARISTat G EE 7S then
about AVPHPRIRAR M@Q%%Qﬁ% Pieighbeideiahearimmylasd bR dian about
t

more preferably less than about 35%, or less than about 30%, oy less
25%, anAbORADTIAZE 58 1o BT o TeSS AR B 96 coPldgss then

about 1084 8PRUL 400 aBEIRSS4hAMABHA ABAOTIR Shthah AbeuitD Bigaatitess
than about 2%, and most preferably less than about 1%. Further, the

amount of over-carbamylated EPO in the composition may be less than

One ﬁ?ﬁﬁ?%}ﬁﬁ%ﬂgﬂéﬁggﬁl@ﬁ%ﬂ@ﬁﬂ'iﬁﬁmy?ﬁﬂoﬁ B&afﬁrhemﬁtﬁrphefenghiy
ess than about 30%, qr less than abo 0, Or less than abo 0,.0f
exchanggPWRHI ABLEABD LR IS LIRAN Bk /o‘f"btﬁ“ug%gé Ih%{h %%’86%6%?’0‘?’6’@“ of
agpredfRS HRADERASY%r Wsleamihao@INg26b ked trostipreferably lesstmmbout
, about 1%. 10 In thoe practice of one a %Ct }I ﬂ:}i %rgﬁc.ent invegﬁgg,c%m rises
1.5%, Qi B ARc b 3o o 1 SR T AU PR PR BRaton comp
isofori¥@ wﬁg%ﬁ?w@a&@a@%@@?ﬁa Bmm@maﬁmhmmmpauwo % by
__route that provides a sufficient level of the c ungd of the inveption in
weighigd TR AL QAT S SR R B ALl b s than
about 30% beneficimbafieets: 05vsespestiarcaisut #1084, uséesiohshepurpb¥éofr less
erfusig a tissue or organ, similar results are 1 sired. Inthe | 2
than i DB AP ERSUETL OF P AEET O SN Sr S, ond
most (REERIING 1B dells Abciss3e. Withihee, tienapasitib o of teedmbentidatethBP O in the

pharmaceuytical cgmpositio ides.apn. effective.r
comp AT A A AT GBI B o, o o
prefergBl hastigimaniossIvtic brthescbampdunt 25 h eieention abayt #8ts lerclegs than
include tight junctions, perforated junctions St juncti apyi
about St 0 b b LR T DT DRSO s
than abatfieris andendetpetifirably less than about 1%.

PHARMACEUTICAL COMPOSITIONS OF THE INVENTION
One aspect of the invention is the use of the compounds of the invention for the production of
pharmaceutical compositions to be used in humans or mammals for treatment of the

conditions described below.

One embodiment of the invention is a pharmaceutical composition comprising a
therapeutically effective amount of carbamylated EPO, with less than about 3% by weight of
aggregates and polymers, or more preferably less than about 2.5%, or less than about 2%, or

less than about 1,5%, or less than about 1%, and most preferably, less than about 0.5% and
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tight junction, but the invention is not so limiting. The aforementioned
compound of the invention is useful generally for the therapeutic or
WO HBHHNA P treatment of human diseases of the central nervdist&)Ka8A§/000477
or peripheral nervous system which have primarily neurological or
psychiatric symptoms, ophthalmic dié@ases, 25 cardiovascular diseases,
cardiopulmonary diseases, respiratory diseases, kidney, urinary and
furthereihis ¢onuwsidier soamestienoasn Tangising of ey -oiddme carpmylated EPO

in amdNEIaRQUGARNAIRkIeS; Y Regisatoslcheandiliens BPO disaasepreferably
include hypoxic conditions, which adversely affect excitable tissues, suc

h
less thas eReitabidnissdess Hanabemn’hervduss Laabritdae® pafifsse fhm about 20 %,

or lesBINOMSBY TIR) U5iSHEs RlcATHIRE RIYLURR JiSEIAa 86 3505 a¥ama, about
brain, heart, or WO 2006/002646 PCT/DK2005/000477 13.retina/eye.

3%, o kespahsrealinat SSmpsrhettREs RO fst e abosi d Y wEREBFp G aRtount of
over-CARAREEIR SXHaRInE SIS ARG f/B BYDExia 6BHETITYS by avvifietf the total

of conditions and circumstances. Non-limiting examples of suc
carbargelRiRTORE rfef SRIGRETATABY dresIRIv BRI W Elblemanai R 54 o les

than ARGEXERNE RESHRRrtREHQR %l belsRnAkiissuatnavylegiRsddaipdtienns %, or

accordance with the pr ti tion, h pathologies jncl
ess NG HonFFatSCORAYGE bGP S FECTCE S AR Lot

which reduces the availability of oxygen to neuronal tissue, resulting in
In theSttasscelanvagaspact Gfidly praunnalasibieatthamada icitentppsiion as
methods of the present invention. nerally refer ' 0
desor{BE ARTEE HRELEROR AL T AL aR ey e SRR
mamBEDkE anascutaninagiusiddepaendfiaiat fosineishemorgperadmihednyention in the
uffocation, choking, near drowning, ¢ onexi iISOni
B e
respohiyiReghibenitheshnexicatibtrpotvespofinoribsingisdisus ompigpserimilaggsults are
._respiratory distress syndrome, hypotensiye s| [ AT
o R a0 A PAEEES BE  iiscion
is by Uystingttiraiec hitsogiesunaviibsiss emapusitiotogicht deviendara e ghgymaceutical
heart-lung bypass procedures. In. 1 HNen SXAFP d of th
oS RS e AR R Bror b o 0
inveniiventias eadptiehdnnlterddiapesserhin)ihe spmpuad ahihgamestion gy
translocate include tight junctions, perforated junctions, fenestrated junctions, 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 compound of the invention is useful 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, which adversely affect
excitable tissues, such as excitable tissues in the central nervous system tissue, peripheral

nervous system tissue, or cardiac or retinal tissue such as, for example, brain, heart, or
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from risk of injury or tissue damage during surgical procedures, such as,
for example, tumor 20 resection or aneurysm repair. Other pathologies

WQ AN %r resulting from hypoglycemia which are treatabl& b/ Big005/000477
methods described herein include in?#lin overdose, also referred to as
iatrogenic hyperinsulinemia, insulinoma, growth hormone deficiency,
hypocortisolism, drug overdose, and certain tumors. Other pathologi

es
retina/egeulfierefors. dheiraBrevad Bh il SR RMPAg P MEA OB A BIESFgLfamage
to excitabRUGHLES LRIBRSYHSRMMAIgRSRAFRNiG SeizHyliTwslelnidathed
_ treatable conditions and diseases include, but are nat limited to, diseases edi
circumstaneess SUkEMESMERRIGIBKEL §uﬁa?aeﬁﬁm&%%g?&ﬁ%@?ﬁ%6%% yiged in
the tablM2BRGHBAGR), multiple sclerosis, hypotension, cardiac arrest,
Alzheimer's disease, Parkinson's disease, cerebral palsy, brain or spinal
cord WO 2Q06/002646 PCT/DK2005/000477 14 trauma, Al -
I the Tl RGBT AN ey aaes By SISO wih
the pré&eierasisnteizwiridizoioésgialbetiolethoseteatitogdinia, pticcdanygenation of
damage resulting from glaucoma, and,neur : ifi :
neurorgg,p, io%’%ﬂgﬂw%?hogl dqé%)lf: %%?‘éessg[ n ei%‘\,/g{ri] ion tzfgy %@%%%ggtgetrwgg}[a% hssue,
resultiinf ammatipdaiasngd il tis eesmoiniiclesthy caribeseatedtastsegthods of
as physically or_chemically.induced inf @[ﬂ?' culchss
the Presept 4RVER %’s @ﬁ?gﬁ%ﬁ%%ﬁc eiﬁg ° %ée?qn@eatltig? %ﬁ%&?ﬁﬁ%%umatéiaom
arise fasthriidnglodecbutone plotitisniontitonsweitis, tarnploracelisions peredsl il pastnatal
meningitis, transverse myelitis, deimatomyositi MYRSILS O 86ISIA! X
oxygefa§8HFt‘i ?th%bgﬁ%cg%ﬁ%nhé%?csﬁ&%é{ gegr?teroco%%?.‘?L%(?Jévider]cye}%lr?as.E 58 S_mo )
inhaladlemanstnaicththaling tuatery asttaogiothomn ey SipRDIRP IS TBRERNRS M2,

neyrons by producing neurotoxins. INJIfHc oxige  reactive.pxYeeR sPesigfome,
Chrome?n‘ﬁjﬁg}gﬂﬁg "}afiir%c’%?zé%%e&sfgb?n é’ﬁ%@%%g %gs%%%se tggi:erebral - ,
hypotisehenia e eBirkbock, Inagoladtingheivy Luselsepeakn st ey stdts, cardiac

inflammatory response in | . S ERINQRNBYIR) heart-tung bypass
mes&l%@%&-@%ﬁ aﬁ%}rlsﬁgt?s%aﬁ%ﬁ%%%ﬁ&r%@% and Yu, Z.F. ZO'E(%. Apopto%ic
procea@maAntiapoptotic 15 mechanisms in stroke. Cell TissueRes

301:173-187.). Studies have further demonstrated that in models of
In on@%léa{@cﬂﬁ&%ﬂﬁrﬁﬂ%&aﬁﬁﬁhm@&m@qﬂlmat pradiusiigomeiomprising the

inflammatory cytokines depends upon primary neurgnal damage (see .
compyilian (B‘lthg@g)éﬂﬁm C@‘bh’ig @minigterecrl) to prexfent%n?ury oF fisets c{amage resulting

from risk of injury or tissue damage during surgical procedures, such as, for example, tumor
resection or aneurysm repair. Other pathologies caused by or resulting from hypoglycemia
which are treatable by the methods described herein include insulin overdose, also referred to
as iatrogenic hyperinsulinemia, insulinoma, growth hormone deficiency, hypocortisolism,

drug overdose, and certain tumors.

Other pathologies resulting from excitable neuronal tissue damage include seizure disorders,
such as epilepsy, convulsions, or chronic seizure disorders. Other treatable conditions and
diseases include, but are not limited to, diseases such as stroke (ischemic stroke,
subarachnoid haemorrhage, Intracerebral haemorrhage), multiple sclerosis, hypotension,

cardiac arrest, Alzheimer’s disease, Parkinson’s disease, cerebral palsy, brain or spinal cord
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Padovani, A., Ciusani, E., and Marinovich, M. 2000. Dying neural cells
activate glia through the release of a protease product. Glia 32:84-90 and
W%Bﬂﬂ%%‘fﬁvl., Scioratti, C., Tarozzo, G., 20 Clementi, E., MaRfrddtK&IAS/000477

and Beltramo, M. 2000. Inhibition of caspase-I-like activity by
Ac-Tyr-Val-Ala-Asp-chloromethyl ket e includes long lasting
neuroprotection in cerebral ischemia through apoptosis reduction and

traumeebiBSsdentqniinnnarrivlatetysstokraeitv dursEen. Toeanyy_lnsggmyotrophic
laterall BERMGAUQR AR ACt M ALPR S ROMBIRAN; R Kliffaie pH IR Msf gt Be resulting

degenerative disorders, including cerebral ischemia, brain trauma and
from glapernfents BReipeldssencephalomyelitis, disorders in which
erythropoietin exerts a neuroprotective effect. Inhibition of cytokine
The spy@ifidctionpoyititribrepaiatindsaf heaplerst inpartiomesigibeiisedroteetive
. effect. However, unlik "classi%%g'.anti-inﬂamma ory ¢ tokinﬁs su&h as Iy or
inflampatignesuiing SO IR EIPLHISS Qe LS T AEEBPBRoat dtish Rty
chemiesyiiapoiet irdppearsita beuaktivennalycoutidplese nogids nehromabronchitis,
death. WO 2006/002646 PCT/DK2005/000477, 15 \While not. wishing tq be
P O3 B ARGV T A8 e £ T SR e s tetporal

I-iiflammato
arteritBCitvityphalyterhymatiatcaiysexpiaingel i, sireraionoypfitiitipghepriEss,

First, since erythropoietin,prevents apoptosis, inflammatory events
necro 3&?@%’@%3&%%@‘@&%%@ 9&%%%}58@0}1%@.%—.0%"% erythropoietin
may prevent the release of molecular signals from 5 dying neurons which
Evidestierhdatdethengitated thabretudtcd estivesiy enteret mPERISFEHataTg WHE

neurof &% is{b&%él}g%sﬁeam &%%:f‘[ﬂ}%@%x&%?%@%@%@%&ﬂﬂé@&?i%@%%s

more " proximal members of the inflammatory cascade (e.g., caspase 1,

releaseddfeavegialgeRsdnnitsooese tnesishsalsehymar(tegdacketnfapoptosis aregting
the ceMﬁm%}@gl%'s Sk %%ﬁ&ﬁ:f%@%&%@kﬁ%@fﬁi&%&@% OFinion Neurol

anti-inflammatory protection without the 10 rebound affect typically

14:3495¥v e Mmtthost A anGulmeannbatdif chmpoimid 8udpeiotic and Antiapoptotic
mechﬁ;ﬁmﬁ{@ﬁ%ﬁ%@?cgp?%m& 5Ot Wishing (?3 Reaund by RN rated that

eory, it appears as thou%%this may be due to erythropoietin's affect on

in modrlsipf RS PRI § St ar heHiRRENG,aRBsEIE N LAY A A i flsgematory
cytokBREQESERICNFINISANS RERFYES BAUHRIONEOVRREHEBOICOISHA IBSPRMSEC.L.,

to various traumas, NO serves many %lérﬁogses,within the body including
I

Padovval.1 - nfdiusaatidn.credarman iy 18I S0 RIFREATEraF G6ES ARG e adhrough
the reHSRLH A ABlkase product. Glia 32:84-90 and Rabuffetti, M., Scioratti, C., Tarozzo, G.,

Clementi, E., Manfredi, A.A., and Beltramo, M. 2000. Inhibition of caspase-1-like activity by
Ac-Tyr-Val-Ala-Asp-chloromethyl ketone includes long lasting neuroprotection in cerebral
ischemia through apoptosis reduction and decrease of proinflammatory cytokines. J Neurosci
20:4398-4404), Inflammation and glial activation is common to different forms of neuro
degenerative disorders, including cerebral ischemia, brain trauma and experimental allergic
encephalomyelitis, disorders in which erythropoietin exerts a neuroprotective effect.
Inhibition of cytokine production by erythropoietin could, at least in part, mediate its
protective effect. However, unlike “classical” anti-inflammatory cytokines such as 1I-10 and
1L-13, which inhibit tumor necrosis factor production directly, erythropoietin appears to be

active only in the presence of neuronal death.
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inflammatory may alleviate inflammation by suppressing NO or other
neuro toxins, if the anti-inflammatory has too long a half-life it may also

W(?n Etere With these chemicals' roles in repairing the damage?rg 55%805"’““477
from the trauma that led to the inflammation. It is hypothesized that the

compound of the present invention is able to alleviate the inflammation 20

.. Wwithout interfering with the restorative capabilities of neurotoxins such.as
While R WP RE o Sk o SR B AR AP AR o AR LN ) b agotory
activitioniesb Cansitionsaiy sl dasddgestveralinah{lasitn Sihebriisoitiess since

include, but are not limited tQ retinal ischem[isa .macu rd%%eneratio

ey R A R RO S L MBS S VS T H EERr St et "85%?1&&1‘1 be
preveriyeradgivedpiinapaitypdetinahayteryeickege| et meindibeisags]s from
RS retIORRY AN ARG PRI, i rcaucing

hypotensg;,n and
mvention may be used to protéct or treat

. di
dying BrAiRBAS R SR
their réajiiy estsngfreinoadiatiotheapagibibiticisshrsttrmtbpypridin der grisrmages

. to excitgble tjssue. In nonlimiting ex le, I t : o
proxi R D DN T A S Z00RB i aa € DBeR or nirogen
intermRGIHIKR0HREEHHTh b aispiatimdmflatheratiosmotherapeutics with the

potential to induce peripheral neuropathies. A further utility of the

o heral neuroy .
Fuﬁherpn%orgde%l%ﬁ%tgﬁ d%grgwse{&' 0{3dp 1ha-treatment ot RRHERIGsINwithout th

poisoning, oic acid shellfish poisoning, neurolathyrism, and

rebouGusinctiispisdly assgormndig tarsher setérolsrune oy ORRATEEH sughass
dexm’e‘én %%ESP%%@Q%& IRe RIGaRRLIMNEBIGRID R EY JiEeGtathiaiR sREtRepFeArs as

ancing excitable tissue function in a mammal by peripheral ..
thougladiimsyduoinofa SuRRIRS! LHECHHIHEBIHUTROSE RISHEP ABBIRS Such as nitrio
oxidem@fﬁ.ug\ﬂﬁ E5.ANEGPRHIRDE QL AMRIGEIR 1R SERREMRBEHAINGRIBtities of
ethod, and further, this method is useful for enhancing cognitive fun tlg,n h
NO inmeﬂ;@nabgemmﬁém}lwd‘{i@rﬁ%wﬁgé%ﬁP‘Fﬁ?é‘é&wégl&f ebBF?és'é‘ﬁi“ ng the
modulIERHIAREGHRSAIRRAIR LI frhgndetal ielowant heludeof an anti-
en

ancement of learning and training in both human and non-hum

h an .
inflanratonyaRACH IS N HA BRI BE RS BN R RIS AP REms, I the

anti-i RS H AP A R ERE N YeRlin riterio e theesrmd aliteiveiss: Rystienls® roles in
include, but are not limited to, mood disordeﬁme;; xiety, disorders,

repairgiep s SrypogrirsH Hagdiis ﬁf@éfmﬂﬁalﬁ g 3o étnil ive

hypothesfzed that the compound of the present invention is able to alleviate the inflammation

without interfering with the restorative capabilities of neurotoxins such as NO.

The specific compositions and methods of the invention may be used to treat conditions of,
and damage to, retinal tissue. Such disorders include, but are not limited to retinal ischemia,
macular degeneration, retinal detachment, retinitis pigmentosa, arteriosclerotic retinopathy,
hypertensive retinopathy, retinal artery blockage, retinal vein blockage, hypotension, and

diabetic retinopathy.

In another embodiment, the methods and principles of the invention may be used to protect or
treat injury resulting from radiation damage or chemotherapy induced damage to excitable

tissue. In nonlimiting example, to protect from damages caused by compounds like taxanes,
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15 dysfunction. These conditions benefit from enhancement of neuronal

wdugt &696ther di;oro]ers treatable in accordance with the tegchi
the p/rgesent invention include for example, sleep disruption, geeéﬁ%ﬁésé?m“w

and travel-related disorders; subaraq@oid and aneurismal bleeds,
hypotensive shock, concussive injury, septic shock, anaphylactic shock,

. . and sequelae of various encephalitides an ningitides, for exam .
csplaBATRCADE GO B AHSS TR BB e Be L Bfigpathies. A
furthet'SEHNolde praueniontbé proseatdetiontifioin ipaisohizrgrbsnhelirotoriasin
. such as,domoic acid shellfi oisoning, neurol rism, an .
Potsor i SURl AR RO o SR A B8 i Tiscnce
amyoti@aiioéntfor sembsilicand Baliensieniisjdisgastole brain irradiation; sickle cell
crisis; and eclarnpsia. A further group of conditions treatable by the

Asmd SQQQ%@JJQ%&:ﬁ?&@ﬁi’?ﬂ%}{%i&%%ed%%@mﬂ%%cwﬁﬂéﬁﬁﬂ@ﬁngf

er a hereditary or an acquired nature, which are the cause of a varief
excitablerétsusldgssioniseageayisiiby By mbareHRisaiRnRE A RompPUnd of the
inven ﬁ&?%&l@s&%gﬁ' AHIRRASEFHRAGMIB Re GrRTiZinA RIER RRAIeR&EYIEI%o ireatment
cha

racterized by progressive visual loss and encephalopathy, due to

using Hearoatiicdapiintaed Wisopeiar intrisk lasebaperefogniky function in the
absengé)i?l@‘ﬁ%%ic%ﬁ%ﬁ&JéPéﬁ?&&é! OBRAL 7:sLd dritachradhiahmelabplisentaiisted in

supp high energy substrates to fuel the metabolism of excitable
furthesaktsaihheloytansporduscrerbpteraet i) RcoRMIIIRIRBR D heijhguman and
non- Eﬂ&ﬂ?ﬂamrﬁa‘@”ety of mitochondrial diseases. As mentioned above,
ypoxic conditions adversely affect excitable tissues. The excitable

tissues include, but are not 5 Iimiteqht , C for‘al nerv u§ gstem titssuveehtion
CondiompurbiRER e B aneith S s st AT SHRRISHCES s
directe@nditiRns:Aesciikosakoventhadnedt) bds ot thet fireiedtinventibdisralers, anxiety

useful in the treatment of inhalatign. poisoning, such as.carbo ide
disordgt, FRKEARHN, USURRD ASHTH D RATTE T B Ay ehstibes o
dysfu¥ASFOMTRcshekingi andaeditdromninarteantiont oforditmas fuhitiecrogher

hypoxic conditions c%%%

disor‘i‘ﬁﬁ&&@@fﬁ)’é‘lﬁfﬁ?ﬁ K%?\;[v:}r% )1}%%%%0 iirllldg%% ﬁl)éCitx%%%tiﬁi%ﬁtﬂ%MEd%%or

t urin mappropriate aosing o |nsu_|n, or
exampliéhsTesylismpetincklgepepptasms (irselnolsia) Usvidesnsiapseid eyt

s B AT B SO L San e e e ghock
and seq@eR@eBvarious encephalitides and meningitides, for example, connective tissue
disease-related cerebritides such as lupus. Other uses include prevention of or protection
from poisoning by neurotoxins, such as domoic acid shellfish poisoning, neurolathyrism, and
Guam disease, amyotrophic lateral sclerosis, Parkinson’s disease; postoperative treatment for

embolic or ischemic injury; whole brain irradiation; sickle cell crisis; and eclampsia.

A further group of conditions treatable by the methods of the present invention include
mitochondrial dysfunction, of either a hereditary or an acquired nature, which are the cause of
a variety of neurological 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
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involved and for which treatment by the present invention is provided

Wd%“‘éﬂ)‘ﬁz%i 6orders 15 relating to the central nervous system an%jor .
perlphera‘fnervous system including age-related loss of cogr]ﬁ veneaoRe4 T

and _senile dementia, chronic seizur%.pisorders, Alzheimer's disease,
Parkinson's disease, dementia, memory loss, amyotrophic lateral

. sclerosis, multiple sclerosis, tuberous sclerosis, Wilspn's Dise
mitochEBE5IFIHBE AA8 SBh TISE) Bty e HCARes ey Bocy
metabdﬂfﬁeﬁlflﬁgcﬁdﬁlr(é %iﬁ%aseﬁ csyibhopsisfiangifgrorentejiiaiepaiaies optreizes

o reutzfeldt-Jakob disease, Huntington's disease, myaotonjc.dystr .
fling SHHR A PO DIEIEE RPN A AR o s 0 AR
conditim(ﬁgllbaﬁr&i%eﬁ ahecla Hoitleiissaynd Tinexsimhiedidisosderfusechggre not
. .. epilepsy and chronic seizure disorder, styoke, in,Qr._spinal.c
e T
In addiBigionothicdimiitionsisardbed sboteathbypsittedsivilnpreieainisoiigarare useful

. and neuropsychiatric 25 disordersthat i imited- )
in e RN OAR LI et et AHdon Boeh Slaardgy | aton
severe hﬁﬂmg:ﬁﬂityt dyptwonjcdissesd syndrajoe deprsingy andisend dromeing, Further
. obsessjve-co Isive.disor i i
cond RS R S e A e

includgiisglqmgglﬁca%ddiﬁmmﬂemows}dn' isprivoariatandesiogeyfdnartityer nebripsgin-
Include, for ex le, those listed in the American Psychiatric WO
pmdu%%é‘ﬁﬁféé%ﬂ?@@%@%ﬁ%%&oomw 18 Association's Diagnostic and

‘ Statistical Manual of Mental Disorders (DSM), the most current versjon,
Variouvnetapisatiolioriarden nbieinsy belisisnde prisairieg wah lﬁ gpsue
damag%%oggﬁgﬂf? IRFHD RBARE FRIMSILC OXMAREIES LRIMINEHGearonal damage is
. compound of the invention can be used for therapeutic delivery of toxins
involves wed farprblitbrankngridradie et SEEaHeRASHOTedi dp Saeaes

relatin%l{g Aute.salorasingRayeRaeRNBipFinhinal listsrddinaal extlip@nge-related
on-limitin indications as to the various conditions and. disegses .
loss onentibie 1BSABH 63 ACHIBRSH SHRHEATRp OB fhigheimer's

diseasHRRER 0 AU dabS HetivsiR, anbVsHncligRay Sesdilicateral isdasei ypeltiple
scieros?irs??gbgggso L% g;:cgies,?r\%fli?gogq;n Iljaisggsreogcg‘% raa&t%% %ifoeg?ggsfeg %L%’rggﬁgfggr palsy,
Guam disease, Lewy body dementia, prion diseases, such as spongiform encephalopathies,
e.g., Creutzfeldt-Jakob disease, Huntington’s disease, myotonic dystrophy, Charcot-Marie-
Tooth Disease, Freidrich’s ataxia and other ataxias, as well as Gilles de la Tourette’s
syndrome, seizore disorders such as epilepsy and chronic seizure disorder, stroke, brain or
spinal cord trauma, AIDS dementia, alcoholism, autism, retinal ischemia, 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 hyperactivity, dysthymic disorder, major depressive disorder, mania,
obsessive-compulsive disorder, psychoactive substance use disorders, anxiety, panic disorder,

as well as unipolar and bipolar affective disorders. Additional neuropsychiatric and

neurodegenerative disorders include, for example, those listed in the American Psychiatric
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inventFinrem becuded foypeepipsivic delivery of toxins to treat a proliferative disorder, such

as cancer, or viral disorder, such as subacute sclerosing panencephalitis.

Table 1 lists additional exemplary, non-limiting indications as to the various conditions and

diseases amenable to treatment by the aforementioned compounds of the invention.

Table 1
Cell, tissue or | Dysfunction or Condition or disease Type
orgait pathology
Heart Ischemia Corpnary artery disease Acute, chronic
Stable, unstable
Myocardial infarction Dressler’s syndrome
Angina
Congenital heart disease | Valvular
Cardiomyopathy
Prinzmetal angina
Cardiac rupture Aneurysmatic
Septal perforation
Angiitis
Arrhythmia Tachy-, bradyarrhythmia | Stable, unstable
Supraventricular, Hypersensitive carotid sinus
ventricular node
Conduction abnormalities
Congestive heart failure Lefi, right, bi-ventricular, | Cardiomyopathies, such as
systolic, diastolic idiopathic familial, infective,
metabolic, storage  disease,
deficiencies, connective tissue
disorder, infiliration and
granulomas, neurovascular
Myocarditis Autoimmune, infective,
idiopathic
Cor pulmonale
Blunt and penefrating
frauma
Toxins Cocaine toxicity
Vascular Hypertension Primary, secondary
Decompression sickness
Fibromuscular
hyperplasia
Angurysm Dissecting, ruptured,
enlarging




Aneurysm Dissecting, ruptured, enlar in WO 2006/002646
PS:T %K2005/000477 19 Cell, tissue or Dysfunction or Condition or
WO 200 ’
0 |S§é’séﬁﬁlpe organ pathology Lungs Obstructive Asthma CHirbRE2005/000477
bronchitis, Emphysema and airwaylgbstruction Ischemic lung disease
Pulmonary embolism, Pulmonary thrombosis, Fat embolism

mIC !un%disease RPulmonary-embelsm
7 . ifion or disegse, . e
orean” UHHHC ﬁ’fﬁ)f’%’fﬂb‘?\ls Interst tlg_‘i”fﬁffﬁ'cﬁs.% S€idiop AfRR7E pulmonary
LungSIIUIUbIb CCERHIAr CySUTTIOTOS 54, £, DT pPUNnonale” fiauma Fneumaonia
and Infectious, parasitic, pneynoeniidestanis, traumatic, burn, aspiration
Sarcoidgsis Pancreas Endocripéniplaisetesnrheititas, type | Beta cell failure,
dysfunct iabeti .@Bi%ﬁ&b&her__endacme-ce!!
Ischemic lung disease Puimondry embolism,
Pulmonary thrombosis,
Fat embolism
Environmental lung
diseases
Ischemic lung disease Pulmonary embolism
Pulmonary thrombosis
Interstitial lung disease Idiopathic pulmonary
fibrosis
Congenital Cystic fibrosis
Cor pulmornale
Trauma
Pneumonia and | Infectious, paragitic,
preumonitides toxic, traumatic, bum,
aspiration
Sarcoidosis
Pancreas Endocrine Diabetes mellitus, type I | Beta cell failure, dysfunction
and IT Diabetic neuropathy
Other endocrine cell
failure of the pancreas
Exocrine Exocrine pancreas failure | pancreatitis
Bone Osteopenia Primary Hypogonadism
Secondary immobilisation
Postmenopausal
Age-related
Hyperparathyroidism
Hyperthyroidism
Calcium, magnesium,
phosphorus and/or vitamin D
deficiency
Osteomyelitis
Avascular necrosts
Trawma
Paget’s disease
Skin Alopecia Areata Primary
Totalis Secondary
Male pattern baldness




failure of the pancreas Exocrine Exocrine pancreas failure pancreatitis
Bone Osteopenia Primary Hypogonadism Secondary immobilisation
WO I8k 8ausal Age-related Hyperparathyroidism Hyperth§fdidRE105/000477
Calcium, magnesium, phosphorus a%j/or vitamin D deficiency
Osteomyelitis Avascular necrosis Trauma Paget's disease Slcin Alopecia

Areata Primary Totalis ViF ' ness-\WWQ
ff;f;;?@‘ff@bo:t%’fg ﬁgy‘FMKZOOSIOO D&TH560 Eetf*t6€ue of B¥éiunction or
CUHdiiiUlthiHéBcaac Type-orgpp pagtogy Vittgo toeglzed Primary
generalized secondary Diabetic ulce atié)n Peripheral vasc(lrular disease
B T . eneraiﬁe secondary
urn injuries _Autoimmune Lupus erythematodes,
Diabetic ulceration
Peripheral vascular
disease
Burn injuries
Antoimmune Lupus erythematodes,
disorders Sjiogren,
Rheumatoid arthritis,
Glomerulonephritis,
Angiitis

Langerhan’s histiocytosis

Eye

Optic neuritis

| Retinal

Blunt

injuries, Infections,
Sarcoid, Sickle C disease,
detachanent,

Temporal arteritis

and penetrating

Retinal ischemia,
Macular degeneration,
Retinitis pigrentosa,
Arteriosclerotic
retinopathy, Hypertensive
retinopathy, Retinal
artery blockage, Retinal
vein blockage,
Hypotension, Diabetic
retinopathy, and

Macular edema

Embryonic and

Asphyxia

fetal disorders

Ischemia




disorders Sjiogren, Rheumatoid arthritis, Glomerulonephritis, Angiitis
Wd‘%gfﬁﬁg 'S h_|st|ocyt05|s _Eye_Optlc ne_uritis Blunt and penetratin

Injuries, %ﬁectlons, Sarcoid, Sickle C disease, Retinal detacﬁ%]T %EQ 005/006477

Temporal arteritis Retinal ischemia,zi\/lacular degeneration, Retinitis

pigmentosa, Arteriosclerotic retinopathy, Hypertensive retinopathy,

—Retinal- ge;-Retinpl—vemn-bleckage—Hypotenston-Diabetic
Cell, t SEGtion or Condition or disetisé | O Aype r e
» PathEpa ﬁ? oﬁg;l?ﬁaé'ular edema “EMBRYSNIc and Asphikia fetal disorders

organ

Cng Tschemid Wild,¢0067002646,RT T/DK2005/000477 21 Cell, tissue or

g;t/izflljgc I(s),}rr]n rg}%:e(’)ndaiyu D or ¢ igease Type organ Pathology CNS Chronic

chronic hypoosmolar and
hyperosmelar syndromes,
AIDS Dementia,

Electrocution

Encephalitis Rabies, Herpes

Meningitis

Subdural hematoma

Nicotine addiction

Drug abuse and | Cocaine, heroin, crack,
withdrawal marijuana, LSD, PCP,
poly-drug abuse, ecstasy,
opioids, sedative
hypnotics,

amphetamines, caffeine

Obsessive-compulsive

disorders

Spinal stenosis,
Transverse myelitis,
Guillian Barre, Trauma,
Nerve root compression,
Tumoral  compression,

Heat stroke

ENT Tinnitus
Meuniere’s syndrome

Hearing loss

Trauwmatic injury,

barotravmas




syndrome, acute and chronic hypoosmolar and hyperosmolar

syndromes, AIDS Dementia, Electrocution Encephalitis Rabies, Herpes
W%Hﬁ@ﬁ@gubdural hematoma Nicotine addiction Drug abusBHRZ005/000477

Cocaine, heroin, crack, withdrawal m rijuana, LSD, PCP, poly-drug

abuse, ecstasy, opioids, sedative hygnotics, amphetamines, caffeine

Qbsessi e-compulsive disorders_Spinal QW
Cell, E5eiflian Esé%’fgf”‘l“i‘ﬁ’ﬂfrﬂ”a, Nerve rGBEEMBrESESA, TunBP4l compression,

OTgOR | v c4r Igsa R .}ll':u-.,.:;. NA H 1 ! 13 . 1
Kidné%f’“‘ S O R e i oS —VIEUIMETE.S JyIIe Orme ™ MEAMF {iassdfabid) allnterstitial
ihjury, barotraumas WO 2006/p02646 PCT/DK2005/ 38,0477 L .
isease, diabetic kidney disease,
nephrotic syndromes, infections,
injury, contrast-induced,
chemotherapy-induced, CPB-

induced, or preventive

Henoch S. Purpura

Striated muscle | Autoimmune disorders Myasthenia gravis
Dermatomyositis
Polymyositis
Myopathics Inherited metabolic,
endocrine and toxic
Heat stroke
Crush injury
Rhabdomylosis
Mitochondrial disease
Infection Necrotizing fasciitis
Sexual Central and peripheral Impotence secondary to
dysfunction (e.g. erectile dysfunction) | medication, (diabetes)
Liver Hepatitis Viral, bacterial, parasitic

Ischemic disease

Cirrhogis, fatty liver

Infiltrative/metabolic

diseases

Gagstrointestinal | Ischemic bowel disease

Inflatnmatory bhowel

disease

Necrotizing enterocolitis

Organ Treatment of donor and

transplantation | recipient
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22 Cell, tissue or Dysfunction or Condition or disease Type Organ
WO 5’&1&}9&9 Klldney Renal failure Acute, chronic Vascular/ischem
!nterstltla disease, diabetic kidney disease, nephrotic synd?ogr%zr’sgmesmw”
!nfections, injury, contrast-induced,,ghemotherapy-induced, CPB-
induced, or preventive Henoch S. Purpura Striated muscle Autoimmune

Hicnrdars !\vq\lasthenia ﬂra\vlis Jnrmntcmunnitis PGI" Y vacitie M 4ot
) J . of ttwn.o’f“li_?‘{?seufe 7 Tﬁﬁéjum. JOPGHTES

P and toxic Heat stroke “Crush injury

QigRaae Iniection Negrotizing fasciitis

ac Sexual €entral and peripheral Imgoteggn% secondaryjto dysfunction (e.g.
H

erectil_e_ dysfunction) medicatign, (diabetes) Liver Hepatitis Viral, bacterial,
parasiti¢ Ischemic disease Cifr RS FPREIVERS Infiljrative/metabolic
diseaseb Gastrointestinal Ischielmidabtiseldiedease Ihflammatory bowel

Endocrine Glandular hyper- and

hypofunction

As mentioned above, these diseases, disorders or conditions are merely illustrative of the
range of benefits provided by the compound of the invention. Accordingly, this invention
generally provides therapeutic or prophylactic treatment of the consequences of mechanical
trama or of human diseases. Therapeutic or prophylactic treatment for diseases, disorders or
conditions of the CNS and/or peripheral nervous system are preferred. Therapeutic or
prophylactic treatment for diseases, disorders or conditions which have a psychiatric
component is provided. Therapeutic or prophylactic treatment for diseases, disorders or
conditions including, but not limited to, those having an ophthalmic, cardiovascular,
cardiopulmonary, respiratory, kidney, urinary, reproductive, gastrointestinal, endocrine, or

metabolic component is provided.

In one embodiment, such a pharmaceutical composition comprising the compound of the
invention may be administered systemically to protect or enhance the target cells, tissue, or
organ. Such administration may be parenterally, via inhalation, or transmucosally, e.g.,
orally, nasally, rectally, intravaginally, sublingually, submucosally or transdermally.
Preferably, administration is parenteral, e.g., via intravenous or intraperitoneal injection, and
also including, but is not limited to, intra-arterial, intramuscular, intradermal and

subcutanecus administration.

For other routes of administration, such as by use of a perfusate, .inj ection into an organ, or
other local administration, a pharmaceutical composition will be provided which results in
similar levels of the compound of the invention as described above. A level of about 0.01pM
-30 nM is preferred.
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30

disease Necrotizing enterocolitis Organ Treatment of donor and

W (ilr%ag%l%%gb%tion regipient WO 2006/002646 PCT/0K2005/000477 23 Cell
iSsue or Dysfunction or Condition or disease Type or an Patﬁ&%ﬂoosm%ﬂ
Reproductive Infertility Vascular tra% utoimmune Uterine abnormalities
Implantation disorders Endocrine Glandular hyper- and hypofunction As
mentioned above, these c:i%e ses, digorders or conditionB are mere

The PhRIRSERECAT FERAHYR SRS Y PRRABE LS IRB LS GHaHGY elfective
amourifiYE iR Aeaading ly pHaisdaxentiafiygecepadlyl raviites ther gpeific @nbodiment,

phylactic t t of th
the e A LR TTGEABUI. QPR pIBAACTE AR o7 i ebcor o

Federalispedarscafocangidansrdisied mNE dne/dhpetpbepalanervdus gystestiare
prefegred. Therapeutic or prophylactic treatment for diseases, disorders
recop b TGRS HEAECE 5 eI E SRS OTRIagy 1 Pummans. The
term "Iheg@ﬂeammwdﬁbyiﬂmidjmmtmmlﬁmﬂjma@é@ld isotlderkich the therapeutic is
._conditions including, but not limited to, those having.an ophthalmic S
B
water te@rotlsidiictydiagtiosntastimstoBnoiacaiieay vegetabslioreymponentign, such as

rovided. In one embodiment, such h utical gom ition .
T
carriesydienisapjdoprateitd compasitothis tematiseited istaecmngyafelSacielutions

T
partic\_tﬂaﬂyd‘em&ytalﬂeammysaanitawmﬂb@nﬂ@mmﬂewm@ms\ﬁmlude starch,
giucoslg,t rfé}‘é%%%}‘ ssugztoiget,r %gl%%tno,r}lelgllt,i @jgg,tiﬁgma,r&galk, silica gel, sodium stearate, glycerol
monostearate, tale, 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 and the like. The composition can be formulated as a suppository, with
traditional binders and carriers such as triglycerides. The compounds of the invention can be
formulated as neuiral 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 derived 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.

Pharmaceutical compositions adapted for oral administration may be provided as capsules or

tablets; as powders or granules; as solutions, syrups or suspensions (in agueous Or non-
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also including, but is not limited to, intra-arterial, intramuscular,

Woigé{;%gg{rgg\l_ and subcutaneous administration. For other routes of

a mlnls?ratlon, such as by use of a perfusate, injection into %Cg¥8¥?%700n477
20 other local administration, a phagpaceutical composition will be
provided which results in similar levels of the compound of the invention

as.described above. A level of about 0.01pM -30 is preferred. WO
aqueouBGiBIBt> 83 6 T RZOBEIIBBR 7 aﬁf‘i’l@eﬂﬁ%‘arﬁ%&eﬁﬁ)@éf%arrf%%%/ﬁ?gn%aps‘ﬂes
may ooﬁfﬁﬁ@ellﬁéﬁﬁ@%ﬁﬂa}{] mﬂeﬁnisﬁ@s:llﬂwapﬁuﬁaglwsémwamnmdim succharine,
compound, an armaceutically acc e carger. In.a specifi
clllogs AN TR R AL oy DL Shlaer R ey
compriferegidatss/arenexal thes, Federalidr ar dtquédgmiynisteat Soligiedsiantieyrups

U.S, Pharmacopeia or ofher generally 5 recognized foreign pharmacopeia
may CO]‘BP%%W@HH& 0%71%“ Ste?PBarticularly in humans. The term "carrier"

‘refers toa diluent, adjuvant, excipient, or vehicle with which the
An actitesgpeiticeisdeifimsab rdthiSightismanna b prerd die i edmbed ihea

materizliﬂt{gg%e%ﬁh d?ﬁrﬁ? IN&: SRILLINNS 1B WAh YT IS4RE HERG AR rointestinal
petroleunt, animal,"vegetable or synthetic origin, such as peanut oil, )
tract (espy Blyaeryll pmimsiahtsile oo shraervhid¥erinte RAY Resatih- sohiftfoihg spstained

rezease%f&%rgeﬁéeoﬁgeéﬁgg&a%%%ﬂ?epémmﬁm%%ma?;mags@gmm%taeg%

intravenous In€ solutions and aqueodus dextrose and glycerol

agent csolbeignetesindifsonb baingsloged sk wijhia thsrploraacha HbatgMFiical
COInpOQ#E)%?PA? SalulignssvitahleRbymeasulical exarinisdpeisiie sfanchctive agent

glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium
at a pagicalateagipiaiestinabinssiéeir due taRpesHarRSL AT SHEET TS A°OGH ik,

glycerol, propylene, glycol, water, 15 ethanol and the like. The
Pharm&QREAIiempb daskeddspreise eandimmingndniswstiswiap tingroded as

S ST I T T

: Fpills, capsules,
a prolRRMIIBESI LSRRI TRigassdanoal atinpsshtivhthel e d The topivgosltivnistration

can be formulated as a suppository, with traditional binders an rj
may D VA R BB Eo SN 1 G OBt A B G P, el
spraysf%?ﬂékﬂ%e& asinepalgyialidarmsuRranrateidallynautespbie stilts external

tssuesyy HICAO BB B g deed? WHER AP ARRE R MPEhiaNEne, the
active ingredient may be employed with either a paraffinic or a water-miscible ointment base,
Alternatively, the active ingredient may be formulated in a cream with an oil-in-water base or
o watcr-in-oil base. Pharmaceutical compositions adapted for topical administration to the
eye include eye drops. In these compositions, the active ingredient can be dissolved or
suspended in a suitable carrier, e.g., in an aqueous solvent. Pharmaceutical compositions

adapted for topical administration in the mouth include lozenges, pastilles, and mouthwashes.

Pharmaceutical compositions adapied 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, Z.e., by rapid

inhalation through the nose from a container of powder held close to the nose. Alternatively,
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tartaric acids, etc., and those formed with free carboxyl groups such as

t jved from sodium, potassium, ammonium, calcium, ferric
W%%%fr&z‘ﬁ"g{épé, isopropylamine, triethylamine, 2- ethylamino etha'i)ﬁjéli’:])mmmwm

histidine, procaine, etc. Examples of guitable pharmaceutical carriers are

25 described in "Remington's Pharmaceutical Sciences" by E.W. Martin.

Such composijtions will contain a therapeutically effectiye amounet of EIP%
comPQKHIBD AN et BAR7 A TR A GRTRRR it S REBE AR URT F STy
or naseBdiesSA Rartatprevidia kiR formiiecpydpey hdminigitatio hetacthenpéitbed. by
, The formulation should suit the mode of administration. Pharmageutical
inbaloff SO B R TaP ST TP Ry B BRI o EBvies
compaitidfstabletsimeridewdecs o grai ytdatiasssdltdioasi sy iupsedient. Compositions

syspensions (in.aqueous or non WQ 2006/002646 PCT/DK2005/0004 77
for AR AOB AL BN B SR RS B A T o ot
not lithned gelatrmrapsatessohn neatipesetdotosBattachbiciderivhtvesstructed so as

thereof,,magnesium steara sod'um.sacc#ari cellulpse, magnesium
to proyifpBrediehiice dosare: ShS A P St REe el oyt
pharmzomytidskcuegeisbiemois, tieimsntits aseminsiplisteord iudtholeis etyity directly

., Splutions anqhst rups, 5 may comprise water, polyols, and sugars. An
or mt%ghev}ém Jetin %ﬁage% ?8¥§¥a?1a(g§ﬁhls?rafion may be coated with or
admixed with a material that delays disintegration and/or absorption of
Pharntheswittalecergensivomadastedifiaserial adamipigrgtiopyesnhsmsnsdehrate

suppogﬁrgji)ég L digiearaie may. baisEhmpbsB ol ausiained iRIBRS G dRh@kstration

active agent may be achieved over many hours and, if necessary, the
may beqiveidedagansEaEB BRI cRTIAGH BElh ARG aERSIN AR IPIRG [SfsRAtons.

Pharmaceutical compositions for oral administration may be formulated to

Pharria6iiiaie WeReRIabA Akiveaue phraiierflaidsitastgaistointbstinaglecasiand non-

due to specific pH or enzymatic condjtions. . Pharmaceutical C(t)mpﬁ%‘;mg%suffers

aqueok SISt 1BICHARLHERMLPRATIATSHERP A 15 SR8V 4R ARt
bacteRGIERe ahatendes iaderaaiarihintmaiestantashuitnthale pidembisifitiies blood of
recipient.for 15 g%rolonged}%erio oftim% Pharmaceuti Icomg&;itions

an intgpylegh e R iSRS ATARF ST i ASPB O R RGBS SRFEME G e e
waterShISPRABI RSy 0As cpaMCTS vegiitibieiiBaste sxgeisle sifaypoaiiosoislapted for
e B AU 5 S 15 B S DL
sealedAn@i0iBI@Nd thels, and may be stored in a freeze-dried (Iyophilized) condition
requiring only the addition of a sterile liquid carrier, e.g., sterile saline solution for injections,
immediately prior to use. Extemporaneous injection solutions and suspensions may be
prepared from sterile powders, granules, and tablets. In one embodiment, an autoinjector
comprising an injectable solution of a compound of the invention 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 traamatic
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 a compound of the invention to multiple sites in the severed part as soon as
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active ingredient may be employed with either a paraffinic or a

water-miscible ointment base. 20 Alternatively, the active ingredient ma
WREHEIEtAted in a cream with an oil-in-water base or a waterShIGNHREE/000477

Pharmaceutical compositions adapteg,;or topical administration to the

eye include eye drops. In these compositions, the active ingredient can be

dissolved or suspended in a suitable carrier, €.g., in an agueoys solvent.
practispRifEIEA RREAre 917 350 AL TR RS PROSI SR G S élﬂﬁcted

indivit@Althincladadazsngetdastiesandsmnouthwashes. 25 Pharmaceutical
compositions adapted for nasal and pulmonary administration may

comprise_solid carriers such as,powders (preferably havj [ ize
In o LS LRI B e Tp o 8 btk
procethanses mphvinich ik dakensitien, diapagidomhbiattoous asnitishoséo human

. from a.container of powder held close to the.n Alternati :

beingy e R CRioB S o8 p At o AR s
isotosidraipistratiaritarayhdoerpnise sigaid ibarcierpositiomasal dpeaysiwienasal

rops. Alternatively, inhalati i int :
a ol AT RELK IR ADEMOR TS ot the it of the
injeciitto. thewreplyatain ghdsatcomnpaslicdsithey smapide eridsuktogahicr in unit

solutions, of tive j lent.& ifi agmin; |
dosa MR RS ARSI S L PG AT RonAA s S e s
hermlitiiedly-smajprd seutidadt aerbsslsn ashulic orsarhinkeftdiorsing herasantie of active

agenCORHERS 189 894 %s;ﬁcﬂ{gsvkgq%@ %%%%ﬁ%ﬁ}@%?%gﬁﬁl%% PE¥8pensed with an
ingre lent. In a preferred embo iment, P armaceutical qomposmons of
infusthe hovdntiontaréngdrisiile teradriptotiienheradecaniey areBiRe. oMResHe

complg (Y é@ Haﬁlﬂﬁ&@{égﬁﬂm EQIORNA ¥ikpuO SERarma CRIC LAY BASHIRRSso that

adapted for rectal administration may be provided as suppositories or
the irgredients Rissrbeaasicatienn sosmosEdapted for vaginal administration

may be provided as pessaries, tampons, creams, gels, pastes, foams or

spray formulations. Pharmaceutical compositions adapted for parenteral

administration include aqueous and pon- . agueous sterile_injectabl .
SuppesitaisrSal f SREIBHS TR AFS SN, Siété%%ﬂm}gé%{?e by weight; oral
formPREIERIOSIalSBRA:0alIRS hatsarmis niie cpRAHONS substantially

isotonic with the blood of an intended recipient. Other components that

N e R T S
perfusion, or for administration to the vasculature of an organ donor prior to organ harvesting.
Such pharmaceutical compositions may comprise levels of the compound of the invention 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 sify perfusate
prior to removing or reducing the levels of the compound of the invention contained therein

before exposing or returning the treated organ or tissue to regular circulation.

The invention also provides a pharmaceutical pack or kit comprising one or more containers
filled with one or more of the ingredients of the pharmaceutical compositions of the
invention. Optionally associated with such container(s) can be a notice in the form prescribed

by a governmental agency regulating the manufacture, use or sale of pharmaceuticals or



10

15

20

25

parenteral administration may be presented in unit-dose or multi-dose
containers, for example sealed ampules and vials, and may be stored in a
WQ@@Q@%?T@% (Iyophilized) condition 20 requiring only the addifi&R/8fg005/000477
stgrlle liquid carrier, e.g., sterile saline solution for injections, immediately
prior to use. Extemporaneous injecti%% solutions and suspensions may be
prepared from sterile powders, granules, and tablets. In one embodiment,

biologmalqutsingstwhicbmpticsnofleativootatid B asorsency afimssufigaranese, or sale

for hu%eg&ﬁmg&x&%'provided for emergency use by ambulances,
emergency rooms, and battlefield situations, and even for 25

self-administration in a domestic setting, aiti ularly where t pc;) sibili
8 c

T anoet sbRATE A SR SHAR PG RS Eo NGO DN
controlYETeaER italhopst Bakeals dansblissspRlinmayaresathinieteoedasingll

. survive after reattachment may be increased by administering a
intrav RO UHHGH oD BRI S TR & 1S GOUB R A BBy 44 other
modesW@(%?%‘ﬁ@@gﬁﬁ? &Qﬁ@ﬁﬂlﬁﬂﬁm&@ FuRp piagtieael Geerl beferestpea;
arrival of medical personnel op, site rival of the afflicted ,individual
Softonn{98de et 10 B InE BEHEREy FHBN1 i BHEIE TR eriBANMIERE T S0
Saudeﬁ%mgsliﬁw?iﬂf@ﬁglﬂ&t%ﬁ] aogosdancwiibthentinthodiosed) tescamaound can
pharmaceutical compositign adapted for. intravenous,adminj ion.t
be delfiGHRAANS BERS, Ty BBl SER 46 R R A MR
(1990 Rrersat léti_@n,sﬂmﬁgﬁ—l;ﬂ@ﬂ@@ﬁ@m@aﬂmwdmﬁﬁascwmmmsesadrgzamer, Lopez-
compaosition ma 0 include a splubilizing ) I heti
e NG SToARS e S S S B AR T v
No. 4,gtgr9@i§;n@ﬁé§-gaﬂmﬂﬁ,ewmr@epammg aeenieackatiyethidn in mdnother
losage form, for exampje, as.a dr hilize der. or. watersf
embo nPREFIS TP e‘i?é’a]ﬂ?/%é:é)l/gsg %on?%?frcl%éj;% 1caueny g?n{& fofted
Releasithaijerngicating the JUaRPofsachvea Bgeon, Fitede, the7dopusiied iBrug

. to be.administered, by infusion, it can.be dis ' ' i .
o T A R SR Wt e
York gm@@pﬂ&ngdsmndrmppwédm;dnjauﬁoﬂdaﬁwnmwgm@tbﬂbe@al’w‘ﬁe‘é:hrl 953; see

e provide at the,j ients.ma ' ' mistragi
o LA S D YO R A Ao
al., 19891 09b byroeeigh 7 Didls).

In vet another embodiment, a controlled release system can be placed in proximity of the
therapeutic target, i.e., the target cells, tissue or organ, thus requiring only a fraction of the
sysiemic 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, the compound of the invention, 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 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
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formulations preferably contain 10% to 95% active ingredient. A perfusate

W composition may be provided for use in transplanted organ baths, for in
QR ion, or for administration to the vasculature of an ofGAPEGAET000477
prior to organ harvesting. 20 Such pharmaceutical compositions may
comprise levels of the compound of thé invention not suitable for acute or
chronic, local or systemic administration to an individual, but will serve the

wounduhiesiong afteriegena biniticetioridvenoRs pabetgahhesaRatd agppository,
ot by %&Wé&&ﬂﬁp@ﬁﬁﬁ g seMpMRORIHSIrEIRSNR, RYRISAbIRe £OrBRAUBGk Rhaterial,

" theinvention contained therein before exposing or returning the treated

includipgancortaencl kg Rilesteunsmlivanss Tt iBntion also provides a
pharmaceutical pack or kit comprising one or more containers filled with

SelecifiedMRRge REEE dfetericatsohilicopldatenadatdibgl celipabititsmdfatied upon

_invention. Optionally associated with such containey(s) can.be tice |
considering ﬁ?f’ﬁ?@s‘%ﬁ%ﬂ vﬂvcgl d@el?ﬁ;%wgi t&g?é}?c?? r%ré{éilg{% ell’? tﬂg e{%e g]uch
factorgig_?%gﬁaﬂﬁwmﬁr%pmﬂmﬁwwms preBcd, AdGIR p Rfhbeokinetic

5/000477, 28 biological products,.which notice reflects
paramggsHehRS msaa’a&ﬁkﬁlahmﬁ%ﬁ%ﬁ&fpmeg%gﬁf%ﬁiﬁmw o ?j"’r%%%na"e been
establadetinistiaione ivanaben eprbodipernitdorsayainally, ¢ torbouciionine

invention canp pe delivered in a controlledsrelease system. .For example,
e TG Ay S R STORPIIND 3 TR QA TR B the dose
inclhudB 'l Bbaiei s ratiscasetp iz trensdernd patelfit ip decmisisyod dttearormal
. .. .modes of administratign. In one embodiment, a.pump..may be ..
indivigiydhe P SE o B Et L S RHR Ly g fation is
acute BH6hMalg, ebatohdRa Sutienids; 50d oBautiekoet alelllogsyNoRbt she efficacy
Med. 321:574). In another embodiment, the compoun n i .
of sy LT 22 o Aip s eEg Bedd SR RN ceording
to the jQd&908) oT thapeiditidnek ipabonchpitichts TherapstofckiesiowsBibingapon the

cons 8 SSRGS L0 I M

technlqmez-_Berestein, ibid., pp. 317-327; see generally ibid.). In another
embodiment, polymeric materials can be used (see Medical Applications

9 i 56 épRiSi bR RIeRSHIBORR fusi
IR BERR IR (D R S i
and speagisrfamgensivolmaans Aqesslysniglukienincluding an amount of the

compound of the invention, effective to protect responsive 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,POs; 3mM glutathione; SmM
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York (1984); Ranger and Peppas, J. Macromol. Sci. Rev. Macromol.
W()Che%l. 23:61, 1953; see also Levy et al., 1985, Science 228:190; Durin%
@P%%@@ Aim. Neurol. 25:351; Howard et al., 1989, J. Negp&gﬂ}&oos 00477

71:105). In yet another embodimentB% controlled release system can be
placed in proximity of the 20 therapéditic target, i. e., the target cells,

tissue or organ, thus requiring only a fraction of the systemic dose (sge
adenosing;, VAASDREAPS: 10NARRNRCR LA AT ABBRECSTEL ISR Y

Cacm,dR_msaﬁq,g\é_@kuﬁl SHRGh df&ﬁﬁo,@mbelei@g%ém@gmleazmw‘ 15sﬁem27 : ﬁgmg
iscussed.in the review anger cience : - :
DexanigiReics MBBRIEAELRES: GRipBEnG DL ot 88 %ﬁ%ﬁiﬁﬁl bt Bbout 320
mOSnfarnuateteanibasabradnmintsiaredibyeriasaliral aretiahoaaiealpdor to
sublingyal adminjistration. In a specific embodi t, it may. b sirable to
transp 35 hakeh (oGBS TIEHE LIRS DB CHEAR R B SRR
recomifeatine it taidamaic iedashipisdroyidor cXdsymieiardrpetfugatsis wbrely
. limitation, local infusign during syrger ical icatjon, e.g...in . .
st GO DY) SO H e L SO P ety nclusion
of an difessiRgaiiensof geryompimedtisithbymmeniwmofia ztider cimpodéanstotha
suppository, or by means of an implant, said im t bei a porqQ
Pt L AP G T PN S e £ B o e
inventibaebRaesouidons Selection of thegitbfecredpeifiadtviddoberevitidie
determined by a skilled artisan based upon 5 considering several factors

... Which will be know | ibl..L I | e
L e b e O R e e

throughansrisstdnssus itesisitwesiladity ARRbY-aAsoRdn F%&ﬁlﬁfé,né’ﬁél??%%iemwlaﬂy
domesgzac\a/lﬁag %%%%t%Mé%%%,%%gBSM%XEJM?%@Wﬁ%ﬁ»@fﬁ%w is not

mployed in obtaining” fegulatory approval for a pharmaceutical

so limithmgpodritic bargfiss tandsappbisddriany gaataiise 10 include the

condition or disease to be treated or the benefit to be achieved in a normal

ingifidial P e PRIV ARAS IOt theInRientTiVE OB GE MRS &OMPOUNDS OF

whether administration is acute or chronic, concomitant medications, and
othEREINFBNEIONown to affect the efficacy of administered

As nolieEnacertical serRRsthbpedheprupaidopaptishetstibe iletiddtain capillary
according to the judgment of the practitioner and e(?ch Qﬁttient's . .
huma%iqaegﬁﬁgfgﬁgéglcgc&teag‘&éwﬁarg tgﬁ){ﬁ&ée compounds of the mvention are present in

the human brain, and that the animal studies on these compounds of the invention are directly

translatable to the treatment or prophylaxis of human beings.

In another aspect of the invention, methods and compositions for enhancing the viability of
cells, tissues, or organs which are not isolated from the vasculature by an endothelial cell
barrier are provided by exposing the cells, tissue or organs directly to a pharmaceutical
composition comprising a compound of the invention, or administering or contacting a
compound of the invention-containing pharmaceutical composition to the vasculature of the
tissue or organ. Enhanced activity of responsive cells in the treated tissue or organ is

responsible for the positive effects exerted.
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15 condition and the immune status of the individual patient, and

Woﬁgﬁ%(%ﬁég&%o standard clinical techniques. In another aspect of the

h
nvention, a perfusate or perfusion solution is provided for peﬁﬁg@ﬁ(zg%g“o‘””
storage of organs for transplant, the perfusion solution including an
amount of the compound of the inven%on, effective to protect responsive
cells and associated cells,, tissues,,20 or orggns. Tranﬁfgla t inclydes, bLJ[tn
I

As deseribsdiabrug fheianetianss RRtatdn Ritfe P SRS AEFOY hgEengporet
molectisglenabethendpodiv pam) ibdlanasiesiffars anthebaamnand tantptastedface of

into _a djff t recipjent; and autot lant is tak .
endotigl) S G A PGB Rt e R RO TG DA S e lugine

for exPigedteBrath\woilitaamdngstis Malydseresponving caliclachite the bimojer are
resected, repaired, or otherwise manipulated, such.as for tumor remo

suscor S N TR B BTSSRI S 6 DB S s el

types peHusiensaluion HiheoriiivendigepéM iscodsile (Wik)sol uhorggimsive cells

_ .Patent No. 4,798,824) which contains, from..ahout 1 to.about 2 ml

ot S BRI W% R AR AR R PRSI nE PR ™

particé@lae ¢, ARt aaRowtosBh 00 0 angdosulisiftitially rgof dthyptenpagydoff the

. ethylene chlorohydrin, sodium chloride and acetone); X

inven G S A S B RS GBoL i Staple

neuroAgieRehing th@God igiucokeg] O] HERESaHdnisnine.mdgnebtanex, adrenal
luconate; 1.5 1C12: 105mM sodium gluconaie. 200 '

et R L

receploadminpodan daitisandigmbamuidiitiof ersad2eultiusinihy hetiseligionf a gene
is.used to maintain cadaveric kidne i :

T

or tiss; o fianif freaohmer euctoachyl dwsins, kidrvytheepavitiogentnigadiation

ticular perf [ ly i ' At
L

by'inclusion of an effective’ .
injuryeondiypbaidhecsmpoenbeotine thyEmision afsrehiiseenmodrsaihedHa detal

. Perfusate,solution. contal LR QIR 20eHLA0P bafdhen
hermgg?n%vu n%sor}ot%%ni% ?ﬁéﬁéﬁ%gﬁg{%ﬁggﬁ a%olﬁtgio ct)o abouki 30 ggﬂrrlml of the e
as wetlompootittoftiealsvention. While the preferred recipient of a compound

of the invention for the purposes herein throughout is a human, the

In thEGHROGSNEFINARRIYRRYRHY §F ARECMMAMGARIE, PatiaHREY patient is undergoing
systemic chemotherapy for cancer treatment, including radiation therapy, which commonly
has adverse effects such as nerve, lung, heart, ovarian, or testicular damage. Administration
of a pharmaceutical composition comprising a compound of the invention as described above
is performed prior to and during chemotherapy and/or radiation therapy, to protect various
tissues and organs from 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 the invention, various organs were planned to be
harvested from a victim of an automobile accident for transplant into a number of recipients,

some of which required transport for an extended distance and period of time. Prior to organ
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domesticated animals, livestock, companion and zoo animals. However,
the invention is not so limiting and the benefits can be applied to an
WO N4 495 THERAPEUTIC AND PREVENTATIVE USES GEHPJEL005/000477
COMPOUNDS OF THE INVENTION. As noted in Example 1 below, the
presence of erythropoietin receptors’th the brain capillary human
endothelium indicates that the targets of the compounds of the jnvention . ,
harvestpg,pibse MigHTRhavRe IR IshinT EheHeilamaasist s GomReosii e goMprising 2

compoGRTPeHRAS iRy ARUAb eI elisact W20 uRASiakaRierte thiptieatwert perfused

or prophylaxis of human beings. In another aspect of the invention,

with a pRI(YGRIS SPRIREHIE SSAAROIIHH R AR B TiAb Iy Sroe e §ils gad stpred ina
bath cQERREWNICLAIBNAHISRI e Giventidhe \Casuiatlurg-ay arrndaitistiahdsliperfused

. barrier are provided by exposing the cells, tissue,or organs directly fo a . .
with a pHlsatilscerrtesio T 8RTirss AN R I A ARITIHRG BFOTRARTY ﬁé%‘}eoﬂn"en"m
in acc@HRNRISIGANGLR ROACTIRG:RidR. CamBauN dlekifle AisantiDo: ganimitign occurred

_ pharmaceutical compaosition to the vasculature of the tissue or organ.
duringthin RSP P HSB U GG L RE TS b Bgan is
responsible for the positive effects exerted. WO 2006/002646

In anoPRET¢RK20NHAD6A TR Blchticescsibgitabovesthednvenpan ishbadedlie required
part, on the discovery that erythropoiejin _molecul . th 4
oo R A R0 U TR e, T B wePifa wi
ng of endaipeliaticefishefithe wipilprdezdiatgansghith Endotesiates]ipigrrnted hypoxic
) junctions, including, far exam the brajn, retina, and testis. Thus,
1S°he"}’l.§sf)ec!mﬁ7e %@?@%ﬂ?gggsoﬁaeﬁ aigrt%l%errrg -y uéls'igjosllé:'eptibIe targets for the "
beneficial effects of a compound of the invention, and others cell types or )
In antdsvescortodjamsthar cohtainumeigapeid FWhEW®BETh paRcEHuE, such as in

- ' hgreip-are;t faathsy nethade Afidhe davepéioiked. In one
Cardloﬁ%%%%&w?f#gnﬁtg lf%gé%li%u?r kl%/ﬁg?y articular theory, after transcyfosis 3
embodifrsoRrimeoHare A OaNERIRSE SO TR B hEFAEI L PEPovSd of the

inventgr(%? ractithigenabvengl %@Wéﬁﬁ@@t%ﬁ%ﬂ a1 respensveire!l fdoexagn e, bypass

neuronal, retinal, muscle, heart, lung, liver, kidney, small intestine,
procedittee trabcoireikibadraeion e pum, @Sb‘fﬂaﬁ%‘?@ﬁﬂ%ﬁﬁﬂ%sws, ovary,

pancreas, bone, skin, or endometrial cell, and receptor binding can
In ihdNiiaeArsignRkipRsductioncascadenesitingfirtitheiavtivatioriofisedefis ex-vivo

applications, or to treat responsive cells such as neuronal tissue, retinal tissue, heart, lung,
liver, kidney, small intestine, adrenal cortex, adrenal medulla, capillary endothelial, testes,
ovary, or endometrial cells or tissue, the invention provides a pharmaceutical composition in
dosage unit form adapted for protection or enhancement of responsive cells, tissues, or organs
distal to the vasculature which comprises, per dosage unit, an effective non-toxic amount
within the range from about 0.01 pg to 5 mg, 1 pg to 5 mg, 500pg to 5 mg, 1 ng to 5 mg, 500
ng to 5 mg, 1 pg to 5 mg, 500 pg to Smg, or 1 mg to 5 mg of compound of the invention and
a pharmaceutically acceptable carrier. In a preferred embodiment, the amount of a compound

of the invention is within the range from about 1 ng to Smg.

In a further aspect of the invention, EPO administration was found to restore cognitive

function in animals having undergone brain trauma. The compounds of the invention would
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expression program within the responsive cell or tissue, resulting in the
rotection of the cell or tissue, or organ, from damage, such as by toxins,
Wcﬁﬁ%@{?@ﬁipeutic agents, radiation 15 therapy, hypoxia, etc. BH{BK2005/000477
methods for protecting responsive cell-containing tissue from injury or
hypoxic stress, and enhancing the furttion of such tissue are described in
detail herein below. As noted above, the methods of the invention are

be expgiigflyiapeiedble ok ariinlaraeroiertiye elsmenadifals. Aditre slelaycf either 5
days Of AR RGNS O ine{DYE QB AARRIVRAARDLRASH 1D YRABGRIIE animals,

. 20 systemic chemotherapy for cancer treatment, including radiation o

indicaiiag-g, abiith YormBrEARP FRasnraveree okt ahasiirigrve g thseianention is

also QHRERA. & tepticylar damagenminirating RhaMAI MBseHiCqreparation of a
composition comprising a compound of the invention as described above

pharmaceaticin SATBRBFIHPANdAU I dreimsiHershy Darl o Pamat sReh iy, foenitive
dysfuRERISE YAFQUmdISeUaRANveruans oM iaraee DYHAR chemeHiemReUliGyeck, a

agent, such as to protect the testes. 25 Treatmenx may be continued until

g ! > -
montly % ahg levEns drTRatTeinalPR AlfsSIRTL 1 Je Rt Tt BeRweRhspenitive
dysfulbROterdifl Bij iRyt manmskandodyefretfioPastcarodPaab@bound of the

] embodiment of the jinvention, various Qrgans were planned to be .
invenfapeAfEHIPBHICRLARI S BNCRHIhAS SR SRGA AT TEH Waﬁjﬁéﬂﬁ?ﬁ’}rﬁ%ﬁm aspect of

the inveREREr of recipients, some of which required transport for an extended
distance and period of time. Prior to organ WO 2006/002646

PCT/DK%éOOS/OOOM? 32 harvesting, the victim was infused with a
Sstino e fused

Furthﬁﬂﬁ?ﬁ%act, ﬁtiE?flt%%‘ﬁeoseﬁ%eﬁ cgmpr|5|ﬁgeg 1E:)I(%n”llspoﬁlﬁe the |n\e/el"rﬂst(lao(r)lfaas'.ny of the

compdasdsibédireherentianiestén figtrspopstitoneof welepeahestidalvithmgposition for
rfusate containing.a compound of the invention.as described herein,,. d aft
the R B SR & OB L A A i Rted ater
and vatijafienvére iotitlnneuislyegerside Snilib dyplisatitepdviasionedeiviodment using a
utilizin erfusate containing,a.com f?q ' Hon 40 durine th i
conn A T SRR RO L B SR o, i o
phasdanctidhasccehredicdelrang. the transport and upon implant and reperfusion
of the organs in situ. In another embodiment of the invention, a surgical

In thPIOGEHY 6 IR IS RAILARERh Y BlkeroakiEs tRMBRY, B dinRiegiacRgy be

arterial occlusion. Priof to surgery, the patient was infused with 4 10 g q

f.
admipigeradoumerseally raAeepRFRG BoRlPHicigHe d abert diffars /ke body weight,
prefePIRYEHGS BYRPR K g-body weight, most preferably about 10-30 pg/kg-body weight,

per administration. This effective dose should be sufficient to achieve serum levels of the
compound greater than about 10,000, 15,000, or 20,000 mU/ml of serum after compound
administration. Such serum levels may be achieved atabout 1,2,3,4,5,6,7,8,9,0r 10
hours post-administration. Such dosages may be repeated as necessary. For example,
administration may be repeated daily, as Jong as clinically necessary, or after an appropriate
interval, e.g., évery 1 to 12 weeks, but preferably, every 1 to 3 weeks. The effective amount
of compound and a pharmaceutically acceptable carrier may be packaged in a single dose vial
or other container. The compound of the invention, however is nonerythropoietic, i.e., it is
capable of exerting the activities described herein without causing an increase in hemoglobin

concentration or hematocrit. Such a non-erythropoietic compound is especially preferred in
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ischemic cellular damage, particularly after reperfusion. In another

embaodiment of the invention, in any surgical procedure, such as in
WOHRBPthMonary bypass surgery, a compound of the inventidH-EAN3R05/000477

used. In one embodiment, administrg ion of a pharmaceutical

composition comprising a compound-of the 15 invention as described

above is performed prior to, during, and/or, following the l?/pass

instanges yérup thegrsibeds el fiRaesE Bt ramiior are BRNEtHLP SRR dHdhe
chronfQ4BPOIRGESMANGHIMNEN A GaApReuRd Ok ariRvekios iswsed Kfose greater

ex-vivo applications, or to treat responsive cells such as neuronal tissue,
necessary

than thatiphprestisPRrding ety (AW ednalirahsantHeRairio sinshares
to maRPRENAlsmadiie ccanitpyi@doieiakdesese, A-onaymet endemetsaion does

cells or tissue, the invention rovi{deszﬁ?p armagceutical composition ip
not hays SRR IORRRIA RS te O TSIGE 1 8P SH ARG ShBh RS oo
merel$RHSISRE Soi0fRFghdligiakiothe yeseialesy highieamlises fdrive molar

. dosage unit, an effective, nop-toxic amount within the range fro %Qﬁut .
SVl ORE, FDE ST SOBA RIS Rt STHRS00 Tt aventon
mg, 1 g to 5 mg, 500 g to 5mg, or 1 mg to 5 mg of compound of the
invention and 25 a pharmaceutically acceptable carrier. In a preferred
e the amount of a compound of the invention is within the

The piebge fienmabauhiyngddamy utRierdftushicsaspectatctihe thydotionitPdn-limiting

administration was foupd to restare cognijtive function in arimals.havin
exam e b S RF LR R B TS PRI BNt LR e amples are
preseR@6H00264 6RGIHDIRYQATIRNALE/ The3R dferexbesiedtiimbaser fhbsamention. They

~ellular protective effects as EPO. After a delay of either 5 s.or 30.
shoul{ o 2o B OB ST P i UL B8 R S 0h S ah yetiion

animals, indicating the ability of a EPO to regenerate or restore brain
activity. Thus, the invention is also directed to the use of a compound of
hizeiTvention for the preparation of a 5 pharmaceutical composition for the
eatment of brain trauma and other cognitive dysfunctions, including
Produciiomeh Caeizaftplatied Bjwith enpictiiee days, five days, a week, a
month, or longer). The invention is also directed to a method for the
treatment of cognitive dysfunction following injury by administering an
The stiftivgveaenielnt Bleapternpsoribis PraEnie/eARSHIARY KsRpBERadMImen EPO.
invention as described herein may be used for this aspect of

Exan%

First the protein concentration was adjusted by ultrafiltration for the purpose of keeping a low
process volume. The protein concentration was adjusted to 3 mg/ml. The ultrafilteation was
performed by means of a BioMax (Millipore) with a MWCO of 5 kDa.

After completion of the concentration step, the EPO solution was mixed with 0.5 M K-borate

tetra hydrate 0.5 M K-cyanate, at pH 9.0 the solution was incubated at 32°C for 24 hours,

The desalting of the reaction mixture of EPO and cyanate was performed by gelfiliration. The
protein was desalted to a 25 mM Tris, 50 mM NaCl pH 8.5 buffer. A G-25 Fine (Amersham

Biosciences) resin was employed.
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10 the invention. Furthermore, this restorative aspect of the invention is

directed to the use of any of the compounds of the invention herein for
WOAMERN S ation of a pharmaceutical composition for the restdalBH05/000477

cellular, tissue, or organ dysfunction,,wherein treatment is initiated after,

and well after, the initial insult respor%gl/ble for the dysfunction. Moreover,

treatment using a 15 compound of the invention can span the couﬁrﬁgo ?f

Using thiosehd SrebAatd ARG Hiehald e IHER ARTHR IF Sarpln I8

appro:RRRsSy N0 NglaoeRMASKsIma cBRepIeNas erythropoietic activity, the
compound may be administered systemically at a dosage between about
I gg and about 100 g /kg body weight, preferably about 5-50 g/kg-body

The dW¥EIRAtAROEhPIake @Y shaulclRigaikaraedypywighing0 per
administration. This effective dose should be sufficient to achieve serum
* |vbibispgiat Brmplimsressaly AP UEBLY 8, 060°15,000, or 20,000
mU/ml of serum after compound administration. Such serum levels may
be achieved at about 1, 2, 3, 4,5, 6, 7, 8,9, or 10 ho

rs ) .

The nesgistteRiiAdirefBROSH N A8EHHRLT AR RO TEPIEARRFHE TR BY PG tion SteP

using ﬁﬁﬁiﬂ@ﬁ@h@ﬁlﬁei?iﬂ@ﬂﬂﬂﬁ@%’?@’@%ﬁﬂiﬁﬁl”ﬁ@@im@&eﬁﬂ%employed for

necessary, or after an appropriate 25, interval, e.9., ry 1to 12, weeks,

the PUSKKCHHSRr 2D RRTETERFIE B b WBERE! ShEPEHSEHIAE R TEH ABRLSHRgTe cotumn.

The rtgﬁﬁn% @%ﬁéﬁ@ﬁﬁﬁé@&ﬁlm%ﬁb@ menm?nemwagemﬁmmheﬁz 25 mM
. dose vial or other container. The compound of.the inyeption ever is

Tris, hAIPInk b, A S CE8 3 O B Hhe b RSy A AGA, volues

the mABHHANVEIQLSLAYEIRG BPDeraaseliechenaadipbiled.oncentration or

hematocrit. Such a non-erythropoietic compound is especially preferred in
WO 2006/002646 PCT/DK2005/000477 34 instances wherein the

The pegthesisied theificasientsryenioadiustédiendedrcehiatiovid 66 ciyloricathybuffer

In another embodiment.. a d of the. inventign,is given. at a dose.
e (NSt o Lo LR AR B G A g o
filtratioR ighivoTHe &mmﬁmmmhnhﬂmtm@mmm@m@ignﬁgmmx

....hoted ahove, %ﬁgof the invention does 5 not have erythropoietic
Mﬁhﬁﬁfﬁht‘ﬂ}’,‘%@@&%@ﬁf #1 above dosages expressed in units are merely
exemplary for corresponding amounts of natural erythropoietin; herein
Finallgb e‘:fWgénbg%%“ﬁ’ﬁﬁ%ﬁéﬁ:O%?ﬁg%ﬁﬁs%‘e{ﬁcer&r‘ékd&%i’vﬂﬁ*ﬁﬂf&c@&&éﬁ@bi%ﬁﬁpak
filter (Millipore} to reduce germs.

The process resulted in carbamylated FPO with properties making it useful as a

biopharmaceutical;

- & The polymer/aggregate content was 0.5 % as determined by SEC-HPLC
s The carbamylated lysines was 100% as determined by aminoacid analysis

¢ The concentration was > 0.5 mg/ml

Characterization using MALDI-TOF for the determination of the change in the intact mass

both of PNGase treated protein and for the protein with the N-glycans was performed. In
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EXAMPLES 10 The present invention may be better understood by
W()re]i)%rencestﬁo the following non-limiting examples, which are provided as
eg‘(eﬁ{%(f%?y of the invention. The following examples are presgﬁfgali‘}"rmsmﬂ‘m

order to more fully illustrate the prefgg d embodiments of the invention.
They should in no way be construed, however, as limiting the broad

.. scope of the invention. 15 Example,1 Producti f Carbamylated
a0 T A8 BN B 8 AL LS T ARSI Yiperfomed
as follpkfied recombinant human EPO. 20 First the protein concentration was
adjusted by ultrafiltration for the purpose of keeping a low process
volume. The protein concentration was adjusted to 3 mg/ml. The

1. CERt{Irafift@pionswasppeffatrord PORER] abiuBioNBOKKBROre)vaith ghase column

) CQ of 5 kRa. After ¢ ion of the concentration s the EPQ
materighy BAESFRILEE FHOSHFURT LB i Ku ke SR T TR R Bhate,
50% HPRIS O e HUlICiRWRa S Sps bR teefat 32€ fohe & haotsmil vexsleguilibgitefl and

the reaction mixture qf a nat erforme filtrati
washe T A LNt 0 i b R A i e column
with ApiBmPalnECGanmBiigciendesphasim (E2WMployEbe Soap@ass was
2006/002646 PCT/DK2005/Q0Q47 j /h on an
deten%'ﬁﬁ o?é’rﬁ%?gys/ligljc% r|l<‘1;q?1erco ?ﬁﬁﬁ g‘@rﬁ%@%ﬁ%ﬁ %lr?r%;g%ately 20% of
the column volume was applied. The desalted carbamylated EPO was
collected far furth cessing.. 5 At thi 0k i PNG
Ry s e S R A N
F/O-ghalysidrs: pEolalmessbyaa geixifioativhusiap Mish§hAIOHK exchange. A
SOURCE 30Q (Amersham Biosciences) resin was employed for the

purification. Approximately 4.5 mg/ml of carbamylated EPO was applied to
3. CEROcaldrBROLQ Sheniinmieg bedisred ivaslemmwith 9w d tayINBE T p P mM
5,20 slution huftes B rigs 1.0 NAGLRH 88 ToR PN HASThe
NHq per 5%%%8\%/%%6[% O%%%%?%Mc% u%n volumes the r%a?i’n peak of _4
samplearsarn patdt ERCPOROSOR atelimmdbptdaypsin digestion. A fraction of the
digested sample was purified on POROS R2 columns before MALDI-TOF analysis (POROS

50 R2 PerSeptive Biosystems (1-1159-05)). The R2 column was equilibrated and washed in

0.1% trifluoroacetic acid (99+% spectrometric grade, Aldrich 302031-100ml). The samples
were eluted from the column with Agilent MALDI HCCA quality matrix solution (G2037A).
The pool of peptides obtained by the tryptic digestion were treated with PNGase F and
purified over POROS R2 columns, and characterized by MALDI-TOF.

4. CEPO and EPO were reduced in solution with DTT and alkylated with iodoacetamide.
The samples were purified on POROS R1 column before Glu-C digestion. A fraction of the
digested sample was purified on POROS R2 columns before MALDI-TOF analysis. The pool
of peptides obtained by the Glu-C digestion were treated with PNGase F and purified over
POROS R2 columns.
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The pool from the purification step was adjusted to a concentration > 0.5

W mé%/mlmz]and buffer 15 changed to a 20 mM citrate, 100 mM NacCl buffer
@ 198 Wdultrafittration tangential flow filtration unit. The coléeHiHsRg/000477
and buffer change was performed on.g,0.1m2 BioMax (Millipore) with a
MWCO of 5 kDa. Finally the purified Biopharmacutical drug substance

was 0.22 m filtrated using a Millipak 20 filter M"“Bt%rﬁ to redugﬁg%r@%EPO

5. ToTyle prb sty o RavBe Ry CEBB A Droperidethith

were Uigitbasvahlligpi@rraseniigaés Akt heapplyineriag dieddDd-Qabent was

0.5 % as determined by SEC-HPLC The carbamylated lysines was 100%

as determined by aminoacid analysis The concentration was > 0.5 mg/ml
The dohdRiianzalibatubing WMinds addhdol-taerdaid mmiratiobaof fiwhadg e tier
carbag A NN GRS T AL 00 SR LS e S CaRs et deected

PCT/DK2005/000477 36 addition MALDI-TOF peptide mass fingerprint
Reftm.anal sis/LC-MS/MS analysis was perfomed as follows: 1. CEPO and

were purified on a POROS RI column (POROS R1 reverse phase

column 5 material, PerSeptive Biosystems (1-1259-06)). The column

Genarrdtpriefeivaisi saéiBchihos0sy MBerSolv for HPLC VWR 152525R before

use. The Rl column was_equilibrated and washed in 5%, formic acid .
May SR T BN R he o e TR et TR Ee st
inforMgilent MBIl ebiaumlisy muaitx dahbioas GROBYAYs BpedirtantdhE38-345

was determined by analysis on a Broker Reflex IV MALDI-TOF

instrument. 10 2. 0.3 pmol CEPO and/or EPO were treated over night with
Yated, UNRKBSIGas S F @raANGRS &k yoo3id 462 3olepmids snwas maps: a highly
. determined usjng MALDI-TOF.3. CEPQ and.EPO (1. were reduced
o G O SO TR T RGeS ently

alkylated in 50ul 55 mM iodoacetamide, 50mM NH4CO3. The samples

Weresgyrified on POROS R1 column before trypsin digestion. A fraction of

Intac&]gna

Laugesen S, Roepstorff P, (2003) Combination of two matrices results in improved

performance of MALDI MS for peptide mass mapping and protein analysis. ] Am Soc Mass
Spectrom. 14(9), 992-1002,

Digest/grafit:
Larsen MR, Hojrup P, Roepstorff P. (2005) Characterization of gel-separated glycoproteins
using two-step proteolytic digestion combined with sequential microcolumns and mass

spectrometry. Mol Cell Proteomics. 4(2), 107-19

Additional studies were done to determine the degree and homogeneity of carbamylation of
EPO, the specificity of carbamylation and identity of carbamylation sites, and the presence of

potential unspecific modifications due to side reactions of the carbamylation and purification
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digested sample was purified on POROS R2 columns before MALDI-TOF
anal sis%)éPOROS 50 R2 PerSeptive Biosystems (1-1159-05?. The R2

W%a?ﬂ%{‘w Hs equilibrated and washed in 0.1% trifluoroacetic &4 PFGH87/000477
spectrometric grade, Aldrich 302031-100ml). The samples 20 were eluted
from the column with Agilent MALDI HCCA quality matrix solution

(G2037A). The pool of peptides obtained by the {ryptic digestjon were
procetfo A AT PGHSE P4 HMTRE bIEr LSRN RL PR samples

and bepRfARIetzaPRY MisRhdéptotdader PR @ ER@sivefer didugiehiand LC/MS
solytion wijth DTT and alkylated with iodoacetamide. 25 The samples were
analyH§ feLBeBHIS GRE8Mcolumn before Glu-C digestion. A fraction of the

digested sample was purified on POROS R2 columns before MALDI-TOF
Exangilalysis. The pool of peptides obtained by the Glu-C digestion were
treated with PNGase F and purified over POROS R2 columns. WO

Total géogg iECT/DK2005/000477_ 37 5. To rule out the possibility of
o ﬁg\%ng pagrﬁgg carbamylated CEPO, intact EPO and CEPO were digested
with Lys-C. The samples were analysed using MALDI-TOF. The

conclusion was that the 8.lysines and the.N-tepmi qmgggfw
Analyﬁg Stfiel ngévgﬂ?gsﬁ?lg%eg amln(%aéncl%%sv?/%r}}eaﬁl&fépgﬁlgﬁé%%% modi icgﬁrfgm ple 1.
All ioédharapleanarvereifiefcittowiRg thearicbsm@Biatiornt quuten it patitideniexchange,
by.MS:.Mann M, Hojup P, Ro P . f .
25 e R ot e T DSy v
prepaseljbeiiddRahests Srdios VgssBpedvotio? 3¢ 38 cgnsenteaiés): 0R82 mg/ml;

Speicher.S, Griffin R R, Hunkapilley T ( [ 355 MaRS: o
ot S SR R 0p P98 i

ication, Anal Biochem 214,

sampBA7 48R iAdh GEPOrdsmd 6HFEsn \@memdffmma@p@dm% of
produ%c\gf? 1r1n &téicglgorr?csé%lfﬁl‘t%ﬁ:. HOMS mﬁ’%fﬁ*i@}a§§%ﬁk"&‘*ﬁé~,%'i\/b§ f@i@? .3-8.7).

ass mas ng and protéin analysis. J Am Soc Mass Spectrom. 14(9)

.

Thes®0Z:2002nA0eDiyerstaprafiared to unmodified or starting EPO (concentration: 0.82
mg/ml; buffer: 2 mM Na-citrate, 0.3mM citric acid, 0.1 NaCl, pH6.9-7.3) and mock CEPO
(EPO which has gone through the carbamylation process without the addition of K-cyanate)
(concentration: 0.38 mg/ml; buffer: 20mM Na-citrate, 0.3 mM citric acid, 0.1 M NaCl, pH
6.9-7.3).

ESI-mass spectromeiry
Prior to the total mass analysis, the samples were enzymatically deglycosylated. Each sample

was incubated overnight with 50 ug of N-glycosidase F (Prozyme from Glyko), recombinant
neuraminidase from 4. wreafaciens and O-glycosidase at a protein concentration of 0.5
mg/ml. Completeness of the deglycosylation reaction was checked by SDS-PAGE by
loading 3 pg of each sample onto 12% Tris-glycine gels. The remaining material from each

sample was used for mass analysis.

The deglycosylated samples were brought to a conceniration of 4-5 M guanidinium

hydrochloride by adding the appropriate volume of guanidinium hydrochloride stock solution
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Larsen MR, Hojrup P, Roepstorff P. (2005) Characterization

ofgel-separated glycoproteins using two-step proteolytic digestion

W%&%ﬂﬂﬁ?é)ﬁ“gvith sequential microcolumns and mass spectromBtri/ AP E 0477
Proteomics. 4(2), 107-19 25 Additional studies were done to determine
the degree and homogeneity of carba?ﬁylation of EPO, the specificity of
earbamylation and identity of carbamylation sites, and the presence of

and vssechtharanepbedrsedimaadndien eoniairisgieionsisrgid and 40% acenitril.

The &ARAMNATARANh RIMTGRIORINE £006008 (ARG MRKRNOUI4EE 138 sylated
process. Samples were analyzed bas total mass analysis of deglycosylated

EPO ppéi6iRRA iy exsaines et MashIPErBRMRaYRS R riasywith a
WatelypSdRTSigsstion and ESYYIS Tanalysipdar napiideryaldation, Bx@pPlanospray

2 5 Total Mass Analysis Analysis was performed on three EPO samples
sourcgrhKmizaian LENRIFIOR RIS Bras cansdueiod bX PHipaRalis JRoeRvRisfen and by
manvAVEfigdfalawing Loais phrIvIatRNLL IGHO NS DyARIAID S¥ERaREEe Qantitation of

described in example 1. One of the CEPO samples (designated )
the refatipeyesorc) s b praps eusPE e SO G £ EgieRs prodlrtation of

relatifEMRIBMWSLAAIRD s{kRE MeHNL BWier A MVhilartiigden:d mM citric
acid, 0.1 M NaCl, pH 6.9-7.3). The remaining two samples, designated

CEPO-1 and CEPO-2, were prepared from a 70 mg laboratory production

The %%gigégygrﬁr?ﬁt@“gﬁg gé{r&)mfﬁﬁiﬁdﬁﬁﬁmhﬂl?ﬂ%&e&d\gdﬂﬂgﬁb” 3 bled
.3-8.7).. These samples were compared to unmodified or star

compaR HRCEPa R B 55T TG AT TP S Y RIS G- SRSt Lo the
CEP@GSPidsNaCl, pH6:9-7.3) and mock CEPO (EPO which has gone

through the carbamylation process without the addition of K-cyanate)

(concentration: 0.38 mg/ml; buffer: 20mM Na-citrate, 0.3 mM citric acid,
As efhdcMd)asd tptheG A tadly126oh She@EP Spentisissaliy Peibditieteattotals specira as

o, e SRR NETe s e R Bl ot
spectieores@iydh feeesstitiahe major peaks as theoretically expected for the various
samples. In all of the CEPO samples, only highly carbamylated CEPC molecules were
found, with the major isoform being the fully carbamylated isoform with the complete
carbamylation of the 8 lysines and the N-terminus, 7.¢, 9 carbamyl residues. The CEPO
samples showed heterogeneity in containing additional isoforms corresponding to 8, 10 and
11 carbamyl residues attached to the CEPO. The species containing 8 carbamy! residues
would be designated as under-carbamylated, missing at least one carbamyl residue. The
species with 10 and 11 carbamyl residues would be designated as over-carbamylated, where
the extra carbamyl residues attached would be bound in a non-specific manner to an amino
acid other than a lysine. There were some minor signals in the spectra of all of the samples
but none were considered to be non-specifically modified species. Some of the minor signals
were found in both the EPO and CEPO samples and were considered to be contaminants

already present in the starting EPO.
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neuraminidase from A. ureafaciens and O-glycosidase at a protein
concentration of 0.5 mg/ml. Completeness of the deglycosylation reaction
WOAB 4% d by SDS-PAGE by 25 loading 3 g of each sampRCSHREAI§P00477
Tris-glycine gels. The remaining material from each sample was used for
mass analysis. The deglycosylated samples were brought to a
concentration of 4-5 M guanidinium hydrochloride by adding the
Table Appropriate volume of guanidinium hydrochloride stock solution WO
DecontBREEORERLE REHRKZ0SAROPEEP B ANE MO SHPRAWIRAHK TRSBHRU Mass
into a buffer containing 2% formic acid and 40% acenitril. The
Analygigianidinium hydrochloride was added in order to ensure high recovery of
deglycosylated EPO and CEPO for mass spectrometric analysis. Mass

measurement was performed.with a 51-Q-Tof- or a Waters————
SAMBd- | CT-masg dpessrdhraestinaiy e@fimm@@?—%‘;ams PP EP e of

ionization. Evalgatigdfidata was cbnducted by automat|c deconvolation

and by _manual evaluation of specifi '

. th Mass-Lynx4.0—
StartingoRRfdre. Quahtdtth of the relativiel#ds of the differentyPEEBaA ated

Mock-%%@ SpPECIEY Wagssgone by calculatipgp b relative ratios t@&@gsp@h&e

signal intensities recorded in the m/ anum__lﬂ_lhe_degmmlm.gt_'
CEPOH6&Emples reslibiffthearlinked $88%Fs being removed*&ripletely.

However, the release of the O-linked;gi¢gggrs was incompleje cgspecially
for the CEPO isamples. As expected, due to the carbamylation, the CEPO
samples showed different mass spq ARO8R 15 compared PO and
mock-CEPO samples. As shown in [Tgite2, deconvolutian of theb spectra
resulted in masses for the major peaks as theoretically expected for the
various samples. In all of the CEPQ 583Bles, only highly cirifahyidsgeer
CEPO molecules were found, with the major isoform beipg the fully
carbamylated isoform with the complete ¢ ' i

CEPQahd the N-termini8§26 £xcabamyl riddes. The CEPO 36 S¥Mples

showed heterogeneity in containing |agklitignal isoforms cogesperding to
8, 10 and 11 carbamyl residues attached to the CEPO. ThleOspe ies
containing 8 cdrbamyl residues WOlJIHSéégdesignated as xcar
under-carbamylated, missing at leasti@ya carbamyl residué¢ 1¥kertspecies
with 10 and 11{carbamyl residues wpuld be designated a59 b + O-sugar
over-carbamylated, where 18989 X car g
CEPO-2 18626 (9x carb) 18584 8x carb
| 18626 9% carb
18669 10x carb
18712 11x carb
18992 9x carb + O-sugar

Table 3 shows the relative ratios of the various isoforms. Under-carbamylated CEPO ranges
from about 1.5 t0 5.5% of the total CEPO depending on the sample and over-carbamylated
CEPO ranges from about 11 to 22% depending on the sample. CEPO-1 and CEPO-2 have
similar distribution of the isoforms while the CEPO-CMC has less under-carbamylated
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the extra earbamyl residues attached would be bound in a non-specific

manner to an amino 25 acid other than a lysine. There were some minor
WOS@H%{PQ%E‘%e spectra of all of the samples but none were con& G 5000477

be non-specifically modified species.ﬁome of the minor signals were

found in both the EPO and CEPO saniples and were considered to be

_contaminants already present in the starting EPO. 30 WO 2006/002646
speciep ESTYDRPUES 0ba Prhad v rase R s diodudianseales glve rise to

produtiSAMROSYIAISE f BFROLAhER @2 s2mbRles Slaiaings {RellabahM@ssproduction
Analysis SAMPLE Mass Theoretically Mass Obtained Interpretati

/ n
scale, EhepEOHF SYBrTTTY EPTSPEEPSO Bt PUURAS RUCR B 671838 21
given PRFRR G ERERONAS A fstrB R Meyl 86 28] (RicaarPrdRRARCHCTLAEROM the
~ Oxcarb 18669 | Ox carb 18711 1Ix carb 18991 9x carb + 0-sugar

anion erobeyge $8BYBYOX carb) 18583 8x carb 18626 9x carb 18669 10x carb

18711 | Ix carb 18989 9x carb + 0-sugar CEPO-2 18626 (9x carb) 18584

8x carb 18626 9x carb 18669 10x carb 187
The numbers in Table 3 represent the m]dmmum rat]fg o% %r:lldle)i‘wce?lgg over-carbamylated CEPO.
The reason for this is the degree of carbamylation (8-fold to 11- fold) may not specify the
exact degree of under, full and over-carbamylated CEPO. For example, a CEPO molecule
containing 8 carbamyl residues as determined by mass analysis may have only 7 carbamyl
groups specifically linked to lysines and the remaining carbamyl residue would be non-
specifically attached another amino acid, This situation would be considered only as under-
carbamylated, even though there is non-specifically bound carbamyl groups. Conversely, a
CEPO molecule containing 10 carbamyl residues may have attached to only 8 residues
specifically and two are bound non-specifically. In this situation, the CEPO isoform is

considered only over-carbamylated, even though all of the lysines are not carbamylated.

Table 3
Degree and Heterogeneity of Carbamylation: Relative Ratios of Ditferently Carbamflated
CEPO Species

No. RELATIVE
CONTENT
Degree of | CEPG-CMC* | CEPO-1* CEPQO-2%*
Carbamylatie
n

8x carb 1.5% 5.1% 5.5%
9% carb T7% 83.3% 83.6%

1
2
ﬁ 10x carb 19.8% 10.9% 10.2%
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18992 9x carb + 0-sugar 5 Table 3 shows the relative ratios of the various
isoforms. Under-carbamylated CEPO ranges from about 1.5 to 5.5% of

WOREHPEPO depending on the sample and over-carbamyldiEd/ HERHIE000477
ranges from about 11 to 22% depen%{ g on the sample. CEPO-1 and

CEPO-2 have 10 similar distribution of'the isoforms while the CEPO-CMC
has less under-carbamylated \WWQ 2006/002646 PCT/DK2005/000477--41

4 species as ddPhEﬁﬂéd to the dthét two sampieg:'?@/i’fferent prod Lﬁzﬁ?{h '

scales give £isg 10, Rroducts witkeg different disirigifion, but asdiable 3
shows for the laboratory production scale, the production may be

repeated Witk 8imhilar outcoine. As discussed earlier, at any diven
production 1}‘:1{}81 3‘@2 disrrit;[fgiggo;onay be adjp$tEgehy adjustng fggooling
from the § anion exchangejcolumn. The numbers in Table 3 represent the
minimum rpfiovef eartgr- and over-carbamylgted CEPO. The teason for

+h

* n__zthi;*is_ e-degree-of-carbantytation(8=fotd-to -t i="fotd) may ot specify the

exact degree of under, full and over-carbamylated CEPO. For example, a
CEPO molecule 10 containing 8 carbamyl residues as determined by
mass analysis may have only 7 carbamyl groups specifically linked to
lysines and the remaining carbamyl residue would be non- specifically
attached another amino acid. This situation would be considered only as
Examplgér- carbamylated, even though there is non-specifically bound
carbamyl groups. Conversely, a CEPO molecule containing 10 carbamyl

LysC'8eipki86 Mapdiaye attached to only 8 residues 15 specifically and two are
bound non-specifically. In this situation, the CEPO isoform is considered
only over-carbamylated, even though all of the lysines are not

Pepti%%%%?@fjﬁs JiaplesbBegre g %ﬁf%ﬁ?@%@&%@%ﬁ%pmwams

Ratios of Differently Carbamylated 20 CEPO Species No.
LysCRELxYpviE fodnpartatagr<torepitoenmslreptyere eopdsiodmith

degycosylated peptides. The enzymatic deglycosylation of the peptides was performed

simultaneously with the digestion with the endoprotease.

EPO and CEPO samples (about 150 pg each) were denatured and reduced by incubation with
guanidinium hydrochloride and DTT. Free sulthydryl groups were alkylated with iodoacetic
acid. The alkylated samples were desalted and the buffer was exchanged to the appropriate

buffer by using single use gel filtration columns.

The endoprotease, N-glycosidase and neuraminidase were added simultancously to the
alkylated EPO and CEPO samples. The samples were incubated overnight at 37°C. After
incubation, about 5ug of each digest was applied to RP-HPLC/MS analysis using a Jupiter,
C18 R¥P-column from Phenomenix coupled to an ESI-LCT from Waters. The UV signal at
220 nM and the total ion counts (TIC) in the mass spectrometer were recorded. For

identification and quantification of the peptides obtained, the TIC was evaluated.
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Carbamylatio n 8x carb 1.5% 5.1% 5.5% 2 9x carb 77% 83.3% 83.6% 3
WOleac]%rb 19.8% 10.9% 10.2% WO 2006/002646 PCT/DK2005/000477 42
W41 796 0.7% 0.7% 5 E No. 2-4 98.5% 94.9% 94.598 (Y RKFHHI00477
No. 3+4 21.5% 11.6% 10.9% (over carb.) *n=2 *n=1 Example 3 5 LysC
Peptide Mapping Peptide map analyé% of the EPO and CEPO samples
was performed using endoproteases LysC and trypsin for fra @q‘ﬁ:ntatlon

Becaugd|[psSlivewrhpoahalgblssioeiea vo pibatari 4ot Leps ok yiatd trepirfeted that no

fragmets FOAM RS HEAIMAP géﬁ@éh%mﬁ@?@t@%ﬁ Wﬁ&@?j}@ﬁgﬁﬁﬁe]&rbamylated
simultaneously with the E stion with the en g:rotease EPO and C

indicaingpnes fisbyaf Pethagdatnwrdgsasmabnse rathasad Bipth SR

fragmgﬂ{ﬁ ogeaiigininiyerachionise and O frﬁgﬁ@eﬁtyfdmédwh@agyﬂsﬁﬁeﬂe&om LysC
alkylated with iodoacetic acid. The alkylated samples Were desalte %)
digestipg %\H@é’r@vﬁ%@x@ﬁhﬁ‘@%%‘%ﬁ@%lﬁ%é ﬁﬁ‘g(ljg%

gel filtration columns. The endoprotease, N- egCOS|dase and
neuraminidase were added simultaneously to the alkylated EPO and
Table 4EpO samples. The samples were incubated overnight at 37C. After

LysC BGihalionps Hféﬂfﬁﬁﬁéﬁp@ﬁtﬂ&%égm"@m{aﬁdﬁc@% HBiEMSoanBliggision of
é}gﬁa Juplter 20 C18 RP-column fromm%gen U}Oleg {?ﬁ%%
LysCp Ao ReEre AR RIS Gridl Gt Bt ioh counts

gro (TIC) in the mass spectrometer were recorded. For |dentification and

guantification.of the peptides obtained.the-HC-was-evalyated. -
Peptlde Name “Mass Ammino acid
Amino acids from Sequence
—to
K1 1-20 123993 APPR LIDSR
VLER YLLEAK
K2 21-45 2804.2 EANITTGCAEHCS
LNENEITVPDDTK
K3 46-52 926.5 VNFYAWK
K4 53-97 5022.7 RMEVGQQAVEV
WQGLALLSEAVL
RGQALLVNSSQFP
WEPLQLHVDK
K5 98-116 1954.2 AVSGLR
SLTTLLR
ALGAQK
K6 (+ O-sugar) 117-140 2863.3 EAISPPDAASAAP
LR TITADTFR K
K7 ‘ 141-152 ' 1498.8 LFR  VYSNFLR
| GK
K8 ' 153-154 259.2 LK




WO 2006/002646 PCT/DK2005/000477 43 Because LysC would not be

able to cleave carbamylated lysines, it would be expected that no B
W?r%@%%%@@vould be formed by digestion with LysC if all of the’ E/gliﬂ&(]g?é(mo‘m

carbamylated, indicating specificity o£ A_:arbamylation. In the case of

gnder-carbamylation, specific fragments of CEPO should form. Table 4

' K9 fully and over-jaﬁr@%ﬂfiﬁated CEPO aﬂamer-carbamyla;e@@@dET GD

Table 4 LysC Peptide Mapping: Lists of Peptide/Fragments Theoretically

Farmed from Djgestion of LysC of EPO, frilly or over-carbamylated CEPO
CEPQ (Bl garerargai e S roEss e EB Peptide Name Mass Amino acid

FraghiOlNaRIgs rom SeqUaRemo 4eikoRP2399.3 ARBRSLIDSR VLER

YLLEAK K2 21-45 2804.2 EANITTGCAEHCS LNENEITVPDDTK K3

CEPQé%Bxaby 5 VNFYAWK -K8P53-97 5022.7 RMEVGOTAVEY

CEPOVELARRSEAVL RGRAEREVNSSQP WEPLQLHMIgR7KS 98-116 1954.2
AVSGIR SLTTLLR Al GAQK K6 (+ Q-sugar).-117-140 2863.3

CEP@AISPBIAASAAP LR THRDTFR K 19313

Under-carbamylated CEPO (8x carbamylation)

Non-carbamylated amino | Mass expected for N-;Mass expected for C-
group terminal fragment terminal fragment
None (9x carbamylated) 19227 -

N-terminus 19184 -

Lys20 2443.9 16755.9

Lys45 5274.9 13924.8

Lys52 6227.0 129727

Lys97 11276.8 7923.0

Lys 116 13257.1 5942.6

Lys140 16147.2 3052.4

Lys152 17672.0 1527.5

Lys154 17956.4 1244.3

As expected the LysC peptide pattern obtained for EPO and CEPO samples digested with
LysC were completely different. Digestion of starting EPO and mock-CEPO with LysC
resulted in the peptide patiern as expected. In both samples, all of the peptides K1 to K9
could be identified. Peptide K5 and K1 were partially cleaved in an unspecific manner, in
10 both the EPO and mock-CEPO. No significant additional peaks could be identified nor were
peaks missing in the LysC map of mock-CEPO as compared to starting EPO. From these
data, it can be concluded that no significant non-specific covalent modifications of the EPO

protein occurred during the carbamylation and purification process.
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K7 141-152 1498.8 LFR VYSNFLR GK K8 153-154 259.2 LK WO
W 2%3%%0%646 PCT/DK2005/000477 44 K9 155-165 1242.5

q_ KERTGD CEPO (fully carbamylated and over-carbarﬁﬁ?;(l’f?—:}!é%0()5”0004’77
Fragment Name Amino acids from - t 5Mass CEPO (9x carb) 1-165

19227 CEPO (10x carb) 1-165 19270 CEPO (11x carb) 1-165 19313
Under-carbamylated CEPO (8x carbamylation) Non-carbamylated amino

Mass expected for N- Mass expected for C- group terminal fragment

The ptgfhdinaldps @M@etCRRE (hislashahylaiee)cho p2ptidd\basemirditsr 8E84arting EPO.

e RS AR ARISS8 M AR S AR e
obtailedkbm 1HEgeaRslatrtatddys dbdilll A sbsl &4k ded Athexfected et PO or
o S I e o L SRS S0 sl SRR
contairsiGnrasydagiootdapeh tidiypattbamaiexpeERd (x bethasayiy)lms] atfaf

carba e R G R A ) rie B St AREAS LS BRI
under-carbamylated CEPO (8x carbamnyls), with different peaks containing under-
carbamylated CEPO not carbamylated at certain lysines. Peaks B and C contained under-
carbamylated CEPO specifically lacking carbamylation at Lys45, while peaks D and B
contained under-carbamylated CEPO specifically lacking carbamylation at Lys97 (Table 5).

Table 5
LysC Peptide Mapping: Assignment of Masses Experimentally Obtained to CEPO Fragments
theoretically deriving from Under-carbamylated CEPO

Peak Ne. Mass obtained Interpretation Mass expected
A 19228 CEPO (9x carb + O- | 19227 _
sugar)
19271 CEPO (10x cartb+ | 19270
O-sugar)
B 18867 CEPO (9x catbw/o | 18862
O-sugar)
13926 CEPO-fragment 139243
(aa46-165)
C 5276 CEPO-fragment 5274.8
{aal-45)
D 7924 CEPO-fragment 7922.4
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10 both the EPO and mock-CEPO. No significant additional peaks could

be identified nor were peaks missing in the LysC map of mock-CEPO as
WOCZgPT? Aredto starting EPO. From these data, it can be concld&edARAREO477

significant non-specific covalent modjfications of the EPO protein

occurred during the carbamylation and purification process. WO
2006/002646 RCT/DK2005/000477-45-The-peptide-maps-of-the-CEPO

= Y | o TCC OTtrTC OULT U
samples had & different peptide pat e(ﬁ"i‘?lg)rylr‘?@e starting EPO. There was

E a single major jpegkyand some minar QEEKs-fAg:sBawN in|Tiabige the
masses obtained from the peaks correl t§ well with masses expected
either for unclgaved CEPO or 5 for ré@i’ s from LysC cleavage of

There ;mlers@@faiamgia%i%éﬁﬁ&@réfml dﬂ@b@eﬁm@e@@m@b ;I’ﬂl@éﬂdfgiaﬁtnt CEPO
eglycosylated, fully car ylated CEPO (9x carbamyls) and over-
smnple&réﬁﬁﬁaﬁa%@ﬁ@rﬁé’ﬁ m%mﬁéﬂ%%% %ﬁi)ﬁﬁﬁﬁ%régé)&‘sCMc’
indicaBrEheptiainashisinde reatamyiaies SnRAk(BRERMDapaylsy, with different

peaks containing under- carbamylated CEPO not carbamylated at certain
lysines. Peaks B and C contained under 10 carbamylated CEPO

It wassflekFicedly daekingteanbamydatienkatdsysidedviulthp ealsrPaitdite to technical

. .. contained under-carbamylated CERO specifjcally. lacking carbamylation at
it GPAIAE PR BB MRS AL GGG SR UTALgago the
relativeragimaniallycbiaisesties GEROIF tegmimtsed thttenikteatiy deylaed CEPO

from Under-earba ted CE eak No. Mass obtained In retati

may ARSI AR 10008 AR D AR Te P e bend
CEPUOKagarotblo 20 aesupef hBddB36ib kP De(Disclarmw/bah8B6 TEPO-CMC.
Using@@é%%&ﬁ%%%&%gg%g ?Qlt' &1%%%#&‘ 11(1%384 gﬁ%@%?s,%%%?i?aﬁon of the over-
carbamylated species located in peak A was about 21% for CEPO-CMC and 12% for CEPO-
1 and CEPO-2.

Overall, the data from the LysC peptide mapping is in good agreement with the total mass
analysis described in Example 2. CEPO-CMC contained less under-carbamylated CEPO

isoforms while CEPO-1 and CEPO-2 contained more over-carbamylated CEPO isoforms.
This peptide mapping also indicated that lysine 45 and lysine 97 may represent sites of under-

carbamylation.

Example 4

Trypsin Peptide Mapping
The digestion of the sample using trypsin is described in Example 3.

Digestion of EPO and mock CEPO with trypsin resulted in a peptide pattern as expected. In
both samples, most of the peptides (T1 to T21) as expected for trypsin digestion could be



10

15

(aal-45) D 7924 CEPO-fragment 7922.4 WO 2006/002646
W{)PCTG/DKZOOS/OOOA'77 46 (aa98-165) E 11279 CEPO-fragment 11276.6

(é%?-é%z%ere were some differences in the relative ratios ofth&’ 1555?&5/ 000477

for the different CEPO samples. CERPQ samples | and 2 had more

prominent peaks D and E than CEPO-CMC, indicating that they

.. contained more under-carhamylated CERO species was diffiqult. to
et ARG AR DR SN ELRPRIF DAk oo AL o es the
case VitatioNgs¢ digevesnsingdhepaak veaichondditioeib ptisits asevanideeaks

. .indjcation for th [ve ratios of the various ies, it could he, .
miss B R ORTIR A O S TR RGES o T Lo AT PSS Y656
conclofiddeiaERQdsetorms Hmihgsdfvalés andihataidriotiando GRPERQ protein
._have double the amount of under-carbamylated isoforms than the
dmm@:ﬁ%e@!&ﬁfgp T@Iﬁﬁsg?r%{ﬁ]cg%%n 505?05%‘edure as was used for the total mass
analysis, quantitation of the over- carbamylated species located in peak A
was about 21% for C -CMC,and 12% for CERO- 1.and CERQ- .
The R RTANE B PO U Goice S e S ipsEiianpo. Toypsin
normulithdleevtetal hyass difsl anglyisis, descitiverd:d Bxexpelacd BEPOIEMGe of fully

contai Ss under-car lated CEPQ ,isoform i -1 an
carbo e Ll S AR S e iRl s, ot
the pepappipatatadsndicated it lypisn AbasmbtySineadfamplatopressnsltes of
under= carbamylation. 20 Exam Trypsin Peptide Mappi
B T D T e o e PR fred fromo
tryptiD idjgstibonof KPP @ndaieocle CERGni o leypade réduitertiningsdBidwly is set forth
in Taeaﬁttgrn as expected. In both samples, most of the peptides (Tl to T21) as
expected for trypsin digestion could be WO 2006/002646

PCT/DK2005/000477
Table 6
List of Peptides Expected for EPQ and CEPO digested with Trypsin
EPO
Peptide name Mass (MH) Amine acid
Amino acid from — sequence
to
T1 1-4 439.3 APPR
T2 5-10 763.4 LICDSR
T3 11-14 5133 VLER
T4 15-20 7354 YLLEAK
T5 21-45 2806.2 EANITTGCAEHCS
LNENITVPDDTK
T6 46-52 926.5 VNFYAWK
T7 53-53 174.1 R
T8 54-76 2525.3 MEVGQQAVEVW
QGLALLSEAVLR




47 identified, except for some small di- and tri-peptides (such as T2 1)

wOSRAS,

6. As was the case with the LysC digestion, there were n

significan addltlonal peaks nor were peaks missing from the? 1/ BKZOOS/OOO‘W

mock-CEPO, as compared to startin

PO. From these data, it was

concluded that there were no non-specifically covalent modifications of the

T10 occur by cleav38§ 6? he arginines.
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n.-2
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21 ines

4
T

Set
CEP
Amino acid An

ofiy.ix fable 6. 15

D digested with Trypsin EPO Peptide nam;

aptedgdlist of Peptide

SHEATFRHEMOSAAP
e Mass (MH)

nino acid from sequence to Ti 1-4 439.3 A T2 5-10
4 7634 LICDSR]| 13;1{384 513.3 VLER 754 15-20 735.4 YL LHAKDI®R1-45
2806.2 EANITTGCAEHCS L NENITVPDDTK T6.46-52 9265 VNEY AWK

T15 T753-53 174.1 ROr4494-76 2525 3 MEREQQAVEVW | K

T16 141-143 434.3 LFR

T17 144-150 897.5 VYSNFLR

T18 151-152 203.1 GK.

T19 153-154 259.2 LK

T20 155-162 969.4 LYTGEACR

21 163-165 291.1 TGD

CEPO (assumed cleavage only at Arg (R) due to complete carbamylation)

Peptide Name Amine acids frem | Mass (MH) Amino acid

~ {0 segquence

R1 (1x carb) 1-4 482.3 APPR

R2 5-10 763.4 LICDR

R3 11-14 515.3 VLER

R4 (3x carb) 15-53 47172 YLLEAKEANITT
GCAEHCSLNENIT
VPDDTKVNFYA
WKR

RS 54-76 2525.3 MEVGQAVEVWQ
GLALLSEAVLR

R6 (1x carb) 77-103 2985.3 GQALLVNSSQPW
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QGLALLSEAVLR WO 2006/002646 PCT/DK2005/000477 48 T9 77-97
w2359.2 GOALLVNSSQPW EPLQLHVDK T10 98-103 601.4 AVSGLR Tll
48%Y41B%Y02.5 SLTTLLR TIl 111-116 586.3 ALGAQK T13 (R Difgafs/000477
117-131 1829.8 EAISPPDAASAAP LR T14 132-139 923.5 TITADTFR
T15 140-140 146.1 K T16 141-143 £434.3 LFR T17 144-150 897.5
___VYSNFLR T18151-152.203.1 GK T19 153-154 2592 | K _T20.155-162
969.4 LYTGEACR T21 163-165 291.1 TGD CEPO (assuiiaddeh/REe VS

only at Arg (R) due to complete carlpamylation) Peptide NagpgzAmino
acids from Mass (MH) Amino acid_{to sequence Rl (Ix.carh) 1-4.482.3

R7 APPR R25-10 788U OICDR R3 1184153 VLER Ra4|EkEdbR15-53
7 AN T GCAEHCSINENIT VPDDTKVN
RS (15524-!7566232553 M vc}glAVEVWQ 2 AN AQRERISPPD

sugar) AASAAPLR

R9 132-139 923.5 TITADTFR

R10 (I carb) 140-143 605.4 KLFR

R11 144-150 897.5 VYSNFLR

R12 (2x carb) 151-162 1481.7 GKLKLYTGEACR
R13 163-165 291.1 TGD

All of the peptides expected from trypsin cleavage were identified as major peaks in all of the
CEPO samples, with the exception of the C-terminal peptide R13. This peptide was also not
found in the starting EPO or mock-CEPQ. The peaks of R1 to R12 resulting from specific
cleavage of only arginines accounted for the vast majority of peptides detected in the CEPO
samples. Furthermore, all lysine-containing peptides were detected almost exclusively in the
fully carbamylated form. These data indicate a high degree of specific carbamylation at the

lysines and N-terminal.

In addition to the major peptide, six minor peptides were also detected in all the CEPO
samples. Three of the minor peptides were identified by'mass analysis as a result of fryptic
cleavage of over-carbamylated CEPO and the remaining three resulted from under-
carbamylated CEPO. '

Table 7 lists all the peptides identified in the tryptic maps of the three CEPO samples
analyzed. The high abundant peptides, R1 to R12, formed from completely and specifically
carbamylated EPO are in regular letters, the correctly carbamylated EPO is additionally
denoted in bold type. Peptides most likely formed by cleavage of under-carbamylated CEPO



GLALLSEAVLR R6 (Ix carb) 77-103 2985.3 GQALLVNSSQPW WO
2006/002646 PCT/fK2005/000477 49 EPLQLHVDKAVS GLR R7
WO YB%62.5 SLTTLLR RS (Ix carb) (+ 0- 111-131 2441.1 PCT/DK2005/000477
ALGAQKEAISPPD sugar) AASAAPLiR R9 132-139 923.5 TITADTFR
R10 (Ix carb) 140-143 605.4 KLFR R q 144-150 897.5 VYSNFLR R12
(2x carb) 151-162 1481.7 GKLKLYTGEACR R13 163-165 291.]1 TGD All
are degpiRd isdirlifclyxpad R Wypsh Rckagewe e TakAtRaPXErhGEP O are
denotb@aksinAl e, LEPO samples, with the exception of the C-terminal
peptide RI3. This peptide was also not 5 found in the starting EPO or
mock-CEPO. The peaks of Rl to R12 resulting from specific cleavage of
TableONly arginines accounted for the vast majority of peptides detected in the
CEPO. samples. Furthermore, all lysine-containing peptides wer
Tryptigchsetislp et isk A RRRAIG Sty %Tw?m%ﬁa?ﬁzéi‘%&a

indicate a high degree of specific carbamylation at the lysines and

- he.-maior.nentide__six-minorpaptides-were
[Pepiidiso lotocioMal the CEHOIAMBIAR TrrCREPE WFor poAHER 478
identified by mass analysis a@@f%g}gpf tryp ticogigayege of | Counts (%)*
corbamylafed CEPO, 15 Topid P s all the pepids dent eGP IRE CMC
R1 14vkile maps4ebihe three CHRQgamples analyzed. The high plpusdant
—_peptides, BlLto R12, formed|from-completely:and.-specifically
763.35 7.87 8.49 8.15
R3 515.31 2.78 2.58 2.66
R4 bl Ixcarb | 11256 0.17 0.2 0.15
(T6+T7 Ixcardb
R4_3xcarb 4717.2 1.5 0.80 1.32
RS 2525.34 11.44 8.56 9.54
R5 ox 2541.34 0.15 0.15 0.21
R5 Na 2547.32 0.15 0.13 0.14
RS al 1869.97 0.17 0.17 0.16
RS bl 673.38 0.29 0.27 0.25
T9=R6 _al 2359.24 0.62 0.54 0.26
602.35 0.95 0.8 0.65
T10=R6 bl
R6_1xcarb 2985.60 15.36 14.48 15.78
R7 §02.49 7.16 7.28 7.05
R7 1xcarb 845.49 + +! +
R8 lxcarb 2076.10 0.16 0.15 0.16
R8_1xcarb 2076.10 0.5 0.44 0.63
R8 SAQ Ixcar | 2441.1 9.19 9.34 9.20
b
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carbamylated EPO are in regular letters, the correctly carbamylated EPO

S lly denoted in bold type. Peptides most likely formed b
wd ﬁ@%@%@ under-carbamylated CEPO WO 2006/002646 PCT/Dic2005/000477

PCT/DK2005/000477 50 are denote n italic type and peptides formed

by cleavage of over-carbamylated C O are denoted in underlined type.
Tahle 7 5 Tryptic Peptide Map; List of Peptides-ldentified-in-Tryptic

RS peptide M Bljé*f@EPO Pep}tlgéq\/lass Relative loh Relative loh Eeﬁgtlve

R10_ 1g@agpuntsdﬁ(5)§1,ounts (Y9)% gounts (%)* CERE-1 CEPO-2|GHRO-CMC

Rl Ixcarh 482 251.281.091.15 R2 763.352.87.8498.15 R3515 31 2.78

OO

_lﬂ_éisglzﬁe FABRcarb 11258817 0.2 0.15| P& T7 Ixcarb RESxcarb

1 A7TIT2T5@@P45.32 RS 23234 11.44 9.56 Py RS ox 254%.34(D.15
0.150.21. RS Na2547.32.0.150.13.0.14 R5.al 1869.97.0.17.0.170.16

R12_#5 hren3. 380646 0.27 0.29 O2R6 a1 2359.94% .62 0.54 0.28'432.35

0.950.8 0,65 T10=R6 bl R6 Ixcarb 2985.60{15.36 14.48 15.78 R7 802.49
7.16 7.28.7.05 R7 1 xcarb 845.49.+ + + R8 Ixcarh.2076.10.0/16.0.15.0.16

1481.73 7.91 7.90 7.84
RI2 2xcarb
R12 3xcarb 1524.74 0.28 26 0.59
R13 291.11 - - -

*- intensity relative to the total number of counts in TIC

1- found by manual evaluation; signal confirmed as specific

Referring to Table 7, the minor peaks T9 and T10 containing peptides R6_al and R6_bl,
respectively, most likely derive from the cleavage of under-carbamylated CEPO molecules,
which are not carbamylated at Lys97. Peptide R4_bl-+1xcarb is formed if the Lys45 amino
acid is not carbamylated. Peptide R6_al (peak T9) is more abundant in the CEPO-1 and
CEPO-2 samples than the CEPO-CMC indicating that the former may have double the
amount of under-carbamylated CEPO. Peptides R6_b1 and R4_bl+1xcarb were present in

equal amounts in all CEPO samples.

Calculation of the relative content of under-carbamylated CEPO from these data was difficult
due to technical limitations. However, taking all the observations together, it was estimated
that the under-carbamylation species was about 10% as it was deduced from the total mass

analysis and LysC peptide mapping.

Three other minor peptides which co-eluted with other peptides were interpreted by mass as

containing one extra carbamyl residue, i.e., over-carbamylated CEPO. Peptides R10_2xcarb
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RS Ixcarb 2076.10 0.5 0.44 0.63 R8 SAO Ixcar 2441.1 9.19 9.34 9.20 b

WO 2006/002646 PCT/DK2005/000477 51 R9 923.47 9.85 11.11 10.58
WORNHENAPA%605.37 5.17 5.40 5.43 R10 2xcarb 648.37 0.02 0.88 By 085/400477

897.47 9.82 10.70 10.30 R12 al 2xcar 806.46 0.20 0.22 0.17 b 1481.73

7.91 7.90 7.84 R12 2xcarb R12 3xcatb 1524.74 0.28 0.26 0.59 R13

291.11 -- -- intensity relative to the total number of counts in TIC 1- found

and RBy Inembayevalabnt SigHarconarmadaespR R SRR IEATIGTBTAdEY?,
si gniﬁ%fgé%?ﬁﬂﬁ%i{i%s?@_ﬁ@-@%@ﬁﬂ% peptidesiiéhal anddRboblover-

resp velé, most likely derive from the cleavage of under-carbamylated
carbag G IR e ohITR A BPOnbAEE SEREated e 13 S 7EgmaL vth the results

from B4 ERDIRIosmed EdhR lyssBearpintRAd s Bz hamylateh amino acid
Peptide R6-al ﬁeak T9) is more abundant in the CEPO-1 and 10 CEPO-2

sequesgfids EEp o stiRferiHamREHY #EPARRBHANR may have double
the amount of under-carbamylated CEPO. Peptides R6_bl and

_R4_bl+Ixcarb were present in equal amounts in all CEPO samples. L
Ag&l%&é&h&?@ﬁl&f?ﬁ%@f@aﬁm%%ﬂ?%tuﬁw-%ﬁwg%wa‘f PR i Quentitation
of ov%ﬂ%ﬁ%@ﬁ%&%@ﬁsﬁgﬁi‘é@|§?}Vé§(ﬁﬂ§:ﬁ@tlﬁ%ﬁ§%ﬂjﬁﬁ§@ﬁﬁﬁ' §.thinwevRnitakieg elficiency

e observations together, it was estimated that the under-carba tio
of thegI08RAY AU A59 65T 4 CRUBBBLFHERTIHUTAED Thacs GIRIER by he
relati RNk ¥SEnRERtigie REPBRSatives that about 3-7% of the CEPO is over-carbamylated
species. This is lower than the amount of over-carbamylated isoforms calculated by total

mass analysis.

In general, the following can be concluded from the total mass analysis and peptide mapping
data of the EPO and CEPO.

From the total mass analysis, the CEPO samples appeared to carbamylated to a rather high
degree. About 95-98% of all molecules are fully carbamylated and contain at least 9
carbamyl residues (see Table 3). The LysC and tryptic mapping confirm the high degree of
carbamylation at specific sites and that most likely over 95% of the CEPO molecules are fully

carbamylated at the 8 lysines and the N-terminus.

The data also showed found four isoforms of CEPO. Species with 8, 9, 10 and 11 carbamyl
residues were detected in the CEPO samples analyzed, with the 9 carbamyl isoform being the
dominant species. A minor portion of the CEPO molecules contained 8 carbamyl residues
instead of 9 and were considered under-carbamylated. For CEPO-1 and CEPO-2 these
jsoforms were about 5% of the total and for the CEPO-CMC, this isoform made up about
1.5% of the total CEPO molecules.
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Three other minor peptides which co-eluted with other peptides were
interpreted by mass as 20 containing one extra carbamyl residue, i.e.,
W%@%g&a?ﬁéﬁnylated CEPO. Peptides R10_2xcarbh WO 2006/08$84BK2005/006477
PCT/DK2005/000477 52 and R7_1 xcarb were detected in trace
amounts, where R12_3xcarb was foddd to have significant signal
intensities. CEPO-CMC had a two-fold higher content of over- ]
A moreaigaifiglatepoBEROf $he CERQeORPGes wort ORROaphamydaleds .., contain 10

t with th f | 1an
orll %‘%ﬁ%ﬁa’gg%#lgﬁeé S {erullsy é@@@@@gﬁ%@yﬂlyﬁ%ﬂ&wﬂ%@@m@m d

m these data that'the amino acid 5 sequence of 151-62 of
CEPOEPO ibaustéfommEperhidiéarbamylation. Again, for the same reasons as
with the quantitation of under-carbamylation, the quantitation of

over-carbamylated species was difficult. However, assuming that the .
The ditmizativhefipsdeyasing pepticds bigh degsemefippaeidiely Gt carbamylation at
?{?HP@%}{ HRRL LRI At VRS CHRURIRAI OIS THY ERlRtiME Qb EAKA Bhe results
the 8 1 e R1 -gaerivatives that about 3-7% olgﬁthe Cgﬁoﬁ% over-carbamylated

of the spiatimesT ialzsiowat teast 2hevs S9aorbihe CERIAMpIslcRBrBGHE to be
specifiHTY HEG HYABIALBATT ARAIMSES: A0 Aroenl. iientallaying: 0andminus. However,

conc¢luded from the total’'mass analysis and peptide mappi% 15 data of

this datreatsP GharOBERE: MEMVHIERATIIAIOR SEREISEPCIipRRS techmical
1imitaﬁBf%ﬁ%%de%&qgﬁ%rﬂY'@{ﬂgrl%‘éﬁ‘ﬂ%t%eG%r%s AR R-RBHRS, Bllt it is

molecules are fully carbamylated and contain at least 9 carbamyl
estimatesidods {sdbeTangs of upHE 15wt L% HptR WMibpRerEsHiNAth b hIgimbers
fomdqg%%%&éﬁ&é‘s.%%)ﬁ@ﬁ%@&é&@?%ﬁ@ﬁﬂ%@ﬂbﬁ@@ﬁ likeFrUEr 958 and

of the CEPO molecules are fully carbamylated at the 8 lysines eicnéi the
Lys9hsermidertiffobagbs anss Shsirdadbahaadumelitiomysl BpBlkeydgaeyr
with 8, 9, 10 and 11 carbamyl residues were detected in the CEPO

samples analyzed, with the 9 carbam){l iIsoform being th Z%do inant due b
In bothyseseaf PERHFOMIBPIRS BYHHEE RIS ﬂ%%?e%%ﬂ‘agsc‘aﬁfsiﬁ?é‘a ot b%%ﬁm’ ueto

techni&difasinsiead of:anmhvene sonsidereshuidele¢ speainyiats dhakdto quantitate.
CEPO-1 and CEPO-2 these isofor%s }ﬁre a %5% of the to%l agd L%ries were
Fromihe eatpeRielRd, inroW R PRMHeTIBAb o R v Batar B
detectBPIBGHIEEe QR 20061092 G4 PEAE IKAGOYROBAI D the amount of over-
carbamylated species was identified by the peptide mapping as compared to the total mass
analysis. A reasonable explanation for this discrepancy is that not all of the over-
carbamylated peptides were identified at all or in the correct quantitiy. In the LysC map, an
uncleaved CEPO species containing 10 carbamyl residues was detected in significant
amounts and in the tryptic mapping three peptides were detected that contained one extra
carbamyl residue. Two of these fragments were detected in only trace amounts. The third
peptide, CEPO peptide amino acids 152-162, close to the C-terminus, appears to account for

one-third of the over-carbamylation and may be a site for non-specific carbamylation in EPO.

No significant amounts of other non-specific (not carbamyl related) modifications were

detected in the CEPO samples or in the mock CEPO samples by any analysis performed.
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53 A more significant portion of the CEPO molecules were
over-carbamylated, i. e., contain 10 or 11 carbamyl residues. Over
wo @gﬁggﬁﬁﬁfated CEPO ranges from about 11% for CEPO-1 aR§ TEEBe995477
about 22% in CEPO-CMC. 5 The data from the peptide mapping showed
a high degree of specificity of carbaéﬁ/lation at the 8 lysines and
N-terminus. Moreover, the peptide mapping generally confirmed the
results of the total mass analysis. At least about 90-95% of the CEPO
molecules appeared to be specifically modified by carbamyl residues at
all of the lysines and the N-terminus. However, this data also showed
Claimander- and over-carbamylation CEPO species. Due to some technical 10
limitations, the exact ratio of under-carbamylated species was hard to
determine, but it is estimated to be in the range of up to about 10% which

1. I maﬂr@;emeptqdiﬁoiﬁmug@bmﬁafedj eryihntoiotal protssndratingdess than about
40% a%"gﬁ%ﬁ’}‘é@r%}“ﬁoig I ?éﬁ%&ﬁoﬁéa&{‘?ﬁb% Egp %f?ﬂ%@ A byg %d@f%%bamyiated

WS Bhes Where of carbamylation was most likely to_
proteiroacntedktided ot Sbte ok ppptidensappivigchvertbadramplutss apiefigg an

ere also found. Again, due to .te hgui g[éig@iaagé'gﬂ% 1he exaet ANeyPt ¢ine

amoung?érq@(at?%o O;ll?glt%ggs%e%eagi QAL RaRdo quantitate: From’;?e?’dqta _
periodGbffiicied; for thddupénspoutsten tatysioditadhiher Xdrpamnylaadnspsifsof the

were,. detected in th o) ’B@?P&Q@o Qge-third to one-half of the

t : ; . )

erythrg rﬁloealn %gibc?\?gfnga%%r%%léf% species wa %entlfled by the peptide

mapping as compared to the total mass 20 analysis. A reasonable
2. SHRnANAn o i HIPURRARGNS LAYl AT RRY Gl PRI furan

pep‘figés were identified at all or in the cofrect quantitiy. In the LysC map,
erythr@goieticleaved CEPO species containing 10 carbamyl residues was

detected in significant amounts and in the tryptic mapping three peptides

were detected that contained one extra carbamyl residue. Two of these

3. fribeestbadericinadientireniihe serbamuaid ervlranrichs pryieichas less than

about %}f%@?ﬁ%ﬁﬂ{é acids 152-162, close to the C-terminus, appears to

accou ird of the over-carbamylation and may be a site for
non-specific carbamylation in EPO. No significant amounts of other

4, gﬁg%%%ﬁjl%% ehearbrmyrelated) edHicaHien s vere pdRIgeiaa kRS less than

samples or in the mock CEPO samples by any analysis performed.
about 307\ @LERBBDPEATIP CT/DK2005/000477

5. The method of claim 1, wherein the carbamylated erythropoeitin protein has less than

about 10% aggregated protein.

0. The method of claim 1, wherein the carbamylated erythropoietin protein has less than

about 30% by weight of over- and under-carbamylated protein.

7. The method of claim 1, wherein the carbamylated erythropoietin protein has less than

about 20% by weight of over- and under-carbamylated protein.
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54 Claims 5 1. A method for producing a carbamylated erythropoietin
rotein having less than about 40% aggregated protein and less than
WOBHAMS by weight of over- and under-carbamylated proteff3K2005/000477
measured by ESI-mass spectrometry, which method comprises contacting
an amount of erythropoietin with an g?nount of cyanate at a temperature,
pH, and for a time period sufficient for the amine groups on the lysines

8. andameckhadmdielainnindharsinstbs seebamulyi Spoiimeicta RiE L gdsts than
about 3BWHY Qe Ry Bagudateds andhiecmsihnd-elciaivtein. wherein the

carbamylated erythropoietin protein is human erythropoietin. 15 3. The
method of claim 1, wherein the carbamylated erythropoietin protein has

9. lesRdhannahew-BeM RogreaMadaRihiaitherepdiefisBiticln has less than

wherein the carbamylated erythropoietin protein has less than about 20%

about 398 rdyatEasiRE R o u LIy At Ba!Sclaim 1, wherein the
carbamylated erythropoeitin protein has less than about 10% aggregated
protein. 6. The method of claim 1, wherein thegcarb mylate

10, erfhsrsthedpprltim hadhasindhe raseanyltie 64/8"3\5%8%5??? BFYgiyhag fgss than

about YNYE 6 A ERMYMIS LRGN Yialddepraaiiiod of claim 1, wherein the
carbamylated erythropoietin protein has less than about 20% by weight of

over- and under-carbamylated protein. WO 2006/002646
11. PCHDKRADEINGARY 1 Shirdiehdeiinch ol alednard iiwdhsskitintipeotein has less than

carbamylated erythropoietin protein has,less than about 10% by weight of

about ke by TR B LAY B PRI B8RP The method of claim 1, wherein

the carbamylated erythropoietin protein has less than 5 about 30% by

weight of over-carhamylated praojein. 10. The method of claim 1, wherein
12, R A LRy BTt BN ORLE AL 1L G B SO By Contacted
with e ghhafoudrgariiamy Rostneieto. about 10 mg /ml.

13.  The method of claim 1, wherein the concentration of erythropoietin protein contacted

with the cyanate is about 2 mg/m] to about 5 mg/ml.

14.  The method of claim 1, wherein the concentration of the cyanate is from about 0.05 M
to about 10 M.

15. The method of claim 1, wherein the concentration of the cyanate is from about 0.05
M to about 2 M.

16.  The method of claim 1, wherein the temperature ranges from about 0°C to about 60°
C.

17.  The method of claim 1, wherein the temperature ranges from about 30°C to about
34°C.



10

15

20

25

30

10 11. The method of claim 1, wherein the carbamylated erythropoietin

W @rotein has less than about 10% by weight of over-carbamylated Bprotein.

18

19.

20.
days.

21

22.

cyanafigethiog BEFIRT 3

PR thod of claim 1, wherein the concentration of erythoHBEAIS/000477

protein contacted with the cyanate i%gom about 0.05 mg/ml to about 10

mg /ml. 15 13. The method of claim I,"wherein the concentration of

erythropoietin protein contacted_ with the cyanate is about 2 mg/ml to

aBoarEethadhat alainke WhetRBH BE i oM ABAYIH R A tration of

the cyanate is from about 0.05 M 20 to about 10 M. 15. The method of

claim 1, wherein the concentratign of the cyanate is from about 0.05 M to

abbkft BRIk §lapme iskRtRIPE RIS TR W&ﬁé‘f&l?ﬁ}gribure ranges

from about OC to about 60 C. 17. The method of claim 1, wherein the

temperature ranges from about 30C to about .34C. 30, WO 2006/002646

P CHIEIRSIELIH7 | SEAEEE PHOH R T CT LIS O RRNEl RGeS0 2bout 30

from about 7 to about 11. 19. The method of claim 1, wherein the pH is

from about 8 to about 10. 5 20. The method of claim 1, wherein the time

period is from about 10 minutes to about 30 days. 21. The method of

claina herbareintietimepetiodis ftompahodtid frour 2bosbdutdndayshot05 days.

22. The method of claim 1, wherein the erythropoietin protein is contacted

with the cyanate in the presence of a buffer. 23. The method of claim 22,

whgesinethedosaris Horatercinh (R4 .chfthropefletd pfatidinisanivetadinithéhe

concentration of t e\%uféer is from about 0.05 M to about 2 M. 25. The
2\WHefin the concentration of the buffer is from about

0.1 M
23. The method of claim 22, wherein the buffer is borate.
24. The method of claim 22, wherein the concentration of the buffer is from about 0.05 M
to about 2 M.
25. The method of claim 22, wherein the concentration of the buffer is from about 0.1 M
to about 1 M.
26. The method of claim 22, wherein the concentration of the buffer is about 0.5M.
27.  The method of claim 1, wherein the concentration of the erythropoietin protein

contacted with the cyanate is from about 0.05 mg/ml to about 10 mg/ml, the concentration of

the cyanate is from about 0.05 M to about 10 M, the temperature ranges from about 0°C to

about 60°C, the pH is from about 7 to about 11, and the time is from about 10 minutes to

thirty days.

28.

The method of claim 1, wherein the concentration of the erythropoietin protein

contacted with the cyanate is from about 2 mg/ml to about 5 mg/ml, the concentration of the
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to about 1 M. 20 26. The method of claim 22, wherein the concentration of
Wéheﬂt&ufger is about 0.5M. 27. The method of claim 1, wherein the
toneEREEon of the erythropoietin protein contacted with theP&Hﬁgﬁ)‘?émMW
from about 0.05 mg/ml to about 10 mgsl [, the concentration of 25 the
cyanate is from about 0.05 M to about™10 M, the temperature ranges from
about OC to about 60C, the pH is from about 7 to about 11, and the i
cyaniga S DAL 0 MO AR S (SBD PR RS T R 20°C to abou
34°QMhRy el iheaanteny atonfihele il e tielipraeiniBhcd hiaates Sndtys.
the cyanate is from about 2 mg/ml to about 5 mg/ml, the concentration of
the WO 2006/002646 PCT/DK20051000477 57 cyanate is from about
29. 0.0Bhbrietabdof 21Mnthevdierpi didreotaagesifopniahosidbfoioiatiopiotein

34C, the pH is from abaut 8 to about 10, and the time is. from about.1 hou
cont g6 e Rk ARt R e, U BT RE S MOSH ARG Pt 05 M,
the tangbrapnidtintonatdd G, cha jddtachinith % aydnhtaiinapauidisg/onk 2Hdours.

concentration of the cyanate is about 0.5 M, the temperature is about
32C, the pH is about 9.0, and the time period is about 24 hours. 30. A

30, methodtesdikodioihgmgartatmtniatépryitoppistitmpotein having lessthan about

than about 3% a ated protein ess than about 40%, by yweight of
5% SEARHEARH R AR AR OTUT e St a0t b

proteipesteasiryd byrESisingsapsttingtite corgmiyiagsehedyinptboietitbarsiyigted
eryth%m%?e IXCII;S%T seu’ﬁ%%tleoxrc]: Y %arc]g&%r? X}%%QIQ Oeb I%H%gr Sl nteraction

CRFONa ography, revérse phase chroma og%a , affinity chromatography
chromesizgeaphglusienschhomalograptogrdih lafling nodiloockbfgrkgihy 80 size exclusion
chroWhFreris? Bhe carbamylated erythropoietin protein is human erythropoietin.
&Prmsthod of claim 30, wherein at least about 90% of the amine

residues on the lysines and the N-terminal amino acid of the

31 efyf%o‘gx%kﬁﬂpa @fg1&ﬁﬁb?@*wﬁé%an%ﬁe%ggg&%ga%m@éﬁwpw&%qmm

" the carbamylated erythropoietin protein

erythropoietin.

32. The method of claim 30, wherein at least about 90% of the amine residues on the

lysines and the N-terminal amino acid of the erythropoietin are carbamylated.

33.  The method of claim 30, wherein the carbamylated erythropoietin protein has less

than about 2.5% aggregated protein.

34,  The method of claim 30, wherein the carbamylated erythropoietin protein has about

0.5% or less aggregated protein.

35. The method of claim 30, wherein the carbamylated erythropoietin protein has less

than about 30% by weight of over- and under-carbamylated protein.
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than about 2.5% aggregated protein. 34. The method of claim 30, wherein

e ) o
W otg((?o% 0rﬂk%amylated erythropoietin protein has about 25 0.5% or less

aggr ga?é‘%l protein. 35. The method of claim 30, wherein the PCT/DK2005/000477

carbamylated erythropoietin protein Ig%s less than about 30% by weight of
over- and under-carbamylated protein. WO 2006/002646
PCT/DK2005/000477_ 58 36. The method of claim 30, wherein the .
36.  cammsiats PERAHFONDBEISBrRR FRRaRdatRd ATy BP%%&%&WS&FSS
than aBYEf 200 liNdelzaadIavalaied prdteivadbantietedathadiaf claim 30
wherein the earbamylated erythropoietin protein has less than 5 about

10% by weight of over- and under-carbamylated protein. 38. The method
37. ofglaimea0dielain thewathdamlaiedtenyirnpd atthpsptéttih asolesshas less than

than about, 30% by weight of over-carbamylated protein. 10 39. The
aboutgr%?ﬁ 3‘513@%?%#) ,GWI‘?%‘EW?%S%%C%W g?%(?reor%tlﬁropoietin protein has
less than about 20% by weight of over-carbamylated protein. 40. The
hod of claim 30, wherein the carbamylat thrppoietin. protein has
R TR B e RS P T A T
than atath®okiosypradpbing eveatabayligiatéythirapoietin protein having less

than about 3% aggregated protein and less than about 40% by weight of
over- and under-carbamylated protein as measured by ESI mass

39. spEaimeRid oRtldnBethdadedmhs sesh{aytanthetiibraposatiognoteirahas less
ryth ietin pratein. with an amount of cyanate 20 at a temperature, pH,
than agﬁatf%%%‘? h?%g%rgfhgé}éwﬁfé%ﬁﬁ%ngﬁga {leglcl)iut 90% of the amine

residues on the lysine and the N-terminal amino acids of the erythropoietin
40. toﬁre?coe. oé%ﬁbﬁm&‘i?%ﬁ&%i%%‘é%ﬁé'” E?eﬁ%ﬁ@ﬁ? #%tl%gn protein has less
er rgb etin pro?éln using anion exchange, cation exchange,
than dbyasoli8é g interbictibovehaaianytaipetnrndeiarse phase chromatography,
25 affinity chromatography or size exclusion chromatography. 42. The

method of claim 41, wherein the carbamylated erythropoietin protein is
41, hunasthod for producing a carbamylated erythropoietin protein having less than about

3% aggregated protein and less than about 40% by weight of over- and under-carbamylated
protein as measured by ESI mass spectrometry, which method comprises:

{a) contacting an amount of an erythropoietin protein with an amount of cyanate
at a temperature, pH, and for a time period sufficient for at least about 90% of the amine
residues on the lysine and the N-terminal amino acids of the erythropoietin to become
carbamylated; and

(b)  purifying the carbamylated erythropoietin protein using anion exchange,
cation exchange, hydrophobic interaction chromatography, reverse phase chromatography,

affinity chromatography or size exclusion chromatography.

42.  The method of claim 41, wherein the carbamylated erythropoietin protein is human

erythropoietin.
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erythropoietin. WO 2006/002646 PCT/IYK2005/000477 59 43. The
method of claim 41, wherein the carbamylated erythropoietin protein has

WO L8030 S hout 2.5% aggregated protein. 44. The method offGA{RKAF0S/060477
wherein the carbamylated erythropoietin protein has about 5 0.5% or less
aggregated protein. 45. The method 1 claim 41, wherein the

carbamylated erythropoietin protein has less than about 30% by weight of
43, olTde mathohebcleinbabayrhrseinibectarbronabitoh ersiBtppRI L RIRIFi has less

than a%{gr%i_@;bgg%q@m@&gﬁrythropoietin protein has less than about 20%

by weight of'over- and under-carbamylated protein. 47. The method of
claim 41, wherein the carbamylated erythropoietin protein has less than

44, 2RQULAOK Y IEIGRtOf QYRIrADEhL RERIAA R ARHYSIRIA P48 HhBebout

method of claim 41, wherein the carbamylated erythropoietin protein has
0.5% padesHaarapeige 30okBY weight of over-carbamylated protein. 49. The

method of claim 41, wherein the carbamylated erythropoietin protein has

less 20 than about 20% by weight of over-carbamylated protein. 50. The
45.  mBsgacsrdairleindle ?«@}/ﬁrm@ %Bﬁfm}@f@&e&ﬁm&%‘ﬁ%%ﬁﬁ% less

than 265 3080RPQLHYT Byaneiahtalienenbarbamylpiediprotein. 25 51. The

method of claim 41, wherein the concentration of erythropoietin protein
contacted with the cyanate is from about 0.05 mg/ml to about 10 mg/ml.

46. SZnhEhasmethedefiglaim dhewheminiiesonsaateationaidsihpopeiatins less

protein contacted with the cyanat%is from about 2 mg/ml to about 5
than abppA0%ob BeIRE DO Y2 8T8 CPASKIB ORI B3. The method of

claim 41, wherein the concentration of erythropoietin protein contacted

with the cyanate is about 3 mg/m| __ .
47.  The method of claim 41, Whergiln the carbamylated erythropoietin protein has less

than about 10% by weight of over- and under-carbamylated protein.

48.  The method of claim 41, wherein the carbamylated erythropoietin protein has less
than about 30% by weight of over-carbamylated protein.

49.  The method of claim 41, wherein the carbamylated erythropoietin protein has less

than about 20% by weight of over-carbamylated protein.

50.  The method of claim 41, wherein the carbamylated erythropoietin protein has less

than about 10% by weight of over-carbamylated protein.

51.  The method of claim 41, wherein the concentration of erythropoietin protein contacted

with the cyanate is from about 0.05 mg/ml to about 10 mg/ml.

52,  The method of claim 41, wherein the concentration of erythropoietin protein contacted

with the cyanate is from about 2 mg/mi to about 5 mg/ml.
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54. The method of claim 41, wherein the concentration of the cyanate is
from about 0.05 5 M to about 10 M. 55. The method of claim 41, wherein
WQRAEHR M Stration of the cyanate is from about 0.05 M to abobERK200541§0477

The method of claim 41, wherein the concentration of the cyanate is about
0.5 M. 57. The method of claim 41, wirein the temperature ranges from
about OC to about 60 C. 15 58. The method of claim 41, wherein the
53. terhperasibedsiglamdh SsRIBRE roatsetattnof soytirapeiriiRdaci#in contacted

with QRIBY Aiviericindh e igmperature is about 32C. 20 60. The method of
claim 41, wherein the pH is from about 7 to about 11. 61. The method of

claim 41, wherein the pH is from about 8 to about 10. 62. The method of

54, ClafReAheWbSw0IH B RRbautRe ae8ndhemetad Y Aom about 0.05

wherein the time period is from about 10 minutes to about 30 days. 64.
M tophath b of claim 41, wherein the time period is from about 1 hour to

about 5 days. 30 WO 2006/002646 PCT/DK2005/000477 61 65. The

method of claim 41, wherein the time period is about 24 hours. 66. The

55. methearstadid Ay AL shardndRRRBsERTIBRAE s CRpriscte fropgbout 0.03

M tolRiegyaRate in the presence of a buffer. 5 67. The method of claim 66,
wherein the buffer is borate. 68. The method of claim 66, wherein the
concentration of the buffer is from about 0.05 M to about 2 M. 10 69. The

56 metiecthefiElRiprethimerehhecancenitatioamithe huftsninicasupbau.s M.
0.1M

57.  The method of claim 41, wherein the temperature ranges from about 0°C to about 60°
C.

58.  The method of claim 41, wherein the temperature ranges from about 30°C to about
34° C.

59.  The method of claim 41, wherein the temperature is about 32°C.

60.  The method of claim 41, wherein the pH is from about 7 to about 11.
61.  The method of claim 41, wherein the pH is from about § to about 10.
62. The method of claim 41, wherein the pH is about 9.

63.  The method of claim 41, wherein the time period is from about 10 minutes to about 30

days.

64.  The method of claim 41, wherein the time period is from about 1 hour to about 5 days.
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to about 1 M. 70. The method of claim 66, wherein the concentration of
the buffer is about 0.5M. 15 71. The method of claim 41, wherein the
WOBaE 400N of erythropoietin protein contacted with the cyBRABYS4P89p0477
about 0.05 mg/ml to about 10 mg/ml, éthe concentration of the cyanate is
from about 0.05 M to about 10 M, the émperature ranges from about 0C
to about 60C, the pH is from apout 7 to about 11, and the time is from
05.  apbif Mt Res it ity W5 igHy the/Be e iog RorPOFERAROMS wherein
the concentration of erythropoietin protein contacted with the cyanate is
from about 2 mg/m| to about 5 mg/ml, the concentration of the cyanate, is

66. oS 65 FAHE AbotiSIR the TErHBePGHR BERRIE fRsinnkisder 3@ the

cyand@ aD e BdSeribeo RO IS, from about 8 to about 10, and the time is from
about 1 hour to 5 days. 73. The method of claim 34, wherein the

concentration of the erythropoietin protein contacted with the cyanate is

67. abphi siedgithdf them@tserticatianleiiheayiataiais about 0.5 M, the
temperature is about 32C, the pH is about 9.0, and the time period is

about 24 hours. 30 62 ?4. A method for producing a earbamylated
68. erfhsepgiasd qrotdin bavivigleissthanaautdotocdghcdgdied: pfatainbngd 0.05 M
o ablessé;pﬁ? about 40% by weight of over- and under-carbamyiated protein,

B ethod comprises contacting an amount of erythropoietin with an

amount of cyanate at a temperature, pH. and for a time period sufficient

forthe amine groups on the iysines and the N-termjnal amipno. agids of th
69. RSP bbb L0 Bt PTGy 0-1 M
to abtine ENthropoietin is contacted with the cyanate in the presence of
potassium boraie. 75. A method for producing a carbamylated erytl
ropoietin protein having less than about 40% aggregated protein and less
70. thdhaheinetDef HyimeiGhtvbbeie thandneodetioarbbiivy iatéiprotbout 0.5M.
which method comprises contacting an amount of erythropoietin with an
amount of cyanate at a temperature of 30C to 340C, pH.
71.  The method of claim 41, wherein the concentration of erythropoietin protein contacted

with the cyanate is from about 0.05 mg/ml to about 10 mg/ml, the concentration of the
cyanate is from about 0.05 M to about 10 M, the temperature ranges from about 0°C to about
60°C, the pH is from about 7 to about 11, and the time is from about 10 minutes to thirty

days.

72.  The method of claim 41, wherein the concentration of erythropoietin protein confacted
with the cyanate is from about 2 mg/ml to about 5 mg/ml, the concentration of the cyanate is
from about 0.05 M to about 2 M, the temperature ranges from about 30°C to about 34°C, the

pH is from about 8 to about 10, and the time is from about 1 hour to 5 days.

73.  The method of claim 34, wherein the concentration of the erythropoietin protein
contacted with the cyanate is about 3 mg/ml, the concentration of the cyanate is about 0.5 M,

the temperature is about 32°C, the pH is about 9.0, and the time'period is about 24 hours.



.
(.71

76.

and for a time period sufficient for the amine groups on the lysines and the
N- terminal amino acids of the erythroaoietin to become at least about
90% carbamylated. 76. A method for producing a carbamyiated
erythropoietin protein having legs than about 40i% aggregated protein
and less than about 40% by weight of over- and under-carbamylated
protein, which method comprises contacting an amount of ervthropoietin
with an amount of cyanate at a temperature, pH, and for a time period
sufficient for the amine groups on the lysines and the N-terminal amino
ac%ﬁs %the er throgoietinto become at least about 90% carbamyiated,

A T G TP e T8 B AT 8RO B BTOMA S PGS WU e than
aboanidh eremasgiceperritogndpiayswhile Rtaimtaifingthephiief Hoth dheand
undetrangaBuiferape-tag: e buberat & 3mide: contacung am amoun! of
ervthropoietin with an amount of cvanate at a temperanre, pH. and for 2 ume
penod sufficient for the amine groups on the Jvsimes and the N-terminal amino
acids of the ervthropoietin to become at leas: about 90% carbamviaied and
wheremn the ervihropoietin is contacted with the cvanate i the presence of

potassium borate.

A method for producing a carbamvlated erythropoietin protemn having less than
about 40% ageregated protein and less than about 409 oy weight of over- and
under-carbamylated protein, which method comprises contaeting an ameunt of
ervthropoietin with zn amount of Cyanate at & temperature of 30°C 1o 34°C, pH.
and for a time period sufficient for the amine groups on the lvsines and thé N-
terminal amino acids of the ervthropoietin 10 become at least about 90%

carbamylated.

A method for producing a carbamyiated erythropoietin protein having less than
about 40% aggregaied protein and less than about 40% by weight of over- and
under-carbamylated protein, which method comprises contacting an amount of
ervihropoietin with an amount of cvanate at a wemperature, pH, and for 2 time
period sufficient for the amine groups on the lvsines and the N-terminal amino
acids of the erythropoietin to become at least abour 90% carbamylated, and
wherein the carbamylated erythropoietin protem is purified using anion
exchange chromatography while maintaming the pH of both the running buffer

éﬁd the elution buffer at 8.5 = (.2,



